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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 spec¢ifications published in BBN report
number 1822, and to a 1€ bit para]]e]finterface (DRV-11 or DR11-C) as de-
scribed in the DEC peripherals and interfaging 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).
A11 3 cables and connectors are supplied with the I/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. w{
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1.0 Introduction

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
DRI11-C) as described in the DEC peripherals and interfacing
handbook. The interface card itself 1is a double neight
board (5.2"x8.5") which can be plugged into any peripheral
slot in a PDF-11 backplane. The interface card is connected
to the parallel interface card via two cables with Berg 490
pin connectors (DEC H-856) and to the IMP via un Amphenol
payonet connector (48-10R-18-31S). All 3 cables and
connectors are supplied with the I/0 interface card. The
parallel interface card (DEC DR11-C or DRV-11) together with
the speciai I/0 interface card deccribed in this report
comprise the 1822 interface.

Except for ditferences in handling the 1MP power relay
status, this interface reflects tne «current prototype as
constructed by SRl1. In the SRI unit, an interrupt is
continuously generated when the INMNP qoes down. The
interrupt generation can be stopped by disabling the
receiver, after wnich it is nccessary to poll the interiace
to see if the IMP comes back up. The interface described
here generates one interrupt on each change of state of tue
IMP.

The following sections describe the ope-ation of
circuits, programming, and diagnostics for the 1822
interface.

Lodl Block Diagram

The block diagram shows the basic narts of the special
I/0 interface card and 1its connections to the parallel
interface card and the IMP.

The parallel interface card performs interrupt control
on the PDP-11 unibus. 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 transmit and receive =2nable bits.
The outpur register is a buffer whose contencs change only
when tne irterface is loaded (written into). The input yate
does not contain a buffer. Its function is only to gate its
input siynal tc the Unibus. Thus the data sections of the
I/0 card need only store data for the receiver, but not the
transmitter. A block diagram and description of the parailel
interface unit supplied by DEC &re in the appendix.

In the following section, t!. reader is referred to the
block diagram as well as the circuit and timing diagrams
that follow.
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2.0 Transmit Section

The transmitter has two independent sections. une 15
the power relay and the other is the data section.

2.1 tost Power Relay

Bits 12 and 13 in the output register control the host power
relay contacts. They are the R and § inputs to an R-5 flip
flop. Setting bit 12 closes the contacts, and setting bIt
13 opens the «contacts. If pboth bits are on, the contacts
will be closed. If both bits are simultaneously cleared
after both being set, the resulting contact position is
indeterminate.

Last State New State Contact Status

Bit Bit Bit Bit

13 12 13 12

( any ) ] 0 No change

( any ) 0 1 Contacts closed
( any ) 1 0 Zontacts open

( any ) 1 1 Contacts closed
1 1 ] 0 Indeterminate

Initialize Pulse Contacts open

Bits 12 and 13 need to be set only once, as can be secn
from the table, since the state of the relay remains at 1ts
previous setting when bits 12 and 13 are both zero.

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

Bit 13 of INBUF Contact position
0 CLOSED (Hosi power on)
1 OPEN (Host power off)

The relay used is a Magnecraft Wl47-D'P-1 reed relay.
tHlagnecraft c¢laims the contact bounce is 1less than 500
microseconds. Therefore to be safe, no data should be
transmitted wuntil 1 millisecond after the relay is cloced.
This means that bit 12 of the transmit register ( OQUTBUF )
must be set before trancsmit enable is set to present the
interface from transmitting a byte when the power ©Dit 1is
set.

2,2 Data Se ion

The data section of the transmitter is an 8 bit parallel to
serial converter implemented with a multiplexer. The 8 bit
data byte and control information are supplied by the DR11-C
whose output buffer holds these values wuntil they are
replaced by new data and control information.




2.2.1 Data Path

The actual parallel to serial conversion is done by an 8
line wmultiplexer (74152), which selects bits 7 to 4 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 1is 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 becomes a 1 and is wused to inhibit further
counting and also to generate a transmit interrupt request,
2.2

Lo

.2 Handshaking Procedure

when the RFNUB line gvoes high, and transmit enable is a 1
(enabled), the TYHB (There's Your Host Bit) line goes nigh
indicating availability of a data bit, RFNHB eventually
Joes low indicating acceptance of data. This triggers the
74123 pulse generator generating a pulse T4 seconds 1long
(nominally 1 microsecond). The leading edye ol the pulse
advances the counter. The TYHB line 1is held low for at
least the cduration of the pulse, and possibly longer if the
RFWHB line remains low for longer than the pulse duration.
Using the rilse ygenerator provides a straightforward method
of meeting tle minimum pulse width requirements for the
2-Way handsnuake, This 1is useful when operating over long
cables. For systems using only a 4-way handshake, a simple
time delay would suffice as long as it is long enough to
allow the counter and multiplexer to settle after being
advanced (See transmi® ciming diagram for details).

