













































































































































































































































































Hardware Specification

In input transfers, bursting is not done when there are less than 8 words available in the FIFO to be read
by the CIO channel.

INTERACTION BETWEEN BACKPLANE AND FRONTPLANE

There are two cases here that are of interest. The first is the case of a frontplane connection which is
capable of outrunning the average transfer rate seen on the backplane side. The second is the case of a
backplane connection which is capable of outrunning the average transfer rate of the f rontpl_am;. :

The fast frontplane and slow backplane situation shows up on the backplane as an 27114B card which
always responds to SRQ polls and always moves the maximum allowed burst of data when it is provided
service. If it is a high priority card, it will tend to lock out lower priority cards and hog the entire
backplane unless some relatively intelligent SRQ service algorithm happens to be implemented in the
channel adapter. (No such “intelligent" channel adapters are presently being built or developed.) Keep in
mind that unless data is continuously flowing into the machine from somewhere else, this hogging of the
backplane bandwidth cannot go on indefinitely.

This is definitely the case when competing with a BIC chip based card. The HPIB card can be starved
down to about 268 K bytes per second by a lower priority 27114B running at its maximum possible rate.
This is only for the time during which DMA’s for both cards are enabled and both cards are attempting to
move data at the same time. The issue of whether or not a card is ever really starved to the degree that it
has noticeable undesirable affects depends on the statistical nature of traffic on that channel adapter.
This question becomes important in real-time control.

In the fast frontplane and slow backplane situation, the frontplane will find itself moving bursts of data
as it gets them. Looking at the frontplane transfers, one would see bursts of data mirroring the bursts
being moved between the channel adapter and the FIFO.

The slow frontplane and fast backplane situation shows up on the backplane as a 27114B takxng
something less than the maximum burst size in a transfer. :

In this case, the frontplane transfers will appear smooth and not reflect the burst nature of transfers on
the backplane side of the card (unless the peripheral is designed such that it tends to bunch up transfers).

4.6.9 Machine/machine transfers

If both parties behave by the rules and as long as they don’t both talk or listen at the same time, there
should be a reliable connection regardless of who starts first, the talker or the listener, the master or the
slave.

It should be noted that a reliable connection requires both parties to be in stand-by states before they
should attempt to make a connection. They must be able to detect the condition that the other party is
in. Most critically, they must know whether the other machine is actually powered on or not.

The PEND and HEND features can be used to successfully terminate a transfer if there is a mismatch of
count between the sender and the receiver. Due to the timing of the HEND output, the slave should not
enable its PEND feature in any master-read/slave-write transfers in which the master’s count is equal to
or less than the slave’s count. If this is the case, the last read of the master will not be acknowledged.
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4.7 EDGE BIT AND PFLG

The PFLG input from the frontplane is exclusive-nor’ed with the EDGE bit before it is fed to the
frontplane handshake circuit ("the state machine"). The timing diagrams in section 4.6. assume that the
EDGE bit is programmed with a O (the non power-up/default state). If the EDGE bit is programmed
with a 1 (default), the value of PFLG in those timing diagrams must be reversed.

Since the EDGE bit can be used to change the level which the state machine perceives the PFLG input, it
is a useful technique to simulate different levels of the PFLG input.

It should be noted that the loopback testhood requires a 0 EDGE bit to function properly as an infinife
sourcer or sinker of data. :
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4.8 CABLE SPECIFICATION

4.8.1 General Constructrion

The cable has 48 twisted pairs of 32 gauge wire wrapped in a combination of foil/braid shield and
jacketed in standard HP jade gray PVC. The connectors on both 27114 ends of the cable are DIN 41650
type C headers (Eurocard connectors).

Both ends behave-in the same manner and can be installed either way. The wiring is made such that if
the cable is used to connect two AFI cards, the positive output of a signal on one card is connected to the
positive input of a matching signal on the other card (e.g. PCTL+ to PFLG+). This arrangement allows
the same cable to be used for AFI to AFI connection.

RF shielding is done via the rook-to-slot contact at the point the cable exits the CIO card cage and also
via the clipping mechanism. Safety grounding is also provided via the rook-to-slot contact.

The cable assembly is mated to a male (pin) 96-position Eurocard connector on the 27114A card. A 172"
wire-wrap connector (DIN header type R) is supplied as the matching connector at the user end. Only
two lengths are provided: 3 m and 12 m. Custom-made cables for other lengths can be ordered directly

from the OEM supplier, DuPont Connector Systems. Its impedance is about 120 ohms. The resistance per
foot is about 60 milliohms. Propagation delay in the cable is about § nanoseconds per meter.

4.8.2 Differential/Single-ended

The cable described in the preceding section is recommended for both differential and single-ended
applications. It should provide better controlled characteristic impedance for single-ended applications
than the previously available single-ended cables.

4.9 PERIPHERAL CONNECTOR

The 27114B cable is designed to mate with a 96 pin DIN connector. It is recommeded thaf the user’s
application provide this connector directly as their interface to the 27114B card.

4.9.1 Wire-wrap Connector

The 27114B is delivered with a 96-pin DIN wire wrap connector which should offer some degree of
flexibility to certain users.
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4.9.2 Other Connectors

Other types of DIN connectors can also be used with the 27114B’s cable. The 27114B’s cable is not
compatible with those DIN-look alike connectors which have an offset built into their connector.

'4.10 LOOPBACK MODE

Loopback testing can be done at one of two levels: internal FIFO loopback or external loopback with the
testhood. ' '

If the frontplane is disabled, anything written to the FIFO is actually retained until it is consumed. It is
possible to change the direction control from output to input and read back what was written to the
FIFO. Since the effective FIFO length in the output direction is only 55 words, any write of 56 words or
more using the bursting mode on CIO will not be completed. The full depth (64 words) of the FIFO can
still be accessed if the last 9 words are written out using the non-bursting transfer mode. Reading back
from the FIFO will guarantee word for word for the first 64 words or more. This testing does not test the
line drivers or the line receivers. :

Loopback testing ‘with the testhood provides a more thorough testing. Data can actually be passed
through the frontplane line drivers and receivers. A possible test algorithm is as follow:

* Enable backplane poll response, select the data
output mode, define EDGE as 0 and enable the FIFO.
* Write one word to register 0.
* Change the direction to the data input mode.
* Fake a handshake by redefining the EDGE bit
as 1.
* Read in 2 words.

The second word should be the same as the first word if the path through the loopback testhood is not
defective. )
This test does not stress the line drivers or receivers as far as noise margin and loading are concerned.

Similar testing techniques could be applied to fully test all other control, status and handshake
input/outputs.

4.11 LOOPBACK TESTHOOD

The loopback hood consists of a matching connector and a small PC board. It is designed to fit in a
standard CIO cardcage with a closed door when installed ina 27114B card.

The loopback testhood makes the following connections:
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Outputs Inputs
SD[0..15] are wired to RD[0O..15]
PCTL is wired to PFLG

CTLO is wired to STSO

CTL1 is wired to STS1

CTL2 is wired to ATTN/STSS
CTL3 is wired to "STS3 '
HEND/CTL4 is wired to STS4/PEND
PDIR/CTLS is wired to sTS2

GND(J1/B10) is wired to DIAG (invert the driver enable line)

This is subjected to change

The presence of the loopback testhood is detected automatically by the 27114B hardware. This inverts
the enable control of the output line drivers. The line drivers are normally enabled only when the
27114B is in the output mode and the PEN bit is a 0; they are now disabled. In other combinations of the
PEN bit and PDIR bit, the line drivers are enabled. This allows the line drivers to be enabled when the
27114B is in the receive mode.

Loopback via the testhood can be accomplished by outputting something to the FIFO with the frontplane
handshake disabled. This should keep the data in the FIFO. As the direction is changed to the input
mode, the line drivers are enabled and they drive the line receivers via the loopback hood. By simulating
clock edges on the PFLG line with the EDGE bit, one or more data words can be input from the
frontplane (which is being driven with what is currently at the output of the FIFO).
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SECTION

THEORY OF OPERATION

The 27114B is a parallel interface card designed as a replacement for the infamous "AFI" 27114A card.
As such, it corrects several main weaknesses of the AFI-A card. This chapter will briefly explain how the
card functions.

