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INTRODUCTION 

• Alphanumerical Index 
• Quality at TRW 
• Package designs 

MOBILE VHF/UHF· 900 MHz 

MILITARY COMMUNICATIONS· HF/VHF/UHF 

TV AND FM BROADCASTING 

MICROWAVE 

RF LINEAR AND CATV 

APPLICATIONS NOTES 

• Mounting of transistors and modules 

• 150 W linear amplifier 2 to 28 MHz - 13,5 V D.C. 

• 7,5 V broadband amplifier 1,5 W - 24 dB . 400-512 MHz 

• Solid state power amplifier 300 W FM 

• 1,2 V - 40-900 MHz broadband amplifier with TP 3400 transistor 

·35-50 W broadband push-pull TV amplifier band III 

• TV transposers band IV & V Po = 0.5 W/1.0 W 

• 1 W/2 W broadband TV amplifier band IV & V 

• 470-860 MHz broadband amplifier 5 W 

• Linear RF power module 50 W UHF TV amplifier 

• Match impedances in microwave amplifiers 

• Three balun designs for push-pull amplifiers 
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ALPHANUMERICAL INDEX 

PART 
. POWER SUPPLY 

NUMBER APPLICATION" FREQUENCY OR GAIN VOLTAGE PACKAGE PAGE 
(dB) (V) 

AMR 900-60 MqBILE 800-960 MHz 60W 24 AMR B2 

ATV 5030 TV BAND 4-5 860 MHz 20W 26.5 ATV D65 
ATV 5080 TV BAND 4-5 860 MHz 80W 28 ATV D69 

CA 2101 CATV 300 MHz 17 dB 24 CA F 100 
CA 2201 ' CATV 300 MHz 17 dB 24 CA F 100 . 
CA 2300 CATV 300 MHz 22 dB 24 CA F 102 
CA 2301 CATV 300 MHz 22 dB 24 CA F 102 
CA 2418 CATV 120 MHz 18 dB 24 CA F 128 
CA 2600 CATV 120 MHz 33 dB 24 CA F 104 
CA 2800 RF LINEAR 10-400 MHz 17 dB/800 mW 24 CA F6 
CA 2810 RF LINEAR 10-350 MHz 33 dB/800 mW 24 CA F 10 
CA 2812 RF LINEAR 1-52<1 MHz 30 dB/300 mW 12 CA F14 
CA 2813 RF LINEAR 40-300 MHz 34 dB/22 dBm 15 CA F 18 
CA 2818 RF LINEAR 1-200 MHz 18 dB/800 mW 24 CA F 22 
CA 2820 RF LINEAR 1-520 MHz 30 dB/400 mW 24 CA F 26 
CA 2830 RF LINEAR 5-200 MHz 34 dB/1 W 24 CA F 30 
CA 2832 RF LINEAR 1-200 MHz 35 dB/2 W 24 CA F34 
CA 2840 RF LINEAR 30-300 MHz 22 dB/1 W 24 CA F 38 
CA 3101 CATV 330 MHz 17 dB 24 CA F 106 
CA 3201 CATV 330 MHz 17 dB 24 CA F 106 
CA 3600 CATV 330 MHz 34 dB 24 CA F 108 
CA 4101 CATV 400 MHz 17 dB 24 CA F 110 
CA 4201 CATV 400 MHz 17 dB 24 CA F 110 
CA 4411 CATV 200 MHz 13 dB 24 CA F 130 
CA 4412 CATV 200 MHz 13 dB 24 CA F 130 
CA 4418 CATV 200 MHz 18 dB 24 CA F 132 
CA 4422 CATV 200 MHz 22 dB 24 . CA F 134 
CA 4600 CATV 400 MHz 34 dB 24 CA F 112 
CA 4800 RF LINEAR 10-1000 MHz 17 dB/400 mW 24 CA F 42 
CA 4812 RF LINEAR 10-1000 MHz 17 dB/400 mW 12 CA F 46 
CA 4815 RF LINEAR 10-1000 MHZ"-- 1--•.. '17 dB/400 mW 15 CA F50 

CA 5101 CATV 450 MHz 18 dB 24 CA F 114 
CA 5180 'CATV 450 MHz, 14 dB 24 CA F 122 
CA 5201 CATV 450 MHz 18 dB 24 CA F 114 
CA 5280 CATV 450 MHz 18 dB 24 CA F 122 
CA 5300 CATV 450 MHz 22 dB 24 CA F 116 
CA 5301 CATV 450 MHz 22 dB 24 CA F 116 
CA 5600 CATV 450 MHz 34 dB 24 CA F 118 
CA 5700 CATV 450 MHz 38 dB 24 CA F 120 
CA 5800 RF LINEAR 10-1000 MHz 15 dB/1 W 28 CA F 52 
CA 5815 RF LINEAR 10-1000 MHz 15 dB/1 W 15 CA F56 
CA 6101 CATV 550 MHz 19 dB 24 CA F 126 
CA 6201 CATV 550 MHz 19 dB 24 CA F 126 

FF 124 CATV 450 MHz 24 dB 24 FF F 125 

GPA 501 RF LINEAR 5-600 MHz 15 dB/4 dBm 15 T08 
GPA 502 RF LINEAR 5-600 MHz 15 dB/14 dBm 15 TO 8 ~ 
GPA 503 RF LINEAR 5-600 MHz 12 dB/19 dBm 15 T08 a: 
GPA 504 RF LINEAR 5-500 MHz 25 dB/13 dBm 15 T08 0 

GPA 505 RF LINEAR 5-500 MHz 23 dB/20 dBm 15 ' TO 8 b 
GPA 510 RF LINEAR 5-600 MHz 15 dBJ4 dBm 15 T08 « u... 
GPA 511 RF LINEAR 5-600 MHz 15 dB/14 dBm 15 T08 b GPA 512 RF LINEAR 5-600 MHz 12dB/19 dBm 15 T08 
GPA 1006 RF LINEAR 5-1000 MHz 19 dB/13 dBm 15 T08 « 

I-
GPA 1007 RF LINEAR 5-1000 MHz 17 dB/20 dBm 15 T08 Z 

GPA 1501 RF LINEAR 5-1500 MHz 17 dBI10 dBm . 15 TO 8 0 
() 
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ALPHANUMERICAL INDEX 

POWER SUPPLY 
PART APPLICATION FREQUENCY OR GAIN VOLTAGE PACKAGE PAGE 

NUMBER (dB) (V) 

JO 2015A MILITARY 400 MHz 70W 28 J-ZERO C2 
JO 2058 MILITARY 450 MHz 100 Pulse 28 HLP 12 C6 
JO 302,0 MOBILE 470 MHz 20W 12,5 J-ZERO B6 
JO 3037 MOBILE 470 MHz 37W 12,5 J-ZERO B9 
JO 4036 MOBILE 175 MHz 36W 12,5 J-ZERO B 10 
JO 4045 MOBILE 175 MHz 45W 12,5 J-ZERO B14 

LT 1001A RF LINEAR FT 3 GHz 26 dBm 14 TO 39 F58 
LT 1817 VIDEO DISPLAY FT 1 GHz 15 dB 120* TO 117 F64 
LT 1820 VIDEO DISPLAY FT 1 GHz 13 dB 120* TO 220 F66 
LT 1839 VIDEO DISPLAY FT 1 GHz 13 dB 120* TO 39 F68 
LT 5817 VIDEO DISPLAY FT 1.5 GHz 13 dB 75* TO 117 F70 
LT 5839 VIDEO DISPLAY FT1.5GHz 13 dB 75* TO 39 F 71 
LT 3203 RF LINEAR FT 2.5 GHz 23 dBm 14 T PAK F 72 
LT 3703 RF LINEAR 1 GHz 13.5 dB 8 T PAK F74 
LT 4700 RF LINEAR 2 GHz 16 dB 8 100 MIL F76 

ML 20 MOBILE '66-88 MHz 20W 12.5 MVM B 18 

MRA 0610-3 MICROWAVE 600-1000 MHz 3W 28 MRA .25 E5 
MRA 0610-9 MICROWAVE 600-1000 MHz 9W 28 MRA .25 E6 

\ MRA 0610-18 MICROWAVE 600-1000 MHz 18 W 28 MRA .25 E7 
MRA 0610-40 MICROWAVE 600-1000 MHz 40W 28 MRA .25 E8 
MRA 1014-2 MICROWAVE 1.0-1.4. GHz 2W 28 MRA .25 E13 
MRA 1014-6 MICROWAVE 1.0-1.4. GHz 6W 28 MRA .25 E14 
MRA 1014-12 MICROWAVE 1.0-1.4. GHz 12 W 28 MRA .25 E15 
MRA 1014-35 MICROWAVE 1.0-1.4. GHz 35W 28 MRA .25 E16 
MRA 1214-55H MICROWAVE 1.2-1.4. GHz 55W 28 MRA.4 E19 
MRA 1417-2 MICROWAVE 1.4-1.7. GHz 2W 28 MRA .25 E 23 
MRA 1417-6 MICROWAVE 1.4-1.7. GHz 6W 28 MRA .25 E24 
MRA 1417-11 MICROWAVE 1.4-1.7. GHz 11 W 28 MRA .25 E25 
MRA 1417-25 MICROWAVE 1.4-1.7. GHz 25W 28 MRA .25 E26 
MRA 1720-2 MICROWAVE 1.7-2.0. GHz 2W 28 MRA .25 E31 
MRA 1720-5 MICROWAVE 1.7-2.0. GHz 5W 28 MRA .25 E32 
MRA 1720-9 MICROWAVE 1.7-2.0. GHz 9W' 28 MRA .25 E33 
MRA 1720-20 MICROWAVE 1.7-2.0. GHz 20W 28 MRA .25 E34 

MRAL 1417-2 MICROWAVE 1.4-1.7. GHz 2 W 22 MRA .25 E37 
MRAL 1417-6 MICROWAVE 1.4-1.7. GHz 6 W 22 MRA .25 E37 
MRAL 1417-11 MICROWAVE 1.4-1.7. GHz 11 W 22 MRA .25 E37 

.MRAL 1417-25 MICROWAVE 1.4-1.7. GHz 25 W 22 MRA .25 E37 
MRAL 1720-2 MICROWAVE 1.7-2.0. GHz 2 W 22 MRA .25 E39 
MRAL 1720-5 MICROWAVE 1.7-2.0. GHz 5 W 22 MRA .25 E40 
MRAL 1720-9 MICROWAVE 1.7-2.0. GHz 9 W 22 MRA .25· E 41 
MRAL 1720-20 MICROWAVE 1.7-2.0. GHz 20 W 22 MRA .25 E42 
MRAL 2023-1,5 MICROWAVE 2.0-2.3. G Hz 1.5 W 22 MRA .25 E46 
MRAL 2023-3 MICROWAVE 2.0-2.3. GHz 3 W 22 MRA .25 E47 
MRAL 2023-6 MICROWAVE 2.0-2.3. G Hz 6 W 22 MRA .25 E48 
MRAL 2023-12 MICROWAVE 2.0-2.3. GHz 12 W 22 MRA .25 E49 
MRAL 2023-1;5H MICROWAVE 2.0-2.3. GHz 1.5 W 22 HLP 11 E53 
MRAL 2023-3H MICROWAVE 2.0-2.3. GHz 3 W 22 HLP 11 E54 
MRAL 2023-6H MICROWAVE 2.0-2.3. GHz 6 W 22 HLP 11 E55 
MRAL 2023-12H M!CROWAVE 2.0-2.3. G Hz 12 W 22 HLP 11 E56 

MV20 MOBILE 140-175 MHz 20W 12.5 MVM B 19 
MV 30 MOBILE 150-160 MHz 30W 13.5 MVM B 19 

MX20 MOBILE 400-470 MHz 20W 12.5 MVM B23 

PT 4572A RF LINEAR FT 2.5 GHz 27 dBm 14 TO 117 F8D 
PT 4579 RF LINEAR FT 2.5 GHz 26 dBm 14 TO 39 F84 

* BVcBo A2 



ALPHANUMERICAL INDEX 

PART POWER SUPPLY 

NUMBER 
APPLICATION FREQUENCY, OR GAIN VOLTAGE PACKAGE PAGE 

(dB) (V) 

PT 8809 MOBILE 470'MHz 2 W 12.5 SOE 280 B25 
PT 8810 MOBILE 470' MHz 5 W '12.5 SOE 280 B25 
PT 8811 MOBILE 470 MHz 10 W 12.5 SOE 280 B25 
PT 8828/F MOBILE 175 MHz 10 W 12.5 SOE 380/F B29 
PT 9700 MILITARY 400 MHz 1.5W 28 SOE 280 C 10 
PT 9701B MILITARY 400 MHz 5 W 28 SOE 280 C12 
PT 9702B MILITARY 400 MHz 20 W 28 SOE 280 C14 
PT 9703B MILITARY 400 MHz 10 W 28 SOE 280 C 13 
PT 9704A1B MILITARY 400 MHz 30 W 28 SOE 280 C15 
PT 9730 MILITARY 175 MHz 4 W 28 SOE 380 C20 
PT 9731 . MILITARY 175 MHz 25 W 28 SOE 380 C23 
PT 9732 MILITARY 175 MHz 8 W 28 SOE 380 C 21 
PT 9733 MILITARY 175 MHz 50 W 28 SOE 380 C24 
PT 9734 ' MILITARY 175 MHz 15 W 28 SOE 380 C22 
PT 9780/A SSB 30 MHz 100 PEP 28 SOE 500/F B34 
PT 9784/A SSB 30 MHz 75 PEP 12.5 SOE 380/F B39 
PT 9785 SSB 30 MHz 100 PEP 12.5 SOE 500 B39 

'TP 2121S MOBILE 88 MHz 1.5W 7.5 SOE 280/SS B43 
TP 251 MOBILE 470 MHz 0.2W 7.5 SOE 200/SS B46 
TP 2521S MOBILE 470 MHz 1.5W· 7.5 SOE 280/SS B49 
TP 1045 MOBILE 470 MHz 2 W 12.5 SOE 280/SS B52 
TP 2180 MOBILE 88 MHz 80 W 12.5 J-ZERO B 55 
TP 2304 MOBILE 175 MHz 40 W 12.5 SOE 380 B58 
TP 2312 MOBILE. 175 MHz 3 W 12.5 TO 39 GE B62 
TP 2314 MOBILE 175 MHz 4 W 12.5 TO 39 GE B65 
TP 2320 MOBILE 175 MHz 17 W 12.5 SOE 380 B68 
TP 2330/F MOBILE 175 MHz 30 W 12.5 SOE 380/F B 72 
TP 2503 MOBILE 470 MHz 5 W 12.5 SOE 280/SS B 75 
TP 3020 MOBILE 960 MHz 2 W 24 SOE 280 B 78 
TP 3022 MOBILE 960 MHz 15 W 24 230 F B82 
TP 3024 MOBILE 960 MHz 30 W 24 BMA2 B86 
TP 3093 RF LINEAR ,FT 3 G I-t~ __ ,_~ 700mW 15 TO 39 F88 
TP 3098 RF LINEAR FT 3 GHz 700mW 15 TO 117C F92 
TP 3400 RF LINEAR FT 3 GHz 1200 mW 18 SOE 200 F96 
TP 9380 FM 108 MHz 75 W 28 SOE 500 F D2 
TP 9383 FM 108 MHz 150 W 28 SOE 500 F D5 
TP 9386 MILITARY 175 MHz 150 W 28 J-ZERO C27 

TPM 401 MILITARY 400 MHz 1W 20 SOE 280 C 31 
TPM 405 MILITARY 400 MHz 5W 24 SOE 280 C35 
TPM 425 MILITARY 400 MHz 25W 24 SOE 280 C39 
TPM 4040 MILITARY 400 MHz 40W 28 MRP7 C 41 
TPM 4130 MILITARY 400 MHz 130W 28 MRP7 C45 

TPV 364 TV BAND 3 225 MHz 10W 25 SOE 380 D 13 
TPV 375 TV BAND 3 225 MHz 14W 28 SOE 500 017 
TPV 376 TV BAND 3 225 MHz 30W 28 SOE 500 D23 
TPV 385 TV BAND 3 225 MHz 14W 28 JO 500 D 21 
TPV 394 TV BAND 3 225 MHz 5W 28 SOE 280 09 
TPV 3100 TV BAND 3 225 MHz ·30W 28 MRP7 027 

TPV 590 TV.BAND 4-5 860 MHz 0.250W 20 SOE 200 033 
TPV 591 TV BAND 4-5 860 MHz 0.5 W 20 SOE 200 D37 
TPV 593 TV BAND 4-5 860 MHz 2 W 25 SOE 280 D49 
TPV 595A TV BAND 4-5 860 MHz 8 W 25 BMA2 D55 
TPV 596 TV BAND 4-5 860 MHz 0.5 W 20 SOE 280 D 41 
TPV 597 TV BAND 4-5 860 MHz 1 W 20 SOE 280 D45 
TPV 598 TV BAND 4-5 860 MHz 4 W 25 SOE 280 D53 
TPV 5051 TV BAND 4-5 860 MHz 50 W 28 BMA2 061 

q 



ALPHANUMERICAL INDEX 

POWER SUPPLY 
PART APPLICATION FREQUENCY OR GAIN VOLTAGE PACKAGE PAGE 

NUMBER (dB) (V) 

TPVA 5060 TV BAND 4-5 860 MHz 50 W 26.5 TPVA 073 

TRW 2001 MICROWAVE 2 GHz 1 W 28 HLP8 E59 
TRW 2003 MICROWAVE 2 GHz 3.. W 28 HLP 8 E61 
TRW 2005 MICROWAVE 2 GHz 5 W 28 HLP 8 E63 
TRW 2010 MICROWAVE 2 GHz 10 W 28 HLP 8 E65 
TRW 2015 MICROWAVE 2 GHz 15 W 28 HLP 11 E67 
TRW 2020 MICROWAVE 2 GHz 20 W 28 HLP 11 E68 
TRW 2301 MICROWAVE 2.3 GHz 1.5 W 20 HLP8 E 70 
TRW 2304 MICROWAVE 2.3 GHz 4 W 20 HLP 8 E 71 
TRW 2307 MICROWAVE 2.3 GHz 7 W 20 HLP8 E72 
TRW 3001 MICROWAVE 3 GHz 1 W 28 HLP8 E 75 
TRW 3003 MICROWAVE 3 GHz 3 W 28 HLP8 E77 
TRW 3005 MICROWAVE .3 GHz 5 W 28 HLP8 E79 
TRW 52001 MICROWAVE 2 GHz 1.5 W 20 TW200 E82 
TRW 52002 MICROWAVE 2 GHz 3 W 20 TW200 E87 
TRW 52004 MICROWAVE 2 GHz 6 W 20 TW 200 E91 
TRW 52101 MICROWAVE 2 GHz 1.5 W 20 HLP8F E83 
TRW 52201 MICROWAVE 2 GHz 1.5 W 20 GP 14S E83 
TRW 52501 MICROWAVE 2 GHz 1.5 W 20 GP 14 E83 
TRW 52502 MICROWAVE 2 GHz 3 W 20 GP 14 E88 
TRW 52504 MICROWAVE 2 GHz 6 W 20 GP 14 E94 
TRW 52601 MICROWAVE 2 GHz 1.5 W 20 HLP 8 E83 
TRW 52602 MICROWAVE 2 GHz 3 W 20 HLP 8 E88 
TRW 52604 MICROWAVE 2 GHz 6 W 20 HLP8 E94 
TRW 53001 MICROWAVE 3 GHz 0.8 W 20 TW200 E95 
TRW 53002 MICROWAVE 3 GHz 1.6 W 20 TW200 E99 
TRW 53101 MICROWAVE 3 GHz 0.8 W 20 HLP8F E96 
TRW 53201 MICROWAVE 3 GHz 0.8 W 20 GP 14S E96 
TRW 53501 MICROWAVE 3 GHz 0.8 W 20 GP 14 E96 
TRW 53502 MICROWAVE 3 GHz 1.6 W 20 GP14 E 100 
TRW 53601 MICROWAVE 3 GHz 0.8 W 20 HLP8 E96 
TRW 53602 MICROWAVE 3 GHz 1.6 W 20 HLP8 E 100 
TRW 54001 MICROWAVE 2 GHz-4 GHz 0.5 W 20 TW200 E 103 
TRW 54101 MICROWAVE 2 GHz-4 GHz 0.5 W 20 HLP8F E 104 
TRW 54201 MICROWAVE 2 GHz-4 GHz 0.5 W 20 .GP 14S E 104 
TRW 54501 MICROWAVE 2 GHz-4 GHz 0.5 vy 20 GP 14 E 1.04 
TRW 54601 MICROWAVE 2 GHz-4 GHz 0.5 W 20 HLP8 E 104 
TRW 62601 MICROWAVE 2 GHz 1.2 W 20 HLP8 E 107 
TRW 62602 MICROWAVE 2 GHz 2.5 W 20 HLP8 E 111 
TRW 63601 MICROWAVE 3 GHz 0.45W 20 HLP8 E 115 
TRW 63602 MICROWAVE 3 GHz 0.85W 20 HLP8 E 119 
TRW 64601 MICROWAVE 4 GHz 0.3 W 20 HLP8 E 123 
TRW 64602 MICROWAVE 4 GHz 0.6 W 20 HLP8 E 127 

I 
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·/11 TROD U C T / 0 II 

- SCOPE 

This catalog is issued by TRW Composants Electroniques. 
It provides complete information on all the TRW high-frequency transistors, modules 

. and integrated circuits available from our plant in Bordeaux. 

The book is up-dated in timely intervals in order reflect the latest developments of new 
products. It has proven to be an excellent aid and reference to numerous project and 
design ngineers. 

- MARKET SEGMENTS 

1) HF~SSB 
Market 

2 to 30 MHz, high power linear transmitters. 
Products 

12, 28 and 50 V up to 200 watt linear transistors. 

2) MOBILE 
Market 

VHF (88 and 175 'MHz) and UHF (470 MHz) transmitters for use in commercial 
and industrial mobile radio applications. 

Products 
7.5, 12 and 28 volts discrete transistors. 
12 V power modules. 

3) FM 
Market 

High power FM transmitters (88-108 MHz). 
Products 

High power transistors up to 175 W. 

4) VHF/UHF BROADBAND 
Market 

Airbone and ground VHF/UHF transmitters - Navigation aids (llS, VOR, GLIDE). 
Products 

Discrete and internally matched (JO) broadband transistors up to 100 watts. 

5) SMALL SIGNAL 
Market 

A5 

Telecommunication, Instrumentation, General Purpose up to 1 200 MHz. 
Products 

• Transistors in plastic and ceramic packages with RF output voltages up to 
122 dBuV (DIN 4500 4 B). 

• HYBRID Broadband amplifiers : 
1-500 MHz 50 to 100 Ohm 

40-900 MHz 50 to 100 Ohm 
Low noise and high linearity. 



6) CATV 
Market I 

Community Antenna Television Amplifiers - 40-300 MHz: 75 ohm 
- 40-900 MHz: 75 ohm 

Products 
High performance HYBRID amplifiers for super linearity and cascadability. 

7) TV TRANSPOSERS AND TRANSMITTERS 
Market 

Equipment for TV land coverage: transposers and transmitte~s. 

Products 
High POWef linear transistors specified in two bands: VHF 170 to 225 MHz, UHF 
470 to 860 MHz. 

8) MICROWAVE 
Market 

1 to 4 GHz transmitters. 

Products 
1 to 4 GHz discretes and internally matched (MRA) transistors specified as : 

Linear (common ermitter). 
Class C, Pulse (common base). 

- Oscillators (common collector). 

- TRW COMPOSANTS ELECTRONIQUES 

This european facility was established in 1971 in order to provide optimum service to the 
european market. The advantages to our customers are numerous : 

• MARKETING - TRW Bordeaux has an experienced team of product managers ready 
to discuss your needs and to serve your interests. 

• MANUFACTURING - Most TRW products supplied by TRW Bordeaux are manu
factured locally. The plant is equipped with the most modern machinery and 
has complete DC and RF testing facilities including highly specialized test stations 
for ultra-linear devices. 
Manufacture and stocking in Bordeaux assures quick response to our customers 
needs. 

• QUALITY ASSURANCE - An independant Quality Assurance Department polices the 
design, manufacturing and testing procedures and guarantees the highest possible 
product quality. . 

• SPECIAL PRODUCTS - Should the products listed in this catalog fail to match your 
requirements exactly, there is always the possibility of a specially designed or 
modified device. 
Once we have defined what the transistor should be for your application. a speci
fication will be written by you, reviewed by TRW and a special part number assigned. 
This procedure will insure proper operation of the devices in your equipment. 

• APPLICATION ENGINEERING - One of the most important functions of TRW 
Bordeaux is the applications assistance which can be rendered promptly, efficiently 
and in a professional manner. The plant houses a well-equiped applications 
laboratory, which is staffed by RF engineers specialized in all areas of solid-state 
circuitry, applications and systems. Computer aided design is widely used. 

A6 
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QUALITY AT TR.W 

TRW RF components are renowned for quality 
and reliability. A consequence of such quality 
is the dominant position of TRW in European 
communication equipments. 

The primary objective of TRW is « to provide 
products and services of the highest possible 
quality». Lets us see how such goal is achieved 
in the TRW Bordeaux plant. 

This quality objective is realised by a permanent 
control of material from the beginning of raw 
material in-coming inspection to the assembly 
lines and final delivery to customers (as shown 
on the manufacturing flow chart. 

Quality dice lot 

On arrival in the plant, each wafer is Qualified 
by the evaluation of a sample of die, to measure 
quality of die solderability, wire bondability, 
DC and RF performances, current leakage, etc. 
and also to estimate the production yield 
we will achieve. 

This wafer quality inspection has been recently 
further improved thanks to the scanning elec
tronic microscopy. Since Jan. 1981, a SEM 
inspection is made on a 1 00 % basis for wafers 
intended for high reliability applications and 
on a sampling basis for all others. 

The aA department can veto a wafer or a 
product at any stage of production if a fai lure 
is discovered. 

SEM wafer analysis 

Optical microscope inspection 

Assembly control -' Quality lot card 

During product assembly, die mounting and 
. wire bonding machines are. checked regurlarly 
every two hours ·to ensure that they are perfor
ming correctly. 

a.A. visual inspection, destructive tests and 
wire strenght are noted on a quality card which 
accompagnies each production lot from the 

;.beginning to final inspection in a.A. depart-' 
ment. 

AS 
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MATERIAL 
INSPECTIO,. 

OC INSP. 

'MANUFACTURIN.: FtOWCHART 
, \ 

PROBING 

SCRIBING 

BREAKING 

OPERATION GCOR PROCESS 
DOCUMENT 

016204A00004 

016204A00023 

016204A00023 

(OC) 
Evaluation, of process 
performances 
Yield 

lX-Ray 
C INSPECTION ~ Visual 

f Die shear 
CLEANING 

C INSPECTION' Visual 
t Pull Test 

016004A00012/13 

01 6005AOO()-22 

016004A00014/15/16 

016005A00017 

100 " PRODUCTION INSP/OA INSPECT. 

100 % PRE-CAP DC TEST 

CAPPING/MOLDING 

C INSPECTION 

HIGH TEMP STORAGE 
200 0 C - 48 Hrs 

THERMAL CHOCK • 

GROSS LEAK • 

FINE LEAK 

016205A00002 

MIL STD 883 
METHOD 1010, CONDo D 
MIL STD 883 \ 
METHOD 1014, CONDo C 
MIL SrD 883 

DC AND AC 100 % (Production) METHOD 1014, CONDo A 
THERMAL RESISTANCE 
FINAL TEST 
MARKING 

) 

PACKAGING 

INSPECTION 

016006AOOOO24 
016204AOOO06 

\ 

VISUAL - a VBE Correlated to X-I:lay 
MECHANICAL 

STORES i ELECTRICAL TEST (DC/RF) METHOD 2001 
J THERMAL RESISTANCE - X-RAY ANALYSIS 

SHIP r ENVIRONMENTAL AND ELECTRICAL ENDURANCE • 
CERTIFICATE OF CO,..FORMANCE 1O 

• When required 



Hard soldering die bonding 

Wire bonding operation 

X-Ray inspection 

A good eutectic bond between the die and the 
header is fundamental, for the reliability of 
high power devices, so 2 years ago TRW Bor
deaux introduced a X- Ray inspection . of the 
die mounting operation. Depending on the 
method of const~uction of the transistor, 
either a 100 % or s&(Ylpling only check is made 
on the quality of the die attach. 

Soldering and visual inspection 

Wire bonding pull test 

100 % Thermal resistance for super 
high reliability 

In order to assure a maximum reliability, TRW
Bordeaux introduced 3 years ago a ~ VBE 
measurment which is related to the thermal 
resistance by the following formula 

I t:..vBE 
RthJC = ---

C Pd 

This t:..VDE measurment which is performed on 
100 % basis for all RF high power devices, is 
then correlated to a X- Ray analysis for each 
production lot in order to determine the maxi
mum value of t:..VDE authorized for a certain 
part number. This is the best way to make sure 
of perfection of the die mount. . 

A 10 



Die soldering X-Ray Inspection. 

DC transistors final test Inspection 

100 % visual inspection 

All standart devices are 100 % visually inspected 
by production people prior to capping. High 
rei. components are submitted to a more stringent 
visual control under the responsabilitY of the 
OA department with a high magnification 
microscope. 

DC and RF testing 

In order to assure the lowest possible failure 
level, each device is DC tested three times: 

A 11 

Dynamic RF transistors testing 

Dynamic RF QA control 

1. - Die probe prior to input 
2. - prior to capping 
3. - prior to final RF test. 

All devices are then subjected to RF measur
ment on production line for conformity, to 
specification. After final production test and 
packaging, each lot passes to the quality 
department which tests again on a sample basis, 
DC and RF parameters. The percentage of 
pieces submitted to this final electrical control 
is 11 % for all discretes components and 18 % 
for hybrids circuits. 



Reliability 

The quality department is also responsible for 
reliability which is assured by several environ
mental and electrical tests which are made to 
devices during assembly operations or at the 
final test level. 

All moulded devices are subjected to a high 
Temperature DC test (+ 175 oC) in to order 
remove any possible infant mortalities. 

Other reliability tests include vibration, acce
leration, thermal shock, humidity and DC or 
RF electrical endurance. These tests are perfor
med either because of customer special requi
rement or as a routine reliability check. 

Many high power - high quality devices binlt 
in Bordeaux for professionnal applications have 
been already submitted to a 3 000 or 5 000 hours 
electrical endurance test. Reports are available 
on request. 

Acceleration test 

DC burn-In life test 

Environmental test 

Fine ieak test 

Vibration test 

RF burn-In life test 

A12 
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Quality Assurance Standard 

TRW RF components are classified in three reliability classes depending on the level of screening 
needed to produce the quality and reliability required by each application as shown on table no 1 

RELIABILITY GRADE APPLICATIONS 

SH - Super High Reliability - Space - system requiring super high 
reliability 

H- High reliability Military - Avionic - Systems requiring high 
relia~ility 

1- Industrial Industrial application - conSllmer 

All class of transistor are screened in accordance to MIL STD 19500/750/883 or CECC 50007 or 
NFC 96 621 specification. However particular customer specification are also used as« a special customer 
requirement ». 

TEST 

1 SEM wafer inspection 

2 Precap. visual inspection' . 

3 High Rei. Prec. vis. insp. 

4 Die-soldering X-Ray test 

5 Wire-bonding test 

6 Precap. BV - test 

7 High storage 

8 Thermal Shock 

9 DC Electrical Test 
BV CBO BV CEO BV EBO 
ICBO ICEO lEBO 
hFE 

10 Thermallmped. (dVBE) 

11 RF test 
Pout - IMD - Ft. TOS 

12 Ballast-Resist. control 

13 Vibration 

14 Acceleration 

15 Gross Leak 

16 Fine Leak 

17 High temp. wire bonding 
test 

18 Electrical Endurance 

19 External - Visual -
Mechanical 

20 QA Finar rnspection 

(1) On special request. 

A 13 

TABLE A 

SCREENING CONDITIONS 

METHOD INSPECTION REQUIREMENT 

SH H I 

TRW Specification 100 % sarppling 

MILSTD 750-2072 100 % 100 % 100 % 

TRW Specification 100 % (1 ) 

TRW specification 100 % sampling 

TRW specification sampling sampling sampling 

CECC 50 000/4.3.4 100 % 100 % 100 % 

CECC 50 000/4.4.1 100 % (1 ) 

CECC 50 000/4.4.4 100 % (1 ) 

CECC 50 000/4.3.4 100 % 100 0/0 lQO % 

TRW Specification 100 % 100 % 

NFC 96.621 
100 % 100 % sampling 

TRW specification 100 % sampling 

CECC 50 000/4.4.6 100 % (1 ) 

CEC.C 50 000/4.4.11 100 % (1 ) 

CECC 50 000/4.4.1 O/Qc 100 % 100 % sampling 
only hermetic devices 

only hermetic devices 
CECC 50 000/4.4.1 O/Qk 100 % 100 % 

only molded devices 100 % sampling 

NFC 96-621 100 % sampling 
CECC 50 000/4.5 

CECC 50000/4.2.1. 100 % sampling sampling 

TRW specification sampling sampling sampling _ 



TABLE B 
QA INSPECTION - GROUP A 

LOT PER LOT 

EXAMINATION OR TEST CONDITION 

Sub.,.group A1 

Visual inspection - Dimen/hours CECC 50000/4.2.1 

Sub-group A2 

Breakdown Voltage CECC 50000/4.3.4 
Leakage current· CECC 50000/4.3.4 
hFE - Cob CECC 50000/4.3.4 

RF dynamic characteristic NFC 96621 

TABLE C 
QA - INSPECTION GROUP A & B 

LOT PER LOT 

EXAMINATION OR TEST CONDITIONS 

Sub-Group B2 to BS 

Solderability CECC 50000/4.4.7 
Thermal shock (1) CECC 50000/4.4.4 
Damp heat (1) CECC 50000/4.4.2 
Gross leak CECC 50000/4.4.10.Qc 
Fine leak CECC 50000/4.4.10.Qk 

Sub-Group B8 
CECC 50000/4.5 

168 IHrs Electrical Endurance (1) NFC 96621 

Sub-Group C3 to C6 

Tensile CECC 50000/4.4.9 
Vibration (1) CECC 50000/4.4.6 
Constant Acceleration (1) CECC 50000/4.4.11 

Sub-Group C8 
CECC 50000/4.5 

1 000 Hrs Electrical Endurance (1) NFC 96621 

Sub-Gl'oup C9 

High temp. storage (1) CECC 50000/4.4.1 

Post measurment ahFE -aleDO 

(1) On special request from QA or from customes. 

INSPECTION 
REQUIREMENT 

sampling AQL 
level 

I 1,5 

II 0,4 
II 0,4 
II 0,4 

I 1 

INSPECTION 
REQUIREMENT 

sampling AQL 
level 

S4 1,5% 
S4 1 % 
S4 1,5 % 
S4 1 % 
II 1 % 

S4 1,5% 

I 1,5 % 
I 1,5 % 
I 1,5% 

S4 1 % 

S4 1 % 

A 14 
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MOBILE VHF/UHF 
900 MHz 



. PRODUCT SUMMARY 
.. 

POWER PART 
APPLICATION FREQUENCY SUPPLY PACKAGE, NUMBER OR GAIN PAGE 

VOLTAGE 
(dB) N\ 

AMR 900-60 MOBILE 800-960 MHz 60W 24 AMR B2 

JO 3020 MOBILE 470 MHi 20W 12,5 J-ZERO B6 
JO 3037 MOBILE 470 MHz 37W 12,5 J-ZERO B9 
JO 4036 MOBILE 175 MHz 36W 12,5 J-ZERO B 10 
JO 4045 MOBILE 175 MHz 45W 12,5 J-ZERO· B 14 

ML20 MOBILE 66-88 MHz 20W 12.5 MVM ~ 18 

MV 20 MOBILE 140-175 MHz 20W 12.5 MVM B 19 
MV 30 MOBILE 150-160 MHz 30W, 12.5 MVM B 19 

MX20 MOBILE 400-470 MHz 20W 12.5 MVM B 23 

PT 8809 MOBILE 470 MHz 2 W 12.5 SOE 280 B'25 
PT 8810 MOBILE 470 MHz 5 W 12.5 SOE 280 B 25 

I 
PT 8811 MOBILE 470 MHz 10 W 12.5 SOE 280 B25 
PT 8828/F MOBILE 175 MHz 10 W 12.5 SOE 380/F B29 

PT 9780/A SSB 30 MHz 100 PEP 28 SOE 500/F 
\ 

B34 
PT 9784/A SSB 30 MHz 75 PEP 12.5 SOE 380/F B 39 
PT 9785 SSB 30 MHz 100 PEP 12.5 SOE 500 B 39 

TP 212/S MOBILE 88 MHz 1.5W 7.5 SOE 280/S9 B43 
TP 251 MOBILE 470 MHz 0.2W 7.5 SOE 200/S9 B46 
TP 252/S MOBILE 470 MHz 1.5W 7.5 SOE 280/S9 B49 
TP 1045 MOBILE 470 MHz 2 W 12.5 SOE 280/SS B52 
TP 2180 MOBILE 88 MHz 80 W 12.5 J-ZERO B55 
TP 2304 MOBILE 175 MHz 40 W 12.5 SOE 380 B 58 
TP 2312 MOBILE 175 MHz 3 W 12.5 TO 39 GE B 62 
TP 2314 MOBILE 175 MHz 4 W 12.5 TO 39 GE B65 
TP 2320 MOBILE 175 MHz 17 W 12.5 SOE 380 B 68 
TP 2330/F MOBILE 175 MHz 30 W 12.5 SOE 380/F B 72 
TP 2503 MOBILE 470 MHz 5 W 12.5 SOE 280/S8 B 75 
TP 3020 MOBILE 960 MHz 2 W 24 SOE 280 B 78 
TP 3022 MOBILE 960 MHz 15 W 24 230 F B82 
TP 3024 MOBILE 960 MHz 30 W 24 . BMA2 B86 



AMR 900·60 

Linear RF Power Amplifier 

-60W 
- 800-960 MHz 
- Class "AB" 

The AMR 900-60 solid state class B amplifier is 
specifically designed for cellular radio base sta
tions. 

Electrical Characterlatlca (Te ••• = 50 Oe) 

This amplifier incorporates microstrip techno
logy and reliable TRW linear push-pull transis
tors. 

I 

I SYMBOL CHARACTERIS TICS 
I 

TEST CONDITIONS 
I 

MIN fYP I MAX I UNIT I l I 

~ Rl Source and load 50 ohms reference -20 dB 

~ 
Return loss 

II: 
w 

P BW Bandwith Continuous without .800 960 MHz 

~ Retuning 

~ 
Vee Supply. voltage Nominal 24 V 

PG Power gain P. ref. = 50 W 7 dB 

Itvp Typical current consumption Pout = 50 W Vee = 24 V 4 A 

~ 
"'" ~ Rl Input/output 50 ohms reference -15 -10 dB 

Return loss 

VSWR Output mismatch Pout = 50 W Vee = 24 V 5:1 

Vee Supply voltage - 24 25 V 

~ 
Imax Max DC current Vee = 24.0 V 6 A 

11-

~ Top Operating temper. Base plate (test point) -20 +70 °C 

T STG Storage temperat. -40 +100 °c 

~ ~ 
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m 
(..) 

co 
o 

4.94 ( 1 25.5 \ 

DATE CODE 

LABEL 

TEMPERATURE TEST POINT 

5.21 (134\ 

'-., 

FLATNESS ~517 HEAT SINK FACE 

( 71 

DIMENSIONS IN INCHES mm IN BRACKETS 

CLEARANCE 

-~ull TO REMOVE 

CONNECTOR 
.. 
~ 

on 
.,; .. 
... .., 
..; 

co 
o 
on 

01 

.. .. ... .-on on 
f&.'!,.o 

~--'-_...L.._"" __ ~.Ii-..I1 _ 0 ~ 

0.37 1 

0.55 -(14) I 

~4i 

~NOFPIN 

.~~ 
FEMALE . 0'1~2 (5) 

CONNECTOR DETAILS. ." 

PIN TO BE 

PLUS IN LAYOUT 

PIN 1 +V supply 26.5 volts 
PIN 2 Do not use 
PIN 3 Ground 
PIN 4-5 Collector current 

test point 
PI N 6 Optionnal 

VOLTAGE MEASUREMENT 

V supply (Between pin 1 and 3) 

~ SOLDERED 

_ ~ OR CRIMPED 

COLLECTOR CURRENT 
MEASUREMENT 

Voltmeter must have an input 
impedance greater than 10K H 

TRANSISTOR N° 1 

1 
'I (A) = - x V (V) 

0.47 

TRANSISTOR N° 1 

Between 
Pin 1-5 

D@ TO L. GENE. ~0.008(0.21 

12 (A) = ~ x V (V) B.etween 
0.47, PIn 1-4 

• '0 
o .. 
o 



AMR 900·e~ 

MANUr=ACTURING FLOW CHART OPERATION 

Case 
Components 

RF Load 
Component 

3dB Couplers 

RF Load Assembly 

Note1: Bum-in conditions 

Supply Voltage = 26.5 Volts 
Base plate temperature: 700C 
Endurance test = 48 hours 

RF Circuit Board 

OC Inspection 

Fixation of Circuit Board 

Mounting of Connection (J 1, J2, J' 1, J' 2) 

Bonding of passive Components 
on RF Circuit Board 

Fixation of DC Bias Circuit Board 

Placement of RF Transistors 
Lead Lady Surveillance 

Placement and Bonding of Couplers 

RF Load Mount 

Pre Test 

Test Connectors (J' 1, J'2) 
Removal 

Bonding of Couplers 
Bondind of R F Loads 

Test 

OCVisual 

Burn in 100 % (OA) 
(see note 1) 

Final Test 

Packing 

Marking 

FinalOC 

Stores 

84 



,I AMA 800·eo 

85 

Pout 

(W) 

Pin 
(W) 

60 

40 

20 

o 

10 
9 

5 

o 

I 
Vee 24 V 

800 

5 

850 

TYPICAL CHARACTERISTICS 

800MHz 

10 

Pin(W) 

I 

15 

Pout SSW 

I, 
---r .. ""-

900 950 

F( MHz) 

Pout 

(W) 

60 

50 

o 

tc.. 
(%) 

60 

50 

40 

I 
Vee 24V 

800 

-1 
Vee 24V 

r--. 

800 

I 
Pin 10W 

-~ 

850 900 950 

F (MHz) 

I 
Pout ssw 

I 
I 

l.-,/~. 

850 900 950 

F( MHz) 



JO 3020 

UHF RF Power Transistor 

-20W 
-12.5 V 
- 450·512 MHz 
- Diffused Ballast Resistors 
- Internally Matched 
- Common Emitter 
- Isolated Package 

. - 20:1 VSWR .500 J Zero 

Electrical Characteristics (TeAsE = 25OC) 

B6 
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B7 

Series Load Resistance vs Frequency Series Load Reactance vs Frequency 
2.4 -.4 

2.0 
~ 

""'i'-., 

"'" "-
"'" "'"' 

1.6 

II) 

~ 1.2 
f""'oo, 

..... ~ 

.8 
PIN = 3.5W I--
Po= 20W 
V~E ~ -+;12j5V r-.4 

o ., 
440 450 460 470 480 490 500 510 

Frequency - MHz 

-.8 PI~~ 3.!W
I 

""-
PO= 20W 
VeE = +12.5V -\ 

~ -~ ~ -1.2 

~ 
II) , 

~ -1.6 o r\. .,. 
~ 
~ 

-2.0 

..... r---. .... 

--~ -2.4 

-2.8 
440 450 460 470 480 490 500 510 

Frequency - MHz 

Series Input Resistance vs Frequency 
2.4 

Series Input Reactance vs Frequency 

2.0 PI~='3.5WJ 
I-

Po= 20W 
-VeE = +12.5V l-

1.6 I> ~·,'r":· 
~ .; .. 

II) 

~ 1.2 
~ ..... 

r-- ....... 

"" ~ .8 '" r--. 
.4 

o 
440 450 460 470 480 490 500 510 

Frequency - MHz 

30 

25 

II) 

;; 20 
~ 
I 

'& 15 
~ 
~ 
G) 

~ 10 

5 

J-Zero 3020 Power Transfer 

-"",.. ~ 

~ ~ 

~ VeE = + 12.5Vdc 

V f = 470MHz 

II 
.4 

1/ 
J 

1/ 
o 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

Power Input - Watts 

6.0 

5.0 

,--:-4.0 
'. 

II) 
-,..... 1--. 

~ 3.0 
o 

PIN = 3.5W -Po= 20W 
2.0 

V(jE ~ +,12',5V -
1.0 

o 
440 450 460 470 480 490 500 .510 

Frequency - MHz 

.5QOJZERO: 



.. 0 3020 

50Q 

TEST CIRCUIT 

PARTS LIST: 
+12.5VDC 

C1 1·10pf piston trimmer, located 0.4" from device end on Z1. 
C2.4 30pf uncased mica capacitor. 
C3 20pf uncased mica capacitor. 
Cs 40pf uncased mica capacitor. 
C6 30pf miniature uncased mica capacitor. 
C7 220pf un cased mica capacitor. 
C8~f @ 25 volts. 
C9 0.1,.tfD @ 50 volts disc ceramic. 
RFC 1 6 T. #18 AWG., 1 14" dia., 1/2" long. 
RFC 2 Ferrite bead. 
RFC 3 4 T. #18 AWG., 3/8" dia., 1/2" long. 
RFC 4 3 T. #18 AWG. on 1 12" "H" toroid 
R1 10 ohf'(ls @ 1/2 watt. 
Z1 Microstripline, Zo = 30 ohms, W = 0.37", L = 3.02" 
Z2 Microstripline capacitor, Zo = 24 ohms, W = 0.46", L = 1.62 
Z3 Microstripline, Zo = 20 ohms, W = 0.56", L = 2.34" 
Board material -1/16" Teflon·glass 

B8 



JO 3037 ,.,.~ ... 
II'~. 

UHF RF Power" Transistor 

-37W 
-12.5 V 
- 450·512 MHz 
- High Gain 
- 20:1 VSWR 
- Common Emitter 
- Isolated Package 
- Internally Matched .500 J Zero 

Electrical Characteristics (T CASE = 25 OC) 

89 



JO 4036 

RF Power Transistors 

-36W 
-12.5 V 
-175 MHz 
- Gold Metalization 
- Diffused Ballast Resistors 
- Low Thermal Resistance 
- Common Emitter 
- Isolated Package 
- Internally Matched 
- 20:1 VSWR 
- Class C 

PGAIN Power Gain 

PREF Power Reflected 

load VSWR Mismatch Tolerance 

VCE = 12.5V, f = 175MHz 
PIN = 6W 

VCE = 12.5V, f = 175MHz 
PIN= 6W 

VCE = 15.5V, f = 175MHz 
PIN = 6W 

7.8 

20:1 

... ~.-. 
II'~~ 

.500 Jo 

0.60 W 

VSWR 
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Broadband P(OUT) vs. Frequency 
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~ 
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~ 20 

10 

2 

(/) 

E 
S 

Broadband Power Transfer 

~ -
V ~ 

.--
~~~1-L ~ 

,fI;,<t3 ''\y 
/ / 

j / 
VV 

11/ 
1/1 

/1 , 
2 4 6 8 10 

PIN- Watts 
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JO 4036 
Broadband Test Fixture 

Vee = 12.SV 

COMPONENTS LIST: 
C1. 2 25pf 
C3.4 80pf 
C5 250pf 
C6 200pf 
C7 150pf 
Ca 100pf 
C9.10 40pf 
Cn 25pf 
C12,131000pf 
C14 .001,.11 
C15 .01 ~f 
C16 25~f 
L1 2T18AWG .2"dia. 

L2 .2" hairpin .125" wide x ~025 thick copper strip 
L3 .1" x .2" wide x .005" thick copper loop 
L4 .3" hairpin 18 AWG. 
Ls 3 T. 18 AWG .. 2" dia. 
L6 4 T. 18 AWG .. 2" dia. 
RFC 2112 T. on VK·211·07 /38 ferrox cube 
T1 .2" width .5" length from package as ref. 
T2 .2" width .4" length from package as ref. 
NOTES: 
1. All capacitors in signal path are Underwood Electric Corp. 

Case Type J1 01 . 
2. Position Cs and C6 as close to pkg. as possible. 

~-------l77mm--------I 

\4-----106mm ____ --.I 

1-----88.5mm-----l C1 25pf 
C~, 4 BOpf 
C3 30pf 
Cs 250pf 
C6 200pf 
C7 150pf 
Ca 100pf 
C9,10 40pf 
Cn 10pf 
C12,14 1000pf 
C13 15pf 
C1S 5~f 25V 

,001K Disc 
.01 ~ 1 KV Disc 
2T .2" dia. 18 AWG .250" long 

L2 .2" hairpin .125" wide x .025 thick 
RFC1 2112 T on VK·211·07 /3B ferrox cube 

!--.-.--+ __ -+--I--+-__ --+-_-+_-+---a~ L3 .3" hairpin #18 AWG 

~--80mm-----..j 

t------112mm----_eoj 
~-----133mm-----_eoj 

1"ot--------158mm----'-----t 

L4 3T .2" dia. #10 AWG .500" long 
Ls 4T .2" dia. #18 AWG .400 long 
L6 .5" x .2" 
L7 .4" x .2" 
La .1" x .2" wide x .005" thick 

Note: .062 Epoxy Board Copper Clad - 2 Sides 



I ~O 4038 

.810 MIN DIA 

~ 

~
.200 

.210 
l....2.. .040 2 PL r .050 

E 

.075-t .150 .065 11-1 
2 PL • .160 

.720 • 

J..!?. DIA 
.130 

. 730 .495 .004 
1 ___ .505"'1 r .006 
lOlA • 

M+x T-T.l~ 
'---1-C~ I : .7. 20 j 10t5 t f.-- .730---( .105 

.970 

.980 

.500JZERO: 



JO 4045 

RF Power Transistors 

.... 
U) 
w .... 
"-a:: 

-' c 
~ 
a: 
w 
: .... 

·45W 
• 12.5 V 
.175 MHz 
• Gold Metalization 
• Diffused Ballast Resistors 
• Low Thermal Resistance 
• Common Emitter 
• Isolated Packages 
• Class C Operation 
• 20:1 VSWR 
• Internally Matched 

PG Power Gain 

PREF Power Reflected 

Load VSWR Load Mismatch Tolerance 

(j'r Thermal Resistance 

.500 J Zero 

VeE = 12.5V, f = 175MHz 
6.5 dB PIN = 10W 

VCE = 12.5V, f = 175MHz 
1.0 W PIN = 10W 

VCE = 1 S.SV, f = 17SMHz 
20:1 PIN = 10W VSWR 

C ~.A 
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Broadband P(OUT) vs. Frequency 
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POUT...;- 55W 
80 1--"- -- .. --- ---:1::--..-.,,, 

45W--
~ ~ 

35W--
~ I 

25W 

~ 70 

>-
g 60 
Q.' 

"'"" -'(3 

ffi 50 

40 Class C 
Vee = 12.5V 

I I 
135 145 155 165 175 

Frequency - MHz 

Series Load Impedance 
r---

2 

c/). 

E 
.r= 
°1 

............ 

o 
135 

r---....~ 
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r-- R - -

Class C 
Vee = 12.5V 
POUT = 45W 

1'-0.. --r--....;. -X 

145 155 165 175 
Frequency - MHz 

en 60 
~ 
3: 
I 

~ 40 
'S 
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Q) 

~ 
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'0 
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E 
.r= o 

2 

Broadband Power Transfer 

, ...... --- 135MHz 
./ ... --- 175MHz 

~ ~ 
;: V 

Jf/ Class C 

II Vee = 12.5V-r---

I I , 
o 5 10 15 

Power Input - Watts 

Series Input Impedance 

R --
+X -~ --

~ I---

Class C 
Vee = 12.5V 
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POUT =: 45W 
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ro 

~ 100 

80 

60 

~ 
\ 
\ 
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Vee = 12.5V 

Broadband Test Fixture C14 Ci5 

COMPONENTS LIST: 

Cu 
C3 .) 
C5 

C6 
C7 
Cs 
C9 10 

Cll 
C12.13 

C14 

C15 

C16 

Ll 

25pt 
80pt 
250pt 
200pt 
150pt 
100pt 
40pt 
25pt 
1000pt 
.0011-/t 
. 011-/ t 
251-/t 
2T 18 AWG .2" dia. 

L2 .2" hairpin .125" wide x .025 thick copper strip 
L3 .1" x .2" wide x .005"thick copper loop 
L4 .3" hairpin 18 AWG. 
Ls 3 T. 18 AWG .. 2" dia. 
L6 4 T. 18 AWG .. 2" dia. 
RFC 2V2 T. on VK·211·07 /38 terrox cube 
T 1 .2" width .5" length from package as ref. 
T2 .2" width .4" length from package as ref. 

NOTES: 
1. All capacitors in signal path are Underwood Electric Corp . 

Case Type J1 01. 
2. Position Cs and C6 as close to pkg. as possible. 

1-----~ ____ l77mm-------___I 

~ ____ 106mm------I 

C9.10 

Cll 
C12 14 

C13 

C15 

.001 K Disc 
113 C17 .011-/1KVDisc 

25pt 
80pt 
30pt 
250pt 
200pt 
150pt 
100pt 
40pt 
1 Opt 
1000pt 
15pf 
51-/f25V 

L
mm 

L 1 2T .2" dia. 18 AWG .250" long 
L2 .2" hairpin .125" wide x .025 thick 

. RFCl 2112 T on VK·211·07 /3B terrox cube 
!----~--__+-+---1f----+_-_+_-__+-s"'--....J L3 .3" hairpin #1 8 A WG 

L4 3T .2" dia. #10 AWG .500" long 
Ls 4T .2" dia. #18 AWG .400 long 

1----80mm------I L6 .5" x .2" 
L7 .4" x .2" 
La .1" x .2" wide x .005" thick t------112mm-----~ 

14------133mml------i 

14--------1'8mm----------" Note: .062 Epoxy Board Copper Clad - 2 Sides 

R 1R 
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ML20 

RF Power Module 

-20W 
-12.5 V 
- 68-88 MHz 

The ML modules are rl,lgged power amplifier 
functions designed for battery powered mobile 
and marine applications in the 68-88 MHz band. 
The modules feature 50 n input and output 
impedances, highly repeatable broadband gain, 
and will withstand infinite load VSWR at 16 volts 
with overdrive and uncontrolled output power. 

MVM 

Compared to discrete components, these modu
les offer significant savings in size as well as 
cost of design, production and repair. 

SPECIFICATIONS (Trranle = 25 °C. unless otherwise noted) 

(I I' II II 1 t 

Frequency Range 68-88 MHz 

Supply Voltage. Vee 12.5 Vdc,Nom. 

Rated Vee 
Power Output Any in-Band Frequency 20 W.Min. 

P1N tO;O.15 W 

Efficiency Rated Po' Vee 40 %,MIn. 

Harmonic Outputs Rated Po' Vee -30 dB, Max. 

Input Retum Lo .. Zo=50a -10 dB, Max. 

Output Impedance 50 a, Nom. 

Quiescent Current Vee = 16 V, PIN = 0 W 0.1 Adc, Max. 

Power Slump Rated Po' Vee 25 °C 1 dB, Max. 
-30 °C to+80 °C 

Load VSWR, 0-380 0 Vee .. 16 V, PIN to; 0.3 W 20:1 N 
(Degradation) Lowest Frequency Degr;;3at1on 

POUT = 30 W Ma~. 

Load VSWR, 0-3800 10 V to;Vg: to; 16 V Min. 
(Stability) O<PlNtO; .2 W 3:1 

Any in-Band Frequency 
POUT 30 W Max. 

Temperature Range Opereting. T FlANGE -30 °CMln. 

~ +100 OCMax.~ 

R 1A 



MV20· MV30 

( 

RF Power Modules 

• 140·175 MHz 
• 00 VSWR at 16 V 

The MV modules are rugged power amplifier 
functions designed for battery powered mobile 
and marine applications in the 140-175 MHz 
band. The modules feature 50 n input and out
put impedances, highly repeatable broadband 
gain, and will withstand infinite load VSWR at 
16 volts with overdrive and uncontrolled output 
power (typically more than 40 watts). 

Electrical Characteristics (Tflanlc 25°C) 

" 
r ( IInd,llon 

--

Frequency Range 

Supply Voltage, Vee 

Rated Vee 
Power Output Any in-Band Frequency 

PIN EOO.2 W 

Efficiency Rated Po' Vee 

Harmonic Outputs Rated Po' Vee 

Input Return Loss Zo = 500 

Output Impedance 

Quiescent Current Vee = 16 V, PIN = 0 W 

Power Slump Rated Po' Vee 25°C 
-30°C to+SO °C 

Load VSWR, 0-360° Vee = 16 V, PIN .-0.3 W 
(Degradation) Lowest Frequency 

POUT = 30 W Max. 

Load VSWR, 0-360 0 10V'-V&e.-16V 
(Stability) O<PIN .- .3 W 

Any in-Band Frequency 

Temperature Range Oper~lng, T F1ANGE 

~ 
C 1Q 

MVM 

Compared to discrete components, these modu
les offer significant savings in size as well as 
cost of design, production and repair. 

l' " ,I 

140-175 150-160 MHz 

12.5 13.5 Vdc, Nom. 

20 30 W,Min. 

40 45 %,Min. 

-35 -40 dB, Max. 

-10 -10 dB, Max. 

50 50 0, Nom. 

0.1 0.1 Adc, Max. 

1.0 1.0 dB, Max. 

20:1 20:1 No 
Degradation 

3:1 3:1 Min. 

-30 -30 °CMln. 
+100 +100 °C Max. 

~ 



MY 20 - MY 30 

. TYPICAL CHARACTERISTICS 

20~----~--~~--~----~-----' 

15~----1-----~-----r-----+~L-~ 

Vl 

~ 
I 
~ 10~----1-----~-----r-----+----~ 
'5 
o 

~ 
~ 

~~3~0--~1+'40~--~1~50~--~~--~~--~18~0 

40~----?-----?-----?-----?---~ 

Pin 

30 0.2W f:::::::;;; .... +-__ ;/;;;;;;:::::--t-..;3L..--I 
0.1W 

j 
I 

I 20r----r~~~==t_---r--~ 
~ 
~ 

!8 
I 

~ 

o 
1~30~--~1~40~--~1~50~--~1~60~--~1~ro~.--~180 

Frequency - MHz 

o 
I. J. 

VI = V2 = 12.5V 
0.025W < Pin < 0.2W 

-5 

e -10 

i 
i 

-15 

-20 
130 

~ 

140 

~ ............. _V 

150 160 170 180 
Frequency - MHz 

40~----~--'-?-----?-----?---~ 

Pin 

0.2W 
~ 0.1W L-_-i--_L 
~ 
I 

~20~----+-----~----~-----+----~ 
8 
; 0.05W 
~ 

'" ::: 

10~----+-----~-----r-----+----~ 

50r-----~--~~--~----~-----. 

Pin 
40~~0~.2~W~~--~----~-----+~~~ 

0.1W 

~ 30~----+-----~-----r-----+----~ 
I 
~ 0.05W 
'5 
~ 201-----+-----+-----.:3fooo"Oll:::---+-----i 

~ 

1°r-:-=:t::::=+==~~:::::t:-1 0.025W 
VI = V2= 16V 

60 

55 

MV30 r--- 13.5V.30W 

y MV~ 
~~. 

12.5V.20W 40 

30 
130 140 150 160 170 180 

Frequency - MHz 

820 



MV 20 - MV 30 

-10 
VI = V2 = 12.SV 
Pout = 20W 

-20 

~ 
I 

-30 

~ 
0 
.!:! -40 

i ., 
h2 

:J: -SO -
-60 ~ h3 

" V -
130 140 150 160 170 180 

Frequency - MHz 

2.0 

1.5 

~ 
E 
< 
I 1.0 =-

I 
u 

v 
V 

V 
./ 

V 
V 

0.5 

V 10,<V1<YV 

o 
o 0.05 0.1 0.15 0.2 0.25 0.3 

Power Input - Watts 

./ h 
k::' l~V 

A ~5V 
/f 

12.5V 

.I 

o 
V1 i V2 

o 10 20 30. 40 50 
Power Output - .watts 

D ')of 

~ 
I 

~ 
U5 

I 

</1 

~ 
< 

+2 

+1 

~ 

-1 

-2 
-30 

-~ 
Po = Rated Pout 

V1 = ,2 = 12.SV & rSV 

30 
Temperature - °C 

60 90 

2.o,----,--__r---r---_,_---. 

10V 12.5V 13.5V 16V 

1.5 r------1---H--++-f---+.J------I 

11.0 r--...--I--++----"lF--I-7f1C--+--~ 

0.51----hW~+---+----'--+_-__I 

V1 = V2 

10 20 30 40 50 

Power Output - Watts 

101r----,~-__r---_r----_,__7--. 

Po 

V2 == 12.5V 
Pin = 0.2W 

°1~3~0--~14~0~--~15~0~--~16~0~--~1~70~--~180 
Frequency - MHz 



MY 20 - MY 30 

r 

RF 
INPuT 

Bandpass 
Matching 
Network 

CIRCUIT DIAGRAM FOR MV 20 AND MV 30 

V1 

Bandpass 
Matching 
Network 

V2 

L2 0.1 

Lowpass 
Matching 
Network 

RF 
OUTPUT 

L ___________________________________ ~~ 

L 1, L2: Ferroxcube VK211173B, 21/2 turns 
All capacitor values in IJF 

B 22 



MX 20·1/·2 

RF Power Modules 

e 400-440 MHz I 440-470 MHz 
e20W 
e12.5 V 

TRW's MX modules are rugged power amplifier 
functions designed for 12 volt broadband UHF 
applications. The modules feature 50 {} input 
and output impedances, broadband gain, and 
can withstand infinite VSWR. They are stable 
under all operating conditions and provide 
excellent harmonic rejection. The modules also 

feature gain control capability, providtng 
insensitivity to severe overdrive,' surge volta
ges, and excessive currents induced by high 
VSWR levels. 
Compared to discrete components, these 
modules offer significant savings in size as well 
as in design, production, and repair costs. 

Illeotrloal Charaoterletlo. (T FlANGE = 25 • C, Vee = 12.1 V) 

C /, If j{ tf fl.."tlC Test Condition> I) lit 

MX 20-1, 400-440, 
MHz Frequency Ranges MX 20-2 440-470 

Supply Voltage 12.5 Vdc nominal 

Power Gain PIN'150 mW 20 W 

Efficiency Rated Po 35 min/40 typo % min. 

Harmonic Content Rated Po -40 dB min. 

Load VSWR 
Vee = 15.6 V 

20:1 POUT max. : 30 W 
PIN,200 mW 

Power Derating -30 ·C to+70·C 1 dB max. 

Stability Any frequency VSWR 4: 1 0-15.6 Vdc 
0-200 mW 

20 Wmax. 

Input Impedance 50 o nominal 
Return Loss -10 dB max. 

Output Impedance 50 o nominal 

'" JF 
4 °e/W Typical 

Operating Mode B Class 

Temperature Range Operating - 30 ·e min., 
+ 100 ·e max. 

~ln Control Range Operating 30 dBmin~ 

823 



MX 20 • 1/·2 

Pout 
(W) 

20 

10 

o 

Pout 
(W) 

20 

10 

o 

Pout 
(W) 

20 

10 

o 

o 

o 

o 

MX 20 - 1 

Output PowerVS Input Power 

400MHz 

Vec1:Vee2 

: 12,5V 

50 100 Pin(mW) 

Output Power VS Voltage 

5 Vee< V) _ 

Out ut PowerVS Gain Control \toltage 

·5 10 Vce1(V) 

Pout 
(W) 

20 

10 

o 

Pout 
(W) 

20 

10 

o 

Pout 
(W) 

20 

10 

o 

o 

o 

o 

MX 20-2 

Out ut PowerVS Input Power 

100 200 

440MHz 

455MHz 

470MHz 

:12,5V 

Pln(mW) 

Output Power VS Voltage 

5 

cJpin:150mW 

WF:455MHz 

Vcc1:Vce2 

10 Vce(V) 

Out' ut Power VS Gain Control Voltage 

5 10 Vee (V) 

824 



PT 8809 · PT '8810 · PT 8811 --~.-. 

RF Power Transistors 
• PT 8809: 2 W 
• PT 8810: 5 W 
• PT 8811 : 10 W 

-12.5 V 
• 470 MHz 

The PT 8809, 10 and 11 are designed for 12.5 volt, 
UHF applications. Power output is usable to the 
top of their ratings and they are able to with-

Electrical Characteristics (T CASE = 21 OC) 

BVEBO 

Min. 
BVCES Collector - Emitter 

Breakdown 

Min. 
BVCEO Collector - Emitter 

Breakdown 

Max. 
'CBO Collector Cutoff Current 

Min. 
HFE D.C Current Gain 

Min. 
POA1N Power Gain 

Min. 
Collector Efficiency 

Mismatch Tolerance 

825 

II'.~ 

~
"'·"\!l'h'",."."",;,, .... <'l:."'f' ~,- :'-~ 

~:'~:~" .- y :-{~r~ 

280 SOE " 

stand infinite VSWR at all phase angles at rated 
output power. 

4 
4 

36 
36 

36 

16 
16 16 

2 

20 
20 

.20 

2 
5 

10 

60 
55 

55 

00: 1 
00: 1 



PT' 8809 - PT 8810 - PT 8811 

TYPICAL POWER GAIN PERFORMANCE IN BROADBAND CIRCUIT 

5.0 

4.0 

1.0 

10 

8 

3: 
I 6 
~ 
~ 

~ 
~ 4 

~ 
0 

2 

20 

16 

Power Output Frequency 
VeE = 12.5 V 

'PT 8809 

P" .. -- 0,3W -r-- 0.2W 
~ - 0.15W ---r--.... 0.10W 

410 430 450 470 490 510 530 

Frequency - MHz 

PT 8810 

P"., 

F-== t= -0.7W 
:0.6W - 0.5W r--1-0.4W 

-r-0.3W 

410 430 450 470 490 510 530 

Frequency - MHz 

PT 8811 

--"'-- - t--r--- Pin r---.. to-- 3.0W-r--- 2.5W r--- 2.0W 

1.5W-- ---..;. 1.0W 

410 430 450 470 490 510 530 

Frequency - MHz 

3: 
I 
Iii 
~ 

~ 
~ 
.9-
:J 
0 

3: 
I 
lii 
~ 
~. 

~ 

~ 
0 

3: 

5.0 

4.0 

3.0 

2.0 

1.0 

10 

8 

6 

4 

2 

Power Output va Power Input 
f = 470 MHz 

PT 8809 

J---+---+---I---:::I~:"---+--~12.5V 

> 
10 

10V 80 ~ 
10 

70 l 
J--~~~-+--~6.·~~--4_-~~-~60 ~ 

c 
50 .~ 

L---~----~--__ ~ __ ~ ____ ~ __ ~~ __ _I40 ffi 
0.05 0.10 0.15 0.20 

Input Power - W 

PT 8810 

0.25 0.30 0.35 

15V 

12.5V 

10V ~ 
~--+--~~~~~~~-4--~r---I80.~ 

10 
11 70 l 

~-~~~~--~--+~~,~_uu~~---I60 g 
50:§ 

L-__ ~~ __ ~ ____ L-__ -L ____ ~ __ ~~ __ ..I40ffi 

0.15 0.30 0.45 0.60 0.75 0.90 1.00 

Input Power - W 

PT 8811 

20P---~--~----~--~--~----~--_. 

16J---+--~-__ ~--+--+--~ 

l2.5V 
I 
~12~--~----~--~~~~~+----+--~ 

~ 10V ~ 
:; 8 80~ 

! u! .,. 
4 ~--I-~tL.~--,,_-I~:'::"-I---+----lf---I60 ;: 

501 
L-. __ ~ __ ~ __ ~ ____ L-__ ~ __ ~ __ ~40~ 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Input Power - W 
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PT 8809 - PT 8810 - PT 8811 

DEVICE IMPEDANCE PARAMETERS AT 12.6 V AND RATED INPUT POWER 

DEVICE FREQUENCY (MHz) 

410 
430 

PT 8809 450 
470 
490 
510 

410 
430 

PT 8810 450 
470 
490 
610 

410 
430 / 

PT 8811 450 
470 
490 
510 

MTTF Factor 

" "" N 105 
...... ~ " " "-fi 

Ii 5x 104 

" '" -.......... )( 

~ 2x104 '" '" " ~ 

'" ~ rn I 104 

.e ,"-.... ........ 
~ 5x 103 
u.. "' .... 1;:;a10 u.. !i 2x 103 

........... 

"" 

827 

103 

2x 102 
102 

reaoo 

60 80 100 120 140 160 180 200 

Junction Temperature - °c 

MTTF factor is derived from calculations based on 
metal migration theory. The following example . 
will serve to demonstrate the use of the MTTF 
factor charts shown above. Consider the PT 8810 
operating at 470 MHz under normal conditions. 

Po = 5W 
Vc = 12.5 V 
Pin = 0.6 W 
1) ,.,; 60% 

From this we calculate Ic = 0.67 A; therefore, 
the total power dissipated is 4 watts. 

40 

35 

30 

25 

~ 20 

15 

10 

5 

o 

Zn (n) Zout (n) 

1.70+j1.92 15.7 - j 20.4 
1.79 + j 2.09 15.5 - j 19.7 
1.87 + j 2.26 15.4 - j 18.9 
1.96 + j 2.44 15.2 - j 18.2 
2.03 + j 2.61 15.1 - j 17.5 
2.11 + j 2.77 14.9 - j 16.7 

1.49 + j 2.60 9.95 - j 6.20 
1.52 + j 2.90 9.80- j 6.05 
1.56 + j 3.20 9.65 - J 5.90 
1.60 + j 3.50 9.55 -j 5.75 
1.63 + j 3,80 9.40-j 5.60 
1.67 + j 4.10 9.30-j 5.45 

1.25 + j 2.65 '6.00 - j 1.70 
1.24 + j 2.77 5.85 - j 1.64 
1.23 + j 2.8! 5.70-j 1.58 
1.22 + j 3.00 5.55 - j 1.62 . 
1.21 + j 3.12 5.40 - j 1.46 
1.20 + j 3.24 5.25 - j 1".40 

Collector Base Capacitance (pF) 
at 1 MHz 

\. 

" "-~ 
~ 

'" ~ ~ t--. 
--... i--. 

5 10 

Vea 

""'PT8811 

PT881 0 

PT8809 

15 20 

The junction temperature can then be calculated 
from: 

T j = T,tud + Pd x OjC 

In this example Pd x OjC is 20 °C. 

For a stud temperature of 100 oC, Tj is 120 °C. 
From the chart above, we find the P T 8810 has 
an MTTF factor of 2.75 x 104 hours amps2 at 
120 °C. We calculate MTTF as follows : 

. 2.75 x 104 hrs.amps2 
MTTF = -----'--' ...:.........---~~ 

(0.67 amps)2 
MTTF = 61,300 hours 



PT 8809 - PT 8810 - PT 8811 

PT 8809 TEST CIRCUIT 
BROADBAND (450-510 MHz) 

COMPONENT AND MATERIAL LIST 

Cl 3.9 pF, ceramic chip 
C2 •7 0.8-10 pF, Voltronics AP 10, variable 
CJ 4 27 pF, ceramic chip 
C5 ' 15 pF, ceramic chip 
C6 470 pF, ceramic chip 
Cs 5 (l-F, electrolytic 
C9 1000 pF, Underwood 
C IO 0.1 (l-F, disc-ceramic 
Cll 0.1 (l-F, disc-ceramic 

L, . 2 turns # 22 enameled, 0.1" 1.0. 

Rl 270 n, 1/2 watt, carbon 
RFCI 21/2 turns # 22 AWG "on' Ferroxcube 

VK 211/17 -4 B " 

All transmission lines reference at 480 MHz 

PT 8811 TEST CIRCUIT 
BROADB~ND (450-510 MHz) 

COMPONENT AND MATERIAL LIST 

Cl 3.9 pF, ceramic chip 
C2 s 0.8-10 pF, Voltronics AP 10, variable 
C' 27 pF, ceramic chip C!·4 20 pF, Underwood 
C6 81 pt=, ceramic chip 
C7 10 pF, Underwood 
C9 5 pF, Underwood 
C IO 470 pF, ceramic chip 
CIl 1000 pF, Underwood 
CIl 0.1 (l-F, disc-ceramic 
C13 0.01 (l-F, disc-ceramic 
C l4 5 (l-F, electrolytic 
L, 4 turns, # 22 enameled, 0.1 " I. O. 
RFC, 2 1/2 turns # 22 AWG on Ferroxcube 

VK 211/17-4 B 
All transmission lin~s reference at 480 MHz 

PT 8810 TEST CIRCUIT 
BROADBAND (450-510 MHz) 

COMPONENT AND MATERIA'L LIST 

3~9 pF, ceramic chip 
0.8-10 pF, Voltronics AP 10, variable 
25 pF, ceramic chip 
1500 pF, ceramic chip 
10 pF, Underwood 
5 pF, Underwood 
0.01 (l-F, disc-ceramic 
0.10 (l-F, disc-ceramic 
1000 pF, Underwood 
5 (l-F, electrolytic 
4 turns, # 22 enameled, 0.1" 1.0. 
750 n, 1/2 watt, carbon 
2 1/2 turns # 22 AWG on Ferroxcube 
VK 211/17-4 B 

All transmission lines reference at 480 MHz 

CASE OUTLINE 
0.115 

0'i'45 
0246

1 1 - 0254 --1-----=---1- ~I Wrench Flat 

-t-- - ~8"32NC2A 

0610 NOM MAX 0.198 ~ 
o 080 0.050 - I 0.178 

_, ~ r0128 ~w 
oro I 1L 

I 0.278 It' t - t . 
-- 0.288 -- 0.055 

0.065 

45
0tv t 

/ ~ 

.-----...\. ... 4-

3

,,/.r.----..!---,0·r 
~ 

To convert inches to m~limeters multiply by 25.4 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. EMITTER 
4. COLLECTOR 

r 
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PT 8828 IF 

RF Transistor 

-10W 
-12.5 V 
-175 MHz 
- N PN Silicon 

Designed for 12.5 V VHF amplifiers. Class B or 
C operation. 

12.5 V characteristics : 

Output power 175 MHz - 9 W min. 

Electrical Characteristics (Trlange 25 oC) 

829 

PGA1N Power Gain 

Efficiency 

Load VSWR Mismatch Tolerance 

ZLoad 

Common Emitter Amplifier 
Input Impedance 

Common Emitter Amplifier 
Load Impedance 

Collector - Base 
Capacitance 

Continous Collector Current 

Thermal Resistance 

... ~ ... ", .•• 

380 SOE 380 SOE F 

Minimum gain at 175 MHz - 11 dB. 

Available in either stud or flange package. 

Power output useable to the top ratings and 
capable of whithstanding infinite VSWR at all 
phase angles at rated output power. 

OCJ : 1 

1.8 
_ j 0.1 

8.29 
+ j 2.55 

30 

3.4 

3.5 

2000 



PT 8828 

1f3 DIA 
117 

, 
PACKAGE OUTLINE 

.380 SOE F 

~12" / 
790 Y 

-T-
255 
245 

.380 SOE 

080 

g:~c L- 3h~ II 005 160 
~I· 3b5 _NOMl ' 

-----~--n'f 
....L --dl 

,VRENCH 
FLAT 

I 
275-llQ. 

_. 325 7(0 
NOM ! 

100 
130 

830 



PT 88281F 

fJ) 

E 
8 

2.5 

2.0 

1.5 

1.0 

.......... 

I---

Series Input Impedance 
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PT 8828/F 

Typical characteristics Power - Temperature Derating Curve 

Pout 
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PT 88281F 

'TEST CIRCUIT 

PARTS LIST: 
C1,.2.4.S Trimmer car, ARCO #462, 5·80pf. 
C3 120pf Underwood Mfg. 
Cs 1000pf Underwood Mfg. 
C7 0.01,..f disc ceramic. 
Cs 0.02,..f disc ceramic. 
C9 25"d, electrolytic, 35 WVDC. 
l1 2 T., #18 AWG., 0.25" 1.0. 
L2 2 T., #18 AWG., 0.25" 1.0. 

, Z1 8 T., #18 AWG., wound on 330 ohms 112 W. resistor. 
, RFC 1 2·1/2 T., #22 AWG. on Ferrox cube VK211·17 /48 Core. 
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PT 9780/A 

SSB Power Transistors 

-100 W 
-28 V 
- 00 VSWR 

The PT 9780 SSBNH F Series features both 
high gain and high power, providir.g the desired 
power output with fewer devices. These power 
transistors are ballasted for ruggedness and will 
withstand infinite VSWR at all phase angles. A 
unique emitter structure provides high gain with 
wider emitter and base fingers resulting in high 
reliability. Diffused ballast resistors design ena
bles operation at Class A. AB, and C. These rugged 
units are suitable for both narrow band and 

broadband SSB and VHF communications and 
instrumentation service. They are suitable for the 
following applications: 

2-30 MHz SSB, FM, AM 

2-76 MHz SSB, FM, AM 

2-100 MHz Linear Class A, SSB, FM, AM 

Electrical Characteristics (Tr'angc 25 °C) 

: SYMBOL I CHARACTERISTICS . , • :1 • 

BVCBO Collector to Base Breakdown Ic = 100 mA 70 V 
Voltage Ie = 0 Min. 

BVCEO Collector to Emitter Breakdown Ic = 50 mA 40 V 
Voltage 18 = 0 Min. 

I/) 

;; 
CD 

ICES Collector - Emitter Cutoff Current VCE = 28 V 100 mA I-
u Max. 
0 

lEBO Emitter - Base Leakage Current Vae = 4 V 5.0 mA 
Max. 

HFE D.C. Current Gain VCE = 5 V 10-100 

AHFE Matched Pairs Ic = 1 A .15 

Gp Power Gain dB 
VCE = 28 V} Iii 100 W Min. 
F = 28 MHz Q.. 

I/) 14 ;; 
{!! 
~ 
a:. IMD Intermodulation Distortion 

Vce = 28 V} Q.. 100W F = 28 MHz ~ dB 
-32 Max. 

VSWR Mismatch Tolerance 
VCE = 28 V } Q.. 

100W F = 28 MHz ~ 00 -
~ ~ 

834 
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PT 9780 

Absolute Maximum Ratings (TeAsE = 25"C) 

Part VCBO V CEO VEBO IcMax PT@25"C e,e TSTORAGE 
Number Volts Volts vons Amps Watts °C/W "C 

PT9780 70 40 4.0 20.0 350 0.50 -65 to 200 
PT9780A 70 40 4.0 20.0 250 0.70 -65 to 200 

·The "A" suffix on part number denotes stud package. 

Package Outlines 

PT9780 PT9780A 

~~ m~ . C /~ 1Jl§li 
4 LEADS '\( cr 1Cf5! 

~.L 

~ 
~ ......-CERAMIC 

j ......- CAP m 
r=r=--,:: E? ::I!f= 
~ k 

Mechanical Specifications 

• Stud Torque, 10 in. Ibs., max . • Lead Fatique, 3 bends @ 90° 

• Lead Soldering, 300°C, 15 sec. max. • Flange Flatness, 0.0008 in. typo 
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PT 9180 

PT9780 and PT9780A 

Power Output vs Power Input 
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PT'9780 

837 

28MHz Te'st Circuit for 

PT9780/A. 

2.4Q 1.0Q 

C1 ARCO #467, 11 O·S80pF 
C2.3.4 ARCO #466, 80·480pF 
Cs ARCO #469, 170· 780pF 
C6 Sj.lF, SOV ELE 
R1 S02,2W 
L 1.4 5 turns #14 tinned copper, 0.5" mean diameter, 1 equals 1.0" 
L2 1Q.turns #18AWG, 0.5" mean diameter 
L3 4 turns #20AWG through two Stackpole #23·1838 cores 
Ls 6.8j.1H molded 
Vee 28V 
Vee 1.6 volts (Ic[Quies] = 100mA) 



PT 9780 I 

MTTF Factor 
vs Junction Temperature 
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PT 9785 -PT ·9784/A 

SSB Power Transistors 

• PT 9785· 100 W 
• PT 9784/A . 75 W 

• 13.5 V 
• 00 VSWR 

This Series features both high gain and high 
power, providing the desired power output with 
fewer devices. These power transistors are bal
lasted for ruggedness and will withstand infinite 
VSWR at all phase angles. A unique emitter 
structure provides high gain with wider emitter 

and base fingers resulting in high reliability. 
Ballast resistor design enables operation at 
Class A, AB and C. These rugged units are sui
table for both narrow band and broadband HF 
communications and instrumentation service. 

Electrical Characteristics (Tea •• 25 0 C) 

'SYMBOL CHARACTERISTICS rEST CONDITIONS PT 9785 UNIT 

BVcBO Collector - Base Breakdown Ic = 100 mA V 
Ic = 200 mA 50 50 Min. 

BVeBo Emitter - Base Breakdown Ie = 6 mA V 
(f) Ie = 10mA 4.0 4.0 Min. 
~ 
(f) 
w 
~ 
U Ices Collector - Emitter Cutoff Vce = 13,5 V 20 20 mA 
0 Current Max. 

HFe DC Current Gain Vce = 5 V 20-100 20-100 

~HFe Matched Pairs Ic = 1 A ~5 ~5 

POUT Output Power PEP Vee = 13,5 V 75 100 W 
P = 28 MHz PEP 

(f) PG Power Gain Vee = 13,5 V 
~ F = 28 MHz 15 13 dB (f) 
w POUT = Rated PEP Min. 
~ 
u. 
a: 

IMD Intermodulation Distortion Vee = 13,5 V 
F = 28 MHz -32 -32 dB 
POUT = Rated PEP Max. 

VSWR Mismatch Tolerance VeE = 13,5 V 
F = 28 MHz 
POUT = Rated PEP 

Rth Thermal Resistance VeE = 13,5 V 
Jonction to Heatsink 
(Including Contact) DC/W 

th = 40 DC Pd = 50W 1,4 
Pd = 60W 0,9 

R~Q 



HF SS8 

Absolute Maximum Ratings (Tease 25 oC) 

Part VCBO VCEO VCBO Tstoragc 
number V V V °C 

PT 9784/A 60 20.0 4.0 - 65 to 200 

PT 9785 50 20.0 4.0 - 65 to 200' 

The « A » suffix on part number denotes stud package 

PT 9785 PT 9784 PT 9784 A 

k~~l 
. -~~ 

+ti 

Mechanical Specifications 

• Stud Torque. 10 in. Ibs .. max. • Lead Fatique. 3 bends @ 90° 

• Lead Soldering. 300°C. 15 sec. max. • Flange Flatness. 0.0008 in. typo 
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PT 9781 

Series Input Impedal1ca vs Frequency 

o 5 10 15 20 

Frequency - MHz 

25 30 

JX n 
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-5 

-10 

Series Load Impedances vs Frequency 

R 
n 

3 

2 

R 

'0 5 

VeE = 3,5 V 

Pout = OOW 

X -

10 15 20 25 

Frequency - MHz 

Test Circuit Ports List 

C1 ARCO 4237-100 pF 
C2 ARCO 467 110-680 pF 
C3 ARCO 469 170-780 pF 
C4 ARCO 466 80-480 pF 
Cs 400 pF UNELCO 

B 41 

C6 ARCO 4237-100 pF 

C7 1000 pF UNELCO 
Cs 0,1 (J.F 
C9 470 (J.F Electrolytic 
C iO 0,1 (J.F 

30 

JX 
n 

+ 1 

o 

-1 

P 

W 

100 

80 

60 

40 

20 

o 

Power Output vs Power Input 

2 3 4 5 

Power Input - W 

2~ MHz 'rest Circuit 

Li 3 turns 0 11 mm 1 mm wire L = 15 mm 
L2 3 turns 0 15 mm 1,8 mm wire L = 20 mm 
L3 Sturns 0 12 mm 1,8 mm wire 
L4 VK 200 ferrite choke 

R1,1,50 
R2100/5W 

6 



PT 9784/A 

Series Input Impedancevs Frequency 

R 
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JX n 
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Frequency - MHz 

28 MHz Test Circuit 

o 

Power Output vs Power Input 

F = 28 MH 

ICq = 100 m 

2 3 

Power Input - W 

Test Circuit Parts List 

Ll 3 turns 0 12 mm 1,4 mm wire 
L2 2 turns 0 13 mm 1,8 mm wire L = 10 mm 
L3 8 turns 0 12 mm 1,2 mm wire 
L3 VK 200 ferrite choke 

c i 400 pF UNELCa 
C2 ARCa 427 55-300 pF 
C3 ARCa 469 170-780 pF 
C4 ARCa 469 170-780 pF 
Cs ARCa 427 55-300 pF 
C6 300 pF UNELCa 
C7 ARCa 425 24-200 pF 
Cs 1000 pF UNELCa 
C9 0,1 fLF 
CIO 470 fLF Electrolytic 
ell 0,1 fLF 

4 

B 42 

a 



TP 212 - TP 212 S 

7~5 Volts Transistor 

-1.5 W 
- 88 MHz 
- 13 dB Gain 

Using the latest in TRW technology, this device 
has been specifically designed and characterized 
for 7.5 V operation. 

Preliminary Electrical Characteristics (Tease 25 oC) 

BVEBO Emitter Base 
~ 

Breakdown Voltage 

BVCEO Collector Emitter 

t;; 
Breakdown Voltage 

w 
I- BVCBO Collector Base 
0 Breakdown Voltage 
0 

ICBO Collector Cutoff Current 

HFE DC Current Gain 

POA1N Power G'ain 

7j Efficiency 

t;; 
w LoadVSWR Mismatch Tolerance I-
u. 
Ill: 

Z'n Common Emitter Amplifier 
tnput Impedance 

ZLoad Common Emitter 
Amplifier Load Impedance 

COB Collector Base Capacitance 

Ic Continuous Collector 
Current 

6j •c Thermal Resistance 

TSTO 
Storage Temperature and 

Junction Temperature 

PD Power Dissipation 

843 

~~~ 
.~~ 

280 SOE 
STUDLES~ 280 SOE 

It is ideally suited for use in pocketphone where 
low battery voltage is used. 

all 
phase 

angles 
: 1 

2.54 
-j 3.5 

21.38 
+ j 10.3 

13 17 

1.7 

10 

2000 

17.5 



TP 212 - TP 212 S 
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TP 212- TP 212 S 

\ 

88 MHz TEST CIRCUIT 

C6 C7 Ca 
,----.t--~-'---.--t-------'- Vee 

C1 = C2 = C3 = 24-200 pF ARCO 425 
C4 = 7-100 pF ARCO 423 
Cs = 1000 pF mi.ca capacitor UNELCO 
C6 = 10 nF ceramic disc 
C7 = 0.1 !J.F ceramic disc 
Cs = 100 .(.LF/35 V electrolytic 

Ll = L4 = 4 turns 14 AWG 1/2" 1.0. 
L2 = 0.47 !J.H 
L3 = 6 turns 14 AWG 1/2" 1.0. Close Wound 

Rl = 47 ohms 

I 



TP 251 

7.5 Volts Transistor 

-0.2 W 
- 400·512 MHz 
-13 dB Gain 

The latest in the TRW RF transistor, this device 
has been specifically designed and characterized 

PRELIMINARY 

200 SOE STUDLESS 

for 7.5 V operation. It is ideally suited for use in 
pocketphones where low battery voltage is used. 



TP 261 
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Tp· 251 

400·112 MHz TEST CIRCUIT 

III 

C1 = 27 pF Ceramic 632 RTC 
Cl = 8.2 pF Ceramic 632 RTC 

C3 = 3-20 pF Trimmer Capacitor 
C4 = 22 pF Ceramic 632 RTC 
Cs = C6 = 1000 pF Ceramic 629 RTC 
·C7 = 10 nF Ceramic 629 RTC 

Ca = 10 ILF /25 V Electrolytic 

Ll = Stripline Zo = 70 ohms I = 0.061 ). I 
Lz = Stripline Zo = 70 ohms I = 0.026 Ai Fup = 480 MHz 
L3 = Stripline Zo = 50 ohms I = 0.031 ). , . 
L4 = Ls = 0.15 ILH Molded Coil 
~ = 3 turns - Silvered Wire 6/10 mm - 4 mm 1.0 - 8 mm length· 

Rl = 510 n Carbon CompOsition 1/4 W 

R AA 



TP 25218 

7.5 Volts Transistor 

-1.5 W 
- 400·512 MHz 
-10 dB Gain 

The latest in the TRW RF transistor, this device 
has been specifically designed and characterized 
for 7.5 V operation. 

PRELIMINARY 

BVCEO Collector - Emitter 

'iii 
Breakdown Voltage 

~ 
BVCBO Collector - Base Breakdown u 

0 Voltage 

ICDO Collector Cutoff Current 

HFE D.C Current Gain 

PGA1N Power Gain 

'Il Efficiency 

Load Mismatch Tolerance 

a: Zin Common Emitter Amplifier 
Input Impedance 

ZLoad Common Emitter Amplifier 
Load Impedance 

COB Collector - Base Capacita 

Ie 

6j - e Thermal Resistance 

TSTG Storage Temperature 
and Junctibn Temperature 

PD Power Dissipation 

C AQ 

"'~ ... ' 
\II~ •• 

X·:~ ........ ~ .... +' .... ~.\ 
,,:I .' 

~. "<- ...... . 
. 280 SOE . 

$TUDLESS 280 SOE 

It is ideally suited for use in pocketphone where 
low battery voltage is used. 

14 

30 
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20 
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5.5 7 

10 
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17.5 



TP 252 

Output Power vs Input Power and V CB 
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TP.262 

B 51 

400-612 MHz TEST CIRCUIT 

C1 = 4.7 pF Ceramic 632 RTC 
C2 = 2-10 pF Trimmer Capacitor 
C3 = 15 pF Ceramic 632 RTC 
C4 = C, = 39 pF Ceramic Chip ATC 
C6 = 10 pF Ceramic Chip ATC 
C, = Ca - 1000 pF Ceramic 629 RTC 
C9 = 10 nF Ceramic 629 RTC 
C10 = 10 ""F/25 V Electrolytic 

Ll = 
L2 = 
L3 = 
L, = 
~= 
L, = 

L4 = 

Stripline Zo = 70 ohms 
Stripline Zo = 70 ohms 
Stripline Zo = 25 ohms 
Stripline Zo = 25 ohms 
Stripline Zo = 70 ohms. 
Stripline Zo = 70 ohms 

0.15 ""H Molded Coil 

+Vcc 

L6 C7 
.-----r~-rt_--.----I t----fi' 

t6 I son 

I = 0.031 ·A 
1= 0.032 A( 1= 0.029 A 

I = 0.006 A ~REF = 480 MHz 
1= 0.052 A 
1= 0.064 A 

Rl = ) 470hms Carbon Composition - 1/4 W 



TP 1045 

RF Power Transistor 

-2W 
- 12.5 V 
- 470 MHz 

The TP 1045 is designed for 12.5 V VH F and 
UHF amplifiers. 