2,2.3 Last Host Data Bit (LHDB) Signal

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

2.2.4 Transmit Enable

The transmit enable signal is used to gate out the interrupt
request signal as well as to hold off data transmission
while it is low. When the transmit enable signal is
returned to the "1" (enabled) state, the transmitter waits
for new data to be loaded into the output register (OUTBUF)
before starting transmission. This means that the transmit
enable line cannot be used to turn the transmitter on and
off in the middle of a byte since the remainder of the byte
would never be transmitted.




2.2.5 1Initialize Pulse

The initialize pulse resets the counter to =zero and opens
the host power relay contacts. It also clears the registers
in the DRV-11l, thus clearing the transmit e.iable signal.

2.2.6 Load Pulse

The load pulse resets the counter and holds t. > TYHB line
low for the duration of the 1load pulse (non'nally 300
nano-seconds) . If it 1is the first load pulse after the
transmit enable line has been raised (=1), it also clears
the hold-off flip-flop. The hold-off flip flo» prevents
handshaking from occurring until the first load pu.se after
the transmit enable line goes high.

2.2.7 Interrupt Reguest

A transmit interrupt can occur only after the last data bit
has been received by the IMP and both of the following
conditions have been met.

1) Bit @ in DRCSR
1) Bit 6 in DRCSR

XMT enable is set (
XMT 1nterrupt enable is set (

If one wishes cnly to poll the interface, only the XMT
enable needs to be set. Bit 7 of the status register
(DRCSR) indicates the state of the INT A line. If an
interrupt has been raquested, bit 7 will be a one. If bit
6 is also set, an interrupt will actually occur.
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1.0 keceive sSection

e receive section  supplies  one byte of data along with
contrc! information. The receiver 1is divided 1into two
parts. One part secnses toe status of the 1P power relay
contacts and tue otnher part performs the handshaking and
serial to parallel conversion.

3.1 IMP rower JSensing

The IMP  power relay contacts ground the filtered input to
the inverter. The 39 ol resistor, 5 microfarad capacitor
and the 10K resistor provide some debouncing of the relay
contacts. 1Tnis supplies a signal through the invertors
directly to the DRV-11 (bit 12). The high to low anrd low to
high transitons ugenerate a pulse via the EXCLUSIVE-UR gate
and time delay which sets the power interrupt flip flop.
See  figyure 4 illustrating the CXCLUSIVE-OR pulse generator.
An interrupt request is generated if the receive enable bit
is set in the O2NMCSR (bit 1). An interrupt will actually

occur if pit 5 i3 ¢lso set. These actions will occur
indenendent ~f actions in the data section of the receiver.
Bit 14 (=1) indicates that the interrupt was initilated by

the IMP power relay (IMP recently down) and bit 12 indicaten
the current status of the I[4P relay.

2.2 Dbata section

The data path in this section 1s from tie line receiver
directly to the serial-in, parallel-out shitt register
(74164) . The Jdata 1is strobed into the shitt register T1
sec. after the 1YIB s3ignal is asserted (=1). The time delay
T1 allows deskewing of tne signals on the 7713 line and the
data and LDB lines. Tnis time delay «can ve varied by
chanying the timing capacitor. After tne dJdata 1is strobed
into the register, the RFWIB line is dropped (=0). It is
held down for a minimum period of T2 sec. and possibly
longer if the TYIB line has not dropped when T2 has elapsed.
The KFHIB line will not go uign ayain until tuhe TYIB line is
dropped. rhiz neets the requirement of tne 4-way
handshaking precedure, 7The perioa T2 occuring after tie
data 1is ostrobed 1into the register is to meet the mininoum
nulse width requiremeats when using the 2-wav handshakin
procedure on long cables. The pulse widtn requirement at
the I!1P end of the cable can also be met by changing the
appropriate timing capacitor on the 1interface card.

10



.21 Interrupt Requests

An o anterrupt  request  can be generated only 11 tne Recerve

enable line is high (DRC3R bit 1 is 1) ana one of the

tollowing is true:

a) 8 bits have been received since the last int-rrupt as
counted by the 74193 counter.

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

¢) Tne power status tlip flop has been set due to a change
in tne status of the IMP power relay contacts,
(Connecting and disconnecting the cable will nave the
cane effect.)

