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2.0 FUNCTION

The Antenna Local Oscillator Receiver (L4) Module is located in
Rack B at the antenna Vertex Room. It receives the combined 1200 and
1800 MHz modulated signals from the Modem (T1l) and IF Combiner (T2)
during approximately one milli-second period of transmission (for
details see L8 Manual, VLA Technical Report No. 12 ) from the Central
Electronics Room to the Vertex Room. It separates the 1200 and 1800
MHz signals. The separated 1200 and 1800 MHz signals are used to
recover 5 MHz and digital commands respectively. The beginning of
the 1200 MHz signal in every 1 ms reception period provides synchronizing
pulses for Timing Generator (L8). Also the 1200 and 1800 MHz are
mixed to recover 600 MHz. The recovered 5 MHz is phase compared with
5 MHz from the 5 to 50 MHz VCXO (Ll1l) Module, and the recovered 600 MHz
is phase compared with the 600 MHz produced in the L.O. Transmitter
(L3). The resulting phase error signals at both 5 MHz and 600 MHz
go to the L.0. Control (L5) Module and are used to phase lock the
5 MHz voltage controlled crystal oscillator in Ll. The recovered

digital commands are provided to the Antenna Buffer (M4) .






3.0 THEORY OF OPERATION

A block diagram of the Antenna L.O. Receiver (L4) Module indicating
the signal levels is shown in Figure 1. The input L.O. signal at J1
is first amplified using a combination of an attenuator ATl followed
by an amplifier ARl to provide a net gain of 13 dB. Typical value
of ATl is 6 @B and that of the amplifier mean gain is 19 dB. The
output of the amplifier is divided using a two way power divider PDi.
The two outputs are filtered using 10% bandwidth band pass filters
to separate 1200 and 1800 MHz signals. These signals are further
amplified using variable gain amplifiers AR2 and AR3, each of which
consists of a voitage controlled attenuator followed by two stages
of gain.* The.gain of the amplifiers AR2 and AR3 can be adjusted
by varying bias voltage to the voltage controlled attenuators (VCA's)
inside the amplifier boxes. The potentiometers for adjusting the bias
voltages are mounted on the module front panel.

The total power output from the T2 module is adjusted so that the
total L.O. signal at the input of the module is - 4 dBm. However,
the power level at each of the 1200 and 1800 MHz may vary by several
as (by as much as 6 dB) from the nominal values due to the pass band
ripple in the Modems and the IF combiners. By adjusting gains of the
amplifier AR2 and AR3 the signal levels at 1200 and 1800 are adjusted
to + 11 dBm at the outputs of the two amplifiers.

The 1800 MHz signal from the output of the amplifier AR2 is
given to a 10 dB directional coupler DCl and the 1200 MHz signal from
the output of the amplifier AR3 is given to a 6 dB attenuator (AT2)
and then to a 10 dB directional coupler DC2. A - 5 dBm signal at
(i) 1.8 GHZ from the coupled port of DCl and a 6 4B attenuator
(AT3) is given to Data Receiver (Al) and (ii) 1.2 GHz from DC2 is

given to 5 MHz Receiver (A2).

* These are Watkins~Johnson cascadable TO-8 devices Gl, A35 and A37

respectively, with the assembly conforming to NRAO Specification A13230N3.



In the Data Receiver (Al) the 1.8 GHz signal from DC1l is envelope
detected. The DC output of the detector provides indication of the
1800 MHz signal level and the AC output represents the digital commands.
The DC signal is given to the level indicator circuitry. The data
signal is amplified and given to the Monitor and Control system.

In the 5 MHz receiver (A2) the 1.2 GHz signal from DC2 is
envelope detected. The DC output from the detector provides indication
of the 1200 MHz signal level and is given to the level indication
circuitry. The AC output of the detector is amplified and provided
to the Timing Generator Module (L8), which makes use of the sharp
rising edge in the detected signal when the 1200 MHz carrier turns
on (the time of turn-on of this carrier is closely controlled in the
Central L.O. Transmitter, L10). The AC detector output also contains
the demodulated 5 MHz, which is phase compared with the 5 MHz reference
from the L1 module. The phase error signal is amplified and given
to the L.O. Control Module (L5).

The direct port outputs from the directional couplers DCl1l and
DC2 are mixed in a balanced mixer M1l to produce 600 MHz. The output
of DCl is passed through a 1800/180 MHz BPF (FL3) and is given to the
L port of the mixer. The output from the directional coupler DC2 is
passed through a 1200/120 MHz BPF (FL4), a 20 dB attenuator (AT4)
and is given to the R port of the mixer Ml. The 1200/120 BPF is
used to filter out any harmonics of 1200 MHz and intermodulation
components due to 5 MHz sidebands on the 1200 MHz carrier generated
in the amplifier AR3. The 1800/180 BPF is put basically to retain
symmetry though it also helps to remove any intermodulation components
due to data sidebands on the 1800 MHz carrier. The input signal
levels to both L and R ports of the mixer M1 (Watkins-Johnson type
M1J) as well as applying 1800 MHz signal to L port and 1200 MHz
signal to R port have been chosen to keep down the spurious signals
around 600 MHz compared to the desired signal at 600 MHz. The

spurious signals are generated by higher order products me +* nfR



where m and n are integers other than 1 and fL and fR are fregquencies
of the L.O. and RF port signals respectively. Signal levels, the 2fL—
fR response (the worst one) should be less than -40 dB with respect
to the desired fL—fR response.

The 600 MHz output from the mixer M1l is given to a 3 dB attenuator
(AT 5), a 600/100 MHz BPF (FL5)}, a 28 dB gain amplifier (AR4) and
a 10 dB directional coupler (DC3). The coupled port output from the
directional coupler DC3 is terminated in SMA connector on the module
front panel and can be used for monitoring and troubleshooting purposes.
The direct port output from DC3 is + 2 dBm. It is phase compared with
the 600 MHz signal from the L.O. Transmitter (L3C) Module. The
+ 2 dBm signal from DC3 is given to R port of the mixer M2. A + 9 dBm
signal from L3C Module is passed through a 3 dB attenuator (AT6) and
is given to L port of the mixer M2. Output of the mixer M2 is amplified
using a buffer amplifier A3 and is given to L.O. Control Module.

The DC outputs representing the 1200 and 1800 MHz signal levels
to the 5 MHz Receiver and the Data Receiver respectively are given
to the level indication circuitry. The circuit consists of (i) a
Level Monitor Board having DC offset bias network, (ii) a 2 pole 3
position center off switch and (iii) a 50-0-50 pA meter. To get
appropriate output level of + 11 dBm from the amplifiers AR2 and
AR3 the gain of each of the amplifiers is adjusted using the level
indication circuitry and the VCA control bias ports located on the

front panel of the module.






CIRCUIT DESCRIPTION

4.1 S MHz Receiver - Ref. Circuit Schematic C13230S4, Figure 2

The 1.2 GHz signal from directional coupler DC2 (Figure 1)
is envelope detected by Schottky Barrier diode CR2 (Hewlett-
Packard type 5082-2824) biased at about 0.3 mA as shown in the
schematic. At this bias and with an RF input of - 5 dBm, the:
detector law is linear; it remains linear down to about - 10 dBm.
Linear rather than square-law detection is used to obtain low
distortion of the demodulated signals. The detector output is
dc coupled to the level indicator circuit through an 8.2 K
resistor; the indicator circuit (discussed below) is arranged
so that no dc current flows through this resistor when the input
level is correct (- 5 dBm), so the biasing is not disturbed.

The detector output is ac coupled through C8 to video amplifier
U2, which provides a broadband gain of about 5, adjustable by
R22.

U2 provides a non-inverted output at pin 7 to drive emitter
follower Q1, which supplies the received 5 MHz to double-balanced
mixer U3 (Mini Circuits type SRA-1), where it is phase compared
with the 5 MHz reference signal brought from module L1 via J3.
The reference level is + 7 * 1 dBm and the received signal is
about + 4 dBm at the mixer. The mixer output is 300 to 500 mv -
P-P for a 2 x radian phase change. Output amplifier Ul provides
an adjustable gain to give an output swing of ¥ 10 V for a 2
radian phase change; the gain is adjusted by R16. DC offset pot
R16 is used to cancel the combined offset of the mixer and the
amplifier.

Amplifier U2 also provides an inverted output at pin 8 to
drive emitter follower Q2, which supplies the synchronizing signal
to L8 as discussed earlier. Note that the negative output

polarity of CR2 combined with the inversion in U2 provides a






8 7 6 [ 5 4 3 | 2 [ 1
Towev Jrare] omamor | areevornr | besCRITo
{ | - l t
BNC (FRONT PANEL)
V20 pmr -
PiI-5 DATA {pr-22
D oara ot "RECEIVER Sooo e HONITOR D
apggee o 5042 ON FRONT ARNEL
-540m €
1600
Gdb ATTEN.
AAA~ Sma
ATS é8 FRONT PANEL
.ad8n @
f-/owc "GOO MN1 ©
BPF 048 BPF
——d  /800//50 oc 1800/160
=~ | £l 0! ” FLe 29
i +9.5 -0 dBc
I i 3a8 ATIEN ,3 %b
20K | MOLNTED ON aa. I X
[ 5V -— FRONT PANEL vy VR oy <7
7./ ars . 2
GdB ATIEN, l 2or “
Yy * Z Ay %5
V] ‘ % 75y DIVIDER
¢ ~ -7(-4) POI 2! Cc
~74d8m & SALN 1.2 € 1.8 Ihu 0d0 A o
{ - 948m ToTA ni) b3 (+6) MOUNTED ON 2 :Nv_rreu
l Sy - FRONT PANEL ore o —~
™t mMxEr
| &
|
| = GdB ATREN, 5 =7 338 ATTEN.
| s200/r20 oc 1209/ 120 Vv .
Re2 20 - oc2 7 V224 2 AT %00 @°
eoa] O BYFEER €90 @
] “200 (RN ANEL e
3230224
pr-21 Y1200 MHE MONITOR T - =
, RECEIVER H
Ar-7>-LERROR ———] ! | (ov )
3230218 32 | i
P gerer | n
P1-38 . SYAC. OUT. - i +912 ®600 MNy v he
- | lasworn  w ' REF W, Joerov
JOSSNHE REE +748 |
B “SYMG.” : ! B
S H>— 2 - SPRING LOADED & POLE, 3 POS
BNC FRONT PANEL | SMITCH  |CENTER OFF SWITCZ?H’FE 227)
sez5-50 I s o5| MOUNTED ON FRONT AANEC
BNC FRONT PANEL |
|
50-0-50uA
: MOUNTED ON FRONT PANEL
; |METER o4 i
: \LEVEL INDICATION ¢XT.) —
NOTES: (ALL FOR REF. INFORMATION ONLY'}
1. Pi- POWER CONNECTOR
Z» ¢
A /TEM NUMBERS PER BOM 413230265 A
REF. DESIG, PER IEEE NO. 815 § MRAO SPEC. URLESS DIMLRWISL SEECIRILD Y L& NATIONAL RADIO
OIMENSIONS ARE IN iINCHES A ? L O RfCE/VER ASTRONOMY
TOLE*ANCES AN EL X
# NOMINAL 648; ADJUST 7O GIVE NET GAIN OF /348 A = R
FROM AT/ AND ARI AT LEVELS INDICATED., act ormaLt (2 3 R OESERVATORY
g 1PLACE DETWALS ( X0, X ; (XN n:"'i]]
z MATERIAL: y BLOCK DIAGRAM TR S o
A7373070d JTINIGH, e o
; NEXT ASSY USED O Lete s P13 230823 v, rau
i 8 7 € 5 4 3 2 1

