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SERIAL PORT FOR A HOST ADAPTER
INTEGRATED CIRCUIT USING A SINGLE TERMINAL
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BACKGROUND OF THE INVENTION

' Reference to Migrbfiche Appendix
'  Microfiche Appendix A of 2 sheets and 75 frames
and microfiche Appendix B of 1 sheet and 58 frames are
10 part of the present disclosure, and are incorporated.

.herein by reference in their entirety.
Microfiche Appendices A and B include VERILOG code
'listings for generating the modules for a serial port
for a host adapter integrated circuit and a slave
15 - serial port input-output integrated circuit
respectively.
A portion of the disclosure of this patent
document contains material which is subject to
copyright protection. The copYright owner has no
20 objectioh'tthhe facsimile reproduction by anyone of
the patent document or the patent disclosure, as it
appears in the Patent and Trademark Office patent files

or records, but otherwise reserves all copyright rights

whatsoever.
25 _
FIELD OF THE INVENTION

The present invention is related generally to a
serial port for an integrated'circgit and in particular
to a serial port for input and output of information to

30 a circuit external to the integrated circuit using a
single pin terminal of the integrated circuit.

DESCRIPTION OF RELATED ART _
As the number of functions performed by an

\ , 35 integrated circuit, hereinafter IC, increases,
typically the number of pins of the integrated circuit
-aldo increases. However, as a rule of thumb, a
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packaged integrated circuit with a large number of pins
is more expensive to fabricate than an IC with
relatively fewer pins. Also, a large number of pins

"adds to the cost of the board on which the IC is to be

mounted. Packaged ICs with a large number of pins at

the periphery cannot be used due to lack of real estate
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on the board. Packaged ICs with multiple rows of pins
inside the periphery at the bottom'of the package
require additional layers in a board and increase
complexity of interconnects on the board. The number
of pins of an IC can also impose a limit on the number
of functions that can be performed in the IC.

When an IC, such as host adapter 112A that
interfaces_an input-output bus, e.g. SCSI bus, to a
host computer’s system bus, e.g. PCI bus, (FIG. 1A) is
mounted on a plug-in board 110, the number of pins
needed by host adagter 112A is not constrained in-.a
majority of cases. Host adapter 112A (FIG. 1A) has a
number of pins, such as pins 112-1, 112-2, ... 112-N to
support an adapter read-only-memory 111 for basic
input-output software, hereinafter BIOS of host
adapter 112A. '

External logic (not shown) is needed by some host‘
adapters to support adapter read-only-memory 11i. For
example, "36C70 SCSI IC Teéhnical Reference Manual® by
Future Domain Corporation, 2801 McGraw Avenue, Irvine,
CA 92714, November 1993, discloses a host adapter in
which "[a] minimal amount of external glue logic is
required to serialize the parallel ROM data"

(page 3-1). During system start-up, the information
from the adaptor read-only-memory can be copied into
system memory 170 for quick access by hoét

processor 161, sometimes referred to as

microprocessor 161. - ' _

In contrast, when a host adapter 112B (FIG. 1B) is:
mounted on a mother board 60 of a peraohal computer, '



{7

10

15

20

25

-30

35

3

the number of pins of host adapter 112B can be limited

to, for example, 100 pins due to less real estate
available on mother board 160 as compared to plug-in
board 110. Host adapter 112B eliminates the need for a
connector that is otherwise necessary for a plug-in
board. Host'adapter 112B (FIG. 1B) does not have pins
to access adapter read-only-memory 111, e.g.'pins 112-
1, 112-2, ... 112-N of host adapter 112A (FIG. 1A). -
BIOS for host adapter 112B is loaded from processor
read-only-memory 162 that also contains the system BIOS
for microprocessor 161. Thus host adapter 112B is
limited to performing only certain basic functions,
such as data transfer between system bus 120 and input-
output bus 140. Such a host adapter 112B cannot be
used on plug-in board 110 e.g. if host adapter 112B
does not support a read-only-memory. _

A way is needéd for a limited pin integrated
circuit, such as host adapter 112B to use resources,
such as a read-only-memory, without increasing the
number of pins, so that the.same host'adapter 112B can
be used on both a mother board and a plug-in board.

SUMMARY OF THE INVENTION

In accordance with the principles of this

-invention, a host adapter integrated circuit,

henceforth "host adapter®, has a novel single pin

‘serial port. The serial port uses alsingle

bidirectional pin, for transfer of information from and
to a circuit, such as a support circuit that is
external to the host adapter. The support circuit
contains resources that support certain functions that
are not available in the host adapter.

The serial port allows various modules of host
adapter, to communicate with the support circuit
through the single serial port pin. The serial port
also allows software on a host processor that is
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connected to the host adapter by a system bus to

‘communicate with resources in the support circuit. The

serial port has no other pins that are connected to the
sﬁpport circuit for information transfer, such as
control pins for interrupt signals or other control
signals for handshaklng or a data clock pin. In one
embodiment, the host adapter serial port and the

- support circuit are operated synchronous with each

other by a common clock signal that originates from an
oscillator. A sequencer module in the host adapter
buffers the common clock signal and passes the buffered
clock signal to various modules of the host adapter, '
including the serial port.

One embodiment of a host adapter includes a master
serial port input-output circuit that receives various
internal signals from various modules of the host
adapter and drives bne or more command signals active
onto a serial port command bus that is connected to the
serial port. In response to an active command signal,
the serial port generates a command byte, formats the
command byte into a packet and then transmits the
packet on the serial port pin. |

The serial port forms a packet from any bytes of
information to be transferred, such as a command byte,
an address byte or a data byte by adding a start bit
before the byte, followed by a parity bit after the
byte and a stop bit after the parity bit. After
transmitting one or more packets to the support
circuit, the serial port ﬁaits for an acknowledge
packet from the support circuit.

In response to active command signals, the serial
port generates and transmits a command packet
optionally followed by one or more address packets and
data packets'serially on the serial port pin that is
coupled to the support circuit. - The serial port

.
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receives all responses from the support circuit on the
same serial port pin.

In one embodiment, the serial port executes a
command cycle to implement a serial port input-output
protocol  of a packet sequence specific to the command
byte being transferred. For example, in response to a
command signal to write one or two bits, such as a
command to turn on and off (1) a. light emitting diode,
or (2) bus termination of the input-output bus or to
reset a slave serial port input-output circuit included
in the support circuit, the serial port executes a bit
write command cycle in which the serial port includes
the bits to be transmitted in the command byte,
transmits a packet containing the command byte and
waits for an acknowledge packet following transmission
of the packet.

In response td a command signal to write a byte,
for example to a predetermined régister, in addition to
transmitting a packet containing a command byte, the
serial port also transmits a packet containing a data
byte and then waits for the acknowledge packet.

In response to a command sigﬁal to write a byte to
a specific address, for ekample to an electrically
erasable programmable read only memory, the serial port
transmits a packet containing command byte, followed by
one or more packets containing the address bytes, e.qg.
two packets for a 16-bit address, followed by a packet
containing the data byte and then waits for the
acknowledge packet, '

Similarly, in response to a command signal to read
a byte, for example from a predetermined register, the
serial port transmits a packet containing the command
byte and then waits for an acknowledge packet'that is

'followed by a packet containing the data in the

register.

L]
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To read a four-byte word from an address in
memory, such as a random-access-memory the serial port
transmits a packet containing the command byte followed
by two packets containing the address bytes and then
waits for an acknowledge packet followed by four
packets containing data bytes.

The support circuit determines the number of
packets expected from the serial poﬁt of the host
adapter from the contents of the packet containing the
command byte. After receiving all expected packets,
the support circuit starts transmission of an
acknowledge packet and while transmitting the
acknowledge packet, performs the operation indicated by
the command byte.- On completion of the operation, the
support circuit terminates transmission of the
acknowledge packet and depending on the operation
transmits one or mdre data packets if neceésary.

The use of such a serial'port'to off-load various
functions of a host adapter to a support circuit is a
significant improvement over prior- art integrated
circuits because the serial port reduces the number of
pins of a host adapter. Such a host adapter can be
used on a plug-in board with a support circuit, such as
a slave serial port input-output circuit that provides
various functions, such as support for an external
read-only-memory. Instead of a slave serial port -
input-output circuit, a programmable logic eircuit or a
shift fegister can pass to the host adapter, for
example, a device identification byte and byte of
status of various resources accessible through the
serial poft; The same host adapter éan also be used on
a'personal'computer mother board to provide data
transfer functions, without a support circuit.

In response to an active bit in a serial port
control register, the serial port operates in a test
mode in which the serial port passes an internal signal



iz

1o

15

20

25

30

35

-

.

of the host adapter to the serial port pin. The serial
port exits the test mode only when reset.

In one embodiment, in the absence of a support
circuit, the serial port pin that is normally used for
information transfer is used by the host adapter for a
default internal signal, such. as turnihg power for bus
termination on and off, which further reduces the total
number of pins. Such a host adapter results in lower
cost due to a smaller number of pins,'smaiier die size
and volume production for use on a mother board as well
as a plug-in board. Such a host adapter also takes
less space on a mother board and so reduces the overall
system cost for supporting data'tranéfer between a
system bus and an' input-output bus.

The use of such a predetermined protocol in which
one integrated circuit always waits for another
integrated circuit ‘eliminates possibility of contention
for serial port input-output line avoids collision of
packets and so eliminates need for control lines, in
addition to serial port inmput-output line between a
serial port of a hosthadapter and a support circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1A and 1B illustrate two prior art computer
systems that use a host adapter for data transfer
between an input-output bus and a system bus.

FIGs. 2A and 2B show illustrative high level block
diagrams of two embodiments of a computer system
including a host adapter of this inventioh..

FIG. 3 shows an intermediate level block diagram
for one embodiment of host adapter of FIGs. 2A and 2B.

FIGs. 4A-4I illustrate the sequence and timing of
various packets generated and received by the serial

port of FIG. 3.

FIG." 5 illustrates modules of the serial port of
FIG.» 3.
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FIG. 6 shows an illustrative.low level block
diagram for the byte generator of FIG. 5.

FIG. 7 shows an illustrative low level block
diagram of the converter of FIG. 5.

FIG. 8 shows an illustrative state diagram for the
shifter state machine of FIG. 7.

FIGs. 9A-9C illﬁstrate the' timing of signals

‘controlled by the shifter state machine of FIG. 8.

FIG. 10 shows an illustrative low level block

diagram for the packet input-output controller of
FI1G. 7.

FIG. 11 illustrates a multiplexer and flip-flop

- used to implement a shifter stage in the shift register:

of FIG. 10. __

FIGs. 12A and 12B illustrate two alternative
embodiments of the line controller of FIG. 4.

FIG. 13 shows 'an illustrative high level block
diagram for the slave serial port input-output circuit
of FIG. 3.

- FIG. 14 shows an illustrative state diagram for
sequencer module 1330 of FIG. 13.

FIG. 15 illustrates an appafatus and method for
imposing a single load on the PCI bus in one
embodiment. _ ' .

FIG. 16 shows an illustrative circuit diagram for
implementing host adapter plug-in board of FIG. 3.

FIG. 17 illustraies skew acceptable in the clock
signals of host adapter and the slave serial port
input-output circuit of FIG. 3. '

FIG. 18 shows an illustrative high level block
diagram of an embodiment of a computer system including '
a host adapter of this invention connected to multiple
slave devices.

FIG. 19 shows an illustrative high level block
diagram of an embodiments of a computer system
including multiple host adapters of this invention.
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DETAILED DESCRIPTION :

In accordance with the principles of this
invention, a novel single pin serial port 230 (FIG. 2A)
is included in an integrated circuit, such a host
adapter 240. Serial port 230 uses a single serial port
pin 241 of host adapter 240, for serial transfer of
information from and to a circuit that is external to
host adapter 240, such as support circuit 250.. This is
in sharp contrast to the normal serial port that
typically requires at least three pins. Therefore,
either the total number of integrated circuit pins can
be reduced or additional pins are available for other
functions. . ) '

Support,circuit 250 includes a slave serial port-
input output circuit 254 that interfaces with serial
port 230, and that supports a number of functions using
various external resources such as resources 251, 252

-and 253. For example, serial port 230 can use support

circuit 250 (1) to provide device identification data
from an initialization resource, for example a
programmable logic circuit, (2) basic-input-output

'software,.henceforth l"BIOS," from a memory resource,

for example read only memory, henceforth "ROM", and (3)
turn on and off a hardware resource, for example, a
light emitting diode, henceforth "LED." .

Serial port 230 interfaces with a master serial
port input-output circuit 210 within host adapter 240
which controls use of various_resoﬁrces in support
circuit 250 by various modules of data transfer
circuit 220. Data transfer circuit 220 transfers data
between system bus terminals 244 that are coupled to

. gystem bus 283 and input-output bus terminals 243 that

are coupled to input-output bus 284. Data transfer
circuit 220 has a number of modules, such as input-
output bus module 221, FIFO module 222, sequencer
modulle 223, and system bus module 225 that are all
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connected to each other by a data transfer bus 226 and
all of which are described in, for example, copending l
and commohly assigned U.S. patent application serial
number 07/964,532, entitled "Intelligent SCSI Bus Host
Adapter Integrated Circuit", filed on October 15, 1992,
by Craig A. Stuber et al. that is hereby incorporated
by reference in its entirety. Memory module 224 is
used to temporarily store various data values that are
used by firmware in sequencer module 223.

-When used with support circuit_zso, host
adapter 240 does not need certain pins, for example

sixteen address pins, eight data pins and two control -

pins for accessing a ROM, other control pins for other
resources, and péWer and ground pins that were
otherwise necessary in prior art host adapters. The
smaller number of pins allows use of host adapter 240
in applications that do not require ROM support, as
described below in reference to FIG. 2B. Also,'ﬁhe
smaller number of pins allows use of host adapter 240
in applicatiops where the number of pins is limited for
compatibility with other products.

Moreover, -the use of only one pin, e.g. serial
port pin 241, henceforth “pin 241" for serial
communication with support circuit 250 is a significant
enhancement over prior art host adapters, because
serial port 230 reduces the number of pins for serial
communication to the smallest possible number of pins,
i.e., one pin. As is known to those gkilled in the
art, as integration on a chib increases, one of the
limiting factors is the numbers of pins on the '
integrated circuit. The smaller number of pins of host
adapter 240 facilitates smaller die size and smaller
package size which lowers cost as compared to prior art
host adapters. |

To utilize a resource in support circuit 250, a
module of data transfer circuit 220 instructs master
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serial port input-output circuit 210, on master input-
output bus 245 that is connected to data transfer
circuit 220, to access the resource through serial
port 230. In response to instruction signais'from a
module of host adapter 240, master serial port input-
output circuit 210 drives certain- command signals
active on serial port input-output bus 246 that
connects serial port 230 to master serial port input-
output circuit 210. |

In response to the command signals, serial
port 230 generates and serially transmits a command
packet optionally followed by one or more address
packets and data packets serially on pin 241 that is
coupled to support circuit 250 by a serial port input-
output line SPIO-, henceforth line SPIO-.

To indicate receipt of the information transmitted
on piﬁ 241, support' circuit 250 transmits an
acknowledge packet on line SPIO-. Support circuit 250
can transmit one or more packets on line SPIO- only in
response to one or more packeté from serial port 230,
except that following a power-on'reset, support
circuit 250 transmits two packets containing
initialization information. Non-receipt of the two
initialization packets, within a predetermined time
after power-on reset, indicates to serial port 230 to
pass a default internalisignal on line SPIO-, for -
example for input-output bus termination powerlcontrol,

. instead of transmitting packets.

Serial port 230 can transmit on line SPIO- at any
time that support circuit 250 is not allowed to
transmit, for example after the two initialization
packets. Such a predetermined protocol in which one -
integrated circuit always waits for another integrated
circuit eliminates possibility'of contention for line
SPIO-, avoids collision of packets and so eliminates

.
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need for control lines, in addition to line SPIO-,
between serial port 230 and support circuit 250.

Serial port 230 receives all responses from
support circuit 250 on the same pin 241. During
reception of the acknowledge packet at pin 241, serial
port 230 drives an acknowledge detect signal active on
serial port input-output bus 246. _

In response to the active acknowledge detect
signal, master serial port input-output circuit 210
drives a command acknowledge signal and a command busy
signal active on master input-output bus 245 to
indicate that the command cycle is in progress and the
resource is busy, e;g. not available for another
command cycle, until completion of the current command
cycle.

In FIG. 2A, for synchronous operation of host
adapter 240 and support circuit 250, an oscillator 260
drives a clock signél CLK40 on both (1) host adapter
clock line 206 that is connected to clock terminal 242
of host adapter 240 and (2) support circuit clock
line 208, shown dotted, that is connected to support
circuit 250. Such a common oscillator eliminates the
need for a data clock signal from host adapter 240 to
support circuit 250. Clock terminal 242 of host
adapter 240 provides a clock signal that is buffered by
sequencer module 223 to all internal modules of host
adapter 240. So clock terminal 242 is not utilized
sdlely with serial port 230 as was done by certain
prior art host adapters. Support circuit clock
line 208 is not ngceésary if a bus terminator in
support circuit 250 is directiy coupled to pin 241.

Execution of a command cycle by (1) generation of
packetes from command signals, (2) transmission of the
generated packets on a single pin 241, and (3) .
reception of the acknowledge packet on the same pin 241
eliminates the need for additional lines, such as one
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or more control lines for transferring interrupt _
signals or other handshaking signals and a clock line
from serial port 230 to support circuit 250 and thereby

facilitates a serial port having just one pin 241.

A single pin serial port 230 has the advantages of.
less pins on the two interconnected integrated
circuits, less PCB etch routing, reduced timing
constraints of multi-signal interface by elimination of
signal-to-signal skew concerns, fewer signals, less
noise and lower power requirements, than conventional
serial ports.

In another embodiment, the same host adapter 240
described above, is also used in applications in which
support for read-only-memory is not needed, for -
example, on a mother board 290 (FIG. 2B). In FIG. 2B,
BIOS for host adapter 240 is loaded from processor '
ROM 291 that also dontains system BIOS for host
processor 281. In this embodiment, serial port 230
drives a default internal signal on pin 241. This
embodiment is accomplished within the IC package of
host adapter 240 by a bond wire 249 that connects a
serial port disable terminal 247 on the die of host
adapter 240 to a ground pin 248 of the die.

Disable terminal 247 is .coupled to serial port
command lines 323 and so inhibits serial port 230 from
reéponding to command signals from master serial port
input-output circuit 210 except for the default
internal signal.

In such an inhibited state, pin 241 is used only
by host adapter 240 for bus termination control, as
described below in reference to FIG. 12B. When disable
terminal 247 is left unconnected, serial port 230 is
configured to transfer data between master serial port
input-output circuit 210 and support circuit 250 as
described above in feference to FIG. 2A.

‘
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Use of the same host adapter 240 on either a
mother board 290 (FIG. 2B) or on a plug-in board 270
(FIG. 2A) results in lower costs due to volume -
production of a single die'for both uses. Moreover,
host adapter 240 also has smaller die-size, smaller
number of terminals and therefore lower costs, all of
which are important criteria for use on a mother board.
Host adapter 240 also reduces the owverall system cost
of a computer system 200B (FIG. 2B), because host
adapter 240 occupies less real estate than a
conventional host adapter. . '

In response to various internal signals of host
adapter 240, such as a rgad instruction signal or a
write instruction signal from a hardware module,
firmware, or software in data transfer circuit 220, an
instruction router 311 (FIG. 3) in master serial port
input-output circui't 210 passes the instruction signals
to a resource controller, such as hardware resource
controller 313, soft resource controller 314,
initialization resource controller 315, and memory
resource controller 316.

For example, in response to an internal signallon
master serial input¥output bus 245 to turn on or off a
hardware resource, such as light emitting diode 350,
hereinafter LED 350, instruction router 311'passes a.
write instruction signal on hardware bus 311H to a
single byte write comménd controller, in hardware
resource controller 313. In response to such a write
instruction signal, the single byte write command
controller drives one or more command signals active,
e.g. a LED request signal  LEDREQ (not shown) active to
indicate a request for hardware resource LED 350 and a
LED state signal LEDSTATE (not shown) active to
indicate that LED 350 should be turned on, on serial
port command bus 323 that is included in serial port
input-output bus 246.
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Command signals that are specific to a resource
included in support circuit 250 have a reference
numeral that is a combination of the command the
resource. In general, for resource "X", reference
numeral XREQ is a resource request signal for resource
X; reference numeral XREAD is a read signal for
resource X; reference numeral XSEND is a write signal
for resource X; and reference numeral XBSY is a busy
signal for resourcé X. - Herein X can be any one of ROM,
BRD, LED, SEE and SOFT, where "ROM" represents
EEPROM 390; "BRD" represents board control logic 370;
"LED" represents LED 350; "SEE" represents serial
EEPROM 380; and "SOFT" represents soft resource 341.

| In response to.active command signals, such as LED
request signal LEDREQ and LED state signal LEDSTATE,
command executor 320 executes a command cycle, such as
a write command cycle. 1In the command cycle a byte
generator in command executor 320 first generates a
command which in this embodiment is a command byte 410
(FIG. 43).

In command byte 410, most significant bit R that
is shifted out first is set for a read command cycle

-and cleared for a write command cycle. Bits CO to C4

in .command byte 410 are command bits that are used to
encode various commands that can be transmitted by
serial port 230 to ‘support circuit 250. Among bits CO
to C4, bit CO0 is the least significant bit. Bits DO
and D1 are data bits and bit D1 is the most significant
bit in command byte 410.

A converter in command executor 320 formats the
command byte into a command packet, such as command
packet 420 (FIG. 4B). In this embodiment, a start
bit 421 is inserted at the start of the packet and is
followed immediately by command byte 410. Command
byte 410 is followed by a parity bit 422 and then a
stop bit 423. A line controller included in command
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executor 320 serially transmits the command packet on
pin 241 (FIG. 3) that is connected to a slave serial
input-output circuit 254, also referred to as '
SSPIOC 254 in support circuit 250, by line SPIO-.

In the example for LED 350 described above,
command executor 320 executes a bit write command cycle
in which command executor 320 transmits a LED command
packet 451 (FIG. 4E) that includes bit R "0", a command
code "10000" for LED request signal LEDREQ in command
code bits C0-C4 (FIG. 4A), the value of LED state
signal LEDSTATE in data bit DO and a constant e.g. 0 in
data bit Di1. .

In genéral, command executor 320 forms a packet,
such as a command'packet, an address'packet or a data
packet by inserting a start bit 421 (FIG. 4B) having a
first value that is followed by a command byte, an
address byte or a data byte respectively, followed by a
parity bit 422 which in turn is followed by a stop
bit 423 having a second value different from the first
value. In FIG. 4B, start bit 421 has a first value of
a logical zero, hereinafter zero parity bit 422 is
selected so that the transferred byte together with the

.parity bit has an odd parity, stop bit 423 has a second

value of a logical one hereinafter one, and packet 420
is transmitted on line SPIO-. Line SPIO- is pulled up
to a default value of one when line SPIO- is not being
driven either by serial port 230 or'by slave:

circuit 250. The identical value for the stop bit and
for the default value of line SPIO- provides active
negation that permits transmission of information
across line SPIO- at higher speeds than possible
without active negation. Active negation also prevents

' false detection of additional packets that can happen

if line SPIO- is left at zero with only the pull-up
resistor to take line SPIO- to one.

.
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After a transmission time period Tp (FIG. 4D),
that is associated with transmission of a packet,
command executor 320, depending on the command cycle
being executed, transmits additional address or data
packets as described below and waits for an acknowledge
packet 430 (FIG. 4C) that is described more completely
below, during an acknowlédge window time period Tn
(FIG. 4D). . _

. If command executor 320 does not receive a first
bit of an acknowledge packet within acknowledge window
time period Tn, command executoi 320 sets a bi; NOACK
in an error register EkROR (not shown in FIG. 2A) of
system bus module 225 and terminates the command cycle
which in turn generates a target abort response to host
processor 281, if the command packet transmitted on
pin 241 originated from a command of host _
processor 281. In one embodiment, acknowledge window
time period Tn is eight clock cycles after command:
executor 320 drives a stop bit on pin 241.

In general, in response to a command packet, such-
as LED command packet 451, slave serial port input-.
output circuit 254 starts transmission of an
acknowledge packet 452 aﬁd performs the action
indicated by command byte 410 retrieved from the
command packet 420, for éxample send a one to LED 350
if the value of bit DO is one, while continuing to
transmit the acknowledge packet. On completion of the
action indicated by command byte 410, slave serial port
input-output circuit 254 completes transmission of
acknowledge packet 430. ‘ ‘

In generai, slave serial port iﬁput-output circuit
254 waits for a first turnaround period of time and
after receipt of a stop bit of the last packet expected
from serial port 230, before transmission of an
acknowledge packet. Serial port 230 also waits for the
first turnaround time period to become sensitive to an
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active signal on line SPIO- from slave serial port

input-output circuit 254. The first turnaround time
period can be any predetermined time period e.g. one
clock cycle, two clock cycles or any other number of

clock cycles.

Serial port 230 waits for a second turnaround time
period to send a command packet after receipt of a
packet from slave serial port input-output circuit 254.
The second turnaround time period can also be any
predetermined time period one clock cycle, two clock
cycles or any other number of clock cycles. 1In one
embodiment, the first turnaround time period and the
second turnaround time'period are identical and are
equ&l to two clock cycles.

In general, acknowledge packet 430 includes a
first bit 431 and a second bit 433, both having. the
same first value followed by a third bit 434 having a
second value that is different from the first value.
Acknowledge packet 430 can include any number of
optional bits between first bit 431 and second bit 433
all of which have the same first wvalue, dependihg on
the amount of time needed by slave serial port input-

~output circuit 254 to complete the action indicated by

command byte 410. In the embodiment of FIG. 4C, first
bit 431 and second bit 433 both have first wvalue zero,

. and third bit 434 has second value one and a number of

optional bits 432 of first value zero are inserted
between first bit 431 and second bit 433.

In response to a start bit 431 of an acknowledge
packet 430 received at pin 241, command executor 320
drives an adknowledge detect signal ACKDET active on
acknowledge detect line 322 that is connected to each
of hardware resource controller 313, software resource
controller 314, initialization resource controller 315
and memory resource controller 316. Command
executor 320 continues to drive the acknowledge detect’
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signal active on acknowledge detect line 322 until
receipt of third bit 434 on pin 241, at which point
command executor 320 drives acknowledge detect
signal ACKDET inactive and terminates the command
cycie.

'In the example for LED 350 described above, in
response to an active acknowledge detect signal, the
single byte write command controller in hardware
resource controller 313 drives a set busy signal SETBSY
(not shown) active to indicate that a serial port
command cycle is in progress. When acknowledge detect
signal goes inactive, hardware resource controller 313
drives set busy signal SETBSY inactive and waits for
the next active instruction signal from instruction
router 311.

While responding to an instruction signal,
hardware resource cdontroller 313 is insensitive to any
additional instruction signals, for example for -
changing the state of LED 350. State change
instruction signals for LED 350, that occur at a rate
faster than the speed of serial transmission of a
command packet-on pin 241 and serial receibt of an
acknowledge backet on the same pin 241, are lost. The
state of LED 350 at the end of a series of state change
instruction signals is the last state that was senﬁ to
slave serial port input-output circuit 254.

In one embodiment, instruction router 311 receives
an internal signal LED- on master input-output bus 245
from a status switching circuit that is described in
copending and commonly assigned U.S. Patent Application
Serial No. 08/301,458, Attorney Docket No. M-2933, '
entitled "Status Indicator for a Host Adapter" of

. 8tillman F. Gates and Charles S. Fannin, filed on
~ September 7, 1994, that is incorporated by reference

herein in its entirety. In one embodiment, a hardware
moduwle, or firmware or software of host adapter 240
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- turns on and off LED 350 as described for LED request
signal LEDREQ in Table 1 below.
of conditions under which various command signals are

generated by master serial port input-output

circuit 210. Tables 2-9 list definitions of the bits

Table 1 lists examples

of various registers in master serial port input-output

circuit 210. Some of the ‘'bit definitions and signal

values described herein are similar sor identical to

those described in "A1C-7870 PCI Bus Master Single-Chip
SCSI Host Adapter Data Book-Preliminary" published in

December 1993. available from Adaptec, Inc. 691 South

Milpitas Boulevard, Milpitas CA 95035, that'is_

incorporated by reference herein in its entirety.
TABLE 1

Command Signal

Function

LEDREQ (write) ' Turn on or off LED 350

STPWREQ (write)

Turn on or off power to
I/0 bus terminators 360

'CHPRSTREQ (write)

Reset slave serial port
input-output circuit 254

BRDREQ (read or write)

Read from or write to'

board control register

BRDCTL in board control
logic 370.

SOFTREQ (read or write)

Read from or write to
soft resource 340.

EIREAD (Read)

Receive identification

byte IDDAT and external
resource status byte
ESTAT from SSPIOC 254
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Command Signal Function

ROMREQ (read or write) Read ROM or EEPROM memory
location or write to
EEPROM memory location

SEEREQ (read or write) Read from or write to
serial EEPROM

Signal LEDREQ (TABLE 1) is a write-only signal
that controls the state of LED 350 that is connected to
a pin LED# on SSPIOC 254. Signal LEDREQ can originate
from three sources. A first source is automatic
hardware action generated by changes in use state of
input-output bus 284 e.g. from not busy with data
transfers to busy or from not busy and available for
data transfer to bysy with data transfers, if slave
present Bit SSPIOCPS is active (e.g. one) in external
resource status'register SPIOCAP in instruction
router 311 (TABLE 2) and bit DIAGLEDEN is not active in
register SBLKCTL (e.g., bit 7 in reg. 1Fh is zero) in
input-output bus module 221. In response to an LED
command byte cdntaining a DO as a one.to indicate use
state charged from busy to not busy, slave serial port
input-output circuit 254 drives a signal on pin LED#
high. In response to an LED command byte containing
bit DO as a zero command to indicate use state charged
from not busy to busy, slave serial port input-output
circuit 254 drives the signal on pin LED# low. Bit D1
for an LED command byte is always zero.

A second source of signal LEDREQ is generated by
changing the value of bit DIAGLEDON in register SBLKCTL
(e.g. bit 6 in reg. 1Fh) in input-output bus
module 221, provided bit SSPIOCPS in external resource
status register SPIOCAP is active (e.g. one) and
bit;DIAGLEDEN in register SBLKCTL (bit 7 in reg 1Fh) is

active (e.g. one). Also in this case bit D1 is always
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zero and slave serial port input-output circuit 254
asserts the signal on pin LED# low when bit D0 is zero
e.g. bits DIAGLEDON and DIAGLEDEN are both one. Slave
serial port input-output circuit 254 drives a signal on
pin LED high when bit D0 is a one e.g. bit DIAGLEDEN is
a zero and bit DIAGLEDEN is a one or input-output

bus 284 is not busy and bit DIAGLEDEN is a zero.

A third source of signal LEDREQ- is generated by
firmware or software using a pre-defined soft command
byte to put serial port 230 in a test mode. This test
mode is indicated by setting bit D1 one in the LED
command cycle, and in this test mode, line SPIO- is
used to bring out internal signals of host adapter 240
during system operation for real time debugging
purposes. Once SSPIOC 254 receives a LED command
packet with bit D1 at a one, the SSPIOC 254 stops
responding to all cdommand packets and simply passes the
signal on line SPIO- as the signal on pin LED#. |

The test mode is exited only by a reset
signal RST# or by power-on reset. 1In the test mode,
host adapter 240 multiplexes out internal signals onto

"line SPIO- depending on the value stored in bits

TESTSEL [2:0] of register SPIODATA (1Dh), which bits
while in test mode are assigned the function name of
TESTSEL, with bits [7:3] reserved. The value of bits
TESTSEL can be changed to select a different intermal
signal to drive line SPIO-. See TABLE 3 below for
definition of bits TESTSEL [2:0].
TABLE 3
Serial Port Test Mode Assignmenﬁ Definitions

_Value of Name of internal signal in data transfer
bits circuit 220 °
TESTSEL
(SPIODATA
[2:0])
s
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7 or 6” Unassigned
5 | pPcacuEs
4 DFCACHETHLA
3 PAUSE (not equal PAUSEACK)
2 MREQPEND
1 FRAMEO-
0 DEVSELO-

Each of the above internal signals is supplied on
a LED test signal bus LTSTSIGL that is included in
master serial input-output bus 245. 1In response to a
write to register SPIODAT, soft resource controller 314
passes a selected internal signal to serial port 230.

Signal DFCACHﬁb indicates that there is data or
space of one selected cache line in FIFO module 222
that is used by system bus module 225 to select a
predetermined command for accessing system bus 283.

Signal DFCACHETHLA is a look ahead signal for
streaming cache lines to improve bus performance from
FIFO module 222. ' '

Signal PAUSE requests sequencer module 223 to halt
operations  as described in the U.S. Patent Application
filed by Craig A. Stuber referenced above.

‘ Signal MREQPEND indicates that a memory request is
pending for access to system bus 283 by system bus
module 225 to transfer data between FIFO module 222 and

‘gystem memory 282.

Signal FRAMEO- ie an internal signal that is
active when host adapter 240 is acting as a bus master
and is the signal supplied to the PCI bus as
signal FRAME#. '

Signal DEVSELO- is an internal signal from system
bus module 225 that is active when host adapter 240 is
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acting as a bus target and is the signal supplied to
the PCI bus as signal DEVSEL#.

In addition to the three sources of signal LEDREQ
described above, when any one of the status bits is set
(an OR condition) in slave serial port status register
SPIOSTAT in SSPIOC 254, SSPIOC 254 drives a signal on

'pin LED# active to visually indicate an error, such as

a parity error, provided that enable. LED error display
bit 7 is set. This feature can be used to aid in
system debugging._ '

Referring back to Table 1, in response to command

signal STPWREQ, command byte bit D1 is_set to. the state

of bit STPWLEVEL in register DEVCONFIG of system bus
module 225 and bit DO is set to state of bit STPWEN in
register SXFRCTL1 of input-output bus module 221. This
command signal is issued after the first write of a one
to SCSI terminatior power write enable bit STPWEN.in
input-output module 221 and there after whenever

bit STPWEN changes state. Changing the state of SCSI
termination power level bit STPWLEVEL in system bus
module 225 does not cause this command signal to be
issued. Signal STPWREQ can only be generated when

bit SSPIOCPS in register SPIOCAP is one.

Following assertion of a reset signal RST# on
system bus 283, SSPIOC 254 keeps SCSI termination' power
control pin STPWCTL in a float condition (three state)
until the first command signal STPWREQ is received as
shown by Table 4. . | .

Thereafter, SSPIOC 254 controls SCSI termination
power control pin STPWCTL based on values of bits
STPWLEVEL and STPWEN. .

TABLE 4
Signal on SCSI Termination Power Control pin STPWCTL

STPWLEVEL STPWEN STPWCTIL,
w
)] Z (th;ee state)
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STPWLEVEL STPWEN. STPWCTL
— 1 .
1 0 0 _ ]
2 0 1 1
3 1 ' - 0 1
4 1 1 0

Bits STPWLEVEL and STPWEN are transmitted to SSPIOC 254
from bit STPWLEVEL in register DEVCONFIG and bit STPWEN
in register SXFRCTL1l when command signal STPWREQ is
asserted. Bit STPWEN is used to activate bus
terminators 360. Bit STPWLEVEL indicates the voltage
needed to deactivate bus terminators 360.

Termination power supplied by bus terminators 360
to input-output bus 284 is turned on or off as
indicated by bit. STPWCTL based on the values of bits
STPWLEVEL and STPWEN listed in Table 4. _

When SSPIOC 254 is not present or if bond wire 249
(FIG. 2B) is present, pin 241 defaults to SCSI
termination power control function and causes the
output of pin 241 to float until bit STPWEN is written,
as described below in reference to FIG. 12B.

Whenever a module of data transfer circuit 220
writes to a register SFXRCTL1l (not shown) in input-
output bus module 221, instruction router 311 passes a
signal to a single byte write comménd controller (not
shown) of hardware resource controller 313 to transfer
the current state of SCSI bus termination power level
signal STPWLEVEL and power enable signal STPWEN to bus
terminators 360 in support circuit 250. The command
cycle executed by serial port 230 in response to
command'signal STPWREQ for controlling bus
terminators 360 is similar to the sequence of actions
described above in reference to LED 350, except - that

.



ThlS Shee

Tl

10
15
20
25
30

35

W, E=T

bits DO and'Dl in the command byte contain the states
of signals STPWLEVEL and STPWEN respectively.
Command signal CHPRSTREQ (Table 1) is issued as a

result of setting bit CHPRST in register HCNTRL in

system bus module 225, provided that slave present
bit SSPIOCPS is one. ' The action of serial port 230 is
different for command signal CHPRSTREQ than that
described above for signal LEDREQ. .Rather than
transmit a command packet with start, stop, and parity
bits serial port 230 simply drives a signal on pin 241
to a predetermined voltage for a predetermined number
of clock cycles. Specifically in response to an active
reset command signal CHPSTREQ, serial port 230 resets
all internal registers except for system gonfiguration
‘registers located in system bus module 225. Serial
port 230 also executes a soft reset command cycle in
which serial port 230 drives a ‘signal on pin 241 to
logical zero for 12 or more clock cycles to reset slave
serial port input-output circuit 254. In response to
this reset packet SSPIOC 254 resets certain registers
in SSPIOC 254 that are visible to host adapter 240,
such as registers SPIOSTAT, BRDCTL and SEEPROM.
Certain flip-flops that hold the address for BIOS
accesses are not reset. SSPIOC 254 also drives the
signal on pin. STPWCTL to the selected inactive state
(bit STPWLEVEL unchanged and bit STPWEN inactive).
The reset packet is issued as soon as possible
after the leading edge of signal CHPRST by master
serial port input-output circuit 210. In all commands
except a soft command, SSPIOC 254 is reset on
completion of the current command, and soft commands
are aborted if the last command byte is still not sent.
Therefore, master serial port input-output
circuit 210 and serial port 230 provide a seamless and
compatible interface between resources in support
cirouit 250 and various host adapter modules. Host
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adapter 240 turns on and off at least three different
resources: slave serial port input-output circuit 254,
LED 350 and bus terminators 360, using hardware
resource controller 313, command executor 320 and
serial port 230 on a single pin 241.

In addition, a module in host adapter 240 can
write a data byte on data input bus 325, that is
connected to a write data bus CDDAT included in data
transfer bus 226, for example by putting an address 1Dh
of a master board control register BRDCTL in hardware
resource controller 313 on master input-output bus 245,
that is connected to a write address Bus CDADR included
in data transfer bus 226. In response to such a write
to master board cpntrol register BRDCTL, instruétion

- router 311 drives a signal active on a hardware

bus 311H coupled to a board controller included in
hardware resource cdontroller 311, if serial port 230 is
available and if board control logic 370 exists on
support circuit 250. ' o
Instruction router 311 also determines the source
of an internal signal on master input-output bus 245
from the state of a sequencer source signal PAC2SPIO on

‘magter input-output bus 245. Depending on the source

of the in;ernal signal, instruction router 311 drives a
stretch signal, such as stretch sequencer ‘
signal STRETCHSEQ or a stretch host signal SEEBRDRDY,
to the source of the instruction, such as sequencer
module 223 or system bus module 225, to wait until the
command cycle is completed. On completion of the
command cycle, instruction router 311 drives the
corresponding stretch signal inactive.

In response to an active instruction signal on
hardware bus 311H from instruction router 311, the
board controller in hardware resource controller 313
drives board request signal BRDREQ (Table 1) and board
write signal BRDSEND active on serial port command
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bus 323. 1In response to active command signals BRDREQ
and BRDSEND command executor 320 executes a byte write
command cycle that is similar to the bit write command
cycle described above for LED 350, except that command
executor 320 transmits a data packet 462 subsequent to
transmission of command packet 461 and then waits for
an acknowledge packet 463 from slave serial port input-
output circuit 254. ' a

So, board control command signal BRCTLREQ accesses
board control register BRDCTL in SSPIOC 254. This
command signal is issued when an address for board
control logic 370, e.g. 1Dh is accessed provided board
control bit BRDCTL in external resource
register SPIOCAP is active and soft command enable
bit SOFTCMDEN in external resource register SPIOCAP is
inactive. When the access is from host processor 281,
signal TRDY# on PCI' bus 283 is not returned by system
bus module 225 until the command is completed. When _
the access is from sequencer module 223, the sequencer
clock is stretched until this command is completed.

Board control register BRDCTL, that is defined in
TABLE 5, prdvides the capability to control reading and
writing of external device(s) interconnected to the
SSPIOC’s memory port which may be shared with EEPROM
and SEEPROM.

TABLE 5 :
Register BRDCTL in SSPIOC 254 and in Hardware
' Resource Controller 313 '

Bit # | Definition

7:5 BRDDAT [7:5] .

4 BRDSTB.

3 BRDCS.

2 BRDRW.
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1:0 Unused bits (BRDCTLI[1:0]).

Board data bits BRDDAT([7:5] are read/write data
bits that are only connected to pins MD[7:5] of slave
serial port input-output circuit 254 when bit SEEMS is
active. Bits BRDDAT are write bits when board read

write bit BRDRW defined in Table 5 is inactive (e.g.

zero) and the written value of bits BRDDAT is asserted
on pins MD[7:5]. ' |
When bit BRDRW is active e.g. one, bits BRDDAT are
read bits. One embodiment of slave serial port input-
output circuit 254 connects bits BRDDAT [7:5] to. pins
MD [7:5] to read the current logical state of the
signals on pins Mﬁ [7:5]. Another embodiment of slave
serial port input-output circuit 254 connects bit
BRDDAT (7] to pin MD7 and connects BRDDAT{6:5] to SCSI
cable detection input pins CBLDET and XCBLDET (not
shown) or SCSI termination detection input pins TRMSH1
and TRMSLO (not shown) depending on the state of bits
BRDSTB and BRDCS. _
Board strobe bit BRDSTB is coupled to pin MD4 when

bit SEEMS is active. When bit BRDSTB is active (e.g.

one) pin MD4 is asserted low. Normal use is to store
the desired write data in blts BRDDAT[7:5] and a one in
bit BRDCS and then store a one in bit BRDSTB to :
activate external pin MD4 of SSPIOC 254 at a low level
and start the strobe to write the data into the board
control logic. A zero in bit BRDSTB, ends the strobe.

