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This overviewis written about the 8X9XBH,8X9XJF,
and 8X98 devices.These devices are generically re-
ferred to as the 8X9X.All informationin this overview
refers to the 8X9XBH,the 8X9XJF,and the 8X98un-
less otherwisenoted.

The 8X9Xcan be separatedinto severalsectionsfor the
purpose of describingits operation. There is a 16-bit
CPU, a programmableHighSpeed1/0 Unit, an analog
to digital converter,a serial port, and a Pulse Width
Modulated(PWM)output for digitalto analogconver-
sion. In addition to these functional units, there are
some sectionswhich support overall operation of the
chip such as the clock generator. The CPU and the
programmable1/0 make the 8X9Xverydifferentfrom
any other microcontroller. Let us first examine the
CPU.

1.0 O

The major componentsof the CPU on the 8X9X are
the RegisterFile and the RALU. Communicationwith
the outside world is done through either the Special
Function Registers (SFRS)or the MemoryController.
The RALU (Register/Arithmetic LogicUnit) doesnot
usean accumulator,it operatesdirectlyon the 256-byte
register space made up of the Register File and the
SFRS.Efficient1/0 operationsare possibleby directly
controllingthe 1/0 through the SFRS.The main bene-
fits of this structure are the ability to quickly change
context, the absence of accumulator bottleneck, and
fast throughput and 1/0 times.

Buses

A “Control Unit” and two buses connect the Register
File and RALU. Figure 1 shows the CPU with its
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major bus connections.The two busesare the “A-Bus”
whichis 8-bitswide, and the “D-Bus” whichis 16-bits
wide. The D-Bus transfers data only between the
RALU andthe RegisterFile or SpecialFunctionRegis-
ters (SFRS).The A-Bus is used as the addressbus for
the above transfers or as a multiplexedaddress/data
bus connectingto the “Memory Controller”. Any ac-
cessesof either the internal ROM or externalmemory
are done through the MemoryController.

Within the memorycontroller is a slaveprogramcoun-
ter (SlavePC) whichkeepstrack of the PC in the CPU.
By havingmost program fetches from memoryrefer-
enced to the slave PC, the processorsavestime as ad-
dressesseldomhave to be sent to the memorycontrol-
ler. If the addressjumps sequencethen the slavePC is
loaded with a new vahre and processing continues.
Data fetches from memory are also done through the
memory controller, but the slave PC is bypassedfor
this operation.

1.2 CPU Register File

the RegisterFile is reservedfor useas the stack pointer
so it can not be usedfor data whenstack manipulations
are taking place. Addressesfor accessingthe Register
File and SFRSare temporarilystored in two 8-bit ad-
dress registersby the CPU hardware.

1.3 RALU Control

Instructions to the RALU are taken from the A-Bus
and stored temporarilyin the instructionregister. The
ControlUnit decodesthe instructionsand gtierates the
correct sequenceof signalsto havethe RALU perform
the desired function. Figure 1 shows the instruction
register and the control unit.

1.4 RALU

Most calculationsperformedby the 8X9Xtake placein
the RALU. The RALU, shownin Figure2, containsa
17-bitALU, the ProgramStatusWord(PSW),the Pro-
gram Counter (PC), a loop counter, and three tempo-
rary registers. All of the registers are 16-bita or

The Register File contains 232 bytes of RAM which 17-bits(16+ sign extension)wide. Someof the regis-
can be accessedas bytes,words,or double-words.Since ters havethe abilityto performsimpleoperationsto off-
each of theselocationscan be usedby the RALU,there load the ALU.
are essentially232 “accumulators”. The first word in
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i M A O

A separate incrementor is used for the PC; however,
jumps must be handledthrough the ALU. Two of the
temporary registers have their own shift logic. These
registersare usedfor the operationswhichrequire logi-
cal shifts, includingNormalize,Multiply, and Divide.
The “LowerWord” registeris used only whendouble-
word quantities are beingshifted, the “Upper Word”
register is used whenevera shift is performedor ss a
temporary register for many instructions. Repetitive
shifts are countedby the 5-bit “Loop Counter”.

A temporary register is used to store the secondoper-
and of two operandinstructions.This includesthe mul-
tiplier during multiplicationsand the divisor during
divisions.To perform subtractions, the output of this
registercan be complementedbefore beingplaced into
the “B” input of the ALU.

The DELAY shownin Figure 2 is used to convert the
16-bitbus into an 8-bitbus. This is required as all ad-
dressesand instructionsare carried on the 8-bitA-Bus.
Severalconstants, such as O, 1 and 2 are stored in the
RALU for use in speeding up certain calculations.
Thesecomein handywhenthe RALU needsto makea
2’s complementnumber or perform an increment or
decrementinstruction.

1.5 Internal Timing

The 8X9X requires an input clock frequency of be-
tween6.0MHz and 12MHz to function.This frequen-
cy can be applied directly to XTAL1. Alternatively,
sinceXTAL1and XTAL2are inputs and outputsof an
inverter, it is also possibleto use a crystal to generate
the clock. A blcck diagram of the oscillator section is
shown in Figure 3. Details of the circuit and sugges-
tions for its use can be foundin Section 1 of the Hard-
ware Designchapter.

The crystal or external oscillator frequencyis divided
by 3 to generate the three internal timing phases as
shownin Figure 4. Each of the internal phasesrepeat
every 3 oscillator periods: 3 oscillator periodsare re-
ferred to as one “state time”, the basic time measure-
ment for 8X9X operations. Most internal operations
are synchronizedto either Phase ~ B or C, each of
which have a 33910duty cycle. Phase A is represented
externally by CLKOUT, a signal available on the
68-pindevice.Phases B and C are not availableexter-
nally. The relationships of XTAL1, CLKOUT, and
PhasesA, B, and C are shownin Figure It shouldbe
noted that propagationdelayshave not beentaken into
accountin this diagram.Detailson these andother tim-
ing relationshipscan be foundin the HardwareDesign
chapter.

270250-3
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The RESET line can be used to start the 8X9Xat an
exact time to providefor synchronizationof test equip-
ment and multide chiu systems.Use of this feature is
fullyexplained&der RfiET, Section 13.
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R

The addressablememoryspaceon the 8X9Xconsistsof LocationsOOHthroughOFFHcontainthe RegisterFile
64K bytea, most of which is availableto the user for and SpecialFunction Registera,(SFRS).No code can
programor data memory.Locationswhichhavespecial be executedfrom this internal RAM section. If an at-
purposesare OOOOHthrough OOFFH,OICOHthrough tempt to execute instructions from locations OOOH
OIFFH (8X9XJF only), and IFFEH through 2080H. throughOFFHis made, the instructionswill be fetched
All other locations can be used for either program or from externalmemory.This sectionof external memo-
data storage or for memory mapped peripherals. A ry is reservedfor use by Intel developmenttools. Exe-
memorymap is shownin Figure5. cution of a nonmaakableinterrupt (NMI) will force a
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call to externallocationOOOOH,therefore,the NMI and
TRAP interruptare alsoreservedfor Intel development
toola.

The RALUcan operate on any of the 256internal reg-
ister locations.LocationsOOHthrough 17Hare used to
access the SFRS.Locations 18Hand 19H contain the
stack pointer.Theseare not SFRS,and may be used as
standard RAM if stack operations are not being per-
formed. The stack pointer must be initialized by the
user programand can pointanywherein the 64Kmem-
ory space.The stack buildsdown.There are no restric-
tions on the use of the remaining230 locationsexcept
that codecannot be executedfrom them.

2.2 Special Function Registers

All of the 1/0 on the 8X9Xis controlled through the
SFRS.Manyof these registersservetwo functions;one
if they are read from, the other if they are written to.
Figure 5 showsthe locationsand names of these regis-
ters. A summary of the capabilities of each of these
registers is shownin Figure 6, with complete descrip-
tions reservedfor later sections.

There are several restrictionson usingspecial function
registera.

Neither the sourceor destinationaddressesof the Mul-
tiply and Divide instructionscan be a writable special
functionregister.

Theseregistersmay not be used as base or indexregis-
ters for indirect or indexedinstructions.

These registers can only be accessed as bytes unless
otherwisespecifiedin Figure6. Note that someof these
registers can only be accessed as words, and not as
bytes.

Within the SFR space are several registers labeled
“RESERVED”.These registersare reservedfor future
expansionand test purposes.Operationsshould not be
performedwith these registersas reads from them and
writes to them may produce unexpectedresulta. For
example,in someversionsof the 8X9Xwritingto loca-

O
not be the case in future products, so it should not be
used as a feature.

Power Down

The upper 16 RAM locations(OFOHthrough OFFH)
receivetheir powerfrom the VpDpin. If it is desiredto
keepthe memoryin theselocationsaliveduringa pow-
er down situation, one need only keep voltageon the
VpDpin. The current requiredto keep the RAM alive
is approximately1milliamp(refer to the data sheet for
the exact spec~tcation).BothVcc and VPDmust have
power applied for normal operation.If VPDis not ap-
plied the powerdownRAM willnot functionproperly,
evenif VCCis applied.

To place the 8X9X into a power down mode, the
RESET pin is pulled low. Two state times later the
devicewill be in reset. This is necessaryto prevent the
devicefrom writinginto RAM as the powergoesdown.
The powermay nowbe removedfromthe Vcc pin, the
VPDpin must remain withinspecifications.The 8X9X
can remain in this state for anyamountof time and the
16RAM byteawill retain their values.

To bring the 8X9Xout of powerdown,_ is held
low while Vcc is applied. Two state times after the
oscillator has stabilized, the RESETpin can be pulled
high. The 8X9Xwill beginto executecode at location
02080H10state timesafter= is pulledhigh. Fig-
ure 7 shows a timing diagram of the power down se-
quence.To ensure that the 2 state time minimumreset
time (synchronouswith CLKOUT)is met, it is recom-
mendedthat 10XTAL1cyclesbe used.Suggestionsfor
actual hardware connectionsare giversin the Hardware
DesignChapter. Reset is discussedin Section13.

To determineif a reset is a return from powerdownor
a completecold start a “key”can be written into pow-
er-down RAM while the device is running. This key
can be checked on reset to determine which type of
reset has occurred. In this waythe validityof the pow-
er-down RAM can be verified.The length of this key
determines the probability that this procedure will
work, however,there is alwaysa statistical chancethat
the RAM will power up with a replicaof the key.

Under most circumstances, the power-fail indicator
which is used to initiate a power-downconditionmust
come from the unfiltered, unregulatedsection of the

s
c the 8X9Xuntil it has com-

pleted its reset operation.
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R D

Z R — a a base when 3
indexing and as a constant for calculations and compares.

AD—RESULT AID Result Hi/Low — Low and high order Results of the AID 8
converter (byte read only)

AD—COMMAND A/D Command Register— Controls the A/D 8

HSI—MODE HSI Mode Register— Sets the mode of the High Speed Input unit. 6

HSI—TIME HSI Time Hi/Lo — Contains the time at which the High Speed 6
Input unit was triggered. (word read only)

HSO—TIME HSO Time Hi/Lo — Sets the time or count for the High Speed 7
Output to execute the command in the Command Register. (word
write only)

HSO—COMMAND HSO Command Register— Determines what will happen at the 7
time loaded into the HSOTime registers.

HSI—STATUS HSI Status Registers — Indicates which HSI pins were detected at 6
the time in the HSITime registers and the current state of the pins.

SBUF (TX) Transmit buffer for the serial port, holds contents to be outputted. 9

SBUF (RX) Receive buffer for the serial port, holds the byte just received by 9
the serial port.

INT—MASK Interrupt Mask Register — Enables or disables the individual 4
interrupts.

INT—PENDING Interrupt Pending Register— Indicates that an interrupt signal has 4
occurred on one of the sources and has not been serviced.

WATCHDOG Watchdog Timer Register — Written to periodically to hold off 12
automatic reset every 64K state times.

TIMER1 Timer 1 Hi/Lo—Timer 1 high and low bytes. (word read only) 5

TIMER2 Timer 2 Hi/Lo — Timer 2 high and low bytes. (word read only) 5

IOPORTO Port ORegister— Levels on pins of port O. 10

BAUD—RATE Register which determines the baud rate, this register is loaded 9
sequentially.

IOPORT1 Port 1 Register— Used to read or write to Port 1. 10

IOPORT2 Port 2 Register— Used to read or write to Port 2. 10

SP—STAT Serial PorI Status — Indicates the status of the serial port. 9

SP—CON Serial Port Control — Used to set the mode of the serial port. 9

10s0 l/O Status Register O— Contains information on the HSO status
1/0 S R 1 — C i s
t H
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Reserved Memory Spaces

A listingof locationswith specialsignificanceis shown
in Figure 8. The locationsmarked “Reserved”are re-
servedby Intel for use in testingor future products.AU
reserved locations except 2019H must be tilled with
Hex value OFFH to insure compatibilitywith future
devices.Location2019Hmust be filledwith 20H.

LocationsIFFEH and IFFFH are reservedfor Ports 3
and 4 respectively.This is to alloweasy remnstruction
of these ports if external memoryis usedin the system.
An exampleof reconstructingthe 1/0 ports is givenin
section 7 of the Hardware Design chapter. If ports 3
and 4 are not goingto be reconstructed,these locations
can be treated as any other externalmemorylocation.

The 9 interrupt vectors are stored in locations2(X30H
through 2011H.The 9th vector is used by Intel devel-
opmentsystems,as explainedin Section4.

Locations2012H through 2017Hare reserved for fu-
ture use. Location 2018H is the Chip Configuration
byte which will be discussedin the next section. The
Jump-To-Selfopcodesat locations201AHand 201BH
are providedfor EPROM programmingas detailed in
the Hardware Design chapter. Locations 2020H
through 202FH are the security key used with the
ROM Lockfeature which willbe discussedin the next
s All unspecifml addresses in locations 2000H
through 2 including those marked Reserved,
shouldbe consideredreservedfor use by Intel.

Resetting the 8X9X causes instructions to be fetched
starting fromlocation2080H.This locationwaschosen
to allowa systemto haveup to SKof RAM continuous
with the register file. Further informationon reset can
be found in Section 13.

I
O O
O O
I I
2 2
2 2
2
2

2
2

2 2
2 2
2

RegisterMapped 1/0 (SFRS)
StackPointer
Ports3 and 4
I V
R
C C B
R
“ S O ( F
R
S
R
R L

R S

2.5 Internal ROM and EPROM

When a ROM deviceis ordered.or an EPROM device
is programmed,the internal memory locations2080H
through 3FFFH on the 8X9XBHand 8X98and loca-
tions 2080Hthrough 5FFFH on the 8X9XJFare user
spec~led,as are the interrupt vectors, Chip Configura-
tion Register and Security Key in locations 2000H
through 202FH.

Instruction and data fetchesfrom the intemrdROMor
EPROM occur only if the device has a ROM or

~
2000H and 3FFFH on the 8X9XBH and 8X98 and
between 2000H and 5FFFH on the 8X9XJF. At all
other times data is accessedfrom either the internal
RAM space or external memory and instructions are
fetched from externalmemory.The = pin is latched
on RESET rising. Information on programming
EPROMs can be foundin Section 10of the Hardware
Designchapter.

Do not executecode out of the last three locationsof
internal ROM/EPROM.
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Internal Executable RAM
(XRAM)-8X9XJF only

LocationsO1OOHthrough OIFFH (8X9XJFonly)con-
tain the internal executableRAM (XRAM)space. In-
structionfetcheswill be performedin this regionif the
program counter points to the addresses O1OOH
through OIFFH. Data accessescan also be performed
from this region.

The XR4M is accessedand executedfromas if it were
external RAM that is containedon chip. No external
bus signals will be generated when accessing the
XRAM.

The XR4M is not part of the RegisterFile. 8-bitdirect
addressingcan not be used on this addressspace.

2.7 Memory Controller

The RALU talks to the memory(exceptfor the lcca-
tions in the register file and SFR space) through the
memorycontrollerwhichis connectedto the RALUby
the A-Busand severalcontrol lines.Sincethe A-Busis
eightbits wide,the memorycontrollerusesa SlavePro-
gramCounterto avoidhavingto alwayagetthe instmc-
tion locationfrom the R4LU. This slavePC is incre-
mentedafter each fetch. When a jump or call occurs,
the slave PC must be loaded from the A-Bus before
instructionfetchescan continue.

h addition to holdinga slavePC, the memorycontrol-
ler contains a 4 byte queue to help speed execution.
This queueis transparent to the RALU and to the user
unlesswait states are forcedduringexternalbus cycles.
The instruction executiontimes shownin Section 14.8
show the normal execution times with no wait states
added and the 16-bitbus selected. Reloadingthe slave
PC and fetching the first byte of the new instruction
stream takes 4 state times. This is reflectedin the jump
taken/not-taken times shownin the table.

2.8 System Bus

There are several operating modes on the 8X9X.The
standard bus mode uses a 16-bitmultiplexedaddress/
data bus. Other bus modesincludean 8-bitmodeand a
mode in which the bus size can dynamically be
switchedbetween8-bitsand 16-bits.In addition, there
are severaloptionsavailableon the type of control sig-
nals used by the bus.

In the standard mode, external memory is addressed
through linesADOthrough AD15 which form a 16-bit
multiplexed(address/data) &ta bus. These lines share
pins with 1/0 Ports 3 and 4. The falling edge of the
Address Latch Enable (ALE) line is used to providea
clock to a transparent latch (74LS373)in order to de-

READY
\\\\\Y VALID \\\\\”
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multiplex the bus. A typical circuit and the required
timingsare shownin Section7 of the Hardware Design
chapter. Sincethe 8X9X’sexternalmemorycan be ad-
dressed as either bytes or words, the decod~s con-
trolled with two lines, Bus High Enable (BHE) and
Address/Data Line O(ADO).

To avoidconfusionduring the explanationof the mem-
ory systemit is reasonableto givenamesto the demulti-
plexedaddress/data signals.The addresssignalswillbe
called MAOthrough MA15 (Memory Address), and
the data signals will be called MDOthrough MD15
(MemoryData).

When ~ is active (low), the memory connected to
the high byte of the data bus shouldbe selected.When
MAOis low the memory connectedto the low byte of
the data bus shouldbe selected.In this wayaccessesto
a 16-bitwide memory can be to the low (even) byte
only (MAO=O,BHE= 1), to the high (odd) byte only
(MAO=1, ~=0), or to both bytes (MAO=O,
~=0). Whena memoryblockis beingusedonlyfor
reads, WE and MAOneed not be decoded.

T

Figure 9 showsthe idealizedwaveformsrelated to the
followingdescription of external memory manipula-
tions. For exact timingspecificationspleaserefer to the
latest data sheet. When an external memory fetch be-
gins, the address latch enable(ALE) line rises, the ad-

A ~
quiredstate. ALE then falls,the addressis taken offthe

pins, and the ~ (Read) signal goes low. When ~
falls, external memory should present its data to the
8X9X.

The data fromthe external memorymust be on the bus
and stable for a minimum of the specifiedset-up time
before the rising edge of ~. The rising edge of ~
latchesthe informationinto the 8X9X.If the read is for
data, the INST pin will be low when the address is
valid, if it is for an instruction the INST pin will be
highduringthis time. The 48-leaddevicedoesnot have
the INST pin. The INST pin will be low for the Chip
ConfigurationByteand Interrupt Vectorfetches.

Writing to external memory requires timings that are
similar to those required when reading from it. The
main differenceis that the write ~=) signal is used
insteadofthe~ signaf.The timingsare the sameuntil
the fallingedgeof the ~ line. At this point the 8X9X
removesthe address and places the data on the bus.
Whenthe~ linegoeshigh the data shouldbe latched
to the externalmemory.In systemswhichcan write to
bytelocations,the ADOand BHE linesmustbe usedto
decode~ into WRite to Lowbyte(WRL)and WRite
to Highbyte (WRH) signals. INST is alwayslow dur-
inga write,as instructionscannotbe written.The exact
timingspecificationsfor memoryaccessescan be found
in the data sheet.

1-11
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A ready line is availableon the 8X9X to extend the
width of the RD and WR pulsesin order to allowac-
cess of slow memoriesor for DMA purposes.If the
READY line is low by the specifiedtime after ALE
falls, the 8X9Xwillhold the bus linesto their valuesat
the falfingedge of CLKOUT.When the READYline
rises the bus cycle will continue with the next falling
edgeof CLKOUT. (SeeFigure9A.)

Sincethe bus is synchronizedto CLKOUT, it can be
heldonly for an integralnumberof state times.If more
than TYLYHnanosecondsare addedthe processorwill
act unpredictably.

There are severalset-upand hold timesassociatedwith
the READY signal. If these timingsare not met, the
devicemay not respondwith the propernumberofwait
statea.

For falling edges of READY, samplingis done inter-
nally on the fafling edge of Phase A. Since Phase A
generates CLKOUT, (after some propagation delay)
the samplewillbe takenprior to CLKOUTfalling.The
timing specit%ationfor this is given as TLLYV, the
time between when ALE falls and READY must be
valid. If READY changesbetweenTLLYVmax and
the fallingedgeof CLKOUT(TLLYHMIN on48-lead
devices)it wouldbe possibleto have the READYsig-
nal transitioningas it is beingsampled.

situation could cause a metaatable condition
whichcould make the deviceoperate unpredictably.

For the risingedgeof READY, samplingis done inter-
nally on the rising edge of Phase A. The rising edge
logicis fullysynchronized,so it is not possibleto cause
a metaatableconditiononce the deviceis in a validnot-
rcady condition.To cause one wait state to occur the
rising edge of READY must occur before TLLYH
MAX after ALE falls. If the signal is brought up after
this time two wait states may omur. If two wait states
are desired,READYshouldbebroughthighwithinthe
TLLYH specification+ 3 Tosc.Additionalwait states
can be caused by adding additional state times to the
READY lowtime. The maximumamount of time that
a devicemaybe held not-readyis specifiedas TYLYH.

The 8X9Xhas the abilityto internallylimit the number
of wait states to 1,2, or 3 as determirrcd by the valuein
the Chip Configuration Register, (CCR). Using the
CCR for ready timing is discussedat the end of this
section.If a readylimit is set, the TLLYH MAX speci-
ficationis not used.

O

The 8X9X supports a variety of optiona”to simplify
memory systems, interfacing requirements and ready
control. Busflexibilityis providedby allowingselection
of bus control signal definitionsand runtime selection
of the external bus width. In addition, several ready
control modes are available to simplify the external
hardware requirementsfor accessingslow devices.The
Chip ConfigurationRegister (CCR)is usedto store the
operatingmodeinformation.

1
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C R

C informationis stored in the Chip Codlg-
uration Register (CCR). Four of the bits in the register
spify the bus control mcde and ready control mode.
Two bits also governthe levelof ROM/EPROM pro-
tection and one bit is NANDed with the BUSWIDTH
pin everybus cycleto determinethe bus size.The CCR
bit map is shownin Figure 10.The functionsassociated
with e&h bit are dea&ibedin this section.

CHIP CONFIGURATION REGISTER

RESERVED (Set to 1 for
compatibility with future
ports)

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

~WRITE STROBE MODE SELECT

II 1-
(~ AND B=/~ AND WH)

ADDRESS VALID STROBE SELECT

(ALE/ZFV)

C R

The CCR is loaded on reset with the Chip Configura-
tion Byte,located at address 2018H.The CCR resister
is a n-m-memorymapped location that can oniy be
writtento during the reset sequence;once it is loadedit
cannot be changed until the next reset occurs. The
8X9X will correctly read this location in every bus
mode.

If the ~ pin is set to a logicalOde access to 2018H
comesfrom external memory.If EA is a logical~the
access comes from internal ROM/EPROM. If EA is
+ 12.75V,the CCR is loadedwith a byte from a sepa-
rate non-memory-mappedlocation called PCCB (Pro-
grammingCCB).The Programmingmode is described
in Section10of the Hardware Designchapter.

BUS WIDTH

The 8X9XBHand 8X9XJFexternalbus width can be
run-time cd@red to operate as a standard 16-bit
multiplexedaddress/data bus,or as an 8051style 16-bit

addresa/8-bitdata bus. The 8X98externalbus must be
configuredas a 16-bitaddress/8-bitdata bus.

During 16-bit bus cycles, Ports 3 and 4 contain the
address multiplexedwith data using ALE to latch the
address. In 8-bit bus cycles,Port 3 is multiplexedad-
dreas/&ta while Port 4 is address bits 8 through 15.
The addressbits on Port 4 are validthroughoutan 8-bit
bus cycle. Figure 11showsthe two options.

The bus width can be changedeach bus cycle on the
8X9XBHand the 8X9XJFand is controlledusingbit 1
of the CCR with the BUSWIDTHpin. If either CCR.1
or BUSWIDTHis a O,externalaccesseswillbe ova a
id-bit addreas/8-bitdata bus. If both CCR.I and BUS-
WIDTH are 1s,external accesseswill be over a 16-bit
address/16-bit data bus. Internal amesaes are always
16-bitswide. The BUSWIDTHpin is not availableon
the 8X98.CCR.1 must be a Oon the 8X98.

The bus width can be changedeveryexternalbuscycle
if a 1 was loaded into CCR bit 1 at rraet. If this is the
case,changingthe valueof the BUSWIDTHpinat run-
time will dynamicallyselect the bus width. For exam-
ple, the user could feed the INST line into the BUS-
WIDTH pin, thus causing instruction acccsacsto be
wordwidefrom EPROMswhiledata accessesare byte
wideto and from RAMs. A wcond examplewouldbe
to place an inverted versionof Address bit 15on the
BUSWIDTH pin. This would make half of external
memoryword wide whilehalf is byte wide.

Since BUSWIDTH is sampled after address decoding
has had time to occur, even more complex memory
maps could be constructed. See the timing specifica-
tions for an exact descriptionof BUSWIDTHtimings.
The bus width will be determinedby bit 1 of the CCR
alone on 48-pindevicessincethey do not havea BUS-
WIDTH pin.

When using an 8-bit bus, some performancedegrada-
tion is to be expected.On the 8X9X, instructionexecu-
tion times with an 8-bit bus will slow down if any of
three conditions occur. First, word writes to external
memory will cause the executinginstruction to take

c Second,word reads
fromexternalmemorywillcausea onestate timeexten-
sion of instruction executiontime. Finatly, if the pre-
fetch queue is empty when an instruction fetch is re-
quested, instruction execution is lengthened by one
state time for each byte that must be externally ac-
quired(worst case is the numberofbytesin the instruc-
tion minus one.)

1
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F BUS CONTROL

8x9x

PoRT 4

PORT 3

BUS CONTROL

8X9X

8-BIT

PORT 4 LATCHED
ADORESS HIGH

8-BIT
PORT 3

---.--Z(UZWJ-9 .270250-10

BUS

C S

Usingthe CCR, the 8X9Xcan be made to providebus If CCR bits 2 and 3 are 1s, then the standard 8X9X
controlsignalsof severaltypes.Threecontrollineshave

——
control s@als WIL BHE and ALE are pr~ed (Fig-

dual functions designedto reduce external hardware. ore 12).WR willcomeout for everywrite. BHE willbe
Bits 2 and 3 of the CCR specify the functions per- valid throughout the bus cycle and can be combined
formedby these control lines.Figures 12–15showthe

——
with~ and address line Oto form WRL and WRH.

signalswhich can be modifiedby changingbits in the ALEwillrise as the addressstarts to comeout, and will
CC~ all other lineswilloperateas shownin Figure 9. fall to providethe signalto externallylatch the address.

I

—
WE I I

EiiE 1 VALID I ADO‘7

ADO ’15 ADDR
I

DATA OUT AD8-15

270250-11 270250-12

S
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The Write Strobe Mode eliminatesthe necessityto ex-
ternally deeodefor odd or evenbyte writes.If CCR bit
2 is a O, and the bus is in a 16-bitcycle, WRL and
WRH signals are providedin place of ~ and BHE
(Figure 13).WRL will go low for~te writes to an
evenaddressand all wordwrites.WRH willgo lowfor
all byte writes to an odd addressand all wordw

Write StrobeModeis particularlywellsuitedto memo-
ry systemslatching&ts on the fallingedgeof WRITE.

~ is providedfor all 8-bitbus write cycles.

If CCR bit 3 is a O, then an Address Valid strobe is
providedin the place of ALE @re 14). When the
address valid mode is selected,ADV will go low after
an external address is set up. It will stay low until the
endof the buscycle,whereit willgoinactivehigh.This
canbeusedbyROMdeviceato providea chipsekxtfor a
singleexternal RAM devicein a minimumchip count
system.

If both CCRbits 2 and 3 are 0$ both the AddressValid
strobe and the Write Strobeswill be providedfor bus
control. Figure 15showsthese signals:

‘ ALE

~H I VALID I AGO-7

‘00-15 AD8 -15

270250-13

I I

270250-14

m I VALID I ACQ- 7

ADO -15

270250-15

AD8 -15

270250-16

1
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~H
I VALID I

ADO -15 ADDR I DATA OUT

2702 S0-17

— —
m I I

ADO -7

AD8 -15

270250-18

C

To simplifyreadycontrol,four modesof internal ready
control logichave been provided.The modesare cho-
sen by properlyconfiguringbits 4 and 5 of the CCR.

The internal readycontrollogiccan be usedto limit the
numberof wait states that slowdevicescan insert into
the bus cycle. When the READY pin is pulled low,
wait states willbe insertedinto the bus cycle until the
READY pin goes high, or the number of wait states
equals the number specifiedby CCR bits 4 and 5,
whichevercomes tirst. Table 1 shows the number of
wait states that can be selected.Internal Readycontrol
can be disabledby loading 11 into bits 4 and 5 of the
CCR.

I C

D

o 0 Limit to 1 Wait State
o 1 Limit to 2 Wait States
1 0 Limit to 3 Wait States
1 1 Disable Internal Ready Control

This feature providesfor simpleready control. For ex-

ORed together and be connectedto the READY pin
with CCR bits 4 and 5 programmedto givethe desired
numberof wait states to the slowdevices.

R

Four modesof programmemorylock are availableon
the 8X9Xdevices.CCR bits 6 and 7 (LOCO,LOCI)
select whether internal program memory can be read
(or written in EPROM devices) by a program

execrstinefrom externalmemorv.The modesare shown
in Table-2. Internat ROM/EP-ROMaddresses2020H
through 3FFFH on the 8X9XBHand the 8X98and
addresses2020Hthrough 5FFFH on the 8X9XJFare
protected from reads. 2000Hthrough 3FFFH on the
8X9XBHand the 8X98and 2000Hthrough5FFFHon
the 8X9XJF are protected from writes, as set by the
CCR.

P

o 0 Read and Write Protected
o 1 Read Protected
1 0 Write Protected
1 1 No Protection

Only code executing from internal memorycan read
protected internal memory, while a write protected
memorycan not be written to, evenfrom internalexe-
cution.As a result of 8X9Xprefetchingof instructions,
however,accessesto protectedmemoryare not allowed
for instructionslocatedabove3FFAH on the 8X9XBH
and the 8X98and above5FFAH on the 8X9XJF.This
is becausethe lock protectionmechanismis gatedoffof
the Memory Controller’s slave program counter and

c c
receivesa request to performa read of protectedmemo-
IY: the r~ sequence occurs with indeterminate&ta
beingreturned to the CPU. Note that the interruptvec-
tors and the CCR are not protected.

To provideverificationand testing when the program
lock fmture is enabled, the 8X9Xveritiesthe security
key before programmingor test modes are allowedto
read fromprotectedmemory.Beforeprotectedmemory
can be read, the chip reads externat memorylocations
4020H through 402FH and compares the values

1
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to the internal securitykey locatedfrom 2020H
through 202FH. Only whenthe valuesexactly match
will accessesto protected memorybe allowed.The de-
tails of ROM/EPROM accessingare discussedin Sec-
tion 10of the Hardware Designchapter.

SOFTWARE OVERVIEW

This sectionprovideainformationon writingprograms
to executein the 8X9X.Additionalinformationcan be
found in the followingdocuments:

MCS@-96MACRO ASSEMBLERUSER’SGUIDE
Order Number 186ASM96(Intel Systems)
Order Number D86 ASM96NL(DOSSystems)

C-96USER’SGUIDE
Order Number D86 C96NL(DOSSystems)

PL/’M-96USER’SGUIDE
Order Number 186PLM 96 (Intel Systems)
Order Number D86 PLM 96NL(DOSSystems)

Throughoutthis section,short sectionsofcodeare used
to illustrate the operationof the device,For these sec-
tions it has beenassumedthat a set of temporary regis-
ters havebeenpredechued.Thenamesofthese registers
havebeen chosenas follows:

AX, BX, CX, and DX are 16-bitregisters.
AL is the low byte of AX, AH is the high byte.
BL is the low byte of BX
CL is the low byte of CX
DL is the low byte of DX

These are the same as the namesfor the general data
registers used in the 8086(80186).It is important to
note, however,that in the 8X9X,theseare not dedicat-
ed registersbut merelythe symbolicnamesassignedby
the programmerto an eightbyte regionwithin the on-
board register file.

3.1 Operand Types

The MCS@-96architectureprovidessupport for a vari-
ety of data types whichare likelyto be usefulin a con-
trol application. In the discussionof these operand
types that follows,the namesadoptedby the PLM-96
programminglanguagewillbe usedwhereappropriate.
To avoid confusion,the name of an operand type will
be capitalized.A “BYTE”is an unsignedeight bit vari-
able; a “byte” is an eightbit unit of data of any type.

BYTESare unsigned8-bitvariableswhichcan take on
the vafucsbetweenOand 255.Arithmeticand relational
operators can be applied to BYTE operands but the

result must be interpreted in modulo 256 arithmetic.
Logicaloperationson BYTESare appliedbitwise.Bits
withinBYTESare labeledfrom Oto 7, with Obeingthe
least significantbit. There are no alignmentrestrictions
for BYTES,so they may be placed anywhere in the
MCS-96addressspace.

WORDSare unsigned16-bitvariableswhich can take
on the values b O 6 Arithmetic and
relationaloperatorscan be appliedto WORD operands
but the result mustbe interpretedmodulo65536.Logi-
cid operations on WORDS are applied bitwise. Bits
withinwordsare labeledfrom Oto 15with Obeingthe
least signitlcantbit. WORDSmust be aligned at even
byteboundariesin the MCS-96addressspace.The least
significantbyte of the WORD is in the even byte ad-
dress and the mostsignificantbyte is in the next higher
(odd) address.The addressof a word is the address of
its least signithmt byte. Word operations to odd ad-
dresses are not guaranteedto operate in a consistent
manner.

