
SERIAL PORT FOR A HOST ADAPTER  INTEGRATED CIRCUIT USING A SINGLE TERMINAL
5 BACKGROUND OF THE INVENTION  Reference to Microfiche 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 containsmaterial which is subject to  copyright
protection. The copyright owner has no 20 objection to the 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 circuit 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  also increases. However, as a rule of thumb, a THIS
SHEET HAS BEEN  REPLACED  



~II~~~~ III IIIII IIIII IIM 11111 IIII ~lI~ *G00002* 2  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 5 mounted. Packaged ICs with a
large number of pins at  the periphery cannot be used due to lack of real
estate  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 10 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 15 host computer's
system bus, e.g. PCI bus, (FIG. IA) is  mounted on a plug-in board 110, the
number of pins  needed by host adapter 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 20 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 111. For  25 example, "36C70 SCSI IC
Technical 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" 30 (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 host processor 161, sometimes referred to as
microprocessor 161. 



35 In contrast, when a host adapter 112B (FIG. 1B) is  mounted on a mother
board 60 of a personal computer, 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 5 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 10 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  15 used on
plug-in board 110 e.g. if host adapter 112B  does not support a
read-only-memory. A way is needetd for a limited pin integrated  circuit,
such as host adapter 112B to use resources,  such as a read-only-memory,
without increasing the 20 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  25 invention, a
host adapter integrated circuit,  henceforth-host adapter", has a novel
single pin  serial port. The serial port uses a single  bidirectional pin,
for transfer of information from and  to a circuit, such as a support
circuit that is 30 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 35 through the single
serial port pin. The serial port  



also allows software on a host processor that is 4  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
support circuit for information transfer, such as 5 control pins for
interrupt signals or other control  signals for handshaking 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 10 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  15 serial port
input-output circuit that receives various  internal signals from various
modules of the host  adapter and drives lone 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, 20 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,  25 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
waits for an acknowledge 30 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 35 coupled to the support
circuit. The serial port 



5  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  5 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 10 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 15
waits for an acknowledge packet following transmission  of the packet. In
response tot a command signal to write a byte,  for example to a
predetermined register, in addition to  transmitting a packet containing a
command byte, the 20 serial port also transmits a packet containing a data
byte and then waits for the acknowledge packet. In response to a command
signal to write a byte to  a specific address, for example to an
electrically  erasable programmable read only memory, the serial port 25
transmits a packet containing command byte, followed by  one or more
packets containing the address bytes, e.g.  two packets for a 16-bit
address, followed by a packet  containing the data byte and then waits for
the acknowledge packet. 30 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
35 register. 6  



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
5 waits for an acknowledge packet followed by four  packets containing data
bytes. The support circuit determines the number of  packets expected from
the serial port of the host  adapter from the contents of the packet
containing the 10 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  15 support circuit
terminates transmission of the  acknowledge packet and depending on the
operation  transmits one or mdre data packets if necessary. The use of such
a serial port to off-load various  functions of a host adapter to a support
circuit is a  20 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 25 various
functions, such as support for an external  read-only-memory. Instead of
aslave serial port  input-output circuit, a programmable logic circuit or a
shift register can pass to the host adapter, for  example, a device
identification byte and byte of 30 status of various resources accessible
through the  serial port. The same host adapter can 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  35
control register, the serial port operates in a test  mode in which the
serial port passes an internal signal 7  



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  5 information
transfer is used by the host adapter for a default internal signal, such as
turning 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, smaller die size 10 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 transfer between a  system bus and an input-output bus.
15 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 20 addition to serial
port input-output line between a  serial port of a host adapter and a
support circuit.  BRIEF DESCRIPTION OF THE DRAWINGS FIGs. 1A and 1B
illustrate two prior art computer  25 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 invention. 30 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. 35
FIG. 5 illustrates modules of the serial port of  FIG. 3. -8- 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. 5 FIG. 8 shows an
illustrative state diagram for the  shifter state machine of FIG. 7. FIGs.
9A-9C illustrate the timing of signals  controlled by the shifter state
machine of FIG. 8.  FIG. 10 shows an illustrative low level block 10
diagram for the packet input-output controller of  FIG. 7. FIG. 11
illustrates a multiplexer and flip-flop  used to implement a shifter stage
in the shift register  of FIG. 10. 15 FIGs. 12A and 12B illustrate two
alternative  embodiments of the line controller of FIG. 5. FIG. 13 shows an
illustrative high level block  diagram for the slave serial port
input-output circuit  of FIG. 3. 20 FIG. 14 shows an illustrative state
diagram for  sequencer module 1330 of FIG. 13. FIG. 15 illustrates an
apparatus and method for  imposing a single load on the PCI bus in one
embodiment. 25 FIG. 16 shows an illustrative circuit diagram for
implementing host adapter plug-in board of FIG. 3.  FIG. 17 illustrates
skew acceptable in the clock signals of host adapter and the slave serial
port  input-output circuit of FIG. 3. 30 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  35 diagram of an embodiments of
a computer system  including multiple host adapters of this invention. 9
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 5 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 10 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- 15 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 20 from an initialization resource, for
example a  programmable logic circuit, (2) basic-input-output  software,
henceforth "BIOS," from a memory resource,  for example read only memory,
henceforth "ROM", and (3)  turn on and off a hardware resource, for
example, a 25 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 resources in support  circuit
250 by various modules of data transfer 30 circuit 220. Data transfer
circuit 220 transfers data  between system bus terminals 244 that are
coupled to  system 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 35 output bus module 221, FIFO module 222, sequencer
module 223, and system bus module 225 that are all 10  connected to each
other by a data transfer bus 226 and  



all of which are described in, for example, copending  and commonly
assigned U.S. patent application serial  number 07/964,532, entitled
"Intelligent SCSI Bus Host 5 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. 10
When used with support circuit 250, 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
power and ground pins that were 15 otherwise necessary in prior art host
adapters. The  smaller number of pins allows use of host adapter 240  in
applications than do not require ROM support, as  described below in
reference to FIG. 2B. Also, the  smaller number of pins allows use of host
adapter 240 20 in applications 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 25 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 skilled in the  art, as integration on a chip increases,
one of the 30 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. 35 To utilize a resource in support circuit 250,
a  module of data transfer circuit 220 instructs master 11  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 signals
from a 5 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. 10 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 15
output line SPIO-, henceforth line SPIO-. To indicate receipt of the
information transmitted  on pin 241, supports circuit 250 transmits an
acknowledge packet on line SPIO-. Support circuit 250  can transmit one or
more packets on line SPIO- only in 20 response to one or more packets 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
25 after power-on reset, indicates to serial port 230 to  pass a default
internal signal on line SPIO-, for  example for input-output bus
termination power control,  instead of transmitting packets. Serial port
230 can transmit on line SPIO- at any  30 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 35 SPIO-, avoids collision of packets and so eliminates
12  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 5 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 10 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  15 cycle. In FIG. 2A, for synchronous operation of host
adapter 240 and support circuit 250, an oscillator 260  drives a clock
signal CLK40 on both (1) host adapter  clock line 206 that is connected to
clock terminal 242 20 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 25 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  solely with serial port 230 as was done by certain  prior art
host adapters. Support circuit clock 30 line 208 is not necessary if a bus
terminator in  support circuit 250 is directly coupled to pin 241.
Execution of a command cycle by (1) generation of packets from command
signals, (2) transmission of the  generated packets on a single pin 241,
and (3) 35 reception of the acknowledge packet on the same pin 241
eliminates the need for additional lines, such as one 13  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. 5 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  10 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 15 example, on a mother board 290 (FIG. 2B). In FIG. 2B,  BIOS
for host adapter 240 is loaded from processor  ROM 291 that also contains
system BIOS for host  processor 281. In this embodiment, serial port 230
drives a default internal signal on pin 241. This 20 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 25 command lines 323 and so inhibits serial port 230 from
responding 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  30 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 35
described above in reference to FIG. 2A. 14  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, 5 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 overall system cost  of a computer system
200B (FIG. 2B), because host 10 adapter 240 occupies less real estate than
a  conventional host adapter. In response to various internal signals of
host  adapter 240, such as a read instruction signal or a  write
instruction-signal from a hardware module, 15 firmware, or software in data
transfer circuit 220, an  instruction router 311 (FIG. 3) in master serial
port  input-output circuit_- 210 passes the instruction signals  to a
resource controller, such as hardware resource  controller 313, soft
resource controller 314, 20 initialization resource controller 315, and
memory  resource controller 316. For example, in response to an internal
signal on  master serial input-output bus 245 to turn on or off a  hardware
resource, such as light emitting diode 350, 25 hereinafter LED 350,
instruction router 311 passes a  write instruction signal on hardware bus
311H to a  single byte write command controller, in hardware  resource
controller 313. In response to such a write instruction signal, the single
byte write command 30 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  35 port
command bus 323 that is included in serial port  input-output bus 246. 15
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 5 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 resource X.
Herein X can be any one of ROM, 10 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  15 request signal LEDREQ and LED state signal LEDSTATE,  command
executor 320 executes a command cycle, such as  a write command cycle. In
the command cycle a byte  generator in command executor 320 first generates
a  command which in this embodiment is a command byte 410  20 (FIG. 4A). 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 25 encode various
commands that can be transmitted by  serial port 230-to support circuit
250. Among bits CO  to C4, bit CO is the least significant bit. Bits DO
and D1 are data bits and bit D1 is the most significant  bit in command
byte 410. 30 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 35 byte 410 is followed
by a parity bit 422 and then a  stop bit 423. A line controller included in
command 16  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-.  5 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 10 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
D1. In general, command executor 320 forms a packet,  such as a
command-packet, an address packet or a data  15 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  20 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 25
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 30 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 35 resistor to take line SPIO- to one. 17  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 



5 packets as described below and waits for an acknowledge  packet 430 (FIG.
4C) that is described more completely  below, during an acknowledge window
time period Tn  (FIG. 4D). If command executor 320 does not receive a first
10 bit of an acknowledge packet within acknowledge window  time period Tn,
command executor 320 sets a bit NOACK  in an error register ERROR (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 15 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. 20 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 and performs the action
indicated by command byte 4l0-retrieved from the 25 command packet 420, for
example 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 30 acknowledge packet 430. In
general, slave serial port input-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 35
acknowledge packet. Serial port 230 also waits for the  first turnaround
time period to become sensitive to an 18  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  



5 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 10 predetermined time period one clock cycle, two clock  cycles or any
other number of clock cycles. In one  embodiment, the first turnaround time
period and the  second turnaround time period are identical and are  equal
to two clock cycles. 15 In general, acknowledge packet 430 includes a
first bit 431 and a second bit 433, both having the  same first value
fdllowed by a third bit 434 having a  second value that is different from
the first value.  Acknowledge packet 430 can include any number of 20
optional bits between first bit 431 and second bit 433  all of which have
the same first value, depending 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 25 bit 431 and second
bit 433 both have first value 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  30 packet 430 received at pin 241, command executor 320
drives an acknowledge 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
35 and memory resource controller 316. Command executor 320 continues to
drive the acknowledge detect 19  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  



5 cycle. 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 10
(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  15 router 311. While
responding to an instruction signal,  hardware resource dontroller 313 is
insensitive to any  additional instruction signals, for example for
changing the state of LED 350. State change 20 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 receipt of an  acknowledge packet
on the same pin 241, are lost. The state of LED 350 at the end of a series
of state change  25 instruction signals is the last state that was sent 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 30 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
Stillman F. Gates and Charles S. Fannin, filed on  September 7, 1994, that
is incorporated by reference 35 herein in its entirety. In one embodiment,
a hardware  module, or firmware or software of host adapter 240 20  turns
on and off LED 350 as described for LED request  signal LEDREQ in Table 1
below. Table 1 lists examples  of conditions under which various command
signals are  generated by master serial port input-output 



5 circuit 210. Tables 2-9 list definitions of the bits  of various
registers in master serial port input-output  circuit 210. Some of the bit
definitions and signal  values described herein are similar or identical to
those described in "A1C-7870 PCI Bus Master Single-Chip 10 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 15 Command Signal
Function LEDREQ (write) Turn on or off LED 350  STPWREQ (write) Turn on or
off power to  I/O 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. 20 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 21  Command Signal f 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 5 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 10 transfers to busy or from not busy and
available for  data transfer to bAsy 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  15 register SBLKCTL (e.g., bit 7 in reg. 1Fh is zero) in  input-output
bus module 221. In response to an LED  command byte containing 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# 20 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. 25 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 30 bit
DIAGLEDEN in register SBLKCTL (bit 7 in reg 1Fh) is  active (e.g. one).
Also in this case bit D1 is always 22  zero and slave serial port
input-output circuit 254  asserts the signal on pin LED# low when bit DO is
zero  e.g. bits DIAGLEDON and DIAGLEDEN are both one. Slave  serial port
input-output circuit 254 drives a signal on 5 pin LED high when bit DO 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  10 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 15 purposes. Once SSPIOC 254 receives a
LED command  packet with bit D1 at a one, the SSPIOC 254 stops  responding
to all dommand packets and simply passes the  signal on line SPIO- as the
signal on pin LED#. The test mode is exited only by a reset 20 signal RST#
or by power-on reset. In 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 (lDh), which bits  while in test mode
are assigned the function name of 25 TESTSEL, with bits [7:3] reserved. The
value of bits  TESTSEL can be changed to select a different internal
signal to drive line SPIO-. See TABLE 3 below for  definition of bits
TESTSEL [2:0]. TABLE 3 30 Serial Port Test Mode Assignment Definitions
Value of Name of internal signal in data transfer  bits circuit 220 TESTSEL
(SPIODATA  35 12:01) 23  7 or 6 Unassigned 5 DFCACHES  4 DFCACHETHLA 3
PAUSE (not equal PAUSEACK)  5 2 MREQPEND 1 FRAMEO- 0 DEVSELO Each of the
above internal signals is supplied on  10 a LED test signal bus LTSTSIG1
that is included in  master serial input-output bus 2.45. In response to a
write to register SPIODAT, soft resource controller 314  passes a selected
internal signal to serial port 230. Signal DFCACHES indicates that there is
data-or  



15 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  20 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  25 pending for access to
system bus 283 by system bus  module 225 to transfer data between FIFO
module 222 and  system memory 282. Signal FRAME0- is an internal signal
that is  active when host adapter 240 is acting as a bus master  30 and is
the signal supplied to the PCI bus as signal FRAME#. Signal DEVSELO- is an
internal signal from system  bus luodule 225 that is active when host
adapter 240 is 24  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  5 (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 10 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 15 register
SXFRCTLI of input-output bus module 221. This  command signal is issued
after the first write of a one  to SCSI termination power write enable bit
STPWENin  



input-output module 221 and there after whenever bit STPWEN changes state.
Changing the state of SCSI  20 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 25 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  30
power control pin STPWCTL based on values of bits  STPWLEVEL and STPWEN.
TABLE 4 Signal on SCSI Termination Power Control pin STPWCTL  STPWLEVEL
STPWEN STPWCTL  35 0 Z (three state) 25  STPWLEVEL STPWEN STPWCTL 1 0 0 0
2 0 1 1  3 1 0 1  4 1 1 0  5 Bits STPWLEVEL and STPWEN are transmitted to
SSPIOC 254  from bit STPWLEVEL in register DEVCONFIG and bit STPWEN  in
register SXFRCTLi when command signal STPWREQ is asserted. Bit STPWEN is
used to activate bus 10 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 15 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, 20 as described below in reference to
FIG. 12B.  Whenever a module of data transfer circuit 220  writes to a
register SFXRCTL1 (not shown) in input- output bus module 221, instruction
'router 311 passes a  signal to a single byte write command controller (not
25 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 30 command signal
STPWREQ for controlling bus  terminators 360 is similar to the sequence of
actions  described above in reference to LED 350, except that -26- bits DO
and D1 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 5 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 10 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
configuration 15 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  20 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 25 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  30 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  35 compatible interface between resources in support  circuit 250 and
various host adapter modules. Host 27  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 5 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 10 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 control register BRDCTL, instruction 15 router 311 drives a
signal active on a hardware  bus 311H coupled to a board controller
included in  hardware resource controller 311, if serial port 230 is
available and if board control logic 370 exists on  support circuit 250. 20
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  master
input-output bus 245. Depending on the source  of the internal signal,
instruction router 311 drives a 25 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 30 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 35 drives board request signal BRDREQ
(Table 1) and board  write signal BRDSEND active on serial port command 28
bus 323. In 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 5
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. So, board control command signal
BRCTLREQ accesses  10 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 15 bit SOFTCMDEN in
external resource register SPIOCAP is  inactive. When the access is from
host processor 281,  signal TRDY# on PCltbus 283 is not returned by system
bus module 225 until the command is completed. When  the access is from
sequencer module 223, the sequencer 20 clock is stretched until this
command is completed.  Board control register BRDCTL, that is defined in  



TABLE 5, provides the capability to control reading and  writing of
external device(s) interconnected to the  SSPIOC's memory port which jnay
be shared with EEPROM 25 and SEEPROM. TABLE 5 Register BRDCTL in SSPIOC 254
and in Hardware  Resource Controller 313 Bit # Definition  30 7:5 BRDDAT [7
: 5].  4 BRDSTB. 3 BRDCS.  2 BRDRW. 29  1:0 Unused bits (BRDCTL [1: 0]) .
Board data bits BRDDAT[7:5] are read/write data  bits that are only
connected to pins MD[7:5] of slave  5 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] . 10 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 MD [7:5]. Another
embodiment of slave 15 serial port input-output circuit 254 connects bit
BRDDAT [7] to pin MDt7 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
20 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 bits
BRDDAT[7:5] and a one in 25 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
30 connected to pin MD3 when bit SEEMS is asserted. When  bit BRDCS is
active (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 35 active. The state of bit BRDRW also controls the data
direction of bits BRDDAT[7:5]. When bit BRDRW is 30  inactive e.g. zero bit
BRDDAT[7:5] are output and pin  MA15 is asserted low e.g. zero. Unused bits
are always read as zero and writes to  unused bits are ignored. 5 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  10 port input-output circuit 254 waits for the data
packet 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 15 the master board control register and the slave control  register
have identical values. For convenience, the  same reference numeral BRDCTL
is used for the master  board control register and the slave board control
register. Slave serial port input-output circuit 254 20 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 25 packet 452 for LED 350. When the
acknowledge detect  



signal ACKDET goes inactive on acknowledge detect  line 322, the command
cycle is completed and hardware  resource controller 313 drives a board
ready signal BRDCTLRDY active on hardware bus 311H that is  30 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 35 register BRDCTL. 31  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 5 similar to the actions described
above in reference to  the write to master board control register BRDCTL,
except 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 10 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 15
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 register BRDCTL. One set of bit definitions  for a
master board control register BRDCTL and a slave 20 board control register
BRDCTL are listed in "A1C-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 25 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 30 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  35 acknowledge detect signal
functions the same as in the  other command cycles. 32  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
corresponding signals active on soft controller  5 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 10
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  15 of data read from soft resource 340 in response to a read
instruction from instruction router 311. Command  executor 320 buffets a
fourth byte of data from soft  resource 340. The address of register 341 in
soft resource 340  20 is identical to the address 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 described in
Table 2 above and  otherwise selects master board control register BRDCTL.
25 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 SOFTQ4DEN is active. Therefore,
to conserve power, 30 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 possible interaction between host processor software and host
35 adapter firmware in sharing soft resource 33  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 5 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
10 Serial port control register SPIOCTL  in soft resource controller 314
Bit # Function 7 Send (S). 15 6 Last Byte ALB).  5 Lock (L). 4 Timer (T).
3:2 Reserved. Always read as zero.  1:0 Read (R(1:01). 20 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 25 a 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  30 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 34  byte has been
shifted out or in through line SPIO-,  soft resource controller 314 clears
last byte bit LB  along with bit S. Lock bit L is a read/write bit without
any  5 hardware function. Lock bit L is used by host  processor 281 and
sequencer module 223 as a semaphore to prevent overwriting each other if
both of them issue  soft commands. A semaphore is not needed if sequencer
module 223 does not use soft commands. 10 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
15 shifted out. The timer is referenced to a 40 MHz clock  signal from
sequencer module 223. In one embodiment, 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 20 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 25 available. Read bits R[1:0] can have the following  values: 0: No
bytes expected; 1: 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  30 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 35 set while a hardware issued command
cycle is being  executed (e.g. due to automatic hardware action or PCI 35
ROM/EEPROM access), the soft command signal cannot  begin until the current
command cycle is terminated. If host processor 281 wants to gain control of
soft resource controller 314, host processor 281 first  5 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 10 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 processor
data. In a soft command cycle, serial port data register  15 SPIODAT is
used to transfer information to SSPIOC 254,  as shown in Table 6B. Table 6B
Serial Port Input-Output Data Register  20 SPIODATA in Soft resource
Controller 314  BITS DATA FUNCTION 7:0 Send command, address, or data byte
when bit  S is active in register SPIOCTL 7:0 Read data when bit S is
inactive in  register SPIOCTL 25 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 30 mode, serial port data register SPIODAT is used as a
control register to indicate which internal signal is  to be passed to pin
241. 



36  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 register
SPIOSTAT is  defined in Table 7, a serial port status command cycle 5 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  10 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# tDefinition 15 7 ERRLEDENAB Enable LED error display  6-3
Reserved. 2 SPIOPARERR received data Parity Error  1 UNSUPPORTED command
attempt 0 Reserved.  20 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. 25
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  30 command. Unsupported command
bit UNSUPPORTED is cleared when a one is written to unsupported command
bit UNSUPPORTED. .37  Similarly to register SPIOSTAT, register SSPIOERRGEN
in SSPIOC 254 is accessed by using command  signal SOFTREQ (Table 1) with
the appropriate command  



code in register SPIODATA (Table 13). When bit 0 is 5 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 even parity
and so exercises the parity check circuitry in serial  port 230'. When bit
0 is set to zero in 10 register SSPIOERRGEN, SSPIOC 254 sets the parity bit
so  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  15 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 20 initialization packets, any host processor access
causes a target abort response to be returned. In  response to the
initialization packets, command  executor 320 passes byte IDDAT and byte
ESTAT to  initialization resource controller 315, that in turn 25 writes
byte IDDAT into a device identification  register DEVICEIDI (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 (lBh) that is 30 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 35 of a reset signal no earlier than 4
clock cycles and no  later than 16 clock cycles precedes bytes IDDAT and 38
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 5 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 10 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  15 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 20 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 one reason for 25
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 and a resource status 30 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 places bus  terminators 360 in a float condition and sends 35
initialization packets containing bytes IDDAT and  ESTAT. Device
identification byte IDDAT contains the 39  device identification code to be
provided by host  adapter 240 when register DEVICEIDI (not shown) is
accessed by host processor 281. When byte IDDAT value  



is ffh, an internal device identification value is 5 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 10 cycles and 16 clock cycles 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
15 pin 241. When present, slave serial port input-output  circuit 254, on
being reset, starts transmission of an  acknowledge packet on line SPIO-
that is connected to  pin 241 before command executor 320 times out. While
20 transmitting the acknowledge packet, slave 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 25 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 30 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
initialization command cycle 35 times out or if byte ESTAT is FFh, none of
register SPIOCAP bits are set to one. 40  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 5 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
register SPIOCAP 10 is initialized to byte ESTAT after reset.  TABLE 2
Register SPIOCAP in Instruction Router 311  Bit # Read/ Definition of
function enable bits  Write 15 7:6 R SOFT 5 R/W Soft Commands Enable
(SOFTCMDEN).  (Default "0".) 4 R BRDCTL.  3 R SEEPROM.  2 R EEPROM. 20 1 R
ROM. 0 R SSPIOC Present (SSPIOCPS). Bits SOFT (1:0] of register SPIOCAP
(Table 2) have  no hardware assigned function, but allow 25
software/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 performing "soft" commands other  than
pre-defined soft commands. 30 ,Soft command enable bit 5 is written active
41  (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 lEh are registers BRDCTL (Table 5) and SEECTL  5 (Table
8), respectively. When bit SOFTCMDEN is active, the definitions for
addresses 1Dh and lEh 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 



10 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 logic 370.  Accesses to board control register BRDCTL in host 15
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. 20 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. 25 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
bit EEPROM is a one and the ROM bit is also a  one the external BIOS ROM
support is also writable for  30 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 35 written to bit ROM
indicating PCI external BIOS ROM  support. When not a one, reading register
EXROMCTL 42  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  5 LED, STPW and SPIORST
command cycles. 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 



10 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  register EXROMCTL-.
15 In a memory read command cycle, the command packet  is followed by two
address packets that identify the  double word to be accessed 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 20 in the first
address byte, bits MA15-MA8 are sent in  the second address byte, and bits
MA17 and MA16 are  sent in the command packet in bits DO and D1. See  FIG,
41. Also, in a memory read command cycle SSPIOC 254 requires that bits MA1
and MAO always be 0.  25 SSPIOC 254 issues four ROM commands to complete
the  double word required for host processor 281 ROM access.  In one
embodiment bits [17:16] are used to access up  to 256K ROM. If serial port
230 is busy, the host processor's  30. ROM access is terminated with the
PCI signal RETRY,  without generating a command signal to memory resource
controller 316. If the memory port on SSPIOC 254 is  busy because the
memory port has been reconfigured for  SEEPROM, the access is terminated
with a PCI Target 35 Abort, without generating a command signal to memory
resource controller 316. The state of the memory port 43  can be determined
by examining bit SEEMS in  register SEECTL. For memory reads, command
signal ROMREQ (Table 1)  is issued as a result of a host processor 281
access  5 when bit ROM in register SPIOCAP is active (e.g. 1), bit EXROMEN
in register EXROMCTL is active, bit MSPACEEN in register COMMAND is active,
and the  access is within the 64 KByte memory address space  stored in
register EXROMCTL. For memory writes, in 



10 addition to the above bits for 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 containinga data byte that is to be written in  15 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 20 is completed, so that host adapter 240 can-assert PCI  signals
TRDY# and STOP# to host processor 281 to  terminate the transaction. In
response to instruction signals on master  serial input-output bus 245 to
access a memory location  25 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 30 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
memory controller also drives 35 a ROM read signal ROMREAD (not shown)
active or  alternatively a ROM write signal ROMSEND (not shown) 44  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 5 executor 320 executes a memory byte write command cycle  that is
similar 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  



10 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 15 address contained in address packets 482 and 483 with
the data contained in the data packet 484 and then  terminates acknowledge
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 20
address bits in accessing the memory location. The  actions o~ 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  25 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 30 packets 492 and 493. (FIG. 41)
After receiving all packets 491 to 493, slave  serial port input-output
circuit 254 starts  transmission of an acknowledge packet 494 and while
transmitting acknowledge packet 494 retrieves a byte of 35 data from a
memory location identified by the address  in address packets 492 and 493,
completes transmission  i 45  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  5 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 output lines 326. In 10 the embodiment of
FIG. 41, 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 15 second byte of data from EEPROM 390.
On completion of  transmission of data packet 495, slave serial port
input-output circuit 230 transmits the second byte in  data packet 496, and
similarly third and fourth bytes  in data packets 497 and 498. 20 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  25 router 312 drives a ROM ready signal
SPROMRDY (not  shown) active to system bus module 225 which then  indicates
that all four bytes are available to host  processor 281. Although the
above description refers to a memory  30 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
35 register SPIOCAP. 46  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 5 inactive. Command signal SEEREQ is issued when master  serial
EEPROM control register SEECTL (lEh) is written  or read, with the timer
SEERDY expired and no other  command in process. When the request is from
host processor 281, PCI  



10 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  15 serial EEPROM control register SEECTL on SSPIOC 254.
SSPIOC 254 immediately provides an acknowledge packet  for write or read
comments, and in the case of reading  also immediately sends back as a real
data byte the  contents of the slave serial EEPROM control register 20
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 25 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  30 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 35 and provide portability.
Table 8 shows the bit  definition of register SEECTL. 47  TABLE 8 SEEPROM
control register SEECTL in memory resource controller 316 and  slave serial
port input-output circuit 254 5 Bit# Definition when bit SOFTCMDEN SSPIOC
254  is inactive in register SPIOCAP I/O pin  Table 2) 7 reserved .= 0  6
reserved = 0 



5 Serial EEPROM Mode Select bit  SEEMS. .4 Serial EEPROM Ready bit timer
SEERDY. 10 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. 48  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 5 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 access of SEEPROM 380 or board control 10 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
15 that provides a hardware timer that is used instead of  a software timer
when accessing SEEPROM 380 or board  control logic 370.1.Each time register
SEECTL is .  written, bit SEERDY goes inactive and after a 800 ns or
longer delay when access to SEEPROM 380 is completed 20 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  25 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 30
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  35 to the serial data clock input pin of SEEPROM 380. 49  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 5 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  10 write a nibble of data into a four bit
register in  board control lgoci 370. Serial EEPROM Data In bit SEEDI is a
read only bit  that is used to access data from SEEPROM 380. The  value of
bit SEEDI reflects the value of pin MDO which 15 is connected to the data
output terminals of  SEEPROM 380 when bit SEEMS is active. One set of
bittdefinitions for a master serial  EEPROM control register SEECTL and a
slave serial  EEPROM control register SEECTL are listed in "A1C-7870 20 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
25 mode select bit SEEMS in master serial EEPROM control register SEECTL.
In 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 signals to 30 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 35 indicates completion of the
access to SEEPROM 380. In  response to a read or write internal signal for
access 50  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 5
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 and microfiche appendix A in particular, the
VERILOG subroutines shown  10 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 integrated circuit implemented in one
15 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
20 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 25 VERILOG Code used in Modules of
Host Adapter  VERILOG Code of Appendix C  



Modules of Host Adapter and Microfiche Appendix A  Software Resource
softctl, softcntrl, Controller 314 softcmdsm, softregs,  softtimer, spfifo,
spfifoctl, spfiforegs Hardware Resource brdcntrl, brdctlsm, sbwcsm,  30
Controller 313 sbwcctl, led, stpwr 51 VERILOG Code of Appendix C  Modules
of Host Adapter and Microfiche Appendix A  Memory Resource romctl,
spromctl, seecntrl,  Controller 316 seectlsm spromsm Initialization
Resource eism, iddatestat, sprstctl  Controller 315 5 Instruction Router
311 sprw, sprwctl, spstretch,  spclkgen and sprwdec  Retrieved Data Router
sprdmux 312  Serial Port, Byte sparbomux  Generator 510 10 Serial Port,
Converter spcnt, spctl, spctlsm,  520 spcntrl and spshft  TABLE 10 15
Signals to Data Transfer Circuit from Serial Port  Signal Name in  VERILOG
Code Function From To 20 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) 



52  Signal Name in  VERILOG  Code Function From To clrparerr_ clear parity
system bus serial port  error that is module 225 230  currently being
reported (self  resetting)  crbusy part of data retrieved Sequencer
transfer data router Module 223  bus 226 is 312 or system  being read bus
module  225 clk40 40 MHzt-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  5 [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
53  Signal Name in  VERILOG  Code Function From To 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 transfer Sequencer retrieved  bus
226 source module 223 data router  read enable or system 312 drives CSDAT
bus module  225  5 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 54  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
various things Resource Controller  315 MSPIOC 210  serial port  230 sled
scsi bus busy Input- Hardware  signal from , output bus Resource  SCSI led
logic module 221 Controller 313  romdec_ ROM decode goes System bus
Instruc- true when bits module 225 tion Router  present, enable 311 are
active and  address is  valid. 5 romadr . Address of ROM System bus
Instruction  [15:0] location to be module 225 Router 311  read. 55  Signal
Name in  VERILOG  Code Function From To 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 iddat
new device serial port System bus  



identification 230 module 225  5 csdat 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 56  Signal Name in  VERILOG  Code Function From To romrden
ROM present serial port SPIOCAP  enable 230 register  and system  bus 225
spromrdy 4 bytes of ROM memory system bus  data is resource module 225
available for controller host 316  sspiocps SSPIOC is serial port register
present 230 SPIOCAP  seems SEEPROM mode Memory Instruction select signal;
resource router 311  only SEEPROM controller and BRDCTL 316  operations 



allowed (no  access to ROM,  LED, EEPROM  etc.) 5 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  packet received on line SPIO 57  Signal
Name in  VERILOG  Code Function From To spbrden Board enable Serial port
Register  230 SPIOCAP  spseeen SEEPROM enable Serial 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 5 spioackdet 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 sequencer
completed module 223 5'8  TABLE 11 Signals to Serial Port from Data
Transfer Circuit  Signal Name in  5 VERILOG code Function From To  ackdet
Start of Serial Master  acknowledge port 230 serial port  packet detected,
input output  circuit 210  xbsy X Resource Resource Instruction controller
is controller router 311  currently active and serjvice 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. 10
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. 



