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Features

® 128-byte FIFO buffer provides asynchronous
bidirectional CPU/CPU or CPU/peripheral
interface, expandable to any width in byte
increments by use of multiple FIOs,

B Interlocked 2-Wire or 3-Wire Handshake
logic port mode; Z-BUS® or non-Z-BUS
interface. -

u Pattern-recognition logic stops DMA
transfers and/or interrupts CPU; preset byte
count can initiate variable-length DMA
transfers.

W Seven sources of vectored/nonvectored
interrupt which include pattern-match,
byte count, empty or full buffer status;

a dedicated “mailbox" register with
interrupt capability provides CPU/CPU
communication. -

# REQUEST/WAIT lines control high-speed
data transfers.

B All functions are software controlled via
directly addressable read/write registers.

General
Description

The 28038/78538 FIO provides an asynchronous
128-byte FIFO buffer between two CPUs or between
a CPU and a peripheral device. This buffer interface
expands to a 16-bit or wider data path and expands
in depth to add as many Z8060 FIFOs (and an
additional FIO) as are needed.

The FIO manages data transfers by assuming
Z-BUS, non-Z-BUS microprocessor (a generalized
microprocessor interface), Interlocked 2-Wire
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Handshake, and 3-Wire Handshake operating
modes. These modes interface dissimilar CPUs or
CPUs and peripherals running under differing
speeds or protocols, allowing asynchronous data
transactions arid improving I/0O overhead by as
much as two orders of magnitude. Figures 1 and 2
show how the signals controlling these operating

modes are mapped to the FIO pins.
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Figure 2da. 40-pin Dual-In-Line Package (DIP),
Pin Assignments

332




ZILOG INC LJ?E D WER 9984043 0012084 0 mm
’ T-52-33-03

General The FIO supports the Z-BUS interrupt pro- specially designed to.work with DMA (Direct

Description " tocols, generating seven sources of interrupts Memory Access) devices for high-speed

{Continued)  upon any of the following events: a write to a transfers. It provides for data transfers to or
message register, change in data direction, from memory each machine cycle, while the
pattern match, status match, over/underflow DMA device generates memory address and
error, buffer full and buffer empty status. Each control signals. The FIO also supports the
interrupt source can be enabled or disabled, variably sized block length, improving system
and can also place an interrupt vector on the throughput when multiple variable length
port address/data lines. messages are transferred amongst several

The data transfer logic of the FIO has been sources, :
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Figure 2b. 44-pin Chip Carrier, Pin Assignments
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Functional
Description

Operating Modes. Ports 1 and 2 operate in
any of twelve combinations of operating
modes, listed in Table 2. Port 1 functions in
either the Z-BUS or non-Z-BUS microprocessor
modes, while Port 2 functions in Z-BUS, non-
Z-BUS, Interlocked 2-Wire Handshake, and
3-Wire Handshake modes. Table 1 describes

The pin diagrams of the FIO are identical,
except for two pins on the Port 1 side, which
select that port's operating mode. Port 2's
operating mode is programmed by two bits in
Port 1's Control register 0. Table 2 describes
the combinations of operating modes; Table 3
describes the control signals mapped to pins

the signals and their corresponding pins in

AB-T in the five possible operating modes.
each of these modes. :

Signal ZBUS Z-BUS Interlocked 3-Wire -
Pins Low Byte High Byte Non-Z-BUS HS Port* HS Port* |
. ] REQ/WT HREQ/WT REQ/WT  RFD/DAV RFD/DAV .
DMASTE DMASTB DACK ACKIN DAV/DAC :
[c) .Ds bs RD FULL "DAC/RFD N
o] RW RW Wh EMPTY EMPTY !
€] s cs CE CLEAR CLEAR
[Fl- A8 AS /o DATADIR - DATA DIR . :
sl INTACK Ag INTACK INg INg .
B IEO A IEO ouTy ouTy
1 IEL Ap 1EI OE OE
m INT A3 INT OUT3 OUTs.
*2 side only.
Table 1. Pin Assignments
Mode My My By By Port 1 Port 2
0 [ 0 0 [V 2-BUS Low Byte Z-BUS Low Byle
1 0 0 0 1 2-BUS Low Byte Non-Z-BUS
2 0 [} 1 0 Z-BUS Low Byte 3-Wire Handshake
3 0 0 1 1 Z-BUS Low Byte 2-Wire Handshake
4 0 B 0 0 Z-BUS High Byte 2-BUS High Byte
5 0 1 0 1 2-BUS High Byte “Non-Z-BUS
6 0 1 1 0 Z2-BUS High Byte 3-Wire Handshake
7 0 1 1 1 Z-BUS High Byte 2-Wire Handshake -
8 1 [} 0 0 Non-Z-BUS Z-BUS Low Byte
9 1 0 [ 1 Non-Z-BUS Non-Z-BUS
10 1 0 1 0 Non-Z-BUS 3-Wire Handshake
11 1 0 1 1 Non-Z-BUS 2-Wire Handshake

Table 2, Operating Modes
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Functional
Description zaus

{Continued) .
- o [ A =)

(| oo = Ly

28

BYSTEM OMASTE &EQ
MEMORY

) =

: T-52-33-03
ﬁ CHANNEL A .
. ﬁ CHANNEL B »

Z8o .lul
N @ uo
T 1 e ) e
o~ =
[ K=

Figure 4. CPU to CPU Configuration

Figure 5. CPU to I/0 Configuration
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Pins Common Pin . Pin Pin
To Both Sides Signals Names Numbers Description
Mp Mo 21 M) and Mg program Port 1
M) M) 19 side CPU interface
+5 Vde +5 Vde 40 DC power source
GND GND 20 ' DC power ground
Z-BUS Pin Numbers
Low Pin Pin Port . Signal
M Od:Yte Signals Names 1 2 - Description
ADp-ADy Do-Dy 11-18 29-22 Multiplexed bidirectional address/data lines, Z-BUS
Z8038 (Address/Data) compatible.
REQ/WAIT A 1 39 Output, active Low, REQUEST (ready) line for DMA
(Request/Wait) transfer; WAIT line (open-drain) outpuf for syn-
: chronfzed CPU and FIO data transfers,
* DMASTB B 2 38 Input, active Low. Strobes DMA data to and from
(Direct Memory the FIFO buffer,
Access Strobe)
DS C 3 37 Input, active Low. Provides timing for data trans-
(Data Strobe) . fer 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, B
Cs E 5 3 Input, active Low. Enables FIO, Latched on the
(Chip Select) rising edge of AS.
AS F 6 3 Input, active Low. Addresses, CS and INTACK
(Address Strobe) . : sampled while AS Low.
INTACK G 7 33 Input, active Low, Acknowledges an inferrupt.
(Interrupt Latched on the rising edge of AS,
Acknowledge)
IEO H 8 32 Output, active High. Sends interrupt enable to
(Interrupt lower priority device IEI pin.
Enable QOut) -
IEI T 9 31 Input, active High. Receives interrupt enable from
(Interrupt higher priority device IEO signal. '
Enable In)
INT ] 10 30 Output, open drain, active Low. Signals FIO inter-
{Interrupt) rupt request to CPU, .
Z-BUS Pin Numbers - l'
: Pin Pin Port Signa
ﬁf;‘enyie Signals Names 1 2 Description
ADg-ADq Dg-Dg 11-18 29-22 Multiplexed bidirectional address/data lines, Z-BUS
Z803as8 (Address/Data) compatible.
REQ/WAIT A 1 39 Output, active Low, REQUEST (ready) line for DMA
(Request/Wait) transfer; WAIT line (open-drain) output for syn-
chronfzed CPU and FIO data transfers.
DMASTB B 2 38 Input, active Low. Strobes DMA data to and from the
(Direct Memory FIFO buffer.
Access Strobe) .
Ds C 3 37 Input, active Low. Provides timing for transfer of data
*, (Data Strobe) to or from FIO. .
R/W D 4 3 Input, active High. Signals CPU read from FIO; active
(Read/Write) Low signals CPU write to FIO.
Cs E 5 3 Input, active Low. Enables FIO. Latched on the
(Chip Select) rising edge of AS.
. iS . F 6 34 Input, active Low. Addresses, CS and INTACK are
(Address Strobe) sampled while AS is Low.
Ay’ G 7 33 Input, active High. With A), Ay, and A3, addresses
{Address Bit 0) FIO internal registers.
A -H 8 32 Input, active High, With Ag, Ay, and A3, addresses
(Address Bit 1) i FIO Internal registers.
Ay ' I 9 31 Input, active High. With Ag, A}, and Ag, addresses
(Address Bit 2) FIO internal registers.
J 10 30 Input, active High. With Ag, A), and A, addresses

A3
{Address Bit 3)

FIO internal registers.