S

SHORT-INTEGERSare 8-bit signedvariables which
can take on the values between —128 and + 127.
Arithmeticoperationswhichgenerateresults outsideof
the rangeofa SHORT-INTEGERwillset the overtlow
indicators in the programstatus word. The actual nu-
meric result returnedwillbe the same as the equivalent
operationon BYTEvariables.There are no alignment
restrictions on SHORT-INTEGERSso they may be
placedanywherein the MCS-96address space.

I

INTEGERS.are 16-bitsignedvariableawhichcart take
on the valuesbetween—32,768and 32,767.Arithmetic
operationswhich generate results outside of the range
of an INTEGER willset the overtlowindicators in the
program status word. The actual numeric result re-
turned will be the same as the equivalentoperationon
WORD variables. INTEGERS conform to the same
alignmentand addressingrules as do WORDS.

BITS

BITS are single-bitoperands which can take on the
Booleanvahseaof true and false.In additionto the nor-
mal support for bits as components of BYTE and
WORD operands, the 8X9X provides for the direct
testingof anybit in the internal register tile. The MCS-
96 architecture requiresthat bits be addressedas com-
ponentsof BYTESor WORDS,it doesnot support the
direct addressingof bits that can occur in the MCS-51
architecture.

1-17
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DOUBLE-WORDS are unsigned 32-bit variables
which can take on the values between O and
4,294,967,295.The MCS-96architecture provides di-
rect supportfor this operandtypeonlyfor shifts and as
the dividendin a 32 by 16divideand the product of a
16by 16 multiply.For these operationsa DOUBLE-
WORD variable must reside in the on-board register
file of the 8096and be aligned at an address which is
evenlydivisibleby 4. A DOUBLE-WORDoperand is
addressed by the address of its least significantbyte.
DOUBLE-WORDoperations which are not directly
supportedcan be easilyimplementedwith two WORD
operations. For consistency with Intel provided soft-
warethe usershouldadopt the conventionsfor address-
ing DOUBLE-WORDoperandswhichare discussedin
Section3.5.

3.2 Operand Addressing

Operandsare accessedwithin the address space of the
8X9Xwith oneof six basic addressingmodes.Someof
the details of how these addressing modes work are
hiddenby the assemblylanguage.If the programmeris
to take full advantageof the architecture, it is impor-
tant that these details be understood.This section will
describethe addressingmodes as they are handled by
the hardware.At the end of this sectionthe addressing

R ER

The register-directmode is used to directly access a
register from the 256 byte on-board register tile. The
register is selectedby an 8-bit field within the instrrrc-
tion and register address and must conform to the

L

LONG-INTEGERSare 32-bitsignedvariables which
can take on the values between –2,147,483,648and
2,147,483,647.The MCS-96architecture provides di-
rect support for this data typeonlyfor shifts and as the
dividendin a 32by 16divideandthe product of a 16by
16multiply.

LONG-INTEGERScan alsobe normalized.For these
operationsa LONG-INTEGERvariablemust residein
the onboardregister fileof the 8X9Xand be alignedat
an addresswhichis evenlydivisibleby4. A LONG-IN-
TEGER is addressedby the addressof its least signifi-
cant byte.

LONG-INTEGER operationswhich are not directly
supported can be easily implementedwith two INTE-
GER operations. For consistencywith Intel provided
software,the user shouldadopt the conventionsfor ad-
dressing LONG operands whichare discussed in Sec-
tion 3

modes will be describedas they are seen through the
assemblylanguage.The six basicaddress modes which
willbe deacribcdare termedregister-direct,indir=t, in-

a immediate,short-indexed,
and Iong-mdexed.Severalother usefuladdressingoper-
ations can be achieved by combiningthese basic ad-
dressing modes with specific registers such as the
ZERO register or the stack pointer.

alignmentrules for the operandtype.Dependingon the
instruction, up to three registerscan take part in the
calculation.

E
ADD AX,BX,CX ; AX:=BX+CX
MUL AX,BX ; AX:=AX*BX
INCB CL ; CL:=CL+l

I R

The indirectmodeis usedto accessan operandby plac- register which contains the indirectaddress is selected
ing its addressin a WORD variablein the register file. by an eight bit field within the instruction.An instruc-
The calculatedaddress must conformto the alignment tion can contain only one indirect reference and the
rules for the operand type. Note that the indirect ad- remainingoperands of the instruction(if any) must be
dress can refer to an operand anywherewithin the ad- register-directreferences.
dressspaceof the 8X9X,includingthe registerfile.The

E
; A

ADDB AL,BL, [CX] ; AL:=BL+M2M.BYTE(CX)
POP [Ax] ; M2KWORD(AX):=ldEht-WORD(SP); SP:=SP+2

1-18
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This addressingmodeis the same as the indirect mode SHORT-INTEGERSthe indirect address variablewill
except that the WORDvariablewhichcontainsthe in- be incrementedby one, if the instruction operates on
direct address is incrementeda~rerit is used to address WORDSor INTEGERS the indirect address variable
the operand. If the instruction operates on BYTESor willbe incrementedby two.

E
[BX]+ ; AX:=MJ?&WORD(BX); BX:=BX+2

ADDB AL,BL, [CX]+ ; AL:=BL+MEM.BYTE(CX); CX:=CX+l
PUSH [AX]+ ; SP:=SP-2 ;

: MEM-WORD(SP):=MEM-WORD(AX)
: Ax:-a+2

I R

This addressingmode allows an operand to be taken INTEGER operands the field is 16 bits wide. An in-
directly from a fieldin the instruction. For operations structioncan containonlyone immediatereferenceand
on BYTE or SHORT-INTEGERoperands this field the remainingoperand(s)must be register-directrefer-
is eight bits wide, for operations on WORD or ences.

E
ADD AX,#340 ; AX:=AX+340
PUSH#1234H ; SP:=SP-2 ; M :
DIVB AX,#10 ; AL:=AX/10 ; AH:-4 MOD10

S R

In this addressingmodean eightbit fieldin’theinstruc- Sincethe eight bit field is sign-extended,the effective
tion selectsa WORDvariablein the registertile which addresscan be up to 128bytesbeforethe address in the
is assumed to contain an address. A second eight bit WORD variable and up to bytes after it. An in-
field in the instruction stream is sign-extendedand stmction can contain only one short-indexedreference
summedwith the WORDvariable to form the address and the remainingoperand(s) must be register-direct
of the operandwhichwill take part in the calculation. references.

E
LD AX,12[BX] ; AX:=MEKWORD(BX+12)
MULB AX,BL,3[CX] : Ax:=BL*lmf.BYTE(cx+3)

L R

a s s l r
except that a 16-bitfield is taken from the instruction and the remainingoperand(s) must be register-direct

v r
o e n An in-

E
AND AX,BX,TABLE[CX] ; AX:=BXANDMEM.WORD(TABLE+CX)

AX,TABLE[BX] ; MEM-WORD(TABLE+BX):=AX
%DB AL,BL,LOOKUPICX] ; AL:=BL+MEM_BYTE(LOOKUP+CX)

1
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ZERO R A

The ftrst two bytes in the register file are fixedat zero able in a long-indexedreference. This combinationof
by the 8096hardware. In addition to providinga fixed registerselectionand addressmode allowsany location
source of the constant zero for calculationsand com- in memoryto be addresseddirectly.
parisons, this register can be used as the WORD vari-

E
ADD AX,1234[O] ; AX:=AX+MEM-WORD(1234)
POP 5678[0] ; MFWWORD(5678):=MEM-WORD(SP)

; SP:=SP+2
I I

P R A

The systemstack pointer in the 8X9Xcan be accessed can be accessed by using the stack pointer as the
as register 18Hof the internal register file. In addition WORD variable in an indirect reference. In a similar
to providingfor convenientmanipulationof the stack fashion, the stack pointer can be used in the short-in-
pointer,this alsofacilitatesthe accessingof operandsin dexedmode to accessdata within the stack.
the stack. The top of the stack, for example,

E
PUSH [SP] ; DUPLICATETOP-OF-STACK
LD AX,2[SP] ; AX:=NEXT-TO_TOP

A L A

The 8X9X assemblylanguagesimplifiesthe choice of
addressingmodes to be used in several respects:

Direct Addressing.The assemblylanguagewill choose
between register-direct addressing and long-indexed
with the ZERO register dependingon where the oper-
and is in memory.The user can simplyrefer to an oper-
and by its symbolicname;if the operandis in the regis-
ter tile, a register-direct reference will be used, if the
operand is elsewherein memory,a long-indexedrefer-
ence will be generated.

Indexed Addressing. The assembly language will
choosebetweenshort and long indexingdependingon
the value of the index expression.If the value can be
expressedin eight bits then short indexingwillbe used,
if it cannotbe expressedin eightbits then longindexing
willbe used.

The use of thesef=tures of the assemblylanguagesim-
plifiesthe programmingtask and should be usedwher-
ever possible.

3.3 Program Status Word

The programstatusword(PSW)is a collectionofBool-
ean flagswhichretain informationconcerningthe state
of the user’sprogram.The format of the PSWis shown
in Figure 16.The informationin the PSW can be bro-
ken down into two basic categories; interrupt control
and conditionflags.The PSW can be savedin the sys-
tem stack with a single operation (PUS~ and re-
stored in a like manner(POPF).

09 06 07 06 05 04 03 02 01 00

z N v VT c — I ST < M R

R
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I

usedto ittdividual-
ly maskthe various sourcesof interrupt to the A
l ‘1’in these bit positionsenablesthe servicingof
the correspondinginterrupt. These mask bits can be
accessedas an eight bit byte (INT—MASK—address
8) in the on-boardregister tile. Bit 9 in the PSWis the
global interrupt disable. If this bit is cleared then all
interruptswillbe lockedout exceptfor the Non Maska-
ble Interrupt (NMI). Note that the various interrupts
are collectedin the INT-PENDING register evenif
they are locked out. Executionof the corresponding
serviceroutineswill precedeaccordingto their priority
whentheybecomeenabled.Further informationon the
interruptstructure ofthe 8X9XcanbefoundinSection4.

C

The remainingbits in the PSWare set as side effectsof
instructionexecution and can be tested by the condi-
tionaljump instructions.

Z. TheZ (Zero)flagis set to indicatethat the operation
generateda result equal to zero. For the add-with-carry
(ADDC)and subtract-with-borrow(SUBC)operations
the Z flagis cleared if the result is non-zerobut is never
set. These two instructions are normally used in con-
junction with the ADD and SUB instructions to per-
form multiple precision arithmetic. The operation of
the Z flagfor these instructionsleavesit indicatingthe
proper result for the entire multipleprecisioncalcula-
tion.

N. The N (Negative) flag is set to indicate that the
operationgenerated a negativeresult. Note that the N
flag willbe set to the algebraicallycorrect state evenif
the calculationoverflows.

V.TheV(overflow)flagis set to indicatethat the oper-
ation generateda result whichis outsidethe rangethat
carsbe expressedin the dcstimtion data type. For the
SHL,SHLBand SHLLinstructions,the V flagwillbe
set if the most significantbit of the operandchangesat
any time during the shift.

VT,TheVT (oVerflowTrap) flagis set wheneverthe V
flag is set but can only be cleared by an instruction
whichexplicitlyoperates on it such as the CLRVTor
JVT instructions.The operationof the VT flag allows
for the testing for a possibleovertlowconditionat the
end ofa sequenceof related arithmeticoperations.This
is normallymore efficientthan testing the V flag after
each instruction.

C. The C (Carry) flag is set to indicate the state of the
arithmetic carry from the most significantbit of the
ALU for an arithmetic operationor the state of the last
bit shifted out of the operand for a shift. Arithmetic
Borrowafter a subtract operation is the complementof
the C flag(i.e. if the operationgenerateda borrowthen
c = o).

ST. The ST (STickybit) flag is set to indicate that dur-
ing a right shift a 1has beenshiftedfirst into the C flag
and then been shifted out. The ST flag is undefined
after a multiply operation. The ST flag can be used
along with the C flag to control roundingafter a right
shift. Considermultiplyingtwo eight bit quantitiesand
then scalingthe result downto 12bits:

htUIIUB AX,CL,DL ;AX:=CL*DL
SHR Ax, #4 ;Shift right 4 places

If the C flag is set tier the shift, it indicates that the
bits shiftedoffthe end of the operandweregreater-than
or equal-toonehalf the least significantbit (LSB)of the
result. If the C flag is clear after the shift, it indicates
that the bits shiftedoffthe end of the operandwere less
than half the LSBof the result. Without the ST flag,
the roundingdecisionmust be made on the basis of this
information alone. (Normally the result would be
rounded up if the C flag is set.) The ST flag allows a
finer resolutionin the roundingdecision:

C

00 Value = O

I 01 I O < Value< %LSB I

I 10 I Value= % LSB I

Value > f~ LSB

R A

Impreciseroundingcan be a major sourceof error in a
numericalcalculation;use of the ST flag improvesthe
optionsavailableto the programmer.

3.4 I

The MCS-96instructionset contains a full set of arith-
metic and logical operations for the 8-bit data types
BYTEand SHORTINTEGER and for the 16-bitdata
types WORD and INTEGER. The DOUBLE-WORD
and LONG data types (32 bits) are supportedfor the
productsof 16by 16multipliesand the dividendsof 32

1
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by 16dividesand for shift operations.The remaining
operationson 32-bit variablescan be implementedby
combinationsof 16-bitoperations.As an example the
sequence:

ADD AX*CX
ADDC BX,DX

performsa 32-bitaddition, and the sequence

SUB Ax, Cx
SUBC BX,DX

performs a 32-bit subtraction. Operations on REAL
(i.e. floatingpoint) vmiablesare not supporteddirectly
by the hardwarebut are supportedby the floatingpoint
library for the 8X9X (FPAL-96)which implementsa
singleprecisionsubset of the proposedIEEE standard
for floatingpoint operations.The performanceof this
software is significantly improved by the 8X9X
NORML instruction which normalizesa 32-bit vari-
able and by the existenceof the ST flag in the PSW.

In additionto the operationson the variousdata types,
the 8X9X supports conversionsbetween these typea.

LDBZE(loadbyte zero extended)convertsa BYTEto
a WORDand LDBSE (load byte sign extended)con-
verts a SHORT-INTEGER into an INTEGER.
WORDScan be converted to DOUBLE-WORDSby
simplyclearing the upper WORD of the DOUBLE-
WORD (CLR) and INTEGERS can be converted to
LONGSwith the EXT (signextend)instruction.

The MCS-96instructions for addition,subtraction,and
comparisondo not distinguishbetweenunsignedwords
and signedintegers. Conditionaljumps are providedto
allowthe user to treat the resultsof these operationsas
eithersignedor unsignedquantities.As an example,the
CMPB(comparebyte) instructionis used to compare
both signedand unsigned eight bit quantities. A JH
(jump if higher)could be usedfollowingthe compareif
unsignedoperands were involvedor a JGT (jump if
greater-than)if signed operandswere involved.

Table 3 summarizes the operation of each of the in-
structions. Complete descriptionsof each instruction
and its timings can be found in the Instruction Set
chapter.A summaryof instructionopcodesand timing
is includedin the quick referencesectionat the end of
this chapter.
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M O
z N c v

2 D * * v H T –
A 3 D * w * * –
A 2 D h D 1 v * * –

S 2 D A v H v * r –
f 3 w w w w T –

S 2 D e Q J w @ w f –

C 2 w w v w T –
I MUL/MULU I 2 I D. D + 2 + D ● A I–1–l–l–l–l?l 2 I

MUL/MULU 3 D, D + 2 * B ● A — — — — — ? 2

MULB/MULUB I 2 I D. D + 1 4-- D ● A I — ———— I ? I 3

I MULB/MULUB I 3 I D, D + 1 + B * A –1–l–l–l ? I 3 I
D 2 D ~ D + D + 2 + r I ? 7 I

D 2 D + D + 1 D + 1 4- remainder I — I — I — I @ I T I — I 3 I

. . . . 1 1 I 1 1 1 1 I

2 D + D + 2 D + 2 - r — — — ? T –
D 2 D e D + I D 1 * r — — — ? r –
A 2 D + D A v + o 0 — —

A 3 D B A v * o 0 — —

O 2 D G D v w o

I XOR/XORB I 2 I D 4- D (excl.or)A I I

L 2 — — — —

S 2 — — — . — —
I

I L I 2 ] D - A: D + 1 + SIGN(A) – I – I – I – I – I 3.4 I

L 2 D - D + 1 — — — — — —

P 1 + – ( - A — — — — — —

1 A + ( - + 2 — — — — — —

P o w’ + SP– 2; (SP)- Psw; o 0 0 0 0 0
+ O

P o Psw - (sP);SP + SP + 1 w * v w * @

S 1 - + 1l o — — — — — — 5

L 1 - + 1 o — — — — — — 5

[ 1 e — — — — — —

S
I

1
I

SP + SP– ( + I——————I 5
* + 1l o I

L 1 SP + SP – (SP) - — — — — — — 5
- PC + 16.bit offeet

RET o PC + (Sp):Sp + .Sp+ 2 - — — — — —,, t 1 a 1 1 1 1

J ( c1 I PC + 6-bit offaet (if taken) I — — —— —— I 5

JC 1 Jumpif C = 1 — — — — — — 5
1 J C = O — — — — — — 5
1 J if Z = 1 — — — — — — 5

N
m e “ a b o p o a w o d O D, B, A

must c a r r o t D B l r f A
l a m

D + 2 c W m D D a
D + 1 c B m D W a

C a b a w
O a c n
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I (Continued)

Mnemonic Oper- Operation(Note1)
Flags

anda Notes
z N c v VT ST

JNE 1 Jumpif Z = O — — — . — — 5
JGE 1 Jumpif N = O — — — — — — 5
JLT 1 Jumpif N = 1 — — — — — — 5
JGT 1 Jumpif N = OandZ = O — — — — — — 5

1 Jumpif N = 1orZ = 1 — — — — — — 5

“,, ,r ,. ., “ “. .- , I I I 1 I 1

1

1 J C = 1 Z = O — — — — — — 5

1 J ~ = n 7 = I — — — — 5

JV 1 J V = 1 — — — — — — 5

1 J V = O — — — — — — 5

1 Jl,mn if VT = 1. Cla.r W — — — — n — G

J 1 1,

J
I

-...r . . . . ,, -.--, . I I I I I “

I . = C — — — — 0 5

1 I Jumoif ST = 1 I – I – I – I – I – I – I 5- 1
1 Jumpif ST = O — — — — — — 5

..,., 3 Jumpif SpecifiedBit = 1 — — — — — — 5,6
JBC 3 Jumpif SpecifiedBit = O — — — — — — 5,6
DJNZ 1 D + D – D # O t

~ + 6 o — — — — — — 5

D 1 w * w ? —

E 1 D + D + 1 - S v + o 0 — — 3

N 1 D e L H # o 0 — —

C 1 1 0 0 0 — —

S H2 C - — ~ O w ? * * t – 7
S H2 0 + — I + C w ? * o — w 7

S H2 * — l 4 C v * * o — v 7

SETC o C4-I — — 1 l

C I 0 c-o I —— I —
I . 1A I .- - I – I – I – I –-”nUJlv I u -

o +

o D I

+-t-i
IOH o 0 0 0 0

n - — — — — — —

l + — — — — — —o E All In
o + T , — — — — — —

S o + + 2 — — — — — —

N 2 L s t = D + s c v ? o — — — 7

o + +
+ — — — — — — 9

NOTES:
m e “ a b o p o a w o d O B A

m c a r r o t D B l r f A
l a m

O a c n
S 2 b r f

( s i d o
I a R p R l S s r n r w c s

2
a w a t m

1
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3.5 Software Standards and
Conventions

For a softwareproject of any size it is a good idea to
modularize the program and to establish standards
which control the communicationbetweenthese mod-
ules. The nature of these standards will vary with the
needsof the finalapplication.A commoncomponentof
all of thesestandards,however,mustbe the mechanism
for passingparametersto proceduresand returning re-
sults from procedures.In the absenceof some overri-
dingconsiderationwhichpreventstheir use,it is suggest-
ed that the userconformto the conventionsadoptedby
the PLM-96programminglanguagefor procedurelink-
age. It is a very usablestandard for both the assembly
languageand PLM-96environmentand it offers com-
patibilitybetweenthese environments.Another advan-
tage is that it allowsthe user accessto the samefloating
point arithmetics library that PLM-96uses to operate
on REAL variables.

R U

architecture providesa 256byte register
tile. Someof theseregistersare usedto control register-
mapped 1/0 devices and for other special functions
such as the ZERO register and the stack pointer. The
remainingbytesin the register file,some 230 of them,
are availablefor allocationby the programmer.If these
registersare to be usedeffectively,someoverallstrategy
for their allocationmust be adopted. PLM-96 adopts
the simpleand effectivestrategy of allocatingthe eight
bytes betweenaddresses ICH and 23H as temporary
storage. The starting address of this region is called
PLMREG. The remaining area in the register tile is
treated as a segmentof memorywhich is allocated as
required.

A O

These operands are formed from two adjacent 16-bit
words in memory.The least significantword of the
doubleword is alwaysin loweraddress,evenwhenthe
data is in the stack (which means that the most sig-
nificant word must be pushed into the stack first). A
double word is addressed by the address of its least
signii%antbyte.Note that the hardwaresupports some
operationson doublewords(e.g.normalizeand divide).
For these operationsthe doubleword must be in the
internal registerfile and must havean addresswhich is
evenlydivisibleby four.

S L

Parameters are passedto subroutinesin the stack. Pa-
rameters are pushed into the stack in the order that
they are encounteredin the scanningof the sourcetext.
Eight-bit parameters (BYTES or SHORT-INTE-
GERS) are pushed into the stack with the high order

byte undefined. Thirty-two bit parameters (LONG-
INTEGERS, DOUBLE-WORDS,and REALS) are
pushed into the stack as two 16-bitvalues; the most
significant half of the parameter is pushed into the
stack first.

As an example,considerthe followingPLM-96proce-
dure:

example—procedure:PROCEDURE
(paraml,param2,param3);

DECLARE paraml BYTE,
param2 DWORD,
param3 WORD;

When this procedure is entered at run time the stack
will contain the parameters in the followingorder:

I ?????? : Daraml I

h w p

I returnaddress I

If a procedure returns a value to the calling code (as
opposedto modifyingmore global variables) then the
result is returned in the variablePLMREG. PLMREG
is viewedas either an 8-, 16-or 32-bitvariabledepend-
ing on the type of the procedure.

The standard calling conventionadopted by PLM-96
has severalkey features:
a) Procedurescan alwaysassumethat the eightbytesof

register file memory starting at PLMREG can be
used as temporaries within the body of the proce-
dure.

b) Code which calls a procedure must assumethat the
eight bytes of register tile memory starting at
PLMREG are modifiedby the procedure.

c) The ProgramStatusWord (PSW—seeSection3.3)is
not saved and restored by proceduresso the calling
code must assumethat the conditionflags (Z, N, V,
VT, C, and ST)are modifiedby the procedure.

d) Function results from procedures are always re-
turned in the variablePLMREG.

PLM-96allowsthe definitionof INTERRUPT proce-
dures which are executedwhen a predet%tedinterrupt
occurs.Theseproceduresdo not conformto the rulesof
a normal procedure. Parameters cannot be passed to
these proceduresand they cannot return results. Since
theycan executeessentiallyat any time (hencethe term
interrupt), these procedures must save the PSW and
PLMREG whenthey are entered and restore theseval-
ues before they exit.

1
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INTERRUPT STRUCTURE

There are 21 sourcesof interrupts on the 8X9X.These
sourcesare gatheredinto 8 interrupt typesas indicated
in Figure 19.The 1/0 control registerswhichcontrol
someof the sourcesare indicatedin the figure.Each of
the eighttypesof interrupts has its owninterrupt vector
as listed in Figure 20. In addition to the 8 standard
interrupts, there is a TRAP instructionwhichacts as a
software generated interrupt. This instruction is not
currently supported by the MCS-96Assemblerand is
reservedfor use in Intel developmentsystems.

The programmermust initializethe interrupt vectorts-
ble with the starting address of the appropriate inter-
rupt service routine. It is suggestedthat any unused
interruptsbe vectoredto an error handlingroutine.The
error routineshouldcontainrecoverycodethat willnot
further corrupt an already erroneoussituation.In a de-
bug environment,it may be desirableto have the rou-
tine lockinto a jump to self loopwhichwouldbe easily
traceablewith emulationtools. Moresophisticatedrou-
tines may be appropriate for productioncode recover-
ies.

Three registers control the operation of the interrupt
system: Interrupt Pending, Interrupt Mask, and the

PSWwhichcontainsa globaldisablebit. A block dia-
gram of the system is shown in Figure 21. The tran-
sition detectorlooksfor Oto 1 transitionson anY of the
sources. External sources have a maximum t~sition
S@ of one edgeeverystate time. If this is exceeded
the interrupt may not be detected.

I L I
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4.1 Interrupt Control

I P R

When the herdwere detectsone of the eight interrupts
it sets the correspondingbit in the pending interrupt
register (INT—PENDING-09H).When the interrupt
vector is taken, the pendingbit is cleared. This register,
the format of which is shownin Figure 22, can be read
or moditiedas a byte register.It csrr be read to deter-
mine which of the interrupts are pending at any given
time or modified to either clear pending interrupts or
generate interrupts under softwarecontrol. Any soft-
ware which modifies the INT—PENDING register
should ensure that the entire operation is indivisible.
The casket way to do this k to use the logicalinstruc-
tions its the two or three operandformat, for example:

ANDB INT.PENDING,#llllllOIB
; Clears the A/D Interrupt

ORB INT-PENDING,#OOOOOOIOB
; Sets the A/D Interrupt

Cautionmust be used whenwritingto the pendingreg-
ister to clear interrupts. If the interrupt has already
been acknowledgedwhen the bit is cleared, a 4 state
time “partial” interrupt cycle will occur. This is be-
cause the 8X9Xwill have to fetch the next instruction
of the normal instruction flow, instead of proceeding
with the interrupt processingas it was going to. The
effecton the programwillbeessentiallythat of an extra
NOP. This can be preventedbyclearingthe bits usinga
2 operand immediate logical,as the 8X9X holds off
acknowledginginterrupts during these “read/modify/
write” instructions.

(LOmTlON o9H)

11111111176543210

[ I ! I I ! I L TIMER OVERFLOW

k
j ‘A/DCOhiPLETION

HSI DATA AVAILABLE
HSO EVENT
HSI BIT O
SOFTWARE TIMERS

SERIAL1/0
EXTERNAL INTERRUPT

270250-19
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Individualinterrupts can be enabledor disabiedby set-
ting or clearing bits in the interrupt mask register
(INT-MASK-08H). The formatof this register is the
same as that of the Interrupt PendingRegister shown
in Figure 22.

The INT—MASKregister can be read or written as
byte register.A one in any bit positionwill enable the
correspondinginterrrsptsource and a zero will disable
the source.The hardwarewill save any interrupts that
occur by settingbits in the pendingregister,evenif the
interrupt mask bit is cleared.The INT—MASKregis-
ter also can be accessedas the lower eight bits of the
PSW so the PUSHF and POPF instructions save and
restore the INT—MASKregister as well as the global
interrupt lockoutend the arithmetic flags.

The processingof all interrupts can be disabled by
clearing the I bit in the PSW. Setting the I bit will
enableinterruptsthat havemask registerbits whichare
set. The I bit is controlledby the EI (EnableInterrupts)
and DI (DisableInterrupts) instructions.Note that the
I bit only controls the actual servicing of interrupts.
Interrupts that occur duringperiods of lockoutwill be
held in the pendingregister and serviced on a priori-
tized basiswhenthe lockoutperiod ends.

Interrupt Priorities

The priorityencoderlooksat all of the interrupts which
are both pendingand cnabied,end selects the one with
the highestpriority.The prioritiesare shownin Figure
20 (7 is highest,Ois lowest).The interrupt generator
then forcesa call to the lccation in the indicatedvector
location.This locationwouldbe the starting locationof
the Interrupt ServiceRoutine(LSR).

This priority selection controls the order in which
pendinginterrupts are passedto the softwarevia inter-
rupt calls. The softwarecan then implement its own
priority structure by controlling the mask register
(INT—MASK).To see how this is done, consider the
easeof a serial1/0 serviceroutinewhichmust run at a
priority levelwhich is lower than the HSI data avail-
able interrupt but higher than any other source. The
“preamble”and exit codefor this interrupt servicerou-
tine wouldInoklike this:

serial-i o-isr:
PUSHF ; Save the PSW

(Includes INHdASK)
LDB INTJASK,#OOOOOIOOB
EI ; Enable interrupts again

:1
:
: I Service the interrupt
;
:

iOPF ; Restore the PSW
RET

1-28



i M A O

Note that location200CHin the interrupt vector table
would have to be loaded with the value of the label
serial-io-isr and the interrupt be enabled for this
routineto execute.

There is an interestingchain of instruction side-effects
whichmakesthis (or any other) 8X9Xinterrupt service
routineexecuteproperly:
a) After the hardwaredecidesto processan interrupt, it

generates and executes a special interrupt-call in-
struction,whichpushesthe current programcounter
onto the stack and then loads the program counter
with the contents of the vector table entry corre-
spondingto the interrupt. The hardware will not al-
lowanotherinterrupt to be servicedimmediatelyfol-
lowingthe interrupt-call. This guarantees that once
the interrupt-call starts, the first instruction of the
interrupt serviceroutine willexecute.

b) The PUSHFinstruction,whichis nowguaranteedto
execute,savesthe PSW in the stack and themclears
the PSW. The PSW contains, in addition to the
arithmetic flags, the INT-MASK register and the
globaldisableflag (I). The hardware will not allow
an interrupt followinga PUSHF instructionand, by
the time the LD instruction starts, all of the inter-
rupt enableflagswill be cleared.Now there is guar-
anteed executionof the LD INT-MASK instruc-
tion.

c) The LD INT-MASK instructionenables those in-
terrupts that the programmer chooses to allow to
interrupt the serial 1/0 interrupt serviceroutine. In
this exampleonly the HSI data available interrupt
willbeallowedto do this but any interrupt or combi-
nation of interrupts could be enabled at this point,
even the serial interrupt. It is the loading of the
INT—MASKregister which allowsthe softwareto
establishits own priorities for interrupt servicingin-
dependentlyfrom those that the hardware enforces.

d) The EI instruction reenablesthe processingof inter-
rupts.

e) The actual interrupt service routine executeswithin
the priority structure establishedby the software.

f) At the end of the serviceroutine the POPF instruc-
tion restores the PSWto its state whenthe interrupt-

o h i
to be processedfollowinga POPF instruction so the
executionof the last instruction(RET) is guaranteed
beforefurther interrupts can occur. The reason that
this RET instruction must be protected in this faah-
ion is that it is quite likelythat the POPF instruction
will reenablean interrupt which is already pending.
If this interrupt were serviced before the RET in-
struction, then the return address to the code that
was executingwhen the original interrupt occurred
wouldbe left on the stack. Whilethis does not prea-
ent a problemto the programflow,it could result in
a stack overtlowif interrupts are occurringat a high
frequency. The POPF instruction also pops the

INT-MASK register (part of the PSW), so any
changes to this registerduringa routine which
ends with a POPF willbe lost.

Notice that the “preamble”and exit code for the inter-
rupt serviceroutine doesnot includeany code for sav-
ing or restoring registers. This is because it has been
assumedthat the interrupt serviceroutine has been al-
located its own private set of registers from the on-
board registerfile.The availabilityof some 230bytesof
register storage makes this quite practicsL

Critical Regions

Interrupt service routines must share some data with
other routines. Whenever the progrsmmer is coding
those smtions of code whichaccessthese shared pieces
of data, great care must be taken to ensure that the
integrityof the data is maintained.Considerclearinga
bit in the interrupt pendingregisteras part of a non-in-
terrupt routine:

LJDB AL,IN2’.PENDING
ANDB AL,#bit-mask
STB AL,IN2’-PENDING

This code worksif no other routinesare operatingcon-
currently, but will cause occasionalbut serious prob-
lems if used in a concurrent environment. (All pro-
gramswhichmakeuse of interruptsmust be considered
to be part of a concurrent environment.)To demon-
strate this problem,assumethat the INT-PENDING
register contains 0000111lB and bit 3 (HSO event in-
terrupt pending)is to be reset.The code does work for
this data pattern but what happensif an HSI interrupt
occurs somewherebetweenthe LDB and the STB in-
structions?Before the LDB instruction INT—PEND-
ING contains 000011llB and after the LDB instruc-
tion so does AL. If the HSI interrupt service routine
executes at this point then INT—PENDING will
change to 0000101lB. The ANDB changes AL to
COOOOllIB and the STBchangesINT—PENDING to
0000011IB. It should be WOOCOllB. This code se-
quemcehas manged to generatea fatse HSI interrupt
The samebasicprocesscangeneratean amazingassort-

p h
avoidedby assuringmutualexclusionwhichbasical-

ly means that if more than one routine can change a
variable, themthe programmermust ensure exclusive
accessto the variableduringthe entire operationon the
variable.

In many cases the instructionset of the 8X9Xallows
the variable to be modifiedwith a single instruction.
The code in the above examplecan be implemented
with a single instruction.

ANDB INT-PENDING,#bit-mask
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Instructions are indivisibleso mutual exclusionis en-
sured in this case. Changes to the INT-PENDING
register mustbe madeas a single instruction,sincebits
can be changedin this register even if interrupts are
disabled.Dependingon system configurations,several
other SFRSmightalso need to be changedin a single
instructionfor the same reason.

When variablesmustbe modifiedwithout interruption,
and a singleinstructioncan not be used, the programm-
er must create what is termed a critical region in
which it is safeto modifythe variable. One way to do
this is to simplydisable interrupts with a DI instruc-
tion, perform the modflcation, and then re-enablein-
terrupts with an EI instruction. The problemwith this
approach is that it leavesthe interrupts enabledevenif
they were not enabledat the start. A better solutionis
to enter the critical region with a PUSHF instruction
which savesthe PSWand also clears the interrupt en-
able flags. The region can then be terminated with a
POPF instructionwhichreturns the interrupt enableto
the state it wasin beforethe code sequence.It shouldbe
noted that some system configurationsmight require
more protectionto form a critical region.An example
is a system in whichmore than one processorhas ac-
cess to a commonresourcesuch as memoryor external
1/0 devices.

