


THE RAYTHEON 520 
SYSTEMS INTERFACE MANUAL 

November, 1965 

RAYTHEON COMPUTER 

©Copyright Raytheon Company November, 1965 



TABLE OF CONTENTS 
PAGE 

520 System Input/Output Philosophy ................................. . 

Selection of An Input/Output Device ............. . 3 

Data Trans fer with An Input/Output Device . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Glossary of Control Signals ..................... . 

The Multidevice Controller ..... . ................................. 

11 

15 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

Theory of Operation ............................... . 

Priority Interrupt System ... 

Logical Mechanization ....... . 

16 

19 

21 

· Cable Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

FIGURE 

2 

3 

4 

5 

6 

7 

8 

9 

LIST OF ILLUSTRATIONS 

520 Input/Output System Diagram ... 

Communication Link between 520 and 1/0 Devices .. 

Select Command Timing ..................................... . 

Select Command Timing ..................................... . 

Data Transfer Command Timing ............... . 

Data Transfer Command Timing ........ . 

Raytheon 520 Multidevice Controller ............................ . 

Data Transfer Timing in MDC ...................... . 

Cable, Multiconductor, 25 Twisted Pair, 1t24 AWG ..... 

PAGE 

2 

5 

6 

8 

10 

14 

18 

22 

10 System Expansion Interconnection . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

11 Typical Input/Output Communication Pair . . . . . . . . . . . . . . . . . . . . . . . . . . 23 



520 SYSTEM INPUT /OUTPUT PHILOSOPHY 

The Raytheon 520 has an input-output system 
which is modular by design. This gives the user 
the flexibility of specifying the exact configuration 
needed for his present requirements with ease of 
expansion when needed. The 520 achieves this 
flexibility by the use of a dual-bus structure (input 
and output) to which peripheral devices may be 
added at any time. 

Communication with peripheral equipment is 
achieved by controlling their connection to the 
input/output bus. The connection of peripheral de
vices to the input/output bus is accomplished by 
the use of a device controller which is unique for 
each equipment type. (See Figure 1) Any of the 
controllers may be logically connected to or dis
connected from the computer under program control. 

A controller must contain the logic circuitry 
which enables it to perform the following functions: 

l) Sample 1/0 bus control signals and determine 
when one of the devices connected to it is 
being addressed by the computer. 
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CONTROLLER 

520 
1/0 

MT 4 

2) Connect the device to the bus for the purpose 
of receiving commands or transferring data. 

3) Maintain the device in a previously command
ed mode of operation unti I further commands 
are received or a predetermined condition 
occurs. 

4) Accept and provide synchronizing signals re
quired by the computer and the device. 

5) Provide character or word buffering along with 
error detection. 

6) Provide the necessary voltage levels and 
impedance matching. 

Figure 2 is a block diagram of the communica-
tion link between the 520 and any one of its peri
pheral equipments. The communication link is con
trolled by the execution of an input/output command. 
The 520 has two input/output commands. They are 
the SELECT command (SEL) and the DATA TRANS
FER command (DTR). 

The 520 can select any 1/0 device with a SELECT 
command. The SELECT command wi 11 send to al I 
controllers control signals and 24 bits of select 
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Figure 1. 520 Input /Output System Diagram 



command word information over the output bus {Q 
bus}. The select command word determines which 
1/0 Controller will be activated and sets up in the 
selected controller all the desired conditions for the 
forthcoming transfer of data. A control signal will 
be sent from the control !er to the 520 when the se
lection has been completed in the controller and 
results in the termination of the SELECT command 
{EKO). Along with the control signal to terminate 
the SELECT command, 24 bits of status information 
are sent to the 520 over the input bus {R bus). The 
SELECT command designates which register in the 
520 is to receive the status information. Alternately, 
the SELECT command can request status information 

only. 

Data transmission is accomplished by a DATA 
TRANSFER command {DTR). This command will 
specify a register in the 520 which will transmit or 
receive data or both. The type of data transfer {in
put, output, status, etc.} is determined by the action 
field of the DTR command which generates the 
appropriate control signal. When the selected 1/0 
control I er has determined that the data transfer oper
ation has been completed, a control signal (EKO) 
will be sent to the 520 which will terminate the 
DTR command. 

SPL 

EKO 

BCR (0-3) 

K R BUS -
Q BUS ~ .. 

520 NABL (0-3) 
1/0 -- 1/0 

There are four channels provided for data transfer 
control signals between the 520 and the 1/0 device 
controllers. When a device control I er is selected, 
it must be assigned one of the four channels which 
is not presently being used. Each channel can 
transmit an interrupt from the device controller to 
which it is assigned. This interrupt indicates to 
the computer that the device contro Iler is ready to 
transmit data or to accept data. Each channel can 
send an enabling signal from the 520 to the device 
controller to which it is assigned. This enabling 
signal indicates to the controller that the 520 is 
starting a data transfer operation. These four 
channels allow up to four peripheral devices to be 
connected to the input/output bus at the same time. 
Since the 520 has the ability to connect and discon
nect peripheral device controllers, it is possible 
for more than four devices to be operated simultan
eously. 

To coordinate the time-sharing of the input/ 
output bus, a commutator has been mechanized in 
the 520. The commutator is a four-count stepping 
counter which counts at the the clock rate of the 
520. Each count of the commutator scans one of 
the four interrupt channels. When an interrupt is 
present and the channel is enabled for automatic 
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Figure 2. Communication Link Between 520 and 1/0 Devices 
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interrupt (each channel can be enabled or disabled 
under program control), the commutator wi 11 be 
locked on the channel of the interrupt. Upon com· 
pletion of the instruction pair being executed, the 
computer will automatically access one of the first 
four locations of fast memory. The location ac
cessed depends on the channel to which the com
mutator is locked (70000 for channel O; 70001 for 
channel 1, etc.). This location in fast memory 
serves as an entrance to a subroutine which will 
handle this request for data transfer, In the event 
that fast memory is not part of the system configura
tion, a transfer to one of the same four locations, 
which are now assigned to main memory, will be 
effected. 

Once the commutator is locked on a channel, it 
will remain locked until released by program con· 
trol or by the Reset button on the control console. 

