
















































































































































































































































































































































































































































































































































































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 fiexibility of the processor by re-
questing 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 performed by the processor 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 can not be used for
an interrupt request.

Interrupt Procedure

This paragraph provides an example of an interrupt operation. Assume that a per-
ipheral 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 relinquishes bus control to the device.

b. When the device gains control of the bus, it sends the processor an inter-
rupt command and a unique address of a memory location which contains the
starting address of the device service routine. (This is called the interrupt vec-
tor address.) Immediately following this pointer address 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 (RT!) instruction which pops
the two top words from the processor stack and transfers them back to the PC
and PS registers.

f. A device service routine can, in turn, be interrupted by a higher priority bus
request any time after the first instruction of the routine has been executed.

g. Ifsuch an interrupt occurs, the PC and PS of the current device service routine
are automatically pushed onto the stack, and the new device routine is in-
itiated as before. This nesting of priority interrupts can continue to any level;
the only limitation is the amount of memory available for the processor stack.
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PART I
Chapter 1

UNIBUS Theory and Operation

This section provides detailed theory of UNIBUS operation and includes descrip-
tions of bus signal lines, bus transactions, bus timing, and bus interfacing char-
acteristics. In addition, this section contains discussions of address allocations
and device registers.

1.1 UNIBUS SIGNAL LINES

The PDP-11 UNIBUS consists of 56 signal lines. All devices, including the proces-
sor, are connected to these lines in parallel (see Figure 1-1). The bidirectional na-
ture of 51 signal lines permits signals to flow in either direction. The remaining
five unidirectional lines are used for priority bus control.

UNIBUS pin assignments are listed in AppendixB.

BUS
A+C+0D
BUS TIMING
D A D
+
A C
4
PROCESSOR
C BUFFER T ADDRESS
. REGISTER SELECTOR |  pevice
ADDRESS INTERRUPT | REGISTER
SELECTOR CONTROL
BUS PRIORITY DEVICE
CONTROL MEMORY LOGIC
3
PROCESSOR MEMORY DEVICE

KEY A-ADDRESS INFORMATION
C-CONTROL + TIMING SIGNALS
D-DATA INFORMATION
T- CONTROL TRANSFER SIGNALS
G-BUS GRANT SIGNALS

Figure 1-1 PDP-11 Interface Block Diagram

1.1.1 Data Transfer Lines

Forty bidirectional bus lines are used for data transfer. In a data transfer, one de-
vice is a bus master and controls the transfer of data to or from a slave device.
The processor is always bus master when no other device is using the bus, and it
is master for all data transfers involved in normal instruction processing.

Data transfer signals are listed in Table 1-2
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NOTE
Signals on the Unibus are asserted when low (except for the uni-
directional bus grant lines). All timing diagrams in this manual reflect
the asserted and cleared levels of Unibus lines as described in Para-

graph 3.2.2.
Table 1-2 Data Transfer Signals

Name Mnemonic No. of Lines

DATA D<15:00> 16

ADDRESS A<17:00> 18

CONTROL C<1:.0> 2

MASTER SYNC MSYN 1

SLAVE SYNC SSYN 1

PARITY BIT LOW PA 1

PARTY BIT HIGH PB 1
TOTAL: 40

Simplified and standardized control logic is made possible by using separate dedi-
cated lines for all signais. In any data transfer, data is transmitted and received;
the master device provides the address of the slave device; and control and timing
signals are provided. Each of these three functions occurs on a distinct set of bus
lines, eliminating the use of additional hardware and extra timing states to dis-
tinguish between address, control information, and data.

1.1.1.1 Data Lines (D<<15:00>) - The 16 data lines are used to transfer informa-
tion between master and slave. The bit format is shown in Figure 1-2.

15 14 13 12 1t 10 8 8 7 6 5 4 3 2 1 0

EASB LSB]

| T SR T VS N N NS TN SHNE N S NS N T

Figure 1-2 Data Line Bit Format
1.1.1.2 Address Lines (A<<17:00>) - The 18 address lines are used by the master
device to select the slave (a unique memory or device register address) with which
it will communicate. The reason for 18 address lines is to extend the total
memory capability of future members of the PDP-11 family to 262,144 bytes. The
bit format of the 18 signals is shown in Figure 1-3.

17 16 15 4 13 12 #4 0 9 8 7 6 5 4 3 2 1 0

1|l‘LlII!llliJ;ILJI]

L |
B= J i

PROGRAM ADDRESS
BYTE POINTER

Figure 1-3 Address Line Bit Format
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Lines A<<17:01> specify a unique 16-bit word. In byte operations, AOQ specifies
the byte being referenced. If a word is referenced at X (X must be even, since
words can be addressed on even boundaries only), the low-order byte can be ref-
erenced at X and the high-order byte at X + 1.

Only 16 bits are normally supplied by programs as memory reference addresses.
In the processor lines A17 and A16 are asserted (forced to 1) whenever the pro-
cessor attempts to reference an address between 160000 and 177777, i.e., where
Al5=A14=A13=1. Thus, the processor converts -this 16-bit address to a full
18-bit bus address. '

Peripheral devices are normally assigned an address from within the bus address
allocations from 760000-777777 (program addresses, 160000-177777).

1.1.1.3 Control Signals- The control signals are divided into three groups: signals
that select data transfer operations, signals that allow the master and slave de-
vice to communicate, and signals used for parity checking.

a. Control Lines (C<1:0>)- These two bus signals are coded by the master de-
vice to control the slave in one of four possibie data transfer operations shown
in Table 1-3.

b. Master and Slave Synchronization - Master synchronization (MSYN) is a con-
trol signal used by the master to indicate to the slave that address and control
information is present. Slave synchronization (SSYN) is the slave's response
to the master (usually a response to MSYN).

c. Parity Bit Low (PA) and Parity Bit High (PB) - These signals are for devices on
the UNIBUS that use parity checks. PB is the parity of the high-order byte
(that transferred on D<15:08>, and PA is the parity of the low-order byte
(D<07:00>). These lines are used by the MP11 Parity Option in conjunction
with parity memories such as the MM11-FP. Future uses of PA and PB for to-

- tal system (UNIBUS) parity is also reserved for high security applications.

Table 1-3 Data Transfer Operations

Cl Cco Operation
0 0 DATI-Data In
0 1 DATIP-Data In, Pause
1 0 DATO-Data Out
1 1

DATOB-Data Out, Byte

1.1.2 Priority Transfer Lines

The UNIBUS contains 13 lines classified as priority transfer lines. Five of these
are priority bus request lines (BR<<7:4>,NPR) and five are the corresponding
grant lines (BG<7:4>,NPG) which the processor uses to respond to a specific
bus request. Each device of the same priority level passes a grant signal to the
next device on the line, unless it has requested bus control; in this case, the re-
questing device blocks the signal from the following devices and assumes bus
control. A discussion of physical chaining of devices to create priority levels is
presented in Paragraph 1.3.3. In addition, there are three other control lines:
SACK, BBSY, and INTR. All 13 lines are described below.

a. Bus Request Lines (BR<<7:4>>) - These four bus signals are used by peripheral
devices to request control of the bus.
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Bus Grant Lines (BG<<7:4>>) - These signals are the processor’s response to a
bus request. They are asserted only at the end of instruction execution, and in
accordance with the priority determination.

Non-Processor Request (NPR) - This signal is a bus request from a peripheral
device to the processor.

Non-Processor Grant (NPG) - This signal is the processor’s response to an
NPR. It occurs at the end of a bus cycle.

Selection Acknowledge (SACK) - SACK is asserted by a bus-requesting device
that has received a bus grant. Bus control passes to this device when the cur-
rent bus master completes its operation. (If SACK is not received by the pro-
cessor within 10us of issuing a bus grant, time out occurs and the bus grant

is cleared automatically by the processor.)

Interrupt (INTR) - This signal is asserted by the bus master to start a program
interrupt in the processor.

. Bus Busy (BBSY) - This signal is asserted by the master devices to indicate

bus is being used.

1.1.3 Miscellaneous Control Lines
There are three additional lines on the UNIBUS which may be used by all devices.
These lines are: initialize, ac line low, and dc low:

a.

Initialization (INIT) - 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 fol-
lowing the power fail service routine while power is going down, and again
when power comes up. INIT may also be used to clear and initialize peripheral
devices by means of the RESET instruction.

AC Line Low (AC LO) - This is an anticipatory signal which starts the power fail
trap sequence, and may also be used in peripheral devices to terminate oper-
ations in preparation for power loss. When AC LO is cleared, the power up in-
struction sequence in the processor begins. It is the programmer’s responsi-
bility to make certain that the trap vector is loaded with a pointer to the power
fail routine. If this is not done, an undefined sequence resuits.

DC Line Low (DC LO) - This signal, which emanates from the power supply,
is wired from the power connector card slot to the UNIBUS on all system
units. Thissignal remains cleared as long as all dc voltages are within speci-
fied 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 sig-
nal is used by the processor to cause INIT on the bus.

1.2 DATA TRANSFER BUS TRANSACTIONS

All bus activity is asynchronous and depends on interfocking of control signals. In
every case, a signal from a slave device is generated in response to a signal from
a master device, and the master signal is dropped in response to the slave signal.
The complete efimination of critical self-timing gives the bus the flexibility to oper-
ate with devices running at different speeds.
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NOTE
Signals on the UNIBUS are asserted when low (except
for the unidirectional bus grant fines). All timing dia-
grams in this manual reflect the asserted and cleared
levels of UNIBUS lines as described in Paragraph
2.1.2.

The four bus-data transfers are described in Table 1-4. The bus master deter-
mines one of the four data transfers by asserting the proper code on the C<1:0>
lines. .
NOTE

All data transfers are with reference to the master de-

vice; data-in is always from slave to master, and data-

out is from master to slave. For example, when the

processor (master) loads data into memory (slave), a

data-out bus operation is performed.

Table 1-4 Bus-Data Transfer Transactions

CLines Octal
Name Mnemonic Cl1 CO Function Code

Data in DATI O 0 Data from slave to master 0
Data in, pause DATIP 0 1 Inhibits restore cycle 1

in destructive read-out devices;
Pause flip-flop is set which in-
hibits clear cycle on following
DATO (B). Must be followed by
DATO or DATOB.
Data out DATO 1 O Data from master to slave. 2
Data out, Byte DATOB 1 1 Transfers data from master 3
to a single byte in slave.
Data transferred on D<15:08>
for AOO=1 D<07:00> for
ACO =0.

The DATI and DATIP transactions request transfer of data from a slave, the ad-
dress of which is specified by A<17:00>, to the master. Both transfers use the
data lines to carry the data. There is no distinction made by the slave as to
whether the transfer is used for byte or word data. The slave places the data on
D<15:00>. It is the function of the master device to retrieve the data from the
proper lines: low-order byte register with AO0 =0 from D<07:00>; high-order
byte register with AOO = 1 from D<15:08>; or word register from D<15:00>.
The DATIP operation is identical to the DATI, except DATIP is used to inform the
slave device that this is the first part of an in-modify-out cycle. A DATIP normally
sets a pause flag in the destructive read-out device (i.e., core memory) which in-
hibits the restore cycle. The DATIP must be followed by a data-out cycle (DATO or
DATOB), and the master must retain bus control until it is completed. In nondest-
ructive readout devices (i. e., flip-flops), the DATI and DATIP are treated identi-
cally.

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 AOO and the master places data on D<15:00>. A DATOB is used to
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transfer a byte of data to the address specified by A<17:00>. Line AOO=0 in-
dicates the low-order byte, and the master places the data on lines D<07:00>;
A00 =1 indicates the high order byte, and master places the data on lines
D<15:08>.

1.2.1 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 device 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 en-
sure 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 (refer to
Paragraph 1.2.2f). Additional timing information can be found in Paragraph 1.4.

1.2.2 DATI and DATIP Bus Transactions (see Figure 1-4)
Ail data transfer functions are with reference to the master device; therefore,
data-in (DATI) indicates data transfer from the slave to the master.

AT MASTER MASTER MUST DESKEW_AS
SSYNSMAY PRECEDE DATA

Aoon,+coumouT)"3V—| 8 75ns I_
MsyN(T) 2L
——| 150ns MlN.i-— —f:l fe—750s MIN.

DATA(R)

SSYN(R)

AT SLAVE
75 ns GUARANTEED MINIMUM

ADDR.+CONTROL (R) —I AT SLAVE l————
MSYN(R) i‘__ 4\ /[_—.

Al

DATA (T} /

SSYN(T)

MEM CYCLE
READ RESTORE
(R}~ RECEIVED

(T)- TRANSMITTED ALL TIMING APPROXIMATE . BUS TRANSMISSION TIME
EXAGGERATED.READ CYCLE NOT DONE FOR DEVICE
REGISTERS.RESTORE CYCLE NOT DONE FOR DATIP

Figure 1-4 DATI and DATIP Timing Diagram
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. Master sets C<<1:0> =00 for DATI or C<1:0> =01 for DATIP, and sets
A<<17:00> to specify the slave address.

. Master waits 150 ns minimum: 75 ns to allow for worst case signal skew on
the UNIBUS plus 75 ns for slave to decode address.

NOTE
This guarantees that at the output .of the slave’s bus
receivers that A<17:00> and C<1:0> will precede
MSYN by 75 ns min.

. Master waits for bus to become inactive since SSYN may still be asserted from
a previous cycle.

NOTE
This condition is automatically satisfied when first be-
coming bus master since SSYN must be negated be-
fore BBSY can be asserted (see M7820 circuit).

. Master asserts MSYN

. When the selected slave sees its address and MSYN, the slave device prepares
the data for transmission to the master. For devices such as memory, this
means performing a read cycle; for flip-flop registers, the data is available im-
mediately. .

When data is available, the slave places data on D<15:00> and asserts
SSYN. if the slave is a destructive read-out device, it enters a restore cycle if
the command was a DATI; for a DATIP, the slave can set a pause flag and wait
for the subsequent DATO or DATOB with the modified data before perfoming
a write cycle. The SSYN response must be made within 25psec.

. The master receives SSYN and waits 75 ns minimum to allow for skewing of
data plus any additional time the master may need for internal gating.

. Master strobes in data from D<15:00>.

When the data has been accepted by the master device, it drops MSYN.

After 75 ns minimum wait, the master removes or aiters the A and C lines. If
another DATI follows, then the master repeats the above sequence starting at

" step a. If an output operation follows, the next cycle starts at step a. of the
DATO or DATOB operation. If this is the last bus cycle of the master's oper-
ation and when the A and C lines are all clear then the master clears BBSY
and relinquishes bus control.

. The slave sees the negation of MSYN and removes data from the D lines and
negates SSYN.

1.2.3 DATO and DATOB Bus Transactions (See Figure 1.5)
Because all data transfers are with reference to the master device, a data out
(DATO) indicates data transfer from the master to the slave.
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AT MASTER
75 ns

ADDRESS AND (T) MIN
CONTROL |‘—.i
MSYN (T) T
I 150 ns
DATA (T) MIN

SSYN (R) \ ]—————J—‘—
‘
AT SLAVE

ADDRESS AND (R)
CONTROL l

MSYN (R}

e
75ns MIN
GUARANTEED

DATA (R) 4‘ j
MEM CYCLE
(PREVIOUS READ ; RESTORE
(R} - RECEIVED WRITE) (CLEAR) ! (WRITE)

(T) - TRANSMITTED ALL TIMING APPROXIMATE. BUS TRANSMISSION
TIME EXAGGERATED. READ CYCLE NOT DONE
FOR DEVICE REGISTERS OR IF PAUSE FLIP-
FLOP SET.

Figure 1-5 DATO or DATOB Timing Diagram

. If previous cycle was DATI or DATIP, master must wait for SSYN to be ne-
gated. '

NOTE
This condition is automatically satisfied when first be-
coming bus master since SSYN must be negated be-
fore BBSY can be asserted (see M7820 circuit).

. Master sets C<1:0> =10 for DATO or C<1:0>=11 for DATOB, sets
A<17:00> to specify the slave address, and D<15:00> for data to be sent
to slave.

. Master waits 150 ns minimum: 75 ns to allow for worst case signal skew on
the UNIBUS plus 75 ns for slave to decode address.

NOTE
This guarantees that at the output of the slave’s bus
receivers, that A<17:00>, D<15:00>, and C<1:0>
will precede MSYN by 75 ns minimum.

. Master waits for bus to become inactive since SSYN may still be asserted from
previous cycle.

NOTE
This condition may have been already satisfied by step
a; it applies to consecutive DATO’s or DATOB's.

. Master asserts MSYN.
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f. When the selected slave sees its address and MSYN, and it is ready to accept
the data present on the D lines (slave may be busy completing a previous in-
ternal operation), it strobes in the data and asserts SSYN.

NOTE
Data on the D lines is guaranteed valid for 75ns min-
imum after SSYN is asserted. Data is not guaranteed
valid when the slave receives negated MSYN. The pro-
cessor times out and removes MSYN if no SSYN re-
sponse is made within 25pusec.

g. The master receives SSYN and negates MSYN.

h. After 75 ns minimum wait, the master removes or alters the A, C, and D lines.
If another DATO or DATOB follows, then the master repeats the above se-
quence starting at step b. If this is last bus cycle of the master operation and
when A, C, and D lines are all clear, then the master clears BBSY and relin-
quishes bus control. If an input operation follows, the next cycle starts at step
a of the DATI or DATIP operation.

i. The slave sees the negation of MSYN and negates SSYN.

