














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Q22-bus Specificaton C~7

Table C-6 (Cont.) Bus Signals for Data Transfers

Signal Definition Function
BDOUT L Data output indicator Strobe signals
BRPLY L Slave’s acknowledge of Strobe signals
bus cycle
BWTBT L Write/byte control Control signals
BBS7 1/0 device select Indicates address is in the I/O
page.

Data transfer bus cycles can be reduced to five basic types: DATI,
DATO(B), DATIO(B), DATBI, and DATBO. These transactions occur
between the bus master and one slave device selected during the
addressing part of the bus cycle.

C.3.1 Bus Cycle Protocol

Before initiating a bus cycle, the previous bus transaction must have been
completed (BSYNC L negated) and the device must become bus master.
The bus cycle can be divided into two parts: addressing and data transfer.
During addressing, the bus master outputs the address for the desired
slave device, memory location, or device register. The selected slave
device responds by latching the address bits and holding this condition
for the duration of the bus cycle until BSYNC L becomes negated. During
data transfer the actual data transfer occurs.

C.3.2 Device Addressing

Device addressing of a data transfer bus cycle comprises an address setup
and deskew time, and an address hold and deskew time. During address
setup and deskew time, the bus master does the following operations:

e Asserts BDAL<21:00> L with the desired slave device address bits.
* Asserts BBS7 L if a device in the I/O page is being addressed.
e Asserts BWTBT L if the cycle is a DATO(B) or DATBO bus cycle.
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During this time, the address, BBS7 L, and BWTBT L signals are
asserted at the slave bus receiver for at least 75 ns before BSYNC goes
active. Devices in the I/O page ignore the nine high-order address bits
BDAL<21:13>, and instead, decode BBS7 L along with the 13 low-order
address bits. An active BWTBT L signal during address setup time
indicates that a DATO(B) or DATBO operation follows, while an inactive
BWTBT L indicates a DATI, DATBI, or DATIO(B) operation.

The address hold and deskew time begins after BSYNC L is asserted.

The slave device uses the active BSYNC L bus received output to
clock BDAL address bits, BBS7 L, and BWTBT L into its internal
logic. BDAL<21:00> L, BBS7 L, and BWTBT L remain active for 25
ns minimum after the BSYNC L bus receiver goes active. BSYNC L
remains active for the duration of the bus cycle..

Memory and peripheral devices are addressed similarly, except for the
way the slave device responds to BBS7 L. Addressed peripheral devices
must not decode address bits on BDAL<21:13> L. Addressed peripheral
device can respond to a bus cycle when BBS7 L is asserted (low) during
the addressing of the cycle. When asserted, BBS7 L indicates that the
device address resides in the I/O page (the upper 4K address space).
Memory devices generally do not respond to addresses in the I/O page;
however, some system applications may permit memory to reside in the
I/0 page for use as DMA buffers, read-only memory bootstraps, and
diagnostics.

DATI

The DATI bus cycle, shown in Figure C-1, is a read operation. During
DATI, data is input to the bus master. Data consists of 16-bit word
transfers over the bus. During data transfer of the DATI bus cycle, the
bus master asserts BDIN L 100 ns minimum after BSYNC L is asserted.
The slave device responds to BDIN L active as follows:

* Asserts BRPLY L 0 ns minimum (8 ns maximum to avoid bus timeout)
after receiving BDIN L, and 125 ns maximum before BDAL bus driver
data bits are valid.

¢ Asserts BDAL<21:00> L with the addressed data and error
information 0 ns (minimum) after receiving BDIN, and 125 ns
(maximum) after assertion of BRPLY.
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BUS MASTER SLAVE
PROCESSOR OR DEVICE MEMORY OR DEVICE
ADDRESS DEVICE OR MEMORY

ASSERT BDAL <21:00> L WITH
ADDRESS AND

ASSERT BBS7 IF THE ADDRESS
IS IN THE 1/0 PAGE

ASSERT BSYNC L

— —_
—_—
DECODE ADDRESS
STORE DEVICE SELECTED"
OPERATION
/ / -
e -
REQUEST DATA -
REMOVE THE ADDRESS FROM
BDAL <21:00> L AND
NEGATE BBS7 L
ASSERT BDIN L
— —
—_
INPUT DATA
PLACE DATA ON BDAL < 15:00> L
- ASSERT BRPLY L
— _
-
TERMINATE INPUT TRANSFER
ACCEPT DATA AND RESPOND
BY NEGATING BDIN L —_
—_—
T
TERMINATE BUS CYCLE OPERATION COMPLETED
NEGATE BSYNC L -— NEGATE BRPLY L

MR-6028
MA-1074-87

Figure C-1 DATI Bus Cycle
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When the bus master receives BRPLY L, it does the following:

*  Waits at least 200 ns deskew time and then accepts input data
at BDAL<17:00> L bus receivers. BDAL <17:16> L are used for
transmitting parity errors to the master.

* Negates BDIN L 200 ns minimum to 2 ps maximum after BRPLY L
goes active.

The slave device responds to BDIN L negation by negating BRPLY L and
removing read data from BDAL bus drivers. BRPLY L must be negated
100 ns maximum prior to removal of read data. The bus master responds
to the negated BRPLY L by negating BSYNC L.

Conditions for the next BSYNC L assertion are as follows:
¢ BSYNC L must remain negated for 200 ns minimum.

¢ BSYNC L must not become asserted within 300 ns of previous BRPLY
L negation.

Figure C—2 shows DATI bus cycle timing.

NOTE

Continuous assertion of BSYNC L retains control of the bus by the
bus master, and the previously addressed slave device remains
selected. This is done for DATIO(B) bus cycles where DATO or
DATOB follows a DATI without BSYNC L negation and a second
device addressing operation. Also, a slow slave device can hold
off data transfers to itself by keeping BRPLY L asserted, which
causes the master to keep BSYNC L asserted.

DATOB

DATOB, shown in Figure C-3, is a write operation. Data is transferred in
32-bit words (DATO) or 8-bit bytes (DATOB) from the bus master to the
slave device. The data transfer output can occur after the addressing part
of a bus cycle when BWTBT L has been asserted by the bus master, or
immediately following an input transfer part of a DATIOB bus cycle.
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TRoAL (@) X TADDR (@) X R DATA X (@

100 ns 200 ns __I
150 ns 7] MINIMUM[*— MAXIMUM
TSYNC MINIMUM

200 ns MINIMUM——————————»

CLOCK DATA
100 NS MINIMUM —» fe—— 200 ns MINIMUM. 200 ns
8 uS MAXIMUM [*— MINIMUM —¥
T DIN /

R RPLY

300 ns MINIMUM—————{

150 ns
MINIMUM ol l-—'100nsM|NIMUM

x 4
TWTBT (4} ,( (4)

TIMING AT MASTER DEVICE

R/TDAL (4 X R ADDR x {4) X T DATA X 4)

!

.
T8S7

25ns 100 ns MAXIMUM
— miNMoM ] [e— 125 ns MAXIMUM —o4 ln— 0Ons MINIMUM
R SYNC / Ons \ /
MINIMUM
le— 75ns le——200 ns. MINIMUM: 150 ns
MINIMUM MIMIMUM ]
R DIN \
X 300 ns MINSMUM —nnf
T RPLY
—-I le— 75ns MINIMUM
R BS7 (4 X % [C]
- 25 ns MINIMUM
RWTBT (4) A {4

TIMING AT SLAVE DEVICE

NOTES:
1. TIMING SHOWN AT MASTER AND SLAVE DEVICE 3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT
BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS. SIGNAL NAMES INCLUDE A “B"” PREFIX.
2. SIGNAL NAME PREFIXES ARE DEFINED BELQW: 4. DON'T CARE CONDITION.

T =8US DRIVER INPUT
R = BUS RECEIVER OUTPUT

MRA.6037
MA.1084.87

Figure C-2 DATI Bus Cycle Timing
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BUS MASTER SLAVE
(PROCESSOR OR DEVICE) (MEMORY OR DEVICE)

ADDRESS DEVICE/MEMORY
ASSERT BDAL <21:00> L WITH
ADDRESS AND
ASSERT BBS7 L IF ADDRESS IS
IN THE 1/0 PAGE
ASSERT BWTBT L (WRITE
CYCLE)

ASSERT BSYNC L

—
—
—_—
-~
DECODE ADDRESS
TORE DEVICE SELE
s CE SELECTED
_— OPERATION
/
—
-~ -
OUTPUT DATA
REMOVE THE ADDRESS FROM
BDAL <21:00> L AND NEGATE BBS7 L
NEGATE BWTBT L UNLESS DATOB
PLACE DATA ON BDAL < 15:00> L
ASSERT BDOUT L —_—
—_—
T -
TAKE DATA
RECEIVE DATA FROM BDAL
LINES
o ASSERT BRPLY L
/ /
-—
TERMINATE QUTPUT TRANSFER
NEGATE BDOUT L (AND BWTBT L
IF IN ADATOB BUS CYCLE)
REMOVE DATA FROM BDAL <15:00> L\
—_—
—_—
_—
OPERATION COMPLETED
NEGATE BRPLY L
e —_ -
/

TERMINATE BUS CYCLE -«
NEGATE BSYNC L

MR-6029
MA-1081.87

Figure C-3 DATO or DATOB Bus Cycle
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The data transfer part of a DATOB bus cycle comprises a data setup and
deskew time and a data hold and deskew time.

During the data setup and deskew time, the bus master outputs the data
on BDAL<15:00> L at least 100 ns after BSYNC L assertion. BWTBT L
remains negated for the length of the bus cycle. If the transfer is a byte
transfer, BWTBT L remains asserted. If it is the output of a DATIOB,
BWTBT L becomes asserted and lasts the duration of the bus cycle.

During a byte transfer, BDAL<00> L selects the high or low byte. This
occurs in the addressing part of the cycle. If asserted, the high byte
(BDAL<15:08> L) is selected; otherwise, the low byte (BDAL<07:00> L)
is selected. An asserted BDAL 16 L at this time forces a parity error to
be written into memory if the memory is a parity-type memory. BDAL
17 L is not used for write operations. The bus master asserts BDOUT L
at least 100 ns after BDAL and BDWTBT L bus drivers are stable. The
slave device responds by asserting BRPLY L within 10 ps to avoid bus
timeout. This completes the data setup and deskew time.

