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5.2 I/0 EXPANSION TECHNIQUES
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PN NUMBERS ARE DIFFERENT FOR 8022H
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) poit
5.3 8043AH EMULATOR CIRCUIY

- SDESCRIPTION—6 MHZ
N ,.T“‘E.p*‘} N
mﬁlﬁ:\\ing"is asn explanation of a circuit which emu-
hlt';'t&,opcutionpf an Intcl ROSOAH uning 4 standard
EPROM for pragram storage.

$049AH. software may be developed by running

- “cxé'm_})fq:am memory, but doing so requires the use
'oflh;@;?nd Pa3-Py to access this memory.
A -

‘Gircutt shown may be used to restore the normal

~funci.'i?;';:in'ag of these twelve d. O pins. The circuit consists
of an 8039AHL. CPU. 2716 EPROM. two K216 bidircc-
‘tional bus drivers. and cight other 7400 Scries Low-Power
Schottky TTL packages. The wholeassembly can be bunlt
ona 2% x 3" board.

A cable coming aoff the board.can be teeminated by a
forty-pin plugw hich may he incerted directly into the C it
socket intcnded for the KO49AH in a system undergoing
design or testing. Alernatively, a pattern of forty pins
exteiding below the board can be used to plug the hoard
direaly into the system undergoing testing, “piggs -back”
Tashion. Theemuylator board may be configured i arious
waysso that the 40 pin plug is the logicalequir alent of an
8049AH in&very legal operating mode., ¢dn the following
explanation of the operation-of the circuit, an asterisk
appearing before a signal of pin number  asin IS N
refers 1o that pin on the “virtual ¥04YA H™ represcnted
by the forty-pin plug).

Sincethe CPU'is identical with the 8049A Hn ali Tespects
other than it lack of program memory, most of the pins
of the B039A HL are simply connected dircctly tothe cor-
responding pins of the forty-pin plug. These include all of
Pprl I, the kigh order bits of Port 2, the test pins. etc.
Signals which are emulated with additional logic include
therestof Pon 2, DB,- DB, *PSES. cte. RD. WR. ALE.
ard PSEN are obtained from the KOIYA I, but are also
used by the emulution circunry.

Ji

" struction fetches are-made from the 2716, [wo 741,875
four-bit Latches gated by the buffered ALE sgnatare used
tohold the lower cight bits of address from the time-malt-
plexed data bus. Since the Bos is being used-for fetching

instructions. Jata Latched 1o the Bus will be lost on the neat .

instruction feich. Two 741 174 Iatches are used ta 1ctain
the outputdaia whena bus write ivexecuted These latches
arelriggered by the trailing edge of the WR pulse, <o their
outputsare ghitch free. Since logical operations to the bus
do not generate 3 WR strobe, the “"OUTL BU'S, tdata™
“ANLBUS.2"and “QRL BUS 2" insteactions mas not be

used. thoughthey do function properly with the othe £ porls,
. = B 4

* The EAinput of the 8039A H L is hard-wired highsoall .

Thetwo K216 bidirectionad bus drvers normuaih buller the
Latched bus contenss ta the DB pins of the virtuad so39 A |
When an “INS AL BUST instruction i executed, they
buticg the input cgnsh antothe emulator dats bus Thus,
the aircut s destyned to use the Bus for both latched aut-
putand strobed imput. 3 DB- DR, of the K039 AH e to
be used volely torinput dita, 12 and S may be chanped
from what s shown inthe Frgure.so that PR DB, act
ay high impedande inputs and the K2 1en atc enabled anly
when the reid operation s performcd. 1t the bus s 1o he
used only for fatched vutput, the M2~ can be omitted
enturcly,

Biducctional datu transters which gequire the tianster of
addressinformation s wellas data, such s toand froun
enternal dath merion, requite-temosal of the 8216w and
replaceiment wath 16 penjumper blucks on which the DR
pins arc cornccted with the respectine 1K puns

The lower tour baits of Pott 2are abo used an tetching in-
sruvtions from the 2216, maddition te ther usein mput
or vutput pioson the users ssstem In confipunig the
cmalastor lor g parucular apphcition, the user must dedi-
catc cach of these as cither an input of eutput pin and
cornect wumperset Jaccordingly. Any mms of input and
output pinsas dllowed At the beginming of cach mntruction
ferch, the last' data written to P2 wall be present on Py
Psoat the nang cdge of AL E and wall be Lached by
TIUNTTE The latehod data may be cpnnected through the
Jumpers to those pins which will be usedas outpats eon the
MYAH T mulasor pans used as inputs should & puiled
above 20V fora fopic “oné™ If tus s not the case, e o
switches to Ground are 1o be read. SOK puliup resistors
should be added 10 the circunt on cach mput 1Ny were
ormited ftom the daapram lo aummize mpat losding.

