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FEATURES

m Complete microcomputer, 8K bytes of ROM, 256 bytes of

RAM, 32 1O lines, and up to 56K bytes addressable
external space each for program and data memory.

256-byte register file, including 236 general-purpose
registers, 4 HO port registers, and 16 status and

® Register Pointer so that short, fast instructions can

access any of 16 working—register groups in 6 ps.

On-chip oscillator which accepts crystal or external clock
drive.

Standby modes—Halt and Stop

control registers.

H Minimum instruction  execution time of 0.6 s,

average of 1.0 us.

a Vectored, priority interrupts for I/O, counter/timers, and

UART,

® Full-duplex UART and two programmable 8-bit counter/

timers, each with a 6-bit programmable prescaler.

Single + 5V power supply—all pins TTL-compatible.
12 and 16 MHz.
CMOS process

Z86E21 compatible field—-programmable version ——
same feature set.

GENERAL DESCRIPTION

The Z86C21 microcomputer (Figures 1 and 2)
introduces a new level of sophistication to single—
chip architecture. Compared to eatlier single—chip
microcomputers, the Z86C21 offers faster execution;

more efficient use of memory; more sophisticated
interrupt,  input/output  and  bit—manipulation
capabilities; and easier system expansion.
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. General Purpose Microcontroller

Under program control, the Z86C21 can be tailored
to the needs of its user. it can be configured as a
stand—alone microcomputer with * 8K bytes of
internal  ROM, a traditional microprocessor - that
manages up to 112K bytes of external memeory, or

a parallel—processing element in a system with other
processors and peripheral controllers linked by the
Z-BUS bus. In all configurations, a large number
of pins remain available for I/O.

Field Programmable Version

The ZB86E21 is a pin compatible Onetime
Programmable version of the Z86C21. The Z86E21
contains 8K bytes of EPROM memory in place of the
8K bytes of masked ROM on the 286C21. The

Z86E21 also contains a programmable memory

" protect feature to provide program security by

disabling all external accesses to the internal EPROM
array.

ARCHITECTURE

Z86C21 architecture is characterized by a flexible /O
scheme, an efficient register and address space structure
and a number of ancillary features that are helpful in many
applications. :

Microcomputer applications demand powerful /O
capabilities. The 286C21 {ulfills this with 32 pins dedicated
to input and output. These lines are grouped into four ports
of eight lines each and are configurable under software
control to provide timing, status signals, serial or parallel /O
with or without handshake, and an address/data bus for
interfacing external memory.

Because the multiplexed address/data bus is merged with
the I/O-oriented ports, the Z86C21 can assume many
different memory and /O canfigurations. These config-
urations range from a self-contained microcomputer to a

OUTPUT  INPUT

M T

microprocessor that can address 120K bytes of external
memory (Figure 3).

Three basic address spaces are available to support this
wide range of configurations: program memory (internal
and external), data memory (external) and the register
file (internal). The 256—byte random—access register
file is composed of 236 general—purpose registers, 4 1/O
port registers, and-16 control and status registers,

To unburden the program from coping with real-time
problems such as serial data communication and
counting/timing, an asynchronous receiverftransmitter
(UART) and two counterftimers with a large number of
user-selectable modes are offered on-chip. Hardware
support for the UART is minimized because one of the
on-chip timers supplies the bit rate.

XTAL AS DS R/W RESET

ittt

I

LT

! MACHINE TIMING AND
PORT 3 INSTRUCTION CONTROL
UART ALY — |
PROGRAM
FLAGS MEMORY
COUNTER! 2102 x 8-BIT
TIMERS
(2 REGISTER {}
POINTER
REGISTER FILE —1 PROGRAM
INTERRUPT gl COUNTER
CONTROL 2“%{'. [ | :
PORT 2 porto [ p PORT 1

e

ADDRESS/DATA OR /O
(BYTE PROGRAMMABLE)

ADDRESS OR /0

o
(BIT PROGRAMMABLE) {NIBBLE PROGRAMMABLE)

Figure 3. Functional Block Diagram
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STANDBY MODE

The 286C21’s standby modes are:
m Stop
& Halt

The Stop instruction stops the internal clock and clock
oscillation; the Halt instruction stops the internal clock but
not clock oscillation. -

A reset inp(.lt releases the standby mode.

To complete an instruction prior to entering standby mode,
use the instructions:

NOP(FFy) + STOP(6F)
NOP(FFR) + HALT(7FR)

4

PIN DESCRIPTION

AS. Address Strobe (output, active Low). Address Strobe is
pulsed once at the beginning of each machine cycle.

Addresses output via Port 1 for all external program or data -

memory transfers are valid at the trailing edge of AS. Under
program control, AS can be placed in the high-impedance
state along with Ports 0 and 1, Data Strobe and Read/Write.

DS. Data Strobe (output, active Low). Data Strobe is
activated once for each external memory transfer.

P0y-P07, P1p-P17, P2o-P27, P3¢-P37. 1/O Port Lines
(input/outputs, TTL-compatible). These 32 lines are divided
into four 8-bit I/O ports that can be configured under

program control for /O or external memory interface (Figure 3).

RESET, Reset (input, active Low). RESET initializes the
Z86C21 . When RESET is deactivated, program execution
begins from internal program location 000C.

R/W. Read/Write (output). RAW is Low when the 286C21 is
writing to external program or data memory.

XTAL1, XTAL2. Crystal 1, Crystal 2 (time—base input
and output). These pins connect a parallel-resonant
crystal (12 or 20 MHz maximum} or an external single—
phase clock (12 or 20 MHz maximum) to the on—chip
clock oscillator and buffer.

ADDRESS SPACE

Program Memory. The 16-bit program counter addresses
64K bytes of program memory space. Program memory
can be located in two areas: one internal and the other
external (Figure 4). The first 8192 bytes consist of on-chip
mask-programmed ROM. At addresses 8192 and greater,
the Z86C21 executes external program memory fetches.

The first 12 bytes of program memory are reserved for the
interrupt vectors. These locations contain six 16-bit vectors
that correspond to the six available interrupts.

Data Memory. The Z86C21 can address 56K bytes of
external data memory beginning at location 4096 (Figure'5).
External data memory may be included with or separated
from the external program memory space. DM, an optional
1/0 function that can be programmed to appear on pin P34,
is used to distinguish between data and program memory
space.

Register Flle, The 256-byte register file includes 4
1/O port registers (RO—R3), 236 general—purpose
registers (R4—R239) and 16 control and status registers
(R240—R255). ’

These registers are assigned the address locations shownin
Figure 6.

