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a 809X-90, 839X-90
m 839X: an 809X with 8 Kbytes of On- B Pulse-Width Modulated Output
Chip ROM m 232 Byte Register File
m High Speed '?"'“ 170 ® Memory-to-Memory Architecture
B 6.25 ps 16 x 16 Multiply m Five 8-Bit 1/0 Ports
W 6.25 ps 32/16 Divide m Watchdog Timer
™ 8 Interrupt Sources _m Four 16-Bit Software Timers

The MCS®-96 family of 16-bit microcontrollers consists of many members, all of which are designed for high-
speed control functions. Members with the ' —90" suffix are described in this data sheet.

The CPU supports bit, byte, and word operations. 32-bit double-words are supported for a éubset of the
instruction set. With a 12 MHz input frequency the 8096 can do a 16-bit addition in 1.0 us and a 16 x 16-bit
multiply or 32/16-bit divide in 6.25 ps. Instruction execution times average 1 to 2 ps in typical applications.

Four high-speed trigger inputs are provided to record the times at which external events occur. Six high-speed
pulse generator outputs are provided to trigger external events at present times. The high-speed output unit
can simultaneously perform fimer functions. Up to four such 16-bit Software Timers can be in operation at

once.

An on-chip A/D Converter converts up to 4 (in the 48-pin version) or 8 (in the 68-pin version) analog input
channels to 10-bit digital values. This feature is only available on the 8095-90/8395-90 and 8097-90/8397-90.

Also provided on-chip are a serial port, a watchdog timer, and a pulse-width modulated output signal.
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Fiyure 1 shows a block diagram of the MCS-96
axoPzt 1 48 RESEY parts, generally referred to as the 8096. The 8096 is
Txoip20 2 4 147 EXTINTP22 available in 48-pin and 68-pin packages, with and
v o5 D6 e without A/D, and with and without on-chip ROM.
HSIZHSO4 5 [ 144 ANGND The MCS-96 numbering system is shown below:
HSIVHSOS § 4 ACHYPD.4
S00 ACH¥PO.5
:sm : E \ g:: ACH7IPD.7 Options 68-Pin 48-Pin
Wos 10 poge DB B | Dighal”" | ROMLESS | s06-50
VSS 13 Nam 38 vcc .
VBB 12 u':m [ 37 vsS ROM 8396-90
PwMP2s 3] ot 36 xrau Analog | ROMLESS | 809790 | 8095-90
WR 14 135 XTAL2 and .
BRE 15 3 34 ALE igital
READY 16 ] SEC ] Digita ROM 8397-90 | 8395-90
ADISPA? 17 (132 ADO/P3O 170
DI4/P4, [ ) ADY/PI.
ADivres 1o D30 aoapaz i T-49-19-59
Aorpes 2 SH A Figures 2, 3 and 4 show the pinouts for the 48- and
ADIGP42 2207 F127  ADSjPIS 68-pin packages. The 48-pin version is offered in a
ADYPAY 203 [D26  ADGP3S Dual-In-Line package while the 68-pin version
ADaPao 24 |25 ADnPa7 comes in a Plastic Leaded Chip Carrier and a Pin
270014-2 Grid Array.
Figure 2. 48-Pin Package
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Figure 3. 68-Pin PLCC Package
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18 19 16 14 12 10 8 6 4 2 68
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GRID ARRAY
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Figure 4. Pin Grid Array

PGA PLCC Description | PGA PLCC Description PGA PLCC Description
1 9 ACH7/P0.7 24 54 AD6/P3.6 47 N P1.6
2 8 ACH6/P0.6 25 53 AD7/P3.7 48 30 P1.5
3 7 ACH2/P0.2 26 52 AD8/P4.0 49 29 HSO.1
4 6 ACHO0/P0.0 27 51 AD9/P4.1 50 28 HSO.0
5 5 ACH1/P0.1 28 50 AD10/P4.2 51 27 HSO.5/HS1.3
6 4 ACH3/P0.3 29 49 AD11/P4.3 52 26 HSO.4/HS1.2
7 3 NMI 30 48 AD12/P4.4 53 25 HSIA
8 2 EA 31 47 AD13/P4.5 54 24 HSILO
9 1 VvCC 32 46 AD14/P4.6 55 23 P1.4
10 68 VSS 33 45 AD15/P4.7 56 22 P1.3
11 67 XTAL1 34 44 T2CLK/P2.3 57 21 P1.2
12 66 XTAL2 35 43 READY 58 20 P11
13 65 CLKOUT 36 42 T2RST/P2.4 59 19 P1.0
14 64 TEST 37 41 BHE 60 18 TXD/P2.0
15 63 INST 38 40 WR 61 17 RXD/P2.1
16 62 ALE 39 39 PWM/P2.5 62 16 RESET
17 61 RD 40 38 P2.7 63 15 EXTINT/P2.2
18 60 ADO/P3.0 41 37 vBB 64 14 VPD
19 59 AD1/P3.1 42 36 VSS 65 13 VREF

.20 58 AD2/P3.2 43 35 HSO0.3 66 12 ANGND
21 57 AD3/P3.3 44 34 HSO.2 67 11 ACH4/P0.4
22 56 AD4/P3.4 45 33 P2.6 68 10 ACH5/P0.5
23 55 AD5/P3.5 46 32 P1.7
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FUNCTIONAL OVERVIEW

Tha following section is an overview of the 8096, the
generic part number used to refer to the entire
MCS-96 product family. Additional information is
available in the Microcontroller Handbook, order
number 210918-004.

1Y

CPU Architecture-

The 8096 has 64 Kbyte addressability and uses the
same address space for both program and data
memory, except in the address range from 00H

ferred to as Special Function Registers (SFRs). The
rest of the Register File (018H through OFFH) con-
tains 232 bytes of RAM, which can be referenced as
bytes, words, or double-words. This register space
allows the user to kesp the mast frequently-used
variables in on-chip RAM,. which can be accessed
faster than external memory. Locations OFOH
through OFFH can be preserved during power down
if power is applied to the VPD pin. -

Outside of the register file, program memory, data
memory, and peripherals can be intermixed. The ad-
dresses with special significance are:

