










indicate that the digital output rellects 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 interface 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
ple. The second address is for the converted digital output (ADDBR) of a 
read-only register, and the third address is assigned to a I-bit control 
and status register (ADCSR). 

The M 105 Module �d�~�c�o�d�e�s� 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 CLOCK ADMUX) 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 wi'th 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 DATO operation, 
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 togic modules in a BB11 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 CONVERSI:~N COMPLETE signal is renamed to READY 
after it passe~ throu8,hthe I~us transmitter. 

7.2.5 Progran'm1ing the Inte,rface ' 
The, SJART CONVERSION $ignal, which begins the device cycle, is gen­
etat,ed in this interf;;lce by the CLOCK ADMUX signal, which loads the 

,rlll,:/Ifiplexer register. In normal operation, the processor loads the multi­
plE~xer 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 ,lnput, waits forthe d,evice to complete the conversion, and then 
transfers the result to register 4. 

MOV INPUT, ADMUX ;SELECT ANALOG INPUT 
TSTB ADCSR ' ;CHECK FOR CONVERSION COMPLETE 
BPL READY ;NO, TEST AGAIN 

READY: 
~ .... -" 

MOV ADDBR,R4 ;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: MOV BUFADIR, R4 ;INITIALIZE DATA POINTER 
CLR ADMUX. ;SELECT INPUT LINE ZERO 

LOOP: TSTB ADCSR ;CHECK FOR CONVERSION COMPLETE 
BPL LOOP ;NO, TEST AGAIN 
MQV ADDBR, (R4) + ;YES, PLACE DATA IN BUFFER 
CMP ADMUX, #77 ;lAST LINE? 
BEQ DONE ;YES, GO TO DONE 
INC ADMUX ;NO, GO TO NEXT INPUT 
BR LOOP ;GO TO LOOP 

DONE: RTS R7 ;EXIT FROM SUBROUTINE 

WHERE: BUFADR IS A LOCATION IN CORE CONTAINING THE ADDRESS 
, OF THE FIRST WORD QN A 64-WORD BUFFER 

ADCSR IS THE INTERFACE STATUS REGISTER 
ADMUX IS THE MULTIPLEXER REGISTER 
ADQBR IS THE DATA 'REGISTER 

This subroutine is called by the instruction: JSR R7, MUXSCN. The sub­
routine initializes general n~gister 4 as a pointer to the buffer; initializes 
the mllltfplexer register to zero; and sequentially reads the 64 inputs 
into the corresponding buffer location. When each input has been read 
once, c,ontrol returns 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 ml,Jltiplexcr register starts operation of the device cycle, 
',. "AOMUX should not be accessed as a destination operand except by a 
(1ST, BIT, or CMP instruction. In addition, th~ INC ADMUX instruction 

should, Jpllow the CMP instruction. This avoids initiating unwanted devjce 
oper~tion and allows the subroutine to be immediately recalled. - , 
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, 7.3 INTERRUPT SERVIC~D INTERFACE 
. The interface 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 desc~ibed in Paragraph 7.2. 

The' interru'pt serviced interface allows the processo'r to concurrent'IY 
~xecute instructions of another program while the analog-to-digital con­
verter (ADC) performs a cycle of operation. The processor responds to a 
READY (CONVERSION COMPLETE) signal from the ADC by interacting 
with the device and analyzing the dat~ 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 whether a programmed device interface or interrupt serviced 
interface is more economical. 
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Figure 7-4 Programmed Device Interface (schematic diagram) 

. i 7.3.1 Interface Description 
Figure 7·5 is a block diagram of the interrupt serviced interface which 
consists of the programmed, device interface with the addition of an 

: M7820 Interrupt Control Module, one flip-flop, and one bus driver. This 
interface can operate either in the 'same 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 program, the CONVER· 
SION COMPLETE signal from the ADC causes the M7820 Interrupt Con· 
trot Module to initiate an interrupt. 

"-

7.3.2 DR11·C Implementation 
A convenient method of implementing an interrupt serviced interface is 
to use a DRI1-C I6-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 MI05, 
M7820, and M786. The DDII·A System unit is prewired to accept 
four small peripheral interfaces; e.g., DRII·C. A discussion of 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 DRII-C provides cable 
connectors; therefore, no additional wiring or connectors are required. 

