SSI1 32B451
SCSI Controller
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DESCRIPTION

The SSI32B451 SCSibus interface device is designed
to adapt a peripheral controlier (target) system to a
small computer system interface (SCSI) bus.

As atarget adapter, the SSI 32B451 contains circuitry
to complement the logic of the SSI 32C453 Dual Port
Buffer Controller for SCSI arbitration; SCS| REQVACK
handshake; and parity generation and checking. In its
role as a target SCSI adapter, the circuitry on the
device maximizes SCSibus performance in all phases
and ensures conformance with the SCSI specification.

The SSI 32B451 includes high current drivers and
Schmiitt trigger receivers which allow for direct connec-
tion to the SCSI bus for the single ended interfacing
option. The SSi 32B451 is intended for use in designs
based around the SSI 32C452 storage controller and
the SSI 32C453 Dual Port Buffer Controller.

July, 1990
FEATURES

* Supports asynchronous data transfer up to
1.5 Mbytes/sec

* Supports target role in SCSI applications

¢ Includes high current drivers and Schmitt trigger
receivers for direct connection to the SCSI bus

* Full hardware compliance to ANSI X3T9.2 Rev.
17B specification as a target peripheral adapter

* Contains circuitry to support SCSi arbitration,
(re)selection and parity features
* Complements the SSI 32C453 Buffer controller

* Plug compatible with AIC 500L
* Available in 44 pin PLCC
* Single +5V supply
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FUNCTIONAL DESCRIPTION

The purpose of the SS132B451 is to fulfill a support role
within a hardware design. The device contains four
circuit functions which interact within the overall de-
sign. The partial schematic in Figure 10 illustrates this
interaction. This section describes each of the func-
tional circuits.

DATA TRANSFER INTERFACE

The data transfer interface logic coordinates the trans-
ferof data betweenthe data transfer logic and the SCSI
bus. Standard two-wire DMA handshaking is sup-
ported by the BREQ and BACK signals. This section
is organized to connect directly with the SSI 32C453,
Dual Port Buffer Controller, but is easily connected to
any other data transfer control device. Before DMA
controlled information transfer can begin, a valid con-
nection must exist to the SCS1bus with BSY active and
no phase error. The direction of information flow is
controlled by the I/0 In signal from the storage control-
ler or a latch.

The device complements the buffer controller hand-
shake timing by latching the SCSI data before transfer-
ring into the controller buffer. This speeds the data
transfer across the bus by reducing the REQ/ACK
timing restraints for the SCS! bus transfers.

Inthe target-in state (read operation), the data is being
transferred from the peripheral controller to the initiator
orthe host. The buffer controller device controls when
the buffer is accessed to pass on to the device. Once
valid data is present on DO-D7 of the buffer data, LO is
asserted, latching data into the device. The buffer
controller then asserts BREQ, indicating to the device
that valid data is in the internal latch ready to be
transferred overthe SCSi bus. The device then places
dataon the SCSI bus and then asserts REQ. The data
setup time required by SCSI specification is dictated
primarily by the buffer controller. The host (initiator)
asserts ACK indicating acceptance of the SCSI data
transfer cycle. The device asserts BACK to the buffer
controller logic indicating completion of that cycle.
Refer to Read Operation timing diagram (Figure 4) for
an illustration of this handshake.

In the target-out state (write operation), the data is
being transferred from the initiator to the buffer upon
the control of the buffer controller. The buffer controlier
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asserts BREQ requesting transfer of a byte of data
fromthe initiator. The device, inturn, asserts REQand
the initiator responds by driving the SCSI data bus and
asserting ACK which latches data into the device.
BACK is asserted by the device indicating that the byte
is latched inside the device and is available to be
transferred to the buffer RAM. The buffer controller
then asserts BIE to enable output of the data to the
RAM. When the buffer controller has completed trans-
terring the data it negates BIE and BREQ indicating to
the device that the cycle is complete. Refer to Write
Operation timing diagram (Figure 3) for an illustration
of this handshake.