The 27114B can be viewed as a FIFO operating in a controlled environment. It is most useful when used
to transfer large blocks of data between the host and a peripheral. It can act as a DMA controller in this
sense. The FIFO can store up to 64 words of 18 bits each. 16 of the data bits are used to carry the actual
data. The 17th and 18th bits are used to carry the PEND and HEND information (more on these features
later).

The 27114B operates in the half -duplex mode. It can only transfer output data or input data and never
both at the same time. The hardware is controllable by the host at any point in time.

A state machine on-board the 27114B is used to control the FIFO and the handshaking of data between
the FIFO and both the CIO backplane and the parallel frontplane. Three different handshake modes are
offered on the frontplane: FIFO mode (old 27114A AFI mode), full mode/slave and full mode/master.

A jumper selection on~board the 27114B can be used to extend the effective pulse width of the PCTL
pulse and to filter out unwanted noise on the PFLG input.

Frontplane data can be wired in either a differential mode (balanced signal) or single-ended mode
(unbalanced signal, low or high true). The selection is done via the positioning of jumper blocks on the
card.

The 27114B card can be roughly broken up into the following functional blocks:

* Backplane address decoding

* Backplane data transfer

* Backplane poll response

* FIFO and data path

* 24 bit transfer counter

* Misc. CIO and AFI control/status registers
* State machines

* Frontplane line driver/receivers
* Interrupt circuit

* HEND circuit

* PEND circuit

5.1 New Features

The new features are added to the design with an objective of being backward compatible with the
27114A. This includes the addition of registers A, B and the expansion of register 7.
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All new features are defined such that the 27114B can function as 2 27114A without any access to
register A or B and with any kind of information being written to the expanded part of register 7.

The definition of these new features thus becomes more or less bound by the desired default state: ATTN
must be enabled, the PDIR option must be selected, the counter must be reset, PEND must be disabled,
interrupts can only come from ATTN and the handshake mode is the pulse mode.

5.2 Backplane address decoding

The backplane address decoding is done by the DECODER PAL20L10. This decoder asserts low one of its
10 output lines to select different circuits on the 27114B to respond to the current CIO transaction.

To repond to any transaction on the CIO bus, the 27114B must not be in the hard reset condition. This
condition is entered whenever the power is first applied or when the PPON line on the CIO bus is
deasserted. The 27114B is taken out of this hard reset condition when an appropriate address teaching
operation is done to it. This operation is essentially a write to its data register with the data bit
corresponding to its slot number being asserted to a low level.

As the 27114B gets out of the hard reset condition, the Reset flipflop remains set and the ARE flipflop
remains cleared. The 27114B can also respond to other register accesses once the hard reset condition is
removed.

Register addressing is done using four control lines on the CIO: BP1, CBYT, CEND and BPO (in that order
of significance, high to low). Out of the possible 16 addresses, the 27114B implements only 10 of them:
0/2/4/6,1,3,7,9, A and B. The 0/2/4/6 group responds singly as one register (data register).

Except for reading the data register and the CIO STATUS register, all other reads are non-destructive. A
reading of the data register may clock a data word out of the FIFO circuit if it is done appropriately.
Any read of the CIO STATUS register can poientially clear a pending interrupt condition being stored in
the ARQ flipflop.

All writes to the 27114B’s registers are potentially destructive.
5.3 Backplane data transfer

Backplane data transfer is under the control of a state machine. The correct data transfer protocol
requires the CIO channel adapter to detect a positive answer from the 27114B card to one of its service
polls before a data transfer is made to this card. However, the CIO channel can address register O any
time it likes to initiate a data transfer. This is especially important in the case of a diagnostic application
program.

The CIO channel operates essentially in two disctintive, non-overlapping phases: polls and syncs. The poll
phases are used to determine who is ready to transfer data on the CIO bus (or in case of an interrupt, who
has interrupted). The sync phase is used to do the actual data transfer. By looking at the responses it gets
from each poll, the CIO channel can determine which slot it must service next. For each slot, a sync phase
is used. Normally, only one data transfer is made per sync cycle. However, if the selected IO card asserts
low its Burst Request line, the channel can continue up to 2 maximum limit of 32 words per sync phase.
This allows a low overhead method to tranfer large amounts of data. The 27114B takes advantage of this
whenever it can. :
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For output data transfers, the 27114B reponds to service polls any time it has room for 8 or more words in
its FIFO (the word count is 55 or less). Output data transfers will always be requested with the Burst
Request feature from the 27114B card. When the number of words in the FIFO exceeds 55
(approximately), the card stops answering to poll responses and also deasserts high the Burst Request
output. Within one to three transfers later (depending upon the exact timing), the CIO channel will stop
bursting data to the 27114B. Poll answering and burst requests are resumed when the number of words
stored in the FIFO drops to a level below 55.

For input data transfers, the 27114B responds positively to service polls any time it has one or more data
words in its FIFO. As the number of words stored in the FIFO exceeds 8, the 27114B starts asserting low
the Burst Request line to the CIO channel. This is a convenient arrangement since with light loading on
the frontplane, the channel can occasionally come out and get a data word from the 27114B with every
sync cycle (between two polls). As the load increases and the data gets piled up in the FIFO, the bursting
mode is entered and the CIO channel can move a larger number of words every time it services the
27114B card.

5.4 Backplane poll response

The backplane poll response circuit is part of the POL16L 8 PAL. Poll responses are done whenever the
CIO channel does a service poll or an attention poll. Service polls are used to figure out who on the bus
needs to transfer data next. Attention polls are used to determine the party or parties who mterrupted
immediately prior to the poll.

The 27114B responds to the service poll by asserting low the UAD line on the CIO bus. It does so only;.‘if
it is ready and capable of doing a data transfer (see above). In the case of attention polls, the 27114B
answers to the poll if its ARQ flipflop is set (indicating a pending interrupt) and the ARE flipflop is set
(interrupt is enabled).

In the event of a PEND assertion in the output transfer mode, service polls are also acknowledged to force
the transfer of one more output word such that the CIO’s DEND signal can be asserted.

External latches are used to synchronize midplane signals to assure a minimal probability of having
unstable data set up and hold times during polls on the CIO bus.

5.5 FIFO and data path
The FIFO is used primarily to carry data between the frontplane and the backplane circuits. Its 17th and

18th bits are used for the PEND and HEND functions.

The effective FIFO length is 55 words in the output direction due to the way poll responses are done in
this mode. In input transfers, its full length (64 words) can be used.

There is no parity generation or checking between the 27114B and the CIO channel.
For any read, all involved buffers and transceivers are enabled immediately as a sync pulse is asserted low
on the CIO backplane. For reads from the FIFO, the trailing edge of the I0__SB (IO strobe) signal is used

to remove the current word from the output of the FIFO.

For all writes, the data is latched with the trailing edge of 10__SB. In case of writes to the FIFO, the data
is latched externally to the FIFO before the actual write to the FIFO is done.
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Al interactions between the CIO and the FIFO is controlled by the state machine.

5.6 24 bit transfer counter

The 24 bit transfer counter can be used to keep track of how many transfers are supposed to happen. It
can be programmed with a positive count and enabled to count down at the completion of a handshake.
As the count becomes OxOOFFFF or less, the counter will disable the frontplane handshake circuit,
preventing further handshakes from happening.

The counter can be disabled by presetting its output to the maximum count and keeping it in the reset
state. This is the default state after a reset or power up condition.

5.7 Misc. CIO and AFI control/status registers
Beside the read/write register 0 (data register), there are four other CIO registers that are available on the

27114B to meet the requirement of the CIO standard.

Read register 1 (Sense register) returns the definition of the 27114B (level O card) and the state of the
ARE and ARQ interrupt flipflops.

Write register 1 (CIO CONTROL register) is used to control the state of the ARE and RESET flipflop.

Réad register 3 (ID register) returns the ID of the 27114B card (32) and its current revision number (2 or
greater).

Read register 9 (STATUS register) returns a fixed value, but the reading action also clears the ARQ
flipflop.