3.2.2 Initialize and Read Pulses

Both the reaa and the initialize pulses prouduce a pulse on
the clear line in the interface. The initialize pulse is
inverted and fed directly to the clear line. The trailing
edge of the read pulse indicates that the data has been reaa
from tae register. The pulse generator T3 jenerates a |
nicrosecond pulse AFTER the trailing edge of the read pulse.
when the clcar line 1is lowered (=0), tinc register,
flip-tlops, and counter are cleared. T2 pulce jencration is
innibited and tiue TYIB input signal is hela low for the
duration of a clear pulse.

3.2.3 Bit 15 OQutput

Bit 15 13 the OR value of bit 14 (IMP recently down) and pit
11, the LIDB bit in the receive register. It is "1" only if
the last bit of a packet has been received (the only time
the LIS line is asserted) or the the IMP nhas lost and/or
regained power (its relay contacts changed position).

3.2.4 Data

Tne data bits appear in the low order byte of the receive
register (bits J-7). The most siynificant it (MSB) or bit
7 15 the first bit received from the line and the least
significant bit (LSB) or bit 0 1is most recently received
bit.

3.2.5 B1t Count

The three bits (8,9,18) indicate how many bits have been
received since the last interrupt. If a number other than 0
appears in these three bits, a full byte has not been
received. The bits are a binary number inaicatiny now many
bits have been chifted into the register. The data bits are
shifted into the low order byte starting at bit 0 and moving
toward bit 7. Thus, the MSB starts at bit 0 and moves
toward bit 7, its final destination. TJf the bit positions

11




wore numbered 1 to 8 (LéB to 58B) instead of 0 to 7,

the

bit count (10,9,8) iz the position of the Msb.

aeans the 33 has teachea 1ts final ldestination.

sSee

.6 Recciver Timing

the timing diagrams for the receiver in figure 6.
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4.0 Llectrical Specifications

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

4.1 Line Drivers and Receivers (DM 8820 and DM 48838)

The line drivers are National DM 7830/8830 dirferential
balanced drivers. The receivers are National DM 78203/3420
differential balanced receivers, Connection details are
shown in the figure showing drivers and receivers. ~ne
receivers provide a high impedence (2.5K or 5K) termination
of the 1line, with protective clamping at + and - 4 volts
with recpect to ground. when an input is out of the + or -
4 volt range, the 1input impedence from the out of ranje
input to ground is 180 ohms. The maximum input voltage for
any input lead <chould bhe held to + or - 18 volts with
respect to ground. This is the dissipatizn limit of the
protection circuit,

The cutputs are balanced differential and provide a 1.2
volt differential voltage swing with a +.6 volt common mode
voltage (both measured opein circuit).

Logic State Qutput
A B

0 Qv +l1.2 Vv

N +1.2 V J v

The output impedence is 139 ohms differential pbalanced with
respect to ground (or 65 ohms to ground from each side).

4,2 Power Distribution

The power distribution is shown in figure 4.

16



Figure 7

Line Drivers & Receivers
Blectrical Specifications

Drivers: Differential Balanced Drivers (130 ohms balanced,
65 ohms each side to ground)

S 180

TTL . A ——-=-® A (AND outpvt)
Input &—1 o 180 .
] ANV eo-a B (NAND output)
v iy
T
National DM7830/8830 | ]
2 units per package) L
Input Outputs (volts)
Logic Voltage A B
0 oV 0 1.2
1 3V 1.2 0
Receivers Balanced Differential, NO termination
+3.6 volts
L X
180 3 L
Ralanced Au‘/v',$ ’

Input | >————aTTL output

B &AA - = 'National
180 7, s DM7820/8820
J 2 units per package
-3.6 volts

Diodes are 1N4148 or equiv.

Typical threshold voltage is 100 mV.

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

Inverting input resistance is 5K ohms to ground (pins 1 & 13).

Protection clamps input to receiver at * 4 volts. 180 ohm
1 watt input resistor will fail with sustained inputs
above 10 volts.

The 7820 and 7830 operate over the military temperature
range (-550C to 125°C). The 8820 and 8830 operale
over the commercial temperature range (0°C to 70°C).
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5.0 Changing Time Delays

The value of the time dela,s is linearly proportional to the
value of the timing capacitor over reasonable values of time
delay. Thus to change the time delays, the timing
capacitors should be changed accordingly. All time delays
shown are set to one microsecond.
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6.0

Connectors

The I/0 interface card makes 4 connections to the outside

world.

a) Edge connector on the card. DEC double height
board. +5 wvolts and ground are used, Curtrent
consumption is about 600 mA.

b) Berg 40 pin connectors (2), one for input and on:
for output to parallel interface. They are labeled J1
and J2 corresponding to DEC nomenclature. (Pin
numbers at the top of the schematics indicate the
connector number and pin number. Connector 2, pin VvV
is 2-VV.) The connector number is DEC H-856

c) Amphenol 31 pin female bayonet connector. This is
specified by the BBN 1822 report. The pin numbers for
this connector are on the bottom of the schematics
along with the signal name. The connector is Amphenol
number 48-10R-18-31S5.