Z86C21 instructions can access registers directly or
indirectly with an 8—bit address field, The Z86C21 also
allows short 4—bit register addressing using the Register
Pointer (one of the control registers). In the 4-bit
mode, the register file is divided into 16 working register
groups, each occupying 16 contiguous locations (Figure
6). The Register Pointer addresses the starting location
of the active working—register group {Figure 7). Note:
Register Bank EO—EF can only be accessed through
working register and indirect addressing mode,

Stacks. Either the internal register file or the external data
memory can be used for the stack. A 16-bit Stack Pointer
(R254 and R255) is used for the external stack, which can
reside anywhere in data memory between locations 4096
and 65535. An 8-bit Stack Pointer (R255) is used for the
internal stack that resides within the 124 general-purpose
registers (R4-R127)-
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65535
EXTERNAL
ROM OR RAM
2192
8191
ON.CHIP
LOCATION OF fOM
FIRST BYTE OF
WSTRUCTION
EXECUTED N —m e
AFTERRESET 12
1 iRQS
. 10 tRQS
0 1RG4
8 IRa4
7 Ro2
VECTOR «_g "G5
OWERBYTE
« ! \s N IRO2
alr ROz
VECToR <3 ] IRt
(UPPEREVTE) a1
. RGO
1) RGO

Flgure 4. Program Memory Map

65535
EXTERNAL .
DATA
MEMORY
,
01g2
0191
NOT ADDRESSABLE
[}
Figure 5. Data Memory Map

LOCATION
285 STACK POINTER (BITS 7-0)
254 STACK POINTER (BITS 15-8)
253 REGISTER POINTER
=2 PROGRAM CONTAOL FLAGS
251 INTERRUPT MASK REGISTER
250 INTERRUPT REQUEST REGISTER
249 INTERRUPY PRIORITY REGISTER
28 PORTS 0-1 MODE
47 PORY 3 MODE
246 PORT 2 MODE
245 TO PRESCALER
244 TIMERICOUNTER 0
243 T1 PRESCALER
242 TIMERICOUNTER 1
FI TIMER MODE
240 SERIAL O
NOT
IMPLEMENTED
230
. GENERAL-PURPOSE
REGISTERS
4
3 PORT 3
2 PORT 2
1 PORT 1
0 PORT 0

Figure 6. The Register File

IDENTIFIERS
sPL

SPH

AP

FLAGS

MR

L)

PR

POIM

P3M !
P2M

PREO

To

PRE1

T

T™MR

S10

3
P2
P1

e — -

255

[ o000

253

240

HE ACTIVE WORKING-REGISTER GROUP.

THE UPPER NIBBLE OF THE REGISTER FILE ADDRESS
r_‘ PROVIDED BY THE REGISTER POINTER SPECIFIES
Ti

239

THE LOWER
NIBBLE OF

SPECIFIED WORKING-

REGISTER GROUP -

THE REGISTER
FILE ADDRESS

— PROVIDED BY
THE INSTRUCTION

POINTS TO THE
SPECIFIED
REGISTER,

/0 PORTS

15

Figure 7. The Register Pointer
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SERIAL INPUT/QUTPUT

Port 3 lines P3g and P37 can be programmed as serial /0
lines for full-duplex serial asynchronous receiver/transmitter
operation. The bit rate is controlled by Counter/Timer 0.

The Z86C21 automatically adds a start bit and two stop bits
to transmitted data (Figure 8). Odd parity is also available as
an option. Eight data bits are always transmitted, regardless

TRANSMITTED DATA
(No Parity)

FERR e

l START BIT
EIGHT DATA BITS

TWO STOP BITS

TRANSMITTED DATA
(With Parity)

| 262 B A A A C CA A B

‘ I—— START BIT
SEVEN DATA 8178

00D PARITY
TWO STOP BITS

of parity selection. If parity is enabled, the eighthbit is the
odd parity bit. Aninterrupt request (IRQy) is generated on all
_transmitted characters.

Received data must have a start bit, eight data bits and at
least one stop bit. If parity is on, bit 7 of the received data is
replaced by a parity error flag. Received characters
generate the IRQ3 interrupt request.

RECEIVED DATA
(No Parity)

[spIo:Joc[os[ oa] 03] 2] 1 [0a] 5T

| I— START BIT
EIGHT DATA BITS

NE STOP BIT

RECEIVED DATA
(With Parity)

[seTpToelos[ou]os]0: [0 ] 0o ]sT]

. | LSTAR\‘ BIT
SEVEN DATA BITS

PARITY ERROR FLAG
ONE STOP BIT

Figure 8. Serial Data Formats

COUNTER/TIMERS

The Z86C21 contains two B-bit programmable counter/
timers (To and Ty), each driven by its own 6-bit
programmable prescaler. The Ty prescaler can be driven by
internal or external clock sources; however, the Tg prescaler
is driven by the internal clock only.

The 6-bit prescalers can divide the input frequency of the
clock source by any number from 1 to 64. Each prescaler
drives its counter, which decrements the value (1 to 256) that
has beenloaded into the counter. Whenthe counter reaches
the end of count, a timer interrupt request—IRQ4 (To) or
IRQg (T4)—is generated.

The counters can be started, stopped, restarted to continue,
or restarted from the initial value. The counters can also be
programmed to stop upon reaching zero (single-pass
mode) or to automatically reload the initial value and

continue counting (modulo-n continuous mode). The
counters, but not the prescalers, can be read any time
without disturbing their value or count mode.

The clock source for T, is user—definable and can be
the internal microprocessor clock divided by four, or an
external signal input via Port 3. The Timer Mode
register configures the external timer input as an
external clock (1MHz maximum), a trigger input that
can be retriggerable or non-—retriggerable, or as a gate
input for the internal clock. The counter/timers can be
programmably cascaded by connecting the T, output to
the input of T, Port 3 line P3; also setves as a
timer output (Tq,r) through which Tg Ty or the
internal clock can be output.
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I/O PORTS

The Z86C21 has 32 lines dedicated to input and output.
These lines are grouped into four ports of eight lines each
and are configurable as input, output or address/data.
Under software control, the ports can be programmed to
provide address outputs, timing, status signals, serial 1/O,
and parallel IO with or without handshake. All ports have
active pull-ups and pull-downs compatible with TTL loads.

Port 1 can be programmed as a byte /O port or as an
address/data port for interfacing external memory. When
used as an I/O port, Port 1 may be placed under handshake
control. In this configuration, Port 3 lines P33 and P3, are
used as the handshake controls RDY; and DAV, (Ready
and Data Available). -

Memory locations greater than 8192 are referenced -

through Port 1. To interface external memory; Port 1 must be
programmed for the multiplexed Address/Data mode. I
more than 256 external locations are required, Port 0 must
output the additional lines.

