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2.0 FUNCTION

The Antenna Local Oscillator Transmitter (L3) Module produces
the required local oscillator signals which are returned from the
antenna Vertex Room to the Central Electronics Room. 1200 and
1800 MHz signals from the 50 MHz Harmonic Generator (L2C)} Module are
filtered using phase-lock loops. The 1200 MHz is amplitude modulated
with the 5 MHz signal from the 5 to 50 MHz VCXO (1.1) Module and the
1800 MHz is amplitude modulated with monitor data from the Antenna
Buffer (M4). These modulated signals are combined and go to the
IF Combiner {T2).

The unmodulated 1200 and 1800 MHz are combined to produce
600 MHz and 3000 MHz. A part of the 600 MHz signal goes to the
Antenna L.O. Receiver (L4). There it is phase compared with the
600 MHz produced using 1200 and 1800 MHz received from the Central
Electronics Room. The error signal is amplified in L5 module and
is used to phase-lock the 5 MHz VCX0 in L1. The 1200 MHz is also
given to a doubler to produce 2400 MHz. The signais'at 600 MHz
and 2400 MHz are used as reference signals for the 17 to 20 GHz.

L.O. unit (F3) and the Modem (T1l) respectively. The 3000 MHz is
used as reference by Upconverter Pump (F2) and 2-4 GHz Synthesizers
(L6's). Also 2400 MHz forms an alternate reference for the L6's.

The module is RFI shielded to minimize radiation of L-Band
signals in Vertex Room. The radiated signals eventually may enter
the L-Band feed or front-end and degrade the L-Band observations.
During prototype testing it was realized that RFI shielding of
the module is a must to keep the system generated interference in
L-Band down to acceptable level. During the L-Band testing variable
leakage from the OMQ connectors was observed. It was found necessary
to put SMA connectors on the lines bringing 1800 and 1200 MHz signals
from L2C to L3J1 and L3J2. Therefore it was decided that these two jacks
should have SMA connectors on 0-141" semi-rigid cable about 2" long

projecting from the back panel of the module. This makes it necessary



that before the module is pulled out of the rack, these two connectors
are unscrewed. To protect from accidental pulling the module back

paneél should be screwed to bin plate using a fastener.



3.0 THEORY OF OPERATION

A block diagram of the Antenna L.O. Transmitter series C (L3C)
with input and output connections and power levels is given in Figure 1.

About +22 dBm output signals at 1800 and 1200 MHz from véltage
controlled oscillators VCO-2 and VCO-1 are given to 4-way power
dividers PD2 and PD1 through a circulator CIRC-2 in case of 1800 MHz
and through a circulator CIRC-1 and a 6 dB directional coupler DC-1
in case of 1200 MHz. The need for the isolators is discussed under
phase-lock loop operation. The coupled output at 1200 MHz from
the 6 dB directional coupler goes to a frequency doubler and a
2400/200 MHz band-pass filter. This provides an output of 45 dBm
at 2400 MHz at J14. ‘

One output from each of the two 4-way power dividers is aetected}
and filtered, and is used for monitoring 1200 and 1800 MHz oscillator
outputs (see Figure 7). The second set of outputs from the two power dividers
PD-1 and PD-2 are used to phase-lock the two voltage controlled
oscillators at 1200 and 1800 MHz by phase comparing them in mixers
M1 and M2 respectively with the 1200 and 1800 MHz signals from the
50 MHz Harmonic Generator (L2C) Module coming in at J2 and Jl1. 8 4B
attenuators are put in the path of the signals from the powex
dividers PD1 and PD2 before they are given to L-ports of the mixers
M1l and M2. This is done to provide optimum L-port drive for bhase
detector application. The phase error signals from M1 and M2 are
given to the AFC ports of the oscillators through phase-lock loop
filters to phase-lock the oscillators to incoming 1200 and 1800 MHz
reference signals. The third set of outputs from the power dividers
'PD-~1 and PD-2 are mixed in a mixer M3 (Anzac type MD-525-4). The
1200 MHz is given to I-port and 1800 MHz to L-port of the mixer to
give output at 600 and 3000 MHz. The mixer output at R-port is
given to a broadband 3 @B hybrid. One output of the hybrid goes
through a 3000/300 MHz band-pass filter to provide a -4 dBm 3 GHz
output at J7. The other output of the hybrid goes to a 15 dB gain
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amplifier at 600 MHz, a 600/50 MHz band-pass filter and a two-way
power divider PD-4. A loaded helical cavity resonator BPF instead
of standard %" coaxial tubular filters has been used to get good
phase stability with temperature variation (<0-1°/°C). The
bandwidth of the filter is 50 MHz so that the 100 and 200 MHz
sidebands on the 600 MHz are low (<-100 dBc). The sidebands are
generated due to sidebands on the 1200 and the 1800 MHz reference
signals at J2 and J1, finite isolations between R- and L-ports of
the mixers M1 and M2 and output ports of the 4-way power dividers
PD-1 and PD-2. This has been done to avoid problems of false
locking and phase stability in 17-20 GHz L.O. modules. One output
of the 2-way power divider PD-4 provides a +9 dBm at 600 MHz at
J11 and is used as reference for 17-20 GHz L.0O. module. The second
output from PD-4 is connected to J10 and is required for the
Antenna L.O. Receiver (L4). It may be required to put a 3 dB pad
at one of the three positions (shown 3 dB optional) to adjust 600
and 3000 MHz output levels to specified range. The fourth set

of outputs from the two 4-way power dividers PD-1 and PD-2 are
amplitude modulated. The 1200 MHz from PD-1 is modulated in
mixer M4 by a 5 MHz signal from the 5 to 50 MHz VCXO module and
the 1800 MHz from PD-2 is modulated in mixer M5 by 500 kHz data
from the Antenna Buffer. The outputs of the two modulators M4 and
M5 are passed through 10% bandwidth BPFs at 1200 and 1800 MHz
before they are combined using a two-way power combiner PD-3. The

output from the power combiner goes through a 10 dB attenuator to J8.

3.1 1200 and 1800 MHz Modulators
About +15 dBm power at 1200 MHz is given to the IL~port

of the double balanced mixer M4. The 5 MHz modulation along with
a DC bias from the 5 MHz modulator driver are applied at the
I-port of the mixer. A variation of the I-port current produces

the required 5 MHz amplitude modulation. For power level of



+7 dBm or more at L-port and insertion loss from L- to R-port
of at least 25 dB the phase variation due to modulation is <0%1
for the modulation sidebands of -10 dBc with respect to the
carrier. The DC level at the I-port of the mixer is set for
the output at R-port of about -14 dBm. For this value of DC
at the I-port and %5 MHz sideband level of -10 dBc the second
and higher order- harmonic sidebands - of 5 MHz should be at least
30 dB below the *5 MHz sidebands. The 1800 MHz signal is
processed in another modulator in similar fashion except that

the 500 kHz sidebands are 15 dB below the 1800 MHz carrier.
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CIRCUIT DESCRIPTION

4.1 5 MHz Modulator Driver - Reference Schematic B13230S9 (Figure 2)

The 5 MHz Modulator Driver receives 5 MHz signal coming
from L1 module. It provides the 5 MHz signal along with DC
bias to I-port of the 1200 MHz modulator. In the unit, RS
is used to adjust the DC bias which controls the carrier level
in the modulator. A +10 dBm 5 MHz signal is applied to the
modulator through a 7 attenuator and C2. Level of the 5 MHz
to the modulator is adjusted by varying R4. The 1200 MH=z
carrier and the 5 MHz sideband levels are set by observing
output at J8. The modulation signal can be monitored on

"5 MHz MOD" front panel BNC jack.

4.2 Data Modulator Driver - Reference Schematic C13230S7 (Figure 3)

The Data Modulator Driver is given the 500 kHz TTL level
signal received from the Antenna Buffer module. It provides
the 500 kHz signal along with DC bias to the I-port of the
1800 MHz modulator. The TTL sink input is coupled by Cl4 to
a limiter circuit R3, CRl1 and CR2. The output is set by R4 and
applied to a non-inverting amplifier Ul having a gain of 3.

The output of Ul is coupled via C6 and summed with adjustable
bias from R7 and R8. The sum is massed through a filtex
consisting of C7, L1, €8, L2 and C9 which has a low pass cut-off
at about 3 MHz. The filter source impedance is established

by R9 (240 Q) and load impedance by R10, R11l and U2. The
filter drives a unity gain amplifier U2 to provide low
impedance drive through R15 and a 10 MHz low pass filter.

The level of the 1800 MHz carrier is adjusted by varying R7

and modulation sidebands by R4 and can be set by observing

the output at J8. The modulation signal can be monitored on

"DATA MOD" front panel BNC jack.
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4.3.1 Phase-lock loop operation

The basic purpose of the phase-lock loops at 1200 and
1800 MHz is to provide filtering to eliminate the harmonics
of 50 MHz as sidebands on these signals.

In a DC IF loop (when the VCO and reference are
compared without offset) it.is possible. for direct injection
of the reference into the VCO cavity and cause injection
locking. The lock range by injection decreases with
reducing injection level and approaches zero at the
oscillator noise level. In present case the injection
locked phase of the oscillator could be in quadrature to
the active lock phase since the ring modulators used as
phase detectors are quadrature devices. A possible model
is to consider the net phase of the output to .be vector
sum of the amplitudes of the free running VCO (vosc) and
the reference signal that is injected (Vref)_and'the phase
/v ). In our case the

ref osc
reference signal has a maximum value of 0 d4Bm, the mixer

error value = arc tan (V

isolation is about -25 dB from R- to L-port, the 4-way power

divider provides -6 dB and isolator -20 dB isolation giving

a reference signal level at VCO output of -51 dBm-
With the VCO output level of +22 dBm, the phase

o
error is <£0.0l. However if the isolator is not used this

o .
error could be ~0.l5 which is appreciable.

4.3.2 Phase-lock loop board - Reference Schematic D13230S13 (Fig. 4)

The phase-lock loop PC board contains loop DC
amplifier and integrator. Loop out-of-lock indication
circuit and VCO sweep circuit. When the VCO output
frequency is different from the input reference signal
a free running multivibrator output is connected to

the input of the loop integrator. This makes the
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integrator output to vary in sawtooth fashion and sweeps
the oscillator frequency. When the oscillator frequency

is within the pulling range of the loop, the loop should
acquire lock and the multivibrator signal to the integrator
is cut off.

The output from the phase detector is terminated at
the input of the phase-lock loop board by a 51 @ (R26) in
series with a 470 pF (C13). It is amplified by the
operational amplifier (U2) to *10 V p-p for a 27 radian
rhase change. It can be monitored at ¢—error monitor
point. The loop can be opened manually by setting the
three position toggle switch S1 in open position or by
an external +5 V signal at "REMOTE" in the remote position
of the toggle switch. The loop open/close function is
performed by one section of the dual SPST switch AD7513 (US).
The other section of the U5 is used to connect a free
running multivibrator output to the input of the integrator
U3 and is controlled by out-of-lock indication circuitry
consisting of Ul and U4A.

When a beat signal is present at the input of the
phase~-lock board, output of the wideband amplifier Ul
coupled by C5 to CR4 drives the amplifier U4A. Output
of the amplifier U4A is used to connect the multivibrator
output to the input of the integrator U3. Output of Ul
is AC ccupled to the diode CR4 for the following reason.
In this type of circuit phase detector current to the
integrator has to be larger than the sweep current to
acquire lock. The phase detector output amplified by U2
may be such that it compensates the multivibrator output.
In that case the phase detector output will vary at the
same rate as that of the multivibrator and the loop will

not be allowed to lock. Since the multivibrator rate is



very slow (<1 Hz), the Ul output to CR4 is cut off by the
high pass filter C5R1. This causes to open the switch
disconnecting the multivibrator output to integrator and
the loop should lock. The multivibrator is made up of
U6B and U6D and the time constant is determined by R40
and Cl2. Also the output of Ul is given to the amplifier
U4B through diodes CR1 and CR2. When the phase-lock board
input exceeds about 40 to 50 mV such that Ul output is
able to drive the diodes CR1l or CR2 the U4B output will
go high and switch 'ON' the LED to indicate that the loop
is out-of-lock. Diodes CR3 and CR5 are connected in +15 V
and -15 V DC power lines of the MOSFET analog switch
AD7513 (U5) to protect it from damage due to transients.
The integrator consists of the operational amplifier
U3 and the time-constants are formed by R35, R45 and C1l5.
With the phase-lock loop set up properly and in lock the
output of the integrator should be close to +4v. The
resistors R33 and R31 change the integrator output swing
from *15 Vv to 0 to -15 V DC as required by the VCO. Also
output of the integrator is monitored through a 10 k resistor
(R30) and is labeled as 'FREQ. ERROR'. When no signal is '
present at the input of the phase-lock board Ul output is
zero and the multivibrator output is not connected to the
integrator and thus the integrator output is not sweeped.
However depending on the DC offset bias conditions of the
operational amplifiers U2 and U3 the integrator will swing
to either +ve or -ve extreme (more than 13 V) and stay
there. In this case though LED will not come 'ON' to
indicate that the loop is not in lock but the integrator
output can be used to indicate no signal condition. This

is done by computer.
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4.3.3 Loop parameters

For the theory of phase-lock loops and terminology
used here refer to Phase-Lock Techniques by F.M. Gardner
(John Wiley & Sons, Inc., New York 1966).

To minimize phase difference between the reference
and signal a second order high gain integrator was chosen
for the loop filter. Also as forced sweep is required
for this system the loop parameters were optimized between
good lock acquisition and low noise performance.

From the VCO data the mean value of the oscillator
AFC port sensitivity is 0.5 MHz/Volt. Further the gain
of the DC offset network at the output of the integrator

is 0-5. Therefore the VCO gain constant
K = 0-5x (0-5x 106 x 27 rad/volt) = 1-57 x 10°® rad/volt

The gain setting of the DC amplifier Ul makes the
phase detector output swing of *10 V for a 2w radian
change. Therefore at zero crossing the phase detector

gain constant KD = 10 V/rad.
“ K =KK_ =157 x 10°
oD

For best lock acquisition it is desirable to have as
large a loop natural frequency (“h) as possible. However
noise and stability considerations force to limit the
same. Consider the accuracy with which the loop tracks
the input signal and the frequency over which the system
will pull into lock. Assume a 0-1% ripple on the power
supply tuning the VCO (say about 15 mv in 15 V DC) at
‘120 Hz. This will cause the VCO to deviate by about
7-5 kHz (500 x 103 Hz/Volt x 0:015 V). From Equations



{4-12) and (4-13) on page 31 of Gardner we get the peak

residual phase deviation.
3 = A . 2
ee w um/mn

Where Aw = peak frequency deviation and w = modulating

o .
frequency. For ee <0.1 requires mn/2ﬂ ~25 kHz. We chose
o3 rgd
sec’
For good lock acquisition characteristics we chose

w /27 = 35 kHz, i.e. w = 220 x 1
n n

a damping factor of 2 (see Gardner page 48). With the
above parameters this will give (i) the pull in range

(see Gardner page 45)

B /2m = % /3 w K_Hz = (%) "V2x220x107%15- 7x10° ~ 1 MHz
and (ii) the lock in range (see Gardner page 43)

AmL/Zn = 27 mn/2ﬂ = 140 kH=z.
Essentially these will be limited by the bandwidth of
the first op. amplifiers U2. 1In practiée the pull in

range may be limited to = 300 kHz.

From Gardner, page 9, Equation (2-10) we can express

K KD %
w = (22
n ‘[1
o
r =L . (K°KD)
2 11

where T, = R35-C15 and Ty, = R45-C15 in our cése. Using

w o= 220 x 103 rad/sec and § = 2, we get Ty = 320 uS and
Tp = 20 uS. For C15 = 0°033 pF this gives R35 = 10 kHz

and R45 ~ 600 Q.
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4.4 Negative Voltage Regulator - Reference Schematic B13230S10 (Fig. 5)

A negative twenty Volt power supply is required for the
1200 and 1800 MHz voltage controlled oscillators. This is
supplied by regulating down the -28 V power available in the
B-Rack. The voltage is adjusted to -20 V by adjusting the
potentiometer R3. The series reéulator transistor Q1 (D45C8)
is mounted on the module chassis to provide heat sink. Nominal
load current is about 250 mA for the two oscillators. The

regulator current limit is 600 mA.
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TEST AND ADJUSTMENTS
5.1 Testing and Adjustments of 1200 and 1800 MHz Oscillators

The test and adjustment procedure for both 1200 and 1800 MHz
oscillators is similar and we will describe it for only 1200 MHz
VCO. For adjusting mechanical tuning of these oscillators allow
at least half an hour of oscillator warm-up time.

a) RF output power from the oscillator as measured using

a power meter should be at least +22 dBm.

b) Connect the AFC port of the oscillator to a negative
voltage power supply through a 10 k resistor. -Measure
the frequency of the oscillator using output at OMQ
jack L3J8 with a spectrum analyzer. Adjust the
mechanical tuning of the oscillator so that the
frequency change with AFC voltage of zero to -13 V DC
swings the oscillator frequency equally on both sides
of the nominal frequency.

c) With the AFC port of the VCO still connected to the
power supply measure the FM tuning slope of the
oscillator. It should be about 0-4 to 0-:6 MHz/Volt
around -7 Volt at the AFC port.

d) Remove the power supply from the AFC port of the VCO

and restore normal connection.

5.2 Procedure to Set-up Phase-lock Loop Boards - Reference
Block Diagram D13230B22 and Circuit Schematic D13230S13

As in the case of adjustment of the oscillators piocedure
to set-up both 1200 and 1800 MHz phase-lock loop PC boards are
similar. Here we will describe it for 1200 MHz phase-lock
board with connections for 1800 MHz phase-lock adjustments
in brackets.

a) With L3J2 [L3J1] terminated and U2 gain pot R46 set

to maximum adjust U2 DC offset pot R47 so that the



b)

c)

a)

e)

£)

g)
h)

DC output of the amplifier U2 as measured at

'¢-ERROR' monitor point is within *100 mv.