Its high gain at reduced voltage and stripline 
package make it suitable for use in pocketphone 
applications. 

Electrical Characteristics (Tease = 25 OC) 

BVCEO Collector - Emitter 

i 
Breakdown Voltage 

I-
U BVcBO Collector - Base Beakdown 
0 Voltage 

ICBO Collector Cutoff Current 

HFE D.C Current Gain' 

PGA1N Power Gain 

7j Efficiency 

iii 
Load VSWR Mismatch Tolerance 

G) 
I-
u.. 
a:: 

Zin Common Emitter Amplifier 
Input Impedance 

ZLoad Common Emitter Amplifier 
Load Impedance 

COB Collector - Base Capacitance 

Ie Continous Collector Current 

Thermal Resistance 

Storage Temperature 
and Junction Temperature 

280 SOE STUDLESS 

The power output is useable to the top of its 
ratings and it is able to withstand an infinite 
VSWR at all phase angles at rated output power. 

16 

36 

20 

2.2 
2.9 

60 

<X):1 

1.96 
+ j 2.44 

15:2 
+ j 18.2 

5 8 

0.75 

12 

2000 

14.5 
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TP'1045 

Output Power vs Input Power and Voltage Supply 
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TP 1045 

TEST CIRCUIT 
BROADBAND (450-510 MHz) 

175 MHz TEST CIRCUIT 

+vcc 

50!1 R1 

$8 MHz TEST CIRCUIT 

+vcc 

C2 L1 

RI 

COMPONENT AND MATERIAL LIST 

, C. 3.9 pF, ceramic chip 
C2 , C7 0.8-10 pF, Vol ronics AP 10, variable 
C3 , C4 27 pF, ceramic chip 
Cs 15 pF, ceramic chip 
C6 470 pF, ceramic chip 
Cs 5' !J.F, electrolytic 
C9 1000 pF, Underwood 
CIO 0.1 !J.F, disc-ceramic 
CII 0.01 [LF, disc-ceramic 
Ll 2 turns # 22 enameled, 0.1" 1.0. 
R I 270 n, Y2 watt. carbon 
RFC-1 2 Y2 turns # 22 AWG on Ferroxcube 

VK211 /17 -48 
All transmission lines reference at 480 MHz 

C1 = 2-60 pF ARCO 404 
C2 = 24-200 pF ARCO 425 
C3 = 7-100 pF ARCO 425 
C4 = 4-40 pF ARCO 423 
Cs = 1000 pF UNELCO 
C6 = 10 nF ceramic disc 
C7 = 0.1 !J.F ceramic disc 
Cs = 100 [LF /35 V electrolytic 

Ll = 2 turns - 8/10 mm wire - 4 mm 1.0. 
L2 = 2.5 turns - 8/10 mm wire on ferrite core 
L3 = 4 turns - 8/10 mm wire - 4 mm 1.0. 
L4 = 0.1 [LH Molded Coil 
R] = 47 ohms - 1/2 W carbon 

C4 
50Q 

c. = C2 = C3 = 24/200 pF ARCO 425 
C4 = 7/100 pF ARCO 423 
Cs = 1000 pF UNELCO 
C6 = 10 nF ceramic disc 
C7 = 0.1 nF ceramic disc 
Cs =100 !J.F/35 V electrolytic 

L1 = L3 = 4 turns 14 AWG - 1/2" 1.0. 
L2 = 6 turns - 14 AWG - 1/2" 1.0. close wound 

'--......,...---r_~f-) OUT 

SOn 
C4 
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TP 2180 

RF Power Transistor 

-sow 
-12.5 V 
- 88 MHz 

The TP 2180 is deslgned for use in 12.5 V VHF 
amplifiers operating under class A. B or C condi
tions. 

Its construction which incorporates gold metali-

Electrical Characteristics (Teale = 2& OC) 

BVcEO Collector - Emitter 
Breakdown Voltage 

;; 
Q) 

I- BVCBO Collector - Base Breakdown u 
0 Voltage 

I(,BO Collector Cutoff Current 

HFE D.C Current Gain 

PGA1N Power Gain 

'r, Efficiency 

Load Mismatch Tolerance 
.;; 

Q) 

I-
u.. 

Zin Common Emitter Amplifier a: 
Input Impedance 

ZLoad Common Emitter Amplifier 
Loac· Impedance 

COB Collector - Base Capacitan 

Ie Continous Collector Current 

Cl 6j - e Thermal Resistance 
.S 
'iii 
Qi 

TSTG Storage Temperature Q. 

0 and Junction Temperature 

855 

zation and diffused ballast resistors for longer 
life, enables the part to be used at its maximum 
ratings and be able to withstand an infinite VSWR 
at all phase angles. 

18 

40 

5 

10 

80 

60 70 

00: 1 

180 

16 

1.25 

2000 

140 



./ 

TP 2180 

TYPICAL CHARACTERISTICS 

Pou t 

SOw 

60 

40 

20 

dB 

8 

7 

6 

5 

o 

40 

Output power vs input power 
and voltage supply 

tJlHz ~ 
I---

F:88 
./ 

/ 
V ~ ./ 

V V~ 
J 

I V \/,..c-1 

I 1/ V ~ 
./ 

III / 
V 

IV /1' 
IV 
I 

5 10 15w 

Power gain vs frequency 

Pout:80w 
Vee :12,5V 

1--r-- .... 
-~ 

i'-...... 
~ 

:ut..-

Pin 

t"-

60 80 100 MHz F 

Collector base capacitance 

pF F=H Hz 

200 \ 
\ 

160 '" ~ ~ ~ r--
120 

80 

o 5 10 15 20V Vcb 

Power - Temperature operating curve 

w 

150 
I---

'" 100 ~ 

""~ 
" 50 ~ 

" ~ 
o ~ 

o 50 100 150"C Tc 
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TP 2180 

857 

88 MHz TEST CIRCUIT 

vee 

Ci = C4= 24-200 pFtrimmercapacitorARCO 425 
C2 = C3 = 55-300 pF trimmer capacitor ARCO 427 
Cs = 7-100 pF trimmer capacitor ARCO 423 
C6 = 1000 pF mica capacitor UNELCO 
C7 = 10 nF ceramic disc 
C8 = 0.1 ILF ceraomic disc 
C9 = 470 ILF/40 V 

LI = 3 turns - 12/10 mm silvered wire - 5 mm 1.0. 
L2 . = 0.68 ILH molded coil 
L3 = 5 turns- 12/10 mm silvered wire -12 mm 1.0. 
L4 = 1 turn - 12/10 mm silvered wire - 6 mm 1.0. 

500 



TP 2304 

RF Power Transistor 

-40W 
- 12.5 V 
-175 MHz 

The TP 2304 is designed for use in 1 2.5 V VH F 
amplifiers operating under class A, B or C condi-
tions. . 

Its construction which incorporates gold metali-

Electrical Characteristics (TfJanlo 25 0 C) 

BVCEO Collector - Emitter 

1i! 
Breakdown Voltage 

CD 
I-
U BVCBO Collector - Base Breakdown 
0 Voltage 

ICBO Collector Cutoff Current 

HFE D.C Current Gain 

PGA1N Power Gain 

'I) Efficiency 

Load Mismatch Tolerance 
1i! 
CD 
I-
u.. 

lin Common Emitter Amplifier a: 
Input Impedance 

lLoad Common Emitter Amplifier 
Load Impedance 

COB Collector - Base 

Ic Continous Collector Curren\. 

Cl 6j - C Thermal Resistance 
'S 
f! 
CD TSTG Storage "T:emperature Q. 
0 and Junction Temperature 

Po Power Dissipation 

zation and diffused ballast resistors for longer 
life, enables the part to be used at its maximum 
ratings and be able to withstand an infinite VSWR 
at all phase angles. 

.18 

40 

2 

10 

40 
40 

60 

00 : 1 

70 100 

8 

2.2 

2000 

80 

858 



TP 2304 

W 
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TYPICAL CHARACTERISTICS 

Output Power vs Input Power and Voltage SupplV 
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TP 2304 

175 MHz TEST CIRCUIT +Vcc 

sou 

L4 
~-r--~-J~~~~--~~--~I..-)OUT 

C1 = ARCO 403 trimmer capacitor 
C2 = Cs = ARCO 423 trimmer capacitor 
C3 = 200 pF mica capacitor UNELCO 
C4 = 150 pF mica capacitor UNELCO 
C6 = ARCO 425 trimmer capacitor 
C, = 1000 pF mica capacitor UN ELCO 
Cg = 0.1 fLF ceramic disc 
C9 = 47 fLF/63 V electrolytic 

LI = 3 turns 15/10 mm silvered wire 6 mm 1.0. 
L2 = 0.47 fLH molded coil 
L3 = 6 turns 10/10 mm enameled wire wound on R I 

L4 = 1 turns 15/10 mm silvered wire 6 mm 1.0. 

R1 = 380 ohms 2 W carbon composition 

sou 

88 MHz TEST CIRCUIT +VCC 

C1 = C4 = ARCO 425 24-200 pF trimmer capacitor 
C2 = ARCO 423 7-100 pF trimmer capacitor 
C3 -= Cs = ARCO 42755-300 pF trimmer capacitor 
C6 = 1000 pF mica capacitor 
C, = 10 nF'ceramic 
Cg = 100 fLF/35 V electrolytic 

LI = 5 turns # 14 AWG 3/8" 1.0. 
L2 = 1 fLH 
L3 = 9 turns, # 16 AWG 5/16" 1.0. 
L4 = 4 turns # 14 AWG 3/8" 1.0. 

R1 = 2.4 n 

860 



I TP 2304 

861 

-4 
10 

~ 
~ 
I-

1= 
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~ 
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~ 
l-
i-
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MTTF Factor vs Junction Temperature 
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PACKAGE OUTLINE 
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TP 2312 

RF Power Transistor 

-3W 
- 12.5 V 
-175 MHz 

The TP 2312 is designed for 6 V to 12 V VHF 
applications and is intended for class A, B or.C 
medium power amplifiers, frequency multioliers 
or oscillator circuits. 

Its grounded emitter construction gives excellent 
thermal dissipation and the ability of providing 
further heatsinking where necessary the case also 
acts as a good RF screen. 

Electrical Characteristics (Tease = 25 oC) 

Collector - Emitter 
Breakdown Voltage 

Collector - Base Breakdown 
Voltage 

Collector Cutoff Current 

HFE D.C Current Gain 

PGA1N Power Gain 

'tl Efficiency 

Load VSWR Mismatch Tolerance 

Zin Common Emitter Amplifier? 
Input Impedance 

ZLoad Common Emitter Amplifier 
Load Impedance 

COB 

Power Dissipation 

TO 39 GE 

This device features high gain and an infinite 
VSWR rating at all phase angles at rated power 
output. 

16 

35 

20 70 

3 
1.3 
3.5 

60 68 

00 : 1 

2.9 
+ j 4.36 

2.94 
j 7.67 

25.1 
+ j 10.2 

29 
+ j 18.4 

5.5 7 

7 
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TP 2312 

5 

4 
~ 

I 
~ 3 
~ 
0 

0.. 
2 

1 
" 0 1 

20 

5 

4 
~ 

I 
~ 3 
~ 
0 

0.. 
_ 2 

" 0.. 

:; 
01 

20 

18 

~17 
I 

c 

~16 

14 

60 

F:: 175 MHz 

40 60 80 100 
Input Power _ mW 

40 60 80 100 

Input Power_ mW 

Vcc =12.5V 

-- p. 1 
~~W 

r---.~ -r---... 

80 100 120 140 160 180 20.0 

Frequency _ MHz 

;'II=I I I 
5 

5 10 15 20 
Collector to base Voltage _ V 

863 

L.LJ 
lL. 
:I: 

c 

'" (!) 

c ., 

" u 
u 
0 

5 

~ 4 

I 

.! 
3 

0.. 

:; 2 
0.. 

" o 1 

5 

;: 4 

I 

" o 1 

2 

2 

70 

60 

F= 175 MHz 

V 
V 

~ 
/ 

'bf;;\ 
/. 

L 
r 

V 

4 6 8 10 12 
Supply Voltage _ Volts 

F= 88 M.Hz 

V 
~~ 'b~ 

'/ 
,?\~ 

./ 
V~ 

4 

L 

6 B 10 
Supply Vo Itage 

12 
Vo Its 

~ -
/ 

14 16 

/V 

14 16 

/' 

50 

20 30 50 100 
Co'jlector Current _ mA 

NOTA : TYPICAL CHARACTERISTICS 



TP 2312 

175 MHz TEST CIRCUIT +vcc 

C l = C2 = C3 = C4 = ARCO 404 7-60 pF trimmer capacitor 
C5 = 1000 pF mica capacitor 
C6 = 10 nF ceramic disc 
C7 = 0.1 f.LF ceramic disc 
Cs = 47 (J.F electrolytic 

L, = L3 = 2.5 turns - silvered wire 0 1.5 mm - 10 mm 1.0. 
L2 = 3 turns - silvered wire 0 1.5 mm - 10 mm 1.0. 

Rl = 47 ohm!': - 1/2 W - carbon composition 

NOTA : CASE MUST BE GROUNDED 

88 MHz TEST CIRCUIT +VCC 

Cl = C2 = C3 = C4 = ARCO 404 7-60 pF trimmer capacitor 
C5 = 1000 pF mica capacitor 
C6 = 10 nF ceramic disc 
C7 = 0.1 f.LF ceramic disc 
Cs = 47 (J.F electrolytic 

L, = L3 = 2.5 turns - silvered wire 0 1.5 mm - 10 mm 1.0. 
L2 = 3 turns - silvered wire 0 1.5 mm - 10 mm 1.0. 
L4 = 0.45 (J.H - molded coil 
Ri = 47 ohms - 1/2 W 

R2 = 220 ohms - 1/2 W 

NOTA. : CASE MUST BE GROUNDED 

\ 
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TP 2314 

RF Power Transistor 

-4W 
- 12.5 V 
-175 MHz 

The TP 2314 is designed for 6 V to 12 V VHF 
applications and is intended for class A, B or C 
medium power amplifiers, frequency multipliers 
or oscillator circuits. 

Its grounded emitter constructions gives excel
lent thermal dissipation and the ability of pro
viding further heatsinking where necessary. 

Electrical Characteristics (Teale = 2& oC) 

Collector - Emitter 
Breakdown Voltage 

Collector - Base Breakdown 
Voltage 

Collector Cutoff Current 

HFE D.C Current Gain 

PGA1N Power Gain 

l) Efficiency 

Load Mismatch Tolerance 

Common Emitter Amplifier 
Input Impedance 

Common Emitter Amplifier 

Load Impedance 

B65 

... ~ ... I., •• 

T03.GE ~ 
The case also acts as a good R F screen this 
device features high gain and an infinite VSWR 
rating at all phase angles at rated power output. 

16 

36 

20 40 

4 4.8 
1 1.6 
4 4.8 

55, 64 

00 : 1 



TP 2314 

6 

5 

4 
s: 

I 
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~ 
Cl.. 

~2 
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0
1 
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Input Power _ mW 

6 
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I 

~4 
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(L 

~3 
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0 
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1 
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Input Power_ mW 

15 

Vcc":12.5V 

~14 
I 

c 

~3 

11 

60 80 

5 

~ ~I'hW 
F------ -

100 120 140 160 180 200 

Frequencv _ MHz 

10 15 20 

Collector to base Voltage _ V 

6 

5 

s: 
4 

I 

~ 3 

Cl.. 

J 2 a. 
-;; 
0 

F= 175 MHz /' 
/ 

/ 
V 

I" 

~ ~C 
"1');/ 

ff 
/ 

/ 
/ 

0 
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Supply Voltage _ Volts 
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s: 

I 5 

.. 
~ 4 

(L 

J 3 a. 

J 
a 
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F = 88MHz /' 
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,C ~ 
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/ 
/ 
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Vce:l0V 
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u. 
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u 
30 0 
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NOTA : TYPICAL CHARACTERISTICS 
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TP 2314 

B 67 

175 MHz TEST CIRCUIT +vcc 

CI = C2 = C3 = C4 = ARCO 404 7-60 pF trimmer capacitor 
Cs = 1000 pF mica capacitor 
C6 = 10 nF ceramic disc 
C7 = 0.1 fLF ceramic disc 
Cs = 47 fLF electrolytic 

LI = L3 = 2.5 turns - silvered wire 0 1.5 mm - 10 mrh 1.0. 
L2 = 3 turns - silvered wire 0 1.5 mm - 10 mm 1.0. 

RI = 47 ohms - 1/2 W - carbon composition 

NOTA : CASE MUST BE GROUNDED 

88 MHz TEST CIRCUIT +vcc 

CI = C2 = C3 = C4 = ARCO 404 7-60 pF trimmer capacitor 
Cs = 1000 pF mica capacitor 
C6 = 10 nF ceramic disc 
C7 = 0.1 fLF ceramic disc 
Cs = 47 fLF electrolytic 
LI = L3 = 2.5 turns - silvered wire 0 1.5 mm - 10 mm 1.0. 
L2 = 3 turns - silvered wire 0 1.5 mm - 10 mm 1.0. 
L4 = 0.47 fLF - molded coil 
RI = 47 ohms - 1/2 W 
R2 = 220 ohms - 1/2 W 

NOTA : CASE MUST BE GROUNDED 



TP 2320 

RF Power Transistor 

-20W 
- 12.5 V 
-175 MHz 

The TP 2320 is designed for use in 12.5 V VH F 
amplifiers operating under class A, B or C condi
tions. 

Its construction which incorporates gold metali
zation and diffused ballast resistors for longer 

Electrical Characteristics (TeAsE 25 OC) 

Collector - Emitter 
Breakdown Voltage 

Collector - Base Breakdown 
Voltage 

leBo Collector Cutoff Current 

HFE D.C Current Gain 

PGA1N Power Gain 

1) Efficiency 

LoadVSW Mismatch Tolerance 

Zin Common Emitter Amplifier 
Input Impedance 

ZLoad Common Emitter Amplifier 
Load Impedance 

COB Collector - Base 

Ie Continous Collector Current 

6j - e Thermal Resistance 

TSTG Storage Temperature 
and Junction Temperature 

Po Power Dissipation 

380 SOE 

life, enables the part to be used at its maximum 
ratings and be able to withstand an infinite VSWR 
at all phase angles. 

18 

40 

2 

20 

17 20 
17 20 

50 

00: 1 

2 + j 1.5 

55 70 

6 

3.5 

+200· 

50 
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TP 2320 

TYPICAL CHARACTERISTICS 

Pout 
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·W 

30 

20 

10 

o 

B 69 

Output power· vs input power 
and voltage supply 
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TP 2320 

175 MHz TEST CIRCUIT 

L1 
IN (.-~)~~~~~~~~--~--~~~ 

50!l 

C1 = AR ca 423 - 7 -100 pF trimmer capacitor 
C2 = ARCO 423 
C3 = C4 = 80 pF mica capacitor UNELCO 
Cs = 100 pF mica capacitor UNELCO 
C6 = C7 = ARCa 423 
Cs = 1000 pF mica capacitor UN ELCa 
C9 = 1000 pF ceramic disc 
C10 = 47 fLF electrolytic 

88 MHz TEST CIRCUIT 

+ Vee 

50 l.l 

LI = 3 turns 12/10 mm silvered wire - 6 mm 1.0. 

L2 = 1 fLH molded coil 
L3 = 3 turns 12/10 mm silvered wire - 6 mm 1.0. 
L4 = 2 turns 12/10 mm silvere~ wire - 6 mm 1.0. 

R1 = 150 ohms 

50U 

C1 = C4 = ARCa 42524-200 pF trimmer capacitor 
C2 = ARCa 423 7-100pFtrimmercapacitor 
C3 = Cs = ARCO 427 55-300 pF trimmer capacitor 
C6 = 1000 pF mica capacitor 

Ll 5 turns # 14 AWG 3/8" 10 
L2 1 fLH 
L3 9 turns # 16 AWG 5/16" ID 
L4 4 turns # 14 AWG 3/8" 10 

C7 = 10 nF ceramic 
Cg = 100 fLF /35 V electrolytic Rl 2.40 

B 70 
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TP 2330/F .... ~.-. 
II'~·~ 

RF Power Transistor 

1;; 
CP 
I-

u 
0 

1;; 
j!!. 
u.. 
a: 

iii 
E 
a; 
.c 
I-

-30W 
- 12.5 V 
-175 MHz 
-10 dB 

The TP 2330 is device intended for use in VHF 
transmitter output stages where a high gain 
is necessary. 

high saturated output power has been achieved 
enabling a 30 W transmitter to be designed using 
only a TO 39 as driver. 

Using the latest in technology and manufac
turing processes from TRW, excellent gain and 

avEBO Emitter - Base Breakdown IE = 5 rnA Ie = 0 
Voltage 

BVCEO Collector - Emitter Ie = 50 rnA 10 = 0 
Breakdown Voltage 

BVcoo Collector - Base Breakdown Ie = 50 rnA IE = 0 
Voltage 

ICES Collector - Emitter VCE = 15 V 
Cutoff - Current 

HFE DC Current Gain VCE = 5 V Ie = 1 A 

PGA1N Power Gain VCE = 12.5 V Pin = 3 W 
F = 175 MHz Pin = 3.8 W (F) 

1) Efficiency VcE =12.5V F=175MHz Pout = 30W 

Load VSW Mismatch Tolerance All Phases Angles 
VcE =12.5V F=175MHz Pout = 30 

Zin Common Emitter Amplifier VcE =12.5V F = 175 MHz Pout = 30W 
Input Impedance 

ZLOAD Common Emitter Amplifier VCE = 12.5 V F = 175 MHz Pout = 30W 
Load Impedance 

COB Collector - Base Capa VCB = 15 V F'" 1 MHz 

Ie Continuous Collector Currerit 

6j - e Thermal Resistance Te = 25°C 

TSTG Storage Temperature 
. and Junction Temperature 

PD Power Dissipation Tc = 25 DC 

4 V 

16 V 

36 V 

10 rnA 

20 150 

30 W 
30 

60 % 

00 : 1 

1.05 
+ j 0.5 

70 100 pF 

8 A 

2.2 °C/W 

°C 

80 W 
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TYPICAL' CHARACTERISTICS 

TP 2330 Output Power ys Frequency 

Pout (VV) 60r---~--~--~--~--~---p--~---' 

50 

10~~~--~--~---+---4----~--~~ 

°0~·------2----3----'~--·5--~6--~7--~8 

COB (pf) 300 

200 

100 

o 
o 

p in (VV) 

Collector base capacitance ys yoltage 

)1MJ 
\ 

\ 
"- - ... ~-" 

'" .... ......... ---
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TP 2330 

TP 2330 (F) 175 MHz te~t circuit 

+Vcc 

C6. I C7 I 
L3 

~OUT 

INI C9 so.n. 
son 

C5 I C8 

~ 

Components List 

C1 = C2 100 pF ARCO 423 trimmer capacitor 
C3 200 pF UNELCO mica capacitor 
C4 150 pF UNELCO mica ·capacitor 
Cs 120 pF UNELCO mica capacitor 
C6 100 pF UNELCO mica capacitor 
C7 25 pF UNELCO mica capacitor 
Cs 40 pF ARCO 403 trimmer capacitor 
Cg = 1 000 pF ceramic disc capacitor 
C10 = 1 000 pF UNELCO mica capacitor 
Cll = C14 = 100 nF ceramic capacitor 
Cll 10 nF ceramic capacitor 
Cll 47 (LF 25 V electrolytic capacitor 

Ll = 3 turns - 1 mm enameled wire. I D = 6 mm 
L2 = Copper lead 8 x 6 mm 
L3 = 1 . 5 mm wire - 30 mm length 
L4 = 6 turns - 1 mm enameled wire. ID = 6 mm 
Ls = 10 uH molded coil 
L6 = 8 turns enameled wire wound on ferrite core 4C6 9 x 15 mm. ur = 120 

Rl = 100 n 1 W Carbon composition resistor. 
R2 = 10 n 1/2 W Carbon composition resistor 
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TP 2503 

RF Power Transistor. 

·5W 
• 12.5 V 
• 470 MHz 

The TP 2503 is designed for 12.5 V VHF and UHF 
amplifiers. 

Its high gain at reduced voltage and stripline 
package make it suitable for use in pocketphone 
applications. 

Electrical Characteristics (Tease ;", 25 °C) 

BV"EO Collector - Emitter 

t; 
Breakdown Voltage 

III 
I-
U BVcBO Collector - Base Breakdown 

Voltage 

I"BO Collector Cutoff Current 

HFE D.C Current Gain 

PGA1N Power Gain 

l) Efficiency 

Load VSWR Mismatch Tolerance 

Zin Common Emitter Amplifier 
Input Impedance 

ZLoad Common Emitter Amplifier 
Load Impedance 

COB Collector - Base Capacitance 

Ie Continous Collector Current 

6j - e Thermal Resistance 

TSTG Storage Temperature 
and Junction Temperature 

Po Power Dissipation 

B 75 

... ~.-. 
II'W_ 

280 SOE STUDLESS 

The power output is useable to the top of its 
ratings and it is able to withstand an infinite 
VSWR at all phase angles at rated output power. 

16 

36 

20 

5 5.5 
5 5.5 
5 6 

55 

00 : 1 

9.55 
+ j 5.75 

13 17 

1.7 

10 

2000 
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TP,2503 

Output Power vs Input Power and Voltage Supply 
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TP 2503 

TEST CIRCUIT 
BROADBAND (450-510 MHz) 

175 MHz TEST CIRCUIT 

ca C6 C7 +vcc 

(."1'--_--..... 

88 MHz TEST CIRCUIT 

C6 C7 Ca 
r-~--~~ __ ~------__ VCC 

B 77 

COMPONENT AND MATERIAL LIST 

C1 3,9 pF, ceramic chip 
C2 0.8-10 pF, Voltronics AP 10, variable 
C3 • C4 25 pF. ceramic chip 
Cs 1500 pF. cE;lramic chip 
C6 10 pF. Underwood 
C7 5 pF. Underwood 
Cs 0.01 fLF. disc-ceramic 
C9 0.10 fLF. disc-ceramic 
C10 1000 pF. Underwood 
Cll 5 fLF. electrolytic 
LI 4 turns. # 22 enameled. 0.1" 1.0. 
R1 750 n. 112 wa~t. carbon 
RFC-1 2112 turns # 22 AWG on Ferroxcube 

VK211 /17 -46 
All transmission lines reference at 480 MHz 

C1 = C2 = C4 = 7-100 pF ARCO 423 
C3 = 24-200 pF ARCO 425 
Cs = 150 pF mica capacitor UNELCO 
C6 = 1000 pF mica capacitor UNELCO 
C7 = 10 nF ceramic disc 
Cs = 47 fLF/63 V electrolytic 

LI = 10 fLH Molded Coil 

T I = T 2 = Transmission Line Transformers 2 wi
res 8/10 mm twisted - 5 cm length . 

C1 = C2 = C3 = 24-200 pF ARCO 425 
C4 = 7-100 pF ARCO 423 
Cs = 1000 pF mica capacitor UNELCO 
C6 =10 nF ceramic disc 
C7 = 0.1 fLF ceramic disc 
Cs = 100 fLF/35 V electrolytic 

Ll = L4 = 4 turns 14 AWG 1/2" 1.0. 
L2 = 0.47 fLH 
L3 = 6 turns 14 AWG 1/2" 1.0. Close Wound 

I 



TP 3020 

.1.5 W 
• 24 V 
• 960 MHz 
• 9 dB Gain 
• Class "A" 

¥ .... .,,-.' .. , .. ." 

. ~ 

- , 
280 SOE 

The TP 3020 is designed for use on the 900 
MHz mobile band. 

This device which is specified as a low power 
drive device, offering high gain, enables opera
tion in class A, B or C circuits. 

Electrical Characteristics (Tease = 25 oC) 

POUT 

. Erniner - Base 
Breakdown Volt. 

Collector - Base 
Breakdown Volt. 

Col. Base leakage 
DC fwd Cur. gain 

Output Power 

Collector base capacitance 
tEach side) 

Ie = 20 rnA, ReE = 10 

Ie = 1 rnA 
Vee = 24 V 

VeE = 5 V, Ie = 100 rnA 

VeE = 24 V, F = 960 MHz 
10= 0.2 A, PIN = 185 rnW 

Vee = 28 V, F = 1 MHz 

T case = 70°C 
T Heatsink =. 25°C 

50 

45 

20 

1.5 

-65 

V 

V 
0.5 rnA 

120 

W 

pF 

0.7 A 
20 °C/W 

8.75 W 
+200 °C 
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Pout(W) 

1,5 

0,5 

o 

Power Galn{dB) 

10 

8 

6 

R 7q 

Power Output VS Power Input 

.A V 
V; t7 

800~ ~ V 

V V 
/ / 960MHz 

V/ V 
/ 

Vce- 24V )~/v 

V 
-f---

Ic:200mA 

50 100 

Power Gain VS Frequency 

r--~ 
Pi:50m'~,"---

I 

150 

! 

Vee: 24V 

Ic:200mA 

r---tP-i:-15-om~.~----~--1~_~~:: 

800 

I 

Pi:200mW 

900 950 960 

-

Pin(mW) 

F{MHz) 



TP 3020 

IMPEDANCE DATA NORMALIZED 
TO 50 OHMS 

V CE = 24 V, Ic = 200 mA 

J 
-CII'oc. 01 i,. £ l 1"1 1'0 C'O C"O 1"0 FO n co n 6'0 I 

I I I hll I II III I I I IIIII111 I I 1IIII1 til I I I I I I I I I I I I I IIHlllIlllIlrllll LlllIdllllllllllrllllfllilllllLlldllllLuillHILl1!llttILlldlll.I!!IIIIII,1 

N" 361 
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T~ 3020 

IN 

C 

B 81 

OUT 

C: 100 pf 

Su.bstrate: Epoxy Glass 
20 m/m thick c: 2,43 

~ foil wrap to groUnd DIane 

CLASS A BIAS CIRCUIT 

veE 

V BIAS 
---J~'---Cl 

R1:1 K4 
R2:330A 
R3:~·7KA 
R4 10.0.1/2 W 
.RS:SO.n. 
C :100F+10rF+1nF 



TP 3022 

-15 W 
-24 V 
• 960 MHz 
• 8 dB Gain 
• Class "AB" 

The TP 3022 is designed for operation in the 
900 MHz mobile band and has been 
specifically conceived for use either as a 
medium power output device or driver for the 
TP 3024. 

\' .•. ~.m;r ............................. t.\.:~., ........... ·.'.·.'.·.·.·~ ..•.... '.·,i. ~ .•. ~~....:..: 
230 F 

Using the latest in technology from TRW, this 
device offers a high degree of reliability and 
ruggedability. 

Electrical Characteristics (Tease = 25 OC) 

SYMBOL i CHARACTERISTICS I TEST CONDITIONS I MIN TYP I MAX UNIT 
I 

BVEBO Emitter - Base 
Breakdown Volt, 

IB = 5 rnA 4 V 

BVCEO Collector - Emit. IE = 20 rnA 25 28 V 
Beakdown Volt. 

I-en w 
I-

ICB = 50 rnA 48 50 V 
U 

BVCBO Collector - Base 
0 Breakdown Volt. 

ICBO Col. Base leakage VCB = 24 V 10 rnA 

HFE DC fwd Cur. gain VCE = 10 V, IE = 100 rnA 20 100 

POUT Output. power VCE = 24 V, F = 960 MHz 
PIN = 2.38 W 

15 W 

I-en 
w 

Collector efficiency VCE = 24 V, F = 960 MHz 50 % I- 71c 
u.. POUT = 15 W a: 

COB Collector - Base capacitance VCB '" 24 V, F = 1 MHz 17 25 pF 

« 
~ RTH Jc Thermal resist. T case = 70°C 6 °C/W a: 
w Junction-case measured under DC conditions 

~ TSTG Storage hottest point. -65 +200 

I 

l/ 



TP.3022. 

Pin 
(W) 

BB3 

2 

o 

-

800 850 

Pout 
(w) 

TYPICAL CHARACTERISTICS 

800MHz 

20~ ______ -; ________ ~ __ ~ __ ~~ ______ ~ 

960MHz 

15~ ______ -+ ____ ~~~ ____ ~ __ ~ ____ ~~ 

10~------~~ ______ 4-________ r-______ ~ 

5 ~~~---+--------~--------r-------~ 

o 2 3 Pin(W) 

Pout 15W 

Vee 24V 

2 

r----
900 950 F(MHz) o 800 850 900 

, 
Pout 12W 

Vee 24V 

950 F(MHz) 



TP 3022 

CLASS AB BIAS CIRCUIT 

R2 

COMPONENTS LIST 

R1 = 82 (} (1 W) 
R2 = 5.6 K (} (1/4 W) 
R3 = 1 50 (} (1/4 W) 

C = nF 

o = 1 N 4148 (or equivalent) 

CIRCUIT DIAGRAM 

BROADBAND AMPLIFIER 

24V 

c 

r 

COMPONENTS LIST 

L1 L2 = 50 (} line (1.45 mm wide), 
13 mm long 
L3 = 50 (} line (1 .45 mm wide), 

9 mm long 
L4 = 50 (} line (1.45 mm wide), 
17mm long 

T = B 0 135 (or equivalent) 

L5 = L' 6 = 2 turns - 10/10 mm enameled 
wire, 5 mm 1.0. 

F = F' = Ferrite bead 
C1 = C'1 = 330 pF chip capacitor 
C2 = 3.3 pF chip capacitor 
C3 = 3.9 pF chip capacitor 
C4 = C' 4 =01 5 pF chip capacitor 
C5 = 15 pF ATC chip capacitor 
Cs = 0 - 4 pF Johanson variable capacitor 
C7 = 6.8 pF ATC chip capacitor 
Ca = 330 pF + 1000 pF + 1 5nF 
Cg = 330 pF + 1000 pF + 1 5 nF + 10JLF 

Substrate material: 

Teflon glass 1/50 inch. E, = 2.43 

884 
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IMPEDANCES 
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TP 3024 

-30W 
-24 V 
- 960 MHz 
- 7.5 dB Gain 
- Push Pull 

The TP 3024 is a balanced transistor designed 
specifically for used in cellular radio systems. 

This device permits the design of a class AB 
push-pull, high gain, broadband amplifier 

BMA-2 

having the high degree of linearity necessary in 
the latest systems, without the need for very 
complicated biasing circuitry. 

Electrical Characteristics (Tease = 2& oC) 

BVEBO Emitter - Base 
Breakdown Volt. 

IB = 5 rnA 4 V 

I- BVCEO Collector - Emitter IE = 20 rnA 25 28 V 
en Breakdown Volt. 
w 
I-

U 
0 
ai BVcBO Collector - Base ICB = 50 rnA 48 50 V 

"C Breakdown Volt. 'iii 

ICBO Col. Base leakage VCB = 24 V 10 rnA 

HFE DC fwd Cur. gain VCE = 10 V, IE = 100 rnA 20 100 . 

POUT Output Power VCE = 24 V. F = 960 MHz 30 W 
PIN = 5,3 W 
10 (TOT) "" 1 50 rnA 

'Ic Collector efficiency V CE = 24 V, F = 960 MHz 
POUT = 30 W 

50 % 

COB Collector base capacitance VCB = 24V 
lEach side) F = 1 MHz 17 25 pF 

RTH JC Thermal Resistance TCASE = 70° 3 °C/W 
Junction-Case Measured under DC 

conditions hottest 
TSTG Storage point -65 +200 

B86 



TP 3024 

B 87 

BROADBAND PUSH·PULL AMPLIFIER 

! 
C10 

Vbb o-........ .."",Rf'-J 

• 
COMPONENTS LIST 

C, = c', = 1 5 pF A TC chip capacitor 
C2 = 2.2 pF ATC chip capacitor 
C3 = 4.7 pF A TC chip capacitor 
C4 = C7 = 0 - 4 pF Johanson variable 

capacitor 
Cs = 12 pF A TC chip capacitor 
Co = 5.6 pF A TC chip capacitor 
Ca = C' a = 27 pF ATC chip cap~citor 
Cg = 12 pF A TC chip capacitor 
C,o = q.l p.F chip capacitor 
C" = 330 pF chip capacitor 
B, = B', = 50 (} Balun stripline 
L = 3 nH line on one side coated printed 

circuit. 
I, = 13 = 5 mm 
12 = 14, = 10 mm 

Material: teflon glass 1/50 inch. E, = 2.43 



TP 3024 

CLASS AB BIAS CIRCUIT 

COMPONENTS LIST 

R,=1000(3W) 
R2 = 5. KO (1/4 W) 
R3 = 750 (1/4W) 

P = 1 KO 
C = 1 nF 
o = 1 N 4148 (or equivalent) 
T = BO 135 (or equivalent) 

r 
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TYPICAL TRANSPER CHARACTERISTICS 

Pout 
(W) 

800MHz 

20r-------+-~----;--------r--~--~ 

10r-~~--+-------;--------r------~ 

o· 2 4 6 Pln(WI 



IMPEDANCES 
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PRODUCT SUMMARY 

PART 
POWER SUPPLY 

NUMBER 
APPLICATION FREQUENCY OR GAIN VOLTAGE PACKAGE PAGE 

(dB) (V) 
, 

JO 2015A MILITARY 400 MHz 70W 28 J·ZERO C2 
JO 2058 MILITARY 450 MHz 100 Pulse 28 HLP 12 C6 

PT 9700 MILITARY 400 MHz 1.5W 28 SOE 280 C10 
PT 97018 MILITARY 400 MHz 5 W 28 SOE 280 C12 
PT97028 MILITARY 400 MHz 20 W 28 SOE 280 ,C14 
PT 97038 MILlT:ARY 400 MHz 10 W 28 SOE 280 C13 
PT 9704A/8 MILITARY 400 MHz 30 W 28 SOE 280 C15 
PT 9730 MILITARY 175 MHz 4 W 28 SOE 380 C19 
PT 9731 MILITARY 175 MHz 25 W 28 SOE 380 C23 
PT 9732 MILITARY 175 MHz 

\ 
8 W 28 SOE 380 C21 

PT 9733 MILITARY 175 MHz 50 W 28 SOE 380 C24 
PT 9734 MILITARY 175 MHz ~5 W 28 SOE 380 C22 

TP 9386 MILITARY 175 MHZ 150 W 28 J·ZERO C27 

TPM 401 MILITARY 400 MHz 1 W 20 SOE 280 C31 
TPM 405 MILITARY 400 MHz 5 W 24 SOE 280 C35 
TPM 425 MILITARY 400 MHz 25 W 24 SOE 280 C39 
TPM 4040 MILITARY 400 MHz 40 W 28 MRP7 C41 
TPM 4130 MILITARY 400 MHz 130 W 28 MRP7 C45 

, 

C1 



J02015A 

UHF Power Transistor 

·70W 
• 28 V 
• 225·400 MHz 
.ooVSWR 

• Broadband 

The JO 2015 A is an internally matched NPN 
silicon UHF power transistor. Its multice" design 
allows optimum heat dissipation and operating 
efficiency. A slotted-grid finger structure assures 
uniform current injection. Ruggedability and 

Electrical Characteristics (25 oC) 

I Symhol ChdtdctPrlstlcs 
I 

BVCBO Collector- Base Breakdown Voltage 

BVEBO Emitter-Base Breakdown Voltage 

t! BVCEO Collector-Emitter Breakdown Voltage 
Q) 
I-

U 

c VSWR Mismatch Tolerance 

Cob Collector-Base Capacitance 

hFE DC Current Gain 

Pp1n Power Gain, CW Broadband 

1/1 
1ii 
Q) 
l-

lL. PIal Saturated Power Output 

a:: 

'I) Narrowband Collector Efficiency 

TIll Max Storage Temperature 

C) 
c 
.~ 

6jC Thermal Resistance Q) 
c. 

0 

~ 
Ic Continuous Collector Current 

I 
I 

long-term reliability is guaranteed by unique, 
diffused silicon ballasting resistors coupled with 
TRW's refractory-gold-passivated metalization 
system. 

COlldltlon V.JllI!' 

Ic = 100 mA 65 Vdc Min 

IE = 5.0 mA 3.5 Vdc Min 

Ic = 50 mA 30 Vdc Min 

(All Angles) 
VCE = 28 V, f = 400 MHz, Po = 50 W 10:1 

VCB = 28 V; f. = 1 MHz 80 pF Max 

VCE = 10 V, Ic = 1 A 10-100 

Vcr = 28 v. Po = 50 W 
f ~ 225-400 MHz 

10dB Min 

VCE = 28 V, f = 400 MHz 70 W Min 

VCE = 28. f = 400 MHz, Po = 50 W 55 % Min 

-;- 65 °C to + 200 °C 

25°C 1.25°C/W 

VCE = 10 V 10 A Max 

~ 

C2 
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Power Output vs Power Input 

80~----~----"----~~~-+--~~ 

'" 
~ 60 t------+--I. 
I 
~. 
;g 
; 40·~----J'+---+++ 

~ ,·Note: Class B 
@2!!25mA ques. 

~-+---4f-~~+-----+-bias increases 
gain approx. 
1 to 2dB. , 

5.0 7.5 10.0 
Power Input - Watts 

12.5 

Series Input Impedance vs Frequency 

4.0 

t 
f---

Po = 70W 
Vcc = 28V 

E 
~ 
I 

3,0 

fl 2.0 
~ 

! 
.§ 

1.0 

o 
100 

1000 

800 

i 600 
I 
~ 

~ 
1 400 

200 

o 
o 

~-" . 

/" 
R 

~~ 
/ \ 

""' ~ r K ~ 

, , 

, 

200 300 
Frequency - MHz 

ft vs Ic 

VCE = 20V 

VCE = 10V 

(Measured performlnce) 

400 

........ 

Collector Current (Ic) - Amps 

",--

~ 

500 

"" 

fg 
I 

Power Gain vs Frequency 
20r-----~------~------r_----_, 

CllISSC 
Po = 70W 

.~ 10~----~~------r-~~~~----~ 
(!) 

; 
~ 

0~10~0----~20~0~----~30~0~----4~0~0----~5~00 
Frequency - MHz 

Series Load Impedance vs Frequency 

-
" 

I 
"-

o 
100 

12 

10 

t Po = 70W 

:~ce = 2~V 

Rx 
............ 

'\ 

" V ~ , 
Jx -" ..x;..., 

~ r-

200 300 
Frequency - MHz 

400 

Safe Operating Area 

Te ='25°C 

\ 
\ 
I" 

500 

( 

" ~ 
5 10 15 20 25 
Collector·to-Emitter Voltage (VCE) - Volts 

30 



.10 2015 A 

Figure 1. Narrowband Test Circuit 

L4 
)-~----~ \tC 

-= 

C1.2.14.17 1.5·20pF ARCO #402 Ll 2 turns #22AWG, 0.1" form 
C3.4 10pF UNELCO L2 0.2" hairpin, 0.1" wide ribbon 
C7.a 60pF UNELCO L3 #22AWG, 1" diameter L2 Ls 
C'0." 40pF UNELCO L4 3 Ferrite beads on #22AWG 

~2~ C'3 15pF UNELCO L5 #22AWG, 0.25" hairpin ~·CL C9.12 1000pF UNELCO Ls 1 turn #22AWG, 0.1" form 

-1 r- 0.1S" C'5 5/oiF electrolytic L7 6 turns #22AWG, 0.1" form -i \-0.1" 
C,S 8·60pF ARCO #404 La 8 turns #22AWG, 0.1" form 

Figure 2. 70 Watt Broadband Test Circuit (225-400MHz) 

\tc = 28V 

SOQ 

~L'~~~ 
L7 .~ ~'8J. 
Je~ . 
-\0.2"1-
C, 
C2 
C3.4 
CS.6 
C7.9 
Ca 
C'0 
Cll.12 
L1.9 

20pF JFD 
68pF JFD 
60pF UNELCO 
40pF UNELCO 
15pF UNELCO 
10pF UNELCO 
5/oiF electrolytic 
1000pF UNELCO 
50Q semirigid (length to suit circuit) 

L2.4 
Ls 
Ls 
L7 
La 
LB 
Lc 
Rl 
Tl 

c5-Gcan SOQ 

J~~C'C~ 
Bias Circuit for Class B Testing 

Delete L4 & Rl 

4 turns #20AWG, 0.125" form \tC --AoIV\I---r--"T""--' 
3 Ferrite beads 
#20AWG, 1" diameter. 
3/8" hairpin 
3 turns #20AWG, 0.125" form 
Base Inductance Pad, 0.5" x 0.2" 
Collector Inductance Pad, 0.5" i< 0.2" 
0.5Q,1W 
1", 25Q semirigid coax 

28Q 
SW 
1NS41S 

C4 



JO 2015 A 

C5 

70W Broadband Performance 

12 
See Figure 2 

9 

til ;f!. 
iii 45..!... :t Amps DC 55 u 
I 65 ~ 
~ 6 

75 ~ .5 

; ·u 

~ 
ffi 

3 

400 

MTTF Factor vs TJ 

1x109~--~~~----+---~---4----+---~ 

~ 
:J: 

~ 1 x 1Q8 1----+----+-----;, 

~ 
~ 
:E 

1x107~--~~-4----+---~--~~--+---~ 

1X10·~70--~90~--1~1-0---13~0---1~5~0---1~7~0---19~0--~21~0 
Junction Temperature - °C 

40 

30 

til 

~ 
I 

i 20 

; 
~ 

10 / 
~ 

Typical Class A Linear 
Transfer Characteristics 

225lHZ 300 111Hz 400 MHz 

-
V I I / I J 

~ t 
V I 

Class A I V VeE = 20V 
lci2.5f 

1 2 3 1 2 3 1 
Power Output - Watts 

J-Zero-C 
Package Outline 

-, 
.250 
DIA 

I 
.980 

L 
~ I- 155 

CERAMIC .735 _ 

117DIA 
(2 HOLES) 

¥~~_~~ICI 
CAF> .500 .010 _I-~';'-I If"'" 
~t-TT1}75 
-1-0 :. : : 1.100 160 

~COPPER - ~ Tt 
H.EATSINK 

725 



J02058 

High Power UHF Pulse Transistor 

• 100 W (Pulse) 
• 75 W (CW) 
• Low {}JC 

·0.88°C/W 

The JO 2058 TranJlistor is intended for use in 
military UHF CW and Pulse RF transmitters_ The 
combination of all-gold metallization with state-of-

Electrical Characteristics (T- = 25°C) 

i Symbol Charactllflsllcs 

BVEBO Emitter Base Vohage 
t; BVCEO Collector Emitter Voltage 1&.1 
~ 

~ BVCES Collector Emitter Voltage 

ICES Collector Emitter leakage 

PoUT Power Output (Pulse) 

.~ 

~ '1 Efficiency (Pulse) 
~ 
II: 

VSWRl Collector load 

9JC Thermal Resistance 
en 
CD Tl Junction Temperature • i TSTG Storage Temperature 

l Ic Collector Current 

Po Total Dissipation 

the-art die technology and an inorganic hermetic 
seal enables reliable operation in hostile en
vironments. Common base mode operation utilizes 

Test ConditIOns Min 

IE - 5mA 3.5 

Ic - 50mA 30 

Ic - 50mA 60 

VeE - 50V 

Vee - 28V, f - 450MHz, 
PIN - 16W, 1 msec. 100 
10% Duty Cycle 

Vce - 28V, f - 450MHz, 
PoUT - lOOW, 1 msac, 60 
10% Duty Cycle 

Vcc - 28V, f - 450HMz, 
PoUT - lOOW, 1 msac. 3:1 
10% Duty Cycle 
Phase angle varied > 360° 
during J·second test. 

25°C Flange 

-65 

25°C Flange 

25°C Flange 

HLP-12 

the multi-octave bandwidth capability of this 
device. 

Typ Max Unit 

Vohs 

Volts 

Vohs 

5 rnA 

Watts 

% 

-

0.88 °C/W 

200 °C· 

200 °C 

14 A 

200 W~ 
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Power Trensfer 
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Typical CW (Class C) Characteristics 

Power Transfer Power Transfer Power Transfer 
~ -

100 ~ 
100 i--

~.". ~,., 100 

i ~ ~ l/ ~ 
11 / 11 

I I I ,-

! 1/ '" / ! ~ 
J i " CI 50 CI 50 CI 50 

1 II 1 / 1 .~ 

/ G 
400MHz - r-- II 450MHz - --- 500MHz 

. I Vee - 28V Vee - 28V I Vee - 28V - -
I I If 

0 5 10 15 0 5 10 15 0 l" 5 10 15 
Input Power - Watts Input Power - Watts Input Power - Wattl 

Drive Characteristics Drive Characteristics Drive Characteristics 

100 ~~ 6.0 100 - 6.0 100 6.0 

i 
~/ t ~ 

~, :. :! :. 
'1/ -" ';'" E i ", E 

-c- - Po c 11 c C 

I ~~ I I 1---P~ 
1/ I I " ", I 

10 r 0:: 10 .. 
'" ~ ~ .. 

i , !/ 
Ie ~ f 1/ ~ 

Ie ~ 

! I--- -Po..,.. V ~ 
CI 50 

'/ 
5.0 u CI 50 / 1/ 5.0 ~ 50 

." ~ 
5.0 u 

1 
J j 1 j . j / , 

400MHz· +- I~ 450MHz -I- ~ ~ '" -~ 500MHz --
/ is If 100"" 

r Ie is 
I
I
OW,Oriv,e -I- u 

I 1,OW IDriv,e -I- 110WIDri~e-- u 
-" 

0 f I 4.0 0 I I I 4.0 01..-' I I 4.0 
15 20 25 30 15 20 25 30 15 20 25 30 

Vee - Voltl Vee - Voltl Vee - Voltl 

Series Input Impedance Series Load Impedance Gain and Efficiency 
3.0 
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2.0 
10 100 :. 

x --r- ...... E - ..... !I c - j 
, 

j 2.0 R I 

"'- .. '1 .. 
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~ j , 
RI'\.. 

, 
! I I 5 50 

\. Vee - 28V 0 

-I i 1.0 I-- --- j 
.t lOW Drive 
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1.0 .! 8 
~ 

Vee - 28V ... X l- I"-
lOW Drive I--- 0 

400 425 450 

0 0 
Frequency - MHz 

400 425 450 400 425 450 
Frequency - MHz Frequency - MHz 
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Safe Operating Area 

j 
I 

I 
j 

10 
1\ , 

I\. , 
r\. 

10 

'" "-
I' 

20 
Vcc - Volts 

• Tast Circuit - Schematic 

-~ 
II 

30 

RFCI 

RFC2 Ll 
Vec G---._--r-.J"'InrY,--,-.rnrn....J 

r.-, Ground capacitor 
L!.d to chassis and .J!: 15 I.e 14 

upper ground plane"" -= 

Tast Circuit - Layout 

Cl 50Q 50Q 

Tast Circuit - Artwork 

Circuit is reduced. Contact factory for actual size. 
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t: • 

10 1 

10 , . 

10 I 

10· 
100 

, 
I\, 

I\. 

" '" 
, 

l"-
I' 

...... 

150 
Junction Tlmplrltur. - ·C 

Upper and Lower Ground Planes must 
be ·common at Transistor and at 
Input/Output Connector 

" 
200 

IIIII 

Output Capacitance 

... ... 

12 0 

11 0 

100 

I 90 
B 

80 

70 

60 
o 

\ , 
1\ 
\ 

~ 
f\. 

"" ...... 

10 20 30 
Vcc - Volts 

COMPONENTS'LIST: 
CI4 470pF 
CI6 10llj.lF 50VDC 

r--... 

40 

C1.12 420pF 
Cz. II 0·10pF 
1:3.4. ID 0·20pF RFCI 13T. AWG. 20. 1/4" dill. 

~ 

50 

Cs.. 33pF RFCz 3 f.rm. beada on AWG. 20 wirl. 
C1.' 35pF LI 3T. #20 AWG .•. 125 dill. 
Cn 1000pF CKT Brd. Mati. 0.032 Teflon·GII" 



PT 9700 Series 

UH F Power Transistors 

• 1.5 to 30 W • Class A, AB or 
• 28 V C Operation 

• 400 MHz • Common Emitter 
• Gold Metalized • Isolated Package 
• Diffused Ballast 

Resistors 
• 00 VSWR 

The PT 9700 UHF Series features both high gain and high power, 
providing the desired power output with fewer devices. Microwave 
cellular geometries processed for UHF application provide both high 
performance and ruggedness. Diffused ballast resistors in the 
higher power units enable these devices to withstand infinite 

Electrical Characteristics (TFLANGE= 25°C) 

SYMBOL 
I 

CHARACTFRISTICS I lEST CONOITION~ 

IE = O.lmA. Ic = 0 
IE = 0.5mA. Ic = 0 

BVEBO Min. Emitter-Base IE = lmA. Ic = 0 
Breakdown IE = 2mA. Ic = 0 

IE = 3mA. Ic = 0 

Ic = 1 mAo VBE = 0 
Ic = 5mA. VBE = 0 

BVCES Min. Collector-Emitter Ic = 10mA. VBE = 0 
Breakdown Ic = 20mA. VBE = 0 

Ic = 30mA. VBE = 0 

Ic = 2.0mA. IB = 0 
Ic = SmA. IB = 0 

BVCEO Min. Collector-Emitter Ic = 10mA. IB = 0 
Breakdown Ic = 20mA. IB = a 

Ic = 50mA, IB = 0 

ICBO Max. Collector-Base VCB = 30V 
Leakage Current 

Min. HFE 
D.C. Current Gain 

Ic = O.lA. VeE = 5V 

VeE = 28V. PIN = 0.12W 
PIN = 0.62W 

PGAIN Min. Power Gain PIN = 1.5W 
f = 400 MHz. PIN = 4W 

PIN = 5W 

Min. VCE = 28V. f = 400 MHz 
'I Collector Efficiency Rated Output Power 

VCE = 28V. f = 400 MHz VSWR Mismatch Tolerance 
360? Rated Output Power 

PsAT 
Min. Saturated VCE = 28V. f = 400 MHz 
Power Output 

COB Max. Collector-Base VCB = 28V. f = 1 MHz 
Capacitance IE = 0 

Ic Continuous Collector 
Current (Max. Rating) 

9J-c Thermal Resistance Tc = 25°C 

TSTG Storace Temoerature 
TJ Junction Temperature 

\..Po Power Dissipation Tc = 25°C 

I 
I 

280 SOE 

VSWR at all phase angles. Ballast resistor design enables operation 
at Class A, AB and C. These rugged units are suitable for both nar
row band and broad band UHF communications and instrumenta
tion service. All are gold metalized for long life and incorporate cera
mic stripline packages. 

PT PT 
I 9700 9701 B • I • I 

3.5 
4 

4 V 
4 

4 

55 

60 60 V 
60 

55 

35 
30 

30 V 
30 

30 

0.25 0.5 1.0 2.0 3.0 mA 

20- lO- la- 10- 10- -
150 150 150 150 150 

1.5 
5 

10 W 
·20 

30 

55 55 60 . 60 60 % 

00 00 00 00 00 

2 6 12 24 36 W 

3.5 6 12 24 36 pF 

0.5 0.75 1.25 2 5 A 

35 17.5 8.8 4.4 2.5 °C/W 

65 to + 150' 
+ 200° Maximum °C 

5 10 20 40 70 W~ 

~ 
co 
~ 
0 
C") 

II 

..5 ... 
CD 
~ 
0 

Q.. 

~ 
iD 
~ 
0 

Q.. 

~ 
II' 

\I 
c:: 

~ 
iD 
~ 
0 

~ 
g 
i:n 

Ii: 
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Vl 

~ 
I 

.% 
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~ 
~ 

~ o 
I 

C1f 

PT9700 - 1.5 Watts 

Power Output vs Power Input 
28 

24 

2.0 

1.6 

1 2 

08 

04 

V 28V 

/ 
V ~ 20V 

---
~ V 

l# V f = 4?OMHZ 

~V' 
o 
0020040060.080.10012014016 

Power InINt 7 Wa.tts 

Power Gain vs Frequency 

400 
Frequency - MHz 

SOO 

Series Input Impedance vs Frequency Series Load Imp~dance vs Frequency 
6 

~ 

o 
200 

R 

./ 
V~ 

V~ Po= 1 5W 
Vcc ~ 28V 

300 400 
Frequency - MHz 

06 

05 
Vl 
0-
E 
< 04 

~ 
c:: 

03 ., 
::> 

U 

0 
u 02 ., 
0 
u 

0.1 

o 
o 

, . 90 

~ 
~ 80 

~ -

500 

E a 

70 

I 60 
N 

~ ~ 50 

40 

30 
200 

Po = 1 5W 
Vce = 28V 

Safe Operating Area 

~ 

" Tc =1 75°C ,,~ 

~ 
10 20 30 

Collector to Emitter Voltage (VCE) - V 

--........ K """-
-~ 

I'-. ~ r--- ........ 

300 400 500 
Frequency - MHz 



PT 8700 B Serle. 

'" 
~ 
I 

PT9701B -- 5 Watts 

Power Output vs Power Input Power Gain vs Frequency 
16 

28V --
/ 

V 14 

/ 
V /' ~ 12 

~ 

V / / ./ 

I 
c' 10 ro 

<.:l 

// V ~ 
&. 

~ V f = 4~OMHZ 

4~ __ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~ o o 0.1 0.2 0.3 0.4 0.5 06 0.7 200 300 400 500 
Power Input- Watts Frequency - MHz 

·Series Input Impedance vs Frequency Series Load Impedance vs Frequency 
5. 

---. 

".", 

-1 
200 

r--- k: ~ '""':::>'-

~ 
V 

Po = 5W 
Vce = 28V 

300 400 
Frequency - MHz 

1 5 

1 25 

~ 7 10 

J 075 

o 
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(5 
c..> 

025 

o 
o 

~ 

IX 
./ 

R -

500 
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r--
25 

20 ~ 
E 
§ 

I 15 

10 

o 
200 

Safe Operating Area 

'" " Tc = 75°C '~ 

-- IX 

-r----r---

............. 
~ ...... 

............. 

~ 
Po = 5W 
Vce ~ 28V 

300 400 
Frequency - MHz 

""" I 10 20 30 
Collp.clor 10 Emlltp.1 Vnlt.lqe (VII) V 

r--

r--..... ....... 

500 

a 
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f' 
~ 

'" 0. 

;5 

I 

C 13 

P.T9703B 
Powet Output vs Power Input 

16 

14 " 

12 

10 

~/ 2811 

~/ 
/ '/ ~20V 

/ 

/ "V 
/ V f =1400MH{ 

/ 
2 
o 04 08 12 16 20 24 28 

Power Inpul - Watts 

Series Input Impedance vs Frequency 

5 

p" = lOW 
\Ir( = 28V 

1 
700 300 400 500 

Frequency MHI 

10 Watts 

E 
5 
I 

N 

Power Gain vs Frequency 
16r----r----~--~--~~--~--~ 

14~---+----+_--_4----4_----~--~ 

12~---+--~~--~----4_----r_--_i 

Frequency - MHz 

Series Load Impedance vs Frequency 
35 

30~---+----+----+----4---~~--~ 
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20 

15 
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10 Vce = 28V 
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200 300 400 500 

Frequency - MHz 

Safe Operating Area 
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'0 
t..> 
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HJ 20 30 
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PT9702B -- 20 Watts 

Power Output v. Power Input Power Gain v. Frequency 
35 14 

30 

25 
'" 
~ 

20 I 

~ 
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~ 10 

12 
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~ 
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Frequency - MHz 

Safe Operating A .... 
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"'" Tc == 75°C " I 
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Collector to Emiller Voltage (Ve!) - V 
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PT 9704 A - 30 Watts 

PT 9704 A 
Series Input Impedance vs Frequency 

7 

I.---
-1 

-3 

-5 
200 

'X ~ 
t---~ 

I---- R 

Po = 30W 
vee, = 28V 

300 400 ·500 
Frequency - MHz 

PT 9704 A Power Gain vs Frequency 
14 

12t-~~---4----4_--_+----+_--~ 

~0~O~~~~3~00~--~---40~0~--~--~500 
Frequency - MHz 

PT 9704 A Power Output vs Power Input 
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~ 

40 

35 
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I- 28V 

,/ 
V 
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o 
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Power Input - Watts 

PT 9704 A 
Series Load Impedance vs Frequency 

15 

10~--~---+----+----+----~--~ 

-5~--4---~--~----+----+--~ 
Po = 30W 
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-1 0 t---+---_+----+_---+---I----~ 

-15~ __ ~ __ ~ ____ ~ __ ~ ____ ~ __ _' 
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6.0 

5.0 

~ 
< 4.0 
I 

g 

! 3.0 

(..) 

.s 
M 2.0 
8 

1.0 

o 
o 

N 
::t: 

2000 

1600 

~ 1200 

>u 

~ 800 

! 
400 

o 

f--

l-

f-

l-

I-

o 

PT 9704 A f, vs 1(. 

I ~ 

VCE = 5V 

I 
O~ 1~ 1~ ~O 2.5 

Collector Current (Ie) - Amps 

PT 9704 A Safe Operating Area Package Outline 

"'-
~ 

"", 
Tc = 75°C ~ 

5t I ~ ____ ~~~~ __ ~~]5 
1055 

T 
278 1_ 

286 CERAMIC CAP ..... ; t 
-+--L &1Q 

10 20 30 
-rT 650. 

Coliector·to·Emitter Voltage (VCE) - V MAX + NOM 
.05Q .060 j 

-t15 
145 

To convert inches to millimeters multiply by 2.54. 

Typical Application 
55 Watt UHF 28 V Power _Amplifier 

225-400 MHz 

55 Watts Min 

C 16 
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PT9700, 400 MHz TEST CIRCUIT 
C17a 0.9·7pFARCO,400 Vee 
C2 3·35pF ARCO #403 
CJ 30pF UNELCO 
C4 S 1000pF UNELCO 
C; 1 OOOIAF electrolytic 

Ll 1100p#22AWG,3/4" 
L? s 4 turns #22AWG, 0.1" 1.0. 
LJ 3 Ferrite beads 
L4 6 turns ~22AWG, 0.1" 1.0. 

AI 1 ohm, 1 /4 wall carbon resistor 

PT9701 Band PT9703B, 400 MHz TEST CIRCUIT 
Cl 3·35pF ARCO #403 
C? 10 0.9·7pF ARCO '400 
CJ9 10pF UNELCO Vee 
C45 30pF UNELCO 
CSt 1000pF UNELCO 
Ca 1 OOjAF electrolytic 
Cll 0·18pF ARCO #402 

Ls Output 
Ll #22AWG, 1/2" Input 
~ 2 4 turns #22~WG, 0.'1" 1.0. 
LJ 3 Ferrite beads 

~~~~-'~~~I~\--r~+--

L4 2 turns #22AWG, 0.1" 1.0. 
L5 #22AWG, 0.5" hairpin 
Ls 3 turns #22AWG, 0.1" 1.0. 

Rl 1 ohm, 1 /4 wall carbon resistor 

PT9702B and PT9704A, 400 MHz TEST CIRCUIT 
CU2 1.5·20pF ARCO #402 
C2 15pF UNELCO 
CJ 6.7 30pF UNELCO 
C49 1000pF UNELCO 
C5 1 OOjAF electro!ytic 
Ca 35pF UNELCO 
Cl013 0.9·7pF ARCO #400 
Cll 10pF UNELCO 

Ll 6 turns #22AWG, 1/8" 1.0. 
L2 #22AWG, 3/8" hairpin 
LJ 1/8" by 1 /4" strap 
L4 2 turns on resistor lead 
L~ 3 Ferrite beads 
Ls.7 2 turns #22AWG, 1/8" 1.0. 
La #22AWG,0.3" 

AI 1 ohm, 1/2 wall carbon resistor 

C 17 
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PT 9730 • PT 9732 ~ Pl9734 · PT 9731 · PT 9733 ... ~ ... ",,--
VHF Power Transistors 

-PT9730 4W -28 V 
-PT97328W -175 MHz 
-PT9734 15W 
- PT 9731 25 W 
- PT 9733 50 W 

The PT9730 VH F Series feature both high gain 
and high power, providing the desired power 
output with fewer devices. These power tran
sistors are ballasted for ruggedness and will 
withstand infinite VSWR at all phase angles. A 
unique emitter structure provides high gain with 

Electrical Characteristics (Tnlln,e 26 0 C) 

I ~ I () I (1"/\.1 [\( Itll I' 

BVeao Min. IE = 1 rnA 
Emitter - Base =.2 rnA 

Breakdown = 3 rnA 
= 4mA 
= 8mA 

BVCES Min. 
Ic = 50 rnA Collf'ctor - Emitter 

'iii 
Breakdown 

II) 
BVCEO Min. Ic = 25 rnA t-

u Collector - Emitter 
0, Breakdown 

ICES Max. 
Collector - Emitter 

VCE = 25 V 

Cutoff Current 

HFE Min. Ic = 500 rnA 
D.C Current Gain 

PGA1N Min. VCE = 28 V 
Power Gain 

F = 175 MHz 

II Min. VCE = 28 V 
'iii Collector Efficiency F = 175 MHz 
CD 
t-

VCE = 28 V ~ VSWR Mismatch Tolerance 
II: F = 175 MHz 

PSAT Min. VCE = 28 V 
Saturated Power Output 

wider emitter and base fingers resulting in high 
reliability. Ballast resistor design enables ope
ration at Class A, AB, and C. These rugged units 
are suitable for both narrow band and broadband 
VHF communications and instrumentation ser
vice. 

\ till (e 
II 1'1 II ,'I I \ J~ I 1 

I I ~ ) j'}. 1 

Ic =0 4 V 
4 

4 
4 

4 

VBE = 0 60 60 60 60 60 V 

IB = 0 35 35 35 35 35 V 

0.5 0.5 0.75 1 2 rnA 

VCE = 10V 20 20 20 20 20 -
0150 to 150 to 150 to 150 to 150 

Pin = 0.2 W 4 
Pin = 0.5 W 8 
p. = 1 W 15 W 
P:: = 2.5 W 25 
Pin = 10W 50 

Rated 60 60 60 60 60 % 
Output Power 

Rated 00 00 00 00 00 
Output Power 

F = 175 MHz 6 10 18 30 60 W 

COB Max. VCB = 28 V F = 1 MHz IE = 0 12 18 24 40 90 pF 
Collector - Base 

Capacitance 

Ic Continous Collector 
Current 

1 1.25 2.5 4 8 A 

Cl 

°C/W c: 
6j - C Thermal Resistance Tc = 25 °C 17.5 8.8 5.8 3.9 2.1 "! 

CD TSTG Storage Temperature and - 65 to + 200 °C a. 
0 Junction Temperature 

~ PD Power Dissipation Tc = 25 °C 10 20 30 45 85 ~ 

C 19 



PT 9730 - PT 9732 - PT 9734 - PT 9731 -PT 9733 

PT 9730 - 4 Watts 

E 
c§ 
I 

Power Output vs Power Input 

~--~----r---~28V-+----+----4 

24V 

20V 

f = 175MHz 

1Lo----o~.1---0~.2-·---0·.3----0·.4----0·.5----0~.6 
Power Input - Watts 

Series Input Impedance vs Frequency 
7 

-A 

-1 

-3 

-5 

----
jX 

I.--""'" ~ 

---~ Po = 4W 
Vcc =1 28V--

100 120 140 160 180 200 220 
Frequency - MHz 

1000 

I--

800 

I--

~ 

V- "' ~~ VCE = 5V 

20G 

t-

o 
o 0.1 0.2 0.3 0.4 0.5 

Collector Current (Ic) - Amps 

!B 
I 
c: .r;; 
t!) 

~ 
~ 

V> 

E 
« 

Power Gain vs Frequency 

16 
28V 
24V 

12 
20V 

Po=4W 

O~ __ ~ __ ~ __ ~ ____ ~ __ ~ __ ~ 
100 120 140 160 180 200 220 

Frequency - MHz 

Series Load Impedance vs Frequency 
60 

50 

f'...- r---..... .. J ............ A "'--
~ ~ r---...... jX 

----
~ 

40 

20 

Po = 4W 
Vcc 128V-

10 

o 
100 120 140 160 l80 200 220 

Frequency - MHz 

Safe Operating Area 

1.0 t-

~ 0.5 

I 0.2 1\ 
c: 
~ 0.1 

c..:> 

~ 0.05 
"0 
c..:> 

0.02 

0.01 

I-

Tf = 25°f 

1 10 20 50 100 
Coliector·to·Emitter Voltage (VCE) - V 

a 



PT 9730 - PT 9732 - PT 9734 - PT 9731 - PT 9733 

f"':. ?1 

P't 9732 - 8 Watts 

Power Output v. Power Input 
12r---~--~~--~--~----~--~ 

28V 

10 24V 

III 

~ 
:!= 20V 
I 

~. 
0 

; 
~ 

:J: 

13.5V 

f = 175MHz 

0~0--~0~.2--~0·.4--~0~.6--~0~.B----1~.0--~1.2 
Power Input - Watts 

Series Input Impedance v. Frequency 
7 

R 

L-- jX 

~ ...... ~ ~ Po =8W 

-1 

Vcc 12BV--3 

-5 
100 120 140 160 180 200 220 

Frequency - MHz 

1000 

l-

800 

f-

~ 600 

f-/ 
200 

f-

o 
o 

~ 
V ~ 

" 
VCE =5V 

0.2 0.4 0.6 O.B 1.0 
Collector Current (Ie) - Amps 

Power Gain v. Frequency 

20 

!g 
I 
c: 
'(ij 12 28V <!l ., 24V 

~ 20V 

Po = BW 

~~00~~12~0---1~4~0--~1~60~~1~80~~2~00~-2~20 
Frequency - MHz 

Series Load Impedance va Frequency 

E s 

60 

50 

40 

30 

20 

10 

o 

---
t--

r--r--.! ~ -R 

Po = 8W 
vcc =128V-

HIO 120 140 160 1BO 200 220 

10.0 

:g, 5.0 
E 
< 
I 
~ 2.0 
c: 
~ 
8 1.0 

~ '5 0.5 
c..:> 

0.2 

0.1 

Frequency ~ MHz 

Safe Operating Area 

~ 
Tc =1 25°C \ 

" I I 
2 5 10 20 50 100 

Coliector·to·Emitter Voltage (VcE) - V 



PT 9730 - PT 9732 - PT 9734 - PT 9731 - PT 9733 

PT 9734 - 15 Watts 

<f) 

~ 
I 

~ 
0 

~ 

E 
C§ 
I 

:I: 
:E 

Power Output vs Power Input 
26r---~--~----~--~--~--~ 

22 

28V 
18 

24V 

14 
20V 

10 

13.5V 

°0~--~~--~~~~--~----~--~1.5 

Power Input - Watts 

Series Input Impedance vs Freq'uency 
3 

R-

~ 
jX 

V V 
~ -1 

V 
Po = 15W 

vcc =(8V-
-2 

-3 
100 120 140 160 180 200 220 

Frequency - MHz 

100 0 

t- . 
800 

t-

~ 600 

>u 
c: 

!g 400 
f 

200 

o 

.... 

t--

t--

o 

V ........ 
~ 

/ VCE = 5V\ 

0.3 0.6 0.9 1.2 1.5 
Collector Current (Ie) - Amps 

Power Gain vs Frequency 
24 

20 

!i'5 
I 

c: 
'iij 
Cl 28V 
; 24V 
,£ 

20V 

Po = 15W 

0 
100 120 140 160 180 200 220 

Frequency - MHz 

Series Load Impedance vs Frequency 
30 

25 

20 

E 
C§ 
I 15 

,.;:j 

10 

o 

r--. r--.. ............ jX 

r---.. """"'--
R 

Po = 15W 
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PT 9730 - PT 9732 - PT 9734 - PT 9731 - PT 9733 

'" 
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PT 9731 - 25 Watt.s 

48 

40 

32 

24 

16 

P.ower: Output vs Power Input 
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0~0--'--~-~3--~-~-~ 

Power Inpui - Watts 
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PT 9730 - PT 9732 - PT 9734 - PT 9731 - PT 9733 

PT 9733 - 50 Watts 

Power Output vs Power Input 
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75 
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PT 9730 - PT 9732 - PT 9734 - PT 9731 - PT 9733 

TYPICAL APPLICATION 
90 Watt vti F 28 V Power Amplifier 

PT9733 

100mW 

PT9730 PT9731 

PT9733 

PT 9730 and PT 9732 175 MHz TEST CIRCUIT 

90 Watts ~in 
at 175MHz 

,...-:~-..... -------'"Y"'I'""'--...... -----l.I~--< Output 
Input >--~--..... --~'"Y"'\---t------H L2 

Cl 3-35pF ARCO #403 
C2.8 S-60pf ARCO #404 
C3 25pF UNELCO 
C. SOQpF UNELCO 
Cs 0.1 mF disc capacitor 
C6 5mF. 50V electrolytic 
C7 1.5-20pF ARCO #402 

Ca 

Rl 

Ll 1-1/2 iurns #20AWG. 1/S" 1.0. 
L2 4 turns #16AWG. 5/16" 1.0. 

Rl 10 ohms. 0.5W carbon resistor + 
RFCI. RFC3 560nH molded inductor 
RFC2 4700nH molded inductor 

JC6 
RFC4 1.000nH molded inductor +vcc 

PT 9734 175 MHz TEST CIRCUIT 

,-.~-...... -----.rvLV2 "'-----4-----i~C7---< Output 
Input >-----I,.IF---..... --nr

L1
"'--...... ---+I 

C2 

Ll 1/2 turn #16AWG. 3/S"1.0. 
Cl 3-35pF ARCO #403 L2 4 turns #16AWG. 3/S"I.0. 
C2 S-60pF ARCO #404 
C3 1 OOOpF UNELCO 
C. 0.01 mF disc capacitor 

Rl 15 ohms. O.SW carbon resistor 

RFCI 1 OOOnH molded inductor Cs 

+ 

Cs 5mF. 50V electrolytic RFC2 6 turns #16AWG. 3/S"1.0. 
CS.7 1.5·20p-F ARCO #402 RFC3 560nH molded inductor +Vcc 

C25 



PT 9730 - PT 9732 - PT 9734 - PT 9731 - PT 9733 

Input "':>---u:=---_+---.J 

C1.8 7·1 OOpF ARCO #423 
C2 8·60pF ARCO #404 
C3 90pF UNELCO 
C4 1 OOOpF UNELCO 
Cs 0.1 mF disc capacitor 
C6 5mF, 50V electrolytic 
C7 5·80pF ARCO #462 

PT 9731 175 MHz TEST CIRCUIT 

T"-___ ...... _oj,F_-< .Output 

L, 2 turns, 0.1" wide by 0.02" thick copper strip, 1/4" 1.0. 
L2 4 turns, 0.1" wide by 0.02" thick .copper strip, 1/4" 1.0. 

. R, 10 ohms, 0.5W carbon resistor 

RFC, 150nH molded inductor 
RFC2 1 O,OOOnH molded inductor 
RFC3 4 turns #16AWG, 5/16" 1.0. 

PT 9733 175 MHz TEST CIRCUIT 

Input >----=-C,-s.F--...... -rYY"'\.-+-.... ---H L2 
T"'-__ ..... _~ b-< Output 

C9 

C1.2.8 

C3 
C4 
Cs 
C6 
C7 
C9 

L, 

8·60pF ARCO #404 
150pF UNELCO 
500pF UNELCO 
0.1 mF disc capacitor 
5mF, 50V electrolytic 
5-80pF ARCO #462 
0.001 mF disc capacitor 

1 turn, 0.1" wide by 0.02" thick copper strip, 5/16" 1.0. 

L2 U-shaped copper strip, 0.1" wide by 0.02" wide thick, 
0.25" high by 0.675" long 

L3 1-1/2 turns, 0.1" wide by 0.02" thick copper strip, 5/16" 
1.0. 

R, 10 ohms, 0.5W carbon resistor 

RFC, 150nH molded inductor 
RFC2 1 O,OOOnH molded inductor 
RFC3 4 turns #16AWG, 5/16" 1.0. 

PACKAGE OUTLINE 

Isolated Stud 

0.750 
0.710 
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TP9386 

VHF Power Transistor 

-150W 
-100 . 175 MHz 
- High Gain 
- RF Power Transistor 
- Silicon 

The TP 9386 is designed for use in the new 
generation of VH F transmitters. It operates 
in class A, B or C from a 28 V supply. . 
Its construction, which now incorporates the 

Electrical Characteristics (Tcase 25 0 C) 

... ~.-. 
II'~.~ 

J~ 500 

new standard TRW process of gold metalli
sation and diffused ballast resistors, ensures 
a long operational life even when run at its 
maximum ratings. 

',YMHUl ( HAHACTFHI',IIC', IE S I CONDIT IONS MIN TYP MAX UNIT 

BVeBo Emitter - Base Breakdown IE = 20 mA 4 V 
Voltage 

BVCEO Collector - Emitter Ic = 50 mA 35 V 
Breakdown Voltage 

if 
Ic = 50 mA RBe = 10 Q 60 V I- BVCER Collector - Emitter 

0 Breakdown Voltage 0 

~VCBO Collector - Base Breakdown Ic = 50 mA 65 V 
Voltage 

hFE D.C Current Gain VCE = 5V Ic = 1 A 15 150 -

POUI 
Common Emitter Amplifier VeE = 28 V Icq = 50 mA 150 W 

output power F = 175 MHz Pin = 15 W 

! 
'ric Collector Efficiency VCE = 28 V Icq = 50 mA 60 % 

u. F = 175 MHz POUI = 150 W II: 

Cob Output Capacitance VCB = 28 V F = 1 MHz 150 pF 

Pd Maximum Power dissipation 250 W 

"iij 
Ie Maximum Co "ector Current 15 A E 

CD .s= 
I-

Rlbje Thermal resistance 0,7 °C/W 
Junction case 

~ ..... 
C27 



TP 9386 

TYPICAL POWER OUTPUT VERSUS POWER INPUT 

Pout 200 
(W) 

160 

120 

80 

40 

o 
o 

/ 
/11' 

V 
1/ 

J 

.4 6 

V ~ 

./ ~ 

/ 
~ 

12 16 

~ 

F:175MHz-r-
VCE:28V 
l<XI: SOmA- l--

1 

20. 2' _ Pin 
(W) 

TEST FIXTURE (Narrow band) 
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TP 9386 

Ie 

14A 

12 

10 

8 

6 

, 

o 

C29 

0 S 

COMPONENTS PART LIST 

C1 C2 

C3 

C4 

Cs C6 
C

7 
Ca ' 

C9 C10 

Cll Cll C14 C17 

C13 CiS e18 

C16 C19 

Ll 
L2 
L3 
L4 
Ls 
L6 
L7 
La 

R 

p 

0 1 O2 

Q1 

ARca 403 
30 pF 
ARCa 404 
80 pF 

. 100 pF 
ARCa 425 
1 000 pF 
10 nF 
47 f.LF 

(24-200 pF), 

2turnS -~inm 1 mm wire 
Hair pin Copper foi,l 15 x 3 mm 0,3 mm thick 

Ha'ir'pin Copper foil 12 x 5 mm 0,3 mm thick 

3 turns o 5mm 1,5 mm wire 
10 turns o 5mm 0,5 mm wire 

3 turns o 6mm 1,5 mm wire 

3 turns o 6mm 1,5 mm wire 
10 turns 1 mm wire on core (f.Li = 120) 

1,50 1/2 W 

5 KO 

IN 4007 

SO 135 

DC SAFE OPERATING AREA PACKAGE 

\ 

\ 
\ 
1\ 

\ Th=,7O-C 
I\. ." '" " ""'-

10 1S 20 25 30 ' 35 Volis Dimensions given in mm 

3.2 

4 
7 ,. 



TP 8388 

TYPICAL VALUES 

~ , " 'I' " 'J,"" I" ".1,' , , '.1.,' , , '.'." ".!,'" ~"~'.!.'J.'! ' "',~ l ~' , IU'l' ~ , J"" I" "1' , , , l' , I I 1"" I'''' ! " , , I' , , , ~ tr_ u_. 
~I" -.ac.. 01 S" t I: "I 1"0 ro C'O YO f'O " aJ t'O 6" I 

I I I 1III I II I1I1 I F Itlllill I I 11III11 II I 1 I t I I I I I I. I I IlIdllllltlldttltlllllllllll"lIltrIlIIlIlIIlIlLlld'HII."dlll.l"ullllllIlIdlllll'l1l1l1lll 

"" 361 

TP 9386 at 28 V 

100 MHz 
145 MHz 
175 MHz 

Icq 50 rnA 

Zin(O) 
0.43+jO.65 
0.40+jO.7 
O.29+jO.87 

. Pout 150 W 

Zout(O) 
2.88-j1.13 
2.88-j1.22 
3.16-j1.39 

G 
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TPM 401 

UHF Power Transistor 

-1 W 
-20V 
-100 . 400 MHz 
-16 dB Gain 
- Narrow Band 
- Gold Reliability 

The TM 401 is a NPN gold metallized transistor 
using diffused emitter ballast resistor design for 
operation in class A, B or C conditions. 

Electrical Characteristics (Tease 25 °C) 

BVEBO Emitter Base 
Breakdown Voltage 

IE = 0.3 mA 

BVCER Collector Emitter 
Breakdown Voltage 

RBE = 10 n 

BVCEO Collector Emitter Ic = 20 mA 
Breakdown Voltage 

BVcBO Collector Base Breakdown 
Voltage 

Ic = 1 mA 

ICBO Collector Base Leakage VCB = 28 V 

hFE DC Current Gain VCE = 5 V 

PG Power Gain Class A F = 400 MHz 
Broad Band IE = 200 mA 

PSal BroadBand Min Saturated F = 400 MHz 
Output Power Class A IE = 200 mA 

VSWR Mismatch Tolerance Fo = 400 MHz 
Ie = 220 mA 

Cob Collector Base Capacitance VCB = 24 V 

FT Cutoff Frequency VCE = 20 V 

Ic Maximum Collector Current 

6j .e Thermal Resistance Tease = 70 oC 
Junction Case 

PT Power Dissipation Tease = 25 oC 

TSTG Storage temperature 

TJ 
Junction temperature 

C31 

... ~.-. 1,1'." 

~ .. ~, .. "' .• , .• , .. " •.. 
~~~ 

280 SOE .• J 

The high gain reduces the need for complex 
broadband circuits and is ideally suited for 
100-400 M Hz broadband amplifier applications. 

3.5 V 

Ic = 20mA 50 V 

24 V 

45 V 

0.4 mA 

Ic = 100 mA 20 120 

VCE = 20 V 13 dB 
Po =.5 W 

VCE = 20 V 
1.3 W 

VCE = 20 V 
P

OUI 
= 1.0 WCW 00 

F = 1 MHz 5 pF 

IE = 200 mA 2.2 GHz 

0.7 A 

20 °C/W 

8.75 W 

-65 + 200 °C 



TPM 401 

V CE 20 V - Ic = 200 rnA - Class A 

POLAR S-PARAMETERS IN 50 OHM SYSTEM 

F S 11 S 21 S12 S 22 

MHz Magn Anglo Magn· AnglO Magn Anglo Magn Anglo 

100 MHz 0.67 2030 12.6 1120 0.037 320 0.41 - 900 

200 MHz 0.78 1860 7.6 930 0.042 31 0 0.33 -1220 

300 MHz 0.79 1830 5.5 82.50 0.047 300 0.34 -1350 

400 MHz 0.78 1700 4.21 720 0.053 300 0.34 -1370 

500 MHz 0.76 1650 3.39 660 0.061 350 0.33 -1380 
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TPM 401 

100-400 MHz AMPLIFIER PERFORMANCES 

Class· A 20 V 200 mA 

Small Signal Gain Variation I nput and Output VSWR 

dB 

16 

15 

14 

13 

C33 

Pout 
1.5 
W 

5 

......... 

100 

20 V 200 mA 

~ 
~ ""'- ---

-4 
dB 

-6 

-8 

-10 

-12 

-14 

200 300 

-16 
400 dB 0 
MHz 

Pout vs Pin 

Fo = 400 MHz 

20 V 200 rnA 

OUTPUT 

INPUT 

100 

50 100 150 200mW 

20V 

200 SOO 

Package 

.280S0E 

200mA 

400 
MHz 



TPM 401 

1· W - 100-400 MHz Class A AMPLIFIER 

C1 = 1-9 pF variable RTC 
C2 = 8.2 pF RTC C 330 
C3 = 2 x 2.2 pF RTC C 632 
C4 = 10 nF RTC C 331 
Cs = C10 = 1 nF C 331 
C6 = C9 = 1 nF by-pass 
C7 = Cs = 10 [J.F 25 V 

Rl = 150 carbon composition 
R2 = 3000 carbon composition 
R3 = 4 x 3.90 1/4W 
Carbon composition 

Ll = J\. t 5 mm wire 5/10 mm 
5 mm 

L2 = 4 turns 10 4 mm wire 5/10 mm 

R1 =1101/2W 
R2 = 5000 
R3 = 2200 
R4 = 4.7 kO 

Rs = 220 

Bias Circuit 

V supply 

c 

G 
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TPM 405 

UHF Power Transistor 

-sw 
- 400 MHz 
-16dB Gain 
-, Gold Reliability 

The TPM 405 is a NPN gold metallized transistor 
using diffused emitter ballast resistors for opera
tion at class A. AB and C. 

Its high gain reduces the complexity of the broad-

Electrical Characteristics (Tease 25 OC) 

Emitter Base 'E = 0.5 mA 
Breakdown Voltage 

Collector Emitter Ic = 40 mA 
Breakdown Voltage 

Collector Base Ic = 2 mA 
Breakdown Voltage 

ICBO Collector Base Leakage VCB = 28 V 

hFE DC Current G"in VCE = 5 V 

PGA1N Power Gain Class AB VCF = 24 V 
Fo = 400 MHz 

'I) Min Collector Efficiency VCE = 24 V 
Fo = 400 MHz 

VSWR Mismatch Tolerance VCE = 24 V 
Fo = 400 MHz 

PSAT Min Saturated Power VCE = 24 V 
output 'Q = 50 mA 

Cob Collector Base Capacitance VCB = 24 V 

Ic Maximum Collector Current 

aJ•c Thermal Resistance Tease = 70°C 
Junction Case 

TSTO Storage and Junction 
Tj , Temperature 

C35 

band stages and make the TPM 405 ideal for 
100-400 M Hz applications. 

A 100-400 MHz push-pull amplifier is described 
in the two last pages of this data sheet. 

3.5 V 

RBE = 10 n 50 V 

45 V 

0.450 mA 

Ic = 200 mA 20 120 

Pout = 5 W 16 dB 
IQ = 50 mA 

Pout = 5 W 50 % 
IQ = 50 mA 

Pout = 3 W 
IQ = 50 mA 

Fo = 400 MHz 7 W 

F = 1 MHz 7 pF 

1.4 A 

9.5 °C/W 

-65°C + 200 °C 



TPM 405 

CLASS A - VeE 20 V - Ie 440 mA - Small Signal 

POLAR S-PARAMETERS IN 

F S 11 

MHz Magn AnglO 

100 MHz 0.871 190 

200 MHz 0.902 182 

300 MHz 0.907 178 

400 MHz 0.902 175 

500 MHz 0.905 175 

Large Signal Impedances 

Class AB 

Pout = 5 W 

(1,5 - J 1) ohm 

Magn 

6.130 

4.9 

3.35 

2.66 

2.21 

S 21 

Anglo 

108 

90 

80 

72 

71 

IQ = 50 mA 

VeE = 20 V 

50 OHM SYSTEM 

S12 S 22 

Magn AsglO Magn 

0.028 17 0.537 

.03 18 0.562 

0.033 20 0.562 

0.035 22 0.562 

0.034 30 .540 

Fo = 400 MHz 

(15,5 - J 21,4) ohm 

G 
Anglo 

205 

191 

189 

188 

192 
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TPM 405 

PUSH-PULL PERFORMANCE 

Pout va Frequency Pout va Pin 

P-______ ~------~--------~------~1SWp_--~--~--~--~----~--~~~--.. 1 
V~ 

2dB,~------_+----__ --+-------_+------~ 
le'1

7
2AV 

1dB;~ ______ ~ ________ +-______ -+ ______ --i 10W~ __ ~ __ -+ __ ~~ __ +-~~ __ ~ ____ ~~ 

V
"'le=~A 

Fo F 400 r Hz o 
odB = 12 W 

. .-\ 

5 WI-----+--J/t--+-__ +-__ _+-----f----+----'-__ ~ 
V 

-- ~ ~ 
-1d~~------~--------+-~~--~.I~------~ 

Pin = 800 mW VeE = 20 Volts Ve = 20 \ olts 

V IQ = 2 x bs mA 
~2d~~------~~------~--------~------~ IQ 2 x 2p mA 

100 MHz 200 300 400 MHz 

Input Return Loss 

~12dB~ ______ _+--------+_-------+------__i 

r-, /~ 
·-18dB~------_+--.~\----~~-----+------~ 

"'-V 
--24d6L-______ ~ ________ ~ ______ ~ ______ ~ 

100 MHz 200 rv'!Hz 300 MHz 400 MHz 

C37 

200 400 600 800 1 W 1.2 1.4 W Pin 

PACKAGE 

.280 SOE 

45'~fc~ 
~ 41 l 1'~ 

·fl 005 ~ ,--. 

NOM L-LI ia 1-
=h ~ ~ ~ itk 

11:.-r-.~-1..a -~ -#r -We- ._ .050 ~ .= 8.32 NC 2A _ MAX 

WRENCH FLAT I 
-I ~ -ill 145 



TPM 405 

PUSH-PULL AMPLIFIER 100-400 MHz 

1= 200 mm 

IN o--e=.50 n 
--_1 

,)" RG 188 AjU 

+ 20 volts 

L1 : 1/2 turn f\ ~ 5 mm 5/10 mm 

5mm 

L2 : 6 turns 03 mm 5/10 mm 
L3: 25.Q line 2 % Ag at 400 MHz 

. L4 : Moiled coil .47 fLF 
Ls: Moiled coil 4.7 fLH 
L6: 17 turns 03 mm 5/10 mm 

C1 : 27 pF C 300 RTC with 12 mm leads 
C2 : C7 = 10 nF chip 
C3 : 27 pF ATC 100 A 
C4 : 2 x 1.3 pF ATC 100 A 
C6 : C10 = 10 nF RTC C 331 
Cs : Cg = 1 nF + 10 nF + 0.1 fLF + 10 fLF decoupling 

Rl = 10.Q 1/4 W carbon 
R2 = 4 x 1 .Q 1/4 W carbon 
R3 = R4. = 300.Q 1/4 W carbon 

50 n ---l""'" OUT 

I I 1 D + 20 volts 

II! . 

