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2 .0  FUNCTION

The Antenna Local Oscillator  Transmitter (L3) Module produces 

the required local o scillato r  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 

filte re d  using phase-lock loops. The 1200 MHz is  amplitude modulated 

w ith the 5 MHz signal from the 5 to 50 MHz VCXO (Ll) Module and the 

1800 MHz is  amplitude modulated with monitor data from the Antenna 

Buffer (M 4). These modulated signals are combined and go to the 

IF  Combiner (T 2 ) .

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 (L 4 ) . There i t  is  phase compared with the 

600 MHz produced using 1200 and 1800 MHz received from the Central 

Electronics Room. The error signal is  am plified in  L5 module and 

is  used to phase-lock the 5 MHz VCXO in  L l . The 1200 MHz is  also 

given to a doubler to produce 2400 MHz. The signals at 600 MHz 

and 2400 MHz are used as reference signals for the 17 to 20 GHz 

L .O .  u n it  (F3) and the Modem (Tl) 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 L 6 's .

The module is  RFI shielded to minimize radiation  o f  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  i t  was realized  that RFI shielding of 

the module is  a must to keep the system generated interference in  

L-Band down to acceptable le v e l . During the L-Band testing variable  

leakage from the OMQ connectors was observed. I t  was found necessary 

to put SMA connectors on the lin e s  bringing 1800 and 1200 MHz signals 

from L2C to L3J1 and L3J2 . Therefore i t  was decided that these two jacks 

should have SMA connectors on 0 *141 " s e m i - r i g i d  cable about 2" long 

projecting  from the back panel o f  the module. This makes it  necessary
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that before the module is  pulled out o f the rack, these two connectors 

are unscrewed. To protect from accidental pulling  the module back 

panel should be screwed to bin  plate  using a fastener.
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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 voltage 

controlled oscillato rs  VCO-2 and VCO-1 are given to 4-way power 

dividers PD2 and PDl 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 f i l t e r .  This provides an output of +5 dBm 

a t  2400 MHz at  J14 .

One output from each of the two 4-way power dividers is  detected 

and filte re d , and is  used for monitoring 1200 and 1800 MHz oscillator 

outputs (see Figure 7 ) .  The second set o f outputs from the two power dividers 

PD-1 and PD-2 are used to phase-lock the two voltage controlled 

o scillato rs  at  1200 and 1800 MHz by phase comparing then in  mixers 

Ml and M2 respectively  w ith  the 1200 and 1800 MHz signals from the 

50 MHz Harmonic Generator (L2C) Module coming in at J2 and J l .  8 dB 

attenuators are put in  the path of the signals from the power 

dividers PDl and PD2 before they are given to L-ports of the mixers 

Ml and M2. This is  done to provide optimum L-port drive for phase 

detector application . The phase error signals from Ml and M2 are 

given  to the AFC ports of the o scillators  through phase-lock loop 

f ilt e r s  to phase-lock the o scillato rs  to incoming 1200 and 1800 MHz 

reference s ignals . The third  set o f 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 dB hybrid . One output o f the hybrid goes 

through a 3 0 0 0 /3 0 0  MHz band-pass f i l t e r  to provide a -4 dBm 3 GHz 

output at  J 7 . The other output of the hybrid goes to a 15 dB gain
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am plifier at 600 MHz, a 6 00 /50  MHz band-pass f ilte r  and a two-way 

power divider PD-4. A loaded h elical cavity resonator BPF instead 

of standard h" coaxial tubular filte r s  has been used to get good 

phase stab ility  with temperature variation  (< 0- l°/°C ). The 

bandwidth o f  the f ilt e r  is  50 MHz so that the 100 and 200 MHz 

sidebands on the 600 MHz are low (<-100 d B c ). The sidebands are 

generated due to sidebands on the 1200 and the 1800 MHz reference 

signals at  J2 and J l ,  f in ite  isolations between R- and L-ports of 

the mixers Ml 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 stab ility  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 

J l l  and is  used as reference for 17-20 GHz L .O .  module. The second 

output from PD-4 is  connected to J10  and is  required for the 

Antenna L .O .  Receiver ( l 4 ) . I t  may be required to put a 3 dB pad 

at  one o f  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 J 8 .

3 .1  1200 and 1800  MHz Modulators

About +15 dBm power at  1200 MHz is  given to the L-port 

o f  the double balanced mixer M4. The 5 MHz modulation along with 

a DC b ias  from the 5 MHz modulator driver are applied at  the 

I-port o f the mixer. A variation  o f the I-port current produces 

the required 5 MHz amplitude modulation. For power level of
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+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 o f the mixer is  set for 

the output at R-port o f about -14 dBm. For this value o f 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  sim ilar fashion except that 

the 500 kHz sidebands are 15 dB below the 1800 MHz c arrier .
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4 .0  CIRCUIT DESCRIPTION

4 .1  5 MHz Modulator Driver - Reference Schematic B l323OS9 (Figure 2) 

The 5 MHz Modulator Driver receives 5 MHz signal coming

from. Ll module. I t  provides the 5 MHz signal along with DC 

b ias  to I-port o f the 1200 MHz modulator. In  the un it , R5 

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 ir attenuator and C2. Level of the 5 MHz 

to the modulator is  adjusted by varying R4. The 1200 MHz 

carrier and the 5 MHz sideband levels are set by observing 

output at  J 8 . 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. I t  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 C14 to 

a lim iter c ircu it  R3, CRl and CR2. The output is  set by R4 and 

applied to a non-inverting am plifier Ul having a gain of 3 .

The output of Ul is  coupled v ia  C6 and summed with adjustable 

b ia s  from R7 and R8 . The sum is  passed through a filte r  

consisting o f C7, L l ,  C8 , L2 and C9 which has a low pass cut-off 

at  about 3 MHz. The f i l t e r  source impedance is  established 

by R9 (240 ft) and load impedance by R10, R ll  and U2. The 

f i l t e r  drives a unity  gain  am plifier U2 to provide low 

impedance drive through R15 and a 10  MHz low pass f i l t e r .

The level o f  the 1800 MHz carrier  is  adjusted by varying R7 

and modulation sidebands by R4 and can be set by observing 

the output at J 8 . 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 filte r in g  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) i t  is possible  for direct  injection

of the reference into the VCO cavity and cause injection

locking . The lock range by injection  decreases with

reducing in jection  level and approaches zero at the

o scillato r  noise level. In  present case the injection

locked phase of the o scillato r  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 (V ) and
osc

the reference signal that is  in jected  (vr e f ) and the phase

error value = arc tan (V - - / V  ) .  In  our case the
ref osc

reference signal has a maximum value of 0 dBm, the mixer 

iso latio n  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 o f -51 dBm-

W ith the VCO output level o f  +22 dBm, the phase 

o
error is  < 0 .01 . However i f  the isolator is  not used this 

o_
error could be ~ 0 .J-5 which is  appreciable.

4 . 3 . 2  Phase-lock loop board - Reference Schematic D13230S13 (Fig . 4) 

The phase-lock loop PC board contains loop DC

am plifier and integrator. Loop out-of-lock indication  

c ir c u it  and VCO sweep c ir c u it . When the VCO output 

frequency is  d iffere n t  from the input reference signal 

a free  running m ultivibrator 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 o scillato r  frequency. When the oscillator frequency 

is  w ithin  the pulling  range of the loop, the loop should 

acquire lock and the m ultivibrator signal to the integrator 

is  cut o f f .

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 (C 1 3 ). I t  is  am plified by the 

operational am plifier (U2) to ±10 V p-p for a 2tt radian 

phase change. I t  can be monitored at <j>-error monitor 

point. The loop can be opened manually by setting the 

three position toggle switch Si 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 (U 5 ). 

The other section of the U5 is  used to connect a free 

running m ultivibrator 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 am plifier Ul 

coupled by C5 to CR4 drives the am plifier U4A. Output 

of the am plifier U4A is used to connect the multivibrator 

output to the input of the integrator U 3 . Output of Ul 

is  AC coupled to the diode CR4 for the following reason.

In  this  type of c ircu it  phase detector current to the 

integrator has to be larger than the sweep current to 

acquire lock. The phase detector output am plified by U2 

may be such that i t  compensates the m ultivibrator output.

In  that case the phase detector output w ill  vary at the 

same rate as that of the m ultivibrator and the loop w ill  

not be allowed to lock. Since the m ultivibrator rate is
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very slow (<1 H z ) , the Ul output to CR4 is  cut o ff  by the 

high pass f ilte r  C5r1. This causes to open the switch 

disconnecting the m ultivibrator output to integrator and 

the loop should lock. The m ultivibrator 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 am plifier 

U4B through diodes CRl and CR2. When the phase-lock board 

input exceeds about 40 to 50 mV such that Ul output is  

able to drive the diodes CRl or CR2 the U4B output w ill  

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 i t  from damage due to transients.

The integrator consists of the operational am plifier 

U3 and the time-constants are formed by R35, R45 and C l5.

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 V 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 m ultivibrator output is  not connected to the 

integrator and thus the integrator output is  not sweeped. 

However depending on the DC o ffset  bias conditions of the 

operational am plifiers U2 and U3 the integrator w ill  swing 

to either +ve or -ve extreme (more than 13 V) and stay 

there. In  this  case though LED w ill  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 o f phase-lock loops and terminology 

used here refer to Phase-Lock Techniques by F .M . Gardner 

(John Wiley & Sons, I n c . , New York 1966 ).

To minimize phase difference  between the reference 

and signal a second order high gain integrator was chosen 

for the loop f i l t e r . 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 sensitiv ity  is  0 .5  M Hz/Volt. Further the gain 

of the DC o ffset  network at  the output of the integrator 

is  0 *5 . Therefore the VCO gain constant

K = 0*5  x (0*5 x 10 6 x 2ir rad /Volt) = 1*57 x 106 rad /Volt  
o

The gain setting o f the DC am plifier Ul makes the 

phase detector output swing of ±10 V for a 2ir radian 

change. Therefore at zero crossing the phase detector 

gain  constant = 10 V /ra d .

** K = K K = 15*7  x 10 6 
v o D

For best lock acquisition  i t  is  desirable  to have as 

large a loop natural frequency (oj^) as po ssible . However 

noise  and stab ility  considerations force to lim it  the 

same. Consider the accuracy w ith  which the loop tracks 

the input signal and the frequency over which the system 

w il l  p u ll  into lock. Assume a 0*1% ripple  on the power 

supply tuning the VCO (say about 15 mV in  15 V DC) at  

120  H z . This w ill  cause the VCO to deviate by about 

7-5 kHz (500 x 1 0 3 H z /V o lt  x 0 *015  V ) .  From Equations
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(4*12) and (4*13) on page 31 of Gardner we get the peak 

residual phase deviation .

e = Ao)*oj /to 2 
e m n

Where Aw = peak frequency deviation and = modulating 

frequency. For 0 <0?1 requires to /2ir -25 kHz. We chose 
® ^ „  j  

to /2tt = 35 kHz, i . e .  to = 220 x  1 0 3 —■=—% 
n n sec

For good lock acquisition  characteristics we chose 

a damping factor of 2 (see Gardner page 4 8 ) .  With the 

above parameters this w ill  give (i) the pull in  range 

(see Gardner page 45)

Ao) /2tt = - /3  (o K Hz = (-) * /2 x 2 2 0 x l0 Jxl5- 7xlOb 
p  i t  n  v  IT

and (i i )  the lock in  range (see Gardner page 43)

Aw /2ir = 2 C to / 2 tr = 140 kHz. 
L n

E ssentially  these w ill  be lim ited by the bandwidth of 

the f i r s t  op. am plifiers U2. In  practice the p u ll  in  

range may be lim ited to = 300 kHz.

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

%
K K 

, o D.
<0 = (------- )n T l

T„ K K 35

where Xj = R35*Cl5 and t 2 = R45*C15 in  our case. Using

w = 220 x 1 0 3 rad /sec  and £ = 2 , we get t , = 320 yS and 
n

X£ = 20 yS. For C15 = 0*033 yF this gives R35 = 10 kHz 

and R45 ~ 600 ft.

1 MHz
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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 o scillato rs . 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 K3. The series regulator transistor Ql (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 lim it is  600 mA-
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5 .0  TEST AND ADJUSTMENTS

5 .1  Testing and Adjustments of 12Q0 and 1800 MHz Oscillators

The test and adjustment procedure for both 1200 and 1800 MHz

oscillators  is  sim ilar and we w ill  describe it  for only 1200 MHz 

VCO. For adjusting  mechanical tuning of these oscillators allow 

at least h alf an hour o f 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 w ith  a spectrum analyzer. Adjust the 

mechanical tuning of the oscillato r  so that the 

frequency change with AFC voltage of zero to -13 V DC 

swings the oscillato r  frequency equally on both sides 

of the nominal frequency.

c) With the AFC port o f the VCO s t il l  connected to the 

power supply measure the FM tuning slope o f the 

o sc illa to r . I t  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 C ircuit  Schematic D13230S13

As in  the case of adjustment of the oscillators  procedure 

to set-up both 1200 and 1800 MHz phase-lock loop PC boards are 

sim ilar. Here we w ill  describe i t  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 ad just  U2 DC o ffse t  pot R47 so that the
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DC output o f the am plifier U2 as measured at 

' $-ERROR’ monitor point is  within ±100 mV.

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

L2C module to L3J2 [L 3J1] .

c) Set the toggle switch S I  to open position  and connect

a variable negative voltage power supply through a 10 k 

resistor to AFC port of the o scillato r . Measure the 

phase detector output beat frequency as measured at 

the input of the phase-lock board by an oscilloscope. 

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.

d) Adjust the gain pot R46 such that the output of the 

operational am plifier U2 as measured at the ' -ERROR' 

monitor point is  20 V p-p. The DC o ffse t  should be 

w ithin  ±200 mV.

e) Check that the output of the integrator going to the 

o scillato r  is sweeping between 0 and about -13 V at  

approximately 1 Hz (the m ultivibrator output frequency 

r a t e ) . Otherwise check the m ultivibrator output at  

pin  10 o f U6 by a scope. I t  should be switching 

between +0*8  V and +5 V at  ~1 Hz.

f ) Remove the DC power supply from the AFC port o f 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 

o scillato r  nominal frequency at  the m ultivibrator 

switching rate.

g) Set the switch S i  to 'REMOTE' position .

h) Apply a pulse generator output of 100 ys duration

TTL +ve with -100 cycle repetition  rate to the 'REMOTE' 

terminal on the PC board. Adjust the integrator

5-2



damping pot R47 to damping as shown in  Figure 6 

by observing integrator output at VCO AFC terminal by 

o scillo scop e .

i) Remove the pulse generator signal.

j) Check DC o ffset  voltage at ' <J>-ERROR' monitor point 

with loop in  lock. Adjust the bias pot on the 

integrator (R44) to get the o ffset  to w ithin  ±100 mV. 

k) Check the output of the integrator at the 'FREQ-ERROR 

monitor point. I t  should be approximately +4 V.

1) Every time setting the switch Si to OPEN and again to 

CLOSE the loop should lock back within one cycle of 

the m ultivibrator. Otherwise the damping pot R45 

may have to be adjusted sligh tly , 

m) Set the switch S i to 'REMOTE' position .

0 1 2 3 4 5 6 7 8
ta»t

FIGURE 6 : DAMPING ADJUSTMENT OF PHASE-LOCK LOOP PC BOARD. 

Correct damping as shown by £ = 2 .0  curve, 

underdamping as shown by C = 0 .7 0 7  and 

overdamping as shown by £ - 5 .0  curves.

an
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6 .0  INPUT-OUTPUT CONNECTIONS ANP POWER LEVELS

J7

O  j 8

J9 O

o JI 0

j i i  o

O  J I 2

JI3 0  

©W  J I4

o

Jlo J2

J3 o
© J4o

PI

JI5

© J I6

©

_nJ-

C O N N FUNCTIO N
Jl -1*5 ±.1-5 dBm @ 1800 MHz Input

J2 -1*5 ± 1 *5  dBm @ 1200 MHz Input

J3
J4 0-5 MHz Data "TTL" Input

J7 -4 ± 2 dBm @ 3000 MHz Output

J 8 1*2 & 1*8  GHz -28-5 (-25-5) dBm Out

J 9 +10 ± 1 dBm @ 10 MHz Input

JIO +9 ± 2 dBm @ 600 MHz Outout

JII +9 ± 2 dBm @ 600 MHz Output

JI2
J I3
J 14 +5 ± 2 dBm @ 2400 MHz Output

J I5
J I6

LEGEND

D O U B L E  WIDE M O DU LE

No parenthesis - L . O .  power 

at  each carrier .