Board chip select bit BRDCS is a read/write bit
connected to pin MD3 when bit SEEMS is asserted. When-
bit BRDCS is actlve (e.g. one), output on pin MD3 of
SSPIOC 254 is asserted low.

Board read/write bit BRDRW controls the output

state of pin MA15 of SSPIOC 254 when bit SEEMS is

active. The state of bit BRDRW also controls the data
L]
direction of bits BRDDAT[7:5]. When bit BRDRW is
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inactive e. g zero bit BRDDAT[7:5] are output and p1n
MA1S is asserted low e. g. zero.

Unused bits are always read as zero and writes to
unused bits are ignored. _

The timing provided to external resources is a
function of a software routine that matches the
device’s timing. Bits SEECTL, as indicated, may also
be used for board logic control if desired.

After receipt of command packet 461, slave serial
port input-output circuit 254 waits for the data
pécket 462 and then starts transmission of acknowledge
packet 463. Slave serial port input-output circuit 254
updates a slave board control register BRDCTL with the
data byte retrieved from data'packet 462 so that both
the maéter_board control register and the slave control
register have identical values. For convenience, the
same reference numdral BRDCTL is used for the master
board control register and the slave board control
register. Slave serial port input-output circuit 254
then completes transmission of acknowledge packet 463.

The actions of command executor 320 and hardware
resource controller 313 subsequent to receipt of
acknowledge packet 463 on pin 241 are similar to the
actions described above in reference to acknowledge
packet 452 for LED 350. When the acknowledge detect
signal ACKDET goes inactive on acknowledge detect
line 322, the command cycle is cémpleted and hardware
resource controller 313 drives a board ready .
signal BRDCTLRDY active on hardware bus 311H that is
connected to instruction router 313. In response to
active board ready signal BRDCTLRDY, .instruction
router 311 drives the corresponding stretch signal to
the host or the sequencer inactive to indicate
completion of the write to slave board control
register BRDCTL.

R
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In response to a read of a master board control
register BRDCTL, the actions of instruction router 311,
hardware resource controller 313, command executor 320
and slave serial port input-output circuit 254 are
similar to the actions described above in reference to
the write to master board control register ERDCTL,
éxcept that command executor 320 executes a byte read

‘command cycle in which command. executor 320 transmits a

command'packet 471 (FIG. 4G) and after receipt of
acknowledge packet 472, waits for a data packet 473.
Command executor 320 passes a data byte retrieved from

~ data packet 473 on received data lines 321 to retrieved
. data router 312, which in turn passes'the retrieved

data byte on data- input bus 326, that in one embodiment
is coupled to a destination data bus CSDAT included in
data transfer bus 226, to the module that originated
the internal signal' to read data from master board
control fegister BRDCTL. One set of bit definitions
for a master board control register BRDCTL and a slave
board control register BRDCTL are listed in "AlC-7870
PCI Bus'Master'Single-Chip SCSI Host Adapter Data Book-
Preliminary" available from Adaptec, Inc. of Milpitas,
California that was incorporated by reference above.
Soft command signal SOFTREQ (Table 1) is only
issued as a result of access by a host processor 281 or
sequencer. module 223 to serial port control
register SPIOCTL and serial port data register SPIODATA
in soft resource controller 314. Before issuing a soft
command signal SOFTREQ, the firmware or software '
examines the external resource status register SPIOCAP
to determine whether soft commands are supported. The
command byte value. and number of bytes to be
transferred following the command byte is
register based and allows all values to be used. The

acknowledge detect signal functions the same as in the
other command cycles.
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In response to an internal signal from a module of
data transfer circuit 220; to write or read a
register in soft resource 340, instruction router 311
drives coriesponding signals active on soft controller
lines 311S that are connected to soft resource
controller 314. The operation of soft resource
controller 314 is similar to the operation of board

- controller in hardware resource controller 313

described above except that the actions of soft
resource controller 314 are controlled by the value of
the byte stored in register SPIOCTL that is listed in
Table 6. . _

Soft resource controller 314 includes a first-in-
first-out memory element that. buffers up to three bytes

.of data read from soft resource 340 in response to a

read instruction from instruction router 311. Command
executor 320 buffers a fourth byte of data from soft
resource 340. _

The address of register 341 in soft resource 340
is identical to the addréss of the master board control
register BRDCTL and instruction router 311 selects
register 341 if a bit SOFTCMDEN is active in a
register SPIOCAP that is describgd in Table 2 above and
otherwise selects master board control register BRDCTL.

Prior to issuing a soft command signal SOFTREQ,
soft command enable bit SOFTCMDEN in external resource
status register SPIOCAP must be set. Soft resource
controller 314 is clocked only when soft command enable
bit SOFTCMDEN is active. Therefore, to conserve powef,
soft command enable bit SOFTCMDEN is set only when a
soft command signal is to be processed. Care should be
taken when the firmware in sequencer module 223 issues

‘soft command internal signals because of poésible

interaction between host processor software and host
adapter firmware in sharing soft resource

.
4
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controller 314. The following is one scheme using lock
bit L as a semaphore.

If the firmware in sequencer module 223 wants to
issue a.soft command signal, sequencer module 223
should first check lock bit L. If lock bit L is not
set, sequencer module 223 locks serial port 230 by
setting lock bit L to one in serial port control
register SPIOCTL that is defined in TABLE 6A.

' TABLE 6A '

Serial port control register SPIOCTL
in soft resource controller 314

Bit # Function |

7 Send (8).

6 | Last Byte QLB).'

5 Lock (L).

4 | Timer (T).

3:2 | Reserved. Always read as zero.

1:0 | Read (R[1:0]). .

~Send bit S is written active (e.g. one) after a
byte has been written into register SPIODAT at address
1Dh. After the byte has been shifted out to line
SPIO-, soft resource controller 314 clears bit S. When
é module in data transfer circuit 220 samples bit S
inactive, the next byte in the current command can be

loaded into register SPIODAT. After the last byte is

shifted out as- indicated by bit LB, soft resource
controller 314 begins sampling for a response for the
current command from line SPIO-.

Last byte bit LB is set when the last byte for the
current command is to be sent or received. After the
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byte has been shifted out or in through line SPIO-,
soft resource controller 314 clears last byte bit LB
along with bit 8.

Lock bit L is a read/write bit without any
hardware function. Lock bit L is used by host
processor 281 and sequencer module 223 as a seméphore
to prevent overﬁriting each other if both of them issue
soft commands. A semaphore is not needed if sequencer
module 223 does not use soft commands.

Timer bit T is a hardware timer bit provided for
software usage.instead-of a software timer loop. Timer

-bit T when written active (e.g. 1) automatically:

becomes inactive 800 ns after last byte bit LB is
cleared, e.g. last byte of command is completely
shifted out. The timer is referenced to a 40 MHz clock
signal from sequencer module 223.

In one embodinment, instead of last byte bit LB,
read bits R[1:0] define how many bytes are to be _
expected in response to the current command. In such
an embodiment, after a byte has been shifted in from
line SPIO- and transferred to register SPIODATA, that
is defined in table 6B, soft resource controller 314
decrements the value of read bits R[1:0]. Software can
read the value to determine when the shifted in data is
available. Read bits R{1:0] can have the following
values: 0: No bytes expected; 1l: One byte expected; 2:
Two bytes expected; 3: Three bytes expected. In one
embodiment read bits R[1:0] are encoded as data bits D1
and DO in the soft command byte formed in response to
command signal SOFTREQ. | ,

When set, lock bit L in serial port control
register SPIOCTL prevents host processor 281 from
interjecting a request during a multiple byte command
cycle or when read data is expected. If send bit S is
set while a hardware issued command cycle is being
exeouted (e.g. due to automatic hardware action or PCI
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begin until the current command cycle is terminated. ..

If host processor 281 wants to gain c¢ontrol of
soft resource controller 314, host processor 281 first
pauses sequencer module 223 and examines lock bit L in
register SPIOCTL. If lock bit L is set, host
processor 281 un-pauses sequencer module 223 and
retries at a later time, until lock bit L is not set.
Following this procedure prevents a deadlock of serial
port 230. Host processor 281 does not rely on
automatic pause (AAP) action to access serial port
registers since sequencer module 223 can issue a soft
command and overwrite host prbcessor data.

In a soft command cycle, serial port data'register

. SPIODAT is used to transfer information to SSPIOC 254,

as shown in Table 6B.
t
Table 6B
Serial Port Input-Output Data Register
SPIODATA in Soft resource Controller 314

BITS | DATA FUNCTION '
m
7:0 Send command, address, or data byte when bit
S is active in register SPIOCTL

7:0 Read data when bit 8 is inactive in
register SPIOCTL

Although certain bit definitions for serial port
control register SPIOCTL and serial port data register
SPIODATA are described herein, these registers can be
used with other definitions. For example, when a soft

command cycle is used to put serial port 230 in test

mode, serial port data register SPIODAT is used as a
control register to indicate which internal signal is
to be passed to pin 241.

4
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If the command byte in register SPIODATA has a
value of a command code as defined in Table 12, e.g. to
access register SPIOSTAT, which registertSPIOSTAT is
defined in Table 7, a serial port status command ¢ycle'
is implemented to access the serial port status

-register SPIOSTAT. Serial port status

register SPIOSTAT is read when an acknowledge
signal NOACK is returned to determine the exact cause.
Reading register SPIOSTAT returns the current status
and writing a one to a bit. clears that bit.
TABLE 7
‘Serial port status register SPIOSTAT
in slave serial port input-output circuit 254

Bit# |Definition | '

7 ERRLEDENAB Enable LED error display .
6-3 Reserved.f.

2 SPIOPARERR received data Parity Error

1 . | UNSUPPORTED command attempt

0 Reserved.

When bit ERRLEDENAB is set and either bit 2 or 1
is set, the signal on pin LED# is asserted, e.g. zero,
to indicate an error condition. Bit ERRLEDENAB
defaults to zero after power-on reset.

; Bit SPIOPARERR is set when SSPIOC 254 detects a
parity error in the shift-in data. Bit SPIOPARERR is
cleared when a one is written to bit SPIOPARERR.

_Unsupported command bit UNSUPPORTED is set when
SSPIOC 254 receives an unrecognized or unsupported
command. Unsupported command bit UNSUPPORTED is
cleared when a one is written to unsupported command

'bit UNSUPPORTED.

L]
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simiiarly to register SPIOSTAT, register
SSPIOERRGEN in SSPIOC 254 is accessed by using command
sigﬁal SOFTREQ (Table 1) with the appropriate command
code in register SPIODATA (Table 13). When bit 0 is
set to one in register SSPIOERRGEN, slave serial port
input-output circuit 254 sets the parity bit so that
the packet transmitted on line SPIO- has evén parity
and so exercises the parity check circuitry in serial
port 230. When bit 0 is set to zero in
register SSPIOERRGEN, SSPIOC 254 sets the parity'bit 80
that the transmitted packet has odd parity and this is
the normal mode. See TABLE 8.

Command signal EIREAD (Table 1) is issued by
initialization resource controller 315 following each
assertion of a signal on pin RST# (not shown) of host
adapter 240. Also, after being reset, SSPIOC 254
automatically sends' two initialization packets
containing bytes IDDAT and ESTAT to initialization
resource controller 315. While waiting for
initialization packets, any host processor access
causes a target abort response to be returned. 1In
response to the initialization packets, command
executor 320 passes byte IDDAT and byte ESTAT to
initialization resource controller 315, that in turn
writes byte IDDAT into a device identification
register DEVICEID1 (PCI configuration register 00h,
byte 3) in system bus module 225 that is used for all
communications with host processor 281, and saves byte
ESTAT in resource status register SPIOCAP (1Bh) that is
used by instruction router 311 to determine the
existence of various resources on support circuit 250.
Byte ESTAT when shifted over line SPIO- is active low.
Byte ESTAT is stored active high in register SPIOCAP.

. An acknowledge packet starting after the leading edge

of a reset signal no earlier than 4 clock cycles and no
later than 16 clock cycles precedes bytes IDDAT and
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ESTAT. If initialization resource controller 315 does
not receive an acknowledge packet within 16 clock
periods after the rising edge of the signal on pin
RST#, initialization resource controller 315 times out
and assumes that an external slave serial port input-
output circuit 254 does not exist.

- Until this initialization command cycle is
completed, any PCI target access attempted to host

. adapter 240 is responded to with signal RETRY to ensure

that only the shifted in byte IDDAT is accessed by host
processor 281 and existing external features have been
identified and enabled. '

When a slave serial port input-output circuit 254
is not used and device ID substitution is desired, an
external device, such as a shift register device or a
programmable logic circuit, provide bytes IDDAT and -
ESTAT. The rules for minimum time before driving line
SPIO- and start, parity and stop bits are followed by
the external device. However, if byte ESTAT is FFh and .

‘parity and stop bits are also e.g. one, the external

device can stop driving line SPIO- after shifting out
bit 0 of byte ESTAT, and is implemented in an 8-bit
device in one embodiment. Allowing the external device
to stop driving the SPIO- early is oné reason for
choosing an odd parity scheme in one'embodiment.

During power-on reset of host adapter 240,
instruction router 311 passes instruction signals to
initialization resource controller 315 to receive a
device identification byte IDDAT_énd a resource status
byte ESTAT from slave serial port input-output
circuit 254. No command packet is sent by command
executor 320 on pin 241. Following reset, slave serial
port input-output circuit automatically pléces bus
terminators 360 in a float condition and sends
initialization packets containing bytes IDDAT and
ESTAT. Device identification byte IDDAT contains the
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device identification code to be provided by host
adapter 240 when register DEVICEID1 (not shown) is
accessed by host processor 281. When byte IDDAT value
is ffh, an internal device identification value is
used. Resource status byte ESTAT contains information
to be stored in register SPIOCAP.

When slave serial port input-output circuit 254, a
shift register, or a programmable device is absent, an

- acknowledge packet is not received between 4 clock

cycles and 16 clock cyclés after signal RST# becoming
inactive. In such a case, command executor 320 causes
initialization resource controller 315 to use a default
device identification code, to set byte ESTAT to FFh,
and to pass the default internal signal STPWCTL to

pin 241. '

When present, slave serial port input-output
circuit 254, on beinhg reset, starts transmission of an
acknowledge packet on line SPIO- thdt is connected to
pin 241 before command executor 320 times out. While
transmitting the acknowledge packet, siave serial port
input-output circuit 254 can take any amount of time
necessary to obtain the device identification code
from, for example, a programmable logic circuit 330 and
time required to assemble byte ESTAT by polling various
resources, such as LED 350, soft resource 340, bus
terminators 360, board control logic 370, SEEPROM 380
and EEPROM 390. After obtaining bytes IDDAT and ESTAT,

slave serial port input-output circuit 254 terminates

the acknowledge packet and transmits two initialization
packets that contain the two obtained bytes.

Support for each command cycle by SSPIOC 254 is
indicated by the associated bit being a zero in byte
ESTAT. The bit definitions of register SPIOCAP are
shown in Table 2. If the inifialization command cycle
times out or if byte ESTAT is. FFh, none of
register SPIOCAP bits are set to one.
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Instruction router 311 generates instruction
signals to access a resource only after determining the
presence of the resource on support circuit 250.
Instruction router 311 determines existence of a
resource from the value of the corresponding bit in an .
external resource status register SPIOCAP, also
referred to as "register SPIOCAP" that is defined in
Table 2 below, such as bit BRDCTL for board control
logic 370. External resource status fegister SPIOCAP
is initialized to byte ESTAT after reset.

_ TABLE 2 _ _
Register SPIOCAP in Instruction Router 311
Bit # | Read/ | Definition of function enable bits
Write
7:6 R | soFt[1i:0].
5 R/W | Soft Commands Enable (SOFTCMDEN) .
(Default "o".) -

4 R BRDCTL.

3 R. | SEEPROM.

2 R EEPROM.

1 R ROM.

0 R SSPIOC Present (SSPIOCPS).

Bits SOFT [1:0] of register SPIOCAP (Table 2) have
no hardware assigned function, but allow .
softwére/firmware to be aware of external conditions on
a board to board basis to allow customization
flexibility. One or more ones indicate that external
support is present for perfbrming "gsoft" commands other
than pre-defined soft commands.

, Soft command enable bit 5 is written active
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(e.g. one) by host processor 281 or sequencer

module 223 to enable "soft" commands.: When

bit SOFTCMDEN is inactive, the definitions for address
1Dh and 1Eh are registers BRDCTL (Table 5) and SEECTL
(Table 8), respectively. When bit SOFTCMDEN is active,
the definitions for addresses 1Dh and 1Eh are
registers SPIODATA (Table 6B and Table 3) and SPIOCTL
(Table 6A), respectively. Bit SOFTCMDEN is not
affected by the value of bit 5 of byte ESTAT but is
read/write from host processor 281 or sequencer
module 223.

When bit BRDCTL is a one, external logic¢ is
present to control external board control logié 370.
Accesses to board control register BRDCTL in host
adapter 240 are automatically redirected to board
control register BRDCTL in SSPIOC 254. When board
control register BRDCTL is a zero, writes to bit BRDCTL
are ignored and reads to board control register BRDCTL
return all zeros.

When bit SEEPROM is a one, external logic is
present to access an external serial EEPROM. Accesses
to serial EEPROM control register SEECTL in host
adapter 240 are automatically redirected to serial
EEPROM control register SEECTL in the external SSPIOC.
When bit SEEPROM is a zero writes to serial EEPROM
control register SEECTL are ignored and reads from
serial EEPROM control register SEECTL return all zeros.

When bii EEPROM is a one and the ROM bit is also a
one the external BIOS ROM support is also writable for
in place BIOS updates.

When bit ROM is one, external logic is present to
access an external BIOS ROM. Bit ROM when stored as a
one allows register EXROMCTL in the configuration space
of system module 225 to be read with the value one
written to bit ROM indicating PCI external BIOS ROM
suppert. When not a one, reading régister EXROMCTL
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returns a Oh value indicating no support for any value
written to EXROMCTL. .

Slave present bit SSPIOCPS being one indicates
that SSPIOC 254 is connected to pin 241 and enables the
LED, STPW and SPIORST command cyéles; Bit SSPIOCPS is
not set if a shift register or programmable logic is
used to pass in byte IDDAT.

Command signal ROMREQ is only issued as a result
of a host processor 281 access when bit ROM in
register SPIOCAP is active e.g. one, bit EXPROMEN in
register EXROMCTL is active, bit MSPACEEN in '
register COMMAND is active and the access is within
the 64 KByte memory address spaced stored in
régister EXROMCTL:. '

In a memory read cdmmahd cycle, the command packet
is followed by two address packets that identify the
double word to be dccessed in the external memory _
SSPIOC 254 uses 18 address bits MA17-MAO, to access
memory, such as ROM or EEPROM. Bits MA7-MAO are sent
in the first address byte, bits MA15-MA8 are sent in
the second address byte; and bits MAl17 and MAl6é are
sent in the command ﬁacket in bits DO and Dl1. See
FIG, 4I. Also, in a memory read command cycle
SSPIOC 254 requires that bits MAl1 and MAO always be 0.
SSPIOC 254 issues four ROM commands to complete the
double word requifed for host processor 281 ROM access.
In one embodiment bits [17:16] are used to access up
to 256K ROM.

If serial'poft 230 is busy, the host processor’s
ROM access is terminated with the PCI signal RETRY,
without generating a command signal to memory resource
controller 316. If the mémory.port on SSPIOC 254 is
busy because the memory port has been reconfigured for
SEEPROM, the access is terminated with a PCI Target
Abort, without generaﬁing a command signal to memory
resource,cbntroller 316. The state of the memory port
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can be determined by examining bit SEEMS in
register SEECTL. ,
For meﬁdry reads, command signai ROMREQ (Table 1)

- is issued as a result of a host processor 281 access

when bit ROM in register SPIOCAP is active (e.g. 1),
bit EXROMEN in register EXROMCTL is active,

bit MSPACEEN in registef COMMAND is active, and the
access is within the 64 KByte memory- address space
stored in register EXROMCTL. For memory writes, in
addition to the above bits fér memory reads, the EEPROM
bit in register SPIOCAP must also be an active e;g.'
one. In the memory write command cycle, the command
packet is followed by two address packets and a data
packet containing a data byte that is to be written in
the external EEPROM.

All bits in the address bytes are used to identify
the byte being written. SSPIOC 254 writes the data
byte into the EEPROM, and after completing the write,
terminates acknowledge packet indicating that the write

" is completed, so that host adapter 240 can assert PCI

signals TRDY# and STOP# to host brocessor 281 to
terminate the transaction.

In response to instructionhgignals on master .
serial input-output bus 245 to access a memory location
in a memory resource, such as EEPROM 390, or
SEEPROM 380, instruction router 311 passes an active
instruction signal on memory bus 311M that is connected

-to memory resource controller 316.

In response to an active instruction signal to
access EEPROM, a parallel memory'controller'included in
memory resource controller 316 drives a ROM request
signal ROMREQ (not shown) active on serial port command
bus 323 to indicate the request for memory resource
EEPROM 390;_ The .parallel méemory controller also drives
a ROM read signal ROMREAD (not shown) active or
alternatively a ROM write signal ROMSEND (not shown)
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active on serial port command bus 323 to indicate a
read command cycle or a write command cycle, '
respectively.

In response to- an active signal ROMSEND command
executor 320 executes a memory byte write command cycle
that is similary to the memory byte write command cycle
described above for the board control register except
that command executor 320 transmits two address
packets 482 and 483 (FIG. 4H) between command
packet 481 and data packet.484.

After receiving all packets 481 to 484, slave
serial port input-output circuit 254 starts
transmission of acknowledge packet 485, updates
EEPROM 390 at the-memory location identified by the
address contained in address packets 482 and 483 with

“the data contained in the data packet 484 and then

terminates acknowlelge packet 485. In one embodiment,
slave serial port input-output circuit 254 uses two
data bits DO and D1 of command packet 481 as high order
address bits in accessing the memory location. The
actions of command executor 320 and memory resource
controller 316 subsequent to receipt of acknowledge

packet 485 on pin 241 are similar to the actions -

described above in reference .to acknowledge packet 452
for LED 350. .

In response to an active ROM read command
signal ROMREAD, command executor 320 executes a memory
byte'read command cycle in which command executor 320
transmits a command packet followed by two address
packets 492 and 493. (FIG. 4I)

After receiving all packets 491 to 493, slave
ser1al port input- output circuit 254 starts
transmission of an acknowledge packet 494 and while
transmitting acknowledge packet 494 retrieves a byte of
data from a memory location identified by the address
in address packets 492 and 493, completes transmission
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of acknowledge packet 494 and transmits the retrieved
data byte in a data packet 495. _

On receipt of data packet 495, command
executor 320 passes the data byte retrieved from data
packet 495 on received data lines 321 to retrieve data
router 312. In response to the data byte on received
data lines 321, retrieved data router 312 writes the
data byte into a byte assembly register (not shown) in
system bus module 225°via data oﬁtput lines 326. 1In
the embodiment of FIG. 4I, host processor 281 expects a
four byte word for each access to ROM. So, during
transmission of data packet 495, slave serial port
input-output circuit 340 increments the'address
received in address packets-492 and 493 and retrieves a
second byte of data from EEPROM 390. On completion of
transmission of data packet 495, slave serial port

input-output circui't 230 transmits the second byte in

data packet 496, and similarly third and fourth bytes
in data packets 497 and 498. '

The actions of command executor 320 and retrieved
data router 312 in response to the second, third and
fourth bytes are similar to that described above for
the first byte. When all four bytes have been
assembled in the byte assembly register, retrieved data -
router 312 drives a ROM ready signal SPROMRDY (not
shown) active to system his module 225 which -then .
indicates that all four bytes are available to host
processor 281.

Although the above description refers to a memory
resource EEPROM 390, a different memory resource, such

" as a battery backed SRAM, a flash EEPROM or a EEPROM

can also be used. Moreover, a ROM can also be used
except that instruction router 311 will not permit .
writing to a ROM based on bit EEPROM of status .
register SPIOCAP.

L
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Command signal SEEREQ (Table 1) that is generated
by memory resource controller 316 is enabled when
bit SEEPROM in register SPIOCAP is active and soft
command enable bit SOFTCMDEN in register SPIOCAP is
inactive. Command signal SEEREQ is issued when master
serial EEPROM control register SEECTL (1Eh) is written
or read, with the timer SEERDY expired and no other
command in process. - - )

When the request is from host processor 281, PCI
signal TRDY# is not returned until the command cycle is
completed. When the request is from sequencer
module 223, the sequencer clock is stretched until the
command cycle is completed. '

Command signal SEEREQ results in access to slave
serial EEPROM control register SEECTL on SSPIOC 254.
SSPIOC 254 immediately provides an acknowledge packet
for write or read d%mménts{ and in the case of reading
also immediately sends back as a real data byte the
contents of the slave serial EEPROM control register
SEECTL; which includes the SEEPROM control signals and
serial data out. ) . ’

Slave serial EEPROM control register SEECTL on
SSPIOC 254 provides the capability to control reading
and writing an external serial 1-bit EEPROM device that
contains a four pin interface (typical devices are
NM93C06/C46/C56/C66 that are available from National
Semiconductor). The SEEPROM is interconnected to the
SSPIOC’s memory port which may be shared with a
ROM/EEPROM or board logic devices. The data and clock
timing required by the external SEEPROM is provided by
a software routine that matches the device’s timing.
Due to the slow clock rate, typically 1 MHz maximum, a
hardware timer is provided in master serial EEPROM
control register SEECTL to ease software development
and provide portabilitf. Table 8 shows the bit
definition of register SEECTL. '
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TABLE 8
SEEPROM control register SEECTL
in memory resource controller 316 and
slave serial port input-output circuit 254

Bit# |Definition when bit SOFTCMDEN | SSPIOC 254
is inactive in register SPIOCAP | I/0 pin

_ - Table 2) .
B =
7 regserved = 0
6 reserved = 0

5 Serial EEPROM Mode Select bit
SEEMS.

4 Serial EEPROM Ready bit timer
SEERDY. ’

3 Serial EEPROM Chip Select bit SEECS
' SEECS. '

2 Serial EEPROM Clock bit SEECK. | MD2

1 Serial EEPROM Data Out bit MD1
SEEDO. :

0 | Serial EEPROM Data In bit MD6
SEEDI. ' :
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Serial EEPROM Mode Select bit SEEMS is a
read/write bit which when set active, e.g. one, or set
inactive, e.g. zero, causes memory resource
controller 316 to send a request to SSPIOC254 for
access to SEEPROM 380 or to board control logic 370.

An active bit SEEMS reconfigures the SSPIOC memory port

.to allow SEEPROM control bit SEECTL to redefine pins
.MD[2:0] (see Table 8) and activate SEEPROM chip select

bit SEECS for acceés of SEEPROM 380 or board control

. logic. Once SEEPROM mode select bit SEEMS is asserted,

access to other resources of SSPIOC 254 such as a ROM
and EEPROM is inhibited until SEEPROM mode select
bit SEEMS is inactive.

Serial EEPROM Ready bit SEERDY is a read only bit
that provides a hardware timer that is used instead of
a software timer when accessing SEEPROM 380 or board
control logic 370. ! Each time register SEECTL is
written, bit SEERDY goes inactive aﬁd_after a 800 ns or
longer delay when access to SEEPROM 380 is completed
becomes active, e.g. one. The state of bit SEERDY must
be read active before continuing to the next step of
addressing SEEPROM 380.

Serial EEPROM Chip Select bit SEECS is a
read/write bit that is used to control SEEPROM chip
select pin SEECS of SSPIOC 254. When SEEPROM chip
select bit SEECS to active, e.g. one, can drive signal
active on pin SEECS only if bit SEEMS is active. Pin
SEECS can also be used to qualify the SSPIOC memory
interface lines as BRDCTL signals when both SEEPROM 380
and board control logic 370 are present. Pin SEECS
requires an external pull down resistor if SEEPROM 380
is present. _ '

' Serial EEPROM clock bit SEECK is a read/write bit
that controls the state of pin MD2 which is connected
to the serial data clock input pin of SEEPROM 380.

4
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Serial EEPROM Data Out bit SEEDO is a read/write
bit that controls the state of pin MD1. Pin MD1 is
connected to the data input pin of SEEPROM 380. When
bit SEEDO and SEEMS are active, e.g. one, pin MD1 is
set to a high level for writing a bit into SEEPROM 380.
Bit SEEDO can be used with other resources in addition
to SEEPROM 380. For example bit SEEDO can be used as a
fourth bit in addition to three board data bits
BRDDAT [7:5] that are listed in Table 5 for example to
write a nibble of data into a four bit reglster in
board control lgoci 370.

Serial EEPROM Data In bit SEEDI is-a read only blt
that is used to access data from SEEPROM 380. The
value of bit SEEDI reflects the value of p1n MDO which
is connected to the data 6utput terminals of
SEEPROM 380 when bit SEEMS is active.

One set of bitt definitions for a master serial
EEPROM control register SEECTL and a slave serial
EEPROM control register SEECTL are listed in YAl1C- 7870
PCI Bus Master Single-Chip SCSI Host Adapter Data Book-
Preliminary" available from Adaptec, Inc. of Milpitas,
California.

A module of host adapter 240 issues an internal
signal to access SEEPROM 380 by setting a serial EEPROM
mode select bit SEEMS in master serial EEPROM control
register SEECTL. 1In response to a read or write to an
address of a master serial EEPROM control register
SEECTL in memory resource controller 316, instruction
router 311 passes corresponding instruction sighals to
memory resource controller 316.

Instruction router 311 also drives a
signal SEEBRDRDY inactive for at least 800 nanoseconds,
and then continues to drive signal SEEBRDRDY inactive
until a signal from memory resource controller 316
indicates completion of the access to SEEPROM 380. 1In
response to a read or write internal signal for access
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to SEEPROM 380, the actions of memory resource
controller 316, command executor 320 and slave serial
port input-output circuit 254.are similar to the

-actions described above in reference to read and write

for master board control register BRDCTL.
In one embodiment, master serial port input-output

" circuit 210 and serial port 230 were implemented using

the VERILOG code of appendix C apnd microfiche
appendix A in particular, the VERILOG subroutines shown
in Table 9. The VERILOG code in appendix C and
appendix A microfiche was synthesized using Synopsys
compiler version 3.1, that is available from Synopsys .
of Mountain View, CA to generate a gate net list used
in a host adapter'integfated circuit implemented in one
embodiment as 0.8 micron standard cell CMOS integrated
circuit. ' -

The VERILOG subroutines shown in Table 9 utilize
and generate signals that are specific to a particular

_embodiment of host adapter 240. Tables 10 and 11

define signals to and from data transfer circuit 220
and serial port 230 respectively so that those skilled
in the art can implement the invention in other
embodiments.
. TABLE 9
VERILOG Code used in Modules of Host Adapter

VERILOG Code of Appendix C

Modules of Host Adapter and Microfiche Appendix A
W

Software Resource softetl, softentrl,
Controller 314 .| softcmdsm, softregs,
softtimer, spfifo,
spfifoctl, spfiforegs

Hardware Resource - | brdentrl, brdctlsm, sbwesm,
Controller 313 ’ sbwcctl, led, stpwr

A
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, VERILOG Code of Appendix C
Modules of Host Adapter and Microfiche Appendix A

—_— — — ———————— |

Memory Resource | ‘romectl, spromctl, seecntrl,
Controller 316 seectlsm spromsm

Initialization Resource | eism, iddatestat, sprstctl
Controller 315

e

Instfuétion Router 311 sprw, sprwctl, spstretch,
spclkgen and sprwdec

Retrieved Data Router sprdmux

312
Serial Port, . Byte sparbomux

Generator 510

Serial Port, cOnv%rter' spént; spetl, spcetlsm,
520 ' spcntrl and spshft
TABLE 10
Signals to Data. Transfer Circuit from Serial Port
Signal
Nanie in.
VERILOG _

Code - Function From To
%
berren generate parity | System bus | Serial port

error to | module 225 230

| exercise parity

| checking
circuit

chprstb reset chip System bus | MSPIOC 210
(initialize) module 225 | and serial
(self _ port 230
’ resetting)
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Signal
Name in
VERILOG
Code Function From ~ To
ﬁ%ﬁ
clrparerr_ | clear parity system bus serial port
error that is module 225 | 230
| currently being *
reported (self
resetting)
crbusy part of data retrieved Sequencer
tranéfer data router | Module 223
bus 226 is 312 or system
being read bus module
| 225
clk40 40 MHZ' clock Sequencer MSPIOC. 210
| for timing, can | module 223 and serial
. stay high to port 230
save power in
power down mode
cdadr_ part of data Sequencer instruction
[7:0] transfer Module 223 | router 311
bus 226, | or system '
destination bus module
write address 225
cddat part. of data Sequencer MSPIOC 210
(7:0] transfer Module 223 and serial
bus 226, or system port 230
destination bus module
' write data 225
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Signal
Name in
VERILOG
Code Function From ~ To
s ——_—————e ey
cdwen_ data transfer Sequencer instruction
bus 226, | module 223 router 311
destination or system
write enable bus module
225
csadr_ data transfer Sequencer retrieved
[7:0] bus 226, source | module 223 data router
address or system 312 "
bus module
225
csren data ttransfer Sequencer retrieved
bus 226 source module 223 data router
read enable or system 312
drives CSDAT bus module
225
ltstsigi | LED test bus Input Soft
[7:0] for test output bus | resource
configuration | module 221 controller
signals 314
mparcken enables parity System bus Serial port
checking of module 225 230
received '
packets
pac2spio Sequencer is in | Sequencer Instruction
control of bus module 223 Router 311
226
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Signal
Name in
VERILOG _
Code Function From " To-
. .
por . power on reset System bus Initial-
' module 225 ization
| - from PCI Resource
reset or Controller
chprstb 315,
' MSPIOC 210,
serial port
230 '
rstib_ PCI reset to System bus | Initial-
initialize module 225 | ization
varioug things Resource
Controller
315
MSPIOC 210
serial port
230
sled_ scsi bus busy Input- Hardware
sighal from P outpqt bus Resoﬁrce
SCSI led logic |module 221 | Controller
' 313
: rqmdec_ ROM decode goes | System bus Instruc-
true when bits module 225 tion Router
present, enable 311
are active and
. address is
valid.
romadr Address of ROM | System bus | Instruction
[15:0] location to be |module 225 | Router 311
. read. '
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Signal
Name in
- VERILOG
Code - Function From To
w
romwr ROM write System bus Instruction
command module 225 Router 311
stpwenb SCSI power down Input- Instruction
bus termination | Output bus Router 311
{(control bit 0) | module 221 '
stpwlvlb SCSI power down | Configurati | Instruction
' bus termination | on Register | Router 311
level (control | in System
bit 1) bus
module 225
. r .
iddat new device serial port .| System bus
identification 230 module 225
cadat part of data retrieved Sequencer
[7:0] transfer bus data router | module, 223
226, source 312 ‘system bus
read data module 225
eepromen EEPROM enable | serial port | register
230 SPIOCAP
idldrdy Indicates when | Hardware System bus
byte IDDAT has resource module 225
been stored in controller
register 313
DEVICED1
following a
reset
noack Send target serial port | System bus
abort to host 230 ' module 225
* processor '
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Signal

packet received
on line SPIO-

Name in
- VERILOG
Code Function From To
#===================§========L==========================
romrden ROM present serial port | SPIOCAP
enable - 230 register
. and s&stem
bus 2285
spromrdy 4 bytes of ROM mnemory system bus
data is resource module 225
available for controller
host 316 '
sspiocps SSPIOC is serial port régister
present 230 SPIOCAP
seems SEEPR&M mode Memory Instruction
select signal; | resource router 311
only SEEPROM controller
and BRDCTL 316
operations
allowed (no
access to ROM,
LED, EEPROM
ete.)
spromclk_ | Clocks each Memory System bus
byte from ROM resource module 225
into a 32 bit controller '
| holding 316 '
register
spioparerr | Parity error Serial port | System bus
detected in 230 ' module 225
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Signal
Name in
VERILOG
Code Function From - To
i%
spbrden Board enable Serial port | Register
| 230 SPIOCAP
spseeen - SEEPROM enable | Seriaf port | Register
230 SPIOCAP
spiobsy Serial port Host Instruction
access in adapter router 311
progress modules
313, 314,
315 and 316
stretchseq | Stretch clock Instruction | Sequencer
of cycles, Router 311 Module 223
Sequencer' ‘
module 223
spiocackdet | Acknowledge Instruction | Host
. packet detected | router 311 adapter
- continue modules
command cycle 313, 314,
till 315 and 316
acknowledge
packet
completed
seebrdrdy | Board control Instruction | System bus
or SEEPROM _ router 311 module 225
related command and
cycles have seguencer
completed module 223
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TABLE 11
Signals to Serial Port from Data Transfer Circuit
Signal
Name in
VERILOG
code Function From To
S . S e |
ackdet Start of Serial- Master
acknowledge pbrt 230 serial port
packet detected, ' input-
output
c¢circuit 210
xbsy X Resource Resource Instruction
controller is controller router 311
currently active
and seryvice for
a command Signal
is currently in
progress.
xread Command executor | X Resource Command
320 is to read controller executor
~data from ' 320
resource X.
Xreq Service request | X Resource Command
for resource X. controller | executor
320
xsend Command executor | X Resource Command
320 is to Write controller executor
data to resource 320
X.
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resource
controller
313 .,

- Signal
Name in
VERILOG .
code Function From To
chprstbsy | Chip reset is Initializat | Command
currently active | ion executor
resournce 320
controller
315
chprstreq | Service request Initiali- ‘Command
for chip reset zatiqn executor
resource 320
controller
315
clk40bl Clock sfgnal for Command
various parts of executor
host adapter 240 320
eiread Command executor | Initializ- Command
320 is to read ation executor
initialization resource 320
packets from controller
line SPIO-; this | 315
command signal
triggered by
signal RST#
ledstate | State of LED LED command
' ' controller | executor
in hardware | 320
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313

Signal
- Name in
VERILOG
code Function From To
noack Timeout before Command MSPIOC 210
' receipt of first | executor
bit of an 320 «
acknowledge
packet
rstspios_ | Power on reset Initializat | Command
ion executor
| resource 320
controller
315
selroma0 | Select Yfirst ROM | Memory Command
address | resource executor
controller 320
316
selromal. | Select second Memory Command
ROM address resource executor
controller 320
1 316
stpe SCSI termination | Hardware Command
power enable resource executor
controller 320
313
stpl SCSI termination Hardware Command
power level resource executor
controller 320
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Signal
Name in
VERILOG
code Function From To
cddat .Data for a Data Command
destination transfer executor
address bué.226 320
spiowdat |{ Data to be Data Soft
written into transfer resource
soft resource. bus 226 controller
register 341 341
romadr Address of | Memory Command
. memory location | resource- executor
to be accessed controller 320
in ROMt. 316
xack Resource X Command Various
command executor resource
acknowledge has 320 controllers
been detected in master
| T serial port
input- -
output
circuit 210
spnakabrt noack'sigﬂai to | Command System bus
' system abort executor module 225
logic 320 '

Signal xbsy remains true until the current command

service is completed.

Examples of signal xbsy include

brdbsy, chprstbsy, rombsy, sbwcbsy, seebsy, softbsy and

spiobsy.
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Signal ackdet indicates that a command packet and
any additional packets were successfully sent to slave
serial port input-output circuit 254.

Command signal xread triggers signal readspio.
Examples of signal xread include brdread, romread,
sbwcread, seeread softread and eiread.

Examples of signal xreq include brdreq, chprstreq,
ledreq, romreq, seereq, softreq and stpwreq.

Command signal xsend triggers signal sendbyte.
Examples of signal xsend include brdsend, romsehd,
seesend and softsend. | .

Examples of command signal xack include: brdack,
chprstack, ledack, romack, seeack, softack and stpwack.

To summarize, in responée to an instruction signal
from a module of host adapter 240, master serial port
input-output circuit 210 drives a command signal active
and in-response to %the active command signal, command
executor 320 generates a command packet and transmits
the command packet serially on a single pin 241 that is
connected t6 a slave serial port input—output
circuit 254. Hence, host adapter 240 accesses a
resource connected to slave serial port input-output
circuit 254 by use of just one pin 241. So, host
adapter 240 can perform read.and write operations to an
external register or memory, in addition to turning on
and off various external resources, using a serial

. port 230 with a serial port input-output bus 246 that

interfaces to other portion of host adapter 240 and
pin 241 that interfaces to the external registers or
memory. ' - .
Host adapter 240 does not need pins dedicated to
access certain resources that were otherwise necessary
in prior art host adapters to access various resources
for example EEPROM 390. The use of only one pin 241
for serial communication with slave serial port input-
output circuit 254 is the smallest possible number of
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pins for serial communication, and so this invention
reduces costs as noted above. _

-In response to an.active command signal on one of
serial port command lines 323, a byte generator 510
(FIG. 5) in command executor 320 generates a byte to be
transmitted, such as a command byte 410 (FIG. 4A).
Command byte 410 includes four command bits C0-C4
preceded by a read-write bit R and followed by two data
bits D0-D1. The specific order of these bits is not
iﬁportant-to practicing this invention. Table 12 lists
the command byte format used by one embodiment of byte
generator 510. Byte generator 510 is sometimes
referred to herein as a command generator.

