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1. SCOPE 
This specification will define the requirements, design, and interface 

of the L8 Divider, a part of the NRAO Very Large Array. Both the basic 
19.2 Hz and 6.4 Hz system communication cycles are derived within this unit 
both in the control room and at each antenna. The Waveguide Communication 
System is used to synchronize antenna L8 units to the control room L8 master. 
A block diagram of the L8 interconnection is seen in Figure 1. 

2. REQUIREMENTS 
A. Communication and Waveguide Modems 

The L8 Divider establishes the fundamental communication cycle of 
19.2 Hz for transfer of data between antennas and control room and vice versa. 
The basic 1000 ysec interval, Command Time, in which commands flow through the 
Digital Communication System from control room to antenna is seen in Figure 2-A 
and Figure 2-B. The digital communication hardware is synchronized by the 
signal QQ seen in Figure 2-B. This signal initializes divider circuitry both 
at the antennas and in the control room. 

Both Control Room and Antenna Digital Communication System units receive 
5 MHz clock signals from the L8. 

The signal T/R controls the waveguide communication modems switching 
control room modems from receive to transmit 106 ysec before Command Time and 
from transmit to receive 16 ysec after Command Time. At the antenna modems 
are switched to receive during Command Time. 
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The T/R signal has a time out feature that, after extended 
loss of sync by an antenna L8, will force a prolonged receive period 
of about one second each approximately 20 seconds that an antenna L8 displays 
the out of sync condition. If the remote L8 does not turn on antenna modem 
receivers during command time (as defined by the control room L8), as for 
instance after power turn on, no sync pulse will ever be received and 
synchronization cannot be acquired. The time out will, however, force a pro-
longed receive condition which will insure reception of several sync pulses 
from the control room L8 and insure synchronization. 

B. Master LP, Central LP, and Antenna LP 
The L8 Divider generates 19.2 and 6.4 Hz signals which allow the 

LO system to establish epoch timing within the VLA. A 6.4 Hz signal is 
generated by the L8 Divider which will allow the LO to signiture specific 
5 MHz cycles within the control room and transmit this information via the 
Waveguide Communication System to all antennas. 

The basic 19.2 and 6.4 Hz timing signals developed for the master 1/D 
in the control room by the L8 is the 1200 MHz Carrier On. The 1200 MHz 
Carrier On signal is a 19.2 Hz signal with a 6.4 Hz irregularity and controls 
the 1200 MHz carrier within the Waveguide Communication System. The 1200 MHz 
carrier, amplitude modulated with 5 MHz, will always turn on during a positive 
going zero crossing of 5 MHz sinewave. This requirement introduced the 6.4 Hz 
irregularity in the Carrier On signal since there is not an even number of 
5 MHz cycle in a 19.6 Hz period. 

At each antenna the fast turn on of the 1200 MHz carrier signatures 
the leading 5 MHz modulated cycle which is detected at the LO and used to 
synchronize the remote L8 Divider. 

Synchronization within the L8 is a dual function operation featuring 
a narrow band sync monitor mode when in sync and a wide band sync acquation 
mode when attempting to achieve sync. When in sync at least 8 errors must 
be observed by the L8 in order to lose sync whereas once sync is lost 8 valid 
sync detections are required before the out-of-sync flag is removed. Figure 3 
illustrates the remote L8 synchronization operation in flow chart form. 

The L8 Divider also provides the LO system with 5 MHz and 600 MHz 
track/hold signals with which to lock phase lock loops at the antenna to 
received 5 and 600 MHz signals. These signals are, however, only valid after 
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the L8 has achieved synchronization. Prior to this time the LO system must 
achieve initial 5 MHz phase lock unaided. 

C. Delay/Multiplier System 
The control room L8 Divider provides the delay/multiplier system 

with a data invalid signal. When at logic one this signal indicates the 
potential of invalid data at the delay line output and is used to inhibit 
multiplications and hence integration. 

