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SECTION 1
CHARACTERISTICS

General Information

The Type 10A1 Differential Amplifier is a multi-purpose
vertical plug-in unit for the Type 647 Oscilloscope. It com-
bines these features: high-gain, ac or dc input coupling,
wide-band: operates as a conventional amplifier, a differen-
tial amplifier or a differential comparator.

As a conventional amplifier, passband is greater than
45 mc at calibrated deflection factors of 5mv/cm to 20
v/em. At a maximum sensitivity of 1 mv/cm, the passband
is greater than 35 mc.

As a differential amplifier, common-mode rejection (CMR)
exceeds 20,000:1 below 100 kc and 10,000:1 to 1 mc. CMR
is defined as the ratio of common-mode input voltage to
a differential output voltage. Differential output voltage
is the peak-to-peak display amplitude in centimeters
multiplied by the vertical deflection factor.

As a differential comparator, the slide-back technique is
used to make voltage measurements. The built-in highly-
accurate comparison voltage (Vc) is applied differentially to
the Type 10A1 input stage so precise voltage measurements
can be made. Comparison voltage ranges are in direct-
reading equivalent ranges of 6, 60 and 600 volts. The
range in use is selected by means of a combination switch
that simultaneously selects the vertical deflection factor and
Ve range. Table 1-1 lists the order of selection.

TABLE 1-1

Volts/Cm

Volts/Cm Accuracy

TABLE 1-2
0°Cto | —30°C to

Volts/Cm* +40° C +65° C
1mv (also 10mv and 0.1 v +2:59, =+-4%,
inireitcxinedic rcnge)___ L R -
2my through 2v (except +=1.5% | £25%
10 mv and 0.1 v in retained
Ve range} S O A
5v through 20 v +39% 49

*Measured after GAIN control has been accurately adjusted at
5 mv/cm. Standard Square-Wave Calibrator signal (1 ke, ampli-
tude accuracy VY %) applied to produce 4 cm vertical deflection.

Risetime and Equivalent Frequency Response

Table 1-3 lists the system risetime and equivalent fre-
quency response for signals that do not overscan the screen.
To obtain the system-risetime measurement, a 1.5-nsec rise-
time pulse is used to drive the Type 10Al in a Type 647
Oscilloscope.

The equivalent upper frequency response is the —30%
voltage point. This is determined by using the following
formula:

0.35
System Risetime

Equivalent Frequency Response —
{at 30% down point)

TABLE 1-3

When using
Ve “Pull Knob To
RANGE Normal Use Retain V¢ Range”
6v 1 mv through 20 mv
O 60v 50 mv through 0.2 v
600 v 0.5v through 20v

10 my through 0.2 v
0.1 v through 20 v

The electrical characteristics are divided into groups ac-
cording to the following operating modes: conventional
amplifier, differential amplifier and differential comparator.

AS A CONVENTIONAL AMPLIFIER

Deflection Factors

1 mv/em to 20v/cm in 14 calibrated steps. Sequence is
1-2-5. A variable control with at least 2.5:1 uncalibrated
range provides for continuously-variable adjustment between
steps and extends the 20 volts/cm deflection factor to 50
volts/cm.

®

| —30° C to
_ Volts/Cm 0° C to 4+40° C +65° C

5mv to 20 v, “ Risetime: <7.8 Risetime: <875
dc-coupled. | nsec. nsec.
Equivalent Re- Equivalent Re-

sponse: dc to > sponse: dc to >

45 mc. 40 mc.
Imv and 2my; Risetime: < 10 Risetime: <11.7
10 mv, 20 mv, nsec. nsec.
0.1v and 02v Equivalent  Re- Equivalent  Re-
in retained Ve sponse: dc to > sponse: dc to >
range; dc- 35 mc 30 me.
coupled.

Low-Frequency Response Using AC Coupling: > 2cps at
—309% voltage point.

Limited Bandwidth Frequency Response: With PULL FOR
1 MC BW switch pulled out and VOLTS/CM switch set to
any position, frequency response is dc to Tmc (=10%])
using dc coupling; < 2cps to 1 mec (:=10%) using ac cou-
pling. The limited-bandwidth switch position is useful for
reducing on-screen noise at high sensitivities.
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Characteristics—Type 10A1

Input R and C
1 megohm (-=1%) paralleled by approximately 20 pf.

Maximum Dynamic Linear Range — Maximum
Combined DC and Peak AC Input Voltage

TABLE 1-4
Input Voltage
Dynamic range,| Max. combined

_linear | DC and Peak AC |  Yolfs/Cm

~sév | x20v | Imv/em o
SN NSO ——— 0mv/em

=60 v ! +600 v 10 mv/cm to

. 0.2v/cm*
600 v ‘ =600 v 01v/em to

! 20 v/em**

*10 and 20 mv/cm in retained range.

**0.1 and 0.2 v/cm in retained range.

Maximum Input Grid Current

<1 nanoampere. Equivalent to <1cm trace displace-
ment at 1 mv/cm.

Input Isolation

>5000:1. Measured with driven grid in Gnd or Vg,
undriven grid in Gnd, 1 mv/cm deflection factor, and using
a 10-v peak-to-peak 100-kc square wave as the drive signal.

Input Crosstalk
<10mv or <1%, whichever is smaller.

Measured when driven grid is dc-coupled, 5 mv/cm de-
flection factor, using a 5-v peak-to-peak 1-kc square wave
as the drive signal. Undriven grid is switched from DC to
Gnd and peak-to-peak change in amplitude of front corner
is noted.

DC Thermal Drift
< 0.5mv/°C.

