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1. Abstract

This document describes the design of an NMOS ASIC used to control an RIT IEEE-488
Buffer previously designed by the author. Past designs used discrete components to implement
an asynchronous controller and a synchronous, one-hot controller. The present design utilizes
a multiple controller architecture incorporated within the ASIC. The ASIC is used to control
bus protocol, bus transceivers, and memory.

At power-up, the buffer configures itself as an active listener on the bus and waits for a
talker to initiate communication. The buffer accepts a data file (a plot file for example) from
the talker, then takes control of the bus, addresses a listener, transfers the stored data to the
listener, unaddresses the listener, releases the bus, and finally, reassumes the active listener
configuration.

The RIT IEEE-488 buffer can realize time savings for a user in a controllerless system.
The buffer accepts data from a talker in a matter of seconds and then takes on the chore of
driving a slow listener. Thus, the talker is returned quickly to the operator for further use. At
present, the buffer isn't queueable - it cannot accept another data file until it completes the
transfer of the present file.

The author has also added five nmos cells (schematic/layout) into the /user/pub’ directory
on the Apollo workstations in the Computer Engineering Department's VLSI LAB at RIT. Cell
names are VSCLK, SYNC, CLOCK_GEN_STACK, PAD_TRISTATE, and
PAD_TRISTATE_BUFFERED. All five cells have been simulated and successfully run
through DRC, ERC, and LVS checks.
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2. WARNINGS: Don't FRY your equipment! Check them out!

1. The RIT IEEE-488 Buffer cannot be used in systems with a controller. It can only be
used in a "controllerless system" provided the two warnings listed below aren't violated.
Refer to the section 4 for a discussion on systems with and without controllers.

2. Some talkers do not release the bus when done with file transfer in a controllerless
systtm. These talkers continue to drive one or more bus signals LOW. The RIT
IEEE-488 buffer cannot be used with such talkers. Perform the following check of your
controllerless system without the RIT IEEE-488 Buffer installed. Measure the voltage
level on the five bus management lines, the three bus handshake lines and the eight bus
data lines after transfer of a data file from talker to listener. [See section 4 for details
on the various bus signals and connector pin out.] If all voltages are HIGH (2.0 volts or
greater) except for NDAC which should be LOW (less than 0.8 volts), then the RIT
IEEE-488 Buffer can be incorporated into the system provided the warning listed below
isn't violated. NDAC is driven LOW by the listener since it is in listen only mode. If
the RIT IEEE-488 Buffer is installed, the listener must be taken out of listen only mode
and given an address, between 0 and 30.

3. A talker's bus interface may still be in talk mode after file transfer is complete.
However, if it isn't driving any bus signals LOW, it acts as if it is OFF the bus. The
RIT IEEE-488 Buffer can be incorporated into a controllerless system using this type of
talker provided its bus drivers can be pulled LOW by the bus drivers of the buffer. If
the talker's drivers meet the requirements for bus drivers established in the IEEE
Standard 488-1978, the issue mentioned above should not be a concern. See section 4
for specifications on IEEE-488 drivers/receivers.

4. The author has only looked at a few Hewlett Packard and Tektronix products. Please
be careful when using this buffer with your equipment.
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3. Introduction

The author came up with the idea of designing an IEEE-488 buffer after having to wait for
up to several minutes while a parameter analyzer dumped waveform information to an
attached plotter. This time was often spent "twiddling one's thumbs" since the parameter
analyzer's front panel controls were locked out while driving the plotter. The RIT IEEE-488
Buffer is capable of accepting a file from a talker in a matter of several seconds (thus quickly
freeing up the talker for further use) and then take on the chore of driving the a slow listener.
The buffer accepts data from some source instrument and then addresses a listener, supplies
that listener with the stored data, unaddresses the listener after data transfer is complete, and
finally, returns itself to an active listener configuration. The buffer accepts a data from the
talker during the data input phase of its operation. Once the buffer has accepted all the data
from the talker, it enters the data output phase of its operation the addressing of the intended
receiver, the transfer of the stored file, and the unaddressing of the listener. At present, the
buffer can only accept and complete one file transfer at a time. Future design plans intend to
make the buffer queueable but some time savings should be realized with the present
implementation.

Two discrete prototype buffers (a asynchronous design and a synchronous, one-hot design)
have been built and successfully tested by the author. The design discussed in this document
uses a multiple controller architecture incorporated within an NMOS ASIC. The ASIC was
designed, simulated, and laid out by the author using N = 2 um MOSIS rules. The ASIC is to
be fabricated by the Microelectronic Engineering Department at RIT in its Class 1000 Clean
Room. Although not part of the thesis, the ASIC will be tested at the chip level, and if found
to work correctly, packaged, and installed into a buffer and tested.

