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3.0 General Description

The 2-16 GHz Synthesizer, L1044, uses 100 and 500 MHz signals
referenced to from the hydrogen maser frequency standard to
generate a phase stable LO frequency of N x 500 + 100 MHz in the
range of 2.1 to 15.9 GHz, N having integer values from 4 to 32.
The output frequency is set by a command from the computer
through the Monitor and Control System (M&C) that coarse tunes a
YIG oscillator. A digital sweep circuit provides a search mode
until the phase lock circuit detects the oscillator and stops the
sweep. Lock lights on the front panel indicate whether the lock
frequency is above or below the closest N500 harmonic or if 1lock
is not achieved. The YIG frequency range is limited to 2 to 8
GHz, so a doubler is used for the 8 to 16 GHz portion of the
band. Refer to the block diagram, C53300K001.

The output frequency is converted to a 100 MHz IF by a
harmonic mixer driven from a 500 MHz Comb Generator. The
amplified IF is then fed to the phase and quadrature detectors
and the amplified phase detector output drives the FM tuning coil
in the YIG to complete the phase lock loop. The quadrature
detector furnishes such functions as high and low lock, 1lock
fail, sweep disable, 100 MHz signal level and upper/lower
sideband. The 100 MHz reference signal is used for both
detectors. The main output is monitored through a coupler,
detector and leveling circuit to reduce variations in output
level produced by the oscillator and amplifier-doubler. Samples

of the main and IF signals are available on the front panel for



monitoring and troubleshooting.

A standard M&C card provides communication with the
computer, receiving serial frequency data from the control bus
and feeding parallel data to the Interface card. This card
stores the frequency data and by way of a D/A furnishes a coarse
tuning voltage for the YIG, The Interface card also generates
the band switching signal, frequency sweep for acquisition and
provides unit identification (ID) and serial number information
back to the M&C card. Eight analog and three digital monitor
functions from throughout the unit are fed to the M&C system for
use at other locations.

The system is packaged Iin a three~wide custom module built
to provide good EMI isolation between the digital cards and the
analog equipment and to also shield both from the outside
environment. All power and signal lines entering the two
compartments are filtered except for four Monitor and Control bus

lines.

4.0 Operational Description

4.1 Digital Control

Computer control and monitoring of the system is implemented
through serial transmit and receive buses feeding standard
Monitor and Control (M&C) cards located throughout the system.
In this module the digital Interface card links a M&C unit to the
analog portions of the 2-16 GHz Synthesizer. The card provides

voltage to control a YIG oscillator and monitors some important
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test points in the system. A block diagram is shown on drawing
A53300K002. A discussion of the logic diagrams follows. Note:
Persons needing detailed understanding of this unit must also

understand the M&C unit (specification A55001N002~-A).

First refer to Logic Diagram B53300L005, sheet 2. U014,
votB, U0O2B, U13A, UOTA, UO2D, U1tl4A, and UO2C decode the relative
address outputs of the M&C unit. Read addresses 0 to 7 are
analog inputs to the M&C A/D converter, Read address 8 enables 8
tristate buffers in U0O3 that the M&C unit reads for dumping to
the control computer. The 555 in U16 and discrete components in
slot U22 form a free running oscillator at approximately 100
Hertz. This frequency establishes the sweep rate of the ramp
generator. If the systhesizer is not phase locked, U14B enables
the oscillator output to count up in U26 and U27 counters. The 5
lower stages of the counter count from zero to 31, step to zero,
and start again. In order to reduce the discontinuity of the 31
to zero step, the sixth counter stage and U28 and U29A transform
the count to a smoother count: up 0 to 31, then down 31 to O,
and repeat. Inversion of the most significant bit in U29B
converts the count to a two's complement signed number that
counts from ~16 through zero to +15; reverses and counts from +15
through zero to -16 and repeats. The SW1 input to the counter
stages inhibits counting and loads a zero into the signed number
out. This signal can be pulled low by a manual dip switch for

testing. It is also pulled low for .22 second each time new data



is strobed into the latch.

Next refer to sheet 1 of the logic diagram., Sixteen bits of
tristate data from the M&C unit are strobed into latches UOY4 and
U05. Three of the bits are not used at the current time. The 13
low order bits can be thrught of as a count from 0 to 8191,
Counts from O to 4095 are LO band frequency settings: 0 to 8 GHz
(actually 2 to 8 GHz). If the MSB (13) is set, the counts are
from 4096 to 8191. This represents a frequency command from 8 to
16 GHz or high band. The oscillator 1is doubled to get this
frequency band so it must track 4 to 8 GHz. The count in the
latch must be divided by 2 to cover this range (i.e., 2048 to
4095 counts out). This division is accomplished by the 12-pole
double=throw switch consisting of U10, U111, and U12., Division is
accomplished by shifting each bit one position down in the word
when bit 13 is set. To assist with lock up of the systhesizer
loop, a sweep is digitally combined with the M&C count out of the
switch. The signed number discussed above is added to the count
in U117, U118, and U19. Each count represents approximately 1.95
MHz at the oscillator output. The sweep of =16 to +15 counts,
then sweeps the oscillator around + 30 MHz., The summer output is
buffered by U23 and U24 and drives a digital=to-analog converter
(D/A) U25. The D/A is strapped to output O volts for O counts
and +5 volts for 4095 counts. Resistors in slot U31 provide
isclation and gain setting for the next stages. One output
drives the YIG oscillator tuning driver and one output goes to

the M&C unit for monitoring.
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Now refer to sheet 3 of the logic diagram. It has two 8-bit
tristate buffers, U0O9 and U30, that are enabled by the M&C ID Regq
line to put identification numbers (ID) on the data buss. Five
ID bits are selected with a dip switeh, U20, and two are
determined by wiring on the bin connector to identify the unit
and its location. The module serial number is read by six bits
determined by wiring on the card edge connector. The card is a
10 row by 55 pin wire wrap board with 100 pin edge connector and
is fully utilized.

One word of caution! The summer that combines the sweep
count and the M&C count can overflow. If a count between 4091
and 4095 is commanded, the addition of 15 counts will cause the
summer out to go to 0. This would cause a severe glitch in the
D/A output. Similarly, a command count between 8160 and 8191
would have the same problem since it would be seen as 4080 to
4095 at the summer input. Given the normal mode of operation,

this should not be a problem.

4.2 Main Tuning

The main or coarse tuning of the YIG oscillator is set by a
frequency command from the control computer thru the M&C card to
the Interface card. Only frequencies corresponding to multiples
of 500 MHz + 100 MHz between 2100 and 15900 MHz are acceptable.
These frequencies are spaced alternately 300 and 200 MHz; for

example, 2100, 2400, 2600, 2900, 3100, etc. The YIG tuning range

is 1imited to 8 GHz. The 8 to 16 GHz range is covered by
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inserting a doubler. The Interface card divides all frequency
commands above 8 GHz by two and generates a bit to switch the
amplifier~doubler into the signal path. See block diagram
...K001.

A 12-bit digital signal enters the D/A converter generating
a 1.25 to 5 V signal in 1.22,.. mV increments, giving 1.953...
MHz steps up to 8 GHz. An additional bit is added for the 8 to
16 range. The analog voltage from the Interface card (drawing
++.L001,sheet 1) goes to the Tune In pin on the Yig Driver and
Leveler board (YD&L) (drawing ...S004, sheet 1) where a feedback
amplifier converts the input voltage to a tuning current. The
D/A output voltage is reduced by resistors on the Interface card
and on the YIG driver card to a range of 0.1 to 0.4 V at the +
input of op amp U1, The op amp output voltage is fed to a power
stage consisting of cascaded emitter followers Q, and Q, on the
Regulator card (drawing ...S008) to generate a current of 100 to
400 mA in the YIG main tuning coil. This current is measured by
the drop across 2 ohms that is amplified by a second op amp, U2,
and applied to the negative input of U1, Gain and offset (0S)
pots allow adjustment of the slope and zero offset to reduce
errors from op amp offsets, YIG current/frequency slope
differences, D/A errors, etc., so that the output more closely
tracks the commanded frequency. The bandwidth of the main tuning
circuit is 18 Hz.

Some YIG's have significant tuning nonlinearity (> 0.15%),

most often characterized by compression at the high end of the
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range. If this problem should occur, additional components may
be added to the Main Tuning circuit to trim out most of the
error. The Lin Knee and Non Lin pots and associated components
make up this circuit,

Frequency errors due to D/A converter, driver and YIG tuning
nonlinearities, pulling, hysteresis, temperature changes, ete.,
are much too great to permit pull-in to phase lock without a
search mode. Snap#®in occurs from about + 2 MHz maximum while the
total error is estimated to be as high as 20 MHz. The search
range needs to be at least this large but other considerations
limit the maximum deviation. When searching around 15.9 GHz the
digital swWweep cannot exceed the equivalent of +50 MHz at the YIG
output or the counter will overflow. Also, a 50 MHz peak sweep
with a 50 MHz error would be sufficient offset to chance lock on
the wrong sideband, The most convenient sweep range between
these constraints is +15, =16 counts or +29.3, =31.25 MHz. The
sweep steps up and down at the same rate completing a cycle in
about 0.7 sec. This slew rate is about 1/6 the speed that

produces marginal locking.

4.3 RF Section

The YIG oscillator (Avantek AV7248) chosen for this
application is a combined oscillator and bandpass filter, The
oscillator for the prototype unit not having a filter produced

harmonics about 18 dB below the main output. With the phase

detector levels being used at that time, false lock points would
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occur on the harmonics. Increased level discrimination in the
detector eliminated the problem, but I{f the harmonics were near
the 12 dB 1limit allowed the margin of susceptability to false
lock points would be seriously compromised.

A fixed pad following the YIG reduces power to an acceptable
level for the PIN attenuator and provides a better match.
Latching type coax relays switch in the amplifier-doubler for 8
to 16 GHz operation. The relay drivers (drawing ...S5001) located
on a card on the digital side of the module, convert a TTL
positive transition from the Interface card to a 28 V pulse
approximately 36 ms long. Monitor contacts within the relays are
used to change the FM loop and provide switching verification
back thru the M&C system.

The doubler (TRW RX 16000) will provide adequate output
power but requires more drive than can be provided without ampli~-
fication. The amplifier used (Aydin Microwave AMA 4080B5) will
provide up to +25 dBm from 4 to 8 GHz with at least 15 dB gain.

Three 20 dB couplers (Sage C218-20) on the output line
provide front panel monitoring, a signal for the harmonic¢c mixer,
and one for the leveling loop. The leveling signal is detected
by a Schottky diode (Aertech D182Z3) amplified from about 7 mV by
an offset op amp (U5) on the YIG Driver and Leveler board
(drawing ...S5004=3) to drive a PIN attenuator driver and
attenuator (General Microwave 311 and LM190). The output 1level
is set with the offset pot (Output Level) to +3 dBm average

across the band. Variations in coupling, detector efficiency,
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match and cable lo0ss with frequency produce output level changes
up to + 1.4 dB. The detected output is also amplified to a
nominal 4 V level for the M&C system. The Monitor Gain and Zero

pots control this output.

4.4 Down Conversion and IF

The signal for phase locking feeds an HP harmonic mixer
(sampler). The LO drive is a pulse generated by the Comb
Generator (drawing ...S8009). A 500 MHz reference signal is
amplified to +19 dBm and fed to a step recovery diode (SRD). The
resulting output pulse contains useful harmonics to more than 16
GHz. The slope of the comb from 2 to 16 GHz is about 35 dB.
Phase stability of an uncompensated diode and driver measured-
0.7°¢/°C/GHz. This is improved by adding temperature
compensation to the SRD bias voltage. Temperature sensing diodes
potted in the case near the SRD produce a voltage change that is
amplified and applied through a resistor (R8) as bias to the SRD.
Three adjustments allow setting the bias level and slope for the
desired compensation. The bias resistor value and source voltage
were chosen to minimize phase change with drive level changes
around the nominal +19 dBm available into 50 ohms. This
compensation produces a change of about 1.5°¢/dB/GHz for + 1 dB.
The bias current is monitored as an 1ndication of SRD
performance, therefore of drive level and of 500 MHz reference

input level. Op amp gain is adjustable (Mon. Adj.) to provide a

nominal 4 V level output to the M&C systemn.



13

The harmonic mixer, driven by the comb generator, produces a
100 MHz IF signal when the module output frequency 1is 100 MHz
above or below a harmonic of 500 MHz. The conversion loss 1is
about 30 dB with 2.5 to 3.0 dB slope over the band. The mixer
output impedance is high (-~ 7 pF) so is matched to 50 ohms with a
series inductor. The 100 MHz amplifier (drawing ...S007)
provides about 54 dB gain to produce +7 dBm into the phase
detector. A 3 section bandpass filter 30 MHz wide is included to
prevent false locks on subharmonics of 100 MHz. The filter may
contain temperature compensating capacitors to reduce system
phase shifts with temperature that are not frequency related.
Those changes that are proportional to frequency can be absorbed
in the Comb Generator compensation. The mixer error of about
0.1°¢/°C/GHz is removed this way. The amplifier has an auxiliary
output feeding -13 dBm to a front panel jack (Monitor 100 MHz IF)

for troubleshooting,

4.5 Phase Detection and Monitoring

The Phase Detector unit (drawing ...S8002) contains both
phase and quadrature detectors, a 100 MHz reference level
detector and several circuits to drive sideband indicators,
provide TTL lock indication to the Interface board and a 100 MHz
signal level indication. The phase detector is operated with the
IF being a high level signal (+7 dBm) and the external reference
operating about =7.5 dBm. This arrangment reduces detector

susceptability to spurious signals in the IF and prevents typical
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IF level changes with frequency from changing the 1loop
characterstics. The reference level 1is not sufficient to turn
the detector diodes on so the IF level must be within about 14 dB
of nominal to generate a detectable output. The detector output
goes thru a filter to terminate the sum frequency and reduce 100
MHz leakage into the FM Driver circuits that follow,.

For the quadrature detector the levels are reversed, the
reference driving at +7 dBm and the signal operating about 0 dBm.
With a lower signal level the output will be a function of IF
level which is desired, and the polarity is determined by the
sideband. The output 1s, therefore, usable to generate the
sideband, lock, fail and signal level monitor functions.
Transistor drivers operate three LED's on the front panel to show
the phase lock status. The necessary phase shift for the
quadrature detector is produced by a small capacitor (C1) tap off
the IF signal 1line, A separate diode detector on the +7 dBm
reference line monitors the level for the M&C system. These and
other monitor circuits are adjusted for +4 V out at nominal
operating levels,

4,6 PLL and Acquisition

The FM tuning section (drawing ...S004-2) of the Yig Driver
and Leveler board (YD&L) receives its input from the phase
detector and generates a current of either polarity in the FM
coil for rapid frequency change over a limited range. A wide
band, low noise op amp (U3) drives complementary emitter

followers (Q1 and Q2) that can furnish up to 50 mA in either
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direction to tune the YIG + 15 MHz. Loop determining components
were chosen for unity damping and wn = 9 x 10°% (143 kHz). Tuning
sensitivity would double on the high band because of
multiplication, but a contact on a band switching relay doubles
the resistance in the load, thereby maintaining the same FM
tuning characteristic. A monitor circuit (Ul4) senses this tuning
current providing information to the M&C system and providing a
fudging voltage to the main tuning driver to increase DC gain and
reduce offsets. This centering circuit has a response time of
about 86 ms (1.8 Hz).

When a new frequency is designated, two latches on the
Interface card are reloaded, a timing circuit sets the sweep
count to the center, the D/A generates a corresponding voltage
and the YIG changes frequency. After 200 ms of settling time for
the main tuning, the timer allows the sweep circuit to begin
searching above and below the nominal frequency. When the YIG
frequency sweeps through a point 100 MHz away from a 500 MHz
harmonic, a sweeping IF signal appears at the phase detector. As
the IF signal frequency crosses 100 MHz the phase lock loop
captures the signal and the quadrature detector generates a
signal to the Interface card to stop the sweep. The sweep rate

is about 11 ms/step and 1.95 MHz/step on the low band.

5.0 Tests, Adjustments and Further Details

5.1 PS Filter Board (C53300S003)

Experience on previous systems indicated that hash on the
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power supply lines may be quite high, so users were urged to
allow for up to 100 mV of noise. All power enters the RFI
shielded compartments through 5 nF feed=thru capacitors to
suppress components above 30 MHz. L section filters on this
board for the + 15 and +28 V supplies extend suppression down to
less than 10 kHz. Regulators that filter below 10 kHz are used

on other boards where a 3 V supply reduction is permissible.

5.2 Regulator Board (C53300S008)

The Regulator board receives + 15 V from the P.S. Filter
board and regulates down to + 12 V to provide clean power for
some of the more sensitive circuits. Trim pots R7 and R9 are
adjusted for +12 and <«12 V, respectively, at the output
terminals.,

The +5 and #5.2 V inputs come from the back panel connector
via feed*thru capacitors to suppress higher frequency hash.
Lower frequency filtering is provided by LC filters on the board.
The current drive stage for the YIG main tuning uses + 5 V and is
also located on this board. Low frequency suppression for the

driver is provided by the transistors and a =2.5 V regulator.

5.3 Main Tuning (C53300S004, Sheet 1 and ...S008)

To adjust the YIG main tuning curve for minimum error over
the band, it is necessary to measure the tuning nonlinearity.
This is done as follows:

1. Slide the sweep switch on the Interface card
to off.
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2. Remove op amp U4 on the YIG Driver and
Leveler board (YD&L).

3. Disconnect and ground the shield of the ¢
Error cable (white coax) from the Phase
Detector.

y, Enter frequencies via the M&C bus.

5. Read the main output or front panel monitor
with a counter with at least 1.0 MHz
resolution.

As a starting condition for new oscillators or driver boards
it is suggested that the offset pot (0S), R10, on the YD&L board
be set for 0 V on the wiper (end of R11, 4,7 M toward edge of
board), a fregquency of about 6600 MHz be entered and the GAIN
control, R9, set for the same output frequency. If the curve 1is
not expected to be far off (same YIG oscillator and YD&L board
previously adjusted), the initial adjustment of R9 and R10 can be
skipped. Frequencies from 2100 to 7900 should then be entered
and the errors recorded. With this info plotted a best fit
straight line can be drawn through the error curve and the GAIN
and 0S pots trimmed for the desired result. Because of
interaction beween the controls it is necessary to trim the O0S
pot at a low frequency (say, 2500 MHz) and the GAIN pot at the
upper frequency (about 6600 MHz) several times for the desired
result or set the GAIN pot for the desired upper frequency, f,,
enter the lower frequency, f,, note the output frequency,
subtract from the desired frequency, multiply the difference, Af
by f,/(f,~f,) and set the 0S pot beyond the desired frequency by

this amount. With f, re-entered, resetting the GAIN pot for the
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correct output should also make f, correct. It is assumed that
some error wWill be set in at both frequencies to obtain the

minimum peak errors over the band.
If the tuning error measurement shows a strong increase as
7.9 GHz is approached, say more than 20 MHz, and the error is due
to tuning compression (output frequency below input command), and
a best fit straight line will not reduce peak errors below %+ 15
MHz, then the LIN pots (R16 and R20) and associated circuitry
should be added. A small p.c. short between pins 1 and 2 on the
NON LIN pot (R16) must be cut. The LIN KNEE pot (R20) will
determine the frequency above which the NON LIN pot will
compensate for YIG tuning compression. A small readjustment of
the GAIN pot (R9) should be made once the tuning curve has been
linearized. This linearization was not necessary on early
production because the YIG's were bought to a + 0.1% maximum
linearity specification. Maximum errors were less than 8 MHz.
When the errors have been reduced to less than 15 MHz, replace Ul
on the YD&L board, reconnect the phase error cable and turn on

the sweep switch,.

5.4 Relay Driver (B53300S001)

The coax band-switching relays are of the latching type that
require a 35 ms pulse to operate. Control lines X2 and X2 from
the Interface board provide a positive transition for switching.

This step turns on both transistors in the driver to furnish

approximately 28 V to the coils. The voltage is sustained until
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the series time constant at the input (C2, R3 + 2K source) can no
longer furnish sufficient base current to the first transistor to
drive the second stage. Feedback speeds up the switching rates.

Diodes protect transistor junctions on the reverse cycle.

5.5 Leveler (C53300S004, Sheet 3)

The leveler circuit should keep the output power at +3 dBm
over the band even though the YIG output level can change + 3 dB
and power amplifier and doubler gain will change several dB with
frequency. However, output fluctuations up to + 1.4 dB may exist
because the detector is not flat (+ 0.5 dB) and the coupler side
port flatness is + 0.4 dB with frequency. Mismatch adds
additional ripple and the cable l1oss from the detector coupler to
the output adds slope. The result can be an unexpected variation
in level that can be best set by monitoring the level at many
points across the total range and adjusting the Output Level
control (R43) on the YD&L card for +3 dBm average output. The
Monitor Zero control (R59) is set for minimum output voltage (as
read on the CRT) with C11 shorted (end of R48, 510 ohms, toward
Log Driver shorted to gnd). With the short removed the Monitor
Gain pot (R54) can be set for 4 V out. Detector output will be

about &7 mV,

5.6 Comb Generator (C53300S009)

For the initial setup on a new unit, or if the power

amplifier A1 (AH507) has been changed, the power available to the
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SRD matching network must be set. This is done by disconnecting
L1 from the amplifier output and soldering the end of a RG188U
coax in its place. The exposed center conductor should be short,
say 1/8 inch. With no attenuation in the input pad, the 500 MHz
input level can be adjusted for +19 dBm out of the attached coax.
Correct output reading for coax loss of 0.22 dB/ft. The input
level should then be measured and a pad added to make the input
+5 dBnm. Remove the test coax and connect L1, Set trim pot C
(R16) maximum CCW and A (R17) for 0.65 V bias at op amp output
Uul-7. With +5 dBm, 500 MHz input. adjust L2 and L3 for maximum
comb output and flatness to 16 GHz. The 2 GHz component level
should average about +5 dBm and the 16 GHz component should
measure about #30 dBm. A typical comb spectrum is shown in
Section 7. Recheck the bias level as temperature changes will
change this reading. Adjust MON ADJ for +4 V on the monitor
output pin. Final adjustment of the trim pots will be made with
the Comb Generator combined with the mixer and 100 MHz Amplifier

and tested over a range of temperature as described later.

5.7 100 MHz Amplifier (C53300S007)

This amplifier boosts the harmonic mixer output of about =47
dBm to +7 dBm available for the phase detector. The mixer output
impedance including teflon socket is approximately 7 pF 1in
parallel with a high resistance (500 to 1000 ohms), so a matching
network is used on the amplifier input. For testing the

amplifier alone, a simulating input circuit such as shown in
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Section 6.1 should be used. The jig is useful for checking the
input matching network, amplifier gain, tuning the bandpass
filter, and when making phase stability measurements. Allow for
a loss of 17 dB in this network. The capacitance value may not
be correct for a particular layout because of strays, To check
the jig, first feed a variable frequency RF signal into the mixer
and monitor the IF at the output of amplifier A1 by disconnecting
CY from the filter and tacking in a small coax line. Do not
forget that the DC block is still required. Having measured the
center frequency with this hookup, the input jig can then be
substituted for the mixer and the 3.3 pF trimmed for the same
center frequency. The matching network alone will have a
bandwidth around 32 MHz. The bandpass filter is designed for 36
MHz and the combination should measure near 28 MHz.

The phase stability with temperature for the unit 1is
typically ~.016°¢/°C but expect a spread from at least 0 to-
.035°¢/°C. Final adjustment of the attenuator must be done in a
system after the main ouput level has been set. With the output
averaging +3 dBm the attenuator is selected for +7 dBm average
available to the phase detector. The monitor output should be
near =13 dBm under the same conditions.

A bandpass filter that has been previously tuned can be
trimmed by stretching or squeezing L3 and L6 and adjusting C6.
For a new circuit do not install L3, C5, L6, and C7. With L4, C6
only in the circuit, trim C6 for a 100 MHz center frequency.

Then add L3, C5 and trim L3. Finally, add L6, C7 and trim.
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If a thermal check of the Comb Generator, Mixer, 100 MHz
Amplifier package indicates a significant non=<frequency dependent
phase change with temperature that should be improved, then CS
and/or C7 in the amplifier can be changed to temperature
compensating types. Parallel combinations of available negative
temperature coefficient and NPO capacitors can generate a range
of coefficients while meeting the combined value requirement.
The magnitude of compensation required and the many possibilities

to achieve it are too numerous to describe here.

5.8 Comb Generator - Mixer - 100 MHz Amplifier

This procedure is to set the temperature compensating pots
on the Comb Generator bias board to correct for the generator and
mixer phase variations with temperature. Refer to Section 6.2
for a suggested test setup. The generator, mixer and amplifier
should be mounted together on a flat mounting plate that can be
attached to a conducting thermal control device such as a
Scientific Columbus heat pump. Adjust the thermal control for 20
C plate temperature. Set pot C (R16) maximum CCW, minimum
resistance. Set pot A (R17) for 0.62 V on R18, 3.9 K (upper end)
and pot B for (R14) for 0.62 V at U1-7 (upper end of diodes CR2
and CR3). With a 500 MHz input of +5 dBm and the output
connected to a phase measuring system at 15.1 GHz, change the
temperature to 30 C. When the temperature has stabilized, adjust
pot C for the same phase reading as measured at 20 C. Change the

measurement frequency to 2.6 GHz, return to 20 C and note the
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phase change. The change should be less than 2° (0.2°9/°C). if
this 1limit is not met, make a measurement near mid-~band (8.6 GHz)
to see if the error is linear with frequency. An error inversely
proportional to frequency indicates non-frequency dependent phase
change that should be correctable in the amplifier. However,
measurements on two systems indicate this error is less than
0.1°/°C. See the 100 MHz Amplifier section for further comments.

This procedure for phase compensation and measurement is
recommended because these three units include the most critical
parts of the system for phase stability and, though awkward to
test, are not nearly as awkward as trying to change temperature
and get repeatable results on an entire module. This statement
is made with some confidence because testing a module in an oven
has been tried. Changing the temperature of so much thermal mass
in an air medium is very slow allowing other time related errors
to become more significant. The metal-to-metal "hot plate"
method is much faster and more repeatable. A legitimate question
is, what about the components not included such as the couplers

and phase detector. Three Sage C218%20 couplers performed as

follows:
2.6 GHz 5.1 GHz 15.1 GHz
Thru port 0 to +.02 ©°/°C +.02 to +,12 +.18 to +.32
Coupled
port -.01 to =.04 -.01 to ~,03 +.06 to +.25

The worst case error is ,15°¢/°C for the mixer coupler or
.029°¢/°C/GHz. The leveling coupler contribution is smaller

since only the thru port 1is involved. A Model RPD~1 phase
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detector measured less than .002°¢/°C. These numbers are well
under a system target of less than 0.2°¢/°C/GHz. Should another

brand of coupler be used these tests should be repeated.

5.9 Phase Detector (C53300S002)

With power connected, check that the regulators U3 and U4
are providing + 12 V within + 0.5 V., Provide +7 and +5 dBm 100
MHz signals to J1 and J3 from an in-phase power divider and equal
length lines including the 2 dB pad. The DC output at J2 with 1
K load should be +0.29 & 0.03 V. Measure the DC at the end of
R10 (51 ohms) adjacent to C6 (1 nF). It should be less than .08
V. Add 19.5" of polyethylene type coax to the J1 1line, The
output at J2 should be 0 + 0.03 V., If this requirement is not
met, verify that the input phase difference is 90 + 2.5° using a
vector voltmeter. The quadrature detector output should be a
maximum, If an RF voltmeter with high impedance probe 1is
available, the amplifier A1 and A2 output levels should measure
within 2 dB of 0 and +7 dBm. The output at C6 should be +0.65 %
0.2 V. Adjust the Signal Level pot, R5, for 4 V on feed-thru
terminal 13. Measure +4 + 0.2 V at output terminal 10. Adjust
Ref Level pot, R31, for 4 V on terminal 12, By moving the 19.5"
cable to J3 the input phase is changed 180° and the voltage at
terminal 13 becomes -4 V + 0.1 V. Terminal 10 should again be +4
vV + 0.3 V. Verification of outputs under appropriate conditions
on terminals 9, 11, 14 and 15 require external pull=up resistors

(5 or 10 K suggested). These can be measured now or checked in
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the module. When terminal 13 is positive, terminals 9, and 15
will be low; the others high. With 13 negative, 9 and 14 will be
low; the others high. With either 100 MHz input disconnected,

terminals 9, 14 and 15 will be high and 11 low.

5.10 FM Tuning (C53300S004)

The YIG FM coil driver contains no adjustments but some
additional information may be helpful, The unit is designed to
furnish up to + 50 mA to the coil for + 15.5 MHz swing. The
tuning sensitivity as measured ‘across the 150 ohm resistors is
2.07 MHz/V and is equivalent to about 45 MHz/V at the cable
input. At the monitor output the figure is 1.55 MHz/V. Please
note that these numbers are for the FM tuning only and do not
reflect the effect of the feedback to the main tuning. When
testing on the low band this feedback can be disabled by removing
op amp U4, For the high band either end of RU4O (200 K) should be
grounded (U4 removed).

The comparatively low value of R28 (100 K) in the FM
feedback limits loop gain at low frequencies and permits
oscillator frequency pulling to generate significant phase
offsets., Feedback to the main tuning corrects this problem. For
higher FM gain the excess loop delays or phase shifts produce a
measurable push-off voltage peaking around 2.3 MHz from lock.
The sweep drive will override this for modest gain increases, but
it effectively limits the range of the sweep. When push®moff 1is

not present the lock frequency will be approached smoothly to
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about 2 MHz separation when snap~in occurs., The push=-off
phenomenon is accommodated by leaving the FM low frequency loop
gain low and using feedback to the main tuning below 1.8 Hz (88
ms TC) to boost DC gain. Attempts at diddling the phase did not
help. The low frequency gain is about 6.5 MHz/°¢ or .15°/MHz.
If oscillator drift is 0.3 MHz/°C maximum, then phase drift will
be less than .0U45°4/°C. If this is considered marginal, the gain
could be doubled without serious push-off problems but further
increases could be a problem.

As mentioned under Operational Description, the FM tuning
sensitivity is changed when switching bands to maintain the same
overall tuning sensitivity on both bands. R38 (150 ohms) 1is
inserted by auxiliary contacts in relay K1 to halve the tuning
current on the hgih band. The 16 ohms, R34, across the YIG FM
coil provides damping that reduces ripple in the sideband noise.
Typical sideband spectrums are shown in Section 7. The amplifier
input is a low level signal on coax from the Phase Detector. To
reduce the possibility of pickup from ground loops the input
circuit has an isolated common, grounded only through the coax.
It is, therefore, necessary to ground the shield whenever the

loop is opened by disconnecting the Phase Detector output, J2.

5.11 Front Panel

Because of the system guidelines for remote control and
monitoring of modules thru the M&C bus the front panel has no

controls and a minimum of displays and test points. The three
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LED's indicate the status of the phase lock loop. When the unit
is not locked for any reason, the red FAIL 1light should be on.
When lock occurs, one of the green lights will show whether the
lock frequency is above or below the closest harmonic of 500 MHz.

The main output is sampled with a 20 dB coupler that
provides about =16 dBm at the 2~16 GHz Monitor jack for checking
freqeuncy, sidebands and general testing. The tap point 1is
inside the loop so that the load changes on this line have
minimal effect on phase. The 100 MHz IF Monitor jack provides an
isolated sample of about ~13 dBm of the IF signal for observing
the spectrum at a more convenient frequency. An open=to=*
termination change on this line generates a maximum phase step of

about .05°.
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6.0 Suggested Test Circuits

6.1 100 MHz Amplifier Input Matching Circuit

560

51

—INJpr

6.2 Comb Generator - Mixer - 100 MHz Amplifier Phase Stability
vs. Temperature Measurement

204B I |
_ Mec | 2-l6GHz < X 100 MHz
PC I Bus ] synth 3 | > Amp
[
— VuT
X5 | PD ! =1 Comb Gen |
Mulit |_
Heat Pump
348
<
> p
PD D S
Vector VM
JOOMHz i or M
xtal Ose DBM & V

6.3 Manual Tuning of YIG

For small deviations around a commanded frequency

+5

Large 10 turn 270k Remove U4 on YD&L board and
wire wound pot. 5ok AMNA—— feed this into the pc land

(Bourns 3500S-2-503) joining U4-7 and R6 (8.2 K).
1)
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7.0 Graphs

7.1 Comb Generator Spectrum

FREQUENCY 6H*

7.2 Noise Spectra

-MO -
O I 00 300 400kHz 0 2 4 6 8 0 2 4 6 5 MHz 0 2 4 6 8 **£



7.3

CRT Display (Proposed)

Operating Frequency
Band

Sideband

Phase=Lock Status

Description

D/A Converter Output
1600 MHz/V

YIG Main Tuning Voltage
YIG FM Tuning Voltage

Phase~Lock and 100 MHz
SIG Level

100 MHz REF Level

Comb Gen/500 MHz
REF Level

OQutput Level

30

XXXXX.XXX

2-8/8-16
Upper/Lower (> + 2 V 1imit)
Locked/Unlocked
Remarks
(Warning
Status Limits Limits)
X.XX 1.29 5.00 (0%)
X.XX 1.96 8.10 (2%)
X.XX ~0.40 0.40 (25%)
X.XX 2.90 5.50 (7%)
X.XX 3.20 5.00 (5%)
X.XX 3.10 5.10 (8%)
X.XX 1.50 8.20 (12%)
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8.0 Input~Qutput Functions, Levels, and Connections

8.1 Monitor and Control 1/0

Analog Inputs

Read and

Relative

Address P1, Pin No, Function
0 1 (O0H) D/A Converter Output
1 2 (1H) YIG Main Tuning Voltage
2 3 (2H) YIG FM Tuning Voltage
3 ] (3H) Phase-Lock & 100 MHz Sig Level
y 5 (4H) Sideband (+ Upper, - Lower)
5 6 (5H) 100 MHz REF Level
6 T (6H) Comb Gen/500 MHz REF Level
7 8 (7H) Output Level

Digital Inputs
Relative address 8 and Read

M&C Inter-
In~ face
put Input - Function
CMO 40 Phase Lock Status (Lock, low)
CM1 46 (LM1) Relay K1 Monitor |High, 2-8 band
CcM2 48 (LM2) Relay K2 Monitor |Low, 8-16 band
ID Request
M&C Input
CMO thru CM7 Unit and location identifica-

tion. CM7=Parity. CM6=MSB,.
CMO & CM1~location.

