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FRONT-END DATA LINK
(FEDAL)

Richard J. Lacasse

1.0 Introduction

Monitor and control of a receiver front-end from the telescope control
room has traditionally been done using several multiconductor cables. Limita-
tions of such systems include reliability, since operation depends on many
cable elements, and cost. This report describes a system which ameliorates the
receiver monitor and control problem in terms of both cost and reliability.
Consisting of two identical FRONT-END DATA LINK (FEDAL) subsystems, the system
digitizes all monitor and control data and transmits it digitally over four
doubly redundant, optically-isolated twisted pairs. Thus, four twisted pairs
replace up to 128 cable elements to form a reliable, cost-effective monitor and
control medium.

This report presents FEDAL block diagrams, specifications, theory of op-
eration, schematics, and user interconnections. Another document, the FRONT-
END DATA LINK USER'S MANUAL, provides the information required for customizing
a FEDAL, giving documentation on the system firmware and on board and chassis

testing.

2.0 System General Description

A partial, simplified system block diagram is shown in Figure 1. The
system is composed of two identical devices, one in the receiver box and one
in the control room. Each device is capable of digitizing 32 analog channels,
limit checking each channel, reading 32 digital inputs, formatting, and trans-
mitting all this information, as well as receiving and displaying similar in-
formation from the second device. The information is sent over redundant,

optically-isolated twisted pairs. Several diagnostic tests are performed at



power-on and during operation, to monitor the condition of the hardware

quality and quantity of received data. Delay through the system varies

to 40 milliseconds.

This section details the system specifications.

General ...... Figures 2, 3 and 4 show the FEDAL physical layout.
Note that access to all boards and power supplies
can be gained by lowering the front panel.

Width ....e... 19 in (48.2 cm)

Depth ........ 12 in (30.4 cm) including front panel handles and
rear panel connectors.

Height ....... 7 in (17.8 cm)

Weight ....... 24 1b (10.8 kg)

Connector Pin Assignments: See Tables 1 through 5.

3.0 Specifications
3.1 Mechanical
3.2 Analog Input/Output

3.2.1 Analog Input

Number of inputs: 32

Quantization: 12 bits

Input voltage reference: One 'pseudo-ground" is brought
out of the chassis for connection to the common voltage
reference of the 32 input signals. Internally, it is
connected to the inverting input of an instrumentation
amplifier.

Max input or pseudo-ground voltage for linear operation:
T 1o V.

Max input differentialvoltage: + 10 V.

Input and pseudo-ground overvoltage protection: =+ 22 V,

Input common mode rejection with 1 K source imbalance:
2 75 dB from DC to 60 Hz.




3.2.1 Analog Input (continued):

3.2.2

Input sampling rate: 25 Hz, typical; 22 Hz, minimum.

Max input current: < 100 na, 0 £ T £ 55°C, -10 £V < +10V

Recommended source impedance: = 1 KQ
(Larger impedances degrade common mode rejection.)

Analog Output

3.2.3

Number of outputs: 32 dedicated to inputs, plus 4 monitors.

Quantization: 12 bits

Output voltage range: + 10V

Output current capability: ts mA, minimum.

Short circuit duration: Indefinite to ground.

Output impedance: 0.05 Qtypical

Analog System

System error for DC inputs, analog input through link to
analog output: < 5 mV at 25°C, £ 35 ppm/°C tempco

Input to output delay through link: < 45 ms

Monotonicity: Guaranteed.

Limit testing: Each analog input is tested against high
and low voltage limits programmed in ROM 10A. Results
of these tests are stored and transmitted as '"Limit Bits'.
Default limits in V1.0-RJL ROM are -9.995 V and +9.991 V.
These limits may be reprogrammed by the user as described
in the Front-End Data Link User's Manual.

Digital Input/Output

3.3.1

Digital Input

Number of inputs: 32

Input source characteristics: Four diode multiplexed banks

of eight switches as shown in Figure 5, or four groups of
eight tri-state gates as shown in Figure 5, or any combina-
tion of diode multiplexed switches and tristate gates.

Input sampling rate: <2 22 Hz




3.3.2 Digital Output

Number of outputs: 32

Drive capability: High Output:
Low Output:

IA 1V

onN
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3.3.3 Digital System

System delay from digital input through link to digital
output: = 45 ms

Output bit mapping: Local digital outputs 0 through 15
are always obtained from remote digital inputs 0
through 15.

Local digital outputs 16 through 31 are obtained either
from remote digital inputs 16 through 31 or from re-
mote limit bits 0 through 15 (reference section 3.2.3).
Selection of these two alternatives is accomplished as
shown in Figure 7. Mapping of Limit Bits to Digital
Outputs is shown in Table 3, sheet 2.

Limit bit polarity: Out of range is indicated by a high
output.

3.4 Remote Analog Voltage Monitors

Number of monitors: 4

Output voltage range: T 10V

Location of monitors: Two are on the FEDAL front panel wired to
meters and BNC connectors. Two are available to the user via
rear panel connectors.

Connection of user monitors: See Figure 8.

Monitor channel selection: Digiswitches select channels 00 to 31.
Channel 31 is the default for switch values greater than 31l.

Out of range indication: The front panel digital voltmeter is
blinked when an out of range condition exists in the selected
channel.

3.5 Front Panel Status/Error Display and Display Select Switch

A front panel display enhances system reliability by giving the user
a variety of information on the FEDAL's performance. Three switch
positions give access to three types of information as described belo
The information from the remote FEDAL unit is transmitted over the
same communication link as the monitor and control data and is update
at the same 20 to 45 ms rate. The remote display is blanked until a
good data frame is received from the remote unit.



3.5.1 Switch in STATUS Position

The FEDAL performs a self test at power-on. Error condi-
tions detected during this self test or during routine
operation are displayed with the select switch in

status position. A status value of @@ means no errors have
been detected. Error conditions are described in Table 6.

3.5.2 Switch in COMMUNICATIONS ERRORS Position

The FEDAL keeps a running count of communications errors de-
tected in the received data. The count is incremented each
time a sync word is expected but not detected. A stable
count indicates that the link is performing satisfactorily.

3.5.3 Switch in RESTART ERRORS Position

During normal operation the FEDAL controller pulses an "auto-
reset circuit" every 40 ms. If the program is somehow dis-
rupted, this circuit will probably time-out and reset the
controller. A hardware counter increments each time the con-
troller is reset, and its count is displayed with the select
switch in this position. A stable count indicates normal

Sufficient hardware is built into the FEDAL to enable simple RS232
communication. Drivers and receivers, for DATA OUT and DATA 1IN,
respectively, and an Asynchronous Communications Interface Adapter
(ACIA) are provided. Drivers and receivers for handshaking are not
provided, but there is ample room on the board to add them as re-
quired. However, no RS232 communications firmware is provided in
the V1.0-RJL ROMS. Instructions for adding such firmware are given
in the FRONT-END DATA LINK USER'S MANUAL. Baud rate is selectable
by changing jumpers on the MP board. (See Figure 20.)

operation.
3.6 RS232 Communication
4.0 Theory of Operation

This section supplements the general description given in Section 2
by detailing the theory of operation. First, analog and digital data
are tracked through the system from input to output. Then several
miscellaneous functions are discussed.

The system consists of two identical units. For descriptive purposes,
one is dubbed remote and the other local. This section describes
data acquisition by the local unit with transmission to the remote uni
where it is displayed, as pictured in Figure 1. This system is com-
pletely symmetrical and the following description can be applied
equally well to remote acquisition and local display simply by ex-
changing the words remote and local.



4.1 Analog Acquisition

Analog input signals are routed from the local rear panel connector to
the local analog input board multiplexers shown in Figure 9. The local
FEDAL controller sends signals through the LS377 on Figure 9 and the
LS138 on Figure 10 to select one signal to be routed through the multi-
plexer to the instrumentation amplifier. PSEUDO-GND from the user goes
to the inverting amplifier input through a 240 Q resistor whose purpose
is first to match the impedance of the multiplexers for improved common
mode rejection and, second, to protect the low-leakage, over-voltage
protection diodes. The amplifier drives the 12 bit ADC shown in Figure
10. Offset and gain adjustments are provided for the ADC. A convert
signal, initiated by the FEDAL controller, through the LS138, starts

the conversion process. When a conversion process is initiated, the

ADC status output goes high. It returns low at the completion of the
conversion process, regardless of whether or not the t 15 V supply is
on. The opto-isolator circuit in Figure 10 gives an indication of the
state of the ¥ 15 V supply, and is used to gate the STATUS signal sent
to the controller, giving it some indication of problems with the supply
or ADC. The controller reads the digitized outputs by enabling the tri-
state output buffers.

The controller usually operates the Analog Input Card as follows:
First, it selects input zero on the multiplexer. Then it waits at
least 170 ps to allow the input to the ADC to settle, and gives a
start command. Having initiated the conversion process, it reads the
status output until either a conversion complete is indicated or a
programmed time-out occurs. Subsequently, it converts input channels
1 to 31 similarly. Each channel is tested against high and low limits
programmed in EPROM.

User digital inputs are multiplexed into the local controller in groups
of eight. The inputs must be arranged as shown in Figures 5 and/or 6.
The receiver, located in the local chassis, for these inputs is shown
in Figure 22; it consists of eight comparators biased at 3 volts, and a

4.2 Digital Acquisition
tri-state buffer.
4.3 Formatting

The local controller formats the analog and digital data, the informa-
tion on the analog limit checks, and the local status and control infor-
mation into frames for transmission to the remote site. Details of the
format are included in the FRONT-END DATA LINK USER'S MANUAL. The local
Asynchronous Communication Interface Adapter, Figure 13, further encodes
the data, adding start and stop bits for serial transmission.

Data is transmitted over redundant 50 @ shielded twisted pairs. The
local line drivers are shown in Figure 15. The resistors make the driver
impedance roughly 50 Q, limit the rise time on the cables, and provide
short circuit protection.



4.5 Reception

The two remote link receivers are shown in Figure 14. Each receiver con-
sists of a pair of 66.5 Q resistors, a pair of 0.01 WF capacitors, an
MV50 LED and a 6N137 opto-isolator. The resistors and capacitors opti-
mize the receiver for about 400 feet of the 50 Q twisted pair cables com-
monly used in Green Bank. Steady state current through the opto-isolator
diode is provided by the resistors, and the capacitors critically damp

the current. The MV50 provides reverse polarity protection for the opto-
isolator's input diode. The two receivers are OR-tied and the 74LS74
flip-flop allows only one of the two to be active at any time.

