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RELATED MATERIAL
1.1 Drawing List:

Schematic D13500S2
List of Material A13800Z9
Mechanical Assembly A13800Z8
Wire and Cable List A13500W11
Assembly Information for B13500M68 C13500S6

1.2 Specifications:

1.3 Memoranda:
Variable Phase Sampler .........
Tolerances in the Two-Bit Sampler 
Phase Quadrature Requirements ... 
Test Report ...................

VLA Electronics Memo No. 132
VLA Electronics Memo No. 112
VLA Electronics Memo No. 114
Memo Dated 4-15--75

1.4 Component Omissions
The following components, must be disconnected during module test and 
jnay, therefore, be omitted during intial assembly:
Quadrature network - C23, C24, C25, C33, LI, L2, L3, L4,

R45, R46, R52, and R53.
Subminiature cables - 4 cables from J5 and J6 to BR1 through BR4.



1.5 Test Adapters
1.5.1* A toggle switch adapter to provide manual control in place 

of U23 or a serial data generator and clock to generate 
commands into U23. Used in the Variable Phase Shifter tests.

1.5.2 A modifiedMC10231 to provide self-toggling. Pins 3 and 7 
connected together and through a 470 ohm resistor to pin 8.
Used in the Digital Retiming tests.

1.5.3* Output loads. The output signals on Pl-5, 6, 38 and 39 are
ECL levels requiring biased loads and a convenient connection 
for scope monitoring.

1.5.4* Heat sinks were required in lieu of forced air cooling on the
HC 1650 comparators IC’s. Failure rates were high on the first 
lot but a recent lot of chips (from Korea) have less dissipa
tion and better reliability.

1.5.5 Four 50 ohm coax test cables with BNC connectors on one end.
Two cables should have exposed conductors on one end and the 
other cables should have a 51 ohm resistor between the exposed 
conductors. Type RG 188/U cable preferred. Used for Quadra
ture Network Amplifier and Variable Phase shifter checks.

1.5.6* A divide—by-two circuit fed from the 100 MHz deck and pro
viding a variable output of 5 to 50 mV. Required for Minimum 
Detectable Signai tests.

1.5.7* An adjustable reference voltage source that replaces U5 to 
provide a vernier controlled voltage of about -80 to +80 mV 
into pins 1, 7, 8 and 14. Required for Sampler and Minimum 
Detectable Signal checks.

1.5.8* An ECL AND -gate to accept a 100 MHz clock and an output
from the unit under test. The gate output must drive a 50 
MHz counter. This adapter is required for the Threshold.
Level Adjustment.

1.5.9* All items marked with * are not needed if the sampler test 
fixture is used.

* See step 1.5,9
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2. OVERALL DESCRIPTION
The Variable Phase Sampler receives on IF band of 1 to 50 MHz or less 

from an IF Amplifier module, generates two signals having a 90° phase dif
ference, detects the polarity of both signals With respect to a positive 
and negative reference voltage at the time of sampling and transmits this 
information in the form of logic levels to the digital delay system. The 
sampling pulse is adjustable in 16 time increments over a 10 ns clock 
period on command from the system controller. The sampled levels are re
timed in the digital section to remove the timing variations. Figure 1.. 
shows a block diagram.

The nominal IF input level to J1 is 1.5 V rms, and. from this level an. 
ALC signal is generated for controlling an attenuator located in the IF 
Amplifier module. A dc level of 5 V nominal is also fed to the output plug 
for monitoring the IF level. Trim pots are provided for setting both 
levels. The IF input also feeds amplifiers driving a quadrature network 
to generate sine and cosine components. Each component is sampled by two 
diode switches driven by the gating pulse. The sampled levels enter A-to- 
D comparators where comparisons are made with a plus or minus reference 
level. The ECL outputs are determined by the polarity of the sampled sig
nal with respect to the reference. The dc reference levels are set by 
trim pots to produce threshold voltages at 61% of the rms noise voltage.

The 100 MHz sine wave clock input to J2 should be between +5 and +15 
dBm into 50 ohms. This clock feeds the output logic directly and is also 
phase shifted to provide a variable phase sampling pulse. The phase shift 
input data is in TTL serial form and is clocked in at a 2.5 MHz rate.
Logic zero commands produce maximum delay of the sampling pulse so that 
increasing logic numbers are equivalent to increasing signal delay. The 
LSB is fed back to the Controller for verification.

The digital portion of the unit performs the functions of retiming the 
variable timed logic signals from the comparators, allows interchanging of 
the positive and negative threshold data for both sine and cosine signals, 
and permits disabling both positive and/or negative threshold data for sys
tem tests. The polarity data is interchanged in synchronism with phase 
switching at the antennas to reduce modem and sampler errors. The four 
ECL logic level outputs, one for each reference level discriminator, drive 
50 ohm lines to the delay and multiplier system. Pull-down loads must be
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provided externally. A delay monitor circuit produces a dc level propor
tional to the time between delayed and non-delayed clocks- This output 
to PI permits a check of the unit's response to phase shift commands.

2.1 Input-Output Connections
J1 - IF Input
J2 - 100 MHz Clock Input
PI- 1 Gnd

2 LSB out
3 Serial clock in
4 Serial delay data in
5 Sin - out
6 Sin + out
8 Leveler out
9 Gnd
10 +5. V
11 -5.2 V
14 Level monitor out
15 Gnd
19 -12 V
29 +28 V
34 Gnd
36 Delay monitor out
37 Gnd
38 Cos - out
39 Cos + out

2.2 Power Supply Requirements
V +28 +5 -5.2 -12 
I 580 150 1400 50

2.3 Control Word Input (Pl-4)
1 22.5 LSB
2 45°
3 90°
4 180° MSB
5 -Disable
6 + Disable
7 Invert

volts
mA
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3. CIRCUIT DESCRIPTION
An IF input signal of 1.5 V rms feeds a leveling detector and invert

ing transformer. Refer to the schematic. The detector (CRI) develops 
1 V dc into two op amps. One amplifier (U2A) generates a 5 V output for 
level monitoring. The second amplifier (U2B) is an integrator to produce 
a gain control voltage fed back to a buffer and attenuator in the 
IF Amplifier module. The IF level is set by adjusting R19, the reference 
input to U2B. R47 is then set for a 5 V monitor level.

Input transformer T1 has a floating secondary winding so that the two 
amplifier input impedances determine the relative amplitude and phase.
The resulting voltages are 2:1 in amplitude ratio and 180 in phase. This 
is the requirement for the quadrature network drive following the ampli
fiers. The amplifiers are Darlington circuits with complementary output 
drivers. Flatness, stability, phase match, low distortion and low output 
impedance are important in these applications. These circuits provide less 
than 5 ohms output impedance up to 50 MHz. The in-band flatness is within 
a few tenths of a dB, rising to about 2 dB near 150 MHz. Harmonic compo
nents are at least 46 dB down at 1.5 V rms at 50 MHz. Distortion tends to 
increase with frequency and amplitude due to slew rate restrictions in the 
interstage circuit. The quadrature network (LI to L4 and associated com
ponents)- develops two signals having 90° relative phase with a theoretical 
error of less than 0.2° from 0.95 to 55 MHz. In practice the errors can 
normally be adjusted to less than 0.4° between 1 and 50 MHz. Most of the 
components were set near the theoretical values before mounting. The 
error curve was measured using a modified HP 8405 vector voltmeter. See 
VLA Electronics Memorandum No. 132 for more details. The amplifiers fol
lowing the network are similar to the previously described circuits. These 
require high input impedance and must drive two 50 ohm cables each.

A 100 MHz, +5»5 dBm sine wave clock input to J2 drives a squaring buf
fer, U13, in the digital section and the phase switching circuits follow
ing T2. A 50 ohm plug-in phase network is used for clock timing adjust
ment. A serial-to-parallel converter, U23, receives delay data and a 2.5 
MHz clock from the System Controller. The data controls the phase shift, 
interchanges the digital outputs from the positive and negative samplers 
and permits disabling both positive and both negative samplers for tests. 
Following U23 is Ul, a Norton input quad op amp used as a switch driver.
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Low or "O'* TTL inputs to U23 produce low inputs to U1 to generate +4 V 
drive to the diode switch circuitry, turning on the inductor side of the 
networks. Increasing serial numbers produce a phase advance in the clock, 
equivalent to a delay of the signal. The 180° step is obtained from trans
former T2. The remaining shifts are developed in parallel RL-RC circuits 
which have the advantages of constant resistive loading on the driving cir
cuit and equal output levels. These networks should be accurate to less 
than 4° and 0.6 dB per section and have less than 10° and 1.1 dB error be
tween the worst case combinations of phase settings.