If automatic interrupt is not desired, all channels 
or any combination can be di sabled under program 
control. The presence of an interrupt can then be 
determined by test commands under program control 
and action taken as written in the program. 
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In the execution of a SELECT or a DATA TRANS
FER command, the circulation of the 520 system 
clock is inhibited until the selected 1/0 controller 
responds with a control signal (EKO) which indi
cates that the operation is complete. With the 520 
system clock circulation inhibited, the computer is 
in a "wait'" condition and no computation can be 
accomplished until EKO releases the 520 from this 
waiting state. Therefore, the time an 1/0 controller 
takes to process a peripheral command should be 
kept to a minimum (a typical 520 1/0 controller 
takes two to three microseconds), 

SELECTION OF AN INPUT /OUTPUT DEVICE 

An input/output device is selected for data trans
mission by a SELECT command. This command 
sends to all controllers in the 520 1/0 structure, 
control signals which indicate a selection is taking 
place and 24 bits of SELECT command information. 
The 24 bits of SELECT command information is 
gated onto the output bus (Q bus) and will activate 
only one controller. The field assignments of the 
SELECT command word are as follows: 

12 13 14 15 16 17 18 19 20 21 22 23 

z >- I-< 0:: < o~ w I- < z~ :r: 0:: w _J < < z Ow u I-0 a. - 0 - u a. 
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u. cc 0 I- u. z 0:: • a. '--. :r: v; . 
u. :::!! < (.!) 0 ::::> I- > ~ a. z (.!) 
::::> ::::> :r: < z a. ::::> w w _J w< cc z u~ w z 0 0:: 0:: < o~ -

ti) z 
0 

I- 0 1 NO. OF WORDS IN HIGH SPEED TRANSFER* z u 0 
u 1 0 STARTING MEMORY ADDRESS FOR HI SPEED TRANSFER* 

1 1 SET HI SPEED 1/0 ADAPTOR TO "ACTIVE"* 

*OPTIONAL FEATURE 
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STATUS FIELD (bit position·OO) 

The status field determines whether the 1/0 de
vice addressed is being selected for data trans
mission or for status information only. (If bit 00 
is a l, select for status only - if bit 00 is a 0, 
select for data transmission). A request for status 
should not activate the controller except to 
give a status reply over the input bus (R bus). 
Selection for data transmission should place the 
controller on-line with the 520 and begin the func
tion requested by the SELECT command. 

CONTROLLER TYPE FIELD(bit positionsOl to04) 

A complete device address consists of the con
troller type, the controller number and the device 
number. The controller type field refers to the de
vice type (paper tape reader, line printer, etc.). 
With this four-bit control field it is possible to se
lect any one of 16 unique controller types. The 
controller type field assignment reserved for user
designed controllers is 1111. 

CONTROLLER NUMBER FIELD (bit positions 05 
and 06) 

The controller number field allows up to four of 
like type controllers to be selected individually. 

FORMAT DESIGNATION FIELD (bit positions 07 
and 08) 

This field is used in conjunction with an optional 
high-speed buffered input/output system and deter
mines the interpretation to be placed on the remain
der of the select command word. (Bits 09 to 23). 
This field will be 00 unless the optional high
speed buffered input/output system is incorporated 
into the system. 

DEVICE NUMBER FIELD (bit positions 09 to 11) 

The device number field allows a controller to 
select only one of up to eight unique device$ of 
like type which may be connected to a controller. 

CHANNEL ASSIGNMENT FIELD (bit positions 12 
and 13) 

There are four communication channels to which a 
device may be assigned. A controller must have a 
channel assignment before successful data trans
mission may occur. This determines the channel 
over which an interrupt w i 11 be sent to the 520 from 
a controller and the channel which will enable a 
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controller for data transmission. The channel as
signments are as follows: 

Bit position 

ll li 
0 0 
0 l 
l 0 
l l 

Channel Assignment 

Channel #0 
Channel #l 
Channel #2 
Channel #3 

OPERATION FIELD (bit positions 14 to 23) 

The operation field determine all of the particu
lars of the forthcoming data transmission. For ex
ample, bit 21 determines whether the data transmis
sion is binary or alphanumeric. (1 - alphanumeric, 
0 - binary). [The field assignment chart gives a 
breakdown of the operation field.] 

Timing diagrams, Figures 3 and 4, illustrate the 
timing considerations for a SELECT command. A 
sharply defined rise time and fall time indicate a 
function which is clocked whereas a sloping rise 
time and fall time indicate a non-clocked function. 

When the 520 executes a SELECT command, the 
SELECT command word is immediately gated onto 
the output bus (Q bus). At Read/Write clock, which 
is 300 nanoseconds after the system clock, QSEL is 
generated and is an indication to all controllers that 
the information on the Q bus is a select command 
word and that a device selection is in process. At 
Data Ready clock, which is 450 nanoseconds after 
Read/Write clock, QSTAT is generated and will 
cause a status response sequence in the selected 
controller. 

The SELECT command word is examined by all 
1/0 controllers and decoded by only the desired 
controller. XCMD is the function in the 1/0 con
troller which decodes the SELECT command word 
and becomes active. XCMD remains in the active 
state until the SELECT command is terminated. 
With XCMD active and an 1/0 clock, the XCSET 
flip-flop is set. This serves to synchronize the 
520 clock system with the 1/0 controller clock. At 
the next 1/0 clock pulse the XCLCH flip-flop is 
set and all the control flip-flops are set to the de
sired configuration, as indicated by the SELECT 
command word. XCLCH being in the set state in
dicates to the 1/0 controller that it is on-line with 
the 520 and able to communicate with the 520. 
(Sends interrupts when ready to transmit or receive 
data, processes DTR commands, etc.). XCLCH 
activates all of the control logic in the 1/0 con
troller which controls the device connected to the 
controller. XCLCH will remain in the set state 
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unt i I the 1/0 contro II er is disconnected by a DT R 
command, reselected while still on-line, or dis
connected by the Reset button. 

With XCMD, XCSET, and XCLCH all set, EKO 
becomes active and is sent to the 520. EKO re
sults in the 520 system clock being allowed to 
circulate. The first 520 system clock which is 
circulated after EKO terminates the SELECT 
command and gates into the selected register in 
the 520 the status response word. This status 
response word was gated onto the input bus (R bus) 

7. 

by XST AT during the select process in the 1/0 
controller. The termination of the SELECT com
mand causes the reset of QSEL, QST AT, and the 
SELECT command word on the output bus (Q bus). 
XCMD goes fol se and at the next 1/0 controller 
clock XCSET is reset. XCLCH remains in the set 
state. 

The control signal, EKO, should be terminated 
as soon as the SELECT command is terminated. 
This is a requirement because another peripheral 
command can not be executed until EKO is false. 
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DATA TRANSFER WITH AN 
INPUT-OUTPUT DEVICE 

A device controller must be selected by the 520 
before data transmission can occur. The action 
field of the DATA TRANSFER command {Rl field) 
is three bits and specifies the operation to be per
formed. The table Ii sted below gives a breakdown 
of the operations which can be specified by a DTR. 

Rl FIELD OPERATION 
CONTROL 

SIGNAL 

123 
000 Disconnect Device DSC 
001 Data Tran sf er In DXFN 
010 Data Transfer Out DX FOUT 
0 l l Data Transfer In and DXFN and 

Out DX FOUT 
100 End of Message and EOM 

No Data Transfer 
l 0 l Data Transfer In and DXFN and 

End of Message EOM 
l l 0 Data Tran sf er Out and DXFOUT and 

End of Message EOM 
l l l Request for Status QSTAT 

The DATA TRANSFER command will normally 
cause a skip condition in program execution. If the 
DATA TRANSFER command is used to disconnect 
a device a non-skip condition will occur. If in the 
execution of a DTR a special condition exists then 
a non-skip will also occur. This special condition 
can be defined by each controller type as to mean
ing. For example, in the Paper Tape Reader con
troller the special condition would exist when read
ing a frame of alphanumeric data if a parity error 
was detected. In the Card Read controller this 
special condition could define the end of card. The 
control signal generated by this special condition 
is SPL and it must only come true during the DTR 
which detects the special condition. SPL must 
come true before the control signal EKO which 
terminates the DTR. 