Connect a -3 dBm signal at 1200 [1800] MHz from

1.2C module to L3J2 [L3J1}].

Set the toggle switch S1 to open position and connect
a variable negative voltage power supply through a 10 k
resistor to AFC port of the oscillator. Measure the
phase detector output beat freguency as measured at
the input of the phase-lock board by an oscilloscqpe.
Adjust the AFC port voltage so that the beat frequency
is 10 kHz. The amplitude of the beat signal should
be about 200 to 400 mV p-p.

Adjust the gain pot R46 such that the output of the
operational amplifier U2 as measured at the '¢-ERROR'
monitor point is 20 V p-p. The DC offset should be
within *200 mV.

Check that the output of the integrator going to the
oscillator is sweeping between 0 and about -13 V at
approximately 1 Hz (the multivibrator output frequency
rate). Otherwise check the multivibrator output at
pin 10 of U6 by a scope. It should be switching
between +0-8 V and +5 V at ~1 Hz.

Remove the DC power supply from the AFC port of the
VCO and restore the phase-lock board output to the

AFC port of the VCO. Check that the vCO frequency is
swinging by about 2 MHz on either side of the
oscillator nominal frequency at the multivibrator
switching rate.

Set the switch Sl to 'REMOTE' position.

Apply a pulse generator output of 100 us duration

TTL +ve with ~100 cycle repetition rate toAfhe 'REMOTE "
terminal on the PC board. Adjust the integrator



damping pot R47 to damping as shown in Figure 6
by observing integrator output at VCO AFC terminal by an
oscilloscope.

i) Remove the pulse generator signal.

j) Check DC offset voltage at '¢-ERROR' monitor point
with loop in lock. Adjust the bias pot on the
integrator (R44) to get the offset to within #100 mv.

k) Check the output of the integrator at the 'FREQ-ERROR'
monitor point. It should be approximately +4 V.

1) Every time setting the switch Sl to OPEN and again to
CLOSE the loop should lock back within one cycle of
the multivibrator. Otherwise the damping pot R45
may have to be adjusted slightly.

m) Set the switch S1 to 'REMOTE' position.
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FIGURE 6: DAMPING ADJUSTMENT OF PHASE-LOCK LOOP PC BOARD.
Correct damping as shown by § = 2.0 curve,
underdamping as shown by T = 0.707 and
overdamping as shown by § = 5.0 curves.






 iINDICATES A

6.0 INPUT-OUTPUT CONNECTIONS AND POWER LEVELS @ + a
J7 Ji . DIEOILO)
O o 'CONN , FUNCTION @ "W
J8 Je Ji ~1-5 + 1-5 dBm @ 1800 MHz Inout @ @
O 151 @ _®
Jo J3 J2 1-5 + 1-5 dBm @ 1200 MHz Input @ @
O J3 S G~ ®
J10 J4a J4 |0-5 MHz Data "TTL" Input ®
Jit O O J7 -4 + 2 dBm @ 3000 MHz OQutput @
O J8 |1-2 & 1-8 GHz -28-5 (-25-5) dBm Outjput] @ ‘
Jie Pi J9 +10 * 1 dBm @ 10 MHz Input @
I3 ® JIO l+9 + 2 dBm @ 600 MHz Output @
@ JII |+9 £ 2 dBm @ 600 MHz Qutput @
Ji4 Ji2 ‘
42 O ' @80
@ JI4 {+5 £ 2 dBm @ 2400 MHz Output @
JIs Ji15 Gd @
» TS Ji6 @@@
J LEGEND: No parenthesis - L.O. power @ @ )
at each carrier. GND
— Parenthesis -~ total L.O. power. —:—- @
DOUBLE WIDE MODULE \~ =/
(REAR VIEW) Pl (REAR VIEW)
Pl
PH‘-" FUNCTION WIRE COLOR PIN FUNCTION WIRE COLOR
i 22 | 1800 MHz PLL Phase-Errbr
2 23 | 1200 MHz VCO Control vbltage
3 ‘ 24 | 1200 MHz PLL Phase-Errbr
z | 25 | 1200 MHz PLL not locked (logic level)
5 26 | 1800 MHz PLL not lockel (logic level)
(3 27
7 28 | —28vDC
8 29
9 30
10 +5vDC 31
i 32
'2 | open 1200 MHz PLL (cohtrol. cMos) 33 ,
13 , 34 P¥R. GROUND BLACK
14 | open 1800 MHz PLL (Cohtrol, cMOS) 35 '
15 236
15 | +15vDC 37 -
17 | —i5vDC 38
18 39
13 | 1800 MHz VCO Output Pbwer 40
20 | 1200 MHz VCO Output Pdwer 41
21 | 1800 foltage 42| HIGH QUAL. GROUND

FUNCTION NOT FOUND IN TH!S MODULE.







7.0 BILLS OF MATERIALS






MONULE: 103

VLA DATA

PROJECT N0, 13230

LISTING

DRAWING NO.:

A13230723

DATA SET: LO TRANSMITTER BCM:  MCD BCARC
MOD=-0/S-Q/M NESCP VALUF MEG. PART NO, MANUFACTURER ITEM# BOM# DFSCRIPTICN costy
103 NSA A13230123 NRAD 01 Al13230723 MOD BOARD 0 0.00
103 ol EPCDH C13230M56 NRAO 02 Al132301223 DATA MOOULATCR CRIVER 6 0.00
Lo? 01 R 01 620.0 RCROT 621-58 03 Al3230723 RESISTOR 1/4m 0.06
to3 01 P02 300.0 RCRO7 301-5€ 04 Al13230223 RESISTNR 1/4M 0.06
L03 0l R 03 2.0 K RCROT? 202-5S 05 A12230223 RESISTOR /4w 0.06
.03 01 R 04 5.0 K 3339p-1-502 BOURNS 06 Al13230223 PNT.CERMET 4TURN, +~-10% 1.98
103 o1 P05 10.0 K  RCROT 103-5§ 07 A132307223 RESISTAR 1/4W 0.0¢
L03 01 R 06 390.0 RCROT 391-5§ 08 Al13230223 RESISTOR 1/4%w 0.06
L03 ol P07 2.0 K  3339P-1-202 BOURNS 09 A13230723 POT.CERMET,4TURN, +-10% 1.98
103 01 R 08 1.5 K RCROT7 152-55§ 10 A13230723 RESISTOR 1/4w 0.06
L03 01 ® 09 240.0 RCROT 241-58 11 A13230223 RESISTNR 1/4w 0.06
L03 01 R 10 33.0 RCROT 330-58 12 Al3230223 RESISTOR 1/4w 0.06
L0l 01 R 11 510.0 RCROT S11-58 13 A132302273 RESISTOR 1/4n 0.06
L03 03 R 12 200.0 RCROT 201-58 14 2413230223 RESISTOR 1/4hw 0.06
L03 R 13 200.0 RCROT 201-58 l4 A13230223 RESISTOR 1/4w 0.0¢
Lol R 1l& 2C0.0 PCROT 201-58 14 A13230723 RESISTCR 1/4w 0.06
103 o1 R 15 120.0 RCPOT 101-5S 15 Al3230723 RESISTOR 1/4w 0.06
103 01 R 14 5.1 K RCRO7 $12-5S§ 1¢ 413230223 QESISTOR 1/4% 0.06
Lo3 01 c 0?2 15.0 UF CS13BE156K SPRAGUE 17 A13230223 CAPACITOR , TANTALUM 20VDC 0.24
L03 01 € 03 10.0 PF CMO4CN100403 ARCO 18 A13230223 CAPACITCR MICA SCCwvNC C.ll
L93 C 05 Nel1 UF B121-050-651-104M ERIE 19 A13230723 CAPACITCR MONCLYTHILC SOVDC 0.19
Lo3 02 c 04 0.1 UF 8121-050-651-1C4M ERIE 19 Al3230723 CAPACITCRMONOLYTHIC SCVODC 0.16
Lo3 01 c 06 0.047UF 8121-050-651-473M FRIF 20 Al132130723 CAPACITCR,MCACLYTHIC 50VCC 0.16
Lo3 1 c 07 330.0 PF CMO4FA331J03 ARCC 21 Al13230223 CAPACITOR MICA SCOWVDC .19
103 01 c o8 120.0 PF CMOAFNDLI 21403 ARCO 22 A13230223 CAPACITOR MICA S00WVDC O.11
L93 01 c 09 24.0 PF CMO4ED240J403 ARCO 23 Al13230723 CAPACITOR FICA SCCWYNC .11
103 n2 ¢ 10 1.0 UF 8131-050-651-105M ER1E 24 A13230273 CAPACITOR,MONOLYTHIC 50VOC 1.23
L03 c 11 1.0 UF 8131-050-651-105M ERIF 24 A13230723 CAPACITCR,MCACLYTHIC S0VCC 1.23
L03 01 c 13 150.0 PF CMO4FN151J013 ARCO 25 Al13230223 CAPACTITQOR MICA 5CCwVDC 0.11
L03 01 C 14 4T00.0 PF 8121-057-651-4T2M ERTE 26 413230123 CAPACITCR,FONOLYTHIC SOVEC 0.11
Lo3 21 [) 47.0 UH 9230-60 MILLER 217 A13220223 CHOKERF MICRC MINATURE 0.28
L03 ol L 02 22.0 UH 9230-52 MILLER 28 A13230223 CHOKE,RF MICRO MINATURE 0.55
103 01 L 03 3.3 UH 9230-32 MILLER 29 A13230223 CHCKE,RF MICPC MINATURF Q.46
Lo3 02 CrR 01 A2S5800 AERTECH 30 Al13230723 OIODE,SHOTTKEY 1.05
L03 CR 02 A2SR00 AFRTECH 30 A13230223 CIOCE,SHOTTKEY " 1.05
Lo 01 CR 03 1M937R MOTOROLA 31 A13230223 DIODE,REF 7C. 9.0V 4.58
Lo3 ot U ot LM318H NAY SEMICOND 32 Al13230223 0P AMP . 1.88
103 01 u o2 LHO033C6 NAT SEMICOND 33 Al3230223 AMPLIFIER,CP FET l4.49
L03 01 X neP-5178 RPOB NUGENT 34 Al132307223 SOCKET,8 PIN T0-5 1.98
L03 01 X MP12100S ROR NUGENY 35 A13230223 SOCKETy12 PIN TO-8 SQUARE 0.28
Ln3 FPCA R13230ABO8 NRAD 3¢ Al13230723 OATA MODULATCR DRIVER 4 3.00
Lo3 NSH C13230507 NRAO 37 A13230173 DATA MODULATCR DRIVER 2 0.00

*xkx TOTAL COST=

35,38 #wi»






VLA DATYTA LISTING

MONULE: LO3 PROJECT NO. 13230 DRAWING NO.: A1323C726

DATA SET: LO TRANSMITTER BOM: & MHZ NMCD CRIVER
MOD=Q/S=-Q/M DESCR VALUE MFG., PART NO,. MANUFACTURER TTEM# BOM# DESCRIPTINN casry
L0} NSA 413230226 NRAD 1 A13230126 S MHZ MCD DRIVER 0 0.00
103 1 EPCO B13230M56 NRAO 2 A13230226 5 MHZ MOC FILTER DR DIAG 6 0.00
103 2 MPp 1589-2 KEYSTONE 3 A13230226 STANDOFF,ShAGE 2-5€ 1/8H 0.06
103 1 R 03 33.0 RCRO7 330-5§S 4 Al13230726 RESISTOR 1/4w 0.C6
141)] 2 [ ) 0,22 UF 8131~050~651~-224M ERIE 7 Al13230226 CAPACITCR,MCACLYTKHIC 50VEC 0.21
103 c 23 0,22 UF  B8131-050-651-224M ERLF 7 A13230226 CAPACITORMONCLYTHIC S0VDC 0.21
L03 1 c 02 0.01 UF B121~-060-651~1C3M ERTE 8 Al3230226 0.01UF,SOWVCC,LAPL[RED CAP) +36
.03 ! L 0! 220,0 UH 9230-76 MILLER 9 A132307226 CHOKE.RF NMICRC MINATURE 0.85
L03 01t R 04 1.0 K 3339H-1-102 ROURNS 05 Al13230226 POTENTIOMETER 4 TURN 1.53
103 01 R 0% 20.0 K 3339H~1=-203 BOURNS cé A1323n226 POTENTIQNETFR &4 TURN 1.53
L03 1 R 01 750.0 RCR20 751-5§ 10 A13230726 RESISTOR 1/2% 0,07
103 1 P 02 100.0 RCROT 1C1~58 11 A13230226 RESISTOR 1/4W C.C¢
.03 1 EPCA A13230A807 NRAD 17 Al13230226 5 MHZ MODULATICN FILTER 4 0.00
L03 aSH R13230%09 NRAQ 18 Al13230226 5 MHI MOD DRIVER ASSY 2 0.0¢C

*%x TOTAL CNST=

5.03 **x






vi

A DATA LISTYTING

MODULE: LO3 PANDJECT N0, 13230 DRAWING NO.t  A13230227

DATA SET: LO TRANSMITTER HOMS 5 MHZ MCO CRIVER
MOD=-Q/%=0/M DE SCR VALUE MFG. PARY NO. MANUFACTURER ITEMW BOM# DESCRIPTINN casy
L03 NSA A13230227 NRAD l A13230227 5 MHI MCD CRIVER 0 0.00
Lo3 1 NSB A13230726 NRAD 2 Al13230227 5 MHZ MCD CRUYVER 0 0.00
L03 3 J 0 nNSM=-211 OMN[~SPECTRA 3 Al3230227 JACK BLKHT FLTHRY 2.15
Lo3 1 C 04 0.001UF FB3B10FL02W SPEC CONTROL 4 813230227 CAPACITOR,FFEDTHRL SCREW MT .66
1.03 1 E 04 1587~1 KEYSTONE 5 Al3230227 TERMINAL ¢ TURRFT ,125 4~-40THD 0.00
103 J 03 OSM-211 CMNTI~SPECTRA 03 A13230227 JACK BLKHOD FDTHRU 2.15
L03 J 02 OSm-211 CMNT-SPECTRA 03 Al13230227 JACK BLKHC FODTHRU 2.15
L0? £ 04 813230M98 NRAN 05 Al13230227 TERMINAL, TURRET MCD N 0.00
L03 NSH 813230509 NRAQO 06 Al13230227 5 MHZ MCD DRIVER ASSY 2 0.0C
L03 1 MP P B13230M41 NRAN 16 Al13230227 S5MHZ MOC FILTER ENCLOSUREN 1.61
t03 01 Mpp 2400(NRAD) PAMONA 16 413230227 ENCLOSURE 4RF 1.55
L03 2 H FHSS 2-56 X 0.250 HW 17 A13230227 FLAT HEAD SLOTTEC SS SCREW 0.02

**x*% TOTAL COST=

10.40 ***






103
103
tm
103
1.03
L03
L03
Lo3
103
Lo3
L03
103
L03
L03
o3
L0l
L03
103
Lo03
L03
103

MODULE: LO3

PROJECT NO. 13230

VLA DATA LISTING

DRAWING NO.2

A1323C23)

DATA SET: (0 TRANSMITTER grMt  MCNITCR FILTER
MOD=0/S=N/M DESCP vaLue MFG. PART NO, MANUFACTURER ITEMH BOM# DESCRIPTICN cosY
NSA A13230231 NRAO 1 413230231 MONITOR FILTEP 0 0.00
NS A A132307131 NRAD 1 A13230231 MONITOR FILTER 0 0.0¢C
1 MPN C13230M68 NPAO 2 A1323(CZ231 MONITCR FILTEPRP RCX M 7.97
1 MPN 13230M68 NRAQ 2 Al3230731 MONITDR FILTER RACX M 7.67
DSH R13230S512 NRAO 3 A13230Z231 MONITCR FTILTER SCHEMATIC 2 0.00
DSH R132305812 NRAQO 3 A13230731 MONITOR FILTFR SCHFMATIC 2 0.00
01 DSA €13230P39 NRAQO 4 A13230231 MCNITOR FILYER ASSEMALY 1 0.00
01 DSA €13230P39 NRAQ 4 A13230Z31 MCNITOR FILTFR ASSEMBLY 1 0.00
01 vpp 3754{NRADN PAMONA 02 A13230231 ENCLOSURE 4RF 1.55
01 vpp 3754(NRAD) PAMONA 02 A13230231 ENCLCSURE ,RF 1.55
1 J OsM=-211 CMNI-SPECTRA 16 A13230231 JACK BLKHC FCTHRU 2.15
1 J 0SM=-211 OMNI=-SPECTRA 16 Al12230131 JACK BLKKC FCYHPRU 2.15
1 c 01 0.001UF FR3BI0OF102W SPEC CONTROL 17 A13230231 CAPACITORFFEDTHRU SCREW MT 0.66
1 c ot 0.0CIUF FR3B10OF102W SPEC CONTROL 17 A13230231 CAPACITOR,FEEDTHRU SCREW MT .66
1 E 1587-1 KEYSTONE 18 A13230231 TERMINAL ,TURRET ,125 4~40THD 0.09
F B13230M98 NRAD 18 Al32307231 TERMINAL, TURRET MCD N 0.00
F 813230M98 NRAQO 18 413230131 TERMINAL,y TURRET NMCO N 0.00
1 € 1587-1 KEYSTONE 18 Al13230221 TERMINAL  TUPRET ,125 4-40THD 0.09
1 R 01 47.0 K RCROT 473-5S 19 413230131 PESISTOR 1/4w 0.06
1 R 01 47,0 K RCROT7 473-3S 19 A13230731 RESISTOR 1/4W 0.0¢
1 ® 02 240.0 RCROT 241-5S 2¢ A13230731 RESISTNR 1/4W 0.06
t R 02 240.0 RCROT 241-5S 20 A13230231 RESTISYOR 1/44 0.06