TABLE 12
A § .
Signal on Command Byte Format Addi- Res-
command - ' (FIG. 4A4) tional ponse
request Bytes Bytes
line Bit R| Bits Bits to be
| COMMANDREQ _ 0 = Co-C4 sent
1 Write |
(FIG. 6) 1 = ) ' D1 DO
[PRIORITY 1 | Read i
= Highest]
RST# NONE 0 2
[1] when RST# becomes (IDDAT/
inactive, command is ESTAT)
automatically performed
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CHPRSTREQ

All 11 bits zerxro one 0
[2]1 ‘bit of
Zexro
after
11
Zexo
bits
ROMREQ 1 | o03h A17 | A16 | 2 addr 4
0 0o4h |a17]|ai6| 2 addr 0
and
[3] 1 data
BRDREQ 1. 07h o| o 0 1
(4] 0 07h 0] O 1 data 0
SEEREQ 1t 06h 0 0 0 1
(51 0 o6h 0 0 |1 data 0
STPWREQ [6] 0 02h (a) | (b) 0 0
SOFTREQ (4) 10-1Fh | (d) | (Q) (d) (d)
[7]
SOFTREQ 0 ' 01h i 0 0 0
(test mode) ' { (e)
[7]
SOFTREQ 1 10h 0 1 0 1
(SPIOSTAT7] '
0 10h 0 0 | 1 data 0
SOFTREQ 1 i1h 0 1 0 1
(SPIO
ERREGEN)
(7] 0 1ih | © 0 |1 data 0
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LEDREQ 0 0Oth | 0 ()| o 0
(el '

(a) state of bit STPHWEN;

(b) state of bit STPWLEVEL;

(c) change in status of input-output bus 284 if
bit DIAGLEDEN is a zero or state of bit DIAGLEDON if
bit DIAGLEDEN is one; N

(d) to be defined at time of use;

(e) a real-time internal signal of data transfer
circuit 220 is passed to pin 241; ;

In response to an active write signal on a command
send line COMMANDSEND I in a set of command send
lines COMMANDSEND_1, COMMANDSEND 2, ... COMMANDSEND N,
within serial port command bus 323, command send logic
element 620 (FIG. 6), which in this embodiment is a
logic OR gate, drives a send byte signal SENDBYTE
active on one of control terminals 512 that are
connected to input control bus 521 of converter 520
(FIG." 5). The signals on command send
line COMMANDSEND_I can be, for example one of _
signals xSEND, such as board send signal BRDSEND or ROM
send signal ROMSEND. |

When a resource controller, such as a hardware
resource controller 313 (FIG. 3), drives a signal xREAD
on a command read line COMMANDREAD I, the same resource
controller also drives a signal xREQ active on one of
command request lines COMMANDREQ I in a set of command °
request lines COMMANDREQ 1 ... COMMANDREQ N within
serial port command bus 323. The set of command
request lines are input lines to command
prioritizer 630. If only one signal on one of command
request lines COMMANDREQ_I is active, command
prioritizer 630 drives a signal xXACK active on a
comﬁand acknowledge line COMMANDACK_I, in a set of
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command acknowledge lines COMMANDACK 1 ... COMMANDACK N
and also drives a signal active on a command pending
line COMMANDPEND I in a set of command pending
lines COMMANDPEND 1, ... COMMANDPEND N.

'If more than one line in the set of command
request lines carries an active signal when a signal on
a command request line goes active, command
prioritizer 630 (FIG. 6) drives active signals on the
command acknowledge'line and the command pending line
corresponding to the highest priority command request
line that has an active signal. Assuming that among
the command request lines that carry an active signal,
the command request line COMMANDREQ I has the highest
priority, commana'prioritizer 830 drives a signal

-active on command acknowledge line COMMANDACK_I that is

part of status bus 322 and a signal active on a command
pending line COMMANDPEND I. Command prioritizer 630
prioritizes the command request lines in the order of
decreasing priority as listed in TABLE 12 above and
processes any-remaining active command signals
sequentially according to the priority of the active
command signal.

In response to an active signal 6n a command
pending line COMMANDPEND I, command encoder 640
supplies an 8-bit command code on command code
bus CMDCODE to extension multiplexer 670.
Specifically; each active signal on a command pending
line COMMANDPEND I to command encoder 640 addresses a
different location in a command look-up table. The
byte passed through extension multiplexer 670 is
determined by the signal on a port busy.line PORTBUSY
that is the output line of command busy logic
element 650 which in turn is driven by the signals on
command busy lines COMMANDBSY 1 .:._OOMMANDBSY;N. For
active signals LEDREQ or STPWREQ, command encoder 640
uses a LED state signal LEDSTATE, to encode bit DO, or
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the_SCSI termination power level signal STPL and the
SCSI termifiation power enable signal STPE réspectively
to encode bits D0 and D1 of the 8-bit command code. 1In
the embodiment, command busy logic element 650 is a
logic OR gate.

Since initially, all of the signals on the command
busy lines are inactive, extension multiplexer 670
passes the signals on command code bus CMDCODE as the
signals on hardware command data bus HWCDAT that is a
first input bus of write data multiplexer 680. The
byte passed through write data multiplexer 680 is
determined by the signal on soft cycle line SOFT that
is the output of soft data multiplexer 690 that is a
logic OR gate in this embodiment. Since initially,
signals SOFTACK and SOFTBSY of this embodiment on
command acknowledge line COMMANDACK N and command busy
line COMMANDBSY N are inactive, the signal on soft
cycle line SOFT is also inactive and write data
multiplexer 680 passes the signals on hardware command
data bus HWCDAT as the signals on shift out bus SHFTOUT
that is coupled to shift-out byte terminals 514.

In response to an active send byte
signal SENDBYTE, on an input control bus 521 (FIG. 5)
that is coupled to control terminals 512, a packet
input-output controller in converter 520 formats the
byte received on parallel bus 523, that is coupled to
data terminals 514, into a packet and transmits the
packet serially on serial data terminal 527 that is
connected to serial data line 532 of line _
controller 530. Simultaneously, é shifter state
machine in converter 520 drives a control signal on
drive terminal 525 that is connected to a drive
line 531 of line controller 530. '

In response to an active signal on drive line 531,

~line controller 530 passes the signél on serial data
. line 532 to pin 241. -
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When the signal on drive line 531 goes inacti?e,
line controller 530 stops driving the signal on pin 241
and couples pin 241 via an input buffer (not shown in
FIG. 5) to serial data received terminal 536 that is
connected to a serial data received line 522 of '
converter 520.
. In response to an active read signal on a command
read line COMMANDREAD I in a set of command read
lines COMMANDREAD 1, COMMANDREAD 2 ... COMMANDREAD N
within serial port command bus 323, command read. logic
element 610 drives a read serial port signal READSPIO

~active on one of control terminals 512 coupled to
‘converter 520 (FIG. 5). A read signal can be, for

example one of resource read signals XREAD, such as
board read signal BRDREAD and ROM read signal ROMREAD.
In this embodiment, command read logic. element 616 is a
logic OR gate. L

In response to an active read serial port
signal READSPIO, a packet controller in converter 520
retrieves a byte from a packet of data received
serially on serial data line 522 and supplies the
retrieved byte on received data terminals 524 that are
coupled to received data bus 321 of command

-executor 320 (FIG. 3). -

If the received packet is an acknowledge packet,

~during reception of the packet converter 520 drives an

acknowledge detect signal ACKDET active on transmit
status terminal 526 that is coupled to a transmit
status line 515 of byte generator 510. In response to
an active acknowledge detect signal ACKDET, byte
generator 510 disables an- acknowledge timer. If the
acknowledge timer times out, byte generator 510 drives
a no-acknowledge signal NOACK active on status bus 322
to abort the command cycle currently'being executed.

) If during the current command cycle, additional
bytee are to be transferred, such as a data byte for a
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byte write command cycle, the respective resource
cont;oller, such as hardware resource controller 313
drives a signal SELBYTE active on select byte line 661
to indicate to command cycle extender 660 which of two
address bytes on serial port address bus 324:and the
data byte on serial port data bus 325 is to be passed
to extend command bus EXTCMD (FIG. 6). In such a case,
extension multiplexer 670 supplies the signals on
extension command bus EXTCMD to hardware command data
bus HWCDAT because port busy line PORTBUSY has an
active signal.

The active signal on port busy line PORTBUSY is
generated due to an active signal on one of command
busy lines COMMANDBSY I related to the command cycle
currently in progress. Write data multiplexer 680
passes the data byte or the address byte,.that is
selected by the sidnal on select byte line SELBYTE, to
shift-out byte terminals 514. Converter 520 formats
the selected byte into a packet which is transmitted by
line controller 530 in a manner similar to that
described above for transmission of the command byte.

Instead of selecting a data bjte from serial port
data bus 325, byte generator 510 can supply a data byte
from serial port write data bus SPIOWDAT when the
current command cycle relates to a soft command. For a
soft command, when a signal on command acknowledge
line COMMANDACK N and on command busy line COMMANDBSY N

goes active, soft logic element 690 drives a signal -

active on soft cycle line SOFT that in turn causes
write ‘data multiplexer 680 to couple the serial port
write data bus SPIOWDAT to the shift-out byte
terminals 514.

In one embodiment, in'response to an active signal
on a parity error check enable line in error control
bus 550, converter 520 checks the parity of every
packet received from line controller 530 and in case of
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an error, drives a signal active on a parity error
terminal 529 that is connected to status bus 322. 1In
response to an active signal on a clear error flag

. line in error control bus 550, converter 520 drives a

signal. inactive on parity error terminal 529 that is
coupled to a .line in status bus 322. Moreover, during
execution of a command cycle, if converter 520 times
out, for example due to non-receipt of én acknowledge
packet, converter 520 drives a signal active on a
command error terminal 528 active that is connected to

status bus 322.

One embodiment of converter 520 includes a shifter
state machine 720 (FIG:.7) that creates a number of
signals that control operation of a packet
controller 740 that is also included in converter 520.
In response to ‘an active signal SENDBYTE on input

- control bus 521 as 'illustrated in FIG. 9A at time-T1,

shifter state machine 720 transitions from an idle
state 810 ﬁFIG. 8) along a branch 812 to a send
state 820 and drives a serial port enable signal SPIOEN
active on one of packet controller terminals 726 that
are connected to packet controller bus 742 of packet
controller 740. In response to an active seriél'port
enable signal SPIOEN, packet .controller 740 passes a
byte of data received on parallel bus 523 éeriélly out
on serial data terminal 527, with a start bit preceding
the byte and a parity bit and a stop bit following the
byte, which is passed by line controller 530 (FIG. 5)
to pin 241 (FIG. 3) as illustrated in FIG. 9A between
times T2 and T3.

Shifter state machine 720 also drives a counter-on
signal CNTRON (FIG. 9A) active on counter terminal 723
(FIG. 7) that is connected to a counter input line 713

. of counter 710. Counter 710 increments a count as long

as a counter-on signal CNTRON is active at a rising
edge of clock signal CLK40B. Counter 710 supplies
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various count signals, CNTO, CNT8, CNT9 and CNTA after
0, 8, 9 and 10 clock cycles respectively for which
counter-on signal CNTRON is active.

The signals that trigger or are driven by shifter

‘state machine 720 are listed in TABLE 13.

TABLE 13
SIGNAL FUNCTION
NOACK No ack packet received within‘a
predetermined time period for an
acknowledge window timeout
EITO No initialization-information received
READSPIO | To read information on serial port pin
'CNTRON Allows %ounter to increment
ACKDET Ack packet has been received
STRTDET Start bit has been received
SETNOACK | Drive signal NOACK active at rising edge
ENEITO Enable signal EITO at rising edge
CNTO Counter has not yét incremented
CNT8 Counter has incremented 8 times
CNT9 Counter has incremented 9 times
CNTA Counter has incremented 10 times
SENDBYTE | To send a byte
BYTESENT. Byte has been sent
SPIOEN Enable output on serial port pin
TO ((ENEITO) and (CNTO)) or ((ENEITO)) and
, ( (CNTA) )
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| SIGNAL FUNCTION

ACKWIN Wait window for ack packet

SETEITO Drive signal EITO at rising edge

STRTWIN Wait window for start bit

'In FIG. 8 when a number of signals are required
for a transition or alternatively a number’ of signals
are driven active, the signals are listed separated by
a comma “,“. When signals are cOnneéted by a slash
"/", the signals precéding the slash are triggers for
shifter state machine 720 to drive the signals
following the slash. Also when two signal names are
connected by an "=", a signal preceding the "=" goes
active when the signal following the "=" goes active.

In this.embodfhent, when counter signal CNT9-from
counter 710 goes active a generated output parity bit
PARO is sﬁifted out to line SPIOO, by packet
controller 740 and shifter state machine 720
transitions from send state 820 to stop state 830

" (FIG. 8). During transition, shifter state machine 720

drives counter-on signal CNTRON inactive, continues to
drive serial port enable signal SPIOCEN active. 1In
response to active serial port enable signal SPIOEN and
active byte send signal BYTESENT, packet controller 740.
clocks out a stop bit on pin 241 to complete the 11
bits for a packet. 1In responsé to inactive counter-on
signal CNTRON, counter 710 drives counter signal CNTA
inactive and counter signal CNTO0 active. '
Depending on the command cycle being executed, if

'send byte signal SENDBYTE is active when shifter state

machine 720 is in stop state 830, for example, to write
a data packet 462 (FIG. 4F), shifter state machine 720
transitions back to send state 820 (FIG. 8). During
the transition, shifter state machine 720 drives serial
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port enable signal SPIOEN active and also drives
counter-on signal CNTRON active to restart counter 710
(FIG. 7). ' .
In stop state 830, if a read serial port
5 signal READSPIO is active on input_contrdl bus 521
(FIG. 5), shifter state machine 720 transitions to the
wait-for-ack state 840, at tlme T3 (FIG. 9B).

Shifter state machine 720 can also tran81tlon from

idle state 810 directly to wait-for-ack state 840 via
10 branch 811 if the read serial port signal READSPIO is
' active, for example, immediately after reset, to
receive device identification byte IDDAT and external
resource status byte ESTAT.

While shifter state machine 720 is in wait-for-ack

15 state 840, shifter state machine 720 drives an
acknowledge window signal ACKWIN active on packet
controller terminall 726 (FIG. 7). In response to.the
active acknowledge window Eignal ACKWIN, packet
controller 740 waits for an active acknowledge detect

20 signal ACKDET that indicates receipt of a first bit of

"~ an acknowledge packet on serial data receive line 522.
In response to an active acknowledge detect
signgl ACKDET, shifter state machine 740 transitions
from wait-for-ack state 840 (FIG. 8) to end-of-ack

25 state 850 and drives signal CNTRON inactive.

While in wait-for-ack state 840, if shifter state
machine 720 times out, e.g. after ten clock cycles,
shifter state machine 720 transitions via branch 841 to
idle state 810 and drives set no acknowledge

30 signal SETNOACK, set initialization timeout
signal SETEITO aétive,'counter-on signal CNTRON
inactive, and acknowledge window signal ACKWIN inactive
during the transition. In response to an active set no
acknowledge éignal SETNOACK, signal synchronizer 730

35 (FIG. 7) drives a no écknowledge sighal active on

' stabus terminal 733 that is connected to a status
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line 721 of shifter state machine 720, at the next
rising edge of a clock signal CLK40B that is a buffered
version of clock signal CLK40 driven by oscillator 260
(FIG. 23). | |
In end-of-ack state 850, shifter state machine 720
continues to drive acknowledge window signal ACKWIN
active until acknowledge detect signal ACKDET goes
inactive. When packet controller 740 receives the last
bit of the acknowledge packet, also referred to as the
third bit, packet controller 740 drives the acknowledge

-detect signal ACKDET inactive.

- In response to an inactive acknowledge detect
signal ACKDET, if read serial port signal READSPIO is
inactive, shifter state machine'720 drives acknowledge
window signal ACKWIN inactive and transitions to idle
state 810 via branch 851. Branch 851 is a normal
transition for shifter state machine 720 for certain
command cycles, in which no further bytes are to be
received, such as the bit write command cycles '
triggered by the command signals STPWREQ and LEDREQ.

In response to an inactive acknowledge detect

signal ACKDET, if read serial port signal READSPIO is

active, for example, during execution of a byte read
command cycle illustrated in .FIG. 4G, shifter state
machine 720 transitions to start state 860 (FIG. 8) and

- drives acknowledge window signal ACKWIN inactive, as

illustrated in FIG. 9C at time T6.

In start state 860, shifter state machine 720
drives a start window signal STRTWIN active as long as
a start detect signal STRTDET remains inactive. 1In
response to active start window signal STRTWIN, packet
controller 740 becomes sensitive to a start bit of a
packet. In response to a start bit, packet
controller 740 drives the start detect signal STRTDET
active on receive status terminals 526 that are coupled

to receive status bus 722 of shifter state machine 720.
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In response to an active start detect
signal STRTDET (FIG. 9C), shifter state machine 720
drives the start window signal STRTWIN inactive and
also drives a counter-on signal CNTRON active on
counter terminal 723 and transitions to read data
state 870, for example as illustrated at time T7 of
FIG. 9C.

In read data state 870, shifter state machine 720
drives the counter-on signal CNTRON active and also
drives a set shift-in valid signal SETSIVAL active on
set shift-in terminal 725 (FIG. 7) that is coupled to
set shift-in line 741 and waits for counter signal CNT9 -
to go active. 1In response to an active set shift-in
valid signal SETSIVAL on set shift-in line 741, packet
controller 740 clocks in serial port input signal SPIOI
serially from serial data received line 522 into a
shift register (not'shown in FIG. 7).

Nine clock cycles after counter-on signal CNTRON
goes active, counter 710 drives counter signal CNT9
active. At this point, packet controller 740 has

clocked in a total of ten bits from the serial data

received line 522, i.e., a start bit before counter-on
signal CNTRON goes active, followed by a byte, and a
parity bit after the byte.

In response to an active counter signal CNTS,
shifter state machine 720 drives set shift-in valid
signal SETSIVAL active to enable parity of the byte in
the received packet to be checked. In response to an
active counter signal CNT9, shifter state machine 720
transitions to check read state 880 (FIG. 8) and drives
counter-on signal CNTRON inactive, as illustrated at
time T8 of FIG. 9C. 1In check read state 880 the parity
is checked as described below, and if read serial port
signal READSPIO is active, for example, during the
execution of a memory read command cycle illustrated in
FIG.* 4I, shifter state machine 720 returns to start
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state 860 (FIG. 8). If the read serial port
signal READSPIO is inactive, shifter state machine 720
returns to idle state 810.

Packet controller 740 includes a shifter
c1rcu1t 1010 and a parity circuit 1020. In response to
an active send byte signal SENDBYTE, parity
circuit 1020 loads the value of signal SENDBYTE as a
start bit in to send output‘register 1023.

In response to an active chip reset signal

. CHPRSTBSY, périty circuit 1020 drives a serial port

output signal SP100 active (low) on serial data
terminal 527. In response to the active chip reset
signal CHPRSTBSY, line controller 530 passes serial
port output signal SP100 to pin 241 as illustrated in
FIG. 12B.

. In response to the active send byte signal
SENDBYTE, on the next rising edge of buffered clock
signal CLK40B a parallel input multiplexer 1012 in
shifter circuit 1010 passes shift out
signals SHFTOUT[7:0] on parallel input terminal D1 that
is connected to parallel bus 523 simultanedusly, in
parallel, one bit to each stage in a shift '
register 1014 also included in shifter circuit 1010.

Stages 1014_1, 1014_2, ... 1014_I, ... and 1014_N
of shift register 1014 are connected in series so that
a bit stored in a stage, such as stage 1014_N is
transferred to a successive stage, in the direction
from 1014 N to 1014_1 with stage 1014_N as the serial
shift-in stage and stage 1014_1 as the serial shift-out
stage on eéch-fising edge of signal CLK40B. 1In
FIG. 10, thére are a total of eight stages in shift
register 1014. On each rising edge of buffered clock
signal CLK40B, the bit stored in the last stage 1014 1
drives a-signal on output terminal 1011 that is coupled
to an input line 1021 of parity circuit 1020.

.
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In one embodiment, a stage, such as one of
stages 1014_1, ... 1014_N is implemented by a two to
one multiplexer 1110 (FIG. 11) and a storage element
such as fliplflop 1120. On each rising edge of
buffered clock signal CLK40B, a signal from the
previous stage drives terminal DO of multiplexer 1110,
except that serial port input signal SPIOI received at

pin 241 drives ‘the first stage. A signal from input

multiplexer 1012 (FIG. 10) drives terminal D1 of
multiplexer 1110. 'Moreover, signal SENDBYTE drives
terminal SO0 of multiplexer 1110. In response to active
signal SENDBYTE, multiplexer 1110 passes the signal on
terminal D1 to flip-flop 1120 and otherwise supplies
the signal on éerminal DO to flip-flop 1120.

If read serial port signal READSPIO is inactive,
parity circuit 1020 passes a signal on input line 1021
to serial data terminal 527. Parity circuit 1020-
computes the parity of the signals on input line 1021.
In response to active counter-on signal CNT9, parity -
circuit 1020 clocks a parity bit on serial data
terminal 727 based on the computed parity for the
packet out parity bit. 1In response to an active signal
byte sent signal BYTESENT, parity circuit 1020 clocks a
stop bit on serial data terminal 527 to complete
trénsmission of packet.

When byte error enable signal BERREN goes active

on an error control-bus 550, parity circuit 1020 passes

the incorrect parity bit to serial data terminal 527,.
and so exercises the parity -circuit in a slave serial
port input-output circuit 254. In response to an
active read serial port signal READSPIO after
completing the transmission of the packet shifter state
machine 720 drives serial port enable signal SPIOEN
inactive. 1In response to the inactive serial port
eénable signal SPIOCEN, line controller 530, three states
output driver 1220 (FIG. 12B), that is connecqed to
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pin 241. So, output from pin 241 is inhibited and

. pin 241 is usable as an input line controller 530 waits

for an acknowledge packet to be returned from

'SSPIOC 254 to pin 241 and passed as signal SPIOI by

input buffer 1223.

When send byte signal SENDBYTE is inactive,
parallel input multiplexer 1012 only transfers serial
port input signal SPIOI from serial -port input line 522
that is.coﬁpled to pin 241, to the input pin of first
stage 1014-N of shift register 1014.

In response to an active set shift-in valid
signal SETSIVALID on set shift-in valid line 741, an
output multiplexer 1016 simultaneously, in parallel,
passes the bits shifted in from pin 241 and stored in
each of the stages of shift register 1014 into an
eight-bit hold register 1018. Hold register 1018 in
turn passes the redeived bits as signals SHFTIN([7:0] to
received data_terminals 524. Shift register 1014 also
passes the received bits to output terminal 1011. When
shift-in valid signal SIVALID goes active, and if a
signal MPARCKEN is active on a parity error control

bus 550, parity circuit 1020 compares the computed

parity with a received parity bit on input line 1021
and drives a parity error detected signal SPIOPARERR
active on packet error terminal 529 in case-qf errors.
When clear parity error signal CLRPARERR- goes active
on error control bus 550, parity circuit 1020 drives a
serial port parity error signal SPIOPARERR inactive
until the next parity error is detected

Although one embodiment of a parity c1rcu1t 1020
is,lllustrated in FIGs. 10 and 11, any other parity
circuit can be used in accordance with this invention.

One embodiment of line controller 530 (FIG. 5)
includes a control enabled output driver 1210
(FIG. 12A) that is controlled by drive signal SPIODRV
on. drive ling 531. In response to an active drive
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signal SPIODRV,"output driver 1210 passes a serial port
output signal SPIOO from serial data line 532 to

pin 241. An inactive drive signal SPIODRV disables
output driver 1210 and so provides a high impedance to
pin 241 and input buffer 1220 passes the signal
received on pin 241 as serial port input signal SPIOI

to serial data line 722.

In response to an active LED test signal LEDTST,
line controller 530 passes one of eight internal
signals [TSTSIGNI[7:0] that is selected by the value of
bits TESTSEL([2:0] described above, to output
driver 1220. 1In response to the active LED test sighal
LEDTST, output driver 1220 passes the selected 1nternal
signal to pin 241.

In response to an active package input signal
PKG1l- that is passed by bond wire 249 of FIG. 2B, line
controller 530, drives the serial port input signal
SPIOI inactive (e.g. one) irreépective of the signal on
pin 241.

In response to an inactive status signal SSPIOCPS,
line controller 530 uses two multlplexers 1230 and 1240
(FIG. 12B) and a flip-flop 1250 to switch the

‘connection of pin 241 to either (1) drive line 531 and

serial data line 532 or (2) default command bus 533
that carries bus termination signals STPWLEVEL and

. STPWEN, depending on whether or not status signal

SSPIOCPS on default command bus 533 is active or
inactive respectively, which indicates the pfesence or
absence of a slave serial port input-output circuit.
In the absence of a slave serial port input-output
circuit, line controller 530 drives a first bus
termination signal STPWCTL on pin 241 to control
turning on or off power to bus terminators of an input-
output bus as described above. |

- A slave serial port input-output circuit 254
(FIG. 3) is implemented in one embodiment using the
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VERILOG code in microfiche appendix B with Synopsys _
Synthesizer version 3.1 in SMOS gate array SLA 20000
available from SMOS Systems, Inc. of San Jose, CA.

In response to a start bit on slave serial port
pin 341, hereinafter slave pin 341, that is connected
to line SPIO-, a shift register 1310 in slave serial
port in put-output circuit 254 shifts data in serially
from slave pin 341 and transfers the shifted in data to
sequencer 1330. In one embodiment, shift register 1310
transfers 11 bits of the shifted in data to.
sequencer 1330. The 11 bits comprise the received
packet including a start bit, a command byte, a parity
bit and a stop bit as described above. In this
embodiment, when all of the 11 bits have the value
zero, sequencer 1330 determines_that the received
packet conuains a reset command byte indicative of
signal CHIPRSTREQ ds described above.

In another embodlment shift register 1310
transfers 12 bits of the shifted in data to

'sequencer 1330. In this embodiment, if each of the 12

bits is zero, sequencer 1330 interprets the 12 ‘bits as
the reset command byte. .

In Tresponse to a packet from shift reglster 1310,
sequencer 1330 transitions through a sequence of states
that is specific to the command byte.in the received
packet and generates control signals that drive command
executor 1370. In response to a packet that contains.a
reset command packet, sequencer 1330 that is waiting in
wait-for-start state 1420 FIG. 14) initializes all of
the state variables and continuous in wait-for-start
state 1420. _

In one embodiment, sequencer 1330 is encoded as a
"one-hot" state machine 1400 (FIG. 14) having £lip-
flops associated with each of 36 states as listed at
page 19 of Microfiche Appendix B.

L]
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In response to a reset signal on a reset pin 1501
(FIG. 15) that is coupled to a reset line of system
bus 250; such as the PCI bus, the slave serial port
input-output circuit 254 is reset and sequencer 1330
starts in a hard reset state 1410, initializes
variébles, goes to reset acknowledge state 1411 and
signals command executor 1370 to receive device
identification byte IDDAT and external resource status
byte ESTAT from for example, a programmable logic
circuit 330. : ’

In reset acknowledge state 1411, sequencer 1330
also causes acknowledge multiplexer 1320 to send an
acknowledge packet on pin 341 that is coupled to
line SPIO- for as long as sequencer 1330 stays in reset
acknowledge state 1411. Sequencer 1330 stays in reset
acknowledge state 1411 for a variable number of clock
cycles depending or the time needed by ID-ESTAT

'detector’ 1375 which depends on, for example presence or

absence of programmable logic circuit 330 (FIG. 3).

In response to a reset signal on pin 1501, .
ID-ESTAT detector 1375 clocks in bytes IDDAT and ESTAT
from a programmable logic circuit 330. While waiting
for bYtes IDDAT and ESTAT, if'ID-ESTAT detector 1375
times out, for example, due to absence of programmable
logic circuit 330, then ID-ESTAT detector 1375 uses a
default byte as byte IDDAT and creates byte ESTAT by
sensing the signals on various pins for presence or
absénce of pull up or pull down resistors on plug-in
board 270, as described below in reference to FIG. 16.
ID-ESTAT detector 1375 then signals sequencer 1330,
when bytes IDDAT and ESTAT are assembled andlready for
transmission to host adapter 240.

In response to the signal from ID-ESTAT
detector 1375, sequencer 1330 transitions to send
identification state 1412 and supplies signals for
multiplexer 1360 to pass byte IDDAT to shift
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register 1310." In send identification state 1412,
sequencer 1330 loops back for ten clock cycles,
indicated in FIG. 14 by "X10" for a total of eleven
clock cycles in send identification state 1412. 1In
send identification state 1412, shift register 1310
clocks out byte IDDAT in an initialization packet on
pin 341. In one embodiment, an exclusive OR gate (not
shown) computes and stores a parity-bit for a byte
stored in shift register 1310 on a clock cycle
immediately subsequent to the clock cycle in which the
byte is stored.

Then sequencer 1330 transitions from send
identification state 1412 to send external status
state 1413, waits for twelve clock cycles during which
time shift register 1310 clocks out byte ESTAT as a
packet on pin 341 and then transitions to wait-for-
start state 1420. * '

In response to a signal from shift register 1310
indicating receipt of a start bit that is denoted in
FIG. 14 as "SB", sequencer 1330 transitions from wait-
for-start state 1420 to shift-in-command state 1421.
Sequencer 1330 loops back in shift-in-command
state 1421 for nine clock cycles while shift
register 1310 clocks in the rest of the packet from
pin 341.

If sequencer 1330 is unable to decode the received
command, sequencef 1330 transitions back to wait-for- .
start state 1420. .

If_sequencer 1330 receives a command byte

originating from a valid command signal such as LED

request signal LEDREQ or bus terminator

request STPWREQ, sequencer 1330 transitions to write
data bits state 1430, and causes board control register
and monitoring circuitry 1374 in command executor 1370
to use bits DO and D1 from the command byte to drive
sigmals to the corresponding resources such as LED 350



10

15

20

25

30

35

83

or bus terminators 360. Simultaneously, sequencer 1330

~also causes' acknowledge multiplexer 1320 to transmit an

acknéwlédge packet on pin 341. On compietion_of the
transmission of the acknowledge packet, sequencer 1330
returns to wait-for-start state 1420. ' '

In response. to other command packets,
sequencer 1330 transitions to the corresponding state,
such as write bYte wait start state <1440 eewrite-wait-
low address state 1460 and eeread-wait-low address
state 1470. The actions of sequencer 1330 in such
states are similar to the actions described above in
respect to write data bits state 1430, except that
séquencer 1330 causes shift register 1310 to clock in
additional address or data packets as necessary and
also causes command executor 1370 to perform actions:
indicated by the respective command bytes such as
writing or readingiinternal registers BRDCTL or
SPIOSTAT or memories ROM or EEROM.

In one embodiment if there are any errors,
sequencer 1330 sets a bit in a status register and
causes command executor 1370 to turn-on LED 350
(FIG. 3). '

In one embodiment, command executor 1370 includes
board control register and monitoring circuitry that
detects the presence or absence of cables connected and
terminators installed for input-output bus 284 (FIG. 4)
and so there is no need for board control logic 370
external to slave serial port input-output circuit 254.

Command executor 1370 also includes an ID-ESTAT

~detector 1375 that (1) receives device identification

byte IDDAT from a programmable array_logic, henceforth
PAL, and (2) senses signals on various pins such as
memory address pins MAlé and MAl7 (FIG. 16) for ROM, to
detect the presence or absence of various predetermined
devices on support circuit 250, such as EEPROM 390,
SEEPROM 380, board control logic 370, bus
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terminators 360 and LED 350 (FIG. 3). Any pip of slave
serial pofE'input-output circuit 254 that is normally
connected to a predetermined device carries, an active
signal when the predetermined device is present on
support circuit 250 and an inactive signal to indicate
absence of the predetermined device, as described below
in reference to FIG..16.

In addition to predetermined devices, other

devices can -also be sensed ‘and controlled by slave

serial input-output circuit 254. For example, in

. response to command SOFTREQ (Table 3) serial port 230,

can send a command packet that causes slave serial port
input-output circuit 254 to ﬁerely passes to a soft
resource'341 information contained in packets received
subsequent to the command packet and so allows future
expansion in the numbers and types of soft resources

-included in support® circuit 250 (FIG. 3)..

One example of a soft resource 341 is a debugger

. that is pélled-by sequencer module 223 during boot-up

and if present, sequencer module 223 loads in
additional firm ware or data or both firmware and data
from debugger 341, executes the loaded firmware and
writes status to debugger 341. '

In one embodiment, host .adapter 240 and slave
serial port input-output circuit 254 are coupled to
impose a single load on system bus 250, such as a PCI
bus as illustrated in FIG. 15. A reset input
terminal 1501 of slave serial port input-output
circuit 254 is coupled to a system bus reset line of
system bus 283 that carries signal PCIRST-.

In response to an active signal PCIRST-, slave
serial port input-output circuit 254 buffers
signal PCIRST- in input buffer 1502 for internal use by
flip-flop'lsos; for example to generate reset command
signal CHPRSTREQ. Slave serial port input-output
cirouit 254 buffers the buffered signal PCIRST- in
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output buffer 1503 and drives signal PCIRSTB- on output
terminal 1504 for external use by host adapter 240.

Host adabter 240 receives signal PCIRSTB- from
slave serial port-inputroutput circuit 254 at reset
input-pin 1521 that is different from serial port '
pin 241. Host adapter 240 passes signal PCIRSTB-

 through input buffer 1522 and reset line RSTIB- to

serial port 230. Master serial port input-output
circuit 210 uses flip-flops 1541 and 1542 to double
synchronize the reset signal frém input buffer 1522.

In response to an active signal on reset
line RSTIB-, éepial port 230 resets all state machines
to their initial states. 1In responsé to command
signal CHIPRSTREQ, serial port 230 generates a packet
containing a reset command code that resets slave
serial port input-output circuit 254.

As noted abové, slave serial port input-output
circuit 254 senses the presence or absence of various
resources from the signals on one or more lines
connected to the resource. For example, when ID-ESTAT
detector 1375 senses a low signal on memory chip select
line MCS# (FIG. 16), ID-ESTAT detector1137s determines
that there is no EEPROM 390 that is cbupied to slave
serial port inmput-output circuit 254. Similarly, when
ID-ESTAT detéctor 1375 senses a high signal on SEEPROM
chip select line SEECS (FIG. 16), ID-ESTAT
detector 1375 determines that serial EEPROM 380 is
absent. In the absence of EEPROM 390 or serial
EEPROM 380, memory chips select line MCS# or serial
EEPROM chip'select line SEECS is coupled for example by
a resistor to a first voltage e.g. high or a second
voltage e.g. low respectively.

In one embodiment, in response to a high signal on
memory chip select line MCS#, ID-ESTAT detector 1375
senses signals at a number of high address lines, such
as Pirst memory address line MA17 and second memory
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.address line MAl6é. If ID-ESTAT detector 1375 senses a

low signal 6n first memory address line MA17 and also a
low signal on second memory address line MA 16,
ID-ESTAT detector 1375 determines that the size of
EEPROM 390 is only 64 kilobytes. If ID-ESTAT

detector 1375 senses a high signal on second memory

address line MAl6, and either (1) a low signal on first

memory'address line MA17 or (2) a high signal on first
memory address line MAl17, the size of EEPROM 390 is 128
kilobytes or 256 kilobytes respectively..

In response to a low signal on memory write
line MWR#, ID-ESTAT detector 1375 determines that a
read only memory ROM is coupled to slave serial port
input-output circuit 254, rather than an EEPROM.

FIG. 16 illustrates certain variations in
circuitry by an asterisk "*", For example, a
programmable logic fircuit (PAL) 330 is directly
connected to line SPIO- in the absence of slave serial"
port input-output circuit 254 to provide device
identification byte IDDAT and external resource status
byte ESTAT, that is FFh ‘in this case. Programmable
logic circuit 330 provides bytes IDDAT and ESTAT
encoded in packets of the type illustrated in FIG. 4A.
In one embpdiment, device identification byte IDDAT and
external resource status byte ESTAT are visiﬁle to host
processor 281 as register 00, byte 3, and as
register 1Bh respectively of host adapter 240.

In this embodiment, host adapter 240 and slave
serial port input-output circuit 254 operate
synchronously by using clock signals derived from the
same oscillator 215. Sequencer module 223 drives a

- signal CLK4OB( that is a buffered version of the same

clock signal CLK40 used for timing by other modules,
such as system bus module 225 and input-output bus

' module 221. When a power-down bit is set in an

internal register of sequencer module 223, sequencer
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module 223 clamps signal CLK40B high, until the power- .
down bit i8 reset, to reduce power consumption in host
adapter integrated circuit 240.

When host adapter 240 drives a signal on
liﬁé SPIO-, a serial port. 230 that exhibits slow
characteristics can have a setup time Tss and a hold
time Ths as illustrated in FIG. 17. A serial port 230
that exhibits fast characteristics can have a set
time Tsf and a hold time Thf also illustrated in
FIG. 17. So either a fast or a slow slave serial port
input-output circuit 254 can sample signal SPIO- at
rising edge Tr (FIG. 17) of a clock signal, when there
is no skew in the clock signals of serial port 230 and
slave serial poft'input-output circuit 254.

However, a slave serial port input-output
circuit 254 can have a positive skew or a negative skew
in its clock signaf-as compared to the clock signal of '
serial port 230 depending on the layout of plug-in
board 270. . Positive skew or negative skew can result

‘in EARLY IN CLOCK or LATE IN CLOCK respectively, with

the set up and hold times for fast characteristics and
slow characteristics centered around the respective
rising edges as shown in FIG. 17. So 'a serial port 230
that exhibits fast characteristics must output no
faster than a slave serial port input-output

circuit 254 that exhibits slow input characteristics.

Examples of timing characteristics are listed in
Tables 14A-14C. ' '
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TABLE 14A
Midimum timing required by slave port 230
of host adapter 240

Serial Port 230 Slave serial port input-output
' 1 circuit 254 provides:

set up: 0.66 ns | 8.33 ns

hold: 2.48 ns 5.08 ns

The above set-up times are also applicable when a
programmable logic circuit is directly connected to pin
241 instead of a slave serial port input-output_cirduit

-254 to provide bytes IDDAT and ESTAT to host adapter

240.

{ TABLE 14B _
Minimum timing provided to slave serial port
input—dutput circuit 254

Serial Port 230 | Slave serial port input-output
circuit 254 requires:

“set up: 3.38 ns .97 ns

“hold: 6.99 ns 2.07 ns

The above setup times in tables 14A and 14B are
based on a 40 MHz clock with 25 ns cycle and output
timing is measured with a 15 pF load.

In one embodiment, programmable logic circuit 330
passes bytes IDDAT and ESTAT into SSPIOC 254 after
reset. SSPIOC 254 then passes these bytes to host
adapter 240. Table 14C shows the timing requirements
imposed on programmable logic circuit 330 by
SSPIOC 254.

.
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TABLE 14C
For a shift register in a programmable logic circuit

hold: -1.93 ns “

setup: 8.86 ns “

One embodiment of support circuit 1800 (FIG. 18)
includes a plurality of slave serial port input-output
circuits, such as SSPIOC 254A, SSPIOC 254B and
SSPIOC 254C that are all connected to the same serial
port input-output line SPIO- that is coupled to the
serial port pin 241 of.hbst adapter 240. Each of the
slave serial port input-output circuits 254A, 254B and
254C receive the same clock signals CLK40 from
oscillator 260 that' is also subplied to host
adapter 240. Each slave serial port input-output
circuit allows host adapter 240 to access a resource
that is connected to that particular slave serial port
input—output.circuit‘similar to the above description
in reference to SSPIOC 254 and host adapter 240. For
example, host adaptor 240 can access resources 1810 and
1820 through SSPIOC 254A, resources 1830 and 1840
through SSPIC 254B and resource 1850 through
SSPIOC 254C. '

In the embodiment of FIG. 18, SSPIOC 254A has a
design identical to the design for slave serial port
input-output circuit 254 described above. Therefore,
slave serial port input-output circuit 254A sends two
initialization packets containing bytes IDDAT and ESTAT
to host adapter 240 following reset.

The other two slave serial port input-output
circuits, SSPIOC 254B and. SSPIOC 254C afe similar to
slave serial port input-output circuit 254 except that
SSPIDC 254B and SSPIOC 254C respond to command packets
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containing command bytes of values different from the
values listed in Table 12 above, for example command
byte values 05 and 08 respectively. The command byte
values to which each slave serial port input-output
circuit responds is mutually exclusive from the command
byte to which another slave serial pdrt input-output
circuit responds in order to eliminate the possibility
of contention for line SPIO-, avoid collision of
packets and eliminate need for control lines.

In another embodiment, a slave serial port input-
output circuit such as SSPIOC1910A .(FIG. 19) or
SSPIOC1910B includes a memory port interface of the
type described in -"AIC-7870PCI Bus Master Single-Chip
SCSI Host Adapter Data Book-Preliminary", at for
example, pages 5-18 to 5-21.