Connections between the ADC and the DRll·C are made as follows: 

CONNECTOR DRll·C 

1 OUT (06:00) 
NEW DATA READY 

2 IN (09:00) 
REQl)EST A ' 

ADC 

Multiplexer inputs 
Start conversion 
Digital outputs 
Conversion complete 
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7.3.3 Interface Programming 
The fpllowing program is a typical interrupt service routine that collects 

. dat~ from the ADC and enters an evaluation routine after the final con-
. version cycle. • 

ADCVEC: ADCSER 
240 

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

• 
• 
• 

BEGIN: MOV BUFSTRT,BUFADR 
CLR ADMUX 

;MAIN PROGRAM FOLLOWS 
;INITJALIZE BUFFER POINTER 
;START MULTIPLEXER AT 
CHANNEL 0 

ADCSER: 

. I 

DONE: 

MOV # 100,ADCSR ;ENABLE INTERRUPT 
• 
• 

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 
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 

aUFADR 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 eV!3luation routine is also executed. 

The CLR ADMUX instruction ~hould 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 ac~omplished by terminating the evaluation routine 
with ~n 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
terruptoperation. Removal is accomplished by executing an ADD #4, R6 
instruction. 
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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 intef~ 
. vention thereby redu.cin& progr~~ ~n?execution ti,me, ,()verhead. After th~ 
interface device registers are Initialized, all translers 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 respohds appropriately. 

Figure 7-7 is a block diagram of a DMA interface for the Analog-to-Digital 
Converter (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, ittrans­
fers the data to core memory. Completion of the bus transfer causes the 
multiplexer 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 proc,ess 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, which 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 nor '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 ADBAR register (SELECT 2 . OUT HIGH and/or SELECT 
2 . OUT LOW) also clears the multiplexer counter and ,the READY flip· 
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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 granted, the M7~20 
asserts BBSY on the UNIBUS and asserts tho MASTER A t signal. The 
MASTER A L signal is tied to the M796 UNIBUS Master Control module 
in order to produce the START signal. Since the C1 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 the ADMUX register to -bus aadress 
lines A<15:01>. DATA TO BUS places the converted digital value.on bus 
data lines 0<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 M'tN l is dropped. The END 
CYCLE H pulse is used to clear the REQUEST 13US flip-flop, which in turn 
causes the M7820 Interrupt Control to drop BUS BBSY. 

END CYCLE L is used to trigger a one-shot tiS' produce the COUNT DE­
LAY H signal. This' signal serves as the count input (COUNT IN) to th~ 
multiplexer counter (ADMUX). After 600 ns, the orie-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, START CONVERSION H 
is asserted to start the next conversion cyClE!. If, however, the ADM UX 
counter has overflowed and set the READY flip-flop, no ADC operation is 
started and an interrupt bus request is made. . 

A TIME-OUT flip-flop is provided on the M796 module. This flip-flop is set 
if the slave does not respond within 20 J.l.S to the BUS MSYN L signal 
that is produced by the M796 module. 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 ADCSH with a O. 

The modules required to implement this interface fit into one BB11 Sys­
tem Unit. All interface modules, including thEl M7820 Interrupt Control, 
M105 Address Selector, and a device cable connector, can be inserted 
into the logic slots of one system unit containing power and UNIBUS 

\ 
connectors. . 

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

MOV # BUFADR, ADBAR 
MOV # 100, ADCSR 

~lOAD ADDRESS AND START 
;ENABLE INTEFi:RUPT 

WHERE: BUFADR IS THE ADDRESS OF THE FIRST WORD OF A 
BUFFER AND IS RESTRICTED TO ALL O'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 ADCSR instruction t,o dis~~le 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 frOin the bus. , 
The inlerrupt enable flip-flop (bit 6 of the ADCSR) is entirely under pro­
gram control but the TIME-OUT flip-flop is set by TIME-OUT ERROR con­
ditions in the interface. The re'ady 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 ilh.!strates the timing relationship among signals in the DMA 
interface. The curved Jines 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 preloading it with a non-zero constant 
from which it can begin counting up. -

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

7.5 OUTPUT INTERFACE WITH INTERRUPT CONTROL 
Preceding examples have illustrated: various types of interfaces, for 
peripheral devices that provide inputs Jo 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
signs similar to t~e following examples. 