Pins whith wall B¢ used as inputs may be connectad tothe
mput of 30 OR gite formed of inverters and openassifector

NAND pates Themnputsignab will berelared ¢ (i to
the MIZQAHL and will be read by an "IN ALY rruc--
tion Hutwhen PSEN s low, the NAND vutputs . vrced

olf. allowing the NOAH LU pins ti boned tog higheorder

program addresang. Open-collector outputs are necded
to peevent hine contention when PSLN » not lew

1230 wall be used in the final sastem, the low onder
pins of Port 2 must be connected dieectiy tothe plug s
may bedone by replacing the Port 2lotch with four jump-
crs connecing the inputs to the outputs The NANDy
should be remoned or disabled by grounding the common
NAND inputs

The cluster of three OR pavtes i used to cirable the on-
buard 2746 and pencrate the *PST N agnal cachot which
natunction of PNEN, *CA;and the high erder bt ot the
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program counter. Thus *PSEN is generated, forcing an
off-bqard read, only when a jump has been made to Mem-
ory Bank 1 or when *EA is brought high. If this featureis
10 be used to'address off-board memory, DB,-DBy may

not be uscd fos normal /0. The $216s and 74LS 174 must
be replaced with jumper blocks and the open collector

.NAND gates disabled, as eaplained above. The same

changes are required to operate the board in single step
mode.
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5.4 -SOFTWARE EXAMPLES

The following routines are writien as sbroutines. ROand
R [ arc used as data pointers, R2is used iy apextension of

the accumulator and R is used as a loop counter.

DOUBLE ADD
DADD: . DEC
ADD
INC
' XCH

ADDC A @RX0
AAEX

XCH
RET

RX0 = RO
AEX = R2

/X0
A.@RX0
RX0
AAEX

DOUBLE SUBTRACT

DiAIN: DEC
CPL
ADD
CPL
INC
XCH
CcPL

AXO0

A
A,@RX0
A

RXO0
AAEX

A

ADDC A.@RX0

CPL
XCH
RET

DOUBLE LOAD
DLO: DEC
MOV
CINC
XCH
MOV
XCH
RET

DOUBLE STORE
DST: DEC
MoV

INC

XCH

MOV

XCH

RET

A
A AEX

RX0
A.@RX0
RX0
A.AEX
A.@BX0

Rq Aola Poyl‘.‘ o

\00‘, (o-‘”_‘..'( <

:GET LOWBYTE ANDADDTO A

-GET Hi BYTE-AND ADD TO AEX

:BETURN

-GET LOW BYTE AND SUB FROM A

“GET Hi BYTE AND SUB FROM AEX

;RETURN

-GET LOW BYTE AND PLACE IN A '

+GET HI BYTE AND PLACE IN AEX

AAEX

RX0
@RX0,A
RXO0
A.AEX
@RX0.A
A.AEX

;RETURN

:MOVE A INTO LOW BYTE

:MOV AEX INTO HIGH BYTE-

:RETURN
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DOUBLE EXCHANGE

DEX: DEC. RX0 ‘EXCHANGE A AND LOW BYTE
XCH A@RX0
INC RXO -EXCHANGE AEX AND HIGH BYTE
XCH AAEX
XCH. A.@RX0
XCH AAEX
RET :RETURN
" DOUBLE LEFT LOGICAL SHIFT
LLSH: RLC A ‘SHIFT A"~
' XCH A.AEX :SHIFT AEX
RLC A
XCH A.AEX ]
RET :RETURN
DOUBLE RIGHT LOGICAL SHIFT
RLSH: XCH AAEX :SHIFT AEX
RRC A
‘g XCH A.AEX
E RRC A ‘SHIFT A
RET :RETURN
B2 DOUBLE RIGHT ARITHMETIC SHIFT
RASH: CLlR C :SET CARRY
g CPL ' C ]
XCH AAEX AIF AEX[7]< >1THEN
JB7?  $+3
CLR C ;CLEAR CARRY ]
RRC A ‘SHIFT C INTO AEX
XCH AAEX
RRC A SHIFT A
RET *RETURN