During the data hold and deskew time, the bus master receives BRPLY
L and negates BDOUT L, which must remain asserted for at least 150
ns from the receipt of BRPLY L before being negated by the bus master.
BDAL<17:00> L bus drivers remain asserted for at least 100 ns after
BDOUT L negation. The bus master then negates BDAL inputs.

During this time, the slave device senses BDOUT L negation. The data is
accepted and the slave device negates BRPLY L. The bus master responds
by negating BSYNC L. However, the processor does not negate BSYNC L
for at least 175 ns after negating BDOUT L. This completes the DATOB
bus cycle. Before the next cycle, BSYNC L must remain unasserted for at
least 200 ns. Figure C—4 shows DATOB bus cycle timing.

DATIOB

The protocol for a DATIOB bus cycle is identical to the addressing and
data transfer part of the DATI and DATOB bus cycles, and is shown in
Figure C-5. After addressing the device, a DATI cycle is performed as
explained earlier; however, BSYNC L is not negated. BSYNC L remains
active for an output word or byte transfer (DATOB). The bus master
maintains at least 200 ns between BRPLY L negation during the DATI
cycle and BDOUT L assertion. The cycle is terminated when the bus
master negates BSYNC L, as described for DATOB. Figure C-6 illustrates
DATIOB bus cycle timing.
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r— 0 ns MINIMUM

= Mo X o T @
150 ns
I‘MINIMUM "— 100 ns MINIMUM —

T SYNC /

le— 84S le— 175ns 200 ns MINIMUM—e
MAXIMUM MINIMUM
TDOUT /
150 ns MINIMUM—-I L— 300 ns MINIMUM——
R RPLY
> ‘.—- 100 ns MINIMUM
T BS7 4) x “@

—.I le— 150 ns MINIMUM

T WTBT 4) ASSERTION = BYTE x @)

150ns ) L-N)Onswmmum ——I 100ns

MINIMUM MINIMUM
TIMING AT MASTER DEVICE

R DAL {4) x R ADDR X R DATA x (4)

—al 25 ns MINIMUM — L— 25 ns MINIMUM
R SYNC / \ /
s J 2505 MINIMUM |y 100 ns MINIMUM—-L150ns MINIMUM-»]
ns
MINIMUM [* \
R DOUT N
150 ns
le— 300 ns MINIMUM———
o} 25 ns MINIMUM
TRALY MINIMUM
75ns
MINIMUM
R BS7 (4 X ‘X 4
25ns MINIMUMJ L — r— 25 ns MINIMUM
RWTBT 4 \/ ASSERTION = BYTE x (L)
75ns g L— 25 ns MINIMUM
MINIMUM
TIMING AT SLAVE DEVICE
NOTES:
1. TIMING SHOWN AT MASTER AND SLAVE DEVICE 3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT

BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS. SIGNAL NAMES INCLUDE A “B"” PREFIX.

2.SIGNAL NAME PREFIXES ARE DEFINED BELOW: 4. DON'T CARE CONDITION.
T =BUS DRIVER INPUT
R = BUS RECEIVER QUTPUT

MR.1179
MA-1080-87

Figure C-4 DATO or DATOB Bus Cycle Timing
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BUS MASTER SLAVE
(PROCESSOR OR DEVICE) (MEMORY OR DEVICE)

ADDRESS DEVICE/MEMORY
ASSERT BDAL <21:00> L WITH
ADDRESS
ASSERT BBS7 L. IF THE
ADDRESS IS IN THE 1/O PAGE
ASSERT BSYNC L

= =" DECODE ADDRESS
STORE DEVICE SELECTED

- OPERATION
- -
REQUEST DATA
REMOVE THE ADDRESS FROM
BDAL <21:00> L
ASSERT BDIN L —_———
T TT™™ INPUT DATA
PLACE DATA ON BDAL < 15:00> L
ASSERT BRPLY L
TERMINATE INPUT TRANSFER -
ACCEPT DATA AND RESPOND BY
TERMINATING BDIN L
— — —~— -
— ‘
COMPLETE INPUT TRANSFER
REMOVE DATA
NEGATE BRPLY L
—" - -
OUTPUT DATA il
PLACE OUTPUT DATA ON BDAL < 15:00 > L
(ASSERT BWTBT L IF AN OUTPUT
BYTE TRANSFER)
ASSERT BDOUT L -
— — \.‘
TAKE DATA
RECEIVE DATA FROM BDAL LINES
ASSERT BRPLY L
- /’
-~ -
TERMINATE OUTPUT TRANSFER
REMOVE DATA FROM BDAL LINES
NEGATE BDOUT L -
— — .
—
OPERATION COMPLETED
NEGATE BRPLY L
— -— - -

TERMINATE BUS CYCLE
NEGATE BSYNC L
(AND BWTBT L IFIN
A DATIOB BUS CYCLE)

MR-6030
MA-1082-87

Figure C-5 DATIO or DATIOB Bus Cycle
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‘-l I._ 150 ns MINIMUM —-1 I- 0 ns MINIMUM
R/TDAL (4 )(TADDR)( (@) X R DATA X (4 T DATA >< (4)

1 T
MTI\?TOMr:jM_’ [ — 200 ns MAXIMUM —o L— 100 ns MINIMUM

TSYNC J
100 ns MINIMUM 150 ns 176 ns

l' [*MINIMURT]MINIMUM
be— 200 ns
T DOUT MINIMUM 7/ \ \
[ 200ms
MINIMUM
TDIN /

200 ns
MINIMUM &

300 ns
MINIMUM ™1
R RPLY
150 ns l—
MINIMUM
Tes? >(
e 100 ns MINIMUM 100 ns MINIMUM— r—-
TWTBT (4>\‘ @ X ASSERTION = BYTE X (4
—-I le— 150 ns MINIMUM

TIMING AT MASTER DEVICE

RT/DAL (4 x R ADDR X {4) X T DATA x 4 x R DATA x )

25 ns L_
™ MINIMUM I l ~| be—25 ns MINIMUM
RSYNC 4 >} 100ms
MAXIMUM
100 ns
le— 75 ns MINIMUM 25 ns MINIMUM jo— = MmINIMUM
| 125ns 150 ns le—
R DOUT MAXIMUM / R MINIMUM
le- 150 ns MINIMUM—o
R DIN

150 ns 300 ns
“— minimum ™ MINMUM
TRPLY

r&— 75 ns MINIMUM

- XX
>\—>

|
fe— 75 ns MINIMUM 4-’ l— 25 nsMINIMUM — 25 ns MINIMUM

R WTBT (4), (4) X ASSERTION = BYTE X (4)
25 ns MINIMUM
TIMING AT SLAVE DEVICE
NOTES:
1. TIMING SHOWN AT REQUESTING DEVICE 3.BUS DRIVER OUTPUT AND BUS RECEIVER INPUT
BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS SIGNAL NAMES INCLUDE A “B” PREFIX.
2.SIGNAL NAME PREFIXES ARE DEFINED BELOW: 4. DON'T CARE CONDITION.

T = BUS DRIVER INPUT
R = BUS RECEIVER QUTPUT

MR 6036
MA-1060-87

Figure C-6 DATIO or DATIOB Bus Cycle Timing
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C.4 Direct Memory Access

The direct memory access (DMA) capability allows direct data transfer
between I/O devices and memory. This is useful when using mass storage
devices (for example, disks) that move large blocks of data to and from
memory. A DMA device needs to be supplied with only the starting
address in memory, the starting address in mass storage, the length

of the transfer, and whether the operation is read or write. When this
information is available, the DMA device can transfer data directly to or
from memory. Since most DMA devices must perform data transfers in
rapid succession or lose data, DMA devices are given the highest priority.

DMA is accomplished after the processor (normally bus master) has
passed bus mastership to the highest priority DMA device that is
requesting the bus. The processor arbitrates all requests and grants the
bus to the DMA device electrically closest to it. A DMA device remains
bus master until it relinquishes its mastership. The following control
signals are used during bus arbitration:

¢ BDMGI L DMA grant input

¢« BDMGO L DMA grant output

e BDMR L DMA request line

¢ BSACK L bus grant acknowledge

C.4.1 DMA Protocol

A DMA transaction can be divided into the following three phases:
* Bus mastership acquisition phase

* Data transfer phase

¢ Bus mastership relinquishment phase

During the bus mastership acquisition phase, a DMA device requests
the bus by asserting BDMR L. The processor arbitrates the request and
initiates the transfer of bus mastership by asserting BDMGO L.

The maximum time between BDMR L assertion and BDMGO L assertion
is DMA latency. This time is processor-dependent. BDMGO L/BDMGI L
is one signal that is daisy-chained through each module in the backplane.
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It is driven out of the processor on the BDMGO L pin, enters each module
on the BDMGI L pin, and exits on the BDMGO L pin. This signal passes
through the modules in descending order of priority until it is stopped by
the requesting device. The requesting device blocks the output of BMDGO
L and asserts BSACK L. If BDMR L is continuously asserted, the bus
hangs.

During the data transfer phase, the DMA device continues asserting
BSACK L. The actual data transfer is performed as described earlier.

The DMA device can assert BSYNC L for a data transfer 250 ns minimum
after it received BDMGI L and its BSYNC L bus receiver is negated.

During the bus mastership relinquishment phase, the DMA device gives
up the bus by negating BSACK L. This occurs after completing (or
aborting) the last data transfer cycle (BRPLY L negated). BSACK L
can be negated up to a maximum of 300 ns before negating BSYNC L.

NOTE

If multiple data transfers are performed during this phase,
consideration must be given to the use of the bus for other system
functions, such as memory refresh (if required).

Figure C—7 shows the DMA protocol, and Figure C—8 shows DMA
request/grant timing.

C.4.2 Block Mode DMA

For increased throughput, block mode DMA can be implemented on a
device for use with memories that support this type of transfer. In a block
mode transaction, the starting memory address is asserted, followed by
data for that address, and data for consecutive addresses.

By eliminating the assertion of the address for each data word, the
transfer rate is almost doubled.

There are two types of block mode transfers, DATBI (input) and DATBO
(output). The DATBI bus cycle is described in Section C.4.2.1 and
illustrated in Figure C-9.

