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SECTION 1
CHARACTERISTICS

General

The Type 3Al Dual-Trace Amplifier plug-in unit is de-
signed to operate in Tektronix 560-Series Oscilloscopes. The
unit has two identical amplifier channels with a switching
circuit that can select independent operation of either chan-
nel, switch back and forth between channels either at an
internally set chopping rate or on alternate sweeps, or
select the algebraic sum of the two inputs.

OPERATING CHARACTERISTICS

Deflection Factor

Each channel has ten deflection factors from 0.01 volts/civ
to 10 volts/div. in a 1, 2, 5 sequence. Accuracy is *+3%
of indication. Each channel has a variable attenuator which
may be used to introduce a continuously variable attenuation
to a maximum of 2.5 X the indicated deflection factor.
A warning indicator lights when the variable attenuator is
not in the calibrated position.

Frequency Response
DC to at least 10 MHz at —3dB

Risetime

Equal to or less than 35 nanoseconds

Input Characteristics

Approximately 1 megohm, paralleled by 47 pF {47 x 10-*2
farads)

?

Input Coupling

AC or DC coupling of signals may be selected for either
channel. A 0.1 uF capacitor limits low-frequency response
to about 2Hz on AC coupling.

Operating Modes
Channel 1 only: Channel 2 will not operate.
Channel 2 only: Channel 1 will not operate.

Alternate: Electronic switching between channels at the
end of each sweep.

Chopped: Electronic switching between channels at a rate
of about 100 kHz, with a 5 psec sample of each channel.
Blanking occurs while switching is taking place.

Added: The algebraic sum of both signals is displayed.
When the channel 1 signal is inverted, the difference is
displayed.

Triggering

An internal signal for triggering is fed from the Type 3Al
through the indicator unit to the time-base plug-in unit.
Trigger signals may be supplied from channel 1 only, or
from channel 1 and channel 2, depending on which
channel is displayed.

Mechanical Features

Construction: Aluminum alloy chassis

Accessories

Information on accessories for use with this instrument is
included at the rear of the mechanical parts list.



SECTION 4
CIRCUIT DESCRIPTION

General

The Type 3Al Dual-Trace Amplifier contains two identi-
cal input channels, a common output amplifier, a switching
circuit, and a trigger amplifier. The output of either or
both input channel amplifiers may be fed to the output
amplifier, depending on the condition of the switching
circuit. Thus, the switching circuit makes it possible to dis-
play one signal as a single trace on the CRT, two signals
simultaneously in a dual-trace display, or the algebraic
sum or difference of two signals as a single trace. Fig. 4-1
is a block diagram of the Type 3Al.

Input Channel Amplifiers

Each input channel consists of an attenuation network, an
input cathode-follower, and a three-stage amplifier with
switched outputs. The input cathode-followers V113 and
V123 (channel 1) and V213 and V223 (channel 2) isolate the
aftenuator input circuitry from emitter-followers Q133 and
Q143 (channel 1) and Q233 and Q243 (channel 2). These
transistors provide low-impedance drive to the next stage:
Q134 and Q144 (channel 1), and Q234 and Q244 (channel
2). The output of these stages is fed to the diode gates in
the switching circuits, which select the signals to be fed

to the common output amplifier. The gain of the last stages
in the input amplifiers is variable, with two calibration
adjustments: R149 (channel 1), and R249 (channel 2) set the
gain of the stage with the VOLTS/DIV. switches in the .01
position; R147 (channel 1), and R247 (channel 2) set the gain
of the stage in the remaining positions of the VOLTS/DIV.
switches. The VARIABLE VOLTS/DIV. control increases cath-
ode degeneration when moved from the CALIB. position.