CM8 thru CM13 Unit serial number.
CM8-LSB. CM13~-MSB.

Digital Output
Relative address 8 and Write.

Outputs CMO LO Frequency Control.
thru 12 Count 1024 to 8191,
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8.3

Back Panel

32

AMP 42 pin mixed connector, P11 204186-5, 202394-2,
Block, hood

Pin No. Function

10 +5 vV 1.6 A

16 +15 V 1.2

17 -15 vV 0.17

29 +28 V 0.22

11 -5.2 0.50

34 Pwr. G

42 Sig. G

8 M/C Bus XMT +

9 M/C Bus XMT =

14 M/C Bus RCV +

15 M/C Bus RCV -

22 ID LSB

23 ID
Coax Connectors, OSP
P5 Output 2-16 GHz +3 %+ 1.4 dBm
P6 100 MHz Ref. In +5 + 1.0 dBm
PT 500 MHz Ref. In +5 + 1.0 dBm

Front Panel

P12 Monitor, 100 MHz IF =13 dBm
P13 Monitor, 2-16 GHz OQut ~-16 dBm

Pin Type No.

2015781

210578-1

Omni~Spectra
4503-7941~00
"

"

Omni-Spectra
2004~-7941-00
"




Photos

Front view.
Right side view,
Left side view.

Back side view.
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11.0 Logic Diagram

Interface card.
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12.0

Schematics

Relay Driver.

Phase Detector.

Power Supply Filter.
YIG Driver and Leveler.
Module.

100 MHz Amplifier,
Regulator.

Comb Generator.
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13.0 Assembly Drawing

Module.
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14.0

Bill of Materials

Module.

Phase Detector.

Comb Generator.

100 MHz Amplifier.

YIG Driver and Leveler.
Regulator.

Power Supply Filter,
Relay Driver.

Interface Card.






Page No. 1
05/28/87

ITEM MANUFACTURER
NUM.

1 NRAC
2 NRAO

2 NRAO
3 NRAO

3 NRAO
4 NRAC

4 NRAO
S5 NRAO

10

11 AVANTEX

12 RLC ELECTRONICS
13 GENERAL MICROWAVE
14 TELEDYNE

15 AYDIN MICROWAVE
16 TRW MICROWAVE

17 SAGE

18 TRW MICROWAVE

19 H-P,SAMPLER

AS3300B001-2-16 GHz SYNTHESIZER
BILL OF MATERIAL
NATIONAL RADICG ASTRONOMY OBSERVATORY

MANUFACTURER'S
PART NUMBEK

AN ARy e B e N e

AS33008003
C5330a5002
(533000001
E53300M004
AS330B234

533005009
B533080006
B533000009
B33300M005
A533005625
C533085007
D533086003
B53300M009
A53300B006
€533005004
D5330e000z
AS33008087
C5330085008
€533000083
A5330aB0as
C533005083
C533000084
A53300B003
BS33085891
D533000007
A53200p010
B53306L001

¥885-2185

A-8-3fM

1M190C WITH DRV 311
€5-333C6

AMA 408085

RX16000

c218-z@

D1823

5088-7022

Viba

DESCRIPTION

NV NN N Y

MONITOR AND COHTROL CARL
PHASE DETECTOR

PHASE DETECTOR SCHEMATIC
PHASE DETECTOR PCE

PHASE DETECT(R BOX

COMB GENERATOR

COMB GENERATOR SCHEMATIC
COMB GENERATOR PCB

COME GENERATOR PCB

COMB GENERATOR EOX

100 Milz AMPLIFIER

108 MHz. AMPLIFIER SCHEMATIC

108 MHz AMPLIFIER PCH
100 Mz AMPLIFIER BOX
YIG DRIVER AND LEVELER

YIG DRIVER AND LEVELER SCHEMATIC

YIG DRIVER AND LEVELER PCh
REGULATOR

REGULATOR SCHEMATIC
REGULATOR FCB

P5 FILIER

PS FILTER SCHEMATIC
F3 FILTER PCB

RELAY DRIVER

RELAY DRIVER SCHEMATIC
RELAY IRIVER PCB
INTERFACE

INTERFACE DIAGRAM

YIG

ATTEN, FIXED
ATTEN,PIN

RELAY, COAC

RF AMPLIFIER
DOUBLER
DIRECTIONAL COUPLER
DETECTOR

MIXER

<UAN,
fikd.

Wi vivn

[S R W WA

s G R e B e b s
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ITEM [ESCRIFTICN

++ 53300 A0

At Amplifier

AZ  Amplifier

1  Capacitor f.ipf

€2z  Capaciter .@iuf

€3 Capacitor Snf

¢4  Capacivor .iuf Chiv

5 Capacitor 15@pf

6  Capacitor inf

o7  Capacitor inf

€3  Capacivor .0tuf

€2  Capacitor .@iuf

€19 Capacitor Snf

Ci1 Capacitor .iuf Chip

C12 Capacitor .fuf Chip

C13 Capacisor Snf

€14 Capacitor inf

€15 Cepacitor .0iuf

Ci6 Capacitor Snf

€17 Capacitor .0iuf

C18 Capacivor .¥iuf

19 Capacitor Snf
Capacitor Snf
Capacitor Snf
Capacivor .iuf
Capacitor Snf
Capacitor .iuf

Capacitor fuf 25V tant.

Capacivor .0iuf
Capacitor .iuf Chip
Capacitor .luf Chip
Capacitor 3.3pf
1M456

1M56

1N456

1M456

1N456

RED

GRN

1N456

GRK

1N456

2435

Inductor 4.7ub
Inductor .iuh
Induccor .i2uh
Indnctor i.zh
Induccor .iuh
Inductor 4.7uh
Inductor .iZuh

PHASE DETECTOR

BILL OF MATEKIALS

MENUF aCTOR

AVANTEK
AVAWTER
ERIE
CENTRALAD
TOSONIX
CENTRALED
CENTRALAB
CENTRALAD
CENTHALAB
CENTRALAR
CENTRALAB
TUSONIX
(ENTHALAB
CENTRALAB
TUSONIX
TUSONIX
CENTRALAB
TUSONIX
CENTRALAE
CENTRALAB
TUSONIX
TUSONIK
TUSORIX
CENTRALAE
TUSONIX
CENTRALAB
SPRAGUE
CENTRALAB
CENTRALAB
CENTRALAB
ERIE

AM POWHER DEVICE:
AM FOWER LEVICES
AM POMER DEVICES
AM POMER DEVICES
AM POWER DEVICES

HEWLETY-FACKARD
HEWLETT-FACKARD

AM POMER DEVICES

HEWLETT-PACKAKD

AM POMER DEVICE:

HEWLETT-PACKARD
NYTRORICS
NYTRONICS
N{TRONICS
NYTRONICS
NYTRONICS
NYTRONICS
NYTRONICS
MINI-CIRCHIT

ALY KUMEER

MOE-616d

MoA-0303
Sigl-1Qe-cie-1m
CYLACL93F

2425001 ~1oW- SRR
WASOF {104
CWASALSLE

CHiSALRCK

(WL5A1GZK

CY15122F

Y1501y

24.5-00 L AW~ SWZBA
Witori1ade

HAOUF H1v4M

Z425-004 -hWd -6 AR
24o5-ted -XEHE- AN
CY1501e3F

2425001 -XOWd- SULAk
CY13C1a3p

CYLSC1083F

242504 ~X5Wa-58ZhA
24Z5-001 -XSWR-S0ZhA
2425~ -X5Wa-58ZAA
CYzZaciedf

2425-001 -X5Wa- 50248
CYZGCL04F
179D185X0825RA1
CYLECLQ3F
WoSArHiedM

WSO 1844

8101 - 1an K832k
1N450

1N456

1M36

M50

indis

HiMP 1304

HLMP 1501

iNd50

fiLMP 1501

1N456

S5882-2835

ID-4.7¢

Db-0.1@

ID-e.12

DD-1.22

Ib-¢.10

DD-4.7d

p-8.12

RFD-1



Page No. 2
82/26/97

ITEM DESCRIPTION

sEERREEEEBERER

ESSERR
[

FHASE DETECTOR
Resistor 15 (/44 5%
Resistor 562 1/4W 1%
Resiscor 11.5K 1/4W 1%
Resistor 31.6K 1/4W 1%
100K TRIM

Resistor 10K 1/4W 5%
Resistor 10K 1/4W 5%
Resistor 28K 1/4N 5%
Resistor 51 1/4W 5%
Resistor 54 1/4W 5%
Resistor 10K {/4H 5%
Kesistor 18K 1/4W 5%
Resistor 10K 1/4W 5%
Resistor 15 1/4W 5%
Resisvtor 10K 1/4W 5%
Resistor 28K 1/4W 5%
Resistor 568 1/4W 5%
Resistor 115 1/4W 1%
Resistor 287 1/4W 1%
Resistor 35.3 1/4HW 1%
Resistor 267 1/2M 1%
Resistor 18K 1/4¥ 5%
Resistor 42.2 1/4W 1%
Resisvor 16.5 1/4W 1%
Resiscor Z8K 1/4W 5%
Resistor 470 1/4W 5%
Resistor 68.1 1/4W 1§
Resistor 688 1/4W 5%
Resistor 6.66K 1/4U 1%
Resistor Z6.7K 1/4W 1%
100K TRIM

Resistor 100K 1/4W 5%
Resistor 108K 1/4W 5%
Resistor 10K 1/4M 5%
Resiscor 180K {/4W 5%
Resistor Z0K 1/4W 5%
Resistor 470 1/4W 5%
Resistor 18K 4/4N 5%
Resistor 3.46K 1/44W 1%
Resistor 374 1/4W 1%
Resistor 3.16K 1/4W 1%
Resistor 374 1/4¥ 1%
LF442CN

LF442CN

IM3M 712

1433712

EILL OF MATERIALES

MANUFACTOK

MINI-CIRCGITS
ALLEN-BRADLEY
CORNING
CORNING
CORNING
BOURKS
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADLLY
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-ERADLEY
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-ERADLEY
ALLEN-BRADLEY
CORNING
COKNRING
CORNING
CORKING
ALLEN-BRADLEY
CORNING
CORNING
ALLEN-BRADLEY
ALLEN-BRADLEY
CORNING
ALLER-ERADLEY
CORNING
CORNING
BOURNS
ALIEN-BRADLEY
ALLEN-BRADLEY
ALLER-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-BRAD.EY
ALLEN-ERADLEY
CORNING
CORNING
CORNING
CORNING
NATIONAL
RATIUNAL
NATIONAL
NATIONAL

PAKT MUMBLR

RPD-1
B3OS
RNSSDS64%
RNSSULL52F
RNS5D3162F
3329H-1-184
CB1633
81835
CB235
83185
CB5165
CBI05S
{B1035
(B1035
CB1565
(31035
CBZ835
CBS613
RNSSD1456F
RNSSDZ870;
RNSSDISKIF
RHGRD2670F
(B1033
KNSSI4ZRZF
RWSSDIGRSE
CBB3S
CB47L3
RNSSD6SRAF
CB6845
RNSS5D6661F
RHS502672F
33298-1-104
CBI84S
CBI94S
CB1035
CBL04S
CH2835
BATLS
CHR1835
RNSSD3164F
RNSSD3 74
RNSSD361F
RNESD3746F
LF41200
LF4LLN
M347iZ
1455710



Page No. 3
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ITEM DESCRIPTION

++ 53300 BOa4

x>
-

IRBRAR

BEERES

EBRSRGECERGEEEER

iz

haplifier
Capacitor 13pf Chip
Capacitor Z7pf Chip
Capacitor Snf
Capacitor Snf
Capacicor .luf
Capacitor .@iuf

Capacitor luf Z5V tant.

Capacitor Z2pf Chip
9335

1N456

18456

2835

2835

Inductor Znh
Indnctor 9.4nh
Inductor Znh
Inductor 3 Turns
Inductor .33uh

BILL OF MATERIALS

MANUFACTOR

ALPHA
DIELECTRIC LAb3
LIELECTRIC LABS
TUSONLA

TUSONIX
CENTHALAR
CERTRALAD
SPRAGUE

AM. TECH. CERAMICS
HEWLETT-PACKARD
AM PONER DEVICES
AM POWER LEVICES
HEWLETT-PACKARD
HEWLETT-PACKARD
RRAO

NRAO

RRAO

NRAD

NYTRORICS

Value Determined During Mamfaccure ALIEN-BRADIEY
Value Determined During Mamufactuare ALLEN-BRADLEY
Value Determined During Mamfacture ALLEN-BRADLEY

Recistor 3.16K 1/4W 1%
Resistor 374 1/4d 1%
Resisvor 27K 1/4W 5%
Resistor 168K 1/48 5%
Resistor 274 1/4W 1%
208K TRIM

Resistor 10K 1/4W 5%
Resistor Z7K 4/4M 5%
Resistor 88.6K 1/44 13
Resistor 11K 1/4M 1%
2808 TRIM

Resistor 4.42K 1/4W 1%
10K TRIM

2K TRIM

Resistor 3.9K 1/4W 5%
Resistor 511 1/4W 1X
CAI260AE

13171

CORKING
CORRING
ALLEN-ERADLEY
ALLEN-BRADLEY
CORRING
BOURNS
ALLEN-BRADLEY
ALLEN-BRADLEY
CORNING
CORNING
BOURNS
CORNING
BOURNS

BOURNS
ALLEN-BRADIEY
CORNING

RCA

NATIONAL

PabT NUMBZE

M17AHI30K4LAL
PL7AHZ? OK45XL
242581 -A5W0-D0Lns
24:3-001 -X5wé-S8ZAR
CYzuCiedp

CYisciesr

1990 1wXBZoARL
100AZZRIT

S885-883%

1Na3e

1Nd456

SR82-2835

BRASS SIRIF .15 Lule
BKAS3 STRIF .6 LONG
BRAS3 STRIF .15 LuMNy
ABTO1 4083850
IDh-8.33

B35

CB
__ %
KN33D3101F
RNSSLS746F
CB273%
CBlodd
RNSSLZ740F
JpdoP- 1-.04
CBiadd
(B2735
HNSEL8esF
RESSDALEF
eor-1-za1
RNSSD4421F
3BBoF-1-163
308cP-1-202
39S
RNCSD5149F
CA3ZGOAL
LM317LE
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@2/26/37

BILL OF MATERIALZ
ITEM LESCRIPTION MANUFACTOR PAKT WUMoER
++ 53308 BOOS
Al Asplifier AVANTEK MoR-6164
Az  Amplifier AVANIEK HoA-0104
A3 Amplifier AVANTEK Mok-Bt4
A4  Amplifier AVANTEX MoA-a30d
AS  Baplifier AVARTEK MiA-6104
€1 Capacictor .luf Chip CENTRALADL WASUFH 1 34N
€2 Capacitor inf CENTHRALAR CWiSALeLK
€3 Capacitor inf CENTRALAB CHASALRK
¢4 Capacitor .luf Chip CENTRALAB WSO Hi04M
€5  Capacitor 13zpf CENTRALADL CHIGA-  191J & 33
(6  Capacitor Z,5-10vf JOHANSON Iii
C7  Capacitor 132pf (ENTRALAD CHISA- 194 & 3%J
(8  Capaciter .iuf Chip CENTRALAR waCerHi04M
€9  Capacitor .iuf Chip CENTRALAB WasuriiedM
Ci@ Capacitor .iuf Chip CENTRALAB Wa3eFH104M
Ci4 Capacivor .{uf Chip CERTRALAB WASAr Hiv4M
C1z Capacitor .iuf Chip CENTRALAL WasErH1e4n
€13 Capacitor .iuf Chip CENTRALAB WA5UF 1940
(14 Capacitor .iuf Chip CENTRALAB WOSCrHie4M
C15 Capacitor .fuf Chip CENTRALAB WASErH194M
(16 Capacitor Snf TUSONIX Z425-901 -XWe-56244
Ji  Socket AUGAT 8868-160
J2  Coax Commector APPLIED ENG. PRDTS.
J3  Coax Commector APPLIED ENG. PRDTS.
11  Inductor 338nh NYTRONICS Db-9.33
L2  Inductor 4.7uh NYTROKICS ID-4.7@
L3  Inductor i9nh NRAO 3 TOKNS #22
14  Indnctor .33uh NYTRONIC3 D2-9,33
L5  Inductor 2 Turns NiACO ABTU146A3638
16  Indnctor imh NRAO 3 TURKNS #22
L7  Inductor 4.7uh NYTRONICS D0-4.78
I8  Inductor Z Turns RRACG ABTY14@A383E
19  Inductor 4.7uh NYTRONICS ID-4.7@
110 Indnctor 4.7ub HYTRONICS 00-4.79
141 Inductor Z Turns NRRO ABTE140R3630
112 Inductor 4.7uh NYTRORICS DD-4.7¢
R{  Resistor 362 1/4W 1% CORRING KNSSDSO2EF
R2  Resistor 28K 1/8W 5% ALLEN-BRADLEY BAL3S
R3  Value Determined During Mammfacture ALLEN-ERADLEY CBh__5
R4  Resisvor 362 1/4d 13 CORNING RNGSSDS6Z0F
RS  Resistor 267 1/ 1% CORRING KN6RDZET6F
R6  Value Determined During Mamufacture ALLEN-BRADLEY .5
R7  Value Determined During Mamufacture ALLEN-BRADLEY o )
R8  Resistor 357 1/ 1% ALLEN-LRADLEY RN6OD2STOF
R?  Resistor 1K 1/4W 5% ALLEN-BRADLEY CRi823

R1® Resistor 562 1/4W 1% CORNING RNSSDOSZ0E
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ITEM DESCRIPTION

++ 53300 Bows-1

EERRRBRBRBERLR

Ri1
RiZ
R13
Ri4
R15
Ri6
R17
R18
R19
Rz
R24
RZ2
R23
vt

U2

Capacitor 10@pf
Capacitor .luf
Capacitor .fuf

1N4536

Resistor 1.74K 1/4W 1%
Resistor 1K 1/4W 5%
Reciscor 1K 1/44 1%
Resistor 4.7M 1/4W 5%
Recistor 8.2K 1/4W 5%
Resistor 20 L/4H 1%
Resistor 7.5K 1/44 1%
5K TRIM

50K TRIM

Resistor 4.7M 1/4W 5%
Resisvor 194K 1/4W 1%
Resistor 100K 1/4W 1%
Resistor 18K 1/4W 1%
Resiscor 18K 1/4¥W 1%
2K TRIM

Resistor 108K 1/4W 1%
Resistor 4.53K 1/4W 1%
Resistor 109K 1/4d 1%
1K TRIM

Resistor 10K 1/4W 5%
Resistor 18K 1/4W 5%
Resistor 6.49K 1/4W 1%
(P-07C

0P-07C

BILL OF mRTERIALS

MANUFACTUR

CENTRALAB
(ENTRALAB
CENTRALAB

AM POWER DEVICES

CORNING
ALLEN-BRADLEY
CORRING
ALLEN-BRADLEY
ALLEN-BRADLEY
CORNING
CORNING
BUURNS

BOURNS
ALLEN-BRADLEY
CORNING
CORNING
CORNING
CORNING
BOURRS
CORNING
CORNIRG
CORNING
BOURRS
ALLEN-BRADLEY
ALLEN-ERADLEY
CORNING
ANALOG DEVICES
ANALOG DEVICES

FalT HuMBCR

CNiSALG1K
CYzei104P
{raeciedr
18458
KRSSD1744F
Catecs
HHOSD10BLF
475
RHSZD28R0E
RRSSD7504F
IeTni-1-See
3297W-1-583
CB475%
REZSOE9L R
RHSSDIGQIE
RNSSDiG@F
RNZSD1@Q.r
329%-1-282
RHSSULGSE
RRSSI4L Y
RNZ5D1083F
JZ9M-1-10
{b1035
(BiQ35
RMGSDE4HLE
ADOP-97CH
ADOP-Q7CH
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ITEM DESCRIPTION

+ 53300 BAdG-%

€5 Capacitor 1208vf

6  Capacitor .iuf

€7  Capacitor .iuf

€8  Capacitor luf

9 Capacivor iuf

CRi WSO

CRZ2 M50

o Transistor ZN 2219
@2  Transistor ZN Z995
K24 Resistor 1.2K 1/4W 5%
RZS Resistor 4.7K 1/4W 53
R26 Resistor {.3K 1/4W 5%
R27 Resistor 1.3K 1/4W 5%
R28 Resistor 108K 1/4W 5%
R29 Resistor 208 1/4W 5%
R3® Resistor 3.9K 1/4W 5%
R31 Resistor 36 1/4W 5%
R32 Resistor 36 1/4W 5%
K33 Hesistor 3.9K 1/4W 5%
R34  Resistor 16 1/4W 3%
R35 Resistor 150 W 1%
R36 Resistor 150K 1/4W 5%
R37 Resistor Z0BK 1/4W 5%
RI8 Resistor 150 1/2M 1%
R39 KResistor 158K 1/4W 5%
R40 Resistor 208K 1/4W 5%
R4t  Resistor 18K 1/4W 5%
03 OP-27GH

U4

MC-34872-F

BILL OF MATERIALS

MANUFACTOR

CERTRALAB
CERTRALAD
CENTRALAB
ELECTROCUEE
ELECTROCUBE

GENERAL INSTRUMENTS
GEMERAL INSTRUMENTZ

MCTORILA
MOTOROLA
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADIEY
ALLEN-BRADLLY
ALLEN-BRADIEY
ALLEN-BRADLE {
ALLEN-ERADLEY
ALLEN-BRADLEY
DalE
ALLEN-BRADLEY
ALLEN-BRADLEY
DALE
ALLZN-ERADLEY
ALLEN-BRADLE Y
ALLEN-ERADLEY
ANALOG DEVICES
ROTOROLA

PART MUKEER

Wiis 122k
CYZaC1dP
ILeC104F
=50B1a1asK
~Z4B1RIBSK
Mol

"R

N 2215

SR 2963
CBiZZS
(84725
CB13zs
CBL82S
CB1045
CHZR45
CB39ZS
Lb3RS
(83005
BITLS
Chioes
K3-2B
Cb1545
CB2M45
RN&SD158RE
CBi54S
CBIM4E
LB1035
ADGP-Z7ul
MC-34072-F
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ITEM DESCRIPTION

++ 53300 DOOG-2

{10
Cit
€12
€14
R42
R43
Rd4
R4S
R46
k47
Rd8
R49
R50
R51
RS2

CRERER

RS9
05

Capacitor .08tuf
Capacivor .@iur
Capacitor .iuf
Capacitor i@pf
Resistor 100K 1/4W 1%
19K TRIN

Resistor 665K 1/4W 1%
Resistor {5K {/4W 1%
Resistor 518 1/4W 5%
Resistor 1K 1/4W 5%
Resistor 510 1/4W 5%
Resistor 108K 1/4W 5%
Resistor 3.6K 1/4W 5%

Resistor 22.6K 1/4W 1%
Resistor 200K 1/4W 1%
2K TRIM

Resistor 80.6K 1/44W 1%
Resistor 10K 1/4W 5%
Resistor 240K 1/4W 5%
Resisvor 100 1/4W 5%
100K TRIN

CA3Z68AE

BILL ¢r MATERIAL-

MANUE ACTOR

CENTRALAB
CENTRALAE
(ENTRALAB
CENTRALAB
LIRNING
DOURND
CORNLNG
CORKING
ALLER-BRADLEY
ALLEN-BRADLEY
ELLER-ERADLEY
ALLEN-SRADLEY
ALLEN-BRADLEY

CORNING
CORNING
BOURNS
CORNING
ALLEH-BRADLEY
ALLEN-BRADLEY
ALLEN-BRADLEY
BUURNHS

RCA

FART NumakR

CWLSC1620
CYLociasy
CYudcied?
CNLGALOOK
Rif55310a3F
Jer-1-183
KNSSD6ES Y
RNSSD1SOF
Choild
CBidLs
CB5115
CB1845
(B3625

RNSSDZZ6ZF
RNS5D200SF
3006F-1 -2
RNSST696.F
CB103
(BZ445
CBie15
3520-1-104
Ch3Z6RAE
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ITEM DESCRIFTION

++ 53300 BOd7

(4 Capacitor S8fuf

¢z  Capacitor 18@duf

€3 Capacitor iuf Z5V tant.
¢4  Capacicor SOdaf

€5  Capacicor inf Z5V tant.
CR1  1Md56

11 Inductor 2Zdwh

L2

L3  Inductor iduh

@1  Transistor 2N 3904
€2  Transistor D44C8

Rt Resistor 18 1/44 3%
RZ  Resistor 2 W 1%

R3  Resistor 120 1/44 1%
R4  Resistor 128 1/4W 1%
R5  Resistor 3.3 1/4N 5%
R6  Resistor Z0@ 1/4W 1%
R7 2K TRIM

R8  Resistor 200 1/4W 1%
R9 2K TRIM

04 IM337?

02 IMu7?

03 1M337?

BILL (F MATERIALS

MANUFACTOR

SPRAGUE

SPRAGUE

SPRAGUE

SPRAGU

SPRAGUE

AM POWER DEVICES
CADDELL-BUKNS

CADDELL-BURNS
MOTOROLA
GENERAL ELECTRIC
ALLEN-BRADLE{
UALE

CORNING
CORNIRG
ALLEN-BRADLEY
CORNING
BOURNS
CORNING
BOURNS
MOTOROLA
MOTORVLA
MOTOROLA

FART HUMBLE

Tvn-1io2
TVA-1103
179D105XBOZ5AA1
IVA-116d
159D105XMazoAAL
k456

6%t6-17

wiad-13

ZN 3984
CB1i9ds
RNSSD128WF
RR55D1266F
CB3RZ
RNSSD2688F
2086p-1-202
KNSSD2806F
3096P-1-202
1M3377
M3
LM337T
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ITEM DESCRIFTION

++ 5330¢ BOA8

TEREEgage

Capaciter 300uf S8V
Capacitor 3dduf SeV
Capacitor 30duf SeV
Capacitor 30duf S¥V
Inductor 478uh
Inductor 68uh
Inducvor 125uh
Inductor 18duh

BILL OF MATEKIALS

MARUFACTOK

MALLOKY
MALLORY
MALLORY
MALLORY
CADDELL-BURNS
J W MILLER

J W MILLER
CADDELL-BURN:

FALT KUMBER

TTSOMY0A
TTeMIMA
TTS0M308A
TISM30MA
oled-21
5448

S5

0860-13
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ITEM DESCRIPTION

++ 51308 BT

333%3?33&2838%%%88988&

Ri@

Capacitor iuf
Capacitor luf
Capacivor nf
Capacitor {uf
Capacitor . luf
1N456

1NdOR1

1N455

1Nd0B1

Transistor ZN 3994
Transistor 2N 2985
Transistor 2N 394
Transistor 2N 2985
Resistor 15K {/4W 5%
Kesistor 9.1K 1/4W 5%
Resistor 13K 1/4W 5%
Resistor 1M 1/4W 5%
Resistor 13K 1/4W 5%
Resistor 15K 1/4W 5%
Resistor 9.1K 1/4¥ 5%
Resistor 13K 1/4N 5%
Kesistor 1M 1/4W 5%
Resistor 13K 1/4¥ 5%

BILL OF MATERIALS

MANUF 4 TOK

ELECTROCUBE
ELECTRUCUBL
TOS0NIX

ELECTRUCULE

AM POMER DEVICES
INT’L KECTIFIER
AM FOMER DEVICES
INT'L RECTIFIER

MOTOROLA

MOTOROLA

MOTOROLA

MOTOROLA

ALLEN-BRADLEY
ALLER-BRADLEY
ALLEN-BRADLEY
ALLEK-BRADIEY
ALLEN-BRALEY
ALLEN-BRADLEY
ALLEN-BRADLE Y
ALLEN-BRADLEY
ALLEN-BRAVLEY
ALLEN-BRADLEY

PART HuMack

oWB1ALBSK
650814100
2425-081-X5W0- 562ha
658B1A105K
CYZdoqear
1M4S6
114081
1hd56
14084

8 3504
N 374
28 2985
CB1533
Bz
(B133H
CB1655
(B1335
(Bi3as
{BILZS
LBadds
(51955
CB133



Page No. 1

05/21/87
A53300B010-INTERFACE CARD
BILL OF MATERIAL
NATIONAL RADIG ASTRONOMY OBSERVATORY
VLEA

ITEM MANUFACTURER MANUFACTURER 'S DESCRIPTION
NUM. PART NUMBER
133 7425N DUAL INPOT NOR GATE
Uz 741584 HEX INVERTEK
u3 7415244 OCTAL BUFFER
U4 7418374 OCTAL D-TYPE FLIP FLOP
[iN] 7415374 OCTAL D-TYPE FLIP FICP
e RE55S TIMER
u7 741520 NAND GATE
U8  BOURNS 4114R-002 ZK RES. NET.
(] 7415244 OCTAL BUFFER
uie 7415157 < 10 1 LINE DATA SELECT
U1 7415157 2 10 1 LINE DATA SELECT
ui2 7415157 2 T0 1 LINE DATA SELECT
013 74L320 RAND GATE
Ui4 741508 NAND GATE
U5 7415288 9 BIT PARITY GENERATOR
[+ 1 NESSS TIMER
17 7415283 4 X 4 BIT PARALLEL MOLTIPLIER
ug8 7415283 4 X 4 BIT PARALIEL MULTIPLIER
019 7415283 4 X 4 BIT PARALLEL MULTIPLIER
U28 GRAYHILL 78RB&7 DIP SWITCH
U2t  BOURNS 4114R-002 ZK RES. MNET.
U2  CAMBION 702-3728-01-03 16 PIN CARRIER
022 CENTRALAB CY2ec1e4p CAP. .iuF PINS 3-14
U22  ALLEN-BRADLEY B4 RES. 47K 1/4W 5% PIRS 4-13
U22  ALLEN-BRADLEY CB4735 RES. 47K 1/4W 5% FINS 5-12
UZ2 CENTRALAB CY15C103p CAP. .0iuF PINS 6-1f
023 741504 HEX INVERTER
U24 741304 HEX INVERTER
025 ANALOG DEVICES AD DACSON-CBL-V D/A CONVERTER
026 7415197 PRESETABLE BINAKY COUNTEK
u27 7415197 PRESETABLE BINARY COUNTER
028 741586 EXCLUSIVE OR GATE
029 741586 EXCLUSIVE OR GATE
§3e 7415244 OCTAL BUFFER
31 SAMTEC 75-1-28-1-D-1-2 10 PIN CARRIER
U31  CORKING RESSD1002F RES. 18K 1/4W 1% PINS 6-10
U31  CORNING RNSSD10@2F RES. 16K 1/4W 1% PINS 7-10
U3t  CORNING RNS5Di0ezF RES. 16K 1/4W 1% PINS 5-2
03t 2M3984 TRANS. PINS 3-2-1
U32  ALLEN-BRADLEY (82855 RES. 24 1/4W 5% PINS 1-4
§32  ELECTROCUBE 650D1A104 CAP. .iuf PINS 2-3

CY15C103p

CAP. .0iuF



15.0

Data Sheets

YIG.

Fixed Attenuator.

Pin Attenuator.

Coax Relay.

Power Amplifier.
Doubler.

Directional Coupler.
Diode Detector.

Phase Detector.

OP-07 Op Amp.

D44C8 Power Transistor.
OP-27 Op Amp.

DAC-80 N D/A Converter.
MSA-0104 Amplifier.
MSA-0204 Amplifier.
MSA-0304 Amplifier.
LM317T Regulator.
LM317L Regulator.
LM337T Regulator.
LM337L Regulator.

LF 412 Op Amp.

AH 507 Amplifier.

HP -0835 Step Recovery Diode.
CA-3260AE Op Amp.