1.3 PRIORITY TRANSFER TRANSACTIONS

Transfer of bus control from one device to another is determined by priority arbit-
ration logic, which is part of the processor. Requests for the bus can be made at
any time (asynchronously) on the bus request (BR) and non-processor request
(NPR) lines. During each bus cycle, the arbitration logic first checks for an NPR
request (since these requests take precedence over processor use of the bus). If
an NPR is present, the logic issues an NPG signal and receives a selection ack-
nowledge (SACK) signal in return. This procedure occurs simultaneously with the
current data transfer. When the device scheduled to become the new bus master
is selected, it waits for the present master to clear bus busy (BBSY); then, the
newly selected device becomes bus master and asserts BBSY.

A similar procedure occurs at the end of each instruction when the priority arbit-
ration logic checks the bus request lines against the processor priority (as deter-
mined by bits <7: 5> of the processor status register) and the priority logic is-
sues a grant on the corresponding line. Thus, one of the four levels of BR
requests is granted by the processor between instructions unless the instruction
currently being executed causes an internal trap (either an error or trap instruc-
tion). In this case, BR requests are not granted until completion of the first in-
struction following the trap sequence. The highest request is always granted first
(if the processor priority level is lower than the request level). The grant signals al-
ways pass serially through each device connected to the corresponding level in
the system. If a device makes a request, it blocks the signal transmission to the
next device on the line; otherwise, it passes the signal on.

This causes the device closest to the processor to be the highest subpriority on
each request level.

1.3.1 Priority Transfer (PTR) Transaction (See Figure 1-6)

The signal sequence by which a device becomes selected as next bus master is the
priority transfer (PTR) bus operation. This operation does not actually transfer
bus control; it only selects a device as next bus master. The sequence of events is
as follows:
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AT DEVICg

SACK(T)

BBSY(R&T)

AT PROCESSOR

SACK(R) l! . !__
BBSY{T&R) [ -__.’—I__

(R)-RECEIVED
(T)-TRANSMITTED
ALL TIMING APPROXIMATE.BUS TRANSMISSION TIME EXAGGERATED

Figure 1.6 PTR Timing Diagram (nominally, for processor master)

. The device that needs control of the bus asserts the BR (or NPR) line assigned
to it.

. The processor receives one or more BR signals. These signals enter a priority
arbitration system, which compares BR levels with the processor priority levels
and against the NPR. If a request has the highest priority entering the arbitra-
tion system, and the SACK line is clear, the processor asserts the correspond-
ing BG (or NPG) line. NPG is asserted during the current bus transaction,
while BG is asserted only at the end of the current instruction.

. Each device on the asserted BG line passes the BG signal, unless it is request-
ing bus control.

. The first device on the line which has BR asserted responds to the BG by as-
serting SACK, blocking the BG signal from following devices, and clearing BR.

. The processor receives the SACK signal and clears BG, (If SACK, is not re-
ceived within 10us, time out occurs and the bus grant is cleared automatically
by the processor.)

The current bus master completes a data transfer and clears BBSY at the
same time it clears the Address and Control lines.

. The selected device, which is the new bus master, asserts BBSY when BBSY,
BG, and SSYN are clear at the end of the previous data transfer. INTR may be
asserted at this time, if the new bus master is interrupting. (Refer to Para-
graph 1.3.2)

. SACK is dropped at the same time INTR is asserted if the device is inter-
rupting. If the device is to transfer data first, the SACK signal is dropped prior
to the start of the last bus cycle that the device uses.

188



i.  When the new bus master has completed its last data transfer, it clears BBSY.
A new bus master then takes control of the bus. If no device is selected (SACK
is clear), the processor asserts BBSY and continues processing. if, instead of
clearing BBSY in a passive release, the device asserts INTR, the processor con-
ducts an INTR bus transaction. This is called active release of the bus.

CAUTION
Since an NPR is granted within an instruction, and the
interrupt and following processor response would de-
stroy information held in the processor, devices
granted bus control through an NPR must not cause a
processor interrupt (refer to Paragraph 1.4.2).

NOTE
During the time a master device has contro! of the
bus, it must either issue MSYN or terminate with an
interrupt to provide reclocking of the priority arbitra-
tion logic in the processor. This affects only certain
models of the KA1l and KC11 processors.

1.3.2 Interrupt Transaction (See Figure 1-7)

A device may cause the interrupt operation to occur any time it gains bus control
with one of the BR levels. It is usually accomplished immediately on becoming
bus master; however, it may follow one or more data transactions on the bus.

AT DEVICE

— DEVICE 1S MASTER—-I———I'—v PROCESSOR IS MASTER —

BBSY (R&T&R)

SACK(T)
INTR(T)

DATA(T?W
SSYN(R)
AT_PROCESSOR

BBSY(TBRBT)J l J__l'\
SACK(R)-——————" T

INTR(R) J
DATA(R)
SSYN(T) /

{R)-RECEIVED
(T)- TRANSMITTED ALL TIMES APPROXIMATE. BUS TRANSMISSION TIME EXAGGERATED.

Figure 1.7 INTR Timing Diagram
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a. If immediate interrupt operation is to be initiated, a device which has been se-
lected as bus master asserts INTR and a vector address on the D lines, at the
same time that it clears SACK and asserts BBSY. If data transfers occur prior
to interrupt then SACK must remain asserted until INTR is asserted. If the de-
vice has been making data transfers prior to the interrupt, it should assert
SACK through the last cycle.

b. The processor receives the INTR signal, waits 75 ns for deskew to ensure that
all bits of the interrupt vector address are available, and asserts SSYN when
the data is read in. '

c. The bus master (interrupting device) receives SSYN and clears INTR, the D
lines, and BBSY. This constitutes active release of the bus to the processor.

d. The processor clears SSYN when INTR is cleared, and enters the interrupt se-
guence to store the contents of the current PC and PS registers and replace
them with the contents of the location specified by the vector address.

1.3.3 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 ar-
ray of priority servicing. Figure 1-8 illustrates the mode of operation and advan-
tages 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 remaining three are at major priority level 5.

N
BRS
}— BR4- —3
TO NEXT
DEVICE
1865 — r—
PROCESSOR [~B64 J
DEVICE DBEVICE DEVICE DEVICE DEVICE DEVICE
A B c D 3 F
LEVEL 4 LEVELS LEVEL 4 | LEVEL4 LEVEL 5 LEVEL S

Figure 1-8 Priority Chaining Example

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 in-
struction, the processor conducts 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. After a delay to clock the interrupt control shift register
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(discussed in Paragraph 2.3.5), the signal is passed on, since device B was not as-
serting 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 control of the bus after the first instruction of the han-
dling routine has been executed, unless the INTR operation raises the processor
priority.

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

At the conclusion of the interrupt handling routine, the original processor 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 de-
struction 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
manner, with no lost data and maximum speed and bus efficiency.

1.4 UNIBUS TIMING

Although all bits of an information signal are transmitted simultaneously, differ-
ences in bus path lengths and speeds of individual gate responses may cause
variations in transmission time and in the elapsed time before 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 must be provided by any device which acts as 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 receivers) 75 ns in advance of the MSYN signal at the out-
put 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 sig-
nal.

To simplify slave device design in a DAT! 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 responsibility. 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.

1.4.1 Timing Example

To illustrate the operating speed of the UNIBUS when performing a data transfer,
assume a DATO operation to a device that has a flip-flop register. A typical trans-
mitter-bus-receiver delay time is 75 ns. A flow diagram of the transfer procedure
is shown in Figure 1-9 and is described below. A simplified logic diagram of the
slave device is shown in Figure 1-10.
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The bus master places address, control, and data information on the UNIBUS,
waits 150 ns, and then asserts MSYN. After a worst case propagation delay of 75
ns, the slave recognizes MSYN and clocks the data into its register. Since the 75-
ns propagation delay includes the transmitter and receiver delays, the time re-
quired to turn MSYN around into SSYN is literally 0. Also, since the data preceded
MSYN by 150 ns (worst case skew is only 75 ns), there is ample preset time for
the data input to the slave device flip-flop register.

When the master sees SSYN, it clears its MSYN control (nominal time, 25 ns) and
then waits 75 ns before clearing or changing address, control, and data informa-
tion. Additional cycles may proceed at this time provided SSYN is cleared before
MSYN is again asserted. This means that a sustained DATO transfer rate of 400
ns/word may be maintained. This is equivalent to a transfer rate of 40 million
bits per second.

Figure 1-11 is a typical timing flow diagram for a DATI transfer. The slave device
logic is shown in Figure 1-12. The procedure for a DATI transfer is essentially the
same as for a DATO transfer with four exceptions: :

a. The master asserts only address and control information.
b. The slave gates data onto the bus simultaneously with the return of SSYN.

¢. The master must wait 75 ns (to allow for skew between SSYN and DATA) be-
fore clearing MSYN and strobing data.

d. The slave clears data when it clears SSYN.

The DATI cycle allows sustained transfer rates of 450 ns-word which is equivalent
to 35.2 million bits second.

1.4.2 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 element on the UNI-
BUS. 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 in-
cremented by the device upon completion 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
thata 10- to 25-ps integrating one-shot be triggered each time the master device
asserts 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 as-
serted. The master should then set an error flag in its status register.

1.5 ADDRESS MAPPING

A PDP-Address Map is shown in Appendix A. Observe that, in the following dis-
cussion, 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 (262,144, or 256K), and each location con-
tains eight bits. On the basic PDP-11 systems only 16 bits of address information
are under program control. This limits the processor to an address map of 64K lo-
cations. 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 location, and the next higher odd location is selected as well. Byte op-
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TIME (ns)

1580 ——

225 —~—

300 —
325 —

400 —

475 —}——

NOTES:

MASTER ASSERTS
ADDRESS, DATA &
CONTROL

A

MASTER WAITS
THEN ASSERTS
MSYN

SLAVE DECODES
ADDRESS &
CONTROL

SLAVE STROBES
DATE & RETURNS
SSYN

MASTER CLEARS
MSYN

MASTER WAITS
THEN CLEARS ADD-
RESS & CONTROL

COMPLETE

SLAVE
CLEARS
SS7N

Worst case propagation delay of 75ns is shown.

Total time=475ns for a single transfer.

Next cycle may begin at 400ns when master may

assert new oddress and control.

Moximum sustained tronsfer rate is 2.5 million
words/sec.

Figure 1-9 Typical DATO Timing Flow
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A<17:00> RAC%D\?ESS j
ECEIVERS &—
COMPARATOR
ADDRESS
MATCH H

SELECTED L

BUS C1 L 0 R N

R p—— DATA OUT

BUS MSYN L —0

o] 1
BUS SSYN L T DATA nn
C D

BUS DATA nn

NOTE:
R=Receiver
T=Transmitter (Driver)

Figure 1-10 Slave Logic For DATO (Fast Respénse)
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TIME (ns) ‘

MASTER ASSERTS
ADDRESS &
CONTROL
0 ~+—
MASTER WAITS SLAVE DECODES
ARl RoDrESs Ao
MSYN
150 —
225 -1*—— SLAVE RETURNS
DATA AND SSYN
300 1—
MASTER WAITS
75ns THEN STROBES
DATA AND
CLEARS MSYN
375 +—
MASTER WAITS SLAVE CLEARS
75ns THEN CLEARS SSYN & DATA
ADRS & CONTROL
450 —+—
525 4+— COMPLETE
NOTES:

Worst case propagation delay of 75ns shown.
Total time=525ns for a single transfer.

Next cycle may begin at 450ns when master
may assert new address and control.

Maximum sustained transfer rate is 2.2
million words/second.

Figure 1-11 Typical DATI Timing Flow
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A <17:00>

ADDRESS
RECEIVERS & —
COMPARATOR

ADDRESS
MATCH H
BUS cO L ———O
co L
BUS C1 L —mmO} R
R p—— DATA IN
BUS MSYN L ——Q)
e
BUS SSYN L T
—
S
BUS DATA nn T
NOTE: “oata
R= Receiver nn
T= Transmitter (Driver)

Figure 1-12 Slave Logic for DATI (Fast Response)
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erations can explicitly address any byte. For example, a DATI to location 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 operation cannot address an
odd-numbered location.

The address map (Appendix A) contains full, 18-bit wide bus addresses. Hardware
in the processor forces A(17:16) to ones if A(15:13) are all ones when the proces-
sor is master; thus, the last 8K byte locations are relocated to be the highest loca-
tions accessible by the bus. All device addresses and internal processor locations
are assigned in these 8K locations. '

1.5.1 Interrupt and Trap Vector Locations

The first 400 locations in the address map are reserved for trap and interrupt vec-
tors. The stack pointer overflow feature of the processor warns the user that the
data in these locations may be subject to destruction if the system stack expands
downward into this area. Locations O through 37 are used for trap vectors for in-
ternal processor use, locations 40 through 57 are reserved for use as system soft-
ware communications words, and the remaining locations (up to location 400)
are used for device interrupt vectors. There is no limit to interrupt vectors above
400 except that they are not protected from stack overflow.

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

Each vector requires four locations (two words), and the vector addresses are con-
strained 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 O, address bit 2 specifies either O or 4.)

1.5.2 Memory Locations

Memory locations, either read/write or ROM, begin at O and proceed to 157777.
The highest numbered 8K-block in the map is used by device registers and by in-
ternal processor register addresses.

1.5.3 Device Register Locations

Each device has one or more device registers. Device register addresses are al-
ways even (AQO is 0), aithough byte operations may address either half of a regis-
ter.

The top 8K byte locations are allocated for device register assignment. The top 4K
byte (770000-777777) is reserved by DEC for processor addresses and standard
peripheral devices. The 2K byte addresses (764000-767777) are reserved for cus-
tomer allocation and are never assigned by DEC. It is recommended that cus-
tomer-built interfaces be given addresses in this area. Starting at location
777550, the first eight locations are reserved for use with the first Teletype and
first high-speed paper-tape device. Normally, the PDP-11 System is supplied with
the Model 33 ASR Teletype or equivalent device. If a high-speed paper-tape device
is used, it is a PC-11 Reader Punch. Specific addresses for each register are
shown on the address map (see Appendix A).

1.5.4 Processor Locations

Only two processor data locations are explicitly addressable. The console switch
register, at locations 777570 and 777571, is a read-only switch register on the
PDP-11/20 or PDP-11/15 Console and may be used for program controlled data
transfers. The processor status register (PS), at locations 777776 and 7777777
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contains the processor priority level and the condition codes. The 16 processor
storage locations are located at the 16 addresses from 777700 to 777717. Each
address accesses a full word of data. These registers are not addressable from
the bus, and the addresses are used only for deposit and examine functions from
the console.

1.6 DEVICE REGISTERS

The actual transfer of data between a device and the UNIBUS takes place through
one or more registers in the device. These register$ 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 (transferred 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
DAT!’s, unaffected by DATO’s). Exercise caution when assigning bit usage. For ex-
ample, 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 0. Examples of all three types are
usually found in control and status registers. 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 ex-
ample of a read bit is an indicator of an error condition requiring operator mter
vention.

To standardize register format types, DEC has adopted some preferred bit assign-
ments which are shown in Figure 1-13. The preferred order of register address as-
signments is given in Table 1-5. These preferences are included for reference only
and should not be construed as mandatory requirements for interfacing to the
UNIBUS. The exact nature of register assignments varies with each device. The
general phiiosphy of this is illustrated and discussed in Chapter 3.

FUNCTION: Device Function (read, write, punch, search, etc.) Single func-
tion devices should use bit Q because INC CSR (an operate in-
struction) 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 controlled data
transfers to locations not in the first 65K 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 completed and
the device is ready to participate in a transfer. Can be
checked by the instruction sequence LOOP: TSTB CSR, BPL

LOOP.

UNIT SELECT: Used to select multiple devices connected to a single con-
troller (such as DECtape units with operator set unit num-
bers).

BUSY: Indicates that the device is doing internal processing and

cannot participate in a new operation. Need not be used in
many devices, READY may be adequate.

ERROR: Indicates the source or cause of an Error Interrupt. B|t 15is
used for single-error conditions or may be the logical OR of
several error conditions to allow the TST instruction to check
error status.
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Table 1-5 Preferred Order of Device Register Assignments

ADDRESS (OCTAL) :
N CSR CONTROL STATUS REGISTER

N+2 DBR DATA BUFFER REGISTER
N+4 MAR MEMORY ADDRESS REGISTER
N+6 WCR WORD COUNT REGISTER

CSR—Device function, status and interrupt control

DBR—Data register for information transfer.

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

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

DAR—Track or block number for mass storage devices.

When several registers are used for the same function, they should be as-
signed contiguous addresses, and be followed by registers of other func-
tions 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 as-
signed addresses.

l15 14 13 lZlIIIIO 9 8]7]6]5 4[3 2 1 0]

ERROR

BUSY

UNIT SELECT
READY OR DONE
INTR ENB
EXTENDED MEM
FUNCTION

Figure 1-13 Preferred CSR Bit Assignments
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PART I
Chapter 2

interface Circuits and Hardware

This chapter discusses the specific circuits, modules, and hardware used for inter-
facing devices to the UNIBUS.

2.1 CIRCUITS

The UNIBUS, a high-speed data transmission facmty, imposes certam restrictions
when attaching other devices to it. The actual bus is a matched and terminated
transmission fine which must be received and driven with devices designed for
that specific application. The following paragraphs describe bus transmission,
bus signal fevels, bus length, and bus receiver and transmitter circuits.

