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ABSTRACT

This report describes an interface to permit the connection of any PDP-11

to either the Packet radio network or the ARPAnet. The interface connects
to an IMP on one side, meeting the specifications published in BBN report
number 1822, and to a 16 bit parallel interface (DRV-11 or DR11-C) as de-
scribed in the DEC peripherals and interfacing handbook. The interface card
itself is a double height board (5.2"x8.5") which can be plugged into any
peripheral slot in a PDP-11 backplane. The interface card is connected to
the parallel interface card via two cables with Berg 40 pin connectors

(DEC H-856) and to the IMP via an Amphenol bayonet connector (48-1PR-18-31S).
All 3 cables and connectors are supplied with the 1/0 interface card. The
parallel interface card (DEC DR11-C or DRV-11) together with the special 1/0
interface card described in this report comprise the 1822 interface. The
report includes descriptions of the operation of circuits, programming, and
diagnostics for the 1822 interface.
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. Q I ntroduction

This report describes an interface to pernmt the
connection of any PDP-11 to either the Packet radio network
or the ARPAnet. The interface connects to an |MP on one
side, neeting the specifications published in BBN report
nunber 1822, and to a 16 bit parallel interface (prv-11 or
DR11-C) as described in the DEC peripherals and interfacing
handbook.  The interface card itself is a double height
board (5.2"x8.5") which can be plugged into any peripheral
slot in a PDP-11 backplane. The interface card is connected
to the parallel interface card via two cables with Berg 40
pin connectors (DEC H856) and to the IMP via an Amphenol
bayonet connector (48-19R-18-318S). Al 3 cabl es and
connectors are supplied with the I/O interface card. The
paral lel interface card (DEC DR11-C or DRV-11) together with
the special I/Ointerface card described in this report
conprise the 1822 interface.

Except for differences in handling the | MP power relay
status, this interface reflects the ~current prototype as

constructed by SRI. In the SR unit, an interrupt is
continuously generated when the |M goes down. The
i nterrupt generation can be stopped by disabling the

receiver, after which it is necessary to poll the interface
to see if the IMP conmes back up. The interface described
here generates one interrupt on each change of state of tne
| MP.

The followng sections describe the operation of

circuits, pr ogr anmi ng, and di agnostics for t he 1822
i nterface.
1.1 Bl ock Di agram

The bl ock diagram shows the basic parts of the special
/O interface card and its connections to the parallel
interface card and the I M.

The parallel interface card perforns interrupt contro
on the PDP-11 uni bus. It has 3 addresses on the Unibus; the
control and status register, the output register, and the
input gate. The status register includes both the interrupt
enable bits as well as the transmt and receive enable bits.
The output register is a buffer whose contents change only
when the interface is loaded (witten into). The input gate
does not contain a buffer. Its function is only to gate its
i nput signal to the Unibus. Thus the data sections of the
I1/0 <card need only store data for the receiver, but not the
transmtter. A block diagram and description of the paralle
interface unit supplied by DEC are in the appendi x.

In the followmng section, the reader is referred to the
block diagram as well as the circuit and timng diagrans
that follow.
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2.0 Transmt Section

The transmtter has two independent sections. One is
the power relay and the other is the data section.

2.1 Host Power Rel ay

Bits 12 and 13 in the output register control the host power
relay contacts. They are the R and S inputs to an RS flip
flop. Setting bit 12 closes the contacts, and setting bit
13 opens the contacts. If both bits are on, the contacts
w Il be closed. If both bits are sinultaneously cleared
after both being set, the resulting contact position is
i ndet er m nat e.

Last State New State Cont act St atus

Bit Bit Bi t Bi t

13 12 13 12

( any ) 0 0 No change

( any ) 0 1 Contacts cl osed

( any ) 1 0 Contacts open

( any ) 1 1 Contacts cl osed

1 1 0 0 | ndeterm nate
Initialize Pul se Contacts open

Bits 12 and 13 need to be set only once, as can be seen
fromthe table, since the state of the relay remains at jts
previous setting when bits 12 and 13 are both zero.

Since the transmt register cannot be used to read out
the state of the relay, bit 13 of the receive register is
used for that purpose. Bit 13 is a 1 if the contacts are
open, and O if they are closed.

Bit 13 of | NBUF Contact position
0 CLOSED (Host power on)
1 OPEN (Host power off)

The relay used is a Magnecraft wlg7-pIpP-1 reed relay.
Magnecraft claims the contact bounce is less than 500
m croseconds. Therefore to be safe, no data should be
transmtted until 1 mllisecond after the relay is closed.
This neans that bit 12 of the transmt register (  QUTBUF )
must be set before transmit enable is 'set to prevent the
interface fromtransmtting a byte when the power bit is
set.

2.2 Data Section

The data section of the transmitter is an 8 bit parallel to
serial converter inplemented with a multiplexer. The 8 bit
data byte and control information are supplied by the bprll-C
whose output buffer holds these values until they are
repl aced by new data and control information.



2.2.1 Data Path

The actual parallel to serial conversion is done by an 8
line nmultiplexer (74152), which selects bits 7 to of the
output buffer and directly feeds the output driver. The bit
selection is done by the low order 3 bits of a 4 bit binary
counter (74193). The counter starts at zero and is advanced
one count each time the RFNHB (Ready for Next Host Bit) line
makes a high to low transition. On the 8th count the high
order bit beconmes a 1 and is wused to inhibit further
counting and also to generate a transmt interrupt request.

2. 2.2 Handshaki ng Procedure

Wen the RFNHB |ine goes high, and transmt enable is a 1
(enabl ed), the TYHB (There's Your Host Bit) |ine goes high
indicating availability of a data bhit. RFNHB eventual |y
goes low indicating acceptance of data. This triggers the
74123 pul se generator generating a pulse T4 seconds |ong
(nomnally 1 microsecond). The | eading edge of the pul se
advances the counter. The TYHB line is held low for at
| east the duration of the pulse, and possibly longer if the
RFNHB |ine remains |ow for |onger than the ul se duration.
Using the pulse generator provides a straightforward nethod
of neeting the minimum pulse wdth requirements for the
2-Way handshake. This is useful when operating over |ong
cabl es. For systenms using only a 4-Way handshake, a sinple
time delay would suffice as long as it is long enough to
allow the counter and nultiplexer to settle after being
advanced (See transmt timng diagram for details).

2.2.3 Last Host Data Bit (LHDB) Signal

The LHDB signal is asserted if the Last Byte signal is
present (bit 11 in OQUIBUF is a 1) and the counter is
selecting the last bit of the byte to be transmitted. The
timng for this signal coincides with the tining for the
data signal.

2.2.4 Transmt Enable

The transmt enable signal is used to gate out the interrupt
request signal as well as to hold off data transm ssion
while it is |ow When the transmt enable signal is
returned to them"1™ éenabled state, the transmtter waits
for new data to be loaded into the output register ( QUTBUF)
before starting transmission. This neans that the transmt
enable |line cannot be used to turn the transmitter on and
off in the mddle of a byte since the remainder of the byte
woul d never be transmitted.