Environmental Capability
Non-operating: —55° C to +75° C to 50,000 ft.
Operating: —30° Cto +65° C to 15,000 ft.

The Type 10A1 Differential Amplifier can be stored
alone, or in the Type 647 Oscilloscope at any temperature
between —55° C or +75° C. After storage at either ex-
treme, the instrument must be allowed sufficient time for all
components to return to the operating ambient temperature

range of —30° C to +65° C.
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AS A DIFFERENTIAL AMPLIFIER

Input Voltage
See Table 1-4.

Overload Recovery Time

For an off-screen to on-screen step of as much as év
applied in the 1-mv/cm position, the amplifier recovers
within =2 mv of the final signal value in less than 0.3
usec; within =0.5mv in less than 1 msec. 0° C to +40° C.

Common-Mode Rejection (CMR)
TABLE 1-5

Common-Mode Rejection*

Common-

Mode Input Input Voltage Common-
Voltage Input Sine-Wave Mode
Peak-to-Peak| Coupling Frequency Rejection
~10v | de | dcto100ke | >>20,000:1
" 10v | dc | 100ke to Tmc | >10,000:1
" 5y | de | 2mc | >50001
2v | de 5mc | >2000:1
T v | de | 10mec | >1,000:
v de | 20mc | >1000

~ 10v ac | 0cps | >2,000:

*Volts/CM switch set to 1mv/em; 0°C to +40°C.

Common-Mode rejection ratio of 10X attenuator (10 and
20 mv/cm in retained range; 50 mv to .2v) is > 2,000:1
using a 20-v peak-to-peak 10-ke sine-wave common-mode
input signal.

Input Attenuation Accuracy

TABLE 1-6
Input Attenuation Accuracy
Attenua-  0°Cto |—30°C to
tor' Volts/Cm | 440°C | +65°C
T10X | 10mv/em to | < =+0125% | < +0.25%
0.2v/cm’ 1 -
T00X T 0dv/emto | < +025% | < +05%
i 2v/cm’
T 1000X | 5v/emto | < +£2% < +25%
20 v/cm

! Attenuators are automatically switched into the amplifier input
circuits when Volts/Cm switch is set to positions listed in second
column. -

10 and 20 mv/cm in retained range.

“0.1 and 0.2 v/cm in retained range.

Input Resistance Matching

1 X input resistance adjustable to match 10X resistance
within #0.2% (0° C to 440° C}, within +0.4% (—30° C
to +65° C).



Characteristics—Type 10A1

AS A DIFFERENTIAL COMPARATOR Readout Resolution

Comparison Voltage (Vc) Range <05mv on é-v range. Measured by taking the dif-
ference between two Vc readings. Vc controls were rotated
to the zero differential reference point from opposite direc-
tions to obtain the two readings. Resulting readings are a
combination of readout and resolution.

0 to +=6v.

Comparison Voltage Accuracy
+(0.1% +5mv}, 0° C to +40° C.
+(0.15% +8mv), —30° C to +65° C.

Input Attenuation Accuracy
See Table 1-6.

Slide-Back Measurement Accuracy Input Voliags Raling

TABLE 1-7 See Table 1-4.
Equivalent Slide-Back Measurement Accuracy*
Range —30° C to MECHANICAL
At Input 0°C to +40° C +65° C Candrodion
“0to +£6v | =(01% 4 5mv) £(0.15% 4 8 mv). _ o .
0 6 ijOv (0225% 1@@[ i(O}%vJLBO mv) rCIiﬁ.lumm‘.)m‘qlloy chassis with chrome-plated brass side
0 to =600v |==(0.35% + 0.5V} =+(0.65% + 0.8v) )
*Accuracy is the sum of the V¢ accuracy and attenuator accuracy. Finish
- i i I
TABLE 1-8 Photo-etched, anodized aluminum pane
Slide-Back Measurement Accuracy Dimensions
; With P6023 Probe*
Eq;;\::;l:nf B o T - 6/, inches high, 4, inches wide, 14, inches deep
At P6023 —30°C to overall.
Probe Tip 0° C to 4+40°C +65°C
Oto téby | £0225% +50mi| =04% + 0  Weight
0to -£600v | =(05% +05v | =095%+08v
0to #6000 v** | (1% + 5Vv) +(2% + 8v) pouiE :
*Probe attenuation is matched to 10X attenuvator and accuracy Accessories

includes effect of input resistance tolerance.

**Input voltage rating of P6023 Probe is 1000 v maximum. Two instruction manuals, Tektronix Part No. 070-464.
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SECTION 3
CIRCUIT DESCRIPTION

BLOCK DIAGRAM DESCRIPTION

This description is based primarily on the block diagram
located in Section 6 of this manual. Signals applied to the
+ and —INPUT connectors pass through the + and —IN-
PUT switches and input attenuators to the Input Amplifier
stages. The INPUT switches control mode of operation and
the input attenuators control the magnitude of the signals
applied to the input stages.

Accurate Z=dc comparison voltages are obtained from
the Vc supply. These voltages can be applied to the input
of either Input Amplifier by means of the + and —INPUT
switches. [n differential-comparator mode of operation, for
example, the voltage is applied to one Input Amplifier and
the signal is applied to the other.

The low-capacitance, high-impedance input of the Input
Amplifier stages isolate the input circuit from the suceed-
ing stages. The Input Amplifier stages are designed to ac-
cept input signals as great as —=é volts without being over-
loaded. Special constant-current and bootstrap circuits pre-
vent the input cathode followers from cutting off or draw-
ing grid current when large signals (==év) are applied.