The input attenuators are resistance dividers with capaci-
tive compensation. The attenuators maintain an input imped-
ance of 1 megohm paralleled by 47 pF. With the VOLTS/DIV.
switch in the .01 and .02 positions, the input is fed directly
to the cathode-follower stages (V113 and V213). The 10MV
GAIN controls adjust the amplifier sensitivity with the
VOLTS/DIV. switches in the .01 position and the 20MV
GAIN controls adjust the sensitivity in the remaining posi-
tions. In the VOLTS/DIV. switch positions which provide an
input deflection factor greater than 20mV per division
(.02 to 10 on VOLTS/DIV. switch), the attenuator sections
are stacked. In the .05 VOLTS/DIV. switch position, the
2.5X attenuator increases the basic 20 mV per division de-
flection factor to 50 mV per division. The 5X attenuator is
used to increase the deflection factor to 100 mV per divi-
sion in the .1 VOLTS/DIV. switch position. These three
positions (1X, 2.5X, and 5X) are preceeded by the X10 or
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X100 attenuators in the higher deflection factor positions
of the VOLTS/DIV. switch.

The DC BAL. controls in the grid circuit of V123 and V223
adjust the potential at both emitters of each input amplifier
so no current will flow through R139 and R149 (channel
1), and R239 and R249 (channel 2) under no-signal conditions.
Otherwise, the position of a no-signal trace would shift
on the CRT as the VARIABLE VOLTS/DIV. control or channel
Gain adjustments were turned.

In the INV. position the INV. (CH 1) NORM. switch
{SW155) inverts the channel T output to the diode gates.

The channel 1 input amplifier contains a three-stage
trigger amplifier. The first stage is an emitter-coupled
paraphase amplifier (Q164 and Q174) with double-ended
input and single-ended output. The DC level of the output is
set by CHAN. 1 TRIG. DC LEVEL control R171. The output
of this stage is fed to emitter-follower Q173. Q173 drives
the third stage, Q184, which is collector-coupled to the
trigger-amplifier section of the output amplifier.

Switching Circuits

The switching circuit consists of two diode gates, a
switching multivibrator, and a switching blocking oscillator
which drives the multivibrator. In the following discussion,
assume that the MODE switch is in the CH 1 position.

Each diode gate consists of two series diodes and two
shunting diodes. When signals are to pass through the gate
to the output amplifier, the series diodes are forward biased,
and the shunt diodes are back biased, allowing the signal
to drive the emitter of Q304 and Q314. Voltage to hold
the series diodes (D155 and D158 in channel 1) in con-
duction is supplied through the emitter-base junctions of
Q304 and Q314. Collector current for Q134 and Q144
flows through the series diodes. Shunt diodes D156 and
D157 are back biased and thus cut off by MODE switch
SW290, holding Q285 in the “off" state. Q275 is “off”, and
the junction of D156 and D157 is at —1.18 volts. The DC
level in the signal output lines from the channel 1 input
amplifier is —1.65 volts, and thus the shunt diodes are back
biased.

In channel 2 diode gate, D256 and D257 are held at
about —4.7 volts by Q285, which is "off". This holds the
channel 2 output lines at about —4.3 volts. Since the out-
puts of the diode gates are about —2 volts, D255 ard
D258 are back biased. With D255 and D258 cut off, the
signal is not transmitted to the output amplifier. In addi-
tion, D256 and D257, when conducting, form a low-imped-
ance path for any signals coming to the diode gate from
channel 2 input amplifier.

When the MODE switch is in the CH 2 position, the con-
ditions of the diode gates are reversed. In the channel 2
diode gate, D256 and D257 are back biased and the sig-
nal from the channel 2 input amplifier passes through D255
and D258 to the output amplifier.

When the MODE switch is in either the ALTER or CHCP
positions, Q275 and Q285 operate as a common Eccles-
Jordan bistable multivibrator. Positive pulses from the switch-
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ing blocking oscillator pass through D278 or D288 to the
collector of the “off" state transistor. This pulse is trans-
mitted by either C277 or C287 to the base of the “on”
transistor, turning it “off’. The collector of the “off" tran-
sistor moves toward the —12.2-volt supply, turning the other
transistor “on"’ because of the coupling through either C277
or C287. Resistive dividers R277-R286 and R287-R276 set
the levels at the transistor bases. The levels are designed so
switching action can occur when pulses are received from
the blocking oscillator.

