








VT52

to be transmitted. The SHIFT keys also affect the function of the SCROLL
key.

The CAPS LOCK Key

When the CAPS LOCK key is down typmg any alphabetic key (A through
Z) will cause an upper-case code to be transmitted, regardless of whether
a SHIFT key was down. But unlike a typewriter’'s SHIFT LOCK key, CAPS
LOCK does not affect the codes transmitted by keys other than the alpha-
betic keys.

The CONTROL Key

When the CONTROL key is pressed the two high-order bits of each
character are masked out, allowing ‘“‘control codes’’—in the range 000-
037—to be generated from the keyboard.

The Auxiliary Keypad

The VT52's auxiliary keypad operates in one of two modes. Software
can place the terminal in 2 mode in which the keypad can be used for
data entry, just as the main keyboard’s numeral keys can be used. If it
is desired to distinguish- between the typing of keys on the keypad and
keys on the main keyboard, software can select a mode in which each
key on the keypad transmits a unique Escape Sequence.

IN NUMERIC- IN ALTERNATE-
KEYPAD MODE, KEYPAD MODE,
Typing the key transmits the transmits the
labeled. . . following code(s) following code(s)
0 0 ESC?p
1 1 ESC?q
‘2 2 ESC?r
3 3 ESC?s
4 4 ESC?t
5 5 ESC?u
6 6 ESC?v
7 7 ESC?w
8 . 8 'ESC ? x
9 : 9 ESC?y
. . ESC?n
ENTER CR ESC? M
(up arrow) ESCA ESCA
(down arrow) "ESCB ESC B
(right arrow) ESCC ESCC
(left arrow) , ESC D ESC D
(left blank key) ESCP : ESCP
(center blank key) ESCQ ESCQ
(right blank key) ESCR ESCR

If the codes transmitted by the ‘‘arrow’ keys are echoed back to the
terminal, they will cause the cursor to move one position in the direc-
tion the arrow points in.

The CONTROL, SHIFT, and CAPS LOCK keys do not affect the codes
transmitted by the keys on the auxiliary keypad, in either Keypad Mode.
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VT52
The SCROLL Key '
(Significantlonly with the terminal in Hold-Screen Mode.)

UNSHIFTED Directs the terminal to allow one scroll to occur, ad-
mitting one new line of data to the screen.

SHIFTED s Directs the terminal to allow 24 scrolls to occur, ad-
: mitting one new screenful of data to the screen.

Hold-Screen Mode
<' **EQCLC**

LINES 1-24 |
Host is transmitting data to VT52—transmits proper codes to place
VT52 in Hold-Screen Mode. :

%$

LINE25

LINES 1-24
* LF*****

Host transmits LF to VT52. Cursor is on the bottom line, but VT52 may
not perform a scroll.

LINES t-24

XOFF!

VT52 buffers LF and subsequent characters. Since it cannot process
them without scrolling the display, it sends XOFF (023) to request that
the host suspend transmission. :

Sk

LINES 1-24



VT52

Operator, having finished reading the display, types the SCROLL key
to see more lines.

LINES 2-25

Data from the buffer is now processed. In particular, LF is processed,
causing a scroll. Line 1 leaves the screen; line 25 begins to appear
at the bottom. :

LINES 2-25
XON

If the entire buffer is exhausted without encountering a second LF, the
VT52 sends XON (021) to the host to request it to resume transmission.
~ XOFF, XON, and the V152 buffer are completely transparent to the user.

SPECIFICATIONS .
Dimensions: , Height: 360mm (14.1 in.)
' Width: 530mm (20.9 in.)
Depth: 690mm (27.2 in.)
Minimum Table Depth: 450mm (17.7 in.)
Weight: 20 kg (44 1bs)
Operating 10°C to 40°C (50°F to 104° F)
Environment: Relative humidity 1094 to 909,
Maximum wet bulb 28°C (82°F)
Minimum dew point 2°C (36°F)
Line Voltage: o (US model) 100-126. volts
. (European model) 191-238 volts or 209-260
volts
Line Frequency: (US model) 60 =+ 1 Hz
' (European model) 60 = 1 Hz or 50 = 1 Hz
Power 110 Watts
Consumption:
Power Line Low Leakage Balun type
Hash Filter: ‘
Display: Format: 24 lines x 80 characters

Character Matrix: 7 x 7
Character Size: 2.0mm x 4.0mm (0 08 in. x 0.16
in.)

4-549



Keyboard:

Audible Signals:

Page Overflow:
Parity:

Cursor:

Functions:

Hold-Screen
Mode:

Terminal Self- .
Identification:

Communications:

VT52

Screen Size: 210mm x 105mm (8.3 in. x 4.1 in.)
Character Set: 96-character displayable ASCII
subset (upper and lower-case, numeric, and
punctuation).

Character Set: Complete 7 bit ASCIl set (128
codes)

Key layout: Typewriter—rather than keypunch
—format, 63 keys.

Auxiliary keypad: 19-keys: numerals, cursor-
movement, 3 user-definable function keys.
CAPS LOCK Key: Locks aphabetic keys to upper-
case state, but does not affect non-alphabetic
keys.

Key-click: Switch-controlied

Beli: Sounds (a) upon receipt of control char-
acters BEL; -(b) when Keyboard input ap-
proaches right margin (output from host ap-
proaching right margin does not cause beli to
ring). ’ .

LF causes upward scroll; Reverse Line Feed
causes downward scroll.

Even or mark (no parity) switch-selectable. Odd
or space possible with rewiring.

Type: Blinking underline.

Control: Up or down one line; right or left one
character; home; tab (fixed tab stops every 8
spaces); direct cursor addressing (allows cursor
to be moved to any character position on the
screen).

Erase display from cursor position to end of
line; erase to end of screen; scroll up; scroll

" down. .

Allows operator to halt transmission from host,
preserving data on display. Operator can request
new data, line- or screenful-at-a-time. Enabled/
disabled by Escape sequences sent by system
software.

Terminal transmits on command a sequence
unique to its model; software can identify fea-
tures available on any terminal it is in contact
with. ‘

20mA current loop or EIA interface; specify at
time of order.

Code: USASCIHl extended through Escape Se-
quences.

Speed: Switch-selectable.

Transmission rates, full duplex (switch selec-
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Synchronization:

Operator Controls:

Overload Protection:

Case Material:
Screen Phosphor:

VT52

table) 75, 110, 150, 300, 600, 1200, 2400,

4800, and 9600 baud.
Switch-selectable local copy.

Automatically transmits control codes to host,
requesting suspension and resumption of trans-
mission, when unable to process data.

Power On/Qff, Intensity Control, Baud Rate
Switch, Terminal Mode Switch, Key-Click On/Off,
Even/No Parity.

Thermal cutout.
Injection molded Noryl thermoplastic.
P4
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CHAPTER 5

UNIBUS THEORY AND OPERATION

5.1 INTRODUCTION

5.1.1 Single Bus

The UNIBUS is a single, common set of signal wires that connects the
processor, memory, and all peripherals. Addresses, data, and control
information are transmitted along the 56 lines of the bus. Figure 5.1 is a
simplified block diagram of the PDP-11 System and UNIBUS.

< l UNIBUS ‘ j> .

READ/WRITE READ PAPER CUSTOMER \
PROCESSOR MEMORY M?A:‘&Y TELETYPE TAPE DISK EQUIPMENT

Figure 5.1 PDP-11 System Simplified Block Diagram

The form of communication is the same for every device on the UNIBUS.
The processor uses the same set of signals to communicate with mem-
ory and peripheral devices. Peripheral devices also use this set of signals
when communicating with the processor, memory, or other peripheral
devices.

All instructions applied to data in memory can be applied equally well to
data in peripheral device registers. Therefore, peripheral device registers
may be manipulated as flexibly as memory by the processor. This is an
especially powerful feature, considering the special capability of PDP-11
instructions to process data in any memory location as though it were
an accumulator. ‘ -

5.1.2 UNIBUS Lines :

UNIBUS sighals may be divided into two general categories with respect
to the manner in which they are transmitted. The majority of signals use
lines that are, in effect, wired-OR circuits to which the inputs to the bus
receivers and the outputs of the bus drivers are connected. These lines
are thus available along the length of the UNIBUS to any device which
needs to receive or to assert the signals transmitted on the lines. Devices
which do not wish to assert a signal should remain inactive. It should be
noted, however, that some of the signals transmitted on lines of this type
are logically, if not electrically, ‘“‘unidirectional.”

5.1.3 Master-Slave Relation - '

Communication between two devices on the bus is in a master-slave re-
lationship. During any bus operation, one device has control of the bus.
This device, the bus master, controls the bus when communicating with
“another device on the bus, called. the slave, A typical example of this
relationship is the processor, as master, transferring data to memory, as
slave. Master-slave relationships are dynamic. The processor, for ex-
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ample, can pass bus control to a disk. The disk, as master, then com-
municates with a slave memory bank.

The UNIBUS is used by the processor and all I/0 devices; thus, a prior-
ity structure determines which device obtains control of the bus. Con-
sequently, every device on the UNIBUS capable of becoming bus master
has an ’‘assigned priority. When two devices which are capable of be-
coming bus master have identical priority levels and simultaneously
request use of the bus, the device that is electrically closest to the pro-
cessor receives control.

8.1.4 Interlocked Communication

Communication on the UNIBUS is interlocked between devices. Each
control signal issued by the master device must be acknowledged by a
response from the slave to complete the transfer. Therefore, communi-
cation is independent of the physical bus iength and the response time
of the master and slave devices. The maximum transfer rate on the
UNIBUS with optimum device design, is one 16-bit word every 400 ns,
or 2.5 million 16-bit words per second.

5.2 PERIPHERAL DEVICE ORGANIZATION AND CONTROL

Registers in peripheral devices are assigned addresses similar to mem-
ory; thus, all PDP-11 instructions that address memory locations can be-
come /0 instructions. Data registers in devices can take advantage of
all the arithmetic power of the processor. The PDP-11 controls devices
differently than most computer systems. Control functions are assigned
to addressable registers, and then the individual bits within that register
can cause control operations to occur. For example, the command to
make the paper-tape reader read a frame of tape is provided by setting
a bit (the reader enable bit) in the control register of the device. Status
conditions are also handled by the assignment of bits within this regis-
ter, and the status can be checked by program instructions. There is no
limit to the number of registers that a device may have, providing an
unlimited flexibility in the design and control of peripheral equipment.

5.3 TRANSFER OF BUS MASTER
A device (other than the processor) that is capable of becoming bus
master generally requests use of the bus for one of two purposes;

a. To make a non-processor transfer of data directly to or from memory,
or

b. To interrupt program execution and force the processor to jump to a
specific address where an interrupt service routine is located.

5.3.1 Transfer Request Handling

The request and granting of bus mastership is performed in parallel with
data transfers on a completely independent set of bus lines. Thus, while
one device is using the bus, the next request is being checked for pri-
ority and the next user is being assigned. Because of this time parallel-
ism, successive data transfers by different master devices can occur at
the full UNIBUS speed.

5.3.2 Priority Structure
The use of the data section of the bus is granted to requesting devnces
according to a priority scheme. The priority of a device is a function of
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(1) the priority level assigned to the device, and (2) its position on the
bus with respect to other devices of the same priority level,

All devices, with the exception of the processor, may be assigned to one
(or more) of five priority levels. A signal line is dedicated to each of
these levels. Each of these lines is driven by all bus devices assigned to
the priority level. These five lines are referred to as ‘‘request lines’’ and
are monitored by the arbitrator. A device that requires the use of the
data section of the bus asserts a request on one of these lines. This
request is received by the arbitrator. The arbitrator also monitors the
priority level of the processor. There are five relevant processor levels.

If no request at a level higher than the current processor level is being
received at the arbitrator, the data section of the bus is available to the

processor. The arbitrator, however, may issue a grant at the level of ‘

the highest priority active request if the processor is not at a higher
priority level. '

A grant is a signal that informs a requesting device that it may become
bus master after the current master releases the data section of the bus.

A grant asserted by the arbitrator is received by the first device on the
bus assigned to the same priority level as the grant. If this device is
requesting the use of the data section of the bus, it accepts and ac-
knowledges receipt of the grant and blocks the grant. If the device is
not requesting the use of the data section, it passes the grant to the
next device on the same grant line. This procedure is repeated until a
device accepts the grant or until the end of the bus is reached. In this
last case, the grant is cancelled and the arbitration process is re-started.
It can be seen from the above discussion that each device on a UNIBUS
is assigned a discrete position in the priority scheme. This position is
determined:

a. By the priority level assigned to the device, and
b. By the position’of the device on the grant line (with respect to the
other devices of the same priority level).

All devices assigned to a given priority level have higher priority than
any device at a lower level. Within a given priority level, the device .
closest to the origin of the grant signal has the highest effective priority.

5.3.3 Data Transfer

Direct memory or device access data transfers can be accomphshed be-
tween any two peripherals without processor supervision. These are
called NPR level data transfers. Normally, NPR transfer are made be- .
tween the memory and a mass storage device, such as a disk.

During NPR transfers, it is not necessary for the processor to transfer
the information between the memory and the mass storage device. The
bus structure enables device-to-device transfers, thereby allowing cus-
tomer-designed peripheral controllers to directly access other devices
(such as disks) on the bus. This direct access capability permits opera-
tions such as a disk directly refreshing a CRT display.

An NPR device provides extremely fast access to the bus and can trans-
fer data at high rates once it gains control. The processor state is not
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affected by this type of transfer; therefore, the processor can relinquish
bus control while an instruction is in progress. This release of the bus
can occur in general, whenever the processor is not using the bus. How-
ever, the bus can never be released between cycles of a read-modify-
write sequence. An NPR device in control of the bus transfers 16-bit
words or 8-bit bytes to memory at the same speed as the memory cycle
time.

5.3.4 Interrupt Requests

Devices that gain bus control with one of the bus request lines (BR7,
BR6, BR5, BR4) can take full advantage of the power and flexibility of
the processor by requesting an interrupt. The entire instruction set is
then available for manipulating data and status registers. When a device
servicing program is to be run, the task being rerformed by the proces-
sor is interrupted, and the device service routine is initiated. After the
device request has been satisfied, the processor returns to its former
task. Note that interrupt requests can be made only if bus control has
been gained through a. BR priority level. An NPR level request must not
be used.for an interrupt request. :

5.3.5 Interrupt Procedure

This paragraph provides an example of an interrupt operatuon Assume
that a peripheral requires service and requests use of the bus at one
of the four BR levels. The operations required to service the device are
as follows:

a. Priorities permitting, the processor relmqunshes bus control to the
. device.

b. When the device gains control of the bus, it sends the processor an
interrupt command and a unique address of a memory location which
contains the starting address of the device routine. (This is called
the interrupt vector address.) Immediately following this pointer ad-
dress is a word (located at vector address + 2) to be used as the
new processor status (PS) word.

c. The processor pushes the current processor status word and then
the program counter (PC) value on the processor stack. The stack is
pointed to by register R6.

d. The new PC and PS (the interrupt vector) are taken from the address
specified by the device, and the device service routine is initiated.