The DATBO bus cycle is described in Section C.4.2.2 and illustrated in
Figure C-10.
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PROCESSOR BUS MASTER
MEMORY IS SLAVE CONTROLLER

REQUEST BUS

e ASSERT BDMR L
GRANT BUS CONTROL Ve
NEAR THE END OF THE -
CURRENT BUS CYCLE e
(BRPLY L IS NEGATED)
ASSERT BDMGO L AND
INHIBIT NEW PROCESSOR
GENERATED BSYNC L FOUR

THE DURATION OF THE N N
DMA OPERATION ~
ACKNOWLEDGE BUS
X\ MASTERSHIP
_ RECEIVE BDMG
) WAIT FOR NEGATION OF
~ BSYNC L AND BRPLY L
v ASSERT BSACK L
% NEGATE BDMR L
TERMINATE GRANT ~
SEQUENCE
NEGATIVE BDMGO L AND
WAIT FOR DMA OPERATION
TO BE COMPLETED
EXECUTE A DMA DATA
TRANSFER
MONITOR TRANSACTION TO ADDRESS MEMORY AND
:"AV::I'ED:ITTE CACHEIF  ~ TRANSFER UP TO 4 WORDS
~ OF DATA AS DESCRIBED
> FOR DAT! OR DATO BUS
W CYCLES
RELEASE THE BUS BY
TERMINATING BSACK L
RESUME PROCESSOR _ 7 (NO SOONER THAN
OPERATION e NEGATION OF LAST BRPLY L)
ENABLE PROCESSOR g AND BSYNC L
GENERATED BSYNC L
(PROCESSOR IS BUS
MASTER) OR ISSUE WAIT FOUR uS OR UNTIL
ANOTHER GRANT IF BDMR ANOTHER FIFO TRANSFER
L IS ASSERTED IS PENDING BEFORE

REQUESTING BUS AGAIN

MA-X0059-80A

Figure C-7 DMA Protocol
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SECOND
REQUEST
—-' le— DMA LATENCY
Lot and ey anl ol ol S syt Ay S 4 e aae
T DMR VA A A A A A A A A AR Ay
Lo, Lot [ L [ [ L /v L
— L— 0 ns MINIMUM
——— ——
R DMG
L
T SACK N
250 ns MINIMUM—#| I-— —ﬂ le— 300 ns MAXIMUM
R/T SYNC \\ \ \ \ \
l-— 250 ns MINIMUM Ons MINIMUM—CI fe—
300 ns MINIMUM!
R/T RPLY \\ \ \ / \
— 0ns MINIMUM
— 1 MAXIMUM
—.1 ‘: Ons MINIMUM I 00 s MAXIMU
T DAL A ADDR X DATA \
(ALSO BS7,
WTBT, REF)
NOTES:

1. TIMING SHOWN AT REQUESTING DEVICE BUS DRIVER
INPUTS AND BUS RECEIVER OUTPUTS,

2.SIGNAL NAME PREFIXES ARE DEFINED BELOW:

T = BUS DRIVER INPUT
R = BUS RECEIVER QUTPUT

Figure C-8 DMA Request/Grant Timing

3. BUS DRIVER QUTPUT AND BUS RECEIVER INPUT
SIGNAL NAMES INCLUDE A “B” PREFIX.

MmA.3890
MA-1078.87
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Ons
T DMR nin
R DMG
T SACK 0‘{|sL
min
T ADDR R DATA R DATA
R DAL T A0oR XA NNAX R \
RIT 150 ns fe—te—{ 100 ns min
SYNC ;S S } min. / 150 ns \__
< 100ns  —* minl‘— —
T DIN / 200 ns max
min
R RPLY—“

R REF — I._50nsrnax —»! |«—50nsmax

T BS7 J
A AAAA R\ UV ALL LA RLARARRRRARARRRRNNY

TIMING AT MASTER DEVICE
T = BUS DRIVER INPUT
R = BUS RECEIVER OUTPUT

ST )\ EET3 NN\, S
— l¢— 125 ns max — 100 ns max

R DIN

[

T RPLY

T REF \—

R BS7 —_/ \
S \\U/ (I R LR VA RARRRRRRRRARRR RS

TIMING AT SLAVE DEVICE :
T = BUS DRIVER INPUT
R = BUS RECEIVER OUTPUT

MA-1088-87,

Figure C-9 DATBI Bus Cycle Timing
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0 ns

T DMR min 1

R DMG

Ons \
T SACK i

T ADDR ><| T DATA T DATA >
T DAL
R/T SYNG 150 ns [100 ns|
min min
m_ 100 | toons| | 100] [o300ms
max
ns ns
|
T DOUT 150 ns
min l
R RPLY
R REF f
UNDEFINED
TBS? /
T WTBT J \

TIMING AT MASTER DEVICE
T = BUSDRIVER'INPUT
R = BUS RECEIVER OUTPUT

o DAL A raoor X R DATA X R DATA A
R SYNC ———/ —-‘ 0 ns min \__—

R DOUT

T RPLY

T REF \———
AN

/ UNDEFINED

R BS7

R WTBT ——/—_—\

TIMING AT SLAVE DEVICE

T = BUS DRIVER INPUT
R = BUS RECEIVER QUTPUT

MA-1087-87

Figure C—10 DATBO Bus Cycle Timing
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C.4.2.1 DATBI Bus Cycle

Before a DATBI block mode transfer can occur, the DMA bus master
device must request control of the bus. This occurs under conventional
Q22-bus protocol.

A block mode DATBI transfer is executed as follows:

* Address device memory—the address is asserted by the bus master
on TADDR<21:00> along with the negation of TWTBT. The bus master
asserts TSYNC 150 ns minimum after gating the address onto the
bus.

¢ Decode address—the appropriate memory device recognizes that it
must respond to the address on the bus.

* Request data-the address is removed by the bus master from
TADDR<21:00> 100 ns minimum after the assertion of TSYNC. The
bus master asserts the first TDIN 100 ns minimum after asserting
TSYNC. The bus master asserts TBS7 50 ns maximum after asserting
TDIN for the first time. TBS7 remains asserted until 50 ns maximum
after the assertion of TDIN for the last time. In each case, TBS7 can
be asserted or negated as soon as the conditions for asserting TDIN
are met. The assertion of TBS7 indicates the bus master is requesting
another read cycle after the current read cycle.

¢ Send data-the bus slave asserts TRPLY 0 ns minimum (8000 ns
maximum to avoid a bus timeout) after receiving RDIN. The bus slave
asserts TREF concurrent with TRPLY if, and only if, it is a block
mode device which can support another RDIN after the current RDIN.
The bus slave gates TDATA<15:00> onto the bus 0 ns minimum after
receiving RDIN and 125 ns maximum after the assertion of TRPLY.

NOTE
Block mode transfers must not cross 16-word boundaries.

¢ Terminate input transfer-the bus master receives stable
RDATA<15:00> from 200 ns maximum after receiving RRPLY until
20 ns minimum after the negation of RDIN. (The 20 ns minimum
represents total minimum receiver delays for RDIN at the slave and
RDATA<15:00> at the master.) The bus master negates TDIN 200 ns
minimum after receiving RRPLY.
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Operation completed—the bus slave negates TRPLY 0 ns minimum
after receiving the negation of RDIN. If RBS7 and TREF are both
asserted when TRPLY negates, the bus slave prepares for another
DIN cycle. RBS7 is stable from 125 ns after RDIN is received until
150 ns after TRPLY negates. If TBS7 and RREF were both asserted
when TDIN negated, the bus master asserts TDIN 150 ns minimum
after receiving the negation of RRPLY and continues with the timing
relationship in send data above. RREF is stable from 75 ns after
RRPLY asserts until 20 ns minimum after TDIN negates. (The 0 ns
minimum represents total minimum receiver delays for RDIN at the
slave and RREF at the master.)

NOTE

The bus master must limit itself to not more than eight
transfers unless it monitors RDMR. If it monitors RDMR,
it may perform up to 16 transfers as long as RDMR is not
asserted at the end of the seventh transfer.

Terminate bus cycle—if RBS7 and TREF were not both asserted
when TRPLY negated, the bus slave removes TDATA<15:00> from
the bus 0 ns minimum and 100 ns maximum after negating TRPLY.
If TBS7 and RREF were not both asserted when TDIN negated, the
bus master negates TSYNC 250 ns minimum after receiving the last
assertion of RRPLY and 0 ns minimum after the negation of that
RRPLY.

Release the bus—the DMA bus master negates TSACK 0 ns after
negation of the last RRPLY. The DMA bus master negates TSYNC
300 ns maximum after it negates TSACK. The DMA bus master must
remove RDATA<15:00>, TBS7, and TWTBT from the bus 100 ns
maximum after clearing TSYNC.

At this point the block mode transfer is complete, and the bus arbitration
logic in the CPU enables processor-generated TSYNC or issues another
bus grant (TDMGO) if RDMR is asserted.

C.4.2.2 DATBO Bus Cycle

Before a block mode transfer can occur, the DMA bus master device
must request control of the bus. This occurs under conventional Q22-bus
protocol.

A Block mode DATBO transfer is executed as follows:

Address device memory-the address is asserted by the bus master
on TADDR<21:00> along with the aasertion of TWTBT. The bus
master asserts TSYNC 150 ns minimum after gating the address onto
the bus.
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Decode address—the appropriate memory device recognizes that it
must respond to the address on the bus.

Send data-the bus master gates TDATA<15:00> along with TWTBT
100 ns minimum after the assertion of TSYNC. TWTBT is negated.
The bus master asserts the first TDOUT 100 ns minimum after gating
TDATA<15:00>.

NOTE
During DATBO cycles, TBS7 is undefined.

Receive data—the bus slave receives stable data on RDATA<15:00>
from 25 ns minimum before receiving RDOUT until 25 ns minimum
after receiving the negation of RDOUT. The bus slave asserts TRPLY
0 ns minimum after receiving RDOUT. The bus slave asserts TREF
concurrent with TRPLY if, and only if, it is a block mode device which
can support another RDOUT after the current RDOUT.

NOTE
Block mode transfers must not cross 16-word boundaries.

Terminate output transfer—the bus master negates TDOUT 150 ns
minimum after receiving RRPLY.