I —






Z JWNOIA

4 3 . : 2 1
Cj7 ) ""aﬁ aey. foate { oaamer | Anpave oy T ogbairnon
CARRIER eid ,M;;';V;”‘I 5 ufloﬁu/ron : I R I A RTFREIATT T
R34 = oDED CR2, Ci5.C1G, R30,
BEYEL = ;azx C" (beg ém" L L__....lﬁ_ o , O o s
( WD. CKT) -l & [Ty MRS VALLE WAS SIGRS W UE
-»—---—) T “"—I k27 o K TITLE WAS |
5082- 2824 T:'MH:P" ' ‘1 PIGK 220 / ,5‘7/1/” dae’ftaaﬂ SCHEN
T 25 LJS ! t o0 I
3= | e I I U I A N o e T e e
/ZOOMH!>——KH RS v A5 /
| I —d ! s W <8 By jis 35
el 2 TPy o |'is| me 58 B s e
o e N e iy
4 a5 389 ee |/ 1 | CO NG 770608 -DSB-1
1.01 : n? L1 L T o8 €0 MO 770606 - D5B-03
= 5 P = -l8 t a7
1 i, 23 -
g i She = % [‘" \ """]
g ;-}gE [ |_¢ou7 u pr7
) ‘ wn— — (&
—_— Y
+5 1. &%
= 30
Eh) |
& o ) =
| $ +15 |
‘ -
—--=l 5 KOTES:
1 UNLESS OTHERWISE SPECIFIED :
dor (9-P1-21 A ALL RESISTOR VALUES
T L4-p1-2/ ARE IN OHMS o (/4 W
REC B.ALL CRPACITOR VALUES
¢ = LEVEL ARE N MICROFARADS
. cr/ - 2. BRACKETED COMPOMENTS ARE
. 5 Q LOCATED OM 8/3230P23
3. PRESET P22 TO 11K
+ - _ 4. FOR BOM SEE AISZ30F19.
c9 .
00 | s8 L
i (.'_-.l..- i

r | FRONT PAL
PRI

L0
rlIcicelulalcdly UNLESS OTHERWISE BPECTT ATIO
34117 1 213 716 DIMENSIONS ARE I\ IACHES L:L4 P NATIONAL RADIO
T 0. R ASTRONOM
s |RRCO-RECEIVER OBSERVATORY
1 ewietmetingiy T Tt
5 WATERIAL: i SHMHz PECEIVER | Jovd
3 SCHEMATIC o - ,‘)‘,
FINISH: -
; REXT 1557 USEb ON ' o Lo/ 3 2305 D Jent

4 | | 3 l 2 | 1




positive-going edge for L8 when the 1200 MHz carrier comes on.
The height of this edge is measured by a peak detector consisting
of CRl, Cl14, and R24. This provides a monitor of the received
carrier level during actual operation. The 1 sec time constant
C14R24 results in averaging over about 20 waveguide cycles.

The peak detector output is given to the Data Set via the L.O.
Control Module, L5. The synchronizing edge and the received

5 MHz are made available for monitoring at the front panel via
the 10:1 divider R29R28. Correct gain settings will result in
200 mV P-P at 5 MHz at the front panel BNC; this correséonds to
4+ 10 dBm to L8 and + 4 dBm to mixer U3. The non-inverted output
from the emitter follower Ql is phase compared with the reference
5 MHz signal coming from L1 module in a balanced mixer (U3).

The signal level is about 0 dBm and the reference level is about
+ 7 dBm. The phase error output is 300 to 500 mV P-P for a

2 = rad. phase change. An output amplifier Ul provides adjustable
gain to give output swing of % 10 V for the 2 = rad. phase
change. Gain of the amplifier Ul can be adjusted by R16 and its
DC offset by R17. The output from Ul goes to L.O. Central
Module and can also be monitored on a BNC jack mounted on the

module front panel and labeled "5¢."

4.2 Data Receiver - Ref. Circuit Schematic B13230S3, Figure 3

The - 5 dBm signal at 1.8 GHz from the directional coupler
PCl and a 6 AB attenuator AT3 (see Block Diagram, Figure 1)
is envelope detected by a Schottky Barrier diode (Hewlett-Packard
5082-2824) biased at about 0.3 mA. The bias point and the RF
levels are selected to provide linear detection as in the 5 MHz
Receiver. BAlso, as in the case of the 5 MHz Receiver, output
of the detector is provided to the Level Indicator Circuit to adjust

gain of the 1800 MHz amplifier AR2.
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The output of the detector is AC coupled to the inverting
amplifier Ul. The parallel trap L1, Cl and C2 reduces the gain
of the amplifier to less than one at 5 MHz. A buffer amplifier
U2 and R7 provide a 51 ohm source to drive the data output line
which connects to the Antenna Buffer, M4. Note that the positive
output connection of CR2 combined with the inversion in Ul
provides a net inversion, which is required for proper operation
of the Antenna Buffer. A 10:1 resistive divider provides
monitoring of the data on a BNC jack mounted on the module front
panel and marked "Data." Correct signal levels will result in
about 200 mV P-P at this point, corresponding to 2 V P-P to M4.
The peak detector CR1l, Cl2, R6 allows monitoring of the 1800 MHz
carrier level in the same way as the similar circuit in the 5 MHz

receiver allows monitoring of the 1200 MHz carrier.

4.3 Level Indicator Circuit - Ref. Circuit Schematic B13230S$25
Figure 4

The DC signals representing the 1200 and the 1800 MHz
signal levels to the 5 MHz Receiver and the Data Receiver
respectively are connected to the Level Monitor Circuit as shown
in the schematic. The two signals are given to one side of a
2 pole-3 position center off spring loaded switch mounted on
the module front panel. Also mounted on the front panel is a
50-0-50 pA meter connected between the two poles of the switch.
On the other side of the switch two independently adjustable
bias outputs are connected. The bias pots Rl and R2 are adjusted
so that for the nominal signal of + 11 4Bm present full time
(not just 1 msec every 50 msec) at the outputs of the amplifiers
AR2 and AR3 will indicate meter readings of zero when the switch
is appropriately connected. When the signal is absent the meter
will read negative and for the signal larger than the nominal value
the meter should indicate positive. In the vicinity of the meter

zero the meter calibration is approximately 5 uA/dB.
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4.4 Buffer Amplifier - Ref. Circuit Schematic B13230S8 (Figure S5)

Output of the balanced mixer M2 (Block Diagram D13230B23)
is connected to the buffer amplifier. The buffer amplifier
input is terminated by a 51 @ (Rll) in series with a 0.001 uF
(C4). The balance-mixer M2 looks about 50 @ at the sum frequency
and 1 K (due to R4) at the difference frequency (DC) term. The
output of the balance-mixer should be about 300 to 500 mv for a
2 = rad. phase variation. This is amplified to * 10 V P-P by
amplifier Ul employing operational amplifier IM318. R6 is adjusted
to give output of thé amplifier * 10 V for a 2 = rad. phase
variation and the pot R5 is used to adjust DC offset to zero.
Output of Ul is given to the Antenna L.O. Control Module. Also,
it can be monitored at the module front panel BNC jack labeled

"600 MHz ¢ ."



R

S JJNOI1Idg

MNOTES!
1. UNLESS OTHERWISE SPECIFIED !
A. ALL RES/ISTOR VALUES ARE IN OHMS, ’/4 WATT.
B. ALL CAPACITOR VALUES ARE IN M/ICROFARADS.
2 MAON g/(zETEg COMPONENTS LOCATED
3. FOR BO.M, SEE A/8230824 ¢ Al3230E&25,

f LAST COMPONENT DESIG, USED

COMR DESIG.NOT USED

\k* —— A “_ -_.4?’

LMD DI (n€233) ¢ 13 (1K)
o frere] wee i st
A (BN WRE BIIVD- Ao 23 Joa WS A1,
REV ) DATE | ORAWN BY APPAV'D BY DESCRIPTION
Viloreceer | asinaianr
ECEIV
(OREEEITR L] onservarony
IE BUFFER AMPLIFIER [Fww e
SCHEMATIC - 2

[

L ma'zaosajw "Kay =







5.0 ADJUSTMENTS

5.1 5 MHz Receiver - Ref. Schematic C13230S4

(a2) Apply a total of - 5 dBm power at 1200 MHz with normal
sidebands (- 10 dBc at + 5 MHz from carrier at 1200 MHz)

to the Receiver input from a 50 © source (DC return is required).

(b) Set pot R22 on U2 to provide 2 V P-P output at emitter
of Q1. A

(c) Apply a + 7 dBm 5 MHz reference signal at the 5 MHz

reference input of the Receiver.
(d) set the potentiometers R16 and R17 on amplifier Ul to
give the out of 20 V P-P (at about 50 Hz difference frequency)

and DC off-set of zero.

5.2 Data Receiver - Ref. Schematic B13230S3

(2) Apply - 5 dBm power at 1200 MHz with normal * 5 MHz
- 10 dBc sidebands from a 50 2 DC return source to the

input of the Data Receiver.

(b) Tune capacitor Cl in 5 MHz trap to observe minimum 5 MHz
output at the Data Receiver output. It should be less than
50 mV P-P.

5.3 Level Monitor Circuit - Ref. Block Diagram D13230B23 and
Schematic B13230S25

{a) Connect nominal input signal at the module OMQ jack

Jl with nominal modulation on both 1800 and 1200 MHz carrier
(total power in the two carriers with normal modulation =

-= 4 dBm).



5.4

{b) Adjust gain of the 1800 and 1200 MHz amplifiers AR2
AR3 by adjusting front panel potentiometers POT-1 and
POT-2 respectively such that the signal level at the input,
of each of the Data Receiver and the 5 MHz Receiver is

- 5 dBm.

(c¢) Adjust potentiometer R1 (R2) on the level monitor board
with the meter switch connected towards 1800 (1200) MHz

side so that the meter reads zero.

(d) Check by varying the input signal at L4J1 by + 1 4B
that the meter reading indicates about + 5 pyA for both
1800 and 1200 MHz connections of the meter switch.

Buffer Amplifier - Ref. Block Diagram D13230B23 and
Schematic B13230S8

(a) Connect nominal input signal at L4J1 as described in
5.3 (a) and adjust 1800 and 1200 MHz amplifier gains as
described in 5.3 (b).

(b) Check the 600 MHz output at the module front panel
"600 MHz" SMA jack. It should be about - 8 dBm.

(c) Connect a + 9 dBm 600 MHz signal to L4Jll.

(d) Adjust gain pot R6 and DC offset pot R5 to give 20 V
P-P for 2 . rad. phase change zero D.C. offset as measured
at module front panel BNC jack "600 ¢." For checkup 20 V
P-P output for a 2 = rad. phase change it may be convenient

to test the module in the system and open the L1-5 MHz VCXO

phase lock. The beat fregquency shauld not be more than a few kHz.



5.5 1800 and 1200 MHz Amplifier Gains in the System

(a) Connect the module in a normal system

(b) Put Central Electronics Room Modem in full transmit and

the Vertex Room Modem in full receive.
(c) With the module front panel switch on 1800 (1200) MHz
side adjust the front panel potentiometer Pot-1 (Pot-2) to

give the meter reading zero.

(d) Normalize the two modems to Auto Mode.






6.0 INPUT OUTPUT CONNECTIONS

O Js O J2
J9 O J3 O
O JIO Jé
Ji O O
O JI2 Pl
a3 O
O uis
Ji5 O
O JI6

O T2

CONN

FUNCTION

Ji

2 & 1.8 GHz -7 (4) dBm Input |

J2

J3

J4

J7

J8

J9

JI0

7 £+ 1 dBm @ 5 MHz

Input

Ji)

+9 + 2 dBm @ 600 MHz

Input

Ji2

JI13

Jiéd

Ji5

Ji6

LEGEND:

‘DOUBLE WIDE MODULE

Paranthesis - Total L.0O. Power

No Paranthesis -Each carrier

000000000000 +
o0 O © W% eeoe

\
© 020 ® ®S38L ©

-~

@

(2]
Z
[2)

(REAR VIEW) Pl (REAR VIEW)
Pl
PIN | FUNCTION WIRE COLOR |PIN FUNCTION VIRE COLOR
| 22 JrCcy. 1800 MHz Level
2 23
3 24
2 25
5 Ibigital Data Out 28
& leoo Mz Phase Det out 27
7 |5 MHz Phase Det Out 28| —28vpec * GREEN
8 29 | +2evpc GREY
i) 30
1o | +5vDC ORANGE 31
im | -svoc BROWN 32
1z 33
13 34 | PWR. GROUND BLACK
14 35
15 36
15 | +15vDC RED 37
17 | —15vDC YELLOW 38 |syNC ouT
18 z9
I3 40
120 ‘ 41
21 RCV. 1200 MHz Level &2 HIGH QUAL. GROUND
I INDICATES A FUNCTION NOT FOUNKD IN THIS MODULE.