NOTE
These operations are performed automatically
and no device polling is required to determine
which service routine to execute.

e. The device service routine can cause the processor to resume the
interrupted process by executing the Return from Interrupt (RTI) in-
struction which pops the two top words from the processor stack and
transfers them back to the PC and PS registars.

f. A device service routine can, in turn, be interrupted by a higher pri-
ority bus request any time after the first instruction of the routine
has been executed. ’
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g. If such an interrupt occurs, the PC and PS of the current device ser-
vice routine are automatically pushed onto the stack, and the new
device routine is initiated as before. This nesting of priority interrupts’
can continue to any level; the only limitation is the amount of mem-
ory available for the processor stack.

5.4 UNIBUS SIGNAL LINES

The UNIBUS consists of 56 signals. Simplified and standardized control
logic is made possible by using separate dedicated lines for all signals.
For example, in a data transfer, the master device provides the address
of the location which it wishes to access. The device which responds is
the slave device. Contral and timing signals are provided. Address, con-
trol and data and timing functions are each transmitted on a distinct
set of bus lines.

All bus activity is asynchronous and depends on interlocked control sig-
nals. In every case, a control signal transmitted by the initiator of a
transaction is positively acknowledged by the receiver.of that signal, and
vice-versa.

Although the UNIBUS is a single communication path for all devices in
a PDP-11 computer system, the bus actually consists of three interre-
lated parts. These parts may be referred to as the priority arbitration
section, the data transfer section, and the initialization section. These
sections use the signal lines shown in Figure 5-2.

NO. ASSER-

NAME MNEMONIC OF - FUNCTION TION
LINES LEVEL
a. DATA TRANSFER SECTION - :
Address A <17:00> 18 Selects slave device Low
and/or memory address

Data D «<15:00> 16 information transfer Low

Control . Co, C1 2 Type of data transfer Low

Master Sync MSYN 1 Timing control for Low

Slave Sync SSYN 1 data transfer Low

Parity PA, PB 2 Device parity error Low

Interrupt INTR _1 interrupt Low
_ a1 ,

b. PRIORITY ARBITRATION SECTION

Bus Request BR4, BR5, 4 Requests use of bus Low
BR6, BR?7 (usually for interrupt)

Bus Grant BG4, BG5, 4 Grants use of bus High
BG6, BG7 - (usually for interrupt)

Non-Processor NPR 1 Requests use of bus for Low

Request data transfer

Non-Processor NPG 1 Grants use of bus for High

Grant : data transfers ,

Selection SACK 1  "Acknowledges grant Low

Acknowledge ‘

Bus Busy BBSY 1 Indicates that the data Low

' ___ section is in use
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c. INITIALIZATION SECTION

Initialize INIT 1 System reset Low

CAC Low AC LO 1 {P o Low

DC Low » DC LO -1_ ower monitoring Low
3

Figure 5-2 UNIBUS Signals

All transactions on the priority arbitration section and on the data trans-
fer section are interlocked dialogs between devices. On the priority ar-
bitration section, the devices are the requesting devices and the arbitra-
tor. On the data transfer section, the devices are the bus master and
the bus slave.

The signals that delimit data and priority arbitration operations are:

a. Data Transfer: MSYN, SSYN, Interrupt: INTR, SSYN
b. Priority Arbitration: [NPR, NPG] or [BRn, BGn], SACK, BBSY

5.5 DATA TRANSFER

5.5.1 Signals used in Data Transfer

Forty-one signal lines are used for data transfer. In a data transfer, one
device is a -bus master and controls the transfer of data to or from a
slave device.

All signals in the Data Transfer Section are transmitted on type 1 lines.

DATA LINES, D <15:00>

The 16 data lines contain the word of information that is being trans-
ferred between the master and the slave devices. A word consists of
two eight-bit bytes. The low order byte contains bits 00 through 07 and
the high order byte, bits 08 through 15.

The bit format is shown in Figure 5-3.

15 8 7 0
HIGH ORDER BYTE LOW ORDER BYTE
1 1 i - 1 - - 1 1 1 5 1 £ 1 A i
} - :
MSsB LSB

Figure 5-3 Format for Data Lines

‘ADDRESS LINES, A <17:00>

‘The 18 address lines carry the 18 A bits from the master during a ddta
transfer transaction. These bits specify a location. The device which
‘contains the specified locatlon responds as the slave for this data trans-
action.
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The address format is shown in Figure 5-4.

7 %6 15 W B3 ” 11 0 9 8 7 6 5 4 3 2 1 0

LSB =0 SELECTS LOW ORDER BYTE
LSB=1 SELECTS HIGH ORDER BYTE

Figure 5:4 Format for Address Lines

The 17 address lines A <17:01> specify a unique location. All locations
contain a 16 bit word which is at an even address. A byte is half of a word.
In byte operations, bit AOO specifies which byte is being addressed. If a
word is located at address X where X is even (i.e., its LSB = 0), the
low order byte is addressed at X and the high order byte at X plus 1.

CONTROL LINES, CO, C1
These signals are sent by the master to the slave and indicate one of
four possible data transfer operations:

VALUE
(C lines)
"NAME . MNEMONIC* Ct Cco FUNCTION
Data In DATI 0 0. One word of data from
o slave to master.
Data In, Pause DATIP 0 i 1 Same as DATI, but Inhib-

- its restore cycle in des-

' tructive read-out devices.
Must be followed by DATO
or DATOB to the same

location.
Data Out DATO 1 0 One word of data from
~master to slave.

Data Out, Byte DATOB 1 ~ 1 One byte of data from
. ' master to slave
Data transferred on:
D «15:08> for AOO =1
D «07:00> for AOO =0

* The notations “DATI/P” and *“DATO/B’ are equivalent to “DATI or
DATIP” and ““DATO or DATOB.”

The direction of data transfer is always specified with reference to the
master device; data-in is from slave to master and data-out is from
master to slave.

DATA-IN TRANSACTIONS
The DAT! and DATIP transactions request transfer of data from a slave
to a master. Both transactions use the D lines to carry the data. These
transactions are always a full word transfer, i.e., the slave places the
data on D<15:00>. if the master wants only one byte, it must retrieve
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the data from the proper lines: low-order byte from D<07:00>; high-
order byte from D <«15:08>. For these byte operations, the master
"~ should not assert, and the slave should ignore, bt AOO.

DATIP TRANSACTION

The DATIP operation’is identical to the DATI, ‘except that DATIP informs
the slave device that the present transfer is the first part of a read/
modify/write cycle,

[ 4

A pause flag is set in a\destructive read-out device (e.g., core memory)
which inhibits the restore cycle. The DATIP must be followed by a data-
out cycle (DATO or DATOB) to the same word address.

Since address bit AOO may change between a DATIP and a DATOB, the
slave must check the bus address at the beginning of the DATOB. The
master must retain bus control until this DATO/B is completed, i.e.: it
must remain bus master (assert BBSY) without interruption from the
start of the DATIP cycle to the end of the DATO/B cycle. No other data
transfer transaction may be executed between the DATIP and the
DATO/B cycles.

In nondestructive readout devices (i.e., flip-flops), the DATI and DATIP
are treated identically by the slave.

NOTE

In the case of locations which can be accessed
by more than one UNIBUS or other bus (e.g.:
the PDP-11/45 semiconductor memory), a DATIP
on one bus must prevent the slave from respond-
ing on any other bus until the DATO/B cycle has
been completed. This is necessary in order to
avoid problems in multiple processor systems.

DATA-OUT TRANSACTIONS ,

The DATO and DATOB operations transfer data from the master to the
slave. A DATO is used to transfer a word to the address specified by A
<17:01>. The slave ignores A0O0 and the master places data on D
<1%5:00>. A DATOB is used to transfer a byte of data to the address
specified by A <17:00). Line AOO = O indicates the low-order byte, and
the master places the data on lines D <07:00>>; AOO == 1 indicates the
" high order byte, and the master places the data on lines D <15:08>.

PARITY ERROR INDICATORS, PA, PB

PA and PB are generated by a slave and received by a master. They in-
dicate parity error in a device. The sla\,e negates PA and asserts PB to
indicate a parity error on a DATI/P; PA and PB both negated indicates
no parity error. PA asserted and PB asserted or negated are conditions
-reserved for future use. PA and PB are not defined in a DATO transac-
“tion. PA and PB may be used by the bus master’s parity error logic.

The following table is a summary of the possible combinations of the
parity error indicators.

PA PB
0 0 no error in a slave in DATI/P
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1 error in slave in DATI/P
X reserved

= O

The protocol for PA and‘ PB is the same as trrat for D<15:00>.

MASTER SYNC, MSYN
MYSN is a signal issued by a bus master and received by a slave. MSYN
has two functions, depending on whether it is being asserted or negated.

ASSERTION OF MSYN .-
The assertion of MSYN requests that the slave that is defined by the A
lines perform the function required by the C lines.

NEGATION OF MSYN
The negation of MSYN indicates to the slave that the master considers
the data transfer concluded.

SLAVE SYNC, SSYN

SSYN is a signal issued by a slave and received by a master. SSYN has
two functions, degending on whether it is being asserted or negated. It
should be noted that, in an interrupt transaction, the interrupt processor
is the slave and the interrupting device is the master.

ASSERTION OF SSYN

In a master-slave data transfer, the assertion of SSYN informs the bus
master that the slave has concluded its part of the data transfer, i.e.:
for a DATI or DATIP that the requested data has been put on the D lines,
and for a DATO or DATOB that the data on the D lines has been ac-
cepted>’

In an interrupt operation, SSYN is asserted by the processor. In this
case, SSYN signifies that the interrupt vector has been accepted by the
processor.

NEGATION OF SSYN

The negation of SSYN informs all bus devices that the slave has con-
cluded the data transfer. In the case of a DATI/P the negation of SSYN
signifies that the negation of MSYN has been received and the data re-
maved from the D lines. In the case of a DATO/B the negation of SSYN
means that the negation of MSYN has been received. In the case of an
interrupt the negation of SSYN signifies ‘that the negation of INTR has
been received by the processor. ~

INTERRUPT REQUEST, INTR

INTR is a signal asserted by an interrupting device, after it becomes bus
master, to inform the processor that an interrupt is to be performed and
that the interrupt vector is present on the D lines.

INTR is negated upon receipt of the assertion of SSYN from the pro-
cessor at the end of the transaction. INTR may only be asserted by a
device which obtained bus mastershlp under the authonty of a BG4
BG5, BGG or BG7 : :
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5.5;2 Conventions and Definitions

Slgnal Transmission

All UNIBUS signals are buffered by Transmitter and Receiver circuits be-
fore being used by any interfacing device. Most signals are bi-directional,
having both a Transmitter and a Receiver within the same device. Figure
5-5. shows a typical signal. Note that within the same device, a bi-direc-
tional signal appears in two different physical places, at the input of a
Transmitter and at the output of a Receiver. All UNIBUS signals men-
tioned in this chapter will imply reference within the Transmitter/Re-
ceiver device interface, and signals will be differentiated by:

(T) = transmitted signal (at input of Transmitter)
(R) = received signal (at output of Receiver)

Levels

A signal, such as MSYN, will be considered activated wien asserted. For
simplicity, timing waveforms will be shown for logic levels, rather than
voltage levels. The higher level will correspond to the assertion level, and
the lower level will be the cleared level.

Asserted = Logic 1 — TRUE = higher level

Cleared — lLogic O — FALSE — lower level == (negation)
Skew
When two separate signals are sent from one device to another device
starting at the same time, there can be a time difference in the receipt
of these signals by the second device, even if similar circuitry and
transmission medium are used. This time difference (or time uncertainty)
is called skew. It is guaranteed to be less than 75 nsec for the UNIBUS.
Figure 5-6 shows an example.

If signals A & B represent 2 Data lines on the UNIBUS, there could be
a maximum time difference (skew) of 75 nsec in the receipt of these
signals. Signal A could precede signal B by 75 nsec, or it could arrive
later than B by 75 nsec.

< UNIBUS ' >

TRANSMITTED (T) {R)
—
SIGNAL SIGNAL
|
RECEIVED (R) m

Figure 5-5 Bi-directional Signal
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Figure 5-6 Example of Skew

5.5.3 Equivalent Logic at the Slave

To allow asynchronous data transfer between master and slave, 2 inter-
dependent timing signals are used, MSYN and SSYN. Simplified, equiv-
alent logic at the slave interface to the UNIBUS is shown in Figure 5-7.

The sequence of events is:
1. Address, Control, (and Data) are sent from the méstér.

2. After a delay, to make sure lines have settled and address decoding
has been performed, MSYN is sent. MSYN is a gating (or strobing)
signal for the Address and Control lines. It is always cleared before
Address and Control are changed.

3. SSYN is the acknowledging response to MSYN and fneans that

(a) Address has been recognized by a device register (or memory),
and

(b) The action requested has been performed; data has been ac-
cepted or data has been placed on the UNIBUS..

5-11



The _!ogic shows 2-input AND gates and D-type flip-flops. The information
present on the D (data) input is stored in the flip-flop when the C (clock)
‘input is activated. -

Single lines have been shown for the different groups of signals (A,C, &
D) to simplify the diagram.

(o) DATA IN
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LLove ADRS

ADRS & CONT ‘ & (R)——j J —
MSYN ::j : )'_ CONI

DATA SSYN (r)———j——L————

{b) DATA OUT
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{from bus receivers) . _f———L_____

- DATA > v 1 DATA (R}

FF ADRS I l
ADRS & CONT cor
MSYN :::[3 c 0 ———
MSYN {R)

SSYN —a—r-«-— I—————l
i SSYN (1)

{to bus driver)

Figure 5-7 Simplified Slave Logic

5.5.4 Data Transfer Timing

The design of the UNIBUS imposes certain timing restrictions although
transfers are interlocked. Responsibility for these timing restrictions has
been assigned to the master to simplify the slave design.

In all transfers, it is assumed that there can be a maximum 75-ns skew
due:to driver, receiver, and transmission line tolerances. In other words,
the coincident assertion of two lines at the transmitter inputs of one de- -
vice could result in a maximum difference of 75-ns in the occurrence of
those signals at the receiver outputs in another device.

Because of this possible skew, the master always delays its MSYN signal
to ensure that MSYN does not reach the slave device prior to valid data
or addresses. In addition, the MSYN signal is further delayed to allow 75
ns for decoding by the slave device. The master also must not drop the
A (address) or C (control) lines until 75 ns after MSYN has been dropped
to guarantee that there are no spurious selections. Note, however, that
when a slave transmits data to a master (DATI or DATIP), the deskew
and decode time delay must be made by the master.

5.5.5 DATA-IN, DATI OR DATIP

General Description, Data-In Transaction
Data-In is defined as a data transfer from a slave to a master, DATl and

DATIP are similar.data-in operations,
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Figure 5-8 shows the interaction between master and slave for a typical
DATI or DATIP. A bus master (BBSY asserted) places the slave address
and the required control bits on the A and C UNIBUS lines. All devices
decode A and C to see if they are selected as the slave for this trans-
action, ,

The master waits after putting the address and control bits on the A and
C lines. This delay allows for deskewing of the A and C lines, and for
~their decoding by the bus devices. Then, if the previous slave has ended
its part of the preceding data cycle by negating SSYN, the master as-
serts MSYN.
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The selected slave, after receiving the assertion of MSYN, places the re-
quested data on the D lines and asserts SSYN.

The master deskews the D lines after receiving the assertion of SSYN,
strobes the data, and negates MSYN.

The receipt of the negation of MSYN informs the slave that the master
has accepted the data. The slave then removes the data from the D
lines and negates SSYN. This ends the slave’s part of the data transfer
cycle.

