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6.2_8 ",,920 UNIBUS Jumper Module . 
The M920 Module (see Figure 6-21) is a. double module that connects the 
UNI,BUS from one System Unit to the next. The printed circuit cards ,are 
on one-inch centers. A single M920 Module carries all 56 UNIBUS signals 
and 14 grounds. . 

Figure 6-21 UNIBUS Jumper Module M920 

6_2.9 M930 UNIBUS Terminator Module 
The M930 UNIBUS Terminator Module is a short; double-size module 
that terminates all signal lines on the UNIBUS. This module requires.1.25 
amps at 5V ±5%. All pins have a resistive divider termination of 180D 
to +5Vand 3900 to ground, except thos,e listed below: 

6-24 



3900 hi 
parallel with 

0.001 pf to +5V l80n to +5V 
(for AC LO, DC LO) (for grant lines) Ground Pins +5V Input Pins 

BF! AVI AB2 BB2 AA2 
BF2 AUI AC2 BC2 

BAI ANI BDI BA2 
BBI API BEl 
BE2 ARI BTl 

ASl BV2 
ATl 
AV2 

6.2.10 M7820 Interrupt Control Module 
The M7820 Interrupt Control Module provides the circuits and logic reo 
quired to make bus requests and to gain control of the bus (become bus 
master). The module also includes circuits needed to generate an inter· 
rupt, if desired. The module contains two completely independent request 
and grant acknowledge circuits (channels A and B) for establishing bus 
canto!. The interrupt control circuit can be used with either, or both, of 
the request channels and provides a unique vector address for each 
channel. Figure 6-22 is a block diagram of the M7820 Module, which is 
single-height. 

The master control section (either channel A or B) is used to gain con­
trol of the bus. When the INTR and INTR ENB requesting inputs are 
asserted, a bus request is made on the. BR level corresponding to the 
level of the BR line wired to the BR pin of the module. When the priority 
arbitration logic in the system recogni;;:es the .request and issues a bus 
grant signal, the'master control circuit acknowledges with a SACK signal. 
When the device has fulfilled all requirements to become bus master, the 
master control circuit asserts BBSY and then asserts a MASTER signal. 

Once the device has gained bus control by means of aBR request, an in­
terrupt can be generated. If an interrupt is desired, the module is inter­
connected as shown in Figure 6-23. This figure illustrates the use of the 
two chari nels to first generate requests for bus control and then initiate 
interrupts. The request from channel A is a slightly higher priority than 
the channel B request because the bus grant signal first enters A, .then 
entersB. 

The vector address is selected by jumpers on the M7820 Module. Since 
the vector is a two-worcl (four-byte) block, it is not necessary to deter­
mine the state .of bits 0 and 1. The seven selectable lines detertnil'ie vec. 
tor address. The least significant line is controlled by the VECTOR BIT 2 
input signaL If this input is asserted, then bus line 002 is asserted. 
Thus, the interrupt on channel A uses a vector at location 100 -and chan­
nel B uses a vector at location 104. 
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UI 
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BG OUT A H 
V2 
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Cl 

INTR 8 H 

BG IN a H 
EI 

BGOUT B H 
A1 

+S.VOLTS A2 
GND C2. T1 

-=- J2 
EXT GND 

(MUST BE GROUNDED) 

Figure 6-22 M7820 Interrupt Control '(blOck diagram) 

Figure 6·24 illustrates an M7820 Module used for bus control in a device 
that directly transfers data to memory and then causes an interrupt 
when the transfer is completed. Channel A is .connected to the NPR and 
NPG lines and is used to gain bus control for direct to memory, or 
device-to-device, transfers. Channel Bis used to gain bus control for an 
interrupt. . 

Each M7820 Module master conttol section contains two flip-flops that· 
sequence through four states, thereby controlling the request for bus 
control. Figure 6-25 is a state diagram of this sequence and Figure 6-26 
shows a circuit schematic of the M7820. The B.G IN signal is allowed to 
pass through the module to BG OUT when the device is not issuing a· re­
quest (state A), is master (state D), or has had the request honored 
(state E). To request bus use, the AND condition of INTR and INTR ENB 
must be satisfied. These levels must be true at least until the request is 
granted. Once bus control has been attained, itcan'be released by either 
asserting CLEAR or by negating either INTR or INTR ENB. The first 
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CLEAR A 

INTR A BUS BR4 

BG4 IN----------~ MASTER A 

BG40uT 

NOTES' 
I BUS REQUEST MADE 

ON LE'VEL4 
2 CHANNEL A INTERRUPTS 

TO 100 
CHANNEL B INTERRUPTS 
TO 104 

ct----"""b.---+-+_ BUS SACK 

I-----.p--t--jr- BUS BBSY 
,.------, 

o--"-<»-!-- BU S ooe 
1 

X55~~~s o-!-s<>P-+- BUS 001 

+--i~rnm+i JUMPERS 5 :~~ ~g: 
4 BUS 004 

lNTR B 

BG41N 

004 OUT -------I 
TO NEXT DEVICE 

CLEAR B 

JUMPER FOR; BUS 003 
NO JUMPER FOR 1 BUS 002 

INTR CONTROL 
BUS INTR 

INTR DONE A 
INTR DONE B 

Figure 6·23 M7820 Interconnection for 2-Channel Interrupt 

method leaves the master control in state E. thereby inhibiting further 
bus requests even if INTR and INTR ENB remain asserted. In or~er to 
make another bus. request,lNTR or INTR ENB must be dropped and 
then reasserted to cause the module to advance from state E through 
state A to state B where it asserts the reqjJest !ill e._This prevents mul­
tiple interrupts when the master control is used to generate interrupts. 
The second method is used to release the bus after NPR use. Note that 
pin J2. (EXT GND) must be grounded by the user. A summary of all 
M7820 signals is listed in Table 6·9. 
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Figure 6-24 M7820 Interconnection for Direct Memory Access 
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The 2 binary numbers next to each circled state indicate the state of 
flip-flops FFA1 & FFA2 r-espectively, as shown in Figure 6-26. 

Figure 6-25 State Diagram of M7820 

Table 6·9 Summary of M7820 Signals 

Assertion 
Signal Level Input Loading Output Drive 

INTR A, B H 1 TTL (each) 
INTR ENB A, B H 1 TTL 
CLEAR A, B H 1 TTL 
MASTER A, B L 
-START INTR A, B L 2 TTL 
INTR DONE A, B H 
BG IN A, B H 1 R* 
BG OUT A, B H 
~RA, B . L 
VECTOR BIT 2 H 1 TTL 
BUS SSYN L 1R 
BUS .BBSY L 1 R 
BUS SACK L 
BUSINTR L 
BUS 0 <08:02> L 

* R = Standard UNIBUS r.eceiver load. 
** 0 = Standard UNIBUS transmitter (driver) output. 

6.2.11 M7821 Interrupt Control Module· 

10 TTL 

10 TTL 

2D** 
1D' 

2D 
20 
10 
o 

The M7821 Ihterrupt Control Module is a replacement for .the M7820 that 
improves PPP-ll system performance. In almost all cases, it may be 

. used directly in place of the M782P, witj10ut making any changes to 
hardware or software. A block diagram of the module is shown in Figure 
6·27. 

/ 

NOTE 
The following description assumes the reader 
understands the function and. operation of an 
M7820. 
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Figure 6·26 M7820 Interrupt Control (schematic diagram) 
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Figure 6-27 M7821 Interrupt Control Block Diagram 

The M782I does not have two identical Master Control halves. For de, 
vices which use one half of the module to become master with an NPR 
and one half for a SR, the top. half (Request Bus pins UI and VI) must 
be used for NPR and the bottom half (Request Sus pins H2 and K2) 
must be used for SR. 

The NPR half of the module has the ability to prevent the un-assertion 
of BUS SACK for devices that do more than one data' cycle each time 
they request the bus. This is done .by holding pin J2 high until the be­
ginning of the last bus cycle. SACK will be unasserted as soon as pin J2 
goes low, and the input on J2 can, therefore, be a pulse or a level. Pin J2 
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is active only when the Master sIgnal is .asserted (pin Nl is low), and, 
therefore, pin J2 may be permanently grounded if only one bus cycle is 
done for each request. 

NOTE 
The M7820 requires pin J2 to be grounded for 
the interrupt section of the module to work, so 
the M7821 is compatible. ' 

The BR half of the ,module does not have the ability to hold BUS SACK 
asserted and always drops SACK when BUS BBSY is asserted. However, 
this section of the module does have some special circuitry that looks 
at the BUS. NPR line, which must be wired to pin J10n the M7821. This 
circuitry, ifit sees the. assertion of the bus grant line to which the mod­
ule is wired while BUS NPR is asserted, will block the grant and return 
SACK. When BBSY becomes unasserted from the last bus master, the 
M7821 will then. clear SACK off the bus. The processor will then be able 
to service the NPR, improving the latency time for NPR devices. 

CAUTION 
Only some PDP-ll processors will work with the 
special circuitry described above. There is a 
jumper on the M7821 module which, when cut, 
prevents the special circuitry from working. 

NOTE 
Pin Jl is unused on the M7820 module, and if 
BUS NPR is not wired to this pin, the special 
jumper noted above must be cut. 

If both halves of the M7821 are used for BR requests, pin J2 must 'be 
grounded and the jumper may be cut as required. If both halves are used 
for NPR requests, pin J2 may be used as required, and the jumper must 
be cut. Note that if the normally BR half (Request Bus pins H2 and K2) 
are used for NPR's, only one bus cycle may be done per request. 

The interrupt section of the module has been ch'anged slightly also. The 
jumpers on the M7821 module. must be left in to generate a "one" in 
that bit position of the vector, and cut out to generate a "zero."This is 
the reverse of the M7820. A jumper has also been added to vector bit 2. 
If the module is to be used the same way.as an M7820, the jumper for 
bit 2 must be left in. However, if only one vector is being generated by 
the module, pin D2 should be permanently wired to a high level, and 
then the jumpers can be used to assign vectors to every vector location 
(4 bytes) without changing backpanel wiring. Note that the jumper for 
bit 2 must also be in for a one and cut for a zero. 

Summary of Compatibility Considerations 
On the M7820, pin J2 must be. grounded for the interrupt section to 
work. If pin J2 is grounded, then. an M7821 module can be directly 
plugged in if the special jumper is cut, the vector bit 2 jumper is left in, 
and the rest of the jumpers are cut appropriately. 
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CHAPTER 7 

INTERFACE EXAMPLES 

Examples of interface designs in Paragraphs 7.1 to 7.9 use the tech· 
n{ques and equipment described in previous chapters. To draw attention 
to the design features of each interface type, a series of related examples 
is presented. The first example is a simple basic interface. Each addi­
tional example implements several features by adding logic circuits to 
the previous example. Thus, the first example is the simplest possible 
read/write interface. This circuit is then used with additional logic to 
form a program'controlled interface, which in turn is used with additional 
circuits to form an interrupt·serviced interface, until finally. the circuit is 
used with additional circuits to form a direct·memory-access interface. 

The examples cover input and output transfers and also illustrate tech­
niques for combining the two functions into one interface. Each example 
includes a description of the operation and logic of the interface, a typi· 
cal implementation, and programming methods that might be used to 
operate a device with the interface. 

7.1 BASIC INTERFACE 
The simplest possible interface, a basic read/write. interface, is used 
when data is transferred to and from the register during bus operations. 
This particular read/write interface consists of only a storage register and 
bus gating circuits. The register may be used either as a data register or 
may be used to drive an output device, suc/l as a .set of indicator lights. 

7.1.1 Interface Operation 
When the basic read/write is used, data transfers are under control of the 
program and the register is assigned an address on the UNIBUS. During 
execution of an instruCtion that addresses the interface, the processor 
conducts a. bus data transfer with the interface register, which responds 
as a slave. Since a 16-bit register is used, it may be ac;ldressed as either 
a one word register or as two byte (8-bit) registers. . 

As shown in Figure 7-1, the basic interface uses an MI05 Address Selec­
tor module to decode the UN IBUS address lines and to control the clock­
ing of information into the register and the gating of output information 
from the register to the bus data lines. The register is interfaced to the 
bus input data lines by ungated receivers, and the inputs are clocked 
into the register by a strobing signal derived from the MI05 Address 
Selector. The register outputs are gated through the drivers by the GATE 
REGISTER TO BUS signal. This output gating is necessary to prevent the 
register from affecting the UNIBUS data lines when the interface is not 
participating in a bus data transfer operation. 
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7.1.2 Data Transfer Operation. 
The read/write 'interface can participate in both DATI (or DATIP) and 
DATO (or DATOB) transfers. Whenever the processor conducts a PATO 
transfer to the bus address assigned to thE! read/write register, the data 

U 
N 
I 
B 
U 
5 

M105 
ADORE 55 

SELECTOR 

D <15,00> 

SELECT .0 

IN 

OUT HIGH 

OUT LOW-

GATING 
LOGIC 

GATE REGISTE R TO 

BUS 

STROBE ~IGH BYTE 

STROBE LOW Byn, 

Figure 7·1 Basic Interface (block diagram) 

is applied through the bus receivers to the register input. At this time, 
both the OUT HIGH and OUT LOW signals~re produced by the M105 
Address-Selector. When MSYN is asserted by the processor, the decoded 
address causes the MI05 to produce a SELECT 0 signal which is gated 
by the two OUT signals to clock data. into the, register. The UNIBUS 
timing guarantees that !:It the slave device data is valid 75 ns prior to 
assertion of MSYN. Therefore, the inputs have settled before the positive· 
going transition of the cl,ock signal occurs. 

A DATOB ,transfer functions in a 'similar manner, except that only one 
byte of the register is clocked. If address line AOO is 0, the M105 Module 
asserts OUT LOW but not OUT HIGH. If AOO is I, then only OUT HIGH is 
asserted. In either case, data is only' strobed into the appropriate byte 
tion of the register,. 

When a DATI transfer occurs, the processor addresses the interface 
and asserts MSYN. In addition, the M105 Module asserts the same 
S'ELECT a signal. However, in this case, the,SELECT 0 is gated by the 
IN rather than the OUT signals. The IN signal is generated by the state 
of the bus C lines. Gating of the SELECT a signal by the IN signal pro· 
duces a GATE REGISTER TO BUS signal that gates the output data from 
the register to the UNIBUS. The MIa5 Module generates SSYN to indi­
cate that data is ready on the output bus data lines. 
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I~put data flows from the UNIBUS, through the input gates ontheM785 
Modules, to the data inputs of the M206 Flip-Flops comprising the reg­
ister. The gating provided on the M785 Receivers is not used, and all 
gates are wired to continuously receive data. Data stored in the register 
is protected from these changing inputs by the requirement for a clock­
ing signal to load data into the register. 

The output data from the register is gated to the. bus data lines through 
the driver sections of the M785 Modules. The M785 Modules are used in 
this example because the M785pru\1ides the exact combination of input 
and output gates needed for an 8-bit read/write register. When thenum­
ber of receivers differs from the number of drivers required in. a specific 
interface, combinations of M783 Bus Driver Modules and M784Bus Re­
ceiver Modules maybe used. This example is devoted to illustrating the 
use and interconnection of bus drivers and receivers rather than indi­
cating the specific modules used in implementation. 

7.1.4 Programming the Interface 
All data transfers in the basic read/write interface are under processor. 
control, and all memory reference instructions may directly address the . 
interface. If the mnemonic REG- is assigned to the register address, the 
instruction MOV REG,R4 reads the data stored in. the register (a: DATI 
operation) and places the data in general r'egister4 of the processor. 
The instruction MOV R4, .REG reverses the dataflow so that the data in 
general register 4 is placed in the i.hterface register (a DATIP, DATO 
operatjon). Any instruction that can access a bus address can conduct 
data transfers with the interface register. Therefore, the contents of the 
register may be incremented by an INC REG instruction or summed with· 
an arbitrary value by an ADD VALUE,. REG instruction_ 

7.2 PROGRAMMED DEVICE I.NTERFACE 
A circuit similar to the one in the preceding example is used as the 
basis for the program controlled interface to an analog-to-digital conver­
ter (ADC). The ADC is simply a representative example of many possible 
external devices that may be interfaced with a design similar to the one 
discussed in this section. The AOC input and output signals, however, 
are covered in the following paragraph because of the requirements they 
place on the interface. -

7.2.1 Analog-to-Digital Converter 
The analog-to-digital converter used in this example consists of a mUlti­
plexer and converter. (See Figure 7-3.) The multiplexer selects one of 64 
analog inputs and applies it to the converter, which produces the digital 
equivalent of the analog input. 