ARBITRATION

The purpose of this block is to complement the logic in
the SSI 32C453, butfer controller device, for SCSI bus
arbitration during selection of the target controller or
reselection of the initiator phases. The device simply
passes along the SEL and BSY signals as SEL IN and
BSY IN, respectively. It also monitors the control line
BSYOUT received from the buffer controller chip for a
minimum of three clock periods and a maximum of four
clock periods (Bus-Free Delay) after which time it
outputs BSY.

Once the device has performed these functions it
leaves the actual arbitration activity to the local micro-
controller and the buffer controller. Refer to the SSI
32C453 specification for details of this activity.

The SCSI signals SEL, SELOUT, BSY and BSYOUT
received from the buffer controller are internally in-
verted and become SELIN, SEL, BSYIN and BSY,
respectively. The actual monitoring of these lines for
SCSItiming specification is accomplished by the buffer
controller. The actual arbitration activity for the SCSI
bus is performed by the buffer controller device and the
local microcontroller. Refer to the SSI 32C453 speci-
fication for the timing of this activity.

PARITY GENERATION

Parity functions as ‘Odd’ parity only. For incoming
data, the SSI 32B451 checks parity or computes and
passes the computed bit to the buffer RAM depending
uponthe condition of PAR/RST line. Foroutgoingdata,
the device always computes parity on the data and
presents to the SCSI bus.
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For the incoming SCSI data, the device generates
parity internally and compares it against the parity bit
received if the PAR/RST line is high. The result of this
comparison is latched at the PAR/ERR output signal.
An error is indicated by a high signal at this output. To
clear the error condition, the PAR/RST line must be
driven to a low level.

Alternatively, if PAR/RST is held low, the device com-
putes parity on incoming SCSI data and presents this
parity bit at the PAR/ERR output. This value can be
stored in the butfer RAM for parity checking at a later
time.

For outgoing data, parity is always generated and
presented for the SCSI bus on the DBP line by the
device.

NOTE: Parity, as a function of SCSI, is optional.
However, the SSI32B451 ignores this and works parity
continuously. The surrounding design has responsibil-
ity of either monitoring parity or ignoring it.

SCSI INTERFACE

Drivers and receivers are provided internally to the SSi
32B451 for direct connectionto the SCSIbus. The only
components necessary outside of the chip are the pull-
up and puli-down resistors for the interface and receiv-
ersfor SCSI Attention and Reset signals. The dataand
parity signals received from the SCSI bus are passed
along to the Data Transfer Interface and parity circuits
described above. The data and parity bits to be sent
over to the SCSI bus are buffered by this circuit.

PIN DESCRIPTION

This section describes the names of pins, their symbols, their functions and their active states. The signals
are grouped in four categories according to their interface to other components on the board. The four

categories area:

SCSI Bus Interface

Buffer Controlier/Buffer RAM Interface
Storage Controller Interface

Others

*
*
*
*

SCSI BUS INTERFACE

The following group of signals interface directly to the SCSI bus. All output and bi-directional lines have 48 mA
sinking current capability. All input buffers are Schmitt trigger inputs and all outputs have high current open
drain buffers to allow direct connection to the SCSI bus.

NAME PIN # | TYPE /0 DESCRIPTION
DB0-DB7 13-17 | SCSI 110 Data Bus. Buffered data bus signals interface directly to
19-21 SCSI bus.

DBP 10 SCSI o Data Bus Parity. Parity bit for the SCSI data bus signals. Itis
always generated when data is transferred on the SCSI bus. It
can be ignored on reception. Active low.

ACK 7 ScCsi | Acknowledge. This signal is an input from the initiator in
response to the SS132B451’s REQ, and indicates valid dataon
the SCSI bus. Active low.

SEL 23 SCSi /0 Select. Active low signal used by an initiator (the host) to select
a target or by a target to reselect an initiator.
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SCSI BUS INTERFACE (Continued)

NAME PIN# | TYPE 1o DESCRIPTION

BSY 25 SCSI e} Busy. Active low. An “OR-tied” signal that indicates the bus is
being used.

MSG 11 SCSI (o] Message. Open drain SCSi signal. Signal driven by the device
to indicate that the SCSI communication is in the message
phase. Active low.