The phase shift circuit drives a power amplifiet to develop 0.5 W (5 V) 
into 50 ohms. A small amount of power is tapped off through a matching net
work and 75 ohm circuit to become the delayed clock. The plug-in phase 
network allows timing adjustment of the clock to the first flip-flops follow
ing the comparators with respect to the gate pulse.

The primary output of the power amplifier drives a matching network and 
two step recovery diodes, Cr 29 and 30. These diodes with appropriate biases 
convert the 100 MHz sine wave into a 1.8 ns, 9.6 V positive pulse loaded by 
two 95 ohm cables. Both pulse amplitude and width are controlled by the 
bias voltages. The voltages are set with R94 and R155 and regulated by the 
associated op amp circuits. Typical voltages are +10 V on CR 29 and -1.9 V 
on CR 30. The 95 ohm cables are of equal length to preserve timing accuracy. 
They terminate in the bridge switch circuits where each one is divided and fed 
through isolating transformers to provide a balanced drive to the diode bridges.

The sampling circuits consist of a diode bridge switch and MC 1650 high 
speed comparator. The cos + circuit will be used in the following references 
as an example of operation for all fQi*r parallel signal p.aths. The bridge 
(BRl) is turned on for about 1.8 ns by the gate pulse from the pulse gen
erator . The gating is via a balancing transformer (T3) that supplies an 
isolated current pulse through the diodes. During conduction a charge ac
cumulates on the -022 uf capacitors (C56 and 57) at the transformer input.
After the pulse ends this charge flows through the self-bias circuit (R95,
CRH, R96, R106, etc.) paralleling the bridge. The resulting voltage 
reverse biases the bridge by about + 3 . 6 v to prevent diode conduction at 
peak signal level. A part of this voltage (approximately 3 V) is fed 
through the summing op amp U4A for monitoring at a front panel test point.
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This allows a check on bias and indirectly on the gating pulse without dis
turbing operation. Some signal leakage through the bridge is possible due 
to diode capacitance. This problem is reduced by bypassing the center 
diode junctions via R95, R105, CRll, CR12, C64 ,and C70.

The gated signal out of the bridge feeds the MC 1650 comparator (U6A) 
where it is compared with a positive dc reference voltage set near 61% of 
the rms signal level. The reference level is set by R124 and regulated by 
op amp U5A. A recovery circuit (CR19, 20 and R164) on the signal line re
turns the voltage during gate off time to a level near threshold. This 
reduces errors due to a level far from threshold at one gate time influenc
ing a small level on the other side of threshold at the next gate time; 
that is, the memory or hysteresis tendency is reduced. Large excursions 
toward signal peaks during gate time are limited by the switching current. 
The sampling pulse does not cancel out completely in the bridge due to a 
transformer characteristic. The result is a small 100 to 150 mV peak 1 ns 
wide leakage pulse into the comparator. This leakage is used to an advan
tage by setting the timing of the delayed clock to U8 to coincide with the 
appearance of the pulse or its effects at the comparator output. The MC 
1650 has 15 mV of dc hysteresis at its input which limits the threshold 
detection accuracy. This error can be largely overcome by introducing a 
controlled amount of gate leakage.

The comparators detect signal polarity with respect to the threshold 
level at gate time. The gate, having been generated from the variable 
phase shifted clock, is oat of step with the clock input at J2. To re
time the digital signal the comparator output is first captured by de
layed clock which is time fixed with respect to the gate pulse. The 75 
ohm plug-in phase shift network sets this timing for the most sensitive 
capture by the U8A flip-flop. This occurs when the gate leakage residue 
arrives from the comparator. The following flip-flops, U8B and U14, are 
clocked by the reference clock. When the serial delay data into U23 is 
in the 0000 to 0111 range the signal path is selected through U8B and 
U14B by U18A. For delays of 1000 through 1111 the path is through U14A.
Path selection is made by the MSB data through U23 and U22A.

The positive and negative sampler data can be interchanged by U18.
The command for this function also comes into the unit as part of the serial
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data, out of U23-4 and is converted to ECL by U22B. This function permits 
phase switching at the antenna and in this circuit to reduce spurious IF 
and sampler offset errors.
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TEST AND ADJUSTMENT PROCEDURE *
4.1 Leveler

Apply a 1.5 V rms (+16.5 dBm) noise signal of 1 to 50 MHz band
width to Jl. Adjust IF level control, R19, until the output of U2B 
(Pl-8) comes out of saturation. The amplifier will remain unsaturated 
only a short time because of the very high gain and absence of feed
back. Set R47 for 5 V out U2A (Pl-14).
4.2 Quadrature Network Amplifiers

Attach temporary test cables to the driving amplifier outputs at 
C15 and C18. Feed a sweep generator into Jl. The level out of the 75 
ohm amplifier will be -3.5 dB and out of the 150 ohm amplifier +2,5 dB. 
Observe and record the shape of these gain curves out to about 200 MHz. 
The shapes should be within +0.2 dB from 1 to 50 MHz and +0.4 dB to 
100 MHz.

Attach terminated cables to the inputs of the output amplifiers 
at C37 and C39. The output levels at J5 and J6 should show 0 dB gain 
in the 1 to 50 MHz range and have similar shapes. The responses should 
meet the same requirements for match as the input amplifiers.

(If a rapid automated procedure is developed for adjusting the 
quadrature network, it may be reasonable to omit the amplifier checks 
except in those cases where the network cannot be adjusted to the re
quired accuracy.)
4.3 Quadrature Network Components

On the first units built network components were set to calculated 
values derived from the theoretical values with corrections for induc
tor shunt capacitance and p.c. land capacitance. When installed and 
measured the components required some changes to shift the phase curve 
and reduce ripple. The method used for checking phase was not con
sidered satisfactory for future testing because of the time involved 
though accuracy was good. A vector voltmeter was connected to J5 and 
J6 for the measurements. More information is available in VLA Elec
tronics Memorandum No. 132. Even with an automated measurement pro
cedure it is believed to be very desirable, possibly necessary to mea
sure, adjust, and/or select components to match standards before in
stallation.

* See section 5 for description and use of the automatic test fixture.



An important, unsolved problem concerning phase accuracy is the 
error introduced by the sampling circuits. Errors introduced there de
grade the performance of the network considerably. An automated mea
surement system making use of the digital outputs should give a better 
indication of overall performance but may lead to misadjustment and 
condemnation of the network for errors introduced elsewhere.

The network components should now be mounted and the 12-inch 50 
ohm subminiature cables installed.
4.4 Variable Phase Shifter

Install a jumper plug-in (0° phase shift) in the 50 ohm phase shift 
network socket. Disconnect one end of C63 and connect a coax test cable 
to Q15 collector. Provide a 100 MHz sine wave +5.5 dBm clock into J2. 
The clock should come through a vector voltmeter (VVM) reference tee 
probe (A) and a fixed attenuator of at leat 10 dB (attenuator between 
probe and J2 to reduce reflections). Install a manual switch adapter 
in place of U23 or provide for external control of commands into U23. 
Connect the coax test cable to the terminated test probe (B) of the VVM. 
Insert and remove each phase step, verify that logic "1" inputs produce 
a phase advance, and record the phase and amplitude errors including 
polarity. The errors for any one step should not exceed 4° and 0.6 dB. 
The worst case combinations of settings should produce error differences 
of less than 10° and 1.1 dB. The average output level should be be
tween -8 and -9 dBm. Remove the test cable and connect C63.
4.5 Pulse Generator

Apply power and adjust R155 for 10 V at the junction of R140 and 
R141. Set R94 for -1.9 V at the junction of R170 and R171. Apply the 
100 MHz clock to J2. Using a sampling scope with a 500 or 5 K ohm 
probe held at the junction of the two 95 ohm cables observe the sampling 
pulse. It should be about 9.6 V in amplitude and 1.8 ns wide. Change 
R94 and R155 to change width and amplitude. See Figure 3.
4.6 Samplers

The following tests will refer to the cos +circuit but apply to 
all samplers:

4.6,1 Remove U5 and insert a test fixture to supply an adjustable 
reference voltage of about +80 to —80 mV to pins 1, 7, 8 and 14. The 
pins can be connected and fed simultaneously. With the sampling pulse
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present measure the self-bias voltages at R96 and R106. They snould be 
positive and negative, respectively, and between 2.7 and 3.3 V. Check 
that the voltage at TP1 is their absolute sum within 7%.