The output from either Input Amplifier stage is applied
to the Signal Disconnect Switch. This stage limits overload
signals so they do not overdrive the following stages. Im-
mediately following the Signal Disconnect Switch is the
Differential Amplifier. This stage amplifies differential sig-
nals but not common-mode signals within the operational
limits of the Type 10AT.

Differential signals from the Differential Amplifier are ap-
plied to the Gain Switching stage, which provides a 20-to-
1 gain swiftching ratic so signals do not overdrive the fol-
lowing stages. Gain switching is accomplished by means of
the VOLTS/CM switch.

Signals from the Gain Switching stage are applied to the
Output Amplifier. Here the signals are further amplified and
then applied to the input of the oscilloscope vertical ampli-
fier through pins 5 and 7 of the interconnecting plug.

Signals from the Output Amplifier are also applied to
the Trigger Amplifier stage. This stage provides + and —
internal triggers to drive the trigger generator circuit in the
time-base plug-in unit.

In the detailed description that follows, refer to the
schematic diagrams in Section 6 of this manual.

DETAILED CIRCUIT DESCRIPTION

Comparison Voltage Supply

To make the Type 10A1 comparison voltage (V<) supply
operate at its specified accuracy, the Vc supply must main-
tain a constant voltage independent of environmental temp-
erature changes and differences in the regulated power sup-
ply voltages between one oscilloscope and another. To ob-
tain this high accuracy the comparison voltage is derived
from a temperature-stable reference element D582, Its out-

®

put is nominally 9 volts and this voltage remains constant
within 0.001% per degree centigrade change.

When the Vc POLARITY switch SW580 is set to —, D582
cathode is connected to ground and the anode is connected
through R580 to the —15-volt supply. The 6V CAL adijust-
ment R583 is set so the Vc is exactly —6 volts at the top end
of the Kelvin-Varley divider. Resistors R587A through R587G
make up the divider. The top end of the divider is the end
farthest from ground or the top end of R587A. For the
adjustment to be made properly, SW710 must be set to a
“straight-thru” position (see 1F and 1R of SW710 on the
Switch Details diagram). All 1F and 1R positions of SW710
are straight through except the 5, 10 or 20 VOLTS/CM
positions.

When the Vc POLARITY switch SW580 is set to +, D582
cathode connects through R580 to the +15-volt supply and
the anode connects to ground. Thus, a +6-volt comparison
voltage is now applied to the divider load for all VOLTS/
CM  positions except those mentioned in the previous
paragraph.

Comparison Voltage Ranges

The internal comparison voltage ranges are actually two
basic ranges: 0 to 6 volts and 0 to 0.6 volts {refer to the
Comparison Voltage Generator schematic diagram). For
all VOLTS/CM switch positions except 5, 10 and 20 v/cm
{see SW710 Switch Details), the 6-volt comparison voltage
is applied to the Kelvin-Varley divider. In the 5, 10 and
20 VOLTS/CM switch positions divider resistors R727 and
R730 are connected into the circuit dividing the voltage by
10 and supplying the Kelvin-Varley divider with a 0.6-volt
range.

Comparison Voltage Output Circuit

The comparison voltage output circuit consists of the
COMPARISON VOLTAGE (Vc) control and associated cir-
cuitry. The COMPARISON VOLTAGE control is a combina-
tion of two controls to provide direct 4-digit readout. Switch
SW590 is a Kelvin-Varley bridge that selects the first digit
within the range set by SW710 and the 10-turn potenti-
ometer R595 selects the remaining digits.

Seven resistors in the bridge, R587A through R587G,
make up the divider for SW5%90. As mentioned previously,
the comparison voltage is applied to the top end of the
divider; the bottom end is connected to ground. A shunt
divider consisting of R590, R594 and R595 is connected across
two of the resistors in the divider by means of switch SW-
590. The equivalent resistance of the shunted portion of the
divider is equal to 1k. The 1V CAL control R590 provides
the means for setting this resistance accurately. Thus the
divider is actually divided into six equal divisions of 1000 Q
each. If the Ve output is 6 volts, for example, there will be
one-volt drop across each 1000 Q divisions of resistance.

Switch SW710 has 6 positions to permit switching the
shunt divider across two resistors at a time along the string
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Circuit Description—Type 10A1

of resistors in the divider. Each position corresponds to one
digit of voltage. Variable control R595 in the shunt circuit
is the vernier control for dividing the comparison voltage
further so the remaining digits of voltage can be measured.

The comparison voltage set by R595 is applied through
the 4+ and/or —INPUT switches directly to the correspond-
ing Input Amplifier stages. In contrast, any signals applied
to the + or —INPUT connectors must pass through input
attenuators before being applied to the Input Amplitiers.
SW110 and SW310 of the VOLTS/CM switch are used to
select the input attenuation of the signal as follows: 12X,
10X, 100X, and 1000 .

The comparison voltage is also applied directly to the
Ve OUT 0-6V jack. This jack permits connecting any null
type, or an 'infinite-impedance-type" of voltmeter to this
point for the purpose of monitoring the comparison voltage.
The output voltage at this jack is very limited in current out-
put; therefore, meters which draw negligible current should
be the type used to prevent measurement errors. For fur-
ther information refer to topic “Vc OUT 0-6 V Jack” in the
Operating Instructions section of this manual.

INPUT Switches

The separate + and —INPUT switches control the mode of
operation for the Type 10A1. SWI101 controls the +input
side of the amplifier and SW301 controls the —input side.
These switches permit connecting one input or the other,
or both, to the Input Amplifier stages. The Vc position of
the INPUT switches applies the comparison voltage, instead
of the signal, to one or both sides of the amplifier.