2.1.1 UNIBUS Transmission

The actual bus medium consists of several types of cable. The standard cabling is
composed of short jumper modules that interconnect the system units within a
mounting box. The M920 Module serves as the jumper module. Critical ground
signals are also carried on this module. Cables used between BAll Mounting
Boxes consist of a Flexprint® cable assembly with alternating signals and
grounds. The characteristics necessary for proper UNIBUS transmission are:

Characteristic Impedance: 1202 £ 15 percent
Resistance: 0.135%/ ft, maximum

Either twisted pair or coaxial cable laid for minimum crosstalk is recommended
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 ex-
cept the grant signals (see Figure 2-1). The grant signals are terminated with a
single resistor. Two M930 Terminator Modules are included in every system to
provide these functions.

2.1.2 UNIBUS Signal Levels

The rest state for all UNIBUS signal lines, except the grant lines BG<< 7:4> and
NPG, is a logic O of +3.4V. The asserted state (logic 1) is between ground and
+ 0.8V, which is the saturation voltage of the device 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 operation under worst case conditions, receivers should
have a switching threshold of approxiametely 2V.

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.

® Registered trademark of Sanders Associates
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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 40pA. Outputs are characterized by the number of inputs they can drive
(called fanout).

A standard TTL gate (as used in the M113) can drive 10 unit loads.

2.1.3 UNIBUS Length and Loading

The maximum length of the UNIBUS is a complex relationship involving the type
of cable, the bus loading, and distribution of receiver and transmitter taps on the
bus. Since the UNIBUS is a transmission line, and the transfers are asynchronous
and interlocked, the electrical delay imposed by length is not a factor.

With Flexprint cable (Tape Cable S-1680), the maximum reasonable length is 50
ft. minus the combined length of all stubs or taps, which are those wires from the
actual bus to the receivers and transmitters. This maximum length is obtainable
only if the individual tap lengths are less than 18 inches and if the loading is not
more than a standard of one receiver and two transmitters. If loads are concen-
trated at one end of the UNIBUS and a single load is at a distant point, the max-
imum length could change, provided that the crosstalk of the employed cable is
low enough.

The UNIBUS is limited to a maximum of 20 unit loads. This limit is imposed be-
cause of the loading of receivers and.leakage of drivers at the high state. This
limit is set to maintain a sufficient noise margin. For more than 20 unit |oads a
UNIBUS repeater option (DB11-A) may be used.

2.1.4 Bus Receiver and Transmitter Circuits

The equivalent circuits of the standard UNIBUS receivers and transmitters are
shown in Figure 2-2. Any device which meets these requirements is acceptable. To
perform these functions, Digital Equipment Corporation uses two monolithic in-
. tegrated circuits with the characteristics listed in Table 2-1. Typical transmitter
and receiver circuits are shown in Figure 2-3.

+3.4v
R1
R1 =126 k 1 MIN
R2=21.25 kL MIN
ct R2 C1=10pF MAX

RECEIVER INPUT EQUIVALENT CIRCUIT

TRANSMITTER OFF (LOGICAL 0)
c2 R3 R3=126 k0 MIN
= 10 pF MAX

TRANSMITTER ON (LOGICAL 1)
= R3=16Q MAX
C2=10pF MAX

TRANSMITTER OUTPUT EQUIVALENT CIRCUIT

Figure 2-2 Transmitter and Receiver Equivalent Circuits
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Table 2-1 Unibus Receiver and Transmitter Characteristics

Characteristics

Specifications

Notes
Receiver (DEC 380A) Input high threshold  VIH 2.5V min.
Input low threshold Vit 1.4V max.
Input current @ 2.5V i1 160 uA max. ,
Inputcurrent @OV L 25 pA max. ,
Output high voltage  VoH 3.5V min.

Output high current  loH -2mA
Output low voltage Vol 0.6V max.
Output low current loo p-125MA
Propagation delay to TpoH 10 ns min.

PBRONNON P ==
ow w W

high state 45 ns max.
Propagation delay to  TroL 10 ns min. 4,5
low state 35 ns max.
Transmitter (DEC 8881) Input high voltage ViH 2.0V min. 6
input low voltage Vic 0.8V max. 6
Input high current lin 60pAmax. 6
Input low current i -20mAmax. 6
Output low voltage VoL 0.8V max. 1
@ 50 mA sink

Output high leakage loH 25 yA max. 1,3
current @ 3.5V

Propagation delay to  TroL 25 ns max. 57
low state

Propagation delay to TpoH 35 ns max. 58
high state -

NOTES:

1.

2.

P~ w

®No o

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 seven unit loads of stan-
dard 7400 series TTL integrated circuits.

Current flow is defined as positive if into the terminal.

Conditions of load are 3752 to + 5V and 1.6K& in parailel with 15 pf
to ground.

Times are measured from 1.5V level on input to 1.5V level on output.
This is equivalent to 1.25 standard TTL unit loading of input.
Conditions of 1008 to +5V, 15 pf to ground on ouput.

Conditions of 1KQ to greund on output.
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- +5V

TYPICAL UNIBUS DRIVER

TYPICAL UNIBUS RECEIVER

Figure 2-3 Transmitter and Receiver Typical Circuits

2.2 UNIBUS INTERFACE MODULES

The following paragraphs describe modules used for UNIBUS interfacing. These
modules include the jumper module, cable, and transmitter and receiver modules
that employ the circuits described in the previous paragraph. Descriptions of the
address selector, bus and interrupt control, and general device interface modules
are also included.
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2.2.1 UNIBUS Cables

UNIBUS Jumper Module M920- The M920 Module (see Figure 2-4) 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 UNI-
BUS signals and 14 grounds.

UNIBUS Cable BC11A - The BC11A (see Figure 2-5) is a 120-conductor Flexprin{
cable used to connect system units in different mounting drawers or to connect a
peripheral device removed from the mounting drawer.

The 120 signals include all the 56 UNIBUS lines plus 64 grounds. Signals and
grounds alternate to minimize crosstalk. Cable 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

2.2.2 UNIBUS Terminations

The M930 UNIBUS Terminator Module is a short, double-size module that termi-
nates all signal lines on the Unibus. This module requires 1.25 amps at 5v. All
pins have a resistive divider termination of 180Q to + 5v and 390€ to ground, ex-
cept those listed below:

390Qin
paralle! with
0.001 pfto +5 18002 to +5V
(for AC LO, DC LO) (for grant lines) Ground Pins + 5V Input Pins
BF1 AVl AB2 BB2 AA2
BF2 AUl AC2 BC2
‘ BAl AN1 BD1 BA2
BB1 AP1 BE1
BE2 AR1 BT1
AS1 Bv2
AT1
AV2

2.2.3 UNIBUS Receivers and Transmitters

Various bus driver and receiver modules may be used in interfaces to provide sig-
nal levels compatible with the UNIBUS. These modules (M783 , M784,M785, and
M798) are discussed separately in the following paragraphs.

2.2.3.1 M783 UNIBUS Transmitter - 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 a single-height, 8.5 inch-long
Flip-Chip. A circuit schematic of the M783 Transmitter is shown in Figure 2-6.
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VF&gure 2-4 UNIBUS Jumper Module M920

Figure 2-5 UNIBUS Cable BC11A
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Figure 2-6 M783 UNIBUS Transmitter (schematic diagram)
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2.2.3.2 M784 UNIBUS Receiver- This receiver module consists of 16 DEC 380A in-
verting circuits which receive bus signals and provide a buffered bus signal out-
put. The output fanout is seven standard TTL unit loads. The receiver module is a
single-height, 8.5-inch-long Flip-Chip. A circuit schematic of the M784 Receiver

Module is shown in Figure 2-7.

Al ——~O 81 ¢ D2
9 q
D1 —m—Q . E2 —+—( 2
—( *——d
F1 ——————t——Q " Hz ————( o
—q +—Q
T D
K1 L2
(O 0
Lt ——0 M2 ————+——Q
M1 N2
—a —20
N1 —— P2 —m—+—C .
—0 P1 ‘L“-O R
D D
St T2
4 q
D D
U1 v
= =

[ REQUIRES 200 mA MAX @ +5V‘l

NOTE: UNLESS OTHERWISE INDICATED
IC'S ARE DEC 380
+5V A2

GND  C2,T1

Figure 2-7 M784 UNIBUS Receiver (schematic diagram)
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2.2.3.3 M785 UNIBUS Transceiver- This module consists of eight pairs of DEC
8881 Drivers and DEC 380 Receivers which are used for bidirectional interfacing
to the UNIBUS. The drivers and receivers have two common gate lines: one for re-
ceivers, 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 a single-height,
8.5-inch-long Flip-Chip. A circuit schematic of the M785 Transceiver Module is
shown in Figure 2-8.

ci1

+5V B1 380 02
R1 8881 O
1K
174w
K1 s
7400 ‘
91 2
Af 380 F2
8881 O
, |
H2
€1 —] 380 J2
8881 O O
K2 .
01 380 L2
8881 =
M2
380 N2

M1

888t

I

gloo]alo)

P2
Lt

R
~N

888t

s2

c Ri
+
Q L

-
N

o

= u2
Pt 380 v2
s1 d 8881 —O
H1 7400
O Q
F1
[ REQUIRES 225 mA MAX. @ +5V |
NOTE

+5V A2
GND C2,T!

Figure 2-8 M785 UNIBUS Transceiver (schematic diagram)

2.2.3.4 M798 UNIBUS Drivers- This module consists of 16 non-inverting UNIBUS
drivers. The module is used in device interfaces to minimize the loading effect
caused by attaching several drivers to the same UNIBUS signal line, as in the
case of a device containing multiple registers. A typical driver circuit is shown in
Figure 2-9 a. Loading of signal lines on the UNIBUS is restricted to one unit load
per device. A unit load is the equivalent of one receiver input and two driver out-
puts (210pA total).
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In addition, the M798 module allows the UNIBUS to be driven by standard open
collector TTL gates. The inputs to each M798 driver circuit are pulled to + 5V
through a 1 k@ resistor. As shown in Figure 2-9b, an internal wire-ORed bus is
created that is driven from standard open collector gates (available on M141 and
M149 modules) or from UNIBUS drivers (available on M783 UNIBUS Transceiver
modules). The driver input loading is 4.1 TTL loads for each of the 16 inputs. The
output drive signa! for each of the 16 outputs is 50 mA sink at 0.8V maximum.
The open collector leakage is 25u A. A circuit schematic of the M798 UNIBUS
Drivers module is shown in Figure 2-10. .

+5V

@'
7404

Figure 2-9 a. One of 16 Circuits on the M798

UNIBUS DRIVER
M798

L

M783

M141
REG A BIT n —
| <— INTERNAL BUS
M141 ,
REG B BIT n —
L
M783
REGCBIT n
I
i
|
I

Figure 2-9 b. Typical Use of M798
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2.2.4 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 2-11. 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 operation of the peripheral furnishing data to the processor.
The M105 Module is described more fully in following paragraphs.

2.2.4.1 Inputs- The M105 Module input signals consist of 18 address lines,
A <17:00>; 2 bus controllines, 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 2-12. Note that all inputs are standard bus receivers.

a. Line AOO is used for byte control.

b. Lines AO1 and AD2 are decoded to select one of the four addressable device
registers.

c. Decoding of lines A<<12:03> is determined by jumpers on the module. 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.

2.2.4.2 Slave Sync (SSYN)- When SSYN INH is grounded, it inhibits the acknow-
ledgment 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 {NH and ground SSYN INH can also be driven with an open collector gate.

2.2.4.3 Outputs- The M105 Output Signals permit selection of four 16-bit registers
and provide three signals used far gating infarmation te and out of the master de-
vice. The M105 may be used instead 1o select up o eight 8-bit registers, or any
appropriate combination of byte and word registers.

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

Table 2-2 M105 Select Lines

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

1. Lines A<17:13> must be all 1s (OV on Unibus).
2. Lines A<<12:03> are selected by jumpers.
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Figure 2-11 M105 Address Selector
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DECODED FOR 1 OF 4 REGISTERS
BYTE CONTROL

Figure 2-12 Device Register Select Address Format
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Table 2-3 Gating Control Signals

Mode Byte

Control Control Gating Control Bus Sequence

C<1.0> AQO Signals True (+ 3V)
00 0 IN DATI
00 1 IN DATI
01 0 IN DATIP
01 1 IN DATIP
10 0 OUTLOW OUT HIGH DATO
10 1 OUTLOW OUT HIGH DATO
11 0 OUT LOW DATOB
11 1 OUT HIGH DATOB

NOTE

Gating control signals may become true although select lines are
not. '

2.2.4.4 Specifications- The M105 output fanout is ten standard TTL foads for reg-
ister select lines and eight standard TTL Loads for gating control lines. The mod-
ule is a single-height, 8.5-inch-long Flip-Chip. A circuit schematic for this module
is shown in Figure 2-13. Note that pin Al (EXT GND) must be grounded by the
user.

When using the output signals of the M105 to load registers that comprise stor-
age 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. A circuit ex-
ample of this type is shown in Figure 3-2.

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. ’

2.2.5 M7820 Interrupt Control Module

The M7820 Interrupt Control Module provides the circuits and logic required to
make bus requests and to gain control of the bus (become bus master). The mod-
ule also includes circuits needed to generate an interrupt, if desired. The module
contains two completely independent request and grant acknowledge circuits
(channels A and B) for establishing bus control. 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 2-14 is a block diagram of the M7820 Module,
which is a single-height, 8.5-inch wide Flip-Chip.
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Figure 2-14 M7820 Interrupt Control (block diagram)

The master control section (either channel A or B) is used to gain control 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 acknowiedges
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 sig-
nal. (Refer to Section 1.3.1.)

Once the device has gained bus control by means of a BR request, an interrupt
can be generated. If an interrupt is desired, the module is interconnected as
shown in Figure 2-15. 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.
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Figure 2-15 M7820 Interconnection for 2-Channel Interrupt

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 determine the state of bits 0
and 1. The seven selectable lines determine vector address. The least significant
line is controlled 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 loca-
tion 100 and channel B uses a vector at location 104.

Figure 2-16 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.
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REQUEST a
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Figure 2-17 State Diagram of Master Control

Each M7820 Module master control section contains two flip-flops that sequence
through four states, thereby controliing the request for bus control. Figure 2-17 is
a state diagram of this sequence and Figure 2-18 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 request (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 assert-
ing CLEAR or by negating either INTR or INTR ENB. The first 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
multiple 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 2-4.

Table 2-4 Summary of M7820 Signals

Assertion

Signal Level Input Loading Output Drive

INTRA, B H 1 TTL (each) -

INTRENBA, B H 1TTL

CLEARA, B H 1TTL

MASTER A, B L 10TTL

START INTRA, B L 2TTL

INTRDONEA, B H 10TTL
. BGINAB H 1R*

BGOUTA,B H 2D**

BRA,B L 1D

VECTOR BIT 2 H 1TTL

BUSSSYN 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.
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2.2.5a The M7821 Interrupt Control Moduie

The M7821 Interrupt Control Module is a replacement for the M7820 that im-
proves PDP-11 system performance. In aimost 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 2-17a

] NOTE .
The following description assumes the reader under-
stands the function and operation:of an M7820.

The M7821 does not have two identical Master Control halves. For devices 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 U1 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. (See section 1.4.1-h.) This is done by holding pin J2 high until the beginning
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 is active only when the
Master signal is assérted (pin N1 is low), and, therefore, pin J2 may be per-
manently grounded if only one bus cycle is done for each request.

NOTE
The M7820 requires pin J2 to be grounded for the in-
terrupt 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 module 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 spe-
cial circuitry described above. There is a jumper on the
M7821 module which, when cut, prevents the special
circuitry from working.

i} 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. Please note that if
the normaily 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
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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 a 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 Compatiblity 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.

A CLEAR H R1 I
A REQUEST { H ut x
A REQUEST 2 H ———] A DUZ— BUS ABR L
ABG NH——DB1 | A rasTER N A MASTER L
A BG OUT H va
AsacKENBLL—2 —— o ] o1
) O————— BUS BBSY L
ussswwL——C 2
o — b 18— BUS SACK L
B REQUEST 1 H —H2 ]
8 REQUEST 2H —K2 | ot
e b— P BusBBRL
B BG IN H B MASTER s
a CONTROL 52 BMASTER L
B BG OUTH
BUSNPRL——Y G-~ D
B CLEAR H £l J
b2 6 0--Jo—E———Bus o2 L
VECTOR BIT 2 H U
Jgg‘;fﬁ 63 O-——-p————8Us DO3 L
NOJUMPER 62 D---0—N2 — 8us pos L
650-—p——BUs De5 L
65 O-—-o—F&——— Bus pos L
70— —— sus pe7 L
50— BUs Do8 L
o—M BusINTR L
A START INTR L—R2 N L2 A INTR DONE H
8 START INTR L —22 L M2 B INTR DONE H

Figure 2-17b-M7821 Interrupt Control Block Diagram
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2.2.6 M795 Word Count and Bus Address Module

The M795 Word Count and Bus address Module is used to interface direct
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 num-
ber of items to be transferred to or from memory. After each transfer is complete,
the register is incremented. If the new value of the register is O (indicated by an
overflow), further transfers are 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 incremented after each transfer;
thus, the register continually ‘“‘points’ to sequentiai 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 2-19. Both the
word count (WC) and bus address (BA) registers consist of 16 flip-flops. These
flip-flop registers can be loaded by placing data on the 16 data line inputs com-
mon to both registers and asserting the appropriate 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 UNIBUS 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 register con-
tents can be gated to the data bus. Note that the driver outputs of both the WC
and BA registers are wire ORd together. In addition, the BA register has a set of
drivers with independent outputs to allow it to drive the address bus.