The author has also added five nmos cells (schematic/layout) to the ‘/user/pub/pads’
directory on the Apollo workstations in the Computer Engineering Department's VLSI LAB at
RIT. The names of these cells are VSCLK, SYNC, CLOCK_GEN_STACK, PAD_TRISTATE,
and PAD_TRISTATE_BUFFERED. All cells have been simulated and successfully run
through DRC, ERC, and LVS checks. All of these cells are used in the design of the ASIC.
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4. The IEEE 488.1 BUS 1.2,3,4

The IEEE-488 interface, often referred to as the GPIB (general purpose interface bus), is
an adaptation of the HP-IB (Hewlett Packard - interface bus). In June of 1987, the IEEE
Standard 488-1978 was revised to the IEEE-488.1. At the same time, the IEEE-488.2 (Codes,
Formats, Protocols, and Commands) was published. The IEEE-488.1 is the same as the old
IEEE-488. The codes, formats, protocols, and commands described in the IEEE-488.2 are
used on the IEEE-488.1.

Many electronic instruments have available from the manufacturer the option of being
equipped with an IEEE-488 interface. Such instruments, connected together using cables
meeting the specifications described in the IEEE Standard 488-1978, are capable of sending
and/or receiving bus commands and device dependent data over the bus.

In some configurations, a system controller (typically a PC), is responsible for issuing bus
commands and dictating which instrument will send data, the active talker, and which
instrument(s) will receive the data, the active listener(s). There can only be one talker on the
bus at a time but several listeners can exist on the bus simultaneously. Generally not every
instrument on the bus participates in data transfer at the same time. The utility of such a
system is that a program can be written to automate a task. For example, a PC acting as the
active controller could instruct an oscilloscope to perform a measurement. It could then
instruct the oscilloscope to become the active talker follow by an instruction to itself to
become the active listener. This would allow transfer of the measurement data from the
oscilloscope to the PC. Once the measurement data was received, the PC could resume the
role of active controller, instruct a printer to become an active listener, and then instruct itself
to become the active talker with the intent of getting a printout of the measurement data.
Note that if the oscilloscope is capable of formatting the measurement data so that it is
recognizable by the printer, then the transfer of data can be made directly between the
oscilloscope and the printer; provided the active controller had addressed the scope to be the
active talker and the printer to be the active listener.

In some applications no controller is used. An example of a controllerless system is an
oscilloscope connected to a plotter via a GPIB capable. In such controllerless systems, a
measurement can be taken and the collected data dumped over the bus to the attached plotter.
The plotter must be addressed to its "listen-only” mode using an on board dip switch or front
panel entry. A device so configured will listen to all activity on the bus and can not be taken
out of listen mode by any command passed over the bus. In a system without a controller, the
talker may be operated manually. After the operator has captured a waveform on the scope's
crt, a front panel button on the oscilloscope is usually pressed to start data transfer to the
plotter if a hardcopy of a waveform is desired. When sending data to the active listener, the
talker's front panel controls are locked out (unusable) and the instrument is unavailable to an
operator until the data transfer is complete, unless the transfer is aborted. A plotter with no
onboard memory may accept a byte of data, interpret it, and execute the instruction before
signaling that it is ready for another byte. An instruction such as pick up a pen or draw a line
may take seconds to execute and adds directly to the total time the operator must wait before
getting use of the measurement device again. Complex plots may take several minutes.
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The RIT IEEE-488 Buffer is designed for use in such a controllerless system. The buffer
is capable of accepting all measurement data in a matter of several seconds. This relieves the
talker from the chore of driving a slow listener, and allows the user access to the talkers front
panel controls in a manner of seconds instead of minutes.

The IEEE Standard 488-1978 defines ten Interface Functions (Table 1) which can be
implemented to various degrees within an IEEE-488 compatible instrument. The RIT
IEEE-488 Buffer is designed to emulate the SH, AH, T, L, and C Interface Functions but does
not implement these functions according to the state diagrams provided in the IEEE Standard
488-1978. These state diagrams are overkill for the intended application. The authors
physical circuit emulation of these functions is described in various parts of section 8.