In the embodiment. of FIG. 19, SSPIOC 1910A and
SSPIOC 1910B are cdupled to host adapters 1920 and 1930
respectively and allow these two host adapters to share
one Or more COMMON Memory resources, such as shared
resources 1951, 1952 and 1953 through a shared bus
arbiter 1960. Computei,system 1900 (FIG. 19) also
includes a host adapter 1940 of the type described in
"AIC-7870PCI Bus Master Single-Chip SCSI Host Adapter
Data Book-Preliminary" referenced above that can also
access shared resources 1951, 1952, and 1953 via shared

bus arbiter 1960.

The use of a predetermined protocol as described
above in which one or more slave integrated circuits
always wait for a master integrated circuit eliminates
possibility of contention for the shared serial port
input-output line; avoids collision of packets and so
eliminates need for control lines in addition to the
shared serial port input-output line between a master

integrated circuit and the slave integrated circuits.

- Although the present invention has been described
in gonnection with the above described illustrative
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embodiments, the present invention is not limited
thereto. Fér example, instead of a pin, a surface
mount lead can be used. Various modification and
adaptations of the above discussed embodiments are
encompassed by the appended claims.
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Function:

Board Loglc Control. Brdoti command is issued whenever brdctl (1d) is written
or read. .

. : . /

module brdentri { ackdet, brdctien, brdetirdy, brdack, bytesent, cddat,
cik40b2, noack, rdbrdeti_, rstsplos_, shitin, sivalid, wrbrdatl_,
brdbsy, brdctl, brddat, brdread, brdreq, brdsend, rstbrdctl_);

paramater FFDLY = 1;
input ackdet, brdctien, brddck, bytesent, ¢lik40b2, noack,

rdbrdcti_, rstsplos_, sivalid, wrbrdcti_;
Inpt (7:0] cddat, shitin; :

autput  brdbsy; f1 brdeti command in progress
output  [2:0] brdett; #/ brdctl control bits

output [2:0]brddat;  //brdcti databits

output  brdread; /I read SPIO port

output  brdreq; . 17 request tor SPIO port
output  brdsend; 1/ shift out write data

output  brdctindy; .Jf no brdetl command active.
output  rstbrdetl; /1 reset brdatl logic

! registered outputs

reg ‘brdread, brdreq, brdbsy, brdsend, brdctirdy;
reg [2:0] brdctt, brddat;

-

Il internal signals )

reg brdacts1; # sync

reg brdacts2; flsyne

reg brdract; {/ brdetl read active

reg brdwact; . I brdot! write active

wire readreq; © 1/ brdetl read request

wire rstbrdetl_; 11 reset all brdetl logic _

wire rstreqgen_; {l reset request generation bit !
wire writereq; I/ brdetl write request

wire sotread, wrdone, rdatval, setbsy, setsand;

J/}
# reset logic

assign rstbrdetl_ = rstsplos_ & brdctien;
assign rstreqgen_ = rstbrdcti__ & ~brdacts2;

/2
/ brdett ready control

alwﬁys @(posedge cli«40b2 or negedge rethrdetl_)
if (~rstbrdct_) ’

brdctirdy <= #FFDLY 1°b0;
else



94

' btdcl!mly <= #FFDLY wrdona | rdatvar;

1.
"

' brdetl mgisler'

fbis 75

always @(posedge cl40b2 or negedge rstbrdet( )
if (~retbrdctl )
brddat <= #FFDLY 3'h000;
alse

brddat <= #FFDLY rdatval ? shitin{7:5] : brddat;

/fbits 42

always @(posedge wrbrdetl_ or nagedge rstbrdetl )
Hf (~rstbrdctl )
brdctt < #FFDLY 3'b000;
else .
.brdett <= #FFDLY cddat{4:2];

#/ bits 1:0 always 0"

II

II request gene ratlon

assign writereq = brdacts1 & brdacts2 & rdbrdetl
assign readreq = brdacts1 & brdacts2 & -rdbrdctl_,

always @(negedge wrbrdetl_ or negedge rstraqgen_)
it (~rstraqgen,)
brdwact <= #FFOLY 1'b0
else

brdwact <= #FFDLY 1'b'l

always @(negedge rdbrdctl_ or negedge rstreqgen_)
i (~rstroqgen_)

. brdract <= #FFDLY 1'b0;

slse

brdract <= #FFDLY 1'b1;

always @(posedye cli40b2 or nagedge fstbrdctl_)
if (~rstbrdcti ) begin
brdactst <= #FFDLY 1'b0;
brdacts2 <= #FFOLY 1'b0;
brdreq <= #FFDLY 100;
end

else begin

brdacts1 <= #FFDLY brdwact { brdract;
brdacts2 <= #FFDLY brdacis1;

brdreq.<= #FFDLY wdtereq [ feadreq | btdreq & ~brdack;

end

II

" reglstared outputs

always @(posadge clk40b2 or nagedge rstbrdetl )
if (~retbrdct_} begin
brdbsy <= #FFDLY 1'D0;
brdsend <« §FFDLY 1DO;
brdread <= #FFDLY 1'b0;
end
- olse begin
brdbsy <= #FFDLY setbsy,
brdsend <= #FFDLY setsend;
brdread <= #FFDLY eatroad:
end
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Ir
{/ Instantiate stete-machine

brdctism brdetism ( .clk40b2{clk40b?2), .ackdet{ackdat), .brdack(brdack),
bytesent(bytesent), .rstbrdetl_(rstbrdetl ), .rdbrdetl_(rdbrdetl ),
.noack{noack), .sivalid(sivalid), .setraad(satread), .rdatval(rdatvat),
seatbsy(setbsy), .satsend(setsend), wrdone(wrdone) );

[/ 4
”

aendmodule
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Function:

Board Logic Control state machine.

. . !
module brdctism ( clk40b2, ackdet, brdack, bytesent, rstbrdetl_, rdbrdcti_, noack,
sivalid, setread, rdatval, setbsy, setsend, wrdone );

parameter FFDLY = 1;

parameter [2:0] // synopsys enum state_into
TSTO = 3'b000,  / step through all states
IDLE = 3'b001, #/ idle, waliting for brdack
CMDC = 8'b010, /# shifting command code -
RWAK = 3'b011, //read command, waiting for ACK
RDAT = 3b100, / reading data
WOAT = 3b101, # writing data
WWAK = 3b110, // write command, walting for ACK .
EACK = 3b111;  #/ write command, watting for end of ACK

input . clk40b2, ackdet, brdack, bytesent, rstbrdcil_, rdbrdeti_, noack, sivalid;
output  setread;

output  rdatval; 1! read data velid

output  setbsy;

output  setsend;

output wrdone; If write command Is completed
I

Jl register declatation

reg satread, rdatval, setbsy, setsend, wrdone;

Il internal signals

1l synopsys state_vector state
" reg 12:01 #/ synopsys enum state_info
state; If currant state
. reg f2:01 I synopsys enum state_info
next; Il noxt state .

ll 3

II corrblnatlonal logic

always @( state or ackdet or brdack or bytesent or rdbrdeti_ or noack or slvand )
begin .

sotbsy = 1°b1;
sotsend = 1'b0;
rdatval = 1'b0;
sotread = 1'b0;
wrdone = 1D0;

caso (stata) /! synopsys parallel_caso

TSTO: begin
next = IDLE:



sotbsy = 1'h0;
end
IDLE: begin
next = brdack ? CMDC : IDLE
seibsy = brdack;
end .
CMDGC: begin
- | (bytesent) begin
next = rdbrdctl_ ? WDAT : RWAK;
sotsend = rdbrdctl_;
sotread = ~rdbrdctl_;
aend
elso begin
next = CMDC;
end
end
RWAK: begin .
if (noack) begin
haxt = IDLE;
end
ealse bagin
noxt = ackdet ? RDAT : RWAK;
sotread = 1'b1;
end ’
and
ROAT: begin
next = slvalid ? IDLE : RDAT;
satread = ~sivalid;
rdatval = sivalid;
end
WOAT: begin
next = bytesant ? WWAK : WDAT;
sotread = bytesent;
end
WWAK: begin
it (noack) begin
next= IDLE;
end
else bagin
next = ackdet ? EAGK WWAK;
end
end
EACK: begin
next = ackdet ? EACK : IDLE
sathsy = ackdot;
wrdone = ~ackdet;
end

default: next = 3'oox;
endcase
“ond /! always
-

97

i state vector

always @{posaedge ¢ik40b2 or negadge rstbrdcti_)
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# (~rstbrdet )
slate <= #FFDLY TSTO;

else .
stata <= #FFDLY next;

1.
"

endmodule {f brdctism
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Function:

ESTAT/IDDAT state machine. Waits for IDDAT and ESTAT bytes. Aiter reading
or time-out, genarate ididrdy so that the PHOST can accept PCI commands.

d s

/]

modula oism { clk40b3, eito, rstis_, 'sivalld, sotckas, sotckid, setread, eneito,

sefidrdy );

parameter FFOLY = 1;

parameter [1:0]

: PU = 2'000,
D = 2001,
£S = 2'010,
DN =2D11;

Input  clkd0b3;

Input efto; :

; lnput rstis_;
- nput sivalid;

output  setckes;

| {/ clock-to-q dalay

] synopsys enum state_info
#f powerup .

#/ walting for IDDAT valid

J walting for ESTAT valid

! done

1/ clock in ESTAT

output  setckid; # clock in IDDAT :
output  setread; 1f readport command from elsm
output  enelto; {/ enable ESTAT/IDDAT time-out
output  satidrdy; { set didrdy

it .

1/ raglster daclarati

reg satroad, enalto, setckid, setckes, setidrdy;

' I/ synopsys state_vaector state
reg [1:0) I synopsys enum state_info
state;  // curent state
reg {1:01 # synopsys enum state_info

next; I next state

/] .
4

1! combinational logic

always @( sivalid or eito or stata) bagin

satraad = 1'b0;
enaito = 1'b0;
satckid = 1b0;
sotckos = 1D0;
setidrdy = 10;

case (state)

PU: begin
next = [D;
setroad = 1b1;
ond

ID: begin

onalto = 1D 1;

/! synopsys parellel_case



setread = ~olto;
satckid = sivalid;
¥ (alto)
next = DN;
olso
next = sivalld ? ES : ID;

and

ES: begin
next = sivalid ? DN : ES;
setread = ~slvalid;
satckes = sivalid;

end

DN: bagin
naxt = DN;
satidrdy = 1'b1;
end
default: next = DN;
andcase

end / always
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I
If state latches

always @(posedge cii40b3 or negedgs rstis_)
it (~rstis_)
state <= #FFDLY PU;
elee’
state <= #FFDLY next;

/"

" endmodule I elsm



Function:

ESTAT/IDDAT oomroller Contalns the ESTAT/IDDAT state machine, IDDAT ragister
and ESTAT regwster

/

module Iddatestat ( cddalS,.clid0b3, &ito, parerrdet, rstis_, shitin, sivalid,
swretrdy, wrsplocap_, brdctien, eepromen, ekead enaito, iddat,
{didrdy, romeden, seactien, soft, softcmdan, spbrden, spseean,

ssplocps )i
perameter FFOLY = 1; T
paramator [7:0] OEFAULTID = 8°h55;
input cddatS, cik40b3, eito, parerrdet, rets_, sivalid, swrstrdy, wrspiocap_:
Inpurt [7:0] shitin;
output-  brdctlen; - {/ board control enable .
output  eepromen; # eaprom writable
output  elread;
output  enelto;
output [7:0] iddat; # IDDAT registger
output  Ididrdy; /l finishad loading IDDAT and ESTAT
outptt  romeden; {l external rom readahte
outpit  seactlen; {l seeprom control enable
output  {1:0] soft; # soft command capabillity bits
output  softemden; Il soft command enable
output  spbrden; 1 brdctl register enabled
output epseeen; #l seactl registar enablad
output  sspiocps; I external SSPIOC present
Ir
# declare roglstels
reg elread, softcmden, brdctlen, seectien, espromen, romrden, ssplocps, Idedy;
reg [7:0] iddt;
reg [1:0] soft;
o lntemal signals

clidddat; # clock iddat
wlta clkaslat; Il clock estat
wire setckid, satckes, setidrdy; '
reg ckes, ckid;

wire rstsoften_; # raset softcmden
wire catread; )

y/2
# enable seectl and brdat reglsters

asslgn spseeen = seaction & ~softcmdon;
assign spbrden = brdctien & ~softemden:;

i
{/ IDOAT rogister _ " )

{1 gated clock i '
asslgn clidddat « ckid & ~pararrdet;

1/ ragister write
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always @{posedge dk40b3 or negedge rstis_) begin
K (~rstis_)
iddat <= #FFDLY DEFAULTID

else
Iddat <= #FFOLY clidddat ? shftin ; iddat;
end / register

Il

II SPIOCAP regjister

' assign rstsoften_ = rstis_ & ssplocps;

I/ gated clock
assign clkestat = ckes & ~parerrdet;

Il register write for bits 7:6, 4:0 :
always @(posedge clk40b3 or negedge rstis_) begin
if (~rstis_)
{soft brdctien,seactien,eepromen,romrden,ssplocps}
<= #FFDLY 7'b0000000;
else
{soft brdctien,seectien,eepromen,romrden,ssplocps}
<= #FFDLY clkestat ? ~{shttin[7:6], shitin[4:0]}
1 {soft brdctlan,seactlen eepromen.romrden sspiocps}
end Ifblts 7:6,40

1/ register write for bit 5
always @(posedge wrsplocap__ or negedge rstsoften_) begin
if (~rsteoften.)
softemden <= #FFDLY 1'b0;
else )
softemden <= #FFDLY cddat5;
end ot s

/2
1 register state machine outputs

always @(posedge ¢lik40b3 or negedge rstis_)
if (~rstis_)begin -
idrdy <= #FFDLY 1D0;
ckdd <= #FFDLY 1°b0;
ckes <= #FFDLY 1'b0;
eiread <= #FFDLY 1'b0;
end

else begin '

idrdy <= #FFDLY satidrdy;

ckid <= #FFDLY setckdd & (shftinl=8'hff);

ckes <= #FFDLY setckes; '
slread <= #FFDLY setread;

end
assign ididrdy = idrdy & svyrstrdy:

1.

I instantiate state-machine

alem elsm ( .clk40b3(clik40b3), .eito{elta), .rstis_(rstis_), .sivalid(sivalid),
setckas(satckas), .setckid(sotckid), .setraad(setread), .eneito{enaito),
.setidrdy(setidrdy) );

f/a
"

endmoduto
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Function: _
ROM controt logic inside PHOST. interfaces to SPIO block.

=

s /

modle fomett ( belnadrdecd, belnadrdact, exadrdecvdd_, mwre, palk, hpors_, regsdo,
adrinreg, romdaci_, sploackdet, spromclk_, spromrdy, romadr, disextmr_,
romdec_, romdo, romedy, romwr );

parameter FFOLY = 1;

Input belnadrdec, bainadrdec1, exadrdecvdd_, mwrc, pelk, hpors_, spromrdy,
: romdeci_, sploackdet, spromelk_;

nput {7:0] reg8do;

Input  [15:2] adrinreg;

output [15:0] romadr; 1/ rom address to SPIO

output  disextone_; il got ACK, disable excsedtimer
output romdec_; - #/ ROM access daecoded to SPIO
output  [31:0] romdo; J/ ROM read data to path_out
output  romrdy; I/ ROM ready 1o target cycls control
cutput  romwr; #f EEPROM write t0 SPIO

I

/intemal signals

reg [31:0] romdo;

reg [1:0] bytecnt; ,

reg romdec_, disextmr_, romrdy, waitdec, done, donel, done2;
reg disextmrs1, disextmrs2;

wire . rstdisextme_ retdone

wire beiken0,, belkent_, belken2_, belkend_y

/2

- II rom eddre§slng

always @(posedge pclk or negaedge hpors.)
¥ (~hpors )
. romdec_ <= #FFDLY 1b1;

olse . .
romdec_ <= #FFDLY romdeci_ [ exadrdecvdd_; '

but0104 ad_drvr_20 ( .Qromwr), A(mwra) );

buf0104 ad_drvr_02 ( .Q{romadd2]), .A(adrinregf2]) );
but0104 ad_drvr_03 ( .Q{romadt{3]), .Afadrinreg(3]) );
but0104 ad_drve_04 ( .Q{romadr{4]), Afedrinreg[4]) ):
buf0104 ad_drvr_05 ( .Q(romadr{s]). .Aladrinreg(5]) ):
buf0104 ad_drvr_06 ( .Q(romadr{6]), .A(adrinreg[6]) ):
but0104 ad_drvr_07 ( .Q{romadr{7]), A(adrinreg[7]) );
buf0104 ad_drvr_08 ( .Q(romadr(8]), .A(adrinreg(8]) );
but0104 ad_drvr_09 ( .Q{romadr{8]), .A(adrinreg[8]) );
but0104 ad_drvr_10 { .Q{romadr{10]), .A(adrinreg[10]) ); -
0104 ad_drvr_11 ( .Q{romadr{11]), .A{adrinreg{11}) );
but0104 ad_drvr_12 { .Q{rormedr{12}), .A(adrdnreg{12]) ).
buf0104 ad_drvr_13 ( .Q(romadr{13]), .A(adrinreg(13]) );
buf0104 ad_drvr_14 ( .Q(romadr{14]), .A(adrinreg{14]) )
but0104 ad_drvr_15 ( .Q(romadr{15]), .A(adrinreg{15]) );
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asslgn romadr{1:0] = romwr ? {beinadrdec,belnadrdeco} : {2000},

'I; disable exceed timer
assign retdisextmr_ = hpors_ & disextmr_;

always @(posedge sploackdet or negedge rstdisextmr_) *
# (~rstdisextmr_) ’
disextmrs1 <= #FFDLY 1'b0;
else
disextmrs1 <= #FFDLY 1b1;

always @(posedge pclk or negadge hpors_)
if (~hpors_) bagin
disextmrs2 <= 1'b0;
disextmr__<= 1'b1;
end
else begin
disextmrs2 <= #FFDLY disaxtmrs1;
disextmr_ <= #FFDLY ~disextmrs2;
ond

.
"

// byte counter

atways @{posedge spromeli_ or negedge hpors_)
i (~bpors.)
bytecnt <= #FFDLY 2'b00;
olse

bytecit <= #FFDLY bytecnt + 2'001;
L

II generate byte clocks

assign belken0_ = (bytecnti=2'000);
assign belkend_ = (bytecnt!=2'b01);
assign belken2_ = (bytecntl=2'h10);
assign belken3_ = (bytacntl=2'D11);

nor02 gelk_0 ( .NQbcik0_), .A(spromelk_), .Bbclken0,) );
nor02 gelk_1 ( .NQ(bclik1_), A(spromcii_), .Blbclkeni_ ) )
+.nor02 gelk_2 ( NQ(bcli@ ), A(spromelk ), .Blbclken2 ) );

nor02 gelk_3 ( .NQ(clk3_), .A(spromelk_), .Bbelken3 ) )

nbul03 gelk_drv_0 ( NQ(belko), Afbclko_) ); \
nbuf03 gelidrv_1 ( NQ(belk1), Aclki_) ); S

nbuf03 gelk_drv_2 ( Nabeli?), Afbcik2)) );

nbut03 geik_drv_3 ( .NQ(belka), Albolia_) );

i
/f rom data registers

always @{posedge belkO or negedge hpors_)
¥ (~hpors_)
romdo(7:0] <= #FFDLY 8'h00;
elsa

romdo[7:0] <= #FFDLY reg8do; .

always @(posedge belk1 or negedge hpors_)
it (~hpors_)
romdo[15:8] <= #FFDLY 8'h00;
olse

romdo{15:8] <= #FFDLY reg8do;
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always @(posedge bcli@ or negedge hpérs )
it (~hpors ) .
" romdo(23:16] <= #FFDLY 8'h00;
else

romdo{23:16] <= #FFDLY reg8do;

always @(posedge belk3 or nagedge hpors_)
if (~hpors )
romdo{31:24] <= #FFDLY 8'h00; -
olse
romdo{31:24] <= #FFDLY reg8do;

/2
{/ rom ready control

assign retdone_ = hpors_ & ~done2;

#/ 4 bytes transfemred - aysnc
always @(posedge spromrdy or negedge rstdone_)
- #f (~rstdone_)
done <= #FFDLY 1'b0;
olsa
done <= #FFDLY 1'b1;

always @(posedge pelk or negedge hpors,)
It {~hpors_) begin
donel <= #FFDLY 1°00;
done2 <= #FFDLY 1'b0;
waitdec <= #FFDLY 1'b0;
- romrdy <= #FFDLY 1'b1;
end aise begin
donel <= #FFDLY done;
done2 <= #FFDLY donel;
waitdec <= #FFDLY waltdec ? ~romdec_ : ~romrdy & done2;
romndy <= #FFDLY romdaci_ { waitdec | ~romrdy & done2;
ond .

endmodule



module nbut02 ( NQ, A);
input A;
coutput  NG;

not (NQ, A);

endmodule

/A
”

module and05 (Q, A, B, C, D, E);
input A.B,C,D,E;

output  Q;

and (@, A, B, C, D, E};
endmodiile

1.
”

module nand03 ( NQ, A, B, C);.
A,B,C;

output  NQ:

nand (NG, A, B, C);

endmodule

)

module or02 (Q, A, B);
‘Input A, B;
output  Q;

or (@, A, B);
endmodule

f/

i

module and03 (Q, A, B, C);
input A, B, C;

output Q;

and (Q, A, B, C);
endmodule

.

"

module nor02 (NQ, A, B);
input A, B;

output  NQ;

not (NQ, A, B);
endmodute

I

module buf0102 (Q, A );
input  _ A;

output Q;
but (Q, A);
endmodule

1.
7

module inv01 { NQ, A);
Input A;

output  NQ;

not (NQ, A);
endmodule

4.
[y
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module btsg (Q, A, NE);
input A, NE;

output  Q;

bufito (Q, A, NE);
endmodule

-

module bushold (DUMMY, Z); «
Input DUMMY;

Inout .2Z;

not (weak0, weak1) (Z, DUMMY);

not (DUMMY, 2);

endmodule

i

module bts1 (Q, A, NE);
Input  A,NE;
output Q;
bufifo (Q, A, NE);
endmodule

1r-

module bts3 (Q, A, NE);

input A, NE;

outpit QY

butif0 (Q, A, NE); ;

endmodule . .

I

moduls and02 (Q, A, B);
input A, B;
‘output  Q;

and (Q, A, B);
endmodule

1f.
&

module nreit (QNQNS NR);
Input NS\NR;
output Q,NQ;

U_NRSLT instt (Q, NS, NR); . .
not inst2 (NQ,Q); _ .o

speclty
(NR 4+=> NQ) = (1,1);
(NS +=>Q) = (1,1); -
endspecify

endmodule

1.
Ll

. primitive U_NRSLT ( Q, NS, NR);
output Q; regQQ;
Input NS, NR;

table
#/ NS NR : Qt : O+t



108

i+ < #Latch state.

1 1: 2

1 0: ?: O //Resetslate.

0 1: ?: 1; //eetstate.

0 0: ?:  1; //Set overrides reset.

0 x:?: 1

1 x: 0: 0/ indeterminale set and raset.

x 1:1: 1 . «
endtable .
endprimitive

f/4
L

module mux41l (NQ,00,D1,02,03,80,51);

Input DO,D1,D2,03,50,51;
output NQ,

U_MUX41L inst (NQ,00,01,02,03,80,51);
endmodule

J/3
L4

primitive U_MUX41L (NQ, DO, D1, D2, D3, S0, ST);

input DO, D1, D2, D3, SO, §1;
output NQ;

#f FUNGTION : FOUR TO ONE MULTIPLEXER WITH 2 SELECT CONTROLS
i AND INVERTING OUTPUT

table
if DO D1 D_2 D3 SO0S1:NQ

-1:

?2?2 00
00:0

~d
-0 - =D
D

-t od
oo ©0

:1;
<0

1
:0

- 3 - -~
D D

S L-1
> > )
=d
-, YW
-t ot [-X=}
[ e
o

0000 ?27:1; /pessimism

11 11722:0; *
0 27 ?20:1; /pessimism

1122 20:0; /pessimism

27200 ?21:1; [fpessimism .

2211 721:0; /pessimiem

0?7207 07:1;.

17212067:0;

-3
o
o
o
-
<
-
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endtable
endprimitive
ff @(#) but0103.v REV 1.1 6/7/93

1

module bul0103 (Q.A);

Input A;
output Q; .

buf b0 (QA):
endmodule

[/3
"

module ndcOr (Q, NQ, D, C, NR);

inpit D, G, NR;
inout NQ;
output Q;
rog NOTIFY_REG ;
U_NDCOR_Q
inst1 (Q,D, G, NR, NOTIFY_REG);

not
inst2 (NQ, Q);

specity
(posedge Cw> (NQ -1 D)) = (1.4,1.3);
(negedge NR => (NQ +: 1'01)) = (0.4,0);
: (NQ => Q) = (0.4,0.4);
endspacily : '
endmodule
-

primitive U_NDCOR_Q (Q, D, CP, RB, NOTIFIER_REG);

output Q; .
input NOTIFIER_REG,
D,CP,.RB;.
reg Q; s

#/ FUNCTION : POSITIVE EDGE TRIGGERED D FLIP-FLOP WITH ACTIVE LOW
/] ASYNGCHRONOUS GLEAR (Q OUTPUT UDP).

table

#D CP RB NOTIFIER_REG : Qt : Qt+1

o1 1 ? ¢ 1; /f clocked data

9
on 1 T  :?:0
?

1
0
0 (01) x ? : : 0; // pessimism
0 7?7 x ? : 0 : 0; #pessimism

Py

0 «x ? : 0 : 0O; /pessimism
x (M) ? : 0 : 0; //pessimism

-
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x 0 x ? : 0 : 0; /pessimism

x x () ? : 0 : 0; /pessimism

x 1 (™ ? : 0 : 0; #pessimism

1 (x1) 1 ? : 1 : 1; #reducing pessimism
o (x1) 1 ? :0 0

1 () 1 ? 11

0 (0 1 ? 00

2?2 0 ? : ? : 0; //asynchronous clear

? (20) 2 ? : ? : - lignore falling clock
(ix ? ? 1 7 @ - Hignore falling clock
? " ? 1 ? . -; llignore the edges ondata

-

*»

?2 7?7 (?1) ? T ? : - /tignore the edges on clear
?2 7?2 17 * M B &
endtable
endprimitive
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Function:

Single byte write command controller. Handies the following harware gemated
commands: LED and STPW. These commands will not be issued unless
ssplocps Is "1". .

LED issues LED command whenever led level changes. Eerlier -
commands canbe lost if LED is changing too fast and the port
ts busy. The last value will always ba issued, though.

STPW  SCSI term powar control state machine. Command is issued
whenever SXFRCTL1 (02h) Is written. The associated term power
level and tarm power enable values are latched for later
shifting.

!

module sbwectl ( ackdet, bytesant, cik40b1, ledack, noack,

" rstsplos_, slad_, ssplocps, stpwack, stpwenb, stpwivib,

ledreq, ledstate, sbwcbsy, sbwcread, stpe, stpl, stpwreq );
parameter FFDLY = 1;
input  ackdet, bytesent, clk40b1, ledack, noack, rstsplos._,
sled_, sspiocps, stpwack, stpwenb, stpwivib;
output ledreq; # request port for LED command
output  ledstats; - . I/ ladstate to be shifted out
output  sbwcbhsy; // LED, STPW or SPIORST command in progress
output  sbweread; #f raad SPIO port for ACK
output  stpe; ff STPWEN value to bs shifted out
output  stpl; /1 STPWLEVEL value to be shifted out
output  stpwreq; . #f request port of STPW command
7 '
I registared outputs
feg - sbwcread, ledstaté. sbwcbsy, stpe, stpl, ledreq, stpwreq;
I
#/ intemal signals
- if common : : ‘

wire retsbwe_; I raset sbwectt
wire setbsy; /I genarate sbwcbsy
wire sbweack; {f combination of ledack or stpwack
wire - satread:
i led . :
reg sleds; I/ synced sled_
wire ledchyg; 1l led lovel change
i stpw :
reg stpwens; : /! stpwenb synced
wire stpwenchg; // STPWEN bit is changed

{f.

{/ resel logic
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assign retsbwe_ = rstsplos_ & ssplocps;
asslgn sbweack = ledack | etpwack;

i
/ led raquest logle

assign ledchg = sleds » ledstate; w

always @(pbsedge cli40b1 or negedge rstsbwc_) bagin
It (~rstsbwc_) begin

slods <= #FFDLY 100;
lodstate <= #FFDLY 1'b0;
lodreq <= #FFDLY 1'D0;
ond
else bagin
slads <= #FFOLY slod_;
ladstate <= #FFDLY slods;
ledreq <= #FFDLY ledchg | ledreq & ~ledack;
and .
end If always
-
11 stpw request logic

assign  stpwenchg = stpwens 4 stpe;

always @(posedge clk40h1 or negedge rstsbwc_)
it (~rstsbwe_) bagin
stpwens <= #FFDLY 10;
stpe <= #FFDLY 110;
stpwreq <= #FFDLY 1b0;
stpl <= #FFDLY 1'00;
end '

else begin
stpwens <= #FFDLY stpwenb;
sipe <= #FFDLY stpwens;
sipwreq <= #FFDLY stpwanchg | stpwraq & ~stpwa0k:

stpl <= #FFDLY stpwenchg ? stpwivib : stpl;
end ’

ll

II reglstered outputs

always @(posadge clk40b1 or negedge rstsbwc_)
if (~rstsbwec_) begin
sbwcebsy <= #FFDLY 1'b0;
- shweread <= #FFDLY 1'00;
(-]

else begin
sbwebsy <= #FFDLY setbsy;

sbweread <= #FFDLY sotread;
ard

11.

I/ instantiate state-machine

sbwesm sbwesm ( .ackdet(ackdat), bytesent{bytesent), .clk40b1(cik40b1),
. .noackinoack), .retshwe_(rstsbwe_), .sbwcack(sbweack),
setroad(eetraad), .satbsy(setbsy) );

o

endmodule
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Function:

Single Byte Writa Command control state meachine. Monitors the progress of a
single byte write command.

History: e

01/15/94 JYL Firet rov.

* ) /
module sbwesm ( ackdet, bytesent, clid0b1, noack, rstsbwe_, sbweack, setread,
setbsy ); .

parameter FFDLY = 1;

parameter [1:0] . 1/ synopsys enum state_Info
D=200, . /XNIDLE
CC = 2101, // Command code
WA=2D10, {/ walt for ACK begin
EA = 2°D11; " H walt for ACK end

input ackdet, bytesant, clk40b1, noack, rstsbwe_, shweack;

output  setread; / vaad spio for ACK :
output  setbsy; #1 LED command In progress
Ir
# intemnal signals

1 synopsys state_vector state

reg f10] - #synopsys enum state_info
state;  / current state

teg [10]  /#synopsys ehum state_info
next; Il next state

reg ' sotread, setbsy;
f/ 4

'l'l combinational logic

always @( state or sbweack or noack or bytesent or ackdet ) begin

setbsy = 1'b0;
sotread = 1'b0;

case (state) /I synopsys paraflel_case

"1D: begin
next = sbwwcack ? CC : ID;
sotbsy = shweack:
end

CC: begin
next = bytesent ? WA : CC;
sotbsy = 1D1;
sotroad = bytasent;

end

WA: begin
¥ (noack) begin
’ naxt = ID; .
end -
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alse begl _
" naxt = ackdet ? EA : WA|
sotbsy = 1'b1;
ond
~end

EA: begin :
next = ackdet ? EA : ID;
sotbsy = ackdet;
end
default: next = 2°bxx;
endcase

end ~ /always

1.
L

;I state vector

always @(posedge clkd0b1 or negedge rstsbwe_) begin
if (~rstsbwe_)
state <= #FFDLY 1D;
else
state <= #FFDLY next;
end /l elways

I

endmodule



”

SR ] o e o e o e
e R .ﬂ-w-"
G :

Function:

SEEPROM controller. Issues SEEPROM command it SEECTL is written or SEEGTL s
read while SEERDY Is not sat but SEERDY counter expires. The 800ns SEERDY
delay has two components: SEERDY timer and command shift tima. SEERDY timer

s 16 clocks. Command shift time = start bit (1) + command code (8) + parity

bit (1) + stop bit (1) + tum around (2) + min ack (3) = 16 clocks.

32°25n8 = 800ns.

=

/
module seecntrl ( ackdet, bytesent, clk40b2, noack, rdseectl_, rstspios_, saeack,
seactian, shiting, sivalid, wrseect!_, cddat, rstseactl_, seectl,
seactirdy, seedl, seams, seerdy, seeread, seareq, seebsy, sgesend );
parameter FFOLY = 1;

Input ackdet, bytesent, clk40b2, noack, rdseectl_; rsteplos_,
seoack, seactlen, shitin, sivalid, wrsesct_;

Input [7:0] cddat;

output  retseact|_; I resat seectt logic

output  {2:0] seect!; J seectl (1ER) register

output  seedi; // SEEPROM input data

output  seems; JISEEPROM moda select

output seerdy; -#/ SEECTL road ready

output  seersad;

output  seereq; _
output  seesend; . : )
output  seectindy; 1/ SEEPROM command ready, used fo stretch PHOST or seq
It _

/ registered outputs

reg (2:0] seactl;
feg - seeread, seems, seondy, seesend, soedi, seereq, seebsy, seectirdy;

" _ Vo

{/ internal signals

reg {3:0] rdytimer; { SEERDY timer

reg seewact; // SEECTL. write active

reg seeract; I/ SEECTL read active

-reg soeactsi; /i sync

reg s608Cts2; {1 double sync

wire . cntO; /1 seardy timer expired

wire retsaactl; // resat SEECTL logic

wire writereq; 7 CIO write to SEECTL

wire . readreq; 71 SPIO read command is needed : ’
wire cloreadact; /1 CIO read active

wire noreadreq; /1 no SPIO raquest needad, cancel séectirdy,

wire  setread, setbsy, setsend, stritmy, rdatval, rstreggen_;
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Il resat logle

assign  retseectl_= rstsplos_ & seectlen;
assign  rstreqgen_ = retseectl_ & ~seoacte2;

u
/I SEEPROM ready signal

always @{posedge clld0b2 or nagedge rstseectl )
if (~rsteeectl )
seactindy <= #FFDLY 1'b0;
else

seectirdy <= #FFDLY noreadreq | rdatval | strtmy;

i
1/ SEECTL register

always @(posedge wrseectl_ or negedge rsteeectl )
K (~rstseectl ) begin )
seems <= #FFDLY 1'b0;
seactl <= #FFOLY 3'D000;
end .
else bagin
. seems <= #FFDLY cddat[S];
seact! <m #FFDLY cddat[3:1};
end : ’

always @{posedge clié40b2 or negedge rstseectl )
f (~rstseect)
soadl <= #FFDLY 1'D0;

oke
seoadi <= #FFDLY rdatval ? shftin0 : seedi;

I-
f request generation

asslgn writereq = seeacis1 & seeacts2 & rdsesct!_;
assign cloreadact = seaacts1 & seeacts2 & ~rdseectl_;
asslgn readraq = cloreadact & ent0;

. assign noreadreq = cioreadact & ~cnt0;

always @(negedge wrseactl_ or negedge rstreqgen_)
i (~rstreqgen_)
saewact <= #FFDLY 1'D0;
else

seewact <= #FFDLY 1b1;

always @(negedge rdseect]_or negedge rstreqgen_) -
- H{~rstreqgen_)

searact <= #FFDLY 1'b0;

else - ]
seoract <= #FFDLY 1b1;

always @(posedge clkkd0b2 or negedge retseect! )

if {(~rstseectl_) bagin
seoactal <= #FFDLY 1'b0;
seoacts2 <= §FFDLY 1'b0;
seareq <= #FFDLY 1'b0;

ond '

_ elsa bagin .

sooacts1 <= #FFDLY seoract | coowact;
8002162 <= #FFOLY socactsl;

seereq <= #FFDLY writereq | readreq | (aereq & ~saaack);
end . ’
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- I
/1 seerdy generation

always @(posedge cit4Ob2 or negedge rstseectl_)
if (~rstseactl )
seordy <= #FFDLY 1'b0;
else _ _ . .
seerdy <= #FFDLY writereq ? 1'b0 : seerdy | rdatval;

f/a
”"

/f seetrdy timer

assign cntl = (rdytlmer==4'h0)'

always @(posedge clik40b2 or.nagedge rstsaectl_) begin
i (~retseact! )

rdytimer <= #FFDLY 4'h0;
else begin
H (strttmr)
rdytimer <= #FFDLY 4'ht;
alse

rdytimer <= #FFDLY cnt0 24'h0 : rdyumer +4'ht;
end
end / always

M
/ registered output

always @(posedge clk40b2 or negedge rstseect! )
if {~rstssacti_) bagin
sesbsy <= #FFDLY 1b0;
seesend <= #FFDLY 1DO;
seeroad <= #FFDLY 110;
end : '
else begin
sasbsy <= #FFDLY satbsy;
seosand <= #FFDLY setsend;
seeroad <= #FFDLY sotread;
end _

I
f/ instantiate state-machine

soectism seactism ( .ackdet(ackdet), .bytesent(bytesent), .clk40b2(clkd0b2),
rdseecti_(rdseactl_), .noack(noack), .seeack(seeack), )
-rstsaacti_(rstseactl ), .sivalid(sivafid), .rdatval(rdatval),
setroad(satread), .eetbsy(satbsey),
.setsand(setsend), .strttme(stittrmy) ); : ' '

1.
#

endmodule
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Function:

SEEPROM control state~machine.

- /
module seactism ( ackdet, bytesant, clikd0b2, rdseectl_, noack, seeack, rstseectl_,
sivalid, rdatval, setroad, satbsy, setsend, stritme );

parameter FFDLY = 1;

parameter [2:0] / synopsys enum state_info
TSTO « 3'b000,  // step all states for testablility
IDLE= 3D001, J/idle
- CMDC = 30010, /7 shifting command code
RWAK = 3011,  / read command, waiting for ACK
RDAT = 3'n100,  /# shifting in data
WDAT = 80101, /4 shifting out data
WWAK = 3b110, # write command, waiting for ACK
EACK = 30111;  / write command, walting for end of ACK

Input - ackdet, bytesent, clk40b2, rdseacti_, noack, rstsesctl_, seeack, éivalid;

outpit  rdatval; {/ read data is valid
output  setread; {f read SPIO port.
output  setbsy; #/ SEECTL command In progress
output  setsend; /I shift write data
output  stritmr; i/ start timer
It internal signals
#1 synopsys state_vector state

reg 2. {/ synopsys enum state_info
glate; fcumrentstate -

reg (2:01 {f synopsys enum state_lnfo
next; i/ noxt state

reg " rdatval, cetsand, setbsy, setread, strttmr;

" ll

1 combinational logic ' '

always @( state or ackdet or noack or sival‘d or bytesent or dseactl_
or saoack )
bagin

siritmr « 1'b0;
satread = 1'h0;
satsond = 1'b0;
gatbsy = 1'b0;
rdatval « 1'b0;

casa (state) ' # synopsys paraliel_casa

TSTO: bagin
noxt = IDLE;
ond



IDLE: begin
next = saeack ? CMDG : IDLE;
sathsy = saaack;

and

CMDC: begin
sothsy = 1D1;
if (oytesent)begin
noext = rdseectl_ ? WDAT : RWAK;
satsend = rdseect!_;
sotread = ~rdsooctl_;
end
olse bagin
next « CMDGC;
_end
end

AWAK: begin
if (noack) begin
next = IDLE;
end
else begin
sotread = 1'b1; .
next = ackdet ? RDAT : RWAK;
sotbsy = 1'b1;
end
end

RDAT: begin
next = sivalid ? IDLE : RDAT;
seotroad = ~sivalid;
setbsy = 1b1;

rdatval = sivalid;

end )

WDAT:begin :
next = bytesent ? WWAK : WDAT;
sotbsy = 1D1;
solread = bytesent;

end ’ -

WWAK: begin
it (hoack) begin
next = (DLE;
end
else bagin
next = ackdet ? EACK : WWAK;
estbey = 1'b1;
end
end

EACK: bagin .
naxt = ackdet ? EACK : IDLE;
sotbsy = ackdet;
stittme = ~ackdet;

ond

" defauit: next = 3'bxoos; -

endcase

/! always

/ stato vector
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always @(posedge clk40b2 or negedgs rstseactl )
it {(~rstseactl )
: state <= #FFOLY IDLE;
else
state <= #FFDLY next;

1.
"

endmodule
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' Function:
Soft command state machine.