Interrupt Timing

Interrupts are not always acknowledgedimmediately.
If the interrupt signaldoes not occur prior to 4 state-
timesbeforethe endof an instruction, the interrupt will
not be acknowledgeduntil after the nextinstructionhas
been executed.This is becausean instructionis fetched
and preparedfor executiona fewstate timesbeforeit is
actually executed.

Thereare 6 instructions whichalwaysinhibitinterrupts
from beingacknowledgeduntil after the next instruc-
tion has beenexecuted.These instructionsare:
EI, DI — Enableand DisableInterrupts
POPF,PUSHF—Pop and Push Flags
SIGND — Prefix to perform signed multiply

and divide (Note that this is not an
ASM-96Mnemonic,but is used for
signti multiplyand divide)

SOFTWARE
TRAP — Softwareinterrupt

When an interrupt is acknowledged,the interrupt
pendingbit is clear@ and a call is forced to the kwa-
tion indicated by the specified interrupt vector. This
call occurs after the completionof the instruction in
process,except as noted above.The procedure of get-
ting the vector and forcing the call requires 21 state
times. If the stack is in external RAM an additional 3
state times are required.

The maximumnumberof state times requiredfrom the
time an interrupt is generated(not acknowledged)until
the 8X9Xbeginsexecutingcode at the desiredlocation
is the time of the longest instruction, NORML (Nor-
malize—42 state times),plus the 4 state timesprior to
the end of the previous instmction, plus the response
time (21 to 24 state times). Therefore, the maximum
responsetime is 70 (42 + 4 + 24) state times. This
doesnot includethe 12state times requiredfor PUSHF
if it is usedas the first instructionin the interrupt rou-
tine or additional latency caused by having the inter-
rupt masked or disabled. Refer to Figure 22A, Inter-
rupt ResponseTime, to visualizean exampleof a worst
case scenario.

STATETIMES 4321 —42—— 21—— 3— 12—

EXECUTION
ENDING

‘NORML’ END CALL IS
INSTRUCTION ‘NORML’ FORCED

EXTINTd—”

I BIT --- I
I INTERRUPT ROUTINE

R E~7CISTAETIMES~
270250-SJ3

I R
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Interrupt latency time can be reducedby careful selec-
tion of instructions in areas of code where interrupts
are expected. Using ‘EI’ followed immediately by a
long instruction (e.g. MUL, NORML, etc.) will in-
crease the maximum latency by 4 state times as an
interrupt cannot occur betweenEI and the instruction
following EI. The “DI”, “PUSHF’, “POPF’ and
“TRAP” instructions will also cause the same situa-
tion. Typicatlythe PUSHF, POPF and TRAP instruc-
tions would only effect latency when one interrupt
routine is rdreadyin process, as these instructions are
seldomused at o t

TIMERS

Two 16-bittimers are availablefor useon the 8096.The
first is designated“Timer l“, the second, “Timer 2“.
Timer 1 is used to synchronize events to real time,
while Timer 2 can be clockedexternally and synchro-
nizes wents to external occurrences.

5.1 Timer 1

Timer 1 is clockedonceeveryeight state timesand can
be cleared only by executing a reset. The only other
wayto changeits value is by writingto OOOCHbut this
is a test mode which sets both timers to OFFFXHand
shouldnot be used in programs.

Timer 2

Timer 2 can be incrementedby transitions (one count
each transition, rising and falling)on either T2CLK or
HSL1.T2CLK is not availabIeon the 8X98.The mul-

tiple fi.mctionalityof the timer is determined by the
state of 1/0 ControlRegisterO,bit 7 (IOCO.7).To en-
sure that all CAM entries are checked each count of
Timer 2, the maximumtransition speed is limited to
once per eight state times. Timer 2 can be clearedby:
executinga reset,bysettingIOCO.1,by triggeringHSO
channelOEH,or by pullingT2RSTor HSI.Ohigh.The
HSO and CAM are described in Section 7 and 8.
IOCO.3and ICOO.5control the resetting of Timer 2.
Figure 23 shows the different ways of manipulating
Timer 2. It is recommendedthat the 100) registeronly
be used once during power on reset to initialize the
timers and pins, followedby an HSO command 14to
clear Timer 2 internally;or externally cleared by the
T2RST or HSLOpins. T2RST is not availableon the
8X98. Some 8X9XBHdevices have errata associated
with Timer 2. Seethe data sheets for more information.

5.3 Timer Interrupts

Both Timer 1 and Timer 2 can be used to triggera
timer overflowinterruptand set a flag in the 1/0 Status
Register 1 (10S1). The interrupts are controlled by
IOC1.2 and IOC1.3respectively.The flags are set in
10S1.5and 10S1.4,respectively.

Cautionmust be usedwhenexaminingthe flags,as any
access (includingCompareand Jump on Bit) of 10S1
clears bits O through 5 including the software timer
flags.It is, therefore recommendedto write the byte to
a temporaryregisterbeforetestingbits. The generalen-
abling and disablingof the timer interrupts are con-
trolled by the Interrupt Mask Registerbit O.In all cas-
es, setting a bit enablesa function, while clearinga bit
disablesit.

T2 CLK+ +-- HSI.1

\ ---- -IOCO.7

I
I

10/0.5
270250-22
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Timer Related Sections

The High Speed 1/0 unit is coupled to the timers in
that the HSI records the valueon Timer 1 whentran-
sitionsoccur and the HSOcauses transitions to occur
baaedon valuesof either Timer 1or Timer 2. The baud
rate generator can use the T2CLK pin as input to its
counter. a complete listing of the functions of 10S1,
IOCO,and IOCI are in Section11.

6.0 HIGH SPEED INPUTS

The High SpeedInput Unit (HSI), can be used to rec-
ord the time at which an event occurs with respect to
Timer 1. There are 4 lines (HSI.O through HSI.3)
whichcan be used in this mode and up to a total of 8
events cSn be recorded. HSI.2 and HSL3 are bidirec-
tional pins which cair also be used as HSO.4 and
HSO.5.The 1/0 Control Registers (IOCOand IOC1)
are used to determine the fu-nctionsof these pina. A
blockdiagram of the HSI unit is shownin Figure 24.

FIFO

,q [ “~+ + y, ,, 7

INTERRUPT
HSI

CONTRO[ LOGIC

9

TIMER
ENABLE
LOGIC 4 16

4
OIVIDE INPUT 4 8x20 BIT

PORT BUFFERS BY 8 CHANGE FIFO
COUNTER D~ECTOR

HSI PINS

m ‘ :

HI TO LO

“ A

84

LO TO HI
HSI–MODE

HI OR-

hrlrlmd
EVERY EIGHTH POSITIVE

TRANSITION
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6.1 HSI Modes

There are 4 p o
HSI pins. The HSI mode register is used to control
whichpins will look for what type of events.The 8-bit
register is set up as shownin Figure 25.

High and low levelseach need to be held for at least 1
state time to ensure proper operation. The maximum
input speedis 1 event every 8 state times except when
the 8 transition mode is used, in which case it is 1
transition per state time. The divide by eight counter
can onlybe zeroedin mid-countby performinga hard-

eventa.It can take up to 8 state times for this informa-
tion to reach the holding register. For this reason, 8
state times must be allowedbetweenconsecutivereads
of HSI—TIME.Whenthe FIFO is full, for a total of 8
events,werebe storedby consideringthe holdingregia-
ter part of the FIFO. If the FIFO and holdingregister
are full, any additional events will cause an overtlow
condition.Any eight consecutiveevents will overflow
on the ninth event if the program does not clear all
entriesin the FIFO beforethe ninth eventoccurs.Some
versionsof the 8X9X have errata associatedwith the
HSI unit. Seethe data sheets for more information.

. .
ware r&et on the 8X9X.

6.3 HSI Interrupts

H
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The HSI 1inescan be individuallyenabledand disabled
usingbits in IOCO,at locationO015H.Figure26 shows
the bit locationswhich control the HSI pins. If the pin
is disabled,transitions will not be entered in the FIFO.
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6.2 HSI FIFO

Whenan HSI eventoccurs,a 9x20 FIFO stores the 16
bits of Timer 1and the 4 bits indicatingwhichpins had

Interrupts can be generated by the HSI unit in three
ways; two FIFO related interrupts and O to 1 tran-
sitionson the HSLOpin. The HSI.Opin can generate
interrupts even if it is not enabled to the HSI FIFO.
Interrupts generatedby this pin causea vectorthrough
location2008H.The FIFO related interrupts are con-
trolledby bit 7 of 1/0 Control Register 1, (IOC1.7).If
the bit is a O,then an interrupt willbe generatedevery
timea valueis loadedinto the holdingregister. If it is a
1,an interrupt will only be generatedwhenthe FIFO,
(independentof the holdingregister),hss six entries in
it. Since all interrupts are rising edge triggered, if
IOC1.7 = 1, the processor will not be re-intermpted

c 5 or less records, then
containssix or more.

6.4 HSI Status

Bits6 and 7 of the 1/0 Statusregister 1(10S1)indicate
the status of the HSI FIFO. If bit 6 is a 1, the FIFO
containsat least six entries. If bit 7 is a 1, the FIFO
containsat least 1 entry and the HSI holdingregister
has data available to be read. The FIFO may be read
after verifyingthat it containsvaliddata. Cautionmust
be used when reading or testing bits in 10S1, as this
actionclears bits O-5, includingthe softwareand hard-
ware timer overtlowflags. It is best to store the byte
and then test the stored value. SeeSection11.

Readingthe HSI is done in two steps. First, the HSI
Statusregister is read to obtain the current state of the
HSI pins and which pins had changedat the recorded
time. The format of the HSI—STATUSRegister is
shownin Figure 27. Second,the HSI Time register is
read.Readingthe Timeregisterunloadsonelevelofthe
FIFO, so if the Time register is read before the Status
register,the eventinformationin the Statusregisterwill
be lost.The HSI Status register is at location06H and
the HSI Time registersare in locations04H and 05H.

If the HSI—TIMEregister is read without the holding
registerbeingloaded,the returned valuewillbe indeter-
minate. Under the same conditions, the four bits in
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HSI-STATUS indicatingwhich eventshave occurred
will also be indeterminate.The four HSI—STATUS
bits which indicate the current state of the pins will
alwaysreturn the correct vrdue.

It shouldbe notedthat manyof the Statusregistercon-
ditions are changedby a reset, see Section13.A com-
plete listingof the functionsof 10S0,10S1,and IOC1
can be found in Section11.

7.0 HIGH SPEED OUTPUTS

The High SpeedOutput unit, (HSO),is usedto trigger
events at specific times with minimal CPU overhead.
These events include:starting an A to D conversion,
resetting Timer 2, setting4 softwareflags,and switch-
ing 6 output lines(HSO.Othrough HSO.5).Up to eight
eventscan be pendingat onetime and interruptscan be
generated wheneverany of these events are triggered.
HSO.4and HSO.5are bidirectionalpinswhichcan also
be used as HSI.2and HSI.3respectively.Bits4 and 6 of
1/0 Control Register 1, (IOCI.4, IOC1.6), enable
HSO.4and HSO.5as outputs.

The HSOunit can generatetwotypesof interrupts.The
HSO executioninterrupt (vector = (2C06H))is gener-
ated (if enabled)for HSOcommandswhichoperateone
or more of the six output pins. The other HSO inter-
rupt is the software timer interrupt (vector =
(200BH))which is generated(if enabled)by any other
HSO command, (e.g. triggering the A/D, resetting
Timer 2 or generatinga softwaretime delay).

7.1 HSO CAM

A block diagram of the HSO unit is shown in Figure
28. The Content AddressableMemory (CAM) tile is
the center of control. One CAM register is compared
with the timer values every state time, taking 8 state
times to compare all CAM registers with the timers.
This de.fks the time resolution of the HSO to be 8
state times (2.0microsecondsat an oscillatorfrequency
of 12MHz).

R (
LOCATION 06Nm...-

II ~ NS1.1STATUS

~ STAN!3
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Each CAM register is 23bits wide.Sixteenbits specify
the time at which the action is to be carried out and 7
bits specifyboth the nature of the action and whether
Timer 1 or Timer 2 is the reference.The format of the
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commandto the HSOunit is shownin Figure29.Note
that bit 5 is ignoredfor commandchannels 8 through
OFH.

To enter a commandinto the CAM file, write the 7-bit
“CommandTag” into locationOO06Hfollowedby the
time at whichthe action is to be carried out into word
addressOO04H.The typical code wouldbe:

LDBHSO.COWdAND,#what-to-do
ADDHSO-TIhfE,TIM.ERl,#when-t o-do-it

Writingthe time valueloads the HSOHoldingRegister
with both the time and the last written commandtag.
The command does not actually enter the CAM file
until an empty CAM register becomesavailable.

Commandsin the holdingregisterwillnot executeeven
if their time tag is reached. Commandsmust be in the
CAMfor this to occur.Commandsin the holdingregis-
ter can also be overwritten. Since it can take up to 8
state times for a commandto move from the holding
register to the CAM, 8 states must be allowedbetween
successivewriteato the CAM.

To provideproper synchronization,the minimumtime
that should be loaded to Timer 1 is Timer 1 + 2.
Smaller values may cause the Timer match to occur
65,636counts later than expected.A similar restriction
applies if Timer 2 is used.

Care must be taken whenwriting the commandtag for
the HSO. If an interrupt occurs during the time be-
tween writing the command tag and loading the time
value, and the interrupt service routine writes to the
HSOtime register, the commandtag used in the inter-
rupt routine will be written to the CAM at both the
time specified by the interrupt routine and the time
specifmdby the main program.The commandtag from
the main program will not be executed. One way of
avoidingthis problem would be to disable interrupts
when writing commands and times to the HSO unit.
Seealso Sec;on 4.5.

CHANNEL:
O-5 HSO.O- HSO.5

[-

BIT: O 6 H H
H H
S TIMERS

2E RESD TIMER2

3F START A/O CONVERSION

4 INTERRUPT/ NO INTERRUPT

5 SET/CLEAR

u-”6 TIMER 2/nMER 1

u
270250-28

7.2 HSO Status

Beforewritingto the HSO,it is desirableto ensurethat
the HoldingRegisteris empty.If it is not, writingto the
HSO will overwritethe value in the HoldingRegister.
1/0 Status RegisterO(10S0)bits 6 and 7 indicate the
status of the HSO unit. This register is described in
Section 11. If 10S0.6equals O,the holdingregister is
empty ad at least one CAM register is empty. If
10S0.7equalsO,the holdingregister is empty.

The programmershouldcarefullydecidewhichof these
two flags is the best to use for each application.

7.3 Clearing the HSO

All 8 CAM locationsof the HSO are comparedbefore
any action is taken. This allows a pendingexternal
event to be cancelled by simply writing the opposite
event to the CAM.However,oncean entry is placedin
the CAM, it cannot be removeduntil either the speci-
fied timer matchesthe writtenvalueor the chipis reset.
If, as an example,a command has been issued to set
HSO.1whenTIMER 1 = 1234,then enteringa second
commandwhichclearsHSO.1whenTIMER 1 = 1234
will result in no operationon HSO.1.Bothcommands
will remain in the CAM until TIMER 1 = 1234.

Internal events are not synchronizedto Timer 1, and
therefore cannot be cleared. This includesevents on
HSO channels 8 through F and all interrupts. Since
interrupts are not synchronizedit is possibleto have
multiple interrupts at the same time value.

7.4 Using Timer 2 with the HSO

Timer 1 is incrementedonly once every8 state-times.
When it is beingusedas the referencetimerfor an HSO
action, the comparator has a chance to look at all 8
CAM registers beforeTimer 1 changesits value. Fol-
lowingthe same reasoning,Timer 2 has been synchro-
nized to aLlowit to change at a maximumrate of once
per 8 state-times.Timer 2 incrementson both edgesof
the input signat.

When using Timer 2 as the HSO reference,caution
must be taken that Timer 2 is not reset prior to the
highest valuefor a Timer 2 match in the CAM.This is
becausethe HSOCAMwilfholdan eventpendinguntil
a time match occurs,if that match is to a time valueon
Timer 2 which is never reached, the eventwill remain
pendingin the CAM until the deviceis reset.

Additionalcautionmust be usedwhenTimer2 is being
reset using the HSOunit, sinceresettingTimer 2 using
the HSO is an internal eventand can thereforehappen
at any time within the eight-state-timewindow.This
situation arises when the event is set to occur when

C
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Timer 2 is equal to zero. If HSI.Oor the T2RSTpin is
used to clear Timer 2, and Timer 2 equal to zero trig-
gers the event, then the event may not occur. This is
because HSI.Oand T2RST clear Timer 2 asynchro-
nously,and Timer 2 may then be incrementedto one
before the HSO CAM entry can be read and acted
upon.This can be avoidedby settingthe eventto occur
whenTimer 2 is equrdto one.This methodwill ensure
that there is enoughtime for the CAM entry recogni-
tion.

The sameasynchronousnature can affecteventssched-
uled to occur at the same time as an internal Timer 2
reset. These events should be logged into the CAM
with a Timer 2 valueof zero. When usingthis method
to make a prograrnmablemodulo counter, the count
will stay at the maximumTimer 2 valueonly until the
Reset T2 commandis recognized.The count will stay
at zerofor the transitionwhichwouldhavechangedthe
count from “N” to zero, and then changedto a one on
the next transition.

7.5 Software Timers

The HSOcan be programmedto generateinterrupts at
presettimes.Up to foursuch“SoftwareTimers” can be
in operationat a time. As each preprogrammedtime is
reached, the HSO unit sets a SoftwareTimer Flag. If
the interrupt bit in the command tag was set then a
SoftwareTimer Interrupt will also be generated. The
interrupt service routine can then examine1/0 Status
register 1 (10S1) to determine which software timer
expiredand causedthe interrupt.Whenthe HSOresets
Timer 2 or starts an A to D conversion,it can also be
programmedto generatea softwaretimer interrupt but
there is no flag to indicatethat this has occurred.

If morethan one softwaretimer interrupt occurs in the
same time frame it is possiblethat multiple software
timer interrupts will be generated.

Each read or test of any bit in 10S1 will clear bits O
through 5. Be certain to save the byte before testing it
unlessyouare only concernedwith 1bit. Seealso Sec-
tion 11.5.

8.0 ANALOG INTERFACE

The 8X9Xcart easily interface to analog signalsusing
its Analog to Digital Converter and its Pulse-Width-
Modulated(PWM) output and HSO Unit. Thereare 8
inputs to the lo-bit A to D converteron the 8X9XBH
and 8X9XJF. There are 4 inputs on the 8X98.The
PWM and HSOunits providedigital signalswhichcan
be filtered for use as analog outputs.

8.1 Analog Inputs

A to D conversionis performedon one input at a time
using successiveapproximationwith a result equal to
the ratio of the input voltage divided by the analog
supplyvoltage.If the ratio is 1.00,then the result will
be atl ones.The A/D converter is availableon selected
membersof the MCS-96family.See Section14for the
deviceselectionmatrix.

Each conversionon the 8X9X requires 88 state-times
(22 ps at 12MHz) independentof the accuracydesired
or value of input voltage.The input voltagemust be in
the rangeof Oto VREF,the analogreferenceand supply
voltage. For proper operation, VREF (the reference
voltage and analog power supply) must be between
4.5Vand 5.5V.The A/D result is calculatedfrom the
formula:

1 X ( v o

It can be seen from this formula that changesin V~F
or ANGND effectthe output of the converter.Thiscan
be advantageousif a ratiometric sensor is used since
thesesensorshave an output that can be measuredas a
proportionof VREF.

ANGND must be tied to Vss (digitalground)in order
for the 8X9Xto operate properly. This commoncon-
nectionshouldbe made as closeto the chip as possible,
and usinggoodbulkand highfrequencyby-passcapaci-
tors to decouple power supply variations and noise
from the circuit. Analog design rules call for one and
onlyone commonconnectionbetweenanalogand digi-
tal returns to eliminateunwantedground variations.

A completelistingof the functionsof 10S0,10S1, and
IOC1 can be found in Section11.The Timers are de-
scribedin Section5andtheHSIis describedin Section6.
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The A/’Dconverterhas sampleand hold.Thesampling
windowis open for 4 state times whichare includedin

state-time conversionperiod.The exact timings
of the A/D convertercan be foundin Section3 of the
Hardware Design chapter.

8.2 AID Commands

Analog signals can be sampled by any one of the 8
analog input pins (ACHOthrough ACH7) which are
sharedwith Port O.ACH7can alsobe usedas an exter-
nal interrupt if IOC1.1 is set (see Sections4 and 11).
The A/D CommandRegister,at location02H, selects
whichchannel is to be convertedand whetherthe con-
version should start immediately or when the HSO
(Channel #OFH) triggers it. The A/D commandregis-
ter must be written to for each conversion,even if the
HSOis used ss the trkwer. A to D commandsare for-

The commandregister is doublebufferedso it is possi-
ble to write a commandto start a conversiontriggered
by the HSO whileone is still in progress.Care must be
taken when this is done since if a new conversionis
started whileone is alreadyin progress,the conversion
in progress is cancelled and the new one is started.
When a conversion is started, the remit register is
cleared.For this reasonthe result registermust be read
beforea new conversionis started or data will be lost.

8.3 A/D Results

Results of the analog conversionsare read from the
A/D Result Register at locations02H and 03H. Al-
though these addressesare on a word boundary, they
must be read as individualbytes. Information in the
A/D Result register is formatted as shown in Figure
31.Note that the status bit mav not be set until 8 state

matted as shownin Fi~~re30.

AID Command Regiatsr

(LOCATION02H)

-

I LmAMSL~SELEc= WHICH OF THE n ANALOG INPUT

CHANNELS IS TO BE CONVERTED TO OIGITALFORM:

~ GO INDICATESWHEN TNE CONVERSION IS TO BE
INMATED (GO= 1 MEANS START NOW, GO=O
MEANS THE CONVERSION IS TO SE INMATEO
BYTNE HBO UNIT AT A SPECIFIED TIME).

270250-29
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timesafter the go command,so it is necessaryto wait 8 Figure33.Note that whenthe PWMregisterequals00,
state times before testing it. Informationon using the the output is alwayslow.Additionally,the PWMregis-
HSO is in Section7. ter will only be reloaded from the temporary latch

whenthe counter overtlows.This meansthat the com-

8.4 Pulse Width Modulation Output
pare circuit will not recognizea new valueto compare
against until the counter has expired the remainder of

(DIA) the current 8-bitcount.

Digitalto analogconversioncan be donewith the Pulse The output waveform is a variable duty cycle pulse
Width Modulationoutput; a block diagram of the cir- whichrepeatsevery256stete times(64ps at 12MHz).
cuit is shownin Figure 32. The 8-bit counter is incre- Changesin the duty cycle are made by writing to the
mented everystate time. When it equals O,the PWM PWM register at location 17H.There are severaltypes
output is set to a one. When the counter matches the of motors which require a PWM waveformfor most
valuein the PWM register,the output is switchedlow. efficientoperation.Additionally,if this waveformis in-
When the counter overflows.the outrmt is once a~sin tearated it will moduce a DC level which can be
switchedhigh.A typical output waveformis show in ch~ngedin 256s~epsby varyingthe dutycycle.

I
J’x;’h l—Iocl.o

RELOA1 I COMPAREI I R . I . I n

I 1 I
OVERFLOW

270250-31
● PWM Period (XTAL = 12 MHz) = 64 ps, Frequency = 15.625 KHz
● Duty Cycle Programmable in 256 Steps
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Details about the hardwarerequiredfor smooth, accu-
rate D/A conversioncan be found in Section4 of the
Hardware Design chapter. Typically, some form of
bufferand integratorare neededto obtain the most use-
fulnessfrom this feature.

The PWM output shares a pin with Port 2, pin 5 so
that thesetwofeaturescannotbe usedat the same time.
IOC1.Oequal 1 selectsthe PWM fiction instead of
the standard port function.Moreinformationon IOCI
is in Section 11.

8.5 PWM Using the HSO

The HSO unit can be used to generate PWM wave-
formswith very little CPUoverhead.If the HSO is not
beingused for other purpmes,a 4 line PWM unit can
be made by loadingthe on and off times into the CAM
in sets of4. The CAMwouldthenalwaysbe loadedand
only 2 interrupts per PWMperiodwouldbe needed.

9.0 SERIAL PORT

The serial port on the 3 asynchronousand
one synchronousmode. The asynchronousmodes are
full duplex, meaningthey can transmit and receiveat
the same time. The receiveris doublebuffered so that
the receptionof a secondbytecan beginbefore the first
byte has been read. The port is functionallycompatible
with the serial port on the MCS-51familyof microcon-
trollers, althoughthe softwareusedto control the ports
is different.

Controlof the serial port is handledthrough the Serial
Port Control/Status Register at location 1IH. Figure
37showsthelayoutofthisregister. Thedetailsofusing it
to controlthe serialport willbe discussedin Section9.2.

Data to and from the serial port is transferred through
SBUF (rx) and SBUF (tx), both located at 07H. Al-
though these registersshare the same address, they are
physicallyseparatq withSBUF(rx) containingthe data
receivedby the serial port and SBUF(tx) used to hold
data readyfor transmission.The programcannot write
to SBUF(rx) or read from SBUF(tx).

The baud rate at which the serial port operates is con-
trolled by an independentbaud rate generator.The in-
puts to this generatorcan be either the XTAL1 or the
T2CLK pin. Details on setting up the baud rate are
givenin Section9.3.

9.1 Serial Port Modes

O

Mode O is a synchronousmode which is commonly
used for shift register based 1/0 expansion. In this
mode the TXD pin outputs a set of 8 pulses while the
RXD pin either transmits or receives data. Data is
transferred 8 bits at a time with the LSBfirst. A dia-
gram of the relativetimingof these signalsis shownin
Figure 34. Note that this is the only mode which w
RXD as an output.

‘D”””u”.”u””.u.’”u”.”u”””u”.”u.””u
Rxo(wt) 3 4 s x 6 7
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Although it is not possibleto transmit and receiveat
the sametime usingthis mode,twoexternalgatesand a
port pin can be used to time-multiplexthe two func-
tions. An exampleof multiplexingtransmit and receive
is discussed in Section 6.1 of the Hardware Design
chapter.

1

Mode 1 is the standard asynchronouscommunications
mode. The data frame used in this mode is shown in
Figure 35. It consistsof 10bita; a start bit (0), 8 data
bits (LSBfirst), and a stop bit (l). If parity is enabled,
(the PEN bit is set to a 1), an even parity bit is sent
instead of the 8th data bit and parity is checked on
reception.

2

2 is the asynchronous9th bit recognitionmode.
This mode is commonlyused with Mode 3 for multi-
processorcommunications.Figure 36 shows the data
frame used in this mode. It consistsof a start bit (0), 9
data bits (LSBfirst), and a stopbit (1). when transmit-
ting, the 9th bit can be set to a oneby setting the TB8
bit in the control register beforewriting to SBUF(tx).
The TB8bit is clearedon everytransmission,so it must
be set prior to writing to SBUF (tx) each time it is
desired.During reception,the serial port interrupt and
the ReceiveInterrupt (RI) bit willnot be set unlessthe
9th bit beingreceivedis set. This providesan easy way
to haveselectivereceptionon a data link. Parity cannot
be enabledin this mode.

3

3 is the asynchronous9th bit mode. The data
frame for this mode is identicalto that of Mode 2. The
transmissiondifferencesbetweenMode 3 and Mode 2
are that parity can be enabled(PEN= 1)and cause the
9th data bit to take the evenparity vahte.The TB8 bit
can still be used if parity is not enabled (PEN=O).
When in Mode 3, a receptionalways causes an inter-
rupt, regardlessof the state ofthe 9th bit. The 9th bit is
stored if PEN=O and can be read in bit RB8. If
PEN= 1 then RB8 becomesdte ReceiveParity Error
(RPE) flag.

9.2 Controlling the Serial Port

Control of the serial port is done through the Serial
Port Control (SP—CON) and Serial Port Status
(SP—STAT)registers shownin Figure 37. Writing to
location 1lH accessesSP—CONwhilereadingit access
SP—STAT.Note that reads of SP—STATwill return
indeterminatedata in the lower5 bitsand writingto the

3 bits of SP—CONhas no effect on chip func-
tionality.The TB8bit is clearedtier each transmission
and both TI and RI are cleared whenwer
SP—STAT(not SP—CON)is accessed.Wheneverthe
TXD pin is used for the serial port it must be enabled
by setting IOC1.5 to a 1. IOC1is discussed fiu-therin
Section11.3.Informationon the hardware connections
and timingof the serialport is in Section6 of the Hard-
ware Designchapter. -
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LOCATIONIIH

S I SP–CON
(REAO ONLY) (WRITE ONLY)

1
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I

2 I 1 I o. & REN PEN M2 Ml
1

LTSS PxOORANSTNE STli OATABIT (IF NOT PARITY)ON
TRANSMISSION:

TI IS THETRANSM”nINTERRUPTFLAG:

L’M2,Ml SPECIFIESTHE MOOE;
0.0 = MooE o
0.1 . Mooe 1
1.0 = MODE2
1.1 = NOOE3

PEN ENABLETHE PARITYFUNCnON (EVEN PARITY).

— REN ENABLESmE RECEIVEFUNCTION:

m IS THE RECEIVEINTERRUPTFLAG:

RB8 IS mE 9TH OATABIT BECEIVEOOFNOTPARITY);

,
I and RI are cleared when S r

WE tS THEPARITYERROR INOICATO”R(IF PARITYACTIVE).
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In ModeO,ifREN = O,writingto SBUF(tx)willstart
a transmission.Causinga risingedgeon REN,or clear-
ing RI with REN = 1, will start a reception.Setting
REN = Owillstop a reception in progressand inhibit
further receptions.To avoida partisf or completeunde-
sired reception,REN must be set to zero beforeRI is
cleared. This can be handled in an interrupt environ-
ment by usingsoftwareflags or in straight-linecodeby
using the Interrupt Pending register to signalthe com-
pletion of a reception.

In the asynchronousmodes,writingto SBUF(tx) starts
a transmission.A falling edge on RXD will begin a
receptionif RENis set to 1. New data placedm SBUF
(tx) is held and willnot be transmitted until the end of
the stop bit has beensent.

In all modes,the RI tlag is set after the last data bit is
sampled approximatelyin the middle of the bit time.
Also for all modes,the TI flag is set after the last data
bit (either 8thor 9th)is sent, also in the middleof the
bit time. The flagsclear when SP—STATis read, but
do not haveto be clear for the port to receiveor trans-
mit. The serial port interrupt bit is set as a logicalOR
of the RI and TI bits. Note that changingmodes will
reset the SerialPort and abort any transmissionor re-
ception in progresson the channel. If the TX and RX
pins are tied togetherfor loopbacktesting, the RI flag
will be writtenfirst.

9.3 Determining Baud Rates

Baudrateain all modesare determinedby the contents
of a 16-bitregister at location OfN)EH.This register
must be loadedsequentiallywith 2 bytes (least signifi-
cant byte first). The serial port will not function be-
tween the loading of the tirat and second bytes. The
MSBof this register selects one of two sources for the
input frequencyto the baud rate generator. If it is a 1,
the frequencyon the XTAL1pin is selected,if not, the
external frequency from the T2CLK pin is used. It
shouldbe noted that the maximumspeedof T2CLK is
one transitionevery2 state times, with a minimumpe-
riod of 16 XTAL1 cycles. This provides the needed
s i

u r 15 bits
of the baud rate register definesa number B, where B
has a maximumvalue of 32767.The baud rate for the
four serial modes using either XTAL1 or T2CLK as
the clocksourceis givenby:

UsingXTAL1:

B = X f ; B _ oM R
4 * (B + 1)

1
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B = fO R
● +

UsingT2CLK:

Baud=T2CLKfreWencY~ ~~oM R
B

B – TO R -
* B

Note that B cannot equalO,exceptwhenusingXTAL1
in other than modeO.

Commonbaud rate values,usingXTAL1 at 12MI&
are shownbelow.

R

O

9600 8137H 8013H
4800 8270H 8026H
2400 84E1H 804DH
1200 89C3H 809BH
300 A70FH 8270H

The maximumbaud rates are 1.5Mbaud synchronous
and 187,5 Kbaud asynchronous with 12 MHz on
XTAL1.

9.4 Multiprocessor Communications

Mode2 and 3 are providedfor multiprocessorcommu-
nications.In Mode 2 if the received9th data bit is not
1, the serial port interrupt is not activated.The way to
use this feature in multiprocessorsystemsis described
below.

Whenthe master processorwantsto transmit a blockof
data to one of several slaves, it first sends out an ad-
dress frame which identifks the target slave. An ad-
dress frame willdifferfrom a data frame in that the 9th
data bit is 1 in an address frameand Oin a data frame.
Slaves in Mode 2 will not be interrupted by a data
frame. An address frame, however,will interrupt all
slavesso that each slave can examinethe receivedbyte
and see if it is being addressed. The addressed slave
switchesto Mode 3 to receivethe comingdata frames,
whilethe slavesthat were not addressedstay in Mode2
and go on about their business.

10.0 1/0 PORTS

There are five 8-bit 1/0 ports on ‘the 8096. Some of
these ports are input only, someare output only, some
are bidirectionaland some have alternate functions.In
addition to these ports, the HSI/O unit can be used to

provideextra 1/0 lines if the timer related features of
these linesare not needed.

Input ports connectto the internal bus through an in-
put buffer. Output ports connect through an output
buffer to an internal register that hold the bits to be
output. Bidirectionalports consist of an internal regis-
ter, en input buffer,and an output buffer.