Lo3

%% TOTAL CNST=

25.08 *x#*%






VLA DATA LITSTING

MODULE: LO3 PROJECT ND. 13230 DRAWING NO.: A1323C232
OATA SET: LC TRANSMITTER BOM: PHASE LCCK LCCP PC BNARC O

MNN=0/S-0/M  DESCR  VALUE MFG., PART NN, MANUFAC TURER ITEM¥ BOMK DESCRIPTION cost
103 NSA A13230232 NRAQ 01 £13230732 PHASE LOCK LCCP PC BOAPD O 0.00
103 MSA 213230232 NRAO 01 A13230232 PHASE LOCK LCOP PC BOARD O 0.00
.03 00  DSA 813230P37 NRAD 02 A13230232 PHASE LK LCCP PCP ASSY 1 0.00
103 00 DSA R13230P37 NRAD 02 A13230732 PHASE LK LCCP PCP ASSY 1 0.00
103 01 EPCOD R13230M&9 NRAD 03 A13230232 L0 TRANS/CAT LC FILT DR D& 0.00
1.03 01 FrcD B13230M69 NRAD 03 A13230232 LO TRANS/CNT LO FILT DR 06 0.00
103 DSH N13230$13 NRAQ 04 A13230232 = PHASE tK LCOP PCEB SCHEM 2 0.00
Lo3 DSH 012230513 NRAD 04 132307232 PHASE LK LCOP PCB SCHEM 2 0.00
103 €PCA B13230AB11L NRAD 05 A13230732 PHASE LOCK LCRP 4 0.00
103 EPCA R13230A811 NPAD 0% A13230732 PHASE LOCK LfCP 4 0.00
L03 EPCS B13730A8B30 NRAO 06 A13230232 PH LK LCOP ©C BD SILKSCRNS 15,00
103 FPCS R13230AR30 NRAO 06 A13230732 PH LK LOOP PC BC SILKSCRNS 15.00
L03 02 R 01 270.0 RCRO7 271-5S 07 A13230232 RESISTOR 1/4% 0.06
103 02 R 0Ol 270.0 RCRP0OT 271-5% 07 £13230232 RESISTOR 1/4W 0.06
103 R 02 270.0 RCROT 271-5% c7 A13230222 RESISTOR 1/4W 0.06
103 R 02 270.0 RCPQT 271-5§ 07 A13230732 RESISTOR 1/4% 0.06
103 04 R 03 © 10.0 K PCROT 103-5S% 08 A13230232 RESISTOR 1/4u 0.06
L03 04 R 03 10,0 K RCRO7 103-5S 08 A13230232 RESISTOR 1/4% C.04
103 R 135 10.0 K RCRO7 103-5% o8 132302132 . RESISTOR 1/4w 0.C6
103 R 10 10.0 K RCRO7 103-5S 08 213230132 RESISTOR 1/4W 0.0¢
103 R 135 10.0 K RCROT7 103-5§ o8 A13230132 RESISTOR 1/4w 0.06
103 R 25 10.0 K RCRO7 103-5$ 08 A13230132 RESTSTOR 1/4W 0.0¢
103 R 25 10,0 K RCPRO? 103~-5§ 08 A13230232 RESISTOR 1/4w 0.06
1.03 P10 10,06 K RCRO7? 103-5$§ 08 A13230232 RESISTOR 1/4¥% 0.06
1.03 01T R 04 1€0.0 K RCRO7 104-5$ 0s A132301732 RESISTOR 1/4W 0.0¢
L03 07 R 04 100.0 K RCONT 104-5$ 09 A13230232 RESISTOR 1/4¥% 0.06
103 R 13 10,0 K RCROT 104-5S 09 A13230232 RESISTOR 1/4W 0.08&
L03 n 19 100.0 K RCROT 104-5S 09 A13230232 RESISTOR 1/4h 0.06
L03 P19 100.0 ¥ RCROT 104-5§ 09 A13230232 RESISTOR 1/4% 0.06
L03 g 13 100,0 K RCRO? 104-5S 09 A13230232 RESISTOR 1/4W 0.06
103 LIL] 10,0 K RCONT 104-5$ 09 A13230732 RESISTOR 1/4% 0.06
103 P 05 100.0 K RCRO7 104-5§ 09 A13230232 RESISTAGR 1/4MW 0.06
103 - R 05 100.0 K REPOT 104-5$ 0S A13230732 RESISTOR 1/4W 0.06
Lo3 R- 06 100,0 X RCROT 104-5S 09 A13230732 RESISTOR 1/4n 0,06
103 P08 100.0 K RCRO7 104~5S$ 09 A13230232 RESISTOR 1/4W 0.06
L03 R Q0 100.0 K RCROT 104-5S a5 A13230232 RFSISTOR 1/4W 0.06
L03 R 06 100,0 K PRGCROT 104-5S 09 A13230132 RESISTOR 1/4W 0.06
103 R 08 100,0 K RCRO7 104-SS$ 09 A13230232 RESISTOR 1/4W 0.06
L03 01 ®r 07 G400 == K=~prpOr-%Stars4- Deleted 10 A13230232 RESISTOR 1/4w 0.06
103 01 PR 07 531070 ——K=—PREROT-S514-5% Deleted 10 A13230732 RESTSTOR 1/4W 0.06
to3 01 R 11 47.0 ACROT 470~5$ 1t A13230732 RESISIOR 1/4Ww 0.06
.03 o1 P 11 471.0 RCROT 470-5% 1 513230732 RFESTSTOR 1/4M 0.06
103 01 R 12 8.7 K RECPOT R22-5S 12 A13230132 RESISTAR 1/4W 0.Cé
L03 0oL e 12 R.?2 'K RCROT R22-5%§ 12 A13230732 RESISTOR 174w 0.06
L] 0L P 14 430,0 X RCPOT 434-5% 13 A13230132 RESISTOR 1/4W 0.06
103 0T R 14 430.,0 K RCROT 434-58 13 A13230732 RESISTOR 1/4h 0.06
103 P17 ig 33 £ 0= = K= ~ACROT = 3 3 P55 14 A13230732 RESISTOR 1/4h 0.06
103 R 17 A2 o0 == K= -RGROT- 33 1=hS- 14 13230232 RESTSYOR 1/4W 0.0¢
103 04 R 1% ;0 X--pernT-33y=94 Deleted 14 A13230232 RESISTOR 1/4W 0.06
.03 04 R 15 A0 ——X—RCRNT-333-94 Deleted 14 A13230732 RESTISTOR 1/4W C.06
103 P 43 33,0 K RCROT 332-8§ 14 A13230732 RESISTOR 174w 0.06
107 R 47 23,0 K PCPOT 333-5% 14 A1323077%2 RESISTOR 1/4% 0.06






MOD-Q/S~Q/M  DESCR VALUE MFGe PART NG, MANUFACTURER ITEMN BOM# DESCRIPTICN CcCsT
Lo3 R 30 10Kk-33f===k=REROF=FFI5S 14 Al13230232 RESISTOR 1/4h 0.06
103 R 30 10k ¥mt———k—-peanp=-ry3us=< 14 A13230732 RESISTOR 1/4w 0.06
Loy R 27 1.0 K RCPOT 102-5S§ 15 A13230232 RESISTOR 1/4W 0.0¢
103 R21 1.0 K RCPOT 102-58 15 A13230232 RESISTOR 1/4Ww 0.06
103 04 R 18 1.0 K RCRO7 102-5S 15 A13230232 RESISTOR 1/4M 0.06
103 04 R 18 1.0 K RCPOT 102-~58 15 Al13230232 RESISTOR 1/4w 0.06
103 R 23 1.0 K RCROT 102-6S 15 Al13230232 RESISTOR 1/4wm 0.06
Lo03 P23 1.0 K RCROT 102-58 15 413230232 RESISTOR 1/4w 0.06
Lo3 R 27 1.0 K RCPOT 1072-58§ 15 A13230732 RESISTNR 1/4w 0.0¢
Lo3 P21 1.0 K RCROT 102-5S 15 A13230232 RESISYOR 1/4H 0.0¢
L93 02 R 16 200.0 K RCROT 204-5S 16 A13230232 RESISTOR 1/4Ww 0.06
L03 02 R 16 200.0 K RCPOT 204~5S 16 Al13230232 RESISTOR 1/4W 0.06
L03 R 38 200.0 K RCROT 204-58 16 A13230732 RESISTOR 1/4W 0.0¢
LO3 R 38 200.0 K  RCROT 204-5S 16 Al13230272 RESISTOR 1/4W 0.06
L02 01 e 20 750.0 PCROT 751-5S§ 17 413230232 RESISTOR 1/4W 0.06
L3 o1 R 20 7¢0.0 RCROT T751-58 17 A13230232 RFSISTOR 1/4W Q.06
L0O3 01 R 22 2.0 K RCROT 202-5S 18 Al3230232 RESISTOR 1/4k 0.06
Le3 01l R 22 2.0 K RCROT 202-5S 18 A13230232 RESISTOR 1/4W 0.0¢é
t03 01 R 24 1M T FETRTROTTETS=5S 15 -A13230732 RESISTOR 1/4W 0.06
.03 01 R 26 1M 4T —M=REROFI~4F5~55 19 213230732 RESISTOR 1/4% 0.06
1.03 01 R 26 £1.0 RCROT 510-58 20 A13230232 RESISTOR '1/4W 0.06
Lo3 01l R 26 1.0 RCRO7 510-5S 20 Al13230232 RESISTOR 1/4w 0.06
L03 01 R 28 680.0 PCROT 681-58 21 A13230732 RESISTOR 1/4wm 0.0¢
L03 01 ro28 680.0 RCROT 6R1-5S 21 Al1323C232 RESISTOR 1/4h 0.06
1.02 ot R 29 12.0 K RCRNT 123-5%S 22 A13230232 RESISTOR 1/4% 0.0¢
Lo3 01 R 29 12.0 K RCROT 123-5S 22 A13230232 RESISTOR 1/4W 0.0¢&
Ln3 02 " 33 2.2 K PCROT 222-58 23 Al1323C232 RESISTOR L/4w 0.06
to3 02 r31 242 K RCROT 222-5% 23 Al3230232 RESISTOR 1/4W C.0¢
Lo3 02 * 3 2.2 K RCPOT 222-58 23 A132307232 RESISTOR 1/4hw 0.06
.03 n2 R 33 2.2 K RCROT 222-5§ 23 Al13230232 RESISTOR 1/4w 0.06
L03 02 R 36 22 .0 K PCROT 223-5% 25 A13230732 RESISTOR 1/4% 0.06
LO3 01 R 36 22.0 K RCROT7 223-5S 25 A13230732 RESISTOR 1/4%w 0.06
103 R 42 22.0 K RCROT 223-5§ 25 A13230232 RESISTOR 1/4 0.06
L03 R 42 22,0 K RCPOT7 223-5S 25 A13230232 RESISTOR 1/4W 0.06
Ln3 ol P 34 39,0 K RCRO7 393-5§ 26 413230232 RESISTOR 1/4w 0.0¢8
Lo3 01 P 34 39.0 K RCROT 393-5S 26 413230232 RESISTOR 1/4W 0.06
L03 01 R 139 30.0 K RCROT 303-5S. 28 A1323C2132 RESISTOR 1/4% C.06
to3 o1 R 39 0.0 K RCRO7 303-58 28 A13230232 RESISTOR 1/4W C.06"
L03 01 R 40 1.0 M RCPOT 10S-5S 29 A13230232 RESISTOR 1/4% 0.06
L03 01 P 40 1.0 ¥ RCROT 105-5% 29 Al13230Z232 RESISTOR 1/4w 0.06
LO3 0l P 41 4.7 K RCROT 472-58 30 A13230232 RESISTOR 1/4W 0.06
103 91 R 41 4.7 K RCROT 472-5$ 2¢ Al13230232 RESISTOR 1/4% 0.06
L03 01 c ol 2.0 PF nMID 020D ARCO 31 Al13230232 CAPACITOR MICA SCCwVDC 0.14
Lo3 o1 ¢ ol 2.0 PF DM10 020D ARCN 31 A13230232 CAPACITCR MICA SOOKVNC 0.14
L03 0l ¢ 02 5.9 PF DMIO 050Q ARCO 32 Al3230732 CAPACITOR MICA SCCwVDC .14
L0 0y £ 02 S.0 PF DMIO 0500 ARCD 32 Al13230232 CAPACITOR MICA SOOWVDC 0.14
LO3 ¢ 05 1.0 UF A131=050-651-]105M ERIF 13 413230232 CAPACITCR4MONCLYTHIC S0VDC 1.23
Lo3 C 07 1.0 UF 8131-050-651-105M ERIE 33 Al13230232 CAPACITQOR MPNOLYTHIC SovDC 1.23
1.03 £ 04 1.0 UF 8131-050~65]1-105M ERIF. 33 A13230132 CAPACITCR,MONCLYTHILC SOVCC 1.23
103 c 04 1.0 UF B8131-050-651-105M FRIE 33 A13230232 CAPACITOR MCONDLYTHIC SovDC 1.23
.03 c 09 1.0 UF B8131-050-651-1CS5M ERIE a3 Al13230232 CAPACITCR,MONOLYTHIC SOVCC 1.23
103 c 12 1.0 UF A131-050-651-105M ERTF 33 A13230232 CAPACITCR,MONCLYTHIC SOVEC 1.23
Lo3 08 cC o3 1.0 UF 8131-050~651-105M ERIE 33 Al3230232 CAPACITCR,MCNCLYTHIC S0VDC 1.23
103 Cc 08 1.0 UF 8131-050-651-105M ERIE 33 413230732 CAPACITCR,MONCLYTHIC 50VCC 1.23
L03 c 12 1.0 UF 8131-090-A51~105M ERIE 33 Al3230232 CAPACITOR MONOLYTHIC SOVDC 1.23
103 08 c 03 1,0 UF 8131-050~-651~1C5M ERIE 33 A13230232 CAPACITCR MONDLYTHIC SOVODC 1.23
103 ‘ . 04 1.0 UE - PLA1-0SN-A51~105M ERIF 113 A1312307137 CAPACITOR,MPALLYTHIC SOVNC 1.23
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VALUE MFG. PART NO. MANUFAC TURER ITEMR
1.0 UF 8131-050~651-1C5M ERLE 33
1.0 UF RL31-050-651-105M ERIF 1
1.0 UF 8131-050-651~1C5M ERIE 33
1.0 UF 8131-050~651-105M ERIE a3
1.0 UF 8131-050-A%1-105M ERIE 33

8101~-100-651-1C2M ERIF 34
8101-100~651-102M ERIE 34

470.0 PF  B8l01=-050-651~471M ERIE 35
470.0 PF 8101-050-651-471M ERIE 35
0.1 UF B8121-050-651-104M FRIE 36
0.1 UF 8121-0%0-651-104M ERIE 36
0.033UF 617.4 MYAL/USA 37
0.033UF 617.4 MIAL/USA 37
A25800 AERTECH 3e

A25800 AERTECH 3¢

A28800 AFRTECH 38

A2SR00 AERTECH 38

A25800 AERTECH 38

A25800 AERTECH 3e

A25800 AERTECH e

A2SR00 AFRTECH 38

1N9148 GE 39

ING14R GF 39

IN914R GE 39

IN91 4R GF 39

LHO032CG6 NAT SEMICOND 40
LH0032C6 NAT SEMICOND 40

LM318H NAT SEMICOND 41

LM318H NAT SEMICOND 41

LM318H NAT SEMICONO 41

LM318H NAT SEMICOND 41
RC-45580N RAYTHEON 42
RC-455aNN RAY THFON 42

AD7513KH ANALOG DEV 43

ADTS13KH ANALOG DEV 43

CD4001AE RCA 44

CD4OOLAE RCA 4“4

MP12100S RNB NUGENT 45

MP12100S ROB NUGENT 45

SN=-51178 ROB NUGENT 46

Sp-5178 ROR NUGENT 46
1CM-0B83~53 ROB NUGENT 47
ICN-083-53 ROB NUGENT 47
NDP=51710-T=23 Q08 NUGENT 48
NP-~51710-T-23 ROB NUGENT 48
ICN-143-S3 ROB NUGENT 49
ICN-143-53 RCA NUGENT 49

15Q02-2 KEYST ONF 51

1502-2 KFYSTONE 51

1589-2 KFYSTONE 52

1509~2 KEYSTONE 52
MTMI0&E-PC ALCO 53
MYM1OKE-PC ALCO 53
33139P-1-104 ROURNS G54
31339P~1-104 ROURNS 54
1339P~1~104 ROURNS 54
1339P~1=104 ROMIANS 54

BOMY

- s Y, s e 2 A 108 W i O

Al323023%2
A13230132
A13230232
Al13230232
A13230232
A13230232
A13230732
A13230132
A13230732
A13230232
213230232
A13230732
A13230232
A13230232
A13230732
A13230732
A13230732
A13230232
A13230732
413230132
A13230232
A13230232
413230232
A13230732
A13230232
A13230232
A13230232
A13230132
£13230232
A13230232
A13230732
A13230232
A13230732
A13230132
A13230232
A13230132
A11230232
A13230232
A13230232
A13230232
A13230132
A13230132
A13230232
213230132
A13230732
£13230232
A131230732
A13230732
A132307232
A13230232
A13230232
A13230732
A13230732
A13230232
A13230232
A1323C232
A13230737