-

et /]

module softemdsm ( ackdat, bytesernt, clk40bS, cntQ, cnti, lastb, ledtstact, noack,
rstsoftemd_, sivalid, softack, softsend, loadent, softabrtok,
setread, setbsy, setcliast, setcirsend, setledtst, wififo );

parametar FFDLY = 1;

parameter [2:0] / synopsys ehum state_info
IDLE = 3000, I/ walting for softack
SEND = 35001, //sending a byte
WNXT = 30010, #waiting to send the next byte
LSTB=3D011, /sendint the last byte
WACK = 3'b100, / waeiting for ACK
EACK =3b101, //walting for the end of ACK
ADAT = 3b110, /reading SPIO
LTST=3b111;  /ledtest mode

Input ackdet, bytesent, clk40b5, cnt0, cnt1, lastb, ledtstact, noack,
retsoftemd_, sivalid, softack, soﬂsend;

output  loadent; 1 loed read counter

outptt  setcldast; I clear last bit, clear fifo and set polnters

output  setbsy; #/ set soft busy

output setcirsend: # clear sand bit

output  eetladist; - il go into lod test mode

output  softabrtok; 1 ok to abort (SW reset) this multi-byte soft command

outpit  setroad; # road SPIO port -

output  willto; I write soft fifo

-

1 register declaration for outputs

reg softabrtok, setread, setcirsend, wifilo, loadent, setcirlast, setbsy.
satladtst;

I

# intemnal s!gnals

"if synopsys state_vector state
reg {2:0] If synopsys enum state_info
state;  // cumrent state
rog 2] 1 synopsys enum state_info
noxt; i/ noxt state

I
{] combinatinal logic

always @( stato or ackdet or bytesent or lasth or softack or noack or cnt0
begl or ledtstact or cntt or soltsend or sivalid )
n

satbsy = 1b1;
satcirast = 1'b0;
satcirsend « 1°H0;
wifio = 1H0;
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loadent = 1'b0;
setroad = 1'b0;
softabrtok = 1'b0;
sotladtst = 1D0;

SER

caseo (state) i synopsyé parallel_case

IDLE: begin
it (softack) begin
next = lastb ? LSTB : SEND;
loadct = lastb;
end
elsa begin .
next = [DLE;
satbsy = 1'b0;
end
end

SEND: begin
next = bytesent ? WNXT : SEND;
setclrsand = bytesant;
softabrtok = 1'b1;

end

WNXT: begin

softabrtok = 1°b1;

¥ (softsend) begin
noxt = lastb 7 LSTB : SEND
foadent = lastb;

end

slse begin
next = WNXT:

end

end

LSTB: begin )
next = bytesent ? WACK : LSTB;
setread = bytesent;

end

WACK: begin
if (ncack) begin
naxt = IDLE;
setbsy = 1'60;
sotcliiast = 1'b1;
end '
else 1 (ackdet) begin
next = cnt0 ? EACK : RDAT;
sotcirlast = 1'b1;
sotread = ~cmoO;
end
else begin
next = WACK;
sotread = ~cnt0;
and
end

EACK: begin
it (ackdet) bagin
next = EACK;
. sathsy = 1'b1; .
end
elsa bagin
noxt = focitstact 7 LTST : IDLE;
satbsy « lodistact; :
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RDAT: bagin ‘ .
next = (sivalid & cnt1) ? IDLE : RDAT; «
sotbsy = 1D1;
setread = ~(sivalid & cnt1);
witifo = sivalid;
end

LTST: begin
next= LTST;
. setbsy= 1b1;
setladtst = 1'b1;
ond

de(auh: next = 3ok
endcase
end // always

I
// state vector

always @(posaedge clk40b5 or negedge rstsoftemd_)
H (~retsoftemd_) '
state <= #FFDLY IDLE;
olse

. state <= #FFDLY next;

-
endmodule 4 softemdsm
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Funetion:

Top lavel of solt command control loglc.

/

module softenitd ( ackdet, bytesent, cddat, clk40bS, clk4@b6, ensoftcdat, tstsigl, noack,
rdsplodat_, rstspios_, shitin, sivalid, softack, softcmden,
wrsplocll_, wrsplodat_, fedtst, ledtstsig, softebttok, softbsy,
softread, softreq, softsand, sploctiriQ, spioctic74, splordat, splowdat );

input  ackdet, bytesent, cliet0b5, clikd0b6, ansoftcdat, noack, rdsplodat_,
: retsplos_, sivalid, softack, softcmden, wrsploctl_,
wrsplodat_;
Input [7:0] cddat, itstsigl, ehftin;

output * ledtst, ledtstslg, softabriok, softbsy, softread, softreq, softsand;
output  [1:0] sploctir10;

output  [3:0] sploctir74;

output  [7:0) splordat, splowdat;

.
i

I/ bus daclaration

wire {1:0] readent;

- wire [7:0] kstsigl;

fl.
"

softct! softctt ( .clid0obS5(clid0bS5), .noack(noack), .1stspios_(rstsplos_),
serxdb(sendb), .setbsy(setbsy), .setclrlast(setclriast),
Satcirsend(setclrsand), setladist(setladist), softack(softack),
splowdat(splowdat), .softcmden(softcmdan), ledtst(ledtst),
Joditstact{ladtstact), .cldastb_(clrastb ), .rstfifo_(rstfifo_),
Jstsend_(rstsend_), retsoftomd_(rstsoftemd. ), softhsy(softbsy),
satread(setroad), .softread(softread), .soﬂmq(soﬂreq).
soﬂsend(soﬂsend) ¥

softcmdsm soﬁcmdsm { .ackdet(ackdet), .bytasant(bytesent), cﬂ(40b5(clk40b5),
cnt0(ent0), .cnt1(cntl), Jlastb(lasth), Jledistact(ledtstact),
-noack(noack), .retsoftcmd_(rstsoftemd_), .sivalid(sivalid),
softack(softack), softsand(softsend), Joadent(loadent),
softabrtok(eoftabrtok), .satread(satread), .cathsy(satbsy),
-selclrlast (sotcirast), .setclrsand(setcirsand),
setladtst(satledtst), writto(wrfito) ) ,

spiifo spfifo ( .clk40b5(ctikd0bS), .clk40b6(cii40bE), Joadent(loadert),
-ensoftedat{ensoftcdat), .rdsplodat_(rdsplodat_), .readcnt(readent),
.rettifo_(rstiifo_), .retsottemd_{rstsoftemd_), .shitin{shiftin),
wrifo{wrifo), .cnO{cno), cnti{enti), sp!omlrw(sploctlrw)
.splordat(splordat)) :

softtimar softtimer ( .clkd 0bS(clkd0b5), .cllastb_(clriasth_), i
fstsoftemd_(retsoftemd_), timar({timar), .rsttimar_(rsttimer_) );

sofiregs softrega ( .cddat(cddat), ledisteig(iedtstsig), stsigi(tstsigl,
-ensoficdat(ensoficdat), .reteend_(retsend_),
Jeteoftemd_(rsteoftecmd_), .rsttimer_(rettimar_),
wreploctl_{wreploctl ), wrepfodet_{wreplodat_), lastb(lastb),
feadent(readent), .eendb(sendb), .sploctir74(eploctir74),
" .splowdat(cplowdat), timar(timar) );

anvitnouisle
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‘Filaname: softctly
Function: _.
Soft Command Control loglc.

module softct! { clkd0bS, noack, rstspios_, sendb, sethsy, setledtst, setclrast,
setraad, lodist, ladtstact, satcirsend, splowdat, softack, softcmden,
clasth_, retfifo_, retsend_, rstsoftcmd_, softbsy, softread, softreq,
sofisend );

parameter FFDLY = 1; )

nput  clk40b5, noack, rstsplos_, sendb, setbsy, setciriast,
setledtst, setclrsend, setread, softack, softcmden;

Input [7:0] splowdat;

output  clriastb_; {llast LB bit in softct! ragister

output  lodtst; 11 lod test command mode
output  ledistact; 1/ led test commeand pending
output  rstfifo_; 11 reset fifo registers '
output  rstsend_; "/ reset send and last_byte bits
output  rstsoficmd_; # raset soft command logic.
output  softbsy; 1/ soft command in prograss
output softread; - - I read SPIO pott

outpit  softreq; ) /f raquest for SPIO port
output  scftsend; /f sond a byte

I

# register declaration for cutputs

reg - lodist, ledistact, softreq, softbsy, sdﬂraad. softsend, cldastb_;

/!
/! intermal signals

reg clrsend_, softacts1, softacts2;
wire ratledtst

I s
I/ reset logic

assign rsteoftemd_ = rstsplos_ & softemden;

assign retfifo_ = rstsoftcmd_ & cilastb_;

assign retsend__ = rstsoftemd_ & cirlasth_ & clrsend_;
assign rstladtst_ « retsoftemd_ & ~noack;

i
# raquest logic

always @(posedge clik40bS or negedge rstsoftemd_)
it (~retsoftemd_) begin
- eoftacts1 <= #FFDLY 1'00;
softacts2 <= #FFDLY 1°00;
softreq <= #FFDLY 1'D0;
. softsend <= #FFDLY 10;
softread <= #FFDLY 110;




<%

126

z pa
$'€ .;.
':"f’_‘{.::‘

end
else begin

softacts1 <= #FFDLY sendb;

softacts? <= #FFDLY softacts1;

softreq <= #FFDLY softacts1 & ~softacts2 & ~softbsy;.
softsend <= #FFDLY softacts & ~softacts2 & softbsy; ™
soltread <= #FFDLY setread;

end- ’

/2
{ reglisterad outputs

always @(posedge clk40b5 or negedge retsoftcmd_)
K (~rstsoftemd_) begin
cliastb_ <= #FFDLY 1'b1;
clrsend_ <= #FFDLY 1b1;
softhsy <= #FFDLY 10;
ledtst <= #FFDLY 1'b0;
end
else begin
cirlasth_ <= #FFDLY ~setciriast;
cirsand_ <= #FFDLY ~setclrsend;
soltbsy <= #FFDLY setbsy;
) lodist <= #FFDLY setlodtst;
end :
I
- // test mode

always @(posadge clk40bS or negedge retledtst_)
i (~rstieditst ) .
ledistact <= #FFDLY 1'60;

olse
lodistact <= #FFDLY ladtstact | softack & (splowdat==8'h82);

/g

andmodule



SPIO Soft Gommand Control ragisters (1D, 1E when soficmden==1),

hesemtest

- module softrags ( cddat, tstsigl, ensoftcdat, rStsend; rstsoftemd_, rsttimer_,
wrsploctl_, wreplodat_, ledtstsig, lasth, readent, sendb, sploctit74,

spiowdat, timer };

parameter ?FDLY =1;

input ensoftedat, retsend_, rstsoftemd_, rsttimer_, wrsploctl_, wrspiodat_;
“input {7:0] hstsigi, cddat;

output  lesth; #/ SPIOGTL bit 6

outpuit  leditstslg; I/ lod test mode output signal
output  [1:0] readcent; # SPIOCTL bits 1:0

output  sendb; U SPIOCTLDRT

output  [3:0] spioctir74; Il read data for SPIOCTL bits 7:4
output  {7:0] splowdat; /I contents of spiodat register
oulput  timer; // SPIOCTL bit4

I

/ register declaration for outputs

reg [7: 0] splowdat;

reg faditstsig, lock, sendb, la.stb timer;

reg [1:0] readcnt;

reg [2:0] sploctl_; .

wire {2:0] wdat; .

¥

1/ led test mode slgna! select

assign wdat = splowdat[2:0];

always @(lt'ststg! or wdat )
case (wdat)

3'b000: ledtstsig = Itstsigi[0]:
3'D001: ledtstsig = Kstsigi{1];
3'0010: ledtstslg = itstsigif2];
3'b011: ladtstsig = Ktstsigif3];
3D100: ledistsig = Hstsigif4);
3'0101: ledistslg = itsteigi(5];
3'D110: ladietslg = itstsigi[€];
3'b111: ladistslg = Itstelgif7];
default: fedistsig = 1bx;

endcase

ll

1/ synopsys paraliel_cass full_case

Il SPIODAT (1Dh)

always @(poeedge wrsplodat_ or negedge rstsoftcmd_)
i (~retsoftemd_)

elao

splowdat <= #FFDLY 8°'h00;
splowdat <= #FFDLY cddat;
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# SPIOCTL (1Eh)

{#/blts 7:6
always @(posedge wrsploctl_ of hegedge rstsend_)
if (~rstsand_) begin
sendb <= #FFDLY 1b0;
lastb <= #FFDLY 1'b0;
end
alse begin '
. sendb <= #FFDLY cddat(7];
lastb <= #FFDLY cddat[6];
end :

i/bit5, 1:0
always @(posedge wrspiocti_or negedge retsoftcmd_)
it (~rstsoftemd_) bogin
lock <= #FFDLY 1'b0;
readent <= #FFDLY 2'D00;
end
eise begin
lock <= #FFDLY cddat[S];
reedont <= #FFDLY cddat{1:0];
end

bkt 4
‘always @(posedge wrsploctl_ or negedge rsttimer_)
if (~rsttimer._)
timer <= #FFDLY 1'b0;
else
timer <= #FFDLY cddat{4};

always @( ensoftcdat or sendb or lastb or timer)
if (ensoitcdat)-
splocti_{ <= #FFDLY {sendb, lastb, timer};

assign spioctir74 = {sploctl_I[2:1], lock, spioct!_I[O]};
pa— -

endmodkile 1f softregs
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Soft command timer.

module softtimer { clk40bS, clrlastb_, rstsoftemd_, timer, rsttimer__ );
parameter FFDLY = T; '
input  clk40b5, clrlastb_, retsoftcmd,_, timer; -
output  rsttimer_; 1/ reset timer bit
- /) .
~ Hnternal signals
reg {3:0] ent; 1/ softemd countar
reg [3:0] new_cnt; /- new count
reg rsttmtb_; I/ reset timer bit
N/
I counter loglc
always @( cnt or cldastb_ ortimer)
if (~clrlastb_ & timer)
new_cnt w 4°h1;
eise if ((cnt==4"h0))
new_cit = 4'h0; -
elso .
new_cnt = cnt +4°h{;
always @(posedge clk40bS or negedge rstsdftcmd_)
#f (~rstsoftemd_)
cnt <= #FFDLY 4'h0;
else
cnt <= #FFDLY new_cnt;
/s
. i reset timer bit )
always @(posedge clk4Ob5 or negedge rstsoficmd_) ] !
if (~retsofternd_)
rstimrb_ <= #FFDLY 1'b1;
olse

" rettmrb_ <= #FFDLY (cntl=d'hl);

assign rsttimer__ = rstsoftemd_ & rettmrb_;

f/2
"

endmodiile {/ softtimer
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Combinted sparb.v and spomux.v to alleviate time budgsting problems during
logic synthesls.

* * * papanse ity

~
Function:

Serial port arbiter. Prioritizes requests for SPIO usage and generates readspio
and sendhyte,

History:
00/00/00 JYL First rev.

vl

/

module sparbomux ( ackdet, brdbsy, brdread, brdreq, brdseid, cddat, chprstbsy,
chprstraq, clk40b1, elread, lodstate, ladreq, noack, romadr, rombsy,
romread, romreq, mmsend romwr, rstsplos_, sbwcbsy, sbweread, seebsy,
soaread, seereq, seesend, selromal, selroma0, softbsy, softread, softraq,
softsend, splobsy,_, spiowda! stpe, stpl stpwreq, brdack, chprstack,
ledack, readsplo romack, saeack, shitout, sendbyle. softack, sploackdet,
spnakabit, stpwack );

" parameter FFDLY = 1;

input ackdet, brdbsy, brdread, brdreq, brdsend, chprsthsy, chprstreq, clikdObt,
olread, ladstate, ledreq, noack, rombsy, romread, romreq, romsend, romwr,
tstsplos shwebsy, sbweread, seebsy, seeread, seareq, sessend, selromao,
selroma1, softbsy, softread, soltraq, softsend, spiobsy., stpe, stpl,

: stpwreq;
input {7:0] cddat, splowdat;
input {15:0] romadr;

output  brdack # issue BRDCTL command
outmt  chprstacic 1/ issue SPIORST command
output ledack; #l 1ssue LED command

output readspio; # raad from spio port

output romack; #/ issue ROM read/write command
output ceeack; /f lssue SEECTL. command

output  sendbyto; # shift a byte out

output. [7:0] shitout; // data to shift out

output  softack; 1/ issue SOFT command

output  spioackdet; // SPIO ACK detected, disable exceed timér
outpuit  spnakabrt; 1/ NOACK signal to abott logic
output  stpwack; /f issue STPW command

I

/ register declaration for outputs

reg sploackdet;
I '

{# intarnal signats

wire {7:0] hwedat; / herdware command data
reg {7:0] cmdcode; .# spla commend code

reg (7:0] extemd; // extended command data
wire soft; . /1 soft command

wire sendcmd; 1/ send spio command

wire req; #/ one of more ragquast lines active
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wie  portbusy; 1/ SPIO port is busy

/ pending command
wire rompend, brdpend, seepend, stpwpend, softpend, ledpend;

{I NOACK 1o abott PCl cycle, ACKDET to disable execaed timer
assign spnakabt = noack & { rombsy | seabsy | brdbsy );

always @(posedge cik40b1 or negedge rstsplos_)
if (~rsteplos_)
sploackdet <= #FFDLY 1D0;
else
sploackdat <a #FFDLY ackdet & { rombsy | seebsy | brdbsy);

I

assign portbusy = chprsibsy | sbwcebsy | rombsy | seebsy | brdbsy | softbsy;
assign req = ledreq | stpwreq | romreq | chprstreq | seereq | brdreq | softreq;
assign sendcmd = ~portbusy & req;

assign readspio = sbwcroad | eiread | romread { softread | seeread | brdread;
assign sendbyte = romsend | seesend | brdsend | softsend | sendemd;

1
i prioritizer

-assign rompend = ({chprstreq,romreq}==2'b01);
. assign brdpend « {{chprstreq,romreq,brdreq}==3'0001);

assign seepend = (fchprstreq,romreq,brdreq,seereql==4'b0001);

assign stpwpend = {{chprstreq,;romreq,brdreq,seereq,stpwreq)==5'b00001);

assign softpend = ({chprstreq,romreq,brdreq,sesreq,stpwreq,softreq)==6'b000001);
assign ledpend = adpmmmmqurgégq.seemq.&mq.somquequ}

assign chprstack = ~portbusy & chprstreq;
assign romack = ~portbusy & rompend;
assign brdack = ~portbusy & brdpend;
assign seeack = ~portbusy & seepend;
assign stpwack = ~portbusy & stpwpend;
assign softack = ~portbusy & softpend; -
assign ledack = ~portbusy & ledpend:

It
# output data mux

assign soft = soﬂad< | softbsy;
assign shitout = soft 7 splowdat hwecdat;
assign hwedat = portbusy ? extemd : cmdcode;

if—
/f generate spio command code

always @( ledpend or stpwpend or rompend or seepend or brdpend
or romwr or epiobsy_ or ledstate or stpe or stipl)

casex ({ ledpend stpwpend,rompend,seepend,brdpend, romwr,spiobsy. 1)
/f synopsys parallel_case

7‘b1)aooozx cmdcode «= {10 jedstate,5'b00001,1'60};
7'ox1x0000¢; cmdcode = {stpa.sipl,5b00010,1'00};
7bxx1i0¢0x: cmdcode = (2°D00,500011,1b1);
7'bochocix: cmdeoda = {2'b00,5D00100,100};

7’0 1xx0: cmdcode = {2'000,5000110,1D1);
7booctoct : emdcode = {2'600,5000110,100);
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7' 00001%0; cmdcode = {2500,5b00111,1D1);
7o ixi: cmdcode = {2'b00,5000111,1D0};
defauit: cmdcode = 8'hxx; .

‘endcase
'I‘I

I selact extend command data

- always @( selromat or salroma0 or romwr or romadr or cddat )
casex ({selroma1,selroma0}). /I synopsys parallel_case

2'b10: extemd = romadi[15:8];
2'b01: extemd = romadr{7:0};
2'b00,

2'b11: extemd = cddat;
detauit: extcmd = 8'hxx;

endcase

I _
endmodule
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Clock tree

. " )i

module spclkgen ( clk40, ididrdy, romdecs2_, rstbrdctl_, rstis_, rstseect!_,
softbsy, softcmdan, sspiocps, clk40b0, ¢clk40b1, clk40b2, c|k40b3

clk40b4 clkd0bS, clld0b6, clk40b? ); .
Input clk40; 11 40 MHz into SPIO block
input Ididrdy; { finished loading replacement ID
Input romdecs2_; i rom/eeprom command active
input rstbrdetl_; H reset brdctl Jogic
input retis_; I extemal reset
input rateeact]_; 1 reset seect! logic
Input = softbsy; i soft command In progress, enabile fifo
Input softcmden; 1 soft command enebled
input ssplocps; /1 slave SPIO controller present
output  clk40bO; I butfered clk40: rsti_, softcmdens
output  clk40b1; 11 gated by SSPIOCPS: sprstctl, arbomux, sbwectl
output  clk40b2; {1 gated by rstbrdctl & rstseect!: brdatl, seect|
output  clk40b3; /1 gated by Ididrdy: ddatestat
output  clk40b4; 1 gated by romact: romctl
output  clk40b5; I gated by softcmden: softentrl
output  clk40b6; 1/ gated by softbsy: spfifo
output  clk40b7; i gated by ididrdy & ssplocps spantri
supply1 vdd;

but0101 drv_ini0 ( .Q(rstis1_), .A(rstis_) )

but0101 drv_ini1 (.Qyrstis2_), .A(rstis1]) );
buf0101 div_ini2 ( .Q(rstis3 ), .A{rstis2_) );
bul0102 div_ink (.Qnit_cllks), .A(rstis3_) );

{1
(]

1 clk40b0

buf0102 drv_b0 (.Q{clk40b0), .A(cik40) );

lI

II clkd0b1

inv01
bts9

~

drv_e1 ( .NQ(ssplocps_), Afssplocps) ); .
drv_b1 ( .O(clk40b1), A(ciik40), .NE(sspiocps_) ); :
bushold drv_h1 ( .DUMMY (dummy1), .Z(clkd0b1) );

btst  drv_i1 (.Q(clk4Ob1), Afvdd), .NECinit_clks) ):

1 cla0b2

nor02  drv_e2 ( .NQ(enseebrd_), A(rstbrdct_), B(retseectl) );
bted  drv_b2 ( .Q(clk40b2), Alckd40), .NE(ensecbrd_) );

bushold drv_h2 { . DUMMY (dummy?2), .Z(clk40b2) );

btsi drv_i2 ( .Q(clk40b2), A(vdd), .NE(init_clks) );
1/

_ i clk40b3
btsg drv_b3 ( .Q(clk40b3), .A(clk40), .NE(idfdrdy) ):

bushold drv_h3 ( .DUMMY (dummy3), .Z(clk40b3) );



N
[/

134

e

.

s 3

33
S e LR
R s SRR 3

H clka0b4

bts3  drv_b4 (.Q(clk40b4), A(clk40), .NE(romdacs2_) );
bushold drv_h4 ( .DUMMY(dummy4), .Z(clk40b4) ); «
bts1 div_i4 (.Q{clk40b4), Alvdd), .NE(intt_clks) );

1 clk40bS

ndcOr dtf_e1 ( .Q(softemdens1), .D(softcmdan), .C(clk40b0), NR(rstis_) );

ndcOr  dff _e2 ( .NQ(softcmdens2_), .D{softcmdens1), .C(clk40b0), .NR(rstis_) );
bts9 drv_b5 ( .Q(cli40b5), .A(clkd0), .NE(softcmdens2_) );

bushold drv_h5 ( .DUMMY(dummy5), .Z(clk40bS) )

bis1 div_i5 (.Q(clk40b5), A(vdd), .NE(nit_clks) ); -

-
# clk40b6

inv01  drv_e6 ( .NQ(softbsy_), Asoftbsy) );

bts9  div_b6 (.Q(clk40b6), .A(clk40), .NE(softbsy_) );
bushold drv_h6 { .DUMMY (dummys), .Z(clk40b6) );

bts1  drv_I6 (.Qclk40b6), Afvdd), .NE(nit_clks) ); -

i
#l clk40b7

- and02  drv_e7 ( .Q(enshit_), .A(ididrdy), .B(ssplocps_) )
bts9 drv_b7 (.Q(clk40b7), Alclk40), .NE(enshit } ); -
bushold drv_h7 ( .DUMMY(dummy7), .Z{clk40b7})); -

"endmodula
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Function:

Qeneral purpose counter to support the SPIO shifter. When cntron {g inactive,
the count Is synchronously reset. When contron is ective, the counter
increments evety clock.

* /

module spent ( ¢lk40b7, cntron, rstspios_, cnt0, cnt8, cnts, 6ma )

" parameter FFOLY = 1; # clock-to-q dalay
input clk40b7; 1 input clock
Input cntron; _ # counter on
input rstspios_; Il power on reset

. output cmo0; 1] count value == 4'h0
output cms; / count value == 4'h8
output  ¢cnt9; Il count value == 4'h9
output  cnta; /f count value == 4'hA

-/ Intemal signals
reg [3:0] cnt; #f counter value
b/
1/ decoded counter vaiues
assign cnt0 = (Chite=4'h0);
assign cnt8 = (cnt==4'h8);
assign ont9 = (cnt==4'h3);
assign cnta = (Chte=4'ha);
" _
elways @(posedge clkd0b7 or negédge rstsplos_) begin
it (~rstsplos_) :
ont <= #FFDLY 4°'h0;
else

cnt <= #FFOLY cntron ? cnt + 4'h1 : 4'h0;
end I counter

/. i '

endmodule
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F'unctlon:l
SPIO controller. This module performs two operations:

1) serialize a byte and shiftoutand
2) raceive serial data from the SPIO port.

(1) Is performed when "sandbyte” bacomes active. .
(2) is performed when “readsplo” becomes active. I

“f

module spentrl ( berren, chpretbsy, clkd40b7, cirparerr_, enelto, ledtst,
ledtsisig, mparcken, sendbyte, readsplo, spiol, spioparerr, rstis_,
rstspios_, shitout, ackdet, elto, bytesant, noack, sivalid, spico,
splodrv_, parerrdet, shitin );

input clk40b7, berren, dlrparerr_. enheito, mparcken, sendbyte, readspio, .
laditst, ledtstsig, chprsthsy, splol, rstis_, rstsplos_;
input [7:0] shitout;

output  ackdet, bytesent, elto, noack, sivalid, spioo, spiodrv_, sploparerr,

) parerrdet; '
output ' [7:0] shitin;
Il internal signals :
wire cntron; / counter on
wire ont0, cnt8, ent9, enta; Il counter values
'l;l
#l counter

spent spent (.clkd0b7(clk40b7), .ontron(cntron), .retsplos_(rstsplos_),
cnt0(cn0), .crt8(cnts), .ontd(ontd), .cntafenta) );

spshit spshit ( .ackwin{ackwin), berren(berren), bytesent(bytesent),
<hprstbsy(chprstbsy), .clk40b7(cik40b7), .cntd(cnt9),
<lrparer_(ckparerr_), ledtst(ledtst), Jedtstsig(ledtstsig),
.mparcken{mparcken), .retis_(rstis_), .setsivai(setsival),
readsplo(readsplo), .sendbyte(sendbyte), .shitout{shitout),
.spioi(spiol), .sivalid(sivalld), .strtwin{strtwin), .ackdet(ackdet),
Jarerrdet(paremdef), .shitin(shitin), .spico(spioo), :
sploparerr{spioparerr), .stridet(stridet) );

spctl spetl { .chpretbsy(chpretbsy), .clk40b7(clkd0b7), ledtst(ledtst),
Tstis_(rstis_), .rstsplos_(rstsplos_), .seteito(seteito),
setnoack(setnoack), .setsival(setsival), .sploen{sploen),
" .elto(elto), .noack({noack), .sivalid(sivalid), .splodrv_(splodrv_) );

spctism spclism ( .ackdet{ackdet), .clk40b7(clk40b7), .cnt0(cm0),
cnt8(crit8), .cnt9 (cnts), .cnta(crita), .eltofeito), .eneito{ensito),
.noack(noack), .retepios_(rstspios_), .readspio(readsplo),
stridet(stridet), .sendbyte(sendbyte), .ackwin(ackwin),
bytesent(bytesent), .setelto(seteito), .setnoack(setnoack),
.selsivai(setsival), .cntronfcntron), .strtwin(strtwin), .sploen(spioen)

endmodule
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Function:

Ragisters output signals from state machina.

« wk jrig ‘//

" module spctl { chprstbsy, cik40b7, ledtst, rstis_, rstepios_, sateito, setnoack,
setsival, spioen, elto, noack, sivalid, spiodrv_);

parameter FFDLY = 1;
input chprstbsy, clkd0b7, ledtst, wtis_, rstsplos_, seteito, setnoack,
setsival, spioen;
output  elto; W ESTATADDAT time-out
“output  noack; #/INOACK
output  shvalid; # shift-in data valid
output  splodrv_; {/ SPIO output enable
il
# internal signals

reg splodiv_, sivalld, eite, noack;

i
/ output FFs

always @{posedge clk40b7 or nagedge rstspics_)
if (~rstspios_) begin :
noack <= #FFDLY 1'00;
eito <= #FFDLY 110,
. sivalid <= #FFDLY 1D0;
end

olse begin

noack <= #FFDLY setnoack;
‘olto <= #FFDLY setelto;
sivalid <= #FFDLY setsival;

erd

always @{posedge ¢lk40b7 or negedge rstis_)
ff (~rstis_)
splodrv_ <= #FFDLY 1'b1; _ '
else :
splodrv_ <= #FFDLY ~(spioen | ledtst | chpistbsy);

/)

endmodutle Il spetl
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Function:

Serial Port Control State Machine.

This module keeps treck of the "sendbyte” and "readspio” commands. it uses
an extemnal counter for timing.

] U . 'f

module spatism ( ackdet, clk40b7, cni0, cnts, cntd, cnta, eito, enaito,
noack, rstspios_, readspio, stridet, sendbyle, ackwin, bytesant,
setnoack, setsival, satefto, cntron, strtwin, sploen );

parameter FFDLY = 1;

parameter {2:0]  {/ synopsys enum state_lnfo
IDLE=3b000, /idie
SEND =3b001, //send abyto
STOP = 3'h010,  //stop bit
WACK = 3'b011, //waltfor ACK
EACK = 3'b100,  // walit for ACK termination
STRT=3b101,  // walt for start bit
RDAT = 3'0110,  //reading a byte of data
CHKR =3D111;  # check whether to read again

‘input © ackdet, clk40b7, crt0, ont8, cntd, cnta, eito, eneito, noack,
rstsplos_, readspio, sendbyte, stridet;

output  ackwin; /1 ACK datection window
output bytesent; / finished shifting a byte
output = cntron; Ml tum counter on

“output  cetelto; "~ {f sot kddat/estat time-out -
output  setsival; . / early sivalid
output  setnoack; 1 generate NOACK signal
output  sploen; / anable serial port output
output  striwin; /1 window for start-bit detection
y/:
/ intemal signals

' // synopsys state_vactor state
reg [2:0] / synopsys enum state_info
state; ./ state vector
reg {2:01 // synopsys enum state_info
" next;  //nextstate

reg ~ sploen; // enable SPIO output

reg setnoack; /1 sat NOACK condition

reg cetelto; /1 set ESTAT/IDDAT time-out
reg sotsival;

/ registered outputs

rog ackwin, stritwin, cntron, bytesent;

/)
{/ combinational loglc

always @( ackdat or state or senchbyta or readspio or cma or cnt0

or noack or alto or enelto or strtdet or cma or cnt9 )
begin
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ackwin = 1'b0;
stitwin « 1'60;
cntron = 1'00;
sploen = 1'h0;
bytesent « 1'b0;
setnoack « 1b0;
seteilo « 1'b0;
setsival = 1'b0;

case {(slate)
IDLE: begin
| § (noackl eito) bagin
next = IDLE;
end .
olse begin
case ({sendbyte, readspio})
2'010: next « SEND;
2'D01: next = WACK:
200

2'b11: naxt = IDLE;

defauit: next = 3o

endcasa

cntron = sehdbyte | readspio;
sploan = sendbyte;

end
ond

SEND: begin ' ,
hext= cnta ? STOP : SEND;
sploon= 1'b1;
ontron = ~cnta; .
bytesent « cnta;

end '

STOPR: begin

case ({sendbyta, readsplo})
2910: ' next = SEND;
2D01:  next = WACK;
2100,
2b11:  next = IDLE;
default: next = 3'bxo;
endcase

entron = sandbyte;
sploan = sorxibytoe;
and

WACK: bagin
ackwin= 1h{;
it (ackdet) bagin

next = EACK:
ond

next = IDLE;
satnoack « ~onoito;
sotelto = analto:

olso if (onaito & cnt0 } ~eneito & éma) begin

1/ synopsys parallel_case

-ff synopsys parallel_case

3

/I time-out
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ond

elsa begin .

next = WACK;
catron = 1'b1;

end
end

EACK: bagin
R ackwin = 1Db1;
if (readspio) begin’
o next = ackdet ? EACK : STRT;
e

alse begin
noxt = ackdet 2 EACK : IDLE;
ond-
ond

STRT: begin
noxt = strtdet 2 RDAT : STRT;
sttwin = 1'b1;
cntron = stridat;

end

RDAT: begin
next = cntd ? CHKR : RDAT;
cntron = ~cnt9;
setsival = crt8;
end
CHKR: bagin . '
next = readspio ? STRT : IDLE;
end -
default: next = 3'bxac;
endcase
end

It

/l state and output FFe

always @(posedge clk40b7 or nagedge rstepios_)
it (~rsteplos ) .
state <= #FFDLY IDLE;
elso
stato <= #FFDLY noxt;

I

endmodule Il spctism

9
s
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File:  spfifov
Funetion:
Soft Command read fifo.

=

module spfito ( clk40b5, clk40b6, loadent, ensoftcdat, rdspiodat_, readent,
rettifo_, rstsoftcmd_, shitin, wrfifo, cnt0, crt1, sploctir10, spiordat

)

input clk40b5, clik40bB, loadent, ensoftcdat, rdspiodat_, rstfifo_,
retsoftemd_, wriifo;

input [1:0] readcnt;

Input [7:0] shitin;

output oMo, cntt;
output  [1:0] spioctirt0;
output  [7:0] spiordat;

y//
/1 bus declaration

wire [1:0] rdptr, sploctir10;

I
# control

spiifocti spiifoct! ( .clk40bS(cik40bS5), Joadent(loadent), .readent(readent),
.ensoftcdat{ensoftcdat), .rdsplodat_(rdspiodat_), .rstiifo_(rstfifo_),
.retsoftemd_(rstsoftcmd_ ), .wififo(wriifo), .cntO{cnt0), .cnti(ent1),
.rdptr{rdptr), .sploctir10(sploctir10), .wilifoO(wriifo0),
Jwifito1({wrfitoT), wrfifo2({wrlifo2) );

I
11 registers

spiiforegs spfiforegs.( .cl40b6(cl40b6), .dptr(rdptr), .rstiifo_(rstfifo_),
shitin{shftin), .wrfitoO(wrfifo0), .wrlifo1({wriifo1),
wiiifo2(wififo2), .splordat(spiordat) ); .

-~

~ endmodule
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Function:

Soft Command fifo control logic.

: *f

module spfifoct] ( cllk40b5, loadent, readent, ensoftcdat, rdspiodat_, rstfifo_,
rstsoftemd_, wiflfo, crt0, enti, rdptr, sploctir10, wriifo0, wrilfot,
wilifo2 );

parameter FFDLY = 1;

input  clk40bS5, loadent, ensoftcdat, rdsplodat_, rstfifo_, rstsoftcmd_, wrfifo;
. Input [1:0] readcnt;

output  cnt0; /1 no more byte to read
output omt; {f ona more byte to read
output  [1:0] rdptr; I fifo read pointer
output  [1:0] spioctirO; - M sploctl read bits 1.0
output  wififo0; M write tirst byte

output  wrfifo1; /1 write second byte
output  wrlifo2; {1 write third byte

I

/f register declaration for outputs

reg [1:0} rdptf epiocﬂﬂo

wire  [1:0] readont

i

# Internal signais

reg {1:0] new_cnt; 4/ new read couitt

reg [1:0] new_wrptr; # new write pointer

reg 1:0] rent; I/ read decrement counter
reg {1:0] wiptr; : li write poirnter

I :

/ read oounter

" decrememing logic
always @( rcnt or wriifo or readcnt or loadent ) begln
it (loadcnt)
new_cnt = readent;
elsa if (wmfo)
new_cnt = rent - 2'b01
else
new_cht = rCﬂt: -
end

/f count registers
always @(posadge clk40b5 or negadge rstsoftomd_)
if (~retsoftemd_) :
rent <= #FFDLY 2’b00
else
rent <= #FFDLY new_cnt;

# fatch for CiO data bus
aiways @(ensoftcdat or rcnt)
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if (ensoftedat)
sploctiriQ <= #FFDLY rent;

assign cnti = (rent==2'b01);
assign cnt0 = (rent==2"b00);

ll

II write pointer

{# incrementing logic
always @{ wiptr or badcent or wrfifo )
if (loadent)
new_wiptr = 2'500;
olsa if (witifo)
nNeW_WIptr = wiptr + 2'b01
olse

NeW_WIptr = wiptr;
) pointer ragisters

- always @(posadge clik40b5 or negedge retsoftemd_)

it (~rstsoftemd )
wiptr <= #FFDLY 2'000
else
wrptr <= #FFDLY new_wiptr;

// decoded write enables

assign wrfifo2 = wififo & (wiptr==2'110);
assign wrfifo1 = wififo & (Wiptra=2101);
assign wrfifo0 = wififo & (Wiptr==2'100);

I/
# read polmer

always @(posedge rdsplodat or negedge tstﬂlo_)
i (~rsttifo_)
rdptr <= #FFDLY 2'b00

rdptr <= #FFDLY rdpir + 27001

olse

i

endmodule 1 spitfoctl
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Function:

Sott Command Read FIFQ.

History:

04/22/94 JYL First rev.

|

£

module spfiforegs (clk40b6, rdptr, rstfifo_, shitin, wrfifo0, wififo1, wrfifo2,

spiordat );
perameter FFDLY = 1; _
Input clkd0b6, rstfifo_, wrfifo0, wriifo1, wriifo2;
input  [1:0] rdptr;
inpt [7:0] shitin;

“output - [7:0] splordat;

1
/f register declaration for outputs

reg [7:0) spiordat;

I
1/ internal registers

reg  [7:0] fifo0, fifo1, fifo2;

II- '
i fifo registers

always @(posedge ¢lkd0b6 or negedge retfifo_)
if (~rstfifo_) begin
fifo2 <= #FFDLY 8'h00;
filo1 <= #FFDLY 8'h00;
d fifo0 <= #FFDLY 8'h00;
o

else begin
fifo2 <= #FFDLY wrfifo2 ? ehitin : fifo2;
fito1 <= #FFDLY wrfifo1 ? shitin : fifo1;
fifo0 <= #FFOLY wififo0 ? shitin : fifo0;

end

1
I output mux

always @( rdptr or {ifo0 or fifo1 or fifo2 ).
case (rdptr) i/ synopeys parallel_case

2'D00: splordat = fifo0;
2'b01: splordat = fifo1;
2010: splordat = fito2;
2'b11: spiordat = 8'h00;

default: splordat = 8°hxx;

endcase '

i’

endmodule /! spfiforegs
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! .

Function:

Top-fevel of SPIO biock.

4

module splo ( berren, chprsth, cliparerr_, crbusy, cikd0, cdadr_, cddat,

cdwen_, csadr_, csren_, ltstsigl, mparcken, pac2spio, por,
rstib_, sled_, splol, romdec_, romadr, romwr, stpwenb, stpwivib,
esdat eapromen, ddat, ididrdy, noack, romrden, seems,
spromrdy, splodrv_, spico, spnakabit, sploackdet, spromolk_,
spbrden, spsaean, spioparerr, spiobsy_, ssplocps, seebrdrdy.