NOTE

The two sides of the Type 10A1 differential am-
plifier are similar. To minimize duplication, the
+input side of the amplifier is described in more
detail throughout this description.

When the +INPUT switch SW101 is set to AC, the ac com-
ponent of the input signal is coupled through C102 and then
through the input attenuator to the grid of VI13; the dc
component is blocked by C102. When SW101 is set to DC,
both ac and dc components of the signal are fed through
the input attenuator; C102 is disconnected.

In the GND position of SWI101, the grid of V113 is con-
nected to ground and the signal is disconnected but not
grounded. In the Vc position of SW101 the comparison volt-
age is applied directly to the grid and the signal is auto-
matically disconnected.

Input Attenuators

SW110 and SW310 of the VOLTS/CM switch select the
various attenuator sections for both inputs simultaneously.
There are four attenuators that can be switched into the input
circuits to attenuate the signal to the desired amplitude.
These are: X1, X10, X100 and X 1000 (see Attenuators
schematic).

The attenuator networks are frequency-compensated rc
dividers. At dc and very low frequencies, the dividers are
resistive because the impedance of the capacitors is high
and their effect in the circuit is negligible. As the frequency
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of the input signal increases, however, the impedance of
the capacitors decreases and their effect in the circuit be-
comes more pronounced.

<

When the VOLTS/CM switch is set to 50 mVOLTS, for
example, R106E adjusts the dc attenuator ratio so it is
exactly 10 to 1. For higher frequencies, C106C is used to
frequency-compensate the divider so the capacitive reac-
tance ratio is equal to the resistance ratio. The adjustments
in the 10 X attenuator of the —input side of the amplifier
are adjusted the same as the +input adjustments. When
the input attenuator adjustments are accurately set so the
+ and —input attenuators match each other, optimum
common-mode rejection is achieved.

C106A in the 10X attenuator is adjusted so the input rc
of the attenuator is 20 pf X 1 meg, using an Input Time-
Constant Standardizer as the reference. Each attenuator is
“standardized”” in this manner. Thus, an attenuator probe,
when connected to either input connector and properly ad-
justed, will work into the same input time constant regard-
less of the VOLTS/CM switch position.

To prevent trace shift on the screen due to grid current,
the GRID CURRENT BAL controls in the grid circuit are ad-
justed so a small negative voltage will offset the current.

Input Amplifier Stage

A signal from the +INPUT connector is applied to the
+Input Amplifier stage. This stage consists of V113, Q114,
QI123A, Q134, Q138 and Q143 with associated components.
Fig. 3-1 is a simplified schematic of the stage to show the
important operating conditions.

This stage provides X1 gain at low output impedance. it
has a linear operating range for signals up to =6 volts in
amplitude. Dc drift is low and is free of thermal effects down
to the 0.2-mv level.

Tube V113 functions as the input cathode follower and it
has a wide dynomic operating range because constant-cur-
rent operation and bootstrapping is used. Q134 and Q114
are the constant-current transistors, Q138 and Q143 work
together as a bootstrap amplifier for V113. Q143 also sup-
plies a bootstrap signal to a common-mode point in the
Differential Amplifier stage. Q123A is the emitter follower
for the singal from V113 cathode. Capacitors C118 and
C130 prevent noise, originating in the Zeners (D117 and
D118), from getting into the signal path. Bootstrapping
minimizes V113 changes in characteristics by keeping the
plate-to-cathode voltage change as small as possible with
large signal swings.

Diode D111 protects V113 against extreme turn-on condi-
tions such as those encountered when plugging the Type
10A1 in a turned-on oscilloscope. During turn on, the diode
conducts and limits the grid-to-cathode bias voltage to about
+0.6 volt until V113 starts conducting normally.

The COARSE adjustment R275 adjusts the heater voltages
of the input cathode follower tubes V113 and V313. This
control is adjusted to balance the bias on the tubes. Thus,
tubes that vary considerably in characteristics can be made
to operate at about the same bias. The +BAL adjustment
R130 is adjusted so the Q123A collector-to-emitter voltage
is equal to the voltage across the collector load thermal-
balance resistor R123 under no signal conditions.

®



Circuit Description—Type 10A1

5.7 ma (*3.3 ma)

+68v

D148 462y

—» Bootstrap Output N,
—_— Z =<1 Q

~

~ 1.7 ma

Signal Output 1,

+0.56v Gain = 1
£ ==10Q
1. "Liindicates polarity of waveforms; 5. Q123A is the E.F. for the output

arrows (+) indicates direction of

Eesentiansl warrenl Hee. 6. Q143 is the E.F. for the bootstrap
NOTE: In this stage all waveforms are output to the Differential Amplifier
—15V Q134 same polarity. stage.
2. Q114 and Q134 are constant-cur-
- —155v rent transistors.
=5 T3 i S g 3. V113 is the +Input C.F
3.6k : o
4. Q138 {(Bootstrap Amplifier) and
Q143 (Bootstrap E.F.}) work to-
—75V gether as a bootstrap amplifier for
V113.

signal going to Q153 collector.

Fig. 3-1. Simplified <+ Input Amplifier stage.

High-frequency common-mode adjustments are provided
in the +Input Amplifier stage. These are: C111, C115 and
C125. C111 is adjusted to make the high frequency drive to
the grid of V113 equal to the drive to V313 grid. Cl115
loads the plate of V113 to balance up the bootstrapping and
C125 sets the high-frequency loading on V113 cathode so
the voltage equals the voltage at the cathode of V313.

Signal Disconnect Switch Stage

The signal from the emitter of Q123A is applied to the
collector of Q153 in the Signal Disconnect Switch stage. The
active components that make up this stage are Q153, Q353,
D155 and D156 (see Fig. 3-2). The main purpose of this
stage is to limit overload signal amplitude so the following
stage is not overdriven.