Register-mapped I/0 (SFRs)

through OFFH. Data fetches in this range are always 0000H—0017H
to the Register File, while instruction fetches from 0018H—0019H -  Stack Pointer
these locations are directed to external memory. 1FFEH—1FFFH  Ports 3 and 4
(Locations  O0H through OFFH in external memory 2000H—2011H  Interrupt Vectors
are reserved for Intel development systems.) 2012H—207FH Factory Test Code
) ; 2080H Reset Location
Within the Register File, locations 00H through 17H
are register mapped |1/0 control registers, also re-
OFFH 258 #5538 FFFFH
POWER-DOWN
AAM EXTERANAL MEMORY
OFOH 240 OR
OFFH 23 10
J» INTEANAL J» 16384 - 4000H
REGISTER FILE
(RAM}
INTERNAL PROGRAM
T T STORAGE ROM
14K %
02320 2080H - RESEY
:z STACK POMTER STACK POINTER ::
IR - ] ""Ej"f‘!’l"_‘_ 1 » FACTORY TEST CODE
164 w081 [l ] 22
o o } - - 210 20121
18H ;I.‘Sﬁ_ D IOED o . n
14H 0
I RESEAVED RESERVED 19 INTERRUPT
m I I 1 VECTORS
"o SP STAT i",—£°!£ . ] 17
0o 0 PORT 2 O PORT 2 o 16 8192 2000H
OfFH 10 PORT ¢ 0 POAT ¢ i s
OEH 10 PORTQ BAUD _RATE 14 PORT &
1 - PORT 3
00H THIERZ [H) e 9
OCH | TINER? (LO) RAESERVED 12 9190 - IFFEN
O8H TIMER? (M) ] . . " - N
[ 1 THAER)Y (LO) WATCHDOG . 10 EXTEANAL MEMOAY
O INT_PENDING INT_ P(NDINGV ] ?g
O8H NT_MASK L!_':I:_As_l‘- [ ]
OYH | SBUF (Rx) SBUF (TX) ? 56 - 0100H
— -] 268 0OFFH
[, 2] HSI_STATUS HS0 COMMAND 1]
OSH HSI_THME o) HS0 'llHEl_!lll—____ 1 INTERNAL RAM
G4H | HSI_TINE (LO} HSQ TIME {LO 4 REGISTER FILE
- i B P STACK POINTEA
034 | AD_RESWLY (Wi Wsimooe | SPECIAL FUNCTION REGISTERS
om AD_RESULY (L0} AD._COMMANO 2 (WHEN ACCESSED AS
D - CATA MEMORY)
o | momm [pown 1
OOH #0{LO) RO (LD [ [ 0000H
{WHEN READ) {WHEN WRITTEN)
270014-5

Figure 5. Memory Map
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The 839x carries 8 Kbytes of on-chip ROM, occupy-
ing addresses 2000H through 3FFFH. Instruction or
data fetches fram these addresses access the on-
chip ROM if the EA pin is externally held at a
logical 1. If the EA pin s at a logical O these address-
es access off-chip memory.

A memory- map for the MCS-96 product family is
shown in Figure 5.

The RALU (Register/ALU) section consists of a 17-
bit ALU, the Program Status Word, the Program
Counter, and several temporary registers. A key fea-
ture of the 8096 is that it does not use an accumula-
tor. Rather, it operates directly on any register in the
Register File. Being able to operate diractly on data
in the Register File without having to-move it into
and out of an accumulator results in a significant
improvement in execution speed.

in addition to the normal arithmetic and logical func-
tions, the MCS-96 instruction set provides the fol-
lowing special features:

6.25 ps Multiply and Divide
Multiple Shift Instructions

3 Operand Instructions
Normalize Instruction
Software Reset Instruction

All operations on the 8096 take place in a set num-
ber of “State Times.” The 8096 uses a three-phase

T-49-19-16

internal clock, so each state time is 3 oscillator peri-
ods. With a 12 MHz clock, each state time requires

0.25 microseconds.
T-49-19-59

High Speed I/0 Unit (HSIO)

The HSIO unit consists of the High Speed Input Unit
(HSI), the*High Speed Output Unit (HSO), one coun-
ter and one timer. “High Speed” denotes that the
units can perform functions related to the timers
without CPU intervention. The HSI records times
when events occur and the HSO triggers events at
preprogrammed times.

All actions within the HSIO unit are synchronized to
the timers. The two 16-bit timer/counter registers in
the HSIO unit are cleared on chip reset and can be
programmed to generate an interrupt on overflow.
The Timer 1 register is automatically incremented
every 8 state times (every 2.0 microseconds, with a
12 MHz clock). The Timer 2 register can be pro-

~ grammed to count transitions on either the T2CLK

pin or HSL1 pin. It is incremented on both positive
and negative edges of the selected input line. In ad-
dition to being cleared by reset, Timer 2 can also be
cleared in software or by signals from input pins
T2RST or HS1.0. Neither of these timers is required
for the watchdog timer or the serial port.

The High Speed input (HSI) unit can detect tran-
sitions on any of its 4 input lines. When one occurs it
records the time (from Timer 1) and which input lines

HS! TRIGGER OPTIONS

LHTOLO

[loToH
N I

MORLO

Juauue

EVERY EIGHTH POSITIVE
TRANSITION

HSI PINS

270014-6

« Pulse measuremant with 2.0 psec resolution
o Input transitions trigger the recording of the reference
Timer (16-Bit) and triggered input(s) (4-Bit)

FIFO
INTERRUPT &
CONTROL LOGIC
4. 1 16

INPUT ‘.
‘£ ol 7x20 B
CHANGE 14 R

DETECTOR

4 —%
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Figure 6. High Speed Input Unit
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Figure 7. High Speed Output Unit

made the transition. This information is recorded
with 2 microsecond resolution and stored in an 8-
level FIFO. The unit can be programmed to look for
four types of events, as shown in Figure 6. It can
activate the HS! Data Available interrupt either when
the Holding Registers is loaded or the 6th FIFO en-
try has been made. Each input line can be individual-
ly enabled or disabled to the HSI unit by software.

The High Speed Output (HSO) unit is shown in Fig-
ure 7. It can be programmad to set or clear any of its
6 output lines, reset Timer 2, trigger an A/D conver-
sion, or set one of 4 Software Timers flags at a pro-
grammaed time. An interrupt can be enabled for any
of these events. Either Timer 1 or Timer 2 can be
referenced for the programmed time value and up to
8 commands for preset actions can be stored in the
CAM (Content Addressable Memory) file at any one
time. As each action is carried out at its preset time
that command is removed from the CAM making
space for another command. HSO.4 and HSO.5 are
shared with the HSI unit as HSI.2 and HS1.3, and can
be individually enabled or disabled as outputs.

Standard 1/0 Ports

There are 5 8-bit 1/0 ports on the 8096 in addition to
the High Speed /0 lines.

Port 0 is an input-only port which shares its pins with
the analog inputs to the A/D Converter. The port
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can be read digitally and/or, by writing to the A/D
Command Register, one of the lines can be selected
as the input to the A/D Converter.

Port 1 is a quasi-bidirectional I/O port. “Quasi-
bidirectional” means the port pin has a weak internal
pullup that is always active and an internal pulldown
which can either be on (to output a 0) or off (to out-
put a 1). This configuration allows the pin to be used
as either an input or an output without using a data
direction register. In parallel with the weak internal
pullup, is a much stronger internal pullup that is acti-
vated for one state time when the pin is internally
driven from 0 to 1. This is done to speed up the 0-to-
1 transition time.