Port Ois an inputport which is also usedas the analog
input for the A to D converter. Port 1 is a quasi-bidi-
rectionalport. Port 2 contains three typesof port lines:
quasi-bidirectional,input end output. The input and
output lines are shared with other functions in the
8X9X as shown in Table 4. Ports 3 and 4 are open-
drain bidirectionaloorts whichshare their Dinswith the
address/data bus. -

2 A F

P2.O

P2.1

P2.2

P2.3

P2.4

P2.5

P2.6
P2.7—

F

output

Input

output

Input

Input

Input

output

A
F

TXD (Serial Port
Transmit)
RXD (Serial Port
Receive Ml -3)
RXD (Serial Port
Output MO)
EXTINT
(External Interrupt’
T2CLK (Timer
2 Input)
T2RST (Timer
2 Reset)
PWM
(Pulse-Width
Mo&lation)

Quasi-Bidirectional
Quasi-Bidirectional

C

IOC1.5

N/A

Iocl.1

IOCO.7

IOCO.5

Iocl.o

Section2 of the Hardware Designchapter containsad-
ditiomd informationon the timing, drive capabilities,
and input impedancesof 1/0 pins.

10.1 Input Ports

Input ports and pins can only be read. There are no
output driverson these pins. The input leakageof these
pins is in the microamprange. The specificvaluescan
be found in the data sheet for the devicebeingconsid-
ered.

In additionto actingas a digital input, esch lineof Port
Ocan be selectedto be the input of the A to D converter
as discussedin Section8. The pins on Port Oare tested
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to have D.C. leakageof 3 microarnpsor less, as speci-
fied in the data sheet for the devicebeingconsidered.
The capacitance on these pins is approximately5 pF
and will instantaneouslyincreaseby around 5 pF when
the pin is beingsampledby the A to D converter.

The 8X98devicesonly have4 Port Opins.

The 8X9X samples the input to the A/D for 4 state
timesat the beginningof the conversion.Detailson the
A to D converter can be found in Section 8 of this
chapter and in Section3 of the HardwareDesignchap-
ter.

10.2 Quasi-Bidirectional Ports

Port 1, Port 2.6 and Port 2.7 are quasi-bidirectional
ports. Port 1,Port 2.6and Port 2.7are not availableon
the 8X98. “Quasi-bidirectional”means that the port
pin haaa weakinternal pullupthat is alwaysactiveand
an internal pulldownwhichcan be on to output a O,or
offto output a 1. If the internalpulldownis left off (by
writinga 1 to the pin), the pin’slogiclevelcan be con-
trolled by an external pulldown.If the external pull-
downis on, it will input a Oto the 8X9X,ifit is off,a 1
will be input. From the user’spoint of view,the main
difference between a quasi-bidirectionalport and a
standard input port is that the quasi-bidirectionalport
will source current if externallypulledlow.It willalso
pull itself high if left unconnected.

In parrdlel with the weak internal pullup is a much
stronger internal pullup that is activated for one state
time whenthe pin is internallydrivenfromOto 1.This
is done to speed up the O-to-1transition time. When
this pullup is on the pin can typicallysource 30 milli-
amps to Vss.

when the processorwrites to the pins of a quasi-bidi-
rectionalport it actually writesinto a registerwhichin
turn drives the port pin. When the processor reads
these ports, it sensesthe status of the pin directly. If a
port pin is to be used as an input then the software
should write a one to its associatedSFR bit, this will
cause the low-impedancepull-downdeviceto turn off

and leave the pin pulled up with a relativelyhigh im-
pedancepulhrpdevicewhich can be easilydrivendown
by the devicedrivingthe input.

If somepins of a port are to be usedas inputsand some
are to be used as outputs the programmer should be
careful when writing to the port.

Particular care should be exercisedwhen using XOR
OpCOdSSor any opcode which is a read-modify-write
instruction. It is possiblefor a Quasi-BidirectionalPin
to be written as a one, but read back as a zero if an
externaldevice(i.e., a transistor base) is pullingthe pin
belowVIH.See the Hardware DesignChapter Section
2.2 for further details on using the Quasi-Bidirectional
Ports.

10.3 Output Ports

Output pins include the bus control lines, the HSO
lines,and some of Port 2. These pins can only be used
as outputs as there are no input buffers conneded to
them. It is not possibleto useimmediatelogicalinstruc-
tions such as XOR PORT2, iHXllllB to toggle these
pins.The output currents on these ports is higher than
that of the quasi-bidirectionalports.

10.4 Ports 3 and 4/ADO-15

Thesepins have two functions.Theyare either bidirec-
tional ports with open-drain outputs or System Bus
pins whichthe memorycontrolleruseswhenit is acces-
ing off-chipmemory. If the ~ line is low, the pins
alwaysact as the SystemBus.Otherwisethey act as bus
pins only during a memory access. If these pins are
beingused as ports and bus pins, onesmust be written
to them prior to bus operations.

AccessingPort 3 and 4 as 1/0 is easilydonefrom inter-
nal registers.Sincethe LD and ST instructionsrequire
the use of internal registers,it may be necessaryto first
movethe port informationinto an internal locationbe-
fore utilizing the data. If the data is already internal,
the LD is unnecessary.For instance, to write a word
value to Port 3 and 4 . . .

LD i p ; r +
; i

ST intreg, IFFEH ; register + Port 3 and 4
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To read Port 3 and 4 requiresthat “ones” be written to the pat registerato first setup the inputport configuration
circuit. Note that the ports are reset to this input condition,but if zeroes have been written to the port, then ones
must be re-writtento any pins whichare to be used as inputs.ReadingPort 3 and 4 froma previouslywritten zero
conditionis as follows .

LD intregA, #OFFFFH

ST intregA, lFFEH

LD intregB, lFFEH

:

;
:
:

:

setup port change ❑ode pattern

register + Port 3 and 4
LD & ST not needed if previously
written as ones

register + Port 3 and 4

Note that whilethe format of the LD and ST instructionsare similar,the source and destinationdirectionschange.

When acting as the system bus the pins have strong
drivers to both Vcc and Vss. These drivers are used
wheneverdata is being output on the system bus and
are not used when data is beingoutput by Ports 3 and
4. Only the pins and input buffersare shared between
the bus and the ports. The ports use different output
bufferswhichare configuredas open-drain,and require
pullup resistors. (open-drain is the MOS veraion of
open-collector.)The port pins and their system bus
fimctionsare shownin Table 5.

P3.O
P3.1
P3.2
P3.3
P3.4
P3.5
P3.6
P3.7
P4.O
P4.1
P4.2
P4.3
P4.4
P4.5
P4.6
P4.7

‘

F

ADO
AD1
AD2
AD3
AD4
AD5
AD6
AD7
AD8
AD9
ADl O
AD11
AD12
AD13
AD14
AD15

STATUS AND CONTROL
REGISTERS

There are two 1/0 Control registera,IOCOand IOC1.
IOCOcontrols Timer 2 and tbe HSI lines. IOC1 con-
trols some pin functions,interrupt sourcesand 2 HSO
pins.

Wheneverinput lines are switchedbetweentwo sourc-
es, or ensbled, it is possibleto generate transitions on
these lines This could cause problemswith respect to
edgesensitivelinessuch as the HSI lines,Interrupt line,
and Timer 2 control linea.

11.1 1/0 Control Register O(IOCO)

IOCOis located at O015H.The four HSI lines can be
enabledor disabledto the HSI unit by settingor clear-
ingbits in IOCO.Timer 2 functionsincludingclockand
resetsourcesare also determinedby IOCO.The control
bit locationsare shownin Figure38.IOCOis for initial-
izationonly.

Eo HSI.O INPUT ENABLE/OISABLE

1 TIMER 2 RESET EACH WRITS

2 HSI.1 INPUT ENABLE/ OISABLEu3 TIMER 2 EXTERNAL RESET ENAeLE/DISABLE

I-E4 HSI.2 INPUT ENABLE\ DISABLE

5 TIMER 2 RESET SOURCE HsI.01T2RST

EE6 HSI.3INPUT ENABLE/DISABLE

7 TIMER 2 cLOcK SOURCE Hsl.t /T2CLK

270250-37

O
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11.2 1/0 Control Register 1 (IOC1)

f
disable some interrupt sources. Its locationis fN)16H.
Port pin P2.5 can be selectedto be the PWM output
instead of a standard output. The external interrupt
source can be selectedto be either EXTINT(same pin
as P2.2) or Analog Channel 7 (ACH7, same pin as
PO.7).Timer 1and Timer 2 ovefflowinterruptscan be
individuallyembledor disabled.The HSI interrupt can
be selectedto activateeither whenthere is 1 FIFO en-
try or 7. Port pin P2.Ocan be selectedto be the TXD
output. HSO.4and HSO.5can be enabledor disabled
to the HSO unit. More informationon interrupts is
available in Section4. The positionsof the IOC1 con-
trol bits are shownin Figure 39.

11.3 1/0 Status Register O(10S0)

There are two 1/0 Status registers, 10S0 and 10S1.
10S0, locatedat rXt15H,holdsthe currentstatus of the
HSO lines and CAM. The status bits of 10S0 are
shown in Figure40.

E‘“
o SELECTPWM/SELECT P2.S

1 EXTERNALINTERRUPTACH7/EXnNT

2 nMER 1 OVERFLOWINTERRUPTENABLE/DISABLE

3 nMER 2 OVERFLOWINTERRUPTENABLE/DISABLE

4 HSO.4 OUTPUTENABLE/DISABLE

5 SELECT7X0/SELECT P2.O

6 HSO.5 OUTPUTENABLE/ OISABLE

7 HSI INTERRUPT
FIFO FULL/ HOLOINGREGISTERLOADED

270250-38

C R 1

E

o HSO.O CURRENT STATE

1 HSO.1 CURRENT STATE

2 HSO.2 CURRENT STATE

3 HSO.3 CURRENT STATE

4 HSO.4 CURRENT STATE

5 HS0,5 CURRENT STATE

6 CAM ~ HOLDING REGISTERIS FULL

7 HSO HOLOING REGISTERIS FULL

270250-39

&soFTwARETIMERO EXPIREO

E
1 SOFTWARE TIMER 1 EXPIRED

2 SOFTWARE TIMER 2 EXPIREO

3 SO!7WARE TIMER 3 EXPIRED

4 TIMER 2 HAS OVERFLOW

5 TIMER 1 HAS OVERFLOW

6 HSI FIFO IS FULL

7 HSI HOLOING REGISTERDATA AVAILABLE

270250-40

1

11.4 1/0 Status Register 1 (10S1)

10S1 k 016H. It contains status bits for the
timers and the HSI/O. The positionsof these bits are
shownin Figure 41.

Whenever the processor reads this register all of the
time-relatedflags (bits 5 through O)are cleared. This
appliesnot only to explicitreads such as:

LDB AL, 10S1

but also to implicit reads such as:

JB 10S1. 3, somewhere-else

whichjumps to somewhere—elseif bit 3 of 10S1is set.
In mostcasesthis situationcan best be handledby hav-
ing a byte in the register file which is used to maintain
an imageof lower five bits of the register. Any time a
hardware timer interrupt or a HSO software timer in-
terrupt occurs the byte can be updated:

ORB IOS1-image, 10S1

leavingIOS1—irnagecontainingalt the flags that were
set before plus all the new flags that were read and
cleared from 10S1. Any other routine which needs to
sample the flags can safely check IOS1—image.Note
that if these routines need to clear the flags that they
have acted on, then the modificationof IOS1—itnage
must be done from insidea critical region (see Section
4.4).

R O
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12.0 WATCHDOG TIMER

The WatchDogTimer (WDT) providesa meansto re-
cover gracefidly from a software upset. When the
watchdog is enabled it will initiate a hardware reset
unless the softwareclears it every64K state times.

The WDT is implementedas an 8-bit timer with an
8-bit prescaler. The prescaler is not synchronized,so
the timer will overflowbetween65280and 65535state
times after being reset. When the timer overflowsit
pulls down the RESET pin for at least one state time,
- the 8X9X and any other devicestied to the
RESET line. If a large capacitor is connected to the
line, the pin may take a long time to go low.This will
effect the lengthof time the pin is low and the voltage
on the pin whenit is finishedfalling.Section1.4of the
Hardware Design chapter contains more information
about reset hardware connections.

The WDT is enabledthe first time it is cleared.Onceit
is enabled, it can only be disabled by r-tting the
8X9X. The internal bit which controls the watchdog
can typicallymaintain its state through powerglitches
as lowas Vss and as highas 7.OVfor up to onemillisec-
ond.

Enablingand clearing the WDT is done by writinga
“OIEH”followedby a “OEIH”to the WDT registerat
locationOAH.This doublewrite is usedto helpprevent
accidentalclearingof the timer.

12.1 Software Protection Hints

Glitchesand noiseon the PC board can causesoftware
upseta, typicallyby changingeither memory locations
or the program counter. Thesechangescan be internal
to the chip or be caused by bad data returningto the
chip.

There are both hardware and software solutions to
noise problems, but the best solution is good design
practice and a few ouncesof prevention.The software
can be designedso that the watchdogtimes out if the
programdoesnot progressproperly.The watchdogwill
alsot s
(Electrostatic Discharge) or other hardware related
problems. prevents controller from havinga
malfunction for longer than 16 millisecondsif a 12
MHz oscillatoris used.

Whenusingthe WDT to protect softwareit is desirable
to reset it from only one place in code.This willlessen
the chance that an undesired WDT reset will occur.
The sectionof code that resets the WDT shouldmoni-
tor the other code sections for proper operation.This
can be done by checking variables to make sure they

are within reasonablevalues. Simplyusinga software
timer to reset the WDT every 15millisecondswill not
providemuch protectionagainstminor problems.

It is recommendedthat unused areas of code be
tilledwith NOPSand periodicjumpsto an error routine
or RST (reset chip) instructions. This is particularly
important in the code around lookup tables, since if
lookuptablesare executedundesiredresultswill occur.
Whereverspaceallows,each table shouldbe surround-
ed by 7 NOPS(the longest8096instructionhaa 7 bytea)
and a RST or jump to error routine instruction.Since
RSTis a one-byteinstruction,the NOPSare not needed
if RSTSare used instead of jumps to an error routine.
This will help to ensure a speedyrecoveryshould the
processorhavea glitchin the programflow.SinceRST
instruction has an opcodeof OFFH, pulling the data
lineahighwith reaistorswillcausean RSTto be excre-
tedif unimplementedmemoryis addressed.

12.2 Disabling The Watchdog

The watchdogshould be disabledby softwarenot ini-
tializing it. If this is not possible,such as during pro-
gram develo~ment,the watchdogcars be disabled by
holdingthe RESETpin at 2.OVto 2.5V.Voltageaover
2.5Von the pin couldquicklydamagethe device.Even
at 2.5V,using this techniquefor other than debugging
purposes is not recommended,as it may effect long
term reliability.It is further recommendedthat any de-
viceusedin this wayfor morethan severalseconds,not
be used in productionversionsof products.Section 1.6
of the Hardware Designchapter has more information
on disablingthe WatchdogTimer.

13.0 RESET

13.1 Reset Signal

Aswith all processors,the 8X9Xmust be reset each
time the poweris turnedon.This is donebyholdingthe
RESETpin lowfor at least 2 state timesafter the power
supply is within tolerance and the oscillatorhas stabi-
lized. (SeeFigure44, TRLPV.)

After the RESETpin is brought high, a ten state reset
sequenceis executed.During this time, the Chip Con-
figurationByte(CCB)is read from location2018Hand
written to the 8X9X Chip Configuration Register
(CCR). If the voltageon the ~ pin selects the inter-
nal/external executionmodethe CCBis read from in-
ternal ROM/EPROM. If the voltage on the ~ pin
selects the external executiononly mode the CCB is
read from externalmemory.
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The 8X9Xcan be reset usinga capacitor, l-shot, or any
other methodcapableof providinga pulse of at least 2
state r

s

For beatfunctionality,it is suggestedthat the reset pin
be pulled low with an open eokctor device. In this
way, severalreset sourcescan be wire ORed together.
Remember,the RESETpin itselfcan be a reset source
when the RST instruction is executed or when the
WatchdogTimer overtlows.Details of hardware sug-
gestionsfor reset can be found in Section 1.4 of the
HardwareDesignchapter.

13.2 Reset Status

The I/O linesand control lines of the 8X9Xwill IX in
their reset state within 10XTAL1periodsafter reset is
low,with VCCand the oscillatorstabilized(SeeFigure
44, TRLPV).Prior to that time, the status of the 1/0
lines is indeterminate.After the 10state time reset se-
quence, the Special Function Registers will be set as
follows:

R
Port 1 XXXXXXXXB
Port 2 XXOXXXXIB
Porl 3 111lllllB
Port4 111lllllB
PWM Control OOH
Serial Port (Transmit) undefined
Serial Port (Receive) undefined
Baud Rate Register undefined
Serial Port Control XXXXOXXXB
Serial Port Status XOOXXXXXB
A/D C u
A/D Result undefined
Interrupt Pending undefined
Interrupt Mask OOOOOOOOB
Timer 1 OOOOH
Timer2 OOOOH
Watchdog Timer OOOOH
HSI Mode XXXXXXXXB
HSI Status undefined
10s0 OOOOOOOOB

O
X
X

empty
HSO SFR OOOOOOB
Psw OOOOH
Stack Pointer undefined
Program Counter 2080H

Port 1 and Port 2.6, 2.7 reset to a strong or weakpull-
up condition.HSO.4and HSO.5reset to a floatingcon-
dition as they are disabledby IOC1.4and IOC1.6.

Other conditionsfollowinga reset are:

m
WR/WRL high
ALE/~ high——
BHEJWRH high
INST low
HSO Lines XXOOOOB

Figure 43. Bus

It is importantto note that the Stack Pointerand Inter-
rupt Pending Register are undefined, and need to be
initializedin software. The Interrupts are disabledby
both the mask register and PSW.9after a reset.

13.3 Reset Sync Mode

The RESET line can be used to start the 8X9Xat an
exact state time to providefor synchronizationof test
equipmentand multiple chip systems.RESETis active
low. To synchronizedevices,m is broughthigh
on the risingedgeof XTAL1.Completedetailson syn-
chronizingdevicescan be found in Section 1.5of the
Hardware Designchapter.

It is very possiblethat deviceswhich start in syncmay
not stay that way. The best exampleof this wouldbe
when a “jump on 1/0 bit” is being used to hold the
processorin a loop.If the line changesduring the time
it is being tested, one processor may see it as a on%
while the other sees it as a zero. The result is that one
processorwill do an extra loop, thus putting it several
states out of sync with the other.

R
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- Power S Rise Time

Vcc

- Start Time from Power Supply Rise to External Output Low

XTAL hllllllllllllllllllllllllllllllllllllllllllllllllilllllllllllllllllllllllllllllllllllllllllll
RESET External to Internal

Release Time

H S

P P x

S T

P 3 & 4
W P

[

2 CCB 2080H

TI 1 -FIRST BUS FETCH CYCLE PROGRAM
START

RESET FUNCTION REGISTERS
1

TOTAL 8X9XJF RESETTIME

270250-43
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“RLPV= 10 XTAL CYCLES

External RESET Low to
P V Time

1



8X9X HardwareDesign 2
I n





8 XH A RD E
I N F O

Order Number: 270246-00~
2-1



8X9X HARDWARE DESIGN INFORMATION
CONTENTS
OVERVIEW . . . . . . . . . . . . . . . . . . . . .......... 2-3

1.0R H
C . . . . . . . . . . . . . . . . . . . . . . . 2-3

P l .
1 C .

C k .
l i . . . . . .
1 . . . . . . . . . . . .

D W
P o. .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . .

2.0DRIVEAND INTERFACE
LEVELS . . . . . . . . . . . . . . . . . . . . . . . . . . . ....2-9

Q u.
Q uH

Connections . . . . . . . . . . . . . . . . . . . . . . . . 2.9
2 . . . . . . . . . . . . . . . . . .
2

H C
B . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-12

3 I .
A .

i S .
R

T F .
G

4 O

5 . . . . . . . . . . . . .
H . . . . . . . . . . . . . . . . . . . . . 2-21
H S . .

S P

6 T .

. . . . . . . . . . . . . . . . . . . . . . . . . . 2-22
T . . . . . . . . . . . . . . . . .

M o. . . . . . . . . . . .

7 .
I . . . . . . . . . . . . . . . . . . . . . . . . ..2-23

B u. . . . . . . . . . . . . . . . .
S

7

CONTENTS
B .

D .
R .

P .

P . . . . . . . . . . . . . . . . . . . .

.
P P
R L .

C
p .

P . . . . . . . .
P

C .
10.4.2 Gang Programming with the

Auto Programming Mode ,.......2-38

10.5 Slave Programming Mode . . . . . . . 2-38

10.5.1 Slave Programming
Commands . . . . . . . . . . . . . . . . . . . . . 2.38

10.5.2 Gang Programming with the
Slave Programming

P
C .

R P . . . . . . . . .
R P

C .
R

I Lock Features .............. 2-41

10.7.2 ROM Dump Mode . . . . . . . . . . 2-42

10.8 Modified Quick-Pulse
ProgrammingTM Algorithm .......... 2-42

10,9 Signature Word ..................2-42

10.10 Erasing the EPROM ............ 242

11.OQUICK REFERENCE .............. 2-42

11,1 Pin Description .................. 2.42

11.2 Pin List . . . . . . . . . . . . . . . . . . . . . . . . . . 2-45

11.3 Packaging . . . . . . . . . . . . . . . . . . . . . . . 2-46

11.4 Package Diagrams . . . . . . . . . . . . . . 2-47

11.5 MemoryMap . . . . . . . . . . . . . . . . . . . . 2-49
I .

1 O S T L 2

1 .

2-2



i @

8X9X HARDWARE DESIGN

OVERVIEW

This chapter of the manual is devotedto the hardware
engineer. All of the information you need to connect
the correct pin to the correct externalcircuit is provid-
ed. Many of the special function pins have different
characteristics which are under software control.
Therefore,it is necessaryto definethe systemcomplete-
ly before the hardware is wired-up.

Frequentlywithin this chapter a specificationfor a cur-
rent, voltage,or time period is referred to; the values
providedare to be used as an approximationonly. The
exact specificationcan be foundin the latest data sheet
for the particular deviceand temperature range that is
beingused.

This chapter is written about 8X9XBH,8X9XJF,and
8X98devices.These devicesare genericallyreferred to
as the 8X9X.All informationin this chapter refers to
the 8X9XBH,the 8X9XJF,and the 8X98unlessother-
wise noted.

1.0 REQUIRED HARDWARE
CONNECTIONS

Although the 8X9Xis a single-chipmicrocontroller,it
still requires several external connections to make it
work. Powermust be applied,a clocksource provided,
and some form of reset circuitry must be present. We
will look at each of these areas of circuitry separately.
Figure 6 shows the connectionsthat are needed for a
single-chipsystem.

1.1 Power Supply Information

Power for the 8X9Xflowsthrough six pins. They are:
three positivevoltagepins-VCC (digital),VREF(Port
O digital 1/0 and A/D power), VPD (power down
mode), and three commonreturns-two Vss pins and
one ANGND pin. All six of these pins must be con-
nected on the 8X9X for normal operation. The Vcc

V~F pin and VpD pin should be tied to 5 volts.
The two Vss pins and the ANGND pin must be
grounded.Whenthe analogto digitalconverteris being
used it may be desirable to connect the VREF pin to a
separate powersupply,or at least a separatepowersup
ply line.

The three commonreturn pins shouldbe connectedat
the chip with as short a Ieadas possibleto avoidprob-

lems due

INFORMATION

v drom across the wiring. There-.
should be no measurable voltage differencebetween
Vssl and V552.The twoVss pins and the ANGND pin
mustafl be nominallyat Ovolts.The maximumcurrent
drain of the 8X9X is around 180 mA, with all lines
unloaded.

Whenthe analogconverter is beingused, clean, stable
power must be providedto the analog section of the
chip to assurehighestaccuracy. To achievethis, it may
be desirableto separate the analog powersupplyfrom
the digital power supply. The VREFpin supplies the
digitalcircuitryin the A/D converterand providesthe
5 volt referenceto the analog portion of the converter.
VREFand ANGND must be connected even if the
A/D converter is not used. More informationon the
analogpowersupplyis in Section3.1.

1.2 Other Needed Connections

Severalother connectionsare needed to configurethe
8X9X. In normal operation the followingpins should
be connectedto the indicated powersupply.

I
NMI Vcc
Fx a i e

force external execution)

Although the ~ pin has an internal pulldown,it is
best to tie this pinto the desiredlevel.Thiswillprevent
inducednoisefrom disturbing the system.Raising~
to + 12.75voltswillplace an 8X9Xin a specialoperat-
ing mode designed for programming and program
memoryverification(see Section 10).

1.3 Oscillator Information

The 8X9X requires a clock source operate. This
clock is providedto the chip through the XTAL1 in-
put. The frequencyof operation is from 6 MHz to
12MHz.

The on-chipcircuitryfor the 8X9Xoscillatoris a single
stagelinearinverteras shownin Figure 1.It is intended
for use as a crystal-controlled,positivereactance oscil-
lator with external connectionsas shownin Figure 2.
In this application,the crystal is beingoperated in its
fundamental response mode as an inductive reac-

2-3



H I

t in parallel resonancewith shunt capacitanceex-
ternal to the crystal.

The crystal specificationsand capacitance values (Cl
and C2 in Figure 2) are not critical. Thirty picofarads
carsbe used in these positionsat any frequencywith
good quality crystals. For 0.590 frequencyaccuracy,
the crystal frequency can be specifiedat series reso-
nance or for parallel resonancewith any load capaci-
tance. (In other words, for that degree of frequency
accuracy, the load capacitancesimplydoesn’tmatter.)
For 0.05% frequency accuracy the crystal frequency

TO OMDER CIRCUITRY
v~~

S
- - -

❑ XTAL1 XTAL2

270246-1

Figure 1. 8X9X Oscillator Circuit
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should be specifiedfor parallel resonancewith 25 pF
load capacitance,if Cl and C2 are 30 pF.

An external oscillator may encounter as much as a
100pF loadat XTAL1whenit starts up. This is due to
interaction betweenthe amplifier and its feedbackca-
pacitance. Once the external signalmeets the VILand
VIH specifications the capacitance will not exceed
20 pF.

A morein-depthdiscussionof crystalspecificationsand
the selectionof values for Cl and C2 can be found in
the Intel Application Note, AP-155, “oscillators for
Microcontrollers.”

To drivethe 8X9Xwith an externalclocksource, apply
the external clock signal to XTAL1 and let XTAL2
float. An exampleof this circuit is shownin Figure 3.
The requiredvoltagelevelson XTAL1are spe.itied in
the data sheet. The signal on XTAL1 must be clean
with goodsolid levels.

It is important that the minimumhigh and low times
are met to avoid having the XTAL1 pin in the tran-
sition range for long periods of time. The longer the
signal is in the transition region,the higher the proba-
bility that an external noiseglitch couldbe seen by the
clock generator circuitry. Noise glitcheson the 8X9X
internal clock fineswill cause unreliableoperation.

The clock generator provides a 3 phase clock output
from the XTAL1pin input. Figure 4 showsthe wave-
forms of the majo~internal tim~rsgsignala.
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1.4 Reset Information temal ROM/EPROM. If the voltage on the ~ pin
selects the external executiononly mode the CCB is

In order for the 8X9Xto function properly it must be read from external memory.SeeFigure 5, and 5A.
reset. This is doneby holdingthe RESETpin lowfor at
least 10XTAL1cycl~ after the powersupplyis within There are several ways to providea good reset to an
tolerance and the oscillatorhas stabilized. 8X9X, the simplest king just to connect a car)acitor

from the reset pin to gro~nd.The capacitor sh~uldbe
After the RESET pin is brought high, a ten state reset on the order of 2 microfaradsfor everymillisecondof
sequenceis executed.During this time, the Chip Con- reset time required. This method will only work if the
figurationByte(CCB)is read from location2018Hand rise time of Vcc is fast and the total reset time is less
written to the 8X9X Chip Configuration Register than around 50 milliseconds.It also may not work if
(CCR). If the voltageon the ~ pin selects the inter- the RESET pin is to be used to reset other deviceson
nal/external executionmode the CCB is read from in- the board. An 8X9Xwith the minimumrequiredcon-

nectionsis shownin Figure 6.
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The 8X9X RESETpin can be usedto allowotherchips
on the board to make useof the WatchdogTimeror the
RST i done h
shouldbe a one-shotwithan opencollectoroutput.The
reset puke going to the other devicesmay have to be
buffered and lengthened with a one-shot, since the
RESETlowduration is onlyonestate. If this is done,it
k possiblethat the 8X9Xwillbe reset and start running
before the other deviceson the board are out of reset.

A capacitor directly connected to RESET cannot be
used to reset the device if the pin is to be used as an
output. a c
downmoreslowlythan normal. It willcontinueto pull-
down until the 8X9X is reset. It could fall so slowly
that it nevergoesbelowthe internalswitchpoint of the
reset signal (1 to 1.5 volts), a voltagewhich may be
above the guaranteedswitchpoint of externalcircuitry
connected to the pin. A circuit example is shown in

The softwaremust account for this possibleproblem. Figure 7.
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If_ is brought high at the same time as or just
after the rising edge of XTAL1, the device will start
executingthe 10state time RSTinstructionexactly61/*
XTALI cycles later. This feature can be used to syn-
chronizeseveralMCS-96devices.A diagram of a typi-
cal connectionis shownin Figure 8. It shouldbe noted
that devicesthat start in sync may not stay that way,
due to propagationdelays which may cause the syn-
chronizeddevicesto receivesignalsat slightlydifferent
times.

1.6 Diaabling the Watchdog Timer

The Watchdog Timer will pull the RESET pin low
when it overilows.See Figure 9. If the pin is being
externallyheld abovethe lowgoingthreshold,the pull-
downtransistor will remainon indefinitely.This means
that once the watchdogovefflows,the devicemust be
reset or RESET must be held high indethitely. Just

resettingthe WatchdogTimer in softwarewillnot clear
the flip-flopwhich keeps the RESETprdldownon.

The pulldownis capable of sinkingon the order of 30
milliarnpsif it is held at 2.0 volts. This amountof cur-
rent maycausesomelongterm reliabilityproblemsdue
to localizedchip heating. For this reason,devicesthat
will be used in production should never have had the
WatchdogTimer over-riddenfor more than a secondor
two.

Wheneverthe reset pin is being pulled high whilethe
pulldownis on, it shouldbe througha resistorthat will
limit the voltageon RESETto 2.5voltsand the current
through the pin to 40 milliamps.

If it is necessary to disable the Watchdog Timer for
more than a brief test the software solution of never
initiating the timer should be used. See Section 14 in
the Arc~itecture Chapter.

XTAL1

RESET

74804

I XTAL1 XTAL1

SX9X SX9X

1- -
RESET RESET
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1.7 Power Down Circuitry

Battery backup can be p a 1
mA current drain at 5 volts.This modewill hold loca-
tionsOFOHthroughOFFHvalidas longas the powerto
the VpDpin remains on. The requiredtimings to put
the device into power-downand an overviewof this
modeare givenin Section2.3in the 8X9XArchitecture
Chapter.

A ‘key’can be written into power-downRAM while
the deviceis running.This keycan be checkedon reset
to determine if it is a start-up from power-downor a
completecold start. In this waythe validityof the pow-
erdown R4M can be verified.The length of this key
determine the probability that this procedure will
work, however,there is alwaysa statisticalchance that
the RAM will powerup with a replicaof the key.

Under most circumstances, the power-fail indicator
which is used to initiate a power-downconditionmust
come from the unfiltered, unregulatedsection of the
power supply. The power supplymust have sutlicient
storage capacity to operate the 8X9Xuntil it has com-
pleted its reset operation.

2.0 DRIVE AND INTERFACE LEVELS

There are fivetypesof I/O lineson the 8X9X.of thes~
tsvoare inputs and three are outputs.All of the pins of
the same typehave the samecurrent/voltagecharacter-
istics. Someof the control input pins,such as XTAL1
and RESET,may haveslightlydifferentcharacteristics.
These pins are discussedin Section1.

While discussing the characteristics of the 1/0 pins
someapproximatecurrent or voltagespecificationswill
be given. The exact specificationsare available in the
lastcst versionof the data sheet that correspondsto the
devicebeingused.

2.1 Quasi-Bidirectional Ports

The Quasi-Bidirectionalpins of Port 1, Port 2.6, and
have both input and output port configura-

tions. They have three distinct states; low impedance
c i c source
and high impedancecurrent source(Q3).As a low im-
pedancecurrent sink, the pin has specificationof sink-
ing up to around 0.5 mA, while staying below 0.45
volts.The pin is placedin this conditionby writinga ‘O’
to the SFR (SpecialFunctionRegister)controllingthe
pin.

ExamineFigure 10.Whenthe SFRcontainsa ‘O’and a
‘1’is written to it, Q1 (a lowimpedanceMOSFETpull-
UP) turned off and

the depletionpullupholdsthe line at a logical‘1’state.
The low-impedancepullup is used to shorten the rise
timeofthe pin, andhas current sourcecapabilityon the
order of 100times that of the depletionpullup.

Whilethe depletionmodepulhrpis the only deviceon,
the pin may be used as an input with a leakage of
around 100microampsfrom 0.45 volts to Vcc. It is
ideal for use with TTL or CMOSchips and may even
be used directly with switches.Howeverif the switch
optionis used,certainprecautionsshouldbe taken. It is
important to note that any time the pin is read, the
value returned will be the value on the pin, not the
value placed in the control register. This could cause
logicafoperationsmade directly on these pins to inda-
vertentlywrite a Oto pinsbeingusedas inputs. In order
to performlogicafoperationson a port where a quasi-
bidirectionalpin is an input, it is necessaryto guarantee
that the bit associatedwiththe input pin is alwaysa one
whenwriting to the port.

2.2 Quasi-Bidirectional Hardware
Connections

Whenusingthe quasi-bidirectionalporta as inputs tied
to switches,series resistorsmay be neededif the ports
will be written to internallyafier the device is initial-
ized. The amount of current sourced to ground from
each pin is tyically20 mA or more. Therefore, if all 8
pinsare tied to ground,160mA willbe sourced.This is
equivalentto instantaneouslydoublingthe power used
by the chip and may causenoise in some applications.

This potential problemcan be solved in hardware or
software.In software,neverwrite a zero to a pin being
usedas an input.

In hardware,a IK resistor in series with each pin will
limit current to a reasonablevrduewithout impeding
the abilityto overridethe high impedancepullup. If atl
8 pins are tied togethera 1200 resistor wouldbe rea-
sonable.The problemis not quite as severe when the
inputsare tied to electronicdevicesinsteadof switches,
as most externalpulldownswill not hold 20 mA to 0.0
volts.