Parenthesis - total L . O .  power,

+

@  ©

© ® © 

© s ©

® : ©

© s ©
© ©

©© @ ©
GMO

( R E A R  V I E W  ) P i ( R E A R  V I E W  )

P I
P IN F U N C T IO N Y/1RE C O L O R P IN F U N C T IO N W IR E  C O L O R

i I 22 1800 MHz PLL Phase-Err >r

2 I 23 1200 MHz VCO Control V >ltaqe

5 24 1200 MHz PLL Phase-Err >r
* 25 1200 MHz PLL not locke 1 (locric level)

5 26 1800 MHz PLL not locke 1 (locric level)

5 27
7 2 8 ~  2 8 V D C
8 29
9 30
IO +  5 V D C 31
II 32
12 Open 1200 MHz PI.T. (Co itrolr CMOS) 3 3
13 3 4 PY/R. G RO U N D B L A C K
14 Open 1800 MHz PLL (Co: itrol, CMOS) 35
15 3 6
I S 4-15 V D C 37
17 — 15 V D C 38
IS 39
19 | 1 8 0 0  MHz VCO Output pj>wer 4 0
2.0 1200 MHz VCO Output P&wer 41
21 J 1 8 .0 Q  MHz V C O  r n n f - r o l  V o lta c r * * 4 2 H IGH  QUAL. GROUND
+r i \ D J C A 7 E S  A F U N C T I O N  NOT F O U N D  IN T H I S  M O D U L E .
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7 .0  BILLS OF MATERIALS
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MODULE: 103
DATA S FT :  LO TRANSMITTER

V I A  D A T A  L I S T I N G  

PROJECT NO. 13230 DRAWING NO. :  A13230723  
BCM: MCD BCAPC 0

MPO-O/S -0/M DESCO VALUF MFG. PART NO. MANUFACTURER ITEM# BOM# DFSCR IPTICN COST

103 NSA A13230Z23 NRAO 01 A 132307 23 MOD BOARD 0 0 . 0 0
103 01 ep cn C13230M56 NRAO 02 A13230Z23 DATA MOOULATCR CRIVER 6 0 . 0 0
103 01 p. 01 6 2 0 . 0 RC&07 621-5S 03 A 13 2307 23 RESISTOR 1/4U 0 . 0 6
103 01 p 02 3 0 0 . 0 RCR07 301 -5 S 04 A13230Z23 RFSISTOR 1/4W 0 . 0 6
L03 01 R 03 2 . 0 K RCR07 20 2-5S 05 A13230Z23 RESISTOR 1 / 4W 0 . 0 6
1.03 01 R 04 5 . 0 K 3 3 3 9 P - 1 -502 BOURNS 06 A13230Z 23 POT.CERMET, 4TURN » ♦—10? 1 .98
103 01 P. 05 10 .0 K RCP07 103-5S 07 A132307.23 RESISTOR 1/4W O.Ofi
103 01 R 0<S 3*50.0 PCP07 39 1-5 $ 08 A 13 2 3 OZ 23 RESISTOR 1/4V 0 . 0 6
1.03 01 P 07 2 . 0 K 33 39 P- 1- 20 2 BOURNS 09 A13230723 P O T .C E R M E T ,4 T U R N ,* - 10* 1 .98
103 01 R 08 1 . 5 K PCR07 152-5 S 10 A13230723 RESISTOR 1/4W 0 . 0 6
L03 01 P 09 2 4 0 . 0 RCR07 2 4 1 - 5 S 11 A 132 30Z 23 RESISTOR l/4Vi 0 . 0 6
L03 01 R 10 3 3 . 0 PCP07 330 -5  S 12 A13 230Z23 RESISTOR 1/4W 0 . 0 6
103 01 R 11 5 1 0 . 0 RCR07 51 1-5S 13i A 13 230Z23 RESISTOR 1/4V 0 . 0 6
L03 03 R 12 2 0 0 . 0 RCR07 20 1-5S 14 A13230Z23 RFSISTOR 1/4 V« 0 . 0 6
L03 R 13 2 0 0 . 0 RCR07 201-5S 14 A13230Z23 RESISTOR 1/4W 0 . 0 6
L03 R 14 2CO.0 PCP07 201 -5 S 14 A 13230Z 23 RESISTOR 1/4 Vi 0 . 0 6
103 01 R 15 ICO.O RCP07 10 1 - 5 S 15 A13230Z23 RESISTOR 1/4W 0 . 0 6
103 01 R 1A 5 . 1 K RCR07 5 12 - 5 S 16 A 13230Z23 RES ISTOR 1/4 V* 0 . 0 6
L03 01 C 02 15 .0 UF CS13BE156K SPRAGUE 17 A13230Z 23 CAPACITOR .TANTALUM 20VDC 0 . 2 4
L03 01 c 03 10 .0 PF CH04C D100J03 ARCO 18 A13230Z23 CAPACITOR MCA 5CCWVnC C . l l
L03 c 05 0 . 1 UF 8 1 2 1 - 0 5 0 - 6 5 1-104M E RIE 19 A 13 230Z 23 CAPACITCP ,M0NCLY7HIC 50VDC 0 . 1 9
L03 02 c 04 0 . 1 UF 8 1 2 1 - 0 5 0 - 6 5 1-1C4M E R IE 19 A13230Z23 CAPACITOR,MONOLVTHIC 5CV0C 0 . 1 9
103 01 r 06 0 . 0 4 7 U F 8 1 2 1 - 0 5 0 - 6 5 1-473M FRTF 20 A 132307 23 CAPACITCR,MCN0LYTHIC 50VCC 0 . 1 6
L03 01 C 07 3 3 0 . 0 PF CM04FA331J03 ARCO 21 A13230Z23 CAPACITOR MICA 5CCWVDC 0 . 1 9
103 01 C 08 1 2 0 .0 PF CM04F01 21J03 ARCO 22 A13230Z23 CAPACITOR MICA 500WVDC 0 .  11
L03 01 c 09 2 4 . 0 PF CM04F0240J03 ARCO 23 A 13230Z 23 CAPACITOR MCA 5CCWVnC 0 . 1  I
103 02 c 10 1 . 0 UF 8 1 3 1 - 0 5 0 - 6 5 1-105M E R IE 24 A13 230Z 23 CAPACITOR,MONOLYTHIC 50VDC 1 . 23
L03 c. 11 I .0 UF 8 1 3 1 - 0 5 0 - 6 5 1-105M ER IF 24 A 13 230723 CAPACITCR,MCNCLYTHIC 50VCC 1 .23
L03 01 c 13 15 0 .0 P* CM04F0151J03 ARCO 25 A 13230723 CAPACITOR ^ICA 5CCV.VDC O . l l
L03 01 c 14 4 7 0 0 . 0 PF 81 2 1 - 0 5 0 -6 5  1-472M E R IE 26 A13230Z23 CAPACITOR,MONOLYTHIC 50VDC 0 . 1 1
L03 01 L 01 4 7 . 0 IJH 92 30-60 MILLER 27 A 132 30Z 23 CHOKE,RF MCPC M I NATURE 0 . 2 8
L03 01 L 02 2 2 . 0 UH 9230-52 MILLER 2.8 A13230Z23 CHOKE,RF MICRO M! NATURE 0 . 5 5
103 01 L 03 3 . 3 UH 92 30-32 m i l l e r ?.o A13230Z23 CHCKE ,RF MCPC MIMTUR* 0 . 4 6
L03 02 CR 01 A2S800 AERTECH 30 A13230Z23 DIODE,SHOTTKEY 1 .05
103 CR 02 A2S800 AFRTECH 30 A13230Z23 CIOCE,SHOTTKEY 1 .05
L03 01 CR 03 IN937R MOTOROLA 31 A 13230Z 23 DIODE ,R EF  TC 9 . 0 V 4 . 5 8
103 01 U 01 I.M318H NAT SEMICOND 32 A13230Z23 OP AMP 1.88
1.03 01 U 0? LH0033CG NAT SEMI.COND 33 A13230Z23 AM P L IF I E R ,C P  FET 14 .4 9
L03 01 X HP-51 78 POB NUGENT 34 A13230Z 23 S O CK E T , 8 PIN T O - 5 1 . 9 8
L03 01 X MP12100 S ROB NUGENT 35 A13230Z23 S O C K E T , 12 PIN TO-8 SQUARE 0 . 2 8
L03 FPC A B13230AB08 NRAO 36 A13230Z 23 DATA MODL'LA T CR OPIVER 4 3 . 0 0
L03 nsH C13230S07 NRAO 37 A13230Z23 DATA MOOULATCR OPIVER 2 0 . 0 0

* * *  TOTAL CO?T = 3 5 . 3 8  **♦





V L A D A T A  L I S T I N G

MODULE: L03 PROJECT NO. 13230 ORAW ING NO. :  A1323C726
DATA S FT S LO TRANSMITTER BOM: 5 MHZ NCO CPIVEP 0

mod- o/ s -O/M DFSCP VAKJE MFG. PART NO. MANUFACTURER ITEM# BOM# DESCRIPTION COST

LO) NSA A13230Z26 NRAO 1 A 13 230Z 26 5 MHZ MCD DPIVFP 0 0.00
103 I FPCD B13230M59 NRAO 2 A13230Z26 5 KHZ MOC F I LT E R  DR OIAG 6 0 . 0 0
t<n 2 MPP 1589-2 KEYSTON* 3 A13230Z 26 STANDOFF,SWAGE 2-56 1/8H 0 . 0 6
103 1 R 03 3 3 . 0 RCR07 33 0- 5 S A A13230Z26 RESISTOR 1/AW 0 . C 6
101 2 C 01 0 . 2 2 UF 8 1 3 1 - 0 5 0 - 6 5 1-224M E R IE 7 A13230Z26 CAPACITCR.KCKCLYTHIC 50VCC 0 . 2 1
101 c 03 0 . 2 2 UP 8 1 3 1 - 0 5 0 - 6 5 1 - 2 2AM E R IE 7 A13230Z26 CAPAC!TOR »MONOLVTHIC 50VDC 0 . 2 1
103 1 c 02 o . o i UF 8 1 2 1 - 0 5 0 - 6 5 1-IC3M FRTF 8 A13?30Z?6 O .O IU F , 50W VC C,C AP. (RE D  CAP) • 39
L03 I L 01 2 2 0 . 0 UH 92 30-76 MILLER 9 A13 230Z 26 CHOKEtRF MCRC MINATURE 0 . 8 5
103 01 R OA 1 . 0 K 3339H-1-102 BOURNS 05 A13 230Z26 POTENTIOMETER A TURN 1. 53
103 01 R 05 2 0 . 0 K 3339H-1-203 BOURNS 06 A13230Z26 POTENTIOMETFP A TURN 1 .53
L 03 \ R 01 7 5 0 . 0 RCR20 7 51 -5 S 10 A 132307 26 RESISTOR 1/2 Vn 0 . 0 7
103 1 P. 02 1 0 0 .0 RCR07 I C I - 5 S U A13230Z26 RESISTOR 1/ AW 0 . C 6
1.03 1 FPC A A13230AB07 NRAO 17 A 13 230Z 26 5 MHZ MOOIJLATICN F I L T E R  A 0.00
L03 OSH B 13230^09 NRAO 18 A13230Z26 5 MHZ MOO DRIVER ASSY 2 O.OC

* * *  TOTAL COST* 5 . 0 3  * * *





V I A  D A T A  L I S T I N G

MODULE: L03 PftOJPCT NO. 13^30 DRAWING NO.t A13230Z27
OATA SET : LO TRANSMITTER BOMl 5 KHZ f'CC DRIVER 0

MOD- Q/S-q/M DE SCR VA LUE MFG. PAR* NO. MANUFACTURER ITEM# BOM# DESCRIPTION COST

L03 NSA A13230Z27 NRAO 1 A13230Z 27 5 MHZ MCD CRIVER 0 0 . 0 0
L03 1 NSB A132307 26 NRAO 2 A13230Z27 5 KHZ MCD CPIVER 0 0 . 0 0
103 3 J 01 nsM-211 OMNI-SPECTRA 3 A13230Z27 JACK BLKHC PCTHRU 2 . 1 5
L03 1 C 04 0 . OOiUF FB381OF102W SPEC CONTROL 4 A13230Z 27 CAPACITOR tFFEDTHRL' SCREW MT 0 . 6 6
1.03 1 E 04 1587-1 KEYSTONE 5 A13230Z27 TERMINAL »TURRFT .1 2 5 4-40TH0 0 . 0 0
L03 J 03 OSM-211 CMNI-SPECTR A 03 A13230Z 27 JACK BLKHD FDTHRU 2 . 1 5
L03 J 02 0 S M - 2 U CMNI-SPECTRA 03 A13230Z27 JACK BLKHC FDTHRU 2 . 1 5
L03 6 04 B13230M98 NRAO 05 A 13230ZP7 TERMINALi  TURRET KCD N 0 . 0 0
103 nsH B13230S09 NRAO 06 A13230Z27 5 MHZ MOD DRIVER *$SY 2 o . o c
103 1 MPP B13230M41 NRAO 16 A1323 0Z27 5 MHZ MOC F I LT E R  ENCLOSUREN 1.61
103 01 MPP 24 001 NRAO) PAMONA 16 A13230Z 27 ENCLOSUREtRF 1 . 5 5
L03 2 H FHSS 2 - 5 6  X 0 . 2 5 0 HW 17 A13230Z27 FLAT HEAD SLOTTEC SS SCREW 0 . 0 2

* * *  TOTAL COST* 10.40 ***





V L A D A T A  L I S T I N G

MODULS: L03 PROJECT NO. 13230 DRAWING NO. :  AI323C231
DATA S E T :  10 TRANSM!TTfR BOKt MCNITCP F tL T E P  0

MOO-O/S -0/M DFSCP VALUF PPG. PART NO. MANUFACTURER ITEM# BOM# DESCRIPTION COST

103 NSA A13230Z31 NRAO I A13230Z 31 MONITOR F I LTE R 0 0 . 0 0
L03 MSA A 132307 31 NRAO 1 A13230Z31 MONITOR F I L T E R 0 O.OC
103 1 MPN C13230M68 NPAO 2 A 1323 CZ 31 MONITOR F I L T E R  BCX M 7 . 9 7
1.03 I MPN C1323 0M68 NRAO 2 A13 230Z 31 MONITOR F I L T E R  BOX M 7 . 5  7
1.03 OSH B 1 3 2 3 0 S 12 NRAO 3 A1323CZ31 MOMTCR F I L T E R  SCHEMATIC ? 0 . 0 0
L03 OSH B13Z30S12 NPAO 3 A 132307 31 MONITOR F I L T F R  SCMFMATIC 2 0 . 0 0
L03 01 OS A T 13230P 39 NRAO 4 A13230Z31 MONITOR F I L T E R  ASSEMBLY 1 0 . 0 0
L03 01 DSA f. 13230P39 NRAO 4 A13230Z31 MONITOR F I L T F R  ASSEMBLY 1 0 . 0 0
L03 01 upp 3754(NR AO) PAMONA 02 A13230Z31 ENCLOSURE,RF 1 .55
L03 01 MPP 37541 NR AOI PAMONA 02 A11230Z31 ENCLOSURF ,PF 1 . 55
103 1 J OMNI-SPECTRA 16 A13230Z 31 JACK BLKHC FCTHP.U 2 . 1 5
103 I J OSM-211 OMNI-SPECTRA 16 A13230Z31 JACK BLKHC FCTHP.l' 2 . 1 5
L03 1 C 01 0 .001 UF FB3810F102W SPEC CONTROL 17 A13230Z3I CAPACITOR,FFEDTHRU SCREW MT 0 . 6 6
103 I C 01 0 .0C1UF FB3B I  OF102W SPEC CONTROL 17 A13230Z31 CAPACITOR,FPFOTHRU SCREW MT 0 . 6 6
L03 1 E 15B7-1 KEYSTONE 18 A13230Z31 TERMINAL , TURRET .125  4-40THD 0 . 0 9
103 F B13230M98 NRAO 18 A 13230Z31 TERMINAL,  TURRET NCO N 0 . 0 0
L03 F B13230M98 NRAO 18 A13230Z31 TERMINAL,  TURRET MCO N 0 . 0 0
L03 I p 15B7-1 KEYSTONE 18 A 13230Z31 TERMINAL,TUPPET .1 2 5  4-40THD 0 . 0 9
103 1 R 01 4 7 . 0 K RCP07 473 -5 S 19 A13230Z31 RESISTOR 1/4* 0 . 0 6
L03 1 R 01 4 7 . 0 K PCR07 4 7 3 - 5 S 19 A13 23 CZ31 RESISTOR 1 / 4 W 0 . 0 6
L03 1 P. 02 2 4 0 . 0 RCR07 241 -5 S 20 A13230Z 31 RESISTOR 1/4W 0 . 0 6
103 i R 02 2 4 0 . 0 PCP07 241 -5 S 20 A13230Z31 RESISTOR 1/ 4W 0 . 0 6

TOTAL COST= 2 5 . 0 8  * * *





V L A  D A T A  L I S T I N G

MODULE: LO3 PROJECT NO. 13230 DRAWING NO. :  A1323C732
04TA S E T :  LO TRANSMITTER BOM: PHASE LCCK LCCP PC BOARD 0

Mno-o/s- O/M DE SCR VALUE MFG. P AR T NO. MANUFACTURER ITEM# BOM# DESCP IPTION COST

10? NSA A 1323 0Z32 NRAO Ol A13230Z 32 PHASE LOCK LCCP PC BOARD 0 0 . 0 0
103 NSA A 13230Z 32 NRAO Ol A13230Z32 PHASE LOCK LCQP PC BOA OD 0 0 . 0 0
103 OC DSA B13230P37 NRAO 02 A 13230Z 32 PHASE LK LCCP PCP ASSY I 0 . 0 0
t03 00 OS A R13230P37 NRAO 02 A13230Z 32 PHASE LK LCCP PCfi ASSY 1 0 . 0 0
L03 01 EPCD B13230M69 NRAO 03 A13230Z32 LO TRANS/CKT L C F I L T  DR 06 0 . 0 0
1.03 01 FPCD B13230M69 NPAO 03 A13230Z32 LO TPANS/CNT LO F I L T  DR D6 0 . 0 0
103 DSH D 13230S13 NRAO OA A13230Z32 PHASE LK LOOP PCB SCHEV 2 0 . 0 0
L03 DSH D13230S13 NRAO 04 A132307.32 PHASE LK LCOP PCB SCHEM 2 0 . 0 0
103 EPCA B13230AB11 NRAO 05 A13230Z32 PHASE LOCK LCCP 4 0 . 0 0
L03 EPf A B 13 23 0 AB U NPAO 05 A13230Z32 PHASE LOCK LCCP 4 0 . 0 0
L03 FPCS B13230AB30 NRAO 06 A 13 230Z32 PH LK L COP °C 80 SILKSCRN5 15 .0 0
L03 FPCS B13230AB30 NRAO 06 A13230Z32 PH LK LOOP PC BC SILKSCRN5 15 .00
103 02 R 01 2 7 0 . 0 RCP07 27 1-5 S 07 A13 23 0Z32 PFSISTOP 1/AW 0 . 0 6
103 02 R 01 2 7 0 . 0 RC»07 2 7 I - 5 S 07 A13230Z 32. RESISTOR 1 / A Vi 0 . 0 6
L03 R 02 2 7 0 . 0 RCP07 2 7 I - 5 S 07 A 13 23 0Z32 RESISTOR 1/4 W 0 . 0 6
L03 R 02 2 7 0 . 0 P C°07 2 7 1- 5 S 07 A13230Z32 RESISTOR 1/4W 0 . 0 6
103 04 R 03 10 .0 K PCP07 l 0 3 - 5 S 08 A13230Z32 RESISTOR 1/4W 0 . 0 6
103 OA R 03 10 .0 K RCR07 I 0 3 - 5 S 08 A13 23 0Z32 RFSISTOP 1/4W 0 . 0 6
103 R 35 10 .0 K RCP07 l 03-5 S 08 A 13230Z 32 RESISTOR 1/4V1 0 . C 6
L03 R 10 1 0 .0 K RCR07 103-5S 08 A13230Z32 RES ISTOR 1/4 W 0 . 0 6
103 R 35 10 .0 K RCP07 103-5 S 08 A 13230Z32 RESISTOR 1/4 W 0 . 0 6
L03 R 25 10 .0 K RCR07 I 0 3 - 5 S 08 A13 23 0Z32 RES ISTOR I/4W 0 . 0 6
103 R 25 10 .0 K RCP07 l 0 3 - 5 S 08 A13230Z32 RESISTOR 1/4W 0 . 0 6
1.03 P 10 10 .0 K PCR07 1 03-5  S 08 A13230Z32 RESISTOR 1/4W 0 . 0 6
1.03 07 R OA 1 CO.O K RCP07 104-5  S 09 A13230Z32 RESISTOR 1/4W 0 . 0 6
L03 07 R OA 1 00 .  0 K RCP07 10A-5S 09 A 13 230Z 32 P ES I  STOR 1/4W 0 . 0 6
L03 P 13 10 0 . 0 K PCP07 10A-5S 09 A 13.230Z32 RESISTOR 1/4W 0 . 0 6
103 P. 19 1 0 0 .0 K P.CB07 10A-5S 09 A13230Z32 RESISTOR 1/4W 0 . 0 6
103 P 19 1 0 0 .0 K RCR07 I 0 A - 5 S 09 A 13230Z32 RESISTOR 1/4W 0 . 0 6
103 P. 13 1 0 0 .0 K RCP07 10A-5S 09 A13230Z32 RESISTOR 1/AW 0 . 0 6
L03 R Oo I  CO.O K PC °07 I 0 4 - 5 S 09 A 13230Z 32 RFSISTOR I/AW 0 . 0 6
103 P 05 10 0 . 0 K RC.P07 1CA-5S 09 A13230Z32 RESISTOR 1/AW 0 . 0 6
103 R 05 1 00 .  0 K P.C.P07 10A-5S 09 A 13230Z32 RESISTOR 1/AW 0 . 0 6
L03 R 06 1 0 0 .0 K RCP07 104-5 S 09 A 132307.32 RESISTOR 1/AW 0 , 0 6
103 P. OR 1 0 0 . 0 K RCR07 10A-5S 09 A13230Z32 RESISTOR 1/AW 0 . 0 6
L03 R Oo 1 0 0 . 0 K RCP07 I 0 A - 5 S 09 A 13230Z 32 RF S I  STOR 1/4W 0 . 0 6
L03 P 06 I 0 0 .0 K PCP07 I 0 4 - 5 S 09 A13230Z32 RESISTOR 1/4W 0 . 0 6
L03 R 08 I 0 0 . 0 K RCR07 10A-5S