Complete redundancy is provided by the transmitter/receiver so that only
one of the two data channels needs to be operational for the link to func-
tion properly. The controller tests both channels during initialization
and alternates between channels until good data is found. The user is
notified, via the STATUS word, of a bad channel.

4.6 Decoding

The serial bit stream is routed to the remote ACIA, which does the serial
to parallel conversion and interrupts the controller each time a byte is
received. The controller decodes the byte stream by finding patterns of
sync words in the byte stream and ensures the quality of the data by com-
puting the frame's checksum and comparing it to the received checksum.

oS
.
~

Output and Display

Locally acquired analog and digital data are output remotely in analog
and digital forms, respectively. The output system consists of three
identical cards, each residing in a separate address space of the con-
troller. Each card contains 12 Digital-to-Analog Converters (DAC's) with
associated latches (Figures 30 through 35) for analog output and 16
latches and associated drivers for digital output (Figure 29), as well as
some decoding logic (Figure 29).

All of the outputs of the top two output boards in the chassis are dedi-
cated to user outputs. However, the third, bottom-most card is required
for only eight analog and no digital outputs to form the system comple-
ment of thirty-two of each. Two of the "extra'" DAC's drive the FEDAL
front-panel meters and the other two are available to the user as
switch-selectable monitors. (See Section 3.4 and Figure 8.) A few

"extra" digital outputs are used for internal FEDAL control purposes,
and the rest are truly spare.

4.8 Miscellaneous Functions

4.8.1 Microprocessor

A Motorola 6809 CPU (Figure 11), a 1K RAM (Figure 17), and two
2K EPROMS (Figures 17 and 18) comprise the basic microprocessor
control system. The 6809 non-maskable interrupt is dedicated
to the link ACIA to ensure link reliability, while the IRQ in-
terrupt is dedicated to the user ACIA. The system clock rate is
1 MHz.



4,.8.2 Power-On Reset

The power-on reset circuit (Figure 11) consists of a one-shot,
triggered by the rise of the 5 V supply, that resets the micro-
processor about 0.1 sec after power-on.

4.8.3 Auto-Reset

Consisting of two one-shots, the auto-reset circuit (Figure 12)
provides a hardware reset for the microprocessor if the program
goes awry. The first one-shot is pulsed by the microprocessor
each time it goes through the main program loop, approximately
every 40 ms in normal operation, keeping it set. If the program
goes awry and the one-shot is not pulsed within 200 ms, it goes
to the reset state, triggering the second one-shot which gives a
reset pulse to the 6809 processor.

4.8.4 Select Logic

The address lines of the 6809 processor are decoded by the 74LS-
138 decoders and associated logic shown in Figures 25 and 26.
Select pulse width is approximately 750 ns. A summary of select
signals and corresponding high order address bits is included in
Figure 24.

4.8.5 Restart Error Counter

In addition to resetting the microprocessor, the auto-reset cir-
cuit clocks an eight bit, tri-state output counter (Figure 27) to
give the user some indication of how often the program runs awry.
The counter is cleared by the power-on reset pulse. The counter
is read by the microprocessor and transmitted along with all the
other data on the link. It can also be displayed on the FEDAL
front-panel display by selecting RESTART ERRORS with the 3-posi-
tion rotary switch.

4.8.6 Logic Analyzer Interface

The address and data busses are brought out to the last (Z)

row of the MP card (Figure 28). This provides easy access to
these important signals for debugging and development purposes,
using a logic analyzer.

Further Documentation

In addition to the schematics incorporated into the text of this report,
other documentation is available. Appendix A of this report contains
parts lists, board layouts, and ROM listings. Wirelists for all boards,
and the chassis, are on the Pandora System, data set name ELECTR.GRNBNK.
PANDORA, member names FEDALIN, FEDALMP, FEDALOUT, and FEDALWI. The
FRONT-END DATA LINK USER'S MANUAL includes all the firmware listings

and instructions for modifying it, and test procedures for all boards
and the chassis.



Interconnecting two Front End Data Link Chassis using fiber optics
would be a reasonably straightforward and useful project. Several
TTL to fiber optic transmitter/receiver modules are presently on the
market, and the link transmit and receive signals are available in
TTL on the controller (MP) card. Picking suitable cables and con-
nectors for a telescope environment is also a non-trivial part of

One Front End Data Link Chassis can also be used as a data acquisi-
tion and output device for a computer with RS232 capabilities. Some
of the FEDAL firmware would have to be reworked, and an appropriate

6.0 For Future Development

this task.

driver written for the computer.
7.0 Acknowledgements
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Connector: 56 Pin, Panel Mount Elco, expc

Pin Function

A Analog Input 31
B 4 4 30
C 29
D 28
E 27
F 26
H 25
J 24
K 23
L 22
M 21
N 20
P 19
R 18
S 17
T 16
U 15
v 14
W 13
X 12
Y 11
Z 10
a 9
b 8
c 7
d 6
e 5
£ 4
h 3
j 2
k v $ 1
2 Analog Input O
m Pseudo Ground

Table 1: Analog Input Connector Pin Desig
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nnector: 25 Pin, D-Type, Fem

Pin Function
1 Ground
2 RS232 Out
3 RS232 In
6 DSR
7 Ground

RS232 Interface Connector Pin
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Connector: 56 Pin, Panel Mount Elco, Protected Pins

Pin

N < X &= < € 8 tvnn ® v 2 2 R m@m = &8 98 0w >

1]

‘able 3:

Function

Link Receiver Channel ¢ +
Link Receiver Channel § -
Link Transmitter, Channel @ +

Link Transmitter, Channel §

Link Receiver, Channel 1 +
Link Receiver, Channel 1 -
Digiswitch Input MSD 8

Link Transmitter, Channel 1 +

Link Transmitter, Channel 1
Digiswitch Input MSD 4
Digiswitch Input MSD 2
Digiswitch Input MSD 1
Digiswitch Input LSD 8
Digiswitch Input LSD 4
Digiswitch Input LSD 2
Digiswitch Input LSD 1
Digiswitch Select Line DWS2SEL-
Digiswitch Select Line DSW3SEL-
Digiswitch Select Line DSW4SEL-
Digiswitch Select Line DSW5SEL-
Toggle Switch Select Line TSW3SEL-
Toggle Switch Select Line TSW2SEL-
Toggle Switch Select Line TSW1SEL-
Toggle Switch Select Line TSW@SEL-

Digital Input/Output Connector Pin Designatio
(Sheet 1 of 2.)
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nnector: 56 Pin, Panel Mount Elco, Protected Pins

continued:

Pin Function

c Digital Output 31/Limit Bit 8

d Digital Output 30/Limit Bit

e Digital Output 29/Limit Bit 10

f Digital Output 28/Limit Bit 11

h Digital Output 27/Limit Bit 12

h| Digital Output 26/Limit Bit 13

k Digital Output 25/Limit Bit 14

L Digital Output 24/Limit Bit 15

m Digital Output 23/Limit Bit @

n Digital Output 22/Limit Bit 1

P Digital Output 21/Limit Bit 2

r Digital Output 20/Limit Bit 3

S Digital Output 19/Limit Bit 4

t Digital Output 18/Limit Bit 5

u Digital Output 17/Limit Bit 6

v Digital Output 16/Limit Bit 7

w Digital Output 15

X Digital Output 14

y Digital Output 13

z Digital Output 12 Note that
AA Digital Output 11 pins ¢
BB Digital Output 10 through £
ce Digital Output 9 serve dual
DD Digital Output 8 functions
EE Digital Output 7 and are
FF Digital Output 6 selected as
HH Digital Output 5 shown in
JJ Digital Output & Figure 7.
KK Digital Output 3

LL Digital Output 2

MM Digital Output 1

NN Digital Output @

le 3: Digital Input/Output Conector Pin Designations.

(Sheet 2 of 2.)
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.onnector: 56 Pin, Panel Mount Elco, Protected Pins

Pin Function

Analog Output @
Return

Analog Output 1
Return

Analog Output 2
Return

Analog Output 3
Return

Analog Output 4
Return

Analog Output 5
Return

Analog Output 6
Return

Analog Output 7
Return

Analog Output 8
Return

Analog Output 9
Return

Analog Output 10
Return

Analog Output 11
Return

Analog Output 12
Return

Analog Output 13
Return

Analog Output 14
Return

Analog Output 15
Return

User Analog Monitor @
Return

User Analog Monitor 1
Return

Q
OggNﬂmﬂ"USENW&O T NHKNES<CIYWZ2CORcHEHEUO® >

ble 4: Analog Outputs 0-15 Connector Pin Designatio
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Connector: 56 Pin, Panel Mount Elco, Exposed Pin

Pin Function

Analog Output 16
Return
Analog Output 17
Return
Analog Output 18
Return
Analog Output 19
Return
Analog Output 20
Return
Analog Output 21
Return
Analog Output 22
Return
Analog Output 23
Return
Analog Output 24
Return
Analog Output 25
Return
Analog Output 26
Return
Analog Output 27
Return
Analog Output 28
Return
Analog Output 29
Return
Analog Output 30
Return
Analog Output 31
Return

TN RTODB PRANDOTN NS SCHOIOUZRICORGTOED O

ble 5: Analog Outputs 16-31 Connector Pin Design:
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itus Bit Error Condition
)] No data being received.
1 Spare.
2 Analog Input Board problem (or * 15 V supply).
3 Data Link ACIA problem (MP board).
4 Bad received channel (cable, local or remote MP board)
5 Bad RAM test (MP board).
6 Bad ROM test (MP board).
7 User ACIA problem (MP board or user device not ready).
Note: Status bits are encoded in hexadecimal for front panel

display, and should be read as follows:

Status Bits [ 7 [ 6 [ 5| 4 |3 ] 2| 1] 0 |
k———w S/ L \/._.;A‘mu-—"

Left Right
Digit Digit

For example: Status @1 means no data being received,

Status = 20) means bad RAM test, and

Status 85 means user ACIA problem and
Analog Input Board problem

and no data being received.

Table 6: Status Bit Decoding.



