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timers can be in operation at once.

Rochester Electronics
Manufactured Components

Rochester branded components are
manufactured using either die/wafers
purchased from the original suppliers
or Rochester wafers recreated from the
original IP. All recreations are done with
the approval of the OCM.

Parts are tested using original factory
test programs or Rochester developed
test solutions to guarantee product
meets or exceeds the OCM data sheet.

Quality Overview

ISO-9001

AS9120 certification

Qualified Manufacturers List (QML) MIL-PRF-38535
 Class Q Military
* Class V Space Level

Qualified Suppliers List of Distributors (QSLD)
* Rochester is a critical supplier to DLA and

meets all industry and DLA standards.

Rochester Electronics, LLC is committed to supplying
products that satisfy customer expectations for
quality and are equal to those originally supplied by
industry manufacturers.

The original manufacturer’s datasheet accompanying this document reflects the performance
and specifications of the Rochester manufactured version of this device. Rochester Electronics
guarantees the performance of its semiconductor products to the original OEM specifications.
‘Typical’ values are for reference purposes only. Certain minimum or maximum ratings may be
based on product characterization, design, simulation, or sample testing.

© 2013 Rochester Electronics, LLC. All Rights Reserved 10312013 To learn more, please visit www.rocelec.com



INTEL CORP (UP/PRPHLS) 20E D m 4826175 0061905 5 WM~
inte|® -ADVANCE INFORMATION

M8097BH, M8397BH, M8797BH - 11-12-1b
ADVANCED 16-BIT MICROCONTROLLER
WITH 8- OR 16-BIT EXTERNAL BUS —-.0.59
Military

= M8797BH: an M8097BH with 8K Bytes of On-Chip EPROM
= M8397BH: an M8097BH with 8K Bytes of On-Chip ROM

232 Byte Register File m Full Duplex Serial Port
Register-to-Register Architecture Dedicated Baud Rate Generator
10-Bit A/D Converter with S/H 6.25 us 16 x 16 Multiply
Five 8-Bit 1/0 Ports 6.25 pns 32/16 Divide

20 Interrupt Sources 16-Bit Watchdog Timer
Pulse-Width Modulated Output Four 16-Bit Software Timers
ROM/EPROM Lock Two 16-Bit Counter/Timers
Run-Time Programmable EPROM Military Temperature Range:
High Speed 1/0 Subsystem © —55°C to +125°C (T¢)

The Military M8X97BH is an advanced 16-bit microcontroller family designed for high-speed functions. The
CPU supports bit, byte, and word operations. Thirty-two bit double-words are supported for a subset of the
instruction set. With a 12 MHz input frequency the M8097BH can do a 16-bit addition in 1.0 ps and a

16 x 16-bit multiply or 32/16 divide in 6.25 ps. Instruction execution times average fto2pusin 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 frigger external events at preset times. The high-speed output unit can
simultaneously perform software timer functions. Up to four 16-bit software timers can be in operation at once.

The on-chip A/D convenrter includes a Sample and Hold, and converts up to 8 multiplexed analog Input
channels to 10-bit digital values. With a 12 MHz crystal, each conversion takes 22 us.

Also provided on-chip are a serial port, a Watchdag Timer, and a pulse-width modulated output signal.
The M8X97BH family members are manufactured using Intel's HMOS-{ll process technology..
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FUNCTIONAL OVERVIEW

The following section is an overview of the Military
M8X97BH product family.

CPU Architecture

° The M8097BH uses the same address space for
both program and data memory, except in the ad-
dress range from 00H through OFFH, Data fetches in
this range are always to the Register File, while in-
struction fetches from these locations are directed
to external memory. (Locations 00H through OFFH in
external memory are reserved for Intel development
systems).

Within the Register File, locations 00H through 17H
are register mapped i/0 control registers, also re-
terred 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 keep the most frequently-used
variables in on-chip RAM, which can be accessed
faster than eoxternal memory. Locations OFOH
through OFFH can be preserved during power down
via a separate power down pin (Vpp).

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

0000H- | 0017H | Register Mapped I/0 (SFRs)
0018H- | 0019H | Stack Pointer

1FFEH- | 1FFFH | Ports 3 and 4

2000H- | 2011H | Interrupt Vectors

2012H- | 2017H | Reserved

2018H Chip Configuration Byte

2019H Reserved

201AH- | 201BH | “Jump to Self"* Opcode (27 FE)
201CH- | 201FH | Reserved

2020H- | 202FH | Security Key

2030H- | 207FH | Reserved

2080H Reset Location

The M8397BH carries 8K bytes of ROM, while the
M8797BH has 8K bytes of EPROM. With ROM and
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EPROM parts, the internal program memory occu-
pies addresses 2000H through 3FFFH. Instruction or
data fetches from these addresses access the on--
chip_memory if the EA pin is externally held at 5V. If
the EA pin is at 0V, these addresses access off-chip
memory. On the M8797BH parts, holding EA at -
+12.75V puts the part in Programming Mode, which
is described in the EPROM Characteristics Section
of this data sheet.

A memory map for the M8X97BH product family is
shown in Figure 2. o
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 M8097BH is that it does not use an accu-
mulator. Rather, it operates directly on any register
in the Register File. Being able to operate directly 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 M8X97BH instruction set provides the fol-
lowing special features:

6.25 ps Multiply and Divide
Multiple Shift Instruction

3 Operand Instructions
Normalize Instruction
Software Resetdnstruction

All operations on the MB8097BH take place in a set
number of. “State Times.” The M8097BH uses a
three phase internal clock, so each state time is 3
oscillator periods. With a 12 MHz clock, each state
time requires 0.25 ps, based on a Togc of 83 ns.

Operating Modes

The M8097BH supports a variety of options to sim-
plify memory systems, interfacing requirements and
ready control. Bus flexibility is provided by allowing
selection of bus control signal definitions and run-
time selection of the external bus width. In addition,
several ready control modes are available to simplify
the -external hardware requirements for accessing
slow devices. The Chip Configuration Register is
used to store the operating mode information.
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OFFH 285 ’
POWER=DOWN
oFOH RAM 240
OEFH INTERHAL 239
REGISTER FHLE
(RAM)
1AH 26
- Fl .

L STack poRTER STACK POINTER 2 . i

184 24 EXTER?;:L' /uozuonv

1M PWM_CONTROL 23

16 | 051 10C1 22 4000H

154 | wso 10C0 21 INTERNAL PROGRAM

. 20 STORAGE ggu/zpkou

134 | REsERVED RESERVED 19 EXTERNAL MEMORY 20800

:m 18 RESERVED | 2030H-207FH | -

11 | sp_stat SP_CON 17 e 26200 - 202FH .

104 | 10 PORT 2 10 PORT 2 18 Prvr— 201CH=201FH

OFH | 10 PORT 1 1o FORT 1 18 SELF JUMP OPCODE (27H FEH) 201AH~2018H

0EH | 10 PORT O BAUD_RATE 14 eStAvED 20190

00K | TIMER2 (HI) 13 CHIP CONFIGURATION BYTE J018H

ocH | TMER2 (LO) RESERVED 12 T 2012H=2017H

OBH | TIMERT (H) 1 . :

OAH | TIMERT (LO) WATCHDOG 10 INTERRUPT VECTORS

osu | wir.penowe INT..PENDING 9

oaH | INT_MASK INT_MASK 8 2000H

07H | $BUF (RX) SBUF (TX) 7 PORT 4 1FFFH

06H | HSLSTATUS HSO_.COMMAND s PORTS AFFEH

Q5H | HSLLTIME (H) HSQ_YIME (HI) 5 EXTERNAL MEMORY

o4t | HSLTINE (L0) HSO_TIME (LO) ‘ - R I/0 . o100H

o3H | Ap_resuLr (H1) HSLMODE 3 INTERNAL RAM | oorru

02H | AD_RESULT (LO) AD_COMMAND 2 Sﬁi%ifpigl :_!Il_-é ’

Qi | Ro (H)) RO (H1) 1 SPECIAL FUNCTION REGISTERS )

W ) R (L0) o (WHEN ACCESSED AS DATA MEMORY) 006K

- (WHEN READ) (WHEN WRITTEN)
271075-2

Figure 2. Memory Map
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CHIP CONFIGURATION REGISTER (CCR)

Configuration information is stored in the Chip Con-
figuration Register (CCR). Four of the bits in the reg-
ister specify the bus control mode and ready control
mode. Two bits also govern the level of
ROM/EPROM protection and one bit is NANDed
with the BUSWIDTH pin every bus cycle to deter-
mine the bus size. The CCR bit map is shown in
Figure 3, and the functions associated with each bit
are described later.

|71sl5]4]3]2}1]o]cHip conricuration reaister

RESERVED (Set fo 1 for
compatibility with future
parts)

BUS WIDTH SELECT
(16-8IT BUS /8= BIT BUS)

WRITE STROBE MODE SELECT
(WR AND BHE / WRL AND WRH)

ADDRESS_VALID STROBE SELECT
(ALE / ADY)

(IRcO) ]
e (IRC1)

INTERNAL READY
CONTROL MODE

PROGRAM LOCK
MODE

{Loct)

271075-3

e (LOCO)
Figure 3. Chip Configuration Register

The CCR is loaded on resst with the Chip Configura-
tion Byte, located at address 2018H. The CCR regis-
ter is a non-memory mapped location that can only
be written to during the reset sequence; once it is
loaded it cannot be changed until the next reset oc-
curs. The M8097BH will correctly read this location
in every bus mode.

In order to work properly with an 8-bit only system, it
is necessary to hold the upper address byte on the
address bus throughout the CCB read cycle since an
address latch may not be present. However, in a 16-
bit system, the M8X97BH must float the high half of
the bus to avoid contention with the high data byte
during the CCB read. To accomplish a corract read
on either 8- or 16-bit busses, the upper address lines
are current sensed (during CCB read only) and will
be floated if a current of approximately 1 mA or more
is detacted, indicating a bus contantion.

if the EA pin is set to a logical 0, the _access to
2018H comes from external memory. If EA is a logi-
cal 1, the access comes from Internal
ROM/EPROM. If EA is +12.5V, the CCR is loaded
with a byte from a separate non-memory-mapped
location called PCCB (Programming CCB). The Pro-
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gramming Mode is described in the EPROM Charac-
teristics Section.

BUS WIDTH

The M8097BH external bus width can be run-time
configured to operate as a standard 16-bit multi-
plexed address/data bus, or as an M8088 minimum
mode type 16-bit address/ 8-bit data bus.

During 16-bit bus cycles, Ports 3 and 4 contain the
address multiplexed with data using ALE to latch the
address. In 8-bit bus cycles, Port 3 is muitiplexed
address/data while Port 4 is address bits 8 through
15. The address bits on Port 4 are valid throughout
an 8-bit bus cycle. Figure 4 shows the two options,

The bus width can be changed each bus cycle and
is controlled using bit 1 of the CCR with the BUS-
WIDTH pin, If either CCR.1 or BUSWIDTH is a 0, .
external accesses will be over a 16-bit address/8-bit

data bus. If both CCR.1 and BUSWIDTH are 1s, ex-
ternal accesses will be over a 16-bit address/16-bit
data bus. Internal accesses are always 16-bits wide.

The bus width can be changed every external bus
cycle if a 1 was loaded into CCR bit 1 at reset. If this
is the case, changing the value of the BUSWIDTH
pin at run-time will dynamically select the bus width.
For example, the user could feed the INST line into
the BUSWIDTH pin, thus causing instruction access-
es to be word wide from EPROMs while data ac-
cesses are byte wide to and from RAMSs. A second
example would be to place an inverted version of
address bit 15 on the BUSWIDTH pin. This would
make half of external memory word wide, while half
is byte wide.

Since BUSWIDTH is sampled after address decod-
ing has had time to occur, even more complex
memory maps could be constructed. See the timing
specifications for an exact description of BUS-
WIDTH timings. The bus width will be determined by
bit 1 of the CCR alone on 48-pin parts since they do
not have a BUSWIDTH pin.

When using an 8-bit bus, some performance degra-
dation is to be expected, On the M8097BH, instruc-
tion execution times with an 8-bit bus will slow down
if any of three conditions occur. First, word writes to
external memory will cause the exscuting instruction
to take two extra state times to complete. Second,
word reads from external memory will cause a one
state time extension of instruction execution time.
Finally, if the prefetch queue is empty when an in-
struction fetch is requested, instruction execution is
lengthened by one state time for each byte that
must be externally acquired (worst case is the num-
ber of bytes in the instruction minus one).
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M8X978H M8X978H

s-can
P LATCHED.
ORT4 | AoDRESS HicH

16=8IT
PORT 4 MULTIPLEXED
PORY 3 ADDRESS /DATA

8-aI
MULTIPLEXED
ADDRESS LOW/DATA

PORT 3

271075-4 271075-5
16-Bit Bus 8-Bit Bus

Figure 4. Bus Width Options

BUS CONTROL

The M80S7BH can be made to provide bus control signals of several types. Three contro! lines have dual
functions designed to reduce external hardware. Bits 2 and 3 of the CCR specify the functions performed by
these control lines.

Standard Bus Contro!l

It COR bits 2 and 3 are 1s, then the standard M8097BH control signals WR, BHE and ALE are provided (Figure
5). WR will come out for every write. BHE will be valid throughout the bus cycle and can be combined with WR
and address line 0 to form WRL and WRH. ALE will rise as the address starts to come out, and will fall to.
provide the signal to externally latch the address.