A DTR can request status from a controller which 
is connected to the computer~ This status can de
fine a condition which exists at the device {power 
on) or a condition which occurred during transfer 
of data from the device to the controller {parity 
error when reading magnetic tape). This status re
sponse will be sent to the computer over the input 
bus {R bus) and can be interrogated under program 
control as to content. 

9. 

A DTR can disconnect a device from the input
output bus. This operation will reset the XCLCH 
flip-flop and free the communication channel to 
which it was assigned for use by another device. 
The termination of a DTR for disconnect is accom
plished by the computer in the main frame. There
fore, it is not necessary to have logic in the con
troller which would generate EKO for a DTR to 
disconnect. Once disconnected the control I er must 
not be able to send an interrupt or transmit data. 
Any operation of the device, if in process, must be 
brought to an orderly termination. 

End of Message {EOM) is a control signal which 
can be generated in conjunction with Data Transfer 
In or Data Transfer Out. This has significance for 
controllers which are involved with data transfer in 
block form. For example, data transmission to an 
80 column line printer may be complete after the 
first 40 columns in a particular line of print. EOM 
is the control function which initiates a print cycle 
in the line printer. 

The timing diagrams, Figures 5 and 6, illustrate 
the timing considerations for a DTR OUT and a 
DTR IN. A sharply defined rise time and fall time 
indicate a clocked function, whereas a sloping 
rise time and fall time indicate a non-clocked 
function. 

The commutator must be locked to one of the 
four communications channels for the successful 
execution and termination of a DAT A TRANSFER 
command. This is indicated in the main frame of 
the 520 by the COMLOK flip-flop being in the set 
state. COMLOK must be in the set state in order 
to generate the enable control signal (NABLi - i 
can be 0, 1, 2 or 3 depending on the channel the 
commutator is locked on) during the execution of 
the DTR. BIFi (i can be 0, 1, 2 or 3 depending on 
the channel which is sending the interrupt from the 
controller) is a flip-flop in the main frame of the 
520 which gets set when an interrupt is present and 
remains in the set state as long as the interrupt is 
present. The 520 may respond to the interrupt 
automatically, in which case the commutator will 
lock to the channel of the interrupt by hardware, or 
under program test control which must lock the 
commutator to the proper channel by command exe
cution before execution of a DTR command. 

For a controller to communicate with the 520, the 
XCLCH flip-flop must have been set by a SELECT 
command, along with al I the desired conditions of 
data transfer. The controller must generate various 
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control functions to the device (e.g., motion control) 
to have data available for transmission to the 520 
or to be able to accept data. When this situation 
occurs, the controller will issue an interrupt to the 
520 (BCRXi - i can be 0, 1, 2, or 3, depending on 
the channel assigned to the controller). Depend-
ing on the device being controlled, the interrupt 
will last either until the data is processed or while 
the data is available. 

When the DAT A TRANSFER command is executed, 
the enable control signal (NABLi) and the selected 
action control signal or signals (DXFN, DXFOUT, 
EOM, DSC, or QST AT) are sent to al I controllers 
with no delay. NABLi determines which controller 
will transmit or receive data and is generated by 
every DTR. In the case of a DTR OUT, the data 
is gated onto the output bus (Q bus) at the same 
time the control signals are sent to the controllers. 

NABLi is compared against the channel assigned 
the 1/0 controller by a SELECT command and, if 
they compare, XBCNL becomes active. 
XDXREQ, a second level function, comes active if 
XBCNL is active, if the controller is selected 
(XCLCH), and, if the controller is ready to handle 
data transfer. In the input mode, the contents of 
the 1/0 controller buffer are gated onto the input 
bus by XDXREQ. At the first 1/0 controller clock 
following XBCNL and XDXREQ becoming active, 
XDXSNC gets set. XDXSNC synchronizes the 520 
clock system with the 1/0 controller clock and is 
in the set state only for the duration of the DTR 
command. Data transmission can be synchronized 
between the device - controller - computer by two 
flip-flops, XDRLCH and XDRRES. The truth tables 
below outline a typical application of these flip
flops to this synchronization for both input and out
put devices. 

If the 520 executes a DTR command before the 
controller is ready to process data, the 520 will re
main in a wait condition unti I the control I er is ready. 
This is accomplished by XDXREQ not coming true 
until the controller is ready to process data. 

FUNCTION 

INPUT DEVICE 

OPERATION 

XDRLCH XDRRES 

0 0 

0 

0 

Controller is ready for input 
from device 

Controller buffer can be 
cleared 

Device has transferred data in
to controller buffer 

Controller is transferring data 
into computer 
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FUNCTION 

OUTPUT DEVICE 

OPERATION 

XDRLCH XDRRES 

0 0 

0 

Control I er is ready for input 
from computer 

Contro 11 er buffer can be 
cleared 

0 Computer has transferred data 
into controller buffer 

Controller is outputting data 
to device 

The DTR is terminated by a control signal, EKO, 
which is sent to the computer from the control I er 
when the data transmission is complete. The con
trol signal, EKO, should be terminated as soon as 
the DATA TRANSFER command is terminated to 
eliminate any delay in the execution of another DTR 
or SELECT command. 

GLOSSARY 

Computer to 1/0 Controller 

DSC 

DXFN 

DX FOUT 

EOM 

NABLi (0, 1,2,3) 

- Control signal generated by a 
DTR command which will dis
connect the selected controller 
from the 1/0 bus. 

- Control signal generated by a 
DTR command whLch indicates 
to the selected controller that 
a data transfer from the con
troller to the 520 is taking 
place. 

- Control signal generated by a 
DTR command which indicates 
to the selected controller that 
a data transfer from the 520 to 
the controller is taking place. 

- Control signal generated by a 
DTR command which indicates 
the end of an input or output 
data transfer. 

- Control signal generated by a 
DTR command which indicates 
that the commutator is locked 
on a channel. This function 
wi 11 enable an 1/0 control I er 
which is assigned the channel 
on which the commutator is 
locked. 



QR SET 

QSEL 

QSTAT 

QOO to Q23 

- Control signal generated by 
the 520 power ON button which 
disconnects al I 1/0 controllers 
from the 1/0 bus. 

- Control signal generated by a 
SEL command which indicates 
to all 1/0 controllers that the 
information on Q bus is a 
SELECT command word,not 
data. 

- Control signal generated by a 
SEL or DTR command which 
causes a status response word 
to be sent to the 520 on the 
input bus (R bus}. 

- The 24-bit output bus which is 
capable of sending either data 
or a SELECT command word to 
the. selected controller. 

1/0 Controller to Computer 

BCREQ - Control signal which indicates 

BCRi (O, 1,2,3) 

EKO 

the presence of an interrupt on 
the special interrupt line. This 
special interrupt line is not 
able to automatically interrupt 
program execution and can only 
be determined to be active by 
execution of a test command. 