Under normal signal conditions, Q153 and Q353 are in
saturation. Diodes D155 and D156 are zero biased. Thus, a
signal applied to the +input side (collector of Q153) passes
through Q153 and appears at the emitter of Q153. There is
no signal attenuation because gain is X1 for signals up to

®

=+0.6 volt in amplitude. However, if a positive going over-
drive signal is applied, D156 conducts and Q353 discon-
nects the —Input Amplifier. The result is that both sides of
the amplifier are connected to the +input side through D156
and Q353 emitter-base junction.

Differential Amplifier Stage

The Differential Amplifier stage consists of Q158, Q164,
Q174, Q184, Q374 and Q384 with associated components
and circuitry. Fig. 3-3 is a simplified diagram of the stage.
Q158 operates as a constant-current transistor, Q164A and B
with associated components is the differential amplifier and
the remaining transistors form a common-base stage.

The stage provides X 2.5 voltage gain per side for single
and differential signals but virtually no gain for common-
mode signals. It remains linear for signal amplitudes of 1.2
volts or less and is able to handle common-mode signals
up to 12 volts.

Variable capacitor C365 is a common-mode adjustment
which balances the stray capacitance so Q184 and Q384

3-3



Circuit Description—Type 10A1

= 0.75 ma
R153 4
Q153 6.81 k
+ Input L +056v L __ <+ Output
Signal —> W ~ Signal
= 0.75 ma Qﬂ 08
—0.1v 1.5 ma Center-of-dynamic-range currents
* are shown.
R155 . . 4
Gain = X1 for signals up to *0.6 v; gain de-
D115 D156 442 K creases sharply for overload signals because
—67v D155 and/or D156 conduct, thereby reducing
—> the gain of the transistors.
=~ 3 ma
R355
4.42 k
—0.1v T
1.5 ma
= 0.75 ma
—Input — 7% +0.58 v — Qutput
Side +0.56v Side
Q353 R353
T 6.81 k
= 0.75 ma
Fig. 3-2. Schematic diagram of Signal Disconnect Switch stage.
Qis4 _
= 5 ma
/-\ ___ Output
Q é '+ 107 v I Signal
Ql164A Q174
( S AAA—4 Current Output = 5.4 pja/mv
+Input "Ll 1-0.58 v 44, DT Py Ha
Signal 316 Q =~ 0.5 ma
e l: 5.5 ma e,
R164 +32v 2.61 k
~3 86.6 N
From =~ 3 ma =12 ma 058 ~ 0.97 ma =~ 0.97 ma} +4.8v Bootstrap Signal
R155/R355 4 —AN\N, AVAVAV AN\N—@——<————— from Input
Junction R160 R170 R179 Amplifier Stages
5110 R364 4.53 k 1.87 k
86.6 (!
R374
2.61 k
—75V +058v l
\’ )
Q164B R364
316 Q Q374
-‘ L Output
v +10.7 v Signal

1. Q158 is a constant current transistor.

Q164A and Q164B with associated components constitute the Dif-
ferential Amplifier.

Q174 and Q184 with associated components form a Common Base
stage for one side while Q374 and Q384 are used in the Common
Base stage for the other side.

Q384

Fig. 3-3. Simplified Differential

3-4

Amplifier stage.




high-frequency currents are equal. The COMMON-MODE
BAL control R183 is adjusted to provide proper voltage to
Q164 for thermal balance.

Gain Switching Stage

As shown in Fig. 3-4, the Gain Switching stage consists of
seven transistors: Q198, Q204, Q404, Q214, Q414, Q234
and Q434. The function of each trasistor is briefly described
in the illustration,

Passive gain switching by means of rc-type dividers is
one method used for changing the gain of the stage. Switch-
ing of the dividers is accomplished by wafers 2 and 3 of the
VOLTS/CM switch SW701 (see Switch Details schematic).
Resistors R713B and R715 are the shunt values, R703 and

Circuit Description—Type 10A1

R720 are the series values of resistance. They provide 1%,
2 and 4X attenuation.

Active gain switching is the other method used for con-
trolling gain. Active gain switching takes place in the emitter
circuit of Q204 and Q404 by means of wafers 4 and 5 of
the VOLTS/CM switch. Attenuation is 1 X, 2 X and 5X for
the 1, 2 and 5mv/cm positions respectively. For the over-
lapping ranges, wafers 4 and 5 are actuated to provide the
2X and 1X attenuation. For 5X attenuation the circuit
between 4F and 5R is open to provide maximum emitter-to-
emitter resistance for signal degeneration; 2X attenua-
tion takes place when R735B is added as shunt resistance;
1 X attenuation takes place when a wire strap is connected
between 4F and 5R. The combination of the two attenua-
tion methods provides 20 to 1 gain switching ratio.

The Gain Switching stage must be able to handle 6.5 ma

+15V

Q234

R234
210Q R235
133 1

12 mv/ecm

Output

R219 +37v un

Active
Gain Switching
1, 2 and 5 mv/cm;} +3V-<+—@¢
includes overlapping R245
positions

* —— "NNA—@—>» —15V
5.23 k

Q414
-0 ma‘ ;

+15V
R185
B 348
=~ 5 ma Passive
Input I ¢ Gain Switching
+10.7 v 10 mv/cm and up
(5.4 ia/mv) T | Q204
— \
\
R190
866 {)
+55v
R390
866 "
I
{
= 1
I
I
Passive
Input 1079 Gain Switching
L 10 mv/cm and up
R385 -:[_—
348 Q -
Y
+15V +34.5V
1. Q198 feeds back common-mode signals; aids action of Q214 and
Q414. .
2. Q214 and Q414 are an overload Limiter stage using cross-coupled
feedback. For normal signals Q214 and Q414 do not conduct.
3. Q204 and Q234 with associated circuitry constitute a two-stage
feedback amplifier for one side while Q404 and Q434 are used in
the amplifier for the other side.