TABLE 1 List of IEEE-488 Interface Functions

SH (Source Handshake)
AH (Acceptor Handshake)
T (Talker)

L (Listener)

SR (Service Request)

RL (Remote Local)

PP (Parallel Poll)

DC (Device Clear)

DT (Device Trigger)

C (Controller)

The IEEE-488.1 bus consists of eight data lines (DIO8-DIO1), five bus management lines
(TFC, REN, ATN, EOI, SRQ), three handshaking lines (DAV, NRFD, NDAC), a signal ground
line, a shield line, and six signal return lines. Table 2 presents a description of the important
signals comprising the IEEE-488.1 bus. Figure 1 displays the pin out of an IEEE-488
connector. All signals on the IEEE-488.1 bus are active LOW. Data transfer is accomplished
in a "byte-serial, bit-parallel fashion". That is, one eight bit word is sent in parallel across
the bus's eight data lines at a time. The rate of data transfer is dependent on the talker and
listener(s) with the slowest device setting the speed of transfer. The IEEE Standard 488-1978
restricts the maximum data transfer rate at 1M bytes per second, with typical applications
using rates of 0.5M - 0.25M bytes per second. Handshaking (Fig. 2) between devices is done
in an asynchronous manner. The listener(s) will indicate that it is ready for data, the talker
will then make a byte of data available, the listener will accept the data byte, and the cycle

will repeat.

Devices on the bus can be in one of three configurations: controller, talker, or listener.
The RIT IEEE-488 buffer takes on each of these configurations at various times during the
data file transfer. An instrument becomes the active controller when it sets the ATN
(Attention) line TRUE (LOW). Only an active controller can assert the ATN line and only
the system controller in a system with more than one controller can assert the REN (Remote
ENable) or IFC (InterFace Clear) bus lines. ATN, REN, and IFC are examples of uniline bus
commands. A uniline bus command has an individual bus wire dedicated to it.
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TABLE 2 Description of the IEEE-488 Bus Signals

Signal Name and Function

DIO8-DIO1  Data Input/Output 8-1: These eight signal lines are used by the bus to
transfer multiline messages.

SRQ Service Request: Signal used by a device to indicate that it needs servicing
due to an error or some other condition. An active controller usually responds
to SRQ going TRUE (LOW) by conducting a serial poll reading the status
register of the effected device. The SRQ signal is driven by an open collector
driver. This results in a wire-ORed configuration of all devices' SRQ line
drivers.

ATN Attention: ATN can only be asserted by an active controller. When ATN is
TRUE (LOW), only bus commands are passed on the bus's eight data lines. All
instruments on the bus must monitor the ATN line at all times and must
respond to it going TRUE within 200ns. Instruments respond to ATN going
TRUE by setting their NDAC line driver LOW. Every instrument will
examine each bus command and if appropriate, will carry out the instruction.
When ATN is FALSE, device-dependent data is passed on the data lines and
only the addressed talker and addressed listener(s) are involved in any
communication.

EOI End or Identify: The active talker asserts EOI (LOW) to indicate that the last
data byte of a device dependent data file is being sent.

DAV Data Valid: This signal is driven LOW (TRUE) by an active controller or an
active talker to indicate the present of a valid, stable command or device
dependent data byte on the DIO lines.

NRFD Not Ready For Data: Used by a device to indicate whether it is ready to
receive a multiline message on the bus's eight DIO lines. When TRUE
(LOW), the device is not ready to accept another byte; when FALSE (HIGH),
the device is ready to accept a byte. Devices use an open collector driver to
drive the NRFD bus line. This results in an wire-ORed configuration among
devices' NRFD line drivers. Therefore, the NRFD line won't actually go HIGH
until the slowest device on the bus is ready to receive an octal message.

NDAC Not Data Accepted: Used by a device to indicate whether the multiline
message (bus command or device dependent data) on the bus's DIO lines has
been accepted. When TRUE (LOW), this signal indicates that the device has
not yet accepted the byte. When FALSE (HIGH), NDAC indicates that the all
device involved in the transaction have accepted the octal message. Since the
NDAC driver of each device is wire-ORed together, the NDAC line doesn't
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TABLE 2. Description of the IEEE-488 Bus Signals [continued]

actually go HIGH until the slowest device on the bus has accepted the byte on
the bus's DIO lines.

IFC Interface Clear: This signal can only be asserted (LOW) by the system
controller. It is used to immediately clear the bus the talker and all listeners
are unaddressed. The IEEE-488 standard requires that all instruments be
capable of responding to an interface clear in less than 100ps. Instruments
respond to an interface clear by setting both there NDAC and NRFD line
drivers FALSE (HIGH).

REN Remote Enable: REN can only be asserted (LOW) by the system controller.
This signal is used to place a device into remote programming mode if the
device is subsequently addressed while REN is TRUE. In remote programming
mode, a device receives instructions via its IEEE-488 interface and not via
front panel controls (local mode) which are locked out.