Operation of the diode gates in ALTER and CHOP is
the same as described in the CH 1 and CH 2 positions of
the MODE switch. However, the multivibrator is free to
switch states when it receives a trigger signal, and thus
operate the diode gates and transmit a signal to the output
amplifier from channel 1 and channel 2 alternately. Also,
in the ALTER and CHOP positions of the MODE switch,
R292 is bypassed and the —12.2-volt supply is connected
directly to the multivibrator circuit. In the other positions
of the MODE switch, the multivibrator draws current through
R292 and is not able to switch the diode gates. In the CH
1 position, additional current is supplied through R289; in
the CH 2 position, current is supplied through R279.

When the MODE switch is in the ADDED position, cur-
rent is supplied to the ouput amplifier through R293 and
R294, holding the series diodes in both diode gates in con-
duction. Since the multivibrator transistors are both near
cutoff, the diode-gate shunt diodes are back biased and
thus inoperative.

In the CHOP and ALTER positions of the MODE switch,
Q260 (the switching blocking oscillator] is energized, sup-
plying pulses to the switching multivibrator. Fig. 4-2 shows
the blocking oscillator waveforms with the MODE switch
in the CHOP position. In the ALTER mode, the emitter of
Q260 is connected to the —12.2-volt supply through R260.
The base is also connected to the —12.2-volt supply through
the base winding of blocking oscillator transformer T263.
When a positive pulse is fed from the time-base plug-in
unit through terminal 3 of the interconnecting plug, the
emitter voltage rises. The transistor conducts, drawing cur-
rent through the collector winding of blocking oscillator
transformer T263, driving Q260 further into conduction. A
normal blocking-oscillator cycle occurs with the backswing
cutting the transistor off. The circuit is damped so the tran-
sistor is not turned on again until another sync pulse is re-
ceived.

In the CHOP position of the MODE switch, the emitter
of Q260 is connected to ground through R262. Normal
blocking oscillator action occurs; however, when a cycle
is completed, the base is forward biased since it is con-
nected to the —12.2-volt supply. The blocking oscillator
is thus automatically triggered and free-runs at a 150 kHz
rate.

Pulses from the collector circuit of Q260 are fed to the
switching multivibrator through C266. Only the positive
pulses, which occur at the beginning of the blocking oscil-
lator cycle, will switch the multivibrator. The collector pulse
is also fed to pin 24 of the interconnecting plug for use as
a blanking pulse in the CRT circuit of the oscilloscope.

®!



5 v/div

{c) Output to pin 24 of Interconnecting Plug

Fig. 4-2. Signals in blocking oscillator circuit. Oscilloscope AC
coupled, sweep rate 2 usec/div.

Ovutput Amplifier

The output of the diode gates passes to Q304 and Q314.
These transistors are arranged as a common-base push-pull
amplifier. The signal passes from the collectors of these
transistors to a second pair of current amplifier, Q323 and
Q333. These transistors are connected as emitter-followers
and couple the signal to the grids of V334. The push-pull
signal drives the grids, and the output is taken from the
plate circuit. V334 is stabilized against characteristic changes
by ‘long-tailing’ through R329 and R339 to the —100

Circuit Description—Type 3Al

volt supply. (SN 101-6729 only) “D337 and D338 in the
cathode circuit improve the linearity of the amplifier near
the end of its dynamic range by shunting cathode coupling
resistor R337 on large signals.” In the plate circuit of V334,
peaking coils L326, L341, L3346, and L351 improve the high-
frequency response of the amplifier.

The signal is direct-coupled through parasitic suppression
resistors R341 and R351 to the grids of V353. This tube is
connected as a cathode-follower and because of its high
input impedance, presents almost no load to the previous
stages.

(SN 101-4327) The signal is coupled from the cathodes of
V353 to the grids of output tubes V364 and V374. L344 and
L354 in the coupling network provide additional high-fre-
quency peaking while L345 (ferrite bead) and L355 (ferrite
bead) are parasitic suppressors.

(S/N 4328-up) The signal is coupled from the cathode of
V353 to the bases of feedback transistors Q364 and Q374
which in turn couple the signal to the grids of output tubes
V364 and V374. The feedback from the output stage to the
bases of Q364 and Q374 reduces the gain variation due to
different tube transconductance (gm). This also increases
the linear scan range of the output stage. Diodes D345 and
D355 limit the voltage on the collectors of Q364-Q374 and
therefore limit the dissipation of the transistors if one or the
other of the output tubes (V364 or V374) cut off.