Writing to a Quasi-BidirectionalPort with electronic
a a

C
P1.1as an output:

ORB IOPORT1, #OOOOOOOIB; Set P1. O
; for input

XORBIOPORT1, #OOOOOOIOB; Complement
; P1.1

2-9
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The first instruction will work as expected but two
problemscan occur when the second instruction exe-
cutes.The first is that eventhoughP1.1 is beingdriven
highby the 8X9Xit is possiblethat it is beingheld low
externally.This typicallyhappenswhen the port pin is
used to drive the base of an NPN transistor which in
turn driveswhateverthere is in the outsideworldwhich
needs t t

t
g t 0,7V.The 8X9Xwill input this value
as a zero evenif a one has beenwritten to the port pin.
When this happens the XORBinstruction will always
write a one to the port pin’sSFR and the pin will not
toggle,

Thesecondproblem,whichis related to the first, is that
if P1.Ohappensto be driven to a zero when Port 1 is
read by the XORB instruction, then the XORB will
write a zero to P1.Oand it willno longerbe useableas
an input.

The first situation can beat be solvedby the external
driverdesign.A seriesresistorbetweenthe port pin and
the base of the transistor often worksby bringing up
the voltagepresent on the port pin.Thesecondcasecars
be taken care of in the softwarefairlyeasily:

LDB AL, IOPORT1
XORBAL, #OIOB
ORB AL, #OOIB
STB ALI, IOPORT1

A software solution to both cases is to keep a byte in
RAM as an imageof the data to be output to the port;
any time the softwarewants to modifythe data on the
port it can then modifythe imagebyte and copy it to
the port.

If a switch is used on a long line connectedto a quaai-
bidirectionalpin, a pullup resistor is recommendedto
reduee the possibilityof noiseglitchesand to decrease

2-1o
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the rise time of the line. On extremelylong lines that 2.4 Open Drain Ports
are handlingslowsignals,a capacitor maybe helpfulin
addition to the resistorto reduce noise. Ports 3 and 4 on the 8X9Xare opendrain ports. There

is no pullup when these pins are used as 1/0 ports.
These pins have different characteristics when used as

Input Only Ports bus pinsas describedin the next section.A diagram of

The high impedanceinput pins on the 8X9Xhave an
the output buffersconnectedto Ports 3 and 4 and the
bus pins is shownin Figure 11.

input leakageofa fewmicroempsand are predominant-
ly capacitiveloadson the order of 10pF. When Ports 3 and 4 are to be used as inputs, or as bus

Port Opins are specialin that they may individuallybe
pins, theymust first be written with a ‘1’.This will put
the ports in a high impedancemode. When they are

used es digital inputs,or as analoginputs. A Port Opin
beingused as a digitalinputacts as the high impedance

usedes outputs,a pullupresistormustbe usedextemrd-
ly. The sink capabilityof these pins is on the order of

input ports just described.However,Port Opins being 0.8 milliampsso the total pullup current to the pin
usedas analoginputsare requiredto providecurrent to must be less than this. A 15K sxdluu resistor will
the internal ~mple capacitorwhena conversionbegins.
This means that the input characteristics of a pin will

sourcea maximumof 0.33milliam”ps,s; it wouldbe a
reasonable value to choose if no other circuits with

change if a mnversionis being done on that pin. See
Section3. In eithercase,if Port Ois to be used2samlog

pullupswereconnectedto the pin.

or digital I/0, it willbe necessaryto providepowerto
this port through the VREFpin.

Vcc
OATA ,

01 I

E $ I

1
,
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HSO Pins, Control Outputs and
Bus Pins

The control outputs and HSOpins have output buffers
with the sameoutput characteristicsas those of the bus
pins. Included in the category of control outputs are:
TXD, RXD (in Mode O), PWM, CLKOUT, ALE,—.
BHE,RD, and ~. The bus pins have 3 states:

high impedanceinput. As a high
output, the pins are specifiedto source around 2@3PA
to 2.4 volts,but the pinscan source on the order of ten
times that value in order to providethe fast rise timea.
When used as a low output, the pins can sink around

generated with either the chip’sPWM output or HSO
unit. This section describesthe analog input sugges-
tions. SeeSection4 for analogoutput.

The 8X9X’s Integrated A/D converter includes an
eight channelanalogmultiplexer,sample-and-holdcir-
cuit and lo-bit analogto digital converter (Figure 12).
The 8X9Xcan thereforeselect one of eight analogin-
puts to convert,sample-and-holdthe input voltageand
convert the voltageinto a digital value. Each conver-
sion takes 22microsecond includingthe time required
for the sample-hold(with XTAL1 = 12 MHz). The
method of conversionis successiveapproximation.

2 mA at 0.45volts, and ~onsider~blymore as the volt-
age increases. When in the high impedance state, the Section3.5 containsthe definitionsof numerousterms
pin acts as a capacitiveload with a few microarnpsof used in connectionwith the A/D converter.
leakage.Figure 11showsthe internal configurationof a
bus pin.

3.0 ANALOG INPUTS

Theon-chipA/D converterof the 8X9Xcan be usedto
digitize analog inputs while analog outputs can be

VREF

“ :7
5%

~ 3

$

S
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n i BUSV ‘~

I
START

CONVERSION
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3.1 A/D Overview

The conversionprocess is initiated by the executionof
HSOcommandOFH,or by writinga one to the GO Bit
in the A/D Control Register. Either activity causes a
start conversionsignal to be sent to the A/D converter
control logic.If an HSO commandwas used, the con-
versionprocess will begin when Timer 1 increments.
This aids applicationsattemptingto approachspectral-
ly pure sampling,since succcasivesamplesspaced by
equal Timer 1 delays will occur with a variance of
about +50 ns (assuming a stable clock on XTAL1).
However,conversionsinitiated by writinga one to the
ADCON register GO Bit will start within three state
times after the instruction haa completedexecutionre-
sulting in a variance of about 0.75 ps (XTAL1 =
12MHz).

Once the A/D unit receivesa start conversionsignal,
there is a one state time delaybeforesampling(sample
delay)whilethe successiveapproximationregister is re-
set and the proper multiplexerchannelis selected.Af-
ter the sampledelay, the multiplexeroutput is connect-
ed to the samplecapacitor and remainsconnectedfor
fourstate times(sampletime). After this four state time
“samplewindow”closes,the input to the samplecapac-
itor is disconnectedfrom the multiplexerso that chang-
eson the inputpin willnot alter the storedchargewhile
the conversionis in progress. The comparator is then
auto-zeroedand the conversionbegins.The samplede-
lay and sample time uncertainties are each approxi-
mately k 50ns, independentof clockspeed.

To performthe actual analog-to-digitalconversionthe
8X9X implements a successive approximation algo-
rithm. The converter hardware consistsof a 256-reais-
tor ladder, a comparator, coupling capacitors and a
I@bit successiveapproximation register (SAR) with
logic that guidesthe process. The resistor ladder pro-
vides 20 mV steps (VREF = 5.12V), while capacitive
couplingis usedto create 5 mVstepswithinthe 20mV
laddervoltages.Therefor%1024internal referencevolt-
ages are available for comparison against the amlog
input to generatea 10-bitconversionresult.

A successiveapproximationconversionis performedby
comparinga sequenceof referencevoltages,to the ana-

input, in a r
that most closelymatches the input. The ‘/2full scale
referencevoltageis the first teated.This correspondsto
a 10-bitresult where the most significantbit is zero,
and all other bits are ones (0111.1111.llb). If the ana-
log input was 1sssthan the test voltage,bit 10 of the
SARis lefta zero, and a newtest voltageof ~. full scale
(0011.1111.llb) is tried. If this test voltagewas lower
than the analoginput, bit 9 of the SARis set and bit 8
is clearedfor the next teat (0101.1111.1lb). Thisbinary
searchcontinuesuntil 10tests haveoccurred,at which
time the valid 10-bit conversion result resides in the
SAR whereit can be read by software.

The total number of state times required is 88 for a
l@bitconversion.Attempting to short-cyclethe lo-bit
conversion A/D results before the
donebit is set is not recommended.

3.2 A/D Interface Suggestions

Tle external interface circuitry to an analog input is
highlydependentupon the application,and can impact
converter characteristics. In the external circuit’s de-
sign, important factors such as input pin leakage,sam-
ple capacitorsize and multiplexerseriesresistancefrom
the input pin to the sample capacitor must be consid-
ered.

For the 8X9X,these factors are idealizedin Figure 13.
Theexternalinput circuit mustbe able to chargea sam-
plecapacitor(Cs) through a seriesresistance(RI) to an
accurate voltage given a D.C. leakage (IL). On the
8X9X,Cs is around 2 pF, RI is around 5 Kfl and IL is
specifiedas 3 pA maximum.In determiningthe neces-
sary source impedance Rs, the value of VBIASis not
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External circuits with source impedancesof 1 Kfl or
leaswill be able to maintain an input voltagewithin a
tolerance of about *0.61 LSB (1.0 Kft X 3.0 jLA
= 3.0mv) giventhe D.C. leakage.Sourceimpedances
above2 Kfl cars result in an external error of at least
one LSBdue to the voltagedrop caused by the 1 PA
leakage.In addition, source impedancesabove25 Kfl
IWJY degradeconverteraccuracyas a result of the inter-
nal samplecapacitor not beingfullychargedduringthe
1 ps (12MHz clock) samplewindow.

If large sourceimpedancesdegradeconverteraccuracy
becausethe samplecapacitor is not chargedduring the
sampletime, an external capacitor connectedto the pin
will compensatefor this degradation.Sincethe sample
capacitor is 2 pF, a 0.005pF capacitor will chargethe
samplec a voltageof +0.5
LSB (2048 X 2 pm. An external capacitor does not
compensatefor the voltagedrop across the source re-
sistance,but charges the sample capacitor fullyduring
the sampletime.
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Placingan externalcapacitoron each analoginput will
also reduce the sensitivity to noise, as the capacitor
combineswith seriesresistancein the externalcircuit to
form a low-passfilter. In practice,oneshould includea
smallseriesresistanceprior to the externalcapacitor on
the analog input pin and choose the largest capacitor
valuepractical, giventhe frequencyof the signafbeing
converted.This providesa low-passfilter on the input,
while the resistor will afso limit input current during
over-voltageconditions.

Figure 14showsa simpleanaloginterfacecircuit based
uponthe discussionabove.The circuit in the figurealso
provideslimited protection against over-voltagecondi-
tions on the analoginput. Shouldthe input voltagein-
appropriately drop significantlybelow ground, diode
D2 willforwardbiasat about0.8VDC. Sincethe speci-
fication of the pin has an absolutemaximumlow volt-
age of –0.3V, this will lesve about 0.5V across the
270fl transistor, or about2 mA of current. This should
limit the current to a safe amount.H b
c u a a s t
o a a ps p

h

V+F

‘ROMusERc’Rcu’T’%
y

ANGNO
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3.3 Analog References

Referencesupply levelsstronglyinfluencethe absolute
accuracyof the conversion.For this reason,it is recom-
mended that the ANGND pin be tied to the two Vss
pinsas closeto the chipas possiblewith minimumtrace
length. Bypasscapacitors should also be used between
VREFand ANGND. ANGND shouldbe withinabout
a a r

A/D c VREFsupply
can be between4.5Vand 5.5Vand needs to be able to
source around 5 mA. Figure 6 showsall of these con-
nections.

Note that if only ratiometric informationis desired,
VR~ carsbe connected to V. In addition,V~F and
ANGND mustbe connectedevenif the A/D converter
is not beingused. Remember that Port Oreceivesits
powerfromthe VREFand ANGND pinsevenwhenit
is used as digital1/0.

3.4 The A/D Transfer Function

The conversionresult is a lo-bit ratiometricrepresenta-
tion of the input voltage, so the numericalvalue ob-
tained fromthe conversionwill be:

[ X ( - A – A

This producesa stair-stepped transfer function when
the outputcodeis plotted venus input voltage(seeFig-
ure 15). The resulting digital codes can be taken as
simpleratiometric i t used
provideinformationabout absolutevoltagesor relative
voltage changeson the inputs. The more demanding
the applicationis on the A/D converter,the more im-
portant it is to fully understand the converter’sopera-
tion. For simpleapplication knowingthe absoluteer-
ror of the converter is sufficient. However,closing a
servo-loopwith analog inputs necessitatesa detailed
understandingof an A/D converter’soperationand er-
rors.

The errors inherent in an analog-to-digitalconversion
process are many: quantizing error; zero offset; full-
scaleerror;ditTererstialnon-linearity;and non-linearity.
Theseare “transfer function” errors relatedto the A/D
converter. In addition, converter temperature drift,
Vcc rejection, sample-hold feedthrough,multiplexer
off-isolation,channel-to-channelmatchingand random
noiseshouldbe considered.Fortunately,one“Absolute
Error” specificationis available which describes the
sum total of all deviationsbetweenthe actual conver-
sionprocessand an ideal converter.However,the vari-
ous sub-componentsof error are important in many
applications.These error componentsare describedin
Section3.5and in the text belowwhereidealand actual
convertersare compared.

An unavoidableerror simply results from the conver-
sionof a continuousvoltageto an integerdigitalrepre-
sentation.This emor is called quantizingerror, and is
always +0.5 LSB. Q e the only error
seenin a perfectA/D converter, and is obviouslypres-
ent in actual converters. Figure 15showsthe transfer
functionforan ideaf 3-bitA/D converter(i.e. the Ideal
Characteristic).
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Note that in Figure 15the Ideal Characteristicpossess-
esuniquequalities:it’sfirst mde transitionoccurswhen
the input voltage is 0.5 LSB;it’s full-scalecode tran-
sition occurs when the input voltage equals the full-
scale referenceminus 1.5LSB;and it’s codewidthsare
all exactlyone LSB.Thesequafitiesresult in a digitiza-
tion without offset,fiWscaleor linearityerrors. In oth-
er worda,a perfect conversion.

Figure 16 shows an Actual Characteristic of a hypo-
thetical 3-bitconverter,whichis not perfect.Whenthe
Ideal Characteristic is overlaidwith the imperfectchar-
acteristic, the actual converteris seen to exhibiterrors
in the locationof the first and finalcodetransitionsand
code widths. The deviationof the first code transition
from ideal is cafled “zero offset”,and the dwiation of
the final codetransition fromideal is “full-scaleerror”.
The deviationof the codewidthsfrom idealcausestwo
types of errors. Differential Non-Linearityand Non-
Linearity.DifferentialNon-Linearityis a local linearity
error measurement,whereasNon-Linearityis an over-
all linearity error measure.

DifferentialNon-Linearityis the de~cc to whichactual
code widths differ from the ideal one LSBwidth. Dif-
ferentialNon-Linearitygivesthe user a measureof how
much the input voltagemay have changedin order to
produce a one count change in the conversionresult.
Non-Linearityis the worst casedeviationof codetran-
sitions from the correspondingcode transitions of the
Ideal Characteristic. Non-Linearity describes how
muchDifferentialNon-Linearitiescouldadd up to pro-
ducean overallmaximumdeparturefroma linearchar-
acteristic. If the DifferentialNon-Linearityerrors are
too large, it is possiblefor an A/D converter to miss
codesor exhibit non-monotonicity.Neither behavioris
desirable in a closed-loopsystem.A converterhas no
missed codes if there exists for each output code a
unique input voltage range that produces that code

only. A converter is monotonic if every subsequent
code change represents an input voltagechange in the
same direction.

Differential Non-Linearity and Non-Linearity are
quantifiedby measuringthe TerminalBased Linearity
Errors. A Terminaf BaaedCharacteristic reaults when
an Actual Characteristic is shiftedand rotated to elimi-
nate zerooffsetand full-scaleerror (seeFigure 17).The
Terminal Based Characteristic is similar to the Actual
Characteristicthat wouldbe seenif zerooffsetand full-
acale error were externally trimmedaway. In practice,
this is done by using input circuits which include gain
and offset trimming. In addition, VREFon the 8X9X
could alsobe closelyregulatedand trimmed within the
specifiedrange to atTectfull-scaIeerror.

Other factors that affect a real A/D Convertersystem
includesensitivityto temperature,failureto completely
reject all unwantedsignals,multiplexerchanneldissim-
ilaritiesand randomnoise.Fortunatelythese effectsare
small.

Temperature sensitivitiesare describedby the rate at
which typical spec~lcationschange with a change in
temperature.

Undesird signalscomefrom three main sources.First,
noise on VceVcc Rejection. Second, input signal
changeson the channel beingconvertedafter the sam-
ple window has closed-Fcedthrough. Third, signals

to channels not selected by the multiplexer—
Off-Isolation.

Finally,multiplexeron-channelresistancesdifferslight-
ly from one channel to the next causing Channel-to-
ChannelMatchingerrors, and randomnoisein general
results in Repeatabilityerrora.
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3.5 A/D Glossary of Terms

F 15, 16and 17d terms.

ABSOLUTEERROR-The maximum differencebe-
tweencorrespondingactual and ideal code transitions.
AbsoluteError accountsfor all deviationsof an actual
converterfroman ideal converter.

ACTUALCHARACTERISTIC-The characteristicof
an actual converter.The characteristic of a giveneon-
vertcr may vary over temperature,supplyvoltage,and
frequencyconditions.An Actual Characteristic rarely
h= idealfirstand last transitionIwations or id~l c~e
widths. It may evenvary over multipleconversionun-
der the sameconditions.

BREAK-BEFORE-MAKE-Theproperty of a multi-
plexer which guarant~ that a previously selected
channel will be deselectedbefore a new channel is se-
lected. (e.g. the converter will not short inputs
together.)

CHANNEL-TO-CHANNELMATCHIN~The dif-
ferencebetweencorrespondingcodetransitionsof actu-
al characteristicstaken from different channels under
the same temperature, voltage and frequency condi-
tions.

CHARACTERISTI~A graph of input voltage ver-
sus the resultant output code for an A/D converter. It
describesthe transfer functionof the A/D converter.

CODE-The digitalvafueoutput by the converter.

CODE CENTER-The voltage correspondingto the
midpointbetweentwo adjacentcode transitions.

CODE TRANSITION-The point at which the con-
verter changesfrom an output code of Q, to a code of
Q+ 1.The input voltagecorrespondingto a code tran-
sitionis detimd to be that voltagewhichis equallylike-
ly to produceeither of two adjacent codes.

CODE WIDTH-The voltage corresponding to the
differencebetweentwo adjacent code transitions.

CROSSTALK-See “Off-Isolation”.

D.C. INPUT LEAKAGE-Leakage current to ground
from an analoginput pin.

DIFFERENTIAL NON-LINEARITY-The differ-
ence betweetsthe ideal and actual cede widths of the
terminal based characteristic of a converter.

FEEDTHROUGH-Attenuation of a voltageapplied
on the selectedchannel of the A/D converterafter the
samplewindowcloses.

FULL SCALE ERROR-The differencebetweenthe
expectedand actual input voltagecorrespondingto the
full scale code transition.

IDEAL CHARAC1’ERISTIeA characteristic with
its first code transition at VIN = 0.5 LSB,its last code
transition at VIN = (V~F – 1.5 LSB)and all code
widths equal to one LSB.

INPUT RE131STANCE-Theeffectiveseriesresistance
from the anatog input pin to the samplecapacitor.

LSB-LEAST SIGNIFICANTBIT: The voltagevalue
correspondingto the full scale voltage dividedby 2n,
where n is the number of bits of resolutionof the con-
verter. For a 10-bitconverter with a referencevoltage
of 5.12 volts, one LSB is 5.0 mV. Note that this is
differentthan digital LSBS,sincean uncertaintyof two
LSB, when referring to an A/D converter, equals
10ink’.(Thishas been confusedwith an uncertaintyof
two digital bits, which would mean four counts, or
20 mV.)

MONOTONIG-The property of successiveapproxi-
mation converterswhich guaranteesthat increasingin-
put voltagesproduceadjacentcodesof increasingvalue,
and that decreasing input voltages produce adjacent
codesof decreasingvalue.

NO MISSED CODES-For each and every output
code, there exists a unique input voltagerange which
producesthat code only.

NON-LINEARITY-The maximumdeviationof code
transitionsof the tertrdnrdbasedcharacteristicfromthe
correspondingcode transitions of the idealcharacteris-
tics.
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OPFISOLATION-Attenuation of a voltage applied
on a deselected channel of the A/D converter. (Also
referred to as Crosstalk.)

REPEATABILITY-The difference between corre-
spondingcode transitionsfromdifferentactual charac-
teristics taken from the same converter on the same
channelat the sametemperature,voltageand frequency
conditions.

RESOLUTION-The numberof input voltage levels
that the converter can unambiguouslydistinguish be-
tween. Also definesthe numberof usefulbits of infor-
mation which the convertercan return.

SAMPLE DELAY-The delayfromreceivingthe start
conversionsignal to whenthe samplewindowopens.

SAMPLE DELAY UNCERTAINTY-The variation
in the SampleDelay.

SAMPLETIME-The timethat the samplewindowis
open.

SAMPLE TIME UNCERTAINTY-The variation in
the sampletime.

SAMPLEWINDOW-Begins whenthe samplecapac-
itor is attached to a selectedchanneland ends whenthe
sample capacitor is disconnectedfrom the selected
channel.

SUCCESSIVE APPROXIMATION-An A/D con-
versionmethod which usesa binarysearch to arrive at
the best digital representationof an analoginput.

TEMPERATURE COEFFICIENTS-Change in the
stated variable per degree centigrade temperature
change.Temperaturecoefficientsare added to the typi-
cal valuesof a specificationto seethe effectof tempera-
ture drift.

TERMINAL BASEDCHARMTERISTIC-ASI A

t Characteristicwhichas been rotated and translat-
ed to removezero offsetand full-scaleerror.

VCCREJECITON-Attenuation of noiseon the Vcc
line to the A/D converter.

ZERO OFFSET—Thedifferencebetweenthe expected
and actual input voltagecorresponding the first code
transition.

4.0 ANALOG OUTPUTS

Analog outputs can be generatedby two methods,
ther by using the PWM output or the HSO. Either
devicewillgeneratea rectangularpulsetrain that varies
in duty cycle and (for the HSO only) period. If a
smooth analog signal is desired as an output, the rec-
tangular waveformmust be filtered.

1ssmost casesthis filteringis best done after the signal
is bufferedto makeit swingfromOto 5 voltssinceboth
of the outputs are guaranteed only to TTL levels. A
blockdiagramof the type of circuit neededis shownin
Figure 18.Byproperselectionof components,account-
ing for temperature and power supply drift, a highly
accurate 8-bitD to A convertercan be made usingei-
ther the HSOor the PWMoutput. Figure 19showstwo
typicalcircuits. If the HSO is used the accuracy could
be theoreticallyextendedto 16-bits,howeverthe tem-
perature and noiserelated problemswouldbe extreme-
ly hard to handle.

When drivingsomecircuits it may be desirableto use
unfilteredPulseWidthModulation.This is particularly
true for motor drivecircuits. The PWM output can be
used to generate these waveformsif a fixed period on
the order of 64 p,sis acceptable.If this is not the case
then the HSOunit can lx used.The HSO can generate
a variablewaveformwitha duty cyclevariablein up to
65536steps and a period of up to 131 milliseconds.
Both of these outputsproduceITL levels.

I 270246-21 I
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5.0 1/0 TIMINGS during Phase B everyeightstate times.From an exter-

The 1/0 pinson the 8X9Xare sampledand changedat
sfxxifictimeswithin an instructioncycle.The chang~
occur relativeto the internal phasesshownin Figure4.
Note that the delayfromXTAL1to the internal clocks
range from about 30 ns to 100 ns over process and
temperature. Signalsgenerated by internal phases are
further delayedby 5 ns to 15ns. The timingsshownin
this sectionare idealized;no propagationdelay factors
have beentaken into account. Designinga system that
dependson an 1/0 pin to changewithin a windowof
less than 50 ns using the informationin this section is
not recommended.

5.1 HSO Outputs

Changesin the HSO s L
All of the externalHSOlinesdue to changeat a certain
valueof a timer willchangejust pior to the increment-
ing of Timer 1.This correspondsto an internal change

nal p&speetivethe HSO-pinshouldchangejust prior to
the rising edgeof CLKOUTand be stableby its falling
edge. Informationfrom the HSOcan be latched on the
CLKOUT fallingedge. Internal eventscan occur any-
time during the 8 state time window.

Timer 2 is synchronizedto increment no faster than
Timer 1,so there willalwaysbe at leastone increment-
ing of Timer 1 whileTimer 2 is at a specificvalue.

S

i

least 1 full state time to guaranteethat it is recognized.
The actual sampleoccursat the endof Phase A, which,
due to propagationdelay,isjust after the rising edgeof
CLKOUT. Therefore, if informationis to be synchro-
nized to the HSI it shouldbe latched-inon CLKOUT
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falling.The timerestrictionappliesevenif the divideby
eight mcde is being used. If two events occur on the
samepin withinthe same8state time window,onlyone
of the events will be recorded. If the events occur on
different pins they will alwaysbe recorded, regardless
of the time difference.The8 state time window,(i.e.the
amount of time during which Timer 1 remains con-
stant), is stable to within about 20 ns. The window
starts roughly around the rising edge of CLKOUT,
however this timing is very approximate due to the
amount of internal circuitryinvolve-d.

5.3 Standard 1/0 Port Pins

Port Ois differentfromthe other digitalports in that it
is actually part of the A/D converter.The port is sam-
pled once every state time, however, samplingis not
synchronizedto Timer 1. If this port is used, the input
signal on the pin must be stable one state time before
the readingof the SFR.

Port 1 and Port 2 have quasi-bidirectional1/0 pina.
When used as inputs the data on these pins must be
stable one state time prior to reading the SFR. This
timingis alsovalidfor the input-onlypinsof Port 2 and
is similar to the HSI in that the sampleoccursjust after
the risingedgeof CLKOUT.Whenusedas outputs,the
quasi-bidirectionalpins will change state shortly after
CLKOUT falls. If the changewas from ‘O’to a ‘1’the
lowimpedancepulhspwillremain on for onestate time
after the change.

Porta 3 and 4 are addressed as off-chip memory-
mapped 1/0. The port pins will change state shortly
after the risingedgeof CLKOUT.When thesepinsare
used as Ports 3 and 4 they are open drains, their struc-
ture is differentwhenthey are used as part of the bus.
SeeSection10.4of the 8X9XArchitecturechapter.Ad-
ditional informationon port reconstructionis available
in Section7.7 of this chapter.

6.0 SERIAL PORT TIMINGS

The serial port on the 8X9Xwas designedto be com-
patible with the 8051serial port. Sincethe 8051usesa
divideby 2 clockand the 8X9Xuses a divideby 3, the
serial port on the 8X9Xhad to be providedwith its

c m c
the 8 highbaud ratea. This means that the serial

c s

the rest of the 8X9Xso that informationcan be passed
back and forth.

The baud rate generatoris clockedby either XTAL1or
T2CLK. BecauseT2CLK needs to be synchronizedto
the XTAL1signalits speedmust be limitedto ~,, that
of XTAL1.The serial port willnot functionduring the
time betweenthe consecutivewrites to the baud rate
register.Section11.4of the 8X9XArchitecture chapter
discussesprogrammingthe baud rate generator.

6.1 Mode O

ModeOis the shift register mode.The TXD pin sends
out a clock train, while the RXD pin transmits or re-
ceives the data. Figure 20 shows the waveformsand
timing.Note that the port starts functioningwhena ‘1’
is writtento the REN (ReceiverEnable)bit in the serial
port control register. If REN is already high, clearing
the RI flag will start a reception.

In this mode the serial port can be used to expand the
1/0 capabilityof the 8X9Xby simplyaddingshift reg-
isters. A schematicof a typicalcircuit is shownin Fig-
ure This circuit inverts the data coming in, so it
must be reinvestedin software. The enable and latch
connectionsto the shift registers can be driven by de-
coders, rather than directly from the low speed 1/0
ports, if the software and hardware are properly de-
signed.

6.2 Mode 1 Timings

Mode 1operationof the serial port makes use of 10-bit
data packages,a start bit, 8 data bits and a stop bit. The
transmit and receivefunctionsare controlledby sepa-
rate shift clocks.The transmit shift clock starts when
the baud rate generator is initialized, the receive shift
clock is reset when a ‘1 to O’transition (start bit) is
received.The transmit clock may therefore not be in
syncwith the receiveclock,althoughthey will both be
at the same frequency.

The TI (Transmit Interrupt) and RI (Receive Inter-
rupt) flagsare set to indicatewhenoperationsare com-
plete.TI is set whenthe last data bit of the messagehas
beensent, not whenthe stop bit is sent. If an attempt to

port willholdofftransmissionuntil the stop bit is com-
plete. RI is set when8 data bits are received,not when
the stop bit is received.Note that when the serial port
status register is read both TI and RI are cleared.
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Caution should be used when using the serial port to
cormectmore than two devicesin hslfduplex, (i.e. one
wire for transmit receive).If the rec~virig’proces-
sor does not wait for one bit time after RI is set before
starting to transmit, the stop bit on the link could be
squashed.This couldcausea problemfor other devices
listeningon the link.

6.3 Mode 2 and 3 Timings

Modes 2 and 3 operate in a manner similar to that of
Mode 1. The only differenceis that the data is now
made up of 9 bits, so 1l-bit packagesare transmitted
and received.This meansthat TI and RI willbe set on
the 9th data bit rather than the 8th. The 9th bit carsbe
used for parity or multiple processorcommunications
(see Section 11of the 8X9XArchitecture chapter).

7.0 BUS TIMING AND MEMORY
INTERFACE

7.1 Bus Functionality

The 8X9Xhas a multiplexed(address/data) bus which
can be dynamicallyconfigured
bitdata a linesto demtdtiplex
the bus (ALE or ~), indicate reads @~), indicate
writes ~~ and WRH,or ~ with BHE and ADO),
and a signalto indicateaccessesthat are for an instruc-
tion fetch (INST). Section3.5 of the 8X9X Architec-
ture chapter containsan overviewof the bus operation.
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7.2 Timing Specifications

Figure22showsthe timing of the bus signalsand data
lines. Pleaserefer to the latest data sheet for the exact
deviceyouare using to ensure that your systemis de-
signedto the proper specifications.The major timing
?.@lCations are describedin F 2

7.3 READY Line Usage

Whenthe processorhas to address a memorylocation
that cannotrespondwithin the standardspecifications,
it is necessaryto use the READY lineto generatewait
states. Whenthe READY line is held low, the proces-
sor waitsin a loopfor the line to comehighor until the

numberof insertedwait states is equal to the limitset in
the Chip ConfigurationRegister (see Section2 of the
MCS-96Architecture chapter). There is a maximum
time that the READY line can be held low without
riskinga processor malfunctiondue to dynamicnodes
that have not been refreshed during the wait states.
This time is shownas TYLYH in the data sheet.

In most casesthe READY line is brought lowafter the
addressis decodedand it is determinedthat a wait state
is needed.It is very likelythat someaddresses,such as
those addressing memory mapped peripherals, would
need wait states, and others would not. The READY
line must be stable within the TLLYVspecificationaf-
ter ALE falls or the processorcould lock-up.There is
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no requirement as to when READY may go high, as
long as the maximumREADY low time (TYLYH) is
not violated.To ensure that only one wait state is in-
sertedit is necessaryto provideexternalcircuitry which
brings READY high TLLYH after the falling edge of
ALE/~, or programthe ChipConfigurationRegis-
ter to select a Ready Control limit of one.

Internally, the chip latches READYon the first falling
edgeof PhaseA after ALE/~ falls.Phase A is buff-
e and brought out externallyas CLOCKOUT, so
CLOCKOUTis a delayedPhase A. If a 1 is seen, the
bus cycleproceedsuninterruptedwith no wait state in-
sertions. If a Ois seen, one wait state (3 Tosc) is insert-

If a waitstate is inserted, READY is internallylatched
on the next rising edgeof Phase A. If a 1 is found the
bus cycleresumes the net impact beingthe inser-
tion ofonewait state. If a Ois seen,a secondwait state
is inserted.

The READY pin is again latched on the next rising
edgeof CLOCKOUTif two wait states were inserted.
If the chip seesa 1, the bus cycle is resumedwith the
resultbeingan insertionof two wait states. If another O
is seen,a third wait state is insertedin the buscycleand
the READYpin is again latchedon the followingrising
edgeof CLOCKOUT.If internal ReadyControl is not
used, the READY line must at this ooint be a 1 to

ed. ensureproperoperation.

Tosc-Oscillator Period,one cycle time on XTAL1.
Timings the Memory System Must TLLGV—ALE/ADV low to BUSWIDTH valid:

Meet Maximumtime after ALE/~ is low until BU-
SWIDTHmust be valid. If this time is exceededthe

TLLYH—ALE/~ low to READY high: Maxi- part could malfunction necessitating a chip reset.
mum time after ALE/~ falls until READY is Nominallyless than 1 Tosc.
brought high to ensure no more wait states. If this
time is exceededunexpectedwait states may result. TLLGX—BUSWIDTHhold after ALE/~ low:
Nominally1Tosc + 3 Tosc X numberof wait states Minimumtime that BUSWIDTHmustbe validafter
desired. ALE/~ is low Nominally 1 TOSC.

TLLYV-ALE/~ low to READY low: Maxi- TRLDV-READ low to DATA valid: Maximum
mum time after ALE/~ fallsuntil READY must timethat the memoryhas to output data after READ
be valid. If this time is exceededthe devicecouldmrd- goeslow.Nominally,a maximumof 3 Toscperioda.
functionnecessitatinga chip reset. Nominally2 Tosc
perioda. TRHDZREAD high to DATA float: Time after

~ is high until the memorymust float the bus.
TCLYX-READY hold after CLOCKOUT low: The memorysignalcan be removedas soonas READ
Minimum time that the value on the READY pin is not low,and must be removedwithinthe specified
must be validafter CLOCKOUTfalls.The minimum maximumtime fromwhen READ is high.NominaUy
hold time is alwayszero nanoseconds. a maximumof 1 Tosc period.

TYLYH-READY lowto READY high: Maximum TRHDX-DATA holdafter READ goeshigh:Mini-
time the part can be in the not-ready state. If it is mum~e, that memorymust holdinputDATA valid
exceeded,the 8X9X dynamicnodes which hold the after RD 1shigh. The hold time minimumis always
current instruction may ‘forget’how to finish the in- zero nanoseconds.
struction.