There are 5 other registers that are unique to the 27114B:

Write register 7 (AFI CONTROL register) and Write register B/lower (AFI CONTROL?2 register) are used
to control the hardware on the 27114B card.

Read register 7 (AFI STATUS regxster) is used to return the state of the different circuits on the 27114B
card. - .

Register A and B/upper are used to implement the transfer counter.

5.8 Programming of revision number

The revision number on the 27114B can be programmed to any value between O and 7. This is
accomplished via the appropriate installation Qf three jumpers, one for each bit of the revision number.

Each jumper consists of three holes: one common hole (going to the input of the revision latch) and two

other holes (VCC and ground). The VCC and ground holes are positioned such that their distances to the
common hole is. 5" and . 4", respectively. The following illustration shows how:
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1"
<=~ 4" -=> (==
“ . . . ’ *

COM GRD vCC

A zero ohm resistor should be loaded (per jumper) such that it connects the COM hole with either the
VCC or GRD hole. When the VCC hole is selected, the bit is read asa 1. When the GRD hole is selected,
the bit isread asa 0.

The three jumpers are labelled as S10, S9 and S8. S10 is the most significant bit.
5.9 State machine

The FIFO state machine is implemented entirely in one PAL, the FIF22V10 PAL. Critical signals are
sync’ed externally to the PAL with a latch which 1s clocked with the same clock edge which goes into this
PAL.

The state machine actually has two state machines in it. Each one takes care of one side of the FIFO: one
controls the input of the FIFO, the other controls the output of the FIFO. Both of these state machines
act as the frontplane handshake controller in the appropriate input/output mode.

The state machine runs off a 20 MHz clock (50 ns period). It takes its input from the frontplane control
input (PFLG), from the FIFO (IR and OR), and from the AFI CONTROL registers (Mode2/1/0, reset
etc...). ’

The state machine runs all the time. To disable its frontplane part, the frontplane enable bit can be
turned off. To disable the backplane interface part, the state machine must be reset and kept in this
state. The BPREN (backplane poll response enable bit) cannot completely disable the backplane interface.
This bit can only be used to disable the answering of polls on the CIO backplane. Note that a forced
access to/from a data register is still possible even if there is no poll answer from a card. If the state
machine is disabled, the FIFO is unaccessible from the backplane (except for FIFO reset). Other than that,
CIO accesses to the data registers can activate the state machine to do a data-shift in or shift-out.

5.10 Frontplane line driver/receivers

The frontplane line drivers are used to drive output data whenever the 27114B is enabled and is
programmed to be in the output mode. With the installation of a testhood, the enable/disable function is
reversed. This allows an external loopback test to be done with a testhood when the 27114B is in the
receive mode.

Besides the data line drivers and receivers, there are 7 other sets of line drivers and receivers used to
implement the handshake control circuit as well as 6 possible control outputs and 6 status inputs. 2 of the
control outputs do double duty as the HEND and PDIR outputs. 2 of the status inputs can be used by the
PEND and ATTN circuits, which are also selected as options.
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5.11 BALANCED/UNBALANCED MODE

Differential line drivers and receivers are used at the frontplane to drive and receive signals. In the
unbalanced mode, either inverted or non-inverted outputs of the line drivers are used to source/sink a
single-ended signal. A reference voltage is applied to one of the inputs (the inverted or non-inverted one)
of the line receivers while the other ones are used as single-ended inputs.

Termination is provided in both balanced and unbalanced signal modes. Termination matching is 132
ohms (equivalent) for the single ended mode and 120 ohms for the differential mode.

There is a 6 by 48 matrix of pins which provides the selection between the single-ended and differential
signal configurations via the use of jumper blocks. .

5.12 SIGNAL CONDITIONING

The output handshake signal PCTL can be extended from Oto 150 ns in increments of 50 ns with the
configuration of a jumper. The extension of the deassertion-to-assertion transition allows more data
set-up time to be seen by a peripheral if needed.

The input handshake signal PFLG can be filtered through a qualifier circuit. The qualifying periods
range from 0-50 ns through 150-200 ns, depending on the placement of another jumper. Changes in the
PFLG must be maintained in a stable state for 2 minimum amount of time (the smaller number which is
selectable from 0, 50, 100, and 150ns) before it can be seen by the 27114B handshake circuit. The larger
number in each pair is the maximum amount of time that a stable signal must have to be seen. The
circuit has two functions: delay the incoming PFLG to increase the input data set-up time and to filter
out unwanted transitionals on the PFLG line.

5.13 Interrupt circuit

The interrupt circuit in the 27114B consists of three parts: the ARE interrupt enable flipflop, the ARQ
interrupt pending flipflop and the three interrupt sources, ATTN, PEND, and ZERO.

The ARE flipflop is controlled by writes to the write register 1. It can disable or enable the assertion of
the ARQ line on the CIO bus by the 27114B card. Itsstate is also used to determine whether the 27114B
responds to attention polls or not.

The ARQ flipflop is used to register an interrupt event. This can happen independent of the state of the
ARE flipflop. Whenever the first of the three interrupt sources becomes valid, the ARQ logs the
interrupt event. Any read of the CIO STATUS register will clear this flipflop.

There are three separate interrupt sources on the 27114B: the ATTN input from the frontplane (27114A’
compatible function) and the PEND and the zero transfer counter sources. The PEND interrupt is used to
terminate a call in case a peripheral decides to abort a transfer before the completion of the number of
transfers programmed into the transfer counter. The transfer counter’s interrupt is used to indicate that
the transfer of the pre-programmed number of words has completed.
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5.14 HEND circuit

The HEND circuit is used to signal a peripheral when the 27114B has completed all transfers. It is
provided as an option. If not selected, its output can be used to carry an extra, independent control
output. The default state after a reset or a power~up condition is that this option is enabled.

HEND is asserted high at the end of the transfer. For output transfers, it is asserted before the last
transfer takes place with the same timing as output data. For input transfers, it is asserted after the last
transfer takes place, immediately after the trailing edge of PCTL.

5.15 PEND circuit

The PEND circuit provides a mechanism which allows a peripheral to abort a transfer before the
host-requested number of transfer is reached. This option is selectable and PEND is capable of generating
an interrupt when properly enabled.

The state of the input is available as a status bit for other use in case this feature is not selected. The
default state after a reset or a power up condition is that this option is disabled.

For input transfers, a peripheral must assert PEND before the last transfer is to take place (with the same
timing requirement as for other input data). For output transfers, PEND can be asserted any time after
the last transfer has started (please refer to the timing diagrams in this ERS for the exact timing).

~4
)
-



5-8



PROGRAMMING GUIDE | 5 ’

6.1 OUTPUT TRANSFERS

Output transfers: walk through a typical programming sequence to output a single word and to output
a block of words. .

6.2 INPUT TRANSFERS

6.3 LOOPBACK TRANSFERS

Loopback transfers: how to verify the function of the line drivers and receivers.

6.4 PROGRAMMING EXAMPLES

Programming examples: actual program (real working program)
Low level program using peek/poke mode of the AFIDAD diagnostic:
Provide a typical example to show how input/output transfers can actually be performed. This should be
beneficial to the OEM who likes to write their own driver. This is also a good tutorial for those in HP

having to write or maintain the driver.

High level program using the supplied driver to do generic transfers (input/output). Including all
different optional ioctl calls and their effects.

6.5 ERROR LIST

AFI driver’s error list



Programming Guide
6.6 ALTERNATE SOURCE

Please refer to the AFI Hardware/Software Interaction document for a high level program example plus
other useful information.



27114A COMPATIBILITY

Objectives
Features which are no longer available

New features and their backward compatible default modes
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INTERNAL REFERENCE SPECIFICATION

This is intended for the reader who must understand the card enough to support and maintain the
hardware. This will substitute for the separate IRS

8.1 GENERAL DESIGN ISSUES

FUSE: A discrete 4A fuse is used instead of a trace fuse due to the latter’s large variance in rating. The
overall current consumption of the card is estimated to be between 1. SA and 2. 0A at 5V.

PULL-UP: All data lines on the card are pulled up to +5 volts via 2.2 Kohm resistors. This is done to
provide a default value of 0 for each bit if the reglster being read does not drive the data line
corresponding to that bit.