7.5.1 Device Description 
A digital-to-analog converter (DAC) is a 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 0 and + 3V for logic 1. 

The DAC 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 is provided as the update 
request signal. This level remains low (OV) between pulses. 

7.'5.2 Interface Description 
The output interface with interrupt cO'1trol 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 M105 Address Selector Mod­
ule, an M7820 Interrupt Control Module, bus receivers, and two sets of 
bus drivers. The two registers are the ~ata 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 UN,IBUS addresses the data buffer register during a DATO 
transfer, the interface clocks the information from the bus data lines 
into the register, which then applies the information 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 this transfer 
.is complete, when the peripheral 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 coht~ol to the interrupted program. . 
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During normal operation, data is loaded into the buffer register and 
• transferred to the peripheral device. When an UPDATE REQUEST from 

the OAC 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 
perrod of .. the waveform is 150 times the period between update request 
pulses. 
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, 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 ADO # 10. DADBR instruction or reset to a lower value by the SUB 
#20, DADBR instruction. In either case, the value in the DADBR is read, 
modified by an arithmetic operation, and the new value is stored in the 
OAD:BR. 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 INTERRUPT ENABLE 

The interrupt service routinlB includes the following instructions: 

7.6 DAC-DMA INTERFACE 
A direct memory access (DMA) interface designed for a digital-to-analog 
converter (DAC) allows a spE!cified 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 re,:JI-time system where the time to service 
repetitive interrupts demand::; too much processor time, it may become 
ne~essary 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 n~gister. 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
cess'orcontrol. This interface may be used, for example, to drive the X-Y 

"deflection Circuits of a CRT clisplay scope in a refresh direct from mem­
'Qrymode. 

7.6.:1Iriterface Description 
A block diagram of the DA9·I)MA interface is ~hown in Figure 7-10. The 
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interface contains four mgisters: a DAC control and status register 
(DACSR) which contains ,control and status information; a DAC word 
count register (DAWC) which holds the 2's complement 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 loadlad under program control. 

A typical method of programming this interface is to first initialize the 
control 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 from 
memory· and. loaded into the DADB register at a rate set by the' DAC or 
by an external clock. After each transfer (which is under the control of 
the interface rather than the processor), the DAWC and DABA registers 
are incremented. Data transfers continue 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 interrupt to occur (provided INTR ENB is set), 
thereby notifying the processor that the block transfer is now complete, 
and another block transfer c:an be started. 

GOl ~.~'--~r~----~'J.~'-----------------------

READY (1) H '''''-_f,,..' ---If~--__ s,~------I ~ 
UPDATE .':£?A- .'.' 0 n J . \~~~~/T WORD 

REQUEST H -----1-, r- ",,.. .. --------Irr-J~.r OVERFLOw 

RE EST 'I- /".1--------. 
QU ',PTR SEQUENCE OCCURS 

BUS (t) H -----It' "'41!""'"- DURING THIS TIMEISEE ~--_
___ -I" '>.,~ PARA.2:.1l 

~ MASTER AL 
S; lr-

~ _____ ---.J 

ADRS TO j\----...;-
BUS H _____ f.~· ---I~ J 
BUS #.'1---;. ~ 

M SYN H _ 150.1 . '''--_ ..... ~ 

BUS 
SSYN H 

DATA 

MIN. _ r-

------Ir.~· ----If ~ ;-

!NAIT H ____ --If.,..· ---1;.1------1/ 

DATA 
STROBE H ------If'.,.., ---IO-------!l .. J----~ 

END n 
CYCLE H ___ --I".,~. -_O-----__JO------J L.-

CYCLE 
REPEATS 

Figure 7-11 DAG-DMA Interface (timing diagram) 
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APPENDIX A 

UNIBUS ADDRESSES 

A.l INTERRUPT & TRAP VE:CTORS 
0.0.0. (reserved) 
0.04 CPt) errors 
0.10. Illegal & reserved instructions 
0.14 BPT, breakpoint trap 
0.20. lOT, input/output trap 
0.24 Power Fail 
0.30. EMT, emulator trap 
0.34 TRAP instruction 

0.40. System software 
0.44 System software 
0.50. System software 
0.54 System software 

0.60. Console Terminal, keyboard/reader 
0.64 Console Terminal, printer/punch 
0.70. PCll, paper tape reader 
0.74 PCll, paper tape punch 
10.0. KWll-L, line clock 
10.4 KW11-P, programmable clock 
lID 
114 Memory system errors 
120. XV Plotter 
124 DRll-B DMA inter1:ace; (DAll-B) 
130. AD01, A/D subsystem 
134 AFCll, analog subsystem 
140. AAll, display 
144 AA11, light pen 
150. 
154 
160. 