Multiline commands and messages are passed on the bus's eight DIO lines. When ATN is
TRUE (command mode), only bus commands are passed on the bus's eight data lines. All
instruments on the bus, including the talker, must monitor the ATN line at all times, and must
respond to it going TRUE within 200ns. Instruments respond to ATN going TRUE by setting
their NDAC line driver LOW. Each instrument will examine every bus command and if
appropriate, will carry out the instruction. Examples of a multiline bus commands include all
devices receiving the GTL (GoTo Local Ileave remote programming mode) command, an
instrument being addressed to listen, or another device being addressed to talk. When ATN is
FALSE (talker mode), device-dependent data is passed on the data lines and only the
designated talker and designated listener(s) are involved in any communication. Examples of
device dependent data are an oscilloscope sending waveform data to a plotter, a logic analyzer
sending state table data to a printer, or a computer (acting as a talker and not a controller
since ATN=F) sending set-up and measurement instructions (device dependent data) to a
parameter analyzer.

The assertion of REN (LOW) along with subsequent device listen address commands from
the system controller places the addressed devices into remote programming mode. When a
device is in remote programming mode, it receives instructions through its bus interface and
its front panel controls are locked out. Devices which aren't addressed remain in local
programming mode (instructions are entered by user through front panel controls) and do not
participate in communication over the bus. REN can only be asserted by the system
controller. REN is asserted by the buffer when in command mode. [Note: This is the reason
why the buffer shouldn't be used in a system with another controller.] The IEEE Standard
488-1978 requires that all instruments respond to REN going FALSE within 100ps.
Instruments respond to REN going FALSE by entering local mode.
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SIGNAL GROUND SHIELD -@— Eggﬁﬁcénéﬁm

F/0 TWISTED PAIR WITH 11 ATN

P/O TWISTED PAIR WITH 10 SRQ

SHOULD BE GROUNDED P/O TWISTED PAIR WITH 9 IFC
OTHER WTEERO;E':G{;“T‘;;@;A?; P/O TWISTED PAIR WITH 8 NDAC
P/O TWISTED PAIR WITH 7 NRFD

P/O TWISTED PAIR WITH 6 DAV

REN EO1
D108 D104
D107 D103
D106 D1O2

DIOS D101

THE HP-1B LOGIC LEVELS
ARE TTL COMPATIBLE i.e

TRUE STATE < @8 V DC
FALSE STATE 2 +2@ V DC
FOR A POWER SOURCE TYPE 57 MICRORIBBON CONNECTOR
THAT DOES NOT EXCEED

+5 25 V DC AND REFERENCED
TO LOGIC GROUND.

Figure 1 IEEE-488 Connector and PIN OUT. Copyright Hewlett-Packard Company
1980. Reproduced with Permission of Hewlett-Packard Company.

Figure 3 displays the bus driver/receiver requirements as specified in the IEEE Standard
488-1978. On the left hand side of the figure is the DC load line and a typical transceiver
implementation is shown on the right hand side. The important point to notice are resistors
R ; and R 5. If VCC, R_1, and R_ 7 have the values shown in the figure, then voltage division
results in 3.3 volts appearing at the output of the transceiver when not driven by either the bus
or the transceiver. This fact will be referred to later in the reading.
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H NOT VALID
DAV (2)
L_
H- o Y v
NRFD R zi,(f;7
L ’ | I
H- ALL ACCEPTED
NDAC
L

ts tg

Preliminary: Source checks for listeners and places data byte on data lines.
t_4: All acceptors become ready for byte. NRFD goes high with slowest one.
ty: Source validates data (DAV low)

ty: First acceptor sets NRFD low to indicate it is no longer ready for a new byte.
. NDAC goes high with slowest acceptor to indicate all have accepted the data.
. Source sets DAV high to indicate this data byte is no longer valid.

. First acceptor sets NDAC low in preparation for next cycle.

t5: Back to t-1 again.

Figure 2 IEEE-488 Handshake Protocol. Copyright Hewlett-Packard Company 1980.
Reproduced with Permission of Hewlett-Packard Company.
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B 2 k{1 % 57 (to ground)
Output leakage current (open
collector driver) +@ 25 mA max
at Vo = § 25V

Output leakage current
(three-state driver) + 40 uA
max at Vo = 42 4V

Input current —1 6mA max

at Vo = +9 4V

Input leakage current

+40 UA max at Vo = +2.4vV

+1 @ mA max at Vo = +5 25v

Vee:
Ry
R o
Driver:

Receiver:

= Ccabling ™ € components ¢ 159
pf/meter ® 1KHz ® @-5V

DESIGN SPECS (P/O STANDARD)

Figure 3 IEEE-488 Driver/Receiver Requirements. Copyright Hewlett-Packard
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5. Buffer Application

The RIT IEEE-488 Buffer is intended for use with a IEEE-488 interfaceable talker
capable of transmitting a data file to an attached IEEE-488 interfaceable listener in a
controllerless system. Any talkers should be configured to send an EOI (End Or Identify) with
the last data byte sent. The talker must also release the bus after file transfer is complete
deactivate all bus drivers.  Any listeners should be taken out of "listen-only" or
"listen-always" mode and given an address between 0-30. This address is then entered into
the buffer using the on board dip switches. If more than one device is to receive the
transmitted data, then all receiving devices should be given the same address. If file transfer
to each listeners is done individually, then the intended receiver's address should be entered
into the buffer via the dip switches before file transfer. Note: length of GPIB cables used
must be in accordance with the IEEE Standard 488-1978.