4.6.2 Remove U8. Using a sampling scope with a probe of 500 ohms 
or more, check the output of U6 pin 2 while varying the reference volt
age from the test fixture. The level may change state smoothly or with 
some snapping action. If the output changes state suddenly, the control 
voltages required to produce the positive and negative transitions 
should not differ by more than 10 mV. When near the threshold region 
a positive pulse due to gate leakage should appear at U6-2 (negative 
at U6-14). See Figure 4. Set the reference voltage so that the peak 
of this pulse is about 1/3 the transition amplitude. Replace U8 and 
select a 75 ohm phase shift network that places the positive transition 
of delayed clock at U8-6 about 2 ns following the peak of the gate 
leakage previously observed. (The scope must be externally triggered 
from the clock for these tests.)

Note: During recent tests on a very similar circuit operating 
at 70 MHz clock rate but having the same sampling pulse 
amplitude, width and same gate leakage into the compara
tor the output pulse was less dominant. When the leakage 
peak was adjusted to 1/3 the transition voltage the trail
ing part of the pulse frequently did not return all the 
way to the original state. With the reference moved to 
increase the pulse peak to 1/2 the transition, the level 
would part-time continue on to the high state rather than 
trail off toward the low state. No snap action or hys
teresis was present in any of the 20 comparators. Clock 
time was set about 2 ns ahead of the leading edge of 
the pulse and minimum detectable signal was somewhat lower. 
Less dissipation was noticed in the comparator chips, so 
it is believed that the MC 1650*s have been changed.

4.7 Minimum Detectable Signal
Apply a 50 MHz signal to Jl that is locked to the 100 MHz clock.

Set the level for about 20 mV rms. Set the variable phase shifter de
lay so that the gate pulse leakage at R231 is centered on the peaks of 
the input signal also observed at that point. Do not confuse leakage
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with delayed leakage from BR2 which is 2.8 ns later. While monitoring 
U8-2 reduce the signal input level until capture is occurring about 
half the time. (The test adapter reference voltage may be changed to im
prove sensitivity.) The signal input level shall be less than 15 mV.
4.8 Digital Retiming

Replace u8 with a toggling chip (an MC 10231 with a jumper between 
pins 3 and 7 and 470 ohms from 3 to 8). Provide enable signals through 
U23-5 and 6. With the 180° bit in the "O” position select a 50 ohm 
phase shift network that provides more than 2 ns setup time and more 
than 1 ns hold time at U8-10 with respect to U8-11 over the delay con
trol range of 0000 to 0111. Also check that for the delay range from 
1000 to 1111 the same limits are met for the signal at U14-7 with re
spect to U14-9. With a pull-down load provided on the logic output, 
Pl-39, a toggling signal should be present at Pl-39 for both states of 
the 180° command. With the invert command initiated at U23 the output 
should cease toggling. Moving the toggle IC from position U8 to U9 
should again provide an output signal. Generate a positive disable 
command through U23 and see that the output signal is not present.
Using the toggling IC, repeat the 180°, invert and disable checks on 
the remaining channels.
4.9 Threshold Level Adjustment

Replace the teat fixture in U5 with the proper IC. Provide a
1.5 V rms 1 to 50 MHz n.oise spectrum into J1 (the level at which the 
output of Level Control Amplifier U2B is not saturated momentarily in 
an open loop condition). Provide an and-gate test fixture with two 
inputs, one being the 100 MHz clock and the other a logic signal out
put from Pl-39. Adjust the timing by cable length change on one of 
the inputs so that the minimum width output pulses have maximum width, 
or set the positive slope of the clock pulse about 2.5 ns after the 
positive slope of the output signal at the gate input. Feed the test 
fixture output to a counter. Adjust the threshold level, 24, for a 
counter reading of 27.024 MHz. Repeat the test for the three remain
ing outputs.
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5. AUTOMATIC SAMPLER TEST FIXTURE
5.1 Fixture Description

The Automatic. Sampler Test Fixture will aid in the test and 
adjustment of The D-l sampler. This unit contains:

(1) The power amplifier and filter portion of an IF receiver 
with a manual gain adjustment.

(2) A mixer used to obtain a 1 to 50 MHz sweep signal of 
required low distortion level and amplitude flatness.

(3) A digital program word generator.
(4) A digital phase meter.
(5) A digital duty cycle meter.
(6) A wide band noise source.
The top panel of this unit is self explanatory in displaying 

how to drive the sampler with:
(1) A 1 to 50 MHz flat sweep.
(2) A 1 to 50 MHz wide band noise signal.
(3) A signal from an external source.
The front panel of the test fixture contains these features:
(1) A delay program section to select the 7 bits of the 

sampler program word via switches. This program word 
can be either sent automatically each 50 ms or on a 
push button one shot basis.

(2) Test jacks for a high impedance scope probe to view 
each of the four sampler ECL digital outputs.

(3) A test meter with function and range controls to display 
either the duty cycle of any digital output or the phase 
between the positive or negative bits of the sine and
cos digital outputs. An analog jack with the meters driving 
signal is provided. The overrange lamp must be off for 
the meter reading to be valid.

(4) Hi and lo ALC lamps that display the conditions of the 
ALC integrating amplifier.

5.2 Meter Section Switch Functions
5.2.1 Range and Functions These switches determine the scale 

factor of the meter and meter analog output. With the 
function switch in sin +, sin-, cos+, or cos- positions only
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+ 5% and 0 - Vs positions of the range switch are valid.
In + 5% position the meter center position represents a 
digital duty cycle of 27.0% which is the correct duty 
cycle for correct threshold adjustment with a wideband 
input of +16.5 dBm or a sinewave input of +12.9 dBm. An 
error of 5% in the threshold setting with these inputs will 
deflect the meter full .scale. In 0 and Vs position a 
constant logic one at a digital output will yield a full 
scale right meter deflection.

With the function switch in <j>+, <f>-, or ({>+ positions 
the range switch must be in 0 - Vs or + 5° positions. The
0 - Vs position will provide meter extremes of 0° and 180° 
phase and the +5° position puts 90„0° at the meter center 
position with a + 5° range. The $+ position drives the 
meter with the phase as measured by comparing the sin+ and 
cos+ digital outputs whereas the 4>- uses the two negative 
sampler outputs. The $+ position alternated phase measure
ment integrations between the two, thus if a sweep generator 
is driving the sampler input a scope driven from the meter 
analog jack will display two traces, one for a phase measure
ment using the positive bits and one using the negative bits.

5.2.2 Long Integration/Short Integration Switch This switch 
determines the integration time of the phase or duty cycle 
measurements. Short integration will average measurements
over 81.92 tis and long integrations over 6!>3 ys. When sweep
ing the short integration will yield. 200 samples across the
scope screen with a 60 cycle sweep rate.

5.2.3 Overrange Lamp In + 5 %  or + 5° range switch positions the 
lamp must be out for the meter reading to be valid.

5.3 Test Procedure
5.3.1 Leveler Apply a 1.5 V rms (+ 16.5 dBm) noise signal of 1

to 50 MHz bandwidth to the sampler input. The top panel bnc 
connectors need only be jumpered correctly and the gain ad
justment made with power meter. . Adjust IF level control,Ri9
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until the ALC hi and lo lamps just switch between themselves.
The longer both lamps remain off when switching from one on 
to the other on the closer to correct the adjustment is. Adjust 
R 47 for 5 V out of V2A (Pl-14).