7.0 BILLS OF MATERIALS






VLA DATA LISTING

MODULF s L04 PROJECT NO. 13230 DRAWING NO.t A1323012C4
NATA SET: LO RECEIVER BCMs LO RECEIVER 0
MOD=-0Q/S=0/M DESCR va Lu® ¥eG. PART NO, MANUFACTURER ITEMS BOM#¥ DESCRIPTINN CCcsT
L04 NST A13230204 NRAO 1 A1323C204 LO RECETVER 0 0.00
Lns l MPM 013230M24 NAAD 2 Al13230704 PARTITION PLATE M 35,5¢
L04 4 MPM B13050M04 NRAD 3 Al13230204 GUICE z 0.20
L04 4 MP M A13050M33 NRAR 4 A13230204 MIXER MOUNT M 1.73
1.04 2 MPM R13050M23 NRAOD 5 A13230704 BAR, SUP, TCF £ RCTTINM G 13.4¢
LO4 2 MPM Al13050M18 NRAD 6 A13230704 RIGHT & LEFY SIDE FLATES H 8.78
Lo4 4 H 47-10-204-10 SCUTHCDO 7 A13230204 FASTNER, CAPTIVE 0.67
1.04 1 MPM C13230M31 NRAD e Al3230204 PANEL, FRCKT A 55.0C
104 2 MPM B13230M36 NPAQO 9 Al13230204 BAR SUP TOP € BTN LEFT G 16.91
L04 ol NS 2 Al13230211 NRAD 10 Al13230204 METER BOARD PCB ASSY 0 0.00
L 04 2 MPM €13050M22-~1 NRAN 11 A13230204 COVER,PERFCRATED K 1.38
L04 04 P KC~19-153 KINGS 12 A13230204 CONNECTOR, PAL BNC 2.35
L 04 1 MPM C13210M04 NRAD 13 A132307204 PANEL, REAR E 15.93
1.04 o1 B13230AA21 NRAD 14 A13230204 FRONT PANEL SILKSCREEN 5 0.0C
Ln4 2 DC 01 20063-10 OMNI- SPECTRA 17 Al3230704 CPLR 1008 1-2GHIZ 66,60
194 DC 02 20063-10 CMNI-SPECTRA 17 A13230204 CPLR 1008 1-2CHZ 66.60
LO4 01 AR 01 6203-3123 WATKINS JCHN 18 A13230204 SPEC A13230N4 282.00
LO4 02 AR 02 6203-8" WATKINS JCHN 19 Al3230204 SPEC Al13230N3 391.00
L04 AR, 03 $203-8 WATKINS JCHN 19 Al3230204 SPFC AL13230N? 391.00
L0&4 2 FL 02 48120-1200/7120-0C KEL MICROWAVE 20 Al13230104 FILTER, TUBUL AR B8P 45.00
L04 FL 04 4B120-1200/120-0 KEL MTCROWAVE 20 A13230704 FILTER, TUBULAR BP 45.00
L04 01l °0 01 20493 CMNI-SPECTRA 21 413230204 POWER OVDR,2 WAY,1-2GHZ 126.0¢C
L04 J 1 0MQ-3043-75 CMN1-SPECTRA 22 A13230204 JACK BLKHC RF MCUNT 141SR 1.50
Lo J 10 OM0-3043-75 CMNI-SPECTRA 22 A13230204 JACK¢BLKHD RP MCUNT 141SR 1.50
L04 3 4 01 0OMQ-3043-175 OMNI-SPECTRA 22 A13230204 JACK, BLKHEC RF MCUNT 141SR 1.5C
L04 1 P 2041R6-5 aMp SPEC IND 23 A13230204 BLOCK,PIN 42 MIXEC 1.68
L04 1 P 202394-2 AMP SPEC IND 24 Al3239704 HOOD,PIN(42 AND SC BLOCK) 0.87
Los 1 NSA Al13230224 NRAO ?5 A13230204 BUFFER AMFLIFIER 0 0.00
L04 1 M 02 M1A WATKINS JOHN 26 Al13230204 MIX.0BL BAL CC-1G+2Z SMA CCN 72.00
Lo4 1 AR 04 UTA-8418M AVANTEK 21 A13230204 AMPLIFIER (2-UTQ-10C02} 242.00
L04 07 MpPp M12-A KEL MICRORAVE 28 A13230704 MOUNTING CLTP 0.05
L04 01 FL 05 48120-6C0/100-0 KEL MICROWAVE 28 A13230704 FILTER, TUBULAR BP 45.00
L04 02 FL 03 4R120-1800/180-0 KEL MICROWAVE 29 A13230204 FILTER, TUBULAR 8P 45.00
LO4 L 01 48120-1800/180-0 KEL MICROWAVE 25 A13230104 FILTER, TUBUL AR RP 45.00
LO4 02 AT 05 Frg87-03 TEXSCAN 20 A13230204 30B ATTENUATOR 35,00
1.04 AT 06 FPAT=-N3 TEXSCAN 30 A13230704 308 ATTENUATCR 35.00
LO4 1 NSA A13230216 NRAQ 3l A13230204 DATA LINE OPIVER ANP 0 0.00
L4 1 NSA A13230218 NRAD 32 A13230204 S M+I PHASE CETECTCR 0 0.00
LO4 3 P OSM-511-3 CMNI=-SPECTRA 33 Al13230104 CONNECTOR,PLUG RC188 1.96
LO4 5 P 0SM=531~3 CMNI-SPECTRA 34 A13230204 PLUG RT ANGL RG188 3.57
L0% 18 P 0SM=-201-~1A CMNT-SPECTRA 35 A13230204 CCNNECTOR,PLUG 141SR 0.85
LO% 4 W UT=141A UNIFORM TUBES 36 A13230704 CABLE,PF SEMIRIGID 0.45
L04 4 P 0SM-218 OMNT-SPECTRA 37 413230104 ADAPTER,STRGHT PLUG/PLUG 4456
L04 1 Mo 01 Ml WATKINS JCHN 3e 413230704 MIX,DBL BAL CC-1GHZ SMA CON 73.00
LO4 34 P 0SM-201-1 CMNT=-SPECTRA 40 A13230204 CONNECTORPLUG 141SR Ne94
L04 4 P 201143=-5 AMP SPEC IND 42 Al13230204 ceax PIN 2.48
104 07 4 204188~1 AMP SPEC IND 43 Al1323070% CONTACT, PIN 0.23
L04 2 L4 203964~6 AMP SPEC IND 44 A13230204 GUIDE SOCKET 0.2}
LO4 1 P ‘200R833-4 AMP SPEC IND 45 Al13230704 GUINE PIN 0.23
L04 0! P 20251 ¢~1 ANP SPFEC IND 46 A13230704 GROUND GUICE PIN 0.42
LN4 01 0c 03 0 G-10-4 ANZAC 47 A13230204 COUPLER,1CCH 3ONH]I-1GHZ 64,00
1.04 NSH N1323nA23 NRAN 4R Al13230704 BLOCK DTAGRAM 7 0.00






MOD-Q/S-Q/M DESCR VALUE MFGe PART NO. MANUFACTURER ITEMH BOM#¥ DESCARIPTICN cast
LO4 DWW A13230W05 NRAQ 49 Al13230204 LO RECETVER WIRE LIST 8 0.00
Los4 16 H FHSS 6-32 X 0.37% HW 50 A13230204 FLAT HEAD SLCTTFD SS SCREW 0.02
L04 16 H PHSS  A/-32 X 0.250 HW 51 413230206 PAN HEAD SLCTTER SS 0.02
1.04 14 H PHSS  4-40 X D.250 HW 52 A13230204 PAN HEAD SLCITFD SS§ 0.02
L04 3 H PHSS 4~-40 X 0.187 HW 53 Al13230204 PAN KEAD SLOTTEC SS 0.02
LO4 3 H PHSS 2-%6 X 0,500 HW 54 413230704 PAN HEAD SLCTYTEL SS§ 0.02
104 2 H PHSS 2-56 X 0.875 HW 55 A13230204 PAN HEAD SLOTYED S¢ .02
106 4 H PHSS 6-32 X 0.625 HW 56 Al13230704 PAN HEAD SLOTTFD SS 0.02
LO4 4 H PHSS 6-32 X 0.875 HW 57 Al13230204 PAN HFAD SLCTTED SS 0.02
L0 2 H FHSS  6-32 X 0.250 HY 58 Al3230204 FILAT HEAD SLOTTYEL SS SCREW 0.02
LO4 2 H HSHS  6-32 X 0.250 HW 59 Al13230704 HEX~-SOCKEY HC SLCTYED SS 0.02
L04 01 AT 04 Fog7-20 TEXSCAN 60 Al13230204 2008 ATTENUATOR 35.00
L04 1 AT 8018-6009 SCLITRON 61 Al3230204 TERM,50 OFM W/CKAIN 12.05
LO4 1 J OSM-2084A OMNI-SPECTRA 62 A13230204 JACK/JACK BLKHD FCTHRU 8.94
L04 03 AT o1 FP8T-06 TEXSCAN 63 Al3230204 608 ATTENUATOR 35.00
LO4 AT 02 FP8T~06 TEXSCAN 63 Al3230704 6DB ATTEMUATCR 35.00
L.04 AT 03 FPAT7~0h TFXSCAN 63 A13230704 60B ATTENUATOR 35.00
LO4 o1 M 50.0 111-5622750 HWESTON 64 Al13230204 50-0-50 UACC VERT NMT 18.00
L.04 ot S o1 227 JBY 65 A13230204 SWITCH, TCGGLE 2 FCLE €. 00
LO4 P02 20,0 K 534-20K SPECTROL 66 413230204 10 TURN PCT 6.00
L04 02 R 01 20.0 K  534-20K SPECTROL 66 Al13230204 10 TURN PCT 6,00
L04 02 H 1702 KEYSTNNE 68 A13230704 SHAFT LOCK 0.35

*¥% TOTAL COST=

256,59 *%+#






VLA DATA LI SYING

MODULE = LO4 PROJECT NO. 13230 DRAWING NO.: A1322Q71¢
NATA SET: LD RECFIVER BOM: CATA LINE CRIVFR AMP 0
MAN=Q/5-0/M DESCP VALUE VFG. PART NO. MANUFACTURER ITEM# BOM# DESCRIPYINN cosy
1,06 NSA A13230216 NRAD 1 A13230716 DATA LINE CRIVER ayp 0 g.o0cC
1.04 1 MPN B813230M89 NRAQ 2 A13230716 RCVR DATA AMF END PANEL 3 0,00
1 06, 1 MPN A13230M30 NRAO 3 A13230216 RECEIVER DATA ANFLIFIER 3,71
LO4 1 MPN B13230439 NRAD 4 A13230216 RECVR DATA AMP SIDE PANELJ 0.00
.04 1 MPN B13230M27 NRAOQ 5 Al32301216 RECEIVER DAYA ANPLIFIER 2.73
Lo4 R H PHSS 4-~40 X 0.500 HW 6 A13230216 PAN HEAD SLCTYTEL SS 0.02
Lo4 04 H FHSS 4«40 X 0.375 HW 7 Al13230716 FLAT HEAN SLCTTEC SS SCREW 0.02
L0 1 MPN R13230M29 NRAQ a Al3230716 RECEIVER CATA ANMPLIFIER 6.72
1.9 1 MPN B13230M90 NRAD 9 A13230716 RCVR NDATA AMF ENC PANEL J 0.00
LO4 01 NSA B813230r28 NRAD 10 Al3230216 RCVR DAT AMPLIFIER ASSY 1 0.00
Lo4 04 H PHSS 4~40 X 0,250 HW 12 A13230216 PAN HEAD SLCYTEC SS 0.02
LO4 1 NSB A13230717 NRAQO 16 A13230216 DATA LINE DRIVFR AMP 0 0.00
LO4 J 02 QsM=-211 OMNTI-SPECTRA 17 A}13230716 JACK BLKHC FCTHRU 2.16
L04 J 03 OSM-211 OMN [~SPECTRA 17 A13230216 JACK BLKHD FLTHRY 2.15
Loé 3 J 01 NSM-211 CMNT=~SPECTRA 17 Al13230216 JACK BLKHC FDTHRU 2.15
L 04 c 1 0.001UF FB3B10OF102W SPEC CONTROL 18 Al13230216 CAPACITCOR,FEEDTKFU SCREW MT 0.66
L04 cC o8 0.0C1UF €B3B10F102W SPEC CONTROL 18 A13230Z16 CAPACITOR,FEEQTHRU SCREW MT 0.66
L04 01 c 17 0.001UF FB3IRINF102W SPEC CONTROL 18 Al13230216 CAPACYTOR,FEEDTHRY SCREW MY 0.66
Lne C 14 0.001UF FR3B10F102W SPFC CDNTROL 18 Al13230216 CAPACITOR,FFFOTHRU SCRFW MT 0.66
L04 1 F 0Ol 1587-1 KEYSTONE 19 A13230216 TERMINAL s TURRET ', 129 4=-4QTHD 0.09
LO4 E 01 B813230M98 NRAO 19 A1323Q216 TERMINAL, TURREY »¥CO N 0.00
L04 DSH - B13230503 NRA&D 20 Al13230216 RCVR DATA AMF SCEENMATIC 2 0.00

xkx TOTAL CQOST=

20,68 *»»