D e l e t e d
09 A13 23 07.32 RESISTOR 1/4W 0 . 0 6

L03 01 P 07 StfrrO— - K - 10 A 13230Z32 PFSISTOR 1/4W 0 . 0 6
103 01 R 07 54-Q-rG— —K- D e l e t e d 10 A13230Z32 RESISTOR 1/4W 0 . 0 6
L 03 01 R 11 A7 .0 PCP07 A70-5S 1 1. A 13 230Z32 RES I  STOP 1/4W 0 . 0 6
f.03 01 P l l A7 .0 RCP07 A 70-5 S 11 A13 2307 32 R F S I  STOR 1/4W 0 . 0 6
103 01 R 12 8 . 2 K RCP07 8 2 2 - 5 S 12 A13 230Z32 RESISTOR 1/4W 0 . 0 6
L03 01 P 12 f l . ? K PCP.07 R22-5S 12 A 13 2307.32 RESISTOR 1/4 W 0 . 0 6
103 01 P IA 4 3 0 . 0 K P.Cp07 A3A-5S 13 A13 2307.32 RESISTOR I /  AW 0 . 0 6
103 01 P. IA 4 3 0 . 0 K R C P 0 7 A34-5S 13 A 13 2 30Z  32 RFSISTOR 1/4W 0 . 0 6
L0 3 P 17 l Q k * 3 r G ~ —K- I A A 1 3 2 3 0 7 3 2 R E S I S T O R 1/4W 0 . 0 6
L03 R 17 --K- -MrW>7-

D e l e t e d
IA A13230Z32 RESISTOR 1/4W 0 . 0 6

L03 OA P 15 ■ srrc r - - p r y v i T - ^ y r ^ r 14 A 1 3 2 3 OZ 32 PF SISTOR l/AW 0 . 0 6
1.03 OA P 15 —K“ D e l e t e d IA A13230732 R E S I S T O R l/AW 0 . 0 6
1 03. P A3 3 3 . 0 K RCR07 3 3 3 - 5 S 14 A 13 2307.32 R F S I S T O R l/AW 0 . 0 6
103 R A3 3 3 . 0 K O C P 0 7 3 3 3 - 5 S 14 A 1 3 2 3 0 7 V PF SI  STOR IMW 0 . 0 6





MOD-O/S-Q/M OESCP VAI.UE MFG. PART NO. m a n u f a c t u r e r

L0 3 R 3 0 I0k-33v©-— K- - - a c - P e *
1 03 R 3 0  10k — K-
1 01 R 27 1 . 0 K R C P 0 7 1 0 2 - 5 S
10 1 R 21 1 . 0 K R C P 0 7 1 0 2 - 5 S
m 0 4 R 18 1 . 0 K P C P 0 7 1 0 2 - 5  S
1.03 04 R I R 1 . 0 K R C P 0 7 1 0 2 - 5 S
1 03 R 23 1 . 0 K R C R 0 7 1 0 2 - 5 S
1 03 P. 23 1 . 0 K R C R 0 7 1 0 2 - 5 S
1 0 3 R 27 1 . 0 K P C P 0 7 1 0 2 - 5 S
1 0 3 P 21 1 . 0 K P.CR07 1 0 2 - 5 S
L 0 3 0 2 R 16 2 0 0 . 0 K R C R 0 7 2 0 4 - 5 S
1 0 3 0 2 R 16 2 C 0 . 0 K ° f  PQ7 7 0 4 - 5 S
103 R 38 2 0 0 . 0 K P C P 0 7 2 0 4 - 5 S
L 0 3 R 3 8 2 0 0 . 0 K P.CP07 2 0 4 - 5 S
1 0 3 01 p 2 0 7 5 0 . 0 P C R 0 7 7 5 1 - 5 S
103 01 R 20 7 5 0 . 0 R C P 0 7 7 5 1 - 5 S
L 0 3 01 R 22 2 . 0 K R C P 0 7 2 0 2 - 5  S
1 0 3 01 R 22

1M
2 . 0 K P.CP07 2 0 2 - 5 S

1 0 3 01 R 2 4 4 - .T - — r PTTRD7 "̂ TT-~5Z
1.03 01 R 2 4  1 M 4-*-7- — M-- - R-€-P«? - 4 - 7 M *
1.03 01 R 26 51 .0 RCR07 510-5S
103 01 R 26 5 1 .0 RCR07 510-5 S
103 01 R 28 6 8 0 . 0 PCP07 681-5S
103 01 P 2R 6 8 0 . 0 RCR07 681-5S
10? 01 P 29 12 .0 K PCR07 123-5 S
103 01 R 29 1 2 .0 K RCP07 123-5S
103 0? 0 33 2 . 2 K PCP07 222-5  S
103 02 P 31 2 . 2 K P. CP. 07 222-5S
103 02 Q 31 2 . 2 K RCP07 22 2-5S
V 03 02 P 33 2 . 2 K RCP07 22 2-5S
U03 0? R 36 2 2 . 0 K PCR07 22 3-5 S
L 03 01 R 36 2 2 . 0 K RCP07 223-5  S
103 R 42 2 2 . 0 K RCP07 223 -5 S
103 R 42 22 .0 K RCP07 223-5S
L 03 01 P 34 3 9 . 0 K RCR07 39 3-5  S
103 01 P. 34 3 9 . 0 K RCR07 39 3- 5  S
L03 01 R 39 3 0 . 0 K RCP07 3 03-5 S
L03 01 P 39 3 0 .0 K RCP07 30 3-5 S
L 03 01 R 40 1 . 0 M RCR07 I 0 5 - 5 S
L 03 01 P 40 1 . 0 M PCP07 105-5S
103 01 P 41 4 . 7 K RCP07 47 2-5  V
103 01 R 41 4 . 7 K RCP07 4 7 2- 5 S
L03 01 C 01 2 . 0 PF DM10 0200 APCO
L03 01 C 01 2 . 0 PF DM10 020D ARCH
1 03 01 C 02 5 . 0 PF DM10 0500 APCO
103 01 C 02 5 . 0 PF DM 10 0500 ARf.n
103 r. 05 1 . 0 U F 8 1 3 1 - 0 5 0 - 6 5 1 - 1 05M E P I F
L03 c 07 1 . 0 UF 8 1 3 1 - 0 5 0 - 6 5 1 - 105M F R I E
1.03 c Of, 1 . 0 U F 8 1 3 1 - 0 5 0 - 6 5 1 - 105M F P I F
1 03 c 04 1 . 0 UF B131- 0 5 0 - 6 5 1 - 105M F P I E
1.03 c 09 1 . 0 U p 8 1 3 1 - 0 5 0 - 6 5 1 - 1C5M E R IE
103 c 12 1 . 0 U F 13 1 - 0 5 0 - 6 5 1 - 105M ERTF
L03 08 c 03 u o UF 8 1 3 1 - 0 5 0 - 6 5 1 - 105M E R IE
1 0 3 c 08 1 . 0 UF 8 1 3 1 - 0 5 0 - 6 5 1 - 105M F R IE
L03 c 12 1 . 0 UF 81 31- 05 0 -6 5  I f 105M E R IE
103 08 c 03 1 . 0 IJC 8 1 3 1 - 0 5 0 - 6 5 1 - 1C5M E R IE
1 03 r 04 1 . 0 Uc P 131-0 50-65 I - 1Q5M FRTF

ITEM# BOM# DESCRIPT ICN CCST

14 A13230Z32 RESISTOR 1/4 W 0 . 0 6
14 A13230Z32 RESISTOR 1/4K 0 . 0 6
15 A13230Z32 RESISTOR 1/4W O.Of
15 A13230Z32 RFS I  STOP 1/4 V 0 . 0 6
15 A13230Z32 RESISTOR 1/4 W 0 . 0 6
15 A13230Z32 RESISTOR l / 4 k 0 . 0 6
15 A 13 230Z32 RESISTOR 1/4W 0 . 0 6
15 A1323 0Z32 RESISTOR 1/4W 0 . 0 6
15 A 13230732 RF SISTOR 1/4V 0 . 0 6
15 A13230Z32 RESISTOR 1/4W 0 . 0 6
16 A13 23 0Z32 RESISTOR 1/4 V* 0 . 0 6
16 A13230Z32 RESISTOR 1/4W 0 . 0 6
16 A132307.32 RESISTOR 1/4 W O.Ofc
16 A 13 230232 RESISTOR 1/4W 0 . 0 6
17 A13230Z32 P F S I  STOP 1/4W 0 . 0 6
17 A13230Z32 RFSISTOR 1/4W 0 . 0 6
18 A 13230232 RESISTOR l / 4 k 0 . 0 6
18 A13 2307.32 RESISTOR 1/4W 0 . 0 6
19 A13230Z32 RESJ STOR 1/4V* 0 . 0 6
19 A 13230732 RESISTOR 1/4 V* 0 . 0 6
20 A13230Z32 RESISTOR 1/4W 0 . 0 6
20 A13230Z32 RESISTOR l/4Vi 0 . 0 6
21 A1323 07.32 RESISTOR 1/4 W 0 . 0 6
21 A1323CZ32 RESISTOR 1/4V» 0 . 0 6
22 A13230Z 32 RESISTOR 1 /4 V 0 . 0 6
22 A 13 23 0Z32 RESISTOR 1/4W 0 . 0 6
23 A 1323CZ 32 RESISTOR l/4fc 0 . 0 6
23 A13230Z32 RESISTOR 1/4W C. 06
23 A 13230732 PFSISTOR 1/4W 0.06
23 A132307.32 RFSISTOR 1/4W 0 . 0 6
25 A13230232 RESISTOR 1/4K 0 . 0 6
25 A 13 2307 32 RE S I  STOP 1/4V 0 . 0 6
25 A13 230232 RESISTOR 1/4H 0 . 0 6
25 A13230Z32 RESISTOR 1/4W 0 . 0 6
26 A 13230Z32 RFSISTOR l/4Vi 0 . 0 6
26 A13 23 07.32 RESISTOR 1/4 W 0 . 0 6
28 A 1323CZ 32 RF SISTOR 1/4W 0 . 0 6
28 A13 23 0Z32 RESISTOR 1/4W C. 06
29 A13230Z32 RESISTOR 1/4K 0 . 0 6
29 A 13230Z 32 RESISTOR 1/4V« 0 . 0 6
30 A13 23 0Z32 RESISTOR 1/4W 0 . 0 6
3C A 13230Z 32 RE S!  STOP 1/4V 0 . 0 6
31 A13230232 CAPACITOR MICA 50CWVDC 0.  14
31 A13230Z32 CAPACITOR VICA 500WVDC 0 . 1 4
32 A 13230732 CAPACITOR MICA 5CCWVDC 0.  14
32 A13230Z32 CAPACITOR MICA 500HVDC 0.  14
33 A 13 230Z 32 CAPACITOR ♦MOKCLYTHIC 50V0C 1 .23
33 A13230Z32 CAPACITOR ,MPN0LY1HIC 50VDC 1 . 2 3
33 A132307 32 CAPACITCR , m o n c l y t h i c 50VCC 1 . 2 3
33 A 13 230Z 32 CAPACITOR tMCNCLYTHIC 50VDC 1 . 2 3
33 A13230Z32 CAPACITCR »M0N0LYTHIC 50VCC 1 . 2 3
33 A 132302 32 CAPACtTCR ,MpNCLYTHIC 50VRC 1 . 2 3
33 A13230Z32 CAPACITCR .f'CNCLYTHIC 50VDC 1 . 23
33 A13230/32 CAPACITCR .MONOtYTHIC 50VCC 1 .23
33 A 13 230Z 32 CAPACITOR ,MONOLYTHIC 50VDC 1 . 2 3
33 A13230Z32 CAPACTTCR ♦MONOLYTHIC 50VOC 1 .23
33 A 13 7307 3? CAPACITOR ,PPKCt YTHIC 5ovor ! . 23





MOn-O/S-O/M DESCR VALUE MFG. PART NO, MANUFACTURER

L03 C 07 1 . 0 IJF 81 31 -0 50 -6 51 - IC 5M E RIE
103 C Of 1 . 0 UF R 1 3 1 - 0 5 0 - 6 5 l - l 0 5 M E R IF
L03 C 08 1 . 0 UF B131-050-651-1C5M E R I E
L03 c 05 1 . 0 UF 8 1 3 1 - 0 5 0 - 6 5 l - l 05 M ER IE
L03 c 09 1 . 0 UF 8 1 3 1 - 0 5 0 - 6 5 1 * 1 05M E R IE
103 c 16 81 01- 100-65 1 - 1C2M E R I c
L03 c 1ft P I 0 1 - 1 0 0 - 6 5 1-102M ER IE
L03 01 c 13 4 7 0 . 0 PF 81 01 - 0 5 0 -6 5  1-471M ER IE
L03 01 p. 13 4 7 0 . 0 PF 8 1 0 1 - 0 5 0 - 6 5 1-471M E R IE
L03 01 c 14 0 . 1 UP 8 1 2 1 - 0 5 0 - 6 5 1-104M F R IE
L03 01 c 14 0 . 1 UF 81 21 -05 0- 65  1-IC4M E R IF
L03 01 c 15 0 • 033UF 6 1 7 . 4 MIAL/USA
L03 01 c 15 0 . 033 UF 6 1 7 . 4 MIAL/USA
L03 04 CR 01 A2S800 AERTECH
L03 CR 06 A2S800 a e r t e c h
103 04 CR 01 A2S800. AERTECH
L03 CR 02 A2SB00 AERTECH
L03 CR 02 A2S800 AERTECH
L03 CR 04 A2S800 AERTECH
103 CR 04 A2S800 AERTFCH
L03 CR 06 A2S800 AFRTECH
L03 02 CR 03 1NP14B GE
103 CR 05 IN914B GF
1 03 02 CR 03 1N914R GE
L03 CR 05 1N914B GE
L03 01 U 01 LH0032CG NAT SEMICOND
L03 01 U 01 LH0032CG NAT SEMICOND
L03 02 U 02 LM318H NAT SEMICOND
L03 U 03 LM318H NAT SEMICOND
L03 U 0? LM318H NAT SEMICOND
L03 02 U 02 LM318H NAT SEMICOND
103 01 U 04 RC-4558DN RAYTHEON
1.03 01 U 04 RC-455BHN RAYTHEON
103 01 U 05 A07513KH ANALOG DEV
L03 01 U 05 AD7513KH ANALOG DEV
103 01 U 06 CD4001AE RCA
LO? 01 u 06 CD4001AE RCA
L03 01 X MP12100S ROB NUGENT
L03 01 X MP12100S ROB NUGENT
L03 02 X SP-5178 ROB NUGENT
1.03 02 X SD-5178 ROB NUGFNT
103 01 X I f M - 0 8 3 - S 3 ROB NUGENT
103 01 X IC N -0 8 3 - S 3 ROB NUGENT
L03 01 X n P - 5 171 O-T-23 ROB NUGENT
103 01 X DP-5 171 O- T-2 3 ROB NUGENT
L03 01 X I C N - 1 4 3 - S 3 ROB NUGENT
L03 01 X I C N - l 43-^3 ROB NUGENT
L03 12 p 1502-2 KEYSTONE
1.03 12 p 1502-2 KEYSTONE
L03 04 H 1589-2 KEYSTONE
103 04 H 15P9-2 KEYSTONE
L03 01 s 01 MTM106E-PC ALCO
103 01 c 01 MTM106 E- PC ALCO
1.03 P 44 3 3 3 9 P - 1 - 1 0 4 BOUPNS
L03 03 0 44 3 3 3 9 P - 1 -1 04 BOURNS
1.03 P 47 3 3 3 9 P - 1 -104 BOURNS
» 03 P 46 33 VJ P -1 - 1 0 4 BOURNS

t T EM# BOM# DESCRIPTION COST

33 A 1 32 3 0H 2 CAPACITCR,MONOLYTHC 50VCC 1 . 2 3
33 A 13 23 07,32 CAPACI TCP. ,MONOLYTHIC 50VCC 1 . 2 3
33 A13 23 023.2 CAPACITOR,MONOLYTHIC 50V0C 1 . 2 3
33 A13230Z32 CAPACITCR,MONOLYTHTC 50VDC 1 .23
33 A13230Z32 CAPACITOR,MONOLYTHIC 50VDC 1 . 2 3
34 A13230Z32 CAPACITOR,MOKOLYTHIC 100V 0 . 2 6
34 A 13 230Z 32 CAPACITOR,MOACLYTHIC 100V 0 . 2 6
35 A13 23 CZ 32 4 7 0 P F , 50WVDC,CAP. . 3 3
3 5 A13230Z32 470PF ,50WVDC,CAP. .3 3
36 A13230Z32 CAPACITOR,MCNOLYTHIC 50VDC 0 . 1 9
36 A13230Z32 CAPACITOR,MONOLYTHIC 50VDC 0 . 1 9
37 A13230Z32 CAPACITOR,POLYST 600WDC 0 . 5 2
37 A13230Z32 CAPACITOR,POLYST fcCOWDC 0 . 5 2
38 A13230Z32 DIODE,SHCTTKEY 1 .0 5
36 A 13230732 OICOF,SHOTTKEY 1 . 0 5
38 A132307.32 OIOOE,SHOTTKFY 1 .05
38 A 13230Z 32 CICDE ,SHOTTKEY 1 . 0 5
38 A13230Z 32 DIODE,SHOTTKFY 1 . 05
36 A13230Z32 CIOCE,SHOTTKFY 1 . 0 5
3e A 13230Z 32 DIODE ,SHCTT.KCY 1 . 0 5
38 AL3230Z32 DIOCE,SHOTTK EY 1 . 05
39 A 13230Z32 DICCE ,GENL  PUR 0 . 0 7
39 A13230Z32 DIODE,GENL PUR 0 . 0 7
39 A13230Z32 DIOCE,GENL PUR 0 . 0 7
39 A13230Z 32 DIODE,GENL PUR 0 . 0 7
40 A13230Z32 OP AMP,FET ULTPA FAST 1 7 .3 8
40 A13230Z32 OP AMP,FET ULTRA FAST 17 .3 8
41 A 13230Z32 OP AMP 1. 8 8
41 A13230Z32 OP AMP 1 . 8 8
41 A 1323 OZ 32 OP AMP 1 . 8 8
41 A13230Z32 OP AMP 1 . 8 8
42 A13230Z32 OP AMP DUAL UGH  GAIN 0 . 4 5
42 A 13 2307.32 OP AMP DUAL HIGH GAIN 0 . 4 5
43 A13230Z32 SWITCH,ANALOG 3 . 5 0
43 A 13230Z32 SWITCH,ANALOG 3 . 5 0
44 A13230Z32 COS/MOS NOP GATE 0 . 2 3
44 A13230Z32 COS/MOS NCR GATE 0 . 2 3
45 A 13230Z 32 S O C K E T , 12 P I *  TC-8 SQUARE 0 . 2 8
45 A 13 230Z32 SO C K E T , 12 PIN TO-8 SQUARE 0 . 2 8
46 A13230Z 32 SOCKET,PC 80 8 PIN TO-5 1 . 9 4
46 A13230Z3? SOCKET,PC RO 8 PIN TO-5 I .  94
47 A13230Z32 SO CK ET , 8 PIN C lL 0 . 2 5
47 A 13 230Z 32 S OCK ET , 8 PIN OIL 0 . 2 5
48 A 13 230Z32 SOCKET,  1C PIN TO-5 3 .  18
48 A 13 2307 32 SOCKFT,  10 PIN T r - 5 3 . i e
49 A13 2 3 0 Z 32 S O C K E T , 14 PIN OIL 0 . 2 7
49 A13230Z32 SOCKET,  14 PIN D U 0 . 2 7
51 A 13 2307.32 TE RMINAL , T U R R ET  1/16 STK 0 . 0 2
51 A 13230Z 32 TEPMINAL,TURRET 1/16 STK 0 . 0 2
52 A 13230Z32 STANOOFF, SWAGE 2-56 1/"H 0 . 0 6
52 A 13230Z 32 STANDOFF , SWAGE 2-56 1/8H 0 . 0 6
53 A 13 230Z 32 SWITCH, TCGGLF PC 1 . 61
53 A 132307.32 SWITCH, TCGGLE PC 1 .61
54 A 13230Z 32 P O T . C E R M E  T , 4 TUR N,  ♦-10*1 1 . 98
54 A13230Z32 P0T .C EP MET ,4 TUR N,* -1 0T 1 .98
54 A1323CZ32 POT.CEPMFTf4TURN,»-10? 1 . 98
54 A1 3 23 07 3? POT . C f P M F T , 4 TURN,  1 Of 1 .9 8