CLOCKING: A 20 MHz crystal oscillator is used to generate a clock for the FIFO control circuit. The
CIO bus does provide a 14.7 MHz clock but this one is not useful in the design since it is too slow for the
application. The clock driver is a 74LS125 with its enable input being grounded via a discrete resistor.
This allows the 3065 tester to substitute a different clock more suitable to its operation.

8.1.1 Backplane Interface

BACKPLANE TIMING: The CIO backplane operates in one of two non-overlapping cycless SYNC and
POLL. The SYNC cycle is used to transfer data. Each SYNC cycle can have one or more JOSB strobes.
Each data transfer is to take place with respect to the trailing edge of the IOSB signal. The address of
each transfer is defined with the BP1/BPO/CBYT/CEND (register address), along with the card address.
In the case of the data register, CBYT and CEND can be of any combination. These two are also used to
indicate whether the transferred data unit is a2 byte (with CBYT) or the last one (CEND). The POLL cycle
is used to determine if any CIO card is ready for a data transfer (service polls) or has interrupted recently
{attention polls). :

BACKPLANE TRANSCEIVERS: All backplane drivers and transceivers are selected such that they can
drive 2 minimum of 48 mA. These include the 74ALS245~1 transceivers, the 74ALS240-1 buffers and
the 74F 38 open-collector NAND gates.

DECODER: A 10 output PAL (20L10) is used to decode register address for the 27114B card. This is
barely enough as evidenced by the fact that registers A and B must shares two outputs (WRITEA and
READA). Further decoding must be done for these two outputs. The READO and IOSB signals are also
combined in the FIFO control circuit to detect the data reading pulse. Note that all write outputs are
qualified with the IOSB signal whereas all read outputs are only qualified with the entire SYNC pulse.

POLL RESPONSE: The poll response function is implemented in the POL16L.8 PAL. The UAD line is
driven low by an open collector gate whenever the card is ready for a data transfer (service poll) or has
interrupted (attention poll). This can be done in any POLL cycle.
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In the output mode, poll responses are answered whenever there is room for 9 or more transfers in the
FIFO. As the availability becomes less than 9 words, service polls are ignored (not answered). This term is
defined with a sync’ed version of the HF and AEF. Since these two signals are latched with either trailing
edge of POLL or IOSB, the poll response may still be answered even with 55 words already in the FIFO
(but definitely not if there are 56 words or more in the FIFO).

The input poll response is similar to that of the output mode. The 27114B answers to polls whenever it
has one or more words in its FIFO. In the case of 9 or more words in the FIFO, the HF and AEF outputs
from a FIFO are used to force a poll response. When the number of available words drops below 9, the
OR (output ready) of a FIFO is sampled with the leading edge of POLL for the poll answering purpose.
Since the OR output of a FIFO is always deasserted low immediately after the SO leading edge which
follows closely to the leading edge of 10SB, there is no possibility of falsely latching an OR condition as a
ready (more word) when in fact there is are more valid words from the FIFO.

In the input mode, a set PEND flipflop will cause a poll response regardless of the state of the FIFO. This
is done to make sure that even if the FIFO is full, the channel is going to do more data input. When the
next data input is done, DEND is asserted on the CIO bus to tell the channel to terminate the transfer.
The data remaining in the FIFO is considered to be garbage.

Attention polls are answered when both ARQ and ARE are high. This term is updated with each leading
edge of SYNC (SARQ is the output from the SYNC latch). If the 27114B has been asserting the CIO’s
ARQ line (with an open collector gate) for 20 ns or more before the leading edge of an attention POLL, it
will answer to that poll.

BURST REQUEST: The burst request output is normally tristated. It is driven to either an asserted or
deasserted state only when the card is engaged in a data transfer to or from its input/output data register
(SYNC cycles]. The tristate signal is driven during the entire time the SYNC signal is asserted low and the
card is addressed (any register) and is not in a hard reset state. The burst request signal is guaranteed to
change only with the leading edge of SYNC or the trailing edge of IOSB.

Burst request is asserted only when the PEND signal is not asserted. The following description assumes
that PEND is not asserted.

Burst request is handled differently in the input and output modes. In the output mode, burst request is
asserted whenever there is room for 9 words or more. When the number of words in the FIFO reaches 55,
the burst request output is turned off. If this coincides with the last transfer of a CIO burst, there will be
no more output transfers (if the frontplane is inactive, the number of words in the FIFO will remain at
$5). Otherwise, there could be as many as 3 more transfers before the channel finally stops. This is
possible since the SHF (sync’ed half full) and SAEF (sync’ed almost empty/full) output of the sync latch is
updated with the trailing edge of IOSB of the 56th word. As the channel sees the absence of BR (burst
request) in the transfer corresponding to the 57th word, it can still add one extra transfer, the §8th word.

In the input mode, the burst request output is asserted whenever there are 9 or more words in the FIFO.
When there are less than 9 words in the FIFO, the burst request output is driven to the deasserted state
(high on CIO bus). This requires that the CIO channel do only one transfer per SYNC cycle. Similar to
the output mode, the burst request output may not actually be turned off until there are only 8 words left
in the FIFO. Consequently, there might be as few as 6 words left in the FIFO when a burst DMA has
stopped. Note that the AEF output from a FIFO changes from high (asserted) to low immediately after
the input of word #10. But since this signal is latched with the trailing edge of either IOSB or POLL, the
burst request output is not updated until after word #9 has been read. Therefore, the channel sees this
during the transfer of word #8, and it can still do one extra transfer to take word #7 out before stopping.

PEND FUNCTION: The CIO’s DEND signal is driven by the 27114B whenever it is addressed in 2 SYNC

cycle. The DEND signal is driven to a low level (assertlon level) whenever the current transfer is
considered by the card to be the last transfer.
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In the input mode, this output is a function of the 17th data bit (bit #16) output from the FIFO. The
corresponding input to the FIFQ is taken from the frontplane’s PEND receiver via a disable gate which is
controlled by the PEND RESET bit in the AFI CONTROL?2 register. The assertion level for this 17th
data bit is low true. With the pull-up resistor, the signal is guaranteed to be false (high TTL level) unless
it is driven by the FIFO’s read register to a low level. All other register accesses (including the data
output register) will float this to the deasserted level (high); therefore it cannot drive DEND to a low state
on the CIO bus, even if the card is in the input mode. .

In the output mode, PEND is asserted whenever the PEND flipflop is set. The setting of the PEND
flipflop is done directly by the corresponding frontplane signal. .

If the DEND signal is to be driven to the asserted level (low on CIO) during a data transfer (duration of an
10SB pulse), the burst request is driven to the deasserted level (high on CIO), regardless of the current state
of the FIFO.

SYNC LATCH: The 74ALS874 synchronize latch is split into two sections: one is clocked with leading
edges of POLL and the other is clocked with the trailing edges of either POLL or IOSB. CARQ, SARQ, IR
(not used) and OR are latched with the leading edge of POLL. SDEND, SHF and SAEF are latched with
the trailing edges of POLL or IOSB (it is very impractical to combine unlike edges from POLL and IOSB).

CARQ must be stable during any read from the register 1 (Sense register). Since an attention poll is
always done between the assertion of the CIO’s ARQ line and the time the interrupt service routine reads
the register 1, it is guaranteed that the returned state of the ARQ flipflop is updated for the service.
Without this sync action, the data bit corresponding to ARQ in register 1 could change at any tlme,
including when the register is read.

SARQ must be updated for each attention poll so the leading edge of POLL is a very appropriate cldck
source.

OR must be updated at least with a POLL edge so that the card can respond to service polls when there
are 9 or less data words in the FIFO. OR cannot be sampled with the trailing edge of IOSB since it may
not have changed state in response to the leading edge of IOSB. OR must be updated with either edge of
POLL. The leading edge of POLL is selected.

SDEND must be updated with each transfer. This signal is used to assert the CIO’s DEND signal in the
output mode. Since the PEND could be asserted at any time, the signal must be latched with a trailing
edge of IOSB (the leading edge will not provide sufficient set-up time to the trailing edge for the burst
request signal which must be turned off if DEND is asserted). The POLL edge in this case is of no use for
this signal. .