VLA DATA LISTING

MODULE : LO4 PRNJECT NO. 13230 DRAWING ND.: A1323C217
DATA SFET:  LO RECFIVER BNM: DATA LINE DRIVER AMP 0
MOD=Q/S~Q/M DESCR VALUE MFG. PART NO, MANUFACTURER ITEMK 8oM# DESCRIPTICN COsT
L04 NSA 413230217 NRAD (131 413230217 DATA LINE CRIVER 2MP c 0.0C
.04 01 EPCOD 1.0 K B13231M15 NRAD 02 Al13230217 LC RCVR DRILL OTAGRAM 6 0,00
104 01 EPCP 813230P29 NRAO 03 A13230217 DATA LINE CRTIVER ANP 1 0.00
LO& 01 R 02 10.0 K RCRO7 103-5S 04 A13230717 RESISTOR /4w 0.06
104 01 R 03 390.0 RCQ07 391-5§ 05 Al13230717 RESISTOR 1/4w 0.06
L04 01 R 04 200.0 RCROT 201-5% 06 A13230217 RESISTOR 1/4W 0.0¢
104 e 0l 1.0 K RCROT 102-58 07 A13230217 RESISTNR 1/4% 0.06
L04 02 R Q5 1.0 K RCRO7 102-5% 07 A13230217 RESISTOR 1/4W .06
L04 o1 R 06 1.0 M RCROT 105-58 08 Al13230Z17 RESISTOR 1/4WM 0.06
104 01 R 07 51.0 RCROT 510-5S 09 Al3230217 RESISTOR 1/4w 0.06
LO% 01 R 08 510.0 RCROT 511-5S 10 Al3230217 RESISTOR 1/4W 0.0¢
L04 01 R 09 56.0 RCRNT7 560-58 11 A13230217 RESISTOR L1/4w 0.06
L04 01 c ol 4.5 PF DVJ3054 JFD 12 Al13230217 CAFACITOR,VARTABLE 4.5~50PF 1.85
LO4 01 c 02 82.0 PF (MO4ENR20J0O3 ARCO 13 Al13230217 CAPACITOR ¥ICA SCOWVDC 0.11
L04 02 c 02 0.01 UF 8121-050-651~103M ERIE 14 A13230217 0.01UF,50WVDCCAP.[RED CAP) .39
L 04 C 16 0.01 UF B8121-050-651~1CIM ERTE 14 A13230717 0.01UF,50WVDC,CAPL(RED CAP) «39
LC4 01 C 06 8.0 PF CMO5CD080JO3 aecn 15 A13230217 CAPACITOR MICA SCOWVDC 0.09
L04 02 c 05§ 0.1 UF 8121-050-651-104M ERIE 16 A13230217 CAPACITOR,MONNLYTHIC 5CvOC 0.19
L04 c o7 0.1 UF B121-050-651-104M ERTE 1% A13230217 CAPACITCR,MONCLYTHIC 50VCC 0.19
104 0! C 06 5.0 PF CMQ4CDOSONO3 : ‘ARCO 17 Al3230217 CAPACITOR MICA SCCwVDC .11
L04 03 cC 09 1.0 UF 8131-050-651~105M ERIE 18 At3230117 CAPACITCR,MCNOLYTHIC SOVCC 1.23
L04 ¢ 10 1.0 UF 8131-050-651-105M ERTE 18 A13230217 CAPACITCR,MONCLYTHIC SOVDC 1.23
L04 c 12 1.0 UF B131-050-651~105M FRIE 18 Al3230217 CAPACITCRMONOLYTHIC S0VDC 1.23
LO4 o1 € 13 0.47 UF 8131-050-651-474M ERIF 19 A13230217 CAPACITCR,MCACLYTHIC 50VCC 0.35
LO4 01 u ol LHON3 2(.6 NAT SEMICOND 20 A13230217 OP AMP,FET ULTPA FaST 17.38
LO% o1 U 02 LHO0033CG NAY SEMICOND 21 A13230217 AMPLIFIER,OP FET 14,46
L04 01 L 0 10,0 UH 9230-44 MILLER 22 A13230217 CHOKE.10MH 10% 0.60
L04 01l CP 01 A25800 AERTECH 24 Al3230217 DIONESHOTTKEY 1.08
L 04 02 X MP12100S RM3 NUGENT 25 413230217 SOCKET,12 PIM T0-8 SQUARE 0.28
L04 DSH B13230503 NRADQ 26 A13230217 RCVR DATA AMP SCHEMATIC 2 0.00
L04 EPCA R13230A809 NRAO 27 AL3230217 RECEIVEP CATA ANPLIFIER 4 0.00
L.04 01 W 207 ALLPHA 28 A13230717 WIRE4BUS 20AWG C.1R
L04 02 e 10 8.2 K RCRO7 822-5S 29 A13230217 RESISTOR 1/4W 0. 0¢
LO4 R 12 8.2 K RCROT A22-58 26 Al3230217 RESISTOR 1/4w 0.06
104 1 R 11 43.0 K  RCRO7 433-5§ 30 A13230217 RESISTOR 1/4w 0.06
LO04 o1 c 15 10.0 PF ATC100B-160~4=P=50 AMER TECH CER 31 Al3230217 CAPACITOR,CHIP 4.00
L04 0l CR 02 50R2-2824 HEWLETT PACK 32 Al3230217 DIODF+HOT CARRIER T.90

w*% TOTAL COSTs 54,24 %i¥






VLA DATA LISTING

MODULE: LO4 PROJECT NO. 13230 DRAWING NO.: A1323C71¢8
NATA SET: LO RECETVER BOM: S5 MHZ PHASE OFTECTOR
400-Q/S-Q/N DESCR VALUE MFG. PART NO. MANUFAC TURER 1TEM# AOM¥ BESCRIPTION cOsY
L04 NSA Al13230218 NRAD 1 Al3230218 5 MHZ PHASE CETECTCR 0 0.0C
L04 1 MPN 813230M89 NRAQ 2 A13230718 RCVR DATA ANP ENC PANEL J 0.00
104 1 MPN B13230M30 NRAD 3 Al3230218 RECEIVER DAYA ANPLIFIER J 3,71
L04 1 MPN B13230M%4 NRAQ 4 A132307218 SMHZ PHASE CETECTCP Jd 0.00
L04 1 MPN R13230M27 NeAD S Al3230218 FECEIVER DATA ANFLIFIER ) 2.73
L04 8 H PHSS 4-40 X 0.500 HW 6 Al13230218 PAN HEAD SLOTYFD $S 0.02
L04 4 H FHSS  4-40 X 0.375 HW 7 A13230218 FLAT HEAD SLCTTEC SS SCREW 0.02
104 1 MPN A13230M90 NRAC 8 Al13230718 RCVR DATA AMP ENN PANEL J 0.00
L04 0l MPN B13230M29 NRAOQ 09 Al13?30218 RECEIVER CATS& AVMPLIFIER J 6.72
LO4 01 0SA B13230P23 NRAD 10 A13230218 SMHZ PHASE DET FANCL 1 0.00
LO4 04 H PHSS 4~40 X 0.350 HW 12 A13230718 PAN HEAD SLNTTEN SS 0.02
LO4 01 c 17 0.00lUF FB3B1O0F102W SPEC CONTROL 16 Al132302Z18 CAPACITCR,FEECTHRU SCREW MY Q.66
LO4 c 11 0.0C1UF FR3BLOF102W SPEC CONTROL 16 Al13230718 CAPACITOR ,FEFDTHRU) SCREW MT 0.66
L04% c 10 N.0ClUF FR3R1QOF102W SPEC CONTROL 16 A13230718 CAPACITOR,FEECTHRU SCREW MT 0.66
L0& 04 C o9 0.00lUF FB3BLOF102W SPEC CONTROL 16 Al13230218 CAPACITOR,FEEDTHRU SCREW MT 0.66
Lo4 L) § B13230M98 NRAD 17 A13230218 TEPMINAL, TURRET MCD N 0.0¢
L04 1 E 0l 1587-1 KEYSTONE 17 Al13230Z18 TERMINAL ,TURRET .125 4-40THD 0.09
L04 J 02 OsSM-211 OMNT-SPECTRA 18 Al3230218 JACK BLKHD FDTHRU 2.16
Lo4 J 06 OsM-211 OMNI-SPECTRA 18 Al32301718 JACK BLKKC FCTHRY 2.1%
104 J 04 0SM-211 OMNI-SPECTRA 18 A13230218 JACK BLKHD FLTHRY 2.15
104 J 03 OSM=-211 CMNI-SPECTRA 18 A13230718 JACK BLKHD FDTHRU 2.15
LO& J 0s Osm=211 OMNI-SPECTRA 18 A13230Z18 JACK BLKHC FDTHRU 2.15
L04 6 J 01 AsSM=-211 CMNI-SPECTRA 18 A13230218 JACK BLKHC FRTHRY 2.15
L04 1 NS B 413230719 NRAD 19 Al3230218 S MPZ PHASE CETECTCR 0 0.00
LO% 1 NSH €13230S04 NRAQ 21 Al13230218 SMHZ DETECTOR SCHEMATIC 2 0.00

*%k* TOTAL COST=

29.7T7 #%»






MOD=-Q/S=-0/M
LO%
LO4 01
L04 08
L04
L04
Lo6
L04
104
L04
106
104
1.04
LO4 04
LO4 N1
L04 02
LO4
LO4 01
Lo4
LO4 02
L0 02
LO%
L 04 [13}
L04 01
LO4
104 02
LO4 01
L4 n1
L0& 01
L0 n1
L04
L04
104 0s
.04
L04
L04 02
L 04
LO&
Lo4 02
L04 01
LO4
Lo4 02
LO4 01
L4 01
L04 13}
L04 01
LOA
LO4 02
LOG 01
L04 ol
LN4 01
.04 02
104