ALE l | . I l ALE l I I l
WR WR
8HE VALID ADQ =7 == ADDR LOW|  DATA OUT  frosmmmen
ADO =15 === ADDR DATA OUT  frmeme ADS =15 emeamet ADDRESS HIGH b
2710758 271075-7
16-Bit Bus Cycle 8-Bit Bus Cycle

Flgure 5. Standard Bus Control
11-5
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The Write Strobe Mode eliminates the necessity to externally decode for odd or even byte writes. If CCR bit 2
is a 0, and the bus is in a 16-bit cycle, WRL and WRH signals are provided in place of WR and BHE (Figure 6).
WAL will go low tor all byte writes to an even address and all word writes. WRH will go low for all byte writes to

an odd address and all word writes.
In an 8-bit bus cycle WRL will go active for all writes.
A unique ability of the bus controller Is to utilize the CCR to select at reset time the width of the WR signal by

changing the position of the falling edge relative to the memory cycle. Clearing bit 2 of the CCR to O v will enable
a shorter WR width. This is useful when interfacing to devices that latch on the falling edge of WR.

ALE I l | | ME l | - I | .
WRL YALID WRL
WrH VALID : ADO =7 ADDR LOW | - DATA OUT o
ADD =15 === ADDR DATA OUT  frmmeam AD8 =15 ADDRESS HIGH
271075-8 R 271075-9
16-Bit Bus Cycle . 8-Bit Bus Cycle

Figure 6. Write Strobe Mode
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1f CCR bit 3 is a 0, then an Address Valid Strobe is provided in the place of ALE (Figure 7). When the Address
Valid Mode is selected, ADV will go low after an external address is set up. It will stay low until the end of the
bus cycle, where it will go inactive high. This can be used to provide a chip select for external memory.

£

BHE VALID

ADQ =15 ===} ADDR DATA QUT

16-Bit Bus Cycle

271075-10

’

ADQ =7 cumwiend

ADDR LOW| DATA OUT

ADS =15 =—————

ADDRESS OUT HIGH

8-Bit Bus Cycle

271075-11

Figure 7. Address Valid Strobe Mode

Address Valld with Write Strobe

If both CCR bits 2 and 3 are 0s, both the Address Valid Strobe and the Write Strobes will be provided for bus

control, Figure 8 shows thess signals.

A0V
WRL | vauo
WRH VALID
ADO =15 =={ ADDR DATA OUT
16-Bit Bus Cycle

271075~12

ADQ = 7 ==mumeusad

ADDR LOW DATA QUT e

ADS =15 eeme—)

ADDRESS HIGH

8-Bit Bus Cycle

271075-13

Figure 8. Write Strobe with Address Valid Strohe
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READY CONTROL

To simplify ready control, four modes of internat
ready control logic have been provided. The modes
are chosen by properly configuring bits 4 and 5 of
the CCR.

The internal ready control logic can be used to limit
the number of wait states that slow devices can in-
sert into the bus cycle. When the READY pin is
pulled low, wait states will be inserted into the bus
cycle until the READY pin goes high, or the number
of wait states equals the number specified by CCR
bits 4 and 5, whichever comes first. Table 1 shows
the number of wait states that can be selected. In-
ternal ready control can be disabled by loading 11
into bits 4 and 5 of the CCR.

Table 1. Internal Ready Control

IRC1  IRCO Description
0 0 Limit to 1 Wait State
0 1 Limit to 2 Walt States
1 0 Limit to 3 Wait States
1 1 Disable Internal Ready Control

This teature provides for simple ready control. For
example, every slow memory chip select line could
be ORed tegether and be connected to the READY
pin with GCR bits 4 and 5 programmed to give the
proper number of wait states to the slow devices.

ROM/EPROM LOCK

Four modes of program memory lock are available
on the M8397BH and M87978H parts. CCR bits 6
and 7 (LOCO, LOG1) select whether internal pro-
gram memory can be read (or written in EPROM
parts) by a program executing from external memo-
ty. The modes are shown in Table 2. Internal ROM/
EPROM addresses 2020H through 3FFFH are pro-
tected from reads while 2000H through 3FFFH are
protected from writes, as set by the CCR.

Table 2. Program Lock Modes

LOC1 LOCO Protection
0 0 Read and Write Protected
0 1 Read Protected
1 0 Write Protected.
1 1 No Protection

Only code executing from Internal memory can read
protected internal memory, while a write protected
memory can not be written to, even from internal
execution. As a result of M8097BH prefetching of
instructions, howevar, accesses to protected memo-
ry are not allowed for instructions located above -
3FFAH. Note that the interrupt vectors and the CCR
are not protected. T

To provide ROM/EPROM lock while allowing verifi-
cation and testing, the M8397BH and M8797BH re-
quire security key verification hefore programming or
test modes are allowed to read protected memory.
More information on ROM/EPROM Lock can be
found in the EPROM Characteristics section.

High Speed 1/0 Unit (HSIO)

The HSIO unit consists of the High Speed Input Unit _
(HS!), 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
pre-programmed 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 pus, with a 12 MHz
clock). The Timer 2 register can be programmed to
count transitions on either the T2CLK pin or HSI.1
pin. It is incremented on both positive and negative
edges of the selected input line. In addition to being
cleared by reset, Timer 2 can also be cleared in soft-
ware or by signals from input pins T2RST or HS..0.
Neither of these timers is required for either 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
made the transition. This information is recorded
with 2 us (12 MHz system) resolution and stored in
an 8-level FIFO. The unit can be programmed to
look for four types of events, as shown in Figure 9. it
can activate the HSI Data Available interrupt either
when the Holding Register is loaded or the 6th FIFO
entry has been made. Each input line ¢an be individ-
ually enabled or disabled to the HSI unit by software.
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271075-14
’ 271076-16

Figure 9. High Speed Input Unlt

The High Speed Output (HSO) unit is shown in Fig-
ure 10. It can be programmed to set or clear any of
its 6 output lines, reset Timer 2, trigger an A/D con-
version, or set one of 4 Software Timer flags at a
programmed time. An interrupt can be enabled for
any of these events. Either Timer 1 or Timer 2 can
be referenced for the programmed time valus 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.

CAM 8 STATE TIME
CONTROL INCREMENT
LOGIC |« i T2CLK
EVENT
HOLDING REGISTER TIMER 1 coUNTERl:: T2RST

{Hso_commanp §  Hso_tme |

3

16* K
}

A/D

'4'6
v

HSO PORT BUFFERS

PORT PINS

CAM '
23 BITS
” |
h 4 6 ‘
HsO [nso_starus]
»] CoMMAND
DECODER 10S1(16H
TIMER FLAGS

High Speed Output Controls
6 Pins
4 Software Timers
2 Interrupts
Initiate A/D Conversion
Resst Timer 2

271075-16

Flgure 10. High Speed Qutput Unit
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double-buffered on receive. The 3 asynch

Standard 1/0 Ports nous mode:rando? sey:gtlzlr?mousrrenc;adr: ofisgerati?-h
There are 5 8-bit 170 ports on the M8097BH in addi-  for the serial port. The asynchronous medes allow

tion to the High Speed /0 lines. for 8 or 9 hits of data with even parity optionally -

Port 0 is an input-only port which shares its pins with
the analog inputs to the A/D converter. The port can
be read digitally and/or, by writing to the A/D Com-
mand Register, one of the lines can be selected as
the input to the A/D converter. Port 0 is also used to
input mode information on EPROM parts operatmg
in the Programming Mode. -

Part 1 is a quasi-bidirectional 1/0 port. “Quasi-bidi-
rectional” means the port pin has a weak internat
pullup that is always active and an internal pulldown
which can seither 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 O to 1. This is done to speed up the O-to-
1 transition time.

Port 2 is a multi-functional port. Two of the pins
(P2.8, 2.7) are quasi-bidirectional while the remain-
ing six are shared with other functions in the
M8097BH, as shown in Table 3. Port 2 Is also used
for control signals by EPROM parts operating in the
Programming Mode.

Table 3. Port 2 Pin Functions

Ports 3 and 4 are bi-directional 1/0 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 dunng
external memory read or write cycles when the pins
are oulputting address or data bits. At any other
time, the internal pullups are disabled. When used
as a system hus, Ports 3 and 4 can be configured to
be either a multiploxed 16-bit address/data bus or a
multiplexed 16-bit address/ 8-bit data bus. EPROM
parts also use Ports 3 and 4 to pass programming
commands, addresses, data and status.

Serial Port

The serial port is compatible with the MCS-51 family,
(M8051, M8031 etc.), serial port. It is full duplex, and

Port | Function. Alternate Function <l
P2.0 | Qutput TXD (Serial Port Transmit)

P24 | Input RXD (Serial Port Recelve)

P2.2 | Input EXTINT (External Interrupt)

P2.3 | Input T2CLK (Timer 2 Clock)

P24 | Input T2RST (Timer 2 Reset)

P25 | Output PWM (Pulse Width Modulation)

inserted for one of the data bits, Selective interrupts
based on the Sth data bit are available to support
interprocessor communication.

Baud rates in all modes are determined by an inde-
pendent 16-bit on-chip baud rate generator. Either
the XTAL1 pin or the T2CLK pin can be used as the
lnput to the baud rate generator. The maximum baud
rate in the asynchronous mode is 187.5 KBaud. The
maximum baud rate in the synchronous mode is 1.5
MBaud. .

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 O to 255 state times.
The width is programmed by loading the desired
value, in state times, to the PWM Control Register.

A/D Converter with Sample and' Hold

The ori-chip analog-to-digital acquisition system is a
monotonic successive approximation converter with
the sample and hold, multiplexer, and D/A ladder
circuits built into the silicon. This system can multi-
plex up to eight channels of conversion to 10 bits of
resolution (1024 unique codes). It has a fixed con-
version time of 88 state times which includes the 4
state time sample window. With a 12 MHz clock the
convarsion would take 22 ps, of which one micro-
second is the sample window. The sample window
period begins 4 state times after the conversion is
triggered. A 2 pF capacitance is charged from the
input signal during this sample window period.

In many applications it is less critical to record the
absolute accuracy of an input, than it is to resolve
that some determinable change has occurred. This
is an acceptable approach as long as the converter
is quaranteed to be monotonic and has no missing
codes, as Is the case for the MBX97BH. This means
that increasing input voltages produce adjacent and
umque output codes that are also increasing. De-
creasing input voltages are guaranteed to produce
adjacent and unique output codes that are also de-
creasing. There exists on the M8X97BH for each 10-
bit output code a unique input voltage range that
produces that code only, with a repeatability of typi-
cally £0.25 LSB’s (1.6 mV). =

The M8X97BH datasheet guarantees that the maxi-
mum Differential Non-Linearity will be 2 analog
LSB's, or 10 mV (the minimum is zero). Differential
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non-linearity specifies the maximum difference
between the actual code widths seen in a converter
and what those code widths would be in an ideal
(perfect) converter. In the M8X97BH 10-bit convert-
er, the code widths are ideally 5 mV (5.12 Vpgg/
1024). If such a converter is specified to have a
maximum Differential Non-Linearity of 10 mV, then
the maximum code width will be no greater than
10 mV larger than ideal, or 156 mV. This indicates to
the user how much the input voltage may have
changed under worst case conditions to produce a
one count change in & particular 10-bit conversion.
Due to the fact that the M8X97BH converter has no
missing codes, the minimum code width will always
be greater than zero. The differential non-linearity
error on a particular code width is compensated for
by other code widths in the transfer function such
that 1024 unique steps occur. The actual code
widths in the M8X97BH converter typically vary from
about 2.6 mV to 7.5 mV.

The analog Input must he in the range of zero to
Vgrer (nominally, VReg = 5V). This input can be se-
lected from 8 analog inputs which connect to the

same pins as PORT 0. A conversion can be initiated

either by setting the control bit in the A/D Command
Register (Address 02Hex), or by programming the
High Speed Output CAM to trigger the conversion at
somse specified time with sampling intervals occur-
ring accurate to %50 ns. (See AP-406, "MCS-986 An-
alog Acquisition Primer” for further information.)

Interrupts

The M8097BH has 20 interrupt sources which vector
through 8 interrupt vectors. A 0-to-1 transition from
any of the sources sets a corresponding bit in the

1111

Interrupt Pending register. The content of the Inter-
rupt 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 corresponding to the

desired interrupt, The interrupt vectors are located in
addresses 2000H through 2011H, as shown in Fig-
ure 11, .
The maximum transition speed of the interrupt inputs
is limited to one transition per state time (250 ns at
12 MHz). Since interrupt recognition is based up on
a zero to one transition on the pin, a normally high
signal must go low for one state time, and then tran-
sition high in a subsequent state time. A normally
low input signal must go high for one state time, and
not return low until a subsequent state time.

Vector Location
Vector (High | (Low Priority
Byte) | Byte)
Software 2011H { 2010H {Not Applicable
Extint 200FH | 200EH { 7 (Highest)
Serial Port 200DH | .200CH 6
Software 200BH | 200AH 5
Timers
HSLO 2009H | 2008H 4
High Speed 2007H | 2008H 3
Outputs
HSi Data 2005H | 2004H 2
Available
A/D Conversion| 2003H | 2002H 1
Complete
Timer Overflow | 2001H | 2000H | ~ 0 (Lowest)

Figure 11. Interrupt Vectors

T97-/9-57
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STATE TIMES 4321 42 21 3 12— /
ENDING | mecrouns » END CALL 1S IF STACK "7
EXECUTION ) \ystruction | NORM 55 'NORML' roncaoj exterNAL | PYSHF //////ﬁ
— INTERRUPT ROUTINE
PENDING _[sev loweareo
RESPONSE TME  |e— 70 STATE TIMES
27107544
Figure 11a. Interrupt Response Time *

At the end of the interrupt routine the RET instruc-
tion pops the program counter from the stack and
execution continues where it left off. It is not neces-
sary to store and replace registers during interrupt
routines as each routine can be set up to use a dif-
ferent section of the Register File. This feature of
the architecture provides for very fast context
switching. While the M8097BH has a single priority
level in the sense that any interrupt may itself be
interrupted, a priority structure exists for resolving
simultaneously pending intertupts, as indicated in
Figure 11a. Since the interrupt pending and interrupt
mask registers can be manipulated in software, it is
possible to dynamically alter the interrupt priorities to
suit the users software.