Table 3. Signal/Pin Descriptions
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Mode Pin Pin Port : Signal - .
- Signals Names 1 4 Description
Do-D7 .Dg-D7 11-18  29-22 Bidirectional data bus.
(Data)
REQAWNT A 1 39 Output, active Low, REQUEST (ready) line for DMA
{Request/Wait) transfer; WAIT line (open-drain) output for syn-
chronized CPU and FIO data transfer. )
DACK . 2 38 Input, active Low. DMA acknowledge. :
(DMA Acknowledge) - t
RD v C 3 "3z Input, active Low. Signals CPU read from FIO. :
(Read) .
WR D 4 36 Input, active Low. Signals CPU wrife to FIO.
(Write) _
CE E 5 35 Input, active Low. Used to select FIO,
(Chip Select) P )
C/D F (] 34 Input, active High. Identiffes control byte on Dg-Dy;
(Control/Data) active Low identifies data byte on Dg-Dy.
INTACK G 7 33 Input, active Low. Acknowledges an interrupt.
(Interrupt , -
Acknowledge) )
IEO H 8 32 Output, active High. Sends interrupt enable to
(Interrupt . . lower priority device IEI pin.
Enable Out)
IE1 I 9 31 Input, active High. Recelves interrupt enable from
(Interrupt ) higher priority device IEO signal,
Enable In)
INT . ] 10 30 . Output, open drain, active Low. Signals FIO interrupt
(Interrupt) to CPU.
Port 2--1/ ’ Pin Pin Pin - Signal
Port Mod eo Signals Names Numbers Mode Description
Do-Dg Do-Dy 29-22 2-Wire HS* Bidirectional data bus.
(Data) ~ 3-Wire HS
RFD/DAV 39 2-Wire HS Output, RFD active High, Signals peripherals that FIO
(Ready for Data/Data 3-Wire HS Is ready to receive data. DAV active Low signals
Available) that FIO is ready to send data to peripherals.
ACKIN 38 2-Wire HS Input, aclive Low. Signals FIO that output data is
(Acknowledge Input) . received by peripherals or that input data Is valid, . .
DAV/DAC 38 3-Wire HS Input; DAV (active Low) signals that data is valid on i
(Data Available/Data bus. DAC (active High) signals that output data is :
Accepted) accepted by peripherals. _ ‘
FULL C 37 2-Wire HS Output, open drain, active High. Signals that FIO :
buffer is full, co
3 DAC/RFD C 37 3-Wire HS Direction controlled by internal programming. Both
(Data Accepted/Ready active High. DAC (an output) signals that FIO has
for Data} received data from peripheral; RFD (an input) signals
that the listeners are ready for data.
EMPTY D 36 2-Wire HS Output, open drain, active High. Signals that FIFO
3-Wire HS buffer is empty. :
CLEAR . E 3s 2-Wire HS Programmable input or output, active Low. Clears all H
. : 3-Wire HS ‘data from FIFO bulffer. i
DATA DIR F 34 2-Wire HS Programmable input or output, Active High signals .
(Data Direction) 3-Wire HS data input to Port 2; Low signals data output from H
. Port 2, B :
INp G 33 2-Wire HS Input line to Dg of Control Register 3.
: 3-Wire HS )
ouTy H 32 2-Wire HS Output line from Dy of Control Register 3.
3-Wire HS .
OE 1 31 2-Wire HS Input, active Low. When Low, enables bus drivers,
(Output Enable) . 3-Wire HS When High, floats bus drivers at high impedance.
OUTy ] 30 2-Wire HS Output line from D3 of Control register 3.
3-Wire HS -

*Handshake

Table 3. Signal/Pin Descriptions (Continued)
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Reset

The FIO can be reset under either hardware
or software control by one of the following
methods: - .

m By forcing both AS and DS Low simulténe- ‘
ously in Z-BUS mode (normally illegal).

® By forcing RD and WR Low simultaneously
in non-Z-BUS mode.

B By writing a 1 to the Reset bit in Control
register 0 for software reset.

In the Reset state, all control bits are cleared
to 0. Only after clearing the Reset bit (by

T-52-33-03
writing a 0 to it) can the other command bits
be programmed. This action is true for both
sides of the FIO when programmed as a CPU
interface. ’

For proper system control, when Port | is
reset, Port 2 is also reset. In addition, all Port
2's outputs are floating and all inputs are
ignored. To initiate the data transfer, Port 2
must be enabled by Port 1. The Port 2 CPU,
can determine when it is enabled by reading
Control register 0, which reads “floating” data
bus if not enabled and “01y" if enabled.

CPU
Interfaces

The FIO is designed to work with both

Z-BUS- and non-Z-BUS-type CPUs on both Port

1 and Port 2. The Z-BUS configuration inter-
faces CPUs with time-multiplexed address and
data information on the same pins. The Z8001%,
78002®, and Z8® are examples of this type of
CPU. The AS (Address Strobe) pin is used to

‘latch the address and chip select information

sent out by the CPU. The R/W (Read/Write)
pin and the DS (Data Strobe) pin are used
for timing reads and writes from the CPU to

the FIO (Figures 6 and 7).

" The non-Z-BUS configuration is used for CPUs
where the address and data buses are separate.
Examples of this type of CPU are the Z80® and
the Intel 8080. The RD (Read) and WR (Write)
pins are used to time reads and writes from the
CPU to the FIO (Figures 9 and 10). The C/D
(Control/Data) pin is used to directly access the
FIFO buffer (C/D =0) and to access the other
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Figure 8. Z-BUS Read Cycle Timing
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Figure 7. Z-BUS Write Cycle Timing
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CPU registers (C/D = 1). Read and write to all registers RDORWR ) T-52-33-03
Interfaces except the FIFO buffer! are two-step operations, (D = WATOPTR
(Continued) described as follows (Figure 8). First, write the o=
address (C/D = 1) of the register to be accessed STATEQ TTTTrTI STATE 1
into the Pointer Register (State 0); second, read f e
or write (C/D = 1) to the register pointed at previ- AD tL_‘”‘ﬂl
ously (State 1). Continuous status monitoring can ©B=y REsEr h=a
be performed in State 1 by continuous Control WRTO CONTRAL ~ BTATE
Read operations (C/D=1). . 0
RESET = ¢
1The FIFO buffer can also be accessed by this two-step operation. Figure 8. Register Access in Non-Z-BUS Made
cid x x
a T /-
w5 T\ /S
o Figure 9. Non-Z-BUS Read Cycle Timing
ciD ‘X 1
Do-D7 ﬁ FROM CPU C —
WA . \ /.
Figure 10. Non-2-BUS Write Cycle Timing
WAIT When data is output by the CPU, the When data is input by the CPU, the
Operation REQ/WT (WAIT) pin is active (Low) only when REQ/WT pin becomes active (Low) only when
the FIFO buffer is full, the chip is selected, the FIFO buffer is empty, the chip is selected,
and the FIFO buffer is addressed. WAIT goes and the FIFO buffer is addressed. WAIT goes
inactive when the FIFO buffer is not full. "inactive when the FIFO buffer is not empty.
Interrupt The FIO supports Zilog's prioritized daisy Underflow Error, Buffer Full, and Buffer
Operation chatn interrupt protocol for both Z-BUS and Empty. Each interrupt source has three bits

non-Z-BUS operating modes (for more details
refer to the Zilog Z-BUS Summary).

Each side of the FIO has seven sources of
interrupt. The priorities of these devices are
fixed in the following order (highest to lowest):
Mailbox Message, Change in Data Direction,
Pattern Match, Status Match, Overflow/

that control how it generates the interrupt,
These bits are Interrupt Pending (IP),
Interrupt Enable (IE), and Interrupt Under
Service (IUS).

In addition, each side of the FIO has an
interrupt vector and four bits controlling the
FIO interrupt logic. These bits are Vector
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Interrupt Includes Status (VIS), Master Interrupt Enable VIS bit. In this way, when VIS = 0, all infor-
Operation {MIE), Disable Lower Chain (DLC), and No mation can be obtained with one additional
(Continued) Vector (NV). : read, thus conserving vector space. When
A typical Interrupt Acknowledge cycle for MIE = 0, reading the vector register returns
Z-BUS operation is shown in Figure 11 and for the unmodified base vector so that it can be
non-Z-BUS operation in Figure 12. The only verified. -
difference is that in Z-BUS mode, INTACK is In non-Z-BUS mode, the IPs do not get set
latched by AS, and in non-Z-BUS mode - while in State 1. Therefore, to minimize inter-
INTACK is not latched. - - rupt latency, the FIO should be_qut in State 0.
When MIE = 1, reading the vector always In Z-BUS mode IPs are set by an AS following
includes status, independent of the state of the the event.
T-52-33-03
A —\_/
m /
~ wr /
Figure 11. Z-BUS Interrupt Acknowledge Cycle .
Be-Dy “ VECTOR ‘,
] /
- .
Figure 12, Non-Z-BUS Interrupt Acknowledge Cycle
CPU to CPU DMA Operation. The FIO is particularly well however, thé CS (Chip Select) signal is not
Operation suited to work with a DMA in both Z-BUS and ignored and therefore must be kept invalid.

non-Z-BUS modes. A data transfer between the
FIO and system memory can take place during
every machine ¢éycle on both sides of the FIO
simultaneously.

