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Z-FIO/FIFO INPUT/OUTPUT INTERFACE UNIT

DESCRIPTION

The Z8038 FIO (FIFO Input/Output Interface Unit)
is a 128-byte buffer that interfaces two CPUs or a
CPU and a peripheral device. Multiple FIOs can be
used to create a 16-bit or wider data path, or two
can be connected to form a 256-byte FIFO RAM
buffer.

The FIO manages data transactions by assuming
one of 12 operating modes, using one or more of
the following signal configurations : Z-BUS™ high- PDIP-40 CDIP-40
byte microprocessor, Z-BUS low-byte microproces-
sor, non-Z-BUS microprocessor, interfocked 2-wire
handshake 1/O, and 3-wire handshake I/O. These
configurations interface dissimilar CPUs or CPUs
and peripheral devices running at different speeds
or under different protocois. This allows asynchro-
nous data transactions and byte-per-cycle DMA
operation and cuts I/O overhead by as much as two
orders of magnitude. Figure 1 and 2 illustrate logic PLCCA44
functions and pin configuration.

{Ordering Information at the end of the datasheet)

Figure 1 : FIO Logic Functions.
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Z8038

Figure 2 : Dual in Line Pin Connection.

Figure 2a: Chip Carrier Pin Connection.
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NC = NO CONNECTION

ARCHITECTURAL DESCRIPTION

The F1O provides an asynchronous, 128-byte FIFO
buffer between two CPUs or between a CPU and a
peripheral device. Figure 3 shows the general archi-
tecture of the FIO. Two or more FIOs can be used
in parallel to create a 16-bit or larger interface. Fi-
gure 4 shows a 32-bit interface constructed from
four FIOs. Two FIOs can be combined to create 256
bytes of buffer space, and additional buffer space
can be provided by adding one or more Z8060 FI-
FO buffers. Figure 5 shows a 512-byte buffer
constructed from two FIOs and two FIFOs.

2/85 L3y SSs-THOMSON

The two ports (1 and 2) are controlled through 16
programmable, directly accessible registers. These
registers specify the operating mode of the FIO and
provide a message register for CPU-to-CPU com-
munication without involving the FIFO buffer.

The FIO supperts DMA operation by facilitating va-
riably-sized block transfers and data transactions to
or from memory each machine cycle. Since devices
can write to or read from either side of the FIO buff-
er asynchronously, as well as enable interrupts
upon specified conditions, system I/O overhead can
be significantly reduced.

MICROELECTROMIES

364




Z8038

ARCHITECTURAL DESCRIPTION (continued)
Figure 3 : FIO Functional Block Diagram.
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Figure 4 : FIO 32-Bit Width Expansion.
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ARCHITECTURAL DESCRIPTION (continued)
Figure 5 : FIO-FIFO 512-Byte Buffer Expansion.
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FUNCTIONAL DESCRIPTION

The FIO manages data transfers by assuming one
of the 12 operating modes listed in Table 1. These
modes are various combinations of the five interta-
cing protocols.

The five interfacing protocols are Z-BUS high-byte
microprocessor, Z-BUS low-byte microprocessor,
non-Z-BUS microprocessor (a generalized micro-
processor interface), 2-wire interlocked handshake,
and 3-wire handshake. Pins A through J carry the
signals used in these interfaces ; Table 1-2 shows
the pin assignments for each of the interfaces. Also

Sixteen programmable registers control each port.
Once the operating mode is specified, the internal
registers are programmed to specify the direction of
data transfer, the transfer of inter-CPU message
bytes, external interrupt control, and various inter-
nal interrupt conditions.

The FIO improves /O transaction efficiency by pro-
viding seven sources of interrupt generation. The
FIO also provides an Interrupt vector that can be
programmed to identify the reason for the interrupt.

see Appendix A for all 12 pin assignments.

Table 1 : Operating Modes.

Mode M1 MO B1 BO Port 1 Port2

0 0 0 0 0 Z-BUS Low Byte Z-BUS Low Byte
1 0 0 0 1 Z-BUS Low Byte Non Z-BUS

2 0 0 1 0 Z-BUS Low Byte 3-Wie HS

3 0 0 1 1 Z-BUS Low Byte 2-Wire HS

4 0 1 0 0 Z-BUS Low Byte Z-BUS High Byte
5 0 1 0 1 Z-BUS High Byte Non Z-BUS

6 ¢ 1 1 0 Z-BUS High Byte 3-Wire HS

7 0] 1 1 1 Z-BUS High Byte 2-Wire HS

8 1 0 0 0 Non Z-BUS Z-BUS Low Byte
9 1 0 0 1 Non Z-BUS Non Z-BUS

10 1 0 1 0 Non Z-BUS 3-Wire HS

11 1 0 1 1 Non Z-BUS 2-Wire HS

= Lyy ST
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FUNCTIONAL DESCRIPTION (continued)

Table 2 : Pin Assignments.

Low Byte High Byte Non Z-BUS 'S Port s HS Port *
A | REQWAIT REQ/WAIT REQ/WAIT RFD/DAV RFD/DAV
B | DMASTB DMASTB DACK ACKIN DAV/DAC
c | DS DS RD FULL DAC/RFD
D | RW RW WR EMPTY EMPTY
E |CS cs CE CLEAR CLEAR
F | AS AS C/D DATA DIR DATA DIR
G | INTACK Ao INTACK INg INo
H | IEO A, IEO OUT; ouT;
I |E! Az IEI OE OE
J | INT Az INT OUT, OUT;

FIO IN DISTRIBUTED NETWORKS

In typical interfacing applications, such as the distri-
buted processing system shown in Figure 6, the
Port 1 CPU (Z8002) loads a series of bytes to the
FIO's Port 1 registers. This block of control informa-
tion characterizes the FIO's signal configuration for

cified.

a specific transaction. The Port 2 CPU can then spe-

<7}

SGS-THOMSON
MICROELECTROMICS

cify Port 2 operating conventions. The Port 1 CPU
remains in control, dynamically reading or writing to
the Port 1 registers, either to cause a single change
or to replace an entire block of control bytes as spe-

5/85
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FUNCTIONAL DESCRIPTION (continued)
Figure 6 : Using FIOs in a Distributed Network.
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ARCHITECTURAL DESCRIPTION

As figure 3 shows, the FIO architecture is organized
as two sets of interface logic and registers. Once
programmed, these registers define the two groups
of signal lines (A-J) that provide interfacing and ti-
ming data to control data flow into and out of the
FIO. Table 3 shows how control signals are mapped
to these pins in each of the five interfacing protocols.

This chapter also describes the 16 registers in each
side of the FIO : the Control registers, Data Buffer
register, Byte Count registers, Pattern Match regis-
ters, Message registers, and the Interrupt Status re-
gisters. All registers, are directly addressable, al-
though in certain operating modes registers must be
addressed indirectly.

REGISTER ARCHITECTURE

Thirty-two registers (16 for each port} control the
operating modes and pin signals of the FIO. All re-
gisters are addressable and can be read from or
written to, except the Byte Count and Message In
registers, which are read only. All 16 registers are
used by Port 1 ; Port 2 uses all 16 except for Control
Register 2. These registers are organized into six
groups that control similar functions or signals.

The control registers define the operating mode for
both ports, as well as control device-level interrupts,
some functional interrupts, addressing, Reset, Re-
quest/Wait, Data Direction, and Clear. The Data
Buffer register buffers data into and out of the 128-

PINS COMMON TO BOTH SIDES

byte FIFO. The Byte Count registers monitor the
number of bytes left in the FIFO buffer and provides
a compare byte for interrupt generation when a spe-
cified value is reached during data transfers. The
Pattern Mathc registers hold a bit pattern that is
compared with the byte in the data buffer. If the bit
patterns match, the FIO requests an interrupt. They
also provide a mask byte, which forces true compa-
risons for any bit set. The Message registers trans-
fer byte messages between Port 1 and Port 2 CPUs
when in the CPU-to-CPU interface modes. The In-
terrupt Status registers control generation of inter-
rupt requests. The following sections describe these
registers in detail.

Register Addressing Z-BUS High and Low Byte.
The Right Justify Address (RJA) bit in Control Re-
gister 0 specifies the bits used in register addres-
sing. In the Z-BUS low-byte configuration, when
RJA is O (the default condition), Address/Data lines
AD1-AD4 carry the register address. When RJA is
1, Address/Data lines ADo-AD3 carry the register ad-
dress, allowing CPUs to place a 4-bit address on the
lowest nibble of the Address/Data lines. Table 4
describes FIO register addressing.

The Z-BUS high-byte configuration is normally used
with another FIO in the Z-BUS low-byte configura-
tion, forming a 16-bit interface. In this configuration,
Address/Data tines ADg-AD3 or AD1-AD4 are wired
to pins G-J, as appropriate, and the RJA bit does
not affect register addressing.

Pin Pin Pin Signal
Signals Names Numbers Description

Mo Mo 21 M1 and MO Program Port 1 Side CPU Interface

M, M, 19

+5 Vae + 5 Vge 40 DC Power Source

GND GND 20 DC Power Ground

LNy SGS-THOMSON 7185
Y7 vicromzcTRONICS
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REGISTER ARCHITECTURE (continued)
Table 3 : Pin Description.
Z-BUS LOW BYTE MODE

Pin Pin Pin Numbers Signal
Signals Names ] Port 0 Description
ADo-AD7 Dy-D7 11-18 29-22 | Muitiplexed Bidirectionnal Address/data Lines,
Z-BUS Compatible
REQ/WAIT A 1 39 Output, Active Low, REQUEST (ready) Line for
{request/wait) DMA Transfer ; WAIT Line (open-drain) Output for
Synchronized CPU and FIO Data Transfers
DMASTB B 2 38 Input, Active Low. Strobes DMA Data to and from
{direct memory access the FIFO Buffer.
strobe)
DS C 3 37 Input, Active Low. Provides timing for data transfer
(data strobe) to or from FIO
RW D 4 36 Input, active High signals CPU read from FIO ;
(read/write) Active Low signals CPU write to FIO.
cs E 5 35 Input, Active Low. Enables FIO. Latched on the
(chip select) Rising Edge of AS.
AS F 6 34 | Input, Active Low. Addresses, CS and INTACK
{address strobe) sampled while AS Low.
INTACK G 7 33 Input, Active Low. Acknowledge an Interrupt.
{interrupt Latched on the Rising Edge of AS.
acknowledge)
IEO H 8 32 Output, Active High. Sends interrupt enable to
(interrupt enable out) lower priority device IEI| pin.
IEI | 9 31 Input, Active High. Receives interrupt enable from
(interrupt enable in) higher priority device 1EO signal.
INT J 10 30 Output, Open Drain, Active Low. Signals FIO
(interrupt) interrupt request to CPU.
8/85
‘_ SGS-THOMSON
Y/ aicromLECTROMICS
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REGISTER ARCHITECTURE (continued)

Z-BUS HIGH BYTE MODE

Pin Pin Pin Numbers Signal
Signals Names 1 Port > Description
ADg-AD~ Do-D> 11-18 29-22 Multiplexed Bidirectionnal Address/data Lines,
Z-BUS Compatible
REQ/WAIT A 1 39 Output, Active Low, REQUEST (ready) Line for
(request/wait) DMA Transfer ; WAIT Line (open-drain) Output for
Synchronized CPU and FIO Data Transfers
DMASTB B 2 38 Input, Active Low. Strobes DMA Data to and from
(direct memory access the FIFO Buffer.
| strobe)
bs C 3 37 Input, Active Low. Provides TIming for Transfer of
{data strobe) Data to or from FIO.
R/W D 4 36 Input, Active High. Signals CPU read from FIO ;
(read/write) Active Low signals CPU write to FIO.
cs E 5 35 Input, Active Low. Enables FIO. Latched on the
(chip select) Rising Edge of AS.
|| AS F 6 34 | Input, Active Low. Addresses, CS and INTACK are
| {address strobe) sampied while AS is Low,
Ag G 7 33 Input, Active High.With A, A; and Az, Addresses
(address bit 0) FIO Internal Registers.
Ay H 8 32 Input, Active High. With Ag, A, and A3, Addresses
(address bit 1) : FIO Internal Registers.
Az | 9 3N Input, Active High. With Ag, A; and A, Addresses
{address bit 2) FIO Internal Registers.
Aj J 10 30 Input, Active High. With Ag, Ay and A,, Addresses
{address bit 3) FIO Internal Registers.
‘—' SGS-THOMSON /85
Y7 wicrosELECTRORICS

371



Z8038

REGISTER ARCHITECTURE (continued)

NON-Z-8US MODE

Pin Pin Pin Numbers Signal
Signals Names ; Port 0 Description
Dg-D7 Do-Dy 11-18 29-22 | Bidirectional Data Bus
REQ/WT A 1 39 | Output, Active Low, REQUEST (ready) Line for
(request/wait) DMA Transfer ; WAIT Line (open-drain) Output for
Synchronized CPU and FIO Data Transfer,
DACK B 2 38 Input, Active Low. DMA Acknowledge
(DMA acknowledge)
RD C 3 37 Input, Active Low. Signals CPU read from FIO
(read}
WR D 4 36 | Input, Active Low. Signals CPU write to FIO
{write)
CE E 5 35 | Input, Active Low. Used to Select FIO
(chip select)
C/D F 6 34 input, Active High. Igentifies control byte on DO-D7 ;
{(control/data) Active low indentifies Data byte on DC-D7.
INTACK G 7 33 Input, Active Low. Acknowledges an Interrupt
(interrupt acknowledge)
IEC H 8 32 Output, Active High. Sends interrupt enable to lower
{interrupt enable out) priority device IEIl pin.
IEl | 9 31 Input, Active High. Receives interrupt enable from
{interrupt enable in) higher priority device IEC signal.
INT J 10 30 Output, Open Drain, Active Low. Signals FIO
(interrupt) interrupt to CPU.
10/85
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REGISTER ARCHITECTURE (continued)
PORT 2- IYO PORT MODE

Pin Pin Pin Mode Signal
Signals Names | Numbers Description
Do-D7 Dgy-Dy; 29-22 2-Wire HS* Bidirectional Data Bus
3-Wire HS
RFD/DAV A 39 2-Wire HS Output, RFD Active High. Signals peripherals that
{ready for 3-Wire HS FIO is ready to receive data. DAV active low
data/data signals that FIO is ready to send data to
available) peripherals.
ACKIN B 38 2-Wire HS Input, Active Low. Signals FIOQ that output data is
(acknowledge received by peripherals or that input data is valid.
input)
DAV/DAC B 38 3-Wire HS Input ; DAV (active low) signals that data is valid
{data on bus. DAC (active high) signals that output data
available/data is accepted by peripherals.
accepted)
FULL C 37 2-Wire HS Output, Open Drain, Active High. Signals that FIO
buffer is full.
DAC/RFD C 37 3-Wire HS Direction Controlled by Internal Programming. Both
(data Active High. DAC {an output) signals that FIO has
accepted/ready received data from peripheral ; RFD (an input)
for data) signals that the listeners are ready for data.
EMPTY D 36 2-Wire HS Output, Open Drain, Active High. Signals that FIO
3-Wire HS buffer is empty.
CLEAR E 35 2-Wire HS Programmable Input or output, Active Low. Clears
3-Wire HS all Data from FIFO Buffer.
Data Direction F 34 2-Wire HS Programmable Input or output. Active High Signals
3-Wire HS Data Input to Port 2 ; Low Signals Data Qutput
from Port 2.
INg G 33 2-Wire HS Input Line to Dy of Control Register 3.
3-Wire HS
ouT; H 32 2-Wire HS Output Line from D+ of Control Register 3.
‘ 3-Wire HS
Output Enable I 31 2-Wire HS Input Active Low. When Low, enables bus drivers.
3-Wire HS When High, floats bus drivers at high impedance.
OUT; J 30 2-Wire HS Qutput Line from D3 of Controt Register 3.
3-Wire HS
* Handshake
[S7 SGS-THOMSON 11585
YI wicromEcTRONICS
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REGISTER ARCHITECTURE (continued)
Table 4 : Register Addressing.

