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ne of the key improve-
ments in the proposed
SCSI-2 standard is a
wider data bus—16-
and 32-bit capability in
addition to the current
SCSI standard’s 8-bit
data width. But the
way that datais sent—
over two cables that don’t need syn-
chronization—leads to potential
problems in debugging new designs.
One solution to these problems is a
test-and-development system that
displays bus phases, data-bus and
control-line content, and timing in-
formation. With such a system, de-
signers wouldn’t need to decode ones
and zeros to understand what’s hap-
pening on the bus. Instead, they
could concentrate on why a condition
occurs rather than how to test for it.

Such SCSI test-and-development
systems are usually based on proto-
col chips specifically designed to in-
terface with the SCSI bus. These de-
vices contain state machines that
automatically handle all bus phases
and the accompanying data trans-
fers. The protocol chips currently
available, however, were designed to
conform with the SCSI-1 standard.
To build a SCSI-2 test system with
these devices, designers must add
hardware and software that support
the features embodied in SCSI 2.

A board that adds wide-bus capa-
bility to the Adaptec SDS-3 SCSI test
and development system illustrates
some of the problems SCSI-2 system
designers must face. The wide-bus
option board, as it’s called, employs
the Adaptec AIC-6250 SCSI protocol
chip. The system consists of cards
that plug into an IBM PC/XT, AT, or
compatible, and the software to con-
trol the cards.

The 6250, a high-performance
SCSI interface protocol controller,
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supports both synchronous and
asynchronous SCSI bus transfers.
As either a target or an initiator, the
device handles arbitration, selection,
and reselection, as well as all other
SCSI-bus phases. DMA transfers be-
tween the SCSI bus and a buffer
memory are accommodated. Al-
though a 16-bit bus is available to
connect to the buffer RAMs, an 8-bit
data bus is used on the SCSI bus side.
As aresult, a wide-bus system needs
two or more devices, one on the 8-bit
SCSI-2 bus A cable and one or three
on the bus’ B cable, depending on
whether the bus is 16- or 32-bits wide.

In addition to the wide-bus option
board, the SDS-3 links up with the
SCSI bus through an SDS-3 test
adapter board. This board connects
to the A cable and consequently han-
dles the lower 8 bits of data and all
control signals. The wide-bus option
board connects to the B cable and to
the test adapter board. The design
example that’s discussed has a 16-bit
bus, so only one 6250 is needed on
each board. The example also exclu-
sively covers the wide-bus option
board design.

ON-BoARD MEMORY

Besides the AIC-6250, the wide-
bus option board holds an on-board
data buffer (OBB memory), which
stores up to 64 kbytes of data coming
from or going to the SCSI bus (Flig.
1). Fast DMA logic (OBB manage-
ment logic) automatically performs
the handshake on the OBB memory
bus. This circuitry also ensures that
the OBB on the wide-bus option
board and the OBB on the test adapt-
er board are synchronized so that
they can transfer the correct number
of bytes and locate these bytes in the
buffer properly. The address and
control signals from the PC bus
transmit to the OBB through the
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original SCSI specification, designers can use the device in systems for the proposed SCSI-2

I 1. THOUGH THE AIC-6250 scst protocol chip was designed to conform to the

standard, such as this SDS-3 wide-bus option board.

OBB management logic.

The hardware compare block con-
tains circuitry that compares data at
high speeds. This capability makes
possible on-the-fly comparisons of
data that’s written to a device on the
SCSI bus. It works by comparing
what’s stored in the OBB with data
that’s read back from the bus (which
is only compared, not stored). This
feature is particularly useful when
large volumes of data are trans-
ferred, making visual comparison in-
efficient.

The parity control logic makes
controlled parity generation possi-
ble. If enabled, it generates parity
for writes to the SCSI bus and checks
parity on reads from the bus. With
this parity logic, users can also force
aparity error after from 1 to 256 byte
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transfers.

Because it resides on the PC bus,
the board also has PC decode and
control logic, which is contained in a
PAL16R4, a register-type program-
mable logic array (Fig. 2). Proper
synchronization is ensured by clock-
ing the array with the same 20-MHz
on-board oscillator that the 6250
uses. The PAL translates PC bus ad-
dress and control lines IOW, IOR,
and AD,, and address decoder output
BDSEL tothe WR, RD, ALE, and CS
control lines required by the 6250.

The board has 32 (decimal) ad-
dresses: 16 for the 6250’s internal
registers and 16 for other logic. AD,
chooses between the two sets, and
the BDSEL line supplies access to
any of the 32 locations.

Two three-state buffers, TSBUF,
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and TSBUF,, isolate the address bus
lines from the multiplexed address/
data bus lines, PD,,, of the 6250.
Three more three-state buffers
(TSBUF,, TSINV,, and TSIN'V,) con-
nect the SCSI.I/0, Pseudo.C/D , and
Pseudo.BSY lines to the device.