MOD-b/S-0/tf 0 6 SCR VAIUF MFG. PA'ftT NO. MANUFACTURER

L03 P. 47
LQ3 P 46
L03 01 R 45
103 01 R 45

3 3 3 9 P - 1 - 1 0 4  BOURNS
33 3 9 P - 1 - 1 0 4  BOURNS'
3 3 3 9P - 1- 50 2  BOURNS
3 3 3 9 P - 1 -502 BPUPNS

ITEM# DESCRIPTION COST

54 A 13230232 POT.CERMET»4TUPK, * - 1 0 ?  1 .98
54 A13230Z32 P0T.CEPMFT,4TU»>N,«-10% 1.9ft
55 A13 23 0Z32 POT .CEPNET ,4TURN ,•»-10? 1 .98  
55 A 13230Z32 POT.CEPMFT,4TURN, +-10T 1 .98

* * *  TOTAL COST* 1 1 6 . 5 4  * * *





V L A D A T A  L I

MODULF: L 03  PROJECT NO.
DATA S E T :  LO TRANSMITTER

MOD-Q/S- 0/M OF SCR VALUE MFG. PART NO. MANUFACTURER

L03 NST A132307 65 NRAO
103 01 VC 01 S S C -0 2 ? 2 (A ) SOLID ST TECH
103 01 VC 02 SSC-0 22 3(A) SOLID ST TECH
1.03 02 CIPC1 101102660 ADDINGTON LAB
L03 CIRC2 101102660 ADDINGTON LA8
103 01 DC 01 2 0 2 3 - 6 1 2 1 - 0 6 OMNI-SPECTRA
L03 01 FD n -6 -4 . ANZAC
1.03 02 PD 01 P08304-4M VECTRONICS
t.03 PP 02 PD8304-4M VFCTRONIC S
L03 01 HY 01 H - J B 3 - 4 ANZAC
103 01 EP PDM-2 0.-500 MERRI MAC
L03 01 DC 02 PDM-20-500 MFRRlMAC
103 EPCP R13230P37 NRAO
t. 03 02 PPCP R13230P37 NPAO
L03 01 NSB A 132307.26 NRAO
103 01 NSB A13230Z23 NRAO
L03 M 04 M1J WATKINS JOHN
103 M 05 M1J WATKT NS JOHN
L 03 03 M 01 MIJ WATKINS JCHN
103 01 M 02 M I F WATKTNS JCHN
L03 01 CL Ot 4 B 1 2 0 -2 4 0 0 /2 0 0 - 0 KCL MICROWAVE
L03 01 eL 02 4MCI0 - 6 0 0 / 5 0 - 0 0 KCL MICROWAVE
1.03 01 FL 03 4B 1 2 0 - 1 2 0 0 / 1 2 0 - 0 KCL MICROWAVF
1.03 01 FL 04 4 B 1 2 0 - 1 8 0 0 / 1 8 0 - 0 KCL MICROWAVP
L03 01 PL 05 4 B 1 2 0 - 3 0 0 0 / 3C0-0 KCL MICROWAVE
L03 01 PD 03 20493 OMNI-SPECTRA
103 01 M 03 MD-52 5-4 ANZAC
103 01 AT 01 FP87 -10 TFXSCAN
I 03 04 H 4 7 - 1 0 - 2 0 4 - 1 0 SOUTHCO
L 03 01 MPM C13230M32 NRAO
L 03 01 MPM 013230M?5 NRAO
L03 01 MPM C13231M23 NRAO
L03 04 MPM C 13 23 IM 2 5 NRAO
L03 02 MPM D13231M21-1 NPAO
L03 01 MSA A 132307.22 NRAO
L03 01 NSB A13230Z27 NPAO
103 09 P OSM-531-3 OMNI-SPECTRA
L03 42 P 0S M - 2 0 1 - 1 A OMNI-SPECTRA
L03 15 P nSM-201-1 CMNI-S°ECTRA
L03 01 P 0SM-202-1A OMNI-SPECTRA
103 01 MPM B13231M16 NRAO
f. 03 09 J OM0-3043-75 OMNI-SPECTRA
L03 01 P 20 239 4- 2 AMP SPEC IND
L03 01 P OSM-2I 8 CMNI-SPECTRA
103 0 02 20090 o m n i- s p f c t r a
L03 02 D 01 20090 OMNI-SPECTRA
103 02 NSB A132307.31 NRAO
L03 NSB A13230Z31 NPAO
103 NS A A13230732 NRAO
L03 02 NS A A 132307 32 NRAO
L03 02 CR 01 50 82 -4 86 0 HEWLETT PACK
103 Cn 02 5082 -4 86 0 HnWl.PTT PACK

T I N G

DRAWING NO* t A13230Z65
BOM: LO TRANSMTTTEF TCP ASSY 0

'EM# BOM# OESCR IPTION COST

01 A1323CZ65 LO TRANSMITTER TCP ASSY 0 o.oc
02 A13230Z65 OSCILLATOR 1200MHZ 3 2 2 . CC
03 A 13230765 CSC ILLATCP 1800VHZ 3 2 2 .0 0
04 A 13230Z65 ISOLATOR rTEF 19 0 .0 0
04 A13230765 ISCLATOR, TEE 19 0 . 0 0
05 A13230Z65 DIRECTIONAL COUPLER 1-2 GHZ 11 0 .0 0
06 A13230Z65 COUBLER 7 1 . OC
07 A13230Z65 DIVIDER,PfeR 4 WAY 0 .8-2GHZ 17 0 .0 0
07 A13230Z65 DIVIDER,PV*R 4WAY C.S-2GHZ 1 7 0 . OC
08 A13230Z65 BROAD BANC hYBRIC 30MHZ- 3GHZ 2 5 0 . CC
09 A1323CZ65 SPL ITTER  , PWR 5-ICC0MHZ 5 8 .0 0
09 A132307.65 SPLITTER ,PWR 5-1CC0MHZ 5 8 . OC
10 A 13230Z65 PHASE LK LCCP PCE ASSY 1 0.00
10 A13230765 PHASE LK LOOP PCP ASSY L 0.00
11 A13230Z65 5 MHZ MOO DRIVER 0 0.00
12 A132307 65 MOD BOARD 0 0.00
13 AL3230Z65 MIX,DBL BAL CC-1GFZ SMA CON 7 3 . OC
13 A 13230765 MIX,DBL BAL CC-IGWZ SMA CCN 7 3 .0 0
13 A13230Z65 MIX,DBL BAL RC-1GHZ SMA CON 7 3 .0 0
14 A13230Z65 MIX,  OBL BAL 2-6C.H7 SMA CON 1 1 5 . 0 0
15 A 13230765 F ILTE R ,TUBULAR BP 4 5 . 0 0
16 A13230Z65 M I N I - F I L T E R  END CCNN 1 5 0 . OC
17 A1323 07.65 F ILTE R ,TU BU LAR  BP 4 5 . 0 0
18 A 132307.65 F ILTER ,TUBULAR BP 4 5 . 0 0
19 A13230Z65 F ILTER ,TUBULAR BP 4 5 . 0 0
20 A 132307 65 POWER DVDR,2  WAY, l-2GHZ 1 2 6 .0 0
21 A13230Z65 MIXER,DBL BAL 5MHZ-4GHZ 1 4 9 . OC
22 A1323 0Z65 10PB ATTENUATOR 3 5 . 0 0
24 A 13230Z65 FASTNER, CAPTIVE 0 . 6 7
25 A13230765 FRONT PANEL B 2 0 .0 0
26 A 13230Z65 PARTIT ION'PLATE y 37 .1 4
27 A13230Z65 PANEL,  REAP E 13 .0 0
28 A13230Z65 GUIDE ,  MCCIFIED U I . 00
32 A 13230Z 65 LCR SIDE PLATES L 2 4 . 0 0
34 A13230Z65 OATA MOOULATCR 0 0.00
35 A 132307 65 5. MHZ MOO PRIVFR 0 0.00
36 A13230Z65 PLUG RT ANGL RG188 3 . 5 7
37 A13230Z65 CONNECTOR, PLUG 141SR 0 . 8 5
38 A13230Z65 CONNECTOR,PLUG 141«R 0 . 9 4
39 A13230Z65 CONNECTOR,JACK I 4 1 SR 1 .88
40 A13230Z65 4-WAY PWR HTG BRACKET M 1 0 . 0 0
41 A13230Z65 JACK,BLKHO RP MCUNT 141SR 1 . 5 0
42 A13230Z65 HOOD,PIN(42 AND 50 BLOCK 1 0 . 8 7
43 A 13230765 ADAPTER,S7PGHT PIUG'PLUG 4 . 5 6
44 A13230 765 DETECTOR 10MHZ-1 2 . 4GMZ 6 0 . 0 0
44 A 13230Z65 DFTFCTDR 10MHZ-l2.4r.HZ 6 0 . 0 0
45 A13230765 MONITOR F I L T F R 0 0.00
45 A13230Z65 MCNI TCP F I L T E R 0 0.00
47 A13230Z65 PHASE LOCK LCCP PC BOARD 0 0.00
47 A13230Z65 PHASE LOCK LOOP PC BOARD 0 0 . 0 0
48 A13230Z65 L E D , W / R E S I S T T P , L I M I T 0 . 6 5
48 A13230765 L F n . W / R F S I S T r R . t I V I T 0 . 6 5





MOD-O/S-Q/M DESCR VALUE MFG. PART NO. MANUFACTURER

103 02 p KC-lQ-153 KINGS
1 03 01 l> 204186-5 AMP SPEC IND
103 16 p 2 0 4 1 8 B-1 AMP SPEC INO
103 01 J 04 0MQ-3043-53 CMNI-SPECTR A
m 02 p 203964-6 AMP SPEC IND
103 01 p 200933-4 AMP SPEC INO
m 01 p 202514-1 A'MP SPEC IND
L0i 04 H PHSS 6-32 X 0 . 6 2 5 HW
101 04 H PHSS 6-32 X 0 . 7 5 0 HW

m 04 H FHSS 6-32 X C. 375 HW
101 14 H FHSS 6-32 X 0 .2 5 0 HW

to? 0? H HSHS 6-32 X 0 . 2 5 0 HW
10} 02 H PHSS 6-32 X 1 .2 50 HW
103 44 H PHSS 4-40 X 0 . 2 50 HW
L03 08 H FHSS 2-56 X C . 250 HW
103 05 H PHSS 2-56 X 0 . 5 0 0 HW
103 08 H PHSS 2-56 X 0 . 3 7 5 HW
103 01 AR 01 6201-60 WATKINS JOHN
103 25 C 51-723-301 SPEC CONTROL
103 01 NSB A13230Z75 NP AO
L03 01 MPZ R 132 31 M?6 NRAO

L01 01 EP 045C8 GE
103 08 MDZ R13231M28 NRAO

L 03 02 MPM R13231M29 NRAO

L03 04 MPM R13231M30 NRAO
L03 16 MPM R13231M31 NRAO
L03 01 MPM B13231M33 NRAQ

1.03 01 MPM B13231M34 NRAO
L03 01 MPM f»ASKETA MPCONN TECKNIT
1.03 01. PSH D132 30S I  3 NRAO
L03 01 MPM D13 2 3 1 M12-1 NRAO
L03 01 MPM D13231M12-2 NRAO
103 01 «PM B13231M2? NRAO
L03 03 EP 0 .0 0 1 U F  FB3B).0C102W SPEC CONTROL
103 08 H M12-A K&L MICROWAVE
103 75 H SST1M-MP PANDUIT
L 03 *3 FT 20-11101 TECKNIT
L03 1 FT 20-11110 TEC KNIT
t 03 on MPM 84-30223 TECKNIT
L03 02 MPM 84-30224 TECKNIT

■'EM# BOM# OESCR IPTICN COST

49 A13230Z65 CONNECTOR, P M  BNC 2 . 3 5

50 A13230Z65 BLOCK,PIN  42 MIXEO 1 .& 6

51 A13230Z65 CONTACT, P H ’

52 A 13230Z65 JACK.BLKHC RP MKT RG188 z a  o

53 A13230765 GUIDE SOCKET 0 . 2 !
54 A 13230Z65 GUIDE PIN 0 . 2 3

55 A132307  65 GROUND GUIDE PIN 0 . 4 2
56 A13230Z65 PAN HEAD St.CTTEO SS 0 . 0 ?

57 A 132307 65 PAN HEAD SICTTCD SS 0 . 0 2

58 A132307.65 FLAT HEAD SLOTTED SS SCR EW 0 . 0 2

59 A13230Z65 FLAT HEAD SLCTTEC SS SCREW 0 . 0 2

60 A13230Z65 HEX-SOCKET HD SLCTTED SS 0 . 0 2

61 A13230Z65 PAN HEAD SLCTTEC SS 0 . 0 2

62 A 132307 65 PAN HEAD SLCTTED SS 0 . 0 2

63 A13230Z65 FLAT HEAD SLCTTEC SS SCREW 0 . 0 2
64 A 13230Z65 PAN HEAD SLCTTEC SS 0 . 0 2

65 A13230Z65 PAN HEAD SLOtTED SS 0 . 0 2
66 A13230Z65 SPEC TABLE 2-6 1 9 0 . 0 0
67 A 13230Z65 RFI SUPP FILTER SCLDER 2 . 0 0
69 A13230Z65 -20V REGULATOR PCR ASSY 0 0 . 0 0

7C A 13230Z65 REAR SPACER M 2 . 0 0
71 A 132307.65 TRANSISTOR,  POWER PNP 0 . 5 4

72 A13230Z65 PARTITION PLATE SPACER M 5 . 0 0
73 A 13230Z65 FR PAN TUNING SHAFT SHLD M 1 0 . 0 0

74 A13230Z65 PWR CONN SHIELD SPACER M 1 . 5 0
75 A13230Z65 PWR CCNN PIN CNTR FERRULEM 0 . 5 0
76 A13230Z65 POWER CONN SHIELD BCX L 5 . 0 0
77 A13230Z65 GASKET, SHIELD BCX U 2 . 0 0
77 A 13230Z65 PER R13231M36 2 . 2 5
78 A13230Z65 PHASE LK LCOP PCB SCHEM 2 0 . 0 0

79 A13230Z65 BAR, SUFPCPT,  TCP C BOTT G 2 5 . 0 0
80 A 13230Z65 BAR, SUPPORT, T0 p C R Q TT G 2 5 . 0 0
81 A13230Z65 BLOCK,RF SHIELD L 1 2 . 0 0

82 A13230Z65 CAPACITOR,FFEDTHRU SCREW MT 0 . 6 6

83 A13230Z65 MOUNTING CLIP 0 . 0 5
84 A132307 65 TIE WRAP, CABlE 0 . 0 2

85 A13230Z65 ■1/8 ROUND RFI BRA 10 1 . 8 0
86 A13230Z65 1 / 8 X 3 / 3 2  SQUARE RFI BRA I D 1 .8 0
87 A13230Z65 INTERFACE SEAL 2 . 0 0
88 A13230Z65 INTERFACE SEAL 2 . 0 0

* * *  TCTAL COST* 3 6 7 6 . 7 6  * * *





V L A  D A T A  L I S T I N G

MODULE : L03 PROJECT NO. 13230 DRAWING N O . :  A132.3CZ75
DATA SET: LO TRANSMITTER BOM: -20 V  REGULATOR PC8 ASSY 0

MOD—Q/S-Q/M DESCP VAI.UF MFG. PART NO. MANUFACTURER ITEM# BOM# DFSCRIPTICN COST

101 NSA A13230775 NRAO 01 A13230Z75 -2CV REGULATOR PCE ASSY 0 0 . 0 0

101 01 fPCP B13230P64 NPAO 02 A13230Z75 -20V RFC. PCB ASSY 1 0.  oo
1.01 01 d s h B13230S  10 NRAO 03 A1323 0Z75 NEG VOLTAGE REG SfWEM 2 0 . 0 0
t 01 01 FPCA A13230AB36 NPAO 04 A13230Z 75 -20 V REG PCB AW 4 0 . 0 0
103 01 MPN B13231M35 NPAO 05 A132307.75 -20V REG PCR DRILL D!AG 6 0 . 0 0
103 02 P 01 3 . 0 K RCP07 302-5S 06 A 13 230Z 75 RESISTOR 1/4W 0 . 0 6

103 P 0? 3 . 0 K PCP07 302-5S 06 A13230Z 75 RESISTOR 1/4V> 0 . 0 6
1.03 01 R 03 10 . 0 K 89-PR10K BECKMAN 07 A13230Z75 POT ENT IOMETER,PC 0 . 8 1
1 03 01 R 04 1 . 0 K PC°07  102-5 S 08 A13230Z 75 RESISTOR 1/4W 0 . 0 6

L03 01 P. 05 1 . 0 RCP-20 I P 0-5S 09 A13230Z75 RESISTOR 1/2W 0 . 0 7
103 02 0 01 2N3 °06 MOTOROLA 10 A 13230Z75 TRANSJSTCP,AMPLIFIER PKP 0 . 1 2
103 0 02 2N3906 MOTOROLA 10 A13230Z 75 TRANSISTOR,AMPLIFIER PNP 0 . 1 2
L03 01 U 01 LM723C.N NAT SEMICOND 11 A13230Z75 REGULATOR,VOLTAGE 2-37VDC 0 . 6 5
L03 01 C 01 5 0 0 . 0 PF 10TS-T50 SPPAGUF 12 A13230Z 75 CAPACITOR,CERAMIC DISK 0 . 0 5
L03 01 f 02 1 . 0 UF 8 1 31-050-65l-l05M EPIE 13 A1323OZ75 CAPACITOR,MONOLYTHIC 50VDC 1 .2 3
103 06 F 1502-2 KFYSTONE 14 A 13 230Z75 TERMINAL,TUPPET 1 /1 6  STK 0 . 0 2
1.03 02 X 3-LPS-B CINCH 15 A13230Z  75 SOCKET,TRAMSISTPR T0-5,TC1-18 0 . 1 2
L03 01 X ICN-143-S3 ROB NUGENT 16 A13230Z 75 S OCKE T ,14 PIN D U 0 . 2 7
L 03 04 H 1596-2 KEYSTONE 17 A13230Z 75 ■STANDOFF , SWAGE 2-56 3 /8 H 0 . 0 8

♦** TOTAL COST* 4 . 1 8  * * *

*+ *  TOTAL COST FOR MODULE L03 IS 3 9 0 2 . 8 3  * * *





L3 - ANTENNA L.O. TRANSMITTER
V L A D A T A  L I S T I N G

MDD-Q/S-Q/M

MODULE!: 
D4TA SFT

OESCP

LIO

: CENTRAL LO TRANSMITTER 

VALUF MFG. PART NO.