Port 1 can be placed in the high-impedance state along with
Port 0, AS, DS and R/W, allowing the Z86C21 to share
common resources in multiprocessor and DMA
applications. Data transfers can be controlled by assigning
P33 as a Bus Acknowledge input, and P3, as a Bus Request
output. :

PORY 1
. <I> (U0 OR ADy-AD;)

Z86c21
MCcu

H:{,!Di:};!;%so?ﬂﬁols
— DAVY 1
{P3; AND P3)

Figure 9a. Port 1

Port 0 can be programmed as a nibble I/O port, or as an
address port for intérfacing external memory. When used as
an /0 port, Port 0 may be placed under handshake control.
In this configuration, Port 3 lines P3, and P3; are used as
the handshake controls DAV and RDY . Handshake signal
assignment is dictated by the 1/O direction of the upper
nibble P04-P0O;. ’

For external memory references, Port 0 can provide address

bits Ag-Aq (lower nibble) or Ag-A45 (lower and upper nibble)
"depending on the required address space. If the address
range requires 12 bits or less, the upper nibble of Port 0 can
be programmed independently as I/0 while the lower nibble

is used for addressing. When Port O nibbles are defined as
address bits, they can be set to the high-impedance state
along with Port 1 and the control signals AS, DS and RIW,

PORT O
z86C21 I‘"° O Au-hig
Mcu

]

HANDSHAKE CONTROLS
l

=} 0avo AND RoY,

= I (e2; AND P3g *

—

Figure 9b. Port 0

Port 2 bits can be programmed independently as input or
output. This port is always available for /O operations. In
addition, Port 2 can be configured to provide open-drain
outputs.

Like Ports 0 and 1, Port 2 may also be placed under
handshake control. In this configuration, Port 3 lines P34
and P3g are used as the handshake controls fines DAV, and
RDY. The handshake signal assignment for Port 3 lines P3;
and P3g is dictated by the diraction (input or output) assigned
to bit 7 of Port 2, .

i
-
S
-
PORT 2110}
| ~—~
286C23 -
MCU  je
|-
. | HANDSHAKE CONTROLS
\ -~ } DAV; AND RDY;
[ 1P, AND P2y

Figure 9¢. Port 2 .

Port 3 lines can be configured as 11O or control lines. In either
case, the direction of the eight lines is fixed as four input
(P3¢-P33) and four output (P34-P37). For.serial /O, lines P3g
and P37 are programmed as serial in and serial out
respectively. )

Port 3 can also provide the following control functions:
handshake for Ports 0, 1 and 2 (DAV and RDY); four external
interrupt request signals (RQq-IRQy); timer input and output
signals (Tyy and Toyt) and Data Memory Select (DM).

I PORT 3 -
Z86C21 (L0 OR CONTROL)
Mcu

i

Figure 9d. Port 3
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INTERRUPTS

The Z86C21 allows six different interrupts from eight sources:
the four Port 3 lines P3¢-P33, Serial In, Serial Out, and the two
counter/timers. These interrupts are both maskable and
prioritized. The Interrupt Mask register globally or individually
enables or disables the six interrupt requests. When more
than one interrupt is pending, priorities are resolved by a
programmable priority encoder that is controlled by the
Interrupt Priority register. ’

All Z86C21 interrupts are vectored through locations in
program memory. When an interrupt request is granted,
- an interrupt machine cycle is entered. This disables all

~ of the

subsequent interrupts, saves the Program Counter and
status flags, and- branches to the program memory
vector location reserved for that interrupt.
location and the mext byte contain the 16-bit address
interrupt service routine for that particular
interrupt request. -

Polled interrupt . systems are also supported. To
accommodate a polled structure, any or all of the interrupt
inputs can be masked and the Interrupt Request register
polled to determine which of the interrupt requests needs
service.

CLOCK

The on-chip oscillator has a high-gain, parallel-resonant
ampilifier for connection to a crystal or to any suitable external
clock source (XTALT = Input, XTAL2 = Output).

The crystal source is connected across XTAL1 and XTAL2,
using the recommended capa_citors (C1 < 15 pf) from each

pin to ground. The specifications for the crystal are as follows:
m AT cut, parallel resonant

m Fundamental type, 16 MHz maximum

m Series resistance, Rg < 1002

GENERAL DESCRIPTION

The Z86C12 development device allows users to proto-
type a system with an actual hardware device and to
develop the code. This code is eventually mask-pro--
grammed into the on-chip ROM for any of the 86Cxx
devices (except the 86C91). Development devices are
also useful in emulator appli-cations where the final sys-
tem configura-tion -- memory configuration, /O, interr-
uptinputs, efc. -- are unknown.The Z86C12 development
deviceisidentical to its equivalent Z86C21microcomputer
with the following exceptions: .

« Nointernal ROM is provided, so  that codeis
developedinofi-chip memory. Five "size" inputs configure
the memory boundaries.

= The nomnally internal ROM address and datalines are
butfered and brought out to external pins to interface with
the external merhory.

= Controlfines (/MAS and /MDS) are added to interface
with external program memory.

The Timing and Control, 1/O ports, and clock pins on
the Z86C12 are identical in function to those on the
86C21. This seclion covers those pins that do not
appear on the Z86C21 8K ROM device. The pin
functions and pin assignmenis are shown on figure
00.

Z86C12 PIN DESCRIPTION

DO - D7 (inputs, TTL compatible) Data bus.
These 8 lines provide the inpul data bus to access
exlernal memory emulating on the on-chip ROM.
~ During read cycles in the internal memory space the
data on these lines is latched in just prior to the rise of
the /MDS data strobe. : ’

A0 - A15 (Outpus TTL compatible) Address
bus. During T1 these lines output the current memory
address. All addresses, whether internal or external,
are oufput. . )

{MAS (Output, TTL compatible) Memory
Address Strobe. This line is active during every Tt
cycle. The rising edge of this signal may be used to
latch the current memory address on the lines AO -
A15. This fine is always valid; it is not tri-stated when
/AS Is tri-stated.

/MDS (Output, TTL compatible) Memory Data
Strobe. This is a timing signal used to enable the
external memory to emulate the on-chip ROM. 1t is
active only during accesses to the on-chip ROM
memory space, as selected by the configuration of the
SIZEn pins. :

/SCLK (Output, TTL compatible) System
Clock. This line is teh internal system clock.

