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1.

RELATED MATERIAL

1.1

1.2

1.3

1.4

Drawing List:

Schematic D13500S2

List of Material A13800Z9

Mechanical -Assembly A13800Z8

Wire and Cable List AI13500Wl1l1

Assembly Information for B13500M68 C13500S6

Specifications:

Memoranda:

Variable Phase Sampler .......ccocae.. VLA Electronics Memo No. 132
Tolerances in the Two-Bit Sampler .... VLA Electronics Memo No. 112
Phase Quadrature Requirements ........ VLA Electronics Memo No. 114
Test Report ..cveevcevecess cesasenen .. Memo Dated 4-15-75

Component Omissions

The following components. must be disconnected during module test and
may, therefore, be omitted during intial assembly:
Quadrature network ~ C23, C24, €25, C33, L1, 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%

1.5.2

1.5.3%

1.5.4%

1.5.5

1.5.6%

1.5.7%

1.5.8%

1.5.9%

* See

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.
A modified MC10231 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.

Output loads. The output signals on P1-5, 6, 38 and 39 are
ECL levels requiring biased loads and a convenient connection
for scope monitoring.

Heat sinks were required in lieu of forced air cooling om the
MC 1650 comparators IC's. Failure rates were high =u the first
lot but a recent lot of chips (from Korea) have less dissipa-
tion and better reliability.

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.

A divide-by-two circuit fed from the 100 MHz clock apnd pro-
viding a Qariable output of 5 to 50 mV. Required for Minimum
Detectable Signu: tests,

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

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.

All items marked with * are not needed if the sampler test

fixture is used.

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 Jl 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 driviang 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 refererce
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 617 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 g 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 Pl permits a check of the unit's response to phase shift commands.

2.1 ZInput-Output Connections

J1 - IF Input
J2 - 100 MHz Clock Imput

Pi- Gnd

LSB out

Serial clock in
Serial delay data in

1
2
3
A
5 8in - out
6
8
9

Sin + out
Leveler cut
Gnd
10 +5 V
11 -5.2 Vv
14 Level monitor out
15 Gnd
19 -12 vV
29 428 V
34 Gnd
36 Delay monitor out
37 Gnd

38 Cos - out
39 Cos + out

2,2 power Supply Requirements
A +28 +5 ~5.2 =12 volts
I 580 150 1400 50 mA

2.3 Control Word Input (P1-4)

22.5° 1SB
45°
90°
180°  MSB
-Disable
+ Disable
Invert

NN W -
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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. R4&47 is then set for a 5 V monitor level.

Input transformer Tl 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 (L1 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. 1In 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, Ul3, 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.



Low or "0" TTL inputs to U23 produce low inputs to Ul 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 amplifietr 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 énd -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 four parallel signal paths. The bridge
(BR1) 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,
CR1l, 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.



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, CR1l1l, 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 617 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 out 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 Ul4, 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
U1l4B by U18A. TFor delays of 1000 through 1111 the path is. through Ul4A.
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



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 J1. Adjust IF level control, R19, until the output of U2B
(P1-8) 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 (P1-14).
4.2 Quadrature Network Amplifiers

Attach temporary test cables to the driving amplifier outputs at
C15 and C18. Feed a sweep generator into J1. 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 re:uirements 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.
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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-
suremerit system making use of the digital outputsbshould 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 (00 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 preduce error differences
of less than 10° and 1.1 dB. The. average output levei 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 cableé 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 should be
positive and negative, respectively, and between 2.7 and 3.3 V. Check
that the voltage at TPl 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 trxansitions
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 (megative
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, S0
it is believed that the MC 1650's have been changed.
4.7 Minimum Detectable Signal
Apply a 50 MHz signal to J1 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 abaut

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 ys8 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 "0" 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 U8-1l1 over the délay con-
trol range of 0000 to O011l. Also check that for the delay range from
1000 to 1111 the same limits are met for the signal at Ul4é-7 with re-
spect to Ul4-9. With a pull-down load provided on the logic output,
P1-39, a toggling signal should be present at P1-39 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 1800, invert and disable checks on
the remaining channels.

4.9 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 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 loglc signal out-
put from P1-39. Adjust the timing by cable length change on one of
the inputs so that the minimum width output pulses have maximum width,
ar 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, R124, for a
counter reading of 27.024 MHz. Repeat the test for the three remain-

ing outputs.

b=
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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-1 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 flatmess.

(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) A1l to 50 MHz flat sweep.