5.3.2 Variable Phase Shifter and Pulse Generator Install a jumper 
plug-in (0° phase shift) in the 50 ohm phase shift network 
socket, trigger a scope from the signal on pin 16 of plug-in 
(100 MHz sinewave).

Apply power and adjust R155 for 10 V at the junction of 
R140 and R141. Set R94 for -1.9 V at the junction of R170 and 
R171. Using scope with a 500 or 5 K ohm probe held at the 
junction of the two 95 ohm cables observe the sampling pulse.
It should be about 9.6 V in amplitude and 1.8 ns wide. Change 
R94 and R155 to change width and amplitude. See Figure 3.

Step thru all 16 delays in order 0000 to 1111 using the 
4 program bits on front panel of test fixture. Each step should 
move the pulse by .625 ns + ,1ns.

5.3.3 Samplers The following tests will refer to the cos +circuit but 
apply to all samplers:
5.3.3.1 Remove U5 and insert a test fixture to supply an 

adjustment reference voltage of about +80 to -80 mV
to pins 1, 7, 8 and 14. The pins can be connected and 
fed simultaneously. With the sampling pulse present 
measure the self-bias voltages at R96 and R106.. They 
should be positive and negative, respectively, and 
between 2.7 and 3.3 V. Check that the voltage at TP1 
is their absolute sum within 7%.

5.3.3.2 Remove U8. Using a scope with a probe of 500 ohms
or more, check the output of U6 pin 2 while varying the 
reference voltage from the test fixture. The level may 
change state smoothly or with some snapping action. If 
the output changes state suddenly, the control voltages 
required to produce the positive and negative transitions 
should not differ by more than 10 mV. When near the 
threshold region a positive pulse due to gate leakage 
should appear at U6-2 (negative at U6-14). See Figure
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4. Set the reference voltage so that the peak of 
this pulse is about 1/3 the transition amplitude.
Replace U8 and select a 75 ohm phase shift network 
that places the positive transition of delayed 
clock at U8-6 about 2 ns following the peak of 
the gate leakage previously observed. (The scope 
must be externally triggered from the clock for 
these tests.)
Note: During recent tests on a very similar circuit 

operating at 70 MHz clock rate but having.the 
same sampling pulse amplitude, width and same 
gate leakage into the comparator the output 
pulse was less dominant. When the leakage 
peak was adjusted to 1/3 the transition voltage 
the trailing part of the pulse frequently did 
not return all the way to the original state. 
With the reference moved to increase the pulse 
peak to 1/2 the transition, the level would 
part-time continue on to the high state rather 
than trail off toward the low state. No snap 
action or hysteresis was present in any of the 
20 comparators. Clock timing was set about 2 
ns ahead of the leading edge of the pulse and 
minimum detectable signal was somewhat lower. 
Less dissipation was noticed in the comparator 
chips, so it is believed that MC 1650*s have 
been changed.

5.3.4 Minimum Detectable Signal Apply a sinewave input to the sampler 
Adjust the signal level until all digital outputs just come out 
of fixed logic zero (indicating some capturing of samples above 
the threshold level). The input signal level shall be less 
than 15 mV.
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5.3.5 Digital Retiming Replace U8 with a toggling chip (an 
MC 10231 with a jumper hetween pin 3 and 7 and 470 ohms 
from 3 to 8). Provide enable signals through U23-5 and 6. 
With the 180° bit in the "O" position select a 50 ohm 
phase shift network that provides more than 2 ns setup 
time and more than 1 ns hold time U8-10 with respect to 
U8-11 over the delay control range of 0000 to 0111. Also 
check that for the delay range from 1000 to 1111 the same 
limits are met for the signal at U14-7 with respect to 
U14-9. With a pull-down load provided on the logic output, 
Pl-39, a toggling signal should be present at Pl-39 for 
both states of the 180° command. With the invert command 
initiated at U23 the output should cease toggling.
Moving the toggle IC from position U8 to U9 should again 
provide an output signal. Generate a positive disable 
command through U23 and see that the output signal is 
not present. Using the toggling IC, repeat the 180°, 
invert and disable checks on the remaining channels.

5.3.6 Threshold Level Adjustment Replace the test fixture in 
U5 with the proper IC. Provide a 1.5 V rms 1 to 50 MHz 
noise spectrum into Jl (the level at which the output of 
Level Control Amplifier U2B is not saturated momentarily 
in an open loop condition).

Put test fixture range switch in ± 5% position and 
with function switch alternately in sin +, sin-, cos +, and 
cos- position adjust respective threshold pots for a 
center of screen meter reading with overrange lamp off.
Long integration should be used.

5.3.7 Quadrature Network Adjustment Connect the test fixture,
VHF oscillator, and sweep oscillator so as to provide 
the sampler with a 12.9 dBm (2.80 Vpp) 1 to 50 MHz input. 
Connect a high impedance probe to the meter analog jack 
and adjust sweep rate (using short integrating) for 
little or no scope trace flicker. Function switch to
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$±, range switch to ±5%. Two traces of dots should be
seen on the scope face where 1 volt equals one degree
and zero volts is 90°. Adjust all the various network
components to obtain best overall overlay of the two
traces with minimum deviation from 90° over the 1 to
50 MHz band. Ignore very narrow "blips" along traces

othat indicate large errors from 90 as these points 
occur at frequencies where the digital phase measuring 
technique fails to average out systematic erros. (As 
for instance where the signal is at 100/N MHz for any 
interger N).

It may be necessary to change some components in the 
network to obtain best adjustment. In any event the 
adjustment has not proven to be difficult and only rare 
components changes needed. One quickly learns the area's 
effect of each adjustment and overall adjustment, if the 
unit is free of problems, should not take over 5 to 10 
minutes.

5.3.8 Repeat entire test procedure to eliminate interacting
effects.
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6. REFERENCE MATERIAL 
Data Sheets

50-75 U Phase Shift Networks . . . C13500S6* 
Motorola MC-1650 Dual A-D Converter 
National LM324 Quad Op Amp 
National LM3900 Quad Amp 
TRW CA860/CA830 Power Amp

*Not included in Technical Report No. 32 
as an attachment. Available through 
VLA Site Drafting Department.
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D UA L A/D CO .V. PA RATO R
f.-':CL i!i irtCVCCO scri-js r.tf.:?7’C*:70/..

MCI650 • MCI651 ISSTJ*

5a

Positive Loiiic

la 6

V l b , 2 —

V 2 b 1 1 ._ o * 4  -

C b 1 3 ----------

2 G J

3 GO

u ------- 1 4 Q !

----15 Q !

V CC = 45 0 V “  ?,n  7 *10.
V e E  -  -5 .2  V -- Pin 3  
Gnd = Pi;' 1.16

P q  -  3 3 0  mVV :M o L o a d )

t p j  “ 3 .3  ns t y p  {M 0 1050)
= 3.C ns :y p  J M C IG J il )

Input S?ev>< Rate C-30 V.'Vs (‘/ C l  500}
= COO V ,;x s  ( .V C 1 G 5 1 )

Differc-ntia! Infiu: Vo'r.irjts:
-S.O V to  +5.0 V * -20'JC to fS 5 °C )

Cc-r»mon M o a s
-3.0 v  t- * > 5 v/ ; . - ; r c  to +85°c»
-?•> v  to f3 .o  \/ ( - 3 0 - 0  to *3-.c c ;  «v:r :> .r:o !

Re:-o‘ution: ^ *20  m V  < -30°C  to t b S^C.'

C r lv r s  DO i\ lin es

The M CI650 and the M CI651 are very high spec 
comparators utilising differential amplifier inputs to senj 
analog signals above or below a reference le>/el. An output 
latch provides a unique saniDle-hcId feature. The MG 165 
provides high impedance Darlington inputs, while theM< 
1651 is a lower impedance option, with higher input slsl 
rate and higher spcsd capability.

Complementary outputs permit maximum utility f<| 
applications in high speed test equipment, frequency me« 
urement, sample and hold, peak voltage detection, trans
mitters, receivers, memory translation, sonse am plify 
and more.