ApApTING To SCSI-2

The Pseudo.C/D and Pseudo.BSY
signals are needed because the 6250
is a SCSI-1 type device working in a
SCSI-2 wide-bus system. This is be-
cause the 6250 is designed to handle
all of the SCSI bus phases, expecting
to see them occur in a particular or-
der. Because all control signals are
transmitted on the A cable, the 6250
on the adapter board monitors and
handles the phases that these sig-
nals specify.

On the other hand, the 6250 on the
wide-bus option board handles only
B cable data transactions, so it
doesn’t see BSY, SEL, or any of the
phase lines carried on the A cable.
The Pseudo.BSY and Pseudo.C/D
signals make the 6250 on the wide-
bus option board believe that those
SCSI-bus phases preceding the data
phase are complete.

As aresult, the 6250 on the B cable
can arbitrate, select (or reselect),
watch for a response to its selection
(or reselection), and detect phases
other than the data phase (a com-
mand, status, or message phase) soit
can properly proceed to and from the
SCSI data phase. Control software
that’s part of the SDS-3 manages the
Pseudo.BSY and Pseudo.C/D sig-
nals.

It must be remembered that the
BSY, SEL, and phase control lines
(C/D, 1/0, and MSG) of the 6250 on
the wide-bus option board aren’t ac-
tually connected and this device
doesn’t control or respond to bus
phases. The 6250 on the SDS-3 test
adapter board handles bus phases.

A look at the arbitration and selec-
tion/reselection phases shows how
the process works. Acting as an ini-
tiator, the 6250 on the wide-bus op-
tion board believes it’'s commencing
arbitration when bit 6 in its interrupt
mask register 0 is set to 1. The initia-
tor raises SEL (if arbitration is won),
drops BSY, and waits for the target
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to respond to being selected by rais-
ing BSY.

The SDS-3 control software re-
sponds when the SCSI SEL signal
appears by polling SCSI signal regis-
ter 09 on the 6250—this determines
when BSY is dropped. It then raises
the Pseudo.BSY signal at the appro-
priate time. This particular action
fools the 6250 into believing that a
SCSI target responded.

N0 HANDSHAKE NEEDED

The control software then asserts
the Pseudo.C/D signal to simulate a
change to command phase by a tar-
get. The 6250 matches this new
phase, which is reflected in the SCSI
C/D bit (bit7 of the device’s SCSI sig-
nal register 09). Next, the control
software drops Pseudo.C/D , fore-
ing a change in value of the SCSI C/
D bit. Note that a handshake isn’t
needed for the 6250 to proceed to the
SCSI data phase.

Similarly, when the board acts as a
target, the control software watches
for SEL being raised and BSY being
dropped, then asserts and deasserts
the Pseudo.BSY signal. This action
makes the 6250 believe that it suc-
cessfully completed the arbitration
and reselection phases and gained
control of the SCSI bus by asserting
BSY. As a target, the 6250 can be
switched to the command phase by
writing SCSI signal register 09, bit 7.
Data phase is entered when this bitis
deasserted. This series of actions
places the device in the data phase so
that it can transfer data properly.
The SCSI control signals are differ-
ent for a target and an initiator, so
the Target/Initiator signal is re-
quired to differentiate between the
two roles.

The SCSI.I/O signal (a buffered
version of the SCSI bus I/0 signal)
forces the 6250 to see the data phase
direction (in or out) on the SCSI bus.
The SCSI.RST.Detect signal resets
the 6250 and then deasserts the
Pseudo.BSY and Pseudo.C/D sig-
nals when a reset occurs on the SCSI
bus.

As noted, the proposed SCSI-2
standard doesn’t supply synchro-
nized data transfers on the A and B
cables. In the case of a 16-bit data

bus, even bytes (0, 2, 4, and so on)
pass along the A cable, and odd bytes
(1, 8, 5, and so on) along the B cable.
If the cables are of different lengths,
which is permitted by the proposed
standard, skewed transfers can oc-
cur. For instance, bytes 0, 2, and 4
may pass along the A cable before
the transfer of byte 1is completed on
the B cable.

A buffer, however, must hold the
bytes in their proper order (0, 1, 2,
and so forth), even though that may

differ from the order of receipt if
transfers on one cable operate faster
than those on the other. Consequent-
ly, unsynchronized cables can make
it difficult to debug firmware that,
for example, moves data into a disk
buffer on reads. If the system en-
forces the synchronization of the
two cables—a process called throt-
tling—designers can turn the syn-
chronization on and off to determine
if skewed transfers cause improper-
ly ordered buffers.
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2. A PROGRAMMABLE LOGIC ARRAY, the PAL16R4, translates PC bus

address and control lines into the control signals required by the SCSI protocol chip.
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Fortunately, SCSI 2 includes sepa-
rate REQ and ACK lines on each ca-
ble to accommodate possible differ-
ent cable lengths. Therefore, it’s con-
ceptually easy to throttle transfers
on either the A or B cable so that
they’re within one byte of each other.