TRLWREAD lowto ADDRESSfloat:This is the
TAVDV—ADDRESSvalid to DATA valid: Maxi- bus control specifyingthe time from an active low

thatthememoryhastooutputvaliddata READsignaluntilthe8X9XADDRESSdriversfor
after the 8 o a validaddress. Nominally,a the cycleare off the bus. This is specifiedin order for
m 5 p r

bus contention.Typicallythis is Ons for no bus con-
TAVGV—ADDRESSvalid to BUSWIDTH valid: tention. Howmer, up to 10 ns is acceptable in sys-
M time after ADDRESSbecomesvalid until terns.
BUSWIDTH must be valid. Nominally less than 2
Tosc perioda.

S E
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Timings the 8096 Will Provide that proper memorydecodingtakes place before it is
output enabled.Nominally2 Tosc periods.

TOHCH—XTALIhighto CLOCKOUThigh:Delay
from the risingedgeof XTAL1to the resultant rising TRLRH—READ low to READ high: ~ pulse
edge on CLOCKOUT.Neededin systemswherethe width, nominally1 Tosc period.
signal drivingXTAL1is also used as a clock for ex-
ternal devices.Typically50 to 100nanoseconds. TRHLH—READhigh to ALE/~ high:Timebc-

tweerr~ going inactive and next ALE/ADV, also
TCHCH-CLKOUT high to CLKOUT high: The used to calculate time between~ inactive and next
period of CLKOUT and the duration of one state ADDRESSvalid. Nominally1 Tosc period.
time. Always 3 Tosc average,but individualperiods
could vary by a fewnanoseconds. TRHBX-READ high to INST, BHE, ADS-15 In-

active:Minimumtime that the INST and BHE lines
TCHCL-CLKOUT high CLKOUTlow: Nomi- willbe valid after ~ goeshigh. Also the minimum
nally 1 Tosc period. time that the upper eight address lines (8-bit bus

mode) will remain valid after ~ goes high. Nomi-
TCLLH-CLKOUT lowto ALE high:A help in de- nally 1Tosc.
riving other timings.Typicallyplus or minus 5 ns to
10ns. TWHBX—WRITEhigh to INST, BHE, AD8-15

Inactive: Minimum time that the INST and BHE
TCLVL-CLOCKOUT I ALE/~ I A lineswillbe validafter ~ goeshigh. Also the mini-
help in derivingother timings.Nominally1Tosc. mumtime that the uppereightaddress lines(8-bitbus

mode)will remain valid after ~ goes high. Nomi-
TLLCH—ALE/ADV low to CLKOUT high: Used rrally1 Tosc.
to derive other timings,nominally1Tosc period.

TWLWH-WRITE low to WRITE high: Write
TLHLL-ALE/~ high to ALE/~ low: pulse width, nominally3 Tosc periods.
ALE/~ high time. Useful in determiningALE/
~ rising edgeto ADDRESSvalidtime. Nominal- THLHH—~, ~ low to ~, ~ high:
ly 1 Toac periodfor ALE and 1 Tosc for ~ with Write strobe signal pulse width. Nominally 2 Tosc
back-to-backbus c periods.

TAVLkADDRESS valid to ALE/~ low: TQVHL-OUTPUT valid to ~, ~ I M

Lengthof time ADDRESSis validbeforeALE/ADV imumtime that OUTPUTdata is validprior to write
falls. Important timing for address latch circuitry. strobes becoming active. Needed for interfacing to
Nominally 1TOWperiod. memoriesthat read data on the fallingedge of write.

Nominally1 Tosc.
TLLAX—ALE/ADV low to ADDRESS invalid:
Length of time ADDRESSis validafter ALE/ADV TQVWH-OUTPUT valid to WRITE~h: Time
falls. Important timing for address latch circuitry. that the OUTPUT data is valid before WR is high.
Nominally 1 Toscperiod. Nominally3 Tosc periods.

——
TLLRL-ALE/ADV lowto READ or WRITE low: TWHQX—WRITE high to OUTPUT not valid:
Length of time after ALE/ADV falls before~ or Time that the OUTPUT data is valid after ~ is
~ fall. Couldbe neededto ensurethat propermem- high. Nominally 1 Tosc period.
orydecodingtakesplacebeforeit isoutputenabled.
Nominally 1 Tosc period. TWHLH—WRITEhigh to ALE/~ high: Time

betweenwrite highand next ALE/ADV, also used to
TLLHLALE/~ lowto=, ~ low:Mis- calculate the time between~ high and next AD-
imum time after ALE/~ is low that the write DRESSvalid. Nominally2 Tosc periods.
strobe signalswillgo low.Couldbe neededto ensure

S E (
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7.4 INST Line Usage

INST (Instruction) line is high during
are for an instruction fetch and low for any other

bus cycle.The INST signal(not present on 48-pinver-
sions) can be used with a logic analyzer to debug a
system.In this way it is possibleto determineif a fetch
was for instructionsor data, makingthe task of tracing
the program much easier.

7.5 BUSWIDTH Pin Usage

The BUSWIDTHpin is a control input which deter-
mines the width of the bus access in progress.
BUSWIDTHis sampledafter the risingedgeof the first
CLOCKOUT after ALE/ADV goes low. If a one is
seen, the bus access progressesas a 16-bitcycle. If a
zero is seen, the bus accessprogressesas an 8-bitcycle.
The BUSWIDTHsetup and hold timing requirements
appear in the &ta sheet.

The BUSWIDTHpin can be overriddenby causingthe
BUSWIDTH SELECTbit in the Chip Configuration
Register(CCR)to be zero. This willpermanentlyselect
an 8-bitbus width. However,if the BUSWIDTH SE-
LECT bit in the CCR is a one, the BUSWIDTHpin
determinesthe bus width. SeeSection3.5 of the 8X9X
Architecture chapter. Sincethe BUSWIDTHpin is not
availableon 48-pinor 64-pindevices,the BUSWIDTH
SELECTbit in the CCR determinesbus width.

7.6 Address Decoding
The multiplexed bus of the 8X9X must be demulti-
plexedbeforeit can be used.This can be donewith two
74LS373transparent latches for an 8X9X in 16-bit

mode, or one 74LS373for an 8X9X in 8-bit bus
mode.As explainedin Section3.5 of the 8X9XArchi-

c
A

(MemoryData).

Since the 8X9Xcan make accessesto memoryfor ei-
ther bytes or words, it is necessaryto have a way of
determiningthe type of accessdesiredwhenthe bus is
16-bitswide. For write cycles, the signals Write Low
(WRL) and Write High (WRH) are provided.~
will go low during all word writes and during afl byte
writes to an evenlocation.Similarly,WRH willgo low
during afl word writesand during all byte writes to an
odd location. During read cycles, an 8X9X in 16-bit
bus mode will afwaysdo a word read of an even loca-
tion. If only one byte of the word is needed, the chip
discards the byte it does not need.

Since 8X9X memory accessesover an 8-bit wide bus
are always bytes, only one write strobe is needed for
write cycles. For this purpose the WRL signal was
made to go low for all write cycles during 8-bit bus
accesses.When a word operationis requeated,the bus
controller performstwo byte-widebus cycles.

In many casesit maybe desirableto havea writesignal
with a longerpuke widththan ~~~. The Write
~=) line of the 8X9X is an alternate control signal
that shares a pin with WRL and is only availablein
16-bit bus mode. ~ is nominallyone Tow longer
than the ~~ signals, but goes low for any
write cycle.Therefore it is necessaryto decodefor the
type of write (byteor word)desired.

The Byte High Enable@~) signaland MAOcan be
used for this purpose. BHE is an afternate control

I

‘fCc

-1
PR

CLR

m D

Q
WRITE HIGH

ALE

74LS74
~R

WRITE LOW

MAO
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signalthat shares a pin with WRH. WhenBHE is low, External memorysystemsfor the 8X9Xcan be set up
the highbyteof the 16-bitbusis enabled.WhenMAOis in many ways. Figures 25 through 28 show blockdia-
10W,the lowerbyte is enabled.WhenMAOis low and grams of memory systems a
= both bytes are enabled.Figure 24 shows single EPROM, using an 8-bit bus with RAM and
howto useWR, BHEand ~ to decodebus accesses. EPROM, using a 16-bit bus with two external
It’s important to note that this decodinginserts a delay EPROMs and &ing a 16-bitbus in a RAM and ROM
in the write signal which must be consideredin a sys- system. (The timings for the systems shown are opti-
tem timinganalysis. mizedfor 10MHz operation.)

,
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Figure 25.
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7.7 1/0 Port Reconstruction

When a single-chipsystem is being designed using a
multiple chip systemas a prototype, it may be neces-
sary to reconstruct1/0 Ports 3 and 4 usinga memory-
mapped1/0 technique.The circuit shownin Figure 30
providesthis function. It can be attached to a 8X9X
system which has the required address decodingand
bus demultiplexing.

The output circuitry is basicallyjust a latch that oper-
ates when IFFEH or IFFFH are placed on the MA
lines. The inverters surrounding the latch create an
open-collectoroutput to emulatethe open-drainoutput
found on the 8X9X.The ‘reset’line is used to set the
ports to all 1’swhen the 8X9X is reset. It should be
notedthat the voltageand current characteristicsof the
port will differ from those of the 8X9X,but the basic
functionalitywill be the same.

The input circuitry is just a bus transceiver that is ad-
dressedat IFFEH or IFFFH. If the ports are goingto
be usedfor either inputor output,but not both, someof
the circuitry can be eliminated.

8.0 NOISE PROTECTION TIPS

Designingcontrollersdiffersfrom designingother com-
puter equipmentin the area of noiseprotection. A mi-
crocontrollercircuit under the hoodof a car, in a pho-
tocopier,CRT termiml, or a high speedprinter is sub-
ject to many types of electricalnoise. Noise can get to
the proceasor directly through the power supply,or it
cars be induced onto the board by electromagnetic
fields.It is afsopossiblefor the PC board to find itself
in the path of electrostatic discharges. Glitches and
noiseon the PC board can cause the processor to act
unpredictably,usuallyby changingeither the memory
locationsor the programcounter.

There are both hardware and software solutions to
noise problems, but the best solution is good design
practiceand a fewouncesof prevention.The 8X9Xhas
a WatchdogTimer whichwill reset the deviceif it fails
to executethe softwareproperly.The software should
be set up to take advantageof this feature.

It is also recommendedthat unused areas of code be
tilled withNOPSand periodicjumps to an error routine

chip) instructions. This is particularly
important in the code around lookup tables, since if
lookup tables are executedall sorts of bad things can
happen. Wherever space allows, each table should be
surroundedby 7 NOPS(the longest 8X9Xinstruction
has 7 bytea) and a RST or jump to error routine in-
struction. This will help to ensure a speedyrecovery
shouldthe processorhavea glitch in the programflow.

Many hardware solutions exist for keepingPC board
noise to a minimum. Ground planes, gridded ground
and Vcc structures, bypass capacitors, transient ab-
sorbers and power busses with built-in capacitorscan
all be of great help. It is much easier to designa board
with these features than to try to retrofit them later.
Proper PC board layout is probably the single most
important and, unfortunately, least understoodaspect
of project design. Minimizingloop areas and induc-
tance, as well as providingclean groundsare very im-
portant. More informationon protectingagainstnoise
can be found ApplicationNote AP-125,“Design-
ing MicrocontrollerSystemsfor NoisyEnvironments”.

9.0 PACKAGING

The MCS-96familyof products is offeredin manyver-
sions.They are availablein 48-pinor 68-pinpackages,
with or without on-chip ROM/EPROM and with or
withoutan A/D converter.A summaryof the available
options is shownin Figure 31.

The 48-pinveraionsare availablein ceramicand plastic
48-pinDual-In-Linepackage (DIP). The ceramic ver-
s have order numbers with the prefix “C”. The
plastic versionshave the prefix “P”.

The 68-pinversionsare availablein a ceramicpin grid
array (PGA), a plastic leadedchip carrier (PLCC)and
a Type B Ieadless chip carrier (LCC). PGA devices
have part numberswith the prefix “C”. PLCCdevices
havethe prefix“N”. LCC deviceshavethe prefix“R”.

SHRINK-DIP is offered in 64-pin packages with a
packagedesignator “U”,
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.46-Pin devices have f A I pins.

.For ROM/ OTP/EPROM devices,8X9XBH and 8X98 = 8 Kbytes,
8X9XJF = 16 Kbytes
●4-Pin devices have all 48-Pin device features plus the following:

Fmr additionalAnalog Inputchannels
One additionalQuaai-Eidiractionai0 Bit Parallel Port
Four additionalPorf 2 pinawithmultiplexedfeaturea

Timer 2 Clock Source Pin
Timer 2 Rosaf pin
Two additionalquasi-bidiracticmalport pins

●60-Fin dwk%s haveall 46. amf 64-pin featwes plus the f
O B sizing(8 of 1~ bit bus)
t@kaWd SyStWTl clock Output (CLKOIJT)
INSTpinformerrmyespansion
Non-MaskalIkI f d

. D
N = PLCC
C = Ceramic DIP
A = Caramic Pin Grid way
P = PlasticDIP
R = Ceramic LCC
U = Wink DIP
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10.0 USING THE EPROM

This5@10tS 8
d Thesedevicesare genericallyreferred to as the
879X.Affinformationin this sectionrefers to all three
devicesunlessotherwisenoted.

879XBHand the 8798contain 8 Kbytes of ultraviolet
Erasable and electrically Programmable Read Only
Memory(EPROM). The 879XJF contains 16 Kbytes
of EPROM. When ~ is a TTL high, the EPROM is
locatedat memorylocations2000Hthrough3FFFH on
the 879XBHand the 8798. It is at locations 2@MH
through 5FFFH on the 879XJF.

Applying+ 12.75Vto ~ whenthe chip is reset places
the 879Xdevice in the EPROM ProgrammingMode.
The ProgrammingMode supports EPROM program-
mingand verification.The followingis a brief descrip-
tion of each of the programmingmodes:

The Auto ConfigurationByte Programming Mode
programsthe ProgrammingChipConfigurationByte
and the Chip ConfigurationByte.

The Auto ProgrammingMode enables an 879Xto
programitself and up to 15other 879X’S.

The SlaveProgrammingMode providesa standard
interfaceto programany numberof 879X’sby a mas-
ter devicesuch as an EPROMprogrammeror snoth-
er 879X.

The Run-TimeProgrammingModeallowsindividu-
al EPROM locationsto be programmedat run-time
under complete software control. (Run-Time Pro-
grammingis done with ~ = 5v.)

Some1/0 pins have new functions for programming.
Theaepins determine the programmingfunction, pro-
vide programmingcontrol signals and slave ID num-
bers, and pass error information.Figure 32showshow
the pinsare renamed.Figure 33describeseach newpin
function.PMODEselects the functionto be performed
(see Figure 31).

P

Resewed

5 Slave Programming Mode

6 ROM Dump Mode

7-OBH Resewed

I OCH I P Mode I

ODH Program Configuration Byte

OEH-OFH Reserved

Figure 31. Programming Funaion pMOQE Values

Whenan 879XEPROM deviceis not beingerased, the
windowmust be covered with an opaque label. This
p f d

10.1 Power-Up and Power-Down

To avoid damagingdevicesduring programming,fol-
low these rules:
RULE # l—Vpp must be within IV of Vcc while

Vcc is below4.5V.

RULE #2—Vpp can not be higher than 5.OVuntil
VCc is above4.5V.

RULE #3— Vppmust not havea lowimpedancepath
to groundwhenVcc is above4.5V.

RULE #4-~ must be brought to 12.75Vbefore
Vpp is broughtto 12.75V(not neededfor
run-time programming).

RULE #5—The PMODE and SID pins must be in
their desiredstate beforeRESET rises.

RULE #~ All voltagesmustbe within toleranceand
the oscillatorstablebefore RESET rises.

RULE #7—The supplies to Vcc, Vpp, ~ and
RESET must be well regulated and free
of glitchesand spikes.

To adhere to theserules youcan usethe followingpow-
er-up and power-downsequences:

RESET = OV

Vcc = = = 5V

CLOCK on (if using an external clock instead of the
internal oscillator)

PALE = PROG = PORT3,4 = VIH(l)

SID and PMODE valid

~ = 12.75V(2)

Vpp = 12.75V(3)

WAIT (wait for suppliesand clockto settle)

RESET = 5V

WAIT Tshll (see data sheet)

BEGIN
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=

= 5V

E& = 5V

PALE = PROG = SID = PMODE = PORT3,4 =
Ov

Vcc = = m =

CLOCK OFF

1.

2.

3.

NOTES:
VIH = logical‘1’(2.4V minimum)

The same power su@y can be used for ~ and
Vpp.However,the EA pin must be poweredup be-
foreVppis poweredup. Also,~ shouldbe protect-
ed from noise to prevent damageto ~.
Exceeding the maximum limit on Vpp for any
amountof time coulddamagethe devicemmrmrrent-
ly. The Vpp sourcemust b: well regula{d and free
of glitchesand spikes.

10.2 Reserved Locations

Fill all Intel Reservedlocationsexceptaddress 2t)19H,
when mapped internally or externally, with OFFH to
ensure compatibilitywith future devices. Fill address
2019Hwith-20H. -

PROGRAMMING
E m

MOOSSELECT~
PROGRAMMING

VPP PORT3
VOLTAGE~ PORT4 AOORESS/COMIMNOOATAPATH

8797BH
HSO.O~m

P2.1 ~ PALE
P2.2 ~mG
P2.O~ PVER/SALE——
P2.S ~ P@3/SPSOG

270246-34
1

P F
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F
ieneral PMODE PROGRAMMING MODE SELECT: Determines the EPROM programming

(PO-.4,.5,.6, .7) algorithm that is performed. PMODE is sampled after a chip reset and
should be static while the device is operating.

,Uto PACT PROGRAMMING ACTIVE: Used in the Auto-Programming Mode.
‘programming (HSO.0) Indicates when programming activity is complete.
lode —PVAL PROGRAM VALID: These signals indicate the success or failure of

(Ports 3 and 4) programming in the Auto Programming Mode and when using this mode
for gang programming. For 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 vatidity of the
various slaves. A zero indicates successful programming on PVAL.O.A
zero on PVAL.l through PVAL.15 indicates a fail.

SALE SLAVE ALE: Output signal from an 879X in the Auto Programming Mode.
(P2.0) A falling edge on SALE indicates that Ports 3 and 4 contain valid address/

command information for slave 879XBHSthat maybe attached to the
master.

SPROG SLAVE PROGRAMMING PULSE: Output from an 879X in the Auto
(P2.5) Programming Mode. A falling edge on - indicates that Ports 3 and 4

contain valid data for programming into slave 879XBHS that maybe
attached to the master.

Ports 3 and 4 A DUsed by devices in the Auto
Programming Mode to pass command, addresses and data to slaves.
Also tised in the Auto Programming Mode as a regular system bus to
access external memory. Each line should be pulled up to VCC through a
resistor. Also used as PVAL (see above).

;Iave SID SLAVE ID NUMBER: Used to assign a pin of Port 3 or 4 to each slave to
Yogramming (HSI-0, .1, p p v acknowledgement. For example, if gang
flode programming in the Slave Programming Mode, the slave with SID = 0001

will use Port 3.1 to signal corrector incorrect program verification.

PALE P Accepted by an 879X that is in the Slave
(P2.1) Programming Mode. Indicates that Ports 3 and 4 contain a command/

address.

PROG PROGRAMMING PULSE: Accepted by 879X that is in the Slave
(P2.2) Programming Mode. Used to indicate that Ports 3 and 4 contain the data

to be programmed. A falling edge on ~~nifies data valid and starts
the programming cycle. A rising edge on PROGwill halt programming in
the slaves.

PVER P V A signal output after a programming operation by
(P2.0) devices in the Slave Programming Mode. This signal is on Port 2.0 and is

asserted as a logic 1 if the bytes program correctly.

PDO PROGRAMMING DURATION OVERFLOWED: A signal output by devices
(P2.5) in the Slave Programming Mode. Usedto signify that the PROG pulse

applied for a programming operation was longer than allowed.

Ports 3 and 4 A DB Used to pass commands,
addresses and data to and from slave mode 879X’S.

%to PCCB PVER P V A signal output after programming in the Auto
‘programming (P2.0) Configuration Byte Programming Mode. The signal is on Port 2.0 and is
Mode asserted as a logic 1 if the bytes program correctly.

PALE P Used by a device in the Auto Program
(2.1) Configuration Byte Mode to indicate that Port 3 contains the data to be

programmed into the PCCB and CCB.

P D
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C they did not. Programming takes approximately
Programming Mode 250 ms. Figure 34 showsa minimumconfigurationfor

Auto configuration Byte Programming.
The ProgrammingChip ConfigurationByte(PCCB)is
a non-memorymapped EPROM location.It gets load-
ed into the CCR during reset for auto and slave pro-
gramming.The Auto ConfigurationByteProgramming
Modeprogramsthe PCCB.

The Chip Cm@uration Byte (CCB) is at location
2018Hend can be programmedlikeany other EPROM
locationusing auto, slave and run-time programming.
However,you can also use the Auto Configuration
ByteProgrammingto programthe CCBwhenno other
locations need to be programmed. The CCB is pro-
grammedwith the same valueas the PCCB.

The Auto ConfigurationByte Prograrmning Mode is

Once the CCB and PCCB are programmed,all pro-
grammingactivitiesand bus operationsuse the selected
bus width,READY control,bus controls,and READ/
WRITE protection until you erase the device. You
must be carefid when programmingthe READ and
WRITE lock bits in the CCBand PCCB.If youenable
the READ and WRITE lock bits in the CCB or the
PCCBand then reset the device,the array mayno long-
er be programmedor verified(see Figure41 in Section
10.7.1).Therefore, you should program the buswidth,
READYcontrol,and bus controlsusingthe Auto Con-
figurationByte ProgrammingMode. You should pro-
gram the READ and WRITE lock bits when all pro-
grammingis complete.

enteredby follo&ng the power-up-wquence”described
in Section 10.1 with PMODE = ODH, Port 4 = If the PCCBis not programmed,the CCR willbe load-
OFFH,and Port 3 = the data to be programmedinto ed with OFFFHwhenthe deviceis in the Programming
the PCCBand CCB. When a Ois placedon PALE,the Mode.
CCB and PCCB are automatically programmedwith
the data on Port 3. After programmingg, PVERis driv- Specitic requirements for CCB and PCCB program-
en high if the bytes programmedcorrectly and low if ming are included in the Auto, Slave, end Run-time

Programmingsections.

\ -..—.....-.. I I
/ izvpp

-= P2.O

VU

~ 1
PO.?
PO.6
PC-

PMOOE=OOH

P(

47pF

I I I 3ofi6MHz’

P2.2

Vpo

‘Rff

A
PORT3• PCC6

N

BINARY
SWtTCH

PUSHTO
PROGRAM

1 I
1
=

270246-39

NOTES:
1. ~e Port 3 to the value desired to be programmed into CCB, and PCCB.
2. Make all neeesseW minimum eonnectiems for power, ground and clock.

P Mode
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10.4 Auto Programming Mode

The Auto ProgrammingMode providesthe ability to
program the 879XEPROM withoutusingan EPROM
programmer. For this mode follow the power-up se-
quence described in Section 10.1 with PMODE =
OCH.WhenRESETrises, the 879XBHand 8798devic-
es automatically program themselves with the data
found at external locations 4@WHthrough 5FFFH.
The 879XJFprogramsitselfwith the data foundat ex-
tend locations4000Hthrough7FFF. Figure 35shows
a minimumcoxttlgurationfor usingan 8K x 8 EPROM
to programone 879Xin the Auto ProgrammingMode.

The 879X reads a word from external memory, then
the ModifiedQuick-PulseProgramming~ 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 loca-
tions wherethe data to be programmed is OFFH.When
all 8K of the 879XBHand 8798and all 16K of the
879XJF has been programmed,PA~+w high and
the devicesoutputs a Oon Port 3.0 (PVAL) if it pro-
grammed correctly and a 1 if it failed.

10.4.1. P

Auto Programmingmust be done in 8-bit bus mode.
For 68Ldevicesyou must tie the BUSWIDTHpin to

You do not need to programthe buswidthse-
lectionbit in the PCCB (PCCB.1).For 48L and 64L
devicesthere is no BUSWIDTH pin. You must pro-
gram PCCB.1using the Auto ConfigurationBytePro-
grammingModebefore programmingthe array.

The data in the PCCB takes effect upon reset. If you
enableeither the READ or WRITE lock bits during
Auto Programmingbut do not reset the device,Auto
Programmingwill continue. If you enable either the
READ or WRITE lock bits and then reset the device,
the devicewillno longerprogramor verify.Youshould
programthese bits when no more programmingwillbe
done.

10.4.2 GANGP
P

An 879Xin the Auto ProgrammingModecatsalso be
usedas a programmerfor up to 15other 879XBHSthat
are configured in the Slave Programming Mode.
The 879Xacts as the master. The master programsthe
slaveswith the same data ,the master is programming
itselfwith.The master outputs the necessaryslavecom-

C rnand/&ta pairs on Ports”3and 4. It alsoprovidesthe

In the Auto Programming Mode the CCR is loaded SlaveALE (SALE)and SlavePROG (SPROG)signals

with the PCCB. The PCCB must correspond to the to demrdtiplexthe commandsfrom the data. Figure 36

memory system of the programmingsetup, including is a blockdiagramof a gangprogrammingsystemusing

the READY and bus control selections.You can pro- one 879XBHin the Auto ProgrammingMode. The

gram the PCCB using the Auto Configuration Byte SlaveProgrammingMode is describedin the next sec-

ProgrammingMode (see Section10.3). tion.
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The master 879X readsa wordfrom the externalmem- commands being given to the slaves after each pro-
ory controlled by ALE, ~ and ~. It then drives grammingpulse.
Ports 3 and 4 witha Data Programcommandusing
appropriate addressand alerts the slaveswith a falling When programmingis completePACT goes high and
edge on SALE. Next, the data to be programmedis Ports 3 and 4 are driven with all 1s if all devieespro-
driven onto Ports 3 and 4 and slave programmingbe- grammedcorrectly. Individualbits of Port 3 and 4 will
gins with a fallingedgeon SPROG.At the sametime, be driven to Oif the slave with that bit number as an
~hemaster begins-to~rogramits ownEPROMlocation SID did not program correctly.The 879Xused as the
with the data read in. Intel’s Modified Quick-Puke master assignsitself an SID of O.
ProgrammingTMAlgorithmis used, with Data Verify
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10.5 Slave Programming Mode

Any numberof 879XScan be programmedby a master
programmer using the SlaveProgrammingMode.

In Slave Programming Mode, the device being pro-
grammed uses Port 3, 4 as a command/data path.
PALE and PROG demultiplex the commands and
data. PVER, PDO and Ports 3 and 4 pass error infor-
mation to the programmer.There is no 879Xdepen-
dent limit to the number of devices that can be gang
programmedin the slavemode.

It is important to note that the interfaceto an 879Xin
the slavemode is similar to a multiplexedbus. Issuing
consecutive PALE pulses without a corresponding
PROG pulses will produce unexpectedresults, as will
issuing consecutive PROG pulses without the corre-
spondingPALE pulses.

P C

The commandssent to the slavesare 16-bitswideand
contain two fields. Bits 14 and 15 specify the action
that the slavesare to perform.BitsOthrough 13specify
the address upon which the action is to take place.On
the 879XJF,P4.6 is both the least significantbit of the
“Data Proeram Urmcr SK” command and the most. .
significant~it of the address. Commandsare sent via
Ports 3 and 4 and are availableto cause the slavesto
programa word,verifya word,or dumpa word(Table
1).The addresspart of the commandsent to the slaves
rangesfrom 2030Hto 3FFFH on the 879XBHand the
8798and from 2000Hto 5FFFH on the 879XJFand
refers to the internal EPROM memoryspace.The fol-
lowingsectionsdescribeeach slaveprogrammingmode
command.

P
C

o 0 Word Dump
o 1 Data Verify
1 0 Data Program Lower 8K
1 1 Data Program Upper 8K

(879XJF)

DATAPROGRAM COMMANWAfter a Data Pro-
gram Command has been sent to the slaves, PROG
must be pulled lowto programthe data on Ports 3 and
4 into the Ioca_ itied during the command.The
fallingedgeof PROG indicatesdata validand alsotrig-
gers the hardware programmingof the wordspecified.
The slaves will begin programming 48 states after
PROG falls, and willcontinueto programthe location
until PROG rises.

After the risingedgeofPROG,the slavesautomatically
perform a verificationof the addressjust programmed.
The result of this verificationis then output on PVER
(Program Verify)and PDO (ProgramDuration Over-
flowed).Therefore,verificationinformationis available
for programming systems that cannot use the Data
Verifycommand.

If PVER and PDO of all slavesare 1safter PROG rises
then the data program was successfuleverywhere.If
any slave’sPVERis a O,then the data programmeddid
not verifycorrectlyin that device.If anyslave’s~ is
a O,then the programrning pulse in those deviceswas
terminated by an internalsafetyfeaturerather than the
rising edgeof PROG. The safetyfeature preventsover-
programmingin the slave mode. Figure 37 showsthe
relationshipof PALE, PROG, PVER and ~ to the
Command/Data Path on Ports 3 and 4 for the Data
Program Command.

PORTS 3,4

PVER VALID
/ \

VALID

m VALID
/ \

VALID
270246-37

P P
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I PORTS 3,4 DATA VERIFY COMMAND

=~ ,70246-38

DATAVERIFYCOMMAND-When the Data Verify
Commandis sent, the slavesindicatecorrect or incor-
rect verificationof the previousData Programby driv-
ingonebit of Ports 3 and 4. A 1indicatescorrect verifi-
cation, while a Oindicates incorrect verification.The
SID (SlaveID Number)ofeachslavedetermineswhich
bit of Ports 3and 4 is driven.PROGfromthe program-
mer governswhen the slavesdrive the bus. Figure 38
showsthe relationshipof Ports 3 and 4 to PALE and
PROG.

The data verifycommandis alwaysprecededby a Data
ProgramCommandin a programmingsystem with as
manyas 16slaves.However,a Data VerifyCommand
does not have to follow every Data Program Com-
mand.

WORD DUMP COMMANEWhen the Word
Dump Command is issued, the 879X being pro-
grammedadds 20tMHto the addressfield of the com-
mandand placesthe valuefoundat the newaddress on
Ports 3and 4. For example,whenthe slavereceivesthe
command#OIOOH,it will placethe word found at lo-
cation 21OOHon Ports 3 and 4. PROG from the pro-
grammer governswhen the slave drives the b
signalsare the same as shownin Figure 22.

Note that this commandonlyworkswhena singleslave
is attachedto the bus,and that there is no restriction on
commandsthat precedeor followa Word Dump Com-
mand.

P
P

Gang programmingof 879XScan be done using the
SlaveProgrammingMode.Thereis no 879Xbaaedlim-
it the number of chips that may be hooked to the
same Port 3/Port 4 data path for gang programming.

If morethan 16chips are beinggangprogrammed,the
PVER and PDO outputs of each chip can be used for
verification.The master programmercan issue a data
programcommandand then either watch every chip’s
error signals,or AND all the signalstogether to get a
systemPVERand PDO.

If 16 or fewer 879XSare to be gang programmed at
once,a moreflexibleform ofverificationis availableby

givingeach chipbeingprogrammeda uniqueSID. The
master programmercan then issue a data verifycom-
mand after the data programcommand.Whena verify
commandis seenby the slaves,each will drive onepin
of Port 3 or 4 with a 1 if the programmingverified
correctlyor a Oif programmingfailed.The SID ofeach
slave determineswhich Port 3, 4 bit it is assigned.An
879X 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
ProgrammingMode).

P
C

Devices in the Slave Programing Mode use Ports 3
and 4 as the command/data path. The data bus is not
used.Therefore,youdo not needto programeither the
CCB or the PCCBbefore stsrting slave programming.

You can program the CCB during slave mode pro-
gramming like any other location. Data programmed
into the CCB takes effect upon reset. If you emble ei-
ther the READ or WRITE lockbits in the CCBand do
not reset the device,slave programmingwill continue.
If you enable either the READ or WRITE lock bits
and do reset the device,the devicewill no longerpro-
gram or verify. You should program the READ and
WRITE lock bits using slave programmingwherethe
array is fullyprogrammedand verified.

R P

R p
s c One byte or wordcan be

programmedinsteadof the wholearray. The onlyaddi-
tional requirementsare that you apply a programming
voltage to Vpp and have the ambient temperature at
25”C. Run-time programmingis done with ~ at a
TTL high (internal memoryenabled).

To run-timeprogramthe user writes a byte or word to
the locationto be programmed.The 879Xwillcontinu-
ally program that location until another data read or
data write to the EPROM occurs. The user must con-
trol the duration of the programmingpulse by imple-
mentingthe ModifiedQuick-PulseProgrammingAlgo-
rithm (see Section10.8)in software.
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Figure 39 is an exampleof code for programmingan EPROM. If the program is executingfrom external
EPROMlocationwhilethe deviceis executingintemal- memory no program fetches or pre-fetcheswill occur
ly. Upon entering PROGRAM routine, from internal memory.
retrieves the address and data from the STACK. A
software timer is set to expire after one programming
pulse.The 8 s programminga locationby writ- 10.6.1 R P
ing to it. The device then goes into a “Jump to Selt” ccBfPccB

loopwhilethe locationis programmed.(“Jumpto Self’ .
is a two byte instruction which can be CALL’edfrom For run-timeprogramming,the CCRis loadedwith the

address201AH.)Whenthe softwaretimerinterrupt oc-
CCB.Run-timeprogrammingis donewith~ equal to

curs, the deviceescapesfrom the “Jump to Self’ loop,
a TTL-high (internal execution)so the internal CCB

endingthe programmingpulse.The minimuminterrupt
must correspondto the memorysystemof the applica-

service routine would remove the 201AHreturn ad-
tion setup. Youcan use Auto ConfigurationByte Pro-

dress from the STACKand return.
gramming or a generic programmer to program the
CCBbeforeusingrun-timeprogramming.