C38 
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TPM 425 

UHF Power Transistor 

·25W 
• 400 MHz 
• 9dB Gain 
• Gold Reliability 

The TPM 425 is a high gain UHF transistor 
which has been specially designed for use in 
100-400 M Hz broadband amplifiers. 
Its construction utilizes the new standard, gold 

Electrical Characteristics (Tease = 25°C) 

... ~.-. I" •• 

~
"" 
"""""", ':':Ill.", •. , ' 

280 SOE 

metallization and diffused emitter ballast resistors, 
allowing class A, B or C operation and a high 
degree of ruggedability. 

',YMBOl i CHAHAC TE HI', TICS TFST CONDlfiONS MIN TYP Mt\X I UNI f 

BVEBO Emitter - Base Breakdown 
Voltage 

IE = 3 mA 4 V 

BVCEO Collector - Emitter IE = 20 mA 25 V 
~ Breakdown Voltage (J) 
w 
~ 

U 
0 

BVCBO Collector - Base Breakdown Ic = 10 mA 45 V 
Voltage 

HFE D.C Current Gain VCE = 20 V Ic = 500 mA 10 

Pout Power Output VCE = 24 V 
Pin = 3 W 

Fo = 400 MHz 25 W 

~ 'Y)c Collector Efficiency VCE = 24 V Fo = 400 MHz 60 70 % 
(J) Pout = 25 W w 
~ • 
u.. 
II: 

COB Collector - Base Capacitance VCE = 24 V F = 1 MHz 20 pF 

Ic Maximum Collector Current 2 A 

°J-C Thermal Resistance Tease = 25 °C 5 °CjW 
-I , Junction - Case « 
~ 
a:: 
w 
:I: 

TSTGr Storage Temperature ~ 
-65 + 200 °C 

~ 
TJ Junction Temperature 

~ 
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TPM 421 

FREa. 
MHz 

100 

200 

300 

400 

500 

Fo = 400 MHz 

LI = 50 ohm line 
L2 = 22 ohm line. 3 %)."g at 400 MHz 
L3 = 30 ohm line 0.5 %)."g at 400 MHz 
L4 = 30 ohm line 1 %)."g at 400 MHz 
Ls = 50 ohm line 5.5 %)."g at 400 MHz 
L6 = 50 ohm line 3.5 %)."g at 400 MHz 

L7 =2turns-ID7mm-wire1 mm 
La = 0.68 (LH - Molded - RFC 

C1 = C2 = 18 pF - ATC -100 A 
C3 = C4 = 10 pF - ATC -100 A 
Cs = AT 5501 - 1-20 pF - Tekelec 
C6 = C'i = AT 5601 - 1 -30 pF - Tekelec 
Cs = C9 = 1 nF 
C10 = 1 nF + 10 nF + .1 (LF + 10 (LF Decoupling. 

POLAR S-PARAMETERS 50 OHM SYSTEM 

S 11 S 21 S 12 

Magn Anglo Magn Anglo Magn 

0.957 181 3.89 99 0.019 

0.957 178 1.97 95 0.019 

0.957 176 1.29 75 0.025 

0.957 174 1.06 68 0.032 

0.957 . 172 0.86 63 0.035 

VeE = 25 V Ie = 850 mA 

G 

S 22 

Anglo Magn Angl 

35 0.707 . 190 

45 0.724 186 

45 0.741 184 

50 0.749 184 

57 0.746 183 
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TPM 4040 

-40W 
-28 V 
- 30 - 4OO.MHz 
- RF Power 
- Push-Pull Transistor 
- NPN Silicon 

The TPM 4040 is an internally matched transistor 
on a push-pull package specially designed for 
multioctave bandwith high gain and power 
applications. Its internal matching and package 
configuration lead to high input and output 
impedances. 

Electrical Characteristics (Tcase 25 oe) 

MRP7 Push-pull package. 

Multicell die design and ultra thin beryllium 
oxide header allow optimum heat dissipation and 
operating efficiency. Long term reliability and 
ruggeoness are garanteed by diffused silicon bal
last resistors and the TRW gold metallization 
process. 

I SYMBOL CHARACTERISTICS TEST CONDITIONS 
i 

MIN TYP MAX UNIT 

-- ~ - -~ 

BVIlBO Emetter - Base Breakdown 
Voltage 

'E = 6 mA 4 V 

BVCEO Collector - Emitter Ic = 40 mA 30 V 

! Breakdown Voltage 

0 
0 

BVCBO Collector - Base Breakdown 
Voltage 

Ic = 20 mA 45 V 

HFE D.C. Current Gain VCE = 20 Ic = 500mA 10 -

Po RF Power Gain VCE = 28 V 10 dB 

lJc Collector Efficiency F = 400 MHz 50 % 

! 
u.. VSWR Mismatch Tolerance Pout = 40 W 

"-
00 -a: 

Icq = 2 X 50 mA 

COB Collector - Base Capacitance 
(Each Side) 

VCR = 28 V F = 1 MHz 20 pF 

alC Thermal Resistance To case = 70 °C 2 °C/W 
jij Junction Case 
E a; 

s::. 
r-

...... Po Power dissipated To case = 70 °C 65 W~ 
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TPM 4040 

100·400 MHz 40 W AMPLIFIER (CI ••• AB) 

G 
C' L.J L9 Col 2. 

B ~ ...... __ -..,J 

C18,l J;C19 

Typical Pout vs Pin, F 

i-- ./ 
L.--- r-........ 

V ............ 
i'--V "- Pin .::.4\lr1 

so 

40 

V-'" / 
V--

'" "" p;"='2.~ "-

30 

V-~ .-/' V --...... An :.IWI -fO 

\(c£=-~" 

'I.cct=-'OOIl'lA 

o 
_~_ft 

100 
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TPM 4040 

C43 

COMPONENTS PART LIST 

Cl, C6, Cu 39 pF chip capacitor 
C2 3.9 pF chip capacitor 
C3, C IO, ClS' ClS, C21 , C23 = 1000 pF chip capacitor 
C4 , Cu , Cl6, Ct9, C22, C24 = 15 nF chip capacitor 
Cs 22 pF chip capacitor 
C7 68 pF chip capacitor 
Cs 15 pF chip capacitor 
C2S , C26 " 10 nF ceramic disc capacitor 
Cl4 10 (J.F/ 5 V Electrolytic capacitor 
C l3 = 100 (J.F/40 V Electrolic capacitor 
C9 , C13, C t7 , C20 = 0.1 (J.F Tantal 

Lt , L9 = 100 mm, 50 ohms teflon coaxial cable 
Li, L3 = hair pin L = 17 mm, 0.8 mm wire 
L4 , Ls = 6 mm X 3mm line on substrate 
L6 , Ls = hair pin L = 12 mm, 0.8 mm wire 
L7 = 3 turns 0 5 mm, 0.8 mm wire 
L lO, Lu, Lu = 15 turns 0 3 mm 0.5 mm craneled wire 
Lt3 = 6 turns 0 5 mm 1.2 mm wire 

Rt = 1.2 K ohms 1/2 W 
R2 = 15 ohms 1/2 W 
R3, R4 = 1 K ohms 1/4 W 

= 1 N 4007 or equivalent 

= B 0 135 or equivalent 

Substrate: teflon glass 1/50" 

COMPONENTS LAYOUT 

\ 

- - - - - = grounding '0'\ 



· . ~1 TPM 4040 

PRINTED CIRCUIT BOARD 

-- ---- --
I I 

PACKAGE 

10.1 

19 

TRW 
UU~OLI\UX 

FI'lANCE 
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TPM 4130 

Push-Pull Transistor 

-130W 
-28 V 
- 225 - 400 MHz 
- RF Power 
- Push-Pull Transistor 
- NPN Silicon 

The TPM 4130 is an internally matched 
transistor on a push-pull package specially 
designed for multioctave bandwidth high 
power applications. Its internal matching and 
package configuration lead to high input and 
output impedances. Multicell die design and 

Electrical Characteristics (T CASE = 25 0 C) 

Emitter - Base IE = 5 mA 
Breakdown Voltage 

BVcEO Collector - Emitter Ic = 50mA 
Breakdown Voltage 

BVcso Collector - Base 
Breakdown Voltage 

Ic = 100 mA 

Push-pull package 

ultra thin beryllium oxide header allow optimum 
heat dissipation and operating efficiency. Long 
term reliability and ruggedness are garanteed 
by diffused silicon ballast resistors and the 
TRW gold metallization process. 

HFE D.C. Current Gain V CE = 5 V, Ic = 1 A 20 150 

PG Power Gain VCE = 28 V, POUT = 130 W 
F, = 400 MHz 

7,2 dB 

'Ic Collector Efficiency VCE = 28 V, POUT = 130 W 
F = 400 MHz 60 

Cos Collector Base Vce = 28 V, F = 1 MHz 60 70 pF 
Capacitance (each side) 

Po Maximal Total Dissipation tc = 25°C 210 W 

Ic Maximal Collector 10 A 
(each side) 

RTH Thermal Resistance 
Junction - Case 

T-Case = 60°C 0.85 °C/w 
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I TPM 4130 

TYPICAL PERFORMANCE 

200 

~'50 

~ 

.... 
:::> 
"-
.... ,00 
:::> 
o 

50 

POWER OUTPUT VS POWER INPUT 

v 
V 24V 

/' ---/ V 
/V / /' 

7/V' 

/;/ 
IV 

II Class C 
F = 400MHz 

10 20 30 40 

POWER INPUT Watts 

MTTF Faelor VS Tj 

~ "I 1 I I I 
I- Dlvideby IC\ooblaln melal lifetime 
l- \.. (I C tolal) in hour. 

~ '~ ~ 
l-

I r'\. 
F "-
~ ~~ i-

~ " ~ 
-

1.10~ 
70 90 110 1:Kl 150 170 190 210 

Junclion Temperalure '1:: 

GAIN VS FREQUENCY 

18 

16 

14 

12 

III 
'to 10 

!!: 
8 ... 

CJ 

~ - ~ ---,--~ -....... 
I~ - r--. --== ~.-.. 7 '" 

P.oul: 100W 

200 300 400 

FREQUENCY MHz 

EFFICIENCY VS FREQUENCY 
100 

90 

80 

1·-t-- V r--I--- --.. 70 

60 

50 

40 

30 

20 P.oul ,,-i30T-
Vee: 28V 

10 

200 300 400 

FREQUENCY MHz 
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TPM 4130 

IN 

C47 

L, = L4 
L2 L3 
L4 = Ls 

SCHEMATIC TPM 4130 

cc 

R 

R 

30 mm 50 {} teflon' coaxial cable soldered on L2 and L'2' 
24 mm x 1,5 mm on substrate. 
6 x 2,5 mm on substrate. 

C2 
I-0UT 

La 
La 

hair pin made with 24 mm of 5 mm wire (as close to the collectors as possible). 
0.1 uH. 

L'D = L" = 8 x 1,5 mm on substrate. 
L'2 = L'3 = 30 mm x 2,5 mm on substrate. 

Substrate teflon-glass 1/16". (e, = 2.55). 

C, ATC 1008 39pF capacitors. 
C2 ATC 1008 27pF capacitors. 
C 3 ATe 1008 47pF capacitor. 
C4 A TC 1008 33pF capacitor. 
Cs Electrolytic capacitor 10 p,F 63V. 
Ce Chip capacitor 100 nf. 
C7 A TC 1008 22pF capacitor. 
5, Inductor 0.8 mm wire 3.6 mm id. 
52 Inductor 0,5 mm wire 24 mm long. 
53 Inductor 1 p,H. 
R Resistor 10{}± 10 % 1/4 W. 
L, Microstrip lines 28.5 mm x 1.5 mm. 
L2 Micr,Ostrip lines 30 mm x 2.5 mm. 
L3 Microstrip lines 11 mm x 2.5 mm. 
L4 Microstrip lines 12 mm x 2 mm. 

Teflon coaxial 50 {} 0 1.8 mm 27.5 mm. 
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PRODUCT SUM-MARY 

PART NUMBER CLASS POWER LIN." GAIN PACKAGE PAGE 
fY{) (dB) (dB) 

FMBAND II 
88·108 MHz 

TP 9380 C 75 - 10 SOE 500F D2 
TP 9383 C 150 - 9 SOE 500F D5 

TV BAND III 
170·230 MHz 

TPV 394 A 5 -58 15 SOE 280 D9 
TPV 364 A 10 -54 10 SOE 380 013 
TPV 375 A 14 -55 8.5 SOE 500 017 
TPV 385 A 14 -53 14 J0500 021 
TPV 376 A 30 -53 7.5 SOE 500 023 
TPV 3100 A 30 -52 14 MRP7 027 
TPV 3100 AB 100 1 11 MRP7 030 

TV BAND IV·V 
470·860 MHz 

TPV 590 A 0.250 -60 14 SOE 200 033 
TPV 591 A 0.5 -60 13 SOE 200 037 
TPV 596 A 0.5 -60 12 SOE 280 041 
TPV 597. A 1 -60 11 SOE 280 045 
TPV 593 A 2 -60 8.5 SOE 280 049 
TPV 598 A 4 -60 7 SOE 280 053 
TPV 595A A 8 -58 8.5 BMA2 055 
TPV 5051 AB 50 1 6 BMA2 061 

ATV 5030 A 20 -51 7.5 ATV 065 
ATV 5080 AB 80 1 6 ATV 069 

TPVA 5060 A 50 -51 17 TPVA 073 

* Linearity specification 

- Devices in Class A : 3 TON ES TEST PRef 

SOUND - 7 dB TRW Document 
VISION - 8 dB} 

SIDEBANO -17 dB ,N° 05001 

- Devices, in Class AB : GAIN COMPRESSION 

D1 



TP9380 

FM Power Transistor 

-75W 
-28 V 
-108 MHz 
- High Gain 
- RF Power Transistor 
- NPN Silicon 

The TP 9380 is designed for use in the new 
generation of VHF-FM broadcast transmitters 
operating from a 28 V supply in class A, B 
or C. 

Electrical Characteristics (Tease = 25 °C) 

CHARACTERISTICS 

Emitter - Base Breakdown 
Voltage 

Collector - Emitter 
Breakdown Voltage 

BVcER Collector - Emitter 
Breakdown Voltage 

avCBO Collector - Base Breakdown 
Voltage 

HFE DC Current Gain 

PG RF Power Gain 

"'Ie Collector Efficiency 

COB Output Capacitance 

VSWR Mismatch Tolerance 
(All phases) 

Ic Maximum Collector Current 

6je Thermal Resistance 
Junction Case 

~eR ihermal Resistance 
Case Heatsink 

Ps Power Dissipated 

TSTG Storage and Junction 
. Temperature 

Its construction, which now incorporates the 
new standard TRW process of gold metalliza
tion and diffused ballast resistors, ensures a 
long operational life even when run at its 
maximum ratings. 

35 

60 

65 

20 150 

75 

70 75 

85 

4: 1 

10 

1.5 

0.25 

100 

02 



TP 9380 

TYPICAL POWER OUTPUT V8 POWER INPUT 

03 

Output Power 

W 100 

80 

60 

~ 

40 W 
fi" 

) V 
,~ 

20 

o ·1 2 

MTTF FACTOR V8 Tj 

~ 
i\. 

~ ." ~ 

1\ f-
f-

~ I'" ~ 
~ r-

~ ~ 
r 

'" f-

110 150 190 

JONCTION TEMPERATURE °C 

DIVIDE BY le2 TO OBTAIN METAL 
LIFETIME IN HOURS 

F::88M~ 

/ ~L 

L ~~ 

~ 

3 4 5 

..-V ..... ~ 
V ~ ~ 
V" 
F = 108 MHz 

VCE = 28 V 

6 

R 

U 

1.5 

1 

0.5 

R 

n 
7 

6 

5 

7 8 9 10 W 

Input Power 

SERIES INPUT IMPEDANCE 
V8 FREQUENCY· 

VCE = 28 V 

Pout = 75 W. 

r--_ R 

JX 

n 
+ 1 

- + 0.5 

------~ ~ ~ 

90 100 

FREQUENCY MHz 

SERIES LOAD IMPEDANCE 
V8 FREQUENCY 

o 

110 

r---~----~---------r----,JX 
n 

I--__ +-___ ~...;.;;;;.....,.---__ ,.....:::;;__I + 1.5 

1---+--.......i~--+---t----1 + 0.5 

90 100 

FREQUENCY MHz 

110 



L-_T_P_·9_~ ______________________________________________________________ ~I· 

88-108. MHz NARROW BAND TEST FIXTURE 

Arco 425 Vatiable capacitor (24 - 200 pF). 
Arco 425 Variable capacitor (24 - 200 pF). 
60 pF UNELCO. 
60 pF UNELCO (108 MHz) .. 
100 pF UNELCO (88 MHz). 
330 pF chip capacitor (closed to the transistor). 
330 pF chip capacitor (closed to the transistor). 
40 pF UNELCO. 
40 pF UNELCO (108 MHz). 
80 pF UNELCO (88 MHz). 
Arco 423 variable capacitor (7 - 100 pF). 
Arco 425 variable capacitor (24 - 200 pF). 
1 000 pF UNELCO. 
1 000 pF UNELCO. 
0.1 fLF disc capacitor. 
100 fLFi'40 V capacitor. 
10 nF disc capacit9r. 

3 turns 10 = 6 mm 1 ·mm wire. 
« Hair pin» made with a 1.4 mm wire L = 15 mm 

c~ 

« Hair pin» made with a 2 mm wire L = 20 mm for 108 MHz. 
« Hair pin» made with a 2 mm wire L = 30 mm for 88 MHz. 
3 turns 10 = 8 mm 1.4 mm wire. 
0.7 fLH chocke. 
6 turns 10 = 6 mm 1.2 mm wire L = 15 mm. 
4 turns 1.2 mm wire on fertite. 

Use an ultra flat heatsink. 

Use a few ofsilicon thermal 
grease. 

PACKAGE 
500 SOE F 

730 
720 

19~ C,ERAMIC 

~ /CAP 070. 

1-0---.. -E;=J ~ 
I· I:: ::.:;-,-

gg~ 15 
OA5 

D4 



TP9383 

.1 

FM Power Transistor 

-150 W - NPN Silicon 
- 28 V 
-108 MHz 

'- High Gain 
- RF Power Transistor 

The TP 9383 is designed for use in the new 
generation of VHF-FM broadcast trasmitters 
operating from a 28 V supply in class A, 8, or C. 

Electrical Characteristics (Te •• e 25 0 C) 

BVEBO Emitter Base 
Breakdown Voltage 

BVCEO Collector Emitter 
Breakdown Voltage 

.... 
en 

Collector Emitter w BVCER .... 
u Breakdown Voltage 
0 

BVCBO Collector Base 
Breakdown Voltage 

hFE DC current gain 

Pout Commun Emitter Amplifier 
output power 

llc Collector Efficiency 

In 
w .... 
LI-
a: 

Cob Output Capacitance 

VSWR Voltage Standing 
wave Ratio 

Thermal Resistance 

05 

500 SOE F 

Its. construction, which now incorporates the 
new standard TRW process of gold metallization 
and diffused ballast resistors, ensures a long· 
operational life even when run at its maximum 
ratings. 

25 

55 

60 

20 150 

150 

70 .75 

150 

00 

4: 1 

0,75 
0,9 

0,15 



TP 9383 

Absolute Maximum Ratings 

Emitter Base Voltage 

Collector Emitter Voltage 

Collector Base Voltage 

Collector Current 

Total device power dissipation tease = 25°C 

Storage and junction temperature 

TP 9383 
500 SOE Flange 

Use ultra flat heatsink. Make Stud hole as small as possible. 
Use a few of silicon grease. 

vEB 4V 

VCE 35 V 

VCB 60V 

Ic 16 A 

Pd 150 W 

TSTG - 65 to + 200°C 

06 



TP 9383 

Power Output vs Power Input 
200 

w 

100 

Ih 
IA ~ 

I~~ 

o 

. MTTF factor vs Tj 

~~ , 
\ -

1.108 

E " ~' ~ 

1.109 

:: 1'\ ~ 
~ f-

~ 1"'-~ 

1.107 

t-
1.106 

70 110 150 190 

Junctipn temperatu're - °C 

Divide by Ic2 to obtain metal lifetime in hours. 

07 

~ 
~ ~ ~ ~ 

~~ V I/. ~1 
..... ~ ~ ()'O 

/. ~ , 
V tE " 28'" 

10 20 

Power Input - W 

R 
n 

1,5 

0,5 

R 
n 

4,2 

4 

3,8 

I""""" 

R 

:""1--' I-

30 

Series I nput Impedance 
vs frequency 

VCE = 28 V 

Pout = 150W 

~ 
~ 

~ 
X 

-
"".". ~ 

90 100 

Frequency - MHz 

Series load impedance 
vs frequency 

VCE = 28 V 

Pout = 150W 

90 100 

Frequency - MHz 

110 

110 

JX 
n 

+ 1 

+ 0,5 

o 

JX 
n 

0 

-1 

-2 

-3 



TP 9383 

Test circuit 88-108 MHz 

Narrow band 

C1 ARCO 425 Variable capacitor 24-.200 pF 
C2 ARCO 425 . 

C3 150pFUNELCO . 
C4 470 pF Chip capacitor (very close to the transistor) ATe 
Cs 470 pF Chip capacitor (very close to the transistor) ATC 
C6 300 pF UNELCO 
C7 ARCO 425 
Cs ARCO 425 
C9 1000 pF UNELCO 
C10 1000 pF UNELCO 
Cll 10000 pF 
Cll 0.1 !LF 
C 13 1 00 !LF / 40 V electrolytic 

Ll 3 turns 6 mm 10 1.2 mm wire 
L2 2 cm wire 1.2 mm n (hair pin) 
L3 1.2 cm wire 1.2 mm Q(hair pin) 
L4 3 turns 6 mm 10 1:2 mm wire 
Ls 6 turns 8 mm ID 1.5 mm wire 
L6 6 turns 1.5 mm wire on ferrite core 
L7 10!LF chocke 
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TPV 394 

VHF Linear Transistor 

• 5 W at · 58 dB IMD 
• 16 dB Gain 
• TV Transposer and Transmitter 
• Band 3 

The TPV 394 is a NPN gold metallized transistor 
using diffused ballast resistors for super linea
rity. This transistor is designed for medium 
power band 3 TV transposers. The TPV 394 

Electrical Characteristics (T CASE 25 0 C) 

BVCEO Collector - Emitter 

1;; Breakdown Voltage 
Q) 
~ BVCER Collector - Emitter 
() Breakdown Voltage c 

Intermodulation Distortion -
3 Tone 

Vision Carrier = 
IMD 1 Reference -

Sound Carrier = 
Reference -

Sideband Carrier = 
Reference - 16 dB 

1;; 

~ IMD2 Idem 
u.. 
a: 

PG Power Gain 

VSWR Mismatch Tolerance 

09 

is used in the output stage of 10 W transposers 
or in the driver stages of higher power transpo
sers and transmitters. Its exceptional high gain 
reduces the complexity of driver stages. 

30 

55 

15 16 

00 



TPV 394 

POUT Power Out vs Power In 
30WArT_T_S ______ -. __________ .-________ ~--------~ 

20 

10 

o 

veE = 28 Volts 
Ie = 1A 
F = 225 MHz 

L-____ ~ __ ~--________ L_ ________ ~ ________ ~P IN 

o· 0.25 0.5 0.75 1 WATT 

Intermodulation Distortion vs Power Out 
65 DB IMD 

1\ 
~ veE = 28 Volts 

~ 
Ie = 1 A 
F = 225 MHz 

~ 

~ 
~ 

2.5 5 7.5 10 WATTS 

010 



TPV 394 

Ic 

5A 

4 

3 

2 

o 
5 

011 

Safe Operating Area 

\ T Heatsink = 1.o°c 

~ 
~ 
'~ 
~ 

Thermal Resistance Junction Heatsink 
vs Temperatur\l of Junction for Various 
Power's Dissipated 

5°CAN~ ______ ~~ ______ ~~ ______ ~~ __ ~ 

2 ~ ______ ~~ ______ ~~ ________ ~ __ ~ 

50 100 150 200°C T Junction 

10 15 20 25 30 VOLTS VCE 

Large Signal Impedances vs Frequency 

VCE = 28 V - Ic = 1 A 



TPV 394 

TEST CIRCUIT AT F 225 MHz 

V BIAS 

Lines are printed on G 10 epoxy glass material 

C14 ARCO 403 
C2 ' ARCO 404 
C3 ARCO 423 
Ll 1 turn 1/2 1.0. = 5 mm 
L2 RFC 10 turns 1.0. = 5 mm 
L3 1.5 mm shaped : 

V CE 

CLASS A BIAS CIRCUIT 

Package Outline 

5,60 

To convert inches to millimeters multiply by 2.54. 

,-:\ OCT 

V SUPPLY 

V CE 

V BIAS 

012 



TPV 364 

VHF Linear Transistor 

• 10 W at . 55 dB IMD 
• 10 dB Gain 
• TV Transposer and Transmitter 
• Band 3 

The TPV 364 is a NPN gold metallized transistor 
using diffused ballast resistors for super linearity. 
This transistor is designed for high power band 3 
TV transposers and transmitters. 

D 13 

Collector - Emitter 
Breakdown Voltage 

Collector - Emitter 
Breakdown Voltage 

Intermodulation Distortion -
3 Tone 

Vision Carrier = 
Reference -

Sound Carrier = 
Reference -

Sideband Carrier = 
Reference - 16 dB 

Idem 

The TPV 364 is used in the final stages of 20 W 
transposers or in the driver stages of 100 W plus 
transposers and transmitters. Its high gain allows 
to reduce the complexity of lower power stages. 

-65 



TPV 364 

P OUT WATTS Power Input vs Power Output 

50 

40 

30 

20 

10 

o 

20 

15 

10 

5 

o 

v / 
/ REAL 

/ k::: -

V V 
/. 

V veE = 25 Volts 
Ie = 1.6A 
F = 225 MHZ 

/ 

V 
o 2 3 4 5 

IMD vs Peak Sync Output Power 
PEAK Sync OUTPUT POWER WATTS 

PIN 

6 WATTS 

I 
/ 

/ 
V 

V VeE = 25 Volts 
Ie = 1.6 A 
F = 225 MHZ 

65 .60 55 50 DB IMD 
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TPV 364 

015 

MTTF Factor vs TJ 

11 
>< 
~ 

::z:: 
I 
~ 1x10·~---r--~----~--4----+----~~ 

~ 
I:: 
~ 

1x107~---r--~----~--4---~~--~~ 

1x10·~ __ ~ __ ~~ __ ~ __ ~ __ ~ ____ ~~ 
70 90 110 130 150 170 190 210 

Junction Temperature - °C 

Safe Operating Area 

lOA 

I Collector -, 
8 

6 

4 

2 

o 
o 5 

T Heatsink = 70°C 
\ 1 I. T 

'\ 
~ 
"~ 

r--
~ n 

10 15 20 25 30 

VCE 

35 Volts 

Large Signal Impedances vs Frequency 

o 

0,4 

VCE = 25V 
IC = 1.6A 
Pout = 15 W peak 



TPV 364 

TEST CIRCUIT FOR 225 MHz 

V BIAS V CE 

C9 

C10 C11 

r I 

C! ARCO 403 
CZ6 ARCO 404 
Cs' ARCO 423 
C37 chip capacitor 470 pF 
C4' UNELCO-capacitor 80 pF 
CS,!O UNELCO-capacitor 1000 pF 
C9 ,!! 100 flF electrolytic - 63 V 

R 4.7 ohms - 1/2 W 

380 SOE 

rs·00
60

: I 
__ , --.l 

E I I E 4 Leads 
'- I 0.225 Nom 

Note: All dimensions '- 038;-1 
shown are in 
Inches. 

0.370 

Isolated Stud 

0.750 
0.710 

L! 

Lz 
L3 
L6 

Ls 
L4 

L5 

L6 

~ -:-. \_'1 

C6 :c 
1.5 turns closely wound - Cu wire 1 mm -
1.0.5 mm 

1\ 2.5 cm - 50 ohms line ~V10 length of the base lead 
Cu wire 1.5 mm c 10 ~ 

3 cm - 50 ohms line 
5 turns closely wound - Cu wire 8 mm - 1.0. 
5 mm 

BIAS CIRCUIT 

V supply 

3X 

5.6U 

5W 

VeE 

.... JV1~ .. VBIAS 

D 16 
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TPV 375 

VHF Linear Transistor 

• 20 W at . 51 dB IMD 
• 14 W at . 55 dB IMD 
• High Saturation Power 
• TV Transposer and Transmitter 
• Band 3 

The TPV 375 is a NPN gold metallized transistor 
using diffused ballast resistors for super linea
rity. The TPV 375 is specifically designed for 
high power band 3. TV transposers and 
transmitters amplifiers. Due to its high satu-

Electrical Characteristics (T CASE 25 °C) 

BVCEO Collector - Emitter 

ti 
Breakdown Voltage 

Q) 
I- BVCER Collector -' Emitter u Breakdown Voltage 0 

Intermodulation Distortion -
3 Tone 

Vision Carrier = 
IMD 1 Reference -

Sound Carrier = 
Reference -

Sideband Carrier = 
Reference - 16 dB 

ti 
Q) 

IMD 2 Idem I-
u.. 
a: 

Po Power Gain 

VSWR Mismatch Tolerance 

017 

ration power (over 70 watts), the TPV 375 
shows good linearity characteristics at powers 
over 25 W. This performance allows to build a 
50 W transposer using 2 TPV 375 in parallel 
with linearity correction circuit. 

35 

60 

65 

-55 

-51 

8 9 

00 



TPV 375 

Power Output vs Power Input Pout 

60Wr---r---r--.---.---.---.---.~-.--~ 

~,,/V 
50r-~r-~---+---r--~ o~·~--~--~~ 

V ~E~ ___ V 
40r---r---r-~--~--~~~~~~+---~~ 

30 I---+-~~~-+V---+----+---+---I 
20r--4~~~~~~--~--4---+-_F-+F~2~2_5~M_H~Z 

V V e =2 V 

/ Ic=2.5A 
10r---~~r-~---+---+---+--~--~--~ 

2 3 4 5 6 7 

Intermodulation Distortion vs 
Peak Sync Power 

8 

P.OUT Sync WATTS 
25 

VCE= 28Vots II 
IC = 2.5 A 

T h.s = 70°C 
F vision = 225 MHZ 

P in 

9w 

20~ ____ -4 ______ ~ _____ ~/ __ __ 

I ~al 
15r-________ r-______ ~I~~----Typ--iCi~----~ 

10~/ --+-----< 
V 

5/ 
O~ ______ ~L_ ______ ~ ________ ~ ____ ~ 

_65 _50 DB IMD 

GAIN DB Power Gain vs Frequency 

20r-r------,---------.---------r----~ 

15 ~~ 

Ic 

IC = 2,5 A 

VCE = 28 Vc ts 

~ 
~TypiCal 

10~-------+--------~1----~ __ ~~ __ ~ 
~ 

5~ ______ ~ ________ _L ________ L... __ ~ 

50 100 150 

Safe Operating Area 

200 MHZ 
FREQUENCY 

12Ar----r---. __ --,---~----r_--~--_. 

10~ __ ~-r~----;_--_+----~--~--~ 

\ 

T I-jeatsinl 70°C 

8~--+-~~--~--_+--_4--~~~ 

6~~-+~~~~-4--+-~ 
4r--r~--~~~~~-+--~~ 
2r--+--+--+--~~--~~--~~H_~ 

'------L. __ --lL-__ -L-__ --L ____ L... __ --LL----l Vee 
5 10 15 20 25 30 35 V 
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TPV 375 

D 19 

Large signal Impedances vs Frequency 

VCE '= 28 V - Ic = 2.5 A 

1! 
)( 

vi 
::l: 

MTTF Factor vs Tj 

1 X109~--~-J~~--~----~--~----+----f 

I J 1 x10· 

u.. ::: 
::E 

1 X107~---+----+----+----+---~~--+----i 

1 X1 O' ~_~ __ ~_~~~~-~:--~:!-;:-'"""::~ 
70 90 110 130 150 170 190 210 

Junction Temperature - °C 
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TPV 375 

TEST CIRCUIT FOR F 225 MHz 

V BIAS 

C11 

C3 
L1 

fAL.J~~~~ 
\,,!!!Ji 

N 50 OHM. 

ARCO 403 
ARCO 404 
chip capacitor 470 pF 
UNELCO 80 pF 
ARCO 423 
UNELCO 1000 pF 
470 f.LF electrolytic 
10 nF 

PACKAGE OUTLINE 

.500S0E 

~. 
1Q6~l 1055 

~
150" C 

4~ 
, -.-L 

4 LEADS 2~9 

---T 
. ;;8 DIA 

V CE 

l4 

. 

OUT:O OHM 
C6 r-r

-:o.. 

l e7 

Ll 1.5 turns closely wound. Cu wire 0.7 mm 1.0. 
4.5 min 

L2 2.1 cm - 50 ohms - line 
L3 length of the base lead 
L4 Cu wire 1.6 mm 

Ls 3.5 cm - 50 ohms line 

A 

10v../"L 
<8> 

L6 4 turns closely wound Cu wire 0.8 mm 1.0. 
4.5 mm 

BIAS CIRCUIT 

V supply 

3X 

5.6u 

5W 

VeE 

'-'11\1_ VBIAS 

020 



TPV 385 

UHF Linear Transistor 

- 14 W at . 53 dB 
-14 dB Gain 
- TV Transposer and Transmitter 
- Band 3 J¢ 500 

The TPV 385 is a NPN gold metallized transistor 
using diffused ballast resistors for super linearity. 
The TPV 385 is specifically designed for high power 
band '" TV transposers and transmitters amplifiers. 
Due to its very high gain, the number of transistors 
per line-up is reduced. 

,Its internal matching makes easier a band III broad
band circuit. 

Electrical Characteristics (Tease = 25 oC) 

BVEBO Emitter - Base Breakdown IE =10mA 4 V 
Voltage 

BVCEO Collector - Emitter. 
Breakdown Voltage 

Ic = 50 mA 35 V 

= .... 
0 BVqlR Colleclor - Emitter Ic = 50 mA RBE = 10 60 V 
0 Breakdown Voltage 

BVCBO Collector - Base Breakdown Ic = 50 mA 65 V 
Voltage 

HFE D.C Current Gain VCE = 5 V Ic = 1 A 20 100 

IMD Intermodulation TRW DOCUMENT 01001 
Distortion 3 tone 
vision -- 8 dB Fo = 225 MHz 
sound - 7 dB VCE = 28 V -53 dB 
sideband = -16dB IE = 2.5 A 

1ii 
GI 
I-

Po Power Gain Ll-
ce 

PREF = 14W 14 15 dB 

VSWR Mismatch Tolerance 00 

COB Collector - Base Capacita VCB = 30 V F = 1 MHz 65 85 pF 

Ic Maximum Collector Current 10 A 

iii 6JC Thermal Resistance Tease = 70 oC 1.5 °C/W 
E 
ID Junction Case 
~ 
I-

TSTO Storage Temperature - 65 + 200 °C 

D 21 



L-T_P_V __ 3_8_5 ____________________________________________________________ ..J1 

TEST CIRCUIT FOR 225 MHz CLASS A 

C1 = C6 = ARCO 404 
C2 = Cs = ARCO 423 
C3 = C4 = UNELCO 80 pF 
C7 = 1 nF + 47 nF 
Cs = C9 = 1 nF + 0.1 [LF + 47 [LF 

II = 2 turns - I D 6 mm - wire 1 mm 
Ll = 1 turn - I D 10 mm - wire 1 mm 
L2 = 6 turns - I D 6 mm - wire .6 mm 
l3 = base inductance PAD - L = 10 mm W = 5 mm 
Ls = 1 turn - I D 6 mm - wire 1.5 mm 
L6 = 2 turns on ferrite core - wire 1.5 mm 

J-Zero-C 
Package Outline 

-j 
250 
DIA 
I 117 DIA 

980 (2 HOLES) 