Non-Z-BUS D+-Ds D3 D> D4 Do
Z-BUS High Aj Az A, Ag
zBUSLow  RiR1 AD-ADs | ADe | AD: | AR | mby | o

Description

Control Register 0 X 0 0 0 0 X
Control Register 1 X 0 0 0 1 X
Interrupt Status Register 0 X 0 0 1 0 X
Interrupt Status Register 1 X 0 0 1 1 X
interrupt Status Register 2 X 0 1 0 0 X
Interrupt Status Register 3 X 0 1 0 1 X
Interrupt Vector Register X 0 1 1 0 X
Byte Count Register X 0 1 1 1 X
Byte Count Comparison Register X 1 0 0 0 X
Control Register 2* X 1 0 0 1 X
Control Register 3 X 1 0 1 0 X
Message Out Register X 1 0 1 1 X
Message In Register X 1 1 0 0 X
Pattern Match Register X 1 1 0 1 X
Pattern Mask Register X 1 1 1 ¢ X
Data Buffer Register b 1 1 1 1 X

x = Don't Care
* Register is only on Port 1 side

Non-2-BUS (Nonmultiplexed) Microprocessor.
In the non-Z-BUS microprocessor configuration, the
FIO connects to the system data bus via Do-D7 but
not to the address bus. The CPU must provide ad-
dress information on the data bus and the FIO must
distinguish between control and data bytes. The C/D
line (pin F) is pulled Low to indicate that the byte on
Data lines Do-D7 should go into the Data Buffer re-
gister. When the C/D line is held High, incoming
bytes are interpreted as control bytes. To write to
any Control register, C/Dis forced High ; the address
of the destination register is written to the Register
Pointer, then read or written to the target register.

Port 2 I/0 Mode. When Port 2 is programmed for
either /O Port mode, none of the Port 2 side Control
registers can be programmed. The only register
available is Port 2's Data Buffer register.

Control Registers. Control Registers 0-3 define
FIO operation according to their programming. The
Port 1 Control registers must always be program-
med ; the Port 2 Control registers are functional on-
ly if Port 2 is in a CPU interface mode, and not if Port
2 is in an /O interface mode. Even when Port 2 in-

12/85
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terfaces to a CPU, the Port 2 interface is disabled
unless the Port 1 CPU enables Port 2 by setting bit
0 in the Port 1 Control Register 2. Figure 7 shows
the four Control registers.

Unless noted in the following descriptions, the regis-
ter architectures of Port 1 and Port 2 are identical.

Control Register 0. Control Register 0 controls the
Master Interrupt Enable, Disable Lower Daisy
Chain, Nonvectored Interrupt, Vector Includes Sta-
tus, Port 2 Operating Mode Select, Right Justify Ad-
dress, and Reset functions. All bits except Do are
forced to 0 by Reset. Each of these functions is pro-
grammed by a single bit, except for the Port 2 Ope-
rating Mode Select, which requires two bits to pro-
gram one of four possible interfaces. When pro-
gramming bits in this register, be careful not to ac-
cidentally change the Port 2 Operating Mode
Control bits, B+ and Bo.

If reset, bit 7 (Master Interrupt Enable) disables all
interrupts from the FIO. If set, individual interrupts
can be enabled by setting the appropriate |E (Inter-
rupt Enable) bit in the Interrupt Status registers.
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REGISTER ARCHITECTURE (continued)

Bit 6 (Disable Lower Daisy Chain), if set, disables
interrupt generation by devices with a lower priority
on the Z-BUS interrupt daisy chain by forcing IEQ
Low.

Bit 5 (No Vector On Interrupt), if set, floats the data
bus outputs at high impedance during an active In-
terrupt Acknowledge signal. The interrupt source
can be identified by polling the Interrupt Status re-
gisters’ Interrupt Pending bits, or by testing to find
which 1US bit was set. Do not set this bit when using
the nonvectored interrupt on the Z8000.

Bit 4 (Vector Includes Status), if set, codes the rea-
son for the interrupt request into the Interrupt vec-
tor, where it can be read by the CPU.

Bits 3 and 2 program the Port 2 operating mode, as
described in Table 1. In this table, bit 3 is shown as
B1 and bit 2 is shown as Bo. (See also figure 7).

Bit 1 (Right Justify Address), if reset, specifies that
bits 1-4 of the Address/Data bus address the inter-
nal FIO registers. This convention is compatible with
the Z8001 and Z8002 byte I/0O addressing modes
and is the default state. When this bit is set, it spe-
cifies that bits 0-3 of the bus address the internal
FI1O registers. This convention supports other CPUs
such as the Z8. Since the address of Control Regis-
ter O is 00H, the setting of RJA has no effect on ad-
dressing this register in any mode. In the non-Z-BUS
configurations, it is forced to 1. This bit has no effect
in Z-BUS High Byte mode, since the address infor-
mation comes in on pins G, H, |, and J.

Bit O (Reset), if set, forces the FIO into a reset state,
with all Control registers cleared and all Port 2 out-
puts at high impedance. This bit must be reset be-
fore initialization can take place.

Control Register 1. As shown in figure 7, bits in
Control Register 1 freeze the Byte Count register
value, indicate transmitted or received messages in
the Message registers, stop request transfers upon
pattern match or start request on Byte Count regis-
ter true match, and enable Wait/Request signais. All
bits in this register are cleared by reset.

Bit 7 of Control Register 1 is not used and must be
programmed to 0. This bit always reads 0.

Bit 6 (Freeze Byte Count), if set, freezes the present
value in the Byte Count register so the CPU can ob-
tain a stable value to read. Since bytes can be trans-
ferred to and from FIO RAM while such a read is in
progress, the frozen value in the Byte Count regis-
ter might not reflect the ongoing byte count within
FIO RAM. Bit 6 is reset upon completion of the CPU
read of the Byte Count register. The ongoing count
appears in the Byte Count register after the read.

Bit 5 (Message Register Out Full), if set, indicates
that the CPU has placed a message in its Message
Out register. This bit is reset when the receiving
CPU reads the message in its Message In register.
This bit is the other CPU’s message IP bit and is a
read-only bit.

Bit 4 (Message Register Interrupt Under Service), if
set, indicates that the other CPU has received a
message in its Message In register. This bit is the
message IUS (Interrupt Under Service) bit of the
other CPU and is a read-only bit.

Bit 3 (Stop Request On Pattern Match), if set, forces
the request line High upon a true match between
the current byte in the data buffer and the byte loa-
ded into the Pattern Match register. DMA operation
halts when the Request line is forced High.

Bit 2 (Start Request On Byte Count), if set, forces
the Request line Low upon a true match between
the current count in the Byte Count register and the
value loaded into the Byte Count Compare register.
DMA operation starts when the Request line is for-
ced Low. See figures 27 and 28 for more details.

Bit 1 (Request/Wait), if set, selects the request func-
tion for use in high-speed data transfers, such as
DMA transactions. If bit 1 is reset, the Wait function
is selected (and the output is open drain) for use in
lower-speed data transfers and CPU synchroniza-
tion.

Bit 0 (Request/Wait Enable), if set, enables the Re-
quest/Wait signals (see bit 1) during CPU-to-CPU
transactions. When reset, the Request/Wait pin is
at high impedance.

Control Register 2. Only bits 0 and 1 are used in
Control Register 2 (figure 7). Bits 7 through 2 are
not used and should be programmed to 0. These
bits always read 0. Bits 0 and 1 are cleared by re-
set. Only Port 1 has a Control Register 2. When the
Port 2 CPU reads its Control Register 2, it will al-
ways read 00H.

Bit 1 (Port 2 Side Handshake Enabled), if set, en-
ables Port 2 I/O operation when bits 2 and 3 of
Control Register 0 specify one of the {/O Handshake
modes shown in Table 1. When this bit is reset, the
handshake are disabled ; RFD/DAYV is forced High.

Bit 0 (Port 2 Enabled), if set, allows the Port 2 CPU
to program the Port 2 registers-when Port 2 is pro-
grammed as a CPU interface-and to assume control
of Port 2 operation. The Port 2 side is at high impe-
dance until this bit equals 1.

Control Register 3. Bits 7-4 in Control Register 3
enable and control the Clear and Data Direction si-

K37 SGS-THOMSON 13/85
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REGISTER ARCHITECTURE (continued)

gnals (figure 7) ; bits 3, 1, and 0 are simple I/O bits
for the Port 1 CPU only. Bits 3-0 on the Port 2 side
always read 0. Bit 2 is not used and must be pro-
grammed to 0 ; it will always read 0. All bits in this
register are cleared to 0 by reset. Bits 7 and 5 can
be programmed only by the Port 1 CPU. These bits
are read-only in the Port 2 Control Register 3.

Bit 7 {Clear, Port 2/Port 1), for CPU-to-CPU opera-
tion if set, specifies that Port 2 CPU controls the
Clear signal (bit 6). If bit 7 is reset, Port 1 CPU

Figure 7 : Control Registers 0-3.

controls the Clear signal. If Port 2 is programmed as
an I/O port, this bit programs pin 35 as either input
or output (0 = output, 1 = input). This bit can be pro-
grammed only by the Port 1 CPU. This is a read-on-
ly bit for the Port 2 CPU.

Bit 6 (Clear FIFO Buffer), if reset, clears the FIO
RAM buffer. Bit 7 controls which CPU issues Clear
signals. (See preceding paragraph). This bit be-
comes a read-only bit by the CPU not in control of
the Clear function.

o, B,I n,lo.]n, To, ln,l’&]

l— PORT 2 SIDE-INPUT LIRE [PINI3)""
PORT 2 SIDE-DUTPUT LINE (PIN 3217
NOT USED (MUST BE PROGRAMMED Ot

PORT 2 SIDE-QUTPUT LINE (PN 30)°°

DATA DIRECTION BIT
1= INPUT TO CPU
6 - DUTPUT FROM CPU
0 : POAT 1 S:DE CONTROLS DATA HRECTION
1 = POAT 2 SIDE CONTROLS
1 = CLEAR FIFO BUFFER

0 = PORT 1 S{UE CONTROLS CLEAR
1 = POAY 2 SIDE CONTROLS

-+ ONMLY WHEN POAT Z 15 AN KO PORT OTHERWISE THIS BIT RETURNS 0

Control Register 0
Address: 0000
{Read/Write)

AR BDDB0
L 1 - RESET
1 = AT JUST ADDRESS (RJA)

B8y} (Be¥®
[} o = Z-BUSCPU
PROGRAMS
1 = N-Z-8US CP!
M no SCPV | pomT 2 MODE
1

0 = 3IWIRE HS 11O
1 = INTERLOCKED HS

1 = VECTOR INCLUDES STATUS (VIS}
1 = NO VECTOR ON INTERRUPT (N}
1 = DISABLE LOWER DAISY CHAIN {DLD)

1 = INTERAUPTS ENABLED (MIE}

AEAD ONLY FROM
PORY 7 SIDE

Control Register 1
Address: 000!
Read/Write)

Blels o lelo o o]

jjiis

) = AEQUEST'WAIT ENABLED

0= WAl _

{ = RFQUEST

1 - START REQUEST ON BYTE COUNT

t ¢ STOP REQUEST ON PATTERN MATCH

1 - MESSAGE MAILBOX REGISTER FULL®
1 - FAEEZE BYTYE COUNT REGISTER
NOT UST{D IMUST 8F PROGRAMMED D)

1 = MESSAGF MAILBOX REGISTER UNDER SERVICE "

[o.Jo. o o] ACACAES

BITS 0-3 ARE NOT
USED AND MUST BE
PROGRAMMED 0

OATA DIRECTION BIT

1 - INPUT TO CPU

0 - OUTPUT FROM CPU
0 - PORT 1 SIDE CONTROLS DATA DIRECTION®
1= PORT 2 SIDE CONTROLS DATA DIRECTION

-

0~ CLEAR FIFO BUFFER

L © = PORT 1 SIDE CONTROLS CLEAR
1 - PORT 2 SIDE CONTROLS CLEAR

CREAD ONLY 3115

Control Register 2*
Address: 1001
fRead/Write)

ID’ID'I"‘- ID.ID,iD,lo, lD,I

L t - PORT 2 SIDE ENABLED
1 = PORT 2 SIDE HANDSHAKE ENABLED
L BiTS 2.7 NOV USED
{MUST PE PROGRAMMED 0)

*THIS REGISTER READS ALL
0'S FROM PORT 2 SIDE

14/85
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REGISTER ARCHITECTURE (continued)

Bit 5 (Data Direction, Port 2/Port 1), for CPU-to-CPU
operation, if set, specifies that Port 2 GPU controls
the direction of data flow through FIO RAM. If bit 5
is reset, Port 1 CPU controis the Data Direction si-
gnal. If Port 2 is programmed as an I/O port, this bit
programs pin 34 as either an input or an output {0 =
output, 1 = input). This bit can be programmed on-
ly by the Port 1 CPU. This is read-only bit for the
Port 2 CPU.

Bit 4 (Data Direction), if set, specifies that data
moves from the FIO into the CPU (1 =inputto CPU ;
0 = output from CPU). K bit 4 is reset, data moves
from the controlling CPU into the FIO. When Port 2
is an I/O port, a zero {0) on the Data Direction pin
(pin 34) means that Port 2 is an output handshake
port. Conversely when the Data Direction pin is a
one (1), Port 2 is an input handshake port.

Bits 3 and 1 are Port 2 outputs (pins 30 and 32, res-
pectively) when Port 2 is programmed as an |/O port.
These bits always read O for the Port 2 CPU.

Bit 2 is not used and must be programmed to 0. This
bit always reads 0.

Bit 0 reads pin 33, a Port 2 input, when Pont 2 is pro-
Figure 8 : Data Buffer and Byte Count Registers.

grammed as an |/O port. When Port 2 is not pro-
grammed as an /O port, this bit reads 0. This bit al-
ways reads O for the Port 2 CPU.

Data Buffer Register. The Data Buffer register (fi-
gure 8) latches the byte written to or read from FIO
RAM. When the Pattern Match register contains a
compare byte, it is compared with the bytes passing
through the Data Buffer register.

Byte Count Registers. There are two Byte Count
registers (figure 8). One contains the ongoing count
of bytes present in FIO RAM ; the other holds a byte
value that is compared with this ongoing count.