20




6.1 Loopback Test Connector

Originate Destination Signal
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 Relay
12 14 Power Relay

21




834 3
CONNECTOR

HB56 CONNECTOR

J1 orJ2 Conncctor Pin Locations

Figure 9 - Berg Connector Pin Locatiors




7.0 Programming

The programmer has 3 registers to deal with in
programming the interface: the status register, the input
buffer, and output buffer.

7.1 Status Register

This register has 4 read/write enable bits, and 2 read
only status bits, There are two enable bits, one each to
allow operation of the transmitter and receiver. The two
status bits indicate whether a receive interrupt request has
occurred. An interrupt request can occur only 1if tne
respective transmitter or receiver has been enabled. An
interrupt will actually occur if the appropriate interrupt
enable bit (one for receive & one for transmit) has also
been set,.

7.2 Input and Output Buffers

Both the input and output buffers are divided into a data
section (bits ©0:7) and a control section (bits 8:15). The
user should not write 1into the transmit register or read
from the receive register if they are 1in the process of
transmitting or receiving a byte of data. Reading or
writing into a register while it is in the process of
transferring a byte may cause some bits to become lost
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.




7.3 Transmit {Output) Rejister

One byte of data will pe transamitted each time this re iste

is loaded 1if the transmit enable bit is set. Any ola data
wi!l be cleared upon loading, indepeadent of the state ol
transmit enable.

7.3.1 Data Section (Bits (:7)
Bit 0 1is least significant bit. Bit 7 is the mast
significant bit and is the first bhit to be transmitted.

7.3.2 Control Section
bit 11 (LHDB)- If tnhis bit is set, the last host data
bit line will go high auring the transmission of the
last data bit in the byte (bit 0).

Bit 12 -~ Host Power Rclay set- If this bit is set, the
host power relay contacts will be closed indicating host
is up. This bit need be set only once since the
intertface will latch the value. Either an initializc
pulse or setting bit 13 will c.e: - the Jatch. The latch

will remain in tne last stat> to which it was set. Bit
13 of the receive register contains the status of the
latch.

Althougn the power latch can be set any time, it i3
recommended that the relay be turned on before the
transmit enable bit is set in the status register. This
prevents a data byte from beinyg transmittea when the
relay 1is turned on. It is important because the host
must wait until the contacts have solidly closed before
transmitting data which is approximately 1 mS for the
relay used.

Bit 13 - Host power relay clear - Setting this bit
clears the HIST power relay.

24




7.4, Recelve reylster

Reading the receive register clears the receive butfer
making it ready for another byte. Thus program testing ol
control bits should be done after the contents of the
receive register have been moved elsewhere, If the receiver
wishes to suspend receipt of more data he can:

a) Not read the receive register.

b) Clear 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
blocked data at the entry point to the interface.

c) Clear receive enable without waiting for an
interrupt. In this case some bits may be lost.
Setting receive enable will start the recciver again,
but not necessarily where it left off.

7.4.1 Data (Bits 0:7)

Bit 0 is LSB and the last one received tftrom the Llinc.
Bit 7 is MSB and the first one received [rom the line,

7.4.2 Control
Bits 4,9,10 - Point to last bit received in byte.

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

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

Bit 13 - Host power relay status. @ - ON 1 -/IGEE

Bit 14 - Indicates the IMP has been down since the last
interrupt was serviced. (i.e. the interrupt was
jenerated by IMP changing status.) (sec bit 12 tor
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 1last byte of
packet, or the IMP has been down.

25




than

address area,

Check

Programming the 1822 Interfacn
(with the DRV-11 or DR11-C)

The bus address and interrupt vector locations shown ar-»
for the first DR11-C (DRV-11) in a system. If there is mor.
one DR11-C, or other devices competing for the sane
the proper numbers may not be the ones shown.
the appropriate system documentation and/or tie
hardware address jumpers on the DRI1-C to be sure.
[Rrev e aed wr o Jrev [ [Rev [
Req. [~ — ot Hisecls 1 Req. |int. AjInt.H " Not Used __ Enablefnablel
| B I — o A EnableEnabls = (CSRI)LCSR 0
;19 14 13 12 i 10 9 8 7 6 5 4 3 2 1 0!
SRS (T BCPEune ) TS S ] 1 - t e 4‘ i
Control and Status Register - DRCSR 167770
[ — Flear Set 'Last — Not S |
N
= uneafHost | oue | Byce = Used e |
Pwr. | Pwr. - ] i
IS% 14 13 1.2 HJ lO1 9% 8 71 _6+ Sl bi Jf _2_‘_-%144-_(”
Transmit Register - OUTBUF 167772
[ IMP N0 | No | Last Bic |
1V 14 Y2® Host | IMP | Byte Count DATA
down | Pwr. | Pwr. i
| 15 14 1) RL 11 10‘ 9‘ 8 7l 6I 5A loA JJ —Z_L“ l~1 PJ
r ) T +
Receive Register - INBUF 167774
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Bit
Bit 15-

Bit i4-8

Bit ?