VLA DATYTA LISTING

MODULE: 194 PROJECT NO, DRAWING NDe: A13230219

DATA SET: L0 RECFIVER BOMt S MHZ PHASE CETFCTOR Q

DESCR VALUF MFG. PART NO), MANUFAC TURER 1TENK BOM# DESCRIPTION CasT
NSA A1323021¢ NRAO 0l A13230219 S M2 PHASE CETECTCR 0 c.0¢C
EPCD C13230M55 Nkan 02 A13230719 5 MHZ PHASE CFTFCTCR 6 3,65
R 20 1.0 K RCROT 102-5S 03 413230719 RESISTOR 1/4w 0.06
P23 t.0 K RCROT 102-5S 03 Al13230219 RESISTOR 1/4M 0.06
R 27 1.0 X RCROT 102-5S 02 A13230719 RESISTOR /&% 0.06
R 12 1.0 K RCRO7 1C2-58 03 Al1323C219 RESISTOR 1/4M 0.Cé6
R 13 l.0 K RCPOT 102-5%S 03 A13230219 RESISTOR 1/4W 0.06
R 02 1.0 K RCRO7 102-5S 03 Al3230719 RFSISTOR 1/4w 0.06
P 03 1.0 X RCROT 102~5S 03 A13230219 RESISTOR 1/4W 0.0¢
R 1N 4.7 K RCRDT 472-5$ 04 A13230219 RESISTOR 1/4W 0.06
R 06 407 K PCRQOT 472-5S 04 413230219 RESISTCR 1/4M 0.06
R 07 4.7 K RCRO7 472-5S 04 213230219 RESTSTOR 1/4W 0.06
R 05 4.7 K RCROT 472-5S 04 Al13230719 RESISTOR t/4Ww 0.06
R 29 S10.0 PCRO7 511-5§ 0s A13230219 RESISTOR 1/4W 0.06
R o8 240.0 PCROT 241-5S 08 A132307219 RESISTOR 1/4k 0.06
P 09 240.0 PCROT 241-5S 06 A13230719 RESISTOR 1/4W 0.06
R 11 51.0 RCROT 510-5S 07 A13230219 RESISTOR /4w 0.06
R 21 30.0 K RCRO7 302-5S 08 Al3230719 RESISTOP /4w 0.06
R 14 30.0 K RQCPOT 303-5S os A13230219 RESTISTOR 1/4% 0.06
R 15 100.0 RCRO7 101-5S 0s A13230719 RESISTNR 1/4% 0.06
R 19 100.0 RCROT 101-5S 09 A13230219 RESISTOR L1/4W 0.06
R 186 100.0 K 3339P=-1~104. BOURNS 10 Al3230219 POTL.CERMET 4 TURN,+~10% 1.98
R 17 1.0 K 3339P-1-102 AOURNS 11 Al3230219 POT,CERMET,4TURN,+~10% 2450
P 26 47,0 RCROT 47C~55 12 413230719 RESISTAR 1/4W 0.0¢
R 18 47.0 RCRNT 470-5S 12 Al3230219 RESISTOR 1/4hw 0.06
P22 2.0 K 3339p-1-202 BRYRNS 13 A13230219 POT.CERMET4TURN, +=-10% 1.98
R 24 1.9 M RCRNT 105-5S 14 A13230219 RESISTOR 1/4w 0.06
R 25 120.0 RCROT 121-58" 15 A13230219 RESISTNR 1/4wm 0.06
R 28 5640 RCPOT 560-58 16 213230219 RESISTOR 1/4M 0.0¢
C 14 1.0 UF 8131-060-651~105M ERIE 17 Al13230719 CAPACITQOR,MANOLYTEIC SOVDC 1.23
¢ 05 1,0 U 8131-050-651-10Q5M ERIE 17 A13230719 CAPACITCR ,MONQLYTHIC SOVDC 1.23
c ot L.0 UF R131-050-651~1C5M ERTE 17 A13230219 CAPACITCR MOKRNLYTHIC S5CVEC 1.23
C 06 1.0 UF B8131-050-651-105M ERIE 17 A13230219 CAPACITCR,MCNCLYTHIC SoOveC 1.23
C 04 1,0 UF 8131-050-651-1C5M FRIF 17 A13230219 CAPACITOR(MONOLYTHIC ScvDC 1.23
c o2 0.01 UF £121-050-651-1C3M ERIF 18 Al3230719 0.0LUF,50WVCC,CAPL(RED CAP) .39
¢ 15 0.0l UF B121~-050-651-103M FRIF 18 A13230219 0.0LlUFy508VNC+CAPL(RED CAP) «39
€ o7 0.1 UF B8131-050-651-1C4M ERIE 19 2413230219 CAPACITCR,MONOLYTHIC SCVv 0.19
c 03 0.1 UF 8131-050-651~104M ERIE 19 Al3230219 CAPACITCR,MCAROLYTKHIC 50V 0.19
c 08 2200.0 PF 8111-050-651-222M EQlE 20 A13230119 CAPACITOR,MONQLYTHIC SOV 0.11
¢ 13 0.47 UF 8131-050-651-474M ERIE 21 Al13230219 CAPACITCR,MONCLYTHIC S0OVDC 0.35
¢ 12 0.47 UF AL131-050-651-474M ERIF 21 Al3230219 CAPACITORMONOLYTHIC 5CvOC 0.35
CR 01 A25800 AERTECH 22 Al323n219 CI0CE,SHCTTKEY 1.058
v 0l ADT4] KN ANALNG DEV 23 Al13230719 0P AMP,LC CCST DIP 2.50
u 02 (1AT3I3CA SIGNETICS 24 Al3230219 AMPLIFTER,DIFF VICEQ 1.00
u 03 SPA=-1 MINT CKT LABS 25 A13230219 MIXER,DBL EAL 9.45
Q 02 2N3904 MOTORNLA ‘ 26 Al3230119 TRANSISTOR,ANMPLIFTER NPN 0.1?2
Q ol 2N3904 MOTOROLA 26 A13230119 TRANSISTCR,ANPLIFIFR NPN 0.12
L ol 330.0 UH 9230-80 MILLER 27 A13230219 CHOKEWPF MICREC MINATURE 0.85
X ICM=143-$3 RO NUGENT 28 A13230119 SOCKET, 14 PIN DIL 0.27
X YCN-0R3-S3 ROB NUGENT 29 Al13239219 SCCKET,8 FPIN OIL 0.25
X 3-LPS~B CINCH 30 Al13230219 SOCKET, TRANSISTCR Y0-5,70-18 0.1?
neH £13230804 NRAD 31 A13230219 AMHT CETECTIR SCHEWMATIC 2 0.00






MND=0/8=0/M NESCP VALUE MFGe. PART NN, MANUFACTURER ITEMH BOM# DESCRIPTION casy

- - -

Los EPCA B13230A804 NRAQ 32 Al13230Z19 5 MHZ 0 DETECTOR 4 0.00
L04 R 34 8,2 K RCRO7 R22-5S 33 A13230219 PESISTOR 1/4W 0.0¢
Lo4 R 01 B2 K RCRO7 822-5§ 33 Al13230219 RESISTOR 1/4%w 0.06
Loa 03 R 04 8.2 K RCRO7 B822-5% 33 A13230219 RESISTOR 1/4W 0.06
Lo4 01 FPCP B13230P30 NRAD 34 413230719 5 MHZ PHASE CETECTCR 1 0.00
LO4 rR31 1.0 K RCROT7 105-5§ 39 A13230219 RESISTOR 1/4w 0.06
L04 o1l R 30 43,0 K RCRO7 433-5S 4C A13230219 RESISTOR 1/4W 0.0¢
L0s ol c 16 10.0 PF ATC100B~100~J~P-50 AMER TECH CER 4l A13230219 CAPACITOR,CHIP 4.00
L04 01 CR 02 5082-2824 HEWLETT PACK 42 Al323Q0719 DYODE,HOT CARRIER T.90

*¥*x TOTAL CNST= 4T.T72 »%»






MODULE: LO& PROJECT NO. 13230

DATA SET: L0 RECEIVER BOM S
MNL=-Q/75-0/M DESCR VALUE MFG. PART N0 MANUFACTURER ITEM# BOM#
L04 NSA A13230224 NRAD 1 Al13230724
LO4 o1 NSB A13230225 NRAN 2 A13230774
L04 02 J 0l NsM-211 OMNI-SPECTRA 3 A13230724
Lo4 J 02 nsm=-211 CMNI-SRECTRA 3 A13230224
LO4 03 J 03 NSM=-211 OMNT1~SPECTRA 3 A13230224
L04 02 ¢ 02 0.001UF FB3R10F102W SPEC CONTROL 4 A13230224
L04 c o032 0.,001UF FR3IRLIOFLIC2W ' SPEC CONTROL 4 A13230224
L04 01l E 01 1587~1 KEYSTNNE S A13230224
L04 NSH B12230S08 NRAD 6 A13230224
L04 01 DSA R13230P24 NRAD 7 A13230724
LO& 01 Mez B13230M40 NPAQ 16 A13230224
LO4 01 Mo p 2400(NRAD) PAMONA 16 A13230724
L 04 02 H FHSS 2-56 X 0.250 HW 17 Al13230224

VLA DATA

LISTING

DRAWING NO. ¢
BUFFER ANMELLIF

DESCRIPTION

&% TOTAL COST=

BUFFER ANMPLIFIER
BUFFER ANMFLIFIER

13230224

TFR

JACK BLKHD FCTHRU
JACK BLKHC FCTHRU
JACK BLKHC FCTHEy

CAPACITOR,FFEDTHRU SCREW MY

CAPACITOR,FEFCTH
TERMINAL , TURREY

BUFFER AMPLIFIER
BUFFER ANPLIFIFR
BUFFER "AMPLIFIFR
ENCLOSURERF

RU SCREW MT
«125 4-40THD

SCH 2
ASSY 1
ENCLOSURN

FLAT HEAD SLCTTEC SS SCREW

15.36 *»¥

CosT

- —— > 2 . o 1 P o D D e e b P P G i S s

0.00
0.00
2.15
2.1%
2.15
0.66
0.6¢
0.09
0.0¢C
0.00
l1.61
1.55
0.02






VLA DATA LISTING

MODULE : LO4 PROJECT NO. 13230 DRAWING NO.: A1323022%
DATA SET: LO RECEIVER BOM: RUFFER AMFLIFTER 0
MAN-Q/S=Q/M NE SCR VALUE MFG. PART NO. MANUFACTURER ITEMH BOM# DESCRIPTICN cosy
L04 NS A A13230225 NRAD 1 A13230225 BUFFEP ANFLIFIEP 0 0400
104 02 R 01 30.0 K RCRO7 303-58§ 2 A13230725 RESISTOR 1/4Ww 0.06
L0e P10 30.0 K PCRO7 303-58S§ 2 A13230225 RESISTOR 1/4W 0.06
104 02 R 02 100.0 RCRO7 101-5S 3 A13230Z225 RESISTOR 1/4Ww 0.06
104 R 09 100.0 RCROT 101-5S 3 A13230225 RESISTOR 1/4W 0.06
LO4 R 04 1.0 K RCRO7 102-5S 4 Al13230725 RESISTOR 1/4% 0.06
1.04 R 07 1.0 K- RCRNT 102-5S 4 A13230725 RESISTOR 1/4%w 0.06
LO4 04 R 03 1.0 K RCROT7 102-5S 4 A13230225 RESISTOR 1/4W 0.0¢
LOG 01 R 08 47.0 RCROT 47C-5S S Al3230725 RESISTOR 1l/4hw 0.06
L04 01 R 05 1.0 K  3339H-1-107 BOURNS 6 A13230225 POTENTIDMETER 4 TURN 1.53
L04 01 R 06 100.0 K 3339H-1-104 BOURNS 7 A13230225 POTENTICMFTFR 4 TURN 1.53
LO4 01 C 01 1.0 UF 8131-050-651-105M ERIE 8 A132301225 CAPACITOR,MCNOLYTHIC 5QVDC 1.23
L04 01 U ol LtM318H NAT SEMICCNO 9 Al13230225 GP ANMP l.88
L04 R 12 1.0 K RCROT 102-5S 04 Al323C225 RESISTOR 1/4%w 0.0¢
Ln4 01 EPCOD R13230M58 NRAO 10 A13230225 BUFFER AMPLTUFIER 6 1.75
L 04 01 X NDP-5178 ROR NUGENT 11 Al13230225 SCCKET,8 FIN T0-S 1.498
L04 01 r 04 0.001UF 8101-050-651~102M ERIE 12 A13230225 CAPACITCOR,MONCLYTHIC 50VDC 0.10
104 01 11 51.0 RCROS 510-59 13 A13230225 RESISTOR 1/8W 0.22
LO4 02 £ 1589-2 KEYSTONE 14 A13230725 STANDOFF y SWACE 2-56 1/8H 0.06
LO4 NSH B13230508 NRAD 15 Al13230725 BUFFER AMPLIFIFR SCH 2 0.C0O
LNG EPCA B13230ARB0OS NRAQ L6 Al13230Z25 BUFFER AMFLIFIFR 4 0.0C

wx* TOTAL COST= 10.88 *»»