The master, after negating MSYN, deskews the A and C lines. This en-
sures that the negation of MSYN is received by all devices before the A
and C lines become invalid, and thus prevents false selection by another
device. After the deskew, the master ends its part of the data transfer
by removing the address and control bits from the A and C lines.

If the master is not going to use the bus for another data transfer at
this time, it negates BBSY. This releases the data section of the bus for
possible use by another device. If there is to be another transfer (e.g.:
a DATO or DATOB after a DATIP), BBSY is held asserted by the current
master.,

Detailed Description, DATI and DATIP
The numbers of the steps in this paragraph correspond to the numbers
on timing diagram, Figure 5-9.

1. The bus master (BBSY asserted) puts the address and the control
bits on their respective UNIBUS lines.

2. After a propagation delay, each device on the bus receives the ad-
dress and control bits, and decodes them.

3. The master waits for at least 150 nanoseconds after putting the
address and control bits on the A and C lines (front-end deskew);
then, if SSYN is negated, it asserts MSYN. This means that the
master must not assert MSYN at the driver input until 150 nano-
seconds: have elapsed since the A, C and enable lines have become

- valid at the A and C driver inputs. .

NOTE
The front-end deskew consists of 75 nanosec-
onds to compensate for the skew of the A and C
lines at the slave, plus 75 nanoseconds to allow
the slave to decode these lines.

4. After a propagation delay, each device on the bus receives the as-
sertion of MSYN. One of them has decided, after having decoded
the address, that it is the slave for this transaction.

5. Some time after receiving the assertion of MSYN, the slave puts
the requested data on the D lines, then asserts SSYN. This means
that the slave must not assert SSYN at the driver input before the
data and enable lines are valid at the D driver inputs.
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NOTE
SSYN must not be asserted before. the data is
put on the D lines. This is to insure that the
master will be able to deskew the data with re-
spect to SSYN and then strobe it whiie it is valid. .

6. After a propagation delay, the assertion of SSYN arrives at the
master. )

NOTE 1
If the assertion of SSYN is not received by the
master during a specified time after its asser-
tion of MSYN (timeout delay), step 7 below may
be executed, and steps 8 and 9 must be exe-
cuted by the master. An error bit may be set.

NOTE 2
The timeout delay is typically 10 to 20 micro-
seconds in processors. The use of some devices
(e.g.: bus window, DL10) requires much longer
times which can be up to several hundreds of
microseconds. These devices are used in multi-
processor or multi-bus systems.

7. After waiting for at least 75 nanoseconds after the receipt of the as-
sertion of SSYN (data deskew) the master strobes in the data.

NOTE
The data deskew compensates for the skew of
the D lines at the master.

8. The master negates MSYN.

9. After a 75 nanosecond minimum wait, called tall-end deskew, the
master removes the address and control bits from the A and C lines.
If this is the last data transfer under the current grant, the master.
then negates BBSY. ‘

NOTE
The tail-end deskew guarantees that the A lines- -
will not change at any bus device while the de-
vice -is receiving the assertion of MSYN.. This
prevents false selection of a device due to chang-
ing A lines while -MSYN is asserted.

10. After a propagation delay, the slave receives the negation of MSYN.

11. The slave removes the data from the D lines, and then negates
SSYN. '
E NOTE

SSYN must not be negated before the data is

removed from the D lines. This ensures that the

negation of SSYN is a valid indication of the fact

that the data bits have been removed from the

D lines. . ’
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Figure 5-9 Typical DATI Transaction

5.5.6 DATA-OUT, DATO OR DATOB

 General Description, Data-Out Transaction

Data out is defined as a data transfer from a master to a slave. DATO
and DATOB are Data-Out operations. The timing and protocol for both
of these operations is identical.

Figure 5-10 shows the interaction between master and slave for a typical
DATO or DATOB. A bus master (BBSY asserted) places the slave ad-
dress, the required control bits and the data on the A, C and D UNIBUS
lines. All devices decode A and C to see if they are selected as the
slave for this transaction.

'5-16



The master assérts MSYN after two conditions are met;

‘a. An appropriate delay is allowed for deskewing of the A, C and D Imes,
and for address and control decoding by the slave.

b. An appropriate delay is allowed after the receipt of the negation of
SSYN, to ensure that the previous slave is no Ionger drlvmg the D
lines.

The device selected as slave, after receiving the assertion of MSYN,
strobes the data on the D lines and asserts SSYN.

The master, after receiving the assertion of SSYN, negates MSYN, then
deskews the A and C lines. This ensures that the negation of MSYN is
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Figure 5-10 Typical DATO or DATOB cycle -
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- received by all devices before the A and C lines lose their validity, and
thus prevents false selection by another device. After the deskew, the
master ends its part of the data transfer by removing address and con-
trol bits from the A and C lines.

Data may be removed from the D lines by the master at any time after
its receipt of the assertion of SSYN, but no later than its removal of the
address and control bits from the A and C lines.

The slave, upon receipt of the negation of MSYN, ends its part of the
data transfer cycle by negating SSYN.

If the master is not going to use the bus for another data transfer after
removing the address and control bits from the A and C lines, it then
negates BBSY. This releases the data section of the bus for possible use
by another device. If there is to be another transfer, BBSY is held as-
serted by the current master. '

Detailed Description, DATO and DATOB
The numbers of the steps in this paragraph correspond to the numbers
on timing diagram, Figure 5-11.

1. The bus master (BBSY asserted) puts the address, control, and data
bits on their respective UNIBUS lines.

2. After a propagation delay, each device on the bus receives the ad-
dress ‘and control bits, and decodes them.

3. After putting the address, control anfl data bits on the A, C and D
lines, the master waits for at least 150 nanoceconds (front end
deskew). This means that the master must not assert MSYN at the
driver input until 150 nanoseconds have elapsed since the A, C, D
and enable lines have become valid at the A, C and D driver inputs.
See Note 1, step 5.

4. The master waits for a minimum of 150 nanoseconds after receiv-
ing the negation of SSYN (SSYN deskew). See Note 2, step 5.

5. After the conditions in steps 3 and 4 above have been met, the
master asserts MSYN.

NOTE 1
The front-end deskew consists of 75 nanosec-
onds to compensate for the skew of the A and C
lines at the slave, plus 75 nanoseconds to allow
the slave to decode these lines.

NOTE 2
- The 150 nanosecond SSYN deskew consists of:
(1) 75 nanoseconds to ensure that the data from
" a previous DATI or DATIP transaction has been
removed from the D lines and (2) 75 nanosec-
onds to allow set-up time for such devices as
may require it.
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Figure 5-11 Typical DATO Transaction

6. After a propagation delay, each device on the bus receives the as-
sertion of MSYN. One of them has decided, after having decoded
the address, that it is the slave for this transaction.

7. Upon receiving the assertion of MSYN, the slave strobes the data’
from the D'lines and asserts SSYN.

NOTE
The data must be strobed by the slave either at
the same time as, or previous to, the assertion
of SSYN. This is required because the master
may remove the data from the D lines upon re-
‘celpt of the assertion of SSYN.
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8. After a propagation delay, the master receives the assertion of
SSYN. - :

. NOTE 1
If the assertion of SSYN is not received by the
master during a specified time after its asser-.
tion of MSYN (timeout delay), the steps that
follow are executed and an error bit ' may be set.

NOTE 2
The timeout delay is typically 10 to 20 microsec-
onds in processors. The use of some devices
(e.g.: bus window DL10) require much longer
times which can be up to several hundreds of
microseconds. These devices are used in multi-
processor or multi-bus systems. :

9. Upon receipt of the assertion of SSYN, the master negates MSYN,
and may remove the data from the D lines.

10. After a 75 nanosecond minimum wait, called tail-end deskew, the
master removes the address and control bits from the A and C
lines. If this is the last transfer under the current grant, the master
then negates BBSY. If the data has not previously been removed
from the D lines, it must be removed: (a) if another transfer will
be done under the current grant, no later than the removal of the
A and C bits from the bus, or, (b) if this is the last transfer under
the current grant, before the negation of BBSY.

NOTE .
The tail-end deskew guarantees that the A lines
will not change at any bus-device while the de-
vice is receiving the assertion of MSYN. This
prevents false selection of a device due to chang-
ing A lines while MSYN is asserted.

11. After a propagation delay, the slave receives the negation of MSYN
and then negates SSYN.

5.6 PRIORITY ARBITRATION TRANSACTIONS

5.6.1 Introduction :

It is assumed in all the descriptions in Section 5.6 that the arbitrator is
allowed to issue a grant of the level at which the request is made. This
implies: (1) that no device request having a priority level higher than the
level of the request under consideration is present at the arbitrator, and
(2) that the present priority level of the interrupt fielding processor is
lower than the priority level of the request under consideration,

General Description

Refer to Figure 5-12, Typical Arbitration Sequence. At the start (top) of
the diagram, device 1, having been granted the use of the data section
of the bus, asserts RBSY and becomes bus master. After a time, device
.1 negates SACK. The arbitrator is enabled when it receives the negation
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Figure 5-12 Typical Arbitration Sequence

of SACK, and a new priority arbitration sequence starts. When the re-
quest from device 2 reaches the arbitrator, a grant of the same priority
level as the request is asserted. The assertion of this grant disables the
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arbitrator, and the request from device 3 is ignored. Device 2 acknowl-
- edges the grant by asserting SACK, Receipt of the assertion of SACK

keeps the arbitrator disabled. Device 2 is now designated as next bus
master. ;

The arbitrator acknowledges the receipt of the assertion of SACK by
- negating the grant. This action signals the end of the arbitration se-
quence. '

Device 1 ends its data transfer and relinquishes the bus by negating
BBSY.

As soon as device 2 has received the negation of BBSY, device 2 be-
comes bus master, asserts BBSY, and starts its data transfer cycle.

Requests are not honored by the arbitrator while a grant is asserted, nor
while the assertion of SACK is seen at the arbitrator. The request from
Device 3 is an example of the first case. The request from Device N
illustrates the second case, because device 2 waited too long before
negating SACK. '

A priority arbitration sequence may or may not occur at the same time
as a data transfer cycle. In the case of devices 1 and 2 above, it does.
The arbitration sequence for device 3, however, does not start until the
data transfer by device 2 is aimost ended. -

All UNIBUS signals used in the above sequence are transmitted on type
1 lines, with the exception of the grants, which are transmitted on type
2 lines. Thus, a grant asserted by the arbitrator is received by the first
device on the bus wired to this particular grant line. If this device re-
quires the use of the data section of the bus at this time, it blocks the
grant and asserts SACK. If the device does not require the use of the
data section of the bus upon receipt of the assertion of a grant. It as-
serts (passes) the grant, which is then received by the next device of the
same priority level on the bus. A device may not accept a grant (assert
SACK) after it has passed the grant.

5.6.2 Detailed Description, Priority Arbitration Transactions
Preliminary Conditions

The arbitrator responds to signals from bus devices requesting the use
of the data section of the UNIBUS, and to enabling signals from the in-
terrupt fielding processor. '

The processor prohibits the arbitrator from issuing BGs during an in-
terrupt transaction and for such time after this transaction that the pro-
cessor is determining its new priority level. The processor cannot serv-
ice, and the arbitrator may not grant, any more BGs until the processor
has established what this new level is and saved the old level. This se-
quence typically requires four bus cycles, after which the arbitrator is
again allowed to grant BGs at a level higher than that of the new pro-
cessor level.

The “Grant Status” lines on the timing diagrams show which types of
grants may be issued by the arbltrator at any given tlme during the ar-
bitration sequence.
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5.6.3 Detailed Description, NPR Arbitration Sequence
The numbers of the steps in this paragraph correspond to the numbers
on timing diagram, Figure 5-13.

1.
2.

The requesting device asserts NPR.

After a propagation delay, the assertion of NPR is received by the
arbitrator.

If the negation of SACK from the previous priority arbitration se-
quence has been received by the arbitrator for at least 75 nano-
seconds, the arbitrator asserts NPG and the arbitration process is
stopped.

v NOTE 1
No grants may be issued by the arbitrator while
SACK is asserted, and for a minimum of 75
nanoseconds after receipt of the negation of
SACK.

The delay ensures that the negation of NPR or
BR from the previous arbitration sequence has
arrived at the arbitrator before arbitration is re-
sumed. This prevenis the issue of a grant in
response to the request from the previous ar-
bitration sequence in the case that the request is
negated at the same time as SACK. See step 5.

In the case of a single word transfer, the master
typically negates SACK immediately after assert-
ing BBSY. The SACK delay ensures, in this case,
that the assertion of BBSY is sensed before the
negation of SACK. This prevents the processor
from asserting BBSY upon seeing the bus free.

NOTE 2
No other grant (NPG or BG) may be issued by
the arbitrator while an NPG is asserted.

4. After a propagation delay, NPG is received at the requesting device.

5. The requesting device then asserts SACK. In the case of a single

word transfer, NPR must be negated by the requesting device after
the assertion of SACK, but before SACK is negated. If another
transfer is required after the current one, NPR may remain as-
serted.

After a propagation delay, the assertion of SACK is l:eceived at the
arbitrator.

NOTE 1
If the assertion of SACK is not received by the
arbitrator during a specified time after its as-
sertion of NPG (timeout delay), NPG is negated
and arbitration resumes. The timeout delay is
typically 5 to 10 microseconds.
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NOTE 2
Systems may avoid the timeout delay by having,
at the end of the bus opposite to the arbitrator,
a terminator that asferts SACK if it receives the
assertion of NPG.

The arbitrator upon receipt of the assertion of SACK, negates NPG.
The negation of NPG is propagated along the bus to the terminator,
which negates SACK upon receipt of the negation of NPG. Steps 11
and 12 below are then executed. -

The arbitrator then negates NPG.

After a propagation 'delay, the requesting device receives the nega-
tion of NPG.

After receiving the negation of BBSY the requesting device asserts
BBSY. The requesting device becomes bus master at the time of its
assertion of BBSY, and starts its data transfer cycle(s).
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Figure 5-13 Typical NPR Arbitration Sequence
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10. After it has asserted BBSY and at some time before it has finished
- transferring data, the bus master may negate SACK, if it has re-
ceived the negation of BGn. '

_ NOTE 1
If a single word transfer is intended, a device
typically asserts BB5Y and negates SACK at the
same time. _

NOTE 2
The master must not negate SACK prior to its
receipt of the negation of NPG. This provides
the interlock that ensures that the arbitrator has
received the assertion of SACK.

11. After a propagatlon delay, the arbntrator receives the negation of
SACK.

12.  The arbitrator waits a minimum of 75 nanoseconds, then resumes
arbitration. See Note 1, step 3.

13. At the end of its last data transfer cycle, the master waits at least

: 75 nanoseconds after negating MSYN, then removes any A, C, D,
bits it has put on the bus. It then negates BBSY, thus releasing the
bus. SACK must be negated before BBSY may be negated."

5.6.4 General Description, Interrupt Transaction

A bus master that has obtained control of the data section of the UNI-
BUS through a BRn-BGn arbitration transaction may issue an interrupt
command to the processor, This forces entry into a sub-program whose
-vector is given to the processor by the bus master. The vector is as-
serted on the D lines.

Figure 5-14 shows the interaction between master, processor, and ar-
bitrator for a typical interrupt transaction. A bus master puts the vector
on the D lines and, if SSYN is negated, asserts INTR and negates SACK
if BGn is negated.

The processor, upon receipt of the assertion of INTR, delays to deskew
the D lines, then strobes the vector and aserts SSYN,

 Upon receipt of the assertion of SSYN, the master removes the vector
from the D lines and negates INTR and BBSY.