Byte Count Register. The Byte Count register
contains an ongoing count of the number of bytes
in FIO RAM. This value is the number of bytes writ-
ten into RAM minus the number of bytes read from
RAM. The largest value contained in this register is
80 (128 decimal). This value can be frozen by set-
ting bit De in Control Register 1. This halts the count
so an accurate read can be accomplished. This is a
read-only register.

Byte Count Compare Register. The Byte Count
Compare register is loaded with a byte value that is

Figure 9 : Pattern Match and Message Registers.

Data Buffer Register
Address: 1111
{Read/Write)

CEEEER
IR

COMTAINS THE BYTE TRANSFERRED
TO OR FROM FIFO BUFFER RAM

Byte Count Register
Address: 0ill
(Read Oinlyd

EODODBEB)
Ll L0

REFLECTS MUMBER OF BYTES IN BUFFER
THIS IS A READ ONLY REGISTER.

Byte Count Compare Hegister
Address: 1O
(Head/ Wit )

Pattern Match Register
Addross: 1101
{Roead/Write)

|n.|n.|o\]u._1u,l_n,] n.ln.]
1141111

STORES BYTE COMPARED wiTH
GYTE (N DATA BUFFEN REGISTER

Pattern Mask Register
Address: 1110
(Re /W 100)

DONDDRDD)
IR

IF SET, BITS 0.7 MASK BITS 0-7
X PATTEAN MATCH REGISTER.
MATCH OCCURS WHEN ALL

NON-MASKED MTS AGREE

Message Out Register
Address: 1011
(Read/Wnite)

[n,lu.]n,]u.ln,ln, o, o]
O

STORES MESSAGE SENT TO MESSAGE
N REGISTER ON OFPFOSITE POAT OF FiD

Message In Register
Address: 1100

[o-fo.Jo.fo.To.T0,To. [nu] {Read Only!
i)l BB
REGISTEn 10 SaUES T RS ST TE Count Il tid il
BT 7 ALwATS U STORES MESSAGE RECEIVED FAOM MESSAGE
OUT REGISTER ON OPPOSITE FORT DF CPY
LNy SCS-THOMSON 15/85
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REGISTER ARCHITECTURE (continued)
continuously compared with the ongoing byte count
in the Byte Count register. The largest programma-
ble value is 7Fn (127 decimal). Bit 7 always reads
0. If the Byte Count Compare Interrupt bitis set (see
interrupt Status Register 2), an interrupt occurs
upon a true match.

Pattern Match Registers. The Pattern Match regis-
ter contains a byte for comparison with the byte in
the Data Buffer. The Pattern Mask register contains
a byte pattern used to force a true match.

The Pattern Match and Data Buffer registers are in
an unknown state on power-up or after reset and
may therefore match. This match may set the Pat-
tern Match IP and the Pattern Match flag.

Pattern Match Register. The Pattern Match regis-
ter (figure 9) contains a byte for comparison with the
byte in the Data Buffer register. As each byte in a
data transaction passes through the Data Buffer re-
gister, it is compared with the value programmed in
the Pattern Mathc register. Upon a true match, an
interrupt can be generated if enabled in Interrupt
Status Register 1. One or more bits in the Pattern
Match register can be masked by the value in the
Pattern Mask register.

Pattern Mask Register. The Pattern Mask register
(figure 9) contains a bit pattern used to force a true
match between the pattern in the Pattern Match re-
gister and the pattern in the Data Buffer register. If
a Pattern Mask bit is set, the corresponding bitin the
Pattern Maich register always matches the corre-
sponding bit in the Data Bufter register. A match oc-
curs when all nonmasked bits agree. All 1s in this
register forces a pattern match. This register is clea-
red to O by reset.

Message Registers. The Message registers (fi-
gure 9) transfer messages between CPUs.

Message Out Register. The CPU sends a mes-
sage by writing the byte into its Message Out regis-
ter which also puts it in the other CPU’s Message In
register. When this is done, the receiving CPU re-
ceives an interrupt request (if the IE bit is enabled
in Interrupt Status Register 0). The Message Out re-
gister of one CPU is the Message In register for the
other CPU.

Message In Register. The CPU receiving a mes-
sage byte also receives an interrupt request (if the
IE bit is enabled in Interrupt Status Register 0),
which signifies that a message has appeared in its
Message In register. This is a read-only register.

16/85 Ly7 SGS-THOMSON

Interrupt Registers. There are four interrupt Sta-
tus registers, shown in figure 10, which control and
monitor the FIO internal interrupt functions. Priori-
tized interrupts can occur if they are enabled. The
CPU can read the appropriate status register to see
if a specific interrupt condition is enabled ; other bits
in the Interrupt Status registers show if an interrupt
is pending or if it under service. Eachinterrupt condi-
tion is described by three Interrupt Status bits : IE
(Interrupt Enabled), IP (Interrupt Pending) and IUS
(Interrupt Under Service).

interrupt Status Register 0. In interrupt Status Re-
gister 0, only bits 7, 6, and 5 are used. Bits 4-0 must
be programmed to 0 ; these bits always read 0. All
bits are cleared to 0 by reset.

Bit 7 is the Message Interrupt Under Service (IUS)
bit and, when set, indicates that a Message inter-
rupt is under service by the receiving CPU.

Bit 6 is the Message Interrupt Enable (IE) bit and,
when set, indicates that a message interrupt will be
issued when a message is received in the Message
In register.

Bit 5 is the Message Interrupt Pending (IP) bit and,
when set, indicates that a message interrupt to the
receiving CPU is pending. This bit is reset when the
read of the Message In register is completed.

Interrupt Status Register 1. Interrupt Status Re-
gister 1 controls and monitors Data Direction
Change interrupts and Pattern Match interrupts. It
also shows if a true pattern match has taken places.
All bits except D1 and Do are cleared by reset. Bits
D1 and Do may be a 1 or 0 depending upon whether
a match condition exists or not.

Bits 7, 6 and 5 show the status of Data Direction
Change interrupts and are cleared by reset. When
bit 7 is set, a Data Direction Change interrupt is un-
der service. When bit 6 is set, Data Direction
Change interrupts are enabled. When bit 5 is set, a
Data Direction Change interrupt is pending. Bits 7
and 5 can also be set or resetby program command.
Bit 6 is programmed set or reset.

Bit 4 is not used and must be programmed to 0. This
bit always reads 0. :

Bits 3, 2, and 1 show the status of Pattern Match in-
terrupts. When bit 3 is set, a Pattern Match interrupt
is under service. When bit 2 is set, Pattern Match in-
terrupts are enabled. When bit 1 is set, a Pattern
Match interrupt is pending. Bits 3 and 1 can also be

RIICROELECTROMICS
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REGISTER ARCHITECTURE (continued)

set or reset by program command. Bit 2 is program-
med set or reset. Because of a possible match
condition on power-up or reset, the maitch IP bit
should be cleared before enabling the Pattern
Match IE bit.

Bit 0 (Pattern Match Flag) is 1 whenever a true pat-
tern match exists between the Data Buffer and the
Pattern Match register. The Data Buffer register and
the Pattern Match register initialize in an undefined
state during reset or power-up. Consequently, the
Pattern Match Flag bit can be set, indicating a false
pattern match. if Pattern Maich interrupts are not
going to be used, this bit can be put in a known state,
1, by writing FFH to the Pattern Mask register.

Interrupt Status Register 2. Interrupt Status Re-
gister 2 controls and monitors Byte Count Compare
and Overflow and Underflow Error interrupts. This
register is cleared to 0 by reset.

Bits 7, 6, and 5 show the status of Byte Count Com-
pare interrupts. When bit 7 is set, a Byte Count Com-
pare interrupt is under service. When bit 6 is set,
Byte Count Compare Interrupts are enabled. When
bit 5 is set, a Byte Count Compare Interrupt is pen-
ding. Bits 7 and 5 can also be set or reset by pro-
gram command. Bit 6 is programmed set or reset.

Bit 4 is set whenever an attempt is made to write in-
to afull FIO (Overflow Error). This bitis cleared when

Figure 10 : Interrupt Registers 0-3 Interrupt Vector Register.

Interrupt Vector Hegister
Address: 0110
{Read/Wnile)

{o-Joe[0s[0.0,Jo, [0, Tn0 ]

1l J J 1
NO INTERRUPTS PENDING (0 [0 | ©
BUFFEREMPTY |01 0] 1
GUFFERFULL |0 ]J1 ] O
VECTOR STATYs { CVERTUNDERFLOW ERRGR [0 |1 | 1
BYTE COUNT MATCH [ 1]o ]
PATTERN MATCH |1 ]0 |
DATA DIRECTION CHANGE [ 1] | o
MAILBOX MESSAGE | 1] 1]

O,[Dg 10y |0, | D,

Interrupt Status Register

By

Interrupt Status Register 1
Address: 0011
(Read/Wnite}

o, {o,

Address: 0010
{Read/Wrue)

oo n o]

NOT USED
(MUST BE PROGRAMMED ).

MESSAGE INTERRUPT PENDING (P
MESSAGE INTERRUPT ENABLE (IE)
MESSAGE INTERRUPT UNDER SERVICE (IUS)

1US, !E. AND IP ARE WRITTEN USING
THE FOLLOWING COMMAND:

I

NULL CODE

CLEAR IF & WS

SET IUS

CLEAR IUS

SET IP

CLEAR P

SETIE

wlwlw|l=lojele|a
=20« =ala
wlo|lw|lals]la|=|o

CLEAR IE

DATA DIRECTION CHANGE INTERAUPT _}
UNDER SERVICE (WS}
DATA DIRECTION CHANGE INTERRUPT
ENABLEQE) ' !
DATA DIRECTION CHANGE INTERRUPT ..
PENUING (IP)
IUS, tE, AND \P ARE WRITTEN USING

SRS

=

1 = PATTERN MATCM FLAG"
PATTERN MATCH INTERRUPT PENDING (1P}
PATTERN MATCH INTERRUPT ENABLED {IE)

PATTERN MATCH INTERRUPT
UNDER SEAVICE {iUS)

NOT USED

1
1
THE FOLLOWING COMMANGD: (MUST BE PROGRAMMED 0)
WS, IE, AND IP ARE WRITTEN USING
MULLCODE |0 |@ | & THE FOLLOWING COMMAND
LEAR IP
¢ sws[ofo] o To 70T nuLL cope
SETIUS O |1t []
cLearws [0 13 ojo 1 CLEAR IP & WUS
1
serw [T1s o[t [o]sevws
hd et 1 CLEAR IUS
cLEAR®P (1[0 [+
; 3 110 |a ] SseErip
h ]
SETIE 1o ] cieanie
* 1 1
CLEAR IE 1 ¥ o SET IE
1 1 1 CLEAR 1E
“AEAD-ONLY BITS
Ly7 SGS-THOMSON 17785
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REGISTER ARCHITECTURE (continued)

the Error IP bit is cleared. This bit is not set when
the Wait function is programmed.

Bits 3, 2, and 1 show the status of Error interrupts.
These bits control overflow and underflow errors ;
the CPU must read bits 0 and 4 to determine whe-
ther overflow or underflow conditions apply. When
bit 3 is set, an Error interrupt is under service. When
bit 2 is set, Error interrupts are enabled. When bit 1
is set, an Error interrupt is pending. Bits 3 and 1 can
also be set or reset by program command. Bit 2 is
programmed set or reset.

Bit 0 is set whenever an attempt is made to read

from an empty FIO (underflow error). This bitis clea-
red when the Error IP is cleared. This bit is not set
when the Wait function is programmed.

Interrupt Status Register 3. Interrupt Status Re-
gister 3 controls and monitors Buffer Full and Buffer
Empty interrupts. All bits except Do are cleared by
reset.

Bits 7, 6, and 5 show the status of Buffer Full inter-
rupts. When bit 7 is set, a Buffer Full interrupt is un-
der service. When bit 6 is set, Buffer Full interrupts
are enabled. When bit 5 is set, a Buffer Fullinterrupt

Figure 10 : Interrupt Registers 0-3 and Interrupt Vector Register (continued).

Interrupt Status Register 2
Address: 0100
{Read/Wrile)

BYTE COUNT COMPARE INTERRUPT ——I
UNDER SERVICE (IUS) !

BYTE COUNT COMPARE INTERRUPT
ENABLE {IE}

BYTE COUNT COMPARE INTERRUPT
PENDING (tF)

WS, IE. AND IP ARE WRITTEN USING

|

0;|D, {D, |O,|D,}L,] 0. |0,

t UNDERFLOW ERROR®

ERROR (HTERRUPT PENDING {ID)

! EAROR INTERRUPT ENARLED (IE)

EAROR INTERRUPT UND-R SERVICE (IUS)

OVERFLOW ERROR"
1US, (E, AND IP ARE WRITTEN USING

1 i
Il

I
THE FOLLOWING COMMAND: I l THE FOLLOWING COMMAND:
NuLLCODE [D |0 |0 0]0} 0| NULL COue
CLEAR PR WIS D |O |1 0|0 ] 1| CLEAR IP & jUS
SETwWsS o1 ]0 B 1|0 | SET WS
CLEARIUS | O |1 1 o1 1 | CLEAR IUS
SETiIP |10} 110 | 0| SET I+
CLEARWP J1}0 |1 t{0 |t | CLEARIP
SETIE[J1]|1]© $ 110 | SETIE
CLEARIE | 1|V ] 1 P11 ] CLEARIE

*READ-ONLY BITS

Interrupt Status Register 3
Address: 0101
fRead'Write)

[o.JecJos o Jos 0. Jo. Jos ]

FULL INTERRUPT UNDER SERVICE (1U5) J |

FULL INTERRUPT ENABLE {IE)

FULL INTERRUPT PENDING (1P}

L BUFFER EMPTY"
EMPTY iNTERRUPT PENDING (1P)
EMPTY INTERRUPT ENABLE (IE)

]
WS, IE, AND 1P ARE WRITTEN USING l J EMPTY INTERRUPT UNDER SERVICE (IUS)
THE FOLLOWING COMMAND- BUFFER FULL-
NULL CODE jo |0 |0 1US, IE, AND IP ARE WRITTEN USING
CLEARIPAIUS [0 0 |1 THE FOLLOWING COMMAND:
seTws [o|1]0 ofo] 0| NuLL cooe
cLEamws (o1 ] ool 1] cCLear P aius
SETwP (100 o[t |o] seTws
cLearwr [ 1o of 1]+ ]cLEAR uS
sevie[1]1]0 1]o]o]sevee
cleante [ 1] 1] sJo 1] cLeamir
1j1]o] serie
1] ] cleane

“READ-ONLY BATS
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REGISTER ARCHITECTURE (continued)

is pending. Bits 7 and 5 can also be set or reset by
program command. Bit 6 is programmed set or re-
set. In CPU-to-I/O operation for handshake, the full
IP bit is set when the buffer is full and the Full pin
(pin 37) is High. For the 3-wire handshake the Buf-
fer Full IP is set when the FIO buffer is full.

Bit 4 is a 1 when the FIO buffer is full in CPU-to-CPU
operation. In CPU-to-1/O operation for 2-wire hands-
hake, bit 4 is 1 when the buffer is full and the Full
pin (pin 37) is High. For the 3-wire handshake this
bit is a 1 when the FIO buffer is full.