In Z-BUS mode, the DMASTB pin (DMA
Strobe) is used to read or write into the FIFO
buffer. The R/W (Read/Write) and DS (Data
Strobe) signals are ignored by the FIO;

Figures 13 and 14 show typical timing.

In Non-Z-BUS mode, the DACK pin (DMA
Acknowledge) is used to tell the FIO that its
DMA request is granted. After DACK goes
Low, every read or write to the FIO goes into
the FIFO buffer. Figures 15 and 16 show
typical timing, .
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CPU to CPU
Operation
(Contlnqed)

_Amaus x FADDRESS )_( DATA FROM FI0 TO MEMORY 3—

Figure 13, Z-BUS FIO to Memory D&m Transaction

T-52-33-03

x ADDRESS 9
AID BUS FROM DMH DATA FROM MEMORY TO ﬂr)—

n‘iﬁ Vo

OMASTE \ /

Figure 14. Z-BUS Memory to FIO Data Transaction

ADDRESSES x MEMORY ADDRESS OF WRITE y

DATA
ATA '_—('2“ FAGM FIO TO MEMORH

Figure 15. Non-Z-BUS FIO to Memory Transaction

ADDAESSES Luoav ADDRESS OF READ X

DATA DATA FROM
aus MEMORY TO FIO

- Figure 16, Non-Z-BUS Memory to FIO Data Transaction
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CPU to CPU
Operation
(Continued)

The FIO provides a special mode to enhance
its DMA transfer capability. When data is
written into the FIFO buffer, the REQ/WT .
(REQUEST) pin is active (Low) until the FIFO
buffer is full. It then goes inactive and stays
inactive until the number of bytes in the FIFO
buffer is equal to the value programmed into
the Byte Count Comparison register. Then the

REQUEST signal goes active and the sequence (Figure 18).
starts over again (Figure 17). T-52-33- 03
REG REQ
B
ACTIVE O] I \% ® ACTIVE ® G)%
A ]
0] ® @ ®
y —p NUMBER OF BYTES (N FIFO INACTIVE
EMPTY i FULL EMPTY FULL
NUMBER [N BYTE COUNT COMPARISON REQISTER NUMBER IN 8YTE COUNT COMPARISON REGISTER
NOTES: ;
1. FIFO empty. NOTES: i
2. REQUEST enabled, FIO req DMA fer, ~ 1. FIFO empty, .
3. DMA transfers data into the FIO. 2. CPU/DMA fills FIFO buffer from the opposite port,
4. FIFO full, REQUEST inactive. 3. Number of bytes in FIFO buffer is the same as the number
5. The FIFO empties from the opposite port until the number of bytes programmed in the Byte Count Comparison register.
of bytes in the FIFO buffer is the same as the number pro- 4. REQUEST goes active. . .
grammed {n the Byte Count Comparizon register. 8. DMA transfers data out of FIFO until it is empty.

Figure 17. Byte Count Control: Write to FIO

__When data is read from the FIO, the
REQ/WT pin (REQUEST) is inactive until the
number of bytes in the FIFO buffer is equal to
the value programmed in the Byte Count Com-
parison register. The REQUEST signal then
goes active and stays active until the FIFO bui-
fer is empty. When empty, REQUEST goes
inactive and the sequence starts over again

Figure 18. Byte Count Control: Read from FIO

Message Registers. Two CPUs can communi-
cate thtough a dedicated “mailbox” register
without involving the 128 x 8 bit FIFO buffer
(Figure 19). This mailbox approach is useful
for transferring control parameters between
the interfacing devices on either side of the
FIO without using the FIFO buffer. For
example, when Port 1's CPU writes to the
Message Out register, Port 2's message IP is
set, If interrupts are enabled, Port 2's CPU is

interrupted. Port 2's message IP status is
readable from the Port 1 side. When Port 2's
CPU reads the data from its Message In regis-
ter, the Port 2 IP is cleared. Thus, Port 1's
CPU can read when the message has been
read and can now send ancther message or
follow whatever protocol that is set up between
the two CPU's. The same transfer can also be
made from Port 2's CPU to Port 1's CPU.

- RECISTER REGISTER
PORT 1 "G REGISTER “gn
MESSAQE GUT poRT1
REQGISTER PoRT 2 PORT 2
MESSAQE IN
—_— REGISTER
PORT 1
MESSAQE IN e .
REGISTER POAT 2
PoRr2 MESSAGE OUT
REGISTER | PORTH REGISTER REQISTER
ADDRESS ADDRESS
T e — ugn

NOTE: Usable only for CPU/CPU interface,

Figure 19. Message Register Opefdlon
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CPU to CPU.  CLEAR (Empty) FIFO Operation. The CLEAR
Operation “FIFO bit (active Low) clears the FIFO buffer-of
(Continued)  data. Writing a 0 to this bit empties the FIFO

buffer, inactivates the REQUEST line, and
disables the handshake (if programmed). The
CLEAR bit does not affect ct any control or data
register. To remove the CLEAR state, write a 1
to the CLEAR bit.

In CPU/CPU mode, under program control,
only one of the ports can empty the FIFO by
writing to its Control Register 3, bit 6. The
Port 1 CPU must program bit 7 in Control
Register 3 to determine which port controls the
CLEAR FIFO operation (0 = Port 1 control;

1 = Port 2 control).

Direction of Data Transfer Operation. The

INITIALIZE
PORT 1 PORT 2

1

. T-52-33-03

Data Direction bit controls the direction of data
transfer in the FIFO buffer. The Data Direction
bit is defined as 0 = output from CPU and

1 = input to CPU. This bit reads correctly
when read by either port's CPU, For example,
if Port 1's CPU reads a 0 (CPU output) in its -
Data’ Direction bit, then Port 2's CPU reads a 1
(input to CPU) in its Data Direction bit.

In CPU/CPU mede, under program control,
only one of the ports can control the direction
of data transfer. The Port 1 CPU must program
bit 5 in Control Register 3 to determine which
port controls the data direction (0 = Port 1
control; I = Port 2 control). Figure 20 shows
FIO data transfer options.

{PROGRAM REGISTERS FOR OPERATING MOD|

E,
CONFIGURATION, DATA TRANSFER CONTROL, ETC)

PORT 1
ENABLES
PORT 2
PORT 1 (CPU) l PORT 2 (CPU) PORT 2 (1/0)
. J__L_‘ .
EXCHANGE BYTES
R HANaE VIA MESSAGE REGISTER | Catnmmit 2WIRE AWIRE
ERS [
WITH PORT 2 WiTH PORT 1 INTERFACE INTERFACE
cPu chy
AY 7
(OMA OR INTERRUFT- TRANSFEAS DATA BYTE:
DRIVEN TRANSFERS, AS ATATIME UNTIL
OR PORT 1) FIFO BUFFER IS
l —1 Fuil OR Empty
\, 7/
DMA. INTERRUPT-
CONTROLLED DAIVEN
TRANSFER . TRANSFER
| : T
TERMINATES ON ANY TERMINATES ON ARY
OF THESE CONDITIONS: OF THESE CONDITIONS:

*DMA BLOCK LENGTH REQISTER = 0  *CPU COMPLETES BUFFER DUMP
*FIO PATTERN MATCH INTERRUPT *FIQ PATTERN MATCH INTERRUPT
*BYTE COUNT DISABLES REQ *FIO BYTE COUNT INTERRUPT

i *FI0 Full T Empty INTERRUPT

|
|
|
|
|
|
|
|
|
1
L
I
1

4———-——-——-—————-—-——-——-4--<

EXCHANGE BYTES
EXChaNaE VIA MESSAQE REGISTERS EXCHANGE
PARAMETERS |- — — — e . — - e I papAmETERS
WITH PORT 2 WITH PORT 1
cey cry
I o PORT WITH NEW BLOCKS OF CONTROL BYTES. |

Figure 20. FIO Data Transfer Options
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CPU to0 I/0
Operation

When Port 2 is programmed in the Inter-
locked 2-Wire Handshake mode or the 3-Wire
Handshake mode, and Port A is programmed
in Z-BUS or non-Z-BUS Microprocessor mode,
the FIO interfaces a CPU and a peripheral
device. In the Interlocked 2-Wire Handshake
mode, RFD/DAV and ACKIN strobe data to
and from Port 2. In the 3-Wire Handshake

.mode, RFD/DAV, DAV/DAC, and DAC/RFD

signals control data flow.