5.4.1 Single Precision Bin...; Multiply
g A Y .
P I
his foatine assumes a onc-byte multiplicr and a one-
lg:e muhtiplicand. The product, therefore, is two-bytes
8.

4 .
2.t

L Thc algorithm follows these steps:

R T!Ic registers arc arranged as follows:
w2 ACC—=0
. RI— Muliiplier

R2 = Multiplicand

R3 ~ Loop Counter (=8)

t3

. mAfCumul:ﬂor and register R Farcircated as a regis-
., 10T pair when they are stufted tight (see Siep 2) |,

2) The Accumulator and R1 are shifted right onc place,
thus the 1.SB of the multiplier gocs into the carry.

3) The multiplicand is added 1o the accumulator if the
carry bit is a ‘onc’. No action if the carry is a ‘rero’,

4) Decrement the loop counter and loop (return to Step
2) until it reaches rcro.

$) Shift the sesult right one last time just before exiting
the routine,

*The resut will be found in the Accumul'alor (MS Bye)
and R1(LS Byte).
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BINARY MULYIPLY

BMPY: MOV  R3,608H
CLR A
CLR C

RRC A
XCH AR1
RRC A
XCH AR1
JNC BMP3
ADD AR2

DJINZ R3.8MPI
RRC A
XCH A,R1
RRC A
XCH A.R1

8MP1;

BMP3:

5.4.2 Interrupt Handling

This i interrupt routine assumcs single levelinterrupt. The
purpose is to stoge the status of the machinc at the time

INTRPT.  SEL RB1

MOV @R0.A

| |
! |
MOV RO0,SACC

T

;SET COUNTERTO 8B
.CLEARA
:CLEAR CARRY BIT

:DOUBLE SHIFT RIGHY ACC & Rl
ANTO CARRY

:IF CARRY = 1"ADD, OTHERWISE DON'T
;ADD MULTIPLICAND TO ACCUMULATOR

:DECREMENT COUNTER AND LOQP IF 0
:DO A FINAL RIGHT SHIFT AT THE
:END OF THE ROUTINE

the interrupt occurs by storing contents of all repisters, .
accumulator, and the status word. At the end of the inter-
rupt the state of the machine i+ restored and intcrrupts
arc enabled again,

.SAVE WORKING REGISTERS
RO IN ALTERNATE REGISTER
.BANK CONTAINS SACC
:POINTER-FOR SAVING
;ACCUMULATOR

INTERRUPT SERVICE
ROUTINE

,RESTORE SACC

MOV A.@RO
RETR

-

5.4.3 Two-Byle Processing System

A sugpested model of a processing routine tukes two
single byte inputs from diffcrent ports, compares them.,

‘RESTORE ACCUMULATOR
:RESTORE WORKING REGISTERS
;RESTORE PSW AND
:RE-ENABLE INTERRUPTS

and performa.the following, dcp\rdm; on the result of
the compitison;

(M Fguat) Sets Flag and Faits

(Nt Equaliond Outputa e Lotger toa Thind Pont
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. SECOND:

EQUL;

INPUT FIRST OPERAND
INPUT SECOND OPERAND

NOT EQUAL

OUTPUT I1ST

]

PROCESS: ,CLR

IN
MOV
IN
MOV
CPL
INC
ADD
Jz
JNC
MOV

FO
A.P1
RO.A
A.P2
R1A
A

A
A.RO
EQUL
SECOND
A.RO

OUTL BUSA

JMP
MOV

DONE
AR1

OUTL BUS.A

JMP

CPL
JMP

DONE

Fo
DONE

:CLEAR FO BIT (INITIALIZE)
:READ FIRST INPUT, STORE IN RO

:READ SECOND INPUT, STORE IN R1

:SUBCONTRACT SECOND FROM FIRST
:(2’s COMPLEMENT AND ADD)

;BRANCH IF THEY ARE EQUAL

JF NEGATIVE, SECOND WAS LARGER
:ELSE, OUTPUT FIRST.