Port 2 is multi-functional port. Two of the pins are
quasi-bidirectional while the remaining six are
shared with other functions in the 8096, as shown
below:

Port | Function Alternate Function

P2.0 | output TXD (serial port transmit)

P2.1 | input RXD (serial port receive)

P2.2 | input EXTINT (external interrupt)
P2.3 | input T2CLK (Timer 2 clock)

P2.4 | input T2RST (Timer 2 reset)

P2.5 | output PWM (pulse-width modulation)
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Ports 3 and 4 are bi-directional I/O ports with open
drain outputs. These pins are also used as the multi-
plexed address/data bus when accessing external
memory, in which case they have strong internal
pullups. The internal pullups are only used during
external memory read or write cycles when the pins
are outputling address or data bits. At any other
time, the internal puliups are disabled.

Serial Port

The serial port is compatible with the MCS®-51 fami-
ly (8051, 8031 etc.) serial port. It is full duplex, and
réceive-buffered. There are 3 asynchronous modes
and 1 synchronous mode of operation for the serial
port. The asynchronous modes allow for 8 or 9 bits
of data with even parity optionally inserted for one of
the data bits. Selective interrupts based on the 9th

data bit are available to support interprocessor com-

munication.

Baud rates in all modes are determined by an inde-
pendent 16-bit on-chip baud rate generator. Either
the XTAL 1 pin or the T2CLK pin can be used as the
input to the baud rate generator. The maximum baud
rate in the asynchronous mode is 187.5 KBaud.

Pulse Width Modulator (PWM)

The PWM output shares a pin with port bit P2.5.
When the PWM output is selected, this pin outputs a
pulse train having a fixed period of 256 state times,
and a programmable width of 0 to 255 state times.
The width is programmed by loading the desired val-
ue, in state times, to the PWM Control Register.

A/D Coﬁverter

The analog-to-digital converter is a 10-bit, succes-
sive approximation converter. it has a fixed conver-
sion time of 168 state times, (42 microseconds with
a 12 MHz clock). The analog input must be in the
range of 0 to VREF (normally, VREF = 5V). This
input can be selected from 8 analog input lines,
which connect to the same pins as Port 0. A conver-
sion can be initiated either by setting a control bit in
the A/D Command register, or by programming the
HSO unit to trigger the conversion at some specified
time. )

interrupts

The 8096 has 20 interrupt sources which vector
through 8 locations. A 0-to-1 transition from any of
the sources sets a corresponding bit in the Interrupt

T-49-19-16

Pending register. The content of the Interrupt Mask
register determines if a pending interrupt will be
serviced or not. if it is to be serviced, the CPU
pushes the current program counter onto the stack
and reloads.it with the vector comresponding to the
desired interrupt. The interrupt vectors are located in
addresses 2000H through 2011H, as shown in Fig-
ure 8. ’

. T-49-19-59
Vector Location
(High | (Low
Source Byte) | Byte) Pr!orlty

Software 2011H | 2010H | Not Applicable
Extint 200FH | 200EH |7 (Highest)
Serial Port 200DH | 200CH |6
Software 200BH | 200AH |5

Timers
HSI.0 2009H | 2008H |4
High Speed 2007H | 2006H |3

Outputs
HSI Data 2005H | 2004H |2

Available
A/D Conversion| 2003H | 2002H {1

Complete
Timer Overflow | 2001H | 2000H |0 (Lowest)

Figure 8. Interrupt Vectors

At the end of the terminal routine the RET instruction

.pops the program counter from the stack and execu-
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tion continues where it left off. It is not necessary to
store and replace registers during interrupt routines
as each routine can be set up to use a different sec-
tion of the register file. This feature of the architec-
ture provides for very fast context switching.

While the 8096 has a single priority level in the
sense that any interrupt may be itself be interrupted,
a priority structure exists for resolving simultaneous-
ly pending interrupts, as indicated in Figure 8. Since
the interrupt pending and interrupt mask registers
can be manipulated in software, it is possible to dy-
namically alter the interrupt priorities to suit the us-
ers’ software.

Watchdog Timer

The watchdog timer is a 16-bit counter which, once
started, is incremented every state time. After 16
milliseconds, if not cleared, it will overflow, puliing
down the RESET pin for two state times, causing the
system to be reinitialized. This feature is provided as
a means of graceful recovery from a software upset.
The counter must be cleared by the software before
it overtlows, or else the system assumes an upset
has accurred and activates RESET.
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PIN DESCRIPTION

vCC
Main supply voltage (5V).

Al

VSS
Digital circuit ground (0V).

VPD .

RAM standby supply voltage (5V). This voltage must
be present during normal operation. In a Power
Down condition (i.e., VCC drops to zero), if RESET is
activated before VCC drops below spec and VPD
continues to be held within spec, the top 16 bytes in
the Register File will retain their contents. RESET
must ba held low during the Power Down and should
not be brought high untif VCC is within spec and the
oscillator has stablized,

VREF

Reference voltage for the A/D converter (5V). VREF
is also the supply voltage to the analog portion of
. the A/D converter and the logic used to read Port 0
as digital input.

ANGND

Reference ground for the A/D converter. Should be
held at nominally the same potential as VSS.

vBB

Substrate voltage from the on-chip back-bias gener-
ator. This pin should be connected to ANGND
through a 0.01 pf capacitor (and not connected to
anything else).

XTAL1

Input of the oscillator inverter and of the internal
clock generator.

XTAL2

Output of the oscillator inverter.

CLKOUT

Output of the internal clock generator. The frequen-
cy of CLKOUT is 14 the oscillator frequency. It has a
339% duty cycle.

RESET T-49-19-59

Reset input to the chip. Input low for at least 2 state
times to reset the chip. The subsequent low-to-high
transition re-synchronizes CLKOUT and commenc-
es a 10-state-time sequence in which the PSW is
cleared and a Jump to address 2080H is executed.
Input high for normal operation. RESET has an inter-
nal pullup "

TEST

Inbut low enables a factory test mode. The user
should tie this pin to VCC for normal operation.

NMI

A positive transition clears the watchdog timer, and
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causes a vector to external memory location 0000H.
External memory from OOH through OFFH is re-
served for Intel development systems.

INST

Qutput high during an external memory read indi-
cates the read is an instruction fetch. INST needs to
be latched on the falling edge of ALE.

EA

Input for memory select (External Access). EA =1
causes memory accesses to Jocations 2000H
through 3FFFH to be directed to on-chip ROM. EA

0 causes accesses to these locations to be di-
rected to off-chip memory. EA has an internal pull-
down, so it goes to O unless driven to 1. EA is not
latched internally during RESET.