VLA DATA LTISTING

MODULE ¢ LO4 PROJECT NO, 13230 CRAWING NO.3  A13230271

DAYA SET: {C RECEIVER BNM: METER BOARD PCB ASSY 0
MOD-0Q/S=Q/M DESCR VALUE MFG. PART NG, MANUFACTURER ITEM# BOM# DESCRIPTICN cosT
L04 MSA A13230271 NRAQ 0l Al3230111 METER BOARD PCB ASSY 0 0.0¢C
L04 o1 EPCP f13230P61 NRAO 02 A13230171 METER BDARD PCB ASSY 1 0.00
104 01 FpPCcD R13231M19 NRAD 03 A13230271 METER RNARD ARTRWIPK 6 0.00
L04 01 NSH B813230%25 NRAD 04 Al3230271 METER BOARDC SCHEMATIC 2 0.00
LO4 02 R 01 1.0 K  3339p-1-102 BOURNS 0s Al13230271 POT(CEONMET 4 TURN,+~102 2.50
LO4 R 02 1.0 ¥ 3339p-1-102 BOURNS 05 A13230Z7 POT,CERMET,4TURN,+~10% 2.5C
L04 02 CR 01 1N 4R GE 06 Al13230171 CICCE,GENL PUR 0.07
L04 Cr 02 1N914B GE 0¢ A13230271 DICDE ,GENL PUR 0.07
LO4 02 R 03 242 K PRCROT 222-5S 07 Al13230171 RESISTOR 1/4W %.06
L04 R 04 2.2 K RCROT 222-5S 07 A13230271 RESISTOR 1/4Wm 0.06
LO4 0% p 1502-2 KEYSTONE o8 A132307171 TERMIMNAL , TURRET 1/16 STK 0.02
L04 04 P 1589-2 KFYSTONE 0s Al13230271 STANCOFF ,SWAGE 2-5€ 1/fH 0.06
LO4 01 EPCA B132304833 NRAO 10 Al13230271 METER BROAPL APTWCRK 4 0.00

**x TOTAL COST= 5,60 **»

*#%x TOTAL COST FCR MCOULE LO4 1S 2770.,84 #*%






8.0 SPECIFICATIONS AND MANUFACTURERS' DATA SHEETS



NATIONAL RADIO ASTRONOMY OBSERVATORY
SOCORRO, NEW MEXICO
VERY LARGE ARRAY PROJECT

SPECIFICATION: Al3230N2, N3 DATE: October 25, 1977
TITLE: 0.1-2 GHz Gain-Controlled amplifiers
PREPARED .BY: APPROVED BY:

1.0 GENERAL DESCRIPTION

| Two types of solid state power amplifier incorporating voltage-
controlled attenuators are required. All specifications shall be
met at frequencies between 0.1 and 2.0 GHz, and temperatures between

0 and 50 C, except as noted.

Al13230N2 AlL3230N3
2.0 SMALL SIGNAL GAIN, with attenuator

control set for maximum gain >6.0 >14.0 dB

3.0 GAIN VARIATION WITH FREQUENCY, peak-to-peak
{3.1) Attenuvator at any setting from maximum
gain to 15 dB lowex; 0.1-2.0 GHz <4.0 <4.0 @B
(3.2) Attenuator set for gain of 0 dB at
1.5 GHz; 1.0-2.Q GH=z <2.0 -- dB
(3.3) Attenuator set for gain of +10 dB at
1.5 GHz; 1.0-2.0 GHz - <3.0 a8

4.0 VSWR, input and output ports
(4.1) Attenuator at maximum gain to 15 4B
lower; 0.1-2.0 GHz <2.5 <2.5
(4.2) Attenuator set for gain of 0 dB at
1.5 GHz; 1.0-2.0 GHz <2.0 ——
(4.3) Attenuator set for gain of +10 4B
at 1.5 GHz; 1.0-2.0 GHz - <2.0



AR13230N2 A13230N3

5.0 OUTPUT AT 1.0 dB GAIN COMPRESSION >+7.0 >+14.0 dBm

6.0 NOISE FIGURE with attenuator at maximum gain <10.0 <10.0 aB

7.0 ATTENUATOR RANGE for control voltage
variatiaon of 0 to +15 V (maximum gain

shall be obtained at +15 V) >15 >15 a8

8.0 POWER REQUIREMENTS
(8.1) Supply voltage at which all specifica-
tions shall be met +15+1 +15*1 vdc
(8.2) Supply current at +15.0 volts <45 <90 maA

9.0 CONNECTORS
(9.1) RF SMA female

(9.2) DC (power and attenuator control) solder terminals

10.0 CASE SIZE, excluding base plate and
connectors 1.4x1x0.7 2.4x1x0.7 in.

11.0 TESTING
'For each type of amplifiex, the manufacturer shall perform tests

on each unit sufficient to ensure that all specifications are met,
including at least the following: small signal gain, VSWR at each RF
port, and 1 dB gain compression point. Each quantity is to be measured
at frequencies of 0.1, 0.6, 1.2, 1.8, and 2.0 GHz, and at fixed attenuatorxr
settings of maximum gain, approximately 5 dB lower, and approximately

15 dB lower. (For these tests, attenuator control voltages may be

chosen from typical device characteristics at 1.0 GHz.) The results

of all tests shall be supplied with the unit.



NATIONAL RADIO ASTROMOMY OBSERVATORY
SOCORRO, NEW MEXICO
VERY LARGE ARRAY PROJECT

SPECIFICATION: Al3230N4 DATE: October 21, 1977
TITLE: 0.1-2.0 GHz Amplifier
PREPARED BY: ) APPROVED BY:

1.0 GENERAL DESCRIPTION
A solid state, broadband power amplifier is required. All
specifications shall be met at frequencies between 0.1 and 2.0 GHz

and temperatures between 0 and 50 C, except as noted below.
2.0 SMALL--SIGNAL GAIN >17.0 dB
3.0 GAIN VARIATION WITH FREQUENCY, peak-to-peak

(3.1) 0.1 to 2.0 GHz <4.0 @B

(3.2) 1.0 to 2.0 GHz <2.0 aB

4.0 VSWR, input and output

(4.1) 0.1 to 2.0 GHz <2.5

(4.2) 1.0 to 2.0 GHz <2.0
5.0 OUTPUT AT 1.0 dB GAIN COMPRESSION >+14.0 dBm
6.0 NOISE FIGURE <7.0 &B

7.0 POWER REQUIREMENTS
(7.1) Supply voltage at which all
specifications shall be met +15+1 vde

(7.2) Supply current at +15.0 volts <75 ma

8.0 CONNECTORS
(8.1) rrF SMA female

(8.2) pC (power) solder terminals



9.0 TESTING

The manufacturer shall perform tests.on each unit sufficient to
ensure that all specifications are met, including at least the following:
small signal gain, VSWR at each RF port, and 1 dB gain compression
point; each quantity is to be measured at frequencies of 0.1, 0.6,

1.2, 1.8, and 2.0 GHz. The results of all tests shall be supplied

with each unit.



DOUBLE-BALANCED MIXER

;E } 300 TO 2000 MHz
IF DC TO 1000 MHz

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

Guaranteed Specifications®

Test Conditions

Characteristics Min. Max.

SSB Conversion Loss | f, & I 1000 1o 1800 MHz
7.0dB f, DC to 200 MHz
8.5d8 f, 200 to 1000 MHz

fL & fa 300 to 2000 MHz
8.0 dB f, DC to 200 MHz
9.0 dB f, 200 to 1000 MHz

$83 Noise Figure fL & fx 1000 to 1800 MHz
7.0d8 f, 10 to 200 MHz
8.5d8 f; 200 to 1000 MHz

f. & f5 300 to 2000 MHz
8.0dB f, 10 to 200 MHz
9.0 dB f; 200 to 1000 MHz
Isolation
LtoR 40 dB |
Lto ] 25 8 } f. 300 to 1000 MHz
Riol 20 dB fx 300 to 1000 MHz
LioR 35 dB }
Lol 25 d8 f_ 1000 to 2000 Mhz
Rtol 20 dB fa 1000 to 2000 MHz
Conversion Comprassion 1.0 db fa level = 0 dBm
Desensitization Level 1.0d8 faz level = —2 dBm

Absolute Maximum Ratings

Storage
Temperature ....... —65°C to +100°C
Operating
Temperature ....... —-54°C to +100°C
Peak Input
Power...... ....400 mW max. at 25°C
Derate to 50 mW at
100°C (4.67 mW/°C)
Peak tnput Current .............. 50 mA

Schematic Diagram

[

QOutline Drawing

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

Weight 31 grams (1.1 0z.)

maximum

Connectors SMA Female

60

0.8 19 ase
(3 pamnt i [ 1 pacll
40 |
HAX 0
i ' (X3} i
U o
{ ao®
aco!l 073 {aa]oe on
{ 038) 07105 458 fon
M 0006 4—
1 | 251
— 6
0.26 ‘ 301 8160 DIAMETER
o Ex Q150 2 PLACES

NOTE: DIMENSIONS ARE IN INCHES.



Typical Performance at 25°C

5 10 B
- DRIVE UEVEL - dBm

Drive Level:. The minimum recom-
T em 22l drnive level is +4 dBm.

o~ aximum recommended drive
.- 3 =13 dBm.

. :'/_;f\_/,-;// mANE

700 %00 MO 100 1500 PO 1900 2100
I FREQUENCY - Miz

c-ers

7501 loss of the mixer whenused in

333 system. The frequency ordinate
"#'%"s 10 tne R-port (fa) with f, at 150 MHz.
=3 Dicited with an f, level of +7 dBm.

ionversion Loss vs. Input Frequency:

\

L

CONVIRSION LOSS - dB
© W ~ >

—

%0 200 300 40 500 600 700 %0 900 1000
1y FREQUENCY - Mhz

Conversion Loss vs. f, Frequency:

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

| |

~
<@

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 I-port VSWR with fLat0.6
GHz.
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ISWI’ION'

m

U151 T500ATION ]

ISOLATION - d8
¥ 8 8 ¥ 9

20 400 60 W0 1000 1200 MO0 1600 1300 2000
f FREQUENCY - Mz

Isolation vs. Frequency: Level of the fy
signal fed through to the R- and I-ports
with respect to the level of the f, signal at
the L-port.

Y Lo
i il T S
2 Freowi 77 = Lo
é sl h-060m £ | S "f -
T, R poRT !
» : R PORT
gy = /./ (b R S
! [ o L

’ﬂ a2 ﬂ.l. @6 08 L0 L2 14 16 L8 20 22
FREQUENCY - GHz

VSWR vs. Frequency: VSWR of the L-, I
and R-ports in a2 50-ohm system with f, at
+7 dBm. Some variation in the R-port

o > >71 >t >N > >
e 12 1o [ >0 Jon 157 >71
hat >71 >N > >7t > >N
S “Orisn s ortentsh
w | T 53 7] % N 3t
O “{>n 4] 67 61 | >n & |
.g L] :; 55 :: 2 :; :;
E iy ] [] 0 12 4 %
& [ = 0 a 10 2 13
T — 7 4 F2) ) 3
o ) 3% FY 5 F3)

LA U A )
Harmonics of £,

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, f5-f,. Products are for the ditfer-
ence frequencies nf,-mf, and mig-nf,. The
performance was measured with faat300
MHz, —10dBm; f, = 299 MHz, +7 dBm for
lightarea and + 13 dBm for shaded area.



WY

DOUBLE-BALANCED MIXER

LO
RF } 3 TO 1000 MHz
IF DC 7O 1000 MHz

o HIGH ISOLATION: >45 d8 (TYP.)

Guaranteed Specifications™ : Absolute Maximum Ratings
Characleristics Min. Max. Test Conditions Storage
— — Temperature ....—65°C lo +100°C
Conversion Loss (SSB) 75d8 f. & a2 10 MHz to 100 MHz Operating
- f, dc to 100 MHz Temperature ....—54°C to +100°C
Peak Input Power . ........... 50 mW
10 dB | fu &t 3 MHz to 1000 MHz Peak Input Current ........... 50 mA
f 1000 MHz
Noise Figure (SSB) _ 7508 | & fx 10 MHz to 100 MHz

fy .4 MHz to 100 MHz Schematic Diagram

10 dB | 1 & fa 3 MHz to 1000 MHz

fy .4 MHz to 1000 MHz
Mixer Isolation _ %Q; 4@
fLatR 40 dB
L

i atl 40 ¢B 3-100 MHz

fr atR 30 dB

fatl 20 dB 100 - 1000 MHz

t R -

‘*These specifications apply to a mixer used in a 50-ohm system with an f, source of +7 dBm available. A short
circuit at the |-part for the unwanted sideband will usually improve CL and NF by 0.5 dB. The 1000 MHz upper

frequency range may be extended to 1200 MHz by ordering option 11 (MiA-11). on ﬁin e D ra wing
Weight 45 grams (1.6 oz.) o L Jesi.
maximum
4 ) g
Connectors BNC, TNC, SMA a‘:

000 | o 0. .

‘ =058 ag a%‘ —a‘—ﬁ- {_%

H [+ © OO

s

faza 251 A g

v 8" oA
3.0 . wes
b

NOTFE: DIMENSIONS ARE IN INCHES,
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Typical Performance at 25°C

0 10 15
- DRIVE LEVEL - dBm

Drive Level: The minimum recom-
T2 a2 drve level is +4 dBm.
"2 -~ 3ximum recommended drive
5 ~13 dBm.