Bit 6

Bit 5

Bits 4-2
Bit 1

Bit @

All bits

Control and Status Reaister DRCSR 167778
Function

This bit indicates that the DRV-11 has received a request from the
interface to generate an interrupt, I bit 5 of this register 1s
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 b1t b of the
interface is set, an interrupt will occur. This bit 15 read only.

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

Receive intercrupt ENABLE~ Setting this bit allows intetrupts to be
generated upon receipt of each byte of data and/or a chanye 1n the
status of the 1IMP 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 is full, or it receives the last data bit (LDH)
signal. At this point the intecface stops and requests an
interrupt. It will prot accept any new bits until the present
load of bits is read from INBUF. This bit 1s read/write.

Transmit enable-Setting this bit enables the transmitter (by
allowing the TYB line to go high)., The intertface will transmit

2ll bits which are loaded into OUTBUF after this bit is enabled.
This bit is read/write,

Transmi{t Register OUTBUF 167772

are read/write, Transmission of a byte is initiated each time

OUTBUF is loaded, the transmitter it enabled (bit 0 of DRCSR i3 set).

Bit
15-14
13

12

11

19,9,8

7-8

Function
Not used

Setting this bit releases the Host relay contactu.. This bit need
be set only once, as the interface holds the i1nformation in a
latch., Either bit 13 OR bit 12 should be set. NOT BOTH,

Host Power 3et- This bit sets the Host relay contacts., As with
bit 13, th:s bit need be set only once, since the intertace holds
the information in a latch, Either bit 13 or bit 12 snould bhe
set. NOT BOTH. No data should be sent until at least 1
millisecornd 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 hign concurrenrly with the transmissiun of the last bit of the
byte. This is typically set with the last byte of a packet.

NOT USED (On the earl)y unit, these bits indicated the last bit
position to be transmitited within the byte.)

DATA (Bit 7 is tne high order byte, and bit 8 is the low order
byte.)
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Receive Register INBUF 167774

The interface will receive bits until either it 15 full, or 1t receives the
last IMP data bit (LIDR) ©1gnal, At this point the intertice stops and
requests an interrupt. It will not accept any new bits until the present
load of bits 15 read from INBUF,

BIT FUNCTION

15 Special conditon - If set, the byte of data just recetved
requires special handling. (i.r. 1t is elther the last byte of a
packet, or there has been a change in the status ot the IMP relay
contacts {IMP recently down).

14 IMP just went down or IMP has bern down and just came up

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

(see bit 12 for current status).
13 HOST POWER- Indicates the current status of the Host power relay

as set or cleared Uty either bit 12 or 13 respectively in the
transmit register OUTBUF. This bit should be interpreted as

follows:
8 - HOST power relay contacts closed ( ON )
1 - HOST power relay contacts open { OFF )
12 IMP POWER- Indicates the current status of the IMP power relay.

The bit should be interpteted as follows:

8 - IMP power ON

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

11 LAST BYTE - If this bit is set, the data byte 1s the last one in
a packet, Bits 8,9,18 should be c¢hecked to determine the
position within the byte of the last bit transmitted,.

19,9,8 Bit Count - The three bits (18,9,8) 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.
Tne bits are a binary number indicating how many bits have been
shifted into the register. 'The data bits are shitted i1nto the
low order byte starting at bit 0 and moving toward bit 7, 1ts
final destination., [f the bit positions were numbered 1 to B8 (LSB
to MSB) instead of @ to 7, then tne bit count (19,9,8) 1s the
position of the M5B. 800 means the MGB has reach2d its final
destination {(position H#}.

7-8 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 = (P5)

Receive Interrupt vector

Loc. Contents
304 RCV = (PC)
306 288 = (k%)

XMT- Address of transmit intercupt routine
RCV- Address of receive interrupt rovtine
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3.0 Diagnostics

It is assumed that the DR11-C or DRV-11 is functional
before these tests are attempted. If the above is not true,
the programmer/user has no means of accessing the special
1/0 card. i1f in doubt, the DR11-C tests should be run
f.rst.