Bits 3, 2, and 1 show the status of Buffer Empty in-
terrupts. When bit 3 is set, a Buffer Empty interrupts
is under service. When bit 2 is set, Buffer Empty in-
terrupts are enabled. When bit 1 is set, a Buffer
Empty interrupt is pending. Iin CPU-to-1/0 operation,
the Empty P bit is set when the bufferis empty and
the Empty pin (pin 37) is High.

Bit 0 is 1 when the FIO buffer is empty in CPU-to-
CPU operation. In CPU-to-l/O operation, bit 0 is 1
when the buffer is empty and when the Empty pin

onto the address bus lines during the Interrupt
Acknowledge cycle. This provides a direct vector to
a generalized interrupt service routine. If bit 4 of
Control Register 0 (Vector Includes Status) is set,
however, the Interrupt Vector register includes a 3-
bit status code refiecting the reason for the interrupt
request as the contents of bits 3, 2, and 1. When
MIE is 1, other than during an Interrupt Acknow-
ledge cycle, the Interrupt Vector register always re-
flects the FIO status in these bits, regardiess of whe-
ther or not the Vector Includes Status bit is set.
When MIE is 0, the base vector can be read back.
This provides a means to read what was written to
this register (also see table 5). The bit codes are :

Code Bits
3 > 1 Encoded Data
1 1 1 Received Message in Message
In Register
1 1 0 Change in Data Transaction

Direction

(pin 36) is High. 1 g ; za:fg ;a“eg‘ Ma“(’:
Interrupt Vector Register. The Interrupt Vector re- alid Byte Count Compare
gister (figure 10) holds a byte used as the address 0__ 1 1| Overflow or Underflow Error
of an interrupt service routine (or of a table indexing 0 1 0 | Buffer Full
into such groups of routines). This register can be 0o 0 1 | Buffer Empty
used in two ways. The Interrupt Vector register can 0 o o | No int ts Pendi
be programmed with a byte address that is gated o ‘nterrupts Fencing
Table 5 : Data Read from Interrupt Vector Register.
MIE = 1 MIE = 1 MIE=0
VIS =1 VIS=0 VIS=1o0r0
Interrupt Status No Status interrupts
Acknowledge With With Vector Are Disabled
Read (INTACK = 0) Vector (base vector) (high impedance)
Non Interrupt Status Status No Status
Acknowledge With With With Vector
Read (INTACK = 1) Vector Vector {base vector)

[il- SGS-THOMSON
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FUNCTIONAL DESCRIPTION

The FIO provides an interface between two CPUs
or between a CPU and an /O device. It interfaces
to both Z-BUS and non-Z-BUS systems and emu-
lates 2-wire and 3-wire /O protocols. Figure 11
shows possible FIO operations.

These interfacing tasks require different sets of
control signals. After removing the FIO from its re-
set state and programming the various registers, the
FIO assumes one of the 12 operating modes shown
in Table 1. In each mode, Port 2 presents one of five
possible groups of signals on pins A-J. These si-
gnals correspond to the Z-BUS high-byte configura-
tion, Z-BUS low-byte configuration, non-Z-BUS (ge-
neral microprocessor) configuration, 2-wire hands-
hake configuration, and 3-wire handshake configu-
ration. Port 1 presents one of three groups of signals
on pins A-J, corresponding to Z-BUS high-byte, Z-
BUS low-byte, or non-Z-BUS configurations.

This chapter describes the signals used in FIO da-
ta transactions ; discusses reset operation and uses
for the 12 operating modes ; and explains how
control signals form interfaces to other devices, how
DMA transactions occur, and how the FIO handles
internal interrupts and participates in the system-le-
vel, daisy-chain interrupt protocols.

INTERFACING SIGNAL

The FIO manages data transfers with control si-
gnals, some issued from the bus master CPU, sa-
tellite CPU, DMA device, or I/O device, some crea-
ted from external logic, and some issued from within
the FIO itself. There are five basic signal configura-
tions that combine to form 12 operating modes, as
shown in Table 1. The control signals used in each
configuration are shown mapped to their respective
pins in figure 2. The signals fall into various groups,
as described in the following sections. Reset is not
actually a control signal, but since the condition is
caused by control signal states (or programming) it
is treated as such here.

Z-BUS High-Byte and Low-Byte. The Z-BUS high-
byte and low-byte microprocessor configurations
are normally used together to form a 16-bit multi-
plexed address/data bus interface that is compati-
ble with the Z-BUS. The Z-BUS low-byte micropro-
cessor configuration can be used by itself as an 8-
bit interface to a multiplexed bus. The Z-BUS high-

20/85 L3y 8

byte microprocessor configuration can also be used
this way, but it lacks interrupt interfacing signals.

Signals. In the Z-BUS cofigurations, the FIO uses
the following set of signals :

Request/Wait, DMA Strobe, Data Strobe,
Read/Write, Chip Select, Address Strobe, and the
interrupt arbitration signals interrupt Acknowledge,
Interrupt Request, Interrupt Enable In, and Interrupt
Enable Out.

REQ/WAIT (Request/Wait, output, 3-state, active

Low). REQ is sent to a DMA device to begin a DMA

transfer, and WAIT (an open drain output) tells the

CPU that the FIO buffer is full (if data is output from

the CPU to the FIO) or that the FIO buffer is empty
(if data is input to the CPU from the FIO).

DMASTB (DMA Strobe, input, active Low). This si-
gnal is received by the FIO from a DMA controller.
When Low, it acts like a Read/Write signal, strobing
data to or from the Data Buffer register directly du-
ring DMA transactions.

DS (Data Strobe, input, active Low). When Low, DS
specifies that the multiplexed address/data bus is
carrying data rather than address information.

R/W (Read/Write, input). Read and Write signals
specify read and write operations. When R/W is
Low, writes are enabled. When R/W is High, reads
are enabled.

CS (Chip Select, input, active Low). CSis usually a
signal derived from the controlling CPU’s signals by
extemnal logic. When Low, CS selects the FIO and
enables it for operation. This signal is latched on the
rising edge of AS.

AS (Address Strobe, input, active Low). When low,
AS specifies that the multiplexed address/data bus
is carrying address information rather than data.

Z-BUS Low-Byte Configuration Only. In the Z-
BUS low-byte configuration, the FIO uses four inter-
rupt arbitration signals to participate in the daisy-
chain prioritized interrupt arbitration scheme.

INTACK (interrupt Acknowledge, input, active Low),
|EI (Interrupt Enable In, input, active High), \EO (in-
terrupt Enable Out, output, active High), INT (Inter-
rupt Request, output, open drain, active Low). IN-
TACK, IEl, IEQ, and INT control FIO interrupt ope-
ration. INT requests an interrupt from the CPU when

RICROELECTRONICS
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INTERFACING SIGNALS (continued)

active (Low) ; INTACK is the interrupt acknow-
ledgement from the CPU. IEl is the input for the dai-
sy-chain, prioritized interrupt enabie signal. IEO is
the corresponding output for the same signal.

Figure 11 : FIO Operational Summary.

Figure 12 shows a typical use of the Z-BUS low-
byte configuration. The Mo and My pins are shown
tied to ground ; this specifies Z-BUS low-byte confi-
guration.

PORT 1 {CPU)

INITIALIZE
PORT 1

r

PORT 1
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PORT 2

(PRAOGRAM REGISTERS FOR QPERATING WMODE.
PORT 2 CONFIGURATION, DATA TRANSFER CONTROL, £TC}

PORT 2 (CPU) PORT 2 {14O)

EXCHANGE BYTES

i
v { |
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CONTROLLED DRIVEN
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INTERFACING SIGNALS (continued)
Figure 12 ;: Z-BUS Low-Byte Configuration.

1

ADy-ADg

Z-BUS
CcPU
(MULTIPLEXED
BUS)

Z-BUsS

POAT 1 POAT 2
|
Fio

AS l
os i

< aDy-aDg

ADqs-ADy ’
p

o

&
My M

STATUS LINES

L]

Z-BUS Low Byte Interface Operation. Ad-
dress/Data lines ADo-AD15 leave the CPU. During
the time AS is active, signifying that the address/da-
ta bus currently carries and address, lines ADg —
AD7 carry the 4-bit address of the internal register
addressed within the FIO.

Once the Z-BUS low-byte configuration has been
specified as shown in Table 1, the CS signal is Low,
and the address information has been delivered (as
shown by the removal of an active AS Signal), the
DS signal goes Low and data appears on ADo —
AD7. When bit 0 is set in Control register 0, the FIO
reset, all control registers cleared, and all outputs
(except IEQ on the port 1 side) floating at high im-
pedance, the FIO is ready to program.

Table 6 : Register Addressing.

Register Addressing. In the Z-BUS low-byte confi-
guration, the FIO allows two methods for register ad-
dressing under control of the Right Justify Address
bit (bit D+) of Control Register 0. When bit D1 is re-
set (the default condition), address bus lines
AD1 — AD4 are used for register addressing, and the
other Address/Data lines are ignored. This conven-
tion assures compatibility with the Z8000 byte 1/O
addressing protocols. When D1 is set, address bus
lines ADg-AD3 are used for register addresses and
the other Address/Data lines are ignored. Lines
ADs — AD15 carry the 8-bit port address decoded by
the port decode logic along with status to provide an
active CS signal ; AS latches it into the FIO. Table 6
describes Z-BUS low-byte register addressing.

zZBustow iald ADran:| Ab: | AB: | Ap: | am, |

Description
Control Register 0 X 0 0 0 0 X
Control Register 1 X 0 0] 0 1 X
Interrupt Status Register O X 0] 0 1 0 X
Interrupt Status Register 1 X 0 0 1 1 X
Interrupt Status Register 2 X 0 1 0 0 X
Interrupt Status Register 3 X 0 1 0 1 X
Interrupt Vector Register X 0 1 1 o X
Byte Count Register X 0 1 1 1 X
Byte Count Comparison Register X 1 o 0 0 X
Control Register 2* X 1 0 ¢ 1 X
Control Register 3 X 1 0 1 0 X
Message Out Register X 1 o] 1 1 X
Message in Register X 1 1 0 0 X
Pattern Match Register X 1 1 0 1 X
Pattern Mask Register X 1 1 1 e X
Data Buffer Register X 1 1 1 1 X

x = Dont care

* Register is anly on Port 1 sige
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INTERFACING SIGNALS (continued)

Reset Operation. In the Z-BUS configurations, the
FIO is hardware reset when both AS and DS are for-
ced Low (normally an illegal condition) or it is soft-
ware reset by writing a 1 to the reset bit in Controi
Register 0. When Port 1 is reset, Port 2 is also re-
set. If the Port 1 CPU reads the Port 1 registers du-
ring reset, they return all Os except Control Register
0, which reads 01n. All of Port 2’s signal lines are
floating in this state, and all inputs are ignored. If
Port 2 is reset by itself, Port 1 is not reset. When the
Port 2 CPU reads the Port 2 registers during reset,
they return all 0s except Control Register 0, which
reads 01H.

Before data transactions can take place, the FIO
must be taken out of the reset state by writing 00H
to Control Register 0. No other bits in this register
can be programmed while clearing the reset bit. The
Port 1 CPU then enables Port 2 by setting bit Do of
the Port 1 Control Register 2. The Port 2 CPU can
determine when it is enabled by reading its Control
Register 0, which is read as a "floating" data bus if
not enabled or as 014 if enabled.

Interrupts. The Z-BUS low-byte configuration sup-
ports the prioritized daisy-chain interrupt protocols.
INTACK, IEI, IEO, and INT control FIQ interrupt ope-
ration. INT sends an interrupt signal to the CPU ; IN-
TACK is the interrupt acknowledgement from the
CPU. IEl is the input for the daisy-chain prioritized
interrupt signal. IEO is the corresponding output for
the same signal. When using two FIOs as a 16-bit
Z-BUS interface, the low-byte FIO must handle ex-
ternal interrupt transactions, since the correspon-
ding pins on the high-byte FIO are used for internal
register addressing. This is not a handicap, since all
INT conditions are the same for both FIOs, except
for the pattern match condition.

Figure 13 shows a typical use of the Z-BUS low-byte
and high-byte configurations with two FIOs, forming
a 16-bit multiplexed bus interface. The single FIC in
figure 12 runs parallel with another FIQ in the Z-BUS
high-byte configuration. The Z-BUS high-byte confi-
guration is specified as shown in Table 1.

Z-BUS High Byte Interface Operation. As in the
Z-BUS low-byte configuration, Address/Data lines
ADg — AD1s leave the Port 1 CPU. During an active
AS signal, lines ADo — AD7 carry the address of the
internal register addressed within the FIO,

While AS is active, lines ADg — AD15 carry the port
address to the port decode logic, which issues an
active CS signal. This signal is also supplied to the
high-byte FIO. The RJA bit is not used on the high-
byte FIO.

Figure 13 : Z-BUS High-Byte and Low-Byte
Configuration.
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Once the low-byte and high-byte configurations
have been specified as shown in Table 1, the CS si-
gnal is Low, and the address information has been
delivered (as shown by the removal of an active AS
signal), the DS signal goes Low, indicating that true
data is on the Address/Data lines.

Register Addressing. Both FIOs require the same
internal register address, but lines ADp — AD7 go to
the low-byte FIO only. For this reason, the signals
on the four Address/Data pins used to specify FIO
internal register addresses must be supplied to pins
Ao— A3 of the high-byte FIO, as shown in fi-
gure 14. Since pins ADo — ADs3 are used for addres-
sing, the low-byte FIO must handle external inter-
rupt interfacing. Table 7 describes Z-BUS high byte
register addressing.

Reset Operation. In the Z-BUS configurations, the
FlOis hardware reset when both AS and DS are for-
ced Low (normally an illegal condition) or it is soft-
ware reset by writing a 1 to the reset bit in Control
Register 0. When Port 1 is reset, Port 2 is also re-
set. If the Port 1 CPU reads the Port 1 registers du-
ring reset, they retum all Os except Control Register
0, which reads 01n1. All of Port 2's signal lines are
floating in this state, and all inputs are ignored. If
Port 2 is reset by itself, Port 1 is not reset. When the
Port 2 CPU reads the Port 2 registers during reset,
they return all Os except Control Register 0, which
reads 01n.
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INTERFACING SIGNALS (continued)
Figure 14: Z-BUS Configuration Timing.
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Before data transactions can take place, the FIO
must be taken out of the reset state by writing 00H
to Control Register 0. No other bits in this register
can be programmed while clearing the resetbit. The
Port 1 CPU then enables Port 2 by setting bit Do of
the Port 1 Control Register 2. The Port 2 CPU can
determine when it is enabled by reading its Control
Register 0, which is read as a "floating” data bus if
not enabled or as 014 if enabled.

Z-BUS High - and Low-Byte Programming. The
FIOs, like other Z-BUS-compatible peripheral de-
vices, accept byte-serial programming. The CPU
must replicate the programming byte sent to
ADo — AD7 on the ADg — AD15 address lines, insu-
ring that the same programming byte goes to the
high-byte FIO as to the low-byte FIO. The first pro-
gramming byte is typically sent to Control Regis-
ter 0. The FIO is then ready to program. Once pro-
gramming is complete, 16-bit data transfers can
take place, with the low-byte FIO transferring the
byte on.lines ADo — AD7, and the high-byte FIO
transferring the byte on lines ADg — AD1s.