59  Signal Name in  VERILOG  code Function From To chprstbsy Chip reset is
Initializat Command  currently active ion executor  resource 320 controller
315 chprstreq Service request Initiali- Command  for chip reset zation
executor  resource 320 controller  315 clk4obl Clock s1ignal 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# 5 ledstate State of LED LED command  controller
executor  in hardware 320  resource  controller  313 60  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 Selecttfirst ROM Memory
Command  address resource executor  controller 320 316  selromal Select
second Memory Command  ROM address resource executor controller 320  316 5
stpe SCSI termination Hardware Command  power enable resource executor
controller 320 313  stpl SCSI termination Hardware Command  power level
resource executor controller 320  313 61  Signal Name in  VERILOG  code
Function From To cddat Data for a Data Command  destination transfer
executor  address bus 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 ROM t. 316 xack Resource X
Command Various  command executor resource  acknowledge has 320 controllers
been detected in master serial port  input- output  circuit 210 5 spnakabrt
noack signal 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  10 spiobsy. 62  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.  5 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.  10 Examples of signal xsend include
brdsend, romsend,  seesend and softsend. Examples of command signal xack
include: brdack,  chprstack,...ledack, romack;-seeack;.softack1and'. Dwack.
To summarize-, in response to. an instruction signal 15 from a module of
host adapter 240, master serial port  input-output circuit 210 drives a
command signal active  



and in response totthe active command signal, command  executor 320
generates a command packet and transmits  the command packet serially on a
single pin 241 that is 20 connected to 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 25 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'adapt.er.240 and  pin 241 that
interfaces to the external registers or`  30 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...exam-ple EEPROM 390.- The use of only one: pin 241 35 for serial
communication with slave serial port input- output circuit 254 is the
smallest possible number of 63  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 5
(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
DO-D1. The specific order of these bits is not 10 important 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. 15 TABLE 12 Signal on Command
Byte Format Addi- Res- command (FIG. 4A) tional ponse  



request Bytes Bytes  20 line Bit R Bits Bits to be COrMMANDREQ_ 0 = C0-C4
sent  I Write (FIG. 6) 1 Dl DO  [PRIORITY 1 Read 25 = Highest] RST# NONE 0
2  [1] when RST# becomes (IDDAT/  inactive, command is ESTAT)
automatically performed 64  CHPRSTREQ All 11 bits zero one 0 [2] bit of
zero  after 11  zero  bits  ROMREQ 1 03h A17 A16 2 addr 4 0 04h A17 A16 2
addr 0  5 and  [3] 1 data BRDREQ 1. 07h 0 0 0 1  [4] 0 07h 0 0 1 data 0
SEEREQ 1 t. 06h 0 0 0 1 10 [5] 0 06h 0 0 1 data 0  STPWREQ (6] 0 02h (a)
(b) 0 0  SOFTREQ (d) 10-1Fh (d) (d) (d) (d)  [7] SOFTREQ 0 01h 1 0 0 0
1.5. (test mode) (e) [7]  SOFTREQ 1 10h 0 1 0 1  (SPIOSTAZD7] 0 10h 0 0 1
data 0  20 SOFTREQ 1 11h 0 1 0 1  



(SPIO ERREGEN)   [7] 0 11h 0 0 1 data 0 65  LEDREQ 0 01h 0 (c) 0 0  [8] (a)
state of bit STPWEN; 5 (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; (d) to be defined at time of use; 10 (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 15 lines COMMANDSEND 1, COMMANDSEND
2, ... COMMANDSEND N,  within serial porticommand 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 20 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. 25 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 30
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 35 prioritizer 630 drives a signal xACK
active on a  



command acknowledge line COMMANDACK I, in a set of 66  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, ... COMMM DPEND N. 5 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 10
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 COMMMANDREQ_I has the highest
priority, command-prioritizer 830 drives a signal 15 active on command
acknowledge line COMMANDACK I that is  part of status bus 322 and a signal
active on a command  pending line COMMAI4DPEND I. Command prioritizer 630
prioritizes the command request lines in the order of  decreasing priority
as listed in TABLE 12 above and 20 processes any remaining active command
signals  sequentially according to the priority of the active  command
signal. In response to an active signal on a command  pending line
COMMANDPEND I, command encoder 640  25 supplies an 8-bit command code on
command code bus CMDCODE to extension multiplexer 670.  Specifically, each
active signal on a command pending  line CONMKANDPEND I to command encoder
640 addresses a  different location in a command look-up table. The 30 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 ... COMMANDBSY N. For  35 active signals LEDREQ or STPWREQ,
command encoder 640 



uses a LED state signal LEDSTATE, to encode bit D0, or 67  the SCSI
termination power level signal STPL and the  SCSI termination power enable
signal STPE respectively  to encode bits DO and D1 of the 8-bit command
code. In  the embodiment, command busy logic element 650 is a 5 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 10
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, 15 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 20 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  25 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 30
controller 530. Simultaneously, a 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,  35 line controller 530 passes the signal on serial data  



line 532 to pin 241. -68- When the signal on drive line 531 goes inactive,
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 5 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 10 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 15 board read
signal BRDREAD and ROM read signal ROMREAD.  In this embodiment, command
read logic element 616 is a  logic OR gate. In response to an active read
serial port signal READSPIO, a packet controller in converter 520  20
retrieves a byte from a packet of data received  serially on serial data
received 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). 25 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 30 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. 35 If during the
current command cycle, additional  



bytes are to be transferred, such as a data byte for a 69  byte write
command cycle, the respective resource  controller, 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 5 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 10 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 15 currently in progress.
Write data multiplexer 680  passes the data byte or the address byte, that
is  selected by the sicjnal on select byte line SELBYTE, to  shift-out byte
terminals 514. Converter 520 formats  the selected byte into a packet which
is transmitted by 20 line controller 530 in a manner similar to that
described above for transmission of the command byte.  Instead of selecting
a data byte from serial port data bus 325, byte generator 510 can supply a
data byte  from serial port write data bus SPIOWDAT when the 25 current
command cycle relates to a soft command. For a  soft command, when a signal
on. command acknowledge line COMM1 NDACK_N and on command busy line COMM
NDBSY N  goes active, soft logic element 690 drives a signal  active on
soft cycle line SOFT that in turn causes 30 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 35 bus 550, converter 520
checks the parity of every  



packet received from line controller 530 and in case of 70  an error,
drives a signal active on a parity error  terminal 529 that is connected to
status bus 322. In  response to an active signal on a clear error flag
line in error control bus 550, converter 520 drives a 5 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 an acknowledge  packet, converter
520 drives a signal active on a 10 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 15 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 (FIG. 8) along a branch 812 to a send
20 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 serial port
enable signal SPIOEN, packet. controller 740 passes a 25 byte of data
received on parallel bus 523 serially 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  30 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 35
as a counter-on signal CNTRON is active at a rising  



edge of clock signal CLK40B. Counter 710 supplies 71  various count
signals, ONTO, 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  5 state machine 720 are listed in
TABLE 13. TABLE 13  SIGNAL FUNCTION  10 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 counter to increment ACKDET Ack packet has been
received  15 STRTDET Start bit has been received SETNOACK Drive signal
NOACK active at rising edge  ENEITO Enable signal EITO at rising edge ONTO
Counter has not yet incremented  CNT8 Counter has incremented 8 times  20
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 25 TO ((ENEITO) and (CNTO)) or ((.N)) and  ((CNTA)) 72
SIGNAL FUNCTION ACKWIN Wait window for ack packet  SETEITO Drive signal
EITO at rising edge  STRTWIN Wait window for start bit 5 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 connected by a slash  



"/", the signals preceding the slash are triggers for 10 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 embodiment, when
counter signal CNT9from  15 counter 710 goes active a generated output
parity bit  PARO is shifted 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  20 drives
counter-on signal CNTRON inactive, continues to  drive serial port enable
signal SPIOEN active. In  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 25 bits for a packet. In
response to inactive counter-on  signal CNTRON, counter 710 drives counter
signal CNTA  inactive and counter signal CNTO active. Depending on the
command cycle being executed, if  send byte signal SENDBYTE is active when
shifter state  30 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 -73- 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
control bus 521  (FIG. 5), shifter state machine 720 transitions to the
wait-for-ack state 840, at time T3 (FIG. 9B). Shifter state machine 720 can
also transition 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 terminal 726 (FIG. 7). In response to the
active acknowledge window signal 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 received line 522.  In
response to an active acknowledge detect signal 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 active, counter-on signal CNTRON
inactive, and acknowledge window signal ACKWIN inactive  during the
transition. In response to an active set no  acknowledge signal SETNOACK,
signal synchronizer 730 35 (FIG. 7) drives a no acknowledge signal active
on  status terminal 733 that is connected to a status 74  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. 2A). 5 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
10 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 15 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 20 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 25 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  30 a
start detect signal STRTDET remains inactive. In 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 35 active on receive status terminals 526
that are coupled  to receive status bus 722 of shifter state machine 720.
75  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 5 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  10 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. In
response to an active set shift-in  valid signal SETSIVAL on set shift-in
line 741, packet 15 controller 740 clocks in serial port input signal SPIOI
serially from serial data received line 522 into a  shift register (nott
shown in FIG. 7). Nine clock cycles after counter-on signal CNTRON  goes
active, counter 710 drives counter signal CNT9  20 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. 25 In
response to an active counter signal CNT8,  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 30 transitions to check read
state 880 (FIG. 8) and drives  counter-on signal CNTRON inactive, as
illustrated at  time T8 of FIG. 9C. In check read state 880 the parity  is
checked as described below, and if read serial port  signal READSPIO is
active, for example, during the 35 execution of a memory read command cycle
illustrated in  FIG.' 41, shifter state machine 720 returns to start -76-
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 5 circuit 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 10 CHPRSTBSY, parity circuit 1020
drives a serial port  output signal SPIOO active (low) on serial data  



terminal 527. In response to the active chip reset  signal CHPRSTBSY, line
controller 530 passes serial  port output signal SPIOO to pin 241 as
illustrated in  15 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
20 signals SHFTOUT[7:0] on parallel input terminal D1 that  is connected to
parallel bus 523 simultaneously, 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 1014N  25 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 10141
with stage 1014N as the serial  shift-in stage and stage 1014_1 as the
serial shift-out 30 stage on each rising edge of signal CLK40B. In  FIG.
10, there 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 10141  drives a signal on output terminal 1011 that is coupled 35 to
an input line 1021 of parity circuit 1020. -77- 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 flip-flop 1120.
On each rising edge of 5 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 Di of 10
multiplexer 1110. Moreover, signal SENDBYTE drives  terminal SO of
multiplexer 1110. In response to active  signal SENDBYTE, multiplexer 1110
passes the signal on  



terminal Dl to flip-flop 1120 and otherwise supplies  the signal on
terminal DO to flip-flop 1120. 15 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 20 circuit 1020 clocks a parity bit on serial data  terminal 727
based on the computed parity for the.  packet out parity bit. In response
to an active byte  sent signal BYTESENT, parity circuit 1020 clocks a stop
bit on serial data terminal 527 to complete 25 transmission 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 30
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. In
response to the inactive serial 35 port enable signal SPIOEN, line
controller 530 three  states output driver 1220 (FIG. 12B), that is
connected -78- to pin 241. So, output signal from pin 241 is  inhibited and
pin 241 is usable as an input pin and  line controller 530 waits for an
acknowledge packet to  be returned from SSPIOC 254 to pin 241 and passed as
5 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 coupled to pin
241, to the input pin of first 10 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 15 each of the stages of shift
register 1014 into an  eight-bit hold register 1018. Hold register 1018 in
turn passes the received bits as signals SHFTIN[7:0] to  received data
terminals 524. Shift register 1014 also  passes the received bits to output
terminal 1011. When 20 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 25
active on packet error terminal 529 in case of 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 30 Although one
embodiment of a parity circuit 1020  is illustrated 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 35 (FIG. 12A) that is controlled by drive signal SPIODRV
on drive line 531. In response to an active drive -79- 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  5 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 10 signals
TSTSIGNI[7:0] that is selected by the value of  bits TESTSEL[2:0] described
above, to output driver 1220. In response to the active LED test signal  



LEDTST, output driver 1220 passes the selected internal  signal to pin 241.
15 In response to an active package input signal  PKG1- that is passed by
bond wire 249 of FIG. 2B, line  controller 530, drives the serial port
input signal  SPIOI inactive (e.g. one) irrespective of the signal on  pin
241. 20 In response to an inactive status signal SSPIOCPS,  line controller
530 uses two multiplexers 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 25 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 presence or absence of a slave serial
port input-output circuit.  30 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. 35 A slave serial
port input-output circuit 254  (FIG. 3) is implemented in one embodiment
using the 80  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  5 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 10
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 15 zero, sequencer 1330 determines that the received
packet contains a reset command byte indicative of  signal CHIPRSTREQ ds
described above. In another embodiment, shift register 1310  transfers 12
bits of the shifted in data to 20 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 response to a packet from shift register 1310,
sequencer 1330 transitions through a sequence of states  25 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 30 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 flip- flops associated with each of 36 states as listed at 35 page
19 of Microfiche Appendix B. 81  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  5 starts in a hard reset state 1410, initializes
variables, 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 10
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  15 acknowledge
state 1411. Sequencer 1330 stays in reset  acknowledge state 1411 for a
variable number of clock  cycles depending oil-the time needed by ID-ESTAT
detector 1375 which depends on, for example presence or  absence of
programmable logic circuit 330 (FIG. 3). 20 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 25 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  absence of pull up or pull down resistors
on plug-in  board 270, as described below in reference to FIG. 16. 30
ID-ESTAT detector 1375 then signals sequencer 1330,  when bytes IDDAT and
ESTAT are assembled and ready for  transmission to host adapter 240. In
response to the signal from ID-ESTAT  detector 1375, sequencer 1330
transitions to send  35 identification state 1412 and supplies signals for
multiplexer 1360 to pass byte IDDAT to shift 82  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. In 5 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 10 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 15 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
20 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  25 pin 341. . If sequencer 1330
is unable to decode the received  command, sequencer 1330 transitions back
to wait-for- start state 1420. If sequencer 1330 receives a command byte 30
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 35 to use bits DO and D1 from the
command byte to drive  signals to the corresponding resources such as LED
350 83  or bus terminators 360. Simultaneously, sequencer 1330  also causes
acknowledge multiplexer 1320 to transmit an  acknowledge packet on pin 341.
On completion of the  transmission of the acknowledge packet, sequencer
1330 5 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 10 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  sequencer 1330 causes shift
register 1310 to clock in  



additional address or data packets as necessary and 15 also causes command
executor 1370 to perform actions  indicated by the respective command bytes
such as  writing or readingtinternal registers BRDCTL or  SPIOSTAT or
memories ROM or EEROM. In one embodiment if there are any errors, 20
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 25 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  30 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 MA16 and MA17 (FIG. 16) for ROM, to  detect the presence or
absence of various predetermined 35 devices on support circuit 250, such as
EEPROM 390,  SEEPROM 380, board control logic 370, bus 84  terminators 360
and LED 350 (FIG. 3). Any pin of slave  serial port input-output circuit
254 that is normally  connected to a predetermined device carries, an
active  signal when the predetermined device is present on 5 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  10 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 merely
passes to a soft  



resource 341 information contained in packets received 15 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 polled by sequencer module
223 during boot-up  20 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  25 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 30
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 1505, for
example to generate reset command  35 signal CHPRSTREQ. Slave serial port
input-output circuit 254 buffers the buffered signal PCIRST- in 85  output
buffer 1503 and drives signal PCIRSTB- on output  terminal 1504 for
external use by host adapter 240. Host adapter 240 receives signal PCIRSTB-
from  slave serial port input-output circuit 254 at reset  5 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 10 synchronize the reset signal from input buffer 1522.  In
response to an active signal on reset line RSTIB-, serial port 230 resets
all state machines  to their initial states. In response to command  



signal CHIPRSTREQ, serial port 230 generates a packet 15 containing a reset
command code that resets slave  serial port input-output circuit 254. As
noted above, slave serial port input-output  circuit 254 senses the
presence or absence of various  resources from the signals on one or more
lines 20 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 detector 1375 determines  that there is no EEPROM 390 that is
coupled to slave  serial port input-output circuit 254. Similarly, when 25
ID-ESTAT detector 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 30 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 35 senses
signals at a number of high address lines, such  as first memory address
line MA17 and second memory 86  address line MA16. If ID-ESTAT detector
1375 senses a  low signal on 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 5 EEPROM 390 is only 64 kilobytes. If ID-ESTAT
detector 1375 senses a high signal on second memory  address line MA16, and
either (1) a low signal on first  memory address line MA17 or (2) a high
signal on first  memory address line MA17, the size of EEPROM 390 is 128 10
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. 15 FIG. 16 illustrates
certain variations in  circuitry by an asterisk "*". For example, a
programmable logictcircuit (PAL) 330 is directly  connected to line SPIO-
in the absence of slave serial  port input-output circuit 254 to provide
device 20 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 embodiment, device identification byte IDDAT and 25 external
resource status byte ESTAT are visible 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 30 synchronously by using clock signals derived from the  same
oscillator 215. Sequencer module 223 drives a  signal CLK40B, 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 35 module 221.
When a power-down bit is set in an  internal register of sequencer module
223, sequencer  I 87  module 223 clamps signal CLK40B high, until the
power- down bit is reset, to reduce power consumption in host  adapter
integrated circuit 240. When host adapter 240 drives a signal on 5 line
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 10 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 port
input-output circuit 254. 15 However, a slave serial port input-output
circuit 254 can have a positive skew or a negative skew  in its clock
signal 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 20
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 25 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. 88  TABLE 14A Minimum timing required by slave port 230  of host
adapter 240 Serial Port 230 Slave serial port input-output  circuit 254
provides: 5 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  10 241 instead of a slave serial port input-output
circuit 254 to provide bytes IDDAT and ESTAT to host adapter  240. { TABLE
14B 15 Minimum timing provided to slave serial port  input-output 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  20 



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. 25 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 30 SSPIOC 254.  89  TABLE 14C For a shift
register in a programmable logic circuit  hold: -1.93 ns 5 setup: 8.86 ns
One embodiment of support circuit 1800 (FIG. 18)  includes a plurality of
slave serial port input-output  10 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 host
adapter 240. Each of the  slave serial port input-output circuits 254A,
254B and 15 254C receive the same clock signals CLK40 from  oscillator 260
that is also supplied 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 20 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 25 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 



30 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 are similar to  slave serial port
input-output circuit 254 except that 35 SSPIOC 254B and SSPIOC 254C respond
to command packets  1 90  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 5 circuit responds is mutually exclusive from the command
byte to which another slave serial port 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. 10 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 15 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 20 resources 1951, 1952 and
1953 through a shared bus  arbiter 19.60. Computer 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 25 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 



30 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. 35 Although the
present invention has been described  in connection with the above
described illustrative 91  embodiments, the present invention is not
limited  thereto. For example, instead of a pin, a surface  mount lead can
be used. Various modification and  adaptations of the above discussed
embodiments are 5 encompassed by the appended claims. 92  SERIAL PORT FOR A
HOST ADAPTER INTEGRATED CIRCUIT USING A SINGLE TERMINAL  Stillman F. Gates
Christopher Burns  APPENDIX A 93 ...........  ::..br c d
................... . /..~~~h~...... ..n ............................. M...
M..................  (Function: Board Logic Control. Brdctl command is
Issued whenever brdctl (1d) is written  or read. .. ................
N.......... .M.~.....I......................... H......../ module brdcntrt
( ackdet, brdctlen, brdctlydy, brdack, bytesent, cddat,  clk40b2, noadc,
rdbrdctl, rstsptos. sttftin. sivalid, wrbrddl.  brdbsy, brdct(, brddat,
brdread, brdreq, brdsend, rstbrddl_);  parameter FFDLY - 1; Input ackdet,
brddlen, brdadc, bytesent, cIk4Ob2, noadc,  rdbrdctl, rstsplos_, sivalid,
wrbrdctl; Input (7;0] cddat, shttln; output brdbsy; /l brdctl command In
progress  



output [2:01 brdctl; ll brdctl control bits output (2:01 brddat; // brdctl
data bits  output brdread; fl read SPIO port  output brdreq; . // request
for SPIO port  output brdsend; // shift out write data output brdctlydy. ll
no brdctl command active  output rstbrdctL reset brdctl logic l/ registered
outputs reg 'brdread, brdreq. brdbsy. brdsend. brdcilydy;  reg (2:01
brdctl, brddat; //  I/ Internal signals reg brdactsl; ll sync  reg
brdacts2; I/ sync rag brdwact; I/ brddl read active  rag brdwact; I/ brdctl
write active  wire roadreq; // brdctl read request  wire rstbrddl. fl reset
all brdctl logic wire rstreggen_; Il reset request generation bit  wire
writereq; II brdctt write request wire setread, wrdone, rdatvat, setbsy,
setsend.  fl reset logic assign rstbrdctl_ - rstsplos_ & brdctlen;  assign
rstreqgen_ a rstbrdctl_ & brdacts2;  ----------------------------.----- - -
- - - brdctl ready control always @D(posedge dk40b2 or negedge rstbrdctlj
I (-rstbrdctl, brdctlydy c- NFFDLY tbO;  else 94 it .  brdctlydy << #FFDLY
wrdone rdatvar 1l ----- _----------------------------- brdctl register /1
bits 75 always @(posedge dlc4Ob2 or negedge rstbrdctl,  



It (-rstbrddl, brddat <_ #FFDLY 3'b000;  else brddat <- # FFDLY rdatval ?
shftin(7:51 : brddat;  It bits 42 always @(posedge wrbtdctt_ or negedge
rstbrdcti,  U ~-rstbrdcd j brdctl <. #FFDLY 3b000;  else brdctl <- #FFDLY
cddat(42];  // bas 1:0 always '0" // request generation assign writereq =
brdactsl & brdacts2 & rdbrdctl-;  assign readreq = brdadsl & brdacts2 &
-rdbrdctl-;  always @(negedge wrbrdctl_ or negedge rstreggen,
It(-streggen, brdwact <. #FFDLY 1b0;  else brdwad <_ #FFDLY 1bl; always
@(negedge rdbrdctL or negedge rstreggen,  a (-rstreggerL) brdract "#FFDLY
1'b0;  else brdract <a #FFDLY 1'bl; always @(posodge dtc4Ob2 or negodge
rstbrdctt. I  N (-rstbrdctU begin brdadsl <- #FFDLY 1b0;  btdads2 <a #FFDLY
1'bO;  brdreq < #FFDLY ib0;  end also begin brdadsl <_ #FFDLY brdwad I
brdract;  brdads2 <_ #FFDLYbrdadsl; brdreq<<. #FFDLY wrttereq I readreq I
brdreq & -brdadc;  end // registered outputs always @(posedge dlc4Ob2 or
negedge rstbrdctl,  



if (-rstbrddl, begin brdbsy <a NFFDLY 1'bO;  brdsend <a #FFDLY 1b0;
brdread <. #FFDLY 1'bO;  end else begin brdbsy <- NFFDLY setbsy;  brdsend
<- NFFDLY cetsend;  brdread <a NFFDLY setroad;  and 95 .... .
................. :...brd ..  //--- - - ----- -- -----------------
Instantiate Male-machine brdcttsm brdctlem ( .dk4Ob2(dk4Ob2),
.ackdet(ackdot), .brdack(brdack),  .bytesont(bytesent), r
stbrdctl_(rrtbrddl,, .rdbrdctl_(rdbrdc ij,  .noack(noack),
.sivalid(GIvalid)..sGtroad(satread)..rdatval(rdatval),  .sotbsy(setbsy),
.eetsend(setsend), .wrdone(wrdone) // - - --- - -- --- ----------------
------------- ondmodulo 96 ................  Function: Board Logic Control
state machine. ...................  N ......... "..
........................."................/ module brdctlsm (ctk40b2,
acfcdet, brdacK byte sent, rstbrdctl, rdbrdctl_. noack,  sivslid. retread,
rdatval. setbsy, setsend. wrdone ); parameter FFDLY -1; parameter (2:0) II
synopsys enum state info  TSTO 3'b000. 1/ stop through all states  IDLE
3b001, II idle, waiting for brdack  CMDO - 3b0lO, I/ shitting command code
RWAK  3b0l 1. l/ read command, wafting for ACK  RDAT 3blOO. II reading data
WORT  3b101, Il writing data WWAK -, 3bl10, 1l write command, waiting for
ACK 



EACK - 3bl11; Il write command, waiting for and of ACK input .c1k40b2.
ackdet,.brdack, bytesent, ratbndctt-, rdbrdctt_, noack, sivalid;  output
setread; output rdatval; IF read data valid  output setbsy; output setsend;
output wrdone; II write command Is completed  /l l/ register dectatatlon
reg setread, rdatval, softy, setsend. wrdone;  ll II internal signals ll
synopsys state vector state reg (2b] II synopsys enum state_Wo  state; l/
current state reg (2:0) Il synopsys enum state Into  next; 11 next state
II.._  coat inatlonal bogbo always Cam( state or ackdet or brdack or
bytesent or rdbrdotl_ or noack or sivatid )  begin setbsy - 1'b1;  setsend
- 1'b0;  rdatval - I b0;  setread - 1'b0;  wrdono - ib0; cato (stale)
synopsys parallel_paro  T8TO: begin next - IDLE: 97  setbsy l'bO; end
IDLE: begin next - brdack ? CMDG : IDLE;  setbsy - brdack; end  CMDC: begin



If (bytesent) begin next - rdbrdctl_ ? WDAT RWAK;  setsend - rdbrdctl_;
setread - -rdbrdctl_;  end else begin next - CMDC;  end end  RWAK: begin it
(noack) begin  next - IDLE;  end else begin next - ackdet ? RDAT RWAK;
setread- 1131: end  end RDAT: begin next= stval-id ? IDLE : RDAT;  setread
-slvalid; rdatval - sivalid;  end WDAT: begin next at bytesent ? WWAK :
WDAT;  setread - bytesent; end  WWAK: begin U (noack) begin  next - IDLE;
end else begin next - ackdet ? EACK : WWAK;  end end  EACK: begin next -
ackdet ? EACK : IDLE;  



setbsy - ackdot; wrdone - -ackdet;  end default: next - 3bxxx;  endcase end
// always ---- // state vector always (ED(posedQe clk4Ob2 or nogedge
rstbrdctl, 98 .V.  d (-tstbtddl, state <a NFFDLY TSTO;  owe state <n $FFDLY
next;  ---------------------------- - --- -- --- - ---- endmodule 9
btdctlsm 99 /~~~~~~M~~M M~~h .wH.-..... H....M N..H......... H........
,Function: ESTATADDAate ereras l~d~ by so that therPHOST can accept PCI
commands- ........... reading or time-out, g g .,,,...... N.............
.........................  ..... M..........., module etsm (cik40b3, efto,
rstis_, stvalid. setckes, setckld, setread, enelto,  setidrdy ); parameter
FFDLY - 1; ll clock-to-q delay  parameter [1:01 II synopsys enum state Into
PU - 2'b00, // power up ID - 2b01, // waiting for IDDAT valid  ES - 2'b10,
/l waiting for ESTAT valid  DN 2b11; I/done Input cik40b3,.  input efto;
Input rsiis_  Input sivalid; output setckes; II cock in ESTAT  output
setcidd; // clock in IDDAT 



output setread; % nab elei ES command D AT time-out  output enelto; output
setldrdy; // set Idldrdy  // register declarations fag setread, enelto,
sotcidd, setckes, setidrdy;  // synopsys state vector state  reg [1:0] //
synopsys enum state-info  rag state; :1 Icurrent date state-Into 11.q #
synopsys enum  ne)t; // next state 'it combinational logic always C
(stvarid or efto or state) begin  setread - lb0; enelto - 1 b0;  setcidd -
lbO;  setckes -Ib0;  setidrdy - I bO; case (state) // synopsys
parailel_case  PU: begin next - ID;  setread- 1bl;  end ID: begin enelto -
Ibi: 100  setread - -Otto; setckid - sivalid;  K (ORo) next - DN;  else
next - stvalld ? ES : ID;  end ES: begin next = sivalid ? ON : ES;  setread
- -sivalid;  setckes - sivalid; end  