. 164 

170 User reserved 
174 User reserved 

20.0. LPll/LSll, line printer; LA1·8o. 
204 RSD4/~Fll, fixed head disk 
210. RC11, disk 
214 TCll, DECtape 
220. RKll, disk 

. 224 TUI6/TMll/TSo.3, magnetic tape 
230. CDll/CMlljCRll, card reader 
234 UDC1l, digital control subsystem 
240. PIRQ, Program Interrupt Request (11/45) 
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244 Floating Point Error 
250 Memory Management 
254 RP04/RPll disk pack 
260 TAll, cassette 
264' RXll, floppy disk 

270 . User' reserved 
274 User reserved 

300 (start of floating vectors) 

A.2 FLOATING VECTORS 
There is a floating vector .convention used for communicati,ons (and 
other) devices that interface with the PDP-ll. These vector addresses 
are assigned in order starting at 300 and proceeding upwards to 777. 
The following Table shows the assigned sequence . .It can be seen that 
the first vector address, 300, is assigned to the 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 ali the DCll's 
(up to a maximum of 32), addresses are then assigned consecutively 

- to each unit of the next highest-ranked device (KUl or DPll or DMll, 
etc.), then to the other devices in accordance with the priority ranking. 

Priority Ranking for Floating. Vectors 

(starting at 300 and proceeding upwards) 

Rank Device Vector Size Max No. 
(in octal) 

1 DCll (10)8 32 _~ 
2 KUl, DLll-A, DUl-B 10 16 
3 DPll 10 32 
4 DM11-A 10 16 
5 DNll 4 16 
6 DMll-BB 4 16 
7 DRll-A 10* 32 
8 DR11-C 10* 32 
9 PA611 Reader 4* 16 

10 PA611 Punch 4* 16 
11 OT11 10* 8 
12 DX11 10* 4 
13 DL11-C, DLll-D, DU1-E 10 31 
14 OJ11 10 16 
15 DH11 10 16 
16 GT40 ·10 1 
17 LPS11 30* 1 
18 OQ11 10 16 
19 KW11-W 10 1 
20 DUll 10 16 

_ ':t,. ... ,-

--The first vector for the first device of this type must always be :on .~ (10),· 
boundary. . . 
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A.3 FlOATING ADDRESSE~S 
There is a floating addre~~s convention used for communications (and 
other) devices interfacing with the PDP·ll. These addresses are as· 
signed in order starting at 760 010 a~d proceeding upwards to 763 776. 

Floatin~ addresses are assigned in the following sequence: 

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

• 
1 
2 
3 
4 

OJ 11 
DH11 
DQ11 
DUll 

760010 
760020 
760030 
760040 

A.4 DEVICE ADDRESSES 

777776 
777774 
777772 

777716 } 

777710 

777707 
777706 
777705 
777704 
777703 
777702 
777701 
777700 

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

CPU registers 

General registers, 

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

777676 } 
Memory Management 

777600 

777576 
777574 
777572 

777570 

777566 
777564 
777562 
777560 

., .777556 
",", 777 554 

717552 
717550 

Memory Mgt :status regs, 
(SR2) 
(SRI) 
(SRO) 

Console Switc:h & Display Register 

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

punch data (PP8) 
?Cll! PRIl, punch status (PPS) 

reader data (PR8) 
reader status (PRS) 
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, 
777546 
777516 
777514 
777512 
777510 