(2) A1 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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5.3

5.2.2

5.2.3

+ 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 57 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 ¢+, ¢-, or ¢+ positioms
the range switch must be in 0 - Vs or 1350 positions. The
0 - Vs position will provide meter extremes of 0° and 180°
phase and the i§° position puts 90.0° at the meter center
position with a j;So range. The ¢+ position drives the
meter with the phase as measured by comparing the sint+ and
cost+ digital outputs whereas the ¢— uses the two negative
sampler outputs. The ¢+ position alternated phase measure-
ment integrations between the two, thus if a sweep gemerator
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 mnegative bits.

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 us and long integrations over 655 pus. When sweep-
ing the short integration will yield 200 samples across the

scope screen with a 60 cycle sweep rate.

Oyerrange.Lamp In + 5% or j;So range switch positions the
lamp must be out for the meter reading to be valid.

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,R19



5.3.2

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).

Variable Phase Shifter and Pulse Generator 1Install a jumper

plug—in (O0 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 .625ns + .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 TPl
is their absolute sum within 77%.

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. 1If
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 previcusly observed. (The scope
mugt 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 fo 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.



Digital Retiming Replace yg with a toggling chip (an

MC 10231 with a jumper between 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 UB8-10 with respect to
U8-11 over the delay control range of 0000 to 0lil. 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
Ul4-9. With a pull-down load provided on the logic output,
P1-39, a toggling signal should be present at P1-39 for
both states of the 1807 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 1800,
invert and disable checks on the remaining channels.

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 J1 (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.

Quadrature Network Adjustmént 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



¢+, 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
that 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
comporients 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.

Repeat entire test procedure to eliminate interacting

effects.



6. REFERENCE MATERIAL
Data Sheets
50-75 @ Phase Shift Networks . . . Cl350086%
Motorola MC-1650 Dual A-D Converter
‘National LM324 Quad Op Amp '
National ILM3900 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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ELECTRICAL CHARACTERISTICS Positive Logic

Each MECL Il serjes circuit has been v, o

dosigned to mect the de specifications vy, 5::(>"° ap——2 Qv
shown in the test table, after thermal equi-

librium has been established. The circuit is &, geae———mic Gp~——3 &0
in a test socket or mounted on a printed
circuit board and transverse air flow great-

L SUFFIX
. . o Vip 12 CERAMIC PACKAGE
er than 500 linear {pm is maintaired. Qut. w :D"D Of——14 01