3.1 packet Source/Sink

8.2 Scope LoOp

8.1 Packet Source Sink Program
Brenles il General

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

The transmi: part continuously loads the contents of Jo
sequential memory locations into the transmit puffer. The
low order byte is transmitted as data. Bit 11 of the nijh
order byte may be set both as an end of packet inaicator ind
also to test the LDB lines in the interface.

The receive or sink program circularly fills a 16 word
area in memory with the contents of the receive reyister.
The user may stop the program at any time to see tue
contents of the last 16 bytes received.
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8.1.2

R)

B)

C)

D)

Running Source/sink Program
Location 602 determines what the program does. It 1is
inaded into the control and status register of the
interface. It should be 1loaded with one of the

following.

181 Transmit Only
42 Receive Only
143 Transmit & Receive

Locations 440 to 476 (octal) contain the transnait
buffer. They should be filled with the data and
control as the user wishes. Words from the buffer arc
successively loaded into the output buffer of the
interface,

Load the program into memory using ODT or switch
register. Alternately assemble the listing and load it
from some storage device,

The program starts at location 600 (octal) after it is
loaded.

30




g.1.3
Mewory contents
location
{octal) (octal)
300 1000
302 200
304 700
306 200
400

(
430
440

I
476
od0 12737
602 sec table
604 167770
006 12705
bl0 440
vl2 12704
vold 400
616 12706
620 2000
622 12537
624 167772
626 777
700 13724
702 167774
794 22704
706 440
710 1002
712 12704
714 400
716 2
1000 12537
18602 167772
1204 22705
1006 500
1010 1902
1412 12785
19014 4409
1016 2
167770
167772
167774

Source/sink Program

Function

\

|- lnterrupt Vectors

I

/

\

|~ Receive Buffer 10 words (8 received
|  bytes)

/

\ 3
|- Transmit Buffer 16 words (8 transnitted
|  bytes)

/
MOV C(loc 6682) ,DRCSR
1@1-Transmit 42-Reccive 143-Bot.
R5=440
R4=400
R6=2000
MOV  (R5)+,0UTBUF Start transmitter
BR 626 Wait loop

MOV  INBUF, (R4) +
COMP #440,R4

BN 716
R4=400

RTI
MOV  (R5)+,0UTBUF
COMP #500,R5

BNE 1016
R5=440

RTI
DRCSR

OUTBUF
INBUF
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8.

8.2.

A)
B)

C)

D)

E)

Scope Loop Program

Running Scope Loop Program
Load Source/Sink program in 8.1.3 .
Location 602 should be 143 (transmit & receive)
Locations 440 to 446 should be:
440 000000
442 000002
444 000200
446 004001

Change contents of location 1006 from 500 to 450
transmitter loops after 4 bytes.

Start program at location 600 (octal).
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¥.2.2 Using Scope Loop

The loop program transmits two word packets. fduey ate
transmitted continuously. They are:

word 1 000002 octal
word 2 190001 octal

The most significant bit (MSB) of each word i3
transmitted first. Thus, the bytes are sent as follows:

Hemory Byte Octal Binary
Location No. MSB LSB M5B LSB
440 )] 000 00002000
442 2 002 0eN90010
444 3 200 10000000
446 4 001 00000081 (LUDB asserted with

L5B ot byte 4)
The last host data bit (LHDB) line is assertea with the last
bit (LsB) of the second word.

Scope Pattern for Test Proyram
(with loopback connector)

LDB 4J]
Line _— . el
TYHB/RFNIB

et A AT

Data
Line

Byte 1 ' Byte 2| Byte 3 , Byte 4
MSB LSB ' MSB LSB MSB LSB MSB LsB
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Appendix

A DR11-C Specifications 35

(from DEC Peripherals and Interfacing Handbook)

B Parts list for Interface 40
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arts List for Interface

Reference I.C. tumber Price
Humber 1in
Circuit
1 SN7404 vy
2 SN7400 .55
3 SN7402 .50
4 SnN7402 .55
5 SN7474 .0d
6 SN74123 Z.4u
7 Sii74123 S
3 5N74193 3.3
9 SiH74164 1. 59
10 DM88210) J.eY
11 DM88210) 3.0Y
12 oM883¢ 3.0y
13 D488 30 5. 0Y
14 SN74193 3.30
15 SN74152 /.88
16 SN7402 .55
17 SN7400 - 5%
18 Magnecraft Wl07-DIP-1 Relay 4,00

Connectors

Jl DEC H-356 Codu
J2 PEC H-456 velbi
IMP Conn. Amphenol 48-19R-18~315 h2,00
Resistors 11 1/4 watt 5%, S$.06 ca.)
1 39 ohm .0
8 100 ohm wh
L 123 ohm G
16 188 ohm .9
3 1K ohm LA
1 3.3K ohm o
1 10K ohm .16
4 22K ohm .24