. stretchsaq);
input berren; 1/ generate even parity
Input chprstb; # chprst - HCNTRL {87h), bit 0
input clrpararr_; /I clear parity error
input crbusy; 1 C1O bus is being read
input clk40; 1 40 MHz clock (clidn)
input [7:0] cdadr_; /1 ClO destination address
input {7:0] cddat; # CIO destinationdata .
input cdwen_; /1 CIO destination write enable
input {7:0] ceadr_; #1 CIO source address
Input csren_; /1 ClO source read enable
Input [70]kstsigh; = #led test mode signals .
inplt  mparcken; " {f enable parity chacking
Input pac2spio; /] pauseack to SPIO
Inpit  por; ' 11 power on resat
{nput rstib_; fl external reset
input sled_: . # scsi led level
Input splof; # Input from SPIO pin
Input romdec_; // ROM request from phoa
Input [15:0] romadr; #/ ROM address
Input FOIMWI; . 1/ ROM write command
Input stpwenb; U SXFRCTL1 bt O
input stpwivib; ~ J/{DEVCONFIG bit 1
output  eepromen, ididrdy; noack, romrden, spromrdy, spiodtv_,
ssplocps, seems, spioo, spriakabirt, spromelk_, sploparerr,
. ‘sphrden, spsaeen, splobsy_, etretchseaq, sploackdet, §eebrdrdy;
I
wire elto, sivaliid, efread, enseito, sendbyte, readsplo, spioi,
ackdet, bytesent;
wire [15:0] romadr;
wira [7:0] hetsigl, splordat, spiowdat, shitin, shftout
wire [3:0] sploctir74;
wire [2:0] seectl, brdetl, brddat;
wire  [1:0] sploctir0, soft;

1-

_ Il Instantiate sub-modules

spclkgen spclkgen ( :clk40(cu(40). .ldldfdy(ldldrdy). Jromdecs2_(romdecs2_),

rstbrdetl_(retbrdctl ), .rstis_(rstis_), .rstseocti_(rstseactl ),
.softbsy(softbsy), .softcmdan(softcmden), .ssplocps(ssplocps),
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ck40bO(CIKAORO), lkd0b1(clidObT), clk40b2(cikd0b2),
.clk40b3(clied0b3), .clka0b4(clk40b4), .clkd0bS(clidObS),
clk40b6(clicd 0b6), .clid0b7 (clk40bT) );

sprstett sprstatl ( .chprstack(chprstack), .chprstb{chprstb), .clk40b0{clk40h0),
clkd0b1(clik40b1),
Tstib_(rstib_), .softabriok(softabriok), .ssplocps(ssplocps),
chprstbsy(chpretbsy), .chprstraq(chprstreq), swrstrdy(swrstrdy).
" .rstis_(rstis_), .rstspios_(rstspios_) );

softentri soﬂcmﬂ ( .ackdet{ackdet), .bytesent(bytesent), .cddat(cddat),
.clk40b5(clke4 0b5), .clkd0b6(clk40bE), .ensoftcdat{ensoftedat),
Atstsigi(itstsigi), .noack{noack), .rdspiodat_(rdsplodat_),
rstsplos_(rstsplos_), .shitin(shttin), .sivalid{sivalid),
softack(softack), soltcmdan(softcmden), .wrsploctl_(wrsploctl ),
wreplodat_(wrsplodat_ ), Jedtst{ladtst), Jedistsig(ledtstsig),
softabrtok(softabrtok), .softbsy(sottbsy), .softreaci(softread),
.softreq{softreq), .softsend(softsend), .sploctiriO(sploctiri0),
sploctlr?«spioctlrﬂ). .splordat(splorda!). spiowdat(splowdat) );

brdentrl brdntri ( .ackdet(ackdet), .brdctien(brdctien), .brdack(brdack),
bytesentbytesent), .cddat(cddat), .clik40b2(ck40b2), .noack(noack),
Jdbrdetl_(rdbrdeti ), .reteplos_{rstspios_), .shitin(shitin), _
sivalid(sivalid), .wrbrdctl_(wrbrdetl_), .brdbsy(brdbsy),
brdetifrdeti), .brdctirdybrdetirdy), brddat(orddat),
brdread(brdread), .brdreq(brdraq), brdsand(brdsend).
Jstbrdetl_{rstbrdct! ) );

seecntri seecntrl ( .ackdet(ackdet), bytesent(bytesent), .clkdOb2(cli40b2),
.noack{noack), .rdseectl_(rdseect!.), .rstspios_(rstspios_),
.seeack(sasack), .seoctien(seactien), .shitinO(shitin(0]),
sivalid(sivalid), wrseectl_(wreeectl ), .cddat(cddat),
Jstsoactl_(rstseectl_), .seacti(saactl), .seectirdy(seactirdy),
seadi(seadi), .seams{seoms), .saardy({seerdy), .seeread(seeread),
soereq({sesraq), .saebsy(seebsy), .ceasend({sassend) );

sbwect! sbwoctl ( .ackdet{ackdet), .bytesent(bytesent), .clk40b1(clkd40b1),
Jedack(ledack), .noack{noack), .retsplos_{rstspios_), .sled_(sled_),
ssplocps(ssplocps), .stpwack(stpwack), .stpwenb(stpwenb),
stpwivib{stpwivb), .ledreg(ledreq), .ledstate(ledstate),
sbwehsy(sbwcbsy), .sbwcread({sbwcread), .stpe(stpe), .stpl(stpl)
stpwreq(stpwreq) );

sprw sprw ( brdetlen{brdctien), .brdctirdy(brdctirdy), .csadr_(csadr_),
.csren_(csran_ ), .cdadr_{cdadr_), .cdwen_{cdwari ), .clik40b0(clk40b0),
crhusy(ctbusy), .pac2spio(pac2spio), .por{por), .seactian{seactien),
seeclirdy(seectirdy), .softcmden({softemden), .rd1b{rd1b),
-ensoftcdat(ensoftcdat), .rd1d(rd1d), .rd1e({rd1e), .rdbrdctl_(rdbrdctl_),
rdseactl_(rdseactl ), .rdsplodat_{rdspiodat_), .spiobsy_(spiobsy ),
secbrdrdy(seebrdrdy), .stretchseq(siretchseq), wrbrdetl_(wrbrdetl ),
Jwrsplocap_(wrsplocap_), wreeectl_(wrseactl ), .wrsploctl_(wrspioctl ),
wrspbdu.(wrspbdat_) )

sprdmux sprdmux ( q:loctlrw(spioctlr'IO). sploctir74(sploctir74), -
spicbsy_(splobsy_), .spromelk_(spromelk_), .rd1b(rd1b),
rdid(rdid), .rd1e{rd1e), .brdctibrdetl), .brddat(prddat),
.seactl(seect]), .seedi(seedi), .seems{ssems), .seerdy(seerdy),
shitin{shitin), .splordat(splordat), .soft(soft), .rombsy(rombsy),
softcmden(softcmden), .brdctien{brdction), .seactien{seactian),
eepromen{aepromen), .romrden{romrden), .sspiocps(ssplocps),
.csdat(csdat) );

spromctt spromet (.ackdet(ackdet). .bytesem(bylesem). .oack(noack),
Ssivalid(sivalid), .clik40b1(cli«40b1)}, .clk40b4{clk40b4),
_ romack({romack}, .romwr(romwr), .por(por), .romdec_(romdec_),
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.rombsy(mn;sy). JromdacsZ_(romdecs2_), .spromr.t.iy(-spromrdy).
.romread(romread), .romreq(romraq), .romsand(romsend),
solroma0(seiroma0), .selromai(selromat), .spromelk_(spromclic_) );

" . iddatestat iddatestat ( .cddatS(cddat[5]), .clk40b3(clk40b3), .eito(sito),

.parerrdat(parerrdet), .retis_(rstis_), .shitin(shftin), .
sivalid(sivalid), .swrstrdy(swrstrdy), wrsplocap_(wrsplocap_).
Jbrdetlen(brdctisn), .eepromen(eepromen), .elread(eiread),
.eneito{eneito), .iddat(iddat), .ididrdy(ididrdy), .romrden({romrden},
.seectien{seactien}, .soft(soft), .softcmden(sottcmden),
.spbrden(spbrden), .spseeen(spseean_). .ssplocps(ssplocps) );

spentrd spentrl ( betren(berren), .chprstbsy(chprstbsy), .cikd0b7(clk40b7),
.cliparemr_(clrparerr_), .enelto(anaito), .ledtst(ledtst),
Jedtsisig(ledtstsig), .mparcken(mparcken),
Sendbyte(sendbyte), .readsplo(readspio), .sploi(sploi),
sploparerr(spioparerr), .rstis_(rstis_), .rstspios_(rstsplos ),
shftout{shftout), .ackdet({ackdet), .eito(eito), ‘bytesent{bytesent),
.noack({noack), .sivalid(sivalid), .spioo{spioo), .splodrv_(spiodiv_),
parerrdet(parerrdet), .shftin(shitin) );

sparbomux sparbomux ( .ackdet{ackdat), .brdbsy(brdbsy), .brdread(brdread),
brdreq(brdreq), brdsend(brdsend), .cddat{cddat),
chprstbsy(chprstbsy), .chprstreq(chprstreq), .clk40b1(clkd0b1),
.elread(eiread), .ledstate(ledstate), Jledreqg(ledreq), .noack(noack),
somadr({romadr), .rombsy(rombsy), .romread(romread), .romreq(romreq),
Jomsend(romsend), .romwr(romwr), .rstsplos_(rstspios.), :
.sbwcbsy(sbwcbsy), .sbweread(sbwcread), .ceebsy(secbsy),
.seeread(searcad), .seereq(seeraq), .secsend(seesend),
selroma1(seiromat), .selromad(selroma0), .softbsy(softbsy),
softread(soitread), .softreq(softreq), .softsend(softsend),
splobsy_(splobsy_), .splowdat(splowdat), .stpe(stpe), .stpi(stpl),
stpwreq(stpwreq), .brdack(brdack), .chprstack(chprstack),
Jedack(ledack), .readspio{readsplo), .romack(romack), .seeack(seeack),
shitout(shitout), .sendbyte(sendbyte), .softack(softaclq,
sploackdet(sploackdet), .spnakebrt(spnakabrt), .stpwack(stpwack) );

endmodule
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Jreese et * rennten

Function:

Serial port read mux to csdat.

e ettt atesaas ] .

module sprdmux (sploctlno sploctir74, spiobsy_, spromelk_, rd1b d1id, rd1e,
brdeil, brddat, seectl, seadi, seems, seerdy, shitin, spiordat, soft,
rombsy. softcmden, hrdctlen. seectlon, eepromen, romrden, sspiocps,
csdat);

input  spiobsy_, spromelk_;

Input rd1b, rd1d, rdie;

Input [7:0] splordat, shitin;

Input  [2:0] seect!, brdctl, brddat;

input segoms, seadi, seardy;

input [1:0] soft, spioctirtO;

input - [3:0] sploctir74;

input rombsy, soficmden, brdctien, seectlen, eepromen, romrden, ssplocps;

output  [7:0] csdat; # read data to ClO bus

II internat signais

- reg {7:0] cloregs;
wire {70} spioctl, sprdbus, shftln. splocap, seactlo, brdctlo.
wire drvcedat _;

I
1/ csdat output enable

assign drvesdat_ = spiobsy_ & spromelk_;
assign sprdbus = rombsy ? shitin : cloregs;
assign #1 csdat = drvesdat_ ? 8'hzz : sprdbus;

/)

assign seectlo = {2'b00, seoms, saerdy, seecti[2:0], seedi);
assign brdctlo = {brddat, brdctl, 2'b00};
assign splocap = {soft,softcmden brdctien, seecllen eepromen romrden,ssplocps};
assign spioct! = {sploctli74, 2'b00, spioctiriO); *
always @( rd1b ot rd1d or rd1e or softcmden or brdctio or spiocap ot seeouo
or splocti ot spiordat )

casex {{rd1b, rd1d, rd1e, softcmden}) . /I synopsys parallel_case
4D 1xxx: cioregs = splocap;
4'bx1x0: cloregs = brdctlo;
4'bx1x1: cloregs = spiordat;
4’bxx10: cloregs = seactio;
4wl 1: cioregs = sploctl;
defauit: cioregs = 8'hxx;

andcase
y/L

endmodule
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H
Function:

Serlal port rom controllor.

ek R VET A AR AR RTR ERER AR RCC ARG ORNC RGN ER A AR A d k! % L '-'I

module spromeil ( ackdet, bytesent, noack, sivalid, clk4Ob1, cll40b4, romack,
romwr, por, romdac_, rombsy, romdacs2_, romread, romreq, romsend,

selroma0, selroma, spromrdy, spromelk_);

parameter FFOLY = 1;

lnpui ackdet, bytesent, noack, sivalid, clkd0b1, clkdOb4d, romack, romwr, por, romdec_;

output  rombsy; ' /f ROM command In progress
output romdeeea /7 rom command decoded

output  romsend; /1 send a ROM command byte
output salmmao .
output aelmma1:

outptt  spromolic_; / clock data in romdo
output  romread;

output  rontreq; /f ROM request to arbiter
output  spromedy; - I/ ROM command finished .
/!

I variable daclaration

reg rombsy, mmsend;

reg romdecs1; - #f synced romdec._
rag romdecs2; :

reg romread, spromedy, romreq;

wire setread, setrdy, sethsy, setsend;

It
/ generate request

always @(posedge dk40b1 or posadge por)
"~ K {por) begin

romdacs1 <= #FFDLY 1°00;
romdecs2 <= #FFDLY 1'00;
romreq <= #FFDLY 110; '

and ' '

elga bagin -
romdecs1 <= #FFDLY ~romdec_;
romdecs2 <= #FFDLY romdecs1
rommq <= #FFDLY romreq ? ~romack : romdecs1 & ~romdecs2;

ond
4
#/ combinational outputs

assign spromelk_ = ~{ rombsy & swatld ).
assign romdecs? _ = ~romdecs?2

1"
# registered outputs

always @(posedge clia0b4 or posadge por)
# (pot) begin .
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rombsy <= #FFOLY 1'00;
romsend <= #FFDLY 11b0;
- rompead <= #FFDLY 10;
spromrdy <= #FFDLY 1'b0;
end
else begin
rombsy <= #FFDLY setbsy;
romsend <= #FFDLY setsend; .
romread <= #FFDLY sotroad;
spromrdy <= #FFOLY setrdy;
end

I
/ Instantiate state machine

spromsm spromsm { .ackdet{ackdet), .bytasant(bytesent), .noack(noack),
: sivaiid(sivalid), .clk40b4{clk40b4), .romack(romack), .romwr(romwr),

Jpor{por), .setread(setread), .sethsy(setbsy), .setrdy(setrdy),
setsend(setsend), .selroma0(selromag0), .selromat(selromal));

It

endmodule
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r
Function:

Serial port rom control staté-machine.

/

module spromsm ( ackdet, bytesent, noack, sivalid, ¢li40b4, romack, romwr, por,
selread, sotbsy, setrdy, setsend, selroma0, selromat );

parameter FFDLY = 1;
parameter [2:0] I synopsys enum state_info
1D = 3000, i die
CC = 31001, {f command code
AO = 3'b010, /f address low
© A1=3b011, I/ address high
D0 = 35100, { data 0
D1=3b101, I data 1
D2 =3Db110, i data 2
D3 =3b111; // data 3

input  ackdet, bytesent, noack, sivalid, clkd40b4, romack, romwr, por;

output  setread; 1 read SPIO port
output setbsy; // rombusy true next clock
output  setrdy; #f set romedy next clock
oulput  sefsend; J/ send byte next clock
output  selroma0; 1 select addross low
output selromat; {1 salect address high
/2
{f dedclare registers

#l synopsys state_vector state

reg {2:0] # synopsys enum stata_into
stata;  // current state

rag 20 If synopsys enum state_info
next; Il naxt state

reg setroad, satbsy, setrdy, satsend, selroma0, selromat;

1

i
{ cotrbinational loglc

always @( state or romack or romwr or bytesent or ackdet or sivalid or noack )
begin

sotread = 1'b0;
sothsy = 1'b1;
-sotrdy = 1'D0;
satsond = 1'b0;
selroma0 = 1'b0;
sefromat = 1b0;

case (state) . - ~ // synopsys parallel_case
ID: begin '

noxt = romack ? CC : ID;
sethsy = romack;
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end

CC: begin
naxt = bytesent ? A0 : CC;
sotsand = bytesent;

end :

AOQ: begin
noxt = bytesent ? A1 ; AO;
selromal = 1'b1;
setsend = bytesent;

end '

Al: begin
next = bytesent 7 DO : AY;
selromal = 1'b1;
setsond = romwr & bytesent;
setread = ~romwr & bytesent;
end

DO: begin
if {romwr) begin
" next = bytesent ? D1 : DO;
setread = bytesent;
end :
else begin
if (noack) begin
next=I10;
setbsy = 1'b0;
end
else bagin
next = sivalid ? D1 : DO;
setread = 1'b1;
end
end :
ond

D1: begin
if (romwr) bagin
if (noack) begin
next=1D; -
- gotbsy = 1'b0;
end
else begin
next = ackdet ? D2 : D1;
end
ond else begin
next = sivalid ? D2 : D1;
sotroad = 1'b1;
end
ond

D2: begin
i (romwr) begin
next = ackdet ? D2 : ID;
satbsy = ackdet;
sotrdy = ~ackdet;
end
elsa begin
next = sivalid ? D3 : D2;
sotread = 1'b1;
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next = sivalid 2 1D : D3;
satbsy = 1b1;
setrdy = sivalid;
setread = ~sivalid;

end

default: next = 3, -
endcase

end 1/l always

it

/I state vector

always @(posedge cli40b4 or posadge por)
# (por)
state <= #FFDLY ID;
else _
state <= #FFDLY next;

1.

Y

endmodule
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Flie: sprstetl.y
Function:

'Serial port reset control.

L] brig * I

module sprstct ( chprstack, chprstb, clik40b0, clk40b1, rstib_, softabriok,-sspiocps,
chprstbsy, chprstreq, swrstrdy, rstis_, rstsplos_ );

parameter FFDLY - 1
input  chprstack, chprstb, clkd0b0, clkd0b1, rsthb_, softabrtok, sspiocps;

output  chprstbsy; 1/l chprst In progress
output  chprstreq; /1 roquest for SPIO port
output  swrstrdy; /1 software reset ready
output  rstis_; I/ HW reset

output  rsisplos_; {1 HW/SW resat spio block
it

1/ register declaration for outputs

reg swrstrdy, chprstbsy, chprstreq;

f/4
&

I} internal signals

reg {3:0] ent, new_cnt; 1/ reset counter

reg sstis1_, rstis2_, spchprst ; . /] synced reset signals

reg chprstpend, chprstpénds1, chprstpends2; // SW reset pending
wire rstswrst_, rstchprst_, ont0, strt_swrst; _ .
reg clrewrst_;

Ufremev

/ reset logic

always @(posedge cl40b0) begin

rstis?_ <= #FFDLY mstb_; |
rstis?_ <= #FFDLY rstis1_;
end

assignrstis_ = rstib_ & rstisi_ & rstis2_
assign rstchprst_ = rstis_ & sspiocps;
assign rstsplos_ = refis_ & spchprst_;
assign rstswrst_ = rstchprst_ & clrswrst_;

always @(posedge clk40b1 or negedge rstchprst )
H (~rstchprat )
spchprst_ <= #FFDLY 101,
alse
spchpret_ <= #FFDLY ~strt_swrst;

I
/ request logic

always @(posadge chprstb or nagedge rstspios_)
I (~retspios_)
o chprstpend <= #FFDLY 100;
e



155

- chpretpend <= #FFOLY 1b1;

always @(posedge clkdOb1 or negedge rstchprst_)

# (~rstchprst_) bagin
chprstpends1 <= #FFDLY 1'b0
chprstpends? <= #FFDLY 1'b0;
chpretreq <= #FFDLY 1'b0;

end '

else bagin
chprstpends! <= #FFDLY chprstpend
chpretpends2 <= #FFDLY chprstpondst; .
chprstreq <= #FFDLY chprstpends1 & ~d1prstpends2

} chprstreq & ~chprétack & ~softabrtol;
end

assign stit_swrst = chprstack | chprstreq & softabrtok;
it
1 software.reset ready logic _

always @(posedge clkd0b1 or negedge rstchprst_)

. W (~rstchprst )
clrswrst_ <= #FFDLY 1D1;

else
clrewrst_ <= (ontl=4'hi);

always @(posedge chprsth or negedge rstswrst_)
© H{~rstswrst)
swrstrdy <= #FFDLY 1'b1;
olse .
SWrelrdy «= #FFDLY 1'b0;

-
/I busy loglc

aiways @(posadge cli40b1 or nagadge rstchprst_)
i {(~rstchprst )
o chprsthsy <= #FFDLY 1'b0;
.8
_ chpretbsy <= #FFDLY strt_swrst | ~ent0;

I .
/] qounler

assign ont0 = (chte=4'h0);

1 counting loglc
always @{ cnt or cnt0 or strt_swrst)

it (strt_swrst)
new_cnt = 4’'h1;
else
new_cnt = cnt0 ? 4'h0 : cnt + 4'hl; .

il counter ragisters
_ always @(posedge cik4Ob1 or nogedge rstcl'prst_)
© K {~rstchprst )
cnt <= #FFOLY 4'h0;
else

cnt <= #FFDLY now_cnt;

/1.
#

endmodule
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I~ ' * * v hee
Function: ' ..

- Read/write decoder

. !
modula sprw ( brdctlen, brdctirdy, csadr_, csren_, cdadr_, cdwen_, cik40b0,
crbusy, pac2splo, por, seectirdy, softcmden, ensoftcdat, rd1b, rd1d,
rd1a, rdbrdcti_, rdseectl -, rdsplodat_, spiobsy_, seectlen, seebrdrdy,
ettetchsaq, wrbrdctl_, wrsplocap_, wiseecti_, wrspioctl_, wrsplodat_);

input [7:0] csadr_, cdadr_;
input brdctien, brdctlrdy. csran_, cdwen_, cik40bO, crbusy. pac2splo, pot,
seectlen seactirdy, softcmden;

output  ensoftcdat, rd1b, rd1d, rd1e, rdbrdctl_, rdseacti_, rdsplodat.,
secbrdrdy, splobsy_, stretchseq, wrbrdctl_, wrsplocap_, wrseect_,
wrsploctl_, wrspiodat_;

sprwdec sprwdec ( .csadr_(csadr_), .csren_{csren_), .cdadr_(cdadr_),
.cdwen_(cdwen_), .crbusy(crbusy), .por(por), .softcmden(softcmden).
Jd1b{rd1b), .rd1d(rd1d), .rd1e{rd1e), .rdbrdetl_(rdbrdct
~rdseectl_(rdseect!_), .rdspiodat_(rdsplodat ), spiobsy(splobsy),
splobsy_(spiobsy_), .wrbrdctl_(wrbrdetl ), wrsplocap_(wrspiocap_),
wrseect!_(wrseect! ), .wrsploctl_(wrspioctl ), .wrspiodat_(wrsplodat_) );

spstratch spstreteh ( brdctlen(brdcetien), .brdctirdy(brdctirdy),

' .hostrden(hostrden), .pac2spio(pac2spio), por(por),
rdseebrds_(rdseebrds_), .seectien{seectian), .ssectirdy(seectirdy),

" seqrden{seqrden), .wrbrdctl_(wrbrdctl ), .wrs L.
ensoitedax(ensoﬂodax), Sseebrdrdy(secbrdrdy), .stretchseq(stretchseq) );

sprwatt sprwetl ( brdctien(brdetien), .clk40b0(clik40b0), .ceren_(csren_), por(por),
.rdbrdetl_{rdbrdetl ), .rdseectl_(rdseecti ), .seectien{seection),

splobsy(splobsy), .splobsy_(spiobsy_), .hostrden(hostrden),
Jrdseebrds_(rdseebrds_), .seqrden(seqrden) ); _

endmodule
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e
Function:

Readlwﬁte dacoder

“ e /

module sprwetl (brdctlen. ¢lk40b0, csren_. por, rdbrdctl_, rdsbectl_, seactien,
splobsy, splobsy_, hoslrden. rdseebrds_, saqrden);

parameter FFDLY = 1

input brdctien, clk40b0, csren_, por, rdbrdeti_, rdseactl_, seactien, spiobsy,
splobsy_;

output  hostrden; 1/ enable soft control read data for host

output  rdsesbrds_; .

output  seqrden; // enable soft control read data for sequencer

" : '

I/ internal signals

wire rdbrdctl _, rdseactl_, spiobsy,
reg hostrden, seqrdan, rdseebrds_:

F/
L4

{/ stretch saquencer

always @(negedge clk40b0 or posedge por) .
¥ (por)

rdseebrds_c- #FFDLY 1D1;
else
rdsacbrds_ <= #FFDLY csren_
| (~seectlen | rdseecll_) & (-brdctlen] rdbrdctl_),

It
 hold softctl data for reads

il phost
always @{posedge clk40bo or negedge sp:obsy_)
¥ (~splobsy_)
hostrden <= #FFDLY 1b0;
else
hostrden <= #FFDLY 1Db1;

/1 SEQ
alweys @(negedge clk40b0 or negedge spiobsy)
it (~spiobsy)
seqrden <= #FFDLY 1b1;
else
" seqrden <= #FFDLY 1D0;

endmodule
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r tennee \ A EE LA TUATE RIS R AR TR St

Function:

. Serial-to-parallel and paraliel-to-setial converter. Automatically generate

’ \.v‘.“

start, parity and stop bits when shifting out. Detects ACK and start bits
and checks parity-when reading.

module spshit ( ackwin, berren, bytesent, chprstbsy, clk40b7, cnt9, clrparerr_,
ledtst, ledtstsig, mparcken, rstis_, readspio, sendbyte, setsival,
shftout, spioi, sivalid, strtwin, ackdet, parermrdet, shitin, spioo,
sploparerr, stitdet );

paramotor FFDLY = 1:

Input ackwin, berren, bytesent, clk40b7, cnt9, cliparem_, mparcken, rstis_,
chprstbsy, ledtst, ledtstsig, readspio, sendbyte, sivalid, spioi, '
’ setsival, strtwin;
input  {7:0] shitout;

output  ackdet; I ACK detegted .
output  paremdat;  parity etvor datected -
output  [7:0] shitin; . I/ shifted in data

outpuit  sploo; /1 SPIO setiat output
output  sploparerr; 11 SPIO parity error
output  stridet; {/ start bit detected

'I'I

1/ declare registers

reg sploparerr, parerrdet;
reg - [7:0] shftin;

Ir

# intemal signals o

reg {7:0] shit; {f shifter register
wire pardi; If parity data in

wire paro; {/ parity out

reg parod; I parity out delayed
wire rstparerr_; /] reset parity error
reg berrens1, bemrens2;

reg sp_shfto; 1l serialized output
I

// patrity generator / checkar

assign pardi = (readspio | sivalid) ? shit[7] : sp_shito;
assign paro = strtdet | sendbyte | (~pardi » parod);

always @(posedge cik40b7 or negedge rstis_) begin

it (~retis_) begin
betrens1 <= #FFDLY 1b0;
betrens2 <= #FFDLY 1D0;
parod <= #FFDLY 1'00;
paremrdet <= #FFDLY 1b0;

end ’

else begin :
bermrens1 <= #FFDLY berren;
bemrens2 <= #FFDLY berrens1;
parod <= #FFDLY paro;
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Function:
Serial-to-paraliel and parallei-to-serial convearter. Autorﬁatlcaliy generate

start, parity and stop bits whan shifting out. Detects ACK and start blts
and chacks parity when reading.

. *f
module spshit (ackwin, berren, bytesent, chprstbsy, cikd0b7, cnt9, clrparerr_,
ledist, ledtstsig, mparcken, rstis_, readspio, sendbyte, setsival,

shitout, spilol, sivalid, strtwin, ackdet, pamrrdet shftin, sploo
sploparerr, stndet)

parametor FFDLY = 1;

Input ackwin, barren, bytasent, clik40b7, cnt9, clrparamr_, mparckan, rstis_,
chprstbsy, ledtst, ledtstsig, readspio, sandbyte, sivalld, spiol,
setsival, stitwin;

input {7:0] shitout;

output  ackdet; # ACK dategted
output  paremdet; {l parity etror detected
output  [7:0] shitin; / shitted in data
output  sploo; /1 SPIO serial output
output  sploparerr; J SPIO patrity error
output  strtdet; {1 start bit detected

b/s

{1 declare registers

reg sploparerr, parerrdet;
reg [7:0] shitin;

-

1l intemal signals
reg (7:0] shit; /1 shifter register
wire pardi; # parity data in
wire paro; {I parity out
reg parod; 11 parity out delayed
= wire rstpararr_; - #f reset patity efror
" reg berrens1, bemrens2;
reg sp_shtto; 11 serialized output
I
# parity generator / checker

assign pardi = (readsplo | sivalid) ? shit[7] : sp_shtto;
assign paro = strtdet | sendbytae | (~pardi A parod);

always @(posedge clk40b7 or negedge rstis_) begin
it {(~retis_) begin
berrens1 <= #FFDLY 1'b0;
bamrens2 <= #FFDLY 1'h0;
parod <= #FFDLY 1'00;
paremrdet <= #FFDLY 100;
end
else begin
. berrens1 <= #FFDLY bemn
bemrens2 <= #FFDLY barrens1;
parod <= #FFDLY paro;
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" paremdet <= #FFDLY sivalid & ~pero; -
end ' '
end

assign rstparerr__ = mparcken & rstis_ & cirparerr_;

always @{posedge clk40b7 or negadge rstparerr_)
if {~rstparerr_) - '
sploparerr <= #FFDLY 1b0;
else
sploparerr <= #FFDLY spioparerr | parerrdet;

I
I shifter

assign sploo = (~ledist & sp_shito | ledtst & ledistsig);

always @(posedge clk40b7 or negedge rstis_)
if (~rstis_) begin
sp_shfto <= #FFDLY 1D1;
shit{7] <= #FFDLY 1D1;
end
else bagin-
{t (sandbyte) begin
sp_shfto <= #FFDLY 1'b0;
shit[7] <= #FFDLY shftout[7];
_end
‘oise begin
. sp_shfto <= #FFDLY ~chprstbsy
‘& (cnt9 ? ~paro A berrens2 : shit[0] | bytesent);
shii[7] <= #FFDLY splol;
. end
end

always @({posedge clk40b7 or negedge rstis_)
- H(~rstis)

shft[6:0] <= #FFDLY 701111111,
else : . ]
shit{6:0] <= #FFDLY sendbyte 7 shitout[6:0] : shit{7:1};

/!
ff ACK and start bit detactor

always @(posedge clk40b7 or negedge rstis_)
f(~rstis)
shitin <= #FFDLY 8'h00;

else _
shitin <= #FFDLY setsival ? shit : shitin; *

assign ackdet = ackwin & ~shft[7] & ~ehit[6];
ass!gn strtdet = striwin & ~shit[7] & shit{6];

i

endmodule // spshit
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[ S h b v b

Function:

1

Read/write timing control. Ajust sequncer timing and hold data for sploctt
reads. :

History:
00/00/00 JYL First rov. w

- “ i

module spstretch ( brdctlan, brdctirdy, hostrden, pac2splo, por, rdseebrds_,
seectlan, seectirdy, seqrden, wrbrdctl_, wrseectl_, ensoftcdat,
saeehrdrdy, stretchseq);

parameter FFOLY = {;

input brdctlen, brdctlrdy, hostrden, pac2spio, por, rdsesbrds_,
. seectlen, seectirdy, seqrden, wibrdctl_, wrseectl_;

output  ensoftcdat; / eneble soft control read data
outpit  seebrdedy,;

output  stretchseq; - { strech sequencer cycle

I/
reg stratchseq;
wire act_seq_stretch, rst_stretch_;

/s
/1 stretch sequencer

assign ac(z_seq_stretch =

rdseebrds_
& (~seactlon | wrseecti_)
& (~brdctien | wrbrdetl.)

)
& ~pac2spio;

always @(posedge act_seq_stretch or negedge rst_stretch_)
it (~rst_stretch_)
stretchseq <= #FFDLY 110;
olse
stretchseq <= #FFDLY 1'bT;

assign seebrdrdy = brdctirdy | seectirdy;
assign rst_stretch_ = ~{por [ seebrdrdy}; :

I
11 hold softctt data for reads

assign ensoftcdat = pac2spio ? hostrden : seqrden;
endmodule // spstretch
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“timescale 1ns/ins
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SERIAL PORT FOR A HOST ADAPTER INTEGRATED
CIRCUIT USING A SINGLE TERMINAL

‘Stillman F. Gates
Christopher Burns

M-2934-US

APPENDIX B
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// Inputs:

sync_rst_,
seectlen_,

clkin,

pshreg(6],
pshreg(4].,
pshreg[3],
pshreg(2],
spioreset . )

sp_brdctl brdectl 1 (
// Outputs:

brddat?7,
brddaté,
brddat5s,
brdstb,
brdcs,
brdrw,

// Inputs:

sync_rst_,
brdctlen ,

clkin,

pshreg(81],
pshreg(7],
pshreg(6],
pshreg({5], -
pshreg(4],
pshreg(3],
spioreset )

bobsense bobsense_1 ( clkin,
sync_rst_,
spioreset,

scsi_rst_in ,
termsense_b_in,
termsense _a_in,
Xx_connsense_in,
connsense_in,

seems,
brdcs,
- brdrw,

sensé_pfddat' )i

iddat iddat_1 (
// Inputs:
clkin,
sync_rst_,

reset_,-

idpal_in,
iddat_in,



esbrd_in,
ma_in,
romcs_in_,
mrw_in,
seecs_in,

// Outputs:

id_done,
iddatbyte,
estatbyte

sequencer sequencer_l (

// Inputs:

.clkin
.sync_rst_
.pshreg -

. -id _done
.ledtest
. seems
.brdrw

// Oﬁtputs:

.romcs_
.romoe_
.mrw

.romcsoe
. romoeoce
Jqarwce

.maoe
.mdoe

.seecsoe
.ledoe
.stpwctloe

. readmuxsel

.pload_shift

.ackdata
.ackload_
.ackshift_

.spioce

.addrdben_
.addrhen_
.addrlen_
.addrinc
.dataen_

.spioresét

.set_parerr
.set_unsup
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)i

(clkin),
(sync_rst_),
(pshreq),

(id_done)},
(ledtest),
{seems),
(brdrw),

(romes_),
(romoe_),
(mrw),

(romcsoe),
(romoeoe),
(mrwoe) ,

{maoe),
(mdoe) s //

(seecsoe),

(ledoe),
(stpwctloe),
(readmuxsel), ., //
(pload_shift),

(ackdata),
(ackload_ ),

" (ackshift_),

(spiooe),

(addrdben_},
(addrhen_),
(addrlen_),
(addrinc),
(dataen_),

(spioreset),

(set_parerr),
(set_unsup),

7:0,

2:0



-

endmodule

.set_mbusy

.ledregen_
.stpen_.
.seectlen_
-brdctlen
.statregen_

:bdprregen_
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© (set_mbusy),

(ledregen_),

. {stpen_),

(seectlen ),
(brdctlen ),
{statregen_),
{bdprregen_)

)i
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‘timescale ins/10ps

// SPIOC_CORE.V
1/

// This holds all the internal logic for SPIOC. Everything except the I0 cells
// is here :

module spioc_core ( clkin,
reset_,

spio,
spiooe,
spio_in,

led ,
ledoe,

stpwctl,
stpwctloe,

ma,
maoe,
ma_in,

md,
ndoe,
md_in,

romcs_,
romcsoe,
romcs_in_,

romoe ., ‘
romoeoe,

nrw,
nrwoe,
mrw_in,

seecs,
seecsoe,
" seecs_in,

idpal_in,
iddat_in,
esbrd_in,

scsi_rst_in_,
termsense _b_in,

+ - - termsense_a_in,
x_connsense_in,
connsensée_in Vi

input clkin;
input reset ;-

output ’ spio;
output spiocoe;
input spio_in;
JuLput . led

" °
.



output

output
output

output
output
input

output
output
input

output
output
input

output
output

output
output
input

output
output
input

input
input
_input

input

input '

input
input
input
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ledoe;

stpwctl;
stpwctloe;

[17:0] ma;
maoe;
(17:16] ma_in;

{7:01  md;
{7:0] mdoe; .
{(7:01 .md_in; :

romcs_;

romcsoe;

romcs_in_;

. romoe_;
romoeoe; -

mew;
mrwoe;
mxw_in;

seecs;
seecsoe;
seecs_in;

idpal_in;
[7:0]1 iddat_in;
esbrd_in;

scsi_rst_in ;
termsense_b_in;
termsense_a_in;
x_connsense_in;
connsense_in;

FOLIEELLIETEPELLELIT I IEEILE0L0LIEILEL0E10110700011001
// INTERNAL WIRES '

wire

(7:0] iddatbyte,
estatbyte,
readmuxout,
rom _md;

wire [11:0] pshreg ;

wire ([2:0) readmuxsel f

wire

wire

seecsbit, seems, stpwctloe,
brddat’7, brddaté, brddat5, brdrd?, brdrdé6,
brdrw;

[6:5] sense_brddat;

reg spio ;

brdrd5, seedibit,
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/////////////////I//////)//////////l///////////////////////I///
1

// Generate "sync_rst_"... it can assert at any time, but
// will always deassert right AFTER a clock

reg reset_ff 1,
reset_ff_2;

always @ (posedge clkin)

beqgin
reset_ff 1 <= §1 reset_;
reset_ff 2 . <= #1  (reset_ff 1 & reset_ );
end
wire sync_rst_ = reset_ff 2 & reset_;

1/ . :
LITETTEZIPI2ETRTEELLEETE2LLLL780 8000808888800 8077087870702¢877

assign seecs = seecsbit.& seems ;

assign brdrd? = seems
assign brdrdé = brdrw
assign brdrdS = brdrw

md_in{7] : brddat7 ;
sense_brddat (4] : brddaté ;
sense_brddat (5] .: brddat5 ;

w W W

assign seedibit = md_in{0) ¢ seems;

// input select logic for shift register .

readmux readmux_1 ( -out (readmuxout),
.in0 (md_in[7:0]), _
.inl ({ 2’b01, seems, 1‘’bl, 'seecsbit, seeck, seedo, seedibit }),
.in2 ({ brdrd7?, brdrd6, brdrdS, brdstb, brdcs, brdrw, 27b00}),

.in3. {{ értledenab, 4’b0, spioparerr, unsupported, membusy })}.
.in4 (iddatbyte),

.in5 {estatbyte),

.iné ({ 7'b0, badpar 1),

.sel (readmuxsel)
shregl2 shregl2 1 ( .pshregout (pshreqg) .
.reset_ - (sync_rst_).,
.clkin . (clkin),
.spio_in (spio_in),
.spiooe . (spiooe),
.pload_shift (pload shift),
.badpar " (badpar),

-pdatain (readmaxout) ¥i
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// input mux to reg containing acknowledge value when not shifting data to
// dagger

GTECH_MUX4 gtech muxd 1 ( .do

_ (1'bO),
.dl (pshreqg{0]1),
.dz - (ackdata).,
.d3 (spio),

.sel0 {ackload ),
.sell  (ackshift ),
.out (ackin) )i

always @ ( posedge_clkin or negedge sync_ﬁst_ )

begin

if (!sync_rst_) spio <= #8 1'bO ;
else spio <= #8 ackin ;
end

rom addr rom addr_1 ( .out

.reset_
.addrdben_
.addrhen "
.addrlen
.addrinc
.clkin

.in

. seems
Jbrdrw

regen8 rom_data_1 (. ~.out

.reset_
.enable
.clkin
.in

(ma),
(sync_rst_),
(addrdben_),
(addrhen_) ’
(addrlen_ ),

. (addrinc),

(clkin),
{pshreg[9:21),

(seems),
{(brdrw) ) ;.

{rom_md),
(sync_rst_),
(dataen ),

(clkin), _
(pshreg{9:2}) - ) ;

// Choose EEPROM WRITE DATA or SPECIAL JUNK SIGNALS
// to be sent out to "pad_md",

// still subject to .the

assign md{7]
assign md[6]
assign md[S]
assign md[4]
assign md{3]
assign md[2]
assign md(1]
assign md{o0])

stp stp_1 (-

seems
seemnms
seems
seems
seems
seems
seens

brddat7
brddaté
brddat$s
~brdstb
~brdes
seeck
seedo

0 1 n) 1 ) W)

oW omouonowonu

// Output:
.stpwctl
// Inputs:

.reset _

whims of md en_[7:0], of course

: rom md(7]);
: rom md(6];
rom md[S];
rom _md[4];
rom md(3];
rom mdi2];
rom md{l];
rom nd (0] ;

se 20 ew

(stpwctl), )

{(sync_rst_},
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.stpwctlen_ (stpen_),
.clkin . {(clkin),
.delayreg (pshreg(8:7)),
.Spioreset (spioreset)

spiostatreg spiostatreg 1 (

// Outputs:

errledenab,
spioparerr,
unsupported,
membusy,
errled ,

// Inputs:

badparreg badparreg 1 (

ledreg ledreg 1 (

‘pshreg{3:11]

- badpar

clkin,

sync_rst_,
set_parerr,
set_unsup,
set_mbusy,
spioreset,
statregen_,
pshregi8l,

)i

clkin,
sync_rst_,
spioreset,
bdprregen_,
pshreg(l],

)i

// Inputs:

clkin,

sync_rst_,
spioreset,
ledregen_,

- pshreg(8:7],

errled ,
spio_in,

// Outputs:

sp_seectl seectl_1 (

led ,
ledtest );

// Outputs:

seems,
seecsbit,
seeck,
seedc,



‘timescale

lns/10ps
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module readmux ( out , in0 , inl , in2 , in3 , in4 , in5 , in6 , sel ) ;

output [7:0] out ;

input [7:0]) in0
input [2:0] sel
wire (2:0) sel ;

wire [7:0] out ,

assign input7 =

_ in0(7}) }

assign input6 =

, inl , in2 , in3 , in4

.
14

in0 , inl , in2
input2 , input3 , input4 , input5 , inputé , input? ;

{ 1’'bl , in6{7]

.
’

{ 1'bl , in6[6]

in0([6} } ;

assign inputs =

{ 1’bl , iné6(5]

. in0[5] } ;

assign input4 =

{ bl , in6{4}

in0{4] } ;

assign input3 =

{ 1’bl , in6[3)

in0([3] } ;

assign input2 =

{ 1’bl , in6(2]

in0{2]) }

assign inputl =
in0{1] }

assign input0 =

{ 1'bl , in6(1]

-
?

