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ABSTRACT

The 3B* 2 I/0 Bus is an asynchronous, nonmultiplexed bus providing & simple and
flexible interface for the family of the 3B 2 peripherals. .It supports direct
addressability up to 16 megabytes through 24-bit addresses and 8 and 16-bit data
transfers. There are three priority interrupt levels and a single level of
ndistributed” bus arbitration. Along with having fault detection and control, the
1&1/0 Bus also supports two special transfer cycles: interlocked ready-modify-write

and multiple access. A peripheral can access main memory at a rate up to two
million bytes per second. :

This document presents the reguirements and specifications of the 3B 2 I/0 Bus,

allowing the design of 3B 2-compatible peripherals. Functional, electrical, and
me=hanical characteristics have beer. includec.
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a)

Bell Laboratories

subject: 3B™ 2 1/0 Bus: Requirements Re-release date: December 30, 1983

from: P. M. Walsh
IW 45134
1F-455 %7281

This is a re-release of the document "3B2 Component Requirements and
Specifications: I1/0 Bus", dated March 7, 1983. The major areas of change from
the first release involve: :

e Width of ID/Vector Register changed from 8 bits to 8 or 16 bits, depending
on peripheral width.

e Autoconfiguration section updated to mention System Board assigns interrupt'
vectors after a reset,

e Mechanical Specifications section updated to specify two widths of 1/0
boards.

e Bus arbitration scheme modified and several new spec.s and figures (Figures
1ia, b and c¢) added.

e Interrupt acknowledge scheme modified.
e Performance Objectives section added:
Y. Bus bandwidth and efficiency requirements set.
2. Critical events of each cycle discussed.
3. Effects of new bus arbitration scheme on performance discussed.
e Interrupt levels assigned:
1. PINT[2])O now reserved,
2. PINT{1)0 explicitly slotted for high bandwidth peripherals anc
3. PINTI0)O explicitly slotted for low bandwidth peripherals.

e Figures organized and renumbered

™ Trademark of AT4T Western Electric
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e Several timing spec.s changed (e.g. bus skew increased from 30 to 40 nsec).

e Multiple access limit changed from 1024 to 64 max transfers and at most 125
usec. on bus. o

e Added figures for reset timing (Figure 10) and CM195 1/0 boards (Figures
16a, 16b and 16¢c)

» Reference to sanity failuré on System Board removed.
e Discussion of 1EEE 796 peripherals removed.

e Peripherals limited to 2 inputs and 1 output as opposed to 2 inputs and 2
outputs.

e Figure 12 (was Figure 13) redone based on changes in bus loading.

e Iol of all open collector nets now must meet max of 40 mA. (This change
also reflected in new Figure 13.)

e System Board allowed & 1/0 loads on PD bus.
o Specify hold time on address and datas as 10 (50) nsec at slave (master).

e Allow 3 input loads on PBACKIO and PIAKIxO and use Schottky driver for
both. (Previously only PBACKO required Schottky.)

e Change spec on deassertion of PBUSYO.
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Bell-laboratories

subject: 3B™ 2 Component Requirements and date: December 21, 1983
Specifications: 1/0 Bus
‘ from: P. M. Walsh

IW 45134
1F-455 %7281

Internal Memorandum (IM)

1. INTRODUCTION

Figure | presents 8 block diagram of the 3B 2 System Board. As shown, it
contains a dual ported main memory; the microbus is tied to one port while the
asynchronous 1/0 Bus s tied to the other. The microbus provides a
communication path between the System Board CPU (WE*-32000; and several on-boarc
components including main memory. On the 1/0 Bus side, a variable number of
optional peripherals attach.: This document serves as the reguirements anc
specifications of the 1/0 Bus.

Section 2 of this document presents 2 brief overview of the 1/0 Bus followed by
a discussion of the two types of peripherals. A functional description of the
1/0 Bus is presented in section 3 and includes such issues as data transfers,
bus exchanges, interrupts and error handling. Electrical and mechanical
requirements follow in sections 4 and 5 while 8 discussion of performance is
presented in section 6. A summary completes the document.

2. 1/0 ARCEITECTURE
2.1 1/0 Bus Overview

The 1/0 Bus, which has a 16-bit data path and a 24-bit address, is designec 1o
meet the requirements of 3 wide range of system configurations. Bboth eight anc
sixteen bit peripherals are supported as well @as single and multiple data
transfers per cycle. Various other types of operations are also possible.
Although any peripheral can be a master or slave (or both), they are ornly

* Trademark of AT4T Western Electric

1. A DMA subsystem, which resides on the System Board, also attaches to the 1/0
Bus.
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allowed to access the System Board’s main memory; 8 periphersl responds to chip
selects generated on the System Board as opposed to decoding addresses.

2.2 ‘Peripheral Types

There are two classes of 3b2-native peripherals: programmed and intelligent.[1)]
[2). Any peripheral can be 8 or 16 bits wide and occupy either 1 or 2 slots in
the 1/0- Bus backpiane. While the 1/0 Bus does not inherently support any
tndugtry standard bus (e.g. IEEE 796 Bus), a forthcoming Commercial Bus Adapter
(CBA) can be used to interfsce commercially available peripherals to the 3B 2.

2.2.1 Programwed Peripherals

Programmed peripherals are generally slave devices, responding to .instructions
generated by the System Board CPU. Such 1/0 boards have the capability of
interrupting the CPU and/or becoming bus masters to access main memory (only
after being "programmed" by the CPU).

A major difference between programmed peripherals and intelligent peripherals
(discussed next) concerns their respective interfaces to the System Board CPU.
The CPU, for example, can st times touch B8 programmed peripheral’s internal
components (i.e. 8 passive access). Conversely, communication between the CPU

and intelligent peripherals is primarily achieved through queues in main memory.

Those programmed peripherals which can be a bus master are also responsible for
preventing a8 deadlock resulting from the CPU attempting a passive access while
the particular peripheral sttempts to use the 1/0 Bus. (Such peripheral designs
car take advantage of the fact that the peripheral can only use the 1/0 Bus to
sccess main memory.)

Finally, both programmed and intelligent peripherals shall contain a read-only
ID register defining the particular 1/0 board’s type, size (occupying either 1
or 2 physical slots), sccess requirements, etc. and will be located at the same
relative address on all peripherals.

A simple telephone controller (with auto dial and a modem interface) is ar
example of & programmed peripheral. The System Board CPU would send 1t
instructions such as specifying synchronous or asynchronous mode, baud, number
of bits per character, etc. 1In addition, the peripheral would wait to be pollec
or use interrupts to interface with the System Board CPU. At any rate, an on-
board microprocessor is not necessary.

2.2.2 Intelligent Peripherals

Each intelligent peripheral contains 8 local CPU, capable of executing locally
based firmw.are. Communication with the System Board CPU is achieved via a
unique pair of one-way gueues located in main memory. (The System Board CPL
loads messages for a given peripherai in a designated reguest gqueue whiie lhe
peripheral returns messages via the corresponding completion queuve. 2.
"attention" interrupts are used to bring 8 nonempty queue to the attentior of
the other CPU. Finally, intelligent peripherals may autonomously interact with
the Syster Board CPU but may not directly interact with each other. (Using
queues make it no longer necessary for the CPU to reach into a peripheral over
the 1/0 Bus. Consequently, there is never 8 possibility for s passive access
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be sccessed. PPA[OO]1 is the least significant bit while
PPA{23-22)1 wsre reserved for future expansion. (Table 1 in the
“peripheral Dstas Path to Main Memory" section illustrates the
use of the least significant sddress bits and dsta strobes.)