777506 
777504 
777502 
777500 

777476 
777474 
777472 
777470 
777466 
777464 
777462 
777460 

777456 
777454 
777452 
777450 
777446 
777444 
777442 
777440 

777436 
777434 
777432 
777430 
777426 
777424 
777422 
777420 

777416 
'777414 
777412 
777410 
777406 
777404 
777402 
777400 

777,356 
777354 
777352 
777350 
717346 
777344 
777342 
777340 

KW11-l, clock status (lKS) 
lA1S0 printer data 
lPll/ lSll/ lVll, printer status 

TAll. cassette data (TADB) 
cassette status (TACS) 

look ahead (ADS) 
maintenance (MA) 
disk data (DBR) 

RFll, adrsext error (DAE) 
disk address (DAR) 
current mem adrs (CMA) 
word count (We) 
disk status (DeS) 

disk data (RCDB) 
maintenance (RCMN) 
current address (RCCA) 

RG11, word count (ReWC) 
disk status (ReGS) 
error status (RCER) 
disk address (RCbA) 
look ahead (RClA) 

#8 
#7 
#6 

DT11, bus switch # 5 
#4 
#3 
#2 
#1 -

disk data (RKDB) 
maintenance --
disk address (RKDA) 

~K11, bus address (RKBA) 
word ~ount (RKWC) 
disk status (RKCS) 
error (RKER) 
drive status (RKCS) 

DECtape data (lCDT) 
TC11, 6us address (TCBA) 

word count (TCWC) 
command (TCeM) 
DECtape status (TCST) 
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777336 } 
KE11-A, EAE #2 

777320 

777316 
777314 
777312 
777310 
777306 
777304 
777302 
777300 

777 172 
777 170 
777166 
777164 
777 162 
777160 

776776 
. 776774 

776772 
. 776770 

776766 
776764 
776762 
776760 
776756 
776754 
776752 
776750 

776736 
776734 
776732 
776730 
776726 
776724 
776722 
776720 
776716 
776714 
776712 
776710 

776676 ) 

776500 

776476 } 

776400 

arithmetic shift 
logical shift 
normalize \ 

KE11-A, EAE # 1, step count! status register 
multiply 
multiplier quotient 
accumulator 
divide 

RXll, dat;~ buffer 
command status 

CR11/ datal (CRB2) comp 
CM11, data, (CRBl) CD11, 

statlus (CRS) 

ADOl, A! D data (ADDB) 
AI D status (ADCS) 

register 4 (DAC4) 
register 3 (DAC3) 
register 2. (DAC2) 

AAl1 # 1, register 1 (DACl) 
DI A status (CSR) 

silo memory (SILO) 
sel unit cyl adrs (SUCA) 
maintenance 3 (RPM3) 
maintenance 2 (RPM2) 
maintenance 1 (RPM1) 

RPll, disk address (RPDA) 
cyclinder address (RPCA) 
bus ,address (RPBA) 
word count (RPWC) 
disk status (RPCS) 
error (RPER) 
disk status (RPDS) 

DL11-A, -B, 

#5 
AA11, 

#2 

#16 

#1 

A·5 

data (CDDB) 
cur adrs (CDBA) 
col count (CDCC) 
status (CDST) 



776376 } 
DXll 

776200 

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

775610 #1 

;775576 } #4 
D511, 

775400 ' #1 ' 

775376 } #16 
DN11, 

775200 #1 

775176} #16 
DMll, 

775000 #1 

774776 } #1 
DP11, 

774400 #32 

774376 } #32 
Dell, 

,774000 #1 • 

-----------~--------------~--------------------------------~-
773776 } 

Maintenance loader 
773700 
773676 

773400 
773376 } 

, BM792-YH cas:sette 
773'300 

BM792-YB disk/DECtape 

.--------~------------------------
, 7,73076 } 

BM792-YA paper tape 
773000 

M792 diode ROM 

1 -----------------... ---~-------,-----,----------
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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 

PA611 typeSE!t punch 

PA611 typeSE!t reader 

main1enance (AFMR) 
AFCll, MX channel/gain (AFCG) 

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

XVII plotter 

counter 
KWll-P, count set 

clock status 

read lines (MTRD) 
tape data (MTD) 

TMll, memory address (MTCMA) 
byte record counter (MTBRC) 
command (MTC) 
tape statu~ (MTS) 

772516 Memory Mgt status reg (SR3) 
, 

772436 } 
DRll·B #2 

772430 
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772416 
772414 
772412 
772410 

772376 } 

772200 

772136 } 

772110 

711 776 
771 774 
771 772 ' 
771 770 

771 776 } 

771000 

770776 } 

770700 

770676 } 

770'500 

data (DRDB) 
DR11-B # 1, status (DRSn 

bus address (DRBA) 
word count (DRWC) 

Memory Management . 