18

‘wool Toijuod 9yl ur Aeyd
=STP 103 X0Q I9AT9D091 dY3l ur eiep saaInboe weisdsqns eoTIuspr Uy °X0q I9AT9991 a9yl ur Aerdsip
J103 WOOI TOI3UOd 3yl uf uUOTITSINbO® :umoys sT wolsAs 9319Tdwod ® JO JTRY-2uUO ATuO ‘AITiBTD uom‘

‘weaderq ¥oOTqd PITITTAWIS MNIT VIVA ANI-INO¥d

T 40914
®
K] X04 ¥IATAOTY HOO0Y¥ 104INOD
q
8103 TUOK b
3oteuy 4 1
0
|
h
S9UDITMS N
30979§ ]
103 TUOR o}
s3andug
sandang SYIATHA sueaxls |}
q ®318
1231810 e —/ 1 Terass | 1 X (I reas I,
€ juepunpay
a | h
0 M | v
2 PO o] n s3ynduy
a S30LVI0SI .S
sandang XN T:2 ' ¥3IIsIL oav 8oTrUY
Soteuy (] um,wn t— ¢ . 0140 vOOWOA m LINIT aaxXon z€
4




19

MOTA JUOIj YUTT BIRQ PUF-IUOLF

¢ 1aNdId

h "

-

=

YIMOd

‘ £ 010

NO

YOLINOW 39V1T0A 90TYNY 310W3H

SHOMYI LY¥VIS3Y
SHO¥YI NOILVOIINNWKWOD »

snivis ®

310W3Y V201

NI ﬁEo N3 INOY3




20

MITA 1By

Jur e3eq pPud

€ J9NOI1Id

0/1 WLI9I0
wuwakx,ﬂ, 282 SH

SLN4NI 90TVNY

juoxg

Z'ON WIN3S




21

MOTA JUOIJ OPTSUI “YUTT BIRQ PUF-IUOILT

7 H4N9Id4

LLLELLL

FESUINNREENS]

Thbenaes




22

{1 Tsw3 SEL
{1 Tsw2 SEL
{] Tswl SEL
{7] TSw@ SEL
Digital Input @
S —_-M'—T__—D LSD1
. [J Lsp2
. [0 Lsp4
. [J LsD8
. [0 wMsp1
. : [J Msp2
. [J Msp4
- __.IQ {] MsD8
. FEDAL Digital I/O
. Elco Connector
" I¢
T
' l<}f Note: Diodes are
1N914 or
equivalent.
[./__..N_ qu
 —

Digital Input 31

FIGURE 5

A possible digital input configuration using switches and diodes



Digital Input @

]_ A—L—t "u-.ﬁ..
2 .Lt_h“
3 ot | Yo g
— ¢ — '%—‘ :
4 n—'t-t_!.' 3 '
5 “—Lt—l’.‘ - ‘
6 Yo
; “'LET’ I e
“J_E-_L. - T ; +
wts o
241 Lo §
8 bJLﬂt__h“.___q é ; :
9 l—ﬁ—%:ihuu -———; i %
poon
10 ot b -Yota... —t——t—e |
11 .__a_;t:_'-..,.. - ““"'-—-r'-—r—-‘
e e e s s e s 08 '&9_. : :
i g gy_'i_tj::, T S .,«1:_,_.,,.__4
14 j’é—t.—"—‘w.,. SN & ,.T__*i ;
O = et
ERNINS P R
L - n.2§.9_1 4 2
‘241 . ;
16 =t fp—Ye .4
17 ‘—H—E—!lu -
s e o
18 o—"tiu -
19 O—JI:E_'MQ.,_-
A Wb % A A R e i i . '
20 lI-A—% Yo 'y
21 tl-LtJ&‘ -
Yo
RS Y
" g .
et = e et e e ¥ -
‘241
24 gt R_""“"" —_—
25 A—Lt_';"_. —
26 .—"—t—'&u —— -
27 —= [ Ys 4qe.
28 'ré_t!:.,-.*.
29 ‘Q—t-'—.‘w
30

Digital Input 31

~Y] TSw3SEL

{2 Tsw2sEL

-a] TswiseL

{.] TSW@SEL

{T] Lsp1

45} Lsp2

—g] Lsp4

{p} Lsp8

MSD1

M} MsD2

—{L} MSD4

ii—k‘ MSD8

FEDAL
Digital
1/0
Connector

User-
provided
tristate
gates.

FIGURE 6

A possible digital
input configuration

using
tristate gates.




24

—@ DSW4 SEL-

U H| MsD8
1N914
FEDAL
Digital
1/0
Connector

Vote: Digital Output select requires switch ope:
or not implemented. Limit Bit Output se-
lect requires switch closed.

FIGURE 7

Limit-bit/digital-output select switch.



25

= —u] Dpsw2 sEL- ~
MSD
8 r—N—-— MSD8 FEDAL
4 _.44_ MSD4 Digital
2 —|d——  msp2 1/0
1 -—4(}—7 ——ﬁﬂ MSD1 Connector
- C
LSD
8 —4 1| ¢ ] Lsp8
4 4 - —R] LSD4
2 ¢ -{s] Lsp2
1 {4~ | | ¢{0 Lsp1 R
- C
[:] User Analog -
i Monitor @
¢ gg] Return FEDAL
' B V7t Analog
[ MSD
Outputs
8 __—*<F-J ! 0-15
& ) 5 User Analog Connect
2 ‘ giﬂ Monitor 1
1 —-{Q Return }
C
| LSD
| 8 ___FG____¢
4 G
2 )
C

-{V] DSW3 SEL-

User supplied digiswitches (Cherry T75-52M-2, or equivalent)
and diodes (1N914, or equivalent).

FIGURE 8

Connection of user remote analog voltage monitors.



6 TINOIA

2401 L3IHS ‘ON "9Ma
[ :A@ ¥ 0] A8°0ddV
28 -SI-b :31va] IS5VIY ‘A8 NOSQ @ AaN® 04n3sd
ANANI DOTVYNY SIS[h . 1€ NINV
$3NIT Y AYG GNZ LNO¥ 31411 w
AYOLYAY¥3SEO [
ANONOYLSY 0IQVYd TVNOILYN . [8 -
b
[]]
N 3
. 92 L
n A3
sz Lno Mn .
o] . |BC
voShNI 3V S3001Q L 491 xhu 7
Si- L4 .
o2
25 [T 91 NINVY
av [
IV o
(A A
ALY o (2133HS)
aN9  -A  +A Ni[gq ol NILVIW
2! L2 1 AN _
N3 i
a2 in 3 N
Si-  Si+ vi
90 @a[f—2%q 7 #3d
1v] 10k 184 190
21 2 \ 20 2d [T 28d ) 29a
€0 tafg €90 3 €9d
GN9 -A +A gV ho ha gl h8d n h80
v AN s80
2v 0z?] L 294
Ev (AVI) S+ S 499
N3 LLEST
Sic e sl..:..elm M..Z.Z(.
gz| Lno ”
8¢ -
L3 XNW ° =
H .
) .
IS Cad :
gs S GNINY




27

0T d9NdI4

240 ¢ 1L33KHS "ON "9Ma
‘AR A8°'0ddVv
g2 e
20s1 aNo 7 v
Lr.dNI DOTYNY < SLS 574 V< 8l =
€%NIT VAVA ONI LNOY¥H 1311, sL59% M_~n :mﬂo mrqik s i 13550y
AYO1VA¥ISEO Nos!. il N3 2ans) ——d o Mwwdnlmv ve =
ANONOYLSY OIQVY¥ TVYNOILVYN W aNo SINY ALV T 19 oot
R e o0 h
~ ¢ UY2En 51 S+
é
sl y, | _EWM 8 o M2 .
e e ...,_m 2 <E._mrz. weeh
Ooh2S1 0/d w Q)
[— 11
saq ¢ .,.n_A_oA govz l_ TFRAEE . ._. wn:,—\ (]
Lk $30Y1d b ‘L20° = Si,
133HS AQh
28a “5<7< zow T .- g ._n rsa
o
aNd ve
23 0051
o_,wmﬂ 13 1L 93ANOD 81 [3T o n SI- ¢ 59 ASI-
— - 12 _~:/_\ €hg
nMo MM 20 Jw m a.:m.m w“ 18 (8s5M ‘A0 LHOHS |1z [ZTH 104 s, L0+
180 %71 10 €l SH { T T
290 520  21fTT k2| o .:mh.xuz.huw o, T 4 o2 QNIﬁ bES
egqg €T €0 €IfTi | enlog| b | 0 L33HS) 3] N.i¥ St
h80 ‘T RO K1 cHl It @ 3ONVY A02 |hFE< NIDaY AN biC| biH| etg
sag €l so 24 ) TH[Re| & i 10— SI, > (20°
290 43190 240 | 92 ‘ T °*T hee
490 €g|Lo LIfZ 7il2| S 4ilg $1 e LW 8L 8iH %
WA 10° = v:Q..wM Si+e€ 1 @ ASI+
oz] SIN D sk
T S+ LIN L sox
2N 2IN|8BIW. BIN
3994g ‘£a
4 o Ay NIV |9 [ )\Mw M SsAX o2 %_<<w
M
aND 53 P L ssz
13 p— 21-9v08 2dV | Si+
- ! (A
gaa €| pO 1T evle| n L9 AVN_:
18a ] 10 tIfgy T wilk| €
284 <5 20 21fgr — S|S| 2 L %22
c€8qg €EFco g1 EI[LT 1|9 rLra(@sw L3S440 ¥V 10419 |21 7] N sl-
ones1 [S4 s FTTV PO 8hX gy
uea‘griLo Bival fTER?snLvLs NI ¥OLVWYYIWOY |11 1 YVV RS yop 135440
224 [S1- WODYNVY S1+ W03 910 21a5+ “vs+ | xeel "8 Y8z
oz| <2 51 L ot & L Si+
S+ gh| St SIH| o:_D 67| L1}
Si- S+ S+

\mq_/ Si+



28

t[f +5
15 mED

+ //86
wao) |wa/ N
ron $ %ro/r 7| 1
x2o0| |x2/ vee vss
GHEET D spFsET o | | 37| REser AlS| 23 5 A5
Gueerdcrrd | | 2l Vmz Ard ez
(SHEET 1)  HI > | ¢l FIRG Al3lar 5
GHeeT 100 UTRR 3| ITra Al2lze 5
CRS MPOIA _ qpF Al e 5
wg{ XTARL AIO) (8 o
wessH—= 38| ExraL A9 |17
24 PEVES Al s 5
. wore 1 g0 mazT A7 s
GHeer 1) 7 36| mROY A6 | _1&
| 33| OomA/BREGR A | L3 5 °
A4 | L2
A3 |1
mcégo9r Azl 0
AlL2
40, AL a8, AP
/108
l)?.éZL__; D7
[)6‘1251——9 °
Ds|lé 5
O¢|2Z e
D3 JZQ..;
ozl=22 5, .,
D/ |30 5
DBl _5 pg
Ql3ir , a
£ _aﬁ;__; £ _
RRLI3Z 5 R/wW
4, 98
+5 [ o vee manve +5
/099 Tl
SV R GNO PLANE Co5

NOTE 1 : JTHESE THREE COMPONENIS ARE
WRAPLPPED ON THE WIRE SIDE
OF THE BOARD

FIGURE 11

NATIONAL RADIO

ASTRONOMY

OBSERVATORY

TITLE: cfRONT END DATA L/NK
(FEDAL),

| 4P BOARD, MICROPROCE SSOR

DSGN.BY:R_L ACASSE

DATE: 6@3

APPD.BY:

DR.BY:

DWG. NO.

