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1.0 Introduction 

This report describes an interface to permit the 
connection of an^ PDP-11 to either the Packet radio network 
or the AHPAnet- 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 
DRll-C) as described in the DEC peripherals and interfacing 
handbook. The interface card itself is a double neight 
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 (48-10R-ia-3lS). All 3 cables and 
connectors are supplied with the I/O interface card. The 
parallel interface card (DEC DRll-C or DRV-11) together with 
the special I/O interface card described in this report 
comprise the 1822 interface. 

Except for ditferences in handling the IMP power relay 
status, this interface reflects tne current prototype as 
constructed by SRI. In the SRI unit, an interrupt is 
continuously generated when the IKP goes down. Tne 
interrupt generation can be stopped by disabling the 
receiver, after wnich it is necessary to poll the interlace- 
to see if tne IMP comes back up. The interface described 
here generates one interrupt on each change of state of tne 
IMP. 

The following sections describe the ope/ation oC 
circuits, programming, and diagnostics for tho 1822 
inter face. 

1.1 Block Diagram 

The block diagram shows the basic parts of the special 
I/O interface card and its 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 enable bits. 
The output register is a buffer whose contents change only 
when tne interlace is loaded (written into). The input gate 
does not contain a buffer. Its function is only to gate its 
input signal to the Unibus. Thus the data sections of the 
I/O card need only store data for the receiver, but not the 
transmitter. A block diagram and description of the parallel 
interface unit supplied by DEC are 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.fl Transmit Section 

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

2.1 Host Power Relay 

Bits 12 and 13 in the output register control the host power 
relay contacts. They are the R and S inputs to an R-S Clip 
flop. Setting bit 12 closes the contacts, and setting bit 
13 opens the contacts. If Doth 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 0 No change 
( any ) 0 1 Contacts closed 
( any ) 1 0 Contacts open 
( any ) 1 1 Contacts closed 
II 0 0 Indeterminate 

Initialize Pulse Contacts open 

Bits 12 and 13 need to be set only once, as can be seen 
from the table, since the state of the relay remains at its 
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 is 
used for that purpose. Bit 13 is a 1 if the contacts are 
open, and 0 if they are closed. 

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

The relay used is a Magnecraft W107-D1P-1 reed relay. 
Magnecraft claims the contact bounce is loss than 500 
microseconds. Therefore to be safe, no data should be 
transmitted until J millisecond after the relay is closed. 
This means that bit 12 of the transmit register { OUTBÜF ) 
must be set before transmit enable is set to pre;ent the 
interface from transmitting a byte when the power oit is 
set. 

2.2 Data Sc  ;on 

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 DRll-C 
whose output buffer holds these values until they are 
replaced by new data and control information. 



2.2. 1  Data Path 

'Hie actual parallel to serial conversion is done by an Ö 
line multiplexer (74152), which selects bits 7 to 0 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 RFNUB (Ready for Next Host Bit) line 
makes a high to low transition. On the bth count the high 
order bit becomes a 1 and is used to inhibit further 
counting  and also to generate a transmit interrupt request. 

o   o Handshaking Procedure 

hhen the RFNHB line goes 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 
goes low indicating acceptance of data. This triggers the 
74123 pulse generator generating a pulse T4 seconds long 
(nominally 1 microsecond). The leading edge ol the pulse 
advances the counter. The TYHB line is held low for at 
least the r'uiation of the pulse, and possibly longer if the 
RFi-jHB line remains low for longer than the pulse duration. 
Using the palse generator provides a straightforward method 
of meeting tie minimum pulse width requirements for the 
2-Way hands;]'jkc. This is 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 alter being 
advanced (See transmit aiming 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 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 o£ the byte 
would never be transmitted. 



2.2.5 Initialize Pulse 

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

2.2.6 Load Pulse 

The load pulse resets the counter and holds t, ? TYHB line 
low for the duration of the load pulse (non. nally 300 
nano-seconds). If it is the first load puls* after the 
transmit enable line has been raised (=1), it also clears 
the hold-off flip-flop. The hold-off flip flop prevents 
handshaking from occurring until the first load pu.se after 
the transmit enable line goes high. 

2.2.7 Interrupt Request 

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. 

XMT enable is set (=1)  Bit 0 in DRCSR 
KMT interrupt enable is set  (=1)  Bit 6 in DRCSR 

If one wishes only 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 requested, bit 7 will be a one. If bit 
6 is also set, an interrupt will actually occur. 
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J,,0 Receive Jcction 

i'ae receive Goction supplies one byte ot data aiony with 
control information. The receiver is divided into two 
parts. one part senses the status of the i.lP power relay 
contacts and the other part performs the handshaking and 
serial to parallel conversion. 

i. 1  i ivi y  Powe r Jens iny 

Trie IMP power relay contacts ground the filtered input to 
the inverter. The 39 ohm resistor, 5 microfarad capacitor 
and the 10K resistor provide some 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 transitor.G generate a pulse via the EXCLUSIVD-OH gate 
and time delay which sets the power interrupt flip flop. 
See figure 4 illustrating the EXCLÜSIVE-OH pulse generator. 
An interrupt request is generated if the receive enable bit 
is set in the DKCSR {bit 1). An interrupt will actually 
occur if hit 5 is fIso set. These actions will occur 
indeoendent of actions in the data section of the receiver. 
Bit i4 (=1) indicates that the interrupt was initiated by 
the IMP power relay (IMP recently down) and bit 12 indicates 
the our rent status of the Lip relay. 