DN: begin  next - DN;  setidrdy - I bl;  end default: next - DN;  endcase
end always  state latches always C@(posedge clk4Ob3 or negedge rstis-)  it
(-rstls, state <- #FFDLY PU;  else state <- #FFDLY next;  endmodule 11 eism
I, t 101 C. Ste, date Y.  N.NNfff.......N.....NN..Mf NffffMffff.... .......
............ ..... Function:  ESTATADDAT controller. Contains the
ESTATADDAT state machine, IDDAT register  and ESTAT register.
..N..........f.ffff.fMNn...ffMf N..n................ N.. N..... N.... H/
module Iddatestat (cddat5.dk40b3, eito, parerrdet, rstis. shnin. sivaild.
swrstrdy, wrsplocap,,., brddlen, eepromen. eiread, eneho, Iddat.  Idldrdy,
romrden. seectlen, soft, sottcmden, spbrden, spseeen,  ssplocps );
parameter FFDLY - 1; parameter (7;01 DEFAULTID - B'h55; Input cddat5,
dk40b3, eito, parerrdet, Wis. sivalid, swrstrdy. wrspiocap_;  Input (7:01
shftin; output brdctten; board control enable  output eepromon; I/ eeprom
writable  output ahead; output eneito; 



output (701 Iddat; It IDDAT registeer output Idldrd)q, II finished loading
IDDAT and ESTAT  output romrden; /I external rom readable output seectlen;
II seeprom control enable  output (1:01 soft; // soft command capability
bits  output softcmden; II soft command enable output spbrden; II brdctl
register enabled  output spseeen; II seectl register enabled  output
ssplocps; II external SSPIOC present  II I/ declare registers rag elread,
softcmden, brdctten, seedlen, eepromen, romrden, ssplocps, Idrdy;  reg
(7:01Iddat; rag (1:01 soft;  II Internal signals wire dtdddat; II dock
Iddat  wire dkestat; fl dock estat  wire setddd, setckes, setidrdy; rag
ckes, cldd; wire rstsotten_; II reset sottcmden  wire setread; enable
seectl and brddl registers assign spseeen seectlen & -softcmden;  assign
spbrden - brdctlen & -softcmden;  /I----.-----------------.------------..--
IDDAT register // gated clock assign clklddat - clod & parerrdet;  //
register write 102 Id t  always @(posedge dk40b3 or negedge rstis, begin K
(-rstlsj Iddat <_ #FFDLY DEFAULTID;  else Iddat <_ #FFDLY didddat ? shftln
: Iddat;  



end ll register // SPIOCAP register assign rstsoften_ = rstis_ & sspiocps;
If gated clock assign clkestat = ekes & -parerrdet;  Il register write for
bits 7:6, 4:0 always @(posedge dk40b3 or negedge rstis, begin  a (-rstls,
(soft,brdctlen,seection,eepromen,romrde n.ssplocps)  <_ #FFDLY 7'b0000000;
else (soft,brdctien,seoctlen,eepromen.romrdo n,ssplocps} <_ #FFDLY dkestat
? -(shfttn(7:61, shftin[4:01} (soft,brddle
n,seectlen.eepromen,romrden.ssplocp s) ;  end Ilbfts7:6,4:0 // register
write for bit 5 always @(posedge wrspiocap_or negedge rstsoftenj begin  it
(-rstsoftenj softcmden <_ #FFDLY 1'b0;  else soltcmden <_ #FFDLY cddat5;
end //bit 5 register state machine outputs always @(posedge dk40b3 or
negedge rstisj  If (-rstis, begin Idrdy <= #FFDLY 1'b0;  cidd <_ #FFDLY
1b0;  ekes <_ #FFDLY 1'b0;  ahead <_ #FFDLY 1b0;  end else begin idrdy <_
#FFDLY sotldrdy; Odd <_ #FFDLY setcldd & (shltin!=8'hf );  ekes <= #FFDLY
setckes; eiread <= #FFDLY setread;  end assign Idldrdy - idrdy & swrstrdy;



-------------------.-.----- // Instantiate state-machine elsm elsm (
.clk40b3(clk40b3), .elto(eito)..rstla_(rstisJ..sivalid(sivalid),
.setckes(setckes), sett kid(setcldd), .setread(setread), .eneito(enetto),
.cetldrdy(setidrdy) ------------------------------------------ ---
endmodule 103 lC  Function: ROM control logic Inside PHOST. Interfaces to
SPIO block  ............... ...***** .*t**......*...............
.....*............... module rotnctl (belnadrdecO, belnadrdecl, exadrdewdd_
mwrc, pclk. hpors_, reg8do,  adrinreg, romdeci_, spioackdet. spromclk.
spromrdy, romadr, dtsextmrr  romdec., romdo, romrdy, romwr ); parameter
FFDLY  1; Input beinadrdec0, belnadrdecl, exadrdewdd_, mwrc, pclk. hpors_,
spromrdy,  romdecL sploackdet. spromcilL; Input (7:0] rogSdo;  input [152]
adtinreg; output [15:0] romadr; 1l rom address to SPIO output disextmr,,;
// got ACV, disable exoeedtimer  output romdec_ /1 ROM access decoded to
SPIO  output [31:0] romdo; // ROM read data to pat _out  output romrdy; //
ROM ready to target cycle control  output romar, // EEPROM write to SPIO
Internal signals rag [31:0] romdo;  reg [1:0] bytecnt; reg romdec_.
disextrnr_, romrdy, waltdec, done, donel, done2;  reg disextmrsl.
dlsextmrs2; wire rstdlsextmr,,,, rstdono Wire bdken0_ bdkenl_, bdken2,,
bdken3~.;  // rom addressing always @(posedge pdk or negedge hpors,  If
(-hpors, romdec_< #FFDLY 1bl;  



else romdec_ < #FFDLY romdod_ I exadrdecvdd..  buf0104 ad drvr_20
(.O(romwr), A(mwrc) ); bu10104 ad_drvr_02 (.O(romadrt2D. A(adrinreg(2]) );
buf0104 ad drvr_03 (.O(romadr[3]), A(adrlnreg(3]) );  buf0104 ad drvr_04
(.O(romadr[41), A(adrinreg(4]) );  buf0104 ad_drvr 05 (.O(romadr(5]),
A(adrlnrog[5]) );  1wf0104 ad drvr 06 (.O(romadr(6D, A(adrinreg[6D );
but0104 ad drvr 07 (.O(romadr[7D, A(adrlnreg[7D );  bu10104 ad_drvr_08
(.O(romadr[8]), A(adrinreg[BD );  but0104 ad drvr_09 (.O(romadr(91),
A(adrirveg(9D );  WO 104 ad drvr 10 (.O(romadr(l01)..A(adrinreg(1OD );
but0104 ad drvr_11 (.0(romadr(111), A(adrlnrog(11D );  but0104 ad drvr_12
(.O(romadr[12D, .A(adrlnreg[12D );  bu40104 ad drvr_13 (.O(romadgl3]),
A(adrinreg[13]) );  buf0104 ad drvr 14 ( .O(rornadr[14]). A(adrinrog[14D );
buf0104 ad_drvr15 ( .O(romadr(15])..A(adrinrog[151) ); 104  assign
romadr(1:0} - romwr ? (beinadrdecl,beinadrdecO) : (2'b00);  //----------.
.------------------------------------------ // disable exceed timer assign
rstdisextmr_ = hpors_ & dlsextmr_; always C~(posedge sploackdet or negedge
rstdisextmrj  it (-rstdisextmr, disextmrsl <- #FFDLY 1b0;  else disextmrsl
<- #FFDLY 1b1;  always C@(posodge pdk or negedge hpors,  it (-hpors,, begin
disextmrs2 <= 1 b0;  disextmr_<- lb1;  end also begin disextmrs2 <- #FFDLY
disextmrsl;  disextmr_ <- #FFDLY disextmrs2;  end 



byte counter always @(posedge spromdk or negedge hpors,  i( (-hpors )
bytecnt <= #FFDLY 2b00;  else bytecnt <_ #FFDLY bytecnt + 2b01;  generate
byte docks assign bdkenO_ - (bytecntl-2b00);  assign bdkenl_
(bytocntl=2b01);  assign bdken2_ - (bytecral=2b10);  assign bdken3_ -
(bytecntl-2b l 1); norO2 gdk_O (.NQ(bd%Oj. A(spromc ), .B(bclkeno, );
nor02 gdl(_1 (.NQ(bdk1,. A(spromclk.j..B(bc tkenl, );  .norO2 gdk 2
(.NQ(bdiQ,, A(spromclU, M(bclken2, );  norO2 gdk 3 (.NQ(bdlA,.
A(spromclkj..B(bclken3_)  nbu(03 gdk_drv0 (.NQ(bclkO), A(bclk0, ); nbu103
gdk_drv1 (.NQ(bclkl). A(bcikl_) );  nbu103 gdk_drv 2 (.NQ(bclk2), A(boik2,
);  nbut03 gdiLdrv3 (.NQ(bclk3), A(bclk3, );  rom data registers always
C@(posedge bclkO or negedge hpors_)  it (-hpors, romdo(7:01 <- #FFDLY
8'h00;  else romdo[7:01 <- #FFDLY reg8do;  always Ca(posedge bdkl or
negedge hpors I  If (-hpore, romdo(15:8} <- #FFDLY 8'h00;  else romdo(15:81
<- #FFDLY reg&do; 105 r  ramm always C~(posedge bdl2 or negodge hporsj  if
('-hpors, romdo(23:16] <= #FFDLY 81h00;  else 



romdo(23:161 <= #FFDLY reg8do;  always C~(posedge bclk3 or negedge hporsj
M (-hpors) romdo(31:241 <= #FFDLY 8'h00;  else romdo(31:24j <= #FFDLY
reg8do;  rom ready control assign rstdone_ - hpors_ & -done2;  /14 bytes
transferred - aysnc always C@(posedge spromrdy or negedge rstdonej  ii
(-rstdone,) done <Q #FFDLY 1'b0;  else done <- #FFDLY 11b1; always
@(posedge pdk or negedge hporsj  I (-hpom_) begin donel <_ #FFDLY 1'b0;
done2 <- #FFDLY 1'b0;  waltdec <- #FFDLY 1'b0;  romrdy <- #FFDLY 1'bl;  end
else begin donel <_ #FFDLY done;  done2 <= #FFDLY donel; waltdec <- # FFDLY
waftdoc ? -romdec_: -romrdy & done2;  romndy <- #FFDLY romded_ waltdec
-romrdy & done2;  end endmodule 106  module nbu102 (NO. A); Input A;
output NO;  not (NO. A);  endmodule  - ---------- module and05 (0, A. B. C,
D, E);  input A. B. C, D. E; output 0; 



and (0, A. B. C. D, E);  endmodule 11 , -- --------- .'-.-_  module nend03
(NO. A. B. C);. input A. B, C;  output NO;  nand (NO, A, B. C);  endmodule
module or02 (0, A. B);  input A, B; output 0;  or (a. A. B);  endmodule  I/
module and03 (0, A. B. C);  input A. B. C; output 0:  and (0, A. B. 0);
endmodule  module nor02 (NO, A. B);  Input A. B; output NO;  nor (NO. A.
B);  endmodule  module bu10102 (0, A);  Input A; output 0;  but (0. A);
endmodule  //- - --------------------- module irn01 (NO, A);  Input A;
output NO; not (NQ. A);  endmodule
//------.-------------------------------------------- 107 



rtl lib:  module bts9 (0, A. NE); kiput A. NE;  output Q;  butd0 (0, A.
NE);  endmodule  module bushold (DUMMY, Z);  Input DUMMY; Inout Z; not
(weal), weakl) (Z. DUMMY);  not (DUMMY. Z); endmodule  // ---- ---
--------- -----.----- module btsl (Q. A. NE); Input A. NE;  output 0;
butdO (Q, A. NE);  endmodule  module NO (Q, A. NE);  Input A. NE; output 0;
butd0 (0, A. NE);  endmodule -- module andO2 (0, A. B); input A. B;  output
a;  and (0, A. B);  endmodule  module nrolt (Q,NQ.NS.NR);  Input NS,NR;
output Q,NQ; U NRSLT Intl (Q, NS, NR);  not Inst2 (NQ,Q); specify  (NR +a>
NO) a (1.1);  



(NS +a> 0) - (1.1);  endspecity endmodule  - --------.---.-------------
------------ ----- primitive U_NRSLT (Q, NS, NR); output 0; reg Q:  Input
NS, NR; table  // NS NR : Qt : 0t.1 108  ....:....:...:..:............. ?
ll Latch state.  1 0 : ? : 0; 11 Reset state.  0 1 : ? set state. 0 0 : ?
1; Set overrides reset.  0 x: ? : 1; 1 x : 0 : 0; 11 Indeterminate set and
reset.  X I : 1 : 1; endtable  endprimitive  module
mux411(NQ,DO,D1,D2,D3,S0,S1);  Input DO.D1,D2,O3,SO.S1; output NO; U MUX41L
Inst (NQ,D0,D1,D2,D3,S0,S1);  endmodule II  primitive U_MUX41L (NO, DO, D1.
D2, 03, 80, Si);  Input DO, D1, D2, D3. SO, Si; output NO; /I FUNCTION :
FOUR TO ONE MULTIPLEXER WITH 2 SELECT CONTROLS  II AND INVERTING OUTPUT
table  II DO 01 D203 SOS1:NQ  0 ? ?? 00:1; 1 ? ?? 00:0;  ? 0 ? ? 1 0 :1;  ?
1 ? ? 1 0 :0;  



I ? 0 ? 0 1 :1;  ? ? 1? 010;  ? ? ? 0 1 1 :1  ? ? ? 1 1 1 :0; 0 0 0 0??: 1;
//pessimism  1 1 1 1 ? ? :0; 0 0 9?? 0 1; //pessimism  1 1 ? ? ? 0 :0;
//pessimism  ? ? 0 0 ? 1 : 1 ; //pessimism  ? ? 1 1 ? 1 : 0 ; //pessimism
0 ? 0 9 0 ? 1 1 ? 1 ? 0 ? :0;  ? 0 ? 0 1 ? :1; 109 XX.
........................ .'tl ....  ? 1 ? 1 1 ? :0; endtable  endprlmitlve
//@(#) bu(0103.v REV 1.1 6/7/93 module but0103 (QA);  Input A; output Q;
but bO (OA):  endmodule  module ndcOr (O, NO, D. C, NR); Input D. C, NR;
moot NO;  output 0; tog NOTIFY_REG ;  U NDCOR Q tstl (Q. D. C. NR,
NOTIFY_REG);  not Inst2 (NQ. 0);  -y (posedge C > (NO -: D))  (14.1.3);
(negedge NR u> (NQ +:1b1)) - (0.4,0);  



(NQ > 0)  (0.4.0.4);  endspedy endmodule  primitive U NDCOR_Q (Q, 0, OP.
RB. NOTIFIER_REG);  output 0; Input NOTIFIER_REQ,  D, OP. RB; rag 0;
FUNCTION : POSITIVE EDGE TRIGGERED D FLIP-FLOP WITH ACTIVE LOW
ASYNCHRONOUS CLEAR (Q OUTPUT UDP). table  // D CP RB NOTIFIER REG : Ot :
Ot+1 1 (01) 1 ? : ? : 1; // clocked data  0 (01) 1 ? : ? : 0; 0 (01) x ? :
? : 0; //pessimism  0 ? x ? : 0 : 0; // pessimism  1 0 x ? : 0 : 0; //
pessimism  1 x (?x) ? : 0 : 0; // pessimism  1 110 :...::
:................::  1 1 (?x) ? 0 : 0; // pessimism x 0 x ? : 0 : 0; l/
pessimism  x x (?x) ? : 0 : 0; If pessimism  x 1 (?x) ? : 0 : 0; //
pessimism 1 (x1) 1 ? : 1 : 1; // reducing pessimism  0 (x1) 1 ? : 0 : 0; I
(Ox) 1 ? : 1 : 1;  0 (Ox) 1 ? : 0 : 0; ? ? 0 ? : ? : 0; l/ asynchronous
clear  ? (?0) ? ? : ? : -; // Ignore falling dock  ? tx) ? ? : ? : -; //
ignore falling clock  ? ? ? : ? : -; // Ignore the edges on data o ? (?1) ?
: ? : -; // Ignore the edges on clear  ? ? ?  ?  x; endtabie  endprimitlve



1 111 b  Function: Single byte write command controller. Handles the
following harware gemated  commands: LED and STPW. These commands will not
be issued unless  sspiocps Is '1'. LED Issues LED command whenever led
level changes. Earlier  commands can be lost If LED Is changing too fast
and the port  Is busy. The last value will always be Issued, though. STPW
SCSI term power control state machine. Command Is Issued  whenever SXFRCTL1
(02h) Is written. The associated term power  level and term power enable
values are latched for later shifting. HN HH~M~H Ham,H~~~N~~N M~~HH~NCH
~~~M~~~............. H..fH. module sbwoctl (ackdet, bytesent. clk40bl,
ledack, noack,  rstsplos. sled ssplocps, stpwack, stpwenb, stpwlvlb,
lodreq, iedstate, sbwcbsy, sbwcread, stpe, stpl, stpwreq);  parameter FFDLY
- 1; Input ackdet, bytesent, dk40bl, ledack, noack, rstsplos.  sled
ssplocps, stpwack, stpwenb, stpwlvlb; output ledreq; request port for LED
command  output ledstate; // ledstate to be shifted out output sbwcbsy; //
LED, STPW or SPIORST command In progress  output sbwcread; // read SPIO
port for ACK output stye; /1 STPWEN value to be shifted out  output stpl;
// STPWLEVEL value to be shifted out  output stpwreq; // request port of
STPW command // registered outputs reg sbwcread, ledstate, sbwcbsy, stpe,
stpl, ledreq, stpwreq;  // Internal signals // common wire rstsbwc, //
reset sbwoctl wire setbsY. // generate sbwcbsy wire sbwcacik // combination
of ledack or stpwack  wire retread; 



// led reg sleds; // synced sled_  wire ledchg; // led level change  //
stpw reg stpwens; // stpwenb synced wire stpwenchg; // STPWEN btt Is
changed  //- -------------------------------------------------- // reset
logic 112 W.  assign rstsbwc_ . rstsplos_ & ssplocps; assign sbwcack.
Iodack I stpwack; //_.-_._-_----_- ---.- - ---------------- led request
logic assign ledchg - sleds " ledstate; always @(posedge dk4Obl or negedge
rstsbwc, begin  K (-rstsbwc, begin sleds <- #FFDLY 1 bO;  Iedstate <-
#FFDLY 1 b0;  Iedreq <. #FFDLY 1b0;  end else begin sleds <- #FFDLY sled,
ledstate <- #FFDLY sleds; ledreq <- #FFDLY ledchg I ledreq & -ledack;  end
end // always  stew request logic assign ctpwenchg - stpwens A stpe; always
@(posedge dlt4Ob1 or negedge rstsbwcj  if (--rstsbwc, begin stpwens <-
#FFDLY 1 b0;  stile <=#FFDLY1bO;  stpwneq <- #FFDLY 1 b0;  stpl <- #FFDLY
1'b0;  end else begin 



stpwens <- #FFDLY stpwenb;  stile <. #FFDLY stpwens; stpwreq <. #FFDLY
stpwenchg I stpwreq & -stpwaclc  still <- #FFDLY stpwenchg ? stpwlvb :
stpl; and  registered outputs always @(posedge clk4pbl or negedge rstsbwc,
I (-rstsbwcj begin sbwcbsy <. #FFDLY 1'bO;  sbwcread <. #FFDLY 1'b0;  and
else begin sbwcbsy <- #FFDLY setbsy,  sbwcread <- #FFDLY setread;  end
//----------- ------------------------- // Instantiate state-machine sbwcsm
sbwcsm ( .ackdet(ackdat), bytesent(bytesent), .clk4Obl(dk4Obl),
.noack(noack),.rstsbwc_(rstsbwcj, .sbwcack(rbwoack),  .setread(setread),
.setbsy(setbsy) ); endmodule 113 .szn. ::'t::5 ~%%::%%+:.::`^:;::;L;
:'>:.$rr:+~:sir;2? ?:%'{`:' :>:':' :<:'%~r`::'::~'<4:i:,::S>:<':;:>:;:>:::;
~:C'r ~:`:%~::::2i%:%v:. ~:::::::a::: ;:::: ;:<:  Function: Single Byte
Write Command control state machine. Monitors the progress of a  single
byte write command. History:  01/15194 JYL Flrst rev. module sbwcsm (
ackdet. bytesent, dk40bl, noack. rstsbwc_, sbwcack, setread,  setbsy );
parameter FFOLY - 1; parameter 11:01 I/ synopsys enum state Info  ID .
2b00, I/ IDLE CC  2b01, I/ Command code  WA  2b10. ll walt for ACK begin
EA  2b11; I/ waft for ACK end 



Input ackdet, bytesent, dk4Obl, noack. rstsbwc. sbwcack;  output setread;
II read splo for ACK output setbsy; /l LED command In progress  I/ II
Internal signals Il synopsys state vector state  reg [1:01 II synopsys enum
state_kilo  state; ll current state reg 11:01 /l synopsys enum state info
next; fl next state fog setread. setbsy;  II ll combinational logic always
@( state or sbwcack or noadt or bytesent or ackdet) begin  setbsy . 1`b0;
setread.  case (state) II synopsys parallel_case  ID: begin next  sbrrcack
? CC : ID;  setbsy - sbwcacK end  CC: begin next - bytesent ? WA : CC;
softy . I b1; retread - byte sent:  and WA: begin I (noack) begin  next
ID;  end a 114 E3C.S rV  5 ..............................  else begin next
ackdet ? FA : WA;  



sotbey ibt; and  end EA: begin next . ackdet ? EA : ID;  setbsy  ackdet;
end  default: next  2bxx;  endcase end 11 always  // state vector always
0(posedge ctk4Obl or negedge rstsbwc, begin  If ~-rstsbwcj state < #FFDLY
ID;  else etate <. #FFDLY next;  and // always endmodule 115  :. ..
Function:  SEEP ROM controller. Issues SEEPROM command 9 SEECTL is written
or SEECTL is  read while SEERDY Is not set but SEERDY counter expires. The
BOOns SEERDY  delay has two compononts: SEERDY timer and command shift
time. SEERDY timer is 16 docks. Command shift time - start bit (1) +
command code (8) + parity  bit (1) + stop bit (1) + turn around (2) + min
ack (3) - 16 clockv. 32'25n8 - 800n6. . ffttftat tMMtittff tfttyt
tfftftNtMttttMtff titfftfftfff tfffNtfttttt. Ntff/ module seecntrl (ackdel.
bytesent, ctk4Ob2, noad(, rdseoctl, rstsplos_, seeack,  seactlen. shftlnO,
sivatld. wrteectt,,, cddat, rstseect_, seedl, seoctirdy, seedl, seems,
seerdy, seoread, seereq, seebsy, coesend );  parameter FFOLY - 1; Input
ackdet, bytesent, dic4ob2, noacic rdseectU rstsplos_,  seeack, seectlen,
shftinO, sivalid, wrseectl_.; input (rOj cddat; output rstseectU // reset
coacti logic  output soebsy; 



output (2:01 seoctt; // seectl (1 Eh) register  output seedl; // SEEPROM
Input data  output seems; ///SEEPROM mode select  output seerdy; fl SEECTL
read ready  output seoread; output seoreq;  output soesend; output
soocttrdy; // SEEPROM command ready, used to stretch PHOST or seq  ll //
registered outputs  rog (2:01 seecti; rog seoread, seems, seerdy. seosend,
soodi. sooreq, soebsy, seedltdy;  Internal signals rog (3:01 rdytlmer. //
SEERDY timer reg seewact; // SEEOTL write active  rog seoract; // SEECTL
read active  rog seeactal ; // sync fog seeacts2; // double sync wire cnt0;
It seerdy timer expired  wire rstsoectl. // reset SEECTL logic  wire
wrtteroq: // 010 write to SEEOTL wire readreq; // SPIO read command Is
needed  wire doreadact; // 010 read active wire noreadreq; // no SPIO
request needed, cancel sooctlydy_  wire setread. softy. setsond. strttmr.
rdatval. retreggon,.; 116  H reset logic assign rstseectL  rstsplos_ &
seoctten;  assign rstreggen_  tstseoctt_ & ~seeacts2;  if SEEPROM ready
signal always @(posedge dk4Ob2 or negedge rstseectl,  (-rstseectl,
seectirdy <= #FFDLY ibO;  else seectirdy <. ItFFDLY noreadreq ( rdatval I
sirttmr;  // SEECTL register always @(posedge wtseectt_or negedge rstseedl,



K (-rstseedi,) begin seems < #FFDLY 1b0;  se cti <. #FFDLY 3b000;  end also
begin seems <. rfFFDLY cddat(57;  wadi < #FFDLY cddat(3:11;  end always
@(posedge dk4Ob2 or negedge rstseectl,  K (-rctseodl j seeds < #FFDLY 1bO;
else seeds <- /f FFOLY rdatval ? stdtinO : seedi; 1l -- request generation
assign wrttereq  seoactsl & seeacts2 & rdseectl_;  assign cloreadact
seeactsl & seeads2 & --rdseect  assign readreq a cloreadact & cntO; assign
noreadreq  doraadact & --cntO; always C (rwgedge wrseoctLor nogodge
tstreggoni  K (tstrggecU soewad <. #FFDLY 1bO;  also seewact < #FFDLY 11bl;
always @(negedge rdseectL or negedge rstreggenj  K (-rstreggolU seeract <.
#FFDLY 1bO;  else seeract <. #FFDLY 1b1; always @(posodge clk4Ob2 or
negodge rstseectlj  K (-rstseocti j begin soeactat c. ItFFDLY 1bO;  seeads2
c. #FFDLY Ib0;  seereq <. #FFDLY Ib0;  and also begin sooaatst <. 4FFOLY
cooract I soowact.  



sooactt2 <. OFFOLY sooadsl; seereq <. EFFOLY wdtoraq I readroq I (seeroq &
-seeaclq;  end 117 ez~trv  // soerdy generation always @(posedge dlc4Ob2 or
negedge rstseectl,  li (--rstseedl, seerdy << I(FFDLY ibO;  else seerdy <-
aFFDLY writereq ? IbO : seerdy I rdatval;  if seerdy timer assign c nt0 -
(rdyt(mera-4'hO); always ftosedge dlc4Ob2 or negedge rstsoedl, begin  ><
(-rstsoedU rdytimer <- IIFFDLY 4'hO  else begin it (strttmt') rdytimer <_
#FFDLY 4'h1;  else rdyttmer << #FFDLY cntO ? 4'hO : rdytimer + 4'h1;  end
end ll always  I/ registered output always @(posedge ctk4Ob2 or negedge
rstseectt,  X (-rstsoedU begin seebsy <- #FFDLY 1130;  seesend <- f FFDLY
t'bO;  coeread <- IIFFDLY ItO;  and also begin ceobsy <- #FFDLY setbsy;  so
rid <a #FFDLY setsond;  seeread <a #FFDLY retread;  and I/  If instantiate
state-machtn0 



seectism seectism ( .ackdet(ackdet), bytesent(bytesent)..dk40b2(clk40b2).
.rdseectt_(rdsa0W_)..noaokk(noad4..seeack(seeado.  .mtseectt (rstseactU.
-aUd(stvatid)..rdatvat(rdaivel).  .setread(cetread)..setbsy(&O
.setsend(setsond)..strttmr(ctrttmt) );  II----- endmodule 118 seeEctls<;:
<.  m  ,.. a.._. ~ ...............N.... N.....H.HN.............
H................. Function:  SEEPROM control state-machine. N H........H
N... N..N H. H.....H N. N. N....N ..  N. H. H. N....... H N.../ module
seect(sm (ackdet. bytesont. ctk4ob2. rdseectV noacK, seeack, rstseedl-
stvafld, idatval, setread, softy, setsend, stmmr ); parameter FFDLY - 1;
parameter (2:01 if synopsys erx.m state Into  TSTO.3b000. // step all
states for testability  IDLE  3b001, 11 Idle CMDC - 3b010, ff shHting
command code RWAK - 3b011, // read command, waiting for ACK  RDAT 3blOO. !/
shtftttng in data WDAT  3b101, l/ sitiftfng out data WWAK 3b110, !/ write
command, waiting for ACK  EACK 3b111; //write command, waiting for end of
ACK Input r#ckdet. bytesent. ctk40b2, rdseectl, noack. rstseectt. seeack,
sivalid;  output tdatval; !/ read data Is valid output setread; !l read
SPIO port output Gatbsy; !/ SEECTL command In progress  output setsend; !/
shift wrtte data output strttmr; l/ start tinter  ll Internal signals !!
synopsys state vector state  tog (2:01 d synopsys enum state_irdo  state;
/! current state rag (2:01 7 synopsys enum state_info  



next; !/ next state fog rdatval, setsend, softy. retread, strttmr.
combinational logic always @( state or ackdet or noack or stvalid or
bytesent or rdseectl_  or soeack ) begin  strttmr  1 bo;  setread. lb0;
setsend . 1 b0;  setbsy  1 b0;  rdatval  1 b0; case (stale) sYnopsys
parallel case  TSTO: begin next  IDLE;  and 119  IDLE: begin next - seeack
? CMDC : IDLE;  setbsy - seeack; end  CMDC: begin  setbsy- 1bl; K (byte
sent) begin next - rdseectl_ ? WDAT : RWAK;  setsend - rdseectl_; setread -
-rdseectli  end else begin next - CMDC;  end end  RWAK: begin K (noaclk
begin  next - IDLE;  end else begin setread- 1131; next - ackdet ? RDAT :
RWAK;  



setbsy a 1131; end  end RDAT: begin next a sivalid ? IDLE : RDAT;  setread
a sivalid; setbsy~ 1b1;  rdatvai - stvalid;  end WDAT: begin next -
bytesent ? W WAK : WDAT;  setbsy-1b1; retread - bytesent;  end WWAK begin
It (noaclk begin  next a IDLE;  end else begin next - ackdet ? EACK : W
WAK;  setbsy - 1131 ;  end end  EACK: begin next - ackdet ? EACK : IDLE;
setbsy - ackdet; strttnv - -ackdet;  end default: next - 3b)xx;  endcase
and ft alwaya  // state vector 120 c v.  always C~(posedge dk4Ob2 or
negedge rstseectlj 



(-stseedt,  stale <- EFFDLY IDLE;  else state c. 4FFDLY next;
II-------------.-----------.---.-.--.------------- endmodule 121 rC.  /".-
**" o1b~N N .N NNH.N N. Function:  Soft command state machine. N N~N~~M~M
~~~N~N H ~~~Hy~~HN H ~~~~N~N~~~~~NH~~N~~HHNN~~~~~~I module softcmdsm
(ackdet. bytesent, clk40b5, cnt0, cntl, lastb, ledtstact, noack,
rstsoftcmd'-* slvalid. softadc, softsend, Ioadcnt, softabrtok, setread,
setbsy. setcirtast, cetdtsend, setledtst. wtt'do );  parameter FFDLY  1;
parameter (2:01 II synopsys enum state into  IDLE - 3b000. // waiting for
softack SEND - 3b001, // sending a byte WNXT - 3b010, II wafting to send
the next byte  LSTB  3b011, II sendint the last byte WACK - 31,100, /I
waiting for ACK EACK - 31,101, II waiting for the end of ACK  RDAT -
31,110, // reading SPIO LTST - 31,111; // led test mode Input ackdet,
bytesent, dk40b5, cnt0, cntl, Iastb, ledtstact, noack,  rstsottcnd.,
sivalid, softack, softsend; output Ioadcrl II load read counter output
setcidast; IF dear last bit, clear No and set pointers  output setbsy; //
set soft busy output setcirsend; /I clear send bit output settodtst; II go
Into led test mode output sottalxtok; // ok to abort (SW reset) this
multi-byte soft command  output setread; // read SPIO port output wrilto;
// write soft fdo  II II register declaration for outputs 



reg softabrtok, setread, setdreend, wdifo. Ioadcnt, setdrtast, setbsy,
setlodtst; /I internal signals // synopsys statA vector state  reg (2:0) //
synopsys enum state_into  state; II current state rog [2:0) II synopsys
enum state_Into  next; II next state I/ combinatlnal logic always @( state
or ackdet or bytesent or Iastb or softack or noack or Into  or ledtstact or
crdl or softsend or sivaild ) begin  cetbsya Ibl;  setddast - 11,0;
setdrsond - IbO;  wrfi<o- 1b0; 122  :$jfri t[j C t  r...rwN~~~~~M ~~~~N 1M
~~M~~~~M~N1~N~~~w..... loadcnt ib0;  setread  ib0;  sottebrtok  lbO;
setledtst  1bO; case (state) // synopsys parallel case  IDLE: begin I
(softack) begin next a lastb ? LSTB : SEND;  loadcnt - lastb; end  else
begin next a IDLE;  setbsy a 1'b0;  end end  SEND: begin 



next - bytesent ? WNXT : SEND;  setdrsend a bytesent; sottabrtok a 1 bt ;
end WNXT: begin  sottabrtok a 1 b1;  I (sottsend) begin next a Iastb ? LSTB
: SEND;  loadcnt - lastb; end  else begin next a WNXT;  end end  LSTB:
begin next a bytesent ? WACK : LSTB;  setread a bytesent; and  WALK: begin
I (noadq begin  next . IDLE;  setbsy a 1'b0;  setddast a ibl;  and also I
(aciadet) begin next a cntO ? EACK : RDAT;  setddast a 1b1; setread -cntO;
end else begin next - WALK;  retread - -ontO;  end end  EACK: begin I
(ackdat) begin next - SACK;  



setbsy  1b1;  end also begin next a lodlstact ? LTST : IDLE;  setbey
ladletact; 123  51 end  end RDAT: begin next - (sivaliid & cntl) ? IDLE :
ROAT;  setbsy 1bt; setread  -(sivalid & cntl);  wrtt(o a sivalid; and
LTST: begin  next a LTST;  setbey tbt;  settedtst  1 bl ;  and default:
next - 3bxxx;  endcase. end I/ always  state vector always C@(posodge
clk4Ob5 or negedge rstsottcmdj  a (-rstsoftcmd_) state <a #FFDLY IDLE;
else state <_ #FFDLY next;  I/ endmodule II softcmdsm 124
..................  ~.}: rfr}}:{?rr alll......N...... M..NM.M.N...~~~~ .__.
_. ____  Function: Top level of soft command control 10910 