Operation completed—the bus slave negates TRPLY 0 ns minimum
after receiving the negation of RDOUT. If RREF was asserted
when TDOUT negated and if the bus master wants to transfer
another word, the bus master gates the new data on TDATA<15:00>
100 ns minimum after negating TDOUT. RREF is stable from

75 ns maximum after RRPLY asserts until 20 ns minimum after
RDOUT negates. (The 20 ns minimum represents minimum receiver
delays for RDOUT at the slave and RREF at the master). The bus
master asserts TDOUT 100 ns minimum after gating new data on
TDATA<15:00> and 150 ns minimum after receiving the negation of
RRPLY. The cycle continues with the timing relationship in receive
data above.

NOTE

The bus master must limit itself to not more than 8 transfers
unless it monitors RDMR. If it monitors RDMR, it may perform
up to 16 transfers as long as RDMR is not asserted at the end
of the seventh transfer.
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Terminate bus cycle—if RREF was not asserted when RRPLY
negated or if the bus master has no additional data to transfer, the
bus master removes data on TDATA<15:00> from the bus 100 ns
minimum after negating TDOUT. If RREF was not asserted when
TDOUT negated, the bus master negates TSYNC 275 ns minimum
after receiving the last RRPLY and 0 ns minimum after the negation
of the last RRPLY.

Release the bus—-the DMA bus master negates TSACK 0 ns after
negation of the last RRPLY. The DMA bus master negates TSYNC
300 ns maximum after it negates TSACK. The DMA bus master must
remove TDATA, TBS7, and TWTBT from the bus 100 ns maximum
after clearing TSYNC.

At this point the block mode transfer is complete, and the bus arbitration
logic in the CPU enables processor-generated TSYNC or issues another
bus grant (TDMGQO) if RDMR is asserted.

C.4.3 DMA Guidelines
The following is a list of DMA guidelines:

Systems with memory refresh over the bus must not include devices
that perform more than one transfer per acquisition.

Bus masters that do not use block mode are limited to four DATI, four
DATO, or two DATIO transfers per acquisition.

Block mode bus masters that do not monitor BDMR are limited to
eight transfers per acquisition.

If BDMR is not asserted after the seventh transfer, block mode bus
masters that do monitor BDMR may continue making transfers
until the bus slave fails to assert BREF, or until they reach the total
maximum of 16 transfers. Otherwise, they stop after eight transfers.
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C.5 Interrupts

The interrupt capability of the Q22-bus allows an I/O device to
temporarily suspend (interrupt) current program execution and divert
processor operation to service the requesting device. The processor inputs
a vector from the device to start the service routine (handler). Like the
device register address, hardware fixes the device vector at locations
within a designated range below location 001000. The vector indicates the
first of a pair of addresses. The processor reads the contents of the first
address, the starting address of the interrupt handler. The contents of the
second address is a new processor status word (PS).

The new PS can raise the interrupt priority level, thereby preventing
lower-level interrupts from breaking into the current interrupt service
routine. Control is returned to the interrupted program when the
interrupt handler is ended. The original interrupted program’s address
(PC) and its associated PS are stored on a stack. The original PC and
PS are restored by a return from interrupt (RTI or RTT) instruction at
the end of the handler. The use of the stack and the Q22-bus interrupt
scheme can allow interrupts to occur within interrupts (nested interrupts),
depending on the PS.

Interrupts can be caused by Q22-bus options or the MicroVAX CPU. Those
interrupts that originate from within the processor are called traps. Traps
are caused by programming errors, hardware errors, special instructions,
and maintenance features.

The following Q22-bus signals are used in interrupt transactions:

Signal Definition

BIRQ4 L Interrupt request priority level 4
BIRQ5 L Interrupt request priority level 5
BIRQ6 L Interrupt request priority level 6
BIRQ7 L Interrupt request priority level 7
BIAKI L Interrupt acknowledge input
BIAKO L Interrupt acknowledge output
BDAL<21:00> Data/address lines

BDIN L Data input strobe

BRPLY L Reply
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C.5.1 Device Priority
The Q22-bus supports the following two methods of device priority:

¢ Distributed arbitration — priority levels are implemented on the
hardware. When devices of equal priority level request an interrupt,
priority is given to the device electrically closest fo the processor.

¢ Position-defined arbitration — priority is determined solely by
electrical position on the bus. The closer a device is to the processor,
the higher its priority is.

C.5.2 Interrupt Protocol

Interrupt protocol on the Q22-bus has three phases:
* Interrupt request

¢ Interrupt acknowledge and priority arbitration
* Interrupt vector transfer phase

The interrupt request phase begins when a device meets its specific
conditions for interrupt requests. For example, the device is ready,
done, or an error occurred. The interrupt enable bit in a device status
register must be set. The device then initiates the interrupt by asserting
the interrupt request line(s). BIRQ4 L is the lowest hardware priority
level and is asserted for all interrupt requests for compatibility with
previous Q22-bus processors. The level at which a device is configured
must also be asserted. A special case exists for level 7 devices that must
also assert level 6. The following list gives the interrupt levels and the
corresponding Q22-bus interrrupt request lines. For an explanation, refer
to Section C.5.3.

Interrupt Level Lines Asserted by Device
4 BIRQ4 L

5 BIRQ4 L, BIRQ5 L

6 BIRQ4 L, BIRQ6 L

7 BIRQ4 L, BIRQ6 L, BIRQ7 L

Figure C-11 shows the interrupt request/acknowledge sequence.
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PROCESSOR DEVICE

INITIATE REQUEST
—— ASSERT BIRQ L

/ /
—
STROBE INTERRUPTS -
ASSERT BDIN L —_—
T——
—_—
—
‘ RECEIVE BDIN L
STORE “INTERRUPT SENDING”
L IN DEVICE
GRANT REQUEST
PAUSE AND ASSERT BIAKO L~
—_
—_—
RECEIVE BIAKI L
RECEIVE BIAKI L AND INHIBIT
BIAKO L
PLACE VECTOR ON BDAL < 15:00> L
ASSERT BRPLY L
- NEGATEBIRQL
/
p—— -
-
RECEIVE VECTOR AND
TERMINATE REQUEST
INPUT VECTOR ADDRESS
NEGATE 8DIN L AND BIAKO L
—_—
—
~-
COMPLETE VECTOR TRANSFER
REMOVE VECTOR FROM BDAL BUS
___ NEGATEBRPLYL
—
/ /
-

PROCESS THE INTERRUPT
SAVE INTERRUPTED PROGRAM
PC AND PS ON STACK
LOAD NEW PC AND PS FROM
VECTOR ADDRESSED LOCATION
EXECUTE INTERRUPT SERVICE
ROUTINE FOR THE DEVICE

MR-1182
MA-1065-87

Figure C-11 Interrupt Request/Acknowledge Sequence
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The interrupt request line remains asserted until the request is
acknowledged.

During the interrupt acknowledge and priority arbitration phase, the
processor acknowledges interrupts under the following conditions:

* The device interrupt priority is higher than the current PS<7:5>.

¢ The processor has completed instruction execution and no additional
bus cycles are pending.

The processor acknowledges the interrupt request by asserting BDIN L,
and 150 ns minimum later asserting BIAKO L. The device electrically
closest to the processor receives the acknowledge on its BIAKI L bus
receiver.

At this point, the two types of arbitration must be discussed separately.
If the device that receives the acknowledge uses the four-level interrupt
scheme, it reacts as follows:

¢ If not requesting an interrupt, the device asserts BIAKO L and the
acknowledge propagates to the next device on the bus.

e If the device is requesting an interrupt, it must check that no higher-
level device is currently requesting an interrupt. This is done by
monitoring higher-level request lines. The following table lists the
lines that need to be monitored by devices at each priority level:

Device Priority Level Line(s) Monitored

4 BIRQS5, BIRQ6
5 BIRQ6
6 BIRQ7
7
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In addition to asserting levels 7 and 4, level 7 devices must drive level
6. This is done to simplify the monitoring and arbitration by level 4
and 5 devices. In this protocol, level 4 and 5 devices need not monitor
level 7 because level 7 devices assert level 6. Level 4 and 5 devices
become aware of a level 7 request because they monitor the level 6
request. This protocol has been optimized for level 4, 5, and 6 devices,
since level 7 devices are very seldom necessary.

* If no higher-level device is requesting an interrupt, the acknowledge
is blocked by the device. (BIAKO L is not asserted.) Arbitration logic
within the device uses the leading edge of BDIN L to clock a flip-fiop
that blocks BIAKO L. Arbitration is won and the interrupt vector
transfer phase begins.

¢ If a higher-level request line is active, the device disqualifies itself
and asserts BLAKO L to propagate the acknowledge to the next device
along the bus.

Signal timing must be considered carefully when implementing four-level
interrupts (Figure C-12).

INTERRUPT LATENCY
'l MINUS SERVICE TIME ~

150 ns M|NIMUM—-|

5,
[

TIRQ

R 1AKI

TRPLY J\

125 ns MAXIMUM —s] f— =100 ns MAXIMUM
T DAL (4) )( VECTOR >< @
R SYNC (UNASSERTED)
R BS7 (UNASSERTED)
NOTES:
1. TIMING SHOWN AT REQUESTING DEVICE BUS DRIVER 3.BUS DRIVER OUTPUT AND BUS RECEIVER INPUT
INPUTS AND BUS RECEIVER OUTPUTS. SIGNAL NAMES INCLUDE A “B” PREFIX.
2.SIGNAL NAME PREFIXES ARE DEFINED BELOW: 4. DON'T CARE CONDITION.

T =BUS DRIVER INPUT
R =8US RECEIVER OUTPUT

MR.1183
MA-1076-87

Figure C-12 Interrupt Protocol Timing
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If a single-level interrupt device receives the acknowledge, it reacts as
follows:

* If not requesting an interrupt, the device asserts BIAKO L and the
acknowledge propagates to the next device on the bus.

* If the device was requesting an interrupt, the acknowledge is blocked
using the leading edge of BDIN L, and arbitration is won. The
interrupt vector transfer phase begins.

The interrupt vector transfer phase is enabled by BDIN L and BIAKI L.
The device responds by asserting BRPLY L and its BDAL<15:00> L bus
driver inputs with the vector address bits. The BDAL bus driver inputs
must be stable within 125 ns maximum after BRPLY L is asserted. The
processor then inputs the vector address and negates BDIN L and BIAKO
L. The device then negates BRPLY L and 100 ns maximum later removes
the vector address bits. The processor then enters the device’s service
routine.