When the processor receives the negation of INTR, it negates SSYN.

Upon receipt of the assertion of INTR, the arbitrator ceases to issue
BGs. It grants no BGs until authorized to do so by the processor NPGs,
however, may be granted during this time.

5.6.5 Detailed Description, BR Interrupt Arbitration Sequence
The numbers of the steps in this paragraph correspond to the numbers
on timing diagram, Figure 5-15.

1. The ‘reque‘sting device asserts BRn.
'5.25



TIME-NO SCALE

TH
ARBITRATOR MASTER PROCESSOR DEVICES

ASSERTION OF ggsy

Z
3\5
A
Ql0
52
0|2
t\g
~\Z

: |
l
, |
As
| _ SERTION OF in7g [
. | ]

SACK
| ecaTION OF X l l
|

VECTOR
DESKEW

} |

] STROBE
VECTOR

|

I

|
|
|
|
{
|
I
|
|
|
I |
|
|
!
I
l
|
|
|
!
|
|

ONLY NPG ISSUED-NO BGs #———— —— NO GRANTS ISSUED ‘

|

| :

|

|

| .

| ' W
| )

| ,

l

' .

NPG & BG
“*—\|SSUED

Figure 5-14 Typical .INTR Cycle Diagram

After a propagation delay, the assertion of BRn is received by the
arbitrator.

If the negation of SACK from the previous priority arbitration se-
quence has been received by the arbitrator for at least 75 nano-
seconds and if the processor is ready to accept an interrupt vector
at the level of the interrupting device, the arbitrator asserts BGn
and the arbitration process is stopped.
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. NOTE 1

No grants may be issued by the arbitrator while
SACK is asserted, and for a minimum of 75
nanoseconds after receipt of the negation of
SACK.

The delay ensures that the negation of NPR or
BR from the previous arbitration sequence has
arrived at the arbitrator before arbitration is re-
sumed. This prevents the issue of a grant in
response to the request from the previous ar-
bitration sequence in the case that the request
is negated at the same time as SACK. See
step 5.

In the case of a single word transfer, the master
typically negates SACK immediately after as-
serting BBSY. The SACK delay ensures, in- this
case, that the assertion of BBSY is sensed be-
fore the negation of SACK. This prevents the
processor from asserting BBSY upon seeing the
bus free.
NOTE 2

No other grant (NPG or BG) may be issued by
the arbitrator while a BG is asserted.

4. After a propagation delay, BGn is received at the requesting device.

5. The requesting device then asserts SACK. In the case of a single
transaction, BRn must be negated by the requesting device after
the assertion of SACK, but before SACK is negated. If another
transaction is required after the current one, BRn may remain
asserted.

6. After a propagation delay, the assertion of SACK is received at the
arbitrator.

NOTE 1 ’ :
If the assertion of SACK is not received by th
arbitrator during a specified time after its as-
sertion of BGn (timeout delay), BGn is negated
and arbitration resumes. The timeout delay is
typically 5 to 10 microseconds.

NOTE 2

Systems may avoid the timeout delay by having,
at the end of the bus opposite to the arbitrator,
a terminator that asserts SACK if it receives the
assertion of BGn. The arbitrator, upon receipt
of the assertion of SACK, negates BGn. The
negation of BGn is propagated along the bus to
the terminator, which negates SACK upon re-
cepit of the negation of. BGn. Steps 11 and 12
of Section 5.6.3 (NPR Sequence) are then exe-
cuted.
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10.

11.

12.

13.

14.
15.,

16.

The arbitrator then negates BGn.

After a propagation delay, the requesting de&iice receives the nega-
tion of BGn.

The requesting device, after receiving the negation of BBSY, asserts
BBSY. The requesting device becomes bus master at the time of
its assertion of BBSY. '

The bus master, which must have been granted the use of the data
section of the UNIBUS by a BG but not by an NPG, puts the inter-
rupt vector on the D lines.

After the master receives the negation of SSYN (which is typically
already negated), it asserts INTR. After the master has asserted
INTR and received the negation of BGn it negates SACK.

NOTE 1
INTR must be asserted before SACK is negated
to ensure receipt of the assertion of INTR be-
fore the end of the SACK delay at the arbitrator.
The SACK delay compensates for skew between
INTR and SACK at the arbitrator.

: NOTE 2
The master must not negate SACK prior to its
" receipt of the negation of BGn. This provides the
interlock that ensures that the arbitrator has
received the assertion of SACK.

- . NOTE 3
The master may already have negated INTR or
BBSY (step 16 below) by the time it receives
the negation of BGn (not typical, but possible).
In this case, the master negates SACK when the
negation of BGn is received.

After a propagation delay, the arbitrator and the processor receive

‘the assertion of INTR.

. The processor waits for at least 75 nanoseconds (vector deskew),

then strobes the vector from the D lines.

NOTE
The vector deskew compensates for the skew
between INTR and the D lines at-the processor.

The processor asserts SSYN.

After a propagation delay, the master receives the assertion of
SSYN.

The master then removes the vector from the D lines and then
negates INTR. The master then typically negates BBSY. This con-
stitutes active release of the data section of the bus by the master.
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17.

18.
19.

20.

After a propagation delay, the arbitrator and the processor receive
the negation of INTR.

The processor then negates SSYN.

After receiving the negation of SACK (step 11 above), the arbitrator
waits for 75 nanoseconds (SACK delay), then may resume issuing
NPGs, but not BGs.

NOTE
Typically, the processor reads a new program
counter and status word from the memory lo-
cations designated by the interrupt vector. This
is done immediately following the interrupt
transaction. From this the processor determines
its new priority level.

The processor informs the arbitrator that it may start issuing BGs.

‘ NOTE 1
Data may be transferred by a device that has
become bus master through a BRn-BGn se-
quence. In this case, the procedure is the same
as that described for NPR in Section 5.6.3.

NOTE 2
A master may only execute one INTR transac-
tion per BG. ’

NOTE 3

If a master does data transfer(s) but no inter-
rupt transaction under the authority of a BG,
then releases the data section, this release con-
stitutes passive release of the data section of
the bus.
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Figure 5-15 Typicél Interrupt Transaction
5.7 MISCELLANEOUS CONTROL LINES .

There are three additional lines on the UNIBUS which may be used by

all devices. These lines are: Initialize, AC low, and DC low:

- INIT Initialize. This signal is asserted by the processor when the
START key on the console is depressed, when a RESET
instruction is executed, or when the power fail sequence
occurs. In the latter case, INIT is asserted following the
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AC LO

DC LO

power fail service routine while power is going down, and
again when power comes up. INIT may also be used to
clear and initialize all peripheral devices at the same time
by means of the RESET instruction.

AC Line Low. This is an anticipatory signal which starts the
power fail trap sequence, and may also be used in peripheral
devices to terminate operations in preparation for power
loss. When AC LO is cleared, the power up instruction se-
quence in the processor begins. It is the programmer’s
responsibility to make certain that the trap vector is ioaded
with a pointer to the power fail routine. If this is not done, |
an undefined sequence results.

DC Line Low. This signal, which emanates from the power
supply, is available to all System Units on the UNIBUS.
Each power supply must furnish both AC LO and DC LO
signals, and be able to hold these lines at ground (less than
0.8 volts) when power is off to that supply, even if other
equipment tries to pull up the lines. This signal remains
cleared as long as all dc voltages are within specified limits.

~ If.an out-of-voltage condition occurs, DC LO is asserted by

the power supply. Devices such as core memories use the
DC LO signal to inhibit further operations. The DC LO signal
is normally cleared before AC LO when power is coming up
and is asserted after AC LO when power is going down.
Note that the power fail trap is initiated by AC LO only and
that the DC LO signal is used by the processor to cause
INIT on the bus.

Refer to Figure 5-16.

5-31



POWER DOWN . POWER UP
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NOTE: 5 msec is needed between the AC LO and DC LO signals on Power Down
to guarantee the program 2 msec of running time.

Figure 5-16 Power Fail Sequence

5.8 UNIBUS

5.8.1 Timing . .

~ Although all bits of an information signal are transmitted simultaneously,
differences in bus path lengths and speeds of individual gate responses
may cause variations in transmission time and in the elapsed time be-
- fore reception. To allow for slow signals to arrive, and to permit settling
- of ‘levels which have encountered transmission noise, the strobing or
gating of this data is delayed a nominal 75 ns. This delay is greater than
‘the worst case signal skew encountered in practice.

A further delay may be necessary to allow an information signal within
a device to qualify gates that accept a strobing signal. A 75-ns delay
-allows for this gating and rust be provided by any device which acts
a$ bus master for a data transfer. Thus, a slave is always guaranteed
...that address and data are valid at its interface (the device side of the
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receivers) 75 ns in advance of the MSYN signal at the output of the
MSYN receiver. If a slave requires more decoding time, it must provide
its own delay for the MSYN signal, or trigger a delayed strobe from the
MSYN signal.

To simplify slave device design in a DATI or DATIP sequence, the slave
may place the data on the D lines coincident with the assertion of
SSYN. The deskewing (75 ns) and decoding delay is the master's re-
sponsibility. In the INTR sequence, the interrupting device may place
the vector address on the D lines coincident with the INTR signal. The
processor allows for the 75-ns skew.

5.8.2 Time-Out Protection

A precaution must be taken when designing peripheral devices that gain
control of the bus for the purpose of transferring data to another ele-
ment on the UNIBUS. Normally, such a device contains a bus:address
register, which is loaded by the program as one of the initialization
steps. This address must then be incremented by the device upon com-
pletion of each data transfer. If the program loads an erroneous address
or if the register increments beyond the available core memory in the
existing system, no SSYN response is generated for the data transfer.
To prevent this problem from hanging up the system, it is recommended
that a 10- to 25-us integrating one-shot be triggered each time the
master device gsserts MSYN. If this one-shot times out before SSYN
is received, the master should stop the transfer by clearing MSYN,
BBSY, and any other signals it has asserted. The master should then
set an error flag in its status register. :

5.8.3 Priority Chaining

The PDP-11 uses electrical chaining of devices to assign minor priority
levels. These levels separate devices of the same major priority level
to provide a full array of priority servicing. Figure 5-17 illustrates the
mode of operation and advantages of this system. Six devices are shown
in order of their electrical distance from the processor. Three devices
are at major priority level 4: device A, device C, and device D. The re-
“maining three are at major priority level 5.

if the processor is at priority level 5 or above, no bus requests are
granted from any of these devices. At a processor priority of 4, only
requests from devices B, E, or F are granted. Assume that the processor
priority is 2 and also that during one instruction cycle, devices C, E, and
F assert bus requests. At the end of the instruction, the processor con-
ducts a PTR operation. Since BR 5 is asserted, the processor does not
respond to BR 4 (device C). When BG 5 is asserted, the signal first goes
to device B. The signal is passed on, since device B was not asserting
BR and does not block the pulse. Next, the signal goes to device E,
which blocks the pulse, drops BR 5, and takes control of the bus. Device
F still has BR 5 asserted, however, and device C has BR 4 asserted.
These requests remain on the bus until granted or actively cleared by
the processor. If device E does an INTR operation, device F gains con-
trol of the bus after the first instruction of the handling routine has
been executed, unless the INTR operation raises the processor priority.

Changing the processor priority is accomplished easily since the trap
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sequence following the INTR operation provides a new PS word, which
includes a new processor priority. If the priority is set to 5, the proces-
sor ignores the current bus request but grants requests from other de-
vices with higher major priority levels (if there are any).

|—BRS W

I—BR4

L-8GS5 F_,

PROCESSOR |—BG4 ' y

TO NEXT
DEVICE

DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE
A B C o} E F
LEVEL 4 LEVEL 5 LEVEL4 LEVEL 4 LEVEL S LEVEL S

Figure 5-17 Priority Chaining Example

At the conclusion of the interrupt handling routine, the original proces-
sor priority is restored and normal processing is resumed. After one
instruction, device F gains control of the bus, When normal processing
resumes again, device C, which is still waiting for bus service, gains
control in a similar manner.

Higher priorities are assigned to devices that require faster service to
avoid destruction or loss of data. Slower devices, which can afford to
wait, operate with low priorities. Therefore, service can be provided to
all devices in an equitable marner, with no lost data and maximum
speed and bus efficiency.

5.8.4 Address Mapping

A PDP-Address Map is shown in Appendix A. Observe that, in the follow-
mg discussion, all addresses are numbered in octal. The letter K, which
is normally used to devote 1000 (decimal), is used in this discussion to
denote 1024 (decimal). .

The UNIBUS addresses 2 locations (262, 144lo or 256K), and each
location contains eight bits. On the basic PDP-11 systems only 16 bits
- of address information are under program control. This limits the pro-
cessor to an address map of 64K locations. Since the word length and
bus width are two bytes, most bus operations access two locations at
once; the address supplied on the bus is that of the even-numbered
lacation, and the next higher odd location is selected as well. Byte
operatlons can explicitly address any byte. For example, a DATI to loca-
tion 400 transfers the information in locations 400 and 401, while a
DATOB to location 400 loads only location 400. In all cases, a full-word
operatlon cannot address an odd- numbered location.
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The address map (Appendix A) contains full, 18-bit wide bus addresses.
Without the Memory Management option, hardware in the processor
forces A(17:16) to ones if A(15:13) are all ones when the processor is
master; thus, the last 8K byte locations are relocated to be the highest
locations accessible by the bus. All device addresses and internal pro-
cessor locations are assigned in these 8K locations.

Interrupt and Trap Vector Locations

The first 1000 (octal) locations in the address map are reserved for trap
and interrupt vectors. The stack pointer overflow feature of the processor
warns the user that the data in these locations may be subject to de-
struction if the system stack expands downward into this area. Locations
0 through 37 are used for trap vectors for internal processor use, loca-
tions 40 through 57 are reserved for use as system software communica-
tions words, and the remaining locations are used for device interrupt
vectors. There is no limit to interrupt vectors above 400 except that they
are not protected from stack overflow, except with the Programmable
Stack Limit option.

To prevent customer-designed interfaces from interfering with standard
DEC products, the vector addresses (170, 174, 270, and 274) are re-
served for customer interfaces.

Each vector requires four locations (two words), and the vector ad-
dresses are constrained to even-word boundaries; that is, each vector
must end in 4 or 0. (This is implemented by providing vector addresses
which do not specify bits 0 or 1. Since the low bits are always 0, ad-
dress bit 2 specifies either O or 4.) ' .

Memory Locations

Memory locations, either read/write or ROM, begin at 0 and proceed to
757777. The highest numbered 8K-block in the map is used by device
registers and by internal processor register addresses.

Device Register Locations

Each device has one or more device registers. Device register addresses
are always even (AQQ is 0), although byte operations may address either
half of a register.

The top 4K word locations are allocated for device register assignment.
The top 2K words (770000-777777) is reserved by Digital for processor -
addresses and standard peripheral devices. The 1K word addresses
(764000-767777) are reserved for customer allocation. It is recom-
mended that customer-built interfaces be given addresses in this area.