C/o 27 SCSI 0] Command/Data. Open drain SCSI signal driven by the device
that indicates control or data information is on the data bus.

REQ 22 SCSI (o] Request. Active low true signal driven to request data byte
transfers. Also, used to “Acknowledge” at completion of trans-
fer.

(/o] 26 SCSI 0] Input/Output. SCSI signal that controls the direction of data
movement on the SCSI bus with respect to the initiator.

BUFFER CONTROLLER/BUFFER RAM INTERFACE
The following group of signals are associated with buffer data and control. All signals except the buffer data
signals interface to the SSI 32C453, Dual Port Buffer Controller.

NAME

PIN #

TYPE

1o

DESCRIPTION

BREQ

35

TTL

Buffer Request. When asserted, this signal indicates that the
peripheral buffer controller is requesting to transfer a byte of
data. Active high input.

BACK

TTL

Buffer Acknowledge. When asserted this signal indicates
acceptance of data transfer. Active high output.

38

TTL

Latch Out. Latches data into the device to be presented to the
SCSl bus. Active high.

@
m

39

TTL

Bus In Enable. Active low. A strobe from the data transfer
control logic which indicates it is transferring data fromthe SCSI
bus to the local buffer.

o2
m

TTL

Bus Out Enable. Active low. A strobe from the data transfer
control logic which indicates itis transferring data from the local
buffer to the SCSI bus.

Target Enable. Active low. A signal connected to the SSI
32C453. When this signal is active it provides microcode and
hardware control to enable all drivers except Busy on the SCSI
bus.

7-4
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BUFFER CONTROLLER/BUFFER RAM INTERFACE (Continued)

NAME PIN# | TYPE 170 DESCRIPTION

SEL IN 29 TTL o] Select In. Active high. Used to pass the select line from the
SCSI bus to the buffer controller.

SEL OUT 28 TTL | Select Out. Active high. Used as an input from the buffer
controlier to indicate when to drive the select line on the SCSI
bus.

BSY IN 31 TTL o Busy In. Active high. Used to pass busy from the SCS! bus to
the butfer controller. Indicates other devices are actively
accessing the bus.

BSY OUT 32 TTL Busy Out. Active high. Used as an input from the buffer
controller to indicate when to drive the busy line on the SCS!
bus.

DO-D7 2-4 TTL [{o] Buffer Data. These lines connect to buffer RAM data pins.

40-44

STORAGE CONTROLLER INTERFACE

The following group of pins interface with the SSI 32C452, Storage Controller. These lines may also be
connected to an output port of a microcontroller or a latch.

NAME PIN# | TYPE /0 DESCRIPTION

MSG IN 9 TTL | Message In. Active high signal from the storage controlier
drives the SCS! MSG signal low.

/O IN 33 TTL | /0 In. A high signal fromthe storage controller drives the SCSI
I/0 signal low.

C/DIN 30 TTL | C/DIn. Ahighsignalfromthe storage controller drives the SCS!
C/D signal low.

OTHERS

The following group of lines are the miscellaneous signals.

NAME PIN#| TYPE 110 DESCRIPTION

CLK 34 TTL | Clock. Used for clock input between 2.5 MHz and 5 MHz. This
signal is used internally during the arbitration phase only.

PAR/ERR 37 TTL (0] Parity/Error. Logic 1 indicates a parity error detected on the

SCSIbuswhen PAR/RST s heid high. Whenthe PAR/RST line
is held low, parity will be passed to the controlier buffer by using
the PAR/ERR line as the parity bit for each byte.
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OTHERS (Continued)

NAME PIN#| TYPE I{o] DESCRIPTION

PAR/RST 36 TTL | Parity/Reset. When held high, the device checks SCSI bus
parity error by setting logic 1 (high) on the PAR/ERR pin. When
held low, parity is passed through the device to the controller
buffer with the PAR/ERR line being the parity bit.

GND 12, 18, Ground. Device system ground.

24
VvCC 1 Power Supply. +5V input for power to the device.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

(Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is
not intended and should be limited to those conditions specified in the DC Operating Characteristics.)