Delay line output data will not be valid antenna information between 
the interval from Switch to Transmit in the control room Waveguide Communication 
System until the delay lines are again filled with valid antenna data. Below 
is a review of the timing involved referenced to T = 0 as defined in Figure Is 

1. Data goes invalid - 106 ysec 

2. Control room SW to Receive 1016 ysec 
Round trip to far antenna of SW signal 150 ysec 
Transmitter warm-up 100 ysec 
Max delay line thru-put time 203 ysec 
Data goes valid 1469 ysec 

Actually a delay line will continue to provide good data for at 
least 40 ysec (minimum delay line thru-put time) after -106 ysec unless 
its delay is re-pregrammed immediately at -106 ysec. The L8 data invalid 
signal spans the interval from -106 ysec to +1497 ysec. 

D. Fringe Generator 
A 100 kHz clock is provided to the fringe generator at each antenna. 

This signal is a symmetrical signal in precise time relation to 6.4 Hz sync 
at each unit. The duty cycle of this signal is 50%. 

In addition to this function the sync status bit within the L8 is 
reported to the computer via a Digital Communication System monitor word which 
originates from one of the fringe generators. 

Some logic completely unrelated to the L8 Divider functions is 
physically within the L8 module. This hardware functions via the Digital 
Communication System to control phase reversals within both the fringe 
generator and samplers, but will not be discussed in detail in this specifi-
cation. 
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E. Front Ends 
The L8 Divider provides a 9.6 Hz square wave signal to the front 

ends at each antenna. 

F. Time of Day Clock 
The L8 Divider in the control room provides a 19.2 Hz signal to a 

time of day clock. This clock divides its 19.2 Hz input down to 0.1 Hz which 
is used to drive a Digital Clock. Both the 19.2 Hz count and the time 
of day are reported to the computer. 

The L8 Divider will accept a reset pulse generated from a time 
standard so as to time its 19.2 Hz "ticks" with standard time. The 19.2 Hz 
to 0.1 Hz Divider also is reset by this pulse to time its 10 second "ticks" 
with time of day. Since the divider string that ultimately drives the time 
clock starts at 5 MHz the resulting time set is good to 200 nsec. 

III. INTERFACE SPECIFICATION 
Three cable interface methods are used and are described below. 

Differential TTL: 
Communication is via 75183-75182 differential driver-receiver using 

Beldon 8451 twisted shielded cable. The shield is to be grounded at 
both ends with the differential pair being AC terminated in 100 ohms. 

Single Ended TTL: 
Communication is via 7437 driver-TTL load receiver using Beldon 8451 

twisted shielded cable. The shield is to be grounded at both ends and 
the black conductor is to be grounded at both ends, and the signal conductor 
AC terminated in 100 ohms. 

50 ohm Coax: 
Communication is via 74128 TTL driver using coaxial cable. Cable is 

to be DC terminated in 50 ohms to ground. 
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The single ended interface could 
point to point wire for short runs. 

Table 1 give a unit breakdown of 
the L8 interface. 
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TABLE X 

SYSTEM L8 INPUT/OUTPUT SIGNAL FUNCTION LOCATION INTERFACE 
Digital 
Communication 
System 

Output QQ Local and 
Antenna 

Differential TTL 
400 nsec positive 
pulse 

Output Sync Timeout Antenna Single ended TTL 
Logic one for error 

Waveguide 
Communication 
Channel 

Output Switch to transmit 
(T/R) 

Local and 
Antenna 

Single ended TTL 
Logic one for 
transmit 

Input Master/Ant 
Strap 

Local GND at Control Room 
Open at antenna 

LO System Input 5 MHz sinewave Local and 
Antenna 

50 ohm coax, AC 
terminated 
In 50 ohms 
0 dBm level 

Output Control Room 
Track/Hold 

(CTH) 

Local Single ended TTL 
Logic one to track 

Output 1200 MHz 
carrier on 
(CARON) 

Local 50 ohm coax 
Logic one for carrier 
on 

Output Antenna 
Track/Hold 

(ATH) 

Antenna Single ended TTL 
Logic one to track 

Input Detected 1200 MHz 
carrier on 

(DCO) 

Antenna 50 ohm coax 
Logic one for carrier 
on 

Delay/Multi-
plier 

Output Data invalid 
(DINV) 

Local Differential TTL 
Logic one for in-
valid data 

Digital Clock Output 19.2 Hz Local Single ended TTL 
Fringe 
Generator 

Output 100 kHz Clock Antenna 50 ohm coax 
(4 individual outputs! 