?.2  Data Section 

The data path in this section is from the line receiver 
directly to the serial-in, parallel-out shift register 
(74164). The data is strobed into the shitt register Tl 
sec. after the 'lilB signal is asserted ( = 1). The time delay 
Tl allows deskewing of the signals on the TYIti line and the 
data and LDB lines. This time delay can oe varied by 
changing the timing capacitor. After the data is strobed 
into the register, the RFNIB line is dropped {=Q), It is 
held down for a minimum period of T2 sec. and possibly 
longer it the TYIB line has not dropped when T2 has elapsed* 
The RFNI3 line will not go liigh again until the TYIB line is 
dropped. This meets the requirement of tne 4-vvay 
handshaking procedure. The period T2 occuring after the 
data is strobed into the register is to meet the minimum 
pulse width requirements when using the 2-v\ay handsnakin, 
procedure on long cables. The pulse width requirement at 
trie IMP end of the cable can also be met by changing the 
appropriate timing capacitor on the interface card. 

10 



J.2.1  Interrupt Requests 

An interrupt request can be generated only if the Receive 
enable line is high (DRCSR bit 1 is 1) ana one oi the 
tollowing is true: 
a) d bits have been received since the  last  interrupt  as 

counted by the 74193 counter. 
b) The Last Data Bit  (LDB)  flip  flop  has  been  set  by 

receipt of an LDB signal. 
c) The power status tlip flop has been set due to a  change 

in the status of the IMP power relay contacts. 
(Connecting and disconnecting the cable will nave the 
ca.ne e f Lect . ) 

3.2.2 Initialize and Re ad Pu1se s 

Both the read and the initialize pulses produce 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 reao 
from tne register. The pulse generator T3 generates a 1 
jiicrosecond pulse AFTER the trailing edge oi the read pulse. 
hhen the clear line is lowered (=0), the register, 
flip-flops, and counter are cleared. T2 pulse generation is 
inhibited and tne TYIB input signal is hold low for the 
duration  of a clear pulse. 

3.2.3 Bit 15 Output 

Bit 15 is the OR value of bit 14 (IrtP recently down) and bit 
11, the L1DB bit in the receive register. It is "1" only if 
the last bit of a packet has been receivoa {the only time 
tne LlijLi line is asserted) or the the IMP has lost and/or 
regained power (its relay contacts cnanged position). 

3.2.4 Data 

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

3.2.5 Bit Count 

The three bits (8,9,10) 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 inuicatinj how many 
bits have been shifted 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.  If the bit positions 

11 



wore numbered I to d (Loß 
the tut count (1(1,9,0) 
means the 'V13U uas Leachoa 

to ,1313) instead of 0  to 1, 
i3  the position ot the Mob. 

itn final JcGtination. 

.hon 
0 0 Ü 

3.2.b  Receiver Timing 

See the timing diaMra.AS Tor the receiver in figure 6, 
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4.Ü electrical SpecificationG 

This  section  provides  details on the power wiring 
board and data on the li'-.e drivers and receivers. 

for t!!' ■ 

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

The line dri 
balanced dr 
differential 
shown in t 
receivers pr 
of the lin 
with respect 
4 volt ran 
input to 9ro 
any input 
respect to g 
protection c 

The cutp 
volt differe 
voltage (bot 

vers  are  National  DM  7830/8830 
ivers.   The receivers are National 
balanced  receivers.   Connection 

he  figure  showing  drivers and re 
ovide a high impedence (2.5K or 5K) 
e,  witn  protective clamping at 4- 
to ground. when an input is out o 

ge, the input impedence from tho 
und is 180 ohms. Tne maximum input 
lead should be held to + or - 
round. This is the dissipation 1 
ircuit, 
uts  are balanced differential, ana 
ntial voltage swing with a +.G volt 
h measured open circuit). 

different ial 
DM 7820/3020 
details  arp 

ceivers,  Tne 
termination 

and - 4 volts 
L the + or 
out of ran jc 
voltage  for 

10 volts with 
im it  of  the 

provide a 1.2 
common  mode 

Logic State    Output 
A    B 

Ü        0 V  +1.2 V 
1     +1.2 V    J  V 

The  output impedence is 130 ohms differential oalanced with 
respect to ground (or 65 ohms to ground from each side). 

4.2 Power Distribution 

The power distribution is shown in figure 8. 
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Figure 7 

Line  Drivers &   Receivers 
I-lee 1 r i c a 1   Spec i fie at ion s 

I.  Drivers: Differential Balanced Drivers (130 ohms balanced, 
h5 ohms each side to ground) 

TTL 
Input •" 

National DM7830/S830 
(2 units per package) 

180 
?v——~f #A (AND output) 

—* B (NAND out put ) 

Input 
Logic     Veil age 

0 

1 

0 V 

3 V 

Outputs (volts) 
A      B 

0 

1.2 

1.2 

0 

II.  Receivers   Balanced Differential, NO termination 

+3.6 volts 

180 S Ä .. 
Balanced  A »^^^ J T j>x 

Input I  1 1   > ♦TIX output 
B t-AAvV 

180 
7— -  National 

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 

4 watt input resistor will fail with sustained inputs 
above 10 volts. 

The 7820 and 7830 operate over the military temperature 
range (-550C to 1250C).  The 8820 and 8830 operate 
over the commercial temperature range (0oC to 70oC). 
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5.ß Changing Time Delays 

The value of the time delays 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/ü interface card makes 4 connections  to  the outside 
world. 

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

b) Berg 40 pin connectors (2) r one for input and one 
for output to parallel interface. They are labeled Jl 
and J2 corresponding to DEC nomenclature. (Pin 
numbers at the top of the schematics indicate the 
connector number and pin number. Connector 2, pin VV 
is 2-VV.)  The connector numbei is DEC H-d56 

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-18-315. 

20 



6.1 Loopback Test Connector 

Or iginate 
Pin No. 