Output tubes V364 and V374 operate as a conventional
push-pull amplifier. R374 (CALIB.) can be adjusted to match
the deflection plate sensitivity of the CRT. This control varies
cathode degeneration, and thus changes the output voltage
swing of the amplifier. Maximum deflection occurs when this
control is set for zero resistance. The two diodes D375 and
D376 (D365 and D366 SN 101-4327) improve linearity on large
signals by shunting R36é4. The two cathode resistors R367
and R377 return through R378 to Zener diode D378. This
diode, together with L378 and C378, forms a 4-15-volt power
supply that is used in the amplifier input circuit.

The plate circuits of V364 and V374 each contain two
inductors: L361 and L363 in the plate of V364, and L373 and
L371 in the plate of V374. These peaking coils tend to
nevtralize the effect of plate and distributed capacity, and
thus improve the high-frequency response of the amplifier.

A portion of the output signal is picked off the center-
tap of 1363 and coupled to trigger amplifier V383A. This
tube is connected as a cathode-follower and the signal is
passed to the TRIGGER switch. In normal operation, this
front-panel switch is pushed in and the trigger signal
passed to the time-base plug-in comes from V383A. If the
TRIGGER switch is pulled out, the trigger signal is coupled
from the cathode of V383B (channel 1 signal).



X100

o x2.5
xS
o
-
[
+125v

Ri24
100

CHANNEL 1& 2
(CHAN. 2,200 SERIES)

(iNnPUT)

R20|

X100
R109
990K
close
5-18 1

‘Jzox(?—w'\?v—l czol
—ac i

pc /
/

anof i

|
I
1
1
|
Swaol

TYPE  3AI

PLUG—-IN

rR123
18K

+125Vv

PICKOFF

—12.2Vv (DEC)

CH I TRIG.

CHAN, | TRIG. PULSE
TO GRID, PIN7, V3838
(OUTPUT AMR DIAGY

CIRCUIT NUMBERS
100 THRY 293

\ Qir4_/| =
A RIS4 ;
\EN2048 (e cyi2.2v Z100v (DEC 3 2R piss
7 oial O Qr3a \N
L 2N9 62
+15V
(PEC) RI37
47 es
RI38 leHny
+isv 220 +15v
(oEC) Ri33 00000000 RI29 (0EC)
4302 ]V e e e 375 </ PIse
\
Ridz | \ L RIS3
1LABK, 2X 250K
R4
30 DiIS7
R154
eBx
NORM, TO
Ri44 oIse EMITTER
350 INV.
fe—SWITCHING MULTI. b (V3B0T
- AMP. DIAG)
Q275 IR273
o 2N2048 je-
Jn SYNC cz2el K
L PULSE 100 2.2V RETS HISV ISV R28S
A
X c260
= o1
Q260
ENEETS 4
BLOCKING |
osC. 1
]
] =293 R2%4
b 1.4 K 14K
|
I
|
Ji BLANKING PULSE ! R288
. I 400
R S |
i :
R265 i T
= 22K c266
a7 1 M 29
R2&6 R27i | Igox‘
13K 10K | R29| — rR282
: [ - 560
czes |
_-OI —12.2v : rR279 : cH
R268 I &0 lyeH 2
100 ! a2y
i | ALTER
! | cHor
i 1
i r292 ‘f. ADDED
| [B-18 Il
| |
1 :
Swa90 1F —l12.2vip
L —d
i} TO
Da25% EhéﬂT'TEE'
RrR25I1 R <
DUTPUT
eer AMP OIAG)
(cH 2)
1
! +125v
|
|
GANGED (cH 2)
R2sa ! R252
EEYS i oK ;
i
+15Vv
© 00000000 (o€c) | s D2se
i ¢
i < R253
H 2 X 250K
' UNCAL.
L £ bas7
\“ W =100V,
\ (DEC.)
B250
R250
10oK
SW250 =100V rR254
a8k
Dzse
>l
/N 101 - 3074 PL
INPUT AMPLIFIER & SWITCHING CIRCUIT es



;CIOEE RI03C fCi05C
55-18 $ 600K 71" 5.5-18

——

SRi0S

I

(INPUT)

?e.aeﬁk

£

EFFECTIVE $/n 3075-6939 cHn
Fo-ooo- R AR v 72 e S
IF 2R 2F BF SWI0 4F
i i | |
i t I |
1 i I I
' | | 1
1 1 | |
i I |
i : | RI110 i
| | loEm !
| | | |
—T—O o
¢ x2.5
231

riooc 2ciosc

990K 2-8

500
RIOSF
15

|
|
|
clogoe L |
I
I
|
!