I E 620
puts are terminated through a 50-0hm CASE®S

register to -2.0 volts,

Cp 13 emmmemmmmtni© &G p——is G1 - .
Test procedures are shown only for selected : TEST VOLTAGE VALUES
inputs and outputs. Other inputs and out- {Volrs) - e
uts ure tested in a simi! nner, @ Tewt Py
P ested in @ simifar manner Temperatura | Vit | Vitmin | ViHamio[Vitamax |_ Va1 | Vaz | Vaz | Vaa | Vas | Vas | Vec®|vee®
-30°C | 0a% | -1£00| <1180 ] 1m15 |10020 | -0.020 | 42500 | 17450 |-2500 | -2480 | 450 | 52 ]
+25°C | -0.810 | -15850 | -1.005 | -1.485 | +0.070 | -0.020 | 42500 | 12480 | -2.500 | -2.430 | 50 | 6.2
1859C | 0700 | -1830] -1.026 [ -1.440 [ +0.020 | -C.020 | 12600 : 2480 [-2400 | -2480 { 450 | -52
) MC1650L/3G51L Tost Limits (1)
Pin > -~ TEST VOLTAGE APPLIED TO PINS LISTED BELOW
Underl__-30°C +259C +85°C - 7
Charaeteristic Symbol | Test | Min | Max | Min | Max | Min { Max | Unit | ViHmax | Vitmie ] ViHAmialViLamax | Va1 Vaz Va3 Vaa Vas Vag | Vec'¥{vee"] Gng
Pownr Supply Drain Current
Positivey ice 7,301 - - - 1B - = [mAde - 413 - - G.12 - - - - - 1.:0 8 1151116
Neqgative 13 8 - - - 55" - — |mAdcl 8,13 - - - 6,12 - - - - - 7.10 & 1.5.11.1¢
Input Current lin .
MC1650 6t -7 -1 ~-110] -1 ~ [uadel 3 13 - - 12 - 6 - - - 7,10 g l1sanie
MC1651 6 | - -1 ~1a] - - lwade] 4 13 - - 12 - 6 . - - 7.0 B 1150106
input Leakage Cureent IR b
MC 1650 6 | - S 7 - - lundel 4 13 - - 12 - G - 1 700 g lruie
MC1651 6 | -~ - - 16| - ~ luade] 4 13 - - 12 - - - G - 710 8 |toatis
tnput Clock Current IinH 4 - - - 350 w  NpAde 4 13 - - 6,12¢ - - - - 7,10 8 15,1116
link 4 - - 0.5 - - - JuAde - 13 - - €,12 - - - - - 7,10 4d 1iL,30
Logic "1 Output Voltuge VoH 2 1104500876 [-0960 | GE1010800|-0700f Vil | 4,13 - - - 6,12 - - - - - 710 N AR RIS
2 - - - - 5.11 - - - - 16,216
2 - - - - - 6,12 511 - -~ 110
2 - - - - - - . 5,11 G,12 1.16
3 - - - - 6.12 - - - - 15316
3 - - - 5,11 - - - - 16,1216
3 - - - - - 5,11 612 |. - - 115
3 | i - - - - - - - 612 | sn 116
Logic "0" Output Voltage VoL | 2 |-890[-1650(-1850 -1620{1830[-1576] Vde T 413 | - - - - 6,12 - - B - AT TENAE
2 . - - - 5,11 - - - - - 1.6,12,10
2 - - . - - 5,11 6.12 - 116G
2 - - . - - - 6.12 5.1 116
3 - - - 6,12 -~ - - - - 15.11,16
3 - - - - 5,11 - - - - 16.12.16
3 - - - - - 6.12 5.1 - 1,16
3| Y ! | ! - - - - - - 511 | 612 116
Logic *1* Threshold Volmq-‘l VOHA 2 106G - 10980 - [-0910 - Ve - 13 A - G - - . . 710 3] 1,516
@ 2 2 - - - C - ! - 4 - G ~ - - .- ! | i
13 3 ‘ - - - - { 4 - - 6 - - - - . |
1 a - : S0 L S N NPT N FH - NN NSO SRS NN S-S SOUL AN L A O
Logre "0 Threshold v\mu.,..-;u voLa | 3 - 11630 600l - [1uus] vae - 13 4 - 6 - - - - - | 10 & 15,16
o2 3 - - - - - 4 - 6 - - - -
HENRI RN
3 2 - - - - - 4 G - - - - .

NOTES: D Alf duta is tor % MC1650 or MC1GS51, exeept dare murked (*)-which refers 1o thy antire patkage,
@ These tests done in order indicatud, Sce Figure 4,
@ Macunum Pawer Supply Voltages (beyond which devica life imay bu impaieed) !

Verl+ Ve %12 Ve,

155100 e 059131



ELECTRICAL CHARACTERISTICS {continued)