SHF and SAEF must be updated with both POLL and IOSB. They need to be updated with POLL to react
to the case where there is no current data transfer (like from 56 words to §5 words in the output mode).
They also need to be updated while a data transfer is happening (to turn off burst request).

HARD RESET: The hard reset flipflop is implemented with a feedback term in the POL16L8 PAL. The
engineering note on page 7-59 of the HP-CIO STANDARD guarantees that a single data line can only be
asserted during any address teaching operation. Therefore, this card will not be accidentally brought out
of its hard reset state unless such an operation is done to it.
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8.1.2 Interrupts

All interrupt sources must be cleared before an ARQ interrupt can be set again by any one of them. The
ATTN interrupt can happen independent of the ATTN flipflop. This is done such that the 27114B will
still be compatible with the 27114A card. The ATTN flipflop is used to register the frontplane interrupt
just in case there is more than one interrupt source responsible for an interrupt. Both PEND and ZERO
have their own interrupt mask bit. Both PEND and ATTN are sync’ed before being used.

There is no sync latch used for this PAL20R4. The four registered outputs are implemented as
independent latches so they do not require the pre-sync’ing of the inputs. The ARQ flipflop is
implemented as a feedback gate so there is no requirement for sync’ing either; though ARQ is routed
through a gate external to the PAL to avoid race conditions.

An extra output of the PAL20R4 interrupt PAL is used to enable the frontplane data line drivers.

8.1.3 FIFO And Its Control Circuit

COUNTER: The counter circuit consists of three 8-bit counter chips to provide a count range from 0 to
16 Mbytes. The first two stages could have been wired to implement a synchronous count but the third
one must use a ripple carry-out from the second stage any way. The ripple carry-out method is used to
connect the three stages together. The decoding of register A and B is done using the different enable
inputs of the counter chips. Since the carry-out output of the last stage is used as an output, it really
doesn’t matter what the count is as long as it is within 65535 of the maximum count. The maximum
count is therefore restricted to 2%*24-2%*]16. Note that the description in the ERS is the logical
description of the actual hardware. The actual hardware counts up and a reset would clear the counter to
zero.

FIFO CONTROLLER: The FIFO control function is done with the FIF2ZV1i0 FIFO PAL. All inpuis io
the PAL (except for the mode bit inputs) are synchronized with the same clock as the PAL itself. Before
the mode bits can be changed, the frontplane handshake must be disabled.

Outputs OPCTL and IPCTL are OR’ed together to generate the PCTL signal. These two outputs are never
asserted (low) at the same time. They are driven by two different state machines: shift~in and shift-out.
The shift-in state machine drives PCTL when the card is in the output mode. The shift-out state
machine drives PCTL when the card is in the input mode. The two outputs are inverted (with !) since it
is easier to read the equation.

As NCRFF is asserted low, all flipflops in the PAL22V10 go to the preset state. Since both OPCTL and
IPCTL outputs are of type ’pos, they become high instantly (the ! declaration does not affect the
flipflop<-->output relationship). All other outputs are of type 'neg’ by default. They become all low.
Both state machine thus go to their idle state when NCRFEF is asserted low. Without the declaration of
type ’pos’ for the OPCTL and IPCTL outputs, they would remain at the low level (asserted) as long as
NCRFF is asserted. This could result in PCTL being asserted at the frontplane, an unacceptable
condition.

FIFO SELECTION: The Cypress CY7C409 64X9 FIFO is selected here since it has two status outputs, HF
(Half Full) and AEF (Almost Empty Full). The decoding of these two outputs can tell approximately how
much data is in the FIFO; e.g. whether there is room for 9 more words or if at least 9 words are available.
This allows the burst mode to be turned on constantly if there is room for more than 8 transfers. As the
availability drops below this level, the data transfer is either turned off completely (output mode) or
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changed to the non-bursting mode (input mode). The 8 word cushion provides plenty of time for the CIO
channel to brake and stop without any data overrun or underrun problem.

Of the other FIFOs available on the market, only TI's 74 ALS229A comes close to the Cypress chip. The
T4ALS229A is configured as 16X4 which means § 20 pin chips are required to implement what can be
done with 2 28 pin (slim) chips, yet having only 16 levels of storage compared to the 64 levels of storage
of the Cypress approach. The TI FIFO will also require a little more support circuitry to decode some
condition like when the FIFO’s capacity is within 2 of its limit.

FIFO TIMING: 1t is clearly shown that the timing from the FIFO circuitry is taken from only one of the
two FIFO chips. This is quite acceptable since these outputs are not time critical. The HF and AEF
outputs are very much the same from the two FIFOs (at most an offset of one word). The IR is
guaranteed to be valid for all writes from the CIO side since the maximum number of words used in the
FIFO will not exceed 58 in the output mode. The 200 ns cycle time of CIO is plenty to cover the shift-in
pulse and the response for IR from both FIFO chips. The same reasoning can be applied for shift-in’s
from the frontplane side. OR has much the same story.

8.1.4 Frontplane lntefface

EXTENSION OF PCTL: The PCTL signal can be stretched with one of 4 possible levels: O ns, 50 ns, 100
ns and 150 ns. The selection is made with a movable jumper to select one of four possible connections.
The O ns position connects the PCTL output of the FIFO circuit directly to the PCTL line driver. The;50
ns, 100 ns and 150 ns positions connect the line driver’s input to one of three registered outputs of the
EXT16R6 PAL. These registered outputs form a shift register which propages the PCTL signal from:the
FIFO circuit. As soon as PCTL becomes deasserted high, all outputs become high with the next cycle.
Effectively, 2 50 ns delay is added for the trailing edge (assertion to deassertion) of PCTL in addition:to
the selectable (50, 100, 150 ns) delay for the leading edge of PCTL (deassertion to assertion) .

FILTERING OF PFLG: Asa precaution against excessive noise in some applications, a filtering circuit is
added to remove unwanted pulses in the PFLG signal. The circuit consists of a jumper block which allows
the selection of a PFLG signal filtering factor of Ons, 50ns, 100ns or 150ns. The Ons filtering
selection is basically a latch of the incoming PFLG signal (from the line receiver). The other selection
requires that PFLG must change and be stable for an appropriate amount of time (50, 100 or 150 ns)
before the change takes effect. The effect is such that if a temporary pulse is seen, the output remains
unchanged. Only if the change lasts longer than the specified time will the output reflect the change.
The implementation of this “filter" is done with a set-reset flipflop which is cleared any time the input is
the same as the output (unless the zero filter option is selected). If the input is different than the output
when the next clock edge arrives, this set-reset flipflop (Q1) is set. For the next two clock edges, two
other flipflops are also set in a shift register manner. As all three flipflops become set, the output flipflop
will switch to the current value of the input to the circuit. The instance that the input becomes the same
as the output, the first (Q1) flipflop is cleared and the entire circuit must restart.

PFLG LABELING: The schematic shows J1/A14 and J1/Bl4 as being RPPFLG and RNPFLG,
respectively. These net names refer to the polarity of the receiver chip inputs, U84/14 and U84/15, no
the frontplane signals, PFLG~- and PFLG+. The PFLG+ and PFLG - signal polarities are correct as shown
in the ERS. The purpose of this apparent inversion is to eliminate an inverter gate from the circuit.
Below is a list of corresponding signals, frontplane pins, and net names, in that order. PFLG+ =J1/Bl4 =
RNPFLG (positive input) PFLG- = J1/A14 = RPPFLG (negative input)

LINE TERMINATION: To improve impedance matching, a 132 ohms equivalent load is used to terminate
the line in the single~ended mode. The reference voltage load is still a 1.5K/3.3K which defines a
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reference voltage between 1.4V and 1.6 V. The layout of the board is done such that all positive signals
go to the pin 2 through pin 9 side of the termination sockets. The pin out of the connector is the same as
that of the 27114A card.