The clock inputs (Ca and C5) operate from M6CL 
or MEGL 10,000 digital leveis. When Ca is at a logic hi ? 
level, QO will be at a logic high level provided that V j 
V 2 is more positive than V 2). QO is the logic co:j 
piemen t of QO. When tha clock input goes to a low lot; 
level, the outputs are latched in their present str>^

Assessment of the performance differences between ' I  
WC1S50 and the MC1651 may be bssod upon«the re latJB 
behaviors shown in Figures 3 and (5.

T .T JT H  T A B L E

I
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1leP

I
ms-

1

i

r — —— ~1 c . v } . v 2 i'c 'v .^ i .1 »\iM  1
H V 1 > v 2 r7‘ . ,1
K v 1 < ! / «

H 1L '• | ^*1 j Qa-1- 1
<t> -  Don't Care

CinC’JST SCHEMATIC 
M C I 51C inputs 1.'2 O' Device Show n IS o th  Devices)

See General Inform ation section fo; p A .kaym j information.



ELECTR IC A L CH ARACTERISTICS
Each M £ C L  III sorjcs circuit has bi:t;n 
designed to moot the clc specifications 
shown in the tost tabic, after thermal equi
librium has been established. The circuit is 
in a test socket or mounted on a printed 
circuit board and transverse air flow great
er than 500 linear fpm is maintained. O ut
puts arc terminated through a 50-ohm 
register to -2 .0  volts.

Test procedures are shown only for selected 
inputs and outputs. Other inputs and out
puts ure tested in a similar manner.

Poiitiv* Louie

V i , c
6

e . 4

v 1b 12
V 2b 11

e „ 13

£>
■3 SO

L S U F F IX  
CERAMIC PACKAGE 

CASE 620

€* Toirt 
Temperature 

-30°C  

»2SeC 

+S5°C

T E S T  V O L T A G E  V A L U E S

(Volts)

v'fHni.ix ^11 min ^IHAmin V|LAmax V A 1 v A ? V A 3 V A4 V A5 V A6 V c c ®

r
w

iu
i: 

ui-1
I 

>

-0<3/5 -1 .(590 - i . ia o • 1.515 10 070 -0.020 • 2.000 • 7.-1W0 •2 500 -2 4R0 ♦ ‘>.0 -5.2

-0.1510 -1.850 -1.005 -1.4H5 *0.020 -0.020 +2 500 ■I-2.480 -2.500 -2.420 <0.0 -5 :>

-0.700 -1 830 -1.025 -1.440 10.020 -0 0 2 0 • 2.500 ■•2.480 -2.500 -7.430 ♦ 5 0 -5 2

T E S T  V O L T A G E  A P P LIED  TO PINS L IS T E D  UELOW

v IHinax VlHAm in VlLAmax VA1 V A 2 < > V a 4 V A5 V A 6 V c c ® V e e ^ Gnd

4,13 C.12 7, 10 8 1.5.11.10
4,13 - - - 6.12 - - - - • 7,10 C 1.5,11.1C

4 13 12 6 7,10 8 1.5,11.16
13 - - 12 - G _ - 7. •0 ci 1.5.11.10

13 12 _ C 7,10 8 1.5,11.10
13 - - 12 - - - G - 7.10 a 1.5.11,16

4 13 - - 6.12* - - - - 7 10 8 1.5.11.16
13 - - 6.12 - -- - _ - 7.10 4,d 1.5.11,50

4. 13 _ - (i,12 - - - 7.10 1.r* .n .lG
- - . _ - 5.11 - - 1.o .i2 .tG
- -  . - - - 6,12 5,11 - l . lu
-- - - - - 5.11 0,12 1,1ft
- - - 6.12 - - - - 1.5,1 1.1G
- - - 5.11 - - - - - 1.6,17.10
- - - -• 5,11 0.12 1.10
- - - -- - - 0,12 i . k ;

4, 13 - - - - 6,12 - - ... 101 3 T>-.i TTk T
- - - 5.11 - • - - - - 1.0.12,10

- - - - 0.11 G.12 - i ,u ;
- - -■ - -• - G.12 5.11 . 1,16
- -  • - 6,12 - - - - - 1.5.11.16
- - ■- . - 5,11 — - - 1,0,12.10
- - - - - 6.12 5.11 1,16

- - - - - - 0.11 G.13 1.1G

13
1

4 - G - -  . 7 .10 fl 1 ,.j,1G

J 4 ** 6 1
- T 4 6 - - - - f !

13 4 - G .. . - - 7.10 £( 1,5.16

1
4 - 6 - - -

| I
T 4 G -  • - * Y

Choroet cristic Symbol

Pin
Under

Test

MC1GS0L/1G51L Tort Limits CD
-3 0°C

Min Max

*?b °C

Min Max

■*8D°C

Min Max Unit

Powor Supply Drain Current Positive 
Negative

'CC
•E

7.10
8

25*
55*

inAdi*mAdc
Input Current

MC1C50
MC1G51

10
40

input Leakage Current
MC1G50
MC1C51

•r
Input Clock Current 350

u Atic 
nAcli.

jjA cIc
*jA(Ic

>jArlc

lint- 0.5 f j  A  dr.

Logic "1" Output Volttigo v OH -1.045 •0.875 -0.960 <*aio■O.B'JO

Logie "0" Output Voltage v O L -1.800 1550 1.5350 -1.620 ■11330 •1575 Vdc

Logic "1" Threshold V o ltiig ip

4
Logic "0" Threshold Voltaijoj I

• b

v OHA

v O LA

1.0G0 0900 0.910 Vrjc

1030 •1.555

N O TES: ©  All duu< is for 'A MC1C0Q Qi MC1C51, uxc.'pl daM rrurkod I ' I  which rof«rs to the «ntir»? packmju. 
©  Thou: testsdon<* in order indicated. See Figwrc 4.
©  Maximum Power Supply Vollitue* lUeyumJ which devicc life ivwy l>e im pairs!):

I V f E h  |V C C |^ » V  Vdc.



ELECTRICAL CH A RACTER IST IC S  (continued)

MOT O R O L A  3om! conductor Product* /n o .

ROBERT M. LIGGETT

PRO D U CT M A R K ET IN G  E N G IN E E R  
D IG IT A L  IN T E G R A T E D  C tR C U IT S

2200 W EST BRO ADW AY •  BOX 20906 •  PH O EN IX. A R IZ O N A  85036 
PHONE (602) 962-2011

@ Test 
Temperature 

-30°C 
+25°C 
+E5°C

TEST VOLTAGE VALUES

See Figure 2

(Volts)

VR1 V r 2 VR3 vK V XX V c c 0 VEE®
+2.000 *4.400 -0.400 + 1.190 *2.00 • + 7.00 -3.20

12.000 *4.400 -0.400 + 1.190 *2.00 + 7.00 -3.20
+2.000 j +4.400 -0.400 + 1.130 +2.00 *7.00 -3.20

Symbol

Pin
Under
Test

MC1650L/1651L Test Limits
TEST VOLTAGE APPLIED TO PINS LISTED BELOW

-30° C +25°C +85°C
Unit VR 1 VR2 VR3 Vx V x x V c c  ®

©
UiUI
>

P1 P2 P 3 P4Characteristic Win Max Min Max Min M3X

Switching Times *6+2-r 2 2.0 5.0 2.0 5.0 2.0 5.7 ns. 5 - - 1 ,11,10 7,10 6 - - -
Propagation Delay *6*2+ 2 ' - 5 - - 6 —

IG0% to 50%) l6+2+ 2 - 5 — 6 —

V-lnput to Output t6+3- 3 5 - - 6 — —

*6f3- 3 - 5 — ~ 6 —

*6*3- 3 - - 5 — 6
*6- 2- 2 5 - — 6 — —.
*6- 2- 2 — 5 — 6 — -•
*6-2- 2 - - 5- — — 6 ■“

*6-3+ 3 5 — - 6 — . —
*G-3+
*6-3+

3
3

r
:

i
'’

1 5
5 -

6
* 6 -

Clock to Output (2) *4t 2+ 2 2.0 4.7 2.0 4.7 2.0 5.2 ns 5 - - 1,11,16 7,10 8 6 - - 4

*4* 2- 2 6 — - 5 — — I
*4+3+ 3 , , . 6 - - ,, f 5 — ~ i
*4+3- 3 f • f 5 - - r 6 — ?