Watchdog Timer

The Watchdog Timer is a 16-bit counter which, once -
started, is incremented every state time. If not

cloared befare it overflows, the RESET pin will be
pulled down for two state times, causing the system
to be reinitialized. In a 12 MHz system, the Watch-
dog Timer overflows after 16 ms.

This feature is provided as a means of graceful re-
covery from a software upset. The counter must be
cleared by the software before it overflows, or else
the system assumes an upset has occurred and acti-
vates RESET. Once the Watchdog Timer is started it
cannot be turned off by software. The fiip-tiop which
enables the Watchdog Timer has been designed to’
maintain its state through Vg glitches to as low as
OV orashighas7Vior1 usto 1 ms. .

To start the Watchdog Timer, or to clear it, one
writes 1EH followed by OE1H to the WDT address
(000AH). The Watchdog cannot be stopped once it
is started unless the system is reset.
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PACKAGING

The MBX97BH family is available in a ceramic pin grid array, shown in Figure 12, and a leaded ceramic quad
pack shown in Figure 13. A comparison of the pinouts for both of these package types is shown in Figure 14.

MBX97BM

—
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HSIS/HS0S T —— )

497

6o [C——— ao/P3.0
89 [C—— a1 /P31
88 [C———— an2/P3.2
s7[C——— Ap3/P33
ssfC——— m}ru
88 [E——— Av5/P38
s4{—=—— ave/P3.6
ss{C——— ao7/P37
s2[C—— A08/P4.0
si{E——— ap9/P4.1
so{E——— anto/p4.2
aw[C——— r11/r43
48[ an12/P44
47 [ a013/P4 8
48 [C———=— ant4/res
as{C——— an15/pa.7
4 [C——= nocx/r2s

271075-18

Figure 13. 68-Lead Ceramic Quad Pack Pinout

PGA CQp Description PGA CQP Description PGA CQP Description
1 9 ACH7/P0Q.7 24 54 AD6/P3.6 47 31 P16

2 8 ACH6/P0.6 25 53 AD7/P3.7 48 30 P1.5

-3 7 ACH2/P0.2 26 52 ADB/P4.0 49 29 HSO.1

4 6 ACHO0/P0,0 27 51 AD9/P4.1 50 28 HS0.0

5 5 ACH1/P0.1 28 50 AD10/P4.2 51 27 HSO0.5/HS1.3
6 4 ACH3/P0.3 29 49 AD11/P4.3 52 26 HS0.4/HSI.2
7 3 NMI 30 48 AD12/P4.4 53 25 HSI.1

8 2 EA 31 47 AD13/P4.5 54 24 HSLO0

9 1 Veo 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 P1.1

13 65 GLKOUT 36 42 T2RST/P2.4 59 19 P1.0

14 64 BUSWIDTH a7 41 BHE 60 18 TXD/P2.0
16 63 INST 38 40 WR 61 17 RBRXD/P2.1
16 62 ALE 39 39 PWM/P2.5 62 16 RESET

17 61 RD 40 a8 p2.7 63 15 EXTINT/P2.2
18 60 ADO/P3.0 41 37 Vep 64 14 VrD

19 59 AD1/P34 42 36 Vss 65 13 VREF

20 58 AD2/P3.2 43 35 HSO.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
23 655 AD5/P3.5 46 32 P1.7 )

Figure 14. PGA & CQP Comparison Pinout
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PIN DESCRIPTIONS

Symbol

Name and Function

Veo

Main supply voltage (5V).

Vss

Digital circuit ground {0V). There are two Vg pins, both of which must be connected.

Ven~

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

VREF

Reference voltage for the A/D converter (6V). Vree is also the supply voitage to the analog portion of
the A/D converter and the logic used to read Port 0.

ANGND

Reference ground for the A/D converter, Must be held at nominally the same potential as Vgs.

Vep

Programming voitage for the EPROM parts, It should be - 12.75V for programming. This pin must be
left floating in the application circuit.

XTAL1

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

XTAL2

Output of the oscillator inverter.

CLKOUT

Output of the internal clock generator. The frequency of CLKOUT is ¥4 the oscillator frequency. It has a
33% duty cycls.

RESET

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 commences a 10-state-time sequence in which the PSW is
cleared, a byte read from 2018H loads CCR, and a jump to location 2080H is executed. Input high for
normal operation. RESET has an internal pullup.

BUSWIDTH

Input for bus width selection. if CGR bit 1 is a one, this pin selects the bus width for the bus cycle in
progress. If BUSWIDTH s a 1, a 16-bit bus cycle occurs. If BUSWIDTH is a 0 an 8-bit cycle occurs. If
CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin Is the TEST pin on M8X97 parts. Systems with
TEST tied to Ve do not need to change,. If this pin is left unconnected, it will rise to Veg.

NMI

A positive transition causes a vector to external memory location G000H. External memory from 00H
through OFFH is reserved for Intel development systems.

INST

Output high duting an external memory read indicates the read Is an Instruction fetch, INST is valid
throughout the bus cycle.

Input for memory selact (External Access). EA equal to a TTL-high causes memory accesses to
locations 2000H through 3FFFH to be directed to on-chip ROM/EPROM. EA equal to a TTL-low causes
accesses to these locations to be directed to off-chip memory. EA = + 12.5V causes exacution to
begin in the Programming Mode. EA has an internal pulldown, so it goes to 0 unless driven otherwise.

ALE/ADV

Address Latch Enable or Address Valid oulput, as selected by CCR. Both pin options provide a latch to
demultiplex the address from the address/data bus. When the pin is ADV, it goes inactive high at the
end of the bus cycle. ADV can be used as a chip select for external memory. ALE/ADV is activated only
during external memory accesses.

Read signal output to external memory. RD is activated only during external memory reads.

WR/WAL

Write and Wite Low output to external memory, as selected by the CCR. WR will go low for every
extamal write, while WRL will go low only for external writes where an even byte is being written.
WR/WRL is activated only during external memory writes.

BHE/WRH

Bus High Enable or Write High output to external memory, as selected by the CCR. BHE = 0 selects
the bank of memory that is connected to the high byte of the data bus. A0 = 0 selects the bank of
memory that is connected to the low  low byte of the data bus. 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, BFE = 0), or both bytes
(A0 = 0, BHE = 0). If the WRH function is selacted, the pin will go fow if the bus cycle is wrmng toan
odd memeory location.
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Symbol

Name and Function

READY

low.

Ready input to lengthen external memory 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 falling edge of CLKOUT, the memory contraller goes into a wait mode until the next
positive transition in CLKOUT occurs with READY high. The bus cycle can be lengthened by up
to 1 ps. When the external memory is not being used, READY has no effect. Internal control of
the number of wait states inserted into a bus cycle held not ready is avallable through
configuration of CCR. READY has a weak internal pullup, so it goes to 1 unless externally pulled

HS! Inputs to High Spaed Input Unit. Four HS! pins are avallable: HSILO, HSL1, HSl 2 and HSI1.3. Two
of them (HS).2 and HSL.3) are shared with the HSO Unit. The HSI pins are also used as inputs by
EPROM parts in Programming Mode.

’

HSQ

Outputs from High Speed Output Unit. Six HSO pins are available: HS0.0, HSO.1, HSO.2, HSO.3,
HS0.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HS! Unit.

Port0

Programming Mode.

8-bit high impedance input-only port. These pins can be used as digita! inputs and/or as analog
inputs to the on-chip A/D converter. These pins are also a mode input to EPROM parts in the

Port 1 8-bit quasi-bidirectional 170 port.

Port2

8-bit multi-functional port. Six of ifs pins are shared with other functions in the M8097BH, the
remaining 2 are quasi-bidirectional. These pins are also used to input and output control signals
on EPROM parts in Programming Mode.

Ports 3and 4

8-hit bi-directional 1/0 ports with open drain outputs. These pins are shared with the multiplexed
address/data bus which has strong internal pullups. Ports 3 and 4 are also used as a command,;
address and data path by EPROM parts operating in the Programming Mode.

INSTRUCTION SET

The M8097BH instruction set makes use of six ad-
dressing 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 QOFFH). '

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

INDIRECT—An 8-bit address field in the instruction
gives the word address of a word register in the
Register File which contains the 16-bit address of
the operand. The operand can be anywhere in mem-
ory.

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 (LONG AND SHORT)~-The instruction

contains an 8-bit address field and either an 8-bit or
a 16-bit displacement field. The 8-bit address field
gives the word 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 M80978H contains a zero register at word ad-
dress 0000H (and which contains 0000H), This reg-
ister is available for parforming comparisons and for
use as a base register in indexed addressing. This
effectively provides direct addressing to all 64K of
memory.

In the MB097BH, the Stack Pointer is at word ad-
dress 0018H in the Register File. if the 8-bit address
field contains 18H, the Stack Pointer becomes the
base register. This allows dll’GGt accessing of vari-
ables in the stack.

The foilowing tables list the M8097BH instructions,
their opcodes, and execution times.
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Instruction Summary ’
Mnemonlc gg:;' Opesation (Note 1) ZTw :"9; sl Notes
ADD/ADDB 2 D« D+A viv|iviv| T | —
ADD/ADDB 3 D« B+A wiv vl vl T | —
ADDC/ADDCB 2 DeD+A+C Jlw|vwivw| T | —
SuB/sSUBB 2 |D<D-A vl lrlviv|it|—
SUB/SUBB 8 |D«B-A v vl 1] =
SUBC/SUBCB 2 De—D-A+C-1 Llvlviv| 1| —
CMP/CMPB 2 D—A vivivlive | —
MUL/MULU 2 DD+2 <« D*A —_ === =17 2
MUL/MULY 3 D,D+2 «— B*A R QU JUGY) I 2
MULB/MULUB] 2 |D,D+1 « D*A —=]=]=1T=12 3
MULB/MULUB| 3 [D,D+1 <« B*A — =] =[=1=1¢ 3
DIVU 2 D« DD+2)/AD+2 <—remainder | —|—|—|+¥»| 1| — 2
DivuB 2 D« DD+ 1)/A,D+1 < remainder el Rl el L2 R 3
DIV 2 D« (D,LD+2)/AD+2 <« romainder | —|—|—] 21 T 1 —
DIVB 2 D« (D,D+ 1)/A,D +1 <« remainder | —|—|—|21 1] —
AND/ANDB 2 D «<— DandA P {010 —|—
AND/ANDB 3 D < BandA | w1 0jO0| —]|—
OR/QRB 2 D < DorA i iwlo]|0o]| —|—
XOR/XORB 2 - | D <« D(excl.o)A I v 0|0 —|—
LD/LDB 2 D« A —_—f ] —_ ] —_] = | =
ST/ST8 2 A<D —l— =] -] =] —
LDBSE 2 D <« A;D +'1 < SIGN(A) —|=]=|—={—-}1—1 34
LDBZE 2 De AD+1 <0 — -] == -] =1 34
PUSH 1 | SP « SP-2,(SF) « A = =T=T=1=
POP 1 | A« (SP);SP < SP+ 2 - | ==1T=1T=71T=
PUSHF 0 SP « SP - 2;(SP) « PSW; o(ojlO0}oO} O 0
PSW <— 0000H | «< 0 )
POPF Q PSW <«— (SP); SP <« SP + 2; =l |v]iv|iv| v v
SJIMP 1 PG «— PG + 11-bit offset —_— =] == = = 5
LJMP . 1 | PC « PC + 16-bit offset —~|=T=]=1=1T=<=T 5
BR [indirect) 1 PC <« (A) —_—— == =] =
SCALL 1 [ SP « sP-2;(SP) « PC; —|=1=1=1T=<1=T s
PG < PC + 11-bit offset
LCALL 1 [ SP « 8P -2;(SP) « PC; —|=]=1=1=1=1 s
PG < PC + 16-bit offset
RET 0 PG «— (SP); SP <« SP + 2 — === =] =
J (conditional) 1 PC <« PC + 8-hit offset (if taken) —_—t === = - 5
JG 1 JumpifC =1 — === = | = 5
JNG 1 | JumpitC=0 — | =1=1=1=T1T=T1 s
JE 1 JumpifZ = 1 — === =] = 5
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 anywhete in memory.
2.D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned.

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 complemsent number,
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Instruction Summary (Continued)
Mnemonlc 22:': Operation (Note 1) = Tw cFlag: —rr Notes
JNE 1 JumpifZ = 0 — === == 5
JGE 1 | JumpitN=0 —1T=1T=T=1T=1=1 s
JLT 1 | JumpifN =1 —| === == 5
JGT 1 JurnpifN = 0andZ =0 —_t == =1 = 5
JLE 1 JJumpifN=10orZ=1 —[=i—=]=1=1=] s
JH 1 JumpiC = 1andZ =0 JU U U D (PN 5
JNH 1 JumpifGC=00rZ=1 —_|— == = 5
JV 1 JumpifV =1 ==l =T=1= 5
JNV -1 JumpifvV=0 —_— = =] =] =1 = 5
JVT 1 Jump if VT = 1; Clear VT —] = =1=] 0| = 5
JINVT 1 Jump if VT = 0; Clear VT —_— | —f—]=] 0| = 5
JST 1 | JumpifST =1 ' —=1=tT—=71=1=1 s
JNST 1 Jump ifST=0 ——_——| = =] = 5
JBS 3 | Jump if Specified Bit = 1 —=T=1T=T=1—=T1 5.6
JBC 3 Jump if Specified Bit = 0 —_ =] —=|=}—=|—] 5,8
DJINZ 1 D «— D —1;ifD#0then
PC «— PC -+ 8-bit offset —_— ==} =] = 5
DECG/DECB 1 D<«<D-1 w vl lwiv| 1t | —
NEG/NEGB 1 De«<—0-D viv|vle| T | —
INC/INCB 1 D« D+1 v lwlviv| ]| —
EXT 1 D « D;D + 2 « Sign(D) i |O0O|O0] —|— 2
EXTB 1 D «— D;D + 1 <« Sign(D) wivr|0}j O —|— 3
NOT/NOTB 1 D <« Logical Not (D) wlw| |00 —]—
CLR/CLRB 1 D« 0 ) 110j0]O ) —1|—
SHL/SHLB/SHLL 2 |Ce—mb——m——— tsb « 0 v 2lwlvw][t] =1 7
SHR/SHRB/SHRL 2 0> mb—me—o—— Isb — C vi?lrlo]l—=1+¥]| 7
SHRA/SHRAB/SHRAL 2 msb — msbh —————— Isbh =>C |¥w|v|v]|0]|—| ¥ 7
SETC 0 C e 1 —l=l1 =] = =
CLRC ] C« 20 —l—Jo0ofj—|—=]—=
CLRVT 0 VT «— 0 — | —=]=]=10}]~—
RST 0 PC <«— 2080H 0/0}j0]0]| 0] O 8
Dl 0 Disable All Interrupts (I <— 0) — =] = =] =] =
Bl 0 | Enable All Interrupts (I <— 1) —_— == =] =
NOP 0 PC «— PC 4+ 1 —_—]—l—_—_] =] =
SKIP 0 PC «— PC+ 2 — =] =] =} =
NORML 2 Left shifttillmsb = 1;D €— shiftcount | » [ 2 1 0 |—| — | — 7
TRAP 0 |SP <« SP-2/(SP) « PC
PC < (2010H) =l =]=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 contorm 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. Offset is a 2's complament number.