24/85
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Non-Z-BUS (nonmultiplexed) Microprocessor.
The non-Z-BUS (nonmultiplexed) microprocessor
configuration interfaces the FIO to a variety of micro-
processors that use separate data and address
uses, such as the Z80. Figure 15 shows a typical
non-Z-BUS configuration. Figure 16 shows non-Z-
BUS configuration timing information.

Figure 15 : Non-Z-BUS (nonmultiplexed)
Micrpprocessor Configuration.

PORT l‘ PORY 2

MICROBELECTROMICS

386



Z8038

INTERFACING SIGNALS (continued)

Table 7 : Register Addressing.

Z-BUS High Byte Aj Az A, Ag
Description
Control Register 0 o 0 0 o
Control Register 1 o 0 0 1
interrupt Status Register 0 0 0 1 0
Interrupt Status Register 1 0 0 1 1
Interrupt Status Register 2 0 1 0 0
Interrupt Status Register 3 0 1 #] 1
Interrupt Vector Register 0 1 1 0
Byte Count Register 0 1 1 1
Byte Count Comparison Register 1 0 0 0
Control Register 2* 1 0 0 1
Control Register 3 1 0 1 0
Message Cut Register 1 0 1 1
Message in Register 1 1 0 ¢]
Pattern Match Register 1 1 0 1
Pattern Mask Register 1 1 1 0
Data Buffer Register 1 1 1 1
* Register is only on Port t side
Figure 16 : Non-Z-BUS (nonmultiplexed)} Microprocessor Configuration Timing.
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INTERFACING SIGNALS (continued)

Signals. In the non-Z-BUS (nonmultiptexed) micro-
processor configurations, the following signals
control data transactions : Request/Wait, DMA
Acknowledge, Read, Write, Chip Enable,
Control/Data, Interrupt Acknowledge, Interrupt En-
able Input, Interrupt Enable Output, and Interrupt
Request.

REQ/WAIT (Request/Wait, output, 3-state, active
Low). The request signal is sent to a DMA device to
begin a DMA transfer, and the Wait (open drain out-
put) signal tells the CPU that the FIO buffer is fuil (if
data is output from the CPU to the FIO) or that the
F1O buffer is empty (if data is input to the CPU from
the FIQ). Bit D1 of Control Register 1 selects the Re-
quest or Wait signals.

DACK (DMA Acknowledge, input, active Low). This
signal is received by the FIO from a DMA controller.
When Low, it forces the next read or write to the FIO
to go through the Data Buffer register, regardless of
the C/D conditions.

RD (Read, input, active Low). The Read signal tells
the FIO that the CPU wants to read data from it.

WR (Write, input, active Low). The Write signal tells
the F1O that the CPU wants to write data to it.

CE (Chip Enable, input, active Low). The Chip En-
able signal selects the FIO when the CPU needs to
carry out a data transaction involving it. The CE si-
gnal is usually generated from CPU address and
status signals by external logic.

C/D (Controi/Data, input). The C/D signal is used to
distinguish between control and data bytes.

INTACK (Interrupt Acknowledge, input, active Low),
IE| (interrupt Enable In, input, active High), IEO (in-
terrupt Enable Qut, output, active High), INT (Inter-
rupt Request, output open drain, active Low). IN-
TACK, IEl, IEQ, and INT control FIO interrupt ope-
ration. INT requests an interrupt from the CPU when
Low, INTACK is the interrupt acknowledgement
from the CPU. IEl is the input for the daisy-chain,
prioritized interrupt enable signal. IEQ is the corre-
sponding output for the same signal.

Register Addressing. In the nonmultiplexed confi-
gurations, the FIO connects to the system data bus
via Do — D7, but not to the address bus. The CPU
must provide address information on the data bus,
and the FIO must distinguish between address and
data bytes. The Control/Data (C/D) pin does this
with the help of the following programming conven-
tions.

26/85 Ly7 $GS-THOMSON

Figure 17 shows the register access state diagram.
Before programming either port of the FIO, it should
be reset, clearing all control registers. Getting out of
the reset state is described in the next section.

To move data bytes to or from the FIFO buffer, sim-
ply lower C/D to 0 (C/D is typically tied to an address
pin) and read or write directly into the Data Buffer
register. To read or write to all registers (including
the Data Buffer register) is a two step operation.
First, write the address (C/D = 1) of the register to
be accessed into the Pointer Register (state 0 to
state 1). The Pointer Register (4 bits) holds the re-
gister address. Second, read or write (CD=1)1t0
the register addressed previously (state 1 to
state 0).

The Pointer Register is not modified or cleared when
going from state 1 to state 0. The Pointer Register
is only changed by a write (C/D = 1) while in state 0.

Consequently, status monitoring can be done while
in state 0 by doing a read with C/D = 1.

For example, if the last register address was Control
Register 2, then by doing a read with C/D = 1 (stay
in state 0) the contents of Control Register 2 will
again be read out. This may be useful for doing pol-
ling operations.

In the non-Z-BUS configuration, the RJA bit (D1 of
Control Register 0) is set. This specifies that bits
0-3 carry the address of the FIO internal registers
and supports such CPUs as the Z80. Table 8 des-
cribes the Non-Z-BUS register addressing.

Figure 17 : Register Access State Diagram.
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INTERFACING SIGNALS (continued)
Table 8 : Register Addressing.

Non-Z-BUS D7-Dy4 D3 Ds D, Do
Description
Control Register 0 X 0 0 0 0
Control Register 1 x 0 0 0 1
Interrupt Status Register 0 X 0 0 1 0
Interrupt Status Register 1 X 0 0 1 1
Interrupt Status Register 2 X 0 1 0 §]
Interrupt Status Register 3 X 0] 1 0 1
Interrupt Vector Register X 0 1 1 o
Byte Count Register X 0 1 1 1
Byte Count Comparison Register b 1 0 0 0
Control Register 2* X 1 0 0 1
Control Register 3 X 1 0 1 0
Message Out Register X 1 0 1 1
Message in Register X 1 1 0 0
Pattern Match Register X t 1 0 1
Pattern Mask Register X 1 1 1 o
Data Buffer Register X 1 1 1 1

x = Don't care

* Register is only on Port 1 side

Reset Operation. In non-Z-BUS configuration, the
FIO is hardware reset by forcing both RD and WR
Low (normally an illegal condition) or by writing a 1
to the reset bit in Control Register 0. After reset is
asserted, the only register that can be read from or
written to is Control Register 0 (Control Register 0
will read a 01n). If C/D is 1, the next byte writes in-
to Control Register 0. When in the reset state, awrite
should not be done when C/D is 0. The reset state
is exited by writing 00n when C/D is 1. When Port 1
is reset, Port 2 is also reset. All of Port 2’s signal
lines are floating in this state and all inputs are igno-
red. If the Port 1 or Port 2 CPU (if enabled) reads
any of its registers during reset, they return to 01n
(Control Register 0).

Software Reset. To software reset the FIO, it must
be in state 1 and the Pointer register must point to
Control Register 0. Table 9 outlines a method for re-
setting the FIO. The left column explains the soft-
ware procedures used if the port was already reset.
The right column shows the procedures used if the
port was not reset. This procedure resets the FIO
and then removes the reset making the FIO ready
for programming. The table assumes that C/D is 1.

In Reset. If the port is already reset, reading it wil
have no effect and will return 014, since the reset bit

is set. The Write 004 command writes 00 into
Control Register 0, since writes go to that register
only during reset. This write takes the port out of the
reset state and into state 0. The Write 01+ loads the
Pointer Register with Controt Register 1’s address.
This command places the port in state 1. The next
write, Write 00H, puts 004 into Control Register 1.
This has no effect, since the register was cleared
during reset.

Not Reset. If the port is not reset, and hence in an
unknown state (state 1 or state 0), a read of any kind
{(when C/D is 1) puts the port into state 0. The Write
00H loads the Pointer register to Control Register 0's
address and puts the portinto state 1. The Write 011
command sets the reset bit in Control Register 0 and
puts the port into the reset state. The next write
(Write 00H) goes into Control Register 0, which re-
moves the reset condition. At this point, the FIO re-
gisters can be programmed.

2-Wire Handshake I/O. The 2-wire handshake I/O
configuration {Port 2 side only) is used to interface
a CPU (multiplexed or not) to a single I/O device.
The action of the FIO must be acknowledged by the
other half of the handshake before the next trans-
action can take place. Figure 18 shows a typical 2-
wire handshake configuration.
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INTERFACING SIGNALS (continued)
Table 9 : Non-Z-BUS Software Reset Routines.

Figure 18 : Wire Handshake 1/O Configuration.

In Reset Software Not Reset
Reset State State 0 or
(state 1) Read State 1

Reset State {any register)
(state 1) State O
d = 1 d =
(read = 01) Write 00 {read = x)
HRemoves Reset Pogéé?sg?rgrol
(state 0) Write 0 (state 1)
Point to Control Resets Port
Register 1 Reset State
(state 1) Write 00 (state 1)
Write 00 to Removes Reset
Control Register (state 0)
1 (state 0)

Note : All Reads and Writes with C/D = 1.

While Reset is not a signal issued or received by the
FI10, in CPU-to-I/O transactions the I/O port is reset
by the CPU Port 1. When Port 1 is reset, all of
Port 2’s signal lines are floating in this state, and all
inputs are ignored. Before data transactions can
take place, the Port 1 CPU must enable Port 2 by
setting bit Do of the Port 1 Control register 2.

The only register that is accessible on the Port 2
side, in this mode, is the Data Buffer register. Alithe
other control registers are inaccessible.

Signals. In the 2-wire handshake I/O configuration,
the FIO port uses Ready For Data/Data Available,
Acknowledge Input, Clear, Empty, Full, Data Direc-
tion, Output Enable, two output lines, and an input
line.

RFD/DAV (Ready For Data/Data Available, output).
The Ready For Data signal {active High) is issued
from the port and alerts external devices that it is
ready to receive data. Data Available (active Low)
indicates that the port has data to transmit.

ACKIN (Acknowledge Input, input, active Low). The
Acknowledge Input signal, received by the FIO, no-
tifies the CPU that transmitted data has been accep-
ted by the external device or that data is valid on the
bus.

CLEAR (input or oufput, active Low), EMPTY (out-
put/iinput, open drain, active High), FULL (output/in-
put, open drain, active High). These signals pertain
to the condition of the FIO RAM buffer when the FIO
performs I/O data transactions. Clear flushes all da-
ta from RAM ; when active (High), Empty and Full
indicate that the FIFO buffer is empty or full during
CPU-to-1/O transactions. The Buffer Full and Buffer
Empty bits (Dg and D4 of Interrupt Status Register 3,
respectively) are set when these pins are High.

DATA DIR (Data Direction, input or output, active

28/85 Ly7 SGS-THOMSON
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High). The Data Direction signal allows the CPU or
the 1/O device to change the direction of data trans-
actions. The control of data direction is programmed
by the Port 1 CPU, via the Control register. When
the Data Direction pin (pin 34) is Low, Port 2 is in
output handshake configuration. Similarly, when the
Data Direction pin is High, Port 2 is in input hands-
hake configuration.

OE (Output Enable, input, active Low). When Out-
put Enable is Low, data is propagated into Port 2
data lines. When OE is High, the data lines are at
high impedance. .

INo, IN2, and OUT3 are three signal lines that can
be used as simple I/O bits.

Once the configuration is specified, two bits in the
Port 1 Control Register 2 control the operation of
Port 2. If Do is set, Port 2 is enabled. If D1 is set, the
Port 2 handshake signals are enabled.

2-Wire Handshake Operation. The FIO’s 2-wire
handshake is an interlocked handshake in which
each action is acknowledged by the other device.
This handshake protoco! is compatible with the Z8,
CIO, FIFO, UPC, and other commercially available
parts. Figure 19 gives 2-wire handshake timing in-
formation. For both input and output handshake
ACKIN must be High when the handshake is en-
abled (D1 of Control Register 2 is set).

Output Handshake. For output handshake (Data
Direction = 0) the DAV signal will go Low, indicating
that data is available. This can occur only when
ACKIN is High and there is data in the Data Buffer
register. The DAV signal will stay Low until the
ACKIN signal goes Low, indicating that the data has
been accepted. The FIO's response to ACKIN Low
is to bring the DAV signal High. At some later time
the receiving device will bring ACKIN back High, in-
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INTERFACING SIGNALS (continued)

Figure 19 : 2-Wire Handshake |/0O Configuration Timing.
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dicating that it is ready for the next data byte. This
process continues until the FIFO buffer is empty, the
DAV will go High and remain so.

The Enable Handshake bit (D1 of Control Regis-
ter 2), when Low, forces the DAV signa! High and
internally forces ACKIN High. Care shouid be taken
when disabling the handshake operation if the
ACKIN signal is Low. Putting this bit Low at the
wrong time may violate the handshake interlock and
cause improper operation. A known time when this
bit can go Low when the FIFO buffer is empty.

Input Handshake. For input handshake (Data Di-
rection = 1), the RFD signal starts out High, indica-
ting that the FIFO buffer is ready for incoming data
transfers. Next ACKIN will go Low indicating that da-
- ta is available on the data bus. The FIO responds
by bringing RFD Low, signaling the acceptance of
the data. Some time after RFD is Low, ACKIN will
again go High. When the FIFO buffer is again rea-
dy for a new byte of data, it puts RFD High. This pro-
cess continues until the FIFO buffer is full, at which
time the RFD will go Low and remain so.

The Enable Handshake bit, when Low, forces RFD
High and internally forces ACKIN High. Care should
be taken when disabling the handshake operation if
the ACKIN signal is Low. Putting this bit Low at the

Figure 20 : Full Pin.

wrong time may violate the handshake interlock and
cause improper gperation. A known time when this
bit can go Low when the FIFO buffer is empty.

In CPU-to-i/O transactions, exercise caution when
changing data direction and clearing the FIFO bufi-
er. Since DATA DIRECTION and CLEAR are pro-
grammed in the same register, they both can be
changed during a single write to Control Register 3.
Putting the Clear bit Low and changing the Data Di-
rection bit is okay. Putting the Clear bit High and
changing the Data Direction bit may cause impro-
per operation. The Data Direction bit should only be
changed when the Clear bit is Low or going Low.

The input and output lines, INo, OUT4, and OUT3
are, respectively, an input to bit Do of Port 2 Control
Register 3 and outputs from bits D1 and Da. Dgis a
read-only bit. These three signal lines are used as
simple /O bits.

Full and Empty Operation. Both the Full and Emp-
ty pins are used as bidirectional signals. (See fi-
gures 20 and 21). As open drain output lines they
can be wire-ANDed with other FIFOs or FIOs to give
system status. As inputs, Full and Empty are used
to set their respective IPs and also to show the sta-
tus of the pins.

Figure 21 : Empty Pin.
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INTERFACING SIGNALS (continued)

Figure 22 : 3-Wire Handshake /O Configuration.
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Table 10 : Full and Empty Status.