Oock Enable Time (D *setup G 2.5 ns 5 - - 1,11,16 7,10 8 6 - - 4

Clock Aperture Tim» (3) *ar? 6 1.5 - ns 5 - - 1,11.16 7.10 8 6 , - - 4

Ftise tins® *2+ 2 1.0 3.5 1.0 3.5 1.0 3.S ns 5 - - 4 1,11,16 7,10 8 6 ‘ - - -
(IW to  90%) *3+ 3 1.0 3.5 1.0 3.5 1.0 3.8 ns • 5 - - 4 1,11,16 7.10 8 6 — —

Fall Time *2- 2 1.0 3 0 1.0 3 0 1.0 3.3 ns 0 - - 4 1.11.16 7,10 8 6 - - "
; m  to 90%) *3- 3 1.0 3.0 1.0 3.0 1.0 3.3 ns ' 5 — I 1.11.1G . 7,10 8 (i —

M "7
NOTES: 1 Maximum Power Supply Voltages (beyond which device life may be impaired:

|Vcci *■ JVeeI <12
2 Unused clock inputs may be tied to ground.
3 See Figure 8.



5VJ4SG50 o MCI 6151

FIG U RE 1 -  SWITCHING TiME TEST CIRCUIT

V GE

x :
j

0.1 /t»=
ovEE =

-3.2 Vdc

50-ohm termination to ground ioc3ted 
in each scope channel input 
All input and output cables to tha scope 
are equal lengthsof 50-ohm coaxial cable.

Complement of output under test should 
always be loaded with 50-ohms to ground.



F IG U R E 2 -  SWITCHING AND PROPAGATION W AVEFORMS @ 25°C

Th e  pulse levels shown are used to check ac parameters 
over the full com m on-m ode range.

V  — Input to Output

T E S T  P U LSE  L E V E L S

P1 P2 P3

V|H +2 .100 V + 4.500 V -0.30 V

V r +2.000 V + 4.40Q V -0.^0 V

V ,L j +1.900 V f +4.300 V J - 0 3 0  V

Test pulses: t + . t _  = 1.5 +0.2 ns'{10% to 90%) 
f = 5.0 MHz 

50% Duty Cycle  
V||_| is applied to C during tests.

Clock to Output



iWJVgoO & MC1651

FIG U RE 3 -  PROPAGATION D ELA Y  (tpdJ versus INPUT PULSE AMPLITUDE AND CONSTANT O V ERD RIVE

Test Circuit

Positive Pulse Diagram
P o sitive

O verd rive

Negative Pulse Diagram

N e g a tiv e

Input switching time is constant 
at 1.5 ns (10% to 90%).

Propagation Delay versus Pulse Amplitude

PULSE AM PLITUDE Pa , Pb  (VOLTS)



FIG U R E 3 (continued)

FIG U R E 4 -  LOGIC THRESHOLD TESTS (WAVEFORM SEQUENCE DIAGRAM)

+0.020 V
V in

-0.020 V 

V |H A '
C

>0'

S e q u e n t ia l  
Test N u m b e r  

(See Test Table)

U _ _ i_ /

Vila-- 1

\
"V

Q
”0*

Q 1 i i / Iu



IV :C 1650® MCI 651

FIGU RE 5 -  TRANSFER CHARACTERISTICS (Q versus V in)

l°~ Differential >
Input <

V‘" (o-

V|H o -

o
V ref

Te st C o n fig u ratio n

r
-j----**■ +

n

O Q
Yi Device 

C  Q 50

O
-2.0 Vdc

-2.5 Vdc < V re# < + 2.5  Vdc

Typical Transfer Curves

-O Q

-2

ion-*-
• i
iiI

I I T1
1 1t

Logic " V

Logic "0"

-20 -15 -10 -5 1C 15 20

Vref
Vj„, DIFFERENTIAL !NPUT VOLTAGE (m VOLTS)
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FIG U R E 6 -  OUTPUT VO LTAGE SWING versos FREQ UEN CY

(A) Test Circuit

I ______  I
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(B) Typical Output Logic Swing versus Frequency
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FIGU RE 7 -  INPUT CURRENT versus INPUT VOLTAGE

T E S T  C IR C U IT

Typical MC1850 {Complementary Input Grounded) Typical MC1651 {Complementary Input Grounded)

T ! .....I
i

-3fl°C ̂  +25°CXI
‘V .

* i!
m.y

.•Vv N +85°C I
I i i I
1 i i

I i-----f
J _ ^

! i
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Vjn. INPUT VOLTAGE (VOLTS) V">-,NPUT v0LTAGE (VOLTS)



FIG U RE 8 -  CLO CK EN ABLE AND APERTU RE TIME TEST C IRCUIT AND WAVEFORMS 25QC

V jn to Channel A V qq -  +7.0 V x x  = f2-0 v out to Channel B

~ 0.1 mf
50-ohm termination to ground located 
in each scope channel input.
All input and output cables to the scope 
ere equal lengths of 50- ohm coaxial cable.

Analog Signal Positive and Negative Sle.v Case

■.....- ............ Clock enable time = mini mum time between analog and clock
signal such that output switches, and tpji (analog to Q) is not 
degraded by more than 200 ps.

— —----•-----Clock aperture time = time difference between ciock cnabia time
and time that output does not switch and V is less tnan 150 mV.
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LM124/LM224/LIV1324 quad op amps

general description

The LM124 series consists of four independent, high 
gain, internally frequency compensated operational am
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage.

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM124 series can be 
directly operated off of the standard +5 V DC power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 VDC power supplies.

unique characteristics

■ In the linear mode the input common-modc voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage.

■ The unity gain cross frequency is temperature 
compensated.

n The input bias current is also temperature 
compensated.

advantages

u Eliminates need for dual supplies

® Four internally compensated op amps in a single 
package

a Allows directly sensing near GND and V OUT also 
goes to GND

« Compatible with all forms of logic

o Power drain suitable for battery operation

features

a Internally frequency compensated for unity gain 
» Large dc voltage gain 100 d3
» Wide bandwidth (unity gain) 1 MHz

(temperature compensated) 
a Wide power supply range:

Single supply 3 V DCto 3 0 V OG
or dual supplies ±1.5 V DC to 115 V oc

a Very low supply current drain (SC’OjuA) — essentially 
independent of supply voltage (1 mW/op amp' at 
+5-Voc)

o Low input biasing current 45 nAoc
(temperature compensated) 

a Low input offset voltage 2m V oc
and offset current 5 nAoc

a Input common-mode voltage range includes ground 
h Differential input voltage range equal to the power* 

supply voltage 
» Large output voltage 0 V DC to V + -  1.5 V DC

swing

connection diagram schematic diagram (EachAmplifier)

Dual-in-Line and Flat Packaga

OUTPUT4 INPUTr INPUT4* GND INPUT J+ INPUT3" OUTPUTS 

14 13 12 M l 10 S *

U :
□

D
r <

r
> 1

3 1 4 S | «  ?