6. Specified 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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20e D mm y82L175 0081923 7 M

inte[ mexe7eH  ADVANCE INFORMATION
T'qz-/ YA,
T 99-/9-8
Opcode and State Time Listing
INDIRECT® INDEXED®
DIRECT IMMEDIATE NORMAL |AUTO-INC.] SHORT LONG
(7]
2 (5| 8 a e Om | 4 ef1i 1098
533“.‘!&3 pe | g (8| E8 0wl | 8|8 22 (g EE
P 8okl =2 |g|El=¥|¢8 <= =2 | o bl =3 |6 k8
S |o|oc|la|bhF|o|a|bF |o|a|l hF |a| hF | & & BF |al BF
ARITHMETIC INSTRUCTIONS .
ADD 2§64 (3] 4 Jeslai s |6 ]3] ey j3] m2 Jer]|al enve|s| m2
ADD 314414] s Jasis|{ 6 |4a6lal m2 {4] snu3 J47]s] m2 |s| sn3
ADDB | 20174 (3| 4 J75|3] 4 J16|3] em |3] m2a77lal ettt |s] 712
ADDB |3 |s4]a| 5 Issldaj 5 [ssla] m2|al sn3|sr|s] m2iel sns
ADDC [ 2 |Ad4i3| 4 Jasjal s {A6]3]| em1 V3] m2 farlal et [s| 2
ADDCB | 2 |B4|3]| 4 |Bsf{3| 4 |Bs|3] en |3 mz2isrl4] em [s| 2
SUB 216831 4 |69|a] 5 |eaj3f et 3] m2feBlaf| 61 |s] 12
SUB 344804 5 149|s| 6 laaflai 712 [a] 8n3 JaB|s5]| m2 6] sns
SUBB | 2178 |3] 4 j19[3}l 4 |7al3) et [3] m2]|m{a] em1 [5] 12
SUBB [ 358 [4) 5 [s9ol4l s |sala] 72 |4 sn3 |sBls| m2 e sn3
SUBC (2 )A8|3] 4 [A9]a]l 5 laa]3]| en1 |3] 12 {aBl4] e [s]| m2
SUBCB | 2 IB8 3] 4 |B9{3] 4 [Ba[3] et1 |3] m2|sB|a] &1 |5 12
CMP 2188)3] 4 Jsojai 5 lsajal ent 3l 72 ]sslal ent [s] w2
CMPB | 2198 13| 4 19031 4 |oal3] ent |3] m2 foBla]| ent |s| m2
MULU |2 f6c|3| 25 |eDla} 26 {6E[3| 2732 [3| 28,33 | 6F | 4] 2732 [ 5] 2833
MULU [3}4c|4]| 26 |4D|s5] 27 |4E[4] 2833 [4| 2934 | aF |5 2833 [ 6] 2034
MULUB [ 2 J7c{3]| 17 |3} 7 |7E{3} 1924 [3] 2005 {77 |4} 1924-]5] 20025
MULUB | 3 |5Cc|4]| 18 |sD|4) 18 | SE{4] 2025 4] 2126 | sF|s]| 2025 | 6] 2126
MUL 2| @4] 29 | @is| 30 |@[4f3m36{a|3237] @ |s]| 3136 | 6]3237
MUL. 3l@|s) 30 [ole] 31 | @ s|337(s]338] 063237 ]7]3338
MULB [2]@ 4] 21 1 @4] 2t | @ 4] 2328 da]2a9 @ |5]| 2328 | 6! 2429
MULB (3@ 5] 22 |@|s| 22 | @ [s5] 2429|5250 @ |6]2a29]7]2530
DIVU 218c|3| 25 |sDi4]| 26 | 8E}3| 2832 3] 20933 ] 8F|a] 2832 | 5] 2033
DIVUB [ 2}9c i3] 17 |9op|3] 17 |9 |3]| 2024 | 3] 2125 | oF [ 4| 2024 | 5] 21725
DIV 2|1 @14] 29 |@[5] 30 |@l4]3236|al3337]@|s]| 3236 | 6] 3337
DIVB 21 @141 21 [ @faf 2t | @[4af2anslaf25n9] @ |5 2428 | 6] 25020
271075-47
NOTES:

*Long indexed and Indirect + instructions hava identical opcodes with Short indexed and Indirect modes, respectively. The
sacond byte of instructions using any Indirect or indexed addressing mode specifies the exact mods ussed. if 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.
® Number of state times shown for internal/external operands.

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

prefix.

® State timgs shown for 16-bit bus.
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INTEL CORP (UP/PRPHLS)

20k D .- 442L17?5 0081924 9-m

intgl msxo7sn - ADVANGE INFORMATION
. -I (i
Opcode and State Time Listing (Continued) : )
- INDIRECT® INDEXED®
DIRECT | IMMEDIATE P oAl |AUTOINC] SHORT | LONG
g |8 w ®
Zlw w ‘9 w g
§g§m5§°mm§3m5:n5:°n§=n5:
' LOGICAL INSTRUCTIONS *
AND 2Te0[3] 4 fer{al 5 | 623 ent 3] w2leajaj el |s| 12
AND 31afa]l s latls] o6 | 4214 2 |4] 8n3 |a3{s) m2 |6]| 813
ANDB | 217013] 4 |7n3] 4 | 23] ent 3] m2]n3ial et 5] w2
ANDB | 3ls0|da] s |s1]a4] 5 | 52|4] m2 J4a] 8n3 }s3{s| 12 |6] 813
OR 218013 4 st |4 s | s2i3] enr [3] m2 |83{4f 11 5] M2
ORB 2090 (3] 4 [otl3] 4 { 92]3| em 3] mi2 J9o3l4] e11 {5} 112
XOR 218al3]l 4 }ss]a]l s | se|3]| et |3 m2 |s8r}d4] en1 [5) M2
XORB | 2l9al3] 4 Josi{3] 4 o6 3] e 13] m2 j97{4] 11 |S| M2
DATA TRANSFER INSTRUCTIONS | .
LD 2ta0lal 4 farja]l s ] az2la] enn |3 m2 JA3|4] el |S] M2
LDB 2tBol3] 4 |Bt}3] 4 I B2l3] e1t |3] 2 {B3[4] 611 |S] 712
ST 21colsl a4 || — | cal3]| 71 j3f si2 JC3{4]| 111 [5] 812
STB afcalsl a4 | —]—f — | c613] 70 [3] 82 Jcrl4] 7m1 151 8n2
DBSE | 2 IBcl3] 4 |BD{3} 4 |BE|3| et1 |3} 712 |BF|4] &1 [S| M2
oBzE | 2 {Ac|3] 4 labja|l 4 | af3| et |3 712 |AF|4] 11 [S5] 112
STACK OPERATIONS (Internal stack)
PUSH t]csl2l s lcol3] 8 lcaj2lunsiafinefcla] 1ins j4| 1216
POP tlecelal 12 T—=1—] — | ce|2] 1an18 | 2] 1ans | cr|3] 14118 | 4 | 1418
PUSHF | o0 | R |1 8 :
POPF o0lF|1 9
STACK OPERATIONS (external stack)
PUSH t1ca{2] 12 {cofal 12 {cafaflsno{2]te20cB}3| 1519 [4] 1620
POP tfccl2l 4 | =] — J cEf{2} 1620 [ 2] 16,20 fcE ! 3] 1620 ] 4 1620
PUSHE o |R2 1] 12
POPE o{rm|i| 13
JUMPS AND CALLS
MNEMONIC | OPCODE | BYTES STATES | MNEMONIC | OPCODE | BYTES | STATES
LIMP E7 3 8 LCALL EF 3 13/16®
SIMP 20-27@ 2 8 SCALL 28-2F® 2 13/16®
BR{ | E3 2 8 RET FO 1 12/16®
TRAP® F 1 21124
NOTES: ' 271075-48

® Number of state times shown for internal/external operands.
@ The assembler does not accept this mnemonic.
@ The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit, 2's complement,
oftset for the relative call or jump.
® Stata times for stack located internal/external.
@® State times shown for 16-bit bus.
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intel mexoren  ADVANGCE INFORMATION
- A ATAZ
Zf 5.¢9-59
- CONDITIONAL JUMPS
All conditional jumps are 2 byte instructions. They require 8 state times if the jump is taken, 4 if it is not.(6)
MNEMONIC | OPCODE | MNEMONIC | OPCODE | MNEMONIC | oPCODE | MNEMONIC | oPcopEe
JG DB JE DF JGE D6 JGT D2
JNC D3 JNE D7 JLT DE JLE DA
JdH D9 WV DD VT DG JST D8
JNH N JNV D5 JINVT D4 JNST DO

JUMP ON BIT CLEAR OR BIT SET )
These instructions are 3-byte instructions. They require 9 state times if the jJump is taken, 5 if it is not.(8)

BIT NUMBER
MNEMONIC [} q 2 3 4 5 6 7
JBC 30 31 32 33 34 35 36 i 37
JBS 38 39 3A 3B 3C 3D 3E 3F
! LOOP CONTROL
MNEMONIC QPCODE BYTES STATE TIMES
DINZ EQO 3 5/9 STATE TIME (NOT TAKEN/TAKEN)(B)

SINGLE REGISTER INSTRUCTIONS

MNEMONIC | 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 07 2 4 CLR o1 2 4
INCB 17 2 4 CLRB 1 2 4
SHIFT INSTRUCTIONS
e [t witroe [o ] wisone [or 2 ] starerean
SHL 09 | 3 | sHwe 19 | 3 | sHLL o0 | 3 | 7+ 1PERSHIFT
SHR 08 3 SHRB 18 3 | sHRL 0C 3 7 + 1 PER SHIFT(?)
SHRA 0A | 3 | sHRaB 1A | 3 | SHRAL OE | 3 { 7+ 1PERSHIFT®
SPECIAL CONTROL INSTRUCTIONS
MNEMONIC | OPCODE | BYTES | STATES(®) | MNEMONIC | OPCODE | BYTES | STATES®
SETC Fo 1 4 Dl FA 1 4
CLRC F8 1 4 El FB 1 4
GLRVT FC 1 4 NOP FD 1 4
RSTI6) FF i 166 SKIP 00 2 4
NORMALIZE
MNEMONIC OPCODE BYTES ' STATE TIMES
NORML oF 3 11 + 1 PER SHIFT
NOTES:

6. This instruction takes 2 states to pull RESET low, then holds it low for 2 states to initiate a reset. The reset takes 12
states, at which time the program restarts at location 2080H, If a capacitor Is tied to RESET, the pin may take longer to go
low and may never reach the Vo, specification.

7. Execution will take at least 8 states, even for 0 shift.

8. State times shown for 16-bit bus.
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intel

20E [ W 482b1L7S 0041492k 2 W~
M8X97BH

NDVANGE INFORMATION

T 49:49-4C

49949579

A/D Resuit LO (02H)

.—'ol

A/D CHANNEL NUMBER

STATUS:
0=A/D CURRENTLY {DLE
1 = CONVERSION IR PROCESS

X

1 /o ResuLr:
- LEAST SIGNIFICANT 2 BITS

[ofs]e]s

1)

Fa

271075-19

A/D Command (02H)

CHANNEL # SELECTS WHICH OF THE 8.
ANALOG INPUT CHANNELS iS TO BE
CONVERTED TO DIGITAL FORM.

GO [NDICATES WHEN THE CONVERSION IS 10

BE INITIATED (GO = { MEANS START NOW,

GO =0 MEANS THE CONVERSION iS TO BE
INITIATED BY THE HSO UNIT AT A SPECIFIED TIME),

2710756-23

HS!_Mode (03H)

7|els]4]sf2}1]o

HSLO MODE
HSL1 MODE
HSI.2 MODE
HSL3 MODE

WHERE EACH 2~ BIT MODE CONTROL FIELD
DEFINES QNE OF 4 POSSIBLE MODES:

00 8 POSITIVE TRANSITIONS
01 EACH POSITIVE TRANSITION
10 EACH NEGATIVE TRANSITION
11 EVERY TRANSITION
(POSITIVE AND REGATIVE)

271075-20

SPCON/SPSTAT (11H)

BIT1, BITO SFECIFY THE MODE
00=MODE 0 10=MODE 2
01=MODE1 11=MODE3

ENABLE THE PARITY FUNCTION
REN ENABLES THE RECEIVE FUNCTION
TB8 PROGRAMS THE 9TH DATA BIT

T IS THE TRANSMIT INTERRUPT FLAG
Ri IS THE RECEIVE INTERRUPT FLAG

1S THE 9TH DATA RECEIVED

(IF NOT PARITY)

iS THE PARITY ERROR INDICATOR
(IF PARITY ACTIVE)

PEN

m— =%

1
2
3
4
5
6
7

o»>ma

271076-24

HSO Command (06H)
CHANNEL:
0=5 HS0.0=HS0.5
6  HSO0.Q AND HSO.1
7  HSO0.2 AND HS0.3
8=B SQFTWARE TIMERS
E  RESET TIMER2
F  START A/D CONVERSION

|— INTERRUPT /NO INTERRUPT
e SET/CLEAR
= TIMER 2 /TIMER 1

8iT:

1 ] I
l_l°

~

fe %

T~ ]=

271075-21

Baud Rate Calculations

Baud _ XTAL1 frequency
Others: e =~ G @+ 1]
Using T2CLK:
Baud _ T2CLK frequency
ModeO: ggel =g ——-18#0
Baud _ T2CLK frequency !
Othere: g =~ —om B0

Hote that B cannot equal 0, except when using XTAL1 In other
than Mode 0.