/SYNC (Output TTL, compatible) Sync signal.
This signal indicates the last clock cycle of the currently
executing instruction.

JIACK (Output TTL, compatible) interrupt
Acknow-ledge. This output, when low, indicates
that the Z86C12 Is an interrupt cycle.
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ISIZEO, /[SIZE1, [SIZE2,

/S1ZE3, SIZE4
{Inputs, TTL compatible).

The /SIZEn lines

control the emulation mode of the 86C12. Note that _

//SIZEO - ISIZE3 are active low, while SIZE4 is active
high. The functions are defined as shown in figure 00.
The 86C12 should be in RESET when the state of
these lines are changed. e

NOTE:
The SIZE pins may be configured to make the
menmiory contro! signals (/MAS, /MDS, R/W,
/AS, and /DS) look like the Z86C91 ROMIess
device, however on power-up or reset ports
0 and 1 are configured as inputs, rather than
A15 - A8 and AD7 - ADO, respectively.

Table 1. Z86C12 Pin Assignments

NAME NAME PIN NAME PIN NAME PIN
/AS B2 A8 J5 P07 JH P36 A7
/DS C4 A9 K4 P10 Gs P37 A5
/MAS Et DO H3 P11 G9 RW Al
/MDS G3 D1 K2 P12 G10 SCLK G2
/RESET B3 D2 J3 P13 F8 SIZE4 Fi0
/SIZE0O A3 D3 K3 P14 D10 vCC A4
/SIZE2 A8 D5 J10 P16 B10 vcC2 F9
/SIZE3 C6 3] H9 P17 E9 VSss F3
/SYNC Fi D7 H10 P20 C9 VSSt E2
AD J9 IACK F2 P21 Al10 VSS2  Hé
Al H7 NC J2 P22 B9 VSS3 Es
A10 Ja NC Cc3 P23 (o] Xtai B5
Al - H4 NC D8 P24 A9 Xtal2 A2
Al2 Ko NC H2 P25 B8
A3 K7 NC K1 P26 A8
Al4 K5 POO C1 P27 C7
AlS Hs PO1 D3 P30 B4
A2 K10 P02 D2 P31 B7
A3 Js P03 D1 P32 Cc2
Ad 47 P04 E3 P33 D9
A5 K8 P05 G1 P34 E10
A6 Je Pos H1 P35 B1
A7 K8 :

Table 2. Memory Size Configuration

SIZE4} /SIZE3 ) /SIZE2] /SIZE1| /SIZEO | MEMORY

ROMless

1

0 2K ROM
1 4K ROM
1 8K ROM
1 16K ROM
1 32K ROM

—“~00oo0Q
- b ok oabh g
-k O owd owh
PR R - I Y

1 2 3 4 5 6 7 8 9 10

X « T o0 1 mo o o »
L ]
[ ]
-
]
L]
-

TOP VIEW
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TIMING —me—=1 |[RESET +5V ¢
AND ] AW GND |-t——or
CONTROL -———] DS
. Xtall [«g————— CLOCK
-——»1 P00 Xtal2 | e |
«—p| PO1 -
PORTO ~——p] P02 P20 |—>
(NIBBLE ~t——p=1 P03 P2t |w—>
. PROGRAM- -¢— P04 P22 |«¢——» PORT2
MABLE) O ~—3] POS P23 lq——» (BITPRO-
OR AS-At1S ~——p»| POS P24 l¢——» GRAMMABLE)
~——p| PO7 P25 |g—»
P26 |-€——
. -——| P10 P27 |— -
\PORT1 -« P11
(BYTEPRO- - -——>» P12 P30  |————
GRAMMABLE) <¢——»| P13 P31 |«¢——— PORT3
/0 OR -——»1 P14 P32 {«——— SERIALAND
ADO-AD7 -——p| P1§ P33 |-g———— PARALLEL
-——p| P16 P34 |——» HOCON- -
-——p P17 P35 |[—» TROL
’ P36 |[———
—_—] D0 P37 |—>
-
PROGRAM —» D2 A0 T
MEMORY | D3 At ——
DATA IN- ——] D4 A2 —_—
PUTS ————3 D5 A3 |——
’ —»| D6 A4 —
—pi D7 - AS ——-
- A6 ——» PROCGRAM
——p] /SIZED A7 ————» MEMORY
ROM SIZE — | /SIZEt As —  » ADDRESS
INPUTS —~—1 /SIZE2 A9 —————p  OUTPUTS
—eeipe]  [SIZE3 A0 |———
—————»| SIZE4 Al |————
A12 |——
~¢————| NIACK A3 ——
STATUS AND -«———| IMAS A4 [——>»
R MEMORY CON- -¢———— lg‘ler?c Al5 |[———
TAOL i
-~ | scx vee [€— .
VvCCi |——— POWER
-~ VSS vCcC2 |e——
GROUND —»] VSS1
© ~———] VS§S2
. 286C12 .
Z86C12 Pin Functions
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INSTRUCTION SET NOTATION -
Addressing Modes. The following notation is used to Assignment of a value is indicated by the symbol “«". For
describe the addressing modes and instruction operations example, .
as shown in the instruction summary. A dst < dst + src
AR In;ii;rggtd::ggster pair or indirect working-register indicates that the source data is added to the destination
I {‘:] diréct working-register pair only data and the result is stored in the destination location. The
notation "addr(n)" is used to refer to bit “n" of a given
X Indexed address location. For example ’
DA Direct address ’ S
RA Relative address dst(7)
2’1 g@iﬁ?ﬁ working-register address ’ refers to bit 7 of the destination operand.
r Working-register address only Flags. Control Register R252 contains the following six
iR - Indirect-register or indirect working-register flags: . :
address c Carry fla
ir lndi(eot wor.king-regi_ster adqress or_1|y z Zeroyﬂagg
AR Register pair or worklr:g register pair address s Sign flag
Symbols. The following symbols are used in describing the Vv Overflow flag
instruction set. - D Decimal-adjust flag
dst Destination location or contents H Halt-carry flag
src Source location or contents Affected flags are indicated by:
cc Condition code (see list) 0 Cleared o zero
@ Indirect address prefix ..
Sp Stack pointer (control registers 254-255) 1 ge: to olne d ding t .
PC Program counter " Ui cf;frc tea(ljre according to operation
FLAGS  Flag register (control register 252) X Unge?ifl: d
RP Register pointer (control register 253)
MR Interrupt mask register (control register 251)
CONDITION CODES
Value Mnemonic Meaning Flags Set
1000 Always true —
1M i C Carry C=1
1111 NC No carry C=0
0110 p4 Zero Z=1
1110 Nz Not zero Z=0
1101 PL Plus S=0
0101 Mi Minus- S=1
0100 ov Overflow V=1
1100 NOV No overflow V=20
o110 EQ Equal Z=1
1110 NE Not equal Z=0
- 1001 GE Greater than or equal (SXORV) =0
. D001 LT Less than (SXORV) =1
1010 GT . Greater than [ZOR(SXORV)} =0
0010 LE Less than or equal [ZOR(SXORV)] = 1
1111 UGE Unsigned greater than or equal C=0 )
o111 . ULT Unsigned less than C=1
1011 UGT Unsigned greater than (C=0ANDZ=0)=1
0011 ULE Unsigned less than or equal (CORZ) =1
0000 Never true —_
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INSTRUCTION FORMATS
OPC CCF, D, El, IRET, NOP,
; RCF, RET, SCF -
NGt
R . ’ One—Byte Instructions
[oreTmome] | rroremy SR, Ghe L WOGE tacspop, o
dst/src OR |1 1 1 0] dstisrc ' % A . src OR[|1110] srg M T ) '
puer L o P ] e e
[ orc | JP, CALL (indirect)
{ dst___ Jor[i110] dst | R oPC_| MODE ADGC, ADD, AND, CP,
. . dst or 170l dst | 12,0% S6e.SUB.
[ orc ] sr - L vAwE T
MODE | orc T | . Lb
[ opc | moDE | ADC, ADD, AND, : sre orf1110] s
', OR, SBC, SUB, dst OR{1110] dst |
[Ceat | we | R ) )
mm LD, LOE, LDEI, MODE I OPC LD
[dstisre | srciast | Loc, Loel ds":g; LE s;
Idsllslc[ oPC | 'LD
[ swctdst__joR[f110] sc | c¢ Dl 0PC 9w !
Ay [
. DA, '
[ ost T orc | ) i
T cALL
. oA
[dsce | opc_ | DJNZ, IR DA,
A |
T\;o-—Byle Instructions V Three—Byte Instiuctions
INSTRUCTION SUMMARY .
Addr Mode Opcode Flags Affected AddrMode Opcode Flags Affected
instruction ————— Byte ———— Instruction ————— Byte ———
and Operation dst src (Hex) CZ S VDH and Operation dst sc (Hex) CZ S VDH
ADC dst,src (Note 1) 1M %% % % 0 % JP ce,dst DA D -
dst«dst + src + C ifccistrue c=0~F
ADD dst,src (Note1) OO 4 % % % 0 # PC«dst IRR 30
dst ~dst + src : JR cc,dst RA B —————
AND dst.sic Noel) 60 —##0—— | A c=0-F
dst < dst AND src : + dst
. Range: +127, - 128
CALL dst DA D6 ——————
SP <SP - 2 IRR D4 LD detere rofm e T !
@SP < PC; PG+ dst , st +-ste ' 8
i R r 112}
. CCF ’ EF * ———— — . r=0-F
> C<+NOTC . ’ : r X c7 ;
CLR dst R B0 —————— X0
dst<0 R Bt ror
Ir r F3
COM dst R 60 — % * 0 —— R R E4
dst < NOT dst IR 61 R IR ES
. R M E6 :
gP dst,src (Note 1) A & % & * — — R M E7 |'
st - sie R R F5 |
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INSTRUCTION SUMMARY (Continued)