SHEET / OF /8




29

i
/6

0.1 sec
VCe —
/
v | a2
S+ 74L5/23
+5 13 ¢ 8
3
0.22@4
94 POWERON +
200K
/5 /34:
*J’ZQ ‘376l+ _
a¥7 = /4 Q £ Pwrow
CExXr 14,
/3 VO Y3
TS 5 Do
/n 3 MRESET
+5 A%
vio vio .5 2LSO2 (SHEET 1)
/6
vce
TORESE.’-E” —— ' 4qA /e Qe 0.2. sec
HEET 1) P 7415123
HI
30./K
r5 Z\Nv.ﬁ.gl_f R/C oC
¢ MI/SSED AUTORESET
\V/ ) 3
w1 RSTART+
Soms$
___94n alL L
i/72
ur _tolg 745023
/OK
6 i 7ZlrR/c 9C
0!
6C CLR REV 3"'5—83
10 Caps on

HI

FIGURE 12

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE: P BOA.
/?5357{{ AND Aﬁ% RESET

DSGN.BY: DATE:

APPD.BY: DR.BY:

DWG. NO. SHEET 2 OF /8




LINK ACIACEL

SHEET 15)
[ E

ng

EET 1)

R/ W
D7

+5

30

/2
vce
8lcs —
0| G5 9 TR@ L 11RG@  (SHEET 1)
CcsS2
—325q Cs2
2 RX DATA
33 Rx CLK RX DATA [~ < (SHEET ¢)
X CLK
(4] =
"y ps
- MCE8A50
224 crs
bcD
— 13y g/w
/6
7 26 TX DATA X DATA
/82> (SHEET )
— O¢ A
—125 pg
_ 2 J pys
22
G%D
NATIONAL RADIO ASTRONOMY
OBSERVATORY
TITLE: MP BORRD
LINK ACIA
DSGN.BY: DATE:
FIGURE 13 APPD.BY: DR.BY:
DWG. NO. SHEET 3 OF /8




31

+5 ?7
.o’ .me
Zil2
| o
Cl5 2 vee GND
RX0O MVEO . orour |6
- m J—W\,"' 3| LED-
£6.5 ENI3?
¢ 7\ en
L/
L | E J
//[ +45
l e 8 36
£ 3¢0
PR Q
74.S74A /
OISWSEL CK
Gt T -y
Of >——="R]| D @l
CLR
MRESET Y l
BHEET 2D
+5 |
oze | V
Q/ 4 r's
Z||& e  6wo
o i 2F
66.5
/ 2l LED+
+E 8’\/\/\,
MY5O orour ?
RX |/ GN/37
66.5
_@_ 4 3{LED-
é L3
1 NATIONAL RADIO ASTRONOMY
0/ OBSERVATORY
L |
IF 5
TITLE: MP BOARD,
LINK RECEIVERS
DSGN.BY: DATE:
APPD.BY: DR.BY:
FIGURE 14 bwe. NO. SHEET ¢4 OF /8




TX DATA
GHEET 3)

32

hdy 5 ¢ X0

8,9 1[>%10 13,121, 10

74,502
8€ 058830
19, IE
L/ c—d
NATIONAL RADIO ASTRONOMY
OBSERVATORY
TITLE: /MP 500,?0
LIIK DRIVERS
DSGN.BY: DATE:
APPD.BY: DR.BY:
FIGURE 15 OWG. NO. SHEEY 5 OF /8




33

/108 34 S
73

250 750 |

10 835 |
® >s0Nel [

2
%3 XXX X

gq")_" l‘_ | —-' |’?33

100/8
(CBE

/0020 —

23,
- | —| |¢—
1002/ <1571 | | <15 '

we) |
T 5o

DON'T CARE /
10824 STABLE —
70 N\
1083/
(DATA BUS)

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE: /P BOARD
SYSTEM T7MINE

DSGN.BY: DATE:

APPD.BY: DR.BY:

FIGURE 16
DWG. NO. SHEET 6 OF 18




34

+5
2¢
vee
Gueer & OE  __20|0F
- WE > 2/ |wE
WEET 15) RAMEN > 18lce
(SHEET 15 Mrag et
~ Ao _ P2|A9 R pr 17
S_23pe 10D g t6
. o >._2”6 04 /4 :
(SHEET D > 3145 03 13 . DATA Bus
— 4 1he o2
® >____5_ﬁ3 o/ /0 S
: blhe 2
71 g/ o9 >
>———
- PO >__i_ﬁ_é AXY
J;e
+5 +5
e
vce VPP
L INTEL 27/6
(sweer 8 OF 20|0E  pgm
(SHEET 15) ROMENS 18| ce
”/o>__._/.9_ y2y2s) 104
22| A9 b7tz
23| Ae 06| ¢
e /| A7 o5 |5
ADORESS 2| Aé palr¢ DATA BUS
Bus 3| 45 03|/3
SHEET ] * ¢|nAe pel 1/
S| Az o110
71 A/ ¢ —
AP >_E\RS 6wD
/2 NATIONAL RADIO ASTRONOMY
OBSERVATORY
TITLE: P BOARD
/?nM,’M F837 ROM .
FIGURE 17 DSGN.BY: DATE:
APPD.BY: DR.BY:
DWG. NO. SHEET 7 OF 18




+5

24' Ig/

(SHEET D o , 26
GHEET 15)

2lARe6

vee vee
INTEL 27/
oF
CE
6A
A10 07

A9

Ag o5
A7 I

03
RS o2

R¢
A3
AR

/

A
AR

'06——).06

D/

og

> D/

GND
2

-

FIGURE 18

b7 ]

(SHEET 1)

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE: 4y P BOARD
FIPD ROM

DSGN.BY: DATE:

APPOD.BY. DR.BY:

DWG. NO. SHEET 8 OF /8




36

r & 1 oF
_ 741500 02 > OF
RIW 2 @
14, 9OF
, 4 —
JEET /) 55~ >06 > R/w RROL (SHEET 13)
7éL500
/0
o 741500 WE (10020 GHEFT8)
Q /4, 9F
E /7
3 _
N 2 D CSEN
NATIONAL RADIO ASTRONOMY
'OBSERVATORY
TITLE: M P BOARD
RAM CONTROL SIGNALS
DSGN.BY: DATE:
FIGURE 19 APPD.BY: DR.BY:
DWG. NO. SHEET 9 oF /18




RS R232 INTERFACE

37

+5
CTS KNIGHT
MPO 5O 3
50688 mma
14 L/ vce
{ [} S| &AL 1
EXTAL2
4, 96 86 +5
BAUD RATE > 8 lp SMC
SEL. s H|le comsrzér 2
SEE NOTE 1 |347 ¢ /2| 8 vcc
Y/ 3| 5 Fourl|/¢ 3| Rx ck
h’a 5 | 4l Trxck —_—
9l e Gno IRa UIRG.
+5 X 4| C7s GHEET )
14 AL 23| ocrP RX |
2 68A50
SHEET
VI £ | TX |6 H
AW > /3 R/W
AL o7 s 5|07
FROM > €| 06
AMNE €809 z:, S 17los
(swEET D 8| 04
o4 D
14, 8F D3 19|03
BECKMIAN e o202
899-/-R1.0M Dl > 21 DI
00 > 2R\ PO
AP >—LL RS
»5 y csd
2 cSsy/
Divisor Desired U M ASEL E sa
. N
roTEN e R (SHEET /5) = {.’7
0000 50.00
0001 75.00
0010 110.00
out- 1540 NATIONAL RADIO ASTRONOMY
81% :égg.oo OBSERVATORY
(1)&1)‘1) }ggg:oo DEFRULT
X TITLE:
. M7 BOARD
0 20000 USER AC/A
1101 7200.00
1110 9600.00
1M 19200.00 DSGN.BY: DATE:
FIGURE 20 APPD.BY: DR.BY:
DWG. NO. SHEET /70 OF 18




3
5
- I
6 I |
oTER ' '
|
RS232C IN - 7% —& * : 2
i
£32C /N 7! -
Rsg3EC T B0 | |
JIBK - __GND_ |
%1
Fes
8, 4/
-/2 9€37ATC
*/
le 75/50 4K
/:’ -
Ml > 1 \ 17
21 i
|
|
| N\ !
2 /3 3' ] 16
7X _/ '
GHEET 10 8,8EF L _@vo VEE |
74L502 )
-/
o ING372R
»/5VOC / 6 3 2
4 *
0.47
@‘ v
;\/f,uﬁ' \ |
a/5| 2ov
ISVRTN @
5/8
RIS ME
8t7 | 2oV
0 ING372A
ey / ANE) _
svoc [ J— = 7R
.47

FIGURE 21

~/

RX CSHEET 10)

@ RS232C QUT +

RS232C OUT -~
POTE 2)

NOTE 2. THE MINUS INPUT

/S NORMALLY GROUNDED
ON THE CONMECTOR, AND THE
MINUS QUTPUT 1§ UNUSED
FOR RS232 COMMUNKCRTION.
THEY ARE BROUBHT ouT

FOR PROSSIBLE COMPATIBILITY
WITH OIFFERENTIAL STANDARDS.