PROJECT NO. 

MANUFACTURER

13240

ITEM# BOM#

DRAWING N O . :  A13230Z22  
BOMt DATA MCOULATCR

DESCRIPTION

0

COST

L10 NS A A13230Z  22 NRAO I A13230Z22 DATA MODULATOR 0 0 . 0 0
L10 1 MPN B13230M38 NRAO 2 A13230Z22 DATA FILTER END PANEL J 8 . 1 2
110 1 MPN B13230M30 NRAO 3 A1 3 2 3 0 722 RECEIVER OATA AMPLIFIER J 3 .7 1
L10 1 MPN B13230M 29 NRAO 4 A13230Z22 RECEIVER CAT A AMPLIFIER J 6 . 7 2
L10 1 MPN B13230M27 NRAO 5 A 13230Z 22 RECEIVER CATA ANFLIFIER J 2 . 7 3
L10 1 MPN B13230M46 NRAO 6 A13230Z22 DATA MOD DRVR ENP PANEL J 0 . 0 0
110 1 MPN B13230M49 NRAO 7 A13230Z22 DTA MOD OPVP SICE PANEL J 0 . 0 0
L 10 8 H PHSS 4 * 4 0  X 0 . 5 0 0 HW 8 A 13230Z22 PAN HEAD SLOTTFD SS 0 . 0 2
L10 8 H PHSS 4-40 X 0 . 3 7 5 HW 9 A13 230Z22 FLAT HEAD SLCTTFC SS SCREW 0 . 0 2
1.10 3 J 01 PSM-211 OMNI-SPECTRA 17 A13230Z 22 JACK BLKHD FDTHRU 2 . 1 5
1 10 J 02 OSM-21,1 OMNI-SPECTRA 17 A13230Z22 JACK BLKHO FDTHRU 2 . 1 5
LIO J 03 0 S M-21I OMNI-SPECTRA 17 A13230Z22 JACK BLKHO FDTHRU 2 . 1 5
L 10 1 E 01 1587-1 KEYSTONE 18 A 13 230Z 22 TFRMINAL,TURRET . 1 2 5  4-40THD 0 . 0 9
LIO 1 C .01 0 . 0 0 1 U F FB3B10F102W SPEC CONTROL 19 A13230Z22 CAPACITORfFEEDTHRU SCREW MT 0 . 6 6
1.10 C 12 0 . 0 0 1 U F FB3B10F102W SPEC CONTROL 19 A13230Z 22 CAPACITORfFEFDTHRL SCREW MT 0 . 6 6
LIO 1 NSB A13230723 NRAO 20 A13230Z22 MOD BOARO 0 0 . 0 0
110 DSH Cl 3230S07 NRAO 21 A13230Z22 DATA MODULATCR DFTVER 2 0 . 0 0

* * *  TOTAL COST® 2 8 . 8 0  * * *
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HUNNIFMA-* L U U IX C U
FREQUENCY POWER MODEL MODEL

(MHz) (mW) NUMBER NUMBER
750- 850 300 SSC-0101 SSX-0122
850- 980 300 SSC-0102 SSX-0123
980- 1100 250 SSC-0103 SSX-0101

1080- 1220 250 SSC-01p4 SSX-0124
250" SSC-0105 SSX-0102

1300- 1520 250 SSC-0105 SSX-0125
1500- 1720 200 SSC-0107 SSX-0103
1640- 1780 150 SSC-0108 SSX-0126
1720- 1920 150. SSC-0109 SSX-0127
1880- 2080 150 SSC-0111 SSX-0128
2000- 2320 125 SSC-0115 SSX-0104
2320- 2550 50 SSC-0110 SSX-0131
3600- 3900 10' SSCM-0121 SSX-0121
3600- 4130 10 SSCM-0105 SSX-0106
3850- 42.00 10* SSCM-0107 SSX-0107

4330- 4930 10* SSCM-0103 SSX-0108
5400- 5900 10 SSCM-0109 SSX-0109
5855- 6445 10' SSCM-0110 SSX-0110
6400- 6950 10* SSCM-0111 SSX-0111
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 SSX-0115
10630-11230 10 SSCM-0116 SSX-0116
11200-11770 10 SSCM-0117 SSX-0117
11630-12300 10 SSCM-0118 SSX-0118
12130-12700 10 SSCM-0119 SSX-0119
12630-13230 10 SSCM-0120 SSX-0120
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 frequency 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

*See option H

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 rt0.1% 
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

Input
voltage Load Temp

Freq See
options

Power ♦ * 2DB/1.5M
0.01 D B / 

/ *  C

Typical Operating Parameters 
for SSC & SSCM series

Input
voltage Load Temp

Freq .02% /  v. 1% /1.5:1 .001% /'C

Power *  *
2 D B / 

/1.5:1
0.01 d b /

/*C

*  *  Power leveling via input voltage 
change not advised
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Maximum permissible demodulated FM 
noise in any 3 KHz window from 10 KHz 
to 10 MHz
Curvd A —  Oscillators at 11630 and above
Curve B •— Oscillators between 6800 MHz and 11629 MHz
Curve C —  Oscillators below 6300 MH2

Note: These noise limits apply over the ambient temperature range 
ol 10'C to SQ'C. Outside this range, but in the range 
ot — 30‘C to 60‘C. the limits are relaxed 2 DB.

Power vs. Frequency

Harmonic Rejection:-30 DBCfor freq.<3GHz 
-50  DBC for freq.>3 GHz 

Discreet Spurious Rejection: — 60 DBC 
AM Noise: — 100 DB,C/KHz

Input Power: — 20 VDC @ 350 mA Typ
For SSX series

— 20 VDC @ 125 MA for SSC 
& SSCM series

Operating Temperature: — 30 to 60’C Typ

Frequency vs. VoUaga 
(For AFC or Modulation)

AVAILABLE OPTIONS
Separate modulation input with coax 
connector.
External reference oscillator input less 
reference oscillator.
±:0.005% Stability crystal 
r t0.002% Stability crystal 
:±0.0005% Stability crystal and internal 
crystal oven.
Internal crystal oven less crystal (re­
quires crystal to SST specs).
50 mW MIN., 25-C, 50 OHM Load 

LLA Lock limit alarm

W Waveguide output

H

SOLID STATE TECHNOLOGY

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

Circulators listed can also be furnished 
with any of the following options:
•  Special mounting
•  Choice of connectors
•  High power-peak or average _____
•  Extreme environment ~~
•  Y or customized configurations
•  Cryogenic temperatures
•  Magnetic shielding
Before specifying non-standard devices, it 
may be helpful to review the notes at the 
beginning of the catalog. For quick and 
competent assistance in design or 
proposal preparation, contact Addington 
Laboratories’ engineering department 
either directly or through your local 
representative.

Tee Circulators (Octave Band)
ISOLA­ INS.

FREQUENCY TION LOSS VSV/R SIZE IN INCHES

(GHz) (dB) c m (max.) (Approx.)

OPERATING 2-1 1-2 All Ports L H W

.500-1.00 17 1.0 o r 5 Vi x VA x 5 Yi
-^1.00-2.00 20 0.4 1.25 3‘Vw x 1 x 3/7

1.20-2.4Q 20 0.4 1.25 3 %  x 1 x 354

2.00-4.00 20 0.4 1.25 l»/«  x lx  2J/j7
2.60-5.23 20 C.4 1.25 m  x 1 x VVu
3.00-6.00 20 0.4 1.25 V M  x K  * IVJ

4.00-8.00 20 0.4 1.25 IVm x Yt x 1VU

5.00-10.0 20 0.4 1.25 1 x Vt x IV u
8.00-16.0 13 0.5 1.30 Yi x Yt x u/ts

WEIGHT

(ounces)

Approx.

50

16

\S_

10

8

"  3 

3 

I

MODEL 

NUMBER 

(Specify 

on order)

lOOIOQOOt
100100004

1Q01000Q7

100100012

100100015

100100018

100100021
1C0100024

100100173

CON­

NECTOR 

(ferrate) 

AH Ports

N

N A

3WM

3AlF

3MM

3MM

Sizes and v/eights given are for " T ”  configuration. *'V  configuration available on request.

Specify Your Own Band
(Bandwidths to 35%  v.ith f0 in the ranges noted)

ISOLA­ INS. CON­

FREQUENCY TION LOSS VSWR SIZE IN INCHES WEIGHT MODEL NECTOR

(GHz) (dB) <dB) (max.) (Approx.) (ounces) NUMBER (fe.-n3Je>

SPECIFY f0 2-1 1-2 All Ports L H V/ Approx. (See footnote) An Ports

.250 .400 20 0.4 1 25~ 4‘VC x 1 x 4"/w 30 ~ lGDlxxxxx M

.400-.600 20 0.4 1.25 2l/i X 1 X 2V; 16 ICOlxxxxx N

.600.900 20 0.4 1.25 2Vk  x 1 x 2Yi 12 lOOlxxxxx N

.900-1.40 20 ~ oJ 1.25 VV» x 1 x V'Ai 10 IOOIxxxxt

1.40-2.00 20 0.4 1.25 2U x 1 x 2Y» 12 ICOixxxxx 3MM

2.00-3.50 20 0.4 1.25 llVU x 1 x l«Vu 10 lOOlxxxxx 3.V.M___

3.50-5.00 20 0.4 L25 14 x 1 x JVi 7 1'OUxxxx 3MM

5.00-8.00 23 0.4 1.25 115 * Y* x I Vi *t irO'.xxxxx 3MM

8.00-12.0 20 0.4 I 25 lVi* x - 3 x V .  j> 2 ll/.xxxxx 3V.M

12.0-R 0 I: 0.5 1.30 * *:» x *■* x ;Vk I M-?lxxxxx

B a la n ce  o f  M o d e /  N o. .»i l l  o s  su pp lied  by  fa c to rf  a t  t im e  o f  o rd e r.
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BROADBAND ISOLATED POWfcK Ul V lU tK i 

MICROSTRIPLINE

These Isolated Power Dividers incorporate two-section impedance transformers 
for broadband performance, and thin-film chip resistors for high isolation and 
good power handling capacity. The units are available as substrates with chrane/ 
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 VSWR Size Ins. Loss Model No. Price
GHz Input Output 2 - Way 4 - Way 2 - Way 2 - Way 2 - Way-

0.8 - 2.0 1.35 1.20 1 x 2 2 X 2 0.3 dB PD8304-2 $ *«un00

1.0 - 2.5 1.35 1.20 1 X 1.75 2 X 2 0.3 dB PD8305-2 $ 85.-
1.5 - 3.75 1.35 1.25 1 X 1.5 2 X 1.75 0.4 dB PD8306-2 $ 90.-

2.0 - 5.4 1.40 1.25 1 X 1 2 X 1 0.5 dB PD8307-2 $ 90:-

3.0 - 7.8 1.45 1.30 1 X 1 2 X 1 0.5 dB PD8308-2 S 90.-
For the corresponding 4-way models, use suffix -4 with model number. Additional 
price is $ 35.- for the 4-way version.
Amplitude Balance 
Phase Balance 
Isolation
Insertion Loss, 4-Way
Material
Conductors
Input Power Capacity 
Any Load Impedance
For 2:1. max. Mismatch

+ 0.3 dB max.
+ 3° max.
20 dB min., 30 dB typ, 
2 x loss of 2-Way 
99.5 % Alumina 
Chrome/Copper/Gold
2 W CW max. (2-way)
4 W CW max. (4-way)
10 W CW max. (2-way) 
20 W CW max. (4-way)

O

O

°  r c— -  . . . c  

o

O

°  r—< : ;  o 

o

For the packaged configuration with type SMA (female) connectors, use suffix 
" M ” with model number. Additional price is $- 50.- for the 2-way models, $ 75.- 
for the 4-way units.
Other frequency ranges, bandwidths and connector configurations as well as 8-way 
dividers are available on special order.

VECTRONICS MIGROWAVE CORPORATION
276 L in c o ln  Boulevard  • M id d lesex . N ew J ersey 08846 • <201 > 356-2377 •

/3>

J .O /

Data Sheet PD8300, 6/71
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MODEL &1D-525-4

WIDEBAND DOUBLE 
BALANCED iVtlXER
5 MHz - 4  GHz 
DC 1.9GHz (IFPort) 
FEATURES
9  Wideband — 5 MHz - 4 GHz
83 +10 dbm Typ. Third Order Intercept Point
§3 DC (IF) Port
S3 Standard Connectors: TNC, SMA

GUARANTEED SPECIFICATIONS
Frequency Range:

L (LO) Port 5  M H z- 4  GHz

R (R F ) Port 5  M H z -4  GHz

X (IF ) Port DC - 1.9  GHz

Conversion Loss:

5  MHz - 3  GHz 9 .0  db Max.

3  G H z- 4  GHz 10.0  db  Max.

Isolation (db Min.): L-R L-X R-X

5-50  MHz 2 0  2 0 2 0

5 0  MHz - 2  GHz 2 5  3 0 3 0

2  G H z- 4  GHz 2 0  2 5 2 0

LO Power Required: + 10 to  +13 dbm  (all specifications 
guaranteed w ith + 10 dbm  LO)

Input Power Total: 4 0 0  mW Max. @ +25°C (derate 
linearly to  + 125°C  @ 3 .2  mW/°C

X Port Input Current: 5 0  ma Max.

Operating Tem perature Range: -54°C  to  +85°C

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

Impedance: 5 0  ohms (all ports)

TYPICAL PERFORMANCE
Noise Figure:

1 db Compression Point:

1 db Desensitization Level: 

TworTone !M R atio - 3 rd  
O rder with tw o  -10  dbm  
signals:

Within 1 db of Conversion Loss 

+6 dbm  (w ith + 10 dbm  LO)

+3 dbm  (w ith +10 dbm  LO)

•55  d b  (w ith +10 dbm  LO)

NOTES:
1. Conversion Loss specified w ith IF frequencies from  10  MHz 

to  1 GHz.

2 . IF Port response is dow n 3 .5  db a t DC, and down 3  db at 
1 .9  GHz (see curve).

•t

1 • 1 • 

•

7
V -  - -

CONVERSION LOSS

ritMicr
ISOLATION

y
r

/ /
A / V

< L__ i_j

VSWR

10 CM
CONVERSION LOSS VS. LO POWER

IF  PORT RESPONSE
TYPICAL PERFORMANCE



d e s c r i p t i o n
The Model M D-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.

Among the many outstanding features o f this device is its 
+10 dbm th ird  order intercept point w ith  +10 dbm LO.

ENVIRONMENTAL
This Device Has Been Designed to  Meet th e  Following Envi­
ronmental and Physical Conditions of MIL-STD-202.

Thermal Shock:

Humidity:

Barometric Pressure:

Moisture Resistance:

Life Test:

Vibration:

High Im pact Shock:

SCHEMATIC

Method 1 07 , Test Condition 
A -55°C  to  +85°C, 3 0  minutes 
a t tem perature extremes, 5  
cycles

Method 103 , Test Condition 
B {96 hours)

Method 105 , Test Condition 
D 1 0 0 ,0 0 0  feet 

Method 1 0 6

Method 1 08 , Test Condition 
B (2 5 0  hours)

Method 2 0 4 , Test Condition 
B 1 0 -2 ,00 0  Hz, 15 G peak 

Method 2 0 7

ORDERING INFORMATION
Please specify Model No. and Connector Type 
when ordering.

Model MD-525: 
Connector Types:

Availability:
Terms:

$175.00 (1-5 Qty.)
TNC or SMA Standard. 
Type BNC available on 
special order $190.00)
Stock
Net 30, f.o.b. factory

M E C H A N I C A L  DATA

562- L I-1.375- 

-2.500

t
1250

A

CONNECTOR

3 PLACES

4-40UNC-3B 

.312 DEEP

4 HOLES

375
-020T  
S-1

-020
770

Jt

Mounting Areo. 

Volume:

Weight (approx.)

•2000-

3 .13 sq. in. 

2.35 cu.ir*. 

3 ounces

UHJ.ES5 OTMCftWISg 
NOTEO..XXX •i.OlS

—r
.750
_JL

.250

■250

20  sq. cm. 

38 cu cm. 

85 qroms

IN T E R M O D U L A T IO N  CH ARACTERISTICS 
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BROADBAND 
MICROWAVE 
HYBRID JUNCTION
30 M H z —3 GHz 
FEATURES
El 7-Octave Coverage — 3 0 M H z - 3 G H z  
jQ Useful from 10 MHz to 3.5 GHz 
EH Excellent Isolation
10 Rugged Construction for Severe Environment 
£2 Standard Connectors: TNC, SMA or N
GUARANTEED SPECIFICATIONS
Frequency Range: 3 0  M H z- 3  GHz

Insertion Loss:
3 0 -1 0 0  MHz 1.2 db Max.

100  MHz - 1 GHz 1.0 db Max.

1-1.5 GHz 1.5 db Max.

1.5-2.5 GHz 2 .0  db Max.

2.5-3 GHz 2 .5  db Max.
Isolation:

3 0  MHz- 1 GHz 2 5  db Min.

1-3 GHz 2 0  db Min.
VSWR (All Ports):

3 0  MHz - 1.5  GHz 1.6 : 1 Max.
100  M Hz- 1 GHz .1.4  : 1 Max.

1.5-2 GHz 2 .0  : 1 Max.

2-2.5  GHz 2 .2 5  : 1 Max.
2 .5-3 GHz 2.5  : 1 Max.

Impedance: 5 0  ohms

A m plitude Balance (A to  C or D,
and B to  C or D): 0 .4  db Max.

Phase Unbalance:
3 0  M Hz- 1 GHz 5° Max.
1 G H z- 3  GHz 5°/GHz

Input Power: 5  W atts Max.

E N V I R O N M E N T A L
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 Im pact Shock:

Method 1 07 , Test Condition A 
-55°C  to  +85°C, 3 0  minutes at 
tem perature extrem es, 5  cycles 

Method 103, Test Condition B 
(9 6  hours)

Method 105 , Test Condition D
1 0 0 ,0 0 0  feet 

Method 106

Method 1 08 , Test Condition B 
(2 5 0  hours)

M ethod 2 0 4 , Test Condition B 
1 0 -2 ,00 0  Hz. 15 G peak 

Method 2 07

Anzac Electronics. A Division of Adams-Russell
57



DESCRIPTION MECHANICAL DATA
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 outputs 
at the opposite port pair. The phase difference between o u t­
puts is 0  if the input port is B or C, and 180° if the input 
po rt is A or D. So long as the loads on the ou tp u t ports are 
equal, but not necessarily a t the characteristic impedance of 
the device, the adjacent port is isolated from the input.