AddrMode Opcode Flags Affected Addr Mode Opcode Flags Affected
Instruction ———— Byte ——————— ’Instruction — Byte ——m—
and Operation dst src (Hex) CZ S VDH and Operation dst src (Hex) CZ S VDH
DAdst R 40 % % % X——  LDCdstsrc ror G2
dst + DA dst IR 41 - dst «+ src Irr r D2
DEC dst R 00 — %k ok — — LDCI dst,src Irlrr C3 @
dst+dst — 1 IR 01 dstesrc - e r D3
DECW dst RR 80 — % oww—— rer+himemr+
dst<dst - 1 R 81 LDE dst,src t 82 —_————
DI dst < sre L (S 92
IMR(7)+0 8F - —— LDEI dst,src Ir e -
DJNZ st RA N ——— e ey T
reer =1 r=0-F rer+fimren
ifr#0 NOP FF @
PC«PC + dst . -
Range: +127, —128 . OR dst,src (Note 1) 40 — % % 0 ——
. ! dst < dst OR src
El < OF el .
IMR (7) < 1 oF POP dst : R 50 @@ - — e —
 dst+ @SP; R 51
HALT 7F SP <SP + 1
INC dst r 1E — % kK — — PUSH sic R 70 @ ————
dst<dst + 1 . r=0-F SP<SP - 1,@SP<«sc IR 71
R
IR , g? RCF CF 0 —————
. C+«0
INCW dst RR A0 — - -
dst < dist + 1 IR A1 e RET AP —
PC < @SP;SP <SP + 2 .
IRET BF * k k Kk Kk *
— . QP i RL dst [—— ] R 90 * ok ke — —
FLAGS < @SP; SP <SP + 1 i o
PC ~ @SP; SP <SP + 2, IMR (7) « 1
RLCdstm R 10 * ok ok — — TM dst,src {Note 1) 70 — % x 0 ——
[l IR 11 dst AND sic
RR dst —— R EO * k k k — — XOR dst,src (Note 1) BO — % * 0 — —
L R LN ot E1 dst < dst XOR src
RRC dst epy— R . Co * ok Kk ok — — NOTE: These instructions have an identical set of addressing modes,
IR -C1 which are encoded for brevity. The first opcode nibble is found in
the instruction set table above. The second nibble is expressed
SBC dst,src (Note 1) 30 * * kw1 * symbolically by a [ in this table, and its value is found in the )
dst<+dst—src+~C following table to the left of the applicable addressing mode pair.  *
- For example, the opcode of an ADC instruction using the
gCF1 DF. 11— ’ addressing modes r (destination) and Ir (source) is 13.
-
SRA st ———]R DO % % %0 —— Addr Mode Lower
v IR .- D dst sre Opcode Nibble
SRPsrc Im 31 - —— ' r IZI
RP «src
sToP 6F f I G
R R
SUB dst,src {Note 1) 20 * % % % 1 %
dst « dst < src ) R IR IE
SWAPGS_—1 R FO X% % X —— R M (6]
*_l iR - F1 IR M
TCM dst.src {Note 1) 60 — %% 0 ——
(NOT dst) AND src .
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REGISTERS