1 
2 

3 
4 

5 
6 

7 
8 

11 
12 

De s t i r iation Signal 
Pin No. 1 Name 

21 + LDB 
22 - LDB 

23 + Data 
24 - Data 

19 4 TYB 
20 - TYB 

17 + RFNB 
18 - RFNB 

13 Power Relay 
14 Power Relay 

21 
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CONNECTO« 

H856 CONNECTOR 

J1 or J2 Connector Pin Locations 

Figure " - Rcrg Connector Pin Locations 



7.0 Programming 

The pt'ogrammer 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 iead/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 if 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 oata 
section (bits 0:7) and a control section (bits 8:15). The 
user should not write into the transmit register or read 
from the receive register if they are in 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 until either an interrupt or interrupt request (as 
seen in the status register) is present before accessing the 
register. 
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7.3 Transmit (Output) Rejister 

One byte of data will oe transaiitted each time this rejister 
is  loaded  if the transmit enable bit is set.  Any old data 
wil.1 be cleared upon loading, independent of  the  state  of 
transmit enable. 

7.3.1 Data Section (Bits C:7) 
Bit Ö is least significant bit. Bit 7 is the most 
significant bit and is the first bit to be  transmitted, 

7.3.2 Control Section 
Bit 11 (LI-IDB)- If tnis bit is set, the last host data 
bit line will go high ciuririvj the transmission of the 
last data bit in the byte (bit 0), 

Bit 12 - Host Power Kclay 6tt~ If this bit is set, tnc 
host power relay contacts will be closed indicating host 
is up. This bit need be set only once since the 
interface will latch trie value. Either an initialize 
pulse or setting bit 13 will c^f - the latch. The latch 
will remain in the last stat" to which it was set. Bit 
13 of the receive registet contains the status of the 
latch. 

Although the power latch can be set any time, it is 
recommended that the relay be turned on before the 
transmit enable bit is set in the status register. This 
prevents a data byte from being transmittea when the 
relay is 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 HOST power relay. 
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7.4.0 Receive Key ist-er 

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 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 receiver again, 
but not necessarily where it left off. 

7.4.1 Data (Bits 0:7) 

Bit 0 is LSB and the last one received  from  the  lino. 
Bit  7  is MSB and the first one received from the line, 

7.4.2 Control 

Bits ü,9,10 - 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 - IMP Power status. Indicates current status of tue 
IMP power relay. 

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

Bit 14 - Indicates the IMP has  been  down  since  the last 
interrupt  was  serviced.  (i.e.  the  interrupt was 
generated by IMP changing status.) (see  bit  12 tor 
current status) 

Bit 15 - Cither bit 11 or 14 is a 1. This bit being set 
indicaues the current interrupt requires special 
handling either because it is the last byte of i 
packet, or the IMP has been down. 
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/. 5 Programming the 1822 Inter£ac 
(with the DKV-11 or DR11-C) 

The bus address and interrupt vector locations shown :H ■ 
for the first DRll-C (DRV-ll) in a system. If there is men 
than one DRll-C, or other devices compering for the san« 
address area,, the proper numbers may not be the ones shown. 
Check the appropriate system documentation and/or tiie 
hardware address jumpers on the DRll-C to be sure. 

j RCV 

I Req. 

i    B 
i      13 

Not     Uspd 

U 10 

XMT 
J Req. 

7 

XMT 
lint.   A| 

RCV 
IiU.Bf 

^«bletnublei 
_Hot  Used 

RCV 
jEnablthnahl 
|(CSR1) 

I 

XMT 

fcSR 0 
G 

Control and  Statu« Regi«ter - DRCSR    167770 

Transmit  Register - OUTBUF     167772 

bv i 
15 

IMP 
was 
down 

U 

NO 
Host 
Pvr. 

13 

Nu  j Last Bit 
IMP  Byte Count DATA 

Pwr. j 
12 .  11 10    9 8 7 6 

i 
5 A 3 2    1 

-1_ „, i- 
0 

^     1 1 

Mctiwe  Register  -  1NBUF    16777A 
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Control and Status Register  DRCSR  l61TiZ 

Bit     Function 

Bit 15- This bit indicates that the DHV-11 bar, received a request from the 
interface to generate an interrupt. If bit b ol this reyister is 
set, an interrupt will occur.  This bit is read only. 

Bit 14-8 NOT USED 

Bit 7 This bit indicates that the DRV-li has received a request from the 
interface to generate a transmit interrupt. If bit b uf the 
interface is set, an interrupt will occur.  This bit is read only. 

Bit 6 Transmit interrupt ENABLE- Setting this bit allows inteirupts to 
be generated upon completion of transmission of each byte of data. 
This bit is read/write. 

Bit 5 Receive interrupt ENABLE- Setting this bit allows interrupts to be 
generated upon receipt ot each byte of data and/or a change in trie 
status of the IMP power bit in the interface. This bit is 
read/write. 

Bits 4-2 NOT USED 

Bit 1 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 (LDü) 
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.  This bit is read/write. 

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

Transmit Register   OUTBUF  167772 

All  bits  are  read/write.   Transmission of a byte is initiated each time 
OUTBUF is loaded, the transmitter ic enabled (bit 0 of DRCSR is set). 

Bit       Function 

15-14   Not used 

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

12 Host Power 3et~ This bit sets the Host relay contacts. As with 
bit 13, th;.s bit need be set only once, since the interface holds 
the information in a latch. Either bit 13 or bit 12 snoulJ be 
set. NOT BOTH. No data should be sent until at least 1 
millisecond after this bit is set to allow for relay contact 
bounce. 

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

li,9,8 NOT USED (On the early unit, these bits indicated the last bit 
position to be transmitted within the byte.) 

7-i DATA (Bit 7 is tne high order byte, and bit 0 is the low order 
byte.) 
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Receivp Roqister   INIUJF   167774 

The interface will receive bits until either it i r, full, or it receiver, the 
last IMP data bit (LIDB) ri-jnal. At this [>oint the interface stops an i 
requests an interrupt. It will not accept any new bitn until the present 
load of bits is tead from IMBUF. 

BIT        FUNCTION 

15      Special conditon -  If  net,  the  byte  of  daia  just received 
requires special handling.  (I.e. it is either the last byte of a 
packet, or there has   been a chamje in the status of tne IMP relay 
contacts (IMP recently down). 