PARAMETER RATING UNIT
VCC with respect to VSS (GND) +7 Vv
Max. voltage on any pin with respect to VSS -0.510 +7 Vv
Operating temperature 0to 70 °C
Storage temperature -55 to +125 °C
DC OPERATING CHARACTERISTICS
(Ta =0to 70°C, VCC = +5V + 5%, VSS = 0V)
PARAMETER CONDITION MIN MAX UNITS
IiL Input Leakage 0 <Vin<VCC -10 +10 pA
(BREQ, LO, BOE, BIE, ET
SELOUT, BSYOUT, CDIN,
I/OIN, MSGIN, PAR/RST,
CLK, ACK)
1oL SCSI Qutput Leakage 0.5 < Vout < VCC -50 +50 HA
(SEL, BSY, DB0-DB?7,
DBP, MSG, C/D, I/0)
10L D0-D7 0.45 < Vout < VCC -10 +10 pA
VIL Input Low Voltage 0 08 v
76
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DC OPERATING CHARACTERISTICS (Continued)

PARAMETER CONDITION MIN MAX UNITS
VIH Input High Voltage 2.0 Vv
VOH Output High Voltage IOH = -400 A 2.4 v
VOL SCSI Output Low Voltage I0L = 48 mA 0.5 Y
VoL All others IOL =2 mA 04 Vv
Power Dissipation 500 mw
Vhsy Hysteresis Voltage 200 mvV
(alt SCSi signals)
lecs Standby Current Ta = 70°C 600 pA
Icc Supply Current Ta =70°C 30 mA
Cin Input Capacitance 15 pF
AC CHARACTERISTICS

The foliowing sections list the timing characteristics necessary for the proper operation of the device. Unless
otherwise specified, all timing parameters pertain to input clock frequency (2.5 MHz min. to 5.0 MHz max.).

Note: AC timing is measured at Voh = 2.0V, Vol = 0.8V, Cin = 50 pF. Timing characteristics are valid over
the entire operating temperature, 0 to 70°C, and voltage range, 4.75 to 5.25 volts.

CLOCK AND PARITY TIMING (See Figures 1 & 2)

SYMBOL PARAMETER MIN MAX UNITS

TICLK/2 Input Clock Half-Cycle 100 200 ns

TICLK Input Clock Width 200 400 ns

DPV Data Valid to Parity Detect 100 ns
PARRST

/ DEG-BEY,
LK Tl VALID
¢ TIC2 (;LK > g‘?ﬁ
PARERR j( HIGH = ODD PARITY
M—OPV

FIGURE 1: Input Clock Timing FIGURE 2: SCSI Bus Parity Timing
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WRITE OPERATION TIMING (See Figure 3)

SYMBOL PARAMETER MIN MAX UNITS
TREQ BREQ Tto REQ ! 21 ns
TARQ ACKltoREQT 55 ns
TACK ACK | to BACK T 50 ns
TBREQ BREQ | to BACK { 25 ns
TDH BIE 7 to Data Invalid 40 ns
TDV SCSI Data Valid to ACK { 55 ns
TPER BREQ | to Parity Error Valid 45 ns

et T\, /
X

TBO-DEY,

DV —

v(— TARQ
. T/
—) TACK
BACK
TREQ l(— —)I TBREQ
BREQ 1 u

PARERR >< HIGH = ODD >( I HIGH = PARITY ERROR

" ﬂ
TDH

D0-D7 x VALID ><7VALI04><:

Note: Data from host - SCSI initiator - is transferred to buffer RAM.

FIGURE 3: Write Operation Timing
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READ OPERATION TIMING (See Figure 4)

SYMBOL PARAMETER MIN MAX UNITS
TBDS Buffer Data Validto LO { 0 ns
TBDH LO ! to Buffer Data Invalid 25 ns
TDBQ Buffer Data Valid to BREQ T 90 ns
TRQ SCSI Bus Data Valid to REQ | 55 ns
TARQ ACK Lo REQ T 55 ns
TACK ACK | to BACK T 55 ns
TARQ ACK Tto REQ | 55 ns
TBREQ BREQ | to BACK | ‘ 25 ns
TOE BOE to SCSI Data Valid 35 ns