Output Sync Error 
(E) 

Antenna Single ended TTL 
Logic one indicates 
sync error 

Front End Output 9.6 HZ Antenna Single ended TTL 
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III. CIRCUIT DETAILS 
A block diagram of the L8 is shown in Figure 1. The 5 MHz input to the 

L8 is a 0 dBm sinewave that is shaped into a square wave clock in the 1A 
comparator. IC's 2A and 2B form a -:• 50 circuit with a 100 kHz output. The 
100 kHz square wave output of this divider drives a digital X3 multiplier 
which at each falling edge of 100 kHz clock (CO.l) will meter out three 
5 MHz clock pulses (see timing relationship on logic diagram). The result, 
CO.3, will average out to 300 kHz long term. This highly non-symmetrical 
300 kHz clock produces time jitter on all of the 19.2 Hz L8 digital outputs. 
This jitter is observable on the 19.2 Hz signals with an oscilloscope 
producing three distinctive transition times of any signal. 

IC's 2C, 2D, 2E, and 2F form a t 15625 counter that produces a 19.2 Hz 
output from the 300 kHz clock. Various states of this counter are deboded 
to produce signals required of the L8. 

The logic associated with IC's 4G, 7D and 4F serve to synchronize slave 
L8's from the DETECTED CARRIER ON signal supplied by the L4 LO receiver. 
The sync circuit works in a wide bandwidth mode during initial sync-up and 
a narrow bandwidth mode during sync monitoring. In sync acquation mode the 
register 7D will be at all one's since bad sync will fill it with such. 
In this mode each DETECTED CARRIER ON positive transition will produce a pulse 
on the RESET OUT line which in a slave L8 is strapped to RESET IN. The reset 
pulse will initialize both * 50 and v 15625 counters. The DETECTED CARRIER ON 
logic signal is derived from the 1200 MHz carrier turning on which is generated 
by the 1200 MHZ CARRIER ON signal which originates within the Control Room L8. 
This signal has a 19.2 Hz rate with a 6.4 Hz irregularity which forces the 
antenna L8 into a trial and error sync-up mode. The 6.4 Hz component in the 
1200 MHZ CARRIER ON signal produces three distinct cycles as defined in the 
L8 specification, only one of these cycles will produce a sync pulse that will 
properly set the t 50 and -s-15625 counters. Thus between 1 and 3 19.2 Hz cycles 
will go by until the L8 is correctly initialized. However, the wide-band 
operation will continue until at least 8 valid sync comparisons are observed 
and the sync flag lowered. 

Received sync (IC 4G-8) is compared against predicted sync (IC 4G-6) in 
gates 5E-3 and 5D-8. Good comparison produces a pulse at 5D-8 right shifting 
zero's into 7D and bad comparison produces a pulse at 5E-3 left shifting one's 
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into 7D. The 8 bit register 7D provides the bandwidth switching capacity in 
sync operation requiring 8 good sync comparisons to achieve sync or 8 bad sync 
comparisons to lose sync. 

IC 3G is a comparator that sets the latch on the leading edge of the 
received sync input. This latch is enabled about 25 ysec before sync time. 
IC's 4G-8 and 5D-6 allow only the rising edge of received sync to enter into 
sync comparison. 

The NE555 IC 6E is a one shot used to force antenna modems to receive 
after a prolonged loss of sync. The 1200 MHz carrier, modulated with 5 MHz 
is transmitted from the control station only during command time as determined 
by the control room L8. The remote L8, which uses the 5 MHz modulation as 
received sync, can "Look" for this carrier only when remote modems are in 
receive which is controlled by the antenna L8. A gross timing error in the 
antenna L8 will result in antenna receivers never being on during a 5 MHz sync 
burst. The NE555 timer will, after loss of sync of about 20 seconds, force 
antenna modems to receive for about 1 second insuring reception of several 
5 MHz sync bursts. Once initialized the antenna L8 can take over and turn 
remote modems to receive at the proper time for the 5 MHz sync pulse and 
normal operation will result. 