The interface must provide seven input control signals to the ADC. One 
input is the START CONVERSION signal, which is a positive transition that 
causes the ADC to begin the conversion process. The other six control 
signals are applied to multiplexer address lines so the ADMUX register 
can be used to select one ofthe 64 analog Inputs. . 

The interface receives 11 output signals from the ADC. One of these is 
the CONVERSION COMPLETE signal. When the conversion process starts, 
the CONVERSION COMPLETE signal becomes OV and remains at that level 
until the conversion is finished. At that time the signal becomes + 3V to 
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indicate that the digital output reflects the analog input (the conversion is 
complete), 

The remaining ten output lines represent the digital equivalent to the 
analog input, A zero on any line is indicated by OV and a one is indicated 
by +3V, 

Signal levels used in the interface are standard DEC levels. 

7.2.2 Interface Description 
The program controlled interface allows the program to select a specified 
analog input for application to the ADC and then causes the resultant 
digitized output and conversion complete signal to. be placed on the 
UNIBUS data lines to transfer data into the bus master. 

The heavy lines in Figure 7·3 indicate logic added to the interface .of the 
. previous example. The in.terface functionally operates with three bus 

addresses. One address is assigned for the mUltiplexer (ADMUX) register, 
which is similar in design to the register in the prevous interface exam· 
pie. The second address is for theconvertect digital output (ADDBR) of a 
read·only register, and the third adqress is assigned to a l·bit control 
and status register (ADCSR). 

The MI05 Module decodes the .bus address to produce one. of three se­
lect signals depending on which register is being accessed. The three 
select signals are gated by IN and OUT LOW to produce the four signals 
(GATE ADCSR,GATE ADDBR, GATE ADMUX and CLOCKADMUX) shown 
in Figure 7·3. Only the ADMUX register accepts inputs from the UNIBUS 
through the receivers. However, the outputs of all three registers are 
gated to the bus through separate sets of bus. drivers. 

Connections between the ADC and interface may be made by a cable 
connector such as the M908 Module. 

7.2.3 Transfer Operations 
The program controlled interface participates in bus data transfers in 
substantially the same manner as the basic interface described in Para­
graph 7.1. Each of the three interface registers can be read during a 
DATI operation. In addition, the multiplexer (ADMUX) register can be 
loaded by a DATO operation. Although only the multiplexer register 
accepts data during a DATO, the other two registers respond when a 
DATO cycle occurs. If any of the three registers is addressed during 
a DATO, the M105 Module produces SSYN to complete the bus opera· 
tion. This is necessary to operate the interface with the processor be­
cause the destination operand of all instructions that reference data (ex­
cept TST, CMP, and BIT) is transferred by a DATIP,. DATO sequence of 
bus operations. If the interface does not respond to the ElATOoperation, 
the processor cannot continue with the program. 

7.2.4 Circuit Implementation 
Figure 7-4 includes a map of bit assignments for the three registers and 
a layout for mounting the logic modules in a BBll System Unit. Neither 
the M105 Address Selector Module nor the ADC is shown on the figure, 
but the signals generated by these units are indicated. The Connections 
to the UNIBUS.can be implemented with one.M785 UNIBUS Transceiver 
Module for the multiplexer register and one M783 UNIBUS Transmitter 
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Module for the data and control registers. Separate gating must be sup· 
plied to use one of the four individual bus drivers on the M783 for a 
READY bit; The CONVERSION COMPLETE signal is renamed to READY 
after it passes through the bus transmitter. 

7.2.5 Programming the Interface 
The START CONVERSION signal, which begins the device cycle, is gen­
erated .in this interface by the CLOCK ADMUX signal, which loads the 
multiplexer register. In normal operation, the processor loads the multi­
plexer register; this action starts the ADC; tests the READY (CONVER­
SION COMPLETE) bit until the bit .is set; and then transfers the data from 
the digital output lines of the ADC to the processor. A possible sequence 
of instructions to perform this task is given below. This program selects 
an input, waits for the device to complete the conversion, and then 
transfers the result to register 4. 

READY: 
MOV 
TSTB 
BPL 
MOV 

INPUT, ADMUX 
ADCSR 
READY 
ADDBR, R4 

;SELECT ANALOG INPUT 
;CHECK FOR CONVERSION COMPLETE 
;NO, TEST AGAIN 
;YES, OBTAIN DATA 

INPUT IS A LOCATION CONTAINING THE NUMBER OF THE DESIRED 
ANALOG INPUT LINE. 

A SUBROUTINE TO EXAMINE A SERIES OF INPUTS MIGHT BE WRITTEN 
AS FOLLOWS: 

MUXSCN: 

LOOP; 

DONE: 

WHERE: 

MOV 
CLR 
TSTB 
BPL 
MOV 
CMP 
BEQ 
INC 
BR 
RTS 

BUFADR, R4 
ADMUX 
ADCSR 
LOOP 
ADDBR, (R4) + 
ADMUX, #77 
DONE 
ADMUX 
LOOP 
R7 

;INITIAUZE DATA POINTER 
;SELECT INPUT LINE ZERO 
;CHECK FOR CONVERSION COMPLETE· 
;NO, TEST AGAIN 
;YES, PLACE DATA IN BUFFER 
;LAST LINE? 
;YES, GO TO DONE 
;NO, GO TONEXTINPUT 
;GO TO LOOP 
;EXIT FROM SUBROUTINE 

BUFADR IS A LOCATION IN CORE CONTAINING THE ADDRESS 
OF THE FIRST WORD ONA 64-WORD BUFFER 

ADCSR IS THE INTERFACE STATUS REGISTER 
ADMUX IS THE MULTIPLEXER REGISTER 
ADDBR IS THE DATA REGISTER 

This subroutine is called by the instruction: JSR R7, MUXSCN. The s~b­
routine initiaiizes general register 4 as a pointer to the buffer; initializes 
the multiplexer register to zero; and sequentially reads the 64 inputs 
into the corresponding buffer Ipcation. When each input has. been read 
once, control n'lturns to the calling program with the contents of general 
register 4 as the address of the word after the last word of the buffer. 

Since loading the multiplexer register starts operation of the device cycle, 
ADMUX should not be accessed as a destination operand except by a 
TST, BIT, or CMP instruction. In addition, the INC ADMUX instruction 
should follow the eMP instruction. This avoids initiating unwanted device 
operation and allows the subroutine to be immediately recalled. 
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7.3 INTERRUPT SERVICED INTERFACE 
.The iRterface to an analog·to~digital converter would be more versatile if 
it included an interrupt capability. An interrupt serviced interface with 
this capability can be formed simply by adding an M7820 Interrupt Con· 
trol Module and one bit to one of the registers in the programmed device 
interface described in Paragraph 7.2. 

The interrupt serviced interface allows the processor to concurrent1y 
execute instructions of another programwhi,le the analog-to-digital con­
verter (ADC) performs a cycle of operation. The proc!;lssor respon~s to a 
READY (CONVERSION COMPLETE) signal from the ADC by interacting 
with the device and analyzing the data after it has been' collected. This 
interface eliminates requiring the processor to spend time testing for a 
ready signal, such as in the case of the programmed device interface. 

Whenever a device interface is required, the designer. must compare the, 
cost of additional interrupt hardware with the device, requirements in' 
terms of transfer speed, frequency of transfers, and amount of use, to 
determine whetl1er a programmed dev,ice interface or interrupt serviced 
interface is more economical. ' 

.={~ .. '1il.i,@ I .. " 
I ' INti I ""'.7, M78~ fiI£ADY 

COflVtJt5ll)" .. " C D, E F, 
COMPltT£>I llIIIIoIODULEl,AYOUT 

.::', ... 
"'''' 

'" ADeM: I ...... ~I 
-,I t ....... 001 

-"' } -I r 001 ~ ~:~t-
,'IISp!. .foDC REGISTEA lilT ASSI'8ffI!IEJIIT MN> 
, ells OO~ L OI(;IT.t : :~: :,t OUTPUT 

"" .::, ... .:It ... .... ,c." """ ,." ... , 

Figure 7-4 Programmed Device Interface (schematic diagram) 

7.3.1 Interface Description 
Figure 7-5 is a block diagram of the interrupt serviced interface wh,ich 
consists of the' programmed d'evice interface with the addition of an 
M7820 Interrupt Control Module, one flip-flop, and one bus driver_ This 
interface can operate either in the s,ame manner as the interface de-
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scribed in Paragraph 7.2 or in an interrupt mode. The additional flip·flop 
is used to enable or disable interrupt operations. If the flip-flop (which is 
bit 6 of the control status register) is set by the progri.lm, the CONVER­
SION COMPLETE signal from the ADC causes the M7820 Interrupt Con­
trolModule to initiate an interrupt. 

7.3.2 DRU-C Implementation 
A convenient method of implementing an interrupt serviced interface is 
to use.a DRll-C 16-Bit General interface, Figure 7-6. A layout of the _ 
module mounted in a DDll-A System Unit, shows the savings in space 
and interconnections. The DRll-C is functionally equivalent to an M105, 
M7820, and M786 .. The DDll-A System unit is prewired to accept 
four small peripheral interfaces; e.g., DRll-C. A discussion 6f the 
DRll-C, including specifications, is presented in Chapter 4. 

Figure 7-7 is similar to Figure 7-5 because the DRll-C logic is used in 
the same manner and with the same programs as any other logic used 
to implement an interrupt serviced interface. The DRl1-C provides cable 
connectors; therefore, no additional wiring or connectors are required. 

Connections between the ADC and the DRI1-C are made as follows: 

CONNECTOR DRll-C 

1 OUT (06:00) 
NEW DATA READY 

2 IN (09:00) 
REQUEST A 

ADC 

Multiplexer inputs 
Start conversion 
Digital outputs 
Conversion com~lete 
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Figure 7·5 Interrupt Serviced Interface (block diagram) 
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7.3.3 Interface Programming 
The following program is a typical interrupt service routine that col/ects 
data from the ADC and enters an evaluation routine after the final con· 
version cycle. 

ADCVEC: ADCSER 
240 

BEGIN: MOV BUFSTRT,BUFADR 
CLR ADMUX 

MOV # 100,ADCSR 

;SET UP ADC VECTOR AREA 
;STATUS INCLUDES PRIORITY 
LEVEL 5 

;MAIN PROGRAM FOLLOWS 
;INITIALIZE BUFFER POINTER 
;START MULTIPLEXER AT 
CHANNEL 0 
;ENABLE INTERRUPT 

ADCSER: MOV ADDBR,@BUFADR . ;COLLECT DATA 
CMP· BUFADR,BUFSTRT + 174 ;LAST ONE? 
BEQ DONE ;YES, GO TO DONE 
ADD #2,BUFADR ;NO;· INCREMENT POINTER 
INC ADMUX ;INCREMENT MULTIPLEXER AND 

;START CONVERSION 
RTI ;RETURN TO MAIN LINE 

DONE: CLR ADCSR ;CLEAR INTERRUPT ENABLE 

;FOLLOW THIS WITH THE 
;EVALUATION .ROUTINES 

WHERE: ADCSR,ADMUX AND ADDBR ARE THE DEVICE REGISTERS 
IN THE INTERFACE 

BUFSTRT CONTAINS THE STARTING ADDRESS OF A BUFFER 
ADCVEC IS THE ADDRESS SPECIFIED BY JUMPERS ON THE 

M782 MODULE AND CONTAINS THE ADDRESS OF 
THE DEVICE SERVICE,ROUTINE TAGGED ADCSER 

ADCSER DEVICE SERVICE ROUTINE 

BUFADR IS A LOCATION TO BE USED BY THE DEVICE SERVICE ROUTINE 

After the initiation instructions in the main program are executed, the 
interrupts cause the processor to execute the ADCSER routine. The last 
time this is performed, the evaluation routine is also executed. 

The CLR ADMUX instruction should precede the MOV # 100, ADCSR in· 
struction to prevent the interface from causing an immediate interrupt, 
which could occur if the interrupt enable bit is set when the device has 
the CONVERSION COMPLETE signal asserted. 

If the evaluation routine is to return control to the interrupted main pro­
gram, this may be accomplished by terminating the evaluation routine 
with an RTI instruction. If any other type of return is used, the program 
must remove the old PC and PS that were placed on the stack by the in­
terrupt operation. Removal is accomplished by executing an ADD #4, R6 
instruction. 
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7.4 DIRECT MEMORY ACCESS (DMA) INTERFACE 
The direct memory access (DMA) interface conducts data transfer opera· 
tions to place data from the device directly into memory. A DMA inter· 
face performs a large number of transfers with minimal processor inter· 
vention thereby reducing program and execution time overhead. After the 
interface device registers are initialized, all transfers take place under 
control of the interface, thereby eliminating processing time. The proces· 
sor is notified by an interrupt when all the data has been transferred and 
the program responds appropriately. 

Figure 7·7 is a block diagram of a DMA interface for the Analog·to·Digital 
Conv~Hter (ADC). The DMA is designed by adding circuits to the interrupt 
serviced device .interface. The Interface is composed of two interface reg­
isters: the ADCSR register, which contains flag and error bits; and the 
combined ADBAR/ ADMUX register, which holds the bus address and 
multiplexer bits. 

7.4.1 Interface Description 
Interface operation begins when the program loads the bus address reg· 
ister (ADBAR) with the address of the first memory location where data 
is to be stored. The interface starts an ADC conversion cycle. When the 
digital data is available from the ADC, the interface requests bus use by 
asserting an NPR request. When the device becomes bus master, it trans­
fersthe data to core memory. Completion of the bus transfer causes the 
multiple"er register (ADMUX) to be incremented, thereby selecting the 
next input channel. The multiplexer register is part of the bus address 
register; therefore, the next memory location is also selected. At this 
point, a new conversion cycle begins. This process is repeated until each 
input channel is read and the digital data is stored in a core memory 
location. The interface then sets the ready flip-flop, whic-h causes an in· 
terrupt. 

7.4.2 Interface Implementation 
The DMA interface is constructed by adding one set of bus drivers and 
the bus transfer control logic to the interrupt serviced interface; there­
fore, the functions assigned to the registers differ in this case, and 
implementation differs accordingly. The multiplexer register, expanded 
to 15 bits, also serves as a bus address register. Nine of these bits 
(15:07) are under program control and serve as a base address for a 
series of locations used as a data collection buffer by the interface. The 
remaining six bits (06:01) are implemented as a counter that steps 
through the 64 inputs and also addresses 64 successive word locations 
'in the core memory. The six multiplexer bits are not accessible from the 
bus and cannot be read n'or altered by the program. Whenever the high 
or low byte of the address register is loaded, the six multiplexer bits are 
cleared to zero; therefore, transfers always start on 64 word boundaries. 

The interface uses an interrupt to signal completion of the series of 
transfers. The interrupt enable (INTR ENB) and READY bits of the 
ADCSR operate similar to the interrupt serviced interface. Refer to Fig· 
ure 7-7. 

Loading the ADJ3AR register (SELECT 2 OUT HIGH and/ or SELECT 
2 . OUT LOW) also clears the multiplexer counter and the READY flip· 
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flop, thereby initiating a conversion cycle by causing START CONVER­
SION H to become asserted_ 

When the conversion is complete, the CONVERSION COMPLETE H signal 
sets the REQUEST BUS flip-flop, which causes the M7820 Interrupt Con­
trol to assert an NPR request_ When bus control is granteq, the M7820 
asserts BBSY on the UNIBUS and asserts the MASTER A L signal. The 
MASTER AI- signal is tied to the M796 UNIBUS Master Control lTlodule 
in order to produce the .. START signal. Since theC1 control line is high 
and the CO control line is grounded, the M796 performs a DATO bus 
cycle_ .An ADRS TO BUS H is produced to gate the nine bits of the 
ADBAR register and the six bits of theADMUX register to bus address 
lihes A<15:01>_ DATA TO BUS places the converted digital value on bus 
data lines D<09:00>. After a minimum delay of 150 ns, .BUS MSYN L 
is asserted. .. . 

When the slave device responds with BUS SSYN L, both ADRS TO BUS 
and DATA TO BUS are negated and BUS MYN L is dropped_ The END 
CYCLE H pulse is used to cl.ear the REQUEST BUSflip'flop, which in turn 
causes the M7820 Interrupt Control to drop BUS BBSY. 

END CYCLE L is used to trigger a one-shot to prodl,.lce the COUNT. DE, 
UW H signal. This signal serves as the count input (COUNT IN) to the 
multiplexer counter (ADMUX),. After 600 ns, the one'shot times out and 
its output returns to a low (OV) level. If the READY flip-flop has not been 
set by a count overflow from the.ADMUX counter, STARTCONVERSION H 
is asserted to start the next conversion cycle. If, however, the ADMUX 
counter has overflowed and set the READY flip-flop, 'no ADC operation is 
started and an interrupt bus request is made. 