' I BUS D<15:00> BUS A<15:00>

WC TO D BUS BA TO D BUS BA TO A BUS

e WY =] L ’ ]

15 00 15 I 04 0300

WC OVFL = BA OVFL <+—] ! COUNT BA
LOAD WC —»| WC REGISTER | COUNT  LOAD BA —»f BA REGISTER !
LOAD WC+1 —» WC | 0AD BAHt —f h

! ]

I D<15:00> IN

Figure 2-19 M795 Word Count and Bus Address (block diagram)
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The storage element on the M795 is not an edge-triggered device; data must be
established and held for the duration of the loading pulse. Refer to section 2.2.4.4
© for circuit implementation details.

The BA register can be incremented by either 1 or 2 as a function of a control in-
put (+3V = +1; ground = + 2). This incrementation capability allows address-
ing of either sequential bytes or words. The register is incremented on the trailing
edge of a positive pulse applied to the count input of the register. The carry be-
tween bits 03 and 04 is broken and brought out to pins on the module. Normally,
these pins are jurnpered together externally to allow for a full 16-bit count. How-
ever, they can be controlled to inhibit the carry and to force repeated addressing
of 16 sequential byte addresses. This feature can be used in device-to-device
transfers. An overflow puise is provided as an output whenever the register is in-
cremented from ali 1s to all Os.

The WC register is incremented by either 1 or 2 as a function of its control 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 available. Both registers are
reset to all Os whenever the CLEAR signal is asserted.

Table 2-5 M795 Input Signals

Assertion No. of

Signal Name Level Signals Loading Operation
D<15:00>IN +3V=1 16 1.5 Data inputs to register.
LOAD WC oV 4 1 Loads data on input into
LOADWC +1 selected byte of register.
LLOAD BA Low puise of 250 ns
LOADBA+1 minimum duration
WC TO D BUS ov 3 2 Gates selected register
BA TO D BUS to bus.

BA TO A BUS

CLEARWC + BA +3 1 2 Clears all bits. High level
of 1 us minimum dura-
tion.

BAINC CONTROL +3V=+1 2 3 Controls amount of

WCINCCONTROL QOV=+2 incrementation.

COUNT WC + 3V 2 4 Trailing edge of positive

COUNT BA pulse increments register
(100 ns minimum).

BA CARRY IN ov 1 3 Carry into upper bits
of BA.
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Table 2-6 M795 Output Signals

Assertion No. of Drive

Signal Name Level Signals Capability = Operation

BA CARRY QUT ov 1 10 Carry out of low
four bits.

BA OVFL ov 2 10 Register over

WCOVFL ; flow low level
pulse.

BUS D<15:00> ov=1 16 UNIBUS Drives data line.

BUS D<15:00> ov=1 16 UNIBUS Drives address.

2.2.7 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 UNIBUS when a de-
vice is functioning as bus master. In addition to controlling the four transfer oper-
ations (DATI, DATIP, DATO, and DATOB), the M796 module generates strobe and
gating signals which transfer both addresses and data to and from the bus; han-
dles deskewing of data received from the bus; protects against data transfers to
nonexistent devices by the use of time-out circuits; and provides a flip-flop and in-
tegrating one-shot that can be used by the customer for special control functions.

Any device 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 independently of processor control and is
usually referred to as Direct Memory Access (DMA). The logic neccessary 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 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 is free to conduct a data transfer. A DATI
cycle is performed if the device needs data (either a word or byte) from memory; a
DATO cycle is performed if the device is storing a word of data in memory (DA-
TOB 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.

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 be 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 2-20 is a block diagram of the M796 UNIBUS Master control module. The
BUS C1 and BUS CO outputs can directly drive the UNIBUS and are asserted as a
function of the control inputs. Table 2-7 lists the states of the control inputs for
the four possible bus cycles.
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Figure 2-20 M796 UNIBUS Master Control (block diagram)

Table 2-7 Control Line Input States for M796

co Bus Cycle
0 0 DATI
0 1 DATIP
1 0] DATO
1 1 DATOB
NOTE:0 = low level, OV
= high level, +3V
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The data transfer sequence is triggered by meeting the AND condition of two low
levels. Usually these two inputs are tied together and are connected to the MAS-
TER signal produced by the M7820 [nterrupt Control Module. When the AND con-
dition 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 device then waits for a response from the slave.

In a data output cycle (DATO), assertion of SSYN causes BUS MSYN to be ne-
gated 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 ap-
pears and is usually used to release control of the bus.

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 received, a positive-going edge is applied to DATA AC-
CEPTED, 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 medule is set if a SSYN response fails to occur within
20ps after BUS MSYN is asserted. When this flip-flop is set, the bus cycle is not
performed. The TIME-OUT flip-flop is cleared by asserting the CLEAR TIME-OUT
signal.

The M796 module provides a special flip-flop that has the clock, reset, 1 side, and
0 side available to the customer. The flip-fiop 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
pulse width of this one-shot is 150 ns but can be lengthened by adding capaci-
tance across the pair of split lugs on the module.

Note that all times mentioned represent nominal values with a tolerance of
+25%. The delays and pulses provided by the module are controlled by simple
RC circuits. Therefore, if the customer has any special requirements, part substi-
tutions can be made to alter these time constants.

Figure 2-21 illustrates a typical interconnection schematic for the M796 UNIBUS
Master Control module used in conjunction with the M7820 Interrupt Control
module. The read/write (R/W) flip-flop is part of the device interface logic and de-
termines 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 generates an NPR request which, when granted, gives bus
controf to the device as indicated by the MASTER signal. The MASTER signal
causes the internal START signal to be generated. This signal triggers the se-
quence of timing signals. Timing diagrams for DATO and DATI cycles are shown
in Figures 2-22 and 2-23 respectively.
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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 present 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.

Additional examples of the use of the M796 module are presented in paragraphs
3.5, 3.7, and 3.10. The input signals to the module are listed in Table 2-8, and the
output signals are listed in Table 2-9. :

Table 2-8 M796 Input Signals

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
DATL

INIT H 1 1 Initializes control

CLEARTIME OUT L 1 2 Ciears TIME-OUT
Flip-Flop

PIN P1

PIN R1 L 2 1 Negative edge trig-
gers one-shot

PIN S1 H 1 2 Positive edge trig-
gers one-shot

PIN V2 H 1 2 Clock input to flip-
flop

PIN U2 L 1 2 Clears flip-flop
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Table 2-9 M796. Output Signals

Assertion No. of Drive

Signal Name Level Signals Capability  Operation

BUS C<1:0> L 2 UNIBUS Drives Unibus con-
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

DATA TO BUS L 1 8 on DATO or DATOB

END CYCLE H 1 10 100 ns-pulse in-

END CYCLE L 1 8 dicating end of bus
cycle

BUS MSYN L 1 UNIBUS Drives Unibus
MSYN line

MYSN WAIT H 1 10 200ns pulse thatdelays

MSYN WAIT L 1 8 assertion of MSYN

DATA WAIT H 1 10 Allows for deskew-

DATA WAIT L 1 8 ing of DATA on
DATI. Approxima-
tely 200 ns

TIME OUT (1) H 1 10 1 and O side of

TIME QUT (0) H 1 10 TIME-OUT Flip-Flop

PIN M2 H 1 10 Output of one-shot

PIN T2 L 1 10 Output of one-shot

PIN V1 H 1 10 Outputs of flip-flop

PINUL L 1 10
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2.3 DR11-A General Device Interface

The DR11-A General Device Interface (Figure 2-24) is a three-module set that
plugs into either a small peripheral slot in the processor or into one of four slots
in a DD11 Small Peripheral Mounting Panel. The DR11-A provides the logic and
buffer register necessary for transfers of 16-bit input and output data between
the PDP-11 System and an external device.

The DR11-A contains three functional sections: a 16-bit buffer register, a 16-bit
data input circuit, and a 2-channel flag and interrupt control. These functional
elements are shown in Figure 2-25. Address and bit assignments are shown in
Figure 2-26. The DR11-A contains three physical modules: an M105 Address Se-
lector, an M7820 Interrupt Control and an M786 General Device Interface with
two M927 cable connectors.

The 16-bit buffer register is an addressable register that may be read or loaded by
instructions transmitted through the UNIBUS (see Figure 2-26). The register out-
puts, together with a control signal pulse (NEW DATA READY) used to indicate
that the register has been loaded from the UNIBUS, are available on a printed cir-
cuit edge connector # 1 which is mounted on the M786 Module. All bits in the
buffer register are cleared to Os by the occurrence of an INIT signal on the UNI-
BUS. These signals are logic levels of either. + 3V (true) or OV (false). The NEW
DATA READY signal is a pulse which has a leading edge coincident with the load-
ing of the buffer flip-flops. The connector accepts an M927 Cable Connector,
which contains solder lugs and can be used with ribbon cable, twisted pair cable,
or open wire. The M927 is electncally identical to the M904 Module described in
the Logic Handbook.

The interface input circuits consist of 16 bus drivers gated to the bus when the in-
put register is read by a DATI bus sequence (see Figure 2-26). The 16 input lines
are + 3V if true or OV if false. These signals are also applied to the M786 Module
through an M927 Cable Connector and a second printed circuit connector #2.
When a DATI sequence occurs, a pulse signal (DATA TRANSMITTED) is applied to
the externai device.

Two additional request lines are furnished and may be asserted ( + 3V) by the ex-
ternal device to initiate an interrupt or to generate a flag that may be tested by
the program. These request signals must be maintained as levels (can not be pul-
ses). Whether these two request lines cause an interrupt is determined by two in-
terrupt enable flip-flops which form part of the control and status register in the
option (see Figure 2-26). The request lines form two more bits of the status regis-
ter, independent of the status of the enable flip-flops; thus, they may be tested by
the program.

The priority level of hoth interrupts must be the same, with interrupt A on a
higher sublevel than interrupt B. The M786 contains a priority jumper plug which
is normally set at BR 5. The interrupt enable flip-flops are cleared to O (inhibit in-
terrupt) by the occurence of an INIT signal on the UNIBUS, or may be set or
cleared by the program. Priority may be changed by the jumper plug.

The DR11-A pin assignments are listed in Table 2-10. All inputs are one standard
TTL unit load. Inputs have diode protection clamps to ground and + 5V. All sig-
nals are + 3V if true. All outputs are TTL levels capable of eight unit loads. The
NEW DATA READY and DATA TRANSMITTED signals are positive puises,
approximately 500 ns in duration.
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Figure 2-24 M786 Device Register Interface
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Table 2-10 DR11-A Pin Assignments

Inputs Outputs

Signal Connector (Pin) Signal Connector (Pin)
INOO 2 (S1) OUTOO0 1 (P2)
INO1 2 (S2) OUTOl1 1 (M2)
INO2 2 (P1) OuUT02 1 (S1)
INO3 2 (L1) OuUTO03 1 (PL)
INO4 2 (P2) 0UTO04 1 (K2)
INO5 2 (K2) OUTO5 1 M1)
INO6 2 (M1) OUTO6 1 (S2)
INO7 2 (T2) OuT07 1 (L1)
INO8 2 (M2) 0OUTO8 1 (€2))
INO9 2 (D2) OUTOS 1 (H2)
IN10 2 (E1) OUTI1O0 1 (E2)
IN11 2 (D1) OUT11 1 (H1)
IN12 2 (H1) OuUT12 > 1 (D2)
IN13 . 2 (E2) OUTI13 1 (ED)
IN14 2 (B1) OUT14 1 (D1)
IN15 2 (J1) O0UTi5 1 B1)
REQUEST A 1 (T2) NEW DATA RDY 1 (vV2%)
REQUEST B 2 (H2) DATA TRANSMITTED 2 v2%)

*Pulse signals, approximately 500ns wide.

Figure 2-27 shows the physical layout of the M786 and M927 modules. An appli-
cation of the DR11-A Option is discussed in Chapter 3.

236



<<

@ <|z z
STATUS A %1313
REGISTER w wi e
777520 3 SIEE

4 HEE]

15 08 07 06 05
BUFFER ALL BITS MAY BE READ (DATI OR DATIP)
REGISTER | ANDALL BITS MAY BE SET OR CLEARED
777522 FROM UNIBUS (DATO OR DATOB)

15 08 07

00

1

INPUT
TRANSMITTER
777524

|

ALL BITS MAY BE READ (DATI)FROM UNIBUS

15 08 07

00

NOTE: REQUEST A INTERRUPTS WITH A VECTOR

ADDRESS OF 110.

REQUEST B INTERRUPTS WITH A VECTOR

ADDRESS OF 114.

Jumpers 3,5,and 7 must
be installed in the

* M105 address selector

to obtain these address.

Jumpers 8,7,5 and 4 must be
installed in the M7820
interrupt control to obtain
these vector assignments

Figure 2-26 DR11-A Address and Bit Assignments

DR11-A
(M786)

] v SIDE B A rlv SIDE A A|J

] —
VX )
® Q:
® eeiekemzpzse T ®
INPUT | 2 000000009
V.
000000000
S1P1IMI LT JI H1EY D1 BY
_U_J LA M927
®=GROUND
— T
v
QUTPUT 1
A mM927

Figure 2-27 DR-11A Physical Layout

237



2.4 PDP-11 INTERFACE HARDWARE
The basic design of the PDP-11 System permits highly flexible and easily varied

system configurations because of the modular construction. These advantages
are available to the user when designing and building custom interface equip-
ment.

The basic building block of the PDP-11 System is the system unit. The system
unit is a die-cast zinc frame. Three 288-pin connector blocks are fastened to this
frame and each block contains slots for mounting eighteen single-size Flip-Chip
Modules. Peripheral devices and controllers may be made up from one or more of
these assemblies. Up to six such system units can be mounted in a BA11 Mount-
ing Box. In addition to space for the system units, the mounting box has space for
an H720 Power Supply.

The UNIBUS is interconnected from system unit to system unit within a single
mounting box by M920 UNIBUS Connectors. A BC11-A Cable Assembly carries
the UNIBUS between mounting boxes.

The basic PDP-11/20 or PDP-11/15 System (see Figure 2-28) occupies four of the
six positions within the mounting box. Three of these are system units for the pro-
cessor, including space for two small peripheral controllers, and one is a system
unit for the MM11 Core Memory. System units mounted in the BA11 Mounting
Box can accept either the extended-length Flip-Chip moduies (8.5 inches long) or
standard-length Flip-Chip modules (5 inches long) if equipped with H850 Module
Handle Extenders.

Users who prefer to mount the interface equipment directly into a rack can use
H911 Mounting Panels and the BC11A Cable Assembly to extend the UNIBUS. In-
formation on the H911 Panels as well as the M-Series Logic Modules is provided
in the DEC Logic Handbook.

The following paragraphs provide a detailed description of available hardware
specifically designed for the PDP-11 System as an aid in interfacing and building
custom equipment.

2.4.1 BB11 Blank Mounting Panel

The BB11 Blank Mounting Panel (see Figure 2-29) is a prewired system unit de-
signed for general interfacing. The unit contains three 288-pin blocks assembled
end-to-end in a casting which can be mounted in either the basic PDP-11 Mount-
ing Box or the extension box. Bus and power connectors, described below, use
only 6 of the module slots, thereby leaving 18 slots available for customer use.

The BB11 is wired to accept the UNIBUS in slots Al and B1 as shown in Figure 2-
30. This connection can be made with an M920 UNIBUS Connector or a BC11-A
UNIBUS Cable Assembly. All bus signals, including grant signals, are wired
directly to corresponding pins in slots A4 and B4. From this point, the UNIBUS
can be continued to the next unit by using an M920 or BC11-A. If the BB11 is the
last unit on the bus, slot A4-B4 accepts the M930 Bus Terminator Module. Stan-
dard bus pin names are listed in Appendix C.

The bus grant signals are wired through the BB11. These grant signal wires must
be removed and replaced with wires to and from the user’s control circuits for the
grant levels used by the customer-supplied device.

Slot A3 accepts the G772 Power Connector (furnished as part of the BA11 Mount-
ing Box). Power of + 5V is distributed to all A2 pins; -15V is distributed to all B2
pins except in slots Al, B1, A4, and B4; and ground is maintained through the
frame and power connector on pins C2 and T1 of all slots.
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2.4.2 DD11-A Peripheral Mounting Panel

Peripherals may be divided into large and small categories based on the size of
the associated interface logic. If the interface logic (including the M105 Address
Selector and the M782 interrupt Control) can fit into four module siots, then the
associated device is referred to as a small peripheral. The DD11-A peripheral
mounting panel is a pre-wired system unit designed for mounting up to four small
peripheral interfaces. The physical construction of the DD11-A is similar to the
BB11 blank mounting panel.

Use of the DD11-A requires specialized logic cards for the actual interface, since
the pin assignments are fixed for the various control and data signals. Examples
of such interfaces are the DR11-A General Interface (M786 module), LP11 Printer
Control (M793 module), CR11 Card Reader (M829 module), M792 Diode Memory,
and the KL11 Teletype Control (M780 module). Customers may design interfaces
to go into a DD11-A by using the W943 module which allows wire-wrapping of the
integrated circuit interconnections.