5.8.5 Devices Registers _

The actual transfer of data between a device and the UNIBUS takes place
through one or more registers in the device. These registers may be
either flip-flop storage registers or dynamic signals which are simply
~ gated to the bus during a transfer. In addition, it is not necessary for the
exact nature of the register bits to be the same. Some bits may be used
for read/write (transfered on both DATI and DATO transactions); some
may be write only (participate only in DATO transactions, and appear as
Os for DATI's); and some may be read only (participate only in DATI's,
unaffected by DATQO’'s). Exercise caution when assigning bit usage. For
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example, a BIS (Bit Set) instruction to a word containing a write-only bit
does not set the bit, but clears it. This is because a BIS performs a
- DATIP, DATO sequence and, if the bit reads as a 0, it is rewritten as a O.
Examples of all three types are usually found in control and status reg-
isters. A typical example of a read write bit is an interrupt enable bit;
an example of the write bit is a go command bit; an example of a read
bit is an indicator of an error condition requiring operator intervention.

To standardize register format types, Digital has adopted some preferred
bit assignments which are shown in Figure 5-18. The preferred order of
register address assignments is given in the table. These preferences
are included for reference only and should not be construed as manda-
tory requirements for interfacing to the UNIBUS. The exact nature of
register assignments varies with each device.

FUNCTION: Device Function (read, write, punch, search, etc.)
Single function devices should use bit O because
INC CSR (an operate instruction) performs the
command with less program storage and is also
faster than a conventional MOV.

EXTENDED MEM: Used to specify A(17:16) when doing device con-
. trolled data transfers to locations not in the first
64K block of addresses.

INTR ENB: " Interrupt Enable. Inhibits Interrupt on done or error
_ if not set.

READY or DONE: Bit set by device when internal processing is com-
pleted and the device is ready to participate in a
transfer. Can be checked by the instruction se-
quence LOOP: TSTB CSR, BPL LOOP.

UNIT SELECT: Used to select multiple devices connected to a
single controller (such as DECtape units with op-
erator set unit numbers).

BUSY: Indicates that the device is doing internal process-
ing and cannot participate in a new operation. Need
not be used in. many devices, READY may be ade-
quate.

ERROR: Indicates the source or cause of an Error Interrupt.
Bit 15 is used for single-error conditions or may be
the logical OR of several error condition to allow the
TST instruction to check error status.

Preferred Order of Device Register Assignments

ADDRESS (OCTAL)

N : CSR CONTROL STATUS REGISTER
N4 2 DBR DATA BUFFER REGISTER

‘N + 4 MAR MEMORY ADDRESS REGISTER
N+ 6 WCR WORD COUNT REGISTER

N+ 10 DAR DEVICE ADDRESS REGISTER
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CSR—Device function, status interrupt control.

DBR—Data register for information transfer.

MAR-—Memory location for block transfer. Incremented by device
logic each word transTer.

WCR—Set by program to control length of block transfer.

DAR—Track or block nuraber for mass storage devices.

When several registers are used for the same function, they should
be assigned contiguous addresses, and be followed by registers of
other functions in the same order as for single registers of each
function.

CSR1
CSR2
DBR1
DBR2
DBR3
MAR
WCR
DAR

All register types are optional; only implemented registers should be
assigned addresses.

ERROR _’
{LOGICAL OR)
ERRORS

BUSY
UNIT SELECT
READY OR DONE
INTR ENB
EXTENDED MEM
FUNCTION
GO

kll )JL‘I 7y k‘\’_JL_V‘—Jﬂl

Figure 5-18 Preferred CSR Bit Assignments
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5;9 COMPARISON BETWEEN NPR & BR OPERATION

NPR

BR

Operation

When granted
Condition for grant
Signals

Request

‘Grant

Select Acknowledge

Bus Busy

Typical Registefs used
Command & Status (CSR)

Data Buffer (DBR)
Word Count (WCR)
Data Address (DAR)
Memory Address (MAR)
Usage '
Trade off

If wrong choice
Typical devices

data transfer

(Direct Memory Access)
during an instruction
always,

NPR
NPG .
SACK
BBSY

XXX XX

critical data
inexpensive in time,
expensive in hardware,
hardware does the
work

higher ¢cost

disk

tape

A/ D (high speed)
communications MX
scopes

program interrupt

at end of an instruction
higher priority than CPU

BR7, BR6, BR5, BR4
BG7, BG6, BG5, BG4
SACK
BBSY

X
X

plenty of time
inexpensive in hardware,
expensive in time,
software does the work

lose data or bad data

paper tape

terminal

A/D (low speed)
communications single line




CHAPTER 6

UNIBUS INTERFACING

6.1 GENERAL
This chapter discusses the specific circuits and modules used for inter-
facing devices to the UNIBUS. :

The UNIBUS, a high-speed data transmission facility, imposes certain re-
strictions when attaching other devices to it. The actual bus is a matched
and terminated transmission line which must be received and driven
with devices designed for that specific application. The following para-
graphs describe bus transmission, bus signal levels, bus length, and bus
receiver and transmitter circuits.

6.1.1 UNIBUS Transmission

The actual bus medium consists of several types of cable. The standard
cabling is composed of short jumper modules that interconnect the sys- -
tem units within a mounting assembly. The M920 Module serves as the
jumper module. Critical ground signals are also carried on this module.
Cables used between mounting assemblies consist of a flat ribbon cable
assembly with alternating signals and grounds. The charactenstlcs neces-
‘sary for proper UNIBUS transmission are:

Characteristic Impedance: 1200 = 180
Resistance: 0.1359/ft, maximum

Either twisted pair or coaxial cablé laid for minimum crosstalk is recom-
"mended for long cable lengths and for applications requiring extreme
physical durability of the cable.

The UNIBUS is terminated at each end by a resistive divider for each
signal except the grant signals (see Figure 6-1). The grant signals are
terminated with a single resistor. Two M930 Terminator Modules are in-
cluded in every system to provide these functions.

6.1.2 UNIBUS Signal Levels
For ‘most UNIBUS signals:
' ]ogic 1 = 0 volts (LOW)
logic 0 = + 3 4 volts (HIGH)

Note that the polanty is opposite to that normally used with TTL in-
tegrated circuits.

The rest state for all UNIBUS signal lines, except the grant lines
BG < 7:4 > and NPG, is a logic 0 of 4 3.4V. The asserted state (logic 1)
is between ground and 4 0.8V, which |s the Saturation voltage of thek
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transistor driving the bus. The rest state for the grant signals is ground
(logic 0) and the asserted state (logic 1) is -+ 3.4V. To guarantee opera-
tion under worst case conditions, receivers should have a switching
threshold of approximately + 1.5V.

N
Digital Equipment Corporation uses standard terminology to name signal
lines to aid the reader in determining their active state. Either an H or L
follows the signal name mnemonic and is separated by a space. This
letter indicates the asserted (logic 1) state of the signal to be either high
(approximately + 3V) or low (ground). Thus, a UNIBUS data line is
called BUS DOO L and a grant line is called BUS BG4 H.

~ With flip-flops, a 1 or O in parentheses is often used following the signal
name to indicate the assertion state, see Figure 6-2.

1—FF(1)H When flip-flop is set (FF = 1), this signal
isat 43V
FF
O—FF(O)H When flip-flop is cleared (FF = 0), this
- signalisat 43V
Figure 6-2 Flip-flop signals
Note that:

FF()H=FFO)L
%f—j

and L When FF is a O, this signal is at O V.
FF(OOH=FF (1) L

All signals which are not UNIBUS signals are characterized in terms of
standard transistor-transistor logic (TTL) loads. These devices, which are
similar to the 7400 Series, have a low state input load of — 1.6 mA and
a high state leakage current of 40 xA. Outputs are characterized by the
number of inputs they can drive (calied fanout).

A standard TTL gate can drive 10 unit loads.

6.1.3 Bus Receiver and Transmitter Circuits

The equivalent circuits of the standard UNIBUS receivers and transmit-
~ ters are shown in Figure 6-3. Any device which meets these requirements

is acceptable. To perform these functions, Digital Equipment Corporation

uses two monolithic integrated circuits with the characteristics listed in

Table 6-1. A typical transmitter circuit is shown in Figure 6-4,
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Figure 6-3 Transmitter and Receiver Equivalent Circuits

+3.4V

~ R1=120K, MIN

R2=20K, MIN
C1=10PF, MAX
cl R2
OUT—e»
L1
S C2 R3
R3=120K, MIN
C2=10PF,MAX

TRANSMITTER OFF({LOGICAL 0)

TRANSMITTER ON {LOGICAL 1)

C2=10PF, MAX

R3=11 OHMS, MAX

Table 6-1 Unibus Receiver and Transmitter Characteristics

- Characteristic

Specifications

Notes

Receiver Input high threshold VIH 1.7V min. 1
(DEC 8640) Input low threshold VIL - 1.3V max. 1
Input current @ 2.5V HH 80 uA max. 1,3
Input current @ OV. IIL —10 pA max. { 1,3
Output high voltage VOH | . 2.4V min. 2
Output high current IOH | (16 TTL loads) | 2, 3
Output low voltage VOL 0.4V max. 2
Output low current 1oL (16 TTL loads) | 2, 3
Propagation delay to TPDH 10 ns min, 4,5
high state 35 ns max. |*
Propagation delay to TPDL 10 ns min. 4,5
low state 35 ns max. :
Transmitter Input high voltage VIH 2.0V min. -6
(DEC 8881) input low voltage VIL 0.8V max. 6
input high current 1IH 60 A max. 6
Input low current liL ~ 2.0 mA max.| 6.
Output low voltage VOL 0.8V max. 1
@ 70 mA sink
Output high leakage I0H 25uwAmax. 1,3 .
current @ 3.5V _ oo
Propagation delayto TPDL| 25 ns max. 57
low state
Propagation delay to TPDH{ 35 ns max. 5 8

high state
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NOTES:

1.

N o P N

This is a critical parameter for use on the UNIBUS. All other
parameters are shown for reference only.

This is equivalent to being capable of driving 16 unit loads of
standard 7400 series TTL integrated circuits.

Current flow is defined as positive if into the terminal.

Conditions of load are 3800 to 45V and 1.6KQ in parallel with 15
pf to ground for 10 ns min and 50 pf for 35 ns max.

Times are measured from 1.5V level on input to 1.5V level on out-

" put.

This is equivalent to 1.25 standard TTL unit loading of input.
Conditions of 100Q to 45V, 15 pf to ground on output.
Conditions of 1K to ground on output.

+5v

BUS

TYPICAL UNIBUS DRIVER

Figure 6-4 Typical Transmitter Circuit
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Transmitter

If both inputs to a UNIBUS Transmitter are logic 1 (HIGH), there will be
a logic 1 (LOW), on the UNIBUS. Refer to Figure 6-5. Logically, the Trans-
mitter is an AND gate; there is voltage inversion, but no logic inversion.

—— . l
« LOGIC :

INPUT
888 TO UNIBUS
INPUT

Figure 6-5 UNIBUS Transmitter

If any 8881 Transmitter has both its inputs at logic 1, there is a logic 1
on the UNIBUS. The logical operation is AND-OR,

Receiver

If the UNIBUS line is a logic 1 (LOW), the output will also be a logic 1
(HIGH). Refer to Figure 6-7. Logically, the Receiver has no effect on the
signal; but there is voltage inversion, thereby cancelling the effect of the -
first voltage inversion by the Transmitter.

FROM C T-
oNiBUs —C sss0  |_OUTPUT : o

| LOGIC
l———_——C

L e

Figure 6-6 UNIBUS Receiver

If the inputs were connected to separate UNIBUS signals, the Receiver
would logically be a 2-input OR gate. The inputs can also be connected
~ to TTL outputs. '

6.1.4 UNIBUS Length and Loading
Since the UNIBUS is a transmission line, and the transfers are asyn-
chronous and interlocked, the electrical delay imposed by length is not

a factor.
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With ribbon cable the maximum length is 50 ft. For proper operation, the
length of taps or stubs must be minimized. The UNIBUS signals should
have receivers and transmitters in one place (near the UNIBUS cable) to
act as a buffer between the UNIBUS and the signal lines carrying
UNIBUS signals within the equipment. The maximum length of ribbon
cable is obtainable only if the individual tap lengths are less than 2
inches, including printed circuit etches and if the loading is not more
than one standard bus load. One bus load is defined as 1 transmitter and
1 receiver, see Figure 6.8.

UNIBUS

———
8881 —O)
380

LS

18US LOAD = | TRANSMITTER + 1 RECEIVER
Figure 6-7 1 Bus Load

The UNIBUS is limited to a maximum of 20 bus loads. This limit is set
to maintain a sufficient noise margin. For more than 20 bus loads, a
UNIBUS repeater option (DB11-A) is used.

6.2 UNIBUS INTERFACE MODULES
This section describes moduies used for UNIBUS interfacing.

Module Name Description

BC11A UNIBUS Cable 120-conductor ribbon cable,
56 signals plus 64 grounds,
alternating.

M105 Address Selector Address decoding for
4 devices.

M783 Bus Transmitter 12 drivers, mixed logic.

M784 Bus Receiver 16 receivers; single input,

single output.
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M785 Bus Transceiver 8 drivers plus 8 receivers.

M795 Word Count & 2 16-bit counters.
Bus Address

M796 Bus Master Control Complex control logic.

M920 Bus Jumper Connects SU to SU; 56
signals plus 14 grounds.

M930 Bus Terminator 180 ochms to + 5V and
390 ohms to ground.

M7820 Interrupt Control 2 Master Control circuits.

M7821 Interrupt Control NPR plus BR circuits.

6.2.1 BC11A, UNIBUS Cable
The BC11A (see Figure 6-9) is a 120-conductor ribbon cable used to con-
nect System Units in different mounting drawers or assembilies.

The 120 signals inciude all the 56 UNIBUS lines plus 64 grounds. Signals
and grounds alternate to minimize crosstalk. Cabie types and lengths are
listed below:

Type Length (ft.)
BC11A-2 2.0
BC11A-5 5.0
BC11A-8F 8.5
BC11A-10 10.0
BC11A-15 15.0
BC11A-25 25.0

Figure 6-9 UNIBUS Cable BC11A
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6.2.2 M105 Address Selector Module

The ‘M105 Address Selector Module provides gating signals for up to 4
full 16-bit device registers. A block diagram of this module is shown in
Figure 6-10. Note that IN and OUT are always used with respect to the
master (controlling) device. Thus, when the M105 is used in a peripheral
device, an OUT transfer is a transfer of data out of the master (such as
the processor) and into the device. Likewise, an IN transfer is the opera-
tion of the peripheral furnishing data to the processor.

Inputs: The M105 Module input signals consist of 18 address lines,
A <17:00>; 2 bus control lines, C <1:0>; and a master synchronization
MSYN line. The address selector decodes the 18-bit address on lines
A <17:00> as described below. This address format, used for selecting
a device register, is shown in Figure 6-11. Note that all inputs are stan- .
dard bus receivers.

‘a. Line AOO is used for byte control.

b. Lines A0l and AO2 are decoded to select one of the four addressable
device registers.

¢. Decoding of lines A <12:03> is determined by jumpers on the mod-
ule. When a given line contains a jumper, the address selector
searches for a zero on that line. If there is no jumper, the address
selector searches for a one.

d. Address lines A <17:13> must be all ones. This specifies an address
within the top 8K byte address bounds for device registers.

Slave Sync (SSYN): When SSYN INH is grounded, it inhibits the ac-
knowledgment signal (SSYN) normally generated by the M105. In this
case, the SSYN must be generated by another source. When SSYN INH
is not grounded, SSYN is returned to the master 100 ns after register
select becomes true. This time may be extended to a maximum of 400
ns by adding an external capacitor between SSYN INH and ground.
SSYN INH can also be driven with an open collector gate.