14      IMP just went down or IMP has been down and just cam" up 

i - No chanqe 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 by either bit 12 or 13 respectively in the 
transmit register OUTüUF. This bit should be interpreted as 
follows: 

0 - HOST power relay contacts closed  ( OH ) 
1 - HOST power relay contacts open { OFF ) 

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

0 - 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 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. 

li,9,B Bit Count - The three bits (10,9,8) indicate how many bits have 
been received since the last interrupt. If a number other than 8 
appears in these three bits, a full byte has not been received. 
The bits ate a binary number indicating how -.any oits have been 
shifted into the register. The data bits are slutted into tne 
low order byte starting at bit 0 and moving toward bit 7, its 
final destination. If the bit positions were numbered 1 to 8 (LSB 
to MSB) instead of 0 to 7, then the bit cuunt (lk3,9,8) is the 
position of the MSB. 000 means the MSB has reach?d its final 
destination (position H). 

7-i DATA - Bit 7 is the MSB of the data byte and is the first bit of 
the byte to bt 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 

301 RCV  -(PC) 
306      200  «(PS) 

XMT- Address of transmit interrupt routine 
RCV- Address of receive interrupt roi'tine 
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8.0 Diagnostics 

It is assumed that the DRll-C or DRV-11 is Eunctional 
before these tests are attempted. If the aoove is not true, 
the proycammer/user has no means of accessing the special 
I/O card. If in doubt, the DRll-C tests should be run 

first. 

8.1 Packet Source/Sink 

8.2 Scope Loop 

d.l  Packet Source Sink Program 

B.1,1   General 

The 
the  inte 
checkout 

The 
sequentia 
low orde 
order byt 
also to t 

The 
area in 
The user 
contents 

packet source 
rface do ha 
purposes. 
transmit part 
1 memory loca 
r byte is tr 
e may be set 
est the LD8 1 
receive or si 
memory with 

may stop the 
of the last 1 

and sink program can be used to make 
ndshaking  for  hardware  and software 

continuously loads the contents of 10 
tions into the transmit Duffer. The 
ansmitted as data. Bit 11 of the nigh 
both as an end of packet inoicator and 
ines in the interface, 
nk program circularly tills a 16  woru 
the contents of the receive register, 
program at  any  time  to  see  the 

6 bytes received. 

29 



8.1.2 Running Source/Sink Program 

A) Location 602 determines what the program does. It io 
loaded into the control and status register of the 
interface. It should be loaded with one of the 
following. 

101  Transmit Only 
4 2  Receive Only 
143 Transmit & Receive 

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

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

D) The program starts at location 600 (octal) after it is 
loaded. 
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0*1,3 Source/Sink Program 

Function Memory Contents 
location 
(octal) (octal) 

30Ü 1000 \ 
302 200 1 
304 700 1 
306 200 / 

400 \ 

- Interrupt Vectors 

I |~ Receive Buffer  16 words (B received 
I  bytes) 

436 / 

440 \ 
I I- Transmit Buffer  16 words (8 trannr.i i t ted 

I  bytes) 
476 / 

600 12737 MOV C(loc 602) ,D 
602 see table 101-Transmit   4 
604 167770 
006 12705 R5-440 
610 440 
612 12704 R4=4O0 
614 400 
616 12706 R6=20O0 
620 2000 
622 12537 MOV  (R5)+,QUTBUF 
624 167772 
626 111 BR  626 

700 13724 MOV  IiMBUF, (R4) + 
702 167774 
704 22704 COMP  #4 40,R4 
706 440 
710 1002 BNE 716 
712 12704 R4=40O 
714 400 
716 2 RTI 

1000 12537 MOV  (R5)+/OUTBUF 
1002 167772 
1004 22705 COMP  #500,115 
1006 500 
1010 1002 BNE 1016 
1812 12705 R5=440 
1014 440 
1016 2 RTI 

167770 DRCSR 
167772 OUTBUF 
167774 INBUF 

Start transmitter 

Wait loop 
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8.2 Scope Loop Program 

8.2.1 Running Scope Loop Program 

A)   Load Source/Sink program in 8.1.3 . 

D)   Location 602 should be 143 (transmit & receive) 

C) Locations 440 to 446 should be: 

440 000000 
442 000002 
444 000200 
446 004001 

D) Change contents of location 1006 from  S00  to 450  so 
transmitter loops after 4 bytes. 

E) Start program at location 600 (octal). 
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d. 2. Using Scope Loop 

Tue  loop  proqram  transmits  two  word  packets.  Ino 
transmitted continuously.  They are: 

a r e 

Word 1 

Word 2 

000002 

100001 

octal 

octal 

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

Memory By te Octal 
Location No • MSB   LSB 

440 I 000 
442 2 002 
444 3 200 
446 4 001 

13 

Binary 
MSB     LSB 

00000000 
00030010 
10000000 
00000001  (Llll)B asserted with 

L3B ot oyte 4) 

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

Scope Pattern for Test Program 
(with loopback connector) 

LDB 
Line 

TYUB/RFNIB 
Line 

Data 
Line 

.LLLJU ^ u u Ü 1 

Byte 1  i  Byte 2 
MSB   LSB ' MSB   LSB 

n 

Byte 3 , 
MSB   LSB 

I i 
It 

Byte 4 
MSB   LSB 
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Appendix 

A   DRll-C Specifications 

(from DEC Peripherals and Interfacing Handbook) 

D   Parts list for Interface 4n 

34 



o 

Q 

§ 

Q: 
Q 

o 

ü: 
UJ 
H 
Z 

UJ 
o 
> 
LJ 
Q 

< 
LU 
z 
UJ 
o 

en 
D 

z 

;f? c c 
u o 
0 L 

i: ** _ ■D & 
ü ut ai      ^ 

a, -  v- i 

^-^£ 
r (j 3> 

H    r- 

go o c.5 g 
^  ^  r_   p ö S 

6,  f«  o  >. U c 

z 5 

Ilk rt 5£ 

c o ^ 
CJ -   CL 

CJ   ^   ^ 

T-   SI 

« 
^ ^ Q H 

U3   U 
o c 
k 3 

«3 .y 

O   U *i 

w   c *. 