- Control signal which indicates 
the presence of an interrupt 
from an 1/0 controller. There 
are four interrupt lines from 
every 1/0 controller to the 520. 
The assignment to a particular 
interrupt line is made during 
the selection of the 1/0 con
troller. These interrupt lines 
can interrupt program execu
tion automatically or can be 
tested depending on mode of 
operation. 

- Control signal which termi-
nates either a DTR or an SEL 
command when the 1/0 con
troller concerned determines 
that the operation is complete. 

---~---·- ------- ----
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ROO to R23 

SPL 

- The 24-bit input bus which is 
capable of sending data in 
either word or character format, 
or can send a status response 
word to the 520. 

- Control signal generated by the 
1/0 controller during execution 
of a DTR command which indi
cates a special condition 
exists. This special condition, 
depending on the 1/0 controller 
can be a parity error, an end of 
record, an end of card, etc. 
SPL will cause the DTR com
mand to non-skip which indi
cates to the program that a 
special condition occurred. 

Internal to 1/0 Controller 

XBCNL 

XBCSO, 1 

XCLCH 

XCMD 

XCSET 

- Function which compares the 
NABLi control signal gener
ated by a DTR command against 
the channel assignment flip
flops in every controller. If 
there is a comparison, the DTR 
will be processed in the 1/0 
control I er where the comparison 
is made. 

- In every 1/0 controller, there 
are two flip-flops which store 
the channel assignment of the 
1/0 controller. These flip
flops determine which interrupt 
line will be used to signal an 
interrupt condition and wi 11 
determine when a DTR com
mand will be processed by the 
1/0 controller. 

- Function which determines 
whether or not an 1/0 controller 
is on-line with the 520. 

- Function which decodes the 
SELECT command word during 
SELECT command. 

- Function whigh synchronizes 
the 1/0 controller clock with 
the 520 system clock during the 
SELECT command. 



XDRLCH 

XDRRES 

- Function which can synchronize 
the data transmission from the 
1/0 controller to the 520 (or 
from the 520 to the 1/0 control
ler). 

- Function which can synchro
nize the data transmission from 
the I /0 contro 11 er to the 520 
(or from the 520 to the 1/0 con
troller). 

XDXREQ 

XDXSNC 
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- Function which allows a DTR 
command to be fully processed 
inside the selected controller. 
This takes into account whether 
or not the controller is on-line 
and ready to transmit data. 

- Function which synchronizes 
the 1/0 controller clock with 
the 520 system clock during a 
DTR command. 
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THE MUL TIDEVICE CONTROLLER 

INTRODUCTION 

Although it is necessary to supply special purpose 
contro I lers for each type of device, thi·s may not be 
necessary where several simple functionsare re
quired within one system. By combining several re
lated functions within one controller, many advan
tages can be realized. By time-sharing certain 
interface requirements, such as input amplifiers, 
output line drivers, controller identification, and 
command circuitry, etc., significant cost savings 
and programming advantages are possible. Also, 
only one 1/0 channel is used for all combined 
functions. 

Typical data systems interfaces are simple in 
nature, no complex timing or control signals being 
required, but usually communication with a rela
tively large number of devices is necessary, e.g., 
multiplexers, A/D converters, D/A converters, con
trol registers, sense Ii nes, etc. Al so typical of 
data systems is the frequent need for change or ex
pansion of the original system. The typical com
puter data systems supplied today are so special 
purpose in nature that any change requires signifi
cant engineering effort and factory support. 

To meet the need of the computer data systems 
market, Raytheon Computer has designed a simpli
fied and generalized computer interface system, the 
Multidevice Controller, which is intended to be 
equivalent to a "Real-Time Data and Control System 
Package." The design philosophy employed recog
nizes the fact that customer capability has increased 
in recent years to the point where simple extensions 
of a basic logical design may be implemented with 
standard digital modules by virtually alUaboratories 
making use of data systems equipment. 

The Multidevice Controller (MDC) utilizes stand
ard Raytheon Computer digital modules, power sup· 
plies, and mounting hardware. The MDC may be 
supplied in a low cost minimum configuration which 
may be expanded as required in the field by plugging 
in additional digital modules and/or by installing 
standard pre-wired sub-assemblies. It is practical 
to implement almost any imaginable system require· 
ment in this manner. The standardized hardware 
and techniques result in lower cost, simpler 
and easier to maintain systems. In addition, 
modifications require far less time and effort. 

Virtually all computer systems communicate with 
data system devices via two 1/0 operations; one to 
address the device and set it up to accept or present 
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data and a second 1/0 operation for the actual data 
transfer. Raytheon Computer experience indicates 
that because of the nature of data systems equip· 
ment, output data is rarely more than 12 - 15 bi ts, 
i.e., only a portion of one computer word, but that 
input data is frequently equal to a ful I computer 
word, e.g., reading sense lines in parallel. By util
izing an external decoder it is possible to output 
device identity and data in one word. Since device 
identification is always an output operation, this 
format also allows a full word length parallel input. 
This design philosophy, as implemented in the 
Raytheon Computer MDC, thus allows the simultan· 
eous output of data and device address in a single 

1/0 operation. This results in decreasing the 1/0 
operations by one-half and either more efficient use 
of memory or elimination of time otherwise required 
to manipulate a word containing both address and 
data. 

Basically, the MDC satisfies the basic 1/0 bus 
interface requirements and can output in para I lel or 
accept in parallel 24 logic levels. The format may 
be varied so that either 15 or 16 bits are available 
for output data, the remaining corresponding 9 or 8 
bits then being available for device addressing, 
i.e., 512 or 256 devices. As indicated in Figure 7, 
the address bits are output to a decoder. The func· 
tion of the decoder is to identify and change the 
logic level on one out of up to 512 possible decoded 
lines. 

Each device is either a data source or sink of 
one or more bits of logic levels presented in parallel. 
All output devices are connected to the output 
bus and all input devices are connected to the input 
bus at all times. The basic interface between the 
respective data bus and the device is a two input 
AND gate, i.e., the output of the AND gate will go 
true (change from zero volts to-10 volts) only when 
both inputs are true. One input of each AND gate is 
the device information from a given bit; the other 
input comes from the address decoder. Thus, when 
selected by the address decoder, only one device 
wi 11 be "gated0 to a data bus. 

As indicated in Figure 7, there are four general 
types of 1/0 devices: (1) output only, (2) input only, 
(3) combination of input and output, and (4) function 
only, i.e., single bit control (no need to connect to a 
data bus for a single bit). An example of a type l 
device is a D/A converter; a type 2 device, an 
array of 24 sense contacts addressed as a single de
vice; type 3 device, a multiplexer, sample-and-
hold amplifier, A/D converter subsystem; and a type 
4 device, controlling an alarm function. 



The 520 has the unique capability of unloading a 
register to an output device and simultaneously 
loading the same register from an input device with 
the same address in a single 1/0 operation. This 
is applicable to a type 3 device such as the 
analog subsystem. In this manner up to 15 bits of 
address data may be output to a multiplexer (one out 
of 32,000 analog channels) while data from the pre
vious channel, which is stored in the A/D converter 
output register, is read into the computer. The en
tire operation can last from one to five µsec depend
ing on the circuit modules used. 