Data lines.

Pl 5-00)1: Peripheral Data (tri-state)
These 16 bidirectional lines transmit and receive information to
or from the established master and slave. PD{15)1 is the most
significant bit and only lines PD|07-00) (byte 1 on 1/0 Bus) are
valid for 8-bit peripherals.

Control lines.

PBUSYO: Peripheral Busy (tri-state) .

This unidirectional signal is sctivated by the peripheral after
receipt of bus scknowledge (PBACKIO) and held active during the
entire bus cycle. The purpose of PBUSYO is to facilitate
multiple accesses by the same bus master without relinquishing
control of the bus between data transfers. For example, Uup to
64 data transfers® between a peripheral and main memory mav
occur during ! bus cycle*; PBUSYD is held active for entire
cycle.

PCSé15-O1]0: Peripheral Chip Selects (totem-pole)
PCSO:
These 15 lines originate from the System Board and are fanned
out to 15 unique chip selects, one for each of the 12 3B 2/400
peripheral connectors and the remaining 3 for future
enhancements (e.g. accommodate a Commercial Bus Adapter, CBa).
(As indicated in Table 7, each peripheral refers to its
Peripheral Chip Select as PCS0.) One of these mutually exclusive
lines (i.e. no broadcast sddressing mode) is active wher the CPU
references a peripheral. Although a given PCS:i)0 is generated
by the System Board’s address decoder, the main memcry
controller/arbiter dictates its propagating onto the 1/0 Bus.
thereby causing the appropriate PCS!i)0 (PCSO) to be activated

2. The System Board CPU accesses main memory through its own port on the
microbus side.

3. Read, write and interlock operations may be combinecd within the same bus
cycle,

4. As discussed in the "Error Detection and Handling' section, a8 time limit
exists on the length of an individual data transfer as well as on the entire
bus cycle. .
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PDSI)—O]

PDTACKO:

PLOCKO:

PPASO:

PRIWO:

PSIZE160:

RQRSTO:

SYSRSTO:

The

along with PPA[23-00])1, PRIWO and PLOCKO.

0: Peripheral Data Strobes (tri-state)

These 2 bidirectional lines allow the bus master to select which

bytes of the 16-bit PD bus are to be valid during

transaction; PDS[1)0 is associated with 1/0 Bus byte 1, PDS{0)0
is essociated with byte O. A negative transition is applied by
the bus master to indicate valid write data or to cause

slave to gate read date onto the 1/0 Bus.

Peripheral Data Acknowledge (open-collector)
Peripheral data acknowledge, @8 bidirectional signal,

activated by the slave to indicate receipt of valid write data

or to indicate valid read data on the PD bus.

Peripheral Memory Lock (tri-state)

PLOCKO is a unidirectional signal that the bus master uses
indicate an interlock (read/modify/write) cycle. Interlocks
over the 1/0 Bus may be established in only one direction:

peripheral to main memory.

Peripheral Physical Address Strobe (tri-state)

This line (bidirectional, generated by master) indicates a valid
physical address on the address bus. The timing requiremerts of

several other 1/0 Bus signals, in addition to PPA.23-00)1,
defined in relation to PPASO.

Peripheral Read-Write Signal (tri-state)

This line (bidirectional, generated by master) indicates whether
a read (HIGH) or write (LOW) transfer is in progress anc is

recognized as valid on the activation of PPASO.

Peripheral Size (open-collector)

This signal specifies a particular peripheral’s bus interface as
either 8 (BIGH) or 16 (LOW) bits wide and as such is routed tc
the byte rotate unit on the Systenm Board. As a 16-bit

master, a peripheral pgenerates PSIZE160 immediately

obtaining the bus (i.e. on receipt of PEACKIO). Conversely,
a slave the peripheral will return PSIZE160 on chip select
(PCSO). An 8-bit peripheral need not drive PSIZE160 inactive

(HIGH) since this signal is open-collector and pulled HIGH.

Request System Reset (open-collector)
This line, originating from each peripheral and routed

CPU, allows a peripheral to reset the entire system. Although
the pse cf this capability will be necessari.y limitec,
tvpical application would be the resetting of a rem>te nooe or &

computer network. (Refer to Figure 10.)

Syster Reset (totem-pole)
System reset is activated on system power up, by a manua!
switch, via software setting the "System Reset Request"
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the Control and Status Register (CSR) [3), or indirectly by
other devices (via RQRSTO). When activated, all peripherals
initialize. (Refer to Figure 10.)

Bus exchange lines.

PBRQF:

PBACKO:
PBACKIO:
PEACKOO:

Interrupt lines.

PINT(2-0]0:

PI1A¥[2-010:
PIAKI[2-0)0:
P1AKO[2-0]C:

Peripheral Bus Request (open-collector)

PBRQO is shared by all peripherals to request 1/0 Bus wusage on
route to sccessing main memory. The arbiter (on the System
Board) will grant the bus to a peripheral with the bus
acknowledge signal. (As discussed next, the bus acknowledge
signal is daisy-chained through all peripherals.) Once bus
master, & peripheral must remove PBRQO in "sufficient'" time
before the end of a cycle to ensure that the arbiter doesn’t
rearbitrate and possibly reassert PBACKO. Conversely, @8
peripheral may keep PBRQO active after the current transfer has
ended to request another bus access. (See "Multiple Bus Access"”
section.)

Peripheral Bus Acknowledge (totem-pole)

The arbiter on the System Board generates PBACKO to indicate
that a peripheral may gain access to the 1/0 Bus and removes 1t
when it detects the acknowledged peripheral’s assertion ol
PBUSYO. 1t is daisy-chained among 8ll peripherals and thus the
priority of a given device, which is actively waiting for bus
access, is determined by its physical position in the cha:.n.
(Refer to the "Bus Exchange" section for s further explanation
of 1/0 Bus arbitration.) The bus acknowledge signal entering &
given peripheral is referred to as PBACKIO while the
corresponding exiting signal is PBACKOO. Note: care must be
taken to ensure an unbroken chain from the System Board to the
last peripheral; every peripheral which does not use the bus
request signal will tie its PBACKIO and PBACKOO signals togetiner
and no two peripherals may be separated by an emply 1/0 slot.

Peripheral Interrupt Regquests (open-collector)
PINT[2-0)0, shared by all devices on the 1/0 Bus, provide three
dedicated system interrupt levels; PINT[2)0 is reserved anc
PINT!1]0 is the higher priority of the remsining twc. A
peripheral can use &t most one of these two remaining levels.
FP1AX 2-03C are the corresponding acknowlecges.

Peripheral Interrupt Acknowledges (totem-pole?

As 8 result of PINT[i)O being activated, the CPU will eventually
acknowledge this specific level with PIAK[i)O. Since all
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peripherals share the same three interrupt  levels, the
corresponding scknowledgements are daisy-chained among them.
PIAXI[2-0]0 refers to the input scknowledgement signals while
P1AKO[2-0)0 refers to the outputs of the chain., When a device
that has requested an interrupt receives the particular
PIAKI[i)O, it prevents the acknowledge from propagating any
further down the chain (i.e. PIAKO[i)O held inactive).
Conversely, a mnoninterrupting device passes PIAKI{0] on to the
next device in the chain. Finally, the System Board will remove
PIAK[i)JO on receipt of the interrupting devices assertion of
PDTACKO.