L 
~~~E-~ C ~ 155 

CERAMIC ..• 735-1 CAP 500 010 
. 1_ 450 _I r .005 

'DIA • 

Fq:-+-.l~ 
--1-[. " : ; I 100 160 

I "~~rf~~K .) TT j....----..: 725 

r------.-------e---oV supply 
33Ot'\. 3xS.6n 

sw 

470 
VeE 

4.7K t--~w---o BIAS 
4.7 

022 



TPV 376 

UHF Linear Transistor 

• 30 W at . 53 dB IMD 
• 8 dB Gain 
• Class A or AB 
• Band 3 

TPV 376 is a gt)ld metallized NPN silicon tran
si~tor using high value diffuse.d emitter b:Jllast 
resistors. It is packaged in a low thermal resistance 
hea~er. A combination of state of the art die 
mounting technique and on-line 100 percent 

Electrical Characteristics (T CASE 25°C) 

BVCEO Collector - Emitter 
ti Breakdown Voltage 
~ 

BVcER Collector - Emitter 
U Breakdown Voltage 
0 

BVCBO 

Intermodulation Distortion -
3 Tone 

Vision Carrier = 
Reference -

Sound Carrier = 
Reference -

Sideband = 
Reference - 16 dB 

Power Gain 

Mismatch Tolerance 

023 

500 SOE 
%" Stud 

thermal resistance testing ensures unsurpassed 
Inng term reliability. The above features make 
TPV 376 the highest Power transistor available 
for class A and class AB band 3 TV trans
mitters and transposers applications. 

35 

60 

7.5 8 

00 

, 



TPV 376 

P ou 
80W 

70 

60 

50 

40 

30 

0 

0 

T 

.L 

~ 
'0 2 

Pout vs Pin at 225 MHz 

veE = 8V / Ie = .5A 

L 

L 
V 

I' 
L 

L 
V 

/ 
V 

/ 

4 6 8 10 12 14 

L ~ 

18 18 
PiN 

W 
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TPV 376 

POUT sync Pout va IMD 

50W 

40 

veE = 2 ~V V Ie = 3 .SA 

Fo = 2 25 MHz y 
/ 

/ 
V 

V 
fI' 

~ 

30 

20 

10 

60 58 50dl 
IMD 

56 54 52 

I coHee. ~o ... Safe Operating Area 

18A 

16 

~ 
Temp heatsink = 70° ~ 

'~ 

" 
14 

12 

10 

8 

6 "" ! 

~ 4 

2 

2 5 10 15 20 30 40 Vo\t.s '4 c. E 
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TPV 376 

Large Signal Zout Zin 

026 



TPV3100 --~ ... 
II"WW 

VHF Linear Power Transistor 

- Band 3 '- Class A· AB 
-TV Transmitter - Push·Pull Transistor 
- High Gain 

TPV 3100 is a gold metallized N PN silicon 
push-pull transistor packaged on a very low 
thermal resistance header. 
The use of high value diffused emitter ballast 
resistors, state of the art die mounting 

technology and 100, % mechanical thermal arid 
electrical test ensures long term reliability. This 
devide combines very high gain, easy circuit 
design, ruggedness and linearity. 

,BVEBO Emitter - Base 
Breakdown Voltage I 

BVCEO Collector - Emitter 
Breakdown Voltage 

BVCER Collector - Emitter 
Breakdown Voltage 

BVcBO Collector Base 
Breakdown Voltage 

HFE DC Current Gain 

PG Power Gain 

IMD Intermodulation 
Dist. 3 tones 

VSWR Mismatch Tolerance 

POUT Output Power Class AB 
1 dB Gain Compression 

COB Collector Base Capacitance 
Each side 

Ic Maximum Collector 
Each side 

8Jc DC Thermal Resistance 
Junction Case 

TSTG Storage temperature 

027 

It is an ideal candidate for VHF Band III vision 
and/or sound amplifiers. 

Ic = 5mA 3.5 V 

Ic = 50 mA 35 V 

Ic = 50 mA 60 V 
RBE = 15 Ohms 

Ic = 50 mA 65 V 

VCE = 28 V, Ic = 0.5 A 20 150 

VCE = 28 V, Ic = 4A2x2.25A 14 dB 

F = 22oMHz(-8, -7, -16 dB Tonesl -51 dB 

Pref = 28 W 00 

VCE = 28 V, F ;: 225 MHz 100 W 
10 = 2x 100 mA 

VCB = 28 V, F = 1 MHz 60 pF 

8 A 

TCASE = 70 DC 0.8 DC/W 

-65 +200 DC 



TPV 3100· 

TYPICAL VALUES CLASS A 

If1D 
(DB 

-60 

-50 

-40 

IMD vs OUTPUT POWER 

VCE=28 V 

" Ic=2x2.2S ~ 

"~ Fo=225 MHZ 
TCASE=70°c 

~ 
............ 
~ -..... r--

10 20 30 POUT 
U~ REF) 

It1D: 3 TONES (-8 -7 -16DB) 

LARGE SIGNAL IMPEDANCES 

Fo(f1HZ) ZI N (OHMS) ZLOAD ( OHf"1S ) 

170 1+JO.6 14.5+JIO 

200 .9+Jl 12.5+J7 

230 1.2+J2 10.5+J8.2 

NOTES: VCE=2fJV Ic=2x2.25 A 

ZIN: VALUES FOR OPTIMUM INPUT 
RETURN LOSS. 

ZLOAD:VALUES FOR BEST IMD AT 
28 \~ REF. 

POUT OUTPUT POWER Vs INPUT POWER(cw) 
(W) 

60 -
50 

40 

30 

20 

10 

o 

/ 
V 

) 

V 
1 

/ 
~ 

V 
/ 

VCE=28 V 
Ic=2x2.25 A 
Fo=225 r~HZ 
TCASE=70°c 

2 3 

PACKAGE OUTLI NE 

10.1 

f--

PIN 
(.~~ ) 

028 



TPV 3100 

TBST PIXURB CLASS A OPBRATION 

C11~ ~c,e 

Vee 

L" La 80 mm teflon coaxial cable 50 
ohms 

L21 L7 80 mm feflon coaxial cable 25 
ohms 

L, 25 mm line W = 1.5 mm on ~~-" 

substrate 
L4 5 mm line W= 1.5 mm on 

substrate 
L& 5 turns dia 5 mm - 0.8 mm wire -

L = 5 mm 
La 33 mm line W = 2 mm en 

substrate 
La 10 turns dia 3 mm - 0.5 mm wire 

C" C2 4700 pF chip capacitor 
C71 Cs 4700 pF chip capacitor 
C3 68 pF chip capacitor 
C4 100 pF chip capacitor 
C& 220 pF + 22 pF chip capacitor 
Cs 33 pFchip capacitor 
CSI C" 1000 pF+10 nF +0.1 p.F chip 

capacitor 
C,o 1000 p.F 5 V 
C'2 1000 p.F 6 V +V supply 
C'31 C'4 0.1 p.F chip capacitor substrate 

teflon-glass 1/50 inch. 

BIASING Vee 

CIRCUIT 

Vbb 
lOnF 

029 



TPV 3100 

LARGE SIGNAL IMPEDANCES 

CLASS AB 

FREQUENCY Z· ZLoad 
(MHz) (i!),n (.0) 

170 1.25 + j 0.5 10 + j 10 

200 0.9 + j 0.9 9.5 + j 7 
-.----

230 1 + j 2 6.5 + j 6.5 

NOTES: Vu; = 28 Volts 14 = 2 x 100 mA Pout = 100 W 

- Zin values to get optimum input return loss 

- ZLoa<l values to get optimum output power and efficiency 

Package Outline MTTF vs Junction Temperature 

10.1 

1 • 10' a::--+-~-+---+---+---+---+--....... 

19 

1.10'~ __ .. ____ ~ __ ~ __ ~ ____ .. ____ ~ ... 

70 90 110 1:J) 150170 190210 

Junct ion Temperature_·C 

030 



I TPV 3100 

Pout 
140W 

130 

120 

110 

100 

90 

80 

10 

60 

~J.~ 
~,..,.~ 

'J~ 

~f -' 
r ~ 

't\$~-
~ ~. 
~,..,. 

Typical Performance. Cia •• AB 

-----~ -1 ~--.. \I. I .1 
~"28V 
~-

r--...~ G= 10.9 dB 

~~--~i""""""" r-----. 
~------ II 

~I~ ... 35 
~, 

~! ............ 
~ - ~ ~ ~6' 

I~ 1""---, 

G= 12.6 dB 

T heatsink = 30·C I q=2.100mA 

50 I 

170 180 

15 -
70 

~ 

65 ----........ -60 

------55 

170 180 

031 

I I I 

190 200 210 220 

Collector Efficiency v. Frequency 

-t -. 
I 

~. -
-- ---.- --j---~-- --I -----L_ 

] -r--I--1-- --
190 200 210 220 

I 

230 MHz 

120W 28V 

--, 100W 28 V 

1-_. 120 W 35 V 

--~ 100W 35 V 

230MHz 



TPV 3100 

170-230 MHz BROADBAND AMPLIFIER CLASS AB 

330n 
LI = L9 = 50 ohms coaxial 1 = 80 mm 
L2 = L3 = Ls = 25 ohms coaxial cable or semi-rigid 1 = 80 mm 
L4 = 40 ohms line 2.5 % of Ag 225 MHz or 1 = 23 mm sub 1/50 inch teflon glass 
Ls = 40 ohms line 65 % Ag 225 MHz or 1 = 6 mm 
L6 = 3 turns 10 4 mm wire 1 mm 0 leads 5 mm long 
L7 = 40 line 3.5 % Ag 225 MHz or 1 = 32 mm 1/50 teflon glass 
L10 = 11 turns 10 4 mm wire 1 mm 0 
LII = .22 fJ-H molded inductor 

C1 = 68 pF ATC 1008 
C2 = 100 pF ATC 1008 
C3 = 220 pF ATC 1008 
Cs = 27 pF + 33 pF ATC 100A 
C6 = C7 = 1 nF + 10 nF + .1 fJ-F + ELECTROLYTIC 

L4 has to be adjusted for Gain 
L6 and L7 have to be adjusted for the best lead 

Components Layout 

MNV\N denotes grounding fo 

032 



·TPV590 

UHF Linear Transistor 

Iii 
w 
~ 

() 
0 

~ 
II) 
w 
~ 

u.. 
II: 

..J 
c( 

:E 
II: 
w 
:z: 
~ 

• 0.25 W . Band 5 
• 14 dB Gain at 880 MHz 
• Gold Reliability 
• TV Transposer 

The TPV 590 is a NPN gold metallized transistor 
using emitter ballast resistors for super linearity. 
The fine chip geometry gives typical gain in 
excess of 14 dB at 860 MHz. 

BVEBO Emitter Base 
Breakdown Voltage 

BVCEO Collector Emitter 
Breakdown Voltage 

BVCBO Collector Base 
Breakdown Voltage 

BVCER Collector Emitter 
Breakdown Voltage 

ICBO Collector Cutoff Current 

HFE DC C:Jrrent Gain 

IMD Intermodulation Distortion 
- 8 dB - 16 dB - 7 dB 

PG Power Gain 

VSWR Mismatch Tolerance 

Cob Collector Base Capacitance 

FT Cutoff Frequency 

Ic Maximum Collector 
Current 

6JF Thermal Resistance 
Junction Heatsink 

TJ Max Junction and Storage 

TSTG Temper 

033 

.200 SOE 

These characteristics make TPV 590 an ideal 
candidate for very efficient low power stages in 
UHF transposers applications. 

24 

45 

50 

0.25 

20 120 

-60 -68 

14 14.5 

00 

3 

3 

.4 
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TPV &90 

TPV 590 VCE 20 V Ic 100 mA 

POLAR S-PARAMETERS IN 50 OHM SYSTEM 

F S 11 S 21 S12 S 22 

MHz Magn Anglo Magn AnglO Magn AnglO Magn Anglo 

100 MHz 0.613 2260 17.78 1260 0.0199 35 0 0.530 320 0 

200 MHz 0.732 2030 12.88 1030 0.028 33 0 0.316 305 0 

300 MHz 0.767 192.50 9.22 930 0.029 33 0 0.266 2970 

400 MHz 0.767 1850 6.91 840 0.033 330 0.266 2950 

500 MHz 0.754 179.50 5.16 79 0 0.033 380 0.266 3000 

600 MHz 0.776 1740 4.67 720 0.035 420 0.237 3000 

700 MHz 0.776 1700 4.02 66 0 0.039 430 0.237 2900 

800 MHz 0.767 1670 3.34 61 0 0.044 440 0.266 2850 

900 MHz 0.767 1630 3.16 56 0 0.047 440 0.237 2900 

1 GHz 0.776 1600 2.786 52 0 0.053 450 0.266 2800 



TPV &90 

Power Output vs Power Input MTTF Factor vs Junction Temperature 

Pout .... -.,..-""'t""-.....,--..... - ...... -...,.-.....,,........... 10
6 

~---..... ----,....---""'t""---.., 
mW) hRS x le2 ~ 

~ 

600 

~ 
,..,-. 

~ 
r 

105 

400 

/' ~ 

/ 
/ 

fo 

/ 104 

I 20V : 
-

200 / 75 mA 
103 

'I ~ 

.j 860 MHz -
~ 

V f-

Pin 
102 

10 20 30 40mW 60 

DC - Safe - Operating Area 
,Ie (mA) 

~------~------~--------~------~------~ 

400 ~=-.... ~ ...... ~-------t-------,-------1 

I\, T. h .... ;"k • 71l'C . 300~~1"~ 

200 t-----.-.--I---"t---"'~~ 
~~ 

~~ ~------~------~~------~------~~----~~ 

~ ____ ~ ____ ~ _____ ~ ______ ~~~.~~~ VeE 

5 10 15 20 25 Volts 

100 140 180 220°C 

Junction temperature 

Package 



TPV &90 

VeE 20 V Ie 75 mA Fo 

H 
Cs 

CI3 CIl CII 100 n 
VBE o-..--_-_t---.... 

ll: 50 n line 1= 10 % 1.9 at 860 MHz 
l2: 100 n line I = 12 % 1.9 at 860 MHz 
l3: 50 n line I = 7 % 1.9 at 860 MHz 
l ... : 120 n line I = 10 % 1.9 at 860 MHz 
ls: 6 turns 10 3 mm wire .5 mm 
l6: 6 turns 10 3 mm wire .5 mm 

C l = C2 = C l ... = variable AIRTRONIC C max 4.7 pF AT 7275 
C3 = C ... = ATC chip 10 pF 
Cs = 680 pF ATC chip 
C6 = Cll = 1 nF 
C, = Cll = 10 nF 
Ca = 10 fJ.F 63 V 
Cll = 10 fJ.F 25 V 
C9 = CIO = 1 nF chip 

C6 

L3 

8&0 MHz 

VeE 

C7 C. 

J--e OUT 

20 n 
V supply o-...... - ..... ~""-........ --o VeE 

C = 1 tJ.F + .1 tJ.F 

+ 10 nF 

C 

Bias Circuit 

2 N 2904 

22 n 

036 
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TPV 591 

UH'F Linear Transistor 

I-
(I) 
w 
I-
u.. 
a: 

..J 
c( 
:e 
a: 
w 
X 
I-

',-

- 0.5 W Band 5 
-14 dB Gain at 860 MHz 
- High Efficiency 
- Gold Reliability 
- TV Transposer 

The TPV 591 is a NPN gold metallized transistor 
using diffused emitter ballast resistors. 

The sophisticated chip geometry allows the 
TPV 591 to expand the gain-efficiency frontier. 

Collector - Emitter 
Breakdown Voltage 

Emitter - Base Breakdown 
Voltage 

Collector - Base Breakdown 
Voltage 

leBo Collector Cutoff Current 

HFE Forward Current Transfer 
Ratio 

IMD Intermodulation Distortion 
- 8 dB, - 16 dB, - 7 dB 

PG Power Gain 

VSWR Mismatch tolerance 

FT Cutoff Frequency 

COB Collector - Base 

Ie Maximum Collector Current 

6JF Thermal Resistance 
Junction - Heatsink 

TJ Maximum Junction and 
TSTG Storage Temperature 

037 

... ~ ... 
,I," •• 

200 SOE 

Its characteristics make the TPV 591 the best 
device available for very efficient low power 
stages in UHF transposers applications. 

50 

3.5 

45 

0.5 

20 120 

-60 -58 

13 14 

00 

3 
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TPV &91 

VeE = 20 V Ie = 150 rnA 

POLAR S-PARAMETERS IN 50 OHM SYSTEM 

F S 11 S 21 S 12 S 22 

MHz Magn Anglo Magn Anglo Magn Anglo Magn AnglO 

, 

100 0.733 190 13.8 117 0.025 27 0.365 280 

200 0.841 187 8.13 100 0.028 27 0.266 241 

300 0.861 181 5.62 88 0.033 27 0.266 241 

400 0.861 177 4.27 79 0.035 30 0.282 225 

500 0.861 173 3.47 72 0.040 36 0.282 225 
~ 

600 0.865 169 2.82 68 0.045 36 0.282 218 

\ 

700 0.865 167 2.44 61 0.045 37 0.316 214 

800 0.866 163 2.15 54 0.050 40 0.316 216 

860 0.866 162 2.03 54 0.050 43 0.331 218 

900 0.866 160 1.94 52 0.053 44 0.331 217 

1 000 0.876 158 1.66 46 0.056 44 0.376 214 

038 



TPV &91 

Power Output V8 Power Input MTTF Factor V8 Junction Temperature 

1.6W 
Pout 

1.4 

1.2 

1W 

.8 

.6 

.4 

.2 

V 

IcmA 

800 

600 

400 

200 

039 

V 
/ 

/ 

10 20 

5 

10' 
to Has)( Ic2 

~ 
.---

./ 
V 1,--.: 

/ 
V f'" " /' ~eE = 20 V 

/ 
Ie = 150 m~ 

f" ~ t-

~~ 
Fo = 860 ~ Hz 

30 40 50 60 70 1400 1600 1800 

Junction Temperature 

D.C Safe Operating Area 

, Package 

~ 
THeat<;r = 70 °C 

.200 SOE STUD 

"" ~ 
"" ~ 

I I I 

10 15 20 

VCE 

24 25 volts 

~ 

200 0 C 



'I~m I 
~---------------------------~. 

Fo = 860 MHz - VCE = 20 V - Ic = 150 rnA 

C8 

H 
C9 

~'i)U' ... I-l.-I....---oO V CE 

ChOker! ! 
CI0 

IN 

C1 = C6 = 1 nF 

L4 

L3 C6· 

'----5 91-C7tJ 
C2 = C7 = Variable Airtronic AT 7285 - max. 2.5 pF 
C. = ATC 100 A 10 pF 
Cs = ATC 100 A 6.8 pF + 4.7 pF 
Cs = 1 nF 
Cg = C10 = 1 nF + 10nF + 10(.LF 

Choke: 8 turns -106 mm - wire .5 mm 

LI = 50Iine-I=10%)"gat860MHz 
L2 = 50 line -I = 5 %)"g at 860 MHz 
L3 = 80 line - 1 = 13 % )"g at 860 MHz 
L. = 100 line - 1 = 8 % )"g at 860 MHz 

Vsupply 

BIAS CIRCUIT 
C = 

InF + 10nF 
+ 10 uF 

Ion 

Si 

20n 

2N 2904 

OUT 

040 



TPV 596 ... ~.-. I', •• 
UHF Linear Transistor 

-0.5 W Band 5 
- MATV 1.5 V 
- 860 MHz 
-12 dB Gain 
- Gold Reliability 
- TV Transposer 

The TPV 596 is a NPN gold metallized transistor 
using diffused emitter ballast resistors for super 
linearity. The chip design using microwave tech
niques provides more than 12 dB gain at 860 MHz 
thereby reducing the complexity of the lower am-

'".¢""'~. ",'\rili,"'" ~< , " TfIl'II "'., , ..;; .;.~ 
280 SOE " ' 

plifier stages. The TPV 596 is specifically designed 
for very high output 1.5 volt MATV amplifier 
up to 860 MHz and 500 mW band 5 TV trans'
posers stages. 

Electrical Characteristics (Tnaole 25 oC) 

IMD 1 

041 

Intermodulation Distortion -
3 Tone 

Vision Carrier = 
Reference - 8 dB 

Sound Carrier = 
Reference - 7 dB 

Sideband Carrier = 
Reference - 16 dB 

Idem 

Power Gain 

Mismatch Tolerance 

Junction Temperature 

Ie;: 20 mA 

Ie = 20 rnA RBE = 10 ohms 

F=860MHz 
VCE = 20 V IE = 0.22 A 
PREF =1 W 

TRW DOCUMENT 08001 

F = 860 MHz VCE = 20 Y IE = 0.22 A 
PREF = 0.5 W 

F = 860 MHz VeE = 20 V IE = 0.22 A 
PREF = 0.5 W 

24 v 

50 v 

45 v 

-50 dB 

- 60 . -58 dB 

11.5 12 dB 

co 

-65 



TPV 596 

Pout 
3W 

2.5 

2 

1.5 

Power Output vs Power Input 

/,L 
V REAL 

/ ----~ V --
/ 

/ 
~ 

/ F = 860 MHz 

/ Vee = 20V 
Ie = 220 mA 

.5 

V 
o 20 40 60 80 100 120 140 mW P in 

LARGE SIGNAL IMPEDANCES 

Vce .,., 20 v 
Ic = 220 mA 
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TPV 596 

~ 
.~ .... 

.... 
-
-

0.1 = = --- Divi 

- too .... 
_u 

= -
~ 

0.01 

,g 
--

... e 
~ 

f-~ 
0.001 

80. 

I, 

.SA 

.6 

.2 
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MTTF FACTOR v. 
JUNCTION TEMPERATURE 

". \ 
'" " 1'\ 

~ aM ~Fb '1. 2 

tain ~atal fa ,,~ 
"-

" 
100 120 140 160 180 

JUNCTION TEMPERATURE - °C 

DC-SAFE OPERATING AREA 

T hoatsink ~ 

'" ~ 
~ r---

, 
12 16 20 

" '" 
200 

170·C 

veE 

24 Volts 

I 



TPV 596 

l~ 

TEST CIRCUIT AT 860 MHz 

V 3lAS V CE 

L = 6 turns 10 = 1,rom Wire diameter = 0.6 mm 

The lengths are given for F = 860 MHz 

Package Outline 

_t_ 
t 

525 

~ ____ ~~t,. __ ~-,J5 
1055 

T 
t 

610 

T 
246 _ + 
254 }lg 

V Suppl 

c 

CLASS A BIAS CIRCUIT 

20-25 V 
R4 

RI 1 kohm 
R2 330 ohm 
R3 4.7 kohm 

To convert inches to millimeters multiply by 254 R4 10 ohm 1/2 W 
Rs 50 ohm 

OUT 

veE 

V BIAS 

C 1 00 F + 1 0 n F + 1 n F 

G 
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TPV 597 

UHF Linear Transistor 

-1 W 
-11 dB Gain 
- Gold ReUablllty 
- TV Transposer 
- Band 5 

The TPV 597 is a NPN gold metallized transistor 
using diffused emitter ballast resistors for super 
linearity. The chip design using microwave tech
niques provides more than 11 dB gain at 860 MHz 

Ele~rical Characteristics (Tnan •• 2& OC) 

Collector - Emitter 
Breakdown Voltage 

Ie = 40 mA 

Collector - Emitter 
Breakdown Voltage 

Ie = 40 mA 

Ie =2 mA 

Intermodulation Distortion - F = 860 MHz 
3 Tone VeE = 20 V 

Vision Carrier = PREF = 1 W 
IMD 1 Reference - 8dB 

Sou nd Carrier = 

~
",:"."."./' .... , .....• n"., ..... !!11 \' "filii " 

Ii,:; ':1',. ' ., -:~ :": l~:'~ 

280 SOE 

thereby reducing the complexity of. the lower 
amplifier stages. The TPV 597 is specifically desi
gned for 1 W - band & - TV transposers 
stages. 

24 V 

RBE = 10 ohms 50 I V 

45 V 

IE = 0.44 A 
-60 -58 dB 

Reference - 7 dB TRW DOCUMENT 01001 
Sideband Carrier = 

Reference - 1 6 dB 

Idem F = 860 MHz VeE = 20 V IE = 0.44 A -51 dB 
PKEF' = 2 W 

Power Gain F" 860 MHz 
PREF '" 1 W 

VeE'" 20 V IE = 0.44 A 10.6 11 dB 

Mismatch Tolerance F" 860 MHz 
PREF '" 2 W 00 
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TPV 597 

Pout 
. Power Output vs Power Input 

6W 

5 

F = 860 MHz 
Vee = 20V 

/ Ie = 440 rnA 

ID~AL 

4 

REAL 

/ 
V V 

./"" 

~ 
VV 

/. 

·V 
V 

3 

2 

/ 
V 

P in 

40 80 120 160 200 240 280 320rnW 

LARGE SIGNAL IMPEDANCES 

o 

Vee = 20 v 

Ie = 440 mA 
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TPV 597 

047 

Ie 

2A 

1.6 

1.2 

.8 

.4 

o 

0.1 

~ 
~. .., 
o 

a: 
o ..... 
u 
~ 
lAo :: 
::!; 

0.01 

0.001 

~ 
~ 
~ 
~ 

-
-

= = --: -
!'"" 

~ 
f:. 
r-
~ 
r-
~ 

80 

Safe Operating Area 

T Heatsink 70°C , 
~ 

~ 
"'-
~ 
~ 

\ 

5 25 

MTTF FACTOR v. 
JUNCTION TEMPERATURE 

" " ~ 
" " Oi ide'" [rTF ~ctor y Ie ~ 

to btain meta life 

~ 

100 120 140 160 180 

JUNCTION TEMPERATURE - °C 

"-

Vee 

30V 

~ 

\ 

200 



TPV 687 

TEST CIRCUIT AT 860 MHz 

V BIAS V CE 

50.a 

~--Il 

L = 6 turns 10 = 1 mm Wire diameter = 0.6 mm 

The lengths are given for F = 860 MHz 

CLASS A BIAS CIRCUIT 
V SUPPLY 

R4 

Package Outline 

c 

RI 1 kohm 
Rz 330 ohm 
R3 4.7 kohm 

V CE 

V BIAS 

To convert inches to mil&rneters multiply by 2.54. 
R4 5.6 ohm 1/2 W 
Rs 390 ohm 
C 100 ILF + 10 nF + 1 nF 
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TPV 593 

UHF Linear Transistor 

·2W 
• 9 dB Gain 
• Band 4 & 5 
• TV Transposer 

The TPV 593 is a N PN gold metallized transistor 
using diffused emitter ballast resistors for super 
linearity. 

Electrical Characteristics (Tease = 25 0(:) 

Collector - Base Breakdown Ie = 10mA 
Voltage 

Emitter - Base Breakdown IE =; 1 mA 
Voltage 

HFE D.C. Current Gain VCE = 20 V 

~.~.'" ,~"" T«fI" 

~ .... ~~ 
280 SOE. I 

Its characteristics make the TPV 593 the best 
device available for very efficient me~lum power 
stages in UHF transposers applications. 

45 V. 

4 V 

I~ = 250 mA 10 

IMD Intermodulation distortion TIIW DOCUMENT 01001 

vision 8dB F = 860 MHz -60 dB 

sound 7 dB PREF = 2 W 

Sideband = - 16 dB VCE = 25 V·· Ic = 450 mA 

Po Power Gain 8.6 9 dB 

COB Collector Ba~e Capacitance VCB = 25 V 10 pF 
F = 1 MHz 

6j - e Thermal Resistance Tease 70 °C 11 °C/W 
Junction Case 

TSTO Storage Temperature -65 + 200 oC 

TJ Junction Temperature -65 + 200 oC 
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TPV 593 

POLAR « S » PARAMETERS IN 50 OHMS SYSTEM 

1= S11 S21 512 S22 521 K 

---
MHz MAGN ANGL MAGN ANGL MAGN ANGL MAGN ANGL dB FACTOR 

--- --- ------ --- --- --- --- ---
470 0.93 1700 1.5 63 0.04 500 0.55 -1660 3.52 1.01 

650 0.93 1650 1.06 50 0.05 540 0.60 -1690 0:151 1.04 

860 0.92 1620 0.79 38 0.06 540 0.65 -169 0 -2 1.15 

NOTE: VeE = 25 Volts - Ie = 450 rnA - Class A 

POLAR COORDINATES OF SIMULTANEOUS CONJUGATE MATCH IN 50 OHMS SYSTEM 

F SOURCE REFL. COEFF. LOAD REFL. COEFF. G MAX 

MHz MAGN ANGLE MAGN ANGLE dB 

470 0.99 -173 0 0.91 1240 15.2 

650 0.99 -1680 0.83 1340 12.0 

860 0.95 -1650 0.79 1460 9.2 

NOTE: VeE = 25 Volts - Ie "" 450 rnA - Class A 
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TPV 593 

,Output Power V8 Input Power 1M D V8 Collector Current 

Imd 

6W r--

r.------ -'~ 

/ 
V 

I---

j/ I 

/ F:860MHz 
VCE.25 V -

If I C ='50 mA 
I I 

V 

5 

, 
3 

2 

._-- -~~ 
\ 

I 
F :860MHz 

\\ 
VCb25V -

Pout. 2 W 

~ 
--- -----

",. 

" 

52 dB 

54 

56 

58 

60 

62 

0,2 a,' 0,6 0,8 1 W 300 400 500 mA Ie 

DC Safe Operating Area MTTF V8 Junction Temperature 

~ .. ~ 

l 
~ 

~ 
i 

'l" 
" 

8 12 16 20 24 Volt 
0,1 

100 120 140 160 180 200·C 
T junet ion 
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TPV 593 

TEST CIRCUIT AT 860 MHz 

~ __ --------~~----__ ----. VCE 

I I 

~~nI~3~ 
"I'" C2 

C6~IOUT / ~_.l! I son 

c7/1 " 
Components Part List 

C1 = AIR TRIMMER AT 5201 0.8 - 10 pF TEKELEC 
C2 = CHIP ATC 4.7 pF 
C3 = AIR TRIMMER AT 5751 0.6 - 6 pF TEKELEC 
C4 = Cs = CHIP ATC 3.3 pF 
C6 = C7 =. AIR TRIMMER AT 5501 1 - 10 pF TEKELEC 
Cs = CD = C14 = 1 nF CHIP CAPACITOR 
C9 = Cll = CIS = 10 nF RTC 
C12 = 0.1 fLF RTC 
C IO = C I6 = 10 fLF 63 V electrolytic 

Package Outline 

_t_ 
t S2S 

,..-__ ---.)..--...b-__ -!......,]S 
1055 

T 
278 1-286 CERAMIC CAP '.-- t 

610 
650 

To convert Inches to millimeters mulhply by 2 54 

V suppl y 

LI = 30 Q line 1 = 6.5 % 1.9 
L2 = choke 0.47 fLH . 
L 3 = 1 turn - I D 6 mm - wire 10/10 
L4 = 30 Q line 1 = 19 % 1.9 
Ls = 8 turns on a CN 20 FERRITE BEAD -

CERAMICL - MAGNETICS 
R =43Q1/4Wa~t 

Class a Bias Circuit 

4,4fl 2 W 
'---'---~--~~--~---4 VCE 

C 
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TPV 598 

UHF Linear Transistor 

·4W 
• 7 dB Gain 
• TV Transposer 

.• Band 4 & 5 

The TPV 598 is a NPN gold metallized transistor 
using diffused emitter ballast resistors for super 
linearity. The chip design using microwave tech
niques provides over 7 dB gain at 860 MHz. 

The TPV 598 is specifically deSigned for high 
power band 4 and 5 TV Transposers. 

Electrical Characteristics (Tease 25 oC) 

Collector - Emitter· Ie'" 20 mA 27 
Breakdown Voltage 

Collector - Base Breakdown Ie =10 mA 45 
Voltage 

. HFE D.C. Current Gain VeE = 20 V Ie = 500 mA 10 

IMD Intermodulation distortion F '= 860 MHz - 60 dB" 
3 tones: VeE = 25 V 

- 8 dB vision Ie = 850 mA 

- 7 dB sound 

- 16 dB Sideband 
TRW DOCUMENT 01001 

Power Gain PREF = 4 W 7 dB 

Collector Base Capacitance VeB '" 25 V F: = 1 MHz 20 pF 

Cutoff Frequency" VeE = 25 V Ie = 850 mA 2 GHz 

Thermal Resistance DC Di~sipation 
Junction Case Average Temperature 5 °C/W 

Te~se = 70°C 

Thermal Resistance High Resolution 
Junction Case DC Dissipation 6.2 °C/W 

Tease = 70°C 

0.4 °C/W 
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TPV 598 

BROADBAND TEST CIRCUIT 

RFC C9 
~~---+~~~ __ --~~---+----,-----.VCE 

C t = VARIABLE .5 - 4.7 pF AIRTRONIC 
C2 = C3 = ATC 4.7 pF 
C4 = ATC 10 pF + VARIABLE .5 - 4.7 pF AIRTRONIC 
Cs = ATC 10 pF + ATC 5.6 pF 
C6 = ATC 18 pF + .5 - 4.7 pF VARIABLE AIRTRONIC 
C7 = 470 pF CHIP CAPACITOR 
Cs = 1 nF + 10 nF DECOUPLING 
C9 =1nF+10nF+.1fLF+10fLF 
C to = 10 nF + 1 fLF + 10 fLF 

RFC = 8 turns ID 2.5 mm Wire = .5 mm 

Package Outline 

_t_ 
i 

525 

r---~~~r--~~J5 
1055 

'r 

To convert Inches to millimeters multiply by 2 54 

I
OUT 
son 

" 

Lt 50 n line 6.2 % Ag at 860 MHz 
Lz 50 n line 4.2 % Ag at 760 MHz 
l3 50 n line 4.9 % Ag at 860 MHz 
L4 20 n line 6.5 % Ag at 860 MHz 
Ls 50 n line 5 % Ag at 860 MHz 
L6 20 n line 9.5 % Ag at 860 MHz 
L7 4 n line 8 % Ag at 860 MHz 
Ls 55 n line 7.5 % Ag at 860 MHz 
L9 . 7.5 n line 8 % Ag at 860 MHz 
L to =100nline8 %Agat860MHz 
Lll 20 n line 8 % Ag at 860 MHz 

Class a Bias Circuit 

+V sOpply 

3W 

.-----vcr. 

22,n 

10nF 
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TPV595 A ... ~ ... 
II'WW 

High Linear Transistor 

-sw 
- 8.5 dB Gain 
- GOI~FJellablllty 
- TV T ansposers 
-Ban 4&5 

The TPV 595 A is a push-pull device 
incorporating gold metallized dice and diffused 
emitter ballast resistors for linearity and 
ruggedness. 

BMA-2 

The chip design using microwave techniques 
provides over 8.5 dB gain at 860 MHz. 

The TPV 595 A is specifically designed for high 
power band 4 & 5 TV transposers and solid 

.Ieotrloal Charaoterlatloa (T CASE • 2. · C, state transmitters. . 

Collector - Emitter Ie'" SOmA 28 V 
Breakdown Voltage 

Collector - Ba88 Ie = 10 mA 45 V 
Breakdown Voltage 

Collector Emitter Ie = 10 mAo RBE = 51 Ohms 40 V 
Breakdown Voltage 

ICEO Collector Emitter cut-off Va = 20 V 5 mA 
Current 

HFE DC Current Gain VeE = 20 V. Ic = 500 mA 10 

IMD 
. Intermodulation Fo = 860 MHz. Pref = 8 W -58 dB 

Va = 25 V. Ie = 2x900 mA 

Po Power Gain TRW DOCUMENT 0&001 8.5 dB 

PIN Pin Overdrive Fo = 470 MHz. 
VCE = 25 V (no deg~adationl Ie = 2><900 mA 8.5 W 

COl Collector - Bale 
Capacitance 

Fo = 1 MHz. Vea = 28 V 20 pF 

6JC Thermal Relistance TO CASE = 70°C DC DISSIP 2.6 °C/W 
Junction Case High relolution 

PDIIS Maximum Total TOCASE = 70°C 50 W 
Power Dissipat. 

ICMA)( Maximum Collector Current 5 

TCASE Maximum Mini Cale 
Temperature 

-15 +70 °C 

TsTO Storage -50 +200 
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TPV ses A 

TYPICAL VALUES 

Cross-mod· vs Output Power IMD" vs Output Power 

dB 

I 

20 

I I( 
VeE = 25 V J I--- Ie = 2x9 A 
F = 860 MHz / TCASE = 70°C 

V 
J 

V 
/ 

/ 

VeE = 25 V 
i'--- Ie = 2x9 A 

Fo = 860 MHz 
TeAsE = 70°C , 

V 
~ 
V 

/ 
/ , 

16 

12 

8 

, 

o 5 10 1SW o 2 4 6 8 10 12 W PREF 

" Cross-mod: ~ % sound (- 7 dB) .. IMD: 3 tones -7 dB, - 8 dB, -16 dB 
- vision 0 --+ PEAK 

DC Safe Operating Area MTTF vs Junction Temperature 

Ic (total) 

6A 1000 

" ~ 
TCASE = 70°C ~, -

5 

3 

2 

1 

'~ , 
" " ~ " "-, 

100 

10 

8 12 16 20 2' volts 100 120 1"0 160 1S) 2OO·C 

T Junction 
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TPY 888 A 

057 

·Z LOAD FOR BEST IMD (8 vy) and CROSS-MODULATION (12 W) 

Collector to collector 

ZIN FOR BEST INPUT VSWR 

Base to base 

VeE = 25 V 
Ie = 2XO.9A 

VeE = 25 V 

Ie = 2 X 0.9 A 



-, TPV ••• A 

IN 

TPV 585 A BROADBAND AMPLIFIER 470·880 MHz 

C11 

Class A 

C10 

= L 1S = L16 = 60 mm of 50 n - 2.2 mm semi rigid coax 
= 50 n line - 5.5 % A gat 860 MHz 
= 3 turns ID 2 mm 
= 50 n line - 1.5 % A gat 860 MHz 
= 50 n line - 4.9 % A 9 at 860 MHz 
= 50 n line - 2 % A gat 860 MHz 
= 50 n line - 1.5 % A gat 860 MHz 

= .5 - 4.5 pF GIGATRIM TRIMMER 
= 27pFATC100A 
= 6.8 pF ATC 100 A 
= 18 pF ATC 100 A 
= 3.3 pF ATe 100 A 
= 4.7 pF ATC 100 A 
= 27 pF ATC 100 A 
= + 330 pF ATC 100 B 

+ 1 nF + 10 nF + 47 fLF 
=1 nF+10nF+10fLF 

OUT 
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TPV ••• A 

IN PUT 

059 

470-860 MHz BROADBAND AMPLIFIER 

TPv ••• a 

VCE 

C1 

PART LIST 

C1 = 100 MF 
Cz = 10nF 
R1 = 1500 

Cia •• A 

xx'\( METALLIZED 

Vsupply 

~E 
V supply 

Rz = 5.6 KO D1 = 1 N 4148 
R3 = 1000 0 1 = 2 N 2904 
R4 = 2.702 W. P1 = 1 K 0 

OUT PUT 

HOLES 

BIAS 



TPV ••• A 

6.22 MI 

PACKAGE OUTLINE 

--l1.301.
l 1:"8'01 -
I' 

3.30DIAM. r-----..~~--+--"~ ........ ---.... 1 

"""MINI 
V~~ J._ 

6.40 
6.81 

LEAD 

~ t ~ 838 ~II ~ )62 MAXI 

~I~ i~~1 ,---I +-' ....1..-1 -~:--------"-t-' ~l I~ 
~L 14.15 J 14.40 _ 

r-· ~--1 

20.07----~ 

2057 
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TPV 5051 

UHF Linear Transistor 

• 50 W Class AB 
• TV Transmitter 
• Band 4 & 5 
• Push·Pull 
• Gold Reliability 

The TPV 5051 is a push-pull device incorpora
ting gold mettalized dice and diffused emitter 
ballast resitors for linearity and ruggedness. 

Electrical Characteristics (Tease 25 DC) 

Voltage 

Collector Emitter Ic = 40 rnA 

Breakdown Voltage 

Collector - Base Breakdown Ic = 20 rnA 

Voltage 

BMAc2 

It provides 6.5 dB gain at 50 Wand 860 MHz. 

The TPV 5051 is specifically designed for high 
power vision only TV amplifiers operating in 
Bands IV prV. 

30 V 

45 V 

HfE D.C Current Gain VCE = 20 V Ic = 800 rnA 10 

Po Power Gain VCE = 28 V 6.5 7 dB 

Iq = 2 X 100 rnA 

F = 860 MHz 
'Y)c Collector Efficiency. 

Pout = 50 W 45 50 % 
I 

Cob/Side Collector - Base VCB = 28 V 40 pF 
Capitance F = 1 MHz 

6Je Thermal Resistance - High resolution 

Junction - Case - Tease' = 70 °C 1.8 °C/W 

_. Rated output power 

OCR Thermal Resistance 

Case HQatsink 
0.2 °C/W 

TSTO Storage Temperature -65 +200 oC 
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TPV 5051 

TYPICAL APPLICATION 

600-860 MHz BROADBAND AMPLIFIER CLASS A-B 

CIRCUIT LAYOUT 

INPUT F====~=iiI II==E:===~~ OUTPU 

INPUT FOR 
TWO AMPLIFIERS 

HYBRID COMBINED 

TRW 
ITPV 5' 0 5 ., 

.. METALLIZED HOLE 

TYPICAL OUTPUT POWER US INPUT POWER 

Pout(cw) 

70w 

60w 

./ 
~ 

~ 
ioo"""'" 

SOw 

/ 
V VCE:28 vol ts 

Fo:860MHz _ 

~ Iq : 2x 100mA 
I I 

/ 

30W 

20w 

10W 

2w 'W 6w 8w 10w 12w Pin 

062 



'1' TPV 5051 

063 

600-860 MHz CIRCUIT DIAGRAM 

~~--~~~--~--~----------~+28V 

LI = L2 = 70 mm of 50 n semi rigid coax - 0 2.2 mm 
L3 = L4 = 50 n micro-strip line -17 % )., gat 860 MHz 
Ls = L6 = 40 n micro-strip line - 6 % )., gat 860 MHz 
L7 = Ls = 10 n micro-strip line - 6 % )., g at 860 MHz 

2mm~16mm 
L9 = LA \..J cooper ribbon 

+--2 mm-+ 
LIO = LII = 12 n micro-strip line - 6 % )., g at 860 MHz 
L12 = Ll3 = 25 n semi-rigid - 50 mm long 
L14 = 50 n semi-rigid - 47 mm long 

C1 = C2 = 8.2 pF ATC 100 A 
C3 = 2.2 pF ATC 100 A + .5 - 4.5 pF GIGATRIM TRIMMER 
C4 =12pF+4.7pFATC100A 
Cs = 10 . pF ATC 100 A + .5 - 4.5 pF GIGATRIM TRIMMER 
C6 =C7 =100pFATC100A 
L1S = 3 turns - wire 1 mm -105 mm 
L16 = L17 = 6 turns - wire.5 mm -102 mm 



TPV 5051 

6.22 MI 

3.30DIAM. 

622MINI 

PACKAGE OUTLINE 

-.l1.30~ 
11.8"n 1 

1.27 
1.78 

1 
6.40 
6.81 

COLLECTOR LEAD 

jC 7.92 ~ 

: 

1, __ 8.38 __ ,I j // '!62 MAXI 

~I~T~~I ~I -+:~! --~-_",--+:_lr....I!LJ 
~~ i~ 14.15 J J 14.40 

w------20.07-------!II 
2057 

DIMENSIONS GIVEN IN mm 
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ATV5030 ... ~ ... 
11'1r1r 

Linear RF Power Amplifier 

·20W 
• 470-860 MHz· 
• Class "A" 

The A TV 5030 solid state class A amplifier is 
specifically designed for TV· transposers and 
transmitters. This amplifier incorporates mi-

crostrip technology and reliable TRW linear 
push-pull transistors. 

Electrical Characteristics (Tease = 50 ·C) 

I 
SYMBOL CHARACTERISTICS I 

TEST CONDITIONS 
I 

MIN TYP MAX UNIT 

<!) 
z 
i= RL Source and load 50 n reference -20 dB « a: R~turn loss 
w 
a.. 
0 

BW Bandwith Continuous without ...J 470 860 MHz .« Retuning a: 
w 
z 
w 
<!) 

Vcc SupplV voltage Nominal 26.5 V 

PG Power gain 3 tones 1M 02 test 7.5 8.5 dB 

GR Gain ripple Pref = 20 W ±.5 ±.8 dB 

IMOl I ntermodulation Pref = 20 W (- 8, - 7, -16 dB)' 
- 52 -51 dB TRW DOCUMENT 06001 

I-en IM02 3 tones Pret,= 20 W (-8,-1 0, -16 dB) -55 -54 dB w 
I-
u.. 
a: Pout Output power at Continuous wave 25 28 W 

1 dB compression 

RL Input/output 50 n reference -15 dB 
Return loss' 

.' 

VSWR Output mismatch 3 tones 1M 02 test 00 : 1 
Tolerance Pret= 20 W any phase 

Vcc Supply voltage 26 26.5 27 V 
en 
<!) 
z Imax Max DC current Vcc=26.5 V 3.8 4 A 
i= « a: 

Top Operating temper. Base plate (test point) -20 +70 'C 

-.... TSTG Storage temp~rat. -40 +100 'C~ 
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ATV 5030 

TYPICAL CHARACTERISTICS 

CD 
~ 

N 
N 

.!:!2. 

~ 
= 
.':!!... 

" o 

10 

15 

20 

25 

40 

30 

Q.. 20 

10 

SMALL SIGNAL 

« S » parameter magnitude Vs Frequency 

v - -~ 

""" 

k 
,"-

~~ \h --~ r--.,. ~ 
i--"" 

, , " ~ ,- I-- -;'l.'l. 
500 600 700 800 860 

FREQUENCY (MHz) 

Output power at 1 dB 
gain compression Vs frequency 

'" ./ 
,.......-- -....... 

.......... 
I-- ......... " 

500 600 700 800 860 

FREQUENCY (MHz) 

10.5 

9.5 -50 

8.5 

7.5 -55 

(/) 
N 

.::::. 

c:: -60 

~ 

-65 

0 

-10 

-20 

CD - 30 
~. 

] -40 

Q) 

.~ -50 

~ 
-60 

-70 

INTERMODULATION Vs FREQUENCY 

Paync: 2 OW l..--'" 
/' 

.8.7.16 

i'-~ ~I-" / 

r\. .8 .1 .16 _V'" 
......... r-- "...-

Pr.f:20w 

500 600 700 800 860 

FREQUENCY (MHz) 

• 3 tones test methode : 

1M D 1 : Vision carrier - 8 dB. sound carrier - 7 dB 
Sideband signal - 16 dB ; Zero dB corresponds 
to peak sync level. 

\ 
1M D2 : Vision carrier - 8 dB, sound carrier - 10 dB 

Sideband signal - 16 dB; Zero corresponds 
to reference level. 

Peak sync level or reference level 

--- --- --- --------
-7or-l0dB 

- 8 dB 

- 16 dB 

o 

/:; FREQUENCY (MHz) 
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ATV 8030 

MANUPACTURINQ PLOW CHART OP.RATION 

D67 

Case 
Components 

RF Load 
Component 

3dB Couplers 

RF Load Assembly 

Note1: Bum-in conditions 

Supply Voltage = 26,5 Volts 
Base plate temperature: 70°C 
Endurance test = 48 hours 

RF Circuit Board 

OC Inspection 

Fixation of Circuit Board 

Mounting of Connection (Jl, J2, J'l, J'2) 

Bonding of passive Components 
on RF Circuit Board 

Fixation of DC Bias Circuit Board 

Placement of RF Transistors 
Lead Lady Surveillance 

Placement and Bonding of Couplers 

RF Load Mount 

Pre Test 

Test Connectors (J'l, J'2) 
Removal 

Bonding of Couplers 
Bondind of R F Loads 

Test 

OC Visual 

Burn in 100 % (OA) 
(see note 1) 

Final Test 

Packing 

Marking 

Final QC 

Stores 



c 
CJ) 
CD 

on 

~ 

'" o 
..; 

== 

INPU 

DATE CODE 

LABEL 

:1-- on 
.; - TEMPERATURE TEST POINT 

5.27 (1341 

CLEARANCE 
TO REMOVE 

CONNECTOR 

1.25 (32 I 

>< .. 
:IE 

.. 

.; 

() 

OtOS I'd." 

;OCC"'I:~ oZof° z • 1i 
j:~ Go ~n: 
Q. a:: "ii" ~ I 0'" t!.,! ~ .. 

~DOO~~ 

I 
O~J~ 
(9.4 ) 

~ : 

~~ 
FEMALE O'I~2(5} 

CONNECTOR DETAILS 

~ 
(14 I I 

~m .. K : i; " I'PMA ~J2 
7 

FLATNESS ~517 HEAT SINK FACE 

(71 

DIMENSIONS IN INCHES mm IN BRACKETS 

D® Tal. GENE. ~O.008(O.21 

PLUS IN LAYOUT 

PIN 1 +V supply 26.5 volts 
PIN 2 Do not use 
PIN 3 Ground 
PIN 4-5 Collector current 

PIN 6 
test POint 
Optionnal 

VOLTAGE MEASUREMENT 

V supply (Between pin 1 and 3) 

~ 

PIN TO BE 

~ SOLDERED 

@" OR CRIMPED 

COLLECTOR CURRENT 
MEASUREMENT 

Voltmeter musi have an input 
impedance greater than 10K .. 

TRANSISTOR N° 1 

1 
(A) = --- x V (V) 

0.47 

TRANSISTOR N" 1 

Between 
Pin 1-5 

1 Between 
12 (A) =-- x V (V) Pin 1-4 

0.47 

~ .. 
< 
01 
o 
fit 
o 



ATV5080 

Linear RF Power Amplifier 

-sow 
- 470·860 MHz 
- Class "AB" 

The ATV 5080 solid state class AB amplifier is 
. specifically designed for TV transmitters. This 

amplifier incorporates microstrip technology 
and reliable TRW linear push-pull transistors. 

Electrical Characteristics (Tease = 50 ·C) 

I SYMBOL CHARACTERI<,T'C:-:. I I TEST CONDITIONS MIN TYP MAX UNIT 

RL Source and load 50 n reference -20 dB 
Ii Return loss 
UJ 
a.. 
0 
Z BW Bandwith Continuous without retuning 470 860 MHz 
UJ 
(!) 

Vee Supply voltage Nominal 28 V 

PG Power gain POUT = 80 W cw 6 6.8 dB 

GR Gain ripple POUT = 80 W CW ±.8 dB 

r-oo 
Continuous wave 80 85 UJ Pout Output power at 1 dB W r-

LL. 
Gain compression 

a: 

I DC current total POUT = 80 W CW 7 7.5 A 
Amplifier 

VSWR Output mismatch Pout = 80 W. CWo t ~ 1 S 2: 1 
tolerance Any phase 

RL Input return loss 50 n reference -15 dB 

HR Harmonics rejection POUT = 80 W cw 30 35 dB 

00 
(!) Vee Supply voltage 27.5 28.5 V z 
~ 
<C 
a: Imax Max DC current Vcc= 28 V 9 A 

Top Operating temperature Base plate (Test point) 0 + 70 ·C 

-..... TSTG Storage temperature -40 + 100 ·C~ 

non 



I. ATV 8080 

TYPICAL CHARACTBRISTICS 

Power Gain Vs Frequency Efficiency Vs Frequency 

I 
Pout =80W 

I 
Pout = 80W 

60 

~ 
> 
<.> 
c: 
Q) 

./ r--.. 
............ 

'" 
·0 so 
~ 
:l 
C. 

:l 
0 

40 l/ 'i'--- V V -
30 

500 600 700 800 860 500 600 700 800 860 

FREQUENCY (MHz) FREQUENCY (MHz) 

Input Return Loss Vs Frequency Output Power Vs Input Power 

80 / 
o 

I 
Pout=80W F=8loMH~ ~ 

60 / 
Z 

L 
/ 

V 
r--... / 20 J 

I, V 
V '- ./V 

-20 V -r- / 
o 

500 600 700 800 860 o 10 15 20 

FREQUENCY (MHz) INPUT POWER (W) 
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1 ATV 5080 
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MANUPACTURING PLOW CHART OPERATION 

RF 
Transistors 

Capacitor 
Chips 

Semi-rigid 
Cable 

Balun 
Assembly 

DC SuPpJy 
Connecting Circuit 

Components 

Test 
Connectors 

RF Load 
Components 

Assembly 

o OC linspection 

RF Circuit Board 

OC Inspection 

Fixation of RF Circuit Board 

RF Transistors Mount 
Lead Lady Surveillance 

Bonding of Capacitors 

Bonding of Baluns 

Fixation 

Ground Connections 

Bonding of Components 

Test Connectors Mount 

Separate Pre-Test of each side 
of Amplifier 

O.A. Visual 

Test Connectors Removal 

Bonding of Couplers 

RF Load Mount 

Full Amplifier Pre-Test 

Cleaning 

Burn-in 100 % (OA I 

Final Test 

Packing 

Marking. 

Final OC 

Stores 



ATV 5080 

ATV PACKAGI! OUTLINI! 

-~-

T 

INPUT 

_-,1'_ 
"T' . 

I· 

49 ~f 
Tt="PIRATUR~ 

TEST POINT 

fe' IT-

TEHPERATURE 
rUT POlhT 

..... ---a _____ ... ,.!!!II!!II!II.I!II!!!I.E!!;!!. !II!!!!!.!!!!Ii.l!E!a!Ij" ___ "_IIiII~"_,, .. -._-
I 13 • •• • • • • ., I ~ 

PLUG-IN LAYOUT 

Pin 5-6-7-8-9 V SUPPLY' 

Pin 1c2-12-13 GROUND 

Pin 3-4-1 0-1 1 TEST POINT 

VOLTAGE MEASUREMENT 

• VSUPPLY (between Pin 4 and 1) 

101 
4t) 

It; .., 

COLLECTOR CURRENT MEASUREMENT 

Voltmeter must have an input impedance greater 
than 10 kn. 

• Transistor N" 1 

11 AMP = 10 x V (between PII14 and 3) 

• Transistor N" 2 

12.1\1, - 10 x V (between Pin 10 <lnd 11) 

G 
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TPVA5060 .... ~ ... •• ,~. 
Linear RF Power Module 

-sow 
- 470 . 860 MHz 
- Class "A" 

This module incorporates microstrip techno
logy and reliable TRW linear Semiconductors. 

IIlectrlcal Characterlatlca 

-e BASE PLATE TEMPERATURE AT DEFINED TEST 
POINT (T) = 50°C (see mechanical drawing) 

e BIASING CONDITIONS (see circuit diagram) 
Voltage: V COl = V CFl = V C02 = V CF2 = 26 volts 
Current : Icol = Ico2 = 1 .7 A 

ICFl = ICF2 = 3.6 A 

DC power supply 

Frequency range 

Output power at 1 dB gain 
compression point 

Input source/output load 

280 W maxi. 

470 to 860 MHz 

65 W min. 

impedance 50 {} 

Input and output return loss 15 dB min. 

Gain (521) 17 dB min. 

Gain variation over frequency 17 dB 

The TPV A 5060 is specifically designed for 
high power Band 4 et 5 TV transposers and 
solid state transmitters. 

See biasing conditions 

70 W Continous wave 

17 dB 470 MHz to 860 MHz 

•. _r...;.a_n..::g...;.e __________ -+'--_t_O_2_0_d_B_-+ __ --I Small signal 

Gain variation over any 6 MHz 
segment 

Gain variation Vs temperature 

3rd order intermodulation 
products 

Harmonic level 

Output VSWR mismatch 
capability 

Overdrive capability 

Operating temperature range 

Storage temperature range ..... 
073 

0.3 dB max. 

. 1 dB max. 

- 51 dB max. 

> 20 dB 

> 10: 1 

3 dB 

40 DC to 70 DC base plate at temperature 
test point (T) 

1

3 tone tests: Vision 
Sound 
Sideband 

At Pref = 50 watts 

- 8 dB 
- 10 dB 
- 16 dB 

30 dB Belovv fundamental at 50 watts CW 

No damage to occur with any output 
power from 0 to 50 watts pref. 
470-860 MHz a'l'l phase angle 

Over input power required for 50 W sync. 
output 

Base plate temperature 

Base plate temperature 



TPVA 5080 

21 

20 

19 

18 

17 

16 

15 

SMALL SIGNAL GAIN 
Typical values 

/ ~ 
II ~ /' /~ ~ 
/ -~ /' ~ 

co 
~ 
z 
0 
~ 
<{ 
...J 
:::> 
0 

<- 0 
~ 

"c a: 
w 
~ 

~ 

- 70 

- 60 

- 50 

- 40 

INTERMODULATIONS 3 TONES 
Typical values 

- --r-- ,--- ---

---
--- ~- -

3 tones test 
_ ___ _ Vision - 8 dB 

--- -t---'1---I---I---1-t--I... Sound - 10 dB 
--- -

- Sideband - 16 dB 
1---- ---- - 1--- Sideband - 16 dB 

--1---- Pre! = 50W 

f---+--+---+--+---+- -- -- 1----
L-..L.---L---'-----'---'--___ ~_ --- __ 

470 500 600 700 800 860 

FREQUENCY MHz 

470 500 600 700 800 860 

FREQUENCY MHz 

(j) 
~ 
~ 
<{ 

~ 
a: 
w 
~ 
0 a.. 
~ 
:::> 
a.. 
~ 
:::> 
0 

INPUT 

100 

80 

60 

40 

OUTPUT POWER AT 1 dB 
GAIN COMPRESSION 

Typical values 

/' 

470 500 600 700 800 860 

FREQUENCY MHz 

v supp Iy 

'--______ -II---+ ____ --+_+-______ ~ OUTPUT 

CIRCUIT DIAGRAM 

BO = Base driver 
CO = Collector driver 
BF = Base final 
CF = Collector final 

BIASING CONDITIONS 

Voltage current: VCDl "= VCFl = VCD2 

Current: ICol = Ico2 = 1.7' A 
ICFl = ICF2 = 3.6 A 

V Supply 

VCF2 26 volts 
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MECHANICAL DRAWINGS 

TPVAS060 

--~-F 
.i5i' 

-E3-<t>-·Aii·"i~ ___ ilt "';//i,...'--I 

I 

i~~ '''~ 
.~ 
~ . 

t .D_I."il. 
C_"ce - .605-0 

AMP 1.t;4D. 

PRIOR TO SWITCHING ON, 
REFER TO OPERATING INSTRUCTIONS: 

SEE TV 005-83 APPLlCATJON NOTE 



3 TONES INTERMODULATION TEST 
(SPECIFICATION TV 05001) 

1. PURPOSE 
Measure the intermodulation of the device with the following conditions: 

Pref 
Vision 
Sound 
Side band 
IMD 

2. MEASURING CIRCUIT 

II: 

w 

z 

.1Jl 

o 

u 

AMPLIFIERS 

: rated value 
: -8 dB (Fa) 
: -7 dB (Fa+5.5 MHz) 
: -16dB(Fa+4.4MHz) 
:Fa+1.1 MHz 

rated value 

POWER SUPPlY 

ANALYZER 
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/ 

• 
3. EaUIPMENTS 

- Generator - Attenuator 30 dB; 50 W 
- Amplifier - Power Supply 
- Circulator - Milliwattmeter 
- Bi-directional coupler - Spectrum Analyser 

4. EXECUTION 

- -
~ , -r-"- ~ 

~ ~ , 

" 

1/\ 
'" 
" ~ \. 
" ..... 
" ~ 

\ 1'1 ~ 

I \ 
q: 

'- - I .1 r-~ 
-

,II/ \ o_ 
Ff ' F~ F:s F 

~H~ kMh~ 
S.SMhz 

I 

Fa = Vision carrier 
F~B = Side band carrier 
Fs = Sound carrier 
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PRODUCT SUMMARY, 

PART POWER SUPPLY 

NUMBER 
APPLICATION FREQUENCY OR GAIN VOLTAGE PACKAGE PAGE 

(dB) (V) 

MRA 0610-3 MICROWAVE 600-1000 MHz 3W 28 MRA .25 E5 
MRA 0610-9 MICROWAVE 600-1000 MHz 9W 28 MRA .25 E6 
MRA 0610-18 MICROWAVE 600-1000 MHz 18W 28 MRA .25 E7 
MRA 0610-40 MICROWAVE 600-1000 MHz 40W 28 MRA .25 E8 
MRA 1014-2' MICROWAVE 1.0-1.4 GHz 2W 28 MRA .25 E 13 
MRA 1014-6 MICROWAVE 1.0-1.4 GHz 6W 28 MRA .25 E 14 
MRA 1014-12 MICROWAVE 1.0-1.4 GHz 12W 28 MRA .25 E 15 
MRA 1014-35 MICROWAVE 1.0-1.4 GHz 35W 28 MRA .25 E 16 
MRA 1214-55H MICROWAVE 1.2-1.4 GHz 55W 28 MRA.4 E 19 
MRA 1417-2 MICROWAVE 1.4-1.7 GHz 2W 28 MRA .25 E 23 
MRA 1417-6 MICROWAVE 1.4-1.7 GHz 6W 28 MRA .25 E 24 
MRA 1417-11 MICROWAVE 1.4-1.7 GHz 11 W 28 MRA .25 E25 
MRA 1417-25 MICROWAVE 1.4-1.7 GHz 25W 28 MRA .25 E26 
MRA 1720-2 MICROWAVE 1.7-2.0 GHz 2W 28 MRA .25 E 31 
MRA 1720-5 MICROWAVE 1.7-2.0 GHz 5W 28 MRA .25 E32 
MRA 1720-9 MICROWAVE 1.7-2.0 GHz 9W 28 MRA .25 E 33 
MRA 1720-20 MICROWAVE 1.7-2.0 GHz 20W 28 MRA .25 E34 

MRAL 1417-2 MICROWAVE 1.4-1.7 GHz 2W 22 MRA .25 E 37 
MRAL 1417-6 MICROWAVE 1.4-1.7 GHz 6W 22 MRA .25 E 37 
MRAL 1417-11 MICROWAVE 1.4-1.7 GHz 11 W 22 MRA .25 E 37 
MRAL 1417-25 MICROWAVE 1.4-1.7 GHz 25W 22 MRA .25 E37 
MRAL 1720-2 MICROWAVE 1.7-2.0 GHz 2W 22 MRA .25 E39 
MRAL 1720-5 MICROWAVE 1.7-2.0 GHz 5W 22 MRA .25 E40 
MRAL 1720-9 MICROWAVE 1.7-2.0 GHz 9W 22 MRA .25 E 41 
MRAL 1720-20 MICROWAVE 1.7-2.0 GHz 20W 22 MRA .25 E42 
MRAL 2023-1,5 MICROWAVE 2.0-2.3 GHz 1.5W 22 MRA .25 E46 
MRAL 2023-3 MICROWAVE 2.0-2.3 GHz 3W 22 MRA .25 E 47 

. MRAL 2023-6 MICROWAVE 2.0-2.3 GHz 6W 22 MRA .25 E48 
MRAL 2023-12 MICROWAVE 2.0-2.3 GHz 12W 22 MRA .25 E49 
MRAL 2023-1,5H MICROWAVE 2.0-2.3 GHz 1.5W 22 HLP 11 E 53 
MRAL 2023-3H MICROWAVE 2.0-2.3 GHz 3W 22 HLP 11 E 54 
MRAL 2023-6H MICROWAVE 2.0-2.3 GHz 6W 22 HLP 11 E 55 
MRAL 2023-12H MICROWAVE 2.0-2.3 GHz 12W 22 HLP 11 E 56 

TRW 2001 MICROWAVE ·2GHz 1W 28 HLP8 E 59 
TRW 2003 MICROWAVE _2 GHz 3W 28 HLP8 E 61 
TRW 2005 MICROWAVE 2GHz 5W 28 HLP8 E63 
TRW 2010 MICROWAVE 2 GHz 10W 28 HLP8 E 65 
TRW 2015 MICROWAVE 2GHz 15W 28 HLP 11 E67 
TRW 2020 MICROWAVE 2GHz 20W 28 HLP 11 E 68 
TRW 2301 MICROWAVE 2.3 GHz 1.5W 20 HLP8 E 70 
TRW 2304 MICROWAVE 2.3 GHz 4W 20 HLP8 E 71 
TRW 2307 MICROWAVE 2.3 GHz 7W 20 HLP8 E 72 
TRW 3001 MICROWAVE 3GHz 1W 28 HLP8 E 75 
TRW 3003 MICROWAVE 3GHz 3W 28 HLP8 E77 
TRW 3005 MICROWAVE 3GHz 5W 28 HLPB E 79 
TRW 52001 MICROWAVE 2GHz 1.5W 20 TW200 E 82 
TRW 52002 MICROWAVE 2GHz 3W 20 TW200 EB7 
TRW 52004 MICROWAVE 2GHz 6W 20 TW200 E 91 
TRW 52101 MICROWAVE 2GHz 1.5W 20 HLP8F E 83 
TRW 52201 MICROWAVE 2GHz 1.5W 20 GP 148 E 83 
TRW 52501 MICROWAVE 2GHz 1.5W 20 GP14 E 83 
TRW 52502 MICROWAVE 2GHz 3W 20 GP14 E 88 
TRW 52504 MICROWAVE 2GHz 6W 20 GP14 E93 
TRW 52601 MICROWAVE 2GHz 1.5W 20 HPL8 E 83 
TRW 52602 MICROWAVE 2GHz 3W 20 HLP8 E 88 
TRW 52604 MICROWAVE 2GHz 6W 20 HLP8 E 93 
TRW 53001 MICROWAVE 3GHz O.BW 20 TW200 E95 

E1 



I PRODUCT SUMMARY 

PART 
POWER SUPPLY 

NUMBER 
APPLICATION FREQUENCY OR GAIN VOLTAGE PACKAGE PAGE 

(dB) (V) 

TRW 53002 MICROWAVE 3GHz 1.6W 20 TW200 E99 
TRW 53101 MICROWAVE 3GHz O.BW 20 HLPBF E96 
TRW 53201 MICROWAVE 3GHz O.BW 20 GP 148 E96 
TRW 53501 MICROWAVE 3GHz O.BW 20 GP14 E96 
TRW 53502 MICROWAVE 3GHz 1.6W 20 GP14 E 100 
TRW 53601 MICROWAVE 3GHz O.BW 20 HLPB E96 
TRW 53602 MICROWAVE 3GHz 1.6W 20 HLPB E 100 
TRW 54001 MICROWAVE 2 GHz-4 GHz 0.5W 20 TW200 E 103 
TRW 54101 MICROWAVE 2 GHz-4 GHz 0.5W 20 HLPBF E 104 
TRW 54201 MICROWAVE 2 GHz·4 GHz 0.5W 20 GP 148 E 104 
TRW 54501 MICROWAVE 2 GHz-4 GHz 0.5W 20 GP14 E 104 
TRW 54601 MICROWAVE 2 GHz-4 GHz 0.5W 20 HLPB E 104 
TRW 62601 MICROWAVE 2GHz 1.2W 20 HLPB E 107 
TRW 62602 MICROWAVE 2GHz 2.5W 20 HLPB E 111 
TRW 63601 MICROWAVE 3GHz 0.45W 20 HLPB E 115 
TRW 63602 MICROWAVE 3GHz 0.B5W 20 HLPB E 119 
TRW 64601 MICROWAVE 4GHz 0.3W 20 HLPB E 123 
TRW 64602 MICROWAVE 4GHz 0.6W 20 HLPB E 127 
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MRA 0610 Series' 

MIGroAMP 

'.3·9.;18-40 W 
• Broadband 600·1000 MHz 
• Internally Compensated* 
• Gold Metalized 
• Diffused Ballast Resistors 
• MTTF Data 

Electrical Characteristics (Tnaole 25 oC) 

SVII! qi ( I, p \ I tl111 "'11' [,O(,1(1 l rVlHAO(,10 'l MRAOGH W MHI\I)blO 40 

I 

BVCE~ Collector-Base Brecfkdown Voltage Ic = 20 mA Ie = 60 mA Ie = 100 rnA Ie = 200 mA 

1 

ROE = 10 n 50 V Min 50 V Min 50 V Min 50 V Min 

BVEOq Emitter-Base Breakdown Volta,ge IE = 0.25 mA 10 = 0.5 mA 10 = 1.25 mA IE = 2.5 mA 

i 3.5 V Min 3.5 V Min 3.5 V Min 3.5 V Min 

Vce = 28 V Vco = 28 V Vco = 28 V VCB = 28 V 
ICBO Collector Cutoff Current .5 mA 1.5 mA 2.5 mA 5.0mA 

IE = 0 VCB = 45 V VCB = 45 V VCB = 45 V V~&.~!~ V : 1.0mA 3.0 mA 5.0 mA 

Ic Max Continuous Collector Current 0.5 A 1.5 A 5.0A 10.0 A 
VCE = 4 V 

hFE 

! 

Forward Current Transfer Ratio Ie = 0.1 A Ie = 0.3 A Ie = 0.5 A Ie = 1.0A 
VCE = 5 V 10-100 10-100 10-100 10-100 

6jF Thermal Resistance Junction to Flange 15°C/W 6°C/W 4°C/W 2.5°C/W 

Po Min Broadband Power Output 3.0W 9.0W 18.0W 40.0W 

Cob Max Collector- Base Capacitance 4.5 pF 10 pF 14 pF 28 pF 
Vco = 28 V, f = 1 MHz 

PO(dB) Min Power Gain in dB Po = 3.0W Po = 9.0 W Po ;.~~.gw Po = 40.0 W 
VCB = 28 V - 7.8 dB 7.8 dB 7.0dB 

MTTF Metal Failure Factor Hrs x Amps2 60,692 546,227 1,517,298 6,069,192 
Tj = 150°C' 

7l c Min Broadband Collector Efficiency Po = 3.0 W Po ;59;2 W Po = 18.0 W Po = 40.0 W 
50% 50 % 55 % 

Tj & TsTO Maximum Junction and Storage Temperatures: -,.65 to + 200 °C 

• Based on Black's equation and using rp= 0.96 EV, ~ = 1.07 x 10- 12 for unpassivated Au. Empirical data indicates a 3-10 times 
improvement for glass passivated units. These units are glass passivated . 

• The concept of input and/or output matching using MOS capacitors, wire bonds and other techniques is patented by TRW, 
..... inc. (US # 3,713,006). 

~ 
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MRA 0610 

The TRW MRA0610 series offers a complete family of broad
band, high-gain transistors for applications in the 600-1000MHz 
band_ 

Using internal compensation (a patented* technique de
veloped and first offered for sale by TRW), the MRA061 0 series is 
intended for use in a variety of military and industrial applications 
including ECM, radio relay and the "960" mobile band for fixed 
station use_ 

The smooth, broadband transfer characteristics of the 
MRA0610 series makes it attractive for semi-linear applications 
without the need for bias_ Power leveling within a broad range can 
be accomplished simply through control of low-level drive, thus 
eliminating brute force control of collector voltage_ 

Device output power levels of 3, 9, 18 and 40 watts allow a' 
wide choice of lineup configurations. Excellent device-to-device 
phase tracking characteristics permit hybrid combination for 
higher powers with negligible combining loss. 

Complete data and broadband circuitry, suitable to photograph 
for circuit boards, are contained herein. 

DIFFUSED BALLASTING AND RELIABILITY 
Microwave transistor devices are· universally constructed 

using multiple cell combinations for higher power. A number of ad
vantages are obtained using the cellular concept including better 
thermal balance and the ability to adjust power output capability 
using more or less cells to construct a device. Unless proper 
ballasting techniques are employed, some difficulty can be 
encountered in the act of combining cells. Ballasting makes cell 
combining practical. The alternative to ballasted cells is an 
operator-dependent assembly technique called "contour
bonding." Herein, bond wires of varying lengths are employed to 
adjust inductance and thereby achieve the expected balance. 
TRW has decided in favor of ballasting rather than contour
bonding because it is a controlled, repeatable and totally reliable 
technique. 

While ballasting is desirable, certain techniques for creating 
ballast resistors in fine geometry microwave transistors have 
proven unreliable. Such an example is "metal" ballast resistors. 
Such resistors are incorporated by introducing an exposed section 
of barrier metal between the emitter finger and feeder bar. This 
type of resistor, of necessity, lies on' top of an oxide layer. Be
cause the metal resistor is required to dissipate as much as 
1 OKW /CM 2, extreme temperatures are generated in the resistor 
material. With this construction there is no adequate means. of 
removing heat from the metal resistor. Therefore, the ballast 
resistor undergoes radical changes in physical dimension during 
its operating profile. This results in separation from the oxide. 
layer or micro-cracking, or both. 

Given that ballasting is desirable, a better solution, diffused 
ballast resistors, is incorporated in the MRA0610 series. Several 
advantages accrue from this approach. It is integral in the Silicon 
carrier, has the same coefficient of expansion and is heat sinked. 
Experience has Shown that the diffused ballast resistor has none 
of the metal resistor disadvantages, yet offers an additional 
advantage. In the MRA0610 series, the diffused resistor is 
designed to current limit (because of limited carriers) before 
destructive current levels at the junction occur. Diffused ballast 
resistors are definitely superior in performance and reliability. 
Test data is available to verify this fact. 

METALIZATION AND RELIABILITY 
Metal migration is the main concern when conSidering a metal 

system. In fine geometry devices such as microwave tran
sistors, the use of aluminum having sufficiently large grain 
size to provide an activation energy equal to that of gold is not 
possible since geometrical definition would be impossible. In 
order to adequately define small geometries, one must use 
aluminum with a grain size (1 micron or less) which has a very 

unattractive activation energy. Activation energy has an ex
ponential relationship to metal migration. 

A fair comparison of two metal systems (aluminum versus 
gold) would be to construct the same transistor using both metal 
systems and calculate the anticipated metal failure point using 
Black's equation. The following example is based upon the same 
transistor cell as is used in th'e TRW MRA061 0 series. 

Junction Temperature 

100°C 
125°C 
150°C 
175°C 
200°C 

Times Improvement 
of MTTF with 

Gold vs Aluminum 

691 
370 
168 

56 
30 

For this reason, TRW RF Semiconductors uses a gold metal
ization system on all microwave transistors including the 
MRA0610 series. 

TRW'S PATENTED* MICroAMP 
Since power microwave transistors became feasible, the 

bandwidth limiting problem of excessively high input "a's" has 
vexed the solid state microwave amplifier designer. 

Parasitic reactances (primarily due to the package) become 
increasingly more significant past 200M Hz and impose severe 
limitations on band width past 1 GHz. Additionally, the real com
ponent of input Z(Rbl)) becomes smaller as higher drive power 
and higher power outputs are achieved. 

Microwave power transistors generally employ several emitter 
ballasted cells in parallel to obtain power outputs required with 
the small cell geometry, necessary to realize a microwave tran
sistor. Figure 1 shows the schematic representation of such a 
device. 

Note that all components of the input impedance are in 
parallel, which compounds the "a" and bandwidth problem as 
more celis are used to achieve power, or the operating frequency 
is raised (or both). Figure 2 illustrates a more acc~ptable solution 
which combines inputs after an impedance transfurmation at the 
input of each device cell. It is convenient to do this all or partially 
within the package. 

TO OTHER CELLS 

Figure 1. Elementary 
Method of Cell Combining 

Figure 2. Cells Combined 
with Transformers 

Correct input circuitry design can yield a device which is 
broadbandable over a broad range of frequencies (40 percent 
or more). 

Because of the nature of source 'impedance driving the 
transistor cell (essentially a voltage source), as much as 10dB 
additiooal usable dynamic range without noticeably altering 
bandwidth or tuning is possible with the MICroAMP. 

Additional gain and bandwidth advantage can be obtained by 
operation of the MICroAMP device cells in a common base can· 
figuration. The devices described therein are so configured. 

"TRW U.s. Patent *3.7t 3.006 
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MRA061 0-3 - 3 WATTS BROADBAND 

Typical Power Output vs Frequency 

4.0 
Pin = 0.4W L..... 

3.0 ---Pin = 0.3W 

2.0 

1.5 Pin 0.2W 
~ 

~ 

1.0 
Pin-0.15W 

0.8 ~ 

0.6 

Pin=O.lW 
0.4 
~ 

0.3 

0.2 

600 700 800 900 1000 
Frequency - MHz 

Typical Efficiency vs Frequency 

45~ ____ ~ ______ ~ ____ ~ ____ ~ 

600 700 800 900 1000 
Frequency - MHz 

Impedance Data 
Vcc= 28V 

Typical Return Loss vs Frequency 

10~-----+------+------+----~ 

700 800 900 1000 
Frequency - MHz 



MRA 0610 

MRA0610-9 - 9 WATTS BROADBAND 

:::l 
a. 
:::l o 

j 

Typical Powe~ Output vs Frequency 
20 

15 

10 

1.5 

1.0 

0.8 

0.6 

0.4 

Pin = 2.0W 

. V'": Pill = 1.5W ---~ ~ Pin = 1.25W -
~ Pin = 1.0W 

--... 

r---.. Pm = 0.75W ---~ ~ 

t---...... Pin = 0.5W --.... r-- -~ 
~pm=0.3W 
~ ./ ---V 

600 700 BOO 900 1000 
Frequency - MHz 

Typical Efficiency vs Frequency 

;t. 651----+---+----+------1 
I 
>u 
c: 
'" 
~ 
g.. 60 I------.,.q...---+----+--~ 

55
600 700 800 . 900 1000 

Frequency - MHz 

CD 
'C 

I 
<f) 
<f) 
o 
--' 
c: 
:::l 

'" ex: 

Impedance Data 
Vee= 28V 

Typical Return Loss vs Frequency 

Frequency - MHz 

I 
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·1 MRA 0610 

MRA0610-18 -18 WATTS BROADBAND 

E7 

Typical Power Output vs Frequency 

30 Pm = 2.5W 
~ Pin = 2.0W r--...... 
~ ........ 20 

15 Pin = 1.SW 
I"'"" 

L..---'"' .f'in=1.3W 

P,n = 1.0W -'" -I"""" 

Pin=O.SW L..---'"' 
~ 

Pon=O.4W ~ 
~ -

1 
SOO 700 800 900 1000 

Frequency -: MHz 

Typical Efficiency vs Frequency 
70r-----~------~----~------, 

SOS~0-0----~7~00~--~8~00~--~9~00~~1~0~00 
Frequency - MHz 

Impedance Data 
Vcc= 28V 

Typical Return Loss vs Frequency 

10~-----r------~-----+--~~ 

20~SO~0~--~70bO~--~80bO~--~~--~1~0~00 
Frequency - MHz 
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MRA061 0-40 - 40 WATTS BROADBAND 

Typical Power Output vs Frequency 

50 Pm = 6.BW 

40 

,,-
~ --

30 

",- -------Pin - 3.5W 

20 

,,- ---...... ........... 
'" Pin = 2.5W 

~ 15 

I 
--.... 
~ 

::> 
10 c. 

8 ., 
~ 

~ 
Pin = 1.5W 
~ 

............ 
"""- --

:-. Pin=1.0W 

~ 
............ 

.......... - -
1.5 

1 
600 700 BOO 900 1000 

Frequency - MHz 

Typical Efficiency vs Frequency 
65P-----~------~----~------, 

~ 55~-----+------~------~----~ 

50~60~0~--~7~0~C----~BO~0~--~9~00~--~10~0~0 
Frequency - MHz 

10 

~ 12 
I 

'" '" 0 
-' 14 
§ 
£ 

lB 

20 

Impedance Data 
Vee= 28V 

Typical Return LQss vs Frequency 

600 700 BOO 900 1000 
Frequency - MHz 

EB 



MRA 0610 

J 
Input 

I 
Input 

E9 

~ 

TEST CIRCUIT BOARDS FOR MRA0610 SERIES 
NOTE: Scale is not 1 : 1. 

~ 

MRA061 0·3 ~. 
Input , 

.. 
"'II1II 

MRA0610·9 

.. 

MRA061 0·40 

1" 

~iT 
220pF 
Chip 

I Output 
~ 

220pF 
Chip 

Output 

'1r
l 

220pF 
Chip 

Output 

"Foil wrap or plate around to ground plane. Board material 0.020 inch glass· teflon £r = 2.55. 
(1) Bypass capacitor to ground for shunt inductor (220pF Chip). 

(2) Use B+ bypass of 0.Q1 and 1 "F capacitors at this point. 

t 



MRA 0610 

MTTF FACTOR ys Tj 
(Divide by Ie' to obtain metal lifetime in hours.) 

1x10' ~~~-+----~~--~--~--~-4------~------+-----~ 

1 X 10· a :i.! 
)( 

!!! 
%: 

I 
E 

~ 
I: 
::E 1 x 10' 

1x10·~~--~-------r--~--+-----~-------r--~--+-----~ 

1X10J~70------~90~-----11~0------1~30~----1~5~0------17~0------1·90----~21~0 
Junction Temperature - "C 

MRA Series Package 
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MRA 1014 Series .... ~.-. 
II'W~' 

MICroAMP 

• 2·6·12·35 W 
'. Broadband 1000·1400 MHz 
• Intemally Compensated* 
• Gold Metalized 
• Diffused Ballast Resistors 
• MTTF Data 

Electrical Characteristics (TflBoIC, = 2& oC) 

'-'YI!1Il1. 1 Ch.1t I tt rl't,! MRA1014 2 MIA101~(' MRAlOll 1/ MHI\1014 3') 

BVCER Collector-Base Breakdown Voltage Ic = 20 mA Ie = 40 mA Ic =80 mA Ic = 200 mA 
RBE = 10 n - 50 V Min 50 V Min 50 V Min 50 V Min 

. 

BVEBO Emitter-Base Breakdown Voltage IE = 0.25 mA IE = 0.5 mA IE = 1.0 mA IE = 2.5 mA 
3.5 V Min 3.5 V Min 3.5 V Min 3.5 V Min 

VCB = 28 V VCB = 28 V VC~.;~! V 
VCB = 28 V 

ICBO Collector Cutoff Current 0.5mA 1.0 mA 5.0mA 

IE = 0 VCB = 45 V VCB = 45 V VCB = 45 V VCB = 45 V 
1.0mA 2.0 mA 4.0 mA 10.0mA 

Ie Max Continuous Collector Current 
VCE = 4 V 

0.5 A 1.5A 5.0 A 10.0 A 

hFE Forward Current Transfer Ratio Ic = 0.1·A Ic = 0.2 A Ic = 0.4 A Ie = 1.0 A 
VCE = 5 V 10-100 10-100 10-100 10-100 

6jF Thermal Resistance Junction to Flange 15°C/W 8°C/W 4.5°C/W 2°C/W 

Po Min Broadband Power Output 3.0W 6.0W 12.0W 35.0W 

Cob Max Collector- Base Capacitance 4.5 pF 8 pF 12 pF 28 pF 
VCB = 28 V, f = 1 MHz 

PO(dB) Min Power Gain in dB Po = 2.0 W Po = 6.0 W Po = 12.0W Po = 35.0 W 
VCB = 28 V 8.2 dB 7.4 dB 7.8 dB 7.0 dB 

'l'lc Min Broadband Collector Efficiency Po = 2.0 W Po = 6.0 W Po = 12.0 W Po = 35.0 W 
45 % 50% 50% 50% 

Tj & TSTG Maximum Junction and Storage Temperatures: - 65 to + 200 °c 

• The concept of input and/or output matching using MOS capacitors, wire bonds and other techniques is patented b.., 1'RW.l(\c. 
iii..... (US # 3,713,006) .. 

~ 

E 11 



MRA 101'4 

The TRW MRA 1014 series offers a complete family of broad
band, high-gain transistors for applications in the 1000-1400MHz 
band. 

Using internal compensation (a patented" technique de
veloped and first offered for sale by TRW), the MRA 1014 series is 
intended for use in a variety of military and industrial applications 
including ECM, radio relay and telemetry for fixed station use. 

The smooth, broadband transfer characteristics of the 
MRA 1014 series makes it attractive for semi-linear applications 
without the need for bias. Power leveling within a broad range can 
be accomplished simply through control of low-level drive, thus 
(lliminating brute force control of collector voltage. 

Device output power levels of 2, 6, 12 and 35 watts allow a 
wide choice of lineup configurations. Excellent device-to-device 
phase tracking characteristics permit hybrid combination for 
higher powers with negligible combining loss. 

Complete data and broadband circuitry, suitable to photograph 
for Circuit boards, are contained herein. 

DIFFUSED BALLASTING AND RELIABILITY 
Microwave transistor devices are universally constructed 

using multiple cell combinations for higher power. A number of ad
vantages are obtained using the cellular concept including better 
thermal balance and the ability to adjust power output capability 
using more or less cells to construct a device. Unless proper 

. ballasting techniques are employed, some difficulty can be 
encountered in the act of combining cells. Ballasting makes cell 
combining practical. The alternative to ballasted cells is an 
operator-dependent assembly technique called "contour
bonding." Herein, bond wires of varying lengths are employed to 
adjust inductance and thereby achieve 'the expected balance. 
TRW has decided in favor of ballasting rather than contour
bonding because it is a controlled, repeatable and totally reliable 
technique. 

While ballasting is desirable, certain techniques for creating 
ballast resistors in fine geometry microwave transistors have 
proven unreliable. Such an example is "metal" ballast resistors. 
Such resistors are incorporated by introducing an exposed section 
of barrier metal between the emitter finger and feeder bar. This 
type of resistor, of necessity, lies on top of an oxide layer. Be
cause the metal resistor is required to dissipate as much as 
1 OKW /CM', extreme temperatures are generated in the resistor 
material. With this construction there is no adequate means _of 
removing heat from the metal resistor. Therefore, the ballast 
resistor undergoes radical changes .in physical dimension during 
its operating profile. This results in separation from the oxide 
layer or micro-cracking, or both. 

Given that ballasting is desirable, a better solution, diffused 
ballast resistors, is incorporated in the MRA 1014 series. Several 
advantages accrue from this approach. It is integral in the silicon 
carrier, has the same coefficient of expansion and is heat sinked. 
Experience has shown that the diffused ballast resistor has none 
of the meial resistor disadvantages, yet offers an additional 
advantage. In the MRA 1014' series, the diffused resistor is 
designed to current limit (because of limited carriers) before 
destructive current levels at the junction occur. Diffused ballast 
resistors are definitely superior in performance and reliability. 
Test data is available to verify this fact. 

METALIZATION AND RELIABILITY 
Metal migration is the main concern when considering a metal 

system. In fine geometry devices common to all microwave 
tranSistors. the use of aluminum having sufficiently large grain 
size to provide an activation energy equal to that of gold is not 
possible since geometrical definition would be impossible. In 
order to adequately define small geometries. one must use 
aluminum with a grain size (1 micron or less) which has a very 

unattractive activation energy. Activation energy has an ex
ponential relationship to metal migration. 

A fair comparison of two metal systems (aluminum versus 
gold) would be to construct the same transistor using both metal 
systems and calculate the anticipated metal failure point using 
Black's equation. The following example is based upon the same 
transistor cell as is used in the TRW MRA 1014 series. 

Junction Temperature 

100°C 
125°C 
150°C 
175°C 
200°C 

Times Improvement 
ofMTTF with 

Gold vs Aluminum 

691 
370 
168 

56 
30 

For this very obvious reason TRW RF Semiconductors uses a 
gold metalization system on all microwave transistors including 
the MRA 1014 series. ' 

TRW'S PArENTED· MICroAMP 
Since power microwave transistors became feasible, the 

bandwidth limiting problem of excessively high input "O's" has 
vexed the solid state microwave amplifier designer. 

Parasitic reactances (primarily due to the package) become 
increasingly more significant past 200MHz and impose severe 
limitations on band width past 1 GHz. Additionally, the real com
ponent of input Z(Rbb) becomes smaller as higher drive power 
and higher power outputs are achieved. 

Microwave power transfstors generally employ several emitter 
ballasted cells in parallel to obtain power outputs required with 
the small cell geometry necessary to realize a microwave tran
sistor. Figure 1 shows the schematic representation of such a 
device. 

Note that all components of the input impedance are in 
parallel, which compounds the "0" and bandwidth problem as 
more cells are used to achieve power, or the operating frequency 
is raised (or both). Figure 2 illustrates a more acceptable solution 
which combines inputs after an impedance transformation at the 
input of each device cell. It is convenient to do this all or partially 
within the package. 

TO OTHlR CEllS 

Figure 1. Elementary 
Method of Cell Combining 

Figure 2. Cells Combined 
with Transformers 

Correct input circuitry design can yield a device which is 
broadbandable over a broad range of frequencies (40 percent 
or more). 

Because of the nature of source impedance driving the 
transistor cell (essentially a voltage source), as much as 10dB 
additional usable dynamic range without noticeably altering 
bandwidth or tuning is possible with the MICroAMP. 

Additional gain and bandwidth advantage can be obtained by 
operation of the MICroAMP device cells in a common base con
figuration. The devices described therein are so configured. 
"TRW u.s. Patent *3.713.006 
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MRA 1014-2 - 2 WATTS BROADBAND 

Typical Power Output vs Frequency 
10.0----..---...... ---..,..----

8.0.-~-_I---__t---_t_--___t 

6.01----1----1----1-----1 

4.01----1----1----t-----1 

Pin-.OAW 

~ 
Pin = 0.2W 

~ 
, I 

~ 1.01::==:::l:===::t:===t=:::::==1 
~ 0.81---_I----+Pin = 0.15W'+-----1 

lO.6"""" - -

0.41----+--'---t----t------1 

Pin=O'.1W 

0.21----1----1----1----1 

0.1 ..... ___ ...... "--_~.....I.~--~--~ 
1.0 1.1 1.2 1.3 1.'1 

Frequency - MHz 

Typical Efficiency va Frequency 
65 

;/!-
60 

I 

I 
u 
~ 55 

50~ ______ ~ ______ ~ ____ ~ ______ ~ 

1.0 1.1 1.2 1.3 1.4 
Frequency - MHz 

'8 
I 

~ 
§ 
i 

Impedance Data 
Vee = 28V 

Typical Return Loss vs Frequency 

24~----~----~~----~----~ 
1.0 1.1 1.2 1.3 1.4 

Frequency - MHz 



MRA 1014 

MRA 1014-6 - 6 WATTS BROADBAND 

100 
80 

60 

40 

20 

~ 
I 

% 10 
o 

! 

Typical Power Output vs Frequency 

-----~ Pin = 1.lW 

-....... r--... Pin = 0.9W --- Pin = o.!!... ~ 
V" """"- --

Pln~ ~ 

",- -r-.- -

1 
1.0 1.1 1.2 

Frequency - MHz 
1.3 1.4 

>
'"' c: ., 

~ 

Typical Efficiency vs Frequency 

~ 64r-------~----~~~----~----~ 

62~ _____ ~~ ________ ~ ____________ ~ ____________ ~ 

1.0 11 1.2 1.3 1.4 
Frequency - MHz 

a:> 
"0 

I 
<I) 

Impedance Data 
Vee = 28V 

Typical Return loss vs Frequency 
10r-------r-----~r-----~r-----, 

~ 18~------~--~~--~~~----4r~ 

c: 

'" ., 
a:: 

22~~----~~~~------~------_w 

Frequency - MHz 

t 
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MilA 1014 

MRA1014-12 -12 WATTS BROADBAND 

E 15 

If) 

~ 
I 

100 

80 

60 

40 

20 

~ 10 

8 8 
'" 
~ 

1 

Typical Power Output vs Frequency 

r----:1n = 2.0W _ 

~ 
""-

} --;::: ~tn=1.5W 

~./" r-- Pin - 1.25W -
" . '!'":':' -
~ 
~. 

1.0 

.... ~=0.75W _____ .,.--

1.1 1.2 
Frequency - MHz 

1.3 

Typical Efficiency vs Frequency 

1.4 

58~----~------~------~------' 

;f!. 56 
I 
>u 

I 

52~ ______ ~ ______ ~ ____ ~ ______ ~ 

1.0 1.1 1.2 
Frequency - MHz 

1.3 1.4 

Impedance Data 
Vee = 28V 

Typical Return Loss vs Frequency 
10~----~-------r------~----~ 

14~--~~-------+------~--~~ 

Frequency - MHz 



MRA 1014 

MRA 1014-35 - 35 WATTS BROADBAND 

Vl 

~ 
I 

'5 

~OO 

BO 

60 

40 

20 

e 10 
c5 
II> 
~ 
~ 

I 
>-

1 

Typical Power Output YS Frequency 

~ 
Pin = 7.0W 

~.5W-- -P--

"'---""pIn = 4.5W ----~ 
PIn- 3.5W r---..... 
Pin - 2.BW ----I'----- -~ -
~ 

1.0 1.1 1.2. 1.3 1.4 
Frequency - MHz 

Typical Efficiency YS Frequency 

.5 52 ....... ---t----f---\--1f_.,.-~'__I 
ffi 
s::-

50~----r-----~--~~---~ 

4B~------~----~~----~~----~ 
1.0 1.1 1.2 1.3 1A 

Frequency - MHz 

a> 
'C 

I 
Vl 

Impedan.ce Data 
Vee = 28V 

Typical Return Loss YS Frequency 
10~----~~----~~----~~----~ 

14 ....... ----f----1~~-~~---~ 

31B~---1f_--_4~r--_4-~+_~ 

~ 
22 ....... --~~--~--~~-+_-~ 

Frequency - MHz 
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TEST CIRCUIT BOARDS FOR MRA 1014 SERIES 

MRA1014·2 

MRA1014·6 

MRA1014·12 

---~-

MRA1014·35 

NOTE: Scale is not 1 :1. 

32pF 
Ceramic 

Chip 

1----1"----\ 

!---l"-----I 

1---1"---1 

AIIIII 

I 
(2) 

"Foil wrap or plate around to ground plane. Board material 0.020 inch glass· teflon Er = 2.55. 
(1) Bypass capacitor to ground (150pF Chip). 
(2) Use B+ bypass of 0.01 and 1 "F capacitors at this point. 
(3) 1 0 turns #20 enamel close wound on 0.040 mandril. 



MRA 1014 

MTTF FACTOR (Normalized to 1 Ampere2 Continuous Duty) 
The graph shown below displays MTTF in hours x ampere' emitter current for each of 
the devices. Life tests at elevated temperatures have correlated to better than ± 10% .to 
the theoretical prediction for metal failure. Sample MTTF calculations based on oper· 
ating conditions are included below. 

100.0 

10.0~--~-+---'.--r------~--~-+------4-------~-----i 

0-

~ 
)( 

'" .c 
0 

'" c: 
0 

:; 
I 

~ 0.1 :::;; 

Junction Temperature - °C 

Example of MTTF for MRA 1014·12 Conditions MRA Series Package 

where: 
Po 12W 

Pin 2W 
Vee 28V 
'1e 50% 

Tflange 700 e 
Ie ~ IE 

100 Po = o1I57A 
'1e x Vee 

PdlsS Pin + Vee Ie - Po = 14.0W 
T,unc Tllange + e,F x PdiSS = 133°e 

MTTF 1.2 x 10· hrs amp' = 1,400,200 hrs 
Ie' 

159 yrs 
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MRA 1214·55H ... ~ ... 
II'.~ 

L-Band High Power 

-ssw 
-1200·1400 MHz 

The TRW MRA 1214-55H* is an NPN silicon 
power RF transistor which is intended for mili
tary and industrial use in the 1200-1400 MHz 
range. It provides a minimum of 55 'watts out
put power at 28 VDC collector potential. 

The devices feature TRW-pioneered advanta
ges such as PtSi-TiWAu metalization and diffu
sed silicon ballast resistors. 

These high power microwave transistors find 
use in radar systems, ECM systems and other 
L-Band systems. 6.5 dB of power gain allows 
hybrid combining of multiple devices. The high 
power output of the MRA 1214-55H assures 
combining of a minimum number of devices to 
achieve desired power output. 

In a pulsed mode (100 ",s, modest duty) as 
much as 100 watts output power is available. 

Electrical Characteristics (25°C unlllS otherwise noted) 

jl t CharllctllnstJc TI",! (dfld,IIOf!<-

8V£ao Emitter·Base Breakdown 'Voltage IE - 2.0mA 

Ie - 6.0mA 
BVCES Collector·Base Breakdown Voltage Ie - 12.OmA 

Ie - 120.0mA 

PIN - 12.3W 
Po Min. Broacllancl Power Output 1.2·1.46Hz 

(P 6.5dB Gain) 

Po - 55W 
rJC Min. BroadIand Collector Efficiency ,1.2·1.46Hz 

Vee - 28V 

Mil, 

3.5 

28 
45 
58 

55 

45 

""9iF Thermal Resistance Junction to Flange TFLANGE - 25°C 1.5 

MRA1214-55H stripline circuit for .020" glass·Teflon 

'~ -~-~ --

51K2-----

NOTE: Foil bond II 11011 10 grGII1d pi.- (back). 

E 19 
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Volts 

Volts 

Watts 

50 (typ.) Percent 

O°C/W~ 
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L-__ M_R_A __ 1_2_1_4_._5_5_H ____________________________________________________________ ~I 

Typical Efficiency VI. Frequency 
Power Ou1put VI. Frequency 

. ~ . I . 
~ ... Satl .. ted Po 

-~ .. , 
t"--........... 

70 

60 

~, ............ 

0 

30 

20 

10 

1200 

J'}c IConstIlll SSW) _ ..... --------.... "' ........... J'}c ISatwatad\ 

1250 1300 
Frill-ICY 

...... "' ......... 

1350 

MRA 4 

... 

--

80 

70 

60 

50 

I 
1i 

40 f 
Q 

J 
30 

20 

1 

1400 

.245 MIN. 

-,-L 

.385 --4--00-1 

.915 

I---- .640 --i 
.650 

.235 MAX 

+ 
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MRA 1417 Series 

MICroAMP 

• 2·6-11·25 W 
• Broadband 1400·1700 MHz 
• Intemally Compensated* 
• Gold Metalized 
• Diffused Ballast Resistors 
• MTTF Data. 

Electrical Characteristics at Tflan• c = 25°C 

<')\ l!I)(,J Ltl II I Ii tl II( I\~ f~ /\1 ~ J 1 .' :\1fU\1117 f Mf{Al1J711 r.1 f~ 1\ 1 11 I .' ~ 

BVCER Collector-Base Breakdown Voltage Ic == 20 mA Ic == 40 mA . Ic == 80 mA Ic == 160 mA 
RBE == 10 n 50 V Min 50 V Min 50 V Min 50 V Min 

BVEBO Emitter-Base Breakdown VoJtage IE == 0.25 mA IE == 0.5 mA IE == 1.0 mA IE == 2.0 mA 
3.5 V Min 3.5 V Min 3.5 V Min 3.5 V Min 

VCB == 28 V VCB == 28 V VCB == 28 V VCB == 28 V 

ICBO Collector Cutoff Current 0.5mA 1.0 mA 2.0 mA 4.0 mA 

IE == 0 VCB == 45 V VCB == 45 V VCB == 45 V VC8.;~~V 1.0 mA 2.0 mA 4.0 mA 

Ic Max Continuous Collector Current 0.5 A 1.0 A 4.0A 8.0A 
VCE == 4 V 

hFE Forward Current Transfer Ratio Ic == 0.1 A Ic == 0.2 A Ic == 0.4 A Ic == 0.8 A 
VCE == 5 V 10-100 10-100 10-100 10-100 

6jF Thermal Resistance Junction to Flange 15°C/W 8°C/W 4.5°C/W 2.5°C/W 

Po Min Broadband Power Output 2.0W 6.0W 11.0W 25.0W 

Cob Max COllector- Base Capacitance 4.5 pF 8 pF 12 pF 24 pF 
VCB .== 28 V. f == 1 MHz 

PO(dB) Min Power Gain in dB Po == 2.0W Po == 6.0W Po ==11.0W Po == 25.0 W 
VCB == 28 V 8.0 dB 7.4dB 7.4dB 7.0 dB 

'lJ c Min Broadband Collector Efficiency Po ;02~ W Po == 6.0 W Po == 11.0W Po == 25.0 W 
45 % 45% 45% 

Tj & TSTG Maximum Junction and Storage Temperatures: - 65 to + 200°C 

• Based on Black's Equation and using cp == 0.96 EV. ~ == 1.07 x 10- 12 for un passivated Au' Empirical data indicates a 3-10 times 
improvement for glass passivated units. These units are glass passivated. 

-.:... The concept of input and/or output matching using MOS capacitors. wire bonds and other techniques is patented by TRW. lnc. 
(US # 3.713.006). ~ 
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MRA 1417 

The TRW MRA1417 series offers a complete family of broad· 
band, high·gain transistors for applications in the 1.4·1.7GHz 
band. 

Using internal compensation (a patented" technique de· 
veloped and first offered for sale by TRW), the MRA 1417 series is 
intended for use in a variety of military and industrial applications 
including ECM, radio relay and telemetry. 

The smooth, broadband transfer characteristiCs of the 
MRA 1417 series makes it attractive for semi·linear applications 
without the need for bias. Power leveling within a broad range can 
be accomplished simply through control of low· level drive, thus 
eliminating brute force control of collector voltage. 

Device output power levels of 2, 6, 11 and 25 watts allow a 
wide choice of lineup configurations. Excellent device·lo·device 
phase tracking characteristics permit hybrid combination for 
higher powers with negligible combining loss. 

Complete data and broadband circuitry, suitable to photograph. 
)or circuit boards, are contained herein. 

DIFFUSED BALLASTING AND RELIABILITY 
Microwave transistor devices are univers;llly constructed 

using multiple cell combinations for higher power. A number of ad· 
vantages are obtained using the cellular concept including better 
thermal balance and the ability to adjust power output capability 
using more or less cells to construct a device. Unless proper 
ballasting techniques are employed, some difficulty can be 
encountered in the act of combining cells. Ballasting makes cell 
combining practical. The alternative to ballasted cells is an 
operator·dependent assembly technique called "contour· 
bonding." Herein, bond wires of varying lengths are employed to 
adjust inductance and thereby achieve the expected balance. 
TRW has decided in favor of ballasting rather than contour· 
bonding because it is a controlled, repeatable and totally reliable 
technique. 

While ballasting is desirable, certain techniques for creating 
ballast resistors in fine geometry microwave transistors have 
proven unreliable. Such an example is "metal" ballast resistors. 
Such resistors are incorporated by introducing an exposed section 
of barrier metal between the emitter finger and feeder bar. This 
type of resistor, of· necessity, lies on top of an oxide layer. Be· 

. cause the metal resistor is required to dissipate as much as 
1 OKW /CM 2, extreme temperatures are generated in the resistor 
material. With this construction there is no adequate means of 
removing heat from the metal resistor. Therefore, the ballast 
resistor undergoes radical changes in physical dimension during 
its operating profile. This results in separation from the oxide 
layer or micro·cracking, or both. 

Given that ballasting is desirable, a better solution, diffused 
ballast resistors, is incorporated in the MRA 1417 series. Several 
advantages accrue from this approach. It is integral in the silicon 
carrier, has the same coefficient of expansion and is heat sinked. 
Experience has shown that the diffused ballast resistor has none 
of the metal resistor disadvantages, yet offers an additional 
advantage. In the MRA 1417 series, the diffused resistor is 
designed to current limit (because of limited carriers) befo~e 
destructive current levels at the junction occur. Diffused ballast 
resistors are definitely superior in performance and reliability. 
Test data is available to verify this fact. 

METAl/ZATlDN AND RELIABILITY 
Metal migration is the main concern when considering a metal 

system. In fine geometry devices common to all microwave 
transistors, the use of aluminum having sufficiently large grain 
size to pnwide an activation energy equal to that of gold is not 
possible since geometrical definition would be impossible. In 
order to adequately define small geometries, one must use 
aluminum with a grain size (1 micron or less) which has a very 

unattractive activation energy. Activation energy. has an ex· 
ponential relationship to metal migration. 

A fair comparison of two metal systems (aluminum versus 
gold) would be to construct the same transistor using both metal 
systems and calculate the anticipated metal failure point using 
Black's equation. The following example is based upon the same 
transistor cell as is used in the TRW MRA 1417 series. 

Junction Temperature 

100°C 
125°C 
150°C 
175°C 
200°C 

Times Improvement 
ofMTTFwith 

Gold vs Aluminum 

691 
370 
168 

56 
30 

For this very obvious reason TRW RF Semiconductors uses a 
gold metalization system on all microwave transistors including 
the MRA 1417 series. 

TRW'S PATENTED" MICtoAMP 
Since power microwave transistors became feasible, the 

bandwidth limiting problem of excessively high input "a's" has 
vexed the solid state microwave amplifier designer. 

ParasitiC reactances (primarily due to the package) become 
increasingly more significant past 200MHz and impose severe 
limitations on band width past 1 GHz. Additionally, the real com· 
ponent of input Z(Rbb) becomes smaller as higher drive power 
and higher power outputs are achieved. 

Microwave power transistors generally employ several emitter 
ballasted cells in parallel to obtain power outputs required with 
the small cell geometry necessary to realize a microwave tran· 
sistor. Figure 1 shows the schematic representation of such a 
device. 

Note that all components of· the input impedance are in 
parallel, which compounds the "a" and bandwidth problem as 
more cells are used to achieve power, or the operating frequency 
is raised (or both). Figure 2 illustrates a more acceptable solution 
which combines inputs after an impedance transformation at the 
input of each device cell. It is convenient to do this all or partially 
within the package. 

TOOTHfRCHlS 

Figure 1. Elementary 
Method of Cell Combining 

Figure 2. Cells Combined 
with Transfonners 

Correct input circuitry design can yield a device which is 
broadbandable over a broad range 01' frequencies (40 percent 
or more). 

Because of the nature of source impedance driving the 
transistor cell (essentially a voltage source), as much as 10dS 
additional usable dynamic range without noticeably altering 
bandwidth or tuning is possible with the MICroAMP. 

Additional gain and bandwidth advantage' can be obtained by 
operation of the MICroAMP device cells in a common base con· 
figur;ltion. The devices described therein are so configured. 
"TRW u.s Patent #3,713.006 
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MRA 1417 

MRA1417·2 - 2 WATTS BROADBAND 

E23 

Typical Power Output vs Frequency 
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MRA 1417 

MRA1417-6 - 6 WATTS BROADBAND 
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MRA1417-11 - 11 WATTS BROADBAND 
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MRA 1417 

MRA1417-25 - 25 WATTS BROADBAND 

. Typical Power Output vs Frequency 
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TEST CIRCUIT BOARDS FOR MRA 1417 SERIES 

MRA1417-2 

Input 

MRA14.17-6 

Input 

,.. MRA1417-11 "II1II •••••• _
II1II1111 

Input 

-- ---

* 

t-
Two 100pF Chips 

in Parallel 

1+--1" ---+f 

MRA1417-25 

Input 

"-Two 1 OOpF Chips 
in Parallel 

1+--1"---1 

• Foil wrap or plate arounO to ground plane. 
(1) Bypass capacitor to ground (220pF Chip). 
(2) Use Vccbypass 01 220pF chip, 0·.1/AF chip and 5/AF. 
Board material 0.020 inch glass·tellon E.r = 2.55. 



MilA 1417 

where: 

MTTF FACTOR (Normalized to 1 Ampere2 Continuous Duty) 
The graph shown below displays MTTF in hours x ampere' emitter current for each 
of the devices. Life tests at elevated temperatures have correlated to better than 
±10% to the theoretical prediction for metal failure. Sample MTTF calculations 
based on operating conditions are included below. 

Junction Temperature - °C 

Example of MTIF for MRA 1417 ·11 Conditions MRA Series Package 

Po 11W 
P,n 2W 

Vee 28V ~
~11t", 

Y)e 45% 
Tllange 70°C 

Ie ~ IE 

MTTF 

Po = 0.873A 
Y)e x Vee 
P,n + Vee Ie - Po = 15.4W 
Tllange + Bt x Pdlss = 132°C 

1.1 x 10· hrs amp' = 1.443.328 hrs 
Ie' 

164 yrs 

G) + ___ 26_5 

I ~ I ·tiS 

--L.~~.:=-Ju.......~ 

~f 
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M RA 1720 Series, ' 

MICroAMP 

• 2·5-9·20 W 
• Broadband 1700-2000 MHz 
.Intemally Compensated* 
• Gold Metalized 
• Diffused Ballast Resistors 
• MTTF Data 

\ 

Electrical Charactarlstics at T'lan •• = 25 DC 

S", ntJl'! ell" I( tt rl tl( 

BVCER Collector-Base Breakdown Voltage 
RBE " 10 n 

BVEBO Emitter-Base Breakdown Voltage 

·CBO Collector Cutoff Current 
IE" 0 

Ic Max Continuous Collector Current 
VCE .. 4 V 

hFE Forward Current Transfer Ratio 
I 

Vee'" 5 V 

ejF Thermal Resistance Junction to Flange 

Po Min Broadband Power Output 

Cob Max Collector-Base Capacitance 
VCB = 28 V. f - 1 MHz 

PO(dB) Min Power Gain in dB 
VCB '" 28 V 

"Ilc Min Broadband Collector Efficiency 

MRA17202 

I«i;" 20mA 
OV Min 

IE" 0.25 mA 
3.5 V Min 

V
c8

" 28 V 
' .5mA 

VCB .. 45 V 
1.0mA 

0.5 A 

Ic = 0.1 A 
10-100 

15°C/W 

2.0W 

4.5 pF 

Po - 2.0 W 
7.5 dB 

Po" 2.0 W 
35% 

... ~ ... 
I..I'_~ 

Mf,'\17.'O " MRI\17.'O 'J Mf~1\17 /(j 20 

1«i;-40mA 
OV Min 

Ic "'80mA 
50 V Min 

Ic=160mA 
50 V Min 

IE" 0.5 mA 
3.5 V Min 

IE'" 1.0 mA 
3.5 V Min 

IE = 2.0 mA 
3.5 V Min 

VCB .. 28 V 
1.0mA 

V~ .. 28V 
.0mA 

VCZ" 28 V 
.0mA 

VCB - 45 V 
2.0mA Vc:.o"':!V V~o":!V 

1.0 A 4.0 A 8.0A 

Ic" 0.2 A 
10-100 

Ic" 0.4 A 
10-100 

Ic" 0.8 A 
10-100 

8°C/W 4.5°C/W 2.5°C/W 

5.0W 9.0W 20.0W 

8 pF 12 pF 24 pF 

P~" 5.0W 
6.5 dB 

Po" 9.0W 
6.5 dB 

Po" 20.0W 
6.0 dB 

Po - 5.0 W 
40% 

Po - 9.0W 
40% 

Po" 20.0 W 
40% 

Tj & TSTO Maximum Junction and Storage Temperatures: - 65 to + 200 °C 

• The concept of input and/or output matching using MOS capacitors. wire bonds and other techniques is patented by TRW. Inc . 
.... (US # 3.713.006). . ~ 
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MRA 1720 ~ 

The TRW MRA1720 series offers a complete family of broad· 
band, high·gain transistors for applications in the 1.7·2.0GHz 
band. 

Using internal compensation (a patented" technique de· 
veloped and first offered for sale by TRW), the MRA 1720 series is 
intended for use in a variety of military and industrial applications 
including ECM, radio relay and telemetry. 

The smooth, broadband transfer characteristics of the 
MRA 1720 series makes it attractive for semi· linear applications 
without the need for bias. Power leveling within a broad range can 
be accomplished simply through control of low· level drive, thus 
eliminating brute force control of collector voltage. 

Device output power levels of 2, 5, 9 and 20 watts allow a 
wide choice of lineup configurations. Excellent device·to·device 
phase tracking characteristics permit hybrid combination for 
higher powers with negligible combining loss. 

Complete data and broadband circuitry, suitable to photograph 
for circuit boards, ar~ contained herein. 

DIFFUSED BALLASTING AND RELIABILITY 
Microwave transistor devices are universally constructed 

using multiple cell combinations for higher power. A number of ad· 
vantages are obtained using the cellular concept including better 
thermal balance and the ability to adjust .power output capability 
using more or less cells to construct a device. Unless proper 
ballasting techniques are employed, some difficulty can be 
encountered in the act of combining cells. Ballastin'g makes cell 
combining practical. The alternative to ballasted cells is an 
operator· dependent assembly technique called "contour· 
bonding." Herein, bond wires of varying lengths are employed to 
adjust inductance and thereby achieve the expected balance. 
TRW has decided in favor of ballasting rather than contour· 
bonding because it is a controlled, repeatable and totally reliable 
technique. 

While ballasting is desirable, certain techniques for creating 
ballast resistors in fine geometry microwave transistors have 
proven unreliable. Such an example is "metal" ballast resistors. 
Such resistors are incorporated by introducing an exposed section 
of barrier metal between the emitter finger and feeder bar. This 
type of resistor, of necessity, lies on top of an oxide layer. Be· 
cause the metal resistor is required to dissipate as much as 
1 OKW I CM', extreme temperatures are generated in the resistor 
material. With this construction there is no adequate means of 
removing heat from the metal resistor. Therefore, the ballast 
resistor undergoes radical changes in physical dimension during 
its operating profile. This results in separation from the oxide 
layer or micro·cracking, or both . 

. Given that ballasting is desirable, a better solution, diffused 
ballast resistors, is incorporated in the MRA1720 series. Several 
advantages ace rue from this approach. It is integral in the Silicon 
carrier, has the same coefficient of expansion and is heat sinked. 
Experience has shown that the diffused ballast resistor has none 
of the metal resistor disadvantages, yet offers an additional 
advantage. In the MRA1720 series, the diffused resistor is 
designed to current limit (because of limited carriers) before 
destructive current levels at the junction occur. Diffused ballast 
resistors are definitely superior in performance and reliability. 
Test data is available to verify this fact. 

METALIZATION AND RELIABILITY 
Metal migration is the main concern when considering a metal 

system. In fine geometry devices common to all microwave 
transistors, the use of aluminum having sufficiently large grain 
size to provide an activation energy equal to that of gold is not 
possible since geometrical definition would be impossible. In 
order to adequately define small geometries, one must use 
aluminum with a grain size (1 micron or less) which has a very 

unattractive activation energy. Activation energy has an ex· 
ponential relationship to metal migration. 

A fair comparison of two metal systems (aluminum versus 
gold) would be to construct the same transistor using both metal 
systems and calculate the anticipated metal failure point using 
Black's equation. The following example is based upon the same 
transistor cell as is used in the TRW MRA 1720 series. 

Junction Temperature 

100°C 
125°C 
150°C 
175°C 
200°C 

Times Improvement 
of MTIF with 

Gold vs Aluminum 

691 
370 
168 

56 
30 

For this very obvious reason TRW RF Semiconductors uses a 
gold metalization system on all microwave transistors including 
the MRA 1720 series. 

TRW'S PATENTED" MlCroAMP 
Since power microwave transistors became feasible, the 

bandwidth limiting problem of excessively high input "a's" has 
vexed the solid state microwave amplifier designer. 

Parasitic reactances (primarily due to the package) become 
increasingly more significant past 200MHz and impose severe 
limitations on band width past 1 GHz. Additionally, the real com· 
ponent of input Z(Rbb) becomes smaller as higher drive power 
and higher power outputs are achieved. 

Microwave power transistors generally employ several emitter 
ballasted cells in parallel to obtain power outputs required with 
the small cell geometry necessary to realize a microwave tran· 
sistor. Figure 1 shows the schematic representation of such a 
device. 

Note that all components of the input impedance are in 
parallel, which compounds the "a" and bandwidth problem as 
more cells are used to achieve power, or the operating frequency 
is raised (or both). Figure 2 illustrates a more acceptable solution 
which combines inputs after an impedance transformation at the 
input of each device cell. It is convenient to do this all or partially 
within the package. 

TO OTHER CELLS 

Figure 1. Elementary 
Method of Cell Combining . 

Figure 2. Cells Combined 
with Transformers 

Correct input circuitry design can yield a device which is 
broadbandable over a broad range of frequencies (40 percent 
armorel· 

Because of the nature of source impedance driving the 
transistor cell (essentially a voltage source), as much as 10dB 
additional usable dynamic range without noticeably altering 
bandwidth or tuning is possible with the MICroAMP. . 

Additional gain and bandwidth advantage can be obtained by 
operation of the MICroAMP device cells in a common base con· 
figuration. The devices dest(ribed therein are so configured. 
"TRW u.s. Patent '3.713.006 
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MRA 1720-2 WATTS BROADBAND 

Typical Power Output vs Frequency 
10.0 

8.0 

6.0 

~ 
Pin = 0'145W -

~ Pin = 0.35W 
~ -~ 4.0 

~ :l,w L..---
~ ----- V 

2.0 

1 V 
~ 

~ f-Pin=0.17W _~ 1.0 

0.8 

0.6 

0.4 

0.2 

0.1 
1.70 1.75 1.80 1.85 1.90 1.95 2.00 

60 

o'!- 55 
I ,., 

<.> 
c: 
.~ 

ffi 
r.S 

s::- 50 

Frequency - GHz 

Typical Efficiency vs Frequency 

/ 

1\ / 
v" 

Pin= 0.35W 

" "'-../ V 

45 
1.70 1.75 1.80 1.85 1.90. 1.95 2.00 

Frequency - GHz 

Impedance Dat.a 
Vee = 28V 

Typical Return Loss vs Frequency 
10r-~~--~----~--~--~T-~~ 

22~ __ ~ __ ~~ __ ~ __ ~ __ ~~~ 
1.70 1.75 1.80 1.85 1.90 1.95 2.00 

Frequency - GHz 



MRA 1720 

MRA 1720-5 - 5 WATTS BROADBAND 
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MRA 1720-9 - 9 WATTS BROADBAND 

Typical Power Output vs Frequency 
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Impedance Data 
Vee = 28V 

Typical Return Loss vs Frequency 
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MRA 1720-20 - 20 WATTS BROADBAND 
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Input 

Input 
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TEST CIRCUIT BOARDS FOR MRA 1720 SERIES 

~~~!!!!!! (1)_ 
MRA1720·2 

(1 (2) .-
100pF 

Ceramic Chip II /---1"----1 

MRA1720·5 (1) _I . 
-~---

(2) .-
100pF 

Ceramic Chip 

1---1"--1 
~ 

..... _---
MRA1720·9 

1--1"---1 

MRA1720·20 

1--1"---1 

·Foil wrap or plate around to ground plane. 
(1) Bypass capacitor to ground (1 OOpF ceramic chip). 
(2) Use vcc bypass of 1 OOpF chip, 0.1 jAF chip and 5jAF. 
Board material 0.020 inch glass· teflon £, = 2.55. 

Chips 



./ MRA 1720 

MTTF FACTOR (Normalized to 1 Ampere2 Continuous Duty) 

The graph shown below displays MTIF in hours x ampere'. emitter current for each of 
the devices. Life tests at elevated temperatures have correlated to better than ±10% to 
the theoretical prediction for metal failure. Sample MTIF calculations based on oper· 
ating conditions are included below. 

~ 
"0 

~ 
:i 
I 

~ 0.11----+---+_-~_+_--++_--4'r__--+_--~ 
:E 

0.01 I----+---+_---+---+----.::!"r--+--~+_--~ 

0.001 L-__ .....L. ___ .L.... __ ...L-__ .....L. ___ ~---'--~ .... 

70 90 110 130 150 170 190 210 

Junction Temperature - °e 

Example of MTTF for MRA 1720-9 Conditions MRA Series Package 

where: 
Po 9W 
Pin 2W 

Vee 28V 
Yje 40% 

Tllange 700 e 

Ie 2;! IE 

PdiSS 
Tiunc 

MTIF 

100 Po = 0.800A 
Yje x Vee 
Pm + Vee Ie - Po = 15.4W 
Tllongo + Ow X PdiSS = 139.3°e 

0.7 x 10' hrs amp' = 109,380 hrs 
Ie' 

12.46 yrs 
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MRAL 1417 Series 

MICROAMP 

• 1400-1700 MHz ., 

• Full "MRA" performance at 22 volts Vee 
• Gold metalization 
• Diffused ballast. resistors 
• Common Base 
• 00 VSWR 
• 2 to 25 W 

Electrical Characteristics at T flANGE. = 25 OC 

... ~.-. 
II'~~ 

, 
I 
I , 

MRA .25 

SYMBOL CHARACTERIl,11CS I MRAL 1417 L ' MRAL 1417 6 I MRAL 1417 11 .. 
BVCES Coilector·Base Bfeakdown Voltage 

Ic = 20mA Ic = 40mA Ic = SOmA Ic = 160mA 
42V Min 42VMin 42V Min 42V Min 

BVEBO Emitter·Base Breakdown Voltage 
IE = 0.2SmA IE = O.SmA IE = 1.0mA IE = 2.0mA 

3.SV Min 3.SV Min 3.5V Min 3.SV Min 

VCB = 22V VCB = 22V VCB = 22V VCB = 22V 
Collector Cutoff Current O~S-mA 1.0mA 2.0mA 4.0mA 

IcBO IE = 0 VCB = 3SV VCB = 3SV VeB = 3SV VCB = 3SV 
1.0mA 2.0mA 4.0mA S.OmA 

Ic 
Max. Continuous Collector Current 

O.SA \\ 1.0A 4.0A S.OA VCE = 4V 

hFE 
Forward Current Transfer Ratio Ic=0.1A Ic = 0.2A Ic = 0.4A Ic = O.SA 
VCE = SV 10·100 10·100 10·100 10·100 

Po Min. Broadband Power Output 2.0W 6.0W 11.0W 25.0W 

PG(dB) 
Min. Power Gain in dB Po = 2.0W Po= 6.0W Po = 11.0W Po= 25.0W 
VCB = 22V S.OdS 7.4dB 7.4dB 7.OdB 

Min. Broadband Collector Efficiency 
Po = 2.0W Po= 6.0W Po = 11.0W Po = 2S.0W 

'lc 40% 45% 45% 45% 

Tj - 65 to + 200°C 

~ TSTG -65 to + 150°C ~ 

*The concept of input and/or output matching using MOS capacitors, wire bonds and other techniques is patented by TRW, Inc. 
(US II 3,713,006). 
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MRAL 1720 Series 

MICROAMP 

I • Intemally Compensated * 
• Gold Metalized 
• Diffused Ballast Resistors 
• MTTF Data 
• 22 V Operation 

TRW 

• 1700·2000 MHz 
• 2 to 20 W 
• 00 VSWR 
• Common Base I 

MRA .25 

Electrical Characteristics at T FLANGE = 25 OC 

CHARACTERISTICS 

BVCES Coliector·Base Breakdown Voltage 
Ic= 20mA Ic = 40mA Ic= SOmA Ic = 160mA 

42V Min 42V Min 42V Min 42V Min 

BVEBO Emitter·Base Breakdown Voltage 
IE = 0.25mA IE = 0.5mA IE = 1.0mA IE = 2.0mA 

3.5V Min 3.5V Min 3.5V Min 3.5V Min 

VCB = 22V VCB = 22V VCB = 22V VCB = 22V 
Collector Cutoff Current 0.5mA 1.0mA 2.0mA 4.0mA 

ICBO IE= 0 VCB = 38V VCB = 38V VCB= 38V VCB = 38V 
1.0mA 2.0mA 4.0mA 8.0mA 

Ic 
Max. Continuous Collector Current 0.5A 1.0A 4.0A S.OA VCE = 4V 

hFE 
Forward Current Transfer Ratio Ic = 0.1A Ic = 0.2A Ic = 0.4A Ic= O.SA 
VeE = 5V 10·100 10·100 10·100 10·100 

COB 
Max. Collector·Base Capacitance 

4.5pF 8pF 12pF 24pF(l) 
Vc • .co nv: I .co IMH. 

PG(d8) Min. Power Gain in dB Po= 2.0W Po= 5.0W Po= 9.0W Po= 20.0W 
VCB= 22V 7.5dB 6.5dB 6.5dB 6.0dB 

Min. Broadband Collector Efficiency 
Po= 2.0W Po= 5.0W Po= 9.0W Po= 20.0W 

'1c 35% 40% 40% 40% 

*The concept of input and/or output matching using MOS capacitors, wire bonds and other techniques is patented by TRW, Inc. 
(US '3,713,006). 

(I)Nominai value, not measurable due to shunt inductor bypass. 
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MHAL 17*0 •• rl •• 
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~ - PIN = 0.25W 

/ 
L,...../ V" 

PIN= 0.2W 

,......-: 
/" 

/ 

~ 
~ 

V 

Impedance Data 
Vee = 22V 

1.70 1.75 1.80 1.85 1.90 1.95 2.00 

f!. 
I 
>-u 
c: 
.~ 
u 

== w 
<.::f 
s::-

E39 

Frequency - GHZ 

Typical Efficiency vs Frequency 

54 

52 

50 ~ 

48 

46 

44 
1.70 

, 
j 

/ 
~ V 
\ / 

"- !-"'"'" ~ PIN=t35W 

1.80 1.90 2.0 
Frequency - GHz 

Typical Return Loss vs Frequency 
10 

12~~--~~~--~~~~~ 

Eg 
I 16~~--~~~--~~~--~ 

~ 18~~--~~-2~~~-;--~ 
E 
;:) 

i 20 
PIN= 0.35W. 

22~~--~~~--~~-;--~ 

24~~~~~~--~~-;--~ 

26~~~~~~--~~~--~ 
1.70 1.80 1.90 2.0 

Frequency - GHz 



MRAL 1720 Serle. 

IJ) 

16 
~ 
I 

'S 
Co 
'S 
0 ... 
Q) 

~ 
tf!. 

MRAL 1720-5, 5 WATTS BROADBAND 
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MRAL·1720-9, 9 WATTS BROAD·BAND 
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MRAL 1720-20, 20 WATTS BROADBAND 

Typical Power Output vs Frequency 
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MTTF FACTOR (Normalized to 1 Amp .... 2 Continuous Duty) 

The graph shown below displays MTTF. in hours xl amperel emitter current for each 0' 
the devices. life tests at ~Ievated temperatures have correlated to better than ± 1 00

/. to 
the theoretical prediction for metal failure. Sample MTTF calculations based on oper· 
ating concfltions are included below. 
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M RAL 2023 Series 

MICroAMP 

• 1.5-3-6-12 W 
• 22 V Operation 
• Broadband 2000-2300 MHz 
• Intemally Compensated* 
• Gold Metalized 
• Diffused Ballast Resistors 
• MTIF Data 

Electrical Characteristics at T flan• e = 25°C 

Symbol Cll.lrdl tf'rl ,tl( MRAL2023 1 ') Mf~Al 2023 3 MfU\L2U23 (, MRAL2023 12 

BVCER Collector-Base Breakdown Voltage Ie = 10 mA Ie = 20 mA Ie = 50 mA le=100mA 
RBE = 10 n 42 V Min 42 V Min 42 V Min 42 V Min 

BVEBO Emitter-Base Breakdown Voltage IE = 0.2 mA 'E = 0.4 inA 'E = 1.0 mA 'E = 2.0 mA 
3.5 V Min 3.5 V Min 3.5 V Min 3.5 V Min 

VCB = 22 V 
VcO.; ~~ V 

VCB = 22 V Ve~.5=';~ V 
leBO Collector Cutoff Current 0.25 mA 1.25 mA 

'E = 0 VeB = 38 V VeB = 38 V Ve~.5=;! V Ve~.o=;! V 0.5 mA 1.0 mA 

Ie Max Continuous Collector Current 
VCE = 4 V 

0.25 A 0.5A 1.25 A 2.5A 

hFE Forward Current Transfer Ratio 
VCE = 5 V 

Ie = 0.1 A 
10-90 

Ie = 0.2 A 
10-90 

Ie = 0.5 A 
10-90 

Ie = 1.0 A 
10-90 

6jF Thermal Resistance Junction to Flange 30°C/W 16°C/W 8°C/W 4.5°C/W 

Po Min Broadband Power Output 1.5W 3.0W 6.0W 12.0W 

Cob Max Collector-Base Capacitance 
VCB = 22 V. f = 1 MHz 

3.5 pF 5 pF 10 pF 18 pF 

PG(dB) Min Power Gain in dB Po = 1.5 W Po = 3.0 W Po = 6.0W Po = 12.0 W 
VCB = 22 V 8.0dB 8.0 dB 7.0dB 7.0 dB 

'Ilc Min Broadband Collector Efficiency Po = 1.5W Po = 3.0 W Po = 6.0W Po = 12.0W 
35 % 40% 40% 40% 

Tj & TSTG Maximum Junction and Storage Temperatures; - 65 to + 200 °C 

• Based on Black's Equation and using cp = ,96 EV. " = 1.07 x 10- 12 for un passivated Au' Empirical data indicates a 3-10 times 
improvement for glass passivated units. These units are glass passivated . 

• The concept of input and/or output matching using MOS capacitors, wire bonds and other techniques is patented by TRW. In. 
~ (US # 3.713.006). ~ 
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The TRW MRAL2023 series o~ers a complete family of broad
band, high-gain transistors for applications in the 2.0-2.3GHz 
band. 

Using internal compensation (a patented· technique de
veloped and first offered for sale by TRW), the MRAL2023 series 
is intended for use in a variety of military and industrial appli
cations including ECM, radio relay and telemetry. 

The smooth, broadband transfer characteristics of the 
MRAL2023 series makes it attractive for semi·linear applications 
without the need for bias. Power leveling within a broad range can 
be accomplished simply through control of low-level drive, thus 
eliminating brute force control of collector voltage. 

Device output power levels of 1.5, 3, 6 and 12 watts allow a 
wide choice of lineup configurations. Excellent device-to-device 
phase tracking characteristics permit hybrid combination for 
higher powers with negligible combining loss. 

Complete data and broadband circuitry, suitable to photograph 
for circuit boards, are contained herein. 

DIFFUSED BALLASTING AND RELIABILITY 
Microwave transistor devices are universally constructed 

using multiple cell combinations for higher power. A number of ad
vantages are obtained using the cellular concept including better 
thermal balance and the ability to adjust power output capability 
using more or less cells to construct a device. Unless proper 
ballasting techniques are employed, some difficulty can be 
encountered in the act of combining cells. Ballasting makes cell 
combining practical. The alternati-.:e to ballasted cells is an 
operator-dependent assembly technique called "contour
bonding." Herein, bond wires of varying lengths are employed to 
adjust inductance and thereby achieve the expected balance. 
TRW has decided in favor of ballasting rather than contour· 
bonding because it is a controlled, repeatable and totally reliable 
technique. 

While ballasting is desirable, certain techniques for creating 
ballast resistors in fine geometry microwave transistors have 
proven unreliable. Such an example is "metal" ballast resistors. 
Such resistors are incorporated by introducing an exposed section 
of barrier metal between the emitter finger and feeder bar. This 
type of resistor, of necessity, lies on top of an oxide layer. Be· 
cause the metal resistor is required to dissipate as much as 
1 OKW / CM 2, extreme temperatures are generated in the resistor 
material. With this construction there is no adequate means of 
removing heat from the metal resistor. Therefore, the ballast 
resistor undergoes radical changes in physical dimension during 
its operating profile. This results in separation from the oxide 
layer or micro·cracking, or both. 

Given that ballasting is desirable, a better solution. diffused 
ballast resistors, is incorporated in the MRAL2023 series. Several 
advantages accrue from this approach. It is integral in the silicon 
carrier, has the same coefficient of expansion and is heat sinked. 
Experience has shown that the diffused ballast resistor has none 
of the metal resistor disadvantages, yet offers an additional 
advantage. In the MRAL2023 series, the diffused resistor is 
designed to current limit (because of limited carriers) before 
destructive current levels at the junction occur. Diffused ballast 
resistors are definitely superior in performance and reliability. 
Test data is available to verify this fact. 

METALIZATION AND RELIABILITY . 
Metal migration is the main concern when considering a metal 

system. In fine geometry devices common to all microwave 
transistors, the use of aluminum having sufficiently large grain 
size to provide an activation energy equal to that of gold is not 
possible since geometrical definition would be impossible. In 
order to adequately define small geometries, one must use 
aluminum with a grain size (1 micron or less) which has a very 

unattractive activation energy. Activation energy has an ex
ponential relationship to metal migration. 

A fair comparison of two metal systems (aluminum versus 
gold) would be to construct the same transistor using both metal 
systems and calculate the anticipated metal failure point using 
Black's equation. The following example is based upon the same 
transistor cell as is used in the TRW MRAL2023 series. 

Junction Temperature 

100°C 
125°C 
150°C 
175°C 
200°C 

Times Improvement 
of MTIF with 

Gold vs Aluminum 

691 
370 
168 

56 
30 

For this very obvious reason TRW RF Semiconductors uses a 
gold metalization system on all microwave transistors including 
the MRAL2023 series. 

TRW'S PATENTED· MICroAMP 

Since power microwave transistors became feasible, the 
bandwidth limiting problem of excessively high input "a's" has 
vexed the solid state microwave amplifier designer. 

ParaSitic reactances (primarily due to the package) become 
increasingly more significant past 200MHz and impose severe 
limitations on band width past 1 GHz. Additionally, the real com
ponent of input Z{RIlb) becomes smaller as higher drive power 
and higher power outputs are aChieved. ' 

Microwave power transistors generally employ several emitter 
ballasted cells in parallel to obtain power outputs required with 
the small cell geometry necessary to realize a microwave tran
sistor. Figure 1 shows the schematic representation of such a 
device. 

Note that all components of the input impedance are in 
parallel, which compounds the "a" and bandwidth problem as 
more cells are used to achieve power, or the operating frequency 
is raised (or both). Figure 2 illustrates a more acceptable solution 
which combines inputs alter an impedance transformation at the 
input of each device cell. It is convenient to do this all or partially 
within the package. 

TO OTHER CELLS 

Figure 1. Elementary 
Method of Cell Combining 

Figure 2. Cells Combined 
with Transformers 

Correct input circuitry design' can yield a device which is 
broadbandable over a broad range of frequencies (40 percent 
or more). 

Because of the nature of source impedance driving the 
transistor cell (essentially a voltage source), as much as 10dB 
additional usable dynamic range without noticeably altering 
bandwidth or tuning is possible with the MICroAMP. 

Additional gain and bandwidth advantage can be obtained by 
operation of the MICroAMP device cells in a common base con· 
figuration. The devices described therein are so configured. 
'TRW u.s. Patent '3.713.006 
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MRAL2023-1.S WATTS BROADBAND 
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MRAL2023-3 - 3 WATTS BROADBAND 
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MRAL2023-6 - 6 WATTS BROADBAND 
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MRAL2023-12 - 12 WATTS BROADBAND 
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TEST CIRCUIT BOARDS FOR MRAL2023 SERIES 

MRAL2023-1_5 Ii 
(2)* 

Input 
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I 

~ 

MTTF FACTOR (Normalized to 1 Ampere2 Continuous Duty) 
The graph shown below displays MTIF in hours x ampere' emitter current for each of the 
devices. Life tests at elevated temperatures have correlated to better than ±1 0% to the 
theoretical prediction for metal failure. Sample MTIF calculations based on operating 
conditions are included below. 

Divide by Ie' to obtain 
MTTF in hours. 

1031LO~O-----1~20------1~40------1~60~----1~80~----~--~~-----2-'40 

Junction Temperature - °C 

Example of MTIF for MRAL2023 Conditions MRA Series Package 

where: 

E 51 

Po 12W 
Pin 2AW 

Vee 22V 
J'}e 40% 

Tllange 70°C 

Ie e! IE = 100 Po = 1.36A 
J'}e x Vee 

PdiSS = Pin + Vee Ie - Po = 20.40W . 
Tjunc Tllange + elF x Pdlss = 161.4°C 

MTIF = 4.3 x 10' hrs amp' = 232,482 hrs 

Ie' = 26.5 yrs 



MRAL 2023 "H" Series 

MICROAMP 

• 1.5-3-6-12 W, 22 V Operation 
.---. 

• Broadband 2000·2300 MHz 
• Internally Compensated * 
• Gold Metalized 
• Diffused Ballast Resistors 
• MTTF Data HLp·11 

Electrical Characteristics at T FLANGE = 25 OC 

CHARACTERISTICS MRAL2023-1.5H MRAL2023-3H MRAL2023-6H, MRAL2023-12H 

BVCES Collector-Base Breakdown Voltage 
Ic = 10mA Ic = 20mA Ic = SOmA Ic = 100mA 

42V Min 42V Min 42V Min 42V Min 

BVEBO Emitter-Base Breakdown Voltage 
IE = 0.2mA IE = O.4mA IE = 1.0mA IE = 2.0mA 

3.SV Min 3.SV Min 3.SV Min 3.SV Min. 

VCB = 22V VCB = 22V VCB = 22V VCB = 22V 
Collector Cutoff Current 0.2SmA O.SmA 1.2SmA 2.SmA 

ICBO IE =0 VCB = 38V VCB = 38V VCB = 38V VCB= 38V 
O.SmA 1.0mA 2.SmA S.OmA 

Ic 
Max. Continuous Collector Current 

0.2SA O.SA 1 .. 2SA 2.SA VCE = 4V 

hFE 
Forward Current Transfer Ratio Ic = 0.1A Ic = 0.2A Ic = O.SA Ic = 1.0A 
VCE = SV 10-90 10-90 10-90 10-90 

COB 
Max. Collector-Base Capacitance 

3.SpF SpF Internal Internal 
VCB = 22V; f = 1 MHz Shunt L Shunt L 

PG(dB) Min. Power Gain in dB Po= 1.SW Po= 3.0W Po = 6.0W Po= 12.0W 
VCB = 22V 8.0dB 8.0dB 7.0dB 7.0dB 

Min. Broadband Collector Efficiency 
Po = 1.SW Po= 3.0W Po= 6.0W Po = 12.0W 

3S% 40% 40% 40% 

Based an Black's Equation and using + = .96EV, (J = 1.07 x 1 o-u for un passivated Au. Empirical data indicates a 3-10 
improvement for glass passivated units. These units are glass passivated. 

*The concept of input and/or matching using MOS capacitors, wire bonds and other techniques is patented by TRW, Inc. 
(US 13,713,006). . 
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MRAL 2023-1.5H, 1.5 Watts Broadband Hermetic 

Typical Power Output vs Frequency 
10.0 

II) 

fa 
~ 
I 

'S 
CL 
'S 
0 
li) 
~ 
~ 

;;fl 
I 
>-
(.) 
~ 
CD 
'(3 

== w 

8.0 

6.0 

4.0 

2.0 PIN= 0.24W 
I --.... 

PIN = 0.20W 

1.0 

0.8 
PIN - 0.15W .---

0.6 

0.4 
PIN·=0.12W -

-.-'_ ......... '"' 

0.2 

PIN = 0.09W 

0.1 I 
2.00 2.05 2.10 2.15 2.20 2.25 2.30 

Frequency - GHz 

Typical Efficiency vs Frequency 
48 

46 

44 
PIN = 0.24W - ---- -

42 

40 
2.00 2.05 2.10 2.15 2.20 2.25 2.30 

Frequency - GHz 

a:I 
~ 

I 
II) 
II) 
0 

-oJ 

E ::s a:; 
a: 

Impedance Data 

Typical Return Loss vs Frequency 
10~--~--~--~--~-------

14 

22 
PIN = 0.24W 

26~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ 
2.00 2.05 2.10 2.15 2.20 2.25 2.30 

Frequency - 6Hz 



MHAL 2023 IIH" Serle. 

MRAL 2023-3H, 3 Watts Broadband Hermetic 
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MRAL 2023 "H" Serle. 

MRAL 2023-12H, 12 Watts Broadband Hermetic 
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Typical Power Output vs Frequency 
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Impedance Data 

Test circuit details available 
from TRW Semiconductors. 
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MRAL 2023 liN" S.rl •• 

E57 

MTTF FACTOR (Normalized to 1 Ampere2 Continuous Duty) 
The graph shown below displays MTIF in hours x amperel emitter current for each of the devices. 
Life tests at elevated temperatures have correlated to better than ±10% to the theoretical prediction 
for metal failure .. Sample MTIF calculations based on operating conditions are included below. 
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~ • 

100~--~~--~--~~--~~--~--~~ __ ~ 
100 120 140 ,160 180 . 200 240 

Junction Tempemura - °C 

HLP-11 
Series Package 



SUPER 2 GHz Series 

Microwave Power Transistors 

• TRW 2001 1 W, 9 dB 
• TRW 2003 3 W, 8 dB 
• TRW 2005 5 W, 8 dB 
• TRW 2010 10 W, 6 dB 
• TRW 2015 15 W, 6 dB 
• TRW 2020 20 W, 5.2 dB 
• ooVSWR 

The TRW « Super 2 GHz » series is the first group of 
GHz, common base devices offering unqualified tole
rance of complete mismatch (ooVSWR, any phase) 
conditions. This feature is particularly desirable in mili
tary and space applications where multi million dollar 
investments (and even human lives) can be jeopardi
zed by device failure. The « Super 2 GHz » series is 
characterized to 2.3 GHz and is priced to be attractive 
in industrial service. All units are gold metalized for 

Electrical Characteristics (T CASI! = 2& oC) 

HLP-" HLP-8 

longevity and resistance to metal migration. They are 
emitter ballasted with heat sinked, diffused, rather 
than deposited metal resistors. This series is housed 
in TRW's true hermetic, MIL acceptable, HLP package. 
The package is available with or without flange. 
The « Super 2 GHz » series can be adapted readily to 
circuits designed around older, less reliable devices 
with a minimum of circuit adjustment. They are 
mechanically interchangeable with other similar 2 GHz 
devices. 

1V1(>1 1i.11l1(.I1 SpP( If I! .ItlOIl ) 

The following are mechanical specifications for this tran
sistor. 

Dimensions : Per outline drawing. 

Solderability: Per MIL-STD-750. 

Marking : Per MIL-S-19500, « TRW», 4-digit date 
code, type number. 

Hermaticity : Per MIL-STD-750, 10- 7 atmospheres gross 

H LP-8 Normal Package 

Flangeless H LP-8 
Specify cc F " Suffix 

and fine leak. (Available on special order 
screened to 10- 8 atmospheres.) 

Acceleration: Per MIL-STD-750, 20.000 G in any plane. 

Bond Pull 

Package 
HLP-11 
HLP-8 

: Per MIL-STD-750, 3 grams min. 

: A glass-free, brazed ceramic package assur
ing long-term integrity of hermetic seals. 
Leads of KOVAR base material with mini
mum 60 micro-inches of gold plating. 

t 
ill!Q 
090 

HLP-11 Package 

--l f--l00 

055 r 15::?1 
I : I i .i I : I 

tl 1.~~~-1 .1 
805 

Flangeless HLP-11 
Specify (c F " Suffix 
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,TRW 2001 

TRW 2001 
Electrical Characteristics (Til8nge = 25°C) 

Symbol Characterlatlc 

BVCEA Collector-Base Breakdown Voltage 
RBE = 10Q 

~BVEBO Emitter-Base Breakdown Voltage 

f--
IeBO Collector Cutoff Current 

---"-
Ie Continuous Collector Current (Max) 

f------
hFE Forward Current Transfer Ratio 

--_._----
e,F Thermal Resistance (Junction to Flange) ---- COs-- Collector "Base Capacitance (Max) 

- ---
p~ 

----
Power Output@ 2000MHz 

---. -----
Power Output @ 2300MHz 

Po(sal) Power Output @ 1S00MHz 

f- .--
Power Output@ 1000MHz 

Pgaln Power Gain (dB)@ 2000MHz 
--V5WR Mismatch Tolerance@ Vcc - 28V 

~--------

MTIF Mean-TIme-to-Metal Failure (Hrs x Amps') 
-----

Y/c Collector Efficiency (Min) 

-- t,-&-TsIQ Max Junction and Storage Temperatures 

Typical Transfer Characteristics 
Versus Frequency 

1.4----,--...,..--...,..--..,....-...... 

1.2 t----+.f--+--li-r--#----t-----i 

~ :> 1.0 

I 
~ 0.8 t---f++--I-H:....-.--+---+----I 
:; 
o 
~ 0.6 t---f--f.-+---l~---+---+----I 

& 
0.4 t---f-I+-+--I---4---+----+----t 

0.2 .... _ ........... ....&._ ...... __ ..... __ ...r.. __ ~ 

>
() 

70 

60 

ai so 
~ 
in 
U 
s::- 40 

30 

E59 

o so 100 1S0 
Power Input - mW 

Typical Y)c 
Versus Frequency 

~ 
........ 

'"'" ~ vcc = 28V 

1.0 1.S 2.0 
Frequency - GHz 

200 2S0 

2.S 3.0 

Condlton Value 

Ie -= 10mA SOVMin 

IE -1mA 4.0VMin 
1e=0 
VCB" 28V SO~A 
11:=0 
VCB = 4SV 1mA 
VCE "" 4V 0.2S0A 

VCE - SV 10-120 
Ie = 100mA 

- 2ff'C/W 
VCB = 28V 3.0pF 
An - 0.12SW 1WMin 

1.0W(Typ) 
VCE = 28Vdc 12W(Typ) 

1.3W(Typ) 
Po - 1.0W 9dBMin 
Po - 1.0W 00 

f = 2.0GHz 
Tj - 1S00C 4.661 
Po - 1.0W 40% 
f = 2.0GHz 

-6Sto 2000C 

Impedance Data 
Vec = 28V 
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(J) 
o 

PART DETAILS 
Foil-wrap asterisked edge to ground plane 

Cc 220pF chip on all circuits 

Cx -= A combination of two 220pF chips, one 0.1 chip 
and a 25,.1F tantalum capacitor (35V min) 

CL = Used as an AC bypass on the shunt inductor line 
(220pF chip) whose position can be varied 

50Q -

50Q -

r,r TRW 2001 
2.3GHz 

, 

Board Material = 0.062" Glass-Teflon Er = 2.55 

r,r 

o 

TRW 2001' 
2.0GHz 

Board Material = 0.062" Glass-Teflon Er = 2.55 

50Q -

RFC 1000MHz . . . . ... 8 turns, # 28AWG, 0.040 dia 
RFC 1500MHz . . ... 6 turns, # 28AWG, 0.040 dia 
RFC 2000 and 2300MHz .... 4 turns, # 28AWG, 0.040 dia 

r , 
\ 

B+ 

CL (Approx.) 