DESCRIPTICN CCsT
CAPACITCR,MONOLYTHIC SOVCC 1.22
CAPACITCR,MONCLYTHIC 50VCC .23
CAPACITCR ¢MONOLYTHIC S0VOC 1.23
CAPACITCR,MONDLYTHICL SOVEC 1.23
CAPACITOR MNNOLYTHIC SOVDC 1.23
CAPACITCR,MONCLYTHIC 100V 0.26
CAPACITOR (MOACLYTHIC LOOV 0.26
4T0PF,50WVDC,CAP, «33
470PF,50WVDC CAP. «33
CAPACITOR,MCNOLYTHIC 50VDC 0.19
CAPACITGR,MONNLYTHIC 50V0C 0.19
CAPACITOR,,POLYST 600WDC 0.52
CAPACITOR,POLYST £COWDC 0.52
DICDE,SHCTTKEY §1.05
DICDF ySHCTYTKEY 1.05
DIODE, SHOTTKFY 1.06
CICCE,SHOTTKEY 1.05
DIODE,SHOTTXKFY 1.05
CIOCE,SHOTTKEY 1.CS
DICDE (SHCTIKFY 1.05%
DIOCE, SHOTTKEY 1.05
DICCE,GENL PUR 0.07
OIODE,GENL PUR 0.07
DIOCE,GENL PUR 0.07
DIODE,GENL PLR 0.07
OP AMP,FET ULTRA FAST 17.38
OP AMP,FET ULTRA FAST 17.38
0P AMP 1.88
0P AMP 1.88
OP AMP 1.88
oP ANP 1.88
0P AYP DUAL FIGH GAIN 0.45
0P AMP DUAL HIGH GAIN Q.45
SWITCH, ANALOG 3.50
SWITCH,ANALCG 3.50
COS/MOS NOR GATE 0.23
COS/NCS NCR CATE 0.23
SOCKET,12 PIM T0-8 SQUARE 0.28
SOCKET,12 PIN TO0-8 SQUARE 0.28
SOCKET,PC BD 8 PIN TO-5 1.94
SCCKET,PC RD 8 PIN TO-5 1.94
SOCKET,8 PIN CIt 0.25
SCCKFET,8 PIN CIL 0.25
SOCKET, 1C PIN 1G-5 3.18
SOCKFTy 10 PIN T€-5 3.18
SOCKET, 14 PIN DIL 0.27
SOCKEY, 14 PIN CIL 0.27
TERMINAL,TURRET 1/16 STK 0.02
TERMINAL,TURREY 1/16 STK 0.02
STANOOFF , SWACE 2-5& 1/°H 0.06
STANDOFF , EWAGF 2+56 1/8H 0.06
SHITCH, TOGGLF PC le61
SWITCH, TCGGLE PC 1.61
POT.CERME 144 TURN, ¢~107, 1.98
POT.CEPMET 4 TURN, ¢=10% t.98
POTLCERMFTY 4 TURN ,¢~10% 1.98
POTCFPMFT,4TUPN, ¢~ 1NT 1.98






MNIN-Q07S-Q/¥ DE SCR VALUFE MFGs PART NO. MANUFACTURER 1TEMY 80M# DESCRIPTICN cosTt
L03 R 47 3339p-1-104 BOURNS 54 413230232 POTLCERNMET &4 TUPA ,+-10% 1.98
Ln3 R 46 3339P~-1-104 BAURNS 54 A13230232 PATLCERMFT,4TURN, +-10%8 1.98
L03 01 R 45 3339P~-1-502 ROURNS 59 A13230132 POT,CEPMET,4TURN ,4~102 1.98
103 01 R 45 3339P~-1-502 BOUPNS 55 Al13230232 POT.,CERMFT,4TURN,+~10% 1.98

*k%x TOTAL COST=

116.54 ***






MODULE S LO3

VLA DATA

LISTIUING
PROJECT NO. 13230

DRAWING NOJ3 A132302¢5

DATA SET: LO TRANSMITTER BOM: LO TRANSMITTEF TGP ASSY O
MOD=Q/5-0/M DESCR VALUE MFG. PART NO, MANUFACTURER ITEM# BOMY DESCRIPTION cesY
103 MSY A13230765 NRAD (*R | Al323C7265 LD TRANSMITTER TCF ASSY O 0.0C
103 01 ve 01 SSC-0222(A) SOLID ST TECH 02 A1323076% OSCILLATOR 1200MHZ 322.CC
L03 01 ve 02 SsC~0223(4) SOLID ST TECH 03 A132390765 CSCILLAYCP® 18COMHZ 322.00
103 02 CIrCl 101102660 ADDINGTON LAR 04 A13230265 ISOLATOR,TEF 190,00
L02 CIRC2 10110260 ADNDINGTON LAS 04 Al13230765 ISCLATGR,TEE 196.00
L03 01 DC 01 2023-6121-06 OMNI~SPECTRA 0S5 Al13230Z265 DIRECTIONAL COUPLER 1~2 GHZ 110.00
Lo3 0ot FD Ne6=4. ANZAC 06 Al3230265 COUBLER 71.0C
103 02 PD 01 PNR304=4M VECTRONICS c? A13230765 DIVIDER,PWR 4WAY 0,.8-2GHZ 170.00
Ln2 PD 02 PD8304-4M VECTRONICS 07 Al3230265 DIVIDER,PWR 4%WAY C.8-2GHZ 170.0C
L03 01 HY 01 H=183=4 ANZ AC o8 4132301765 BROAD BANC FYBRIC 30MHZ-3GHZ 250.CC
L03 01 ce PDM=20~500 MERRIMAC 09 Al1323C265 SPLITTER,PHR S-1CCOMHZ 58.00C
Ln3 01 Nt 02 PDM-20-500 MFRRIMAC 09 A13230765 SPLITTER,PWR 5-1CCOMHZ 58,0C
Lo3 EPCP R132230P37 NRAD 10 A13230265 PHASE LK LCCP PCE ASSY 1 0.00
103 02 FPCP R13230P37 NRAD 10 A13230765 PHASE LK LCOP PCR ASSY L 0.00
L03 01 NSB A13230726 NRAD 11 A13230265 5 MhZ MOD ORIVER 0 0.00
Lo3 N1 NSR Al3230773 NRAN 12 A1323076S MOD BOARD 0 0.00
L03 M 04 MLJ WATKINS JOHN 13 Al3230265 MIX,000L -BAL CC-1GHZ SMA CON 73.0¢C
L03 M 0§ M1lJ WATKTNS JOHN 13 A13230265 MIX,DBL BAL CC-1CFZ SMA CCN 73.00
Ln3 03 M0l M1J HATKINS JCHN 13 A13230265 MIXx,NBL BAL DRC-1GHZ SMA COA 73.00
L03 o1 M 02 MiH WATKI NS JCHN L4 A13230265 MIX,0BL BAL 2-6GHI SMA CON 115.00
L03 21 FL 0t 4B120-2400/200-0 KEL MTCROWAVE 15 A13230765 FILTER, TUBULAR RP 45.00
L03 o1 FL 02 4MC10-600/50~00 KEL MICROWAVE 16 A13230265 MINI-FILTER END CCNN 150.0¢C
103 1 FL 03 48120-1200/120-0 KEL MICROWAVE 17 A13230765 FILTER, TUBUL AT BP 45.00
103 01 FL 04 4B120-1800/180-0 KEL MICROWAVF 18 A13230765 FILTER, TUBULAR BP 45.00
L03 01 FL 05 4B120-3000/3C0~0 KEL MTCROWAVE 19 A13230265 FILTER, TURUL 2R BP 45,00
LO3 ol PO 03 20493 OMNT~SPECTRA 20 A13230765 POWER DVOR,2 WAY,1-2GHZ 126.00
.03 01 M 03 MD-525-4 AMZ AC 21 A13230265 MIXER,DBL BAL SMHI-4GHZ 149.0C
Lol el AT 01 FP87-10 TEXSCAN 22 4132301265 10PB ATTENUATQR 35.00
103 04 H 47-10-204-10 SQUTHCO 24 Al13230265 FASTNER 4CAPTIVE 0.67
L03 o1 MPM C13230M32 NRAD 25 A1323017265 FRONT PANEL B 20.00
L03 01 MPM N13230M25 NRAD 26 A13230265 PARTITION. PLATE M 37.14
L03 ol MPM C13231M23 NRAQ 27 A13230265 PANEL, REAPR £ 13,00
L03 04 MPY €13231M25 NRAD 28 A13230265 Guice, MCCIFIED U 1.00
Lo3 n2 MpM D13231M21~1 NRAD 32 A13230265 LER SIDE PLATES L 24.00
L0o3 01 MS A 213230722 NRAQ 34 413230265 0ATA MOOULATCR ¢} 0.00
Lto3 01 NSA A13230227 NRAC 35 A13230765 5 MHZ MQO NRIVFR 0 c.n0
103 09 P 0SM-531-3 OMNI-SPECTRA 36 A13230765 PLUG RT ANGL RG18E8 3. 57
Lo3 42 4 0SM=201-1A OMNI-SPECTRA 37 A13230165 CONNECYOR,PLUG 1641SR 0.85
Lo03 15 P NSM=201-1 CMNI=-SPELTRA 38 A13230265 CONNECTOR +PLUG 141€R 0.94
L03 ot Lid OSM=202-14A OMNI- SPECTRA a9 AL3230265 CONNECTOR,JACK 141SR 1.88
Lo3 0t MPM B13221M16 NRAD 40 Al13230765 4~%AY PWR MTG BRACKET M 10.00
1.03 09 J MQ-3n43~-75 OMNI-SPECTRA 41 Al3230265 JACK,BLKHD RP MCUNT 141SR 1.50
Lo2 01 p 202394-2 AMR SPEC IND 42 Al13230265 HOCD.PIN(42 AND S0 BLOCK) 0.87
L03 01 P NSM-218 CMNI-SPECTRA 43 A13230766 ADAPTER,STRGHT PLUG/PLUG 4,56
103 n 02 20090 OMNT1=~SPFCTRA 44 A13230245 DETECTOR 1OMHZ-12.46GH2 60.00
L03 02 0 o1 20090 OMN T~ SPECTRA 44 A1323026% DETFCTINR 10MMZ-12.40GHL 60,00
L03 02 NS8 A13230731 NRAD 45 413230265 MONITOR FILTER 0 0.00
L03 NS B Al13230231 NPAQO 45 A13230265 MCNITYCR FILTER 0 0.00
L03 NSA Al132307232 NRAN 47 Al3230265 PHASE LOCK LCCP RC BNARD O 0.00
L3 02 NSA A13230732 NRAO 47 A13230265%5 PHASE LCCK LCDP PC BOARD O 0.00
L0? 0?2 CR 01 5082-4860 HEWLETT PACK 48 A13230265 LED W/RESISTOR,LINTY 0.65
103 te 02 5082-4R60 HEWLRTT PACK 4“8 A13230765 LEND,W/RESISTFR,LINIY 0.65
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DESCR VALUE ‘¥FG. PART NN, MANUFACTURER TTEM# BOM# DESCRIPTICN cost
P KC-19-153 KINGS 45 A13230165 CONNECTCR, PM. BANC 2.39
p 2041R6-5 AMP SPEC IND 50 A13230265 BLOCK,PIN 42 MIXFD Lol
p 204188~1 AMP SPEC IND 51 A1323Q765 CONTACT, PIM 0423
J 04 0MQ-3043-53 CMNI-SPECTRA 52 A13230765 JACK,BLKHC RP NMAT RG188 2.40
P 203964~6 AMP SPEC IND 53 A13230765 GUTIDE SOCKETY 0.21
P 200833-4 AMP SPEC IND 54 A13230765 GUIDE PIN 0.23
P 20251 4~1 AMP SPEC IND 55 A13230765 GROUND GUIDE PIN 0.42
H PHSS 6-32 X 0.625 HW 56 A13230265 PAN HEAD SLCTTED SS 0.02?
H PHSS 6-32 X 0,750 HW 57 ALl3230265 PAN HEAD SLCTTED €S 0.02
H FHES 6-32 X C.375 HW 58 A132301765 FLAT HEAD SLCTTED SS SCREW 0.02
H FHSS 6-32 X C.250 HW 56 Al13230265 FLAT HEAD SLLTTEC S5 SCREW 0.02
H HSHS 6-32 X 0.250 HW 60 Al13230265 HEX-SOCKEY HD SLOTTED SS 0.Q2
H PHSS 6-32 X 1.250 HW 61 A13230265 PAN HEAD SLCTTEC SS 0.02
H PHSS 4-40 X 0.250 HW 62 A13230765 PAN HEAD SLCTTEQ S§S 0.02
H FHSS 2-56 X C,250 HW 63 A13230265 FLAY HEAD SLOYTEC SS SCREW 0.02
H PHSS 2-56 X 0.500 HW 64 Al3230265 PAN HEAD SLCTTEC SS 0.02
H PHSS 2-56 X 04375 HW 65 A13230265 PAN HEAD SLCTYED 5§ 0.02
AR 01 6201-60 WATKINS JCHN 66 Al13230265 SPEC TABLE 2-6 190.00
c 51-723-301 SPEC CONTROL 67 A13230165 PF1l SUPP FILTER SCLDER 2.00°
NSB A1323027% NRAN 69 A13230265 ~20V REGULATOR PCR ASSY O 0.00
MPZ R13231M26 NRAN 7¢ A132302¢5 REAR SPACER M 2.00
£p N45CA GFE 71 A13230765 TRANSISTOR, POWER PNP 0.54
Mp 2 R13231M28 NRAD 12 A13230265 PARTIYION PLATE SPACER M 5.00
MPM R13231M29 NRAO 72 A13230165 FR PAN TUNING SHAFT SHLDO M 10.00
MPM R13231M30 NRAC 74 A13230165 PWR CONN SHIELD SPACER M 1.50
MP M A13231M31 NRAD 15 A13230265 PWR CCNN PIN CNTR FERRULEM 0.50
MPM A13231M33 NRAQ 76 Al3230265 POWER CONN SHIELD ACX L 5.00
Mp M B813231M34 ‘ NRAO 17 A13230265 GASKET, SFIELD RCX U 2.00
P M GASKETAMPCONN TECKNIT 17 A13230265 PER R13231M3¢ 2.25
DSH D13230513 NRAQ 78 A13230265 PHASE LK LCOP PCR SCHEM 2 0.0C
MPM D13231M12-1 NRAD 76 413230265 BAR, SUFPLRT, TCP & BOTT G 25.00
MPM N13231M12-2 NRAD 80 AL3230265 BAR, SUPPORT, TOP L 80TT 6 25.00
wpy B13231M22 NRAQ 81 A13230265% RLCCK,RF SKIELD L 12.00
EP 0.001UF FRABLOF102W SPEC CONTROL 82 A13230265 CAPACITOR,FFEDTHRU SCREW MT C.66
H M12-4 K&l MICROWAVE 83 Al3230265 MOUNTING CLIP 0.05
H SSTIM=-MP PANDUTT 84 A13230765 TIE WRAP,CABLE 0.02
FT 20-11101 TECKNIY 85 Al13230265 1/8 ROUND RF1 BRATD 1.80
FT 20-11110 TECKNT Y 86 A132301765 1/8X3/32 SQUARE RF1 BRAID 1.80
MPM 84-30223 TECKNIT 87 A13230265 INTERFACE SEAL 2.00
MPM B4-130224 TECKNIY a8 Al13230265 INTERFACE SEAL 2.00

**x TCTAL COST=

3676.76 *%%






MOD-Q/S5~Q/V

L0
103
LM
1 0%
L03
L03
103
103
103
L03
L03
103
103
103
L03
Lto3
103
L03
L03

VLA DATA LI STING

MODULE = LO3 PROJECT NO. 13230 DRAWING NO.: A1323C1175

DATA SET: LO TRANSMITTER 8OM:  -20V REGULATCR PCB ASSY O

NESCe VALUF ¥FG, PART NO, MANUFACTURER ITEM# BOM#A DESCRIPTICN cesy

NSa A132307175 NRAD 01 A13230275 -2CV REGULATCR P(E ASSY O 0.00
01 EpCP B13230P64 NRAD 02 A13230275 ~-20V REG PCB ASSY 1 0.00
01 NSH R13230810 NRAO 03 213230275 NEG VOLTAGE REG SCHEM 2 0.00
01 FPCA 4132304836 NRAD 04 Al1323Q7175 -20 V REG PCR AW 4 0.00
01 MPN B13231M35 NRAD 05 A13230775 -20V REG PCR DRILL DIAG 6 0.00
02 R0l 3.0 K RLROT 302-5S 06 Al13239027% RESISTOR 1/4W 0.06

P02 3.0 K PRCPOT 302-SS 06 A13230275 RESISTOR 1/4w 0.06
01 R 03 10.0 K 89PR10OK BECKMAN 07 Al13230275 POTENTIOMETER,PC 0.81
01 R 04 1.0 K PCROT 102-5S oe Al132307275 RESISTOR 1/4Ww 0.06
ol R 05 1.0 RCR20 1RO-5S 09 A13230275 RESISTOR 1/2W 0.07
02 Q 01 2N3an6 MOTORCLA 10 Al13230275 TRANSISTCR,AMPLIFIER PAP 0.12

0 02 2N3906 MOTORDLA 10 A13230275 TRANSISTOR,ANPLIFIER PNP O.12
01 u ol LM723CN NAT SEMICOND 11 Al13230175 REGULATOR,VOLTAGE 2-37VDC 0.65%
01 ¢ o1 500.0 FPF 10T7S-T50 SPRAGUF 12 A13230275 CAPACITOR(CERAMIC LISK 0.05
o1 ¢ 02 1.0 UF 8131~050-651~-105M ERIE 13 413230175 CAPACITOR,MONOLYTHIC SovDC 1.23
06 € 1502-2 KEYSTONE 14 A13230275 TEPMINAL,TUPRET 1/16 STK 0.02
02 X 3-LpPS-8 CINCH 15 A13230275 SOCKET, TRANSISTCR T0-5,T0-18 0.12
01 X TCMN-143-53 ROB NUGENT 16 A13230275 SOCKET,14 PIN OTL 0.27
04 H 1596~2 KEYSTONE 17 Al13230175 'STANDOFF 4 SWAGE 2-5¢ 3/8H 0.08

**% TOTAL CQST=

4,18 %%»