Error Reporting lines.

PFAILO: Peripheral Board Fail (open-collector)
* PFAILO, shared by all peripherals, is asserted by a peripheral
upon board failure such as sanity fail.

PFLTO: Peripheral Bus Fault (open-collector)
A bidirectional line, PFLTO, s asserted by the slave on
detection of an erroneous operation such as parity error or bus
timeout (as in case when the System Board is the slave). A
peripheral must end the cycle on PFLTO (as with PDTACK(C); PFLTO
has the same timing specifications as PDTACKO.

Power and Ground.

VCC: +5 wvolt power - 1 "laver" of multilayer backplane
Vi2P: <12 volt power - 1 line
Vi2N: -12 volt power - 1 line
GRD: system ground - 1 "layer" of multilayer backplane
VBKUP: +3.0 volt battery - 1 line

During periods of no AC power, VBKUP affords 3.0 veolts (a3t most
10 ua) to each peripheral for at least 30 days and wi.. have 2
lifetime of at least 5 years.[3) During normal operation, VBKUP
sustains 5 volts.

< 3.2 Peripheral Data Path to Main Memory

A peripheral can be 8 or 16 bits wide while main wemory is 32 bits wide. Five
signals combine to select which byte(s) of a &-byte main memory word are to be
accessec¢. Since the 1/0 Bus has 8 16-bit data bus, a maximum of twc dala bvties
car be transferred in a single transaction. The following discussion refers tc

L)

Tabies | anc <.

Sixteen bit peripherals drive PSIZE160 LOW and use the data strobes tc indicate
which byte(s) of data it is interested in. Address bit PPAl01)1 controls
whether the 1/0 Bus is tied to mein memory bytes 0 and | or to bytes 2 and 3.
PPA[0OO)1 is ignored by the memory controller. Note: Table 1 implies that for
the case where just one data strobes is asctive, only one byte is returned from
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Notes:

TARLE 1. Significance of Dats Strobes
: sddress bits . dats strobes valid bytes
PSIZE160| PPA[01]1 PPA[OO]Y]| PDS(O]O PPS[1]0| memory 1/0
16-bit |
-0 -0 x (U 0 0,1 0.1
0 0 x 0 1 0 0
0 0 x ) 0 1 1
0 0 x 1 1 illegal -
0 1 x 0 0 2,3 0,1
0 1 x 0 1 2 0
0 1 x 1 0 3 1
0 1 x 1 1 illegal -
8-bit
1 0 0 x 0 0 1
1 0 1 x 0 1 1
1 1 0 x 0 2 1
1 1 1 x 0 3 1
1 x x x 1 illegal -
x = don’t care
TABLE 2. Relationship of Bytes and Bits
Byte Bits
Main Memory O 31-24
1 23-16
2 15-8
3 7-0
1/0 Bus O 15-8
1 7-0

Notes:

Bit O is the least significant bit.

mair memory on a read.
16-bit halfword over the 1/0 Bus,
Finelly, not asserting either of the data strobes will result in a

failure.

Eight bit peripherals are tied to byte ! (bit
drive PSIZEi160.* Address bits PPAI01=-00.1 select
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The memory controller, however,
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strobe, PDS{1)0, is needed for protocol timing purposes. (PDS[0)0 is ignored by
the wmemory controller.) Although the use of PPA[0O)! and PDS[1])0 is redundant,
performance is improved; PPA[00)! is availsble st the slave (memory controller)
before PDS[1)0, allowing it to address main memory that much earlier in the
cycle. Not ssserting PDS[1)0 will yield » bus timeout failure.

3.3 Dats Transfer Operations

For &he discussions that follow, several timing diagrams are referenced. 1In all
casel, each is presented from the perspective of the slave device. As an
example, the timing for a read of main memory by a peripheral is seen at the
System Board Connector (the connector which mates the backplane to the System
Board, also referred to as the 1/0 Expansion connector.) The notation wused 1in
these timing disgrams is:

pinimum time in nanoseconds / maximum time in nanoseconds.
Peripheral Read of Main Memory (Figure 3)

A read of main memory (slave) by s peripheral begins with its request of the 1/0
Bus (PBRQD). On receipt of bus acknowledge (PBACKO), the peripheral (now
master) asserts the bus busy signal (PBUSY0) causing the arbiter to remove
PEACKO. The peripheral starts the data transfer by gating the physical address,
read/write (HIGH for read), peripheral size and interlock (inactive) signals
onto the bus. Once these lines are stable, the physical address strobe (PPASO)
and data strobes (PDS{1-0]0) follow.¢ PBRQD shall be removed after the data
transfer operation has started (i.e. after PPASO has been asserted and PBACKO
has been removed).

Activation of the data strobes precipitates the slaves (main memory controller,
in this case) gating of data onto the bus. When the data is stable, the slave
ssserts data transfer acknowledge (PDTACKO), allowing the peripheral to latch
the data. The peripheral will subsequently drive HIGH the address and data
strobes and the busy signal before tri-stating all signals it had been driving.
The main memory controller will remove PDTACKO and the data on removal of the
data strobes.

Peripheral Write to Main Memory (Figure 4)

The bus request/grant syndrome is identical to that for the above read protoccl.
After PBACKO and PBUSYD, the physical address, read/write (LOW), peripheral size
and interlock (inactive) signals are gated onto the bus followed by PPASO after
the reguired set up time. Also after PBACKO has been received, the periphera:

5. PSIZEV6C is open-collector and pulled HICH: an 8-bit peripheral, therefcre.
never need drive PSIZE160.

6. PBUSYD can be asserted as late as when PPASO and PDS[1-0]0 are assertec.
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gates the write dats onto the bus.

After the dats is stable, the peripheral asserts the appropriate combination of
data strobes to indicate the valid byte(s) of data on the bus. In turn, the
main memory controller "sccepts” the data and activates PDTACKO. This causes
the master (peripheral) to drive PBUSYO, PPASO and PDS{1-0)0 BIGB before tri-
stating these along with the address, dasts and status signals. PDS[{1-0)0 going
HIGHy causes the slave to remove PDTACKO. (Data can optionally be lastched on tre
fallfng or rising edge of pPDS(1-0]0,) :

CPU Read/Write of a Peripheral (Figures 5 and 6)

These operations are very similar to those when 8 peripheral was bus master.
The differences are:

Y. The CPU‘s arbitration for the bus is not evident on the 1/0 Bus (no
flopping of PBRQU/PBACKO).

2. One of fifteen Peripheral Chip Selects (PCS{15-1)0 => PCSO) becomes active
(identifying one peripheral along with the address, read/write and
interlock signals.

3. The CPL doesn’t drive PBUSYO.

4. The sdcressed peripheral returns PSIZE160 on receipt of PCSO (as oppcsec
) to generating PSIZE160 along with the address, etc. as when it was bus
master).

As before, PRIWO differentiates between 2 read and write operation.
Peripheral Interlock with Main Memory (Figure 7)

An interlock operation is the uninterruptible sequence of a read of main wmemory
by a8 peripheral,” modify the data read and then write it back to the same
location in main memory - all within a single bus cycle. Such operations are
generally used in the implementation of semaphores.