CJ   Q. 

IM so 

■^ ^ ^ 

S  O 

01 

... ID  c 
C   5)   «9 

2 « 
1 w >, 

c <"   m 
2 «A £ 
U U>'< 

«/) — 
Ifl £ _J 
I. -*   &) 

t» g E ts 

o .  1: t 

o 2 i a 

^  o t 

c > 5 

I"3 
E o c r^ i 

o E ct« 
«> »_ u 

t. .r: TJ a) 

5 ^ u w äj 

c i: a» t! - p s o 
£ « c P 
K Q. <U ii 

.5 CO Q. 
^ ? ^ 
•a o- 4, 

o t« 
.NTS 

l:§l 
«» ".& 
Si o ö 
x: ^ « 

r s - 
w     o 

i «i 

fill 
Si "I 
0,   c   (y   CL 

O ^ «J o 

^^   ^ r- 
K J3 _,   9 

F .5 o o 

A*: 

—*     « 
T3 ~   W   O 

(U   0)   <0   t3 ** 

o c ^ ^ »- 

-III! 
V t-j «- m u^ 
*-*    r      »3   *-    C 

■^    O  ra  r^ 
*-    -    "O    *- 

V 

E 
P w £ 

— <   w 

W  £ Q 

0 ^ H 
wi    >    *- 
Oi   4>   Ü 
E-0 c 
—   v>  - 

2 «ei 

^ o < 

c  c 
CM     .   C   O   ^ TJ b 

i in V  p CD 

« O Q S ^ 
■^ »J * tfs O 

e- Ja > w C 
^ co O o; u 

^ M 2 t? -a 
2 2   -UJ2 

D '"*   O _   O 
o fa t ^ i^ 
a c E t is 
0      o      c 
C   QJ   c   o   u 

0 ^ S w 

2-   V>   bOTD   * 

ui  <a < 
_  -D □ 

g  c   ü 

>-^ ^ 
9 ^ t> 
UJ x:  c 

«3   >     J 

v." V   ü 

'S v « 

ii or 

= 2 
ti > 
u Q 

c 2 

2; Q 

<D -Q 

Cl    '-    0! 
ex -^ J: 
O V» *-" 
^. .^) o 

O JJ 

o£ 
CD s. u 

-   m 

K   C 

ir 2 o. 

in — t- *^ f; <y 

0 m r> 
5 o ^ 

£ fl C   ; 

^ W O 

E. 

CO u 

o ^ 

II O H 

*J y ^J   i= 

S   ^ o 

^""i ; 
in ti -_ , 
x. ^ o « 

. Z - T3 J 
> o 3 o ; 
; 4) 3 ! 

£ £ n 
( 

)   Hi -^ ■, 

5 o xt * 

i 2» ^ C ^ ! *• -ö C ; 
. UJ c ro , 

z « 2 
^ nj a i 

a a 

35 



o 

■D 
O 
E 

4) -C 

** 2! 
o «J 

E E 

a £ 
o F 
ü o 

ft)  u 

as | 
»- an ^ 
Ä ^E 
* ^ o 
ho «A   U 

5 c -o 

1 ^ ra 

S^ 

> 4) 

-c y 

UJ 

05 

0      c 

a» 

? o 
w in 

a -o 

4) 

81 

^ 9 *• 

«> 5 

a n o 
u 0 X5 

c  i;  r ^ 
n  to  o u 

o ÜB  tQ  r 

o c ,5 

! S. ^ 

Q: C 

u -< 

^^ «J O 

—» S 

UJ   n3 

tti ft) 
o z; 

in 

■a a 
in 

0) c u 
1^ 

c fl) a 
0 E a 

01 E 
-n d 0 
c 
O ft) 

r 

u 
0 

i,  00 

ft> a.» 
i« ^ «fl 
n w  a) 

£ c5 
O «   ^ 

«J a. 

n «3 ,', c 

( 
«1 

0 2 

S 3 g 

t; 4) «5 

pro       nj 
H E2 « 

^ 4) a» 
•»- *;  tn 
ft) -   O 
^ C  « 
cr «j «> 

. 8! ^ v) 

C T3 «- 
~ C ♦-> 
m ^ -5 
^ ft) m 
ra > CD 

«) ^ UJ u?   

c E? 
«) ft) 
x: ^ «i) 

? 2£ 

'S "'," 

4) 

«3 > 
U   ft) 
^   TO 

ro 

■?; t^ >< ^ 
0 X3  -tJ   ■ 

m -.   O  1 

.0 o ! 
■o    «1 
4» 41 3 ' 1/1 ti ro ' 3 2 ^: J 

«n  ^  t ^ 

«A   C 

in 

S E 

4)   00 
JC   P 

< D 
z 

UJ 
Q: 

h- m 
aj 

a» 

*"   O 

^^ UJ   " 

O ft) 
UJ  c 

trt w 

a» 
s ^ ^ 

o 
w t; 4) 

a, c t/i 
*- a* t; cap 
S * t 

4> 

a: > ^1 
tr> 4) 

o «J »- 

C ^ 4) 

w  tn 
O   - 

DD.JJ 

■oa 

xi c; 

9   4) 

n» c 

||| 
t i g 
C   ft)   v? 
^  c   ^ 

-  m 

c c- 
'fl ^ o w ra « 

£ K z 
O  0) uJ 
t ^H 
4» IT» y 

Q. « ± 

UJ 
D a 

ft) o     c 

£g    - 

1^ *;       '< 

(U   OJ ■O 0  0 QJ 
c *-> k. 
ro c n 
C   4» 4J 
ft) "D O n 
c:  in O 
nj '" ♦^ r-J 