... 4 ........ 4 .... ... ..N.......M....................../ module
softcntd (ackdet, bytesent. cddat, clk4Ob5. dk4Ob6. ensoftodat. Itstslgt,
noack,  rdsp(odat, rstsplos-, shttin. sivalid, sottack. sottcmdon.
wrsploctl_a wrspiodat_, ledtst, lodtstsig, cottabrtok. sottbsy, sottread,
cottreq. sottsend, sploctkl0, sploctlr74. spbrdat, spbwdat );  k put
ackdet, bytesent. dk4Ob5. ctk4Ob6, ensottcdat. noack, rdsplodat.  mtspbs,
slvafid, softack. sottcmdon. wrsploctt. wtspbdaU  Input [7;01 cddat,
ttstsigl, shttln; output ledtst, ledtstsig, sottabrtok. sottbsy, sottread,
sottreq. softsend;  output 11:01 sploctkl0; output 13:01 sptodlr74; output
17:01 sptordat, splowdat;  ll bus dedaratlon wire (1:01 readcnt;  who (7:01
ttstsigi; softctl softctl (.dk4Ob5(dt44Ob5)..noack(noacl ..mtspbs (rstsplos
j.  .sendb(sendb)..setbsy(setbsy)..setddast(setdttast),
.setoksond(setcIrsend)..settedtst(setlod(st), .sottadc(softack),
.splowdat(sptowdat)..sotcmdon(sottanden), aedtst(lodtst),
.ledtstactQodtstact)..ctdastb_(ddastbj..tstfdo(rstt'do,.  .rstso
nd(rsstsendi..cstsottcmd_(rstsoftand..)..sottbsy(softbsy),
.retread(setroad)..sottmad(sottread). Gottroci(sottreco,
.sottsend(sottsend) ); softcmdsm sottcmdsm ( .ackdot(adadet).
bytesent(byteserd)..c1K4Ob5(cfk4Ob5).  .att0(crtt0). rattl (c tttl).
aasm(lastb)..tedtst8Gt(Odtstact).  .noack(noadq..>~tsottcmd.(rstsOftand.).
stva6d(stvalld).  ottad(sottadQ..eottsend(sottsend). joadottt(loadcnQ.
ltxtok(sottabR010..retread(setrdad)..setbsy(setbsy).
ast(cetdrtast)..setdnsertd(setdrsend),  setledtst(setledtst)..wrtUo(wrtlo)
); spido splhto (.dk4Ob5(dk4Ob5)..ctk4Ob6(dk4Ob6)..loadent(loadent),
.ensoftodal(ensoftodat), .rdsploda_(rdsplodat,, .readcnt(readcnt),
.rstfdo(rWffo j..rstsottcmd(rstsottcrrtdi..shttin(shtln).  .wrfdo(wrfdo),
.cmO(ontO)..ontl(cntl), .sploctirl0(sploctIrl0).  .splordat(splorda());,
softlmer softtimer ( .dk40b5(clk4Ob5), .drlasth(drtastbj. 



.rstsoftcmd (rstsoftcmdi..tlmor(tirnor), .rsttimer (rsttlmeri );  coftregs
coftrega (.oddal(oddat)..IadtstrJg(lodtctslg)..Kstr.Igl(ftstslgQ,
.ansoftodel(ensottcdol)..rstsend(rstsend,.
.rstooftamd.(rstroftcmd,..rsttlmor(rrttlmor").  .wrsplodl_
(wrsplodl_)..wmplodal(Wmpiodsl_)..lastb(tastb) .
.roadcnt(readcnt)..rondo(sendb)..cploctlr74(oploctlr74).
.splowdat(splowdat)..Urtwr(timor) ); ndm xluto  1 125 -------------------
Filename: sottctl.v Function:  Solt Command Control logic. H H1111 ~N
N.1t.N -6*4  .Q f/ module sottdl (dk4ob5, noack. n tsp(os_, sendb, setbsy,
setledtst. setcirtast.  setread, ledtst, ledtstad, setdrsond, splowdat,
softack softcnden,  clrlastb., rsttdo-, rstsond-, rstsoftcmd-, sottbsy.
softread, sottreq,  softsend ); parameter HOLY a 1; Input c4k4Ob5. noack.
rstsplos_, sorb, setbsy, setcirtast,  setledtst, setclrsend, retread.
softack, softcmden;  Input p:01 splowdat; output ctrlastb_, // last LB bit
in sottctl register  output ledtst; // led test command mode  output
ledtstact; /1 led test command pending  output rstt'doJ // reset fdo
registers output rstsend_; If reset send and lastbyte bits  output
rstsoftcnd_; // reset soft command logic  output sottbsy; // soft command
In progress  output cofread; // read SPIO port output coq: // request for
SPIO port  output softsend; // send a byte Il register declaration for
outputs rag ledtst. ledtstact. softreq. sottbsy. softread, softsend.
cidastb_,  II 



I/ Internal signals rag drsend_, softactsl. softacts2;  wire rstlodtst; II
II reset logic assign rstsoftomd- - rstsplos_ & softcnden;  assign
rattito_. rstsoftcmd_ & ddastb_; assign rstsend_  rstsoftcmd_- & driast)_ &
drsend_  assign rstledtst_ - rstsoftcmd_ & -noacic II request logic always
@(posedge dk4Ob5 or negodge rsteoftcmd I  If (-rstsgftcmd_) begin sottacts1
<- #FFDLY 1b0;  softads2 <- #FFDLY 1b0;  softreq <- NFFOLY 1 bO;  coftsand
<- NFFOLY Ib0;  coftraad <- NFFOLY 1bO;  I 126  .........::.:
...::::.........:.... Y:YY:: ~];::YY:{Y::::YIYY:.:}: ~v~r::'.i:4:~ ~'.:
i:C{: i' ~ +Y }:  :;:: {...z .:.....ti .. vY:::::::::: ; .....
::{}:{'r:{v'4,. r::{::~r: {r: {r:...v:: {wii~ { :: Y:: rr: ~.{:Z . f i;::S
?Y~~$ii~:'r,''.~`.?:.;'C{:{iC~:}i:::v:Si{:.}~.}vi:::  ......
..:.................. .  ::~::::::r::::{iY::{Y:-:{.} ::::......:: :{iY'
:.r::: v:.v ~~:ti{:+i, v::: Y:{: ~ :{i:{::: }:. X................: r....
end  else begin softadsl <a #FFDLY sendb;  softacts2 <. #FFDLY softactsl;
sottreq <. #FFDLY softadsl & -sottacts2 &-sottbsy;  softsend <. #FFDLY
softactsl & -softacts2 & sottbsy;  softread < #FFDLY setread; end  11
registered outputs always C@(posedge dk4Ob5 or negedge rstsoftcmd,  It
(-rstsoftcmd_) begin 



driastb_<- #FFDLY 1bl;  cirsend_ <. #FFDLY IM;  softbsy <- #FFDLY 1bO;
iedtst <- #FFDLY 1bO;  and also begin clriastb_<- #FFDLY setdrtast;
cirsend_ <- #FFDLY -setcirsend;  sottbsy <- #FFDLY setbsy; Iedtst <. #FFDLY
setiedtst;  and 11 test mode always C (posedge dk4Ob5 or rtegedge
rstledtst,  I (-tstledtst_) . iedtstact <- #FFDLY 1b0;  else lodtstact <.
#FFDLY fedtstact sottadc & (spiowdat--8M2);  endmoduie 127 ft  Function:
SPIO Soft Command Control registers (1D, 1E when softcmden==1). ...........
ht. t ................tt. tt............. 0..... tt tttt tt............../
module softregs (cddat. Itstsigl, ensottcdat, rstsend_, rstsoftctnd_,
rsttimer.  wrsploctL wrspiodat,_. ledtstslg, lasth, readcnt, sendb,
splocttr74,  splowdat, timer ); parameter FFDLY -1; input ensoftodat,
rstsend_, rstsoftcmd--. rsttimer_, wrsploctl_, wrsplodat.-;  Input [7:0]
Itstsigi, cddat; output lastb; // SPIOCTL bit 6 output ledtstsig; l/ led
test mode output signal  output [1:0] readcnt; 11 SPIOCTL bits 1:0 output
sendb; 1l SPIOCTL bit 7 output [3.0] spiocilr74; l/ read data for SPIOCTL
bits 7:4  output [7:0] splowdat; 1/ contents of splodat register  output
timer, l/ SPIOCTL bit 4 // register declaration for outputs  



reg (7:0] splowdat; reg ledtstslg, lock, sendb, lastb, timer,  reg [1:0]
readcnt; reg [2:0] sploctLl;  wire [2:0] wdat; 11  ll led test mode signal
select  assign wdat - splowdat[2:0];  always @(Itstsigi or wdat ) case
(wdat) // synopsys parallel-case fun case  3b000: Iedtstsig - ttstsigi[0];
3b001: ledtststg - Itstslgl(1];  3b010: ledtstslg = ftstsig ];  3bO11:
ledtstslg - ttstsigi[3);  3b100: ledtstsig - itstslgi[4];  3b101: ledtstslg
- Itstsigl[5];  3b110: ledtstsig - Itstsigl[6l;  3b111: ledtstslg -
ltstsigI[7l;  default: ledtstslg - 1 bx;  endcase SPIODAT (1Dh) always
@(posedge wrspiodat_ or negedge rstsoftcmd,  If (-ratsoftcmd.~ splowdat <a
#FFDLY 6'h00;  else splowdat <- MFFDLY cddat; 128  ......... .
........................................... ......... .. O  // SPIOCTL (1
Eh) // bits 7:6 always @(posedge wrsploctl_ or negedge rstsendj  if
(-rstsend_j begin sendb <- #FFDLY 1bO;  lastb <- #FFDLY 1'b0;  end else
begin 



sendb <- #FFDLY cddat[7];  lastb <- #FFDLY cddat[6];  end ll bit S. 1.0
always @(posedge wrsploctl_ or negedge rstsoftcmd,  It (rstsoftcmd, begin
Iock<- #FFDLY 1'bO;  reads % <- #FFDLY 2b00;  end else begin lock <- #
FFDLY cddat(5];  readcnt <_ #FFDLY cddat(1:0];  end Ilbt4  always @(posedge
wrspioctl_or negedge tsttimer,)  It (-rsttimerj timer <- # FFDLY 1'b0;
else timer <- #FFDLY cddat[4}; always CM( ensoftodat or sendb or lash or
timer)  If (ensoftodat) sploctU <- #FFDLY (sendb, Iastb, timer};  assign
spioctlr74 - (sploctl 1[2:1], lock spioctij[0j};  II endmodule /l softregs
129 .    :::/1 ~H~e~N~M~N~N~f~~M~f~~H~N~~~N~N~~NN~N~M~~M N~~~~~~N~H~ff~N
Function: Soft command timer. t NffN N~~~~N tN~~~~~~~f~f~~~~~~~~N~N~~~N~~ N
Nifty.......N.N.......... module softtimer (dk40b5, drtastb_ rstsoftcmd_.
timer, rsttimer_ ); parameter FFDLY  1; input clk4Ob5. drtastb~,
rstsoftcmd_ timer,  output rsttimer_ // reset timer bit  // // Internal
signals reg (331-0] cnt; softcmd counter  rag (3:0] new cot; // new count 



reg rsttmtb_; // reset timer bit  . // N counter logic always @( crt or
ddaslb_ or timer)  I (--cldastb_ttimer) new-cm s 4'hl;  else If ((cnt-4'W))
new_Cnt - 4'h0;  also new crttscnt+4171; always @(posedge dk4Ob5 or negedge
rstsoftcmd,  N (-rstsoftomdj citt <- #FFDLY 4'h0;  also cru <- #FFDLY
new_cnt;  ll reset timer bit always @(posedgo dtct0b5 or negedge
rstsoftcrnd_)  I (-rstsottcmd, rsttmrb_<- #FFDLY 1bl;  also rsttmrb_ <-
#FFDLY (cntl-4'hf);  assign rsttimer_ - rstsoftcrnd_ & rsttmrb";  //---- -
"module // softtlmer 130 s`"arb
:....:::....................:.................... .............
.................  ......................:...... ..............
r.N.-------- N.If....H..NIN..N-I..I..N..N....N 1.........N..N.N 1 Combinted
sparb.v and spomux.v to alleviate time budgeting problems during  logic
synthesis. .. I......N.N. NI......1.................................
..................  /N N.N M.M.....N...N.N..N........N.... M1.......'..
...............  Function: Serial port arbiter. Prioritizes requests for
SPIO usage and generates readspio  



and sendbyte. History:  00100100 JYL First rev. .. fN NI.M N..  N... f NI
N1 M1..  N..N II.II..I....N.M  M.NN...1... M f {.../ module sparbomux
(ackdet, brdbsy, brdread, brdreq. brdsohd, cddat, chprstbsy,  chprstreq,
ctk4Obl. eiread, ledstate, ledreq, noack, romadr, rombsy,  romroad, romreq,
romsend, romwr, rstsplos_, sbwcbsy. sbwcread, seebsy,  seeread, seereq,
ceesend, selromal, selroma0, softbsy. softread, softreq,  softsend,
splobsy_, splowdat. stpe, stpl, stpwreq, brdack, chprstack,  ledack,
readsplo, romack, seeack shttout, sendbyte, softack, spioackdet,
sprtakabrt, stpwac k ); parameter FFDLY - 1; Input ac&let, brdbsy. brdread.
brdreq. brdsend, chprstbsy, chprstreq. dk4Obl,  eiread, ledstate, lodroq,
noac k, rombsy, romread, romreq, romsend, romwr,  rstsplos._, sbwcbsy.
sbwcread, seebsy. seeread. see req. seesend, selromaO,  selromal, sottbsy,
softread, sottreq, softsend, splobsy, sips, stpt, stpwreq;  btu (7,01
cddat, spiowdat;  Input (15:01 romadr; output brdadq // Issue BRDCTL
command  output diprstack II Issue SPIORST command  output lodadq // Issue
LED command  output readsplo; // read from splo port output romadq // Issue
ROM read/wrke command  output seeadG /I Issue SEECTL command  output
sendbyte; // shift a byte out output p:01 shftout; // data to shift out
output sottadG II issue SOFT command output spioackdet; II SPIO ACK
detected, disable exceed tim4r  output spnakabrt; II NOACK signal to abort
logic output stpwack, // Issue STPW command  // register declaration for
outputs rog cploackdet;  // Internal signals wire (7:01 lw cdai; /I
hardware command data  reg [7:01 cmdoode; // splo command code reg (7:01
extcmd; // extended command data  



wire soft; II soft command wire sendcmd; fl send splo command wire req; //
one or more request lines active 131  wire porthusy; // SPIO port is busy
// pending command wire rompend, brdpend, seepend, stpwpend. sottpend,
ledpend;  // NOACK to abort PCI cycle, ACKDET to disable execeed timer
assign spnakabrt . noack & (rombsy I seebsy I brdbsy ); always C@(posedge
dk40bl or negedge rstsplos_)  tl (-rstspios.) sploaciuiet <- #FFDLY 1 b0;
also sploackdet <- #FFDLY ackdet & ( rombsy I seebsy I brdbsy);  assign
portbusy - dprstbsy I sbwcbsy I rombsy I seebsy I brdbsy I sottbsy;  assign
req - ledreq I stpwreq I romreq chprstreq I seereq I brdreq sottreq;
assign sendcmd - -portbusy & req; assign readspio - cbwc read I ahead I
romread I softread I ceeread brdread;  assign sendbyte - romsend I seesend
I brdsend I softsend I sendcmd;  pdorttizer -assign rompend
((chprstreq,romreq)--2'b01); assign brdpend - ((ctprst
eq,romreq,brdregj=-3b00l),, assign soepend -
({ctprstreq.romreq,brdreq,seereq}=a4b000l); assign stpwpend ((ct
req.romreq,brdreq.soeroq.stpwroq}.5b00OOl); assign softpend -
((dprstreq,rortueqbrdreq.seeroq.stpwreq.softreq}==6b000001);  assign
ledpend - ((chprstreq,romreqbrdreq.seereq.stpwrGq.sofueq,ledreq) i
7b0000001);  assign chprstack - -portbusy & chprstreq;  assign romadc -
--portbusy & ron end;  assign brdadc - -portbusy & brdpend;  assign seeadc
-portbusy & seepend;  assign stpwack - -porthusy & stpwpend;  assign
softack - -portbusy & softpend;  assign ledadc - portbusy & Iedpend; //  //
output data mux assign soft - softack I softbsy, 



assign stdtout - soft ? splowdat : hwcdat;  assign hwodat porthusy ? extcmd
: cmdoode;  // generate splo command code always Cam( ledpend or stpwpend
or rompand or seepend or brdpend  or romwr or sptobsy_ or ledstate or stile
or stpl) casex ({ fedpend,stpwpend.rompend,seepend.brdpend,romwr.spiobsyJ)
// synopsys parallel-case 7blx ooooc: cmdoode - (1 b0.ledstate.5boo001,1
b0};  7bxlx)oooc: cmdoodo - {stpo;stpl.tib000lO.1b0};  7bxxlxxOx: cmdoodo -
(2'b00.6b00011.1bl);  7bxxlxxlx: cmdoode - (2bOO.Sb001OO.lb0);  7booclxxo:
cmdoode - (2'bo0.Sb00110.1bl);  7brooclxxl: cmdoodo - (2b00.6b0o110.lb0)*.
132 .arb  7bxxxxlx0: cmdoode a (2b00,5b00111,1bl); 7bxxxxlxl: crndcode m
(2b00,5b00111.1bO);  default: cmdcode - 81u0c; andcase  II-
---------------------------------------------- II select extend command
data always C@(selromal or selromaO or romwr or romadr or cddat )  casex
((selromal,selroma0}) 1l synopsys parallel case  2b10: extcrnd -
romadr(15:8}; 2b01: extcmd . romadr(7:01;  2b00, 2bl 1: extcmd . cddat;
default: extcmd 8'tuoc;  endcase lI - ------- --- endmodule 133
r.ffNffffNfN fnfNN..N ff.ffffNNfN.ffffNNfNfffNfN,NfffffffN  Clock tree .
..N.NN..........N.Nf......ff.......... .................... Nf....Nf...../
module spdkgen (dk4o, Idldrdy, romdecs2-, rstbrddl_, rstis-, rstseectl.
sottbsy. softcmden, ssplocps, clk40b0, clk4Obl. dk4Ob2, dk4Ob3.  



clk4Ob4. clk4Ob5. dlc4Ob6, dk40b7 ); Input clk4O; /140 MHz Into SPIO block
Input Idldrdy; // finished loading replacement ID  Input romdecs2_. /I
romleeprom command active  Input rstbrddl_; .. // reset brddl logic '(npi~t
rstle_ // external reset s / reset seed[ logic put sot /! soft command in
progress, enable f do  Input softcmden; // soft command enabled Input
ssplocps; I/ stave SPIO controller present  output clk4ObO; II buttered
cIk40: ret(_, softcmdens output clk4Obl; /! gated by SSPIOCPS: sprstctl.
arbomux, sbwcctl  output clk4Ob2; // gated by rstbrddl & rstseectl: brdctl,
seecti  output clk4Ob3; // gated by Idldrdy. Iddatestat output clk4pb4; //
gated by romact: romdl  output clk4Ob5; // gated by softcrndert: softcntrt
output clk4Ob6; If gated by sottbsy: spfdo output clk4Ob7; /I gated by
Idldrdy & ssplocps: spcntri  supplyl vdd; buf0101 drvJni0 (.Q(rstlst,,
A(rstls,] );  butO101 dtv_IN1 (.Q(rstls2,, A(rstisl j );  bu10101 drvJnt2
(.Q(rstis3,, A(rstis2") ); );  but0102 drv inlt (.Q(init_clls), A(rstis3_)
II  // dk4ObO but0102 drv,_p0 (.Q(dk4ObO), A(dk40) );  dk4Ob1 InvOl div el
(NQ(ssplocps,, A(sspiocps) ); );  NO drv_bl (Q(c4k4Obl). A(dk4O),
.NE(sspIocps_) bushold drv hl (AUMMY(dummyl), Z(dk4Ob1) );  btsl drv 11
(.O(clk4Obl), A(vdd),.NE Jnlt_dks) );  /I ctk4Ob2 norO2 drve2
(NO(enseebrd,, A(rstbrdctl,, B(rstseectl j  );  NO drv_b2 (.Q(clk4Ob2),
A(ctk4O), .NE(enseebrd_)  



bushold drvh2 (.DUMMY(dummy2), Z(dk4Ob2) ): btsl drv 12 (.Q(cIk4Ob2),
A(vdd),.NE(init elks) );  // clk4Ob3 bts9 drvb3 (.O(dk4Ob3).
A(cIk4O)..NE(Idldrdy) );  bushold drvh3 ( .DUMMY(dummy/3). Z(dk4Ob3) ); 134
C  U 11 cik4Ob4 bts3 dry JA (.Q(c(k4ob4). A(cfk4O)..NE(rorndecs2-)  bushold
drvh4 ( .DUMMY(dummy4). Z(dk4Ob4) ); btGl drv_ 4 (.Q(dk4Ob4). A(vdd),
.NE(tntt_ciks) ); 11 -- - - l/ clk4Ob5 ndcOr dtt el
(.Q(sottcmdensl)..D(sottcmdon),.C(ctk4ObO), .NR(rstlsj ); ndcOr dtt e2
(.NQ(sottcmdens2,..D(sottcmdonsl)..C(clk4ObO)..NR(rstis, );  bts9 drv_b5
(.Q(clk4Ob5). A(ctk4O)..NE(sottcmdens2j bushold drv6 (.DUMMY(dummy5).
2(dM0b5) );  btsl drv_15 (A(dk4Ob5). A(vdd), .NE(niLctI)  11 clk4Ob6 "I d"6
(.NQ(sottbsy.), A(sottbsy) ); bts9 drvb6 (.Q(clk40b6),
A(clk4O)..NE(sottbsy-)  bushold drvhG (.DUMMY(dummy6). Z(c(k4obG) );  btsl
drv_I6 (.Q(dk4Ob6). A(vdd), .NE(lnIt clks) ); 11 - ll clk4Ob7  andO2 drv_e7
(.Q(enshtt,..A(kildrdy), .B(scpiocps, );  btsS drv b7 (.Q(dk4Ob7),
A(dk40)..NE(ensttu );  bushold drv_h7 (.DUMMY(dummy7). Z(dk4Ob7) );
endmodule 135  ,Function: General purpose counter to support the SPIO
shifter. When cntron Is Inactive,  the count Is synchronously reset. When
contronIs active, the counter  Increments every clock. module spcnt
(clk40b7, cntron, rstsplos,~ cnt0, att8, cnt9. cnta );  parameter FFDLY -
1; ft clock-to-q delay 



Input ctk40b7; ft Input dock  Input cntron; ll counter on input rstsplosJ
l/ power on reset  output ado; // count value -- 4'h0  output crit8; //
count value 4'h8  output cnt9; // count value 4'h9  output atta; // count
value 4'hA  // Internal signals reg (3;01 a4; /1 counter value  1l l/
decoded counter values  assign cnt0 - (ct1..'4'h0);  assign att8 -
(cnt--4'h8);  assign cnt9 - (cttd.i.4'h9);  assign a i a (clt--41 a);
always @(posedge dk4Ob7 or negedge rstsplos, begin  K (--tstspios,3 cnt <-
#FFDLY 4'h0;  else crd <- #FFDLY attron ? cnt + 4'h1 :4110;  end I1 counter
//  endmodule 136  Function: SPIO controller. This module performs two
operations:  1) serialize a byte and shift out and 2) receive serial data
from the SPIO port.  (1) is performed when "sendbyte" becomes active.  (2)
Is performed when "readsplo" becomes active. N.H Nt.H.HN fN NfH N.ffN...N
N.N fNff.fNfNHfNf Nf N.fNN.f.Nf f.I module spanrl (barren. chpr tbsy,
c1k40b7. drparerr._, enelto, ledtst,  lodtstsig. mparcken, sendbyte,
readsplo. spiol. cploparerr. rstis_,  rstspios,., shftout, ackdet, alto,
bytesent, noack, sivalld, sploo,  splodrv_, parerrdet, shttin ); Input
clk4Ob7, barren, clrparerr . eneito, mparckon, sendbyte, readsplo,  ledtst,
ledtstsig, chprstbsy, splol, rstls, tstsptos-; 