The protocol for an interlock operation is that of 2 read followed by a write
with one exception; the PLOCKO signal, which has the same timing specifications
as PPA23-00)1, PRIWC ancd PSIZE160, is active for both the reacd and wr.te.
Although the same address is used for both operations, it must be valid for beth
the read and the write. (As a side note, @n interlock operation can be easily
simulated withir 2 multiple bus access cycle if desired. Refer to the "Muitiple
Bus Accesses' section.)

9. The CPU can not establish an interlock with a peripheral -or vice versa.
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3.4 Bus Exchange

The main memory on the System Board is dusl ported; the System Board CPU (WE-
32000) is tied to one port while the 1/0 Bus® is tied to the other(3]. (Refer
to Figures ! and 2.) An srbitration circuit, also on the System Board, controls
sccesses to main memory snd is responsible for periodically refreshing main
Bemory. In sddition, since an I1/0 device can only access memory, the arbiter
alsq controls 1/0 Bus mastership.

Anyjperipheral may become 1/0 Bus master and therefore has access to the
Peripheral Bus Request (PBRQO) and Peripheral Bus Acknowledge (PBACKO) signals.
A peripheral publicly requests the bus with PBRQO, an open-collector signal that
is shared by all peripherals. The arbiter grants the bus by asserting PBACKO,
which is daisy chained through all peripherals; a peripheral refers to its Jnput
scknowledge signal as PBACKIO and its outputl as PBACKOO. While bus master, it
wust not allow PBACKOO propagate to the next device in the chain. Furthermore,
s peripheral may not glitch PBACKOO or preempt another’s bus mastership.
Finally, for the case when 8 peripheral is not waiting for PBACKO, the latency
from PBACKIO to PBACKOO should be kept under 9 nanoseconds; one Schottky gate
delay (e.g. SN74532) plus time of flight through two connector pins and on board
wiring. (See Figure 14.)

Traditional daisy-chain circuitry allows an 1/0 device assert PBRQO at will.
Given an asynchronous bus (such as the 3B 2 1/0 Bus) each peripheral woulc drive
PBRQO active regardiess of the state of any other peripheral. Consequently,
PBACKIO and PBRQO of a peripheral are asynchronous events.

Conceivably PBACKIO and PBRQO could be synchronized on each peripheral, thereby

" preventing glitches and the like from occurring when these two signals were to
occur at or nearly the same time. This scheme, however, increases the latency
from PBRQO to PBACKIO (since PBACKIO to PBACKOO is delayed at each peripheral’,
which can be significant for peripherals near the end of the daisy-chain.

The philosophy of 3B 2 1/0 Bus arbitration® deviates from this approach. In
particular, @ periphera! may not drive PBRQO if PBRQO is currently act:ve.
Instead, the peripheral must hold off until it sees PBRQU go inactive, de.iay
momentarily (minimum of 130 nanoseconds) and then drive PBRQDO. (This deiay
guarantees a window large enough for all peripherals to see the inactive PBRQC.)
Once & peripheral which has been waiting to drive PBRQO sees PBRQQ go inactive,
it is committed to go ahead and drive PBRQO after the forementioned delay.
Refer to Figure 1lic.

8. A DMA subsystem, locatec on the System Board, shares one port with the 1/C
Bus peripherals.

9. Patent pending.
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Given the independence of the peripherals, each will sample and hence drive
PERQD at different times - all within 8 finite amount of time. The arbiter,
consequently, must guarantee 8 delsy from PBRQO going sctive to sending out
PBACKO. This delay allows sll interested peripherals enough time to sample and
subsequently assert PBRQO before PBACKIO can go active. As illustrated by
Figure 1ic, the time from PBRQD going sctive to the time the arbiter asserts
PBACKO is at least 185 nanoseconds. (A peripheral, therefore, has 185
nangseconds to block PBACKIO from propagating to PBACKOO, sssuming it wishes to
useKhe bus.) '

Note that this delay is needed from PBRQD goJng. active. PBRQO, therefore, is
delayed on the System Board before it enters the arbiter such that the arbiter
doesn’t "see" PBRQO until 1 cycle later. Obviously, then, PBACKO will come out
1! cycle later as far as peripherals are concerned. Moreover, this delay is
inserted only within the first transfer of each cluster’® since PBRQO remains
sctive throughout. Finally, delaying PBRQO into the earbiter effectively
increases bandwidth to main memory for non 1/0 Bus devices (e.g. the WE-32000).

By requiring each 1/0 Bus device to be a “good citizen", priority is distributed
over the entire bus. Within each cluster, for instance, nO other peripherals
can attempt to use the bus. Furthermore, once 3 peripheral within the given
cluster finishes its cycle, it likewise may not attempt to use the bus until all
other devices in the cluster have had a turn on the bus. Figure 11a presents
one realization of the PBRQO/PBACKO daisy-chain logic foilowed by timing
diagrams in Figures 11b and llc.

Note: the circuit in Figure lla uses an 8§ Miz clock to meet the I/0 Bus
reguirement 'delay for a minimum of 130 pnanoseconds before driving PBRQO.'" Other
realizations are possible. Jf only a slower clock were available, for examgie,
this circuit would have to be slightly modified to guarantee the peripheral
would see PBRQO inactive before another device could drive it active agaln. One
straightforward alteration would have the rising edge of PBRQU clocking "myreq(’
which would then immedistely block PBACKOO. The cascaded flip flops in Figure
11a would then provide the required delay of PBRQO assertion.

The foliowing protocol shall be observed:

‘. A peripheral will watch for PBRQO to go inactive, delay momentarily,
assert PBRQO and then wait for PBACKIO.

2. The arbiter will eventually send out PBACKO, allowing the 1/0 device
physically closest to the CPU and with its PBRQO active tc obtain the bus.

3. The bus master will start its bus cycle as mentioned previously: PRUSYD,
PPA!23-001, etc. followed by PPASO.

10. Once PBRQO goes inactive, @ group or cluster of peripherals will drive PBRQC
sctive and wait in line for PBACKO.
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4. The arbiter will remove PBACKO on receipt of PBUSYO, with PBRQO still

active. PRRQO shall be removed after PBACKO has been removed and after

. PPASO has been asserted. (Containing PBACKO within PBRQO allows &
peripheral to use PBRQO to block PBACKO from propsgating.)

5. By the end of the cycle, the periphersl should have removed PBUSYO,
allowing the arbiter to grant the next bus mastership.

Th:*rbiter'times each data transfer by measuring the width of each active
PP Peripheral Bus Fault (PFLTO) is generated:® if this time exceeds that
specified in [3)]. (The current value of this time is eapproximately 5
microseconds.)

3.5 Multiple Bus Accesses

More than one " data transfer (bus access) by the same peripheral can be
sccomplished in one bus cycle. Such multiple accesses occur without bus
arbitration overhead and are thus performance effective. (The System Board CPU
is not capable of multiple accesses over the 1/0 Bus.)

The bus busy signal (PBUSYO) affords the multiple access feature (Figure 8). 1In
particular, a cycle starts as @a "normel" bus cycle; bus request, wait for
acknowledge and then activate PBUSYO. At this point, the bus master has
effectively locked out all devices from using the 1/0 Bus and may therefore
perform several uninterrupted data transfers.??

The lengths of the entire bus cycle and each separate data transfer shall be
constrained to limit bus occupancy and prevent bus timeout failures,
respectively. Specifically there may be at most 64 transfers within 2 multiple
access cycle and the total time on the bus must not exceed 125 microseconds. ?
(Refer to the "Performance Objectives" and “Error Detection and Handiing"
sections.)