R240S10
SERIAL 1/0 REGISTER
(FOu; Read/Wirite)

5. Jou o [o. o 5. ]od
[ A

R241 TMR
TIMER MODE REGISTER
(F1y: Read/Write)

Tour MODES 0 =HD Fuucnou
wot uSED = 00 1= LOADT,
T. ouT = 01 9= DISABLE To COUNT

¥ = ENABLE Ty COUNT

%
H
[ —

Q0ES 0 = NO FUNCTION

EXTERNAL cu.ocu(mpﬁr =00 1=loApT,
GATE INFUT = 01 0 = DISABLE T, COUNT
AIGGER INPUT = 10— 1 = ENABLE T, GOUNT

R242T1
COUNTER TIMER 1 REGISTER
(F2y; Read/Wirite)

Ty INITIAL VALUE (WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)

Ty CURRENT YALUE (WHEN READ)

R243 PRE1
PRESCALER 1 REGISTER
(F34; Write Only)

Lco

0= T. A GLEPASS

1 = T, MODULO-N

CLOCK SOURCE

1 = Ty INTEANAL
Ty MO

PRESCALER MODULO

(RANGE: 1-64 DECIMAL

0100 HEX}

0=T, EXTEI;NAL TINING tNPUT
E

"R24470 .
COUNTER/TIMER 0 REGISTER
(F4y; Read/Write)

CACACARICY Y CAC
" T INITIAL VALUE (WHEN WRITTEN)
(RANGE: 1-256 DECIMAL 01-00 HEX)

Tg CURRENT VALUE (WHEN READ)

R245 PREO
PRESCALER 0 REGISTER
(F5H; Write Only)

l_cOUNT MQDE
0 = T, SINGLE-PASS
1 = To MODULO-N

RESERVED

PRESCALER MODULO
(HANGE 1-64 DECIMAL
01-00 HEX)

R246 P2M
PORT 2 MODE REGISTER
(F64; Write Only)

CACICICATACACAES
L e

1 DEFINES BIT AS INPUT

R247 P3M
PORT 3 MODE REGISTER
(F7h: Write Only)

[0, Jou]o Jo.os]ea o, oo .
l 0 PORT 2 PULLUPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE'

RESERVED

0 P32 = INPUT P35 = OUTPUT
1 P32 = DAVG/RDYO P35 = ROYOUDAVO

P33 = INFUT - P3A = QUTPUT
}P33 < iNPUT P34 = DR

33 = DAVI/RDY1 P34 = RDYWDAVI

31 = INPUT (Ty) P36 = OUTPUT (o)
31 = DAVZROYZ P36 = RDYZDAVZ

go
1
1017
11 9
0P
1P;
0 P30 = INPUT P37 = QUTPUT

TP T SEAALIN P37 - SeRiALouT

0 PARITY OFF
1 PARITY ON

Figure 11. Control Registers
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REGISTERS (Continued)
R248 PO1M R252 FLAGS
PORT 0 AND 1 MODE REGISTER FLAG REGISTER
(F8H; Write Only) - (FCH; Read/Write)
mmmmmmmm DI
PO.-PO, uons I Pog-Po; HOOE T ussu FLAG F1
NPUT = — 9 : i ussn FLAG F2
Au-Au = ﬂ( = Ag-Ayy HALF CARRY FLAG
EXTEARAL MEMORY TIHING STACK SELECTION DECIMAL ADJUST FLAG
EXIENDED = 1 1 = INTERNAL OVERFLOW FLAG
5Pl MODE SIGN FLAG
m = :ag &“’.}’,‘" ZERO FLAG
ARRY FLAG
b mcu mpsnmcs ADg-ADy,
DS, AW, Ag-Aq, Az-Ats
IF SELECTED
R249 IPR R253 RP
INTERRUPT PRIORITY REGISTER . REGISTER POINTER

(F9y; Write Only)

(FOH; Read/Write)

RESERAVED :]— ln;lggggn Dar_&oup PRIORITY r,_l | _—_:DQN'T CARE

1RQJ, IRQS PRIORAITY (GROUP A) >A>8 =001 REGISTER e

0 = IRQS > IRQ3 >8>C =010 POINTER rs

1 = IRQY > {RGS °>g>:=l'!sa . -
tRO0, IRO2 PRIORITY (GROUP B) c : B ; A=101 ¢

0 = IRG2 > IRQO B>A>C=110

1 = RGO > IRG2 RESERVED = 111
TRAQY, IRA4 PRIORITY (GROLP C)

0 = |RG1 > IRQ4

1 = {RQ4 > (RQT

R250 IRQ
INTERRUPT REQUEST REGISTER
{FAR; Read/Write)

[ —

RESERVED
IRQ1 = P33 (NP

1RQ0 = P3; INP% {0p = IRGO)}

R254 SPH
STACK POINTER
(FEw; Read/Wiite)

'
I

STACK POINTER UFPER
BYTE {SP4-5Pyg)

(RQ2 = P3; INPUT
(RQ3 = P3a INPUT, SERIAL INPUT

{RQ4 = Tq, !
IRQS = T¢

R2511IMR
INTERRUPT MASK REGISTER
(FBn: Read/Write)

[o: oo [o]5:[oa [, [0
T/

1 ENABLES (RQ0-1RQS
(By = IRQO)

ERIAL OUTPUT

R255 SPL
STACK POINTER
(FFH; Read/Write)

9, ]oc[osJo o, o, o, Jos
I STACK POINTER LOWER

BYTE (SPg-SPy)