2.2.5 Initialize Pul se

The initialize pulse resets the counter to zero and opens
t he host power relay contacts. It also clears the registers
in the DRV-11, thus clearing the transmt enable signal

2.2.6 Load Pul se

The load pulse resets the counter and holds the TYHB Iline
low for the duration of the Jload pulse (nomnally 300
nano-seconds). If it is the first load pulse after the
transmt enable |line has been raised (=1), it also clears
the hold-off flip-flop. The hold-off flip flop prevents
handshaki ng from occurring until the first load pulse after
the transmt enable |ine goes high.

2.2.7 Interrupt Request

A transmt interrupt can occur only after the last data bit
has been received by the |IMP and both of the follow ng
condi ti ons have been net.

XMI' enabl e is set (=1) Bit 8 in DRCSR

XMl interrupt enable is set (=1) Bit 6 in DRCSR
If one wshes only to poll the interface, only the XMI
enabl e needs to be set. Bit 7 of the status register
( DRCSR) indicates the state of the INT A line. [f an
interrupt has been requested, bit 7 will be a one. If bit

6 is also set, an interrupt will actually occur.
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3.0 Recei ve Section

Tne receive section supplies one byte of data along with
control information. The receiver is divided into tw
parts. One part senses the status of the I MP power relay
contacts and the otner part performs the handshaking and
serial to parallel conversion

3.1 ivP power Sensing

The | MP power relay contacts grounda the filtered input to
the inverter. The 39 ohm resistor, 5 microfarad capacitor
and the 18K resistor provide sone debouncing of the relay
contacts. This supplies a signal through the inverters
directly to the DRV-11 (bit 12). The high to low and low to
high transitons generate a pulse via the EXCLUSI VE-OR gate
and tine delay which sets the power interrupt flip flop.
See figure 4 illustrating the EXCLUSI VE-OH pul se generator
An interrupt request is generated if the receive enable bit
is set in the DRCSR (bit 1). An interrupt will actually
occur if bit 5 is also set. These actions wll occur
i ndependent of actions in the data section of the receiver
Bit 14 (=1) indicates that the interrupt was initiated by
the I NP power relay (IMP recently down) and bit 12 indicates
the current status of the 1imp relay.

3.2 Data Section

The data path in this section is fromthe Iine receiver
directly to the serial-in, paral lel-out shirt register
(74164). The data is strobed into the shift register T1
sec. after the TviB signal is asserted (=1). The tine delay
T1 al |l ows deskewi ng of the signals on the Tyis line and the

data and LDB [lines. This time delay can bevaried by
changing the timng capacitor. After the data is strobed
into the register, the RFNIB line is dropped (=@). It is

held down for a mninum period of T2 sec. and possibly
longer if the TYIB line has not dropped when T2 has el apsed.

The RFNIB line will not go high again until the TYIBline is
dr opped. Thi's meet s t he requirement of tne 4-way
handshaki ng procedure. The perioa T2 occuring after tile
data is strobed into the register is to neet the minianum
pul se width requirenents when using the 2-way handshaking
procedure on long cables. The pulse width requirenent at
the 1:p end of the cable can also be net by changing the
appropriate timng capacitor on the interface card.

149



3.2.1 Interrupt Requests

An interrupt request can be generated only if the Receive

enable line is high (DRCSR bit 1 is 1) and one of the

followng is true:

a) 8 bits have been received since the |ast interrupt as
counted by the 74193 counter.

b) The Last Data Bit (LpB) flip flop has been set by
recei pt of an LDB signal.

c) The power status flip flop has been set due to a change
in the status of the |IMP power relay contacts.
(Connecting and di sconnecting the cable w'll have the

sane effect.)
3.2.2 Initialize and Read Pul ses

Both the read and the initialize pulses produce a pulse on
the clear Iine in the interface. The initialize pulse is
inverted and fed directly to the clear line. The trailin
edge of the read pulse indicates that the data has been reag

from the register. The pulse generator T3 generates a 1
microsecond pul se AFTER the trailing edge of the read pulse.
when t he clear line is Jlowered (=0), the register,

flip-flops, and counter are cleared. T2 pulse generation is
inhibited and the TYIB input signal is held low for the
duration of a clear pulse.

3.2.3 Bit 15 Qutput

Bit 15 is the OR value of bit 14 (IMP recently down) and bit
11, the LIDB bit in the receive register. |t is "1" only if
the last bit of a packet has been received (the only tine
the LIDB line is asserted) or the the IMP has lost and/or
regai ned power (its relay contacts changed position).

3.2.4 Data

The data bits appear in the low order byte of the receive
register (bits #-7). The nost significant bit (MSB) or bit
7 is the first bit received fromthe line and the |east
significant bit (LSB) or bit 6 is nost recently received
bit.

3.2.5 Bit Count

The three bits (8,9,18) indicate how many bits have been
received since the last interrupt. If a number other than @
appears in these three bits, a full byte has not been
received. The bits are a binary nunber 1ndicating how many
bits have been shifted into the register. The data bits are
shifted into the |ow order byte starting at bit 0 and noving
toward bit 7. Thus, the MSB starts at bit O and noves
toward bit 7, its final destination. If the bit positions

11



were nunbered 1 to 38 (LSB to #M8B) instead of 0 to 7, t hen
the bit count (10,9,8) is the position of the MSB. 000
means the MsB has reached its final destination.

3.2.6 Receiver Timng

See the timng diagraas for the receiver in figure 6.

12
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4.0 El ectrical Specifications

This section provides details on the power wiring for the
board and data on the line drivers and receivers.

4.1 Line Drivers and Receivers (DM 8820 and DM 8830)

The line drivers are National DM 7836/883¢ differential
bal anced drivers. The receivers are National DM 7828/8829
differential balanced receivers. Connection details are
shown in the figure showing drivers and receivers. The
receivers provide a high inpedence (2.5K or 5K) termnation
of the 1line, wth protective clanping at + and - 4 volts
with respect to ground. when an input is out of the + or -
4 volt range, the input inpedence fromthe out of range
input to ground is 180 ohns. The maxi num input voltage for
any input lead should be held to + or - 10 volts with
respect to ground. This is the dissipation limt of the
protection circult.

The outputs are balanced differential and provide a 1.2
volt differential voltage swing with a +.6 volt common node
vol tage (both neasured open circuit).

Logic State Output
A B

) Ov +1.2vV

1 +1.2 Vv g v

The output inpedence is 130 ohns differential balanced with
respect to ground (or 65 ohns to ground from each side).

4.2 Power Distribution

The power distribution is shown in figure 8.

16



Figure 7

Line Drivers & Receivers
El ectrical Specifications

Drivers: Differential Balanced Drivers (130 ohns bal anced,
65 ohns each side to ground)

TTL A — —-# A (AND output)
| nput &——— > 180
AR ‘ ——e B (NAND output)

Nat ional DM7830/8830 1 9

(2 units per package) I

~ I'nput out puts (volts)

Logi c Vol t age A B
0 0v 0 1.2
1 3v 1.2 0

[, Recei vers Bal anced Differential, NQ term nation
+3.6 volts

~

Bal anced
I nput

~

L

~>——=o0 TITL output
- = National
DM7820/8820

TT 2 uni'ts per package
-3.6 volts

Di odes are 1N4148 or equiV.

Typical threshold voltage is 100 mvV.

Non-inverting input resistance is 2.5K ohns to ground.
(pins 3 & 11)

Inverting input resistance is 5Kk ohns to ground (pins 1 & 13).