Interlocked 2-Wire Handshake. In the Inter-
locked Handshake, the action of the FIO must
be acknowledged by the other half of the
handshake before the next action can take
place. In output mode, Port 2 does not indicate
that new data is available until the external
device indicates it is ready for the data. -
Similarly, in input mode, Port 2 does not indi-
cate that it is ready for new data until the data
source indicates that the previous-byte of the
data is no longer available, thereby acknowl-
edging Port 2's acceptance of the last byte.
This allows the FIO to directly interface to a
Z8's port, a CIO's port, a UPC's port, ancther
FIO port, or another FIFO 78060, with no
external logic (Figures 21 and 22). .

3-Wire Handshake. The 3-Wire Handshake is
designed for applications in which one output
port is communicating with many input ports
simultaneously. It is essentially the same as the
Interlocked Handshake, except that two signals
are used to indicate that an input port is ready
for new data or that it has accepted the present
data. In the 3-Wire Handshake, the rising
edge of the RFD status line indicates that the
port is ready for data, and the rising edge of
the DAC status line indicates that the data has
been accepted. With 3-Wire Handshake, the
lines of many input ports can be bussed
together with open-drain drivers and the out-

put port knows when all of the ports are ready
and have accepted the data. This handshake is
the same handshake used in the IEEE-488
Instruments, Since the port's direction can be
changed under software control, bidirectional
1EEE-488-type transfers can be performed,
Figures 23 and 24 show the timings associated
with 3-Wire Handshake communications,

CLEAR FIFO Operation. In CPU-to-J/O
operation, the CLEAR FIFO operation can be
performed by the CPU side (Port 1) under soft-
ware control as previously explained. The
CLEAR FIFO operation can also be psrformed
under hardware control by defining the
CLEAR pin of Port 2 as an input (Control
Register 3, bit 7 = 1).

For cascading purposes, the CLEAR pin can
also be defined as an output (Control Register
3, bit 7 = 0), which reflects the current state
of the CLEAR FIFO bit. It can then empty
other FIOs or initialize other devices in the
system. .

Data Direction Control. In CPU-t0:1/0 mode,
the direction of data transfer can be controlled
by the CPU side (Port 1) under software con-
trol as previously éxplained. The data direc-

tion can also be determined by hardware con-

trol by defining the Data Direction pin
of Port 2 as an input (Control Register 3,
bit5 = 1).

For cascading purposes, the Data Direction
pin can also be defined as an output (Control
Register 3, bit 5 = 0) pin which reflects the
current state of the Data Direction bit. It can
then be used to control the direction of data -
transfer for other FIOs or for external logie.

On the Port 2 side, when data direction is 0,
Port 2 is in Output Handshake mode. When
data direction is 1, Port 2 is in Input Hand-
shake mode.- ’
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CPUto I/O °
Operation
{Continued)

DATAIN x VALID DATA x x VALID DATA X -

Figure 21. Interlocked Handshake Timing (Input) Port 2 Side Only

DATA OUT x vauooata X X vAUDDATA X

AGKIN _—\—/—\_/—
~——\__/\__/

Figure 22. Interlocked Handshake Timing (Output) Port 2 Side Only

DATA IN X VALID DATA x X vauo DAYAL

w/ T N~/
we /T \ /\

Figure 23. Input (Acceptor) Timing JEEE-488 HS Port: Port 2 Side Only

DATA oUT X vauooara Y X vauooara X
Y AR N /\
arp .
[T \ / \

Figure 24. Output (Source) Timing IEEE-488 HS Port: Port 2 Side Only
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Programming

The programming of the FIO is greatly
simplified by the efficient grouping of the
various operation modes in the control
registers. Since all of the control registers are
read/write, the need for maintaining their
image in system memory is eliminated. Also,
the read/write feature of the registers aids in
system debugging.

Each side of the FIO has 16 registers. All 16
registers are used by the Port 1 side; Control
register 2 is not used on the Port 2 side. All -
registers are addressable Oy through Fy.

In the Z-BUS Low Byte mode, the FIO allows

‘two methods for register addressing under con-

trol of the Right Justify Address (RIA) bit in
Control register 0. When RIA = 0, address
bus bits 1-4 are used for register addressing
and bits 1, 5, 6, and 7 are ignored (Table 4).
When RJA = 1, bits 0-3 are used for the
register addresses, and bits 4-7 are ignored.

Control Registers. These four registers specify
FIO operation. The Port 2 side control

registers operate only if the Port 2 device is a
CPU. The Port 2 CPU can control interface
operations, including data direction, only
when enabled by the setting of bit 0 in the Port
1 side of Control Register 2. A 1 in bit 1 of the
same register enables the handshake logic.

Interrupt Status Registers. These four
registers control and monitor the priority
interrupt functions for the FIO.

Interrupt Vector Register. This register stores
the interrupt service routine address. This vec-
tor is placed on Dg-D7 when IUS is set by the
Interrupt Acknowledge signal from the CPU.
When bit 4 (Vector Includes Status) is set in
Control Register 0, the reason for the interrupt
is encoded within the vector address in bits 1,
2, and 3. If bit 5 is set in Control register 0, no
vector is output by the FIO during an Interrupt
Acknowledge cycle. However, IUS is set as
usual. :

- Non Z-BUS Dq-Dy¢ D3 Dz D Dy
ZBUS High & A A A

28U Low_{_g;g=g A AN A AN oAb

Deseription

Control Register 0 x 0 -0 1] 0 x

Control Register 1 x 0 0. 0 1 x
' Interrupt Status Redister 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 Reélster 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 x 1 1- 1 1 x

" x=Don't Care ’
*Register is only on Port 1 side
Table 4. FIO Register Address S g
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Programming Byte Count Compare Register. This register '

(Continued)

contains a value compared with the byte count
in the Byte Count register. If the Byfe Count
Compare interrupt is enabled, an interrupt will
occur upon compare, ’

Message Out Register. Either CPU can place
a message In its Message Out register.-If the
opposite side Message register interrupt is
enabled, the receiving side CPU will receive
an interrupt request, advising that-a message
is present in its Message In register. Bit 5 in
Control Register 1 on the initiating side is set
when a message is written. It is cleared when
the message is read by the receiving CPU.

Message In Register. This register receives a
message placed in the Message Out register by
the opposite side CPU.

Pattern Match Register. This register contains
a bit pattern matched against the byte in the

28002

Data Buffer register. When these patterns
match, a Pattern Match interrupt will be
generated, if previously enabled.

Pattern Mask Reglster. The Pattern Mask
register may be programmed with a bit pattern
mask that limits comparable bits in the Pattern
Match register to non-masked bits (1 = mask).

Data Buffer Register. This register contains
the data to be read from or written to the
FIFO buffer.

Byte Count Register. This is a read-only
register, containing the byte count for the -
FIFO buffer. The byte count is derived by sub-
tracting the number of bytes read from the buf-
fer from the number of bytes written into the
buffer. The count is “frozen” for an accurate
reading by setting bit 6 (Freeze Status register)
in Control Register 1. This bit is cleared when
the Byte Count register read is completed.

MASTER
CPU

OTES: .

. Data from master CPU — 2-FIO Port 2.
. 2-FIO Port 1 ~DCP,

DCP ~RAM.

RAM -2-8CC. .

. 2-SCC — data comm. line loop.

-4

N

Figure 25. Typical Application: Node Controller

ZFI0 <:'>

ON\P
COMM,
LINE
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Registers

Control Register 0- N
Address: 0000
(Read/Write)

[r [ % [ 0 [0 |05 [, [, i
| L 1 = RESET
1 = RT. JUST. ADDRESS (RJA)

(B1) (Bg)

oG zaus cou PROGRAMS
9 & ZNONZBUSCPU ¢ aORT 2 MODE
1 1 = INTERLOCKED HS

t = VECTOR INCLUDES STATUS (VIS)

1 = NO VECTOR ON INTERRUPT (NV)

1 = DISABLE LOWER DAISY CHAIN (DLC)
1 = INTERRUPTS ENABLED (MIE)

*READ ONLY FROM
PORT 2 SIDE

Control Register 1 - .
Address: 0001 .
(Read/Write) .

1 = REQUEST/WAIT ENABLED

o - WA

1 = AEQUEST -

1 = START DMA ON BYTE COUNT

1 = STOP DMA ON PATTERN MATCH

1 = MESSAGE MAILBOX REGISTER UNDER SERVICE®
i= MAILBOX FULL®

1 = FREEZE STATUS REGISTER COUNT

NOT USED (MUST BE PROGRAMMED 0)

Control Register 2% T-52-33-03
Address: 1001
(Read/Write)

L2212 0s [0 oy s o Joo] .
| L 1=PORT 2 SIDE ENABLED

1=PORT 2 SI0E ENABLE HANDSHAKE

BITS 2-7 NOT USED
MUST BE PROGRAMMED 0

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

Control Register 3
Address: 1010
(Read/Write)

I PORT 2 SIDE-INPUT LINE* (PIN 33)**
PORT 2 SIDE-OUTPUT LINE (PIN 32)**
HNOT USED (MUST BE PROGRAMMED 0}
PORT 2 SIDE-OUTPUT LINE (PiN 30)**
DATA DIRECTION BIT
=INPUT PU
0 OUTPUT FROM CPU

0=PORT t SIDE CONTROLS DAYA DIRECTION
1=PORT 2 SIDE CONTROLS

0=CLEAR FIFO BUFFER
0=PORT 1 SIDE CONTROLS CLEAR

1=PORT 2 SIDE CONTROLS .