1 ENABLES INTERRUPTS

Figure 11. Control Registers (Continued)
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OPCODE MAP - ' : !
’ Lower Nibbte (Hex)
° 1 ‘2 3 4 5 6 - 7 8 ] A 8 c D E F
« ) .
6.5 6.5 6.5 65 10.5 10.5 10.5 10.5 6.5 6.5 12/10.5 | 12/10.0 65 12/110.0 65
0 DEC DEC ADD ADD ADD ADD ADD ADD LD LD DJNZ JR Lo Je INC
Ry IRy fy.r2 redrg | RoRy { IR2Ry | RydM | IRpIM | ri.Rp ra.Ry 11.RA | ccRA | .M [ cc.DA n
6.5 6.5 6.5 65 | 105 10.5 105 | 105 )
- 1 ALC RLC ADC ADC ADC ADC ADC ADC
Ry IRy r.ra rdrp | RaRy | IRa.Ry | ReM | IRIM .
6.5 6.5 6.5 6.5 10,5 10.5 105 105
2 INC INC sus sus suB suB suB sus
Ry IR¢ riJf2 fdrz | Ra Ry | iR2.Ry | RidM | IRyIM .
- 8.0 6.1 6.5 6.5 105 10.5 10.5 105
3 Je SAP 11: 14 s8c SBC SBC SBC S8C
IRRy ™M {12 e | RoRy | IR2Ry | RiM | IR4.IM
8.5 8.5 6.5 6.5 10,5 105 10.5 10,5
4 DA DA OR OR OR OR OR OR
Ry IRy 11.r2 rilrp | RaRy | IR2.Ry | RedM | IRIM
10.5 10,5 6.5 6.5 105 10.5 10,5 10.5
. 8 POP POP AND AND AND AND AND AND
Ry 1Ry rr rdra | Ra.Ry | IR2.Ry | RedM | (RyIM
6.5 6.5 6.5 6.5 105 10.5 105 105 6.0 .
8 COM | COM | TCM | TCM TCM | TCM | TCM | TCM sYoP
Ry IRq .02 redro | RaRy | IR2.Ry | RedM | IReIM
- F 10121 | 12n41{ 65 6.5 105 | 105 [ 105 | 105 - 7.0
% 7 PUSH | PUSH | T™ ™ ™ ™ ™ ™ HALT
§ Rz IR2 .2 rudra | RaRy | IR2.Ry | RyIM | IR1IM
z 105 | 105 [ 120 | 180 : - 6.1
g8 DECW | DECW | LDE LDEI 2]
g- RRy IRy redrrg | Arqlera
6.5 6.5 120 18,0 . 6.1
9 AL AL LDE LOEl El
s Ry R ra.dreq | Iradmy
105 10.5 6.5 6.5 . 105 105 10.5 10,6 140
A INCW | INCW cP cP cp cP CcP cp RET
RRy IRy 1112 ridra | Ra.Ry | IR2By | RpM | IRyIM
6.5 6.5 6.5 ‘6.5 10.5 10.5 10.5 10,5 16.0
8 CLR CLR XOR XOR XOR XOR XOR XOR IRET
Ry IRy r.re rdra | RaRy | IR2.R1 | RydM | IRyIM
6.5 65 | 120 18.0 10,5 6.5
c ARC RRC LDC LDCi LD RCF
Ry 1Ry ridrig | Irqfera r.x.Ra
6.5 6.5 12,0 18,0 20,0 200 105 6.5
o SRA SRA LDC LDCI | CALL* CALL 8] SCF
Ry IRy raldrry | tradery | IRRy DA ra.x.Ry .
: 6.5 6.5 6.5 10,5 105 105 10,5 65
E RR AR %] Lo Lo L0 Lo CCF
Ry IRy nJRa | RaRy | IR2Ry | Ry | IRpIM
8.5 8.5 6.5 10.5 ’ 6.0
F SWAP | SWAP Lo Lo . NOP
Ry 1Ry Iry.r2 Ra.Ry Y Y Y Y Y Y Y
[V
A - - N — \/ S——
2 3 2 3 1
Bytes per Instruction
LOWER i
. QPCODE
. NIBBLE
- EXECUTION PIPELINE . Legend:
CYCLES L CYCLES R = 8-bit address
. 7 = 4-bit address
UPPER 105 ' Ry orrq = Dstaddress
OPCODE——3» A| CP <4¢——MNEMONIC . Raor iz = Srcaddress
NIBBLE RoR
21 Sequence:
Opcode, Fitst Operand, Second Operand
FIRST, SECOND
. OPERAND OPERAND . NOTE: The blank areas are not defined.
*2-byte inslruction; felch cycle appears as a 3-byte insttuction
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ABSOLUTE MAXIMUM RATINGS

Voltages on all pins with respect

1oGND:.......... PP -0.3Vto +7.0v
Operating Ambient

Temperature .............. See Ordering Information
Storage Temperature . ............. ~865°Cto +150°C

Stresses grealer than those listed under Absolute Maximum Ratings may

- Cause permanent damage to the device. This is a stress rating only;
- operation of the device at any condition above those indicated in the

operational sections of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

STANDARD TEST CONDITIONS

The DC characteristics listed below apply for the following
standard test conditions, unless otherwise noted. All
voltages are referenced to GND. Positive current flows into
the referenced pin. .

Standard conditions are as follows:
® +45<Vee <+ 55V
m GND = ov

B0 C<Tp<+70 C for 5 (Standard temperature
A X

21K

FROM OUTPUT
UNDER TEST

Figure 12, Test Load 1

DC CHARACTERISTICS
Symbo! Parameter Min Typ Max Unit Condition ~
Ve ) Clock input High Voltage 38 Ve v Driven by External Clock Generator
Voo Clock Input Low Voltage -03 | 0.8 \ Driven by External Clock Generator
ViH Input High Voltage 2.0 Vee v
ViL Input Low Voltage -03 0.8 v -
VRH Reset Input High Voltage 38 Vee v
VRL Reset Input Low Voltage -0.3 0.8 v
Vou Output High Voltage 24 Y loH = —250 uA
VOH Output High Voltage Vco -1oomv V' lec = -100pA
VoL QOutput Low Voltage 04 \' loL= +2.0mA
i Input Leakage -10 10 HA OV VNS + 525V
oL Output Leakage ) -10 10 pA V€ V< + 5.25V
IR Reset Input Current -50 HA Ve = +5.25V, VR = OV
Icc Supply Current R mA All outputs and /O pins floating, 12 MHz
lccy Standby Current . 5 mA - Halt Mode
lccy Standby Current . 10 JTL. Stop Mode