The buffer isn't equipped with on board power and must be connected to a regulated
5V/0.7A power supply. At power-up, a power-on reset circuit initializes the buffer and
configures it as an active listener. The buffer waits in this initialized state until the talker
commences communication. When data transmission is started, the buffer accepts the entire
file from the talker, then addresses the intended receiver, transfers the stored file to the
addressed listener, unaddresses the listener, and finally, resumes the active listener
configuration. Note: the amount of data transferred can not exceed the amount of memory
available for storage on the buffer. The present design contains 32K of memory. Memory can
be increased by cascading additional counters, comparators, and latches.

The buffer's reset switch can be used at any time to terminate a file transfer and/or
re-initialize the buffer by placing it in the CLEAR position. The switch must be placed back
into the OPERATE position for the buffer to function. If an addressed listener is accepting
data when the buffer is reset, the addressed listener may not exit listener mode. The
addressed listener must be taken out of listener mode by some means usually by tumning its
power OFF and back ON, before the next file is transferred. Also, the talker should not start a
second file transfer before the first transfer has completed.

A typical example of a system (Fig. 4) which could utilize the RIT IEEE-488 Buffer
involves an HP4145B Parameter Analyzer connected to an HP COLOR-PRO graphics plotter
addressed to "listen-only” mode. Implementation would require the buffer being connected to
the measurement device and data recording device with GPIB cables. Many measurement
devices have a user selectable option of sending an EOI (end or identify) signal with the last
data byte transferred. This option must be selected when using the buffer. On the HP4145B,
this option is selected by setting a dip switch on the rear panel. The plotter should be taken
out of "listen-only" mode and given some address between 0 and 30. This address is then
entered into the buffer using the on board dip switches. Dip switches 1-5 are used to input the
plotter's address while switches 6-8 are not used. A measurement can then be taken and if a
hardcopy is desired, the data is dumped into the buffer by hitting the Plot key followed by the
Execute key on the HP4145B. Then, while the buffer drives the data recording device, the
measurement device may be set up for the next measurement, the measurement taken, and the
result examined and manipulated - comments inserted, marker positioned, slopes added, etc.
Once the buffer is done driving the data-recording device with the previous measurement's
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data, a clean sheet of paper can be loaded into the plotter, and the latest measurement data
can be dumped to the buffer and the cycle repeated.

GPIB
CRBLE
— F::::tiE:;.....::’r —J
oo o
ef° RIT
OO0 o
HP-18
OATA
BUFFER
MERSUREMENT n::e?géns
DEVICE X
&
5 VOLT
PoweR |
supPLY  Glal

Figure 4 Typical Controllerless System using RIT IEEE-488 Buffer
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6. Signal Naming Convention

As one reads this thesis, he or she will notice several groups of similarly named signals
which have been listed in Table 3. Signals within a group (EOI, EOLL, EOILL, and EOIO.L)
represent the same signal at various places within the system. Signals on the bus side of the
line drivers (FIG. 5) use the IEEE-488 naming convention - for example, EOIL DIOL. Signals
on the buffer side of the SN75160 GPIB transceiver make up the buffer bus called DATA (8:1).
This bus connects the buffer side of the SN75160 GPIB transceiver with the eight ASIC DO
pins and the eight data I/O pins on the SRAM. Bus management and handshake signals on the
buffer side of the SN75161 GPIB transceivers have a .L (active LOW) extension added for
instance, EOLL. The .L extension signals are used as ASIC pin/pad names and in several
cases, as inputs to synchronizer cells internal to the ASIC. Inside the ASIC (Fig. 6), signal
names with an T suffix (NDACI.L) indicate that the signal is used during the data input phase
of buffer operation. Signal names with the 'O’ suffix (EOIO.L, DO1) indicate that the signal is
used during the data output phase of operation.