MOTOROLA Somliconductor Products Ino.
ROBERT M, LIGGETT

PRODUCT MARKETING ENGINEER
OIGITAL INTEGRATED CIRCUITS

2200 WEST BROADWAY © BOX 20906 ® PHOEN!X, ARIZONA 85036
PHONE (602) £62.2011

TEST VOLTAGE VALUES
{Volts)
@ Tast : () @
Temperature: Va1 VR2 VR3 VX Vxx | Vecc Vee
"=30°C | +2.000 | +4.400 |-0.400 | +1.190 | +2.00 { +7.00 | -3.20
+259C  }42.000 [+4.4C0 |-0.400 | +1.190 | 42.00 | +7.00 | -320
+259C { +2.000 | +34.400 | -0.400 | +1.150 | +2.00 | 7.0 | -3.20 Sce Figure 2
M /1651L Test Limit
Pin = 1850t "25 L Tes 'T' : - TEST VOLTAGE APPLIED TO PINS LISTED BELOW
Undor -30°¢ +25°¢C +85°C o o)
Characteristic Symhol | Test tin | Max | Min | Max | Min | Max {Unit | VR1 VR2 VR3 Vx Vxx | Vee VEE P1 | P2 | P3 (P4
Switehing Times 15+2+ 2 20{50! 20| 5020} 57} ns ) - - 4 1.11,16 7,10 8 [} - - -
Propagotion Delay 15+2+ 2 ' ’ - -5 - - 6 - -
150% to 0% 1G+2+ 2 - -- 5 - - 6 -
V-input to Qutput 1643 3 5 -~ - 6 - - -
16+3- 3 - 5 - - 6 i
1543~ 3 - - .5 - - 6 -
52~ 2 5 -} - G - -
16-2- 2 - 5 - - 6 - -
6.2~ 2 - - 5 - ~ 6 -
1634 3 5 - - 6 - - -
16.3+ 3 L b - 5 - - 6 - -
163+ 3 | / ’ - - 5 ( f ! - -~ 8 ~
Clock to Output th+e24 2 26147 20] 47|20 521 ns 5 - - - 111,16 7,10 8 6 - - |4
1442~ 2 I ‘ l 6 - -— - ] - - i :
1443+ 3 | ‘} ! L 6 - - - 1. i S -
ey |3 | V1Y N s | - | - | 2 4 i
Clock Enable Time ) © 1 teetup 6 - - 28| - - - | ns 5 - ~ - 1,11,16 | 7,10 8 6 - - 4
Clock Aperture Time (3 1 ten 6 | - - 115} - - ~ | ns 5 - - - 111,16 | 7,10 8 6 - - 4
Rise Time t24 2 1.0 35| 1.0] 351 1.0 35| ns 5 - - 4 111,16 | 17,10 8 6 | - - -
(10% 10 90%} t3+ 3 1.0135{10] 35} 10} 381 ns 5 - - - 4 1,116 ] 710 8 6 - -] -
Falt Time 19. 2 1.0 3011030310 33]n } & - - 4 lv11as) 7,0 8 6 - - -
{10% to 90%) 13 3 10{30{10]30]1t0}33|n | 5 - - 4 111,16 1 7,10 8 6 | - - -

NCTES: 1 Maximum Power Supply Voltzges (beyond which device life may be impaired:
Veel + IVeg| <12 Vde. ‘ '
2 Unused clock inputs may be tied to ground.
3 See Figure 8.



FIGURE 1 — SWITCHING TiME TEST CIRCUIT
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FIGURE 2 — SWITCHING AND PROPAGATION WAVEFORMS @ 25°C

The pulse levels shown are used to check ac parameters
over the full common-mode ranga.
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FIGURE 3 — PROPAGATION DELAY (lpdl versus INPUT PULSE AMPLITUDE AND CONSTANT QVERDRIVE

Test Circuit

Yin 0—s + |
>} a o oQ
Vret O S iy l .
|
|
¥
|

% Device ! 50

C a 20V

Positive Pulse Diagram Negative Pulse Diagram
Positive
Qverdrive
Negative
V., ef AT Via Overdrive
) P 4
Vin A Vref

»]
Qo
=]
®
]

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

Prapagation Delay versus Pulse Amplitude

s
e

-

£

& *#[7 Gverdrive Constant @ 100 mV

B ~— o~ Positive Going Pulse /
« Negative Going Pulsa

©

e % C 1650

s 3 X ~// y,
g A
8 meigsts A XL
z 2 $ -

=] N

: 17458
It /

3 21 A

o

e

o

tpd referenced to Pa, Pg = 20 mV
S Lt b dit oy

¢
0.01 0.02 0.05 0.10 0.20 0.50 1.9 25 10
PULSE AMPLITUDE Pa, Pg (VOLTS) ' :

YA

AR
—\=R




FIGURE 3 (continued}

PROPAGATION DELAY INCREASE {ns)
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FIGURE 4 — LOGIC THRESHOLD TESTS (WAVEFORM SEQUENCE DIAGRAM]
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FIGURE 6 — OUTPUT VOLTAGE SWING versus FREQUENCY
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FIGURE 7 — INPUT CURRENT versus INPUT VOLTAGE -
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FIGURE 8 — CLOCK ENABLE AND APERTURE TIME TEST CIRCUIT AND WAVEFORMS @ 25%
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LMI24/1M224/1.M1324 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 rangs of voltages.
Operation from split power supplies is also po:sible and
the low power supply currant drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplisiers, dc gain
blocks and alt 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¢ power
supply voltage which is used in digital systems and will
easily provide the required interface electronics without
requiring the additional 215 Ve power supplies.

unigue characteristics

® in the linear mode the input common-mode voltage
range includes ground and the output voltage can aiso
swing to ground, even though operated from only a
single power supply voltage.

® The unity gain cross frequency is temperature
compensated.