R419
330 Q2 +37v

Output
R435
1330 L

+15V

Fig. 3-4. Simplified Gain Switching stage.
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Circuit Description—Type 10A1

of signal swing. Q214 and Q414 act as signal limiters for
overdrive signals. For proper phase feedback, cross coupling
is used. Only one side conducts at any one time. Q198
provides common-mode negative feedback which cancels
the common-mode signal caused by Q214 or Q414 conduct-

ing.

The STEP ATTEN BAL control R38% is a coarse-fine type
of dual control. One section (with wiper arm connected to
R387) provides coarse adjustment and the other (with wiper
arm connected to R392) is a vernier control having a é0°
range before the coarse adjustment is actuated. Under no-
signal conditions, the control is adjusted to minimize trace
shift as the VOLTS/CM switch is changed from 20 mVOLTS/
CM to 5mVOLTS/CM position. An INT DC BAL control
R200 is provided to minimize trace shift as the VOLTS/CM
switch is changed from the 5mVOLTS/CM to 1 mVOLTS/
CM position. Once both controls are adjusted as described,
the STEP ATTEN BAL control is used to maintain overall
dc balance during normal operation of the unit.

The VAR ATTEN BAL R215 is adjusted so the voltage drop
across the VARIABLE R252 control is zero under no-signal
conditions. Adjustment C213 is a high-frequency peaking con-
trol and R213 provides damping. The PULL FOR 1 MC BW
switch SW255, when pulled outward, connects C253 in shunt
with the output of the Gain Switching Stage to limit band-
width. At the same time one end of R255 is connected to
ground to complete the path for igniting neon B255.

Output Amplifier

The Output Amplifier consists of two stages: a Driver
stage Q504 and Q604, and an Output-Feedback stage.
Four transistors are used in the Output-Feedback stage:
Q524 and Q534 on one side, Q624 and Q634 on the other

side.

At the bases of Q504 and Q604 the signal input is 12
mv/cm per side and the output is 280 pa/cm per side. The
Driver stage is an emitter-degeneration type with a GAIN

3-6

R513 adjustment in its emitter circuit. Purpose of the stage
is to provide current drive for the stage that follows. Cur-
rent gain is about 2.7.

The I, BAL R601 control is adjusted to zero the base cur-
rent of Q504 to keep the base current from flowing through
the VARIABLE control.

The Output-Feedback stage Q524-Q534-Q624-Q634 is cur-
rent input type and it has a 93-ohm output for reverse ter-
mination of the vertical amplifier delay line. Current input is
280 pa/em and the output is 75mv/cm per side at pins 5
and 7 of the interconnecting plug. The POSITION control
R521 in the input circuit has a range of about ==10cm.
Feedback for the stage is from the emitter of Q534 through
R538 to the base of Q524 for one side and through Ré38
for the other side.

Variable adjustments C540 and R540 are peaking and
damping adjustments.

Qutput signal polarity at pin 5 is the same polarity as
the polarity of the signal applied to the +INPUT connector.
At pin 7 the signal polarity is opposite to that of pin 5
and the 4-INPUT connector.

Trigger Amplifier

Push-pull signals are taken from the emitter circuit of Q534
and Q634 for application to the Trigger Amplifier stage.
Four transistors are used in the stage: Q564 and Q574 in one
side, Q664 and Q674 in the other side.

Input voltage swing is 28 mv/cm per side. Output swing
is 100 mv/cm into a 100-ohm load. Current gain is approxi-
mately 20. Output dc level is zero volts {within ==0.2 v)
when the difference voltage between the collectors of Q574
and Q674 is zero.

Output signal polarity at pin 13 is the same as the polarity
of the signal applied to the -+INPUT connector. At pin 15
the signal polarity is opposite to that at pin 13 and the +IN-
PUT connector.

®



ATTEN

INPUT

Ve
SUFPPLY
t 6V

COMPARI SON

s VOLTAGE (Vc)

(%——»——

TYPE

SW 590

(+) DC

+ INPUT
AMPLIFIER

VIES Q4
Qa3 QI3>8
QI23A Q134

|

Ve OUTPUT
O 6V

INPUT
ATTEN
b=l

I0OAlI PLUG-IN UNIT

[e]
Ve
i

GND

52

N
AC

— INPUT

|

SIGNAL
DISCONNECT
SWITCH

QIS3
Q353

— INPUT
AMPLIFI1ER

V313 Qll4a
Q338 Q343
Q23 Q334

Y

-_QAIN /%, /% —_POSITVON

DIFFERENTIAL
AMPLIFIER

Qie4 Q174
Qis4 QIsa
Q374 Q384

Y

y

GAIN
SWITCHING
[VARTABLE]
Q204 Q234
Q404 Q434
Q2la Q414
Qo8

QUTPUT
AMPLIFIER

Q304 Q604
Q524 Q534
Q624 Q634

——)»%} ]