Input V,01 shftout; output ackdet, bytesent, alto, noadc. sivalid, cploo,
splodrv_, sploparerr,  parerrdet; output [7:0] shttin;  II Internal signals
wire cntron; II counter on  wire attO, cnt8, cnt9, atta; I/ counter values
Ii counter  spcnt span (.dlc4Ob7(dk4Ob7).cntron(cr tron), .r
stsplos_(rstsplos,.  .ad0(cntO), .cnt8(att8)..cr t9(cnt9), crita(c nta) );
spshtt spsh t ( .act Mn(adcwtn)..berren(berren). byteserttNyteset t).  ct
prstbsy(dtptstbsy)..clk4Ob7(dk4Ob7)..cnt9(a19).  .ckparerr(chparerr,.
Jedtst(odtst). '  .mpardcon(mparcken)..rsft_(rstls_)..setsivat(setslval),
.readsplo(readspto), .sendbyte(sendbyte)..stdtout(shttout).  .spiot(spbl),
.slvelld(stvalld)..strtwln(stttwin), .ackdet(ackdet).
.parerrdet(parerrdet)..shttin(sh tin)..sploo(sploo).
.sploparerr(sploparerl')..strtdet(strtdet) ); opal spctl (
.chprstbsy(chprstbsy), .ctk4Ob7(dk4Ob7)..ledtst(tedtst).
.retie_(rstis,..rstsptos,(rstspios,, .seteito(setefto),
.setnoack(setnoack), .setsival(setsivat)..sploon(sploon).
.etto(ofto)..noack(noach)..ctvaltd(sivalid), .spiodrv_(splodrv, ); spctlsm
spctlsm ( .ackdet(ackdet)..c1k4Ob7(dk4Ob7)..crdO(cntO), .crtta (cnt8)..crd9
(cnt9)..cnta(cnta)..etto(efto)..enelto(e nelto),
.noack(noack)..rstsp1os_(rstspios_), .readsplo(readsplo).
.strtdet(strtdot), .sendbyte(sendbyte), .ackwln(ackwln),
bytesent(bytesent), .setelo(setelto)..setnoack(setnoack),
.aetslval(setsiva!)..crttron(cntron), .strtwin(strtwin), .sploen(sploen)
ondmodule 137 HH..M ~~~H~~~M~H~~~~~~~~-N~~N N~H~H~~H ~N ~M M~M~NHy M~~-N ~
Function: Registers output signals from state machine. ~~~~~M~~N~NN~NN~M~
~~~ti~N~ Hf NN~~~~H~M~1~~~f Nf~M en...N ~~~~~~~~/ module spill (chprstbsy,
dk4Ob7, ledtst, rstls,r rstspios, seteito, setnoack,  



setsival, sploen, efto, noack, sivaild, splodrv_ ); parameter FFDLY . 1;
input chprstbsy, clk4Ob7, ledtst, rstis_, rstsplos_, setelto, setnoack,
setsival, sploen; output efto; // ESTAT/IDDAT time-out  output noaclc //
NOACK output sivaiid; 11 shift-In data valid  output spiodrv_; //SPIO
output enable  1l Internal signals rog splodrv_, sivaild, efto, noack;  11
I/ output FFs always @(posedge dk4Ob7 or negedge rstsplos,  I (-rstspios-)
begin noack <= #FFDLY 1'bO;  efto < #FFDLY IbO;  clvalid <. #FFDLY 1 bO;
end else begin noack <a #FFDLY setnoadc  alto <a #FFDLY setelto;  sivaiid
c. #FFDLY setsival;  end always @(posedge clk4Ob7 or negedgo rstls,  lt
(-'rstls-,) splodrv_ <.. #FFDLY 1 b1;  else splodrv_ <a #FFDLY -(sploen I
ledtst ~ chprstbsy);  II - endmodule II spctl 138 ;5 c  Function: Serial
Port Control State Machine. This module keeps track of the "sendbyte" and
"readsplo" commands. It uses  an external counter for timing. 



f........ffH Hffff ff...fHN..ff1f Hff.MffHff 1......... *...... .......
module spctism (ackdet, clk4Ob7, cnt0, cntS, cnt9, cnta, eito, enelto.
noack, rstsplos_. readsplo, strtdet. sendbyte, ackwin, bytesent,  setnoack,
setsival, seteito, cntron, strtwtn. sploon ): parameter FFDLY - 1;
parameter 12:01 // synopsys enum state info  IDLE - 3b000, // Idle SEND -
3b001, // send a byte  STOP - 3'bO10, // stop bk  WACK - 3b011. // wait for
ACK EACK - 3b100, // wait for ACK termination  STRT - 3b101, fl welt for
start bit RDAT 313110, // reading a byte of data  CHKR - 3bl11; // check
whether to read again Input ackdet. clk4Ob7, cnt0, cnt8, cnt9, cnta, otto,
enetto, noack,  rstsplos_, readsplo, sendbyte. strtdet; output ackMM; //
ACK detection window  output bytesent; // finished shifting a byte  output
cntron; // turn counter on output setelto; // sot iddat/estat time-out
output setsival; // early sivaitd output setnoacic // generate NOACK signal
output sploon; // enable social port output  output strtwln; // window for
start-bit detection  // Internal signals // synopsys state vector state
reg (2:01 // synopsys enum state_Info  state; // stale vector reg (2:01 //
synopsys enum state_Into  next; // next state reg sploon; // enable SPIO
output  reg sotnoaclG // set NOACK condition reg setetto; // set
ESTAT/IDDAT time-out  reg setsival; // registered outputs reg ackwin,
strtwin, criron, bytesent;  // combinational logic always (gyp( ackdet or
state or sendbyte or readsplo or arta or cnt0  



or noack or alto or enetto or stttdet or crdS or att9 )  begin 139 G t
ackwln - 1 b0; strtwln - 1'bO;  cntron - 1b0;  sploen - 1b0;  bytesent -
1b0;  setnoack - 1 b0;  setelto n 1b0;  setsival - 1b0;  case (state) IDLE:
begin If (noack I alto) begin  next - IDLE;  end also begin case
((sendbyte, readsplo)) synopsys parallel case  2b10: next - SEND; 2b01:
next - WACK;  2b00, 2b11: next - IDLE;  default next - 3bxxx;  endcase
cntron - sendbyte ( readsplo;  sploen sendbyte; end  and SEND: begin next -
cnta ? STOP : SEND;  sploen- lbl; CntrOn - --cnta;  bytesent - Cria;  end
STOP: begin 



case ((sendbyte, roadsplo)) // synopsys paralleLcase  2b10: next - SEND;
2b01: next - WALK;  2b00, 2b11: next - IDLE;  default: next - 3'bxxx;
endcase cntron sendbyte;  sploen - sondbyte;  end WACK: begin  ackwln- Ib1;
If (ackdot) begin next - SACK;  and else U (onelto & cnt0 -onefto & cnta)
begin // time-out  nom - IDLE; sotnoack - -onoio;  setoho - onelto; 140
end else begin next WACK:  cntron  1'b1;  end and  EACK: begin  ackwina
1b1; N (readsplo) begin next = ackdet ? EACK : STRT;  end else begin next -
ackdet ? SACK : IDLE;  end and  STRT: begin next a strtdet ? RDAT : STRT;  



stttwln a 1b1; cti<ron strtdet;  end RDAT: begin next a cnt9 ? CHKR : RDAT;
cntron a -cxtt9; .  setslval a cnt8; end  CHKR: begin . next a readsplo ?
STRT : IDLE;  end default next a 3bxxx;  endcase end  11 state and output
FFs always @(posedge clla4Ob7 or negedge rstsplos,  I (-rstsplosi state <
#FFDLY IDLE;  else state <a #FFDLY next; ---- endmoduie 11 spctlsm 141
/...r. n..r.f......ff ...f ...f..f.......M..ff M.f
M.f....H....M.ff.......f......  File: sptilo.v Function:  Soft Command read
fifo. ......H...... H............
M......f.M...H.".f..NM..f.....M.N.........f/ module sptito (clk4Ob5,
clk4Ob6, loadcnt, ensoftcdat, rdsplodat_, readcnt,  rsttdo.. rstsoftcmd_,
shftln, wrtlio, cntO, cntl, sploctlrlO, splordat  Input c1k4Ob5, dk4Ob6,
loadcnt, ensoftcdat, rdsplodatJ rstfifo..  rstsoftcmd_, wrfdo; Input [1 b]
readcnt;  Input (7:0] shftin;  output cn10, cntl;  output [1.0] sploctlrl0;
output [7b] splordat; 



bus declaration wire [1:0] rdptr, sploctlrlO;  /! // control spfdoctl
sp(doctl ( .dk4Ob5(dk4Ob5), .loadcnt(loadcnt)..readcnt(readont).
.ensoftcdat(ensoftcdat)..rdsplodat_(rdsplodat_), rstido (rstfgo_),
.rstsoftcmd(rstsoftcrrj. wr(ifo(writfo), .ctI0(cnt0), .cntl(cxttl),
.rdptr(rdptr)..pioctlrlO(sploctlr10), wrfffoO(wrfdo0), .wrfdol(wrfdol).
wrff(o2(wrfdo2) );  registers spfHoregs cpfdoregs.(
.dk4Ob6(cIk40b6)..rdptr(rdptt)..rstido(cstfffo,j.  shtin(sh tin),
.wrfdo0W1foO). wrifol(wrlidol),  wrfdo2(wrfdo2), .spiordat(splordat) );
endmodule 142  Function: Soft Command Pilo control logic. module sptifoctl
(dk4Ob5, loadcnt, readcnt, ensoftcdat, rdsplodat_ rstfito_  rstsoftcnd_,
wrtlfo, cnt0, aril, rdptr, sploctirlO, wrlifo0, wrflol,  wrffo2 );
parameter FFDLY - 1; Input cfc4Ob5, loadari, onsoftcdat, rdsplodat_,
rstfito_, rstsoftcmd_, wrfifo;  Input [1b3 readcnt; output ado; l/ no more
byte to read  output crrit; 1/ one more byte to read  output (1:0] rdptr //
fdo read pointer  output 11:01 sploctlrl 0; // sploctl read bits 1:0
output wdfloO; // write first byte output wififol; //write second byte
output wrfito2; /l write thins byte ll register declaration for outputs
reg 11:03 rdptr, spioctlrlO;  wire 11:01 readcnt; Il Internal signals reg
(1:03 new -CM; // now read count  reg [1:03 new wrptr // new write pointer 



reg [1;03 rcil // read decrement counter  rog 11q. wrptr, /lwrite pointer
// read counter /1 deaementing logic always @(rcnt or wrfffo or readcnt or
loadcnt) begin  If (loadcnt) new cnt - readari;  else If (wrfIto) nowcrt
rant - 2b01;  else new Crri - rant;  end fl count registers always
C@(posedge dk4Ob5 or negedge rstsoftcmd,  If (-rstsoftcmd_) rcnt <- NFFDLY
2b00;  else rcpt <-1rFFDLY new_crri;  // latch for 010 data bus always
Q(onsoftcdat or re rd)  I 143  If (onsoftodat) sploctirl0 <_ #FFDLY rcpt;
assign cntl - (rcrrt==2'bO1); assign cntO - (rcpt==2'b00);  // write
pointer // Incrementing logic always @(wrptr or loadcnt or wrtdo )  K
(loadcnt) new wrptr - 2b00;  else K (wrtio) new_wrptr - wrptr + 2'b01;
else newwrptr - wrptr,  11 pointer registers always @(posedge dk4Ob5 or
negedge rstsoftcmd-)  



K (-tstsoftandj wrptr < #FFDLY 2'b00;  else wrptr <- #FFDLY new_wrptr.  //
decoded write enables assign wr1ito2 - wrfdo & (wrptr--2b10);   assign
wrfdol - wrtito & (wrptr--2b01);  assign wrtltoO = wdlto & (wrptr.-2b00);
// ll read pointer always @(posedge rdsp(odat_ or negedge rstfdo-)  K
(-rstWKo_ ) rdptr <= #FFDLY 21b00;  else rdptr <- #FFDLY rdptr + 2b01;  /I
endmodule II spiKoctt 144  ......................*.....................
.............,....................  Function: Soft Command Read FIFO.
History: 04/22194 JYL First rev. ........ M.f.. M...... M... .H..
.t..MH..........M ................. N...... module sptdoregs (clk40b6,
rdptr, rsttito_, shttin, wrlito0, wrtifol, wrtifo2,  splordai ); parameter
FFDLY  1; Input clk4ob6, rsttito., wditoO, wddol, wd'do2;  Input [101
rdptr; Input [7:01 "in;  output (7:01 splordat;  // II register declaration
for outputs  rag [7:01 splordat; // Internal registers reg (701 titoO,
flfol, flfo2;  fIto registers 



always @(posedge dk4Ob6 or negedge rstfdo-I  K (-rsttdo, begin rdo2 <-
#FFDLY 8'h00;  idol <_ EFFDLY 8'h00;  fdo0 <= IFFOLY 8'h00;  end else begin
fIfo2 <= IIFFDLY wr1Uo2 ? shftln : fdo2;  fifol <=.IFFDLY wrfffol ? ehftln
: Rol;  1IfoO <= BFFOLY wrfdo0 ? shftin : 900;  end // output mux always @(
rdptr or fdo0 or fifol or fi1o2)  case (rdptr) if synopsys parallel_case
2b00: splordat = fdo0; 2bOl : splordat = titol;  2b10: splordat = fdo2;
2b11: splordat  8'h00;  default: splordat  B'hoc;  encase endmodule I/
splitoregs 145 ...... N.tN-t......... N .....- --------H---- - Functlon:
Top-level of SPIO block. .. N.....N.....f f. N....../  ... f..
N.....f...... H.........  f .......... module splo (barren. chprstb,
drparerr-. c rbusy. dk40, cdadr,, cddat,  cdwen_, csadr, csren.. kstslgi,
mparcken. pac2splo, por,  rstb-, sled splol, romdec-, romadr, romwr.
stpwenb, stpwlvtb.  csdat. eepromen. Iddat. Idldrdy. noack, romrden. seems,
spromrdy, splodrv, spioo. spnakabtt. sploackdet. spromcik_.  spbrden,
spseeen. sploparerr. splobsy_, ssplocps, seebrdrdy,  stretchseq ); input
barren; ll generate even parity Input chprstb; /I chprst - HCNTRL (87h).
bit 0  Input clrparerrJ // clear parity error 



Input crbusy; 11 CIO bus Is being read  input dk40; // 40 MHz clock (dldn)
Input p:0] cdadrJ // CIO destination address  Input [7:0] cddat; 11010
destination data Input cdwen_, l/ CIO destination write enable  ccadr_; //
CIO source address WA csmrL; // 010 source read enable  input p:01 kstslgi;
// led test mode signals  Input mparc ken; 11 enable parity checking  input
pac2spio; // pauseadk to SPIO  Tnput Pon // power on reset Input n;xtb,; N
external reset  Input fiscal led level Input sp clot; // Input from SPIO
pin kVA romdec 1l ROM request from ghost  Input (15:0] romadr, // ROM
address Input oniwr, // ROM write command  Input stpwertb; // SXFRCTLI bit
0  Input s v; I/ DEVOONFIG bit 1  output (70] cddat. Iddat; output
eepromen, idldrdy, noadc, romrden. spromrdy, splodrv..  ssplocps. seems.
sploo. spnakabrt, spromclK., spioparerr,  cpbtden, spseeen, splobsy.
stretchseq, sploackdet. seebrdrdy;  1l wire alto. sivaid, elread. enelto.
sendbyte, readsplo. splol.  ackdet, bytesent; wire [15,0] romadr. wire p:0]
Itstsigi. splordat, splowdat, shfttn, shttout;  wire [3:0] sploctlr74; wire
[2:0] seectl, brdctl, brddat;  wire (1:0] sploctirl0, soft; // Instangate
sub-modules spdkgen spcgcgen ( .cpk4W(c11F40)..Ididrdy(Idldrdy)..romdev
2-oorttde062 j,  .nstbrddl_[rstbrdcUU..netts.(rstls,. istseecd_(rstseoctU.
.softbsy(softbsy)..softcmden(softcmden)..sspiocps(ssplocps). 146
.clk4ObO(dk40bO)..ctk4obi(clk4Obl), .ctk4Ob2(clk4Ob2).  



.clk4Ob3(dk4Ob3), .ctk4Ob4(clk4Ob4)..ctk4Ob5(ctk4Ob5),  .clk40b6(dk4Ob6),

.clk4Ob7(cik4Ob7) ); sprstctl sprstdl (.chprstack(chprstack),

.chprstb(chprstb),.clk4ObO(Clk4ObO).  .clk4Obl (dk4Ob1),

.rsUb_(rstib,.sottabrtok(sottabrtok), .sspiocps(ssplocps),

.chprstbsy(chprstbsy)..chprstreq(chprstraq)..swrstrdy(swrstrdy) ,

.rstis_(rstlsj, rstsplos (rstrplorj ); sottcntri sottcrttri (

.ackdet(ackdet), .bytesent(bytesent), .cddal(cddat),  .clk4Ob5(dk4Ob5),

.clk4Ob6(clk40bG), .ensoftcdat(ensoftcdat),  .ftststgl(1tstslg),

.noack(noack)..rdsplodat (rdsploda _),  .rstspbs(rstsplos,,

.shttln(stiftin)..stvafd(stvaUd).

.soriadc(softack)..sottcmden(sottcmden)..wrsploctl(wrsploctl, ,

.wrspbdat(wrsplodat,, .ledtst(ledtst), iodtstsig(ledtstsig),

.softabxtok(softabrtok)..sotthsy(sottbsll)..sottread(sottread),

.softreq(sottreq)..sottsond(sottsend), .spbctlrlO(splocdrlO).

.sploctlr74(sploctlr74)..splordat(splordal), splowdal(splowdat) brdcntrl
brdcntrl ( .ackdet(ackdet). brdction(brdctlen). btdack(brdac1q,
bytesent(bytesent)..cddat(oddol), .c(k4Ob2(ctk4Ob2),.noadc(noack),
.rdbrddl(rdbrddt,..rstsplos(tstsPlos,..shttln(Sh ttn),
x1vafld(sivalld)..wrbrddl_(wtbrddf,..brdbsy(brdbsy),  brddl(brddl).
brdcttrdy(brdctirciy), brddat(brddat).  brdread(brdread),
brdreq(brdreq)..bidsend(brdsond),  .rstbrdcti(rstbrddU seecntrl soecntxl (
.ackdet(ackdet), bytesert(bytesent)..ctk4Ob2(clk4Ob2),
.noack(noack)..tdseodl(rdseedl_)..rstsplos(tstspbsj.  .seeack(seeadk,
.seectlen(seectlen), . t tunO(stdtin(OD,  .sivalld(slvalid).
wrseectUwrseedU. cddat(cddat)1 tdy),  .rstseedl(tstseocttj..seectl(soed1).
eoctlcdy( .ceedi(seed )..seems(seems).. seerdy(seerdy). sseoread(seeread),
.seereq(sooreq), .seebsy(seobsy)..oosend(seesend) ); sbwcctl sbwodl (
.ackdet(ackdet), bytesertt(bytesert)..ctk4Obl(clk4Ob1).
.ledadc(IedadQ..noack(noac1Q..tstsplos(rsisplos,..sted (slod,,
.sspbcps(ssp{ocps)..stpwack(stpwaalp..ttpwenb(stpwenb),
.stpwiv4b(stpwtvb)..tedreq(led<e4)..ledstal0Qedstate),
.sbwcbGY(sbwcbsy)..sbweroad(sbwcread), .sipe(stpo)..stpl(stpq.
.stp+Kreq(etpwrecO ); sprw sprw ( btdcden(btddfett).
brdctimWrddlydy)..cradr(ceadr_). 



.csrer><, (csreni..cda&(cdadr-)..ccWen(Odwonj..clk4ObO(dk4ObO).

.ctbusy(ctbusy). spb(pac2splo)..pot Pd..soedien(seedlen).

.seedlydy(seedkdy)..softemden(softc nden),.rdld(rdlb). .e
nsoftodal(ensottcdel)..rdl d(rdl d)..rdl e(rdl e)..rcbrdctl_(rdb rddU ,
.rdseecU (rdseectl,..rdspbdatjrdspiodaU..splobsy(rp(obsY,,
.seebrtltdy(seesp -ap-),.w (U~edl) -wrrsp~lodl(wrrspiloctl wrs ,,
ptocap(wrsplocap, .wtspbdat(wrspbdaij  sprdmux sprdmux
(.spbctq'1O(splodlrlO)..splocUr74(sploctlr74),  .splobsy
(spiobsY,..spromcW.,.,(spromc*)..rdlb(rdlb),  .rdld(rdld),.rdld(rdle),
brddl(brdcU), brddat(brddat),
.seectl(seoct1)..seedi(seedi)..seems(seams)..seerdy(sae rdy),
.shttin(shftln)..splordat(splordat)..sott(coft)..rombsy(ron y),
.softcmden(softcmden), brddlon(brddlen)..soectlen(seectten),
.eepromen(eepromen), .romrden(rornrden)..ssplocps(ssplocps),  .csdat(csded)
); spromctl spromoU (.ackdet(ackdet). bytes erd(bytesettt)..noack(noad ),
.slvaftd(sivalld).dk4obl(clk4Obl)..ollc4Ob4(clk4Ob4),
.romadc(romack)..romwr(romwt). por(por), .romdec_(romdec_). 147
.rombsy(rombsy)..romdec e_(romdecs2,..spromrdy(spromrdy).
.romread(romread), .romreq(romreq),.romsend(romsend),  .selroma0(se(romaO),
.solromal(selromal), .spromc(k_(spromclkj ); iddatestat Iddatestat (
.cddat5(cddat(5D, .clk4Ob3(clk4Ob3), .elto(etto),  .parerrdet(parerrdet),
.rstls_(rctls,, .shftln(shftln),  .sivalld(stvalid),
.swrstrdy(swrstrdy)..wrsplocap_(wmplocap j,
brdcden(brdctien)..eepromen(eepromen), .elread(eiread),
.eneio(enelto),.iddat((ddat), .Idldrdy(idldrdyl), .romrden(romrden),
seectlen(see tlen), .soft(soft), .sottcmden(softcmden),  .spbrden(spbrden),
.epsooen(spsesen)..sspbcps(sspbcps) ); spcntrt spcntrf ( berren(berren),
.chpcstbsy(chprstbsy/)..dk4Ob7(dk4ob7),  .ckparerr_(drparerr_),
.erwito(onako)..tedtst({edtst).  .tedtstslg(tedtstsig),
.mparcken(nrparcken).  .sendbyte(sendbyt)..readsplo(readsplo),
.splol(sploQ.  .sploparerr(spioparerr),
.rstis_(rstis_3..rstsplos_(rstsplos,).  .ahftout(shttouq..ackdet(ackdet),
.efto(eko). bytesent(bytesent),  



.noadc(noadk..sivald(dvalld)..sptoo(sploo)..sp lodrv-(sp iodrv, ,
parerrdet(paren-det), .shttin(shftln) sparbonwx sparbonxac (
.ackdet(ackdet)..brdbsy(brdbsy), brdread(brdread),  brdreq(brdreq),
brdsend(brdsetrd), .cddat(oddat), c rstbs chprstbsy).. rstr ctere, dk4Ob1
dk4Ob1 ,  .elrroad(ei oad), Jedstate(ledstat ).
Jdreq((Iedreq)..noack(noack),  .romadr(omadr)..rombsy(nxmbsy),
.ronvead(romread), .romreq(romreq),  .romsend(romsend)..rom wr(romwt),
astsplos_(rstspios,).
.sbwcbsy(sbwdbsy)..sbwcread(sbwcread)..seobsy(soebsy),
.seeread(seer'oad)..soereq(seereq)..seesend(seesend).  .setromal
(selromal), .selromaO(selromaO),.sottbsy(sottbsy),
.sottread(softroad)..softreq(sottreq)..sottsend(softsend).
.splobsy_(splobsy,,.splowdat(splowdat), .stpe(stpe),.stpl(stpq.
.stpwreq(stpwreq), .brdack(brdaci..chpmtaXchpmtack),
.IedackQedadk..madsplo(madoplo)..romadc(mmado, .seeack(seeack).
.shttout(shttout)..endbyte (sendbyte)..sof tadc(sottadQ.
.sploackdet(spioactadet), .apnakabrt(spnakobtt)..stpwack(stpwack) k
endmodule 148 /Nff na.!Nfff ffffN Nf Hffffff Nf NffHffffff Hf.n
tn.NN...HN....Nff  Function: Serial port read mux to csdat. H fHHfff of
NffHNfM fffff ffffN NffHfffHNfff fff fff Hf Nfff fff N/ module sprdmux
(sploctlrl0, sploctlr74, splobsy_, spromdk. rdlb, rdld, rdlo,  brdctl,
brddat, soectl, seeds, seems, seerdy, shftin, splordat, soft,  rombsy,
softcmden, brdctlen, seectlen, eepromen, romrden, ssplocps,  csdat ); Input
splobsy, spromck  Input rdtb, rdld, rdle;  Input V.01 splordat, shftin;
Input (2:0] seectt, brdctf, brddat;  Input seems, seed!, seordy;  Input
[10] soft, sploctlrl0; Input (3b] sploctlr74; Input rombsy, softcmden,
brddlen, seectien, eepromen. romrden, ssplocps;  output (7:0] csdat; //
read data to CIO bus ll  



// Internal signals reg [7:0] doregs; wire [70] sploctl, sprd us, shttln,
splocap. seectlo. brddlo;  wire drvcsdae //  // csdat output enable assign
drvcsdaL  splobsy_ & spromclk ;  assign sprdbus  rombey ? stdttn : cioregs;
assign #1 csdat  dNCSdat_,? 8'hzz : sprdbus; assign seoctlo . (2b00, seems,
seerdy. seectt(2 0]. seedi);  assign brddlo . (brddat, brdctl, 2'b00);
assign splocap -
(soft,sottcmden.brddlon,seectlon,eepromen.romrden.sspbcps};  assign sploctl
- (sploctIi74. 2'b00, sploctirl0); always Cam( rdlb or rdld or rdle or
softcmden or brdctto or splocap or seeotlo  or spioctl or splordat ) casex
((rdlb, rdld, idle, softcmden)) IIsynopsys parallel case  4blxx): cloregs
splocap; 4bxlx0: cloregs  brdctlo;  4bxlxl: cloregs  splordat;  4bxxlO:
cloregs - seectlo;  4bxxl 1: cloregs . sploctl;  default: cloregs  8'boc;
endcase endmodule 149  Function: Serial port rom controller. module
spromctt (ackdet. bytesent, noack, stvalid, dk40bl, cIIc40b4. romack,
romwr, por. romdec-, rombsy, romdocc2_ romread, romreq, romsend,  selromaO,
setromal, spromrdy, spromctlL); parameter HOLY - 1; input adadet, bytesent,
noack, slvafld. ctk40bl. dk40b4, romack, romwr, por, romdec_;  output
rombsy; // ROM command in progress output romdec s22-.; // rom command
decoded  output romsend; // send a ROM command byte  output aetroma0; _
output setromal; 



output spromcilc; fl clock data in romdo  output romread; output romreq; I/
ROM request to arbiter  output spromrdy; II ROM command finished  /I /l
variable declaration rag rombsy. romsend; reg romdecsl; fl synced romdec_
rag romdecs2; rag romtead, spromrdy. romreq  wire retread, setrdy, setbsy,
setsend;  II // generate request always @(posedge dlc40b/ or posedge pot)
I (pot) begin romdecal <- IFFOLY ib0;  romdocs2 <s #FFDLY 1bO;  romreq Cu
4FFDLY 1bO;  end else begin romdecsl <a #FFDLY -romdec1  romdecs2 <- NFFDLY
romdecal; romreq <- AFFDLY romroq ? -romack : romdecsl & -romdocs2;  end
combinational outputs assign spromclk_ - -( rombsy & sivalld );  assign
romdoce2_ - -romdecs2; /I registered outputs always @(posodgo dk40b4 or
posodge por)  N (pot) begin 1 150  rombsy <. #FFDLY 1bO; romsend <- #FFDLY
1bO;  romread <. #FFDLY 1130;  Gpromrdy <_ #FFDLY 1bO;  end 



else begin rombsy <. #FFDLY setbsy,  romsend <a #FFDLY setsend;  romroad <.
#FFDLY setread;  spromrdy <a #FFDLY setrdy;  end ll  ll instantiate state
machine spromsm spromsm (
.ackdet(ackdet)..bytesent(bytesent)..noack(noack).  .sivalld(sivalld),
.ctk4Ob4(c(k4Ob4)..romack(romack , .rornwr(romwr).  .por(por1,
.setmad(setread), .setbsy(setbsy)..setrdy(setrdy),  .setsend(setsend),
.selromaO(selroma0), .selromal(solromal) );  //----- endmodule 151  ~.. ".
". ". "...... " ................ ".....: ".." .... "... "...... ........
Function: Serial port rom control state-machlne. ............ "... M...
........... ..................... ".... ".. ""...." ", module spromsm
(ackdet, bytesent, noack, sivaIld. c1k40b4, romack, romwr, por,  retread,
setbsy, setrdy, setsend, selroma0. selromal ): parameter FFDLY . 1;
parameter [2:0] // synopsys enum state Irdo  IDs 3b000. // Idle CCs 3b001,
// command code  AO s 3'b010. I/ address low  Al .. 3b011, // address high
D0sWOO. //data 0 D1 3b101, // data l  D2 s 3b110, // data 2  D3 s 3b111; /1
data 3 input ackdet, bytesent, noack, sivalid, clk4Ob4. romack romwr, por;
output retread; // read SPIO port output setbsy; I/ ronihusy true next
clock oullm COW. 11 set romrdy next clock  output "Wend; // send byte next
clock  output selroma0; // select address low  



output selromal; // select address high  I! declare registers // synopsys
state vector state  reg [2;0] II synopsys enum state_blo  store; II wment
state reg [2:0] II synopsys enum .taro Into  next; IF next state rag
setread, setbey. setrdy. setsend, selroma0, selromal;  combinational logic
always @( state or romack or romwr or bytosent or ackdet or slvalid or
noack)  begin setread .. 1 b0;  setbry s lbl;  setrdy  1 b0;  setsend -
1b0;  selroma0. 1 b0;  seiromal a lb0; case (state) . // synopsys parallel
case  10: bopln next s romac k ? CC : ID;  softy . romadc 152  end CC:
begin next - bytesent ? AO : CC;  setsend - bytesent; end  AO: begin next.
bytesent ?A I : AO;  selroma0 - l'bl; setsend - bytesent;  end Al: begin
next - bytesent ? 00 : Al;  seiromal . lbl; setsend - romwr & bytesern;  



retread  -romwr & bytesent;  end DO: begin I (romwt) begin next - bytesent
? Dl : D0;  retread a bytesent; end  else begin I (noack) begin  next = ID;
setbsy - i'b0;  end else begin next a sivaliid ? D1 : D0;  setread - l'b1;
and  end end  D1: begin I (romwr) begin I (noadt) begin  next - ID;  setbsy
-1'b0;  end else begin next a acledet? D2 : D1;  end end else begin next a
slvalid ? D2: Dl;  setread - 1131; end  end D2: begin I (romwr) begin next
- ackdet ? D2 : ID;  setbsy - ackdet; setrdy - -ackdet;  



and else begin next - sivalid ? D3 : 02;  setread - 1131; and  and D3:
begin 153  next  sivalld ? ID : D3; setbsy '. 1 b1;  setrdy - sivalld;
setread - -slvalld;  end default: next a 3bxxx;  endcase and // always /I
----- - II state vector always @(posedge dk4Ob4 or posedge pot)  If (Poi)
state < #f FFDLY ID;  else state <= #IFFDLY next;  endmodule 154
~--w~-~~~efe ee~eNi..fl.Meeeeeeee eeeeee gee ~-t~-w--w ~---~--~~~-----
File: sprstctl.v Function:  Serial port reset control. M gee ee