E < ü   at "* 
4) 1- 

♦* UJ 
c: 2 
0 

c ^ 
41 O 

■   0 

< a.   a: c 

a 

U      ?>   1? 'S -2 £ 

a: I   & ft)  4> 

^EE 
too 

ft   £ 

E Ji-o 
»: o 

* 

ill 
4) *-   ftj 

i I 
ab £ 

O in 

u u " 

-9 E 
«- o 
XJ r-l ^ 
«3 ct 
00   " 

^ TJ 

I 
* 4) -e 

C  «-> 4. 
2 *- »» 
c  o J= 

f3  o 

t Jit 

o .0 

Is o S 

w) a: 
J 

ft)     . 

ft) a   t 
a. 00 

ll P |a 
cq in 
»n - 
ft) ft) 
£ re 

o .a 

CQ  e  O 

a; £ JC o 
»- ♦- *-  in 

O _  v> 
— TJ    Ql 
-Q x:  c v 
w re " 0 

9*o 
CLZ   *  ft» 

ft) XJ   4> *- 

ES?? 

^   w£   p 
in a» u u 

"^ 3 s 

O?  & 4) ^ £   t 

"Pi 
X3 

in S 

« o u a     o 

CCQQ: x) 

» o « «Ü 
JC 5 c £ re 
H ^ o re u 

o 
E 

n to 
O w- 

S 'S 

,-,' a. 
in "C — a, 
«) a 

1 * E 

2^2 

re £t "O 
w O ^ S        'JO 
>.« 5f 

sz c £ 
a. H a. 

J2 « y '4. 

so "-       c: 

^ c c . 
3-I o O 
5-o « t 
3 ? .S c 
O   4)   aC 
i? x: — " 
3 *; « re 
a > 3 
c      "O m 

u ft» .2 «, 4, — TJ .r 

3 a. 
_ 3   O 

i_ o ft) x: 

^ 4» -v*i 

o        ft        ** 
*tf r-  "■ 

i y 3 « 
c -n  O O ft. 

O      .  3 O 

taP.E «^ 
«J _ X3 a» 
O 7S  «3   C 

PS?^£ 

£ 

"i°o- 
ft.   O-D   *   ra 

— ft) *'   C 

o o» .^ > •- 

•c  S re « m 

00 a» 

XI 
E 

oo    c c 
to 

re 
t 

f    J5 £ 

«f   < E 

4>  f.     J2     -^ T3 

ft)        DÜ^J 

£1        00 
bp 

^ tf re 
■D  ft»    _ 

xi*- * 
O   4> 

E   3X) 

l^CNJ  O   S  «j 

^^ E »- ^ 

<£* o2Z 00 £ - Ü? m 
0 990*^ 
T1 x: 
s * -   - 
CO   W   . Ä O   (g 

00  . ^   - 

£ E 
-a 
§* ^   ft) 
■o 2 

00 o 

i-x*   «»   m   ^ 

4) «*     . — ^ 

1 SJ^»ö|CEO: 
o in <o 

t) lu^ < 1 00 
tTJ 

00 
c 

0 i^ 

a: ( 
co' 
o ( 
CQ < 

.-^ ^ G S 

t: u 
Cl 

c in fs 
O 
u 
bo 

O 
0 

»-1 

0 t«: 
CQ CJ XJ 

ID 

Q. 
F 

c: 
re 

CO j" m 
TO XJ 

if) 

CJ 
UJ 
a: 

5? 

E _ 

- in 
g E 
K  ro 

to 
>< o 

T3 
a.)   > 

c; «J 
re 
X    1^ 
U   4/ > ft)   ft) 
^ o 

; x re 
u 

S o 

5| 
4» ft) 
m m 

O 
CM 

36 



a: 
Q 

s: ±-  n  v 

) t- c " ^ 
' « 5 tfl rj 

ii> </) ;. 

^ Q u 
a« uj 

(U   fC   t'»   ~ 
j3 u tjj <y 

mit 
is £ 

»5 

jr 
** en 

^; 
u. -c •- 

£3 £ o 
Z •* 5 
K ^ ^ 
Dot 
•~^ ^-i *" 

ri   f3    (Q 
«S w *- 

fei I 
3  3  « ca a ^ 
♦* - .<n 

a ** « 
c '     ' 

«i ti  o ' 

^ £ c 
^ o O 

£ Z ^3 

^ a: . ■ 

n   to x: 

0 - -r -o 

iu ^c a- 
U   V    3 -L 

C      - 

»0  TD 

a» 

*"«)*-. 
3   CS   ^ 
<D   H    - £   Ö   E   CT 

U! £ 

u 
0) 
I- - 

4! X> Z"  Q 
-C     .  — 
>   J 
0    CL "^ 

o o 

l_ E ^«u (U u oi: 5: ^r 
J 

c 

3 
n 

x- 

c CJ 0  b 

E   3 
jt a 
(U   3   (U ^ 

C    O   o 

c x: *- ♦- ♦» 

E£ 

si ^ 

■ H-   3  a 

LO ^3 J3 
£ XJ c 
K OJ ""*■ 

U 
u r; !U > a 
<5> U fT 

"O it nj 

bo 

o 

•Z rr CD u   X _ > Q      DC 
U SC Z 3 ~J Z CC H 5 K N < 03 U. X -^ > O a: Q Q. CC 

: or 
i- f   ^ CN r«j rt in io r-^ co <^ o —• <"J m 't LT Q 

CJ O O O O O O O O O "-I ■"• -« ^ 'i —' ^ < O --i 

OOOOOOOGOOOOOOOOZOOO-; 

. _j      CD^ XUJü 
-jXfQii:xujcjNj>-5>^a 2 

(N eg oj 04 rsi eg 04 CNJ CN pg fsj CJ rsi CM eg f j — rg 

O—lognTJ•u')^^^-ooc>o- 
o o r^ o rj o o o o o —< - 
z z z z ä: z z z 

1^ rJao 
£ S £ ? S ? a; o: 

(J 
rH 
i—t 

ft: c D 

i^ 

O   « 

«J   c   C)       Q t 

■c V 

UJ 

H 
Z 

k- I/) 
uJ 

C ■) a 
L ..i 
IB tx 
i/i % ■o 
O V 

•a 

♦ o 
U     Q. 