SIGNAL
QUTPRPUT

—‘»‘—}7

TRIGGER
AMPLIFIER

Q564 Q574
Qe64d4 Qo774

——> 1>

TRIGGER
OUTPUT

""“)’%Pb

BLOCK DIAGRAM



1OX I X 10X
Rioea
©LAT by
. .
mw%
Bog =l

EBIRIO6E LA
2

36
O O ? ¢
CIOGF CB05A R305A Cc306A 30
00K 7] 0.27\.6/1“5.@, Q.2-1.5 288K
RIOSE %
30K

LR306A
Ol Th
s
o ’ t st o t
RIOSA l | -L 6BIR3I06R A
SR8 K ClocA % ICO IZ_Z

06C_LC306F
0.7-3 200K A/ 0.2-1.6 5.6
O -0
RIO&D _I.r 106 E _J,( 16D R305B R306&D. _I_CE,O&E _Lcsoeo
29.8K I 51 I Ot pf 30K 99.8K 0 I =N} IO.E}pf
RIGOE - R3I06E -
RIOSC o R305C
oK ¥R oK 500
= o RIC6G — R306G
= i e = 100
100 X 1000 X 100 X 1000 X
C . el o
cloaa J,cxoaa rio8B _Lfcioac closA
oty I S.6 ~1.55

clo9B ?woaajgc 109c

0o
v
i

. o ; .
C308A J—CBO&B ,RBOBB—‘{C'&OSC C302A J_C3OQB<’R3OBB—{C309C
5.6 $299k I o.2-1.6 o.7-3 I =.6 990K /] 0.2-1.5 07 -3 I 5.6 $999x 1 o.2-1.6
RIOSC . - e N TRz ac | R - N e
Lo Rlo9c 109D e c308D R309CS —Lc3o9p
29K I 555 2.9k 3 100 3 I 1000
RIO8D = R3080D2 - =
250 B 2501;’( =
+ INPUT — INPUT
ATTENUATORS &
PLM
A

1es



SW 590
COMPARISON

M7 VOLTAGE (Ve) [T 77777 M
+15Vv | |
I (GANGED)
&V CAL r—— —— — — — — — —// } I
| R727 l 5 |
AN . ‘/5\, AN l -0 0+0 ;
< R580 R84
\\ 7S R?(BS 2.55K | o | . | 1
| |
N RT >0 | A | o RS20 |
-isv IR | 5 | 500 |
\ | | o 1V CAL I \
N = —-0 } AN O | L=
- _\W | | 1' Sk o R599 O-ev
L | | . R332 e
| B | :
SW 580 PSS S, |
F2R- SEE SW 710 < !
: Q (SWITCH DETAILS) 5 t
| e
3 O To cl03
! &
Lo L
cs$
bS
py 2
| S—
R587 L
(A-q) < D3

REFERENCE DIAGRAMS
INPUT AMPLIFIER

TYPE IOAI PLUG-IN UNIT

COMPARISON VOLTAGE GENERATOR <2.>

PLM
[£=3=



RI3T
106K

e
Ve OUT

sw3ol ate
- —INPUT - - —

R

cios
=001

TYPE

-T

TOAI

g +i00v —_— +
128 wems ]
Ria3
I T | Rzes srzer |
R20
wiags AP 3552 ) 15 |
ceesfJczes
2/’489 | I.o: I,o. |
Q4 T 151-1 s e
15/-133 B66x .7 V% = = |
— £ R204 Nagy  ~vhv
oilie \_' 2.05k I(Dgc, (DEC) I
9.1v
o — “BecogriiNG
se 9.V NETWORK
S
Y +isv Sz mste
- Qeo<4
: 31103 /%12_7'5442
+isy
Q184 cios 2
15/1-109 n— e
+10.7 S48
£\ - ’ °
) : czza R234
Q’Z n_’.g% oo! T 210
S B W it i 4 .
t ] |r7233 ]
RIT4 | ’—m
2.6IK L2114
151139 . . Q174 | =
15/-133 | v
rR238
I oo o 196K
| RTIS;
L238
| 9 kg e cz3s
I 22 1S3 ;
|
-GRID [vaRiABLE]
CURRENT BAL ' 2240 i§:7 ) _LQLJ:‘] | /AQ\TA;LE
o 267K c2s rYTES
+3 2|RIBS 30 Q304
gsems| (| BT . e
i R2a5
R334 et \ R703 R440 RaaT R2S4
2:0ls Lo gl | EPS T e £ | 3287
T e
=52 COMMON e | %
)
ey M La3zs 3 I
BAL [BVLY | +100V
R33E Q334 (oEC)
oo 1581-108 Ri90 /98 I
aee 151-103 : 82y
N N NE-23
T2 we ‘ .
:
[~ ¥o'ea it nadlitg " $r2ss
R374 e R43a I 82k
S325N 2% 2 el oL rSex L
Rag \ e +1sv "
R32% Qles8 -
ek % 151-133 S G c3o3 -
N Q338 o7 .
o311 [ |
¢ L384 éa\ J
R393 + Lao2 Bale
732
Q384 R392 Q<04
151-109. 190K /151-109 )
R404
2.0

(VERNIER)

R3' 7T
160 re.m oz meec ©
o3t
— S SLcie
at D318 e
9.1V ﬂ
Q3= R340 )
I151-133 B.e6K Q343
(Q~-44 157-109 1
1 R3le v a9
2y —
SR314 R343f C343
4.87Tx (3 o1 REFERENCE DIAGRAMS
@) COMPARISON VOLTAGE GENERATOR
+100v sy {DouTPUT AmPL FIER