*¥% TOTAL COST FOR MODULE LO03 IS

3902.83 »%xx






MOD-Q/S-Q/M

L3 - ANTENNA L.O. TRANSMITTER

- - -

L10
L10
Lo
L10
L10
L10
L10
L10
Lin
110
Lin
L10
L10
Lio
10
L10
t10

i) J0 O =t s s b e b

s

vi

A DATA LTSTING

MODULE: L1O PROJECT NO. 13240 DRAWING NO.,t A13230722

DATA SFT: CENTRAL LD TRANSMITTER BoOMt  DATA MCCULATCR

NESCR VALUF NFG, PART NO, MANUFACTURER ITEM# BOM# DESCRIPTICM cosy
NSA Al3230222 NRAQ 1 Al13230722 DATA MODULATCR 0 0.08¢
MPN B13230M38 NRAO 2 A13230222 DATA FILTERP END PANEL J .12
MPN B13230M30 NRAQ 3 A13230722 RECEIVER DATA ANPLIFIER J 3.71
MPN 813230M29 NRAD 4 A13230222 RECEIVER CATA ANVPLIFIER J 6.72
MPN 813230M27 NRAD S A13230222 RECEIVER CATA AFFLIFIER J 2473
MPN BL3230M46 NRAQ 6 Al13230722 DATA MOD DRVR ENR PANEL J 0.00
MPN Rl3230M49 NRAO 7 A13230222 DTA MCD ORVR SITE PANEL J 0.00
H PHSS 4=-40 X 0.500 HW 8 A13230222 PAN HEAD SLCTTFD €S 0.02
H FHSS 4-40 X 0.37% HW S 213230722 FLAT HEAD SLCTTEC SS SCREW 0.02
J 01 nSM-211 OMNI-SPECTRA 17 Al13230222 JACK BLKHD FDTHRY 2.15
J 02 0sSM-211 CMNI~SPECTRA 17 A13230222 JACK BLKHD FDTHRU 2.15
J 03 Osv-211 OMNI-SPECTRA 17 Al3230222 JACK BLKHD FDTHRU 2.15
£ o1 1587-1 KEYSTONE 18 Al13230222 TERMINAL y TURRET .125 4-40THD 0.09
c 0o 0.001UF FR3BLOF102HW SPEC CONTROL 19 A13230722 CAPACITOR,FEEDTHRU SCREW MT 0.66
c 12 0.001UF FB3BLIOF102W SPEC CONTROL 1§ Al13230222 CAPACITORFEEDTHRL SCREW MT 0.66
NSB Al13230723 NRAD 20 Al3230722 MO0 BOARD 0 0.00
OSH 132305807 NRAD 21 Al13230222 DATA MODULATCR DFIVER 2 0.00

#%% TOTAL COST=

28.80 *%x*
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HUNNINGD LULLNCi

FREQUENCY POWER MODEL MODEL
(MHz2) (mw) NUMBER NUMBER
750- 850 300 SSC-0101 SSX-0122
850- 980 300 SSC-0102 §SX-0123
980- 1100 250 SSC-0103 SSX-0101
1080- 1220 250 SSC-0194., . . SSX-0124
- 134 0 SSC-0105 SSX-0102
1300- 1520 250 S§SC-0108 SSX-0125
1500- 1720 200 SSC-0107 SSX-0103
1640- 1780 130 SSC-0108 SSX-0125
1720- 1920 150, SSC-0109 SSX-01 27
1880- 2080 150 SSC-0111 SSX-0128
2000- 2320 125 SSC-0115 SSX-0104
2320- 2550 50 SSC-0110 SSX-0131
3600- 3300 10" SSCM-0121 SSX-0121
3600- 4130 10 SSCM-01086 SSX-0106
3850- 4200 10° SSCM-0107 SSX-0107
4330- 4930 10° SSCM-0108 SSX-0108
5400- 53900 10 SSCM-0109 SSX-0109
5855- 6445 10° SSCM-0110 S$SX-0110
6400- 69350 10 SSCM-0111 SSX-01144
6800- 7200 10 SSCM-0112 SSX-0112
7000- 7525 10 SSCM-0113 SSX-0113
7500- 8000 10 SSCM-0114 SSX-0114
7975- 8500 10 SSCM-0115 SS8X-0115
10630-11230 10 SSCM-0116 SSX-0116
11200-11770 10 SSCM-0117 8SSX-0117
118630-12300 10 SSCM-0118 $SX-0118
12130-12700 10 SSCM-0119 SSX-0119

12630-13230 10 SSCM-0120 SSX-0120 *Sea option H

13750-14250 10 SSCM-0122 SSX 0129
16000-16500 10 SSCM-0123 SSX-0130

These products represent state of the art per-
formance in high stability tuneable sources.
They are typically realized as follows. Models
SSC-0100 are Bi-Polar transistor oscillators
wherein the frequentcy determining element is
both lumped and distributed in nature. The
consequences of this are excellent long and
-short term frequency stability. Models SSCM-
0100 consist of a suitable Model SSC-0100
followed by a harmonic generator. Models

SSX-0100 are either of the above integrated
with a phase lock system. The loop phase
comparator is of a sampling nature, and the
reference can either be included or external.
All units can be mechanically tuned over the
full bandwidth, and as an option can be pro-
vided with AFC capability of typically =0.1%
bandwidth. AFC frequency range is typically
DC - 10MHz, except for Models SSX-0100,
where it is 200 KHz - 10 MHz.

PERFORMANCE DATA

Typical Operating Parameters for SSX series Tyf;()) ifglsfc):pzl:tsigifsaer:;nseters
vé?&%te Load Temp vg;fatge .| Load Temp
Freq opsﬁeoens Freq |.02%/v. [1%/1.5:1].001% /°C
Power .o 2DB/1.5:1 Q.01 DB/C Power .s 2 DBA‘;Sﬂ 0.01 DB/C_.

“*Power leveling via input voltage
change not advised
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AV Ful No-se n DS FM Noise

§ beo~ 200 Khs demton RNS Nosse desialion in kg
e R 10
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S LI T O I
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‘ i x '_/',, C
—85 Bt LT E——— -
» A . . . H 1 .
L Ll 55y o 1 b
"'90.. ~ - - ~
x I X X
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(=] o - o
e o [d
™ Modulation Fragquency
Power vs, Frequancy
+1.5D8 po=
—1.5DB

b

g F F,

g 1 2

Frequency '
Frequancy vs. Voitage
{For AFC or Modulation)
+0.1%

| =3

2

s

>

o

o

o

[3)

<

o

3

g

I
-~0.1%

av Tuning Voltags 14V

_]' Maximum permissible demodulated FM

noise in any 3 KHz window {rom 10 XHz

63.2 510 MHz
Curva A — Osciliators at 11630 and above
20 Curve B — Oscillators betwean 6800 MHz and 11629 MHz

Curve C — Oscillators below 6300 MHz

Note: Thase noise limils apply ovar the ambisnt tamparature range
ol 10°Clo 50°C. Qutsidathisrange.bulintharanga
ot —30°Cto 60°C, the limits are relaxed 2 08.

Harmonic Rejection:-30 DBC for freq.<3GHz

—50 DBC for freq.>3 GHz
Discreet Spurious Rejection: —60 DBC
AM Noise: —100 DBG /KHz
Input Power: —20VDC @ 350 mA Typ
For SSX series
—20VDC @125 MA for SSC

& SSCM series
Operating Temperature: —30 to 60°C Typ

AVAILABLE OPTIONS

A Separate modulation input with coax
connector.

B  External reference oscillator input less
reference oscillator,

C :=0.005% Stability crystal

D  ==0.0029% Stability crystal

E +0.0005% Stability crystal and internal
crystal oven.

F Internal crystal oven less crystal (re-
quires crystal to SST specs).

H 50 mW MIN,, 25°C, 50 OHM Load

LLA Lock limit alarm

W  Waveguide output

SOLID STATE TECHNOLOGY

3650 Charles Street
Santa Clara, California
95050 (408) 247-8620
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3 Port Tee Circulators

Tee Circulators (Octave Band)

Circulators listed can also be furnished _ ISOtA- NS ~0DEL COli-
with 2ny of the following options: FREQUENCY TIOH  LOSS  VSWR SIZE IN INCHES ~ WEIGHT ~ KUMBER  NECTOR
» Spacial mounting (GHz) (dB) (18) (max.) (Approx.) (ounces) (Specify (f2mal2)
« Choice of connectors OPERATING Z-l.__ 1-2 __A_H_E_o_r_t‘s_‘____t_ lﬁ ] w Apprax. on order) All Perts
- ngh pdwer.peak or average .500-1.00 17 10 135 5% x 1Y x 5% 50 152100001 N
o Extreme environment ~————»100-2.00 20 24 1.25 I x1x37 16 123100004 N e
Y or customized configurations _ 12024 2 04 1B Iux1x3p 16 1ow0007 K
» Cryogenic temper'aturés 2.00-4.08 20 04 1.25 1354 x 1 x 2% 10 133100012 3N
 Magnetic shielding 260-5.20 20 c4 1.25 1% x 1 x 12, ] 13)100015 KRR
Bafore specifying non-standard devices, it 3.00-6.09 8 0.4 "25. . -!Z‘fﬁ."i x 12 - 3 _.1211.(300}.8_.__. }i“._._.‘l"
may be helpful to review the notes at the 4.00-8.00 20 04 125 1942 % 32 x s 3 120100021 kit
beginning of the catalog. For quick and 5.00-100 20 04 1.25 1x% x s 3 122100024 KIARS|
competent assistance in design or 2.00-16.0 18 05 1.3 Bx%xe 1 wWolem3 3w
proposal preparation, contact Addington Sizes and weights given are for “'T* conliguration. *'Y** configuration available on rzquest.
Laboratories’ engineering department
either directly or through your local .
representative. SpeCIfy Your Own Band
(Bandwidtlis to 3597 with f, in the ranges noted)
ISOLA-  INS. CON-
FREQUENCY TION  LOSS VSWR SI1ZE (N INCHES WEIGHT MODEL RECTOR
(CGHz) (d8) (d8) (mar) (Approx.) {ounces)  NUMBER (famate)
SPECIFY o 2__l_~_11 _ Al Ports L H W Approx. (Sez footnote) All Parts
.250-.400 20 04 1.2 Y5 x 1 x 8% 32 1291 xxxxx il
.800-.600 20 04 1.23 2% x1x2% 16 33 lexxxx N
.600-930 n 04 __1:25_  Phsx1x % 1 190t xxxxx N
.900-1.40 2 0.3 125 Waxlxth 10 T2 xxxxx N
1.40-2.00 Yy 03 1.25 22 x1x2% 12 103 xxxxx 30
_ ?.00;3_._5(_) o »n Oi o 1:25_ o 1% x1x W 10 132 xxxxx ERMA]
3.50-5.00 % 0.4 1.25 1 xix iy ? Mloeexx FRE
5.00:8.00 2} 0.3 1.23 e x%, 2l 3 3ExxxRX KRN
8.00-12.C 25 8.4 1.25 B x 3 x 1y 2 L latexxxx ER L
12.0-130 i: '):5 1.30 ".f,s X ‘-_‘g x 3; i 0 laxxx 3N

Balance of Model No. onll b2 supplied by foctory at time of order.
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BROADBAND ISOLATED POWER DIVIDERD
MICROSTRIPLINE

These Isolated Power Dividers incorporate two-section impedance transformers
for broadband perfommance, and thin-film chip resistors for high isolation and
good power handling capacity. The units are available as substrates with chrome/
copper/gold conductor patterns for solder-tab connection to adjacent microstrip
circuits, or packaged in a metal housing with type SMA connectors. For phase-
coherent signals, these units can be used as isolated power combiners with iden-
tical performance. For non-coherent signals, the loss of the two-way unit will
increase by 3 dB when used as a combiner.

Frequency VSWHR Size Ins. Loss Model No. Price
CGHz Input "Output 2 - Way 4 - Way 2 - Way - 2 - Way 2 - Way

—> 0.8 - 2.0 1.35 1.20 1 x 2 x 2 0.3 dB PD8304-2 $ 85.e—

1.0 - 2.5 1.35 1.20 1 x1.75 x 2 0.3 dB PD8305-2 $ 85.-

2
2
x 1.5 2 x1.75 0.4 dB PD8306-2 $ 90.-
2
2

1.5 - 3.75 1.35 1.25 1
2.0 - 5.4 1.40 1.25 1 x 1 x 1 0.5 dB PD8307-2 $ 90:-
3.0 - 7.8 1.45 1.30 1 x 1 x 1 0.5 dB PD8308-2 $ 90.-

For the corresponding 4-way models, use suffix -4 with model mumber. Additional
price is $§ 35.- for the 4-way version.

o]
Amplitude Balance + 0.3 dB max. o
Phase Balance + 3° max. 5 o
Isolation 20 dB'min., 30 dB typ.
Insertion Loss, 4-Way 2 x loss of 2-Way ‘ 0
Material 99.5 % Alunina o
Conductors Chrame/Copper/Gold o
Input Power Capacity ' o
Any Load Impedance 2 W CW max. (2-way) 5 o
4 W CW max. (4-way)
For 2:1 max. Mismatch 10 W CW max. (2-way) (o}
20 W CW max. (4-way) | O rum | nesmn

For the packaged configuration with type SMA (female) connectors, use suffix
" M ' with model mumber. Additional price is $ 50.- for the 2-way models, § 75.-
for the 4-way units.

ther frequency ranges, bandwidths and connector configurations as well as 8-way
dividers are available on special order.

VECTRONICS MICROWAVE CORPORATION

2e5 IW 75

205 PHL ~LTD

Data Sheet PD8300, 6/71

UG,



WIDEBAND DOUBLE
SALANCED MIXER

5 MHz - 4 GHz

DC - 1.9GHz (IFPort)
FEATURES

B Wideband — 5 MHz - 4 GHz

B +10 dbm Typ. Third Order Intercept Point

22 DC({F) Port
B Standard Connectars: TNC, SMA

GUARANTEED SPECIFICATIONS

Frequency Range:

L. (LO) Port 5 MHz - 4 GHz
R (RF) Port 5 MHz -4 GHz
X (IF) Port DC-1.9 GHz

Conversion Loss:

5 MHz - 3 GHz 9.0 db Max.
3GHz-4GHz 10.0 db Max.

Isolation (db Min.): L-R L-X R-X
5-50 MHz 20 20 20
50 MHz - 2 GHz 25 30 30
2 GHz - 4 GHz 20 25 20

LQ Power Required: +10 to +13 dbm {all specifications

guaranteed with +10 dbm LO)

400 mW Max. @ +25°C (derate

linearly to +125°C @ 3.2 mW/°C

X Port input Current: 50 ma Max.

Operating Tamperature Range: -54°C to +85°C

D.C. Polarity: Positive — with two in-phase sig-
nals applied to LO and RF Ports

50 ohms (all ports)

Input Power Total:

Impedance:

TYPICAL PERFORMANCE

Within 1 db of Conversion Loss
+6 dbm {with +10 dbm LO)
+3 dbm {with +10 dbm LQ)

Noiss Figure:
1 db Compression Point:
1 db Desensitization Level:

Two-Tone IM Ratio - 3rd
Order with two -10 dbm

signals: -55 db (with +10 dbm LO)
NOTES:
1. Conversion Loss specified with |F frequencies from 10 MHz
to 1 GHz.

2. IF Port response is down 3.5 db at DC, and down 3 db at
1.9 GHz {see curve).
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DESCRIPTION MECHANICAL DATA
The Model MD-525 is a high level double balanced mixer '
having a wide frequency range of 5 MHz to 4 GHz at the

LO and RF Ports, and DC-1.9 GHz at the IF Port. ¥
1250
Among the many outstanding features of this device is its l
+10 dbm third order intercept point with +10 dbm LO. S !
L 10 RF I¥
ENVIRONMENTAL 562—le oto—skeo
This Device Has Been Designed to Meet the Following Envi- L_,.375
ronmental and Physical Conditions of MIL-STD-202. f¢——2 500 ——»
Thermal Shock: Method 107, Test Condition : %2020
A -55°C to +85°C, 30 minutes @@@:—J 170
at temperature extremes, 5 f °_2_°f -
cycles CONNECTOR 375
Humidity: Method 103, Test Condition 3 PLACES
B (96 hours) ) PO == == N = M-y
Barometric Pressura: Methad 105, Test Condition 312 DEEP . v ! =
D 100,000 feet 4 HOLES 750
Moisture Resistance: Method 106 -0 .¢.__L
Life Test: Method 108, Test Condition -J £ 250
B {250 hours) 2000 250
i jon: Method 204, Test Condition . ‘
Vibration 8 ?l 0_3’000 Hz,e:S G pe;k Mounting Area. 3.13sq. an 20sq.cm.
) Volume . 2.35 cu.in. 38cu.cm.
High Impact Shock: Method 207 Weight (approx) 3 ounces 85 qroms

INTERMODULATION CHARACTERISTICS

SCHEMATIC a0
7
y 7/
+20 o 7 //
3rd ORDER INTERCEPT ¥ 3
POINT FOR INPUTS /
BELOW O DBM
o I
> &
| ,I
3 20 &7 s
2 &‘Q}\/ /
_ » ' 5 | & /
-40
ORDERING INFORMATION Y
Please specify Model No. and Connector Type IM PRODUCTS
when ordering. | —-60

Model MD-525: $175.00 (1-5 Qty.)

Connector Types: TNC or SMA Standard. -80 o as Y TioDoM
Type BNC available on ' B oM
special order $190.00) F::;=32 MHz|

Availability: Stock O T T o v

Terms: Net 30, f.o.b. factory

INPUT POWER (DBM)

Printed in U.S.A.

: .13

Division of Adams-Russell
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" MODEL H-183_

BROADBAND
MICROWAVE
HYBRID JUNCTION
30 MHz—3 GHz

FEATURES

[T 7-Octave Coverage — 30 MHz - 3 GHz

£l Useful from 10 MHz to 3.5.GHz
[ Excellent Isolation

B Rugged Construction for Severe Environment
. Standard Connectors: TNC, SMA or N

GUARANTEED SPECIFICATIONS

- Frequency Range:
Insertion Loss:
30-100 MHz
100 MHz- 1 GHz
1-1.5 GHz
1.5.2.5 GHz
2.5-3GHz
Isolation:
30MHz- 1 GHz
1-3 GHz
VSWR (All Ports):
30 MHz - 1.5 GHz
100 MHz - 1 GHz
1.5-2 GHz
2-2.5 GHz
2.5-3 GHz
Impedance:

30 MHz - 3GHz

1.2 db Max.
1.0 db Max.
1.5 db Max.
2.0 db Max.
2.5 db Max.