Number of Bytes | Empty Full
0 High Low

1-127 Low Low

128 Low High

Table 10 shows the Full and Empty signals with on-
ly an extemal pull-up on each pin.

3-Wire Handshake I/0. The 3-wire hand-shake /O
configuration is designed to interface a CPU to ma-
ny /O ports simultaneously. Figure 22 shows a ty-
pical 3-wire handshake I/O configuration.

While Reset is not a signal issued or received by the
FIO, in CPU-to-I/O transactions the /O portis reset
by the action of the CPU port. When Port 1 is reset,
Port 2 is also reset. All of Port 2's signal lines are
floating in this state, and all inputs are ignored. Be-
fore data transactions can take place, the Port 1
CPU must enable Port 2 by setting bit Do of the Port
1 Control register 2.

Signals. in the 3-wire handshake /O configuration,
the FIO port uses the following signals : Ready For
Data/Data Available, Data Available/Data Accep-
ted, Data Accepted/Ready For Data, Clear, Empty,
Data Direction, Output Enable, two output lines, and
an input line.

RFD/DAV. (Ready For Data/Data Available, out-
put). When Port 2 is configured as an input hands-
hake, the Ready For Data signal is issued from the
port and, on its rising edge, alerts external devices
that it is ready to receive data. When configured as
a data output handshake, the falling edge of the Da-
ta Available signal indicates tha the port has data to
transmit.

DAV/DAC (Data Available/Data Accepted, input). In
the input handshake configuration, Data Available
indicates that data is ready for transmission to the
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FIO : in the output handshake configuration, the ri-
sing edge of Data Accepted indicates that periphe-
ral devices have received the data.

DAC/RFD (Data Accepted/Ready For Data, out-
put/input). The DAC signal is an output when Port 2
is configured as an input handshake and the RFD
signal is an input when Port 2 is configured as an
output handshake.

CLEAR (input or output, active Low}, EMPTY (out-
put/input open drain, active High). These two signals
pertain to the condition of the FIO RAM buffer when
the FIO performs /O data transactions. CLEAR
flushes all data from RAM ; EMPTY indicates, when
active (High), that the FIFO buffer is empty during
CPU-to-/O transactions. The buffer empty bit (Do of
Interrupt Status Register 3) is set when pin 36 is
High.

DATA DIR (Data Direction, input or output, active
High). The Data Direction signal allows the CPU or
the I/O device to change the direction of data trans-
actions. The direction is controlled by the Port 1
CPU, via Control Register 3. When the Data direc-
tion pin (pin 34) is Low, Port 2 is defined as having
an output (source) handshake. When the Data Di-
rection pin is High, Port 2 is defined as having an in-
put (acceptor) handshake.

OE (Output Enable, input, active Low). When Out-
put Enable is active (Low), output signals are pro-
pagated into Port 2 data lines. When OE is inactive
(High), the data lines are at high impedance.

INo, IN2, and OUTs3 are three signal lines available
in the /O modes.

3-Wire Handshake Operation. This configuration
is like the handshake protocol used in the IEEE-488
standard. Using this handshake, the lines of many
I/O ports can be bused together with external open-
drain output drivers to signal when all the ports have
accepted data and all are ready for data. Since the
data direction of Port 2 can be changed under soft-
ware control, bidirectional transfers can be perfor-
med. When interfacing to a bus such as the IEEE-
488, external drivers must be used to meet the
IEEE-488 bus specifications. Figure 23 shows the
3-wire handshake IO timing information.

Output Handshake. For output handshake (Data
Direction = 0), the FIO uses one output DAV (Data
Valid) and two inputs RFD (Ready For Data) and
DAC (Data Accepted) Before any bytes are written
into the FIO buffer, the handshake must be enabled
(set Dy of Control Register 1). The handshake be-
gins when the RFD input goes High (with DAC Low)
indicating that the external device (s} are ready for
data. When there is data in the Data Buffer register,
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INTERFACING SIGNALS (continued)

the FIO puts the DAV signal Low indicating that the
datais valid on the bus. The external device (s) now
indicate that they are not ready for data by putting
RFD Low. When the device (s) have accepted the
data, DAC goes High indicating that the data on the
bus is no longer needed. The FIO responds by brin-
ging DAV High and indicating that the data on the
bus may not be valid.

This handshake operation continues until the exter-
nal device (s) cannot accept any more data ; at this
point RFD stays Low, or the FIFO buffer is empty,
in which case DAV stays High.

When the Enable Handshake bit is Low the DAV
output is forced High.

Input Handshake. For input handshake (Data Di-
rection = 1) the FIO uses two outputs, RFD (Ready
For Data) and DAC (Data Accepted), and oneinput,
DAV (Data Valid). The handshake starts by the FIO
having RFD High, indicating that it is ready to ac-
cept data (DAC is Low). The external device will in-
dicate that data is valid on the bus by forcing DAV
Low. The FIO responds by bringing RFD Low and
then putting DAC High, indicating that it is not rea-
dy for data and the data has been accepted. Some
time later DAV will go High, indicating that the data
on the bus is no longer valid. The FIO responds to
this condition by bringing DAC back Low. The
handshake operation continues until the external
device has no more data to send, in which case it
leaves DAV High, or the FIFO buffer is full, in which
case RFD stays Low.

When the Enable Handshake bit is Low, RFD is for-
ced High and DAC is forced Low.

This configuration can be used only with Port 2 and
must interface to the 1/0O device. Therefore, a CPU
cannot directly program Port 2 via the Port 2 pins ;
Port 2 operation is specified by the Port 1 internal
registers. Bits Dz and D3 of Port 1 Control Register 0
define the Port 2 configuration. Resetting Dz and
setting D3 enables Port 2 in the 3-wire handshake
configuration.

Once the configuration is specified, two bits in the
Port 1 Control Register 2 control the operation of
Port 2. If Do is set, Port 2 is enabled. If D1 is set, the
Port 2 handshake signals are enabled.

In CPU-to-)/O transactions, care should be taken
when changing data direction and clearing the Fl-
FO buffer. Since DATA DIRECTION and CLEAR
are programmed in the same register, they both can
be changed during a single write to Control Regis-
ter 3. Putting the Clear bit Low and changing the da-
ta direction bit is okay. Putting the Clear bit High and
changing the data direction bit may cause improper
operation. The data direction bit should only be
changed when the Clear bit is Low or going Low.

The input and output lines (INg, OUT+, and OUT3)
are, respectively, an input to bit Dg of Port 2 Control
register 3 and outputs from bits Dy and D3. Do is a
read-only bit. These three signal lines are used for
communication between FIOs and FIFOs in a net-
waorking environment.

Figure 23 : 3-Wire Handshake 1/O Configuration Timing.
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INTERFACING SIGNALS (continued)
WAIT OPERATION

Output WAIT. When data is output by the CPU (Da-
ta Direction = 0), the REQ/WAIT pin is active {(Low)
only when the FIFO buffer is full, the chip is selec-
ted, and the FIFO buffer is addressed. WAIT goes
inactive when the FIFO buffer is not full.

Input WAIT. When data is input by the CPU (Data
Direction = 1), the REQ/WAIT pin becomes active
(Low) only when the FIFO buffer is empty, the chip
is selected, and the FIFO buffer is addressed. WAIT
goes inactive when the FIFO buffer is not empty.

The release of the FIO WAIT signal is asynchronous
with respect to the CPU WAIT input. The circuit
shown in figure 24 synchronizes the FIO WAIT si-
gnal with the expected Z8000 CPU WAIT input.

REQUEST (DMA) OPERATION

The FIO works particularly well with DMA devicesin
both Z-BUS and non-Z-BUS (nonmultiplexed)
microprocessor modes. DMA operation can take
place on both sides of the FIO simultaneously ; ho-
wever, DMA operation cannot take place on the
Port 2 side when the Port 2 side is in an /O confi-
guration.

" The FIO supports two types of DMA operation, "fly-
by" and "sequential”, both compatible with devices
such as the Z80 DMA controller. in the flyby opera-
tion, data transfers occur every machine cycle on ei-
ther on both sides of the FIO. The DMA controller
issues a memory address with appropriate control
signals and DACK or DMASTB ; the FIO receives
or sends the byte strobed into the bus. The byte ne-
ver passes through the DMA, it merely "flies by" bet-
ween the memory and the FIO. In sequential ope-
ration, the DMA controlier reads the byte from me-
mory and then writes it to the F1O buffer or vice ver-
sa, addressing the Data Buffer register as a periphe-
ral device. In this operation DACK or DMASTB
should be tied to Vce. "Flyby" is not a mode or a bit
that is set in the FIO. To use flyby the Request ope-
ration must be enabled and the DMASTB/DACK pin
is used.

The Request signal is inactive until the Clear bit is
inactive (High). For example, when configuring the
FIO for DMA operation, bits Do and D1 in the
controlling CPU’s Control Register 1 can be set
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while the Clear bit is active without triggering a va-
lid Request signal and initiating the transfer. Once
the Clear bit goes inactive (Low), the DMA transfer
into the FIO can begin, since the FIFO buffer is emp-
ty.

Z-BUS Flyby Operation. In figures 25 and 26,
which show Z-BUS FIO-to-memory and memory-to-
FIO transfers, the DMASTB signal strobes data to
and from the FIO buffer. AS puises Low to gate the
memory address from_the DMA into_the Ad-
dress/Data bus. Once AS goes High and DMASTB
goes Low, data is read from or written into the FIO
buffer directly without having to write the Data Buf-
fer address during each read. DMASTB acts as a
read or write signal ; the data direction bit specifies
the direction of the transfer (the R/W pin is ignored).
There is no effect if the DMA tries to read data when
the FIQ expects input, or vice versa.

The CS signal is not ignored by the FIO and there-
fore must be kept invalid (High) during the DMA
transfer. This is normally acccomplished by default
since the DMA device is addressing memory.

Non-Z-BUS Flyby Operation. In figure 27 and 28,
showing non-Z-BUS FlO-to-memory and memory-
to-F1O transfers, the DACK signal generated by the
DMA device acknowledges the FIO's DMA request.
After DACK goes true, the DMA device places the
memory address on the memory address bus, and
data is gated from memory into the data bus. DACK
forces the next read or write to the FIO into the FIO
buffer directly without having to write the Data Buf-
fer address during each read (the C/D pin is igno-
red). The data direction bit specifies the direction of
the transfer. There is no effect if the DMA tries to
read data when the FIO expects input, or vice ver-
sa. The CE signal is not ignored by the FIO and the-
refore must be kept invalid (High) during the DMA
transfer. This is normally accomplished by default
since the DMA device is addressing memory.

Request Hysteresis Operation. The FIO has a
feature that enhances DMA transactions in both fly-
by and sequential operation. Figures 29 and 30 are
request hysteresis diagrams. These diagrams des-
cribe the use of the Byte Count Compare register
during DMA transactions and demonstrate how
DMA-to-FIO transfers can proceed. To engage this
feature, set bit D2 of Control Register 1.
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REQUEST (DMA) OPERATION (continued)

When data is written into the FIO by the DMA con-
troller, the FIO initiates the cycle by issuing an ac-
tive Request signal. (Refer to figure 29). REQ stays
active (Low). The FIO is ready to receive bytes from
the bus. REQ remains active until the buffer is full.
It then goes High and remains inactive while the

Figure 24 : FIO-to-CPU WAIT Synchronization Circuit.

CPU or 1/O device reads the bytes from the FIFO
buffer until the number of bytes in the buffer is equal
to the value programmed into the Byte Count Com-
pare register. REQ goes Low once more, and the
sequence begins again.
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Figure 25 : Z-BUS FIO-to-Memory Data Transactions.
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REQUEST (DMA) OPERATION (continued)
Figure 26 : Z-BUS Memory-to-FIO Data Transactions.
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Figure 27 : Non-Z-BUS FIO-to-Memory Data Transactions.
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REQUEST (DMA) OPERATION (continued)

Figure 28 : Non-Z-BUS Memory-to-FIO Data Transactions.
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Figuré 29 : Request Hysteresis Diagram : Write

Figure 30 : Request Hysteresis Diagram : Read

to FIO. from FIO.
nEQ [
O] 6] ACTIVE ¢ © -
ACIVE @
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@
INACTIVE @ “® i = NUMBER OF BYTES IN FIFO INACTIVE @ _[_
EMPTY FULL EMPTY FuULL
NUMBER M BYTE COUNT COMPARISON REGISTER NUMBER IN BYTE COUNT COMPARISON REGISTER
Notes : FIO empty. Notes : 1. FIFC empty.

. REQUEST enabled, FIO requests DMA transfer.

. DMA transfers data into the FIO.

. FIFO full, REQUEST inactive.

. The FIFO empties from the opposite port until the
number of bytes in the FIFO buffer is the same as
the number programmed in the Byte Count Com-
parison register.

When data is read from the FIO by the DMA con-
troller, the FIO receives bytes from the CPU. (Refer
to figure 30). The Request line is inactive until the
number of bytes in the buffer is equal to the value
programmed in the Byte Count Compare register.
REQ then goes Low and remains Low until the DMA
controller has emptied the bufter. Then REQ goes
High and the sequence starts over again. If both
ports are operating in CPU modes using DMA, this

bW =

"_l SGCS-THOMSON

. CPU/DMA fills FIFQ buffer from the opposite port.

. Number of bytes in FIFQ buffer is the same as the
number of bytes programmed in the Byte Count
Comparison register.

4. REQUEST goes active.

5. DMA transfers data out of FIC until it is empty.

W N

feature allows DMA operations to continue inde-
pendently, triggering the Request signals from the
two different Byte Count Compare register values.

If both ports are reading and writing at approxima-
tely the same rate, the buffer becomes a scratchpad
memory for continuous DMA transfers. In this way,
the length of the DMA block transfers can be much
longer than the FIFQ's buffer.
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INTERRUPT OPERATION

The FIO generates interrupt requests when pro-
grammed to do so and when one of seven specified
conditions occurs. A complete interrupt cycle
consists of an interrupt request followed by an inter-
rupt acknowledge transaction. The CPU acknow-
ledges interrupt request, according to the Z-BUS
daisy-chain priority interrupt protocols. The FIO then
places an address vector on the bus, providing the
starting location of either an interrupt service routine
or an index table into a group of such routines. The
reason for the interrupt is encoded into the address
vector, which becomes a pointer to specialized in-
terrupt service routines.

Figure 31 is a flowchart of a peripheral interrupt se-
quence and explains the action within a single inter-
rupting device. As the flowchart indicates, the peri-
pheral inherently checks the status of all P bits on-
ly if IEI is active. The IE! line is inactive only if the
IEQ of a higher-priority device is Low.

The interrupt Status registers specify whether or not
interrupts will be generated during true interrupt
conditions. If such interrupt conditions occur and the
appropriate interrupt is enabled, the FIO communi-
cates the interrupt request to the CPU.

Interrupt Priority. The seven prioritized conditions
that can trigger the generation of an interrupt re-
quest follow in order of priority : Message Pending,
Change in Data Direction, Pattern Match, Byte
Count Compare, Overflow/Underflow Error Buffer
Full, and Buffer Empty conditions. Each interrupt
condition has three corresponding control bits in the
Interrupt Status registers : Interrupt Enabie bit (IE)
enables interrupt generation, interrupt Pending bit
(IP) alerts the CPU that an interrupt is waiting for
service, and Interrupt Under Service bit (IUS) shows
if the interrupt is being serviced.