Protection clanps input to receiver at + 4 volts. 180 ohm
4 watt input resistor will fail with-sustained inputs
above 10 volts.

The 7820 and 7830 operate over the mlitary tenperature
range (-55°C to 125°C). The 8820 and 8830 operate
over the commercial tenperature range (0°C to 70°C).

17
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5.0 Changing Time Del ays

The value of the time delays is linearly proportional to the
value of the timng capacitor over reasonable values of tine
del ay. Thus to change the tinme delays, the timng
capacitors should be changed accordingly. Al tinme delays
shown are set to one m crosecond.
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6.0 Connectors

The 1/O interface card nakes 4 connections to the outside
wor | d.

a) Edge connector on the card. DEC double height
board. +5 volts and ground are used. Current
consunption is about 600 mA.

b) Berg 40 pin connectors (2), one for input and one
for output to parallel interface. They are |abeled J1
and J2 corresponding to DEC nonenclature. (Pin
nunbers at the top of the schematics indicate the
connector number and pin nunber. Connector 2, pin W
Is 2-W.) The connector number is DEC H 856

c) Amphenol 31 pin femal e bayonet connector. This is
SEQCIerd by the BBN 1822 report. The pin nunbers for
this connector are on the bottom of the schematics
along with the signal nane. The connector is amphenol
nunber 48-19r-18-318.
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6.1 Loopback Test Connect or

Originate Destination Si gnal

Pin No. Pin No. Name

1 21 + LDB

2 22 - LDB

3 23 + Data

4 24 - Data

5 19 + TYB

6 20 - TYB

7 17 + RFNB

8 18 - RFNB

11 13 Power Rel ay
12 14 Power Rel ay

21
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7.0 Progr amm ng

The progranmmer has 3 registers to deal wth in
Brogrannlng the interface: the status register, the input
uffer, and output buffer.
7.1 Status Register

This register has 4 read/wite enable bits, and 2 read

only status bits. There are two enable bits, one each to
al l ow operation of the transmtter and receiver. The two
status bits indicate whether a receive interrupt request has
occurred. An interrupt request can occur onl if the
respective transmtter or receiver has been enabled. An
interrupt wll actually occur if the appropriate interrupt

enable bit (one for receive &« one for transmit) has also
been set.

7.2 Input and CQutput Buffers

Both the input and output buffers are divided into a data
section (bits @#:7) and a control section (bits g:15). The
user should not wite into the transmt register or read
fromthe receive register if they are in the process of
transmtting or receiving a byte of data. Readi ng or
witing into a register while it is in the process of
transferrln? a byte may cause some bits to becone |ost
and/ or out of  synchronization. This can be avoided by
waiting wuntil either an interrupt or interrupt request (as
seen in the status register) is present before accessing the
register.
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7.3 Transmt (CQutput) Register

One byte of data will pe transmitted each time this re ister
is loaded if the transnit enable bit is set. Any old data
wi Il be cleared upon |oading, independent of the state of
transmt enable.

7.3.1 Data Section (Bits 0:7)
Bit O is least significant bit. Bit 7 is the nost

significant bit and is the first bit to be transnitted.

7.3.2 Control Section _
Bit 11 (LHDB)- |If this bit is set, the |last host data

bit line wl|l go high during the transmssion of the
| ast data bit in the byte (bit 0).

Bit 12 - Host Power Relay Set- If this bit is set, the
host power relay contacts will be closed indicating host
isup. This bit need be set only once since the
interface wll latch tne value. Ether an initialize
pul se or setting bit 13 will clear the latch. The |atch
will remain in the last state to which it was set. Bi t
I13 ﬁf the receive register contains the status of the
at ch.

Al t hough the power latch can be set any tine, it is
recomende that the relay be turned on before the
transmt enable bit is set in the status register. This
prevents a data byte from being transmitted when the
relay is turned on. It is inportant because the host
must wait until the contacts have solidly closed before
transmtting data which is approximately 1 ms for the
relay used.

Bit 13 - Host power relay clear - Setting this bit
clears the HOST power relay.
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7.4.0 Receive Register

Reading the receive register clears the receive buffer
making it ready for another byte. Thus program testing of
control  bits should be done after the contents of the
receive register have been noved el sewhere. |f the receiver
wi shes to suspend receipt of nore data he can:

a) Not read the receive register.

b) Cear recieve enable after a receive interrupt and
then read the receive buffer. In this case he has
access to all data accepted by the interface and
bl ocked data at the entry point to the interface.

c) Clear receive enable without wai ting for an
Interrupt. In this case some bits may be |ost.
Setting receive enable will start the receiver again,
but not necessarily where it left off.

7.4.1 Data (Bits 0:7)

Bit 9 is LSB and the last one received from the 1line.
Bit 7 is usB and the first one received fromthe |ine.

7.4.2 Control

Bits 8,9,108 - Point to last bit received in byte.

Bit 11 - (=1) Indicates |last data bit line was asserted
concurrently with receipt of the last data bit.

Bit 12 - | MP Power status. Indicates current status of the
| MP power relay.

Bit 13 - Host power relay status. 0 - ON 1 - OFF

Bit 14 - Indicates the IMP has been down since the |ast

interrupt was serviced. (i.e. the interrupt was
generated by | MP changing status.) (see bhit 12 for
current status)

Bit 15 - Either bit 11 or 14 is a 1. This bit being set
indicates the «current _interrupt requires special
handling either because it is the last byte of a
packet, or the |IMP has been down.
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A Programm ng the 1822 Interface
(wth the DRV-11 or DR11-C)

The bus address and interrupt vector |ocations shown are
for the first prll-c (DRV-11) in a system. If there is more
than one DR11-C, or other devices conpeting for the same
address area, the proper nunbers nay not be the ones shown.
Check the appropriate system documentation and/or the
hardwar e address junpers on the DR11-C to be sure.

ROV XM [XMT [ ROV ROV [XMT
Req [ Not Used----"|Req [int. Atnt.B__Not Used —_Enablefnable
B 110 9  8l-A [Enablefnabl (CSRI)ESR 0
5[ 14 13 D NP APV O 1 I A IR R I B

1 |

Control and status Regi ster = DRCSR 167770

Used - Host | Host| Byteg -Used
PW .| Pw
15wl 3 Vizl 41| 1009 8| 7. 6 Emo 4 3 2 1, 0

- -l lear
Nt T T

Transnmit Register = OUTBUF 167772

IMP | NO |NO Last Bi t
v 14V8S Host [ I MP | Byte Count DATA
do Pwr. Pwr
15 14 13 1 1 10 9 8 7 6 5 4 3 2 1 0

Recei ve Regi ster - INBUF 167774
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Bit

Bit 15~

Bit 14-8

Bit 7

Bit 6

Bit 5

Bits 4-2
Bit 1

Bit o

Control and Status Register DRCSR 167778
Function

This bit indicates that the DRV-11 has received a request from the
interface to generate an interrupt. If bit 5 of this register Iis
set, an interrupt will occur. This bit is read only.

NOT USED

This bit indicates that the DRV-1l has received a request from the
interface to generate a transmit interrupt. If bit 6 of the
interface is set, an interrupt will occur. This bit is read only.

Transmit interrupt ENABLE~ Setting this bit allows interrupts to
be generated upon completion of transmission of each byte of data.
This bit is read/write.