The basic MDC is supplied as two MC26 module 
cases which are pre-wired for decoding and driving 
64 single-ended address lines but equipped with 
digital modules for eight address lines. Expansion 
to 64 lines is accomplished by simply plugging in 
additional digital modules. Beyond 64 address I in es, 
an additional MC26 module case is added which is 
pre-wired for an additional 64 address lines but 
equipped with decoding and drive for 16 address lines. 
Additional module cases may be added to give a max
imum of 256 or 512 address lines, depending upon a 
corresponding data output format of 16 or 15 bits. 

In addition, standard options are available which 
are shipped as pre-wired and tested module cases 
and which are easily wired to the basic MDC. These 
options include: input assembly or output disassem
bly registers that allow packing one 24-bit, two 12-
bit, three 8-bit, or four 6-bit data words into one 
computer word; interval timers (count down timer) 
of 15 or 24 bits with programmable input frequencies 
digital clocks (count up timer); analog timing sub
systems for a multiplexer, sample and hold, and A/D 
converter; output control registers, six 15-bit power 
flip-flops per MC26 module case - 100 ma.; input 
register, three 24-bit registers per MC26 module 
case (sense switch or parallel load); and digital 
counters. 

THEORY OF OPERATION 

Basically, the Multidevice Controller provides a 
means for a number of devices (eight with the basic 
MDC), to communicate with the 520 and share the 
interface logic required. Functionally, the basic 
MDC must do the following: 

1) Respond to a SELECT command by going on
line with the 520 with an interrupt channel 
assignment which is dependent on the SELECT 
.command word. Once on-line, the MDC is in a 
passive state in that further communication is 
required from the 520 to address the device 
desired. This is accomplished with a DATA 
TRANSFER command. 
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2) Return a status response based ·on the op
tional devices added to the basic MDC. This 
status response may be requested by either a 
SELECT or a DATA TRANSFER command. 

3) Generate an interrupt based on the optional 
devices added to the basic MDC. 

4) Respond to a DATA TRANSFER command 
and perform address decoding to provide a 
control signal for the optional device ad
dressed by the basic MDC. This addressing 
is accomplished by bits QOO-Q08 of the word 
being output by the DATA TRANSFER com
mand. Q09 to Q23 can be treated as data out
put and routed to the device being addressed. 

5) Respond to a DATA TRANSFER command for 
disconnect by going off-line and releasing the 
interrupt channel to which it was assigned. 

6) Achieve flexibility of design in that the logi
cal mechanization of the basic MDC can be 
easily tailored to fit the requirements of the 
optional devices to be added. This means 
that the logical description of the basic MDC 
which follows may be altered to better fit a 
system requirement. 

Select Sequence 

The Multidevice Controller is put on-line with the 
520 by executing a SELECT command. Besides 
putting the MDC on-line, the SELECT command will 
assign the MDC one of the four interrupt channels 
and will send a status response to the designated 
register in the 520. The status response can be 
wired to fit the particular configuration of each 
MDC. The SELECT sequence in the MDC can be 
described as follows: 

1) MDCMD ~ 

Select for Controller Type 
Data Transmission MDC 

MDCMD is the function which decodes the 
SELECT command word on the Q bus and be
comes active only during a SELECT of the 
MDC. QOO' indicates this is a select which 
will put the MDC on-line and QSEL indicates 
that the data on the Q bus is a SELECT 
command word. 

Controller 
#0 

2) s MDSET = MDCMD• MDLCH' + MDCNL• DXFDL Y'• DXF 

MDSET = MDCMD' • MDCNL' + MDBUSY'• DXFDL Y 



MDSET is the flip-flop which synchronizes 
the 520 clock system with the MDC clock 
system. MDSET performs a dual function in 
that it synchronizes the clock systems during 
a SELECT and also a DATA TRANSFER 
command. MDSET gets set at the first MDC 
clock pulse which occurs after MDCMD be
comes active, if the MDC is off-line, and will 
remain in the set state unti I the first clock 
pulse after the SELECT command is terminated. 

3) a. s MDL CH = MDCMD • MDSET • MDLCH' 

MDLCH = MDCMD•MDSET' + MDCNL·DSC +RESET 

When both MDCMD and MDSET are true, 
MDLCH gets set at the next clock pulse. 
MDLCH, when set, indicates to the MDC that 
it is on-line with the 520 and able to communi
cate. MDLCH will get reset if a selection is 
in process and the MDC is already on-line, if 
a DATA TRANSFER command to disconnect 
is executed, or, if the Reset button is depressed. 
(Reset may be either the master reset in the 
520 or the MDC reset). If MDLCH is in the 
reset state, then communication with the MDC 
for anything other than status is impossible. 

b. s BCSO = MDCMD•MDSET•MDLCH'· Ql3 

BSCO = MDCMD• MDSET • MDLCH'· QJ 3' 

s BCSl = MDCMD•MDSET•MDLCH'•Q12 

BCSl = MDCMD·MDSET·MDLCH 1•Ql2' 

At the clock pulse which sets MDLCH and 
puts the MDC on-line with the 520, the com
munication channel specified by the SELECT 
command word (Ql2 and Ql3) is set into the 
channel assignment flip-flops (BCSO and 
BCSl). 

c. E-KO = MDCMD• MDSET• MDLCH + MDCMD'• MOST AT 

+ MDCNL • MDSET' •DX FOL Y 

At this point, with MDCMD, MDSET, and 
MDLCH all true, an EKO is generated by the 
MDC and sent to the 520. EKO results in the 
termination of the SELECT command. Since 
MDCMD depends on the signals generated by 
the SELECT command, the termination of the 
SELECT command results in EKO going false. 
It is essential for efficient 520 peripheral op-
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eration that EKO be terminated as soon as 
possible after the SELECT command is 
terminated. 

With MDCMD false, and an MDC clock pulse, 
MDSET is reset. Therefore, at the conclusion 
of the MDC selection process MDLCH is true 
and both MDCMD and MDSET are fol se. 

d. MDSTAT = QSEL \_QOl•Q02'• Q03'·Q04j • 805'•Q06) 
c:;.::.; -..,...~--- ----.....----

R23 

R22J to 
ROO 

SELECT Controller Type Controller 
MDC nO 

+ MDCNL • QST AT• MDL CH 

= MOST AT• [MDC Power On] 

=Wired to particular configuration desired 

A SELECT command will always send a status 
response to the 520 over the R bus. The 520 
system clock pulse which terminates the 
SELECT command will also strobe the status 
response on the R bus into the register desig
nated by the SELECT command. 

For a timing diagram of the MDC select pro
cess, refer to Figures 3 and 4 in the Section 
on "Selection of an Input/Output Device." 

Once on-line with the 520, any further com
munications with the MDC is accomplished 
with DATA TRANSFER commands, except for 
a SELECT for status or a reselect to perhaps 
change the communication channel assignment. 