A TIME'QUT flip-flop is provided on the M796 module_ This flip-flop is set 
if the slave does not respond within 20 !,-s to the BUS MSYN L signal 
that is produced by the M796 modl,.lle. If TIME OUT becomes set, the bus 
cycle is stopped, READY is set, and further conversions are inhibited_ 
The TIME-OUT ERROR is indicated by a 1 in bit 15 of the ADCSR. TIME­
OUT is cleared by loading bit 15 of the ADCSR with a O. 

The modules required to implement this interface fit into one BB11 Sys­
tem Unit, All interface modules, including the M7820 Interrupt Control, 
M105Address Selector, and a device cable connector, can be inserted 
into the logic slots of one system unit containing power and UNIBUS 
connect'ors. 

7.4.3 Programming the Interface 
The following is an instruction sequence to initiate device operation: 

MOV #BUFADR, ADBAR ;LOAD ADDRESS AND START 
;ENABLE INTERRUPT MOV # 100, ADCSR 

WHERE: BUFADR IS THE ADDRESS OF THE FIRST WORD OF A 
BUFFER AND IS RESTRICTEDTO ALL a's IN BITS 0 
THROUGH 6. 

The interrupt routine for this interface is equivalent to the data evalua­
tion routine suggested in the interrupt serviced interface. The routine 
should begin with a CLR ADCSRinstruction to disable further interrupts 
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(unless serviced at a higher priority level) and should terminate with an 
RTI instruction .. 

The ADBAR register can be read as a source operand without spurious 
clocking of the device operation cycle, but the ADMUX counter is not 
accessible from the bus. 

, . 
The 'interrupt enable flip-flop (bit 6 of the ADCSR) is entirely under pro­
gram control but the TIME-OUT flip-flop is set by TIMtOUT ERROR con­
ditions in the interface_ The ready bit of the ADCSR(bit 7) is not under 

. program control. It may be read by. the program but cannot 'be altered 
except by initiating operation of the device. 

7,4_4 Interface Operation Timing 
Figure 7-8 illustrates the timing relationship among signals in the DMA 
interface_ The curved lines indicate the changes in signal level that gen­
erate the indicated results. 

7.4.5 Interface Options 
As described above, operation of the DMA interface is restrictive,be­
cause it must always scan 64 channels. A simple method of reducing the 
number of channels scanned is to alter the set/ reset inputs to the M211 
Binary Counter module, thereby preloadingit with a non-zero constant 
from which it can begin counting up. 

An even more flexible arrangement could be designed by separating the 
ADBAR andADMUX registers, thereby allowing independent bus address­
ing and multiplexer scanning. 

7.5 OUTPUT INTERFACE WITH INTER,RUPT CONTROL 
Preceding examples have illustrated various types of interfaces for 
peripheral devices that provide inputs to the UNIBUS data lines. This 
example, as well as the example in Paragraph 7.6, covers interface de­
sign for a device that accepts UNIBUS outputs. The device shown is 
meant to be typical of. output devices which may be interfaced by de­
sigris similar to the following examples. 

7.5.1 Device Description 
A digital-to-analog converter (DAt) isa device that accepts UNIBUS out­
puts. The DAC",converts a binary weighed number into a scaled analog 
voltage. The device is single-buffered and. the. analog output corresponds 
to the digital input. 

The interface provides 10 binary level inputs to the DAC. These inputs 
represent the digital value equivalent to the analog voltage desired as an 
output. The binary levels are OV for logic Oand + 3V for logic 1. 

TheDAC provides an update request output signal for the interface. This 
signal requests a new digital input from the interface. At intervals deter' 
mined .by the DAC, a high level (+ 3V) pulse \,:>providedasthe update 
request signal. This level remains low (OV), between pulses. 

7.5,2 Interface Description 
The output interface with interrupt control provides a buffer register for 
outputs to the DAC and an interrupt control to service the. DAC with an 
interrupt service routine. Figure 7-9 is a block diagram.of the output 
interface. 
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Figure 7-7 DMA Interface (block diagram) 

The interface .consists of two. registers, an MI05 Address Selector Mod­
ule, anM7820 Interrupt Control Module, bus receivers, and two sets of 
bus drivers. The two registers are the data buffer register (DADBR) and 
the control status register (DACSR). The request bit (bit 7) of the DACSR 
can be read by the bus but cannot be loaded directly from the bus. All 
other register .bits are under direct bus control. 

7.5.3 Interface Operation 
When the .I,JN IBUS addresses the data buffer register during a DATO 
transfer, the interf~ce clocks the .information from the bus data lines 
into the register, which then appiies the informa.tion to the DAC as the 
10 binary, level inputs. At the same time data is clocked into the register, 
the REQUEST flip-flop (bit 7 of the DACSR) is cleared. After t.his transfer 
is complete, when the p~ripheral device requests another value, the RE· 
QUEST flip-flop is clocked high by an UPDATE REQUEST signal from the 
DAC. If the interrupt enable flip-flop (bit 6 of the. DACSR) is set, the .in­
terface asserts a bus request line. On becoming bus master, the interface 
performs an interrupt operation to transfer program control to .a service 
routine. This routine loads new data into the buffer register and then re­
turns control to the interrupted program. 
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Figure 7-8 DMA Interface (timing diagram) 



During normal operation, data is load.ed into the buffer register and 
trahsferred to th~ peripheral device. When an UPDATE REQUEST from 
the DAC starts an interface cycle, the interrupt vector is transferred to 
the processor. The processor again initiates the data flow by transferring 
a new word of data into DADBR. . 

7.5.4 Interface Programming 
The programs described in this paragraph cause the DAC to output a 
time~varying signal by loading the DADBR with an.initial value and then 
changing that value by small increments until it reaches a final value de­
termined by the. program. The analog output is 100 cycles of a triangular 
waveform (actually, a stepped triangular waveform) with the slope of the 
ascending portion equal to half the slope of the descending portion. The 
period of the waveform is 150 times the period between update request 
pulses. 

80SY 
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M~~ 
INTR 

~OUEST 

'!NTR ENS 

* CLOCK HIGH BYTE 
CLOCK lOW BYTE 

r --"1 
'NALOG 

, OUTPuT 

I 
I 
r 

I 
I 

I I 
L __ J 

Figure 7-9 Output Interface with Interrupt Control (block diagram) 

In the interface program, the DAC output is reset to a higher value by 
the ADD # 10. DADBR instruction or reset to a lower value by the SUB 
#20, DAD!3R instruction. In either case, the value in the DADBR is read, 
modified by an arithmetic operation, and the new value is stored in the 

. DADBR. All these operations are under processor control. 

The ability of the UNIBUS to access device registers as though they were 
memory locations allows the processor to directly perform tests and 

-modifications on the device register. This program compares the value 
in the DADBR with the. test values. The program uses a minimum of 
stored data because it is not necessary to use memory locations for 
counters or storage of temporary values. 
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The processor initializes operation by executing the following sequence 
of instructions: 

CLR 
CLR 
MOV 
MOV 

DADBR 
DASW 
#144, DACNT 
#100, DACSR 

;CLEAR DATA BUFFER REGISTER 
;RESET UP! DOWN SWITCH . 
;INITIAlIZE CYCLE COUNTER 
;SET INTERRUPTENABLE 

The interrupt service routine includes the following instructions: 

DAVEC: DASERV ;POINTER TO SERVICE ROUTINE 
240 ;PROCESSOR PRIORITY = 5 

DASERV: TST DASW ;SWnCH SET? 
BPL UP ;NO, GO UP 
SUB #20, DADBR ;YES GO DOWN 
BNE CONT ;OUTPUT VALUE EQUALS O? 
CLR DASW ;YES, RESET SWITCH 
DEC DACNT ;REDUCE COUNT BY ONE 
BNE CONT ;COUNT EQUALS O? 
CLR DACSR ;YES, DISABLE INTERRUPT 

AND EXIT 
RTI 

UP: ADD #10, DADBR ;OUTPUT VALUE.GOES UP 
CMP DADBR, # 1000 ;1000 IS TOP LIMIT ON VALUE 
BNE CONT ;DOES VALUE EQUAL TOP LIMIT 
COM DASW ;YES, SET SWITCH 

CONT: RTI ;EXIT FOR INTERMEDIATE 
VALUES 

7.6 DAC·DMA INTERFACE 
A direct memory access (DMA) interface designed for a digital-to-analog 
converter (DAC) allows a specified number of words from memory to be 
transferred directly to the interface without processor interventiOn. 

The previous interface example (paragraph 7.5) described a digital-to­
analog converter interface that was serviced (controlled) by the vectored 
interrupt structure. In a real-time system where the time ~o service 
repetitive interrupts demands.too much processor time, it may become 
necessary to expand the control section of the interface, so that the in­
terface is less dependent on processor control, thereby reducing proces-
sor overhead_ . 

This interface example uses the same DAC as the one discussed .in the 
previous example_ However, the interface to the UNIBUS differs. Added 
to the interface control section are direct bus access logic circuits, a 
word count' register, and a bus address register_ These additions allow 
a specified number .of words from a particular group of memory ad­
dresses to be transferred directly to the interface, independent of pro­
cessor control. This interface may be used, for example, to drive the X-V 
deflection circuits of a CRT display scope in a refresh direct from mem­
ory mode. 

7_6.1 Interface Description 
A block diagram of the DAC-DMA interface is shown .in Figure 7-10_ The 
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interface contains four registers: a DAC control and status register 
(DACSR) which contaiils control and status. information; a DAC word 
count register (DAWC) which holds the 2'scomplement of the number 
of words to ,be transferred; a DAC bus address register (DABA) which in· 
dicates where the block of information is held in memory; and a DAC 
data buffer register (DADB) which buffers information during bus cycles 
and which can also be loade~ unde,r program control. 

A typical method of programming this interface .is to first initialize the 
c,ontrol by loading the DAWC and DABA registers. The next,step is to set 
the GO bit in the DACSR. Words of data are then sequentially taken frQm 
memory and loaded into the DADS register at a rate set by theDAC or 
by an external clock. After each transfer (which is under the control of 
the interface rather than the processor), the DAWC an(l DABA registers 
are incremented. ,Data transfers conUnue until the DAWC register over· 
flows (goes to all Os). At this point, a READY bit in the DACSR is set. The 
READY bit can cause an interr.upt to occur (provided INTR ENS is set). 
thereby notifying the processor that the block transfer is now complete. 
and another block transfer can be started. 

GD~ ~~.~----~';~'---------------------­

READY (1) H ~.-.'F-'------I.r.'J----------_O----;....r-\. , 
REQUEST H • ,. ,,;-oJ ~F ~~~:~LOW 
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Figure 7·11DAC'OMA Interface (timing diagram) 
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8.1 GENERAL 

8.1.1 Scope 

CHAPTER 8 

SITE .PLANNING 

This. chapter provides electrical, physical, and environmental data to aid 
in planning. a successJul computer installation. Since there is a wide 
choice for the Central Processor Unit (CPU) among the 11 FamilY,and 
numerous combinations of peripherals within a system, all possibilities 
cannot be covered. However, pertinent and' useful information is given 
thatwill apply to most configurations. 

8.1.2 Planning Assistance 
Digital Equipment Corporation will provide customer assistance in all 
phases of site planning. Sales Engineers and Field Service Engineers are 
available for advice regarding site and installation planning. Various 
maintenance and service options are available for your systems. In gen­
eral, trained DEC people will perform the detailed configuration work 
required. 

8.1.3 Installation Constraints . 
The route that the equipment is to travel from the rece.iving area to the 
installation site should be studied and measurements taken to facilitate 
and assure delivery of the equipment. Check the size of doors, passage­
ways, ramps,etc. for height, width, and turning radius to see if there 
are any receiving or installation prob,lems. Take into account the size of 
the moving equipment and the shipping skid (wooden platform for 
moving) under the equipment cabinets. If an elevator is to be used, 
DIGITAL should be notified of any size or gross weight limitatiOns. If 
problems in movement are found, DIGITAL must be notified at least 1 
month prior to the shipping date. Special packing and shipping provi. 
si.ons can then be made. 

8.2 COMPUTER SITE 

8.2.1 Site Considerations' 
Although each system site will differ, the following points should be con­
sidered: 

a) Space for the equipment and the working and servicing area. 

b) Availability and location of adequate power (voltages, current, toler­
ances on voltage and freq uency). 

c) Proper fire and safety. precautions. 

d) Environmental requirements (air conditioning and! or humidifying 
equipment). 
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e) Building requirements (floor load, location of cables and other equip­
ment). 

f) Efficient work-flow pattern to other work areas, ease of visual obser­
vation of input! output devices. 

g) Sufficient storage space for supplies necessary. to the operation of 
the system_ 

h) Future system expansion. 

Operational requirements determine the specific location of the various 
free-standing peripherals of the system. Peripherals must be located so 
that the length of connecting cables will riot exceed maximum limits. 

Fire and SafetyPrecaotions 
The following fire and safety precautions are presented as an aid in 
providing an installation that affords adequate operational safeguards 
for personnel arid system components. 

a) If. an overhead sprinkler system is used,a. "dry pipe" system is 
recommended. This type of system, upon detection of a fire, re­
moves source power to the room and then opens a masterlialve to 
fill the room's overhead sprinklers. 

b) If the fire detection system is of the type that shuts off the power 
to the installation, a battery-operated emergency light source should 
be provided. . 

c) If an automatic carbon-dioxide fire protection system is used, an 
alarm should sound on releas~ of the CO, to warn personnel within 
the installation. 

d) If power connections are made beneath the floor of a raised-floor 
installation, waterproof electrical receptacles and connections should 
be used. 

e) An adequate earth ground c:onnection must be provided' for the pro­
tection of operating personnel. 

All personnel working in the computer area should .be trained in such 
emergency measures as: 

a) Proper method of shutting off all electrical power; 

b) Handling fire extinguishers in the correct manner. 

c) Evacuating personnel and records and calling the fire department. 

Protection of Data 
Special safeguards should be taken to protect vital data such as busi­
ness records or other data which are either very expensive or impossible 
to duplicate. Adequate duplicate copies of vital data should be stored 
away from the computer system site, normally in a fire· proof storage 
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vaUlt. In most cases, a regular program of updating the duplicate data 
is necessary to ma.intain the value.of such back-up storage; 

Flo.ors 
Most office buildings and industrial plant floors are rated for at least 50 
Ibs/ft2 (244 kg/m2) and wHlsustainthe weight of any standard PDP-ll 
system. 

Small systems with few peripherals do not reqt:lire raised flooring; even 
larger PDP~ll sy~ems can be 'i.nstaUed without it. However; a raised 

. floor isa desirl;lble featureJor several reasons: 

a) Protection of power and interconnecting cabling 

b) Safety to personnel (no cabling to trip on) 

c) Minimum cost for future layout changes 

8.2.2 System Reliability 
The reliability of a computer system is a complex function of the task 
it is expected to perform and its environment. The task establishes 
criteria which define when the system has failed and to what extent. A 
computerized telephone'switching center might allow a total of only two 
hours of complete inoperativeness in twenty years but might not con­
sider computation -errors or failure of parts of the system as serious 
errors. An on-line laboratory computer, on the other hand, may require 
complete error-free operation for several hours, b.ut allow substantial 
amounts.of scheduled down-time before and after the experiment, Some 
of the non-environmental factors to be considered are listed below: 

a) Time interval before data is irretrievably lost. 

b) Use ofa. small,. independent subsystem for data capture. 

c) Significance of a data error. 

d) Significance, of extended down-time. 

e) Partially or completely redun,dant system with manual or automatic 
system changeover. ' 

f) Graceful system degradation upon subsystem failure. 

g) I/O device-independent software. 

High temperatures increase the rate of deterioration of virtuCillly every 
material. Temperature cycling and thermal gradients induce temporary 

, and permanent microscopic, changes in materials. High absolute humid­
ity (dewpoinn causes moisture absorption and dimensional and handling 
chal'!ges in paper and plastic rnedia (line printer. paper, cards, paper 
tape, magnetic tape, etc.). 

Low hU\11idity allow,S the .build up of static electricity. Lack of air clean­
liness results in reduced life of tapes, excessive head wear,and early 
data errors in all moving magnetIc storage media (drums, disks). 
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The combination of static electricity and air,bome dust is particularly 
detrimental to magnetic tapes. Vibration can cause slow degradation of 
mechanical parts _arid, when severe, may cause data errors on disks and 
drums. 

High power radio frequency pUlses -conducted through the power mains 
or radiated through space, w~en severe, may. cause hardware II;)gic 
errors: Such pulses can come from .radar installations or -nearby broad­
casting stations and welding operations; and from less obvious sources 
such as;-'nearby-arcing relay or motor contacts and the arcs: which occur 
when static electricity is .discharged. In extreme circumstances, filtered 
or isolated power mains and! or radio frequency shielding (a screened 
room) may be required. 