HS!|__Status (06H)
7jsfsj4al3]2]1]|0

HSLO STATUS
e HS1L{ STATUS
HSL2 STATUS
HSL3 STATUS

WHERE FOR EACH 2= BIT STATUS FIELD THE LOWER
BIT INDICATES WHETHER OR NQT AN EVENT HAS
QCCURRED ON THIS PiN AND THE UPPER BIT INDICATES
THE CURRENT STATUS OF THE PIN.

271076-22

|7|6I5|4|3|2I1 lOICHlP CONFIGURATION REGISTER

Chip Configuration

L RESERVED (Set to 1 for
compatibliity with future
paris

BUS WIDTH SELECT
(16 = BI BUS /B=BIT BUS)

l——— WRITE STROBE MODE SELECT
(WR AND EHE /WRL AND WRH)

L ADDRESS VALID STROBE SELECT
(ALE / ADV) ’

i ]INTERNAL READY CONTROL

| (1 JWoDE

b (10C0)

e (toc)

]PROGRAM LOCK MODE

271076-26
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INTEL CORP (UP/PRPHLS) c0kE
b s | 4 r{q-1C
7 T:4949-7/19-59
10C0O (15H) 10C1 (16H)
@ | HSLO |NPUT ENABLE / DISABLE 0 }— SELECT PWM / SELECT P2.5
1 TIMER 2 RESET EACH WRITE 1 EXTERNAL INTERRUPT ACH7 / EXTINT
2 | HSL1 INPUT ENABLE / DISABLE 2 F—TIMER t OVERFLOW INTERRUPT ENABLE / DISABLE
3 | TIMER 2 EXTERNAL RESET ENABLE / DSABLE 3 }— TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE
4 §— HSL2 INPUT ENABLE / BISABLE 4 }— HS0.4 OUTPUT ENABLE / DISABLE
5 J— TIMER 2 RESET SOURCE HS!.0 / TZRST § §= SELECT TXD / SELECT P2.0
6 }— HSL3 INPUT ENABLE / DISABLE 6 }— HSO.5 OUTPUT ENABLE / DISABLE
7 |— TIMER 2 CLOCK SOURCE HSL1 /T2CLR 7 }— HsI INTERRUPT
71107526 FIFO FULL / HOLDING REGISTER LOADED
B “271075-29
Vector Location
10CO (15H) . .
st ocas Vector _ (High | (Low Priority
\'\o—o/,o_ T2 RESET Byte) | Byte)
L-.10c0.3 Software 2011H | 2010H [ Not Applicable
¢ =+ 10C0.0 Extint 200FH | 200EH |7 (Highest)
HSI.0 -G O i1 |SerialPort | 200DH | 200CH 6
§--foco.2 Software 2008BH | 200AH 5
_Eg Hsi Timers
sl . TINER2 HSI.0 2009H | 2008H 4
T20LK =0 *--i0C0.7 High Speed 2007H | 2006H 3
§--loco.4 Outputs
Hs12 —o Hst HS! Data 2005H | 2004H 2
usis {~-locas - Available
" ° 271075-27 Al(l:DO?nc;JrI\;termn 2003H | 2002H 1
Timer Overflow | 2001H | 2000H |- O (Lowest)
10S0 (15H) 10S1 (16H)
0 |— HS0.0 CURRENT STATE 0 |— SOFTWARE TIMER 0 EXPIRED
1 HSO.1 CURRENT STATE 1 SOFTWARE TIMER 1 EXPIRED
2 |~ HS0.2 CURRENT STATE 2 |— SOFTWARE TIMER 2 EXPIRED
3 |— HS0.3 CURRENT STATE 3 |— SOFTWARE TIMER 3 EXPIRED
4 |— HS0.4 CURRENT STATE 4 | TIMER 2 HAS OVERFLOW
5 |— HS0.5 CURRENT STATE 5 |— TIMER 1 HAS OVERFLOW
6 }— CAM OR HOLDING REGISTER IS FULL 6 — Hsl FIFO IS FULL
7 HSQ HOLDING REGISTER IS FULL 7 }— HSI HOLDING REGISTER DATA AVAILABLE
271075-28 271075-30
PSW Register
16 [ 14 | 13 | 12 | 11 [ 10 [ 09 | 08 | o7 | 06 | 05 [ 04 [ 03 [ 02 [ 01 | 00
4 N Vv vT C —_ | ST <Interrupt Mask Register >
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Im.'el M8X97BH ADVYANGCE INFORMATION
T'99-1(7-/¢p

T99-/9-5%9 ~

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS*

Case Temperature Under Bias...—55°Cto + 125°C
Storage Temperature .......... —65°Cto +150°C

Voltage from EA or Vpp

toVggor ANGND ... vvvvi v —03VH0 +130V

*Nolice: Stresses abova those listed under “Abso-
lute Maximum Ratings' may cause permanent dam-
age to the davice. This is a stress rating only and. -
functional operation of the device at these or any.
other conditions above those indicated in the apera-
lional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

Voltage from Any Other Pin to

Vs OTANGND ...ovvvvientt . —08VI0 +7. °V‘ NOTICE: Specifications contained within the
Average Output Current from Any Pin ...l 10 mA following tables are subject to change.
Power Dissipation. . ...e.veeeeceersens cennn 1BW ;

*This includes Vpp on HOM and CPU only devices.

OPERATING CONDITIONS

Symbol Parameter Min Max - Units
T Case Temperaturs (Instant On) —55 +125 C
Vao Digital Supply Voltage 4.50 5.50 v
VRer Analog Supply Vottage 4.50 5.50 v
fosc Osgillator Frequency 6.0 12 MHz
Vep Power-Down Supply Voltage 4.50 5.50 v
NOTE:
ANGND and Vsg should be nominally at the same potential.
D.C. CHARACTERISTICS (Over Specified Operating Conditions)
Symbol ) Parameter Min Max Units Comments
Icc Vco Supply Current 275 mA | Al Outputs
Disconnected.
Ipp Vep Supply Current . 1 mA | Normal operation
and Power-Down.
lner Vaer Supply Gurrent 8 mA
Vi Input Low Voltage (Except RESET) -0.3 +0.8 v
Vil Input Low Voltage, RESET -0.3 +0.7 v
Vi Input High Voltage (Except RESET, NMI, XTAL1) 20 |[Veo+05| V
Vit Input High Voltage, RESET Rising 24 |Veg+05| V
ViHz Input High Voltage, RESET Falling Hysteresis 21 {Veo+05| V
Vius Input High Voltage, NM!, XTAL1 22 |Vogt05]| V
Iu Input Leakage Current to each pin of HSI, P3, P4, and to P2.1. +10 pA | Vih=0toVge
i D.C. Input Leakage Current to each pin of PO +3 rA | Vip=0toVeo
1 Input High Current to EA 100 pA | Vi =24V
h Input Low Current to each pin of P1, —-125 pA | VL= 045V
and to P2.6, P2.7.
.y Input Low Current to RESET -0.25 -2 mA | V)L = 045V
lite Input Low Current P2.2, P2.3, P2.4, READY, BUSWIDTH -50 pA | VL = 045V
Vou Output Low Voltage on Quasi-Bidirectional 045 VvV | loL=08mA
port pins and P3, P4 when used as ports (Note 1)
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T99(7-57
D.C. CHARACTERISTICS (Continued)
Symbol Parameter Min Max Units “Comments
Voui Output Low Voltage on Quasi-Bidirectional 0.75 A “loL = 20 mA
port pins and P3, P4 when used as parts (Notes 2, 3)
Vorz Output Low Valtags on Standard Output 0.45 v loL = 20 mA
pins, RESET and Bus/Control Pins (Notes 2, 3, 4)
Vou Output High Voltage on Quasi- Bldlrecuonal 2.4 v IoH = —20 pA
pins
Vou1 Qutput High Voltage on Standard Oufput 24 v loH = —200 pA
pins and Bus/Control pins (Note 1)
loH3 Qutput High Current on RESET —50 uA Voy = 2.4V
Cs Pin Capacitance (Any Pin to Vgg) 10 pF fTEST = 1.0 MHz
NOTES:

1. Quasi-bidirectional pins include those on P1, for P2.6 and P2.7. Sfandard Output Pins include TXD, RXD (Mode 0 only),

PWM, and HSO pins, Bus/Control pins include CLKOUT, ALE, BHE, RD, WR, INST and ADO-15.

2. Maximum current per pin must be externally limited to the following values if Vo is held above 0.45V.
loL on quasu«budtrechonal pins and Ports 3 and 4 when used as ports: 4.0 mA
oL on standard output pins and RESET: 8.0 mA
loL, on Bus/Control pins: 2.0 mA

3.During normal (non-transient) operation the following limits apply:
Total oy on Port 1 must not exceed 8.0 mA,
Total Ioy, on P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA,
Total lgy, on Port 3 must not exceed 10 mA.

Total oy, on P25, P2.7, and Port 4 must not exceed 20 mA.
4. 7oL on HSOX (X = 0, 4, 5) = 1.6 mA @.0.5V.

A.C. CHARACTERISTICS (Over Specified Operating Conditions)
Test Conditions: Load Capacitance on Output Pins = 80 pF

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

Oscillator Frequency = 10 MHz

Symbol Parameter . Min Max Units
ToLyx READY Hold after CLKOUT Edgse 0 ns
Ty End of ALE/ADV to READY Valid 2Tosc—70 ns
TLLYH End of ALE/ADV to READY High 2Tosc+40 4Tosc—80 ns
TYLYH Non-Ready Time 1000 ns
Tavov® Address Valid to Input Data Valid 5Tosc—120 ns
TRLOV RD Active to Input Data Valid : 3Tosc—100 ns
" TRHDX Data Hold after RD Inactive ns
TRHDZ RD Inactive to Input Data Float Tosc—25 ns
Tavav® Address Valid to BUSWIDTH Valid 2Tosc —125 ns
TiLGgx BUSWIDTH Hold after ALE/ADV Low Tosc +40 ns
Tuay ALE/ADV Low to BUSWIDTH Valid Tosc —75 ns
NOTES:

5. The term “Address Valid” applies to ADO-15, BHE and INST.
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ADVANCIE INFORMATION

q4G.19- 12
TT"Z 91? 19 -59
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES (M8X97BH parts meet these specs.)
Symbol Parameter Min Max Units
FxTAL Oscillator Frequency 6.0 12.0 MHz
Tosc Oscillator Period , , 83 166 ns
TOHCH XTAL1 Rising Edge to Clockout Rising Edge 0 120 ns
TcHCH CLKQUT Period(3} 3Tosc(d) 3Tosc®) ns
TeHoL CLKOUT High Time Tosc—35 Tosc+ 1 ns
ToLLH CLKOUT Low to ALE High —-20 - 125 ns
TieH ALE/ADV Low to CLKOUT High Tosc—25 Tosc+45 ns
TLHLL ALE/ADV High Time Tosc—30 Tosc+35() ns
TavL® Address Setup to End of ALE/ADV Tosc—50 ns
TaLaz® RD or WR Low to Address Float Typ.= 0 25 ns
TR End of ALE/ADV to RD or WR Active Tosc—40 ns
' Troax® Address Hold after End of ALE/ADV Tosc—40 ns
TwLwH WR Pulse Width 3Tosc—35 ns
TavwH Output Data Valid to End of WR/WRL/WRH | 3Tosc—60 ns
TwHQX Output Data Hold after WR/WRL/WRH Tosc—50 ns
TWHLH End of WR/WRL/WRH to ALE/ADV High Tosc—75 ns
TRLRH RD Pulse Width 3Tosc—30 ns
TRHLH End of RD to ALE/ADV High Tosc—45 ns
ToLL CLOCKOUT Low to ALE/ADV Low Tosc—40 Tosc+35 ns
TRHBX RD High to INST, BHE, AD8-15 Inactive " Tosc—25 Tosc+30 ns
TwHBX WR High to INST, BHE, AD8-15 Inactive Tosc—50 Tosc+ 100 ns
THLHH WRL, WRH Low to WRL, WRH High 2Tosc-—35 2Tosc+40 ns
TwHL ALE/ADV Low to WRL, WRH Low 2Tosc—30 2Tosc+55 ns
TavHL Output Data Valid to WRL, WRH Low Tosc—60 ns
NOTES:

2. If more than one wait state is desired, add 3Tosc for each additional wait state.
3, CLKOUT s 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 XTAL1 are less than 10 ns.

4, Max spec applies only to ALE, Min spec applies to both ALE and ADV.