PLUG-IN UNIT

& swiTcH DETAILS
{)ATTENUATORS

+iBY

INPUT AMPLIFIER @

265



+ ISV
+15V FISY
(DEC L679
) (DEC) +15v
(BEC) cero
.0l
‘,?95626 <3 2;356 100 mv/DIV —
t |
Rs24 RS™4 0.2 mSFC /DIV
<
196 So3.
>
A g.?}f;‘ +89| Q539
M 151-120
+6
Q524 ~
R505 = \
539% 15/-109 e
+4.| .
1l csoa N 50 mV/DIV = ey, (e
.ool \- v i |
> 100 mV/DIV — -
LS0% Pl 0.2 mSEC/DIV
ANA—¢ < ISV ~
R538 0.2 mSEC/DIV
100
Q50«4 RS20
151-109 NS Lsas Eor4
06uh - vk
L = to.2
Q574
+o.3 15/1-120
—_——
Q564 I
R=49 I151-120 20 mv/DIV !
cens s62 -2.9 S
e R ey T B AR
AA RS7T2 /
Ty BAL_J (/] Wy DAMPING SRES3 BSee 8es /,/
— o6 ~ -5V
o4 22540 VW T e
PREIZ RIS +3.3 So R669 & L6T6
[GaR}— ] c0 $%os Fis eSS -12v -1y
R5SS (DEC) (DEC)
S$RBI2 RS29 549 coTe
2100 110 MWA—5 .ol
R6SD & 15V oy
WA |4 sce 3 (DEC) 1 R&T2 e —
R&IT = coan |A ﬁ 825
K — 15V L 27— > . ol
(DEC) 245_,::2 b AA - 20 mV/DIV ——
5 R&49 ot ~2.9 : |
562 R6 plhidtalinll S e
ICéB»‘Iia Y 10K 066 0.2 mSEC/DIV
(DEC) 151-120
Re64 Qe 74
126 -
6 Q60 <4 R26552 /151-120
151-/109 2R620 Leas (. TRIG (/] = ReTa FO-2
S 5.1 K .06puh BA K
FROM sV
R435 (DEC) \
S Nt
P — - +15V
LeOo4 Qé'b'a S0 mv/DIV T I 100 mV/DIV
ceoa 100 —.3 Fo— s
. 1 1 T -°o! (},1 ——— 0.2 mScC/DIvV 0.2 mSEC/DIV
10 mV/DIV = = +a.l — —
H RGOS ts.2 | 151-120 - DIV -
I 1 I B O 2.3TK Qeaa +6 100 mV/DIV
0.2 mSEC/DIV 151-109 ﬁ R I
Le24 ( : 0.2 mSEC/DIV
+15V O.l}‘h +8.9
(DEC)
R624 RE6E34
126 S 931
—Cc5e2e
col .ool
= = REFERENCE DIAGRAMS OUTPUT AMPLIFIER <4>
TYPE I0Al PLUG-IN UNIT fed

& INPUT AMPLIFIER

1es

1S

13

+ S1G OUT

= TRIG OUT

+ TRIG OUT

- S1GQ oUT



& 3

X
F————=SWIl10=~===]
| |
\F @ 2R
|
|

O+O—<1000X +—O0+0

O—1—1o0ox —1+—0

O0—y—iox —4—=0

o— ——O
o0— —O0
O—1—1Xx —+—0
Oo— —O
o—q ——O
O—9 ——O
o— L—o

¥* DRIVEN BY

TYPE 10AI

TO TO
SWIOIB SW30IA

S
_________ - —————
I
|
I
== SW310--——
| |
'F 2R
| |
| |
J>—~0—<»|ooox «—(r—J)

O—¢—100x —1+—0

F—F—Io% —F—0

O—p—IXx —4—0

o— p—
o— +—o
o— —o
o— Lo

SAME SWITCH SHAFT

PLUG-IN UNIT

TO Q384
SwW30IB (-INPUT)

FROM TO 10 FPROM
Qao4 Qzoa Qlaa FROM FROM
(-INPUT) (+1NPUT) (+INPUT) RS84 SW 590
& © 5 2 &
| ¥ }
—Jvours/emp--|-——— = e e — ---7
|
CTI3A |
1.8-13 !
r=———""—"~71-—————= TSR T | —m=SWTIO - —— — = — |t
| | H | I | |
2R 2F A\ SE 3R IF IR
| |RTISAT) FHcriae | | RT27 |
\ 150 — 8 | | | S.36K |
o0 . o OO 00 oy
13
R707 650.4 R730
RTOD sex RTIS R720 ges
365 976 365
—ANV——O = e} 0o o— o—t = o—t
CcT03 CTIS cr20
24 1.5-9.1 J 24
—O o] o Oo—A9 o— o—A9
O =X —O O o— (e}
—0O O O Oo— Oo—1 [0}
[e] e} (o} [e] Oo0— o
0 o— +—O o o—t o
—O (e —0 o— o— o
o o (e} (e} o— [e]
O o0— —O0 O o— o
—o0 O O o— o—t [e]
t———0 [¢] o o— Oo—te (o}
p—— o0 o o (O — o— o
—0 e} o o—f [e]
cres SRT23
1.8-13 S 13K

REFERENCE DIAGRAMS

/l\ ATTENUATORS

S INPUT AMPLIFIER
OQUTPUT AMPLIFIER

TO TO
R409 R209
R 1
| l
4F SR
| |
| |
o—+0 20
o [e] [e}
o [} S
o o 2
o} (o} !
R735A
270
o— o 5
cT3s.L
18 W*
o F——o 2
o 0 |
o— o 50
(¢} —o0 20
(o} 20J 10
mVOLTS
o o S
o AM -0 2
R7358
154
o———0 I
L

¥ ¥ OVERLAPPING RANGES

SWITCH DETAILS
PLM
165

PULL KNOB AT
— TO RETAIN
Ve RANGE

©

60

ov

.x

©0

eV

v