A" these environmental factors cause slowiy accumulated_sources of 
eventual failure. 

8.2.3 System Environment 

General 
The-recommended computer room environment has an air distribution 
system- INhich provides.c:ool, we"-filtered, humidified air. The room .air 
pressure should be. kept higher. thaI') the pressur-e of attjacentareas to 
prevent dust infiltration. 

Most equipment is .air cooled, the air being circulated internally by 
.blowers in each unit.' On standard .PDP-ll cabinets, air .enters the unit 
through a filter-·,and blower in the tope. of the cabinet and exits through 
the bottom. 

For'8.fficient equipment cooling, a minimum clearance--of 30 .inches (76 
cm) above the equipment cabinets is -recommended. 'If this requirement 
cannot be met, other means of allowing free air flow above and around 

,the- e.quipment must-ibe devised. 

Because the electronic equipment is constructed mainly from low power 
integrated -circuits, PDp·l1 systems do not dissipate much power. Air 
conditioning requirementS. can be estimated conservatively by figuring 
onan,average dissipation of 1400 -watts (4700 BTU! hr) for each cabinet 
in the system. A single, heavily loaded cabinet may dissipate as much 
as 2300 watts . 

. Temperature and Humidity 
PDP~11 CPU's were designed to' operate in a temperature range of 10ee 
to 50~C, and relative humidity of 20% to 95-0/0 (non·condensing). How­
ever; -the properties of paper cards, line printer...paper, and magnetic 

, tape limit the environment .ofsystems which l.I~-these media. 

Table .8-1 Shows recommended and permissible operating conditions. 
Storage conditions mean that the equipment is in an operating con­
figuration, but p.rimary power is not applied. No condensation should 
occur. 
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Table 8-1 Equipment Operating and Storage Conditions 

Recommended Operating 
Conditions 

Relative 
Humidity 

Temp. Range (%) 

PDP-ll Central 
Processor 10PC to 50°C 20to 95 
Magnetic Tape 15°C to 2rC 40 to 60 
Magnetic Disks 1rC to 33°C 20 to 55 
Punch Cards 18°C to 24°C 40 to 60 
Line Printer Paper, 15°C to 30°C 40 to 50 

PDP-ll System 18 0 to 24°C 40 to 50% 

Power { 115 VAC ± 10%,60 Hz ± 3% 
Source 230 VAC ± 10%, 50 Hz ± 4% 

Storage Conditions 

Relative 
Humidity 

Temp. Range (%) 

O°C to 65'C 10 to 95 
15°C to 27°C 40 to 60 

5°C to 45°C 20 to 80 
5 'c to 50 c C 30 to 65 

lO e C to 43'C 10 to 80 

A factor that should be considered in equipment layout is that certain 
equipment (notably disks and drums) is sensitive to sudden changes in 
temperature such as are produced by the cycling of certain types of air­
conditioning equipment. These sensitive units should be located where 
they will not be subject to sudden changes in the air temperature. Also, 
the storage area for supplies, particularly paper punch cards, should be 
held at the same conditions as the computer room and isolated from 
sudden temperature changes. 

Other Considerations 
The following precautions are recommended: 

a) Do not use steel wool for cleaning floors in the computer room_ The 
metal fibers. can enter the cabinets and short out electrical com­
ponents. 

b) To prevent air flow interference, do not place material on top of the 
cabinets. 

c) Use a nonconductor type nozzle when vacuuming to minimize the 
possibility of an electrical accident. 

d) Avoid spilling liquids (coffee, soda, etc.) on the equipment and 
operating controls (e.g. console switches, teletype. keys and con­
trols). 

Static Electricity 
Static electricity can be an annoyance to operating personnel and can 
(in extreme cases) affect the operational characteristics of the PDP-ll 
and related peripheral equipment. If carpeting is installed on the in­
stallation room floor, it should be of a type designed to minimize the 
effects of static electricity. Flooring consisting of metal panels, or floor­
ing with metal edges, should be adequately grounded_ Static resistant 
wax is commercially available. 
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Acoustic.al· Damping 
Some peripheral devices (such as I.ine printers and magnetic tape trans­
ports) have a high noise leveL In installations that use a group of high 
noise-level devices, an acoustically damped ceiling reduces the nO.ise. 

lighting .. . 
If cathode-ray tube . peripheral devices are part of the .system, the 
illumination surrounding these peripherals should be reduced to enable 
the. operator to conveniently observe the display_ 

Special Mounting CondItions 
If the PDP'll will be subjected to rolling, pitching, Or vibration of the 
the mounting surface (e.g., aboard ship), the cabinets should be securely 
anchored to the installation floor by mounting bolts. 

8.2.4 Size of Systems 
Figure 8-1 shows the size of a 1 cabinet system. Dimensions are given 
for the physical cabinet, service area requirements, and also.the size of 
the shipping skid (wooden platform used in moving). Information Isalso 
given for typical power dissipation and weight for 1 cabinet of equip­
ment. A 15 foot power cord is supplied with each cabinet . 

. Figure 8-2 shows dimensions for 2 and 3 Gabinet systems. Allow 9" in 
width and 12" in depth extra forthe shipping skid. Figure 8-3 shows the 
space requirements for the LA30DECwriter· terminal.. About thesarne 
amount of space should be allowed if an ASR33 Teletype terminal is 
used. . 

Appendix E shows the space requirements for the free standing 
peri phera Is. 
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Amps at Watts BTU/hr Weight 
115 VAC (lbs) 

Empty 
Cabinet - - - 120 

Typ Cab 12 1400 4700 400 

Heavily 
loaded 20 2300 7800 600 

(0) 2 CABINETS T i- -~- -----~l-- ----
35" : : 

(8gem~ .. I > . I 24" .J . I: r',,'"' 1 ALLOW SPACE ON 
EITHER SIDE OF 
CABINETS FOR 
MOVEMENT OF 
PEOPLE AND 
EQUIPMENT 

I. W=42" .l 
: (107 em). I 100" 

35" I I I (254 em) 

(89 em1 L __________ L ______ l 
(b) 3 CABINETS 

DDD 
I 1-----W=6.J"-----t-j 

(160 em) 

FOR EACH CABINET,ALLOW21 INtHES FOR WIDTH.(53 em) 

Figure 8·2 Space For 2 & 3 Cabinet Systems 
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8.3 POWER 
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Figure 8-3 Space for LA30 DECwriter 

8,.3.1 Power Origination and Connections 
Most A(',P9wergenerated .for industrial and commercial use is either.~ 
nominal 115V or 230V at 60 or 50 Hz. Figure 8-4 shows standard power 
generation wiring. Note the wire designation convention, as Summarized 
in Table 8-2. 

Table 8-2 POwer Wiring Convention 

Code Color , Name Function 

W White neutral Carries load current 

X Red { phase 1 
Y Black hot leads. phase 2 Carries load current 
Z Yellow or phase 3 

other col.or 

G Green frame orequipment protection line, 
grbund NOT for load current 

8.3.2 Grounding 
For three-phase power, the fifth wire is used as the equipment ground; 
for single phase, the third. wire. However, in both cases the ground must 
be connected, to.the metal frame of the cabinet. Ground straps must COn­
nect all the metal cabinets together. 

The AC neutral MUST NOT be confused with protective (frame) ground. 
The protective equipment ground is the green conductorllsed ,in amulti: 
conductor cable, and is used to prevent the buildup of dangerous volt· 
ages on equipment as protection for personnel, and to assure that any 
short circuit between a power phase and the cilbinet will draw enough 
current to trip the circuit:s protective ,device immediately. rather than 
raising the potential of the equipment to a dangerous level. THEAC 
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NEUTRAL MUST NEVER BE CONNECTED TO .THE FRAME OF ANY 
EQUIPMENT OR TO THE PROTECTIVE GROUND, (exGept at the build­
ing's main electrical service entrance). 

A single-point ground system .should be used, and all "green wire" 
grounds tied together at the circuit breaker load. center. The load center 
panel should have a copper ground bus to which all equipment grounds 
can be attached. 

To prevent unwanted electrical. signals and noise frOm being introduced 
into the computer system, the AC neutral must be isolated from all 
butlding structures, equipment frames, cabinets, panels, and grounds. 

\" MAIN CIRCUIT BREAKER MAIN SUPPLY XFMR 
(ONLY SECONDARV SHOWN) 

r-------~~~~--._--._---r-O~ X 
I 

BLACK 

, 
I 
I 

r-__ ~~~--~--~<r_+-o~o-----_+--~--~RE~D~--­
I 

I 
I 
~ YELLOW 

.~ ________ ~-.~ __ ~ ____ -L~ __________ ~~~W~ __ ~WH_IT_E __ _ 

POWER GENERATOR 

FOR A 230 VAC SYSTEM THE 
VOLT AGES WOULD BECOME' 

1l5V- 230V 
208V --416V 

Iii l. NNECT ONLY AT CIRCUIT 
BREAKER LOAD CENTER 

I 
I 
I 
I 

I FRAME 
I GND 

I 
I . 

G GROUND 

CUSTOMER's SITE 

WALL 
SOCKET 

Figure 8·4 Power Wiring Schematic for 115 VAC 

A system involving a digital/analog interface usually requires that the 
digital system ground be tied to the analog system ground at a single 
point,often at the analogI digital interface. A good ground connection is 
required in these cases. In small systems where no analog interface 
is. involved, the grounding prov.ided by a huge electri.cal conduit may be 
adequate, although electrical conduit systems often are connected to­
gether poorly in terms of.a low resistance path to ground_ In large sys­
tems,. additional connections to earth ground may also be advisable. All 
of these ground connections are in addition to (not .in place of) the 
ground leads .carried through the .various signal buses and the ground 
cond.uctors contained in. the power cables. The green grounding wire in 
the power cable must also he returned to ground, usually through the 

. conduit of the electrical distribution system_ 
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In addition to power, each computer system should have a substantial 
earth. ground connection to the processor frame ground made with No.4 
AWG (0.20 in., 5mm) copper wire. A building beam or large cold water 
pipe is adequate in many cases, althoug!l some systems may require 
direct connection toa grounding stake or o~her high-quality earth 
ground. 

8.3.3 Customer Supplied Power 
The standard PDP· 11 cabinet contains a power control (mounted at the 
bottom of the caqinet) for the control of power to each cabinet. One 15 
ft. line cord With a male plug is supplied for each cabi.net, see Figure 8·5. 

The costomersite must supply 1 outlet for each cabinet and 1 for each 
free standing peripheral. In most systems it is convenient to provide a 
separate load center or circuit breaker panel for the computer system, 
and to connect each receptacle to its owncircuif breaker. Diagrams and 
designations of applicable plugs and receptacles are shown in Figure 8·5. 

Each cabinet in the system should be furnished with a separate 30 amp, 
i15VAG single phase circuit (15 amp, 230VAC), except the PDf"1l/45 
CPU cabinet uses 2·phase 115VAC. The average current drawn is about 
12 amps per cabinet (6 amps at 230VAC). Thermal rather than magnetic 
breakers should be provided. 

Duplex AC outlets. should be provided for test equipment whenmaint~· 
nan.ce tasks are performed. The duplex outletsh'ould be located near the 
PDp· 11 System and should be rated at 115VAC ± 15%, 15. or 20 amps, 
These outlets should be separately fused and switch·controlledand in­
stalled approximately 10 feet apart. 

8.4 POWER CONTROL SYSTEM 
Each cabinet in a PDp·ll System has a Cabinet Power Control which is 
used to switch and distribute AC. power to two groups of outlets located 
inside the cabinet, see Figure 8·6. One group provides switched AC and 
the other unswitched AC (for operating equipment such as magnetic disk 
drives that require continuous power). Use of a Cabinet Power Control 
also means that only one AC cord leaves the cabinet. 

There are 2 pilot lights on the line side of the cabinet circuit breaker 
which will light whenever the AC line cord is plugged into power. 

All Power Controls are connected by a 3·wire bus that carries a Power 
Request signal, an Emergency Shutdown signal, and Ground. There are 
3 connectors on each Power Control for the 3-w.irebus. A. cable is sup­
plied with each cabinet to. connect the Power Control of that cabinet to 
the next cabinet. 

Equipment may be added to the system by connecting them to the bus 
in parallel at any convenient point. No terminators .are required .on the 
bus and "T"connections may be. made without restriction. Interconnect" 
ing equipment into a system simply requires connecting the units to­
gether with Power Control Bus Cables and plugging .AC line. cords into 
e.ither unsWitched or .switched AC. No internal wiring or jumpering is 
required. 
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115VAC 

single phase 

115 VAC 

two phase 

230 VAC 

single phase 

(0) 115 VAC, SINGLE PHASE, 24 AMPS, (SOCKET VIEW Of 
fEMALE RECEPTACLE) 

fRAME GROUND 
(GREEN) 

L5-30R, 

(b) I1S VAC, 2 PHASE, 32 AMPS (IDTAL) 

fRAME GROUND NEUTRAL (WHITE) 
(GREEN) 

(e) 230 VAC, SINGLE PHASE,16 AMPS 

FRAME GROUND 
(GREEN) 

Receptacle 

Plug 

Receptacle 

Plug 

Receptacle 

Plug 

L6-20R 

NEUTRAL 
OR PHASE 
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PREFERRED) 

PHASE OR 
NEUTRAL 

NEMA NO. 

L5·30R 

L5-30P 

L14-20R 

L14-20P 

L6-20R 

L6-20P 

Figure 8-5 Plugs and Receptacles 
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In normal operation the REMOTE·OFF·LOCAL switch is set to the RE· 
MOTE position, so that the control circuit is connected to (monitors) 
Power Request,. Line L One switch within the system is. designated as 
the Master Switch and is used to cclhtrol the operation ofthe entire sys· 
tern. When the Master Switch closes and connects the .Power Request 
line to Ground, all switched AC outlets in the whole-system are energized 
and all equipment is turned ON at the' same time" (unless the Emer­
gency Shutdown line is grounded). With the switch in the OFF position, 
all equipment connected to the switched AC strip will be OFF, regarqless 
of the position of c;tnyother switches in the system. In LOCAL position, 
the cabinet switched AC .will be ON, (unless the Em~rgency Shutdown 
line is grounded). A normally open cabinet thermostat removes switched 
AC power from the entire system by shorting the Emergency ShutdowlI 
line to ground whenever the temperature gets too hot, such as in case. 
of a fire. TabJ.es.8-3 & 8·4 summarize.the.operation. 

In a single processor system, the console switch on the processor can 
be used as the Master Switch for the system as well as the device switch 
for the processor. 

All the. necessary cO.nfiguring, wiring, and routi[lg will be done by the 
factory in accordance with best practices, Unless there are special re­
quirements or an unusually complex system, the customer will notfJave 
to concern himself with the details of the Power Control System. 

Table 8·3 Power Control Lines 

Name Status of 
Line of Line Line State Switched AC 

1 Power Ground allows turn ON 
Request 

open .or +3V or OFF 
greater 

2 Emergency Ground OFF. (overrides 
Shutdown line 1) 

open or +3V or allows turn ON 
greater 

3 Ground always tied to 
equipment ground 

Line 2 Can be used as an EMERGENCY OFF bY switching it to Ground, 
line 3. 
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Table 8-4 Power- Control Switch- PoSitions 

Switch Position Function 

REMOTE Allows switched AC to be controlled by the Master 
Switch. To turn a system ON when all switches are in 
REMOTE. requires at least 1 switch to C:lctually connect 
lines 1 & 3 together (grounding the Power Request 
.line). 

OFF . Switched AC in the cabinet is OFF. 

LOCAL Switched AC is tl,lrned ON. if line 2 is not grounded. 
such as by a hot thermostat shorting and turning OFF 
the whole system. 

8-14 



CHAPTER 9 

CONFIGURATION GUIDE 

9.1 GENERAL 

9.1.1 Configuring a System 
In order to physically assemble and make the connections among the 
various individual units ofa computer system, and to have the system 
operate as intended, the individual units or options must be con.figured. 
The various units such as CPU, memory, peripherals, disks, magtapes, 
display, printer, terminals, etc. must be mounted in a sensible and work­
able arrangement within the equipment cabinets. Some equipment must 
be closeto each other for speed reasons; some equipment must be lo­
cated at various points along the UN IBUS because oftiming restrictions; 
some equipment must be located only at certain heights for ease of 
operator use, and some equipment must be spread out so as not to 
overload an individual power supply. 