TABLE 3 Similarly Named Signals Used Throughout This Document

NDAC, NDAC.L, NDACIL, NDACO.L
NRFD, NRFD.L, NRFDIL, NRFDO.L
DAV, DAV.L, DAVIL, DAVO.L

EOI EOIL, EOILL, EOIO.L

ATN, ATN.L, ATNO.L

REN, REN.L

SRQ, SRQ.L

IFC, IFC.L

DIO8-DIOI1, DATA8-DATAL, DO8-DO1
PHASE_1, PHI1, PHI_1A, PHI_IB, $1
PHASE_2, PHI2, PHI_2A, PHI_2B, 12
TE.H, TE.HI1, TEH2, TE

DC.H, DC.HB, DC

CH,LEH

PQ.L, PQ.H

When the IEEE-488 bus signals (NDAC, NRFD, DAV, EOI, REN, ATN, IFC, SRQ, and
DIOS8-DIO1) appear in the text, they refer to the signals actually passing between devices on
the GPIB cable. For instance, the bus signal NDAC represents the wire in the cable which
carries the signal Not Data ACcepted, pin number eight on the GPIB connector, and the
trace/wire connecting pin number eight to pin number four on the SN75161 GPIB transceiver.
Hence, an IEEE-488 bus signal represent everything on the bus side of the GPIB transceivers.

Continuing the example from above, NDAC.L represents the same signal as NDAC except
on the buffer side of the GPIB transceiver at pin 17. The bus management and handshaking
signals are routed directly to pins on the IEEE-488 Buffer Controller (ASIC). NDAC.L is
routed to the NDAC.L pin (pin number 9) on the ASIC. [NDAC.L is also connected to the
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CLK input (pin number 2) of four cascaded SN74ALS561 counters.] The signal at the
NDAC.L pads continues through the pad's INTO_CHIP port to the input of a synchronizer cell
within the ASIC. The output of the synchronizer cell is labeled NDACO.L. Signals at the
output of a synchronizer cell trail transitions at the cell's input by a $1-$2 synchronization
delay. The OFF_CHIP port on the NDAC.L pad is driven by Output State Machine (OSM)
signal NDACI.L.

At times, signals names within a group are used interchangeable. For example, the
statement "The buffer drives NDAC HIGH in state DAC." indicates that NDACLL, NDAC.L,
and NDAC are all driven HIGH. NDACO.L is forced to ground during the data input phase
but is isolated from NDACILL, NDAC.L, and NDAC by an internal synchronizer cell. During
the data output phase, signals NDACO.L, NDAC.L, and NDAC are used by the buffer while
NDACLL is prevented from corrupting the signal at the NDAC.L pad since its pad driver is
disabled.

The ASIC contains an internal two phase, nonoverlapping clock generator with outputs
PHASE_1 and PHASE_2. As these clock signals are distributed and superbuffered throughout
the ASIC, they take on the various names listed in the Table 3. The terms $1 and $2 are used
to refer to any of the signal names within there respective group.

TE.H is an output of the ASIC's State Machine Controller (SMC). This signal drives two
superbuffers which generate the signals TE.H1 and TE.H2. It was necessary to duplicate this
signal due to the large load that TE.H must drive. One of the loads that TE.H2 drives is the
ASIC output pin TE. The signal TE is the same as TE.H minus the delays through the
superbuffer and the ASIC pad driver. DC.H is also an output of the SMC. DC.HB represents
the superbuffered version of DC.H while DC is the name of an ASIC output pin driven by
DC.HB.

C.H is an output of the ASIC's Input State Machine (ISM). This signals drives ASIC
output pin LE.H. C.H and LE.H are essentially equivalent except for a small delay through
the LE.H pad driver.

PQ.L is the NANDed output of the two external comparators and drives ASIC input pin
PQ.L. PQ.L is synchronized and inverted within the ASIC to produce the signal PQ.H where
the .H extension indicates an active high signal.

The buffer design uses mixed logic  both positive and negative logic. When a signal is
said to be asserted, it means that the signal is TRUE. Therefore, when NDAC.L is asserted, it
is TRUE (= 0 volts) or LOW. When PQ.H is asserted, it is TRUE (= 5 volts) or HIGH. When
a signal is said to be deactivated, it means that the signal is FALSE. When NDAC.L is
deactivated, it is FALSE (= 5 volts) or HIGH. When PQ.H is deactivated, it is FALSE (= 0
volts) or LOW. Also, TRUE is equal to a logic ONE and FALSE is equal to a logic ZERO.
When a signal transitions, the phases "goes" or "going" or "go to" are represented by the
symbol =>. For instance, NDAC.L=>T means "NDAC.L going TRUE" or "NDAC goes TRUE"
or "NDAC to go TRUE" depending on the context of the sentence. NDAC.L=>F means
"NDAC.L going FALSE" or "NDAC.L goes FALSE" or "NDAC to go FALSE" depending on
the context of the sentence.
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7. System Architecture

Figure 5 displays the RIT IEEE-488 Buffer schematic. The buffer consist of two
IEEE-488 transceivers, a 32Kx8 SRAM, an ASIC, four counters, two octal latches, two octal
comparators, a dip switch, power-up reset circuitry, a GPIB connector, and various other
resistors, capacitors, and gates - see parts list (Appendix A) for further details.