Figure 31 : Interrupt Flowchard.
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INTERRUPT OPERATION (continued)

Figure 32 : Z-BUS Interrupt Acknowiedge Timing.
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INTERRUPT OPERATION (continued)
Setting and Clearing of Interrupt Control Bits.

" The setting and clearing of the IP, IUS, and IE bits

is done under the command structure shown in fi-
gure 34. In this methed the individual bits in a regis-
ter are not set or cleared directly. This guards
against the accidental clearing of an IP bit during a
write and the possible loss of an interrupt request.
Note the 3-bit code to set the message Interrupt Un-
der Service bit shown beneath the Interrupt Status
Register 0 drawing in figure 10. To set this bit, write
01000000 (40n) to this register. This write does not
directly set bit Ds, however. it sets bit D7, shown in
figure 10 as the message IUS bit. When Interrupt
Status Register 0 is read following the write, it reads
as 10000000 (80H). These 3-bit groups, then, are
described as codes that set or clear the Interrupt
Status bits, rather than setting the bit in the corre-
sponding register position. The same format is used
with all four interrupt Status registers.

Refer to the Interrupt Status registers shown in fi-
gure 10. The IUS and IP bits can be set two ways-
when the condition itself occurs or by program
control. These bits are cleared by program control.
The IE bit can be set and cleared only by writing to
them.

Z-BUS interrupt Operation. Refer to figures 32 and
33. The FIO generates an interrupt request by lowe-
ring the INT line, only if such interrupt requests are
enabled (IE is 1, MIE is 1), it has an Interrupt Pen-
ding (IP = 1), it does not have an Interrupt Under
Service (IUS is 0), no higher-priority interrupt is

Figure 34 : IP. IUS and |E Command Code.

being serviced (IEl is 1), and no interrupt acknow-
ledge transaction is taking place (as indicated by IN-
TACK High at the last rising edge of AS). IEQ is not
pulled down by the FIO at this time ; IEO continues
to follow |E! until an interrupt acknowledge transac-
tion occurs.

Some time after INT has been pulled Low, the CPU
initiates an interrupt acknowledge transaction. Bet-
ween the rising edge of AS and the falling edge of
DS, the IEI/IEQ daisy chain settles. Any Z-BUS pe-
ripheral with one of its Interrupts Pending (IP is 1)
or one of its Interrupts Under Service (IUS is 1) holds
its IEQ line Low ; all others make IEO follow |EI.

When DS falls, only the highest priority interrupt
source with a pending interrupt (IP is 1) has its IEI
input High, its |E bit set to 1, and its IUS bit set to 0.
This is the interrupt source being acknowledged,
and at this point it sets its IUS bit to 1. If its NV bit is
0, the FIO identifies itself by placing its interrupt vec-
tor from the Interrupt Vector register on Address/Da-
ta lines ADg — AD7. If NV is 1, the FIO's ADo— AD7
lines remain floating, allowing external logic to sup-
ply a vector. (All Z-BUS interrupts require a vector
to identify the requesting device).

If the FIO's VIS is 1, the vector also contains status
information, coded into bits D1 — D3, which further
describe the source of the interrupt within the FIO’s
logic. If VIS is 0, the vector held in the FIO is output
without status included (base vector). The bit codes
are given in Table 11. IPs are setby an AS following
the event.

Table 11 : Interrupt Status Bit Codes.

3 B;ts ; Codes
0 0 0 |NULL CODE
1 1 1 Received Message in Message
0 0 1 |CLEARIP & IUS In Register
0] 1 0 |[SETIUS 1 1 0 | Change in Data Transaction
Direction
0 1 1 |CLEARIUS :
1 0 1 Vaiid Pattern Match
110 0 |SETIP 1 0 0 | Valid Byte Count Compare
1 0 0 |CLEARIP 0 1 1 Overflow or Underflow Error
1 1 0 SETIE 0 1 ¢ Buffer Full
1 1 1 |CLEARIE 0 0 1 | Buffer Empty
0 0 0 No Interrupts Pending
3885 LSy SGS-THOMSON
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INTERRUPT OPERATION (continued)

Figure 35 : Non-Z-BUS Interrupt Acknowledge Cycle.
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Non-Z-BUS Interrupt Operation. Figure 35 shows
the complete non-Z-BUS interrupt acknowledge cy-
cle timing.

When in non-Z-BUS configurations, the IP bit is not
set while the port is in state 1. Any interrupt condi-
tion that occurs (such as a message received) does
not set the corresponding IP bit. Thus, to minimize
interrupt latency, the FIO should stay in state 0. The
IP bit is set when the port returns to State 0.

The FIO generates an interrupt request {IPis 1 : In-
terrupt Pending) by lowering the INT line, only if such
interrupt requests are enabled (IE is 1, MIE is 1), it
has an interrupt pending (IP = 1), it does not have
an Interrupt Under Service (1USis 0), no higher-prio-
rity interrupt is being serviced (IEl is 1) and no inter-
rupt acknowledge transaction is taking place. IEQ s
not pulled down by the FIO at this time ; IEO conti-
nues to follow IEI until an interrupt acknowledge
transaction occurs.

Some time after INT has been pulled Low, the CPU
initiates an interrupt acknowledge transaction. Bet-
ween the falling edge of INTACK and the falling
edge of RD, the IEI/IEO daisy chain settles. Any pe-
ripheral with one of its Interrupts Pending (IP is 1)

Figure 36 : Message Register Operation.

orone of its interrupts Under Service (IUS is 1) holds
its IEQ line Low ; all others make IEQ follow |EI.

When RD falls, only the highest priority interrupt
source with a pending interrupt (IP is 1) has its IEl
input High, its IE bit set to 1, and its |US bit set to 0.
This is the interrupt source being acknowledged,
and at this point it sets its HJS bit to 1. If its NV bit is
0, the FIO identifies itself by placing its interrupt vec-
tor from the Interrupt Vector register on data lines
Do — D7. f NV is 1, the FIO's Do — D7 lines remain
floating, allowing external logic to supply a vector.

If the FIQO's ViS is 1, the vector also contains status
information, coded into bits Dy-D3, which further
describe the source of the interrupt within the FIO’s
logic. If VIS is 0, the vector held in the FIO is output
without status included. The bit codes are in Ta-
ble 11.

MESSAGE REGISTER OPERATION

The two message registers provide a "mailbox" that
is a means for two CPUs use to communicate with
each other around the FIO’s buffer. Each port's CPU
is alerted when the opposite port's CPU sends a
message.

REGISTER

ADDRESS MESSAGE ADDRESS

PORT 1 8 REGISTER <
MESSAQE OUT
REGISTER PORT 2 PORT 2

PORAT 1

—_—

REGISTER

MESSAGE N
REQISTER

PORT ¢
MESSAQGE IN
AEQISTER

REGISTER
ADDRESS

MESSAGE

REGISTER POAT 2
FORT 1 REGISTER REQISTER

- - - g~

ADDRESS

Note : usable only for CPU/CPU interface.
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MESSAGE REGISTER OPERATION

Figure 36 describes the message flow between two
message registers. When Port 1's CPU writes to the
Message Out register which is also Port 2's Mes-
sage Inregister, Port 2's Message Interrupt Pending
bit is set. If the Message Interrupt bit is enabled, Port
2's CPU is interrupted. Port 2's Message P bit can
be read from the Port 1 side (Ds of Control Register
1) ; when the Port 2 CPU reads the data from its
Message In register, the Port 2 IP is cleared. The
Port 1 CPU can therefore tell when the message has
been read and can now send another message or
follow whatever protocol that it set up between the
two CPUs. The same transfer can be made from
Port 2's CPU to the Port 1 CPU.

ERROR OPERATION

In CPU configurations, the FIO detects overflow or
underflow errors. Overfiow is defined as performing
a write to the Data Buffer register when the FIFO
buffer is full, with the data direction bit at 0. This write
is ignored, and the Byte Count register does not
change value.

Underflow is defined as a read of the Data Buffer re-
gister when the FIFO buffer is empty, with the data
direction bit set to 1. The contents of such a read
are undefined and the Byte Count register does not
change value.

Since the error conditions are mutually exclusive,
one error Interrupt Pending bit (D2 of Interrupt Sta-
tus Register 2) serves for both error conditions, with
bit Do as 1 indicating an underflow error and bit Da
as 1 indicating an overflow error. When either condi-
tion occurs, the error IP bit is set, regardless of the
state of the error Interrupt Enable bit, and the appro-
priate Over/Underflow bit is set as well. The error IP
bit is reset under program control, and the Over/Un-
derflow bits are reset simultaneously.

If the Wait function is enabled, no error conditions
should occur.

The error logic detects errors only for its own CPU.
For example, if Port 1 is receiving data (Data Direc-
tion bit is 0), only overflow errors will be detected. If
Port 2 has an underflow error, it will not set Port 1's
error |IP bit.

PATTERN MATCH OPERATION

The Pattern Match register contains a byte to com-
pare with the byte in the data buffer. The Pattern
Mask register contains a bit pattern used to mask
bits used in the comparison.

Pattern Match Register. The Pattern Match regis-
ter (figure 9) contains a byte for comparison with the
byte in the Data Buffer register. As each byte in a
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data transaction passes through the Data Buffer re-
gister, it is compared with the value programmed in
the Pattern Match register. Upon a true match, an
interrupt can be generated if enabled in Interrupts
Status register 1. One or more bits in the Pattern
Match register can be masked by the value in the
Pattern Mask register.

Pattern Mask Register. The Pattern Mask register
{figure 9) contains a bit pattern used to force a true
match between the pattern in the Pattern Match re-
gister and the pattern in the Data Buffer register. It
a pattern mask bit is set, the corresponding bitinthe
Pattern Match register always matches with the cor-
responding bit in the Data Buffer register. All 1s in
this register forces a pattem match.

BYTE COUNT COMPARE OPERATION

The Byte Count Compare register holds a byte that
is continuously compared with the count in the Byte
Count register. If the Byte Count Compare Interrupt
Enable bit {Ds) is set in Interrupt Status register 2,
an interrupt occurs upon a true match. The compa-
rison operation is not affected by the Freeze Byte
Count bit.

If the byte being programmed in the Byte Count
Compare register equals the number of bytes that
are currently in the FIFO, then the byte count IP bit
is set. The range of valid values for the comparison
is from 0 to 127 (7Fn).

BYTE COUNT REGISTER FREEZE OPERA-
TION

The Byte Count register tracks the number of bytes
read from and written to the FIO's FIFO buffer. Since
the count changes with each read or write cycle, a
provision is made for “freezing” the count so the
CPU can read the register's value. When set, bit 6
in Control Register 1 freezes the current value in
Byte Count register.

If there are reads or writes after the freeze bit is set,
a read of the Byte Count register shows the frozen
value and does not reflect the reads or writes that
occur between the setting of the freeze bit and the
read of the Byte Count register. The read clears the
freeze bit. Until another read or write takes place,
the frozen value in the Byte Count register is not up-
dated with the current value.

For example, if the Byte Count register shows 10
transactions when the freeze bit is set, and there are
five more transactions between the time the freeze
bit is set and the time the Byte Count register is read,
the read will return the frozen value, 10. If no further
transactions (after the five) take place, another read
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BYTE COUNT REGISTER FREEZE OPERATION (continued)

of the Byte Count register will still return 10 ;if a read
or write takes place, the current value (10 + 5+ any
other transactions) is returned.

CLEAR AND DATA DIRECTION OPERA-
TION

Care should be taken when changing the data di-
rection and clearing the FIFO buffer. Changing the
Data Direction pin/bit when the CLEAR pin/bit is
High and the FIFO buffer is not empty will cause im-
proper operation. When changing the Data Direc-
tion_pin/bit the FIFO buffer must be empty. Putting
the CLEAR pin/bit Low assures an empty FIFQO buf-
fer.

CPU-TO-CPU Operation. Clear Operation. Fi-
gure 37, showing CLEAR operation in CPU-to-CPU
operation. When bit D7 of Port 1 is 0, then Port 1 has
control over the Clear Bit. When bit Ds is 1, the FI-
FO buffer is not clear and is therefore ready to read
or write data. If D7 is then set to 1, and control of the
clear function transfers to Port 2. It should be noted
that if the Port 2 side is reset when it has control of
the CLEAR bit, the CLEAR bit is also reset (0).

Data Direction Operation. Figure 38 shows the da-
ta direction operation for CPU-to-CPU operation.
When bit Ds is 0, Port 1 controls data direction.
When Ds is 1, Port 2 controls data direction. Bit D4
of the appropriate CPU controls the actual transac-

Figure 37 : CLEAR : CPU-to-CPU Operation.

tion direction, relative to the controlling CPU. When
D4 is 0, data is output from the CPU, and when D4
is 1, data is input to the CPU. An inverter added to
the logic ensures an accurate operation for each
side. It should be noted that if the Port 2 side is re-
set when it has control of the Data Direction bit, the
Data Direction bit is also reset. Thus, Port 2's Data
Direction bit is 0 and Port 1's Data Direction bitis 1.

CPU-TO-I/O Operation. Clear Operation. Fi-
gure 39 shows CLEAR operation in CPU-to-l/O
operation. Inthese transactions, bit D7 controls whe-
ther the FIFO buffer is cleared by resetting Ds in
Controt Register 3 or by a system CLEAR signal in-
puton pin 35. If D7 is 0, Port 1's bit Ds of Control Re-
gister 3 clears the FIQO whenitis 0. If D7is 1, the FIO
clears when a system CLEAR signal (active Low) is
applied to pin 35.

Data Direction Operation. Figure 40 shows the da-
ta direction logic. When bit Ds is 0, Port 1's bit Dg in
Control Register 3 controls data direction. When Ds
is 1, data direction control is via a system signal re-
ceived at pin 34. The data direction bit and pin 34
are always the same (no inversion) logic level.

Regardless of whether Port 1 or Port 2 has control
of the data direction, Pin 34 determines Port 2
handshake. Pin 34 Low (0) defines the Output
Handshake operation ; Pin 34 High (1) defines the
fnput Handshake operation.

Figure 38 : Data Direction : CPU-to-CPU
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Figure 39 : CLEAR : CPU-to-1/O Operation.

Figure 40 : Data Direction : CPU-to-1/O
Operation.
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INTERFACING THE FIO

The FIQ interfaces to many kinds of devices. The Z-
BUS high-byte and low-byte configurations acco-
modate such devices as the Z8000, Z8, and 8085,
which require a multiplexed address/data bus. De-
vices such as the Z80, 8080, and 6800 use sepa-
rate address and data buses which are supported
by the FIO's non-Z-BUS (nonmultiplexed) micropro-
cessor configuration. The 2-wire handshake IO
configuration is the mostcommonly used parallel /O
protocol, and the 3-wire handshake I/O configura-
tion supports a multi-acceptor protocol.

This chapter introduces interfacing the FIO to other
devices, shows how the FIO interfaces to various
bus structures, and shows how buffer interfaces lar-
ger than 128 bytes can be constructed with FIOs
and FIFOs.