~d 
/=~, # 28AWG 

0.040" DIA I 
{FC C 

1" 

TRW 2001 
1.0GHz 

* . 

o 

50Q 

.IL 
Board Material = 0.020" Glass-TefionEr = 2.55 

1cm 2cm 

r 

L 

TRW 2001 
1.5GHz --

Board Material = 0.062" Glass-Teflon Er = 2.55 
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SUPER 2 GHz TRW 2003 

TRW 2003 
Electrical Characteristics (Tllanlle = 25°C) 

Symbol Characteristic 

BVeER Collector-Base Breakdown Voltage 
ABE = 10Q 

BVEBO Emitter-Base Breakdown Voltage 

leBO Collector Cutoff Current 

Ie Continuous Collector Current (Max) 

hFE Forward Current Transfer Ratio 

9iF Thermal Resistance (Junction to Flange) 
Coe Collector-Base Capacitance (Max) 
Po Power Output@ 2000MHz 

Power Output@ 2300MHz 
Po(sat) Power O.utput @ 1500MHz 

Power Output @ 1000MHz 
Pgain Power Gain (dB)@ 2000MHz 
VSWR Mismatch Tolerance@ Vcc - 28V 

MTTF Mean-TIme-to-Metal Failure (Hrs x Amps') 

rJc Collector Efficiency (Min) 

Tj & Tslo Max Junction and Storage Temperatures 

Typical Transfer Characterics 
Versus ~requency 

6.0---'P"'"-----...,...--..,..--..... 

5.01----+----+---i---t----t 

J!! 
a; 
~ 4.0 I---+----+----:--b_--t:~.___I 
I 

"S g3.0 
; 2.0 1----I---J~+-7~---i~--t_---t 
~ 

1.0 I---~~~:A-~L--+---I_---t 

O~ __ ~ ____ ~ ____ ~ ____ ~ __ ~ 

o 100 200 300 400 500 

80 

70 

Power Input - mW 

Typical rye, Power Output 
Versus Frequency 

'" ......... YJc 
............ 

--~ -- ~ Vcc = 28V F'o(sal) .. ~ 

~~ 

-

-

-

6.0 

rJl 

5.0~ 

I 
~ 

4.0 ~ 

~~ 
3.0 

40 
1.0 1.5 2.0 2.5 3.0 

Frequency - GHz 

E 61 

Condlton Value 

Ie - 20mA 50VMin 

IE - 0.25mA 3.5VMin 
1e=0 
Vce = 28V 50~A 
IE=O 
Vee'" 45V 1mA 
VCE = 4V 0.50A 

VCE = 5V 10-100 
1e-100mA 

15"C/W 
Vce - 28V 5.0pF 

. An'" 0.47W 3.0WMin 
3.0W(Typ) 

VCE = 28Vdc 3.7W(Typ) 
4.0W(Typ) 

Po - 3.0W 8dBMin 
Po = 3.0W ... 
f .. 2.0GHz 
1] = 150"C 20,300 
Po '"" 3.0W 40% 
f - 2.ooHz 

-65 to 200"C 

Impedance Data 
Vcc = 28V 



TRW 63602 

Microwave Power Transistors 

• 850 mW at 3 GHz 
• Up to 3.5 GHz 
• ooVSWR 

The TRW 63602 is designed for use up to 3.5 GHz 
with a typical Pout of 850 mW at 3 G Hz. 

TRW oscillator devices are commun collector, 
diffused ballasted, gold metalized microwave 

Electrical Characteristics (Tflansc 25°C) 

Collector - Emitter 
Breakdown Voltage 

BVCER Collector - Emitter Breakdwon 
Voltage 

BVEBO Emitter - Base Breakdown 
1;; Voltage 
Q) 

I-

U 
BVCBO Collector - Base Breakdown 

0 Voltage 

'CBO Collector Cutoff Current 

hFE Forward Current Transfer 
Ratio 

Cob Collector Base Capacitance 

1;; FT Frequency Cutoff 
Q) 
I-

u.. Po Power output 
a: 

VSWR Mismatch Tolerance 

6jF Thermal Resistance 
CI (junction to Flange) -g 
!:! 
Q) 
0. TSTG Max Junction 0 

and Storage Temperature 

E 119 

~~~':~ 

~ 
~~~~~.> 

HLP-8 

transistors characterized for Power oscillator 
applications. 

Their construction enables these devices to be 
able to withstand an infinite VSWR at any phase 
and at operating conditions. 

50 

3.5 

45 

0.5 

15 120 

5.5 

3 3.3 

1.2 

17 

-65 200 



TRW 63601 

Small Signal S-Parameters 

(VeE = 20 V, IE = 120 rnA) 

Mechanical Specifications 

The following are mechanical specifications for this transistor 
series. 

Dimensions: Per outline drawing. 

Solderability: Per MIL ·STD· 750. 

Marking: Per MIL·S·19500, "TRW," 4·digit date code, type 
number. 

Hermaticity: Per MIL·STD·750, 10" atmospheres gross and 
fine leak. (Available on special order screened to 
10-8 atmospheres.) 

Acceleration: Per MIL·STD·750, 20,OOOG in any plane. 

Bond Pull: 

Package: 

Per MIL·STD·750, 3 grams min. 

A brazed ceramic package assuring long·term 
integrity of hermetic seals. Leads of KOVAR base 
material with minimum 60 microinches of gold 
plating. 

Package Outlines 

1= 11A 



TRW 63602 

Microwave Power Transistors 

• 850 mW at 3 GHz 
• Up to 3.5 GHz 
• ooVSWR 

The TRW 63602 is design.ed for use up to 3.5 GHz 
with a typical Pout of 850 mW at 3 GHz. 

TRW oscillator devices are commun collector, 
diffused ballasted, gold metalized microwave 

Electrical Characteristics (Tnan." 25 0 C) 

BVCER Collector - Emitter Breakdwon 
Voltage 

BVEBO Emitter - Base Breakdown 
1;; Voltage 
Q) 
I-

U 
BVCBO Collector - Base Breakdown 

0 Voltage 

ICBO Collector Cutoff Current 

hFE Forward Current Transfer 
Ratio 

Cob Collector Base Capacitance 

1;; FT Frequency Cutoff 
Q) 
I-

u.. Po Power output 
a: 

VSWR Mismatch Tolerance 

6jF Thermal Resistance 
Cl (junction to Flange) c: 
.~ 
Q) 
0. TSTG Max Junction 0 

and Storage Temperature 

E 119 

transistors characterized for Power oscillator 
applications. 

Their construction enables these devices to be 
able to withstand an infinite VSWR at any phase 
and at operating conditions. 

50 

3.5 

45 

0.5 

15 120 

5.5 

3 3.3 

1.2 

17 

-65 



I TRW 636'01 

Small SignalS-Parameter. 

(VeE = 20 V. IE = 120 rnA) 

Mechanical Specifications 

The following are mechanical specifications for this transistor 
series. 

Dimensions: Per outline drawing. 

Solderability: Per MILSTD-750. 

Marking: Per MIL·S·1 9500, "TRW," 4-digit date code, type 
number. 

Hermaticity: Per MIL·STD-750, 10-' atmospheres gross and 
fine leak. (Available on special order screened to 
10-8 atmospheres.) 

Acceleration: Per MIL-STD·750, 20,OOOG in any plane. 

Bond Pull: 

Package: 

Per MIL-STD-750, 3 grams min. 

A brazed ceramic package assuring long-term 
integrity of hermetic seals. Leads of KOVAR base 
material with minimum 60 microinches of gold 
plating. 

Package Outlines 

E 118 



TRW 63601 

TEST CIRCUIT 

Base 
Bias 

Emitter Bias 

C,: 220 pF (chip) 
C2 : 220 pF (chip) + 10 nF 
C 3 : 220 pF (chip) + 10 nF + 10 fLF 
C4 : 0.6-4.5 pF (Frequency tuning) 

L : adjust to obtain the maximum output power 

6 = 0.115 Ag for Fa = 2.3 GHz 
6 = 0.06 Ag for Fa = 3 G Hz 

TRW 63601 

PC Board layout for Fo = 2.3 GHz (BW = 500 MHz) 

PC Board layout for Fo = 3 GHz (BW = 500 MHz) 

* Foil-wrap asterisked edge to ground plane. 
Board material :- 0.020" Glass teflon (Er = 2.55) 
Adjust L to obtain the maximum output power 

E 117 

Zo = 50u 

J-E:]~ 
Zo = 80n C1 

20mm .. ~ 

L ~ 7 mm 

20mm - , 
L ~ 3 mm 

-.... 
50 !l 

50u 



TRW 63601 

. 5 

... 
::l 
o 

a.. 

o 

"" """"'-

2 

300 

« 200 
E 

UJ 
;::;. 

c: 
~ 100 
:; 
u ... 
~ 
'E 
w 

o 

~ .... 
............ 

~ "-
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TRW 63601 

Microwave Power Oscillator Transistors 

• 430 mW at 3 GHz 
• Up to 3.5 GHz 
• ooVSWR 

The TRW 63601 is designp.d for use up to 3.5 G Hz 
with a typical Pout of 430 mW at 3 GHz. 

TRW oscillator devices are commun collector, 
diffused ballasted, gold metalized microwave 

Electrical Characteristics (TfI• nllo 25 °C) 

BVCEO Collector - Emitter 
Breakdown Voltage 

BVcER Collector - Emitter Breakdown 
Voltage 

BVEBO Emitter, - Base Breakdown 
Voltage 

BVeBo Collector - Base Breakdown 
Voltage 

ICBO Collector Cutoff Current 

hFE Forward Current Transfer 
Ratio 

Cob Collector Base Capacitance 

FT Frequency Cutoff 

Po Power output 

VSWR Mismatch Tolerance 

°jF Thermal Resistance 
(junction to Flange) 

TSTG Max Junction 
and Storage Temperature 

E 115 

transistors characterized for Power oscillator 
applications. 

Their construction enables these devices to be 
able to withstand an infinite VSWR at any phase 
and at operating conditions. 

15 120 

3.5 

3.0 3.3 

0.6 

00: 1 

32 

200 
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TRW 62602 

Small Signal S-Parameters 

(VeE = 20 V, IE = 440 rnA) 

Mechanical Specifications 

The following are mechanical specifications for this transistor 
series. 

Dimensions: Per outline drawing. 

Solderability: Per MIL ·STD· 750. 

Marking: Per MIL·S·19500, "TRW," 4-digit date code, type 
number. 

Hermaticity: Per MIL ·STD· 750, 10- 7 atmospheres gross and 
fine leak. (Available on special order screened to 
10. 8 atmospheres.) 

Acceleration: Per MIL·STD·750, 20,OOOG in any plane. 

Bond Pull: Per MIL·STD·750, 3 grams min. 

. Package: A brazed ceramic package assuring long-term 
integrity of hermetic seals. Leads of KOVAR base 
material with minimum 60 microinches of gold 
plating. 

PACKAGE OUTLINE 

E 114 



TRW 62602 

C 1 : 220 pF (chip) 

C2 : 220 pF (chip) + 10 nF 
C3 : 220 pF (chip) + 10 nF + 10 [LF 
C4 : 0.6-4.5 pF (Frequency tuning) 

L : 'adjust to obtain the maximum output power 

Base 
Bias 

TEST CIRCUIT 

Emitter Bias 

TRW 62602 Zo = 60u 

PC Board Layout for Fo = 2_3 GHz (BW = 500 MHz) 

* Foil-wrap asterisked edge to ground plane. 
Board material :- 0.020" Glass teflon (Er = 2.55) 
Adjust l to obtain the maximum output power 

For F= 2GHz 

F = 2.3 GHz 

F = 2.5 GHz 

E 113 

L = 24 mm 

L = 19 mm 

L = 14 mm 

-l 

L---IL-_______ ..... 

C1 

Zo = 50u 

~~ 
C1 

20mm 
<C JP 

~ 

50u 

50~1 



TRW 62602 
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TRW 62602 

Microwave Power Oscillator Transistors 

• 2 W at 2.5 GHz 
• Up to 3 GHz 
• ooVSWR 

The TRW 62602 is designed for use upt to 3 G Hz 
with a typical Pout of 2 W at 2.5 G Hz. 

TRW oscillator devices are commun collector, 
diffused ballasted, gold metalized microwave 
transistors characterized for Power oscillator 
applications. 

Electrical Characteristics (T CASE 25 OC) 

BVCEO Collector - Emitter Ic = 40 mA 
Breakdown Voltage 

BVCER Collector - Emitter RBE = 100 
Breakdown Voltage Ic = 40 mA 

BVEBO Emitter - Base Breakdown IE = 0.5mA 
Voltage 

BVcBO Collector - Base Breakdown Ic = 2.0 mA 
Voltage 

ICBO Collector Cutoff Current Vce = 28 V 

hFE Forward Current Transfer VCE = 5.0 V 
Ratio Ic = 200 mA 

COb Collector Base Capacitance VCB = 28 V 
F = 1 MHz 

FT Frequency Cutoff VCE = 20 V 

Their construction enables these devices to be 
able to withstand an infinite VSWR at any phase 
and at operating conditions. 

22 

50 

3.5 

45 

V 

V 

V 

V 

0.25 mA 

20 120 

7.0 pF 

IE = 440 mA 2.7 3.0 GHz 

Po Power output F = 2.00 GHz VCE = 20 V 2.5 W 
IE = 440 mA 

VSWR Mismutch Tolerance Po = 2.5 W VCE = 20 V 00 : 1 
IE = 440 mA 

(JjF Thermal Resistance 
(junction to Flange) 

8.5 °C/W 

TSTG Max Junction -65 200 °C 
and Storage Temperature 
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TRW 62601 

Small Signal S-Parameters 

(VeE = 20 V, IE = 220 mA) 

Mechanical Specifications 

The following are mechanical specifications for this transistor 
series. 

Dimensions: Per outline drawing. 

Solderability: Per MIL ·STD· 750. 

Marking: Per MIL·S·19500, "TRW," 4·digit date code, type 
number. 

Hermaticity: Per MIL·STD· 750, 10- 7 atmospheres gross and 
fine leak. (Available on special order screened to 
10.8 atmospheres.) 

Acceleration: Per MIL·STD·750, 20,000G in any plane. 

Bond Pull: . Per MIL·STD·750, 3 grams min. 

Package: A brazed ceramic package assuring long· term 
integrity of hermetic seals. Leads of KOVAR base 
material with minimum 60 microinches of gold 
plating. 

Package Outlines 
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TRW 62601 

TEST CIRCUIT 

Base 
Bias 

Emitter Bias 

C\: 220 pF (chip) 
C2 : 220 pF (chip) + 10 nF 
C3 : 220 pF (chip) + 10 nF + 10 f.LF 
C4 : 0.6-4.5 pF (Frequency tuning) 

L : adjust to obtain the maximum output power 

e = 0.115).g for Fo = 2.3 GHz 
o = 0.06 ).g for Fo = 3 G Hz 

PC Board Layout for Fo = 2.3 GHz (BW = 500 MHz) 

PC Board Layout for Fo = 3 GHz (BW = 500 MHz) 

* Foil·wrap asterisked edge to ground plane. 
Board material :- 0.020" Glass teflon (Er = 2.55) 
Adjust L to obtain the maximum output power 
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Zo = 50u 

tt=J~ 
Zo=80!l C, 50u 

20mm .. ~ 

L ~12mm 

~ 

50 !l 
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TRW 62601 

Microwave Power Oscillator Transistors 

• 1.2 W at 2.5 GHz 
• Up to 3 GHz 
• ooVSWR 

The TRW 62601 is designed for use up to 3 G Hz 
with a typical Pout of 1.2 W at 2.5 GHz. 

TRW oscillator devices are commun collector, 
diffused ballasted, gold metalized microwave 

Electrical Characteristics (TrIang• 25 OC) 

BVCEO Collector - Emitter 
Breakdown Voltage 

BVCER Collector - Emitter Breakdown 
Voltage 

1;; BVEBO Emitter - Base Breakdown 
Ql Voltage I-

u 
0 BVCBO Collector - Base Breakdown 

Voltage 

ICBO Collector Cutoff Current 

hFE Forward Current Transfer 
Ratio 

Cob Collector Base Capacitance 

1;; FT Frequency Cutoff 
Ql 
l-

Ll.. Po Power output 
a: 

VSWR Mismatch Tolerance 

6jF Thermal Resistance 
CI (junction to Flange) c: 

TSTG Max Junction 
and Storage Temperature 
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transistors characterIzed for Power oscillat6r 
appl ications. 

Their construction enables these devices to be 
able to withstand an infinite VSWR at any phase 
and at operating conditions. 

22 

50 

3.5 

45 

0.125 

20 120 

5.0 

2.7 3.0 

1.25 

00: 1 

15 

200 



TRW 54001 Serle. 