NOTE

Propagation delay from BIAKI L to BIAKO L must not be greater
than 500 ns per Q22-bus slot. The device must assert BRPLY L
within 10 ps maximum after the processor asserts BIAKI L.

C.5.3 Q22-bus Four-Level Interrupt Configurations

If you have high-speed peripherals and desire better software
performance, you can use the four-level interrupt scheme. Both position-
independent and position-dependent configurations can be used with the
four-level interrupt scheme.

Figure C~13 shows the position-independent configuration. This allows
peripheral devices that use the four-level interrupt scheme to be placed
in the backplane in any order. These devices must send out interrupt
requests and monitor higher-level request lines as described. The level 4
request is always asserted from a requesting device regardless of priority.
If two or more devices of equally high priority request an interrupt, the
device physically closest to the processor wins arbitration. Devices that
use the single-level interrupt scheme must be modified, or placed at the
end of the bus, for arbitration to function properly.
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BIAK (INTERRUPT ACKNOWLEDGE) LEVEL 4 BIAK LEVEL 6 BlAK LEVEL § BIAK LEVEL 7
DEVICE DEVICE DEVICE DEVICE

BIRQ 4 (LEVEL 4 INTERRUPT REQUEST)

BIRQ § (LEVEL 5 INTERRUPT REQUEST)

BIRQ 6 (LEVEL 6 INTERRUPT REQUEST)

BIRQ 7 (LEVEL 7 INTERRUPT REQUEST) [

MA-X0615-89

Figure C-13  Position-Independent Configuration

Figure C-14 shows the position-dependent configuration. This
configuration is simpler to implement. A constraint is that peripheral
devices must be inserted with the highest priority device located closest
to the processor, and the remaining devices placed in the backplane in
decreasing order of priority (with the lowest priority devices farthest
from the processor). With this configuration, each device has to assert
only its own level and level 4. Monitoring higher-level request lines is
unnecessary. Arbitration is achieved through the physical positioning of
each device on the bus. Single-level interrupt devices on level 4 should be
positioned last on the bus.

BIAK (INTERRUPT ACKNOWLEDGE) | LEVEL7 | BIAK | LEVEL 6 BIAK LEVEL § BIAK LEVEL 4

cru DEVICE DEVICE DEVICE DEVICE

BIRQ 4 (LEVEL 4 INTERRUPT REQUEST)

BIRQ 5 (LEVEL § INTERRUPT REQUEST) ]

BIRQ 6 (LEVEL 6 INTERRUPT REQUEST) !

BIRQ 7 (LEVEL 7 INTERRUPT REQUEST) '

MA-X0616-88

Figure C—14 Position-Dependent Configuration
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C.6 Control Functions

The following Q22-bus signals provide control functions:

Signal Definition

BREF L Memory refresh (also block mode DMA)
BHALT L Processor halt

BINIT L Initialize

BPOK H Power OK

BDCOK H DC power OK

C.6.1 Halt

Assertion of BHALT L for at least 25 ns interrupts the processor, which
stops program execution and forces the processor unconditionally into
console I/O mode.

C.6.2 Initialization

Devices along the bus are initialized when BINIT L is asserted. The
processor can assert BINIT L as a result of executing a reset instruction
as part of a power-up or power-down sequence. BINIT L is asserted for
approximately 10 ps when reset is executed.

C.6.3 Power Status

Power status protocol is controlled by two signals, BPOK H and BDCOK
H. These signals are driven by an external device (usually the power

supply).

C.7 Q22-bus Electrical Characteristics

The input and output logic levels for Q22-bus signals are given in
Section C.7.1.
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C.7.1 Signal Level Specifications
The signal level specifications for the Q22-bus are as follows:

Input Logic Level

TTL logical low 0.8 Vdc maximum
TTL logical high 2.0 Vdc minimum
Output Logic Level

TTL logical low

TTL logical high 0.4 Vdc maximum

2.4 Vdc minimum

C.7.2 Load Definition

AC loads make up the maximum capacitance allowed per signal line to
ground. A unit load is defined as 9.35 pF of capacitance. DC loads are
defined as maximum current allowed with a signal line driver asserted or
unasserted. A unit load is defined as 210 pA in the unasserted state.

C.7.3 120-Ohm Q22-bus

The electrical conductors interconnecting the bus device slots are treated
as transmission lines. A uniform transmission line, terminated in

its characteristic impedance, propagates an electrical signal without
reflections. Since bus drivers, receivers, and wiring connected to the
bus have finite resistance and nonzero reactance, the transmission

line impedance is not uniform, and introduces distortions into pulses
propagated along it. Passive components of the Q22-bus (such as wiring,
cabling, and etched signal conductors) are designed to have a nominal
characteristic impedance of 120 ochms.

The maximum length of interconnecting cable, excluding wiring within
the backplane, is limited to 4.88 m (16 ft).



C-36 Q22-bus Specification

C.7.4 Bus Drivers

Devices driving the 120-ohm Q22-bus must have open collector outputs
and meet the following specifications:

DC Specifications
¢  Output low voltage when sinking 70 mA of current is 0.7 V maximum.

*  OQutput high leakage current when connected to 3.8 Vdc is 25 pA (even
if no power is applied, except for BDCOK H and BPOK H).

* These conditions must be met at worst-case supply temperature, and
input signal levels.

AC Specifications
* Bus driver output pin capacitance load should not exceed 10 pF.
¢ Propagation delay should not exceed 35 ns.

¢ Skew (difference in propagation time between slowest and fastest
gate) should not exceed 25 ns.

¢ Transition time (from 10% to 90% for positive transition—rise time,
from 90% to 10% for negative transition—fall time) must be no faster
than 10 ns.

C.7.5 Bus Receivers

Devices that receive signals from the 120-ohm Q22-bus must meet the
following requirements:

DC Specifications
¢ Input low voltage maximum is 1.3 V.
* Input high voltage minimum is 1.7 V.

* Maximum input current when connected to 3.8 Vdc is 80 pA (even if
no power is applied).

These specifications must be met at worst-case supply voltage,
temperature, and output signal conditions.
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AC Specifications
* Bus receiver input pin capacitance load should not exceed 10 pF.
* Propagation delay should not exceed 35 ns.

¢ Skew (difference in propagation time between slowest and fastest
gate) should not exceed 25 ns.

C.7.6 Bus Termination

The 120-ohm Q22-bus must be terminated at each end by an appropriate
terminator, as shown in Figure C—~15. This is to be done as a voltage
divider with its Thevenin equivalent equal to 120 chms and 3.4

V (nominal). This type of termination is provided by an REV11-A
refresh/boot/terminator, BDV11-AA, KPV11-B, TEV1], or by certain
backplanes and expansion cards.

+ 5V

5V
178 Q@ 3302
120 250
BUS LINE BUS LINE
TERMINATION TERMINATION
383 Q2 680 2
1%

MR-6033
MA-1071-87

Figure C-15 Bus Line Terminations

Each of the several Q22-bus lines (all signals whose mnemonics start
with the letter B) must see an equivalent network with the following
characteristics at each end of the bus:

Bus Termination Characteristic Value

Input impedance 120 ohm +5%, -15%
(with respect to ground) :
Open circuit voltage 3.4 Vdc +5%

Capacitance load Not to exceed 30 pF
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NOTE

The resistive termination can be provided by the combination

of two modules. (The processor module supplies 220 ohms to
ground. This, in parallel with another 220-ohm card, provides 120
ohms.) Both terminators must reside physically within the same
backplane.

C.7.7 Bus Interconnecting Wiring

The following sections give specific information about bus interconnecting
wiring.

C.7.7.1 Backplane Wiring

The wiring that connects all device interface slots on the Q22-bus must
meet the following specifications:

¢ The conductors must be arranged so that each line exhibits a
characteristic impedance of 120 ohms (measured with respect to
the bus common return).

* Crosstalk between any two lines must be no greater than 5%. Note
that worst-case crosstalk is manifested by simultaneously driving all
but one signal line and measuring the effect on the undriven line.

* DC resistance of the signal path, as measured between the near-
end terminator and the far-end terminator module (including all
intervening connectors, cables, backplane wiring, and connector-
module etch) must not exceed 20 ohms.

* DC resistance of the common return path, as measured between the
near-end terminator and the far-end terminator module (including
all intervening connectors, cables, backplane wiring and connector-
module etch) must not exceed an equivalent of 2 ohms per signal
path. Thus, the composite signal return path dc resistance must not
exceed 2 ohms divided by 40 bus lines, or 50 millichms. Note that
although this common return path is nominally at ground potential,
the conductance must be part of the bus wiring. The specified
low impedance return path must be provided by the bus wiring as
distinguished from the common system or power ground path.
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C.7.7.2 Intrabackplane Bus Wiring

The wiring that connects the bus connector slots within one contiguous
backplane is part of the overall bus transmission line. Owing to
implementation constraints, the nominal characteristic impedance of

120 ohms may not be achievable. Distributed wiring capacitance in excess
of the amount required to achieve the nominal 120-ohm impedance may
not exceed 60 pF per signal line per backplane.

C.7.7.3 Power and Ground

Each bus interface slot has connector pins assigned for the following dc
voltages. The maximum allowable current per pin is 1.5 A, +5 Vdc must
be regulated to 5% with a maximum ripple of 100 mV pp. +12 Vdc must
be regulated to 3% with a maximum ripple of 200 mV pp.

* +5 Vdc — three pins (4.5 A maximum per bus device slot)
* +12 Vdc — two pins (3.0 A maximum per bus device slot)

* Ground — eight pins (shared by power return and signal return)

NOTE

Power is not bused between backplanes on any interconnecting
bus cables.

C.8 System Configurations
Q22-bus systems can be divided into two types:
* Systems containing one backplane

* Systems containing multiple backplanes

Before configuring any system, three characteristics for each module in
the system must be identified.

* Power consumption — +5 Vdc and +12 Vdc are the current
requirements.

® AC bus loading — the amount of capacitance a module presents to a
bus signal line. AC loading is expressed in terms of ac loads, where
one ac load equals 9.35 pF of capacitance.

¢ DC bus loading—the amount of dc leakage current a module presents
to a bus signal when the line is high (undriven). DC loading is

expressed in terms of dc loads, where one dc load equals 210 pA
(nominal).
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Power consumption, ac loading, and dc loading specifications for each
module are included in the Microcomputer Interfaces Handbook.