If two signals are simultaneously applied to  either port pair, 
the vector sum will appear a t one of the opposite ports and 
the vector difference at the other.

APPLICATIONS
o

o  

o

©

O

a

©

Antenna beamforming networks 
Antenna feed structures 
Isolated signal splitters 
Monopulse comparators 
Balanced mixers and modulators 
Phase or amplitude comparators 
Multiplexers
Power dividers and summers 
Frequency discriminators 
Reflectometers

UNLESS OTKCftWISC 
NOTED, .XXX • £.015

.592
* -.015 .-fl 3

J R  v z* °

.250 -

Mountinq Area: 4.88 sq. in.

Volume: 5.85 cu.in.

Weight (approx.) 7 ouncss

4-40 UNC-3B 

312 DEEP 

4  HOLES

31.5 sq.cm. 

.96 cv.cm. 

200 grams

CHESVJATIC

1IMG INFORMATION
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.o.b. factory

Printed in U.S.A.

39 Green Street, Waltham, Massachusetts 02154 •  (617) 899-1900 TWX 710-324-6484
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MODELS 0-5-4 
D-6-4

UHFBROADBAND 
FREQUENCY 
DOUBLERS
100 MKe- 2 .8  G K z  OUTPUT (D-6-4) 
60 MKz-4.2-GHz OUTPUT (D-5-4) 

FEATURES
O  Conversion Loss 13 db Max.

Untuned.
Meets M IL Environments 

IS Low Spurious Noise
Standard Connectors: BNC, TNC or SMA

GUARANTEED SPECIFICATIONS
D-6-4 D-5-4

Input Frequency Range: 5 0  M H z- 1 .3  GHz 3 0  M H z- 2 .1  GHz
O utput Frequency Range: 1 0 0  M H z- 2 .6  GHz 6 0  MHz - 4 .2  GHz
Conversion Loss: 13 db Max. @ 13 db Max. @

2 0  mw input 3 0  mw input

Spurious (referred to  O utput F2): OUTPUT FREQUENCY (MHz)

1 0 0 -1 0 0 0  1 0 0 0 -2 6 0 0 6 0 -1 0 0 0  1 0 0 0 -4 2 0 0

F1 -25 db -15  db -25 db -15  db

F3 -30  db -20  db -30 db -20  db

^ 4 -12 db -12  db ‘12 db -20  db

TYPICAL PERFORMANCE
D-6-4 D-5-4

Input VSWR: 1 .8 : 1 1.5  : 1 (3 0  MHz - 1 GHz)

1 .8 :  1 (1-2.1 GHz)
Input/O utput Impedance: 5 0  ohms 5 0  ohms

Input Power (Loss increased 2  db @ mw and 1 0 0  ms): 2 0  mw Nom. 3 0  mw Nom.

Input Power: 1 W att 1 W att
Operating Tem perature Range (0 .5  db M ax.

Loss Variation): -55°C to  +85°C (B oth models)



DESCRIPTION MECHANICAL DATA

These doubters are small, low noise, untuned devices used to 
double any frequency in th e  3 0 -2 1 0 0  MHz frequency range 
wirh minimum spurious generation.

E N V I R O N M E N T A L

These Devices Have Been Designed to  Meet the Following 
Environmental 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, 3 0  minutes at 
tem perature extrem es, 5  cycles 

Method 103, Test Condition B 
(9 6  hours)

Method 105, Test Condition D
1 0 0 ,0 0 0  feet 

Method 1 0 6

Method 108, Test Condition B 
(2 5 0  hours)

Method 2 0 4 , Test Condition B 
1 0 -2 ,00 0  Hz. 15  G peak 

M ethod 2 0 7

2 HOLES

Mounting Ar«o: 
Volume:
Weight (opprox.)

1.9 sq. in. 
I.4cu. in. 

1.8 ounces

12 sq. cm. 
23cu.cm. 

5 0  grams

SCHEMATIC

ORDERING 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^



DOUBLE-BALANCED MIXES

“ }Rf
IF

300 TO 2000 MHz 

DC TO 1000 MHz

•  HIGH ISOLATION: >50  dB (TYP.)
•  LOW NOISE FIGURE: 6 dB (TYP.)
•  HERMETICALLY SEALED

Guaranteed Specifications*

Characteristics Min. Max. Test Conditions

SSB Conversion Loss
7.0 dB 
8.5 dB

8.0 dB
9.0 dB

fL & fR 1000 to 1800 MHz 
1, DC to 200 MHz 
f, 200 to 1000 MHz 
fL & fR 300 to 2000 MHz 
ft DC to 200 MHz 
f, 200 to 1000 MHz

SSB Noise Figure
7.0 dB 
8.5 dB

8.0 dB
9.0 dB

fL & fR 1000 to 1800 MHz 
f, 10 to 200 MHz 
f, 200 to 1000 MHz 
fL & fR 300 to 2000 MHz 
f, 10 to 200 MHz 
f, 200 to 1000 MHz

Isolation
L to R 
L to 1

40 dB 
25 dB } fL 300 to 1000 MHz

R to 1 20 dB fR 300 to 1000 MHz
L to R 
L to 1

35 dB 
25 dB } fL 1000 to 2000 Mhz

R to ! 20 dB fR 1000 to 2000 MHz
Conversion Compression 1.0 db fB level =  0 dBm
Desensitization Level 1.0 dB fH2 level =  - 2  dBm

Weight 31 grams (1.1 oz.) 
maximum

Connectors SMA Female

Absolute M axim um  Ratings

Storage
Temperature ...........-65°C to -MOO’C

Operating
Temperature...........-54°C to +1CKTC

Peak Input 
Power —  . . . . . .400 mW max. at 25°C

Derate to 50 mW at 
100°C (4.67 mW/T) 

Peak Input Current.......................50 mA

Schematic Diagram

Outline Drawing

•Measured in a 50-ohm system with ft at +7  dBm. _ 0.54 1.97 0.54
0.50 L94 0.50

{0.410
MAX

L 1 *
0.67 
0 6} f

0.160 DIAMETER 
0150 t PLACES

NOIE: DIMENSIONS ARE- IN INCHES.
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Typical Performance at 25°C

DRIVE uva - dSm

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

*re maximum recommended drive 
> -13 dBm.

>c KC 700 900 1100 1300 1500 1700 1900 2100

fg FREQUENCY -  MHz

[
Conversion Loss vs. Input Frequency:

u *5 S:ori *oss mixer when used in

* SS8 system. The frequency ordinate 
:o the R-port (fR) with f, at 150 MHz. 

-a:a plotted with an fL level of +7 dBm.

o ." ■ " I .I. i I ■ .1 i ■ I. .1, 1.....
<J 100 200 300 500 600 700 800 900 1000

f, FRtObEfJCY - A1Hi

Conversion Loss vs. f, Frequency:
Conversion loss of the mixer when used in 
a $SB system. The frequency ordinate re­
fers to the I-port (f,) with fR at 1200 MHz 
and fL swept from 200 to 1100 MHz.

Isolation vs. Frequency: Level of the ft 
signal fed through to the R- and l-ports 
with respect to the level of the fL signal at 
the L-port.

FREQUENCY - GHz

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

VSWR will occur as a function of 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 l-port VSWR with fL at 0 6 
GHz.

tt

o  4‘-

o  «•

E ..
CO

X

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
put level, fR-fL. Products are for the differ­
ence frequencies nfL-mfR and mfR-nft. The 
performance was measured with fR at 300 
MHz, -1 0  dBm; fu = 299 MHz, + 7 dBm for 
light area and +13 dBm for shaded area.

> 71 > 71 > 7 1 > 7 1 > 7 1 > ; i
> 71 > 71 > 71 > n > n > 7 1
> 71 > 7 : > 7 1 > 7 1 > 71 > n
> 71 > 71 > 7 1 > 7 1 > 71 > 7 1

71 53 6a 5 6 ' 7> 51
> 71 63 67 61 > r t 6 3

6 ! SO 65 50 6 7 66
63 55 64 64 ra B
28 0 40 12 41 26
23 0 41 to 42 13
— 7 43 29 r  54 3 0
— 3 3o V r  54 2 9

«t 3fc. SiL

Harmonics of fL



DOUBLE-BALANCED MIXER

|  1.8 TO 6.2 GHz 

IF DC TO 2 GHz

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

Guaranteed Specifications*

•Measured in a 50-ohm system, fL at +7 dBm.

W e i g h t  

Connectors SMA Female

31 grams (1.1 oz.) 
maximum

Characteristics Min. Max. Test Conditions

Conversion Loss 7.0 dB

8.0 dB
9.0 dB

fL & fR 1.8 to 4.2 GHz 
f, DC to 2 GHz 
fL & f„ 4.2 to 6.2 GHz 
f, DC to 500 MHz 
f, 500 MHz to 2 GHz

Noise Figure 7.0 d8

8.0 dB
9.0 dB

fL & f„ 1.8 to 4.2 GHz 
f, 30 MHz to 2 GHz 
fL & lR 4.2 to 6.2 GHz 
f, 30 MHz to 500 MHz 
f, 500 MHz to 2 GHz

Isolation
fL at R 
ft  st 1 
fL at R 
fL at 1

25 dB 
15 dB 
20 dB 
15 dB

fL 1.8 to 4.2 GHz 

fL 4.2 to 6.2 GHz

Mixer Compression
1.0 dB

fR =  - 2  dBm 
fL a t +13 dBm

Absolute M axim um  Ratings

Storage
Temperature......... :-65°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

>0.54

g«io
MAX

1.97
a so

8.67
16}

.w i b jw  r x

law

I 0.58

0.6?
ass

a 71 j Q.»

f t  06S
ao»

a »

0.55

0.26
a24

2.49

3.01

an
roi2»

2.99

NOTE: DIMENSIONS ARE IN INCHES.

0.160 0IA.UEK*
0.150 z puces
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Ty pical Performance at 25°C

DRIVE LEVEL-dBm

Conversion Loss vs. Drive Level: Con- 
.£ 's io s s  in a SSB system is a function 
c* r.rvs level (fL) with fL and fR at approxi- 
~v*:/ 3 GHz and fB level at -6  dBm.

Isolation vs. Frequency: Level of the 1L 
signal fed through to the R- and l-ports 
with respect to the level of the fL signal at 
the L-port.

t-ipori | ipori-tI lr*roar I
Arr« *«w«T—_1A . i V 4CHr

v  i vrsJL-<̂  U - —I'V?’*-?——
1 K
h

RI-Î W T M̂port rnwr-PQ
-6CHI j 2 CHI j"'*-

. \y~ v—- i —i ^ ---- l: l. t;-..0 a5 LO IS 2.0 2.5 10 15 40 45 iO 5i> 40 45 
f RtQUEMCY - GHr

VSWR vs. Frequency: VSWR of the L-, l-
and R-ports in a 50 ohm system. Some 
variation in the R-port VSWR will 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 l-port VSWR is also 
shown with fL at 2 GHz, 4 GHz and 5 GHz.

Conversion Loss and Noise Figure vs. 
Input Frequency: The frequency ordi- 

-refers to the ft and fR inputs with a f| 
‘•eâ ency of 500 MHz for conversion loss 

3 -f, frequency of 30 MHz for noise



W A T K I N S  - J O H N S O N  C O M P A N Y

3333 Millview Avsnue Stanford Industrial Park Palo Alto. California 94304. (41S) 493-4141 TW X9tO-373-l253

October 18, 1977

Mr. D.S* Bagri 

NRAO

Post Office Box O 

Socorro, New Mexico 87801

Reference: M1H Intermod data

Dear M r, Bagri,

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

their packages. The M5H 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/lmj



DOUBLE-BALANCED MIXER

1.8 TO 6.2 GHz 

I f  DC TO 2 GHz

•  LOW NOISE FIGURE: 5.8dB (TYP.)
•  HIGH ISOLATION: 35 dB (TYP.)
•  HERMETICALLY SEALED

\
\

Guaranteed Specifications*

Characteristics Min. Max. Test Conditions

SSB Conversion Loss 7.5 dB 

8.0 dB

8.5 dB

fL & fR 2.0 to 4.2 GHz 
f, DC to 2 GHz 
fL & fH 4.2 to 6.2 GHz 
f, DC to 0.5 GHz 
fL & fB 1.8 to 6.2 GHz 
f, DC to 2 GHz

SSB Noise Figure 7.5 dB 

8.0 dB

8.5 dB

fu & f« 2.0 to 4.2 GHz 
f, 0.03 to 2 GHz 
fL & f„ 4.2 to 6.2 GHz 
f, 0.03 to 0.5 GHz 
fL & fR 1.8 to 6.2 GHz 
f, 0.03 to 2 GHz

Isolation 
I t  at R 
fu at I

25 dB 
20 dB

fL 1.8 to 6.2 GHz

Conversion Compression 1.0 dB fR at 0 dBm 
fL at +7 dBm

Desensitization Level 1.0 dB fR2 at - 2  dBm 
fL at +7 dBm

♦Measured in a 50-ohm system with ft at +7 dBm.

Weight 7 grams (0.247 oz.) 
maximum

Absolute M axim um  Ratings

Operating
T em pera tu re ........ „ . - 5 4 ° C  to +100’

Storage
Tem perature........ . .-65 °C  to + 1 00’C

Maximum Peak Input Pow er... . .  .50 mW
Maximum Peak Input C u rre n t-----50 mA
Maximum Pin Temperature . .  .260°C for

10 sec.

Schematic Diagram

Outline Drawing

KOttS:
L  DIMENSIONS ARE IN

INCHES. ' 
1  PIN NUV3ERS ARE

L R
T

0.575
0.300

*
STAMPED AS SHOWN.
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i i o *  *" | CLJ5Q

a 130 

* " 1 .  , ii ir ---- it— ifrr 1
ace?
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T y p i c a l  P e rfo rm a n c e  a t  25°C

DRIVE LEVEL - <J3r>

Orive Level: The minimum recorri- 
drive  level is +4 dBm.

• 3ximum recommended drive 
j  - I3d8m.

:.6 JO 3.4 ).3 4.2 4 6  5.0 5.4 5.8 6.2 6.6 

(r  FREQUENCY - CHi

Conversion Loss vs. Input Frequency:
r."'. v*3ion loss of the mixer when used jn 
*. SSB system. The frequency ordinate 
v -  * to the R-port (fR) with f, at 200 MHz. 
~ •:.* o otted with an fL level of +7 dBm.

FREQUENCY - GHz

Conversion Loss vs. f| Frequency:
con version loss of the mixer when used in 
a SSB system. The frequency ordinate re- 
*5's to the l-port (f*). Curves are shown for 
% a: 4 GHz with fL swept from 2 to 4 GHz 
and fR at 6 GHz with fL swept from 4 to 6 
GHz .

1 1 1
i

t — I  TO R i ' - T” ' "
I

.  ------
^ -------

i ~
J  > »
*— I  TO 1 1

. ■
j

. ■ ! 1
1— :--------------:------ 1___ ! _ _

i
i

\  FREQUENCY - CHi

Isolation vs. Frequency: Level of the fL 
>-Snal fed through to the R-. and l-ports 
• •• • respect to the level of the fL signal at 
to L-port.

VSWR vs. Frequency: VSWR of the R- 
and l-ports in a 50-ohm system with fL at 
+ 7 dBm. Some variation in the R-port 
VSWR will occur as a function of the L-port

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 fL at 4 GHz.

2f*

r»

5»„ 71 56
4f„ 62 65 64

3f* 63 60 43 Sk
33 56 46 4ft
0 . 2t 3»l

2fL

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

Harmonic Intermodulation 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 fL and fR 2 to 4 GHz. f, 100 to 
600 MHz, fR at -1 0  dBm and fL at + 7 dBm.

Recom m ended  Mounting Procedure

CLEARANCE HOLES 
FOR #2-56 SCR 
2 PLACES

THIS LENGTH TO BE 
UNDER a 50 TO 
MINIMIZE RADIATION 
(TWO PLACES)

l a 133 TYPICAL 
3 PLACES

TOP VIEW

K0TE:

L CROSS HATCHED AREA EQUALS COPPER TRACE ON 
FAR SIDE.

2. BOARD MATERIAL - 3M COtVPANY K6C9S L'IS" THICK.
3. DIMENSIONS ARE IN INCHES.
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Modal

Small Signal Gain 

dB

Gain

Flatnm

~d3

Nolia Flour* 

dB

Powar OutpuU 

At 1 dB Compraulon 

dBm

Int̂ rcspt

PjI.iI

VSWR

In/Out D.C. U.S.