5. The term “Address Valid" applies to ADO-15, BHE and INST.
6. The term * Address” in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles.
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WAVEFORM
XTALY
Tencn pr— Toxcu-+ «-Tosc+|
P Tiew
cLockout /] : -
l-TereL—= T
CLLL To™ [
READY *VALID[,¢
(3)\ Toun e—Tuwy —»L—' Tawm -
ccscdeoans T caGeseveenans
ALE, ROV Y, LLYH : X
Tine TLLRL: 1 e-TrH .
_ , - RLRH
RD AN
T ux - TRLDV__ﬁ . ‘-TRHDX teoesasanes
e e I TRHOZ s
AD ADDR OUT DATA N o
T AVDY, <+ TwHLH
N . o LLHL T e THUHH
R, WRL, WRH +Tavie1 (4) (2) —=* .
T ) -
LR o — TwHax ,
L pomemaccona
AD ADDR OUT DATA OUT _ e,
TLax Tevwn ‘i BLLLLT
BHE, INST VALID \
‘TAVLL’I L T\VL\VH 1 TWHBX )
Avg-15 <2 VALID <
i 271075-31
NOTES: '
(1) 8-bit bus only.
(2) 8-bit bus; or when write strobe mode selected.
(3) When ADV selected.

(4) 8- or 16-bit bus and no write strobe mode selected.
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WAVEFORM—BUSWIDTH PIN

CLKOUT / \ / \ / \

L Tavoy
BUSWIDTH VALID
_________ - I+ Tyev
ALE/BDV / — TiLox —> /_1
[ Tavi™ N
ADDRESS / DATA =mmmemee—{_ADDR OUT )= {oaTa N )

271075-32

A.C. CHARACTERISTICS—SERIAL PORT—SHIFT REGISTER MODE

SERIAL PORT TIMING—SHIFT REGISTER MODE
(Over Specified Operating Conditions) Load Capacitance = 80 pF

Symbol Parameter Min Max Units
TxLXL Serial Port Clock Period 8Tose " ns
TxixH Serial Port Clock Falling Edge to Rising Edge 4Tosc — 50 4Tosc + 50 ns
TavxH Output Data Setup to Clock Rising Edge 3Tosc ns
TXHQX Qutput Data Hold After Clock Rising Edge 2Tosc — 50 ns
TxHQV Next Output Data Valid After Clock Rising Edge 2Tosc +50 ns
TovxH Input Data Setup to Clock Rising Edge 2Tosgc +200 ns
TxHDX Input Data Hold After Clock Rising Edge 0 ns
TxHQzZ Last Glock Rising to Output Float 5Tosc ns -

WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE

SERIAL PORT WAVEFORM—SHIFT REGISTER MODE

P Ty —
TN I T I O I I A R I I I O
Tavan™| I“ o Taow! l“ Txuovl‘—'l - - Txnax Tanoz ™ |"
o X2 X 3 X 4 X s X 68 X 7 >

Tovxu—| l“ "t I+ TxHox

RS T i, T @ D D, 11D, G, 7 @ 7D @ T @ 0

271075-33
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EXTERNAL CLOCK DRIVE

Symbo! Parameter Min Max Units
1/ToLoL Osclllator Frequency 6 12 MHz
ToHOX High Time 25 ns
ToLox Low Time 25 ns
‘TOLOH Rise Time 15 ns
ToHoL Fall Time 15 ns

EXTERNAL CLOCK DRIVE WAVEFORMS

Tonox
2.5

271075-34

A.C. TESTING INPUT, OUTPUT WAVEFORM

24— 2.0 2.0
7> TEST POINTS <_
0.8 0.8
0.45

271075-35
A.C. Tasting inputs are driven at 2.4V for a Logic “1" and 0.45V
for a Logic “0". Timing measurements are made at 2.0V for a
Logic "1” and 0.8V for & Logic “0".

FLOAT WAVEFORM
VLQAD*0-15V Vo015V
v < TIMING REFERENCE
LOAD - POINTS <7
Vioap=0.15V —/ Vo #0.15Y
271075-38

For Timing Purposes a Port Pin [s no Longer Floating when a 100
mV change from Load Voltage Occurs, and Begins to Float when
a 100 mV change from the Loaded Vou/VoL Leve! occurs loL/

Vgs2

AT pF o

XTAL{

foq = 15 mA,
MINIMUM HARDWARE CONFIGURATION CIRCUITS
Vpp [——OFLOAT
RESET Vep
oy seea Ve
ANoyp  DEVICES 7Y

vcc . -
XTAL2 :
0.0tpFl . 1. 10 uf
30pF 30pF:|: :|: :|‘
~ ﬁﬁHz T 1.0 uF

L

271075-46
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A/D CONVERTER SPECIFICATIONS OPERATING CONDITIONS
The absolute conversion accuracy is dependent on Veo VPDs VREF «+rvrvnvuciniiinnnss 4.5V to 5.5V
the accuracy of VRer. The specifications given be-  Vgg, ANGND .....ovvneirinenenneninnnnnnns 0.0V
Koo o1 hses am oo oo 5 o TGO v e 89Gt0 1250
VRer = 5.120V. FOSG cvvvrrrriniiniinicennienees 6.0 10 12.0 MHz
. Test Conditions: .
VREF «tveetrivanans Creriareseseinrines 5.120V
Parameter Typleal*(1) Minimum Maximum Units** | Notes
Resolution 1024 1024 Levels
10 10 Bit§
Absolute Error 0 4 | LsBs
Full Scale Error —0.5 0.5 . LSBs
Zero Offset Error 0.5 o LSBs
Non-Linearity 0 +4 LSBs
Differential Non-Linearity 0 +2 LSBs
Channel-tc-Channel Matching 0 +1 LSBs
Repeatabilty +0.25 ' LSBs 1
Temperature Coefficients: o .
Offset 0.009 Ls8/°C 1
Full Scale 0.009 LSB/°C 1
Differential Non-Linearity 0.009 LSB/°C 1
Off Isolation —60 ' dB 1,2,4
Feedthrough —80 d8 1,2
Veo Power Supply Rejection —60 .. 7 d8 1,2
Input Resistance ' ' 1K 5K Q 1
DC. Input Leakage ] 3.0 ) BA
Sample Delay 3Tosc — 50 8Tosc + 50 ns 1,8
Sample Time 12Tpsc — 50 12Tpsc + 50 ns 1
Sampling Capacitor 2 pF
NOTES:

* These values are expacted for most parts at 25°C.

** An “LSB", as used here, is defined in the glossary which follows and has a value of approximately 5 mV.
1, Thesa valuss are not tested in production and are based on theoretical estimates and laboratory tests.

2. DC to 100 KHz,

3. For starting the A/D with an HSO Command.

4. Multiplexer Break-Before-Make Guaranteed.

6. Case temperatures are “instant on™.
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A/D GLOSSARY OF TERMS

ABSOLUTE ERROR-—The maximum difference be-
tween corresponding actual and ideal code tran-
sitions. Absolute Error accounts for all deviations of
an actual converter from an ideal converter.

ACTUAL CHARACTERISTIC—The characteristic
of an actual converter. The characteristic of a given
converter may vary over temperature, supply volt-
age, and frequency conditions. An actual character-
istic rarely has ideal first and last transition locations
or ideal code widths. It may even vary over multiple
conversions under the same conditions.

BREAK-BEFORE-MAKE—The property of a muiti-
plexer which guarantees that a previously selected
channet will be deselected hefore a new channel is
selected. (e.9. the converter will not short inputs to-
gether.)

CHANNEL-TO-CHANNEL MATCHING—The differ-
ence between corresponding code transitions of ac-
tual characteristics taken from different channels un-
der the same temperature, voltage and frequency
conditions.

CHARACTERISTIC—A graph of input voltage ver-
sus the resultant cutput code for an A/D converter.
It describes the transfer function of the A/D convert-
er.

CODE—The digital value output by the converter.

CODE CENTER—The voltage corresponding to the ~

midpoint between two adjacent code transitions.

CODE TRANSITION—The point at which the con-
verter changes from an output code of Q, to a code
of Q + 1. The input voltage corresponding to a code
transition is defined to be that voltage which is
equally likely to produce either of two adjacent
codes.

CODE WIDTH—The voltage corresponding o the
difference between two adjacent code transitions.

CROSSTALK—Seo “Off-Isolation”.

D.C. INPUT LEAKAGE—Leakage current to ground
from an analog input pin..

DIFFERENTIAL NON-LlNEARITY—The difference
between the ideal and actual code widths of the ter-
minal based characteristic.

FEEDTHROUGH—Attenuation of a voltage applied
on the selected channel of the A/D Converter after
the sample window closes.

FULL SCALE ERROR—The difference between the
expected and actual input voltage correspondlng to
the full scale code transition.

IDEAL CHARACTERISTIC—A characteristic with
its first code transition at Viy = 0.5 LSB, its last
code transition at Vjy = (VRer — 1.6 LSB) and all
code widths equal to one LSB.

INPUT RESISTANCE—The effective series resist-
ance from the analog input pin to the sample capaci-
tor.
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LSB—Least Significant Bit: The voltage corre-
sponding to the full scale voltage divided by 2n,
where n is the number of bits of resolution of the
converter. For a 10-bit converter with a reference
voltage of 5.12V, one LSB is 5.0 mV. Note that this
is different than digital LSBs, since an uncertainty of
two LSB, when referring to an A/D converter, equals
10 mV. (This has been confused with an uncertainty
of two digital bits, which would mean four counts, or
20 mV.))

MONOTONIC-—-The property of successive approxi-
mation converters which guarantees that increasing
input voltages produce adjacent codes of increasing
value, and that decreasing input voltages produce
adjacent codes of decreasing value.

NO MISSED CODES—For each and every output
code, there exists a unique input voltage range
which produces that code only.

NON-LINEARITY—The maximum deviation of code
transitions of the terminal-based characteristic from
the corresponding code transitions of the ideal char-
acteristic.

OFF-ISOLATION—Attenuation of a voltage applied
on a deselacted channel of the A/D converter. (Also
referred to as Crosstalk.)

REPEATABILITY—The difference betwsen corre-
sponding code transitions from different actual char-
acteristics taken from the same converter on the
same channel at the same temperature, voltage and

frequency conditions. - -

RESOLUTION—The number of input voltage levels
that the converter can unambiguously distinguish
betwsen. Also defines the number of useful bits of
information which the converter can return.

SAMPLE DELAY—The delay from receiving the
start conversion sxgnal to when the sample wmdow
opens.

SAMPLE DELAY UNCERTAINTY—The variation in
the sample delay.

SAMPLE TIME—The time that the sample window
is open.

SAMPLE TIME UNCERTAINTY—The variation in
the sample time.

SAMPLE WINDOW—Begins when.the sample ca-
pacitor is attached to a sslected channel and ends
when the sample capacitor is disconnected from the
selected channel.

SUCCESSIVE APPRXmMATION—-An A/D conver-
sion method which uses a binary search to arrive at
the best digital representation of an analog input.  ~

TEMPERATURE COEFFICIENTS—Change in the
stated variable per degree centigrade temperature
change. Temperature coefficients are added to the
typical values of a specnflcatlon to see the effect of
temperature drift.

TERMINAL BASED CHARACTERISTIC—-An actual
characteristic which has been rotated and translated
to remove zero offset and full scale error.

Vce REJECTION—Attenuation of noise on the Voo
line to the A/D converter.

ZERO OFFSET—The differeance between the ex-
pected- and actual input voltage corresponding to
the first code transition.
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EPROM CHARACTERISTICS

The M8797BH contains 8K bytes of ultraviolet
Eraseable and Electrically Programmable Read Only
Memory (EPROM) for internal storage. This memory
can be programmed in a variety of ways—including
at run-time under software control.

The EPROM is mapped into memory locations
2000H through 3FFFH if EA is a TTL high. However,
applying +12.75V to EA when the chip is reset will
place the M8797BH in EPROM Programming Mode.
The Programming Mode has been implemented to
support EPROM programming and verification.

When an M8797BH is in Programming Mode, spe-
cial hardware functions are available to the user.
These functions include algorithms for slave, gang
and auto EPROM programming.

Programming the M8797BH

Three flexible EPROM programming modes are
available on the M8797BH—auto, slave and run-
time. These modes can be used to program
M8797BHs in a gang, stand alone or run-time envi-
ronment,

The Auto Programming Mads enables an M87978H
to program itself, and up to 15 other M87978Hs,
with the 8K bytes of code beginning at address
4000H on its external bus. The Stave Mode provides
a standard interface that enables any number of
M8797BHs to be programmed by a master device
such as an EPROM programmer. The Run-Time
Mode allows individual EPROM locations to be pro-
grammed at run-time under complete software con-
trol.

In the Programming Modse, some 1/0 pins have been
renamed. These new pin functions are used to de-
termine the pragramming function that is performed,
provide programming ALEs, provide slave ID num-

’

bers and pass error information. Figure 19 shows
how the pins are renamed. Figure 20 describes each
new pin function.

While in Programming Mode, PMODE selects the
programming function that is performed (see Figure
18). When not in the Programming Mode, Run-Time
programming can be done at any time.

PMODE Programming Mode
0-4 Reserved
5 Slave Programming
6-0BH Reserved
0CH Auto Programming Mode
0DH Program Configuration Byte
QEH-OFH Reserved

Figure 18. Programming Function PMODE Values

To guarantee proper execution, the pins of PMODE
and SID must be in their desired state before the
RESET pin is allowed to rise and reset the part.
Once the part is reset, it is in the selected mode and
should not be switched to another mode without a
new reset sequence,

When EA selects the Programming Mode, the chip
reset sequence loads the CCR from the Program-
ming Chip Configuration Byte (PCCB). This is a
separate EPROM location that is not mapped under
normal operation. PCCR is only important when pro-
gramming in the Auto Programming Mode. In this
mode, the M8797BH that is being programmed gets
the data to be programmed from external memory
over the system bus. Therefore, PCCR must correct-
ly correspond to the memory system in the program-
ming setup, which is not necessarily the memory or-
ganization of the application.

The following sections describe M8797BH program-
ming in each programming mode.

PROGRAMMING YOLTAGE

PVAL

PROGRAMMING
MSDE
SELECT

VPP

= PORT 4
. g-g , Port 3| ADDRESS 7 COMMAND DATA PATH>
PO.6 H50.0 : —» PACT

0.5

PO.4 P2.1 f——————————— PALE

. ‘_—.—.—— PROC

HSILO P2.2 PROG
MR, . P2.0 P PVER/SALE

HSI.2 T

HSL3 P2.5 pr——eiee PDO/_——SPROG

MBX97BH

271075-37

Figure 19. Programming Mode Pin Functions
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Name

Function -

PMODE

Programming Mode Select. Determines the EPROM programming algorithm thatis
performed PMODE is sampled after a chip reset and should be static while the part
is operating.