MC-34072AE Op Amp.






Avantek

FEATURES

« -40 dBc Maximum Harmonics

< 30 mW Minimim Output Power

< Automatic FHter Trackingl

« +0.1% Tuning Linearity

< FM/Phase-Lock Port

< Rugged, Hermetic Package

< Gold Thin-Fiim Hybrid Construction

DESCRIPTION

The Avantek® AV-7248 is a fundamental-output, buf-
fered YiG-tuned transistor oscillator with an integral
tracking YIG filter providing -40 dBc maximum
harmonic output over the 2 to 8 GHz frequency
range. It offers +14.8 dBm (30 mW) minimum output
power with +3.0 dB maximum variation and £0.1%
tuning linearity over the full operating band. This
complete YIG-tuned silicon bipolar transistor oscil-
lator, two-stage GaAs FET buffer amplifier and
high-Q tracking YIG filter is packaged in a compact,
hermetic case with a 2 inch diameter and 1.4 inch
length?, weighing approximately 17 oz.

An AV-7248 is ideal as the swept signal source in a
laboratory signal generator due to its low harmonic
output, extremely finear tuning curve and excellent
frequency resettability. It may also be used as a local
oscillator in spectrum analyzers and microwave
receivers.

EASY TO APPLY

In the AV-7248, both the frequency-determining os-
cillator YIG sphere and the filter YIG sphere are
under the same pole piece in the same magnetic cir-
cuit. Since the mechanical configuration of the
magnetic circuit is carefully optimized, the tracking
between oscillator and filter is inherently very close.
For most applications, the unit is simply used as a
conventional YIG-tuned transistor oscillator and no
further design work is required. However, by apply-
ing current to the special filter fine-tuning (FM) coil
provided on the AV-7248, the output power may be

A filter fine-tuning port is incorporated in the oscillator. See
text.

2 to 8 GHz
YiG-tuned Oscillator
With Integral YIG Filter
AV-7248

DATA SHEET August, 1980

increased by approximately 1 dB at a particular fre-
quency (approximately 100mA at8GHz).This current
may be fixed— for example to peak the output power
at the high end of the frequency range to overcome
external circuit losses— or swept with the main tun-
ing current as desired.

As with all other Avantek AV-7000 Series YIG-tuned
oscillators, the AV-7248 also includes a low-induc-
tance FM tuning coil as a standard feature. This
small coil isin close proximity to the YIG sphere and
may be used to fine-tune the oscillator frequency, to
phase lock the oscillator or to frequency modulate
the output signal. The tuning sensitivity of this coil is
less than that of the main tuning coil, but it has a400
KHz, 3 dB bandwidth and can vary the output fre-
quency as much as 40 MHz at 400 KHz rate.

BUILT FOR CONSISTENCY
AND RELIABILITY

All Avantek YIG-tuned transistor oscillators, both
commercial and military versions, share anumber of
unique construction features which improves their
performance and helps assure long term reliability
under severe operating conditions. The oscillator
and buffer circuitry is fabricated with gold thin-film
microstripline conductors and tantalum nitride
thin-film resistors deposited on a precision ceramic
substrate. The oscillator and buffer transistors and
all capacitors are in unpackaged chip form, bonded
directly to gold pads on the substrate to minimize
parasitic reactances and assure good heat dissipa-
tion. To assure frequency stability under both high

< Less connectors. 2.12 inch diameter, 2.12 in. length with op-
tional mu-metal magnetic shield.



vibration conditions and with ambient temperature
changes, the YIG spheres are mounted on a me-
chanically stable nonconducting rod to locate them
in their optimum positions within the magnetic field
and coupling loops. The sphere temperature is con-
trolted by a self-regulating positive temperature
coefficient heater.

AVANTEK TRANSISTORS THROUGHOUT

Avantek designs and manufactures its own silicon
bipolar and GaAs field effect transistors specifically
for this oscillator and buffer application. Avantek
microwave transistors are noted for uniformity and
this in-house vertical integration allows the oscil-
lator and transistor designers to work closely to as-
sure that the best possible devices are designed,
fully characterized and continually available. These

transistors are fabricated with a highly reliable gold
metal system with excellent adhesion, junction and
contact performance, corrosion resistance and
freedom from metal migration under high current,
high temperature operation.

QUALITY ASSURANCE

The Avantek Quality Assurance department func-
tions independently of both engineering and man-
ufacturing. Its purpose is to assure that Avantek
products continue to meet the rigid quality stan-
dards that have been maintained from the formation
of the company, and maintains an effective system
of QA and QC that meets the requirements of MIL-
Q-9859A. Qualification to the environmental condi-
tions of MIL-E-5400, MIL-E-16400 and other appli-
cable military specifications is available.

YIG-TUNED OSCILLATOR WITH TRACKING YIG FILTER, AV-7248

Specifications @25°C case temperature

Parameters
Frequency Range, min. 2to 8 GHz
Power Output (50 (1 load), min. 30 mW
+14.8 dBm
Power Output Variation, max. +3.0d8
Operating Temperature Range 0 to 65°C
{Case Temperature)
Frequency Drift over Operating Temp., 20 MHz
max.
Pulling Figure (12 dB return loss), typ. 0.2 MHz
Pushing Figure, typ.
+15V supply 0.1 MHzNV
—~5V supply 2.0 MHzNV
Magnetic Susceptibility, typ. @ 60 Hz. 50 kHz/Gauss"
Second Harmonic (Below Carrier), min. 40 dB
Third Harmonic (Below Carrier), min. 40 dB
Spurious Output (Below Carrier), min. 60 dB
Main Tuning Port Characteristics
Sensitivity, typ. 20 MHz/mA
Bandwidth (3 dB), typ. 5 KHz
Linearity, typ. +0.1%
Hysteresis, typ. 8 MHz
input impedance, typ. 9 Q) in series with
75 uH" mH

FM Port Characteristics
(oscillator and filter)

Sensitivity 310 KHz/mA
Bandwidth (3 dB), typ. 400 KHz
Deviation @ 400 KHz rate, max. 40 MHz
Input Impedance, typ. 1 Q1 in series with
1.25 uH
Fitter Tracking Current” 300 mA @ 8 GHz
+15 VDC Circuit Current, max. 200 mA
—5 VDC Circuit Current, max. 60 mA
YiG-Heater Power 2010 28 VDC
4 W max @ 25°C
6 Wmax @ 0°C
Weight (Nominal) 17 oz.

" 20 KHz/Gauss with optional
mu-metal shield

* Maximum (applied to filter FM port)




TYPICAL PERFORMANCE (@25°C UNLESS OTHERWISE INDICATED)

POAMER  OUTPUT, mwW

e +5°C
—-2SX, REFERENCE
X

CHANGE M OUTPUT POWER VS. CASE TEMPERATURE
(REFERENCED TO P, @ 25°C)

2
1
o
REFERENCE
-1
2
20 30) 40 Si) 70 .l

FREQUENCY, QHz

POWER OUTPUT, AV-7248
QNITH OPTIMALLY TRACKED FM/FILTER COIL
URRIENT) OUTPUT SPECTRUM, AV-7240

20 30 40 50 60 70 G o
FREQUENCY, QHz (2.0 QHz) (4.0 QHz) (8.0 QH2)



Broadband
Miniature .
Attenuators size

RLC Electronics’ Broadband Miniature At- elements combined with precise SMA connec-
tenuators offer precision impedance match- tors meeting the full requirgmepts of MIL-
ing and bi-directional handling over the ex- C-39012. Units can be supplied in standard
tremely broad frequency of DC to 18 GHz. attenuation values as listed or other values
They are also available in the reduced fre- for specific requirements. Three combinations
quency ranges of DC to 12.4 GHz, DC-8 GHz of connectors are available in the standard
and DC-1.5GHz. These miniature microwave models.
structures are uniquely constructed thin film
Specifications
A-123
Attenuatlon Attenuation
Model Value Accuracy VSWR Model Value Accuracy VSWR
No. (dB) <> Max No. <dB)<1> (£ <») Max
A-1«3- 3 1 1.20 A-12-3- 3 3 1.35
A-1-6- 6 1 1.20 A-12-6- 6 3 1.35
A-1-10- 10 2 1.20 A-12-10- 10 5 1.35
A-1-20- 20 2. 1.20 A-12-20- 20 J5 1.35
A-1-30- 30 3 1.20 A-12-30- 30 8 1.35
A-S-3- 3 3 1.25 A-18-3- 3 3 1.35
A-8-6- 6 3 1.25 A-18-6- 6 3 1.35
A-S-10- 10 4 1.25 A-18-10- 10 5 1.35
A-8-20- 20 5 1.25 A-18-20- 20 5 1.35
A-8-30- 30 .8 1.25 A-18-30- 30 1.0 1.35
Power 2watts avg. 1 KW peak Weight: 0.4 0z
Impedance: 50 ohms Material: Stainless Steel
Connectors: SMA male or female. Environment: MIL-A-3933
To designate the attenuator desired use:
(D18 12 18for 15, 8 124 and 18 GHz ($ Rfor SMA mate and female, RF for SMA female
(2 3,6, etc. for attenuation value and femele, or RM for SMA male and male.

Example: A-18-20-R isa DC-18 GHz, 20 dB attenuator with SMA male and female connectors.

Specials requiring closer tolerances, different frequency ranges, special connectors,
different materials, finishes, etc., can be furnished upon request.
Specifications subject to change without notice.

RLC ELECTRONICS, INC.

83 Radio Circle. Ml Kisco. NY 10549 - (914) 241-1334



Typical Operating Curves

Attenuation Accuracy Vs. Frequency VSWR Vs. Frequency

Freguency in GHz Frequency in GHz

Outlines

M M Mo. A

A--3- S
A- *6 S|
A- -10- ST
A-1,8-20- S
A-12,18-20- 1.02
A- -30- 1.02

Tolerances unless otherwise specified are: .xx * .02; .xxx, + .005.

RLC ELECTRONICS, INC.

83 Radio Circle. Mt Kisco, NY 10549 =(914) 241-1334



Models M186C, M189C and M190C Ultra-Broadband
FIN Diode Attenuator/Modulators

mm MODELS M186C, M189C AND M190C
=Absorptive ° This family of absorptive PIN diode at*
:tht to 1?;_GHZ frequen;:y g%nc?l?? B U tenuator/modulators operates over the instan-
enuation range up 1o taneous frequency range from 0.2 to 18 GHz. Their
=Flatnessaslowas +0.5dB . multi-octave bandwidth makes them highly suitable
S for wideband ECM and measurement systems.
The rf circuit consists of a T-pad arrangement of
shunt and series diodes in a microstrip integrated
A circuit transmission line, as shown in figures 1and 2
below, and a resistive low-loss bias line. The arrange-
£ ment permits operation as a bilaterally-matched
7t device at all attenuation levels by separately controll-
ing the bias currents through the series and shunt
o o El i
sl diodes.
o o
W
n"fejWFm
5
i
" 1%
«ir./A’
s A

Attenuation Levels

The Models M190C and M186C are rated for attenuation
levels up to 35 and 45 dB, respectively. The

Model M189C, which consists of the equivalent of two
independently-controlled M190C attenuators in a
single rfassembly, is rated up to 65 dB. Model M189C
is also available with digitaliy-programmabie drivers
under the Model 3250 designation (see page 30) for full
description).

Power Ratings

Although all three models will survive input powers
up to 2 watts from -65°C to +25°C, the maximum
power levels at which they operate without perfor-
mance degradation is limited to those shown in
figure 5 on page 13. For higher power applications,
the narrower band LM186C, LM189C and LM190C
models are available.



Models M186C, M189C and M190C Ultra-Broadband
PIN Diode Attenuator/Modulators

Drivers

The proper levels of series and shunt diode currents
required for operation as a matched attenuator can be
provided by either the user’s circuitry, or by the

GMC Model 311 Driver. (See figure 4 on page 12 for
typical Bias Current/Attenuation transfer curves.) The
Model 311 provides voltage controlled linear attenua-
tion with a nominal transfer function of 10 dB per volt
for the Models M186C and M190C. For the Models
M189C or LM189C, two Model 311 drivers are re-
quired and the transfer function is 20 dB per volt.

When attenuators are ordered with drivers, the
assemblies are adjusted for optimum accuracy at

2 GHz. Optimization at customer-specified frequencies
is available on special order.

For Use As Reflective Switches

By reducing the series diode current to zero in the
isolations tate, these units can be operated as Ngh-
isoiation reflective switches for low frequency ap-
plications. A typical response curve of the Model
M186C operating in this mode is shown in figure 3 on
page 12.

Specifications

- o FREQUENCY -tv ST . FREQUENCY
s - 4AQH* (GH2z) *
MODEL CHARACTERISTIC 02 8.0 124 MODEL CHARACTERISTIC ,02 &0
NO. to to to NO. m' *sMtO | to
8.0 124 180 be ‘m - ao 1n4
Max InsertionLoss (dB) 15 22 30 Max Insertion Loss (dB) Vv 15 261
M180C Max VSWR 1.75 2.0 LM186C Max VSWR -.15 175
Min Attenuation(dB) 40N 45 40 Min Attenuation (dB) 40» 40
Max InsertionLoss (dB) 2.5 3.0 5.0 ! Max Insertion Loss (dB) 25
M189C " "MaxVSWE"" 175 £6 £0 LM189C MaxVSWR 1,75 2Jbr
Min Attenuation (dfe) 65 '56 Min Attenuation (dB 65 66
Max insertion Loss (dB) iJb 25 Max Insertion Loss (dB) 15 ift
M190C Max vSwrt IB 20 LM190C MaxVSWR 15 175
Min Attenuation (dB) 35 35 30 Min Attenuation (dB) 35 30
FLATNESS (£dB)
ATTEN. FREQUENCY (GHz) ££8& at
m 0.21t0 8.0 02to124 12410180

M190C M189C LM190C LM189C M190C M1S9C LM190C LM189C M190C M189C

10 05 05 05 05 0.7
20 05 05 05.. 05 10

30 0.7 07 10 10 15
40 — 10 — 10 -
50 - uo - 15 -
60 - 10 - 20 -

(1) Except 40 dB up to 2 GHz.
(2) Except 35 dB up to 2 GHz.

07 0.7 0.7 10 10
10 15 15 10 10

15 20 20 10 15 1
15 — T 20 m— 15
15 - 20 15
15 - 25 — 15



ATTENUATORS
PHASE SHIFTERS

Models M186C, M189C and M190C

Specifications

T
REFLF!CTIVE
MODE
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Fig. 3-Typical response curves of Model M186C
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Fig. 4-Typical Models M186C and M190C bias
current/attenuation transfer curves

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
M186C, M189C,
MISOC............ From 0.4 to 100 mW cw or

peak (see figure 5 on page 13)
LM186C, LM189C,

IM180C........... 100 mW cw or peak

Survival Power (from —65°C to + 25°C; see
power derating curve, figure 6 on page 13,
for higher temperatures)

Al units.......... 2W average or peak (1usec
max pulse width)
Phase Shift. . .......... See page 5
Typical Small Signal Bandwidth
M186C, M189C,
M1SOC............ 500 kHz
LM186C, LM189C,
LM190C. .......... 50 kHz
Bias Current Requirements (see figure 4 above)
M189C, LM189C . ... =100 mA max.
M186C, LM186C,
M190C, LM190C . . ... + 50 mA max.

ENVIRONMENTAL RATINGS (RF UNIT)

Operating
Temperature Range... —65°Cto +85°C

Non-Operating
Temperature Range. .. —65°Cto +125°C

(1) Specifications listed are for each Model 311 Driver
n use,

Humidity . ............. MIL-STD-202F,
Method 1038, Cond. B
(96 hrs. at 95%)

Shock ................ MIL-STD-202F,
Method 213B, Cond. B
(75G, 6 msec)

Vibration........ ...... MIL-STD-202F,
Method 204D, Cond. B
(.06”double amplitude or
15G, whichever is less)

Atitude . . .. ... ... ... .. MIL-STD-202F,
Method 105C, Cond. B
{50,000 ft.)

Temp. Cycling...... ... MIL-STD-202F,
Method 107D, Cond. A,
5 cycles

MODEL 311 CHARACTERISTICS"

Nominal Transfer

Function. ... ... ... .. 10 dBivolt
Accuracy at Calibration
Frequency 2 GH2). . . .. + 1 dB starting from 5 dB

above insertion loss
Typical Small Signai Bandwidth When Used With:
M186C, M189C,

M190C............ 500 kHz
LM186C, LM189C,
LM1S0C. .. ... ... 50 kHz
Control Signal Input
Voitage Range..... .. Oto +5voltsdc




Models M186C, M189C and M190C
Specifications

MODEL 311 CHARACTERISTICS<(cont) AVAILABLE OPTIONS (RF UNIT)
Switching Time 100/*sec max Option No. Description
Power Supply 7 Two SMA male rf connectors
+ 15V £0.1%, 125mA 10 One SMA male and one SMA female rf
-15V *0.1%, 125 mA connector
Operating Temperature . . 33 EMI fitter solder-type bias terminals
Range ...... AR - 55 C to + 75 C 35 ngh-tempel’alure deS|gn (+125 oc)
Non-Operating
Temporaturo Range.. -55°C to +85°C (1) Specifications listed are for each Model 311 Driver in use.

Fig. 5-Models M186C, M190C and M189C, maximumpeakand

Fig. 6-Models M18GC, LM186C, M189C, LM189C,
average operating power without performance degradation

M190C and LM190C, survival power derating factors

DIMENSIONS AND WEIGHTS

BIAS CONNECTOR BIAS CONNECTOR BIAS CONNECTOR BIAS CONNECTOR
SUCMALE SMC FEMALE <2) SMC MALE (2)
GNO TERMINAL 101 (2.6) DIA GNO TERMINAL
FOR OPTION 33 THRU 2 HOLES FOR OPTION 33
SMA MALE FOR / t
OPTION 10 M L Z E (127)MAX
RF CONNECTOR J8 (9,7) FOR SMA FEMALE
SMA FEMALE (2) .50(12.7) FOR SMA MALE
MODELS M186C, LM186C, M190C AND LM190C MODELS M189C AND LM189C

Wt. 10z (28 gm) approx.

gé%‘)03

1.57*.03
(39,9) -

Wt. 2 oz. (57 gm) approx.

.19%03 @ID
188DIA(4,8) ACCESSHOLE

310*.03
(79.71

,0400* 0019, IO?OIA.
GOLD PLATEDPIN
9PLACES MOOEL 311 DRIVER
Wt: 4 0z. (113 gm) approx.

0]

Dimensional Tolerances, unless otherwise indicated: . XX * .02; XXX + .005



Latching Actuator

CS-33 Series
DC-18 GHz
SMA Connectors

Description

The Type CS-33 Latching Switch
is a broadband SPDT electro-
mechanical switch designed to
switch microwave signals from a
common input to either of two
outputs. Designed for 50 ohm trans-
mission lines, the unit is set up for
minimum size compatible with SMA
connector spacing.

The switches on this page are
provided with a magnetic latching
actuator (for failsafe types see Page
12) which is particularly desirable in
applications where actuator power
consumption must be kept to an
absolute minimum. The latching type
actuator requires less switching
current than the failsafe type. In the
self-cutoff version, power is applied
only for the very short duration
(approximately 50 msec, max.)
of the actuator transfer from
one position to the other. This makes
this type of actuator especially
suitable for space vehicles or
portable battery operated systems.

RF Performance

VSWR 1.25:1
(maximum)
Insertion Loss 0.2 dB
(maximum)
Isolation 70 dB

(minimum)

Outboard Mounting »

Specifications
RF Contacts:
Break before make
Actuator Voltage:
24-30 VDC; 12, 15, 20 VDC, and
115 VAC on special order
Actuator Current
60 mA @ 28 VDC and 20°C
Switching Time:
10 msec.
Weight
1.65 oz.
Temperature Range:
— 54°Cto + 85°C
Life:
1 million cycles
RF Power Handling:
See graph on page 6

Optional Features

m Indicator Circuits

m Special Actuator Voltages
m TTL Compatible Drivers
m Arc Suppression Diodes
m Power Connectors

m Inboard Mounting

Inboard Mounting »

, 6 7
1.40:1 1.50:1
0.4 dB 0.5 dB
60 dB 60 dB

.25 max

24t0.%)

155maxSTD |
2.10 max TTL Modal
1 2.10 max CS33S6E
Figure 2C
o_ 1
134
JL _ gy
‘{2«
cC
CA *l«
.120 dia thru
2 mtg. Rot**
par MIL-C-39012
3ptaoat
H - 155max STD Modal
N - 210 max TTL Modal
H m 2.10 max CS33S6E
Figure 21



Miniature SPOT Switches

v TTL Option (See Pege 8)

O
OO0
1 vee

S o
H 2
A 2
B C

Com Vsw
Figure 22

Part Number Table

All units have SMA-Female
connectors

For TTL Drivers add -T to Part No.

Latching without

Self-Cutoff CS-33560
Latching with
Self-Cutoff CS-3356D

For Models CS-33S60 and
CS-33S6C power is applied in a
pulse form of sufficient duration
(20 msec, min.) to cause switching.
For Models CS-33S6D and CS-33S6E
steady voltage may be applied con-
tinuously, but switch only draws
current during the actual switching
cycle.

r‘rrrro +1
.............. -C

= ! DKXFtjLr-o +2

CS33S&0 »
1>o0
2 >-¢f
CS33S6C »
8CA
Position
1
2
CS-33S6C
CS-33S6E
csasfo*
Position
1
2
CS-33S6E »
*CA

Voltage RF continuity
+14-C Mil
+24 -C M 42
Figure 23
Voltage RF continuity indicator
+14 -C M 41 A4C
+24 —C IN42 S4C
Ft&8me24
Voltage RF continuity
+14 —C M 41
+24-C tM42
Figure 25
+24 -C IN42 84C
Figure 28

Circulators/Isolators
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AYDIN MICROWAVE DIVISION

TEST DATA SHEET FOR SOLID STATE AMPLIFIER

AMD MIC DEPT.

MODEL:  AMA 4080B5 /N 4499

FREQUENCY RANGE: FROM 4 GHz TO 8 GHz

———e 0 e——

75 EAST TRIMBLE ROAD
SAN JOSE, CA 95131
TELEPHONE 408-946-5600
TWX 910-338--0216

POWER SuPPLY:  T19 voc 20 ma (max: mA)
+500¢
MAXIMUM BASE PLATE TEMPERATURE:

FREQUENCY IN GHz a 6 8
GAIN IN MAX

@B MIN__ 15 a 21.6 21.2
POWER OUTPUT AT MAX o5 siBm | 26  dBm log d8m dBm dBm
1 dB COMPRESSION MIN 25 WATT WATT WATT WATT WATT

IN mx 2 1.6 ;1 1.6 .1{ 1.8 :1 :1
VSWR
ouT MAY 2 1.5 1.5 3] 15 11 :1

POWER OUTPUT MAX 28 ggm | 28.54gm | 28 dBm dBm dBm

SATURATED MIN WATT WATT WATT WATT WATT
NOISE FIGURE

MAX 8 7. 7 6.5 6.5

IN d8

GAIN FLATNESS OVER
Max t1 + .9 dB
FREQUENCY RANGE
TESTED BY;__Long Dang
DATE: 81354

MICROWAVE o Radios e Solid-State Amplifiers e High Power Amplifiers e Satellite Terminal Equipment




rfsqusnc- Douolers

Features

» QOctave Band
* Low Conversion Loss
* High Isolation

Specifications (a + 25°C

Model

RX8000

RX12000
RX16000
RX18000

Notes:

1. All data are measured ina 50 ohm system at
room ambient.

Typical Elactricai Performance

Input

Frequency

(GHz)

2.0-4.0
3.0-6.0
4.0-8.0
6.0-9.0

Frequency Response

Pﬁ'Uf (dBm)

Output

Frequency

(GHz)

4.0-8.0
6.0-12.0
8.0-16.0
12.0-18.0

1!
yiBJ W @A UIe

I fff

Conversion Input
Loss Power
(Max.) (dBm)
12 + 20

13 + 20

13 + 20

14 +20

2. Power output of fundamental is 30 dB below

the input power,

Power Transfer Characteristic
(dBm)
@ 12 GHz

Min.2
Isolation
(dB)
30
30
30

30

Outline



Conversion Loss (dB)

MODEL RX16000

35
PN (6GH2)  Poiuy (12GH2)
25 \ S %{l—. :—-.-b é
CONV. \ 50() 50()
LOSS 20 +
(dB) Conv. Loss = -10 LOG ¢ (Po7/P N
15
10
5
0 +5 +10 +15 +20 +25
PlN {dBm)

+30

MODEL RX16000

T
4-8 GHz Leakage to OQutput

P\ = +30 dBm

‘“M\/ A

isolation
-15
-20 /
P
ouT
(dBm) ~25>
-30
PiN= +l20
_35 T
4 5
L i

8

7
| 1

Effect of Source and Load VSWR on Conversion Loss
MODEL RX 16000

+3 VSWR
/ 3.1 -
2 7
MAX. ////
+ / // i / 21 Effect of source and load
OUTPUT Y7777/ e ‘ — VSWR having arbitrary
POWER phase. {Shding VSWR})
VAR. 11
{dB) \\ N 21
A N A\
NN N S 31 -
MIN
-2 v
-3 . four
8 10 12 14 16 {GHz)
Appiication
30 T -15dBm T
4-8 Leakage at Qutput / 8-16 Output {Leveled)
35 - 1
/ owR H“" —.\
(dBd)" 40 VAR. - +15dBm
(dB) \
-1
4 5 6 7 8 8 10 12 14 16
L ] ] 1 ., fout L | | i i
{GHz)
1-Watt 4-8 8-16 Coupler
4-8 GH2z RX 16000 Leveled
Source X2 0 + 8-16 GHz
\ :18 Output
ALC o IN
Y V
A
*dB below input OET

f (GHz)



STANDARD MINIATURE

BROADBAND DIRECTIONAL COUPLERS

1-12.4 GHz, 1-18 GHz, 2-18 GHz BANDWIDTHS

6,10,16 & 20 dB COUPLING LEVELS

FEATURES

* Upto 18:1 bandwidths

* Small size

* Guaranteed to meet MIL-E-5400 Class 2
(—=54°Cto +95°C, 0-70,000 feet)

 Flat coupling

DESCRIPTION

Sage broadband miniature couplers are designed
to operate reliably in both military and laboratory
environments, and over bandwidths as broad as
18:1. These couplers use asymmetric continuously
tapered coupled lines which are etched on low
loss stripline dielectric. The circuits are enclosed
in milled aluminum housings, and are epoxy

specifications

MAXTMUM VSWR

sealed. Connectors are stainless steel SMA female
with interfaces per MIL-C-39012. These couplers
can be used in broadband ECM and measurement
systems, or in reconfigurable narrowband systems
where it would be impractical to change direc-
tional couplers when switching bands. The 16 dB
couplers are intended for use in leveling circuits.

DIRECTIVITY

MINnj)I'YP.

POWER HANDLING CAPABILITY**

MAXT - AVG. AVG.
FRE- COUP- FLAT- MUM INCIDENT RE-
MODEL QUENCY LING MiSS MAIN COUPLED LOSS TO 1270  (WATTS) FLECTED PEAK CASE
NUMBER  «3ffa) <48) m) LINE LINE m) 12GHz 18GHz (1GHz)  (WATTS) (KW) STYLE
Cl126 1-12.4 6+1 +5 130 1.40 9  15/25 — 100 2 15 1
C112-10 1-12.4  10+1 +4 130 1.40 7 15/20 - 100 5 15 1
Cl12-16 1-12.4  16x1* +.4 130 1.40 7 15/20 100 25 15 1
Cl12-20 1-12.4  20%1 +4 130 1.40 7 15/20 - 100 25 15 1
C118-6 1-18 6+x1 x5 140 1.50 1.2 15/25  12/20 100 2 15 1
C118-10 1-18 10+1 +5 140 1.50 1.0 15/20  12/18 100 5 15 1
C-118-16 1-18 16+1*  +5 140 1.50 8 15/20  12/18 100 25 15 1
C118-20 1-18 201 x5 140 1.50 8 15/20  12/18 100 25 15 1
C218-6 2-18 6+1 x5 135 1.45 1.0 20/25  17/20 100 2 15 2
C218-10 2-18 101 +5 135 1.45 8 20/25  17/20 100 5 15 2
C218-16 2-18 16+1* x4 135 1.45 6 20/25  17/20 100 25 15 2
C218-20-  2-18 201 +4 135 1.45 5 20/25  17/20 100 25 15 2

' Reference to main line output port. . . for use as a leveling coupler.

“ Power derating vs. altitude see page 85 and vs. frequency see page 189.



SCHOTTKY DETECTORS

Special Applications
Zero Bias Schottky Diode Detector 100 kHz to

Series D10Z, D127, D187

18 GHz

Features

« Broadband

¢ Excellent Flatness

« Low VSWR

« No Bias Required

e Metallurgical® Bonded Diode
< High Burnout Protection

¢ Choice of APC-7, Type N or SMA Input
Connectors

Description

The Aertech D10Z, D12Z and D18Z Series of
broadband coaxial detectors are designed for use
in laboratory measurement, microwave instrumen-
tation and broadband EW system applications.
Since they do not require a dc bias and can be
used with common oscilloscopes, their ease of use
and broadband performance make them very use-
ful measurement accessories. Their superior broad-
band flathess, VSWR, ruggedness and burnout
protection, relative to point-contact models, make
them excellent for microwave instrumentation and
system applications.

The D18Z and D12Z Series include a choice of
APC-7, Type N or SMA input connector models.
All models have BNC female output connectors.
Standard models have Negative output polarity
with Positive polarity and matched pairs avail-

et able as options.
Specifications* P
Model Connectors Mech. Dimensions Frequency Frequency Response Low Level Input
MNiDtvl Input Output Length Diameter Range VSWR Octave | Broadband Sensitivity Power
. . . +0.1dB in any
D10z BNIC 2142 in 85;[:1”) 1;)05k(l;|tho %nii 100kHz increment
Male (61mm) > GHz +0.3dB to 2.5GHz
2.59 in 0.75 in
bizzz  APC-7 (65.8 mm) (19mm) 1.20:1 max
(to 4.5GHz)
Type N 2.46 in 0.75 in 10MHz to  1.30:1 max +0.2dB +.5dB
012ZN Male (62.5mm) (19mm)  12.4GHz  (to 7GH2) e (to 12.4GHz) Maximum
1.40:1 .
SMA 250in  0.56 in (012 4('3":;) Operating
D12Z3  \ae (64mm)  (L4mm) : 200mW:
FBNCI . _ 1.2:1 400:?;/"“’\’ Duration
D1877  APC-7 emale 2.59 in 0.75 in (to4§Hz) : (Less than
(65.8 mm) (19mm) 1.4:1 1 minute)
to 1SGHZ) 1 Watt
1.2:1 +0.3dB (typical)
D18ZN Type N 2.46 in 0.75 in 0.01 to (to 4GHz) +0.2dB (to 8GHz)
Male (62.5 mm) (19mm) 18GHz 1.4:1 (to 8GHz) +0.5dB
(to 18GHz) (to 18GHz)
1.2:1
SMA 2.50 in 0.56 in (to 4GHz)
p18z3 Male (m64mm) (14mm) 1.5:11
(to 18GHz)

’ Specifications given for TA = +25°C

Owtput Polarity

Negative Polarity Standard. Positive Polarity available at no extra
charge. (For Positive Polarity models, add "R " suffix to part number.)

Matched Pairs

Pairs matched within £0.3dB from 0.01 to 18GHz are available at

an extra charge of $20.00 per unit. (For matched pairs, add a 'P’
after the part number for individual units-i.e., matched pairs of

positive polarity D18Z3's would be ordered as D18Z3RP.)



Igh-Figure-Of-Merit

P E DETECTORS

MB88EL PR AR COST
RPO-1 1-100 MHz 50 $15.95(5-24)
DESCRIPTION — These new high efficiency phase

detectors offer state-of-the-art performance while still
economically priced. These are the only units in the world
offering a figure-of-merit greater than 125— at only $15.95.

The figure-of-merit M or efficiency of a phase detector can be
defined as the ratio of maximum DC output voltage (in mV)
divided by the RF power (in dBm). The maximum DC output of
the RPD-1 is 1000 mV with +7 dBm applied to the LO and RF
ports. Thus, its figure-of-merit M is 143, which represents a
highly efficient phase detector. For comparison, a standard
phase detector offers 350 mV DC output with the same LO and
RF inputs for a figure-of-merit M of 50.

Only 0.40 inches high, the low profile RPD series of phase
detectors covers a very broad frequency range from 1 to 100
MHz. Exhibiting a fiat frequency response, these units are
designed to operate with a 50 ohm impedance at the L & R
ports, and 500 ohms at the | port. Output is 1000 mV (typ) and
isolation is greater than 50 dB (typ).

Packaged within an RFI shielded metal enclosure and
hermeticaiiy sealed header, these high performance units
have their 8 pins located on a 0.2 inch grid.

High reliability is a characteristic of the RPD series. Each unit
carries a one-year guarantee by Mini-Circuits.