Note: Test circuit details are available from TRW Semiconductors. 

~~~ 4 PL 

TRW54001 

I 
I_L..-__ ..,.I 

TRW54101 

HLP-8 IF 

I' J, 0------.----.: ' I 
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QO~TYP 
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060 
1m 

TRW54201 
GP-14S 

88i TYP4Le.ds 

110 
125 

10,000,000 F 
~ 
l-
I-

I-

~ 
== \ = -
- ~W 54001, TRW 54101, 
- TRW 54601 

~ 

~"" ~ 
l-
I-
f-

" F '" ~ 

~ f-
l-
f-

'" 

1,000,000 

'h 
E 100,000 ct 
>C 
en 
~ 
0 

:::I: 

u.. 10,000 1= 
2 
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100 
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TI- °C 

TRW54501 TRW54601 

GP-14 HLP·8 

f=1lB5!
50 .280 .003 

M1N 2 PL ~~~ .300 "007 TYP 4 LEADS r- .240 I ---.1 

~::=t
115 

'75 MAX 135 4 PL 

~ 
UNC·2A ..!.!.Q 

~
'30~ 

110 - ----.l-. 460 

120 ~! 
~nSInLnCheS 
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TRW 54001 Serle. 

S-Parameters 
VeE = 20V, IE = 120mA, TFLANOE = 25°C 

TRW54001 TRW54101 , TRW54601 
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TRW 54001 Serle. 

ELECTRICAL CHARACTERISTICS 
TRVV54001, TRVV54101, TRVV54201,TRVV54501, TRVV54601 

If) 

::: 
~ 

1dB Compression Point vs. 
Emitter Current 
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I 
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c: 
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;3 

0 

100 

o o 

D.C. Safe Operating Area 

\ TfLANGE = 25°C 
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"T'''''''T 
10 15 20 22 25 

Collector to Emitter Voltage (VeE) - Volts 

Mechanical Design Specifications 

The following are design specifications for this transistor 
series. 

Dimensions Per outline drawing. 

Solderability Per MIL STO 750 

Marking Per MIL S 19500. "TRW." 4 digit date code. type 
number 

Hermeticity: Per MIL-STO-750. 10.7 atmospheres gross and 
fine leak. (Available on special order screened to 
10' atmospheres.) 

Acceleration: Per MIL·STD·750. 20.000G in any plane. 

Bond Pull: 

Package 

Per MILSTD·750. 3 grams min. 

A brazed cerCJllIC package assuring long·term 
Integrity of hermetic seals. Leads of KOVAR base 
material with minimum 60 microinches of gold 
~~nt . 
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TRW 54001 Series 

Microwave Linear Transistors 

• 0.5 Watts 
• 4 GHz 
• Gold Metalized 
• Diffused Ballast Resistors 
• Linear per DIN 45OO4K 
• Common Emitter 
• Package Options 
• Hermetic 
• 00 VSWR 

Electrical Characteristics (TeAsE = 25°C) 

SYMBOL CHARACTERISTICS 

BVCEO Collector· Emitter 
Breakdown Voltage 

BVCES Collector-Emitter 
Breakdown Voltage 

~ 
Emitter-Base '" BVEBO w 

~ Breakdown Voltage 
y 
Q Collector-Base Breakdown BVcBO 

Voltage 

... 
'" w ... 
u.. Third Order Intermodulation a:: IMD Distortion 

IMD(TV) Intermodulation per 
DIN·45004/K 

LG Gain Linearity 

& Storage 
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." :'\ 
;.~~I . ,:i' r, GP.14 

+ 

t 1 ~,.Aif.'.l't. 
. '~ .. ' 

~. flI _ .!':';J, ' GP·l4S 

~ ...... /"-
HLp·8F ,,~ .. ~ .. ~ 

~ . . 
,';' ,'~ HLP~;~' , 

TEST CONDITIONS MIN. 

Ic = 10mA 22 V 

Ic.= 10mA 50 V 

IE = O.2SmA 3.5 V 

Ic = 1.0mA 45 V 

20 

.5 

VCE = 20V, IE = 120mA 
PO(PEP) = O.5W -30 dB 
Tones at 2.000GHz·and 2.005GHz 

VCE = 20V, IE = 75mA, f = 1.0GHz, -60 dB 
PREF = O.15W 

VCE = 20V, IE = 120mA -0.2 
dB 

f = 2.0GHz, Po1 = O.5W, 1'02 = O.5mW +1.0 

-65 +200 °C 



TRW 53002 Serle. 

Mechanical Design Specifications 

The following are design specifications for this transistor 
series. 

Dimensions: Per outline drawing. 

Solderability: Per MILSTD·750. 

Marking: Per MIL·S·19500. "TRW," 4·digit date code, type 
number 

Hermeticity: Per MIL-STD-750. 10 7 atmospheres gross and 
line leak. (Available on special order screened to 
10'· atmospheres.) 

095 
105 
2 PL 

L r 

TRW53502 

OP-14 

E 

200 MIN. 2 PL 

MI~~OPLj r ~-r I'~::~ TYP HEADS 
+ r- .240 I ----.1 

~~
115 

175 MAX m 4 PL 

, 8·32 
UNC·2A ..!.!Q 

~ 
130 420 
I 460 

110 -------L-
120 ~ ... '",oc .. , 

Acceleration: Per MIL·STD· 750. 20.000G in any plane. 

Bond Pull: 

Package: 

Per MIL·STD·750. 3 grams min. 

A brazed ceramic package assuring long· term 
integrity of hermetic seals. Leads 01 NICKEL base 
material with minimum 60 microinches of 
gold plating. 

TRW53602 

HLP-I 

.115 B i 

,~ ~@"~F-_E_Cf5.:-.;~ 
.045~ .~~ 
055 f 

~~ 

~• 557 ::Ij9~. I 'T.-H-~ 
567 054 135 

790 066 
815 
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TAW 53002 Serle. 

E 101 

Large Signal 
Impedance Data 

S-PARAMETERS 
VeE = 20V, IE = 230mA, TFlANGE = 25°C 

100~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ 
100 120 140 160 180 200 220 240 

Tj - °c 
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TRW 53002 Serle. 

ELECTRICAL CHARACTERISTICS 
TRVV53502,TRVV53602 

1dB Compression Point vs. 
Emitter Current Gain vs. emitter Current 
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Emitter Current (IE) - rnA 

Gain and 1dB Compressed Power 
vs. Frequency . 
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TRW 53002 Series 

Microwave Linear Transistors 

• 1.6 Watts 
• 3 GHz 
• Gold Metalized 
• Diffused Ballast Resistors 
•. Linear per DIN 45OO4K 
• Common Emitter 
• Package Options 
• Hermetic 
• 00 VSWR 

Electrical Characteristics (TeAsE = 25°C) 

BVCEO Coliector·Emitter 
Breakdown Voltage 

BVCES Coliector·Emitter 
Breakdown Voltage 

~ 
BVEBO Em itter· Base en 

LU Breakdown Voltage ~ 

u Collector· Base Breakdown CI BVcBo 
Voltage 

~ en 
LU 
~ Third Order Intermodulation u. IMD a:: Distortion 

IMD(TV) Intermodulation per 
DIN·45004/K 

LG Gain Linearity 

E 99 

Ic = 20mA 

Ic = 20mA 

IE = 0.50mA 

Ic = 2.0mA 

VCE = 20V, IE = 230mA 
PO(PEP) = 1..6W 
Tones at 2.000GHz and 2.005GHz 

VCE = 20V, IE = 150mA, f = 1.0GHz, 
PREF = 0.5W 

VCE = 20V, IE = 230mA 
f = 2.0GHz, Pol = 1.6W, Po2 = 1.6mW 

GP·14 

20 V 

50 V 

3.5 V 

45 V 

15 

1.6 W 

-30 dB 

-60 dB 

-0.2 dB 
+1.0 

-65 +200 °C 



TRW 53001 Serle. 

Note: Test circuit details are available from TRW Semiconductors. 

TRW53001 

TRW53101 

HlP-8 I F 

003 TYP 

" .... I I T uRn ~ 
: I 225+ .200 j--T4Q MIN TYP 
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-
-
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-
-.. 
~ 

§\ 
-

~ -

= NRW 53001. TRW 53101. ;= 
f- AND TRW 53601 
f--

" = '",-;= 
f-
f-

~ f-

Q. 

E 100,000 ..:: 
.c 
t! 
::I 
0 
::: 
I 
~ 10,000 
~ 
:Ii: 
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t 1.240 I ~ 

175 MAX ~~~4PL 135 

t 8·32 
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". : T .120 
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TRW 53001 Serle. 

S-Parameters 
VCE = 20V, IE = 120mA, TFLANGE = 25°C 

TRW53001 TRW531 01, TRW53601 

Large Signal Impedance Data 
VCE = 20V, IE = 120mA, TFLANGE = 25°C 
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TRW 53001 Serle. 

ELECTRICAL CHARACTERISTICS 
TRW53001, TRW53101, TRW53201, TRW53501, TRW53601 

~ 
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Collector to Emitter Voltage (VCE) - Volts 

Mechanical Design Specifications 

The following are design speciiications for this transistor 
series. 
Dimensions: 
Solderability: 
Marking: 

. Hermeticity: 

Per outline drawing. 
Per MIL·STD·750. 
Per MIL-S·19500, "TRW," 4-digit date code, type 
number. 
Per Mll-STD-75D. 10 I atmospheres gross and 
fine leak. (Available on special order screened to 
10-' atmospheres.) 

Acceleration: 
Bond Pull: 
Package: 

Per MIL-STD-750, 20,000G in any plane. 
Per MIL-STD-750, 3 grams min. 
A brazed ceramic package assuring long-term 
integrity of hermetic seals_ Leads of KOVAR base 
material with minimum 60 microinches of gold 
plating. 
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TRW 53001 Series 

Microwave Linear Transistors 

• 0.8 Watts 
• 3 GHz 
• Gold Metalized 
• Diffused Ballast Resistors 
• Linear per DIN 45004K 
• Common Emitter 
• Package Options 
• Hermetic 
.ooVSWR 

Electrical Characteristics (T CASE = 25°C) 

IMD 

IMD(TV) 

LG 

E 95 

CHARACTERISTICS 

Colle'ctor-Emitter 
Breakdown Voltage 

Collector-Emitter 
Breakdown Voltage 

Emitter-Base 
Breakdown Voltage 
Collector-Base Breakdown 
Voltage 

Third Order Intermodulation 
Distortion 

Intermodulation per 
DIN-45004/K 

Gain Linearity 

Max. Junction & Storage 
Temperature 

TEST CONDITIONS 

Ic = 10mA 

Ie = 10mA 

IE = 0.25mA 

Ie = 1.0mA 

VeE = 20V, IE = 120mA 
f = 2.0GHz, PO(PEP) = O.BW 
Tones at 2.000GHz and 2.00SGHz 

VeE = 20V. IE = 75mA. f = 1.0GHz. 
PREF = 0.2SW 
VeE = 20V, IE = 120mA 
f = 2.0GHz. P01 = .BW, P02 = .BmW 

50 V 

3.5 V 

45 V 

15 120 

_B W 

-30 dB 

-60 dB 

-65 



TRW 52004 Serle. 

Mechanical Design Specifications 

The following are design specifications for this transistor 
series. 

Dimensions: Per outline drawing. 

Solderability: Per MIL·STD· 750. 

Marking: Per MIL·S·19500. "TRW." 4·digit date code. type 
number. 

Hermeticity: Per MIL·STD·750. 10 7 atmospheres gross and 
fine leak. (Available on special order sCleened to 
10.1 atmospheres.) 

Acceleration: Per MIL·STO·750. 20.000G in any plane. 

Bond Pull: 

Package: 

Per MIL·STO·750. 3 grams min. 

A brazed ceramic package assuring long·term 
integrity of hermetic seals. Leads of NICKEL base 
material with minimum 60 microinches of 
gold plating. 

Package Outlines 

TRW52604 TRW52504 

i t 
115 B ! 

130 OIA Fs-t::r=Q :~ @ __ E1?)J 
045 C .200 
055~ MIN 

HLp·8 

...... --, ___ ~r.280 .003 TYP 4 LEADS 

t-.~~-13300 007 

175 MAX:~; 4 Pl 

8'32--eot:~-I 

U~~::f 
DImensions In IIlChes 

GP·14 
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TRW 52004 Serle. 

E 93 

Large Signal 
Impedance Data 

S-Parameters 
VeE = 20V, IE = 880mA, TFLANGE = 25°C 

TRW 52504 
TRW 52604 

0.001~_ ...... _"",-_ ...... _ ..... _ ..... _ ...... _ .... 
70 90 110 130 150 170 190 210 

TJ - °C 



TRW 52004 Serle. 

ELECTRICAL CHARACTERISTICS 

1dB Compression Point vs. 
Emitter Current 
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100~------+_------_r----~~------~ 

8.0 

'" 
~ 
I 

t 60 

0 ., 
~ 

40 

20~------~------_r------_+------_; 

f = 1 OGHz 

0~0-------4·00~----~80~0~----~~--,~6~00 
Emitter Current (IE) - mA 

36 

24 

18 

12 

o 

Gain and 1dB Compressed Power 
vs. Frequency 

\tf ~ 20V 
If = 880mA_ -

Tfl ~NGf = 25°C 
Po 

.-

~ 

"" " "" Go@Po=6.0W 

""" ...... 
I I I I I II II 11111 I 

01 02 05 10 20 30 
F reqllency - GHz 

Gain vs. Emitter Current 
10.5 r-------.,------..,...------""'T---__. 

\tE = 20V 

10.0 t--------t-----7'-+-----N-------i 

9.5 
~ 
I 

c: 
iii 

<.:> 

9.0 

8.5 t--------+-+----t--------+---'L..----i 

800 1600 
Emitter Current (I£)- mA 

D.C. Safe Operating Area 
12 

28 

24 

6~ 
« 

20 I 

~ ;;; 
I ., 

5~ ::J 1.6 
0 

0 0 

4 Q; u 

~ 
., 
8 1.2 

0.8 

\ 
\ Tfl ANGf = 25°C 

\ 
\ 

" , " ~ :::: Bias for best gain 

04 

o o 
a 10 15 20 25 

Collector to Emitter Voltage (\tE) - Volts 

E 92 



TRW 52004 Series 

Microwave Linear Transistors 

• Gold Metalized 
• Diffused Ballast Resistors 
• Linear per DIN 45004K 
• Common Emitter 
• Package Options 
• 6 Watts 
• 2 GHz 
• 00 VSWR 
• Hermetic 

Electrical Characteristics (1 CASE = 25°C) 

BVCES 

.... BVEBO '" w .... 
y 
Q BVCBO 

IMD 

IMD(TV) 

LG 

E 91 

Collector· Emitter 
Breakdown Voltage 

Emitter·Base 
Breakdown Voltage 

Collector· Base Breakdown 
Voltage 

Third Order Intermodulation 
Distortion 

Intermodulation per 
DIN·4S004/K 

Gain linearity 

Max. Junction & Storage 
Temperature 

GP·14 

Ic = 80mA 

IE = 1.0mA 

Ic = 4.0mA 

VCE = 20V. IE = 880m A 
PO(PEP) = 6.0W 
Tones at 1.000GHz and 1.005GHz 

VCE = 20V. IE = 6QOmA. f = 1.0GHz. 
PREF = 2.0W 

VCE = 20V. IE = 880mA 
f = 2.0GHz. P01 = 6W. P02 = 6mW 

50 

3.5 

45 

20 

-30 

-60 

-65 

120 

-0.2 
+1.0 

V 

V 

V 

dB 

dB 

dB 



TRW 52002 Serle. 

Mechanical Design Specifications 

The following are design specifications for this transistor 
series. 

Dimensions: Per outline drawing. 

Solderabtllty: Per MILSTD 750. 

Marking: Per MIL·S·19500, "TRW," 4-digit date code, type 
number 

Hermeticity: Per MIL- STD- 750. 10" atmospheres gross and 
fine leak. (Available on special order screened to 
10' atmospheres_) 

TRW52502 

OP·14 

Acceleration: Per MIL·STD· 750, 20,OODG In any plane. 

Bond Pull: 

Package: 

Per MIL·STD· 750,3 grams min. 

A brazed ceramic package assuring long-term 
integrity of hermetic seals. Leads of NICKEL base 
material with minimum 60 microinches of 
gold plating. 

TRW52602 

HLP·a 

115 8 i 
-~ 200 

'M.A@{et~ 
04~ C .200 
:..-:!.~ MIN 
OS5 f 

~~ 

~' 557 =t9~' I 'Tt!-.JJ1 
567 054 135 

790 066 

815 
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TRW 52002 Serle. 

E89 

Large Signal 
Impedance Data 

S-PARAMETERS 
VeE = 20V, IE = 440mA, TFlANGE = 25°C 

TRW 52502 
TRW 52602 

O.001~_"",,-_~_~_~_~_~~~ 
70 90 110 130 150 170 190 210 

TJ - °C 



TRW 52002 Serle. 

ELECTRICAL CHARACTERISTICS' 
TRW52502, TRW52602 

1dB Compression Point vs. 
Emitter Current 
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TRW 52002 Series 

Microwave Linear Transistors 

• Gold Metalized 
• Diffused Ballast Resistors 
• Linear per DI N 45004K 
• Common Emitter 
• Package Options 
• 3 Watts 
• 2 GHz 
• Hermetic GP·14 HLP·8 

• 00 VSWR 

Electrical Characteristics (TeAsE = 25°C) 

BVCES Collector· Emitter Ic = 40mA 50 V 
Breakdown Voltage 

I- Emitter·Base en BVEBO IE = 0.50mA 3.5 V w Breakdown Voltage l-
t.) 

Collector· Base Breakdown c 
BVcBo Ic = 2.0mA 45 V 

Voltage 

20 120 

3.0 W 

I-
en w 
I-

Third Order Intermodulation VCE = 20V, IE = 440mA 
~ 
c:c IMD PO(PEP) = 3.0W -30 dB 

Distortion 
Tones at 2.000GHz and 2.005GHz 

IMD(Tv) Intermodulation per VCE = 20V, IE = 300mA, f = 1.0GHz, -60 dB 
DIN-4S004/K PREF = 1.0W 

LG Gain Linearity VCE = 20V, IE = 440mA -0.2 
dB 

f = 2.0GHz, Pol = 3.0W, Po2 = 3.0mW +1.0 

TI & Tstg Max. Junction & Storage -65 +200 °C 
Temperature 
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TRW 52001 Serl •• 

MTTF FACTOR (Normalized to 1 Ampere2 Continuous Duty) 
The graph shown below displays MTTF in hours x ampere2 emitter current for each of the devices. 
life tests at elevated temperatures have correl~ted to better than ± 10% to the theoretical prediction 
for metal failure. Sample MTTF calculations based on operating conditions are included below. 

TRW 52001 TRW 52501 
TRW 52101 TRW 52601 
TRW 52201 

0.001L-_..L.-_ ..... _...L.-_ ... _"""'-_~_ ... 
70 90 110 130 150 170 190 210 

TRW52201 

T~ 

~~; 2 PL 

M~5~ PL: i' j~~ : 
I : I I i 
l-...... EM IF 
I 

:~~~ 4 PL GP-14S 

ggl Typ 4 Leads 

I ,-

TJ - °C 

~ 
105 

TRW52501 

045 t 
055~ .200 MIN, 2 PL 

, C\---r 
MI~~O PL j I" -I' .280 .. 003 TVP 4 LEADS 1-- 225---1 300 007 
+ I .240 I ~ 

~::=r
115 

175 MAX . "1"35 4 PL 

t 8·32 
UNC·2A J.!Q 

~ 
.130 .. .420 1 460 

110 ~ T20 

DimenSions in inches 

GP·14 
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TRW 52001 Serle. 

E 85 

LARGE SIGNAL IMPEDANCE DATA 
VCE = 20V, IE = 220mA, TFLANGE = 2SOC 

TRW52001 TRW521 01, TRW52601 

Package Outlines 

TRW52001 TRW52101 TRW52601 
TW·200 

HLP-S I F HLP-' 

m=<--..E ___ "<",. 

_1_'0_MA_'Lt~J~iI~;_TYP~ 

Mechanical Design Specifications 

The following are design specifications for this transistor 
senes 

Dimensions Per outline drawing 
Solderability Per MIL STD 750 
Marking: Per MIL S 19500, "TRW," 4 digil"date code, type 

number 
Hermeticity: Per MIL STD 750,10 7 atmospheres gross and 

fine leak. (Available on special order screened to 
10' atmospheres.) 

Acceleration: Per MIL STD 750, 20,000 G in any plane, 
Lead Pull: Per MIL STD 750, 3 grams min. 
Package: A brazed ceramic package assuring long term 

integrity of hermetic seals. Leads of KOVAR base 
material with minimum 60 microinches of gold 
plating 

I 



TRW 52001 Serle. 

S-PARAMETERS 
VeE = 20V, IE = 220mA" TFLANGE = 2SOC 

TRW52001 TRW52101, TRW52601 
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TRW 52001 Serle. 

ELECTRICAL CHARACTERISTICS 
TRW52001, TRW52101, TRW52201, TRW52501, TRW52601 

1dB Compression Point vs. 
Emitter Current 3.o-------...,.---..,.-..,.-... 

2.5 

2.0 
en 
i 
~ 
I 

~ 
& 1.5 

~ 
t 
~ 

1.0 

0.51----F----+----+---~ 

1= 2GHz 
TFLANG£ = 25"1.: 

0~0---~100~---~~--~~---4~00' 

Gain and 1 dB Compressed Power 
vs. Frequency 

4 4.5 

~ 
I 

8 

42 

36 

~ 52001 
52101 

4.0 
Va: = 20V 
IE = 220mA 

TFLANGE = 25"(; 3.5 

2 ~ 30 , 
~ 52601 

2 24 

18 

12 

6 

o 
0.1 
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0.2 

~ Po 

522~ """'-

~.PO=1.5W 
1 

52501 

~ 
1 

,,0 

I I I II 111111111 I 0 

.5 

.0 

.5 

0.5 1.0 2.0 3.0 
Frequency - GHz 

Gain vs. Emitter Current 
7.0r----,.----,.----,.---"'"""" 6.0 

Va: = 20V 

6.5 1-___ +-__ ++-__ '*"+-__ ~5.5 

6.0 I----J----:l~+-----l\r-+--\--~ 5.0 

~ 
I 

.S 

"' c.!I 

5.5 1------1'-----+----+-----1----14.5 

5.01----+-#---+----+---=----14.0 

Safe Operating Area 
800 

\ 
\ 

700 

600 

TFLANGE = 25"(; 

'" \ 
'\ 

E 500 
I 

200 

100 

o o 

'\ 

~ 
......... 
~ 

,,,..;t\. 
-..;~ 

== Bias lor best gain 

5 10 15 20 
Collector to Emitter von. (Va:) - vons 

2425 



TRW 52001 Series 

Microwave Linear Transistors 

• Gold Metalized 
• Diffused Ballast Resistors 
• Linear per DIN·45004K 
• Common Emitter 
• 5 Package Options 
• 2 GHz 
• 1.5 W 
• 00 VSWR 

Electrical Characteristics (TeAsE = 25°C) 

t; BVEBO w 
~ 

(,,) 
Q 

IMD 

IMD(TV) 

LG 

Em itter· Base 
Breakdown Voltage 

Third Order Intermodulation 
Distortion 

Intermodulation per 
DIN·45004/K 

Gain Linearity 

& Storage 

IE = 0.25mA 

VeE = 20V.IE = 220mA 
f = 2.0GHz. J>O(PEP) = 1.5W 
Tones at 2.05GHz and 2:1 GHz 

VeE = 20V. IE = 150mA. f = 1.0GHz. 
PREF = 0.5W 

VeE = 20V. IE = 220mA 
f = 2.0GHz. Po1 = 1.5W. Po2 = 1.5mW 

" ~'d",.~J' 
HLp·8F 

3.5 V 

45 V 

20 120 

1~ W 

-30 

-60 

-65 

-0.2 
+1.0 

dB 

dB 

dB 

+200 °C 
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SUPER 3 GHz 
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10,000,000 

1,000,000 

} 100,000 
)( 

t/) 

::> 
o 

=-
o 10,000 

~ 
u.. 
~ :;;: 

1,000 

100 

MTF FACTOR 

'" i'.. " ~ r--... 

" '" ~ ~ "- ~ ""- ~"':'lTvt- ;]00,5 
...... 

~ ~' '" ~*;a i'-
~ '" i'-

i'-

" 

~ 
...... 

......... 

r-.......~ 
r-....... 
~ 

~ , 

MTTF FACTOR 

(Normalized to 1 ampara2 

Continuous Duty) 

90 100 110 120 130 140 150 160 170 180 190 200 210 

The graph shown displays MTTF in 
hours x ampere2 emitter current for 
each of the 3 G Hz devices. Life tests at 
elevated temperatures have correlated 
to better tha n ± 1 0 % to the theoretica I 
prediction for metal failure. CAU
TION e: A calculation is required to 
obtain actual metal life. Sample MTTF 
calculations based on operating condi
tions are shown below. 

Junction Temperature - °C 

To calculate metal lifetime under any set of conditions, obtain actual data 
or estimate from typical performance curves. Solve for T J (OC): 

(1) 
(

PoUTX100 ) 
T, = BjF ryc % + PIN - POUT + TFLANGE 

Enter graph of MTF factor vs. T,. Obtain MTF factor. Calculate metal life by: 

(2) MTF Factor 
Metal life in Hours = Ie' (Amps) 

Mechanical Dimensions 

HLP-8 Normal Package Flangeless H LP-8 

Oi'mension ( 
(Specify « F)) Suffix) u.s. Metric 

K (Inches ( Centimeters 

K J,0.005) 1 0.0127) 

Collector 

Collector A 0.155 0.3937 

B 0.125 0.3175 

C 0.060 0.1524 

D 0.230 0.5842 

E 0.562 1.4270 

~L-1 F 0.800 2.030 

i-L-\ G 0.030 0.0762 

H 0.095 0.2413 

t- D---;h 0.730 nom 1.85 nom 
~:::<: __ H 

K 0.050 0.127 

L 0.120 0.3048 

Anr¢l 
---F----

M 0.130 dia 0.3302 dia 

N 0.250 0.6350 



SUPER 3GHz TRW 3005 

TYPICAL CHARACTERISTICS 

50,000 

10,000 

5,000 

lij 1,000 

~ 500 
c 

.!? 
~ 
(ij 100 

~ 50 

10 

5 

" ~ I'.. 

TRW3005 

11.1 
Metal life 
Prediction 

For 
5.0W @ 2.3GHz 

r"-
" " "'-.. '-... ........ 

" 
30 40 50 60 70 80 90 100 110 120 130 

TFLANGE - °C 

PC BOARD LAYOUT F 3 GHz 

TRW300S 
3GHZ .J 

PARTS DETAILS 

Board material: 0.020" Glassi-eflon (Er = 2.55) 

= Foil wrap asterisked edge to ground plane. 
Cc = 100 pF chip. 
Cx = 100 pF, 1 nF, 10 nF chip capacitors and 10 fLF. 
C

L 
= 100 pF chip capacitor. The capacitor position can be tuned. 

Rr-c = 8 turns # 28AWG, 0.010 dia. 

I. , 
1 inch = 19,48 mm 

E80 
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L-_S_U __ P_E_R_3_G __ H_Z _____________________ T_R_W __ 3_0_05~ ____________________________ ~I 

Electrical Characteristics (Tease = 25 OC) 

leBO 

PG• in 

VSWR 

Emitter - Sase 
Breakdown Voltage 

Collector - Base 
Breakdown Voltage 

Collector - Emitter 
Breakdown Voltage 
(EB Shorted) 

Collector - Base Leakage 

DG Current Gain 

Power Gain 

Collector Efficiency 

Mismatch Tolerance 
(Without Damage) 

Collector - Base Capacitance 

Thermal Impedance 
Junction to Case 

45 

50 

1.25 

10 120 

5.0 

30 

00 

8.4 10 

8.5 

-------------- --------~---.........,...::..."...::...,,-

Junction Et Storage 
Temperature Range 

TYPICAL CHARACTERISTICS 

TRW3005 
10.0_~ ...... ""'P"-...... --.,....-~...._-...,..-_ 

~ 

'" ~ 
~ 4.0 H-+-I-l-----,~-__If__-__If__--4-----f 

~ 

E 79 

O~ __ ~ ___ ~ ___ ~ __ ~ ___ ~ __ ~ 
0.2 0.6 1.0 1.4 1.8 

Power Input, PIN - Watts 
2.2 2.6 

TRW3005 
14.0r---T"""--..,..----,...--..,..--~ 

12.01---_40.::,......---4------1r-----\-----I60 

~ 1 0.0 1-----f=!!100.,;::---+---~~:::__-+--__140 
~ ~ 
I 

>= 
~ 
~ 8.0 1----+---+----3oj,~--+---~ 20 

6.0~--~--~--+_--~-~ 

4.0~ __ .L.... __ .J.... __ ...I_-_...J...--"""'" 
1.0 1.5 2.0 2.5 3.0 3.5 

Frequency - GHz 



SUPER 3GHz TRW 3003 

TYPICAL CHARACTERISTICS 

50,00 0 

10,000 

5,000 

!ij 1,000 

~ 500 
c: 

~ 
:.::J 
c;; 100 

~ 50 

10 

5 

" " "-

TRW3003 

I I I 
Metal life 
Prediction 

For 
3.0W @ 2.3GHz 

, 
i'-. 

" "' "-"- .......... 

30 40 50 60 70 80 90 1 00 11 0 120 1 30 
TFLANGE - °C 

PC BOARD LAYOUT F 3GHz 

.... TRW3003 

... 3GHZ 

PARTS DETAILS 

Board material: 0.020" Glass Teflon (Er = 2.55) 

= Foil wrap asterisked edge to ground plane. 
Cc = 100 pF chip. 
Cx = 100 pF, 1 nF, 10 nF chip capacitors and 10 !J.F. 
CL = 100 pF chip capacitor. The capacitor position can be tuned. 
RFC = 8 turns # 28AWG, 0.010 dia. 

If 

1 inch = 19,48 mm 
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SUPER 3GHz TRW 3003 

Electrical Characteristics (Tease = 25 eC) 

Emitter - Base 
Breakdown Voltage 

Collector - Base 
Breakdown Voltage 

Ic" 3.0 mA 45 

Collector - Emitter 
Breakdown Voltage 

Ie" 30.0 mA 50 

(EB Shorted) 

ICBO Collector - Base Leakage Vcs" 28 V 

HFE DC Current Gain VC'E." 5.0 V Ic'" 300 mA 10 

POain Power Gain Fo" 3 GHz Po" 3.0W 6.0 
Vee'" 28 V 

'1lc Collector Efficiency Fo'" 3 GHz Po" 3.0W 30 
Vee = 28 V 

VSWR Mismatch Tolerance Fo = 3 GHz Po = 3.0W 00 
(Without Damage) Vee = 28 V 

COB Collector - Base 
Capacitance 

VCB = 28 V Fo" 1 MHz 5.7 

aJC Thermal Impedance 
Junction to Case 

TSTG & Junction & Storage -65 
TJ Temperature Range 

TYPICAL CHARACTERISTICS 
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TRW3003 
5.0r---_r_-~r--~r-....,r--_r_-__. 

4.0t-----t--f--+-#---+if----+---+----4 

!!l 

~ 
~ 3.0 t---t-t--tJf--I--+----F---I----I 

:::> 

~ 
~ 2.0 t-----t-t--++-+---+---+---+----4 
~ 
t? 

1.0 t-----t.L--..... --+-L--+---+---+----I 

O~-~-~~-~--~-~-~ o 0.1 0.2 0.3 0.4 0.5 0.6 
Power Input, PIN - Watts 

'" 1'0 
3: 
I 

~ 
~ 

TRW3003 

-
8.0 

-
~ 

~SAT) 
f- ~~~ -...... 

6.0 

4.0 

-
2.0 

-
o 

1.0 1.5 2.0 2.5 3.0 
Frequency - GHz 

V 

V 

0.75 mA 

120 

dB 

% 

7.0 pF 

17 °C/W 

+ 200 oC 

...., 

80 

-
60 

- I 

~ 
40 

-
20 

-

3.5 



SUPER 3GHz TRW 3001 

.TYPtCAL CHARACTERlSTICS 

50,000 

10,000 

5,000 " 
TRW3001 

1- I I 

'" 
Metal Life 
Prediction 

For 

" '" 1.0W@2.3GHz 
1ii 1,000 
~ 500 
c:: 

i;; 100 

~ 50 

10 

5 

~ 

~ 

'" """ ...... , 

30 40 50 60 70 80 90 100 110120130 
TFLANGE - °C 

PC BOARD LAYOUT F 3GHz 

_ ~ TRW3001 
... 3GHZ 

PARTS DETAILS 

Board material ~ 0.020" Glass teflon (Er = 2.55). 

= Foil wrap asterisked edge to ground plane. 
Cc = 100 pF chip. 
Cx = 100 pF, 1 nF, 10 nF chip capacitors and 10 flF. 
CL = 100 pF chip capacitor. The capacitor position can be tuned. 
RFC = 8 turns # 28AWG, 0.010 dia. 

, I 

1 inch = 19,48 mm 

E 76 



SUPER 3GHz TRW 3001 

Electrical Characteristics (Tease = 25 OC) 

BVEBO Emitter· Base 3.5 
Breakdown Voltage 

BVCBO Collector· Base 45 
Breakdown Voltage 

I-en BVCES Collector· Emitter 50 w 
I- Breakdown Voltage 
u 
c 

(EB Shorted) 

ICBO Collector - Base Leakage 0.5 

HFE DC Current Gain 10 120 

Ppin Power Gain 7.0 

I- "7Jc Collector Efficiency 30 
en 
w 
I-
u. 
a: VSWR Mismatch Tolerance 

(Without Damage) 

COB Collector - Base Capacita 3.5 4.0 

..J O]C Thermal Impedance 35 
< Junction to Case 
~ 
a: 
w 
::I: 

TSTG & Junction & Storage l-
T] Temperature Range 

TYPICAL CHARACTERISTICS 

~ 
~ 

TRW3001 
2.5r--""T'"--'---""T'"--T--""T'"---' 

2.0~--+----+-"'""7' 

I 1.5~--~--~-+--#-~----~----+---~ 
o 

0.. 

~ 
~ 1.01----1+----1-+-4-----+----+-----1 

~ 
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0.5 t---f---'L...L-t--L--i---t---i---I 

0~0----0~.0~5--~0.~1----0~.1-5--~0.-2----0.~25---0~.30 
Power Input, PIN - Watts 

</l 

iii 
3: 
I 

~ 
~ 

TRW3001 
2.5 r----,----,.----r---r--... 

60 

2.01----t----t-""""'-=---+---1---~ 

50 

1.5 

40 

1.0 

30 

0.5t---t---t---t---i----I 

20 

O----~-~~--~--~-~ 1.0 1.5 2.0 2.5 3.0 3.5 
Frequency - GHz 

I 
(.) 

s::-



SUPER 3 G Hz Series 

• TRW 3001 . 1 W 
• TRW 3003 . 3 W 
• TRW 3005 . 5 W 

• ooVSWR 

This data describes TRW's SUPER 3GHz transistors. The etchless gold 
die metallization, the diffused ballast resistors, and the avalanche pro· 
tection are available exclusively from TRW. 

00 VSWR Tolerance. A TRW first. Every SUPER 3GHz transistor is tested 
to guarantee each device is capable of withstanding all mismatch con· 
ditions (any magnitude, any phase angle). This guarantee precludes costly 
failures due to an inadvertent impedance mismatch in the laboratory, on 
the production line or in the field. A 100% production line test for 00 VSWR 
capability also assures the die mount integrity. This is not possible with 
less rugged transistors. 

Diffused Ballast Resistors. Another TRW first. Only TRW offers this major 
technological advance in microwave transistors (patents pending). High 
resistance ballast resistors are diffused directly into the silicon die totally 
avoiding the primary failure mechanism of peeling and microcracking as
sociated with conventional thin film, metal ballast resistors. Also. diffused 
ballasting safely allows much higher resistance values to be achieved 
(25Q-1 OOQ) than does thin film metal ballasting (BQ-1 OQ). Higher ballast 
levels preclude "hot spotting" since near perfect finger-to-finger and 
cell-to-cell current sharing is realized. The positive temperature coefficient 
of the diffused resistor further equalizes uneven temperature distribution. 

Avalanche Protection. Yet another TRW first. TRW's exclusive avalanche 
protection mechanism (patent pending) precludes the failure mode not 
handled by ballasting alone - secondary breakdown. The voltage across 
the transistor junction is never allowed to reach breakdown. The P-N diode 
of the ballast resistor is diffused to avalanche several volts less than the 
transistor junctions. Under severe mismatch conditions when voltages in 
excess of breakdown occur, the diode conducts the full avalanche current, 

thus, protecting the transistor junction. True "full-circle" VSWR protection 
is achieved with these devices. 

Gold Ole Metallization. One more TRW first. TRW's etchless, gold metal
lization process (patent pending) provides exact finger definition. This 
process is capable of defining sub-micron finger spacing in the inter· 
digitated geometry even though the cross sectional dimension of each gold 
finger is deeper than it is wide. The etchless process precludes finger 
scalloping characteristic of all etching processes and eliminates resultant 
current crowding where metal fingers are necked down. With TRW's gold 
die metallization original design values are not compromised in the 
manufacturing process for the primary wear·out mechanism in RF tran
sistors - metal migration. Thus, TRW's etchless, gold metallization 
system not only capitalizes on the vast improvement in electromigration 
properties of gold over aluminum but it also assures that the metal 
lifetime design criteria is retained in the manufacturing process. This 
achievement cannot be accomplished with any etch-dependent metal 
system. 

Mono·Metal System. TRW's use of gold metallized die, gold wire bonds, 
and gold package metal on all SUPER 3GHz transistors precludes inter· 
metallic formations and resultant failures. Gold bonding wire does not 
work-harden and is thousands of times more resistant to fatigue than is 
the more brittle aluminum wire alternative. Fatigue tests have verified that 
TRW's thermal·compression bonding technique provides bond·to·pad me· 
chanical integrity, not possible with aluminum, ultra-sonic bonding systems. 

Mil·Package. The Space Qualified HLP-B is a fully hermetic, glass· free, 
co-fired ceramic package. It is available with or without a flange. 

TRW DIFFUSED BALLAST RESISTORS CONVENTIONAL THIN FILM BALLAST 
WITH ETCHLESS GOLD METALLIZATION VS. RESISTORS WITH ETCHED METALLIZATION 

TRW ETCHLESS 
MET ALUZA TION 

CONVENTIONAL ETCHED 
MET ALUZA TION 
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TRW 2307 

Impedance Data 
Vee = 20V 

~ 
x 

~ 
"0 
(/) 
c: 
o 

::E 
I· 

o 
<.> 

'" u.. 

~ 
:;; 

Metal Failure 

Divide MTTF Factor by operating current 
squared to obtain metal life. 

10\·~+---+---+----+---I------4---+---I 

0.1 .... -~1~00~~1~20~~1~40~-1~60~~1~BO~-2~0"""'0-"""'22~0 
Junction Temperature - °C 

Typical Performance Characteristics HLP-8 Package 
BO 11.0 

70 10.0 

<f!-
60 9.0 (/) 

>- CD 12 
~ <.> "0 c: 

OJ 1 11 1 

~ 50 ~ B.O ~ 
<f!- a:- 10 &. 
~ 

40 7.0 

30 6.0 

1.0 1.5 2.0 2.3 2.5 3.0 
Frequency - GHz 

235 .035 

t+-"'m -+ih .100 

J75i 557 

~~5 • 

Mechanical Specifications 

The following are mechanical specifications for this transistor. 

Dimensions: Per outline drawing. 

Solderability: Per MIL·STD·750. 

Marking: Per MIL·S-19500, "TRW," 4·digit date code, type 
number. 

Hermaticity: Per MIL·STD· 750, 10· 7 atmospheres gross and 

E 73 

fine leak. (Available on special order screened to 
10-8 atmospheres.) 

Acceleration: Per MIL-STD-750, 20,000G in any plane. 

Bond Pull: 

Package: 

Per MIL-STD-750, 3 grams min. 

A glass-free, brazed ceramic package assuring 
long·term integrity· of hermetic seals. Leads of 
HLP-B, KOVAR base material with minimum 60 
microinches of gold plating. 



TRW 2307 

Microwave Power Transistor 

-7W 
-20 V 
- 2.3 GHz 
- ooVSWR 

Latest in the TRW « Super 2 GHz » Series, the 
TRW 2307 offers a sturdy transistor which is 
ideally suited to space, military, radio relay and 
other applications in the 1 to 3.0 GHz region. 

The device is capable of withstanding any mis
match load condition at any phase angle' up to, 
and including, open and short circuit (ooVSWR) 
under full rated conditions. The unit is gold 
metalized, thereby eliminating metal migration 

Electrical Characteristics (Tfbnse 25 °C) 

SYlnl10l Ch.1r l/ t('tl ,'t( , 

BVCER Collector- Base Breakdown Voltage 
RBE = 10 n 

IJl 
'lii 

BVEBO Emitter- Base Breakdown Voltage 

Q) 
I-

U 

0 ICBO Collector Cutoff Current 

\ 
hFE Forward Current Transfer Ratio 

COB Collector-Base Capacitance (Max) 

Po Power Output 

~ 
Q) 

Pgain Power Gain (dB) l-

LL 

a: VSWR Mismatch Tolerance 

'lJc Collector Efficiency 

T & Tslg Max Junction and Storage Temperature 

Cl 
C 

''-:; 
6jF Thermal Resistance !!! 

Q) 
c. 
0 

.... Ie Continuous Collector Current 

~;",~ 
",- ." HLP-8 

problems common with aluminum parts (metal 
failure predictions are included herein). Further, 
the transistor is emitter ballasted with diffused 
silicon resistors rather than deposited metal 
film resistors for reliability and ruggedness. 

The TRW 2307 is housed in the HLP-a, glass 
free, full hermetic package which is available 
with or without mounting flange. Full mechani
cal specifications are guaranteed. 

Condition V,tllH 

Ic = 50 mA 42 V Min 

IE = 1.0 mA 3.5 V Min 
Ic = 0 

VCB = 22 V 1.25 mA 
IE = 0 
VCB = 38 V 2.5 mA 

VCE = 5 V 10-120 
Ic = 500 mA 

VCB = 20 V 10 pF 

f = 2.3 GHz 
VCE = 20 V 7.0 W Min 
VCE = 24 V 9.0 W Min 

f = 2.3 GHz 
Po = 7.0 W 8.4 dB Min 
VCE = 20 V 

Po = 7.0 W cx' 
f = 2.3 GHz 
VCE = 20 V 

Po = 7.0 W 40 % Min 
f = 2.3 GHz 
VeE = 20V 

- 65 to + 200 0 C 

--

----------

8.5°C/W 

--

VCE = 5 V 2.5 A Max 

~ 
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TRW 2304 

Microwave Power Transistor 

·4W 
• 20V 
• 2.3 GHz 
.00 VSWR 

Latest in the TRW « Super 2 GHz » Series, the 
TRW 2304 offers a sturdy transistor which is 
ideally suited to space, military, radio relay and 
other applications in the 1 to 3.0 GHz region. 

The device is capable of withstanding any mis
match load condition at any phase angle up to, 
and including, open and short circuit (00 VSWR) 
under full rated conditions. The unit is gold 
metalized, thereby eliminating metal migration 

Electrical Characteristics (Tflange = 25 DC) 

Symhol Chdtdctenst'Ls I 

BVCER Collector- Base Breakdown Voltage 
RBE = 10 12 

'" 
BVEBO Emitter- Base Breakdown Voltage 

ti 
Q) 

I-

U ICBO Collector Cutoff Current 
Cl 

hFE Forward Current Transfer Ratio 

COB Collector-Base Capacitance (Max) 

Po Power Output 

'" ti 
Q) 

Pgain Power Gain (dB) I-

IJ.. 

a: VSWR Mismatch Tolerance 

7Jc Collector Efficiency 

Tj & Tstg Max Junction and Storage Temperature 

CI 
c 
'f; 

°jF Thermal Resistance lii 
c. 
0 -

~ 
Ie Continuous Collector Current 

E 71 

problems common with aluminum parts (metal 
failure predictions are included herein). Further, 
the transistor is emitter ballasted with diffused 
silicon resistors rather than deposited metal 
film resistors for reliability and ruggedness. 

The TRW 2304 is housed in the HLP-B, glass
free, full hermetic package which is available 
with or without mounting flange. Full mechanical 
specifications are guaranteed. 

Condltl(Hl V.lIlH' 

Ic = 50 mA 42 V Min 

IE = 1.0 mA 3.5 V Min 
Ic = 0 

VCB = 22 V 0.75 mA 
IE = 0 

VCE = 5 V 
Ic = 250 mA 

10-120 

VCB = 20 V 7 pF 

f = 2.3 GHz 
VCE = 20 V 4WMin 
VCE = 24 V 5 WTyp 

f = 2.3 GHz 
Po = 4 W 8.0 dB Min 

VCE = 20 V 

Po = 4 W 00 

f = 2.3 GHz 
VCE = 20 V 

P = 4W 
f ~ 2.3 GHz 

40 % Min 

VCE = 20 V 

- 65 to + 200°C 

17°C/W 

VeE = 5 V 1.5 A Max 
~ 



TRW 2301 

Microwave' Power Transistor 

-1.5 W 
- 20 V 
• 2.3 GHz 
• 00 VSWR 

L.'ltest in the TRW « Super 2 G Hz » Series, the 
TRW 2301 offars a sturdy transistor which is 
ideally suited to space, military, radio relay and 
other applications in the 1 to 3.0 G Hz region. 

The device is capable of withstanding any mis
match load condition at any phase angle up to, 
and including, open and short circuit (00 VSWR)' 
under full rated conditions. The unit is gold meta
lized, thereby eliminating metal migration pro-

Electrical Characteristics (Tr'ange = 25 oC). 

SYllllJol CIl"r 1\ tt'r! >tl( , 

BVCER Collector- Base Breakdown Voltage 
RBE = 10 n 

VI 
BVEBO Emitter- Base Breakdown Voltage 

VI 
Q) 
I-

U 

0 ICBO Collector Cutoff Current 0 

hFE Forward Current Transfer Ratio 

COB Collector- Base Capacitance (Max) 

Po Power Output 

VI 
1;; 
Q) 
I-

Plain Power Gain (dB) 

u.. 

a: VSWR Mismatch Tolerance 

7lc Collector Efficiency 

Tj & Ts1• Max Junction and Storage TemperaturE 

Cl 
c: 
.~ 6jF Thermal Resistance 
Q) 
c. 
0 

~ Ie Continuous Collector Current 

blems common with aluminum parts (metal 
failure predictions are included herein). Further, 
the transistor is emitter ballasted with diffused 
silicon resistors rather than deposited metal 
film resistors for reliability and ruggedness. 

The TRW 2301 is housed in the HLP-8, glass
free, full hermetic package which is available 
with or without mouning flange. Full mechanical 
specifications are guaranteed. 

Condltloll Villi! 

Ic = 50 mA 42 V Min 

IE = 1.0 mA 3.5 V Min 
Ie = 0 

VCB = 22 V 
IE = 0 0.5 mA 

VCE = 5 V 10-120 
Ic = 100 mA 

VCB = 20 V 4 pF 

f = 2.3 GHz 
VCE = 20 V 1.5W Min 
VCE = 24 V 2 WTyp 

f = 2.3 GHz 
Po = 1.5W 
VCE = 20 V 

8.0 dB Min 

Po = 1.5W ex; 
f .. 2.3 GHz 
VCE = 20 V 

Po =1.5W 40 % Min 
f = 2.3 GHz 
VCE = 20 V 

- 65 to of 200 DC 

35°C/W 

VCE = 5 V 0.5 A Max 
~ 
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SUPER 2 GHz 

E69 

MTTF FACTOR (Normalized to 1 ampere2 Continuous Duty) 

The graph shown below displays MTTF in hours x ampere' emitter current for each of the "Super 2GHz" devices. Life 
tests at elevated temperatures have correlated to better than ± 1 Q% to the theoretical prediction for metal failure. Sample 
MTIF calculations based on operating conditions are included on the graph. 

1000r-~-r~~~--~--~----~---r----r-~~--~----~--~----~---r--~ 

10:0 ~--+4-+---I~--+-+-*-

b. 
~ 

Example of MTTF for TRW 2010 Conditions 

where: 
Po 
Pin 
Vee 
y/e 
Tflange 

12W 
2W 
28V 
50% 
70"C 

= _P_o_= 0.857A 
y/e x Vee 
Pin + Vee Ie - Po = 14W 
Tflange + BjF X Pdiss = 154°C 
0.25x 10"hrsxamp' = 340,391 hrs 

Ie' 
38.6 yrs 

~ l'0t-~~--t-~~r---r~-t---;~-~~~~~-+--4----~--+--+---~ 
.c 

0.1 ~--+--+---I-""*-I---+-......3i,rl~--+---3\, 

0.01~_~~~t----t---t----t----+-~~----~--~~--~--~--~;---~ __ --~ 

0.001L-__ ~ __ ~~ __ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~ __ ~~ __ ~~~ ____ ~ __ ~~~ 
70 80 90 100 110 120 1 30 140 150 160 170 180 190 200 210 

Junction Temperature - °C 

I 



SUPER 2 GHz TRW 2020. 

TRW 2020 
Electrical Characteristics (TFLANGE=.25"C) 

70 

60 

~ 50 
~ 
I 

30 

20 

Symbol Characteristic 

BVcER Collector· Base Breakdown Voltage 
RBE= 10Q 

BVEBo Emitter·Base Breakdown Voltage 

ICBO Collector Cutoff Current 

Ie . Continuous Collector Current (Max) 

hFE Forward Current Transfer Ratio 

elF Thermal Resistance (Junction to Flange) 

COB Collector· Base Capacitance (Max) 

Po Power Output @ 2000MHz 

PO(sal) 
Power Output @ 1500MHz 

Power Output @ 1000MHz 

Pgaln Power Gain (dB) @ 2000MHz 

VSWR Mismatch Tolerance@ Vcc= 28V 

MTTF Mean·Time-to·Metal Failure (Hrs x Amps') 

ryc Collector Efficiency (Min) 

TI&Tslg Max Junction and Storage Temperature 

Typical Performance Characteristics 
~--r---r-------~-------r----~----,80 

~--+---+-~~---+--------r-----r---~70 

~--+---+-~~--~~------r-----r---~60 0 

0-
I 

~7 ~ 
I ~ 
;;; -f-----1oIE:'""""---_+_~----'~t---t_---t50 ~ 

£6 

~-+_-_+_---~~~--~~~~---;40 

~-+_-_+_-----~t_----r~~-+--;30 

1.0 1.5 
Frequency - GHz 

2.0 2.3 

~ 

Condition Value 

Ic= 160mA 50V Min 

IE= 2'.OmA 
3.5V Min 

Ie= 0 

VCB= 2SV 1.0mA 
IE= 0 
VCB= 45V SmA 

VCE = 4V 4.0A 

VCE = 5V 
10·100 

Ic= 800mA 

- 3°C/W 

VCB= 28V 24.0pF 

PIO= 6.0W 20.0W Min 

VCE = 28Vdc 
30.0W (Typ) 

40.0W (Typ) 

Po= 20W 5.2dB Min 

Po= 20.0W 00 
f = 2.0GHz 

TI= 150°C 1,588,000 

Po= 20.0W 
40% f = 2.0GHz 

-65 to 200°C 

Impedance Data 
Vee = 28V Zo = S.OQ 
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SUPER 2 GHz TRW 2015 

TRW 2015 
Electrical Characteristics (T fLANGE = 25°C) 

Symbol Characteristic Condition Value 

BVCER Collector- Base Breakdown Voltage 
RBF = 10 n 

Ic = 120 mA 50 V Min 

BVEBO Emitter-Base Breakdown Voltage IE = 1,5'mA 3.5 V Min 
Ic = 0 

ICBO Collector Cutoff Current VCB = 28 V 1.0 mA Max 
IE = 0 

Ic Continuous Collector Current (Max) VCE = 4 V 3.0 A 

hFE Forward Current Transfer Ratio VCE = 5 V 10-100 
Ic = 600 mA 

°jF Thermal Resistance (Junction to Flange) - 4°C/W 

COB Collector- Base Capacitance (Max) VCB = 28 V 21 pF 

Po Power Output 2000 MHz Pin = 3.75 W 15.0 W Min 

Power Output 1500 MHz 22 W Typ 
PO(Sal) Power Output 1000 MHz 

VCE = 28 V 
30 W Typ 

Pg'in Power Gain (dB) 2000 MHz Po = 15 W 6 dB Min 

VSWR Mismatch Tolerance Vcc = 28 V Po = 15 W 00 

f = 2 GHz 

MTTF Mean Time-to-Metal Failure (Hrs x Amps2) Tj = 150 oC 780,000 

1Jc Collector Efficiency (Min) Pu = 15 W 
f = 2 GHz 

40% 

Tj & TSIB Max Junction and Storage Temperature - 65 °C to + 200 °C 

Impedance Data 
Vee = 2SV. Zo = S.OQ 

Typical Performance Characteristics 

30r<~~----------'------------'-------' 

E 
20 

::l 
0 
~ 

10 

4 

1.0 1.5 2.0 2.3 
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SUPER 2 GHz TRW 2010 

TRW 2010 
Electrical Characteristics (TIlIng. = 25°C) 

en 

~~ 
I 
s 
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Symbol Characteristic 

BVCER Collector-Base Breakdown Voltage 
RSE=10Q 

BVEBO Emitter-Base Breakdown Voltage 

leBO Collector Cutoff Current 

Ie Continuous Collector Current (Max) 

hFE Forward Current Transfer Ratio 

elF Thermal Resistance (Junction to Flange) 
Cos Collector-Base Capacitance (Max) 
Po Power Output @ 2000MHz 

Power Output @ 2300MHz 
POlsal) Power Output@ 1S00MHz 

Power Output@ 1000MHz 
Pgaln Power Gain (dB)@ 2000MHz 
VSWR Mismatch Tolerance @ Vcc - 28V 

MTIF Mean-Time-to-Metal Failure (Hrs x Amps') 

Y/c Collector Efficiency (Min) 

T, & Tstg Max Junction and Storage Temperatures 

Typical Transfer Characteristics 
Versus Frequency 

0.4 0.8 1.2 1.6 

Power Input - Watts 

Typical y/c, Power Output 
Versus Frequency 

~ " " 
"\ ',Relsat) 

'" " Y/c", " " vcc = 28V '" '. 
" 

1.0 1.S 2.0 2.S 

Frequency - GHz 

2.0 

-

-

-

20 

18 

16 

14 ~ 
~ 

12 I 

10& 
8 

- 6 

4 
3.0 

Conditon Value 

Ie = 80mA SOVMin 

IE - 1.0mA 3.SVMin 
1e=0 
Vcs - 28V SO~A 
IE = 0 
VCS = 4SV 4mA 
VCE - 4V 20A 

VCE - SV 10-100 
Ie = 400mA 

- 6°C/W 
VCB - 28V 12.0pF 
Rn - 2.SW 10.0WMin 

10.0W(Typ) 
VCE = 28Vdc 13.0W(Typ) 

1S.0W(Typ) 
Po - 10W 6dB Min 
Po - 10.0W 00 

f = 2.0GHz 
TI - 1S0°C 324.800 
Po -10.0W 40% 
f = 2.0GHz 

-6Sto 20aoC 

Impedance Data 
Vcc = 28V 
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SUPER 2 GHz TRW 2005 

TRW 2005 
Electrical Characteristics (T"ange = 25°C) 

6 
(f) 

~ 5 

I 
::J 4 E-o 
Q; 3 
~ 
0 

CL 

1 

70 

#- 60 

I 
>
(,,) 
c 
.~ 50 
,g 
ijj 

r.5 
s.::-

40 

30 
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Symbol Characteristic 

BVCER Collector-Base Breakdown Voltage 
RBE = 10Q 

BVEBO Emitter-Base Breakdown Voltage 

leBO Collector Cutoff Current 

Ie Continuous Collector Current (Max) 

hFE Forward Current Transfer Ratio 

elF Thermal Resistance (Junction to Flange) 
CoB Collector-Base Capacitance (Max) 
Po Power Output@ 2000MHz 

Power Output @ 2300MHz 
Pol sat) Power Output@ 1500MHz 

Power Output @ 1000MHz 
Pga.n Power Gain (dB)@ 2000MHz 
VSWR Mismatch Tolerance@Vcc - 2BV 

MITF Mean-Time-to-Metal Failure (Hrs x Amps') 

ryc Collector Efficiency (Min) 

TI & TSlg Max Junction and Storage Temperatures 

Typical Transfer Characteristics 
Versus Frequency 

1.000 

Power Input - mW 

Typical YlC, Power Output 
Versus Frequency 

~ 
'- ~ .... ryc 

' .. Polsat) .. 

' ... 
' ... 
~ vcc = 2BV .. 

1.0 1.5 2.0 2.5 

Frequency - GHz 
3.0 

9 

B 

(f) 

1ii 
~ 

7 I 
~ 
~ 

6 

5 

Conditon Value 

Ie = 40mA 50V Min 

IE - 0.5mA 3.5VMin 
1e=0 
VCB - 2BV 50~A 
IE = 0 
VCB = 45V 2mA 
VCE - 4V 1.0A 

VCE - 5V 10-100 
Ie = 200mA 

- BSC/W 
VCB - 2BV 7.0pF 
An - O.BOW 5WMin 

5.0W(Typ) 
VCE = 2BVdc 65W(Typ) 

7.5W(Typ) 
Po - 5.0W BdB Min 
Po - 5.0W 00 

f = 2.0GHz 
Ti - 150°C B1.200 
Po - 5.0W 40% 
f = 2.0GHz 

-65to 200°C 

Impedance Data 
Vec = 28V 



m 

fC 
ID 

-g 
IC 
ID 

w 

Q 
'0 
III 
::l
en 
a. 
CD 

i. 
iii 

r ., 
TRW 2003 

1.5GHz 7 
/RFC 

B+ 

~ . 
C I 'ir~ 

.IL 

rTRW2003 ., 
2.3GHz 

* 

~~-
Cx .'-

Cc 

.I 

I 
o 1" 

I/RFC 
~ -) -1 C ~~~ ·1 RFC .I L :. 

500 , I 

500 

r ., 
TRW 2003 

1.0GHz 

.~cl 
C 

.IL 

I I 

o 1cm 2cm 

r TRW 2003 ., 
2.0GHz 

Board Material = 0.020" Glass-TeflonEr = 2.55 

B+ 

'V 
n 
CD 
0 ,. 
:0 .I -10 

mr-(/),. 
-1< 
no -c: 
:0-1 
n"TI =0 -1:0 
(/)-1 

:0 
~ 
N 
0 
0 
(0) 

.I 

~ ~I'------------------------------------------------------------------------------------------~ 

Q 

fit 
C .,. 
m 
::D 
N 

G) 
Z 
N 

~ 
~ • N 
0 
0 
(I-



TRW 63602 
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TRW 63602 

TEST CIRCUIT 

Base 
Bias 

Emitter Bias 

C1: 220 pF (chip) 
C2 : 220 pF (chip) + 10 nF 
C3 : 220 pF (chip) + 10 nF + 10 fLF 
C4 : 0.6-4.5 pF (Frequency tuning) 

L : adjust to obtain the maximum output power 

6 = 0.115 )..g for Fo = 2.3 G Hz 
6 = 0.06 )..g for Fo = 3 G Hz 

TRW 63602 

PC Board Layout for Fo = 2.3 GHz (BW = 500 MHz) 

PC Board Layout for Fo = 3 GHz (BW = 500 MHz) 

* Foil-wrap asterisked edge to ground plane. 
Board material :- 0.020" Glass teflon (Er = 2.55) 
Adjust L to obtain the maximum output power 

E 121 
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TRW 63602 

Small Signal S-Parameters 

(VeE = 20 V, IE = 230 rnA) 
90° 

Mechanical Specifications 

The following are mechanical specifications for this transistor 
series. 

Dimensions: Per outline drawing. 

Solderability: Per MIL ·STD· 750. 

Marking: Per MIL·S·19500, "TRW," 4·digit date code, type 
number. 

Hermaticity: Per MIL ·STD· 750, 10. 7 atmospheres gross and 
fine leak. (Available on special order screened to 
10.8 atmospheres.) 

Acceleration: Per MIL·STD·750, 20,000G in any plane. 

Bond Pull: 

Package: 

Per MIL·STD·750, 3 grams min. 

A brazed ceramic package assuring long· term 
integrity of hermetic seals. Leads of KOVAR base 
material with minimum 60 microinches of gold 
plating. 

Package Outlines 
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TRW 64601 

Microwave Power Oscillator Transistors 

• 350 mW at 4 GHz 
• Up to 5 GHz 
• ooVSWR 

The TRW 64601 is designed for use up to 5 GHz 
with a typical Pout of 350 mW at 4 GHz. 

TRW oscillator devices are commun collector, 
diffused ballasted, gold metalized microwave 

Electrical Characteristics (T CASE 25 °C) 

BVCER Collector - Emitter 
Breakdown Voltage 

If) BVEBO Emitter - Base Breakdown 
Q> 

~ Voltage 

u 
CI BVCBO Collector - Base Breakdown 

Voltage 

ICBO Collector Cutoff Current 

hFE Forward Current Transfer 
Ratio 

Cob Collector Base Capacitance 

1;1 FT Frequency Cutoff 
Q> 
I-

Po Power output 
a: 

VSWR Mismatch Tolerance 

6JF Thermal Resistance 
g' (junction to Flange) 
.;; 

'" Q; 
Q TSTG Max Junction 0 

and Storage Temperature 

E 123 

transistors characterized for Power oscillator 
applications. 

Their construction enables these devices to be 
able to withstand an infinite VSWR at any phase 
and at operating conditions. 

50 

3.5 

45 

20 120 

3.5 

4.0 4.5 

0.350 

00: 1 

40 

100 



TRW 64601 
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Collector to Emitter Voltage (VeE) - Volt 

Output Power Vs Frequency 

(VeE = 20 V, IE = 120 mA) 
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r---r--.. 
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I 
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r---r--. 
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Frequency - GHz' 
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Vs Frequency with a Fixed tuned output circuit 
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Frequency - G Hz 
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TRW 64601 

ZI = 23.5 Q 

Zz = 80/67 Q 

81 = 0.52 )..9 
82 = 0.25)..9 

Base Bias 

Test circuit 

Fo = 4 GHz 

Emitter Bias 

Z3 = 50 Q { 
83 = 0.095 )..9; 8'3 = 0.140)..9 
Adjust 83 and 83 to obtain the maximum output power 

Z4 = 62 Q 84 = 0.05)..9 

85 = 0.18)..9 
Ri = 160 Q 

Rz = 1 Q 

C i = 0.4 - 2.5 pF 
Cz = C6 = 100 pF (chip) + 10 nF 
C3 = C7 = 10 nF 
C4 = Cs = Cs = 33 pF (chip) 

Pc Board layout For Fo = 4 GHz (BW = 700 MHz) 

I 
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TRW 64601 

Package Outlines 

Mechanical Specifications 

The following are mechanical specifications for this transistor 
senes. 

Dimensions: Per outline drawing. 

Solderability: . Per MIL-STD-750. 

Marking: Per MIL-S-19500, "TRW," 4-digit date code, type 
number. 

Hermaticity: Per MIL-STD-750, 10- 7 atmospheres gross and 
fine leak. (Available on special order screened to 
1 0- 8 at~ospheres.) 

Acceleration: Per MIL-STO-750, 20,000G in any plane. 

Bond Pull: Per MIL-STO-750, 3 grams min. 

Package: A brazed ceramic package assuring long-term 
integrity of hermetic seals. Leads of KOVAR base 
material with minimum 60 microinChes of gold 
plating. 
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TRW 64602 

Microwave Power Osci·llator Transistors 

• 650 mW at 4 GHz 
• Up to 4 GHz· 
• ooVSWR 

The TRW 64602 is designed for use up to 5 GHz 
with a typical POUI of 650 mW at 4 GHz. 

TRW oscillator devices are commun collector, 
diffused ballasted, gold metalized microwave 

Electrical Characteristics (Tease = 25 OC) 

transistors characterized for Power oscillator 
applications. 

Their construction enables these devices to 
be able to withstand an infinite VSWR at any 
phase and at operating conditions. 

-,Y'MlOL CH:'".h Tf hlSflCS Tf:Sl CONDlllONS MIN TYP I MAX I UNIT 

BVCEO Colle'ctor - Emitter 22 
Breakdown Voltage 

BVCER Collector - Emitter 50 
Breakdown Voltage 

BVEBO Emitter - Base 3.5 
Breakdown Voltage 

BVCBO Collector - Base 45 
Breakdown Voltage 

ICBO Collector Cutoff Current 0.5 

HFE Forward Current Transfer 20 120 
Ratio 

COB Collector Base Capacitance 5.5 

Po Power output 550 650 

VSWR Mismatch Tolerance 00: 1 

eJF Thermal Resistance 20 
Junction to Flange 

TSTO & Max Junction & Storage -65 + 200 
TJ Temperature 
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TRW 64602 
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Mechanical Specifications 

The following are mechanical specifications for 
this transistor series. 

Dimensions : Per outline drawing. 
Solderability: Per MIL-STD-750. 
Marking : Per M I L-S-19500, « TRW», 4-digit 

date code, type number. 
Hermaticity : Per MIL-STD-750, 10- 7 atmo

spheres gross and fine leak (Avai
lable on special order screened to 
10- 8 atmospheres.) 

Acceleration: Per MIL-STD-750, 20.000G in 
any plane. 

Bond Pull : Per MIL-STD-750, 3 grams min. 
Package : A brazed ceramic package assuring 

long-term integrity of hermetic 
seals. Leads of KOVAR base ma
terial with minimum 60 microinches 
of gold plating. 
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RF LINEAR· DISCRETES 

PRODUCT SUMMARY 

PART. NUMBER FREQUENCY PACKAGE PAGE 

LT 1001A 3.0 GHz TO-39 F58 
LT 3203 3.0 GHz T-PACK F 72 
LT 3703 3.5 GHz T-PACK F 74 
LT 4700 6.0 GHz 100 MIL F 76 

PT 4572A ·1.2 GHz TO-117 F 80 
PT 4579 1.2 GHz TO-39 F 84 

TP 3093 3.0 GHz TO-39 F 88 
TP 3098 3.0 GHz TO-117 F 92 
TP 3400 3.0 GHz SOE 200 F 96 
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RF LINEAR· HYBRIDS 

PRODUCT SUMMARY 

PART. NUMBER FREQUENCY GAIN PAGE 

CA 2800 10-400 MHz 17 dB, 0.8 W F6 
CA 2810 10-350 MHz 33 dB, 0.8 W F 10 
CA 2812 CA 2820 FOR 12 V SUPPLY F 14 
CA 2813 40-300 MHz 34 dB, 0.15 W F 18 
CA 2818 1-200 MHz 18.5 dB, 0.8 W F 22 
CA 2820 1-520 MHz 30 dB, 0.4 W F 26 
CA 2830 5-200 MHz 34.5 dB, 0.8 W F 30 
CA 2832 1-200 MHz 35.5 dB, 2.0 W F 34 
CA 2840 30-300 MHz 22 dB, 75n F 38 
CA 4800 10-1000 MHz 17 dB, 26 V F 42 
CA4812 CA 4800 FOR 12 V SUPPLY F 46 
CA 4815 5-1000 MHz 17 dB; 15 V F 50 
CA 5800 10-1000 MHz 16 dB, 28 V F 52 
CA 5815 10-1000 MHz 16 dB, 15 V F 56 

GPA 501 5-600 MHz 15 dB, +4 dBm 
~ 

GPA 502 5-600 MHz 15 dB, + 14 dBm 0-<" 
GPA 503 5-600 MHz 12 dB, + 19 dBm ~-<..~ 
GPA 504 5-600 MHz 25 dB, + 13 dBm 0° GPA 505 5-500 MHz 23 dB, + 14 dBm 

~ GPA 510 5-600 MHz 15 dB, +4 dBm ~O GPA 511 5-600 MHz 15 dB, + 14 dBm «'?-v GPA 512 5-600 MHz 12 dB, + 12 dBm 
GPA 1006 5-1000 MHz 19 dB, + 13 dBm 
GPA 1007 5-1000 MHz 17 dB, + 20 dBm 
GPA 1501 5-1000 MHz 17 dB, + 10 dBm 
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VIDEO DISPLAY APPLICATIONS 

PRODUCT SUMMARY 

PART. NUMBER APPLICATION PACKAGE . PAGE 

LT 1817 CRT DRIVER NPN TO·117 F 64 
LT 1820 CRT DRIVER NPN TO·220 F 66 
LT 1839 CRT DRIVER NPN TO·39 F 68 

i 

LT 5817 CRT DRIVER PNP TO·117 F 70 
LT 5839 CRT DRIVER PNP TO·39 F 71 
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CATV HYBRID AMPLIFIERS 

PRODUCT SUMMARY 

GAIN 
PREAMP POST AMP. LINE EXTENDER (50MHz) STATUS PAGE 

35 CHANNELS 
(40·300 MHz) 

CA 2101 CA 2201 17 dB D F 100 
CA 2300 CA 2301 22 dB D F 102 

CA 2600 33dB D F 104 

40 CHANNELS 
(40·330 MHz) 

CA 3101 CA3201 17 dB D F 106 
CA 3600 34dB D F 108 

52 CHANNELS 
(40·400 MHz) 

CA 4101 CA 4201 17 dB D F 110 
CA 4600 34dB C F 112 

60 CHANNELS 
(40·450 MHz) 

CA 5101 CA 5201 18 dB D F 114 
CA 5300 CA 5301 22 dB D F 116 

CA 5600 34dB ND F 118 
CA 5700 38dB ND F 120 

60 CHANNELS 
SUPER TRUNKS 

CA 5180 CA 5280 14 dB ND F 122 
FF 124 24 dB ND F 124 

77 CHANNELS 
(40·550 MHz) 

CA 6101 CA 6201 19 dB ND F 126 
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CATV RETURN AMPLIFIERS 

'1 ..... _________ P_R_O_D_U_C_T_S_U_M_M_A_R_y ____________ ----J1 

GAIN 
PREAMP POST AMP. LINE EXTENDER (10MHz) STATUS PAGE 

12 CHANNELS 
(5·120 MHz) 

CA 2418 18 dB C F 128 

26 CHANNELS 
(5·200 MHz) 

CA 4411 13 dB D F 130 
CA 4412· 13 dB D F 130 
CA 4418 18 dB D F 132 
CA 4422 22 dB D F 134 

STATUS GUIDE 

o = DESIGN TYPE 
Recommended for equipment design, production quantities available at date of publication. 

NO = NEW DESIGN TYPE 
Recommended for new equipment deSign, production quantities available after date of publication. 

C = CURRENT TYPE 
No longer recommended for equipment deSign, available for equipment production and for use in existing equipment. 
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CA2800 

Wide Bandwidth Linear Hybrid Amplifier 

- Instantaneous Bandwidth, 10·400 MHz 
-17 dB Gain 
- 400 mW PEP @ . 32 Db IMD 

The CA2800 is a high reliability thin·film hybrid amplifier 
utilizing an all gold metalization system. Units are 
designed for wide bandwidth linear operation In 50 to 
100 ohm systems. This hybrid provides excellent gain 

Absolute Maximum Ratings 

" 

28 Volts +16dBm 

Electrical Characteristics for 50Q Systems (TeAsE = 250C and 24V) 

CharactenstlC 

PG Power Gain 

NF Noise Figure, Broadband 

ITO Third Order Intercept, See Figure 1 . 

VSWR Input/Output VSWR for SOQ Systems 

Icc Supply Curr~nt 

Po Power .output - 1 dB Compression 

PRI Reverse Isolation 

FR Frequency -Response 

dso Second Harmonic Distortion 

stability with temperature and very low distortion due to 
push·pull amplifier circuitry. This module is recom 
mended for wide bandwidth. low noise and linear 
applications. 

,,'. , 

ConditIOns Value 

f = SOMHz 17 ±O.7SdB 

f = 60MHz S.OdB Typ 
f = 300MHz 8.SdB Typ 

h = 300M Hz +44dBm Typ 

f = 10-400MHz 2:1 Typ 

24V 220mA Max 

f = 200MHz 800mW 

f = 10-400MHz 2SdB Typ 

f = 30-300MHz ±O.SdBMax 
f = 1 O-400MHz ±1dBMax 

Tone at 10mW -66dB Typ 
f2H = 1 O-300MHz 

PEP Peak Envelope Power for Two Tone Distortion Test f = 1 O-300MHz 400mWTyp See Figure 1 at -32dB 
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CA 2800 
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CA 2800 
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CA Package Outline 
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~ 1 
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~87 
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TAP "6 32 THRU 
2 PLCS 

.352 

~ PIN DIA 020 + 002 t:..:.J 001 

D PINSON 100CENTERS 

~ SPECIFY BENT PIN OPTION BY ADDING 
~ B SUFFIX TO PART NUMBER 

FIGURE 1. INTERMODULATION TEST 

11 Iz 21z-11 

. IMO @ . 
Ire = Po + -2 IMD > 60dB 

PEP = 4X Po@ IMO = -32dB 
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CA 2810 

Wide Bandwidth Linear Hybrid Amplifier 

• Instantaneous Bandwidth, 10-350 MHz 
• 33 dB Gain 
• Power Output, 800 mW 

The CA281 0 is a high-reliability thin-film hybrid amplifier 
utilizing an all gold metalization system. Units are 
designed for wide bandwidth linear operation in 50 to 
100 ohm systems This hybrid provides excellent gain 

Absolute Maximum Ratings 

+SdBm 

stability with temperature and very low distortion due 
to push-pull amplifier circuitry. This module is recom 
mended for wide bandwidth. low noise and linear 
applications. 

MicH',J::!':J?!!:!1 

Electrical Characteristics for 50Q Systems (TeAsE = 250C and 24V) 
Characlenstic Conditions Value 

PG Power Gain f = 50MHz 33 ±1 dB 

NF Noise Figure, Broadband f = 60MHz 4.SdB Typ 
f = 300MHz a.OdB Max 

ITO Third Order Intercept, See Figure 1 11:::: 300MHz +43dBm Typ 

VSWR Input/Output VSWR for SOQ Systems f :::: 10-3S0MHz 2:1 Typ 

Icc Supply Current 24V 330mA Max 

Po Power Output - 1 dB Compression f = 200MHz 800mW 

PRI Reverse Isolation f = 10·3S0MHz 40dB Typ 

FR Frequency Response f = 30·300MHz ±1.0dB Max 
f = 10·3S0MHz ±1.SdB Max 

dso Second Harmonic Distortion Tone at 10mW -66dB Typ 
f2H = 10·300MHz 

PEP Peak Envelope Power for Two Tone Distortion Test f = 10·300MHz 400mW Typ, See Fi ure 1 at -32dB 

I 
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CA 2810 
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CA 2810 

14------1.500-----'eot 

14----1.06-----t 

PACKAGE OUTLINE 

+ .005 DIA THRU 
-.002 

t 
.156 REF. 

.17 

1-----1l5~~ . L" BENT PlNSO'",,"Al 0 

.352 

INPUT OUTPUT 

+ Vee __ ---'i-J 

-r 
--------r----+-=~_l::=_~+_;__'\J .850 MAX.' 

TAP 1/6-32 THRU 
2 PLCS 
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-~ 
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FIGURE 1. INTERMODULATION TEST 

IMD . 
ITO = Po + -2-@IMD>60dB 

PEP = 4X Po@ IMD = -32dB 

EDGE 
RECES~ 
OPTIONAL 

PINS ON .100 CENTERS 

SPECIFY BENT PIN OPTION BY ADDING 
"B" SUFFIX TO PART NUMBER 



CA 2812 

Wide Bandwidth Linear Hybrid Amplifier 

• Instantaneous Bandwidth, 
1·520 MHz 

• 30 dB Gain 
• Power Output, 250 mW Minimum 
• Optimized for 12 V Operation 

• Low cost single ended design 

• Unconditional stability under all mismatch conditions 

The CA2812 is a high·reliability thin·film hybrid amplifier 
utilizing an all gold metallization system. Units are 
designed for widest bandwidth linear operation in 50 
ohm systems. The linear class A bias enables the 

CA2812 to drive highly reactive loads at large signal 
levels over its frequency range. Low end frequency 
response can be extended to 500KHz by increasing the 
value of the extemal RF chokes. This module is 
recommended for wide bandwidth, low cost and linear 
applications in 25 to 75 ohm systems over a wide 
range of supply voltages. 

Electrical Characteristics For 50Q Systems (TeAsE = 25°C and 12V) 

dso Second Harmonic Distortion 
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Frequency Response Frequency Response vs. Temperature 
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CA 2812 

Second Harmonic Distortion VS. Voltage 25°C Group Delay VS. Frequency 25°C 
-30 I I 
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POUT = + 10 dBm 
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Harmonic Frequency (MHz) Frequency (MHz) 

S·Parameters 

Biased at 12 Volts T = 2S0C Zo = SOQ 

Frequency 511 521 512 522 

(MHz) Mag Ang Mag Ang Mag Ang Mag Ang 
--

1 -9.0 -52.7 29.7 170 -50.2 167 ·4.0 145 

10 -25.0 -26.0 29.9 3.7 -54.5 8.6 ·25.5 54.0 

100 -20.8 -12.0 29.9 -122 -55.5 -36.8 -22.2 59.0 

200 -17.0 -53.7 295 117 -58.0 -77.8 -14.8 37.0 

300 -14.7 -99 29.5 -6.4 -60.4 -140 -16.8 26.0 

400 -14.5 -159 29.5 -131 -56.9 151 -13.1 2.8 

500 -17.6 111 30.1 98.2 -51.7 93 -19.9 ·135 

600 -17.5 -83 27.5 -79.9 -56.2 17.9 -3.1 82 

Magnitude in dB, Phase Angle in degrees. 
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CA 2812 

F17 

.... -----1.500-----~ 

TAP 15·32 THRU 
2 PlCS. 

FUNCTIONAL SCHEMATIC 

PACKAGE OUTLINE 

.17 

J 

352 PIN CONFIGURATION 

INPUT 

1/A
F l' 1'1/A

F 

RFC 1-4: 30/AH CHOKE 

~ PIN OIA.020 :'"og~2 

o PINS ON .100 CENTERS 

~ SPECIFY BENT PIN OPTION BY AOOING 
~ "B" SUFFIX TO PART NUMBER 

FIGURE 1. INTERMODULATION TEST 

ITO = Po + I~O @lIMO> 60dB 

PEP = 4X Po @lIMO = -32dB 



CA2813 

_ Wide Band RF Linear Hybrid Amplifier 

• 34 dB Gain 
• 15 volt operation, low power 

consumption 
• Instantaneous Bandwidth, 40·300 MHz 
• Low VSWR for 75 n system 
• Low noise figure, 3.5 dB 

The CA 2813 is a high reliability thin-film hybrid 
amplifier utilizing an all gold metallization 
system. This hybrid provides excellent gain 
stability and very low distortion due to push
pull amplifier circuitry. The CA 281 3 is 

recommended for driver applications requiring 
good linearity and noise performance. 

Excellent performance can be obtained with a 
supply voltage from 12 to 28 volts. 

Absolute Maximum Ratings 

RF Power Input I Storage Temperature 

+5dBm -40°cto + 100°C 

Electrical Characteristics for 7SQ Systems (TeASE + 25°C and + 15V Supply Voltage) 

ConditIOns - Typ Max 

33.0 

Peak Envelope Power for Two 
PEP Tone Distortion Test, f = 40·300 MHz 125 150 mW 

See Figure 1 @ -32dB IMD 

Iro Third Order Intercept, f = 300 MHz +38 +40 dBm 
See Figure 1 

dso Second Harmonic Suppression Po = 100mW -47 -SO dB 
f2h = 300 MHz 

NF Noise Figure, Broadband f = 50 MHz 3.5 4.5 dB 
f = 300 MHz 5.0 6.0 
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CA 2813 
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CA 2813 

Second Harmonic Distortion vs. Voltage 25°C Group Delay vs. Frequency 2s<'C 
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POUT = + 15 dBm 
I I 
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Hannonic Frequency (MHz) . Frequency (MHz) G 
S·Parameters 

Biased at 15 Volts T = 25°C Zo = 75Q 

Frequency 511 521 512 522 
(MHz) Mag Ang Mag Ang Mag Ang Mag Ang 

10 -16.6 53.0 33.1 35.0 ·48.1 39.1 -21.2 48.7 

50 ·32.3 -2.0 33.6 ·44.9 ·47.8 -21.0 -30.9 65.0 

100 -41.4 119 34.2 -107 -47.7 -58.0 -30.3 22.6 

200 -27.8 62.0 34.5 130 -48.6 -140 -38.5 -105 

300 -26.1 -177 35.3 -10.2 -47.1 126 -23.3 84.5 

Magnitude in dB, Phase Angle in degrees. 
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CA 2813 

F 21 

14------1.500-----~ 

TAP '6·32 THRU 
2 PLCS. 

FUNCTIONAL SCHEMATIC 

. CA2813 
PACKAGE OUTLINE 

+ .005 DIA THRU 
-.002 

t 

.17 

.352 

PIN CONFIGURATION 

~ PIN DIA .. 020 :-og~2 

o PINS ON .100 CENTERS 

1 
+ 
< g 

**1 o c: 
=ti c: 
-i 

~ SPECIFY BENT PIN OPTION BY ADDING 
L:.d "B" SUFFIX TO PART NUMBER 

FIGURE 1. INTERMODULATION TEST 

ITO = Po + IM~ @ IMD > 60dB 

PEP = 4X Po @ IMD = -32dB 



CA 2818 

Wide Bandwidth Linear Hybrid Amplifi~r 

• Instantaneous Bandwidth, 1·200 MHz 
• 18.5 dB Gain 
• Power Output, 800 mW 

The CA2818 is a high-reliability thin-film hybrid amplifier 
utilizing an all gold metalization system. This hybrid 
provides excellent gain stability and very low distortion 
due to push-pull amplifier circuitry. The CA2818 is 
recommended for driver applications requiring high 

power capability and for "gain blocks" that demand 
maximum linearity. Excellent performance can be 
obtained with a supply voltage from 12 to 28 volts_ For 
75 ohm performance, reler to CATV equivalent model 
CA2418. 

ABSOLUTE MAXIMUM RATINGS 
RF Power Input Storage Temperature I,'. I 

28 Volts +14dBm 

ELECTRICAL CHARACTERISTICS FOR 50Q SYSTEMS *(TcASE = 25°C and 24V) 

1--=--••. ----til. MU. _WE 
PG Power Gain 1= 50MHz 17_75 18.5 19.25 dB 

NF Noise Figure, Broadband 
1= 30MHz 
1= 150MHz 

4.5 6_0 
dB 5.5 7_0 

Iro Third Order Intercept. See Figure 1 1= 150MHz +44 +47 dBm 

VSWR 
Input/Output VSWR lor 50QSystems 1= 1-200MHz 
Input/Output VSWR lor 75QSystems 

1_7:1 2.0:1 N/A 1.2:1 1.3:1 

Icc Supply Current 24V 190 205 220 mA 

Po Power Output - 1 dB CompreSSion 1= 150MHz 800 900 mW 

PAl Reverse Isolation 1= 1-200MHz 25 dB 

FA Frequency Response 1= 5-150MHz 
1= 1-200MHz 

±0.2 ±0.5 
dB ±0.5 ±1.0 

dso Second Harmonic Distortion 
Po = 100mW 
12H = 1-200MHz 

-55 -60 dB 

PEP Peak Envelope Power lor Two Tone 1= 1-200MHz 
Distortion Test. See Figure 1 at -32dB 600 800 mW 

-Except for VSWR as noted. 
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I---- f- Vel = 24 Volts 

P,,, = -rdBm 

16 
o 50 100 150 200 250 300 

Frequency - MHz 

POWER OUTPUT VS. FREQUENCY 
1.25 

100 PEP @ 25°C 

75 

50 

25 
Vee = 24 Volts 
See Figure 1 

OL---~----~--~----~--~--~ 
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Frequency - MHz 

THIRD ORDER INTERCEPT VS. FREQUENCY 

~ 
I 

I 
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-0 

~ 

F 23 

50 

48 

"""'- 1'""""-"'" 
~ 

46 
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44 

42 

40 r--- .... Vee = 24 Volts 
See Figure 1 
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200 250 300 
Frequency - MHz 
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17 

~ 

:::l 
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:::l 
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GAIN VS. VOLTAGE 

10MHz 

~ 
~ 

~ 
150MHz 

~ 

PI~ = -20dBm 

Tc = 15'C 

12 16 20 
Voltage 

-~ 
-----

24 28 

1dB COMPRESSION VS. VOLTAGE 

12 16 20 

Voltage 

24 28 

THIRD ORDER INTERCEPT VS. VOLTAGE 
50 

Te = 25°C 
See Figure 1 

30L-____ ~~ ____ ~ ______ ~ ______ ~ 

12 16 20 
Voltage 

24 28 
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S-PARAMETERS 
50Q Vee = 2.4V Zo = .' 

270 
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CA 2118 

PACKAGE OUTLINE 
\4------ 1.500,-------

\4----106 ~ 

+.005 DlA THRU 
-002 

~ 

. + 
17 

~IL ~ L 87 . BE" PINSOPTIONAL 0 
~---1.000---..1 

0472 PL 

~I 
165 

-T-l 35 

~ I- 1 NOM TOL NON ACCUM 

TAP 116 32 THRU 
2 PLCS 

352 

PIN CONFIGURA TlON 

~ PIN DIA 020 + .. 002 
~ -001 o PINS ON 100 CENTERS 

~ SPECIFY BENT PIN OPTION BY ADDING 
~ "B" SUFFIX TO PART NUMBER . 

FIGURE 1. INTERMODULATION TEST 

F 25 

It 12 

ITO = Po + IM~ @ IMD > 60dB 

PEP = 4X Po @ IMD = -32dB 

212-11 



CA 2820 

Wide ~andwidth Linear Hybrid Amplifier 

• Instantaneous Bandwidth, 1·520 MHz 
• 30 dB Gain 
• Power Output, 400 mW Minimum 

The CA2820 is a high· reliability thih·film hybrid amplifier 
utilizing an all gold metalization system. Units are 
designed for widest bandwidth linear operation in 50 
ohm systems. The linear class A bias enables the 
CA2820 to drive highly reactive loads at large signal 
levels over its frequency range Low end frequency 

response can be extended to 500KHz by increasing the 
value of the external RF chokes. This module is 
recommended for wide bandwidth. low cost and linear 
applications in 25 to 75 ohm systems over a wide range 
of supply voltages. 

ABSOLUTE MAXIMUM RATINGS 

ELECTRICAL CHARACTERISTICS FOR 50Q SYSTEMS (TCASE = 25°C and 24V) 

Symbol Charactenstlc 

PG Power Gain f = 100MHz 29 30 31 dB 

NF Noise Figure, Broadband 
f = 30M Hz - 6.0 8 

dB 
f = 500MHz - 8.3 10 

ITo Third Order Intercept, See Figure 1 f = 520MHz +35 +37 - dBm 

VSWR 
Input VSWR for 50 Ohm Systems f = 1·520MHz 

1.5:1 2.0:1 N/A 
Output VSWR for 50 Ohm Systems 

- 1.8:1 2.0:1 

Icc Supply Current 24V 300 330 360 rnA 

Po Power Output - 1 dB Compression f = 1·520MHz 400 440 - mW 

PRI Reverse Isolation f = 1·520MHz 49 52 - dB 

FR Frequency Response f = 1·520MHz - ±0.8 ±1.5 dB 

dso Second Harmonic Distortion Po = 10mW ·45 -55 - dB 
f2H = 1·520MHz 

~P 
Peak Envelope Power for Two Tone f = 1·520MHz 300 400 - m~ Distortion Test, See Figure 1 at -32dB 
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CA2I20 

GAIN VS. FREQUENCY 
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Vee = 24 Volts 
See Figure 1 
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24 28 

THIRD ORDER INTERCEPT VS. VOLTAGE 
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See Figure 1 
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CA 2820 

SECOND AND THIRD 
HARMONIC SUPPRESSION VS. VOLTAGE 

80 

Pout = 10mW 
Tc = 25°C 

5 70 f----f-----..fllC-f---"";7'''''''-t-

i 
C/l 

2nd 

~ 60 1--~""""'j,.L--..".F-_-_-::------_t_---_t 2nd 

~ :x: 

40~ _____ ~ ______ ~ ______ ~ ____ ~ 

12 16 20 24 28 
Voltage 

!g 
I 

OJ 

::::> 
01 u:: 
'" 
(5 

NOISE FIGURE VS. VOLTAGE 

Z 6 t----t----+----t------i 

5~12~-----1~6-------2~O------~2~4------~28 

Voltage 

S-PARAMETERS 
521 

Zo = 50Q, Vee = 24V 
S12 

• / _____ 32d8_~ 

/1~H~ 250MHz 100M

" '.', •• ~ 

'"0° v ~ 
~ ~~OMH~--50MHZ 
~Hl 

270 0 

S11 S22 
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CA 2820 

PACKAGE OUTLINE 

~----------1500----------~ 

TAP 116 32 THRU 
2 PLCS 

0472 PL 

~I 

+ 005 DIA THRU 
- 002 

t 

165 

-+1 35 

~ 1--, NOM TOL NON AceUM 

352 

17 
PIN CONFIGURA TION 

~ PIN DIA 020 + .002 
~ -001 

D PINS ON .100 CENTERS 

~ SPECIFY BENT PIN OPTION BY ADDING 
~ "B" SUFFIX TO PART NUMBER . 

FIGURE 1. INTERMODUlATION TEST 

FUNCTIONAL SCHEMATIC 

11 12 217·11 

IMD 
ITO = Po + -2@IMD>60dB 

PEP = 4X Po@ IMD = -32dB 
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CA2830 ~~.-. 

1""" 
Thin Film RF Linear Hybrid Amplifier 

• High Gain (34.5dB), 
Low Distortion 
(Push-pull Circuitry) 

• 1 W Output Power at 28V 

• Wide dynamic range: +46dBm third order intercept 

• Unconditional stability under all load conditions 

• All gold (monometallic) metallization system featuring 
gold transistor die with diffused emitter ballast 
resistors for the ultimate in reliability 

• Transmitter driver for HF. VHF communications 
radios 

• Fiber optic driver for laser/L.E.D. diodes 

• Driver for acousto·optic modulators' 

• High performance linear amplifier for all types of 
analog/digital waveforms 

Electrical Characteristics For 50Q Systems (TCASE = +25°C and +24V· 
CHARACTERISTICS TEST CONDITIONS T Y fl r.' A x 

en 
~~ ~------+---~~--~--------------~------------_+------r_----~------r_----" 
:::II-

~~ r-------+-------~----------------~------------_+------r_----~------r_----.. 
~~L~-J~~~~~-----t--------~~L_~~~~~ Cc 
~ 

en a w 
I
en 
> en 
0- r-------+-------~------~--------~------------_+------r_----~------r_----.. 
:g;.. Power Output. 1 dB Compression, 

~~ r_-P-O----+--V-C-C-=-2-8-V----------------~--------------+_----_r------r_----_r----~ 
en1! 

~; 
ffi~ r-------+---------------~~------~------------~------+_----_r------+_----~ 
ti+ 
;~ r-------+-------------~--~~----~------------~------+_----_r------+_----~ 
X< u'-' 
.... .!::. 
c r-------+-------------------------~------------~------+_----_r------r_----~ 

~ 
~ w 

-Except tor power output as noted. 
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CA 2830 

Frequency R .. pons. 2SOC 
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CA 2830 

Second Harmonic Distortion ¥s. Voltage 2SOC Group Delay vs. Frequency 25°C 
-50 5 

-55 4 
Cii I I V :a POUT = + 20 dBm 

I -60 :r ~ 

! , 
~ -65 / 
S II '" II 

c: 
G-

/ , i;' i -70 ;! 1 t! I ~ 
-75 .W 'I 0 

S I 15 Volts ______ 
Vee ,24 V 

~ -80 
24 Volts _____ 

-1 
28Vr--T--

-2 
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 

Harmonic Frequency (MHz) Frequency (MHz) 

S·Parameters 

Blaaed at 24 Volta T = 2Soc Zo = SOQ 

Frequency 811 821 812 822 

(MH~) Mag Ang Mag Ang Mag Ang Mag Ang 

5 -18.3 66.2 34.6 15.2 -47.0 17.7 -9.8 87.4 

10 -19.3 45.5 34.6 -0.6 -47.0 2.3 -14.5 76.8 

50 -15.6 35.0 34.2 -56.7 ·47.5 -30.3 -12.6 45.0 

100 , -13.2 34.4 33.9 -114 -47.9 -62.9 ·10.8 10.7 

200 -11.1 30.1 33.5 134 -48.3 -128 -14.9 -42.6 

Magnitude in dB, Phase Angle in degrees. 
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F 33 

PACKAGE OUTLINE 
t-------l.500-----__ 

t----'j ~ 

+ .005 DtA THRU 
-.002 

t 
352 

17 
PIN CONFIGURATION 

...----175 ~ 
L BENT PINS OPTIONAL 0 

87 

~---1.000----eol 

0472 PL 

~I 
165 

-H 35 

~ I- 1 NOM TOl NON AceU. 

TAP '632 THRU 
2 PLCS 

FUNCTIONAL SCHEMATIC 

EDGE 
094 ± .025 RECESS 

OPTIONAL 

~ PIN DIA 020 + 002 U -001 

. D PINS ON .100 CENTERS 

f;"'J' SPECIFY BENT PIN OPTION BY ADDING 
li..::.d "B" SUFFIX TO PART NUMBER 

FIGURE 1. INTERMODUlATION TEST 

h 212·1, 

IMD 
ITo = Po + -2@IMD>60dB 

PEP = 4X Po @ IMD = -32.dB 



CA 2832 

Thin Film RF Linear Hybrid Amplifier 

• High Gain - 35.5dB 

• Low Distortion 

• 2W Output @ 28V 

• High gain (35.5dB), low distortion (push-pull circuitry) • Transmitter driver for HF, VHF communications radios 

• 2W output power at 28V 
• Wide dynamic range +47dBm third order intercept 

• Unconditional st~billty under all load conditions 

• All gold (monometallic) metallization system featuring 
gold transistor die with diffused emitter ballast 
resistors for the ultimate in reliability 

Absolute Maximum Ratings 
RF Power Input 

+30 Volts +15dBm 

• Fiber optic driver for laser/L.E.D, diodes 

• Driver for acousto-optic modulators 

• High performance linear amplifier for all types of 
analog/digital waveforms 

Storage Temperature ; .. ;; . : .; 

-55°C to + 125°C 

Electrical Characteristics for 50Q Systems (TeAsE = + 25°C and + 28V) 

Characteristic Conditions 
.... " Mil .• MM •• 

PG Power Gain f = 100MHz 34.0 35.5 37.0 

FR Frequency Response f = 1·200MHz ±0.5 ±1.0 

Po Power Output, 1dB Compression f = 1·200MHz +31 +32 

Po Power Output, 1dB Compression f = 150MHz +33 

PEP Peak Envelope Power for Two Tone f = 1·200MHz 
Distortion Test, See Figure 1 @ -32dB IMD 

900 

ITO Third Order Intercept, See Figure 1 f = 200MHz +45 +47 

dso Second Harmonic Suppression Po = 100mW 
f2H = 150MHz 

-60 -70 

NF Noise Figure, Broadband f = 200MHz 6 7 

VSWR Input/Output VSWR (5()Q) f = 1·200MHz 1.5:1 2.0:1 

Icc Supply Current 28V 400 435 470 

dB 

dB 

dBm 

dBm 

mW 

dBm 

dB 

dB 

N/A 

mA 
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CA2832 
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CA 2832 

Second Harmonic Distortion vs. Voltage 25°C 
-68 

I I I 
POUT = + 20 dBm 

i 

ill I • /I 

III , , , 

l' I I 
I 
I 

/ , 
24 Volts _________ 

28 Volts -

~ 
-70 

ftj 

I -72 

-74 0 

CI> 
> 

J -76 

~ 
~ 

-78 <.> 

.~ 

'" -80 :z: 

30 jOlts __ , __ , __ 

100 200 300 400 500 600 700 

Harmonic Frequency (MHz) 

S·Parameters 

Biased at 28 Volts 

Frequency S11 S21 
(MHz) Mag Ang Mag Ang 

1 -17.6 79.3 35.2 23.5 

10 -19.7 31.2 35.7 -9.1 

50 -16.0 30.6 35.5 -63.6 

100 -13.3 37.4 35.0 -126 

200 -10.0 27.6 34.3 110 

Magnitude in dB, Phase Angle in degrees. 

Group Delay vs. Frequency 
5 

r 

r ~ 
V 

j 
II 
II 

-1 

-2 
o 

Vee = 28 V 
I 

100 200 300400 500 600 700 
Frequency (MHz) 

T = 25°C Zo = 50Q 

S12 S22 
Mag Ang Mag Ang 

-48.0 28.1 -12.6 60.5 

-47.3 -4.9 -16.4 25.0 

-48.0 -37.7 ·11.8 9.8 

-48.7 -75.0 -10.7 -34.2 

-50.5 -154 -9.8 -136 
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F 37 

1 AP.6 3? lHRU 
? PLCS 

FUNCTIONAL SCHEMATIC 

l i 11CEJ-"EI - -~- ~JIIC9' .r L.:~ ? 8 

2.3.7 ~. ,- ---

~ PIN DIA 020 + 002 
~ -001 

o PINS ON 100 CENTERS 

~ SPECIFY BENT PIN OPTION BY AOOING 
l..::..d "B" SUFFIX TO PART NUMBER 

FIGURE 1. INTERMODULATION TEST ---T ---------
IMO 

_:1 __ _ 
Ilo=Po+ I~ OIMO>6OdB 

PEP = 4X PoOIMO = -32dB 

212-11 



CA2840 

Thin Film RF Linear Hybrid Amplifier 

• 22dB Gain, Low Distortion 
(Push-pull Circuitry) 

.1 W Output Power at 28V 

• Matched for 75 Q 
Applications 

• Unconditional stability under all load conditions 

• All gold (monometallic) metallization system featuring 
gotd transistor die with diffused ballast resistors 
for the ultimate in reliability 

ABSOLUTE MAXIMUM RATINGS 

• Local oscillator buffer amp for high level mixer 

.75 ohm IF post amplifier 

• High performance linear amplifier for all types of 
analog I digital waveforms 

ELECTRICAL CHARACTERISTICS FOR 75Q SYSTEMS (TCASE = +25°C and +24V*) 

CharactenstlCs 

PG Power Gain f = 100MHz 21 22 23 dB 

FR Frequency Response f = 30-300MHz - ±0.5 ±1.0 dB 

Po Power Output, 1 dB Compression f = 30·200MHz +29 +30 - dBm 

Po Power Output, 1 dB Compression, f = 30-200MHz +30 +31 - dBm 
Vee = 28V 

Peak Envelope Power for Two f = 200MHz 
PEP Tone Distortion Test, 

@ -32dB IMD 550 650 - mW 
See Figure 1 

Iro Third Order Intercept, 
f = 30-300MHz +43 +46 - dBm 

See Figure 1 

dso Second Harmonic Suppression Po = 100mW ·50 dB 
f211 = 300MHz 

- -

Ni!- Noise Figure, Broadband f = 100MHz - 5 6 dB 

VSWR Input/Output VSWR (75Q) f = 30-300MHz - 1.2:1 1.3:1 N/A 

~c Supply Current 24V 210 230 250. mA~ 

• Except for power output as noted .. 
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Frequency R_pon.e 2SOC Frequency R_pon.e va. Temperature 
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CA 2840 

Second Harmonic Distortion vs. Voltage 25°C Group Delay vs. Frequency 25°C 
-45 

I 
-50 

!!J 4 

i ,I j -55 3 J 

w '\ V // 15 Volts _______ 
& -60 24Volts ___ ,- ~ 

IIj (I) 2 
2 28 Volts _____ c: 
Q) >-> i I ~ ~ -65 1 £ 1/ ~ Vee = 24 V 

-70 
, 

0 <.> ; 
.~ , POUT = +20 dBm , 

I I 
::J: -75 , , 

-80 / 
0 100 200 300 400 500 0 100 200 300 400 

Harmonic Frequency (MHz) Frequency (MHz) 

S·Parameters 

Biased at 24 Volts T = 25°C Zo = 50Q 

Frequency 511 521 512 522 

(MHz) Mag Ang Mag Ang Mag Ang Mag Ang 

10 -8.21 21.5 20.9 11.4 -27.1 -168 -9.34 21.5 

50 -10.8 -8.5 21.1 -33.1 -27.1 156 -11.3 -9.0 

100 -13.5 -12.2 21.4 -73.3 -26.9 125 -14.7 -35.8 

200 -12.6 40.9 21.5 -152 -27.5 65.5 -15.4 47.9 

300 -10.6 10.7 21.9 123 -29.1 -0.2 -12.4 20.6 

Magnitude in dB, Phase Angle in degrees. 
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CA 2840 

...... -----1.5001
-------.; 

0472 PL 

~I 

PACKAGE OUTLINE 

+ .005 DlA THRU 
-002 

l 

165 

17 

+l 35 

~ I- 1 NOM TOL NON ACCUM 

TAP 1/6 32 THRU 
2 PLCS 

.352 

PIN CONFIGURA TION 

~ PIN DIA 020 + .002 
~ -001 

D PINS ON .100 CENTERS 

~ SPECIFY BENT PIN OPTION BY ADDING 
~ "B" SUFFIX TO PART NUMBER 

FIGURE 1. INTERMODULATION TEST 

FUNCTIONAL SCHEMATIC 

'~II~lIsg 
2.3.7'~ ~ 

11 12 212·11 

IMO 
Iro = Po + -2@IMO>60dB 

PEP = 4X Po@ IMD = -32dB 
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CA4800 

VHF-UHF Linear Amplifier 

• Wide Bandwidth: 10 MHz-1000 MHz 
• 17 dB Gain 
• Wide Dynamic Range: 7 dB Noise 

Figure 
• 40 dBm Third Order Intercept 
• Low Second Order Distortion: Push 

Pull Circuitry . 
• Optimized for 24 V Power Supply 
• 400 mW Output Power 

The CA 4800 RF amplifier is a low cost, push
pull hybrid circuit offering low second and third 
harmonic distortion. Production techniques 
used in the CA 4800 have been proven in the 
manufacture of millions of TRW CA TV 
ampljfiers. 

preamplifier, cable driver, driver for TV 
transposers, general instrumentation, broad 
band sweep generators, plus numerous other 
applications requiring 17 dB of gain, 400 mW 
power output and low distortion over the 
10-1000 MHz bandwidth. 

Uses include IF and preamplifier service for 
Electronic Counter Measures (ECM), Radar and 
communications, a "total coverage" TV 

For Military and other special applications, the 
CA 4800 is available in a hermetic package 
tCA 4800 H). 

Electrical Characteristics For 50Q Systems (T cas. = 25°C and 24V Supply) 
1 ___ _ 

PG Power Gain f = 100MHz 16 17 18 dB 

FA Frequency Response 1 ()'1 OOOMHz ±0.5 ±1 dB 

Po Power Output, 1dB Compression f = 500MHz 300 400 mW 

ITO Third Order Intercept 1 ()'1 OOOM Hz 38 40 dBm 
see Figure 1 

dso Second Harmonic Suppression Po = 100mW -40 -50 dB f2h = 1000MHz 

NF Noise Figure f = 500MHz 6.5 8 dB 
f = 1000MHz 7.5 9 

VSWR Input/Output (502) 40-860MHz 2:1 N/A 1 ()'1 OOOM Hz 2.5:1 

Icc Supply Current 24V 200 220 240 mA 

PEP Peak Envelope Power - For f = 500MHz 25 . dBm 2 Tone Distortion Test, see Fig. 1 

IMD Intermodulation Distortion TV f = 860MHz -60 dB Test (-8 -17 -10) See Fig. 2 Payne = 200mW 

Absolute Maximum Ratings 

RF Power Input Storage Temperature ...•. : ; 

+ 28 Volts + 14dBm -55°C to + 125°C 
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CA 4800 

Frequency Response vs. Voltage ( + 25°C) 
18 

15~~ ..... ~~--~-----~ ..... ~-----~~ 
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CA 4800 

Third Order Intercept vs. Frequency vs. Voltage 

..-1--1""'" 28V - r---... 
~ ,. ~ 26V r--r-.. "'~ 1 r-....... 

~ 
~ 24V r--. r.-.... "" 

42 

e ~ / '" ~ ~2V r-r-.. ............. ! 40 

i 
t 
li 
CI 

39 

38 ./ 

l/ 
V 

500 

Frequency (MHz) 

r---..... 

"""" 
(+ 25°C) 

I 
1000 

Second Harmonic Distortion (Pout = + 20dBm) 
-40 

( +}50 C) 

20V 

-50 

-60 

l...--"'" ---V I""'" ...:=::: 
~ ~ 

..- V V ~ 
~ 

V 
~ 

.---
~ 

t:/ ~ 

-70 
500 1000 

Frequency (MHz) 

CA4800 S PARAMETERS 

Biased at 24 Volts 
220mA 
ZO = 50 Ohms 

Frequency (MHz) Sll S21 

10 -25.26 116.3 16.71 13.8 
110 -39.97 117.8 17.35 -47.1 
210 -31.20 130.0 17.35 -92.1 
310 -27.75 117.0 17.29 -138.1 
410 -27.26 114.0 17.24 177.3 
510 -25.39 125.3 17.14 132.2 
610 -21.39 125.2 16.87 88.3 
710 -18.22 104.8 16.66 44.3 
810 -16.08 71.8 16.50 1.4 
910 -12.87 29.5 16.74 -42.7 

1010 -8.59 -20.8 16.79 -92.1 

i 

I 
-50 

-60 

-70 

Intermodulation: TV Test 

.... r.......... 
..... r-...... r--

Psync = 150ntN 
(24V, 25°C) 

r--Io.. 
~ 

500 

Frequency (MHz) 

(-8 -16 -7) 

(-8 -17-10) 

I I 

Group Delay vs. Frequency (24V, 25°C) 
3 

\ 24V, 25°C 

500 

Frequency (MHz) 

S12 S22 

-43.08 -34.0 -12.00 95.3 
-42.15 -8.6 -18.41 33.7 
-41.04 -99.1 -17.27 22.1 
-39.80 -18.4 -16.91 9.4 
-38.31 -28.4 -17.64 -4.2 
-36.36 -39.7 -18.85 -19.7 
-34.46 -56.3 -19.92 -43.8 
-32.66 -74.2 -20.26 -85.4 
-30.48 -94.0 -18.80 -137.1 
-28.03 -117.4 -15.81 166.5 
-25.74 -146.5 -12.71 104.8 

1000 

-
1000 

9.766 
8.596 
7.534 
6.568 
5.588 
4.547 
3.784 
3.146 
2.488 
1.794 
1.253 
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CA4800 

..... -----1.500-----... Package Outline 

.156 + .005 CIA THRU 
2 HOlES -.002 

1 1 

...... ---1.06---...... 

I 
...... ------1.75------..-j 

L87-----t 
.-..---1.000-----4-i 

TAP 16·32 THRU 
2 PlCS. 

. 2 

.0472 Pl. 

.165 

[!JI i1 .~ 
j I- .1 - TIlL. NON Aa:uM . 

.2 

.17 

.352 PIN CONFIGURATION 

INPUT~ 
C1 

C1. 2. 3. 4 = 0.1 mFd (CHIP) 
R1 = 200 OHMS, 1 WAn 

PIN CIA .. 020 ;~2 

o PINS ON '.1 00 CENTERS 

r:;o, SPECIFY BENT PIN OPTION BY ADDING 
~ "8" SUFFIX TO PART NUMBER 

Figure 1: 2 Tone Intermodulation Test Figure 2: 3 Tone TV Intermodulation Test 
Po----

11 

ITO _ Po + I~D @ iMD> &OdB 

PEP - 4X Po @ IMD - -32dB 
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CA 4812 

VHF-UHF Linear Amplifier 

• Wide Bandwidth: 10 MHz-1000 MHz 
• 17 dB Gain 
• Wide Dynamic Range: 7 dB Noise 

Figure 
• 40 dBm Third Order Intercept 

- • Low Second Order Distortion: Push 
Pull Circuitry 

• Optimized for 12 V Power Supply 
• 400 mW Output Power 

The CA 4812 RF amplifier is a low cost, push
pull hybrid circuit offering low second and third 
harmonic distortion. Production techniques 
used in the CA 4812 have been proven in the 
manufacture of millions of TRW CATV 
amplifiers. 

preamplifier, cable driver, driver for TV 
transposers, general instrumentation, broad 
band sweep generators, plus numerous other 
applications requiring 17 dB of gain, 400 mW 
power output and low distortion over the 
10-1000 MHz bandwidth. 

Uses include IF and preamplifier service for 
Electronic Counter Measures (ECM), Radar and 
communications, a "total coveraQe" TV 

For Military and other special applications, the 
CA 481 2 is aVailable in a hermetic package 
(CA 4812H). 

Electrical Characteristics For 50Q Systems (Tease = 25°C and 12V Supply) 

Characteristics Conditions 

ITO Third Order Intercept 10-1000MHz 38 40 dBm see Figure 1 

dso Second Harmonic Suppression Po = 100mW -40 -50 dB f2h = 1000MHz 

NF Noise Figure f = 500MHz 6.5 8 dB 
f = 1000MHz 7.5 9 

VSWR Input/Output (500) 40-860MHz 2:1 N/A 10-1000MHz 2.5:1 

PEP Peak Envelope Power - For f = 500MHz 25 dBm 2 Tone Distortion Test, see Fig. 1 

IMD Intermodulation Distortion TV f = 860MHz -60 dB Test (-8 -17 -10) See Fig. 2 Psync = 200mW 

Absolute Maximum Ratings 

", . .... , .. , .. 
+ 14 Volts + 14dBm -55·C to + 125·C -40·C to +100·C 
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CA 4812 

! 
'" i 

Frequency Response vs. Voltage (+ 25°C) 
18 

Frequency Response vs. Temperature (+ 12V) 
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CA 4812 

Third Order Intercept VS. Voltage ( + 25°C) Intermodulation: TV Test 

14V 
42 - -r--- r-... 
41 12V r-... ..... 

-50 

~ 
....- -r-.- .......... ! E ~ ...... Psync '" 1 50mW 

! 40 
~ '" (12V, +25iCI .2 

~ j 
39 . ~ ...... CI .......... 10V -60 
38 ..... -~ 

~V 
I-""'" --t-- ~ r-... (-8-16-7) r--.. ........ I i , (-8 -17-10) 

-70 I I 
500 1000 500 1000 

Frequency (MHz) Frequency (MHz) 

Second Harmonic Distortion (Pout = + 20dBm) Group Delay vs. Frequency (+ 12V, + 25°C) 
-40 I 3 

"-- 10V ( + 25°C) II -r--t------~r-- t-..... 
-50 

'" 
2 

! ~ ----- - '" \~ "..,.".. """"'" '" ~ / ~ 
co 

V ,/ 
~ 

~ 1~ 
... -.~ / 
S 1.25 

CI Ci; 
-60 r 1 

-70 
500 1000 500 1000 

Frequency (MHz) Frequency (MHz) 

CA4812 S PARAMETERS 

Biased at 12 Volts 
378mA 
ZO = SO Ohms 

Frequency (MHz) 511 521 512 522 k 

10 - 26.45 120.1 16.50 14.2 -43.49 16.8 -11.58 98.1 10.425 
110 . -39.42 132.5 17.24 -47.2 - 42.25 -0.5 -18.18 39.2 8.802 
210 -31.22 133.7 17.15 -92.3 -41.15 -4.7 -16.72 29.3 7.787 
310 - 27.72 118.8 17.39 -138.6 -39.61 -13.4 -16.22 20.5 6.325 
410 - 27.24 119.2 17.33 176.2 -37.91 -24.1 -16.30 -13.6 5.249 
510 -24.56 139.6 17.22 130.5 -36.08 -38.2 -16.64 -5.6 4.329 
610 -19.41 136.4 16.97 86.1 -34.27 -55.2 -17.26 -6.6 3.622 
710 -15.98 113.6 16.76 41.6 -32.16 -74.7 -19.19 -27.0 . 2.926 
810 -14.04 76.9 16.66 -1.7 -30.01 -95.6 -25.19 -55.8 2.339 
910 -11.66 31.1 16.93 -46.4 -27.63 -120.2 -25.82 119.3 1.728 

1010 -7.98 -24.7 16.99 -97.3 -25.33 -150.7 -13.13 66.2 1.208 
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CA 4812 

'------1.500-------__ Package Outline 

.1 56 + .005 DlA THRU 
2 HOLES -.002 

~ ! 

.17 

104----1.06---...-l 

.352 PIN CONFIGURATION 

~-r-T~~~~r-~~C2 

~OUTPUT INPUT-1 
c, 1...-., ___ ..... ____ Vee 

C,', 2, 3 = 0.1 mFd (CHIP) 

1-----1t-------l~ 
L BENT PINS OPTIONAL 0 

.87----<~ 

'----1.000---., 

.0472 Pl. 

• 1\ 
~ 11-1 J.-U--I J.-I UC~ + I ,"' ,165 

.2 m ~ :~. TU~ AOCU. 

.2 

TAPf6·32 THRU 
2Pl.CS. 

Figure 1: 2 Tone Intermodulation Test 

I, 12 

IMD 
ITO. Po +-2-@IMD>6OdB 

PEP. 4X Po @ IMD • -32dB 

F 49 

212-11 

, 
,094 ± .025 

I 
,850 MAX, 

PINS ON .100 CENTERS 

F"3' SPECIFY BENT PIN OPTION BY ADDING 
~ "B" SUFFIX TO PART NUMBER 

Figure 2: 3 Tone TV Intermodulation Test 

""---~T&iB-r---I~~:.----r~~;---

I, 

I,: video 
12: sideband 
13: sound 

IMD 

J 
11+13-12 12 



CA 4815 

VHF-UHF Linear Amplifier 

• Wide Bandwidth: 10M Hz·1 000 MHz 
• 17 dB Gain 
• Wide Dynamic Range: 7.5 dB Noise 

Figure 
• 40 dBm Third Order Intercept 
• Low Second Order Distortion: Push 

Pull Circuitry 
• Optimized for 15 V Power Supply 
• 400 mW Output Power 

Electrical Charactaristics For 50Q Systams (1- = 25°C and 15V Supply) 

Symbol Characteristics I Conditions 

PG Power Gain f • 100MHz 

FR Frequency Response 10·1000MHz 

Po Power Output, 1 dB Compression f • 500MHz 

ITO 
Third Order Intercept 10·1000MHz 
see Figure 1 

dso Second Harmonic Suppression 
Po • 100mW 
f2h • 1000MHz 

NF Noise Figure 
f • 500MHz 
f • 1000MHz 

VSWR Input/Output 150QI 40·860MHz 
10·1000MHz 

Icc Supply Current +15V 

PEP 
Peak Envelope Power - For 

f • 500MHz 
2 Tone Distortion Test, see Fig. 1 

IMD 
Intermodulation Distortion TV f • 860MHz 
Test (-8 -17 -101 See Fig. 2 Psvnc • 200mW 

Absoluta Maximum Ratings 

'I ; 

+ 14dBm 

Min 

16 

300 

38 

-40 

360 

I:p ; n. ; 

-55°C to + 125°C 

Typ I Max. I Untts 

17 18 dB 

±0.5 ±1 dB 

400 mW 

40 dBm 

-50 dB 

6:5 8 
dB 7.5 9 

2:1 
N/A 2.5:1 

380 400 mA 

25 dBm 

-60 dB 

: : I,:: ! : 

-40°C to + 100°C 
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CA4815 

~-----1.500-----~ 

14----1.06---....-t 

Package Outline 

.156 + .005 DlA THRU 
2 HOlES -.002 

l 1 

.17 

.352 PIN CONFIGURATION 

~-r~-T-T-T~~~~C2 

~OUTPUT INPUT-1 

c, L....., ___ .... ____ Vee 

Cl. 2. 3 = 0.1 mFd (CHIP) 

1o.---1t~~ 
L BENT PINS OPTIONAL 0 

. 87-----i 

1.----l.000---~ 

.0472 PL. 

. 165 

r!]1 

. 2 

+l . 35 

~ I- 1 MlM. TilL NON ACCU •. 

TAP 16· 32 THRU 
2 PlCS. 

Figure 1: 2 Tone Interrnodulation Test 

II 

IMD 
ITO - Po + -2-@IMD>SOdB 

PEP • 4X Po @.lMD - -32dB 

F 51 

212-1, 

I 
.850 MAX . 

PINS ON .1 00 CENTERS 

SPECIFY BENT PIN OPTION BY ADDING 
"B" SUFFIX TO PART NUMBER 

Figure 2: 3 Tone TV Interrnodulation Test 

Psync ---~~I:'-adB-l-----]~~;d~----l~~;d~---

I ---

h: video 
12: sideband 
13: sound 

IMD 

j 
11+13-12 12 13 



CA5800 ~~.-. 

II'~~ 

VHF-UHF Linear Amplifier 

• Wide Ba·ndwidth: 10M Hz·1 000 MHz 
• 15 dB Gain 
• Wide Dynamic Range: 8 dB Noise 

Figure 
• 43 dBm Third Order Intercept 
• Low Second Order Distortion: Push 

Pull Circuitry 
• Optimized for 28 V Power Supply 
• 1 W Output Power 

The CA 5800 RF amplifier is a low cost, push
pull hybrid circuit offering low second and third 
harmonic distortion. Production techniques 
used in the CA 5800 have been proven in the 
manufacture of millions of TRW CATV 
amplifiers. 
Uses include IF and preamplifier service for 
Electronic Counter Measures (ECM), Radar and 
communications, a "total coverage" TV 

preamplifier, cable driver, driver for TV 
transposers, general instrumentation, broad 
band sweep generators, plus numerous other 
applications requiring 15 dB of gain, 1 W 
power output and low distortion over the 
10-1000 MHz bandwidth. 
For Military and other special applications, the 
CA 5800 is available in a hermetic package 
(CA 5800 H). 

Electrical Characteristics For 50Q Systems (Tease = 25°C and. 28V Supply) 

Svmbol Characteristics ConditIOns Min TVp Max Units 

PG Power Gain f -- 100MHz 14 15 dB 

FA Frequency Response 10-1000MHz ±0.5 ±1 dB . 

Po Power Output. 1 dB Compression f - 500MHz 630 1000 mW 

Ira 
Third Order Intercept 

10·1000MHz 41 43 dBm see Figure 1 

dso Second Harmonic Suppression Po - 100mW ':'45 -55 dB 
f2h - 1 OOOMHz 

NF Noise Figure f - 500MHz 7.5 a.5 
f • 1000MHz 8.5 9.5 

dB 

VSWR Input/Output 150Q) 40·8~OMHz 2:1 
N/A 10·1000MHz 2.5:1 

Icc Supply Current 28V 360 400 440 rnA 

PEP 
Peak Envelope Power - For 

f • 500MHz 29 dBm 
2 Tone Distortion Test. see Fig. 1 

IMD 
Intermodulation Distortion TV f • 860MHz 
Test 1-8 -17 -10) See Fig. 2 Psync - 4DOmW 

-58 dB 

Absolute Maximum Ratings 

" . 
+32 Volts +20dBm 
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CA 5800 

Frequency Response va. Voltage Frequency Response VI. Temperature 

Vee - 28V 
17.0 17.0 

iii iii 
~ ..... 

;16.0 
:!! 
.516.0 - .; L.-- ............ T - -40·C ---~ '-- ...... ,- ~V ~~ - ............... ~ T-+25·C 28V 

15.0 15.0 ~ 24V /" ~ 
T - +100·C 

14.0 14.0 
500 1000 500 1000 

Frequency (MHz) Frequency (MHz) 

1 dB Compression VI. Voltage Peak Envelope Power 
31.0 31.0 

Vee - 32V ---- ------........ -------30.0 30.0 - Vee - 32V 
.j 
A-

129 , 
Vee - 28V ! --- -... ~29.0 -........ 

... r"" 

~ &! Vee - 28V 
u ...... 
! 

28.0 28.0 

Vee - 24V ,.----- ---t-
Vee - 24V 

27.0 27.0 
100 500 1000 500 1000 

Frequency (MHz) Frequency (MHz) 

Third Order Intercept Intermodulation: TV - Test 
46 

~ P.ynch - 400 mW 
45 Vee - 28V '" ' ~ -40 

44 

'"""" 

~ "" E I 
! Vee· 32V 

·1-50 43 
~ 

'" .'" •• ~ ~ Vee - 28V ~ 

42 
............ ---- ~ , -60 ----=-----~ 41 

~ 
-8. -17. -10 

Vee - 24V 
40 -70 
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FreqlllllCY (MHz) Frequency (MHz) 

-
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CA 5800 

Second Harmonic Distortion Delay Time ns/Div. 
3 

-40 

2 \ 
iii ~ 

" 
:5t 
c: >- 2av, 25°C 

~ 
.~ -50 

..!! 

.!l 
~ ... 

Vee - 24V co 

-~ '" - Vee - 2aV 1 --60 . .---------v;; - 32V 

-70 
500 1000 0 500 1000 

Frequency (MHz) Frequency (MHz) 

Noise Figure 
10 

9 Vee - 32V-

~ 
Vee - 2av 

Vee - 24V 

~ 
8~ ;\I; 

~ 
7 

6 
500 1000 

Frequency (MHz) 

CA5800 S PARAMETERS 

Biased at 28 Volts 
392mA 
Zo = 50 Ohms 

Frequency (MHz) 811 821 812 822 k 

10 -44.08 129.3 14.50 13.4 -44.03 11.4 -12.47 111.0 14.153 
110 -25.25 23.4 15.00 -80.6 -42.68 -33.5 -24.69 90.9 12.064 
210 -20.84 -15.0 15.19 -156.9 -41.07 -68.3 -23.79 55.6 9.753 
310 -18.72 -63.8 15.39 125.4 -38.94 -110.7 -21.01 23.1 7.392 
410 -19.06 -123.4 15.51 47.7 -36.84 -157.2 -18.36 -17.6 5.699 
510 -22.14 158.8 15.37 -30.6 -35.16 151.4 -17.49 -66.9 4.805 
610 -23.19 50.2 15.09 -107.3 -33.51 99.0 -19.32 -116.5 4.152 
710 -19.89 -41.0 14.89 176.7 -31.78 45.8 -25.26 -144.3 3.516 
810 -17.89 -116.1 14.88 100.9 -29.89 -8.3 -23.18 -129.9 2.839 
910 -16.70 156.5 15.15 22.7 -27.62 -66.3 -16.90 167.0 2.114 

1010 -13.61 47.2 15.08 -61.5 -25.63 -129.7 -12.69 67.4 1.645 
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CA 5800 

.... -----1.500------- Package Outline 

156 + .005 DIA THRU 
2 HOLES -002 

+ 1 

1-----1 06------t 

I 
~------175------~ 

L81 

17 

t 

352 PIN CONFIGURATION 

C', 2, 3, 4 = 0,1 mFd (CHIP) 
R, = 90 OHMS, 2 WATTS 

I 
.850 MAX 

094 ± .025 
100~ ~"t 

TAP '6·32 THRU 
2 PLCS. 

~ PIN DIA, ,020· ;og~2 

o PINS ON .100 CENTERS 

~ SPECIFY BENT PIN OPTION BY ADDING 
~ "S" SUFFIX TO PART NUMBER 

Figure 1: 2 Tone Intermodulation Test Figure 2: 3 Tone TV Intermodulafion Test 

Psync -----]:8dS--l-----J--------l~~;d~---
-- -17dB 

. --- --
IMD 

J 
12 212-1! 11 11+13-12 12 13 

IMD IMO 60dS 11: video 
ITO = Po + -2-@>12:sideband 
PEP = 4X Po @ IMO = -32dB 13: sound 

RF DIviceI Division, TRW Electroni: Components Group, 14520 ftJiation Blvd" Lawndale, CA 90260 

F_ No, 7281983 



CA 5815 

VHF-UHF Linear Amplifier 

-16 dB Gain 
- 10-1000 MHz 
- 1 W, 1 dB Compression 
- + 43 dBm Third Order Intercept 

Electrical Characteristics For 50Q Systems (T- = 25°C and 15V Supply) 

Symbol Characteristics Conditions Min Typ M8x Urllts 

PG Power Gain f - 100MHz 15 16 17 dB 

FR Frequency Response 10·1000MHt ±1.5 dB 

Po Power Output, 1 dB Compression f -. 500MHz 0.6 1 W 

ITO 
Third Order Intercept 

10·1000MHz 40 43 dBm see Figure 1 

dso Second. Harmonic Suppression Po - 100mW -46 -56 dB f2h - 1000MHz 

NF Noise Figure f - 500MHz 7 8.5 
dB f - 1000MHz 8 9.5 

VSWR Input/Output (50Q) 2:1 
N/A 10·1000MHz - -

Icc Supply Current +15V 650 700 750 mA 

Absolute Maximum Ratings 

" : I:p ; I:: ; .,. 
+ 17 Volts + 18dBm 

F56 



"------1.500-----e.j Package Outline 

.156 + .005 DlA THRU 
2 HOLES -.002 

+ 1 

.17 

'-----106------.t 

.352 PIN CONFIGURATION 

~-r-r-r~~~~~~C2 

~OUTPUT INPUT-1 

C1 L-___ ..... __ -. Vee 

C1. 2. 3 = 0.1 mFd (CHIP) 

~lt~~ 
L BENT PINS OPTIONAL 0 

.87----;~ 

'-----1000---~ 

.0472 PL. 

r!J1 

• t\ 
~+ I , .. .165 

.2 

-H 35 

~ I- 1 _ Till NON A""'M 

TAP 16·32 THRU 
2 PLCS. 

Figure 1: 2 Tone Intermodulation Test 

h 12 

IMD 
ITO .. Po + -2-@IMD>6OdB 

PEP - 4X Po @ IMD .. -32dB 

F 57 

t 
094 ± .025 

-r 
-l -r--f-

:100-1 I
~ PIN DIA .. 020 "!"og~2 

o PINS ON .100 CENTERS 

.850MAX . 

EDGE 
RECESS 
OPTIONAL 

~ SPECIFY BENT PIN OPTION BY AOOING 
~ "B" SUFFIX TO PART NUMBER 

Figure 2:3 Tone TV Intermodulation Test 

'~"---~T";T---I~~d~---T~;;~---

11: video 
12: sideband 
13: sound 

IMD 

J 
11+13-12 12 



LT 1001A 

RF Transistor 

• High fT • 3.0 GHz 
• Low Distortion 
• Low Noise Figure, 2,5 dB @ 300 MHz 

The L T1 001 is a high-output 
NPN silicon TO-39-mounted tran
sistor designed for ultra-linear com
munications or instrumentation ap
plications. Low noise figure com-

Electrical Characteristics 
I 

Symbol I 
Description 

BVEBO Emitter-Base 
Breakdown-Voltage 

BVCEO Collector-Emitter 
Breakdown-Voltage 

BVcBO Collector-Base 
Breakdown-Volta~e 

ICBO 
Collector-Base 
Leakage 

VCE(SAT) Collector-Emitter 
Saturation Voltage 

hFE DC Current Gain 

CcB Collector-Base 
CapaCitance 

NFmln Minimum 
Noise Figure 

GUmax Maximum 
Unilateral Gain 

[S21lt Common Emitter 
Insertion Gain 

FT Gain Bandwidth 
Product 

POUT Power out @ 1dB 
Compression 

ITO Third Order 
Intercept 

bined with high-output capability 
gives this device an exceptional 
dynamic range. Gold metallization 
and diffused emitter ballasting are 
combined to achieve the high relia-

Conditions 

IE = 0.1mA 

Ic =.5.OmA 

Ic = 1.0mA 

VCB = 10V 

Ic = 50mA 
lellB = 10 

VCE = 5V Ic = 50mA 

VCB = BV f = 1 MHz 

VCE = BV Ic = 50mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 

VCE = 14V 
Ic = 90mA f = 300 MHz 

VCE = 14V 
Ic = 90mA f = 300 MHz 

Absolute Maximum Ratings @ 25°C Case 

3.5 

20 

40 

70 

TO 39 

bility demanded by the most severe 
communications requirements. 
High gain makes this transistor 
ideal for broadband applications. 

Max. Units 

V 

V 

V 

50 p.A 

500 mV 

100 300 

1.6 pF' 

2.5 dB 

15 dB 

13.5 dB 

3.0 GHz 

26 dBm 

45 dBm 

Collector Base Voltage , Junction Temperature 
(VCBO) i (TJ) 

40V 2oo·C 

F 58 



LT 1001A 

Third Order Intercept and 1dB Compression 

50 

f = 300 MHz -VeE = 14V V ITO --K / 

I , 

40 

30 

/ 
~dB CompreSSion-

0 

/ 

1 0 
o 50 100 150 200 

Ie (mAl 

Typical Noise Figure and Associated Gain vs. Frequency 
8 24 

~ 
8V, SOmA 

'" " ....... GANF (dB) 

3 

NF (dB) 

-
2 
.1 .15 .2 

F 59 

20 

16 

12 

~ 
1/ 

II 

'" 1I 
" / 

) ~" ~ 
11 1"" 

V ~ 

.,V 
.3 .4 .6 .7 .8 .9 1.0 

Frequency (GHzI 

iii 
:!:!. 

l 

N 
:c 
~ 
.t: 

iii 
:!:!. 

ci 

5 

1 

Galn·Bandwidth Product 
vs. Collector Current 

VeE = 14V -

/ 
V , 

~ 

50 100 150 200 

Ie (mAl 

Gu max vs. Collector Current 
20 

16 

12 

--- ~ 

1\ VeE = 14V 
f = 300 MHz 

1 

50 100 150 200 

Ie (mAl 



LT 1001A 

N F vs. Collector Current Dissipation vs. Temperature 
6 

6 

./ 
f = 300 MHz ~V VCE = 8V 

4 

/ 
4 

~ 
c 

~ 
! /~ .~ -.... is 

1\ 
z E 2 --- ~ 0;;c 

; 
2 

\ 1 

1\ 
0 25 50 100 150 0° 50 100 150 200 

Ic (mA) Case Tempefatufe °C 

Junction Capacitance vs. Voltage 
Collector Saturation 
Characteristics 8 800 

.... 7 7 a. 

~ 
6 (.) 

700 

I 5"- / 
~ ~ I (.) 

i'...... 600 

/ 1 4 
"5 
~ 

........... 
........... COB fa = 10 0 

~ 
35 

.............. ........... 1000.. 

I 3.2 ......... ......... I 
500 

I 3 (.) 

.............. CCB .......... 
~ 

~ 
2.7 ............ r--.... ::» I 2.5 ......... r--.. 

~ i".... t'--.... 400 

/ 
(.) 2.2 This device has .. ,,~ an internal emitter 

J 2.0 
~~ ballast resistor 

of 1.5 ohms 

i 1.8 r--.. 300 
(.) ~ V ... 

1.5 

J ~ 

I 200 

/ 1.2 
(.) 

1 
0 .3 .5 1.0 2 3 4 5 6 8 10 15 20 25 0 50 100 150 200 

Collectof Base Voltage (V) Ic (mA) 
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LT 1001A 

CATV/MATV Characterization 

Broadband Test Circuit . Figure 1 

Vee = 14V 
PG = 1 OdB (1 o 375MHz) 

Second Order Distortion Test Figure 2 

50 dBmV --- ---

---------r---

distortion 

--A-I~:I~- ---Lr 11 12 11+12 
........ 

DiN 45004B Intermodulation Test Figure 4 

PREF 
~--------------------------

_.:.. ______ 1-6dB 

-60dB 

~--t----](-

197 MHz 199 M"~-Z -2-01'"'M ·-HZ----20""5 M~7 M .. H-Z----I 

F 61 

C1,2,3,4 

Cs 
C6 
L1 
L2 
L3 
T12 
R1 
R2 

O,OOl/AF 
5-10pF' 
O,Ol/AF 
2 turns 1/8" 1.0, #20AWG 
3 turns 3/16" 1.0, #20AWG 
1 turn 1/8" 1.0, #20AWG 
2x8 #30AWG. Q1 Core 
24Q, 1/8W 
13Q,1/2W 

Triple Beat Distortion Test 

50 dBmV 

------- ---r------------

distortion 

~-l-----..--j, 
Crossmodulation Distortion Test 

50 dBmV ----- -

T 
disto 
Xmod 

Figure 3 

13 

Figure 5 

Unmodulated 
,Carrier 

100% 
Modulation -- 15KHz---

..... ..... .... ~ bt: 



LT 1001A 

CATV IMATV Characterization 

... 
"C 

"C 

... 
"C 

Triple Beat Distortion Test 
-52 

I I 
Vee = 14V 

-56 \ 50dBmV @ 200MHz_ 

-60 

-64 

-68 

-72 
20 30 

\ 
I, - 12 + 13 
See Figure 1 & 3 

\ 
\ 

'\, 

'" ~ 40 50 60 
Collector Current (Ie) -'- rnA 

Second Order Distortion 

70 

-36_--T"""--"'T""--""'T'--....,-----. 

Vee = 14V 
t----\--+_---+---t-- 50dBmV 

See F,gure 2 
See Figure 1 

-44t-----4r---+-~-r_--+_--_4 

"C -48t-----+--~-+~--r_--+_--~ 

... 
"C 

.... 
z 

-52t-----+_---+~~~~---~~-_4 

-562~0~-~30~--4~0~--~~----~~~-7~0 

Collector Current (Ie) - rnA 

Noise Figure (Broadband) 
0 

..., ~ 
~ 

~ f = 300 MHz 

seeFi~ Vee = 14V 

~ 

6.0 

5.0 

4.0 

3.0 

20 30 40 50 60 
Collector Current (Ie) - rnA 

... 
"C 

'" "C 

7 Channel X·Modulation Distortion 
-40 

-45 

-50 

-55 

-60 

-65 
20 

\ I 
Vee = 14V 
50dBmV _ 

\ See Figure 1 & 5 

1,\ 
'~ 

""""'--

30 40 50 60 70 
Collector Current (Ie) - rnA 

DIN 45OO4B 
80 

vJc = 14V 
I 

See Figure 1 & 4 

70 

-
~ 

:> 60 

i ~ 
/ 

/ 
~ 50 

.. 
en 

40 

30 
20 30 40 50 

Collector Current (Ie) - rnA 

1dB Compression (Broadband) 
82 

Vee 114v 
f = 200 MHz 

76 

~ 
/see Figure 1 

V 
~ 68 

64 / 

60 
20 30 40 50 

Collector Current (Ie) - rnA 

60 70 

-

-
~ 

-

-

-
60 70 

27 

25 
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LT 1001A 

SodB and Angles: 
VeE = 8V, Ie = SOmA 

Frequenc~ (MHz) 

100 -7.23 
200 -9.06 
300 -9.06 
400 -8.90 
500 -8.87 
600 -8.67 
700 -8.70 
800 -8.94 
900 -8.91 

1000 -9.16 

VeE = 14V, Ie = 90mA 

F63 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 

-7.74 
-8.33 
-8.28 
-8.31 
-8.18 
-8.12 
-8.19 
-8.16 
-8.07 
-7.86 

S11 

-131.8 
-167.6 

175.3 
160.9 
145.8 
136.0 
124.0 
114.2 
105.3 
93.6 

-126.6 
-157.8 
-172.6 
-177.5 

173.9 
167.5 
161.2 

-155.6 
149.9 
143.8 

LT 1001A S PARA.BTBRS 

S21 S12 

21.95 101.3 -25.33 58.8 
16.02 85.4 -21.46 65.6 
12.69 75.7 -18.49 68.9 
10.33 67.5 -16.21 6f3.7 
8.53 60.8 -14.42 69.7 
7.14 54.8 -12.90 69.3 
6.12 49.6 -11.50 68.3 
5.13 43.7 -10.37 66.4 
4.28 39.1 - 9.34 65.0 
3.63 34.6 - 8.42 62.8 

22.66 103.0 -28.85 57.6 
17.08 86.3 -25.01 62.6 
13.71 75.6 -22.37 65.8 
11.25 66.7 -20.31 66.9 
9.61 61.2 -17.69 70.4 
8.08 55.5 -16.35 71.2 
6.83 48.9 -15.21 70.2 
5.60 --43.6 -14.22 70.9 
4.58 38.0 -13.28 70.0 
3.70 34.4 -12.40 70.2 

f
:;~~H 
.315. 

:~~~ JITr .335 I .240 
L- .260 r t'SEATING 

.500 MM PLANE 

L --~DIA 
.019 

PIN ~ .. ~~~lTER028 
3. COLLECTOR .034 

.031 /~ 

.039 ~~ 
.. 095

l i;t~'t 
.105r ~~/ 

~;-1 ~ 
1.190 !;mensions in inches 

Fa 

TO·39 

S22 k 

- 7.08 - 78.4 0.631 
-11.85 - 86.2 0.969 
-12.58 - 93.5 1.025 
-12.74 -102.7 1.049 
-12.55 -110.4 1.071 
-11.66 -119.7 1.068 
-10.72 -126.6 1.059 
- 9.85 -136.3 1.065 
- 9.39 -143.9 1.066 
- 3.70 -152.1 1.064 

-6.82 - 47.5 0.748 
-8.40 - 56.7 0.965 
-8.25 - 66.4 1.026 
-7.58 - 75.0 1.037 
-7.33 - 78.9 0.938 
-6.81 - 85.1 0.932 
-6.22 - 91.6 0.913 
-5.44 - 96.4 0.883 
-4.84 -102.4 0.844 
-4.54 "'-105.1 0.824 



LT 1817 

High Frequency, High Voltage Transistor 
for CRT Driver Applications 

• High Voltage 
• High Frequency 
• Low Capacitance 
• Rugged 
• All Gold Metallization 

These rugged NPN silicon transistors are 
specifically designed for CRT driver applications 
requiring high voltage and high frequency, such 
as high resolution color graphics video monitors. 

A new process in wafer fabrication enables high 
breakdown voltage without sacrificing high fre· 
quency capability. Utilizing ion implantation 
techniques coupled with microwave processing, 

Electrical Characteristics (25°C Unless otherwise noted.' 

BVEBO 
Emitter·Base 

IE - .1mA 
Breakdown· Voltage 

BVCBO 
Collector-Base 

Ic - .1mA Breakdown-Voltage 

BVCEO 
Collector-Emitter 

Ic - lmA 
Breakdown-Voltage 

ICES 
Collector-Emitter 

VCE - aov 
Leakage 

ICBO 
Collector· Base 

VCB - aov 
Leakage 

hFE DC Current Gain VCE - 5V Ic - SOmA 

Cco 
Collector· Base 

VCB - 10V 
Capacitance 

VCE fSAT) 
Collector· Emitter 

Ic - 50mA 10 - 5mA Saturation· Voltage 

FT Gain Bandwidth VCE - 10V Ic - aOmA 
Product fa - 250MHz 

Maximum 
VCE - 10V Ic - aOmA Fma. Oscillation 

fa - 250MHz Frequency 

S21 
Common Emitter VCE - 10V Ic - 50mA 
Insertion Gain f - 200MHz 

Absolute Maximum Ratings @I 25°C Case 

the LT 181 7 sets new standards for bipolar tran· jIII!!!I 
sistors in these applications. Gold metallization in· '-II 
sures high reliability for these rugged devices. 

Min Md. Units 

3.0 V 

120 V 

70 V 

100 IJ.A 

20 IJ.A 

15 45 

2.0 pF 

aoo mV 

1.0 GHz 

2.0 GHz 

15 dB 

F64 
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Typical Gain Bandwidth Product vs. Collector Current 

1.5 

V 
~ !:!. 1.0 

I 
.5 

20 40 

Dissipation vs. Temperature 

c: .. 
1 
CI 

E 
i .;; 

2 

\ 

1 

0 

,,,-L 
10 - 250 MHz 

~ 
1\ 

60 80 100 
Ic (mA) 

1\ 
\ 

1\ 
\ 

120 

50 100 150 200 
. Case Temperature (OC) 
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Safe· Operating Area 

400 

0 

200 

100 

0 
10 

\ 
\ 
~ 

" ~ ... 
20 . 30· 40 

VCE (vi 

'"'-

50 60 

Typical Junction Capacitance vs. Voltage 

w: 
.So 

~ 
.~ 

! 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

.5 

o 

I 

1\ 
\ 
~ 

o 2.0 

"" ~ 

4.0 

1-.310 MIN-
4 PLACES 

6.0 

055 MAXI

THREAORELIEF/ 

831 UNC1A --

-r-----
8.0 

Voltage (V) 
10 12 

~===:J~ 
Lo~ 

035 

350 

---~. 
115 
145 

-_I C--o;~-~-·--t 105 

-
70 

14 

070 OVER flATS ON A 1250lA 

16 



LT 1820 

High Frequency, High Voltage Transistor 
for CRT Driver Applications 

• High Voltage 
• High Frequency 
• Low Capacitance 
• Rugged 
• All Gold Metallization 

These rugged NPN silicon transistors are 
specifically designed for CRT driver applications 
requiring high frequency and high voltage, such 
as high resolution color graphics video monitors. 

A new process in wafer fabrication enables high 
breakdown voltage without sacrificing high fre· 
quency capability. Utilizing ion implantation 
techniques coupled with microwave processing, 

Electrical Characteristics (25°C Unless otherwise noted.) 

Symbol DescriptIOn Conditions 

BVEBO 
Emitter·Base 

IE - .1mA 
Breakdown·Voltage 

BVCBO 
Collector· Base Ic'- .1mA 
Breakdown· Voltage -

BVCEO 
Collector· Emitter 

Ie - lmA 
Breakdown· Voltage 

ICES 
Collector· Emitter 

VCE - BDV leakage 

ICBO 
Collector· Base 

VeB - BOV Leakage 

hFE DC Current Gain VeE - 5V Ie - 50mA 

CCB 
Collector· Base 

VeB - 10V Capacitance 

VCE ISAT) 
Collector· Emitter 

Ie - 50mA IB - 5mA Saturation Voltage 

FT 
Gain Bandwidth VeE - 10V Ie - BOmA 
Product to - 250MHz 

S21 
Common Emitter VeE - 10V Ic - 50mA 
Insertion Gain t - 200MHz 

Absolute Maximum'Ratings @ 25°C Case 

the lT1820 sets new standards for bipolar tran· G 
sistors in these applications. Gold metallization in: 
sures high reliability for these rugged devices. 

Min I Max Units 

3.0 V 

1.20 V 

70 V 

100 ~A 

20 ~A 

15 45 

2.5 pF 

800 mV 

1.0 GHz 

13 dB 

F66 
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Typical Gain Bandwidth Product va. Collector Current Safe Operating Area 

I 
VeE - 10V 
10 - 250 MHz 300 

1.5 ~ 1200 - \ V '" 
oW 

i\ ~ i I 100 
e'.0 i"': .t: 

\ ~ I---

0 
10 20 30 40 50 60 70 

Va (VI 

.5 

Typical Junction Capacitance VS. Voltage 
7.0 

6.0 

0 
20 . 40 60 80 100 120 

5.0 
Ie (mAl 

~ iO: 

Dissipation vs. Temperature 
i 4.0 '\ CCB 
.;! ~ ! 3.0 

~ 
2.0 

r--- 10...... 

3W, 100°C 1.0 

3 

1\ a 
2 4 6 8 10 12 14 16 18 20 

i 
Valt ... (VI 

·1 TO·220 

:1 2 1---.590 .540-
a \ .110- I 1-.14j 

I 600< 

l~ f\ 
- E 
- I g C 

l..l .i.i 100r B 

1 .' 1 :t30~2 ± .006 

\ 
.151 D ± .001 .075J -11-=-050 ± .001 .050 ± .005 

.055 
1-.250-

~f-.7.5 NOM. 

·,f5 I I 

.D15 I .O~1 
" I ' .105 ±Jl~ 

0 
50 100 150 200 .050~ .001

1 f. "" - J...L4 
, 

c.. TllllplnltII,. 1°C) 7.5 NOM. 
NOTE: 
1. DIMENSIONS IN INCHES 
2. TOLERANCE OF ±.D 1 0 APPLIED UNLESS 

OTHERWISE SPECIFIED 
3. MOLD FLASH ALLOWED WITHIN L4 MAX .020 
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LT 1839 

I High Frequency, High Voltage Transistor 
for CRT Driver Applications 

• High Voltage 
• High Frequency 
• Low Capacitance 
• Rugged 
• All Gold Metallization 

These rugged NPN silicon transistors are 
specifically designed for CRT driver applications 
requiring high frequency and high voltage, such 
as high resolution color graphics video monitors. 

A new process in wafer fabrication enables high 
breakdown voltage without sacrificing high fre· 
quency capability. Utilizing ion implantation 
techniques coupled with microwave processing, 

Electrical Characteristics (25°C Unless otherwise noted.) 

Symbol DescriptIOn Condilions I 

BVEBO 
Emitter· Base 

IE - .1mA 
Breakdown·Voltage 

BVCBO 
Collector· Base 

Ic - .1mA 
Breakdown· Voltage 

BVCEO 
Coliector·Emitter 

Ic - lmA 
Breakdown·Voltage 

ICES 
Collector· Emitter 

VCE - BOV leakage 

ICBO 
Collector· Base 

VCB - BOV 
leakage 

hFE DC Current Gain VCE - 5V Ic - 50mA 

CCB 
Collector-Base 

VCB - 10V Capacitance 

VCE ISAT) 
Collector· Emitter 

Ic - 50mA IB - 5mA Saturation Voltage 

FT 
Gain Bandwidth VCE - 10V Ic - BOmA 

- Product to - 250MHz 

S21 
Common Emitter VCE - 10V Ic - 50mA 
Insertion Gain t - 200MHz 

Absolute Maximum' Ratings @I 2~oC Case 

TO-39 

the LT1839 sets new standards for bipolar tran
sistors in these applications. Gold metallization in
sures high reliability for these rugged devices. 

Min 
I 

Max 
I 

Units 

3.0 V 

110 V 

70 V 

100 ",A 

20 ",A 

15 45 

2.0 pF 

BOO mV 

1.0 GHz 

13 dB 

F6B 
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Typical Gain Bandwidth Product vs. CoHector Current 

I 
VeE - 10V 
10 - 250 MHz 

1.51---1~---t---+---t---+--+----t 

/-~ 
~ 1.0 I-----JJy...--I----+----f!\---1It-+----+----t 

~ \ 
.5~--~----~----~----~----r_----~--~ 

0~----~20------4~0-----6~0-----8~0----~1~0~0----~12~0----~ 

Ie ImA) 

Dissipation vs. Temperature 

0~------5~0--------1·00------~15~0------~2~00~----~ 

Casa Te~perature 10 C) 

Semiconductor Division 
TRW Electromc Components Group 
14520 AViation B~d. 
Lawndale, CA 90260 
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, 

Safe Operating Area 

300 

1200 ~ 
~ \ 

100 '" ~ i'---
0 

10 20 30 40 50 60 
VeE IV) 
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LT 5817 II~ •• 

PNP Bipolar Transistor 
High Frequency, High Voltage Transistor 
for CRT Driver Applications 

.• High Voltage 
• High Frequency 
• Low Capacitance 
·.Rugged 
• All Gold Metallization 

These rugged PN P silicon transistors are 
specifically designed for CRT driver applications 
requiring high frequency and high voltaQll, such 
as high resolution color graphics video monitors. 

A new process in wafer fabrication enables high 
breakdown voltage without sacrificing high fre· 
quency capability. Utilizing ion implantation 
techniques coupled with microwave processing, 

the L T 5817 sets new standards for bipolar tran· 
sistors in these applications. Gold metalliziltion in· 
sures high reliability for these rugged devices. 

Electrical Characteristics (25 0 C Unless otherwise noted) 

liMIT 
TEST CONDITIONS' UNITS 

I Min I Max 

BVEBO IE = .1 rnA, 3.0 V 

BVCEO IE = 1 rnA 65 V 

BVCBO Ic = .1 rnA, 75 V 

ICES VCE = 50 V 100 p.A 

ICBO V CB = 50 V 20 p.A 

HFE VCE = 5 V, Ic = 50 rnA 20 60 

CCB V CB = 10V, 1 MHz 2.0 pF 

VCE (SAT) Ic = 50 rnA, IB = 5 rnA 800 rnV 

(521)2 VCE = 10 V, Ic = 50 rnA, 200 MHz 13 dB 

FT V CE = 10 V, Ic = 50 rnA 1.5 GHz 

300 p. sec 2 % duty cycle 
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LT 5839 

PNP Bipolar Transistor 
High Frequency, High Voltage Transistor 
for qRT Driver Applications 

• High Voltage 
• High Frequency 
• Low Capacitance 
• Rugged 
• All Gold Metallization 

These rugged PN P silicon transistors are 
specifically designed for CRT driver applications 
requiring high frequency and high voltage. such 
as high resolution color graphics video monitors. 

A new process in wafer hibrication enables high 
breakdown voltage without sacrificing high fre· 
quency capability. Utilizing ion implantation 
techniques coupled with microwave processing. 

Electrical Characterl.tl~. (25 0 C Unle •• otherwl.e noted) 

TO 39 

the L T 5839 sets new standards for bipolar tran· 
sistors in these applications. Gold metallization in· 
sures high reliability for these rugged devices. 

LIMIT 
TEST CONDITIONS· llNITS 

Min M~. 

v B EBO E = . 1 A m • . 
BVCEO ' IE = 1 mA 65 V 

BVCBO Ic = .1 mAo 75 V 

ICES VCE = 50 V 100 p.A 

ICBO VCB = 50 V 20 p.A 

HFE V CE = 5 V. Ic = 50 mA 20 60 

CCB VCB = 10 V. 1 MHz 2.0 pF 

VCE (SAT) Ic = 50 mAo IB = 5 mA 800 mV 

(521)2 VCE = 10 V. Ic = 50 mAo 200 MHz 13 dB 

FT VCE = 10 V. Ic = 50 mA 1.5 GHz 

-....- Puise width 300 p. sec 2 % duty cycle ~ 
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LT 3203* 

UHF Linear Transistor 

• High Output 
• Low Cost 
• Gold Reliability 
• 2.5 G Hz FT T·PAK 

The LT3203 is a NPN transistor, gold metalized power dissipation capability of a T·Pack. LT3203 has applications in driver stages of 12 volts VHF/ 
for reliability, using diffused ballast resistors for is the ideal candidate for up to o.B V MATV UHF transmitters and broadband instrumentation 
super linearity at currents compatible with the amplifiers from 40 to BBo MHz. The L T3203 equipment. 

Electrical Characteristics 

I: Typ I Max Units 

BVEBO 
Emitter· Base 

IE - O.lmA 3.5 V Breakdown·VoItage 

BVCEO 
CoIIector·Emitter 

Ic - 5.0mA 20 V Breakdown·VoItage 

BVCBO 
CoIIector·Base 

Ic - 1.0mA 40 V Breakdown·Vohage 

leBO 
CoIector·Base VCB- 10V 50 ,..A Leakage 

VCE (SAn 
CoIector·Emitter Ie - 50mA 

300 mV Saturation Vohage IC/IB - 10 

hFE DC Current Gain VCE - 5V Ie - 50mA 70 100 300 

CCB Collector ·Base 
VeB - BV fo - 1.0 MHz 1.2 pF 

Capacitance 

NFnin Minitun VeE - BV Ie - 40mA 
2.5 dB Noise Figln f - 300 MHz 

Gtnax 
MaxintIn VeE - 14V Ie - 40mA 15 dB Unilateral Gain f - 500 MHz 

[S21)~ Common Emitter VCE - 14V Ie - 40mA 13 dB Insertion Gain f - 500 MHz 

FT Gain Bandwidth 
VCE - 14V Ic - 40mA 3.0 GHz Product 

Pout Power out @ 1 dB 
VCE - 14V Ic - 40mA 23 dBm Compression 

ITO Third Order Intercept VCE - 14V ICE - 40mA 45 dBm 

Absolute Maximum Ratings iii 25°C Case 

*Replaces TP394 
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LT 3203 

LT3203 S PARAMETERS 

S·dB and Angles: 
VCE = BV. Ie = 20mA 

Frequency (MHz) 511 521 512 522 

100 -3.04 -114.1 24.22 116.2 -29.57 42.2 -4.81 - 42.1 0.298 
200 -3.39 -148.3 19.22 95.8 -27.76 39.6 -7.87 - 47.6 0.554 
300 -3.53 -162.8 15.87 83.9 -26.71 45.0 -9.06 - 50.9 0.768 
400 -3.56 -171.6 13.51 76.1 -25.55 49.9 -9.50 - 55.2 0.897 
500 -3.57 -177.7 11.60 68.9 . -24.39 55.7 -9.53 - 60.5 0.981 
600 -3.57 177.7 10.01 62.5 -23.14 59.9 -9.38 - 65.7 1.012 
700 -3.51 173.7 8.78 56.3 -21.94 63.1 -9.24 - 72.4 1.003 
800 -3.42 169.4 7.61 50.9 -20.87 66.6 -8.89 - 77.9 0.984 
900 -3.38 166.9 6.64 45.3 -19.61 68.6 -8.59 - 84.2 0.932 

1000 -3.27 162.9 5.79 39.9 -18.47 69.2 -8.23 - 90.3 0.870 
1100 -3.15 159.7 4.96 34.7 -17.44 69.9 -7.89 - 96.5 0.817 
1200 -3.05 155.8 4.19 29.6 -16.33 70.6 -7.52 -103.4 0.764 
1300 -3.00 153.3 3.52 24.9 -15.24 69.2 -7.15 -108.7 0.704 

VCE = 14V. Ie = 40mA 

100 -3.49 -115.7 25.61 114.0 -31.18 44.2 -5.31 -39.2 0.385 
200 -3.98 -149.1 20.41 94.8 -29.27 45.4 -8.17 -41.2 0.670 
300 -4.11 -163.0 17.08 83.5 -27.50 51.2 -9.19 -42.2 . 0.842 
400 -4.14 -171.4 14.72 76.4 -26.04 55.0 -9.59 -45.2 0.943 
500 -4.13 -177.2 12.82 69.4 -24.67 59.2 -9.68 -49.2 0.996 
600 -4.14 178.5 11.21 63.3 -23.44 62.3 -9.57 -53.3 1.033 
700 -4.06 174.7 9.96 57.4 -22.26 64.5 -9.41 -59.1 1.018 
800 -3.95 170.7 8.83 51.9 -21.05 66.8 -9.15 -64.0 0.979 
900' -3.88 168.1 7.83 46.6 -20.12 68.8 -8.84 -69.5 0.958 

1000 -3.78 164.4 6.96 41.4 -18.97 69.7 -8.50 -75.0 0.894 
1100 -3.64 161.4 6.16 36.2 -18.04 69.9 -8.15 -81.0 0.837 
1200 -3.50 157.7 5.38 31.0 -16.97 70.5 -7.88 -87.4 0.780 
1300 -3.42 155.2 4.72 26.4 -16.00 70.0 -7.57 -92.7 0.727 

T·PAK 
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LT 3703* 

Small Signal Low Noise Transistor for 
Receiver Applications 

• Front End Amplifier 
• Low Noise Oscillator 
• High Frequency Multiplier 
• Low Noise 
• High Gain 
• Wide Dynamic Range 
• Plastic Package 

The prime applications of this Silicon NPN tran· 
sistor include satellite down conversion links. 
microwave radio relay communication links. ECM 
receivers. oscillators. mixers. and multipliers. Proc· 

esses in wafer fabrication make this transistor 
effective in applications up to 3.5 GHz. with a 
very wide dynamic range. 

The LT3703 sets new standards for low noise 

Electrical Characteristics 

Svmbol Descr/fJIIOn Cond,tIOns 

BVEBO 
Emitter·Base 
Breakdown·Voltage 

BVCEO 
CoIlector·Emitter 
Breakdown· Voltage 

ICBO 
Collector· Base 
Leakage 

hFE 
DC Current 
Gain 

CCB 
Collector·Base 
Capacitance 

NFnin 
Minimum 
Noise Figure 

GANF Gain li. Associated 
Noise Figure 

IS21Ji Common Emitter 
Insertion Gain 

GUmax 
Maximum 
Un~ateral Gain 

Fr Gain Bandwidth 
Product 

Abso'ute Maximum Ratings 

• Replaces TP491 

Ic - .1~A 

Ic - lmA 

VCB - lOY 

VCE - 5V 
IE - 25mA 

VCB - 8Y 
f - 1.0 MHz 

VCE - 8V 
Ic - 5mA 

VCE - BV 
Ic - 5mA 

f - .3 GHz 
f - .5 GHz 
f - 1.0 GHz 

f - .3 GHz 
f - .5 GHz 
f - 1.0'GHz 

f - .3 GHz 
VCE - 8V f - .5 GHz 
Ic - 25mA f - 1.0 GHz 

f - .3 GHz 
VCE - 8V f - .5 GHz 
Ic - 25mA f - 1.0 GHz 

VCE - BV 
Ic - 25mA 

3.0 

14 

50 

13 

T·PAK 

. figure. high gain. and dynamic range. Gold ~ 
metallization insures high reliability for low noise g 
amplifier applications. 

Typ. Max 

V 

V 

JAA 

150 300 

.6 pF 

1.5 dB 
1.8 2.8 dB 
3.4 dB 

21 dB 
16.0 dB 
11.0 dB 

20 dB 
15.5 dB 
9.5 dB 

24 dB 
19.5 dB 
13.5 dB 

3.5 GHz 

F 74 



LT 3703 

LT3703 S PARAMmRS 

S-dB Ind Angles: 
VCE = BV, Ie = 5mA 

FI'IqUIIICY (MHz) S11 S21 S12 S22 

100 -2.41 - 52.7 22.86 144.3 -33.03 62.4 -1.04 -15.7 0.242 
200 -4.10 - 89.9 20.15 120.8 -29.13 51.6 -2.48 -21.7 0.439 
300 -5.31 -114.5 17.71 105.8 ·-27.67 47.3 -3.45 -23.9 0.634 
400 -6.02 . -J31.9 15.66 96.7 -26.60 47.2 -4.02 -25.1 0.778 
500 -6.49 -144.5 13.96 89.0 -25.83 48.1 -4.36 -26.1 0.916 
600 -6.78 -153.9 12.44 . 83.0 -25.11 49.9 -4.54 -27.1 1.029 
700 -6.92 ~161.9 11.19 77.5 -24.23 51.3 -4.72 -29.0 1.097 
800 -7.03 -168.9 10.17 72.5 -23.61 52.6 -4.72 -30.6 1.143 
900 -7.12 -17l.7 9.16 67.9 -22.79 54.7 -4.74 -32.4 1.112 

1000 -7.11 -119.4 8.31 63.8 -21.99 55.0 -4.74 -35.0 1.167 
1100 -1.10 115.9 7.67 59.7 -21.55 56.0 -4.74 -37.1 1.189 
1200 -1.09 170.9 6.91 55.2 -20.87 57.4 -4.78 -39.8 1.196 
1300 -7.11 166.8 6.30 51.6 -20.19 57.9 -4.69 -42.0 1.169 

VCE = BV, Ie = 25mA 

100 -6.83 - 99.5 27.84 121.8 -36.55 56.4 -3.27 -22.0 0.600 
200 -7.78 -136.8 23.07 102.1 -33.01 58.2 -5.03 -21.3 0.886 
300 -8.07 -153.6 19.80 91.5 -30.48 63.0 -5.68 -20.3 1.024 
400 -8.07 -163.5 11.53 85.5 -28.43 63.8 -5.97 -20.7 1.070 
500 -8.06 -110.2 15.59 79.8 -26.90 64.7 -6.12 -21.7 1.128 
600 -8.07 -115.4 14.00 75.0 -25.55' 65.5 -6.15 -23.1 1.158 
700 -7.91 -179.7 12.77 70.8 -24.45 65.8 -6.24 -24.5 1.172 
800 -7.85 175.8 11.60 66.4 -23.38 65.6 -6.16 -26.5 1.169 
900 -7.77 173.0 10.56 62.3 -22.39 65.7 -6.10 -28.4 1.161 

1000 -7.63 169.2 9.73 58.8 -21.57 65.6 -6.05 -31.2 1.143 
1100 -1.50 166.0 8.90 55.1 -20.84 64.7 -6.03 -33.1 1.141 
1200 -7.42 162.0 8.18 51.1 -20.14 65.3 -5.99 -35.8 1.131 
1300 -7.36 159.7 7.57 47.7 -19.38 64.4 -5.83 -38.0 1.086 

.030 OIA 

T·PAK 
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LT 4700 

Small Signal Low Noise Transistor for 
High Performance Receiver Applications 

• Front End Amplifier 
• Low Noise Oscillator I 

• High Frequency Multiplier 
• Low Noise 
• High Gain 
• Wide Dynamic Range 
• Hermetic Package 

The prime applications of this 
Silicon NPN transistor include 
satellite down conversion links, 
micrcmave radio relay communication 
links, ECM receivers, oscillators, 
mixers, and multipliers. A new proc-

Electrical Characteristics . : 
Symbol Description 

BVEBO Emitter·Base 
Breakdown·Voltage 

BVCEO Collector-Emitter 
Breakdown·Voltage 

ICBO Collector-Base 
Leakage 

hFE DC Current 
Gain 

GeB Coliector·Base 
Capacitance 

Minimum 
NFmin Noise Figure 

Gain @ Associated GANF 
Noise Figure 

Common Emitter [S21fE Insertion Gain 

Maximum GU(max) 
Unilateral Gain 

Ft . Gain Bandwidth 
Product 

Fmax Maximum Oscillation 
Frequency 

Absolute Maximum Ratings 

ess in wafer fabrication helps make 
this new transistor effective in ap
plications up to as high as 6 GHz, 
with a very wide dynamic range. 

Utilizing ion implantation tech
niques coupled with arsenic emitters, 

Conditions 

IE = .1mA 

Ic = 1mA 

VCB = 10V 

VCE = SV 
Ic = 25mA 

VCB = 8V 
f = 1 MHz 

f = O.S GHz 
VCE = 8V f = 1.0 GHz 
Ic = 5mA f = 2.0 GHz 

f = 0.5 GHz 
VCE = 8V f = 1.0GHz 
Ic = 5mA f = 2.0 GHz 

f = O.S GHz 
VCE = SV f = 1.0 GHz 
Ic = 25mA f = 2.0 GHz 

f = O.S GHz 
VCE = SV f = 1.0 GHz 
Ic = 25mA f = 2.0 GHz 

VCE = 8V 
Ic = 2SmA 

VCE = 8V 
, Ic = 25mA 

Min 

Min. 

3 

12 

70 

13.0 

100 MIL 

the LT4700 sets new standards for 
low noise figure, high gain, and wide 
dynamic range. Gold metallization 
insures high reliability for low noise 
amplifier applications. 

I Typ. Max 

Typ. Max. Units 

V 

V 

1 IlA 

150 300 

.6 pF 

1.2 dB 
1.6 2.S dB 
3.0 dB 

1S.0 dB 
14.0 dB 
11.0 dB 

21.0 dB 
1S.0 dB 
10.0 dB 

26.0 dB 
21.0 dB 
16.0 dB 

6.0 GHz 

7.0 GHz 

~, ,.:::.:!: ~,~ • :. : :: I 

SOmA 20V 2OO·C - 65·C to 2OO·C 
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LT 4700 

Typical Gain Bandwidth 
Typical Noise Figure and Associated Gain vs. Frequency Product vs. Collector Current 

6 24 7 
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Typical Insertion Gain vs. 
Typical Noise Measure vs. Frequency Collector Current (VeE = 8Y) 
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LT 4700 

L T 4700 S PARAMETERS 

SodB and Angles: 
VeE = av, Ie = SmA 

Frequency (MHz) 511 521 512 522 k 

100 -2.09 - 35.4 24.61 149.8 -33.54 71.3 -0.28 -18.5 0.14632 
150 -2.70 - 48.2 23.37 153.7 -32.03 66.7 -0.42 - 14.5 0.08388 
200 -3.17 - 61.0 21.27 143.5 -30.61 56.5 -2.11 -17.4 0.38362 
250 -3.62 - 73.5 19.86 133.3 -29.07 51.8 -2.20 -28.6 0.34603 
400 -3.66 -106.1 18.67 113.0 -26.98 40.3 -3.23 -29.9 0.43098 
500 -3.91 -119.4 17.34 107.3 -26.32 37.3 -3.69 -30.4 0.48277 
600 -4.00 -130.2 16.13 100.2 -25.82 34.5 -4.15 -32.8 0.54641 
700 -4.07 -139.1 15.05 94.4 -25.56 32.7 -4.56 -33.2 0.62994 
800 -4.11 -146.6 14.04 89.9 -25.20 31.1 -4.75 -35.7 0.67527 
900 -4.14 -152.9 13.06 85.1 -25.04 30.8 -5.10 -37.1 0.76699 

1000 -4.76 -161.3 12.15 79.1 -25.02 34.9 -5.10 -36.8 0.91025 
1100 -4.79 -166.5 11.41 75.5 -24.88 35.2 -5.33 -37.9 0.99839 
1200 -4.81 -171.3 10.70 71.9 -24.55 35.8 -5.34 -39.0 1.03922 
1300 -4.81 -175.7 10.03 68.3 -24.34 36.4 -5.42 -41.8 1.09306 a 1400 -4.80 -179.6 9.41 65.1 -24.19 37.7 -5.55 -43.1 1.16138 
1500 -4.77 176.8 8.82 61.6 -23.92 36.9 -5.50 -45.4 1.19230 
1600 -4.77 173.2 8.24 58.6 -23.73 38.9 -5.53 -47.3 1.24361 
1700 -4.82 171.1 7.70 57.1 -23.50 40.0 -5.54 -49.1 1.29489 
1800 -4.72 167.4 7.25 52.6 -23.31 40.4 -5.54 -51.3 1.31465 
1900 -4.70 164.6 6.92 50.1 -22.96 41.3 -5.57 -54.0 1.30445 
2000 -4.68 161.8 6.48 47.3 - 22.74 42.8 -5.55 -56.0 1.32750 

VeE = av, Ie = 2SmA 

100 -5.83 - 88.2 30.87 131.0 -37.23 55.3 -2.18 -27.5 0.33256 
150 -5.77 -107.6 29.28 125.3 -35.66 56.8 -3.33 -28.6 0.38799 
200 -5.54 -121.6 27.32 119.5 -34.93 52.9 -4.67 -30.6 0.52604 
250 -5.43 -132.5 25.47 112.9 -34.55 53.8 -5.39 -32.4 0.64475 
400 -4.86 -152.7 22.60 96.7 -32.75 45.9 -7.29 -34.6 0.82367 
500 -4.77 -160.5 20.82 92.8 -31.90 47.6 -7.79 -33.2 0.92234 
600 -4.72 -166.2 19.35 87.7 -31.00 49.6 -8.18 -33.6 0.99615 
700 -4.66 -170.7 18.07 83.4 -30.21 50.8 -8.47 -32.9 1.06180 
800 -4.63 -174.6 16.93 80.0 -29.45 51.7 -8.64 -34.9 1.10767 
900 -4.58 -177.9 15.94 76.7 -29.79 52.7 -8.84 -35.3 1.15458 

1000 -5.29 176.5 14.85 72.4 -27.18 59.5 -8.36 -34.0 1.16067 
1100 -5.27 -173.3 14.02 69.5 -26.60 59.4 -8.50 -35.3 1.19985 
1200 -5.22 -170.4 13.20 66.3 -25.95 59.5 -8.48 -36.3 1.21402 
1300 .-5.17 167.7 12.50 63.2 -25.28 59.8 -8.55 -39.2 1.21229 
1400 -5.13 ,-165.3 11.84 61.0 -24.82 60.2 -8.61 -40.4 1.24004 
1500 -5.08 163.0 11.23 57.8 -24.24 58.8 -8.54 -42.8 1.23090 
1600 -5.05 160.8 10.65 55.2 -23.81 59.7 -8.52 -44.9 1.24442 
1700 -5.10 159.4 10.07 54.4 -23.36 59.6 -8.53 -46.5 1.27095 
1800 -4.97 156.4 9.62 50.1 -22.93 58.9 -8.52 -49.1 1.25286 
1900 -4.97 154.5 9.22 48.1 -22.44 58.9 -8.57 -51.2 1.24397 
2000 -4.96 152.6 8.78 4S.0 -22.10 59.2 -8.47 -54.0 1.24979 

NOISE PARAMETERS -I I--004TYP 

Freq .. N.F. OPT rSOPT Rn 042t"001 ~~l 0.5 GHz 1.2 dB .244/80· .72Q 
~ ___ OOOO4TYP 

B C .1. 
1.0 GHz 1.6dB .3371-97· .63Q 1= ~ ........ + 

UdJ ~~ 1.SGHz 2.3 dB .353/-158· .31Q 
2.0 GHz 3.0 dB .34S/-146· 1.1SQ 

OunenslOnSlnlnches • 

Reflection coefficient of source and the noise 
,[5 

100 MIL Metal/Ceramic Hermetic 010.001 
resistance at optimllm n9ise figure for VCE = 8V, Ic = SmA Package 
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Typical Noise Figure vs. Collector Current 
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PT4572 A 

dband Class A 
inear Applications 

• High Output 
• Low Noise 
• Low Distortion 

These rugged N PN silicon tran
sistors are specifically designed for 
broadband Class A applications re-

electrical Characteristics 

Symbol Description 

BVEBO Emitter-Base 
Breakdown-Voltage 

BVCEO Collector-Emitter 
Breakdown-Voltage 

BVCBO Collector-Base 
Breakdown-Voltage 

ICBO Collector-Base 
Leakage 

VCE(SAn Collector-Emitter 
Saturation Voltage 

hFE 00 Current Gain 

CcB Collector-Base 
Capacitance 

NFmln Minimum 
Noise Figure 

GUmax Maximum 
Unilateral Gain 

[821l Common Emitter 
Insertion Gain 

FT Gain Bandwidth 
Product 

PoUT Power out @ 1dB 
Compression 

ITO Third Order 
Intercept 

quiring low distortion and low noise 
figure. Ceramic capped and stud 
mounted, these high power devices 
are ideally suited for CATV and 

IE = O.1mA '3.0 

Ic = 5.OmA 25 

Ic = 1.OmA 40 

VCB = 10V 

Ic = 100mA 
IdlB = 2 

. VCE = 5V Ic = SOmA 20 

VCB= 8V f = 1 MHz 

VCE = 8V Ie = SOmA 
f = 300 MHz 

VCE = 14V Ic = 90mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 

VCE = 14V Ic = 90mA 
f = 500 MHz 

VCE = 14V Ic = 90mA 
f = 500 MHz 

Absolute Maximum Ratings @ 25°C Case 

~' 
TO-117A 

MA TV amplifiers. The PT 4572A is 
used as an intermediate or output 
stage transistor. 

V 

·V 

V 

200 ,..A 

400 mV 

100 150 

2.2 pF 

2.3 dB 

16 dB 

14 dB 

2.5 GHz 

27 dBm 

45 dBm 

Ion Temperature 
rril 

200°C 

FBO 



PT 4572 A 

Third Order Intercept and 1dB Compression 
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vs. Collector Current 
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PT 4572 A 

N F vs. Collector Current Dissipation vs. Temperature 
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Collector Saturation 
Junction Capacitance vs. Voltage Characteristics 
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~ __ P_T_4_8 __ 7_2_A ________________________________________________________________ ~I· 

&dB and Angles: 
VeE = 8V, Ie = SOmA 

Frequency (MHz) 811 

100 -4.58 
200 -4.47 
300 -4.29 
400 -4.32 
500 -4.30 
600 . -4.04 
700 -4.20 
800 -4.10 
900 -4.00 

1000 -4.11 , 

VeE = 14V, Ie = 90mA 

100 -4.49 
200 -4.61 
300 -4.49 
400 -4.25 
500 -4.16 
600 -4.01 
700 -3.97 
800 -4.07 
900 -3.99 

1000 -4.12 

PT 4872 A. PARAM.TER. 

-172.6 
169.5 
156.2 
146.8 
136.9 
128.1 
121.3 

. 113.1 
105.5 
99.9 

-171.2 
167.1 
157.1 
147.5 
138.0 
130.3 
123.5 
115.2 
107.8 
101.5 

003 
.oo7 b 

t 

22.07 
17.14 
13.79 
11.42 
9.43 
7.90 
6.47 
5.23 
4.08 
3.07 

24.66 
17.94 
14.31 
11.78 
9.76 
8.14 
6.80 
5.43 
4.23 
3.19 

8-32 UNC·2A 

821 

96.2 
84.5 
74.2 
65.4 
57.6 
49.7 
43.5 
36.5 
30.9 
25.6 

83.6 
75.5 
69.1 
62.7 
56.5 
50.2 
44.7 

'38.9 
34.1 
30.5 

812 

-31.41 
-26.24 
-22.99 
-20.62 
-18.96 
-17.55 
-16.45 
-15.67 
-14.82 
-14.12 

-32.32 
-26.89 
-23.68 
-21.31 
-19.44 
-18.02 
-16.86 
-15.97 
-15.12 
-14.40 

115 
145 

60.7 
67.2 
67.3 
65.6 
63.5 
60.3 
58.1 
55.5 
53.2 
51.4 

66.1 
70.9 
71.1 
69.7 
67.5 
65.6 
63.0 
60.8 
58.6 
57.2 

-I I...-~ OVER FLATS ~ A ~ IlIA 
.070 .125 

TO·117A 

822 k 

-16.48 -108.4 1.085 
-20.29 -124.3 1.101 
-18.02 -132.3 1.100 
-18.23 -128.8 1.098 
-16.01 -129.2 1.123 
-15.84 -143.4 1.119 
-14.73 -141.8 1.164 
-12.53 -158.0 1.216 
-12.23 -166.1 1.245 
-12.14 -170.1 1.295 

-16.41 - 86.9 0.914 
-19.88 - 92.7 1.066 
-19.75 - 99.9 1.100 
-18.35 -110.1 1.094 
-17.36 -117.7 1.105 
-15.80 -127.3 1.115 
-14.36 -137.5 1.139 
-13.31 -146.4 1.214 
-12.54 -153.3 1.248 
-11.78 -161.1 1.312 



PT 4579 

RF Transistor 

• High fT . 2.0 GHz 
• Low Distortion 
• Low Noise Figure: 2.3 dB @ 200 MHz 

The PT 4579 is a high-output 
NPN silicon TO-39-mounted tran
sistor designed for ultra-linear com
munications or instrumentation ap-

Electrical Characteristics 

BVEBO Emitter-Base 
Breakdown-Voltage 

BVCEO Collector-Emitter 
Breakdown-Voltage 

BVCBO Collector-Base 
Breakdown-Voltage 

ICBO Collector-Base 
Leakage 

VCE (SAT) 
Collector-Emitter 
Saturation Voltage 

Cce Collector-Base 
Capacitance 

NFmin Minimum 
Noise Figure 

GUmax Maximum 
Unilateral Gain 

[S21fe . Common Emitter 
Insertion Gain 

FT Gain Bandwidth 
Product 

PoUT Power out @ 1dB 
Compression 

ITO Third Order 
Intercept 

plications. Low noise figure com
bined with high-output capability 
gives this device an exceptional 
dynamic range. Gold metalization 
is used to achieve the high relia-

Conditions 

IE = 0.1mA 

Ic = 25mA 

Ic = 1.OmA 

Vce = 13V 

Ic = 100mA 
Ielle = 2 

Vce = BV f = 1 MHz 

VCE = 8V Ic = 50mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 

VCE = 14V Ic = 90mA 
f = 300 MHz 

VCE = 14V Ic = 90mA 
f = 300 MHz 

Absolute Maximum Ratings @ 25°C Case 

3.0 

25 

40 

bility demanded by the most severe 
communications requi rements. 
High gain makes this transistor 
ideal for broadband applications. 

Max. Units 

V 

V 

V 

100 ",A 

400 mV 

2.5 pF 

2 .. 3 dB 

13.5 dB 

12.0 dB 

2.5 GHz 

26 dBm 

46 dBm 

F 84 



PT 4578 

Third Order Intercept and 1dB Compr~ssion 

VeE = 14V 
f = 300 MHz 
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Galn·Bandwidth Product 
vs. Collector Current 
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Gu max vs. Collector Current 
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VeE = 1411 
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PT 4579 

NF Ys .. Coliector Current 
3 
Dissipation ys. Temperature 

8 

VeE = 8V 

\ f = 300 MHz 
7 

6 2 ~ 

~ 

\ 
c 
0 

! 
5 i 

"2: 
u... Ci 
z E 4 

~ 

~ 
.;;; 

:E 
3 

~ 
1 

~ 2 

1 

0 50 100 150 200 50 100 150 200 

Ic (mA) Case Temp~rature °C 

Collector Saturation 
Junction Capacitance ys. Voltage Characteristics 
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~ 
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PT 4578 

S-dB and Angles: 
VeE = 8V, Ie = SOmA 

Frequency (MHz) 

100 -5.90 
200 -5.73 
300 -5.60 
400 -5.65 
500· -5.53 
600 -5.33 
700 -5.38 
800 -5.59 
900 -5.49 

1000 -5.69 

VeE = 14V, Ie = 90mA 

Fa? 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 

-6.12 
-5.94 
-5.83 
-5.88 
-5.91 
-6.03 
-6.15 
-6.26 
-6.33 
-6.24 

811 

-170.7 
170.6 
158.7 
148.4 
137.7 
128.4 
117.8 
109.5 
101.0 
90.5 

-164.8 
-179.1 

173.2 
167.3 
161.9 
156.8 
151.4 
146.4 
140.6 
134.0 

PT 4578 S PARAMETERS 

821 812 

19.47 96.2 -26.71 
14.39 83.4 -21.49 
11.21 73.6 -18.27 
8.97 65.5 -15.95 
7.21 ·58.2 -14.17 
5.85 51.4 -12.75 
4.69 46.2 -11.49 
3.83 39.8 -10.50 
2.99 34.6 - 9.56 
2.27 29.5 - 8.76 

21.44 92.0 -28.07 
15.65 82.1 c23.14 
12.20 74.6 -20.09 

9.81 67.8 -17.96 
8.05 62.0 -16.34 
6.55 56.1 -14.99 
5.33 51.1 . -13.89 
4.23 46.3 -12.96 
3.33 41.9 -12.18 
2.45 37.9 -11.42 

f :~~~H ~ .315 .. 

:~~~ ][' .335 I .240 
~ .260 r t'SEATING 

500 MM PLANE 

L --~DIA 
.019 

PIN ~ .. ~~~~TER .028 

3. COLLECTOR , ~ , 