3.6 Interrupt Operations

Each peripheral has the opportunity to interrupt the System Board CPL.
Intelligent peripherals, for example, use interrupts to bring & nonemply
completior queue to the attention of the System Board CPU. Three Peripheral
INTerrupt request lines (PINT[2-0)0) exist in the 1/0 Bus, thereby dedicating

——————————————

11. PFLTC is also generated on & parity error.

12. Transparent tc the current bus masier, the arbiter may tepporarily suspenc
the bus cycle to force a main memory refresh. Such 8 preemption can only
occur on an access boundary.

13. Although each transfer is expected to be on the order of 1 microseconc, the
ultimate limit of & multiple access cycle is 125 microseconds.
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three (of eight) system interrupt levels to 1/0 peripherals.  Low bandwidth
peripherals (e.g. terminal controllers) should attach to PINT[0]O, the lowest
interrupt priority, and high bandwidth ones (e.g. disk controllers) should
sttach to PINT{1]O. PINT[2]0 is reserved’‘.

Signals PINT(2-0]0 (open-cdllector) are shared by all 1/0 peripherals; any 1/0
device can attach itself to any one, and only one, of these three levels.
Simigar to the one bus acknowledge, three interrupt scknowledges are daisy-
c‘ha}ed through all peripherals with the 1/0 device sitting closest to the CPU
getting serviced first. PIAK[2-0)0 originste from the System Board, PI1AK1({2-0])0
refer to the interrupt scknowledge Jnputs of 8 given peripheral and PI1AXO{2-0]0
are the corresponding outputs of the chain. Unused interrupts shall have the
associsted input and output scknowledges tied together and no two 1/0 devices
shall be physically separated by an empty slot.

The interrupt’ request/acknowledge syndrome differs that of the bus
request/acknowledge in that a peripheral may assert PINT[1)0 at will. Still,
PIAKO[i]O (and consequently PIAKI[i)0) may not glitch and the scheme used for
bus request/acknowledge (Figure 113) may also be used with interrupt
request/acknowledge.

A peripheral begins an interrupt operation by asserting 8 particular PINT!i])0.
Refer to Figure 9. After pgenerating PINT[i)0, the CPU will recognize the
interrupt when the current program execution level and all pending interrupt
requests are lower than the reguesting interrupt level, and when executior
reaches an instruction boundary. Upon recognition of an interrupt, the CPU will
request to @access 2 peripheral (i.e. use the 1/0 Bus), as opposed to accessing
main memory. When granted the bus, the CPU will generate the appropriate
interrupt scknowledgement signal which will be held up at the main memory
controller until PRIWO, PLOCKO and PPA[23-0]0 are available. The CPU will
indicate a read operation (PRIWO = 1) and place an unspecified address on the
bus; the CPU’s objective here is to read the interrupting device’s 8-bit
interrupt  vector. The interrupt vector of the requesting device will
consequently be read as if @8 normal CPU read cycle. (Note: PIAKIII)C
differentiates an interrupt acknowledge operation from 2 normal read operatior.
In addition, since the vector is slways 8 bits wide and PSIZE160 is open-
collector and pulled HIGH, a 16-bit peripheral need not drive PSI2E160 during ar
interrupt acknowledge cycle.)

The System Board will remove PIAK[i)0 on receipt of PDTACKO allowing the
peripheral to remove PINT(i)0.** (Containing the acknowledge signal within the

—————————

14. AT6T Bell Laboratories reserves the right to utilize FINT{21C at any taime i<
supply the best product possible and makes no warranty, express Or impiiec.
for peripherals which use PINT!2)0 and furthermore assumes no responsibilily
for any such products Or 3B 2 computer which uses such products.

15. PINT[i) will be removed after PIAK[i)0, automatically via hardware (i.e.
vautoclear”) or by software.
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request signal allovs o peripheral to use PINT[i])O to block PIAKO[i]JO from
propagating.)

The System Board CPU assigns unique interrupt vectors to each peripheral during
system asutoconfiguration oOn power-up.. All vectors are 8 single byte of deta,
always on 1/0 Bus byte 1 (bits 00-07). ~ Refer to [2) for details on the
formation of the interrupt vector.

3.7 Error Detection and Bandling

Two 1/0 Bus signals are dedicated to fault detection: PFAILO (Peripheral Board
Feil) and PFLTO (Peripheral Bus Fauit). PFAILO (open-collector) is shared by
all peripherals and is activated on an error (e.g. sanity failure) within an
intelligent periphersl. PFAILO can be activated any time.

PFLTO (bidirectional, open—collector). also common among all peripherals, is
currently only sctivated by the System Board and has the same timing
specifications as PDTACKO. A bus timeout or dats parity error precipitate PFLTO
which then sets a System Board Control and Status (CSR) bit and interrupts the
CPU. The bus master shall end the cycle on receipt of PFLTO.

Parity is only checked on data read from main memory and not propagated over the
1/0 Bus. Most faults (e.g. protocol errors), however, are expected to man:fest
themselves as bus timeoutls. To this end, the time from PBACKO going active 1o
PPASO going inactive is measured by the arbiter; exceeding the specified limit
yields a bus timeout. (For multiple access cycles, the timer is reset at the
start of each transfer.) 1In the event of an 1/0 Bus request with no ensuing
operation (no PPASO), the system will hang. Finally, diagnostics afford a

system integrity check other than these "normal" run time ones.
3.8 Autoconfiguration

On power up, 8ll peripherals will be reset and 3B 2 system firmware will attempt
system autoconfiguration. To this end, all "3B 2-native" peripherals shall
provide an ID Register whose width corresponds to the width of the giver
peripheral; 8 (16) bit peripherals have 8§ (16) bit ID Registers. Each
peripheral type has a unique ID code Bas discussed in [2]. (Operator
intervention is necessary with CBA-based petipherals.)

4. ELECTRICAL REQUIREMENTS

These electrical requirements are based on an 1/0 Bus 20 inches in length
(electrical) with at most 12 peripheral taps and | System Board tap (i.e. the
Model 400 is used as the worst case).:* Each peripheral tap may have at most

16. Although the CPU’s address space allows up to 15 peripherals (i.e. PCSIt3-
01)0), only 12 will be supported due to electrical constraints.
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74LSTTL input losds and ) 74LSTTL output load and present » maximum of 4S5 pf of
capacitance such that fully losded bus can be expected to have up to 700 pf
(Figure 12).2" Finally, terminating resistors are used to minimize reflections
and ringing.

4.\ Timing
Ther® are five concerns with 1/0 Bus timing:

. Time of flight / bus skew

. Setup times

. Hold Times

Bus cycle termination times
Bus cycle length - timeouts.

VEWN -

For a fully loaded bus, @ maximur time of flight of 4C nanoseconds is possitle.
This number directly affects the overall timing of @ bus cycle. For example, tc
_ensure 20 nanoseconds address setup time at the slave, the bus master must
guasrantee @8 stable address at least 60 nanoseconds before activation of address
strobe (PPASO). Also, there shall be at least 8 hold time of 10 (50
nanoseconds at the slave (master) on the address after removal of the address
strobe and on write data after remaoval of the data strobes.