DIMENSIONS AND CONNECTIONS

TOPMVIEW

m\ Letter M over pin 2

Blue bead pin 1

A g}

f*1 3 5 71
i. O o o O
2 4 6
BOTTOM VIEW .030 Dia x X* Lg
on 0.2 Grid
A 8 C 0O E F
IN. 770 800 385 .400 .370 .400
MM 195 203 97 101 93 10.1 PtN LAYOUT
Mooel No. 1
LO 8

RE 1
| 34
(2B 257

NOTE: PINS 3 MW 4 MUST BE
CONNECTED TOCETHER

WEIGHT 5.2 grams .18 ounces

M i n i'Ci rCU itS 2625 E. 14th St.. Brooklyn.

PHASE DETECTORS

FEATURES

Broadband, 1-100 MHz

High Output, 1000mv

High Figure-Of-Merit, M, 143 typical

High Isolation, typically greater than 50dB

Low DC Offset, 0.2 mV typical

Miniature, 0.128 in. cu., 0.4 in x 0.8 PC area,
0.4 in. high

High Reliability, 100% tested

Low Cost, $15.95 (5-24)

APPLICATIONS

< Radar

« ECM Systems

e Test instruments
= Phase-lock loops

ABSOLUTE MAXIMUM RATINGS

= input Power. 50 mw
< Peak IF input Current 40 mA
« Operating and Storage Temp.: -55°C to +100°C
<« Pin Temperature: (10 sec.) +260°C
RPD-1 SPECIFICATIONS
FfQUENCY RATtfE:
L and R ports 1-100 Wiz
Output ports DC-50 Mtz
SCALE FACTOR 8 mV/Degree
IMPEDANCE
L and R ports 50 ohms
1port 500 ohms
L and R SIGNAL LEVELS +7 dBm
ISOLATION, L-R 40 dB min
MAXIMUM DC OUTPUT, mV 1000 mV typ
750 mV min
DC OUTPUT POLARITY
(L and R in-phase) Negative
DC OUTPUT OFFSET VOLTAGE 0.2 mV typ
1 mV max
FIGURE-OF-MERIT, M 143 Typical

MODEL RPD-1

PHASE DETECTION MAX OUTPUT vs FIE( 1

111
E 1,8 - +7dBm —
S 190
I w
» 600
1 400
= 200

12 51020 510
Frequency, MHz

NY 11235 (212) 769-0200 Dorn. Telex 125460 Int 1. Telex 620156



ANALOG
DEVICES

|

W- ..

FEATURES

Ten Times More Gain Than Other OP-07 Devices
(3.0M min)

Ultra-Low Offset Voltage: 10/iV

Ultra-Low Offset Voltage Drift: 0.2/1V/°C
Ultra-Stable vs. Time: 0.2/iV/month

Ultra-Low Noise: 0.35/iV p-p

No External Components Required

Monolithic Construction

High Common Mode Input Range: +14.0V

Wide Power Supply Voltage Range: +3V to +18V
Fits 725,108A/3Q8A, 741 Sockets

PRODUCT DESCRIPTION

The AD OP-07 is an improved version of the industry-standard
OP-07 precision operational amplifier. A guaranteed minimum
open-loop voltage gain of 3,000,000 (AD OP-07A) represents
an order of magnitude improvement over older designs; this
affords increased accuracy in high closed loop gain applica-
tions. Input offset voltages as low as 10/kV, bias currents of
0.7nA, internal compensation and device protection eliminate
the need for external components and adjustments. An input
offset voltage temperature coefficient of 0.2fiV/°C and long-
term stability of 0.2/iV/month eliminate recalibration or loss
of initial accuracy.

A true differential operational amplifier, the AD OP-07 has a
high common mode input voltage range (+14V) high common
mode rejection ratio (up to 126dB) and high differential input
impedance (50MJ2); these features combine to assure high ac-
curacy in noninverting configurations. Such applications in-
clude instrumentation amplifiers, where the increased open-
loop gain maintains high linearity at high closed-loop gains.

The AD OP-07 is available in five performance grades. The AD
OP-07E, AD OP-07C and AD OP-07D are specified for opera-
tion over the 0 to +70°C temperature range, while the AD
OP-07A and AD OP-07 are specified for -55°C to +125°C
operation. Full processing to the requirements of MIL-STD-
883, Class B, is available on the AD OP-07 and AD OP-07A.
All devices are packaged in TO-99 hermetically-sealed metal
cans.

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by implica-
tion or otherwise under any patent or patent rights of Analog Devices.

Ultra-Low Offset
Voltage Op Amp

PRODUCT HIGHLIGHTS

1. Increased open-loop voltage gain (3.0 million, min) results
in better accuracy and linearity in high closed-loop gain
applications.

2. Ultra-low offset voltage and offset voltage drift, combined
with low input bias currents, allow the AD OP-07 to main-
tain high accuracy over the entire operating temperature
range.

3. Internal frequency compensation, ultra-low input offset
voltage and full device protection eliminate the need for
additional components. This reduces circuit size and com-
plexity and increases reliability.

4. High input impedances, large common mode input voltage
range and high common mode rejection ratio make the
AD OP-07 ideal for noninverting and differential instrumen-
tation applications.

5. Monolithic construction along with advanced circuit design
and processing techniques result in low cost.

6. The input offset voltage is trimmed at the wafer stage. Un-
mounted chips are available for hybrid circuit applications.

Route 1 Industrial Park; P.O. Box 280; Norwood, Mass. 02062

Tel: 617/329-4700 TWX: 710/394-6577
West Coast Texas

714/842-1717 214/231-5094

Mid-West
312/894-3300



SPEC I FICAT I ONS (TA =+25°C, Vs =x15V, unless otherwise specified)

MODEL AD OP-07EH AD OP-07CH AD OP-07DH
PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX MIN TYP MAX
OPEN LOOP GAIN AVO 2,000 5,000 1,200 4,000 1,200 4,000
1,800 4,500 1,000 4,000 1,000 4,000
300 1,000 300 1,000 300 1,000
OUTPUT CHARACTERISTICS
Maximum Output Swing VOM +12.5 +13.0 +12.0 +13.0 i 120 +13.0
+12.0 +12.8 m 2115 +12.8 ) 115 +12.8
+10.5 +12.0 +12.0 j
+12.0 +12.6 +11.0 +12.6 I £11.0 +12.6
Open-Loop Output Resistance Re 60 60 60
FREQUENCY RESPONSE j
Closed Loop Bandwidth BW 0.6 * 0.6 . 0.6
Slew Rate SR 0.17 0.17 J 0.17
INPUT OFFSET VOLTAGE }
Initial \VOS 30 75 60 150 60 150
45 130 85 250 . 85 250
Adjustment Range +4 +4 ’ +4
Average Drift ) (lNOte 3)\ gNote 3)
No External Trim TCVOS 0.3 13 0.5 .8 ; 0.7 5
With External Trim TCVosn 0.3 13 0.4 1.6 07 ' 25
(Note 3) ! (Note 3)
Long Term Stability Vos/Time 0.3 15 0.4 2.0 0.5 3.0
INPUT OFFSET CURRENT .
Initial *0S 0.5 3.8 0.8 6.0 0.8 6.0
0.9 53 1.6 8.0 1.6 8.0
Average Drift TClos (Note 3)35 12 (Note 3) 50 12 (Note 3) 50
INPUT BIAS CURRENT
Initial *B +1.2 +4.0 +1.8 +7.0 +2.0 +12
+1.5 +55 +2.2 +9.0 ; +3.0 +14
Average Drift TClg 13 35 18 18
(Note 3) (Note 3) (Note 3)
INPUT RESISTANCE
Differential Rin 15 50 8 33 }I 7 31
Common Mode Rin CM 160 120 t 120
INPUT NOISE v
Voltage cnP-p 0.35 0.6 0.38 0.65 j 0.38 0.65
Voltage Density en 10.3 18.0 10.5 20.0 1 10.5 20.0
10.0 13.0 10.2 13.5 ; 10.2 135
9.6 11.0 ; 9.8 115 j 9.8 115
Current n PP 14 30 15 35 15 35
Current Density in 0.32 0.80 0.35 0.90 i 0.35 0.90
0.14 0.23 0.15 0.27 0.15 0.27
0.12 0.17 0.13 0.18 i 0.13 0.18
INPUT VOLTAGE RANGE
Common Mode CMVR +13.0 +14.0 +13.0 +14.0 T +13.0 +14.0
+13.0 +135 +13.0 +13.5 i +13.0 +13.5
Common Mode Rejection Ratio CMRR 106 123 100 120 94 110
103 123 97 120 94 106
POWER SUPPLY j
Current, Quiescent ‘q 3.0 4.0 35 5.0 35 5.0
Power Consumption Pd 90 120 105 150 105 150
6.0 8.4 6.0 8.4 6.0 8.4
Rejection Ratio PSRR 94 107 90 104 90 104
90 104 86 100 86 100
OPERATING TEMPERATURE r
RANGE ThirsTmex O +70 0 +70 0 +70
PRICES
(1-24) $14.65 $10.15 $ 7.35
(25-99) $11.70 $ 8.10 $ 5.85
(100+) $ 9.75 $ 6.50 $ 4.55
NOTES:

1) Input offset voltage measurements are performed by automated test equipment approximately O.S seconds after application
of power. Additionally, AD OP-07A offset voltage is measured five minutes after power supply application at 25°C, -SS°C
and +125°C.

2) Long Term Input Offset Voltage Stability refers to the averaged trend line of Vq$ w Time over extended periods of time
and is extrapolated from high temperature test data. Excluding the initial hour of operation, changes in Vgs during the first
30 operating days are typically 2.5(iV —Parameter is not 100% tested: 90% of units meet this specification.

3) Parameter isnot 100% tested; 90% of units meet this specification.

4) The AD OP-07A and AD OP-Q7 are available fully processed to MIL-STD-883, Class B. Order AD 0P-07-AH-883B or AD OP-Q7-H-883B.
Specifications subject to change without notice.



AD OP-07AH (AD QP-07-AH-883B)4

MIN

3,000
2,000
300

+12.5
+12.0
+10.5
+12.0

30

+13.0
+13.0
110
106

100
94

-55

TYP

5,000
4,000
1,000

+13.0
+12.8
+12.0
+12.6
e

0.6
0.17

10
25
4

0.2
0.2

0.2

80
200

0.35
10.3
10.0
9.6

14

0.32
0.14
0.12

+14.0
+13.5
126
123

MAX

25
60

0.6
0.6

1.0

0.6

18.0
13.0
11.0

0.80
0.23
0.17

4.0
120
8.4

+125

$68.00 ($73.00)
$55.00 ($59.50)
$45.00 ($49.00)

AD OP-Q7H (AD OP-07-H-883B)4

MIN

2,000
1,500
300

+12.5
+12.0
+10.5
+12.0

20

+13.0
+13.0
110
106

100
94

-55

TYP

5,000
4,000
1,000

+13.0
+12.8
+12.0
+12.6
60

0.6
0.17

30
60
+4

0.3
0.3

0.2

0.4
1.2

60
200

0.35
10.3
10.0
9.6

14

0.32
0.14
0.12

+14.0
+13.5
126
123

MAX

75
200

1.3

1.0

2.8

0.6

18.0
13.0
11.0
30

0.80
0.23
0.17

4.0
120
8.4

+125

$29.75 ($34.75)
$24.00 ($28.50)
$19.50 ($23.50)

—_—— ——
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TEST CONDITIONS

RL>2kft, VO =10V

RL>2kn,Vo =10V, TmintoT max
RL>500n, Vo =+0.5V, VS=+3V

RL>10kft

RL>2kJ2

RL> 1k fl

RLA2k£2, Tmjj to Tnux
Vg =0, Ig =0

avcl =+1°
RL>2k

Note 1
Note |, T min to Tmax
R» = 20kft

Tmjn to Tmax
RP =20kft, Tmm to Tmix

Note 2

Xnin to Tmlx
Tmin to Tmax

Tmm to Tmax
Tmijn to Tmax

0.1Hz to 10Hz, Note 3
fQ = 10Hz, Note 3
fo = 100Hz, Note 3

= 1kHz, Note 3
0.1Hz to 10Hz, Note 3
fo = 10Hz, Note 3
fQ = 100Hz, Note 3
fo =1kHz, Note 3

Tmin to Tmax
Vem = xCMVR

vem =+*CMVR, Tmin to Tmlix

VS = 15V

Vs = +15V

Vs = 3V
VS=+3V to 18V

VS = £3V to £18V, Tmm to Tmax

UNITS

VIimV
VimV
VimV

S5<<<<L

MHz
V/ms

nv
#iV
mVv

#iv/°C
MvV/°C

/iV/Month

nA
nA
PA/°C

nA
i NA
pA/°C

Mfl
Gn

VVp-p
nVA/Hz
nV/y/Hz
; nv/Vi?z
' pAp-P_
I pAA/fe
i pa/Vhz
j pPAA/Hz
!
Y
\Vv
1 dB
j dB

mA
mw
mwW
dB
dB



ABSOLUTE MAXIMUM RATINGS

SUPPIY VOITAGE. ...t 22V Storage Temperature Range.......cocvnnnenienns -65°C to +150°C
Internal Power Dissipation (NoOte 1) ...ccoviinvinicnninns 500mw Operating Temperature Range
Differential Input Voltage.......cccooeveriiiiciicscccses +30V OP-07A, OP-07 .o -55°C to +125°C
Input Voltage (NOTE 2) ..o +22V OP-07E, OP-07C, OP-07D .ccceevevreiereeeeeeeeeenns 0 to +70°C
Output Short Circuit Duration...........ceviinnienn, Indefinite Lead Temperature Range (Soldering, 60sec)........cccc..... 300°C
NOTES:
Note 1: Maximum package power dissipation vs. ambient temperature.
Maximum Ambient Derate Above Maximum
Package Type Temperature for Rating Ambient Temperature
TO-99 (H) 80 C 7.1mW/ C

Note 2: For supply voltages less than £22V, the absolute maximum input voltage is equal to the supply voltage.

OUTLINE DIMENSIONS CHIP DIMENSIONS AND BONDING DIAGRAM
Dimensions shown in inches and (mm). Dimensions shown in inches and (mm).

REF PLANE -

0.165 (4.20)

Wl

)
111 0029(0
/ 0045 (L
0.04 MAX KIB NOTE: THERE
(102 MAX) ' IS NOPAD S
0.010 (0.25) 0.034 (0
0.040 (1.02) TO-99

SEATMG PLANE __ d f

BOTTOM VIEW

H-PACKAGE

PIN CONFIGURATION
TOP VIEW

The AD OP-07 is available in wafer-trimmed chip form for
precision hybrids. Consult the factory directly for details.

Akn

Offset Voltage Test Circuit

INPUT REFERRED NOISE -

SEE NOISE PHOTO-PAGE 5

Low Frequency Noise Test Circuit Burn-in Circuit
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The AD OP-07 may be direcdy substituted for other OP-07’s
as well as 725, 108/208/308, 108 A/201A/301A, 714, OP-05
or LM 11 devices, with or without removal of external fre-
quency compensation or offset nulling components. If used to
replace 741 devices, offset nulling components must be re-

Figure 1 Optional Offset Nulling Circuit and
Power Supply Bypassing

n'm X
Sl;*%

moved (or referenced to +Vs). Input offset voltage of the AD
OP-07 isvery low, but if additional nulling is required, the cir-
cuit shown in Figure 1 is recommended.

The AD OP-07 provides stable operation with load capaci-
tances up to 500pF and £10V swings; larger capacitances
should be decoupled with 5012 resistor.

Stray thermoelectric voltages generated by dissimilar metals

(thermocouples) at the contacts to the input terminals can pre®
vent realization of the drift performance indicated. Best opera-
tion will be obtained when both input contacts are maintained

at the same temperature, preferably close to the temperature
of the device’s package.

Although the AD OP-07 features high power supply rejection,
the effects of noise on the power supplies may be minimized
by bypassing the power supplies as close to pins 4 and 7 of the
AD OP-07 as possible, to load ground with a good-quality
O.OlptF ceramic capacitor as shown in Figure 1.

Pe rfO Fmance CU ves (typical @Ta = +25°C, Vs = £15V, AD QP-07 Grade Device unless otherwise noted)

Vout.5V/DIV

AD QP-07 Open Loop Gain Curve

Open Loop Gain vs. Temperature

Ow(n
ol—

@

y
)

1SEC/DIV

AD OP-07 Low Frequency Noise (See Test Circuit,
on the Previous Page)

10 100 Ik 10k 100k iM
FREQUENCY - Hz

Open Loop Frequency Response



Typical Performance Curves

Closed Loop Response for Various Gain Configurations Maximum Undistorted Output vs. Frequency
Input Wideband Noise vs. Bandwidth (0.1Hz to Frequency Offset Voltage Stability ks. Time
Indicated)

FREQUENCY - Hz

CMRR vs. Frequency PSRR vs. Frequency

TOTAL SUPfLY VOLTAGE. V+ TO V- - Voltt

Power Consumption vs. Power Supply Output Voltage vs. Load Resistance
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The General Electric D44C is a red, silicone plastic encapsulated, power
transistor designed for various specific and general purpose applications,

such as: output and driver stages of amplifiers operatin

at frequencies

from DC to greater than 1.0 mHz; series, shunt and switching regulators;

low and high frequency inverters/converters; and many others.

FEATURING:

e NPN complementto D45C PNP
= Red for NPN, green for PNP

= Very low collector saturation voltage (0.5V typ. @ 3.0A Ic)
= Excellent linearity

= Fast switching

= Round leads

absolute

Voltages

Collector to Emitter
Emitter to Base
Collector to Emitter

Cvmntll)

Collector (Continuous)
Collector (Peak)
Power Dissipation*1)

Case at 25°C
Case at 70°C
Free Air at 25°C
Free Air at 50°C

Thermal Resistance <>
Junction to Case
Junction to Ambient

Temperature™*

Operating
Storage

Lead Soldering, Vie" £ Wi from
case for 10 seconds max.

maximum

D44C1
D44C2
P44C3

\% cKo 30

V EBO

Vs 40

R*jcf

Rui

T,

T 8o

Refer to the Safe Resrion of Operation curve for further information. .
Case temperature reference point is indicated on the Dimensional Outline Drawing.

electrical

Forward Current Transfer Ratio

(V. = IV, Ic = 0.2A)
EV(E: IV, lo= 2Ag
Ver = IV, Ic= 1A

characteristics:

ratings: (25 °C ) (unlessotherwise specified)

D44C4
D44C5
D44C6

K

%
4
6

30

19

1.67
1.33

4.2
75

-55 to +150
-55 to +150

+260

(25 °C ) (unlessotherwise specified)

D44C3
D44C6

Min. Max.

H oo

GENERAL (ral ELECTRIC

D44C2
D44C5
D44C8

Mm. Max.

068 710

Supersedes 50.64 1/70

ggldg

D44C1

Compatible with JEDEC
TO-66 mounting registration

D44C7
D44C8

60 Volts
5 Volts
70 Volts

Amps
Amps

W atts
W atts
W atts
W atts

°C/IW
C/wW

D44C1
D44C4
P44C7

Min.
25
10



Electrical Characteristics (Continued)

Collector to Emitter Min. Max.
Sustaining Voltage (3
(Ic = 100 mA) D44C1, 2,3 Veceotses 30 — Volts
D44C4,5, 6 45 — Volts
D44C7, 8 60 —_— Volts
Collector Saturation Voltage'’)
(Ic = 1A, Is = 50 mA) D44C2,3.5, 6, 8 Vg A — 0.5 Volt
(Ic = 1A, I — 100 mA) D44C1, 4,7 Veor @an — 0.5 Volt
Base Saturation Voltage )
(Ic=1A,Is =100 mA) Vag o —_ 1.3 Volts
Collector Cutolf Current
(Ver = Rated Vs, Ty = 25°C) Ices — 10 nA
Emitter Cutoff Current
(Vs =5V, T; = 25°C) Ixso —_ 100 wA
Colector Capacitance
(Ves = 10V, f — 1 mHz) Ccro —_ 100 pF

Typ.

Gain Bandwidth Product
(Vex = 4V, Ic =20 mA) £, 50 mHz

Switching Times (See Figures 1 and 2)
Rise Time and Delay Time

(Ic = lA, Im, = O.IA) ta + t. 100 nsec
Storage Time

(Ic = 1A, Ip; = Is: = 0.1A) t. 500 nsec
Fall Time

(Ic=1A, Ipi = Is: = 0.1A) te 75 nsec

Neote:
(8) Pulsed messurement, 300 usec pulse, duty cycle =29%.

OSCILLOSCOPE DiSPLAY OF INPUT
AND OUTPUT PULSE WAVEFORM IS
OF SWITCHING CIRCUIT SHOWN
IN FIGURE 1

SWITCHING CIRCUIT TO MEASURE
SWITCHING TIMES

+v,
{
}
CRT 10a INPUT PULSE WAVEFQRM }
LJ ! I |
pD.uT. 1 : I : |
50a €lo | e =2 .}._90%
|
-Vag = |
RISETIME= 81718201 AMPS T T TiME =5 I R=i0%
1 NANOSECONDS MAX PULSE=I0# SEC N oJd
FALL TIME= PRY.=I0m SEC o fetget, ty =] - =t

1 NANOSECONDS MAX CRT=TEKTRONIX CURRENT
TRANSFORMER OUTPUT PULSE WAVEFORM

FIGURE 1 FIGURE 2



MAXIMUM PERMISSIBLE DC NORMALIZED TRANSIENT
POWER DISSIPATION THERMAL IMPEDANCE TYPICAL hK VS. Ic

Junction lo Ca««

TYPICAL SATURATION VOLTAGE
SAFE REGION OP OPERATION NORMALIZED hH VS. Ic CHARACTERISTICS

I c- COILICTW CUHKIKT- »» «»«s



TYPICAL INPUT

CHARACTERISTICS TYPICAL IclO, lets VS. TEMPERATURE
TYPICAL
TRANSCONDUCTANCE TYPICAL INSULATING INSULATING
CHARACTERISTICS DIMENSIONAL OUTLINES MOUNTING KIT
TCMMMU. - AMANOCVCNT DN T
MC* INSULATCR(003 THCK)
K COUECTO" MN RECCMMINGEO

3 OMTTER

4. MOUNTIM TAB
iclectmeu.lv a
TO CnUCCTO)

mrr 6" [-4 -
Jffw*- Max. Mta. Ma*.
A .4 10.03 10.29 THE THENUM RESISTANCE TA# TO HEAT SINK NAON STOULOR WASHER
% @ WTHTHE MCAWASHER IS APPROIVATELY! o
B 2.79 3.06 AW WTLOT AN TR, GNOLCTNG r-«5
c 260 260 6.36 6.61 A 7 n |
D 2*0 360 8.64 8.89
E 600 - 127 e
b 096 1% 241 2.67 ‘D L
190 4.82 6.34 QO 0L
H .029 .036 .78 .89 THE AOVC PARTS WILL K AVAILAfLE UPCN
AS A SEPARATE HT AT Aft AOOITKIVAL.
J 086 116 2.16 2.92 A e
K .060 .060 127 162
L 170 .190 4.32 4.83
M 141 146 3.68
N .066 %

PAINTED IN U.SA

ctniom A?,r|rreptc
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RECISION

OP-27

OPERATIONAL AMPLIFIER

€S

FEATUR ... 900V, (0.1Hz to 10Hz2)

*lowNoles .........cooeee (T v/ Hz

cLowDmt ... 0.2u¥/°C
........ 2.8V/us Siew Rate

s HighSpeed .............. { o aMHzZ G P

S LOWVYOS < vreiii it e 0ouy

o Excellont CMRR . .............. 126d8 at Vg of £11V

* HighOpen-Loop Gailn ..................... 1.8 Milion

+ Fite 725, OP-07, OP-0S, ADS10, ADS17, S534A sockets

SENERAL DESCRIPTION

~e OP-27 precision operational amplifier combines the low
:set and drift of the OP-07 with both high-speed and low-
-sse Otffsets down to 25uV and drift of 0.6uV/° C maximim
-me the OP-27 ideal for precision instrumentation applica-
“:ns Exceptionally low noise, e, = 3.5nV/\/ Hz , at 10Hz, a
:w 1/f noise corner frequency of 2.7Hz, and high gain (1.8
= uon), allow accurate high-gain amplification of low-levei
1 3nals. A gain-bandwidth product of 8MHz and a 2.8V/usec
sewrate provides excellent dynamic accuracy in high-speed
‘a-acquisition systems.

4 owinput bias current of +10nA is achieved by use of a

ORDERING INFORMATION

PACKAGE
't 2°C  HERMETIC HERMETIC PLASTIC OPERATING
' MAX TO-99 oI DIP TEMPERATURE
Al 3-PIN $-PIN 8-PIN RANGE
OP27A)"  OP27AZ" MIL

¢ OP27€J OP27EZ OP27EP IND/COM

o oP278J° oP27BZ* MIL

N OP27FJ OP27F2 OP27FP IND/COM

+ oP2ICJ"  OP2ICZ* MIL

° OP27GJ OP27G2Z OP27GP IND/COM
L% avaiable with MIL-STD-883B Processing. To order add /883 as a suffix to
°* 221 number See S 3for g procedure

“ “2mmercial and ndustrial tamperature range parts are available with burn-in
“ VL-STD-883. See Ordening Information, Section 2.

SMPLIFIED SCHEMATIC

bias-current-cancellation circuit. Over the military temper-
ature range, this circuit typically holds g and |5g to £20nA
and 15nA respectively.

The output stage has good load driving capability. Aguaran-
teed swing of + 10V into 6000 and low output distortion make
the OP-27 an excellent choice for professional audio applica-
tions.

PSRR and CMRR exceed 120dB. These characteristics,
coupled with long-term drift of 0.2uV/month, aliow the circuit
designer to achieve performance levels previously attained
only by discrete designs.

Low cost, high-volume production of OP-27 is achieved by
using an on-chip zener-zap trimming network. This reliable
and stable offset trimming scheme has proved its effective-
ness over many years of production history.

The OP-27 provides excellent performance in low-noise
high-accuracy amplification of low-level signals. Applica-
tions include stable integrators, precision summing ampti-
fiers, precision voitage-threshold detectors, comparators,
and professional audio circuits such as tape-head and
microphone preamplifiers.

The OP-27 is a direct replacement for 725, OP-06, OP-07 and
OP-05 amplifiers; 741 types may be directly replaced by
removing the 741's nulling potentiometer.

PIN CONNECTIONS
", & ne . 8AL IINI] NE
- (2] [2] v+
“N E!..’ {¢] our
2 sout v [ oM
w3 S SAL 8-PIN HERMETIC DIP
¢ V- (cASE) (Z-Sutfix)
TO-99 EPOXY MINI-DIP
(J-Suftix) (P-Sutfix)

Ve

e
outruT
NoN
INVERTING
INPUT (o)
INVERTING d
INSUT ()

*R1 & R2 ARE PERMANENTLY ADJUSTED
AT WAFER TEST FOR MINIMIM
OFFSET VOLTAGE C

§-127

m

OPERATIONAL AMPLIFIERS



OP-27 LOW-NOISI PRECISION OPERATIONAL AMPLIFIER

PEAK-TO-PEAK NOISE (0.1 to
10Ht) vs SOURCE RESISTANCE
(INCLUDES RESISTOR NOISE).

FIfiff* 2 "* sound ncsitANCY i

Therefore, (or low-Iroquency application*, the OP-07 is bet-
ter than the OP-27/37 when Rs> 3kfl. The only exception la
when gain error la important. Figure 3 lllustrate* the 10Hz
noise. As expected, the reaulta are between the previoua two
figure*.

For reference, typical aource realatances of aome aignal
sources are liated in Table 1.

Table 1
SOURCE
ocvicl IMPEDANCE COMMENTS
Strain gauge <500n Typically used In low-frequency
applications
Magnetic <1500(1 Low I very Important to reduce
tapehead self-magnetization problems whan
direct coupling It used. OP-27 I(
can b* neglected.
Magnatic *150011 similar need lor low It In direct
phonograph coupled applications. OP-27 will not
cartridges Introduce any self-magnetization
problem
Linear variable <16000 Uaad In rugged aervo-leedback
differential applicationa. Bandwidth of interest la
tranaformer 400Hz to SkHi.
OPEN-LOOP GAIN
FREQUENCY
Q OP-OT OP-27 OP-S7
AT:
3Hz 100dB 124dB 125dB
10Hz 100dB 120dB 125dB
30Hz 90dB 110dB 124dB

For further information regarding noiae calculation*, aee
"Minimization of Noise in Op-Amp Applicationa”, Application
Note AN-15.

S13C

10Hs NOISE w«
SOURCE RESISTANCE
(INCLUDES RESISTOR NOISE).

Figure t "s sounce ! ellirANG mi

AUDIO APPLICATIONS

The following applicationa Information haa been abstract
from a PMI article in the 12/20/80 iaaue of Electronic D «f
magazine and updated.

Figure 4 ia an example of a phono pre-amplifier circuit um
the OP-27 for A*; Ri-RrCt*C2lorm a very accurate W#
network with atandard componentvaluea. The popular me«
to accompllah RIAA phono equalization la to emp*
frequency-dependent feedback around a high-quality 9»
block. Properly choaen, an RC network can provide theth*
necessary time conatanta of 3180, 318, and 75«<a 1

For Initial equalization acouracy and atabllity, precM*
metal-fllm resistors and film capacitora of polyetyrenH
polypropylene are recommended aince they have low volt#
coefficients, diaaipatlon factora, and dielectric abeorptio"
(High-K ceramic capacitora ahould be avoided here, thoitf
low-K ceramics—*uch aa NPO typea, which have excel*
dissipation factora, and somewhat lowerdielectric abaorptio*-
can be conaidered for amall valuea.)

OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

N OP-27 bringa a 3.2nV/>/Hr voltage nolae and 0.45
AHi current noiae to thia circuit. To minimize noiae
»m other aourcea, Rs ia aet to a value ol 10011, which
;«*»rates a voltage nolae of 1.3nV/\/Hz . The noiae In-
*le«* the 3.2nV/\/Hz of the amplifier by only 0.7dB. With
<'Hl source, the circuit noiae meaaure* 63dB below a ImV
vt-ence level, unweighted, In a 20kHz nolae bandwidth.

‘een (0) of the circuit at 1kHz can be calculated by the

@)

iy the valuea shown, the gain is fuat under 100 (or 40dB).
,:*er gains can be accommodated by Increaaing Rj, but
p m higher than 40dB will ahow more equalization errora
*»:«ute of the 8 MHz galn-bandwldth of the OP-27.

"*e» circuit is capable of very low diatortion over Ita entire
i"jt generally below 0.01% at levela up to 7V rms. At 3V
‘Iput levels, it will produce less than 0.03% total harmonic
Mtortion at frequenciea up to 20kHz.

tsptcllor C3and reaiator R«form a simple - 6dB-per-octave

-»ble filter, with a comer at 22Hz. Aa an option, the switch-
»«cted shunt capacitor C4, a nonpolarized electrolytic,
Nfttses the low-frequency rolloff. Placing the rumble fil-
*m high-paaa action after the preamp haa the deairable
mesitt of discriminating againat the RIAA-amplifled low-
**»quency noise componenta and pickup-produced low-
stfluency disturbances.

1creampiifier for NAB tape playback is similar to an RIAA
*ono preamp, though more gain ia typically demanded,
+«wg with equalization requiring a heavy low-frequency
«o00at. The circuit In Fig. 4 can be readily modified for tape
w. as shown by Fig. 5.

** 's the tape-equalization requirement has a flat high-
**3uency gain above 3kHz (T2 = 50jis), the amplifier need
*** be stabilized for unity gain. The decompensated OP-37
I"ides agreater bandwidth and alew rate. For many appli-

the idealized time constanta shown may require

trimming of Rt and R2to optimize frequency response for
nonideal tape-head performance and other factors.’

The network values of the configuration yield a 50dB gain at
1kHz, and the dc gain is greater than 70dB. Thu*, the worst-
case output offset is Just over 500mV. A single 0.47*iF output
capacitor can block this level without affecting the dynamic
range.

The tape head can be coupled directly to the amplifier input,
aince the worst-case biaa current of 80nA with a 400mH, 100
Aln. head (such as the PRB2H7K) will not be troublesome.

One potential tape-head problem Is presented by amplifier
bias-current transient* which can magnetize a head. The
OP-27 and OP-37 are free of bias-current transients upon
power up or powerdown. However, itis always advantageous
to control the speed of power supply rise and fall, to elimi-
nate transients.

In addition, the dc resistance of the heed should be carefully
controlled, and preferably below 1k!l. For this configura-
tion, the biaa-current-induced offset voltage can be greater
than the 100>V maximum offset if the head residence Is not
sufficiently controlled.

A simple, but effective, fixed-gain tranaformerless micro-
phone preamp (Fig. 6 Jamplifies differential signals from low-
impedance microphonea by 50dB, and has an input impe-
dance of 2kfl. Because of the high working gain of the circuit,
an OP-37 helps to preserve bandwidth, which will be 110kHz.
Aa the OP-37 ia a decompensated device (minimum stable
gain of 5), a dummy reaistor, Rp, may be necessary, if the
microphone is to be unplugged. Otherwise the 100% feed-
beck from the open input mey cause the amplifier to oscillate.