ALE

Address Latch Enable output. ALE is activated only
during external memory accesses. It is used to latch
the address from the multiplexed address/data bus,
and is placed in a low condition during reset.

RD

Read signal output to external memory. RD is acti-
vated only during external memory reads.

WR

Write signal output to external memory. WR is acti-
vated only during external memory writes.
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BHE Ports 3and 4 T-49-19-59

Bus High Enable signal output to external memory.
BHE = 0'selects the bank of memory that is con-
nected to the high byte of the data bus. A0 = 0
selects the bank of memory that is connected to the
tow byte of the data bust. Thus accesses to a 16-bit
wide memory' can be to the low byte only (A0 = 0,
BHE = 1), to the high byte only (A0 = 1, BHE = 0),
or to both bytes (A0 = 0, BHE = 0). BHE is activat-
ed only when required during accesses to external
memory. BHE can be ignored during read opera-
tions. This pin must be latched on the falling edge of
ALE, E ' o

READY

The READY input is used to lengthen external mem-
ory bus cycles, for interfacing to slow or dynamic
memory, or for bus sharing. If the pin is high CPU
operation continues in a normal manner. If the pin is
low prior to the first rising edge. of CLKOUT after
ALE, the Mernory Controller goes into a wait mode
untit the next negative transition in CLKOUT after
ALE occurs with READY high. The bus cycle can be
lengthened by up to 1 ps. When the external memo-
ry bus is not being used, READY has no effect.
READY has a weak internal pullup, so it goes to 1
unless externally pulled low.

HSI

Inputs to High Speed Input Unit. Four HS! pins are
available: HSI.0, HSL.1, HSL.2, and HSL3, Two of
them (HSI.2 and HSL.3) are shared with the HSO
Unit. .

HSO

Outputs from High Speed Output Unit. Six HSO pins
are available: HSO.0, HSO.1, HSO.2, HSO.3, HSO.4,
and HSO.5. Two of them (HSO.4 and HSO.5) are
shared with the HSI Unit.

Port 0
8-bit high impedance input-only port. These pins can

be used as digital inputs and/or as analog inputs to
the on-chip A/D converter.

Port 1
8-bit quasi-bidirectional 1/0 port.

Port 2

8-bit multi-functional port. Six of its pins are shared
with other functions in the 8096, the remaining 2 are
quasi-bidirectional.
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8-bit bi-directionat /0 ports with open drain outputs.
These pins are shared with the multiplexed address/
data bus which has strong internal puliups.

INSTHL!CTION SET

The 8096‘instruction set makes use of six address-
ing modes as described below:

DIRECT--The operand is specified by an 8-bit ad-
dress field in the instruction. The operand must be in
the Register File or SFR space (locations 0000H
through O0OFFH). ’

IMMEDIATE—The operand itself follows the op-
code in the instruction stream as immediate data.
The immediate data can bo either 8-bits or 16-bits as
required by the opcode.

INDIRECT—An 8-bit address field in the instruction
gives the address of a word register in the Register
Fite which contains the 16-bit address of the oper-
and. The operand can be anywhere in memory.

INDIRECT WITH AUTO-INCREMENT—Same as
Indirect, except that, after the operand is referenced,
the word register that contains the operand’s- ad-
dress is incremented by 1 if the operand is a byte, or
by 2 if the operand is a word.

INDEXED—The instruction contains an 8-bit ad-
dress field and either an 8-bit or a 16-bit displace-
ment field. The 8-bit address field gives the address
of a word register in the Register File which contains
a 16-bit base address. The 8- or 16-bit displacement
field contains a signed displacement that will be
added to the base address to produce the address
of the operand. The operand can be anywhere in
memory.

The 8096 contains a Zero Register at word address
0000H (and which contains 0000H). This register is
available for performing comparisons and for use as
a base register in indexed addressing. This effective-
ly provides direct addressing to all 64K of memory.

In the 8096, the Stack Pointer is at word address
0018H in the Register File. If the 8-bit address field
in an indexed instruction contains 18H, the Stack
Pointer becomes the base register. This allows di-
rect accessing of variables in the stack.

The following tables list the MCS-96 instructions,
their opcodes, and execution times. i
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Instruction Summary 4. T-49-19-59
Mnemonic | .OPe™ Operation (Note 1) Flags Notes
ands Z/N|C |V ]|VT]sT
ADD/ADDB 2 D+—D+A w11 =
ADD/ADDB 3 D+« B+A w | wlv || 2] =
ADDC/ADDCB 2 .| D—D+A+C Y [w|ewlwlt]—
-SUB/SUBB 2 D<D-A w | w1 =
SUB/SUBB 3- | DeB-A W [ vy v T ] -~
SUBG/SUBCB | 2 D—D—-A+GC—1 1Livrierlvr] 1] =
CMP/CMPB 2 D—A . P I A T —_—
MUL/MULY 2 D,D+2« D°A RN U P e 2
MUL/MULU 3- [ pD+2 < B"A T =1 =1 =1 2 2
MULB/MULUB 2 [ pD+1«<D’A — = =1=1-=12 3
MULB/MULUB 3 DD+t <« B°A == =1=1>= 3
Divu 2 De—(DD+2/AD+2«—romainder | — | — | — | » | T | — 2
DIvUB 2 D—(OD+1)/AD+1—romander | — | — | —| »w | T | — 3
DIV 2 D« (D,D+2)/A,D+ 2 < remainder | — | — | — | ? 1T | — 2
DIVB 2 D«—(DD+1)/AD+1«—romainder [ — | — | —| 2 | T | — 3
AND/ANDB 2 D « DandA : v [v]|lolo]l =[—

———| AND/ANDB 3 D < BandA v ivw]lolo} —=]—

- -| oR/oRB 2 D «— DorA - w | wl|lo]lo] —~]—
XOR/XORB 2 D <« D{excl.on A [ I ] 1} —- | -
LD/LDB 2 D« A —=1T=1=1—=1=
ST/STB 2 |A<D . 1 =i=1=1-=1=
LDBSE 2 D « A;D + 1 < SIGN(A) =i —=1—=]=1=1 34
LDBZE 2 D« AD+1+0 — =71 =] =11 a4
PUSH 1 SP <« SP—2;(SP) «— A — | =1=-1-=1=1==
POP 1 A <« (SP);SP «— SP +2 —_ | -] =} =] - —

PUSHF 0 SP < SP — 2;(SP) <~ PSW; olojojofofo
PSW «— 0000H 1«0
POPF 0 PSW e (SPESP «—SP+ 2 le—v | w (v v | v v | v
SJMP 1 PC <« PC + 11-bitoffset N SIS R e 5
LIMP 1 PC «— PC + 16-bit offset — | =1=1=1=1= 5
BR (indirect) 1 PC <« (A) —_ =] = =] =] -
SCALL 1 SP «— SP — 2;(SP) « PC; Y 5
PC <« PC + 11-bitoffset
LCALL 1 SP < SP — 2;(SP) < PG; =1 =1=1=1-=-1- 5
PC <« PC + 16-bitoffset
RET 0 PC < (SP);SP «— SP + 2 —T=1=1=1=1-=
J (conditional) -1 PC < PC + 8-bit offset (if taken) — = -] -] - | = 5
JC 1 Jumpif G =1 — === —=1 - 5
JNC 1 JumpifC =0 — | =] ~=] =] = — 5
JE 1 JumpifZ =1 U R N e e 5
NOTES:

1. If the mnemonic ends in “B", a byte operation is parformed, otherwise a word operation is done. Operands D, B, and A
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be

located anywhere in memory.
2.D, D + 2 are consecutive WORDS in memory;

3.D, D + 1 are consecutive BYTES in memory; D is WORD aligned.