25 db Min.
20 db Min.

1.6 : 1 Max.

1.4 11 Max.

2.0 : 1 Max.
2.25 : 1 Max.
2.5: 1 Max.
50 ohms

Amplitude Balance {A to Cor D,

and Bto Cor D):
Phase Unbalance:

30 MHz- 1 GHz

1GHz-3GHz
laput. Power:

0.4 db Max.

52 Max.
5 /GHz
5 Watts Max.

ERVIRORRMENTAL

This Device Has Been Designed to Meet the Following Environ-
mental and Physical Conditions of MIL-STD-202.

Thermal Shock:

Humidity:
Barometric Pressure:

Moisture Resistance:
Life Test:

Vibration:

High Impact Shock:

Method 107, Test Condition A
-55°C to +85°C, 30 minutes at
temperature extremes, 5 cycles
Method 103, Test Condition B
(96 hours)

Method 105, Test Condition D
100,000 feet -

" Method 106

Method 108, Test Condition B
{250 hours)

Method 204, Test Condition B
10-2,000 Hz, 15 G peak
Method 207

1088 (o8}

ISOLATION (DB

vEWR

\

T
N\

SPECIHICATION

FREQUENCY MMy
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40 o
1 - T~rvricat
30 .
——]
o 0o 200 000 2000 000 330
FREQUENCY Mot
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23
“ ~ SPECIFICATION
i e e
mn 0 wo 300 000 000 000 300
FREQUENET MMz
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i
PR35
bt
T
[

LELECIAONICS,

Anzac Electronics, A Division of Adams-Russell
57




.\...D CJ )5} “ﬁﬂa\ﬂ
Anzac’'s Model H-183 is a 4-port hybrid junction which com-
bines excellent operating characteristics from the HF portion
of the spectrum into the S-band portion with small size and
light weight. Signals fed into any port appear as equal ouiputs
at the opposite port pair. The phase dlfferenc° between out-
puts is 0 if the input port is B or C, and 180° if the input
portis A or D. So long as the loads on the output ports are
equal, but not necessarily at the characteristic impedance of
the device, the adjacent port is isolated from the input.

1f two signals are simultaneously applied to either port pair,

the vector sum will appear at one of the opposite ports and
the vector difference at the other.

APPLICATIONS

") Antenna beamforming networks
§€2  Antenna feed structures

O  Isolated signal splitters

© Monopulse comparators

¢ Balanced mixers and modulators
D Phase or amplitude comparators
€  Multiplexers

%  Power dividers and summers

D  Frequency discriminators

£  Reflectometers

ORDERIMG INFORMATION

MZCHANICAL DATA

BB

o
|

C‘ES o

925 1400 ~CONNECTCR
le——— 3250 ———p{ 9 PLACES
4 2020
© &H¥
UNLESS OTHEARWISE L. 592
NOTED, XXX« L.018 2020
828 e
1000
'$r ‘@7 4-40 UNC-38
| 312 DEEP
250 —~» [¢——2.750 ~—>f 4 HOLES
Mounting Area: 488 sq.in. 315 sq.¢m.
Volume: 5.85 cu.in, 86 cu.cm
Waight (approx.) 7 ouncss 200 grams

STHE

MﬁTiC

Please specify Model No. and Connector Type when ordering.

Model H-183: $250.00 {1-5 Qty.)
Connector Types: TNC, SMA or N Standard
Availability: Stock

Terms: Net 30, f.0.b. factory

Printed in U.S.A.

Dnvn-cn ol Ad-l‘h& Russell] . =
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MODELS D-5-4

UHF BROADBAND
FREQUENCY
DOUBLERS

196 MtHz—2.6 GHz CUTPUT (D-6-4)
60 MHz—4.2 GHz OUTPUT (D-5-4)

FEATURES

kI Conversion Loss 13 db Max..

EX  Untuned

2 Meets MIL Environments

EE Low Spurious Noise

EE Standard Connectors: BNC, TNC or SMA

GUARANTEED SPECIFICATIONS
D-6-4 - D-54
Input Frequency Range: 60 MHz - 1.3 GHz 30 MHz - 2.1 GHz
Output Frequency Range: 100 MHz - 2.6 GHz 60 MHz - 4.2 GHz
Conversion Loss: 13 db Max. @ 13 db Max. @
20 mw input 30 mw input
Spurious (referred to Output Fp): OUTPUT FREQUENCY (MHz)
100-1000 1000-2600 60-1000 1000-4200
Fq ' -25 db -15db -25 db -15db
F3 -30db -20db -30db -20db
Fyq . -12db -12db -12db -20db
TYPICAL PERFORMANCE
D-6-4 D-54
fnput VSWR: 1.8:1 1.5:1{30 MHz - 1 GHz)
1.8:1(1-2.1 GHz)
Input/Output Impedance: 50 ohms 50 ohms
Input Power {Loss increased 2 db @ mw and 100 ms): 20 mw Nom. 30 mw Nom.
Input Power: : 1 Watt 1 Watt
Operating Temperature Range (0.5 db Max.
Loss Variation): -55°C to +85°C (Both models)

Anzac Electronics, A Division of Adams-Russell
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DESCRIPTION MECHANICAL DATA

These doublers are small, low noise, untuned devices used to
double any frequency in the 30-2100 MHz frequency range
-with minimum spurious generation. X
g o 1344
" o e |
\-CONNECTOR
4-13445 Z PLACES
i ? *o20
7
ENVIRONMENTAL Tedesiegse  Lazs™
These Devices Have Been Designed to Meet the Following 1 43 A %}SZ’&;’;‘.’E‘;‘:‘S
Environmental and Physical Conditions of MIL-STD-202. ua| ;{ v B
Thermal Shock: Method 107, Test Condition A -t \
-65°C to +85°C, 30 minutes at 4-30 UNC-38B 1.000 DiA.
temperature extremes, 5 cycles 312 DEEP
Humidity: Method 103, Test Condition 8 2 HOLES
(96 hours)
Barometric Pressure: Method 105, Test Condition D Mounting Araa: 19sq.in. 12 sq.cm.
100,000 feet Volume: 14 cu in, 23cu.cm
Moisture Resistance: Method 106 Waight {(approx.} l.Bounces 50 groms
Life Test: Method 108, Test Condition B
{250 hours)
Vibration: Method 204, Test Condition B
10-2,000 Hz, 15 G peak oy
High Impact Shock: Method 207 SCHEMATIC

CROERING INFORMATION

Please specify Model No. and Connector Type when ordering.

Model Price {1-5 Qty.) Connector Types Availability
D-6-4 $ 75.00 BNC, TNC, SMA Stock
D-5-4 $150.00 BNC, TNC, SMA Stock
Terms: Net 30, f.o.b. factory

Printed in U.S.A.

Oivision of Adams-Russeld] o
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WJ-f11.

DOUBLE-BALANCED MIXER

,:8 } 300 TO 2000 MHz
Ir DC TO 1000 MHz

e« HIGH ISOLATION: >50 dB (TYP.)
"« LOW NOISE FIGURE: 6 dB (TYP.)
o HERMETICALLY SEALED

Guaranteed Specifications™

Characteristics Min. Max. Test Conditions
SSB Conversion Loss f. & fa 1000 to 1800 MHz
70d8 f, DC to 200 MHz.
8.5 dB f, 200 to 1000 MHz
f. & 7 300 to 2000 MHz
8.0dB f, DC to 200 MHz
9.0 dB f, 200 to 1000 MHz
SSB Noise Figure fL & fz 1000 to 1800 MHz
7.0dB f; 10 to 200 MHz
8.5d8 f, 200 to 1000 MHz
1 f & 1z 300 to 2000 MHz
8.0 d8 f, 10 to 200 MHz
90dB | f 260 to 1000 MHz
Isolation
LisR 40 dB
Lol 95 d8 } f, 300 to 1000 MHz
Rtol 20 dB fa 300 to 1000 MHz
Lto R 35 dB }
Liol 25 dB f_ 1000 to 2000 Mhz
Rio! 20 dB fa 1000 to 2000 MHz
Conversion Compression 1.0db _ fx level = 0 dBm
Desensitization Level 1.0d8 faz level = —2 dBm

*Measured in-a 50-ohm system with f, at +7 dBm.

Weight 31 grams (1.1 0z.)

maximum

Connectors SMA Female

60

Absolute Maximum Ratings

Storage
Temperature ..... ..—85°C to +100°C
Operating
Temperature ....... ~54°C to +100°C
Peak Input
Power..........400 mW max. at 25°C
Derate to 50 mW at
100°C (4.67 mW/°C)
Peak Input Current .............. 50 mA

Schematic Diagram

e

L )

Qutline Drawing

05t Lo lostf
0% Lo (X
0.410 {
MAX o8&
l L ' » 9.63 }
g ! Lew

{ 2090

0.60) 0.73 {0.61{ 0.60 a3
i 058] a7 fose|ass fon

%%:[0@@"7 {

9
0%
L ¥ i 301 G150 DIAMETER

X - 0.150 2 PLACES

NOTE: DIMENSIONS ARE: IN INCHES.



Ty nical Performance at 25°C

I

o 5 10 15
DRIVE LEVEL - ¢8m

Drive Level: The minimum recom-
ez drive level is +4 dBm.

“e maximum recommended drive
=2 35 -13dBm.

/—\// i\

SO 2000 90 100 100 2500 1700 190 2100
f FREQUENCY - MHz

Conversion Loss vs. Input Frequency:
<" -275:0nloss of the mixer when used in
"~ 333 system. The frequency ordinate

"#'e"s o ihe R-port () with f, at 150 MHz.

222 plotted with an fy level of +7 dBm.

=
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8 s

z 1 ™ -

g s N

R 1 ,
S 00 200 00 L0 SO0 600 700 800 90 1000

fy FREQUENCY - Mz

Conversion Loss vs. f, Frequency:
Conversion loss of the mixerwhen usedin
aSSBsystem. The frequency ordinate re-
fers to the 1-port (f,) with f, at 1200 MHz
and f, swept from 200 to 1100 MHz.

|||

Nl L TOR1sOLATION

-~
=

ISOLATION - ¢

S 8 &8 3 g

L7071 TSOLATION |

20 400 600 B0 100 1200 1400 1600 1800 2000
f, FREQUENCY - Mz

Isolation vs. Frequency: Level of the f,
signal fed through to the R- and I-ports

with respect to the level of the f, signal at

the L-port.

1
2 j =N
g Ko : .
o« =0 K :
RN e o X -+ -
L ad ! H i
> T/ A \ i R PORT
N e e e LU
/] SRR R

5

0 02 04 06 0.8 )0 L2 14 16 L3 20 22
FREQUENCY - GHz

VSWH vs. Frequency: VSWR of the L-, I-
-and R-ports in a 50-ohm system with f, at
-+7 dBm. Some variation in the R-port

VSWR will occur as a functionof the L-port
frequency. Curves for the R-port VSWR

are plotted for L-port frequencies of 0.6
and 1.6 GHz. Also shown are the L-port
VSWR and the I-port VSWR with f_ at 0.6
GHz.

st >n ten fsn fon | >n | >n
e {20 | >h TS Lap L on I >n
had M >Ti >t >71 >7) >7% >71
"o" 1> >0 {5h tsh |t s Tsn
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€ 4 [F E] 4 50 7 th
Cc “*I'® 55 64 64 2] &
£ . [= [ ) 21 %_]
e L=» [] 4 10 Q [E)
T — 7 43 23 54 k)
= 3 3% 27 Y F:)
" 24 X LS 8,

Harmonics of f,

Harmonic Intermodulation Products:
Intermodulation signals which result from
the mixing of mixer generated harmonics
of the input signal are shown above. Mix-
ing product suppression is indicated by
the number of dB below the desired out-
putlevel, f5-f,. Products are for the difier-
ence frequencies nf -mfg and mfg-nf,. The
performance was measured with frat300
MHz, ~10dBm; f, = 299 MHz, +7 dBm for
light area and + 13 dBm for shaded area.
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VJ-M1H

DOUBLE-BALANCED MIXER

LO 5
op [ 18T062GHz

IF DC TO 2 GHz

o HIGH ISOLATION: >35 dB (TYP.)
o LOW NOISE FIGURE: <6.0 dB (TYP.)
o LOW COST

Guaranteed Specifications™

P%Fﬁgé

Characteristics Min. Max. A Test Conditions
Canversion Loss 704dB fu&Iza 1.810 4.2 .GHz
f, DC to 2 GHz
fL & fa 4.2 10 6.2 GHz
8.0dB f, DC to 500 MH:z
9.0dB f; 500 MHz to 2 GHz
Noise Figure 70d8 | 1 & 1x 181042 GHz
fy 30 MHz to 2 GHz
f, & 1 4210 6.2 GHz
80dB | f, 30 MHz to 500 MHz
9.0dB f, 500 MHz to 2 GHz
Isolation
fatR 25 dB
fat) 15 d8 f. 1.8 10 4.2 GHz
f.atR 20 dB
fatl 15 dB fL4.210 6.2 GHz
Mixer Compression fa = —2 dBm
1048 {, at +13 dBm

*Measured in a 50-ohm system, f, at +7 dBm.

Weight 31 grams (1.1 0z.)

maximum

Conneactors SMA Female

58

Abso}ute Maximum Ratings

- Storage
Temperature .......—865°C to +100°C
Operating
Temperature ... .... -54°C to +100°C
Maximum Input Power ... .. 50 mW peak

Maximum Input Current . .. .50 mA peak

Schematic Diagram

Outline Drawing
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CEL X 615 2RACES

ROTE: DIMENSIONS ARE IN INCHES,
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. Typical Performance at 25°C
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: 7, FREQUENCY - GHz VSWR vs. Frequency: VSWR ot the L-, |-
and R-ports in a 50 ohm system. Some

9 "2 4 6 8 18 R H
DRIVE LEVEL - 03m

=

-Conversion Loss vs. Drive Level: Con-
+2°5 57 i0ss in a SSB system is a function
2t amvelavel (fy) with f and f, at approxi-
¥y 3 GHz and f, level at ~6 dBm.

N \
\T“/-\

CHRARN A 'y
'

i 2 4
Fig FREQUENCY - GHz

Conversion Loss and Noise Figure vs.
Input Frequency: The frequency ordi-
-:a:e rgfers to the f and f, inputs with a f;
"#2u2ncy of 500 MHz for conversion loss
372 24, irequency of 30 MHz for noise

{f_.g;'e .

Isolation vs. Frequency: Level of the f,
signal fed through to the R- and I-ports

with respect to the level of the f; signal at

the L-port.

variation in the R-port VSWRwill occur as
a function of the L-port frequency as
shown above. Curves for R-port VSWR
are plotted for L-port frequencies of 4 GHz
and 6 GHz. A plot of I-port VSWA is also
shown with f, at 2 GHz, 4 GHz and 5.GHz.



WATKINS - JOHNSON COMPANY

3333 Hitiview Avanue Stanfordindustrial Park Palo Alto, Catifornia 94304 (415) 493-.4141 TWX 910-373-1253

October 18, 1977

1\'11'. D. S_O Bag.-ri

NRAO

Post Office Box O

Socorro, New Mexico 87801
Reference: M1H Intermod data
Dear Mr. Bagri,

The M1H mixer and the M5H mixer are very similar, the primary difference being

their packages. The MS5H has typical intermod data listed in the catalog.

I hope the data answers your questions.

Regards,

WATKINS-JOHNSON COMPANY

John Follett
Applications Engineer
Relcom Department

JFF/Imj



DOUBLE-BALANCED MIXER

LO
RF 1.8 T0 6.2 GHz

IF DC TO 2 GHz

e LOWNOISE FIGURE:5.8dB(TYP.)
o HIGH ISOLATION: 35 d8 (TYP.)
o HERMETICALLY SEALED

Guaranteed Specifications™

Characterislics Min. Max. Test Conditions
SSB Conversion Loss 7.5d8 fL & fa 2.0lo 4.2 GHz
f, DC to 2 GHz
8.0 d8 f & fr 4.2 10 6.2 GHz
f, DC to 0.5 GHz
854d8 f, & fr 1.8 10 6.2 GHz
f, BC to 2 GHz
SSB Noise Figure 7.5 dB L& fa 2.0 to 4.2 GHz
f, 0.03 to 2 GHz
8.0dB fL & fz 4.2 to 6.2 GHz
§, 0.03 to 0.5 GHz
8.5 dB fu & fr 1.8 10 6.2 GHz
f, 0.03 to 2 GHz
Isalation
“fLathR 25 dB
i, atl 20 d8 f. 1.8 t0 6.2 GHz
Conversion Compression 10dB | f(zat0dBm
f at +7 dBm
‘Besensitization Level - 1.0dB fre at —2 dBm
f, at +7 dBm

*Measured in a 50-ohm system with f, at +7 dBm.

Weight 7 grams (0.247 0z.)

- praximum

80

Absolute Maximum Ratings -

Operating ,
Temperature ........—54°C to +100°
Storage
Temperature ....... —65°C to +100°C
Maximum Peak input Power . ... .50 mW

Maximum Peak Input Current ....50 mA
Maximum Pin Temperature .. .260°C for
10 sec.

Schematic Diagram

1T
|

4
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QOatline Drawing

KOTES: ¥
L DIMENSIONS ARE IN 0.525
INCHES. gt R 300
2 PIN KLW3ERS ARE i
STAMPED AS SHOWN.
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Typical Performance at 25°C

7+ 6 8 B 17
DRIVE LEVEL - 63

Drive Level: Th2 minimum recom-
- e dive level is +4 dBm.
- aximum recommended drive
5 =13 dBm.