Common-mode input-nolae rejection will depend upon the
match of the bridge-resiator ratios. Either close-tolerance
(0.1%) types should be used, or R4should be trimmed for best
CMRR. All resistors should be metal-fllm types for best sta-
bility and low noise.

Noise performance of this circuit is limited more by the input
resistors Ri and R?than by the op amp, as R1and R2each
generate a 4nV/y/ Hz noise, while the op amp generates a
3.2nV/\/ Hz noise. The rma sum of these predominant noise
eourcea will be about 6nV/>/ Hz , equivalent to 0.9*V In a
20kHz noise bandwidth, or nearly 61dB below a imV input
aignal. Meaaurement* confirm this predicted performance.

$-137

OPERATIONAL AMPLIFIERS
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TYPICAL PERFORMANCE CHARACTERISTICS

OPEN-LOOP VOLTAGE GAIN m
LOAD RESISTANCE

APPLICATIONS INFORMATION

OP-27 Series units may be inserted directly Into 725, OP-06,
OP-07 and OP-05 sockets with or without removal of external
compensation or nulling components. Additionally, the OP-
27 may be fitted to unnulled 741-type sockets; however, If
conventional 741 nulling circuitry Is In use, it should ba modi-
fied or removed to ensure correct OP-27 operation. OP-27
offsetvoltage may ba nulled to zero (or other desired setting)
using a potentiometer (saa Offset Nulling Circuit).

The OP-27 provides stable operation with load capacitances
of upto 2000pF and + 10V swings; larger capacitances should
be decoupled with a 50fl resistor inside the feedback loop.
The OP-27 is unlty-galn stable.

Thermoelectric voltages generated by dissimilar metals at
the input terminal contacts can degrade the drift perfor-
msnce. Best operation will be obtained when both input
contacts are maintained at the same temperature.

OFFSET VOLTAGE ADJUSTMENT

The Input offset voltage of the OP-27 is trimmed at wafer
level. However, if further adjustment of Vos (¢ necessary, a
I0kn trim potentiometer may be used. TCVOsis notdegraded
(see Offset Nulling Circuit). Other potentiometer valuesfrom
ikfl to iM n can be used with a slight degradation (0.1 to

1134

LOW-FREQUENCY NOISE

s*
Pl exs\W

NOTI
Observation tin * limited to 10Mcondr

PSRR vs FREQUENCY

0.2jivV/*C) of TCVos. Trimming to a value other than W
creates adrift of approximately (Vos/300) pV/* C. For exi*
pie, the change In TCVOSwill be 0.33*W Cif VOs adjust*
to 100pV. The offset-voltage adjuatment range with a IOf
potentiometer is +4mV. If smaller adjustment range is*
qulred, the nulling aensltivity can be reduced by using*
smaller pot In conjuction with fixed resistors. For examp)
the network below will have a +280*iV adjustment rang*

NOISE MEASUREMENTS

To measure the SOnV peak-to-peak noiee specification ofM
OP-27 In the 0.1 Hz to 10Hz range, the following precauw*
must be observed:

(1) The device has to be warmed-up for at least five minuM
Aa shown in the warm-up drift curve, the offset vol*F
typically changes 4pV due to increasing chip tempers!*
after power-up. In the 10-second meesurement Inter*
these temperature-induced effects can exceed tens”
nanovolts.

OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

[

For similar reasons, the device has to be well-shielded
Irom air currents. Shielding minimizes thermocouple
effects.

Sudden motion in the vicinity of the device can also "feed-
through" to increase the observed noise.

The test time to measure 0.1Hz-to-10Hz noise should not
ficeed 10seconds. As shown in the noise-tester frequency-
response curve, the 0.1Hz corner is defined by only one
tero. The test time of 10 seconds acts as an additional
zero to eliminate noise contributions from the frequency
band below 0.1Hz.

A noise-voltage-density test is recommended when
measuring noise on a large number of units. A 10Hz
noise-voltage-density meesurement will correlate well
with a 0.1Hz-to-10Hz peak-to-peak noise reading, since
both results are determined by the white noise and the
location of the 1/f corner frequency.

IMITYF%/-\WFFER APPLICATIONS

When nd the inputis driven with a fast, large signal
Dulse (> 1V), the output waveform will look as shown in the
Pulsed operation diagram below.

A

During the fast feedthrough-like portion of the output, the
"Put protection diodes effectively short the output to the
*put and a current, limited only by the output short-circuit
protection, will be drawn by the signal generator. With
i 500(1, the output Is capable of handling the current
squirements (ILE20m Aat 10V); the amplifier will atay in its
«ctive mode and a smooth transition will occur.

*hen Rf > 2kO, a pole will be created with Rf end the
*nplifier's input capacitance (SpF) that creates additional
P*sse shift and reducee phase margin. A small capacitor
20to 50pF) In parallel with Rf will eliminate thia problem.

*UIBEO OPERATION
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COMMENTS ON NOISE

The OP-27 is a very low-noise monolithic op amp. The out-
standing input voltage noise characteristics of the OP-27 ere
achieved mainly by operating the input stage ata high quies-
centcurrent. The input bias and offset currents, which would
normally increase, are held to reasonable values by the input-
bias-current cancellation circuit. The OP-27A/E has Ig and
los of only £40nA and 35nA respectively at 25*C. This is
particularly important when the input has a high source-
resistance. In addition, many audio amplifier designers
prefer to use direct coupling. The high IB, Vos. TCVgs of
previous designs have made direct coupling difficult, if not
impossible, to use.

Voltage noise is inversely proportional to the square-root of
bias current, but current noise is proportional to the square-
rootof bias current. The OP-27's noise advantage disappears
when high source-resistors are used. Figures 1. 2, and 3
compare OP-27 observed total noise with the noise perfor-
mance of other devices in different circuit applications.

Total noise = [(Voltage noise)2 + (current noise X Rs'2 +
(resistor noise)2] 1/2

Figure 1 shows noise-versus-source-resistance at 1000Hz.
The same plot applies to wideband noise. To use this plot, just
multiply the vertical scale by the square-root of the
bandwidth.

At Rs < 1kfl, the OP-27's low voltage noise is maintained.
With Rs> 1k(l, total noise increases, but is dominated by the
resistor noise rather than current or voltage noise. It is only
beyond R$of 20kn that current noise starts to dominate. The
argumentcan be made that current noise is notimportant for
applications with low-to-moderate source resistances. The
crossover between the OP-27 and OP-07 and OP-Os noise
occurs in the 15-to-40kn region.

Figure 2 shows the 0.1Hz-to-10Hz peak-to-peak noise. Here
the picture is less favorable; resistor noise is negligible, cur-
rent noise becomes important because Itis Inversely propor-
tional to the square-root of frequency. The crossover with the
OP-07 occurs in the 3-to-5kfl range depending on whether
balanced or unbalanced source resistors are used (at 3kl the
IB. I0s error also can be three times the VOs spec.).

OPERATIONAL AMPLIFIERS
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TYPICAL PERFORMANCE CHARACTERISTICS tvPICAL PERFORMANCE CHARACTERISTICS
OFFSET VOLTAOt DRIFT OF LONG-TERM OFFSET
EIGHT REPRESENTATIVE UNITS VOLTAGE DRIFT OF SIX WARM-UP OFFSET OPEN-LOOP VOLTAGE GAIN MAXIMUM OUTPUT SWING MAXIMUM OUTPUT VOLTAGE
VOLTAGE DRIFT vt SUPPLY VOLTAGE vt LOAD RESISTANCE
S
TIVE AFTER POAER ON (MNUTIS FREQUENCY IHH

OFFSET VOLTAGE CHANGE INPUT SIAS CURRENT

DUE TO THERMAL SHOCK INPUT O ffBET CURRENT
v« TEMPERATURE  \*temperature

| wmmmm e - om
S0 -» 0 28 IS ]
TVE (S0 TEMPERATURE <G>
SLEW RATE, QAIN-SANDWIDTH
OPEN-LOOP GAIN n PRODUCT, PHASE MARGIN m GAIN, PHASE SHIFT «s SHORT-CIRCUIT CURRENT COMMON-MODE INPUT RANGE
FREQUENCY TEMPERATURE FREQUENCY w» TIME CMRR vt FREQUENCY vs SUPPLY VOLTAGE
JA
VS tisv.
wcr 1
L] i i i o L]
Tmoutmoy &> ""OX 0ut*)? SHOHTEO TO OKOUNO (MIMMES)

OPERATIONAL AMPLIFIERS



DICE CHARACTERISTICS

OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

1. NULL
a (-) INPUT
(+) INPUT
v

OUTPUT
V+
«. NULL

NeoAw

For additional DICE Information

refer to Sactlon 2.

WAFER TEST LIMIT8 at Vs = + 15V, TA= 25"C lor OP-27N, OP-27G, and OP-27GR devices; TA- 125*C lor OP-27NT*
OP-27GT devices, unless otherwise noted.

PARAMETER SYMBOL
Input Offset Voltage vos
Input Offset Currant w08
Input Bias Currant a
Input Voltage Range IVR
Common-Mode
! ) CMRR
Rejection Ratio
Power Suppl
" PPy PSRR
Refection Ratio
Large-Signal
Voltage Gain AO
Output Voltage Swing VO
Power Consumption Pd

CONDITIONS

(Note 1)

Vem-IVR

VO * +4V to + 1SV
RI £ 2k0, VOm £10v
RLEBOON. VO «+10V

RL>2kfi
RLE600N

vo*0

OP-27NT
LM

60

50
+60
+103

106

600

+11.8

OP-27N  OP-27QT

LIMIT LIMIT
35 200
35 65
+40 +95
+11 +10.3
114 100
10 -
1000 500
600
+12.0 +11.0
+10.0
140 -

OP-27Q OP-27QR

LIMIT
60

+12.0
+10.0

140

LiMIT
100

20

700

+11.6
+10.0

170

UNH
pvmuU
nAMAI
nAMM

A%

dB*

JiVIVMAL

vivm

vm

mWMAI

Note: Electrical teata are performed at wafer probe to the limits shown. Due to variation* in aaaambly method* and normal yteid loss, yield after packaging la not gu**
teed for standard product dice. Conault factory to negotiate apecifications based on dice lot qualification through tem pi* lot assembly and teeting.

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = £15V. TA* +25°C, unless otherwise noted.

PARAMETER SYMBOL
Average Input Offset TCV08 or
Voltege Drift Tevos,
Average Input Offset

Current Drift Thas
Averege Input Bies

Current Drift e
Input Noise N
Voltege Density "
Input Noise

Current Density

Input Noise Voltege

Slew Rate SR

Gam Bandwidth Product ~ GBW
NOTE:

CONDITIONS

Nulled or Unnulled
RP« Skn to 20kn

1G* 1OMi

0 * 30Mi

10 » 1000H!

fO* 1012

0 * 30MI
1000MI

0.1Mito 10Mi

R1>2kn

OP-27N OP-27G
TYPICAL TYPICAL
02 03

60 130

100 160

35 35

31 31

3.0 3.0

17 17

10 10

0.4 0.4

0.06 0.06

26 26

6 6

1 Input offset voltage measurement* ara performed by automated teat

equipment approximately 0.5 seconds after application of power.

0P-270R
TYPICAL

0.4

160

200

e

pATC

nv/yi*

pW hT

11 MiTO 10Hi m TESTER

FREQUENCY

INPUT WIDEBAND VOLTAQE
NOISE va BANDWIDTH (0.1Hz
TO FREQUENCY INDICATED)

VOLTAGE NOISE DENSITY
va SUPPLY VOLTAGE

OP-17 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

nPICAL PERFORMANCE CHARACTERISTICS

VOLTAGE NOISE DENSITY
va FREQUENCY

TOTAL NOISE va SOURCE
RESISTANCE

CURRENT NOISE DENSITY
va FREQUENCY

A COMPARISON OP
OP AMP VOLTAGE
NOISE SPECTRA

VOLTAGE NOISE DENSITY

SUPPLY CURRENT *t
SUPPLY VOLTAGE

OPERATIONAL AMPLIFIERS
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ABSOLUTE MAXIMUM RATINGS (Note 4)

Supply Voltage +22V
Internal Power Dissipation (Note 1) 500mwW
Input Voltage (Note 3) +22V
Output Short-Circuit Duration.... Indefinite
Differential Input Voltage (Note 2) +0.7V
Differential Input Current (Note 2) ... +25mA

-65* C to +150*C

Storage Temperature Range.....
Operating Temperature Range
OP-27A, OP-27B, OP-27C (J, Z) ........
OP-27E, OP-27F, OP-27G (J, Z)
OP-27E, OP-27F, OP-27G (P) 0°C to +70°C
Lead Temperature Range (Soldering, 60 sec) .. 300*C
DICE Junction Temperature... -65°Cto +150'C

-55*C to+ 125*C
-25*Cto+85*C

ELECTRICAL CHARACTERISTICS at Vs - +15V, TA- 25*C. unless otherwise noted.

OP-27A/E
SYMBOL CONDITIONS 4 TYP

Input Offset Voltage  yos (Note 1) - 10
Long-Term Vos VosrTi

Stabiity os/Time  (Note 2) . 02
Input Offset Current ¢ - 7
Input Bias Current g - £10

0.1Hz to 10Hz

Input Noise Voltage  unp.,

ne-p (Notes 3.5) 0.08

Input Noise 0 - 10Hz (Note 3) 35

Voltage Density o 0 -30Hz (Note 3) R 31

0 -1000Hz (Note 3) 30
Input Noise f0 - 10Hz (Notes 3.8) 17
Current Density In 0 -30Hz (Notes 3.8) . 10
f0 -1000Hz (Notes3.8) 0.4

Input Resistence — Note 4

Differential-Mode "M (Note 4) s 8
Input Resistence —

Common-Mode rinem 3
Input Voltage Range ~ IVR £110  #123
Common-Mode

CMRR o

Rejection Ratio V™ £HV na 2

Power Supply PSRR
-+ +

Rejection Ratio VB-£4V o £18V - 1
Large-Signal RL2 2kn. WO -+10V 1000 1800
Voltage Gain Avo RL2 600n. Vo -+10V 800 1500
Output Voltage RI2 2kn +120  +138

Swing vo RL2800n 100  +11.8
Slew Rate SR 2kn (Note 4) 17 28
Gain Bandwidth Prod. GBW (Note 4) so 80
Open-Loop Output

Resistance "o v0-0.i0-0 - o
Power Consumption ., ™ . )
Offset Adjustment

Range Rp- 10Kl +4.0
NOTES:

1 Inpul offset voltage measurements are performed - 0.5 aeconda after

application of power A/E grades guaranteed fully warmed-up.
Long-term input offset voltage stability refers to the average trend line of
Vos vs Time over extended periods after the first 30 days of operation.
_6xcluding the initial hour of operation, changea in VQ8during the first 30

N

OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

tIECTRICAL CHARACTERISTICS for vs - *15V, -55*C S TAS +125*C, unless otherwise noted

NOTSS:
amparatura ri
MAXIMUM AMBIINT DERATEASOtt . aamcTIR SYMBOL  CONDITIONS MIN  TYP  MAX MIN  TYP  MAX MIN  TYP  MAX  UNITS
PACKAQtTYPC POR RATING TEMPERATUM —j Cttt Voltaga v INotat) - 30 80 - 50 200 R 70 300 m
TO-59 (J) -0*C 71mwWrC »OTft Input TCvos 08 ) 03 13 04 18 WG
S-PIn Harmatlc DIP (2) 754C f7mWC TCVoan  * 1
S-PIn Plaatic DIP (P) 62°C 5.8mW/C 0"tat Currant g - 15 50 - 2 85 30 135 nA
i. ThaOP-27 * Input! art protactad by back-to-back dlodat CurrantM ~ *w | n Current  la = 120 o)) - +28 95 - +35  £150
rMittort art not utad In order to achlav* low rtolaa. If diffaranM « \oltage Range VR
voltaga axcaada 10.7V, tht Input currant thould bt limitad to 25mA 0¢ Rang
3. For tupply voltagat lata than 22V, th* abaoluta maximum Inputvo*
aqual to tha aupply voltaga
4. Abaoluta maximum ratinga apply to both DICE and packagad parts. <+
otharwlaa notad.
sga Rt 2 2kn. Vo -£10V 800 1200
*al}« Gain
OP-27BIF OP-27C/IG Vw t Voliage
3 MIN  TYP  MAX TYP  MAX
P - 20 80 - 30 100 if
10 03 15 B 04 v
20 V> {IECTRICAL CHARACTERISTICS for Vs = 15V, -25*C STA< +85*Cfor OP-27J and OP-27Z, 0»C < TA< +70»C for
35 - 9 50 _ 12 75 M 3p-27P, unless otherwise noted.
40 ToooHz =58 - #1580 y OP-27E OP-27F 0P-270
SYMBOL ~ CONDITIONS MIN  TYP  MAX MIN  TYP  MAX
018 ) 008 018 - 009 025  nwH nan
Oiftatvortapa ~ Va, 3
55 35 85 38 80 *rige Input Tevoa - ®
48 . 31 45 ) 33 58 NV aegiorit TCVpan
33 30 38 32 44 P
»»* Offset Current 108
40 . 17 40 17
23 1o 24 1o pAIV e Current - +18 05 - +25 150
08 0.4 08 04 06 VottagaRange  IVR 4105  +11.8 +105  £118
>on-Mode
. 12 5 . 08 4 - (U] *’”i«c'*ic nRetio Vem - +10V
- 28 - - 2 - o Vs «£44VIO+18V
- +110  #123 - - +110  #123 - I wwpmsignal
+
+evgecaln Avo RL2 2Kfl. Vo 10V
. 108 123 . 100 120 . 0
10 R 1 10 R 2 20 . WE
- 1000 1800 - 700 1500 - input offset voltage meesurements are performed by automated teat
- 800 1500 - 800 1500 - *guipment approximately 0.5 aeconda after application of power. A/E
p pp y pp p
B trades guaranteed fully warmed-up.
120 138 - #1115 £135 - * Tha TCVog performance ia within the apecificationa unnulled or when
- £100  #115 - £100 115 - “suiled with Rp - 8kO to 20kn.
- 17 28 - 17 28 -
. 50 2.0 - 50 8.0 - w
. - 70 . - 70 - t
140 - 90 140 - 100 170 9
B . +4.0 +4.0

daya are typically 2.5/»V — refer to typical performance curve.
Semple teated.
Guaranteed by design
See teat circuit and frequency responee curve for 0.1Hz to 10Hz t
See teat circuit for current noise meesurement.
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ANALOG
DEVICES

FEATURES
Single Chip Construction
On-Board Output Amplifier
Low Power Dissipation: 300mW
Monotonicity Guaranteed over Temperature
Guaranteed for Operation with + 12V Supplies
Improved Replacement for Standard DAC80, DAC800
HI-5680
High Stability, High Current Output
Buried Zener Reference
Laser Trimmed to High Accuracy:
+1/2LSB max Nonlinearity
Low Cost Plastic Packaging

PRODUCT DESCRIPTION

The AD DACS0 Series is a family of low cost 12-bit digital-to-ana-
log converters with both a high stability voltage reference and
output amplifier combined on a single monolithic chip. The AD
DACS8O0 Series is recommended for all low cost 12-bit D/A converter
applications where reliability and cost are of paramount impor-
tance.

Advanced circuit design and precision processing techniques
result in significant performance advantages over conventional
DACS80 devices. Innovative circuit design reduces the total
power consumption to 300mW which not only improves reliability
but also improves long term stability.

The AD DACS0 incorporates a fully differential, non-saturating
precision current switching cell structure which provides greatly
increased immunity to supply voltage variation. This same struc-
ture also reduces nonlinearities due to thermal transients as the
various bits are switched; nearly all critical components operate
at constant power dissipation. High stability, SiCr thin film
resistors are trimmed with a fine resolution laser, resulting in
lower differential nonlinearity errors. A low noise, high stability,
subsurface zener diode is used to produce a reference voltage
with excellent long term stability, high external current capability
and temperature drift characteristics which challenge the best
discrete zener references.

The AD DACS8O0 Series is available in three performance grades
and two package types. The AD DACSO0 is specified for use
over the 0 to -170CC temperature range and is available in

both plastic and ceramic DIP packages. The AD DACS85 and
AD DACS7 are available in hermetically sealed ceramic packages
and are specified for the —25°C to + 85°C and - 55°C to + 125°C
temperature ranges.

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by implica-
tion or otherwise under any patent or patent rights of Analog Devices.

Conplete LowCost 12-Bit
Monolithic YA Converter

PRODUCT HIGHLIGHTS

1. The AD DACSO0 series of D/A converters directly replaces all
other devices of this type with significant increases in
performance.

2. Single chip construction and low power consumption provides
the optimum choice for applications where low cost and high
reliability are major considerations.

3. The high speed output amplifier has been designed to settle
within 1/2LSB for a 10V full scale transition in 2.0ns, when
properly compensated.

4. The precision buried zener reference can supply up to 2.5mA
for use elsewhere in the application.

5. The low TC binary ladder guarantees that all units are
monotonic over the specified temperature range.

6. System performance upgrading is possible without redesign.

P.O. Box 280; Norwood, Massachusetts 02062 U.S.A.
Tel:617/329-4700 Twx: 710/394-6577
Telex: 924491 Cables: ANALOG NORWOODMASS
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Model AD DACM
Min Typ

TECHNOLOGY Monolithic

DIGITAL INPUT
Binary-CBI
Logic Levels (TTL Compatible)
Vm (Logic “17) +2.0
V,.. (Logic “0") 0
lih(V,h = 55V)
cO8v
TRANSFER CHARACTERISTICS
ACCURACY
Linearity Error[U +25°C
Ta<« Tmm toTnux =14
Differential Linearity Error (a +25°C
Ta«Tminto T~

- Vo

Gain Error2 =01
Offset Error2 n =0.05
Temperature Range for Guaranteed

Monotonicitv 0

DRIFT (TmintoTnu,)
Total Bipolar Drift, max (includes gain.
offset, and linearity drifts)
Total Error (Tm,,toTm,,)4

Unipolar =0.08

Bipolar =0.06
Gain

Including Internal Reference =15

Excluding Internal Reference =
Unipolar Offset =1
Bipolar Offset =5

CONVERSION SPEED
Voltage Model (V)5
Settling Time to =0.01% of FSRfor
FSR change (2kfl i500pF load)

with IOkOFeedback 3
with SkflFeedback 2

For LSB Change 1
Slew Rate 10

Current Model (1)
Settling Time to - 0.01% of FSR

for FSR Change 10to 100(1 Load 300
for Ikfl Load 1
ANALOGOUTPUT
Voltage Models i
Ranges =25, =5, = 10,
+5, +10
Output Current 1=5
Output Impedance.dc) 0.05

Short Circuit Current
Current Models

Ranges-Unipolar —1.96 -2.0
- Bipolar +0.96 =10
Output Impedance - Bipolar 2.5 3.2
-Unipolar i5.0 6.6
Compliance ;-2.5
Internal Reference Voltage (V*; 1+6.23 +6.3
Output Impedance | 15
Max External Current6 i
Tempco of Drift ! =10

POWER SUPPLY SENSITIVITY i
= 15V = 10%, 5V supply when applicable i
=12V =5% 1

POWER SUPPLY REQUIREMENTS ‘
Rated Voltages I =15
Range
Analog Supplies = 11.4-
Logic Supplies
Supply Drain
- 12, + 15V 5
- 12, - 15V 14
5V

TEMPERATURE RANGE
Specification 0
Operating 25
Storage o5

NOTES
“l.ca-.C Significant Bir.
“AJiusUhle IU «r<> wuh external trim potentiometer.

+55
+08
250
100

40

-2.04
+1.04
4.1

+ 10
+6.37

+25
=20

+0.002
+0.602

+16.5

10
20 L

+70
+85
+125

Mia

+2.0

-25

10

=114

-25
-55
-65

“ HSR means Full Vale Ranee ' and is 20V for the * 10V range and 10V for the :5V Range.

Gam and ollsci errors jliustcU to zeroat - 25 C.
‘C|. O. see Figure I*

‘Maximum with no UocrjJjtion < gpecification, must be a constant load.

+2S°C, rated power supplies unless otherwise noted.)

AD DACS85 AD DAC87
Typ Max i Min Typ Max
Monolithic Monolithic
12
1
+55 +2.0 +55
+0.8 0 +0.8
250 250
100 100
=12 =12
=14 +1/2 =12 +3/4
+3/4 +3/4
+1 +1
=01 +0.2 =0.1 +0.2
=0.05 +0.1 =0.05 +0.1
+85 -55 +125
=20 =30
=0.12 =02 =0.18 =03
=0.08 =0.12 =0.14 =0.24
+20 +20
=10 =10
+3 +
+10 +10
3 4 3 4
2 3 2 3
10
300 300
1 1
=25, =5, = 10, =25, =5, = 10,
+5, +10 +5,+10
-5
0.05 0.05
40 40
-2.0 -2.04 -1.96 -2.0 -2.04
=1.0 +1.04 +0.96 =10 +1.04
3.2 41 2.5 3.2 4.1
6.6 8.2 5.0 6.6 8.2
+ 10 -2.5 + 10
+6.3 +6.37 +6.23 +6.3 +6.37
15 15
+25 | +25
=10 =20 | =10
+0.002 +0.002
+0.002 +0.002
=15 | =5
=165 *11.4 =165
\%
!
5 10 5 10
u 20 ! 14 20
+85 -55 +125
+ 125 -55 + 125
+ 150 -65 + 150

7A minimum of + 12.3V is required for a + 10V full scale output and
+ 11.4V is required for all other voltage ranges.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electri-
cal test. Results from those tests are used to calculate outgoing quality levels. All

min and max specifications are guaranteed, although only those shown in
boldface are tested on all production units.

Units

Bits

iA
nA

LSB1
LsB
LsB
LsB

% FSR3
%FSRJ

ppm of FSRAC

%ofFSR
% of FSR

ppmofFSR™C
ppmofFSR'XE
ppmofFSR C
ppm of FSR/C

\Y

mA

ft
mA

mA

mA

kn

kn

\%2

v

n

mA

ppm ofV,/“C

%0fFSR,%Vs
%0fFSR/%Vs

\%

\Y

mA
mA



ABSOLUTE MAXIMUM RATINGS

+ Vs to POWEr G round ..o OV to 18V Ref In to Reference Ground.........ccoovvnnninnnncines + 12V
—Vs to Power Ground ..., OV to —18V Bipolar Offset to Reference Ground.. + 12V
Digital Inputs (Pins 1 to 12) to Power Ground -1.0V to 10V Span R to Reference Ground........coovienccnnccnnienns + 12V
+ 7V 20V Span R to Reference Ground........ccccooeeevevcreveieiennns + 24V

RefO Ut Indefinite short to power ground or +V§

Hermetically-Sealed Ceramic Side Brazed Package (Type

Molded Plastic Package (Type N) 24-Lead Dual In Line
D) 24-Lead Dual In Line (Dimensions Shown in Inches and

(Dimensions Shown in Inches and (mm))

(mm))
BIT1| | V«,0UT
BIT2 | 1 " contRoL " | GAIN ADIUST
CIR iuit
.H 1+v
BIT4 | .
MTS | RESISTOR SUMMING JUNCTION
LAOOER Skl
BITS | — NE‘I;V\K‘%RK 2SV MANGE
BIT7]j “ gxﬁzig; 10V RANGE
BITS | S3Kfl BIPOLAR OFFSET
BIT1 REF INPUT
< vou.
=T J j«J-v,
la] NC/+V,*
DAC80
Voltage Model Functional Diagram and Pin Configuration Current Model Functional Diagram and Pin Configuration
ORDERING GUIDE
Temperature Linearity Error
Model Package Range at + 25°C
AD DACS0ON-CBI-V Plastic Oto +70°C + 1/2LSB
AD DACS80D-CBI-V Ceramic Oto +70°C + 1/2LSB
AD DAC80D-CBI-I Ceramic Oto +70°C + 1/2LSB
AD DAC85D-CBI-V Ceramic - 25°Cto +85°C + 1/2LSB
AD DAC87D-CBI-V Ceramic -55°Cto + 125°C + 1/2LSB



DIGITAL INPUT CODES

The AD DACBSO0 Series accepts complementary digital input
code in binary (CBI) format. The CBI model may be connected
by the user for anyone of three complementary codes: CSB,
COB or CTC.

Digital Input Analog Output
CSBCompl. | COBCompl. CTC* Compl.
MSB LSB  StraightBinary j OffsetBinary = Two’s Corapl.
000000000000 + Full Scale 1 + Full Scale -ILSB
0111111111 11  + V2FullScale ! Zero - Full Scale
100000000000 Mid-Scale j -ILSB + Full Scale
11111111 1111  Zero i - Full Scale Zero

sInvert the MSB ofthe COB code with an external inverter to obtain CTC code.

Table I. Digital Input Codes

ACCURACY

Accuracy error of a D/A converter is the difference between the
analog output that is expected when a given digital code is applied
and the output that is actually measured with that code applied
to the converter. Accuracy error can be caused by gain error,
zero error, linearity error, or any combination of the three. Of
these three specifications, the linearity error specification is the
most important since it cannot be corrected. Linearity error is
specified over its entire temperature range. This means that the
analog output will not vary by more than its maximum specifi-
cation, from an ideal straight line drawn between the end points
(inputs all “1”s and all “0”s) over the specified temperature
range.

Differential linearity error of a D/A converter is the deviation
from an ideal ILSB voltage change from one adjacent output
state to the next. A differential linearity error specification of
+ 1/2LSB means that the output voltage step sizes can range

from 1/2LSB to 1 1/2LSB when the input changes from one

adjacent input state to the next.

DRIFT

Gain Drift is a measure of the change in the full scale range
output over temperature expressed in parts per million of full
scale range per °C (ppm of FSR/°C). Gain drift is established
by: 1) testing the end point differences for each AD DAC80
model at the lowest operating temperature, + 25°C and the
highest operating temperature; 2) calculating the gain error with
respect to the +25°C value and; 3) dividing by the temperature
change.

Offset Drift is a measure of the actual change in output with all
“1”s on the input over the specified temperature range. The

maximum change in offset is referenced to the offset at + 2S°C
and is divided by the temperature range. This drift is expressed
in pans per million of full scale range per °C (ppm of FSR/°C).

SETTLING TIME

Settling time for each model is the total time (including slew
time) required for the output to settle within an error band
around its final value after a change in input.

Voltage Output Models. Three settling times are specified to
+0.01% of full scale range (FSR); two for maximum full scale
range changes of 20V, 10V and one for a ILSB change. The

ILSB change is measured at the majorcarry (0 111... 11to
1000 ... 00), the point at which the worst case settling time
occurs. The settling time characteristic depends on the compen-
sation capacitor selected, the optimum value is 25pF as shown
in Figure la.

Current Output Models. Two settling times are specified to + 0.01%
of FSR. Each is given for current models connected with two
different resistive loads: 10 to 100 ohms and 1000 to 1875 ohms.
Internal resistors are provided for connecting nominal load
resistances of approximately 1000 to 1800 ohms for output voltage
ranges of + IV and 0 to - 2V.

Figure la. Voltage Model Settling Time Circuit

Figure 1b. Voltage Model Settling Time CF = 25pF

POWER SUPPLY SENSITIVITY

Power supply sensitivity is a measure of the effect of a power
supply change on the D/A converter output. It is defined as a
per cent of FSR per per cent of change in either the positive or
negative supplies about the nominal power supply voltages.

REFERENCE SUPPLY

All models are supplied with an internal 6.3 volt reference voltage
supply. This voltage (pin 24) is accurate to + 1% and must be
connected to the Reference Input (pin 16) for specified operation.
This reference may also be used externally with external current
drain limited to 2.5mA. An external buffer amplifier is recom-
mended if this reference is to be used to drive other system
components. Otherwise, variations in the load driven by the
reference will result in gain variations. All gain adjustments
should be made under constant load conditions.



ANALYZING DEVICE ACCURACY OVER THE
TEMPERATURE RANGE

For the purposes of temperature drift analysis, the major device
components are shown in Figure 2. The reference element and
buffer amplifier drifts are combined to give the total reference
temperature coefficient. The input reference current to the
DAC, Iger, is developed from the internal reference and will
show the same drift rate as the reference voltage. The DAC
output current, Ipac, which is a function of the digital input
codes, 1s designed to track Iggp; if there is a slight mismatch in
these currents over temperature, it will contribute to the gain
T.C. The bipolar offset resistor, Rgp, and gain setting resistor,
Rgain, also have temperature coefficients which contribute to
system drift errors. The input offset voltage drift of the output
amplifier, OA, also contributes a small error.

There are three types of drift errors over temperature: offset,
gain, and linearity. Offset drift causes a vertical translation of
the entire transfer curve; gain drift is a change in the slope of
the curve; and linearity drift represents a change in the shape of
the curve. The combination of these three drifts results in the
complete specification for total error over temperature.

Total error is defined as the deviation from a true straight line
transfer characteristic from exactly zero at a digital input which
calls for zero output to a point which is defined as full scale. A
specification for total error over temperature assumes that both
the zero and full scale points have been trimmed for zero error
at +25°C. Total error is normally expressed a percentage of the
full scale range. In the bipolar situation, this means the total
range from ~ Vgsto + Vgs.