1/1    "z 

E    ^ a 

u s-j    i K ü 

m 
z 

^ ra in 
TO i- ra 

^^ g. 
;inl 

c •£> 
3 

■a u 

a; 3? £ 

OCrt  ^ 

■gnT3: 

"g Z ro , 
6 ^   r- ■ 

^   h   O 

c E. 
rj   CJ B3 

i: ^ o 
2 m -Eo 
c — — o c 
J3 O ■^ P "C  o 
c ^A (/) 1:  a) — rj  *- ,r 
O JO t— U   3   O 

;gE 1   -;   TO 

V 4*             fli 

TO ,_  ■£   TO 

C ü ^    TO 
TO JO -^  " 
E <flm-c: 

^ O wX3 

X3 — 
z 

o 

L0 
o   . 
in^ 
^ O 
J2Z 

US 
" o 

|S 
a> o 

m c 

o: U3 

in 

In UJ 

3 O 

2 o 
z 

o 
m 

R « 
^ a 
a) rx 
a. TO 

o 

o 
o 

f-   p      OJ 
$ 5   o: 

"TO ^3? 
3 äl 

TO   "» 
E-2 

4) 
ß « *! tn  — 

, -b  0) o * 
T3 <n u. 

^ e E ^ 

rv -e ,^ 

^ > o ■ 

:i? 
* T3 

iu   - 

TO  in 

TO  • 
m i" E 

■ *, o o 

1-3 
t1   in ^, 

«£ « 
i-   Xi 
O r 

3 2 o 

3   C "O 3  C  rj 

TO 

C   C (- 
o <^ 

i    in tt> v r> c 
TO 
IS 

x1 <.' in 
C f- TO 
3 <! J- 
.. C x. 
O .      0» 

5^ £ 

in  ^ 

, 3 
. O 

TO   ^u. UJ 

nj 

*-   TO TO    >- 
O 

•o  U. 
TO   O 

H ?* «A 

TO  £ 
Gn — 

•^ S 
or)1-1 xv 
" ci o 
i- o £ 

3rt   u   O 
3   tA "T 

Re: 8? 
~^ 

£ 0 .^ 

H-     Q. 

TO   1' 

uo 
T) vi> 

_l a» 
3. 

l/; 5 

Z 

O  ^ *' 
u   C   o 

x: ~) 
J 

fi 
CO 

k> TO U 
V y* o o 
Q) 

IX 

r <U TO CJ 
ai t: K.I a 

Q i > jQ Ü H 

J7 



9 
.-I 

c 
o 

c 
c 
o 
o 

o 
CD 

O 

c o 

O 

o 

n o 

tn 
^ < 
tE 
h- 

z z •T 
Ul iu K 
a. Q. < 
oo Q 

2: z 
IU ui 
a. a. 
OO 

gz 
K Ui 
rj a. 
OO 

±0 

2 Z 
Li)   UJ 
a. Q. 
OO 

z2 
±0 

5a 
a z 
oa 

to z 
u a 

o o 
t- H 

O O 

z z 
to aQ   ri^   2° 

uJ Z        y  ^       7 Z 
& CO 
o o 
zz ±t:    0~    —O    _ O    =: O    —ti    <3~ z z 

Q 1 o o 
zz   ^z 

Dl- 

5i 
in \o 
o o 
H h- 

OO 
zo 
o o 

m 
go 
uz 
OO OO 

Z3 
ao 

< oo   o Q   ui u.    x :? Q.    z a:    (n H    3>    ?X    >■ N 

00 

< C3 
< 03 

2 ^ 
O O 

00 
OO 

M   > 
■5? t?« 
w JC TO r ra x: 
5 J XI ? a * 

DO * 
C O >. ra 0 

Q- 0 
4» 

T5 

"to * 
« JC 
H 0 

«i:     «i     9&!     S^ 
ja*    Ü*    J^bo   nw 

15S 
5   $ JD  O 

00 n 
V (U *-' <u T3 

U! 
a> 

--. c c 
u ? 5 
n 0 0 

-I 

o 
> 
0) 

re 
XI 

11 

z r) 
O C) 

Ui u. 
U u- 

D D     Z iiJ 
OO    O Q: 

X 
^ ^ 

M 

Z D 
O O 

-i z 
^ z 

o 

X)"      X3>,X>JD      X>0 ■O -O      JO   >> 
9 ö 
J3   > 

g 

a 

c 
o 

u 
4i 
c 
c 

c 

a» 
2 

•0 

O 
m 

CD  4» 
X 

<<<<mcaüOOQuiuJu.C:x I^^^^_J^55ZzS!D:D:£t^55HHHH>>       r?^ 

> D j„ j^ a: a. z 5 _, ^ ^ x ^ ui o 0 CD <■ 
>i3i-v)a:a.Z-:^4a[:~,xu.uiQoa)^Ni>-x?>3H-wQ:ö.z5_j^-»XLuujQo     aD< 

O 

0 

6 
z 
0 
u 
V 
C 
C 
O 
O 

c 
(£ 

a> 
E 
z 

<oQoOujti.X—.^'.t^ZQ.acnh-     ^ > 
< co 0 O ui u. x-1 ü _i 5 z a. (r to H-3 > > x >-Ni < CD 0 D UJ u. x-1 a; _J S z a. o: 10 I-     D> 

<       i 
< 

0                        ^-t ^t      in-r ^     ^ "^     ^ ^     0 »H oi              ro ^-in     <      IN     CJ                   Q 