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE: /UP BOARD
USER RS232 RECEIVER
AND  TRANSM/T TER

DSGN.BY: DATE:

APPD.BY: DR.BY:

DWG. NO. SHEET 1/ 0F18




39

36

10052, 1R
o3V
+5 WV ; _L
2
100, % 0!
é 7;
£5
e .
— & 2 . 2
mso & el 1227, vee
6 .
7 %“?@ LS240
MSD & 83 g | i;r or /[‘Q s 07
7 A zé 06 "—>
e Tl LA
E— /
MSO 7 @_g_ ! /714- o4 | 3 R
"2 I /5 | &
tsp 8 o124 ] o 025
sP 89 P 2K l ~ I/ o/ ___7__) o¢
1/ 3 ¢ of-2
LsD ¢ ,E_ﬂ—e———l@z—_‘ dg,v GMO /
/2 —a_‘ﬂ 2 /5 /9 /70
tso 2 [pet—2dl,
6 |
— /8 TS |
450 / ]gz—e———q/ DSWRDSEL
8F
(GHEET /5D
9637A7C .
LINE RECEIVERS O=47H PULL UP TO SV
vCcC =/
GNOD:4

ON EACH OF & FRCAAGES

FIGURE 22

NATIONAL RADIO ASTRONOMY

OBSERVATORY

TITLE: _MP BOARD
DIC/-SWITCH FREAD LOG/C

DSGN.BY: DATE:
APPD.BY: DR.BY:
DWG. NO. SHEET /2 ©F 18




BOARDSEL (K 13)

R/wW Gx 9

[ o7
A [ ]
N
W
X

w e

| o0

40
+5

|20
vCC
lLS24¢8
— 2117 o748 5| D7
— 31Z6 o eélLZ 7] .
— 4l15 os|/6 o]
> 6|13 03 /¢ 3]
5 8|1/ o /€ 7
N1 Y ogLL E 00O
/O EN
/| DR GND
J;o
OFF CARD DATA 5US ORIVER
+S
\Ve/al
LS240 L
2lrz o7 /8 z/] A¢
4| /6 ] .
6 6 *6 /4 Zi °
.5 /ﬁ 5 ?i °
4 e 4L2 29
L7, 2 73 5| A2
/f .z [ ] 2 { :i; a
/3 / V.l |
77 ./0 A _| SPARE
EN__GND SPARE

/J/9| I/O

MI/SC SIGNAL DRIVER

FIGURE 23

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE:

2P BORRD
OFF BOARD DRIVERS, RECENVERS

DSGN.BY:

DATE:

APPD.BY:

DR.BY:

DWG. NO.

SHEET /3 oF /8




41

AV ZAVZAV AV
/| 7/ / . 7|/ ROMEN 8
{1/ 1/t o] romeN B
/1717 o/
/sl /71 7 o] o
/1 Jo_jT /1 7/
/1l 7]l o 7] o Al A0
11 20 0]/ — 75 WSEL @ g o
/ / {o i o] O Ry /
1ol 7717 sisweR | [ aweees |/ |°
/1 o0, 7,/ | 0} 7SWSEL — 7SWSEL 3 A
/o017 0|/ OSW 5 SEL W
/1ol 710l 0 Dsw 4 SEL > DSWRD SEL
11 o0l o sl ¢ OSw 3 SEL
‘1l ol o /| © PsSw 2 SEL
/1 61l o o]/ DSw / SEL
/ 0jio. .0 © DSWd sEL J
ol ¢+ 7 ¢+ ¢
ol 71/ 7] 0 RLATEN h
ol sl /70 /. LLATEN
ol /.7 ol o ANOUTSEL 2
- RN BRANE ANOUTSEL 1 OFF BOARD SEL
ol7lo0tl vz 0. ANOUTSEL @
o| /70101 ¢ . ADCSEL
. /7 00! O.
o' o / / /
o, ol /i 7 oj RSTEN
0o Q| 7/ 0O ¢ UACIASEL
ololr 0,0 OISWSEL
olojo| /7| 1 LINWRCIASEL
Olololrlo AUTORESET N
ololo] o]/ PROSSIBLE RAM EXPANSION
olol ol ol o1 Remen
NATIONAL RADIO ASTRONOMY
OBSERVATORY
TITLE: M P BOARD
SELECT S/GNAL SUMMARY
DSGN.BY: DATE:
FIGURE 24 APPD.BY: DR.BY:
DWG. NO. SHEET /¢ OF 78




42

7LLS /38'S
(sweeT 1) ;wxj_ﬁvd Y747
Y3 o @dEvs Yé 9
CSEN > SJEWNZ y5p s0
SHEET D 6F yabu
3| a2 Y8 pr/2
ya2p/2
2R/ y! bld s ROMEN P SHEET &
_/iA olS  , ROMEN § GHEET )
CSHEETD HT > Emp Y7 8] OSWB SEL
OSWRDSEL q &~/ Y6 b [ DSWI SEL
&w 9 CSEN —d ENe yE ge| oSWZ SEL
; JF Y&b ___ lod DSWF S&L
(SHEET ) 14 9F Y3 _1od Dswé SEL
N2 £S08 ; AZ2 Y2 o fod OSWE SEL
B13 5526 .9 Y y! TSwSEL CSHEET /S
Lsoz — R0 Yo o———r_a SELSWEN
A2 82, gp 020 -‘
PR 1&13 w\;eof} .
> SF S
N7 & Vg Y7 p— 02 £
OF F 80ARDSEL > ttd EN/ ;’ 6 b g AOCSEL
CSEN — ENZ 5§ p——35| OurseLg
Gweer ) | 35 V¢ o Io| our sELZ
Pl Y3 1| our saz
% Hz vz o———_z; LLATEN
Ly Al Y/ olt G PLATEN
; i RD y@ =
CSHEET 10 47 5| | Evd y” RAMEN  (SHEET 7)
Y@ > | ENT Yé SPRRE
CSEN > ’ ; ENE Y5 AUTORESETEN CsweeT 2)
(GHEETD | SF vé LINRBCIASEL (swEeET 3)
% OIS WSEL (SHEET &)
AR va URCIASFL CGHEET 1O)
Al y/ RSTEN CSHEET 12
R y S _
> Y3
—————————> OS WARDSEL
Cf//fn W KT EA’¢ y 7 —> OFF504”D$EL GH /134/5)
CSEwn > JE¥7 yé —— 73
(SHEET ® Ey2 y5 ‘
4F Y4 NATIONAL RADIO ASTRONOMY
5 v3 OBSERVATORY
Az va TITLE: ‘
Gweer) A5 >— R/ v/ —J‘ ST BORRD
R/ Ro Y SELECT LoGC
FIGURE 25 DSGN.BY: DATE:
APPD.BY: DR.BY:
DWG. NO. CHEET /5 O0F /8




43

Gu.1D  HI 6lENVO Y7b
Gr- 1D TSWEL > 41EN/ Yé
ENR Y5l
/652F YV 4p

7415/38 Y 3/2 [ 7swsEL $

3| p2 ya o/-‘-; 92| 7SwskL 2

TSV 7

Al > 2] A/ Y/ oL —Jod 7SWSEFL
&n. 2 RO >e———I™l AP YOWtE I 7rswsEé 9

NATIONAL RADIO ASTRONOMY
OBSERVATORY '

NTLE: P BOARD
SELECT LOG/IC CoNT D

DSGN.BY: DATE:
APPD.BY: DR.BY:
DWG. NO. SHEET /6 OF /8

FIGURE 26



44

vcc

1l Lo ol

Yo pPE SR U/o PE SR
724 cep __Z]cerP
T-L_ch Cer 7C :JaL_l_Lq‘ car
&R £8
RSTART + > RlCP 5 2lcP
(SH.-2) 4L 559 72/55€9
LPWRON >__5_QM g
GH.2 o omm— et
RSTEN 5 7d o : 1o
695‘719 / /7,
@/ @2 @3 Al QR @3
ﬂ%” VEEE
o@ DI D2 03 O¢ 05 0§ 07

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE: //P BOARD
RESTRART ERROR COUNTER

DSGN.BY: DATE:
APPD.BY DR.BY: _
DWG. NO. SHEET 17 OF /8

FIGURE 27



45

SIGNAL ANALYZER INPUT BOARD PIN
-POD A-
Al5 D15 Z16
Al4 D14 Z15
Al3 D13 Z14
Al2 D12 Z13
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OBSERVATORY
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FIGURE 28 v

DSGN.BY: DATE:

APPD.BY: OR.BY:

DWG. NO. SHELT /18 0F /8




oy S 46
b6 19
o5
D_“l-___"
3 _5
D2l
FROM b s
M P ﬁ——n
30ARD
AY
[y C2EN — 44 X
ﬁ_z_ ;Eq
2% 74LS138 b
) 18 12 LATISEN
= 12 LATI8EN
Q 2 14— CATITEN 1
5 LATVGEN
SUTSEL-X ! b!'S __ LATIGEN SHEET 9
| NOTEL tat
H1 b | b1 LATISEN
GIEN 44 b9 LATINEN )
s 10 LATI3EN | SHEET 6
S | quisize pu CATTSEN
ic b2 LATHEN ]
3 13 LATIPEN } sHEET §
2 4 [ATAEN
! 1S TATBEN
HI1 o b1 _ LATTEN - SHEET Y
GOEN Y4 9 LATGEN _
<rSo 10 LiffEN i
AZ__2 8 74LS138 TATHEN | SHEET 3
‘ 1D b12  CATSEN
m__u[>ﬁ| 3 13 CATZERN ]
2 b4 CATTEN |- SHEET 2
Ad. 64[>"‘ ! 15 TATOEN
2€E
s NOTE &
D70__18{07 Q7P 17 m e,
oeo_11]06 Qelle 1] § o] PreouT I X
050___14/D5 asps 13 1 T3
o304 . Qépe _ui o, __f 12-
plo_ 8|03 8° o3[3 8 12 b L8
D0___1/02 Qle 6 T, Clo-
pio___4/01 Qs Y e (o . 9.
oeo___200 Qole 2 18 ] -8-
' —d
LATI9EN _.: >EC': | 79Ls2y0 |
< | 7415377
pro__18107 a7iy 17 -
0e0__17]De Qe [Le i3] s DiGOuT - X
pso__llps  @s[1s 13] 9 o<
Dvo 3oy 70 Qy |12 Tl 2c 9 ™ q-
p3o__81Dp3 Q3|1 & 2 Ie :3 -
p2o___1]D2 Qalh 6 14 2.
plo___410DI Q! g ; -
ogo__3|os QP oA
LATIBEN — ULeK 74182y DIGOUT-@ - x
AJEN
o T4LS240 S | Aurcam ‘_'_t_,'ro SHEET 8
Gh] __L,D'S_ D70
o—c_HQDI_e_ DGO
5% 1
05 —£{>H —os0 ! NOTE1: SUBSTITUTE
— v FOR =X ,THE BOARD'S
O —8J4~>12 o4 u sLoT#% 0,1,2
—_ - T NATIONAL RADIO ASTRONOMY
p3__ Il 9 p3o v OBSERVATORY
-
— -
i TITLE:
b2__1 ™1 p20 < FRONT END DATA LINK,
iS55 opio * OUTPUT BOARD
e~ DSGN.BY: LACASSE [0ATE: G -16 -
D M) 3 Dﬂo—l FIGURE 23 APPD.BY: on.sv?_—_&a—
DWG. NO. SHEET 10F8