8 The input bias current is also temperature
compensated.

MAY 1974

advantagsas

B Eliminates nced for dual supplies

® Four internally compenszted op amps in a single
package

2 Allows directly sensing near GND and Vgyry also
goes to GND

v Compatible with all forms of logic

8 Power drain suitable for battery operation

features

% Internally frequency compensated for unity gain
Large dc voltage gain 100 ¢B

r Wide bandwidth (unity gain} 1 MHz

(temperature compensated)
a8 Wide power supply range:
Singie supply
or dual supplies
8 Very low supply current drain {8C0uA) — essentially
independent of supply voltage (1 mW/op amp at
‘+H Voc)

3 VDC to 30 VDC
+i5 VDC to £15 Voc

2 Low input biasing current 45 nApe
(temperature compensated}

a Low input offset voltage 2mVpe
and offset current 5 nApc

o ‘lnput common-mode voltage range includes ground
Differential input voltage range equal to the power
supply voltage

8 Large output voltage
swing

0 Vpe to VP = 1.5 Ve

connection diagram

Dual-in-Line and Flat Package

OUTPUTA INPUTA™  INPUT A" GND INPUT 2*  INPUT 3™ OUTPUTD

14 13 12 1 10 9 14

D

HPUTS

[] lz E] 4 s [} ?
OUTPUT 1 INPUTI- IPUTI®  V*  INPUTZ® INPUYZ™ OUTPUT2

TOP VIEW
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absolute maximum ratings

Supply Voltege, vt
Differential Input Voltage
input Voltage

32 Vpe or 216 Ve
32 Vpe
—0.3 V¢ to +32 Ve

Oyperating Teraperature Range

Input Current {V,, <-0.3 V5 } (Note 3)

0 mA

Q9 C >,
Power Dissipaucen {Note 1) t:""?: B Ou\.. 0 1’7(_)',(3
Molded DIP  (LM324N) 570 mW Aj’?z‘ fg Cto ;33‘(.
Covity DiP (LM124D, L2240 & LM324D) 900 mW Lr124 -56°C 1o +125°C
Flat Pack_ {LM1.24F) ' 8(?0 mvY Storage Temgerature Range —65°C te +150°C
Output Short-Circuit 1o GNO (Note 2) (One Amphfier) Continuaus
vt<i1SVgeand Ty = 25°C Lead Temperaune (Sokdering, 10 secends) 309°C
electrical characteristics (Vi =150Vpg, Note d) LM124
‘PARAMETER CONDITIONS MIN TYP MAR UNITS
Input Cffset Voltage Ta = +25°C (Note 5} +2 +5 mVYoc
Input Bias Current (Note 6} tinged OF hingoy, Ta = #25°C 45 150 nAge
input Offset Current bntey — bing=) Ta = 125°C 3 £30 nApe
Input Common-Mode Voltage V* =30 Vpe, Ta=+25°C 0 v*'-1.5 Voe
Ranga {Note 7}
Supply Current R, = On All Gp Amps 0.8 2 mAge
Qver Full Temperatuce Range
Large Signal Voltage Gain V' = +15 Ve {For Large Vg Swing) 50 100 v/mv
R >2%Q, Ty =+26°C
Output Voltage Swing Ry =2k, Ta=425°C 0 v*'-1.5 Voe
Common-Mode Rejection DC, Ta = +25°C 70 85 a8
Ratio
Power Supply Rejection Ratio C, To = +25°C 65 100 a8
Amphfier-to-Amplifier f=1kHz to 20 kHz, T = +25°C -120 d8
Coupling (Note 8) (input Referred)
QOutput Current
© Source V|N+ =+1Vpe, Vin~ =CVoe. 20 ) 40 MApe
V* =15 Vpe, Ta = +25°C
Sink Vi~ = +1 Ve, Vin' =0 Voe. 10 20 mAge
V=15 Vpe, Ta=+25°C
Vin~ = *+1 Vpe, Vin' = 0 Vpe, 12 50 HAGC
Ta =+25°C, Vg = 200 mVpe
Input Offset Voltage {Note 5} *? mVoe
Input Oftset Voitage Drift Rg =00 7 v/
Input Offset Current hinge) — hing—y +100 nApc
input Offset Current Drift 10 pADcf'C
Input Bias Current Lints) ©F bing—y 300 nApe
Input Common-Mode Voltage V* =30 Vpe 0 vi-2 Voc
Range (Note 7)
Large Signal Voltage Gain V* = +15 V¢ (For Large Vg Swing) 25. vimV
R 22k2
Output Voitage Swing
Vo V* =430 Vpe, Ry = 2kQ 26 Voe
R 210k 27 28 Veoe
VOL V*'=45 VDc, RL <10 k2 5 20 mVoc
Qutput Current
Source Vin® =41 Voo, VIN“ = 0Vge. VP = 15 Vpe 1] 20 mA
Sink V‘IN— =+1 VDC' le’ =0 ch, V= 15 VDC 5 8 mA
Differential input Voltage v* Voe
{Note 7}