SiD

Slave ID Number. Used to assign @ach slave a pin of Port 3 or 4 to use for passing
programming verification acknowledgement. For example, if gang programming in
the Slave Programming Mode, the slave with SID = 0001 will use Port 3.1 to signal
correct or incorrsct program verification.

PALE

Programming ALE input. Accepted by an M87978H that is in the Slave Programming
Mode. Used to indicate that Ports 3 and 4 contain a command/address.

Programming Pulse. Accepted by an M8797BH that is in the Slave Programming
Mode. Used to indicate that Ports 3 and 4 contain the data to he programmed A
falling edge on PROG signifies data valid and starts the programming cycle. A rising
edge on PROG will halt programming in the slaves.

PAGT

Programmlng Active. Used in the Auto Programmmg Mode to indicate when
programming activity is complete.

PVER

Program Veritied. A signal output after a programming operation by parts in the Slave
Programming Mode and after programming in the Auto Configuration Byte :
Programming Mode. This signal is on Port 2.0 and is asserted as a logic 1 if the bytes
program correctly.

Program Valid. These signals indicate the success or failure of programming in the
Auto Programming Mode and when using this mode for gang programming. Far the
Auto Programming Mode this signal is asserted at Port 3.0. When using this mode for
gang programming, all bits of Port 3 and Port 4 are asserted to indicate programming
validity of the various slaves. A zero indicates successful programming.

PDO

Programming Duration Overflowed. A signal output by parts in the Slave
Programming Mode. Used to signify that the PROG pulse applied for a programming
operation was longer than allowed.

SALE

Slave ALE. Output signal from an M8797BH in the Auto Programming Mode. A falling
edge on SALE indicates that Ports 3 and 4 contain valid address/command
information for slave M8797BHs that may be attached to the master.

SPROG

Slave Programming Pulse. Output from an M8797BH in the Auto Programming
Mode. A falllng edge on SPROG indicates that Ports 3 and 4 contain valid data for
programming into slave M8797BHs that may be attached to the master.

PORTS 3and4

Address/Command/Data Bus. Used to pass commands, addresses and data to and
from slave mode M8797BHs. Used by chips in the Auto Programming Mode to pass

command, addresses and data to slaves. Also used in the Auto Programming Mode

as a regular system bus to access external memory. Should have puilups to

Ve (15 KQ).

Figure 20. Programming Mode Pin Definitions
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" AUTO PROGRAMMING MODE

The Auto Programming Mode provides the ability to
program the internal M8797BH EPROM without hav-
ing to use a special EPROM programmer. In this
mode, the M8797BH simply programs itself with the
data found at external locations 4000H through
SFFFH, All that is required is that some sort of exter-
nal memory reside at these locations, that EA se-
lects the Programming Mode and that Vpp is ap-
plied. Figure 21 shows a minimum configuration for
using an 8K X 8 EPROM to program one M87978H
in the Auto Programming Mode.

The M87978H first reads a word from external mem-
ory, then the Madified Quick-Pulse Programming™
Algorithm (described later) is used to program the
appropriate EPROM location. Since the erased state
of a byte is OFFH, the Auto Programming Mode will
skip locations where the data to be programmed is

OFFH. When all 8K has been programmed, PACT
(HS0.0) goes high and the part outputs a 0 on PVAL
(Port 3.0) if it programmed correctly and a 1 if it
failed.

Gang Programming with the
Auto Programming Mode

An M8797BH in the Auto Programming Mode can

. also be used as a programmer for up to 15 other

M8797BHs that are configured in the Slave Pro-
gramming Mode. To accomplish thi§, the M8797BH
acting as the master outputs the slave command/
data pairs on Ports 3 and 4 necessary to program
slave parts with the same data it is programmin

itself with. Slave ALE (SALE) and Slave Pﬂﬁé
(SPROG) signals are provided by the master to the
slaves to demultiplex the commands from the data.
Figure 22 is a block diagram of a gang programming

Veo
ADDRESS 15
\ ]
i ttel
- 8D ADDRESS 8=15 € 2764
———11i50.0 PORT4
h n
Vee
CEp~
LATCHED =
m.: ADDRESS OF |0
%:i PMODE = 0CH
K vw
& ADO
MB797BH  Ypp -—1—012.75v°c
Veo
__ Vegr /
RESEY po -
M ——05.0Vp¢ ~
BUSWIOTH® - P22 -
| ANGND v, FVAL
ATpF o Vsl e
Ves2
XTALL  XTAL2
: ootprl 1 _llowr
30¢pF 6 MHz '__'E“ pf 1.0 uF
™ D'_ 1\
-4
271076-98
NOTE:"
Ports 3 and 4 should have pullups to Vgo

Figure 21, The Auto Programming Mode
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N . HSL_SI = <OFH Li
*rl HSLSD =2 -
HSL_SID =1 )
SLAVE N87978H
Voo
L1 ADDRESS 15 -
-
SPROG

NOTE:

slaves.

- SALE
—us0.0
FACE
Vee
po.7
P [Pwone=ocu
Y] v
Podl - __ADO=AD? @
OMBT97BH  Vpp —l—musvm
v
P2.1 ~
Nut* ———05.0Vyc
BUSWIDTH® P22 | -
ANGND . PVAL
ATpE AR —Ves! Yoo
Vgs2
STy xy
ooturl 1 _biopr
30pF 30pF
) ~ s'ﬁh ,]l;- l lt.oprl
=
271075-39

EA and Vpp on slaves must be at +12.75 V.. Each slave’s PMODE must equal 05H, Ports 3 and 4 should have pullups
to Vgo. Minimum configuration connections must also be made for slaves. A 10 MHz clock is recommended for the

Figure 22. Gang Programming with the Auto Programming Mode

system using one M8797BH in the Auto Program-
ming Mode. The Slave Programming Mode is de-
scribed in the next section.

The master M8797BH first reads a word from the .

external memory controlled by ALE, RD and WR. it
then drives Ports 3 and 4 with a Data Program com-
mand using the appropriate address and alerts the
slaves with a falling edge on SALE. Next, the data to
be programmed is driven onto Ports 3 and 4 and
slave programming begins with a falling edge on

SPROG. At the same time, the master begins to pro-
gram its own EPROM location with the data read in.
Intel’'s Modified Quick-Pulse Programming™ Algo-
rithm is used, with Data Verify commands being giv-
en to the slaves after each programming pulse.

When programming is complete, PACT goes high
and Ports 3 and 4 are driven with all 1s if all parts
programmed correctly. Individual bits of Port 3 and 4
will be driven to 0 if the slave with that bit number as
an SID did not program correctly. The M8797BH
used as the master assigns itself an SID of 0.
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SLAVE PROGRAMMING MODE Table 4. Slave Programming Mode Commands

Any number of M8797BHs can be programmed by a P4.7 | P4.6 Action

master programmer through the Slave Programming 0 0 | Word Dump

Mode. ‘ 0 | 1 | DataVeriy

The programming device uses Ports 3 and 4 of the : : ‘1) ga‘a Pr:gram

parts being programmed as a command/data path: eserv

The slaves accept signals on PALE (Program ALE)
and PROG (Program Enable) to demultiplex the
commands and data. The slaves also use PVER,
PDO and Ports 3 and 4 to pass erfor information fo
the programmer. Support for gang programming of
up-to 16 M8797BHs is provided. If each part is given
a unique SID (Slave ID Number) an M8797BH in the
Auto Proegramming Mode can be used as a master to
program itself and up to 15 other slave M8797BHs.
There is, however, no M8797BH dependent limit to
the number of parts that can be gang programmed
in the slave mode.

It is important to note that the interface to an
M87978H in the slave mode is similar to a multi-
plexed bus. Attempting to issue consecutive PALE
pulses without a corresponding PROG pulse will pro-
duce unexpected results. Similarly, issuing consecu-
tive PROG pulses without the corresponding PALE
pulses immediately preceding is equally unpredict-
able.

Slave Programming Commands

The commands sent to the slaves are 16-bits wide
and contain two fields, Bits 14 and 15 specify the
action that the slaves are to perform. Bits 0 through
13 specify the address upon which the action is to
take place. Commands are sent via Ports 3 and 4
and are available to cause the slaves to program a
word, verify a word, or dump a word (Table 4). The
address part-of the command sent to the slaves
ranges from 2000H to 3FFFH and refers to the inter-
nal EPROM memory space. The following sections
describe each Slave Programming Mode command.

DATA PROGRAM COMMAND—After a Data Pro-
gram Command has been sent to the slaves, PROG
must be pulled low to cause the data on Ports 3 and -
4 to be programmed into the location specified dur-
ing the command. The falling edge of PROG is not
only used to indicate data valid, but also triggers the
hardware programming of the word specified. The
slaves will begin programming 48 states after PROG
falls, and will continue to program the location until
PROG rises. :

After the rising edge of PROG, the slaves automati-
cally perform a verification of the address just pro-
grammed. The result of this verification is then out-
put on PVER (Program Verify) and PDO (Program
Duration Overflowed). Therefors, verification infor-
mation is available following the Data Program Com-
mand for programming systems that cannot use the
Data Verify command.

if PVER and PDO of all slaves are 1s after PROG
rises then the data program was successful every-
where. If PVER is a 0 in any slave, then the data
programmed did not verify correctly in that part, If
PDO is a 0 in any slave, then the programming pulse
in those parts was terminated by an internal safety
feature rather than the rising edge of PROG. The
safety tfeature prevents over-programming in the
slave mode. Figure 23 shows the relationship of
PALE, PROG, PVER and PDO to the Command/
Data Path on Ports 3 and 4 for the Data Program
Command.

PORTS 3,4 ==(_ADDRESS / COMMAND )= DATA )~

PALE \ /

PROG

PVER YALID /

\ VALID

DO T4

\ VALID

271075-40

Figure 23. Data Program Signals in Slave Programming Mode
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DATA VERIFY COMMAND—When the Data Verify
Command is sent, the slaves respond by driving one
bit of Port 3 or 4 to indicate correct or incorrect verifi-
cation of the previous Data Program. A 1 indicates
correct verification, while a 0 indicates incorrect veri-
fication. The SID (Slave ID Number) of each slave
determings which bit of the command/data path is
driven. from the programmer governs when
the slaves drive the bus. Figure 24 shows the rela-
tionship of Ports 3 and 4 to PALE and PROG.

- This command i$ always preceded by a Data Pro-
gram Command in a programming system with as
many as 16 slaves. However, a Data Verify Com-
mand does not have to follow every Data Program
Command.

WORD DUMP COMMAND — When the Word Dump
Command is issued, the M8797BH being pro-
grammed adds 2000H to the address field of the
command and places the valus found at the new
address on Ports 3 and 4. For example, sending the
command #0100H to a slave will result in the slave
placing the word found at location 2100H on Ports 3
and 4. PROG from the programmar governs when
the stave drives the bus. The signals are the same
as shown in Figure 24.

Note that this command will work only when just one
glave is attached to the bus, and that there Is no
restriction on commands that precede or follow a
Word Dump Command.

49 - /916
Tﬁ?’?-/rS?

Gang Programming with the
Slave Programming Mode

Gang programming of M8797BHs can be done using
the Slave Programming Mode. There is no .
M8797BH based limit on the number of chips that
may be hooked to the same Port 3/Port 4 data path
for gang programming.

If more than 16 chips are being gang programmed,
the PVER and outputs of each chip could be
used for verification. The master programmaer could
issue a data program command then either watch
every chip's error signals, or AND all the signals to-
gether to get a system PVER and PDO.

If 16 or fewer M8797BHs are to be gang pro-
grammed at once, a more flexible form of verification
is available. By giving each chip being programmed
a unique SID, the master programmer could then is- -
sue a data verify command after the data program
command. When a verify command is seen by the
slaves, each will drive one pin of Port 3 or 4 witha 1
if the programming verified correctly or a 0 if pro-
gramming tailed. The SID is used by each slave to
determine which Port 3, 4 bit it is assigned. An
M8797BH in the auto programming mode could be
the master programmer if 15 or fewer slaves need to
be programmed (See Gang Programming with the
Auto Programming Mode).

PALE \ /
PORTS 3, 4 =={ DATA VERIFY COMMAND Jrmssaemmree—{ VERIFICATION BITS )=

PROG

\n____/

271076-41

Figure 24, Data Verify Command Signals
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AUTO CONFIGURATION BYTE
PROGRAMMING MODE

The CCB (location 2018H) can be treated just like
any other EPROM location, and programmed using
any programming mode. But to provide for simple
programming of the CCB when no other locations
need to be programmed, the Auto Configuration
Byte Programming Mode is provided. Programming
in this mode also programs PCCB. Figure 256 shows
a block diagram for using the Auto Configuration
Byte Programming Mode.

With PMODE = 0DH and OFF on Port 4, CCB and
PCCB will be programmed the value on Port 3 when
a logic 0 is placed on PALE. After programming is
complete, PVER will be driven to a 1 if the bytes
programmed correctly, and a 0 if the programming
failed.

This method of programming is the only way to pro-
gram PCCB. PCCB is a non-memory mapped
EPROM location that gets loaded into CCR during
the resst sequence when the voltage on EA puts the
M8797BH in Programmmg Mode. if PCCB is not pro-
grammed using the Auto Configuration Byte Pro-
gramming Mode, every time the M8797BH is put into
Programming Mode the CCR will be loaded with
OFFH (the value of the erased PCCB location).

However, if programming of the CCB and PCCB is
done using this programming mods,.the PCCB will
take on the value programmed into CCB. This
means that until the part is erased, programming ac-
tivities that use the system will employ the bus width
and controls selected by the user's CCB.