Memory Parity 

status (UDCS) 
UDCll, scan (UDSR) 

UDC functional I/O modules 

#8 
KGl1, 

#1 

#16 
DMl1-BB, 

#1 

----------------------------------------------- -----------
767776 
767774 
7.67772 DRl1-C #1, 
767770 

767766 } 
DRl1-C #2 

767760 

.7677,:6 } 
DRll-C #3 

767750 

input buffer 
output buffer 
status 

User Addresses 

764000 (start here and assign upwards to 767 776) 

--- --------------------------------------------- ----------
763776 (top of floating addresses) 



760006} _ 
(diagnostics) 

760 000 

A.5 ADDRESS MAP 

2K 
words 

lK 
words 

lK 
words 

80 
vectors 

48 
vectors 

Digital Equipment 
Corporation 

DRU-C 
J, 

t 
User Addresses 

i 
Floating Addresses 

Digital Equip Corp 

i 
Floating Vectors 

Trap & Interrupt 
Vectors 

~ '. 

A-9 

777777 

770000 

767777 

764 000 

763777 

760 010 

760 006 
760000 

757777 

001000 

000777 

000300 

000277 

000000 
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APPENDIX B 

MISCELLANEOUS TABLES AND DATA 

, SLOTS Al AND Bl (A4 AND B4) ARE WIRED AS SHOWN IN TABLES B-1 AND 
B-2. 

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

PIN SIGNAL PIN SIGNAL 

AAI INITl BAI BG6H 
AA2 POWER( +5V) BA2 POWER(+5V) 
ABl INTRl BBl BG5H 
AB2 GROUND BB2 GROUND 
ACI OOOl BCl BR 5l 
AC2 GROUND BC2 GROUND 

- ADI D02l BDI GROUND 
AD2 DOll BD2 BR4l 
AEI D04l BEl GROUND 
AE2 D03l BE2 BG4H 
AFI D06l BF! AClOl 
AF2 D05l BF2 DClOl 
AHI D08l BHl AOll 
AH2 007l BH2 AOOL 
AJI DIOl BJI A03l 
AJ2 D09l BJ2 A02l 
AKI DI2l BKI A05l 

. AK2 Dlll BK2 A04l 
All DI4l Bll A07l 
Al2 013 l Bl2 A06l 
AMI PAL BMI A09l· 
AM2 OI5l BM2 A08l 
ANI GROUND BNI All l 
AN2 PBl BN2 AIOl 
API GROUND BPI AI3l 
AP2 BBSY l BP2 A12l 
ARI GROUND BRI AI5l 
AR2 SACK l - BR2 AI4l 
ASI GROUND BSI A17l 
AS2 NPRl BS2 A16l 
ATI GROUND BTl GROUND 
AT2 BR 7l BT2 Cll 
AUI NPGH BUI 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) 
SIGNA~ PIN SIGNAL PIN 

AOOL 
AOlL 
A02L 
A03L 
A04L 

, A05L 
A06L 
A07L 
A08L 
A09L 
AlO L 
All L 
A12 L 
A13L 
A14L 
A15 L 
A16L 
A17 L 
ACLOL 
BBSY L 
BG4H 
BG5H 
BG6H 
BG7H 
BR4L 
,BR5L 
BR6L 
BR7 L 
COL 
Cll 
DOOL 
DOlL 
D02L 
D03L 
D04L 
D05L 

BH2' 
BHl 
BJ2 
BJI 
BK2 
BKI 
BL2 
BLl 
BM2 
BMI 
BN2 
BNl 
BP2 
BPI 
BR2 
BRI 
BS2 
BSI 
BF! 