*READ-QNLY BITS

* **ONLY WHEN PORT 2 IS AN KO PORT

*AEAD-ONLY BITS .

Figure 26. Control Reglsters

Interrupt Status Register 0
Address: 0010
(Read/Write)

T NOT U

(HUST BE PROGRAMMED /)

T PENDING (IP}

T ENABLE {IE)
INTERRUPT UNDER SERVICE quUs)

IUS, IE, AND IP ARE WRITTEN USING
THE FOLLOWING COMMAND:

RULL CODE

CLEAR IP & (US

SETIUS

CLEAR JUS

SETIP .
CLEAR IP

SETIE

CLEAR IE

alaja]«|olo|e]e

afalolela]~fe
slelajol |-

!
Figure 27. Interrupt Status Reglsters
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Registers Interrupt Status Register 1
(Continued) - Address: 0011
. (Read/Write) .
DATA DIRECTION CHANGE INTERRUPT —] I I—— MATCH FLAG®
S UNDERSERVICE (US) | PATTERN MATCH INTERRUPT PENDING (P)
DATA DIRECTION CHANGE&}EBE‘T; il L PATTERN MATCH INTERRUPT ENABLED (B)
[ PATTERN MATCH INTERRUPT
OATA BIREOTION CHANOE INTERRUST ——— ENDER Semme o
1US, IE, AND IP ARE WRITTEN USING NOT USED
- B E FOLLAWING COMMANDS I | (MUST BE PROGRAMMED 0)
. - 1US, [E, AND IP ARE WRITTEN USING
. NulLcopEfoO 0 THE FOLLOWING COMMAND:
CLEARIP&IUS [0 |0 |4 = NuLL coDE
SETs |01t 10} FoTo]1] ceanipams
cm;q “’Is ol O[3 [o] serus
. E’: ool g7} ctearws X
- ceane [1]o 1 TToTo] seve
SerlEdt1v10) Y o{v] cLeanse
cteariE [T 0] T 0| sere
T[1]1 ] cLearie
*READ-ONLY TS
Interrupt Status Register 2
) Address: 0100

' (Read/Write)

avTE count conpane mnernueT L!—_ UNDERFLOW ERROA*
UNDERSERVICEQUS) 1 . ERROR INTERRUPT PENDING (IP)
BYTE COUNT COMPARE INTERRUPT ! ERROR INTERRUPT ENABLED (IE)
ENABLE(E) .! ! 1
BYTE COUNT COMPARE ot : ERROR INTERRUPT UNDER SERVICE (US)
PENDING (F) OVERFLOW ERROR*
WS, IE, AND IP ARE WRITTEN USING l | 1US, IE, AND IP ARE WRITTEN USING
'THE FOLLOWING COMMAND: THE FOLLOWING COMMAND: -
NuLL coog [o 0 o ] NULL CODE
cLeariPaivs [ofo [1 9]0 1] cteanipsivs
serws [0j1]o] [o]1]0]serws
cLeARIus {0117 o [1]1] cLearws
seriP[1]0 |0 6 10]sere
s cLearip {11011 101 cLeante
seTie{1)1]0 1110 sevie
: CLEARIE{ 1)1 1 1]1]1]CLEARIE
. SREAD-ONLY BITS

Interrupt Status Register 3
Address: 0101

(Read/Write)
[0r]0¢ {05 J0, Jou Jo: o fos |
) FULL INYERRUPT UNDER SERVIGE (US) :‘J u BUFFER EMPTY*
- .- FULL INTERRUPT ENABLE (E) : . EMPTY INTERRUPT PENDING (F)
FULL INTERRUPT PENDING (iF} ; EMPYY INTERRUPT ENABLE (IE}
|us.laTﬁoF§Ltnoam%ng§::iwg | | - EMPTY INTERRUPT UNDER SERVICE (US)
8 BUFFER FUiL*
R NULL CODE [8 [0 | 1US, IE, AND IP ARE WRITTER USING
CLEARIP&IUS (0[O |4 THE FOLLOWING COMMAND:
seTws fof1]o 0] NULL CODE
R ceanws [o]1]1 ofo]t]ceanipas .
seTip[1fo o oe{t]o]seTius
cearir [1fo |1 o[ 7]1] ctearn s
seTie{1]1]0 1[ofo] seTip
) ceanie | 1f1]1 1o 1] cLeantp
1]1]0] sere
11111} cLeanie
- “READ.ONLY BITS

. Figure 27. Interrupt Status Registers (Continued)
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Registers Byte Count Register
(Continued) Address: 0111
(Read Only)

REFLECTS NUMBER OF BYTES IN BUFFER

Figure 28. Byte Count Register

T-52-33-03

Interrupt Vector Reglster
Address: 0110
(Read/Write)

111 1

HO INTERRUPTS PENDING
BUFFER EMPTY

BUFFER FULL
OVER/UNDERFLOW ERROR
BYTE COUNT MATCH
PATTERN MATCH

DATA CHANGE
MAILBOX

VECTOR STATUS

aja]|a]=]ojo|o}ol———
wfalolo]+]=lo}ol——
w|o]|+lo)=|of]ofm——

Figure 29. Interrupt Vector Register

Pattern Match Register
Address: 1101
(Read/Write)

STORES BYTE COMPARED WITH
BYTE IN DATA BUFFER REGISTER

Figure 30. Pattern Match Register

Pattern Mask Register
Address: 1110
(Read/Write)

[EACICACACAEA DY

E

IF SET, BITS 0-7 MASK BITS 0-7
IN PATTERN MATCH REQISTER.
MATCH OCCURS WHEN ALL
NON-MASKED BITS AGREE,

Figure 31. Pattern Mask Register

Data Buffer Register
Address: 1111
(Read/Write)

[0, {0, o, [o o, [0, [0, j0o |
1l
CONTAINS THE 8YTE TRANSFERRED
TO OR FROM FIFQ BUFFER RAM

Figure 32. Data Buffer Register

Byte Count Comparison Register
Address: 1000
(Read/Write)

CONTAINS VALUE COMPARED TO BYTE COUNT
REGISTER TO ISSUE INTERRUPTS ON MATCH
(BIT 7 ALWAYS 0)

E

Figure 33. Byie Count Comparison Register

Message Out Register
Address: 1011
* (Read/Write)

IENE NS

STORES MESSAGE SENT TO MESSAGE
IN REQISTER ON OPPOSITE PORT OF FIO

Figure 34. Message Out Register

Message In Register
Address: 1100
(Read Only)

J11tid L

'STORES F FROM
OUT REQISTER ON OPPOSITE PORT OF CFU

Figure 35. Message In Register
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Absolute Voltages on all pins with respect Stresses greater than those listed under Absolute Maxi-
Maximum toGND............coanne -0.3Vto +7.0V  mum Ratings may Cﬂuszlpem‘a"e"‘ damage {o the device.

o . : ) This is a sfress rating only; operation of the device at any
Ratings Operating Ambient . . condition above those indicated in the operational sections
- Temperature....... See Ordering Information of these specifications is not implied. Exposure 1o absolute
Storage Temperature. ,...... —65°Cto +150°C  maximum rating conditions for extended pericds may affect
. device reliability. -
Standard The DC characteristics and capacitance sec- T-562-33-03
Test tions below apply for the following standard test
Conditions conditions, unless otherwise noted. All voltages
‘are referenced to GND. Positive current flows
into the referenced pin. .
.Standard conditions are as follows: '
B +478V = Voo = +5.25V
. MGND. =0V
# Tp as specified in Ordering Information
. t
+5V
22K 15V ’
FROM OUTPUT .
UNDER TEST 22K
’ FROM OUTPUT
o % UNDER TEST
| R
Standard Test Load - Open-Drain Test Load
DC Symbol Parameter Min Max Unit’ Condition
Charac-
teristics Vin Input High Voltage 2..0 Vec+0.3 v
Vi Input Low Voltage -0.3 0.8 v
Vou Output High Voltage 24 v Ioy= —-250 A
Vor Qutput Low Voltage . 0.4 v Iop= +2.0mA
’ 0.5 v Iop= +3.2mA
I Input Leakage -10.0 +10.0 ey 0.4 =Vy=s +24V
IoL Output Leakage ~10.0 . +10.0 7. 0.4 = Voyr = +24V
IV Mode Pins Input Leakage -100 +10.0 pA 0< Vi<V
(Pins 19 and 21) » ©
Icc Vec Supply Current - R 200 mA
Vo= 5V + 5% unless otherwise specified, over specified temperature range.
Cdpacitance  Symbol Parameter Min Max Unit Condition
Cwny _ Input Capacitance 10 pf
Cout Outpl.gt Capacitance 15 pf
Cro Bidirectional Capacitance 20 pf
Unmeasured pins returned to ground,
Inputs tr - Any Input Rise Time 100 ns
f Any Input Fall Time . 100 - ns