Receive interrupt ENABLE- Setting this bit allows interrupts to be
generated upon receipt of each byte of data and/or a change in the
status of the IMP power bit in the interface. This bit is
read/write.

NOT USED

Receive enable- Setting this bit enables the receiver (by allowing
the RFNB line to go high). The interface will then receive bits
until either it 1is full, or it receives the last data bit (LDB)
signal. At this point the interface stops and requests an
interrupt. It wll not accept any new bits until the present
| oad of bits is read from INBUF. This bit is read/write.

Transmit enable-Setting this bit enables the transmitter (by
allowing the TYB 1line to go high). The interface will transmit
all bits which are loaded into OUTBUF after this bit is enabled.
This bit is read/write.

Transmt Register OUTBUF 167772

All bits are read/write. Transmission of a byte is initiated each time
QUTBUF is loaded, the transmitter is enabled (bit @ of DRCSR is set).

Bi t
15-14
13

12

11

Function
Not used

Setting this bit releases the Host relay contacts. This bit need
be set only once, as the interface holds the information in a
latch. Either bit 13 OR bit 12 should be set. NOT BOTH.

Host Power Set- This bit sets the Host relay contacts. As with
bit 13, this bit need be set only once, since the interface holds
the information in a latch. Either bit 13 or bit 12 should be
set. NOT BOTH. No data should be sent wuntil at least 1
millisecond after this bit is set to allow for relay contact
bounce.

Last Data Byte- This bit causes the last data bit (LDB) line to
go high concurrently with the transmission of the last bit of the
byte. This is typically set with the last byte of a packet.

18,9,8 NOT USED (On the early unit, these bits indicated the last bit

7-0

position to be transmitted within the byte.)

DATA (Bit 7 is the high order byte, and bit @ is the low order
byte.)
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Receive Register INBUF 167774

The interface will receive bits until either it is full, or it receives the

last IMP

data bit (LIDB) signal. At this point the interface stops and

requests an interrupt. It will not accept any new bits until the present
load of bits is read from INBUF.

BIT

15

14

13

12

11

19,9,8

FUNCTION

Special conditon ~ If set, the byte of data just received
requires special handling. (i.e. it is either the last byte of a
packet, or there has been a change in the status of the IMP relay
contacts (IMP recently down).

IMP just went down or IMP has been down and just came up

® - No change in IMP status
1 - IMP has been down recently

(see bit 12 for current status).

HOST POWER~ Indicates the current status of the Host power relay
as set or cleared by either bit 12 or 13 respectively in the
transmit register QUTBUF. This bit should be interpreted as
follows:

@ - HOST power relay contacts closed ( ON )

1 - HOST power relay contacts open { OFF )

IMP POWER- Indicates the current status of the IMP power relay.
The bit should be interpreted as follows:

@ - IMP power ON

1 - IMP power OFF
(See bit 14 to determine if the interrupt was generated by the
power circuit.)

LAST BYTE - If this bit is set, the data byte is the last one in
a packet. Bits 8,9,10 should be checked to determine the
position within the byte of the last bit transmitted.

Bit Count - The three bits (16,9,8) indicate how many bits have
been received since the last interrupt. If a number other than @
appears in these three bits, a full byte has not been received.
The bits are a binary number indicating how many bits have been
shifted into the —register. The data bits are shifted into the
low order byte starting at bit § and moving toward bit 7, its
final destination. If the bit positions were numbered 1 to 8 (LSB
to MSB) instead of O0 to 7, then the bit count (19,9,8) is the
position of the MSB. 000 means the MSB has reached 1its final
destination (position 8).

DATA - Bit 7 is the MSB of the data byte and is the first bit of
the byte to be received from the IMP.

INTERRUPT VECTORS FOR THE INTERFACE

Transmit Interrupt Vector

Loc. Contents
300 XMT =(PC)
302 200 =(PS)

Receive Interrupt vector

Loc. Contents
304 RCV  =(PC)
306 200 =(PS)

XMT- Address of transmit interrupt routine
RCV~- Address of receive interrupt routine
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8.0 Di agnosti cs

It is assunmed that the pri1l1-C or DRV-11 is functiona

before these tests are attenpted. |If the above is not true,
the programmer/user has no neans of accessing the special
1/0 card. If in doubt, the DR11-C tests should be run

first.
8.1 Packet Source/ Si nk
8.2 Scope Loop

8.1 Packet Source Sink Program

8.1.1 CGener al

The packet source and sink program can be used to make
the interface do handshaking for hardware and software
checkout purposes.

The transmit part continuously |oads the contents of 16
sequential menory locations into the transnit buffer. The
low order byte is transmitted as data. Bit 11 of the high
order byte may be set both as an end of packet indicator and
also to test the LDB lines in the interface.

The receive or sink programcircularly fills a 16 word
area in nenmory wth the contents of the receive register.
The user may stoP the program at any tine to see the
contents of the last 16 bytes received.
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8.1.2

A)

B)

Runni ng Source/ Si nk Program
Location 602 determines what the program does. It is
| oaded into the control and status register of the
interface. 1t should be loaded wth one of the
fol | ow ng.

101 Transmit Only
42 Recei ve ChI& _
143 Transmt & Receilve

Locations 440 to 476 (octal) contain the transmit
buffer. They should be filled wwth the data and
control as the user wishes. Wrds fromthe buffer are
succe?sively | oaded into the output buffer of the
i nterface.

Load the program into menory using ODT or swtch
register. Aternately assenble the listing and load it
from some storage devi ce.

The program starts at |ocation 600 (octal) after it is
| oaded.
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8.1.3 Sour ce/ Sink Program

Menor y Contents Function
| ocati on
(octal) (octal)
300 1000 \
302 200 - Interrupt Vectors
304 700 I
306 200 /
400 \
| |~ Receive Buffer 16 words (8 received
| bytes)
436 /
44Q \
| |- Transmt Buffer 16 words (8 transmitted
| bytes)
476 /
600 12737 MOV C(loc 602),DRCSR
602 see table 191-Transmit 42- Recei ve 143-Boti
604 167770
606 127615 R5=440
610 440
612 12704 R4=400
614 400
616 12706 R6=2009
620 2000
622 12537 MOV  (R5)+,0UTBUF Start transmtter
624 167772
626 177 BR 626 Wai t | oop
700 13724 MOV INBUF, (R4)+
702 167774
704 22704 COWP #440,R4
706 440
710 1002 BNE 716
712 12704 R4=400
714 400
716 2 RTI
1000 12537 MOV  (R5)+,0UTBUF
1002 167772
1004 22705 COWP #500,R5
1006 500
1010 1002 BNE 1016
1912 12705 R5=440
1014 440
1016 2 RTI
16777Q DRCSR
167772 OUTBUF
167774 | NBUF
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D)

Scope Loop Program

Runni ng Scope Loop Program
Load Source/ Sink programin 8.1.3.
Location 602 should be 143 (transmt & receive)
Locati ons 4468 to 446 shoul d be:
449 000000
442 000002
444 000200
446 004001

Change contents of l|ocation 1006 from 500 to 450
transmtter |oops after 4 bytes.

Start program at |ocation 608g (octal).