To enforce synchronization, a
throttle logic circuit generates two
signals, ThrotA and ThrotB, that de-
lay the appropriate REQ or ACK sig-
nal (Fig. 3). If the SDS-3 is the target,
either REQ or REQB is delayed, de-
pending on which cable leads the oth-
er. If the SDS-3 is the initiator, either
ACK or ACKB is delayed.

A set of multiplexers select either
the request or acknowledge signal
lines as necessary. Because these
are negative true signals, the falling
edgeis the active one. The signals en-
tering the multiplexers are inverted
versions of those on the SCSI bus.

Four D flip-flops then determine
which line (A or B) leads the other by
more than one active edge. The
Throttle signals pass through AND-
OR logic that delays assertion on the
SCSI bus of the appropriate hand-
shake signal from the 6250 until it’s
less than one active edge ahead of its
counterpart.

THROTTLING A CTION

For example, assume that the
SDS-3 is the target and is therefore
responsible for asserting REQ and
REQB. Starting from the reset state,
the first REQ or REQB active edge
will set one of the flip-flops immedi-
ately after the multiplexers: FF, if
REQ leads REQB, or FF, if REQB
leads REQ. Because the system
started from the reset state, the out-
put of exclusive OR gate will go
high, causing the output of FF; to
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3. BY ADDING THROTTLING LOGIC on the wide-bus board, designers can

synchronize A and B cable operation for easier debugging of SCSI 2 designs.
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also go high. This output, combined
with the enclusive OR gate’s output,
activates the ThrotA signal.

ThrotA, in turn, is an input to the
AND-OR circuit that throttles the A
cable. Working as a latch, this circuit
waits until the current handshake
transaction is completed, which oc-
curs when REQ in the example goes
high or inactive. This high signal
combines with the high ThrotA to
drive DelayA high, preventing REQ
from being asserted at the OR gate’s
output.

Because DelayA is fed back into
the AND-OR network, the circuit is
latched until ThrotA goes low, re-
gardless of the state of REQ. And
ThrotA can’t go low or inactive until
an active edge occurs on the REQB
line. The result is the desired throt-
tling: REQ can’t have two active
edges without an intervening active
REQB edge.

When the next REQB edge does
occur, it triggers flip-flop FF,. The
exclusive OR gate’s output then
goes low and negates ThrotA. With
ThrotA negated, another REQ edge
can be gated onto the SCSI bus, mak-
ing it possible for another data trans-
fer on the A cable.

A similar series of events occurs if
the REQB signal attempts to pre-
cede the REQ signal by more than
one active edge. In that case, the
ThrotB signal is activated and the B
cable transfer throttled. The same
situation applies if the SDS-3 is the
initiator. The only difference be-
tween these situations is that the
ACK or ACKB signal is throttled.

By blocking another REQ active
edge generation, this technique pre-
vents more data transfers from oc-
curring. As a result, the REQ/ACK
handshaking ensures that transfers
occur in lock step. This method is
used only with asynchronous SCSI
transfers.

The affect of throttling is easily
seen on a set of typical REQ/ACK
signal timing diagrams. With the
throttling circuit disabled, byte N-1
is an “overrun byte,” which means
that its transfer begins before the
transfer of byte N-2 begins (Fig.
4a). Debugging this situation can be
difficult.
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With the throttling circuit work-
ing, the active edges of the REQ/
ACK and REQB/ACKB signals con-
trol the state of ThrotA. The ThrotA
and DelayA signals delay the byte

N-1 transfer (Fig. 4b). ThrotA goes
high when the REQ/ACK signal as-
sociated with byte N-3 goes high.
DelayA goes high when REQ/ACK
goes in active. The DelayA signal

prevents the REQ/ACK signal, gat-
ed onto the SCSI bus by the OR gate
in the throttling circuit, from going
active until the next active edge of
REQB/ACKB arrives. That next ac-
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4. WITH THE THROTTLING FEATURE OFF, the transfer of byte N-1 may {IIOW VALUABLE? CIRCLE
s g FRereira p Z IGHLY 544
begin before the transfer of N-2 (a). Enabling the throttling circuit makes it possible for the MODERATELY 5
REQ/ACK lines to control the Throttle and Delay signals in a way that delays the SLIGHTLY r4g
transmission of N-1 until N-2 begins transmitting (b). &
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