Figure 2-31 illustrates module allocation within a DD11-A unit. Slot A2 must be
empty because of power cable overhang; slots B2 and B3 are unused. The DD11-A
is wired to permit the installation of four M7820 modules in column F, four M105
modules in column E, and four double-height device interface modules in col-
umns C and D. The unidirectional grant lines are wired to column D, and each de-
vice interface module must include jumper arrangements to allow selection of the
device priority level at the time of installation. Only BR<<7:4> levels are wired to
this column; devices mounted in a DD11-A unit cannot be assigned to the NPR
priority level without rewiring the panel. An additional constraint imposed on the
interface is that each device may be on only one request level, since both inter-
rupts available through one M7820 module are wired in series and must be at the
same priority level.

If the device requires interface logic that occupies more than one full row of space
in the DD11-A, columns C and D of the second row can be used by using wiring
provided between rows 1 and 2 and rows 3 and 4. If this is done, it is no longer
necessary to add another M105 and M782 module to slots E and F of the second
row.

Additional considerations that must be noted when using a DD11-A as well as
specific pin number information is covered in subsequent paragraphs.
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2.4.2.1 UNIBUS—The Unibus enters through slots A1-B1 of the DD11-A. This con-
nection can be made with either an M920 UNIBUS connector or a BC11-A UNI-
BUS cable. All bus signals (except grants) are wired directly to corresponding pins
in slots A4-B4. Connection can be made with either an M920 connector or BC11-A
cable to continue the UNIBUS to the next unit. If the DD11-A is the last unit on
the bus, an M930 Bus Terminator must be placed in slots A4-B4.

2.4.2.2 Power—The G772 Power Connector plugs into slot A3. This connector dis-
tributes + 5V power to ali A2 pins and -15V power to all B2 pins except in slots
Al, Bl, A4, and B4. Ground is maintained through the frame and power con-
nector on pins C2 and T1 of all slots.

BUS
ouT
B

c D E F
4 M920 cra7*
3] PWR 6727*
2 G727*®
1 M920 DEVICE LOGIC

BUS | *SED IF NO DEVICE INTERFACE
IN LOGIC EXISTS

Figure 2-31 DD11-A Module Layout

Note that a G727 Grant Continuity module must always be installed in column D
if there is no interface logic in that row. Figure 2-32 shows the wiring assignments
that must be adhered to when using the DD11-A.

2.4.2.3 Extended Usage—Additional wiring provides 10 signal lines between slots
C1-D1 and C2-D2 as well as between slots C3-D3 and C4-D4. This permits use of
multiple board device controls. Thus, if device fogic can be divided into two sec-
tions with less than 10 interconnections between sections, then one section can
be mounted in slots C1-D1 and the other section in slots C2-D2.

NOTE
Interconnections can be made only between rows 1
and 2 or between rows 3 and 4. No connections can be
made between 1 and 3, for example.

Other sections of divided logic can also be placed into slots E and F with the inter-
connections provided by the normal M105 and M7820 module- to-device control
signals.

CAUTION
When designing special logic, it is necessary to pre-
vent interference with bus signals prewired to the pins
of a particular slot.
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Figure 2-32 Device Control as Wired in the DD11-A

2.4.2.4 Grant Continuity—The device control module mounted in slots C1-D1 re-
ceives the bus grant signal from the-UNIBUS. As a function of its interrupt prior-
ity level, this device control must switch the grant signal into its interrupt control
(BG IN). After passing through both stages of the interrupt control, the signal (BG
OUT) must be returned to the grant chain and passed on to the next device con-
trol (mounted in slots C2-D2). In addition, the device control must maintain the
continuity of unused grant signals. The BG OUT signals of C1-D1 are wired to the
BG IN lines of the next device control. This grant chain must be continued
through each device controi until the BG OUT signals of the last device control are
wired to the outgoing UNIBUS in slots A4-B4.

Whenever slot D is not used by a device control, a G727 Grant Continuity module
must be inserted in this slot. This module provides jumpers between pins K2 and
L2, M2 and N2, P2 and R2, and S2 and T2. Three G727 modules and one M920
module are provided with the DD11-A unit.
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2.4.2.5 External Device Cables—An edge connector mounted on the device control
module permits connection to external devices. An H807 36-pin module socket
may be mounted on the device control module and an M927 cable connector or
M925 Flexprint ribbon connector may be used. The M927 is used for coaxial cab-
les or twisted pairs and is electrically equivalent to the M904 connector; howeveér,
the cable is mounted at the edge of the module card rather than at the end. The
M925 is similar to M903 and is used for Flexprint connectors.

2.4.3 BA11 Mounting Boxes

The BA11 Mounting Box (see Figure 2-33) is' designed to house the system units
that make up a PDP-11 System. The box also includes space for mounting the
H720 System Power Supply. The mounting box contains fans for forced air cool-
ing, an insulated top cover (not shown) to prevent debris from falling into the
wire-wrap pins (this is necessary because the system units are mounted with the
pins up and the modules down), and a foam-lined bottom cover, which serves as a
module retainer and minimizes module vibration. The bottom cover serves as part
of the air plenum to ensure adequate cooling.

Figure 2-30 BA11 Mounting Box (with wired System Units and H720 Power Sup-
ply installed)

The mounting box is fabricated from zinc-plated steel to resist corrosion. The four
available models are listed in Table 2-11.
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Table 2-11 BA11 Mounting Box Models

Model No. Description
BA11-CS Basic box*, with tilt-slides for rack mounting
BA11-CC Basic Box, with table-top decorative cabinet
BA11-ES Extension box**, with tilt-slides

|BAll-EC . Extension box, with table-top cabinet

*The basic box includes proper bezel for the console and a key-operated
power switch.
**The extension box includes blank front with decorative bezel and does
not include a power switch.

2.4.4 H720 Power Supply

The H720 Power Supply is specifically designed to provide power for PDP-11 Sys-
tems. It provides + 5V and -15V regulated power as well as additional power for
console functions. The + 5V portion is protected by overvoltage circuits and both
portions of the supply feature dynamic current limiting. The basic regulating ele-
ment is a high efficiency switching regulator that keeps voltages within a +3 per-
cent tolerance. In addition to providing power, the H720 Supply generates three
other signals: a line frequency signal that approximates a squarewave referred to
as LTC (line time clock), and the AC LO and DC LO signals previously described in
Paragraph-1.1.3. The low voitage detection circuits are interlocked so that 15V is
not established until + 5V is established. If the + 5V fails, the -15V section is
shorted to ground to prevent damage to system logic circuits. The power supply
outputs are listed in Table 2-12.

There are two H720 Power Supply Models. The H720-E is designed for use with an
input of 120V, + 10 percent. The H720F is designed for an input of 230V, + 10
percent. In addition, the H720-F has taps for lower voltages of 215 and 200, + 10
percent. Both models are designed to operate within a 47- to 63-Hz frequency
range. Alternate versions of the H720 (Models C and D) also provide local power
control for multibox systems, but have identicai dc characteristics.

Table 2-12 H720 Power Supply Outputs

Output Regulation Capacity Remarks
+5V +5% 22A
-15V +3% 10A
+8V, rms +15% . L5A Full-wave, unfiltered
=24V +20% 1.0A Unregulated, filtered
LTCL Oto 5V Line time clock
ACLOL Logic level ac line low
DCLOL Logic ievel dc line low
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PART Il
Chapter 3

Interface Examples

Examples of interface designs in Paragraphs 3.1 to 3.9 use the techniques and
equipment described in previous chapters. To draw attention to the design fea-
tures of each interface type, a series of related examples is presented. The first
example is a simple basic interface. Each additional 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 ad-
ditional 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 techniques for
combining the two functions into one interface. Each example includes a descrip-
tion of the operation and logic of the interface, a typical implementation, and pro-
gramming methods that might be used to cperate a device with the interface.

3.1 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. Applications of
read/write, read-only, and write-only registers are discussed in Paragraph 1.6.
" 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.

3.1.1 Interface Operation

When the basic read/write is used, data transfers are under control of the pro-
gram 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 reg-
ister is used, it may be addressed as either a one word register or as two byte (8-
bit) registers.

As shown in Figure 3-1, the basic interface uses an M105 Address Selector mod-
ule to decode the UNIBUS address lines and to control the clocking of informa-
tion 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 re-
ceivers, 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 driv:
ers by the GATE REGISTER TO BUS signal. This output gating is necessary to pre-
vent the register from affecting the UNIBUS data lines when the interface is not
participating in a bus data transfer operation.

3.1.2 Data TranSfer Operation
The read/write interface can participate in both DATI (or DATIP) and DATO (or
DATOB) transfers. Whenever the processor conducts a DATO transfer to the bus
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Figure 3-1 Basic Interface (block diagram)

V

address assigned to the read/write register, the data is applied through the bus
receivers to the register input. At this time, both the OUT HIGH H and OUT LOW
H signals are produced by the M105 Address Selector (see Figure 2-11). When
MSYN is asserted by the processor, the decoded address causes the M105 to pro-
duce a SELECT O signal which is gated by the two OUT H 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 (refer to Paragraph 1.5). Thererfore, the in-
puts have settled before the positive-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 AOO is 0, the M105 Module asserts OUT LOW H
but not OUT HIGH H. If AQO is 1, then only OUT HIGH H is asserted. In either
case, data is only strobed into the appropriate byte portion 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 state of the bus C lines. Gating of the SELECT O signal
by the IN signal produces a GATE DATA TO BUS signal that gates the output data
from the register to the UNIBUS. The M105 Module generates SSYN to indicate
that data is ready on the output bus data lines.

CAUTION
In the KA1l and KC11 processors, the destination ma-
jor state of most instructions consists of DATIP, DATO
bus cycles unless the register address mode is used.
When designing interfaces, make certain that the de-
sign is compatible with the instruction bus cycles.
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Figure 3-2 illustrates a possible method of implementing the circuits in the basic
read/write interface. The types and quantities of modules used are: the M105 Ad-
dress Selector Module (one); the M785 Bus Transceiver Module (two); the M206
General-Purpose Flip-Flop Module (three); and the M617 4-Input Power NAND
the M206 and M617 Modules are described in the DIGITAL LOGIC HANDBOOK.

The modules are interconnected and may be mounted in a BB11 System Unit as

Gate Module (one). The M105 and M785 Moduiles are described in Chapter 2 and
shown in the insert on Figure 3-2.

3.1.3 Circuit Implementation
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Input data flows from the UNIBUS, through the input gates on the M785 Modu-
les, to the data inputs of the M206 Flip-Flops comprising the register. The gating
provided on the M785 Receivers is not used, and all gates are wired to contin-
uously receive data. Data stored in the register is protected from these changing
inputs by the requirement for a clocking signal to load data into the register.

The output data from the register is gated to the bus data lines through the driver
sections of the M785 Modules. The M785 Modules are used in this example be-
cause the M785 provides the exact combination of jnput and output gates needed
for an 8-bit read/write register. Whien the number of receivers differs from the
number of drivers required in a specific interface, combinations of M783 Bus
Driver Modules and M784 Bus Receiver Moduies may be used. This example is de-
voted to illustrating the use and interconnection of bus drivers and receivers
rather than indicating the specific modules used in implementation.

3.1.4 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 arbit-
rary value by an ADD VALUE, REG instruction.

3.2 PROGRAMMED DEVICE INTERFACE

A circuit similar to the one in the preceding example is used as the ba3|s for the
program controlled interface to an analog-to-digital converter (ADC). It is beyond
the scope of this discussion to describe the logic or internal operation of the 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 para-
graph because of the requirements they place on the interface.

3.2.1 Analog-to-Digital Converter ’

The analog-to-digital converter used in this example consists of a multiplexer and
converter, (See Figure 3-3). The multiplexer selects one of 64 analog inputs and
applies it to the converter, which produces the digital equivalent of the analog in-
put.

The interface must provide seven input control signals to the ADC. One input is
the start conversion signal, which is a positive transition that causes the ADC to
begin the conversion process. The other six control signals are applied to mul-
tiplexer address lines so the ADMUX register can be used to select one of the 64
analog inputs.

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

The remaining ten output lines represent the digital equivalent to the analog in-
put. A zero on any line is indicated by OV and a one is indicated by + 3V.
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Signal levels used in the interface are standard DEC levels. Both these levels and
the signal levels on the UNIBUS are discussed in Paragraph 2.1.2.

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

The heavy lines in Figure 3-3 indicate logic added to the interface of the previous
example. The interface functionally operates with three bus addresses. One ad-
dress is assigned for the multiplexer (ADMUX) register, which is similar in design
to the register in the previous interface example. 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 select signals
depending on which register is being accessed. The three select signals are gated
by IN H and OUT LOW H to produce the four signals (GATE ADCSR, GATE
ADDBR, GATE ADMUX and CLOCK ADMUX) shown in Figure 3-3. Only the AD-
MUX 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 described in the Digital Logic Handbook.

3.2.3 Transfer Operations

The program controlled interface participates in bus data transfers in substan-
tially the same manner as the basic interface described in Paragraph 3.1. Each of
the three interface registers can be read during a DAT| operation. In addition, the
muitiplexer (ADMUX) register can be loaded by a DATO operation. Although only
the multiplexer register accepts data during a DATO, the other two registers re-
spond 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 operation. This is
necessary to operate the interface with the processor because the destination op-
erand of all instructions that reference data (except TST, CMP, and BIT) is trans-
ferred by a DATIP, DATO sequence of bus operations. If the interface does not re-
spond to the DATC operation, the processor cannot continue with the program.

3.2.4 Circuit Implementation

Figure 3-4 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 Module for the data and control registers. Separate
gating must be supplied 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.

3.2.5 Programming the Interface

The START CONVERSION signal, which begins the device cycle, is generated in
this interface by the CLOCK ADMUX signal, which loads the multiplexer register.
In normal operation, the processor loads the multiplexer register; this action
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starts the ADC; tests the READY (CONVERSION COMPLETE) bit until the bit is
set; and then transfers the data from the digital output line of the ADC to the pro-
cessor. 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 3SELECT ANALOG INPUT

READY: TSTB ADCSR 3CHECK FOR CONVERSION COMPLETE
BPL READY 3NO>TEST AGAIN
MOV ADDBR»s R4 3YES»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 FOLLOWYS:

MUXSCN: Mov BUFADR»R4 SJINITIALIZE DATA POINTER
CLR ADMUX 3SELECT INPUT LINE ZERO
LOOP: TSTB ADCSR 3CHECK FOR CONVERSION COMPLETE
BPL LOOP 3NO>TEST AGAIN
MOV ADDBR, (R4)+ 3YES,PLACE DATA IN BUFFER
CMP ADMUX, #77 3LAST LINE?
BEQ DONE 3YES,GO TO DONE
INC ADMUX 3NO»GO TO NEXT INPUT
BR Loopr 3GO TO LOOP
DONE: RTS R7 JEXIT FROM SUBROUTINE
WHERE? BUFADR IS A LOCATION IN CORE CONTAINING THE ADDRESS OF THE

FIRST WORD ON A 64-WORD BUFFER
ADCSR IS THE INTERFACE STATUS REGISTER
ADMUX 1S THE MULTIPLEXER REGISTER
ADDBR IS THE DATA REGISTER

This subroutine is called by the instruction: JSR R7, MUXSCN. The subroutine in-
itializes general register 4 as a pointer to the buffer; initializes the multiplexer reg-
ister 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 pro-
gram with the contents of general register 4 as the address of the word after the
last word of the buffer.

Since loading the multiplexer register starts operation of the device cycle, ADMUX
should not be accessed as a destination operand except by a TST, BIT, or CMP in-
struction. In addition, the INC ADMUX instruction should follow the CMP instruc-
tion. This avoids initiating unwanted device operation and allows the subroutine
to be immediately recalled.

3.3 INTERRUPT SERVICED INTERFACE

The interface to an analog-to-digital converter would be more versatile if it in-
cluded an interrupt capability. An interrupt serviced interface with this capability
can be formed simply by adding an M7820 Interrupt Control Module and one bit
to one of the registers in'the programmed device interface described in Paragraph
3.2.

The interrupt serviced ‘interface allows the processor to concurrently execute in-
structions of another program while the analog-to-digital converter (ADC) per-
forms a cycle of operation. The processor responds to a READY (CONVERSION
COMPLETE) signal from the ADC by interacting with the device and analyzing the
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data after it has been collected. This interface eliminates requiring the processor
to spend time testing for a ready signal, such as in the case of the programmed
device interface.

Whenever a device interface is required, the designer must compare the cost of
additional interrupt hardware with the device requirements in terms of transfer
speed, frequency of transfers, and amount of use, to determine whether a pro-
grammed device interface or interrupt serviced interface is more economical.
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Figure 3-4 Programmed Device Interface (schematic diagram)

3.3.1 Interface Description

Figure 3-5 is a block diagram of the interrupt serviced interface which consists of
the programmed device interface with the addition of an M7820 Interrupt Control
Module, one flip-flop, and one bus driver. This interface can operate either in the
same manner as the interface described in Paragraph 3.2 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
CONVERSION COMPLETE signal from the ADC causes the M7820 interrupt Con-
trol Module to initiate an interrupt. The interrupt operation is described in Para-
graph 1.3.2.

252



3.3.2 DR11-A Implementation

A convenient method of implementing an interrupt serviced interface is to use an
M786 General Interface Module to make a DR11-A 16-Bit General Interface. Fig-
ure 3-6, a layout of the modules mounted in a DD11-A System Unit, shows the
savings in space and interconnections. The DD11-A System Unit is prewired to ac-
cept four DEC smali peripheral interfaces; e.g., DR11-A. A discussion of the DR11-
A, including specifications, is presented in Paragraph 2.2.6.