lcc2 requires loading TMR (%F1) with any value prior to STOP execution,

Use the sequence:
LD TMR, #00
NOP
STOP
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RW X ) }(
|- [—(1)->
PORT 0,
om
@ >
PORT 1 X A ] q oo b
~ I"@" “@‘—’ ->®<—
= _}_..’ ® LN
«—(—> ‘@’l - ®— 3
eaD: : N /
|—@)—»
PORT 1 X Ao-Ar ﬂ Do-D7 OUT
== | I '6)) {l l_l——' i
s ! z 4 4
. Figure 13. External I/0 or Memory Read/Write
AC CHARACTERISTICS
External /O or Memory Read and Write Timing
‘ 12MHz 16MHz 20MHz
Number Symbol Parameter Min Max Min Max Min Max Units Noles
1 TdA(AS) Address Valid to AS tDelay 35 25 20 ns 23,4
2 TdAS(A) AStto Address Float Delay 45 35 25 ns 234
3 TdAS(DR)  AStto Read Data Req'd Valid 250 180 150 ns 12,34
4 TwAS AS Low Width 55 40 30 ns 234
5 TdAZ(DS)  Address Float to DS+ 0 (0] 0 ns
6 TwDSR D_—S_ (Read) Low Width 185 135 105 ns 1,234 !
7 TwDSW DS (Write) Low Width 110 80 65 ns 1,234 |
8 TdDSR(DR) DSito Read Data Req'd Valid 130 75 55 ns 12,34
9 ThDR(DS) - Read Data to DS tHold Time 0 0 0 ns 2,34
10 TdDS(A) DStto Address Active Delay 65 50 40 ns 2,34 i
1 TdDS(AS)  DStlo ASIDelay 45 35 25 ns 234 ;
12 TdR/W(AS) R/W Valid to AStDelay 33 25 20 ns 234 H
-13 TdDS(R/W) DStto R/W Not Valid 50 35 25 ns 234 |
14 TdDW(DSW) Write Data Valid to DS }(Write) Delay 35 25 20 ns 234 :
15 TdDS(DW) DStto Write Data Not Valid Delay 55 35 25 ns 234 !
16 TdA(DR) .  Address Valid to Read Data Req'd Valid 310 230 180 ns 1.2,34
17 TdAS(DS) AStto DSiDelay 65 45 35 -ns 2,34
18 TdDKDS) . DataInput Sefup to DSt 75 60 50 ns 1,234
19 TdDM(AS) DM Valid to AS{Delay 50 30 20 ns 2,34
Notes
1. When using extended memory timing add 2TpC +Test Load 1
2. Timing numbers given are for minimum TpC * All timing references use 2.0V fora
3. Sea clock cycle dependent characteristics table logic "1" and 0.8V for a logic “0"
4, 20 MHz timing s preliminary and subject to change
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AC CHARACTERISTICS

Additional Timing Table
- 12MHz. 16 MHz 20 MHz
Number Symbol ' Parameter Min Max Min Max  Min Max Notes
1 TpC | Input Clock Period 83 1000 625 1000 50 1000 1
2 TIC,TIC ~ Clock Input Rise & Fall Times 15 10 10 1
3 TwC Input Clock Width - 37 21 15 - 1
4 TwTinL Timer Input Low Widith 75 75 75 2
5 TwTinH Timer Input High Width ) 3TpC 3TpC 3TpC 2
6 TpTin Timer Input Period 8TpC 8TpC 8TpC 2
7 TrTin,TfTin  Timer Input Rise and Fall Times 100 100 100 2
8A Twil Interrupt Request Input Low Time 70 70 70 24
6B TwiL Interrupt Request Input Low Time  3TpC 3TpC 3TpC 2,5
] TwiH Interrupt Request Input High Time  3TpC 3TpC 3TpC 23
Notes: 7

1. Clock timing references use 3.8 V for a logic “1" and 0.8 V for a logic “0"
2. Timing refarences use 2.0 V for a logic "1"  and 0.8 V for a logic “0”
3. Interrupt references request via Port 3
4. Interrupt request via Port 3 (P3, - P3,)
5. Interrupt request via P30
6. 20 MHz timing is preliminary and subject to change.
Units In nanoseconds (ns)

£ — — - — - —
DATAM X DATA INVALID X . - HEXT DATA IN VALID

ksl il
e

Figure 15a. Input Handshake Timing

DATAOUT * — = — = — - — — — —
X DATA OUT VALID KEXT DATA OUT VALID

. = AN VERRNEEZI N
| kv E"“J ko]
bl i \ 10%‘_/ DEMYEfl)sRl;Y p 7
- — 2)]

Figure 15b, Output Handshake Timing
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_glL A9 :? bo :2’, ,[,x,)
(33 42 81y g, DPah
34 T H P X
35 M_6la N e e
= _3§_x [AS __5 | AS [ @] D5 17_Ds
g‘é | 375¢ e L ] I
P17 5 Parp—— AT 3 e e m
8' ) 5 24 :: g
———40 _13ip4, P30 21
A {4 A0~
[ g
— A2 15| ggg - Egé 12__EPM P Al 2
PO3 8_11 P33 [0 VEP =" o
P04 © P34 REX “Qroen B~
P05 00 P35 HOX 1K Ohm 20
- P06 DN pag X A - cs
A7 20 1K Ohm 22 . Ve -
7 | AAN —( 6E VPP
z )
X—BC GND
¢ L
1K Chm 10K Ohm

3 | EXTERNAL °-°1uff|[‘:

- POWER
Odut 355 SUPPLY
.- © RECOMMENDED VOLTAGE: 12.5Volls
Z86E21 Z8 OTP Programming Adapter
CLOCK
- — — <-@ | «——|

Figure 14, Additional Timing
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AC CHARACTERISTICS
Handshake Timing
- 12,16,20 MHz
Number Symbo{ Parameter Min Max Notes (Data Direction)
1 TsDI(DAV) Data In Setup Time . 4] In
2 ThDKDAV) Data in Hold Time 145 - in
3 TwDAV Data Available Width 110 In
4 TdDAV(RDY) DAVito RDY iDelay 115 In
5 TdDAV(RDY) DAV tto RDYtDelay 115 In
6 TdRDY(DAV) RDYtto DAViDelay 1] In
-7 TdDO(DAV) Data Outto DAViDelay  TpC Out

8 TdDAVd(RDY) DAVito RDY{Delay 0 Out
9 TdRDY(DAV) RDY{to DAV tDelay 115 Qut
10 TwRDY RDY Width - 110 Out’
1 TdRDY(DAV) RDYtto DAViDelay 115 Out

CLOCK DEPENDENT AC CHARACTERISTICS
External I/O or Memory Read and Wiite Timing

Number Symbo! Equation

1 TdA(AS) 0.4TpC+0.32

2 TdAS(A) .  0.59TpC-3.25
3 TJAS(DR)’ 2.83TpC+6.14.
4 TwAS 0.66TpC-1.65
6 TwDSR 2.33TpC-10.56
7 TwDSW 1.27TpC+1.67
8 TdDSR(DR) 1.97TpC-42.5
10 TdDS(A) 0.8TpC

11 TdDS(AS) 0.59TpC-3.14
12 TdR/W(AS) 0.4TpC

13 TdDS(RW) 0.8TpC-15

14 TdDW(DSW) 0.4TpC

15 TdDS(DW) 0.88TpC-19
16 TdA(DR) 4TpC-20

17 TAAS(DS) 0.91TpC-10.7
18 TsDI(DS) 0.8TpC-10
19 TdDM(AS) 0.9TpC-26.3
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