Several new design concepts not previously used in DAC80-type
devices contribute to a reduction in all the error factors over
temperature. The incorporation of low temperature coefficient
silicon-chromium thin-film resistors deposited on a single chip,
a patented, fully differential, emitter weighted, precision current
steering cell structure, and a T.C. trimmed buried zener diode
reference element results in superior wide temperature range
performance. The gain setting resistors and bipolar offset resistor
are also fabricated on the chip with the same SiCr material as
the ladder network, resulting in low gain and offset drift.

+15v

Rgamy

Figure 2. Bipolar Configuration

MONOTONICITY AND LINEARITY

The initial linearity error of + 1:12LLSB max and the differential
linearity error of = 3/4L.SB max guarantee monotonic performance
over the specified range. It can, therefore, be assumed that
linearity errors are insignificant in computation of total temperature
€errors.

UNIPOLAR ERRORS

Temperature error analysis in the unipolar mode is straightforward:
there is an offset drift and a gain drift. The offset drift (which
comes from leakage currents and drift in the output amplifier
(OA)) causes a linear shift in the transfer curve as shown in
Figure 3. The gain drift causes a change in the slope of the
curve and results from reference drift, DAC drift, and drift in
Rgan relative to the DAC resistors.

BIPOLAR RANGE ERRORS

The analysis is slightly more complex in the bipolar mode. In
this mode Rpgp is connected to the summing node of the output
amplifier (see Figure 2) to generate a current which, exactly
balances the current of the MSB so that the output voltage is
zero with only the MSB on.

Note that if the DAC and application resistors track perfectly,
the bipolar offset drift will be zero even if the reference drifts.
A change in the reference voltage, which causes a shift in the
bipolar offset, will also cause an equivalent change in Ixgr and
thus Ipac, so that Ipac will alwavs be exactly balanced by Igp
with the MSB turned on. This effect is shown in Figure 3. The
net effect of the reference drift then is simply to cause a rotation
in the transfer around bipolar zero. However, consideration of
second order effects (which are often overlooked) reveals the
errors in the bipolar mode. The unipolar offset drifts discussed
before will have the same effect on the bipolar offset. A mismatch
of Rgp to the DAC resistors is usually the largest component of
bipolar drift. but in the AD DACS0 this error is held to 10ppm/“C
max. Gain drift in the DAC also contributes to bipolar offset
drift, as well as full scale drift, but again is held to 10ppm “C
max.
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INPUT e

OFFSET SHIFT
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Figure 3. Unipolar and Bipolar Drifts



Using the AD DAC80 Series

POWER SUPPLY CONNECTIONS

For optimum performance power supply decoupling capacitors
should be added as shown in the connection diagrams. These
capacitors (I|xF electrolytic recommended) should be located
close to the AD DACS80. Electrolytic capacitors, if used, should
be paralleled with 0.01 jjIF ceramic capacitors for optimum high
frequency performance.

EXTERNAL OFFSET AND GAIN ADJUSTMENT

Offset and gain may be trimmed by installing external O FF-
SET and GAIN potentiometers. These potentiometers should be
connected as shown in the block diagrams and adjusted as described
below. TCR of the potentiometers should be 100ppm/°C or less.
The 3.9MH and IOMft resistors (20% carbon or better) should
be located close to the AD DACS80 to prevent noise pickup. If it

REF
CONTROL I-1
CIRCUIT

12-BIT
RESISTOR
LADDER
NETWORK
AND
CURRENT
SWITCHES

J 0O-Vs

Figure 4. External Adjustment and Voltage Supply
Connection Diagram, Current Model

3.9Mfi

is not convenient to use these high-value resistors, a functionally
equivalent “T” network, as shown in Figure 6 may be substituted
in each case. The gain adjust (pin 23) is a high impedance point
and a O.OIjjIF ceramic capacitor should be connected from this
pin to common to prevent noise pickup.

Offset Adjustment. For unipolar (CSB) configurations, apply the
digital input code that should produce zero potential output and
adjust the OFFSET potentiometer for zero output. For bipolar
(COB, CTC) configurations, apply the digital input code that
should produce the maximum negative output voltage. Example:
If the FULL SCALE RANGE is connected for 20 volts, the
maximum negative output voltage is - 10V. See Table Il for
corresponding codes.

Gain Adjustment. For either unipolar or bipolar configurations,
apply the digital input that should give the maximum positive
voltage output. Adjust the GAIN potentiometer for this positive
full scale voltage. See Table Il for positive full scale voltages.

E I?-Vs
REF 10kfi
E CONTROL TO
CIRCUIT 100kft
E H i 00ijF
Vs
E 3 i
12-BIT I(Tj(?
B ngeren i
E NETWORK —@W/' 3
E  Swones 3 1 % Ohs
E 3
E 3
E 3
u0-Vs
E 5
E

Figure 5. External Adjustment and Voltage Supply
Connection Diagram, Voltage Model

270kfi 270kn

O— W V - w v —o
i idn
o WV f W H )

Figure 6. Equivalent Resistances

Digital Input Analog Output
12 Bit Resolution Voltage* Current

MSB LSB ! Oto+lOV j 10V |] 0Oto—2mA j + 1mA

000000000000 j +9.9976V +9.9951V j -1.9995mA ! -0.9995mA
'8 011111111111 + 5.0000v | 00000V -1.0000mA  0.0000mA
s 100000000000 +4.9976V | -0.0049V 0.488mA | + 1.000mA
@ 111111111111 ! 0.0000V i -10.0000V 0.0000mA j 0.488p.A

1LSB 2.44mV 1 4.88mV -0.9995mA 1 +0.0005mA

*To obtain values lor other binary ranges 0 to +5V range: divideO to + 10valuesbv2;
+5Vrange: divide + 10V range values by 2; + 2.5V range: divide * 10V range values by 4.

Table Il. Digital Input/Analog Output



VOLTAGE OUTPUT MODELS

Internal scaling resistors provided in the AD DACSO may be
connected to produce bipolar output voltage ranges of n 10. r :
or 2.5V or unipolar output voltage ranges of 0 to -*5 or 0 to
+ 10V (see Figure 7).

REF
INPUT

SAR BIPOLAR
CONTROL CIRCUIT ‘) OFFSET
SUMMING
JUNCTION
FROM WEIGHTED 0 »> 0 5kH
RESISTOR - —VW o -
NETWORK ‘)(

Figure 7. Output Amplifier Voltage Range
Scaling Circuit

Gain and offset drift are minimized in the AD DACB80 because
of the thermal tracking of the scaling resistors with other device
components. Connections for various output voltage ranges are
shown in Table I1l. Settling time is specified for a full scale
range change: 4 microseconds for a 10kfl feedback resistor; 3
microseconds for a 5k(l feedback resistor when using the com-
pensation capacitor shown in Figure 1.

The equivalent resistive scaling network and output circuit of
the current model are shown in Figures 8 and 9. External RLS
resistors are required to produce exactly 0 to - 2V or % IV
output. TCR of these resistors should be + 100ppm/°C or less to
maintain the AD DACS80 output specifications. If exact output
ranges are not required, the external resistors are not needed.

Output Digital Connect
Range Input Codes  Pin 15to
+10V COBorCTC 19
5V COBorCTC 18
+ 2.5V COBorCTC 18
Oto + 10V CSB 18
Oto +5V  CSB 18
Oto + 10V CCD 19

. TO REF CONTROL CIRCUIT
n O

6.3kn

~wWov—

3kR

mAAAr mAAATr-

0 -

Figure 8. Internal Scaling Resistors

Internal resistors are provided to scale an external op amp or to
configure a resistive load to offer two output voltage ranges of

+ IV or0to -2V. These resistors (Ru: TCR 20ppm/°C) are
an integral part of the AD DACB80 and maintain gain and bipolar
offset drift specifications. If the internal resistors are not used,
external RL (or RF) resistors should have a TCR of + 25ppm/°C
or less to minimize drift. This will typically add + 50ppm/°C +
the TCR of RI (or RF) to the total drift.

Figure 9. AD DACB80 Current Model Equivalent
Output Circuit

Connect Connect Connect
Pin 17to Pin 19to Pin 16 to
20 15 24

S20 N.C. 24
20 20 24

, 21 N.C. 24
21 20 i 24
N.C. 15 24

Table lll. Output Voltage Range Connections-Voltage ModelAD DAC80

1%
Metal Film R1i Connections Reference Bipolar Offset
Internal External
Digital Output Resistance Resistance Connect Connect Connect Connect Connect
Input Codes  Range RuU Pin 15 to Pin 18 to Pin 20 to Pin 16 to Pin 17 to K.s
CSB Oto —2V  0.968M1 21011 20 19&RLS 15 24 Com 21  Between
Pi:i 1s «v
(-r i
COBorCTC + IV 1.2M1 249(1 18 19 R«.S 24 15 Ce-i
P JM W
("7 e
CCD 0to + 2V 3kfl N/A N.C. 21 N.C. 24 \ < AN

Table IV. Current Mode! Resistive Lo.nl Conruvtions

-7-



DRIVING A RESISTIVE LOAD UNIPOLAR
A load resistance, R1 = RI1i>+ Rls>connected as shown in
Figure 10 will generate a voltage range, Voutj determined by:

/6.6k x RI™
VOUT = -2mA 166k + R,
Where R1 max = 1.54kft
and Vqut max = -2.5V

To achieve specified drift, connect the internal scaling resistor
(R1i) as shown in Table IV to an external metal film trim resistor
(R1Is) to provide full scale output voltage range of 0 to - 2V.
With R1s = 0, Vqut = - 169V.

*CURRENT CONTROLLED
BY DIGITAL INPUT

Figure 10. Equivalent Circuit AD DAC80-CBI-I
Connected for Unipolar Voltage Output with
Resistive Load

DRIVING A RESISTOR LOAD BIPOLAR

The equivalent output circuit for a bipolar output voltage range
is shown in Figure 11, RL = RIi + RlIs- VOut is determined
by:

YRI x 3.22k
VOUT = £+ 1mA VRI + 3 22k
Where R1 max = 11.18kft
and-Vqut max = —2.5V

To achieve specified drift, connect the internal scaling resistors
(R 1i) as shown in Table IV for the COB or CTC codes and add
an external metal film resistor (R1s) in series to obtain a full
scale output range of + IV. In this configuration, with R1s
equal to zero, the full scale range will be £ 0.874V.

DRIVING AN EXTERNAL OP AMP

The current model AD DACS80 will drive the summing junction
of an op amp used as a current to voltage converter to produce
an output voltage. As seen in Figure 12,

lout X RF

Vout =

where 10 It is the AD DACBS80 output current and Rf is the
feedback resistor. Using the internal feedback resistors of the
current model AD DACS80 provides output voltage ranges the

*

Output Digital j Connect
Range__ InputCodes Ato
+10V COBorCTC i 19

5V COBorCTC 18
+2.5V COBorCTC 18

Oto + 10V CSB 18

Oto J-5V  CSB 18

*

i
1
i
!

-0+

2 g,

Vout

ACURRENT CONTROLLED
BY DIGITAL INPUT

Figure 11. AD DACB80-CBI-I Connected for Bipolar
Output Voltage with Resistive Load

same as the voltage model AD DACS80. To obtain the desired
output voltage range when connecting an external op amp, refer
to Table V and Figure 12.

Vqut

Figure 12. External Op Amp-Using Internal
Feedback Resistors

OUTPUT LARGER THAN 20V RANGE

For output voltage ranges larger than + 10 volts, a high voltage
op amp may be employed with an external feedback resistor.
Use 1o u t values of £ 1ImA for bipolar voltage ranges and —2mA
for unipolar voltage ranges (see Figure 13). Use protection diodes
when a high voltage op amp is used.

The feedback resistor, Rf, should have a temperature coefficient
as low as possible. Using an external feedback resistor, overall
drift of the circuit increases due to the lack of temperature
tracking between Rf and the internal scaling resistor network.
This will typically add 50ppm/°C + RF drift to total drift.

Figure 13. External Op Amp-Using
External Feedback Resistors

*
Connect I Connect ! Connect
Pin17to  Pin19to j Pinl6to
15 1A ;24
15 i N.C. 124
15 115 124
21 N.C. 24
21 115 24

Table V. External Op Amp Voltage Mode Connections



MSA-0104

N I - i Cascadable Monolithic
MONOLITHIGMICROWAVE: Silicon Integrated Circuit

INTEGRATED CIRCUIFE™ Amplifier

DATA'SHEET™ ) January, 1985
] . B N Summary

AVANTEK 04 PLASTIC PACKAGE

GROUND
FEATURES

Plastic Package

Fully Cascadable (VSWR<2:1) 030
14 dB Gain at 1000 MHz Y — / _
+ 5V Bias (External Bias Resistor Required) A
+1.5 dBm P,y @ 500 MHz 168 MmN

Short Group Delay 45522Lcs B

~030 pja
76

RF OUTPUT
& BIAS

DESCRIPTION

The MSA (Monolithic Silicon Amplifier) series is a family of r 12.39 MIN !
silicon bipolar Monolithic Microwave Integrated circuits 2PLCS

(MMICs) using nitride self-alignment, ion implantation for -020 100
precise control of doping and nitride passivation for high 51 —ea

254
reliability. *
These MMICs use series and shunt feedback and exhibit - l é_ A
very high uniformity from ampiifer to amplifier. External Ly

blocking capacitors are required. Typical applications in-

fiars in i 145 | 006+.001
clude narrow or broadband IF and RF amplifiers in indus- 3.68 15+.02
trial and commercial systems.

NOTES: (UNLESS OTHERWISE SPECIFIED)
w
1. DIMENSIONS AREIN
xx 010
2 TOLERANCES- = ==
TYPICAL GAIN vs. FREQUENCY

Ta = 25°C, | = 17 mA

Ry
20
18 TYPICAL BIASING +T-+15V
CONFIGURATION
16 S
S RFC (OPTIONAL)
Z12
04
< 10 IN o—{ I———o ouT
8 Gain fiat to D.C. N\ Coiocr ’ Coonr
6 t N
4 L A
.05 1 2 345 1 2 3 45

FREQUENCY, GHz =

ELECTRICAL SPECIFICATIONS, T, = 25°C

Symbol Parameters. Test Conditions Typical Current Freq. Units Min. Typ. Max.
Volts (mA) (GH2)

189412 Insertion Power Gain 5.0 17.0 0.1 dB 17.0 19.0

1S9 2 Insertion Power Gain 5.0 17.0 1.0 dB 14.0

VSWR Freq. at VSWR=2:1 50 17.0 GHz 5

Pi1dB Output Power at 1 dB Gain Compression 5.0 17.0 0.5 dBm 1.5

NFso 50() Noise Figure 5.0 17.0 0.5 dB 5

19 Third Order Intercept Pomnt 50 17.0 0.5 dBm 15

IP, Second Harmonic intercept Point 5.0 17.0 0.5 dBm 31.0

f148 Freguency at —1dB Gain Point’ 5.0 17.0 GHz 0.35

Note 1 Frequency at which gain 1s 1 dB less than at 100 MHz.

Avaniisbinc: #8175 Bowers Avel SantaClarasCa, 9505 » General o440 7220700 «Customes Service & Component Sales (408) 496-6710 «.TWX 910-339-G274 «TELEX 346337




MSA-0104

RECOMMENDED MAXIMUM RATINGS TYPICAL PERFORMANCE, T, =25°C
Parameter Cont. Abs. TYPICAL POWER SUPPLY
Oper Max. 2 CURRENT vs. VOLTAGE
Power Supply Voltage 50V 60V
Power Supply Current 20 mA 40 mA 25 /
Case Temperature, Storage — 150°C 20
Continuous RF input Power +16 dBm +20 dBm < pd
M.TTF. (Projected). Hrs. 1x10° 1x10° Es v
10 o
NOTES: //
1. Operation of this device above any one of these parameters may shorten S >
the MTTF from the design goals. °
2. Operation of this device above any one of these parameters may cause [ 1 2 3 4 S 6
permanent damage. Yoo, V
OUTPUT POWER AT 1d8 GAIN COMPRESSION
POWER GAIN AT 0.1 GHz AND NOISE FIGURE vs. CASE TEMPERATURE
(ISx¥) vs. CURRENT 1=17 mA, FREQ.-.5 GHz
25 T 7]
20 [] o
[ % 8 — NF
v 15 - 4
o 4 £°
@ 10 / ..‘ 3
17 < I mar—_
o~ \
% 10 20 30 ) 53 =3 325 75 Fi2s
|, mA TEMPERATURE, °C
OUTPUT POWER AT 108 GAIN COMPRESSION VSWR vs. CURRENT
vs. CURRENT AND FREQUENCY FREQUENCY = .5 GHz
20 4
10
é 0.1 GHz == g NG
0 o5 Gz 2 |w
[ 9
10 2 Q
2 . §z—-—d
0 § 10 15 20 25 0 10 5 20 25 30
i, mA L mA
TYPICAL SCATTERING PARAMETERS
Vee = 50V, Ic = 17 mA
Freq. S11 S21 $12 S22
MHz Mag Ang dB Mag Ang Mag Ang Mag Ang
100.00 .045 131.6 18.8 8.775 170.3 072 741 046 -49
200.00 .068 1125 18.7 8.583 160.8 073 140 051 -14.4
300.00 086 94.1 18.4 8.282 152.4 077 19.3 046 -20.6
400.00 106 82.1 18.0 7.943 146.1 .080 243 046 -24.0
500.00 120 725 174 7.383 138.6 .084 29.2 .043 -42.7
600.00 .128 66.4 16.9 7.029 1315 089 32.6 .043 -415
700.00 132 59.3 16.5 6.676 125.7 095 36.0 041 -62.8
800.00 140 55.1 15.7 6.089 1204 100 39.1 .036 -63.9
900.00 142 52.1 153 5.836 1151 106 412 039 -81.0
1000.00 141 46.2 148 5.530 1123 13 43.0 .033 -93.2
1100.00 142 46.0 142 5121 107.2 120 446 040 -974
1200.00 135 423 138 4.881 103.7 127 463 040 -120.8
1300.00 135 41.3 13.3 4.631 99.7 133 47.5 .041 -1176
1400.00 125 40.8 128 4374 96.3 141 48.2 047 -1328
1500.00 M7 39.7 12.4 4.166 93.1 .146 497 047 -140.1
1600.00 112 40.1 119 3.964 90.2 153 49.0 .056 -142.6
1700.00 102 39.6 11.6 3.803 87.2 .163 499 061 -153.1
1800.00 094 37.9 1.2 3.631 839 .168 50.9 .065 -156.0
1900.00 .087 39.2 10.8 3.473 814 174 511 073 -162.3
2000.00 .085 43.1 103 3.273 82.1 173 53.6 072 -159.8
2100.00 .064 39.7 10.0 3.167 76.8 187 51.2 .083 -170.5
2200.00 .045 52.6 95 2.982 71.8 195 473 .069 -1718
2300.00 050 63.9 98 3.076 69.6 209 480 .081 -1559
2400.00 050 69.3 94 2.971 69.4 209 50.1 105 -168.5
2500.00 044 89.0 93 2.908 69.1 218 51.4 109 -168.5
2600.00 055 98.0 8.6 2693 70.0 .21 53.5 123 -176.1
2700.00 058 102.9 83 2591 64.2 219 49.5 131 -1725
2800.00 059 113.6 77 2.442 579 221 46.3 139 -176.0
2900.00 .090 126.3 83 2.589 52.8 237 422 159 -172.7
3000.00 .084 125.8 8.1 2529 54.8 251 457 151 -174.7

ADS-1409/1-85 Printed in US.A.



' . : MSA-0204
MONOLITHIC MICROWAVEE Cascadable Monolithic
) y ) i Silicon Integrated Circuit
INTEGRATEDECIRCUIT™ Amplifier
DATA SHEET® » : February, 1985

Summary

AVANTEK 04 PLASTIC PACKAGE

FEATURES GROUND
Plastic Package

Fully Cascadable (VSWR <2:1) 030

12.0 dB Gain at 500 MHz + RF INPUT
+5V Bias (External Bias Resistor Required) C

+4.0 dBm Py4g @ 500 MHz A
Short Group Delay 169 M'N—<—’J
r———————

030 pia
.76

RF OUTPUT
& BIAS

DESCRIPTION 4 PLCS

The MSA (Monolithic Silicon Amplifier) series is a family of
silicon bipolar Monolithic Microwave Integrated circuits .
(MMICs) using nitride self-alignment, ion implantation for 12.39
precise control of doping and nitride passivation for high 2 PLCS
reliability. .020

A
These MMICs use series and shunt feedback and exhibit 2_22
very high uniformity from amplifier to amplifier. External

51
blocking capacitors are required. Typical applications in- 3 A
clude narrow or broadband IF and RF amplifiers in industrial I=Lr=“ = —

and commercial systems. Ky
145 | .006=+.001
368 | 15+.02
TYPICAL GAIN vs. FREQUENCY NOTES® (UNLESS omsnmsz SPECIFIED)
TA = 25°C, { = 25 mA 1 DIMENSIONS ARE IN £0,
2 TOLERANCES &: * ﬂ
14 X; 25
12 ]
o 10 P s
58 N TYPICAL BIASING O +7-+15V
Z . ~N CONFIGURATION
N
3 \
a \ RFC (OPTIONAL)
2 |- Gain fiat to D.C.
0 | i
0

s 1 2 345 1 2 345 No l

FREQUENCY, GHz

ELECTRICAL SPECIFICATIONS, T, = 25°C

Symbol Parameters/Test Conditions Typical Current Freq. Units Min. Typ. Max
Volts (mA) (GHz
1So412 Insertion Power Gain 5.0 25.0 0.5 dB 10.0 12.0 —
1S2112 Insertion Power Gain 5.0 25.0 1.0 dB — 11.0 —
VSWR Freq. at VSWR = 2:1 5.0 25.0 — GHz — 3.0 —
PigB Output Power at 1 dB Gain Compression 50 25.0 0.5 dBm — 40 —_
NFso 5002 Noise Figure 5.0 25.0 0.5 dB — 6.0 —
1P Third Order Intercept Point 5.0 25.0 05 | dBm - . 160 | —
HP Second Harmonic intercept Point 5.0 25.0 0.5 , dBm |, — 31.0 — )
f1aB Frequency at -1dB Gain Point! 5.0 25.0 — | ehz | = 08 | — |

Note 1 Frequency at which gain 1s 1 dB less than at 100 MHz

Mantsles inc. #3175 Bowers Ave: Santa Clara.Ca: 95051 » General Office (408} 72720700 » Customer-Service & Component Sales (4061496-6710 e WX 9103339274 oI ELEX34-6338%:. . -



MSA-0204

RECOMMENDED MAXIMUM RATINGS TYPICAL PERFORMANCE, T4=25°C
1 2
Parameter %onlr :ﬂb:x
per. : TYPICAL POWER SUPPLY
Power Supply Voltage 5.0v 6.0V CURRENT vs. VOLTAGE
Power Supply Current 30 mA 60 mA 30 /
Continuous RF input Power +16 dBm +20 dBm 25
Storage Temperature - 150°C /
M.T.T.F. (Projected) 1x108 Hrs. 1x10? Hrs. < 20 /
[ Thermat Resistance. 8jc — 150°C/W | 5. % V4
10 o’
Notes: —
1. Operation of this device above any one of these parameters may s ,/
shorten the MTTF from the design goals. ° ‘_—/
2. Operation of this device above any one of these parameters may ) 1 2 3 ry 3 6
cause permanent damage. :
Veeo, V
OUTPUT POWER AT 1dB GAIN COMPRESSION
INSERTION POWER GAIN AT 0.5 GHz AND NOISE FIGURE vs. CASE TEMPERATURE
(1S21?) vs. CURRENT 1=25 mA, FREQ. =500 MHz
25 10
20
] 8 —
g5 - 6 ad
P -
L5 z
g 10 ,1 .5‘ 4 /
/ a Pras
H 2 4
/ |
0 0 ]
0 10 20 30 40 50 60 —25 0 +25 +50 +75
LmA TEMPERATURE, °C
OUTPUT POWER AT 1dB GAIN COMPRESSION VSWR vs. CURRENT
vs. CURRENT AND FREQUENCY FREQUENCY = 1.0 GHz
15 T 3.0
0.5 GHz /L‘
4 1.0 GHz |
5 10 / et 25
5 $ 20 =
° P — 15 AN -
\ —— po
) 0 20 30 40 50 0 10 10 20 30 4 50 60
L, mA L mA
TYPICAL SCATTERING PARAMETERS*
Veeg= 5V, |c= 25 mA
Freq. S S2 S12 S22
MHz Mag Ang dB Ang dB Ang Mag Ang
100.00 .040 151.5 11111 173.4 17.968 2.0 .184 -6.2
500.00 077 96.9 10.611 149.0 17.686 7.4 174 -29.0
1000.00 A7 66.4 10.028 120.2 16.736 1.7 159 -57.6
1200.00 127 59.3 9.496 109.1 16.340 13.5 150 -68.4
1400.00 132 52.4 9.091 100.6 15.763 139 144 -81.3
1600.00 136 484 8.616 90.7 15.337 149 137 -93.2
1800.00 134 44.7 8.347 81.1 14.822 13.7 133 -105.8
2000.00 129 451 7.886 72.0 14.399 13.4 132 -118.4
2200.00 21 425 7.601 63.4 13.848 11.6 134 -131.5
2400.00 120 46.5 717N 56.0° 13.565 11.0 135 -1415
2600.00 115 48.4 6.859 47.5 13.025 8.6 .139 ~152.6
2800.00 116 56.4 6.363 40.7 12.880 6.8 146 -162.8
3000.00 A7 62.6 6.089 33.0 12.340 5.1 154 171.4

ADS-1413/2-85

Printed in U.S.A.



FEATURES

Plastic Package

Fully Cascadable (VSWR <2:1)

12.0 dB Gain at 500 MHz

+5V Bias (External Bias Resistor Required)
+10.0 dBm P, 45 @ 500 MHz

Short Group Delay

DESCRIPTION

The MSA (Monolithic Silicon Amplifier) series is a family of
silicon bipolar Monolithic Microwave Integrated circuits
(MMICs) using nitride self-alignment, ion implantation for
precise control of doping and nitride passivation for high
reliability.

These MMICs use series and shunt feedback and exhibit
very high uniformity from amplifier to amplifier. External
blocking capacitors are required. Typical applications in-
clude narrow or broadband IF and RF amplifiersin industrial
and commercial systems.

TYPICAL GAIN vs. FREQUENCY
TA = 25°C, | = 35 mA

14
12
—
-] 10 <
- 8
Z . N
2| Gain tlm to DI.C.
905 1 2 345 1 2 345

FREQUENCY, GHz

MSA-0304
Cascadable Monolithic
Silicon Integrated Circuit
Amplifier
February, 1985
Summary

AVANTEK 04 PLASTIC PACKAGE

GROUND
~030 pia
030 76
AF INPUT RF OUTPUT
T - — & BIAS
.169 MIN__| .038
4.29 96
4 PLCS
GROUND
488 MmN
“ 12.39 >
2 PLCS
020
51 100
254
— A
R
145 L -006=.001
3.68 15-.02

NOTES (UNLESS OTHERWISE SPECIFIED}
IN
1 DIM —
DIMENSIONS ARE IN A

Xxx _ 010

2. TOLERAI —z
NCES XX 2

Raas

TYPICAL BIASING +7-+15V

CONFIGURATION

RFC (OPTIONAL)

ELECTRICAL SPECIFICATIONS, T, = 25°C

Symboi Parameters/Test Conditions Typical [ Current Freq. Units Min Typ. Max.
Volts ! (mA) (GHz
182412 Insertion Power Gain 5.0 . 35.0 0.5 dB 10.0 12.0 —
1Sxl2 Insertion Power Gain 5.0 . 35.0 1.0 dB — 11.0 —
VSWR Freq. at VSWR = 2:1 5.0 ! 35.0 — GHz — 3.0 —
Pias Qutput Power at 1 dB Gain Compression 5.0 5 35.0 0.5 dBm — 10.0 —
NFso 5001 Noise Figure 5.0 35.0 0.5 dB — 6.0 —
iP; Third Order Intercept Point 5.0 35.0 0.5 dBm - 1 230 | —
HP2 Second Harmonic Intercept Point 5.0 35.0 0.5 dBm = — ! 39.0 [ —
f1a8 Frequency at -1dB Gain Point! 50 | 350 — GHz | — | oe —

Note 1. Frequency at which gain 1s 1 dB less than at 100 MHz



MSA-0304

RECOMMENDED MAXIMUM RATINGS TYPICAL PERFORMANCE, TA=25°C
Cont.1 Abs.2
Parameter
Oper. Max.
Power Supply Voltage 5.0v 6.0V
Power Supply Current 40 mA 80 mA TEEE:QEN?%ASE\F;OE’%—JEGPEY
Continuous RF Input Power +16 dBm +20 dBm '
Storage Temperature 150°C
M.T.T.F. (Projected) 1x106 Hrs. 1x10J Hrs.
Thermal Resistance, ©jc = - 150° C/W <
E
Notes:
1. Operation of this device above any one of these parameters may
shorten the MTTF from the design goals.
2. Operation of this device above any one of these parameters may
cause permanent damage.
Vce.V
OUTPUT POWER AT 1dB GAIN COMPRESSION
INSERTION POWER GAIN AT 0.5 GHz AND NOISE FIGURE vs. CASE TEMPERATURE
( S2t>) v*. CURRENT 1=35 mA, FREQ. =5Q0 MHz
Pina-------
NF
I, mA TEMPERATURE, °C
OUTPUT POWER AT 1dB GAIN COMPRESSION VSWR vs. CURRENT
vs. CURRENT AND FREQUENCY FREQUENCY - 1.0 GHz
*
10 20 30 40 50 60
I, mA
TYPICAL SCATTERING PARAMETERS*
- VCE= 5V, lc =35 mA
Freq. S22
MHz Mag < Ang . *m dB Ang dB Ang Mag Ang
100.00 ‘¢ 086 w- 1.7 166.1 12.754 174.0 18.572 31 0:.,id4i 'e.o*m -15.0
500.00 .081 i.l 135.0 12-329 148.9 18.156 8.9 J7.4- 139 . -55.7
1000.00 11.; .077 4?.~ "/ 106.4 i.n 11.724 119.6 17.075 14.1 eeee: 165 - J -100.3 - ;
1200.00 .075 101.9 11.193 108.1 16.615 15.9 .176 -116.4
1400.00 .070 99.9 10.737 99.3 15.966 16.5 .190 -129.5
1600.00 .069 102.1 10.262 89.1 15.482 17.3 .204 -142.5
1800.00 .068 108.7 9.921 79.4 14.914 16.1 .219 -152.8
2000.00 .075 119.0 9.471 69.8 14.455 15.3 .233 -164.0
2200.00 .088 123.8 9.137 60.8 13.848 131 .248 -173.4
2400.00 .108 127.4 8.617 53.3 13.606 12.2 .261 178.0
2600.00 .130 128.2 8 281 445 13 021 9.6 273 169.4
2800.00 .159 126.9 7.685 37.6 12.923 7.3 .285 162.7
3000.00 191 126.0 7.364 29.6 12.402 4.9 .302 155.8

ADS-1411/2-85

Printed in U.S.A.



3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM117/217/317 are adjustable 3-terminal positivt voltaga
regulator) capable of supplying in excess of 1.5 A over an output
voltage range of 1.2 V to 37 V. These voltage regulators are excep-
tionally easy to use and require only two external resistors to set the
output voltage. Further, they employ internal current limiting,
thermal shutdown and safe area compensation, making them essen-
tially blow out proof.

The LM117 series serve a wide variety.of applications including
local, on card regulation. This device also makes an especially
simple adjustable switching regulator, a programmable output
regulator, or by connecting a fixed resistor between the adjustment
and output, the LM117 series can be used as a precision current
regulator.