NN
I
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N
\

1163034 334246 50 5458 62 6.6
tg FREQUENCY - GHz

Conversion Loss vs. Input Frequency:
Z--.zr3:0nloss of the mixerwhen usedjn
+* 553 system. The frequency ordinate
w100 the R-port (fr) with f, at 200 MHz.
~ 1z potted with an f level of +7 dBm.
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FREQUENCY - GHz

Conversion Loss vs. {, Frequency:
Canversion loss of the mixerwhen used in
2558 system. The frequency ordinate re-
2310 the I-port (f,). Curves are shown for
‘ 21 4 GHz with f,_ swept from 2 to 4 GHz

27d i at 6 GHz with f, swept from 4 to 6
GHz.
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lsolation vs, Frequency: Level of the f,
¥Gnal fed through to the R-.and l-ports

*-7 respect to the level of the f, signal at
7e L-port.

i ; T
! l | ; ’ ’ R PO27
H R i

YAy
f- ¢ G'r'i!l

J Zfr:om5

fL o356 -~ |

...... e e G s WU »..4.,}1 LR S .
TN - - ~ 7 : H
H i H
/ ] ) P \\\i .
l} ],‘ : 1 ~ :

l 1
i ] |
t H

| . Ty < 3GHz
T ]
! | '

b ||

e e e g

L} 0.3 0.8 1z Le 26 24 23 3.2

35 40 44

a
o
bl
~
»
o
L
°
Ld
-~
o
w

FREQUENCY - CMz

VSWR vs. Frequency: VSWR of the R-

and I-ports in a 50-ohm system with f_ at
+7 dBm. Some variation in the R-port
VSWR will occur as a function of the L-port

8% :

= =

€5, S e

A

S¥.2
g -8 4 4 0 4
© 1R LEVEL - d3m

Conversion Compression vs. f, Drive
Level: Conversion compression of the
mixer in a 50-ohm system with f_ at +7
dBm.

frequency. Curves for the R-port VSWR
are plotted for L-port frequencies of 3,
3.75 and 5 GHz. Also shown is the l-port
VSWR with f_ at 4 GHz.
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Harmonic Intermoduitation Products:
Intermodulation signals which result from
the mixing of mixer generated harmonics
of the input signals are shown above. Mix-
ing product suppression is indicated by
the number of dB below the desired out-
put level. The performance was mea-
sured with f_ and {5 2 to 4 GHz, f, 100 to-
600MHz, f,at —10dBmand fuat +7dBm.

Recommended Plounting Procedure

CLEARANCE HOLES
FOR #2-55 SCR
2 PLACES

KOTE:

| THis LENG™ To BE
UNDER 0.50 70
MMM ZE RADIATION
{TV/0 PLACES)

u ,

. {0. 183 TYPICAL

3 PLACES

L CROSS HATCHED AREA EQUALS COPPER TRACE ON

FAR SIDE

2. BOARD MATERIAL « 3 COMPANY K608 1715 THICK,
3. DIMENSIONS ARE IN INCHES.
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lyp‘cal GRIINA W PACRA BRI - - g — — -

Gain Powsr Outpute
Small Sigaal Gain Flatness Noiss Figure At 1 d8 Compraaslon | Inlarcapl VSWR
Mods! dB +d8 [} . dBm Palat In/0Ow1 D.C. U.s.
Nymbar Fraguancy d¢Bm Pricy
Range Min Min Max Max Max Max Min Min Max Max | Volts MA Each
MHz TYP 0/50C —54/35C ] 0/50C —54/85C | Typ 0/50C —54/85C| Typ 0/50C -—54/33C{ Typ 0/50C —54/35C | Hom Typ $i-9
an S 200§ 130 165 16.0 1.0 1.0 21 25 28 -25 ~-30 35 10.0 20 20 15 9 85
A73-2 S 250} 20.5 20.0* 19.0 07 1.0 38 45 5.0 90 70 70 210 1.7 20 15 24 8
R74-1 S 2501 31.0 300° 23.0 0.7 1.0 40 50 55 g0 10 10 210 1.7 20 15 40 110
A7 s 250{ 138 130 125 0.7 1.0 $5 65 10 220 200 135 39.0 20 20 15 83 85
251 10 400] 150 140 13.0 0.7 1.0 27 30 35 {-30 -35 . -3§ 10.0 1.7 20 15 6 55
54 5 40} 275 260 240 1.0 1.0 45 55 6.0 80 65 5.5 19.0 20 20 5 A 3
H 5 5001 160 150 145 07 10 25 30 35 -1..0 -20 -30 11.0 20 20 -1 15 9 5
A53 10 4001 150 140 135 1.0 ‘18 30 35 40 5 20 15 16.0 20 20 115 12 58
A3 5 500§ 155 140 13.0 0.7 1.0 33 40 45 " |-10 -20 --30 110 1.7 20 15 ] 65
AL 5 500] 155 140 -130 0.7 10 33 40 45 |-10 -20 =30 1.0 17 20 15 9 109
AT3 5 500{ 320 300 29.0 0.7 1.0 35 40 45 35 20 20 15.0 18 20 | 5 1] 2
AT4-2 5 500j 260 250 240 10 1.2 a8 43 48 |-10 -20 -20 100 20 20 5 13 122
A5-5 S 500] 155 140 135 0.5 0.7 40 50 55 90 7.0 1.0 210 15 16 15 24 n
A5 5 500] 148 140 135 0.7 0.7 45 55 6.0 ‘90 70 70 220 20 20 15 25 85
Agt 5 500] 148 140 13.5 0.7 0.7 45 55 5.0 90 70 7.0 220 20 20 -5 25 9
A4 5 S00) 300 230 210 .07 1.0 47 55 6.0 85 70 70 200 1.8 20 15 % 110
AlS 5 500] 230 270 26.0 1.0 1.0 47 55 6.0 15.0 140 135 280 20 2.0 15 62 130
AT? S " 500f 165 160* 15.0 0.7 1.0 45 607 6.5t 1165 150 145 300 1.7 20 15 5 9
A35 10 400f 147 140 15 | 10 1.0 50 6.0 6.5 110 90 8.0 24.0 20 20 5 45
AS8 S 500§ 1.0 100 95 0.7 1.0 50 6.0 6.5 190 180 17.5 350 20 20 15 65 83
A53 5 500] 1.0 100 95 0.7 1.0 55 65 170 220 200 200 330 20 20 15 B 83
AT ** 5 500) 149 140 135 0.7 1.0 55 65 6.5 140 130 12.5 26.0 20 20 24 43 ]
AB *=3 5 500] 149 1.0 135 0.7 10 55 65 6.5 140 130 12.5 26.0 20 20 % 4 109
A ** 5 500f{ 11.0 100 85 1.0 1.0 80 100 10.5 220 200 200 350 20 20 24 110 £
AS-8 600} 165 150 145 07 0.7 45 55 6.0 90 70 7.0 210 20 20 B 24 10
. JV/ 8] 5 600155 150 14.5 0.7 1.0 -] 50 65¢ 7.0t 1165 150 14.5 30.0 20 20 15 50 10w €~
A53-1 10 700[105 95 9.0 1.0 1.0 60 15 80 2240 200 19.5 36.0 20 20 5 8 95
A8 10 800] 147 140 135 0.7 1.0 50 65 70 15.0 140 135 290 20 20 15 43 100
A11-1 5 1000} 147 140 135 - 1.0 1.2 31 35 40 -20 ~-30 —40 10.0 2.0 20 15 9 115
Att § 1000] 147 140 135 1.0 1.2 36 40 45 |-20 -30 40 10.0 20 20 15 9 100
AS3 5 1000]160 150 145 | 10 10 |40 50 55 |40 20 20 15.0 20 20 15 14 g5
A13 5 1000 ‘HJ 140 135 1.0 1.2 43 50 55 |-20 30 -40 " 100 20 20 15 S 83
AlS 5 1000] 145 140 130 1.0 1.2 54 B5 1.0 87 70 6.5 1.0 2.0 20 15 24 85
A7 10 1000) 120 105 10.0 0.7 1.0 61 75 8.0 153 140 135 20 1.8 20 15 4 S0
A9 0 1000f 70 60 55 1.0 13 100 120 125 210 200 190 340 22 22 15 100 9%
AG4A 1012001 260 240 . 230 10 1.0 40 45 5.0 80 70 65 200 20 20 15 35 | 1688
A65 10 1000} 105 95 90 0.7 07 60 75 80 |10 80 80 240 20 20 15 3 53
A23 5 1500} 110 100 95 0.6 1.0 48 &5 60 | 40 20 20 15.0 20 20 B 14 100
A25 5 1500] 100 90 8.0 0.6 1.0 80 75 80 96 70 65 210 20 20 5 24 85
A7 10 1500 85 75 70 0.6 1.0 15 90 95 156 140 138 280 20 20 L 105
A28 10 1500 110 100 85 0.6 1.0 60 70 75 | 150 140 135 29.0 20 20 15 4 15
A28 10 1500 50 35 30 1.2 1.2 120 13.0 135 21.0 200 19.0 320 25 25 15 95 15
A% 16 1200f 50 45 4.0 1.0 1.0 120 130 135 210 200 19.0 220 25 25 15 85 1ns
A1a 10 2000f 13.0 120 10.0 0.7 1.0 37 45 $0 |[-20 -30 -35 100 20 22 15 8 140
A3 10 2000 98 85 80 0.7 1.0 52 65 70 36 20 20 15.0 20 22 15 W 15
A3S 10 2000) 102 90 85 0.7 1.0 50 65 7.0 80 70 6.5 21.0 22 22 15 24 105
Ay 10 2000f 93 80 70 07 10 |65 80 85 ]155 10 135 230 22 22 15 45 | 130
*Specification quaranteed at 25°C oAll of the W-J cascadable amplifiers can withstand a maximum of 50 mW of continuous power on the input port at
**Specification guaranteed to 71°C any frequency without damage. Short term overload maximum is 1.0 watt peak power for 3 nsec maximum. Total
tNoise figure guaranteed over 30 to 500 MHz  shortterm destructievelis a function oftime and power level. It can occur inless than 60 seconds for power lavels
ATentative Specifications exceeding .5 watt cw. Maximum dc voltaga is +17 volits for 15 voits models, +25 volts for 24 volt modals.
IFlatpack Maximum case temperature is +100°C for all models except the A7, AB, and A9 which have a maximum case

temperature of +85°C.



ULTRA-WIDEBAND
POWER DIVIDER
MINIATURE TWO WAV
SMHz 1000MH2

PAGE 5-7

MODEL
PDM-20-500

2 00
ke ]
Merrimac’s new miniature ultra-broadband power
divider is extremely versatile for the following
applications:
o HF/VHF/UHF avionics
o LO power division
e VOR/glide slope systems
s Instrument landing systems
» Image reject-mixers
+ Antenna couplers
TYPICAL CHARACTERISTICS MINIMUM PERFORMANCE SPECIFICATIONS
MODEL PDM-20-500 MODEL: PDM-20-500
€a ¥ . Frequency Range: 5-1000 MHz
z, ot T, . Coupling: —3db
£ - - Isolation: 25 db
2 Amplitude Balance:. 0.2 db
Phase Balance: 2.0°
80 : , : Insertion Loss: 0.7 db
g, ‘ [»_ - Impedance: 50 ohms
g H [ _ VSWR: 1.3:1
g Power (matched loads): 1 watt
Connectors (3): SMA Female
20 Weight: 1 oz. (28 grams)
% [ 1] PR'CE: $70.00
10 ] : -
5 10 %0 100 500 1000 2000
FREQUENCY IN MHz
OUTLINE OF PDM-20-500
(3) coNNECTOR.
RECEPTACLE
SMA TYPE
i 1 -’JEX’ 04
e
78 Tt 2 ]
MAX. t INPUT ®
Lo ET .
L ETL 29204 ‘Also available in other configurations, impedances,
162 1 1.06 - — 60 }— and with other connectors.
le— 1.38 MAX,
14 DIA .
2MTG.HOLES
For latest outline details, be sure to contact Merrimac. Prices and specifications subject to change without notice.

MERRIMAC INDUSTRIES, INCORPORATED

41 FAIRFIELD PLACE, WEST CALDWELL, N. J. 07006 - (201) 228-3890 - TWX 710-734-4314
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LM318 operational amplifier
general description

The LM318 is a precision high speed operational
amplifier designed for apptlications requiring wide
bandwidth and high slew rate. It features a factor
of ten increase in spead over general purpose
devices without sacrificing DC performance.

features

15 MHz small signal bandwidth

Guaranteed 50V /us slew rate

Maximum bias current of 500 nA

Operates from supplies of 25V to +20V
internal frequency compensation

tnput and cutput overload protected

Pin compatibie with general purpose op amps

The LM318 has internal unity gain frequency com-
pensation. This considerably simplifies its applica
tion since no external components are necessary

Operational Amplifiers

for operation. However, unlike most internaily
compensated amplifiers, external frequency com-
pensation may be added for optimum performance,
For inverting applications, feedforward compen
sation will boost the slew rate to over 150V/us
and almost double the bandwidth. Overcompensa
tion can be used with the amplifier for greater
stability when maximum bandwidth is not needed,
Further, a single capacitor can be added to reduce
the 0.1% settling time to under ¥ us.

The high speed and fast settling time of these op
amps make them useful in A/D converters, oscil-
lators, active filters, sample and hold circuits, or
generat purpose amplifiers. These devices are easy
to apply and offer an order of magnitude better
AC performance than industsy standards such as
the LM709.

The LM318 is specified for operation over 0°C
to 70°C.

schematic diagram and typical application
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LM318

absolute maximum ratings

Suppiy Voltage *20V
Power Dissipation {Note 1} 500 mW
Ditterential input Current {Note 2) 210 mA
Input Voitage (Note 3) 15V
Output Short-Circuit Duration Indefinite
Operating Temperature Range 0°C 10 70°C
Storage Temperature Range -65°C to 150°C.
Lead Temperature {Soldering, 10 sec) 300°C

electrical characteristics Note 4)

PARAMETER * CONDITIONS MiN TYP MAX UNITS
tnput Otfset Voltage Ta=25C : 4 10 mV
Input Offset Current Ta=25°C 30 200 nA
Input Bias Current 1 T.=25¢ 150 500 T nA
Input Resisiance Ta= 25°C 05 3 M
Supply Current Ta=25°C ' 5 10 mA
Large Signal Voitage Gawn TaA=25°C. V=215V 25 200 VimV
Vour = 210V, R 2 2k
Slew Rate Ta=25°C, Vg = #15V, A, = | 50 70 Vius
Smatl Signal Bandwidth Ta=25°C, Vg=ti5V 15 MH:z
Iniput Oftset Voltage ' 15 mv
Input Otfset Current - 300 nA
tnput Bias Cyrrent : 750 nA
" Large Signal Voltage Gain | Vg =215V, Voyr = 210V
R, >2kQ 20 ) Vimv
Output Voitage Swing Vg = $15V, R, = 2k 212 213 v
Input Vottage Rangg Vg =15V ’ +1S . v
Common Mode Rejection Ratio 70 100 : dB
Supply Voltage Rejection Ratio 65" 80 - a8
Nots 1: The meximum juncti . of the LM318 is 85°C. For ing Bt elovated 1 . devices in the

TO-5 package miust be darsted based on » tharma resistance of 150°C/W, junction to ambisnt, or 45°C/W, junction tq case.
The thermat rasistance of the dusi-indine package is 100°C/W, junction to smbient.

Note 2: The inputs ate shunted-with back-to-back diodds for overvoltsge protection. Thersfore, excessive current will flow if
8 differentisl input voliage in excess of 1V is applied batween the inputs unless some limiting resistence is used. . .

Note 3: For supply voltsges lass-than 215V, the sb 3 input voltage is equat ta the supply voltage.

Note 4: Thase specifications apply for 15V £ Vg £ 220V end 0°C < Ta < 70°C, urless otherwise specifind. For proper
operation, the power suppliss must be bypassed with 0.1 uF disc capacitors.
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typical performance characteristics
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LM318

QUTPUT-SWING (V)

OUTPUT SWING (V!

typical performance characteristics (con’t)
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typical applications {con’tl
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Opecrational Amplifiers

L110032/LH0032C ultra fast FET operational amplifier

general description

The LHOO32/LHO032C is » high stew rate, high
input imipedance diltereniial operational amplifier
suitable for dverse application in fast signal hand)-
ing. The high allowable differential-inouy voltage,
ease of oulput clarping. and high output dave
capabibity particutarly suis it for compasator apph-
cations. 1t may be used in apphcations. normally
teserved for video amplitiers allowing the use of
operational gain setting and frequency response
shaping in1o the megahertz region.

features

® High slew rate 500 V/us
= High bandwidth 70 MHz
s High input impedance 10'2Q

» Low input bias current 20 pA max
» Offset nuli with singie pot
= Low input offset voltage 2 mV max

# No compensation {or gains above 50

The LHO032's wide bandwidth, high input imped-
ance and high output capacity make it an ideal
choice for applications such as summing amplifiers
in high speed D 10 A’s, buffers in dats acquisition
systems, and sample and hold cirauits. Additional
apphications include high speed integrators and
video amplifiers. The LHO0032 is guaranieed over
the temperature range —55°C 10 +125°C and the
LHO032C is guaranieed from -25°C 10 +85°C.

schematic and connection diagrams
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LH0032/LH0032C

absolute maximum ratings

Supply Voltage 238V
input Vohiage Vg
Dilferential Input Vohage 30V
Powser Dissipation See curve
Ouperating Yemperature Range LHO032 -55°C 10 +125°C
tHoo032¢C -25°C 10 485°C
Storage Temperatuse Range ~65°C 10 +150"C
Lead Temperature (Soloenng, 10 sec) 300°C
dc electrical characteristics iNow )
LHoOTZ L0022
PARAMETER COoNDITIONS Win T 3ve | wax | an | 3vr | max ] U™
Ingus Ottsst Voliape V=215V, Ry S 100, T, = 25°C 2 s $ % my
Vg - 215V, Rg < 1008 0 20 -
A-praps OMers Vohage Deidy Ry < 3006 b+ F < I
Sroud Bans Clarosmt Ta=25C 0 100 23 200 DA
s0 13] nA
Srput Ottses Coviem To=25C 5 23 10 80 PA
23 s nA
Loege Sxgnel Voltage Gain Vg * 215V, Vo uy = 210V.1# 1 ke €0 » [ K [
R, =Ykl ¥, > 25'C .
Vg o 215V, Vo uy = 210V.0- 3aMs |} 57 [ 8
A -1 k02
Inputl Volrage Range Vg =2 210 212 110 227 v
Ovicet Voltage Swonp Vge 213V, B, = 1883 210 | 2128 0o | 213 v
Powst Supply Rejecrion Rstio | Vy » 215V, BV = 210V s | e 50 § 80 B .
Common Mode Rypcrion Rstia | Vg = 115V, AV, = 10V so | e 0 | &0 a
Supply Currem Vg =215V, T, = 25°C ”» F ] b 2 mA
ac electrical characteristics (Now2)
PARAMETER CONDITIONS MiN TYP MAX UNITS
Stew Rate Ay = +1 48V,,, = 20V 350 500 Vips
Setiling Tune 10 1% of Final Value Ay = -3, OV, = 20V 100 ns
Sentling Tinve 10 0.3% of Final Value Ay = =1, AV, =20V - 300 n
Smal Signal Rise Time Ay =+, AV~ W 8 20 ;]
Small Signat Delay Time Ay =1 AV, » 1V 10 25 n

Nowe 32 These pecitications apply for =5V £ Vg < 218V snd —55°C 10 +125"C for the LHO032 and ~25"C 10 +BS°C v the

LHO0I2C,

Nots 2: Thame specihications spply for Vg = 215V, R = 1 k3 and To = 25°C.
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typical performance characteristics
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LH0032/LH0032C

auxiliary circuits

Oliret Null

(Ll ]

typical applications (con’t)

Unity Gain Amplifisr

wret

300X BuHer Amplifier

Output Short Cucud Protsction

10X Butisr Amplifiar

High Impedance, High Speed Compaeatar
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typical applications (con’t)

Hegh Speed Sampls and Hold

PPm puiraviss fotgb  Ive smanna by,

Currant Mode Multiplaner

19 epertionas lovriaes

applications information

Power Supply Decoupling

The LHO032/1LH0032C Jike most high speed cir-
cuits is sensitive to layout and stray capacitance.
Powser supplies should be by-passed as near 1o
Pins 10 and 12 as practicabie with low inductance
tapacitors such as 0.01 uF disc caramics. Compen
sation companents should also be located closs to
the appropriate pins 10 minimize stray reactantes.