OUTPUT 1 INPUT 1“  INPUT 1* V *  INPUT 2* INPUT 2~ OUTPUT 2 

TOP VIEW

o-



a b s o lu te  m a x im u m r a t in g s

Supply Volume, V + 32 V DC or ±16 V DC Input Current {V IN1 < -0 .3  VOL) (Note 3) 50 mA
Differential Input Voltjye 32 V DC

Operating Temperature RjiigeInput Voltage -0.3 Voc to +32 V oc ■* K J 
Power Dissipation (Note 1) “

Molded DIP (LM324N) 570 mW [
Cavity DIP (LM124Q, LM224D & LM324D) 900 mW LM124

0 'C to +705C 
- 25UC to +35?C 

-55°C to + ’.25°C

Flat Pack (LMI24F) 800 mW c.ar.ce Temperature Ran*  
Output Short-Circuit to GND (Note 2) (One Amplifier) Continuous

-65° C to +150°C

V * <  15 V oc and T A = 25°C Lead Temperature (Soldering. 10 seconds) 3C0°C

e le c t r ic a l  c h a r a c t e r is t ic s  (v+ = +5.o v DG, N o te 4 )  L M 1 2 4

PARAM ETER CONDITIONS MiN TYP MAX UNITS

Input Offset Voltage T a = +25°C (Note 5} +2 ±5 nvVoc

Input Bias Current (Note 6) *ini+) or I in(-)» Ta = +25 C 45 150 nAoc

Input Offset Current *iM(t) — T a = +25 C ±3 +30 nAoc

Input Common-Mode Voltage V+ = 30 V DC. T a  = +25°C 0 V f-1.5 V qc
Range (Note 7)

Supply Current R L = oo On All Op Amps 
Over Full Temperature Range

0.8 2 mAoc

Large Signal Voltage Gain V + = +15 V DC (For Large Vo Swing) 
R u £  2 kfi, Ta  = +25°C

50 100 V/mV

Output Voltage Swing R l  = 2 \(Sl. Ta = +25°C 0 V M .5 < 0 a

Common^Mode Rejection DC, T a  = +25°C 70 85 dB
Ratio

Power Supply Rejection Ratio DC, T a = +25°C 65 too dB

Amplifier-to-Amplifier f = 1 kHz to 20 kHz. T A = +25°C -1 2 0 d3
Coupling (Note 8) (Input Referred)

Output Current
Source V jn+=+1 V qc- V lN = C V Dc*

V + = 15 V oc, T A = +25°C
20 40 mAoc

Sink V .N = +1 Vq c* V|n+ = 0 Vo c . 
V* = 15 V oc,T A =+25°C

10 20 mAoc

Vin = +1 V DC, V IN* = 0 V0c< 12 50 M&oc
T a  = +25cC, V 0 = 200 mVoc

Input Offset Voltage (Note 5) ±7 mVoc

Input Offset Voltage Drift Rs = 0n 7 /iV^C

Input Offset Current l|N{+) ~ *I(S»C—» ±100 nAoc

Input Offset Current Drift 10 pAoc/° ̂

Input Bias Current *IN<t-> or l|N(_) 300 nA0t

Input Common-Mode Voltage V* = 30 V oc 0 V+-2 V qc
Range (Note 7)

Large Signal Voltage Gain V* = +15 V DC (For Large V Q Swing) 
R L ^ 2 kJ2

25 V/mV

Output Voltage Swing
Vqh V* = +30 V DC. Rl  = 2 kft 26 Voc

R L >  10kf2 27 28 Voc

_i0>

V* = +5 V DC, RL £ 1 0 k f t 5 20 mV0c

Output Current
Source V iN* -  +1 V oc. V IN” « 0 V oc. V* = 15 VDC 10 20 mA

Sink ViN~ = +1 V DC, V IN+ = 0 V oc, V* = 15 V DC 5 8 mA

Differential Input Voltage V* v oc
(Note 7)



e l e c t r i c a l  c h a r a c t e r i s t i c s  ( v + = +5.0  v D C, N o t e 4} LM 2 2 4 , LM 324

PARAMETER CONDITIONS MIN TYP MAX UNITS

Input Offset Voltage Ta = +25°C (Note 5) ±2 ±7 mVoc

Input Bias Current (Wole 6) Iin(W ° r Iin<—)* Ta = +25 C 45 250 nApc

Input Offset Current l|N(v) -  l|N<—)> "1"a = +25 C ±5 ±50 nAoc

Input Common-Mode Voltage V* = 30 V DC. Ta  = +25°C 0 V*—1.5 V qc

Range (Note 7)

Supply Current R l  = oo On All Op Amps 
Over Full Temperature Range

0.8 2 mAoc

Large Signal Voltage Gain V* = +15 VDC (For Large V Q Swing) 
RL > 2 k a  Ta  = +25°C

25 100 V/mV

Output Voltage Swing Ru -- 2 kft. T a = +25°C 0 V+-1.5 V qc

Common-Mode R-jection DC. T a  = +25°C 65 70 dB
Ratio

Power Supply Rejection Ratio DC, T a * +25°C 65 100 dB

Amp!ifier-to-Amp!ifier f = 1 kHz to 20 kHz, TA = +25°C -120 dB
Coupling (Note 8) (Input Referred)

Output Current
Source V in* = V oc, V|N_  = 0 V oc. 

V* = 1 5 V oc. T A = +25°C
20 40 mA0c

Sink V|pj =+1 V oc, V|N+ = 0 V(5C. 
V += 15V o c. T A = +25°C

10 20 mAoc

V t(s| = + 1VDc<V|N =0 V Dc. 12 50 pAoc
T a = ^ 5°C . Vo = 200 mVDC

Input Offset Voltage (Note 5) ±9 mVoc

Input Offset Voltage Drift Rs * 0SI 7 *iV/° c

Input Offset Current * _  *IN{—» ±150 nAoc

Input Offset Current Drift 1C pAoc/° C

Input Bias Current. •lN(+) or l|N<-) 500 nAoc

Input Common-Mode Voltage V + = 30 Voc 0 V*-2 V qc

Range (Note 7)

Large Signal Voltage Gain V* = +15 V DC (For Large V Q Swing) 
R L > 2 k f i

15 V/mV

Output Voltage Swing
V0H V* = +30 V DC, RL = 2 kfi 26 V Dc

RL > 1 0 k f i 27 28 V 0c

VOL V* = + 5V oc. RL £ 1 0 k f i 5 20 mVoc

Output Current
Source V ,N4 = +1 V oc. V ,N-  -  0 V oc. V  = 15 V DC 10 20 mA

Sink V in = +1 V c c . V tN+ = 0 V DC. V* = 15 Voc 5 8 mA

Differential Input Volt3ge V + Voc
(Note 7}
Note 1: For operating at high temp sratures, the LF/.324 must bs derated based on a +125°C maximum junction temperature end a thermal
resistance of 175° C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM 224and LM124
can be derated based on a +15G'C maximum junction temperature. The dissipation is the total of all four amplifiers—use external resistors, where
possible, to allow the amplifier to saturate or to reduce the power which Is dissipated in the integrated circuit.
Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately
40 mA independent of the magnitude of V +. At values of supply voltage in excess of +15 V q c , continuous short-circuits can exceed the power
dissipation ratings and causa eventual destruction.
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of
ths input FNP transistors becoming forward biased snd thereby acting as input diode clamps. In addition to this diode action, there is also lateral
NPN parasitic transistor action on the IC chip. This transistor action can ceuse the output voltages of the op amps to go to the V + voltage level (or
to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will
re-establish when the input voltage, which was negative, again, returns to a value greater than -0 .3  V q q .

Note 4 : These specifications apply for V  = +5 V q q  anc* ~S5°C < T a  < +125°C, unless otherwise stated. With the LM 224, all temperature
specifications are limited to — 25°C < T/\ < +85"'C and the LM324 temperature specifications are limited to 0 °C  < T ^  < +70 C.
Note 5 : V q  s  1.4 V q q , Rg = 0f2 with V front 5 V q q  to 30 V q q ; and over the full input common-mode range (0 V q q  to V - 1 .5  V q q ).
Note 6 : The direction or the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
stato of the output so no loading chan exists on the input lines.
Note 7: The input common-mode volume or either input signal voltage should not be allowed to go necjotive by more than 0 .3V . The uppet en d  of
the common-mode v o I i .kjc range is V -  1.5V, but either or both inputs can 90 to -• 32 V q q  without damags.