47

+15 ,——% -15
| \J
i} 1!
2 ) 2! L)
+15 eND -IS
plo —18{o" anpHe !eiTe vour |
060 11|06 Qelle AT Fe |9 ANAOUT -@ -X
D50 14105 Qsiis 21t
D4O __13]0H Qulle YTy BIP |
D30 _ 8103 5,4 Q319 SlmiTs HA sum li'o |
020 _.3_02 Q6 clgite
010 o0 Q| 1{piT REF\N [1b
ogo __3los Qo3 8leive rerout [24 ]
TATEEN 1 bex 9 iniTe
1 TeN 1018170 OACBO-CBI-V
S quesan 1w
12 | 8)
o0 18] 9 BITI2 (LS
06O __17] 1o +15 -5
050 __ 14| 15 K%
puo 13} 2
D30 __8] ap 9 — |___——1 !—
020 __1] ] 22 2
D10 3 [ 2 M
ogo __3| H
LATIEN 1] ! 15
] :,_@,q ANAOUT- 4 -X
& | 74Ls3 3 ‘ NOTE )
L] "
D70 18] 19 5 ue 20
060 __117 16 6
0sO0 _';.L 125 1 16
puyo _13} ! ' ZE |
030 _8| 138 L] 9
o20 __ 1] ] 10 DAC80-CBI-V
1 s Tl
ogo ___ 3] 2 12
(ATZEN 1
1
S 1 HLs3 M

NOTE: THE O.22uF, 15V DECOUPLING CAPACITORS ARE SOLDERED ON THE
WIRE SIDE OF THE BOARD. SOME DACS SHARE DECOUPLING.

FIGURE 30

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE:
FRONT END DATA LINK,




Lse
o[
D30
020
DiC
vpo

48

+1S - -5
¥
i .U
2 i 2 L
+18 «ND -1s
w1 Q1}'1 ety ouT s
‘7{( L el |1l 2 lpiv2 VFB 19 l EANAO\J"'a -X
L AL newyls BT ’
i Qul!le BTy 114
8- K Slprts  ye sum :ILogj
—24ce ¢ Q2 H cleiTe
_~_4 C MR E VAFNR L] REFIN [l&
e Qo5 8l8i16 RerouT [24 ]
Lok R 31V ¢
LEN 10l@1TI0 DACHO-CBI-V
W 77| UlaiTn
N i 12/@171c (LSE)
l’L e e -5
u) 15 Q—s
ey b 12
- 9 _ P o~
_L. é 2 “cé 22
y 5 [ 2 )
3
__ny ! 15
] ! j—"q M ANAOUT-3 -X
- 2 _ 3 ‘ NOTE L
S Yy "
.8 19 3
17 le 6 4o
1Y 15 2 13
12 12 B |
_ 8 3t hJ 9
7] 6 10 DACB0-CB1-V
Y s 1l
3 2 12
T
1
ST 4Ls3Imm
NATIONAL RADIO ASTRONOMY
ODSERVATORY
TrLe:
FIGURE 31 FRONT END BATA L INK,

OUTPUT BOARD




D710
D6 O
(»3.4¢]
DYo

,.
© UODO
.- oW
o0Ooco

010

O0DVUODOODO
Q|- Lo
0000000

3

D70

o
[N
[+

Dso
D4Oo
D30

o
~
o

010

P

pr!
Qo
A~}
2

49

+1S FQ? -15
—i
2 ‘ [ ]
+15 GND -IS
—18]p" a9 LiBIT1 voury |s
_17]06 Qellé 2leme2 Fe [ ] Bl AnaouT - y - X
14 | 0% Qs |S 2leira
13 )04 Qu itz YTy BIP :Ib
—4103 no Q3(19 Slerts ¢A sum |20
IH o2 ae cleite
1] Q1 | VAFYRG) REFIN |10
3log Qo}? BleiTe ReFout [24 ]
..A>CK 98179
'JEN 10l@1TI0 DACBO-CBI-V
S 4L $377 Hiartn
2le1v12 (L$8®)
18] 19 -
17 le 415 -15
—14] T; K%
13 12
8] 8A i} i i
1] [ ) 22 -2
Y] s 3 2 N
3] FH
N ! 15
. > DT B3 ANAOUT- S -x
& 4L S 3TN 3 NOTE L
] 1
18 19 [3 ﬁl
17 e ® 10A
1Y 15 1 16
13 12 B Zﬂ
8 9A 9 9
1 6 10 DACB0-CBI-V
] s T
3 2 12
"]
]
I 94Ls 377

,

FIGURE 32

NATIONAL RADIO ASTRONOMY
OBSERVATORY

T

FRONT END DATA LINK,
OUTPUT BOARD

e




Lo

[WAN

DYu
D3O
020
DIO
opo

010
DGO
050
DuYO
D30
020
D10
D@o

LATIOEN

D10
06O
DsoO
p4o

030 .

D2o
010

Q
Ay
[}

LATITEN __ ]

+15 -15
E|7
llZI 22
2 ’ 2 ™
[+15 eND -15
1807 a9 [BIIREY vouT s
_ 17|06 Qblle 2 g2 Fe8 ) I EANAOL&T-‘-X
LR Qs LS 3T
_ 13 104 Qu 12 HlgiTy 8P
—4103 np @319 S1B1TS 68 sum 'i'o |
__q'LDZ Qle clBiTe
o1 Q! | vIPYR L) REFIN |16
3/08 Qo 818178 RerouT [24 ]
1 hex 9{81T9
~ATEN 10]g1TI0O DACBO-CBI-Y
SO I LTS\ 1 aitn
2]@1712 (L $8)
18] 19
17] 1) 415 -1
4] 1S ?57
13 12
81 g8 9 — L_
— 6 2 'lal 2
41 S 2 Y
3 H
11} 1 15
! 2 19 | @ANAOUT~7 -X
L 14Ls317 s NOTE 1
4 11
8 19 3
17 e o 108
1Y 15 1 16
il 12 '3 24 ]
8 98 9 q
—?‘ g 10 PACBO-CBI-V
1
3 2 12
1]
\
4T 4Ls 3TN
NATIONAL RADIO ASTRONOMY
OBSERVATORY
TITLE:
FRONT END DATA LINK,
ouUTPUT BOARD !
.8Y: T =
FIGURE 33 »0.0Y: v

50




LATIZEN

~i

LATEN

b

;

P10
060
DSO
vl Te]
D3O
020
DIO
opo

D10

00
[P AN
[o N o)

D40

0090
|- g4
0000

D70

o O
LN
(SR o)

pu4o
030
D20
010

o@go

51

+15 —%7 -1
)
{ .z|z|
.22
Q 2! L
T GND T
—18]07 a9 ' 18IT1 vouT :J,__ﬂ's o
— 17106 Qbllé T2 Fe 19 ANAOUT - 8 -X
14 |Do% Qs s 2lara
13 |0 Qu[te YlsiTy BiP
4103 ne Q3[4 slgrs 6C sum Ii'o ]
1102 Q| CcleiTe
Hlo1 Q|2 BITY REFIN |16
3los Qe 8ls17e gerouy [24 ]
_—“>CK q|p1T9
'TEN 10|g1T10 DACBO-CBI-V
S qursan7 et
12l81 v 1. (LSED
18 19 L .
171 ‘e ‘o -15
T 15 K%
—13]
—8! gc 2 — i—‘—_—lzl__
— 2] 22 .22
[¥] s 2! 1y
3 K :
\ ! 15
1 2 e l @ANAOQT-Q -X
&1 1MLs 317 NOTE &
4 11
—2] . 2 o Fu
[ [
1Y 15 2 16
—13] 12 ] 29 |
&1 9c 3 9
—7] e 10 DACB0-CBI-V
S s ]
3 2 12
1]
]
&1 1Mes3
NATIONAL RADIO ASTRONOMY
OBSERVATORY
TITLE:
FRONT END DATA L INK,
OUTPUT BOARD
FIGURE 34 APPD.OY: .8Y:
Dwe. NO_ EHEET 6 OF 8 |




D10
06O
0S50
040
D3O
020
D10
opo
LATISEN

010
06O
Ds0
D40
D30
020
D10
D@0

LATIGEN

010
DGO
0so
[+LTe]
030
020
010

OB

(ATMEN __!