ee.eee.eee.. a"gee"e"e Meeeeet e N M eeeeeeM Neese Meee geese gee ~~/
module sprstctl (chprstack, chprstb, clk40b0, dlc4Obl, rstb_, softabrtok,
ssplocps,  dtprstbsy, chprstreq, swrstrdy, rstis_, rstsplos_ ); parameter
FFDLY s 1; Input chprstad(, chprstb, cik40b0, dk40bl, rstb,r softabrtok,
ssplocps;  output ctprstbsy; ft chprst In progress output dttprstreq, //
request for SPIO port  output swtstrdy; //software reset ready  



output rstlsj ll HW reset output retspios_; // HW/SW reset spin block
register declaration for outputs reg swrstrdy, chprstbsy, chprstreq;  //
Internal signals rag (3:01 at. new _at; // reset counter  reg rstisl.,
rstls2,_, spchprst; // synced reset signals rog chprstpend, caprstpendsl,
chptstpends2; // SW reset pending  wire rstswrsL rstctprst_, cnt0,
strLswrst; Mg drswrst,-;  reset logic always @(posedge dk40b0) begin
re=al-<. #FFDLY tstbJ  tst[s2_ < #FFDLY tstislJ end  assign rstls_ - rsttb_
& tstlsl_ & rstls2_;  assign rstchprsL - rstls_ & ssplocps;  assign
tstsplos_ a rstls_ & spchprst_,;  assign rstswTL a rstd,prsL & clrswrst_;
always @(posodge dk40bl or negedge rstchprst,  N (-rstdiprst, spchprst_<
#FFDLY 1b1;  else spchprst_ <. #FFDLY -strt_swrst;  // request logic always
@(posedge dprstb or negedge rstsploe_)  it (-rstcplos, dlprstpend < #FFDLY
ib0;  else 155  chprstpend <. #FFDLY tbi; always @(posedge dk4Obl or
negedge rstchprst)  K (-rstchpcstj begin chprstpendsl <e #FFDLY 1 bO;
chprstpends2 < #FFDLY 1 bO;  chprstreq < #FFDLY 1'bO;  end 



else begin chprstpendsl <. #FFDLY chprstpend;  chprstpends2 < #FFDLY
chprstpendsl; chprstreq <- #FFDLY chprstpendsl & -chprstpends2  I chprstreq
& -chpmtack & sottabrtok; end  assign strt_swret . chprstack I chprstreq &
softabrtolG  II II software reset ready logic always @(posedge dk4Obl or
negedge rstct pest  K (-rstdiptstj ctrswrst_ <.. #FFDLY 1 b1;  else
clrswrst_ <. (cntl.41i1); always @(posedge diprsth or negedge rstswrst,  K
(-rstswrst, swrstrdy < #FFDLY 1'b1;  else swrstrdy < #FFDLY 1'bO;  // busy
logic always @(posedge dk4Ob1 or negedge rstchprst)  N (-rstdtprst ct
xstbsy<a #FFDLY 1bO;  else dprstbsy < #FFDLY strt pwrst I -cntO;  // //
counter assign cntO - (=t-4'hO);  // counting logic always @( cnt or cntO
or strt_swrst )  K (strt_swrst) new cnt Q 4'h1;  else new cnt  cntO ? 4'hO
: cnt + 4'hl;  // counter registers always @(posedgo dlc4Ob1 or negedge
rstchprst)  If (-rstchprtU 



cnt < #FFDLY 4'hO;  else cnt <. #FFDLY new cnt;  endmodule I 156
........Nf..N ff.ff.f Mf...ffff Nf.H..H f.f ff.f f.fff.Mf.f.f.ff.
Function: ReadNvrtte decoder ...........f...MH~.H Hf fN....ff.f ...N Hf..
H..ff.N.f H.fHf f. f./ module sprw (brdctlen, brdctlydy. csadr . cc n-..n
ertso odat ft , rdlb, k4ObO d,  crbusy. pac2splo, por. seedlydy, s rdle,
rdbrdctl.,, rdseedl., rdspiodat-, splobsy-, seedlen, seebrdrdy,
stretchseq, wrbrdctl-, wrsplocap_, wrseectl, wrsploctf-, wrsplodat_ );
input (T:O] csadrr, odadrj Input brdctlen, brdctl dy. csren-, odwen-,
dk4ObO, crbusy, pac2splo. por,  soectten, seecttrdy. sottcmden; output
ensottodat. rdlb, rdld, rdle, rdbrddl~ rdseectl, rdsplodaL  seebrdrdy.
splobsy., stretchseq. wrbrdctl, wrsplocap, wrseectl,  wnsplodl, wrspbdat_
sprwdec cprwdec (.csadr (csadr,..crren_(csren_), cdadr (odadrj,
.cdwen..Lcdwen,..crbusy(c busy)..po*or). sonanden(softcmdon),
.rdlb(rdlb)..rdld(rdld),.rdle(rdle)..rdbrdcq. (rdbrdctL).
.rdseectl(rdseectt,..tdsplodat(rdsplodat,..splobsy(splobsy).
.splobsy_(spiobsy,. .w rbrdc U(wrbrdctU..wmplocap(wrsplocap.j,
wrseectL(wrseectl,. wcsplocd-(wrsploctl,. wrsplodat (wrsplodal, spstretch
spstretch ( brdctlen(brdctlen), .brdcdkdy(brddlydy),
.hosttder*astrden)..pac2splo(pac2spb)..por(pot).
.rdseebrds_(rdseebrds,..seectlen(seedten), .seec tlydy(seectlydy),
.segrden(segrden). wrbrdct (wrbrddU. wrceoctL(wrseodU,
.ensonodat(ensottcdat)..seebrdrdy(seebrdW..stretchseq(stretchseq) );
sprwctl sprwctl ( brdcden(brddlen)..dk4ObO(c k4ObO)..csrer_(csren,,
.por(por),  .rdbrdctl(rdt)rddl,..rdseedl(rdseoctU..seecden(seedlen).
Aoobsy(spbbsy)..splobsy,(splobsyi..hostrdden(hostrden).
.rdseebrds(rdseebrds,, sogrden(segrden) ); endmodule 157 



~.-H-1H -~N-~~--~H-H -----~MM-~-1H--~~M ---H-~....-----. ....  Function:
Read/write decoder --~ ~~~ ............... *.............~f H.............
. / module sprwctl (brdctlen, clk4ObO, csren, por, rdbrdctl-, rdseecti.
seectlen,  splobsy, splobsy_, hostrden, rdseebrds_, seqrden); parameter
FFDLY a 1; k-put brdctlen, clk4ObO, csrer_, por, rcibrdctl, rdseectl,r
seoctlen, splobsy,  splobsy_; output hostrden; // enable soft control read
data for host  output rdseobrds_ output segrden; // enable soft control
read data for sequencer  /I- ---- // Internal signals wire rdbrd&, rdseectL
splobsy;  reg hostrdon. segtden, rdseebrds_;  //--- ll stretch sequencer
always @(negedge clk4ObO or posedge por)  U(poO rdseebrds_< #FFDLY 1bl;
else rdseebrds_ <a #FFDLY ccren_ I (-seectlen I rdseectlj & (brdctlen I
rdbrdctlJ;  // hold sofdl data for reads // phost always @(posedge dk4ObO
or negodge splobsy_)  N ("spay, hochden < #FFDLY IbO;  else hostrden <e
#FFDLY 1bl;  //SEO always C@(negedge clk4ObO or negedge splobsy)  segrden
<a #FFDLY 1bl; else seqrden <s #FFDLY 1bO;  endmodule 



I 158  ------------ Function: Serial-to-parallel and parallel-to-serial
converter. Automatically generate  start, parity and stop bits when
shitting out. Detects ACK and start bits  and checks parity when reading.
...H....MN.M... N.N..M............N K. M.......N.....M.N... N........I
module spshft (ackwin, barren, bytesent, chprstbsy, dk40b7, cnt9, clrparerr
,  ledtst, ledtstslg, mparcken, rstls_, readsplo, sendbyte, setsival,
shftout, splol, sivaild, strtwtn, ackdet, parerrdet, shftln, sploo,
sploparerr, strtdet ); parameter FFDLY  1; Input ackwin, barren, bytesent,
clk40b7, cnt9, clrparerr-, mparcken, rstts,,,  chprstbsy, ledtst,
ledtstsig, readsplo, sendbyte, sivalid, splol,  setsival, strtwln; Input
[7:0] shftout; output ackdet; ll ACK detected  output parerrdet; ll parity
error detected  output [1:01 shftln; ll shifted In data  output sploo; II
SPIO serial output  output sploparorr. // SPIO parity error  output
strtdot; // start bit detected // declare registers rog sploparerr,
parerrdet;  rag [7:01 shftin; //  if Internal signals rag E7701 silt; //
shifter register  wire party; It parity data in  wire pare; // parity out
rag parod; // parity out delayed  wire tstparerr. // reset parity error
rag berrensl, berrens2; rag sp_shfto; // serialized output  parity
generator / checker assign partly  (readCplo I slvaild) ? shft[7] :
sp_shfto;  



assign paro  strtdet I sendbyte I (-pardi " parod);  always @(posedge
dk40b7 or negedge rstls_) begin  If (-rstis, begin berrensl < #FFDLY 1b0;
berrens2 < #FFOLY 1 b0;  parod<#FFDLY Ib0;  parerrdet < #FFDLY 1b0;  end
else begin berrensl < #FFDLY barren;  bonons2 co #FFDLY berrensl;  parod <
#FFDLY paro; 159 /NHHHffHf Nfff ffffNffffffff fff fff Nf Hffff NffNNf Nf
Nffff Nfff Nffff H  I. Serial-to-parallel and parallel-to-serial converter.
Automatically generate  start, parity and stop bits when shifting out.
Detects ACK and start bits  and checks parity when reading. f fffff
MfffNffNHfNNf HffNffffffMffffH fffHffffMfMfHHfff fff ff/ module spshft
(ackwin, barren, bytesent, chprstbsy, dk4Ob7, cnt9, drparerr_,  ledtst,
ledtstsig. mparcken, rstls_, readspio, sendbyte, setstval, sh tout. splol,
sivalid. strtwtn, ackdet, parerrdet, sMtin. sploo,  spioparerr, strtdet );
parameter FFDLY - 1; Input ackwin, barren, bytesent, clk4Ob7, cnt9,
drparerr_, mparcken, rstis,  chprstbsy, tedtst, ledtstsig, readsplo.
sendbyte, sivalid, spiel,  setsival. strtwin; Input [7:01 shttout; output
ackdet; ff ACK detected  output parerrdet; fl parity error detected  output
[7:0] shhln; ff shifted In data  output sploo; //SPIO serial output  output
sploparerr, /l SPIO parity error  output strtdet; l/ start bit detected I/
declare registers rag spiopamrr. parorrdet;  



rag V-q shftln; II Internal signals reg [70) shft; II shifter register
wire pardl; I/ parity data In  wire paro; /I parity out r,eg pares; II
parity out delayed  wire rstpamrr_; // reset parity error  reg berrensl,
berrens2; reg ap_shito; ff serialized output  parity generator I checker
assign pardy - (readspio [ sivalid) ? shtt[7) : sp_shtto;  assign pare -
strtdet I sendbyte I ((pardi w parod);  always @(posedge dk4Ob7 or negedge
rstis, begin  I (-rstiaj begin betrensl <- #FFDLY 1'bO;  berrens2 <-
#IFFDLY 1bO;  parod <- #FFDLY I b0;  parerrdet <- #FFDLY ibO;  and else
begin bemensl <- NFFDLY barren;  berrens2 <- NFFDLY berrensl:  parod <-
OFFDLY paro; 160  paretrdet <= #FFDLY sivalld & -paro;  end end  assign
rstparerr_ = mparcken & rstis_ & clrparerr.  always @(posedge dk4Ob7 or
negedge rstparerr,  If ('-rstparerr, sploparerr <_ #FFDLY 1bO;  else
sploparerr <- #FFDLY sploparerr I parerrdet:  shifter assign spioo m
(-ledtst & sp shfto [ ledtst & ledtstsig);  always QD(posedge dk4Ob7 or
negedge rstis-) 



I (-rstis, begin sp stdto <- #FFDLY ibt;  shft[7l <- #FFDLY 1bl;  end else
begin tf (sendbyte) begin sp shtto <- #FFDLY 1'bO;  shtt(7] <= #FFDLY
stdtout(7];  end else begin spshfto <- #FFDLY -chprstbsy & (cnt9 ? -paro A
berrens2 : shft[O] [ bytesent);  shtt[7] <- #FFDLY splol; end  end always
@(posedge dk4Ob7 or negedge rstis,  (~~ sh t[6:OJ <- #FFDLY 7'bll l 111 l
else stdt[6:0] <_ #FFDLY sendbyte ? shftout(6:0] : stit[7:1];  ll ll ACK
and start bit detector always @(posadge dk4Ob7 or negedge rstls,  #
(-rails, stdtin <- #FFDLY 8'hOO;  else shftln <- #FFDLY setsival ? sht :
shftln;  assign ackdet - ackwin & -sh t[7] & -shft(6];  assign ctrtdet -
strtwin & -stdt[7j & shft[6];  endmodule // spshft 161 fffff Nf HffffNf
Hfff Nfff Mf Nf HNffff fff Nff N ffffffffffNffff Hf  Function: Read/write
timing control. Ajust sequncor timing and hold data for sploctl  reads.
History:  00100100 JYL First rev. ffffff fff Nfff ffffNfff N NfffffNMflf
fff fff NNffff fff Nf ffffffffffff ff/ 



module spstretch (brdctlon, brdctlydy, hostrden, pac2splo, por, rdseebrds-,
seectlen, seectirdy, segrden, wrbrddi, wrseectl, ensoftcdat,  seebtdrdy,
stretchseq); parameter FFDLY - 1; Input brdctlen, brdctlydy, hostrden,
pac2splo, por, rdseebrds_,  seectlen, seectirdy. seqrden. wrbrdctl,
wrseectL output onsoftodat; // enable soft control read data  output
seebrdrdy; output stretchseq; // strech sequencer cycle  reg stretchseq;
wire ad_seq_stretch, rst stretch  ll ll stretch sequencer  assign act_socL
stretch  idseebrds_  do (-seectien I wrseectl,  & (-brdctlen I wtbrdctl, &
-pac2splo; always @(posedge act_seq_stretch or negedge rst_stretch_)  K
(--rst_stretdt,) stretchseq <- #FFDLY 1'b0;  else stretchseq <-1fFFDLY
1'bl;  assign seobrdrdy = brdctlrdy I seedlydy;  assign Mt_stretch_- -(por
I seebrdrdy);  // hold softctl data for reads assign ensoftodat - pac2splo
? hostrden : segrden;  endmodule // spstretch 162  'tlmescale Ins/Ins 163
SERIAL PORT FOR A HOST ADAPTER INTEGRATED CIRCUIT USING A SINGLE TERMINAL
Stillman F. Gates  Christopher Burns M-2934-US  APPENDIX B 



164  Inputs: sync rst_,  seectlen_,  clkin,  pshreq(6],  pshreg[4],
pshreg(3],  pshreg(2],  spioreset  sp_brdctl brdctl_l Outputs:  brddat7,
brddat 6,  brddat5,  brdstb,  brdcs,  brdrw, Inputs:  sync_rst_,
brdctlen_,  clkin,  pshreg(8],  pshreg(7],  pshreg[6],  pshreg[5],
pshreg[4],  pshreg(3l,  spioreset bobsense bobsense_1 ( clkin,  sync _rst
,.  spioreset,  scsi rst in ,  termsense bin,  termsense a in,  x connsense
in,  connsense in,  



seems,  brdcs,  brdrw,  sense brddat );  iddat iddat 1 Inputs:  clkin,
sync rst_,  reset-,  idpal_in,  iddat in, 165  esbrd in, ma in,  romcs in_,
mrw_in,  seecs in,  Outputs: id-done,  iddatbyte,  estatbyte sequencer
sequencer-1  Inputs:  .clkin (clkin),  .sync_rst_ (sync_rst_),  pshreg
(pshreg),  Ad done (id done),  .ledtest (ledtest),  .seems (seems),  .brdrw
(brdrw),  Outputs: ..romcs_ (romcs ),  romoe_ (romoe_),  .mrw (mrw),
romcsoe (romcsoe),  .romoeoe (romoeoe),  mrwoe (mrwoe),  



.maoe (maoe),  .mdoe (mdoe), 7:0, seecsoe (seecsoe),  .ledoe (ledoe),

.stpwctloe (stpwctloe), readmuxsel (readmuxsel), 1/ 2:0  pload_shift (pload
shift),  .ackdata (ackdata),  .ackload (ackload_),  .ackshift (ackshift_),
.spiooe (spiooe),  .addrdben_ (addrdben_),  .addrhen (addrhen_),  .addrlen
(addrlen ), .addrinc (addrinc),  .dataen (dataen_),  .spioreset
(spioreset),  . setparerr (set_parerr),  .set unsup (set unsup), 166  .set
mousy (set mbusy),  .ledregen_ (ledregen_), stpen_ (stpen_),  .seectlen_
(seectlen_),  .brdctlen (brdctlen_),  .statregen_ (statregen_),
.bdprregen_ (bdprregen_)  endmodule 1k 167  `timescale lns/lOps
SPIOC_CORE.V  // This holds all the internal logic for SPIOC. Everything
except the IO cells  // is here module spioc_core ( clkin,  reset_,  



spin,  spiooe,  spio_in,  led ,  ledoe,  stpwct 1,  stpwctloe,  ma,  maoe,
main,  md,  mdoe,  and in,  romcs ,  romcsoe,  romcs in ,  romoe ,
romoeoe,  mrw,  mrwoe,  mrw in,  seecs,  seecsoe,  seecs in,  idpal_in,
iddat in,  esbrd_in,  scsirstin termsense b_in,  termsense_a_in,  x
connsense in,  connsense in ), input clkin;  input reset_  output spio;
output spiooe;  input spio_in;  ',utput led_; 



168  output ledoe; output stpwctl;  output stpwctloe;  output [17:0] ma;
output maoe;  input (17:16] main;  output (7:0] md;  output (7:0] mdoe;
input (7:0] md_in;  output romcs_;  output romcsoe;  input romcs_in_;
output romoe_;  output romoeoe;  output mrw;  output mrwoe;  input mrw_in;
output seecs;  output seecsoe;  input seecs_in;  input idpal_in;  input
(7:0] iddatin; .input esbrd__in;  input scsi_rst in ;  input termsense b
-in;  input termsense_a_in;  input x_connsense in;  input connsense_in;
INTERNAL WIRES wire (7:0] iddatbyte,  estatbyte,  readmuxout,  rom md; wire
(11:0] pshreg  wire (2:0] readmuxsel wire seecsbit, seems, stpwctloe, 



brddat7, brddat6, brddat5, brdrd7, brdrd6, brdrd5, seedibit,  brdrw; wire
(6:5] sense brddat;  req spio 169  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 Q(posedge clkin)  begin  reset ff 1 11 reset ;
reset_ff_2 <- 11 (reset_ff_1 & reset_);  end wire sync rst_ - reset_ff_2 i
reset_;  // assign seems - seecsbit & seems assign brdrd7 - seems ? and
in[7) brddat7 assign brdrd6 - brdrw 7 sense brddat(6) brddat6 ;  assign
brdrd5 - brdrw ? sense brddat(5) brddat5 ;  assign seedibit - md_in[O) &
seems; input select logic for shift register  readmux readmux_1 ( out
(readmuxout),  .in0 (md in(7:0)), .inl (( 2'b0l, seems, l'bl, seecsbit,
seeck, seedo, seedibit )),  .in2 (( brdrd7, brdrd6, brdrd5, brdstb, brdcs,
brdrw, 2'b00)),  .in3 (( errledenab, 4'bO, spioparerr, unsupported, membusy
)),  .in4 (iddatbyte), .ins (estatbyte),  .in6 (( 7'bO, badpar )),  .sel
(readmuxsel) shreg12 shregl2_1 ( pshregout (pshreq),  .reset (sync rst
.clkin (clkin),  .spio_in (spin in),  .spiooe (spiooe),  .pload shift
(pload_shift), 



.badpar (badpar),  .pdatain (readmuxout) ); 170  input mux to reg
containing acknowledge value when not shifting data to  dagger GTECR_MUX4
gtech_mux4_l ( dO (1'bO), .dl (pshreg[0]),  .d2 (ackdata),  .d3 (spio),
.selO (ackload ), sell (ackshift ), .out (ackin) );  always @ ( posedge
clkin or negedge sync_rst_ begin  if (!sync_rst_) spio <= 48 l'bO  else
spio <_ 18 ackin  end rom addr rom_addr_1 ( out (ma), .reset (sync rst ),
.addrdben_ (addr_dben ),  .addrhen (addrhen ),  .addrlen (addrlen_),
.addrinc (addrinc),  .clkin (clkin),  .in (pshreg(9:2]),  .seems (seems),
.brdrw (brdrw) regen8 romdata _1 ( out (rom md),  .reset (sync rst ),
.enable_ (dataen  .clkin (clkin), in (pshreg[9:2])  Choose EEPROM WRITE
DATA or SPECIAL JUNK SIGNALS  to be sent out to "pad and", still subject to
the whims of and en_[7:0), of course  assign md(7] - seems ? brddat7 : rom
md[7];  assign md(61 - seems ? brddat6 rommd[6I;  



assign md(5] - seems ? brddat5 rom md[5];  assign md(4] - seems ? brdstb
rom, md(4];  assign md(3] - seems ? -brdcs : rommd(3);  assign md(2] -
seems ? seeck : rom, md(2];  assign md(1] = seems ? seedo : rom md[l];
assign md(O] = rom_md[o];  stp stp_1 Output:  .stpwctl (stpwctl),  Inputs:
.reset (sync_rst_), 171  .stpwctlen_ (stpen_),  .clkin (clkin),  .delayreg
(pshreg(8:7)), spioreset (spioreset)  spiostatreq spiostatreg_1 Outputs:
errledenab,  spioparerr,  unsupported,  membusy,  errled ,  Inputs: clkin,
sync_rst ,  set parerr,  set_unsup,  set mbusy,  spioreset,  statregen_,
pshreg(8),  pshreg(3:1) badparreg badparreg_1 ( clkin,  sync_rst ,
spioreset,  bdprregen_,  



pshreg(l],  badpar );  ledreg ledreg_1 Inputs:  clkin,  sync_rst ,
spioreset,  ledregen_,  pshreg[8:71,  errled_,  spio_in,  // Outputs: led ,
ledtest );  sp_seectl seectl_1 Outputs:  seems,  seecsbit,  seeck,  seedo,
172  `timescale Ins/lOps module readmux ( out , inO , inl , in2 , in3 , in4
, in5 , in6 , sel  output 17:01 out ; input (7:01 inO , inl , in2 , in3 ,
in4 , in5 , in6  input (2:0) sel wire (2:0] sel wire (7:0] out , inO , inl
, in2 , in3 , in4 , in5 , inputO , inputl input2 , input3 , input4 , input5
, input6 , input7 assign input7 = { l'bl , in6(71 , in5(7] , in4[71 ,
in3(71 , in2(7] , inl(7] , in0(7] } ; assign input6 = { l'bl , in6[6] ,
in5[6] , in4(61 , in3(6] , in2[6] , inl(61 ,  in0 [ 61 } ; assign input5 =
( l'bl , in6(51 , in5[5] , in4(51 , in3(5) , in2[5] , inl(5] ,  in015] } ;
assign input4 = ( 1'bl , in6(4] , in5[4] , in4(4] , in3[4] , in2[4] ,
inl[4]  inO (4) assign input3 = { l'bl , in6(3] , in5(31 , in4[3] , in3[3]
, in2[3] , inl[31 in0 (31 } ; 



assign input2 = ( l'bl , in6(2] , in5[2] , in4[2) , in3(21 , in2[2] ,
inl(2]  inO(2] } ; assign inputl = { l'bl , in6(1] , in5(11 , in4[l] ,
in3[1] , in2[]] , inl(l) inO(l] I assign inputO = ( l'bl , in6(0] , in5(0]
, in4(0] , in3(0] , in2[0] , inl(O) inO(0] } assign out(71 - input7(sel]
assign out(61 - input6[sel]  assign out(5] - input5(sel]  assign out(4] =
input4[sel]  assign out(3] = input3(sel]  assign out(21 - input2(sel]
assign out(1) = inputl(sel] ;  assign out(0] = input0(sel] ;  endmodule 173
input seecsoe; input pad_idpal;  output idpal_in;  input (7:01 pad_iddat;
output (7:01 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;  output 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 spin ) ;  bufifl ( pad
spio , spio , spiooe )  bufifl ( pad-led- , led_ , ledoe ) ; 



bufifl ( pad stpwctl , stpwctl , stpwctloe ) ;  buf ( ma in[17], pad hi
ma[17] ); buf ( ma_in[16], pad hi ma[16] ); bufifl ( pad hi ma(17) , ma(17]
, maoe ) ;  bufifl ( pad hi ma[16] , ma(161 , maoe ) ;  bufifl ( pad ma(151
ma(151 , maoe )  bufifl ( pad ma[14] , ma(1.41 , maoe ) ;  bufifl ( pad
ma[131 , ma[13] , maoe )  bufifl ( padma[12] , ma(12] , maoe )  bufifl (
pad_ma[ll] , ma[ll] , maoe )  bufifl ( pad-ma ( 10 1 , ma CIO ] , maoe )
bufifl ( pad ma[9] , ma(9] , maoe )  bufifl ( pad ma(8] , ma(8] , maoe )
bufifl ( pad ma[7] , ma[71 , maoe )  bufifl ( padma(61 , ma[6] , maoe )
bufifl ( pad_ma(51 , ma(5] , maoe )  bufifl ( pad_ma(41 , ma(41 , maoe )
bufifl ( padma(3] , ma(3] , maoe )  bufifl ( pad_ma (2 ] , ma (21 , maoe )
bufifl ( pad ma(1) , ma(1] , maoe )  bufifl ( pad ma(O] , ma(0) , maoe )
buf ( md_in(7] , pad_md[71 ) ; 174  buf ( and-in(6) , pad md(6] ) buf (
and-in[5] , pad_md[5] )  buf ( and in[4] , pad md[4] )  buf ( and in(3) ,
pad md[3] )  buf ( and in(2) , pad md(2] )  buf ( mdin[1] , padmd(1) )  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(51 , 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[1] ,
md(l] , mdoe(1] )  



bufifl ( pad md(O] , md(O) , mdoe[0] ) ;  buf ( romcs_in_, pad _romcs_ );
bufifl ( pad_romcs_ , romcs_ , romcsoe  bufifl ( pad_romoe_ , romoe_ ,
romoeoe  buf ( mrw_in, pad mrw ); bufifl ( pad mrw , mrw , mrwoe  buf (
seecs_in, pad_seecs ); bufifl ( pad_seecs , seecs, seecsoe  buf ( idpal_in
, pad_idpal ) ; buf ( iddat_in (7 ] , padiddat [ 71 )  buf ( iddat in[6] ,
pad_iddat(6) )  buf ( iddat_in[51 , padiddat(51 )  buf ( iddat in[4] ,
pad7iddat(41 ) ;  buf ( iddat in(3] , pad iddat(31 )  buf ( iddat_in(2] ,
pad iddat(2] ) ;  buf ( iddat_in[1) , padiddat[1] ) ;  buf ( iddat_in(01 ,
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 175  pad scsi_rst_,  scsi rst in
,  pad_termsense_b,  termsense b in,  pad_termsense a,  terms ense a in,
pad_x connsense,  x connsense in,  pad_connsense,  connsense 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 padled_;
input led__;  input ledoe;  output pad_stpwctl;  input stpwctl ;  input
stpwctloe;  inout (17:16] pad hi ma;  output (15:0] pad ma; output (17:16]
main;  input (17:0] ma;  input maoe;  inout (7:0] pad md;  output (7:0] and
in;  input (7:0] md;  input (7:0] mdoe;  inout pad_romcs_;  output romcs_in
input romcs_;  input romcsoe;  inout pad_romoe_;  input romoe_;  input
romoeoe;  inout pad_mrw;  output mrw_in;  input mrw;  input mrwoe;  inout
pad_seecs;  output seecs in;  input seecs; 176  



`timescale Ins/lOps 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, stpwctl ,
stpwctloe,  pad hi ma,  pad ma,  main,  ma, maoe,  pad md,  and in,  md,
mdoe,  pad romcs_,  romcs_in_,  romcs ,  romcsoe,  pad_romoe_,  romoe ,
romoeoe,  pad mrw,  mrwin,  mrw, 



mrwoe,  pad_seecs,  seecs in,  seecs,  seecsoe,  pad_idpa1,  idpal_in,
pad_iddat,  iddat in,  pad_esbrd,  esbrd in, 177  ../veri1og/OH3_seWencer.v
`timescale Ins/lops  module sequencer Inputs:  clkin, syr.c_rst_,  pshreg,
id done, leatest, seems, brdrw,  Outputs... romcs_, romoe_, mrw,  romcsoe,
romoeoe, mrwoe,  maoe, mdoe,  seecsoe, ledoe, stpwctloe,  readmuxsel,
pload_shift,  ackdata, ackload_, ackshift_,  spiooe, addrdben_, addrhen_,
addrlen_, addrinc, dataen_,  spioreset, set_parerr, set_unsup, set_mbusy,
ledregen_, stpen_, seectlen_,  brdctlen_, statregen_, bdprregen_  input
clkin, sync_rst_; input (11:01 pshreq; input id-done, ledtest, seems,
brdrw;  



output romcs romoe_ mrw; output romcsoe, romoeoe, mrwoe;  output maoe;
output (7:01 mdoe; output seecsoe, ledoe, stpwctloe;  output (2:01
readmuxsel; output pload shift; output ackdata, ackload_, ackshift_;
output spiooe; output addrdben_, addrhen_, addrlen_, addrinc, dataen_;
output spioreset; output set_parerr, set_unsup, set mbusy;  output
ledreqen_, stpen_, seectlen ;  output brdctlen_, statreqen_, bdprregen_;
178  ../veriloq/0H3_zequeacer.v 2  FLIP-FLOPS req (36:0( state;  req (1C:0(
timer;  :eq spiooe;  req romcs_, romoe_, inrw; req stpwctloe;  req
rom_mdoe,  romabort,  addrdben ; req (2:0( readmuxsel; 179
../verilog/OH3_sequencer.v 3  // These below will not be flip-flops, but
are set up  as REGs for programming (Verilog) req (36:01 next_state;  req
clear_timer;  req d_spiooe, ld_spiooe;  



req d_romcs_,  d_romoe_,  d mrw; req d_rom_mdoe,  d_romabort,  ld_romabort,
d addrdben ; req (2:01 d_readmuxsel;  req ld_readmuxsel;  req pload_shift;
req ackdata, ackload_,  ackshift ,  addrhen_,  addrlen_,  addrinc,
dataen_,  set_parerr,  set_unsup,  set mbusy,  ledreqen_,  stpen_,
seectlen_,  brdctlen_,  statregen_,  bdprregen_; 180
.,/veriloq/0H3_sequencer.v 4  Internal wires // ... which later became regs
to try and get this turkey up to speed  req badparity, :eddec,  stpdec,
romrddec,  romwrdec,  seedec,  brddec,  



spiostatdec,  badpardec,  spioreset; always 1(posedge clkin)  begin
badparity <- 11 -"pshreglll:31; leddec <- I1 ( pshreq[8:31 6'b000Ol_O );
stpdec <- t1 ( pshreg(8:3) -- 6'b000lO_O );  romrddec <- #1 ( pshreg(8:31
-- 6'b000ll_l );  romrddec <- #1 ( pshreq(8:31 6'bOO100_0 );  seedec <- #1
( pshreq(8:41 5'bOO110 );  brddec <- I1 ( pshreq(8:41 -- 5'bOO111 );