HEADER: A block of 6X48 double-pole headers is used to convert between differential (balanced) and
single-ended (unbalanced) modes. 4 sets of these headers are not used but are provided since the selected
Bergstick block (3X48, from Samtech) is a convenient one to use. For each signal, the corresponding
frontplane connector pin goes to the middle pin of the jumper. The entire row on top of the middle row
(depends on how the board is positioned) is grounded. The pins in the bottom row are connected to the
corresponding line driver outputs or line receiver inputs. There is a space between the upper 3 rows and
the lower 3 rows. The space is there to avoid the case that a user might mistakenly short out the entire
row of signals to ground. The 3X48 header block closer to the frontplane connector corresponds to the
inverted signals (-), and the other header block corresponds to the non-inverted signals (+).

To configure the frontplane in the balanced (differential) mode, the 12 jumper blocks (8 positions each)
must be used to short out the middle pins and the pins which go to the receivers and drivers. To configure
the frontplane in the low-true single-ended (unbalanced) mode, the lower row (further from the
frontplane connector) must be switched to by-pass the frontplane connector signals to ground. This is
done by repositioning all 6 (x8) jumper blocks such that they connect the middle pins to the ground pins.
The inverted signals of the upper row should be allowed to go through between the frontplane and the
line driver/receivers. This method should provide a fairly consistent characteristic impedance for all
- single ended lines, plus ample room for the ground return currents.

Besides the repositioning of the jumper blocks, care must be taken to replace the DIPs with the
appropriate SIPs to maintain the impedance matching.

8.1.5 Control Registers

All write registers in the 27114B card are cleared with the hard reset condition. This is a must to assure
that the new features will not be enabled when used with an older driver which only knows the 27114A
card.

A 74A1S574 is used to implement the AFI Status reglster/lower byte. There is really no good reason why
an inverted output latch couldn’t have been used.

There is only one control bit used to define the selection of the PDIR and HEND option.
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8.2 DECODER PAL20L10

module decoderpal

"original 10/28/88: 48F8

"11/14/88: XXXX Schematic version (some signals’ polarity get inverted)
"12/09/88: SF93 use bpi/cend/!cbyt/bp0 as reg address .
""12/12/88: SFA2 inverse cend/cbyt, use bpt1/cbyt/cend/bp0

"12/12/88: 6056, nhardreset as qualifier, use bp1/!cbyt/cend/bp0
"02/10/89: 604c, pin 10 is used for 3065 test disabling of outputs.

flag "-r3’

title "AFI REG ADDRESS DECODER PAL
Revision 2.0 , Dec 12, 1988
CS 604c”

DEC20L10 device “P20L10°;

c,l,h,x,2 = .C.,0,1,.X.,.2.%

inputs
bp1 pin 1 3 " high true
nchyt pin 2 ;" low true
cend pin 3 3 " high true
bp0 pin 4 ; " high true
my pa pin 53
sync pin 6 ;
doutnin pin 73
iosb pin 8 3
nhardreset pin 9
test3065 pin 10 3
" outputs
nwriteO pin - 14 3
nread0 pin 15 3
nreadi pin 16 ;
nwritel pin 23 ;
nread3 pin 17 3
nread? pin 18 3
nwrite7 pin 19 3.
nread$ pin 20 3
nreadab pin 21 3
nwriteab pin 22
" unused I
ncti pin 11 3
nc13 pin 13 3
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equations

"
"

"

tnread0

tnwrite0

tnread1

thwritel

tnread3
tnread?

tnwrite?

tnreads
tnreadab

‘nwriteab

-
=

]

now o u o nn

test3065 ;
test3065
test3065
test3065
test3065
test3065
test3065
test3065
test3065
test3065

GO Ve Ve WS W Ve @S Yo Ve @

all reads are not strobed with iosb
all writes are strobed with iosb
all outputs except nwriteO are qualified with nhardreset

Disable PAL when this input is grounded for 3065 testing.
enable nwrite0
enable nread0
enable nread1
enable nwritel
enable nread3
enable nread?
enable nwrite7
enable nread9
enable nreadab
enable nwriteab

nhardreset & mypa & sync & !bpl & 'bp0 & !doutnin ;

mypa & sync & 'bpl & 'bpO & doutnin & iosb;

nhardreset

nhardreset
& iosb;

nhardreset
nhardreset

nhardreset
& iosb

nhardreset
nhardreset

nhardreset
& iosb;

end decoderpal

&

&

mypa

my pa

mypa

my pa

mype

my pa

mypa

mypa

& sync

& sync

& sync
& sync

& sync

& sync
& sync

& sync

&

&

no tnhardreset since it is used to clear nhardreset

tbp1 & ncbyt & !éend & bp0 & tdoutning

tbpl & ncbyt & !cend & bp0 & doutnin

'bp! & ncbyt & cend & bp0 & !doutnin

-

?

'bpl & 'ncbyt & cend & bp0 & !doutnin;

tbpt & 'ncbyt & cend & bp0 & doutnin

bp1 & ncbyt & 'cend & bpO & !doutnin

bp1 & ncbyt & cend & tdoutnin

bpi & ncbyt & cend & doutnin

k]

*

1]
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8.3 POLL RESPONSE PAL16L8

module polpal

' Original 10/31/88: 40AT

ARQ/Service polls are limited to group 0

Change 11/7/88: Adjust timing fsor poll response - Change effective FIFO
length fsor the output mode to 55.

" 11/14/88: XXXX Schematic version

" 11/30/88: 18/19 pin swap; br active h1gh

" 12/01/88: sarq is low true, from S38 44D2

" 12/01/88: preset low true 44E2

" 04/12/89: removed ‘bpena’ term from attn poll response eqn. 4462

flag "-r3’

title "AFI HARDRESET/POLL RESPONSE/BURST REQUEST/DEND PAL
Revision 1.0 , Nov 14, 1988
CS 4462 .

POL16L8 device "P16L8";

c,l,h,x,z2 = .C.,0,1,.X.,.2.%

inputs
" Burst request group
shf pin 13 " From a FIFO via poll/iosb latch
safe pin 2 ; " From a FIFO via poll/iosb latch
" Hard reset group
nwrite0 pin 3 3 " From DEC20L10
iuad pin 4 ; " From CIO
preset pin 5 ;3 " From CIO, combination of ppon and nrst
" DEND group
sdend pin 6 ; " DEND via poll/iosb latch
bd17 pin 7 ; " From FIFO, low true
" Poll response group
sir pin 8 ; " From FIFO ckt via poll latch
sor pin 9 ; “ From FIFO ckt via poll latch
bp0 pin 113
outnin pin 13 ; :
bpena pin 14 ; " nreset is built into this input
sarq pin 15 ; " Combination of are/arq, from poll latch, low true
bpi pin 16 3 ‘
" outputs
ouad pin 12 3 * to Poll OC driver dsirectly
nhardrst pin 17 3 " Hard reset output
dend pin 18 ; " to TS driver

L]

burstreq pin 18 to sync latch

equations
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" Hard reset csircuit
!nhardrst = (!nhardrst & !(!'nwrite0 & !iuad)
# preset) ;
* CIO spec guarantees that iuad is valid whenever nwrite0 is asserted,
* not just at the trailing edge (Eng. note 7-59)

* Poll response csircuit ‘
" for output, response with 0-55 spaces:
ouad = bpena & 'bp! & t'bp0 & !safe

# bpena & t'bpl & t'bp0 & outnin & 'shf
and a forced response with DEND in output case:

# bpena & 'bpl & 'bp0 & outnin & sdend
for input, cover the case of 56-64:

~# bpena & !'bpt & 'bp0 & foutnin & shf

and the case of 0-8:

# bpena & 'bpl & 'bp0 & 'outnin & sor
attention poll repsonse:

# bpt & 'bp0 & tsarq ;
sir is stable during poll/output transfer
sor is stable during poll/input transfer:
ouad goes to open-collectsor gate which is qualified with poll

burstreq = tgafe & '(outnin & sdend # toutnin & *bdi17)