4. Changes a byte to a word.

5. Offset is a 2's complement number.
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Instruction Summary (Continued) T-49-19-59
Mnemonic .| orer Operation (Note 1) . Flags . Notes
ands Z|N|[C]lV |VT|ST
JNE 1 JumpifZ=10 —_ =] =} =] = - 5
JGE ) 1 JumpifN =0 — | =]=]=] -1~ 5
JLT 1 JumpiftN =1 === =] = 5
JGT 1 | JumpitN=0andZ=0 - | =]=]=]=]=1—=1] 5
JLE 1 JumpifN=10rZ =1 T=T=]=]=1—=1—=1]_5
JH 1 JumpifC=1andZ =0 —_— =] =] -] =] = 5
JNH 1 JumpHGC=00rZ =1 el e el Bl Bl e 5
JV 1 Jump V=1 S e e e e R 5
JNV 1 | dumpitv=0 e —T=1T=1=T=<=]-=1 s
JVT 1 Jump if VT = 1; Clear VT — =] =t—=10]— 5
JNVT 1 Jump if VT = 0; Clear VT —_— | =] —-]l=1]0 -— 5
JST 1 "Jump if ST = 1 = =] =] =] =] - 5
JNST 1 Jump if ST =0 —=1=T=]=1= 5
JBS 3 Jump if Specified Bit = 1 — ] == = | = 56
JBC 3 Jump if Specified Bit = 0 —_ == -] -] - 5,6
DJNZ 1 D < D —{;ifD +* Othen
PG <— PG + 8-bit offset — == =] == 5
DEG/DECB 1 D« D-1 viviviv| T | —
NEG/NEGB 1 D« 0-D vwiw|lwviv i 1T ] —
INC/INCB 1 D+« D+1 viv|v|vr| T —
EXT 1 D <« D;D + 2 « Sigh (D) v |1 0]0)] —]|— 2
EXTB - 1 D <« D;D + 1 « Sign(D) »|vioj]o0o)]| —|— 3
NOT/NOTB 1 D < Logical Not (D) vIivi 0| 0| —]|—
CLR/CLRB 1 D<«0 1 0 0 [s] —_ | =
SHL/SHLB/SHLL 2 C ¢« msbh———-—w Isb < 0 vl 2|v|ri T | — 7
SHR/SHRB/SHRL 2 0 —> msh—e——— Isb -—» C | ?2|v¥rv|0] —1|»¥ 7
SHRA/SHRAB/SHRAL 2 msb =& msbh————— Isb = C v iv|lvrwji o] —1| v 7
SETC 0 C« 1 — =ttt ]=] =1~
CLRG 0 C«—0 —_l—]JoOo =] -1
CLBVT 0 VT «— 0 —| -] =f=101] -
RAST 0 PC «— 2080H 0 0 0 0 0 0 8
D! 0 Disable All Interrupts (| <— 0) — =} =} =1 =] =
El 0 Enable All Interrupts (| «— 1) — === =1 =
NOP 0 PC «— PC+ 1 : . — ] —-}=]=]=1-=
SKIP 0 PC+—PC+2 —_ =] -] —=]| =] -
NORML 2 | Left Shift Tilimsb = 1;D <— shiftcount | » | ? O |—] -] 7
TRAP 0 |[SP <« SP~—2(SP) « PC
PG <« (2010H) =] =]=1 =] - 9
NOTES: )

1. if the mnemonic ends In “B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be
located anywhere in memory.

5. Ofiset is a 2's complement number.

6. Spacified bit is one of the 2048 bits in the register file.

7. The “L” (Long) suffix indicates double-word operation.

8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at
2080H.

9. The assembler will not accept this mnemonic.
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DIRECT - | .IMMEDIATE MDIRECT® INDEXED®
E - NORMAL  |AUTO-INC] SHORT | LONG
T T T T
o 2 ] T-49-19-59
z Z| w o w - w w
2 |E|8|alwa8lal wa |8 |a Ba ol Ba |8 (2| B8 |2 82
2 B RIEI =Rk Bz | (E| 2E4E| 2212 (k| =3 |E| =2
H o|c|m|BF|c|a|bF |o|m| bF la| BF | S |a] bF |a| bF
ARITHMETIC INSTRUCTIONS
ADD 2)e6al3]- 4 Jes|a|l s Jesl3| ern |3] mz Je7]a] o1r [5] 112
ADD 3]aafa] s Jas|s| 6 |a6lal 712 Ta]| ez 1 a1 ]s]| m2 |6l 813
ADDB | 2743 4 [os[3] 4 Vwls| enn 3] w2 lmlal et |5] 12
ADDB [ 3|salal s |ssf{a|l s [se[a] 2 [a] 813 [s7s] 712 [6] sn3
apDC | 21a4]3] 4 Jas{a]| s Jae|3] etr 3] 72 far{al ent 5] m2
ADDCB | 2 | B4]3] 4 [Bs|3] 4 Imel3f en1 V3| 72 IB7]a] 61 |5| 1112
SUB 2]es{3] a4 Jeola|l s Jealsl et [3] m2 [eB|a] &1 Is{ 12
SUB 3048 (4| s Jaois| 6 Jaaja] m2 {4 sn3 |4B|sS]| 712 | 6] a13
suBB ‘{2178 {3] 4 |19[3] 4 [7al]3] en [3] 2 {4l em [5] 12
SUBB 3[s8]4)-5 |151]4 S [SAf4] 712 4] 813 [sBis| 72 e &i3
suBC | 2lAs|3] 4 Jaof4| s laal|s| en [3] 712 [aBla]| en1 |5} 12
suscB | 2|Bs|3| 4 [mol3| 4 [Bal3]| et1 [3] 212 [BB]a] 6n1 |5{ 112
CMP 2188131 4 Isofal s [sala| et {3] 712 [sB|4] 6n1 {5 712
cMPB [ 298 3] -4 J99{3| 4 [oa|a3f ent 13] 72 |oBla] en1 [5] 712
MULU |2 |ec|3] 25 [eD[4] 26 | 6E|3|2m32 3] 2833 [ 6F [ 4| 2732 | 5| 28033
MULU | 3fac{4] 26 |ap|s| 27 [aE[a]| 2833 4] 2034 [aF [ 5] 2833 | 6| 29134
MULUB | 2 f7c{3] 17 {m|3] 17 [ 7E |3 | 1924 | 3| 2025 [ 7F [ 4| 1924 | 5 | 20025
MULUB [ 3 [scja) 18 |spja| 18 | seEfaf200n5 |a| 2126 | s5F 5] 2025 | 6] 21126
MUL 2l@[4] 29 |@ 5] 30 | @{a|3136 4| 3237 @ 5] 3136 | 6] 3237
MUL 3|l@|s] 30 [@|6] 31 [@]s]3237 5] 3338 | @ 6| 3237 [ 7] 3338
MULB | 2] @ [4] 21 @ |a] 21 | @ a| 2328 )a] 2429 | @ |5] 2328 | 6] 24129
MULB [3l@[s] 22 o [s] 22 | @ |s{2a0]5] 2580 ] @|6] 2420 [7]2530
Divu |2 [scl3]| 25 [sp{a] 26 [8e]3{ 2832 3] 2933 | 8F {4 2832 | 5] 2933
DIVUB | 2 |oc|3]| 17 Joo{3| 17 |9e]3| 2004 | 3] 2125 [ o8 | 4| 20024 | 5] 2125
DIV 2l@ (4] 29 |@|s] 30 | @]al3zc]|alsnr|@]5] 3236 [6]3337
DIVB 2l@j4] 21 [ @lal 21 | @ ]a]2ans|a]|25n9]| @|5s]| 2428 6] 2509
: ’ 270014-9
NOTES:

* Long indexed and lndlrect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The
second byte of instructions using any indirect or indexed addressing mode specifies the exact mode used. !f the second byte
is even, use Indirect or Short indexed. If it is odd, use Indirect+ or Long Indexed. In all cases the second byte of the
instruction always specifies an even (word) location for the address referenced.

1. Number of state times shown for internal/external operands.

2. The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an “FE" appended as a

prefix.
3. State times shown for 16-bit bus.
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INDIRECT® INDEXED®
DIRECT IMMEDIATE NORMAL |AUTO4NC] SHORT | LONG
- T T
9 g ) T-49-19-59
(11} w w
S |318lalunl8 el wg| 8ol Ba|ul Ra | 8|al 82 |a| B2
o |wlolk|l=g|2 k=5 2|E| =A|E =28kl =2 |E| =2
Z |cloja|laF|S|a|lbFE ] o |a| bF|a| hF | 8|8 BF (&l HF
LOGICAL INSTRUCTIONS
AND 2lel3] 4 TerJal s [ e[s] e [3] 712 [63]al ont [5] 712
AND 3]140]|4 5 41 | 5 6 4214 n2 |4} 83 43151 712 |6]| 813
ANDB 217013 4 71 |3 4 7213} et 3] M2 73141 11 [ 5] 112
ANDB 35114} S 5114 5 5214 712 4] 813 53|5] 72 |6} 813
OR 280 {3l 4 [sifa] 5 [ s2[3] e [3] m2 |83 4] e11 |5| 712
ORB 21913 4 91 |3 4 92 13} 611 31 .12 93 14| 611 51 712
XOR 2 8af3] 4 Jesf{al s [ss[3] onn [3] 2 [87]a] o1 |5]| 12
XORB |29 (3 4 95 | 3 4 9 | 3| il 31 7712 97 14 6&/11 54 M2
DATA TRANSFER INSTRUCTIONS
LD 2]A01}3 4 Al | 4 5 A2 |3 &11 31 772 A3 ] 4] &11 51 M2
LDB 2B0|3 4 Bl|3 4 B2 |3} &l11 31 M2 B34 o1t 51 M2
ST 21C0]|3 4 —_— =] — C2i3f il 3| /12 | C3|4] 11 | S| 812
STB 21C4|3 4 —_ =] — C613)| %1 30 812 [C7|4) 111 |5 812
LDBSE 2IBC}|3 4 BD|3 4 BE |3]| &11 3] M2 |BF|4] 6/11 51 M2
LDBZE | 2 [ac[3] 4 Jabl3] 4 [ ae|3| e11 |3] 12 [aFl4| &1 15| 712
STACK OPERATIONS (Internal stack)
PUSH 1 |1C81}2 8 cC9l3 8 CA|2) 11115 |2 1216 JCB 3] 11115 | 4| 1216
POP 1 |CC|2 12 —_ ] — CE[2) 14/18 | 2| 14118 | CF [ 3] 14718 | 4 | 14218
PUSHF OI1F2}1 8 ]
POPF OlF3l1 9
STACK OPERATIONS (external stack)
PUSH 1 jC81}|2 12 coi{3 12 CA|2}1 1519 12]16/20 [CB |31 1519 | 4| 16720
POP 1 JCC|2 14 -—_—] — CEJ2] 1620 | 2] 16/20 [ CF|3]| 16/20 { 4] 16720
PUSHF OlF2¢1 12
POPF O0fJF3 |1 13
_ JUMPS AND CALLS
MNEMONIC | OPCODE | BYTES | STATES | MNEMONIC | OPCODE | BYTES | STATES
LIMP E7 3 8 LCALL EF 3 13/16®
SIMP 20270 2 8 SCALL 28-2F® 2 13/16®
BR[ ] E3 2 8 RET FO 1 12/16®
TRAP® F7 1 21724
270014-10
NOTES:

1. Number of state times shown for internal/external operands.
3. The assembler does not accept this mnemonic.
4. The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit, 2’s complement,
offset for the relative cal or jump.
5. State times for stack located internal/external.
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' Conditional Jumps X T-49-19-59
All conditional jumps are 2 byte instructions. They require 8 state times if the jump is taken, 4 if it is not.
Mnemonic Opcode Mnemonic | Opcode Mnemonic Opcode' Mnemonic Opcode
Jc DB JE ~DF JGE D8 JGT D2
JNC D3 JNE D7 JLT DE JLE DA
JH D9 . JV DD JVT DC JST ‘D8
JNH D1 JNV D5 JNVT . %] D4 .JNST Do
Jump on Bit Clear or Bit Set
These instructions are 3-byte instructions. They require 9 state times if the jump is taken, 5 if it is not.
- . Bit Number
Mnemonic 0 1 2 3 4 .5 6 7
JBC 30 31 32 a3 34 -35 36 a7
JBS 38 -39 3A 3B 3C 3D. 3E 3F
LOOP CONTROL -
[ DINZ OPCODE EQ; 3 BYTES; 5/9 STATE TIMES (NOT TAKEN/TAKEN)
Single Register Instructions
Mnemonlc Opcode Bytes States Mnemonic Opcode Bytes States
DEC 05 2 4 EXT 06 2 4
DECB 15 2 4 EXTB 16 2 4
NEG 03 2 4 NOT . 02 2 4
NEGB 13 2 4 NOTB 12 2 4
INC 14 2 4 CLR - 01 2 4
INCB 17 2 4 CLRB 1 2 4
Shitt Instructions
Instr Word Instr Byte Instr DBL WD
Mnemonic op B Mnemonlc oP B Mnemonic oP B State Times
- SHL 09 3 SHLB 19 3 SHLL oD 3 7 + 1 PER SHIFT()
SHR 08 3 SHRB 18 3 SHRL (1] 3 7 + 1 PER SHIFT(?)
SHRA 0A 3 }- SHRAB 1A 3 SHRAL 0E 3 7 + 1 PER SHIFT(
Special Control Instructions
Mnemonlc Opcode Bytes States Mnemonlic Opcode Bytes States
SETC F9 1 4 DI FA 1 4
CLRC F8 1 4 El F8 1 4
"CLRVT FC 1 4 NOP T FD 1 4
RST (6) FF 1 166 SKIP 00 2 4
Normalize
Mnemonic Opcode Bytes State Times
NORML OoF 3 11 + 1 PERSHIFT
NOTES:

6. This instruction takes 2 states to pull RST low, then holds it low for 2 states to initiate a resel. The reset takes 12 states,
al which time the program restarts at location 2080H.
7. Execution will take at least 8 states, even for 0 shift.
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FUNCTIONAL DEVIATIONS

Functional deviations from the 809x and 839x on the
809x-90 and 839x-90.

CPU Section

1.

Indexed, 3 Operand Multiply—The displacement
portion of an indexed, three word multiply may not
be in the range of 200H thru 17FFH inclusive.
This also applies to byte multiples that use 3 oper-
ands.

2. Add or Subtract with carry—The zero' ﬂag is both

set and cleared by thesae instructions. Zero check-
ing must be done after each operation.

. EXT—This instruction never sets the N flag, and

always sets the Z flag. The EXTB works correctly.
Check the flags before executing an EXT instruc-
tion. Additionally, having more than two wait
states during an EXT (extend word only) instruc-
tion may cause the instruction to glve an incorrect

- result.
. Read-Modify-Write on Interrupt Pending—A read-

modify-write instruction on the interrupt pending
register may cause interrupts that occur during
execution of the instruction to be missed.

. READY line—The READY line should not be

brought low during the execution of an instruction
that accesses HSI__TIME, SP__STAT or 10St. It
should also not be brought.low for a data write
during the instruction immediately preceding one
of the above operations. Do not use wait states
for program memory that holds these instructions.
Also place a NOP between writes to slow memory
and accesses to HSO_TIME, SP__STAT or
1081.

The READY iine also should not be brought fow
for more than two state times when using the EXT
(extend word) instruction.

Signed Divide—The V and VT flags may indicate
an overflow after a signed divide when no over-
fiow has occurred.

The sticky flag is not affected when a shift by zero
is executed on an 8X9X-90.

. The JBS and JBC instructions should not be used

directly on Port 2.1 or any pins of Port 0 if used as
digital input. If it is necessary to test these pins,
first LD the port data into a temporary register,
and then test the bit there.

-HSI/HSO Section
1.
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HSI T'mlng—An avent occurring within 16 state
times of a prior event on the same HS! line may
not be recorded. Addmonally, an event occurring
within 16 state times of a prior event on another
HS! line may be recorded with a time tag one
count garlier than expected. Events are defined
as the dondition the line is set to trigger on. The
effective resolution is increased to 4 ps for such

“closely spaced events,

HSI Divide by 8 Mode—If an event on a pin set to
look for every eighth transition occurs less than
16 state times after an event on any other pin,
then the divide by 8 event will be recorded twice
in the HS! FIFO. The time tag of the duplicate
FIFO entry will be equal to that of the initial entry
plus one. The programmer’s software should de-
tect and discard the second entry.

. HSO Interrupts—Software timer interrupts cannot

be generated by the HSO commands that reset
Timer 2 or start an A to D conversion.

. The first few instructions of an interrupt service

routine should check 10S1.7 and exit if the Hold-
ing Register is not loaded. This qu successfully
clear unwanted events.

Serlal Port Section

1.

Serial Port Flags—Reading SP_STAT may not
clear the Tl or Rl flag if that flag was set within
two state times prior to the read. In addition, the
parity error bit (RPE/RB8) may not be correct if it
is read within two state times after Rl is set.

Use the following code to replace ORB sp__image,
SP__STAT.

SP_READ:

LDB TEMP, SP_STAT
ORB SP_IMAGE, SP_STAT
JBS TEMP,5,SP_READ ; if TI bit is set
- then read again -
-1f RI bit is set
then read again
clear false
RB8/RPE
load correct
; RBB/RPE

JBS TEMP,6,SP_READ
ANDB SP_IMAGE,#7FH

e ue ws we we wi ws

ORB SP_IMAGE, TEMP

. Serial Port Mode 0—The serial port is not tested

in mode 0. The receive function in this mode does
not work correctly. The receive function will not
work unless the first bit shifted in is a one.
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3. Serlal Port Baud Value—Loading .the baud rale
register with- 8000H (maximum baud rate, internal
clock) may cause an 11 millisecond delay (at
Fosc = 12 MHz) before the port is properly initial-
ized. After initialization.the port works properly. In-
clude a 44000 state time delay after writing
8000H to the Baud Rate Register.

Standard 1/0.Section

1. Ports 3 and 4 (internal Execution Mode Only)—To
be used as outputs, Ports 3 and 4 each must be
addressed as words but written to as bytes. To
write to Port 3 use “ST temp, 1ffeh”, where the
fow byte of “temp’ contains the data for the port.
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To write to Port 4, use the DCB operator to gener-
ate the opcode sequence “0C3H, 001H, OFFH,
01FH, (temp)”, where the high byte of *“temp”
contains the data for the port. Ports 3 and 4 will
not work as input ports. .