=T\
o /TN

T8DS
TBDH
D0-D7 VALID >< VALID X
ToeQ ——H

U

D‘m% % VALID >< VALID
TRQ I‘—

TAR TARD—]
. N S
TACK—’I ¢——TBREQ
BACK [;i

Note: Data read from peripheral drive is transferred to the host - SCSI initiator

FIGURE 4: Read Operation Timing
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ARBITRATION AND CONTROL SIGNAL TIMING (See Figures 5 & 6)

SYMBOL PARAMETER MIN MAX UNITS

TSELO SELOUT TordtoSELLor T 35 ns

TBOT BSYOUT TorltoBSYlorT 3xTICLK| 4xTICLK +40 ns

TCNT MSGIN, I/OIN, CDIN to MSG, 170, C/D 35 ns
128 /

BSYOUT { }
T80T ¥ BOT |

BSYN \
A

FIGURE 5: Arbitration Signals Timing

=\

MSGIN, IOIN,
CDIN

TCNT TCNT

MSG,JO,
(o]

FIGURE 6: SCSI Control Signal Timing
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APPLICATION NOTES

The SSI 32B451 supports the SSI 32C453 and the
local microprocessor in performing all the SCSI target
controller functions. For successful SCSI bus opera-
tion, the target controller must follow all the require-
ments of the SCSI protocol defined by ANSI specifica-
tion X3T9.2 Rev. 17B. An overview of a typical SCSI
signal sequence is shown in Figure 7.

Before any SCSl operations canbegin, the local micro-
processor poils the BSY line through the SSI 32C453
(BSYIN signal). When this signal is asserted, the
microprocessor checks the arbitration 1.D. asserted by
the initiator.

Following the Arbitration phase, the SCSI bus enters
the Selection phase. SSI 32B451 assists the Arbitra-
tion and Selection phases by passing the two control
signals, BSY and SEL, and the SCSI 1.D. to the SSI

TABLE 1: Bus Phase Signal Sources

32C453 andthe localbuffer, respectively. Otherphases
following Arbitration and Selection are command, data
in, data out, status, message in and message out.
Table 1 shows the various phases and their sources.

Table 2 shows the various control signal status during
different SCSi phases. Being a target device, the SSI
32B451 drives these control lines out on the SCS| bus.

The SSI 32B451 requires local microprocessor super-
vision for successful operation over the SCSI bus.
Firmware supportforthe local microprocessor consists
of various routines. Flow charts for these routines are
shown in Figures 8 and 9.

SCSI SPECIFIC INFORMATION

This information from the ANSI Standard for the Small
Systems Computer Interface is provided to assist in
implementing a SCSI based controller with the SSI
32B451.

SIGNALS
BUS PHASE BSY SEL T, 10, ACK/ATN DB7-DBO

MSG, REQ
Bus Free None None None None None
Arbitration All Winner None None SCSIID
Selection 1&T Initiator None Initiator Initiator
Reselection 1&T Target Target Initiator Target
Command Target None Target Initiator Initiator
Data In Target Target None Target Initiator Target
Data Out Target None Target Initiator Initiator
Status Target Target None Target Initiator Target
Message In Target None Target Initiator Target
Message Target None Target Initiator Initiator
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DEFINITIONS FOR TABLE 1

All:

SCSI ID:

The signal is driven by all SCSI devices
which are actively arbitrating.

The SCSI ID is a unique data bit (DB) for
each of the SCSI devices in the system and
is driven onto the SCSI bus by each device
that is actively arbitrating. The other seven
data bits shall not be driven by the SCSI
device. The parity bit may be asserted or
undrivenduring arbitrationbut can’t be driven
false.

1&T:

Initiator:

None:

Winner:

Target:

TABLE 2: Signal Status, Information Transfer Phases

This signal is driven by the initiator, target or
both as specified in the selection or reselec-
tion phase.

If this signal is driven it can be driven only by
the active initiator.

The signal is released meaning it is not
driven by any SCS! device.

The signal shall be driven by the one SCSI
device that wins arbitration.

If the signal is driven it can be driven only by
the active target.