Standard PDP-ll systems, described in PDP-ll Price Lists, are offered 
and are intended to satisfy most customer requirements. These systems 
have been tested and documented, have been arranged in an optimum 
configuration, and have had all details such as UNIBUS routing,. cable 
lengti:ls, power requirements, etc. already determined. 

9.1.2 UNIBUS 
The .UNIBUSacts like a transmission line for the high speed signals 
traveling along it. In order to preserve its electrical properties, the fol­
lowing points must be observed: 

a) Each signal line connected to the UNIBUS must .be buffered by a 
standard bus. driver and receiver. 

b) The UNIBUS is rated. to drive 20 bus loads and a length of 50 feet. 

c) For additional loads or length, a Bus Repeater, DBll-A, is used; 
thereby dividing the UNIBUS into sections. The DBll-A imposes 1 
bus load'on the first UNIBUS section, but then. can drive an <1ddi­
tional 19 bus loads and 50 feet. 

d) Each bus section mustbe.terminatedat each end by a UNIBUS Ter­
minator Module, M930, or its equivalent. 

9.1.3 Latency 
Latency is defined as the delay between the time .a device requests servo 
ice and the time when the service actually starts. It is essentially.the 
response time of the system, and .it is a random delay depending on 
what else is happening within the system. A device, with data available 
in a temporary buffer, could raise an interrupt flag, and then wait untiJ 
the central processor initiated a service routine to read in this data. The 
wait time, or latency time, would depend on such things as the relative 
priority of the interrupt compared to the current program, the priority 
and occurrence of any other interrupting devices, and the overhead de­
lays in recognizing an interrupt, 
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The Allowabll! NPR Latency is the longest time that an NPR device can 
be refused bus mastership, before it mi~ses' the data available at that 
time. The NPR Latency is affected by hardware only. The Allowable BR 
Latency is the longest time the central processor can take to service an 
interrupt. before the requestingd~vice misses the data available at that 
time. The service time includes the execution of all higher priority, in· 
tj!!rrupts and programs that may be pending plus the time spent in the 
interrupt subro!Jtine. The eR Latency is mostly software dependent. ',iii 
contrastt6 the NPR Latency. ' 

It may be possible~o ,recover the mis!;eddata by using a software re­
covery routine, suchias~e·reading a Iqcation from a spinning disk; some· 
times as with real time data acquisition" the data will be irretrievably 
,19st. In, any case,latency problems cause a deterioration in system 
thr~ugl1put. 

One technique used to increase the Allowable Latency time is to multiple 
buffer the data by providing se,veral' registers for data storage. The in· 
stantaneous (as opposed to average) AI,lowable Latency time is in, 
creased, but the contents of all registers would eventually have to be 
transferred. ' 

,. ,'I 

9.1.4 References , 
The following publicatipnscontain supplementary and useful information. 

Computer Site Preparation Handbook 
PDp·II Processor Handbook 
PDP-iI Configuration Worksheet 
PDp· I I Site Preparation Worksheet 
PDp·II Price Lists (several) 

Appendix E contains a sU"1mary of Equipment Specifications. 

9.2 MOUNTING EQUIPMENT 

System Unit , 
The basic mounting assembly for PDp·ll logic is the System Unit (SU), 
see Figure g.1. Logic modules and cable connectors plug into the System 
Unit, and, backplane wiring On the other side COnnects pins together. 
There are a total of 24 single module slots,' but several of them are com· 
mitted to UNIBUS connections. Logic modules are 8.5"long and the 
height can be single, double,quad, or hex (taking up I, 2, 4, or 6 mod· 
ul,es slots), see Figure 9·2. A System Unit is connected to othe'r System 
Units only via the UNIBUS. 

Mounting Box 
All extension Mounting Box, BAll"ES, can hold up to 6 Systems Units 
plus a power supply., The Box uses IOlh" of front. panel space, and is 
supplied with tilt and lock chlilssis slides, see Figure 9·3. 

Basic CabiI'Jet, " 
The basic PDP·ll cabiliet, H960·CA (or H96I without end panels), has 
front panel capacityot six 101/ 2 " mounting spaces for Extension Mount, 
ing Boxes or peripherals, see Figure 9·4. 

Cabinets With Drawers 
Cabinets are available with a sliding drawer (H960·D) accommodating a 
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total of 9 Systems Units. The drawer is located in the bottom half of the· 
cabinet, and uses three lOVz" mounting spaces. 

Other Mounting Equipment 
There is expansion space in the basic CPU mounting ass·emblies. 

The Peripheral Mounting Panel, DOll-A, is. a prewired System Unit that 
can hold 4 small peripheral controllers (SPC). In addition to that, the 
DDll-S has the 2 center slots prewired for 2 DFll's. The DDll'B cannot 
mount in a BAll-ES. 

A C D 

UN 18US CONNECT tON 

UNIBUS CONNECTION 

, ) 
~ 

SPC AREA 

Figure 9-1 System Unit (SU) &0011 

TOP VIEW 

~ 
SPACE 

SPACE SPACE SPACE SPACE SPACE SPACE 
'\., FOR 

FOR 
FOR FOR FOR FOR FOR POWER 

fRONT 
PANEL 

su SU su su su su SUPPLY 
H720 

~ 
FigLJre 9-3 Extension Mounting Box (BAll) 

fRONT 
VIEW 

10" PANEL 
SPACE 

T 

e-----I} ~:. 
Figure 9-4 Basic Cabinet (H960 or H961) 
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Figure 9-2 Module Dimensions 
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The Blank Mounting Panel BB11, is a System Unit that can be used for 
independent interface design. It is prewired for UN IBUS and power con­
nections only. 

Table 9-1 gives a summary of the basic mounting equipment_ 

Table 9-1 Summary of Basic Mounting Equipment 

Option SU 
No. Description Capacity Notes 

BBll Blank Mounting Panel 1 prewired only for UNIBUS 
& power 

DDll Peripheral Mounting 1 prewired for logic 
Panel & power 

BAll·ES Extension Mounting 6 power supply (H720·E 
Box or ·F) not included 

H960·D Cabinet with 1 9 power supply included 
Drawer 

H960CA Basic PDp·ll Cabinet (space for six lOVz" 
front panels) 

9.3 CONFIGURATIONS 

9.3.1 Configuration Diagrams 
Figure 9-5 shows the system arrangement of the major components. Pre· 
requisites and the maximum number of peripheral units per control are 
indicated. 

Figure 9-6 shows the preferred mounting location of peripherals, and 
gives weight and power dissipation for the cabinet arrangements . 

. 9.3.2 Configuration Guidelines 

a) In a cabinet, the top level (level 1) should be used only for rigidly 
fixed equipment. Levels 2 through 5 may be used for either rigidly 
fixed or slide mounted equipment. The bottom level (level 6) is reo 
served for power supplies and cable. entry and should not be used 
for UNIBUS interfaces. 

b) Full cabinets are reserved for some peripherals to allow for future 
expansion and to provide space· for power supplies and internal 
cables. 

c) Certain panel mounted equipment must be located according to the 
following rules: 
1. The CPU console should be at level 4. 
2. The ADOIA/D converter can be mounted at any level except 6. 
3. The DMll distribution panel may be at level 6. 
4. The display scopes (VROl, VR14, VTOl) must be at either level 

2 or 3. 
5. High speed papertape equipment must be at level 3 and the con­

troller (SPC) must be in an adjacent level of the same cabinet. 
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6. The RCll/RS64 disk can be at levels 2 through 5, but the second 
RS64. must be immediately above or below t/:le first one. 

7. 'BAll Mounting ,Boxes can be at levels 2 through 5. 

d) Additional .cabinet mounted equipment is generally arranged to the 
left of the processor cabinet, .except for special ~equirements. 

e) Panel .andcabinet mounted equipment come with all necessary 
power supplies already installed. However. power Should not be 

'.ta.ppedfrom these supplies forcllstomer applications. ' 

. SYSTEM ARCHITECTURE 

PDP-ll PROCESSOR 

MEMORY 

DISK' PACK DRIVE & CONTROL 
RP.l1.oC 

DEC PACK DAIV & CON ROi.. 
RK11..Q 

DISK 164 WORD) DRlye 
& CONTROL RCll 

OISK 1256K-WORDI DRIVE 
& CONTA,Oi.. RF 11-A 

MAGTAPE TRANSPORT .& 
GONTROl 1M 1 t 

DEel APE TRANSPORT &, 
CONTROL TCll-G 

CASSeITe & CONTROL 
TA11 

PAPER TAPE & CONTROL 
PC11.PRll 

CARD READER & CONTROL 
CRll.C011,eMII 

OECWR1TER CONTROL 
LC11-A 

TERMiNAL' CONTROL 
01..11·A 

TERMINAL CONTROL 
DLll-A 

TERMINAL CONTROL 
DL11·A 

LINE PRINTER'& CONTROL 
LF>,"l, LS11 

DRIVES 

T 
DRIVES' 

DRIVES' 

DRIVES 

P 
DRIVES 

P 
DAIVES 

OISK PACK DRIVe 
Rf!O~ 

DEC PACK DISK DRIVE 
AKOb 

,Of$K 164K WOFlDS! 
RS64 I 

DISK (256K WQHl>:-. 
ASll 

MAGTAPE 7AAN$PORT 
TUt{) .• 

DEC'TAPE TRANSPORT 
russ 

lEl ETypE 
lT33 lT35 

ALPHANUMERIC 
CRT TERMINAL 

T 

1 
} 
} 

} 
A 0 CONVERTER SUBSYSTEM } 
AD01·O 

DiA CONVERTE R SUBSYSTEM 1-___ -i-O-.A-cO-"'-V-E-R-TE-R--., . 
AAll·D BA614 

Figure 9·5 System Architecture of M~jor Components 

DISK 

MAG 
TAPE 

PAPER 

• CARD 

10 
TERMfNAL 

PRINTER 

ANALOG 

In general, any device that interfaces to the'IJNIBUS imposes Ib'us load. 
The UNIBUS can handle a maximum of 20 bus loads .and a total length 
of 50 ft. If either number is exceeded, a DBll·A 'UNIBUS repeater must 
be us.ed. 
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Level 
1 

2 

3 

4 

5 

6 

Weight 
(Ibs.) 

6L 

TUIO 

450 
Power Dis. 

(Watts) 1000 

NOTES: 

5L 

TMll 
(tape 
unit) 

(control 
unit) 

510 

1030 

4L 

TCll 

DECtape 
#1 

TU56 
#2 

TU56 
#3 
or 

BAll·ES 

TU56 
#4 
or 

BAll-ES 

470 

1900 

3L 2L lL 00 

ADOI 
"\ 

RF11 
DECpack RCll/RS64 

#1 RCll or 
Display 

or 
BAl1·ES 

RK05 Display PC 11 
#2 or or 

RS64 TAll 

RSll 
#2 

RK05 BAll·ES PDP-ll 
#3 or CPU 

RS64 

-'----
RK05 BAll·ES 
#4 or 

RS64 

-----
DISK 
#1 

600 580 470 500 

1050 800 

For referencing the location of contiguous cabinets, the CPU is considered to 
be in location 00. 3L means 3' cabinets to the left. ' 

A PDp·111l0 CPU would be located at level 4, 
PDP·ll/40 CPU levels 4 & 5, 
PDP·ll/45 CPU levels 4, 5, & 6. 

Figure 9·6 Preferred Locations of Peripherals 
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APPENDIX A 

UNIBUS ADDRESSES 

A.1 INTERRUPT & TRAP VECTORS 

000 (reserved) 
004 Time Out & other errors 
010 Illegal & reserved instructions 
014 EWT, breakpoint trap 
020 lOT, input/output trap 
024 Power Fail 
030 EMT, emulator trap 
034 TRAP instruction 

040 System software 
044 System software 
050 System software 
054 System software 

060 Console Terminal, keyboard/ reader 
064 Console Terminal, printer/punch 
070 PCll, paper tape reader 
074 PCll, paper tape punch 
100 KW11-L, line clock 
104 KW11-P, programmable clock 
110. 
114 Memory parity error 
120 XV Plotter 
124 DR11-BDMA interface; (DAll-B) 
130 ADOl, A/ D subsystem 
134 AFCll, analog subsystem 
140 AAll, display 
144 AAll, light pen 
150 
154 
160 
164 

170 User reserved 
174 User reserved 

200 LPll/ LSll, line printer 
204 RFll, disk 
210 RCll, disk 
214 TCll, DECtape 
220 RKll, disk 
224 TMl1, magnetic tape 
230 CDll/CMll/CRll, card reader 
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234 UDCll, .digital cdntrol subsystem 
240 PIRQ, Program Interrupt Request (11/45) 
244· Floating Point Error 
250 Memory Segmentation 
254 RP11,· disk 
260 TAll, cassette 
264 

270 U.ser re.served 
274 User reserved 

300 (start of floating vectors) 

A.2 FLOATING VECTORS 
There is a floating vector convention used forcor'nmunications (and 
other) devices that interface with the PDP-H. These vector addresses 
are assigned in order starting at 300 and proceedi.ng upwards to 777 ... 
The following Table .shows the assigned sequence. It can be seen ~hat 
the first vectpr address, 300, is assigned tottle first DCll in the system: 
If another DCll is used, it would then be assigned vector address 310, 
etc. When the vector addresses have been assigned for all the DCll's 
(up toa maximum. of 32), addresses are then assigned consecutive,y 
to each unit of the. next highest-ranked device (Kl,ll or .DPll or DMll, 
etc.), then to the other devices in accordance with the priority ranking. 

Priority Ranking for FJoatingVectors 

(starting at 300 and proceeding upwards) 

Rank Device Vector Size Max No. 
(in octal) 

1 DC 11 (10). 32 
2 KL11, DLll-A, DL11-C 10 16 
.3 DPll 10 32 
4 DMll-A 10 16 
5 DNll 4 16 
6 DMll-BB 4 16 
7 DRll-A 10* 32 
8 ORU-C 10* 32 
9 PA611 Reader 4* 16 

10 PA611 Punch 4* 16 
11 DTll 10* 8 
12 DXll . 10* 4 
13 DLll,C, DLll'D, DLll-E 10 31 
14 OJ 11 10 16 
15 DHll 10 16 
16 GT40 1.0 1 
17 LPSll 30* 1 
18 VT20 20 2 

"-The first vector for the first device of this type must always be on a (10)8 
boundary. 
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A.3 FLOATING ADDRESSES 
There is a floating address convention used for communications (and 
other) devices interfacing with the PDP-ll. These addresses are as­
signed in order starting at 760010 and proceeding upwards to 763 776_ 

Floating addresses are assigned in the following sequence: 

Rank Device First Address 
(if only floating address device in the system) 

1 DJll 760010 
760020 
760040 
760100 
760120 

2 DHll 
3 GT40 
4 LPSll 
5 VT20 

A.4 DEVICE ADDRESSES 

777776 
777774 
777 772 

777 716 } 

777 710 

777 707 
777 706 
777 705 
777704 
777 703 
777 702 
777 701 
777700 

777676 } 

777600 

777576 
777.574 
777572 

777 570 

777 566 
777564 
777562 
777560 

777556 
777 554 
777.552 
777550 

Processor Status word (PS) 
Stack Limit 
Program Interrupt Request (PIRQ) 

CPU registers 

General registers, 

Memory Management 

R7(PC) 
R6 (SP) 
R5 
R4 
R3 
R2 
RI 
RO 

(SR2) 
Memory Mgt status regs, ' (SRI) 

(SRO) 

Console .switch & Display Register' 

Console Terminal, 
printer/punch ,data 
printer/punch 'status 
keyboard/ reader data 
keyboard/ reader status 

punch ,data (PPB) 
PCll/PRll, punch status (PPS) 

reader data (PRB) 
reader status (P.RS) 
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777546 KWll-L, clock status (LKS) 

777 516 printer data 
777514 LPn/ LSll/ LVll, printer status 
777512 
777510 

777506 
777504 
777502 TAll, cassette data (TADB) 
777500 cassette status (TACS) 

777476 look ahead (ADS) 
777474 maintenance (MA) 
777472 disk data (DBR) 
777470 RFll, adrs ext error (DAE) 
777 466 disk address (DAR) 
777464 current mem adrs. (CMA) 
777 462 word count (WC) 
777460 disk status (DCS) 

777 4.56 disk data (RCDB) 
777454 maintenance (RCMN) 
777452 current address (RCCA) 
777450 RCll, word count (RCWC) 
777446 disk.status (RCCS) 
777 444 error status (RCER) 
777442 disk address (RCDA) 
777440 look ahead (RCLA) 

777436 #8 
777434 #7 
777432 #6 
777430 Dn1, bus switch #5 
777426 #4 
777424 #3 
777422 #2 
777420 #1 

777416 disk data (RKDB) 
777 414 maintenance 
7.77 412 disk address (RKDA) 
777410 RK11, bus address (RKBA) 
777406 word count (RKWC) 
777 404 disk status (RKCS) 
777 402 error (RKER) 
777 400 drive status (RKCS) 

777356 
777354 
777 352 
777350 DECtapedata (TCDT) 
777346 TC11, bus address (TCBA) 
777344 word count (TCWC) 
777342 comlTjand (TCeM) 
777340 DECtape status (TCST) 
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717,3,36, '} 

777320 

777316' 
777314 
777312 
777310 
,777'306 
777304 
777302 
777300 

777166 
777164 
777 162 
777,160 

776776 
776774 
776772 
776770 

776766 
776764 
776762 
776760 
776756 
776754 
776752 
Ti6750 

776736 
776734 
776.732 
776730 
776726 
776724 
776722 

'776720 
776716' 
776714 
776712 
776710 

716676 } 

776500 

776476 } 

776400 

KEll-A, EAE #2 

arithmetic shift 
logical, shift 
normalize 

KEll-A, EAE # 1, step countl status register 
multiply 
multiplier quotient 
accumulator 
divide 

card data (CRB2), compressed 
CRll/CMll, card data (CRB1) 

card status (CRS) 

ADOl, AID data (ADDB) 
AI D ,stams (ADCS) 

register 4 (DAC4) 
register 3 (OAC3) 
'register 2 (DAC2) 

AAll # 1, register 1, (OACl) 
0/ A status (CSR) 

silo memory (SILO) 
sel unit cyl adrs, (SUCA) 
maintenance 3 (RPM3) 
maintenance 2 (RPM2) 
'fTlaintenarice 1 (RPM!) 