Capacitors

1 002 mfd mylar LU
4 180 pf mica .25 ca. [y
13 .01 mfd. ceramic .13 ea Z.34
1 5 mfd tantalum .40
1 18 mfa. tantalum .52
Diodes
2 3.6V .5 Watt zeners 1452278 .80 ea. l1.60
19 1N4148 .25 ea. 4,75
Circuit Board
Douglass Electronics 11~-DE-11 24,75
Total §162.26

(excludes labor, connecting wire, solder, etc.)
* 1976 Catalog prices
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Dr. Robert Kahn
Mr. Steven Walker
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50 Moulton Street
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Mr. Jerry D. Burchfiel

Mr. R. Clements
Mr. A. McKenzie
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M. R. Tomlinson
Mr. D. Walden

Cabledata Associates

Mr. Paul Baran
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California, University - lIrvine

Prof. David J. Farber
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Hawaii, University of

Professor Norman Abramson
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2540 Dole Street, Holmes 486
University of Hawaii
Honolulu, Hawaii 96822

[11inois, University of

Mr. John D. Day

Unjversity of I11linois

Center for Advanced Computation
114 Advanced Computation Building
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Institut de Recherches d'Informatique
et d'Automatique (IRIA)

Reseau Cyclades

78150 Rocquencourt

France

Mr. Louis Pouzin
Mr. Hubert Zimmerman

Information Sciences Institute
University of Southern California
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Marina del Rey, CA 90291
Mr. Steven D. Crocker

Mr. Keith Uncapher

London, University College

Prof. Peter Kirstein

University College London

Department of Statistics &
Computer Science

43 Gordon Square

London WCIH OPD, England

Massachusetts Institute of Technology

Dr. J. C. R.
MIT

Project MAC - PTD

545 Technology Square
Cambridge, MA 02139

Licklider

Mitre Corporation

Mr. Michael A. Padiipsky
MITRE Corporation

P. 0. Box 208
Bedford, MA 01730

Network Analysis Corporation
Beechwood, 01d Tappan Road
Glen Cove, New York 11542

Mr. Wushow Chou
M~. Howard Frank

National Bureau of Standards

Mr. Robert P. Blan

National Bureau of Standards

Institute for Computer Sciences
and Technology

washington, D. C. 20234

Mr. Ira W. Cotton

National Bureau of Standards

Building 225, Roum B216

Washington, D. C. 20234

National Physical Laboratory
Computer Science Division
Teddington, Middlesex, England TWIT OLW

Mr. Derek Barber
Dr. Donald Davies
Mr. Roger Scantiebury
Mr. P. Wilkinson

National Security Agency
9800 Savage Road
Ft. Meade, MD 20755 _

Mr. Dan Edwards
Mr. Ray McFarland

Norwegian Defense Research Establishment
P. 0. Box 25

2007 Kjeller, Norway
Mr. Ynagvar G. Lundh

Mr. P. Spilling

Prof. Dag Belsnes
EDB-Sentret

University of 0slo
Postbox 1059

Blindern, 0slo 3, Norway

Rand Corporation
1700 Main Street
Santa Monica, CA 90406

Mr. S. Gaines
Dr. Carl Sunshine




Rennes, University ot

M. Gerard LelLann

Reseau CYCLADES

U.E.R. d'informatique

B. P. 25A
35031-Rennes-Cedex, France

Stanford Research lnstitute
333 Ravenswood Avenue
Menlo Park, CA 94025

Ms. E. J. Feinler
Augmentation Research Center

Dr. Jon Postel (4 copies)
Augmentation Research Center

Mr. D. Nielson, Director
Telecomnunication Sciences Center

Dr. David Retz
Telecommunication Sciences Center

System Development Corporation

Dr. G. D. Cole

System Development Corporation
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Telenet Communications, Inc.
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Dr. Holger Opderbeck
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Mr. David Boggs
Dr. R. Metcalte
Mr. John Shoch
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Stanford University

Mr. Ronald Crane, Digital Systems lLaboratory
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Dr. John Linvill, Electrical Engineering
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Mr. varryl Rubin 4 " "
Mr. Wayne Warren

1l n "
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BELL LABORATORIES

Dr. E1'50ot N. Pinson, Head

Computer Systems Research Department
Bell Laboratories

600 Mountain Avenue

Murray Hill, New Jersey 07974

Dr. Mark Rochkind

Bell Laboratories

600 Mountain Avenue

Murray Hill, New Jersey 07974

Mr. Kenneth L. Thompson
1103 High Court
Berkeley, California 94708

B NR, Inc.

Mr. Alex Curran, President
B N R, Inc.