§nput Capacitance

The input capacitance to the LHO032/LHD032C is
typically § pF and thus may form a significant
time. constant with high value resistors. For opti-
mum performance, the input capacitance to the
inverting input should be comperisated by a smali
capacitor across the feedback resistor. The value
is strongly dependent on layout and closed loop
gain, but will typically be in the neighborhood of
severa) picofarads '

in the nom-inverting configuration, it may be
advantageous to bobotstrap the case and/or a guard
conductor to the inverting input. This serves both
to divert feakage currents away from the non
inverting input and to seduce the effective input
capacitance. A unity gain follower so treated will
have an input capacitance under a picofarad..

Heat Sinking

While the LHOO32/1L.HO032C is specified for opera-
tion without any explicit head sink, internal power
dissipation dozs cause 3 significant temperature
rise. Improved bias current performance can thus

be obrained by limiting this temperature rise with,

3 small head sink such as the Thermatlioy No. 2241}
or equivalent. The case of the device has no intee.
nal connection, 30 it may be electrically connected
to the sink if this is advantageous. Be aware, how-
ever, that this will affect the stray capacitances
to all pins and may thus require adjustment of
circuit compensation values.
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RAYTHEON 4

MONOLITHIC DUAL HIGH-GAIN
OPERATIONAL AMPLIFIER

4558

DESIGN FEATURES

« Continuous Short-circult protection
No Frequency Compensation Reguired

-
* No tatch-up
* Unity Gain Bandwidth 3MHz

The RC4558 integrated circult is a high gain opera-
tional amplifisr intemally compensated and construcled
on a single silicon chip using the planar epitaxial
process. l operates from 0°C to +70°C.

Combining all of the oulstanding features of the
741 with the close parameter matching and tracking of
a dual device on a monolithic chip results in unique

SCHEMATIC DIAGRAM

» Large Common-mode and Differantial Voltage Ranges
® Low Power Consumplion

e Paramater Tracking Over Tempserature Range

e Gain and Phase Match Betwesn Amplifiers

performance characteristics. Excellent channel separa-
tion aliows the use of the dual device in all singla 743
aperational amplifier applications providing the highest
possible packaging densily. It is especially well suited
for applications in differential-in, ditferential-out as well
as in potentiometric amplifiers and where gain and
phase matched channels are mandatory.
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MONOLITHIC DUAL HIGH-GAIN OPERATIONAL AMPLIFIER

'ABSOLUTE MAXIMUM RATINGS

Supply Voltage . .......cucaniann s, P EX R L eeemraveresssaas ceaeeen . =18V
Internal Power D'“‘Pl“ﬂﬂ {Nats 1) ..._...... rereececaasr e, R eee. 500mW
Dittersntial input Vollage ..................... teeeceeciaacsesiensesernoasonn reveneeeana PO eee 230V
Input Voltage (Nole 2) .................. veresans cenen vaeene evaresececassaranrsisescs vee 218V
Storage Yemperature Range ....... ... eeerceesocrnnee Jevesressnecceeaeass —B5°Clo +150°C
Operating Temperature Range ............... O R T ceeieceenaan . 0°Clo +70°C
tead Temperature {Soldering, E03) .............. cesrorrsrwnrenne evevances teerevrecvacees feeenrnaes 2300°C
Output Shon-clrcull Duralion (NOe 3) ... .......cveueiononaarncacons vearaan veeene teeenneas tevre.. Indalinite

ELECTRICAL CHARACTERISTICS (T. = 25°C, Voo = =15V unless otherwise speciiied)

PARAMETER CONDITIONS MM TYP MAX uNITS
tnput Offset Voitage A < 101 0s 89 mv
tnputl Ottset Currant 5.0 200 nA
Input Bias Current 40 500 nA
input Resistance 0.3 5.0 Mo
Large-Signal Voitage Gain R 2 2ka ) '
Vo, == 210V 20.000 300,000
Output Voltags Swing R > 10kn 212 =14 v
R 2> 2ka =10 =13 v
tnput Voitage Rangs =12 =14 v
Co Mode Rojaection Ratio Rs < 1050 70 90 dB
Supply Voltags Rejection Ratlo R: < 108 30 "150 I
Powes Consumption ) 1058 170 mw
Transisni Responsa {unity gain) V. = 20 mV
Risatime Rem2kl
C, < 106 pF 0.13 »
Transient Responsa {unity gain) V.= 20mY
Ovarshoot R, =2k
C, < 100 pF 5.0 %
Stew Rats, {unity gain) A2k 1.0 Vipa
Channei Ssparation t ~ 10 kHz )
Rime 1 k2 105 dB
Equlvalent Noise Ay v 10'0. )
Voitage Referred Ry o= 1 k2
to Input BW = 1 Hz 10 nV{Hz}Vs
Unity Galn Bandwidih .
{open-ioop) 30 MHz H
The following spacifications apply for 0°C < Ta < 70°C unless otherwiss spacilied. :
Input Difsel Voitage Ry <10ka 75 mv
Input Offset-Current 300 nA
input Biss Currsot 800" nA
Largs-Signal Voltage Gain A 22K
V., = =10V 13,000
Output Vollage Swing R > 2k0 +10 v
Power Caonsumplion Vs ma 215V
Ta = 70°C 90 150 mwW
Ta = 0°C 120 200-

NOTES:
. Rating i L

2. For supply voltsges
ap» Is 6qual To the supply vollsge,

3. Short-clrcult may be to ground, one ampiifier oaly. 11C « 43mA {Typlcal).

e -23°C; derale Sinearty ot
€.4 mW/IoC lor unm temperstures sbove 4-23°C.

tess than =15V tha adasivis maximum legul volt-




TYPICAL ELECTRICAL DATA
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MONOLITHIC DUAL HIGH-GAIN OPERATIONAL AMPLIFIER

TYPICAL ELECTRICAL DATA
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CRYSTAL DIOBE DETECTOR
+0DEL 20030

OSM Model 20090 Miniature Coaxial Crystal Detectors
are dasigned for the detection of CW, square wave, pulse
and -frequency-modulated microwave signals. They may
be used to monitor power level or modulation wave
shape; as constant level or sensitive null indicator; or as
general purpose indicator of microwave signals.

Model 20090 is an ultra-compact, untuned detector
which mates -with all OSM miniature connectors. These

ELECTRICAL SPECIFICATIONS

Frequancy Range: 10 MHz - 12.4 GHz
Sensitivity: 300 mV/mW Typical
Output Capacitance: 15 Picofarads Maximum
Output Polarity: Negative

Temperature Range: -30°C to + 70°C

Usable to 18GHz

FULL SIZE

units are supplied with replaceable crystals. The untuned
mount allows operation over a very wide frequency range
without any adjustment. Video output capacitance is
less than 15 picofarads. A 50 ochm dc return path for
the detector current is integra! with the mount. The out-
put is negative with respact to the housing. The units
are supplied with an Omni Spectra part number 5447-4
diode.

MECHANICAL  SPECIFICATIONS
Weight: 0.6 ounces (17.0 g)
Overall Length: 2.0 inches (50.8 mm)
Diameter: 3/8 inches (9.5 mm)
Connectors: Input - OSM Plug

Output - OSM Jack
Finish: Gold

Omnmi %, .
- 24600 Hallwood Ct. e Farmington, Aichigan 48024 » Tel (313} 477- - .
Spedro, Iric. . < } 123'4 ® TWX 810—242-1463
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EMI/RFI SUPPRESSION FILTERS THREAD BUSHING
- g
3 ’ / f"\-/ /?///
- @’ (e) .
) Specihcations fTCYSDQC i S\Hg.,u : SL’PPO{! Sh;;g:\% SJF’Q' _SQFPD.-Z
Attenuation 25d3 @ 25°C 50d8 @ 25°C '35d3 @25°C /’KBO d8 @ 25°C
See explanation below table. 20d8 @ 85°C 45d3 @ 125°C 35d3 @ 125°C / 50dB @85°C

Operating Temperature Rangeb —55°C to +385°C

_—55°C to +125°C

—55°C to +85°C

D¢ Working Yoltage
Includes summation of the OC and
fower fevel AC peak voitages.

500 Voits

.—~55°Cto +125°C {;

500 Yolts 200 Voits 200 Volts

Feed-Thre Current

DC and/or low frequency AC RMS., 25 Amperes

10.Amperes 10-Amperes 10 Amperes

Capacitaace (pF)
Minimum values at 25°C, 0.5 to
25 volts RMS, at 1 KHe

1000

2500 1300 5500

Feed-Thew Terminal Resistam:e_

0.01 0hm Maximum Y\

Attenuation: Minimum attenuation values Irom 100 MMz to 10 GHz,

1esistar (except FCS-C which is determined m.zxoul-éo-otmumaau!o

when measured with an input 50 ohm series

\_///

/ JGKLAKQOIN\DC\ and © amperes DC.
Type FCS- c / Types SMFO-1, SMFON Types SMFB-A1,
. SMFB-A2, SMFB-A4
312 + 015DIA. [ £\ 156 MAX. DIA. \
(7,94 2 0,38) ; 2 £513.97) : 250 = .015
__L_ / t 16354 033; 4
} — .055 + 015 DIA. {
062 + 005 l' 1,40+ 0.33)
11592013 | ”'_1”2‘0'3'
: .020 £ 002
—1 | 0.5/ 4005 455, st ol
ﬂ 4382 030 11797661 IQIJfO?GI
<
'” 13 T 265 : 187 H o;s
203% 015 ¢ ‘M 16955 D70 (3.76 % 0.38)
MTG. 3 e s 033 : SOLOER COATING: = e . ILzmx e L MTG. SURFACE
SURFACE —L- £ p : e 4.7,97l +0.38) 81 lsogg 40,38, #12.32 THREAD
375 » .030 AL + T B
fls.s.u oy MTG. SURFACE 7T (- (7,18 10,26) ) UNEF-2A
H HiE x 453
7 093 .013 !i! (4.37'+ 0,761 "4,55 e 33901
(2,38 £ 0.35) . - * P Wi NOT TO SCALE
NOT TO SCALE T Y 343 % .030
- 3 (8,731 0.75)
{;’1‘33) MAX. Dia. ' NOT TO SCALE 2161 MAX. DIA.
RECOMMENDED MTG. HOLE e - DIA- R ; - RECOMMENDED ﬁﬁgo MOLE 228 DA
14.35) X - : s .
X ALMA] (5,79}
.180 + .003 DIA. L,';‘!??;P‘ AX.
(4.83 £ 0,08) :

312+ 003 DIA,
(7,94 £ 0.08)

RECOMMENDED MTG. HOLE .093 DiA.
2.3

378 + 005 DIA."

14,

52+ 0,13}

e

312 +.015
I794g038) ‘l

| h&fﬁ' "y b(.’ggl

IJ 93)
(1.5}

o

19.65) 031
rm e *] | ‘—“’ o

f

r

SOLOER WASHER M-5446

NUT M-£6377 LOCK WASHER M-835%

SPECTRUM ACQUIRES

ALLEN BRADLEY LINE

In May of 1973, Spectrum Control, Inc. and Allen

Bradley Contpany entered into a long term agree-
ment whereby Spectrum Control acquired ali

patents, technology and machinery to manufacture

the Allen Bradiey line of filters and capacitors.
These devices can be ordered by tha Allen Brad-

PN N
2 el O
SOLOER WASHER M=6447
Allen Bradiay Spectrum Control inventory
Type Humbder Loda a_umbu
FCS-C 51-722-001
51-722-022 with solder mounting washer
SMF8-Al 51-719-022 with nut and lockwasher
SMFB-A2 51-719-021 with nut and lockwasher
SMFB-A4 51-719-011 with nut and lockwasher
SMFO-1 51-723-363
51-723-304 with solder mounting washer
SMFO-2 51-723-301
51-723-302 with solder maunting washer

ley part number or by the Spectrum Control

inventory code number,

SPECTRUM CONTROL INC.

152 EAST MAIN STREET, FAIRVIEW, PA. 16415

5

PHONE (814) 474-5593
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408 COL.ES CIRCLE ® SALISBURY, MARYLAND 21801 ® 301-749-2424 TwWX 710-864-9683

SPECIFICATION AND TEST DATA REPORT

K & L Part No. $McC/o-Loo/50-0 K & L Order Nog. S6 36

Cust. Part No. , Test Eng.' , :T:fo.
Ser, No. ___B1SS — [ 2 Q-C. Inspectar 2. 2 (%)
Dats 77'f /7 ~ 27 ~
SPECIFICAT IONS TEST RESULTS
Ser. No.
[ 2
1,0 Centsr Frequency G C2  MHz ,/VYL//

2,0 Relstivse Bandwidth

2.1 .3d8 BU S75 MHz B73|5733
, 625 MHz 271620
2,2 -d8 MHz
MHz

3.0 Ingartion Loss

& OO MHz d8 [ 11 /]

MHz dB

L,0 vswr L5.]

T Y  MHz 581|550

MHz Li3sl 416

5.0 Stopband Rejection

cCUnrrer MHz dB

MHz ' d8

MHz dB

MHz d8

6,0 Impedance £0 Ohms = 8.0 Conmectors S M A - F

7,0 8ize 9.0 Weight
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REQUISITIONER - §

PURCHASE ORDER

SYEN: Jorgensen

QORDLR
No V04341
SHEETY 1 OF

£ 2

1

DATE . . tp
NATIONATRADTS ASTRONGHY GESERVATOR +ov o ——
RECEIVING DEPARTMENT
v S X¥ 1000 BULLOCK BLVD. TELE 505 - 835-2924
E *l" SOCORRO, NEW MEXICO 87801 TELEX 910 - 988-1710
N NATIONAL RADIO ASTRONOMY OBSERVATORY
K I L Hicrewave p
g 408 CO‘&S C'iﬂﬂé . RECEIVING DEPARTMENT
R Salisbury, MO 21801 o
TERMS F.0.8. POINT SHIP YiA IRANSPORIALION CHARCES
VENDOR BEST DELIVERY; o
MRA O REQUESTED DELVERY __ 7J31272 ot 30 Shp. Pt. ups Propay and add
| tem] RECEIVED PARTIAL | RECEIVED COMPLE
ITEM NO. QUANTITY DESCRIPTION UNIT PRICE AMOUNT o o OATE o 5
R & L Microwave, Inc., make 3/8* coaxfal tubular band pass
Filter center freguency 3750 Mz
3 db &Y JEEXKNEX 030 Wiz
1 4 K &L Type 4B 380-3750-630-0 $93.00 $396.00
K & L #icrowave, make Center Freg, 600 Mz
ninfatur cavity filter Eand width 50 Hhz
loaded helical resunator Mo, of saction 4
Counactor SHA Jack - Axially
Tewp. cogff. 20 p;sm/oc
2 |2 K &L Type 48C10 - £00/50-0 200.00 | 409.00
TOTAL covonmmrmbacanmanan. $796.,00
p0 HOT DUPLICATE
Confirning Phone order §~16-77 - Jorgengen/Schavb

ACCOUNT/PROJECT NO.

R.F.Q. NO.
DELIVER TO
LOCATION

493/13110 - Itew 41
13218 Xtem #2

0, Bagr{ -~ Sfte

N.RA Q. TECHNICAL INSPECTION APPROVAL

RE

QUIKED BELORE PAYMENL,

n)m:o[:






9.0 MODULE PHOTOGRAPHS






LO TRANSMITTER

1800 MHz
X LOCK FREQ SOI.

DATA MOO.

1200 MHz
% LOCK FREQ. ADJ.

5 MHz MOD.

L3 ci9

FIGURE 7: FRONT PANEL






FIGURE 8: REAR PANEL






FIGURE 9: RIGHT-HAND SIDE VIEW






FIGURE 10: LEFT-HAND SIDE VIEW