~~~ ~ ~ 
.095 l ~;~~~ - ,2""'-, 
.105. l:>~/ 

~::-1 ~ 1.190 !;mensions in inches }1Q. . . 

TO-39 

822 

66.7 -15.48 
71.2 -17.43 
71.4 -16.90 
70.4 -15.46 
68.9 -15.41 
67.2 -14.00 
65.3 -12.82 
62.9 -11.50 
60.8 -10.80 
58.5 -10.01 

64.6 -14.71 
69.6 -15.64 
70.3 -14.63 
69.6 -13.38 
69.2 -12.22 
68.5 -11.15 
67.1 -10.21 
67.0 - 9.44 
66.2 - 8.60 
65.7 - 8.00 

-113.1 
-129.8 
-134.9 
-140.3 
-144.0 
-148.0 
-149.6 
-156.7 
-162.2 
-169.2 

- 99.9 
-112.7 
-116.3 
-115.2 
-114.4 
-113.1 
-113.6 
-115.0 
-115.9 
-118.6 

k 

1.043 
1.064 
1.061 
1.067 
1.065 
1.057 
1.064 
1.078 
1.076 
1.091 

0.972 
1.060 
1.082 
1.091 
1.086 
1.082 
1.078 
1.084 
1.076 
1.073 



TP 3093 

UHF Linear Transistor 

• 3 GHz FT 
• 1 Volt output DIN 45004 B 
• 3.5 dB at 500 MHz 

The TP 3093 is an NPN silicon transistor using 
gold metallization and diffused emitter ballast 
resistors for long term reliability. Its mains cha
racteristics are high output level, low noise 

Electrical Characteristics (Tease 25 oC) 

BVEBO Emitter - Base Breakdown 
Voltage 

IE = 0.1 rnA 

BVCEO Collector - Emitter Ic = 10 rnA 
~ 
G) Breakdown Voltage 
I-
u 
a BVCBO Collector - Base Breakdown 

Voltage 
Ic = 1 rnA 

hFE D.C Current Gain VCE = 5V 

NF Noise Figure VCE = 15 V 

fT Cutoff Frequency VCE = 15 V 

GUmax Maximum Unilaterilized Gain VCE = 15 V 

~ 
G) 

15211 Forward Gain 500/500 VCE = 15 V I-
u. 
a: 

IMD Intermodulation Distortion VCE = 15 V 
3 Tone - DIN 45004/B Ic = 60 rnA 

F = 500 MHz 
RLoad = 75 ohms 

COB Collector - Base Ca VCB = 15 V 

ICmax Maximum Collector Current 

... ~.-. 
II'~~ 

fi;:Jure and high Ft. Tl'lese features make TP 3093 
an ideal candidate for broadband linear amplifier 
up to 1 GHz' (MATV), oscillators, mixers, multi
pliers and others. 

3 V 

20 V 

30 V 

Ic = 50 rnA 20 

Ic = 20 rnA F = 500 MHz 3.5 dB 

Ic = 50 rnA F = 500 MHz 3 GHz 

Ic = 50 rnA F = 500 MHz 9.5 dB 

Ic = 50 rnA F = 500 MHz 8.5 dB 

Vout = 700 mV -65 dB 
Vout = 1000 mV -56 dB 

f = 1 MHz 4, pF 

200 rnA 

6Je Thermal Resistance TeAsE = 25 °C 500 °C/W 
"iii Junction - Case E 
:D 
~ 
I- PT Dissipated Power TeASE = 25 oC 3.5 W 

TSTO Storage Temperature -65 + 200 °C 

Faa 



TP 3093 

F 89 
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-70 

o 

DII,'4 45004 B IMD VS Ie Collector Current 

Fo = 500 MHz 
RL = 75 ohms 
VeE= 15 V 

'\ 

~ '" "-~ ~ ""'-
Vp = 1V 

~ '-- IVP=700m\ 

20 40 60 80 100 rnA 

Ic Collector Current 

Cutoff Frequ'ency 
4.0 

I 
VCE = 14V 

~ ............ v 
3.0 

2.0 
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TP 3093 

5 22 - 511 Parameters vs Frequency 

5 21 - 512 Parameters vs Frequency 

F 90 



TP 3093 

F 91 

Intermodulation Distortion Test 

-6dB from REF 

2 Mhz 

11 500Mhz ·f2 

Package Outline 
TO-39 

f
:~~g~ 

r:~~~·1 
.009 
.125 .240 
L .260 

f3 

. r t'SEATING 
.500 PLANE 

L 
PIN 1 . EMITIER 

2. BASE 
3. COLLECTOR 

~.016 DIA 
.019 

DIMENSIONS IN INCHES 



TP3098 

UHF Linear Transistor 

- High Output 
-1 V (DIN 45004/B) 
- 200 MW (DIN 45004/1<) 
- 10 dB Gain at 860 MHz 
- Gold Reliability 

The TP 3098 is a N PN transistor gold metallized for 
reliability. 

It uses diffused emitter ballast resistors for super linearity, 
The transition frequency of 3 GHz makes these transistor 

Electrical Characteristics (Tease = 25 oC) 

Collector - Emitter 
Breakdown Voltage 

Ic = 10 mA 

TO 117 C 

ideal for UHF broadband linear amplification such as in 
high level 1 VOLT MATV Amplifiers up to 860 MHz or 
low power 200 mW TV TRANSPOSER stages. 

V 

20 V 

Collector - Emitter 
Breakdown Voltage 

Ic = 10 mA R RBE = 10 25 V 

30 V 

60 

Intermodulation Distortion VCE = 15 V Vout = 700 mV -65 -60 dB 
3 tone - DIN 45004/B Ic = 100 mA 
F = 500 MHz 
RLoad = 75 ohms 

COB Collector Base Capacitance VCR = 10 V F = 1 MHz 2.5 pF 

ICmax Maximum Collector Current 200 mA 

F92 



TP 3098 

F93 

IMD 

30dB 

40 

50 

60 

70 

NF 

6 

5 

4 

3 

2 

dB 

IMD DIN 4&004 B VS Ie 

I 
F = 500 MHz 

\ I 

\ Vp = 700rnV 
Vee ~ 15 V 
RL -= 7511 

~ 
~ i.-

20 40 60 so 100rnA Ie 

Noise Figure vs Collector current 

F = 500 MHz Vee = 15 V 

.---V 

----- I-"'" 

---- -. 

5 6 -S 10 20 40 60 SO Ie rnA 



TP 3098 

511 and 522 vs Frequency 

VCE = 15 V - Ic = 100 mA 

521 - 5 12 Parameters vs Frequency 

V CE 15 V - Ic = 100 mA 

90' 

F94 



TP 3098 

vb 

Stub 

F95 

IMD AND NF TEST CIRCUIT AT 500 MHz 

Cl C2 C3 C8 C8 Cl0 

.~-~ 

0.1 nH molded coil 

1000 pF by pass 
470 pF ceramic disc 
220 pF ceramic chip 
47 fLF 40 V electrolytic 
2 x 220 pF chip one at ~ach emitter lead 

100 ohms 1/4 W carbon resistor 
39 ohms 1/4 W carbon resistor 
1.5 K ohms 1/4 W carbon resistor 