« Output Current in Excess of 1.5 Ampere in TO-3 and T0-220
Packages

Output Current in Excess of 0.5 Ampere in TO-39 Package

Output Adjustable between 1.2 V and 37 V

Internal Thermal Overload Protection

Internal Short-CircuitCurrent LimitingConstantwith Temperature

Output Transistor Safe area Compensation

Floating Operation for High Voltage Applications
« Standard 3-lead Transistor Packages
Eliminates Stocking Many Fixed Voltages

STANOARO APPLICATION
~upply filter.
«+ - CO = not needed for stability, however it doe* improve transient
response.

vout m1.2+ v (1 ¢jp) #ladi R2

sSince IAd] it controlled to lea* then 100 mA, the error associated with thi*
term i* negligible in mo*t applications

4-16

LMI1/
VA7
LMVBL/

3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

(Bottom View)

(Cate Is output)

Ad)u*t

ORDERING INFORMATION

Device ~ Temperature Range Package

LM117H Tj--55°C to +150°C Metal Can
LM117K 55°C to+150°C  Metal Power
LM217H Tj- -2S°Cto +150°C  Metal Cen
LM217K  Tj- -2S°C to +150°C  Metal Power
LM317H T m=0°C to +125°C Metel Can
LM317K  Tj- 0°C to +125°C Metal Power
LM317T  Tj- 0°C to #128°C Plastic Power

LM117, LM217, LM317

MAXIMUM RATINGS

Reting
Input-Output Voltage Differential
Power Dissipation

Operating Junction Temperature Range
LM117
LM217
LM317

Storage Temperature Range

Symbol Velue Unit

VI-vo 40 vde
D Internally
Limited

-55 to +150
-25 to +150
0 to +125
Tsg 6510 +150  °C

ELECTRICAL CHARACTERISTICS (v, - V0 - SV; 10 - 0.5 A for K and | pedgg; 10 - 0.1 A for gﬂ@ o
Tj mTiow to Thigh l«a N°» 11: ‘mex "« prex «r Not2; url hiwiia ipecified)

Cheracterittic Figure ~ Symbol
Line Regulation (Note 3) 1 Ragijne
TA m25°C,3V < V| —Vo <40V
Loed Regulation (Note 3) 2 Reflload
TA - 25°C.10mA < 10 < Imax
VO <5V
VO > 5V
Adjustment Pin Current 3 <Adj
Adjustment Pin Current Chenge 1.2 A'Adj

26V < V|- V0<40V
10mA < 11 < Imax- #D " ~mex

Reference Voltage (Note 4) 3 vrtf
3V <V|—Vqg<40V
10MA < Iq < Imax> "D ~ ~mex

Lina Regulation (Note 3) 1 R*9iine
3V<V|-Vqg<40V

Load Regulation (Note 3) 2 *«8load
10mA < lo < ‘max

Vg <5V

VO >5V
Temperature Stebility (Tlow < Tj < Thigh) 3 TS
Minimum Load Current to 3 *Lmin
Maintain Regulation (V| - Vq w40 V)
Maximum Output Currant 3 Imax

V.,-V0o<15V.PD<Pm,x
K and T Packages
H Package
V|- VO - 40 V,PD < Pmax. Ta ' 25°C
K and T Packages
H Package
RMS Noise, % of VO - N
TA - 25°C, 10 Hi < f < 10 KHz
Ripple Rejection, Vq - 10 V. f- 120 Hi (Note 5) 4 RR
Without Ca DJ
Cadj" 10
Long Term Stability, Tj = TAjgh (Note 6) 3 s
Ta ®25°C for Endpoint Measurements
Thermel Resistance Junction to Casa RAIC
H Package (TO-39)
K Package (TO-3)
T Package (T0-220)

NOES HTOW “g5:¢ for M} T@"q%:oe M
<BChr - H7Cr
- 0°C for LM317 - *12*°C for LM317
(2) ImtK - 1.6 A for K (TO-3) end T (T0220) Peckege*
- 0.5 A for H (TO-39) Peckege
Pm#K - 20 W for K (TO-3) end T (TO-220) Packages
- 2 W for H (TO-39) Package
(3) Load and line regulation are specified at constant
Junction temperature. Changes In Vg due to heating

LM117/217 LM317
Min  Typ  Mex Min  Typ  Mex Unit
%NV
0.01 0.02 - 0.01 0.04
5 15 - 5 25 mvV
) 01 03 01 05 %v0
- 50 100 50 100 ma
mA
0.2 5 0.2 5
A\
120 1.25 1.30 1.20 1.25 1.30
%IV
- 0.02 0.05 - 0.02/ 0.07
20 50 - 20 70 mV
: 03 1 03 15  %v0
- 0.7 - - 0.7 %v0
mA
- 3.5 5 - 35 10
A
15 22 . 15 22
0.5 0.8 0.5 08
0.25 0.4 0.15 0.4
0.07 0.07
%v0
- 0.003 - - 0.003 -
@B
65 65
66 80 66 80
%/1.0kHrs
- 0.3 1 - 03 1
°clw
12 15 12 15
23 3 23 3
- 5

affects must be taken into account seperately. Pulse
testing with low duty cycle is used.

(4) Selected devices with tightened tolerence reference
voltege available.

(5) Ca D3> u»*d. is connected between the
edjustment pin end ground.

(6) Since Long Term Stebility cannot be meesured on
each device before shipment, this specification is an
engineering estimate of everege stebility from lot to
lot.



LM117, LM217, LM317

AD.output voltage drerge N0

FIGURE » -

. JNCTION TEMERATLFE (D

T INCTION TEMERATLFEFG)

TEMPERATURE STABILITY
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FIGURE + - CURRENT LIMIT

FIGURE 10 -

MINIMUM OPERATING CURRENT

LM117, LM217, LM317

Af.ime voltage a0. cutput voltage

FIGURE 11 - RIPPLE REJECTION VS OUTPUT VOLTAGE

FIGURE 15 - LINE TRANSIENT RESPONSE
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v
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0 10 70 0 40
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FIGURE 12 - RIPPLE REJECTION VS. OUTPUT CURRENT

w
1,00
=)

o

s

WHyicry — — -f

fp—

—
e

=Y

FIGURE 16 - LOAO TRANSIENT RESPONSE



LM117, LM217, LM317

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM117 is a 3-terminal floating regulator. In opera-
tion, the LM117 develops and maintains a nominal 1.2S
volt reference IVref) between its output and adjustment
terminals. This reference voltage is converted to a pro-
gramming current (IPROG) bV RI (see Figure 17), and
this constant current flows through R2 to ground. The
regulated output voltage is given by:

Vout-Vig (uj”l +IA5R

Since the current from the adjustment terminal (IAdj)
represents an error term in the equation, the LM117 was
designed to control I/vdj to less than 100 /iA and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will rise.

Since the LM117 is a floating regulator, it is only the
voltage differential across the circuit which is important
to performance, and operation at high voltages with
respect to ground is possible.

FIGURE 17 - BASIC CIRCUIT CONFIGURATION

LOAD REGULATION

The LM117 is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming resistor (R1) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.

4-22

EXTERNAL CAPACITORS

A 0.1 /iF disc or 1/iF tantalum input bypass capacitor
(Cjn) is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (Ca DJ) Prevents
ripple from being amplified as the output voltage is
increased. A 10 /iF capacitor should improve ripple
rejection about 15dB at 120 Hz in a 10 volt application.

Although the LM117 is stable with no output capaci-
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output capaci-
tance (CO) in the form of a 1 /iF tantalum or 25 /iF
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any I.C. regu-
lator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator.

Figure 18 shows the LM117 with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (CQ > 25 /iF, CaDJ > 10
Diode Dj prevents CQ from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor CaDJ discharging through the I.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents CaDJ ffom discharging through the I.C.
during an input short circuit.

FIGURE 18 - VOLTAGE REGULATOR WITH
PROTECTION DIODES

LM117, LM217, LM317

FIGURE 20 -

FIGURE M -

ADJUSTABLE CURRENT LIMITER

4-23

FIGURE 21 -

"LABORATORY" POWER SUPPLY WITH ADJUSTABLE
CURRENT LIMIT AND OUTPUT VOLTAGE

5V ELECTRONIC SMUT DOWN REGULATOR



Advance Information

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM117L/217L/317L are adjustable 3-terminal positive
voltage regulators capable of supplying in excess of 100 mA over an
output voltage range of 1.2 V to 37 V. These voltage regulators are
exceptionally easy to use and require only two external resistors
to set the output voltage. Further, they employ internal current
limiting, thermal shutdown and safe area compensation, making
them essentially blow out proof.

The LM117L series serves a wide variety of applications including
local, on card regulation. This device also makes an especially
simple adjustable switching regulator, a programmable output
regulator, or by connecting a fixed resistor between the adjustment
and output, the LM117L series can be used as a precision current
regulator.

+ Output Current in Excess of 100 mA

« Output Adjustable Between 1.2 V and 37 V

« Internal Thermal Overload Protection

« Internal Short-Circuit Current Limiting

+ Output Transistor Safe Area Compensation

* Floating Operation for High Voltage Applications
« Standard 3-Lead Transistor Packages

+ Eliminates Stocking Many Fixed Voltages

STANDARD APPLICATION

++ « Ceisnot naadad for *tabillty. however It doe* Improve transient
raaponae.

Vout- 128V (1 +|Ad, *2

Since IAdJ la controlled to lea* than 100 nA. the error eaeocleted with thle
term lenefliglble In moft epplicetione

Thii it advance mformetion end apecificatione are iub|Kt to change without notice.
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LM117L
LM217L
LM317L

LOW-CURRENT
3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Z SUFFIX
CASE 29
TO 92
PLASTIC PACKAGE
ILM3I7L only)

UFFIX
METAL PACKAGE
CASE 79
(T0-39)

e 6 -

(Bottom View)

(Caee la output)

ORDERING INFORMATION
Device Temperature Range Package
LM117LH  Tj- -55°C to H50°C  Metal Can
LM217LH Tjm-25°C to +1S0°C  Metal Can
LM317LH Tj-0°Cto «128°C
LM317LZ Tj-0°Cto*I25°C Plastic

Metal Can

LM117L, LM217L, LM317L

MAXIMUM RATINGS

Rating
Input-Output Voltage Differential
Power Dissipation

Operating Junction Temperature Range
LM117L
LM217L
LM317L

Storage Temperature Range

ELECTRICAL CHARACTERISTICS
IV, - Vo - SV;10 - 40 mA. Tj - Tlow lo Th,,h Isee Now 1]; Im, x and Pm,

Characteristic Figure ~ Symbol
Line Regulation (Note 3) 1 Radll,ne
Ta - 25°C,3V < V| —V0 < 40V
Load Regulation (Note 3) 2 R«Bloed
Ta - 25°C, 5mA < In < Imax
VO <5V
VO >5V
Adjustment Pin Current 3 >Adj
Adjustment Pin Current Change 1.2 A*Adj
25V <V, - Vg<40V
5mA < Il Imax*PD" Amsx
Reference Voltage (Note 4) 3 Vref

3V<V| -V0<40V
5mA ~ Iq ~ Imax' PD ~ pmex
Line Regulation (Note 3) 1 R«flime
3V < V| —Vqg<40V

Load Regulation (Note 3) 2 Re9load
5mA < Iq * Imax
VO <5V
VO >5V
Temperature Stability (Tlow < Tj < Thigh® 3 TS
Minimum Load Current to 3 *Lmin

Maintain Regulation (V| - Vq =40 V)
Maximum Output Current 3 max
V., - Vo < 20V. PO <Pmax H Package
V|- Vo < 625V.PD < Pmax Z Package
V, - VO - 40V. PO < Pmax. Ta * 25°C
H Package
Z Package
RMS Noise. % of Vq - N
Ta - 26°C. 10 Hi < f< 10KHi
Ripple Rejection, Vg « 10V, f « 120 Hi (Note 5) 4 RR
Without CAqj
CAOJ" 10%F
Long Term Stebility. Tj * Thigh (Note 3 s
Ta - 25°C for Endpoint Measurements
Thermal Resistance Junction to Case - R*JC
H Package (TO-39)
Z Package (TO 92)

NoTES (I T'om + -65°C lor LM117L  Thigh - *150°C lo< LM1I7L
+ -25°C lor LM2I7L + #150°C lor LM217L

«0°Clor LM3I17L - *125°C tor LM317L
(2)Im, - 100 mA
pm»K - 2w lor H (TO-391 Peckage
. 625 mW tor Z (TO 921 Package

131 Load and lin@regulation are specified at conitent
lunctlon temperature. Changes In V q due to heating

Symbol Value Unit
v.vo 40 vde
PD Internally
Limited
Tj °c
-55 to *150
-25 to #ISO
0to +125
-65t0 *150  °C

T.t«

per Note 7: unless otherwise ipec.f.ed!

LM117L/217L LM317L
Min Typ  Max  Min  Typ  Max Unit
%IV
- 001 002 - 001 004
- 5 15 - 5 25 mv
- 0.1 0.3 - 01 05 %Vq
- 50 100 - 50 100 A
mA
- 0.2 5 02 5
\%
120 125 130 120 125 130
%NV
. 002 005 - 002  0.07
- 20 50 - 20 70 mv
- 0.3 1 - 03 15 %V0
- 0.7 - - 07 - %0
mA
- 35 5 - 36 5
200 mA
100 200 - 100 200 -
. 50 - - 50 . nA
- 20 - - .
%0
- 0.003 - - 0.003
dB
- 65 - - 65 “
- 80 “ “
9/1.0k Hrs
. “ 1
‘cm
» 160

allects must be taken into ecrount sepeiet.lv. Pulse
tasting with low duty cycle It used.

(41 Selected devices with tightened tolerance relerence
voltage available.

(5) Cao j-when used, is connected between the
adjustment pm and ground

16) Since Long Term Stebility cannot ba meeeured on
each device before shipment, this specification Is an
engineering estimate ol average stability from lot to
lot.



LM117L, LM217L, LM317L LM117L, LM217L, LM317L

FIGURE L - LOAD REGULATION FIGURE + - RIPPLE REJECTION
g
50 25 0 B W B W0 125 19
Tj, JUNCTION TEMPERATURE (*C> Tj. JUNCTION TEMPERATURE (°CI
FIGURE 7- CURRENT LIMIT FIGURE 11 - LINE REGULATION FIGURE 12 - OUTPUT NOISE

Ip. QUTRUT QURRENT 1A
AVO. QUIFUT VOLTAGE CHANGE (%

-50 -25 0 %5 50 s 100 125 120
M - V0. INPUT - QUTPUT VOLTAGE DIFFERENTIAL IVdc) Tj. JUNCTION TEMPERATURE (#Q) Tj. JUNCTION TEMPERATURE (°C)
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LM117L, LM217L, LM317L

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

Th* LM117L is a 3-t»rminal floating regulator. In
operation, the LM117L develops and maintains anominal
1.25 volt reference (Vref) between its output and adjust-
ment terminals. This reference voltage is converted to a
programming current (IpPROG> by RI (see Figure 131,
and this constant current flows through R2 to ground.
The regulated output voltage is given by:

Vout * vref M +jjj) +IAdj

Since the current from the adjustment terminal (IAdjl
represents an error term in the equation, the LM117L was
designed to control IAdj to less than 100 uA and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will rise.

Since the LM117L is a floating regulator, it is only the
voltage differential across the circuit which is important
to performance, and operation at high voltages with
respect to ground is possible.

FIGURE 13 - BASIC CIRCUIT CONFIGURATION

LOAD REGULATION

The LM117L is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming resistor (R1) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS

A 01 jiF disc or 1fjF tantalum input bypan capacitor
(Cinl is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor ICad j) prevents
ripple from being amplified as the output voltage is
increased. A 10 pF capacitor should improve ripple
rejection about 15dB at 120 Hi in a 10 volt application.

Although the LM117L is stable with no output capaci-
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output capaci-
tance (CO) in the form of a 1 iiF tantalum or 25 *iF
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any I.C. regu-
lator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator.

Figure 14 shows the LM117L with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (C, > 10 #F, CadJ > 5 *iF).
Diode Di prevents CO from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor CADJ discharging through the I.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents CADJ *r°m discharging through the I.C.
during an input short circuit.

FIGURE 14 - VOLTAGE REGULATOR WITH
PROTECTION DIODES

LM117L, LM217L, LM317L

FIGURE 15 -

ADJUSTABLE CURRENT LIMITER
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FIGURE 16 -

5V ELECTRONIC SHUTDOWN REGULATOR
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National
Semiconductor

Voltage Regulators

LM137/LM237/LM337 3-Terminal Adjustable

Negative Regulators

General Description

The LM137/LM237/LM337 are adjustable 3-terminal
negative voltage regulators capable of supplying in excess
of -1.5A over an output voltage range of -1.2V to
- 37V. These regulators are exceptionally easy to apply,
requiring only 2 external resistors to set the output
voltage and 1 output capacitor for frequency compensa-
tion. The circuit design has been optimized for excellent
regulation and low thermal transients. Further, the
LM137 series features internal current limiting, thermal
shutdown and safe area compensation, making them
virtually blowout proof against overloads.

The LM137/LM237/LM337 serve a wide variety of
applications including local on-card regulation, program-
mable output voltage regulation or precision current
regulation. The LM137/LM237/LM337 are ideal comple-
ments to the LM117/LM217/LM317 adjustable positive
regulators.

Features

= Output voltage adjustable from —1.2V to -37V
» 15A output current guaranteed, -55°C to +150°C

Typical Applications

Line regulation typically 0.01%/V

Load regulation typically 0.3%

Excellent thermal regulation, 0.002%/W

77 dB ripple lejection

Excellent rejection of thermal transients

50 ppm/°C temperature coefficient

Temperature-independent current limit

Internal thermal overload protection

100%electrical burn in

Standard 3 lead transistor package

LM137 Series Packages and Power Capability
RATED DESIGN
DEVICE ~ PACKAGE POWER LOAD
DISSIPATION ~ CURRENT

LM137 TO 3 20W 15A
LM237
M337 TO 39 2w 0.5A
LM337T TO 220 fiw 15A
LM337M TO 202 . 05A
LM337LZ T0-92 0.62W 0.1A

Adjustable Negative Voltage Regulator

VOUT-, - » V('* TS5-)* ("ADIXRY)

*C1 * 1uF solid tantalum or 10 uF aluminum electrolytic required for stability.
Output capacitors in the range of 1 pF to 1000 uF of aluminum or tan
talum electrolytic are commonly used to provide improved output impe-
dance and reaction of transients.

*C2+ 1 (iF solid tintalum is required only if regulator is morr* than 4" from
power-supply filter capacitor

1-50

Absolute Maximum Ratings

Power Dissipation Internally limited

Input- Output Voltage Differential 4ov
Operating Junction Temperature Range
LM137 -55"Ct0"60¢C
LM237 -25°Cto *150rC
LM337 0°C to <125 C

Storage Temperature -65°C to +150°C
Lead Temperature (Soldering. 10 seconds) 300°C

Preconditioning
Burn-In in Thermal Limit

Electrical Characteristics (Noeu

100% All Devices

CONDITIONS

TATr 25 C. 3V VIN~VOUT < 40V
(Note 2)
Ta 325 C. 10mA < loUT  'MAX

IVOUTI 1> 6V <No.e 2L
IVoilT'  5V. (Note 21

Thermal Regulation Ta - 25' C. 10 ms Pulse

Adjustment Pin Current

10 mA < \i < IMAX
3.0V< VM -VquT < 40v tA" 2]

Adjustment Pm Current Change

Reference Voltage TA 25C (Note 3)
3< IVIN VO UT!40v-Nop 3
10mA < louT < 'MAX- p® PMAX

Line Regulation 3V < [VIS| VouT < 40v (No,e

10 mA < louT < 'MAX (Note 21

[\i813%

Tmin A fj< tmax

MN VAT <4V

[VIN - VOUT! < 10v

Load Regulation

Temperature Stability

Minimum Load Current

IV|n VOUT! < 15V

K and 7 Packagr

H and P Package

IVIM VOUTI1- 40v-Ti- K'C
K and T Package

H and P Package

RMS Output Noise, % of Vqut TA 25 C. 10Mi < f< 10kM/

Ripple Rejection Ratio VOUT  -10V.f 120 H*
CADJ ' 10%F

Long Term Stability TA * 125'C, 1000 Hours

Thermal Resistance, Junction to Case ~ H Package
K Package
T Package
P Package

Not* 1: Unless otherwise specified, those specifications apply ~ 55'C V Tj < * 1S0°C lor the LM137.

1.213 1250 m
1700 1250

0003

cw
'CW
fcw
cw

- 25°C t Tj< #1SO°C lor the

LM237 0*C< Ti< 4-125"C lor the LM337; VIN mVouT" 5V; and louT -0.1A lor the TO-39 and T0-202 packages and louT -05

the TO-3 and Tb-220 packages Although power dissipation Is “"'e'™ **

Ih O* nd
sipations of 2W for the TO-39 and TO-202 and 20W for the TO-3 and TO-220 IMAx 'S 15A for the TO-3 and TO 220 par kages a

0.5A for the T0-202 package and 0 2A for the TO-39 package.

Not. 20 Regulation is measured a. constant junction temperature usrng pulse testing with alowduty ¢

y ¢ I . u "~ n It

age due lo heating effects are covered under the specification for thermal regulation Load regulation n measured on Ihe output pm

apoint 1/8* below the base of the TO-3 and TO 39 package?'
Not* 3: Selected devices with tightened tolerance reference voltage available
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Schematic Diagram

Thermal Regulation

When power is dissipated in an IC. a temperature
gradient occurs across the IC chip affecting the individual
IC circuit components. With an IC regulator, this gradient
can be especially severe since power dissipation is large.
Thermal regulation is the effect of these temperature
gradients on output voltage (in percentage output change)
per Watt of power change in a specified time. Thermal
regulation rrror is independent of electrical legulation or
temperature coefficient, and occurs within 5 ms to 50 ms
after achange in power dissipation. Thermal regulation
depends on IC layout as well as electrical design. The
thermal regulation of avoltage regulator is defined as the
percentage change of VouT. P« Watt, within the first
10 ms after a step of power is applied. The LM137's
specification is 0.02%/W, max.

\i\qi* 4/
IL OA 025A «*0A
Vertical sensitivity. 5 mV/div

FIGURE 1

In Figure 7, a typical LM137's output drifts only 3 mVv
(or 0.03% of VoUT = 10V) when a 10W pulse is
applied for 10 ms. This performance is thus well inside
the specification limit of 0.02%/W x 10W = 0.2% max.
When the 10W pulse is ended, the thermal regulation
again shows a 3 mV step as the LM137 chip cools
off. Note that the load regulation error of afxnit 8 mv
(0.08%) is additional to the thermal regulation error.
In Figure 2, when the 10W pulse is applied for 100 ms,
the output drifts only slightly beyond the drift in the
first 10 ms, and the thermal error stays well within
0.1% (10 mV).

IL" 0A <0.25A 0A

Horizontal sensitivity, 20 ms/div
FIGURE 2
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Typical Performance Characteristics ik steei andt Packages)

Load Regulation

Dropout Voltage Temperature Stability

120

Ripple Rejection Ripple Refection

Output Impedance

Adjustment Current

Minimum Operating Current

Ripple Rejection

VW\National
k A Semiconductor

Voltage Regulators

LM137HV/LM237HV/LM337HV
3-Terminal Adjustable Negative Regulators (High Voltage)

General Description

The LM137HV/LM237HV/LM337HV are adjustable
3-terminal negative voltage regulators capable of sup-
plying in excess of -1 5A over an output voltage range
of -1.2V to -47V. These regulators are exceptionally
easy to apply, requiring only 2 external resistors to s"t
the output voltage and 1 output capacitor for frequency
compensation. The circuit design has been optimized for
excellent regulation and low thermal transients. Further,
the LM137HV series features internal current limiting,
thermal shutdown and safe-area compensation, making
them virtually blowout-proof against overloads.

The LM137HV/LM237HV/LM337HV serve a wide
variety of applications including local on-card regula-
tion, programmable output voltage regulation or pre-
cision current regulation. The LM137HV/LM237HV/
LM337HV are ideal complements to the LM117HV/
LM217HV/LM317HV adjustable positive regulators.

Typical Applications

Features

Output voltage adjustable from -1.2V to -47V
1.5A output current guaranteed. 55'Cto 4150 C
Line regulation typically 0.01%/V

Load regulation typically 0.3%

Excellent thermal regulation. 0.002% W

77 dB ripple rejection

Excellent rejection of theimal transients

50 ppm/°C temperature coefficient
Temperature independent current limit

Internal thermal overload protection

100% electrical burn in

Standard 3 lead transistor package

Adjustable Negative Voltage Regulator

-VOUT . -1 25V (Led!L)

“C1- 1 solid tantalum or 10%F aluminum electrolytic required for stability

Output capacitors in the range of 1jiF to 1000

of aluminum or tan-

talum electrolytic are commonly used to provide improved output impe-

dance and rejection of transients

*C2 * 1 jiF solid tantalum is required only if regulator is more than 4" from

power-supply filter capacitor

1-63
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National
fA Semiconductor

Voltage Regulators
PRELIMINARY

LM337L 3-Terminal Adjustable Regulator

General Description

The LM337L is an adjustable 3-terminal negative voltage
regulator capable ol supplying 100 mA over a 1.2V to 37V
output range. It is exceptionally easy to use and requires
only two external resistors to set the output voltage. Fur-
thermore, both line and load regulation are better than
standard fixed regulators. Also, the LM337L is packaged
in a standard TO-92 transistor package which Is easy to
use.

In addition to higher performance than fixed regulators,
the LM337L offers full overload protection. Included on the
chip are current limit, thermal overload protection and
sale area protection. All overload protection circuitry
remains fully functional even If the adjustment terminal is
disconnected.

Features

= Adjustable output down to 1.2V

m Guaranteed 100 mA output current

m Line regulation typically 0.01 %/V

m Load regulation typically 0.1%

m Current limit constant with temperature

m Eliminates the need to stock many voltages
m Standard 3-lead transistor package

m 80 dB ripple rejection

Normally, only a single 1pF solid tantalum output capaci-
tor is needed unless the device Is situated far from the
input filter capacitors, in which case an input bypass is
needed. A larger output capacitor can be added to improve
transient response. The adjustment terminal can be by-
passed to achieve very high ripple rejection ratios which
aredifficulttoachieve with standard3-terminal regulators.

Typical Applications

1.2V-25V Adjustable Regulator

-Vaqut- -125V (U
W 2400/
®Cl « 1nF solid tantalumor 1 0 aluminum electrolytic re-
quired tor stability
*C2 m 1pF solid tantalum is required only it regulator is
more than 4* from power supply filter capacitor

Besides replacing fixed regulators, the LM337L is useful
In a wide variety of other applications. Since the regulator
is "floating” and sees only the input-to-output differential
voltage, supplies of several hundred volts can be regu-
lated as long as the maximum input-to-output differential
is not exceeded.

Also, It makes an especially simple adjustable switching
regulator, a programmable output regulator, or by connect-
ing a fixed resistor between the adjustment and output,
the LM337L can be used as a precision current regulator.
Supplies with electronic shutdown can be achieved by
clamping the adjustment terminal to ground which pro-
grams the output to 1.2V where most loads draw little
current.

The LM337L is packaged In a standard TO-92 transistor
package. The LM337L is rated for operation overa - 25'C
to + 125*C range.

For applications requiring greater output current in ex-
cess of 0.5A and 1.5A, see LM137 series data sheets. For
the positive complement, see series LM117 and LM317L
data sheets.

Connection Diagram

3r"

BOTTOMVIW
Order Number LM337LZ
See NS Package Z03A

Regulator with Trimmable Output Voltage

1=V, <-»VT0-ceV)

Trim Procedure:
—If VquT »+ - 23.08V or bigger, cut out R3 (If smaller, don't

cut it out).
—Then If VQuT *+ - 22.47V or bigger, cut out R4 (if smaller,
jon'),
—Than if Vqut *» * 22.16V or bigger, cut out RS (If smaller,
don't).

This will trim tha output to well within 1% of - 22.00 Vagq.
without any of the expense or trouble of a trim pot (see
LB-46). Of course, this technique can be used at any output
voltage level.

1-134

Absolute Maximum Ratings

Power Dissipation Internally Lim

Input-Output Voltage Differential

Electrical Characteristics (\ded
Parameter Conditi

Line Regulation
(Note 2)

Load Regulation

Thermal Regulation

Adjustment Pin Current

Adjustment Pin Current Change 5mAsiLs 100 mA

3Vs IV,n-Vout A 40V

Reference Voltage

Line Regulation

Load Regulation
Temperature Stability Tmin BTjs Tmax
[Vin-Vout:s 40V
3Vs [V(N-Vout *15V
3Vs IV,n-Vout s 13V
IV(N-Vout =40V

Minimum Load Current

Current Limit

Rma Output Noise,  of Vqot
Ripple Rejection Ratio
Caoj * 10FF

Long-Term Stability Ta* 125'C

ited
40V

ions

Ta* 25*C, 10 H zsfs 10 KHz
Vaut* - 10V. f* 120 Hz. Caoj

Operating Junction Temperature Range

Storage Temperature

Lead Temperature (Soldering. 10seconds)

Ta=25*C, 3Vs V,N-Vour s 40V.

Tab 25#C. 5 mAs lout * max. (Note 2)
Ta* 25*C. 10 ms Pulse

J

3V's IV|N-Vout 1s 40V. (Note 3)
10mAss louts 100 mA. Ps 625 mW

3VE IVIN-VOUE * 40V. (Note 2)
5mAs louts 100 mA. (Note 2)

25

66

Typ

0.1
0.04
50
0.2

0.3

- 25'Cto 4 125'C
-55'Cto ¢150T

Max

0.5
0.2
100

007

15

3.5

320
120

1

300*C

Units

%N

Note 1: Unless otherwise specified, these specifications apply -25'CsTjs -H25°C for the LM337L. yIN-vOUT *5V and louT =40 mA

Although power dissipation is internally limited, these

are

heating affects are covered under the specification for thermal regulation
Note 3: Thermal resistance of the TO-92 package is 180*C/W junction to ambient with 0.4" leads from a PC board and 160*C/AW junction to ambient

with 0125' lead length to PC board.

1-135

up to 625 mW Imax ,s 100 m<™

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle Changes in output voltage due to

1LEENT



LF412A/LF412 Lov Offset, Lov Drift Dual JFET Input Operational Amplifier

LIFE SUPPORT POLICY

NATIONAL S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
ORSYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

Life support devices or systems are devices or systems
which, (a) are Intended lor surgical implant into the
body, or (b) support or sustain life, and whose failure to
perform, when properly used in accordance with in-
structions for use provided in the labeling, can be rea-
sonably expected to result in a significant Injury to the
user.
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2. Acritical componentis any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failureof the life support
deviceor system, or toaffect its safetyor effectiveness.
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National
J51 Semiconductor

LF412A/LF412 Low Offset, Low Drift BIFET I Technology
Dual JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and
guaranteed input offset voltage drift. They require low
supply current yet maintain a large gain bandwidth prod-
uct and fast slew rate. In addition, well matched high
voltage JFET input devices provide very low input bias and
offset currents. LF412 dual is pin compatible with the
LM1558, allowing designers to immediately upgrade the
overall performance of existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage and drift, low input bias current, high input imped-
ance, high slew rate and wide bandwidth.

Typical Connection
LF412XYZ

< X

“M*" for military
"C" for commercial

N

“H" or "N"

Simplified Schematic
1/2 Dual

1962 National Semiconductor Corp ~ XH/273

Features

= Internally trimmed offset voltage 1mV(max)
= Input offset voltagedrift 10»V/*C(max)
= Low input bias current 50 pA
® Low input noise current 0.01 pA/\ Hz
= Wide gain bandwidth 3 MHz (min)
m High slew rate 10V/,,s(min)
= Low supply current 1.8mA/Amplifier
= High input impedance 10131
m Low total harmonic distortion Av = 10, <0.02%

R1 = 10k, VO = 20 Vp-p, BW = 20 Hz-20 kHz

m Low l/fnoise corner 50 Hz
m Fast settling time to 0.01% 2fis

Ordering information Connection Diagrams

indicates electrical grade
indicates temperature range

LF412AMH/LF412MH, LF412ACH/LF412CH
Metal Can Package

indicates package type

LF412ACN, LF412CN
Dual-In-Line Package

IM B20M3? Pt.niwl mUS*
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Absolute Maximum Ratings

LF412A LFa12 H Package
Supply Voltage *22v t 10v Power Dissipation 670 mw
Differential Input Voltage +38V £30V (Note 3)
Input Voltage Range + 15V Tj max 1504C
(Note ) 150 CIW
Output Short Circuit Operating Temperature (Note 4)
Duration (Note 2) Range
Storage Temperature -85*CsTAS150*C
Range
Lead Temperature
(Soldering, 10 seconds)
DC Electrical Characteristics (\tes
Symbol P t Conditi LF412A LF412
ymbol arameter onditions Min Typ Max Min Typ
Vos Input Offset Voltage Rs = 10klj, Ta= 25*C 0.5 10 10
Avasmt AVerage TCofinput oo 141 (yote 6) 7 10 7
Olfset Voltage
= 25* 2 1 25
Input Offset Current Ve= £ 15V I: ?2 g ° 20
los = 10
(Notes 5 and 7) T - 125C 25
= 25" 50 200 50
Vs = £15V n=25'C
Ib Input Bias Current (Notes 5and 7) Tj=70*C 4
Tj = 125*C 50
Rin Input Resistance T = 25"C 1012 1012
Large Signal Voltage Vs= + 15V,\0 = * 10V, 50 200 25 200
Avoi  Gain RL= 2k, TA= 25*C
Over Temperature 25 200 15 200
Vo Output Voltage Swing Vs = + 15V, Rl = 10k 12 #135 £12  #135
Input Common-Mode +16 +195 *11 +145
vem Voltage Range -18.5 -11.5
cmrr  Common-Mode Rss 10k 80 100 70 100
Rejection Ratio
SRR SuPPly Voltage (Note 8 80 100 70 100
Rejection Ratio
s Supply Current 3.6 5.6 3.6
AC Electrical Characteristics \tes»
P t Conditions LFa12A LF412
Symbol arameter Min Typ Max Min Typ
Amplifier to Amplifier TA=25*C,f=1 Hz-20 kHz 120 120
Coupling (Input Referred)
SR Slew Rate Vs = 15V, TA=25*C 10 15 8 15
GBW Gain-Bandwldth Product Vs = #15V, TA=25'C 3 4 27 4
Equivalent Input Noise Ta = 25*C, Rs =10011, 25 25
en
Voltage f=1kHz
o Equivalent Input Noise TA= 25%C, 1= 1KHz 001 0.01

Current

N Package

500 mW

115'C
180*C/W
(Note 4)

-eS'CsTANSO'C

Max Units
3.0 mv
20 vrc
(Note 6)
100 pA
2 nA
25 nA
200 PA
4 nA
50 nA
@
Vimv
Vimv
\%
\
\%
dB
dB
6.8 mA
it
Max Unit
dB
VSIS
MHz
nV/VHz
pPAA/H*

Notes

Not* 1 Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage
Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shotted as the m.mmum
junction temperature will be exceeded.