Also, when writing to Ports 3 and 4, the address of
the port, (1FFEH, 1FFFH) will appear on the bus
pins for 2 oscillator periods before the new data is
presented to the pins. Since normal bus control
signals (ALE, RD, etc.) are suppressed during
writes to these addresses, there is no way to latch
the data and prevent this address “glitch” to the
outside world. If this presents a problem in an ap-
plication, port reconstruction’ must be done at an-
other address as described in the MCS-96 Hard-
ware Design Information Chapter. -
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under.Bias . ...0°Cto +70°C

*Notice: Stressss. above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device.- This is a stress rating only and
functional opsration of the device at these or any

Storage Temperature ..........—40°Cto +150°C OF BVIC d
Voltage from Any Pin to other conditions above those indlcated in the opera-
Veg Of ANGND ...0.. . ..... .—0.Vto +7.0v ~ tonal sections of this specification is not implied. Ex-
> \ ! posure to absolute maximum rating conditions for
Average Output Current from Any Pin. ... - 10MA  otended geriods may affect device reliabilily.
Power Dissipation........... i eeaneee 1.5 Watts * . .
. : NOTICE: Specifications contained within the
< - following tables are subject to change.
OPERATING-CONDITIONS s )
Symbol - - Parameter Min Max Units
Ta Amhbient Temperature Under Bias 0 +70 C
Vec Digital Supply Voltage 4.50 5.50 \'2
VRer Analog Supply Voltage 4.5 5.5 \
fosc Oscillator Frequency 6.0 12 MHz
Vep Power-Down Supply Voltage 4.50 5.50 \
\P:;):E siu;uld be connected to ANGND through a 0.01 uF capacitor. ANGND and Vsg should be nominally at the same
potential. - ——
D.C. CHARACTERISTICS
Symbol Parameter Min Max Units | Test Conditions
Vi input Low Voltage (Except RESET) —0.3 +0.8 v }
ViLt Input Low Voltage, RESET -0.3 +0.7 N
ViH Input High Voltage (Except RESET, NMI, XTALT) | 20 |Vec +05| V
ViH1 Input High Voltage, RESET Rising 24 |Veec+05| V
ViHo Input High Voltage, RESET Falling 21 {Veg+05| V
ViH3 Input High Voltage, NMI, XTAL1 24 |Vec+05] V
VoL Output Low Voltage 0.45 \'2 (Note 1)
VoH Output High Voltage 2.4 V | {Note 2)
Icc Ve Supply Current 200 mA | All Outputs
Disconnected
IpD VPD Supply Current 1 mA | Normal operation
and Power-Down
IREE Vger Supply Current 8 mA
1T Input Leakage Current to all pins of HSI, +10 pA | Vin=0toVec
R P3, P4, and to P2.1 i
I Input Leakage to Port 0 +3 pA | Vin=0toVeo
I Input High Current to EA 100 pA | Vi = 2.4V
I Input Low Current to all pins of P1, —100 pA | VL = 045V
) and to P2.6, P2.7
L1 Input Low Current to RESET 0.3 -2 mA | vy = 0.45v
li o Input Low Current P2.2, P2.3, P2.4, READY ~50 pA | Vg = 0.45V
Cs Pin Capacitance (Any Pin to Vss) 10 pF | fTEST = 1.0 MHz
NOTES:

1. loL. = 0.4 mA for all pins of P1, for P2.6 and P2.7, and for all pins of P3 and P4 when used as ports. g, "= 2.0 mA for
TXD, RXD (in serial port mode 0), PWM, CLKOUT, ALE, BHE, RD, WR, and RESET and all pins of HSO and P3 and P4

when used as external memory bus (ADO-AD15).
2. loy = —~20

for all pins of P1, for P2.6 and P27. oy = —200 pA for TXD, RXD (in serial port mode 0), PWM,

CLKOUT, ALE, BHE, WR, and all pins of HSO and P3 and P4 when used as external memory bus (ADO-AD15). P3-and P4,

when used as ports, have open-drain outputs.
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A/D CONVERTER SPECIFICATIONS

A/D Converter operation is venﬁed only on the
8097, 8397, 8095, 8395.

The absolute conversion ‘dccuracy is dependent on
ihe accuracy of VREF. The specifications given be-
low assume adherende to the Operating Conditions

. section of these data sheets Testing is done at
VREF = 5.120V.

A.C. CHARACTERISTICS

PIRIEMMI](MAIRM
T-49-19-16
Resolution . ...cocvvvvvnienscananes +0.001 VREF
ACCUFBCY « e vvvevrronnnecscnnnennns +0.004 VREF
Differential nonlinearity....... .+ £0.002 VREF max
Integral nonlinearity. ..... «+ev+.1£0.004 VREF max
Channel-to-channel matching ............ +1LSB
Crosstalk (D? to 100KHz) ......... . —-60 dB max
<
T-49-19-59

(VCC, VPD = 4.5 to 5.5 Volts; Ty = 0°C to 70°C; fosc = 6.0 to 12.0 MHz)

Test Condmons Load Capacitance on Output Pins =80 pF

Oscillator Frequency = 12.00 MHz

TIMING REQUIREMENTS (Other system components must meet these specs.)

Symbol Parameter Min Max Units
TCLYX READY Hold after GLKOUT Edge 0 : ns
TLLYV End of ALE to READY Setup —Tosc 2Tosc =60 ns
TLLYH End of ALE to READY High 2 Tosc+40 4Tosc—60(1) ns
TYLYH " Non-ready Time 1000 ns
TAVDV Address Valid to Input Data Valid 5Tosc—90 ns
TRLDV RD/Active to Input Data Valid 3Tosc—60 ns
TRXDX Data Hold after RD/inactive(?) 0 < ns
TRXDZ RD/Inactive to Input Data Float(2) Tosc—20 ns
TIMING RESPONSES (MCS-96 parts meet these specs.)
Symbol Parameter Min Max Units
FXTAL Oscillator Frequency 6.00 12.00 MHz
Tosc Oscillator Period 83 166 ns
TOHCH Oscillator High to CLKOUT High(3) 0 . 120 ns
TCHCH CLKOUT Period(2) 3Tosc(3) 3Tosc®) ns
TCHCL CLKOUT High Time Tosc—20 Tosc+20 ns
TCLLH CLKOUT Low to ALE High —25 20 ns
TLLCH ALE Low to CLKOUT High Tosc—20 Tosc+40 ns
TLHLL ALE Pulse Width Tosc—25 Tosc+ 15 ns
TAVLL Address Setup to End of ALE TJosc—50 ns
TLLRL End of ALE to RD/ or WR/ Active Tosc—20 ns
TLLAX Address Hold After End of ALE Tosc—20 ns
TWLWH WR/ Pulse Width 2Tosc—35 ns
TQVWX Output Data Setup to End of WR/ 2Tosc—60 ns
TWXQX Output Data Hold After End of WR/ Tosc—25 ns
TWXLH End of WR/ to Next ALE 2Tosc—30 ns
TRLRH RD/ Pulse Width 3Tosc—30 ns
TRHLH End of RD/ to Next ALE Tosc—25 ‘ns
NOTES:

1. If more than one wait state is desired, add 3Tosc for each additional wait state.
2. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters.
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc %10 ns if Tosc is constant and

the rise and fall times on XTAL 1 are less than 10 ns. CLKOUT is not bonded out on 48-pin parts.
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