Onceyoustart programminga location,youshouldnot
perform any program fetches or pre-fetchesfrom the

The CCB can also be programmedduring Run-Time

EPROM. The fetches will be done but programming
Programminglike artyother EPROM location.

will stop. Using the “Jump to Self” preventsthis from
happeningbecause address 201AH is not part of the

PROGRAM:

POP temp

POP address-temp
POP data-temp
FIJSH temp

PUSHF
LDB int-mask , #enable-swt-only

LIDB HSO-COMUND, #SWTO-ovf
ADD HSO-TIM2,TIldERl, #program.pulse

EI
ST data-temp, [address-temp]

CALL20J.AH

POPF
RET

SW’T-ISR:
. . .

swt O-expired:
POP o
RET
. . .

;take parameters from the
STACK

;save current status
;enable only swt interrups
;load swt command to interrupl
;when program pulse time
;has elapsed

;start programming

;mJump to Selfn until
;the program pulse time
;has expired

P I E
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Data programmedinto the CCBtakeseffectuponreset.
If the WRITE lockbit of the CCBis enabledthe array
can no longer be programmed.You should only pro-
gram the WRITE lock bit when no further program-
mingwillbe doneto the array. If the READ lockbit is
enabledthe array can still be programmedusing run-
time programmingbut data accesseswill only be per-
formed when the program counter is between 2000H
and 3FFFH on the 879XBHand the 8798and between
2(XX3Hand 5FFFH on the 879XJF.

10.7 ROM/EPROM Program Lock

Protection mechanisms have been provided on the
ROM and EPROM versions of the 8X9X to inhibit
unauthorized accesses of internal program memory.
However,there must alwaysbe a way to allow autho-
rized program memory dumps for testing purposes.
The followingdescribes 8X9X lock features and the
modeprovidedfor authorizedmemorydumps.

F

Write protectionis providedfor EPROM deviceswhile
READ protection is provided for both ROM and
EPROMdevices.

Write protectionis enabledby causingthe LOCObit in
the CCR to take the valueO.When WRITE protection
is selected, the bus controller will cycle through the
write sequence,but will not actually drive data to the
EPROMand willnot enableVppto the EPROM. This
protects the entire EPROM (locations2000H-3FFFH

on the 879XBHand the 8798and locations2LXMH-
5FFFH on the 879XJF)from inadvertentor unautho-

p
u e

p e a
EPROM location will begin programmingthat loca-
tion, and continue programmingthe location until a
data accessof the internal EPROM is executed.While
programming, instruction fetches from internal
EPROM will not be successfuland programmingwill
stop.

READ protection is selectedby causingthe LOCI bit
in the CCR to take the valueO.WhenREAD protec-
tion is enabled, the bus controller will onlyperform a
data read fromthe address range2020H-3FFFHif the
slaveprogram counter is in the range 2000H-3FFFH
on the 879XBHand the 8798.The bus controller will
only perform a data read from the address range
2020H–5FFFH if the slave program counter is in the
range 2CCOH-5FFAHon 879XJF.Note that since the
slavePC can be marrybytesaheadof the CPU program
counter, an instruction that is located after address
3FFAHmay not be allowedto ams protectedmerno-
IY,eventhough the instructionis itselfprotected.

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

Figure41 showsthe effectsof enablingthe READ and
WRITE lock bits.

P

1 1 1 1 Array is unprotected. ROM Dump Mode and all programming modes
are allowed.

o 1 1 1 Array is read protected. Run-time programming and ROM Dump Mode
(with security key verification) are allowed. Auto, slave, and auto PCCB
programming are not allowed.

o 1 0 1 Same as above.

1 0 1 1 Array is write protected. ROM dump mode (with security key
verification) is allowed. Auto, auto PCCB, and run-time
programming are not allowed.

1 0 1 0 Same as above.

o 0 1 1 A r w p ROM dump mode (with security key
verification) is allowed. Auto, slave, auto PCCB, and run-time
programming are not allowed.

O1o1 0 I O ISameasabove. I
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Other enhancementswere also made to the 8X9X for
program protection. For example,the value of EA is
latched on reset so that the devicecannot be switched
from external to internal executionmode at run-time.
In addition, if READ protectionis selected, an NMI
event will cause the deviceto switch to external only
executionmode. Internal executioncan only resumeby
resettingthe chip.

10.7.2 ROM DUMP MODE

You can uw the securitykeyand ROM dump modeto
dumpthe internal ROM/EPROMfor testing purposes.

The security key is a 16-bytenumber. The internal
ROM/EPROM must containthe security key at loca-
tions 2020H-202FH. The user must place the same
securitykey at externaladdress4020H-402FH. Before
doing ROM dump, the device checks that the keys
match.

The ROM dump mode is entered by following the
power-up sequence described in Section 10.1 with
PMODE = 06H. The devicefirst verities the security
keys.If the securitykeysdo not match, the deviceputs
itself into an endless loopof internal execution. If the
keysmatch, the devicedumpsdata to externallocations
4000H-5FFFH and 9000H-91FFH on the 879XBH
and the 8798and to externallocations4000H-7FFFH
and 9WOH-937FHon the 879XJF.The data starting
at location9000Hwillbe indeterminate.The data start-
ing at location 4003H will contain the internal
ROM/EPROM, beginning with internal address
2000H.

10.8 Modified Quick-Pulse
ProgrammingTMAlgorithm

The Modified Quick-PulseProgramming Algorithm
calls for each EPROM locationto receive 25 separate
100ps (+5 ps) programcycles.Verificationof correct
programmingis doneafter the 25pulses.If the location
verifiescorrectly, the next locationis programmed. If
the locationfails to verify,the Incationhas failed.

l p v
v

P d =
=

10.9 Signature Word

The 8X9X contains a signature word at location
2070H.The word can be accessedin the slave modeby
executinga word dumpcommand(see Table 2).

S

S

879XBH 896FH
839XBH 896EH
809XBH Undefined
879XJF 898BH
839XJF 896AH
809XJF Undefined

10.10 Erasing the EPROM

Initially,and after eacherasure, all bits of the 879Xare
in the “l” state. Data is introducedby selectivelypro-
gramming“0s” into the desiredbit locations.Although
only “0s” willbe programmed,both “1s” and “0s” can
be present in the data word.The onlyway to changea
“O”to a “l” is by ultravioletlight erasure.

Erasingbeginsuponexposureto light withwavele~gths
shorter than approximately4000 Angstroms (A). It
shouldbe notedthat sutdightand certain typeaof flu~-
rescent lamps have wavelengthsin the 3000-4003 A
range. Constant exposure to room level fluorescent
lightingcoulderase the typical 879Xin approximately
3 years, while it would take approximately 1 week to
cause erasure when exposedto direct sunlight. If the
879Xis to be exposedto light for extendedperiodsof
time, opaquelabelsmust be placed over the EPROM’s
windowto preventunintentionalerasure.

The recommendederasure procedure for the 879Xis
exposure to shortw~veultraviolet light which has a
wavelengthof 2537A.The integrateddose (i.e., UV in-
tensity X exposuretime) for erasure shouldbe a mini-
mum of 15Wsec/cm2.The erasure time with this dos-
age is approximately15to 20 minutesusingan ukravi-
olet lamp with a 12000pW/cm2 power rating. The
879Xshouldbe pked within 1 inch of the lamp tubes
duringerasure.The maximumintegrateddosean 879X
can beexposedto withoutdamageis 7258Wsec/cm2(1
week@12000pW/cm2). Exposureof the 879Xto high
intensity UV light for long periods may cause perma-
nent damage.

11.0 QUICK REFERENCE

11.1 Pin Description

On the 48-pindevicesthe followingpinsare not bonded
out: Portl, PortO(AnalogIn) bits O-3, T2CLK(P2.3),
T2RST (P2.4), P2.6, P2.7, CLKOUT, INST. NMI,
BUSWIDTH. S-DIP packages do not have INST.
CLKOUT,BUSWIDTHor NMI.
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IN DESCRIPTIONS

I F

I Mainsurmlvvoltaae (5V).

D c g ( p

s s v ( T v m p d n o
a Power Down condition (i.e. VCCdrops to zero), if RESET is activated before Vcc drops
below spec and VpD continues to be held within spec., the top 16 bytes in the Register File
will retain their contents. ~ must be held low during the Power Down and should not
be brought high until VCCis within spec and the oscillator has Wabilized.See Section 2.3.

VREF Reference voltage for the A/D converter (5V). VREF is also the supply voltage to the analog

portion of the AfD converter and the logic used to read Port O. See Section 8.

ANGND Reference ground for the A/D converter. Should be held at nominally the same potential as
Vss. See Section 8.

Vpp Programming voltage for the EPROM devices. It should be + 12.75V when programming
and will float to 5V otherwise. The pin should not be above Vcc on ROM or CPU devices.
This pin must float in the application circuit on EPROM devices.

XTAL1 I I o i i g
XTAL2 I Outrwtoftheoscillator inserter. See Section 1.5.

CLKOUT
I

Output of the internal clock generator. The frequency of CLKOUT is % the oscillator
frequency. It has a ss~o dutv cycle. See Section 1.5

RESET

BUSWIDTH

NMI

INST

Reset input to the chip. Input low for at least lOXTALl cycles 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. RESEThas an internal
rmllum See Section

Input for buswidth selection. If CCR bit 1 is a one, this pin selects the bus width for the bus
cycle in progress. If BUSWIDTH is a 1, a 16-bit bus cycle occurs. If BUSWIDTHis a Oan
8-bit cycle occurs. If CCR bit 1 is a O,the bus is always an 8-bit bus. If this pin is left
unconnected, it will rise to Vcc. See Section 2.7. -

A positive transition causes a vector to external memory location OOOOH.External memory
from OOHthrough OFFHis reserved for Intel development systems.

Output high during an eflernal memory read indicates the read is an instruction fetch. INST
is valid throughout the bus cvcle.

Ri

ALEIADV

Input for memory select (External Access). = equal to a ITL-high causes memory
accesses to locations 2000H through 3FFFH to be directed to on-chip ROM/EPROM. ~
equal to a TTL-Iow causes accesses to these locations to be directed to off-chip memory.
~ = + 1 c e b in Programming mode on EPROM devices.
~ has an internal pulldown, so it goes to Ounless driven otherwise.

Address Latch Enable or Address Valid output, as selected CCR. Both pin options
provide a latch to demultiplex the address from the address/data bus. When the pin is ~,
it goes inactive high at the end of the bus cycle. ~ can be ueed as a chip select for
external memory. ALE/ADV is activated only during external memory accesses. See
Section 2.7.

m I Read sirmal outrmtto external memorv. ~is activated onlvdurinaexternal memorv reads.
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PIN DESCRIPTIONS [Continued)

F

W W o e memory, as selected by the CCR. ~ will go low for
every external write, while ~ will go low only for external writes where an even byte is——
being written. WR/WRL is activated only during external memory writes. See Section 2.7.

.—
BHE/WRH Bus High Enable or Write High output to external memoty, as selected by the CCR. BHE =

Oselects the bank of memory that is connected to the high byte of the data bus. AO = O
selects the bank of memory that is connected to the low byte of the data bus. Thus
accesses to a 16-bit wide memory can be to the low byte only (AO = O,BHE =~to the
high byte only (AO = 1, BHE # = O),or both bytes (AO = O,BHE = O).If the WRH function
is selected, the pin will go low if the bus cycle is writing to an odd memory location. See
Section 2.7.

READY 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 Controller 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 available through configuration of CCR.READY has a weak internal pullup, so it goes to 1
unless externally pulled low. See Section 2.7.

HSI Inputs to High Speed Input Unit. Four HSI pins are available: HSI.0, HSI.1, HSI.2, and HSI.3.
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as
inputs by EPROM devices in Programming mode. See Section 6.

HSO Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1, HSO.2,
HSO.3, HSO.4, and HSO.5.Two of them (HSO.4 and HSO.5)are shared with the HSI Unit.
See Section 7.

Port o 8-bit high impedance input-only port. These pins can be used as digital inputs and/or as
analog inputs to the on-chip A/D converter. These pins are also a mode input to EPROM
devices in the Programming mode. See Section 10.

Port 1 8-bit quasi-bidirectional 1/0 port. See Section 10.

Port 2 8-bit multi-functional port. Six of its pins are shared with other functions in the 8X9X, the
remaining 2 are quasi-bidirectional. These pins are also used to input and output control
signals on EPROM devices in Programming Mode. See Section 10.

Ports 3 and 4 8-bit bidirectional 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 devices operating in the programming
mode. See Sections 2.7 and 10.
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11.2 Pin List

The followingis a list of pins in alphabetical order.
Where a pin has two names it has been listed under
both names, except for the system bus pins, ADO-
AD15,which are listed under Port 3 and Port 4.

ACHO/PO.O
ACH1/PO.l
AcH2/Po.2
AcH3/Po.3
AcH4/Po.4/MoD.o
AcH5/Po.5/MoD.l
ACH6/PO.6/MOD.2
AcH7/Po.7/MoD.3
ALE/ADV
ANGND——
BHEIWRH
BUSWIDTH
CLKOUT
m
ExTINT/P2.2/PRoG
HSI.O
HSI.1
HS1.2/HSO.4
Hsl.3/Hso.5
HSO.O
HSO.1
HSO.2
HSO.3
HS0,4/HSl.2
Hso.5/Hsl.3
INST
NMI
PwlvllP2.5/m
PALE/P2.l/RxD
PRoG/P2.2/ExTNT
PvER/P2.o/TxD
PO.O/ACHO
PO.1/ACH1
Po.2/AcH2
PO.31ACH3
Po.4/AcH4/MoD.o
Po.51AcH5/MoD.l
PO.6/ACH6/MOD.2
Po.7/AcH7/MoD.3
P1.o
P1.1
P1.2
P1.3
P1.4
P1.5

T
5
7
4
11
10
8
9

62
12
41
64
65
2
15
24
25
26
27
28
29
34
35
26
27
63
3
39
17
15
18
6
5
7
4
11
10
8
9
19
20
21
22
23
30

4
5
3
6

2
1

8

7

4
5
3
6

2
1

—
—
—
—
43
42
40
41
34
44
15
—
—

39
47
3
4
5
6
7
8
9
10
5
6
—
—

13
1

47
2
—
—
—
—

43
42
40
41
—
—
—
—
—
—

4
3
5
2
9
8
6
7

60
10
39
—
—

1
13
22
23
24
25
26
27
32
33
24
25
—
—

37
15
13
16
4
3
5
2
9
8
6
7
17
18
19
20
21
28

I
PI .6
P1.7
P2.o/TxD/PvER
P2.1/RXD/PALE
P2.2/ExTINT
P2.3/T2CLK
P2.4/T2RST
P2.5/PWMl~
P2.6
P2.7
P3.O/ADOPVAL
P3.1/AD1 PVAL
P3.2/AD2 PVAL
P3.3/AD3 PVAL
P3.41AD4 PVAL
P3.5/AD5 PVAL
P3.6/AD6 PVAL
P3.7/AD7 PVAL
P4.O/AD8 PVAL
P4.1/AD9 PVAL
P4.2/ADIO PVAL
P4.3/ADl 1 PVAL
P4.4/AD12 PVAL
P4.5/AD13 PVAL
P4.6/AD14 PVAL
P4.7/AD15 PVAL
m
READY
RESET
RxD/P2.l
sALE/PvER/P2.o
-/~/P2.5
TxD/P2.o/sALE
T2CLK/P2.3
T2RSTIP2,4
Vpp
Vcc
Vpo
VREF
Vss
Vss——
kVR/WRL

E

PLCC

31
32
18
17
15
44
42
39
33
38
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
61
43
16
17
18
39
18
44
42
37
1
14
13
68
36
40
41
67
66

47
46
60
61
63
34
36
39
45
40
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
17
35
62
61
60
39
60
34
36
41
9

64
65
10
42
38
37
11
12

—
—
2
1

47
—
—
13
—
—
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
33
16
48
1
2
13
2
—
—
12
38
46
45
11
37
14
15
36
35

29
30
16
15
13
42
40
37
31
36
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
59
41
14
15
16
37
16
42
40
35

12
11
34
63
38
39
62
61

The followingpins are not bonded out in the 48-pin
package:

PI.OthroughP1.7,PO.Othrough PO.3,P2.3,P2.4,P2.6,
P2.7 CLKOUT, INST, NMI, TEST, T2CLK (P2.3),
T2RST (P2.4).
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Packaging

The MCS-96products are availablein 48-pin,64-pinand 68-pinpackages,with and without and with and
withouton-chipROM or EPROM.The MCS-96numberingsystemshownbelowthis sectionshowsthe pinoutsfor
the 48-and 68-pinpackages.The48-pinveraionis offeredin a Dual-In-Linepackagewhilethe 68-pinveraionscome
in a Plastic Leaded Chip Carner (PLCC),a Pin Grid Array (PGA) or a Type “B” LeadlessChip Carrier.

M N

F P

ANALOG 8397BH 8397BH8395BH8097BH8097BH8095BH 8797BH
8397JF 8397JF 8398 8097JF 8097JF 8098

8795BH 8797BH 8797JF 8798
8796 8797JF 8797BH

NOANALOG8396BH 8X9X

T

\ 839XBW679XBH I 1 I
I 809XBH I 50,000 I
I 839XJF/879XJF I 203,00 I

809XJF 72,000

C

X
I

8X9XBH 1.7 x 107 @

X
“ d w o t c b u t a

a i t u s 5 a 7
a

T C

P

I PGA I 35”c/w I Io”c/w I
I I 3i-’clw I 13”CIW I

28°C/W —

Plastic DIP 36”C/W 19”c/w

Ceramic DIP 26”C/W 6.5”CIW
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1.4 Package Diagrams
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L C C
l B

( O

T V
L C O

COMPONENTSIDE
OFPC80AR0

-
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11.5 Memorv Man. .

O

1
2

P O

‘ 1
1

H

S P
1

1

1 1

1 1

1

1
I

R
I

O

R

P 1

O P O

O T (

O T (

O n (

O n (

0 I N

0

H

I

0 S (

0 H S

0

0

0

0

O

O H
H (

H (

A (

A (

(

(

ElS P

P W

I

l

I I20

RESERVEO 19

P

P

6

R

E
11

W

I N9

I 8

S ( 7

H S6

H ( 5

H ( 4

H 3

A 2

( 1

( o
—

( R ( W

~
I

E M
1

I

-+

E M 1 5
( 8

I P S
R E
M I (

4

3
I P

S R
r
“..

E M I

R

S K

R

S J O ( F

R

C C B

R

2

2 - 2

2 - 2

2 -

2 -

2

2

2 - 2

I I V

I

I
= 2E M 1 X 8

I R
R F IO

STACKPOINTER
SPECIALFUNCnONREGISTERS

(WHENACCESSEOAS OATAMEMORY)
OOOOH

270246-49
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HARDWAREDESIGNINFORMATION

11.6 Instruction Summary

M Oper- Operation(Note 1) Flags
ands I

Notes
C I V I VT I ST

ADD/ADDB 2 D-D+A w v v w t –
ADDIADDB 3 D+B+A # v w w ‘r –
ADDCIADDCB 2 D+ D+A+C I 4 d u T —

SUBISUBB 2 D-D–A @ * H H T –
SUB/SUBB 3 D+ B-A * @ H * 1’ –
SUBC/SUBCB 2 D4-D-A+ C-I J, # N w t –

cMF’lcfvtPB 2 D-A v H * v T –
MUL/MULU 2 1 -. -

i MUL/MULU 3 ] D,D

I D. D + 2 - D * A — . — — — ? 2
)+ 2 + B*A — — — — . ? 2

I MIII G/Ml II I IR I 7 I n n+! 4- n*A — — — — — ? 3
*A — — — — — ? 3

,.,”--- !.!”-”- - -, - . -

MULB/MULUB I 3 I D,D + 1 - B I

I
[ D I 2 I D * (D. D + 2)/A. D + 2 & remainder – – – w T – 2

2 D + D + I D + 1 + r — — — * t — 3

2 D + D + 2 D + 2 + r — — — ? T –
n e m n + I}IA n + I ~ r — — — ? r –

f 2 I D + D v w O

X 2 I D + D ( A w @ O

I 2 IDt A — — — — — —

9 I A+n I ——— ———

IE=EL2:(SP).PSW

,
+ D + 1 - S — — — — — —

- D + 1 — — — — — —

+ - ( + A — — — — — —

- SP + 2 — — — — — —

I ‘“ I I PSW - nnnn~ I.. - ““””, ! ,- “ I I 1 1 1 1 !
I

t + 1 l o — — — — — — 5

2 + 1 o — — — — — — 5
I nn rim-lir,w+l I i I PC + (A) — — — — — —

L

POPF o Psw - (sP); SP + SP + 2; It#l#l@lxl xl Ml-

SJMP 1 Pc -
LJMP 1 pc t pc

-, . ...,..,.” ”. - ,. .,
t ,

SCALL 1 Sp t Sp – 2; (Sp) t PC: — — — — — — 5
PC e PC + 1l-bit offset

LCALL 1 Sp + – ( t Pc; — — — — — — 5
t + 1 f- , “,, s I I I I ! I 1

W + + 2 — — — — — —RET o \ Pc + (sP,, -.
J (conditional) 1 I PC + PC + 8-bit ofl
Jc 1

- - t — — — — — —1 5

I J C = 1 — — — — — — 5

if C = O — — — — — — 5I JNC I 1 I JIJmD
1 I J Z = 1 — — — — — — 5

NOTES:
1. m e “ a b o p o a w o d O A
m c a r r o t D B l R F A
l a m

D + 2 c W m D D a
D + 1 c B m D W a

C a b a w
O a c n

2-50
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M O
Z I N I C I V I VT I ST

JNE 1 Jumpif Z = O — — — — — — 5
JGE 1 Jumpif N = O — — . — — — 5
JLT 1 J N = 1 — — — — . — 5

JGT 1 Jumpif N = Oand Z = O — — — — — — 5

JLE 1 Jumpif N = 1 orZ = 1 — — — — — — 5
JH 1 J C = 1 Z = O — — — — — — 5

1 Jump if C = O nr 7 = 1 — — — — — — 5

JV 1 Jumo

1 Jump if\ ., -----
JNVT 1 J if VT = O;Clear Vl — — — — o — 5

1 J = 1 — — — — — — 5

J 1 J = O — — — — — — 5

3 J S = 1 — — — — — —

,) if v = 1 — — — — — — 5

1 I J V = O — — — — — — 5

= C — — — — o — 5

- ~ -- . I I I I t 1 1 -

I .IRC la I . i i Snecifiefi Rit = Cl — ————— 5.6--- --. . . - - -- - !

DJNZ 1 D e D - 1; if D # Othen
PC + PC + 8-bit offset — — — — — . 5

DEC/DECB 4 n- n-i d d @ d T –
NEG/NEGB 1 ID+O– D * N @lx It –
lNC/lNCf? 1 ID-D+ I I @l@ @lx T –

, \ I ..-”

I

I#I@lolol–1–l I

EXT 1 D + 0; D + 2 + Sign ~n~ l~lzlnlnl—1—l 2

E 1 D + D + 1 - S # w o 3

N 1 D - L r

C 1 D 1 0 0 0 — —

S H2 C — t O * ? H H r – 7
S H2 + — + C v ? * o — v 7

I SFTC I 0 Ic+l l—l —1 1 l—l —1 —1 I

CLRC o C+() — — o — — —
CLRVT o VT +- o — — — — o —
RST I-1 PC - 2080H o 0 0 0 0 0 8

o D I + — — — — — —

o E I - — — — — — —

N o + + 1 — — — — — —
I SKID I Pc + Pc + 7 l—l—l—l—l — I —1 I

NORML 2 Leftshift till msb = 1; D + s c v ? o — — — 7

T o + – ( +
e ( — — — — — — 9

N
m e “ a b o p o a w o d O B A

m c a r r o t D B l R F A
l a m

O a c n
S 2 b r f

( s i d o
I a R p R l S s r n r w c s

2
a w a t m
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11.7 Opcode and State Time Listing
—

tonzuuw
&
o—

I l I

A I
2 4 I 65) 4 I 5 66 I 3 I 6/1I I 3 I 7112I 67 I 4 I 6/1I I
3 1 5 I 45 I 5 ] 6 46 I 4 I 7/12 I 4 I 8 I 7/12 [ 6 ] 8/13

A 2 3 4 3 4 3 1 3 7 4 1 5 7
A 3 4 5 4 5 4 7 4 8 5 7 6 8
A 2 3 4 4 5 3 I 3 7 4 I 5 7
A 2 3 4 3 4 3 1 3 7 4 I 5 7

2 3 4 4 5 3 1 3 7 4 1 5 7
3 4 5 5 6 4 7 4 8 5 7 6 8

S 2 3 4 3 4 3 1 3 7 4 I 5 7
S 3 4 5 4 5 4 7 4 8 5 7 6 8
S 2 3 4 4 5 3 1 3 7 4 6 5 7
S 2 3 4 3 4 3 1 3 7 4 1 5 7

2 3 4 4 5 3 1 3 7 4 I 5 7

C 2 3 4 3 4 3 1 3 7 4 1 5 7

M 2 K 3 4 3 2 3 2 4 2 5 2

M 3 4 5 4 2 4 2 5 2 6 2

M 2 3 3 3 1 3 2 4 1 5 2

M 3 4 4 4 2 4 2 5 2 6 2

2 @ 4 @ 5 Q 4 3 4 3 @ 5 3 6 3
3 @ 5 Q 6 m 5 3 5 3 0 6 3 7 3

M 2 @ 4 a 4 @ 4 2 4 2 @ 5 2 6 2
M 3 @ 5 Q 5 @ 5 2 5 2 @ 6 2 7 2

D 2 3 4 3 2 3 2 4 2 5 2

D 2 3 3 3 2 3 2 4 2 s 2

2 a 4 Q 5 @ 4 32/36 4 33/37 @ 5 32/36 6 33/37

DIVB 2 Q) 4 21 @ 4 21 a 4 24/28 4 25I29 a 5 24I28 6 25I29

270246-63

NOTES:
* i I + i h i o w S i I m r
s b i u I i a m s e m u s
b e I S i o I + L i c s b
i a s e ( l a r
0 N s t s i no
@ o s m d o u f w “ a a
p
0 S t s 1 b
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I L l
2 3 4 4 5 3 I 3 7 4 1 5 7
3 4 5 5 6 4 7 4 8 5 7 6 8

A 2 3 4 3 4 3 1 3 7 4 1 5 7
A 3 4 5 4 5 4 7 4 8 5 7 6 8

2 3 4 4 5 3 1 3 7 4 6 5 7

2 3 4 3 4 3 I 3 7 4 1 5 7
2 3 4 4 5 3 1 3 7 4 1 5 7

X 2 3 4 95 3 4 % 3 6/1 1 3 7/12 97 4 6/1 1 5 7/12

DATA T I
2 3 4 4 5 3 1 3 4 5
2 3 4 3 4 3 1 3 4 I 5
2 3 4 — — — 3 1 3 4 I 5
2 3 4 — — — 3 7 3 8 4 1 5 8

L 2 3 4 3 4 3 6 3 7 4 1 5 7
W 2 3 4 3 4 3 1 3 7 4 1 5 7

O (i
I 2 8 3 8 2 1 2 3 1 4
1 2 — — — 2 2 3 4
o I 8
o 1 9

KO (
1 2 3 2 2 3 4 16/20

POP 1 cc 2 [4 — — — CE 2 16/20 2 16/20 CF 3 ld20 4 16/20

PUSHF o F2 I 12

o 1

1
M M
LJMP E7 3 8 LCALL EF 3 13/160

S 2 2 8 S 2 2 1

BR[] E3 2 8 RET FO I 12/16@
T I 2

270246-64

N
@ N s t s i no )
@ a d a t m
0 l s 3 b o c w f 8 b f 1l c
o r c j
Q S t s l i n
@ S t s 1 b
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C
c j 2 b i T r 8 s t j i 4 n

M O I M O I M O I M O

1“iiH I D5 ! J I D4 I J I DO I

I
T i 3 byte instructions. They require 9 state times j t 5 n

N

M O B S T

D 3 S T ( T

R I
M O B S I M B S

2 4 2 4

I NEG I I I 1

I
I W

I

I B I
M @ 1 ~ M ~p 1 ~ M Op 1 e S T

1

nix I OD I 3 I 7 + 1 PER SHI17(7) I

I SHR I 08 I 3 I SHRB I 18 I 3 I SHRL I OC I 3 I 7 + 1 PER SHIFT(7) I

I S I OA I 3 I SHRAB I 1A I 3 I SHRAL ] OE I 3 I 7 + 1 PER SHIFT(7) {

S I
I M S I M I O B S, SEc........--r--.-.Fg, , , ~ I DI

I CLRC I F8 I 1 I 4 I El I 1

C 1 4 FD 1 4

RST(8) FF 1 166 SKIP 00 2 4

N

t

M
3 + 1

N
T i t 2 s p R l t h I s t i a r r

t s w t p r l 2
E w t l 8 s e Os
S t s 1 b

2
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11.8 SFR Summarv

Y. .
1

. .
2

3

4

5

6
-,
7

IA/D CHANNEL NUMBER

J STATUS:
— O = A/D CURRENTLY IDLE

—x
1 = CONVERSION IN PROCESS

—x

1A R

L S I2 B

270246-50

H

T=76543210

HSI.O MODE

HSI.1 MODE

HSI.2 MODE

~ Hsl.3 MoDE

WHERE EACH 2- BIT MODE CONTROL FIELD
DEFINES ONE OF 4 POSSIBLE MODES:

00 8 POSITIVE TRANSITIONS
01 EACH POSITIVE TRANSITION
10 EACH NEGATIVE TRANSITION
11 EVERY TRANSITION

(POSITWE AND NEGATIVE)

270246-51

HSO C
CHANNEL:

0-5 HSO.O- HSO.5

k-

BIT: O 6 HSO.O AND HSO.1

17 HSO.2 ANO HSO.3

8-B SOFTWARETIMERS
2E RESET TIMER2

S C

4 l I

5 S

w6 TIMER 2/TIMER 1

u-x
270246-52

1

0
C # S W T 8

1 A I C

2
C O F

3 I W T C
I ( = 1 M S N

G O MEANSTHECONVERSIONIS TO BE
INITIATEOBY THE HSO UNITAT A SPECIFIEOTIME

2270248- 3

S

Bo BIT1, BfTOSPEClt7 THE MOOE

yl
00= MODEO 10= MODE2
01 = MOOE1 11 = MODE3

12 PEN ENABLETHE PARITf FUNCTION
.

[t
;3 REN ENABLESTHE RECEWEFUNCTION

4 768 PROGRAMSTHE 9TH DATABIT

I?q IS THETRANSMITINTERRUPTFLAG

N:6 “ T R I F

R T 9 O R
( N P

RPE k THE PARITYERRORINOIcATOR
(IF PARITYACTIVE)

270246-54

C
U X

B = x f B ~ o
M R

4 +

B = XTAL1frequency
‘he’s: R 8 +

U T

B – T f B ~ o
M ~ –

B

~ ~ = T f ~ ~ o

1

N t B c equal O, except when using
XTAL1in other than ModeO.

H

E

7654321o

HSI.OSTATUS

HSI.1 STATUS

HSI.2 STATUS

HSL3 STATUS

WHEREFOR S4CH 2- BITSTATUSFIELOTHE LOWER
BIT INDICATESWHETHEROR NOTAN WENT HAS
OCCUREOON THIS PIN AND THE UPPERBIT INDICATES
THECURRENTSTATUSOF THE PIN.

270246-55
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E ‘--

0 HSI.O INPUT ENABLE/ DISABLE

1 TIMER 2 RESET EACH WRITE

2 HSI.1 INPUT ENABLE/OISABLE

3 TIMER 2 EXTERNAL RESET ENABLE/ DISABLE

4 HSI.2 INPUT ENABLE/ DISABLE

5 TIMER 2 RESET SOURCE HS1.O/T2RST

6 HSI.3 INPUT ENABLE/DISABLE

7 TIMER 2 CLOCK SOURCE HSI.1 /=

270246-56

T2RST ~ : -- IOCO.5

1:”

T2 RESET

--- IOCO.3
--- Ioco.o

HSI.O HSI

--- I13C0.2

2>

HSI

HSI.1 TIMER2

T2CLK ~ : -- IOCO.7
CLOCK

: -- IOCO.4

HSI.2 ~% HSI

;- - IOCO.6

HSI.3 -% HSI

270246-57

E

o HSO.O CURRENT STATE

1 HSO.1 CURRENT STATE

2 HSO.2 CURRENT STATE

3 HSO.3 CURRENT STATE

4 H C S

5 H C S

6 ~ H R F

7 H R F

2

E ‘“

o SELECT PWM/sELECT P2.5

1 EXTERNALINTERRUPT ACH7/EXTINT

2 TIMER 1 OVERFLOW INTERRUPT ENABLE/DISABLE

3 TIMER 2 OVERFLOW INTERRUPT ENABLE/ DISABLE

4 HSO.4 OUTPUT ENABLE/ DISABLE

5 SELECTTXD/SELECT P2.O

6 HSO.5 OUTPUT ENABLE/ DISABLE

7 HSI INTERRUPT
FIFO FULL/HOLDING REGISTER LOADED

270246-59

Software Trap
Extint
Serial Pori
Software

Timers
HSI.O
High Speed

outputs
HSI Data

Available
A/D Conversion

Complete
lTimer Overflow

Vector L

H

H

201OH
200EH
200CH
200AH

2008H
2006H

2004H

2002H

Uot Applicable
7(Highest)

6
5

4
3

2

1

2000H \ O(Lowest)

~SOMVARE TIMER O EXPIREO

IYI-soFTwARE TIMER I EXPIREO

E2 SOFTWARETIMER 2 EXPIRED

3 SOFIWARE TIMER 3 EXPIRED

4 TIMER 2 HAS OVERFLOW

5 TIMER 1 HAS OVERFLOW

6 HSI FIFO IS FULLw7 HSI HOLDING REGISTER DATA AVAILABLE

270246-60
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C

T
2 1 0 CHIP CONFIGURATIONREGISTER

RESERVEO(Set to 1 for
compatibility with future
parts)

BUS WIOTH SELECT
(16- BIT BUS/8- BIT BUS)

k
~WRITE STROBEMOOE SELECT

(~ ANO ~/~ ANO ~)

ADORESS VALIO STROBE SELECT

(ALE/=v)

1

“RCo) INTERNAL REAOY

(IRC1)
CONTROL MOOE

(LOCO) 1 PRoGRAM LoCK

(LOCt)jMoDE I
270246-61 I

I C

I IRC1 IRCO D I

o 0 Limit to 1 Wait State
o 1 Limit to 2 Wait States
1 0 Limit to 3 Wait States
1 1 Disabie Internal Ready Control

P

I P I

o 0 Read and Write Protected
o 1 Read Protected
1 0 Write Protected
1 1 No Protection

P F
P

I o-4 I Reserved I

] OEH-OFH I Reserved I

P

I I \w
S

I S

879XBH 896FH
839XBH 896EH
809XBH Undefined

2 F

T
F A

T

( I
2
2

M

I
r
I

R

z N I V I C I I ST I <Interrupt Mask Reg>

2-57





8 3
Q R e





8X9X
Quick Reference

August 1992

3-1
Order Number: 272110-002





8X9X QUICK REFERENCE
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P A .
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QUICKREFERENCE

lil MEMnRVAMIICER MAD
. . . . . . . . . . . . . -. . . .. . . .