{ 1'bl , in6[0]

in0([0] } .;

assign out(7)
assign out (6] =
assign out (5} =
assign out (4] =
assign out [3] =
assign out{2] =
assign out([1l] =
assign out (0] =

endmodule

input7(sell] ;

inputé([sell] ;

inputS[sel]_;

input4(sel]

-

input3(sel] ;

input2{sel]

T we

inputl{sel] ;

inputO{sel]

~

, in3 , in4d ,

in5[7]
in5(6]
in5(5]
in5([4]
in5(3]
in5[2]
in5(1]

inS (0]

inS ,

ind (7]

in4 (6]

ind (5]

in4[4]

in4 (3]}

in4[2]

in4(1]

in4 (0]

ins5 ,

iné ;

in3(7]

in3[6] .

in3[s]
in3([4]
in3({3}
in3(2]
in3[1]

in3(0)

inputo ,

inputl ,
in2(7] inl{7}]
in2[6] inl[6]
in2t5] ini[S]
in2[4] inl (4]
in2(3]) inl({3]
in2 (2] inltél
in2[1} inl{1)
in2[6] inl (0]
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input seecsoe;
input pad_idpal;
output idpal_in;

input {7:0] pad_iddat;
output [7:0] iddat_in;

input pad_esbrd;
output esbrd_in;

input pad_scsi_rst_;
output scsi_rst_in ;
input pad_termsense b;
output termsense b _in;
input pad_termsense_a;
output termsense_a_in;
input pad_x_connsense;
cutput X_connsense_in;
input : pad_connsense;
output connsense_in;

buf ( clkin , pad _clkin ) ;
buf ( reset_ , pad_pci_reset_ ) ;
buf ( pad brd reset_ , reset_ ) ;

buf ( spio_in , pad spio ) ; )
bufifl ( pad_spio , spio , spiooce ) ;

bufifl ( pad_led_ , led_, ledoe ) ;

bufifl ( pad_stpwetl , stpwctl , stpwctloe.) ;
buf ( ma_in([17), pad_hi ma[17] );

buf ( ma_in[16], pad hi ma[l6] );

bufifl ( pad_hi_ma[17] , ma[17] , mace ) ;
bufifl ( pad hi ma(l6] , ma{l16} , mace ) ;

bufifl ( pad ma[l5] , mal[l15] , maoce ) ;
bufifl ( pad ma[l4] , ma[l4] , maoce ) ;
bufifl ( pad ma[l3] , ma([l3]}°, mace ) ;
bufifl ( pad_maf{l2} , ma{l2] , mace ) ;
bufifl ( pad ma[ll] , ma(ll] , maoce ) ;
bufifl ( pad_ma{l0] , ma{l0] , maoe ) ;
bufifl ( pad ma[9] , ma(9] , maoce’) ;
bufifi ( pad ma(8] , ma(8] , mace ) ;
bufifl ( pad ma{7) , ma(7] , maoce ) ;
bufifl ( pad ma{6] , ma(6] , mace ) ;
bufifl ( pad ma(5] , ma[5] , mace ) ;
bufifl ( pad ma(4] , ma(4] , mace ) ;
bufifl ( pad ma{3] , ma{3] , maoe ) ;
bufifl ( pad_ma(2] , ma{2}] , mace ) ;
bufifl ( pad ma[l] , ma([l] , maoe ) ;
bufifl ( pad ma[0) , ma(0] , mace ) ;

~

-
’

buf ( md_in(7) , pad_md(7)

@



( md in(6]

174

buf ( L ’ Pad__mdlﬁl ) ¢
buf ( md_in(5) , pad md(S] ) ;
buf ( md _in(4] , pad md[4] ) ;
buf ( md_in(3} , pad_md(3]1 ) ;
buf (md_in(2) , pad_md[2] ) ;
buf ( md_in{1] , pad md(1l] ) ;
buf ( md_in[0] , pad _md{0] ) ;
bufifl ( pad md(7} , 'md(7) , mdoe(7] ) ;
bufifl ( pad md{6] , md(6} , mdoe(6] ) ;
bufifl ( pad md[5] , md(5] , mdoe(5] ) ;
bufifl ( pad md[4] , md{4) , mdoe(4] ) ;
bufifl ( pad md(3] , md[3] , mdoe({3] ) ;
bufifl ( pad md{2] , md{2] , mdoe(2] ) ;
bufifl ( pad md{1l] , md{1l] , mdoe(l] ) ;
bufifl ( pad md(0] , md[0] , mdoe[0] ) ;

buf ( romcs in_, pad_romcs_');
bufifl ( pad_romcs_ , rnomcs_ , romcsoe )

bufifl ( pad romoe_ , romoe_ , romoeoe )

buf ( mrw_in, pad_mi:w )

bufifl ( pad mrw , mrw , mrwoe ) ;
T [

buf ( seecs_in, pad seecs );

bufifl ( pad_seecs , seecs, seecsoe ) ;

idpal_in , pad_idpal ) ;

buf (

buf ( iddat_in[7} , pad iddat(7] ) ;
buf ( iddat_in([6] , pad_iddat(6] ) ;
buf (.iddat_in(5] , pad iddat(5] ) ;
buf ( iddat_in{4] , pad_iddat(4] ) ;
buf ( iddat_in(3] , pad_iddat(3] ) ;
buf ( iddat_in{2] , pad_iddat(2] ) ;
buf ( iddat_in([l] , pad_iddat(l] ) ;
buf ( iddat_in[0] , pad_iddat(0] ) ;
buf ( esbrd in , pad _esbrd ) ;

buf ( scsi_rst_in_, pad scsi_rst_ );
buf ( termsense b_in, pad termsense b );
buf ( termsense_a_in, pad_termsense_a );
buf ( x_connsense_in, pad x_connsense );
buf ( connsense_in, pad_connsense );

endmodule
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pad_scsi_rst .,
scsi_rst_in_,

pad_termsense_b, -
termsense_b_in,

pad_termsense_a,
termsense_a_in,

pad_x_connsense,
x_connsense_in,

pad_connsense,

cohnsense_in )

input pad_clkin;
output- clkin;

input : pad_pci_reset_;
output reset_;

output pad_brd_reset_;
inout pad_spio;
output spio_in;

input spio;

input spiooe; -

output - pad_led ;

input . led _;

input ledoe;
output pad-stpwctl;
input stpwetl ;

input stpwctloe;

inout {17:16] pad_hi _ma;
output [15:0] pad ma;
output {17:16] ma_in;
input {17:01 ma;

input rnaoe;

inout {7:0) pad_md;
output .{7:0] md_in;
input (7:01] md;
input {7:01 mdoe;

inout pad_romcs_;
output romcs_in_;
input romcs_;
input romcsoe;

* inout pad_romoe ;
input romoe_;
input romoeoce;
inout . pad mrw;
output mew_in;
input nrw;
input . nrwoe;
inout pad_seecs;
cutput - seecs_in;

input seecs;
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‘timescale 1ns/10ps

// BEHAVIORAL version SPIOC iobuffers

module iobuffers ( pad_clkin,
. clkin,

pad_pci_reset_,
reset_, )
pad_brd_reset_

pad_spio,

spio_in,

spio,
spiooe,

pad_led ,
led ,
ledoe,

pad_stpwctl,
stpwectl '
stpwctloe,

pad_hi ma,
pad ma,
ma_in,

ma,

maoe,

pad_md,
md_in,
md,
ndoe,

pad_romcs_,
romcs_in_,
romcs_,
romcsoe,

pad_romoe ,
romoe_,
romoeoe,

pad_mrw,
mrw_in,
mrw,
mrwoe,

pad_seecs,
seecs_in,
seecs,
seecsoe,

pad_idpal,
idpal_in,

pad_iddat,
iddat_in,

pad_esbrd,
esbrd_in,
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‘timescale
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1ns/10ps

module sequencer (

input
- input
input

output
output
output
output
output
output
output
output
output
output
output
. output
output
output

(11:0]

“(7:0}

{2:0]

//- Inputs:

clkin, sync_rst_,
pshreq,
1d_done, leatest, seems, brdrw,

/4 Outputs...

romcs_, romoe_, mrw, -
romcsoe, romoeoce, MIWoe,

maoe,

mdoe,

seecsoe, ledoe, stpwctloe,
readmuxsel,

pload_shift,

ackdata, ackload_, ackshift_,
spiooe,

addrdben_, addrhen_, addrlen_, addrinc,
spioreset,

set_parerr, set_unsup, set_mbusy,
ledregen_, stpen_, seectlen_,
brdctlen_, statregen_, bdprregen

clkin, sync_rst_;

pshreg;

id_done, ledtest, seems, brdrw;
romcs;, romoe _, mIw; °
romcsoe, romoece, mMrwoe;

maoe;

mdoe;

seecsoe, ledoe, stpwctloe;
readmuxsel;

pload_shift;

‘ackdata, ackload , ackshift_;
spiove;

addrdben_, addrhen_, addrlen_, addrinc, dataen_
spioreset; '
set_parerr,. set_unsup, set_mbusy;

ledregen_, stpen_, seectleén_;

brdctlen_, statregen_, bdprregen_;.

r

dataen_,
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//I/I/.I//l/III/I/I//////////////////I///'//////////lII/I/////
/7

144 FL.IP-E'LOPS

req {36:0) state;
-

reg {1C:0) - timer;
reg spiooe;
reg . romcs_,

romoe_,

mrw;
reg stpwctloe;
regq rom_mdoe,

romabort,

addrdben_;

reg  [2:0] readmuxsel;
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JEEIIITIIIETEILEEELILLIIERELLILE2ELL000EL10180007107
17

// These below will not be flip-flops, but are set up
// as REGs for programming (Verilog)

reg {36:0) next_state;
reg clear_timer;
reg d_spiooe,

id_spiooe;

req d_romecs_,
' d_romoe_,
d_mrw;
reg d_rom_mdoe,

d_romabort,
ld_romabort,
d_addrdben_;

reg {2:0] d_readmuxsel;’
reg 1d_readmuxsel;

reg pload_si\i ft;

reg ackdata,
ackload_,
ackshift_,

addrhen_,

addrlen_, °
addrinc,

dataen_,

set_parerr,
set_unsup,
set_mbusy,

ledregen_,
stpen_,
seectlen_,
brdetlen ,
statregen_,
bdprregen_;
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//I/)///////////l//l/l///////////[l//II/////////////////
// Internal wires.

f

/7 ... which later became regs to try and get this turkey up to.speed

reg

always

badparaity,
leddec,
stpdec,
roemrddec,
romwrdec,
seedec,
brddec,
spiostatdec,
badpardec,
spioreset;

@ (posedge clkin)

begin
badparity

leddec

", stpdec

// vwire

/7
124

wire
wire

/7
/7
/7
144

wire
wire
wire
wire

/7
12

wire
wire

wire

// assign

romrddec
romwrdec
seedec
brddec

spiostatdec
badpardec

spioraeset

end .

=

<=
<=

<
<=

<

<=
<=

<

badparity = ~“pshreg{10:2];

leddec
stpdec

romrddec
romwrdec
seedec
brddec

spirostatdec
badpardec

readdec

h 8
—~ -

RE R
—~ -~

]
~ e~

pshreg(7:2]
pshreqg{7:2]

pshreg{7:2}
pshreg{7:2)
pshreg(7:3)
pshreg{7:3)

pshreg(7:3]
pshreqg[7:3]

= pshregi2};

spioreseﬁ

= ~ledtest

. .
$1 ~~pshreg{1l:3};
$#1 ( pshreqg(8:3) == 6’b00001_0 )
£1 ( pshreg([8:3] == 6°b00010_0 )
#1 ( pshreg[8:3] == 67b000L1_1 );
#1 ( pshreg(8:3] == 6°b00100_0 );
£1 ( pshreg(B8:4] == 5'b00110 );
#1 ( pshreg(8:4] == 5'b00111l );
¥1 ( pshreg{8:4]) == 5°b10000 );
1 ( pshreg{8:4] == 57b10001 );
#1 ~ledtest & ~Ipshreg; // Not a single 1 in there

6°b00001_0 )
6°b00010_0 )

67b00011_1 );
6°b00100_0 );
57500110 );
5/b00111 );

5’b10000 );
5b10001 );

& ~|pshreg; // Not a single 1 in there

LILIE2LTELELLE 008002028002 000 0000008000008 2772028078014¢7
// Jutput enables:

assign
assign
assign
assign
assign
assign

assign
assign
assign
assign
assiqgn
assign
ass14n

~brdrw & sync_rst_);
~brdrw & sync_rst_);
~brdrw & sync_rst_);

ledoe = sync_rst_;

seecsoe = sync_rst_;

romoeoe = sync_rst_;

romcsoe = sync_rst_;
mrwoe = sync_rst_;
maoe = sync.rst_;

mdoe[7) = rom_mdoe | (seems &
mdoa(6] = rom mdoe | (seems &
mdoe{S] = rom mdoe | (seems &
mdoe (4] =~ rom_mdoe | (seems &
mdoe(3] = rom_mdoe | (seems &
mdoe {2} = rom_mdoe | (seems &
adoei{i) = rom_mdoe i (seems &

sync_rst_);
sync_rst_);
sync_rst_);
sync_cst_j;
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assign mdoe{0] = rom_mdoe;
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LI12LL2EE01718070078870008088000708227777877
// STATE definitions

/7

// One hot...

‘define

‘define
‘define
‘define

‘define
‘define

-‘define
‘define
‘define
‘define

‘define
‘define
‘define
‘define
‘define

*define
‘define
‘define

‘define
‘define
‘define
*define
‘define
‘define
‘define
‘define
‘define
‘define
‘define
‘define

‘define
‘define
‘define
‘define
‘define
‘define
‘define

states are IDed here by what bit is set

spiroc_hard reset

sproc_reset_ack
spioc_send_id

sproc_send_estat

spioc_wait_for_start
spioc_shift_in_cmd

spioc_write_dbits
spioc_ack_lo 1
spioc_ack lo_2
spioc_ack hi

spioc_rxead_byte
spioc_read byte ack_lo_1
spioc_read byte_ack_lo_2
spioc_read byte_ack_hi
spioc_read_byte_shift

spioc_write_byte wait_start
spioc_write_byte_shift_data
spioc_write_byte

spioc_eeread wait_lo_addr_start
spioc_eeread_shift_lo_addr
spioc_eeread wait_hi_addr_start
spioc_eeread_shift_hi_addr
spioc_eeread_read 0
spioc_eeread inc_addr_0l
spioc_eeread _read_l
spioc_eeread_inc addr_12
spioc_eeread_read_2
spioc_eeread_inc_addr_23
spioc_eeread_read 3
spioc_eeread shift_3

spioc_eewrite_wait_lo_addr start
spioc_eewrite shift_lo addr
spioc_eewrite_wait_hi_addr_start
spioc_eewrite_shift_hi_addr
spioc_eewrite_wait data_start
spioc_eewrite_shift_data
spioc_eewrite_write_data

W N~

(3. -
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LE11L810ET80LETEITEI22 87422480000 8070787¢4/
// FLIP-FLOP swatching

/7 There’s a few flip-flops here that I actually DO want to use ASYNC RESET for...

always & ( posedge clkin or negedge sync_rst_ )

L1 f (!sync_rst_)
began .
. splooe <= ¥1 1'Db0; “
rom_mdoe <= #1 1'b0;
end
else begin
spiooe <= #8 ld spiocoe ? d_spiocce : spiooe;
rom_mdoe <= #8 d_rom_mdoe;
end
always @ ( posedge clkin or negedge sync_rst_ )
if {tsync_rst_ ) stpwctloe <= £l 1'b0;
else if (~stpen_) stpwctloe <= #1 1’Db1;
always & ( posedge clkin )
if (isync_rst_)}
begin .
state <= #1 37'h00_0000_0001;
romcs__ <= #1 1l’'b};
romoe_ <= #1 1’bl;
mrw ’ <= #1 1'bi;
end ’
else begin
state <= #1 next_state;
romes_ <= #8 d_romecs_;
romoe ‘<= §8 d_romoe_;
mrv <= #8 d_mrw;
end
always @ ( pesedge clkin )
if - {~sync_rst_ | clear_timer) timer <= #1 11’b0;
else timer <= #1 (timer(9:0}, L’'bl};
always @ ( posedge clkin )
// These don‘t need a reset at all
tegin .
readmuxsel <= §1 1ld_readmuxsel ? d_readmuxsel : readmuxsel;
romabort . <= #1 1ld_romabort ? d_romabort : romabort;
addrdben_ <= #1 d_addrdben_;

end
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// NOW to set all the "REGs" that aren’t flip-flops

always @( state or timer
or pshreg -
« O rOMCS_ Or romoe_ Or mrw
or stpvctloe
or rom_mdoe or romabort
or readmuxsel
or id done or ledtest or seems
or leddec or stpdec or seedec or brddec

or romrddec or romwrdec or spiostatdec or badpardec
or readdec

or badparaity
or spioreset )

begin

// Set up “defaults"

next_state = 37'00;
clear’ timer = 1'b0;
d_spiooce = 1b0;
1d_spiooce = 1'b0;
d_romcs_ - = 1’bl;
d_romoe_ = 1'bl;
d_mrw = 1’bl;
d_rom_mdoe = 1’b0;
d_romabort = 1'b0;
1d_romabort = 1’b0;
d_addrdben_ = 1'b1;

d_readmuxsel = 3'b000;
1d_readmuxsel = 1'b0;

pload_shift = 1'b0;
ackload = 1'bl1;
ackdata = 1’bl;
ackshift_ = 1’bl;
addrhen__ = 1’bl; '
addrlen_ = 1'bl;
addrinc = 1'00;
dataen_ = 1'bl;
set_parerr = 1'bb;
set_unsup = 1'b0;
set_mbusy = 1'b0;
ledregen_ = 1'bl;
stpen_ = 1°bl;
seactlen__ = 1°bl; .
brdctlen_ = 1'bl;
statregen_ = 1'bl;
bdprregen_ = 1’'bl;
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1f ( spioreset )

begin .

next_state[‘spioc_wait_for_start] = 1'bl; .
ld_spiooe = 1'bl;

end

begin

// ‘spioc_hard reset :

// wait here for tamer(3}...
next_state(‘spioc_hard_reset)
= next_state[‘spioc_hard_reset]
1 { state(‘spiroc_hard_reset] & ~timer(3) );

// Once timer{3] comes...

ackload_ . = ackload_ & ~( state( ‘spioc_hard_reset] ‘& timer({3j );

ackdata = ackdata & ~{( state[‘spioc_hard_rgset] & timer([3] );

ld_spiooe = 1d_spiooce | ( state(‘spioc_hard_reset] & timer{3} );
. d_spiooce = d_spiooe | state[‘spioc_hard_rgse:];

lld_readmuxsel = 1d_readmuxsel | state[‘spioc_hard reset};

d_readmuxsel
= d_readmuxsel
| ( {3{state[ ‘spioc_hard_reset]}} & 3'b100 };

next_state({ ‘spioc_reset_ack]
= next_state(‘*spioc_reset_ack]
| ( statel'spioc_hard_reset] & timer(3) );

// ‘spioc_reset_ack :

// Wait here until id_done
next_state(‘spioc_reset_ack]
= next_state[ ‘spioc_reset_ack)
{ { state(‘spioc_reset_ack] & ~id_done );

// Once 1d_done comes...

ackload = ackload_ & ~( state[‘spioc_reset_ack] & id _done );
pload_shift = pload_shift | state{ ‘spioc_reset_ack];
clear_timer = clear_timer | statel‘spioc_reset_ack}l;

next_state[‘spioc_send_id] ’
= next_state( ‘spioc_send_id]}
| ( state(‘spioc_reset_ack] & id_done );

// ‘spioc_send id :-

ackshift_ = ackshift_ & ~state[‘spioc_send_id);
1d_readmuxsel = ld_readmuxsel | state{ “spioc_send_id);
4 readmuxsel = d_readmuxsel | ( {3{state[‘sproc_send_1d)}} & 3’bl0l
// wait here for timer(9]...
next_state|[ ‘spioc_send_id]
= next_state(‘spioc_send_id]
i ( stata(‘'spioc_send_id) ¢ ~timer{9] );

// take off when timer{9) comes

petrad_stiifz = picad_shaft 1 ( state('spioc_send_1d] & tamer{¥j J;

)
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clear_timer = clear_taimer | ( state[‘spioé_send;idl & timex(9] );

next_state|( ‘spioc_send_estat] .
= next_state( ‘spioc_send_estat) ‘
I ¢ state[‘sproc_send_id) & timer{9] );

// ‘spioc_send_estat :
// 81t here shifting until timer{l0)

ackshift_ ) = ackshift_ & ~( state(‘spioc_send_estat] & ~timer(10] };

next_state{ ‘spioc_send estat])
= pext_state[‘spioc_send estat)
| ( state(‘spioc_send_estat]) & ~timer{10} );

* // When timer{10], bug out
ld_spiooe = 1ld_spiocoe | { state{‘spioc_send _estat] & timer({10] };

next_state(‘spioc_wait_for_ start]
' = next_state(‘spioc_wait_for_ start}
| ( state{‘spioc_send estat] & timer([10) );

7/ ‘spioc_wait_for_start :
// Sit here until see pshreg(il] = 0 and no ledtest

next_state{ ‘spioc_wait_for_start)
= next_state(‘spioc_wait_for_start)
I ( state(‘spioc_wait_for_start]l & (pshreg(ll) | ledtest) ):

// See pshreg (= 0), this is not a test

clear_timer
= clear_timer | state(‘spioc_wait_for_start]);

next_state{‘spioc_shift_in_cmd]
= next_state(‘spioc_shift_in_ cmd]
. . I ( state[‘spioc_wait_for_start] & ~pshreg{ll} & ~ledtest );
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// ‘spioc_shaft in_cmd :
// Rait here for timer(8]

next_state(‘spiroc_shift_in_cmd)
= next_state( ‘sproc_shift_in_cmd]
t ( state(‘spioc_shift_in_cmd] & ~timer(8} );

/7 OK, timer(8)
set_parerr .

= set_parerr
| ( state[‘spioc_shift_in_cmd] & t.uner[B] & badparity );

.

next sr.at.e[ spioc_wait_for_start}
= next state(‘spxoc wait_for_start] .
I ( statef spxoc_shl.ft_m_cmd) & timer[8) & badparity };

1ld_readmuxsel
= 1d_readmuxsel | state[® spioc shift_in_cmd);

_d_readmuxsel
= d_readmuxsel
. I ¢ (3{(state{‘sproc_shift_in_cmd}

stpdec )}l & 3°bO0L
( {3{(state(‘spioc_shift_in_cmd]

& &

| & seedec YH} & 3°b001
I ¢ {3((state[ spioc_shift_in_cmd] & brddec Yt & 3’bO10
I ¢ {3{(state[‘spioc_shift_in_cmd] & spiostatdec )}} & 3'bOl1
| ( {3{(state[‘spioc_shift_in_cmd] & badpardec ))} & 3'bll0

—~ e

next_state{‘spioc_write_dbits)
= next_state(‘spioc_write_dbits]
| ( state[‘spioc_: sh:.ft in_cmd]) & timer(8] & -badpanty
& { leddec | stpdec ) );

next_state( ‘spioc_read bytel
= next_state(‘spioc_read byte)
1 ( atate(‘spioc_shift_in cmd] & timer([8] & ~badparity
& readd & ( seed | brddec | spiostatdec | badpardec ) };

next_state{‘spioc_write_byte wait_start]
= pext_state(‘spioc_write_byte wait_start]
{ ( state{‘spioc_shift_in_cmd] & timer(8] & ~badparity
& ~readdec & ( seedec | brddec | spiostatdec | badpaxdec ) );

d_addrdben_ = d_addrdben_

& ~( stata[‘spxoc shift_in cmd] & timer{8) ¢ ~badparity
. & { romrddec | romwrdec )} };

set_mbusy = set mbusy

1 { state{‘spioc_shift_in cmdl & timer(B8] & ~badparaty
& seems € ( romrddec. | romwrdec ) );

1d_romabort = ld_romabort | state{‘spioc_shift_in_cmd};
d_romabort = d_romabort { seems;
// Go throgh ROM states even if SEEMS error

next_state{‘*spioc_eeread wait_lo_addr_start)
= next_sta.te[‘spioc eeread_wait_lo_addr_start] .
I ( state( ‘sproc_: shift in cmd] & r.xmerlsl & ~badparity
& romrddec );

next_state(‘spioc_eewrite_wait_lo_addr_start]
‘= pext_state(‘spioc_eewrite_wait_lo_addr_start)
1 ( state{‘sproc_shift_in_cmd] & timer(8) ¢ ~badparity
& romwrdec );

// In case of unsupported command...

st _ungup = set_unsup :
il statei‘spainc_snuft_on_cmal & tater(3) & cLagpariiy
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~leddec
~stpdec
~seedec
~brddec
~spiostatdec
~badpardec
~romrddec
~romwrdec );

N

next_state{ ‘spioc_wait_for_start]

= next_state(‘spiroc_wait_for_start]

| ( state(‘spioc_shift_in_cmd) & timer(8} ¢ ~badparity

~leddec ’ .
~stpdec
~seedec -
~brddec
~spiostatdec
~badpardec
~romrddec
~romwrdec );

LB B A A A A ]
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// ‘spioc_write_dbits :

144 I used readmuxsel[0) to remember 1f LED or STP was written.-..

ledregen_ = ledregen_ & ~( state{‘*spioc_write_dbits] & ~readmuxsel (0} };
stpen_ = stpen_ & ~( state([‘spioc_write_dbits] & readmuxsel(0) ); .
ackload_ = ackload_ & ~state(‘spioc_write_dbats);
ackdata = ackdata & ~state{‘spiroc_write_dbats];
1ld_spiooce = 1d_spiococe | state(‘spiroc_write_dbits];
d_spiooe = d_spiooe { state{‘spioc_write_dbits];

“
next_state[ ‘spioc_ack_lo_l] .
= next_state(‘spioc_ack_lo_l] | state{‘spioc_write_dbits);
71 ‘spioc_ack_lo_1 :
next_statef{ ‘spioc_ack_lo_2]

= next_state[‘spioc_ack_lo_2] | state(‘spioc_ack_lo_l];

/.I ‘spioc_ack_lo_2 :
ackload_ = ackload_ & ~state[‘spioc_ack_lo_2];
next_state( ‘spioc_ack_hi]}
= next_state[‘spioc_ack _hi] | state[ ‘spioc_ack_lo_2];
// ‘spioc_ack_hi :
1d_spiooe- = 1d_spiooce | state(‘spioc_ack_hil;

next_state(‘spioc_wait_for_start)
= next_state(‘spioc_wait_for_start]) | state[‘spioc_ack_hi};
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// ‘spioc_read byte :
ackload = ackload_ & ~state[‘spioc_read byte}:;
ackdata = ackdata ¢t ~state(‘spioc_read_bytel;
. ld_spiococe = ld_spioce | state{‘splroc_read_byte];
d_spioce = d_spiooe | state{‘sploc_read bytel;

next_state( ‘sp1oc__read_-byce_ac'k_lo_f]
= next_state{‘spioc_read _byte_ack_lo_1] | state(‘spiroc_read byte};
// ‘spioc_read_byte_ack_lo_1 : : =
next_state[‘spi oc_zeéd_by'te_ack_lo_zi
= next_state{‘spioc_read_byte_ack_lo_2]
| state(‘spioc_read _byte_ack_lo_1]; -
// ‘spioc_read byte_ack_ lo_2 : '
pload_shift' = pload_shift | state(‘spioc_read byte_ack_lo_2];
’ ackload_ = ackload_ & ~state(‘spioc_read_byte_ack lo_2];
next_state[‘spioc_read byte_ack hil
= next_state{ ‘spioc_: read | byte_ack_hi] :
{ state(‘spioc_read byte_ack_lo_2];
// ‘spioc_read byte ack hi :
ackshift. = ackshift__ & ~state(‘spioc_read byte_ack_hi};
clear_timer = clear_timer |- state(‘spioc_read_byte_ack_hi];
next_state(‘spioc_read byte_shift) '
= next_state[ ‘spioc_read_byte shift]
| state[‘spioc_read byte_ack_hi];
// ‘spioc_read byte shift :
// Wait, s{xifting, antil timer{9)
ackshift_ = ackshift_ & ~{ state(‘spioc_read byte_shift] & -<timer(9} );

next_state{‘spioc_read_byte_shift]
= next_state( ‘spioc_read byte_ shift]
! ( state[‘spioc_read byte_shift) & ~timer([9) );

// When timer{9], move on
1d_spiooe = 1d_spiooe | ( statel‘spioc_read byte_shift] & timer(9S] );

next_state{‘spioc_wait_for_start]
= next sta\:e[‘spioc wait_for_start])
{ ( state( ‘sproc_. " read | byte_shift] & :imer(9] Vi
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1/ “spioc_write_byte_wait_start :

7/ WHaat hoio for start bit (0) 1n pshreg(ll)

next_state{ ‘spioc_write_byte_wait_start] ’
= next_state( 'spioc_write_byte_wait_start)
. | ( state(‘spioc_write_byte_wait_start) & pshregfil} });
/7 Take off when start bit comes

clear_timer
= clear_timer | :tatol‘spxoc_write_byte_lvut_surt|,-

next_statel‘spiroc_write hyte_shift_datal
= pext_state(‘spioc_write_byte _shift_datal

I { state{‘spioc_write_byte_wait_start) & ~pshreg(il)] );

/7 “spioc_write_byte_shift_data :
// Just wait until timer(8)

next_state( *spioc_write_byte shift_data}
= next_state{ ‘spioc_write byte_shift_ data)
. I { state{‘spioc_write_byte_shift_data) ¢ ~timer(8] );

// Then branch per badparity, set_parerr if need be
set_parerr

= get_parerr :

1 ( state(‘spioc_write_byte_shift_data] & timer(8] & badparity );

next_state(‘spioc_wait_for_start)-
= next_state({ ‘spioc_wait_for start] .
- I ( state{‘spioc_write byte shift data) & timer{8] & badparity );
next_state( ‘spioc_write byte)
= next_state(‘spioc_write byte] - .

{ ( state(‘spioc write_byte_shift_data) & timer(8) ¢ ~badpanty i

/1 ‘sproc_write byte :

seectlen_ = seectlen_

& ~( state{‘spioc_write_byte] & (readmuxsel == 31001} );
brdctlen_ = brdctlen_ ’ . Co

& ~( state[‘spioc write_byte] & (readmuxsel == 3°b010D) );
statregen_ = statregen_ '

& ~({ state(‘spioc_write_byte] ¢ (readmuxsel == 3'b01l1) );
bdprregen = bdprregen_

& ~{ state(‘spioc_write_byte] & (readmuxsel == 3'b110) );

ackload_ = ackload_ & ~statef‘spioc_write_bytel;
ackdata = ackdata & ~state(‘spioc_write_bytei;
d_spiocoe = d_spiooe | state[ ‘spioc_write byte);
1d_spiooce = 1d_spiooe | state( ‘sproc_write_byte);

next_state(‘spioc_ack_lo_1} ' )
. = next_state{‘spioc_ack_lo_l] { state{’sproc_write_bytel;
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// ‘sproc_eeread wairt_lo_addr_start
// Wairt for pshreg{ll] to get a-start bit (0)

next_state(‘sploc_eeread wait_lo_addr_start}
= npext_state[ ‘sproc_eeread_wait_lo_addr_start)
I ( state[‘sproc_eeread_wairt_lo_addr_start) & pshreg(ll] );

// Then roll out
ciear_timer . *x

= clear_timer | state[‘sproc_eeread_wairt_lo_addr_start}];
next_state{ ‘spioc_eeread_shift_lo_addr]).

= next_state[‘spiroc_eeread_shift_lo_addr]
| ( statae(‘spioc_eeread_wait_lo_addr _start] & ~pshreg[ll] );

// ‘spiroc_eeread_shift_lo_addr :
// Just sit here until timer(8)

next_state(‘spioc_eeread shift_lo_addr]
= next_state( ‘spioc_eeread_shift_lo_addr]
| ( state[‘spioc_eeread_shift_lo_addr) & ~timer{8] );

// Then hit addlen_ AND addrinc (special load and drop 1:0)
// contemplate setting parity arror and romabort, move on

addrlen = addrlen_

& ~¢ state[ ‘spioc_eeread_shift_lo addr] & timer(8) );
addrinc = addrinc

I ( state{‘spioc_eeread shift_lo_addr}) & timer({8] );

set_parerr = set_parerr
1 ( state(‘spioc_eeread : shzft _lo_addr] & timer{8] & badparity );

1d_romabort = ld_romabort
| ( state(‘spioc_; eeread shift_lo_addr) & timer(8) & badpar;ty )i

d_romabort = d_romabort | state[‘spzoc_eereaq_shift_lo_addt],

next_state(‘spioc_eerecad wait_hi_addr_start}
= pext_state{ ‘spioc_: eeread wait_hi_addr_start)
| ( state(‘spioc_d eeread | shift _lo_addr} & timer (81 );.

// ‘spioc_eeread_wait_hi_addr_start :

// Wait for pshreg(ll] to qe£ a start bit (0)

next_state{‘spioc_eeread_wait_hi_addr_start])

= pext_state(‘spioc_eeread_wait_hi_addr_start]
| ¢ state{‘spioc_eeread wait_hi_addr_start) & pshreg{ll)] );
// Then roll out
clear_timer ‘

= clear_timer | state[‘spioc_ eeread wait_hi_addr_start];

next_state| ‘spioc_eeread shift_hi_addr]
= next _state| 'spioc_ eezead shaft_hi_addr)
| ( state[‘spioc_: eeread wait_hi_addr_start) ¢ ~pshreq[11) );

// ‘spioc_eeread_shift_hi_addr :

// Just sit here until timer{8]

next_state(‘spioc_eeread shift_hi_addr}
= next_state[‘sproc_ eoroad shift_hi_addr]
t ( statae(‘sproc_ oe:oad shafe _bhy addr) & ~tamer(B8} );

¢t/ Then nit adéhen_, consider garity, and BAANCH per ,azxtlltomapot.
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// status

addrhen_ = addrhen_
& ~( state{ ‘spioc_t eeread shaft_hi_addr) ¢ txmer(al );

set_parerr = set_parerr
| ¢ state(‘spioc_eeread_shift_h)_addr]} & timer(8] & badparity );

next_state(‘sproc_wait_fur_start}
= next_state(‘spiroc_wait_for_start]
. I ¢ state[‘sproc_i ee:ead sh;ft'ﬁx _addr} & timer{8] &
(badparity ‘! romabort) );

next_state({‘spioc_eceread_read_0)
= next_state(‘spioc_eeread_r<ad_0]
" 1 ( state{‘spioc_ eeread shift_hi_addr] & timer(8)] ¢
~badparity & ~romabort 1;

/7 1 don’t think it will hurt to clear timer w/o checking parity or romabort

clear_timer = clear_timer
1 ¢ statel‘spxoc eeread_shift_hi_addr] & timerlal y:

// ‘spioc_eeread_read 0 :
// Do this stuff any time in this state

1d_spioce = 1d_spiocoe | state(‘spioc_geread_réad_O];
d_spiooe = d_spiooe | state(‘spioc_eceread_read 0);

ackload_ = ackload_ & ~state(‘spioc_eeread_read 0];
. // Do this until timer{8]) gets set
ackdata = ackdata & ~( state[‘spioc_eeread_read 0] & ~timex(8) );

d_romcs_ = d_romcs_ & ~( state[‘spioc_eeread read 0] &« ~timer(8]) );
d |_romoe_ = d romoe_ & ~( state[‘spioc eeread read 0] & ~timex(8) );

next, state[‘spioc eeread_read_01}
= next_state[® spioc eeread_read 0]
1 ¢ state[‘spioc eeread | read | 0) & ~timer(8] );

// ¥hen timexr(8) comes...
pload_shift = pload shift | ( state{‘spioc_eceread read 0] & timer(8] );
next_state{ *spioc_ceread inc_addr_01]
= next state[‘spioc eeread inc_addr_01}
{t ( state(‘spioc_t ee:ead read | 0) & timexr(8] );
// ‘sproc_eeread_inc_addr 01 :
ackshift_ = ackshift_ & ~state[‘spioc_eeread_inc_addr 01);
addrinc = addrinc | state[‘3pioé_geread_1nc_addr_n1];
clear_timer = clear_timer | state(‘spioc_eeread_inc_addr_01);
next_state|[‘spioc_eeread_read_1)
= next_state(‘spioc_eeread_read_l)
| state{ ‘spioc_eeread_inc_addr_01};
// ‘sproc_eeread_read 1 :
ackshift_ = ackshift_ & ~state(‘'spiroc_eeread_read_ l);

* /7 Do this until timer(B] gets set

d_romcs_ = 4_romcs_ & ~( state( ‘sproc_eeread_read 1} ¢ ~tamer([8) »;
d_gomoe_ = 4_romce_ & ~( statol‘qptoc_oorond_rcad_l) ¢ ~tamer(8)] );
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next state( ‘spioc_eeread_read_1]
= next_state(‘spioc_eeread_read_1] ]
{ ( state(‘spioc_eeread_read_l] & ~timer(8] )i
// When timer(8] comes. . .
pload_shift = pload shift | ( state{‘spioc_eeread read_l} & timer{8] );
next_state[ ‘spioc_eeread_inc_addr_12] . .