32
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8.2.2 Usi ng Scope Loop

The loop program transmts two word packets. They are
transmtted continuously. They are:

Wwrd 1 000002 oct al
Wrd 2 190001 oct al

The nost significant bit (MSB) of each word is
transmitted first. Thus, the bytes are sent as foll ows:

Menory yte Cet al Bi nary
Locati on No. MSB LSB V5B LSB
440 1 000 00000000
442 2 002 00000010
444 3 200 10000000
446 4 001 00000001 (LHDB asserted with

LSB of byte 4)

The last host data bit (LHDB) line is asserted with the |ast
bit (LSB) of the second word.

Scope Pattern for Test Program
(W th loopback connector)

e/ [TV AT DAL
S L B S VY

Byte 1 | Byte 2 | Byte 3 , Byte 4
VSB LSB ' MSB LSB V5B LSB MS B LSB
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Appendi x

DR11-C Specifications

(from DEC Peripherals and Interfacing Handbook)

Parts list for Interface

34

35

40



102y o0zv

weafeiq %o0|g ‘adeqaju] 9-11HA -utew 3y} uj ‘suolouny SuuopLow 40 purwwod aptaosd 0y weiFosd syl
AQ Po|l0i3u0d 3G UBd }eY} S}Q UM/ /pedl alte (THYSD pue OYSD) SHQ 0iA}
3uiuiewas ay) ~wesdoud vyy AQ pasojluow aq ued jeyl sdeyy eptaosd c}
10 sjsanbau jdnisajuj 9jeIUL O} JBYYI@ pasn aq ued syq aseyy "weadoid
au} AqQ peat 9q Ajuo UEd pue 3JIAIP S,JISN Y} JO |041U0D JDAIP J3puUn e
(g pue v O3Y) suq om] ‘wesBosd 8y} Jo j043u0d Japun suq (NI LNI)
gjqeuad jdnuiajul ale S}Q 9SdY} JO OMJ 'SUOIDUNY 19sSn JONUOLU puB |o4}
-U02 03} pPasn ag ued Jeyul S}Ig XIS sapiaosd 193s13a4 sSnes pue Jouod syl

USER
DEVICE
LOCK

!
|
]

CSRO
CsRY |
l
|

“(0M ‘4NGNI AOW “88) 21942 snq |1yQ e AQ peaJ aq ued ‘palayng jou aie
yoiym ‘saul} ndul ayj ‘peat uaaq aaey saul ndui ayj jeuy s8diAsp sy}
swoul ‘Q3LLINSNYYL Y1vQd ‘[eudis jo13uod ¥ ‘sng ay} ojuo peal 99 3
30IA3P §,49SN 3y} Woiy elep spwiad siyj ‘sidjtwsuesy sNgiNN o3 andul
10 sauy| g1 sapiaosd D-11HQ 3y} ‘payroads si voijesado ndu ue usYM

REQUEST B |

0
REQUEST A ‘

DATA (1 BITS)
71 para_transmiTTed

CONIROL LOGIC

REGISTER AND

T 1 New para geaDy I

319K snq d|1YyQ 10 |11VQ © j0 sueaws AQ peas S| pue 3|94 snq
dolvad 40 01vQ € jo sueaws AQ papeo] uaaq sey ejep jeyy adlaap S.4asn
8y} 03 @1edipuy 0} payddns si |eudis [0JJUO3 AQYIYH YLIVA MIN € ‘49351891
19jNg 3y} 0} ejep jo Jajsuel} uodn 'sng ay} Ojuo peas 3q os|e ued 43}
-s18a4 9yl °Sng ay} Wouij ejep Mau yHm papeo} Si 1a3si3al ayl {1pun adasp
ay} o} sjqejieae ase syndino ayl ‘(4NGLNO ‘O AOW “3-8) j043u0d wesd
-0id Japun papeo| uaaq sey laysi3al s1y} 9duQ "183Si39) UG- € u| paiols
Si SNAGINMN 3yl woly uonewusojul ‘payoads st uoipjesrddo ndino ue ji

00
00

RECEIVERS

15

15 07 0shs 01 00
DRCSR™ T
ORJVERS
0ol0s] for loo
- —1._| | i »..{ DROUTBUT [

15

] o omvers | ] SR0AX

‘pawsoiad aq 03 uonesado
30 adA} ayy pue 193s13a1 3y} Aj1vads 03 D-T1HA 2y} Buissaippe Ag j043u0d
welSoud Japun pazijeipiul si uonesad “idynq indino pue ‘ysyng nduy
‘snjejs pue jo43u0d :$13)51334 931Y]) JO SISISU0D J180[ 92epIBIUI D-TTHA 3L

*3JIASP $,49SN 3y} JO 04}
-U0d Japun aie s3iq 3dnuidjul ayy {josuod wesdosd Japun. ase s}iq djqeus
3dniiajul ayl 'sassalppe 10309A oiidads o) sydnussju; wesdolrd waopad
pue [041u0d sng uied o3 adeydul ay} sywsad 2180) {043U00 Jdnisajul YL

T

_..[

. ‘pautioy
-lad 3q 03 s1 (3ndino .10 indut) Jajsued) jo adA} jeym pue ‘paiuiojiad
8q 0} s! uonesado 33Aq 10 plom B JI ‘pasn 8q O} Sy 433si3al Ydiym ‘asn 1o}
Pa329(9s usaq Sey a8deyiajul sy} JI SaUILLIIIGP 2130| UCHIOIDS SSAIPPE YL

GATING
CONTROL

*0180] @2e8jul 3diAep pue ‘2i80] [0:3u00 Jdnuiaiut ‘o180] L0I309]
-89S SSAIPPEe SU0IIIBS {BUCNIUN} 334Y} JO SISISU0D ddepdlul J-11HA Yl

OUT HIGH
1 out tow

REQ A [INT A)
REQ B {INT B}
lo 15:00

| SELECT O

|
l
I

t

‘suonduUny
ydnuisjul pue ‘Sunojiuow ‘pUBLUWIOD 10} IDIAIP |BULAIXI 3y} L0 wesdoud
9y} 194Uyd Ag pojjos3uod 3q Aew jeyy SHQ [013UO0D pue SNjeys Sapnioul
0S| 92BM3JUI BYJ "9IIABD |BUIAIX® UB pue WaSAg TI-dQd B udamjaq
eIep 319-91 JO sStajsuesy [ajjesed pajjosjuod-wiesdosd 10j AiesSooau 19}
-s183.4 1ayng pue 2130| ay} sapiaosd D-1THQ 3yl ‘jeidyduad s,iasn e pue
SNAINN 11-ddd 2y} usamlaq sdepiajul asodund-jeiauald e si O-11HQ UL

NO!1d149S3a

INTERRUPT
ADDRESS
SELECTION
LOGIC

D _15:00
17:00

m 10

Sens

se02

D 15:00

Ar , SneINA \ O-T14Q ‘JOVIYILNI 30IA3A TVYHINID
o 11dd J-11da

35



€0¢v

‘9pPO|N\ adueu
-dJUleIN Ul udym [IN| Ag pasesD ug Ajuo-pesy

(00 ¥g) O™SD 10 Tey o1 [eonuspl si v 1SINOIY
JO 91els 8yl ‘pash sI ||ges aodueusurew ayl Usymn