As one bus cycle ends, another may soOn be in progress; care must be taker tc
prevent tri-state overlap between the current and previous bus occupanis. To
this end. the figures also include bus cycle termination specifications. The
philosophy of the cycle termination emploved is: The bus master dictates when
the cycle can be ended and can do so only after the date has been receivec. The
aciion indicating end-of-cycle is remaval of strobes PPASO and PDS{1-0)0 (anc
PEUSYD if a peripheral is master). There is nc more handshaking eafter th.s
pecint. Instead, the master guarantees to drive its strobes HICH for at least &C
nanoseconds before deactivating all its signals.:* (PBRQO is a possibie
exception since it could have been removed as early as after PPASO hac beer
assertec. At any rate, however, PBRQO must have riser tc @ HIGCH state - which
cou.d take as muczh as 150 nanoseconds - at most 50 nancseconds after the sirodes
have beer driven BIGH.)

)

O ——————————

17. As discussed later, signals PSI2E160. PDTACKQ ancd PFLTO require higt current
drive (Schottky or standard driver) anc & singie 1/0 load anc are thus
exzepi.one L lris regL.rement. Fortrermore. .sfoLing WhEsE lar: LR
single loac lowers their maximur a.lowetle tap capacitance from &5 pf o tc !l
pf{ anc the maximur net capacitance fror 700 pf to 600 pf (Fagure 12

18. A minimur of 40 nanoseconds guarantees that signals are inactive at the
start of the next cycle. Otherwise, with a 700 pf undriven bus pullec up
with 390 Ohms, the rise time to threshold would be about 150 nanoseconds.
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On removal of the strobes, the slave will in turn remove PDTACKO,:* data (if the
operation was 3 read) and PSIZE160 (if » peripheral is the current bus slave).

As mentioned previously, the srbiter tinés;éoch date transfer. In addition, the
length of a bus cycle (especially for multiple accesses) is constrained.

4.2 Currept Driving/lLoading Requirements

The *ble below specifies 8 peripherals maxipur current driving and loacing
requikrements. (Current oul of & terminal is given &s & negative value.) Many
compercial devices of the 74 LSTIL series (e.g. 33, 125A, 240, 244, 645 and 646)

meet these specifications, except for the PSIZE160, PDTACKO and PFLTO
;pec§fications. Here a 74 STTL or 74 Standard TTL device may be required (e.g.
«07).

4.3 Termination Resistors

A primary objective of bus termination resistors is tc eliminate signal
reflections as caused when the bus length is greatler than a signal’s rise time.
An unloaded bus with 12 nh and 3.5 pf per inch has 8 characteristic impedance of
about 59 ohms and 8 propagation delay of about 2.5 nanoseconds per foct. &
Loading a 20 inch bus with 13 taps:c totaling 700 pf (3B 2/400), significantly
lowers the characteristic impedance while increasing the time of flight tc aboul
40 nsec. A bus length of 40 nsec. is certainly greater than the rise time of
even LSTTL driven signals and thus signal reflections can be expercted.

Although terminating the bus with its characteristic impedance (<< 60 ohms) will
completely eliminate bus refections, driving it would be practically impcssibie.
Some termination, however, would be helpful and, therefore, the address, data
and status lines will be terminated in a network consisting of 390 ohms to VCC
and 560 ohms to grounc.’: All open-collector signals of ali models will be
pulled to VCC:*® while daisy-chained signals will have a high impedance (1k ohms’

19. As indicated in Tables 3 and 4, PSIZE160, PDTACKO and PFLTO are open-
collector and require an lol current drive of at least 40 m#s and puilugp
resistance of 195 ohms. Suth an arrangement yields 2 worst-case charge time
tc threshcic of 60 nancseconds. Recali these leads are allowed orly !
S-hottky load per tap an¢ consequently will vieid a lower net capacitance
(607 pf) than otherwise (700 pf if 2 input and 1 output LS loads allowec .

2(. 12 peripherals anc ! Sysier Boarc yieid '3 taps. Note: the Svstem Boarc s
alleowed & 1/0 loads or pLftA-O0 Y, 2 loace on PSIZE160. PDTIACKD anc PFLTU
anc 3 lcacs or lhe rema:ning S.ETE.E.

21. Such an arrangement brings arn undriver iine te about 3 veolts insteac cf I.
resulting in less of @ vcitage Swing (minimize crosstalk). Both res:isticr
arrangements - pullup versus terminatior network - have the same efiect C-

reducing reflections.
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TABLE 3. Peripheral Load Currents

Signsl ' Type source Iol (mA) Ioh (mAa) Iil (mA) 1ih (mr)
PBUSYO 1S - s periph 24 -15 -.8 .04
PBRQO ls - o¢c periph 40 - -.8 .04
PBACKIO S - tp| sys/periph 20 -1 -9 .
PBA@ROO s - 1p periph 20 -1 -9 N
PCS'R f LS - tp sys 8 _ -.4 -.8 .0d
PD[15-00)0 LS - ts bi-direc 24 -15 .8 .04
rps{1-0])0 LS - ts bi-direc 24 -15 -.8 .04
PDTACKO s - oc¢ bi-direc 40 - -.4 .02
PFAILO LS - oc periph 40 - -.8 .04
PFLTO S - oc bi-direc 40 - -.4 .02
PINT[2-0)0 | LS - o¢ periph 40 - -.8 .04
PIAKI[2-0)0, S - tp sys/periph 20 -1 -9 A
P1AKO[2-0]0 S-tp periph 20 -1 -9: A
PLOCKO LS - ts periph 24 -15 -.8 .04
PPA[23-00)1) LS - LS bi-direc 24 -15 -.8 .04
PPASO LS - ts bi-direc 24 -15 -.8 .04
PRIWO LS - ts bi-direc 24 -15 -.8 .04
PSIZE160 S - oc peripk | 40 - -4 .02
RQRSTO 1S - oc|l  peripk | 40 - -.8 .G
SYSRSTO Ls - tp| svs 24 -1.2 -.8 .Cw

Notes:
1. Legend

§ => Schottky (or standard) driver
LS => Low power Schottky driver
ts => tri-state )
oc => open-collector
tp => totem-pole
2. Includes 5 mA through 1k ohm pullup resistor.

pull-up resistor on the input signal physically located on the peripheral.
Converse.y, the other terminating resistors will be located at the elecir:ce:
end of the 1/0 Bus, on the 1/0 Expansiorn Boarc \backplane). Table & presentls
all 1/0 Bus signals and associated terminations. (Coincidentally., these

attempts to reduce reflections and ringing 8isc minimize RFI1.)

22. Figure 13 uses Thevenin’'s theorem tc compule <he mirnimur Terminatint

resistance for each 3F 2 model on the assumption that Only LETTL gates woin

e minimum lol of 24mt oOF 4LOmh (7« series’ are used. Note: in the interest
of inventory management, only 1 set of res:sior values will be used altincugh

the shorter bus of the 3g 2/300, for instance, could use lower vaiues.
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4L.4 Lesd Parallelism

The possibility of crosstalk necessitates restricting the parallelism of some
signal paths.

“crosstalk in digital systems is the coupling of an unwanted signal
ontc a "passive" line (wire or net) due to the switching of adjacent
vactive" lines. The coupling is 8 result of the mutual inductance and
capacitance which is 8 function of the closeness of the lines. For

coupled lines, ..., crosstalk is sigrnificantly larger if the lines are
uniformly parallel." [5)

There are essentially two coupling situations. First, adjacent signals switch
simultaneously (e.g. data bus bits), generating coupled signals on each other.
No rerouting is required, assuming that a settling time of a few nanoseconds 1§
provided. Conversely, & signal may switch while an adjacent line is passive
(e.g. & control lead or clock signal coupled with bus bits); such situations are
prone to crosstalk.