Also within the L8 module is some logic that provides phase reversal 
information for the fringe generator. This circuit decodes command and 
monitor channel addresses from the Digital Communication System into registers 
10A, 10B, and 10C. This digital data is supplied to the fringe generator one 
bit each 19.2 Hz frame from registers 9A, 9B, 9C. An echo output is supplied 
back into the Digital Communication System thru Gate 10G-3. 
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IV. ADJUSTING AND SERVICING 
Servicing the L8 may be accomplished with the L8 automatic test 

fixture. This test fixture will accept either a card or module L8 (But 
Not Both) and provide for a GO/NO GO test. Both +5 and -15 VDC are required 
for this test fixture. Below is a complete checkout procedure for using the 
L8 Auto Test fixture: 

Step 1. Plug card or module into test fixture. 
Step 2. Apply +5 VDC +0.10V @ 1A and -15 VDC +0.1V @ 250 mA to the 

test fixture. 
Step 3. Master/Slave switch to Master, allow for ~20 second time out, 
Step 4. Press, release reset switch, all lamps go off and remain 

off. 
Step 5. Switch Master/Slave switch to Slave Position. Only after 

about 20 seconds the sync error lamp will go off. 
Step 6. Press, release reset switch - all lamps go off and remain 

off. 
Step 7. Re-initiate the sync-up process several times to insure 

proper sync-up capacity by pressing the sync re-initiate 
switch (reset errors after each time with the reset switch 
after the sync error lamp has gone out). 

The error lamps on this fixture are latched errors and any momentary 
error will be latched on, thus if intermittent errors are suspected let the 
unit play for long periods of time. 
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v. L8 TROUBLESHOOTING NOTES 

The most complex operation performed by the L8 is in acquiring and 
maintaining synchronization. Failure of other L8 functions, such as loss 
of a specific signal, should be straightforward and troubleshooting and 
repair will present no problems. The complexity of a X3 multiplier in the 
divider string, however, makes the acquisition of sync a difficult process 
to troubleshoot. 

Some prerequisites are necessary before an antenna L8 can be expected 
to acquire sync: 

1) 0 dBm 5 MHz sinewave from the LO system. This signal 
provides the central clock for all L8 functions. 

2) 5 MHz phase-lock-loop in lock. Initially this PLL cannot 
be phase locked to the control room master oscillator since it is the L8's 
function to provide its track/hold timing. However, once the L8 has received 
a single sync pulse (which may have to wait for the NE555 timer circuit 
discussed earlier to command a prolonged receive condition in the antenna 
modem) the L8 should be within a few hundred nanoseconds of its correct 
timing and will yield a 5 MHz track/hold signal sufficiently close to allow 
5 MHz PLL lock. Only after stabilization of the 5 MHz PLL can sync acquisi-
tion by the L8 be completed. The symptom displayed at the L8 if 5 MHz PLL 
never locks is a blinking sync light. The blink rate will be at the beat 
frequency between master and remote 5 MHz oscillators. If this beat frequency 
is above about 2.5 Hz the L8 will remain permanently out of sync. 

3) Sync pulse. This sync pulse is the demodulated 1200 MHz 
carrier as detected at the antenna. It's amplitude must be above the threshold 
of the LM360 comparator (0.3V) and if it dips below threshold after its 
initial rise it must stay below threshold for the duration of the sync pulse. 
To desensitize the sync acquisition process to spikes or noise on the sync 
line a sync window is opened only 25 microseconds prior to an expected sync 
pulse (as defined by the output of a pulse at Gate 5D-3). Thus if the L8 
ever "sees" the rise back above threshold of a sync pulse it will never "look" 
more than 25 microseconds prior to this on successive cycles and may be trapped 
in the valley so to speak. Spikes that occur at a 19.2 Hz rate, or that occur 
in the 25 microsecond window can also prevent proper synchronization. 
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The extended 1200 MHz Carrier On signal at the master L8 will result in 
a very long sync pulse (50 msec) if the control room modem is manually switched 
into permanent transmit. Since the L8 can only move by 25 microseconds per 
19.2 Hz cycles under such conditions an extended sync-up period will result. 
Once synchronization is achieved, however, normal operation will result. 

4) Correct timing of the sync pulse. The sync pulse should 
be timed relative to the internal 5 MHz clock in the L8 such that no race 
exists at the three places it must be captured. Flip/flop 4G-9 must capture 
the latch output that is set by the sync pulse rising edge. The flip/flop 
4F-5 must also capture this same edge after several more levels of gating. 
The IC 7D must also capture this edge at pin 1. In each case capture is on 
falling edge of 5 MHz clock (rising edge of clock not). Only the leading 
edge of the sync pulse must be timed properly with respect to 5 MHz. 
Trailing edges are IC propagation delays and are raceless. 