Data Transfer Operation 

1) MDC Interrupt Capability 

The basic MDC has interrupt logic for four 
channels mechanized but not fully implemented. 
The final implementation is provided by the de
vices which are connected to the MDC. If the 
Priority Interrupt option is added to the MDC, 
then the final implementation of the interrupt 
mechanism will be dependent on this option. 
The basic MDC will provide the following 
interrupt I og i c: 

BCRO=MDLCH•BCSO'·BCSl' (A] 
BCRl = MDLCH·BCSO·BCSl' (A] 

BCR2 = MDLCH •BCSO'• BCSl (A] 

BCR3 = MDLCH•BCSO•BCSl (A] 

The logic indicated by [A] wi II be supplied by 
the devices connected to the basic MDC. 



2) MDC processing of a DAT A TRANSFER 
command 

a. MDCNL = MDLCH· BCSO'• BCSl 1• NABLO 

+ MDL CH • BCSO • BCS I'· NABL I 

+ MDLCH • BCSO'· BCSl • NABL2 

+ MDLCH• BCSO•BCSI • NABL3 

MDCNL is a first-level function in the MDC 
which compares the Enable signal (NABL 0, 
1, 2, or 3) generated by the DTR to the channel 
assignment stored in BCSO and BCSl. If the 
comparison is made and the MDC is on-line 
(MDLCH), the DTR is then processed in the 
MDC. 

b. s MDSET = MDCNL• DXFDLY'• DXF + MDCMD·MDLCH' 

r MDSET = DX FOL Y •MD BUSY' + MDCMD'• MDCNL' 

DXF = DXFN + DXFOUT + EOM 

MDSET is a flip-flop which synchronizes the 
520 clock system with the MDC clock system. 
It is normally in the set state for two clock 
pulses during a DTR and can be used to strobe 
the output of the device decoder. If the MDC 

MDC CLOCK 

QOO • Q23 I ____ I 
NABLi 

DXF 

MDCNL 

MDSET I 
DXFDLY 

EKO 

is busy (MDBUSY) and a DATA TRANSFER 
command is issued, then MDSET can not be 
reset unti I the busy condition no longer exists. 
This means that EKO can not be generated 
and the DTR wi 11 not be processed unti I the 

MDC i s ready. 

c. s DXFDL Y = MDCNL• MDSET 

r DXFDLY=MDCNL'·DXFDLY 

DXFDLY is a flip-flop which essentially de
lays the generation of EKO for one MDC clock 
pulse. This allows the MDC sufficient time to 
fully process the DTR which includes address 
decoding as well as the transfer of data. 

d. EKO = MDCNL• MDSET'· DXFDLY + MDCMD'· MDSTAT 

+ MDCMD·MDSET•MDCLCH 

EKO is generated when the DXFDL Y flip-flop 
has reset MDSET during a DTR (MDCNL being 
active). The EKO will terminate the DTR com
mand and this results in the reset of DXFDLY 
(MDCNL'·DXFDLY). The MDC is now ready 
to process another DAT A TRANSFER command. 

CLOCK RATE VARIABLE 

ADDRESS AND DATA BITS SENT TO 

MDC BY DATA TRANSFER COMMAND 

FUNCTION WHICH DIRECTS THE DATA 

TRANSFER OPERATION TO THE 

DESIRED CONTROLLER 

MDC GROUPING OF DTR CONTROL 

SIGNALS (DXFN t DX FOUT+ EOM) 

FUNCTION WHICH COMPARES NABLi 

AGAINST MDC CHANNEL ASSIGNMENT 
FOR DTR PROCESSING 

FUNCTION WHICH SYNCHRONIZES MDC 
CLOCK WITH 520 CLOCK 

FUNCTION WHICH ALLOWS DTR TO 

FULLY PROCESS BEFORE TERMINATION 

FUNCTION WHICH TERMINATES DATA 
TRANSFER IN 520 

Figure 8. Data Transfer Timing in MDC 
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If a DTR for status is executed, MDSET and 
DXFDLY are not affected and the EKO is 
generated by MDCMD'·MDST AT. The function 
MDST AT gates the status response of the 
MDC onto the R bus. This is also true for the 
SELECT for status. 

e. Since a DTR contains an address as well 
as data, the MDC must decode each DTR for 
the address of the device desired. This ad
dress decoding is accomplished with a decod
ing matrix module from Raytheon Computer's 
standard module line (GDMl). The GDMl con
tains 16 four-input AND gates prewired to 
provide 4-bit binary to 16-line decimal code 
conversion. The basic MDC is wired for two 
GDMl's which can be gated together to provide 
256 address control outputs. Only eight of the 
GDMl outputs are buffered for use in the basic 
MDC. The GDMl has a common input which 
enables the entire module. The logic func-
tion MDCNL • DXF is wired to this input for 
activation of the decoding matrix during a 
DTR. 

Priority Interrupt System 

One of the optional features available with the 
MDC is a priority interrupt system. There are two 
priority interrupt systems available with the MDC, 
a four level system and a two level system. In a 
systems requirement where expansion beyond 32 
levels of priority is not anticipated the four level 
system should be used. This system is expandable 
in increments of 4 to 32 levels of priority inter
rupt. Where an expansion beyond 32 levels or an 
initial requirement of more than 32 levels is needed 
the two level system is a requirement. The two
level system is expandable in increments of 2 to 
1024 levels of priority interrupt. 

An interrupt generated from the priority 
interrupt system of the MDC will cause a departure 
from normal program sequence in the 520. At the 
completion of the instruction pair currently being 
executed, a transfer of program contro I w i 11 be 
effected to one of the first four locations in fast 
memory. The exact location depends on the com
munications channel assignment of the MDC. 
For example, if the MDC is assigned channel "O" 
then program contro I wi 11 be transferred to the in· 
struction pair at 70000, the first location of fast 
memory. An MDC channel assignment "l" will re
sult in a transfer to 70001, etc. In the event that 
fast memory is not part of the system configuration, 
a transfer to one of the same four locations, which 
are now assigned to main memory, will be effected. 
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This transfer of program control to one of the 
first four locations in fast memory is the entrance 
to a subroutine which will process the priority 
interrupt. Since the program location counter was 

not altered by this automatic transfer to one of 

the first four locations in fast memory, the instruc
tion pair located there must preserve the address in 
the program location counter and affect a transfer to 
the unique memory location reserved for the inter
rupting level. The following program will illustrate 
this operation. 

Location 
Counter 

07075 

07075 
becomes 
00042 

00042 

00045 

07076 

Instruction 
Pair 

CPL AB 
ADL CA 

STW 0 P 
DTR 3 P 

STI DA 
BTR 6 0 

Remarks 

Instruction pair being exe
cuted when interrupt 
comes active 

Instruction pair which pre· 
serves "P" register (lo
cation counter) and trans
fers to unique location of 
interrupt (00042). This 
instruction pair comes from 
one of the first four loca
tions in fast memory 

Subroutine to process 
interrupt 

Continuation of program 
which was interrupted. Lo
cation counter restored by 
subroutine and incremented 
by one when instruction 
pair brought into execution 
register 

The unique memory locations reserved correspond 
to the level of the priority interrupt - level "O" 
goes to 00000, level "l" goes to 00001, etc. As an 
added option of the MDC, the memory locations re
served for priority interrupts can be assigned to any 
block in the 520 memory system. The size of the 
block depends on the number of priority levels as 
each level has a memory location reserved. 