I

1 P OI 2

I
R

2

l
I

2
\

R F
( II

t

1

1

1

1

1

1

1

1

1

O

O

O

O

O

O

0

0

0

0

0

0

0

0

O

O

l
F1

l

I
R

I S

E

E&k

I
R

7BR

==lF’FFH
~

= 1
R 2 - 2

S K 2 2

R 2 - 2

S J O ( F 2 A

R 2

C C B 2

R 2 - 2

I V

I

( A D M “

( R ( W

2



QUICKREFERENCE

2.0 SFR BIT SUMMARY

k
o

I

2
1

3

4

5

6

7 1

A C N

S
0 = 4 C I
I = CP

x

x

A R
L S I2 B

I 272110-2

H

E
7

H M

H I M

H U

N M

w E B M C F
O O 4 P M

8 P T R
E P T
E N T
f T R
( A N

2

A
O I - N

H A H I

H A N

8 S T

. R T

S A C

4 l Nl

S

36 T 2 / !

7 x

2

HS1-Status(06H)

E

S

N S

H I S

N S

H S

W F C B S F T L
B I W N E N
O T P A T U B I
T C S T P

2

3-6

!
.01C ● S W O T 8

A I C I 1 B
C T D F

-

3 G I W l C 1 1
6 I N1 M S N

4 R G M l c I 1 S
~ ~ l S T H U A A S l

6 R

7 R ‘ RS M S W A 0

272110-6

R
E
A
D

S

31
0 0111,8 S T L

0 M 0 I 2
0 - 1 I I - U 3

2

-

P E T P r

- R C l R F

4 1 P I 9 O B

5 I T T I F

*RI I T R I F

R I T 9 O R
( N P

R I T P E I
( P A

2?2110-7

I

—(1OCO)
( 1P L M

C
m 3 2 1 0 C C R

R ( t 1 f
m w l
p

k
LW& ; S

~

A S S

(

1

‘ I R C

_ ‘

272110-8

I
D

o 0 Limit to1WaitState
o Limit to 2 Wait States
1 : Limit to 3 Wait States
1 1 Disable Internal Ready Control

Program Lock Modea

LOCI LOCO Protection

o 0 Read and Write Protected
o 1 Read Protected
1 0 Write Protected
1 1 No Protection



R

I P R
(LOcAT[ON o8H, 09H)

I 76543210

h

I_&

L TIMEROVERFLOW
A/D COMPLETION
HSI OATAAVAILABLE
HSO EVENT
HSI BIT O
SOFTWARETIMERS
SERIAL 1/0
EXTERNALINTERRUPT

272110-9

E ~f

o HSLO INPUT ENABLE/ DISABLE

1 TIMER 2 RESET EACH WRITE

2 HSI.1 INPUT ENABLE/ DISABLE

3 TIMER 2 EXTERNALRESET ENABLE/ DISABLE

4 HSI.2 INPUT ENABLE/ DISABLE

5 TIMER 2 RESET SOURCEHSI.O /T2RST

6 HSI.3 INPUT ENABLE/ DISABLE

7 TIMER 2 CLOCKSOURCEHSI.1 /T2CLK

272110-10

T2RST 4 : -- IOCO.5

1;’

T2 RESET

: -. IOCO.3
, -- Ioco.o

HSI.O HSI

--- IOCO.2

2>

HSI

HSL1 TIMER2

T2CLK ~ : -- IOCO.7
CLOCK

HSI.2 ~ HSI

HSI.3 4 HSI
272110-11

I

B

o HSO.O CURRENT STATE

1 HSO.1 CURRENT STATE

2 HSO.2 CURRENT STATE

3 HSO.3 CURRENT STATE

4 HSO.4 CURRENT STATE

5 HSO.5 CURRENT STATE

6 CAM ~ HOLOINGREGISTERIS FULL

7 HSO HOLOINGREGISTERIS FULL

272110-12

E

o SOFTWARETIMER O EXPIREO

t SOFTWARETIMER 1 EXPIRED

2 SOFTWARETIMER 2 EXPIRED

3 SOFTWARETIMER 3 EXPIREO

4 TIMER 2 HAS OVERFLOW

5 TIMER 1 HAS OVERFLOW

6 HSI FIFO IS FULL

7 HSI HOLDINGREGISTERDATA AVAILABLE

272110-13

E ‘“

o SELECTPWM/ SELECTP2.5

1 EXTERNALINTERRUPTACH7 / EXTINT

2 TIMER 1 OVERFLOWINTERRUPTENABLE/ OISABLE

3 TIMER 2 OVERFLOWINTERRUPTENABLE/ DISABLE

4 HS0,4 OUTPUTENABLE/ DISABLE

5 SELECTTXO/ SELECT P2,0

6 HSO.5 OUTPUT ENABLE/ DISABLE

7 HSI INTERRUPT

F F / H R L
2

R

z N v VT c — I ST < Interrupt Mask Reg>
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QUICKREFERENCE

3.0 PIN DEFINITION TABLE

*

Pin I 66L

= - -ACHO I 61 4 I 4! I

ACH1 I 51 5 I 31 I HSO.1 I 29 49 I 27 8

44 32 I 9ACH2 171 3 I 51 I HSO.2 I 34

ACH3 4 6 2

ACH4 11 67 9 43

ACH5 10 66 8 42

HSO.3 I 35 43 33 I 10

52 24 I 5

HSO.5 I 27 51 25 6

R - - -15 I
7ACH7 I 91 1 I 7 I 41 I

ADO 60 16 58 32

AD1 59 19 57 31

PO.O I 6

=
4 4

5 3

3 5

6 2

67 9 43

66 8 42zPo.1 5

PO.2 7

PO.3 4

PO.4 11

PO.5 10

PO.6 8

PO.7 9

Pl#o 19

P1.1 20

AD2 58 I 20 I 56 ] 30

AD3 I 57 21 55 I 29

AD4 I 56 I 22 I 54 I 28 I

++iHADl O 50 28 46 22

AD11 49 29 47 21

AD12 46 30 46 20

P1.2 I 21

P1.3 I 22 56 I .20 I I

+=

P1.4 23

P1.5 30

P1.6 31 *

AD13 47 31 45 I 19

AD14 46 32 44 I 18

AD15 I 45 I 33 I 43 I 17 I % - - l46 I 30 I I

m 62 16 60 34

ALE I 60 I 34 P2.1 I 17

ANGND 12 66

B

+

P2.2 15

P2.3 44

P2.4 42

P2.5 39CLKOUT 65 13

m 2 6 1 39

EXTINT 15 63 13 47

39 I 37 I 13 I

+

P2.6 33

P2.7 36

P3.O 60

45 I 31 I I

HSI.O I 24 I 54 I 22 I 3 I

HSI.1 25 53 23 4

HSI.2 26 52 24 5

HSI.3 27 51 25 6

P3.1 I 59

21 55 29

3-8
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3.0 PIN DEFINITION TABLE (Continued)

1

m

9

6

8 2 6

9 1 7

2

RESET 16 62 14 48

RXD 17 61 15 1

SALE 18 60 16 2

m 39 39 37 13

T2CLK 44 34 42

T2RST 42 36 40

TXD 16 60 16 2

Vcc 1 9 64 I 38

14 64 12 46

VPP 37 41 35 I 12

VREF 13 65 11 45

Vssl 66 10 34 11

VSS2 36 42 63 37

WR 40 36 38 14

WRL 40 38 38 14

WRH 41 37 39 25

XTAL1 67 11 62 36

XTAL2 66 12 61 35
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4.0 PACKAGE PIN ASSIGNMENT

17 15 13 11 9 7 5 3 1 \

18 19 16 14 12 10 8 6 4 2 68

202 i 6766

2223
MCS@-96

68-PIN
6564

2425 GRIOARRAY 6362

26 27 61 60

2829 TOP VIEW
LOOKINGOOWNON

5958

3031 COMPONENTSIDE 5756

3233 Or PC BOARD 5554

3436 38 40 42 44 46 48 50 5352

35 37 39 41 43 45 47 49 51
272110-15

DI PGA ! D I D I
I 1 I AcH7/Po7/PMoD3 I I 24 lAD6/p3.6 I

I 25 IAD7/p3.7 I I 48 I PI.5 I
I 49 ] HSO.1 I

50 HSO.O

H

I 6 lACH3/PO.3 I I I 52 I HSO.4/HSi.2

53 i HSi,lI 7 I NMi I I 30 lA1312/p4.4 I
8 H

9 Vcc

10 Vss

11 XTAL1

I 31 lAD13/p4.5 I I 54 I HSI.O I
I 55 I P1.4 I

I 12 I XTAL2 I I 35 I READY I
13 CLKOUT

14 BUSWiDTH

15 INST

I 36 lT2RST/P2.4 I I 59 I P1.o I
I I 60 I TXD/P2.0/PVER/SALE I

I
I I I

W@ I

E Et-l
64 VpD

65 VREF

66 ANGND

87 AcH4/Po.4/PMoD.o

68 AcH5/Po.5/PMoD.l

I 21 I AD3/P3.3 I
I 22 I AD4/P3.4 I I 45 I P2.6 I

I 46 I P1.7 I23 AD5/P3.5

3-1o



R

~ 1 2 3 4 5 6 7 8 9 1011121314151617 \

A c1c

A cc
A C

V c

r

E xr

R C

R l C

T xc

P r

P

P c

c

c

H C

H 1E

H ~

L

TOP VIEW
LOOKING DOWN ON
COMPONENT SIDE

OF PC BOARD

g A

3 A 1

3 A

a A

a A

3 A

a A

a A

g A

q A

g I

3 I l

a A

n 1

a A

a A

g T

3
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3ANGND 12

v~f~ 13 8X96BH
Vpo 14 8X97BH

‘1
EXTINT/P2.2m 15

RESET 16

RXO/P2. l/PALE 17

TXO/P2.O/PVER/SALE 18

P1.o 19

P1.1 20

8X97JF
68-PIN

PLCC

TOP VIEW

58

[

AD2/P3.2

57 AD3/P3.3

56 AD4/P3.4

55 AD5/P3.5

54 AD6/P3.6

53 AD7/P3.7

52 AD8/P4.o

51 AD9/P4. 1

50 AD10/P4.2aP1.2 21 49

E

ADI 1/P4.3

P1.3 22
COMPONENTSIDE 48 AD12/P4.4

P1.4 23
OF PC BOARD

47 AD13/P4.5

HSIO/SIO.l 24 46 AD14/P4.6

+

HS1l/SIO.2 2S 45

1“

AO15/P4.7

HS12/HS04/SID.3 26 44 T2CLK/P2.3
27 28 29 30 31 32 33 34 3S 36 37 38 39 40 41 42 43

s~
272110-17
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E V
ACt13/PO.3 %s
ACH1/PO, 1 XTAL1
ACHO/PO,O XTAL2
AcH2/Po,2 ALE/ADV

ACH6/PO.6/PMOD.2 m
AcH7/Po.7/PMoD.3 ADo/P3.o
AcH5/Po.5/PMoD. 1 AD1/P3.l
AcH4/Po.4/PMoo.o AD2/P3.2

ANGND A03/P3.3
‘REF AD4/P3.4
VPD AD5/P3.5

ExTINT/P2.2/Fii6G A06/P3.6
RESET AD7/P3.7

RxD/P2,1/PALE A08/P4,0
TxD/P2.0/PvER/sALE A09/P4.l

P1.o ADIO/P4.2
P1.1 AD1l/P4.3
P1.2 AO12/P4.4
PI.3 AD13/P4.5
P1.4 AD14/P4.6

Hs1.O/SID,l AD15/P4.7
HS1.1/S10,2 T2CLK/P2.3

HSO.4/HSl.2/SID.3 REAOY
Hso.5/Hsl.3/sID.4 T2RST/P2.4

HSO.0~ ~/WRli
HSO.1 mm
P1.5 PWM/P2.5~/SPROG
P1.8 P2.7
P1.7 VPP
P2.6 ‘%s

HSO.2 HS0,3

272110-18

S
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RxD/P2.l/PALE E 1
u

48 a RESET

TxD/P2.0/PvER/sALE c 2 47 3 ExTINT/P2.2/FR66

Hs1.O/SID. 1 C 3 46 ~ VPO
HSI. 1/SID.2 C 4 45 ~ ‘R[F

HSl,2/HSO.4/SID.3 C 5 44 5 ANGND

HsL3/Hso.5/slD.4 c 6 43 z AcH4/Po.4/PMoD.o

HSO.0~ C 7 42 3 AcH5/Po.5/PMoD. 1

HSO.1 ~ a 41 a AcH7/Po.7/PMoo.3

HSO.2 E 9 40 3 ACH6/PO.6/PMOO.2

HSO.3E 10 39 3 E

Vssc 11
8095
6395 36 ~vcc

Vppc 12 6X98 37 ~%s——
PWM/P2.5/PDO/SPROGC 13

48-PIN
DIP 36 5 XTAL1

Mmc 14 35 3 XTAL2

WRH~C 15 34 a ALE/~

READYE 16 33 3 m

AD15/P4.7c 17 32 3 AOO/P3.O

AD14/P4.6C 18 31 g AD1/P3.l

AD13/P4.5c 19 30 3 A02/P3.2

AD12/P4.4C 20 29 1 AD3/P3,3

AD1l/P4.3c 21 28 s A04/P3.4

AOIO/P4.2C 22 27 a AD5/P3.5

AD9/P4.lr 23 26 3 AD6/P3.6

AD6/P4.oE 24 25 a AD7/P3.7

272110-19
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.0 PIN DESCRIPTIONS

Vpf)

VREF

ANGND

XTAL1

XTAL2

CLKOUT”t

RESET

BUSWIDTH*l’

NMl”t

INST*t

EX

ALE/ADV

W

——
BHE/WRH

F
v

Digital circuit ground (OV).There are two Vss pins, both of which must be connected.

RAM standby supply voltage (5V). This voltage must be resent during normal operation.
+In a Power Down condition (i.e., Vcc drops to zero), If RE ET N activated before Vcc

drops below spec and VPDcontinues to be held within spec., the top 16 bytes in the
Register File will retain their contents.

Reference voltage for the A/D converter (5V). VREFis also the supply voltage to the
analog portion of the A/D converter and the logic used to read Port O.Must be
connected to use A/D or Port O.

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

as VSS.

Programming voltage for the EPROM devices. It should be + 12.75V for programming
and will float to 5V otherwise. The pin should not be above Vcc for ROM and CPU
devices. This pin must be left floatina in the ar!mlicationcircuit for EPROM devices.

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

Output of the oscillator inverter.

Output of the internal clock generator, The frequency of CLKOUT is 1/3 the oscillator

frequency. It has a 33~0 duty cycle.

Reset input to the chip. Input low for a minimum 10 XTAL1 cycles to reset the chip. The
subsequent low-to-high transition re-synchronizes CLKOUT and commences a 10-state-
time RESET sequence.

Input for bus width selection. If CCR bit 1 is a one, this pin selects the bus width for the
bus cycle in progress. If BUSWIDTH is a 1, a 16-bit bus cycle occurs. If BUSWIDTH is a O
an 6-bit cycle occurs. If CCR bit 1 is a O,the bus is always an 8-bit bus. If this pin is left
unconnected, it will rise to Vcc.

A positive transition causes a vector to external memorv location OOOOH.

Output high during an external memory read indicates the read is an instruction fetch.
INSTis valid throughout the bus cycle.

Input for memory select (External Access). ~ equal to a TTL-high causes memory
accesses to locations 2000H through 3FFFH to be directed to on-chip ROM/EPROM.
~ equal to a ITL-low causes accesses to these locations to be directed to off-chip
memory. ~ = + 12.75V causes execution to begin in the Programming Mode.

Address Latch Enable or Address Valid output, as selected by CCR, Both pin options
wide a si9pal tOd a pin is
ADV, it goes reactive high at the end of the bus cycle. ALE/~ is activated only during
external memory accesses.

R s o e memory. a o d e memory

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

Bus High Enable or Write High output to external memory, as selected by the CCR. BHE
will go low for external writes to the high byte of the data bus, WRH will go low for
external writes where an odd byte is being written. ~/~ is activated only during
external memory writes.

3
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5.0 PIN DESCRIPTIONS (Continued)

HSI

HSO

Port

Port It

Port 2t

Ports 3 4

PMODE

PACT

PVAL

SALE

Smm

SID

PALE

m

PVER

PVAL

m

‘ a o

F

Ready input to lengthen external memory cycles. If the pin is low prior to the falling edge
of CLKOUT, the memory controller goes into a wait mode until the next positive transition
in CLKOUT occurs with READY high. 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 available in the CCR.

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

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

high impedance input-only port. These pins can be used as digital inputs and/or as
analoa inDuts to the on-chiD A/D converter.

8-bit auasi-bidirectional l/O o

8-bit multi-functional port. Six of its pins are shared with other functions in the 8096BH, the
remaining 2 are auasi-bidirectional.

8-bit bidirectional 1/0 ports with open drain outputs. These pins are shared with the
multiplexed address/data bus. Ports 3 and 4 are also used as a command, address and
data path by EPROM devices operating in the Programming Mode.

Determines the EPROM.programming mode.

A low signal in Auto Programming Mode indicates that programming is in progress. A high
signal indicates programming is complete.

A low signal in Auto Programming Mode indicates that the device was programmed
correctlv.

A falling edge of Auto Programming Mode indicates that Ports 3 and 4 contain valid
rxoaramrnina address/command information (output from master).

A falling edge in Auto Programming Mode indicates that Ports 3 and 4 contain valid
programming data (output from master).

Assians a Dinof Ports 3 and 4 P v

A falling edge in Slave Programming Mode and Auto Configuration Byte Programming
Mode indicates that Ports 3 and 4 contain valid programming address/command
information (input to slave).

A falling edge in Slave Programming Mode indicates that Ports 3 and 4 contain valid
programming data (input to slave).

A high signal in Slave Programming Mode and Auto Configuration Byte Programming
Mode indicates the byte momammed correctly. I
A h s S P M i d p c

A s in Slave Programming Mode indicates that the PROGpulse was applied for
Iongerthan allowed.

h p
tNot availableon 48-pindevice.
$Port0.0.1.2.3not availableon 48-pindevice.
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QUICKREFERENCE

6.0 OPCODE TABLE

IB
IC
ID
IE
IF
20
21
22
23
24
25

26
27
28
29
2A
2B
2C
2D
2E
2F
30
31
32
33

I

DEC
EXT
INC
SHR
SHL
SHRA
RESERVED**
SHRL
SHLL
SHRAL
NORML
RESERVED**
CLRB
NOTB
NEGB
XCHB
DECB
EXTB
INCB
SHRB
SHLB
SHRAB
RESERVED**
RESERVED**
RESERVED**
RESERVED**
RESERVED**
SJMP
SJMP
SJMP
SJMP
SJMP
SJMP

SJMP
SJMP
SCALL
SCALL
SCALL
SCALL
SCALL
SCALL
SCALL
SCALL
JBC
JBC
JBC
JBC

I

JBC
JBC
JBC
JBC
JBS
JBS
JBS
JBS
JBS
JBS
JBS
JBS
ANDDIRECT(30PS)
AND IMMEDIATE(30PS)
ANDINDIRECT(30PS)
ANDINDEXED(30PS)
ADDDIRECT(30PS)
ADD IMMEDIATE(30PS)
ADDINDIRECT(30PS)
ADDINDEXED(30PS)
SUBDIRECT(30PS)
SUB IMMEDIATE (3 OPS)
SUB INDIRECT (3 OPS)
SUB INDEXED (3 OPS)
MULU DIRECT (3 OPS)
MULU IMMEDIATE (3 OPS)
MULU INDIRECT (3 OPS)
MULU INDEXED (3 OPS)
ANDB DIRECT (3 OPS)
ANDB IMMEDIATE (3 OPS)
ANDB INDIRECT (3 OPS)
ANDB INDEXED (3 OPS)
ADDB DIRECT (3 OPS)
ADDB IMMEDIATE (3 OPS)
ADDB INDIRECT (3 OPS)
ADDB INDEXED (3 OPS)
SUBB DIRECT (3 OPS)
S I O

SUBBINDIRECT(3OPS)
SUBB INDEXED (3 OPS)
MULUB DIRECT (3 OPS)
MULUB IMMEDIATE (3 OPS)
MULUB INDIRECT (3 OPS)
MULUB INDEXED (3 OPS)
AND DIRECT (2 OPS)
AND IMMEDIATE (2 OPS)
AND INDIRECT (2 OPS)
AND INDEXED (2 OPS)
ADD DIRECT (2 OPS)
ADD IMMEDIATE (2 OPS)
ADD INDIRECT (2 OPS)
ADD INDEXED (2 OPS)

3
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(

I

I
I
I

I
I
I

I
I
I

I
I
I

I
I
I

I
I
I

I
I
I

I
I
I

I
I
I

I
I
I

ORB IMMEDIATE
ORB INDIRECT
ORB INDEXED
XORB DIRECT
XORB IMMEDIATE
XORB INDIRECT
XORB INDEXED
CMPB DIRECT
CMPB IMMEDIATE
CMPB INDIRECT
CMPB INDEXED

cl
C2
C3
C4
C5
C6
C7
C8
C9
CA
CB
cc
CD
CE
CF

I

I
I

LD DIRECT
LD IMMEDIATE
LD INDIRECT
LD INDEXED
ADDC DIRECT
ADDC IMMEDIATE
ADDC INDIRECT
ADDC INDEXED
SUBC DIRECT
SUBC IMMEDIATE
SUBC INDIRECT
SUBC INDEXED
LDBZE DIRECT
LDBZE IMMEDIATE
LDBZE INDIRECT
LDBZE INDEXED
LDB DIRECT
LDB IMMEDIATE
LDB INDIRECT
LDB INDEXED
ADDCB DIRECT
ADDCB IMMEDIATE
ADDCB INDIRECT
ADDCB INDEXED
SUBCB DIRECT
SUBCB IMMEDIATE
SUBCB INDIRECT
SUBCB INDEXED
LDBSE DIRECT
LDBSE IMMEDIATE
LDBSE INDIRECT
LDBSE INDEXED
ST DIRECT
RESERVED**
ST INDIRECT
ST INDEXED
STB DIRECT
RESERVED”*
STB INDIRECT
STB INDEXED
PUSH DIRECT
PUSH IMMEDIATE
PUSH INDIRECT
PUSH INDEXED
POP DIRECT
RESERVED**
POP INDIRECT
POP INDEXED

3-18



QUICKREFERENCE

6.0 OPCODE TABLE (Continued)

DF
EO
El
E2
E3
E4
E5
E6
E7

● B I

I

R
R

(
R
R
R

EF
FO
F1
F2
F3
F4
F5
F6
F7
F8
F9
FA
FB
FC
FD
FE
FF

Instruction
RESERVED**
RESERVED**
RESERVED**
RESERVED**
RESERVED* ●

RESERVED**
RESERVED**
LCALL
RET
RESERVED**
PUSHF
POPF
RESERVED”*
RESERVED**
RESERVED**
TRAP
CLRC
SETC
DI
El
CLRVT
NOP

*DIV/DIVB/MUL/MULB
RST

●* w h a c i w g i e
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QUICKREFERENCE

7.0 INSTRUCTION SUMMARY

Mnemonic
Oper-

Operatlon (Note 1)
anda z N

4 2 D P *

4DD/ADDB I 3 I D - B + A

4DDC/ADDCB I 2 I D + D + A + C

NJB/SUBB I 2 I D - D - A l@l#

N I 3 ID -B-A I

5JJBCISUBCB 2 De D–A+C–l ]Jlw

ZMP/CMPB I 2 I D–A I Vv

MUL/MULU ] 2 I D,D + 2- D*A l
MUL/MULU I 3 I D.D + 2 + B * A l–l–

MULBIMULUB I 2 I D. D + 1 - D * A l

M 3 D, D + 1 + B ● A — .

D 2 D + + 2 D + 2 h r — —

D 2 D + D + D + 1 r — —

! 2 I D ~ (D, D+ 2)/A, D + 2 +- remainder I – I –

D I 2 I D t (D. D + 1)/A, D + 1 +- remainder I – I –

AND/ANDB 2 D t D and A P v

AND/ANDB 3 D + B and A * #

ORIORB 2 D +- Dor A * @

XORIXORB ! 2 I D ~ D(excl. or)A

L I 2 ID 4-A l

S I 2 IA-D l

LDBSE 2 I D e A; D + 1 - SIGN(A) — —

LDBZE 2 D + A; D + 1 t O — —

PUSH l–l–
l

P 0 + – ( + P o 0

- O

POPF I o Psw + (sP); SP + SP + 2; 1*X v v

$JMP 1 PC + PC + 1l-bit offset ——

LJMP I 1 I PC + PC+ 16-bitoffset l–l–

BR [indirect] I 1 I PC - [A) l

SCALL 1 SP + SP – 2; (SP) + Pc; — —
PC t PC + 1l-bit offset

LCALL 1 Sp + Sp – 2; (SP) - Pc; — —
pc + PC + 16-bitoffset

RET o pc + ( t + 2 — —

c v
w v T –
@ v T –
w @ T –
w w T –
v w t –
* w –
* w –
— — — ? 2
— — — ? 2
— — — ? 3
— — — ? 3
— + t – 2
— ~ T – 3
— ? T –
— ? t –
o 0 — —

o 0 — —

o 0 — —

o 0 — —
— — — —

— — — —

— — — —

— — — —

— — — —

— — — —

o 0 0 0

v * v v
— — — — 5
— — — — 5
— — — —

— — — — 5

— — . — 5

— — — —
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8X9XQUICKREFERENCE

7.0 INSTRUCTION SUMMARY (Continued)

Oper- Flaga
Mnemonic anda Operation (Note 1) Notea

z N c v VT ST

J (conditional) 1 pc t PC+ Wito t — — — — — — 5

1 J C = 1 — — — . . — 5

1 J C = O — . — . — — 5

1 J Z = 1 — — — — . — 5

1 J Z = O — — — — — . 5

1 J N = O — — — — — — 5

1 J N = 1 — — — — — — 5

1 J N = O Z = O — — — — — — 5

1 J N = 1 Z = 1 — — — — — — 5

1 J C = 1 Z = O — — — — — — 5

1 J C = O = 1 — — — — — — 5

JV 1 Jumpif V = 1 — — — — — — 5

JNV 1 Jump V = O — — — — — — 5

JVT 1 Jumpif VT = 1;ClearVT — — — — o — 5

JNVT 1 Jump VT = O;ClearVT — — — — o — 5

JST 1 Jumpif ST = 1 — — — — — — 5

JNST 1 Jumpif ST = O — — — — — — 5

JBS 3 Jump S = 1 — — — — — —

3 J S = O — — — — — —

D 1 D + D – D # Ot
e + 8 o — — — — — — 5

D 1 D v v v @ t –

N 1 D v w u H T —

l 1 D @ v v t —

1 D e D + 2 + Sign (D) + v o 0 — — 2

E 1 D t 0;D + 1 + Sign (D) v v o 0 — — 3

N 1 D e Logical Not (D) * P o 0 — —

CLR/CLRB 1 D-O 1 0 0 0 – –

SHL/SHLB/SHLL 2 C + msb—————lsb ~ O v ? w v ~ — 7

SHR/SHRBISHRL 2 0 + msb—————lsb -+ C @ ? w o — v 7

SHRA/SHRAB/SHRAL2 msb -+ msb————— Isb + C * v w o — P 7

S o — — 1 — — —

C o — —

CLRVT 0 VT + O — — — — o —
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QUICKREFERENCE

7.0 INSTRUCTION SUMMARY (

M O
z N c v

o e o 0 0 0 0 0 8
o D I + — — — — — —

o I + — — — — — —

o + + 1 — — — — — —

o + + 2 — — — — — —

2 = D + w ? o — — — 7
o t – -

+ ( — — — — — — 9

m e “ a b o p o a w o d O B A
m c a r r o t D B l R F A
l a m

D + 2 c W m D D a
D + 1 c B m D W a

C a b a w
O e c n
S 2 b r f

( s i d o
I a R p = l S s r n r w c s

2
a w a t m
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QUICKREFERENCE

8.0 OPCODES, INSTRUCTION LENGTH AND STATE TIMES

I I

I A............
2 3 4 4 5
3 4 5 5 6
2 3 4 3 4
3 4 5 4 5
2 3 4 4 5
2 3 4 3 4
2 3 4 4 5
3 4 5 5 6

2 3 4 3 4
3 4 5 4 5
2 3 4 4 5
2 3 4 3 4
2 3 4 4 5
2 3 4 3 4

2 3 4

[ 3 ] 4C I 4 I 26
7

MULUBI 3 [ 5C I 4 I Ii

*

E
3 @ 5 30
2 @ 4 21
3 @ 5 22
2 8C 3 25
2 9C 3 17
2 ~ 4 29z5D 4 18

5
@ 6 31

@ 4 21

@ 5 22
8D 4 26
9D 3 17

@ 5 30

N

l I l I

* i I + i h i o w S i I m r
s b i u I i a m e e m u If the s
byte e I S i o I + L i c s b
i a s e ( l a r
0 N s t s for internalfexternal operands.
@ The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an “FE” appended ae a
prefix.
@ State times s 1 b
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8 QUICKREFERENCE m~ m
8.0 OPCODES. INSTRUCTION LENGTH AND STATE TIMES (,

I I
I I

A

I

2 3 4 3 4 3 3 4 1 5

2 3 4 — — — 3 1 3 4 I 5

2 3 4 — — — 3 I 3 4 I 5
2 3 4 3 4 3 1 3 4 1 5
2 3 4 AD 3 4 3 I 3 4 5

O (

=

I
I

‘USHF O
KIPF O

+

I
I

WSHF O
POPF O

2 8 3 8 2 I 2 3 1 4
2 — — — 2 2 3 4
1 8
I 9

O (
2 3 2 2 3 4
2 — — — 2 2 3 4
I

I I

M M
L 3 8 L 3 1

SJMP 20-27@ 2 8 SCALL 28-2F@ 2 13/16@)

I ] I 2 I 8 I I I 1 I
I

272110-21

0 t s i no
Q a d a t m
0 l s 3 b o c w f 8 b f 1l c
o r c j
@ S t s l i n
0 S t s 1 b
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QUICKREFERENCE

8.0 OPCODES, LENGTH AND STATE TIMES (Continued)

CONDITIONAL JUMPS

c j 2 b i T r s t j t 4 n

M O M O M O M O

J J

J C

T i n3 b i T r 9 s t j t 5 n

I N
1

M o 1 2 3 4 5 6 7

M

3 T

R I

M S M S

2 4 2 4

2 4 2 4

2 4 2 4

2 4 2 4

2 4 2 4

2 4 2 4

f

M ~ M B M

SHL 09 3 SHLB 19 3 SHLL OD 3 7 + 1 PER SHIFT(7)

SHR 08 3 SHRB 18 3 SHRL Oc 3 7 + 1 PER SHIFT(7)

SHRA OA 3 SHRAB 1A 3 SHRAL OE 3 7 + 1 PER SHIFT(7)
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8 QUICKREFERENCE

8.0 OPCODES, INSTRUCTION LENGTH AND STATE TIMES (Continued)

S I

M S I M S
SETC F9 1 4 DI FA 1 4

CLRC F8 1 4 El FB 1 4

CLRVT FC 1 4 NOP FD 1 4

RST(6) I FF I 1 I 166 I SKIP I 00 I 2 I 4 I

N

M

3 + 1

T i t 2 s D ~ l t h l s t i a r r
takes 13 states, at which time the p~ogram restarts at location 2080H
7. Execution will take at least 8 states, even for O shift.
8. State times s 1 b

9.0 INTERRUPT TABLE
L

P

S H A
7 (

6
S 5

4
O 3

A 2
C C 1

O H O(
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QUICKREFERENCE

10.0 FORMULAS

C

U X

❑a – XTALIfrwuenw;~ ~ ~ModeO:Rate– 4. (B+ 1)

Baud– ‘TALI ‘reWenCY
‘there: Rate– 64. (B+ 1)

UsingT2CLK:

Baud– TzcLKfrewew; B~ ~ModeO:~ete– B

others: Beud= T2cLKfrewew; B~ o
Rate 16. B

Notethat B cannotequalO,exceptwhenusingXTALI
in other than ModeO.

S

11.0 RESET STATUS
Regieter RESETValue

Port 1 I XXXXXXXXB

Port 2 XXOXXXXIB

Port 3 1111 IIIIB

I Port4 I 111111116 I
PWM Control OOH

Serial Port (Transmit) undefined

I P I undefined !
Baud Rate Register undefined

Serial Port Control I XXXXOXXXB

I Serial Port Status I X I
A/D Command undefined

A/D Result undefined

I lnterruDt Pendina I undefined I

Interrupt Mask OOOOOOOOB

Timer 1 OOOOH

! I S I I Timer2 I OOOOH I

8

WDT OOOOH

HSI Mode XXXXXXXXB

I HSIStatus I undefined ]

I O
O

I I XOXOXOXOBI
Iocl XOXOXXXIB

HSI FIFO empty

HSI CAM empty

HSO SFR OOOOOOB

Psw OOOOH

Stack Pointer undefined

Program Counter 2080H

Port 1 weak pullups

Port 2.6, Port 2.7 weak pullups

Ports 3 and 4 floating

HSO.0, HSO.1, HSO.2,HSO.3 low

HSO.4, HSO.5 floating

RD high
——
WR/WRL high

ALE/ADV high
——
BHE/WRH high

INST low
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