electrical characteristics (vt =+5.0 Vg, Note 4) LM224, LM324

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage T, = +25°C (Note 5) +2 +7 mVoc
Input Bias Current (Note 6) Linter OF Lingi=) Ta = +25°C 45 250 nApe
Input Offset Current bings) — Diniey. Ta = #25°C *5 ' 150 nApc
Input Common-Mode Voltage V* =30 Vpe. Ta =+25°C 0 *-1.5 Voe
Range (Note 7)
Supply Current R, =<2 On All Op Amps 08 2 mAgc

Over Full Temperature Range
Large Signal Voltage Gain V* = +15 V¢ (For Large Vg Swing) 25 100 ViV
RL =2k, Ty =+25°C

Outout Voltage Swing Ry =2k, Ta=+25"C 0 v*-1.5 Voc
Common-Mode R=jection DC, To=+25°C 65 70 dB
Ratio
Power Supply Rejection Ratio DC, T, = +25°C 65 100 d8
Amplifier-to-Amplifier = 1kHz t0 20 kHe, T, = +25°C -120 dB
Coupling {Note 8} {input Referred)

Output Current
Source Vin' =41 Vpe, Vin~ =0 Vpe. 20 40 mApe
V' =15 Vg, Ta = #25°C

Sink VIN_ =+1 VDC- VIN’ =0 Voc. 10 I 20 mADc
V*=15Vpe, Ta = +25°C
V,N' =+1 Voc, VIN‘ =0 ch, 12 50 FADC
Ta= +25°C, Vg = 200 mVpe
Input Offset Voltage {Note 5) 19 mVpe
tnput Ofiset Voliage Drift Rs = 082 7 VG
Input Offset Cusrent finesr = hing=y *150 aApc
Input Offset Current Drift ' 16 AL/ C
Input Bias Current Yingts) OF hing—y 500 nApc
Input Common-Mode Voltage V* =30 Vpe 0 vi-2 Voe
Range (Ncte 7) ’
Large Signal Voltage Gain V* = +15 Ve {For Large Vo Swing) 15 V/mV
R, 22k
Qutput Voltage Swing
Vou V* =430 Vpe, Ry = 2kQ 26 Voe
R, >10k2 27 28 Voe
Vo|'_ V' =45 VDC- RL S 102 5 20 mVDc
Output Current
Source Vin' =41 Vpe. Vin ™ = 0Vpe, V' = 15 Ve 10 20 mA
Sink Ve~ =+1Vee, Vin' =0Vpe, V' = 15 Ve 5 8 mA
Difterential input Voltage v* Voc
{Noie 7}

Note 1: For operating at high tamperatures, the L1324 must be derated based on 2 +125°C maximurn junction temperature and athermal

resistance of 175°C/W which appiies for the device soldered in a printed circuit board, operating in a still air ambient, The LM224 and LM124

can be darated based on a +150°C maximum junction temperature. The dissipation is the total of all four emplifiers—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 cutput to VT 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¢, continuous short-circuits can exceed the power

dissipation ratings and cause eventua! destruction,

Nota 3: This input cuirent will only exist when the voltzge at any of the input leads is driven negative. It is due to the coliector-base junction of
- 'tha input PNP transistors becoming forward bissed and thereby acting as input diode clamps. In addition to this dicds 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+ voliage level {or

to ground for a large cverdrive) for the time duration that an input is driven negstive. This is not destructive and normal cutput states wiil

re-establish when the input voltage, which was negative, again returns to a value greater than ~0.3 Vpg.

. gt + .o . .
Note 4: These specifications apoly for V' = +5 Ve and -65°C < Ta < +125°C, usless otherwise stated. With the LM224, all temperature
specifications are limited to —=25°C < Ta < +857C and the LM324 temperature specifications are limited to 0°C < Ta < #70°C.
. ¥ = <

Mote 5: Vg = 1.4 V5o, Rg =02 with V' from 5 Vs to 30 Vs and over the full input commonn-modea range (0 Vpg to vt-is Vpcl.