{ = 1 MHg, over specified temperature range.
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1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Float delay is measured to the time when the output has
changed 0.5V from steady state with minimum ac load and
maximum dc load,

ZILOG INC I7E D W 9984043 0012103 0 m=
AC Characteristics T-52-33- 03
. 4 MHz 6 MHz .
No. Symbol Parameter Min Max Min Max Notes*}
1  TwAS AS Low Width ’ 70 50 1 i
2  TsA(AS) Address to &S 1 Setup Time " 30 10 1 i
3 ThA(AS) Address to AS 1 Hold Time 50 - 30 1
‘ 4  TsCSO(AS) CS 1o AS 1 Setup Time 0 0 1
8— ThCSO(AS) — CS to &S { Hold Time ———— . B0 - - 40 ——]—
6 TdAS(DS) AS 1 to DS | Delay 60 . 40 1
7  TsA(DS) Address to DS | (with &S tto DS .4 = 60 ns) 120 100
8 TsRWR(DS) R/W (Read) to DS | Setup Time 100 - 80
9 TsRWW(DS) R/W (Write) to DS | Setup Time 0 0
10 —TwDS - DS Low Width 390 250
11 TsDW(DS{) Write Data to DS | Setup Time . 3% ’ 20 d
12 g TdDS(DRV) DS (Read) | to Address Data Bus Driven 0 . 0
13 TdDS{(DR) DS | to Read Data Valid Delay 250 180
14 ThDW(DS) Write Data to DS t Hold Time 30 20
15 ~— TdDSr{DR) —— DS 1 to Read Data Not Valid Delay 0 - 0
16 TdDS(DRz) DSt to Reac.i Data Float Delay 70 45 2
17 ThRW(DS) R/W o DS 1 Hold Time 55 40
18  TdDS(AS) DS 1 to AS | Delay 50 25
19 Tre Valid Access Recovery Time 1000 650 3
NOTES: -

3. This is the delay from DS of one FIO accessto DS of another FIO
access (either read or write),
* Alltiming references assurme 2.0V for a logic 1" and 0.8V for
alogic “0"
1 Unils in nanoseconds (ns).

Figure 36. Z-BUS CPU Interface Timing

] /[ R
— () le—
- N\ /
. ox E C—
- o \<—®'——>1 '\
<@ ® |4
ADDRESS x ADORES$ VALID ..] ® 3 I,.@
Aog-Anes ¢TI0 T :>¢ DATA VALID K Tt
:LO‘ o *g DATA | [vauD
<@ +®>]
[~®+] -




ZILOG INC

17E D MM 9984043 001210y c

AC Characteristics , T-52-33-03
’ -~ 4MH:z 6 MHz )
No. Symbol Parameter Min  Max Min Max Notes |
20 TalA(AS) INTACK to BS t Setup Time 0 . 0
21 ThIA(AS) . INTACK to AS 1 Hold Time - 250 250
22 TsDSA(DR) - DS (Acknowledge) | to Read Data Valid Delay 250 180
23 TwDSA D5 (Acknowledge) Low Width ) 390 250
24——TdAS(IEO)——— ZS 1 to IEO } Delay (INTACK Cycle)— 350 - 250 4—
25  TdIEKIEO) - IEI to IEO Delay 150 . 100 T4
26 TSIEKDSA)  IEIto DS (Acknowledge) ! Setup Time 100 - 70
27 ThIEKDSA) IEI to DS (Acknowledge) ! Hold Time 50 . 30 4
28  TdDS(INT) DS (INTACK Cycle) to INT Delay 900 800
29 TdDCST Interrupt Daisy Chain Settle Time T : . 4
NOTES: - :
4. The parameters for the devices In any particular daisy chain and TdIEI{IEO) for each peripheral, separating them in the
must meet the following consiraint: The delay from AS to DS chain.
must be greater than the sum of TAAS(IEO) for the highest
priority peripheral, TsIEI(DSA) for the lowest priority peripheral t Units In nanoseconds (ns).
. @
<——@—:l
- E
- ® -®
o8 i
. . X
@ ®
11! f X
=0 x ;- -

%

Figure 37, Z-BUS CPU Interrupt Acknowledge Timing
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AC Characteristics

T-52-33-03

4 MHz 6 MHz

No. Symbol Parameter . Min Max Min Max Notes t
30 TdMW(INT) Message Write to INT Delay 1 1 5
31  TdDC(INT) . Data Direction Change to INT Delay 1 1 6
32 TdPMW(INT) Pattern Match to INT Delay (Write Case) 1 1
33  TdPMR(INT) Pattern Match (Read Case) to INT Delay 1 1

. 34—TdSC(INT) Status Compare to INT Delay 1 1 6
35 TdER(INT) Error to INT Delay 1 1
36 TdEM(INT) Empty to INT Delay 1 1 6
37  TdFL(INT) Full to INT Delay 1 1 6
38 TdAS(INT) ASto INT Delay .

NOTES:

5. Write is from the other side of FIO.

6. Write can be from either side, depending on p‘roqrammlng

of FIO,

1 Units equal to AS Cycles + ns.

MESSAGE  WAITE b3 4.__@_.,
WRITE .
REGISTER
our

WRITE

D
DIRECTION CONTROL
"CHANGE  REQISTER3

R S
- Y A —
BUFFER T

= e

REQISTER
PATTERN
MATCH
READ DATA
BUFFER
AEGISTER
’ , f —®—
STATUS  WRITEORREAD DS*
COMPARE  DATA BUFFER
REGISTER )
ERROR  WRITE OR READ u—s—\t_—@—'
OATA BUFFER i
REGISTER
[} \/3}
EMPTY READ DATA bs*
BUFFER
REGISTER
le
- \ D
FULL  WRITEDATA 03 —@—
BUFFER
REQISTER
As \ /
| —E—

Figure 38. Z-BUS Interrupt Timing
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AC Characteristics 2 33 03
. 4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes §
1 TJdDS(WAIT) EI to WAIT | Delay 190 160 .
2 TdDSKWAIT) - DSl t to WAIT { Delay 1000 . 1000
3  TdACK(WAIT) ACKIN | to WAIT t Delay 1000 1000 1
4 — TdDS(REQ)—— DS | to REQ 1 Delay - 350 300
5 TdDMA(REQ) DMASTB | to REQ t Delay 350 300 -
6 TdDSI(REQ) DS1 1 to REQ ! Delay 1000 1000
7 TJACK(REQ) ACKIN | to REQ'| Delay 1000 1000
8 — TdSU(DMA)—— Data Setup Time to DMASTB — 200 150
9 TdH(DMA) Data Hold Time to DMASTB ~ 30 20
10 TdDMA(DR) DMASTB | to Valid Data 150 © 100
11 TdDMA(DRH) DMASTB ! to Data Not Valid . 0 . 0
12 TdDMA(DR2) DMASTB 1 to Data Bus Float 70 45
NOTES: .
1. The delay is from DAV for 3-Wire Input Handshake. The delay
is from DAC for 3-Wire Handshake. t Units in nanoseconds (ns). )
= _J
. o B =
et _\F
DSt " - [——D—> F
READ/WRITE DATA
BUFFER REGISTER BY /
OTHER SIDE
] ®
le———Q)——>
)
ouTPuT
POl
mem -\ [0/
<-®->
oot /
%D
FROM
FI0
DATA BUFFER
REGISTER ) >
DHASTE ,21
wm_:: ‘_@—’I
-
OATA ausﬂ.g X DATAVAID . JK
REGISTER I
Figure 39, Z-BUS Request/Wait Timing
AC Characteristics
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max . Notes*}
1 TdDSQ(AS) Delay from DS 1 to AS | for No Reset 40 20
2 TdASQ(DS) Delay for AS { to D3 | for No Reset 50 30,
3 Tw(AS + DS) Minimum Width of AS and DS Both Low for Reset. 500 350 1
NOTES: . ’ )
1. Internal circultry allows for the reset provided by the 28 (DS
held Low while AS pulses) to be sufficient. t Units in nanoseconds {(ns).
i | i .
X -
o .
oS (

Figure 40. Z-BUS Reset Timing
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1. Parameter does not apply to Int;errupt Acknowledge transactions.
2. Float delay 1s measured fo the time the oulput has changed 0.5V from
steady state with minimum ac load and maximum de load.