M %00 100 1300 1500 1209 1900 2100
I FREQUENCY - MN2

Conversion Loss vs. Input Frequency:

<7 +275:0nl0ss of the mixer whenused in
3S3 system. The frequency ordinate
"#'S"s lo the R-port (f) with f, at 150 MHz.

273 Sicited with an f, level of +7 dBm.
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CONVERSION LOSS + a8
D O W O W

Conversion Loss vs. f, Frequency:
Conversion loss of the mixer when used in
aSSBsystemn. The frequency ordinate re-
fers to the I-port (f,) with f; at 1200 MHz
and f, swept from 200 to 1100 MHz.
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0 @0 60 80 1000 1200 1408 1500 1200 2000
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Isolation vs. Frequency: Level of the f,
signal fed through to the R- and I-ports

with respect to the level of the f, signal at

the L-port.

1 T " ___,_T_‘_ YT ]
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FREQUENCY - GHz

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

VSWR willoccur 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 I-port VSWR with {, at 0.6
GHz.
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Harmonics of

Harmonic Intermodulation Products:

Intermodutation 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, f-f,. Products are for the differ-
ence frequencies nf,-mfg and miz-nt,. The
performance was measured with f at 300
MHz, —10dBm:; f, = 299 MHz, +7 dBm for
light-area and +13 dBm for shaded area.
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DOUBLE-BALANCED MIXER

%
Q e |
i
iz
RT Y peee
e

;‘g } 3 TO 1000 MHz
IE ~ DC TO 1000 MHz

e HIGH ISOLATION: >45 dB (TYP.)

Guarantezed Specifications* Absolute Maximum Ratings
Characteristics Min. | Max. Test Conditions Storage
_ ' - - Temperature ....—-65°C to +100°C
Conversion Loss {SSB) 75dB | I & 15 10 MHz to 100 MHz Operating
fi dc to 100 MHz _ Temperature ....—54°C to +100°C
" Peak Input Power ............ 50 mW
10 dB | f & fx 3 MHz to 1000 MHz Peak Input Current ........... 50 mA
f; 1000 MHz
Noise Figure (SSB) 75d8 | t & iz 10 MHz to 100 MHz
- 1 .4 MHz to 100 MHz - Schematic Diagram

10 dB | f & s 3 MHz to 1000 MHz
f, .4 MHz to 1000 MHz

Mixer Isolation g-é ﬁ[@
fLatR 40 dB _
l -

fatl 40 B 3 - 100 MHz

fuath 30 dB

fLatl 20 dB 100 - 1000 MHz

“*These specifications apply o a mixer usedin a 50-ohm systemwith an f, source of +7 dBm availabls. A short
circuit at the I-port for the unwanted sideband will usually improve CL and NF by 0.5 dB. The 1000 MHz upper

frequency range may be extended to 1200 MHz by ordering option 11 (M1A-11). Outii ne D ra wing
Weight 45 grams (1.6 0z.) ast Ly s
maximum
Connectors BNC, TNC, SMA Jic
R
| v 1 R ‘
2500 [3
BAX ol Lollo Law
FOm YT Y ey 3
| [t
i :
H [+ © O© W1
i i
%3} mes

NOTE: DIMENSIONS ARE IN INCHES,
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Typical Performance at 25°C

5 10 15
DRIVE LEVEL - dBm

Drive Level:. The minimum recom-
e lal drive level is +4 dBm.
=2~ aximum recommended drive
3 -13dBm.
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Conversion Loss vs. Input Frequency:
" -£7si0nl0ss of the mixer whenusedin
SS3 sysiem. The frequency ordinate
"#°2"s 10 the R-port (fa) with f, at 150 MHz.
i > Sicited with an {, level of +7 dBm.

)

<

6

7 o
. NG~

0 .
100 200 300 400 500 600 700 800 900 )00
l‘ FREQUENCY - MMz

CONVIRSION LOSS - ¢

Conversion Loss vs. f, Frequency:

Conversion loss of the mixerwhen usedin
aSSBsystem. The frequency ordinate re-
fers to the 1-port (f,) with f5 at 1200 MHz
and f; swept from 200 to 1100 MHz.

| |

=~ L 10 R Is0UATION

1SOLATION ~d8
8 ¥ 8 ¥ g

TY5 1 TSOLATION |

20 40 &0 W0 N0 1200 M0 160 130 2000
fy FREQUENCY - Miz

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

with respect to the level of the f, signal at

the L-port.

!
2

3

g’ :

; (
T / fur@8BieN Lot
HENNEEEN N

’Q a2 04 06 08 LO L2 L4 L6 L8 20 22

FREQUENCY - GMz

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

VSWRwilloccur as a functionofthe L-port
frequency. Curves for the R-port VSWR
are plotted for L-port frequencies of 0.6
and 1.6 GHz. Also shown are the L-port
VSWR and the I-port VSWR with f, at 0.6
GHz.

- > >4 >N > >n >71
o >0 [ >n [ 3h Lan | on o7
e P >71 >N >n > o>
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R i 33 58 5 &
o "[>n & 67 st | >n [1)
‘c a1 85 Ei) 7 [
o "[& 55 64 6 70 £
E i D 0 30 12 ] %
e [= ) a1 10 2 1)
e — 7 43 2 [T »n_t
— 3 % 27 5 2
f 2, u, LN

Harmonics of §;

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, fa-f,. Products are for the differ-
ence frequencies nf-mf, and miq-nf.. The
performance was measured with fa at 300
MHz, —~10dBm; f, = 299 MHz, +7dBm for
lightarea and +13 dBm for shaded area.



DOUBLE-BALANCED MIXER

'ég } 3 TO 1000 MHz
IF DC TO 1000 MHz

o HIGH ISOLATION: >45 dB (TYP.)

Guaranteed Specifications* Absolute Maximum Ratings
Characteristics Min. | Max. Test Conditions Storage
- Temperature ....—65°C to +100°C
Conversion Loss {SSB) 75d8 fu & fx 10 MHz to 100 MHz Operating
fy dc to 100 MHz Temperature ....—54°C to +100°C
" Peak Input Power ............ 50 mwW
10 dB | fL & fa 3 MHz to 1000 MHz Peak Input.-Current ........... 50 mA
f, 1000 MHz
Moise Figure (SS8) 75d8 | 1. & fa 10 MHz to 100 MHz

1, .4 MHz to 100 MHz Schematic Diagram

10 dB | f & fx 3 MHz to 1000 MHz
fi .4 MHz to 1000 MHz

Mixer Isolation : E}; ﬁ'@
fatR 40 dB
t

fatl 40 dB 3 - 100 MHz

fratR 30 dB

fat 20 d8 100 - 1000 MHz

“*These specifications apply to a mixer used in a 50-ohm systemwith an f_ source of +7 dBm available. Ashort
circuit at the I-port for the unwanted sideband will usually improve CL and NF by 0.5 dB. The 1000 MHz upper

frequency range may be extended to 1200 MHz by ordering option 11 (M1A-11). 0 ntiin e Df! wing
Weight 45 grams (1.6 0z.) L Ly sl
maximum
Connectors BNC, TNC, SMA zt.’ze
0%
L R

;lzi— ..-'..glg._

o Jdoe
(O R T Yy o
(%]
' V ]
*© @@ &t
t“‘ 2.5 o
- = 0.150
(¥ b DIA
;-‘“ 2PLCs

NOTE: DIMENSIONS ARE IN INCHES.
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10db BI-DIRECTIONAL
COUPLER

BO MiHz —18Hz

FEATURES
Wide Frequency Range — 30 MHz - 1 GHz
i3 Constant Coupling Within * 0.5 db (Output to Output) TYPICAL PERFORMANCE z
&1 Small Size, Light Weight » »1
[.} Standard Connectors: BNC, TNC, SMA or N g 20 o3
e -\ /7 %
S ~ 1 ) I s
GUARANTEED SPECIFICATIONS | o0 — 5= g
FRECUENCY
Frequency Range: 30 MHz - 1 GHz MAIN LINE
VSWR: 1.35: 1 Max. Loss
Impedance: 50 ohms " Z
Main Line Loss {above theo- g
retical 0.46 db power split): 1.0 db Max. g //
Coupling {Output to Output): 10.0 £0.5 db Max. »
Directivity: 20 db Min. .
Input Power: 5 Watts Max. 0 » I woe noy
Operating Temperature Range: 55°C to +85°C cgl;fl;c;

ENVIROMMENTAL o ]

This Device Has Been Designed to Meet the Following Environ- * » -
mental and Physical Conditions of MIL-STD-202. o
Thermal Shock: Method 107, Test Condition A ® » wor w has nos
-55°C to +85°C, 30 minutes at o1 R"“"E c;'l;“'w
temperature extremes, 5 cycles
Humidity: Method 103, Test Condition B 130
{98 hours)
Barometric Pressure: Method 105, Test Condition D e \
100,000 feet - PORT A
Moisture Resistance: Method 106 | B /1%
Life Test: Method 108, Test Condition B oo > ~
{250 hours) Wl D ~
Vibration: Method 204, Test Condition B PORT lC —
10-2,000 Hz, 15 G peak 1os
High Impact Shock: Method 207 > 7 s - = -
VSWR

Anzac Electronics, A Division of Adams-Russeb
o5




-u CRIPTION MECHANICAL DATA

‘.)-x

The Model DCG-10-4 directional coupler operates over a
frequency rangs of 30 MHz - 1 GHz. Its main line loss of
only 1.0 db Max. (above the theoretical 0.46 db power

split) makes this device superior to a 3 db hybrid when c ﬁ»o

used as a reference for levelling radio frequency sources. \
CONNECTCR BNC
€55 OTHERWISE
:2:{0._x‘, -0 W 3 PLACES

A toz0
@ - . 750
375’y

-] 334 5

- ——*}_}L -40 UNC-28

:34:; o 312 DEEP
) x = 2 HOLES
l 672 -
L Zois
000 DiA,
452
Mounting Area: 19sqin. 123 sq.om.
Volume : 4 cwin. 23 cu.cm,
Weight {approx.) 176 ounces 50 groms

SCHEMATIC

LA %4

180°

CcCO : —O A

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

Model DCG-10-4: $75.00 (1-5 Qty.)
Connector Types: BNC, TNC,SMA or N

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

Printed in U.S.A.

. Pt *ﬁr"‘iy—? ﬁ’:'vm”lﬁ

ANZac,

¥ esecTROMICS -

L SIPRST L sy 5
Division of Adams-Russett] -538 '~:. ¥ .-r.:'".(“;;#(\ . J' =

96
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nriv

Description

These microwave silicon Schottky diodes are epi-
taxial, planar, passivated devices of hybrid cons-
truction which utilize a unique combination of a
conventional pn junction and a Schottky barrier.

This manufacturing process (Patent No. 3463971)
results in adiode with greatly increased ruggedness
and burnout reliability without sacrificing low
noise properties.

Applications

This series is designed for use in video and super-
heterodyne receivers up to S-Band. They are espe-
cially useful in airborne or other severe environ-
mental applications due to their high burnout and
20,000 G shock capabilities. Because of their high
sensitivity, they are eminently suited for high per-
formance receivers. This ruggedness and sensitivity
is now available for high volume applications.

Absolute Maximum Ratings
at Ta=25°C

Pulse Power Dissipation 4.5W (Notes 1,2)

CW-Power Dissipation................ 1W (Notes 1,3)
Peak Inverse Voltage

Operating Junction
Temperature Range................ —65°Cto +200°C

Storage Temperature Range.. —65°C to +200°C

Typical Electrical
Characteristics, at TA=25°C

Chip Capacitance, at Vf= 0V
Package Capacitance
Series ReSiStanCe.......cooovcieevieiiiieeeee e oF2
Series Inductance
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Electrical Specifications at TA=25°C

5082-2317, 2818, 2819
Parameter<;
Noise Figure
VSW

IF-Impedance $;25Qik ™330: ;v40CK;;

5082-2824, 2825

Paramater™iM” «&
*

Tangential,SFgnalg”®

Sensitivity, ~N>;m} iSipt
Vo {tags'Sensitivity & fin W
111 ftm
VkJeo.-Outputp’\sN\ Mj:2&
Resistanc& >IN
Notes:

t. Oerate linearly to zero at 200°C.
2. Power absorbed by the diode.