Figure 3-7 is similar to Figure 3-5 because the DR11-A logic is used in the same
manner and with the same programs as any other logic used to implement an in-
terrupt serviced interface. The M786 Module portion of the DR11-A provides cable
connectors; therefore, no additional wiring or connectors are required.

Connections between the ADC and the M786 Module are made as follows:

CONNECTOR DR11-A 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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3.3.3 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 conversion cycle.

ADCVEC: ADCSER JSET UP ADC VECTOR AREA
240 $STATUS INCLUDES PRIORITY LEVEL 5
. 3MAIN PROGRAM FOLLOWS
BEGIN: MOV BUFSTRT,BUFADR SINITIALIZE BUFFER POINTER
CLR ADMUX 3START MULTIPLEXER AT CHANNEL @
MOV #106,ADCSR b 3ENABLE INTERRUPT
.
ADCSER3 MOV ADDBR,@BUFADR 5COLLECT DATA
CMP BUFADR,BUFSTRT+174 SLAST ONE?
BEQ@ DONE 3YES»,GO TO DONE
ADD #2,BUFADR 3NO, INCREMENT POINTER
INC ADMUX 3 INCREMENT MULTIPLEXER AND
3START CONVERSION
RTI SRETURN TO MAIN LINE
DONE: CLR ADCSR SCLEAR INTERRUPT ENABLE
.
. 3FOLLOW 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 per-
formed, the evaluation routine is also executed.

The CLR ADMUX instruction should precede the MOV # 100, ADCSR instruction
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
(ready) signal asserted.

if the evaluation routine is to return control to the interrupted main program, this
may be accomplished by terminating the evaluation routine with an RTI instruc-
tion. 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 interrupt operation. Removal is accom-
plished by executing an ADD #4, R6 instruction.

3.4 DIRECT MEMORY ACCESS (DMA) INTERFACE

The direct memory access (DMA) interface conducts data transfer operations to
place data from the device directly into memory. A DMA interface performs a
large number of transfers without any processor intervention thereby reducing
program and execution time overhead. After the interface device registers are in-
itialized, all transfers take place under control of the interface, thereby eliminat-
ing processing time. The processor is notified by an interrupt when all the data
has been transferred and the program responds appropriately.
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Figure 3-7 is a block diagram of a DMA interface for the Analog-to-Digital Con-
verter (ADC). The DMA is designed by adding circuits to the interrupt serviced de-
vice interface. The Interface is composed of two interface registers: the ADCSR
register, which contains flag and error bits; and the combined ADBAR/ADMUX
register, which holds the bus address and multiplexer bits.

3.4.1 Interface Description

Iintetfface operation begins when the program loads the bus address register (AD-
BAR) 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 transfers the data to core memory. Completion of
the bus transfer causes the multiplexer register (ADMUX) to be incremented,
thereby selecting the next input channel. The multiplexer register is part of the
bus address register; therefore, the next memory location is also selected. At this
point, a new conversion cycle begins. This process is repeated until each input
channel is read and the digital data is stored in a core memory location. The inter-
face then sets the ready flip-flop, which causes an interrupt.

3.4.2 Interface Implementaion

The DMA interface is constructed by adding one set of bus drivers and the bus
transfer control logic to the interrupt serviced interface; therefore, the functions
assigned to the registers differ in this case, and implementation differs ac-
cordingly. The muitiplexer register, expanded to 15 bits, also serves as a bus ad-
dress 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 in-
terface. The remaining six bits (06:01) are implemented as a counter that steps
through the 64 inputs and also addresses 64 successive word locations in the
core memory. The six multiplexer bits are not accesible from the bus and cannot
be read nor altered by the program. Whenever the high or low byte of the address
register is loaded, the six multiplexer bits are cleared to zero; therefore, transfers
always start on 64 word boundaries.

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

Loading the ADBAR register (SELECT 2 - OUT HIGH and/or SELECT 2 - OUT
LOW) also clears the multiplexer counter and the READY flip-flop, thereby in-
litiating a conversion cycle by causing START CONVERSION H to become as-
serted.

When the conversion is complete, the CONVERSION COMPLETE H signal sets the
REQUEST BUS flip-flop, which causes the M7820 Interrupt Control to assert an
NPR request. When bus control is granted, the M7820 asserts BBSY on the UNI-
BUS 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 converted digital value on bus data lines
D<09:00>. After a minimum delay of 150 ns, BUS MSYN L is asserted.

When the slave device responds with BUS SSYN L, both ADRS TO BUS and DATA
TO BUS are negated and BUS MSYN L is dropped. The END CYCLE H pulse is

257



used to clear the REQUEST BUS flip-flop, which in turn causes the M7820 Inter-
rupt Controf to drop BUS BBSY.

END CYCLE L is used to trigger a one-shot to produce the COUNT DELAY H sig-
nal. This signal serves as the count input (COUNT IN) to the multiplexer counter
(ADMUX). After 600 ns, the one-shot times out and its out-put returns to a low
(OV) level. If the READY flip-flop has not been set by a count overfiow 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 operation is started and an interrupt bus request is made.

A TIME-OUT flip-flop is provided on the M796 module. This flip-flop is set if the
slave does not respond within 20us to the BUS MSYN L signal that is produced by
the M796 module. If TIME OUT becomes set, the bus cycle is stopped, READY is
set, and further conversions are inhibited. The TIME-OUT ERROR is indicated by a
1 in bit 15 of the ADCSR. TIME-OUT is cleared by loading bit 15 of the ADCSR
with a 0.

The modules required to implement this interface fit into one BB11 System Unit.
All interface modules, including the M7820 Interrupt Control, M105 Address Se-
lector, and a device cable connector, can be inserted into the logic slots of one
system unit containing power and UNIBUS connectors. The BB11 System Unit is
described in Paragraph 2.4.1.

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

MoV #BUFADR»> ADBAR 5LOAD ADDRESS AND START
MOV #100,ADCSR SENABLE INTERRUPT

WHERE: BUFADR IS THE ADDRESS OF THE FIRST WORD OF A BUFFER AND IS
RESTRICTED TO ALL 0G'S IN BITS @ THROUGH 6.

The interrupt routine for this interface is equivalent to the data evaluation routine
suggested in the interrupt serviced interface. The routine should begin with a CLR
ADCSR instruction to disable further interrupts (unless serviced at a higher prior-
ity level) and should terminate with an RTI instruction. ’

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

The interrupt enable flip-flop (bit 6 of the ADCSR) is entirely under program con-
trol but the TIME-OUT flip-flop is set by TIME-OUT ERROR conditions in the inter-
face. 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.

3.4.4 Interface Operation Timing

Figure 3-8 illustrates the timing relationships among signals in the DMA inter-
face. The curved lines indicate the changes in signal level that generate the in-
dicated results. -

3.4.5 Interface Options
As described above, operation of the DMA interface is restrictive, because it must
always scan 64 channels. A simpie method of reducing the number of channels
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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 addressing and mul-

tiplexer scanning.
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Figure 3-7 DMA Interface (block diagram)
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3.5 OUTPUT INTERFACE WITH INTERRUPT CONTROL

Preceding examples have illustrated various types of interfaces for peripheral de-
vices that provide inputs to the UNIBUS data lines. This example, as well as the
example in Paragraph 3.6, covers interface design for a device that accepts UNI-
BUS outputs. The device shown is meant to be typical of output devices which
may be interfaced by designs similar to the following examples.

3.5.1 Device Description

A digital-to-analog converter (DAC) is a device that accepts UNIBUS outputs. The
DAC converts a binary weighed number into a scaled analog voltage. The device is
_single-buffered and the analog output follows the digital input.

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

The DAC provides an update request output signal for the interface. This signal
requests a new digital input from the interface. At intervals determined by the
DAC, a high level ( + 3V) pulse is provided as the update request signal. This level
remains tow (OV) between pulses.

3.5.2 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 3-9 is a block diagram of the output interface.

The interface consists of two registers, an M105 Address Selector Module, an
M7820 I[nterrupt Control Module, bus receivers, and two sets of bus drivers. The
two registers are the data buffer register (DADBR) and the control status register
(DACSR). The request bit (bit 7) of the DACSR can be read by the bus but cannot
be loaded directly from the bus. All other register bits are under direct bus con-
trol.

3.5.3 Interface Operation

When the UNIBUS addresses the data buffer register during a DATO transfer, the
interface clocks the information from the bus data lines into the register, which
then applies the information to the DAC as the 10 binary level inputs. At the same
time data is ciocked into the register, the REQUEST flip-fiop (bit 7 of the DACSR)
is cleared. After this transfer is complete, when the peripheral device requests
another value, the REQUEST 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 interface asserts a bus request line. On becoming bus master,the interface
performs an interrupt operation to transfer program control to a service routine.
This routine loads new data into the buffer register and then returns control to
the interrupted program.

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 in-
terface 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.

3.5.4 Interface Programming

The programs described in this paragraph cause the DAC to output a time-varying
signal by loading the DADBR with an initial value and then changing that value by
small increments until it reaches a final value determined by the program. The
analog output is 100 cycles of a triangular waveform (actually, a stepped triangu-
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Figure 3-9 Output Interface with Interrupt Control (block diagram)

lar 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 be-
tween update request pulses.

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 in-
struction. In either case, the vaiue in the DADBR is read, modified by an arithme-
tic 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 val-
ues. The program uses a minimum of stored data because it is not necessary to
use memory locations for counters or storage of temporary values.

The processor initializes operation by executing the following sequence of instruc-
tions: :

CLR DADBR ;CLFAR DATA BUFFER REGISTER
CLR DASH SRESET UP/DNYN SYITCH

MOy #144,DACNT 3SET CYCLE COUNTER TO 102
MOV #1090,DACSR 3SET INTERRUPT ENARLE

The interrupt service routine includes the following instructions:
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DAVEC: DASERV SPOINTER TO SERVICE ROUTINE

240 SPROCESSOR PRIORITY = 5
DASFRV: TST DAS 4 SSYITCH SFT?
BPL upP INOLGO P
SR #20,DADBR JYES GO DOYN
ANE CONT s OUTPUT VALUFE FQUALS 07
CLR DASY SYESsRESET SWITCH
DEC DACNT SREDUCE COUNT BY ONE
BNE CONT sCOUNT EGUALS a?
CLR DACSR ) 3YES,DISABLE INTERRUPT AND EXIT
RTI '
up: ADD #13,DADBR 3 OUTPUT VALLE GOFS UP
cwp DADBR, #1000 31909 1S TOP LIMIT ON VALUE
BNE CONT 3DOFS VALUE FQUAL TOP LEMIT
caw DAS ¥ FYES,SET SYITCH
CONT: RT1 JEXIT FOR INTERMFDIATE UVALUES

3.6 DAC-DMA INTERFACE

A direct memory access (DMA) interface designed for a digital-toc-analog con-
verter (DAC) allows a specified number of words from memory to be transferred
directly to the interface without processor intervention.

The previous interface example (paragraph 3.5) described a digital-to-analog con-
verter 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 interface is less dependent on processor control, thereby
reducing processor 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 aliow a specified number of words from a
particular group of memory addresses to be transferred directly to the interface,
independent of processor 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
memory mode.

3.6.1 Interface Description

A block diagram of the DAC-DMA interface is shown in Figure 3-10. The interface
contains four registers: a DAC control and status register (DACSR) which con-
tains 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 indicates 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 aiso be loaded 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 overflows (goes to all 0s). At this point, 2 READY bit in the DACSR
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is set. The READY bit can cause an interrupt to occur (provided INTR ENB is set),
thereby notifying the processor that the block transfer is now complete, and ano-
ther block transfer can be started.
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Figure 3-11 DAC-DMA interface (timing diagram)

3.7 PDP-11 TO DATA CHANNEL INTERFACE

This paragraph presents a block diagram level descriptive of an interface between
the PDP-11 UNIBUS and a data channel of another computer. Asynchronous tim-
ing permits the PDP-11 to operate successfully with the timing of cther sytems
through the implementation of a proper timing interface. Actual design depends
on the characteristics of the other computer; therefore, this example is only a rep-
resentative design.

3.7.1 Data Channel Description

information on the data channel of the secondary computer includes an address,
control and timing signals, and the data being transferred. The address is trans-
mitted to a memory address (MA) register and is stored when the data channel
begins operation. Data is supplied to a memory buffer (MB) register on one set of
lines and is transmitted from the MB to the interface on a second set of lines.
(These may be the same set of lines if the data channel uses bidirectional data
lines.) Control and timing signals include: a break request (BRK REQ) signal; a
data direction (DATA DIR) signal, which is high (+ 3V) for a transfer to the chan-
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nel and low (OV) for a transfer from the channel; a break state (BRK STATE) sig-
nal, which is low when the secondary computer is in the break state; and three
timing signais transmitted by the channel control to indicate break and address
accepted (BRK ACPT), data accepted (DATA ACPT), and data available (DATA
AVAIL).

3.7.2 Interface Description

The interface in Figure 3-12 operates as a cycle stealing device on a data channel
of another computer and responds as a slave device on the PDP-11 UNIBUS. The
primary purpose of this interface is to transfer data between two processors.
Therefore, no provision is made to directly control operation of the secondary
computer. :

The interface structure includes the data paths between the two processors; the
address paths from the UNIBUS to the secondary processor; a block (BLK) regis-
ter (expandable to match the memory space of the secondary processor), which
modifies the address transmitted on the data channel in order for it to access one
of eight 4K word blocks; and the interface control logic, which determines the tim-
ing and gating of the data and control signal flow.

DATA IN d
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SSYN
D<1508> care | CY
[ oata_reve [Coama xura 05T [[aooress rovr |
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Figure 3-12 PDP-11-to-Data Channel Interface (block diagrém)

When the PDP-11 addresses a bus location in the seventh block of 4K words
(A<<17:13> =00110), the interface generates a BRK REQ signal. The address
used by the data channel is a 15-bit number assembled by transmitting the infor-
mation.on lines A<<12:01> as the 12 least significant bits, and transmitting the
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contents of the BLK register as the 3 most significant bits. The interface responds
to 4K word (8K byte) addresses on the UNIBUS, but can access 32K words in the:
data channei. Only 4K words are accessible for any particular setting of the BLK
register.

3.7.3 Interface Operation

When performing transfers with the data channel computer, the PDP-11 first
loads the desired block number into the BLK register, which is addressed as a de-
vice register (A<17:13> =11111 and A<12:00> equal to its assigned bus ad-
dress). The PDP-11 then addresses a location in the 4K block of UNIBUS ad-
dresses which have A<<17:13> =00110. The corresponding location in the 4K
block selected by the BLK register is selected by the data channel. A data transfer
is accomplished by issuing a BRK REQ signal, an address, and setting the DATA
DIR level; receiving a BRK ACPT pulse; gating data through the interface; and re-
ceiving either a DATA ACPT or a DATA AVAIL pulse to generate SSYN.

. 3.7.4 Interface Implementation
Figure 3-13 illustrates details of a possible control circuit for implementing the
PDP-11 to data channel interface. The BRK REQ flip-flop is set when the bus ad-
dress is in the specified 4K block and cleared by the BRK ACPT H pulse from the
data channel. The SSYNF flip-flop is set by either a DATA ACPT H or a DATA
AVAIL H pulse, depending on the direction of the data transfer. The SSYNF flip-
flop is cleared when MSYN is cleared. The DATA AVAIL H pulse also clocks data
into a buffer register, which is gated to the bus when the SSYNF flip-flop is set.
This provides a data transfer to the bus. This implementation assumes that the
data channel computer operates with logic levels similar to the PDP-11. Thus, a

_high (+3V), level is a logic 1 and a low (OV) level is a logic 0.

3.8 PDP-11 TO PDP-11 INTERFACE )

The PDP-11 to PDP-11 interface permits devices on one PDP-11 UNIBUS to ad-
dress locations on a second PDP-11 UNIBUS. Two possible applications of this in-
terface are:

a. Connecting two PDP-11 processors so that one processor executes its own
program and also controls execution of programs by a second slave processor.

b. Monitoring c;peration of a UNIBUS system by a processor that is not in the
same system.

3.8.1 Interface Description and Operation
The PDP-11 to PDP-11 interface (Figure 3-14) consists of one M7820 Interrupt -
Control, one M105 Address Selector Module, several sets of bus receivers and bus
drivers, and some control circuits. The M105 Module is connected to the Primary
UNIBUS and the M7820 Module is connected to the secondary UNIBUS. The ma-
jar flow of data within the interface is from one UNIBUS, through bus receivers
and gated bus drivers, to the other UNIBUS. Data also flows from the primary
UNIBUS to the control circuit. '

When the primary UNIBUS requests interface operation, the interface requests
control of the secondary UNIBUS, and the primary UNIBUS is connected to allow
data transfers with the secondary UNIBUS. The interface is designed to recognize
addresses in the seventh 8K (byte) field of primary UNIBUS addresses, and con-
vert them to addresses in any selected 8K (byte) field of addresses on the secon-
dary UNIBUS. This is equivalent to replacing one 8K field of bus addresses on the
primary UNIBUS with an 8K field of addresses from the secondary UNIBUS. The
field on the secondary UNIBUS is selected by loading a field select register in bits
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5 through 1 of the UNIBUS-to-UNIBUS control status register (UWUCSR) in the in-
terface. The contents of this 5-bit register are used for the five most significant
bits of the secondary bus address. This may be loaded by a MOV BLOCK, UUCSR
instruction.