·AP2 
BE2 
BBl 
BAI 
AYI 
BD2 
BCl 
AU2 
AT2 
BU2 
BT2 
ACI 
AD2 
ADI 
AE2 
AEl 
AF2 

D06L 
D07L 
D08L 
D09L 
010 L 
011 L 
012 L 
013 L 
D14L 
015 L 
GROUND 
GROUND 
GROUND 
GROUNO 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
INITL 
INTR L 
MSYN L 
NPGH 
NPRL 
PAL 
PB L 
+5Y· 
+5V· 
SACKL 
DCLOL 
SSYN L 

AF! 
AH2 
AHI 
AJ2 
AJI 
AK2 
AKI 
AL2 
All 
AM2 
AB2 
AC2 
ANI 
API 
ARI 
ASI 
ATI 
AY2 
BB2 
BC2 
BDI 
BEl 
f3TI 
BV2 
AAl 
ABl 
BVI 
AUI 
AS2 
AMI 
AN2 
AA2 
BA2 
AR2 
BF2 
BUI 

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

+ 5V SHOULD NEVER BE CONNECTED VIA THE UNIBUS BETWEEN SYSTEM 
UNITS. 
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TABLE B-3 BBll POWER PIN ASSIGNMENTS 

PIN POWER 

Al -15V 
A2 +5V 
Bl -15V 
B2 -15V 
Cl -15V 
C2 GND 
01 -15V 
02 GND 
El -15V 
E2 GND 
F1 -15V 
F2 GND 
HI -15V 
H2 +5V 
Jl -15V 
J2 +5V 
Kl -15V 
K2 +5V 
11 -15V 
L2 +5V 
Ml -15V 
M2 +5V 
Nl GND 
N2 -25V 
PI GND 
P2 LTC L 
Rl GND 
R2 ACLO L 
SI GND 
S2 DCLO L 
Tl 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.4ASCII CODE 

, -. '1'-' 
7~BIT ASCII CODE 

,0, " 

.: , 

Octal Octal octal Octal 
Code Cflar Code - Char Code Char Code Char 
000 NUL 040 SP 100 @ 140 , 
001 SOH 041 101 A 141 ~ !. 

002 STX 042 /I 102 B lA~ 'b 
003 ETX 043 # 103 C 143 c 
004 EOT 044 $ 104 D 144 d 
005 ENQ 045 % 105 E 145 e 
006 ACK 046 & 106 F 146 f 
007 BEL 047 I 107 G 147 g 
010 BS 050 ( 110 ·H 150 h 
011 HT 051 ) 111 I 151 I 
012 LF 052 * 112 J 152 J 
013 VT, 053 + 113 K 153 k 
014 FF 054 114 L 154 I 
015 CR 055 115 M 155 m 
016 SO 056 116 N 156 n 
017 51 057 /, ' 117 0 157 0 

020 OLE 060 0 120 P 160 P 
021 DC1 061 1 121 Q 161 q 
022 DC2 062 2 122 R 162 r 
023 DC3 063 3 123 S 163 s 
024 DC4 664 4 124 T 164 t 
025 NAK 065 5 125 U 165 u 
026 SYN 066 6 126 V 166 v 
027 ETB 067 7 127 W 167 Vi 
030 CAN 070 8 130 X 170' x 
031 EM 071 9 131 Y 171 Y 
032 SUB 072 132 Z 172 z 
033 ESC 073 133 [ 173 { 
034 FS 074, < 134 "- 174 I 
035 GS 075 135 ] 175 . } 
036 RS 076 > 136 " 176 ,.. 
037 US 077 ? 137 177 DEL.· ~ .. 

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

8·Bit Teletype Code = (7-Bit ASCII Code) + (200)} 
• - . . . I' ",. " " "~, ~ i .' :.' I< , 

- ":' "':"' 
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8.5 PAPER TAPE FORMAT 

DATA POSITIONS 
OR CHANNELS 

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

NOTE: 

) 

c (j
FEED HOlE 

76543210 

I I I I I I I I 

o 

o 

o 

Cr.OOO 0 .0. 
I 
I 
I 
I 
I 

o 

o 
o 

I 
I 
I -"-"",--.,,, 
I 
I 

} TAPE "FRAME" 

Mosr 
SIGNIFIGANT 
BIT 

LEAST 
SIGNIFIGANT 
BIT 

• HOL E PUNCHED = 1 

o UN PUNCHED POSITION=O 

FRAME SHOWN IS PUNCHED WITH OCTAL CODE 105 

Paper-Tape Format 
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