= next_state| ‘sproc_eeread_inc_addr_12)
t { state{‘spioc_eeread_read_l] & timer(8] );

"~ // ‘spiroc_eeread_inc_addr_12 : «
ackshift_ = ackshift_ & ~state[ ‘spioc_eeread_inc_addr_l12);
addrinc = addranc | statef{‘spioc_eeread_inc_addr_12); .
clear_timer = clear_timer | state[‘spioc_eeread_inc_addr_12];
next state( spioc_eeread_read 2]
= pext_state( ‘spioc_eeread_read 2]
| state(® spxoc_eeread_inc addr_12);
// ‘spioc_seread_read 2 :
éckshift_ = ackshift_ & ~state[ ‘spioc_eeread_read 2];

// Do this until timer([8] gets set

d _romcs_ = d_romecs_ & ~( state[‘spioc_eeread_read_Z] & ~timer(8} );
d_romoe_ = d_romoe_ & ~( state[‘spioc_eeread_read 2] & ~timer(8]) );

next_state( ‘spioc_eeread_read_2]
= next_state{‘spioc_eeread_read_2)
{ ( state[‘spicc_¢ eeread read 2} & ~timer(8] ),
// When timer(8] comes...
pload_shift = pload_shift | ( state(‘spioc_geread_read;Zl & timexr(8) );
next_state(* spioc eeread_inc_addr_23]

= next state[‘spxoc eeread inc_, addr 23}
1 ( state{‘spioc_¢ eeread read_2} & timer(8] };

7/ ‘spioc_eeread_inc_add;;za :
ackshift_ = ackshift_ & ~state(‘spioc_eeread inc_addr_23);
addrinc = addrinc | state(‘spioc_eeread_inc addr_23];
clear_ timer = clgar_;imer | state{‘spioc_eeread_inc_addr_23);- ’
next_state{ ‘spioc_eeread_read_3] o

= pext_state{‘spioc_eeread_read 3]
| state(‘spioc_eeread_inc_addr_23);

// ‘spioc_eerecad read 3 :
ackshift = ackshift_ & ~state(‘spioc eeread read 3]}; .
// Do this until timer{8] gets set

d_romcs_ = d_romcs_ & ~{ stace(‘spioc_eetead_read_ﬁ) & ~timerfs8) );
d_romoe_ = d_romoe_ & ~( state(‘spioc_eeread_read_3) ¢ ~timer{8] );

naxt_state|‘spioc_eeread_read_ 3]
= naxt_state{ ‘sprcc_eeread_read_3)
§ { state[‘sproc_eeread read_3] & ~timer{8} );

// When timer(8] comes...
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. ’ pload_shift = pload_shift | ( statel‘spioc_eeread_read_3) & timer(s) );
clear_timer = clear_timer | ( statel‘spioc_eceread read_3) & timer(8) );

next_state(‘spioc_eeread_shift_3)
= next_state[ ‘spioc_eeread_shift_3]
| { state{‘spioc_eeread_read_3) & timer{8} );

// ‘spioc_eeread_shift_3 : : .
LS
;ckshift_ = ackshift_ & ~( state{‘spioc_ceread_shift_3} & ~timer(10] );

next_state(‘spioc_eeread_shift_3)
= next_state( ‘spioc_eceread shift_ 3]
| ( state(‘spioc_eeread shift_ 3) & ~timer({10] );

1ld_spioce = ld_spiooce | ( state(‘spioc_eeread shift_3] & timer{10} }H
next_state(‘spioc_wait_for_start]
= next_state| ‘spioc_wait_for_start)
| { state[‘spioc_eeread_shift_3) & timer(10] );
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// ‘spioc_eewrite_wait_lo_addr_start :
// Wait for pshreg{ll] to get a start bit (0)

next_state(‘sproc_eewrite_wait_lo_addr_start)
= next_state[‘sproc_eewrite_wait_lo_addr_start)’
I { state{‘sproc_eevwrite_wait_lo_addr_start} & pshreg{ll] );

// Then roll out

clear_timer

= clea:_;r.xmer | state(‘spioc_eewrite_wait_lo_addr_start]);

next_state[‘sproc_eewrite_shift_lo_addr)
= next_state{‘spioc_cewrite_shift_lo_addr]
I ( state{‘spioc_eewrite wait_lo_addr_start] & ~pshreg(ll] });

// ‘spioc_eewrite _shaft_lo_addr :
// Just sit here until timer(s]

next_state( ‘spioc_eewrite_shift_ lo_addr]
= next_state( ‘spioc_eewrite_shift_lo_addr]
I ( state(‘spioc_eevrite_shift_lo_addr) & ~timer(8) );

addrlen_ = addrlen_
& ~{ state(‘spioc_eewrite_shift_lo_addr] & timer(8] };

set_parerr = set_parerr .
| ( state{‘spioc_eewrite_shift_lo_addr) & timer(8) & badparity );

ld_romabort = ld_romabort .
! ( state[‘spioc_ecewrite shift_lo_addr) & timer{8) & badparity );

d_romabort = d_romabort { state(‘spioc_eewrite shift_lo addr]);

next_state[ ‘spioc_eewrite wait_hi_addr_start)
) = next_state(‘spioc_eewrite_wait_hi_addr_start)
| ( state{‘spioc_eewrite_shift_lo_addr] & timer(8} );

// ‘spioc_eewrite_wait_hi_addr_start :
// Rait for pshreg{ll] to get a start bit (0)

next_state({ ‘spi.oc__eewrite_:wait__hi_addr__st art]
= next_state|[‘spioc_eewrite_wait_hi_addr_start}
I ( state(‘spioc_eewrite wait_hi_addr_start) & pshregfll] );

// Then roll out

clear_timer .
= clear_timer | state(‘spioc_eewrite wait_hi_addr_start};

next_state(‘spioc_eewrite _shift_hi_addr]
= next_state(‘spioc_eewrite_shift_hi_addr)
-1 { stace{‘spioc_ecewrite_wait_hi_addr_start) & ~pshreg{lil] );

// ‘sproc_eewrite_shaft_hi_addr :
// Just sat . here until tamer{8)
next_state( *spiroc_eewrite_shift_hi_addr]

= pext_state( ‘sproc_eaewrite_shift_hia_addr}
| ( state{‘spioc_eewrite_shift_hi_addr] ¢ ~tameri8) );

addrhen_ = addrhen_
& ~( state{‘spioc_eewrite_shift_hi_addr} & timer(8) »;
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sat_parerr = set_parerr
B . | ( state(‘spioc_eewrite_shift _hi_addr] & timer[8] & badparity );

ld_romabort = 1d_romabort ’
| ( statel‘spioc_eewrite_shift_hi_addr] & timer(8] & badparity );

d_romabort = d_rcmabort | statef{ ‘spioc_eewrite_shift_hi_addr);

next_state( 'spioc_eewrite_ wait_data_start]
= next_state{ ‘spioc_eewrite_wait_data start]
| ( state{‘spioc_eewrite_shift_hi_addr] & timer(8) );

w

/7 “spioc_eewrite_wait_data_start :
// Wait for pshreg(ll} to get a start bit (0)

next_state({ ‘spioc_eewrite_ wait_data_start]
= next_state([‘spioc_eewrite_wait_data_start]
| ( state(‘spioc_eewrite wait_data_start) & pshreg(ll] );

// Then roll out

clear_timerxr
= clear_timer | state(‘spioc_eewrite_wait_data_start}];

néxt_state[‘spioc eewrite_shift_data)
= next state[‘spxoc eewrite_shift_data)
| ( state(‘spioc_eewrite_wait_data_start]’ & ~pshreg{ll] );

// ‘spioc_eewrite_shift_ data :
// Just sit here until timer(8)

next:state{ ‘spioc_eewrite_shift_data) .
= next_state( ‘spioc_eewrite_shift_data}
| ¢ statef‘spioc_eewrite_shift_data] & ~timer(8] );

dataen_ = dataen_
' & ~( state[‘spioc eewrite shift_data) & timer(8s) );

set_parerr = set_parerxr
| ( statel'spioc_eewrite_shift_data] & timex(B] & badparity );

next_state| ‘spioc_wait_for_start)
= next_state{ ‘spioc_wait_for start]
t( state[‘spioc eewrite_shift_data) & timer(s) &
{badparity | romabort) );

next_state[“spioc_eewrite_write_ data)
= next_state( ‘spioc_eewrite_write_data}
{ ( state{‘spioc_eewrite_shift_data) & tamer(8} &
~badparity & ~romabort );

d_romcs_ = d_romcs_ ’

& ~( state(‘spioc_eewrite_shift_data) ¢ timer[B] [
~badparity & ~romabort Y

// I don’t think it will hurt to clear timer w/o checking parity or ‘romabort

clear_timer = clear_timer
1 ( state(* spioc_eewrite_shift data] & tiwmerf{B8) );

// ‘sproc_eewrite_write_data : -

d_romcs_ = d_romcs_ & ~statef‘spioc_eewrite_write_data);
d_rom_mdoe = d_rom_mdoe | state[‘sproc_eewrite_write_data);
1d_spicoe = ld_spiroce | state[‘spioc_eewrite_write_data];
d_spiooe = d_spioca | state[‘sproc_eewrite_write_data];
ackload_ = ackload_ & ~state(‘spiroc_eewrite_write_data];

S_rew = 4 A & ~( statel'sproc_eewrite_acate_data; & ~Limeriaj g
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ackdata = ackdata & ~( statel‘sproc_eewrite_write_data)] & ~timer{dq)] );
next_state( *spioc_eewrite_write_data]
= next_state(‘spioc_eewrite_write_datal

1 ¢ state( spioc_eewrite_write data] & ~timer(4)] );

next_state( ‘spioc_ack hxl
= next_statef{ ‘spioc_ack_hi)
t { statef‘spioc_eewrite_! wr;te _datal & timer(4] );

kS

end /7 of the enormous thing you do if SPIORESET is not asserted

end // of the huge "always" block

endmodule
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‘timescale

// SPIOC.V
i

ins/10ps

// This 1s the "top level™ file for the SPIOC chip

module spioc (

1nput
input

output
1nout

output
output

1nout
output,
ourput

inout

inout
cutput
inout

inout

1nput
1nput
input

input
Lnput
1nput
irput
1nput

CLK,

P_RST_,
B_RST_,
SPIO,

LED_,
STPCTL,

MA17, MAl6,
MAl5, MAl14, MAL3, MAl2, MAll, MAl0, MA9, MAS,
MA7, MA6, MAS, MA4, MA3, MA2, MAl, MAO,

MD7, MD6, MDS, MD4, MD3, MD2, MDl1l, MDO,

MCS_,
MOE_,
MWR_,

SEECS,

IDPAL,

D7, ID6, ID5, ID4, ID3, ID2, ID1, IDO,
ESBRD, '

S_RST_,
TRMSHI,
TRMSLO,

XCBLDT,
CBLDT Vi

CLK;
P_RST ;

B_RST ;
SPIO;

LED_;
STPCTL;

MA17, MALS6;
MA15, MAl4, MA13, MA12, MAll, MAL10, MA9, MAS;
MAT7, MA6, MAS, MA4, MA3, MA2, MAl, MAO;

MD7, MD6, MDS, MD4, MD3, MD2, MDl, MDO;

SEECS;

IDPAL;

107, ID6, 1IDS, ID4, ID3, ID2, IDL, IDO;
ESBRD;

S_RST_;
TRMSHI;
TRMSLO;
XCBLDT;
CBLDT;
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wire {17:0] ma_out;

wire [17:16}) ma_in;

wire [7:0) nd_out,
mdoe,
md_1n,
r1ddat_in;

1obuffers buffers_1l (

.pad_clkin
.clkin

.pad_pcl_reset_
.reset_
.pad_brd reset_

.pad_spio
.spio_in
.spio
.spiooe

-pad_led

.led
.ledoe

-pad_stpwctl
.stpwctl
.stpwctloe

.pad_hi_ma
.pad_ma

-ma_in
-ma
-maoe

.pad_md
.md_in
.md
.mdoe

.pad_romcs_
.romcs_in_
.romcs__
.romcsoe

.pad_romoe_
.romoe_
.romoece

.pad_mrw
.mrw_in
.mrvw
.mrwoe

.pad_seecs
.seecs_in
.seecs
.seecsoe

.pad_idpal
.idpal_in

.pad_iddat
.iddat_in

.pad_esbrd
.esbrd_in

.pad_scsi_rst__
-scsi_ rst_in_ -

.pad_termsense_b
.termsense_b_in
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(CLK), .
(clkin), *

(P_RST_),
{reset_),”
(B_RST_),

.{SPI10},
(spio_in), -
(spio_out),
{sp1ooe},

{LED_).,
(led_out_),
(ledoe),

{STPCTL),
{stpwctl_out),
{stpwctloe),

( {MA17, MALl6} ),
{ {MA1l5, MAl4, MAl3, MAl2, MAll, MAl0, MASY,

MAS8, MA7, MA6, MAS, MA4, MA3, MA2, MAl, MAO}),

(ma_in),
(ma_out),
(maoce),

( {MD7, MD6, MD5, MD4, MD3, MD2, MD1, MDO}
{md_in),

(md_out),

{mdoe),

(MCS_),
(romcs_in_),
{romcs_out_),
{romcsoe),

(MOE_),
{romoe_out_),
(romoeoce},

(MHR_),
(mrw_in),
"(mrw_out),
(mrwoe), . ’

(SEECS), ‘ .
(seecs_in),

(seecs_out),

‘(seecsoe),

{IDPAL),
(idpal_in),

( (ID7, 1DS6,
(iddat_in),

IDS, ID4, ID3, ID2, ID1, IDO}

(ESBRD),
(esbrd_in),

(S_RST_),
-{scsi_rst_1n_),

(TRMSHI),
(termsense_b_1n),

)

),
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spioc_core core l (-

2

endmcdule

.pad_termsense_a
.termsense_a_ln

.pad_x_connsense

.x_connsense_in

.pad_connsense
.connsense_1n0

.clkin
.reset_

.spio
.spiove
.spio_in

-led_
.ledoe

.stpwctl
.stpwctloe

-ma
.maoe
.ma_in

md

mdoe
.md_in
+IOMCS_
.romcsoe
.romcs_in_

. romoe_
. romoeoe

JUXW

~ .mrwoe

mrv_in -
.

.seecs

.seecsoe

.seecs_in

.idpal_in
.iddat_in
.esbxd_in

.scsi_rst_in_
.termsense_b_in
.termsense_a_in
.x_connsense_in
.connsense_in
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(TRMSLO) ,
(termsense_a_in),

(XCBLDT),
(x_connsense_in),

(CBLDT),
(connsense_in) = = Vi

{clkin),
(reset_).,

{spio_out),
(spiooe),
(spro_in},

(led_out_),
(ledoe),

{stpwetl_out),
(stpwctloe).,

{ma_out)},
(mace),
{ma_in),

{md_out).,
(mdoe},
(md_in),

(romcs_out_}.
{romcsoe),

‘(romca_in_),

(romoe_out_),

{romoeoe) ,

{mrw_out),
(mrwoe),
(mxw_in),

(seecs_out),
(seecsoe) .,
(seecs_in).

(idpal_in),
{iddat_in),
{esbrd_in),

(scsi_rst_in_),
(termsense_b_in),
(termsense_a_in),
(x_connsense_in},
(connsense_in) )i
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‘timescale - 1lns/10ps

module GTECE MUX4 ( d0 , d1, d2 , d3 , sel0 , sell , out ) ;.
input d¢0 , d1 , d2 , d3 , sel0 , sell ;

output out ;

reg out ;

wire ([3:0] data ; . *
wire [1:0] sel ;

assign data = {d3 , d2 , d1 , 40 } ;

assign sel = { sell , sel0 }';

always @ ( data or -sel )

begin :

: out <= data[sel] ;

‘end

endmodule
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‘timescale lns/10ps

// Module to load, hold, increment ROM ADDRESS bits

/7 .

// Here’s a special trick: If BOTH addlen_ and addrinc are asserted,
.// do a special load where the 2 low bits get jammed to zero

7/

// Here’s another... if SEEMS is asserted, send out "BRDRW" on MA[15]

module rom_addr ( out, *.
reset ,
addrdben_,
addrhen_,
addrlen ,
addrinc,
clkin,
in,

seems,
brdrw yi

input reset_, addrdben , addrhen , addrlen , addrinc, clkin ;
input (7:0] in ;

input seems,
.bxdrw;

output [17:0) oﬁt }

reg [17:0] ad reg ;

assign out{i7:16)
assign out{l5]
assign out[14:0]}

ad_reqg{17:16];
seems ? brdrw : ad reg(15];
ad.regil4:0]; .

.

always @ ( posedge clkin or negedge reset_ )

if (!reset_) ad;;eg' <= #1 18°hOARAA; .
else begin ‘
if ( ~addrdben_ )

ad_reg[l7:16] <

#1 in[6:5];
if ( ~addrhen_ )

ad_reg(15:8} <= }1 in;

if ( ~addrlen_ & ~addrinc )
ad_reg(7:0} <= #1 in;

else if ( ~addrlen_ & addrinc ) . // both asserted... trick load
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begin
ad_reg[7:2] <= §#1 in{7:2];
" ad_reg(1:0] <= #1 2'b00;
end
else if ( addrlen_ & addrinc ) // just increment
ad_reg(1:0] <= #1 (ad_reg(l:0] + 2°bO1);

end

endmodule - : -
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‘timescale - 1ns/10ps

'// 8 bit register with enable '
module regen8 ( out , reset_ , enable , clkin , in ) ;

input reset_., enable_ , clkin ;
input {7:0] in ; .

output [7:0]‘out ;

reg [7:0] out ;

wire [7:0] in ;

always @ ( posedge clkin )

begin
if (lreset )
out <= #1 {8{1'b0}} ;
else .
out .<= #1 enable_ ? out : in ;
end

endmodule
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module stp ( stpwctl , reset , stpwctlen , clkin , delayreqg .

spioreset ) ;

output stpwctl ;

input reset_ , stpwctlen ', clkin , spioreset ;

input (1:0) delayreqg ;
wire {1:0] delayreqg ;

reg stpwen , stpwlevel ;

GTECH_MUX4 gtech mux4 1 ( . .do (delayreg(0]),
' .dl {stpwen),
.d2 (1'b0),
.d3 - (1'b0),
.sel0" (stpwctlen ),
.sell (spicreset),
.out {(muxout) )i
always @ ( posedge clkin )
if (!reset )
begin
stpwen <= #1 1’b0 ;
stpwlevel <= $1 1'b0 ;
end '
else begin _
stpwen . <= {1 muxout ; .
stpwlevel <= §1 stpwctlen_ ? stpwlevel : delayreg(1]}
end

assign stpwctl = stpwlevel ~ stpwen ;

endmodule

’
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‘timescale

module sprostatreg (

1nput clkain,

reset_;

input

lns/10ps

errledenab,
spioparerr,
unsupported,
membusy, ’
errled_,

clkan,
reset_,
set_parerr,
set_unsup,
set_mbusy,
spioreset,
id_en_,
1d_datad,
1d_data2l0 )i

’

set_parerr,

set_unsup,
set_mbusy,
spioreset,

1d_en_,

1d_data7;

input [2:0)

output errledenab,
spioparerr,
unsupported,
membusy,
errled_;
reg errledenab,
spioparerr,
unsupported,
membusy;

assign

1d_data2lo;

always & ( posedge clkin )

L f {
else if (
else 1f

always 2 (

%4
else 1f (
else if (
else 1f (

‘reset_ )

sproreset )
~ld_en_}

posedge clkin )}

{ !reset_ )

spioreset )

set_parerr )

~1d_en_ & 1d data210{2] )

always & ( posedge clkin )

1 f {
else 1f (
else if {(
else 1f (

always 8 (

1f (
else 1f (
else 1f (
@156 1f

lreset_ )

spioreset )

set_unsup )

~ld_en_ & 1d_data2l0(1]) )

posedge clkin )

treset_ )
spioreset )
sQt_mbusy )
~ia_en_ &

1d_cataziC{d}
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errledenab
errledenab
errledenab

spioparerr
spioparerr
spioparerr
spicparerr

unsupported
unsupported
unsupported
unsupported

membusy
membusy
membusy
memousy

Cm
=
<=
Lm

fl
[ 2
$l

L Fl

Cm
. K=

=
<=
<=
<=

<=
K=
<=
<m

1’b0;
1°b0;
1'bl;

1720;

<

fl
#1
1

1
£l
£l
f1

[ 31
1
fl
£l

errled_ = ~( errledenab & (spioparerr | unsupported | membusy) );

1'b0;
1°p0;

1d_data?;

1/b0;
1'b0;
1’bl;
1’b0;

1’b0;
1°b0;
1’bl;
1'b0;

/4 A e Arites it

// A ONE writes it off

// A ONE writes 1t off.

2t
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endmodule
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‘timescale lns/10ps
module badparreg ( clkin,
' reset_,
spioreset,
lden_,
d_in,
badpar );
input .. clkin, )
reset_, =
spioreset,
lden ,
d_in;
output badpar;
r'eg badpar;

always @ ( pésedge clkin )

begin

- if ({reset_) . badpar <= #1 1'b0;
else if (spioreset) - badpar <= #1 1’b0;
else if (!lden ) badpar <= #l d_in;
end

endmodule
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‘timescale 1ns/10ps

module ledreg ('clkin,
reset_,
spioreset,
ledregen ,
delayregq,
errled_,
spio_in,

led ,- : .
ledtest ); %

input' : clkin,
reset_,
spioreset;

input ledregen_;
input  [1:0] delayreg;

" input errled ;
input spio_in;
optput led_,

ledtest;

reqg ledbit_, ledtest;
always @ ( posedge clkin )
if (lreset_) " ledtest <= #10 1°b0 ;

else if (!ledregen_ ) ledtest <= #10 delayreg{l] ;

always @ ( posedge clkin )

if (treset_) ledbit_ <= #1 1°b0 ;
else if (spioreset) . ledbit_ <= #1 1'b0 ; _
else if (!ledregen_) ledbit_ <= #1 delayreg(0] ;

assign led_ = ledtest ? spio_in : ( ledbit_ & errled_);

endmodule



211

‘timescale lns/léps

module sp_seectl ( seems , seecs , seeck , seedo » reset_ , seectlen_,
clkin , delayreg5 , delayreg3 , delayreg2 , delayregl , spioreset ) ;

output seems , seecs , seeck , seedo ;

input reset_ , seectlen_ , clkin , delayreg5 , delayreqg3 , delayreg2 ,
"delayregl , spioreset ;

reg seems , seecs, seeck , seedo ;

always € ( posedge clkin )

if { !reset_ )
begin
seems <= §1 1’b0;
seecs <= 1 1°b0;
seeck <= §1 1’b0;
seedo <= #1 1’bh0;
end

else if ( spioreset )

begin .

seens <= #1 1°b0;
seecs <= #1 1'b0;
seeck <= #1 1’b0;
- seedo <= $#1 1°b0;
end '

else if ( !seectlen_ )

begin

seems <= #1 delayreg5;
‘seecs <= %1 delayreg3;
seeck <= #1 delayreg2;
seedo <= §1 delayreqgl;
end

endmoduile
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‘timescale Ins/10ps

module sp_ brdctl ( brddat7 . brddat6 , brddat5 , brdstb , brdcs . brdrw ,
reset_ , brdctlen ., clkin , delayreg? , delayregé , delayreg5 ,
delayreg4 , delayreg3 , delayreg2 , spioreset ) ;

output brddat7 , brddat6é , brddat5 , brdstb , brdecs , brdrw ;

input reset_ , brdctlen_ , clkin , delayreg7 , delayreg6 , delayreg5s ,
delayreg4 , delayreg3 , delayreg2 , spioreset ;

reg brddat7 , brddat6é , brddatS., brdstb , brdcs , brdrw ;

GTECH_MUX4 gtech_mhx4_l,( delayreg? , brddat? , 1’b0, 1‘b0, brdctlen
’ spioreset-, muxout?7 ) ;

N 4

always @ ( posedge.clkin )

begin
if. (lreset_)
brddat7 <= 1 1'b0 ; -
else
. brddat7 <= #1 muxout7;
end

GTECH_MUX4 gtech mux4_2 ( delayreg6 , brddaté , 1°b0, 1’bO, brdctlen_ ,
spioresef , muxouts ) ; .

always @ ( posedge clkin )

begin
if (ireset_)
brddat6 <= #1 1'b0 ;
else
brddaté6 <= #1 muxouts6;
end

GTECH_MUX4 gtech mux4 3 ( delayreg5 , brddat5 , l'bO, 1'b0, brdctlen_
spioreset , muxout5 ) ;

r

always @ ( posedge clkin )

begin
if (lreset_ ) -
brddat5 <= §1 1’'b0 ;
else
brddat5 <= #1 muxout5;
end

GTECH_MUX4 gtech_mux4 4 ( delayreg4 , brdstb , 1°b0, 1°bO, brdctlen_
spioreset , muxout4d ) ;

r

always @ ( posedge clkin )

begin _
if (lreset )
brdstb <= #1 1’b0 ;
else .
brdstb <= #1 muxout4;
end

GTECH_MUX4 gtech_mux4 _5 ( delayreg3 , brdes , 1'b0, 1°b0, brdctlen_
spioreset , muxout3 ) ;

’

always @ ( posedge clkin )
begin
if (!reset )
brdcs <= #1 1'b0 ;



.

_ 213
else
brdcs <= #1 muxout3;
end

GTECH_MUX4 gtech_mux4 6 ( delayreg2 , brdrw , 1‘b0, 1°b0, brdctlen_,
spioreset , muxout2 ) ;

always @ ( posedge clkin )

begin
if (ireset_)
brdrw <= #1 1‘b0 ;
else : _
brdrw <= #1 muxout2; : *
end S

endmodule
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shregl2.v ’ : 1
‘timescale lns/10ps

/7 12 bit parallel loadable, parallel out shift register
/7 shifts from 11 to 0

t// LATER added some new tricks:

// "pload_shift” will load DATA into (8:1], START BIT into (0],
// then on the next clock (as bits [8:0] start shifting out) PARITY
// (generated here) will be loaded into [8) and 111 into [11:9). This will

// be equivalent to loading (111, PARITY, DATA, START BIT} all at once
// (but easier to Time out)

module shregl2 ( pshregout ,
reset_ .,
clkin ,
spio_in ,
spiocoe , B
pload_shift ,
badpar ,
pdatain ) ;
output [11:0) pshregout ;
input reset_ ,
" clkin ,
spio_in ,-
spiooe ,
pload_shift ,
badpar ;

input (7:0] pdatain ;

reg after_ pload;
always @(posedge clkin)

after_pload <= #1 (pload_shift & reset_);
wire parity = ~badpar * (“pshregout{8:1));

reg {11:0} pshregout;
always @ ( posedge clkin )
L f (lreset_ ) pshregout <= #1 12°b1111131111111 ;

else if (pload_shift) pshregout <= #1 {3’blll, pdatain, 1’b0};
else 1f (after_pload) pshregout <= #1 {3’blll, parity, pshregout[8:1]};

/7 load
// fix paraty

else pshregout <= #1 {(spio_in | spiooce), pshregout(1l:1]}; // shift

endmodule

.
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. ./verilog/bobsense.v
‘timescale ins/10ps

// BOBSENSE.V
17

// Senses termination (for “auto-term®) and connectors installed

module bobsense ( cikin,
sync_rst_,
spioreset,

scsi_rst_,
termsense_b,
termsense_a,
X_conhsense,
connsense,

seems,
brdcs,
brdrw,

sense_brddat };

input clkin,
sync_rst_,
spioreset,

scsi_rst_,
termsense_b,
termsense_a,
X _connsense,
connsense,

seems,

brdcs,
brdrw;

output [1:0) sense_brddat;
reg scsi_sync_l1,
scs1_sync_2,

term_b_ff 1,
term a_£f£f_1,

term_b_f£f_2,
term_a_ff_ 2,

x_conn_f££_1,
x_conn_££_2,

- conn_f£f£f_ 1,
cenn_££_2;

req [4:0] sample_timer;
reg {1:0] state;
reg © {1:0]} next_state,

sense_brddat;

wire sample_pulse = (¢sample_timer); // All ones

always @ (posedge clkin)

begin
scs1_sync_l <= #1 scsi_rst_;
scsi_sync_2 <= §1 scs1_sync_i;

state <= #i next_state;
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always

always

x_conn_f£f_ 1 <= #1 x_connsense;

x_conn_f£ff 2 <= #1 x_conn_ff 1;
conn_f£f_ 1 <= #1 connsense;
conn_f£f_2 <= #1 conn_f£f_1;
end

@ (posedge clkin)
1 £ ( ~sync_tst_ | spioreset | scsi_sync_2 )
sample_timer <= §1 5°b0;

else sample_timer <= #1 (sample_timer + 1°bl);

@ (posedge clkin)

if { ~sync_rst_ | spioreset )
begin
term b _ff 1 <= §1 1bl;
term_a_ff 1 <= #1 1'b0;
term b ff 2 <= F1 1’bl;
term_a_ff 2 <= #1 1’b0;
end -

else if ( sample_pulse )
begin
term b _ff 1 <= #l1 termsense_b;
term_a_ff 1 <= §1 termsense_a;
term b _ff_2 <= §1 term_b_£ff_1;
term a_ ff 2 <= #l term_a_£f_1;
end

// STATE DEFINITION {(comment)

7

// 00 - means the next BRDLOGIC read is going to read the termstat
// 01 - come here while the first read (termstat) is underway
/7 11 - come here after the first. read completes, from then on read connsense

// next_state and sense_brddat are proqrémminq regs, NOT flip~flops...

always

@( sync_rst_ or spioreset
or scsi_sync 2
or state
or term_b_ff_ 2 or term a_ff 2
or x_conn_f£f 2 or conn_ff_ 2
or seems or brdcs or brdrw

baegin o
£ { state == 2'H00 )
begin
sense_brddat = { term b ff_2, term_a ff 2 };
1 f Toq ~sync_rxrst_ | spioieset { ~scsi_sync_2 )
else if ( seems & brdes & brdrw )
else.
end
else 1f ( state == 2'b01 )
begin .
sense_brddat = { term b_ff 2, term_a_£f£f 2 );
af ( ~sync_rst_ | spioreset | ~scsl_sync_2 )
else if ( seems & brdes & brdrw )
eise

next_state
next_state
next_state

next_state
next_state
next_state

2’b00;
2'b01;
2/b00;

2'p00;
2'b01;
2°'bii;
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end

else // ( state ptobably == 2’bll }

begin

sense_brddat = { x_conn_f£f_2, conn_££f 2 }; -

if { ~aync_rst_ | spioresét | ~scsi_sync_2 ) next_state = 2'b00;
else . next_state = 2'bll;
end '

end

endmodule
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../verilog/iddat.v

‘timescale 1lns/10ps

// IDDAT.v

/7

// This 1s based on a shift register and a timer.
144

// The shift register resets to all ones,

The shift register stops shifting when

The timer resets to F then counts down
have been shifted i1n from the PAL yet,

then shifts i1n from the "PAL" pin.
the first zero gets to bit (0).

to 0. If the timer reaches zero and NO zeroes
then JAM a parallel thking into the shift regqister.

What to jam depends on the level of idpal AT RESET TiHE (as remembered by idpal_at_rst)
If zero, use the chip built-in value, if one use the "parallel pin" values.

There’s a special bandaid to make sure
if idpal is low all the time.

module iddat ( clkin,

sync_rst_,
reset_,

idpal_in,
iddat_in,
esbrd in,

ma_in,
romcs_in_,
mrw_in,

seecs_in,
id_done,

iddatbyte,
estatbyte )

o

input clkin,

sync_rst_,
reset_;

isput | idpal_in;
1nput {7:0} iddat_in;
input esbrd _in;

input [17:16) ma_in;

input romes_in_,.
mrw_in;

1nput seecs_in;

output id_done;

output (7:0} iddatbyte,

estatbyte;
req [16:0) shifter;
:ed (3:9) timer;
reg {1:0) front_end;
req {17:16) ma_at_rst;
req idpal at_rst,
romcs_at_rst,

mrw_at_rst,
seecs_at_rst;

the shift register doesn’t load zerces at all
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endmodule
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wire shifter_all_} = gshifter;
wire timer 0 = -ltimér;
wire  shift_in = front_end(0) | ~iydpal_at_rst; // Force to 1 1f idpal_at_rst == 0
wire i1:3} rém_size = ~romcs_at_xst ? 2'bll // NO ROM
: . : ~ma_at_rst{16] ? 2'blYD // ma(l6) low -> 64K
: ~ma_at_rst([17) ? 2'bOY // mafl7) low -> 128K
. : 2'b00; /7 256K
// 0K, 1f there 18 no PAL will be "jamming" 1n either default or from pins
wire (16:0] 3jam_1n = .~adpal_at_rst ? 17'b1110_0000_0101_0101_9- // Internal default
: { 1’b}, // ESTAT{7)
rom _size(l], /7 [6) ’
17 bl, //- [5)
esbrd_in, /7 9
seecs_at_rst, 1/ (3]
~mrw_at_rst, /7 [2)
rom _size(0], /7 11
1’ b0, /7 (0}
iddat_in, J/ ID[7:0)
1°b0 }i // Tstop shifting™ bat-
always @(posedge clkin)
front_end <= #1 ( idpal_in, fraont_end{l) }; // Free-running, no reset
always @(posedge clkin)
if ( ~sync_rst_ ) shifter <= #1 17‘b11111111 1111111l_1;
else if ( timer 0 & shifter_all 1) shifter <= #1 jam_in;
else if ( shifter{0}] ) shifter <= #1 { shift_in, shifter{l16:1] };
always @(posedge clkin)
1f { ~sync_xrst_ ) timer <= #1 4'blll};
else 1f ( ~timer_ 0 ) timer <= #1 (timer - 4’b0001);
always 2(posedge reset ) // WON-CLOCK-TRIGGERED FLIP-FLOPS
vegin
idpal_at_rst <= #1 idpal_in;
ma_at_rst <= #1 ma_in;
remes_at_rst <= Fl romecs_in_; .
mrw_at_rst <= #1 mrw_in;
seecs_at_rst <= #1 seecs_in;
‘end
assign  :d_done = ~shifter(0];
assign’ rddatbyte = shifter(8:1];
assign estatbyte = shifter{l16:9};
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APPENDIX C

/******************************************************

khkhkdhkkhkhkhkhkhkhkhkhhkkkkkkk

Function:

Read/write decoder

w

Je Jo e J Je de e de g e d K de K de kK de ok K e Je & de K de ke do K de de e de de e ke de K de g e de K ke Kk e de K Kk ke kK kK

***************ﬁ********/

module sprwdec ( csadr_, csren_, cdadr_, cdwen_,
crbusy, pof, softcmden, rdilb,

| rdld, rdle, rdbrdctl;, rdseectl , rdspiodat_,
spiobsy, spiobsy_, -

wrbrdctl_, wrspiocap_, wrseectl_ , wrspioctl_,
wrspiodat_ );

input
input

output
output
output
output
output
output
output
output
output
output
output
output
output

[7:0)] csadr_, cdadr_;

csren_, cdwen_, crbusy, por, softcmden;

rdilb;
rdld;
rdle;
rdbrdctl_;
rdseectl ;
rdspiodat_
spiobsy;
spiobsy_;
wrbrdctl_;
wrspiocap_
wrseectl ;
wrspioctl_
wrspiodat__

’

.
14

’

/!
//
//
/!
//
/1

reading address 1b
reading address 1d
reading address 1le
read BRDCTL (1D)
read SEECTL (1E)
read SOFTDAT (1E)

// CIO read
// CIO read

/!
i
/7
/1
/7

write BRDCTL (1D)
write ESTAT (1B)
write SEECTL (1E)
write SPIOCTL (1E)
write SPIODAT (1D)
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/! csadr_ decode

// complement signals

hbqfoz ivo ( .NQ(softcmden_ ), .A(softcmden) );
inv0l ivl .NQ(csadr4), .A(csadr_[4]) );
.NQ(csadr3), .A(csadr_[3]) );
.NQ(csadr2), .A(csadr_[2]) );

(
invol iv2 (
(
inv0ol iv4 ( .NQ(csadrl), .A(csadr_([1]).);
_ ( .
(

invo1l iv3
invol iv5 .NQ(csadr0), .A(csadr_[0]) );
invo1l ivé ( .NQ(csren), .A(csren ) );
// block decode: 00011
ando5 an0 ( .Q(blkrd), .A(csadr_([7]), .B(csadr_[6]),
.C(csadr_([51]),

.D(csadr4), .E(csadr3) );

// register decode: 011, 101, 110

nand03 anl ( .NQ(nrdlb), .A(csédr_[Z]), .B(csadrl ),
.C(CSadrO ) ),

nand03 an2 ( .NQ(nrdid), .A(csadr2 Y, .B(csadr_([1]),
.C(csadro ) )i .

nand03 an3 ( .NQ(nrdle), .A(csadr2 ), .B(csadrl ),
.C(csadr_[O]) Y: _

nand03 an4 ( .NQ(declbldle), .A(nrdlb), .B(nrdid),
.C(nrdle) ); -

nbuf02 nbo ( .NQ(rdilb), .A(nrdlb) );
nbuf02 nbl ( .NQ(rdild), .A(nrdid) );
nbuf02 nb2 ( .NQ(rdle), .A(nrdle) );

// set and reset busy

nando3 an5 ( .NQ(adrok_), .A(blkrd), .B(declbldle),
.C(csren) ); - , '
or02 or0 ( .Q(setrbsy ), .A(adrok_), .B(crbusy) );
nor02 nro0 ( .NQ(rstrbsy ), .A(csren_), .B(por) ):;
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nrslt nlo ( .NQ(bsy_ ), -Q(bsy), .NS(setrbsy_),
.NR(rstrbsy ) );
buf0104 bf0 ( .Q(spiobsy), .A(bsy) );

‘buf0103 bfl ( .Q(spiobsy_), .A(bsy_) );

// read strobes _ S
nand03 nd10 ( .NQ(rdbrd ), .A(rdid), .B(spiobsy),

.C(softcmden_) );
' nand03 ndill ( .NQ(rdsee ), .A(rdle), .B(spiobsy),

L

.C(softcmden_) );

nand03 ndi2 ( .NQ(rdspiodat_), .A(rdld), .B(spiobsy),
.C(softcmden) ); '

buf0102 iv30 ( .Q(rdbrdctl_), .A(rdbrd )
buf0102 iv3l ( .Q(rdseectl_ ), .A(rdsee_)

[[===mmmmmm e - —

// write decode

inv0o1l

" invo1l

invo1l
invol
invo1l
nbufo0o2.

ivil®

ivi2
ivis
ivig
ivls
ivie

P N e e T

.NQ(cdadr4), .A(cdadr_(4])
.NQ(cdadr3), .A(cdadr_(3])
.NQ(cdadr2), .A(cdadr [2])
.NQ(cdadrl), .A(cdadr_(1])
.NQ(cdadro0), .A(cdadr_[0])
.NQ(cdwén), .A(cdwen_) );

// block decode: 00011
and0s an10 ( .Q(blkwr), .A(cdadr_[7]), .B(cdadr_(6]),

.C(cdadr_[5]),

.D(cdadr4), .E(cdadr3) );

// register decode: 011, 101, 110
and03 anil ( .Q(wrlb), .A(cdadr_[2]), .B(cdadrl ),
.C(cdadro '

) )i
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and03 anl2 ( .Q(wrld),..A(cdadr2 ), .B(cdadr_[1]),
.C(cdadro0 '
ando3 ani3 ( .Q(wrle), .A(cdadr2 ), .B(cdadrl ).
.C(cdadr _[0]) )} :

) )

and02 anl4 ( .Q(wspiocap), .A(blkwr), .B(wrib) );
and03 anil5 ( .Q(wbrdctl), .A(blkwr), .B(wrld),

.C(softcmden ) ); ' .
- and03 anl1é ( .Q(wseectl), .A(blkwr), .B(wrle),

.C(softcmden ) ); _

and03 anl7 ( .Q(wspiodat), .A(blkwr), .B(wrid),
.C(softcmden) );

and03 anls (-
.C(softcmden) );

ando2
ando02
ando02
ando2
ando2

nbufo02
nbufo02
nbuf02
nbufo02
nbuf02

anl9
anla
anlb
anlc
anld

nb19
nbla
nblb
nblc
nbid

endmodule

B T e T o T o W ¥

.Q(wspioctl), .A(blkwr), .B(wrle),

.Q(wrspiocap), .A(cdwen), .B(wspiocap) );
.Q(wrbrdctl), .A(cdwen), .B(wbrdctl) );
.Q(wrseectl), .A(cdwen), .B(wseectl) );
.Q(wrspiodat), .A(cdwen), .B(wspiodat) );
.Q(wrspioctl), .A(cdwen), .B(wspioctl) );

.NQ(wrspiocap ),  .A(wrspiocap) );
NQ(wrbrdctl ), .A(wrbrdctl) ):;
.NQ(wrseectl ), .A(wrseectl) );
.NQ(wrspiodat_), .A(wrspiodat) );
.NQ(wrspioctl ), .A(wrspioctl) );
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We claim:
1. An integrated circuit comprising;

a clock terminal;

a first module coupled to said clock terminal
wherein said first module receives a clock signal
from said clock terminal and generates a buffered
clock signal; : -

a second module hav1ng a clock input line
coupled to said first module wherein said buffered
clock signal is supplied to said clock input line
of said second module; and

a serial port having a clock input line

coupled to said first module wherein said buffered-
clock signal is supplied to said clock input line
of said serial port'and further wherein said
serial port further comprises:

a plurality of storage elements wherein
each storage element is serially coupled to
another storage element in said plurality of

" storage elements; and
' a serial port pin coupled to at least
one storage element in said plurality of
storage elemeénts wherein said serial port pin
is the only pin used to transfer information
serially from and to said integrated circuit.

2. An integrated circuit as in Claim 1, wherein
said plurality of storage elements comprise a plurality
of flip-flops.’

3. An integrated circuit, as in Claim 2, further
comprising a plurality of multiplexers, wherein at
least one of said multiplexers couples an output
terminal of a first flip-flop to an input terminal of a
second flip-flop.
h\'\
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4, An ihtegrated circuit as in Claim 1 further

comprising: .
a processor data bus; and
a progessor address bus;

wherein said plurality of storage .
elements are coupled to said processor data

bus and said processor address bus so that
said processor can load data into-said
plurality of storage elements.

5. An integrated circuit as in Claim 4 further
comprising a shifter state machine wherein said serial
port pin is coupled to said shifter state machine.

6. A host adapter integrated circuit comprising:
a first plurality of pins couplable to a

first bus;

a second plurality of pins couplable to a

second bus;
a clock pin;

a data transfer circuit connected to said
first and second pluralities of pins, and having a

plurality of modules;

vherein a first module in said plurality
of modules receives a clock signal- from said
- clock pin and supplies a buffered clock:
signal to-the other modules in said plurality

of modules; and

said data transfer circuit
- transfers information between said first and
second plurality'of pins; and
a serial port coupled to said data transfer
circuit, and said serial port having only one
serial port pin wherein said serial port serially
drives information on said serial port pin in

\
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transfer c1rcu1t

7. The host adapter integrated circuit of
Claim 6 wherein said serial port further comprises a
clock input line coupled to said first module to
receive said buffered clock signal and further wherein
said buffered clock signal is used by.said serial port
in serially driving information on said serial port
pin.

8. The host adapter integrated circuit of

‘Claim 7 wherein said serial port further comprises

a plurality of serially coupled storage elements;

' "wherein data from said serially coupled
storage elements are serially provided to said
serial port pin in response to a first edge in
said buffered clock signal; and

| - further wherein data from said serial port
pin are serially stored in said serially coupled
storage elements in response to a second edge in
said buffered clock 51gnal.

9. The host adapter integrated circuit of
Claim 8 wherein said first bus is an input and output
bus connected to a peripheral device and said second
bus is a system bus connected to a host processor; and
further wherein said serially connected storage element
have a parallel input terminals wherein data from said
second bus are provided to said parallel input
terminals and are latched in parallel in said serially
coupled storage elements in response to a third edge in
said buffered clock signal. '

10. The integrated circuit of Claim 9 wherein
data from said serially coupled storage elements are

@\
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written on said system bus in parallel in response to a
read strobe.

11. The intégrated circuit of Claim 9 further

~ comprising:

a hold register coupled to said serially
coupled storage elements wherein upon transfer of
data from said serially coupled storage elements
to said hold register, said data is provided to a
plurality of received data terminals in response
to a fourth edge in said buffered said clock
signal. ' |

12, An apparatus comprising:

a first integrated circuit having a first
serial port wherein said first serial port has
6nly a first bi-directional pin;

a second integrated circuit hav1ng a second
ser1a1 port wherein said second serial port has
only a second bi-directional pin; and _

a serial port input-output line connecting"
said first bi-directional pin to said second bi-
~directional pin;

wherein said second integrated circuit
generates an acknowledge packet on said

second bi-directional pin in response to a

command packet from said first integrated

‘circuit on said first.bi-directionél pin.

13. The apparatus of Claim 12 further comprising:

a system bus coupled to sald first serial
port, and

an oscillator; and further wherein

said first integrated circuit further
comprises a clock pin coupled to said oscillator
and said first integrated circuit generates a

-~_~_“_“_;_“—
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buffered clock signal in response of a sxgnal on

said clock pln, and

said second integrated circuit further
comprises a clock pin coupled to said oscillator.

14. The apparatus of Claim 13 wherein said first

serial port further comprises:

a command generator circuit.having a serial
port input-output bus coupled to said system bus,
and a parallel output bus wherein in response to a
signal on said serial input-output bus, said '
command generator circuit drives a command on said

parallel bus.

15. The apparatus of Claim 14 wherein said

command comprises a byte of information.

16. The apparatus of Claim 14 whereln sald
command 1nc1udes a plurality of command bits.

* 17. The apparatus of Claim 16 wherein said

command includes a plurality of data bits.

18. The apparatus of Claim 14 wherein said first

serial port further comprises:

a converter circuit connected to said
parallel bus, and said converter circui; having a
serial data terminal wherein said converter
circuit formats said command received on said
parallel bus 1nto a packet and serially transmits
said packet on said ser1a1 data output terminal.

19. The apparatus of Claim 18 wherein said packet

includes a start bit.

\—
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20. The.apparatus of Claim 18 wherein said packet
includes a stop bit.

21. The apparatus of Claim 18 wherein said packet
includes a parity bit.

22. The apparatus.of Claim 18 wherein said first
serial port further comprises: e -

a line controller c1rcu1t cqnnected to said
serial data output terminal of said converter
circuit and coupled to said first bi-directional
pin wherein said line controller circuit transfers
data from said serial data output terminal of said
converter circuit to said first' bi-directional
terminal. |

23. The apparatus of Claim 16 wherein said serial
port input-output bus further comprises a plurality of
serial port command lines.

24. A method for serially transferring
information on a serial port input-output line between
a first integrated circuit and a second intégrated
circuit comprising:

transmitting an initialization signal on said
serial port input-output line from said second
integrated circuit in response to a power-on reset

- signal; and ’
driving a signal on said serial port input-

output line by said second integrated circuit,
sﬁbsequent to said initialization signal, only in
response to a signal from said first integrated
circuit on said serial port input-output line.

25. The method of Claim 24 wherein said second
integrated circuit drives an acknowledge signal on said

—
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serial port input-output line within a predetermined
time of receiving said signal from said first
integrated circuit.

,26.. The method of Claim 25 further comprising
waiting by said first integrated circuit for completion
of said acknowledge signal from said second integrated
circuit before driving another signal on said serial
port input-output line by said first integrated
circuit.
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