Note 3 For operating at elevated temperature, these devices must be derated based on a thermal resistance of

Note 4; These devices are available in both the commercial temperature range 0*C STAs 70*C and the mitita.y temperature range -55*C* Ta* 125 C The
temperature range is designated by the position just before the package type in the device number A"C" indicates the commercial temperature range and an
“M* indicates the military temperature range The military temperature range is available in H' package only.

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vs = + 20V for the LF412A and for V$ * i 15V fo> ihe
LF412 Vos- *B- and 'OS ar®measured at Vam *0

Note 0: TheLF412A is 100% tested to this specification. The LF412is sample tested on a per amplifier basis to insure at least 90" » of the amplifiers ™eel tn*s
specification

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature. Tj Due to
limiOd production test time, Ihe input bias currents are to junction In normal operation the junction tempe‘atuic "ses
above the ambient temperature as aresult of internal power dissipation. Pp Tj=ta #mA PDwhere isthe thermal resistance from junction to ambient Use
of a heat sink is recommended if input bias current is to be kept to a minimum.

Note 0: Supply voltage reaction ratio is measured for both supply or in
practice

with common

Typical Performance Characteristics

Input Bias Current Input Bias Current Supply Current

COMMON-MOOE VOLTAGE (V) TEVPERATURE (C> SUPPLY VOLTAGE (* V)
Positive Common-Mode Negative Common-Mode
5Input Voltage Limit Input Voltage Limit - _Positive Current Limit
POSITIVE SLPRLY NEGATIVE SUPPLY QUTPUT SOLRCE QURRENT (mA)
VOLTAGE (V) VOLTAGE (V)

Negative Current Limit Output Voltage Swing Output Voltage Swing

50

OUTPUT SINN CURRENT (mA) SUPPLY VOLTAGI (t V) Ri-OUTPUT LOAD (MI)



Typical Performance Characteristics (continued)

50-25 0 25 5 75 100 125
TEVPERATLRE (*0)

Distortion vs Frequency

Common-Mode Rejection
Ratio

Open Loop Voltage Gain

SUPPLY VOLTAGE(iV )

Undistorted Output Voltaga
Swing

Power Supply Rejection
Ratio

1k 100k 1M

Output Impedance

V- £15V

-50-25 0 25 50 75 100 125
TEMPERATURE] O

Open Loop Frequency
Response

10 100 1k 10k 100k IM 10M
FREQUENCY(He)

Equivalent Input Nolae
Voltage

SETTLING TIVE (<»

Pulse Response 1 =2 ko, c1 =10 pf

Small Signal inverting

TIVE (0.2 pS/DIV)

Large Signal Inverting

Small Signal Non-Inverting

TIME (0.2 MYOIV)

Large Signal Non-inverting

o2

Current Limit (Rt «100(1)

Application Hints

The LF412 series of JFET input dual op amps are Internally
trimmed (BI-FET II™) providing very low input offset
voltages and guaranteed input offset voltage drift. These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across
the Inputs. Therefore, large differential input voltages can
easily be accommodated without a large increase In Input
current. The maximum differential input voltage Is inde-
pendent of the supply voltages. However, neither of the In-
put voltages should be allowed to exceed the negative
supply as this will cause large currents to flow which can
result in a destroyed unit.

Exceeding the negative common-mode limit on either in-
put will cause a reversal of the phase to the output and
force the amplifier output to the corresponding high or
low state. Exceeding the negative common-mode limit
on both inputs will force the amplifier output to a high
state In neither case does alatch occur since raising the
input back within the common mode range again puts
the Input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common mode limit on a single
input will not change the phase of the output, however, it
both inputs exceed the limit, the output of the amplifier
may be forced to a high state.

The amplifiers will operate with a common-mode input
voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When the negative common-mode voltage swings
to within 3V of the negative supply, an increase in input
offset voltage may occur

Each amplifier Is individually biased by a zener reference
which allows normal circuit operation on +4.5V power
supplies. Supply voltages less than these may result in
lower gain bandwidth and slew rate.

The amplifiers will drive a 2 kil load resistance to + 10V
over the full temperature range. It the amplifier is forced
to drive heavier load currents, however, an increase in in-
put offset voltage may occur on the negative voltage
swing and finally reach an active current limit on both
positive and negative swings.



Application Hints (continued)

Precautions should be taken to ensure that the power
supply tor the integrated circuit never becomes reversed
in polarity or that the unit Is not inadvertently installed
backwards in a socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fusing of the internal conductors and result in a
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize "pick-up" and maximize the fre-

Typical Application

Detailed Schematic

quency of the feedback pole by minimizing the capaci-
tance from the Input to ground.

A feedback pole is created when the feedback around
any amplifier Is resistive. The parallel resistance and
capacitance from the Input of the device (usually the in-
verting Input) to AC ground set the frequency of the pole.
In many Instances the frequency of this pole is much
greater than the expected 3 dB frequency of the closed
loop gain and consequently there Is negligible effect on
stability margin. However, if the feedback pole is less
than approximately 6 times the expected 3 dB frequency
a lead capacitor should be placed from the output to the
Input of the op amp. The value of the added capacitor
should be such that the RC time constant of this capaci-
tor and the resistance It parallels is greater than or equal
to the original feedback pole time constant.

Single Supply Sample and Hold

Physical Dimensions inches (milimeters)

, *0.025
' 0015
40.<35\
1031/

TO-S Metal Can Package (H)

Order Number LF412AMH, LF412MH,

LF412ACH, LF412CH
NS Package Number HO8B

aw

(2137)
DA
NOM
PINNO 1IDENT
0045 npFRy W W
1143)—TT—
0020 U7
0.7(2
012 006 (.ot
(L151)
(0.2290.311) m . (fm
0045 0015 0125 958>
(1143 0311) - M (Tnsi
A8 0 00TT 0003 MN

Molded Dual-In-Une Package (N)
Order Number LF412ACN, LF412CN
NS Package Number NOSA



AH-507

Electrical Specifications
Measured in a 50-ohm system at +15 Vdc nominal

Characteristic

Frequency (MHz Min.)
Small Signal Gain (dB Min.)
Gain Flatness (dB Max.)
Noise Figure (dB Max.)

Power Output @ 1 dB
Compression (dBm Min.)

Two Tone 3rd Order Intercept
Point (dBm Min.)

Two Tone 2nd Order Intercept
Point (dBm Min.)

One Tone 2nd Harmonic
Intercept Point (dBm Min.)

Input/Output VSWR (Max.)
DC Current at 15 V (mA Max.)

Outline Drawings

Typical
25°C

10-500
+15.0

+0.5

+4.5

+24.0

+37.0

+40.0

+46.0
451
+76.0

Guaranteed
0°Cto +50°C

10-500
+14.0

+1.0

+7.0

+20.0

+32.0

+38.0

+44.0
2.0:1
+80.0

(For additional package configurations, see Section 9)

AH-507

CAH-507

10 to 500 MHz
TO-8 Cascadable Amplifier

¢ High Power Output: +24.0dBm

¢ Medium Gain: + 15.0dB

* Low Noise Figure: 4.5dB

» Various Package Options (see photo)
Surface Mounted (SMTO-8), Flatpack with flange (FPF),
Connectorized (CAH), Connectorized Flatpack (CFP),
Flatpack (FP), and TO-8 (AH)

Specifications
- 54°Cto +85°c  Maximum Ratings

10-500 Ambient Operating
Temperature........... - 54°C to +100°C
+14.0
Storage Temperature ... -62°Cto +125°C
+1.0 Maximum Case Temperature ....... +100°C
+9.0 Maximum DC Voltage.......c.c......... +18.0V
Maximum Continuous RF Input
+20.0 Power ... +17.0dBm
Maximum Short Term RF Input
+30.0 Power ........ +50.0 mW (1 minute Max.)
Maximum Peak
+36.0 Power ........... + 0.5W (3pseconds Max.)
“X” Series Burn-In
Temperature
+40.0
Weight.eeceeee,
2.0:1
+90.0
FPF-507
i

3-110



AH-507

Typical Performance

. GAIN “ VSWR [ — REVERSE 1SO

8 8 8 8 8
FREQUENCY <MHZ> FREQUENCY CMHZ> FREQUENCY CMHZ5

POWER OUTPUT NOISE FIGURE 1P3
S*

119§a

FREQUENC <MHZ>

1PS % 2ND HARMONIC
§ 8 9 1 8 8 838 S 8
FREQUENCY <MHZ> FREQUENCY <MHZ)

H-507 76 mA @15.0vdc

Linear S-Parameters

FREQUENCY RETURN LOSS TRANS. GAIN TRANS. GAIN RETURN LOSS
INPUT (S11) FORWARD (S21) REVERSE (S12) OUTPUT (S22)
MHz dB ANG dB ANG dB ANG dB ANG

10.000 -18.2 -128.7 15.55 -169.8 -21.20 12.0 -18.1 1305
60.000 -18.7 164.8 15.68 1725 -21.00 1.0 -23.2 162.0
110.000 -20.8 1453 15.65 162.5 -21.00 -0.8 -26.5 -147.5
160.000 -20.3 138.0 15.48 1545 -21.00 2.0 -25.0 -147.8
210.000 -19.7 1235 15.43 147.3 -20.70 2.5 -24.5 -144.8
260.000 -20.5 1108 15.25 139.3 -20.70 -4.0 -21.6 -139.5
310.000 -20.3 99.3 15.20 1315 -20.60 -5.7 -22.8 -133.8
360.000 -20.5 86.5 15.01 124.8 -20.60 -6.5 -20.6 -147.8
410.000 -20.4 65.3 14.95 117.5 -20.30 -8.2 -19.9 -137.0
460.000 -19.1 47.3 14.78 109.8 -20.30 -10.0 -19.8 -142.0
510.000 -20.8 283 14.80 102.8 -20.20 -13.0 -19.2 -143.6

Deviation from Linear Phase, Gain, Group Delay, and VSWR

FREQUENCY VSWR DEV. LIN. 0 GAIN DEV. GROUP DELAY VSWR
(MHz) INPUT (PEG.) (dB) (n-SEC) OUTPUT
10.000 1.281 8.261 0.297 0.000 1.284
60.000 1.263 -1.318 0.427 0.986 1.149
110.000 1.201 -3.148 0.397 0.556 1.099

160.000 1.214 - 2.977 0.227 0.444 1.119
210.000 1.231 - 2.057 0.177 0.403 1.127
260.000 1.208 - 1.886 - 0.003 0.444 1.181
310.000 1.214 -1.466 -0.053 0.431 1.156
360.000 1.208 -0.045 -0.243 0.375 1.206
410.000 1.211 0.875 -0.303 0.403 1.225
460.000 1.250 1.295 -0.473 0.431 1.228
510.000 1.201 2.466 -0.453 0.389 1.246

31



HEWLETT” PACKARD

COMPONENTS

Features

OPTIMIZED FOR BOTH LOW AND HIGH ORDER
MULTIPLIER DESIGNS FROM UHF
THROUGH Ku BAND

PASSIVATED CHIP FOR MAXIMUM STABILITY
AND RELIABILITY

AVAILABLE IN A VARIETY OF PACKAGES

SPECIAL ELECTRICAL SELECTIONS AVAILABLE
UPON REQUEST

Description/Applications

-;ese diodes are manufactured using modern epitaxial
growth techniques. The diodes are passivated with athermal
xide for maximum stability. The result is afamily of devices
offering highly repeatable, efficient and reliable perform-
ance. These diodes are designed to meet the general
requirements of MIL-S-19500.

The 5082-0800 Series diode is designed to maximize cut-off
frequency while maintaining a fast transition time. This
characteristic leads to excellent performance in either low or
high order multipliers and in comb generators. All ceramic
package diodes in the 5082-0800 Series are supplied with
measured data.

Package Dimensions

D 25.4 (1.00)
MIN.

1393 (.076)
1.73(.068)’
4.32 (.170)
381l risoi
>=0.2pF
Lp*3nH
0.41 (.016)
0.36 (.014?
Outline 15

i 312 (.123)
H 3001118 .o

1.63 (.064) (.064)

152 ( 060) 1.52 (.060)
| e
2.39 (.094) T
i 2.08 (.082) 0.64 (.025)
5.69 (.224) Areeeee MAX.
5.13 (.202)
2.11 (.083) Cr0.2pF
DIMENSIONS IN MILLIMETERS AND (INCHES). 1.38(.078) Lp*1nH
Outline 31

STEP RECOVERY
DIODES

5082-0100 SERIES
5082-0200 SERIES
5082-0300 SERIES

5082-0800 SERIES

Maximum Ratings at tcase=25°C

Junction Operating and
Storage Temperature..........occoeeeevvnennnes -65°C to 200°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.
DC Power Dissipation 200 C—Tease
Ojc
230°Cfor 5 sec.

Soldering Temperature..........cccoovveeeiieeenns

X12M23) , «
N 3.oornsT p
V40 (.055)
1.30 (.061) U,A-
1
! 8 LV Lp=0.2nH
CATHODE
Qutline 56

Outline 40
uro 312 (.123)
0.38 (.014)j— 3 go (118)
1312 (123)
0J>8 (.023m
0.36 C014)
Ji
0.28 (.011)
1 0.23 (.009)
538 (.212)
4.70 (.185)
3-48 UNC-2A
HEATSINK
CATHODE
Cp»0.3pF
Lp-0.4nH
CATHODE HEAT SINK
Outline 41 Outline 65

IMPATT AND SIEP RECOVERY DIODES



Mechanical Specifications

Hewlett-Packard’s step recovery diodes are available in a
variety of packages. Special package configuration is
available upon request. Contact your local HP Field Office for
additional information.

The metal-ceramic packages are hermetically sealed. The
anode studs and flanges are gold-plated Kovar. The cathode

studs are gold-plated copper. The maximum soldering
temperature is 230°C for 5 seconds.

The HP outline 15 and 11 packages have glass hermetic seals
with dumet leads. The maximum soldering temperature is
230°C for 5 seconds. The leads on outline 15 should be
restricted so that any bend starts at least 1.6 mm (.063 in.)
from the glass body.

DIOdeS for ngh EffICIGI‘\CV MultIDIIeI’S (All Specifications at T, =25°C)

Ceramic Packaged Diodes
ELECTRICAL SPECIFICATIONS

TYPICAL PARAMETERS

Junction Minimum | minimum - )
Capacitance Breakdown Cutoff Output |Output Transition Time Thermal
Part at -6V, Volt::ge, Frequency, Frequency | Power, |Lifetime, Charge |Resistance,
Number | Cji_g) *[1] Vgr * at fol2l Package Range Pol3l T Level Ojc
5082- [pFl IR =[J]0uA [GHz] | Outline [GHz] wi [ns] [ty [ps] | [pC] [°cw]
Min. | Max.
0800 40
0801 3.5 5.0 75 100 31 1-3 10 250 350 1500 15
0802 41
0805 31
0806 25 3.5 60 140 40 35 6 100 250 1500 20
0807 41 |
0810 31
0811 1.5 25 60 140 40 58 4 100 200 1000 25
0812 41
0820 31
0821 0.7 1.5 45 160 41 7-10 2.5 50 100 300 30
0822 40
0830 | 0.35| 1.2 25 200 31
0831 41 812 1.0 20 75 300 45
0835 31
0836 0.1 0.5 15 350 41 10-20 0.3 10 50 100 60
0885 56
*Data supphed with each diode includes measured VgpR and Cri(-6)
Glass Packaged Diodes (outiine 15)1
ELECTRICAL SPECIFICATIONS TYPICAL PARAMETERS
Minimum ..
Maximum Junction Breakdown Minimum Trat.lsmon
Part Capacitance at Voltage, Vgr Cutoff Frequency, Lifetime, Time
Number -6V, Cj(_s)m at g = 10uA fe (2 T Charge Level
5082- [pF] [v] [GHz] [ns] t¢ [ps] {pCl]
0803 6.0 70 100 250 350 1500
0815 4.0 50 140 60 250 1500
0825 2.0 45 160 50 95* 300
0833 1.6 25 175 30 75* 300
0840 0.6 15 300 10 50" 100

*The transition times shown for the package 15 devices are limited by the package inductance to a minimum of 100 ps.
The lower transition times shown for the -0825, -0833 and -0840 are based on the performance of the chip.



BIMOS Operations! Amplifiers

CA3130, CA3130A, CA3130B  MOS/FET Input, CMOS Output
CA3160, CA3160A, CA3160B Frequency Compensated Version of CA3130
CA3260, CA3260A, CA3260B Dual Version of CA3160

Features:

m MOS/FET input stage provides:
very high zZi = 1.5 TO (1.5 x 1010) typ.
very low It = 5 pA typ. at 15-V operation
= 2 pA typ. at 5-V operation
m Common-mode input-voltage range includes nega-
tive supply rail; input terminals can be swung 0.5 V
below negative supply rail
m COS/MOS output stage permits signal swing to either
(or both) supply rails

m Wide BW: 15 MHz typ. (unity-gain bandwidth) - CA3130
4 MHz typ. (unity-gain bandwidth) - CA3160, CA3260
m High SR: 10 V//;s typ. (unity-gain follower)
m High output current (10): 20 mA typ.
COMPENSATION. m High AQL 320,000 (110 dB) typ.
OFFSET (WHEN DESIRED) oreszeTs m Compensation with single external capacitor - CA3130
NoLL m Internal phase compensation for unity gain (With
. terminal access for supplementary external phase
Operating Temp. : ) .
Type No. Package P R.Lm%e P compensation network if desired) - CA3160
CA3130S, AS, BS ] L?w Ylo. 2 mV max. (CA3160, CA3260)
CA3160S, AS. BS  8-Lead OIL-CAN Applications:
CA3260S, AS, BS m Ground-referenced single-supply amplifiers
CA3130T, AT, BT m Fast sample-hold amplifiers
>. CA3160T, AT, BT 8-Lead TO-5 m Long-duration timers/monostables
5 CA3260T, AT, BT m High-input-impedance comparators
f  CAB3130E, AE -55 to +125°C m High-input-impedance wideband amplifiers
CAB3160E, AE 8-Lead Mini-DIP m Voltage followers
CA3260E, AE m Voltage regulators
CA3130H , m Peak detectors - CA3130
CA3160H - Chip m Single-supply full-wave precision rectifiers - CA3130
& CA3260H m Photo-diode sensor amplifiers
m Wien-Bridge oscillators
Gate-protected p-channel MOS/FET (PMOS) transis- m Voltage-controlled oscillators
tors in the input circuit provide very-high-input impe: m Ideal interface with digital COS/MOS
dance, very-low-input current, exceptional speed per- A complementary-symmetry MOS (COS/MOS)
formance, and common-mode input-voltage capability transistor-pair, capable of swinging the output voltage
down to 0.5 volt below the negative-supply terminal, an to within 10 millivolts of either supply-voltage terminal
important attribute in single-supply applications. (at very high values of load impedance), is employed as
Electrical Characteristics: TA= 25°C, V* = 7.5V, V' =- 7.5V the output circuit.
R. li lio Vie SR fr Output Swing Compen- Act Su
pply
Type Typ)  (Max) (Max) (Max) (Typ) (Typ) (Typ)-V sation .. (mn) Voltage
TO PA PA mv v/fj* MHz - * VIV dB Range V
CA3130 15 50 30 15 10 4 -0.002 to + 13 External 50K 94 4.5to 16
CA3130A 15 30 20 5 10 4'f: " -.0.002t0+ 13i External 50K 94  45to 16
CA3130B 15 20 10 2 10 4% -0.002to + 13 External 100K 100 4.5to 16
CA3160 15 50 30 15 10 4 -0.002 to + 13 Internal 50K 94  45to 16
CA3160A 15 30 20 5 10 4 -0.002 to + 13 Internal 50K 94 4.5to0 16
CA3160B 15 20 10 2 10 4 -0.002 to + 13 internal 100K 100 4.5to0 16
CA3260* . 15 50 30 15 10 4 -0.002 to + 13 Internal 50K 94 4to 16
CA3260A* 15 30 20 5 10 4 -0.002 to + 13 Internal 50K 94 4 to 16
CA3260B 15 20 10 2 10 4 =« -0.002to+ 13 Internal 100K 100 410 16

‘Characteristics are for each amplifier.



MC34071, MC34072
MC35071, MC35072
MC33071, MC33072

Advance Information HIGH PERFORMANCE

SINGLE SUPPLY
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

HIGH SLEW RATE, WIDE BANDWIDTH,
SINGLE SUPPLY OPERATIONAL AMPLIFIERS

A standard low-cost Bipolar technology with innovative design
concepts are employed for the MC34071/MC34072 series of mon-
olithic operational amplifiers. These devices offer 4.5 MHz of gain
bandwidth product, 13 V/us slew rate, and fast settling time with- ﬁ {
out the use of JFET device technology. in addition, low input offset 8 L h
voltage can economically be achieved. Although these devices J
can be operated from split supplies, they are particularly suited

for singie supply operation, since the common mode input voitage P SUFFIX U SUFFIX
range includes ground potential (VEg). The all NPN output stage, PLASTIC PACKAGE  CERAMIC PACKAGE
characterized by no deadband crossover distortion and large out- CASE 626-04 CASE 693-02

put voltage swing, also provides high capacitive drive capability,
excellent phase and gain margins, low open-loop high frequency
output impedance and symmetrical source/sink ac frequency
response.

The MC34071/MC34072 series of devices are available in stan-
dard or prime performance (A Suffix) grades and specified over
commercial, industrial/vehicular or military temperature ranges.

Single, Top View

® Wide Bandwidth: 4.5 MHz Output A[T] [8] Ve
® High Slew Rate: 13 V/us inputs Ag[z W Output 8
® Fast Settling Time: 1.1 us to 0.10% 8 QIG Inputs B
® Wide Single Supply Operating Range: 3.0 to 44 Volts VEel] g
® Wide Input Common Mode Range Including Ground (VEE) Dual, Top View
® Low Input Offset Voltage: 1.5 mV Maximum (A Suffix)
® Large Output Voltage Swing:—14.7 Vto+14.0 V for Vg = =15V SINGLE SUPPLY
® Large Capacitance Drive Capability: 0 to 10,000 pF 30VtoaaVv
® Low T.H.D. Distortion: 0.02% M_%
® Excellent Phase Margins: 60°
. .. o
® Excellent Gain Margin: 12 dB 1 Lo
o—
2 O
o—
ORDERING INFORMATION iVEE
Op Amp Temperature =
Function Device Range Package
MC35071U,AU -55to +125°C Ceramic DIP SPLIT SUPPLY
MC33071U,AU -40 to +85°C Ceramic DIP
Single MC33071P,AP ~40to +85°C Plastic DIP Vee
MC34071U,AU 0to +70°C Ceramic DIP
MC34071P,AP 0to +70°C Plastic DIP o ) | o =Vce
MC35072U,AU ~55to +125°C Ceramic DIP °©
MC33072U,AU —-40 to +85°C Ceramic DIP L
Dual MC33072P,AP - 40 to +85°C Plastic DIP 2 — = vge
MC34072U,AU 0to ~70°C Ceramic DIP
MC34072P.AP 0to +70°C Plastic DIP VEg
Quad MC34074 Series Refer to MC34074 Data Sheet
This document contains information on a new product. Specifications and information heremn T MOTOROLA INC . 1984 ADI1091

arp ithiact tA rhanca o WA e At Ag




DC ELECTRICAL CHARACTERISTICS (Vcc = +15V, VEg = —15V, R connected to ground, Tp = Tjow to Thigh [Note 3]
unless otherwise noted)

MC3507_A/MC3407 A/| MC3507 /MC3407_/
MC3307_A MC3307 _
Characteristic Symbol { Min Typ | Max | Min Typ Max | Unit
Input Offset Voltage (Vcm = 0} vVio mV

Vee = +15V,VEg = - 15V, Tao = +25°C — 0.5 1.5 - 1.0 35

Vec = +50V,VEE =0V, Ta = +25°C — 0.5 2.0 —_ 1.5 4.0

Ve = +15V, VEg = —15V, TA = Tiow 10 Thigh - | — | 3] =1 = | 55
Average Temperature Coefficient of Offset Voltage AVio/AT — 10 — —_ 10 — uvre
Input Bias Current (Ve = 0) g nA

Ta = +25°C — 100 500 — 100 500

TA = Tiow t© Thigh — — 700 — —_ 700
Input Offset Current (Vepm = 0) lio nA

Ta = +25°C - 6.0 50 — 6.0 75

TA = Tiow 0 Thigh — —_ 300 - — 300
Large Signal Voltage Gain AyoL 50 100 — 25 100 — VimV

Vo = =10V,RL = 2.0k
Output Voltage Swing VOH Vv

Vce = +50V,VEg = 0V, R = 2.0k Ta = +25°C 3.7 4.0 — 3.7 4.0 —

Vce = +15V,VEg = —15 V. R = 10k, Tp = +25°C 13.7 14 - 13.7 14 —

Vece = +15V, VEg-15V, R = 2.0k, TA = Tiow 0 Thigh 13.5 — — 13.5 — —

VoL

Vee = +50V,VEE =0V, R = 20k, Ta = +25°C - 0.1 0.2 —_ 0.1 0.2

Vec = +15V,VEg + —16V,RL = 10k, Tp = +25°C — -147| -144}| — ~147 | -144

Vce = +15V, VEg= — 15 V, RL =2.0 k, TA =Tjow t0 Thigh — — | -138| — — | -138
Output Short-Circuit Current (TA = +25°C) Isc mA

Input Overdrive = 1.0 V, Output to Ground

Source 10 30 - 10 30 —_

Sink 20 47 — 20 47 —

Input Common Mode Voltage Range VICR \

Ta = +25°C VEg to (Ve — 1.8) VEE to (Vge — 1.8)

TA = Tiow t0 Thigh Veg to (Ve - 2.2) VEE to (Vge - 2.2)
Common Mode Rejection Ratio (Rg < 10 k) CMRR 80 97 - 70 97 - dB
Power Supply Rejection Ratio (Rg = 100 () PSRR 80 97 — 70 97 - dB
Power Supply Current (Per Amplifier) Ip mA

Ve = +50V,VEg =0V, Ta = +25°C — 1.6 2.0 — 2.0

Veg = =15 V. VEg = ~15V, Tp = +25°C — 1.9 25 - 1.9 25

. _Vcc = -5V, VEg = =15V, Tp = Tiow to Thigh — - 28 — - 2.8
NOTES: (continued)
3 Tiow 55°C for MC35071,A MC35072,A Thigh +125°C for MC35071,A/35072,A

49 C for MC33071,A MC33072,A
0 C for MC34071,A MC34072,A

+85°C for MC33071,A/33072,A
+70°C for MC34071,A/34072,A

Wb ’
o har '\’once 10 anv products herein to improve rehability, function or design Motorola does
A u)\ cr use ot any product or circuit described herein nesther does it convey any hcense under its
>aan 3 are reqisterea trademarks of Motorola, Inc Motorola. tnc 1s an Equal Employment Opportunity/

@ MOTOROLA Semiconductor Products Inc.




MEZ40IZ A Seriesd:

MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage (from V¢ to VEE) Vs +44 Volts
Input Differential Voltage Range VIiDR Note 1 Volts
Input Voitage Range VIR Note 1 Volts
Output Short-Circuit Duration (Note 2) ts Indefinite Seconds
Operating Ambient Temperature Range TA °C
MC35071,A/MC35072,A -55to +125
MC33071,A/MC33072,A -40to +85
MC34071,A/MC34072,A Oto +70
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg °C
Ceramic Package —65to +150
Plastic Package —55t0 +125

NOTES:

1. Either or both input voitages must not exceed the magnitude of Vcc or VEg.
2. Power dissipation must be considered to ensure maximum junction temperature (T j)

is not exceeded.

EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER)

@ MOTOROLA Semiconductor Products Inc.

R4 Vce
A""' 3
400 p138220
Qs
;‘ Q6
I\[ L Q18
ha,
3900 i
02 - Q19
Qs R14 | R15 Output
i 'A'A ‘V"" Q
L 240 | 20
{g— R163 500
€ |03
020
10 pF cs| ™S
iy
-0 Jp
fa014 v 1)022
) Q210A e
Q12 R12<3.0 k
a1 &
p———] =
5.0 pF
r,L Q16 Yo7
Q1s DI
R9 500 R102500
R8 2500
Q23 B
R11225 k
—O
Vgg Gnd




AC ELECTRICAL CHARACTERISTICS (Vcc = +15V,Vgg = -15 V, RI connected to ground, Ta =

Characteristic

Slew Rate (Vjn =
Ay + 1.0
Ay - 10
Settling Time (10 V Step, Ay = -1.0)
To 0.10% (+1/2 LSB of 9-Bits)
To 0.01% (+1/2 LSB of 12-Bits)

Gain Bandwidth Product (f = 100 kHz)

Power Bandwidth

noted)

-10 Vto +10V, RL = 2.0 k. C1 = 500 pF)

AV = +1.0. RL = 20k, Vo = 20 VD.D, THD = 5.0%

Phase Margin

RL = 2.0k

R_ = 2.0k Cr1 = 300 pF
Gain Margin

RL = 2.0 k

RL = 2.0 k, C1 = 300 pF

Equivalent Input Noise Voltage
RS = 100 ft, f = 1.0 kHz

Equivalent Input Noise Current (f = 1.0

Input Capacitance

Total Harmonic Distortion

kHz)

Ay = +10, R1 = 20k, 2.0 *£Vq « 20 VD.D, f = 10 kHz
Channel Separation (f = 10 kHz, MC34072,A Only)
Open-Loop Output Impedance (f = 1.0 MHz)

For typical performance curves and applications information refer to MC34074 series

ROJA = 100°C/W (Typ)

P SUFFIX
CASE 626-04

NOTES:

1 LEAD POSITIONAL TOLERANCE:
1»1B 013 (0.005) (y)j T!Ary) j8 @32
DIMENSION " " TO CENTER OF n
LEADS WHEN FORMED PARALLEL. H
PACKAGE CONTOUR OPTIONAL
(ROUND OR SQUARE CORNERS)

DIMENSIONS A ANO B ARE DATUMS, L
DIMENSIONING AND TOLERANCING M
PER ANSI Y14.5. 1973,

Mo Ow )>§

w N

o~

MOTOROLA Semiconductor Products Inc.

PRINTED IX ISA

MILLIMETERS” INCHES __|

MINT max" | MIN | MAX |
940 ; 1016 0370 i 0400 1
6.10 660 0.240 : 0.260
394 445 0155 0175 :
038 051 00150020 *
102 : 152 0.040 | 0.060
254 BSC 0.100 BSC
0.76 127  0.030 j 0.050
0.20 030 0008 10.012
. 292 343 0115’ 0.135
762 BSC 0300 BSC

1~ 10° - | 10°

MC3507 A/MC3407 A/

MC3307_A
Symbol Min Typ
SR
8.0 10
— 13
*s
— 11
— 2.2
GBW 35 4.5
BWp — 200
+m
— 60
— 40
Am
— 12
—_ 4.0
en — 32
In — 0.22
G — 0.8
THD — 0.02
— — 120

U SUFFIX
CASE 693-02

NOTES

1 LEADS WITHIN 0 13 mm (0.0051
RAO OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2 DIMENSION "L*" TO CENTER
OF LEADS WHEN FORMED
PARALLEL.

Max

Min

Typ

10
13

11
2.2

4.5
200

60
40

4.0

32

0.22

0.8
0.02

120
30

data sheet.

+25°C unless otherwise

MC3507 /MC3407 /
MC3307

Unit
Vlipis

Max

MHz
kHz

Degrees

dB

nVv/
VHz

pA/
VHz

pF

%

ROJA = 100°C/W (Typ)

Dl

=

ZZIrXCIOTOO®>

MILLIMETERS INCHES
MIN MAX MIN 1 MAX
991 102 0.390 10430
6.22 699 0.245 10275
4% 508 0170 0.200
041, 051 0016 | 0.020
1401 165 0.055 1 0065

254 BC 0.100 BSC
114 166 0045 0.065

, 020 030 0.008 0.012

318 406 0125 0160
737 029 0310

731

051

15 15°
102 0.020 10.040

BOX 20912 « PHOENIX, ARIZONA 85036 « A SUBSIDIARY OF MOTOROLA INC.

LITH." C22510 12,000