# t'shf & outnin & !(outnin & sdend # toutnin & 'bd17)

# shf & toutnin & !(outnin & sdend # toutnin & tbd17) ;
this output drives a TS buffer
burst only when there are rooms for at least 8 transfers and DEND is
not asserted. Line driver must be external to PAL.
both safe and shf are synced version of the outputs from a FIFO

dend = outnin & sdend
* sdend is synced with IOSB/POLL
# toutnin & tbd17 ;

end polpal
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8.4 INTERRUPT PAL20R4

module intpal

' Original 11/7/88: XXXX : o
" ATTN ff is for 27114B. Feed to ARQ must be done directly with !nattn.
" Change ARQ trigger condition such that in the B mode, DEND/WC interrupt
can happen with FATTN being a high :
" 11/14/88: Schematic version
" 12/01/88: separate clock edge/output and s1/output for dend 7211
112/01/88: change nzero to pzero according to a new schematic 7212
" 12/14/88: change to 20R4 to get rid of potential problems of anomaly
due to lack of sync latch for critical signal. ARQ and ARQ1 are now
of non-registered type GEEF.
" 12/30/88: 6eef, changed fpena to !fpena since ‘576 inverts it.
" 1/13/89: fpena is not inverted (not sync by 576), 6EEF
" 1/24/89: invert the sense of driverena such that a normal high at pin
B10 would disable drivers (with a low). With loopback, a low B10
inverts everything (6A35)
02/06/89 take out ncrff, use input for extra delay (arq! feedback is
" done externally) (6AED)
™ 02/10/89: 6fa7, fpena sync’d and inverted to !fpena.
and change driverena output to !driverena.
" 02/22/83: 6FC9, invert sense of fpend input (use of 822)
take pzero out of fphsena term (pzero is actually a combo of pzero
" and pctl).
02/24/89 driverena output must be low when card is in output mode and fp
" is enabled 6ASF

flag "-r3’

title "AFI ATTN/ARQ/DEND
Revision 2.0 , Feb 24, 1988
CS 6ASBF ‘

INT20R4 device “P20R4’;

c,l,hyx,2 = .C.,0,1,.X.,.2.%

inputs
" DEND circuit -
outnin pin 2 ; " direction control
ndendrst pin 3 ; " low true
si pin 4 ;3 " from FIF22V10
! fdend pin 5 ; " from fp receiver
" ARQ circuit
dendena pin 6 ; " dend interrupt enable
zeroena pin 7 3 " from control register
pzero pin 8 ; " from counter

nread9 pin 9 ; " from DEC20L10
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nattnena pin 10 ; " from control register
nattn pin 11 from fp receiver

we we we we

! fpena pin 14 from control register after sync
darqt pin 23 ; " delayed arql, same phase
“enable

grdit pin 13

" outputs

fphsena pin 15 ;3 " low true

arqt pin 16 ; " ARQ state machine

attn pin 17 3 :

gnatitn pin 18 3 '

dend pin 19 ; * DEND output

gdend pin 20 ; " DEND state machine

arq pin 21 ; " ARQ output

driverena pin 22

equations

" FP handshake enable :

t fphsena = tdend & "!pzero & "fpena ;
tdriverena = "tdend & !pzero &" fpena & outnin;

" ATTN flipflop (for 27114B application only)
gnattn := nattn ;
attn := attn & 'nattnena

# t'nattn & 'nattnena & gnattn ;

* DEND
qdend := fdend 3
dend := fdend & tqdend & ndendrst & outnin

" for output, use edge of dend
# fdend & toutnin & ndendrst & si
" for input, use si
# dend & ndendrst ;
maintain until being reset
"dend := fdend & ?fqdend & ndendrst & (outnin # si)
" # dend & ndendrst ;

tarq = tarq & nread9
" maintain if set until !nread9
# darq! & ('nattn & !'nattnena & attn # dend & dendena # pzero & zeroena);
# arq! & (!nattn & tnattnena & attn # dend & dendena # pzero & zeroena);
set if an edge is observed of the possible interrupt conditions
tarql = 'nattn & !nattnena & attn # dend & dendena # pzero & zeroena ;
* a delayed version of the possible interrupt conditions

"

end intpal
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5 STATE MACHINE PAL22V10

dule fifopal

10/18/88: Original

10/21/88: Full/master, Full/slave, Fifo X Input, Output X FP, BP
10/27/88: 85A4, add d!noutnin to CIO handshake to eliminate false
handshake in case of CIO read data in output mode and vice versa.
10/28/88: 855D, change to nread0/iosb/nwrite0 from strdata/d!noutnin
11/7/88: XXXX, combine iosb and nread0, output oclock to clock
irfor for backplane sync purpose

11/11/88: XXXX, invert sense of ipctl and opctl

11/27/88: 6740, correct sense of gqpflg and iosbrd0

12/06/88: 8207, change to pos: opctl,ipctl. This forces pctl to low
when card is reset (opctl/ipctl to high).

12/07/88: state ishiftin: branch to iwait if slave/full 9577
12/21/88: fpena input inverted to !fpena so it won’t be delayed an
extra clock cycle by the “576.

12/21/88: 958A, !perff changed to pcrff since ‘576 inverts signal.

the following must be implemented for the actual PC board version
12/07/88: xxxx, NCRFF now goes through 576 (inverted output)
02/05/89: add nzero pin, used to disable (in place of the hidden
zero component in fphsena which is now qualified with pctl)
02/10/89: a418, pins 16 and 19 swapped to accomodate extra terms.
02/13/89: add strobe/master/input; strobe/master/output

(must declare oq2 [and oq1,iq2,iq1] to be of type pos) 7478
02/23/89: change state definition such that PAL wakes up in

iidle and oidle. B6D5

flag "-r3’
title °
AFI FIFO CONTROL PAL22V10
REV= 1.0 Nov 14, 88
CS = B6DS
FIF22V10 device “P22Vi0°;
" inputs
aclock pin 1 s " 20 MHz clock
nir pin 2 3 " ir from ‘576
nor pin 3 3y " or from 576
write0 pin 4 3 " nwrit!l via ‘576
mode0 pin 5 s " mode definition, direct from AFI CTL2
mode 1 pin 6 H
mode?2 pin 7 H
perff pin 8 ; " master reset: crff, high true
! fpena pin 9 s " handshake ena, from INT20R4
npflg pin 10 s " PFLG via ‘576
noutnin pin 11 ;3 " xfer direction
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qpflg pin 13 3 delayed version of PFLG

iosbrd0 pin 14 3 " strobed version of nread0, high true
nzero pin 23 H

" outputs.

0q2 pin 15 H

topctl pin 16 s " ipctl and opctl are combined to gen pctl
tipctl pin 17 3 " ipctl and opctl are combined to gen pctl
iqg1 pin 18 H :

ig2 : pin 19 H :

so pin 20 3 " SO to FIFO's.

si pin 21 3 " SI to FIFO's

oqf pin 22 H :

aclear,sset Node 25, 26 s " as applied to "pos’ output

node 25: asynchronous clear “pos’ outputs to low
" node 26: synchronous set “pos’ outputs to high

" a set guarantees these to be high
a set guarantees these to be high
0 (idle)

ipetl, opctl istype “pos” 3
0q2,0q1,iq1,iq2 istype “pos” ]
“"other "neg’ outputs are ‘set’ to

" Operating mode definition

mode = [mode2, model, modeO];

fifo = 000 ; " 0 FIFO mode {(current AFI mode)
fullmaster = 001 ; * 4 full mode, master

fullslave = 011 ; " full mode, slave

strmaster = 101 ; " strobe mode, master

strslave = 111 3 " strobe mode, slave

" Overview:

2]

There are two state machines in this PAL: shift-in and shift-out

" In input transfers, Shift-in monitors PFLG and drives both PCTL

" and SI while Shift-out controls SO according to the activity of STRDATA
" In output transfers, Shift-out uses SI to clock data in the FIFO

" with each strobe of STRDATA and Shift-in controls PCTL and SO to

" handshake with PFLG

Shift-in state machine.
State definition: si is a 1 only in the shiftin state
" This bit is used to drive the SI inputs of the FIFO's

istate = [iq2, iq1, si] ;
“iidle = 000 3
iidle = 110 ;
ictlout = 100 3
isetup = 010 3
ishiftin = 011 3
iwait = 000 ;

" Shift-out state machine.