3174 Porter Drive

Palo Alto, California 94304

Mr. Barry Gordon

B NR, Inc.

3174 Porter Drive

Palo Alto, California 94304

Mr. Alan Chapman

B NR, Inc.

3174 Porter Drive

Palo Alto, California 94304

BURROUGHS CORPQORATION

Dr. Wayne T. Wilner

Burroughs Corporation

3978 Sorrento Valley Boulevard
San Diego, California 92121

Mr. John Mazola

Burroughs Corporation

25725 Jeronimo Road

Mission Viejo, California 92675

Mr. Louis de Bartelo
Burroughs Corporation
1671 Reynolds

Irvine, California 92714

Dr. Richard L. Shuey

General Lectric Research and
Development Center

P.0. Box 8

Schenectady, New York 12301

Mr. J. T. Duane, Manager

Special Purpose Computing Center
General Electric Company

1285 Boston Avenue

Bridgeport, Connecticut 06602

Mr. Ronald S. Taylor
General Electric Company
175 Curtner Avenue

San Jose, California 95125

GENERAL MOTORS_CORPORATION

Dr. George C. Dodd, Assistant Head
Computer Science Department

General Motors Research Laboratories
General Motors Technical Center
Warren, Michigan 48090

Dr. Joseph T. Olsztyn

Computer Science Department

General Motors Research Laboratories
General Motors Technical Center
Warren, Michigan 48090

Dr. James Thomas

Computer Science Department

General Motors Research Laboratories
General Motors Technical Center
Warren, Michigan 48090

HEWLETT-PACKARD

Mr. Don Senzig
Hewlett-Packard Laboratories
Building 18

1501 Page Mill Road

Palo Alto, California 94304

Dr. J. R, Duley

HPL/ERL

3500 Deer Creek Road

Palo Alto, California 94304
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{continued)

Mr. Stephen Walther

HPL/ERL

3500 Deer Creek Road

Palo Alto, California 94304

HUGHES ATRCRAFT COMPANY

Mr. R. Eugene Allen

Hughes Aircraft Company
B1dg. 604, M.S. D-222

P.0. Box 3310

Fullerton, California 92634

Mr. Thomas J. Burns
Hughes Aircraft Company
Bldg. 39C, M.S. 2007/
P.0. Box 92919

Los Angeles, California 90009

Hughes Aircraft Company
Attn: B. W. Campbell 6/E110

Company Technical Documents Center

Centinela and Teale Streets

Culver City, California 90230

1M

Dr. Leonard Y. Liu, Manager
Computer Science

International Business Machines Corporation

K51-282, 5600 Cottle Road
San Jose, California 95193

Mr. Harry Reinstein

(continued)

MICROTEC!'NOLOGY CORPORATION

Mr. Fred Buelow
Microtechnology Corporation
224 N. Wolfe Road
Sunnyvale, California 94086

Mr. Naoya Ukai
Microtechnology Corporation
224 N. Wolfe Road
Sunnyvale, California 94086

Mr. John J. Zasio
Microtechnology Corporaticn
224 N. Wolfe Road
Sunnyvale, California 94086

SIEMENS AG

Mr. Dr. Jan Witt

Siemens AG

Zentrale Forschung und Entwicklung
FL SAR

Hofmannstr. 51

8000 Miinchen 70, Germany

Mr. Harold Fritzsche
Siemens AG

lentrale Fertigungsaufgaben
FTE 3 Aut 2

Schertlinstr. 8

8000 Miinchen 70, Germany

Mr. Volker Haberland
Siemens AG

Zentrale Fertigungsaufgaben
FTE 3 Aut 23

International Business Machines Corporation Schertlinstr. 8

1501 California Avenue

Palo Alto, California 94303

Dr. Donald Frazer
IBM Watson Research Center
P.0. Box 218

Yorktown Heights, New York 10598

8000 Miinchen 70, Germany

XEROX CORPORATION

Dr. Jerome Elkind, Manager
Computer Science Laboratory
Xerox Corporation

Palo Alto Research Center
3180 Porter Drive

Falo Alto, California 94303
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(continued)

XERGX CORPORATION (continued)

Mr. Robert Taylor, Principal Scientist
Computer Science Laboratory

Xerox Corporation

Palo Alto Research Center

3180 Porter Drive

Palo Alto, California 94303

Dr. Butler Lampson

Xerox Corporation

Palo Alto Research Center
3180 Porter Drive

Palo Alto, California 94303
STANFORD UNIVERSITY

Professor Edward J. McCluskey (2)
Director, Digital Systems Laboratory

Computer Science Department

Computer Science Library (2)

Digital Systems Laboratory Library (5)
Engineering Library (2)

IEEE Computer Society Repository (2)