NOTE

The ac and dc loads and the power consumption of the processor
module, terminator module, and backplane must be included in
determining the total loading of a backplane.

Rules for configuring single-backplane systems are as follows:

When using a processor with 220-ohm termination, the bus can
accommodate modules that have up to 20 ac loads before additional
termination is required (Figure C-16). If more than 20 ac loads are
included, the other end of the bus must be terminated with 120 ohms,
and then up to 35 ac loads may be present.

With 120-chm processor termination, up to 35 ac loads can be used
without additional termination. If 120-ohm bus termination is added,
up to 45 ac leads can be configured in the backplane.

The bus can accommodate modules up to 20 dc loads (total).

The bus signal lines on the backplane can be up to 35.6 ecm (14 in.)
long.

l BACKPLANE WIRE .I
35.6 CM (14 IN) MAXIMUM

L ]

l

ONE ONE ONE | OPTIONAL
250 Q UNIT UNIT UNIT 120 &
LOAD LOAD LOAD
+ +
35 AC LOADS -
= 20 DC LOADS =
PROCESSOR TERM

Figure C-16 Single-Backplane Configuration

MR-6034
MA-1072-87
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Rules for configuring multiple backplane systems are as follows:

Figure C-17 shows that up to three backplanes can make up the
system.

The signal lines on each backplane can be up to 25.4 cm (10 in.) long.

Each backplane can accommodate modules that have up to 22 ac
loads. Unused ac loads from one backplane may not be added to
another backplane if the second backplane loading exceeds 22 ac
loads. It is desirable to load backplanes equally, or with the highest
ac loads in the first and second backplanes.

DC loading of all modules in all backplanes cannot exceed 20 loads.

Both ends of the bus must be terminated with 120 ohms. This means
the first and last backplanes must have an impedance of 120 chms.
To achieve this, each backplane can be lumped together as a single
point. The resistive termination can be provided by a combination of
two modules in the backplane — the processor providing 220 ohms to
ground in parallel with an expansion paddle card providing 250 ochms
to give the needed 120-ohm termination.

Alternately, a processor with 120-ohm termination would need no
additional termination on the paddle card to attain 120 ohms in the
first box. The 120-ochm termination in the last box can be provided

in two ways: the termination resistors may reside either on the
expansion paddle card, or on a bus termination card (such as the
BDV11).

The cable(s) connecting the first two backplanes is 61 cm (2 ft) or more
in length.

The cable(s) connecting the second backplane to the third backplane
is 122 cm (4 ft) longer or shorter than the cable(s) connecting the first
and second backplanes.

The combined length of both cables cannot exceed 4.88 m (16 ft).
The cables used must have a characteristic impedance of 120 ohms.
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MR-6035

MA-1073-87

Figure C-17 Multiple Backplane Configuration
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C.8.1 Power Supply Loading

Total power requirements for each backplane can be determined by
obtaining the total power requirements for each module in the backplane.
Obtain separate totals for +5 V and +12 V power. Power requirements for
each module are specified in the Microcomputer Interfaces Handbook.

When distributing power in multiple backplane systems, do not attempt
to distribute power through the Q22-bus cables. Provide separate,
appropriate power wiring from each power supply to each backplane.
Each power supply should be capable of asserting BPOK H and BDCOK
H signals according to bus protocol; this is required if automatic power-
fail/restart programs are implemented, or if specific peripherals require
an orderly power-down halt sequence. The proper use of BPOK H and
BDCOK H signals is strongly recommended.

C.9 Module Contact Finger Identification

Digital’s plug-in modules all use the same contact finger (pin)
identification system. A typical pin is shown in Figure C-18.

BE2

. MODULE SIDE

SLOT (ROW) IDENTIFIER IDENTIFIER

“SLOT B” “SIDE 2" (SOLDER
SIDE)

PIN IDENTIFIER
“PIN E”

MR-16553
MA-1054-87

Figure C-18 Typical Pin Identification System

The Q22-bus is based on the use of quad-height modules that plug into
a 2-slot bus connector. Each slot contains 36 lines (18 lines on both the
component side and the solder side of the circuit board).

Slots, row A, and row B include a numeric identifier for the side of the
module. The component side is designated side 1, the solder side is
designated side 2, as shown in Figure C-19.
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Figure C-19 Quad-Height Module Contact Finger ident

, I, O, and Q) identify a

particular pin on a side of a slot. Table C-7 lists and identifies the bus
pins of the quad-height module. A bus pin identifier ending with a 1

Letters ranging from A through V (excluding

is found on the component side of the board, while a bus pin identifier

ending with a 2 is found on the solder side of the board.

The positioning notch between the two rows of pins mates with a

protrusion on the connector block for correct module positioning.
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The dimensions for a typical Q22-bus module are represented in

Figure C-20.
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Figure C-20 Typical Q22-bus Module Dimensions

Table C-7 Bus Pin Identifiers

MA-1091-87

Definition

Bus Pin Signal

AAl BIRQ5 L Interrupt request priority level 5.

AB1 BIRQ6 L Interrupt request priority level 6.

AC1 BDAL16 L Extended address bit during addressing protocol;
memory error data line during data transfer
protocol.

AD1 BDAL17 L Extended address bit during addressing protocol;

memory error logic enable during data transfer

protocol.
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Table C-7 (Cont.) Bus Pin Identifiers
Bus Pin Signal Definition

AE1l SSPARE1 Special spare — not assigned or bused in
(alternate +5B) Digital’s cable or backplane assemblies.

Available for user connection. Optionally, this
pin can be used for +5 V battery (+5 B) back-
up power to keep critical circuits alive during
power failures. A jumper is required on Q22-bus
options to open (disconnect) the +5 B circuit in
systems that use this line as
SSPARE1.

AF1 SSPARE2 Special spare — not assigned or bused in
Digital’s cable or backplane assemblies.
Available for user interconnection. In the
highest priority device slot, the processor can
use this pin for a signal to indicate its run state.

AH1 SSPARE3 Special spare — not assigned or bused
SRUN simultaneously in Digital’s cable or backplane
assemblies; available for user interconnection.
An alternate SRUN signal can be connected in
the highest priority set.

AJl GND Ground — system signal ground and dc return.

AK1 MSPAREA Maintenance spare — normally connected
together on the backplane at each option location
(not a bused connection).

ALl MSPAREB Maintenance spare — normally connected
together on the backplane at each option location
(not a bused connection).

AM1 GND Ground — system signal ground and dc return.
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Table C-7 (Cont.) Bus Pin Identifiers

Bus Pin

Signal

Definition

AN1

AP1

AR1

BDMR L

BHALT L

BREF L

DMA request — a device asserts this signal

to request bus mastership. The processor
arbitrates bus mastership between itself and

all DMA devices on the bus. If the processor is
not bus master (it has completed a bus cycle and
BSYNC L is not being asserted by the processor),
it grants bus mastership to the requesting device
by asserting BDMGO L. The device responds by
negating BDMR L and asserting BSACK L.

Processor halt — when BHALT L is asserted
for at least 25 ns, the processor services the
halt interrupt and responds by halting normal
program execution. External interrupts are
ignored but memory refresh interrupts in Q22-
bus operations are enabled if W4 on the M7264
and M7264-YA processor modules is removed
and DMA request/grant sequences are enabled.
The processor executes the ODT microcode, and
the console device operation is invoked.

Memory refresh — asserted by a DMA device.
This signal forces all dynamic MOS memory
units requiring bus refresh signals to be
activated for each BSYNC L/BDIN L bus
transaction. It is also used as a control signal
for block mode DMA.

CAUTION

The user must avoid multiple DMA data
transfers (burst or hot mode) that could
delay refresh operation if using DMA
refresh. Complete refresh cycles must
occur once every 1.6 ms if required.
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Table C-7 (Cont.) Bus Pin Identifiers
Bus Pin Signal Definition

AS1 +12Bor+5B +12 Vdc or +5 V battery back-up power to keep
critical circuits alive during power failures. This
signal is not bused to BS1 in all of Digital’s
backplanes. A jumper is required on all Q22-bus
options to open (disconnect) the backup circuit
from the bus in systems that use this line at the
alternate voltage.

AT1 GND Ground — system signal ground and dc return.

AUl PSPARE 1 Spare — not assigned. Customer usage not
recommended. Prevents damage when modules
are inserted upside down.

AVl +5B +5 V battery power — secondary +5 V power
connection. Battery power can be used with
certain devices.

BAl BDCOK H DC power OK — a power supply generated
gignal that is asserted when the available dc
voltage is sufficient to sustain reliable system
operation.

BB1 BPOK H Power OK — asserted by the power supply 70
ms after BDCOK is negated when ac power
drops below the value required to sustain power
(approximately 75% of nominal). When negated
during processor operation, a power-fail trap
sequence is initiated.

BC1 SSPARE4 Special spare in the Q22-bus — not assigned.
BDAL18 L Bused in 22-bit cable and backplane assemblies.
(22-bit only) Available for user interconnection.

BD1 SSPARES
BDAL19 L
(22-bit only) CAUTION

These pins may be used by manufacturing
as test points in some options.

BE1 SSPARE6 In the Q22-bus, these bused address lines are
BDAL20 L address lines <21:18>. Currently not used
during data time.
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Table C—7 (Cont.) Bus Pin Identifiers

Bus Pin Signal Definition
BF1 SSPARE7 In the Q22-bus, these bused address lines are
BDAL21 L address lines <21:18>. Currently not used

during data time.

BH1 SSPARES Special spare — not assigned or bused in
Digital’s cable and backplane assemblies.
Available for user interconnection.

BJ1 GND Ground — system signal ground and dc return.

BK1 MSPAREB Maintenance spare — normally connected

BL1 MSPAREB together on the backplane at each option location
(not a bused connection).

BM1 GND Ground — system signal ground and dc return.

BN1 BSACKL This signal is asserted by a DMA device in
response to the processor’s BDMGO L signal,
indicating that the DMA device is bus master.

BP1 BIRQ7 L Interrupt request priority level 7.

BR1 BEVNT L External event interrupt request — when
asserted, the processor responds by entering
a service routine through vector address 1008. A
typical use of this signal is as a line time clock
(LTC) interrupt.