52

+15 W -15
Z' .11
2 - 2 ™
+15 GND -is
—18{o7 a1y t{giT1 vouv i’___@ a4
—17i06 Qollé Llaiv2 8 19 ANAOUT - | @ - X
_ 4 |os% Qs IS F1{ 1} )
1204 Quiie YTy 8IP b
4103 nE Q3|1 slpits 70 sum P
2]o2 Q|6 (31 -1h ¢* "
4101 Q| 11T REFIN
3|og Qo | 881718 gerout [24 ]
_'.'_>u< BITY
' EN 10]g1 710 DACHO-CBT -V
& Lquis -7 e
12181712 (L$8)
18] 19
17 le 415 -15
4 s K
13 12 .
— % —i— =
(X3 .
o s 2l 14
Y c
K] | 15
| FY 19 @ANAOUT-H -X
1 "o 377 3 NOTE L
L
N 17
— 18] 19 3 20
17 e A 100
] IS 1 16
12 12 8 E
_&| 9t 3 9
7] 6 10 DACE) JBI-V
bl ] 1
__ 3] 2 ]
n
BEFESL S
NATIONAL RADIO ASTRONOMY
OBSERVATORY
TITLE:

FIGURE 35

FRONT END DATA LINK,
OUTPUT BOARD




+5VDC

SVRTN

+15YDC @]_Qfls

ISVRTN .2.
¢
Y

-15vVDC Eg]-*> -1s

+5
+ BYO
1SmF, 20V
I 4o
+\S
L
élSAr, 20V
|
éﬁﬂl’,eov
FIGURE 36

— TO SEVERAL 0.027 CAPS AS sSHOwW?

IN COMPONENT LAYOUT

C38 00 B38
NN

C39 .027 B39
< Q?

X — HI , SHEET1
BY3 €43

+S5

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE:
FRONTEND [ATA LINK,
OJUTPUT BOARD

DSGN.BY: |

APPD.BY: OR.BY:

DW6. NO. s.ul;tTG or8 |




54

APPENDIX A

Board Layouts
Parts Lists

ROM Listings



55

RECESVED FOK LOZIC ANALYZ ZER ~,

N.........l..IIII..........ll...l...l...lll.....l........
O Ow b D ADATUWEETETN NN S S S = =
.“"LQ&‘."»Nommamoomano.,o,,,,.\,oom«nav i

e eejefde e o..:---:o?.:o-- .ooo‘.--..oo-o..-....oo

L]

. -—Jilh? ° °
G-e-V G -D-V - VTG eV G A~ v
.l....l.....o...-..p.....-..-.......--‘o

Xl .

) L”‘_\~u égf"" *E_" 2_" 2/ (FBOO) 10
5L;_'_'_,f .-.o.o-o.o.o-...---o--oo- e b
<

*jOK

208 ./.“- .'.’— . ............:.‘.....
" T e e it Tideesecesenonneshssncnssjajannnnnes

e LEQO ’ LSOz ‘ KA 9R J
‘,_.g_‘o_,,o,p.v_.olo—;:oo‘-:.oo_'.-go:..o:---o...f..o.oo- XL
q.....".................................-...............

812¢ | |8at--wix | Lsoe L5.569 LSS6a |8

w ......I........ﬁ.....................................I..

S T e e e e —
w.......................................................

7

0 ..............-................I..........I....I.II....

.
%
b

o < oY & e% o o2 S s 5
z..-.-......-..........-.."...---..-.-5..-..
N )
:,....:~.....-..............'.................... ..........I.
‘.._ __) [ [ ] [ J [ ] L] [ ] [ ] [ [ ] (Foog}
I o swrvrveriesessnnssensnsesnssnsasasnnsncnsnonssnaannaasnasnale
Lei2s 5
x...s-o..o.o--.----........o.'i‘l‘l‘i‘-"‘i’f’o....’oo,’-o-ﬂ.om-"-“.
o e ) ° ° [ ° [ ° [} ° ° ) -
c_l’i""i"i’i'i.'o‘...-m...-.‘."ﬁ"’..o.f.-..-..........o..o.--..--..
ks | frsfnezn) (4R JUs || GBASO CEASO | 4
XL sssscsssnsesngesnscnsocnnscssssasnanse O
P e il e~ - ——>» ° . e e
Q..o...o\.o'.'-.-.-.mi'- (N I NN LI R N X )
Lize | & | Ls2up 4c’ LETYA | 3
“.‘.........‘.............II............’....I............
o "e [ ] [ ] [ Jem—) [ ] L] [ ] [
rn...{....'.":'............-.....--.....-.-...-....-.?T;’T:‘.‘:‘:.‘:‘
L5327 |laon|na| 15 | eo Lsays -2
o.....—.':.._! ::_:_.‘5._“....“._.. .....J....I..............L...!....
0.’;___,,.’ c:_;_"_ D .. ___.» e o___e o ) < —»
nI......‘i..........-.... .............Et............
ksiza |37 18520 };h B3 ‘ze[ s, (L5240 NI
W"""'!.:"""""' sssnss sle e .E.m.... ssensase
e e S e e N
[ w» H »H [T [ w n by br - -A-W
§:6< G-Frg goEg S0y greng g oA
L-——-l bg....&..o-&----oo...&. .oooo-oo--o-&---.---...---& D ——
o Q o o 8 o S o I
Version 1.1
Note: € = .027 pF Cap
SUPPLY REQ. (TYP.) FRONT-END DATA LINK
MICROPROCESSOR BOARD
+5
+15 69g $i COMPONENT LAYOUT
-1 mA
> 7 Sheet 1 of 2 7-23-82

* 4 MHz crystal and 24 PF caps wrapped.
) => solder clip to VCC plane; ") => to gnd.

N



56

. 15 uF + . . 66.5 0 . —+

. 30.1 KO . . .01uF .

. 10 O 1E & 1F | .01uF .

. 0.1 uwF . . 66.5Q ¢
9B . 51 KQ .
. 0.22 uF .
. 200 Ko .
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. 16.2 9 -

. 16.2 9 -
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. 16.2 @ ¢
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Baud) - .
0

. 100§, 1% .
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. 360 Q@ f5)
. 47 WF .

. IN4372A . A3
4 . 01 w . °

. 47 WF .

. IN4372A . -
44 . 01 wF . ?r

. 10 @ o

FRONT-END DATA LINK
MICROPROCESSOR BOARD
COMPONENT LAYOUT

NOTES:

2. 1G, 4G, 4H, and 9B components can be plugged di-

rectly into the board, without component carriers.

1. Make up 1lE and 1F on one 16-pin component carrier. }
% Sheet 2 of 2 7-23-82

3. 3G and 9G require component carriers.
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ANALOG OUTPUT V 1.3

Note: Cut off pin 23 on all DAC's.
Note:

latch x 's outputs feed DAC x

Current Consumption: +15, 258 mA;

-15, 141 mA;

+5, 448 mA.

The small circled numbers in the LS 377's and DAC80's indicate that
's inputs.



Part No.

196D156X9020KA1
0.47 wF

0.22 uF

0.027 wF

0.01 wF

24 PF

10 2, 1/8 W, 5%
16.2 2, RN55C
66.5 2, RN55C
100 R, RN55C
360 Q, 1/4 W, 5%
1 Ke, 1/8 W, 5%
10 k@, 1/8 W, 5%
12 k2, 1/8 W, 5%
51 KQ, 1/8 W, 5%
30.1 K, RN55C
200 K, RN55C

MV50

1N4372A

MPO4A

MPO50

2716

MK 4801AN-4-4118A
6N137

MC6809P

MC68A50P

74LSO0ON
74LSO2N
74LS74AN
74LS123N
74LS138N
74LS240N
74LS245N
74LS569N
75150N
COM8126
DS8830N
899-1-1.0K
9637ATC

X8136-UG268
FEDAL-MP

59

FEDAL-MP PARTS LIST

Manufacturer and Description

Qty.

Sprague capacitor, ﬁantalum, 15 yF, 20 Vv
Various, Decoupling capacitor
Various, Capacitor, ceramic

? (Runion), Decoupling Capacitor

Various,
Various,
Various,
Various,
Various,

Various,

Various,

Various,

. Various,

Various,
Various,

Various,

Capacitor, ceramic

Capacitor, Ceramic ......

Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor

Resistor

LI I 'Y
®®esvececrrsceve
LA I L IE I I I R S S
®e0ev 000 svoesns
o-ooooavagouooogoooo
----- ®ees0o0cs e
e 0000000 c0000000000000000000
®®00eco0cervrs0000000000e0 00000
®00s000c 0000000000000 00000000
oo-.o-o..ooooooooooooo.o'.oooo
®00ce 0000 cs0000 0000000000000
L R N N N R R R T
®000cs0c0c00000 000000 0RGO RO
®® 00 0scsserrereccrrs 0000 acosa

®®00s 000000000 ce00s0000nPOOLe

@00 0000000000000 000000000

Various, Resistor

Monsanto, LED .euieeceececececannoonsoncnnaness
Various, 3V Zener .......;.....................
CIS Knight, 4.00 MHz Crystal ......ceeccccecess
CTS Knight, 5.0688 MHz Crystal
Various, 2K x 8 ROM . v

®e0000cqooevscose

0000000000000 000000000 00

Mostek, 1K X 8 RAM t.iveeecceccoconccacacacooesne
Hewlett-Packard, Opto Isolator

0000 s ccessccse

Motorola, MiCroOproCeSSOY ce.eeccacecscascccnsss
Motorola, AOCOI.A. (UART) ® 9 0000000000000 0000 0

Various, 2-NAND .cceeeesceosscccccccccnsacanses
Various, 2=NOR cecceceecrccccccascssccsaccsnses
Various, Flip-Flop ccceecescccccoccccccssoassas
Various, 1-ShOt ceccevecesesescsccccocccnccnsas

Various, DecOder ceeesesescccccsocscaccsssassas

Various, Buffer ccceceeeeccecceccccccccccsssanna
Various, Buffer ...cceceeececcocesocececannanns
Various, Tri-State COUNLEer ...ceececcccscncacas
Various, RS232 Line Driver ..ccceeeccecesccccoee
Standard Microsystems, Baud Rate Gen. .....c...
National, Line Driver .c.ccceececececcnccccccsoss
Beckman, 13 Resistor D/P cevecercececccacnnacne
Various, RS232 ReCHIiVEr ceeeeeccecocccanncannee
Augat, Wire Wrap Card ..veeeeeeeescossonccnns
Lontact Systems Wiring ........ teeseesessenans

£H
w

N S SN N
HFREWVWHHERHERNHENONDHENE N H N H N R R Db PR e e



Part No.