INTERFACING CONSIDERATIONS

Z-BUS Interfacing. All Z-BUS memory or /O trans-
actions use the AS (Address Strobe) and DS (Data
Strobe) signals. These signals define the informa-
tion currently on the bus as address information or
data. An active AS signal latches the CS (Chip Se-
lect) signal, which is decoded from the correct /O
address and enables the FIO. During an active DS
signal, data is available on the bus. If R/W is High
during DS, data is read from I/O devices of from me-
mory. if R/W is Low, data is written to I/O devices or
to memory.
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Z-BUS I/O transactions are asynchronous with the
CPU clock. I/O transactions are similar to memory
transactions, except that /O transactions are lon-
ger. Memory transactions use three clock cycles for
completion, but a single wait state is added automa-
tically to /O transaction timing, and additional wait-
states can be inserted by forcing the WAIT line Low
for as long as required.

Z8000 Intertacing. When interfacing to the Z8001
or 78002 (see figure 4.1) in the Z-BUS low-byte
configuration, the RJA bit (D1 of Control Register 0)
can be either 1 or 0. When RJA is 0 the FIO takes
the address information on AD1-AD4. This configu-
ration is compatible with using Z8000 byte I/0O (INB,
OUTB) instructions. In byte I/O, the ADg bit speci-
fies which byte on the data bus is read or written to
(ADo =0 uses ADs — AD1s ; ADo = 1 uses ADo— D7).
Typically, all byte /O devices have odd addresses.

When RJA is 1 the FIO takes the address informa-
tion on ADo-ADs. This configuration is compatible
with using Z8000 word /O instructions (IN, OUT).
The word IO instructions allow ADg to be used as
an address bit to the FIO. This is useful when using
a High and a Low byte FIO to do word transfers. This
configuration is also useful for the user who wants
consecutive /0 addresses and is not concerned
with Z8000 register space.

The Z-BUS high-byte and low-byte configurations,
as well as the non-Z-BUS microprocessor configu-
rations, support the daisy-chain priority interrupt
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INTERFACING CONSIDERATIONS (continued)

Figure 41 : Z8000 1/O Timing.
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Figure 42 : Z8000 Interrupt Acknowledge Timing.
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questing interrupt service to lock other, lower-priori-
ty devices out of the interrupt control bus, thus pre-
venting interrupt generation by these devices. Hi-
gher-priority devices can still issue interrupt re-
quests that override the original requestor's interrupt
service routine.

Additional discrete logic is required to decode the
CPU status lines to provide an interrupt acknow-
ledge signal for the FIO. The Z8000 CPU adds five
additional wait states (between AS rising and DS fal-
ling) to the interrupt transaction timing (figure 42) as

"_i SGS-THOMSON

daisy-chain settling time and to allow time for the
FIO to place its interrupt vector into the bus.

Non-Z-BUS Interfacing. This interfacing configura-
tion is used with CPUs having separate address and
data lines. The FIO is connected only to the data
bus of such CPUs, so a signal, C/D, must distinguish
between control bytes and data bytes. In the non-Z-
BUS configuration, the addresses of the FIO inter-
nal registers must appear on data lines Do — D3. Ac-

43/85
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INTERFACING CONSIDERATIONS (continued)

cordingly, the RJA bit (D1 of Control Register 0) is
always set by the FIO.

In this configuration, the CE (Chip Enable) signal
must be decoded from the I/O address of the FIO
by external logic. Since CE is not latched, it must re-
main true during the entire /O transaction.

Z80 Interface. /O Request (IORQ) and Memory
Request (MREQ) specify I/O or memory transac-
tions ; WR and RD specify write or read operations.
During I/O operation, the Z80 inserts a wait state in-
to the timing to give the FIO time to decode its ad-
dress and to activate its own WAIT line if additional
time is needed. Figure 43 shows this timing.

The Z80 samples the INT line at the rising edge of
the last clock cycle at the conclusion of every instruc-
tion. If an interrupt request is detected, the CPU is-
sues an M1 signal without a corresponding MREQ
signal. The Z80 adds two Wait states to allow the
IEI/IEQ daisy chain interrupt lines to settle. External
logic must generate an INTACK signal from these
signal conditions. Figure 44 shows various signals
from the Z80 and the signals generated from these
and sent to the FIO. Figure 45 shows the external
logic used to interface the FIO and other 8500 se-
ries_peripherals to the Z80 bus. When the genera-
ted INTACK and RD are both Low (active), the FIO
places its interrupt vector on the bus, if enabled to
do so.

2-Wire (Interlocked) Handshake /O Interfacing.
The 2-wire handshake configuration is usually used
when a single VO device communicates with a
CPU ; the 3-wire-handshake configuration (similar

Figure 43 : Non-Z-BUS I/O Timing.

to the IEEE-488 standard interface} is used when a
CPU is interfacing to a group of devices.

2.Wire Handshake Configuration. During a data
transfer into the FIO, RFD/DAV is forced High, si-
gnaling to the peripheral device that the FIO is rea-
dy for data. The peripheral places the data on the
bus and acknowledges the transaction with ACKIN
Low, latching the data into the FIO Data Buffer re-
gister on the falling edge. RFD then goes Low until
the Data Buffer register is emptied into the buffer
memory, at which time RFD goes High (active) if
ACKIN has gone High (inactive). The cycle repeats
until the peripheral is through writing or until the buff-
er memory is full. When the buffer memory is full,
RFD goes Low and remains so.

During a data transfer from the FIO, DAV goes ac-
tive (Low) to signify that data is available from the
FIO's Data Buffer register. If ACKIN is High, signi-
fying that the previous read from the FIO is comple-
ted, the device latches the data from the FIO and
forces ACKIN Low. The FIO forces DAV High when
the Data Buffer register is read. ACKIN strobes the
next byte from the buffer to the Data Buffer register,
DAV goes Low, and the cycle repeats until the FIO
buffer is empty when DAV goes High and remains
SO.

3-Wire Handshake Configuration. During a data
transfer into the FIO, the F10 forces RFD High (ac-
tive) to signal that it is ready for data. The DAV in-
put on pin 38 goes Low (active) to strobe the inco-
ming data from the bus lines into the Data Buffer re-
gister. The DAC input goes High on pin 37 to show
the input device that the data has been accepted.

w X
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" \ /
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INTERFACING CONSIDERATIONS (continued)
Figure 44 : Z80 Interrupt Acknowledge Timing.
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RFD on pin 39 remains Low until the data has been
moved from the Data Buffer register to the buffer
memory. When RFD goes High again, the cycle re-
peats until the FIO buffer is full. During a data trans-
fer from the FIO, the RFD signal from the periphe-
ral devices goes High to show they are ready for da-
ta. DAV on pin 39 goes Low (active) to show that
there is valid data on the bus. The peripheral de-
vices return DAC High (active) on pin 37, signifying
thatthe data has been accepted. When the periphe-
rals are ready for more data, RFD reappears High

on pin 37 and the cycle begins again. Output conti-
nues until the FIO buffer is empty, which forces DAV
High (inactive). DAV stays High until the bufferis re-
loaded from the CPU port. The peripherals can stop
the transaction by holding RFD Low on pin 37.

FIO EXPANSION INTERFACING

FiOs can be combined to create 16-bit or wider in-
terfaces and to create buffers larger than 128 bytes.
The following text and illustrations show how FIOs

Figure 45 : External Logic Interfacing the Z80 to 8500 Series Peripherals.
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INTERFACING CONSIDERATIONS (continued)

can be combined or used with the Z8060 FIFO buff-
er to create a buffer size of 512 bytes.

Buffer size can be a critical factor in an I/O-bound
system. A larger buffer allows longer intervals be-
tween situations that require CPU intervention and
can cut /O overhead significantly. Using a device
as powerful as the FIO, which conducts pattern
matches and generates interrupts upon a variety of
conditions, the CPU spends less time polling /0 de-
vices. The FIO also conducts duplex DMA opera-
tion at system speeds, transferring a byte each cy-
cle, since the buffer can be read from and written to
simultaneously.

CPU-TO-CPU 256-Byte FIO Buffer Expansion. Fi-
gure 46 shows a configuration of FIOs that creates
a 256-byte buffer. Port 2 of one FiO is interfaced to
Port 2 of the other FIO, and both are programmmed
in the 2-wire handshake configuration.

The Empty and Full pins are wire-ORed to commu-
nicate these conditions only when both FIOs reflect
the same condition.

The message register feature does not operate in
any of the expanded configurations, so some other
provision must be made for communication be-
tween two CPUs controlling a multiple-FIO configu-
ration. This can be done by using the INg and OUT+
signals (mapped to pins 33 and 32, respectively, in
the 2-wire handshake configuration). in the 2-wire
handshake configuration, the Port 1 CPU can set or
reset bit D1 of Port 1 Control Register 3. The state
of this bit is reflected in bit Do and can be read by

the OUT4 line from the opposite FIO. Conversely,
the opposite FIO can set its own bit D1, simulta-
neously setting bit Do, which can then be read by
the first FIO.

The expansion process modifies the operation of
the Byte Count register. When data is written 1o a
port, it moves (bubbles) to the first bit position of the
buffer opposite the one that is writing. For example,
if the left CPU is writing 256 bytes to the FIOs shown
in the figure 46, the right FIO buffer wili be loaded
with 128 bytes before any bytes are stored into the
left FIO buffer.

It 100 bytes are then written into this configuration
from the left CPU, the right CPU can read its Byte
Count register and obtain an accurate read of 100
bytes. If the left FIO reads its Byte Count register,
however, it will be empty. If another 100 bytes are
then transferred from left to right, the right CPU will
read the buffer of its FIO as full (128 bytes loaded)
and the left FIO will show 200 minus 128 (or 72)
bytes in its buffer. When 256 bytes are written to this
configuration, the wire-ORed full line will reflect a
buffer-full state by going High.

During a read from these filled buffers, each time a
byte is read from the right FIO by its CPU, a byte
from the left FIO trickles across to the right FIO. The-
refore, the left FIO buffer is emptied before the right
FIO begins its countdown to empty. When both buf-
fers are empty, the wire-ORed empty line reflects a
buffer-empty state by going High. The empty and
full interrupts are modified as well. Empty interrupts

Figure 46 : CPU-to-CPU 256-Byte FIO Buffer Expansion.
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FIO EXPANSION INTERFACING (continued)

signify that both buffers are empty and full interrupts proper operation an inverter is placed between the
signify that both buffers are full. two FIO's Data Direction pins. This provides, for

in this example, the left FIO has control of Data Di- ~ €Xa@mple, that when the left FIO is in Output Hands-
rection. its Data Direction pin is an output and the ~ hake (Data Direction = 0) mode the right FIO will be

right FIO’s Data Direction pin is an input. To ensure  in Input Handshake mode (Data Direction = 1).
Figure 47 : CPU-to-CPU 512-Byte FIO Buffer Expansion.

= ey e ey I

AF DIDAV ACKIN RFDIDAV ACKIN RFD/OAV ACKIN
ACKIN RFO/DAV ACKIN RFCIDAV ACKIN AFDNDAY R
BUS HUS

CONTROL CONTROL
=z x
S o
. x P P
e | «8 oL B <2
$ S |9 5= 3 3 |4 a=
] w U oD w e o 3a

INTERRUPT INTERRUPT

CONTROL
NTRO! ouT, iNg CON:ROL
ouT,y

z
E

4 x
o o
bt Q
> o > i o
- s a <3 st <
a pr] W - a = 3 o w
- > 3 a'X F3 3 a2 o«
] ry o ad w i o aod

5

AAA

*5V exv

Figure 48 : CPU-to-I/0O 384-Byte FIO Buffer Expansion.
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FIO EXPANSION INTERFACING (continued)

CPU-TO-CPU 512-Byte FIO-TO-FIFO Buffer Ex-
pansion. Figure 47 illustrates a 512-byte buffer in-
terface constructed from two Z8038 FIOs and two
Z8060 FIFOs. The Z8060 only operatesin the 2-wire
hand-shake configuration. The number of FIFOs
used in such a configuration is limited only by eco-
nomics and space.

The FIOs and FIFOs share the same signal confi-
gurations used in the previous example, i.e., wire-
ORed Full and Empty signals. In this configuration,
however, all buffers must be filled (512 bytes) be-
fore the Full signal is active, and all buffers must be
empty before the Empty signal is active.

CPU-TO-Peripheral 384-Byte FIO Bufter Expan-
sion. Figure 48 illustrates a 384-byte buffer inter-
face constructed from one FIO and two FIFOs. Ad-
ditional FIFOs can be added as needed, each in-
creasing the buffer capacity. As in the other confi-
gurations, the 2-wire handshake configuration must
be used.

INTERFACING THE FIO

The FIO manages data transactions between CPUs
and between CPUs and peripherals. In some appli-
cations, external logic is required to interface the
FI1O properly, and the software must supportthe tar-
get configuration. This chapter gives two examples
of the FIO interfacing to devices : one example
shows how the FIO interfaces between the Z8002
CPU and a controller, and the other example shows
a Z8000-to-FIO-to-Z80 interface.

FIO INTERFACE BETWEEN Z8002 AND A DIS-
PLAY CONTROLLER

Figure 49 shows a typcial application for the FIO :
interfacing a display controller to the Z-BUS. The Z-
BUS master, a Z8002 CPU, controls the transac-
tions through Port 1 of the FIO. Port 1 of the FIO is
configured in the Z-BUS low byte mode by tying pins
19 (M1) and 21 (Mg) to ground. In this configuration,
the Port 1 Data lines Do - D7 connect direclty to Z-
BUS Address/Data lines ADp - D7, and the FIO
control registers are directly addressable via these
signal lines. The FIO also accepts the Z-BUS inter-
rupt signals directly. The FIO is mapped into 1/O lo-
cations FFEO - FFFF. Figure 51 shows the software
module to interface to the Z8002.

The Z8002 CPU loads the FIO buffer with data for
the display controller. When the FIO buffer is full, the
WAIT line prevents buffer overflow ; when the buft-
er is empty, the FIO generates an interrupt request.
Clearing the FIO buffer also resets the dispiay con-
troller.

48/85

"_’ SGS-THOMSON

The signal connections between the FIO'd Port 2
and the display controller are straight-forward. The
DATA AVAILABLE signal selects the controller
when active ; the controller's READY line notifies the
FIO's Acknowledge In line when it will accept more
data. System RESET and the FIO CLEAR signals
are ANDed to create the controller RESET signal.

In this example, the Z8002 CPU adresses the FIO
using byte l/Q instructions. Therefore, the FIO’s RJA
bit (D1 of Control Register 0} is 0 and the /O ad-
dresses are all odd.

Figure 49 : FIO to Display Controller.

FULL
EMPTY

zs03n m DISPLAY
10 CONTROLLER

HF LSURY S

BUS
CONTROL

INTERRUPT
CONTROL

TO A
L2 ﬁ

ACKIN READY

CLEAR iE_sﬂ'

i

Mg

= = SYSTEM
RESET

Figure 50 : FIO Interface between the 28002 and
a Display Controlier.

Z80
Z-8Us SYSTEM BUS

- .

Fio

OMASTE REQUEST
MEMORY MEMORY

orc

10

QTHER VO

1

MICROELE