Outputs: The M105 Select Signals permit selection of four 16-bit regis-
ters and provide three signals used for gating information to and out of
the master device. The M105 may be used instead to select up to eight
8-bit registers, or any appropriate combination of byte and word regis-
ters. :

The input signals select the M105 control output line states as shown in
Tables 6-2 and 6-3. -

Table 6-2 M105 Select Lines

Input Lines A <<02:01> Select Lines True (4 3V)
00 0
01 2
10 4
11 6
NOTE

1. Lines A <17:13> must be all 1's (OV on UNIBUS).
2. Lines A <12:03>> are selected by jumpers.
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Figure 6-10 M105 Address Selector
17 16 15 14 13 12 11 10 Q9 08 07 06 05 04 03 02 01 00

t SELECTED BY JUMPERS

DECODED FOR ) OF 4 REGISTERS <=

BYTE CONTROL

———

Figure 6-11 Device Régister Select Address Format
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Table 6-3 Gating Control Signals

Mode Byte
Control Control Gating Control Bus Sequence
C <1:.0> AQO Signals True (4 3V)
00 0 IN DATI
00 1 IN DATI
01 0 IN DATIP
01 1 IN DATIP
10 0 OUT LOW, OUT HIGH DATO
10 1 OUT LOW, OUT HIGH DATO
11 0 OouT LOW DATOB
11 1 OUT HIGH DATOB
NOTE
Gating control signals may become true although select lines
are not. ‘

Specifications: The M105 output fanout is ten standard TTL loads for
register select lines and eight standard TTL loads for gating control
lines. The module is single-height. A circuit schematic for this module is
shown in Figure 6-12. Note that pin A1 (EXT GND) must be grounded by
the user.

When using the output signals of the M105 to load registers that com-
prise storage elements that are edge-triggered, insure that this edge is
derived from the positive transition of the SELECT line, i.e. the leading
edge of MSYN.

If the storage elements are loaded by a strobing pulse (not edge-
triggered), then the entire pulse must be generated prior to the assertion
of SSYN. The length of the loading pulse can be lengthened by adding
capacitance to SSYN INHB on the M105.

6.2.3 M783 UNIBUS Transmitter Module

This transmitter module contains 12 drivers; 8 drivers have a common
gate line, 4 have 2-input positive AND gating. Input loading is 1.25
standard TTL load. The module is single-height. A circuit schematic of
the M783 Transmitter is shown in Figure 6-13.

6.2.4 M784 UNIBUS Receiver Module

This receiver module consists of 16 DEC 8640 inverting circuits which
receive bus signals:and provide a buffered bus signal output. The output
fanout is seven standard TTL unit loads. The receiver module is single-
height. A circuit schematic of the M784 Receiver Module is shown in
Figure 6-14.
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Fxgure 6-13 M783 UNIBUS Transmitter (schematic dlagram)

6.2.5 M785 UNIBUS Transceiver Module

This module consists of eight pairs of DEC 8881 Drivers and DEC 8640
Receivers which are used for bidirectional interfacing to the UNIBUS.
The drivers and receivers have two common gate lines: one for receivers,
one for drivers. The driver input loading is 1.25 standard unit load and
the receiver fanout is 7 standard TTL unit loads. The module is single-
height. A circuit schematic of the M785 Transceiver Module is shown in
Figure 6-15.
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Figure 6-14 M784 UNIBUS Receiver (schematic diagram)

6.2.6 M795 Word Count and Bus Address -Module

The M795 Word Count and Bus Address Module is used to interface di-
rect memory access (DMA) devices to the UNIBUS. This module contains
two 16-bit counters: one counter is used to count the number of data
" transfers that occur; the other counter is used to specify the bus address
of the data to be transferred.

Block transfer devices that function as bus master during data transfers
usually require two registers to hold the parameters of the transfer. One
parameter is transfer count. Initially, a register is loaded with the 2's
complement of the number of items to be transferred to or from memory.
After each transfer is comglete, the register is incremented. If the new
value of the register is O (indicated by an overflow), further transfers are
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Figure 6-15 M785 UNIBUS Transceiver (schematic diagram)

inhibited and the block transfer is complete. Since information can be
transferred in words (16 bits each) on the UNIBUS the name Word Count
.(WC) is usually assigned to this register. However, the UNIBUS is also
capable of transferring 8-bit bytes of data at a time, and this register may
be used equally as well as a Byte Count register.

The second parameter used in block transfers is the transfer address.
Initially, a register is loaded with an address that specifies the memory
location to, or from, which data is to be transferred. The register is incre-
mented after each transfer; thus, the register continually ‘“‘points” to se-
quential memory locations. Since memories and devices have addresses
on the UNIBUS, this register is usually called the Bus Address (BA)
register.

-

A simplified block diagram of the M795 module is shown in Figure 6-16.
Both the word count (WC) and bus address (BA) registers consist of 16
-flfﬁ-f{gp& These flip-flop registers can be loaded by placing data on the
16 data line inputs common to both registers and asserting the appropri-
ate loading signal. There are four independent loading signals: WC high
byte, WC low byte, BA high byte, and BA low byte. Each of the outputs of
the 16 bits in the WC register are connected to a set of DEC 8881 UNI-
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BUS drivers. The contents of the WC register can be gated to the data
bus when the appropriate gate signal is activated. The BA register also
has a set of UNIBUS drivers connected to each output so that the reg-
ister contents can be gated to the data bus. Note that the driver outputs
of both the WC and BA registers are wire ORed together. In addition, the
BA register has a set of drivers with independent outputs to allow it to
drive the address bus.

o T BUS D<15:00> § BUS A<15:00>
WC TO D BUS 8A TO D BUS _ BA TO A BUS
l_.‘ DRIVERS ‘—» DRIVERS DRIVERS
15 - 00 15 04 0300
WC OVFL le— BA OVFL <*—] T }e— COUNT BA
LOAD WC —#| WC REGISTER | COUNT  LOAD BA —} BA REGISTER !
LOAD WC+1 WC  LoAD BA+1 — ]
[ D<15:00> IN

Figure 6-16 M79% Word Count and Bus Address (block diagram)

The storage element on the M795 is not an edge-triggered device; data
must be established and heid for the duration of the loading pulse.

The BA register can be incremented by either 1 or 2 as a function of a
control input (4+3V = 1; ground = +42). This incrementation capability
allows addressing of either sequential bytes or words. The register is in-
cremented on the trailing edge of a positive pulse applied to the count
input of the register. The carry between bits 3 and. 4 is broken and
brought out to pins on the module. Normally, these pins are jumpered
together externally to allow for a full 16-bit count. However, they can be
controlled to inhibit the carry and to force repeated addressing of 16 se-
quential byte addresses. This feature can be used in device-to-device
transfers. An overflow pulse is provided as an output whenever the reg-
ister is incremented from all 1’s to all O's. .

The WC register is incremented by either 1 or 2 as a function of its con-
trol input. The register increments on the trailing edge of a positive pulse
applied to the count input of the register. An overflow pulse is also avail-
able. Both registers are reset to all Os whenever the CLEAR signal is
asserted.

Table 6-4 M795 Input Signals

Assertion No. of

Signal Name Level Signals Loading Operation_
D<15:00>IN +3V 16 1.5 Data inputs to register.
LOAD WC oV 4 1 Loads data on input into

LOADWC 41 o "~ selected byte of register.
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Low pulse of 250 ns

LOAD BA
LOAD BA + 1 minimum duration
WC TO D BUS ov 3 2 Gates selected register to
BA TO D BUS bus. .
BA TO A BUS
CLEARWC + BA 43V 1 2 Clears all bits. High level
of 1 us minimum dura-
tion.
BA INC CONTROL <43V = 2 3 Controls amount of
WC INC CONTROL incrby 1 incrementation.
oV =
incr by 2
COUNT WC +3V 2 4 Trailing edge of positive
COUNT BA ‘ pulse increments register
' . (100 ns minimum).
BA CARRY IN oy 1 3 Carry into upper bits
of BA.
Table 6-5 M795 Output Signals
Assertion  No. of Drive
Signal Name  Level Signals Capability Operation
BA CARRY OUT ov 1 10 Carry out of low
four bits.
BA OVFL ov 2 10 Register overflow;
WC OVFL low level pulse.
BUS D<15:00> ov 16 UNIBUS  Data lines.
BUS A<15:00> ov 16 UNIBUS  Address lines.

6.2.7 M796 UNIBUS Master Control Module -

The M796 UNIBUS Master Control Module provides extremely flexible
control logic that is used to control data transfer operations on the UNI-
BUS when a device is functioning as bus master. In addition to control-
ling the four transfer operations (DATI], DATIP, DATO, and DATOB), the
M796 module generates strobe and gating signals which transfer both
addresses and data to and from the bus; handles deskewing of data re-
ceived from the bus; protects against data transfers to nonexistent de-
vices by the use of time-out circuits; and provides a flip-flop and integrat-
ing one-shot that can be used for special control functions.

Devices in the PDP-11 system may have the capability of gaining control
of the bus and, as bus master, of transferring data to and from other
slave devices on the bus. This operation is performed with minimum
processor control and is usually referred to as Direct Memory Access
.(DMA). The logic necessary to gain control of the bus is provided by the
M7820 Interrupt Control Module. The M7820 module requests use of the
bus (usually by means of an NPR request), receives the bus grant signal
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from the processor, asserts selection acknowledge (SACK), waits until the
current bus master releases control of the bus, and then asserts BUS
BUSY, thereby gaining bus control.

Upon becoming bus master, the device js free to conduct a data
transfer. A DATI cycle is performed if the device needs the data (either a
word or byte) from memory; a DATO cycle is performed if the device is
storing a word of data in memory (DATOB cycle for byte storage); a two-
cycle DATIP, DATO(B) operation is performed if data held in memory is
to be modified as in the case of increment memory or add to memory
functions. A :

In order to execute one of these transfer cycles, the device must set BUS
C<1:0> for the required type of data transfer, specify the address of the
slave device participating in the transfer, assert the MSYN signal, and
then wait for the SSYN response from the slave. Data must either he
gated to D<15:00> on a DATO cycle or be received and strobed at the
proper time on a DATI cycle. The M796 module performs these functions.

Figure 6-17 is a block diagram of the M796 UNIBUS Master control mod-
ule. The BUS C1 and BUS CO outputs can directly drive the UNIBUS and
are asserted as a function of the control inputs. Table 6-6 lists the states
of the control inputs for the four possible bus cycles.

Table 6-6 Control Line Input States for M796

cl | co Bus Cycle o
0 0 DATI

0 1 DATIP

1 0 DATO

1 1 DATOB

The data transfer sequence is triggered by meeting the AND condition of
two low levels (pins H1 & H2). Usually these two inputs are tied together
and are. connected to the MASTER signal produced by the M7820 Inter-
rupt Control Module. When the AND condition is met, it produces the
START signal, which is an internal signal in the M796 module. At the
transition of the START signal, both BUS C1 and BUS CO are asserted as
determined by their respective control inputs. The ADRS TO BUS signal
is also asserted and is used to gate the address of the slave onto BUS
A<17:00>. If an output cycle is specified (C1 = 1), the DATA TO BUS
signal is asserted and is used to gate the data to be transferred to the
slave onto BUS D<15:00>. The BUS MSYN signal is asserted 200 ns
after START becomes true. The master dewce then waits for a response
from the slave. :

In a data output cycle (DATO), assertion of SSYN causes BUS M$YN to
be negated immediately. After a 100-ns delay, BUS C1, BUS CO, ADRS
TO BUS, and DATA TO BUS are negated. When these signals drop, an
END CYCLE pulse appears and is usually used to release control of the
bus.

1
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Figure 6-17 M796 UNIBUS Master Control (block diagram)

In a data input cycle (DATI), the assertion of SSYN produces a 200-ns
pulse that appears as DATA WAIT. This delay allows time for the incoming
data to deskew and settle. The trailing edge of the DATA WAIT pulse can
be used to clock data from the slave into the master device. If a strobe
_ pulse is necessary, the trailing edge of DATA WAIT can be used to trigger

the one-shot provided on the module. In either case, once data is re-
ceived, a positive-going edge is applied to DATA ACCEPTED, causing BUS
MSYN to be negated initially, followed by negation of ADRS TO BUS, BUS
C1, and BUS CO 100 ns later.

A TIME-OUT flip-flop on the module is set if a SSYN response fails to
occur within 20us after BUS MSYN is asserted. When this flip-flop is set,
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“the bus cycle is not performed. The TIME-OUT flip-flop is cleared by as-
serting the CLEAR TIME- OUT signal. -

The M796 module-provides a special fhp -flop that has the clock, reset, 1
side, and O side available. The flip-flop is clocked by a positive transition
on the clock input,

An integrating one-shot is also provided on the module. This one-shot is
triggered whenever the output of the gating input becomes true: (R1 +
P1) »S1. The output puise width of this one-shot is 150 ns but can be.
lengthened by adding capacitance across the pair of split lugs on the
module.

Note that all times mentioned represent nominal values with a tolerance
of £259%,. The delays and pulses provided by the module are controlled
by simple RC circuits. Therefore, if there are any special requirements,
part substitutions can be made to alter these time constants. .

Figure 6-18 illustrates a typical interconnection schematic for the M796
UNIBUS Master Control module used in conjunction with the M7820 In-
terrupt Control module. The read/write (R/W) flip-flop is part of the de-
vice interface logic and determines the direction of the data transfer (set
for a DATO, clear for .a DATI). The data transfer is initiated by pulsing
SET REQUEST which sets REQUEST BUS. The REQUEST BUS signal gen-
erates an NPR request which, when granted, gives bus control to the -
device as indicated by the MASTER signal. The MASTER signal causes the
internal START signal to be generated. This signal triggers the sequence
of timing signals. Timing diagrams for DATO and DATI cycles are shown
in Figures 6 19 and 6-20 respectwely

Note that in a DATI operation, the DATA WAIT signal is generated when
BUS SSYN is received. The trailing edge of DATA WAIT fires the one-shot
that produces the DATA STROBE signal. This signal gates the data pres-
ent on the bus data lines into the device. The trailing edge of DATA
STROBE produces a positive transition at the DATA ACCEPTED input that
results in the clearing of BUS MSYN

The input signals to the module are listed in Table 6-7 and the output
signals are listed in Table 6-8.
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Table 6-7 M796 Input Signals

6-23

Assertion No. of
Signal Name Level Signals Loading Operation
C1.CONTROL 1 5 Controls Bus C1
CO CONTROL 1 1 Controls BUS CO
PIN H2
PIN H1 L 2 1 Produces START
SSYN H 1 2 Negates MSYN on
: DATO
DATA ACCEPTED H 1 2 Negates MSYN on
DATI
INIT H 1 1 Initializes control
CLEAR TIME OUT L 1 2 Clears TIME-OUT
Flip-Flop
PIN P1
PiN R1 - L 2 1 Negative edge trig-
gers one-shot
PIN S1 H 1 o2 Positive edge trig-
gers one-shot
PIN v2 H 1 2 Clock input to flip-
flop
PIN U2 L 1 2 Clears flip-flop
Table 6-8 M796 Output Signals
Assertion No. of Drive
Signal Name Level Signals  Capability Operation
BUS C<1:0> L 2 UNIBUS Drives UNIBUS con-
o trol line
ADRS TO BUS H 1 8 Gates BA to address
ADRS TO BUS L 1 10 bus =
DATA TO BUS H 1 10 ' Gates data to bus on
DATA TO BUS L 1 8 DATO or DATOB
END CYCLE “H 1 10 100 ns. pulse indicat-
END CYCLE “L 1 8 ing end of bus cycle
- BUS MSYN L 1 UNIBUS Drives UNIBUS MSYN
line
MSYN WAIT H 1 10 200 ns pulse that de-
MSYN WAIT L 1 8 lays assertion of
MSYN
DATA WAIT H 1 10 Allows for deskewing
DATA WAIT L 1 8 of DATA on DATI. Ap-
proximately 200 ns
TIME OUT (1) H 1 10 1 and O side of TIME-
TIME OUT (0) H 1 10 OUT Flip-Flop



10 Output of one-shot

PIN M2 H 1

PIN T2 L 1 10 Output of one-shot
PIN V1 H 1 10 Outputs of flip-flop
PIN U1l L 1 10 R

6.2.8 M920 UNIBUS Jumper Module .

The M920 Module (see Figure 6-21) is a double module that connects the
UNIBUS 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 £59,. All pins have a resistive divider termination of 1780

to 45V and 3839 to ground, except those listed below: .
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383Q in
parallel with
0.001 uf to 45V 178 a5V
« (for AC LO, DC LO) | (for grant lines) | Ground Pins | 45V Input Pins

BF1 AVl AB2 BB2 AA2
BF2 AUl AC2 BC2
BAl AN1 - BD1 BA2
BB1 APl BE1
BE2 AR1 BT1
ASl Bv2
ATl
AV2

6.2.10 M7820 Interrupt Control Module
The M7820 Interrupt Control Module provides the circuits and logic re-
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
contol. 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 dlagram 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 recognizes 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 a BR 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 channels 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
enters B.