The ASIC has Schmitt triggers connected to its PON and CLK_PULSE pins. RC networks
at the two Schmitt trigger inputs determine the length of time that ASIC pins PON and
CLK_PULSE are driven HIGH when the buffer is first powered on.5 Once the inputs to the
Schmitt triggers have charged to Vri,(= 1.5 volts,,,), their output swings LOW. The RC
network at the input to the Schmitt trigger driving CLK_PULSE is set to reach Vi, at =
30ms. CLK_PULSE going LOW starts the ASIC's internal Clock Generator. The RC network
at the input to the Schmitt trigger driving PON is set to reach V1, at = 100ms. CLK_PULSE
is allowed to go LOW first so that the ASIC's clocked logic can initialize itself in a known
state  the reset condition.

The buffer is also placed into its reset condition anytime the debounced manual reset
switch is placed in the CLEAR position. The reset switch circuitry drives ASIC pin SWITCH.
The reset switch must be placed back in the OPERATE position for the buffer to function.

The address of the intended receiver is entered into the buffer via the dip switch. Once
the buffer has accepted a file from the talker, it uses the address entered at the dip switch to
address the device which is to receive the stored information.

The two GPIB transceivers, the SN75160 and SN75161, are used by the buffer to drive
signals onto the bus and to receive signals off the bus through a GPIB connector. The
SN75161 GPIB transceiver handles uniline bus commands and handshaking signals. ASIC
outputs DC (direction control) and TE (talk enable) control the direction in which bus
management and handshake signals pass through the transceiver. During the data input phase
(DC=T and TE=F), the buffer is listening to the bus and only drives the handshake signals
NDAC and NRFD. During the data output phase (DC=F and TE=T), the buffer acts as a
controller and a talker and drives the bus management signals IFC, REN, ATN, and EOI along
with the handshake signal DAV. ASIC output TE is also tied to the SN75160 GPIB
transceiver and determines in which direction signals on the bus's DIO8-DIOI lines pass

through the transceiver.

ASIC pin TE is also connected to the R/W pin on the memory chip and is used to enable
writing to memory while the buffer is in listener mode and reading from memory while the
buffer is in talker mode. The SRAM (HM62256LP-15) is a 32Kx8, 150ns device which has its
OE (Output Enable) pin tied to ground and its CE (Chip Enable) pin tied to the ASIC output
CS.L. The SRAM's 15 address inputs are tied to the output of the four cascaded counters via
the buffer's ADDRESS (15:0) bus and its eight data I/O pins are connected to the buffer side of
the SN75160 GPIB transceiver via the buffer's DATA (8:1) bus.
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The buffer contains four 4-bit SN74ALS561 counters cascaded together which count each
byte of data received or transmitted. This is accomplished by tying the NDAC.L line directly
to the clock pin on the four counters. Every time the buffer accepts a data byte during the
data input phase, it drives NDAC.L FALSE thus incrementing the memory address count.
Every time the addressed listener accepts a data byte during the data output phase, it drives
NDAC HIGH which causes the memory address count to increment. The output of the four
counters, the memory address count, is used to address the memory location of where each
data byte is stored in SRAM.

While the power-on reset circuit is active, ASIC output ACLR.L (asynchronous clear) is
TRUE. ACLR.L forces the outputs of the four binary counters to zero (0000y,) and prevents any
counting due to start-up transients on the counters' clock pins. Once the power-on reset
circuit has timed out (RESET=F), ACLR.L=>F and counting is enabled. After accepting a
data file from the talker and addressing the intended receiver to listener, the buffer again
asserts ACLR.L. This is done to reposition the memory address count to the location of the
first data byte (0000y) in preparation for file transfer to the addressed listener. The buffer also
asserts ACLR.L immediately before making the transition from bus controller back to active
listener in preparation for receiving the next file transfer from the talker.