Note 6: The direction of th2 input cureent ic out of the IC due to the PNP input stage. This current is essentially constant, indapendent of the

state of the output so no loading change exists on the input lines,

Naote 7: The input common mode vnlxl ge or either input signal voltage should not be allowed to 65 negative by more than 0.3V, The upper end of
the commen-mode voltage range is vt 5V, but either or hoth inputs can go 1o +32 Vpg witheut damsgn,

Note 8: Due to proximity of exteraal components, insure that ceupling is not origirating via stray capacitance between these cxterna! pars. This
tyoicaliy can be detected as this jype of wpucmve inareases at higher frequencies,

2




typical performance characteristics
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LM3900 quad amplifier

c . features
general description -

The LM33900 consists of four independant, dual
input, internally compensated amplifiers which
were designed specifically to operate off of a
‘singie pawer supply voltage and to provide a

%

voltage

a8 Wide single supply
voitage range

or dual supplies

Supply current drain

4 Vpe to 36 Vpe
+2 VDC to £18 VDC
indépendent of supply

large output voitage swing. These amplifiers make @ Low input biasing current 20 nA
use of a current mirror to a'chieve the qon-inyertincg % High open-loop gain 70 68
mput. .functlon. ‘App.hcatlon areas mcluu?. A & Wide bandwidth 2.5 1H2 {Unity Gain)
amplifiers, RC active filters; low frequency triangle, u cout volt . . v
squarewave and pulse waveform generation cir- Lerge ouiputvoltage swing v "_” PP
cuits, tachometers and low speed, high veltage s internally frequency compensated for unity gain
digital lcgic gates. s Qutput short-circuit protection
schematic and connection diagrams
v Dual-In-Line Package
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absoiute maximum ratings

Supply Voltage +36 VDC

+18 VDC
Power Dissipations (T4 = 25°C) (Note 1) 570 mW
Input Currents, lyy+or Iiny- 20 mA DC
Qutput Short Circuit Duration — One Continuous

_Amplifier To = 25°C
{Sea Application-Hints).
QOperating Temperature Range
Storage Temperature Range )
Lead Temgperature {Soldering, 60 sec)

0°C to +70°C
-65°C to +150°C
300°C

electrical characteristics (v*=+15VDCand T, = 25°C unless otherwise noted)

 PARAMETER CONDITIONS MIN TYP MAX UNITS
Open Loop
Voltage Gain f=100 Hz 1200 2800 \7AY
laput Resistance Inverting input 1 MO
" Qutput Resistance 8 k2
Unity Gain Bandwidth Inverting Input 25 MHz
Input Bias Current {nveriing Input 30 200 nA
Stew Rate Positive Output Swing. 0.5 Vius
Negative Output Swing 20 V/us
Supply Current R =< On All Amplifiers 6.2 10 mA DC
Output Vottage Swing . R_=5.1k
VOUT ngh ’lN— = 0, 'IN+ =0 ) 13.5 14.2 viC
Vout Low b- = 10 LA, 1) =0 0.09. 0.2 vDC
Qutput Cufrent Capability
Source 3 10 mA DRC
Sink {Note 2) 0.5 13 mA DC
Power Supply Rejection f=100 Hz 70 ds
Mirror Gain I+ = 200 A (Note 3) 0.90 1 1.1 UA/UA
Mirror Current {Note 4) 10 500 uA DC
Negative Input Current {Note 5) 1.0 mA DC

Not2 1: For opev_'ating at high temperatures, the device must be derated based on a 125°C maximum junction tempersture and
a thermal resistance of 176°C/W which applies for the device soldered in a printed circuit board, operating in a stitl air ambient.

Note 2: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This
is shawvn in the section on Typica! Characteristics.

Nota 3: This spec indicates the current gain of the current mirror which is used as the non-inverting input.

Note 4: Input Vgg match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting
input current) of approximately 10 pA. This is therefora 3 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
app-oximately -0.3 VDC. The negative input currents which may result from large signal overdrive with capacitance input
coupling need to be externally limited to vatues of approximately 1 mA. Negative input currenis 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 tha input terminals are sirnultaneously driven negative smailer maximum currents are allowed. Common-mode current bias-
ing can be used to prevent negative input voltages; see for example the “"Ditferentiator Circuit” in the applications section,




typical performance characteristics
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Broadband Reliable @@?‘é"@?maﬂ@%, 048

" The CA860 and CAB/0 ampiifiers are hybrid microelectronic

[

circuits. They are miniature, low cost, high gain modules with
built-in provisions for amplitude l2veling. The two circuits cover
the: 10-200MHz and 100-400MHz ranges. Two B+ inputs, one
for the preamplifier and one for the final stage, provide a con-
venient means of RF leveling by variation of the final stage B+

both modules is superb (+1d8), the leveling provisions provide
convenient means of correcting for the frequency respanse of
succeeding stages and injection of AM modulation.