R17Y
20K

Q /64

CH 1 TRIGGER PICKOFF

+15v
4

+1

.5

JI
3

Ji
24

261

SYNC PULSE 100

BLANKING PULSE

= R265
22K

R268

CHANNEL | TRIGGER
$——————————— PULSE TO PIN 7, V3838
(QUTPUT AMP. DIAG.)

10
clio
15
IMPORTANT: =
ALL CIRCUIT VOLTAGES WERE OBTAINED WITH A 125V
25,000a,/v YOM. ALL READINGS ARE IN VOLTS. =
VOLTAGE AMPLITUDE MEASUREMENTS , AS SHOWN, RI26 D40
AQE NOT ABSOLUTE. THEY MAY VARY BETWEEN j=xay)
INSTRUMENTS AS WELL AS WITHIN THE INSTRUMENT
IYSELF BUE TO NORMAL MANUFACTURING TOLERANCES,
AND TRANSISTOR AND VACUUM TUBE CHARACTERISTICS.
vizs Qras
7586
X2.5 x5 X10 X 100
i o fy‘z Sh
O + by
? ] LRIOS
Vel RiO3C cio3c _Lciozp 36
GOCK 1.8-13 T 6.8
closA closs | C105A
4.7 18-13 4.7
:_l_: = Rio3E AN
T Tebe6k i
L__1
£
l CHANNEL | &2 ATTENUATORS N
(CHANNEL 2. CIRCUIT NUMBERS
ARE 200 SERIES)
(CH2)
Fo— == == - -~ -~ -Yoas/ivt —
IF 2R 2F SF swzio
! | |
| i 1
i i |
I i I
INPUT : ! i
=201 | : | Rat
! | &
J201 (O—a— G2 ! ' |
= i M—N—%{)—LO—PO
T AC » ol
02 ]
pc |
| o .05 o
aND
Jo 7 $255 o
) .
3 TES
S 2 x10 o
swzor
5 o]
1 O o
2 X100 o
: E
o
READINGS weee opramen |
oLiow ve Sons i
o +125V
— SO +—— R220
3.3M
SEE PARTS LIST FOR EARLIER
VALUES AND S/N CHANGES OF R219 << e\
PARTS MARKED WITH BLl 2X 500K ~
CUTLINE
I 1 c223_L
UMBERS — [
100 THRU 282 =
TYPE 3Al PLUG-IN 2 ¥ = -
=100V
(DEC)

T

DI5S
RI5I
o8K
cH1)
1
RIZ8 RIZ9 I
390 378 | HSY | y
PEC) ) R
I 8150 >, RIs
Lol i 2X 250K
! 4
U o
I riso - 100V
R, : | 1oOK (DEC) ‘
I
! I
| i - 100V
1 SW150
i L
! SW. 1S CLOSED ONLY vl
) IN CALIB. POSITION
NORM / (VARIABLE cw) oise TO @504
Qa4 - o TR
RI44 3.8 AMP DIAG)
S0 INV —0 =
SWITCHING MULTI.
R275 R2685
H 27 +18V 415V 228
i
10 -12.2v R276 ey
lo Qz75 i
R262 Q285
| sz
01 !
1
~o
TIFL _swzeo
[Mo0E] R293 R294
R L4K  L4K
-12.2v
c266 R288
27 400
-
R266 R271
18K 10K
: |
R289
'__Lcéea “12av ‘L;cm e
_T_ N CH2
—Q CHOP,
? ADDED
R292
15K
-12.2v
TO Q34
(OUTPUT
AMP DIAG)
CH2)
+125Vv
= R252
16K
5w
p B250
(
1
| -100y
R250
P I 100K (
& !
1
lﬁo7.°4‘? 1 =100V
| SW2s50
SW. IS CLOSED ONLY
N CALIR. POSITION
(VARIABLE CW)