X8136-UG268
FEDAL-IN
7418377
7415240
6N137
741500
741502
7415138
MUX-16
ADC-80

INA 101
0.027 uF
1N 4747A
432 Q, RN55C

2K, 5%, 1/8 W

0.47 uF

100 @, 5%, 1/8 W

15 uF, 20V
1IN 456A

240 Q, 5%, 1/8 W
0.01 uF, 50 V

178 KR, RN55C

22.1 k2 "
267 K@ "
6.81 KQ "
20 KQ Pot
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FEDAL-IN PARTS LIST

Manufacturer and Description

Qty/Ca:

Augat, Wire Wrap Card ---

Wiring by Contact Systems

Various, Latch

Various, 3-State Buffers —----—-———---

HP, Opto Isolator ---

Various, 2-NAND -

Various, 2-NOR --

Various, Decoder

PMI, 16 Input MUX -

Burr Brown, 12-bit ADC -- -—

Burr Brown, Instr. Amplifier

? (Runion), Decoupling ---

Various, 20 V Zener ---

Various, Resistor —-—--—-—- —

Various, Resistor -

Various, Decoupling Capacitor —----—-

Various, Resistor -- -

Sprague, Capacitor 196D156X9020KAl

Various, Low Leakage Diodes

Various, Resistor --

Various, Cap, 0.1" Spacing --—-———-—-

Assorted Component Carriers

Various, Resistor

Amphenol 6034P-203-75N or equivalent

e T e e U S Ry

1

N

W H &N KR KFEHNH

N = NN N




Part No.

X8136-UG268

100 €, 5%, 1/8 W
2 XK@, 5%, 1/8 W
0.027 uF, 50 V
0.22 pF, 50 V

15 uF, 25 V
74LS138N
74LS240N
74LS377N

HS DAC-80-CBI-V

FEDAL-OUT
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FEDAL-OUT PARTS LIST#*

Manufacturer and Description

Augat, Wire Wrap Card --— _— _

Various,
Various,
Various,
Various,
Sprague,
Various,
Various,

Various,

Resistor ———————————— e

Resistor -- _ —_— —
Ceramic Decoupling Capacitor -——————-
Ceramic Decoupling Capacitors —--—-—--—-

196D156X902KAl ————-- _

Decoder IC -- -—— -

Driver IC —-————————————————

Latch IC —-—---- -

Hybrid Systems, 12 Bit DAC--- -

Contact Systems, Wiring —-—-————————— oo —

* Note: This list is for one card; a complete chassis requires three cards.

35

16

20

12
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FEDAL CHASSIS PARTS LIST

Part No. Manufacturer and Description

00-8016-56-000-701 Elco, 56 Pin, Exposed Pin Connector --—-—-——-=-=-=--=
00-8016-56-000-707 Elco, 56 Pin, Protected Pin Connector —-—------
31-10 Amphenol, Insulated BNC Connector -——-——-—-—---—-—-
36A-3 . Velonex, Digital Panel Meter ---—-———————————=
4800X Pamotor, 9W Fan —--——-—- e
50-12A-30 TRW, Edge Connector —-——————————mm——mmmmm e
50-30C-10 TRW, Edge Connector ——————oeommmmmmmmmmmmo
50-282012NAND General Electric, Analog Panel Meter -————-—-—-
5082-7340 HP, LED Display IC -- _— S
5B4 Corcom, AC Line Filter ———m—mmemmmmmoo o
BB15-1.5 Condor, ¥ 15 V Supply ————- _—
C5-6/0VP Condor, +5 V Supply ---- —————————
DB-25S TRW, 25 Pin Female Connector —--—-—-————————e———-
OVP-12 Condor, OVP for ¥ 15 V Supply -———————----—--
T11-1-5.00A Airpax, Circuit Breaker -—-———————mommmmmo——
T3 CTS, 3-Pole, 3-Position, Rotary Switch Wafer -
T75-52M-2 Cherry, Digi-Switches ———————mmmmm
V130LA20A General Electric, Surge Protection --—-—-—----

- NRAO, FEDAL Chassis =—=—————oomeom o ____

-— Various, NRAO Standard Digital Chassis'
components, including card guides,
five 100-pin wirewrap connectors and
bus materials.



2000
L1
002¢
030
0049
0050
0050
070
9080
L13d)
0n0
[ 1):1]
@ece
(1] ]
90Ee
00F0
0100
0110
0120
0130
0149
0150
01460
0170
0180
0150
0140
¢1B¢
91Co
e1D0
91E0
d1Fe
0200
0210
0220
0230
0240
02250
0260
02270
0280
02290
02A0
02Be
02Cce
02De
02E0
02F 0
0300
0310
9320
0330
9340
9350
0340
937¢

0390
03A0
0380
03Co
0300
93E0
03F

oF
(13
o
oF
oF
o
oF
oF
8A

84

YR YY Y YR

R G

FE
FE
FE
FE
FE
FE
FE
FE
AS
8E
07
81
E7
3F
48
(1}
17
2cC
10
48
7€
1B
Dé
(LY
[
o
17
(1}
20
97
97
02
1D
18
86

3F
3F
3F
3F
3F
3F

3F
3F

)
4
0
17
3F

9422029288 R A
$4%2328¢%%
8% e RQ8

(1}
(1]
(1]
(1]
L L]
[ 1]
[ 1)
"
D1
[ 1)
4ac
2E
Aé
3F
o1
2F
97
Fo
1A

FA
7E

1F
2E
=)
84
70
BD
c3
c3
oF
29
[ 3}
©2
[ 3}
3F

3F

%

3F

3F
3F-
10
44
[
b7
3F
BD
Be
F1

D1

"
[ }}
[ 3}
[}}
L]}
e1
(3}
o1

3F

oF
oF
o
oF
oF
o
o
oF

L %2885 %23 %

"
0"
"
"
1)
"
"
1)
3F

56
84
44
3F
17
(%3
39
Fo
48
3

7E

o0
c3
97
1D
L]

FA

18
o«
97
(13
"%
17
3F
3F
3F

(¥4

(2}
[ }}
[ 3}

[ 2}
"
o1
[ 2}

4
2D
4
3F
°7
2c
3F
s
8E
81

FA
7E
c1
7E
1B
7E
c1
FA
37
7€
o1
D3

oF
oc
1c
3F

3F
3F
3F

%
%

3F

4ac

(1}
[}
3F
[ L]
FB

R 482828985

¥ R85

o
o
13
"
oF
oF

oF
FF
se
26
B
44
3F

17
F3
3F
Fo

7€
37
FA
27
FA

FA
27
37
B&
FA
81
86
86
cD
cD
AF
3F
3F
3F

3F

3F
3F
SF
39
26
Ccé
3F

(1]
10
13
FB
BD
S8

FE

FE
FE
FE
FE
FE
FE
FF
c3
FC
9
EA
3F
CE
c4

[
11}
1}
0"
[
"
[y
(1
FF
F8
43
15
AL

(1]
oF
3F
F®

*»®

B&

91
ELY

oF
c1
o
BS
26
91
9A
1D
1D
3F
3F
3F

K

3F
3F

3F
3F
[ 3}

30
D4
3F

D1
[ 1]
F1
9B

$ 4 %3R8

o
o1
ot
o
o1
o
[}
o1
FF
o

D1

R LK LSIT3sL

Table A-1:

3F

26
3F
F7
17
3F

1e
Ad

L9 K982 28
saesmgves

10A, V1.0-RJL ROM Listing

(1]
(1]
(1]
"
(1]
"
(1)
[ 1]
3F
96

1
[ 2}
1
[ 3]
o1
"
o1
"

3F

%6

"®

% €

FB
[ 1]

LI L AR I I B A}

63

3F

e7

FB
FD
3F
3F
3F
3F
81
D7
58
EE
12
SF
3F

(.ﬁ

1
4C
D9
EF

oD
D9
97
97
26
o
97
3F

3F
3F
3F
3F

3F
3F
3F

% 9

!

3F

%%

3F
3F
[ 1]

3F

%

3F

3F

3F

% %9

Fo

3F

K
K

3F

3F

3F
Fo

%!

w
@

B899 9%

3F

K}

Feo

3F



0000
0010

3F

3F

3F

3F
3F

3F

3F
3F

3F

3B

%

3F
3F
aF
3F
3F

3F

?

3F

3F
3F

3F
3F
3F
3F

3F

L2289 8888 9S8

00
EF
(L]
ED
00

F7
EB
oA
oE
[ 23
[a?:3
0A
B7
F7

3F

3F
3F

%

4

3F

F3 FE &1 DD CF

3F 3F 3F 3F 3F
3F 3F 3F 3IF IF
3F 3F B3F 3F 3IF
3F 3F 3F 3F 3F
3F 3F 3F 3F 3F
3F 3F 3F 3F 3IF
3F 3F 3F 3F 3F
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APPENDIX B

Typical User Configuration

The user supplies 32 analog inputs to the ANALOG INPUT CONNECTOR.
PSEUDO-GROUND should be connected to the analog signals' reference
point. Pin-outs are shown in Table 1. Maximum input range is

+ 10 V with respect to pseudo-ground.

Digital inputs are multiplexed into the controller and so must be
configured as some combination of Figures 5 and 6.

1.0 Analog Input
2.0 Digital Input
3.0 Data Link

For maximum reliability, use redundant twisted pairs connected as
shown below.

A C
B D
Mg] J
J— Data
C - A
D B
J E
X - F
Data —-D

Local Remote
Digital I/0 Digital I/0

Connector Connector
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APPENDIX B (continued):

Analog outputs can conveniently be brought out from the two ANALOG
OUTPUT CONNECTORS as twisted pairs. See Tables 4 and 5. Signals
that must be clean should be filtered at the user end of the twisted
pairs; the emitted signals contain about 15 mV of digital hash. Sig-
nals requiring less accuracy can be brought out single ended and ref-
erenced to chassis ground.

Digital outputs are available on the Digital I/0 connector as shown
in Table 3. The emitted signals have a 12 mA capability at logic
high (2 2.4 V) and a 24 mA capability at logic low (£ 0.4 V). The
digital outputs are referenced to the chassis.

4.0 Analog Output
5.0 Digital Outputs
6.0 Miscellaneous Connections

6.1 Chassis ground.

The FEDAL chassis is grounded to AC ground via the AG cord.

However, in some cases it may be helpful to attach a ground

strap to the chassis, providing a better return path for the
digital currents.

6.2 Analog monitors.

See Figure 8.

6.3 Digital output/limit bit select.

See Figure 7.