The modules find wide application in miiary »nd industrial

service as gain blocks in RF amplifiers for HF,.

VHF and UHF

voitags. Load variations on the preceding stage are kept to a transmitters.
minimum by this provision. Although the uncorrected flatness of
SPECIFICATIONS
Parameter éé_ssa “casr
" -Frequency 10-200MHz 100-400MHz
~ Power Qutput (Vor = 24V) @ 25°C 500mW Min 400mW Min
Unteveled Broadband Response +1dB +1d3 o
Input/ Qutput Impedance 50 0hms 50 Ohms
Input/Output VSWR 151 151
B+ and B+2 24V Max 24V Max
Gain (Vcc = 24V) 32d8 Typ | 32d8 Typ
P (for saturation obtput) - 1mW Min imW Min
Storage Temperature” 400 100°C -40 10 100°C
Operating Temberature' 2010 50°C -201090°C -
B Noise Figure 1248 1248
Reverse Isolation (due to variation of Vcez) 40dB Min 40¢8 Mih

*Measured under head of mounting screw,

B e i I e e T el R s UMD

3 R W RF SﬂMeoﬂ&ucm An Electronic Components Division 6f TRW, Ina.
14520 Aviation Bivd., Lawndaie, CA 80280, (213) 879-4561, TWX: 910-325-5208, Cabis: TRW3IEMICONS, Tolex 87-7148
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CA870

CA860
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
10-200MHz 100-400MHz
T T
| e
Bero= 24V
100 P : TN
3 ooy : '\"-
' i
5 - 300 A ——
5 =
< 2 200 T G
z | g 12v -\i\ N
=100 e — = 100 fomcet— ~
/ [ \ \ N
e
50 50 T~
Pu vs Vorz Puut vs Vee? ,\..\
P 0.3W, VeCr = 24V P~ 0.3mW. Voor = 24V !
] ] [] i .
10 50 100 150 200 100 150 203 251 SGQ 350 400
Frequency — MHz Frequency — KH:
. Py = 0.3mW
500 S 500
/ S P = 03w
g 400 g 400 9 N
= S
<300 2 300
5 0.150mW g e 1sons B
Z 200 L = 200 - ‘ -
00750y - |
A ) \-—-.* 75m
100 ] = 103
B+1 and B+2 = 24V B+iard B+ = 23V
L :
10 50 100 - 150 200 100 15C 200 250 300 350 400
Frequency — MHz Freguency — MHz
PACKAGE OQUTLINE AND PIN DIAGRAM
; ) . : PIN CONFIGURATION
R T T MAR _“’* C2850 - CAS70
PR S U TN - = 1
Al_____- lli 20 owmuaz i
ST g s z —nE2 !
585 3z0Max O— _@ T g = I 1
B : ' " T z Y923 ss78 9!
. lrzsessrss] 4 : ; v
o l.< 1075 MAX -«--‘»-—: ’..::;3 U 2)55\_‘:’&5;\35 - w ! l
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.y i A il 510 g:g ¥ i
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1 { . X L 2L SR S S A
LI " g NINELEADS T
eseerl T ~'W:959';’E“5 . AOOREF - 085
Coe 2 g toic = i S TS
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PRELIMINARY SPECIFICATIONS FOR THIN FILM HYBRID AMPLIFIERS

CA2830 PUSH PULL RF AMPLIFIER
34,5dB GAIN

1 TO 150MHz

WIDE DYNAMIC RANGE

LOW ENVELOPE DISTORTION

PARAMETERS O VCC—24V

GAIN @ 10MHz

FREQUENCY RESPONSE

POWER OUTPUT @ 1dB COMPRESSION
THIRD ORDER INTERCEPT

SECOND ORDER INTERCEPT

NOISE FIGURE

VSWR (50ft) IN/OUT

POWER REQUIREMENTS

OPERATING TEMPERATURE (CASE)
STORAGE TEMPERATURE

RF Semiconductors, An Electronic Components Division of TRW. inc.

CA2830

34.5 + 1.0d3
1 - 150MHz (+ 1.0dB)
28dBm
45dBm
65dBm
7dB
2:1
330mA
-40°C to +100°C
-55°C to +125°C

1452U Aviation Blvd., Lawndale, CA 90260, (213) 679-45SI, TW X: 910-325-6206, Cable: TBWSEMtCOHS, Talex 57-714a
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