The interface can be operated in one of two modes. In the first mode, a single bus
operation may access the secondary UNIBUS by addressing the seventh-4K field
on the primary UNIBUS. The interface recognizes the address, requests control-of
the secondary bus, and interconnects the two sets of bus lines when it receives
control. The interface releases control of the secondary UNIBUS when the trans-
fer is complete.

In the second mode of operation, if the hold bit is set in the UUCSR, the interface
requests control of the secondary bus and maintains bus mastership until the
hold bit is cleared. This mode of operation permits the primary bus to conduct a
series of data transfers with the secondary bus at the full bus transfer speed. The
only additional time required for a transfer is the signal transmission time within
the interface. The time delays caused by waiting for the secondary bus to grant
bus mastership to the interface are eliminated; therefore, a disk on the primary
bus can transfer data to locations on the secondary bus with the lowest possible
latency delays.

3.8.2 Interface Implementation

In Figure 3-14 UNIBUS 1 (the primary UNIBUS) controls the interface and con-
ducts data transfers through the interface to UNIBUS 2 (the secondary UNIBUS).
The interface control circuit is shown in greater detail in Figure 3-15. This figure
illustrates the UUCSR device register, an address recognition circuit, a MSYN de-
lay circuit, and several gating circuits. ’

When the address asserted on the primary UNIBUS is in the seventh 8K field
(A<<17:13> =00110), the STEAL signal is asserted in the interface. The STEAL L
signal causes an NPR request on the secondary UNIBUS. (If the hold flip-flop is
set, the interface is already bus master and no further bus requests are initiated.)
When the interface becomes a bus master, the MASTER A L signal is asserted.
The combination of STEAL L and MASTER A L produces gating signals to inter-
connect the two sets of bus lines as shown in Table 3-1. The MSYN delay circuit
regenerates the 150-ns deskewing period between the assertion of the A and C
lines and the assertion of MSYN on the secondary UNIBUS. This prevents delays -
in signal transmission within the interface from affecting the timing on either
UNIBUS.

" Table 3-1 Bus Line Gating

Signal From To Gated by Remarks

A<17:13> Block Reg UNIBUS2 GATE ADDR/CTRL
A<12:00> UNIBUS1 UNIBUS2 GATE ADDR/CTRL

C<1.0> UNIBUS1 UNIBUS2 GATE ADDR/CTRL
D<15:00> UNIBUS2 UNIBUS1 GATEIN Cl1 =0 (DATI
: or DATIP)
D<15:00> UNIBUS1 UNIBUS2 GATEOUT Cl=1(DATO
or DATOB)
MSYN UNIBUS1 UNIBUS2 GATE MSYN
SSYN UNIBUS2 UNIBUS1 GATE ADDR/CTRL

269



0L2

ALIT:Q0>
ag{}? SELECT @ INTR A R
SSYN M105 INTERFACE L BG(2)
ADDRESS CONTROL SSYN
SELECTOR | OUT Low MASTER A L CONTROL SACK
BBSY
INTR
0<0T:02>
ssvi GATE ADDR/CNTL
D<15:00>
RCV SSYN 4
M | Dama pRIVER !
- 8
|
8 g
S DATA RCVR @)
) D<15:00> s
a :
"IA GATE MSYN oRV MSYN-2 N
A A
l; R
GATE_ADDR/CTRL RY c<to>-2 Y
D<15:00>
MSYN-1
A<1T:00>
DATA RCVR
A
D<15:00> GATE _AODR/CTRL ADDRESS DRIVER
FIELD SELECT
A<I7:30>"
FIELD
ADDRESS RCVR SELECT  HOLD
A<17:00> L o———
uucsr [ | |
\/ 5 5 1o \/

Figure 3-14 PDP-11-to-PDP-11 Interface (block diagram)



3.8.3 Interface Programming
To type a character on the secondary UNIBUS system Teletype, the processor on
the primary UNIBUS executes the following sequence of instructions:

MoV #75,UUCSR WHERE: UUCSR IS THE CONTROL REGISTER IN THE INTERFACE
MOV CHAR» XPB CHAR IS THE LOCATION CONTAINING THE CHARACTER
XPB HAS THE VALUE 157566

The address transmitted on the secondary UNIBUS is the 13 least significant bits
of XPB (17566) with the contents of the field select register appended as the 5
most significant bits. The address is therefore 777566, which is the address of the
system Teletype TPB.

A block of data is transferred to locations on the secondary UNIBUS by setting
the hold bit when the field register is set: :

OF WORD ADDRESSES TO BE ACCESSED 0ON
THE SECONDARY UNIBUS (WITH A 1| APPENDED
TO SET THE HOLD BIT)

MOV FIELD,UUCSR WHERE: FIELD IS THE NUMBER OF THE 4K FIELD

Data transfers then access locations in that address field when the address on
the primary UNIBUS has A<<17:13> equal to 00110 and A<<12:00> equal! to the
desired value of A<<12:00> on the secondary UNIBUS. If FIELD has the value
11,, the address 140020; is transtated to the address 100020,.

3.9 MEMORY INCREMENT INTERFACE

An Increment Memory interface is used to increment a device-selected memory lo-
cation without requiring processor intervention. The interface operates by per-
forming a DATIP, DATO sequence with the selected memory location. This se-
quence is the same as processor operation with a destination operand. Data read
from the memory location by the DATIP transfer is loaded into a counter register.
A count cycle is initiated, and the count is allowed to ripple through the register.
The new value is written back into the memory during the DATO cycle.

A more flexible implementation uses an adder instead of a counter. The contents
of the memory location are brought into a latch, which forms one input to the ad-
der. The other input can be under device or program control, or a simple in-
crement operation can be executed by providing a carry into the least significant
bit. The adder permits arbitrary values to be added to the selected location. This
expanded interface is not described in subsequent discussions.

This interface differs from previous interface examples because the device output
is used as a bus address rather than as data. The operations performed on the
data in these locations effectively generate a time-interval histogram directly in
core memory.

3.9.1 Interface Description and Operation

In Figure 3-16, the analog-to digital converter (ADC), which is an external device
that supplies the digital value used as an address, is not part of the interface. One
device register is used in the interface. The device register contains the enable bit
which controls access of the interface to the UNIBUS, and contains the five field
select bits used to select a 4K word block of bus addresses that the interface uses
for conducting transfers. The counter and transmitters are under interface con-
trol. The interface provides all timing and control signals for one cycle of oper-
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Figure 3-16 Memory Increment Interface (block diagram)



ation and each successive cycle of operation is initiated by a signal from the de-
vice. In this example, the device is an ADC similar to the ADC described in
Paragraph 3.3. The rate at which successive conversion cycles are performed is
not defined in this example. However, the rate can be controled by an external
clock, so that the ciock frequency determines the sampling rate.

A timing diagram is shown in Figure 3-17. The signal that starts a cycle of inter-
face operation is CONVERSION COMPLETE H. This signal is generated by the
ADC after it has completed conversion of the analog input to a digital value, and
that value is available as a data output from the ADC. The CONVERSION COM-
PLETE signal sets the REQUEST BUS flip-flop which causes the M7820 Master
Control A module to gain control of the UNIBUS by means of an NPR request.
The MASTER A L signal triggers START on the M796 module and, since CYCLE
CONTROL is clear, a DATIP bus cycle is performed. The ADRS TO BUS H signal is
used to gate an address on to the address bus. This address is formed by data
from the ADC (least significant portion of the address) and the field select bits
(most significant portion of the address). After a delay, BUS MSYN L is asserted.

When the slave (usually memory) responds with data and a BUS SSYN L signal,
DATA WAIT L is triggered to allow for deskewing of the data. The trailihg edge of
DATA WAIT triggers the DATA STROBE one-shot. The DATA STROBE signal loads
the data present on BUS D<<15:00> into the interface counter register. When
DATA STROBE times out, DATA ACCEPTED is asserted, negating BUS MSYN, and -
firing the COUNT PULSE and COUNT DELAY one-shots. COUNT PULSE is set for
the worst case ripple time of the counter.

When the COUNT DELAY is complete and BUS SSYN L is negated by the previous
DATIP bus cycle, START is again asserted. Since CYCLE CONTROL is now set (set
by END CYCLE of the previous DATIP), a DATO bus cycle is performed. The DATA
TO BUS H signal is asserted and gates the contents of the incremented counter to
the bus data lines.

When the DATO cycle is complete, END CYCLE and CYCLE CONTROL set are AN-
Ded to clear the REQUEST BUS flip-flop, which causes the M7820 module to drop
BUS BBSY L, thereby releasing control of the bus.

3.9.2 Optional Arrangements

The timing chain of DATA WAIT, DATA STROBE, COUNT PULSE, and COUNT DE-
LAY is designed for the case where count time is significant and the counter is
loaded and incremented by a level rather than a transition.

Other logic may be used dependent upon the type and speed of the counter em-
ployed in the interface.
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3.10 DIRECT MEMORY ACCESS INTERFACE (DR11-B)

The DR11-B is a genera! purpose direct memory access (DMA) interface to the
UNIBUS. The DR11-B, rather than using program controlled data transfers, oper-
ates directly to or from memory, moving data between the UNIBUS and the user

device.

MEMORY
: DATA IN
U
N
DATA OUT
s DR 11-8 e Vrce
% CONTROL
S
cP

Figure 3-18 System Block Diagram

The interface consists of four registers: command and status, word count, bus
address, and data. Operation is initialized under program control by loading word
count with the 2’s compiement of the number of transfers, specifying the initial
memory or bus address where the block transfer is to begin, and by loading the
command/status register with function bits. The user device recognizes these
function bits and responds by setting up the control inputs. If the user device
requests data from memory or a UNIBUS device, the DR11-B performs a UNIBUS
data transfer (DATI) and loads its data register with the information heid at the
referenced bus address. The outputs of this register are available to the user de-
vice. (This output data is buffered.) If the user device requests data to be written
into memory, the DR11-B performs a UNIBUS data transfer (DATO), moving data
from the user to the referenced bus address. (This input data from the user is not
buffered.) Transfers normaily continue at a user defined rate until the specified
number of words are transferred. ’

The user is given a number of control lines aliowing for flexible operation. Burst
modes, read-modify-restore operations, and byte addressing are possible with the
control structure.
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3.10.1 Physical Description

The DR11-B is packaged in one standard system unit allowing convenient in-
corporation into a PDP-11 system. A UNIBUS jumper module (M920) is supplied
with the unit. Power is applied to the logic through the power harness already pro-
vided in the BA11l mounting box. Current requirements are 3.3 amps at + 5V,
zero at -15V. :

Connections to the user device are made through two M957 split lug cable
boards, which are supplied with the unit. Alternatively, an M920 can be used to
jumper all user signals to an adjacent BB11 blank mounting panel, which might
package some or all of the device logic. (Neither the additional M920 nor the
BB11.is supplied with the unit.)

TEST BOARD POWER CONNECTOR
[ \ 2 3/ 4

UNIBUS IN | ‘ UNIBUS OUT

—
7 hY
c \ USER
)
0 / \cowwecnows

LOGIC MODULES

N\

g%

Figure 3-19 DR11-B System Unit
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3.10.2 Software Interface

The following presents a detailed description of the four DR11-B registers. These
registers are assigned bus addresses and can be read or loaded (with the ex-
ception noted) using any instruction that refers to their address. “INIT" refers to
the initialization signal produced on power up, power down, by the RESET instruc-
tion, or by the start switch on the console. “R/W" stands for read/write. Note
that the INIT signal is held asserted internal to the DR11-B whenever an interlock
error occurs (M968 test board neither in slots ABO2 for normal operation nor
CD04 for maintenance mode). !

Status and Command Register (DRST)
The DRST is used to give commands to the user device and to provide status in-
dicators of the DR11-B control and the user device.

BIT NAME MEANING AND OPERATION

15 Error Indicates an error condition: either NEX
(BIT 14), ATTN (BIT 13), interlock error
(test board is neither in slots ABO2 nor
CD04), or bus address overflow
(BAOF:DRBA incremented from all 1's to
all 0's). Sets READY (BIT 7) and causes in-
terrupt if IE (BIT 6) is set. ERROR is
cleared by removing all four possible error
conditions: interlock error is removed by
inserting test board in CD0O4 for diagnos-
tic tests or in ABO2 for normal operation;
bus address overflow is cleared by loading
DRBA; NEX is cleared by loading bit 14
with a zero; ATTN is cleared by user de-
vice. Read only.

14 Nonexistent Memory (NEX)  Non-existent memory indicates that as
Unibus master, the DR11-B did not receive
a SSYN response 20 usec after asserting
MSYN. Cleared by INIT or loading with a 0;
can not be loaded with a 1. Sets ERROR.
Read/Write O.

13 Attention (ATTN) Attention bit that reads the state of the
ATN user signal. Sets ERROR. (Used for
device initiated interrupt.) Set and cleared
by user control only. Read only.

12 Maintenance Maintenance bit used with diagnostic bro-
grams. Cleared by INIT. Read/Write.

11-9  Device Status (DSTAT A.B,C) Device status bits that read the state of
the DSTAT A, B, and C user signals. (Not
tied to interrupt.) Set and cleared by user
control only. Read only.

8 Cycle CYCLE is used to prime bus cycles; if set
when GO is issued, an immediate bus
cycle occurs. Cleared when bus cycle be-
gins; cleared by INIT. Read/Write.
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7 Ready Indicates that the DR11-B is able to accept
a new command. Set by INIT or ERROR;
cleared by GO; set on word count overflow.
Causes interrupt if bit 6 is set. Forces
DR11-B to reiease control of the Unibus
and prevents further DMA cycles. Read

only.

6 Enable interrupt IE Enables,interrupt to occur when either ER-
ROR or READY is set. Cleared by INIT.
Read/Write.

5-4 Extended Bus Address Extended bus address bits 17 and 16 that

in conjunction with DRBA specify A(17:01)
in direct memory transfers. Cleared by
INIT. XBA17 & 16 do not increment when
DRBA overflows; instead ERROR is set.

Read/Write.

31 Function 3,2,1 Three bits made available to the user de-
vice. User defined. Cleared by INIT.
Read/Write.

0 Go Causes a pulse to be sent to the user de-

vice indicating a command has been is-
sued. Clears READY. Always reads as a
zero. Write only.

Word Count Register (DRWC)

DRWC is a 16-bit R/W register. It is initially loaded with the two’s complement of
the number of transfers to be made and normally increments up towards zero af-
ter each bus cycle. Incrementation can be inhibited by the user device; refer to the
WC INC ENB user signal. When overflow occurs (all 1's to all 0's), the READY bit
of DRST is set and bus cycle stop. DRWC is a word register; do not use byte in-
structions when loading this register. Cleared by INIT.

Bus Address Register (DRBA)

DRBA is a 15-bit R/W register. Bit O, corresponding to address line AQO is pro-
vided by the user device. Along with XBA16 and 17 in DRST, DRBA is used to
specify BUS A8(17:01)indirect bus access. The register is normally incremented
(+ 2) after each bus cycle, advancing the address to the next sequential word lo-
cation on the bus. |f DRBA (corresponding) to A(15:01)) overfiows (all 1's to all
0's) the ERROR bit in DRST is set. This error condition (BAOF) is cleared by load-
ing DRBA or INIT. incrementation can be inhibited by the user device; refer to the
BA INC ENB user signal. With this control signal and AOO provided externally,
DRBA can be used to address sequential bytes. This is a word register; do not use
byte instructions when loading this register. Cleared by INIT.

Data Buffer Register (DRDB)

The DRDB serves two functions: First, it is a 16-bit write only register. The outputs
of this register are available to .the user device (refer to the DATA OUT signals).
The register can be loaded under program control, but is also used to buffer infor-
mation when data is being transferred from the UNIBUS to the user device (when
DR11-B does a DATI cycle). DRDB is a word register; do not use byte instructions
when loading this register. Cleared by INIT.

-
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Second, the DRDB functions as a 16-bit read only register. Information to be read
is provided by the user device on the DATA IN signal lines. These lines are not
buffered and must be held until either read under program control or transferred
directly to memory (DATO bus cycle).

Address and Vector Assignments
Direct bus access level: NPR (hardwired)

Priority interrupt level: BR5 (hardwired)
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 APPENDIX A

PDP 11 DEVICE REGISTERS AND INTERRUPT VECTORS.
VECTORS

000 RESERVED

004 TIME OUT, BUS ERROR

010 RESERVED INSTRUCTION

014 DEBUGGING TRAP VECTOR

020 IOT TRAP VECTOR .

024 POWER FAIL TRAP VECTOR

030 EMT TRAP VECTOR

034 “TRAP" TRAP VECTOR

040 SYSTEM SOFTWARE

044 SYSTEM SOFTWARE

050 SYSTEM SOFTWARE } COMMUNICATION WORDS
054 SYSTEM SOFTWARE

057

060 TTY IN-BR4

064 TTY OUT-BR4

070 PC11 HIGH SPEED READER-BR4

074 PC11 HIGH SPEED PUNCH

100 KW11L - LINE CLOCK BR6"

104 KW11P - PROGRAMMER REAL TIME CLOCK BR6
110

114

120 XY PLOTTER

124 DR11B-(BR5 HARDWIRED)

130 ADO1 BR5-(BR7 HARDWIRED)

134 AFC11 FLYING CAP MULTIPLEXER BR4
140 AA11-A,B,C SCOPE BR4

144 AA1l LIGHT PIN BR5

150 :

154

160

164 :

170 USER RESERVED

174 USER RESERVED

200 LP11 LINE PRINTER CTRL-BR4

204 RF11 DISK CTRL-BR5

210 RC11 DISK CTRL-BR5

214 TC11 DEC TAPE CTRL-BR6

220 RK11 DISK CTRL-BR5

224 TM11 COMPATIBLE MAG TAPE CTRL-BR5
230 CR11/CM11 CARD READER CTRL-BR6
234 UDC11 (BR4, BR6 HARDWIRED)

240 11/45 PIRQ

244 FPU ERROR

250

254 RP11 DISK PACK CTRL-BR5
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260
264
270
274

300
304

500

546

USER RESERVED
USER RESERVED

START OF FLOATING VECTORS--BR5

STARTING AT 300 ALL KL11'S (BR4), THEN ALL DC11'S (BR5), THEN
DP11'S (BR5)

THEN DM11 (BR5), DN11 (BR5), AND DM11BB, DR11A, TYPE SET
READERS, TYPE

SET PUNCHES, DT11 (BR7) (DS11 VECTOR IS AT 1000)

FACTORY BUS TESTERS

DEVICE ADDRESS

NOTE:

777776
777774
777772
777716
777676
777656
777646
777636
777626
777616
777606
777576
777574

XX MEANS A RESERVED ADDRESS FOR THAT OP-
TION. OPTION MAY NOT USE IT BUT IT WILL RE-
SPOND TO BUS ADDRESS.