spiostatdec <- I1 ( pshreq(B:41 5'bl0000 );  badpardec <- (1 ( pshreq[8:41
-- 5'bl0001 ); spioreset <- #1 -ledtest & -Ipshreq; Not a single 1 in there
end wire badparity - -"pshreg(10:2); wire leddec - ( pshreq(7:21 --
6'b00001_0 );  wire stpdec - ( pshreq(7:2) -- 6'b00010_0 );  wire romrddec
- ( pshreq(7:2) -- 6'b000U l );  wire romwrdec - ( pshreq(7:2) -- 6'bOOlOO
0 );  wire seedec - ( pshreq(7:3) -- 5'bOO110_);  wire brddec - (
pshreq(1:3) -- 5'bOO111 );  wire spiostatdec - ( pshreq(7:31 -- 5'bL000O );
/J wire badpardec - ( pshreq(7:3) -- 5'b10001 );  wire readdec - pshreq(21;
assign spioreset - -ledtest t -1pahreq; Not a single 1 in there  // )utput
enables: assign ledoe - sync_rst_;  assign seecsoe - sync_rst_;  assign
romoeoe - sync_rst_;  assign romcsoe - sync_rst_;  assign mrwoe -
sync_rst_,  assign maoe - sync_rst_; assign mdoe(71 - rom_mdoe I (seems 4
-brdrw & sync_rst_);  assign mdoe(6) - rom_mdoe I (seems & -brdrw &
sync_rst_);  assign mdoe(5) - rom_mdoe I (seems i -brdrw & sync_rst_);  



assign mdos(4) - rom mdoe I (seems i sync_rst_); assign mdos(31 - rom_mdoe
I (seems & sync_rst_);  assign mdos(2) - rom_mdo I (seems i sync_rst_);
assi;.n a40e111 - rom_rt,doo i (seems : sync_rst_); 181
../veriloq/OH3_sequencer.v 5  assign mdoe(0) - rom_mdoe; 182
../verilog/OH3_sequencer.v 6  STATE definitions One hot... states are IDed
here by what bit is set  'define spioc_hard_reset 0  'define
spioc_reset_ack 1  'define spioc_send_id 2  'define spioc_send_estat 3
'define spioc_wait_for_start 4  'define spioc_shift_in_cmd 5  'define
spioc_write_dbits 6  'define spioc_ack_lo_1 7  'define spioc ack_lo_2 8
'define spioc_ack_hi 9  'define spioc_read byte 10  'define
spioc_read_byte_ack_lo_1 11  'define spioc_r.ead byte_ack_1o_2 12  'define
spioc_read_byte_ack_hi 13  'define spioc_read_byte_shift 14  'define
spioc_write_byte_wait_start 15  'define spioc_write_byte_shift_data 16
'define spioc_write byte 17  'define spioc_eeread_wait_lo_addr_start 18
'define spioc_eeread shift_1o_addr 19  'define spioc eeread
wait_hi_addr_start 20  'define spioc eeread shift hi addr 21  'define spioc
eeread read_0 22  'define spioc eeread inc addr_01 23  'define spioc eeread
read 1 24  'define spioc eeread inc_addr_12 25  



'define spioc eeread read 2 26  'define spioc eereadinc_addr 23 27  'define
spioc eeread read 3 28  'define spioc_eeread_shift 3 29  'define spioc
eewrite wait to addr start 30  'define spioc eewrite shift_lo_addr 31
'define spioc eewrite wait hi_addr start 32  'define spioc eewrite shift-
hi addr 33  'define. spioc eewrite_wait data start 34  'define
spioc_eewrite_shiftdata 35  'define spioc eewrite write data 36 183
../verilog/0H3_sequencer.v FLIP-FLOP switching There's a few flip-flops
here that I actually DO want to use ASYNC RESET for...  always 2 ( posedge
clkin or negedge sync_rst_ if (!sync_rst_)  begin  splooe <= i1 1'b0;
rorn_mdoe <= fl 1'b0;  end else begin spiooe <= f8 ld_spiooe ? d_spiooe :
spiooe;  rom_mdoe <= 18 d_rom_mdoe; end  always f ( posedge clkin or
negedqe sync_rst_ if (!sync_rst_) stpwctloe <- fl l'bO;  else if (-stpen_)
stpwctloe <- tl l'bl;  always f ( posedge clkin ) if (!sync_rst_)  begin
state <= fl 37'h00_0000_0001;  romcs_ <= fl l'bl; romoe <- fl 1'bl;  rnrw -
<- f1 l'bl;  end else begin 



state <- fl next-state;  romcs_ <- f8 d_romcs_;  romoe_ <- f8 d_romoe_;
mrw <- f8 d mrw; end  always f ( posedge clkin if (-sync_rst_ I clear
timer) timer <- fl 11'b0; else timer <- fl (timer(9:01, l'bl);  always e (
posedge clkin These don't need a reset at all  begin readmuxsel <= fl
ld_readmuxsel ? d_readmuxsel : readmuxsel;  romabort <- fl ld_romabort ?
d_romabort romabort;  addrdben_ <- fl d_addrdben_; end 184
../verilog/OH3_sequencer.v 8 NOW to set all the 'REGs' that aren't
flip-flops  always E( state or timer or pahreq or romcs_ or romoe_ or mrw
or stpwctloe 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 badparity  or spioreset  begin Set
up 'defaults' next state - 37'b0;  clear timer - l'b0;  d_spiooe - l'b0;
ld_spiooe - l'b0;  dromcs_ - l'bl;  



d__romoe_ - l'bl;  d mrw - 1'bl;  d rom mdoe - l'b0;  d_romabort - l'b0;
ld romabort - 1' b0;  d addrdben - 11bl;  d readmuxsel - 3'b000;  ld
readmuxsel - 11b0;  pload_shift - 1'b0;  ackload_ - 11bl;  ackdata - 11bl;
ackshift - I'M;  addrhen_ - 11bl;  addrlen_ - 11bl;  addrinc - 1'b0;
dataen - 1'bl;  set_parerr - l' b0;  set_unsup - 1'b0;  set_mbusy - l'b0;
ledregen_ - 1'bl;  stpen_ - 1'bl;  seectlen_ - 1'bl;  brdctlen_ - l'bl;
statregen_ - l'bl;  bdprregen_ - l'bl; 185 9  .,/veriloq/0H3_aequencer.v if
( spioreset  begin  next _statet'spioc_wait_for_start) - 1'b1; ld_spiooe -
I'M;  end else begin // 'sp:oc_hard_reset // wait here for timer(31
next_state('spioc hard_reset)  



next_state(`spioc_hard_resetl I ( state['spioc_hard_resetl i -timer(31 );
Once timer(3) comes... ackload_ - ackload_ & -( state('spioc_hard reset) i
timer(31 );  ackdata - ackdata & -( state('spiochard resat) & timer(31 1;
ld_spiooe - Id spiooe I ( state('spioc hard_resetl & timer(31  d_spiooe -
d_spiooe I state('spioc hard _reset); ld readmuxsel - ld_readmuxsel I
state('spioe hard_resetl;  d_readmuxsel d_readmuxsel  I ( (3(state ('spioe
hard_resetl)I & 31b100 );  next_state('spioc_reset ack)
next_state('spioc_reset_aekl  I ( state('spioc_hard_reset) & timer(31 );
'spioc reset_aek : // Wait here until id done  next state('spioc reset ack)
next_stata('spioc reset ack) );  I ( state( 'spioc reset ack) i -id-done
Once id-done comes... ackload - ackload_ i -( state ('spioc reset_ackl & id
done );  pload shift - pload shift I state('spioc reset_aekl; clear tiger -
clear tiger I state('spioc reset aekl;  next _state('spioe send_idl
next_state('spioc send_id1 I,( state(`spioe_raset_aekl & id done
'spioc_send_id : ackshift - ackshift_ 16 -state('spioc_send_idl;
ld_readmuxsel - ld_readmuxsel I state('spioc_send_idl; d readmuxsel -
d_readmuxsel 1 ( (3(state ('spioc_send_-dl1) i 3'blOl );  // wait here for
timer(91... next_state('spioc_send_id)  next_state('spioc_send_id1  I (
state('spioc_send_id1 & -timer(9) take off when timer(9) comes ;,:,.d_sr.:
it - (.:oad_shift r ( strtcl 'spioc_seno_aa I - tarr.br(ii 



186  ../verilog/OH3_sequencer.v 10 clear_timer - clear_timer I (
state(`spioc_send_id) timer[91 I;  next_state(`spioc_send_estatl
next_state(`spioc_send_estatl  1 ( state('spxoc_send_id) c timer(9)
`spioc_send_estat : // Sit here shifting until timer(10) ackshift -
ackshift_ L -( state(`spioc_send_estat) i -timer(10) );
next_state(`spioc_send_estat) next_state(`sptoc_send_estatl  I (
state(`spioc_send_estat) & -timer(10) );  // When tlmer(101, bug out ld
spiooe - Id_spiooe 1 ( state(`spioc_send_estat( c timer(101 );
next_state(`spioc_wait for start) - next_state(`spioc wait_for_startl I (
state(`spioc_send_estatl I timer(101 );  `spioc_wait_for_start // Sit here
until see pshreq(l11 - 0 and no ledtest  next_state(`spioc_wait_for_startl
- next_state(`spioc_wait_for_start) I ( state I,spioc_wait_for_startI &
(pshreq(lll I ledtest)  See pshreq (- 0), this is not a test clear-timer  -
clear timer I state(*spioc wait_for_startl;
next_state(`spioc_shitt_in_aadl next_state(`spioc_shift_in aadl I ( state[
`spioc_wait for_startl & -pshreq(111 -ledtest ); 187
../vcriloq/OH3_sequeacer.v it  'spioc shift_in_cmd Wait here for timer(8)
next_state(`spioc_shift_tn_cmd)  next_state(`spioc_shift in cmdl I ( state(
`spioc_shtft_tn_cmd) c -t imer(81 I;  OK, timer(8I set_parerr 



set_parerr  I ( state('spioc_shift_in_cmdl G ttmer(81 & badparity
next_state(`spioc wait_for startl next_state('sptoc wait_for_startl I (
state(`spioc_shift_in_cmd) G timer(BI r badpartty );  ld_readmuxse1 - ld
readmuxsel I state('spioc shift in_c5d1;  d_readmuxsel d_readmuxsel  I (
(3((state('spioc_shift Ln cmd1 6, stpdec ))) c 3'b001  I (
(3((state(`spioc_shift_in cmd) t seedec ))) G 3'b00l  I (
(3((state('spioc_shift_in cmdl & brddec ))) & 3'bOLO  I ( (3((state['spioc
shift_in csd) & spiostatdec ))) & 3'b0ll I ( (3((state('spioc_shitt_in_and)
L badpardec )-) c 3'b110 );  next_stateI`spioc_write dbits)
next_state(`apioc write_dbital I ( state(`spioc shift_in_and] c timer(81 &
-badparity  & ( leddec I stpdec ) );  next_state(`spioc_read_bytel
next-state IIspioe read byte) I ( state[ 'spioc_shift in_asdl t timer(8) i
-badpartty & readdec i ( seedec 1 brddec I spiostatdec I badpardec ) );
next_state(`spioc write byte _wait start] - next_state(`spioc write byte
_wait _start) I ( state(`spioc_shift_in_cmd) & timer(81 & -badparity i
-readdec i ( seedec I brddec I spiostatdec I badpardec ) );  d_addrdben_ -
d_addrdbon i -( state( spioc_shift_Ln sad) i timer(8) C -badparity  i (
romwddec I romwrdec ) ): set mbusy - set ebusy I ( state('spioe shaft Ln
sad) i timer(81 c -badparity  c seems i ( romrddee 1 romwrdee I I; ld
romabort - 1d romabort I state[ 'spioc shift in_cmd);  d romabort -
d_romabort I seems; // Go throqh ROM states even if SEEMS error
next-state( 'spioc_eeread wait to addr start)  next_state(
'spioc_eeread_wait_lo_addr startI 



I ( state('spioc_ihift_tn_cmd) C timer(81 G -badparity  & romrrdec );
next-state( 'spioceewrite_watt_1o_addr_startl  next_state
'spioc_eewrite_watt_1o_addr_startI I ( state(' spioc_shift_in_cmd) 4.
timer(81 -badpartty  t romwrdec In case of unsupported command...  snt
Jnsup - set unsup 1 :i ~.~I 'zp.~,c _an.(t_.r._ n..il . ..:..srl-,l - <,.
.{.:r_ / 188  ../veriloq/OH3_sequencer.v 12 c -leddec  -stpdec  & -seedec
i -brddec c -spiostatdec  c -badpardec  t -romrddec & -romwrdec
next_state(`spioc_wait_for_starti  - next_state(`sp2.oc_wait_for_startI I (
state(`spioc_shift_in_cmd) & timer(8) c -badparity  c -leddec & -stpdec  &
-seedec  & -brddec & -spiostatdec  & -badpardec  & -romrddec & -romwrdec );
189  ../veriloq/OH3_sequ(c)ncer.v 13  // 'spioc_write_dbits . // L used
readmuxsel(01 to remember if LED or STP was written.-. ledreqen_ -
ledregen_ G -( state['spioc_write_dbitsl & -readmuxsel(O)  stpen_ - stpen_
c -( state(`spioc_write_dbits) & readmuxsel(Ol );  ackload_ - ackload_ c
-state('spioc_write_dbitsl; 



ackdata - ackdata & -state(`spioc_write_dbitsl;  Ld_spiooe - ld_spiooe I
state('spioc_write_dbitsl;  d_spiooe - d_spiooe I
state('spioc_write_dbitsl;  next_state('spioc_ack_Lo_11 next
state('spioc_ack_lo_ll I state['spioc_wr-te_dbitsl;  // 'spioc_ack_lo_L
next_state('spioc_ack_lo_2)  next_state('spioc_ack_lo_21 I state(
'Spioc_ack_lo_LI  'spioc_ack_lo_2 ackload - ackload c
-state('spioc_ack_lo_21;  next_state('spioc_ack_hi) - next_state('spioc_ack
hi) I state( 'spioc_ack_lo_21;  'spioc_ack_hi  ld_spiooe - ld_spiooe I
state('spioc_ack_hi1;  next_state('spioc_wait_tor_startl  next-at ate(
'spioc_wait_for_start) I state( 'spioc_ack_hi); 190
../verilog/OR3_sequencer.v 14  // 'spxoc_read_byte ackload_ - ackload_ G
-state('spioc_read_byte);  ackdata - ackdata G -state('spioc_read_bytel;
ld_spiooe - ld_spiooe I state('sp-oc_read_byte);  d_spiooe - d_spiooe I
state('spioc_read_bytel;  next_state('sp-oc_read_byte_ack_lo_1) next
state('spIoc_read_byte_ack_lo_1) I state ('spIoc_read_byteI;
'sp-oc_read_byte_ack_lo_l next_state(`sploc_read byte_ack_lo_2i next
_state(`spioc_read_byte_ack_lo_21 I state(` spioc_read byte_ack_lo_1);  //
'spioc read_byte ack_lo_2 : pload_shift - pload_shift I state(
'spioc_read_byte ack 10_21;  ackload - ackload_ G -state( 'spioc_read
byte_ack_lo_21  next_state('spioc_read byte_ack_hi)
next_state('spioc_read_byte_ackhi)  I state[' spioc_read_byte_ack_lo_21;
'spioc_read_byte_ack_hi ackshift_ - ackshift_ G -state[
'spioc_read_byte_ack_hil  



clear timer - clear-timer I state('spioc_read_byte_ack_hi);  next
_state('spioc_read byte shift) - next_state(`spioc_read byte_shiftl I
state('spioc read_byte_ack_hil;  'spioc read byte_shift Wait, shifting,
until timer(91 ackshift - ackshift_ G -( state('spioc_read_byte_shiftl G
-timer(91 );  next _state(`spioc read_byteshift) - next-state(
`spioc_readbyte shift) I ( state(`spioc_read byte_shiftl & -timer[91  When
timer(91, move on ld_spiooe - ld_spiooe I ( state('spioc_read_byte_shiftl G
timer(91  next_state('spioc_wait_for_startl
next_state('spioc_wait_for_startl  I ( state('spioc_read_byte_shiftl &
timer(9) ); 191 15  .,/veriloq/OH3_seglienc4'-r-v // 'apioc write byt wait
start if Wait here for start bit (0) in pshreq(ltl  next_state('spioc write
byte_wait_startl  next_state(`sploc_write_byte wait_startI I ( state('sploc
write byte wasc_startl t pshreq(ill  Take o(f when start bit comes
clear-timer  - clear timer I state( 'spioc write byte wait_startl;  next
state(`spioc write byte shift data) pioc rite byte shift data)
next_stateI.s w I ( state( 'apiocwrite_byte_wait start) s -Pshreq(lll );
// splocwrit byte_shift data : // Just wait until timer(el next _state[
`spiocwrite byte shift data) next _state(`spioe_-rite byte shift datal ( (
state(`spioe write byte shtft_datal a -timer(81 );  Then branch per
badparity, set_parerr if need be set_parerr 



set_parerr  ( ( state( `spioc write byte_shift data) c timer(s) t badparity
next _state(`spiocvait foc start] next_state(`spioewait for start) ( (
state(`epiocwrita byte_shift_dataI & timer(8) s badparity  next _state
(`spiocwritebyte) next_state(`spiocwrite bytel ( ( state( `spioc write byte
shift data) i timer(S) & -badparity  // 'spice write byte seectlen_ -
seectlen_ L -( state(`spiocwrita byte) i (readmuxsel -- 31b001) );
brdetlen - brdctlen_ (, -( state( `spiocwrite byte) a (readmuxsel --
3'b0tO) 1;  statregea_ - statregea_ admuxsel -- 3'b011) i -(
state(`spiocwrit byte1 C. re  bdprregea_ - bdprreges_ s -( state( `spioc
write bytal & (readmuxael -- 3'bll ,  aekload_ - aekload_ a
-stato(`spiocwrite byte( aekdata - aekdata a -state(`sPiawrit byte))  d
spiooe - d spiooe I stateI -sPioewrite byte);  ldspiooe - Id spiooe I
stata(`spioe write byte);  next_atate('spioc ack to 11 state ('spioc_write
byte): next state('sPioc_ack_lo_1I I  `{k [YII 192
../veriloq/OH3_sequencer.v 16 'spioc_eeread_wait_lo addr_start // Wait for
pshreq(ll) to get a start bit (0)
next_state('spioc_eeread_watt_lo_addr_startI
next_state('sploc_eeread_wait_lo_addr_start) I (
state('sproc_eeread_wart_lo_addr_start) i pshreg(11(  Then roll out
ciear_trmer  - clear-timer I state('spioc_eeread_wait_lo_addr_start);
next_state( 'spioc_eeread shift_lo addr) next
state('sproc_eeread_s43.ft_lo_addr] 



I ( state( 'spioc_eecead_wait_lo addr_start1 i -pshreq(ll] );
'spioc_eeread shrft_lo addr : // Just sit here until timer[8)
next_state('spioc_eeread_shift_lo_addrI
next_state('spioc_eeread_shift_lo_addr) I ( state( 'spioe
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(S) );  addrinc - addrinc I ( state('spioc_eeread_shift_lo_addr) &
timer(8) );  set_parerr - set_parerr I ( state('spioc_eeread_shift_lo_addr]
c timer(8) & badparity );  Ld_romabort - ld_romabort I (
state('spioc_eeread_shift_lo_addr) & timer(8) & badparity  d romabort -
d_romabort I state ('spioc-eereadshift_lo_addr]; next_state( 'spioc_eeread
wait_hi addr_startI  next_state('spioc_eeread_wait hi_addr_start) I (
state('spioc_eeread_shift_lo_addr] c timer(8) );.  // 'spioc_seread wait hi
addr atart // Wait for pshreq(111 to get a start bit (0)  next_state(
'spioceeread waithiaddr startI next state(` spioceereadwait hi_addr_start)
I ( state('spioc_eeread_wazthi_addr_atart) & pshreq(11) );  Then roll out
clear timer - clear_timer I state('spioc_eeread_wait_hi addr_start];
next_state('spioc_eeread_shift_hi_addr)  - next state('spioe eeread_shift
hi_addr) I ( state('spioc_eereadwait hi addr start) i -pshreg(1l) );
'spioc_eeread_shift_hi_addr Just sit here until timer(S)  next_state('spioc
oeread_shift_hi_addr) - next state('spioe eeread_shift_hi_addr) I (
state('apioeseread_shift hi_addr) & -timer(B) );  



,i :hen hit eidt.sn_, consijac pafity, and 3r Ca per rarity/rur.abort 193
../,eriloq/0113_sequencer.v 17  // status addrhen - addrhen_ a -(
state('spioc_eeread_shift_hi_addr) a tlmer(Ol );  set_parerr - set_parerr 1
( state('spioc_eeread_shift_hi_addr- timer(BI c badparity );
:ext_state('spaoc wait_for_start) next_state('spioc waltfor_start) I (
state(`spioc__eeread_shift_hi_addr) L timer(81 a  (badparity I romabort)
next_state('sploeeereadread 01 next_state('spioceeread rdad_01 I (
stats('spioe_eeread_shift_h-_addr- S. timer(81 a  -badparity a -romabort t
don't think it will hurt to clear timer w/o checking parity or romabort
clear timer - clear timer ( ( state( 'spioc_e.read_shift_hi addr) a
timer(B) ))  'spioc eeread read_0 // Do this stuff any time in this state
ld spiooe - ld_spiooe I state('spioc_eeread_read_01;  d_spiooe - d_spiooe 1
state('spioe eeread read_01;  ackload_ - ackload_ a -state('spioc_eeread
read 01;  Do this until timer(Ol gets set ackdata - ackdata a -( state(
'spioc eeread read 0) & -timer(S) 1; d tomcs_ - d_romcs_ & -( state[ 'spioc
eeread read 01 a -timer(S) );  d romoe_ - d_romoe_ a -(
state('spioc_eeread_read_01 a -timer(81 );  next _state (`spioc eeread read
01 - next_statsI%spioeeeread_read_01 ( state('spioceeread_read_01 &
-timer(B1  I/ When timer(S) comes... pload shift - pload shift I ( state(
'spioc_ eread read 01 & timer(BI  nextstate('spioeeeread Lnc addr 011 -
next state('spioe ..read ine addr 011 I ( state (`spioc .read read 01 a
timer(BI I;  'spioc_e.read Lnc addr 01 : 



ackshift_ - ackshift_ & -state ('spaoe eeread Lnc addr 011  addrinc -
addrinc I state (Ispioc_eeread_xnc_,addr_OI I; clear tamer - cleat timer 1
state( 'spioc_eeread_inc_addr_O1)  next_state('apioc eoreadread Il -
next_stateI'spioc earead_read_tI I state('spioceeread_inc_addr_011;
'spioc_eeread_read_l ackshift_ - ackshift_ & -state( 'apioc_eoread_read_11;
// Do this until timer(B1 gets set d_romc_ - d_romca_ a -( state( 'spioc
eeread_road_ll c -tiaerIBI 1;  d_romoe_ - d_rosiu _ i -( state
l'apioc_eeread_read_ll 4 -timer(s) 1; 194  ../veri1oq/OH3_aequencer.v 18
next_state(`sp-oc_eeread_read_11  next_stato(`sp-oc eeread_read_11 I (
state( 'apioc eeread_read_11 ' -timer(81 );  When timer(81 comes...
pload_shift - pload_shift I ( state(`spioc_eeread_read_11 i timer(81
next_statel'spioc_eeread_inc_addr_121
next_state('spioc_eeread_inc_addr_121 I ( state('spioc_eeread_read_ll &
timer(81 );  'spioc_eeread_inc_addr_12 : ackshift_ - ackshift_ & -state(
'spioc_eeread_inc_addr_12);  addrinc - addrinc I state( 'spioc
eeread_inc_addr_121; clear timer - clear timer I
state('spioceeread_inc_addr_121;  next state('spioc_eeread_read 21 next
atate('spioc eeread_read 21 I state I'spioe eeread_inc_addr_121;  'spine
eeread_read_2 ackshift - ackshift_ & -state( 'spioc_eeread_read 21;  // Do
this until timer(el gets set dromcs_ - d_romcs_ & -( state('spioceeread
read 21 & -timer(B) );  d_romoe - d romoe & -( state('spioc__eeread_read_21
& -timer(el );  next_state('spioceereadread 21 next_state('spioceeread read
2) I ( state( `spioc eeread_read 21 & -timer[el );  When timer(8) comes... 



pload shift - pload_shift I ( state('spioe eeread_read_21 & timer(el );
next_state('spioc eeread_inc_addr 231 next state('spioc eeread inc addr 23)
1 ( state I'spioc_eread r*ad 21 c timer(8I  // 'spioc eeread_inc addr 23
ackshift_ - ackshift_ i -state('spioc_eeread inc addr 231;  addrinc -
addrinc I state('spioceereadin addr 2311 clear timer - clear timer 1 state(
'apioc eeread inc_addr 2311  next_state('spioceareadread 31 next
state('spioc eeread read 31 1 state I'spioc eeread inc addr_231;
spioc_eeread_read_3 : ackshift_ - ackshift_ & -state(
'spioc_eeread_read_31;  // Do this until timer(81 gets not d_romcs_ -
d_romcs_ i -( state( 'spioc eeread_read_31 & -timer(S) );  d romoe - d
romoe & -( state('spioc_eeread_read_31 & -timer(B) );
next_stato('spioc_oeread read_3) - next_stato('spioceoread_read_3) I (
state('spioc_eeread_read_31 & -timer(B)  // When timer(el comes... 195
../verilog/Oli3_sequencer.v 19 pload_shtft - pload shift I (
state(`spioc_eeread_read_31 I timer(Ol );  clear timer - clear timer I (
state(`spioc_eeread_read_31 c timer(8) );
next_state(`spioc_eeread_shift_31 next state(`spioc eeread shift_31 I (
state(`spioc_eeread_read_31 c timer(81  sptoc_eeread_shift_3 : ackshaft_ -
ackshift_ c -( state( `spioc eeread_shift_31 c -timer(lOl );  next
state(`spioc_eeread_shift_3) next_state(`spioe eeread_shift_3) I ( state(`
spioc_ee_ead_shift_31 & -timer(101 ); ld spiooe - ld spiooe I ( state(
`spioc eeread_shift 3I & timer(tOI );  next_stateI'spioewait_for_start)
next_state(`spioe wait_for_start) I ( state(`spioe_eeread_shift_31 c
timer(101 ); 196  



" /veriloq/OR3_sequencer.v 20 sploc_tewrlt waxt_lo_addr_start // Wait for
pshreq(111 to qet a start bit (0)  next_statel'sploc
eewrlte_walt_la_addr_startl - next-state l'spioc_eewrlte_wait _Io_addr_sc
artI ) ( state('spioc_eewcite_walt_lo_addr_start) i pshre9(111 );  Then
roll out clear-timer  - clear timer 1 state(
Ispioc_eewrite_wait_lo_addr_startl;  next _state('spioc sawrite_shift to
addr] - next_state('spiocsewrite shift to addr] ( ( state( 'spioc eewrite
vast lo_addr_startI t -pshreq(lll  '5p ioc eewriteshift to addr Just sit
here until timer(S) next state('spioc eewrite shift lo_addrl next
state('spiocsewrite shift _lo_addr) I ( state('spioesewrit shift to addr] &
-timer(BI  addrlen_ - addrlen_ c -( state( 'spioc_eewrite_shift to addr) F.
timer(B1  set_parerr - set_parerr I ( state I.spioc_eewrite_shift_lo_addrl
& timer(B) F. badparity  ld romabort - ld romabort I ( state(
sspioc_eewrite shift to addr) F. timer(Ol i badparity 1;  d romabort -
d_romabort 1 state( 'spioc eewrite_shift to addr]; next_stateIs pioc
eewritevait hi iaddr start)  next_state('spioc eewrtevit hi_addr start] 1 (
at ate( 'spioc_eewrita shift_lo addrI c timer(B)  `spioc eewrite wait hi
addr start //.Wait for pabreg(111 to qet a start bit (0)  naxt_state(`spioc
oewritavaithi addr start) next stateIIaptoc eewritevaithi addr start1 I (
atate(`spioc eewrltevait h! addr start pshreq(ll)  Then roll out clear
timer clear tiller I state( 'spiocsewritevatt hi_addr start];
next_state('spioe oewrit_shift hi addr]  next_stata('spioe_eewritashift hi
addr] 



eewrite_ait hi addr_startl c -pshreg(lll  I ( atate('spioc w 'spioc
eewrite_ahift hi addr : // Just alt here until timer(G)
next_state('aploc_eewrlte.shift_hi_addr)  - rext_state(.sploe
eswrit_shift_hi_addrl I ( state l'spioc_eewrite_shi f t_hl_addr) i
-timer(B) 1;  addrhen - addrhen_ L -( state[ 'spioc_eewrite_shift hl_addrl
& timer(BI 1; 197  ../verilog/OS3_aequencer.v 21 set_parerr - sotearerr I (
state('spioc_eewrtte_shift_hi_addrl i timer(81 L badparity );  Id_romabort
- Id romabort I ( state I`sptoc_eewrtte_shtft hi_addrl c timer(81 c
badparity );  d romabort - d rcmabort I state(
'spioc_eewrtte_shift_ht_addrl; next_statel'sptoc eewrite_wait_data_start)
next state('spioc_eewrite watt_data_startI I (
state('spioc_eewrite_shift_hi_addr) c timer(8) );  'spioc_eewrita watt
data_start // Wait for pshreq(tll to get a start bit (0)  next
state(`spioc_eewrite_wait data_startl  next-state (`spioc_eewrita_wait
data_start) I ( state( 'spioceewrite wait data_startI & pshreq(111 );  Then
roll out clear-timer  - clear-timer I state( `spioc_eewrite_wait_data
start);  next_state(spioc_eewrite_shift data) - next state('apioc
eewrite_shift_datal  I ( state (`spioc_eewrite wait_data_startI G
-pshreq(ll) 'spioc_sewrite_shift data // Just sit here until timer(81
nextstate(`spioc_eewrite_shift data] - next_state(`spioc eewrite shift