3/N 307B-UP
INPUT AMPLIFIER & SWITCHING

CIRCUIT

DON
266



+

+3D0V

BLANKING PULSE

+56V cz
1
VOLTAGE READINGS wepe ostained | ouTPUT I%O (INPUT AMP. é SWITCHING DIAG) ‘
UNDER FOLLOWING CONDITIONS ! ‘ DC LEVEL |
VOLTS/DIVe v vv v v vu s 2 7] 300 .
MODE. v v v o et Pty oz H——Tme. PICKOFF CF& ————ﬁ ’ ’
SEE IMPORTANT NOTE ON INPUT AMP, DIAG. 1.5 K. - = §E36| s
R327 15K
680 ‘
L2el TO UPPER DEFLECTION PLATE | 2
35-50
caz27 . +12sv I ‘
5 I .001
Q323 L
2N9&62 ,esslgz Réae o1 3L565§3 +190 ] e ‘
FROM (DIODE S LI9K eph g EEY J
GATE (INPUT L3ze L34l R38I casl caa
AMPLIFIER DIAG.) 7.8.4h 2.2uh V3eq T Teges |
Q304 raza | +38 T Tov 8233/E55L R365 = Sis
2n2048 r=e o I 47 V383A [PULL For
-7 V334A 366 LeDUS \CHANNEL 10NLY) ’
= . ——-{TRIGGER
L reDU8 [ c3ses Ras2 {TRIGGER]
8 i - 1 L .o (51K SwW 350 ‘
. e R366
M Raes | aror
,23004 20K ~ ooy +125v INT. TRIG. 0 |
o
R385 ’
—toov T2k ‘
£
cas7
470 -
—1z.av a2 _L '_—~‘*>9
(DEC) a9 B ~oov = ‘
LaisE R3S REST o g
2.2:h 12 0550 | 22
'(""“2;' ("go\)’ | S— INT. TRIG. 100 V3838 1L | |
DEC. DEC. R377 Rzea cBo4 FROM Y2 6DJUS -
100 1o 85 R187 2
T (INPUT
R34 AMPR DIAG.)
00
n/> | >i2
R376 R392
-8 “ 270K 47K
3 ALT. TRACE SYNC. |
- H PULSE TO C26l w0 3
Q314 “el e3ve J (INPUT AMPLIFER DIAQ) |
R332 =1 =
2NZ048 756 I Vsra = - >4
= 8233/E55L |
TROM DIODE I 3.6uh ~1C573 >e
AT
AMPLI(FIER DIAG) / =
Q333 TO LOWER DEFLECTION PLATE
2N962 e ‘ -

S/N 10l - 4327

V364 = |

FERRITE ™
8233/E55L)  d-csen
el

BEAD

0.75uh \/ [

R347
> ©.2K

R357
6.2k

L3354
O.75uh
v3538 o7
4e0J8 g,
2(“7 s233/Es5.) L
i FERRITE -
R378 BEAD
320
—
|
TYPE 2Al PLUG-IN UNIT

256 skar
L378 %
40umh
(+|5\/<_—:L_fmm\_q !
DEC.
) TGIe N,
= R297 ,
1 ‘ 20
e o s
o T IS Ry |
case C335 = f —>13
D378 + 0.2 |
[ZE 15V I ]T: e
SEE PARTS LIST FOR EARLIER ’ —12.2v : 16
s T SN et o s
T R wWiT —ioov
OUTLINE. ! 2358 | 23
v334 Vv353 v374 V364 v383 —10 O 1 Sy Jym—
6DUS  6DUS B233/ES5L B8233/ES5L GDUS (oEcy casesx €3 T |
ot
E’ 15 = = 15 = = l
6.3V AC ’
a 4 4 4 4 '
XL 2
INTERCONNECTING Jit
PLUG
Tee
PLm
F| OQUTPUT AMPLIFIER

CIRCUIT NUMBERS
300 THRU 399