To minimize crosstalk, routing should limit the alignment length of switching
signals with passive ones and all signals will be mixed with grounds and VCCs
(AC grounds). Aucits shoulc be used to f.ag potential coupiing problems.
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TABLE 4. Bus Termination (Ohms)
: 3 2/200 - '382/300 382/400
Signal Type termination termination termination location
PBUSYO ts 390 390 390 backplane
PBRQO oc 390 - 390 390 backplane
PBACKIC tr 1k 1k 1k periph.
PBACKOO tp - - - N/A
PCSO tp 1k Tk 1k periph.
PD(15-00]0 ts » * * backplane
PDS[1-0)0 ts 390 390 390 backplane
PDTACKO oc 195 195 195 backplane
PFAILO oc 390 390 390 backplane
PFLTO _ oc 195 195 105 backplane
PINT[2-0)0 oc 390 3%0 390 backplane
PIAKI[2-0]0. ¢p 1k 1k 1k periph.
P1AKO[2-0)0; ¢p - - - N/A
PLOCKO ts * oo * backplane
PPA{23-00)1 ts * * ¥ backplane
PPASO ts 390 390 390 backplane
PRIWO ts | * * * backplane
PSIZE160 oc 193 195 195 backplane
RQRSTO oc 390 390 390 backplane
SYSRSTO tr 390 390 390 backplane
Notes -
a) Legend:
ts => tri-state
oc => open-ctcllector
tp => totem-pole
% =» 390 Ohms to VCC and 560 Ohms to GRD
- => none
N/A => Not Applicable
b) 195 ohms = 390 ohms ,| 390 ohms
¢) PBRQC. PFAILO, PINT(2-0)C and RQRSTC may additionally be pulled

vp or the System Board wit

1t is meant solely for use by
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5. MECBANICAL SPECIFICATIONRS

Figure 15 presents the physical structure of 3B 2 1/0. As shown, the System
Board contains two connectors, A and B. Connector A"’ contains the address,
data, control, power and ground for up to four peripherals (e.g. 3B 2/30C..
Connector B?* contains the additional control, power and ground to support
twelve peripherals (3F 2/400). Tables 5 and 6 lists the signals of connecters £
snd p., respectively.

At Present, two distinct 1/0 Expansion Multilayer Boards will exist. The 1/0
Expansion Board of the 3B 2/300 will plug into both connectors A and B anc
provide only four peripheral connectors (i.e. fan out only PCS[04-01)0).  The
1/0 Expansion Board of the 3p 2/400 will also plug into both A and B connectors,
yet provide twelve peripheral connectors (PCS[12-01)0 fanned out). Both
Expansion Boards will route the daisy-chained net between peripheral slots and
far out the chip selects to the appropriate slot. In addition, the terminal.ng
resistors discussed earlier will be mounted on the 1/0 Expansion Boards.

23. AMF modei number 1-830843-0

24. AMP mode! number 530843-7
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TABLE 5. 1/0 Expansion Connector A (100 pin)

Pin Number Signal Pin Number Sigoal
! vee 2 PPA[ 23N
3 PPA[22 )1 4 GRD
5 PPA[21 )1 6 PPA[20))

v PPA 1931 8 GRD
[+ PPA[ 18] 10 PPA[ITN
11 vee 12 GRD
13 PPAII6 Y 14 PPAl15 )1
15 PPA{ 14 16 GRD
12 PPAI 13N 18 PPA[12 ]
19 PPA[ I 20 PPA{10]!
21! vee 22 PPA[09 )1
23 PPA[OB ) 24 GRD
25 PPAIO7 ) 26 PPA[ 061
27 PPA[ 05 )1 28 GRD
29 PPA[ 041 30 PPA[ 03 )1
31 vee 32 GRD
33 PPA{O2 )1 34 PPA[O1 )1
35 PPAIOO )Y 36 GRD
37 PLOCKO 38 PRIWO
39 PPASO 40 GRD
41 vee 42 PBACKO
43 PBRQO 44 GRD
45 PD{151 46 S PD 141
47 PD 1311 48 GRD
49 PDI 121 50 PDI1I N
51 vee 52 GRD
33 PD 10N 54 PD 0% !
55 PD{ 081 56 GRD
57 PD{O7 Y 58 PD{ 06 11
59 PDI0S ! 60 GRD
61 vee 62 PD!0O& N
63 PD{ 031 64 GRD
65 PD!02 N 66 PDiO1 1
67 PD:0C 1 68 GRD
69 PDS 130 ! 70 PDS'0)0
77 vee | 2 GRL
73 PDTACKC | 74 PSIZE160
75 PFLTC : 76 GRD
7 PFAILO | 78 PBUSYC
79 SYSRSTC | 82 GRD
& ver 2 POPIAKTCIC
53 RQEETD | &~ B SUN S
K PINT C)C 8¢ . PI1ARI2
8~ PINT V)0 88 i GRD
89 PINT 230 e: | VBKUP
91 e \ 92 GRD
93 PCS;01)01 94 VI2N
95 PCS[02)0 96 GRD
97 PCS[03)0 98 Vi2P
99 PCS[04)0 100 GRD
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TABLE 6. 1/0 Expansion Connector B (60 pin)

Pip Number Signal Pin Number Signal
! vce : 2 PCS(05)0
3 vVCC 4 GRD
] PCS 0610 6 GRD
7 vee 8 GRD
9 A [o 10 GRD
11 PCS[07]0 12 GRD
13 vcC 14 GRD
15 vCC : 16 GRD
17 PCs(08)0 18 GRD
19 vCC 20 GRD
2/ vCce 22 GRD
23 PCS{09]0 - 24 GRD
25 vee 26 GRD
27 vCC 28 GRD
29 pcs{10])0 30 GRD
3/ vcce 32 GRD
33 vCCe 34 GRD
35 pPCcsi11)0 36 GRD
37 vcC 38 GRD
3¢ vcce ’ 40 GRI:
41 PCS[12)0. 42 GRD
3 | vcc 44 GRD
45 vCcC 46 GRI
47 PCSI13]0 48 GRD
49 vVCCe 50 GRD

! vee 52 GRD
33 PCS{14]0 54 GRD
55 vce 56 GRD
57 vcc 58 : GRD
59 PCSI1510 60 GRD

There are two different sizes of 1/0 boards: about 6.5 inches by 7.4 inches
(sing.e width) and 13.4 inches by 7.4 inches (double width). Figures 162 anc
16t present single width measurements and topology for the CM165 famiiv. Fagure
16c presents the pinout for a periphera! connector®® and Tatle 7 lists the
signais present at each of these connectors. (Doubie width spec.fics are ic be
determined.)