18s osfe s| (90 14) V N3 LNI
I Auo paressuab s idnusul ue ey} 1deoxa (ST

ug) @ 1S3INO3IY Se uonoun) dwes ayl swiopdd vV 1SINOIN L0

‘9po|\ adueu
-d)uleiN Ul uaym LINI Ag pares|d ugq Ajuo-peay

"anfeA swes ay} sl g 1S3INOIY
reyr Buijuan uay pue TYSHO ol T Jo O ' Bulpeo
Aq uonesado aodepsul Buppayds sywiad syl (10
1g) TYSH J0 aels 8yl uo 1uapuadsp sI g SIyl
JO aJeIs a8yl ‘pasn SI 9|ged doueUBURW BY) UBYA

‘'Sniels 9JIA9p [eulalxa Jojuow 0} welboid
ayl Aq peas aq ued 1q siyr ‘Bey e se pasn usaym

19s osfe s (G0 19) ¥q g 9N3 1NI 8y}
papinoid 1dnusiul Ue $31ETHUI pue 8JINep [eulaIXe
ayl E%um Sl 1 “ysanbas 1dnusul ue se pasn uaym

‘welb
-oid ayr Ag palsal aq Aew reyr bHe) e aressusb o)
10 9ouanbas 1dnusul ue ajeniul 01 pasn aq Aew
pue oIABp SJBSN 8yl JO [0AUOD JBpUN SI NG SIYL 9 1S3NO3Y ST

NOILONNS JNVN 1id

sjuawudissy 18 ¥SIuaA

‘Spuewwod ob Jo uels o} pasn
Aewsou si 0 ug ‘uonippe u| ‘sisenbal 1dnusiul sleseusb ued Slg 8say)
10 yl0q pue suoneolpul Apeas 1oy / 1§ pue SuOnIpuod lIoile 10} ST g
aeoojle 01 1dwane SuONUSAUOD Bdeudlul TT-dAd PJepuels ‘salisep Jasn
ayl uonouny Aue Joj pasn g Ued SIg ¥SD Pue 1SINOIY 8y ybnoyy

"SHQ puBLIWOD SB 9AISS pue SNgINM dul
woJ pajjonuod ate (IYSH pue OYSD) SNg JBYI0 OM]| ‘jonuod welboid
lspun are yoiym sug (sjqeus 1dnusiul) gNI LN| PaIeooSSe yum pasn
usym sidnusiul eremul 0l pasn ag Aew Jo ‘suonedlpul SNIeIS 80IABp BpIA
-0id 01 pesn ag Aew ‘|0nuU0D B2IASP Japun ase Yolym ‘siiq 1SINOIY oML

"80IASP
[euls1xe 8yl J0j SuOIOUN) SNJRIS pue pUBWIWOD paulap-iasn apirod
01 pue 2i60| 1dnusul B|geus 01 pasn si JsisiBal snels pue [0AU0d Byl

0L £9£ (4SJYQ) 1915133y SMeyg pue [03u0)

‘pabueyd are siadwnl
ayl §i AjBuipiodoe paiipow ag OS|e Ishw Ssassalppe asay) 01 HBulay

O 11da

c0cv

-84 asemyos lJayjo Jo swelbose Aue ‘lanamoH 0160 uOID8|aS SSalppe
ay1 uo siadwnl ayr Buuaye Aq pabueyd aq ued sassaippe Jaisibal ayl

. YL
334378 Vi¥Q INdNI 108NEQ
0 st
LLLedt
_ ¥344n8 viva Lndino | MK
[ ] 9 v \ _ 9 0Lt
YSO| ¥SO 3} 3| Oy 03y ¥sOda
0 i 1 ’ s 9 L [ nos
SYI1S193Y

'0L0LT "ed ‘pueuaq
-wng MaN “oul ‘souonodag Bilag :woup s|gejieAe aie sjool Buidwiud
'suid oy pue J0108uu00 Blag 9GgH Ue sapnpou| “I0108uuod Biag 9G8H P
'syibus| I Gz Ul 9|ge|leAy AlUO pus auo UO Jojoau
-uod Biag e yum 3jqed Jred-paisivi 0Z B JO SISISUOD ‘9|ged GZ-MI19dg 2
's1abull ainpow 8yl 01 Jo}suuod Biag auo wol speubls ay)
sBuug Jeyr preoq ‘ul Z/1-8 Ag Blay-afuls v "preoq J0j08UU0D TGN °Q
*G2-48008 1o 1-48004g "B'e yibus| a|qed palsap
Byl saledlpul Jaquinu ysep ayl ‘Buusplo USYM 198} GZ pue ‘0Z ‘ZT
‘0T ‘8 '9 ‘T Jo syibusl ul ajgejeny -ajqed ey (Biag-o1-Biog) ¥8OoE B

:Buideya)ul 10} B|ge|leAe aie SalI0SS8d0e Buimolol 8yl

"8|qed 8auo-0)-auo 1Brelns e ueyl Jayiet
Jobewr Jouw, e Sl 8|ged SIYl eyl 910N 'S8|qed 9G8H OM} Bia |aued
soeq e uo suid fenpiapul 01 saull ndinoandur jje Buug 01 pasn agq ued
‘aoepRIUl yoes yum palddns 1ou ase yolym ‘spieoq I0josuuod T/6N OML
‘sreuBis ndinoandul Jesn je Joy sio10suu0d Bleg omi sey snpow 8yl

'(DdS) 10is [esayduad |ews e ol pabbnid
agq ued eyl snpow penb s|buis ® uo pabexoed sI sdepsul J-1THQ SYL
uonduasaq jedishyd

‘a1ed
-lunwwod 0} sI0ssadold omi ayr Bumiwiad Agaseyl ‘1syiebol pajgqes are
SO-TTH¥Q oM} 8y pue sng Jossadoid yoesa 0} paldsauuod si J-1INQ auo
‘ased SsIyl U] JBylo yoes usamiaq elep Jajsuel) 01 siossadold TT-ddd omy
moje 01 (gdl) Jaynq lJossadoidiaul ue se pasn ag OS[e ued H-11¥d sul

‘Apadold Buiuonouny si adepaul ayy papinoid ‘dayng ndur ayl
Buipeal uaym sreadde piom awes ay) pue Jaisibal ndino ayl ol papeo|
SI Sng 8yl woJ} pIoM € ‘snyl 'BJIA8p SJ8Sh 8yl woly ueyl Jaylel Jagng
ndino ayy woyy Jayng ndur ayy Buipeol Ag 2160 J-11YQ dBYl Jo Burpoayd
sywlad ‘adepaiul ayl yum palddns si yoiym ‘sjges asueualulew vy