5SPSSS5D°°O^H°Q^"Q^HDHK^nSDrPpQo'D°D°Q5       Q5> 
0.Q.3aQ.Ö.£LZDDZD^^,ZZ)DZ3OZZ)DDZwZ=)=)DZL>JZ3ZDZa.       Z Ul O 
O O 0 O 0 O 0 O O O O O •x O 0 O O 0 O O 0 O O O 0 0 0 0 0 0 0 ce ü O 0 O 0 O     0 z Q: 

CM 

6 
z 
0 *j 
u 
<u 
c 
c 
0 
u 

0) 

c 

XX                                                                           aj                                                  ö* 
SQga»-D»-Q-gQ^5g0S2agoQ2Z;^DCD'Cl2^^DaDSug5H<Sm a.zOz~z-2:ppzpapzOO2:OO2-;-;-.2ujZ^^-:Zü,z:p£Lp^<Q:£L0_ 
00_0"0 — O- — Ü — O — O^^Ot: — O — — ~O0;üS±:t:C3UO — 0~OQ»~00 

>3K{ntt:Q.zS_J^xu.ujQoco< 
>Dh-v>a:tLZ-r-j^-.xuujQooQ<N>x5>^l-toft:o-ZS-jü-!Xü.ujQO     m< 

£?■§ 
aa a» 

X 

O 
CQ 

<ffloQiuu.i-.ScJsza,a(AK3>*><>-N$SüQliJä:i^5dilS:^t:   i> 

^P>>H->-Hh-<ntnccD:a.Q.. Z25S_i_iä!:x-S-»xXu.u.ujujQQoücoai<<     << 

38 



»—1 

a 

l/l u 

a n} 

^ x 
(A *• 
O r- 

I« 
Ui   c 
a: 3 

S6- 
z ^j- a 

fl If 

2    < a»' 

? ? 

Z  u 

a: o k- 

u 
U- — o- 
D  a. u 

0  E 
•D   g 
O *' 
i -a u 
::• x) 
*-   O 

TO 
0! 

£ >> 
^ E 

3i 
tu 

N    ft, 

5§ 

o 

x: 
ti    00 
.c  - 

E w 
O JC 

P   "2 o w 

_ XI 

a> ^ « 

E ^ ^ 

-P E o: 

Ä i*- O 

^ <j 

|^ 

££ ^ 
? 2^ 

J5        3 

£    O 
TO «3 .c -D 
TO TO ro  O 
U n 2 s 

Ü 

tr 
DS Q a H il z z Z Ü. 

Ü 00 

> 
a 
a: 
< 
t- 

■-4 
0 z 

< 
Q t- a £ u ^ 
Z 3 Z ti z u 
O O 00 0 z 

CL m 1- i? 

5 ; 
E -c 

i;   UJ      Q. 

3 
S 
t 
0) 

^ >> 
S     + 
E      11   li 

o .^ y 
a!    00 

(A 
z 
o 
< 
Ü 

u. •■ 
— 4) 

U     (TJ 
a. ^ 

>  u 

5-E 
0 ^ 

3 J 

c 

U3 if) _ 

VD U) '"-' 

o o 
o f-; •*    00 
rv K h-    i£> tn --. 
f^ i-v fv,    r-- rv o 
r^, f^ rv    K tv «> 
(X3 ^o vo    U) U) 
r^ K r-»    f^» r«. 

1 
c 

> 
If) 

bo 

.a: r- o 
Oo E - 

>   _ 

m o 

<  c  ^ *: 
»_  «^ CD  3 

f 2 
4»    CJ 

9 00     ■P   4» 

C\J fT) 5? 

3   3 

11 

2a 

O  ui 
c: 3 
a. m 

x: c .. 
o -1 a; 
4»  o  N 

TO  Xv 

t    TO 

S 2 
O   M 

C 3 
« O 

I I 
5 8 
ex g 
£ S 

o 
tJ u 
c 
o 

00 J n 

c 
0 1! 

> II 0 
i.i 

X) t 
0 *! 

UI 
di rr CO 
X) TO 
a 

< 
< 

Z 
< 

U Q 
V)   . ■ ^ < 

UJ rf 
Z LJ 

t« 

—      u t: O 
CJ 

O 

39 



Parts List for Interface 

Reference      I.e. Number Price* 
Number   in 
Circuit 

1 3N7404 
2 SN7400 
3 SN74 02 
4 SIM7402 
5 SN7474 
6 SiM74123 
7 SiJ74123 
Ö 3N74193 
9 SN74164 

10 DM8820 
11 DM882Ü 
12 DM8830 
13 Drt8b3C 
14 SN74193 
15 SN74152 
16 SN7402 
17 SN7400 
18 rtagnecraft W107-DIP-1 ReLiy 

Connectors 

Jl DEC H-d56 
J2 DCC H-J56 

Resistors   11 1/4 watt 5%r $.06 ea 

1 39 ohm 
8 100 ohm 
1 120 ohm 
16 180 ohm 
3 IK ohm 
1 3.3K ohm 
1 10K ohm 
4 22K ohm 

Capacitors 

1 .002 mfd mylar 
4 100 pf mica 
18 ,01 mfd. ceramic 
1 5 mfd tantalum 
1 10 mfd. tantalum 

Diodes 

Circuit Board 

. 7 b 

.55 

.5r. 

. b b 

.od 
2. 4 u 
:.4;; 
J. 3.J 
0.55 
J.b9 
J. G 9 
J. ß9 
^.09 
J.30 
7.80 

. 5r^ 

. 5^ 
4. n n 

I^P Conn. Amphenol 4 8-10R-l8~31S b^iöü 

. 4>> 

, 9 0 
, Irt 
Ob 
06 
24 

. 30 
.25 ea.    l.Uu 

.13 ea ^.34 
.4b 
so 

2        3.6V .5 Watt zeners  1^52270  .00 ea.    1,60 
19       IN4148 .25 ea.    4.75 

Douglass Electronics   1J-DE-11 24.75 

Total $ 162.2^ 
(excludes labor, connecting wire, solder, etc.) 

*  1976 Catalog prices 
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