25. AMP model number 1-530843-0
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TABLE 7. Peripheral Connector (86 pin)

Pip Number Signal Pin Number Signal
! v12P 2 PINT{2)0
3 VI2N 4 PINT[1])0O
5 PBACKIO 6 PINT!O0.0
7 PCSO 8 RQRSTO
9 GRD 10 SYSRSTO
17 VBKUP 12 PFAILO
13 PIAX0;2])0 ' 14 PFLTO
15 PIAK1[2]0 16 GRD
17 vee 18 PDTACKO
19 PIAKI[1])0 20 PDSI1]0
21 PIAXO!1]0 22 PD!00 1
23 1 PIAKI;0]0 24 PD{ 021
25 GRD 26 PDI03 )1
27 PBUSYO 28 PD!05]1
29 PIAXO{0]O 30 PD{ 071
37 PSIZE160 - 32 GRD
33 PDS'0)0 34 PD! O8I
35 PD 01 )1 36 PDI10"
37 GRD 38 PD[ 121
39 PD 041 40 vce
41 GRI: 42 PD[13 1
43 PD| 061 44 PD 1501
45 PD! 09 )1 46 PBRQC
47 PD{ 11 )1 48 GRD
49 GRD 50 PPASC

! PD. 141 52 PLOCKO
53 PBACKOO 54 PPA[0O 1
55 PRIWO 56 GRD
57 GRD 58 PPATO2 N
59 PFATO 60 PFA. (e b
67 PPA{ 03 1 2 PPA. 05 1
63 PPA[O6 ) 64 vece
65 GRD 66 PPA 0T "
67 PPAIOO N 68 PPA OB :°
69 PPA 10N 70 PPA Y 0
7! PPAT 121 72 GRD
73 | GRD 74 PPAI13 0%
25 t  PFA[1SM11 76 PPA V&)
77 i PPAIIT LY 7€ PPA 16"
79 COoPpPAT200 &r GFI
5 . GRI C &S o PEAL R,
83 PFPA{230" | - S 3 VN

2 © PPAL210: i 86 | PPa 220}
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6. PERFORMANCE OBJECTIVES

Two different aspects of bus performance are discussed: bus efficiency and
bandwidth. Achieving efficient and fair bus utilization are the overriding
concerns here. (Refer to [2) for further discussion of these issues as well as
bus occupancy.)

6.1 Bus Efficiency

WitNin this document, bus efficiency is defined as the ratio of “time actively
using bus" to "time holding bus." By actively using the bus, we mean 2
peripheral is progressing through an I1/0 Bus operation, asserting strobes for
example as opposed to jJust sitting idle holding PBACKIO. A peripheral is
considered holding the bus from the time PBACKIO is received until data strobes
are driven inactive and tri-stated.

All 1/0 Bus peripherals must approach a bus efficiency of 100%. Translated, all
peripherals must begin sequencing through the desired 1/0 Bus operation
immedistely after receiving PBACKIO. This requirement, however, is more likely
to be applicable to multiple access cycles. As an example, the use of DMa
controllers which have separate fetch and deposit operations may not be used
within a multiple access cyvcle since doing so would severely underutilize the
bus. Refer to [2) for details.

6.2 Bus Bandwidth

The amount of information (data) which can be transferred over the 1/0 Bus
defines bus bandwidth. It is a function of the architecture of the 1/0 Bus as
well as the efficiencv of System Board arbiter and peripheral designs. Critical
paths within each bus cycle are:

1. PBRQO assertion to assertion of PBACKO (only for case of peripheral as bus
master).

Active PBACKC (or PCSO if System Board CPU is master) tc asserticr of
PDS1=0)0.

(5]

3. Active PDS/1-C)0 to assertion of PDTACKO.
4. Acvive PDTACKC to removal of PDS[1-0jC.-°¢

5. 1Inactive PDS'1-010 to start of next cvcle (e.g. PBACKC assertec
Mu.tiple accesses are performance effective in that this step is nci

re.evant.

26. In the interest of system per{ormance, 2 peripheral could latch read det:
with PDTACKO and asynchronously remove PDS[1-0).

PRIVATE
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Preliminary designs achieve » constant 1/0 Bus bandwidth of 2 megabytes per
second.

The above definition of bandwidth doesn’t take into sccount the bandwidth
svailable to each peripheral. Bus access priority does. As discussed earlier,
3B 2°s 1/0 bus arbitration scheme dynamically distributes bus priority nearly
evenly across 8ll peripherals. Obviously then, an increase in the number of
peripherals yields ‘s corresponding decrease in bandwidth available tc each
peripheral. A peripheral can typically (i.e. no pultiple access cycle :in
progress) expect to wait | to 2 microseconds for each peripheral sttached to the
1/0 Bus. 1f there are 12 peripherals, for instance, each can expect to wait 12
to 24 microseconds to access the bus. (The System Board DMA subsystem, which
also resides on the 1/0 Bus, is 8 "gpecial-class citizen" in that it doesn’t
abide by the same £airness rules; increases in disk sctivity, therefore,
proportionately decrease bus svailability for peripherals. The current System
Board disk controller can OCCUpY the bus up to ! millisecond.)

An analysis/estimate of overall system performance is beyond the scope of this
document.

7. SUMMARY

This document started with a brief overview of the 3B 2 1/0 Bus followed by @
discussion of the twc types of peripherals: programmed and intelligent. AN
in-depth functional description followed specifying signal definitions, error
handling and the data transfer, bus exchange and interrupt acknowledge
protocols. From here we delved into the electrical details of loading, driving
and timing requirements: each tap may have at most 2 input and 1 output 74LSTTL
loads (except PSIZE160, PDTACKO and PFLTO0), present no more than &5 pf (40 pD>
of capacitance and allow 40 nanoseconds for time of flight. Electrical analysis
also identified the need for terminating resistors on the multilayer 1/0
Expansion Boards. Section 5 then discussed pechanical issuves of the 1/0
Expansion Board and associated connectors: A, B anc peripheral. Finally. the
target performance of the 3B 2 1/0 Bus was establisheZ al 2 million bytes per
seconc.
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PPA12Y 071 @ @072
PPA11Y 070 & 069
PPAO9Y 067 @ B(06B
PPAOTY 066 B B06S
PPAOSY 063 & 2064
PPAOSY 062 B M0oe1
PPAOIY 059 3 &060
PPAD2Y 058 B @057
PRIWO| 055 B 056
PPADOY €54 B 053
PD141 | 051 J&052
PPASO| 050 & 3049
PD111| 047 & 3048
PBRQO| 046 3 3045
PDO61 | 043 3 :044
PD131| 042 B 3041
PDO41 | 039 33040
PD121| 038 8 3037
POO11| 035 33036
PDOBY1 | 034 B 3033
PSIZE160 031 B E032
PDO71| 030 3 3029
PBUSYQ 027 8 3028
PDO31| 026 3 3025
PIAKIQD 023 8 @024
PDOCT | 022 @ 8J21
PIAKIMD 019 & 020
PorAch 018 8 8017
PIAKIZD 015 E F016
PFLTO| 014 33013
VBKUP | 011 B 3012
SYSRSTD 010 3 3009
PCSO 007 & 3008
PINTO] 006 & 2005
V12N 003 3 3004
PINT2d 002 8 3001
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4-28-83

PPA211
PPA191
GRO
GRD
PPATTA
PPA141
GRD
GRD
PPA101
PPAOB1
GRD
vCC
PPAD31
PPAD41
GRD
GRO
PBACK@O

PLOCKO
GRD

GRD
PDO%1
PD151
GRD

vCC

GRD
PD101
POSO0
GRD
P1AK@00
PDO51
GRO
PDO21
PIAKD10
PDS10
vCcC

GRD
P1AK®20
PFAILO
GRD
RQRSTO
PBACKIO
PINT10
viep
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