Frequency 2GHz
Pulsa Width 13s
Duty Cycle .001
Load Resistance 38 kE2

3. Power absorbed by the diode, applied for one minute.
Frequency 2.0GHz
DC-load Resistance <Is2
The cathode lead is connected to an infinite heat sink at the plane where it
leaves the glass body.

4. Series inductance of a coaxial line section consisting of the diode with short
circuited chip as inner conductor and an outer conductor of 0.28 inch dia-
meter. The geometrical length of the coaxial line is determined by the
length of the glass-package body.

5. Single sideband receiver noise figure including an | F-amplifier noise figure
of 1.5dB (intermediate frequency 30MHz). Noise figure guaranteed at
2GHz and below.

Mechanical Specifications

The HP Outline 15 package has a glass hermetic
seal with dumet leads. The leads on the Outline
15 package should be restricted so that the bend
starts at least 1/16 inch (1,6 mm) from the glass
body. With this restriction, Outline 15 package
will meet M|l L-STD-750, Method 2036, Conditions
A and E [4 Ib (1,8kg)] tension for 30 minutes.
The maximum soldering temperature is 230°C for
five seconds.

Marking is by digital coding with a cathode band.

Temperature”, Storage”?
Temperature-, Operating

So Fderabll

Temperature”

Thermal Shock'-'f.VANS2~AAANZ
Moisture

Vibration Fatigue/~"~"AAN*I*A
Vilbratiore-Wariab 1% Fre"uancyi’\l.

Congant Accel

--.-Terminal Strength

v-Mini-r Myp.:p * Maxiif Unit Notes
08 W60V gdB; 5,6%

! Fgg) o, et s

P?58g £f£s#. t'.dBm

Model Number if.Description" Matching Criteria *~
A5082-2817# "Single Diode-:
A5082-2818££ "Matched Pairj
~5082-2819”" Matched Quad.

Note :7t>5 vi»

ModelN urnber; >Description A Matchirig: Critaria /i

0 M
g50872824]| «*Single Diodei

A5032,28251u ~Matched Pair f{&"'&NoteZI0
SBW

Ao-V't

SEA?

6. Measurement conditions are:
The diode is inserted into a fix tuned coaxial mount.

Local Oscillator Frequency 2.0 GHz
Local Oscillator Incident Power 1.0 mw
DC-load Resistance 00 ft

7. Noise Figure Match Af .3dB
IF-lmpedance Match AZ,pf 25ft

8. The measurement conditions are:
The diode is inserted into a fix tuned coaxial mount.
Signal Frequency ~signal = 2.0 GHz
DC Bias Current «bias = 20J“A
Video Load Resistance Ri = 38kft
9. TSS isdefined as incident RF power level which yields a signal to noise
power ratio of 8.0d8 at the video receiver output.
Vid.eo Bandwidth Avideo *2.0MHz
Equivalent Noise Resistance of Video Amplifier R» =50012
10. Voltage Sensitivity March Ay<0.5mV/pW
Video Resistance Match A rw< 100ft

Reliability

This series of diodes is suitable for high reliability
space applications where maximum performance
under the most adverse conditions is required.
Maintenance of product reliability during manufac-
ture has resulted in the use of HP diodes in major
aerospace and national defense programs.



TY?ICAL PERFORMANCE CURVES AT Tp = 25°C
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Figure 1. Static forward current versus voltage reiationship. Figure 2, Typical diode noise ratio versus frequency for two dec-
current lsvels,

TYPICAL MIXER PERFORMANCE CURVES AT Tp = 25°C

10
s ?
§ 2
: w
¢ 4
i .
3 :
1 2 3 .4 5 [} 7 8
LO-Freguemey 1o (GHI Locat Oxcilioeos Power Py 5 [m)
Figure 3. Singla sideband receiver noise figure F, {including an IF- Figure 4. Single sideband receiver noise figure F, {including an LF-
amplifier noise figure of 1.5d8) versus local-oscillator freq yfi 0. amplifier noisa figurs of 1.5dB) versus incident LO-power Py g for
The mount is tuned for minimum noise figurs at each frequency. various de-load resistances Ry . (The mount is d for mini

noise figurs at each LO-power level and for each load resistance.)

100
™
o
~ 3
é i
:
600
: 3
N i
400
20 SoNE
il
Sy 2w 5 ‘u{'
P BERY Z BN Sy & o1 i1}
0.1 ) 100 o
. Lucsl Ousittator Powee Py (o) Locat Oxcittetor Power P (el
Fig.urs 5. 1F-output resistance 2 versus incident LO-power Py g for Figurs 6. Rectified dc-current Ipc versus incident LO-power Py o
various dc-load rasistances Ry . (The mountis tunad for minimum for various dcdoad rasistances Ry . {The mount is tuned for minimum
noise figura at each LO-power level and for sach load resistance.} noise figure at each LO-powear level and for each load resistance.)
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TYPICAL DETECTOR PERFORMANCE CURVES AT T, = 25°C
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Consumer Circuits

LM733/LM733C differential video amp

general description

The LM733/LM733C is a two-stage, differential
input, ditferential output, wide-band vidco ampli-
fier. The use of internal series-shunt feedback gives
wide bandwidth with low phase distortion and high
gain stability. Emitter-follower outputs provide 3
high' cursent drive, Iow impedunce capabibity, 1t's
120 MH: bandwidih and selectable guins o 10,
100, and 400, without nced lor frequency compen
sation, make i1 a very useful cucuit for memory
element drivers, pulse amplifiers, and wide band
linear. gain stages.

The LM733 is specified for operation over the
-55°C 1o +125°C military temperatore rasige. The
LM733C is specified for operation ovar the 0°C
to +70°C temperature rangs.

features

® 120 MH/ bandwidth

250 k! input sesistance

. Selectable gains of 10, 100, 200
No Iraquency compensatum

High common nwnle 1epction atin a1 high
trequences.

applications

» Magnetic tape systems

® Disk file memories

® Thin and thick film memories

® Woven and plated wire memories
u Wide band video amphticrs.

schematic and connection diagrams

Dual-in-Line Pxckage
Son
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absolute maximum ratings

Dfstrintia | \ol
WWM%%E@
V

Olcjcm Qurrent

Poner Qtvrnpation (Note 1)

Junction Termperature
Stonge Tampe'ature Rage

Qperating Tenperature Range LM733
Lead Tanperatike (Soidenig. >0jec)

electrical characteristics

CHARACTCRISTICS TrST

Vo(»9 C.x
Cj>1 (Nor#t A
Gif 2 1Soi« 3> 1
Gi-ti 3 t.'wr 4)
Bn W ia
Cj~ 1
Ge.n? 2
C*r3
R-m Ty
Cent
n2 2
G*-i3
00930 De'Jr
Cen'l
Ctn7 ?
Can3
Input R tM iw
Cinl

Ip#t GpX'livot

>L0"w’

Intiut

HpME NLisv Vet

Thput Vorak R<~i» t

Conmon Mod? Rejecton Rmki
Gi.nJ |
Cm }

UIWAr VOrt<G& Rfjfttnin Rst<n
G«n7 |

Qutput OH«i \b*

Cmi |

Cwi3rd 3
QOutput Common Mvdf Vdijg* |
Qutput VoSG 5» « i 1
Qutput Stk Current
Qutput Rnntano
foxrj< Supply Goscbt

ci«cotr

15V

i6V

i<V

10mA
500 MV

+150°C
-65°Cto +150°C
-55°C to +125°C
0°Clo +70°C
300°C

ITA=25°Cunlest Otherwise specitiedlie® test circLitt. Vg - 6.0V)

uMia3
TYf

te<t MM ntTiOMt
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typical performance characteristics {con’t)
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elettrical characteristics

QUTPUT VOLYASE iV}
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t0 ambient or 85" CIW junction 10 case. Thermal resistance of the duat.indine package is 100 C/W.

Note 2: Pins G1A and G118 connectad together.
Note 3: Prms (G2A and G2B comnected together.
Note 4: Gain setect pins opwn,

typical performance characteristics
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LM 318 operational amplifier
general description

The LM318 is a precision high speed operational
amphifier designed for applications requiring wide
bandwidth and high sléw rate. It features a tactor
of ten increase in speed over general purpose
devices without sacrificing OC pertormance

features

15 MH¢z small signal bandw:dth

Guaranteed 50V /us siew rate

Maximum bias current of S00 nA

Operates from supplies of 5V to 20V
tnternal frequency éompensa(ion

tnput and output overload protected

Pin compatible with general purpose op anps

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

Operational Amplifiers

tor operation. However, unlike most internalty
compensated amplifiers, external frequency com-
pensation may be added for optimum performance.
For inverting applications, feedforward compen-
sation will boost the slew rate to ovesr 150V/us
and almost double the bandwidth, Overcompensa
tion can be used with the amplitiesr for greater
stability when maximum bandwidth is not needed.
Further, a single capacitor can be added to reduce
the 0.1% setthing tsime to under 1 us,

The high speed and fast settling time of these op
amps make them useful in A/D converters, oscil-
lators, active filters, sample and hold circuits, of
genera! purpose amplifiers. These devices are easy
10 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
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connection diagrams
Motal Can Package® DuatHn-Line Packaege Duatin-tine Packege
res T~
e U h_ - b o
- r— — = tosvaanen 3
-y LN -~ —
R }‘\_ N -"<— D_\_. fe soveer
= [ v b e,
*Pin connections shown on schamatic v et bl ot
disgram and typics! applications ase for o preywy
TO'S package.
Order Number LM318H Order Number LM318N Order Number LM318D
See Package 11 Soe Package 20 See Packege 1
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LM318

absolute maximum ratings

Sudply Voltage *20V
Power Dissipation {(Note 1) 500 mW
Ditferential Input Current {Notwe 2) 210 mA
input Voitage (Note 3} 215V
Output Short Circuit Duration Indefinite
Operating Temperature Rangs 0°C t0 70°C
Storage Temperature Range -65°C 10 150°C
Lead Temperature {Soldering, 10 sec) 300°C

elzctrical characteristics (Note 4)

PARAMEYER CONDITIONS MIN TYP MAX UNITS
tnput Ottset Voltage Ta = 25°C 4 10 mv
lnput Ottset Cursent Ta=25C 30 200 nA
Input Bias Current Ta=25C 150 500 nA
Input Resistance Ta=25°C 05 3 MO
Supply Current Ta=25°C 5 10 mA
Large Signal Voltage Gan Ta=25°C, Vg = £15V 25 200 Vimv

Vour = 210V, R, > 2k
Slew Rate Ta=25°C, Vg = 215V, A, = § 50 70 Vips
Smalt Signat Bandwidth Ta=25°C, Vg = 215V 15 MHz
tnput Otfser Voltage 15 mv
input Ottset Current 300 nA
Input Bias Current 750 nA
Large Signal Voltage Gain Vg » 215V, Voyr = 210V
R, > 2k 20 VimV

Output Voitage Swing Vs= 215V, R, = 2kD2 12 *13 v
tnput Voltage Range Vg = 215V 2115 v
Common Mode Rejection Ratio 70 100 d8
Supply Voltage Rejection Ratio . 65 80 dB
Note 1: The manimum junction temperaturs of the LM318 is 85°C. For opersting st e d , devices in the
TO-S peckags must be d d based on » thermal resistance of 150°C/W, junction 10 smbisnt, or 45°C/W, junction to case.

The thermal resistance of the dusl-in-tine package is 100°C/W, juncrion to smbient.

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Tharefore, excessive current will fiow if
& ditferantial input voltage in of 1V is applied b the inputs unisss soms limiting resistence is used.

Note 3: For supoly voitages less than 15V, the sbsob i nput voitage is squal to the supply voitage.

Nots 4: Theve specitications apply for $5V < Vg < 220V and 0°C < Ta £ 70°C, uniess otherwiss specified. For proper
Operstion, the pawer suppliss Must be bypsssed with 0.9 uF disc Capacitors,
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typical performance characteristics
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LM318
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typical performance characteristics (con’t)
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typical applications (con’t)
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9.0 MODULE PHOTOGRAPHS






Figure 6 - Front Panel






Figure 7 - Rear Panel






Figure 8 - Right-Hand Side View






figure 9 - Left-Hand Side View