Prle*

Eack

$t-i

Nymbar Fr«q»*ncy

Rang*

MHz TYP

Min

0/50C -

Min

54/35C

Max

0/50C

Max

-54/85C Typ

Mix

0/5 OC

Max

-54/85C Typ

Min

0/5GC

Min

-54/85C Typ

Max

0/50C

Max

-54/S5C

Volta

Nom

MA

Typ

A71 5 200 13.0 16.5 16.0 1.0 1.0 2.1 25 2.8 -2.5 -30 -3.5 100 2.0 2.0 15 9 85

A 75-2 5 250 21.5 20.0* 19.0 0.7 1.0 33 4.5 50 9.0 7.0 7.0 21.0 1.7 2.0 15 24 85

5 250 31.0 30.0* 29.0 0.7 1.0 4.0 5.0 5.5 9.0 7.0 7.0 21.0 1.7 2.0 15 40 110

A79 5 250 13.8 13.0 12.5 0.7 1.0 5.5 65 7.0 220 20.0 19.5 39.0 2.0 2.0 15 83 85

A51 10 400 15.0 14.0 13.0 0.7 1.0 2.7 3.0 35 -3.0 -3.5 ■ -3.5 10.0 1.7 2.0 15 6 55

A54 5 400 27.5 260 24.0 1.0 1.0 4.5 5.5 6.0 8.0 65 5.5 19.0 2.0 2.0 15 34 53

At 5 500 16.0 15.0 14.5 0.7 1.0 2.5 3.0 3.5 -1.0 -2.0 -3.0 11.0 2.0 2.0 • 15 9 75

A53 10 400 15.0 14.0 13.5 1.0 1.0 3.0 35* 4.0 3.5 2.0 1.5 16.0 2,0 2.0 15 12 58

A3 5 500 15.5 14.0 13.0 0.7 1.0 3.3 4.0 4.5 -1.0 -2.0 -3.0 11.0 1.7 2.0 15 9 65

A4t 5 500 15.5 14.0 13.0 0.7 1.0 3.3 4.0 4.5 -1.0 -2.0 -3.0 11.0 1J 2.0 15 9 109

A73 5 500 32.0 30.0 29.0 0.7 1.0 3.5 4.0 4.5 35 2.0 2.0 15.0 1.8 2.0 15 13 120

A74-2 5 500 260 25.0 24.0 1.0 1.2 3.8 4.3 4.8 -1.0 -2.0 -2.0 10.0 2.0 2.0 5 13 122

A3-5 5 500 15.5 14.0 13.5 05 0.7 4.0 5.0 55 9.0 7.0 7.0 21.0 1.5 1.6 15 24 TP

AS 5 500 14.8 14.0 13.5 0.7 0.7 4.5 5.5 6.0 9.0 7.0 7.0 22.0 2.0 2.0 15 25 65

Ast 5 500 14.8 14.0 13.5 0.7 0.7 4.5 5.5 6.0 9.0 7.0 7.0 22.0 2.0 2.0 15 25 99

A?4 5 500 30.0 2 9 0 27.0 .0.7 1.0 4.7 5.5 6.0 8.5 7.0 7.0 20.0 1.8 2.0 15 40 110

A75 5 500 210 27.0 26.0 1.0 1.0 4.7 5.5 6.0 15.0 14.0 13.5 28.0 2.0 2.0 15 62 130

A77 5 500 16.5 16.0* 15.0 0.7 1.0 4.5 6 .0 t 6.5t 16.5 15.0 14.5 30.0 1.7 2.0 15 5G 90

A55 10 400 14.7 14.0 13.5 1.0 1.0 5.0 6.0 6.5 11.0 9.0 8.0 24.0 2.0 1 0 15 30 45

A56 5 500 11.0 10.0 9.5 0.7 1.0 5.0 6.0 6.5 19.0 18.0 17.5 35.0 2.0 2.0 15 65 85

A59 5 500 11.0 10.0 9.5 0.7 1.0 5.5 6.5 7.0 22.0 20.0 20.0 39.0 2.0 2.0 15 68 85

A7 ** 5 500 14.9 14.0 13.5 0.7 1.0 5.5 6.5 6.5 14.0 13.0 12.5 26.0 2.0 2.0 24 43 70

AS —i 5 500 14.9 14.0 115 0.7 1.0 5.5 6.5 6.5 14.0 13.0 12.5 26.0 2.0 2.0 24 43 109

A9 ** 5 500 11.0 10.0 9.5 1.0 1.0 8.0 10.0 10.5 22.0 20.0 20.0 35.0 2.0 10 24 110 75

A5-5 5 600 16.5 15.0 14.5 07 0.7 4.5 5.5 6.0 9.0 7.0 7.0 21.0 2.0 2.0 15 24 70

►A77-1 5 fiOO 15.5 15.0 14.5 0.7 1.0 5.0 6.5t 7.0t 16.5 15.0 14.5 30.0 2.0 2.0 15 50 100

A59-1 10 700 10.5 9.5 9.0 1.0 1.0 6.0 7.5 8.0 22.0 20.0 19.5 36.0 2.0 2.0 15 83 95

A18 10 800 14.7 14.0 13.5 0.7 1.0 5.0 6.5 7.0 15.0 14.0 13.5 29.0 2.0 2.0 15 43 100

A I M 5 1000 14.7 14.0 13.5 1.0 1.2 3.1 3.5 4.0 -2.0 -3.0 -4.0 10.0 2.0 10 15 9 115

A ll S 1000 14.7 14.0 13.5 1.0 1.2 3.6 4.0 4.5 -2.0 -3.0 -4.0 10.0 2.0 2.0 15 9 100

A63 5 1000 16.0 15.0 14.5 1.0 1.0 4.0 5.0 5.5 4.0 2.0 2.0 15.0 2.0 2.0 15 14 95

A13 5 1000 14.7 14.0 13.5 1.0 1.2 4.3 5.0 5.5 -2.0 -3.0 -4.0 10.0 2.0 2.0 15 9 88

A15 5 1000 14.5 14.0 13.0 1.0 1.2 5.4 6.5 7.0 8.7 7.0 6.5 21.0 2.0 10 15 24 85

A17 10 1000 110 10.5 10.0 0.7 1.0 6.1 7.5 8.0 15.3 14.0 13.5 29.0 1.8 2.0 15 44 SO

A19 10 1000 7.0 6.0 5.5 1.0 1.3 10.0 12.0 12.5 21.0 20.0 19.0 34.0 2.2 2.2 15 100 95

A64a 10 171)0 26.0 240 23.0 10 1.0 4,0 45 .5.0 90 7-9 6.5 20.0 2.0 2.0 15 35 160

A6S 10 1000 10.5 9.5 9.0 a 7 0.7 6.0 7.5 8.0 10.0 8.0 8.0 24.0 2.0 2.0 15 30 58

A23 5 1500 11.0 10.0 9.5 0.6 1.0 4.8 5.5 6.0 4.0 2.0 2.0 15.0 2.0 10 , 15
14 100

A25 5 1500 10.0 9.0 8.0 0.6 1.0 6.0 7,5 8.0 9.0 7.0 6.5 21.0 2.0 10 15 24 95

A27 10 1500 8.5 7.5 7.0 0.6 1.0 7.5 9.0 9.5 15.6 14.0 13.5 28.0 2.0 2.0 15 50 105

A28 10 1500 11.0 10.0 9.5 0.6 1.0 6.0 7.0 7.5 15.0 14.0 13.5 29.0 2.0 10 15 45 115

A29 10 1500 5.0 3.5 3.0 1.2 1.2 12.0 13.0 13.5 21.0 20.0 19.0 32.0 15 2.5 15 95 115

A29 10 1200 5.0 4.5 4.0 1.0 1.0 12.0 13.0 13.5 21.0 20.0 19.0 32.0 2.5 2.5 15 95 115

A31A 10 2000 13.0 12.0 10.0 0.7 1.0 3.7 4.5 5.0 -2.0 -3.0 -3.5 10.0 2.0 2.2 15 9 140

A33 10 2000 9.8 8.5 8l0 0.7 1.0 5.2 6.5 7.0 3.0 10 2.0 15.0 2.0 2.2 15 14 115

A35 10 2000 10.2 9.0 8.5 0.7 1.0 5.0 6.5 7.0 9.0 7.0 6.5 21.0 22 2.2 15 24 105

A3? 10 2000 9.3 8.0 7.0 0.7 1.0 &5 8.0 8.5 15.5 14.0 13.5 280 2.2 22 15 45 130

•Specification quaranteed at 25*C #A1I of the W-J cascadable amplifiers can withstand a maximum of 50 m W 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

t Noise figure guaranteed over 30 to 500 MHz shortterm destruct level is a function of time and power level. It can occur in less than 60 seconds for power leveh 

▲Tentative Specifications exceeding .5 watt cw. Maximum dc voltage is +17 volts for 15 volts models. +25 volts for 24 volt mode»s.
iFlatpack Maximum case temperature is +100*C tor all models except the A7. A8. and A9 which have a  maximum case

temperature of +85*C.



U L T R A - W I D E B A N D

rVHIMIATURE T W O -W A Y
5 MHz-1000 MHz

Merrimac’s new miniature ultra-broadband power 
divider is extremely versatile for the following 
applications:

• HF/VHF/UHF avionics
• LO power division
• VOR/glide slope systems
• Instrument landing systems
• Image reject mixers
• Antenna couplers

M O D E L
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TYPICAL CHARACTERISTICS 
MODEL PDM-20-500

MINIMUM PERFORMANCE SPECIFICATIONS

1 II 1 1 \j
1 ii | I

50 100 

FREQUENCY IN MHz

OUTLINE OF PDM-20-500
-(3) CONNECTOR.

RECEPTACLE 
SMA TYPE

.0 4

2 9 2 0 4

.60 
MAX.

-.14 OIA.
2M TG .H O LES

For latest outline details, be sure to contact Merrimac.

MODEL:
Frequency Range: 
Coupling;
Isolation:
Amplitude Balance: 
Phase Balance: 
Insertion Loss: 
Impedance:
VSWR:
Power (matched loads): 
Connectors (3):
Weight:
PRICE:

PDM-20-500
5-1000 MHz 

- 3  db 
25 db 
0.2 db 

2.0 * 

0.7 db 
50 ohms 

1.3:1
1 watt 

SMA Female 
oz. (28 grams)

$70.00

Also available in other configurations, impedances, 
and with other connectors.

Prices and specifications subject to change without notice.

M ERRIM AC INDUSTRIES, INCORPORATED
41 FAIRFIELD PLACE, WEST CALDWELL, N. J 07006 • (201) 228-3890 - TWX 710-734-4314



Operational Amplifiers

LM318 operational amplifier 
general description
The LM318 is a precision high speed operational 

amplifier designed for applications requiring wide 

bandwidth and high slew rate. It features a factor 

of ten increase in speed over general purpose 

devices without sacrificing DC performance.

features
■ 15 MHz small signal bandwidth

•  Guaranteed 50V/n* slew rate

■ Maximum bias current of 500 nA

■ Operates from supplies of ±5V to ± 20V 

» Internal frequency compensation

■ Input and output overload protected

■ Pin compatible 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

for operation. However, unlike most internally 

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/ps 

and almost double the bandwidth. Oyercompensa- 

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 1 jis.

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 circuity or 

general purpose amplifiers. These devices are easy 

to apply and offer an order of magnitude better 

AC performance than industry standards such as 

the LM709.

The LM318 is specified for operation over 0°C 

to 70°C.

schematic diagram and typical application

connection diagrams
M»t»l Can P K k > (* ‘

•Pin contraction* shown on *eh*m»tic 
diagram and typical application* ara for 
TO -5 packag*

Ordar Numbar LM 318H  
Sm  Packaja 11

Dual-1 n-Lin* Pactuga

Tjr

m i :

Ordar Numbar L.M318N  
Sa« Packaya 20

Dual-1 n-Lina Packaga

T T

Ordar Numbar LM 318D  
Saa Package 1
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LM
31

8
a b s o lu t e  m a x i m u m  r a t in g s

Supply Voltage 420V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) 415V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Stdrage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C

e l e c t r i c a l  c h  a r a c t e r i s t i c s .(Note 4)

PARAMETER CONDITIONS MIN TYP M A X UNITS

Input Offset Voltage Ta = 25°C 4 10 mV

Input Offset Current Ta - 25°C 30 200 n A

Input Bias Current Ta - 25°C 150 500 n A

Input Resistance Ta “ 25°C 0.5 3 Mil

Supply Current Ta - 25°C 5 10 mA

Large Signal Voltage Gain Ta = 25°C. Vs = 415V 

V0ut 3 ±10V, RL £2k£2

25 200 V/mV

Slew Rate Ta  = 25°C. Vs = ±15V, Av = 1 50 70 V/jis

Small Signal Bandwidth Ta * 25°C, Vs = ±15V 15 MHz

Input Offset Voltage 15 mV

Input Offset Current 300 n A

Input Bias Current 750 n A

Large Signal Voltage Gain Vs = 415V. V q u t * 410V 

RL ^  2 kfl 20 V/mV

Output Voltage Swing Vs = 415V, RL = 2 kJ2 ±12 ±13 V

Input Voltage Range VS =415V ±11.5 V

. Common Mode Rejection Ratio 70 100 dB

Supply Voltage Rejection Ratio 65 80 dB

N o t*  1: Th« maximum Junction temperature o f the LM318 is 8 5°C. Foe operating at elevated t t m p t f i t w n .  devices in the  
TO -5 packaga nrkm ba derated based on a thermal resistance o f  J50*C /W . junction to ambient, or 45 *C /W . junction tq  cat*. 
Tha thermal resistance o f the dual-in-line packaga is 100°C/W , Junction to  ambiant.
Nota 2: The inputs are shunted-with back-to-back diode* fpr overvoltage protection. Therefore, excessive currant wiH f lo w  if  
*  differential input voltage in excess o f 1V  is applied between the inputs unless some lim iting resistance H  used. • .
N o t* 3: For supply voltages 1«**-than *1 5 V . the absolute maximum input voltage is equal to  tha supply voltage.
N o t* 4 :  These specifications apply for * 5 V  £ V s  £ *2 0 V  and 0'C ^ T A i  70*C . uriless otherwise specified. For proper 
operation, the power supplies must be bypassed w ith 0.1 j*F disc capacitors.
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typical performance characteristics

Input Currant
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typical performance characteristics (con't)
Large Signal Frequency 
R n p o n w .

0.&M IM 2M W I9M KM SOM 

f lllfiUiNCV (Hit

Opan L oo p  Frequency 
R n p o n w

Voltage FoHovee*- Put»e 
Ruponw

FftfOUENCV (Hi)

Large Signal Frequency

JM I AM 3CM 

FREQUENCY (Hi)

Opan L oo p  Frequency 
Response
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\ i
I f j
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»-ISV
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TIME bi)

auxiliary circuits

Feedforward Compensation for Greater 
Invarting Slaw Rata*

Compensation fo r M inim um  
Settling* Tim a

Offset Balancing Isolating Large Capacitive Loads Ovarcom penution
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typical applications (con't)

F»«t Volt»ga Follow*r Fe*t Summing Amplifier

D /A  Converter Using 
Ladder Network

Four Quadrant Multiplier

Fast Summing Amplifer 
w ith Low Input Current

Wain Bridge S in* Wave 
Oscillator

2-T79



O perational A m plifiers

L I1 0 0 3 2 /L H 0 0 3 2 G  u ltra  fa s t FET o p era tio n a l a m p lifie r  

g en era l descrip tion
The LH0032/LH0032C is a high slew rale, high 

input impedance differential ope#at>onat amplifier 

suitable lor diverse application in  fart vgnal handl­

ing. The high allowable differential-inout voltage, 

ease of output d a m p in g , and high output drive 

capability particularly suit it for comparator appl»- 

cationv It may be used in applications normally 

reserved for video amplifiers allowing the use of 

operational gam setting and frequency response 

shaping into the megahertz region.

20 pA max

fe a tu re s
■ High slew rate

■ High bandwidth

■ High input impedance

500 V/ps 

70 MHz

iot2n

*  Low input bias current

■ Offset null with single pot

*  Low input offset voltage 2 mV man

*  No compensation for gains above 50

The LH0032’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 to A's. buffers in data acquisition 

systems, and sample and hold'circuit*. Additional 

applications include high speed integrators and 

video amplifiers. The LH0032 is guaranteed over 

the temperature range —55*C to +125 C  and the 

LH0032C is guaranteed from —25°C to +85*C.

sch em atic  and connection d iagram s
M t l t l  C»n P«ck»9»

ty p ic a l applications

1 MHz Function Generator

D U  m  m  » ii« i'l l  m u  w m .

Order Number UH0033G or LH 003200  
See Pick eye S-

DC t»  V ideo Log Am plifier

2-4 Y
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L
H

00
32

/L
H

00
3

a b s o l u t e  m a x i m u m  r a t in g s

Supply Voltage 218V

Input Voltage !V S

Differentia! Input Voltage 130V

Power Dmip»t>on Set curve

Ope»at»ng Temperature Range LH0032 -5S*G to ♦>?S<’C

LH0037C -75* C to ■*8S‘ C

Sio>*9« TtfnpMJtuif R»nj* -65* C to ♦tSO^C

Ltdd Ttmpt»»lu»» ISoMwtnj 1 0 » « )  300*0

dc electrical characteristics (Not«i)

rARAMCTEii COSOItlOM IH  00X7 tWOOJTC
UNIT*m im TV f MAX MIM tw MAX

Input OltMf VoIijj* V , -  itS v . R, s  100*. T , •  » *C 2 s s 1> mV
V ,-»15V . B»£10C* to 20 mV

A-r*tg» OH mi Votug* D rift 25 2$ »<vv*c

Irfx il Bun CunrM Ta -  2S*C 10 too 2S 200 * *
so 1S.0 lA

Input OHwt Current T* -  25’ C ft » to so P *
2S ft nA

l i t j t  S<gM> Vol|*p» G*** V , •  115V. Vout "  itO V .f- 1 kH* 60 70 CO 70 «S
ftk » 1 k a i«  •  2^C
V , -  i  15V. Vou,  - itO V f-  1 fcH» SY S t A

Input Vo*l*9» R*npe *10 112 sto 212 V

OuinM V o*i*«a Sw»m V*-STbV .»t - * liO a 10 3 IIS *10 i » V

Po«*rr Supply RriMM n B«*m V , » :1 5 V .A V ,-;1 W SO 60 50 80 08 .

Convnon Mode R>/tci«e S jtio v , -  ii5 v . a v * , -  iw so 60 SO 60

Supply Curt«nt V ,-  115V.TA -25*C 18 20 20 22 mA

ac electrical characteristics (Not*2)

PARAMETER CONDITIONS MIN TYP M A X UNITS

Stew Rate A v -+1.AV,m -20V 350 500 V/p*

Settling Tint* to 1% of Final Value A v - -1. AVW  - 20V 100 nt

Settling Tim* to 0.1% o* Final Vsbl Av--1.AVw.-2QV 300 n

Small Signal Rise Tim* A v - ♦!. AV ,„ - IV 8 20 n

Small Signal Delay Tim* A v -+1.AVW - IV 10 25 IS

N o te l: Iw  i W i  V (< : it8 V « A d  -S $*c w « t2 S >C<w Uw LH003J m d •2 $ >C t»«B S 'C  tar the
LH0032C.

Nm * 3 : Thn*ip*o)<an>oni*P P V • » V j* t ! 5 V . » 1 kR a n d T A * 25*C.



typical perform ance ch aracteristics

M ia im u n t Ps m w

t» g >  Signal Frx)u*ncy  
fttipanx

nj-XjiMj

111!

TtW M K A Tun irO

13* IN tW  

fRfOVtfcCV|H4

Op»n Loop PfK)u»ncy 
B*H>onv*

» (  IN C  tM I M  

r«nau(ncriMj)

23* J0» 

TIMI

I N  JO* *0* 

TIMtM

Input 9 ij»  and O ffM t Currant 
v* T tm p im u i*

TEMtf RATlMtrO

« • •  W 1* U 1> It 2*
sumv n » « i  <*v»

O utput Swing

t a n

nm vvHuubv
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»  H
B i « »  V0L1ASIl*V>

2-49

LH
0032/IH

0032C



LH
00

32
/I

H
Q

03
2C

a u x i l i a r y  c i r c u i t s

oiiMt Nun O utput Sbo#1 CmcimI  P#OlKtKMi

typ ica l applications (con't)

U n ity  Gain Am plili*» lO X  B u ff** A m pS frtf

h
&«*0O7 >

s S L .
T

100X  B uH m  Am plifier High Im p edm c*, High Sp*«rf Com patit«r
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typical applications (con't)

Sp««d S*mpU And Hold

Currant Mod* Mgltiplftvtr

applications in fo rm atio n

Power Supply Decoupling

The LH0032/LH0032C like most high speed cir­

cuits is sensitive to layout and stray capacitance. 

Power supplies should be by-passed as near to 

Pins 10 and 12 as practicable with low inductance 

capacitors such as 0.01 ftF  disc ceramics Compen­

sation components should also be located dose to 

the appropriate pins to minimize stray reactances.

Input Capacitance

The input capacitance to the LH0032/LH0032C is 

typically 5 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 compensated by a small 

capacitor across the feedback resistor. The value 

is strongly dependent on layout and closed loop 

gain, but will typically be in the neighborhood of 

several picofaradv.

in the non-inverting configuration, it may be 

advantageous to bootstrap the case and/or a guard 

conductor to the inverting input. This serves both 

to divert leakage currents away from the non- 

inverting input and to reduce the effective input 

capacitance. A  unity gain follower so treated will 

have an input capacitance under a picofarad..

Heat Sinking

While the LH0032/LH0032C is specified for opera­

tion without any explicit head sink, internal power 

dissipation does cause •  significant temperature 

rise. Improved bias current performance can thus 

be obtained by limiting this temperature rise with, 

a small head sink such as the Thermailoy No. 2241 

o* equivalent. The case of the device has no inter* 

nal connection, so 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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DflvTucnw^ M ONOLITHIC DUAL HIGH-GA1N
RflYTHfcUN  ̂ OPERATIONAL AMPLIFIER 4 5 5 8

DESIGN FEATURES
•  Continuous Short-circuit prolection
•  No Frequency Compensation Required
•  No Latch-up
•  Unity Gain Bandwidth 3MHz

The RC4558 integrated circuit is a high gain opera> 
tionat amplifier internally compensated and constructed 
on a single silicon chip using the planar epitaxial 
process. It operates from 0°C to +70°C.