CPU STATUS

11/45 STACK LIMIT REGISTER

11/45 PIRQ REGISTER

TO 777700 CPU REGISTERS

TO 777600 11/45 SEGMENTATION REGISTER

TO 777650 MX11 #6

TO 777640 MX11 #5

TO 777630 MX11 #4

TO 777620 MX11 #3

TO 777610 MX11 #2

TO 777600 MX11 #1

11/45SSR2

11/45 SSR1
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777572 11/45 SSRO

777570 CONSOLE SWITCH REGISTER
777566 KL11 TTY OUT DBR
777564 KL11 TTY IN CSR
777562 KL11 TTY IN DBR
777560 KL11 TTY OUT CSR
777556 PC11 HSP DBR

777554 PC11 HSP CSR

777552 PC11 HSR DBR

777550 PC11 HSR CSR

777546 LKS LINE CLOCK KW11-L

777526 DR11A-XX--
777524 SEE 767776
777522 DR11A DBR
777520 DR11A CSR
777516 LP11 DBR
777514 LP11 CSR
777512 LP11 XX
777510 LP11 XX
777506

777504

777502

777500

777476 RF11 DISK RFLA LOOK AHEAD
777474 RF11 DISK RFMR MAINTENANCE
777472 RF11 DISK RFDBR

777470 RF11 DISK RFDAE

777466 RF11 DISK RFDAR

777464 RF11 DISK RFCAR

777462 RF11 DISK RFWC

777460 RF11 DISK RFDSC

777456 RC11 DISK RCDBR
777454 RC11 REMAINTENANCE
- 777452 RC11 RCCAR

777450 RC11 RCWC

777446 RC11 RCCSR1

777444 RC11 RCCSR1

777442 RC11 RCDAR

777440 RC11 RCLA

777434 DT11 BUS SWITCH #7
777432 BUS SWITCH #6
777430 BUS SWITCH #5
777426 BUS SWITCH #4
777424 BUS SWITCH #3
777422 BUS SWITCH #2
777420 BUS SWITCH #1

777416 RKDB RK11 DISK
777414 RKMR
777412 RKDA
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777410
777406
777404
777402
777400

777356
777354

777352 -

777350
777346
777344
777342
777340

777336
777334
777332
777330
777326
777324
777322
777300

777316
777314
777312
777310
777306
777304
777302
777300

777166
777164
777162

777160 .

776776
776774
776772
776770

776766
776764
776762
776760
776756
776754
776752
776750

RKBA
RKWC
RKCS
RKER
RKDS

TCXX
TCXX :
TCXX

TCDT DEC TAPE (TC11)
TCBA
TCWC
TCCW
TCST

ASH  EAE (KE11-A)#2
LSH

NOR

sC

MUL

MQ

AC

DIV

ASH  EAE (KE11-A)#1
LSH

NOR

sC

MUL

MQ

AC

DIV

CR11 XX

CRDBR2 CR11/CM11 CARD READER
CRDBR1

CRCSR

ADO1.D XX

ADO1-D XX :

ADDBR A/D CONVERTER ADO1-D
ADCSR

DAC3 DAC AA1ll
DAC2

DAC1

DACO

SCOPE CONTROL - CSR
AA1l XX

AA11 XX

AA11 XX
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776740
776736
776734
776732
776730
776726
776724
776222
776720
776716
776714
776712
776710

RPBR3 RP11 DISK
RPBR2

RPBR1
MAINTENANCE #3
MAINTENANCE #2
MAINTENANCE #1
RPDA

RPCA :
RPBA

RPWC

RPCS

RPER

RPDS

776676 TO 776500 MULT! TTY FIRST STARTS AT 776500

776476
776476
776456
776436
776416

TO 776406 MULTIPLE AA11'S SECOND STARTS @ 776760
TO 776460 5TH AAll
TO 776440 4TH AAll
TO 776420 3RD AAll
TO 776400 2ND AA1l

NOTE 1ST AAll IS AT 776750

776377 TO 776200 DX11

775600 DS11 AUXILIARY LOCATION
775577 TO 775540 DS11 MUX3
775537 TO 775500 DS11 MUX2
775477 TO 775440 DS11 MUX1
775436 TO 775400 DS11 MUXO
775377 TO 775200 DN11

775177 TO 775000 DM11

774777 TO 774400 DP11/DC11
774377 TO 774000 DC11/DP11

773777 TO 773000 DIODE MEMORY MATRIX

773000 BM792-YA PAPER TAPE BOOTSTRAP
773100 BM792-YB RC,RK,RP,RF AND TC11 - BOOTSTRAP

773200
773300
773400
773500
773600

773700 RESERVED FOR MAINTENANCE LOADER

772776 TO 772700 TYPESET PUNCH
772676 TO 772600 TYPESET READER

772576
772574
772572
772570

AFC-MAINTENANCE
AFC-MUX ADDRESS
AFC-DBR
AFC-CSR
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772546 KW11P XX
772544 KW11P COUNTER
772542 KW11P COUNT SET BUFFER
772540 KW11P CSR
772536 TM11 XX

772534 TM11 XX

772532 TMI11 LRC
772530 TM11 DBR
772526 TM11 BUS ADDRESS
772524 TM11 BYTE COUNT
772522 TMI11 CONTROL
772520 TM11 STATUS
772512 OST CSR

772510 OST EADRS1,2
772506 OST ADRS2
772504 OST ADRS1
772502 OST MASK2
772500 OST MASK1
772476 DR11B DBR4
772474 DR11B CSR4
772472 DR11B BA4
772470 DR11B WC4
772466

772462

772460

772456 DR11B DBR3
772454 DR11B CSR3
772450 DR11B BA3
772450 DR11B WC3
772446

772444

772442

772440

772436 DR11B DBR2
772434 DR11B CSR2
772432 DR11B BA2
772430 DR11B WC2
772426

772424

772422

772420

772416 DR11B/DATA
772414 DR11B/STATUS
772412 DR11B/BA
772410 DR11B/WC
772146 TO 772110 MEMORY PARITY CSR

772146 15
772120 4
772116 3
772114 2
772112 1
772110 0

771776 UDCS - CONTROL AND STATUS REGISTER
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771774
771772
771766

.. 771920

UDSR - SCAN REGISTER

UDCM - MAINTENANCE REGISTER
UDC FUNCTIONAL 1/0 MODULES
UDC FUNCTIONAL 1/0 MODULES

770776 TO 770700 KG11 CRC OPTION

770776
770774
770772
770770
770716
770714
770712
770710
770706
770704
770702
770700

KGL1A KGNU7
KGBCC7
KGDBR7
KGCSR7
KGNU4
KGBCC3
KGDBR2
KGCSR1
KGNUO
KGBCCO
KGDBRO
KG11A KGCSRO

770676 TO 770500 16 LINE FOR DM11BB

770676
770674
770672
770670
770666
770664
770662
770660
770656
770654
770652
770650
770646
770644
770642
770640
770636
770634
770632
770630
770626
770624
770622
770620
770616
770614
770612
770610
770606
770604
770602
770600
770076
770074
770072

DM11BB #16
DM11BB #15
DM11BB #14
DM11BB #13
DM11BB #12
DM11BB #11
DM11BB #10
DM11BB #9
DMilBB #8
LATENCY TESTER

LATENCY TESTER
LATENCY TESTER
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770070 LATENCY TESTER

770056 TO 770000 SPECIAL FACTORY BUS TESTERS

767776 TO 764000 FOR USER and SPECIAL SYSTEMS---DR11A ASSIGNED IN

USER -
AREA-STARTING AT HIGHEST ADDRESS WORKING DOWN

767776 . DR11A #0

767774

767772

767770

767766 DR11A #1 -

767764

767762

767760

767756 DR11A #2

767754 ’

767752

767750

764000 START NORMAL USER ADDRESSES HERE AND ASSIGN UPWARD.
760004 TO 760000 RESERVED FOR DIAGNOSTIC - SHOULD NOT BE ASSIGNED
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APPENDIX B

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 BB1 BG5H
AB2  GROUND BB2  GROUND
AC1 DOO L BC1 BR5L
AC2  GROUND BC2  GROUND
AD1 DO2L BD1 GROUND
AD2 DOIL BD2 BR4L
AEl DO4 L BE1 GROUND
AE2  DO3L BE2 BG4H
AF1 DO6L BF1 ACLOL
AF2  DO5L BF2 DCLOL
AH1 DO8 L BH1 AO1L
AH2  DO7L - BH2  AOOL
AJl DioL BJ1 AO3L
AJ2 DO9 L BJ2 AO2L
AK1 Di2L BK1 AO5 L
AK2 D1l1L BK2  AO4L
ALl DlaL BL1 AO7 L
AL2  Di13L BL2  A06L
AM1 PAL BM1 AO9L
AM2  DI15L BM2  AO8L
AN1 GROUND BN1 AllL
AN2  PBL BN2  AIOL
AP1 GROUND BP1 Al13L
AP2  BBSYL BP2  Al2L
AR1 GROUND BR1 Al5L
AR2  SACKL BR2 Al4tL
AS1 GROUND BS1 Al7L
AS2  NPRL BS2  AleL
ATl GROUND BT1 GROUND
AT2 BR7L BT2 ClL
AU1 NPG H BU1 SSYN L
AU2  BR6L BU2 COL
AVl- BG7H BV1 MSYN L
AvV2 GROUND BV2  GROUND
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TABLE B-2 UNIBUS PIN ASSIGNMENTS (BY SIGNAL NAME)

SIGNAL PIN SIGNAL PIN
AOOL BH2 DO6L  AF1
AO1L BH1 DO7L  AH2
AO2L BJ2 DO8L  AH1
AO3L BJ1 DOo9L  AJ2
AO4L  BK2 DioL  AJl
AO5 L BK1 DI1L . AK2
AO6L BL2 . D12L  AK1
AO7 L BL1 D13L  AL2
AO8 L BM2 Di4L ALl
AOOL BM1 D15L  AM2
Al1OL BN2 GROUND AB2
AlllL BN1 GROUND AC2
A12L BP2 GROUND AN1
Al3L BP1 GROUND APl
AlaL BR2 GROUND AR1
Al5L BR1 GROUND AS1
Al6L BS2 GROUND AT1
Al7L  BS1 GROUND  AvV2
ACLOL BF1 GROUND BB2
BBSYL AP2 GROUND BC2
BG4 H BE2 GROUND BD1
BG5 H BB1 GROUND BE1
BG6 H BAl GROUND BT1
BG7H AVl GROUND BV2
BR4L BD2 INITL AAl
BR5L  BCI1 INTRL AB1
BR6L AU2- MSYNL BV1
BR7L  AT2 NPG H AUl
coL BU2 NPRL  AS2
CitL BT2 PAL AM1
DOOL AC1 PBL AN2
DO1L  AD2 + 5v* AA2
DO2L AD1 + 5v* BA2
DO3L  AE2 SACKL AR2
DO4L  AEl DCLOL BF2
DO5L  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.
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TABLE B-3 BB11 POWER PIN ASSIGNMENTS

PIN POWER
Al -15V
A2 + 5V
B1 -15V
B2 -15v
Cl1 -15V
c2 GND
D1 -15v
D2 GND
El -15V
E2 GND
Fl -15V
F2 GND
H1 -15V
H2 +5Y
J1 -15v
J2 +5V
K1 -15V
K2 +5V
L1 -15V
L2 +5V
M1 -15V
M2 +5V
N1 GND
N2 -25V
P1 GND
P2 LTC L
R1 GND
R2 ACLO L
S1 GND
S2 DCLO L
T1 GND
T2 +8V
Ul GND
uz2 +8V
V1 GND
V2 +8V
NOTE

POWER IS IN MODULE SLOT A3 OF ALL SYSTEM
UNITS MOUNTED IN BAll MOUNTING BOXES
EQUIPPED WITH H720 POWER SUPPLIES.
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A/D Conversion
AA11-D Subsystem ...

- ADO1 Subsystem....... ..158
- Address Mapping... ..281
AFC11 Subsystem......... ..153
Alphanumeric Display...... ....58
-Analog Input Subsystem.............. 153

Analog To Digital
Conversion System

ASR. Telatype.......coooirvmnniiniinninnnnn,
Asynchronous Line

Interface - DC11......ccccoveennennnne. 109
Asynchronous Nult

Modem - H312A......ccccouveeennnes 152
Asynchronous Multi-

PIEXEY .vvieeeereeiere e 131
Autocalling Unit........ ..116
Basic /0 Terminals.....c.cccevcvervennnen, 5
Bus Extenders..... .97
Bus Repeater .. ...97
Bus Switches... ..100
Card Readers.. ....23
ClockS..cooveivnraeeeninne .91
CM 11 Card Reader.......... ....23
Communications Options ... ..109
CR11 Card Reader .............. .23
D/A Conversion.........cccoovucvnennnee 161
Data Acquisition

And Control Options................. 153
Data Transfer Lines...... ..179
DB11 Bus Repeater... .97
DC11 Line Interface.. ..109
DECdisk Memory ...... .63
DEClink Terminal............. ...60
DECpack Disk Cartridge... ....81
DECtape.......ccccvvmneriinnen .35
DECwriter ......c.cc....... .28
Device Register List .......c.ocoonnenee. 281
Digital To Analog

Conversion System .................. 161
Disk Storage Devices..... .63
Display Terminals..... ....b5
DM11. e 131

DN11 Autocalling Unit................. 116
DP11 Serial Synchronous

Interface .
DR11-A General Interface...
DR11-B Interface
DT11 Bus Switches ... .
Full Duplex Interface..........c.........
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“Interrupt Serviced Interface

.LP11 Line Printer..........

H312A Null Modem.......... S
High Speed Reader /Punch ..

High Speed Punch................
High Speed Line Printer .... .18
IDACS, Options............... ..153

Interface Examples....
Interface Hardware....
Interrupt Procedure.............
Interrupt Vector List
KL11 Interface
KL11A Control.
KSR Teletype ...
KW11-L Clock ..
KW11-P Clock
LA30 DECwriter ...
Line Printer..........
Line Time Clock

M105 Address Selector .

M7820 Module............... 215
M795 Module... .224
M796 Module... ..226
M7821 Module.............. .222
Magnetic Tape Options. .33
Magtape.....ccccovcerninimeeinnns A4
Mark Sense Card Reader... .23
Mass Storage Devices ............. ...63
Memory Increment Interface........ 271
Multiplexer.......cccooiiiriiiininnninns 131
Null Modem .. .152

Oscilloscope.....
Ouput Interface.................
PC11 High Speed Reader
PDP-11 To PDP-11 Interface...
Pin Assignments
Point Plot Dispiay ...
PR11 Reader...........
Priority Transfers.......
Programmable Clock
Programmed Device Interface.
Programming Peripherals........
Punched Card Reader

Reader.....ccccccovinnunn. W11
Real Time Clock....... .91
RF11 Disk Controil............. .73
RKO2/RKO2 Disk System............... 81
RK11-C Disk Control

RS11 DisK.vovivvureerreceiee e,




RS64 DisK...cvvveeeivirieeniieee e 63 UNIBUS Drivers.......cccovvcvvievenenn. 210

RTO1 DEClink Terminal .... UNIBUS Interface Modules.......... 205
Storage Display VTO1A ..... UNIBUS Master Control
SWItCHES...cccvriiiiiinrie e Module - M796......cccceviennnen. 226
TC11 DECtape Control................... UNIBUS Pin Assignments ........... 289
Teletype Control ............ UNIBUS Signal Line .
Teletypes ............. Unibus Timing....ccoceveveevivcreeen o 194
Timing, UNIBUS............ . Universat D|g|ta|

TM11 Magtape Controf..... Control Subsystem.................... 163
TU10 Magtape.............. .44 Vector List.....ooveeeirinnns ...281
TUS6 DECtape........ccovcvivernnne. 35 VRO1A OsCilloSCOPE ..vvvecreveenne 56
UDC11 Subsystem.. ...163 VR14 Point Plot Display................ 57
UNIBUS........cooeo. ..175 VTO1A Display «..ooeeeveeeiveeeerererennnns 55
UNIBUS Cables..... ....206 VT05 DisSPlay....ocveve coreereeerrreienin 58
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