datal  I ( state(`spioc_eewrite_shiftdatal & -timer(81 dataen_ - dataen_ a
-( state('spioc_eewrite_shift_datal 1. timer(8I );  set_parerr - sotearerr
I ( state( `spioc eewrite shift datal i timer[81 i badparity );  



next _statel'spiocwait for cstart) next state('spiowait for_start) I (
state( 'spioc eewrito shift datal & timer(8) c  (badparity I romabort) )i
next _stat*(`spioc sewrits_writ~ data)  nextstate('spioc eewritewritedata)
I ( state('spiocsewriteshiftdata) i timer(8l t  badparLty i -romsbort )i
d_romcs_ - d_ramcs c -( state ('spioc .awrite_shift data) 4 timer(8I t
-badparity & -romabort ); // I don't think it will hurt to clear timer w/o
checking parity or romabort  clear-timer - clear_timer I ( state(
`spioc_eewrita shtft_data) & timer(el I;  // 'sptoc_eewrite_write_data :
d_romcs_ - d_romcs_ i -state('spioc eewrite_write_datal;  d_rom_mdoe -
d_rom_mdoe 1 state( 'sptoeeewrtte_wrtte_data)  ld_sptooe - ld_sptooe I
state('sptoc eewrite_wrtte data);  d_spiooe - d_sptooe I
state('sptoc_eewritewrite_datal;  ackload - ackload i
-state('aptoceewrtte_wrtte data); rcr - ::.ar & -( s: aal' spi
oc_aewrtta_rrtte_data; t _:mari~l S. 198  ../veriloq/OR3_sequencer.v 22
ackdata - ackdata c -( stat,e('spioc_eewr-te_wr1te_data( c -t-mer(41  next
state(`sptoc_eewrite_writ datal next_state(`spioc eewrite_wrate data) I (
state(`spioc_eewrItewrite_dat4I & -timer(41  next_state(`spioc_ack_hil
next_state(`spioc_ack_hil  I ( state I'spioc eewr:te_write_datal c timer(41
1;  end If of the enormous thinq you do if SPIORESET is not asserted end II
of the huqe 'always' block  endmodule 199  ../veriloq/spioc.v `timescale
Ins/LOps  SPIOC.V 



This is the 'top level' file for the SPIOC chip  module spioc CLK,  P_RST_,
B RST ,  SPIO,  LED_,  STPCTL,  HAI7, HA16, HAIS, HA14, MA13, KA12, HAIL,
HALO, HA9, MAO,  MA7, HA6, MA5, MA4, HA3, KA2, HA1, MAO, HD7, HD6, HD5,
MD4, MD3, MD2, HD1, HDO,  MCS_, HOE  MWR ,  SEECS,  IDPAL,  ID7, ID6, ID5,
ID4, ID3, ID2, ID1, IDO,  ESBRD, S_RST_,  TRMSHI,  TRMSLO,  XCBLDT,  CBLDT
);  input CLK; input P_RST_;  output B RST ;  snout SPIO;  output LED I
output STPCTL;  rout MA17, HA16; output HA15, HA14, HA13, HAL2, MAIL, HA10,
HA9, MAO;  output MA7, HA6, HAS, MA4, HA3, HA2, MA1, HAO; out M07, HD6,
HD5, MD4, MD3, HD2, MDI, MDO;  :out MCS_; output MOE_;  :rout MWR ;  



snout SEECS;  input IDPAL; input ID7, ID6, ID5, ID4, ID3, ID2, ID1, [DO;
input ESBRD; input S_RST_;  input TRMSHI;  input TRHSLO;  input XCBLDT;
input CBLDT; 200  ../verilog/spioc.v 2  wire (17:0) ma_out; wire (17:161
ma_tn;  wire (7:0) md_out,  .ndoe,  and in,  iddat ln; iobuffers buffers_1
l pad_clkin (CLK),  .cLkin (clkin),  .pad_pci_reset_ (P RST_),  .reset_
(reset_),  .pad_brd_reset_ (B_RST_),  .pad_apio (SPIO),  .spio_in
(spio_in), spio (spio out),  .spiooe (eptooe),  pad-led- (LED_),  .led (led
out_), ledoe (ledoe),  .pad stpwctl (STPCTL),  .stpwctl (stpwctl_out),
.stpwctloe (stpwctloe),  .pad_hi ma ( (MA17, MA16) ), .pad_ma ( (HA1S,
MA14, MAI3, MA12, HAtI, MA10, M&9, MAB, HA7, MA6, HAS, MA4, KA3, HA2, HA1,
MAO)),  .ma-in (ma in), .ma (ma_out),  



.maoe (maoe), .pad and ( (HD7, MD6, MD5, MD4, MD3, MD2, MD1, MDO) ),  .md
in (md_in), .md (md out),  mdoe (mdoe) ,  .pad_romcs_ (HCS ),  .romcs_in_
(romcs_in_),  .romcs_ (romcs_out_),  .romesoe (romcsoe),  .pad romoe_
(HOE_),  .romoe (romoa out_),  .romoeoe (romoeoe),  .pad mrw (M((R ), .mrw
in (mrw_in),  .mrw (mrw_out),  .mrwoe (mrwoe),  .pad seecs (SEECS),  .seecs
in (seecs in),  .seecs (seecs_out),  .seeceoe (seecsoe),  .pad_idpal
(IDPAL),  .idpal_in (idpal_in), .pad_iddat ( (ID7, ID6, ID5, ID4, ID3, ID2,
ID1, IDO)  .iddat in (iddat_in), .pad_esbrd (ESBRD),  .esbrd In (esbrd_ln),
.pad_scai_rst_ (S_RST_),  .scsl.rst in (scsi_rst_Ln_),  .pad_tarmsense_b
(TRMSBI),  .termaense b In (termsense_b_ln), 201  ../verilog/spioc.v
pad_termsonse_a (Tti SLO),  .termsense_a_in (termsense_a_in),  .pad_z
connsense (XCBLDT). .x connsense_in (x connsense_in),  .pad _connsense
(CBLDT).  



.connsense in (connsense_in) (clkinl,  spioc_core core-1 l cen (reset-),
reesset  . .splo (spin out).  .spiooe (spiooe).  .spio in (spio_in), led
(led out_).  .ledoe (ledoel,  stpwctl (stpwctl out),  .stpwctloe
(stpwctloe),  .ma (ma out),  .maoe (mane),  .ma in (ma_in), .md (md_out),
.mdoe (mdoe),  .md in (md_in),  .romcs (romcs_out_), .romcsoe (romcsoe),
.romcs_in_ (romca in_).  .romoe (rOmOe out_).  .romoeoe (romoeoe)  .mrw
(rerw out).  .mrwoe (mrwoe),  .mrw in (mrw_in),  .seecs (seecs out),
.seecsoe (seecsoe).  .seecs in (seecs in). idpal in (idpal in),  .iddat in
(iddat in) .esbrd_in (esbrd_ia), .scsi rst in_ (seal rst in ).  .termsense
b in (termsens b in).  .termsenae_a in (termsense a in), x_connsenSO in
(x_connsense in).  eonnsenae_in (eonnsense_i)  er.,i odule 



202  `timescale ins/lops module GTECH MUX4 ( dO , dl , d2 , d3 , selO ,
sell , out  input dO , dl , d2 , d3 , selO , sell output out  req out ;
wire (3:0) data  wire (1:0) sel assign data (d3 , d2 , dl , dO )  assign
sel sell , selO always @ ( data or sel  begin out <= data(sel)  end
endmodule 203  'timescale lns/lOps // Module to load, hold, increment ROM
ADDRESS bits  // 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 Here's
another... if SEEMS is asserted, send out "BRDRW" on MA(151  module rom
addr ( out, reset ,  addrdben ,  addrhen ,  addrlen ,  addrinc,  clkin,
in, seems,  brdrw ); input reset_, addrdben_, addrhen_, addrlen_, addrinc,
clkin  input (7:01 in input seems,  brdrw;  output (17:01 out 



req (17:01 ad_reg ; assign out[17:16] - ad_req[17:161; assign out(151 -
seems ? brdrw : ad_req(15];  assign out(14:01 - ad_reg(14:01; always 2 (
posedge cikin or negedge reset_ if ((reset_) ad req <- 11 18'hOAAAA;  else
begin if ( -addrdben_ ad req(17:161 <a 11 in(6:5];  if ( -addrhen_ ad
reg(15:8] <- #1 in;  if ( -addrlen_ & -addrinc )  ad reg(7:0) <- t1 in;
else if ( -addrlen_ & addrinc ) // both asserted... trick load 204  begin
adreg(7:2] <= fl in[7:21;  ad7reg(1:01 <= #1 2'b00;  end else if ( addrlen
& addrinc just increment  ad reg[1:01 <= #1 (ad reg[1:01 + 2'b0l); end
endmodule 205  `timescale Ins/10ps // 8 bit register with enable module
regen8 ( out , reset_ , enable- , clkin , in  input reset- , enable- ,
clkin input [7:01 in ;  output (7:01 out  req [7:01 out ;  wire [7:01 in ;
always @ ( posedge clkin  begin if (!reset_) out <_ #1 {8{1'b0)}  else 



out.<= 11 enable_ 2 out in  end endmodule 206  `timescale ins/lOps module
stp ( stpwctl , reset_ , stpwctlen_ , clkin , delayreg  spioreset output
stpwctl ; input reset_ , stpwctlen_ , clkin , spioreset  input (1:01
delayreg wire (1:01 delayreg  reg stpwen , stpwlevel GTECH MUX4 gtech
mux4_1 ( d0 (delayreg(01),  .dl (stpwen),  .d2 (1'bO),  .d3 (1'bO), Selo
(stpwctlen-),  .sell (spioreset),  .out (muxout)  always @ ( posedge clkin
if (!reset-)  begin  stpwen <= #1 1'bO ;  stpwlevel <_ #1 1'bO ;  end else
begin stpwen <_ #.1 muxout ; stpwlevel <_ #1 stpwctlen_ ? stpwlevel :
delayreg(11  end assign stpwctl stpwlevel stpwen ;  endmodule 207
"/veriloq/spiostatreq.v 1  'timescale Ins/lops module spiostatreq (
errledenab,  spioparerr,  unsupported,  



membusy,  errled_,  clkin,  reset_,  set_parerr,  set unsup,  set mbusy,
spioreset,  Id on_, ld data?,  id data210  input clkin, reset ;  input
set_parerr,  set unsup,  set ebusy,  spioreset,  Id en_, Id data?;  input
(2:01 l data210;  output errledenab, spioparerr,  unsupported,  membusy,
errled ; req errledenab,  spioparerr,  unsupported,  membusy; assign
errled_ -( errledenab (spioparerr 1 unsupported 1 membusy)  always 6 (
posedge clkin if ( !reset_ ) errledenab <- IL 1'b0;  also if ( spioreset )
errledenab <- fl 1'bO;  else if ( -ld ,n_ 1 errledenab <- 11 Id data?;
always e ( posedge clkin ) if ( !reset_ ) spioparerr <- I1 1'b0;  else if (
spioreset ) spioparerr <- iI L'bO;  



else if ( set_parerr ) spioparerr <- 11 1'bl; else if ( -ld en_
ld_data210(21 ) spioparerr <- 11 l'bO; A ONE writes it off  always I (
posedge clkin if ( !reset ) unsupported <- 11 L'bO;  else if ( spioreset )
unsupported <- 11 l'b0;  else if ( set_unsup ) unsupported <- i1 l'bl; else
if ( -ld en a ld data210(1) unsupported <- 11 1'b0; A ONE writes it off
always I ( posedge clkin ) if ( !reset ) membusy <- /1 i'b0;  else if (
spioreset membusy <- 11 1'b0;  else if ( set_ebusy membusy <- 11 1'bli sue
if ( -id-on- 4 id .au[iGI~I 1 membusy <- Ii i'b0; // A 'd1E trite. it off
208  ../verilog/spiostatreg.v 2  endmodule 209  'timescale ins/10ps module
badparreg ( clkin,  reset-,  spioreset,  lden_,  d -in,  badpar ); input
clkin,  reset_,  spioreset,  lden ,  din; output badpar;  req badpar;
always @ ( posedge clkin begin  if (!reset ) badpar <= #1 l'bO;  else if
(spioreset) badpar <= #1 l'bO;  else if Olden-) badpar <= #1 d_in;  end
endmodule 



210  `timescale ins/lOps module ledreg ( clkin,  reset-,  spioreset,
ledregen_,  delayreg,  errled_,  spio-in,  led ,  ledtest ); input clkin,
reset_,  spioreset; input ledregen_;  input (1:0] delayreg;  input errled_;
input spio_in;  output led , ledtest;  reg ledbit_, ledtest;  always @ (
posedge clkin if (!reset_) ledtest <= #10 l'bO else if (!ledregen_ )
ledtest <_ #10 delayreg[1] ; always @ ( posedge clkin if (!reset ) ledbit_
<- #1 l'bO ;  else if (spioreset) ledbit <- #1 1'bO ; else if (!ledregen_)
ledbit_ <- #1 delayreg(0] ;  assign led_ = ledtest ? spio_in ( ledbit_ &
errled_ );  endmodule 211  'timescale ins/lOps module sp_seectl ( seems ,
seecs , seeck , seedo , reset , seectle  clkin , delayreg5 , delayreg3 ,
delayreg2 , delayregi , spioreset  output seems , seecs , seeck , seedo
input reset_ , seectlen_ , clkin , delayreg5 , delayreg3 , delayreg2
delayregi , spioreset ; req seems , seecs, seeck , seedo  



always 0 ( posedge clkin if ( !reset- begin  seems <= #1 l'bO;  seecs <= #1
l' bO;  seeck <= #1 1' bO;  seedo <= #1 i' bO;  end else if ( spioreset
begin  seems #1 l' bO;  seecs <_ 11 l'bO;  seeck <= #1 l'bO;  seedo <_ #1
1'bO;  end else if ( !seectlen_  begin  seems <- #1 delayreg5;  seecs #1
delayreg3;  seeck #1 delayreg2;  seedo <- #1 delayregi;  end endmodule 212
`timescale ins/lops module sp_brdctl ( brddat7 , brddat6 , brddat5 , brdstb
, brdcs , brdrw  reset_ , brdctlen_ , clkin , delayreg7 , delayreg6 ,
delayreg5  delayreg4 , delayreg3 , delayreg2 , spioreset ) ; output brddat7
, brddat6 , brddat5 , brdstb , brdcs , brdrw input reset_ , brdctlen_ ,
clkin , delayreg7 , delayreg6 , delayreg5  delayreg4 , delayreg3 ,
delayreg2 , spioreset ; reg brddatl , brddat6 , brddat5 , brdstb , brdcs ,
brdrw GTECH_MUX4 gtech mux4_1 ( delayreg7 , brddat7 , l'bO, l'bO, brdctlen_
spioreset , muxout7 ) ; always @ ( posedge clkin  begin if (!reset ) 



brddat7 <_ #1 l'bO  else brddat7 <= #1 muxout7;  end GTECH_MUX4 gtech
mux4_2 ( delayreg6 , brddat6 , l'bO, l'bO, brdctlen_  spioreset , muxout6 )
; always @ ( posedge clkin )  begin if (!reset ) brddat6 <= #1 l'bO ;  else
brddat6 <_ 11 muxout6;  end GTECH MUX4 gtech mux4_3 ( delayreg5 , brddat5 ,
l'bO, l'bO, brdctlen_  spioreset , muxout5 ) ; always @ ( posedge clkin
begin if (!reset ) brddat5 <= #1 1'bO ;  else brddat5 <- #1 muxout5;  end
GTECH_MUX4 gtech mux4_4 ( delayreg4 , brdstb , l'bO, l'bO, brdctlen_
spioreset , muxout4 always @ ( posedge clkin  begin if (!reset )  brdstb <=
#1 l'bO  else brdstb <_ #1 muxout4;  end GTECH_MUX4 gtech mux4_5 (
delayreg3 , brdcs , l'bO, 1'bO, brdctlen_  spioreset , muxout3 always @ (
posedge clkin  begin if (!reset ) 



brdcs <- #1 l'bO 213  else brdcs <_ #1 muxout3;  end GTECH_MUX4 gtech
mux4_6 ( delayreg2 , brdrw , l'bO, l'bO, brdctlen_  spioreset , muxout2
always @ ( posedge clkin  begin if ('.reset_) brdrw <= #1 l'bO  else brdrw
<= #1 muxout2;  end endmodule 214  shreg12.v 1  `timescale ins/lOps 12 bit
parallel loadable, parallel out shift register  shifts from 11 to 0 //
_ATER added some new tricks: 'pload_shift- will load DATA into (8:1), START
BIT into (01,  then on the next clock (as bits 18:01 start shifting out)
PARITY  (generated here) will be loaded into (81 and Ill into (11:91. 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  spiooe  pload shift  badpar  pdatain output (11:01 pshregout
input reset_  clkin  



spio_in  spiooe  pload_shift  badpar input (7:01 pdatain  req after_pload;
always S(posedge clkin) after_pload <a #1 (pload_shift i reset_);  wire
parity - -badpar " ("pshregout(8:11); req (11:0) pshregout;  always ! (
posedge clkin if (!reset-) pshregout <- 11 12'bllilllllllll load also if
(pload shift) pshregout <- 11 (3'btll, pdatain, 1'bO)i I/ fix parity  else
if (after_pload) pshregout <- it (3 bill, parity, pshregout(8:11); P  else
pshregout <- it ((spio_in 1 spiooe), pshregout(11:11); shift  endmodule 215
../verilog/bobsense.v t~mescale lns/l0ps  BOBSENSE.V  // Senses termination
(for 'auto-term') and connectors installed  module bobsense ( clkin,
sync_rst_,  spioreset,  scs-_rst_,  termsense_b,  termsense_a,
x_connsense,  connsense,  seems,  brdca,  brdrw,  sense brddat  input
clkin, sync_rst_,  spioreset,  



scsi_rst_,  termsense_b,  termsense_a,  x connsense,  connsense,  seems,
brdca,  brdrw; output (1:O1 sense_brddat;  req scsi_sync_1,  scsi_sync 2,
term bff 1,  term_a_ff_1,  term baff 2,  term_ ff_2,  x_conn_ft 1,
x_conn_f!_2,  conn_ff_1,  Conn ff 2; req 14:01 sample-timer;  req (.:0(
state; req (1:0( next_state,  sense brddat; wire sample-pulse -
(&sample_timer); All ones  always @(posedge clkin) begin  scsl_sync_1 <. fl
scsl_rst ;  scsi_sync_2 i1 SCSI-sync-1;  state <- s1 rext_state; 216
../verilog/bobsense.v 2 x_conn_ff_1 <- #1 x_connsense;  x conn ff 2 <- it x
conn ff 1;  conn_ff_1 <- 11 connsense;  conn_ff_2 11 conn_ff_1;  end always
?(posedge clkin) 



if ( -sync_rst_ I spioreset I scsi_sync_2  sample_timer <- i1 5'b0; else
sample_timer <- tl (sample_timer + l'bl);  always @(posedge clkin) if (
-sync_rst_ I spioreset )  begin term b ff_1 <- 11 l'bl;  term_a_ff_1 <- 11
l'b0;  term b ff_2 <- t1 l'bl;  term_a_ff_2 <- tl l'b0;  end else if (
sample_pulse  begin  term _b_ff_1 <- fl termsense_b;  term_a_ff_1 <- #1
termsense_a;  term b ff_2 <- #1 term_b_ff_1;  term_a_ff_2 <- it
term_a_ff_1;  end STATE DEFINITION (comment) // 00 - means the next
BRDLOGIC read is going to read the termstat  // 01 - come here while the
first read (termstat) is underway 11 - come here after the first read
completes, from then on read connsense  // next-state and sense brddat are
programming 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 ff 2 or
conn_ff_2  or seems or brdcs or brdrw  begin if ( state -- 2'b00  begin
sense_brddat - ( term_b_ff_2, term_a_ff_2 ); if ( -sync_rst_ I spioreset I
-scsi_sync_2 next_state = 2'b00;  else if ( seems G brdcs & brdrw )
next_state - 2'bOl;  else next-state - 2'b00;  end 



else if ( state -- 2'bOl begin sense_brddat - ( term_b_ff_2, corm a_ff_2 1;
if ( -sync_rst_ I spioreset I -scst_sync_2 next-state - 2'b00;  also it (
seems i brdcs & bcdrw ) next state - 2'b01;  ~:se next_atat - 2'011; 217
../verilog/bobsense.v 3  end else state ptobably == 2'bll  begin
sense_brddat = ( r_conn_ff_2, conn_ff_2 ); if -sync_rst_ spioreset I
-scsi_sync_2 ) next_state = 2'b00;  else next-state - 2'bll;  end end
endmodule 218  ../verilog/iddat.v `timescale Ins/lops  IDDAT.v This is
based on a shift register and a timer.  // // The shift register resets to
all ores, then shifts in from the "PAL" pin.  The shift register stops
shifting when the first zero gets to bit (0(. // The timer resets to : then
counts down to 0. If the timer reaches zero and NO zeroes  have been
shifted in from the PAL yet, then JAM a parallel thing into the shift
register.  What to )am depends on the level of idpal AT RESET TIME (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
the shift register doesn't load zeroes at all  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,  idatbyte,
estatbyte input clkin,  sync _rst_,  reset_; input idpal_in;  input (7:0)
iddat_in;  input esbrd_in;  input (17:16) ma in;  input romcs_in_, mrw_in;
input seecs_in;  output id-done;  output (1:01 iddatbyte, estatbyte;  req
(16:0) shifter;  req (3:0( timer;  req (1:0( front_end;  req (11:16)
ma_at_rst;  rag idpal_at_rst, romcs at rst,  mrw at rat,  seeca_at_rst; 219
../veriloq/iddat.v 2  wire shifter-all-1 - Ishifter;. wire timer_O -
-Itimer; wire shift-in - front_end(O) I -idpal_at_rst; // Force to 1 if
idpal_at_rst -- 0  +i re :"! rom_size - -romcs_at_rst ? 2'bli NO ROM
-ma_at_rst(161 ? 2'blO ma)161 low -> 64K  -ma_at_rst(17) ? 2'b01 // ma(17)
low -> 129K 



: 2'b00; 256K  OK, if there is no PAL will be ')amminq' in either default
or from pins wire [16:01 ]am_in - '-idpal_at_rst ? 17'bltl0
0000_0l01_0l0l_0 // Internal default  1'bl, ESTAT(7)  rom size(1), (61
l'bl, (S1  esbrd_in, a/ (41  seecs_at_rst, // (3)  mrw_at_rat, (2)  rom
sire(O1, (11  1'bO, (0)  iddat in, // ID(7:01 l'b0 'stop shifting" bit
always e(posedge clkin) front-end <- i1 ( idpal_in, front-end(l) 1; //
Free-running, no reset  always e(posedqe clkin) if ( -sync_rst_ ) shifter
<- it 17'bllllllll_llllllll 1;  else if ( timer _0 & shifter-all-1 )
shifter <- tl jamin; else if ( shifter(O) ) shifter <- #1 ( shift_in,
shifter(16:1) always e(posedge clkin) if ( -sync rst_) timer <- it 4'bllll;
else if ( -timer 0 ) timer <- fl (timer - 4'b0001);  always 1(posedge
reset_) NON-CLOCK-TRIGGERED FLIP-FLOPS  begin :dpal at_rst <- fl idpal_in;
ma at rst <- it ma-in;  romcs_at_rst <- tl romcs_in_;  arw_at_rst <- It mrw
in;  seecs_at_rat <- It seecs_in;  end assign rd_done - -shifter(01;
assign iddatbyte - shzfter(8:11;  assign estatbyte - shifter(16:91;
endmodule 220  APPENDIX C
/******************************************************
************************* 



5 Function:  Read/write decoder
*******************************************************  10
************************/ module sprwdec ( csadr_, csren_, cdadr_, cdwen_,
crbusy, por, softcmden, rdlb, rdld, rdle, rdbrdctl_, rdseectl_, rdspiodat_,
spiobsy, spiobsy_, 15 wrbrdctl_, wrspiocap_, wrseectl_, wrspioctl_,
wrspiodat_ ); input (7:0) csadr_, cdadr_; input csren_, cdwen_, crbusy,
por, softcmden;  20 output rdlb; // reading address lb  output rd1d; //
reading address id  output rdle; reading address le  output rdbrdctl_; read
BRDCTL (ID) 25 output rdseectl_; read SEECTL (1E)  output rdspiodat_; //
read SOFTDAT (1E)  output spiobsy; // CIO read output spiobsy_; CIO read
output wrbrdctl_; write BRDCTL (1D)  30 output wrspiocap_; write ESTAT (1B)
output wrseectl_; write SEECTL (1E)  output wrspioctl_; write SPIOCTL (1E)
output wrspiodat_; write SPIODAT (ID) 35
//-----------------------------------------------------
------------------------ 221  csadr decode // complement signals nbuf02 ivO
( .NQ(softcmden_), .A(softcmden) );  5 invOl ivl ( .NQ(csadr4),
.A(csadr_[4]) );  invOl iv2 ( .NQ(csadr3), .A(csadr_(3]) );  invOl iv3 (
.NQ(csadr2), .A(csadr_(2]) );  invOl iv4 ( .NQ(csadrl), .A(csadr_(1]) );
invOl ivy ( .NQ(csadrO), .A(csadr_(O]) ); 



10 invOl iv6 ( .NQ(csren), .A(csren_) );  // block decode: 00011 and05 anO
( .Q(blkrd), .A(csadr_(7]), .B(csadr_(6]),  .C(csadr_(5]), 15 .D(csadr4),
.E(csadr3) ); // register decode: 011, 101, 110 nand03 ani ( .NQ(nrdlb),
.A(csadr_[2]), B(csadrl )  .C(csadro '  20 nand03 ant ( .NQ(nrdld),
.A(csadr2 ), .B(csadr_[l]),  .C(csadr0 ) ); nand03 an3 ( .NQ(nrdle),
.A(csadr2 ), B(csadrl )  .C(csadr_[O]) ); '  nand03 an4 ( .NQ(declbldle),
.A(nrdlb), .B(nrdld), 25 .C(nrdle) ); nbuf02 nb0 ( .NQ(rdlb), .A(nrdlb) );
nbuf02 nbl ( .NQ(rdld), .A(nrdld) );  nbuf02 nb2 ( .NQ(rdle), .A(nrdle) );
30 // set and reset busy nand03 any ( .NQ(adrok_), .A(blkrd),
.B(declbidle),  .C(csren) ); or02 orO ( .Q(setrbsy_), .A(adrok_),
.B(crbusy) );  35 nor02 nrO ( .NQ(rstrbsy_), .A(csren_), .B(por) ); 222
nrslt n10 ( .NQ(bsy_), .Q(bsy), .NR(retrbsy_),  .NR(rstrbsy_) ); buf0104
bf0 ( .Q(spiobsy), .A(bsy) );  buf0103 bfl ( .Q(spiobsy_), .A(bsy_) );  5
// read strobes nand03 nd10 ( .NQ(rdbrd_), .A(rdld), .B(spiobsy),
.C(softcmden_) ); nand03 ndll ( .NQ(rdsee_), .A(rdle), .B(spiobsy),  10
.C(softcmden_) ); nand03 nd12 ( .NQ(rdspiodat_), .A(rdld), .B(spiobsy),
.C(softcmden) ); 



buf0102 iv30 ( .Q(rdbrdctl_), .A(rdbrd_) );  15 buf0102 iv31 (
.Q(rdseectl_), .A(rdsee_) );
----------------------------------------------------
------------------------- // write decode 20 invOl ivii ( .NQ(cdadr4),
.A(cdadr_(4)) );  invOl iv12 ( .NQ(cdadr3), .A(cdadr_[3]) );  invOl iv13 (
.NQ(cdadr2), .A(cdadr_[2]) );  invOl iv14 ( .NQ(cdadrl), .A(cdadr_(1]) );
25 invOl iv15 ( .NQ(cdadrO), .A(cdadr_[0]) );  nbuf02 iv16 ( .NQ(cdwen),
'.A(cdwen ) ); // block decode: 00011 and05 an10 ( .Q(blkwr),
.A(cdadr_[7]), .B(cdadr_(6]),  30 .C(cdadr_(5]), .D(cdadr4), .E(cdadr3) );
// register decode: 011, 101, 110 and03 anti ( .Q(wrlb), .A(cdadr_(2]),
B(cdadrl ),  35 C(cdadrO ) ); 223  and03 an12 ( .Q(wrid), .A(cdadr2 ),
.B(cdadr_[l]),  .C(cdadr0 ) ); and03 an13 ( .Q(wrle), .A(cdadr2 ), B(cdadrl
),  .C(cdadr_[0]) ); 5 and02 an14 ( .Q(wspiocap), .A(blkwr), .B(wrib) );
and03 anl5 ( .Q(wbrdctl), .A(blkwr), .B(wrld),  .C(softcmden_) ); and03
an16 ( .Q(wseectl), .A(blkwr), .B(wrle),  10 .C(softcmden_) ); and03 an17 (
.Q(wspiodat), .A(blkwr), .B(wrld),  .C(softcmden) ); and03 an18 (
.Q(wspioctl), .A(blkwr), .B(wrle),  .C(softcmden) ); 15 and02 an19 (
.Q(wrspiocap), .A(cdwen), .B(wspiocap) );  and02 anla ( .Q(wrbrdctl),
.A(cdwen), .B(wbrdctl) );  



and02 anlb ( .Q(wrseectl), .A(cdwen), .B(wseectl) );  and02 anlc (
.Q(wrspiodat), .A(cdwen), .B(wspiodat) ); 20 and02 anid ( .Q(wrspioctl),
.A(cdwen), .B(wspioctl) );  nbuf02 nb19 ( .NQ(wrspiocap_), .A(wrspiocap) );
nbuf02 nbla ( .NQ(wrbrdctl_), .A(wrbrdctl) ); nbuf02 nblb ( .NQ(wrseectl_),
.A(wrseectl) );  25 nbuf02 nblc ( .NQ(wrspiodat_), .A(wrspiodat) );  nbuf02
nbld ( .NQ(wrspioctl_), .A(wrspioctl) );  endmodule -224- CLAIMS : 1. A
host adapter integrated circuit comprising:  a first plurality of pins
couplable to.a  first bus; a second plurality of pine couplable to a  5
second bus; a clock pin; a data transfer circuit connected to said  first
and second pluralities of pins,.and having a  plurality of modules; 10
wherein 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 15 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 20 serial port pin wherein said serial port
serially  drives information on said serial port pin in'  .response to
signals received from said data  transfer circuit. 2. The host adapter
integrated circuit of  25Claiml 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 30 pin. 3. The host adapter integrated circuit of  Claim 2
wherein said serial port further comprises  a plurality of serially coupled
storage elements; wherein data from said aerially coupled  35 storage
elements are serially provided to said  serial port pin in response to a
first edge in  said buffered clock signal; and -225- 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
signal. 5 4. The host adapter integrated circuit of  Claim 3 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 10 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. 15 5. The integrated circuit of Claim 4 wherein  data from
said serially coupled storage elements are  written on said system bus in
parallel in response to a  read strobe. 6. The integrated circuit of Claim
4 further  20 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 25
plurality of received data terminals in response  



to a fourth edge in said buffered said clock  signal.  