The vector address is selected by jumpers on the M7820 Module. Since
_the vector is a two-word (four-byte) block, it is not necessary to deter-
- mine the state of bits O and 1. The seven selectable lines determine vec-

tor address. The least s:gmfucant line is controlied by the VECTOR BIT 2

input signal. If this input is asserted, then bus line DO2 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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142
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 B is used to gain bus control for an
interrupt.

Each M7820 Module master control 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 BG 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, it can be released by either
asserting CLEAR or by negating either INTR or INTR ENB. The first
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CLEAR A

INTR A —_J \ - BUS BR4 NOTES
! MASTERCONTROLD———————%— 1 BUS REQUEST MADE
INTR ENB A— ) A : ON LEVEL 4
2 %A%%EL A INTERRUPTS
8G4 IN MASTER A CHANNEL B INTERRUPTS
P—— T0 104
8G4 OUT
BUS )
SSYN—Q 0— BUS SACK
- BUS BBSY 0Bl
7
INTR B — VECTOR O]
MASTER CONTROL |, AOGRESS o2
INTR ENB B —— B VECTOR BIT 2 o3 o
INTR START A .
BG4 IN MASTER B N
JUMPER FOR O
\ NO JUMPER FOR 1
BG4 OUT INTR START B

TO NEXT DEVICE

INTR CONTROL

BASAAAAN

CLEAR B

BUS
B8US
8uUS
BUS
8us
aus
BUS
BUS

008
DO7
Dos
D05
D04
003
Do2
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 order to
make another bus request, INTR 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 request line. 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



0.0 B ]

BG+BBSY*SSYN

REQUEST

n
@(MASTER)
ol

The 2 binary numbers next to each circled state indicate the state of
flip-flops FFAl1 & FFA2 respectively, 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
INTRA, B H 1 TTL (each)
INTR ENBA, B H 1TTL
CLEARA, B H 1TTL
MASTER A, B L 10 TTL
START INTRA, B L 2TTL
INTR DONE A, B H 10 TTL
BGINA, B H 1 R*
BG OUTA, B H 2 D**
BRA, B L 1D
VECTOR BIT 2 H I1TTL
BUS SSYN L 1R
BUS BBSY L 1R 2D
BUS SACK L 2D
BUS INTR L 1D
BUS D «<08:02> L D

* R = Standard UNIBUS receiver load.
** D = Standard UNIBUS transmitter (driver) output.

6.2.11 M7821 Interrupt Control Module

The M7821 Interrupt Control Module is a replacement for the M7820 that

improves PDP-11 system performance. In almost all cases, it may be

used directly in place of the M7820, without 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 6-27 M7821 Interrupt Control Block Diagram

The M7821 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 BR, the top half (Request Bus pins Ul and V1) must
be used for NPR and the bottom half (Request Bus pins H2 and K2)
must be used for BR.

" 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 N1 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 J1 on the M7821. This
circuitry, if it 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-11 processors will work with the
special circuitry described above. There is a
jumper on the M7821 modulé which, when cut,
prevents the special circuitry from working.
NOTE

Pin J1 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 changed 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-
nigues 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 mlght he 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, such 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 addressed as either
a one word register or as two byte (8-bit) registers.

As shown in Figure 7-1, the basic interface uses an M105 Address Selec-
tor module to decode the UNIBUS 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 M105 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 Operatlon

The read/write interface can partlcnpate in both DAT! (or DATIP) and
DATO (or DATOB) transfers. Whenever the processor conducts a DATO
transfer to the bus address assigned to the read/write register, the data

£\

D <15: 00>
15 00
GATE REGISTER TO
BUS DRIVERS
»
u SELECT O
N 15 00 -
) STROBE HIGH BYTE
8 M105 T i
U -] ADDRESS IN GATING STROBE LOW BYTE REGISTER
T
S SELECTOR [T HGH Losic
OUT LOW
15 00
RECEIVERS
D <15:00>

\\/V

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 are produced by the M105
Address Selector. When MSYN is asserted by the processor, the decoded
address causés the M105 to produce a SELECT O signal which is gated
by the two OUT signals to clock data into the register. The UNIBUS
timing guarantees that at the slave device data is valid 75 ns prior to
assertion of MSYN. Therefore, the inputs have settled before the posmve
going transition of the clock signal occurs, _ ;

A DATOB transfer functions in a similar manner, except that only one
byte of the register is clocked. If address line AQO is 0, the M1Q5 Module
asserts OUT LOW but not OUT HIGH. If AOO is 1, 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
SELECT O signal. However, in this case, the SELECT O is gated by the
IN rather than the OUT signals. The IN signal is generated by the §t§f§ :
of the bus C lines. Gating of the SELECT O signa! by the IN sngnal pro-
duces a GATE REGISTER TO BUS signal that gates the output data from
the register to the UNIBUS. The M105 Module generates SSYN to- |nd|
cate that data is ready on the output bus data lines.
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7.1.3 Circuit Implementation

Figure 7-2 illustrates a possible method of implementing the circuits in
the basic read/write interface. The types and quantities of modules used
are: the M105 Address Selector Module (one); the M785 Bus Transceiver
Module (two); the M206 General-Purpose Flip-Flop Module (three); and
the M617 4-Input Power NAND Gate Module (one). The modules are in-
terconnected and may be mounted in a BB11 System Unit as shown in
the insert on Figure 7.2.
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Figure 7-2 Basic Interface (schematic diagram)
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Input data flows from the UNIBUS, through the input gates on-the I\WB% "
Modules, to the data inputs of the M266g 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 Ioad 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 M785 provides the exact combination of input
and output gates needed for an 8-bit read/write register. When the num-
ber of receivers differs from the number of drivers required in a specific
interface, combinations of M783 Bus Driver Modules and M784 Bus Re-
ceiver Modules may be 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 register 4 of the processor.
The instruction MOV R4, REG reverses the data flow so that the data in
general register 4 is placed in the interface register (a DATIP, DATO
operation). 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 INTERFACE

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 ADC 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 sngnals 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 sa the ADMUX register
can be used to select one of the 64 analog inputs.

~ The mterface 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 4 3V to
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Figure 7-3 Programmed Device Interface (block diagram)



indicate that the digital output reflects the analog inpuf (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.

w

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 resuitant
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 1-bit control
and status register (ADCSR).

The M105 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 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
DAT! 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 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 logic 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 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-
. 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.

MOV  INPUT, ADMUX ;SELECT ANALOG INPUT

READ_Y: TSTB ADCSR ‘ ;CHECK FOR CONVERSION COMPLETE
- BPL. READY :NO, TEST AGAIN
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 BUFADR, 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
ADDBR IS THE DATA REGISTER

This subroutine is called by the lnstructlon: JSR R7, MUXSCN. The sub-
routine initializes general register 4 as a pointer to the buffer; initializes
the multtplexer register to zero; and sequentially reads the 64 inputs
into the corresponding buffer location. When each input has been read
- once, control 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 multlplexor regnster starts operatlon of the device cycle,

: ;ij .-.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 CMP 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 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 regrsters in the programmed device
mterface described in Paragraph 7.2, ,

The interrupt serviced interface allows the processor to concurrently
execute 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 data after it has been collected. This
interface eliminates requmng the processor to spend time testing for a
ready signal, such. as in the case of the programmed devrce 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 Devnce Interface (schematlc diagram)

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
mterface 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-
trol Module to init\iate an interrupt. '

7.3.2 DR11-C Implementation
A convenient method of implementing an interrupt serviced interface is
- to use a DR11-C 16-Bit General Interface, Figure 7-6. A layout of the
maodule mounted in a DD11-A System Unit, shows the savings in space’
and interconnections. The DR11-C is functionally equivalent to an M105,
M7820, and M786. The DD11-A System unit is prewired to accept
four small peripheral interfaces; e.g., DR11-C. A discussion of the
DR11-C, including specifications, is presented in Chapter 4.

Figure 7-7 is similar to Figure 7-5 because the DR11-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 DR11-C provides cable
connectors; therefore, no additional wiring or connectors are required.

Connections between the ADC and the DR11-C are made as follows:

CONNECTOR DRI11-C ADC
1 OUT (06:00) Multiplexer inputs
NEW DATA READY  Start conversion
2 IN (09:00) Digital outputs
REQUEST A . Conversion complete
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Figure 7-6 DR11-C Implementation (block diagram)
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7.3.3 Interface Programming

The following program is a typical interrupt service routine that collects
- data from the ADC and enters an evaluation routine after the final con-
' ver5|on ‘cycle,

1

'ADCVEC: ADCSER v ;SET UP ADC VECTOR AREA
' : 240 ;STATUS INCLUDES PRIORITY
' LEVEL S
' y ‘ ;MAIN PROGRAM FOLLOWS
BEGIN: MOV BUFSTRT,BUFADR ;INITIALIZE BUFFER POINTER
CLR ADMUX ‘ ;START MULTIPLEXER AT
.. CHANNEL O
MOV #100 ADCSR ;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
Ly ~ 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
mstructlon
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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 reducing program and execution time overhead. After the
interface device registers are initialized, all trans?ers take place undef
control of the interface, thereby eliminating processing time. The proces-
sor is notified by an interrupt when ali the data has been transferred and

the program respohds appr0pr|ately

Figure 7-7 is a block dlagram of a DMA lnterface 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, wh|ch 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-
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 muitiplexer 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 ﬂlp -flop, which causes an in-
terrupt.

7.4.2 Interface Implementatlon

The DMA interface is constructed by addmg one set of bus drlvers 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 muitiplexer bits are not accessible from the
"bus and cannot be read nor altered by the program Whenever the high
or Jow byte of the address register is loaded, the six multiplexer bits are
cleared to zero therefore, transfers always start on 64 word boundarres

The mterface‘ uses an mterrupt to signal completion of the series of
transfers. The interrupt enable (INTR ENB) and READY bits of the
ADCSR operate srmrlar to the rnterrupt serviced interface. Refer to Fig-
ure7-7. . '

Loading the ADBAR register (SELECT 2 . OUT HIGH and/or SELECT
2.0UT LOW) also clears the multlplexer counter and the READY fhp
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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 M7820
asserts BBSY on the UNIBUS and asserts the MASTER A L 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 address
lines A<<15:01>. DATA TO BUS places the corwverted 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 clear the REQUEST BUS flip-flop, which in turn
causes the M7820 Interrupt Control to drop BUS BBSY.

END CYCLE L is used to trigger a one-shot t3 prodiice the COUNT DE-
LAY 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 (0V) 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 ADMUX
counter has overflowed and set the READY flip-flop, no ADC operatlon 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 us to the BUS MSYN L signal
that i$ 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 ADCSR with a 0. ,

The modules required to implement this interface fit into one BB11 Sys-
tem Unit. All interface modules, including the 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 operatlon

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

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 ‘evalu'a-‘
tion routine suggested in the interrupt serviced interface. The routine
should begin with a CLR ADCSR instruction to disable further interrupts
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(unless serviced at a higher priority Ievel) and should terminate wuth 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 m‘terrupt 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 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 sngnal level that gen-
erate the indicated results. -

L 4
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 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-
signs similar to the following examples.

7.5.1 Device Description

A digital-to-analog converter (DAC) is a device that accepts UNIBUS out-
‘puts. The DAC convérts a binary weighed number into a scaled analog
voltage. The device is single-buffered and the analog output corresponds
to the d|g|ta| input. '

The interface provides 10 binary level inputs to the DAC. These mputs
represent the digital value equivalent to the analog voltage desired as an
- output. The binary levels are OV for logic 0 and 4 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 (4 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 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 M105 Address Selector Mod-
ule, an M7820 Interrupt Control Module, bus receivers, and two seéts 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 dlrect bus control.

7.5.3 Interface Operation

When the UNIBUS addresses the data buffer register durmg 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 reglster and then re-
turns control 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 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 vaiue and then
changing that value by small increments until it reaches a final value de-
termined by the program. The analog output is 100 cycies 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
puises.
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+ Figure 7-9 Output InteFface 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, 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
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 locatnons for
counters or storage of temporary values.
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The processor initializes operatlon by executing the following sequence
of instructions:

CLR DADBR ;CLEAR DATA BUFFER REGISTER
CLR DASW - ;RESET UP/DOWN SWITCH
MOV #144, DACNT  ;INITIALIZE CYCLE COUNTER
MOV #100, DACSR = ;SET INTERRUPT ENABLE
The mterrupt service routme mcludes the following instructions:
DAVEC: DASERV ;POINTER TO SERVICE ROUTINE
240 ;PROCESSOR PRIORITY =5
DASERY: TST DASW ;SWITCH SET?
BPL up ;NO, GO UP
suB #20, DADBR ;YES GO DOWN
BNE CONT ;OUTPUT VALUE EQUALS 0?
CLR DASW ;YES, RESET SWITCH
DEC DACNT ;REDUCE COUNT BY ONE
BNE CONT ;COUNT EQUALS 07?
CLR DACSR ;YES, DISABLE INTERRUPT
i . AND EXIT
RTI :
UpP: ADD #10, DADBR ;OUTPUT VALUE GOES UP
CMP DADBR, #1000 ;1000 IS TOP LIMIT ON VALUE
BNE CONT ;DOES VALUE EQUAL TOP LIMIT
CoOM DASW ;YES, SET SWITCH:
- CONT: RTI JEXIT 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) descnbed a digital-to-
analog converter interface that was serviced (controlled) by the vectored
interrupt structure. In a real-time system where the time to 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-Y
.. deflection circuits of a CRT display scope in a refresh direct from mem-

o ~ory mode.