BS1 +12 B +12 Vdc battery back-up power (not bused to
AS1 in all of Digital’s backplanes).

BT1 GND Ground — system signal ground and dc return.

BU1 PSPARE2 Power spare 2 — not assigned a function and not
recommended for use. If a module is using
-12 V (on pin AB2), and, if the module is
accidentally inserted upside down in the
backplane, -12 Vdc appears on pin BU1.

BV1 +5 +5 V power — normal +5 Vdc system power.

AA2 +5 +5 V power — normal +5 Vdc system power.
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Table C-7 (Cont.) Bus Pin Identifiers
Bus Pin Signal Definition

AB2 -12 -12 V power — -12 Vdc power for (optional)
devices requiring this voltage. Each Q22-
bus module that requires negative voltages
contains an inverter circuit that generates the
required voltage(s). Therefore, -12 V power is
not required with Digital’s options.

AC2 GND Ground — system signal ground and dc return.
AD2 +12 +12 V power — +12 Vdc system power.
AE2 BDOUT L Data output — when asserted, BDOUT implies

that valid data is available on BDAL<0:15> L
and that an output transfer, with respect to the
bus master device, is taking place. BDOUT L is
deskewed with respect to data on the bus. The
slave device responding to the BDOUT L signal
must assert BRPLY L to complete the transfer.

AF2 BRPLY L Reply — BRPLY L is asserted in response
to BDIN L or BDOUT L and during IAK
transactions. It is generated by a slave device to
indicate that it has placed its data on the BDAL
bus or that it has accepted output data from the
bus.

AH2 BDIN L Data input — BDIN L is used for two types of
bus operations.

¢  When asserted during BSYNC L time, BDIN
L implies an input transfer with respect
to the current bus master, and requires a
response (BRPLY L). BDIN L is asserted
when the master device is ready to accept
data from the slave device.

¢  When asserted without BSYNC L, it
indicates that an interrupt operation is
occurring. The master device must deskew
input data from BRPLY L.
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Table C-7 (Cont.) Bus Pin Identifiers

Bus Pin

Signal

Definition

AJ2

AM2
AN2

BSYNC L

BWTBT L

BIRQ4 L

BIAKI L
BIAKO L

Synchronize — BSYNC L is asserted by the bus
master device to indicate that it has placed an
address on BDAL<0:17> L. The transfer is in
process until BSYNC L is negated.

Write/byte — BWTBT L is used in two ways to
control a bus cycle.

¢ It is asserted at the leading edge of BSYNC
L to indicate that an output sequence (DATO
or DATOB), rather than an input sequence,
is to follow.

e It is asserted during BDOUT L, in a DATOB
bus cycle, for byte addressing.

Interrupt request priority level 4 — a level 4
device asserts this signal when its interrupt
enable and interrupt request flip-flops are set. If
the PS word bit 7 is 0, the processor responds by
acknowledging the request by asserting BDIN L
and BIAKO L.

Interrupt acknowledge — in accordance with
interrupt protocol, the processor asserts BIAKO
L to acknowledge receipt of an interrupt. The
bus transmits this to BIAKI L of the device
electrically closest to the processor. This device
accepts the interrupt acknowledge under two
conditions.

¢ The device requested the bus by asserting
BIRQn L (where n= 4,5, 6 or 7)

¢  The device has the highest priority interrupt
request on the bus at that time.
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Table C-7 (Cont.) Bus Pin Identifiers
Bus Pin Signal Definition

If these conditions are not met, the device
asserts BIAKO L to the next device on the bus.
This process continues in a daisy chain fashion
until the device with the highest interrupt
priority receives the interrupt acknowledge
signal.

AP2 BBS7L Bank 7 select — the bus master asserts this
signal to reference the I/O page (including
that part of the page reserved for nonexistent
memory). The address in BDAL<0:12> L when
BBS7 L is asserted is the address within the /O

page.
AR2 BDMGI L Direct memory access grant — the bus arbitrator
AS2 BDMGO L asserts this signal to grant bus mastership to a

requesting device, according to bus mastership
protocol. The signal is passed in a daisy-chain
from the arbitrator (as BDMGO L) through the
bus to BDMGI L of the next priority device (the
device electrically closest on the bus).

This device accepts the grant only if it requested
to be the bus master (by 2a BDMR L). If

not, the device passes the grant (asserts
BDMGO L) to the next device on the bus. This
process continues until the requesting device
acknowledged the grant.

CAUTION
DMA device transfers must not interfere
with the memory refresh cycle.

AT2 BINIT L Initialize — this signal is used for system reset.
All devices on the bus are to return to a known,
initial state; that is, registers are reset to zero,
and logic is reset to state 0. Exceptions should
be completely documented in programming and
engineering specifications for the device.
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Table C-7 (Cont.) Bus Pin Identifiers

Bus Pin Signal Definition
AU2 BDALOL Data/address lines - these two lines are part
AV2 BDAL1 L of the 16-line data/address bus over which

address and data information are communicated.
Address information is first placed on the bus
by the bus master device. The same device then
either receives input data from, or outputs data
to, the addressed slave device or memory over
the same bus lines.

BA2 +5 +5 V power — normal +5 Vdc system power.

BB2 -12 -12 V power (voltage not supplied) — -12 Vdec
power for (optional) devices requiring this
voltage.

BC2 GND Ground — system signal ground and dc return.

BD2 +12 +12 V power — +12 V system power.

BE2 BDAL2 L Data/address lines — these 14 lines are part of

BF2 BDAL3 L the 16-line data/address bus.

BH2 BDAL4 L

BJ2 BDAL5 L

BK2 BDAL6 L

BL2 BDAL7L

BM2 BDALS L

BN2 BDAL9L

BP2 BDAL10 L

BR2 BDAL11 L

BS2 BDAL12 L

BT2 BDAL13 L

BU2 BDAL14 L

BV2 BDAL15 L
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Acronyms

This appendix lists and defines the acronyms that are most frequently
used in this manual.

ACRONYM DEFINITION

ACV Access control violation

AIE Alarm interrupt enable

ANSI American National Standards Institute
AP Argument pointer

ASTIVL Asynchronous system trap level
BBU Battery back-up unit

BCD Binary coded decimal

BDR Boot and diagnostic register
BM Byte mask )

BRS Baud rate select signals
CMCTL CVAX memory controller chip
CPMBX Console program mailbox
CQBIC CVAX Q22-bus interface chip
CRC Cyclic redundancy check

CSR Control and status register
CSTD Console storage transmit data
CSTS Console storage transmit status
DEAR DMA error address register
DIP Dual in-line package

DM Data mode

DMA Direct memory access

D-1



D—2 Acronyms

ACRONYM DEFINITION

DSE Daylight saving enable

DSER DMA system error register

DSSI Digital small storage interconnect
EDITPC EDIT packed to character string

ElIA Electronic Industries Association

EPC Exception program counter

EPROM Erasable programmable read-only memory
ERR Error signal

ESP Executive stack pointer

FP Frame pointer

FPA Floating-point accelerator

FPU Floating point unit

GPR General purpose register

1CCs Interval clock control and status register
ICR Interval count register

IORESET /O bus reset register

IPCR Interprocessor communication register
IPL Interrupt priority level

IPR Internal processor register

IR Index register

ISP Interrupt stack pointer

ISR Interrupt status register

KSP Kernel stack pointer

LANCE Local area network controller chip

LSI Large scale integration

MAPEN Memory management mapping enable register
MBRK Microprogram break register

MBZ Must be zero

MCESR Machine check error summary register
MCS Multinational character set

MFPR Move from process register

MMU Memory management unit

Mop Maintenance operation protocol

MOS Metal oxide semiconductor

MSER Memory system error register

MSI Mass storage interface

MTPR Move to process register

NI Network interface



Acronyms

D-3

ACRONYM DEFINITION

NICR Next interval count register

NIRAP Network interface register address port
NIRDP Network interface register data port
NPA Network physical address

NXM Nonexistent memory

POBR PO base register

P1BR P1 base register

PC Program counter

PCB Process control block

PCBB Process control block base

PIE Periodic interrupt enable

POLR PO length register

P1LR P1 length register

PMR Performance monitor enable register
POPT PO page table

P1PT P1 page table

PROM Programmable read only memory
PRR Processor revision identifier register
PSL Processor status longword

PSW Processor status word

PTE Page table entry

QBEAR Q22-bus error address register
RAM Random-access memory

RBD Receive Buffer Descriptor

RPB Restart parameter block

RR Random register

RXCS Console receiver control/status register
RXDB Console receiver data buffer

SAVPC Console saved PC register

SAVPSL Console saved PSL register

SBR System base register

SCA System communications architecture
SCB System control block

SCBB System control block base

SCR System configuration register

SID System identification register

SIE System identification extension
SIRR Software interrupt request register



D—4  Acronyms

ACRONYM DEFINITION

SISR Software interrupt summary register
SLR System length register

SLU Serial line unit

Sp Stack pointer

SPT System page table

SQWE Square-wave enable

SR Status register

SSC System support chip

SSpP Supervisor stack pointer

TBCHK Translation buffer check register
TBD Transmit buffer descriptor
TBDATA Translation buffer data

TBDR Translation buffer disable register
TBIA Translation buffer invalidate all
TBIS Translation buffer invalidate single
TLB Translation lookaside buffer

TNV Translation not valid

TODR Time-of-year register

TXCS Console transmit control/status register
TXDB Console transmit data buffer

UIE Update interrupt enable

UIP Update in progress bit

USP User stack pointer

VLSI Very large scale integration

VPN Virtual page number

VRR Vector read register

VRT Valid RAM and time bit

VMB Virtual memory bootstrap

XFC Extended Function Call

zp Zig-zag in-line package
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A

Abort, 5-14

Accessing the Q22-bus map
registers, 3-59

Adding to a buffer list, 3-122

Backplane wiring, C-38
BadVaddr register, 3-16
Baud rate, 3—41
Block mode DMA, C-18
BOOT, 6-18
Boot and diagnostic facility, 3-49
Boot and diagnostic register, 3-49
Boot devices, 4-15, 6-58
Boot flags, 6-60
Bootstrap
conditions, 4-11
Bootstrapping, 6-58
Break response, 3—41
Buffer management, 3-95
Bus cycle protocol, C-7
Bus drivers, C-36
Bus interconnecting wiring, C-38
Bus receivers, C-36
Bus termination, C-37