Two main problems are encountered in troubleshooting the L8, the low 
rep-rate (19.2 Hz) combined with the close timing (50 nanosecond) and the 
three in one wobble in the 19.2 Hz signals. No good way exists to over-
come these handicaps. Long exposure photographs can offset the low-rep 
rate and using the the 1200 carrier on signal for scope sync can reduce 
the inconvenience of the 6.4 Hz component in some 19.2 Hz signals. 

One additional problem in working on an L8 trying to acquire sync is 
that the reset pulses which occur each 19.2 Hz cycle render most signals 
unstable cycle to cycle. Hence this connection (pin 76 to 78 of the PC board) 
must sometimes be broken to stabilize the unit. 
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REVISION SHEET 
BILL OF MATERIALS 

REV 
LTR 

DESCRIPTION OF CHANGE DRAWN 
BY 

DATE APPRV'D | 
BY 1 

DATE 

. 

i t ' ! . j' i L i. : 

r ^ j ^ z k i.T 

NATIONAL RADIO ASTRONOMY OBSERVATORY IPROJ- V L A 
I T I L E : D i M T A J L D I V I D & R A S S E M B L Y 
" 1 8 W M O D U L E : IDWG.NO. A 1 3 2 3 0 Z f e 



BILL OF MATERIAL 
NATIONAL RADIO ASTRONOMY OBSERVATORY 

[><] ELECTRICAL • MECHANICAL BOM # M 3 2 3 Q 2 6 REV DATE 3 / 7 S PAGE 1 OF 

MODULE # L 8 NAME PTGITAU P V I D & R DWG # D13Z3QP& SUB ASMB DWG # 

SCHEMATIC DWG # P 1 3 2 3 Q L . 6 LOCATION QUA/SYSTEM PREPARED BY JOB GRAY APPROVED jKf 

ITEM # REF 
DESIG 

MANUFACTURER MFG PART # DESCRIPTION TOTAL 
QUA 

1 N.R.A.O. A 1 3 2 3 0 I . 6 DIGITAL DIVIDER A S S 1 * 

2 

3 N . R . A . O . A L 3 E 3 0 2 3 8 C O N T R O L B O A R D ASS'YC 1 

4 

5 V I K I N G 3 Y U 5 0 / 1 J N 5 LOO PIN) C A R D EDGE: CONN. I 

<o A M P SPECIAL INDU5T. 2 0 4 1 S 6 - 5 4 2 P I N MODULE CONN. I 

7 202 3 9 4 - 2 C O N N E C T O R S H I E L D I 

6 1 0 1 3 5 1 - 3 3 4 P I N M O D U L E C O N N . 1 

9 2 0 2 4 3 4 - 4 C O N N E C T O R S H I E L D 1 

J.0 2 0 4 L S S - I C R I M P PIN) 4 1 

I I 2 0 1 1 4 3 - 5 COAX. C A B L E CONN. 6 

12 2 0 0 8 3 3 - 4 G U I D E P I N 1 

13 L I 2 0 3 9 & 4 G U I D E S O C K E T A 

14 AWP SPECIAL INDUS! 2 0 2 5 1 4 - 1 G R O U N D GUIDE- PRN 

15 C R u b w l s t t p a c m r d 5 0 Q 2 - 4 8 & 0 PANEL MT&. L.E.D. 1 



| | ELECTRICAL MECHANICAL 