3. Recovery time equal to Tre{(WR) + write pulse width of the opposite

side,

t Units in nanoseconds (ns),

cib w

b

—_— O
o N O
®

"  S— @z L oo
Ba-D C)‘> ™ y - r =
F10 AEAD 4 X DATA VALID

(O . i I‘@ e

FIODV?O;I?[; x DATA VAL!D

ZILOG INC L7E D MER 9984043 0012107 4
AC Characteristics R T- 52- 33- 03
4MHz 6 MHz )
No. Symbol Parameter Min  Max Min  Max Notes }
1 TsA(RD) Address Setup to RD | 80 80 1 ;i
: 2  TsA(WR) Address Setup to WE | 80" 80 _ ‘
3 ThA(RD) Address Hold Time to RD 1 0 0 1
4 —ThA(WR) Address Hold Time to WR 1 0 0 !
5 TsCEI(RD) CE Low Setup Time to RD 0 0 1
6 TsCE(WR) ‘CE Low Setup Time to WR 0 0
7  ThCEI(RD) CE Low Hold Time to FD ) 0 1
8 — ThCEI(WR) — CE Low Hold Time to WR 0 0=
9  TsCEh(RD) ‘CE High Setup Time to RD 100 70 1
10  TsCEh(WR) ‘CE High Setup Time to WR 100 70 H
11 TwRDI RD Low Width 390 250
12 —TdRD(DRA) — RD | to Read Data Active Delay* 0-— 0
13 TdRD{(DR) RD | to Valid Data Delay 250 180
14 TdRDx(DR) RD 1 fo Read Data Not Valid Delay 0 0
15 TdRD(DRz) RD 1 to Data Bus Float 70 _ 45 - 2
. 16 —TwWRl ———WR Low Width 390 250
17 TsDW(WR) Data Setup Time to WR 0 0
19 Tre(WR) Write Valid Access Recovery Time 1000 650
20 Tre(RD) Read Valid Access Recovery Time 1000+ WRy, 650+ WRp -3
NOTES:

Figure 41, Non-Z-BUS CPU Inferface Timing

Figure 42, 2-BUS/Non-Z-BUS Recovery Time
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ZIL0G INC 17E D WM 9984043 0012108 T mm
AC Characteristics ‘ . T-52-33-03
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes}
20 TdIEKIEO) IEI to IEO Delay 150 100 4
21  Td4UIEO) INTACK | to IEO | Delay : 350 250 4
22  TsIEI(RDA) IEI Setup Time to RD (Acknowledge) 100 70 4
23 TdRD(DR) RD | to Vector Valid Delay : 250 180
24—TwRDI(IA) Read Low Width (Interrupt Acknowledge) 390 250
25  ThIA(RD) INTACK 1 to BD 1 Hold Time 30 20
26  ThIEI(RD) 1EI Hold Time to RD t ’ 20 10
27  TdRD(INT) RD | to INT { Delay . 900 800
28 TdDCST Interrupt Daisy Chain Settle Time R 350 250 4
NOTES: .
4, The parameter for the devices in any particular daisy chain for the lowest priority peripheral, and TdIEI(IEO) for each
must meet the following constraint: The delay from peripheral separating them in the chain,
INTACK ! to RD | must be greater than the sum of f Units in nanoseconds (ns).

" TdI{IEO) for the highest priority peripheral, TSIEI(RD)

INTACI.( \ ‘ I—
. O]

™ _ I N —C—
Do-D7y - VECTO| P

X )l X

Figure 43. Non-Z-BUS Interrupt Acknowledge Timing
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JIPE D mA -"HBHU'-IB 00k2109 1 m

AC Characteristics

T-52-33-03

4MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes
29 TdMW(INT) Message Write to INT Delay
30 TdDC(INT) Data Direction Change fo INT Delay
31 TdPMW(INT)  Pattern Match (Write Case) to INT Delay
32—TdPMR(INT) Pattern Match (Read Case) to INT Delay
33 TdSC(INT) Status Compare to INT Delay
34 TdER(INT) Error to INT Delay
35 TdEM(INT) Empty to INT Delay
36  TdFL(INT) Full to INT Delay
37  TdSO(INT) State 0 to INT Delay 600 500

Note: Parameter values for numbers
29 through 36 were feft blank
as they are software dependent.

MESSAGE
WRITE

DATA
DIRECTION
CHANGE

PATTERN
MATCH

STATUS
COMPARE
ERROR

EMPTY

FuLL

8T1-8To

=

WAITE

AEGISTER

ouT

WRITE was? \

CONTROL X

REGISTER 3 |

WRITEDATA WS ;

BUEFER

REGISTER T

READ DATA ADS }

BUFFER

REQISTER - &

1

WRITE OR READ WRHS.7 OR ADS.7 s

DATA BUFFER '

REGISTER .

DATA BUFFER

REGISTER Y

&

READ DATA ADST \

BUFFER X

REQISTER o
A4

WRITEDATA  WRST . \_

BUFFER Kk

REGISTER

WHEs J: -
’ —®

7

WRS.7—RB5.7

A

Figure 44. FIO Non-Z-BUS Interrupt Timing
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ZILOG INC LJ7E D HEE 9984043 DDLéLlD 4 mm

AC Characteristics T- 52 - 33 - 03
. 4MHz 6 MHz -
No. Symbol Parameter Min Max Min Max Notes
1 - TdCE(WT) CE | 1o WAIT Active ‘ S 200 170
2 TdRDI(WT) RDI t or WR1 1 to WAIT Inactive 1000 1000
3 TdACK(WT)  ACKIN | to WAIT Inactive 1000 1000 1
4—TdRD(REQ)——RD | or WR { to REQ Inactive 350 , 300
5 TdRDI(REQ) RDl t or WRI f to REQ Active 1000 1000
6 TJdACK(REQ) ACKIN | to REQ Active 1000 1000
7 'TdDAC®RD). DACK |toRD!or WR | ) 100 80
8—TSU(WR) Data Setup Time to WR 200 -
¢ ThWR) ~ Data Hold Time to WR + 30 20
10 TdDMA RD ! to Valid Data . 150 100 )
11 TdDMA(DRH) RD ! to Data Not Valid -0 .0
12 TJdDMA(DRZ) BD 1t to Data Bus Float .70 45 2
‘NomEs:
1. The delay is from DAV | for 3-Wire Input Handshake. The
delay is from DAC 1 for 3-Wire Output Handshake. 1 Units in nanoseconds (ns). !

2. Only when DACK is active.

CE

. [ —
RD/WR \ N
READ/WRITE OF DATA

BUFFER REQISTER l '

0,
—
| WRWADY
WRITEZREAD OF DATA j'
BUFFER REGISTER
8Y OTHER SIDE D—
WA : Vil
®
ACKI :
INFYTIOUTPUT PORT . i
—O—>| ] fe—0® |
3/

e , T o \
DATA FROM Fi0 —( X
. DTCi ) \

!

©

FIO WRITE TO DATA - . . X K BN
BUFFER REGISTER

Figure 45. Non-Z-BUS Request/Wait Timing
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17E D ME 9984043 0012111 T mm

AC Characteristics T- 52- 33- 03
4 MH=z 6 MHx
No. Symbol Parameter Min  Max Min Max Notes 1
1 TdWR(RD) Delay from WR 1 to RD | 100 70
2 TdRD(WR) Delay from RD 1 to WR | 100 70
3 .TwRD + WR Width of RD and WR, both Low for Reset 500 350
NOTES: ” )
1 Units in nanoseconds (ns).
' (D> [e—G—»
Figure 46. Non-Z-BUS Reset Timing
AC Characteristics
4 MHz 6 MHz
No. Symbol Parameter Min Max Min  Max Notes }
I TwCLR Width of Clear to Reset FIFO 700 700
2 TdOE(DO) OF | to Data Bus Driven 210 210
3  TdOE(DRZ) OE 1 to Data Bus Float 150 150
4 TdCLR(ACK) CLEAR 1 to ACKIN | 800 800
NOTES:
1 Units in nanoseconds (ns).
N )
TheuT \ = /
[fe——— (O
ACKIN
o ﬂ
] - [—@-» .
DATA OUT —memeeeoo —

Figure 47, Port 2 Side Operation
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17E D ME 9984043 0012112 1 mm