Cc

Cache isolation, 3-28
Cache line format, 3-23
Cache memory, 1-5, 3-23

Cache organization, 3-23

Cache swapping, 3-23

Call-back entry points, 6-82

Cause register, 3-12

CDAL bus to Q22-bus address
translation, 3-62

Clock functions, 1-8

CMCTL registers, 6-79

Collision detect routine, 3-114

Command address specifiers, 6-14

! - Comment, 6-54

CONFIGURE, 6-20

Configuring the KN210, 2-3

Configuring the Q22-bus map, 3-64

Console command keywords, 6-12

Console command qualifiers, 6-14

Console commands, 6-18

Console command syntax, 6-12

Console control characters, 6-10

Console error messages, 6-89

Console interrupt specifications,
342

Console program mailbox, 6-85

Console receiver control/status
register, 3-37

Console receiver data buffer, 3-37

Console registers, 3-36

Console serial line, 3-36

Console service, 6-9

Console transmitter control/status
register, 3-39

Console transmitter data buffer,
3-40

Contents of main memory, 6-79

Index 1



2 Index

Context register, 3-16

Continue, 4-20

CONTINUE, 6-22

Control functions, C-34

Coprocessor 0, 3—6

Coprocessor 1, 3-6

Coprocessors, 3—6

CVAX initial power-up test, 4-2

CVAX Physical address space map,
B4

CVAX references, 5-28

D

D, 4-21

Data-stream read references, 5-29

Data transfer bus cycles, C—6

Data types, 5-8

DATBI bus cycle, C-23

DATBO bus cycle, C-24

DEPOSIT, 6-22

Device addressing, C-7

Device dependent bootstrap
procedures, 666

Device priority, C-28

Diagnostic and test registers, 3-139

Diagnostic interdependencies, 6-74

Diagnostic LED register, 3-51

Diagnostic processor, 1-5, 5-1

Diagnostic processor hardware
detected errors, 5-24

Diagnostics, 4-23, 6-71

Direct memory access, C-17

Disk and tape bootstrap procedure,
6-66

DMA error address register, 3-69

DMA guidelines, C-26

DMA protocol, C-17

DMA system error register, 3—66

DSSI bus, 3-117

Dump, 4-21

E

E, 4-21

Electrical specifications, A-1
EntryHi and EntryLo registers, 38-9
Environmental specifications, A-2
Environment variables, 4-19
Error handling, 3-70

Error messages, 6-87

Ethernet, 3-72

EXAMINE, 6-24

Exception program counter, 3-15
Exceptions, 5-13

Exceptions and interrupts, 5-11
EXIT, 6-27

External halts, 6-4

External IPRs, B-6

F

Fault, 5-14

Fill, 4-21

FIND, 6-28

Firmware, 1-8

Floating-point accelerator, 8-22
Floating-Point accelerator, 1-5
FPA instructions, 3-22
Function switch, 4-3

G

General exception vector, 3-21

General purpose registers, 5-1

Global Q22-bus address space map,
B-7

Go, 4-21

H

H3602-SA CPU cover panel, 2-11
Halt, C-34

HALT, 6-29

Halt code messages, 6-88

Halt dispatch, 6-3

Halt entry, 6-2



Halt entry, exit and dispatch, 6-2
Halt exit, 6-3

Halt protected space, 6-80
Hardware halt procedure, 5-25
Help, 4-22

HELP, 6-29

Index register, 3-11
Information saved on a machine
check, 5-16
Init, 4-22
Initialization, C-84
Initialization routine, 3-110
INITIALIZE, 6-31
Initial power-up test, 6-5
Initiator operation, 3-121
Instruction set, 5-8
Instruction-stream read references,
5-28
Internal processor registers, 5-4
Interprocessor communication
register, 3-62
Interprocessor interaction, 4-8
Interrupt errors, 5-17
Interrupt protocol, C-28
Interrupts, 5-11, C-27
Interrupt status register, 3-17
Interval timer, 3-44
Intrabackplane bus wiring, C-39

K

Kernel mode, 8-9
KN210 Connectors, 24
KN210 Firmware, 4-1

L

LANCE chip, 3-75

LANCE operation, 3-109

LANCE programming notes, 3-114
LED codes, 6-9

Index 3

Lexical conventions, 4-18
List pointer registers, 3-138
Load definition, C-85
Locating a console device, 6-5
Locating the RPB, 6-76
Look-for-work routine, 3-111

Machine state on power-up, 6-77

Main memory addressing, 3-27

Main memory behavior on writes,
3-28

Main memory control and diagnostic
status register, 3-32

Main memory error detection and
correction, 3-34

Main memory error status register,
3-28

Main memory layout and state,
6-77

Main memory organization, 3-27

Main memory system, 3-24

Maint, 4-22

Maintenance mode EPROM layout,
6-80

Maintenance mode firmware, 6-1

Maintenance power-up operation,
4-10

Mass storage interface, 3-117

Mass storage interface command
block, 3-124

Memory controller, 1-5

Memory management, 5-9

Memory management control
registers, 5-10

Memory management errors, 5-17

Microcode errors, 5-18

Mode switch set to "Normal", 6-8

Mode switch set to "Query”, 6-7

Mode switch set to "Test”, 66

Module contact finger identification,
Cc43

MOVE, 6-33
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MS650-AA Memory modules, 1-6

MS650-BA Memory modules, 1-5

MSI clock control register, 3-145

MSI command block word 0, 3-124

MSI command block word 1, 3-125

MSI command block word 2, 3-127

MSI command block words 3-5,
3-128

MSI control/status register, 3-128

MSI diagnostic control register,
3-140

MSI diagnostic register 0, 3-141

MSI diagnostic register 1, 3-142

MSI diagnostic register 2, 3—-144

MSI DSSI connection register,
3-132

MSI DSSI control register, 3-130

MSI DSSI timeout register, 3-136

MSI ID register, 3-135

MSI initiator list pointer register,
3-139

MSI internal state registers, 3-146

MSI link word 0, 3-121

MSI link word 1, 3-122

MSI target list pointer register,
3-138

Network bootstrap procedure, 6-68

Network interface, 3-72

Network interface control and status
register, 3-78

Network interface control and status
register 1, 3-84

Network interface control and status
register 2, 3-84

Network interface control and status
register 3, 3-85

Network interface initialization
block word 0, 3-87

Network interface initialization
block words 10,11, 3-94

Network interface initialization
block words 1-3, 3-90

Network interface initialization
block words 4-7, 3-91

Network interface receive descriptor
ring, 3-96

Network interface register address
port, 3-77

Network interface register data port,
3-78

Network interface transmit
descriptor ring, 3-103

Network listening, 6-69

NEXT, 6-35

NI initialization block, 3-86

NI initialization block words 8,9,
3-92

NISA ROM, 3-74

Nonoperating conditions greater
than 60 days, A-3

Nonoperating conditions less than
60 days, A-2

O

120-Ohm Q22-bus, C-35
Operating conditions, A-2
Operating system restart, 6-75
Operating systems, 4-2
Operation switch, 4-3

P

PFN bitmap, 6-78

Physical specifications, A-1

Power status, C-34

Power supply loading, C—43

Power-up, 6-5

Preparing for the bootstrap, 6-62

Primary bootstrap, VMB, 6-63

Printenv, 4-22

Processor revision identifier register,
3-17

Processor state, 5-1



Processor status longword, 5-2
Programmable timers, 3-45
PROM bootstrap procedure, 6—67
Public data structures, 6-85
Public data structures and entry
points, 6-80 ‘

Q

Q22-bus electrical characteristics, -
C-34

Q22-bus error address register,
3-69

Q22-bus four-level interrupt
configurations, C-32

Q22-bus interface, 1-7, 3-55

Q22-bus interrupt handling, 3-63

Q22-bus map base address register,
3-64

Q22-bus map cache, 3-60

Q22-bus map registers, 3-58

Q22-bus signal assignments, C-3

Q22-bus to main memory address
translation, 3-56

R3000 console command language,
4-17

R3000 general purpose registers,
3-2

R3000 instruction set types, 3-3

R3000 interval timer register, 3—42

R3000 memory management, 3—-6

R3000 physical address space map,
B-1

R3000 RISC processor, 14

R3000 sys_type environment
variable, 4-10

Random register, 3-11

Read errors, 5-18

Receive buffer descriptor n word 0,
3-98

Index 5

Receive buffer descriptor n word 1,
3-99

Receive buffer descriptor n word 2,
3-100

Receive buffer descriptor n word 3,
3-101

Receive buffer descriptors, 3-97

Receive buffers, 3-102

Receive DMA routine, 3-112

Receive poll routine, 3-111

Receive routine, 3-111

References to processor registers and
memory, 6-17

REPEAT, 6-36

Reserved main memory, 6-78

Reset exception vector, 3-21

Restoring processor state, 6-3

RISC processor, 3-1

ROM memory, 3-52

S

Saving processor state, 6-2

Scatter/gather map, 6-79

SEARCH, 6-37

Select processor register operation,
4-9

SET, 640

Setenv, 4-22

SHOW, 6-44

SIE, 4-10

Signal level specifications, C-35

START, 6-48

Status register, 3-15

Switch routine, 3-110

System configuration register, 3-65

System configurations, C-39

System control block, 5-21

System identification, 5-27

System support functions, 1-7

T
Target operation, 3-119



6 Index

TEST, 648

Time-of-year clock, 3-43

Time-of-year clock and timers, 3-42

Timer control registers, 3-45

Timer interrupt vector registers,
348

Timer interval registers, 347

Timer next interval registers, 3-48

Translation buffer, 5-9

Transmit buffer descriptor n word O,
3-104

Transmit buffer descriptor n word 1,
3-105

Transmit buffer descriptor n word 2,
3-106

Transmit buffer descriptor n word 3,
3-107

Transmit buffer descriptors, 3-104

Transmit buffers, 3-109

Transmit data segment links, 3-121

Transmit DMA routine, 3-113

Transmit poll routine, 3-112

Transmit routine, 3-113
Trap, 5-13

u

UNJAM, 6-52
Unsetenv, 4-22
User mode, 3-9

v

Vector read registers, 3-18
VMB error messages, 6-91

w

Write errors, 5-19
Write references, 5-29

X
X - binary load and unload, 6-52
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