RPll, disk addr~ss (RPDA) 
cyclinder address (RPCA) 
bus address (RPBA) 
word count (RPWC) 
disk status (RPCS) 
error (RPER) 
disk ,status (RPOS) 

DLlI-A, -B, 

#5 
AAll, 

#2 

#16 

#1 
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776376 } 
DXll 

776200 

776176 } #31 
DLlI-C, -D, -E, 

775610 #1 

775576 } #4 
DSll, 

775400 #1 

775376 } #16 
DNll, 

775200 #1 

775176 } #16 
DMIl, 

775000 #1 

774776 } #1 
DPll, 

774400 #32 

7743.76 } #32 
DCll, 

774000 #1 

773776 } 
Maintenance Loader 

773700 
773676 

773400 
773376 } 

. . BM792-YH cassette 
773300 

773 276 }'--::~~~:d-------I--
773200 . 
773 176 } MRI -DB 

. BM792-YB disk/DECtape 1 
773100 

--- -------
773076 } 

. BM792-YA. paper tape 
773000 

M792 diode ROM 

--------~,----------------------------~--~---
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772776 } 

772700 

772676 } 

772600 

772576 
772574 
772572 
772570 

772556 } 

772550 

772546 
772544 
772542 
772540 

772536 
772534 
772532 
772530 
772526 
772524 
772522 
772520 

772516 

772512 
772510 
772506 
772504 
772502 
772500 

PA611 typeset punch 

PA611 typeset reader 

'maintenance (AFMR) 
AFCll, 'MX channell gain (AFCG) 

flying cap data (AFBR) 
flying cap status (AFCS) 

XYlI plotter 

KWII-P, 
counter 
count set 
clock status 

TMlI, 

read lines (MTRO) 
tape data (MTO) 
memory address (MTCMA) 
byte record counter (MTBRC) 
command (MTC) 
tape status (MTS) 

Memory Mgt status reg (SR3) 

CSR 
EAORSl,2. 

OST AORS2 
AORS1 
MASK2 
MASKI 

772476 } 
ORlI-B #4 

772470 

772466 
772464 
772462 
772460 

card data (COOB) 
COlI, current address (COBA) 

column count (COCC) 
card status (COST) 

772456 } 
ORlI-B #3 

772450 

772436 } 
ORlI-8 #2 

772430 
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772416 
772414 
772412 
772410 

data (DRDB) 
DRll-B # I, status(DRST) 

bus address (DRBA) 
word count (DRWC) 

772376.} 
Memory Management 

772200 

772136 }. 
Memory Parity 

772110 

771776 
771774 
771772 
771770 

771776} 

771 000 

770776 } 

7]0700 

·770676 } 

770500 

status (UDCS) 
UDCll, scan (UDSR) 

UDC functional 1/0 modules 

#S 
KGll, 

#1 

#16 
DMll-BB, 

#1 

------------------------------------- --------
767776 
767774 
767 772 DRll-C #.1, 
767770 

767766. } 
DRll-C #2 

767760 

767756 } 
DRll-C #3 

767750 

input buffer 
output buffer 
status 

User Addresses 

764000 (start here and assign upwards-to 767 776) 

----------------------.,.---------------- ---
763 776 (top of floating addresses) 

Floating Addresses 

760 01Q __ ~~~~e and assign upwards to 763 776) j 
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760006 } 
(diagnostics) 

760000 

. A.5 ADDRESS MAP 

2K 
words 

1K 
words 

1K 
words 

80 
vectors 

48 
vectors . 

Digital Equipment 
Corporation 

DRll·C 
J, 

.t 
User Addresses 

i 
Flr;>ating Addresses 

Digital Equip Corp 

i 
Floating Vectors 

Trap & Interrupt 
Vectors 
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777777 

770000 

767777 

764000 

763777 

760010 

760 006 
760 000 

757777 

001000 

000 777 

000 300 

000277 

000000 



A-IO 



APPENDIX B 

M~SCEllANEOUS TABLES AND DATA 

SLOTS Al AND BI.(A4 AND B4)ARE WIRED AS SHOWN IN TABLES B~l AND 
B-2. 

TABLE B-1 UNIBUS PIN ASSIGNMENTS (BY PIN NUMBERS). 

PIN SIGNAL PIN ,SIGNAL 

AAI INITL BAI BG6H 
AA2 POWER(+SV) BA2 POWER( +SV) 
ABI INTRL BBI BG SH 
AB2 GROUND BB2 GROUND 
ACI DOOL BCI BR SL 
AC2 GROUND BC2 GROUND 
AD! D02L BDI GROUND 
AD2 001 L BD2 BR4L 
AEl D04L BEl GROUND 
AE2 D03L . BE2 BG4H 
AFl· 006L BFl ACLOL 
AF2 OOSL BF2 DCLOL 
AHI 008L BHI AOlL 
AH2 D07l BH2 AOOl 
AJ1 OlOL BJI A03L 
AJ2 D09L BJ2 A02L 
AK! Dl2L BKI AOSL 
AK2 011 L BK2 A04L 
All D14L BLI A07l 
AL2 Dl3L BL2 A06L 
AMI PAL BMI A09L 
AM2 DIS L BM2 A08L 
ANI GROUND BN! All L 
AN2 PBL BN2 AlOL 
API GROUND BPI A13L 
AP2 BBSYL BP2 A12 L 
ARI GROUND BRI A15 L 
AR2 SACKL BR2 Al4L 
AS.! GROUND BSl Al7 L 
AS2 NPRL BS2 A16L 
ATl GROUND BTl GROUND 
AT2 BR7l BT2 ClL 
AUI NPGH BUl SSYN L 
AU2 BR6L BU2 COL 
AVI BG7H BVI MSYN,L 
AV2 GROUND BV2 GROUND 
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TABLE B-2 UNIBUS PIN ASSIGNMENTS (BY SIGNAL NAME) 
SIGNAL PIN SIGNAL PIN 

AOOL BH2 
AOIL BHl 
A02 L BJ2 
A03 L BJI 
A04L BK2 
A05l BKI 
A06l Bl2 
A07 L Bll 
A08l BM2 
A09 L BMI 
AlO L BN2 
AllL BNl 
A12L BP2 
.AI3t.. BPI 
A14L BR2 
A15 L BRI 
Al6L BS2. 
Al7 L BSI 
ACLOL BF! 
BBSYL AP2 
BG4 H BE2 
BG5H BBI 
BG6H BAI 
BG7 H AVI 
BR4 L BD2 
BR5L BCI 
BR6L AU2 
BR7 L AT2 
CO L BU2 
elL BT2 
000 L ACI 
001 L AD2 
002 L ADI 
D03.L AE2 
D04L AEl 
D05L AF2 

D06L 
DOn 
DOaL 
D09L 
DlOL 
DIrl 
012 L 
013 L 
D14L 
015 L 
GROUND 
GROUND 
GROUI\jD 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND' 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
INITL 
INTR L 
MSYN L 
NPGH 
NPRl 
PAL 
PB L 
+5V* 
+5V· 
SACK L. 
DCLOL 
SSYN L 

An 
AH2 
AHI 
AJ2 
AJI 
AK2 
AKI 
AL2 
All 
AM2 
AB2 
AC2 
AI\! 1 
API 
ARI 
ASI 
An 
AV2. 
BB2 
BC2 
BOI 
BEl 
BTl 
BV2 
AAI 
ABI 
BVI 
AUI 
AS2 
AMI 
AN2 
AA2 
BA2 
AR2 
BF2 
BUl 

* + 5V IS WIRED TO THESE PINS TO SUPPLY POWER TO THE BUS TERMINATOR 
ONLY. 

+ 5VSHOULD NEVER BE CONNECTED VIA THE .UNIBUS .BETWEEN SYSTEM 
UNITS. 

B-2 



· TABLE B-3 BBll PowER PIN ASSIGNMENTS 

PIN POWER 

Al -ISV 
A2 +SV 
Bl -15V 
82 -15V 
Cl -15V 
C2 GND 
01 -15V 
02 GND 
EI -15V 
E2 GND 
Fl -ISV 
F2 GND 
HI -15V 
H2 +5V 
Jl -'15V 
J2- +5V 
Kl -15V 
K2 +5V 
L1 -15V 
l2 +5V 
Ml -15V 
M2 +5V 
NI GND 
N2 -2.5V 
PI GND 
P2 lICl 
Rl GND 
R2 AClO l 
SI GfIID 
'52 OClO l 
T1 GND 
T2 +8V 
Ul GND 
U2 +8V 
VI GND 
V2 .+8V 

NOTE 
POWER IS IN MODULE SLOT· A3 OF ALL SYSTEM 
UNITS MOUNTED IN· BAll MOUNTING BOXES 

., EQUIPPED WITH H720.POWER SUPPLIES. 
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B.4 ASCII CODE 

7-BIT ASCII CODE 

Octal ·Dctal Octal Octal 
. Code 'Char Code Char Code Char C'ode Char 

000 NUL 040 SP 100 @ 140 , 
001 SOH 041 101 'A 141 a 
00.2 STX 0.42 " 102 i3 142 b 
0.0.3 ETX 0.4.3 # 103 C 143 c 
0.04 EaT 0.44 $ 104 D 144 d 
0.05 ENQ 0.45 % 10.5 ·E 145- e 
0.0.6 ACK 0.46 & .10.6 F 146 f 
0.07 BEL 0.47 / 107 G 147 g 
DIG BS 0.50. ( 110. H 15() h 
all HT 0.51 ) 111 I 151 i 
0.12 LF 0.52 * 112 J 152 j 
0.13 VT 0.53 + 'Ai K 153 k 
0.14 FF 0.54 114 L 154 I 
015 CR 0.55 115 M 155 m 
0.16 SO 056 116 N 156 n 
0.17 SI 0.57 / 117 0. 157 0 

0.20. DLE 0.60. '0. 120. P 160. P 
0.21 DCI 0.61 1 121 Q 161 q 
0.22 DC2 0.62 2 122 R 162 r 
0.23 DC3 0.63 3 123 S 163 s 
0.24 DC4 0.64 4 124 

'i: 
T 164 t 

0.25 NAK 0.65 5 125"- U 165 u 
0.2.6 SYN 0.66 6 126 V 166 v 
0.27 ETB 0.67 7 127 W 167 w 
0.30. CAN 0.70. 8 130 X 170. x 
031 EM 0.71 9 131 Y 171 Y 
0.32 SUB 0.72 132 Z 172 Z 

0.33 ESC 0.73 133 [ 173 { 
0.34 FS 0.74 < 134 "- 174 I 
035 GS 0.75 135 ] 175 } 
036 RS 0.76 > 136 II 176 ,....., 
0.37 US 0.77 ? 137 177 DEL 

To convert to the modified ASCII code used by the L T33: 

8'Bit Teletype Code = (7·Sit ASCII Code) + (200). 
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8.5 PAPER TAPE FORMAT 

DATA POSITIONS 
OR CHANNELS 

DIRECTION OF 
TAPE MonON 
VIEWED FROM 
TOP (PRINTED 
SIDE) OF TAPE 

NOTE: 

1 

c 7 6 5 4 3 

I I I I I 
rj FEED HOLE 

210 

I I I 

0 

0 

0 

0.000 0 .0. ) TAPE "FRAME" 
I 
I 
I 

MOST 
SIGNIFIGANT 
BIT 

0 

0 

o 

• HOl E PUNCHED' 1 

o UN PUNCHED POSiTlON=O 

I 

LEAST 
SIGNIFIGANT 
BIT 

fRAMESHOINN IS PUNCHED WITH OCTAL CODE 105 

Paper-Tape Format 
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8.6 PUNCHED .. CARD FORMAT 

Com- Com-
Card Code pressed Card Code pressed 

Code Char- Code Char-
Zone Number (octal) acter Zone Number (octal) acter 

- - 000 Blank 11 0 - Invalid 
12 8-2 212 ¢ 11 1 101 J 
12 8-3 213 11 2 102 K 
12 8·4 214 ) 11 3 103 L 
12 8-5 215 ] 11 4 104 M 
12 8-6 216 < 11 5 105 N 
12 8-7 217 ~ 11 6 106 0 
12 - 200 + 11 7 107 P 
11 8-2 112 ! 11 8 110 Q 
11 8-3 113 $ 11 9 120 R 
11 8-4 114 * 0 8-2 012 ' . 
11 8-5 115 [ 0 2 002 S 
11 8-6 116 > 0 3 003 T 
11 8-7 117 & 0 4 004 U 
11 - 100 - 0 5 005 V 

0 1 051 I 0 6 006 W 

0 8-3 053 , 0 7 007 X 
0 8-4 054 ( 0 8 010 y 

0 8-5 055 .. 0 9 020 Z 
0 8-6 056 # - 0 040 0 
0 8-7 057 % - 1 001 1 

- 8-2 - Invalid - 2 002 2 
- 8-3 013 - - 3 003 3 -
- 8·4 014 @ - 4 004 4 
- 8-5 015 t - 5 005 5 
- 8·6 016 . - 6 006 6 
- 8-7 017 '" - 7 007 7 
12 0 - Invalid - 8 010 8 
12 1 201 A - 9 020 9 
12 2 202 8 
12 3 203 C 
12 4 204 D 
12 5 205 E 
12 6 206 F 
12 7 207 G 
12 8 210 H 
12 9 220 I 
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APPENDIX C 

SUMMARY OF PDPIIINSTRUCT10NS 

GENERAL REGISTER ADDRESSING I ~ODE 

Mode Name Symbolic . Description 

0 register R 

1 register deferred (R) 

2 auto-increment (RH 
3 auto-incr deferred @(RH 
4 auto-decrement -(R) 

5 auto-deer deferred @-(R) 

6 index X(R) 

7 index deferred @X(R) 

PROGRAM COUNTER ADDRESSING 

2 immediate 
3 absolute 
6 relative 
7 relative deferred 

LEGEND 

OpCodes 

• = 0 for word/I for byte 
SS = source field (6 bits) 
DD = destination field (6 bits) 
R = gen register (3 bits). ° to 7 

#n 
@#A 

A 
@A 

XXX = offset (8 bits). +127 to -128 
N = number· (3 bits) 
NN = number (6 bits) 

BooIaen 
II:::: AND 
v = inclusive OR 
...,. = exclusive OR 
-=NOT 

NOTE: 

(R) is operand [ex. R2 = ,%2] 
(R) is address 
(R) is adrs; (RH(1 or 2) 
(R) is adrs of adrs; (R)+2 
(R) - (1 or 2); (R) is adrs 
(R) - 2; (R) is adrs of adrs 
(R)+X isadrs 
(R)+X is adrs of adrs 

I MOOE I Reg'= 7 

operand n follows instr 
address A follows instr 
instr a.drs +4+X is adrs 
instr adrs +4+X is adrs of adrs 

Operations 

( ) = contents of 
s :::: contents of source 
d = contents of destination 
r :::: contents of register 
~ = becomes 
X = relative address 
% = register definition 

Condition Codes 
* = conditionally set or cleared 
- :::: not affected 
0= cleared 
1:::: set 

• = Applies to the 11/35, 11/40, & 11/45 computers 
• = Applies to the 11/45 computer 
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SINGLE OPERAND: 
1"; 

Mnemonic OpCode 

General 

CLR(B) .05000 
COM(B) e05100 
INC(B} .05200 
DEC{B) .05300 
NEG(B) .05400 
TST(B) .057.00 

Rotate & Shift 

ROR(B) .06000 
ROL(B) .06100 
ASR(B) .06200 
ASL(B) .06300. 
SWAB 000300 

Multiple Precision 

ADC(S) .05500 
. SBC(S) .05600 

ASXT 006700 

DOUBLE OPERAND: 

OPR dst 
(, . ~i 

O~' (,ODE 
i 

I 

Instruction 

clear 
complement (1'5) 
increnlent 
decrement 
negate (2'5 com pi) 
test 

rotate right 
rotate left 
arith shift right 
arith shift left 
swap bytes 

add carry 
subtract carry 
sign extend 

OPRsrc,dst 
15 12 II 6 , 

Mnemonic 

General 
MOV(B) 

i CMP{B) 
AOO 
SUB 

Logical 

BIT(S) 
BIC(B) 
BIS{B) 

A Register 

MUL 
OIV 
ASH 
ASHe 
XOR 

L apceo, 

OpCode 

.ISSOO 
_2SSDD 
06SS00 
16SS0D 

.3SS0D 

.4SS0D 

.SSSOD 

070RSS 
071RSS 
072RSS 
073RSS 
074RDO 

9 S 

Instruction 

move 
compare 
add 
subtract 

tI' 

bit test (AND) 
bit clear 
bit set (OR) 

multiply 
divide 

I 
" 5 

I 

shift arithmetically 
arith shift combined 
exclusive OR 

C-2 

,)0 I 
I 

I -------J 

dst Result NZVC 

0 0 1 o 0 
-d * '" 0 1 

d+l '" '" • 
d-1 '" '" * 
-d '" '" '" '" 
d ,. 