At power-up, the buffer is placed in listener mode it drives the NDAC (Not Data
ACcepted) bus line TRUE (LOW) and the NRFD (Not Ready For Data) bus line FALSE
(HIGH). This condition indicates the presence of an active listener on the bus. After the
power-on reset circuit has timed out, the buffer remains in its initial state and waits for the
talker to send the first multiline message over the eight DIO lines. The talker initiates
communication by driving the DAV (Data AVailable) bus line TRUE (LOW). The buffer
accepts the data file from the talker a byte at a time and stores each byte in the memory cell
addressed by the memory address counters. The talker indicates transfer of the last data byte
by asserting EOI (LOW). When EOILL goes TRUE, ASIC output pin LE.H is driven HIGH.
LE.H drives the latch enable pin on the two SN74ALSS573 octal latches. The two octal
latches are used to store the address of the final data byte the final count value. 'When
LE.H is true, inputs to the latches become enabled and signals at the latches' inputs are
passed through to the latches' outputs. The outputs of the memory address counters are run to
the P inputs on the two SN74ALS518 octal identity comparators. The outputs of the two octal
latches are run to the Q input on the comparators. The P=Q outputs of the two comparators
are connected to a two input NAND gate which drives ASIC pin PQ.L. When the value
contained in the octal latches equals the output of the memory address counters, the P=Q
output on the two comparators go HIGH thus forcing PQ.L=>T. In response to PQ.L=>T, the
ASIC deactivates LE.H thus latching the final count value.
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After the buffer receives the last data byte from the talker, it makes the transition from
active listener to active controller. As the bus controller, the buffer addresses the intended
receiver to listen and resets the counter to zero. Next, the buffer assumes the role of active
talker and sets the DAV line LOW indicating that valid data from memory address (0000 ) is
available. Once the addressed listener indicates acceptance of the byte (NDAC going HIGH),
the memory address count is incremented and the buffer checks the new memory address count
with the value stored in the octal latches using two SN74ALS518 octal identity comparators.
If the two counts aren't equal, the next byte of data is placed on the bus and transferred. This
sequence continues until the NANDed P=Q outputs of the two identity comparators go LOW
indicating that the present memory address count equals the final count value contained in the
two octal latches. At that point, the buffer sets the EOLL line TRUE and sends out the last
data byte. EOI going LOW informs the addressed listener that it is receiving the last data
byte of the current file transfer. The buffer then resumes the role of active controller,
unaddresses the intended receiver, and finally, makes the transition from bus controller back to
active listener. The buffer is then again ready to accept another file transfer from the talker.

The bus signal SRQ is used by instruments to interrupt the system controller when an error
or other servicing is needed. The RIT IEEE-488 Buffer does not support the Service Request
Interface Function. The SRQ pin on the buffer side of the SN75161 GPIB transceiver is left
unconnected. During the data input phase, this signal is an output of the buffer. Since the
SRQ line is driven by an open collector driver, it appears to be driven HIGH to other
instruments on the bus unless pulled LOW by an instrument other than the buffer. During the
data output phase, the SRQ signal is an input to the buffer. Since the SRQ pin is left
unconnected on the buffer side of the transceiver, any request for service is ignored by the
buffer. This would normally be the case in a controllerless system anyway since only a
controller can respond to a service request.
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8. The RIT IEEE-488 Buffer Controller (ASIC)

The ASIC (Fig. 6) consists of six major modules the Clock Generator, the State Machine
Controller, the Input State Machine, the Output State Machine, the Delay Counter, and the
Command Multiplexer (CMD MUX). The ASIC also contains circuitry for generating an
internal reset signal (RESET) and five synchronizer cells for synchronizing asynchronous
signals. The ASIC uses four type of pads - an input pad, an output pad, a bi-directional pad,
and a bi-directional pad with superbuffered input. Each of the modules, the synchronizer, and
the bi-directional pads are discussed in separate sections below. Table 4 provides a quick
reference description of the ASIC's I/O pins. Under the column labeled TYPE, an input pin is
designated with an 1, an output pin with an O, a bi-directional pin with a I/O, and a
bi-directional pin with superbuffered input with a 1S/0.

ASIC pins PON and SWITCH are NORed within the ASIC to produce the asynchronous
signal RESET. This signal is tied directly to pull-down transistors in the SMC, ISM, CMD
MUX, and to the NOR gate sourcing ASIC output pin ACLR.L. RESET=>T causes the SMC's
outputs DC.H=>T and TE.H=>F, the ISM to initialize to state PON, the CMD MUX output
MUX.L=>T, and ACLR.L=>T. Further initialization is carried out by TE.H and DC.H.

The following two paragraphs summarize the condition of various modules during the data
input phase and the data output phase. The reader may find it useful to refer back to these
paragraphs while reading the remainder of this section

During the data input phase, the I1SM is engaged while the OSM and Delay Counter are
held inactive. The drivers on ASIC pads IFC.L, REN.L, ATN.L, DAV.L, and EOLL are
tristated (pads act as inputs) while the NDAC.L and NRFD.L pad drivers are enabled (pads act
as outputs). Bus signals REN, IFC, ATN, EOIl, and DAV are passed from the bus through the
SN75161 GPIB transceiver to RIT 1EEE-488 Buffer Controller. The buffer drives bus signals