7.6.1 Interface Description A
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 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 loadad 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 0s). 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 how complete,
and another block transfer can be started.
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APPENDIX A

'UNIBUS ADDRESSES

A.1 INTERRUPT & TRAP VECTORS

000
004
010
014
020
024
030
034

(reserved)

CPU errors

lllegal & reserved instructions
BPT, breakpoint trap

10T, input/output trap

Power Fail

EMT, emulator trap

TRAP instruction

System software
System software
System software
System software

Console Terminal, keyboard/reader
Console Terminal, printer/punch
PC11, paper tape reader

PC11, paper tape punch

KW11-L, line clock

KW11-P, programmable clock

Memory system errors

XY Plotter

DR11-B DMA interface; (DA11-B)
ADO1, A/D subsystem

AFC11, analog subsystem

AAll, display

AAll, light pen

- User reserved

User reserved

LP11/LS11, line printer; LA180
RSO04/RF11, fixed head disk ’

RC11, disk

TC11, DECtape

RK11, disk

TU16/TM11/TS03, magnetic tape
CD11/CM11/CR11, card reader

UDC11, digital control subsystem

PIRQ, Program Interrupt Request (11/45)
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244 Floating Point Error
250 Memory Management
254 'RP0O4/RP11 disk pack
260 TAl1l, cassette

264" RX11, floppy disk

270 Uséf‘ reserved
274 User reserved

300 (start of floating veciors) _

A.2 FLOATING VECTORS

There is a floating vector convention used for commumcatlons (and
other) devices that interface with the PDP-11. 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 DC11 in the system.
if another DC11 is used, it would then be assigned vector address 310,
etc. When the vector addresses have been assigned for all the DC11’s
(up to a maximum of 32), addresses are then assigned consecutively
“to each unit of the next highest-ranked device (KL11 or DP11 or DM11,
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 DC11 (10)s 32
2 KL11, DL11-A, DL11-B 10 16
3 DP11 10 32
4 DM11-A 10 16
5 -DN11 ' 4 16
6 DM11-BB ’ 4 - 16
7 DR11-A - 10% 32
8 DR11-C 10* 32
9 PA611 Reader 4% 16
10 PA611 Punch ' - 4% 16
11 DT11 : 0 - 10* 8 o7
12 DX11 ' 10* 4
13 DL11-C, DL11-D, DL11-E 10 31
14 DJ11 | 10 16
15 DH11 10 - 16
16 GT40 ‘10 1
17 LPS11 30* 1
18 DQ11 10 16
19 KwW11l-wW 10 ‘ 1

20 DUll 10 16

u,f P

*The first ‘vector for the first devrce of this type must always be on a (10).
boundary. ‘
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A.3 FLOATING ADDRESSES ]

 Theré is a floating address convention used for communications (and

other) devices interfacing with the PDP-11. These addresses are as-
signed in order starting at 760 010 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 Dbl 760 010
2 .DH11 760 020
'3 DQ11 760 030
4 DU11 760 040

A.4 DEVICE ADDRESSES

777 776 Processor Status word (PS)
777 774 Stack Limit ’
777 772 Program Interrupt Request (PIRQ)

777 716
CPU registers
777 710
777 707 R7 (PC)
777 706 .R6 (SP)
777 705 RS
777 704 General registers, R4
777 703 R3
777 702 R2
777 701 R1
777 700 , RO
777 676 ‘
Memory Management
777 600 |
" 777 5;6 ~ (SR2)
777 574 Memory Mgt status regs, (SR1)
777 572 (SRO)
777 570 Console Switch & Display Register
777 566 , . printer/punch data
777 564  Console Terminal, printer/ punch status
777 562 keyboard/reader data
777 560 keyboard/reader status
.. 777 556 punch data (PPB)
=777 554 PC11/PR11, punch status (PPS)
- 777 552 reader data (PRB)

777 550 ' reader status (PRS)
' | A3



777 546
777 516

777 514
777 512

777 510
777506

777 504
777 502
777 500

- 777 476
777 474
777 472
777 470
777 466
777 464
777 462
777 460

777 456
777 454
777 452
777 450
777 446
777 444
777 442
777 440

777 436
777 434
777 432
777 430

777 426

777 424
777 422
777 420

777 416
777 414
777 412
777 410
777 406
777 404
777 402
777 400

777,356
777 354
777 352
777 350
777 346
777 344
777 342
777 340

KW11-L, clock status (LKS)
LA180 - printer data
LP11/LS11/LV11, printer status

i

TA11l, cassette data (TADB) ;
: cassette status (TACS)

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

RF11, adrs ext error (DAE)
disk address (DAR)
current mem adrs (CMA)
word count (WC) '
disk status (DCS)

disk data (RCDB)

maintenance (RCMN)

‘current address (RCCA) -
RC11, word count (RCWC)

disk status (RCCS)

error status (RCER)

disk address (RCDA)

look ahead (RCLA)

D_T'11, bus switch #5

disk data (RKDB)
maintenance ~
disk address (RKDA)
RK11, bus address (RKBA)
word count (RKWC)
disk status (RKCS)
error (RKER)
drive status (RKCS)

~ -

DECtape data (TCDT)
TC11, bus address (TCBA)
word count (TCWC)
command (TCCM)
DECtape status (TCST)
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777 336
} KE11-A, EAE #2

777 320 ‘
777 316 . arithmetic shift
777 314 - logical shift
777 312 normalize :
777 310 KE11-A, EAE #1, step count/status registe
777 306 multiply
777 304 multiplier quotient
777 302 accumulator
777 300 divide
777 172 RX11, data buffer
777 170 command status .
777 166 data (CDDB)
777 164 CR11/ data (CRB2) comp cur adrs (CDBA)
777 162 CM11, data (CRB1) CD11, col count (CDCC)
777 160 status (CRS) status (CDST)
776776
776 774
776 772 ADO1, A/D data (ADDB)
776 770 A/D status (ADCS)
776 766 register 4 (DAC4)
776 764 register 3 (DAC3)
776 762 register 2 (DAC2)
776 760 AAll #1, register 1 (DAC1)
776 756 D/A status (CSR)
776 754
776 752
776 750 /
776 736 silo memory (SILO)
776 734 sel unit cyl adrs (SUCA)
776 732 - maintenance 3 (RPM3)
776 730 maintenance 2 (RPM2)
776 726 maintenance 1 (RPM1)
776724 RP11, disk address (RPDA)
776722 cyclinder address (RPCA)
776 720 bus address (RPBA).
776716 word count (RPWC)
776 714 - disk status (RPCS)
776 712 error (RPER)
776 710 disk status (RPDS)
776 676 #16
‘ } DL11-A, -B,
776 500 #1
776 476 #5
o AAll,
776 400 #2
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776 376

DX11
776 200
776 176 _ . #31
- DL11-C, -D, -E,
775 610 #1
775 576 #4
' DS11,
775 400 #1 .
775 376 #16
. DN11,
775 200 #1
775176 #16
DM11,
775 000 #1
774776 #1
DP11,
774 400 #32
774 376 #32
DC11,
774 OOO #1 *
o /N
773776
- Maintenance Loader
773700
773 676
773 400
773 376
BM792-YH cassette
773 300 M792 diode ROM
- 773 276 ) A
BM792-YC card
773 200 '
773 176 . MR11-DB
BM792-YB disk/DECtape
773 100
773 076 .
BM792-YA paper tape
773 000
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772776
l PA611 typeset punch

772700
772 676
PA611 typeset reader
772 600
772576 ‘ maintenance (AFMR)
772574 AFC11, MX channel/gain (AFCG)
772 572 flying cap data (AFBR)
772 570 flying cap status (AFCS)
772 556 -
} XY11 plotter
772 550 :
772 546
772 544 counter
772542 KW11-P, count set
772 540 clock status
© 772536
772534
772532 read lines (MTRD)
772530 tape data (MTD)
772 526 TM11, memory address (MTCMA)
772 524 byte record counter (MTBRC)
772 522 command (MTC)
772 520 : tape status (MTS)

772516 Memory Mgt status reg (SR3)

772 436
DR11-B #2
772 430
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772416 | data (DRDB)
772414 DR11-B #1, status (DRST)
772412 bus address (DRBA)
772 410 word count (DRWC)
772 376
Memory Management
772 200 '
772 136
Memory Parity
772 110
771776 status (UDCS)
771774 UDC11, scan (UDSR)
771772 .
771770
771776 . .
UDC functional 1/0O modules
771 000
770776 #8 . -
' KG11, )
770 700 #1 o
770 676 #16
v DM11-BB,
770 500 #1
N
767776 '
767 774 input buffer
767 772 DR11-C #1, output buffer
767 770 ‘ status
767 766 _
DR11-C #2 :
767 760 User Addresses
.767 756
- DR11-C #3
767 750 | _
764 000 (start heré and assign upwards to 767 776)
763776 (tb'p of floating addresses)
_ ] ’ | Floating Addresses
- 760 010 (start here and assign upwards to 763 776)

A8



760 006

- (diagnostics)
760 000

A.5 ADDRESS MAP

2K Digital Equipment
words Corporation
DR11-C
l
1K
words T

User Addresses

1K
words T
Floating Addresses
Digital Equip Corp
80
vectors T
Floating Vectors
.48 Trap & Interrupt
_vectors Vectors

A-9

777 777

770 000
767 777

764 000
763 777

760 010

760 006
760 000

757 777

001 000
000 777

000 300
000 277

000 000
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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
AAl  INITL BAl BG6H
AA2  POWER(+5V) BA2  POWER(+5V)
AB1  INTRL BBI BG5H
AB2  GROUND BB2  GROUND
ACl  DOOL BC1 BRSL
AC2  GROUND BC2  GROUND

“AD1  DO2L BD1  GROUND
AD2  DOIL BD2 BR4L
AEl  DO4L BEl  GROUND
AE2  DO3L BE2 BG4H
AF1  DO6L BF1  ACLOL
AF2  DOSL BF2 DCLOL
AH1  DOSL BH1  AO1L
AH2  DO7L BH2 ° AOOL
AJ1  DIOL BJ1  AO3L
AJ2  DO9L BJ2  AO2L

AK1 D121 BK1  AO5L

L AK2  DIIL BK2  AO4L

ALl DlaL BLI  AO7L
AL2  DI3L BL2 AO6L
AM1  PAL BMI  AO9L.
AM2 D151 BM2  AOSL
AN1  GROUND BN1  AllL
AN2  PBL BN2  A10L
AP1  GROUND BP1  AI3L
AP2  BBSYL BP2  Al2L
AR1  GROUND BRI  AlI5L
AR2  SACKL -BR2  Al4L
AS1  GROUND BS1  Al7L
AS2  NPRL BS2 Al6L
AT1  GROUND BT1  GROUND
AT2 BR7L BT2 ClL
AUl NPGH BUL  SSYNL
AU2  BR6L BU2 COL
AVI BG7H | BV1  MSYNL
AV2  GROUND BV2  GROUND
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TABLE B-2 UNIBUS PIN ASSIGNMENTS (BY SIGNAL NAME)

SIGNAL  PIN SIGNAL «  PIN
AOOL BH2 DO6 L AF1
AOIL  BHI1 DO7L AH2
AO2L BJ2 DO8 L AH1
AO3L  BJI . DO9L AJ2
AOAL  BK2 DIOL AJl
- AO5L  BK1 DIIL AK2
AO6L  BL2 DI2L -  AKl
AO7L  BL1 D13L AL2
AOSL  BM2 D14 L ALl
AO9L  BMI D15L AM2
AIOL  BN2 GROUND AB2
A11L BNl GROUND AC2
Al2L  BP2 GROUND AN1
A13L BP1 GROUND AP1
Al4L  BR2 GROUND AR1
AISL BRI GROUND AS1
Al6L  BS2 GROUND ATl
Al7L  BSI GROUND AV2
ACLOL BF1 GROUND  BB2
BBSYL .AP2 GROUND ~ BC2
BG4H  BE2 GROUND BD1
' BG5H BBl GROUND BE1
BG6H BAl GROUND BT1
BG7H AVl ~ GROUND  BV2
BRAL  BD2 - INITL AA1
BR5L BCl1 INTR L AB1
BR6L  AU2 MSYN L BV1
BR7L  AT2 NPGH AU1
coL  BU2 NPR L AS2
ciL  BTZ2 PAL AM1
DOOL ACl - PB L AN2
DOIL . AD2 +5V* AA2
DO2L  AD1 + 5V BA2
DO3L  AE2 SACK L. AR2
DOAL  AEl DCLO L. BF2

DOSL  AF2  SSYNL BU1

* + 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. , o | |
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TABLE B-3 BB11 POWER PIN ASSIGNMENTS

PIN  POWER
Al -15V
A2  +5V
Bl  -15V
B2  -15V

- Cl  -15V
C2 GND
Dl -15V
D2  GND
£l -15V
E2 GND
F1  -15V
F2  GND
H1  -15V
H2 45V
J 15V
J2 +5V
K1 -15V
K2  +5V
L1 -15v -
L2 +5V
M1 -15V
M2 45V
N1  GND
N2 25V
P1  GND
P2 LTCL
RI  GND
R2 ACLOL
S1  GND
S2 DCLOL
Tl GND
T2 +8V
Ul GND
U2  +8v
V1 GND
V2 48V

NOTE

POWER IS IN MODULE SLOT A3 OF ALL SYSTEM
UNITS MOUNTED IN BAll MOUNTING BOXES
EQUIPPED WITH H720 POWER SUPPLIES.



B.4 ASCII CODE

Octal
Code

000
001
002
003
004
005
006
007
010
011
012
013
014
015
016
017
020
021
022
023
024
025
026
027
030
031
032
033
034
035
036
037

Char

NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
VT
FF
CR
S0

-8l

DLE
DC1
DC2
DC3
DC4
NAK
SYN
ETB
CAN
EM

SuB

 ESC

FS
GS
RS
us

.

~T-BIT ASCI CODE

Octal

Code
040
041
042
043
044
045

046

047
050
051
052
053
054
055
056
057
060
061
062
063
064
065
066
067
070
071
072
073

074

075
076
077

. Char
sp
]

n

#
$

S

-Qv ” /\- ..

Octal |

Code

100
101
102
103
104
105
106
107
110
111
112
113
114
115
116
117
120

o121

122
123
124
125
126
127
130
131
132
133
134
135

136
137

Char

| > =/ mN<X=E<Cc-H0OIPTVOZIrX-"—TOMMOOT>E

Octal
Code

140
141

142
143

144

145
146
147
150
151

152

153

154

155
156
157
160
161
162
163
164

165
166
167
170

171
172
173
174

175 -

176
177

To convert to the modified ASCII code used by the LT33:
8-Bit Teletype Code = (7-Bit ASCII Code) + (200);

_ Char

. @rc“
L



B.5 PAPER TAPE FORMAT

FEED HOLE
1 0

—o\

DATA POSITIONS 7 6 5 4 3
OR CHANNELS T I

A%
o
(o]
DIRECTION OF ° ‘
TAPE MOTAON _
VIEWED FROM \ o TAPE “FRAME"
vevoron | | @000 c @O@ | Jumee-roame
SIDE) OF TAPE | o |
| (o} ]
{ [
| ° '
L’\LW
| .
! |
MOST ’ LEAST
SIGNIFIGANT SIGNIFIGANT
BIT BIT

: ' @ HOLE PUNCHED=1
(O UNPUNCHED POSITION=0
NOTE:
FRAME SHOWN 1S PUNCHED WITH OCTAL CODE 105

Paper-Tape Format
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