Voo

< ON=ERROR .
-~
Voo

M o5V L

ANGND Veo <
RS bt

v

s o o P PALE

0.01 uF 0 PUSH TO
sorg % F" fl L _low "OPROGRAM
Sﬁlz P! 1.0 uF

NOTE:

Tie Port 3 to the value desired to be programmed into CRB, and PCCB.
Make all necessary minimum connsctions for power, ground and clock.

271075-42

Figure 25. The Auto CCR Programming Made
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RUN-TIME PROGRAMMING This is of no concern if the program is exscuting

Run-Time Programming of the M8797BH is provided
to allow the user complete floxibility in the ways in
which the internal EPROM is programmed. That flex-
ibility includes the ability to program just one byte or
one word instead of the whole EPROM, and extends
to the hardware necessary to program. The only
additional requirement of a system is that a pro-
gramming voltage is applied to Vpp. Run-Time Pro-
gramming Is done with EA at TTL-high (normal
operation - internal/external access).

To Run-Time program, the user writes a byte or
word to the location to be programmed. Once this is
done, the M87978H will continue to program that
location until another data read from or data write to
the EPROM occurs. The user can thersfore control
the duration of the programming pulse to within a
few microseconds. An inteligent algorithm should be
implemented in software. It is recommended that the
Modified Quick-Pulse ProgrammmgTM Algorithm be
implemented.

After the programming of a location has started,
cara must be taken to insure that no program fetch-
os (or pre-fetches) ocour from internal memory.

from external memory. However, if the program is
executing from internal memory when the write oc-
curs, it will be necessary to use the built in “Jump to
Self" located at 201AH.

“Jump to Self" is a two byte instruction in the Inte!
test ROM which can be CALLed after the user has
started programming a location by writing to it. A
software timer interrupt could then be used to es-
cape from the “Jump to Self" when the proper pro-
gramming pulse duration has elapsed. Figure 26 is
an example of how to program an EPROM location
while execution is entirely Internal

Upon entering the PROGRAM routine, the address
and data are retrieved from the STACK and a Soft-
ware Timer is set to expire one programming pulse
later. The data is then written to the EPROM loca-
tion and a CALL to location 201AH is made, Loca- -
tion 201AH is in Intel reserved test ROM, and con-
tains the two byte opcode for a ““Jump to Self.” The
minimum interrupt service routine would remove the
201AH return address from the STACK and return.

PROGRAM:
POP  temp
POP address.temp
POP data--temp
PUSH temp

PUSHF .
LDB int_mask ,#enable._swt_only

LDB  HSO._COMMAND ,#SWTO_ovf
ADD HSO_TIME,TIMER1,#program_pulse

EX
ST data.temp, [address_temp]
CALL 201AH

POPF
RET

SWI_ISR:

swtO_expired :‘
POP O
RET

LI T

stake parameters from the STACK

;save current status .
senable only swt interrupts

sload swt command to interrupt
swhen program pulse time
shas elasped

Figure 26. Prégramming the EPROM from Internal Memory Execution
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ROM/EPROM PROGRAM LOCK

Protection mechanisms have been provided on the
ROM and EPROM versions of the M8097BH to in-
hibit unauthorized accesses of internal program
memory. However, there must always be a way to
allow authorized program memory dumps for testing
purposes. The following describes M8397BH,
M8797BH program lock features and the mode pro-
vided for authorized memory dumps.

PROGRAM LOCK FEATURES

Wirite protection is provided for EPROM parts, while
READ protection is provided for both ROM and
EPROM parts.

Write protection is enabled by causing the LOCO bit
in the CCR to take the value 0. When WRITE protec-
tion is selected, the bus controller will cycle through
the write sequencs, hut will not actually drive data to
the EPROM and will not enable Vpp to the EPROM.
This protects the entire EPROM 2000H-3FFFH from
inadvertant or unauthorized programming.

READ protection is selected by causing the LOC1
bit in-the GCR to take the value 0. When READ pro-
tection is enabled, the bus controller will only per-
form a data read from the address range 2020H-
3FFFH if the slave program counter is in the range
2000H-3FFFH. Note that since the slave PC can be
many bytes ahead of the CPU program counter, an
instruction that is located after address 3FFAH may

not be allowed to access protected memory, even

through the instruction is itself protected.

If the bus controller receives a request to perform a
READ of protected memory, the READ sequence
occurs with indeterminant data being returned to the
CPU.

Other enhancements were also made to the
M8097BH for program protection. For example, the
value of EA is latched on reset so that the device
cannot be switched from external to internal execu-
tion mode at run-time. In addition, if READ protec-
tion is selected, an NMI event will causse the device
to switch to external only execution mode. Internal
execution can only resume by resstting the chip.

AUTHORIZED ACCESS OF PROTECTED
MEMORY

To provide a method of dumping the internal ROM/
EPROM for testing purposes a “Security Key”
mechanism and ROM dump mode have been imple-
mented.

T99-/7- f{?
7'99-19-5 9
The security key is a 128 bit number, located in inter-
nal memory, that must be matched before a ROM
dump will occur. The application code contains the

security key starting at location 2020H.

The ROM dump mode is entered just like any pro-
gramming mode (EA = 12.75V), except that a spe-
cial PMODE strapping is used. The PMODE for ROM
dump is 6H (0110b),

The ROM dump sequence begins with a security key
verification. Users must place at external locations
4020H-402FH the same 16 byte key that resides
inside the chip at locations 2020H-202FH. Before
doing a ROM dump, the chip checks that the keys
match.

After a successful key verification, the chip dumps
data to external locations 1000H-11FFH and 4000H-
5FFFH. Unspecified data appears at the low ad-
dresses. Internal EPROM/ROM is dumped to
4000H-5FFFH beginning with internal address
2000H. When the ROM/EPROM dump is complete
the CPU will enter a JUMP-ON-SELF condition.

If a security key verification is not successful, the
chip will put itself into an endless loop of internal
execution.

NOTE:
Substantial effort has been expended to provide an
excellent program protection scheme, Howsver, In-
tel cannot, and doss not guarantea that the protec-
tion methods that we have devised will prevent un-
authorized access.

MODIFIED QUICK-PULSE
PROGRAMMING™ ALGORITHM

The Modified Quick-Pulse Programming™ Algorithm
calls for each EPROM location to receive 25 sepa-
rate 100 ps (+5 us) programming cycles, Verifica-
tion of correct pragramming is done after the 25
pulses. If the location verifies correctly, the next lo-
cation Is programmed. If the location fails to verify,
the location has falled. .

Once all locations are programmed and verified, the
entire EPROM is again verified.

Programming of M87978H parts is done with Vpp =
12.76V £0.25V and Vg = 5.0V £0.5V.
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SIGNATURE WORD

The M87978H contains a signature word at location
2070H. The word can be accessed in-the slave
mode by executing a word dump command.

Table 5. M8X97BH Signature Word

Erasing the M8797BH EPROM

Initially, and after each erasure, all bits of the
M8797BH are in the “1" state. Data is introduced by
selectively programming “‘0s" into the desired bit lo-
cations. Although only "“0s" will be programmed,
both “1s™ and “0s” can be present in the data word.
The only way to change a “0" to a ““1" is by uitravio-
let light erasure. .
The erasure characteristics of the M8797BH are
such that erasure begins to occur upon expasure to
light with wavelengths shorter than approximately
4000 Angstroms (A). It should be noted that sunlight
and certain types of fluorescent lamps have wave-
lengths in the 3000-4000 A range. Gonstant expo-
sure to room level fluorescent lighting could erase

POWER SUPPLY SEQUENCE WHILE
PROGRAMMING

For any M8797BH that is in any programming mode,
high voltages must be applied to the device. To
avoid damaging the parts, the following rules must
not be violated.

Device | Signature Word RULE #1— Vpp must not have a low impedance
M8797BH 896FH path to ground when Vgg is above
M83978H 896EH 4.5V.

M8097BH Undefined RULE #2—Vcc must be above-4.5V before Vpp

can be higher than 5.0V.
RULE #3— Vpp must be within 1V of Vg while Vg
is below 4.5V." .

RULE #4— All voltages must be within tolerance
and the oscillator stable before RESET
rises. - ’ .

RULE #5— EA must be brought high to place the .

part in programming mode before Vpp
is brought high. :

To adhere to these rules, the following power up and
power down sequences can be followed.

POWER UP
RESET = 0; .

CLOCK ON; if using an external clock
; instead of an oscillator

+ : : ; Vee = Vpp = VEp = 5V

the typical M8797BH in approximately 3 years, whils CG VEA Y

it would take approximately 1 week to cause erasure g%ﬁﬁDPSSgDE CSSE 34 = Viei

when exposed to direct sunlight. If the M8797BH is . EA = 12.75V: !

to be exposed to light for extended periods of time, v T 1 2 75\'/_

opaque labels must be placed over the EPROM's V\FXITT it for suppli d clock t

window to prevent unintentional erasure. : ;veatltleor supplies and clock o
RESET = 5V;

The recommended erasure procedure for the e

M8797BH is exposure to shortwave ultraviolet light ‘évégNTSh“' See Data Sheet

which has a wavelength of 2537 A. The integrated '

dose (i.e., UV intensity X exposure time) for erasure

should be a minimum of 15 Wsec/cm2. The erasure RESET = o POWER DOWN

time with this dosage is approximately 16 to 20 min- Vep — 5:,_ ’

utes using an ultraviolet lamp with a 12000 pW/cm2 ~ YPP = 9Vi

power rating. The M8797BH should be placed within ~ EA = 8V; ___ -

1 inch of the lamp tubes during erasure. The maxi-  PALE = PROG = SID = PMODE = PORT34 =

mum integrated dose an M8797BH can be exposed ov;

to without damage is 7258 Wsec/cm2 (1 week @ Voo = Vpp = VEa = OV;

12000 pW/cm2). Exposure of the M8797BH to high ~ CLOCK OFF;

intensity UV light for long periods may cause perma-
nent damage.

*Vj4 = Logical “1", 2.4V Minimum

One final note on power up, power down. The maxi-
mum limit on Vpp must never be violated, even for
an instant. Therefore, an RC rise to the desired Vpp
is recommended. Vpp is also sensitive to instanta-
neous voltage steps. This also can be avoided by
using an RC ramp on Vpp.
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EPROM SPECIFICATIONS ' :

A.C. EPROM PROGRAMMING CHARACTERISTICS

Operating Conditions: Load Capacitance = 150 pF, T4 = 25°C 5°C, Ve, Vpp, VRer = 5.0V + 0.5V, Vgg,
AGND = 0V, Vpp = 12,75V * 0.25V, EA = 11V + 2,0V, fogs = 6.0 MHz

Symbol Parameter Min Max Units
TaviL ADDRESS/COMMAND Valid to PALE Low 0 . Tasc
TLLax ADDRESS/COMMAND Hold After PALE Low 80 Tosc
ToveL Output Data Setup Before PROG Low ] Tosc
TeLOX Data Hold After FROG Falling 80 . Tosc
TLLLH PALE Pulse Width - 180 Tosc
TeLPH PROG Pulse Width 250 Toge 100 us +

' 144 Togo
TLHPL PALE High to PROG Low 250 Tosc
TPHLL PROG High to Next PALE Low 600 Tose
TeHDX Data Hold Atter PROG High 30 Toso
TeHVY PROG High to PVER/PDO Valid 500 Tose
TLLVH PALE Low to PVER/PDO High -100 Tose
TpLDv PROG Low to VERIFICATION/DUMP Data Valid 100 Tosc
TSHLL RESET High to First PALE Low (not shown) 2000 Tosc

NOTE:

Run-time programming is done with Fose = 6.0 MHz to 12.0 MHz, Vce, Ve, VREr = 5V £ 0.5V, Ty = 25°C to +5°C and
Vpp = 1276V + 0.25V. For run-time programming over a full operating range, contact the factory, All windowed deviges
should be covered after programming.

D.C. EPROM PROGRAMMING CHARACTERISTICS

Symbol Parameter Min Max Units
Ipp. Vpp Supply Current (Whenever Programming) : 100 mA
Vep Programming Supply Voltage 12,75 £0.25 \
VEA EA Programming Voltags 11 £20 v
NOTE:
322 rguifslile- within 1V of Vg whils Vgg < 4.5V. Vpp must not have a low impedance path to ground or Vg while
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WAVEFORM—EPROM PROGRAMMING "
TaviL Tove,
Tiiax -+ Triox
PORTS 3, 4 =—={ADDRESS / COMMAND DATA )
PALE ——\ Tl \
le—Tj
= T~ e _—L—- Toe —| -
PROG \
Tavie Q. /L Tount v

- Tuax > TeLov =
PORTS 3,4 —_

TuvH—] |e - ——TpHvy

PVER  VALID \|  vaup
FDO  VALID \ VALID -
pr——— 271075-43.

Reserved location warning: intel Reserved ad-
dresses can not be used by applications which use
M8X97BH internal ROM/EPROM. The data read
from a reserved location is not guaranteed, and a
write to any reserved location could cause unpre-
dictable resuits. When attempting to program Intel
Reserved addresses, the data must be OFFFFH to

ensure a harmless resuit. A memory map indicating
reserved locations on the M8X97BH is shown in Fig-
ure 27,

intel Reserved-locations, when mapped fo external
memory, must be filled with OFFFFH to ensure com- _
patibility with future parts.

FFFEH
EXTERNAL MEMORY
ORI/O
4000H
INTERNAL PROGRAM
STORAGE ROM/EPROM
OR
EXTERNAL MEMORY 2080H
RESERVED 2072H-207FH
SIGNATURE WORD 2070H-2071H
RESERVED 2030H-206FH
SECURITY KEY 2020H-202FH
RESERVED 201CH-201FH
SELF JUMP CODE (27H FEH) 201AH-201BH
RESERVED 2019H
CHIP CONFIGURATION BYTE 2018H
RESERVED 2012H-2017H
INTERRUPT VECTORS 2000H
Flgure 27. Reserved Locations
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