BILL OF MATERIAL 
NATIONAL RADIO ASTRONOMY OBSERVATORY 
BOM # A l 3 2 3 Q 2 & REV DATE PAGE 2 OF 2 

ITEM * REF 
DESIG 

MANUFACTURER MFG PART # DESCRIPTION TOTAL 
QUA 

l<2> N . Q . A . O . B 1 3 2 3 0 M S 1 F R O N T P A N E L 1 

17 C 1 3 2 3 0 M 6 2 L E F T S I D E P L A T E 1 

18 B I 3 0 5 0 M 3 t o p $ b o t t o m b * r s a ^ r e i 2 

L9 C 1 3 0 5 0 M 1 P E R F O R A T E D C O V E R i 

20 B 1 3 0 5 0 M H C O V E R M T b . W D W R E r 2 

21 B 1 3 O 5 0 M 3 2 R E A R P A N E L 1 

22 w . r ' a . o . B 1 3 0 5 0 M 4 R E A R G U I D E 2 

2 3 A M A T O M 8 I 5 8 - A - 0 4 4 0 # 4 - 4 0 X % L e . THR'D. STANDOFF 4 

24 # 4 - 4 0 x.25 L6. ST.STL., FLT. W D . SIQTT.MACU.SCR. 4-

25 # 4 - 4 0 X . 2 5 L6. sr. s r i . , M N HD. SLOTT., MACUSCR. 2 

2 6 # 4 - 4 0 X ,25 L6. NYLON, PAN UD. SLOTT. SCR. I 

27 * 6 - 3 Z x . 2 5 LG. ST. STL., FLT. LD. SLOTT. MACU.6%. a> 

23 # 6 - 3 2 * . 3 8 US. 5T, S T L . FLT. UD. SLOTT, M A C t i & Z . z 

29 # b - 3 2 X . 6 2 L6. 5T. SVL.,PAN blD. SLOTT., MACU. &I?. 2 

30 # 6 - 3 2 x.15 LO. St. S V L , M N HD. SLOTT., MACU. SCR. z 

31 * 6 - 3 2 X . 3 3 L6. 51 S T L , USX SOC. NDl CAR SCR. z 

3 2 S O U T H C O * 4 7 ' t 0 - 2 0 4 - i 0 CAP S C R . z 



REVISION SHEET 
BILL OF MATERIALS 

REV 
LTR 

DESCRIPTION OF CHANGE DRAWN 
BY 

DATE APPRV'D 
BY 

DATE 

A 
REMOVED ITEM NO. iZ 

ITEM NO. 27 WAS 6.2 MEG RESISTOR 
ADDED ITEM NO 52 

J.Gray 4/6/75 

B 
ADDED ITEMS NO. 28, 53, 55, & 56 
QUANTITIES FOR ITEMS; 16 was 1 reqd. 

23 was 3 reqd. 
43 was 2 reqd. 
44 was 2 reqd. 

REMOVED ITEM 3 

J.S.G. 3/26/7 1 

1 % 

M I S l w 

NATIONAL RADIO ASTRONOMY OBSERVATORY IPROJ: VUA 
TITLE: COVrQOL 604*0 
ttL&" DIGITAL D I V I D E MODULE: DWG.NO. A 1 3 2 3 O Z 3 0 



BILL OF MATERIAL 
NATIONAL RADIO ASTRONOMY OBSERVATORY 

fXl ELECTRICAL Q MECHANICAL BOM # A j 3 Z 3 0 I 3 6 REV B DATE 3-Z&-TC* PAGE 1 OF 

MODULE # 16 NAME DIGITAL DIVIDER MODUL6 DWG # 61323016 SUB ASMB CONTROL BOARD SUB-A55Y. DWG # D1323QP42 

SCHEMATIC DWG # Pi32SOL3 LOCATION QUA/SYSTEM PREPARED BY JOE GRAY APPROVED jf^l C ^ r v ^ L 

ITEM # REF 
DESIG 

MANUFACTURER MFG PART # DESCRIPTION TOTAL 
QUA 

J n. p. a. o. A 1 3 2 3 0 2 3 3 DIGITAL DIVIDER CONTR. 3 D . fiSS'Y. 