'" 0 0 

'" * '" '" 
* * '" * 

d/2 • • ~:~ ~ 

2d • '" '" ~, 

* * '" 0 

d+C * ;~ .. * 
d-C * '" * * o or-I. '" '" 

OPR scr,R or"OPR R,dst 
0 

DO 
I 

0 

S5 OR DO 

Operation N Z VC 

d ~s .. * 0 -
s-d '" '" '" '" 

.d~s+d '" '" • '" 
d~d'-s * '" · .. 

Sl\d "*0_ 
d ~ (-s) 1\ d '" '" 0_ 
d ~ s vd ... 0 _ 

r~ r x 5 * '" o • r ~ rls '" '" • '" 
'" '" • • 
* '"' '" '" 

d·~ r¥d '" .- 0_ 



BRANCH B __ location 

BASE COD£; 
I 

8 7 

<xx 

If condition is satisfied: 
Branch to location, 
New PC ~ Updated t;'C + (2 x."Offset) 

~--.-'''-------, 

Op Code = Base Code + XXX ~drs of brfnstr +2 
~. 

Base 
Mnemonic Code Instruction Branch Condition 

Branches 

BR 000400 branch (unconditional) (always) 
BNE 001000 br if not equal (to 0) *0 Z=O 
BEQ 001400 br if equal (to 0) =0 Z=1 
BPl 100000 branch if plu's + N=O 
BMI 100400 branch if minus N=1 
BVC 102000 br if overflow is clear V=O 
BVS 102400 br if overflow is set V=l 
BCC 103000 br if carry is clear C=O 
BCS 103400 br if carry is set C=1 

Signed Conditional Branches . 

BGE 
BlT 
'BGT 
BlE 

002000 
002400 
003000 
003400 

brif greater or eq (to 0) ~ 0 
br if less than (0) < 0 
br if greater than (0) > 0 
br if less. or equal (to 0) ~ 0 

N.y.V=O 
N ...... V= 1 
Z v (N...,.V) = 0 
Z v (N-v-V) = 1 

Unsigned Conditional Branches , 

BHI 101000 branch if higher 
BlOS 101400 branch if lower -or same 
BHIS 103000 branch if higher or same 
BlO 103400 branch if lower 

JUMP .. SUBROUTiNE: 

Op 
Mnemonic .code 

Instruction 

> CvZ=O 
~ CvZ=1 
~ (;=0 
< C=l 

'Notes 

'JMP 
JSR 
RTS 

AMARK 
.S08 

0OO1DD 
004RDD 
00020R 
0064NN 
077RNN 

jump PC ~dst 
jump to subroutine } 
return from subroutine use same R 
mark aid in subr return 
subtract 1 & br (if * 0) (R) - 1, then if (R) 1= 0: 
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TRAP & INTERRUPT: 

Op 
Mnemonic Code Instruction 

EMT 104000 emulator trap 
to 104377 (not for general use) 

TRAP 104400 trap 

aPT 

lOT 

RTI 

ARTT 

to 104777 

D00003 

000004 

000002 

000006 

MISCELLANEOUS: 

Op 
Mnemonic Code 

~'HAL T 000000 
WAIT 000001 
RESET 000005 
Nap 000240 

• SPL 00023N 

breakpoint trap 

input/output trap 

return from interrupt 

return from interrupt 

Instruction 

halt 
.wait for interrupt 
reset externa.l bus 
(no operation) 
set priority level (to N) 

Notes 

PC at 30, P$ at 32 

Peat 34, PS at 36 

PC at 14, PS at 16 

PC at 20, PS at 22 

inhibit T bit trap 

... MFPI 0065S5 move from previous instr space 
A MTPI 006600 move to previous instr space 
.• MFPO· 1065SS move from previous data space 
• MTPO 106600 move to previous data space 

CONDITION.CODE OPERATORS: 

15 

Of> CODE BASE = 000240 : 
), I 

;Op 
·M.nemonic Code .I nstruction 

CLC 000241 clear C 
ClV 000242 clear V 
CLZ 000244 clear Z 
CLN 000250 clear N 
CCC 000257 clear all cc bits 

SEC 000261 set C 
SEV 000262 set V 
SEZ 000264 set Z 
SEN ·000270 set N 
SCC 000277 set all cc bits 
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L CF CLE~A sELECTED CONO COCE: Bits 
'''-SET SELECTED COND CODE arts 

N Z V C 
___ 0 
__ 0....: 
_0_",-
0 __ _ 
000 0 

___ 1 
__ 1_ 
_1-,-_ 
1 __ _ 
1 1 1 1 



APPENDIX D 

PDP-II ASSEMBLY LANGUAGE 

PAL· 11 ASSEMBLY LANGUAGE 
The Program Assembly Language ·for the PDP·l1, called PAL-l1, allows 
the writing of programs using letters, numbers, and symbols instead of 
only octal or binary numbers. 

D.l Chlilracter Set 
A symbolic program is composed of letters, numbers, expressions, sym· 
bolic instruc;tions, directions for the assembler, argument separators, 
lind line terminators written using the following ASCII characters. (ASCII· 
stands for American Standard Code for Information Interchange.) 

1. The letters AthroughZ. 
2. The numbers 0 through 9. 
3. The characters. and$ (reserved for system software). 
4. The separation or terminating symbols: 

:=%@(),;"'+-&! 
carriage return tab space line feed formfeed 

D.2 Statements 
A program is composed oIa sequence of. statements, where each state· 
ment is ona single line. The statement is terminated by a carriage return 
character and must be immediately followed by either aline feec;l or form 
feed character. 

A statement may be composed of up to fOllr fields which are identified 
in their order of appearance and by specified terminating characters as 
explained below. The four fields are: 

Label Operator Operand tomment 

The label and comment fields are optional. The operator and operand 
fields are interdependent; either may be omitted depending upon the 
contents of the other. 

Label 
A label is a user-defined symbol which is assigned the value of the cur· 
rent .Iocation counter. It is a symbolic means· of referring toa specific 
location within a program. If present, a .Iabel always occurs first in a 
statement and must be terminated by a colon, For example, if the cur­
rent location is 100, the statement 

ABCD: MOV A, B 

will assign the value 100 to the label ABCD so that subsequent reference 
to ABCD will be to location 100. More than.one label may appear within 
a single label field; each label within the .field will have the same value. 
For example, if the current location is 100, multiple labels.in the state­
ment 

ABC: NOW: PLACE: MOV,.A, B 
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will equate each of the three labels. ABC, NOW, and PLACE with the 
value 100. 

Operator 
An operator follows the label field in a statement, and may be an in· 
struction mnemonic or an assembler directive. When it is an instruction 
mnemonic, .it specifies what action is to be performed on any operand(s) 
which follow it. When it is an assembler directive, it specifies a certain 
fundion or action to be performed during assembly. 

The operator· may be preceded only by one or more labels and may be 
followed by One or more operands and/or a comment. An operator is 
legally terminated bya space, tab, or any of the following characters. 

#+-@("'%!&,; 

line feed form feed carriage return 

Consider the following examples: 

MOV A,B 
MOV @A, B 

; (TAB) terminates operator MOV 
;@ terminates operator MOV 

When the operator stands alone without an operand or comment, it is 
terminated by a carriage return followed by a line feed Of form feed 
character .. 

Operand 
An operand is that part of a statement which is operated on by the 
operator, an instruction mnemonic, or assembler directive. Operands 
may be symbols, expressions, or numbers. When· multiple operands ap· 
pear within a statement, each is separated from the next by a comma. 
The operand field is terminated by a semicolon when followed by a com· 
ment, or by a carriage return followed· by a line feed or form feed char· 
acter when the operand ends the statement. For example: 

LABEL: MOV GEORGE, BOB ;THIS IS A COMMENT 

where the space between MOV and GEORGE· terminated the operator 
field. and began the operand field; the comma separated the operands 
GEORGE' and BOB; the semicolon terminated the operand field and be· 
gan the comment. 

Comments 
The comment field is optional and may contain any character previ.ously 
mentioned except null, .rubout, carriage return, line feed or form feed. 
All other characters, even those with special significance are ignored by 
the Assembler when used in the comment field. 

The'tomment field may be preceded by none, any, or all of the other 
three fields. It must begin w.ith the. semicolon and end. with a carriage 
return followed by a line feed or form feed character. For example: 

LABEL: CLR HERE ;THIS IS A $1.00 COMMENT 

Comments do not affect assembly processing or program execution, but 
they are useful in program listings for later analysis, checkout or docu· 
mentation purposes. 
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Format Control 
The format is controlled by the space and tab characters. They have no 
. effect on the assernbling process of the source program unless they are 
. embedded within a symbol, number, or ASCII text; or are used as the 
operator field terminator; Thus, they can be used to provide a neat, 

. readable program. A statement can beWritten . 

LABEL: MOV (SP)+,TAG;POP VALUE OFF STACK 

or,. using formatting characters it can be written 

LABEL: MOV (SP)+, TAG ;POPVALUE OFF STACK 

which is much easier to read. 

0.3 Symbols .. 
There are two types of symbols, permanent and user-defined. Both are 
stored in the Assembler's;symbol table. Initially, the symbol table con­
tainsthe permanent symbols, but as the source program is assembled, 
user defined symbols are added to the table. 

Permarient Symbols 
Permanent symbols consist of the instruction mnemonics and assembler 
directives. These symbols are a permanent part of the Assembler's 
symbol table and need not be defined before being used in the source 
program. . 

User-Defined Symbols 
User-defined symbols are those defined as labels or by dire.ct assign­
ment. These symbols are added to the. symbol table .as they are en­
countered during the assembly. They can be composed of alphanumeric 
characters, doUar signs, and periods only; again, dollar signs and periods 
are reserved for use by the system software. Any other character is 
illegal. the following rules al~· apply to. user~defjned symbols: 

1. The first character must not be a.number. 

2. Each symbol must be unique within the first six chara.cters. 

3. A symbol may'bew!'itten with more than six legal characters but the 
seventh and subsequent charac!ters are only checked for legality, and. 
are not otherwise recognized by the· Assembler. 

4. Spaces .and tabs must not be embedded within a symbol. 

A user-defined symbol may duplicate. a permanent symbol. The value 
associated with a permanent symbol that is also· user-defined depends 
upon its use: 

1. A permanent symbol enco.untered .in the 1)p8rator field is associated 
with.its Cl;>rresponding machineop~code. 

2. If a permanent symbol in the operand field is also user-defined, its 
user-defined value is associated with the symbol. If the symbol is not . 
found to be user-defined; then the corresponding machine op-code 
value is asSociated with the symbol. . 
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Direct Assignment 
A direct assignment statement associates a symbol with a value. When a 
direct assignment statement defines a symbol for the first time, that 
symbol is entered into the Assembler's symbol table and the specified 
value associated with it. A symbol may be redefined by assigning a new 
value to a previously defined symbol. The newly assigned value will re­
place the previous value assigned to the symbol. 

The general format for a direct assignment statement is 

symbol = expression 

The following conventions apply: 

1. An equal sign (=) must separate the symbol from the expression de-
fining the symbol. . 

2. A direct assignment statement may be preceded by a label and may 
be followed by a comment. 

3. Only one symbol can be defined by anyone direct assignment state­
ment. 

4. Only one level of forward referencing .is allowed. 

Examples: 
A=I 
B::::; A·I 

C: D =3 

Register Symbols 

;THE SYMBOL A IS EQUATED WITH THE VALUE 1 
;THE SYMBOL B IS EQUATED WITH THE EXPRES' 
;SION'S VALUE 
;THE SYMBOL D IS EQUATED WITH 3. 

The eight general registers of the PDP·ll are numbered 0 through 7. 
These registers may be referenced by use of a register symbol, that is, 
a symbolic name for a register. 

Registers are rlefined by use of the percentage sign· (%). 

RO=%O 
R3=%3 

;DEFINE RO AS REGISTER 0 
;DEFINE R3 AS REGISTER 3 

It is important to note that all register symbols must be defined before 
they are referenced. 
The statement, 

CLR %6 

will clear register 6 while the statement, 

CLR 6 

will clear the word at memory address 6. 

D.4 Expressions 
Arithmetic and logical operators may be used to form expressions. A 
term of an expression may be c:I permanent or user-defined symbol, a 
number, data, or the present value of the assembly .Iocation counter 
represented by the period. Expressions are evaluated from left to right. 
Parenthetical grouping is not allowed. . 
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Numbers 
The Assembler accepts both octal and decimal numbers. Octal numbers 
consist of the digits 0 through 7 only. Decimal numbers consist of the 
digits 0 through 9 followed by a decimal point. Negative numbers may 
be expressed as a number preceded by a minus sign rather than in a 
two's complement form. Positive numbers may b~ ~receded by a plus 
sign although this is not required. 

If a number is too large to fit into 16 bits, the number is truncated from 
the left.' 

ASCII Conversion 
When preceded by an apostrophe, any ASCII character (except null, 
rubout, carriage return, line feed, or form feed) is assigned the 7-bit 
ASCII value of the character. For example, 

'A 

is assigned the value 101,. 

When preceded by a cquotation mark, two ASCII characters (not including 
nUll, rubout, carriage return, line feed, or form feed) a.re assigned the 
7-bit ASCii values of each of the characters to be used. Each 7-bit value 
is stored in an 8-bit byte and the bytes are combined to form a word. 
For example, "AB will store the ASCII value of A in the low-order (even) 
byte and the value of B in the high-order (odd) byte, see Figure 0-1. 

high-order byte low-order byte 

B's value = 1 0 2 1 O' 1 = A's value 
~,.-A--, ,--A--..~",~ ~ 
o 100 001 001 000 001 

'--v--' '--v--' '--v--' '-v--' '-v--' 
o 4 1 1 0 1 

Figure 0·1 ASCII Representation ("AB = 041 101) 

0.5 Assembly Location Counter 
The period (.) is the symbol for the assembly location counter. Note 
difference of Program Counter. (. i= PC.) When used in the. operand field 
of an instruction, it represents the address of the first word of the in' 
struction. When used in the operand field of an assembler directive, it 
represents the address of the c,urrent byte or word. 

A: MOV #.,RO ;.REFERS TO LOCATION A,LE., 
;THE ADDRESS OF THE MOV INSTRUCTION 

At the beginning of the assembly, the Assembler clears the location 
counter. Normally, consecutive memory locations are assigned to each 
byte of object data generated. However, the location where the object 
data is stored may be changed by a direct assignment altering the 
location counter_ 

0.6 Addressing 
The Program Counter (register 7 of the eight general registers) always 
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contains the address of the next word to be fetched; i.e., the address of 
the next instruction to be executed, or the second or third word of the 
cLirrent instruction. 

In order to understand how the address modes operate and how they 
assemble, the action of the Program Counter must be understood. The 
key rule is: 

Whenever the processor implicitly uses the Program Counter (PC) to 
fetch a word from memory, the Program Counter is automatically in· 
cremented by two after the fetch. 