Once the 520 is processing a priority interrupt, it 
is not possible for a lower priority to gain program 
control. The fact that a lower priority interrupt ex
ists will be stored and acted upon when it becomes 
the interrupt with the highest priority of those wait
ing to be processed. If, however, an interrupt occurs 



which has a higher priority than the one in process, 
program control wil I be gained by the interrupt with 
the higher priority. This interrupt will be processed 
and, when completed, wi 11 return control to the 
interrup.t subroutine of lower priority. 

When an interrupt is being processed on a level 
and the same level has another interrupt, it will be 
ignored. Therefore, until the computer completes 
the subroutine for an interrupt on a level it will not 
respond to any interrupt or interrupts on the same 
level. 

Also available with the MDC priority interrupt 
system is the ability to allow or disallow an inter
rupt on any level or combination of levels. Dis
arming an interrupt on a level does not even allow 
the presence of an interrupt to be stored by the 
priority interrupt system for later processing. 

All of the communications between the 520 and 
the priority interrupt system are accomplished with 
the DAT A TRANSFER command. The DAT A 
TRANSFER command sends to the MDC a word 
which has an address and binary data. The ad
dress specifies the action desired in the priority 
interrupt system and the binary data specifies the 
particular portion of the priority interrupt system 
affected. 

1. FOUR-LEVEL PRIORITY INTERRUPT SYSTEM 

Each interrupt level has two flip-flops associated 
with it to indicate the present status of the 
interrupt level as illL1strated below. 

Request Service Action 

0 

0 

0 No Interrupt present or level 
disabled 

0 An Interrupt is present but not 
being processed 

Level is sending an Interrupt to 
520 for service 

Interrupt is being serviced by 
520 

When an interrupt is received on a level, the RE
QUEST flip-flop is set if that level is not presently 
processing an interrupt. Once in the set state, the 
priority level control matrix examines all levels to 
see if a higher priority is being requested or ser
viced, or, if any level is now sending an interrupt 
to the 520. If none of these conditions exist, the 
SERVICE flip-flop is set and an interrupt is sent to 
the 520. The 520 responds to the interrupt with a 
DATA TRANSFER command which acknowledges 
the interrupt and causes the unique memory location 
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associated with that level to be sent to the 520. 
This DATA TRANSFER command will reset the 
REQUEST flip-flop and terminate the interrupt from 
the MDC to the 520. Once the 520 has serviced the 
interrupt, a DATA TRANSFER command will be exe
cuted which wi 11 reset the SERVICE flip-flop and 
allow the level to process another interrupt. 

2. TWO-LEVEL PRIORITY INTERRUPT SYSTEM 

Each interrupt level has five possible states. 
They are Waiting, Requesting, Servicing, Com
pleted, and Disarmed. 

If a level is in the Waiting state, there is no 
interrupt on that level. When the level receives an 
interrupt, there will be an advance to the Requesting 
state. The requesting level is examined by the 
priority interrupt system and, if there is no higher 
level either requesting or being serviced, an 
interrupt from the priority interrupt system to the 
computer will be generated. At the same time the 
requesting level will generate a 10-bit address 
unique to the requesting level. If a higher priority 
interrupt is received before the computer acknow
ledges the present interrupt, the address will be 
changed to the memory location assigned the 
higher priority. 

When the 520 responds to the interrupt and sends 
an acknowledgement, the address of the requesting 
level will be sent to the computer, the interrupt 
from the priority interrupt system to the 520 will be 
terminated, and the priority interrupt system will 
advance the acknowledged level from the Request
ing state to the Servicing state. The 520 is now 
processing the interrupt. 

When the 520 has completed the processing of a 
level interrupt, it will communicate with the priority 
interrupt system and indicate completion. This will 
advance the interrupting level from the Servicing 
state to the Completed state. If, at this time, the 
interrupt to the level is no longer present, the level 
will advance from the Completed state to the Waiting 
state. 

The 520 can disarm the priority interrupt system 
on any level or combination of levels. The Disarmed 
state blocks any communications to or from the pri
ority interrupt system on the affected level or levels. 
The priority interrupt system can be put in the Dis
armed state from any of the other four states and 
will remain this way until released by the computer. 
Release from the Disarmed state wi 11 put the 
level or levels in the Waiting state, 



3. QUICK RESPONSE - TOP PRIORITY INTERRUPT 

For fast data acquisition, e.g., PCM data, through 
the MDC, a free-running mode is available. The 520 
can go into free-running mode by setting the free-run· 
ning mode flip-flop with a Set Toggle True command. 
The MDC must have a channel assignment of 0. 
When an automatic interrupt occurs on channel 0 the 
instruction pair from 70000 (the first location of 
fast memory} is gated into the execution register. 
This instruction pair will bring the data into the 520 
from the MDC, store this data into main memory, and 
increment the store address by one. The free running 
mode locks the memory addressing for the next instruc
tion pair to 70000. This instruction pair will be 
executed until the MDC indicates end of data trans
mission at which time program control returns to the 
interrupted program. Thi·s input loop in sustained 
operation brings data into the 520 and stores it in 
memory every three µsec (1 µsec memory} for 
333 KC or every four µsec (2 µsec memory} for a 
250 KC input word rate. 

The program below will illustrate the free
running mode of operation. 

LOCATION INSTRUCTION REMARKS 
COUNTER PAIR 

xxx 
A xxx 

STT - Set up free-running mode 

A+l xxx 
xxx - Top Priority Interrupt 

A+2 xxx 
xxx 

A+3 xxx 

After the execution of the instruction pair at 
A+ 2 the automatic interrupt on channel 0 brings 
the instruction pair from 70000 into the execution 
register. The location counter remains at A+ 3 and 
the instruction pair from 70000 gets executed unti I 
the end of the data transmission. 

70000 l µs 
l µ.s/2 µ.s 

DTR 3 D 
STI L D 

D PCM word 
MEMORY- D and Increment 

word count 

l µ.s INSTRUCTION PAIR ACCESS FROM 70000 

TOTAL 3 µ.s (l µ.s memory)/4 µ.s (2 µ.s memory) 

Thi·s instruction pair will be executed until the MDC 
indicates end of data transmission with a skip 
condition. The skip condition with the DTR will 
cause program sequence to continue from A + 3. 

LOGICAL MECHANIZATION 

All 520 Input/Output Controllers are mechanized 
with standard Raytheon Computer digital circuit 
modules. {Refer to Raytheon Computer Manual SP-
173A for module type, parameters, etc.} In general, 
SET, TRUE OR ACTIVE SIGNALS correspond to the 
-10 volt level; RESET, FALSE to the 0 volt level. 