Note 8 : Due to proximity of external components, insure thnt coupling is not originating via stray capacitance between these external pars. This
typically can be detected as this type of capacitive increases at higher frf-qt:encies.
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typical performance characteristics

in p u t  V o lta g e  R a n go
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LrvS3900 quad amplifier 
general description
The LM39Q0 consists of four independant, dual 
input, internally compensated amplifiers which 
were designed specifically to operate off of a 
single power supply voltage and to provide a 
large output voltage swing. These amplifiers make 
use of a current mirror to achieve the non-inverting 
input function. Application 3reas include: AC 
amplifiers, RC active filters; low frequency triangle, 
squarewave and pulse waveform generation cir
cuits, tachometers and low speed, high voltage 
digital logic gates.

features
a Wide single supply

voltage range 4 V DC to 38 V DC
or dual supplies ±2 V DC to ±18 V oc

s Supply current drain . independent of supply 
voltage

a Low input biasing current 30 nA
» High open-loop gain 70 d8
a Wide bandwidth 2.5 MH? {Unity Gain)
*» Large output voltage swing (V * - 1 )V pp
o Internally frequency compensated for unity gain
*  Output short-circuit protection

schematic and connection diagrams
DuaM n-Line Package

typical applications (v+= 15V0C)

o ’'J .to :
-<

tv---’#

rrsv-i\-.r *
... ■

r  i:-J T*V • .
rca *:

l\!o n-fn verting Amplifier Negative Supply Biasing

G1972 N A TIO N A L SEM  (CONDUCTOR CORP. noi .mt c n  i#wi 11 c  a



a b s o lu t e  m a x im u m  r a t in g s

Supply Voltage +36 VDC
+ 18 VDC

Power Dissipation (TA = 25°C) (Note 1) 570 mW
Input Currents. I in k or l tN- 20 mA DC
Output Short Circuit Duration — One Continuous 

. Amplifier T A ~ 25°C 
(See Application Hints)

Operating Temperature Range 0°C to +70°C
Storage Temperature Range -65°C to H50"C
Lead Temperature (Soldering. 60 sec) 300°C

e le c t r ic a l  c h a r a c t e r i s t i c s  (V + = +15 VDC and T a - 25°C unless otherwise noted)

PARAM ETER CONDITIONS MIN TYP MAX UNITS

Open Loop 
Voltage Gain 
Input Resistance 
Output Resistance

Unity Gain Bandwidth

Input Bias Current

Slew Rate

Supply Current

Output Voltage Swing 

V q u t  High 

V o u t  Low

Output Current Capability 
Source

Sink

Power Supply Rejection 

Mirror Gain 

Mirror Current 

Negative Input Current

f = 100 Hz 
Inverting Input

Inverting Input

Inverting Input

Positive Output Swing- 
Negative Output Swing

R L = 00 On All Amplifiers

R L = 5.1k

l|N~ = 0. ljN+ = 0
l1N-=10M.I|N+ “'°

(Note 2) 

f = 100 Hz

l1N+= 200 ̂ A (Nofe 3) 

(Note 4)

(Note 5)

1200

13.5

3

0.5

0.90

2800

2.5

30

0.5
20

6.2

14.2

0.09

10

1.3

70

1

10

1.0

200

10

0.2

1.1

500

V/V
Mft
kn

MHz

nA

V/ais
V/ps

mA DC

VDC

VDC

mA DC 

mA DC 

dB 

At A/m A 

AiA DC 

mA DC

Note 1: For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and 
a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. 
Note 2 : The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This 
is shown in the section on Typical Characteristics.
Note 3: This spec indicates the current gain of the current mirror which is. used as the non-inverting input.

Note 4 : Input V g E  match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting 
input current) of approximately 10 *tA. This is therefore a typical design center for many of the application circuits.
Not?* 5 : Clamp transistors are included on the IC to prevent the input voltages from swinging below ground more than 
approximately -0 .3  V D C. The negative input currents which may result from large signal overdrive with capacitance input 
coupling need to be externally limited to values of approximately 1 mA. Negative input currents in excess of 4 mA will cause 
the output voltage to drop to a'low voltage. This maximum current applies to any one of the input terminals. If more than one 
of the input terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mode current biis- 
ing can be used to prevent negative input voltages; see for example the "Differentiator Circuit" in the applications section.
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typical performance characteristics
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DATA SHEET

|

i The CA860 and CA8/0 amplifiers are hybrid microelectronic
j circuits. They are miniature, low cost, high gain modules with
j built-in provisions for amplitude leveling. The two circuits cover
I the 10-200MHz and 100 400MHz ranges. Two B+ inputs, one
j for the preamplifier and one for the final stage, provide a con-
] venient means of RF leveling by variation of the final stage B+
I voltage. Load variations on the preceding stage are kept to a
| minimum by this provision. Although the uncorrected flatness ofi
i

SPECIFICATIONS

Parameter CAS50 CA379

•Frequency 10-200MHZ 100-400MK/

Power Output (Vcc == 24 V) @ 25°C 500m W Min 400mW Min

Unleveled Broadband Response ±1dB ±1d3

Input/Output Impedance 50 Ohms 50 Ohms

Input/Output VSWR 1,5:1 1.5:1

B+i and 6+2 24V Max 24V Max

Gain (Vcc =  24V) 32d3 Typ 32dB Typ

P« (for saturation output) 1 mW Min 1mW Min

Storage Temperature* -40 to 100°C -40 to 1003C

Operating Temperature* -20 to S0°C -20 to 90°C

Noise Figure 12dB 12dB

Reverse Isolation (due to variation of Vcc?) 40dB Min 40d8 Mih

'Measured under head of mounting screw.

both modules is superb (±1 dB), the leveling provisions provide 
convenient means of correcting for the frequency response of 
succeeding stages and injection of AM modulation.

The modules find wide application in military ?nd industrial 
service as gain blocks in RF amplifiers for Hf\. VHF and UHF 
transmitters.

J  Sf 3k. Jfjrm RF  Senticontiuctofs, An Electronic Component* Diy'tsion 6# TRW, Inc.
14520 Aviation U»wnd«(», C A  90260, (213) 879-4551, TW X: 910-325-6208, Cabto: TRW3SM1COWS, Tslex 67-7148



CA860 CA870
TY P IC A L  PERFO RM A N CE TY P IC A L  PERFO RM A N CE

10-200MHZ 100-400MHz

10 50 100 150 i?00 
Frequency — MHz Frequency -  MH_'
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PRELIMINARY SPECIFICATIONS FOR THIN FILM HYBRID AMPLIFIERS

CA2830 PUSH PULL RF AMPLIFIER

3*4, 5dB GAIN

1 TO 150MHz

WIDE DYNAMIC RANGE

LOW ENVELOPE DISTORTION

I

PARAMETERS 0 V -24V cc

. . .. . . . .. .  .p i . ...........

CA2 830

GAIN @ 10MHz 34.5 + 1.0d3
FREQUENCY RESPONSE 1 - 150MHz (+ l.OdB)
POWER OUTPUT @ ldB COMPRESSION 28dBm
THIRD ORDER INTERCEPT 45dBm
SECOND ORDER INTERCEPT 65dBm
NOISE FIGURE 7dB
VSWR (50ft) IN/OUT 2:1
POWER REQUIREMENTS 330mA
OPERATING TEMPERATURE (CASE) -40°C to +100°C
STORAGE TEMPERATURE -55°C to +125°C

• ••"' • v •• • • ■ '■ . .  • . ; ■■ • • •. •• .. ■■ . - • 

^  &  a  i RF Semiconductors, An Electronic Components Division of TRW. inc.
1452U Aviation B lvd ., Lawndale, CA 90260, (213) 679-45SI, TW X : 910-325-6206, Cab le : TBW SEM tCO HS, Ta lex 57-714a
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// 7 ' o ? / 2 o a CAPAc/rr,/; S lu  7̂  //£>S'y S

L l ’S-L'-lc fTfO /\ w«,vsr»#'
pSAD , r  CA& T~e  *#’*•< ■'■ v-eo i S40» a

1.33.,y.3,vs,w Al l e a j  StfA hLzy 7o /VA4 3 ft 3 F. gEil> 5 '
// To /r'OA 3a?> £ // " a

Ft? RRoy< Ota-'. //~?j .6 /
It /O V/Toho /y cy

---- --- ■/-----4——---------------- -
C.O/\, t  J , Zo A /

S T Ac.-M'fo/./T S'/.-o/zy.
'/

<Ze/i9L~., ~7yz/?Q/S' y
5 5 0 - 6  3 9 3 /

C  E M T f iA L A Z US05DHT/S VM ■ C aPAc/t o x  ) CZ///° . 0* /SVT <?
/( WccjDF/jSj^fA ■ // // <9rK),./> v-*>£
u i/0 S'*/”//1?33A' I "  "  , 0 9  iU  f



BILL OP MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

I I ELECTRICAL Q  MECHANICAL BOM # _______  RJSV _________  DATE PAGE C? OF __B