2 

3 

4 

5 E . M . C . 1 7 9 O F - 3 6 9 
z WRAP VERSION OF N.B.A.O. 
WRAP BOARD, NO. D I S S Z O M l - A i 

<o COMPONENT MFG. SERVICE R 1 0 0 6 - 1 6 COMPONENT MTG, PLATFORM 2 

7 COMPONENT MFG. SERVICE R i O O Q - 14 COMPONENT MTG. PLATFORM Z 

8 ne 
8l31-(S)-A050-

&51-193Z 
RED CAP CAPACITOR, .019 u f , 5 0 V 20 

9 8121-05O-651-413M , . 0 4 1 v f L 

lO \ f 81Z1-050-651-4KM , . 0 0 4 1 / j f 1 

11 E R I E B121-050-&51-104M \ , 0 . 1 M f L 

12 

13 CORNING COMPONENT INC. S l O G A C A P A C I T O R , l O j u f , 25 V 2 

14 K E M E T C 5 1 3 B D Z 2 6 K C A P A C I T O R , 1 2 / J f , 15V i 

IS ARCO C M 4 F D 1 U J 0 3 C A P A C I T O R , U O p f J 



BILL OF MATERIAL 
NATIONAL RADIO ASTRONOMY OBSERVATORY 

[>T| ELECTRICAL • MECHANICAL BOM *A1323Q138 REV fi DATE PAGE 2 OF 4 

ITEM # REF 
DESIG 

MANUFACTURER MFG PART # DESCRIPTION TOTAL 
CUA 

i<& ERIE- 6lOi-050-b5l-<f7lM CAPACITOR, 470pf 2 
17 C R MOTOROLA IN4733 SEMICONDUCTOR DIODE 2 

13 L M I L.\_e.R 9 Z 3 0 - 2 . B INDUCTOR7 2.2^/7 2 

29 L 9 2 3 0 - 4 4- INDUCTOR, lOjuh 2 
20 R RCR32211-S5 RE51 STOR, 270jl,1W- 2 
21 R RCROS331~S5 , 330sl , Vq r/ 2 

22 R RCR05510-S5 ,51 A , 1/QW 3 

23 R RCR05102-S5 2 

24 R RCR05472-55 , 4.1 K, V& W J 
25 R RCROSIS3-S5 2 
2b R RCR05473-55 2 

21 R RCR05564-S5 RBS15TOR , 560 A< , IV i 

26 R RCR05103-56 ^ , LOt, '/a<H 7 
U FAIRC MILD 9LS109 DUAL J-K FLIP-FLOP 2 

30 U 74L574 DUAL 4-INPUT NAND GATE 2 

a u 7 4 5 7 4 DUAL D FLIP-FLOP 2 

32 u FAIRCUILD 9 3 U 6 4 Slf BINARY COUNTER 6 



BILL OF MATERIAL 
NATIONAL RADIO ASTRONOMY OBSERVATORY 

ELECTRICAL MECHANICAL BOM # A1323Q233 REV 6 DATE PAGE 3 OF 4 

ITEM # SEP 
DESIG 

MANUFACTURER MFG PART # DESCRIPTION TOTAL 
QUA 

33 M r L seu 7 C O N D U C T O R 74L02 QU40 2 INPUT NOR GATS 2 
34 74LSS6 QUAD EX-OR GATE i 

35 if LM3GO COMPARATOR 3 
36 K/AVL. SEMICONDUCTOR 555 TIMER 1 

37 

33 TEXAS INSTRUMENTS 74 Li 3 aIT SHIFT RESISTOR 3 
39 74 Li 54 4 T O l<b DEMUX i 
4o 1400 QUAD Z INPUT NAND GATE 1 

41 74LS04- HEX INVERTER Z 

42 74LS03 QUAD 2 INPUT AND GATE 2 

43 7 4 L 5 2 1 DUAL 4 INPUT AND GATE 3 
44 74L513 DUAL J-K FUP-PLOP a, 

45 14L5ZO DUAL 4 INPUT NAND GATE I 

46 7437 QUAD 2 INPUT DRIVER I 

47 7 4 3 8 QUAD Z INPUT NAND GATE I 

46 74123 QUAD 50 ONM LINE DRIVER d 
49 TEXAS INS TRUMENTS 74165 3 BIT SHIFT REGISTER 3 



BILL OF MATERIAL 
NATIONAL RADIO ASTRONOMY OBSERVATORY 

• ELECTRICAL Q MECHANICAL BOM # A1323QZ3Q REV B DATE 3-Z&-7& PAGE 4 OF 4 

ITEM * REF 
DESIG 

MANUFACTURER MFG PART # DESCRIPTION TOTAL 
QUA 

1 

50 u TEXAS INSTRUMENTS 
1 7 5 / 6 3 DUAL DIFFERENTIAL DRIVER I 

51 u 1 141^3 3 BIT SNIFT REGISTER 1 

52 a T&X4S INSTRUMENTS 74LSOO QUAD 2 INPUT FO5. A(AND G4TB I 

53 u I 142<Z>S 

54 

£5 R RCR0S104-S5 RESISTOR, iOOtC, 'few L 

56 R RCRQSZ21-SS ) , 22QSX., >/Q N I 

57 
5S 

... 