SIGNALS
VSG oo, o PHASE NAME DIRECTION OF TRANSFER

1 1 1 Data Qut Initiator to Target
1 1 0 Data In Initiator from Target
1 0 1 Command Initiator to Target

1 0 0 Status Initiator from Target
0 1 1 #

0 1 0 #

0 0 1 Message Out Initiator to Target
0 0 0 Message In Initiator from Target

# = Reserved for future standardization
7-12
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(ARBITRATE ) ( RESEL ) ( INFOIN )
h 4 h 4 JV
32C453 ARB = 1 ASSERT SET UP
32C453 IFCON SAP AND RAP
REGISTER REGISTERS
ARB = 17
(ARB PHASE J' h_4
TIME) ASSERT BOE COPY DATA
TO BUFFER
WRITE OUT 4
SELF ID SET RDLATCH
ROP IN 32C453
A4 A4
WRITE SELF WAIT 2 h 4
) DESKEW WRITE TO
DELAYS 32C453 HOSTL
TO INITIATE THE
TRANSFER
READ SCSI
BUS FOR IDs

ASSERT
SELOUT

TO
RESELECTION

PHASE

BSY TRUE?

ASSERT BSY

SELOUT = FALSE

TO INFO
TRANSFER
PHASE

-

32C453
DMADONE = 17

COMPLETE
INFO IN
PHASE

J

TO INFO OUT,
BUS FREE OR
INFO IN PHASE

Note: Info In phase includes
Message In, Status, and Data In

phases.

The code for the Info Out phase
is very similar to this description
of the Info in phase.

FIGURE 8: Flow Charts for Various SSI 32B451 Routines
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READS SCSI INPUT CHECKS FOR RESET
LINES

AND ERRORS
SCSI LINES RESEL

READ ATN

SERVICE RST
READ BSYIN

READ SELIN

PARVERR YES
TRUE AND ACK

READ MSGIN
READ C/D

PHASE
ERROR?

READ 110

TO BUS FREE
STATE

RETURN RETURN

FIGURE 9: SCSI Background Routines Using SSI 32B451

u1
- e
ATN 1>
MSGIN NRZ PULSE
VOIN RG ¢_ﬁ5 DETECTOR [¢—
COIN WG $532P541 RAW AMP
- — N — 81 32R510
+—> 5557 WAM/AMD Es:g:EcanA WDI
BSV < ‘ —ci stommce ¢ K ssi :;\[:5302:
DBo-De7. DBP @ scsi BsviN oAt CONTROLLER ﬂ
TD 4————— INTERFACE $51326452 1 wsorapion
. BSYOUT AO-A7
0 ¢——— DEVICE 16K X8 WS1/GPIO!
WG ¢ $S1328451 | SEUN L] SRAM
w SELOUT WE
Q REC ¢—— DUAL
g AR —— BE BUFFER
; BOE | CONTROLLER |, AREG TLKB
5 A
: o $5132¢453 o KA
a BACK
w
2 BREQ
ET
ADO-AD?, D, WR, €5, ALE
MICRO BUS
PARERR
PARAST
o MICROCONTROLLER
Ls240
RST Ne

FIGURE 10: Partial Schematic for SCSI Implementation with Arbitration Suppont Using SSi Devices
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PACKAGE PIN DESIGNATIONS ’?AUTDN: lste hatzgling prp;edures neoeslsal|
for a static sensitive component.
(TOP VIEW) %
8
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o N s O e D s I s N s Y e N s S o I s | l‘
6 5 4 3 2 1 44 43 42 &1 40
AR[7 e 30 [JBIE
ET{]s s8]0
mscin[]e 37 [] PARERR
DBP ] 10 36 [1PARFST
WG []11 35 []sREQ
anp [J12 34 ok
Do []13 33 [JwoIN
DBT [14 32 [} BsyouT
oB2[]15 31 [] BSYIN
OB3 (|16 30 [JC/oIN
DBa[]17 29 []SELIN
18 19 20 20 22 2 24 25 26 27 28
- l_ol | By G0 | l'_\.l | SN [ U Gy SR [ D G N Ry S | l.__l -
B EBEHRBEE <5 :
&
44-pin PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI132B451 44-pin PLCC SS132B451-CH 32B451-CH
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