Communications between the 520 and all 1/0 con
trollers is accomplished with current mode signal 
transmission. The Current Mode Driver (#516899) 
will accept standard Raytheon 1.0 MC levels (0 Volts 
and -10 Volts) at the input and will convert these 
signals to current mode. This output current mode 
appears as a differential voltage and is used to 
drive the Current Mode Receiver (#516896). The 
Current Mode Receiver will convert this input to 
standard Raytheon 1.0 MC I eve Is. 
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1. Current Mode Driver (4 stages per card} 

Input 

Frequency: 

Voltage levels: 

RISE time: 
FALL time: 

Output 

Drive Capabi I ity: 

Voltage levels: 

0 - 1.0 MC {up to 100 ft. of 
cable} 

TRUE -9 to -12 Volts (-10 
Volts nominal) 

FALSE 0 to -1 Volts (0 
Volts nominal) 

1.5 microseconds {maximum} 
1.5 microseconds {maximum} 

1 Receiver (#516896) at 100 
feet {up to 10 Receivers 
maximum} 

TRUE 0.7 to 1.2 Volts 
FALSE 0 to 0.3 Volts 

Power Requirements 

-12 VDC with 183 milliamps maximum 
+6 VDC with 12 milliamps maximum 

Mechanical Configuration 

3-3/4" H x 4-1/4" W x 1/16" T epoxy glass 
card, 35-pin Varicon 

Symbolic Representation 

HIGH 

INPUT l 

INPUT 2 

LOW 

TWISTED 

PAIR 



2. Current Mode Receiver (4 stages per card) 

Input 

Frequency: 

Voltage levels: 

Output 

Drive Capabi I ity: 
Voltage levels: 

0 - 1.0 MC (up to 100 ft.of 
cable) 

TRUE 0.5 to 1.2 Volts 
(1.0 Volts nominal) 

FALSE 0 to 0.1 Volts 
(0 Volts nominal) 

35 milliamps 
TRUE -9 to -12 Volts 

(-10 Volts nominal) 
FALSE 0 to -1 Volts 

(0 Volts nominal) 

Power Requirements 

-12 VDC with 300 milliamps maximum 
+6 VDC with 45 milliamps maximum 

Mechanical Configuration 

3-3/4" H x 4-1/4" W x 1/16" T epoxy class 
card, 35-pin Varicon 

Symbolic Representation 

TWISTED 

PAIR 

HIGH 

LOW 

i----... A 

i--J\A,__ .. A (CABLE 
DRIVING) 

i----.. A 

The TRUE side has two outputs. Either one 
or the other but not both may be used. 

DD 
CONNECTOR (520 

OR CONTROLLER) 

lt530501 

CABLE REQUIREMENTS 
Each controller added to the 520 input/output system 

requires three cables. There are cables for input 
(R bus), output (Q bus), and control signals. Cables 
are 100 ohm twisted pair (25 pair) terminated by 
120 ohms at both extreme ends. The 520 end of the 
cable is terminated in the 520 system (Input/Output 
Control Section). The last controller added to the 
input/output system will terminate the other end of 
the cable. A 120 ohm Cable Terminator plug is pro
vided with the 520 system for this purpose (#517750). 

All connectors in the 520 input/output system are 
Elco Varicon (#530501). All the plugs for connecting 
cables in the 520 input/output system are Elco Vari
con (#530500). 

Two connectors must normally be provided at the 
control I er for each of the three cables, with twisted 
pairs from each connector to current mode drivers or 
receivers. Two connectors for each cable are neces
sary for input/output system expansion. This is 
illustrated in Figure 10. 

A typical input/output communication pair is 
shown in Figure 11. 

8 OD 
100 OHM CABLE PLUG (ALL CABLES) 
lt530431 #530500 

Figure 9. Cable, Multiconductor, 25 Twisted Pair, #24 AWG 
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520 

1/0 
CONTROL 

r-----
I 
I CURRENT 

I MODE 

I DRIVERS & 

I RECEIVER 

I .. ______ 

A 

VOLTAGE TO 

CURRENT MODE 

(1/0 DRIVER) 

1/0 CONTROLLER LAST 1/0 CONTROLLER 

R BUS 

Q BUS CURRENT 

MODE 

CONTROL DRIVERS & 

SYSTEM L "' O"M CAOC< "'"' "''°' 
EXPANSION 

Figure 10. System Expansion Interconnection 

TERMINATING RESISTANCE AT EACH 

'"' oe "'"· '"' °""" ~ 

PLUG (11517750) 

A 

"A 
CURRENT TO VOLTAGE 

MODE (1/0 RECEIVER) 

A 

i----.. A ....._ __ ~ 
1/0 RECEIVER 

(MAXIMUM OF TEN) 

Figure 11. Typical Input/Output Communication Pair 
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TABLE l TABLE 2 
520 INPUT /OUTPUT PIN ASSIGNMENTS FOR INPUT BUS 

CONNECTOR ASSIGNMENTS PINS SIGNAL PINS SIGNALS 
CONNECTOR A-B ROO e - h Rl2 

NUMBER FUNCTION C-D ROl f - i Rl3 
01J07 INPUT BUS - R BUS E - F R02 k - I Rl4 
01J08 INPUT BUS - R BUS J - K R03 m-n Rl5 
03J03 OUTPUT BUS - Q BUS L-M R04 p - r Rl6 
03J04 OUTPUT BUS - Q BUS N-P ROS s - t Rl7 
03J05 CONTROL SIGNALS (1/0) R-S R06 u - v Rl8 
03J06 CONTROL SIGNALS (1/0) U-V R07 x-y Rl9 

W-X ROS z - AA R20 
Y-Z R09 BB - CC R21 
a - b RlO DD - EE R22 
c - d R 11 HH - JJ R23 

KK - LL GND 

NOTE: LEFT PINS ARE SIGNAL LOW, RIGHT 
PINS ARE SIGNAL HIGH, WHICH ARE 
TWISTED TOGETHER. 

TABLE 3 TABLE 4 
PIN ASSIGNMENTS FOR OUTPUT BUS PIN ASSIGNMENTS FOR CONTROL SIGNALS 

PINS SIGNAL PINS SIGNALS PINS SIGNAL PINS SIGNALS 

A-B QOO e - h Ql2 A-B NABLO e - h INDICATOR 
C-D QOl f - i Ql3 C-D NABLl f - i INDICATOR 
E - F Q02 k - I Ql4 E - F NABL2 k - I R24 
J - K Q03 m-n Ql5 J - K NABL3 m-n BCREQ 
L-M Q04 p - r Ql6 L-M QSTAT p - r EKO 
N-P Q05 s - t Ql7 N-P QSEL s - t SPL 
R - S Q06 u - v Ql8 R - S EOM u - v BCRO 
U-V Q07 x - y Ql9 U-V DSC x - y BCRl 
W-X Q08 z - AA Q20 W-X DXFN z - AA BCR2 
Y-Z Q09 BB - CC Q21 Y-Z DX FOUT BB - CC BCR3 
a - b QlO DD - EE Q22 a - b Q24 DD - EE GND 
c - d Ql l HH - JJ Q23 c - d QRSET HH - JJ GND 

KK - LL GND LL - KK INDICATOR 

NOTE: LEFT PINS ARE SIGNAL LOW, RIGHT NOTE: LEFT PINS ARE SIGNAL LOW, RIGHT 
PINS ARE SIGNAL HIGH, WHICH ARE PINS ARE SIGNAL HIGH, WHICH ARE 
TWISTED TOGETHER. TWISTED TOGETHER. 
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