AC Characteristics - T- 52-33-03
4MHz 6 MHz
No, Symbol Parameter Min Max Min Max Notes T
1 TsDI(ACK) Data Input to ACKIN | to Setup Time 50 50
2 TdACK(RFD) ACKIN !} to RFD | Delay -0 500 0 500
3 TdRFDr{ACK) RFD 1 to ACKIN | Delay 0 0
4—TsDO(DAV)———Data Out to DAV | Setup Time 50 25
5 TdDAV{(ACK) DAV I to ACKIN | Delay 0 0
6 ThDO(ACK) . Data Out to ACKIN Hold Time 50 - 50
7 TdACK(DAV) ACKIN | to DAV 1 Delay 0 500 ] 500
8—ThDI(RFD)———Data Input to RFD | Hold Time 0 0
9 TdRFDHACK) RFD | to ACKIN | Delay 0 0
10 TdJACKr(RFD) ACKIN t (DAV 1) to RFD 1 Delay—Interlocked and
3-Wire Handshake 0 400 0 400
.11 TdDAVH{ACK) DAV1 to ACKIN 1 (RFD 1)’ ’ 0 0
12—TdACKr(DAV)—ACKIN 1 to DAV | 0——800———0-——800—
13  TdACK{(Empty) ACKIN | to Empty 0 0
14 TdACKKFull) ACKIN | to Full 0 0
15 TcACK ACKIN Cycle Time 1 1 1
NOTES:

1 Unlte in nanoseconds (ns), except as noted.

_1. Units in microseconds.
o

DATA x: VALID DATA X
1—@—.
ACKiH ® \ )
DAV L \
EMPTY /. -
<@
FuLL ] '7\

Figure 48, 2-Wire Handshake (Port 2 Side Only) Qutput

- .
Ir :
DATA x VALID DATA K

AFD R >. K

t

Figure 49, 2-Wire Handshake (Port 2 Side Only) Input
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L7E D WR 9984043 0012113 3 M

AC Characteristics

No. Symbol

Parameter -

1 TsDKDAV)
2 TJdDAVH(RFD)
3 TdDAVKDAC)
4—ThDI(DAC)

Data Input to DAV} Setup
DAV | to RFD | Delay
DAV | to DAC 1 Delay

5  TdDACIrDAV) DAC t to DAV 1 Delay
6 TdDAVIKDAC) DAVt to DAC | Delay

7 TdDAVIx(RFD)

- 8—TdRFDI(DAV)—RFD { to DAV | Delay

9  TsDO(DAC)

DAV t to RFD 1 Delay

Data In to DAC 1 Hold Time

Data Out to DAV |

10 TdDAVOA(RFD) DAV to RFD | Delay
11 TdDAVOK(DAC) DAV | to DAC 1 Delay

12—ThDO(DAC)

13 TdDACOr(DAV) DAC t to DAV t Delay
14 TdDAVOr(DAC) DAVt to DAC | Delay
15 TdDAVOX(RFD) DAV 1 to RFD 1 Delay

RFD 1 to DAV | Delay

Data Out to DAC { Hold Time

T-52-33-03
4 MHz 6 MHz
Min Max Min Max Notes T
Time 80 50
0 800 0 800
0 500 0 500 .
0 0
0 0
0 500 0 500
0 800 0 500
0 0
0 0
0 0
400 400
0 0
0 0
0 800 0 800

16 TdRFDO(DAV)
NOTES:

t Units ip nanoseconds (ns).

,
DATA VALID K

_ | o
(w) o : -
(D]
(") oftR \
(7] ouoas O~/

Figure 50. 3-Wire Handshake Input

DATA

DATA VALID

\i('

(PIN ) DAC
a8 ) INPUT /
i @

(W) &R

"

@._
)

.

L

Figure 51. 3-Wire Handshake Output
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ZILOG INC 1J7E D WM 9984043 0012311 7 WA
PACKAGE INFORMATION - a O- 2 o
L-—-—--—--—--—---.—..‘-’-’.
0.296
- TE=
g T Ty
N I
] 0.040
g
e gl o
+.015 0.100 0.045

SOTH ENDS =.010 +.005

R - 18-Pin Ceramic Package

£ .
0.031‘:!’!“&!‘1_.5—\ L Y.
0.100
| S B S Ry Wiv By e g ED 0 VS G mbu gy men
0.025 3 20
0300 0.030 Y
I"o.azo'“ 0“5—1—1 . 010 | 0w 013
— ~ 0,020
TF sgsprysy BN
0.009
oszs—. [*0.018
§ § 0.050 1 0.100 fe— L_0.125
ks 02— ik &g’ig‘“‘— 1 WIN

18-Pin Plastic Package

NOTE: Package dimensions are given in-inches. To convert to millimeters, multiply by 25.4

ANAAANAAAAAANRA

t
[
b
el
Mo
\']VVVVVVVVWVV\‘{
5479 o
wax !
L — o s ol
= ) 0.0
i uiN
8 I T
flg: - el e
W omew W -
28-Pin Ploatic Package

HOTE: Pachage dimenaiona are given in inches. To convert to millimeters, mulliply by 25.4.
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PACKAGE INFORMATION (Continued) B T-90-206

0.585
MAX—

GLASS
|

|

40 21
PR WA T AT Wk Wk Wt W W W Wi O s e T Tt W Bk Bt

?UUU\HUUQUUV\HUUJUJ-}\J;&’

2.080
MAX

020 v SEALING GLASS 5008 = -
MAX H “éx . / e i

Supmishigus & s X\ = ; r 3 ;
i i [ : IR E
- =3 AY 3 LYY
f 331 H ’hrii}'
TYP K SR S N

' 0100 MAX
2.025 %% -l = goTHENDS

0.040
*.020

40-Pin Dual-in-Line Package (DIP),
Cerdip

AAMNAANANAANAANAANAAR

D

YVVVVVVVVVVUVVVUVVV\QG’

g ——]

=]
o

-1
2
o

—

2,070
MAX
0620 ) 0.050° 0.180
. 0.600 1 l—Gve MAX
h
[ — 3 T 002
P OiMIN
1 t
s - I
X iR
0.650 0.080 0110 1|, 0.021 (X
0.610 - 0.060 0.030 _’ll“o. 6 i Fas0 0.125

40-Pin Dual-in-Line Package (DIP),
Plastic

NQTE: Package dimensions are given ininches. To convert to millimeters, multiply by 25.4.
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ZILOG INC 17E D WM 9984043 0012313 0 mm
T=90-2 0
'PACKAGE INFORMATION (Continued) q '2

PINY
IDENTIFICATION

MAX -
e
o.sso -
r-———— et w002

0.600 0.125
= REF ™ MIN -2
0.060
0.020

ES 015 BOTH ENDS

B

e mo e e = oo: TYP

40-Pin Dual-in-Line Package (DIP),

Ceramic

0.050 PIN1 e
45 X 0,045 MAX~ :! ‘: TYPICAL Qosmmcmon \
s 14 ©

=

&8

v.026 _4_§7 o/ *
HOMINAL T
17 )
19 n
45° x 0.010 MAX
3PLACES
VIEW TOWARD PC SOARD

&8

|

x0.45 MAX

|| 0.0232.003 u "
0.105 +.005
0,174,005 :

44-Pin Plastic Chip Carrier (PCC)
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0012314 2 =

PACKAGE INFORMATION (Continued)

YT E—_C_F_N_S_ N . _E_

T-90-206

W _W_w_|

Wi

PiN 1
IDENTIFICATION Lo

e —— i — I

I E— RN —m— R

- HAx i 0.040
e R N [
LJ 1
0.010 1 X
o J L
S i as L‘g%‘?s BOTH ENDS "’I L‘ . “’l L‘ s Tve
48-Pin Dual-in-Line Package (DIP),
Ceramic
RAAAAAAAAAANAAAAAAAANANARN
. &—iﬁg D
M“i/
Y VVVVV-\JVVVVVVVVVVVVVV\JV\&’
150 8—%8 0.180
0.0180.015 RA‘DP#;:ES 1 /\ m = 4_]

0.850 0.425_] 0080

o
)
-
=3
ES
z
o

48-Pin Dual-in-Line Package (DIP),
Plastic

.060 TYP.
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PACKAGE INFORMATION (Continued) 7-490-2 o]
5 x 0,045 MAX - 0.050TvP ,'g:,]ﬂﬂw.‘o" *' X 0.6AMAX
0.026 4 L : O/ pe b
NOMINAL <= g ;
g 1)
; :
q 0.9525Q 0.926
; | ossosa
: h
; ]
g -
" !J
450 x o.mog:t A H T — .l-{ ::::;
“E 0.470

68-Pin Plastic Chip Carrier (PCC)

1.385 o _fo1es|
1340 0.175
otis 5 . a—0.050 MAX
0.788 [ ,05! 0.083
R P A B e
Rt (oYoYoYoYoTo YT roto : L]
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@@ @@ £6510 =
0070, ©6 06 0.100
T RN FoYO) oJORKT) ==
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o.muv;t;:_/‘ S At - /N1
1 CORNER - %g :? ~»{-«—0.008 REF
. 1210
1.190
84-Pin Grid Array (PGA), . View toward PC Board
= . - Bottom View ’

NOTE: Package dimensions are givenin inches. To convert to millimeters, mulliply by 25.4.
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