That is, when an instruction is fetched, the PC is incremented by two, 
so that it is pointing to the next word in memory; and, if an instruction 
uses indexing, the processor uses the Program Counter to fetch the 
base from memory. Hence, using the rule above, the PC increments by 
two, and now pOints to the next word. 

0.7 Assembler Directives 
Assembler directives (sometimes called pseudo-ops) direct the assembly 
process and may generate data. They are always preceded bya period(_). 
Tbe assembler directive occupies the operator field. Only one directive 
may be placed in anyone statement. One or more operands may occupy 
the operand field or it may be void; allowable operands vary from direc­
tive to directive . 

• EVEN 

The .EVEN directive ensures that the assembly locati.on counter is even 
by adding one if it is odd. Any operands following.a .EVEN directive will 
be ignored . 

• END 

The .END directive indicates the logical and physical end of the source 
program. The .END directive may be followed by only one operand, an 
expression indicating the program's entry ·point. 

At load tinie, the object tape will be loaded and program execution will 
begin at the entry point indicated by the .END,directive • 

• WORD 

The .WORD assembler directive may have one or more operands, sep­
arated by commas. Each operand is stored in a word of the object pro· 
gram. If there are more than one operand, they are stored in successive 
words. The operands may be any legally formed expressions. For ex' 
ample, 

.=1420 

.WORD 177535 ;STORED IN WORD lOCATIONS 1420,1422, AND 

.WORD 1426,0 ;1424 Will BE 177535, 1426, AND O • 

• BYTE 

The .BYTE assembler directive may have .one or more operands sep­
arated by commas. Each operand is stored in a byte of the object pro· 
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gram. If multiple operands are specified, they are stored in successive 
bytes. The operands may be any legally formed expression with a result 
of 8 bits or less. For example, ' 

SAM::::5 
. =410 
.BYTE 48.,SAM 

. ASCII 

;STORED IN LOCATION 410 WILL BE 
;060 (THE OCTAL EQUIVALENT OF 48) . 
;IN 411 WILL BE 5 . 

The .ASCII directive translates strings of ASCII characters into their 
7·bit ASCII codes with the exception of null; ruboLit; carriage return, line 
feed, and form feed. The text to be translated is delimited by a character 
at the beginning and the end of the text. The delimiting character may 
be any printing ASCII character except colon and equal sign and those 
used in the text string. The 7-bit ASCII code generated for each charac­
ter will be stored in successive bytes of the object program. For ex· 
ample, 

.=500 

.ASCII /YES/ 

.ASCII /5+3/2/ 

;THE ASCII CODE FOR "Y" WILL BE 
;STORED IN 500, THE CODE FOR"[" 
;IN 501, THE CODE FOR "S" IN 502. 

;THE DELIMITING CHARACTER OCCURS 
;AMONG THE OPERANDS. THE ASCII 
;CODES FOR "5", "+", AND 
"3" ARE 
;STORED IN BYTES 503, 504, AND 
;505. 2/ IS NOT ASSEMBLED. 

The ASCII directive must be terminated by a space or a tab. 
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APPENDIX E 

SUMMARY OF EQUIPMENT 
-SPECIFICATIONS & INDEX 

The following table (starting on the next page) gives mechanical, en· 
vironmental; and programming information for the equipment described 
.in this Hantlbook. The equipment is arranged in alphanumeric order by 
Model Number. Page number references are made for more detailed 
information within th.e Handbook. 

NOTES FOR THE TABLE 

1. Mounting Codes 

CAB == Cabinet mounted. If a cabinet is included with the option, it 
is indicated by an X in the "Cab Incl" column. 

FS Free standing unit. Height X Width X Depth dimensions are 
shown in inches. 

IT Table top unit. 

PAN == Pan·el mounted. Front panel height is shown in inches. An in· 
cludedcabinet is indicated when applicable. 

SU System Unit.'-SU mounting assembly is included. with the 
option. 

SPC Small PeripheralControlier .. Option is a module that mounts 
in a quad modlJle, SPC slot. 

MOD = Module. Height is single, double,or quad. 

( ) = Option ·mounts in the same space as the equipment shown 
within the parentheses. 

Some options include 2 separate physical parts and are indicated 
by use of a plus (+) sign. 

2. Cabinet and peripheral equipment (such as magnetic tape) are in' 
cluded in the specifications. 

3. Relative humidity specifications mean without .condensation. 

4. Equipment that can supply current is indicated by parentheses ( ) 
around the number of amps in the POWER section. 

5. Non·ProcessorRequest devices .are indicated by an X in the "NPR" 
column. 

CONllf:RSION FACTORS 

(inches) X 2.54 

(Ibs) X 0.454 

(Watts) X 3.41 

. 9 
WC) X S 1+32 

(cm) 

(kg) 

(BTU/hr) 

== (OF) 
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ENVIRON-
MECHANICAL MENTAL 

Model Description Mounting Size Cab Weight Oper Rei 
Number Code (Hx W x DJ Incl Temp Humi 

(inches) (ibs) (C) (%) 

AAlI-D D/ A Subsystem SU 1050 20-95 
ADOI-D AI D Subsystem PAN 51;" 0·55 10-95 
AFCll AI D Subsystem CAB 10·50 10-95 

BAll-ES Mounting Box PAN loth 100 
BA614 DI A Converter (MlI-D) 
BBll Blank Mntg Panel SU 

BCllA UNIBUS Cable 
BM792-Y Bootstrap Loader SPC 
CDlI-A card Reader SU +TT 14 x 24 x 18 85 10·50 10-90 

CD11-E Card Reader SU+TT 38x24x38 200 10·50 10-90 
CM11-F Card Reader SPC +TT 11 x 19x 14 60 10-50 10-90 
CRll Card Reader SPC +TT 11 x 19 x 14 60 10-50 10-90 

9All-B UNIBUS Link SU 
DAll- F UNIBUS Window SU 
DBII-A Bus Repeater SU 5-50 10·95 

DCll-A Asy'nch Line Inter:. SU 10-50 20-90 
DOll Peri ph Mntg Panel SU 
OFOI-A Acoustic Cou pier TT 6 x7 x 12 6 0-60 

OFll Une Sig Cond Dr slot 
OHll Asynch line MX 2 SU 5-45 '10-95 
OJlI AsyncM Line MX SU 

OLlI-A Terminal Control SPC 
OLII Asynch Une Inter SPC 
DMlI-BB line Multiplexer (DHlI) 

ONlI A<Jto Calling Unit SU 0-40 20-90 
OP11 Synch Une Inter SU 0-40 20-90 
DRII-B OMA Interface SU 10-50 20-90 

,ORlI-C General Interface SPC 10-50 20-90 
OT03-F UN.lIlUS Switch PAN 5';" 
GT40 Graphics Terminal TT 18 x ,20 x 24 150 15-35 20-80 

H312-A Nuli'Modem 
H720-E Power·Supply (BAll) 30 0-50 20-95 
H722 Transformer (PClI-A) 

H742 Power Supply (H960-0J 
H744 +5V· Regulator (H742) 
H745 -15V Regulator (H742) 
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POWER PROGRAMMING UNIBUS 

Cur needed/ (supplied) Power 1st Reg Int BR NPR Bus Page Model 

+5V I 115 VAC/Other Dis Address Vector Level loads No. Number 

(amps) (W) 

3 0.5 60 776 7$6 140,144 4,5 1 4·5 AAll·D 
- O.S 60 776 770 130 4·7 1 4·9 AD01·D 
- IS 1700 772 570 134 4 1 4·13 AFC11 

- - - 4·19 BA11·ES 
- - 4·5 BA614 

- - - 4·21 BBll 

- - - 6·8 BCllA 
0.3 - 1 4·22 BM792-Y 
2.5 4 450· 772 460 230 4 X 1 4-24 Coll·A 

2.5 6 700 772 460 230 4 X 1 4·24 Coll·E 
1.5 4 400 777 160 230 4 1 4·24 CMll·F 
1.5 4 400 777 160 23CL. 6 1 4·37 CRll 

4 - 124 5 X 1 4·46 oAll·B 
5 - _. float 7 X 1 4·51 DA11·F 
3.2 - 1 + 1 4·S9 oBll·A 

- 774 000 float S 1 4-60 DCll·A 
- - - 4-68 DOll-A 
- 0.3 - 4·72 OfOl·A 

- - 4·74 oFll 
8.4 - 0.24A@ -15V float float X 2 4·82 oHll 
5 - float float 1 4·107 oJll 

1.8 - 0.ISA@-15V 777 560 060,064 4 1 4-233 oLll·A 
1.8 - O.ISA @ -lSV 776 500 float 1 4-124 oLll 
2.8 77S 000 float 1 4·82 DMll·BB 

1.4 - 775 200 float 4 1 4'141 oNll 
2.S - 774400 float 1 4·149 oPll 
3.3 - 772 410 124 5 X 1 4·160 oRil·B 

1.5 - 767 770 float 5 1 4-165 oRllC 
2 user 7 1+1 4·175 oT03·F 

- 15 IS00 float float X 1 4·179 GT40 

- - - 4-IBS H312·A 
(22) 6 (lOA) @ -15V 700 - 4·19 H720 
- - 1. 5A @ 230VAC - 4·259 H722 

- 8 (lA) @ +l5V - 4-187 H742 
(25)- - 4·187 H744 
- - (lOA) @ -15V - 4-187 H745 
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MECHANICAL ENVIRONMENTAL 

Model Description Mounting Size Cab Weight Oper Rei 
Number Code (H x W x D) Incl Temp Humid 

(inches) (Ibs) ('C) (%) 

H960-C Cabinet FS 72 x 21 x 30 X 120 
H960·D· Cab (I drawer) FS 72.21.30 X 300 
H960·E Cab (2 drawers) FS 72x21x30 X 470 

H961·A Cab wi 0 side pan FS 72x21x30 X 120 
KGII-A Comm Arlth Unit SPC 
KW11·L Line Clock MOD single ht 

KW11·P Programmable Clock SPC 
LA30 DECwriter FS 31 x 21 x 24 110 15-35 20·80 
lC11·A LA30 Control SPC 

LPIl·F Printer (80 col) SPC + FS 46 x 24 x 22 200 10·43 15·80 
LPIl·J Printer (132 col) SPC + FS 46.48x25 575 10-43 15-80 
LP11·R Ptr (h~avy duly) SPC + FS 48 x 49 x 36 800 10-43 15-80 

LPSIl Lab Periph System PAN 5)4 80 5·43 20·80 
LS11 Line Printer SPC + TT 12x28.20 155 5·38 5-90 
LT33 Teletype FS 34.22 x 19 60 15'35 20·S0 

LVIl Electrostatic Ptr SPC + FS 38.19 x 18 160 10-43 20-S0 
MI05 Adrs Select Module MOD single ht 
M783 Bus Transmitter MOD single ht 

M784 Bus Receiver MOD single ht 
M785 Bus- Transceiver MOD single ht 
M792 Diode ROM SPC 

M795 Word Count MOD 
M796 Bus Control MOD 
M920 Bus Jumper MOD 

M930 Bus Terminator MOD double ht 
M7820 Interrupt Control MOD single ht 
M7821 Interrupt Control MOD single ht 

MElI-L Core Memory (8K) PAN 5% 0·50 J(}-90 
MFJI-L Core Memory (SK) 2 SU 0-50 10-90 
MMIl·L Core Memory (8K) (MFlJ.L) 0·50 10-90 

MRIl·DB Bootstrap 2 SPC 
MSIl Semiconductor Mem (11/45) 0·50 10-SO 
PClI Paper Tape SPC + PAN JOy:, 50 13-38 20-95 

PRlI PaperTapeJrdr) SPC + PAN JOI/, 50 13-38 20·95 
RClI-A Disk & Control PAN JOI/, 115 17-50 20·80 
RFJ1·A Disk .& Control PAN + PAN 16+ 16 X 500 17·33 20·55 
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POWER PROGRAMMING UNIBUS 

Cur needed/ (supplied) Power 1st Reg Int BR NPR Bus Page Model 

+5V 1115 VAC; Other Dis Address Vector Level Loa'ds No. Number 

(amps) (W) 

- - 4-186 H960-C 
(75) 8 (20A) @ -15V 900 - 4-186 H960-D 
(150) 16 (40A) @ -15V 1800 - 4-186 H960-E 

- - 4·186 H961-A 
1.5 - 770 700 1 4-188 KGll-A 
0.8 - 777 546 100 6 1 4·197 KWll·L 

1 - 772 040 104 6 1 4-198 KWll-P 
- 3 300 - 4·201 LA30 
1.5 - 777 560 060,064 4 1 4-201 LCll-A 

1.5 2 250 777 514 200 4 1 4·208 LPll-F 
1.5 4 500 777 514 200 4 1 4·208 LPll-J 
1.5 17 2000 777 514 200 4 1 4-208 LPll-R 

- 3 300 float float 4·6 opt 2 4-218 LPS11-S 
1.5 3 300 777 514 200 4 1 4'227 LSll 
- 2 200 - 4-233 LT33 

1.5 5 600 777 514 200 4 1 4-241 LVll 
0.34 - 6-9 MI05 
0.2 - 6-11 M783 

0.2 - 6-11 M784 
0.3 - 6-13 M785 
0.23 - 773 000 1 4-22 M7g2 

- 6-14 M795. 
- 6-17 M796 
- 6-24 M920 

1.25 - 6-24 M930 
- 6-25 M7820 
- 6-29 M7821 

- , 125 1 4-245 MEll·L 
3.4 - 6A@ -15V 125 1 4-245 r\iFlI-L 
1.7 - 0.5A@ -15V 125 1 4-245 MMll-L 

0.6 - 2 4-22 MRlI-DB 
- 772 100 114 1 4-249 MSll 

1.5, 3 350 777 550 070,074 4 1 4-252 PC 11 ' 

1.5 3 350 777 550 070 4 1 4-252 PR11 
- 2.2 250 777 440 210 5 X 1 4-260 RCll-~ 
- 6.5 750 777 460 204 5 X 1 4-272 RFll-A 
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MECHANICAL ENVIRONMENTAL 

Model Description Mo·unting Size Cab Weight Ope, Rei 
Number Code (H x W x D) Incl Temp Humid 

(inches) (Ibs) ( C) (%) 

RK05 Disk Drive PAN lO'lz 110 15-43 20-80 
RKll-D Disk & Control SU+ PAN lOY2_ X 250 15-43 20-80' 
RP03 Di'sk Drive FS' 40x30x24 415. 15-33 10-80 

RPll-C Disk & Control 'CA8+FS X 740 15-33 10-80 
RSll Disk Drive PAN 16 100 17-33 20-55 
RS64 Disk PAN 101/ 2 55 17-50 20-80 

TAll Cassette SPC + PAN 5 14 10-40 20-80 
TCll-G DECtape & Control PAN + PAN 1O'Iz + 1O'Iz X 250 15-27 40-50 
TMll Magtape & Control PAN + PAN 26 + 1O'Iz X 500 15-27 40-50 

TU10 Magtape Transport PAN 25 X 450 15-27 40-50 
TU55 DECtape Transport PAN 1011z 80 15-27 40-50 
UDCll I/O 'Subsystem CAB 5-50 10-90 

VR01 Display PAN 1011z 30 10-50 10-90 
VR14 Display PAN 101/ 2 75 10-50 10-90 
VT01 Display TT 12 x 12 x 23 50 0-50 10-80 

VT05 Alph,anum Terminal TT 12x19x30 55 10-43 8-90 
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POWER PROGRAMMING UNIBUS 

Cur neededl (supplied) Power 1st Reg Int BR NPR Bus Page Model 

+5V I 115 VACIOther Dis Address Vector level Loads No. Number 

(ar)"lps) (W) 

- 2 160 - 4·282 RK05 
7.5 2 200 777 400 220 5 X 1 4-282 RKll-D 
- - 6A @ 230VAC 1300 - 4·294 RF03 

- 7 6A@ 230VAC 2100 776 710 254 5 X 1 4·294 R?ll-C 
- 2 200 - 4·272 RSll 
- 2.2 250 - 4-260 RS64 

1.5 1 120 777 500 260 6 1 4-304 TAll 
- 9 870 777 340 214 6 X 1 4·309 TCll-G 
- 9 1000 772 520 224 5 X 1 4·322 TMll 

- 9 1000 - 4·322 TUI0 

- 3 350 - ·4·309 TU56 
- 15 1700 771 774 234 4,6 2 4·336 UDCll 

1 120 - 4-343 VROI 
4 400 - 4-344 VR14 
2.2 250 - 4·346 VTOI 

- 2 130 - 4·347 VT05 
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