Combining all of the outstanding 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 Differential Voltage Ranges
•  Low Power Consumption
•  Parameter Tracking Over Temperature Range
•  Gain and Phase Match Between Amplifiers

performance characteristics. Excellent channel separa­
tion allows the use of the dual device in ail single 741 
operational amplifier applications providing the highest 
possible packaging density. It is especially well suited 
for applications in differential-in. differential-out as well 
as in potentiometric amplifiers and where gain and 
phase matched channels are mandatory.

CONNECTION INFORMATION

TE Msbl Can Packqt
(Top Vi*w)

Order Part No.: 
RC4558T

A OUTPUT Cl '

a-inwtEZ 

A*MmrrC * 

v-C

HI • OUTPUT 

I]B-*«PtfT

DN Dual In-tin* 
Plastic Package 

(Top Viaw)

Order Part No.: 
RC4558DN
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MONOLITHIC DUAL HIGH-GAIN OPERATIONAL AMPLIFIER
ABSOLUTE MAXIMUM RATINGS

Supply Voltaga ..................................
Internal Power Dissipation (Not# 1} ..
Differential Input Voltage..................
Input Voltage (Note 2 ) ........... .........
Storage Temperature Range .............
Operating Temperature Range .........

Lead Temperature (Soldering. 60s) . . .  
Output Short-circuit Duration (Nate 3)

ELECTRICAL CHARACTERISTICS <T* -  2SaC. Vce -  ±15V u n l ® M  O t h e r w is e  specified)
PARAMETER COMOITIONS MIN TYP MAX UNITS

input Offset Voltage R, < 10 Wt 0.5 8.0 mV

Inpul Offset Current 5j0 200 nA

Input Bias Current 40 500 nA

Input Resistance 0.3 5.0 l^a

Larg#-S*gnal Voltage Gain Rt> 2 *a  
V— *■ ±10V 20.000 300.000

Output Voltage Swing Rt >  10 kS *12 ±14 V

>  2 kJQ ±10 ±13 V

Input Voltage Range *12 ±14 v

Common Mode Rejection Ratio R, < tO kD 70 90 dB

Supply Voltage Rejection Ratio Rs < 10 k0 30 I 150 I.V/V

Power Consumption ' 105 170 mW

Transient Response (unity gain) 
Risetime

V-=-20mV 
K  — 2 kft 
Ct £  100 pF 0.13

Transient Response (unity gain) 
Overshoot

V- - 20 mV 
a  =-2 WI 
C, <  100 pF 5.0 %

Slew Rate, (unity gain) a  >  2kR 1.0 V/p»

Channel Separation t- 10 kHz 
R , « 1  kO 105 dB

Equivalent Noise 
Voltage Referred 
to Input

At - 100 
R t - 1 kQ 
BW  - 1 HZ 10 nV(Hz)tt

Unity Gain BandwWd* 
(operMoop) 3.0

i

m h z  :

The following specifications apply for 0»C £  T* £  70*C unless otherwise specified

Input Offset Voltage R, <  10 kO 7.5 mV

Input Offset Current 300 rsA

Input Bias Current 600 nA

Large-Signal Voltage Gain a  2: 2 kQ 
Vw »  ±10V 15.000

Output Voltage Swing a. >  2 kn ±10 V

Power Consumption V,- ± 15V i

T» - 70°C 90 i 150 mW

T* »  0°C 120

M O T E S:
1. RtHm  *pp»— tor M t M  Uww u lw w  la  + 35*0; d l*M * Uw n ly r i 

1.4 raW/“C lor m iM m i lw ir «r iw n i rto w  +23*C.

2. For •upptr MiiifM l*tt Rim £  tSV Dm Wm M* wmIkw Wft- 
ag» I*  «4M l to tfll  Mippiy VOlUt*.

3. Short-circuit m*y be to gnwid, on* ewptiWw o**f. be ~ WmA (typical)*

...........  ±18V

......... 500mW

............. ±30V

............. ±15V
55®Cto +150*C 

• 0°Cto>70*C
. . . ........  300*C
........Indefinite
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TYPICAL ELECTRICAL DATA

Input B l »  Curfanl »  •
Function ol Am tlM t Tomparatur*

Input Ollaaf CmimI m  a 
Function ol Amblanl lamparatura

Common Mad* Ktag* w a 
Function of Pupyty Valtapa

simr voltage * v
Opan Loop Voltapa Oat* *• •  
Function of

Opan Loop 0»ln h  •  
Function of TampofrtiM*

I 1

J L * 7 W

FREQUENCY-Hr

10 30 30 40 SO 60 70
TEMPERATURE -*c

P nw  Consumption •• •
Function ol Amkiml TamporMufO

TEMPERATURE- C

Typical Output Voltapo M • 
Function of Sapp^ Vettapa

Output Voltapa Swing m  •  
Function of Lo*4 RaaUtanea

Output Voltag* S«iii| m • 
Function e l  Froquaney

—
» * »

-<

d
b

§V \

*•« -2K O
1

ft B 10 12 14 M 18
sum.v voltage -  * v

M

* 26

2 24
1 22
3  20
A .

5  ia o
x ia 
<
“  14

2 «

- —1-|» | ..Vj» itsvA*31<

lijf
Ol 0-2 C-S 1-0 X 0  ft.0 10 

LOAD RESISTANCE -  Kft

r  r i T T r  i  
v j * n 5 » J  
Ta -  2S*CJ
"L 2X1I "

p P
p . t P
p P
£ r
L Eiiiiiiiin iu iiH iii

*  LTJii t L i r n i i m i i H
IK ttX 100K 

FREQUENCY-H>

Ouiaaant Currant m  a
Function ol Supply Voltapa Tran »l ant Rnpomt

Volt ago Fotlowa* 
Utta-Sipul Phlu Raapenao

T*
-----
I-2S"

-----
C

3 ft •  13 IS 18 
5UPMLY VOLTAGE t  V TIME-pi
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MONOLITHIC DUAL HIGH-GAIN OPERATIONAL AMPLIFIER
t y p ic a l  El e c t r ic a l  d a t a

Input MoIm  VoH*9* 
»• » FttiiCtlow oI

I
1000

£  100

MMiiiiinTiinitntnMrin—liw ■■mm— mm
■ i l f M S I I f l i l l l lH f f i lH l l l I H I I i l lB

10 100 K  10K 100K 
FREQ UENCY (H r)

Input Hol»« Currant
*• •  Fu«elJ«* t4 Fr»qummef

__ 100 

I
F p p g ^ rT-n'.r-l.............................

>

5
3 10 
b- 
Z 
til
ec

5 o
u
Ul
tn
O
2 1

-liitiin > . a l i u  ...Mi .. «

j) t 1 ii 1!

fO  l i »  IK  10K 
FREQUENCY (Hz)

TOOK

C h M M l B»pftUw »
Total Harmonic Dl>l»»li* i 
V» Output V<4U««

n  ̂  
O X 
o ^

f a
ec z  
< °  

<  
t- 
O

i 1 f

V S -  t l  
—  R l  -  2»

A y  » 4<

5V /
) d 8

R s - n cn /

J
" '" 1

»

FREQ UENCY (Hz)

3  4  S 6  7  8  

V o  OUTPUT VOLTAGE (VRM S)

10

Dlatorila* va T n ^ iM c y  
Vo =  Ivima'

tOO I K  10K
FREQ UENCY (H i)

100K
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CRYSTAL DIODE DETECTOR 
MODEL 20090

GSM Model 2 0 0 9 0  M iniature Coaxial Crystal D etectors 

a re  designed for the detection of CW, sq u are  wave, pulse 

and frequency-m odulated microwave signals. They may 

be used to m onitor power level or modulation wave 

shape; a s  constant level o r sensitive null indicator; or a s  

general purpose indicator of microwave signals.

Model 2 0 0 9 0  is an ultra-com pact, untuned detector 

which m ates with all OSM m iniature connectors. These

units are  supplied with replaceable cry stals. The untuned 

mount allows operation over a very wide frequency range 

without any adjustm ent. Video o u tp u t capacitance is 

less than  1 5  picofarads. A 5 0  ohm dc return  path  for 

the detector current is integral with th e  m ount. The o u t­

put is negative with respect to th e  housing. The units 

are supplied with an Omni Spectra p a rt num ber 5 4 4 7 - 4  
diode.

ELECTRICAL SPECIFICATIONS

Frequency Range: 

Sensitivity:

O utput Capacitance: 

O utput Polarity: 

T em perature Range:

Usable to I8GH2

1 0  MHz . 1 2 .4  GHz 

3 0 0  mV/mW Typical 

1 5  Picofarads Maximum 

Negative 

- 3 0°C  to  +  70®C

MECHANICAL SPECIFICATIONS

Weight:

Overall Length:

Diameter:

Connectors:

Finish:

0 .6  ounces (1 7 .0  g )

2 .0  inches (5 0 .8  m m )

3 / 8  inches (9 .5  m m )

Input - OSM Plug 

O utput - OSM Jack

Gold

^Spertra, Inc. 2 4 6 0 0  H a ilw o o d  C t. *  Farmington.  M ich igan  4 8 0 2 4  •  T e l. { 3 1 3 )  4 7 7 - 1 2 3 4  •  T W X  8 1 0 - 2 4 2 - 1 4 6 3

7-3



EM1/RF1 SUPPRESSION FILTERS THREAD BUSHING

r ^ 0

S pec ifica tions
Type
FCS-C

Type
SM F3-A4

Type Type  
S M F0-1 SMF3-A1

Typ» / '  Type  
S M F 8 -X T  S M F0-2

Attenuation

See explanation below t3b!e.

2 5 d 3 @ 2 5 °C  

20 d8 @  85°C

50 d3 @  25°C 

45 d 3 @ 1 2 5 °C
35 d3 @  25°C 

3 5 d 3 @ 1 2 5 °C

s ' 60 d8 @  25°C 

/  5 0 d B @ 8 5 °C

Operating Temperature Range —55°C to +85°C . — 55°C to +125°C 55°C to +125°C \ — 55°C to +85°C

DC Working Voltage

includes summation of the OC and
lower level AC peak voltages.

500 Volts 500 Volts 200 Volts ' 200 Volts

Feed-Thrif Current

0C and/or low frequency AC R-MS. 25 Amperes 10 Amperes 10 Amperes 10 Amperes

Capacitance (pF>

Minimum values at 25°C, 0.5 to 

2J5 volts RMS, at 1 KHz.
1000 2500 1300 5500

Feed-Thru Terminal Resistance 0.01 Ohm Maximum \

A tte n u a t io n ; M in im u m  a tte n u a tio n  v a lu e s  fro m  1 0 0  M H i  to  1 0  G H z . w h e n  m e a s u re d  w ith  a n  InD ut 5 0  o h m  s e r ie s  
r e c t o r  (e x c e p t F C ^ C  w h .c h  »  d e t e r m i n e d © U J ? r «  d “

Type FCS-C /  Types SMFO-1, S M Fo 5
r

.3 1 2  i  .0 1 5  D IA .  
17.94  *  0 .3 8 )

Types SMFB-A1, 
SMFB-A2, SMFB-A4

1 .

f l

__0 6 2  i  .0 0 5
1 1 .5 9  ±  0 .1 3 ) ------J  U__0 4 4  A  ,C05

H i 1.12 + 0.13)

.4 3 8  i  .0 3 0  
( 1 1 .1 3 *  0 .7 6 )

M T G .
S U R F A C E -

N Q T  T O  S C A LE

!
.2 0 3 ± . .0  
5 .7 5  £. 0..

0 1 5
0 .3 3 )

-  .3 7 5  ±. .03 0  
19.53  t .  0 .7 6 )

.0 9 3  i  .0 1 5  
( 2 .3 8  ± 0 . 3 3 )

(— M A X . D IA ..1901  
(4 .8 3 )

R E C O M M E N D E D  M T G . H O L E  .191  M IN .  D IA .
(4 .8 5 )

h—  .1 9 0  ±  .0 0 3  D IA .  
(4 .8 3  ±  0 .0 3 )

}
.3 1 2  ±  .0 0 3  D IA .  
(7 .9 4  ±. 0 .0 8 }

♦

.020 ± .002 _  
(0 .5 1  ± .0 .0 5 )

SOLDER WASHER M -S M 7

S O L D E R  C O A T IN G

M T G . S U R FA C E

N O T  T O  S C A LE

- . 0 8 5  Q |A ~ M A X .  
-(2:75)

R E C O M M E N D E D  M T G . H O L E  .0 9 3  D IA  
(2 .3 8 )

.1 7 8  + .0 0 5  D IA .
(4 .5 2  Jl 0 .1 3 )

u * . . 0 2 5  ± . 0 0 3

M T G . S U R FA C E

# 1 2 -3 2  T H R E A D  
U N E F -2A

N O T  T O  SCALE

K 2 1 S H M A X . D IA . 
(5 .5 0 )

R E C O M M E N D E D  M T G . H O LE  .2 2 8  D IA  
(5 .7 9 )

I h-
r«

j
p

031
(0 .8 0 )

SOLDER WASHER M-6446 LOCK WASHER M -M S1

Allen Bradley 
Type Humber

Spectrum Control Inventory 
Code Humber

FCS-C 51-722-001

51-722-022 with solder mounting washer

SMFB-A1 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

SMF0-1 51-723-303

51-723-304 with solder mounting washer

SMFO-2 51-723-301

51-723-302 with solder mounting washer

SPECTRUM ACQUIRES 
ALLEN BRADLEY LINE

In May of 1973, Spectrum Control, Inc. and Allen 
Bradley Company entered Into a long term agree­
ment whereby Spectrum Control acquired all 
patents, technology and machinery to manufacture 
the Allen Bradley line Qf filters and capacitors. 
These devices can be ordered by the Allen Brad­
ley part number or by the Spectrum Control 
Inventory code number.

SPECTRUM  CONTROL INC.
1 5 2  EAST MAIN STREET, FAIRVIEW, PA. 1 8 4 1 5  PHONE (8 1 4 ) 474-5593
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1C R D W A VE , IN C .
4 0 8  C O L E S  C I R C L E  •  S A L I S B U R Y ,  M A R Y L A N D  2 1 8 0 1  •  3 0 1 - 7 4 9 - 2 4 2 4  T W X  7 t 0 - 8 6 4 - 9 S 8 3

SPECIFICATION AND TEST DATA REPORT

K & L P a rt No* ‘j l l C i O - U o o / ^ O - O

Cust# P a rt No. _______________________
S e r. No. IT / 5 ^  _________

Dats 7 ~ ~ 7 7

K & L Order No. S b  3  C>

SPECIFICATIONS TtST RESULTS

1 *0  C enter Frequencv (o 0 0 MHz

S e r. No.
/t CL.

/s v /

2*0  R e la t iv e  Bandwidth

2m 1 3dB Bid S  7 S  MHz ? 7 3 5 -7 3 . 3

6  5 . S ' MHz !o ~ l C?2-(p

2 ,2  *d9 MHz

MHz

3#0 In s e r t io n  Loss

- 6  O 0 MHz dB !■ [ /■ !

MHz dB
4 *0  VSU1R A S ' / /

T X . P  MHz S Z f S f O

MHz W . s h  ! C>

5* 0  Stopband R e je c tio n

MHz dB
MHz dB

MHz dB
MHz dB

6 *0  Impsdanca &  & Ohmg fi.O Connectors ^  M  / )  -

7 , 0  S iz e  9 .0  Ldsight



A
llf

cN
U

A
llU

N
 

U
.tt

.
• -n. lE S sM IC R O W A V E , INC,

4 0 8  C O L E S  C I R C L E S A L I S B U R Y .  M A R Y L A N D  21B01 3 0 1 - 7 4 3 - 2 4 2 4  T W X  7 1 0 - 8 5  4 -5 6 3 3

PART NJO f  f*t C /0-COO/SO- 0
SERIAL N Q . JOB N O  3  ^

z r.r.TEST ENG..

£. s.QUALITY CONTRO!__

DATE 7 ~ / ? - 7 V

FREQ.

/ 2 X .H *

fo_
fi_
f2_

s y  3

f3_

f4.

LOSS D.B.

ABSOLUTE

tL L
£ L

VSWR

S ? 7  

6/ 7,5



KEQUISmOfoER • 5

<vUr
OROIK
NO.

; Jorgansen 
S..n4

PURCHASE ORDER XX

04341
SHEET OF
" “ "' r ' J|r-

DATE

K I  I  Microwave 
408 Coks C ircle  
Salisbury, m  Z im

U M  1C  ̂#  ̂ i n 1 7

NATIONAL RADIO ASTRONOMY O B S E R V A !*^  ^  
RECEIVING DEPARTMENT
1000 BULLOCK BLVD.
SOCORRO, NEW MEXICO 87801

TELE 505 - 835-2924  
TELEX 910 - 983-1710

NATIONAL RADIO ASTRONOMY OBSERVATORY 
RECEIVING DEPARTMENT

TERMS F.6.B. POINT SHIP VIA lKANSPOKIAIIGNCHAttCti)
VENDOR BEST DELIVERY.

N .R .A .O . REQUESTED DELIVERY 7 j f t J  / / 7
-M et-30™ ............ _Shp*J?JL____ — - UPS ....................... _..Pre.p.ay,..ari.,iidii......................... ..........  ..

ITEM NO. QUANTITY D E S C R I P T I O N UNIT PRICE AM O UNT
RECEIVED PARTIAL

Q IY . DATE

RECEIVED CO M PIE

OTY. DAT

K & L Microwave, In c ., sake 3/&* coaxial tubular band pass 
f i l t e r  center frequency 3750 MHz 
3 db M  n W W  630 m

t % I.Type 4B 380*3750-630-0

& & L Microwave* ra to  Center Frsq, 600 Viliz 
raiaiatur cavity f i l t e r  Bawd width SO 
loaded helical resonator Ho. o f section 4

Connector SHA Oack -  A xia lly  
Teap* cosff. 20 ppbj/ cl

$ 9 3 , 0 0 $335.00

K & U Type 4MC10 * 600/50-0 2 0 0 ,GO

TOTAL

4 0 0 .00

$795.00

DO rm  DUPLICATE
Confirming Phoua order $~l$+77 -  0orgen$cn/Schavb

ACCOUNT/PROJECT NO. » * « ,  j t  R.F.O. NO. n .r.a o. ICCHNICM inspection apfrovai
~  t *  ll  DELIVER TO 0 ,  O a g H  -  5 f t #  W O U H « O M fO « £  M T M E N I ._____

m i Q  I t m  i t  LO CA T IO N  T I > [  ] i * o [ Z





9.0 MODULE PHOTOGRAPHS
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LO TRANSMITTER

R

1800 MHz 

X  LOCK F REQ SOI.

DATA MOO.

1200 MHz 
%  LOCK FREQ.  ADJ.

m i

5 MHz MOD.

♦

L3 ci 9

FIGURE 7: FRONT PANEL





FIGURE 8: REAR PANEL





FIGURE 9: RIGHT-HAND SIDE VIEW





FIGURE 10: LEFT-HAND SIDE VIEW