‘goepaIUl 8yl Jo uonelsado ¥o8yo 01 pasn osfe ale Asyl ‘spow @dueud}

J-11dd

36



S0¢-v
1asn
Aq pabueyd ag ued YpIp “opim su-00p Ajerewixoldde ‘sjeubis asind »
NN ‘9 14 LINi
d T LINI
aa T 1482
A 14 0dS)
0] 4 +»SNVdLl v1vad S 4 034
AA 1 +AQY V.Lvd MaN T 1 v 03y
rc T STLNO N 4 GTNI
HH 7 ¥TLNO N 4 VTNI
44 T €TLNO d 4 ETNI
a4 T ¢T11LNo n 14 CTNI
wv T T11n0 A 4 TINI
z 7 0TLNO M 14 OINI
X T 60LN0O A 14 60NI
M T 80LNO Z 4 80NI
1 1 L0LN0O LR 4 LONI
d 7 90LNO 33 4 90NI
N T S0LNO HH 4 GONI
1 T 70LNO MM 4 P7ONI
n T €0LN0O ad 4 E£ONI
ZZ T 20LNO H 4 ZONI
A T T0LNO 1 4 TONI
o] 7 00LNO 11 4 OON!
uid Joioauuo)d reubis ud Joysuuo)  [eubis
sindino sinduj

sfeubis ndinQ pue jnduj

Jayng ndur ayy ul sieadde
plom awes ay ey Buifjuen pue JsisiBal ndino syl ol sng Byl wWoly
piom e Buipeo] Ag 2160] adepswl 8yl jJo Buposyd sywlad Syl "d2IA9p
sJasn ayl woly ueyl Jayres 483si8as dayng Indino Byl woiy elep SaAIRd
-2l JaisiBas Jayng Indur ayy ‘pasn sI 9|ged 8ouBUSURW BY) JSASUSYM

‘paje|dwod sI Jajsuen
siy reyr sareolpul asind Buiob-anmisod syl jo abpa Buiren ayyl -paeid
-W0J U33g SeY Jajsues) ayl eyl I wliojul O} dJABP SJasn 8yl 0} Juas
s (Q3LLINSNVYL V1va) [eubis pesind e ‘sousnbss |1yQ e Buunp pess
aJe saul Indul ayr UBYAA ‘9JIABP JBYI0 Bwos Jo Jossadold ayr 01 Jajsuen
1o} SNGINN 8yl UuO paniwsuel; sl elep ayl pue adjuanbas |1yg e Aq
peal s JalsiBal @yl 'snNg 8y} OJUO peal |un pjBY aq Isnw saull NI erep
ayl ‘1o1sibais dop-diy e ueyl Jayres 216o] Buneb jo sisisuod tayng ndul
oy asnedag ‘saull [eubls N| erep 8yl uo 3JAdp sJasn ayy Agq papinoid
S| peal ag 0} uonewloju| 'SNGINN By} O} UOISSIWSURS 10} 92IA9P S,Jasn
aU) woij eyep SaA@dal ey JalsiBal Aluo-peas 3g-gl e S| Jayng indur syl

v22 19/ (ANGNIYQ) JeisiBay Jayng indul

J-114d

v0c-¥
"LINI Ag pares)d s| 4NGLNOYA dYL

'0160] @oep8lUl Byl Jo uonelado
Bunoayo sywiad syl ciesibal sayng ndul sy o) palidde ospe s Jayng
indino 8yl wolj eIRp BYl ‘pPasn S| 9|ged ddurUIURW BY) ISABUBYM

'saul| elep sng ayl 01 Ajpoalip pay si Jayng ayr o ind
-INo a8y} ‘uonelado peas sy Buung '819Ad snq 41LyQ 10 j1vQ B Jo sueaw
Aq awn Aue e peal aq Aew JaisiBas Jayng Ndino a8yl JO SUSWOD YL

'919A2 snq gO1vd 10 Olvd e jJo sueaw Ag saul 1NO elep
83Ul U0 3JIABP $J8SN Byl 01 paniwisuel) S| Jayng ayl woiy eyreq 'saul|
ndul sJasn ay) U0 JMSS pue papeo| ag 0] elep 8yl MOjle ¢} pasn ag
pinoys asind aamsod ayl jo abpa Buyren ayl ‘papeo| usag sey Jaisibal
8yl Jeyl 80IASP SJasn syl wuojul 0} paressush si (AQvIH VLIvA M3N)
feubis pasind e ‘Guipeo] Jo awn a8yl 1y ‘[ohuod welboid Jepun Jaisibal
SIy) Ol Pspeo| S| SN 8y} WOl uohewloju| ‘SNGINN 8y wol papeo
Jo peas ag Aew rey Joisibas awm/peal NG-91 e SI Jayng indino ayl

Z/L 19/ (dNdLnoydq) Jsessibay Jayng ndino

‘1INl Ag pares|d g sm/pesy

(v 1S3NO3Y) 20 g jo Srels 8yl S|0Auod Ng Siy}
'JO 9Jels 8yl ‘pasn S ||ged adueuaduiew 8yl UsYp\

"2 "ON J0108uuo) uo Auo sreadde
g (TO 1g) THSO S suonoun) awes ay) swiopsd

"1INI Ag_pares|D -(weib
-oid sy Aq peas Jo papeo| aq ued) g LSNM/pesy

0dSso 00

‘welboid syl Aq papeo] ag jouued ydlym GT Ug
jo uonesado Buppayo sywied syl (g 1SINOIY)
GT Qg Ul alels [ednuapl ue sasned g Syl Bules|d
lo Bumas ‘pasn S| 8|ged 8dueusUBW BY) UBYM

(T "ON J0108UU0D U0 Ajuo
sieadde) 82IAap 8yl 0] puUBWIWOD pauljap-iasn
B 10} pasn ag ued pue SNGINN 8y} wol (jonuod
weiboid Japun) peal I0 papeo] aq ued g SIyL 188D 10

"LINI Ag pases|d “(uq
ajumwpeal) welboid ayr Aq peas Jo papeo| aq ue)d

"19s sawooaq (ST Q)

g 1S3NO3Y papiaoid ‘paremul aq 01 sdusnbas
1dnusul ue smojie ‘19S UBUM Ig djqeus 1dnuiaiu) g 9GN3 IN! S0

"LINI Ag pases|d “(uq
ajumwpeal) welboid ayr Aq peas Jo papeo| aq ue)d

"19s sawooaq (/0 1Q)

Vv 1S3NO3Y pepinoid ‘paremur 8q o1 adusnbas
1dnusul ue smole ‘18s UIYM '1Iq ajgeua 1dnuaul Vv 9N3 IN! 90