" State definition: so is a 1 only in the shiftout state
" This bit is used to drive the SO inputs of the FIFO's
ostate = [oq2, 0q1, so]
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"oidle = 000 ;
oidle = 110 3
octlout = 100 3
osetup = 000 ;
oshiftout = 011 ;
owait = 010 ;
equations

sset = perff;
aclear =0

CL0 U600 95 869696 90 9605 906 90 060636 9006 00 909 00 00 06 1690 00 00 90 96 96 4 06

"u Shift-in state machine »
T TR Y Y Y Y Yy Y Y Y YT

state_diagram [iq2, iq1, si]

ST 06 U6 BB I I T A6 I U660 I DI O 06 06 3 00 060000 D6 6 96 06 066 I 0 96 696 30 30 06 00 06 W

state iidle:
" Reset state
" Slave-full input

ipctl := 0 3

//”WM kéi
if (nzero & fpena & !'npflg & noutnin & (mode == fullslave)) then(§§etu;;”“5W'
" full/slave: goto isetup when pflg is asserted T
else if (nzero & fpena & npflg & noutnin & !'nir & (mode == fullmaster)) then

ictlout
" full/master: goto ictlout, assert ctl and wait for tnpflg
else if (nzero & fpena & noutnin & !nir & (mode == fifo)) then ictlout
" fifo/master: goto ictlout w/o looking at !npflg
else if (nzero & fpena & noutnin & !nir & (mode==strmaster)) then ictlout
" strobe/master: goto wait, assert pctl
else if (!noutnin & write0) then isetup
" strobed output data from CIO: allowed only in output mode’
else iidle; :

"*******************************&**QQ*****Q**********“*****
state ictlout:

ipctl := noutnin
" qualified with noutnin so as not to interfere with the other s.m.

if (tnpflg & (mode == fullmaster)) then isetup

else if ('npflg & (mode == strmaster)) then isetup

" wait for high pflg then shiftin and complete

else if (!'npflg & tqpflg & (mode == fifo)) then isetup -
" look for edge of !npflg in fifo mode

else ictlout ;

“*************“**§****&Q**’*“*0************&.&******#******
state isetup:

" allow set up time for input data

is one clock sufficient?

/
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8-16

ipectl := ipctl & noutnin j
if ('nir & noutnin) then ishiftin " test for 'nir in full/slave mode
" it should be true for full/master and fifo modes
else if (twrite0 & !noutnin) then ishiftin
" wait for trailing edge of nwrxteD before shift in
else isetup;

SEE 000699090 00 060666 0606 U603 06 00063 2600 3000 JE-I6 06 90 9 30 00 96 30000604 96 26 696 36 38 96 6 56 36 3636 9 98 36 I 3 00 90 36 3¢

state ishiftin:
" the only state which has si == 1

ipctl := ipctl & noutnin ;

if (noutnin & (mode == fullslave)) then iwait
' goto iwait to wait for !pflg in full/slave
else iidle 3

" back to iidle for full/master, fifo and CIO

"Q***********************“*****l******“**lﬂh************&**
state iwait:

ipctl := (mode == fullslave) & noutnin ; " for slave full
" wait here until !npflg == 0 (full mode)
" if (npflg # (mode == fifo)) then iidle
if npflg then iidle

* in fifo mode, never mind !'npflg

else iwait;

ST 000000090 06 98 96 00 06 30 06 30 9 00 98 00 46 90 00 30 06 06 90 08 08 96 28 01 0 96 90 96 00

" Shift-out state machine #

I TTEI TSR T T ALY T T T )

state_diagram [oq2, oql, so]

" to cut complexity, opctl doesn’t have to be qualified with !noutnin
" unless it is a special circumstance

state oidle:

" ldle state for the shift-out state machine

opctlr" 0 ;

if (nzero & fpena & tnoutnin & tnor & npflg & (mode == fullmaster)) then
octlout :
full/master mode
else if (nzero & fpena & thoutnin & tnor & (mode
else if (nzero & fpena & fnoutnin & tnor & (mode
else if (nzero & fpena & !noutnin & tnor & (mode
else if (noutnin & !nor & iosbrd0) then oshiftout
" strobed input data from CIO: allowed only during input mode
else oidle 3

fulislave)) then octlout
fifo)) then octlout
strmaster)) then octlout

"ou
nouu

********CHI'**ﬁ**Q********Q**l*****ﬁ**ﬂ***%**%********l*ﬁ***
state octlout:
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opctl := tnoutnin & (mode == fullmaster) # tnoutnin & (mode == fifo)
# 'noutnin & (mode == strmaster) ;

goto owait ;

“G******Q***************&**&**&*****l*****ﬁ&i#*&lﬂ&“*l**&**
state owait: '

opctl = opctl & 'noutnin 3

if (tnpflg & (mode == fullmaster)) then oshiftout

else if (!npflg & !'qpflg & (mode == fifo)) then oshiftout
" edge detection for !npflg

else if (tnpflg & (mode == fullslave)) then oshiftout
else if (!'npflg & (mode == strmaster)) then oshiftout
else owait ;

U000 AU A I E I DI U6 D6 D606 006 066 06 96 06 90 060096 06 0606 3636 00 96 36 0 9606 06 96 06 6 3606 96 96 06 9 06

state oshiftout:
" the state assignment must be done such that only this state can set so

opctl = (mode == fullslave) & tnoutnin ;

if (npflg & tnoutnin) then oidle

else if (fnoutnin & (mode == fifo)) then oidle

else if (!noutnin & (mode == strmaster)) then oidle
else if ('iosbrd0 & noutnin) then oidle

else oshiftout ;

end fifopal
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8.6 HANDSHAKE EXTENSION PAL16R6

module extpal

" Ooriginal 11/30/88: 41C8

" 12/01/88: use pct11n to turn off pctl1/2/3 49BC

" 12/02/88: 3,4,5 pin rotation

" 12/02/88: invert sense of pflg output 4981 .

" 02/10/89: 4961, use pin 9 for 3065 testing to disable output 12 and 19.
" 04/20/89: 4A1E, added external clock delay path, pins 8 & 12.

flag "-r3’

title "AFI PCTL DELAY/PFLG FILTERING
Revision 1.0 , Nov 30, 1988
CS 4A1IE ’

EXT16R6 device "P16R6";

c,l,h,x,2 = .C.,0,1,.X.,.2.3

inputs
clock20 pin 1 3 " 20 MHz clock
clock pin 2 ; " 20 MHz clock
pflgin pin 5 ;3 " PFLG after EDGE XOR gate
zero pin 33 " jumper O
one pin 4 ; " jumper 1
pctlin pin 6 ; " from NAND gate
two pin 73 “ jumper 2
delayin pin 8 ; " externally delayed delayout

"enable
ground pin 11
test3065 pin L2}

ground this to enable Q outputs
ground this to disable outputs

o @

outputs
delayout pin 12 ; " delayed version of clock
pctl3 pin 13 ; " to switch 3 of PCTL
pctl2 pin 14 ; " to switch 2 of PCTL
pctlt pin 15 ;3 " to switch 1 of PCTL
tpflgout pin 16 ; " to FIF22Vi0 and 7T4ALS576 (do not sync again)
q2 pin 17 ;3 " internal state of PFLG filter
q3 pin 18 ; " internal state of PFLG filter
qt pin 19 ; " internal state of PFLG filter
equatlons

disable outputs when test3065 is grounded for 3065 testing
enable delayout = test3065 ;
enable g1 = test3065 ;
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pflg filtering
delayout = clock ;
" used to generate a clock edge pulse

ql = q1 & (pflgout & !pflgin # tpflgout & pflgin)
# clock & tdelayin
# tzero
" assert q1 with clock edge if input <> ouput; clear instantly
q2 =q1 # (tone) ;
q3 = g2 # (Ytwo)

ring counter _
pflgout := pflgout & (!'q1 # 'q2 # 'q3) # pflgin & q3 & q2 & q1
' Maintain if any q is false. Update if they are all true.

pctltl := pctlin ;
pctl2 := pctll & pctlin 3
pctl3 := pctl2 & pctlin 3

ring counter

end extpal
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