Package Outline To 117 G 

~~~~====~==~ __ ~L-~C=====~~ 
0.4 
0.35 L-r-

~2 

7.4 
7.0 ========t 

I 
~--

0.7 6 

orA C[RAMIC DISC 

=&.32 uHe 
2A THO OF tt:: COPPER 
HEAT 5 INK STuD 

Vee 

Stub 



TP 3400 

- 0.20 W 
- 960 MHz 
-12 dB Gain 
- 24 V 
- Class A 

The TP 3400 is designed for use on the 
900 MHz mobile band. 

This device which is specified as a low power 
drive device, offering high gain, enables 
operation in class A, B or C circuits. 

Electrical characteristic. (Tca.e = ~5 0 C) 

BVEBO Emitter - Base Breakdown IE = 0.25 mA 3.5 V 
Voltage 

BVCER Collector - Emitter Ic = 10 mAo RBE = 10 50 V 
Breakdown Voltage 

1;; 
Q) 

I-
Collector - Base Breakdown U BVcB<? Ic = 1 mA 45 V 

0 Voltage 

ICBO Collector Cutoff Current VCB = 24.V 0.25 mA 

HFE D.C. Current Gain VCE = 5 V, Ic = 100 mA 20 120 

POUT VeE = 24 V. F = 960 MHz 200 mW 
IQ = 74 mA ; Pin = 12.5 mW 

u. 
a:: 

COB Collector Base Capacitance VCB = 20 V, F = 1 MHz 3 pF 

Ic Maximum Collector Current 0.4 A 

8ic Thermal Resistance Tease = 70°C 30 °C/W 
a; Junction Case 

E 
Q) 
~ PT T Heatsink = 25°C 5.8 W I-

TSTG/TJ Maximum Junction and Storage 
Temperature "':65 +200. °C 

F96 



TP 3400 

IN 

3022 

PACKAGE 200 SOE STUD 

Dimensions Given in m/m 

F97 

C 

I----~~=__II_ tI. OUT 

"'rrite bead 

C:100 Pf 

Substrate. Epoxy Glass 
20m/m thick Cr: 2,43 

~ : Foil wrap to ground plane 

Vsupply o-__ r--_--;_ .... 2~0 ... Jl.,~.....,..--.... Vce 

2N2904 

22'1 

C:1jI--F + 0.,.. F+ 10nF 

BIAS CIRCUIT 

Vbe 



TP 3400 

POWER OUTPUT VS POWER INPUT 

) Pout(mW 

V V-

./ 

300 

/ 
/ V 

,/ 9eoMHz 
200 

V .,/ 
:/ 

/ V 
./ 

100 

~ /' Vce:24V 

POWER GAIN 
(dB) 

o 

14 

12 

8 

4 

l,IX 
2 

o 800 

-
Ic:75mA 

I 

4 (; 8 10 12 14 

POWER GAIN VS FREQUENCY 

---=:::::::: -

850 900 

~Pi:5mW 
tpi:15mW 

Vce:24V 

-
Ic:75mA 

I 
960 

I 

Pin(mW) 

F(MHz) 
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I. TP 3400 
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veE: 24V Ic:7'5mA 

II'I'I'I"'II"'!!""! 11111!111111'1!IIIIIIII'l I I I I I I' I I I 1"" 1"111 II II I I I , I ! I I II pili Ii III: I I I I'I II II,~ l ~ II '0" 7 6 , • , , 
0.1 Cl.2 0.3 o.A o.s U 0:1 0.10.,. u_. 

I-iii'l" j'II"II' i"l,i'l"llll,l"l' i I I I l'i' I I 

N" 361 

J 

1111 '~I I '""I I ,,"',il!III(II~II'I(II~III!IJt~IIIII1I~llllliI~lIlllll~i~11 11111.' IlIillllIlIll 1111 11111 

1 



CA 2101 · CA 2201 

CATV Hybrid Amplifiers 

- 300 MHz 
-17 dB 

Electrical Characlerlstlcs at T CASE = 25 0 C, V cc = 24 V 

PARAMETER 

Gain @ 50 MHz 

Frequency Response 

Slope Cable Equivalent 

Output Capability @ - 57 dB 

X-MOD 35 Channel Flat 

35 Channel Composite Triple Beat 

@ + 46 dBmV on Channel W 

Second Order Beat @ 50 dBmV 

Triple Beat @ 50 dBmV on CH W 

Noise Figure on Channel W 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

CA 2101 

17.1 ± 0.5 dB 

40-300 MHz (± 0.1 dB) 

0.0. to + 1.0 dB 

48.0 dBmV 

-61 dB 

-69 dB 

-74 dB 

7.0 dB Maximum 

18 dB Minimum 

165 mA (Typ) @ 24 Vdc 

-20 DC to + 100 DC 

-40 DC to + 100 DC 

CA 2201 

17.1 ± 0.5 dB 

40-300 MHz (± 0.1 dB) 

0.0 to + 1.0 dB 

50.5 dBmV 

-66 dB 

-71 dB 

-79 dB 

7.5 dB Maximum 

18 dB Minimum 

200 mA (Typ) @ 24 Vdc 

-20 DC to + 100 DC 

-40 DC to + 100 DC 

F 100 



CA 2101 • CA 2201 

CA PACKAGE OUTLINE 

r-1.775MAX 

.125REF4 !<- t~~----~ 

.022 
DIATYP 

F 101 

4 

1.075MAX 

1.010 

.156 
REF 

PIN CONFIGURATION 

L 2 3 4 5 6 71 
ILL I Oft I 
:zl CD CD 
::!! I + z ... 



CA 2300 · CA 2301 

CATV Hybrid Amplifiers 

• 450 MHz 
• 22 dB 

Electrical Characteristics at T CASE 

Gain @ 50 MHz 

Cable Equivalent Slope (50-300 MHz) 

Frequency Response 

Composite Triple Beat (@ 46 dBmV) 

35 Ch on CH 13 

35 Ch on CH W 

X-MOD @ 46 dBmV 

12 Channel 

20 Channel 

35 Channel 

Second Order Beat @ 50 dBmV 

Ch2,13,R 

Triple Beat @ 50 dBmV 

On Ch H-14 

On Ch H-22 

Noise Figure on CH W 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

~ 

25 °C, Vcc 24 V 

CA 2300 CA 2301 

22.0 ± 0.6 dB 

o to + 1.0 dB 

40-300 MHz (± 0.2 dB) 

- 77 dB Max. 

- 73 dB Max. 

-69 dB Max. 

-64 dB Max. 

-59 dB Max. 

-64 dB 

-72 dB 

-68 dB 

6.0 dB Max. 

18 dB Min. 

180 mA (Typ) @ 24 V 

-20 OCto + 100°C 

-40 °C to + 100°C 

22.'0 ± 0.6 dB 

o to + 1.0 dB 

40-300 MHz (± 0.2 dB) 

- 82 dB Max. 

- 78 dB Max. 

-74 dB Max. 

-69 dB Max. 

-64 dB Max. 

-66 dB 
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CA2600 

CATV Hybrid Amplifier 

e 300 MHz 
e 33 dB 

The CA 2600 amplifier is optimized for 750 
CATV applications where signature free flat 
response, excellent impedance match and low 
distortion and noise figure are required. 

~~.-. 

II'~~ 

High reliability is achieved through a 
monometalic gold assembly process using 
state-of-the-art gold transistors. These hybrids 
utilizing push-pull circuitry provide low 
distortion and superior thermal stability. 

Electrical Characterlatlca at T CASE = 25 °C, Vcc = 24 V 

PARAMETER .11 

Gain @ 50 MHz 33.5 ± 1 dB 

Frequency Response 40-300 MHz ± 0.3 dB 

Slope Cable EqUivalent +0.5to +1.5dB 

Output Capability @ - 57 dB NCTA 

12 CH Flat 53.5 dBmV 

20 CH Flat 51.0 dBmV 

35 CH Flat 48.5 dBmV 

Second Order Beat @ 50 dBmV CH 2. 13. R -68 dB 

Triple Beat @ 50 dBmV 

-80 dB 

-76 dB 

Composite Triple Beat 35 Channels Flat @ 

46 dBmV 

CH 13 -65 

CHW -62 

Noise Figure CH W 7.0 dB Max. 

Return Loss Input/Output 18 dB Min. 

Power Requirement 24 Volts 290 mA (Typ) 

Operating Temperature -20°C to + 100 °C 

Storage Temperature -40°C to + 100 °C 
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CA 3101 · CA 3201 

CATV Hybrid Amplifiers 

- 330 MHz 
-17 dB 

Electrical Characteristics at T CASE 

Gain @ 50 MHz 

Frequency Response 

Slope Cable Equivalent 

Output Capability @ - 57 dB 

X-MOD 40 Channel Flat 

40 Channel Composite Triple Beat 

@ + 46 dBmV on Channel W 

Second Order Beat @ 50 dBmV 

Triple Beat @ 50 dBmV on CH W 

Noise Figure @ 330 MHz 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

25 0 C, Vcc = 24 V 

17.1 ± 0.5 dB 

40-330 MHz (± 0.1 dB) 

0.0 to + 1.0 dB 

47.0 dBmV 

-58 dB 

-68 dB 

-74 dB 

7.0 dB Maximum 

18 dB Minimum 

175 mA (Typ) @ 24 Vdc 

-20°C to + 100 °C 

-40°C to + 100 °C 

CA 3201 

17.1 ± 0.5 dB 

40-330 MHz (± 0.1 dB) 

0.0 to + 1.0 dB 

49.5 dBmV 
/ 

-63 dB 

-70 dB 

-79 dB 

7.5 dB Maximum 

18 dB Minimum 

210 mA (Typ) @ 24 Vdc 

- 20 ° C to + 1 00 0 C 

-40 °C to + 100°C 
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CA 3600 

CATV Hybrid Amplifier 

• 330 MHz 
• 34 dB 

Electrical Characteristics at T CASE = 25 oC, Vcc = 24 V 

PARAMETER 

Gain @ 50 MHz 

Frequency Response 

Slope Cable Equivalent (50-330 MHz) 

Output Capability @ - 57 dB X-MOD 40 Channel Flat 

40 Channel Composite Triple Beat 

@ +46 dBmV on Ch W 

Second Order Beat @ 50 dBmV CH 2, 13, R 

Triple Beat @ 50 dBmV on CH W 

Noise Figure on CH W 

Return loss Input/Output 

Power Requirement 

Operating Temperature 

Storage Temperature 

,II 

34.0 ± 1 dB 

40-330 MHz (± 0.3 dB) 

+0.4 to +1.5dB. 

+ 48.5 dBmV 

-60 dB 

-66 dB 

~77 dB 

7.0 dB Max. 

18 dB Minimum 

320 mA (typ) @ 24 Vdc 

-20°C to + 100 °C 

-40°C to + 100 °C 
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CA 4101 · CA 4201 

CATV Hybrid Amplifiers 

- 400 MHz 
-17 dB 

Electrical Characterlatlca at T CASE = 25 oC, Vce = 24 V 

PARAMETER 

Gain @ 50 MHz 

Gain @ 400 MHz 

Frequency Response 

Output Capability @ - 57 dB 

X-MOD 52 Channel Flat 

52 Channel Composite Triple Beat 

@ + 46 dBmV on H14 

Second Order Beat @ 50 dBmV 

CH 2. 13, R 

CH G, N, H14 

Triple Beat @ 50 dBmV on CH H14 

Noise Figure on CH H14 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

, . 
16.7-17.7 dB 

17.4-18.6 dB 

40-400 MHz (± 0.2 dB) 

+47 dBmV 

-54 dB 

-69 dB 

-66 dB (Typ) 

-68 dB 

8 dB Max. (7.5 dB Typ) 

18 dB Min. 

170 mA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 

. .. 
16.7-17.7 dB 

17.4-18.6 dB 

40-400 MHz (± 0.2 dB) 

+49 dBmV 

-58 dB 

-71 dB 

-68 dB (Typ) 

-72 dB 

9 dB Max. (8 dB Typ) 

18 dB Min. 

210 mA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 
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CA4600 

CATV Hybrid Amplifier 

• 400 MHz 
• 34 dB 

Electrical Characterlatlca at TeAsE = 25 °C, Vee = 24 V 

PARAMETER 

Gain @ 50 MHz 

Frequency Response 

Slope Cable Equivalent (50-400 MHz) 

Output Capability @ - 57 dB X-MOD 40 Channel Flat 

40 Channel Composite Triple Beat 

@ +46 dBmV on Ch W 

Second Order Beat @ 50 dBmV CH 2. 13. R 

Triple Beat @ 50 dBmV on CH H-14 

Noise Figure on CH H-14 

Return Loss Input/Output 

POINEU Requirement 

Operating Temperature 

Storage Temperature 

. .. 1' 

34.0 ± 1 dB 

40-400 MHz (± 0.4 dB) 

+0.6 to +2.0 dB 

+48.5 dBmV 

-66 dB 

-66 dB 

-71 dB 

7.5 dB Max. 

18 dB Minimum 

320 mA (typ) @ 24 Vdc 

-20 DC to + 100 DC 

-40 DC to + 100 DC 
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CA 5101 . CA 5201 

CA TV Hybrid Amplifiers 

- 450 MHz 
-18 dB 

Electrical Characterlatlca at T CASE = 25 0 C, Vcc = 24 V 

PARAMETER I CA 5101 CA 5201 

Gain @ 450 MHz 

Gain Equivalent Slope (50-450 MHz) 

Frequency Response 

Composite Triple Beat (@ 46 dBmV) 

52 Ch on H-14 

60 Ch on H-22 

X-MOD @ 46 dBmV 

52 Channel 

60 Channel 

Second Order Beat @ 50 dBmV 

Ch 2, H-5, H-14 

Triple Beat @ 50 dBmV 

On Ch H-14 

On Ch H-22 

Noise Figure on 50 MHz 

400 MHz 

450 MHz 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

...... Storage Temperature 

18.5-19.7 dB 

.3-1.4 dB 

40-450 MHz (± 0.2 dB) 

- 58 dB Max. 

- 55 dB Max. 

- 57 dB Max. 

- 55 dB Max. 

-65 dB 

-74 dB 

-70 dB 

4.5 dB Max. 

6.0 dB Max. 

6.5 dB Max. 

18 dB Min. 

180 rnA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 

18.5-19.7 dB 

.3-1.4 dB 

40-450 MHz (± 0.2 dB) 

-62 dB Max. 

-59 dB Max. 

-60 dB Max. 

-58 dB Max. 

-69 dB 

-78 dB 

-74 dB 

5.0 dB Max. 

6.5 dB Max. 

7.0 dB Max. 

18 dB Min. 

215 rnA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 
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CA 5300 . CA 5301 

CATV Hybrid Amplifiers 

• 450 MHz 
• 22 dB 

Electrical Characteristics at T CASE = 25°C. Vcc = 24 V 

Gain @ 50 MHz 

Gain @ 450 MHz 

Cable Equivalent Slope (50-450 MHz) 

Frequency Response 

Composite Triple Beat (@ 46 dBmV) 

52 Ch on H-14 

60 Ch on H-22 

X-MOD @ 46 dBmV 

60 Ch on Ch 2 

Second Order Beat @ 50 dBmV 

On Ch H-5, H-14 

Triple Beat @ 50 dBmV 

On Ch H-14 

On Ch H-22 

Noise Figure on 50 MHz 

400 MHz 

450 MHz 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

CA 5300 

21.4-22.6 dB 

22-5.-23.8 dB 

.5-1.8 dB 

40-450 MHz (± 0.2 dB) 

- 57 dB Max. 

- 53 dB Max. 

- 54 dB 

-63 dB 

-72 dB 

-68 dB 

4.5 dB Max. 

6.0 dB Max. 

6.5 dB Max. 

18 dB Min. 

180 mA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 

21.4-22.6 dB 

22.5-23.8 dB 

.5-1.8 dB 

40-450 MHz (± 0.2 dB) 

-61 dB Max. 

- 57 dB Max. 

-58 dB 

-67 dB 

-76 dB 

-72 dB 

5.0 dB Max. 

6.5 dB Max. 

7.0 dB Max. 

18 dB Min. 

225 mA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 
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CA 5600 

CATV Hybrid A~plifier 

e 450 MHz 
e 34 dB 

Electrical Characterl.tlc. at T CASE = 25 • C, V cc = 24 V 

Gain @ 50 MHz 

Frequency Response 

Slope Cable Equivalent (50-450 MHz) 

Composite Triple Beat (@ 46 dBmV) 

52 Channel on H-14 

60 Channel on H-22 

X-MOD @ 46 dBmV 
52 Channel 

60 Channel 

Second Order Beat @ 50 dBmV Ch 2. H-5. H-14 

Triple Beat @ 50 dBmy 

On Ch H-14 

On Ch H-22 

Noise Figure on 50 MHz 
400 MHz 

450 MHz 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

CA 5600 

34.0 ± 1.0 dB 

40-450 MHz (± 0.4 dB) 

+0.5to +2.0dB 

-61 dB Max. 

-58 dB Max. 

-60 dB 

-58 dB 

-64 dB 

-76 dB 

-72 dB 

4.5 dB Max. 

5.5 dB Max. 

6.0. dB Max. 

18 dB Min. 

340 mA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 
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CA 5700 

CATV Hybrid Amplifier 

• 450 MHz 
• 38 dB 

Electrical Characteristics at T CASE = 25 °C, Vcc = 24 V 

Gain @ 50 MHz 

Frequency Response 

Slope Cable Equivalent (50-450 MHz) 

Composite Triple Beat (@ 46 dBmV) 

52 Channel on H-14 

60 Channel on H-22 

X-MOD @ 46 dBmV 

52 Channel 

60 Channel 

Second Order Beat @ 50 dBmV 

Ch 2, H-5, H-14 

Noise Figure on 50 MHz 

400 MHz 

450 MHz 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

CA 5700 

38.0 ± 1.0 dB 

40-450 MHz (± 0.4 dB) 

+0.5 to + 2.0 dB 

-60 dB Max. 

- 57 dB Max. 

- 57 dB 

-55 dB 

-64 dB 

4.5 dB Max. 

5.5 dB Max. 

6.0. dB Max. 

18 dB Min. 

340 mA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 
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CA 5180 - CA 5280 

CATV Hybrid Amplifiers 

- 450 MHz 
-14 dB 
- Driver For FeedfolWard 

Electrical Characterlatlca at TeAsE = 25 oC, Vee = 24 V 

PARAMETER 

Gain @ 50 MHz 

Gain @ 450 MHz 

Cable Equivalent Slope (50-450 MHz) 

Frequency Response 

Composite Triple Beat (@ 46 dBmV) 

52 Ch on H-14 

60 Ch on H-22 

X-MOD @ 46 dBmV 

52 Channel 

60 Channel 

Second Order Beat @ 50 dBmV 

Ch 2. H-5. H-14 

Triple Beat @ 50 dBmV 

On Ch H-14 

On Ch H-22 

Noise Figure on 50 MHz 

400 MHz 
450 MHz 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

:. 

13.5-14.5 dB 

14.2-15.4 dB 

+0.3-1.3 dB 

40-400 MHz(±0.2 dB) 

- 58 dB Max. 

- 56 dB Max. 

-58 dB Max. 

-55 dB Max. 

-64 dB 

-72 dB· 

-68 dB 

5.0 dB Max. 

6.0 dB Max. 
6.5. dB Max. 

18 dB Min. 

190 rnA (Typ) @ 24 V 

-20 OCto + 100 °C 

-40°C to + 100 °C 

:. 

13.5-14.5 dB 

14.2-15.4 dB 

+0.3-1.3 dB 

40-450 MHz(±0.2 dB) 

-62 dB Max. 

-60 dB Max. 

-62 dB Max. 
-59 dB Max. 

-68 dB 

-76 dB 

-72 dB 

5.5 dB Max. 

6.5 dB Max. 
7.0 dB Max. 

18 dB Min. 

220 (Typ) @ 24 V 

-20 OCto +100 °C 

-40 OCto +100 °C 
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FF 124 

CATV Feedforward Hybrid Amplifier 

• 450 MHz 
• 24 dB Gain 
• 22 dB Composite Triple Beat 

Reduction 
• Fully Shielded Metal Package 

Absolute Maximum Ratings 

Symbol Characteristics 

Vee Supply Voltage 

Pill RF Power Input 

Tst Storage Temperature 

Top Operating T ernperature 

Electrical Characteristics for 75Q Systems (Vee = 24V. TCASE = +65°C) 

Symbol Characteristics 

PRequ. Power Requirement 

G Gain 

S.C.E. Slope Cable Equivalent 

BW Flatness 

R.L. Return Loop Input/Output 

CTB 
Composite Triple Beat 
60 Channels + 46dBmV 

X·Mod 
Cross Modulation 
60 Channels + 46dBmV 

s.o. Second Order + 50dBmV 

N.F. Noise Figure 

Performance Derate vs. Temperature 

Test Conditions 

24V 

50MHz 

50·450MHz 

50· 450MHz 

50· 450MHz 

2 
H-22 

2 
H·22 

A, H·14, H·22 

50MHz 
450MHz 

Test ConditIOns I 20 +80°C 

G 

eTB 

Gain 

~siteTripieBeat 
60 Ch. + 46dBmV 

50 - 450MHz ±0.3dB 

Ch 2 -84dB 
Ch H·22 -77dB 

I 

FF124 

28V 

+ 55dBmV 

-40°C to + 100°C 

- 20°C to + 100°C 

FF124 

660mA (Typ) 

24dB ± O.6dR 

+ 0.2 to + l.4dB 

±0.25dB 

18dB 

-85dB 
-8OdB 

-80dB 
-75dB 

-8OdB 

8.5dB 
9.5dB 

" 
±0.5dB 

-83dB 
-75dB 
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FF 124 

I 
1.250.-1 
Max. 

Package Outline 

rO
•
275 

Test-

t GO-
0.700 OUT-

--t~--------I~~~T~es~t----~24~G~~ 

0.175- -1.800-

_ 2.150------I.-J 
Max. 

f 
0.920 

! __ t 

[0.'00 T" 
3 Spots 

14) #6·32 Tap 
0.1900eep 

["020 / 

__ +__ t 
- ----0.820 -=r= 

101.005 1 

,_----- 2.100 -----I •• , 

Straight Pins 

First Loop Cancellation 

• Loop Cancellation is zaroed with main 
amplifier off. 

• Typical Cancellation is 26dB across the 
band. .. 

0.500 t 
t 

.--0.320 , ..... _----- 2.300 -----..-I 

Bent Pins 

Loop Cancellation Measurement* 

Second Loop Cancellation 

• Loop Cancellation is zaroed with III'ror 
amplifier off. 

• Typical Cancellation is 26dB across the 
band. 

• Microstrip connections from feedforward package to test fixture are necessary for accurate 
loop cancelation meesurement. 
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CA 6101 CA 6201 

CATV Hybrid Amplifiers 

e 550 MHz 
e19 dB 

Electrical Characteristics at T CASE = 25°C. Vcc = 24 V 

PARAMETER 

Gain @ 50 MHz 

Gain @ 550 MHz 

Cable Equivalent Slope (50-550 MHz) 

Frequency Response 

Composite Triple Beat (@ 44 dBmV) 

60 Ch on Ch 61 

77 Ch on Ch 78 

X-MOD @ 44 dBmV 

77 Ch on Ch 2 

Second Order Beat @ 50 dBmV 

Noise Figure on 50 MHz 

400 MHz 

550 MHz 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

CA 6101 

17.7-18.7 dB 

18.4-19.6 dB 

.3-1.6 dB 

40-550 MHz (±0.2 dB) 

-61 dB Max. 

- 54 dB Max. 

-58 dB 

-64 dB 

4.5 dB Max. 

6.0 dB Max. 

7.5. dB Max. 

18 dB Min. 

180 mA (Typ) @ 24 V 

-20°Cto+l000C 

-40°C to + 100 °C 

CA 6201 

17.7-18.7 dB 

18.4-19.6 dB 

.3-1.6 dB 

40-550 MHz (± 0.2 dB) 

-65 dB Max. 

-58 dB Max. 

-62 dB 

-68 dB 

5.0 dB Max. 

6.5 dB Max. 

8.0 dB Max. 

18 dB Min. 

225 mA (Typ) @ 24 V 

-20°C to + 100 °C 

-40°C to + 100 °C 
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CA2418 

CATV Hybrid Amplifier 

- 5·120 MHz 
-18 dB 
- Return Amp 

Electrical Characteristics at TeAsE = 25 °C, Vee = 24 V 

Gain @ 10 MHz 

Frequency Response 

Slope Cable Equivalent 

Output Capability (@ - 57 dB 

X-MOD 1 2 Channel Flat 

Second Order Beat @ 50 dBmV 

Triple Beat @ 50 dBmV 

Noise Figure (100 MHz) 

Return Loss Input/Output 

Power Requirement 

Operating Temperature (Sink) 

Storage Temperature 

CA 2418 

18.5 ± 0.5 dB 

5 - 120 MHz (± 0.25 dB) 

+0.2to -0.5dB 

54.5 dBmV 

-72 dB 

-84 dB 

6.5 dB 

20 dB Minimum 

200 mA (Typ) @ 24 Vdc 

-20°C to + 100 °C 

-40°C to + 100 °C 
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CA 4411 · CA 4412 

CATV Hybrid Amplifiers 

e13 dB 
e 5-200 MHz 
e Return Amp 

Electrlc.1 Characteristics at T CASE = 25 0 C, V cc = 24 V 

PARAMETER I CA 4411 ! CA 4412 

Gain @ 10 MHz 

Frequency Response 

Slope Cable Equivalent 

Composite Triple Beat (@ 50 dBmV) 

26 Channel Flat 

X-MOD @ 50 dBmV 

26 Channel Flat 

Second Order @ 50 dBmV 

Triple Beat @ 50 dBmV (120 MHz) 

(200 MHz) 

Noise Figure (200 MHz) 

Return Loss 5-150 MHz 

150-200 MHz 

Power Requirements 24 Volts 

Operation Temperature (Heatsink) 

Storage Temperature 

13.0 ± 0.5 dB 

5-200 MHz (± 0.25 dB) 

+0.2 to -0.5 dB 

-61 dB 

- 55 dB 

-70 dB 

-79 dB 

-77 dB 

6.5 dB 

20 dB 

18 dB 

165 mA (Typ) 

185 mA Max. 

-20 DC to + 100 DC 

-40 DC to + 100 DC 

13.0-0.5 dB 

5-200 MHz (± 0.25 dB) 

+0.2to -0.5dB 

-66 dB Max. 

-60 dB Max. 

-72 dB 

-84 dB 

-82 dB 

7.0 dB Max. 

20 dB 

18 dB 

220 mA Max. 

-20 DC to +100 DC 

-40 DC to + 100 DC 
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"T1 I + I "T1 
Z ~ 

-I 



CA 4418 

CATV Hybrid Amplifier 

-18 dB 
- 5·200 MHz 
- Return Amp 

Electrical Characteristics at TeAsE = 25 °C. Vee 

Gain @ 10 MHz 

Frequency Response 

Slope Cable Equivalent 

Composite Triple Beat @ 50 dBmV 

26 Channel Flat 

X-MOD @ 50 dBmV 

26 Channel Flat 

Second Order @ 50 dBmV 

Triple Beat @ 50 dBmV (120 MHz) 

(200 MHz) 

Noise Figure (200 MHz) 

Return Loss 5-150 MHz 

150-200 MHz 

Power Requirements, 24 Volts 

Operation Temperature (Heatsink) 

Storage Temperature 

24 V 

CA 4418 

18.5 ± 0.5dB 

5-200 MHz (± 0.25 dB) 

+0.2to -0.5dB 

-66 dB 

-60 dB 

-72 dB 

-84 dB 

-82 dB 

5.5 dB 

20 dB 

18 dB 

200 mA Typ 

220 mA Max. 

-20°C to + 100 °C 

-40°C to + 100 °C 

G 
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CA 4418 

CA PACKAGE OUTLINE 

-t=1.775MAX 

125 REF L 1.490 ____ .....=...I . jE; 1.510 

.022 
DIATYP 

F 133 

4 

1.075MAX 

1.010 

.156 
REF 

'PIN CONFGURATION 

I, 2 3 4 5 6 71 
lOLL I Offl 

::a IJl IJl 

~ I + ... 



CA4422 

CATV Hybrid Amplifier 

-22 dB 
- 5·200 MHz 
- Return Amp 

Electrical Characteristics at T CASE = 25 0 C, V CC = 24 V 

Gain @ 10 MHz 

Frequency Response 

Slope Cable Equivalent 

Composite Triple Beat @ 50 dBmV 

26 Channel Flat 

X-MOD @ 50 dBmV 26 Channel Flat 

Second Order @ 50 dBmV 

Triple Beat @ 50 dBmV (120 MHz) 

(200 MHz) 

Noise Figure (200 MHz) 

Return Loss 5-150 MHz 

150-200 MHz 

Power Requirement, 24 Volts 

Operating Temperature (Heatsink) 

Storage Temperature 

CA 4422 

22.0 ± 0.6 dB 

5-200 MHz (± 0.25 dB) 

+0.5to -0.5dB 

-64 dB. 

-60 dB 

-70 dB 

-84 dB 

-82 dB 

5.0 dB 

20 dB 

18 dB 

200 mA Typ 

220 mA Max. 

-20°C to + 100 °C 

-40°C to + 100 °C 

F 134 



CA 4422 

CA PACKAGE OUTLINE 

-t==1.775MAX 

I 1.490 
.125 REF ~ ·1.510----~ 

.156 
REF 

. 1 
.022 

DIATYP 

F 135 

3 4 

1.075MAX 

1.010 

PIN CONF.aURATION 

11 2 3 4 5 6 71 
ILL I Off I 
::tJOJ OJ OJ::tJ 
"TI I + I"TI 
Z g 

~ 
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APPLICATION NOTE 

MOUNTING OF TRANSISTORS AND MODULES 

MOUNTING OF STUDDED RF POWER TRANSISTORS 

I) Preparing of heat-sink 

The majority of thermal energy generated in the chip is dissipated downward to the heat sink through the 
package in a circular cone of 450 from the bottom of the chip (See drawing). 

Since efficiency, power gain and life expetency is inversly proportional to the chip temperature, care must 
be taken in getting the most heat transferred from the package to the heat-sink. 

A) The hole in the heat-sink for the transistor stud must not be larger than absolutely necessary, i.e. : Nr 8-32 
UNC-2 A stud, Nr. 10-32 ,UNC-2 A studs, etc. 

B) Do not chamfer hole, but remove any burr left by drill with a file - to keep as much of the heat sink as 
possible in direct contact with the header flange. 

C) Keep the heat-sink which is in direct contact with the header flange as flat as possible and clean of any 
foreign material. 

II) Mounting the transistor. 

The transistor leads are not made to give mechanical support nor should they be used in holding the transistor 
when screwing the nut down: 

A) Make sure the distance from the flange of the header to the bottom of the electrical leads is observed (See dra-
wing). 

B) Coat the heat-sink surface with a small amount of thermal contact grease. 

C) Put transistor in place making sure emitter, base and collector are aligned property. 

D) lock the nut into place by holding transistor in place with fingers or by gripping the key pro\i'ided on the stud of 
the transistor with a tool. 
Torque 
6 kgcm SOE 200 - 280 - 380. 
9 kgcm SOE 500 
23 kgcm SOE 500 1/4 inch. 

E) The solder leads into place. 

v---
BAD MOUNT 

Z 1 

.-----'" 45° "-

sink 

GOOD MOUNT 



MOUNTING OF FLANGE RF POWER TRANSISTORS 

I. Preparation of heat sink 

To ensure maximum heat transfer from the transistor to the heat sink it is imperative that the heat sink be made 
as flat as possible. Ideally one should target for a flatness of the mounting surface to 0.02 mm by careful machi
ning. 

It is also important to ensure that the fixing holes do not have any burrs around them, which may prevent the 
transistor from sitting firmly on the heat sink. 

II. Mounting proceedure 

A) Prior to mounting, the transistor flange should be lapped to 0.01 mm flatness using a 400 grit carborun
dum paper on a flat surface, and then cleaned of any small particles. 

B) Apply the absolute minimum of thermal grease to the flange base of the transistor and then rub lightly 
on a flat surface to remove any excess. TOO MUCH THERMAL GREASE IS WORSE THAN USING NONE. 

C) Bolt the transistor in place using the appropriate screws plan washers and lock washers. 

If at any time it is found necessary to remove the transistor and then replace it once more in the circuit, the 
device should be lapped again before mounting. This will be necessary since the flange will almost certainly 
have been distorted by mounting and removal. 

MOUNTING OF RF POWER MODULES - (MOBILE MX/MV) 

A similar proceedure to that for the mounting of lange transistors should be adhered to. However the degree 
of flatness to be acheived is as follows. 

a) Heat sink - 0.1 mm. 

b) Module - This is already delivered to a flatness guaranteed to be better than 0.15 mm. 

Again, the absolute minimum of heat sink compound should be used. 

Z2 



APPLICATION .NOTE 

150 WATT 
2 TO 28 

LINEAR 
MHz, 13.5 

AMPLIFIER 
VOLT D.C. 

This application note describes the design of a push-pull linear 150 W solid state power amplifier intended for SSB 
transmitter applications. 
The broadband amplifier operates directly from a 13.5 V DC source and covers the 2 - 28 MHz band. 

The circuit calculation, the major performance characteristics and the complete construction details are presented. 
Devices used: Two PT 9784/ A. 

1. - BASIC AMPLIFIER SPECIFICATION 

VeE = 13.5 V 

Bandwidth: 2 to 28 MHz 

Pgain at 150 W: 15 ± 1.3 dB 

IMD at 28 MHz and 150 W PEP ~ - 30 dB 

INPUT VSWR ~ 1.6: 1 

BD 135 Q 3 

2. - GENERAL DESIGN CONSIDERATION 

The principal aims were: 

4,7 nF 
----~'"'--. H' OUT 

7:foo C, r 
z pF ~ 

- employ a relatively simple solution permitting us to obtain optimal performance from two PT 9784/ A, 

--. use components available on European market. 

In order to comply with our self imposed criteria, we chose a push-pull configuration to improve even harmonic 
suppression and to simplify the matching problems due to very low input and output transistor impedances. 

Z3 



I n push-pull configuration, the transistor input or output impedances are in series, making the required transformation 
ratio one quarter of that required for parallel operation. 
We also chose a ferrite manufacturer whose product is freely available on the European market. 

The circuit calculation was made as follows: 

choice of the input and output transformer ratio, 

choice of the transformer type, 

estimation of the transformer volumes, 

calculation of the transformer compensation, 

calculation of an input network between the input transformer and the transistors to match 2 Zin to 3 n and to 
stabilize the gain-frequency characteristic. 

The figure 1 shows the schematic of the amplifier. 

INPUT 

Base 
Bias 

Compensed 
Input 

Transformer 
Tl 

Matching 
Network 

and 
Gain Slope 
Compen

sation 

Fig. 1 

3. - IMPEDANCE TRANSFORMATION CHOICE 

3. - 1. Input voltage transfor~ation ratio 

Zin = R + JX (0) typical values: 

F (MHz) 2 5 10 

R (0) 15 8 5 

X (n) - 8 -11 - 7.5 

15 20 

3 2 

- 5 - 4 

Compensed 
Output 

Transformer 
T2 

25 

1.5 

- 3.5 

Collect 
Bias 

OUTPUT 

30 

1.2 

-3 

In order to obtain a good match at high frequency, we consider Zin at 25 MHz. The real part at this frequency ;s 
1.5 O. which means for a push-pull configuration the real part ;s 3 n between the two bases. 

The voltage transformation ratio is determined by : 

I n lN = 4 

Z4 
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3. - 2. Output voltage transformation ratio 

The transistor equivalent output circuit is : 

With: 

Cc ~270 pF 

Where: 

Vee: collector supply voltage = 13.5 V 

V •• t : RF saturation voltage = 1.0 V 

Po : Output power for one transistor = 75 W 

Rc ~ 1.1 Q 

Fig 2. 

The output transformer matches 2 Zout to 50 Q for push-pull configuration. The voltage transformation ratio is defined 
by: 

n = ~ 50 = 4.7 ~ 5 
2.2 

In fact we found empirically that the best ratio is n = 4. 

4. - TRANSFORMER TYPES USED 

Since the input and output voltage transformation ratios are 4, we can use the small pratical transformer show by 
figures 3 and 4. 

The low impedance winding always consists of one turn, which limits the available impedance transformation ratio 
to 1,4,9 ... 

A::tlC
B 

A,JLB' 
Fig. 3. 

Z5 

Fig. 4. 

Ferrite core 

shorted 
tube ends 

B 

4 turns 
threaded 
through 
tubing 

6' 



5. - TRANSFORMER VOLUME ESTIMATION 

5. - 1. Output transformer 

Ferrite used: 4 C 6 material made by RTC. 
Reference : Tore 14/9/5 - 4 C 6 

4322 020 97 180 

fLr = 1 20 ± 20 % 

The primary inductance can be calculated with the following formula: 

Where: 

Lp : inductance (H) 
fLo = 47t 10- 7 

fLr : Relative permeability 
s: ferrite cross section (m2) 
I: average lenght of the lines force (m) 
n: number of turns. 

(5-1-1) 

Toroid dimensions. 

14 

Fig. S. 

The value of Lp must be chosen high, but not higher than really necessary, because otherwise the performance at the 
high end of the band will be degraded. 

We take: 

in which: 

{ 
R: load impedance = 50 n 
F mini = 2 MHz 

The ferrite cross section is : 

in which N is the number of toroids. 

From 5 - 1 - 1 we can calculate N : 

N ~ 14 toroids. 

In fact we use 16 cores, which gives: 

2 7t Lp F min ~ 3 R 

150 
Lp = 2 7t 2 106 = 12 fLH 

S = Nh (0 - d) 
2 

4n 10- 7 120 16 12.510- 5 

I Lp = 13.7fL H and 

Z6 
17 



The highest toroid losses occur in this case at 2 MHz under large signal conditions. RTC give the power loss density, 
i.e. the power loss related to the unit of volume versus the maximum induction and the frequency. The maximum 

1\ 

induction B can be calculated with the following formula: 

in which: 
1\ 
B : maximum induction (T) 
S : ferrite cross section (m2) 
n : number of turns 
1\ 

1\ 
1\ V 
B=--

27t FSn 
(5-1-2) 

V : maximum value of voltage accross n turns (V) 
\ F : frequency 

1\ 
V is given by : 

where: 

{ 
• Po: output power 

• RL = 50 n 

1\ 
B 

(5-1-3) 

1\ 
V = .J 2 150 50 = 1 22.5 V 

122.5 = 1 210- 2 T 
2 7t 2 106 2 1 0 - 4 4 . 

for 'B = 12 mT and F = 2 MHz the power loss density is 2 102 mW. cm - 3. 

The ferrite volume is : 

This gives a loss oc : 

1.4 
oc = 2 102 7.2 = 1440 mW or -- = 1 % 

150 . 

This 0.05 dB loss in the ferrite is acceptable. 

Toroid dimensions. 

5. - 2. Input transformer 

Ferrite used: 4 C 6 material made by RTC 
Reference : Tore 9/6/3 - 4 C 6 

4322 020 97170 

I-Lr = 120 ± 20 % 

6mm 

Fig. I. 

In order to reduce the transformer dimensions we use a transformer with a primary inductance at 2 MHz given by: 

2 7tLp F mini ~ Rs (5-2-1) where Rs = 50 n 

this inductance is compensated at low frequencies by the following circuit (figure 7) : 

Z7 



, , 
transformer 

Fig. 7. 

From 5-2-1 : 

The ferrite cross section S is : 

50 
r,,~---::-=4(.LH 

27t 2 106 

Smith chart : 

00 

Fig. 8. 

D-d 
S = N -- h = N 1.510- 3 310- 3 = 4.5 N 10- 6 (m 2 ) 

2 

where'N is the number of toroids. 

The average length of the line force I is : 

D + d . 
1= 7t --- = 7t 7.510- 3 = 23.610- 3 (m) 

2 

N can be calculated from 5-1-1 : 

N = Lpl 
(.Lo (.Lr n2 4.5 10 6 

410- 6 23.610- 3 

47t 10- 7 120 16 4.510- 6 

N = 8.7 ~ 9. 

In fact we use B toroids, which means: 
\. 

r" = 4.6 (.LH 

By using the same reasoning and formula as the output transformer: 

Pin ~ 3 W at 2 MHz 

A __ _ 

V = .J2 Pin R = .J2 . 3 . 50 = 17.3 V 
A 

~ = _V_ = 17.3 = 7.610-3 T 
2 7t FSn 2 7t 2 106 4.5 10- s 4 

A 
for B = 8 mT and F = 2 M Hz the power loss density is 70 mW. cm - 3. 
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The ferrite volume is: 

This gives a loss ex : 

6. _. OUTPUT CIRCUIT 

70 
ex = 70 x 1 = 70 mW or -- = 2.3 % 

3000 

This 0.1 dB loss in the ferrite is acceptable. 

Figure 9 shows the RF equivalent output circuit: 

Resistor AA, capacitor AA and inductor BB are the equivalent circuit to 2 Zout in series. 

Capacitor CC, capacitor EE and inductor FF are the transformer HF compensation. 

Capacitor FF is for low frequency compensation. 

- The transformer is a black box described by its S-parameters. 

The compensation elements are optimized with the aid of an analysis and optimization computer programme 
COMPACT. 

Figure 10 shows the programme with final values and the final analysis: 

The maximum output VSWR is lower than 1.6 : I. 

ELEMENTS 

CC CAP (pF) 

EE CAP (pF) 

INO (nH) 
FF 

CAP (pF) 

7Q 

CALC. VALUE 

Transformer 
(TWO DO) 

1474 

136 

256 

2993 

EMPIRICAL VALUE 

1000 + 100/700· 

20/100· 

90 

4700 

• variable capacitor. 

Fig. 9. 



COMPACT PROGRAM 

PRC AA SE 3.000 
INO SS SE .5000 
CAP CC PA -1474. 
TW f2J DO S1 - 50.00 
CAP EE PA - 136.0 
SLC FF SE - 251.4 
CAX AA FF 
PRI AA -erR 50.00 
END 

2 5 10 15 20 25 
END 

.909 176.5 .409 26 

.884 177 .449 9.5 

.884 176 .458 2 

.877 174.5 .460 - 2.5 

.884 173 .453 - 6 

. 885 172 .453 - 8 

.886 170 .456 - 10 
END 

1 
o 1 0 0 
ENO 

OUTPUT CIRCUIT 

135.0 

DEFINITIONS + INTERCONNECTIONS 

- 2993. THE ELEMENT VALUES ARE THE FINAL VALUES 

30 FREQUENCY (MHz) 

.390 20.5 .881 57.5 

.435 10 .877 23 

.439 2 .865 9 

.437 - 1.5 .858 3 POLAR S-PARAMETERS FOR 

.439 - 4 .871 - 0.5 THE TRANSFORMER (TW Z DD) 

.437 - 6.5 .870 - 4 . 

.432 - 9 .867 - 8 

) OPTIMIZATION DATA 

FINAL ANALYSIS 

-€rUTPUT REFL. CZEF. AND VSWR IN 50.ZHM.SYSTEM WITH 0.0 %HM SOURCE 

F (MHZ) 

2.000 
5.000 

10.000 
15.000 
20.000 
25.000 
30.000 

RHZ 
(MAGN. < ANGLE) 

0.107 -167.8 
0.051 24.1 
0.053 59.3 
0.076 52.0 
0.107 27.5 
0.047 9.8 
0.232 -148.8 

VSWR 

1.24: 1 
1.11 : 1 
1.11 : 1 
1.16 : 1 
1.24: 1 
1.10 : 1 
1.60: 1 

Fig. 10. 

RET L/G 
; (DB) Z (R + JX).f2J'HM 

-19.08 40.46 -1.85 
- 25.79 54.86 2.31 
- 25.57 52.54 4.77 
- 22.44 54.46 6.52 
-19.41 60.15 6.02 
- 26.62 54.81 -0.88 
-12.68 32.60 -8.30 

Z 10 



7. - INPUT CIRCUIT 

Figure 11 shows the RF equivalent input circuit: 

- IMP JJ is the two transistor input impedances in series, 

inductor AA and capacitor BB are for transformer compensation at low frequency, 

capacitor DO is for high frequency transformer compensation, 

circuits EE, FF, GG and HH have two functions: 

• form a selective attenaator with 3 0 input impedance to stabilize the gain-frequency characteristic; 

• match the two transistors input impEldance which are in series to 3 0, with the minimum of loss at the highest 
frequency. 

Figure 12 shows the programme with final values and the final analysis: the maximum input VSWR is lower than 
1.6: 1. 

AA 

BB 

DO 

EE 

FF 

GG 

HH 

Z 11 

ELEMENTS CAL. VALUE EMPIRICAL VALUE 

INO (nH) 5732 4000 

CAP (pF) 1294 1680 

CAP (pF) 1146 2000 

RES (0) 13.4 10 

INO (nH) 189 200 

RES (0) 1.3 1.2 

CAP (pF) 33350 57000 

RES (0) 7.2 5.5 

INO (nH) 93.3 95 

RES (0) 6.8 4.3 
\ 

INO (nH) 31.5 45 

CAP (pF) 3040 3300 

FF 
ss CC 

ED--~: ~J 
~ ___ -1 

Transformer 
(TWO CC) 

Fig. 11. 



INPUT CIRCUIT 

-189.0 
- .3335 E + 05 
- 93.26 

COMPACT PROGRAM 

IND AA PA - 5732. 
CAP BB SE -1294. 
TWJO CC S1 50.00 
CAP DD PA -1146. 
SRL FE PA - 13.43 
PRC FF SE - 1.325 
SRL GG PA - 7.161 
SRX HH PA - 6.817 
IMP " SE 

- 01.50 - 3040. 

CAX AA" 
PRI AA IR 50.00 
END 

2 5 10 15 20 25 30 
END 

.917 87.5 

.891 41.5 

.868 19 

.863 11 
;861 6.5 
.854 2.5 
.852 0 
END 

30 -16 
16 -22 
10 -15 

6 -10 
4 8 
3 7 
2.4- 6 

END 

1 
o 1 0 0 
END 

.321 -139 

.414 -161 

.430 -172 

.437 -176 

.439 -179 

.441 178 

.445 175 

FINAL ANALYSIS 

INPUT REFL. 

.337 -139 

.428 - 161 

.452 - 172 

.453 -177 

.455 180 

.452 177 

.443 175 

.949 176 

.909 177 

.891 176 

.883 172 

.883 175 

.884 174 

.885 174 

C,0EF. AND VSWR 

RHZ 
F (MHZ) (MAGN<ANGLE) 

2.000 0.129 93.6 
5.000 0.186 55.7 

10.000 0.108 45.6 
15.000 0.248 74.0 
20.000 0.083 48.6 
25.000 0.054 87.5 
30.000 0.115 159.0 

IN 

VSWR 

1.30: 1 
1.46: 1 
1.24: 1 
1.66: 1 
1.18: 1 
1.11 : 1 
1.26: 1 

Fig 12. 

DEFINITIONS + INTERCONNECTIONS 

THE ELEMENT VALUES 
ARE THE FINAL VALUES 

FREQUENCY (MHz) 

POLAR S-PARAMETERS FOR 
THE TRANSFORMER (TWRJ CC) 

2 ZIN IN SERIES R + JX (.0) 

} OPTIMIZATION DATA 

50. ZHM SYSTEM WITH 0.0 ZHM 

RET L/G 

L,0AD 

(DB) Z (R + JX) ZHM 

-17.79 47.60 -12.46 
- 14.60 58.51 13.64 
-19.36 57.41 8.93 
-12.10 50.76 25.80 
- 21.66 55.32 6.91 
- 25.33 49.95 5.42 
-18.78 40.18 3.35 

Z12 



8. - BIAS CIRCUIT 

The transistors which heat up during operation, need a thermally compensated bias current. 

The circuit used is an emitter follower giving a low output resistance, in which the base voltage is fixed through 
a thermally variable component: a diode. 

The diode is thermally connected with the heatsink (02). 

01 is needed to compensate the VBE of the transistor. 

Fig. 13. 

With the potentiometer, we adjust the current through the diodes, changing the voltage accross them. 

We could have made a more sophisticated circuit, but this one is enough for our purpose. 

9. - AMPLIFIER PERFORMANCE 

The test set up used is the following (figure 14) : 

cw 
power 

generator 

SSB 
power 

generator 

Mitli Wattm. 
HP435 
+ 8482 

The performance is given in the following figures : 

Ampl. 
under 
test 

fig. 14. 

Po.wer output versus frequency : Figure 15 
Input VSWR versus frequency : Figure 16 
IMO versus power output : Figure 17" 
Gain output versus power input and freqlJency : Figure 18 

Z13 

8,mitl,i Wattm. 
HP435 
'+ 8482 

Power 
Atten. 

1 
EE 
'Spectrum Analyser 
HP 141 + 8553 

+ 8552 



dB 
I 
I 

18 

..... - ....... 
t-~ ~--+ / ~ 

~I/ I ~!' I 
~6 dB-

DJ:: \ I 

I 

out .. 
i I "'-ICQ = 200 rnA I 

VCE = 13,5 V 
I 

i 

17 

16 

15 

14 

Fig. 15; 

f 

I 

I F 
2 5 10 15 20 25 28 30 MHz 

VSWR 

1,6 
~ ~-- -~ 

1,4 Fig. 16. 

1,2 

F 
2 5 10 15 20 25 28 30 MHz 

IMD 
dB 

-30 

-35 

-40 

Gp 

dB 

19 

18 

17 

16 

15 

14 

F = 28 MHz I 
----:7"9'---~+___--+--+____.lr"i-"'c = 

1

200 rnA 
CE =113,5 V I 

0 50 100 
---......... --'"-----'---"------'---"'---~ Pout 

150 W PEP 

------_.- ----+ -

, 
------+-

0 50 
'------"-------"'------+--~ Pout 

W 

Fig. 17. 

Fig. 18. 
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10. - TECHNOLOGY AND LAYOUT CONSIDERATIONS 

AMPLIFIER SCHEMATIC 

I\---r---.,... ..... --'f--I--o + Vee 

Fig. 19. 

COMPONENTS PART LIST 

CAPACITORS 

C 1 1000 pF + 560 pF 
C 2 1 000 p F + 1 000 p F 
C 3 47 nF + 10 nF 
C 4 47 nF + 10 nF 
C 5 3300 pF 
C 6 ARC0469 170-780pF 
C 7 1000 pF Mica 
C 8 ARCO 423 7 - 100 pF 
C 9 4700 pF 
C 10 0.1 !J. F 
C 11 2200 pF 
C 12 0.1 !J. F 
C13 10nF 
C 14 0.1 !J. F 
C 15 470!J. F/25 V 

RESISTORS 

R 1 10 n made by 20 n + 20 nYz W in parallel 
R 2 5.5 n made by 10 n + 12 nYz W in parallel 
R 3 0.6 n made by 1.2 n + 1.2 n Yz W in parallel 
R 4 0.6 n made by 1.2 n + 1.2 n Y2 W in parallel 
R 5 4.3 n 1/2 W 
R 6 1.5 K nYz W 
P 12K n 

SEMICONDUCTORS 

01 1N 4002 
02 F 12 metallic case (cathode to case) 
Q 1 PT 9784/A 
Q 2 PT 9784/A 
Q 3 BD 135 
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INDUCTORS 

L1 15 turns 0.5 mm wire wound on a ferrite core same as used for T1 
L2 6 turns 0 7 mm 0.8 mm. wire 
L3 4 turns 0 7 mm 1 mm wire 
L4 4 turns 0 6 mm 0.8 mm wire 6 mm length 
L5 4 turns 0 8 mm 1.4 mm wire 9 mm length 
L6 1 (.L H molded choke 
L7 10 turns 1.4 mm wire wound on a ferrite core same as used for T 2. 

TRANSFORMERS 

Refer to figure 20 for complete view of the transformers. 

T 1 

PRIMARY : 2 times 5 ferrite cores 9 x 6 x 3 mm !-Lr = 120 material 4 C 6 reference RTC 4322 02097170, on 2 
brass tubes 0 5 mm, 22 mm length, with a 10 x 20 mm PCB piece on each side (figure 21). 

SECONDARY: 4 turns of 0.5 mm 2 insulated wire wound through the 2 brass tubes. 

T2 

PRIMARY : 2 times 8 ferrite cores 14 x 9 x 5 mm !-Lr = 120 material 4 C 6 reference RTC 4322 020 97180 on 2 
brass tubes 0 8 mm, 49 mm lenght, with a 15 x 30 mm PCB piece on each side (figure 22). 

SECONDARY: 4 turns of 1.8 mm 2 insulated wire wound through the 2 brass tubes. 

+ Vee 

8- Q, hJ <3 ~ ~r-_Cl_S ~~ 

~~L' c. ~:', ti cu~ c} 

~ ~ c:t:::::; 

IN 
OUT 

-c:::::rc 3 O
2 

2 

®Cs 

Fig. 24 
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B 

Fig. 20. 

INPUT TRANSFORMER 

OUTPUT TRANSFORMER 

• • 

Z 17 

2 PCB pieces 

-------------~-----.. -

PARTS A AND B FOR T1 (INPUT) 

8
20, 

o 10 

- '10· ~ 
A B 

Fig. 21. 

PARTS A AND B FOR T2 (OUTPUT) 

30 

B 

Fig. 22 . 



PRINTED CIRCUIT 
FULL SCALE 

Fig. 23. 
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APPLICATION 'NOTE 

7,5 V - BROADBAND AMPLIFIER 
1.5 W - 20 dB - 400 - 512 MHz 

::~:~::l::::::::m:::::::~:::::::~:::: :::~:::::::~: ::::::~ 

Introduction 

For portable FM equipment, it is necessary to design RF power amplifiers supplied by low voltage batteries. The 
typical voltages used are 7.5 V to 9.6 V. Output power required is about 1.5 watts out of the amplifier. The most 
important problem is to provide very good efficiency in order to have a longer battery operating time. Small size 
is also required. . 

General design considerations 

The design of a broadband power amplifier that will operate from a 7.5 V source and provide 1.5 W output with 50 % 
typical efficiency requires that careful attention be paid to impedance matching .. 

Performance constraints: 

Vee = 7.5 V. 
Pout = 1.5 watts min. with 20 dB gain. 
Frequency range = 400-512 M Hz broadband. 
Efficiency = 40 % min. 45 % to 50 % typical. 
Input return loss = -10 dB max. 
Input and output load impedance = 50 ohms. 

TRW's new 7.5 V transistor family offers the capability of meeting this specification with only 2 stages. 

---r> e> 
7.5 V 

10mW 1.5W 

150 
" 

50 i! 1 TP 251 . TP 252 

Looking at the TP 251 data sheet we can see that the real part of the output impedance is ~ 50 ohms for 175 mW 
output. 

For this reason we have taken the approach of designing the matching networks around each device such that each . 
transistor is matched 50 n in/50 n out. This gives us the added advantage that. during early design. each stage may 
be looked at on an individual basis. 

10 mW -----I~>--_-_ 
50ill 50UI 

175 mW ___ -I~--___ 1.5 W 

50 UI 50 ill 

Analysis and optimization of circuits was made by computer (compact program). 
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Example of calculation 

Since it is necessary to have a very good efficiency, as one example, we will describe the design of the output mat
ching for the final stage TP 252. 

The TP 252 data sheet gives us : 

Frequency 
400 MHz 
470 MHz 
520 MHz 

Zout (0) 
13 - j 7.5 
11 - j 6 
10 - j 4.5 

Vee = 7.5 V 

Pout = 1.5 W 

In order to facilitate easy connection of the transistor collector lead to the circuit, it is necessary to start with a short 
length of line with sufficient width. For this reason a stripline Lt 1 {Zo = 25 0, I = 4 mm for e:r = 1) is connected 
at the output of the TP 252 (fig. 1). The resulting transformation of the output impedance is the &ollowing : 

r 400 MHz 12.75-j 6.82 (0) 
fo 470 MHz Z = 10.81 - j 5.15 (0) 
f+ 520 MHz 9.86 - j 3.55 (0) 

After normalization to Zo = 700 (We have chosen 70 ohms transmission line in order to realize a small mechanical 
size). Fig. 2. 

f- 400 MHz 
fo 470 MHz 
f+ 520 MHz 

0.18-jO.1 
Zl = 0.15 - j 0.07 

0.14 - j 0.05 
or 

4.24 + j 2.35 
Yl = 5.30 + j 2.51 

6.31 + j 2.30 
with 

1 
Yo =- U 

70 

If we connect in parallel an admittance value - j 2.51 this improves the real impedance at fo. 
The Smith chart shows this is possible using a line LI2 (Zo = 700 - I = 0.06 A) connected in parallel and with short 
circuit termination - fig. 2. 

4.24 - j 0.68 f-
-+ Y2 = 5.30 + j 0 fo 

6.31 + j 0.03 f+ 

For fo, the intersection with the circle Y = 1.4 - jX is possible if we connect a line LI3 (Zo = 700, I = 0.052 A). 

1 .60 - j 1 .94 f-
Y2 -+ Y3 = 1.41 -j 2.18fo 

1.09 - j 2.21 f+ 

Admittance ell Y = j 2.18, Y = 31 mV (10.5 pF for fo = 470 MHz) completes the matching to Y = 1.4 or Z = 50 O. 

1.60 - j 0.12 f- 1 
Y3 -+ Y4 = 1.41 + j 0 fo Yo = - U 

1 .09 + j 0.17 f+ 70 

After normalization to Zo = 50 ohms, we can write: 

f- = 400 MHz 
fo = 470 MHz 
f+ = 520 MHz 

The final circuit is the following: 

L 
12 

L 
11 

L 
13 

Fig. 1 

0.87 + 0.066 43.5 - j 3.3 (0) 
Z4 = 50 + j 0 (0) 

63.5 - j 9.5 (0) 
Z4 = 1 + 0 or 

1.25 - 0.19 

Lll Zo = 250 
LI2 Zo = 700 
L13 Zo = 700 
FREF = 470 MHz 
ell == 10.5 pF 

1= 0.006 A 
I = 0.06 A 
1= 0.052 A 

e:r = 1 
e:r = 1 
e:r = 1 
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Analysis of this circuit by computer gives the following results: 

Output ref!. coet. and VSWR in 50. ohm system 

F (MHz) Rho (magn. < angle) 
400.000 0.067 150.2 
470.000 0.002 -172.2 
520.000 0.149 - 37.9 

VSWR 
1.14: 1 
1.00: 1 
1.35: ,1 

Ret L/G (dB) 
-23.47 
- 53.25 
-16.56 

Z (R + jX) ohm 
44.4 3.0 
49.8 - 0.0 
62.1 - 11.6 

N.B .. - • Line L12 is a convenient point to supply the transistor but it is necessary to realize a good RF short cir
cuit at this end. 

• L12 provides a low load impedance for the transistor at low frequencies (stability). 
• The good matching over the frequency range ensures that we acheive optimum efficiency. 
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SCHEMATIC 

List of components 

CI = 27 pF Ceramic 632 RTC 
C2 = 8.2 pF Ceramic 632 RTC 
C3 = 18 pF Ceramic 632 RTC 
C4 = 22 pF Ceramic 632 RTC 
C5 = CIO = CI2 = CI3 = C14 = 1 nF Ceramic 629 RTC 
C6 = 12 pF Ceramic 632 RTC 
C, = 15 pF Ceramic 632 RTC 
C8 = C9 = 39 pF Ceramic Chip ATC 
CII = 10 pF Ceramic Chip ATC 
CI5 = 10 nF Ceramic 629 RTC 
C 16 = 10 fJ-F /25 V Electrolytic 

LI = Stripline Zo = 70 ohms 0.061 'A 
L2 = Stripline Zo = 70 ohms 0.026 'A 
L3 = Stripline Zo = 50 ohms 0.031 'A 
L4 = L5 = LJO = 0.15 fJ-H Molded Coil 
L6 = Stripline Zo = 100 ohms 0.045 'A 
L7 = Stripline Zo = 70 ohms 0.043 'A 
Ls = Stripline Zo = 70 ohms 0.041 'A 
L9 = Stripline Zo = 25 ohms 0.031 f. 
LI1 = Stripline Zo = 25 ohms 0.006 'A 
L12 = Stripline Zo = 70 ohms 0.064 'A 
Ll3 = Stripline Zu = 70 ohms 0.052 'A 
L14 = Stripline Zo = 50 ohms 0.009 'A 

RI = 510 ohms 1/4 W carbon composition 
R2 = 270 ohms 1/4 W carbon composition 
R3 = 150 ohms 1/4 W carbon composition 
R4 = 10 ohms 1/4 W carbon composition 

OJ = 1 N 4001 

TI = TP 251 TRW 
T2 = TP 252 TRW 

FREF = 480 MHz 

+Vee 

Example of realisation with epoxy glass substrate 

I I I 
o em 2 

(h = 1/16" and er = 4.1) 

Edge of the PC board must bemetallized and it is neces
sary to locate plated through holes underneath the emit
ter leads of transistors. 

Components are mounted on the circuit side. 
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TYPICAL RESULTS 

Output Power VB Frequency and Input Power 
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Input Impedance vs Frequency and Input Power 

Stability 

To improve stability with VSWR at the output, it is necessary to put resistor (R t and R3) between collector and base 
of transistors. In this condition, it is possible to guarantee stability with 3 : 1 VSWR all phases. 

5 V ~ Vee ~ 10 V Pin 0 to 20 mW 
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APPLICATION NOTE 

Z25 

SOLID STATE POWER AMPLIFIER 
300 W FM 

BROADBAND 88 - 108 MHz 



INTRODUCTION 

High efficiency multikilowat FM transmitters with full solid state amplifiers are possible today. The power 
amplifier of these transmitters should be made by multiparalleling of a basic building block amplifier. 
This building block should have a high output power and a high gain, a good collector efficiency, broad
band (88-108 MHz) frequency response and a simple, reproducible and reliable circuit design. This 
application note describes an FM building block amplifier that meets the requirements mentioned above 
and that can be successfully incorporated to a number of amplifier architectures. 

The amplifier has been developed with a pair of TP 9383 transistors in push-pull configuration. TP 9383 
is a double diffused silicon epitaxial transistor that makes use of gold metallization and diffused ballast 
resistors for long operationg life and ruggedness. Its basic specifications are: 

Vee = 28 V '1j = 75 % at 108 MHz and 150 W output power 

G = 9 dB Po = 150 W 

DESIGN CONSIDERATIONS 

When designing an FM amplifier the total efficiency must be the first goal. 

Overall efficiency is the combination of good collect efficiency and high gain. To get a good collector 
efficiency the transistors must be operated in class C and the load impedance should match the transis
tors output impedance at the operation power level. Class C amplifiers are non-linear units. The harmonic 
content of the output signal of this type of amplifiers can be very high and their power wasted with an 
important reduction in the efficiency. 

This fact made advantageous the use of balanced amplifiers. In such circuit arrangement all the even 
harmonic are largely suppressed and the waste of power minimized. Push-pull amplifiers have also the 
additional advantages of connecting in series for RF operation the input and output impedance of the 
2 transistors. That makes considerably easier to match the input and output impedances of the tran
sistor pair. However, as the impedance transformation is lower, the RF power losses are smaller and 
the gain and efficiency higher. 

Another important consideration in the design of an FM amplifier is the ruggedness of the amplifier. 
FM transmitters are often operated 24 hours per day and sometimes remotly controlled and in difficult 
access sites. The operating point of the transistors should be choosen in a conservative way and the 
heat properly evacuated. A thermo switch should be incorporated to the system. The amplifier must 
also be able to withstand output VSWR. Although all transmitters use to incorporate VSWR protection 
in their interlocky systems, the amplifier must be designed with the capability of supporting VSWR of 
3.1 as a minimum. This point can be very determinent when considering that on a high efficiency circuit 
the collector voltage swing can be close to 3 times the collector supply voltage. 

CIRCUIT DESCRIPTION 

Circuit schematic is given in the Figure 1. At the amplifier input there is a two section balun. The first 
section, L 1; consists of a short lenght (~ ),,/20) of 50 n coaxial semirigid cable. The outer conductor 
of the coaxial cable is grounded at the input side and floates at the output. 

The second section of the balun consists of two identical coaxial cables, L2 and L3 , of the same lenght 
that Ll but with 25 n characteristic impedance. The ends of these two coaxials are interconnected in 
series at the input side (thus offering 50 n impedance to Ld and in parallel at the output of the section. 
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The combined balanced impedance will be therefore 12.5 Q at the output of the balun. The input impe
dance of the transistor pair Q1 and Q2 is transformed to 12.5 Q (2 x 6.25) with the LC network repre
sented in the schematic. 

If this balun is well charged by 2 x 6.25 Q it is well capable of multioctave operation. However in this 
case the LC network that transform the impedances of the transistor pair has been optimized only bet
ween 88 and 108 MHz. 

A similar balun circuit is used at the output of the amplifier. The main difference with the input balun 
is that the coaxial cables are also used in the collect biasing circuit. Care has been taken with the decou
piing of the collect bias in order to avoid low frequency oscillations. The collect impedance is higher 
than the base impedance and therefore the LC output transforming network is very simp Ie, only La' L9 
and C7 • 
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88-108 MHz; 300 W 28 V 

BROADBAND POWER AMPLIFIER FM 

Figure 1 

COMPONENTS LIST 

C I = 120 + 80 pF Chip capacitor ATC 100 B 
C2 = 220 pF Chip capacitor ATC 100 B 
C3 • C4 • Cs• C6 = 470 pF Chip capacitor ATC 100 B 
C7 . = 100 pF Chip capacitor ATC 100 B 
C8 = 27 pF Chip capacitor ATC 100 B 

C9 • CIO' C ll • C 14 = 1 000 pF Disc capacitor 
C12 • CIS = 10 nF 
C 13 • C16• CIS = 0.1 i.LF 
C I7 = 1 000 i.LF/63 V Electrolytic 

LI 
L2 • L3 
L4 Ls 
L6 • L7 
L8 • L9 
L lo• LII 
LI2 

LI3 

= 50 n coaxial cable 0 3.2 mm (Teflon) L = 110 mm 
= 25 n coaxial cable 0 3.2 mm (Teflon) L = 110 mm 
= Hair pin: copper foil 18 x 3 mm 0.3 mm thickness 
= Line on substrate: 15 x 5 mm 
= Line on substrate: 10 x 5 mm 
= 25 n coaxial cable 0 5 mm (Teflon) L = 110 mm 
= 50 n coaxial cable 0 5 mm (Teflon) L = 110 mm 
= 15 turns 0 8 mm 1.4 mm wire 

= 22 n 1/2 W 
= 47!J 2 W 

= TP 9383 
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APPLICATION NOTE ... ~ ... 
II'~~ 

1.2 V, 40-900 MHz BROADBAND AMPLIFIER 
WITH,THE TP 3400 TRANSISTOR 

INTRODUCTION 

This application note describes a single stage broadband amplifier inc.orporating the TP 3400 transistor. 
The amplifier will deliver 1.2 V output signal from 40 to 900 MHz at an intermodulation level * of - 60 dB 
or less. The gain is 9.5 dB ± 0.5 dB. Although the amplifier has been designed for MATV use, its sim
plicity and versatility makes it suitable for use in many other applications. The circuit construction is 
straight for-ward and only standard components have been used. 

TP 3400 

The TP 3400 is a NPN gold metallized transistor with a transition frequency of more than 3 GHz. The 
transistor is housed in a SOE 200 package. 

The TRW gold metallization process used on the manufacture of this transistor is etchless, providing 
exact finger definition with submicron resolution and avoids the finger scalloping characteristic of all 
etching processes, which eliminates therefore current crowding where metal fingers are necked down. 
Moreover this gold process improves on all the benefits of gold over aluminium regarding electromi
gration. 

The TP 3400 also incorporates diffused ballast resistors. High resistance ballast resistors are diffused 
directly into the silicon avoiding therefore all the reliability problem associated with conventional thin 
film, metal ballast resis·tors. In addition the P-N diode of the ballast resistor is diffused to avalanche at 
a lower voltage than the transistor, thus protecting effectively the transistor against VSWR or transient 
damage. A diagram illustrating the above mentioned technological characteristic is given in fig. 1. 

TRW DIFFUSED BALLAST RESISTORS CONVENTIONAL THIN FILM BALLAST 
WITH ETCH LESS GOLD METALLIZATION VS. RESISTORS WITH ETCHED METALLIZATION 

TRW ETCHLESS 
MET ALLIZATION 

Figure 1 

CONVENTIONAL ETCHED 
MET ALLIZATION 

(O) Intermodulation measured with a test procedure in accordance with DIN 45004/B. 
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AMPLIFIER DESIGN 

a) Calculations 

The amplifier configuration choosen is given in figure 2. A combination of series and shunt feedback 
compensates the frequency gain slope of the transistor. Transmission line inductors are used on the 
shunt feedback network. The resistor in series with the base will improve the input VSWR at the 
cost of some gain, but this gain decrease is partially compensated by the fact that less series fedd
back is necessary in this way. 

The calculation and optimization of the circuit was carried out with the aid of a computer using the 
COMPACT program. The program, the optimization data and the final expected results are given 
in table. 1. The expected gain is 9.5 dB plus/minus 0.5 dB, the amplifier is unconditionally stable over 
the required frequency range and input and output impedance matchings could be considered correct. 

b) Amplifier assembly 

Final amplifier is shown in fig. 3. The component values are given in table 2. The amplifier was built 
on standard Epoxy glass double clad printed circuit board and all the components are commonly 
used types. The resistors are carbon-composition type. Care was taken with all ground returns, made 
by wrapping copper foil between both planes. Plated trough holes may also be used. PC board and 
component layouts are given in figures 4 and 5 respectively. 

RESULTS 

Several TP 3400 transistors, covering all the accepted production spread, were used and no significant 
differences in the amplifier performance were recorded. 

Input and output matching are given in figures 6 and 7. Gain versus frequency is given in figure 8. It is 
similar to that calculated. 

Figure 9 shows its behabiour as an MATV amplifier, measured according to the DIN 45004B test pro
cedure. The - 60 dB IMD level is attained at 1.2 volt; 75 outpJt. 

INTERMODULATION MEASUREMENT ACCORDING DIN 45004/8 
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Z33 

COMPACT PROGRAM 

MET AA ZZ 
CAP AA PA -2.078 
TRL BB SE 65.00 -19.96 1.000 
RES CC SE -12.44 
TRL DD SE 65.00 -18.35 1.000 
CAP EE PA - 2.101 
TWO HH SI 50.00 
CAS EE HH 
RES ~E PA - 6.759 
SER " CAP JJ PA - .8989 
SRL KK PA 35.00 1000. 
TRL LL SE 65.00, -10.15 1.000 
CAX JJ LL 
CAS EE JJ 
RES MM SE - 204.7 
TRL NN SE 65.00 -7.229 1.000 
CAS MM NN 
PAR EE MM 
TRL FF SE 65.00 -14.60 1.000 
CAP GG PA -.9557 
CAX AA GG 
PRI AA SI 50.00 
END 

100 200 300 400 500 600 700 800 900 
END 

.61 226 17.8 126 .0200 35 .53 320 

.73 203 12.9 103 .0282 33 .32 305 

.77 192 9.23 93 .0299 33 .27 297 

CIRCUIT 
DEFINITION 

} FREQUENCY (MHz) 

.75 185 6.92 84 .0335 33 .27 295 

1 
POLAR S PARAMETERS 

.75. 179 5.15 

.78 174 4.68 

.77 167 3.34 

.77 163 3.16 
END 

.5 
10 10 1 10 
END 

FREQ. 

79 
72 
61 
56 

S11 

.0335 38 .27 300 

.0355 42 .24 300 

.0447 44 .27 285 

.0473 44 .24 290 

POLAR S-PARAMETERS 

S21 

} 

FOR TWO HH 
(TP 3400) 

OPTIMIZATION 
DATA 

IN 50.0 OHM SYSTEM 

S12 S22 
(MAGN ANGL) (MAGN ANGL) (MAGN ANGL) '(MAGN ANGL) 

100.00 0.09 -132 2.99 157.1 0.139 -10.7 0.16 149 
200.00 0.11 -140 3.14 135.2 0.139 -21.5 0.16 141 
300.00 0.13 -152 3.13 113.4 0.136 -32.7 0.11 128 
400.00 0.15 -166 3.14 89.7 0.133 -43.6 0.03 86 
500.00 0.15 166 2.94 64.2 0.128 -,..- 53.5 0.07 - 52 
600.00 0.15 140 3.15 43.9 0.126 -63.6 0;10 - 68 
700.00 0.15 99 3.18 20.0 0.1~7 -72.3 0.16 - 99 
800.00 0.20 51 2.95 - 6.8 0.128 -80.8 0.25 -120 
900.00 0.26 18 3.06 -29.3 0.128 -93.0 0.25 -125 

S21 
dB 

9.52 
9.94 
9.91 
9.94 
9.37 
9.96 

10.05 
9:38 
9.78 

Table 1 

K 
FACT. 

1.38 
1.33 
1.36 
1.38 
1.49 
1.42 
1.37 
1.34 
1.22 



TP 3400 Amplifier 40-900 MHz 

MM 

20sn 
6S.o 

9.4 :%; G :%; 10.1 dB INPUT VSWR :%; 1.8: 1 
OUTPUT VSWR :%; 1.7 : 1 

List of Components 

C1 = capacitor ceramic 2.8 pF 632 RTC 
C2 = capacitor chip 10 nF Eurofarad 
C3 = capacitor chip 8.2 pF Vitramon 
C4 = capacitor chip 2.2 pF Vitramon 
Cs, C7 = capacitor chip 1 nF Eurofarad 
C6, Cs = capacitor chip 10 nF Eurofarad 
C9 = capacitor chip 22 pF Vitramon 
CIO = capacitor chip 10 nF Eurofarad 
C II = capacitor electrolytic 25 M F 25 V 

LI = 8 turns 5/10 mm Cu ID 2.5 mm 
L2 = printed 5 nH 
L3 = printed stripline 75 ohms 11.5 mm 
L4 = printed stripline 75 ohms 11 mm 
Ls = printed stripline 75 ohms 25 mm 
F 1 = ferrite bead 1200082 TRW 

Figure 2 

R I = resistor 1 2 ohms 1/4 W carbon composition 
R2 = resistor 4.7 ohms 1/4 W carbon composition 
R3, R4 = resistor 10 ohms 1/4 W carbon composition 
Rs = resistor 8.2 kohms 1/4 W carbon composition 
R6 = resistor 240 ohms 1/4 W carbon composition 
R7 = resistor 12 ohms 1/2 W carbon composition 

T = transistor TRW TP 3400 

Board Material 

Epoxy glass (G 10) 1/16 inch ER = 4.2 

OUT 
son 

Table 2 
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C2 
IN 

r' % I 

PC Board Layout 

Epoxy glass (G 10) 

Component Layout 

Double sided 

CIRCUIT DIAGRAM 

Figure 3 

Figure 4 

Figure 5 
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APPLICATION NOTE 

35/50 WATT BROADBAND (160-240 MHz) 
PUSH-PULL 

TV AMPLIFIER BAND III 

This note describes the performance of a broadband ultra linear push pull amplifier designed for service in band III TV 
transposer~ and transmitters. 

Devices used: two TPV 375. 

Basic amplifier specifications 

IMD (1) = - 51dB 

1M D (1) = - 48 dB 

Vee = 28 volts; 

Pgain = 10 dB 

input VSWR : < 1.6 

output VSWR: < 1.5 

at Po = 35 W 
at Po = 50 W 

Total = 4.4 A 

(1) vision carrier - 8 dB, sound carrier - 7 dB, sideband signal- 16 dB. 

General deSign Consideration 

The principal aims were: 

- employ a relatively simple solution permitting us to obtain the optimal performances from TWO TPV 375. 

- simplify the design and reduce the cost. 

The main consideration was to obtain the maximum output power with the best 1M D over the band. To obtain 
this requirement the output match and losses must be the best possible in all the band. 

The second consideration was to obtain the maximum garn by reducing the input matching circuit losses to a 
minimum. 

These factors led us to choose matching circuits using quarter-wavelength transformers at the input and output 
which permit us to : 

- reduce the load and source impedances to low values with low losses 

- couple two transistors in a push pull configuration. 

Because the output and input transistor impedances are in series, due to the push-pull configuration, the required 
transformation ratio is one half of that required for a single ended stage. 

The first approach for the circuit calculation was made from the input and output impedances given in the 
TPV 375 data sheet and matched to the proper impedance levels using a smith chart. The element values were 
then optimized with the aid of «COMPACT» program. 

Amplifier Design 

The basic block diagram for the amplifier is shown in Figure 1 and the circuit schematic is shown in Figure 2. 

The input and output circuits are each composed of two networks: a quarter-wavelength transformer-balun 
and a matching network. 
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The quarter-wavelength transformer impedances have been chosen to be easily built using microstrip technology. 

Input circuit 

The input circuit is shown in Figure 3 and the input impedances are shown in Smith Chart 1. 

The low transistor input impedances are transformed into higher impedances near the real axe by capacitors FF. 

The (EE, DD) series elements and (CC, BB) parallel elements collapse the amplifier input impedances around 
8,5 O. 
Since the devices can be considered in series at this point the impedance is doubled to 17 n. The quarter
wavelength transformer balun (AA) completes the match to 50 O. 
The transformation ratio is 2.8 : 1. 

The maximum theoritical input VSWR is 1.80 : 1 and the maximum experimental VSWR is 1.60 : 1. 

Output circuit 

The output circuit is shown in Figure 4 and the output impedances on Smith Chart. II. Since the output impe
dances are higher than the input impedances, the output matching network is simpler and the quarter-wavelength 
transformer ratio is lower. 

The inductors aid the matching but primarily provide for good stability at the low frequencies, and are used 
for collector bias. The output quarter-wave-Iength transformer ratio is 1.6 : 1. 

The maximum theoritical VSWR is 1.16: 1 and the maximum experimental VSWR is 1.44 : 1. 

Amplifier Performances 

1M D versus output power: Figure 5 

Input and output return loss and VSWR = Figure 6 

Gain versus frequency: see Figure 7 

1 dB gain point compression: 70 W 

Bias conditions : Vee = 28 V; Total = 4.4 A. 

Technology and layout considerations 

The epoxy-Glass 1/16 inch (zr = 4.1) is used as board material except for the input and ouput transformers. 

The glass - Teflon 1/50 inch (zr = 2.55) is used for the transformers (see the details Figure 8). 

We have considered for a microstrip line that after W (Width) from the conductor strip edge the fields are negli
gible and we can size the ground conductor to be 3 W without perturbing the propagation. This kind of trans
former has the following characteristics: 

We can have any impedance values within realizable min-max limits. 

- The vertical dimensions are small and the mechanical realibility is good. 

- Good repeat!bility. 

The bias circuits are included with RF circuits in order to give a compact amplifier: Figures 10 and 11 show 
the layouts and the Figure 12 the physical layout of the push-pull amplifier. 

Combined pairs of push-pull Amplifiers 

- In general several push-pull amplifiers are used for the final stage of the TV transmitter amplifiers. 

They can be combined by pair with quadrature combiners (see block diagram Figure 9). 

The advantage of using this kind of coupler is that the input and output VSWR become good (> 20 dB rtn. 
loss) in comparison with the relatively high original VSWR of the push-pull amplifier. 

General Conclusions 

Pushpull techniques simplify the required circuitry and associated losses. 

The problems associated with 3 dB hybrids in cascade - insertion loss and imbalance - when four devices 
in parallel are required are minimized. 

With additional effort both the input and output VSWR could be improved to 1.2 : 1. 

Good repeatability in production without variable components being required. 
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INPUT 
50 OHMS. 

J.9K 

470 

330 

Z 41 

SO 136 

Ll 

Vee 

VeE 

so ohm 

•• 200MHZ 

P:5.5%).g 

•• 200MHZ 

3 x S.6 SW 

Vee 

PUSH-PULL CIRCUIT 

L2 

).'4 al 240 MHZ 4On. 

printed transformer 

CIRCUIT DIAGRAM 

L. = 8 turns. 10 6 mm 
I = 8 mm. wire .6 mm 
L, = 2.5 turns. 10 6 mm 
I - 10 mm. wire 1 mm 

OUTPUT 
50 OHMS. 

Figure 1 

Figure 2 



INPUT CIRCUIT 

On the smith chart the impedances are represented by : 

AA 

AA BB CC DO EE FF 

Zo L* Zo L* Zo L* 
(0) (mm) (pF) (0) (mm) (pF) (0) (mm) (~F) 

Calc. value 30 313 139 100 11.3 47 50 80.8 238 

Empirical value 30 313 100 100 15.0 47 50 82.5 200 

• L is given for e:r = 1 fa 
Figure 3 
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INPUT CIRCUIT 

IMPEDANCE COORDINA TES- 50-OHM CHARACTERISTIC IMPEDANCE 
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.. 0 

;;; p ~ ~ 

g 

GENERAL 
WilT 

SMITH CHART I 

~ 

~ 

S ~ 
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Zout 
TPV 

375 

OUPUT CIRCUIT 

On the smith chart the impedances are represented by : 

• 6 

J J ss 

AA SS 

Zo 
(nH) (n) 

Calc. value 11.7 21.6 

Empirical value 53.1 25.0 

" L is given for €r = 1 

CC 

L* Zo L" 
(mm) (n) (mm) 

37.5 33 312.5 

37.5 40 312.5 

Figure 4 
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OUTPUT CIRCUIT 

IMPEDANCE COORDINA TES- 50-OHM CHARACTERISTIC IMPEDANCE 
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IMO' I M D VE RS US OUTPUT PO WE R 

'IMD - .... Ision Lads / -sideband -16d8 

- sound - 7dB 

/ 
V 

/ PUSH· PULL TPV 375 
VeE" 28V Ie" 4.4A 
Fo ·225 MHz 

1/ 
/ 

INPUT AND OUTPUT RETURN LOSS Vs FREQUENCY 

PUSH-PULL 
VeE'" 28 V 

TPV 315 
Ie - 4.4 A 

PO 

-I----------------------+--__ ~ _ __1_ __ Frequencv (MHz) 

LOW LEVEL GAIN Vs FREQUENCY 

PUSH·PUlL 
VCE " 28 V 

TPV 375 
1('" = 4 . .:tA 

Figure 5 

Figure 6 

Figure 7 
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QUATER WAVELENGTH BALUN 

Glass-teflon· 

(er = 2.55';0") to the 
matching 
circuits 

Short 
Circuit 

epoxy-glass 

(€r = 4.1 ; 11
6

,,) 

EQUIVALENT CIRCUIT 

Ag/4 

9 w at least 

'--41~-------------""'-"" to the matching 

//71///1////1 / 

COMBINED PAIR OF PUSH-PULL AMPLIFIERS 

Quadrature 
combiner 

TPV 375 push-pull 

TPV 375 push-pull 

Quadrature 
combiner 

circuits 

Figure 8 

Figure 9 



PC BOARD LAYOUT 

Board material: epoxy-glass; 1/16 inch; Er = 4.1 

'0 .... '0 
<Il <Il <Il 

.~ § .~ Q) 
input .... 0 c.§ c. .... output ... en 

::::I c "'0 ::::I .... 
o.~ 0. en 
c- ... c 

::::I co 
0::' 

100 mm 

Figure 10 
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PC BOARD LAYOUT FOR INPUT AND OUTPUT QUATER-WAVELENGHTTRANSFORMER 

Board material: glass teflon; 1/50 inch; €r = 2.55 

output strip 
(Zo = 40) 

input strip 
(Zo = 30) 

input and output 
ground 

50 mm 

Figure 11 
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APPLICATION NOTE 

TV TRANSPOSERS BAN D IV and V 
Po .:... 0.5 W/1.0 W 

This note describes the performance of a broadband (470-860 MHz) ultra linear amplifier designed for ser
vice in band IV and V TV transposers. 
Device used: 

TPV 596. 

Basic specs: 

I.M.D. - 60 dB max. at Po = 0.5 watts 

Vce . = 20 volts; Ic = 200 rnA 

Pgain = 11.5 dB !!lin. 

The approach used is intended to be straight forward and inexpensive as follows. 

1) The load line be defined to provide the correct match for peak power (P. sync). 

2) The VSWR at the collector be less than 2 : 1. 

3) The input match be designed to provide flat gain with decreasing frequency. 

4) Use computer aided design. 

5) Use a three tone norm 

Pvision = - 8 dB 
Psound = - 7 dB 
Psideband = - 16 dB 

6) Circuit realization to be a distributed design built upon teflon glass copper clad circuit boards. However 
the design will be analized using Er = 1.0. 

The input and output impedances were taken from the TPV 596 data sheet and plotted on a smith chart. First 
consider the input. To have flat gain with an optimum collector load, the basic physics of a class « A » biased 
device defines a gain slope of - 6 dB/octave which must be compensated for. The band of interest is 470-
860 MHz which is .915 octaves which implies that 5.25 de of gain must be compensated for if the device 
is perfectly matched at 860 M Hz. This means that a transmission loss of 5.25 dB or a VSWR of 11.0 : 1 must 
be employed at 470 MHz. The input Z is converted to Y on smith chart (I). The point at 860 MHz will inter
sect the constant conductance line equal to 1.0 (20 mU) if it is rotated 0.14 A using a 20 mU (50 0) transmis
sion line. After this rotation a capacitive stub or chip capacitor is used to resonate the susceptance at 860 MHz; 
A capacitive stub or a chip capacitor equal to 16.7 pF can be used, and the result is shown on Smith chart (I). 
It is interesting to note that the VSWR vs : frequency can be adjusted for gain flatness by selecting an optimum 
Zo for the capacitive stub. It is also obvious that the locus of impedances at the circuit input can very between 
the locus of points defined by using a chip capacitor, and the imaginary axis by using a stub with Zo = 00. 
Graph (II) is a plot of these results. Because infinite isolation doesn't exist between the output and input of 
any transistor, and because the required network is very simple, the input circuit will be optimized empiri
cally. A computed aided circuit will be defined for the output only. It is also indicated that a combination chip 
capacitor and stub may provide the best results. 

The output circuit considerations were first determined using a smith chart approach. It must be clearly under: 
stood that computer optimization is only as good as the circuit configuration and associated computer ins 
tructions. 

The approach follows: 

Smith Chart (II) 

1) The device output impedances are first converted to admittances and plotted as the conjugate (Y load). 

2) In order to allow easy collector lead soldering a Zo = 50 0, 3 mm long transmission line is used. Since 
the Smith chart is normalized to 20 mU (50 0) we can rotate toward the load directly as the chart is confi
gured. 

3} Since the balance of the circuit used Yo = 10 mU (100 0) we next normalize the chart to 10 mU. 100 0 
transmission line was chosen as a good compromise between physical length requirements and ease of 
realization on Teflon Glass. 
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4) The next element. a shorted shunt transmission line less than )../4 in length reduces the imaginary part 
by moving each point of admittance along a line of constant conductance. The length was chosen to locate 
the lowest frequency point (400 M Hz) near the real axis so that the locus of points would be more equally 
distributed about a 2.0 : 1 VSWR circle. 

5) The resultant locus of points are then rotated with a 10 mn (100 n) transmission line to a degree which 
locates the admittance point of 860 MHz near the line of constant conductance equal to 2.0 on Smith 
Chart (II). This conductance is exactely equal to 20 m(") since the chart is normalized to 10 mn. 

6) The final step is to use a parallel resonant circuit which will reduce the imaginary pacts at both the upper 
and lower frequencies. 

The following approach was used to calculate the element values for the antiresonant circuit. 
By observation of the smith chart it was decided to place the 460 and 860 M Hz points on or just inside 
the 2.0 : 1 VSWR circle. 

It then follows that 

at fl = 460 MHz 

at f2 = 860 MHz 

1 
WtC--- = -0.4 

WtL 

1 
W2C---=1,7 

W2 L 

The 2 equations with 2 unknows are solved with' the following result. 
L = 0,189 nHy 
C = 496.11 pFd 

since we are normalized to 10 mn 
Lactual = 0.189/.01 nH = 18.9 nHy 
Cactual = 496.11 x 0.1 pF = 4.96 pFd 

7} The result is normalized to 20 mn with the final result shown. 

o 

Zo 10 n 50 n TPV 596 50 n 100 n 
Calc. Value 45.7 mm 3.78 mm 3 mm 76.1 mm 

Empirical Value 8.5 1.5 mm Opti- 3 mm 98.8 mm 
48.8 mm mized 

Value 

J-o I 0 

0 
0 

I 
-

100 n 100 n 
29,3 mm 4.9 pF 50.4 mm 

39.62 5.5 pF 61.6 mm 

Graph (III) shows the various VSWR calculated compared to the theoretical best curve and the actual VSWR 
measured. 

Graph (IV) shows the collector load VSWR for the calculated, optimized, and actual result. 

Graph (V) is a plot of the single ended amplifier results taken with a network analyzer. No component losses 
were considered for the theoritical and optimized analysis. The final circuit was also optimized empirically 
from 470-860 MHz using a network analyzer. 

The following results are a summary of performance, bias conditions circuit configuration and recommended 
hybrid adaptation. 
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SMITH CHART (I) 

starting Imp. 
rotated Ad m. 
final Adm. w/Chip Cap. 
final Adm. w/10 n Stub 
final Adm. w/50 n Stub 

0-'-~0 

X X 

• • G G 
A A 



CHART (II) SMITH 

• starting Ad.m. )E 

50 n rotation . 0 
100 n translation A 

uiv. shunt. Ind. G ~60 n rolallon .• 
parallel L-C 0 n translation • final Adm. 5 
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IN 

470-860 M Hz class A with TPV 596 

RFC. 
Vc..E. · lor .r~F 'C) 

"'IF 

H IJ: i 
1 '~:r v> 

tit. 
~ 
0 N ~ 0 ~ 
~ <:I 

0 
V&;AS_ T" 

];~F 
2 n F 

'fBi 1 <"r 

:r; 
SO.A 

(,~;' 

1 :ErF 
....... fOn. ~ ,-

V CE = 20 V - Ic = 220 mA 
Fo = 860 MHz - WAVELENGTH (/-9) at 860 MHz 
(material: Glass teflon e:r = 2.55 - 1/16" used by TRW) 

D--------------------
1"1.tL. 

Class A bias circuit 

O.1 r f 

~.7 "r 

I-~ 

lO~T 
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TPV 596 BROADBAND AMPLIFIER 

FREQUENCY RANGE 470 MH.z-860 MHz 

POWER OUTPUT AT : - 60 dB IMD'" ~ 0.5 W 
POWER GAIN 11.5 ~ G ~ 12.7dB 

INPUT RETURN LOSS· < - 1 dB 

OUTPUT RETURN LOSS < - 11 dB 
VOLTAGE SUPPLY 
TOTAL CURRENT 

'" 23 V (VeE 20 V) 
220 mA 

·,MD : Vision: - 8 dB; Sound carried: -7 dB; Side band: -16 dB 

RECOMMENDED CONFIGURATION 

·,NPUT RETURN LOSS: This amplifier must be used by two connected together with two 3 dB quadra
ture hybrids to have a balance amplifier with a good input VSWR. 

IN 

50U 

3 dB 
Hybrid 

*3 dB - 900 Hybrid coupler from 

- AMAREN 10264-3 
- SAGE wireline 3 dB Hybrid 4450 900 

3 dB 
Hybrid 

IMD VS OUTPUT FOR A SINGLE STAGE 
VeE = 20 V-220 rnA 

F = 860 MHz; Vision = - 8 dB; Sound Carrier = -7 dB; Sideband =-16 dB 

Pout (W) 
IMD (dB) 

0.25W' 

- 67 dB 

0.5W 
- 61 dB 

F = 860 MHz; IMD DIN 45004/B 

RL = 75 ohm~ 

1.5 V/75 ohms 
2 V/75 ohms 
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1W 
- 55 dB 
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APPLICATION NOTE 

1 W/2 W BROADBAND TV AMPLIFIER 
BAND IV and V 

This note describes the performance of a broadband (470-860 MHz) ultra linear amplifier designed for service 
in band IV and V TV transposers. 

Device used: TPV 597 

Basic specifications 

1M 0 (1) = - 60 dB at Po = 1 W 
Vee 20 V; .Ie = 440 mA 
Pgain = 11.5 dB. 

(1) Vision carrier - 8 dB, sound carrier - 7 dB, sideband signal - 16 dB. 

General design considerations 

In general to obtain a flat gain for broadband amplifiers which use .ransistors with abouL - 6 dB power gain 
variation per octave we can use two techniques: 

- feedback technique (eg emitter resistor and a negative feedback with a selective circuit between the collector 
and the base), 

or reflect the input or the output power selectivly to have an insertion loss of 6 dB per octave with 0 dB 
for the highest frequency. 
(There is also another technique which uses a selective attenuator). 

With the feedback technique we can have a good input and output match. With the second technique 
we need to reflect the input power and have a good output match in order to obtain a good IMD. It means 
the input VSWR is very high for the low frequencies. 

The second solution is simpler than the first and if we use two amplifiers connected together with 3 dB quadra
ture hybrids to have a balanced amplifier this inconvenience disappears. We have chosen for this amplifier this 
second solution. For the larger broadband amplifier (eg 170-860 MHz) this solution must be rejected and 
the only acceptable solution is to use the feedback technique. 

Amplifier design 

The first approach fer the circuit calculation was made by using the Smith Chart from the input and output 
impedances given in the TPV 597 data sheet to have, at the input, a reflected power so that the gain will be flat 
and at the output to obtain the best match possible. 

INPUT VSWR VERSUS FREQUENCY TO OBTAIN A FLAT GAIN: 

The power gain can be approximated by : 

( 
F max )2 

G~ --
F 

F max is the frequency for which power gain drops to unity. 
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The transmission loss due to the input reflection is : 

P is the reflection coefficient. 
oc=1-lpll 

To have Goc constant we must have: 

( 
F max ) 2 ( F max ) 2 

Goc =: -F [1 - I p12] = GH = ---;;:-

GH is the gain at the highest frequency used (FH) 

or Ipl '" [ 1 - (:J '] 'I' 
1 + [ 1 _ (~) 2] 1 I 2 

1 + Ipl FH 
VSWR = --- =: --------

1-lpl [(F)2]1/2 
1- 1- -

FH 

Figure 1 shows the theoritical VSWR versus frequency with an insertion loss of 0 dB (implies p = 0) for 860 MHz. 

We have defined the input circuit from the TPV 597 input impedance to have an input VSWR as close as possible 
to this curve, and have assumed that output circuit losses versus frequency is negligeable. 

After we have calculated separatly the input and the output circuits, we optimized some of the parameters by 
means of the global amplifier and the TPV 597 S-parameters, with the COMPACT Program. 

RF equivalent circuit: Figure 2 

Program: Figure 3 

Calculated gain and empirical gain: Figure 4 

Calculated and empirical input VSWR : Figure 5 

Calculated and empirical output VSWR : Figure 6 

Amplifier Performance 

1M D versus output power: Figure 7 

IMD versus frequency: Figure 7' 

Input return loss and VSWR : Figure 5 

Output return loss and VSWR : Figure 6 

Gain versus frequency: Figure 4 

Bias conditions: Vee = 20 V; Ie = 440 mA 

Technology and layout considerations 

- The glass Teflon 1/16 inch (zr = 2.55) is used as board material. This substrat is soldered to the heat sink 
to have a good contact and repeatable results. 

Figure 8 shows the circuit diagram and the bias circuit; figure 9 shows the PC board layout. 

Combined - Transistor Stage 

In many instance the power output requirements of transposers exceed the capability of a single transistor, 
which forces the designer to use combinations of transistors. They can be combined by pair with quadrature 
combiners (See figure 10). Since quadrature combiners have the ability to channel the reflected power from 
the amplifier into the fourth port of the combiner it means the input and output VSWR become very low 
(VSWR < 1.2). The power gain is reduced due to the couplers insertion loss by 0.6 dB. Coupler imbalance 
should also be taken into account as causing some 1M D degration. 
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INPUT VSWR 

1 + i1-(;JT' 
VSWR = --------

1-11-()T' 
Input VSWR 

0-. ~. --e From global amplifier and S-parameters 

A- - IJ,. -6 Empirical VSWR 

10 

5 

Frequency (MHz) 

500 &00 '00 Fit .3 00 

Figure 1 
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88 

AA~ 

AA 

pF 

Calc. value 4.5 

Empirical value 4.7 

Zo 
(0) 

Calc. value 110 

Empirical value 110 

L are given for ~r = 1. 
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RF EQUIVALENT CIRCUIT 

FOR COMPACT PROGRAM 

BB CC 

Zo L pF 
(0) (mm) 

50 32.0 29.3 

50 45.4 10.0 

GG HH 

L Zo L 
(mm) (0) (mm) 

28.4 45 14 

27.9 45 14 

DD FF 

Zo L Zo L 
(0) (mm) (0) (mm) 

25 14 50 72.2 

25 14 50 34.9 

" JJ KK 

pF Zo L pF 
(0) (mm) 

5.1 75 50 3.5 

3.9 75 38.4 3.3 

Figure 2 



COMPACT PROGRAM 

MET AA ZZ 
CAP AA PA -4.61 
TRL BS SE 50 - 41.64 
CAP CC PA - 25.39 
0ST DO PA 25 14 1 
TWftJ EE S1 50 
SST FF PA 50 - 63.43 1 CIRCUIT 

DEFINITION TRL GG SE 110 28.44 
TRL HH SE 45 14 1 
CAP II SE - 5.134 
SST JJ PA 75 49.98 
CAP KK PA - 4.129 
CAX AA KK 
PRI AA SI 50 
END 

470 500 600 
800 860 
END 

.92 176 2.38 

.91 175 2.21 

.93 171 1.80 

.93 170 1.57 

.92 169 1.40 

.91 167 1.30 
END 

.5 
o 100 1 12 
100 100 2 12 
END 

VARIABLES (-) 

(1) : 4.51899 
(2) : 32.0136 
(3) : 29.2938 
(4) : 72.2399 
(5) : 5.16145 

700 

72 
71 
63 
59 
54 
52 

(6) : 3.53445 
ERR. F. = 7.809 

.033 

.034 

.037 

.039 

.043 

.045 

1 

31 .55 -166 
33 .54 -167 
34 .56 -170 
36 .59 -168 
38 .58 -165 
40 .58 -166 

GRADIENTS 

(1) : - .894864 
(2): .704452E-01 
(3): 2.69282 
(4): .287748 
(5): 1.68585 
(6) : - .267730 

} FREQUENCY (MHz) 

POLAR S PARAMETERS 
FOR TWfij EE (TPV 597) 

~ OPTIMIZATION DATA 

HOW MANY ITERATIONS BEFORE NEXT STOP?, O' RESULTS IN FINAL ANALYSIS. 

WANT INTERMEDIATE PRINTS (YES = l' NO = O)? TYPE TWO NUMBERS: (I. J) : 0 

SEARCH INTERRUPTED, FINAL ANALYSIS FOLLOWS: 

POLAR S-PARAMETERS IN 50.0 OHM SYSTEM 

FREO. S11 S21 S12 S22 
(MAGN <ANGL) (MAGN <ANGL) (MAGN <ANGL) (MAGN <ANGL) 

470.00 0.88 < 134 3.53 < 86.3 0.049 < 45.3 0.11 < 105 
500.00 0.85 < 128 3.46 < 68.4 0.053 < 30.4 0.12 < 109 
600.00 0.75 < 92 4.19 < 12.2 0.086 <- 16.8 0.05 < 5 
700.00 0.59 < 55 4.48 < - 39.2 0.111 <- 62.2 0.19 <-127 
800.00 0.43 < 11 4.34 < - 93.2 0.133 < -109.2 0.26 < 180 
860.00 0.20 <- 44 4.08 < - 135.2 0.141 < -147.2 0.26 < 114 

S21 K 
DB FACT. 

10.97 0.75 
10.79 0.90 

f 12.45 0.78 
13.02 0.78 
12.75 0.86 
12.22 1.01 

Figure 3 

Z 64 



N 
0) 
(J'1 

GAIN VS FREQUENCY .. 
Calc. value 

.. CC:::::::. __ J. 

. - ~.-.-~ 

11 dB ._.~." ~ • 

10 dB 

-1 

TPV 597 SINGLE STAGE 

Vee = 20 V Ie = 440 rnA 

5 dB Joo. 

~ -1 

o .... 
"\f__ ________________ --'--------"II 

'TI 
c.Q' 

~ 700 800 860 MHz 
Frequency (MHz) 

500 600 470 

c 
a; 
~ 



co 
"C 
L!) 

I 
I 
I 

/ 

/ 
/ 

( I 

I / 
I I 

1/ 

<l) 

:J 
co 
> 
co 
.g 
"a. 
E 
w 

/' 

/" 
/' 

co 
"C 
o 

<l) 

:J 
co 
> 

Figure 5 

>
u 
c 
<l) 

:J 
0" 
<l) 

tt 

Z66 



N 
a> 
~ 

." 
cO· 
c 
(; 
CJ) 

OdB 

-5dB 

-10dB 

-15 dB 

OUTPUT RETURN LOSS OUTPUT VSWR 

I 

TPV 597 SINGLE STAGE 

'( J 3.5 

VeE = 20 V Ie = 440 rnA 

r--------------------"( 11.9 

-- . ..--. 
• _. -A--- _. _.4- ~Calc. value --

It//': j 1.44 

~ , 

f\--'~' , / r::- Empirical value 
- 20 dB. \ / -y . 1 22 \ , r . 

\ . / 
\ \ ' 
\ ''''--, / ......... ---"'-- / 
\ "'-. / " ,/' -, / 
\ l~ ", ///', I 
\ I ~:--" \ I j 
-\ 7' 7 I \ ( 1.12 
\ / '-..., --·A \ I 
\ \ / 

\ / \ /' 
\ I \ I 

\ I ' I i \ I \ ,.. 
I J 1 \ f 
\ I \ 1'1 
\ I \ ) 
,I \ I 

-25dB 

-30 dB 

L_-,' i I Frequency (MHz) 
ann aan I.JlU_ 



.MD VS PEAK· SYNCH OUTPUT 

TPV 597 Single Stage 

IMD (dB) 

55 +--------------------r-------------------r----------------~~ 

60 

VISION CARRIER - 8 dB 

SOUND CARRIER - 7 de 
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DIAGRAM CIRCUIT 

Lengths are given at F 0 = 860 MHz (I-g = __ 3_.1_0_8_) 
Fo~ 

Glass teflon Er = 2.55 1/16" used by TRW. 

Vee VeE 

4.7 

2N 2904 

VSIAS 

330 

CLASS A BIAS CIRCUIT 

Figure 8 
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PC BOARD LAYOUT 

Roard material: Glass Teflon; 1/16 inch; E: r = 2.55 

INPUT -----.. -OUTPUT 

50 mm 

Figure 9 

TWO BROADBAND AMPLIFIERS COMBINED WITH QUADRATURE COMBINERS 

input 
(low VSWR) 

50 n 

771 

Quadrature 

combiner 

TPV 597 amplifier 

High 

VSWR 

High 

VSWR 

TPV 597 amplifier 

Quadrature 

combiner 

The 3 dB quadrature combiners can be supplied by : 

- ANAREN (10 264-3) 
- SAGE wireline (4450900) 

output 
(low VSWR) 

Figure 10 



APPLICATION NOTE 

470-860 MHz 
BROADBAND AMPLIFIER 

5W 

5 W UHF TV TRANSPOSER AMPLIFIER 
WITH TWO TPV 593 TRANSISTORS 
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INTRODUCTION 

This application note describes an ultralinear broadband (470-860 MHz) a.nplifier, developed for TV 
transposer applications. The amplifier incorporates two TPV 593 transistors. 

Each transistor is used to build a separate broadband amplifier. The two identical amplifiers are later 
combined with 3 dB hybrids. 

The TPV 593 transistor has been developed for TV class A application. It incorporates gold metallization 
and diffused ballast resistors for ruggedness and linearity. Its DC current consumption is very low and 
makes it a good candidate for solar cell powered systems. Its basic specifications are: 

Vee = 25 V Ie = 450 mA 

G = 9 dB at 860 MHz 

IMD = - 60 dB at 860 MHz and 2 W output 

The S parameters of the TPV 593 are given in the table below. 

POLAR S-PARAMETERS IN 50.0 OHM SYSTEM 

FREQ. S11 S21 S12 S22 S21 K 
(MAGN ANGL) (MAGN ANGL) (MAGN ANGL) (MAGN ANGL) dB FACT· 

470.00 0.93 170 1.50 63.0 0.040 50.0 0.55 -166 3.52 1.01 . 
650.00 0.93 165 1.06 50.0 0.050 54.0 0.60 -169 0.51 1.04 
860.00 0.92 162 0.79 38.0 0.056 54.0 0.65 -169 - 2.00 1.15 

POLAR COORDINATES OF SIMULTANEOUS CONJUGATE MATCH 

F SOURCE REFL. COEFF. LOAD REFL. COEFF. Gmax 
MHz MAGN. ANGLE MAGN. ANGLE dB 

470.0 0.99 -173 0.91 124 15.23 
650.0 0.97 -168 0.83 134 12.01 
860.0 0.95 -165 0.79 146 9.16 
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DESIGN CONSIDERATIONS 

Two identical single transistor class A amplifiers will be combined with 3 dB couplers. First the design 
of a single amplifier will be considered. 

From the analysis of the variation of the TPV 593 S21 parameter with the frequency it may be seen that 
there is a difference of 5.52 dB between 470 and 860 MHz. If a flat gain is required this gain slope has 
to be compensated. The compensation can be implemented in two ways: 

a) By placing a selective attenuator at the input of the transistor amplifier, with an insertion loss mini
mum at 860 MHz and wich increases to 5.52 dB at 470 MHz. The insertion loss increase should 
compensate the transistor gain slope. 

b) By selective mistmatch at the input of the transistor. The input circuit will provide impedance mat
ching at 860 MHz, in order to get a gain as close as possible to the GA max. Frequency dependent 
mistmatch will compensate the gain slope. At 470 M Hz a VSWR as high as 11 : I will be necessary. 
It has been proved that impedance mistmatch at the base terminal of a transistor power amplifier do 
not modify the linearity behaviour of the device. 

As it was decided to combine two amplifiers with 3 dB couplers the method b) was selected. 50 ohms 
3 dB hybrid couplers when used with two identical loads provide a good VSWR at the common termi
nal even if the loads differ from 50 ohms. The reflected energy is dissipated as the 50 ohms load connec
ted to the fourth terminal of the coupler. The coupler behaves as a selective attenuator. Figure 1 shows 
the amplifier arrangement. The use of a 3 dB coupler to split the input signal makes almost compulsory 
the use of the same type of circuit at the output. 

IN 

SAGE 
WIRELINE 

3dB Hybri d 

1=70 mm 

Figure 1 

The amplifier must be as linear as possible over the complete UHF band. A transistor power amplifier 
usually requires impedance matching at the collector side for optimum intermodulation. Therefore the 
output circuitry has been designed for impedance matching all over the bands IV and V. 
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COMPONENTS PART LIST 

L, 65 line 11 % g at 860 MHz 
L2 50 line 1.5 % g at 860 MHz 
L3 50 line 17 % g at 860 MHz 
L4 7 turns 10 2 mm - Closely Wound - wire 5 mm -Ls = 10 mr; : 5 mm wire 1 mm 

C,-Cs = Variable Airtronic AT 7275, .8-4.5 pF 
C2 6.8 pF ATC 100A 
C3-C4 = 10 pF ATC 100A 
CS-C7 = 1 nF + 10 nF + 1 p. + 1 ~ p.F 

Board Material: 1116" Teflon Fiberglass 

IN 
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CIRCUIT DESCRIPTION 

The circuit of a simple amplifier is given in 
Figure 2. 

Vsupply 

c 

Class a Bias Circuit 

4,4D. 2 W 

Figure 3 

Figure 2 

r-----.-----~----~~------.vc£ 

L3 ~ 1nF 
r--4---~-__.; ~I OUT 

C5 I' /I. 

The input circuit consist of a three section 
low pass type matching network. To mini
mize power losses all the inpedance trans
formations are made at a low Q level. 
Variable capacitor C, is adjusted for opti
mum VSWR at 860 MHz. The tuning is 
straight forward and only a small retouch 
is necessary after the collector tuning. 

The very constant S22 of the TPV 593 
transistor makes extremely simple to 
match the collector to a 50 ohms load. La 
tunes the output capacitance of the device 
and is determinant for good matching at 
the low end of the band. Only one low pass 
section is necessary. Capacitor C5 , var'la
ble, allows a good shaping of the output 
VSWR. Collector tuning should be done 
after tuning the input. 

The bias control circuitry is classical and is 
given in figure 3. 



CONSTRUCTIONAl. DETAIl.S 

The printing circuit board lay-out of the complete amplifier is given in figure 4. Considerate attention 
should be paid to the ground returns. Platted through holes have been used to ensure low emitter induc
tance. Wrapped foils ensure proper grounding of parallel capacitors and connectors. 
The couplers have been made with parallel wire cable. 
This solution is as inexpensive as straigh forward. 

IN 

NWWIReturn ground 

Figure 4 

77R 



GAIN ---t-~ Return loss 

-:;7- ,,~-
/ " r..,. 

9dB 

... I ~~II+ 
I 

1 i 
i I i 

- 10 dB 

B 

Pref =4W I 
-----r--

I I 

I 

: 

-+ ! 
! I 

! 
-t \~\,~, - ----~ --
I 1', ~ l»" ....... ~+ 

-r--+ ........ ft., ,:f;~ 
- 20 dB 

! I " I ... " 

5{ 0 600 700 800 860 MH z 

Figure 5 . 

JMD 

-~dB 
! 

I 

i 

Pref= 6 W ..... ~+ 

l/ --~ -l .............. i 

Fref =4W ./"" 

-~--- 1'-' -~ l/ 
-60 

-70 

I-------

500 600 700 800 860 MHz 

Figure 6 

Z 77 



Output Power vs Input Power 
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MEASUREMENTS 

The measurements results have been summarized in table. 2. 
Figure 5 shows the frequency response of the amplifier as well as the input and output match. Figure 6 
~isplay~ the linearity (IMD test; - 8. -16. - 7 dB) of the amplifier. Static transfer curves are given 
In the figure 7 that shows also the vision to sound cross modulation of the amplifier. 

TABLE 2 

TYPICAL RESULTS 

BANDWIDTH 470 - 860 MHz 

GAIN 8.7 dB min. 

1M D' at - 4 W 58 dB 
- 5 W 56 dB 

INPUT RETURN LOSS 16 dB 

OUTPUT RETURN LOSS 17 dB 

BIAS CONDITIONS VCE = 25 V ; Ic = 2 x 450 mA 

• IMD : SOUND 

VISION 

SIDEBAND 

REF. 

REF. 

REF. 

7 dB 

8 dB 

16 dB 

CONCLUSION 

A high performance amplifier has been described as an example of the possibilities offered to the desi
gner by the TPV 593. In particular the amplifier combines excellent frequency response and linearity 
with high efficient use of the DC power. This circuit may be of interest for output stages of low power 
TV transposers or drivers of higher power units. 
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APPLICATION NOTE ... ~.-. 
. "'"'' 

LINEAR RF POWER MODULE 
FOR 50 WATTS UHF TV AMPLIFIER 

The TPVA 5060 is a high performance power amplifier which should prove invaluable in 
the design of TV transposers and transmitters. 

The basic characteristics of this unit are: 

• 65 watts output at the 1 dB gain compression point from 470 to 860 MHz. 

• Small signal gain of 17 dB minimum. 

• IMD products ~ - 51 dB at 50 W (- 8 : - 10: - 16) 

• Cross modulation: 20 % typical at 50 W 

• Small size. 

Giving precise details for DC supply and cooling, this application note sets out to simplify 
the installation of the module and to ensure its optimal performance. 
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I. -I PRESENTATION 

. With the aid of 3 dB couplers, the TPV A 5060 com
, bines two separate amplifiers. As well as doubling 

the output power, this concept has the advantage 
of ensuring a reduced output in the unlikely event 
of failure of one of the channels. 

CD 

II 

BD 

I 
Figure 1 

M.N : Matching Network 

II. - BIASING THE TPVA 5060 

11.1 - Introduction 

The TPVA 5060 is a linear power module having: 
• 50 ohms SMA connectors for RF input and 
output 
• 2 DC connectors for supplies. 

Fig. 1 : shows the circuit of one amplifier channel. 
It can be seen that each amplifier stage is itself a 
class A amplifier in push-pull configuration . 
It is with this weN known concept that broadband 
operation and high degree of linearity may be 
achieved. 

BF 

The biasing circuits which we shall call BC 1 and BC2 
feed the driver and final stage respectively. (See 
fig. 2) 
They have been chosen for their reliability, simpli
city and low cost but more sophisticated circuits 
could be used. 
This module incorporates the RF and low frequency 
decoupling circuits. 

IN~T~---------I-~-----~--------~ 

Figure 2 

11.2 - BC1 and BC2 description 

This para gives some details of suggested circuits 
for BC1 and BC2. 

11.2.1 - Theory of operation 
• BC 1 and BC2 are current generators biasing the 
driver and final stages in class A. (Fig. 3) 
• They also ensure the' stability of the RF transis
tors quiescent currents versus temperature. 
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VlUpply 

• Potentiometers P1 and P2 allow bias current 
adjustment. 
• Collectors voltages and currents can be checked 
on test points TP1 and TP2 with an electronic 
millivoltmeter. 

11.2.2 - Electrical circuit - Components list 
- PCB Layout 
Fig. 3 et 4. 



ELECTRICAL 
CIRCUIT 

Figure 3 

+ V Supply 

BO or BF ---iW 

R4 

.........,~--.... --~ CO or CF 

T1 

BO or BF 

C1 

+ V Supply 

- (GNO) 

P.C. BOARD 
LAYOUT 

Figure 4 

Ref. : TRW B 5060 

or CF - V Supply (GNO) 

Four circuits are requested for one TPVA 5060 (2 circuits BC 1 for driver) 
(2 circuits BC2 for final) 

C1 

C2 

R1 

R2 

R3 

R4 

R5 

D"\ 

T1 

Electrolytic capacitor 

Ceramic capacitor 

Resistor 1/4 W 5 % 

Resistor 1/4 W 5 % 

Resistor 1 W 5 % 

Resistor • 6 W 1 % 

Resistor 1/4 W 5 % 

Diode 

Transistor 

COMPONENTS LIST 

100 MF/40 volts 

1000 pF 

47 ohms 

1000 ohms 

47 ohms 

0.4 7 ohms {(2 parallel resistors each 0.47} 
on BC2 final circuits) 

47 ohms 

1 N 4148 

BO 136 with heatsink 
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rrr. - OPERATING INSTRUCTIONS 

III. 1 - Precautions 

Before switching on be sure that: 
- The heatsink used to evacuate the heat gene

rated by the module is large enough to maintain a 
temperature below 70°C on the module tempera
ture test point. 

- RF input and output are terminated with a 
50 ohms load. 

- The power supply has been « current limited » 
to 12 amperes. 

- There is no RF input. 
- BC 1 and BC2 have been tested. 

The following test circuit can be used to « pre-test » 
each bias circuit and to « pre-set » potentiometer 
P1 and P2. (Fig. 5) 

...------G Vsupply 

Figure 5 

P1 
or 
P2 

1--
_I _T ___ -I 

111.2 - Measuring voltages and currents across 
the module 

• All voltage measurements use the base plate as 
reference. 
• Measuring leD (Collector Current of the Driver) 
and IeF (Collector Current of the Final) : 
If R3 and R4 of BC 1 and BC2 have a tolerance of 
1 % : 

leD (A) 

ICF (A) 

V (volts) across R4 (m 

R4 (m 

V (volts) across R3 (m 
R3 (m 

• Voltage supply is a function of the collector vol
tage and the collector current. 

- V. supply to BC 1 = VCD + (R3 x leD) 
Example: 

If VCD = 26 volts; ICD = 1.7A; R3 = 0.47 ohms 
V. supply to BC1 = 26.8 volts 

- V. supply to BC2 = VCF + (R4 x ICF) 
Example: 

If FVF = 26 volts; IcF = 3.6A ; R4 = 0.235 ohms 
V. supply to BC2 = 26.5 volts. 

111.3 - Switching on 

• Apply first a voltage supply of + 5V and check 
the following voltages and currents : 
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TP1 or TP2 

T LOW FREQUENCY POWER TRANSISTOR 
(2N 3055 + HEATSINK) 

For BC1 : VCD 
180 mA 
For BC2: VCF 
300 mA 

5 V; VBD 

5 V; VBF 

0.8 V; leD 

0.8 V; IeF 

• Then increase voltage supply : 
adjust P1 of BC 1 to vary ICDl or IcD2 

- adjust P2 of BC2 to vary ICFl or ICF2 

• Following typical values are given below: 
VCD 5 V VBD 0.8 V ICD 180 mA 
VCD 10 V VBD 0.9 V ICD 500 mA 
VCD 20 V VBD 1.0 V ICD 1.25 A 
VCD 26 V VBD 1.1 V ICD 1.7 A 
VCD max = 26 volts, VBD max == 1.3 volts, ICD 
max 1.8 A 

VCF 5V VBF 0.8 V 
VCF 10 V VBF 0.9 V 
VCF 20 V VBF 1.1 V 
VCF 26 V VBF 1 .2 V 
VCF max = 26 volts, VSF max = 
= 3.7 A 

ICF 300 mA 
Ic:F 950 mA 
IcF 2.5 A 
IcF 3.6 A 

1 .4 volts, ICF max 

111.4 - Recommended biasing conditions 

VCD = 26 volts; leD = 1.7 A 
VCF = 26 volts; IcF = 3.6 A 
These biasing conditions have been chosen to give 
optimum RF performance (see specification) and 
ensure high reliability. 



IV. - COOLING THE TPVA 5060 

The user must take into consideration that, without 
RF drive, 280 W flows from the amplifier base plate. 
This implies that caution should be taken with ther
mal design so that the junction temperature does 
not exceed a prohibitive value. 

Taking into account all thermal resistance encoun
tered between the junction of the transistors and 
the base plate of the amplifier (junction-flange, 
flange-base plate, heat diffusion in the base plate), 
we do not advise exceeding a temperature of 70°C 
at the reference point (T) defined in the figure 9. 
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Note that the optimal torque of the steel screws is 
25 kg/cm. 
Please refer to the graph below to make an estl-

mate of the MTTF versus the flange temperature. 
(Fig. 6) 

MEAN TIME TO FAILURE ON ACTIVE 
AREAS METALLIZATION 

10 20 30 40 50 60 70 80 
BASE PLATE TEMPERATURE (Oel 

Figure 6 

However, the user may meet rather severe environ
mental conditions when the ambient temperature 
goes up to 50°C. 
The rise in temperature allowed at the reference 
point is then 20 °C. 
A conventional air-air exchanger is not sufficient to 
achieve this low temperature rise under realistic con-

TPVA50BO 

ditions of overall dimensions and air flow. 
So we suggest the use of an aluminium heatsink, 
with base plate of 1 50 mm x 1 20 mm x 5 mm 
with 42 brazed finns of 3.5 cm eight, 0.035 cm 
thickness. 
This will ensure a temperature rise of 20°C when 
the air flow is 43 I/s at sea level. (Fig. 7) 

TPVA 5060 

L 150 mm 
Figure 7 

The size of this type of heatsink is relatively small. 
Typical blower (characteristics at 50 Hz) : 
Nominal speed : 2 800 rpm 
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Maximum flow at 0 static pressure : 80 I/s 
Maximum static pressure : 32 mm H20 
Static pressure at 43 I/s : 22 mm H20 



Another configuration using helicoidal blower gives only 17°C temperature rise at sea level. (Fig. 8). 

TPVA 5060 

Figure 8 

Typical blower (50 Hz) 
Nominal speed: 2 850 r.p.m. 
Maximal flow at 0 mm H20 Static pressure 
401/s 
Maximal static pressure: 28 mm H20 
Static pressure at 100 I/s : 12 mm H20 

The user must however consider that the air 
density decreases according to the altitude 
i.e. : 

e = eo( Po - 80 h x 
P 

To ) 
To - 7,5 h 

Po = pressure at sea level (760 mmHg) 
To = initial temperature 
h = altitude (km) 

) 
) AIR FLOW 

So, at 2000 m altitude, we obtain 
e = eo x 0,828 
However, under the same conditions, it must 
be remembered that temperature at altitude is 
not so high as it would be at sea level. 
It is considered that for 50°C ambient at sea 
level, the temperature does not exceed 35 °C 
at an altitude of 2000 m. 
Finally, if the available air is not filtered pro
perly, it could obstruct the heatsink after a 
few hours. 
The user will have to take this fact into consi
deration. 

TRW composants electroniques consider the 
results that follow are typical and therefore 
they will not be taken in any case as contrac
tual. 
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APPLICATION NOTE 

MATCH IMPEDANCES 
IN MICROWAVE AMPLIFIERS 

and you're on the way to successful solid-state designs. 

Here's how to analyze input/output factors and to create a practical 

design. 

The key to successful solid-state microwave 
power-amplifier design is impedance matching. 

In any high-frequency power-amplifier de
sign, improper impedance matching will degrade 
stability and reduce circuit efficiency. At micro
wave frequencies, this consideration is even more 
critical, since the transistor's bond-wire induc
tance and base-to-collector capacitance become 
significant elements in input/output impedance 
network design. 

In selecting a suitable transistor, therefore, 
keep in mind that the input and output imped
ances are critical along with power output, gain 
and efficiency. 

Unless the selected transistor is used at fre
quencies that are much lower than the maximum 
operating frequency, the input impedance is 
largely inductive with a small real part. The 
large inductance is due to bond wires that con
nect the transistor chip to the input lead of the 
package and to the common-element bond wires. 
The small real part of the input impedance is due 
to the large geometries required to generate high 
power at high frequencies; the base bulk resist
ance may be the predominant part of the real 
input impedance. 

Use microstrip stubs at input network 

The first and most important step in designing 
the input matching network for the selected de
vice is to provide a shunt capacitance that will 
resonate the inductive component of the input 
impedance. This step forms the low-pass match
ing section of the network and should p,rovide 
the smallest possible transformed impedance. To 
minimize the inductive component, the input and 
common-element lead lengths must be kept short. 

The resonating capacitance is generally best 
provided by a microstrip stub. In some cases the 
stub producing the required capacitance is so 
large that a practical circuit size cannot be 
realized. It is best then to distribute as much of 

Roger DeBloois, Senior Applications Engineer, TRW 
Semiconductors, Lawndale, Calif. 90260. 

1. In this output equivalent circuit, capacitance COUT 
is almost equal to the selected transistor's collector· 
to· base capacitance Cob' 

this capacitance as is physically practical and to 
provide the balance with high-quality chip ca
pacitors. 

The first section of the impedance matching 
network is extremely important because it can 
degrade the stability of the amplifier if it is not 
well designed. Depending on the design frequency 
of the amplifier and the transistor selected, the 
resonated real impedance can range from less 
than 50 n to much higher. When it is below 50 n, 
an additional low-pass matching section can be 
conveniently added to achieve the required 50...{1 
impedance at the input. 

The higher-impedance case presents a special 
problem if microstrip techniques are used to 
build the matching network. The problem occurs 
because the resonated impedance may be as high 
as 300 n. Reducing this to 50 n by use of a low
pass network configuration requires a series
transmission line that will behave as an inductor. 
The rule of thumb is that the characteristic im
pedance of the transmission line must be at least 
twice the higher impedance before such behavior e 
results. Examination of the accompanying table 
shows that characteristic impedance lines of great-
er than 100 n are very narrow. Narrow trans
mission lines (less than O.Ol-inch wide) should 
be avoided wherever possible, because repeatabil-
ity of width dimensions is poor. Also, the loss in 
a narrow line may become excessive. A better 
solution is to use a quarter-wave transmission-
line transformer with a characteristic impedance 
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equal to the square root of the 50-D. impedance 
product: Zo = V 50 ZR. 

Make output bandwidth wider than input 

The output impedance of a microwave power 
transistor is usually defined as the conj ugate of 
the load impedance required to achieve the de
vice performance. A typical output equivalent cir
cuit is shown in Fig. 1. The capacitance COlit is 
nearly equal to the collector-base capacitance COh 

specified for the selected transistor. Lc' is the 
inductance of the bond wires used to bridge from 
the collector metallization area to the package 
output lead, and Lcom represents the inductive 
effects of the common element bond wires. 

For correct operation of the transistor, the 
ultimate load impedance must be transformed to 
a real impedance across the current generator. 
This real impedance is determined by 

R- [Vee - Vee (sat)] 2 

L - 2P
out 

The load impedance presented to the package 
terminals will contain the real impedance at the 
current generator, transformed toa lower value 
by the low-pass L section formed by Cout and the 
parasitic inductances Lc and Lc<>m. Usually the 
reactive part of the load impedance is made in
ductive to tune out the residual capacitance of 
the device. 

The output matching network should be de
signed so it has greater bandwidth than the in
put matching network. Providing a good collector 
match, both above and below the design frequen
cy, ensures that the input power will be reflected 
before the collector VSWR rises to values that 
endanger the transistor. In this way the tran
sistor is protected from off-frequency operation. 
The amount of additional bandwidth required for 
protection of the transistor depends on the rug
gedness of the transistor used. The manufac
turer's specifications for VSWR tolerance and 
input Q can be a guide for determining the band
width requirements of the input matching net
work. 

One technique for obtaining the required band
width is to resonate a portion of the capacitive 

zag 

2. With this typical microwave amplifier breadboard lay· 
out, the entire board can be soldered to a metal plate 
to provide a path for thermal cooling. 

reactance of the transistor output impedance 
with a shunt inductor. The shunt inductor can 
also be used to feed the collector supply voltage 
to the transistor. Additional transformation may 
be obtained from a low-pass matching section. 
By adjusting the amount of shunt inductance 
and rematching with the low-pass section, the 
designer can create a truly broadband output 
match. 

Don't overlook base and collector paths 

In addition to matching the device impedances, 
direct-current paths must be provided to the base 
and collector of the transistor. The collector path 
is provided by the shorted stub in the imped
ance-matching network. The base path requires 
the addition of a choke from the base to ground. 
The choke can be a lumped element or a distribu
ted shorted stub of sufficient impedance to be 
negligible in the circuit. A quarter-wavelength 
stub is ideal. The narrowest practical line should 
be selected. In addition a dc blocking capacitor 
is required in the collector circuit. Also needed is 
a bypass capacitor to provide the proper ac 
shorting point for the inductive stub in the col-



Microstrip Zo and velocity factor vs width-to-height (W IH) ratio. 
(Prepared by Don Schulz, Applications Engineer, TRW) 

Air Teflon Epoxy Alumina 
K = 1.0 K = 2.55 K = 4.25 K == 9.6 

W/H Zo Vp Z; Vp Zo Vp Z. Vp 

0.630 168.425 1.000 110.683 0.657 87.986 0.522 60.977 0.362 

0.695 161.878 1.000 106.258 0.656 84.414 0.521 58.441 0.361 

0.766 155.370 1.000 101.865 0.656 80.870 0.521 55.927 0.360 

0.844 148.909 1.000 97.509 0.655 77.360 0.520 53.440 0.359 

0.931 142.506 1.000 93.199 0.654 73.888 0.518 50.985 0.358 

1.026 136.171 1.000 88.941 0.653 70.463 0.517 48.566 0.357 

1.131 129.916 1.000 84.745 0.652 67.090 0.516 46.187 0.356 

1.247 123.753 1.000 80.616 0.651 63.775 0.515 43.853 0.354 

1.375 117.692 1.000 76.565 0.651 60.524 0.514 41.568 0.353 

1.516 111.746 1.000 72.597 0.650 57.345 0.513 39.337 0.352 

1.672 105.926 1.000 68.721 0.649 54.243 0.512 37.164 0.351 

1.843 100.242 1.000 64.944 0.648 ) 51.223 0.511 35.053 0.350 

2.032 94.706 1.000 61.273 0.647 48.291 0.510 33.007 0.349 

2.240 89.327 1.000 57.714 0.646 45.451 0.509 31.030 0.347 

2.470 84.115 1.000 54.271 0.645 42.709 0.508 29.123 0.346 

2.723 79.076 1.000 50.951 0.644 40.066 0.507 27.289 0.345 

3.002 74.218 1.000 47.757 0.643 37.527 0.506 25.531 0.344 

3.310 69.546 1.000 44.692 0.643 35.094 0.505 23.849 0.343 

3.649 65.065 1.000 41.759 0.642 32.768 0.504 22.244 0.342 

4.023 60.779 1.000 38.959 0.641 30.550 0.503 20.716 0.341 

4.435 56.689 1.000 36.292 0.640 28.440 0.502 19.266 0.340 

4.890 52.796 1.000 33.760 0.639 26.439 0.501 17.892 0.339 

5.391 49.100 1.000 31.360 0.639 24.544 0.500 16.594 0.338 

5.944 45.600 1.000 29.091 0.638 22.755 0.499 15.370 0.337 

6.553 42.291 1.000 26.952 0.637 21.069 0.498 14.218 0.336 

7.224 39.173 1.000 24.938 0.637 19.485 0.497 13.138 0.335 

7.965 36.233 1.000 23.047 0.636 17.998 0.497 12.125 0.335 

8.781 33.484 1.000 21.275 0.635 16.606 0.496 11.179 0.334 

9.681 30.904 1.000 19.618 0.635 15.305 0.495 10.295 0.333 

10.674 28.491 1.000 18.071 0.634 14.091 0.495 9.472 0.332 

11.768 26.240 1.000 16.629 0.634 12.961 0.494 8.707 0.332 

12.974 24.143 1.000 15.288 0.633 11.911 0.493 7.996 0.331 

14.304 22.192 1.000 14.043 0.633 10.937 0.493 7.338 0.331 

15.770 20.381 1.000 12.888 0.632 10.033 0.492 6.728 0.330 

17.387 18.702 1.000 11.818 0.632 9.198 0.492 6.164 0.330 

19.169 17.148 1.000 10.830 0.632 8.425 0.491 5.644 0.329 

21.133 15.172 1.000 9.917 0.631 7.713 0.491 5.164 0.329 

23.300 14.385 1.000 9.074 0.631 7.056 0.490 4.722 0.328 

25.688 13.162 1.000 8.299 0.630 6.451 0.490 4.315 0.328 
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Table continued 

Air Teflon Epoxy Alumina 
K - 1.0 K "'" 2.55 K == 4.25 K == 9.6 

W/H Zo Vp Zo 

28.321 12.036 1.000 7.585 

31.224 10.999 1.000 6.929 

34]424 10.047 1.000 6.326 

37:953 9.172 1.000 5.773 

41;843 8.370 1.000 5.266 

·46;132 7.634 1.000 4.801 

50.860 6.960 1.000 4.376 

56.073 6.343 1.000 3.987 

61.821 5.779 1.000 3.632 

68.157 5.264 1.000 3.307 

75.144 4.792 1.000 3.010 

82.846 4.362 1.000 2.739 

91.337 3.969 1.000 2.492 

100.700 3.611 1.000 2.267 

lector-matching network. 
Selection of a blocking capacitor is relatively 

straightforward. The capacitor should be chosen 
to provide low loss at the operating frequency 
while maintaining the capacitance at a value 
that inhibits low-frequency oscillation. The latter 
is caused by the series capacitor's tendency to 
display rising reactance with decreasing fre
quency. 

Blocking capacitors must be large enough to 
preserve coupling characteristics down to a fre
quency where the shunt-feed chokes can effec
tively short the respective port to ground. Cou
pling capacitors should not be excessively large, 
or they may produce as much as I-dB loss in 
gain with a corresponding decrease in efficiency 
in the case of collector coupling capacitors. The 
Q of the coupling capacitor determines the ac
ceptable range of capacitance values and is gen
erally inversely related to capacitance. 

Bypass capacitors are selected by analysis of 
the same considerations as those for blocking 
capacitors. A large bypass capacitor (tantalum 
or electrolytic), placed from the dc feedpoint to 
ground, prevents tendencies toward low-frequen
cy oscillation in the circuit. Also, it may be neces
sary to add smaller bypass capacitors to preserve 
stability over a wide range of frequencies. 

Adjust for bandwidth and physical dimensions 

The circuit design may be adjusted quickly for 
bandwidth requirements through use of a com
puter optimization program such as Magic, of-

Z 91 

Vp Zo Vp Zo Vp 

0.630 5.894 0.490 3.942 0.327 

0.630' 5.383 0.489 3.598 0.327 

0.630 4.914 0.489 3.284 0.327 

0.629 4.483 0:489 2.995 0.327 

0.629 4.089 0.489 2.731 0.326 

'0.629 3.727 0.488 2.489 0.326 

0.629 3.397 0.488 2.267 0.326 

0.629 3.09.4 0.488 2.065 0.326 

0.628 2.818 0.488 1.880 0.325 

0.628 2.566 0.487 1.711 0.325 

0.628 2.335 0.487 1.557 0.325 

0.628 2.125 0.487 1.417 0.325 

0.628 1.933 0.487 1.289 0.325 

0.628 1.758 0.487 1.172 0.324 

fered by University Computing of Dallas, Tex. 
When that step is finished, electrical dimensions 
must be converted to physical dimemdons. 

At this point in the design sequence, the di
electric material must be chosen. Three common
ly used materials are Teflon fiberglass, epoxy 
fiberglass and alumina. Above 500 MHz, epoxy 
fiberglass exhibits too many losses to be a good 
choice. Teflon fiberglass can be used up to sever
al gigahertz; it has reasonable dielectric losses 
and is easy to process. Alumina: a ceramic, offers 
a' high dielectric constant, good dimensional con
sistency and small circuit geometry. 

When plastic materials are used, it's a good 
practice to measure the material thickness and 
dielectric constant, because variations are com
mon. In a recent test the dielectric constant of a 
sheet of epoxy fiberglass material was measured 
at 4.55 at 1 MHz and 4.25 at 500 MHz. If the 
manufacturer's value of 5.5 had been used for 
the design of matching networks, considerable 
error would have resulted. 

The physical dimensions of the matching cir
cuitry may be calculated from the data in the 
table. The line lengths are scaled by the velocity 
factor, which is equal to Z,,/Zn'ilir) in air for a 
constant width-to-height ratio, W fR. 

The final aesign of a typical breadboard micro
wave amplifier is shown in Fig. 2. The ground 
areas on the top of the board are connected to 
the microstrip ground plane by 2-mil-thick foil 
wrapped around the edges of the board and the 
areas directly under the emitter leads of the 
transistor. The foil is secured to the top and bot-



3. The immittance chart, with values specified for the 
design example, indicates the necessary inductive and 

tom surfaces with solder. Plating may be used 
for production units. The entire board can be 
soldered to a metal plate to allow connector 
mounting and to provide a thermal path for the 
heat generated by the transistor. 

The initial tune-up of the amplifier matching 
circuits can be expedited by use of a network 
analyzer and a precision load on the input or 
output connector. The circuit can be adjusted to 
match the nominal impedances supplied by the 
transistor manufacturer. Distributed stubs are 
purposely made longer than necessary and are 
adjusted to the correct length by trimming of the 

capacitive stubs. Impedance transformations are achiev· 
ed by 50·fl series-transmission lines. 

foil 011 the capacitive stubs. The inductive stub 
in the output netwot"k is adjusted by positioning 
of the bypass capacitor along the stub and the 
adjacent ground plane. e 

This procedure results in a load line that is .liliiii 

fairly close to optimum. A transistor can now 
be inserted in the circuit and the collector match-
ing network readjusted for maximum collector 
efficiency. Stub tuners are used to match the 
amplifier input impedance, so that only one vari-
able at a time need be considered. Initially it 
may be necessary to operate the transistor at re-
duced collector voltage and power output to avoid 
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excessive stress. When maximum efficiency is 
O'btained, the stub tune~ is remO'ved and the in
put netwO'rk adjusted fO'r minimum input VSWR. 

Now let's design an impedance-matching circuit 

Let's cO'nsider a practical example O'f a prO'
cedure fO'r the design O'f impedance-matching 
circuitry. The sample circuit uses a TRW 
2N5596 at 700 MHz as the active device. 

SpecificatiO'ns fO'r the cO'mpleted amplifier are: 

Zin 50 0, 
ZOllt 50 0, 
Pout 20 W, 
Gp 7 dB, 
TJ 5570 minimum. 

SpecificatiO'ns fO'r the TRW 2N5596 are: 

POllt 20 W at 1 GHz, 
TJ 55j{ minimum at 1 GHz, 
Gp 5 dB minimum at 1 GHz, 
Zin 2.5 + J4.0 at 700 MHz, 
Zout 6.0 - J12.5 at 700 MHz. 

In practice, the gain O'f a cO'mmO'n-emitter 
amplifier decreases at a rate O'f 4 to' 5 dB per 
O'ctave. The 2N5596 at 700 MHz prO'duces about 
7 dB O'f gain. TherefO're apprO'ximately 4 vV O'f 
drive will be required to' prO'duce 20 W O'f O'utput 
power. The cO'llectO'r efficiency can be expected 
to' increase at the lO'wer frequency, but it is diffi
cult to' estimate because it is a cO'mplex phenO'me
nO'n. Manufacturers' curves O'f typical behaviO'r 
are useful. Output PO'wer will nO't increase sig
nificantly with the decreased frequency. 

The efficiency-frequency relatiO'nship depends 
O'n device fT and ballasting. Heavily ballasted 
transistO'rs tend to' give increased efficiency as 
frequency is decreased. HO'wever, they level O'ut 
at a lO'wer efficiency than a non ballasted part 
because O'f FR lO'sses in ballast resistO'rs. The 
average increase in efficiency as a result O'f de
creasing frequency is abO'ut 20 % per O'ctave. 
Values frO'm 10 to' 40% per octave have been 
measured. 

The initial phase O'f the design is best ac
cO'mplished O'n an immittance chart. The chart 
with apprO'priate values indicated fO'r the sample 
design is shO'wn in Fig. 3. The input match is 
achieved when the input impedance is resO'nated 
with a capacitive susceptance O'f 0.18 mhO's. This 
susceptance is realized by use O'f a pair O'f capaci
tive micrO'strip stubs. Each stub must exhibit a 
reactance O'f 2 x 1/0.18 mhO's, O'r 11.1 n. The 
length O'f the stub may be calculated by 

. Z 
tane= X: 

FO'r ease O'f adjustment, the length O'f the 
stubs shO'uld be less than 60 degrees. Because ca-
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pacitive reactance is a tangential functiO'n, the 
reactive variatiO'ns per unit length becO'me in
creasingly severe past 60 degrees. It is better to' 
decrease Zo rather than to' use lO'nger stubs to' 
achieve higher capacitance. Therefore Zo ~ 1.732 
Xc ~ 19.24 n. Because it is easier to' shO'rten a 
micrO'strip stub than to' lengthen it, the Zo O'f 
15 .0, fO'r example, prO'vides sufficient adj ustment 
range to' accO'mmO'date device variatiO'ns. 

The next step is to' transfO'rm the resO'nated 
impedance to' 50 n. This is accO'mplished by a 
series-transmissiO'n line with a characteristic im
pedance O'f 50 n. FrO'm Fig. 3, we see that the 
length O'f this line can be directly determined to' 
be 0.062 wavelengths, O'r 22.3 degrees, IO'ng. A 
capaeitive susceptance O'f 0.040 mhos cO'mpletes 
the transfO'rmatiO'n. Again, a pair O'f capacitive 
stubs will prO'vide the susceptance. FO'r eas~ O'f 
cO'nverting the design to' micrO'strip dimensiO'ns, 
it is cO'nvenient to' chO'O'se a Zo fO'r the secO'nd 
stub that is equal to' that selected fO'r the first. 
TherefO're: 

tan e = i:. = ~~ = 0.3, 

O'r e = 16.7 degrees. 
In this case the length chO'sen is 20 degrees to' 

allO'w fO'r sO'me adj ustment. 
The O'utput match is achieved by partial resO'

nating O'f the device's O'utput impedance with an 
inductive susceptance. While the amO'unt O'f, sus
ceptance chO'sen is arbitrary at this PO'int, the 
O'utput netwO'rk bandwidth is affected by the 
value. From Fig. 3, we can determine that 0.05 
mhO's is required fO'r the first matching element. 
This susceptance is achieved by use O'f a shO'rted 
micrO'strip stub. The length O'f the stub may be 
calculated frO'm the equatiO'n 

tan G = ~~. 
If Zo O'f the stub is arbitrarily chO'sen to' be 50 .0., 

20 
tan G = 50 = 0.4, 

e = 21.8 degrees. 
Again, the stub is made sO'mewhat lO'nger be

cause it can be adj usted by sliding the chip 
capacitO'r (ac shO'rt) up O'r dO'wn the line length. 
The remaining transfO'rmatiO'n is achieved by a 
50-.0 series-transmissiO'n line O'f 0.15 wavelengths 
(54 degrees lO'ng) and a capacitiv~ susceptance 
O'f 0.014 mhO's. Selecting a pair O'f 50-O'hm micrO'
strip lines to' prO'vide the susceptance requires a 
stub length O'f 

1 
Xc = 2 x 0.014 = 143 .0.. 

ta Zo 50 n = Xc = 143 = 0.350 = 19.3 degrees. 

A stub length of 25 degrees will prO'vide 
an adequate allO'wance fO'r adj ustment O'f the 
circuit . •• 



APPLICATION NOTE 

THREE BALUN DESIGNS 
FOR PUSH-PULL AMPLIFIERS 

S INGLE RF power transistors seldom 
satisfy today's design criteria; sever

al devices in separate packa~es: or in the same packa~e 
(balanced, push-pull or dual transistors), must be coupled 
to obtain the required amplifier output power. Since high
power transistors have very low impedance, designers are 
challenged to match combined devices to a load. They often 
choose the push-pull technique because it allows the input 
and output impedances of transistors to be connected in 
series for RF operation. 

Balun-transformers provide the key to push-pull design, 
but they have not been as conspicuous in microwave circuits 
as at lower frequencies. Ferrite baluns' have been applied 
up to 30 MHz; others incorporating coaxial transmission 
lines operate in the 30-to-400-MHz range.' 

,N...,T 
ILOWYSWIII 

tUN .... LANeE 
.... L ... NCE) 

-- 1-
INPUT TRAN- OUTPUT OUTPUT BALUN 

MATCHING S'ITO". MATCHING tBALANCE·UNB..,LANCE) 

The success of these two balun types should prompt the 
microwave designer to ask if balun-transformers can be 
included in circuits for frequencies above 400 MHz. Theory 
and experimental results lead to the emphatic answer: yes! 
Not only will baluns function at microwave frequencies, but 
a special balun can be designed in microstrip form that 
avoids the inherent connection problems of coax. 

On the next six pages, you will observe the development 
of three balun-transformers-culminating with the micro
strip version. None of the baluns was tuned nor were the 
parasitic elements compensated. In this way, the deviation 
of the experimental baluns from their theoretical per
formance could be evaluated more easily. The frequency 
limitations imposed by the parasitic elements also were 
observed more clearly. 

1 .. A balun transforms a balanced system that Is 
symmetrical (with respect to ground) to an un
balanced system with one side grounded. Without 
balun-transformers, the minimum device impedance 
(rea\) that can be matched to 50 ohms with acceptable 
bandwidth and loss is approximately 0.5 ohms. The 
key to increasing the transistors' "t 
output power is reducing this im
pedance ratio. Although 3-dB hy
brid combiners can double the maxi
mum power output, they lower the 
matching ratio to only 50:l. Balun 
transformers can reduce the origi
nal 100:1 ratio to 6.25:1 or less. The 
design offers other advantages: the 
baluns and associated matching cir
cuits have greater bandwidth, lower 
losses, and reduced even-harmonic 
levels. 

2. Baluns are not free of disadvan
tages. Coupling a pair of push-pull 
amplifiers with 3-dB hybrids avoids 
(for four-transistor circuits) one of 
these: the higher broadband VSWRs 
of balun-transformers. A second dis-

I 
• ~;~' .. <:~ 

1.~·-I·r.1 ~ 

•• 
- .. 

~~::~t~~~ ~:~ I~~:n~fs;~~~a~~ne:c~ '~,.:IHJ;,~JM~'1,;::.~ampli. 
push-pull configuration, is outweighed by the advan
tages of the balun design in reducing the critical 
impedance ratio. 
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-----------------------------------------------------THREE BALUN DESIGNS 

3. In this simple balun that uses a coaxial trans
mission line, the grounded outer conductor makes an 
unbalanced termination, and the floating end makes 
a balanced termination. Charge conservation requires 
that the currents on the center and the outer conduc
tors maintain equal magnitudes and a lBO-degree 

phase relationship at any point 
along the line. By properly 
choosing the length and charac
teristic impedance, this balun 
can be designed to match de
vices to their loads. In the case 
shown, if 0A = 90 degrees, the 
matching condition is: 

ZA' = 2xRx50. 

4. By adding a second coaxial line, the basic balun can 
be made perfectly symmetrical. In this symmetrical coaxial 
balun, the bandwidth (in terms of the input VSWR) is 
limited by the transformation ratio, 50/2R, and the 
leakages, which are represented by lines Band C. If ZA = 
50 ohms and R = 25 ohms, the bandwidth is constrained 
only by the leakages. 

5. The equivalent circuit for the symmetrical balun 
shows the effect of the leakages (lines B and C) on its 
performance. A broadband balun can be obtained by using 
a relatively high characteristic impedance for these leakage 
lines. In theory, the construction of the baluns insures 
perfect balance. 

6. The symmetric balun's Input equivalent clrcultfurther 
simplifies its configuration and allows the input VSWR to 
be calculated.' In this design, line A has a characteristic 
impedance of ZA=50 ohms, a length of LA =1799 mils, and 
a dielectric constant (relative) of <,=2.10. For lines Band 
C, Zo=30 ohms, ~1799 mils, and <0,,=2.23. 

r-l<r-------<:_!<}, 
~::~j 
~~~,~ 

(bIEQUIVALENTCIRCUIT 

LINEAL ... A 

lINE8Z S "S 

Zp=JZSTAN BandIZpj»fI 

LINE A.Z .. ,n. 
LlNEB.lINEC:Z._ZC;il._iIC 

.o,,~-
~ U.,. " 
~ " 

7 • 

SYMMETRICAL BALUN EQUIVALENT C'ACUIT ~ 

L=1799 ~-----------------L--0=7 
LINE AA: Z • .to .ZA' u .... _U ... 

LlNE ••. Z •• _ZZ.,II,.::II, 
RL _2R 

7. The theoretical Input VSWR has been calculated for 
50-ohm values of ZA and 2R, and for two other sets of values 
for these parameters. The performance of an experimental 
balun will be compared with these theoretical results. 

8. Two M16 line-section Chebyshev Impedance trans
formers match the experimental balun to a 50-ohm meas
urement system. The balun was tested from 0.6 to 1.5 GHz. 

~~,~,~ 
LINEA: z ... _ !&Oil; LA-171. MILS;" .Z.10 
LINE 1- LINE C:Z.';; Zc- lOll; L. = LC-n,. MILS. < .H=z.:n 
LINE D·LINE D"ZD- za!l; LO_750 MILS;,eft_;Z·23 

LlNII· LlNEE':ZI _Sl.SLl; LE - 464 MILS. 'eft- 2,10 

~1:I:O;lLlNI F': If = 20.31): L,= 441 MILS;, eft:; 2.31 
EXPERIMENTAL 

COAXIAL eAlUN tDEStGN 11 
WITH OUTPUT TRANSFORMEIIS 



FOR PUSH-PULL AMPLIFIERS -------------------------

DISION 1 BALUN MIASURED PERFORMANCE 

S.[UN" n"'" , .. , ~l . 8·8 
r-7~ 

~ ~ .: ! 

9. The measured phase difference and insertion loss 
difference, which indicate the maximum unbalance for 
the Design 1 experimental balun, are 3 degrees and 0.2 dB, 
respectively. 

10. The maximum VSWR measured for the first 
design Is 1.5:1. Note the comparison between the 
calculated and measured response. The performance 
shown can be considered valid for amplifier applica
tions up to an octave range. 

,::~ 
06 07 08 0.9 10 l' 12 13 14 IS 

FREQUENCY·-GHz 

11. The second balun design adds two Identical 
coax lines to the simple balun just described. The 
inputs of the identical lines are connected in series 
to the output of the first balun. By putting their 
outputs in parallel, the final output becomes sym
metrical. The output impedance is halved. 

12. The equivalent circuit for the Design 2 balun 
indicates that its bandwidth, in terms of input VSWR, 
is limited by the transformation ratios of the first and 
second sections and the leakages represented by lines 
B, C, E, and G. If the balun is designed with ZA = 
50 ohms, and Zo = ZF = 25 ohms, and if the load, 
2R, is set at 2x6.25 ohms, all of the transmission lines 
will be connected to their characteristic impedances . 
In this case, the bandwidth will be limited by the 
leakage alone, and a broadband balun can be obtained 
by choosing lines B, C, E, and G with relatively high 
impedance and '\/4 length for the center frequency. 
The balun achieves a transformation from 50 ohms to 
twice 6.25 ohms without causing a standing wave in 
the coaxial cables. 

13. The performance of the Design 2 balun can 
be calculated using Its equivalent circuit. The 
calculated VSWR shows a response very close to the 
simple coaxial balun (Fig. 10) because the new second 
section has four times the bandwidth of the first 
section. This design and its two companions are 
intended to have octave bandwidths centered at 1.1 
GHz, the central frequency used in distance measur
ing equipment (DME, 1.025 to 1.150 GHz) and tactical 
air navigation (TACAN, 0.960 to 1.215 GHz). For line 
A:ZA = 50 ohms, LA = 1799 mils, <r = 2.10; lines B, 
C, E, and G: Zo = 30 ohms, L = 1799 mils, <eff = 2.23; 
lines E and F: Zo = 25 ohms, L = 1799 mils, <r = 2.10. 
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-----------------------------------------------------THREE BALUN DESIGNS 

Two-section balun often used in the 
JOo-to-J,oo MHz range . 

14. Two A/4 transformers 
match the experimental two
section coaxial balun's 6.26-
ohm impedance to the 50-ohm 
load. Although these trans
formers drastically reduce the 
bandwidth (in terms of the 
VSWR), they don't affect the 
balance. 

15. The measured phase difference and meas
ured Insertion loss difference are ploHed for the 
two-section coaxla1 balun (Design 2). The max
imum unbalances for these two measurements over the 
octave bandwidth are 1 degree and 0.2 dB. 

lINEA:ZA = 50!I,LA --:; 1799MILS;'r 21 

LINEa":" LlNEC.Z.~ZC-=30\I,L.-:..LC-::'799MILS;'.ff:-:2.23 
LINED. LlNEF.ZO=- ZF·7 2511;L D ;: LF "_-1799MllS"r ~ 2.1 

LINE E" LlNEG:Z.,= Za:;: 30u; lE:=;:J.O'" 1799 MILS;'eff ~2.23 

LlNEH- LlNEH' ZH-=:.ZH·:=25!1.LH::LH·~410MllS.'.ff:..Z2J 

LlNEI- LINE I' Z."-:-Z .. ;::'17.711;L.-=-l,'::;177ZMILS".ff:::ZJO 

16. The calculated and measured values for the f.?'\ 

~i:~!m~~~~et'::e!h~heD::~~~:en~~:u:n~h;~df~~:~ I~~f ~~, 1:.~5:f '.. ~' : ' , I ~ 
performances. This indicates that the parasitic induc- y c : : :.-': : , , , 

tors at the connections are negligible to at least 1.4 
GHz. Moreover, the balun has excellent balance to 1.4 
GHz and achieves' the 4:1 transformation without 
causing a standing wave in the coaxial line. Despite 
the many excellent qualities of the Design 1 and 1\ ~ 0,' Ir:~ , , ~ I 
Desi

g
n_2 balu_ns, the_neces_sary co_axiall_ine con_nectio----'=n ~.-=! ~··~.iSl ,00, ' 

I~them to approximately 2 GHz. _ . ,_. 

o 0.70,8 091.0 1.1 12 1.31.4 

17. The problems associated with the previous 
coaxial baluns can be reduced or eliminated by 
using a balun that allows a micros trip coplanar 
arrangement of the input and output lines, which 
greatly simplifies the connections to the amplifier. 
This balunsconsists of an input line, A, connected in 
series to three elements in the center of the half-
wavelength cavity: a reactive open-circuit stub, B, and 
the ;\/4 output lines, C and D. 

~l4 
t UN.. f~'} ~J' / ill.0, 

'.0 t/ UN.e tJ. 
X :;+:; "., 
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FREQUENCV-QH2 

DESIGN 2 BALUN MEASURED PERFORMANCE 

18. The equivalent clrc.ult of the Design 3 coaxial 
version balun shows lines C and D connected to place 
their input signals in antiphase, thereby producing 
two antiphase signals at their outputs. Transmission 
line impedances and lengths are optimized to achieve 
the correct input/output transformation ratio and a 
good match across the desired bandwidth. If only one 
frequency or a narrow bandwidth is desired, and all 
lengths are Al4, the matching condition ZA'/50 = 
2Zc'/R, will occur. In this case, ZE (ZE=ZF) and Zs 
have no significance except for loss. 



FOR PUSH-PULL AMPLIFIERS-------------------------

19. The coplanar arrangement of Input and output 
lines can be accomplished with mlcrostrlp technol
ogy. The uppermost conductor plane contains input 
line A, output lines C and D, and the open stub B. 
Coupling between these lines is avoided by separating 

, .. ,,-

--r-

".,,- ~" •• o 

i L".", 

them by at least one line width. The middle conductor 
carries the ground plane for the lines. To avoid 
radiation loss, the center conductor must extend at 
least one line width to either side of the upper plane 
circuit line. The balun resonant cavity is formed by 

-

the region between the 
t,;'\ middle and the lower con
V ductor planes. A hole for 

the cavity is cut in the 
circuit fixture, filled with 
dielectric, and covered 
with the middle conductor 
plane. The end-to-end 
length of the cavity is nom
inally a half-wavelength at 
midband. To avoid dis
turbance of the field dis
tribution, the cavity width 
must be at least three 
times the width of the 
middle conductor plane. 
The arms of the balun cavi
ty are folded to produce 
two parallel and proximate 
output transmission lines. 
This configuration is more 
suited to coupling two 
transistors than the ori
ginal layout in which the 
two outputs were on op-

~ 
GII----------...I posite sides (Fig. 17). 

_ J " ... « 20. The Input equivalent circuit for the mlcrostrlp 
version of the Design 3 balun allows its theoretical 

- /-"N'O~O ,-_,_J" performance to be calculated. The design parameters 

LINE A.A.:Z ... _ SOIl, LA • 1888 MIL; '.ft .2.10 

lINE •• :Z._Z51I, l._'1110 MIL; , ... _Z.23 

LlNECC·2Zr _J68Il,lr,&1772Mll·'eH=z.33 

LI .. I DO. 2l0 _IO{I.lo_ 1546 MIL. '.ft _2.23 

"L,ZXII_SOII 

INI"UT EQUIVALENT CIRCUIT (DESIGN 3 BALUN) 

References 
I. "35/50 Watt Broadband (160-240 

MHz) Push·Pull TV Amplifier Band III," 
TRW Application Note, TRW RF Semi-

c02~~·~~rsWCaC~:rN~~S;frfe~ S:1~2s 
MHz. 13.5 Volt DC," TRW Application 
Note, TRW RF Semiconductors Catalog 

NC;. 9.7RGi l~~~~tion Notes on the 
TPM-4100 (100 W. 100 - 400 MHz); the 

t~~:l: [tro Ww.I~~lft[r~J [~: 
~~~ f:mfoo~~~~..:~.i1.ble from 

4. The program used for the circuit 
calculation was COMPACT (Com-

~~i~~n~Pl~Ti~,:t~~cU~~)~icrowave 
Im5Ded~~~!Mnatc~~ LWi!eh~~~d ~~I~~ 
and Magic Tee:' IEEE Tra .. actions,· 

~~~';'''3:''&~~tr~~Iogy. Vol 

shown provide a microstrip circuit that can be com
pared with the coaxial baluns of Design 1 and Design 
2. Transmission line A and lines C and D are loaded 
by their characteristic impedances-in this case, 50 
and 25 ohms. The cavity and the stub impose the 
principal frequency limitation. The impedances of 
these elements are dictated by the properties of the 
available dielectric substrates (glass-Teflon 0.020 and 
0.0625 inches thick). 

THEOAETICAllNPUT VSWR OF MICROSTRIP 
BALUN [DESIGN 3) 

21. The Input VSWR can be calculated based on 
the equivalent circuit for the mlcrostrlp balun. For 
a one-octave bandwidth, the input VSWR is lower 
than 1.75:1. This calculated performance is similar to 
that of the two previous balun designs. The design 
of the microstrip has theoretically perfect balance. 
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22. The equivalent circuit of the mlcrostrlp balun 
shows it during performance measurements with 
;\/16 matching lines. The experimental model uses 

IS-mil glass-Teflon (E, = 

2.55) for the tap circuits 
and 62.5 mil glass-Teflon 
for the cavity. Balance 
properties were measured 
with a 50-ohm system, 
which was transformed to 
25 ohms by the Al16 line
section Chebyshev im
pedance transformers, 

The experimeutal micmstnp balun ,h,,",. fWrholm·chO.h9a60vetoa Ib.2aln5dwGiHdtzh. 
Ir/fl the uPlwrm(Jst ronductnr plane 

23. The unbalance between output ports for a one
octave bandwidth is shown in the measured 1.5-
degree maximum phase difference and 0.15-dB max
imum insertion loss difference. 

24. The central frequency Is 10 percent higher 
than expected, but response is close to the calculated 
values if relative frequency is considered. If the output 
transformers and their effect on input VSWR are 
disregarded, an octave bandwidth with a maximum 
input VSWR of around 2.0:1 can be obtained. The 100-
MHz shift between the two curves may be caused by 
the improper determination of the folded cavity's 
electrical length. Similar calculation inaccuracies may 
arise from effects at the balun junction and from the 
electrical length of the stub. As in the calculated 
response, the experimental microstrip balun performs 
comparably to the two coaxial designs. 

25. The similarity In the performance of the three 
balun designs within the considered frequency 
bands indicates that the parasitic elements do not 
significantly affect the theoretical properties. The 
frequency limit is higher than 1.5 GHz for all three. 
In the 0.960-to-1.215-GHz bandwidth (TACAN and 
DME applications), each performed with satisfactory 
balance. The table compares the main characteristics 
of the balun designs. . 

The phase differences (± 1.5 degrees) for all three 
baluns are similar to those experienced with the 
miniature 3-dB hybrid couplers that are normally 
used to combine transistors for microwave balanced 
amplifiers. But the insertion loss differences of the 
baluns are better-0.2 dB for a one-octave bandwidth 
compared with 0.5 dB. 

The physically simple micros trip balun eliminates 
the connection problem inherent in coaxial designs: 
physical variances that breed standing waves and 
unbalance. Microstripping the transmission lines al
lows a designer to choose any value of characteristic 
impedance of the lines. Consequently, the microstrip 
balun is both more manageable and more controllable. 

Since the balun load impedance will vary with 
frequency, the best results will be obtained by simul
taneously optimizing the balun parameters with those 
of the matching network. The transistor's internal 
prematching network must be considered.--

22 
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TRANSMISSION LINE-SECTION 

LINE A: Z... SOli; LA 1888 MILS. 'eH 2.10 
lINf TRANSFORMER 

LINEB:Z. 2511;l.a '810MILS;'e" 2.23 
LlNEE;LlNEF:ZE ZF 17.9!LI.( LF 1772MILS.,." 233 

LINE C; LINE 0- Ze Zo 25\l Le LO 1546 MILS; '.If 223 
LINE G; LINE H: ZG ZH 25\/. LG LH' 140 MILS: 'eft 223 

EQUIVALENT CIRCUIT 
MICROS TRIP BALUN IDEIIGN 3) 

WITH TRANSFORMUIS 

LINE I; LlNEJ. Z, lJ 61.1ILL, LJ 466MILS".ff 2.07 

LINE K; LINE L'ZI( 'I. 20.5!ILI( LL 443MILS;'eff 2.31 

::t:0; ,: : >: :=j 

'F=:~:4 .... " .. -= ..... FREQUENCY -GHz 

'.:~(") 
06 07 08 

~LQJ)wru w\I2TI' 
Performance of the Three Balun Designs 

Type of- Balun Maximum experl- Theoretical 
balun loads, R mental unbalance Input VSWR 

(ohms) for one-octave for: 
bandwidth 

G 

.1<1>(0) ~MAG 960-1215 One-oc-
(dB) MHz tave 

band-
width 

Coaxial I 25 0.2 1.15:1 1.6:1 
(Design 1) 

Coaxial II 6.25 0.2 1.15:1 1.6:1 
(Design 2) 

Microstrip 25 1.5 0.2 1.20:1 1.8:1 
(Design 3) 
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