J-114d

z7



90¢-¥

z8

L0¢-¥
1IN c0Lno NN 18]0IA, AQH
anNo aNo NI umolq 33|01A jUMOIG z¢n v AN V1VA M3IN N3dO N A v
mn g nn aNo|  N3do al nn v
TONI v O3y 1 Mo oA ‘SNVYL
ONI ans M %oe|q mojiaApioelq ZA 5 1 N3do|  viva ol - IV
ano STINO  Cf anq ) g o soune| N3O g s e
umol an|q /umol
GONI ¥11N0O HH q 19 / q L 3 4d ano N3O 3 i 28
N3dO €T1NO 44 abuelo 4R H NN ¢01LNo ZONI H NN 10
90NI anNo 33 umolq abuelo/umoiq IL r AN anNo anNo £ NN A
Zs N ah| v O3y 0¥S2 b 2l 10
ano sy aa eniq IS 1 M ano ano T za
LONI ano - 99 oelq eniq pelq 2y W or ST1NO GINI W or 13
oo, B e om e o
uMol MOJjoA/UMO.
anNo TTLNO Vv q IEAY q 1d N A ano ano N 13 73
8ONI 0TLNO Z pal ¢N S aa THSO a03d S aa IH
60NI aNo© A Ade|q pal poelq IN 1 fole] anNo aNo© 1 20 ZH
¢\ n dad ¢T1lno CTNI n a9 r
ano 601N0 X on-ym W A v 1IN0 TINI Al wy zr
OTINI 801NO M 4oe|q 18|0IA-a1yMm/de|q ral M 7 0TLNO OTNI M 4 ™
TINI anNo A abuelo 11 X A anNo aNo© X A 4]
oe abueiopioe [ A X 601N0 6ONI A X I
CINI €0LN0O n Ade|q oe|q ™ 2 M 801N0 SONI 7 o 21
anNo /01N 0 1 nig-ym cr Vv A anNo anNo A A IIN
g 03y anNo S Ade|q an|g-auymyoe|q Ir dd n €0LN0O E€ONI a4 n ¢
ZH 20 1 .01NO LONI o kel 1 N
ano 901no u pai H aa S ano aNne  aa S N
VINI 501n0 N umoiq pai jumoiq A 13 ¥4 90LNO|  9ONI 33 d 1d
SINI 1INI d uaalb 14 44 d H LINI N3dO 44 d Zd
GTNI anNo N umolq C&&LO\CEO\_Q ¢3 HH N soinc SONI HH N ™
13 rr N ano anNo cc N cd
adNo ¥01LNO 1 uiB-ym ca MM 1 70LNO PONI M 1 1S
0dSso T0LNO A Ade|q uaaib-anympoe|q 1d m A T0LNO TONI 1 A A
¢ AN £ ano anNo AN r 11
ano aNo Y pal-ym 12 NN H N3dO| H LINI NN H 2L
ZONI N3dO H Ade|q pal-snymyoe|q 28 dd 4 N340 anNo dd q 1L
N3do N3dO 4 fad-ym 18 Hy El N3adO| H LiNI uy 3 L
ZONI N3dO 3 3oe|q Kaib-a1ympioelq 44 SS a N3dO ano SS a IA
v I-1 o] 00LNO OONI 11 0] A
N3dO N3dO a [9A-ym A nn 4 N3dO aND nn g im
'SNVdl vivd 00LNO 0] Ade|q Mo||aA-alymyoe|q v M A4 N3dO N3dO AN v ¢n
N3dO N340 4 Bao-ym Jeog JapeaH ul sweN | swen ul 19peaH pleo
N3do N3dO v Hoelq  abueso-anympioe|g P m_wm_ < N %wm_ i pieed
T "ON J0198UU0D [Z 'ON l0}08uu0)D
¢ 'ON T ON uld 100D led paisimy
10198uu0) 10198uu0) TL6IN O0-114A TL6IN
SUOROBLILOD WITOG SUOI199UL0D Uld
J-114d

31140



60Z-v

RN
-0adsal ‘OYSD pue THYSD Se peal 0] / pue GT Sliq S82.0}
pue sindul 4NGNIYA 8y 01 sndino 4NgLNOUA 3y
siadwn( (walsAs oiseq yum panddns) ajged INIVWN V

'snq

ayl woly papeo] aq Aew (mo| Jo ybiy Jayus) a1Ag Q-8
ue 1o piom |nj e Jsyn3 ‘SNdINN 8yl wol piom 3}q-9T
90IN3P [eUIBIX® BU) WOJ pIoMm HG-9T

J9ALp peo| }un-0g auo Agq usAup
SJ0]08UU0Y yloq Uuo [eubis uowwoo-(azieniul) 1IN}

lojoedes
feusoixa ue Agq pabueys ypim ssajun apim su-gop ‘asind
anmsod ‘speol Hun Qg€ S8AUP-AILLINSNVYL V.ivd

Joyoed
-ed |euwiaixa ue Ag pabueyd yipim SSaun apim Su-Q0Y
‘asind aAmsod ‘syun Qg SdAUP-AQVIH V.IVA M3IN

o-11y4d

80¢-¥

J9ALIP peO| }UN-0E 8uo AQ usALp
$J0109UU0D yjog UO [euBls uowwod == (aziemul) LINI

Speo| Jun 0g = A3LLINSNVHL Vivd
SPeo| yun 0 = Adv3d V1vd M3IN

3y} Joy 1dooxa speo] wun g Buaup Jo ajqeded sjpAs] TLL

:Buimol|oy
:sindino

AG+ pue punolb

01 sdwejd uonosioid SpoIp ‘PO NUN LI plepuels auQ

(AST— Te papaau juaund ou)
AS+ e ys'T

a|npow penb
10SJdS T

peo| sng T

(pabueyo aq Aew) gyg

(O-1 T¥Q yoes

1o} papaau z) (v xipuaddy aas) Huneojy

(019) (0318)
¥G. 19/ 01 0SL 9L
¥9. 19/ 01 09 /9L

VL. 191

¢LL 192

0LL 192

:9poN AO = 0 2160
aouBUSIUER A £+ == 1 2160|

jouod  agepul idnusiul  Aioud

:sindinQ ereq

:sinduy

:snoaue||adsIA

uauny  ndug

921
:Bununopy
[ealueyos iy

:Puipeo| sng
lons]  Auoud

‘sassalppe J0JoaA 1dnusiu|
gl sNAINN

O-1Tya Uiy
O-1TdQ piE
0-1Ty4Q puc

(4NENIYQ) Japng nduy
(dngLnoyaq) seyng indino
(4sDyQa) snels pue [0AU0D

sassalppy Jaisibay

(eoepoul Jasn)
:sjaAg] ndinosnduy

:abesn
SNOILYDIdIDAdS

:sinduj ereq

N3dO AQY VLIVAMIN AN paJ-ym
ano ano nn suid pal-anympjuid

OONI N3dO 1L uaalb
ano ano Ss Joe|q uaaibpoelq

LINY 20LNO dd 19]0IA
:sjeubis anNo anNo dd 20e|q 18j0IA3EIq

o 1140

39



*

Parts List for Interface

Ref er ence | . C. Number
liumber i n
Crcuit

1 SN7404

2 SN7400

3 SN7402

4 SN7402

5 SN7474

6 SN74123

7 SN74123

8 S5SN74193

9 SN74164
10 DM882§

11 DM8820

12 DWVB830

13 DM883(

14 SN74193
15 SN74152
16 SN7402

17 SN7400

18 Magnecraft wlg7-Dip-1 Rel ay
Connect ors
Jl DEC H-3856
J2 DEC H-356

IMp Conn. Amphenol 48-10R-18-31S

Resistors (all 1/4 Watt 5%, $.06 ea.)

1 39 ohm
8 100 ohm
1 120 ohm
16 180 ohm
3 1K ohm
1 3.3K ohm
1 18K ohm
4 22K ohm
Capacitors
1 .002 nfd nylar
4 100 pf mca
18 .01 nfd. ceramc .13 ea
1 5 nfd tantal um
1 10 nfd. tantal um
Di odes
2 3.6V .5 Watt zeners 1152278
19 184148
Circuit Board
Dougl ass El ectronics Il-DE-11

_ _ Tot al
(excludes |abor, connecting wire, solder, etc.)

1976 Catal og prices
49

Price

BV

.06
.90
.13
.06
.06
.24

.3n

.25 ea. 1.6U
2.4

.5851

.30 ea. 1. 60

.25 ea. 4,75

24.75

$ 162.26