EXIT

;OUTPUT SECOND

EXIT

‘SET FO
<EXIT
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INTRODUCTION _
The INTEL® MCS48™ family consists of a series
of seven parts, including three processors, which take
sdvantage of the latest advances in silicon techno-
logyto provide the system designer with an effec-
tive: sohmon to a wide varicty of design problems,
The'tignificant contribution of the MCS48 family
ls.‘\(hat lnstéad of .consisting of integrated micro-
com'pufc‘t gcomponcnts it consists of integrated
mlcmwmpu(cr systems. A single integrated circuit
codfains the processor RAM, ROM (or PROM). 2
umer.‘and' l/O

This' apphcation note suggests a variety of applica-
tion:techniques which are useful with the MCS48.
Mlm' than:presenting the design of a complete
q%(cm‘ it ‘describes the implementation of *‘sub-

Qﬂe:‘ns"q:whnch are common to many micropro-

cessor based systems. The subsystems described are
analog input and output, the use of tables for
Tunction evaluation, receiving serial code, transmit-
ting serial code, and pirity ‘gencration. After an
overview of the MCS<48 family these areas are dis-
cussed il 2 more or less independent manner. -

THE MCS48™ FAMILY

The processors in the MCS48 family all share an
identical architecture. The only significant differ-
ence is the type of on board ptogram storage which
is provided. The 8748 (see Figure 1) includes 1024
bytes of erasable, programmable, ROM:-(EPROM),
the 8048 replaces the EPROM with an equivalent
amount of mask programmed ROM, and the 8035
provides the CPU function with no .on board
program storage. All three of these processors
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{NSTRUCTION SET

Mnemonic Deicreption Bytes Cytie Mnemonic Dencription Bytes  Cyclon
ADD AR . Add regater 10 A ] 1 ! CALL Jomp 10 subroutine 2. 2
» ADD A, ®R Add data memory 10 A 1 1 § RET Return 1 2
ADD A, adets  Add immediste 10 A 2 2 & RETR Aeturn snd reatore statue 1 2
ADOC AR Add rggister with cerry 1 ] ]
ADDC A, #R AQOd deta memaory with carry’ 1 1 CLRC’ Clear Carry 1 1
ADOC A, adats AGd immediste with carry 2 2 crLe Complemerit Corry t '
ANLA R And regitter 10 A 1 ' $ caro Chear Fiog O ! '
ANL A 6R And date memory to A ! 1 « CPLFO Complemant Flag 0 1 )
ANL A, =dets  And immedists 1o A 2 2 CLRFY Clesr Flag 1 ! '
§ ORLAR Or register to A 3 1 crLF1 Complement Flag.1 ] 1
a ORLA €R Or gate memory to A 1 1
2 ORL A, s#date Or l:'nrv-\tdinn m.A 2 2 MOV A, R Move cegitter 1o A T 1
E XRLA R Eac us:»y Or register to A 1 1 uOV A, 6R Move date 10 A 1 1
& XRLA, @R C-clm:w o+ dete m.bﬂ\ovy A 1 MOV A, #dats  Move } iote 10 A 2 2
XRL A, =dets Exclusive o7 immediate 1o A 2 2 . . : 1
INC A Incremnent A 1 1 MOLE. A Movw A o register '
DEC A Decremant A 1 1] Mgy, Move A o dets memary ! :
. § WOV R, mdsta  Move immediste 10 register 2 2
CLR A Clear A 1 \] 8 L 2 2
cPLA "Comptement A ' i [UF /MO0 OR, sdlingStg todete Y :
oA A Decime! Adjust A" 1 | [ A/Z /2 A Fsw  Pgg R o A !
; O WMOVPSW, A AMove A 10 PSW ] 1
SWAP A Swap nibbles of A 1 ] .
RULA Rotate A laft 1 1 for”. 8 Exchangiyd igd register ! !
RLC A Rotate A left tSvough carry 1 1 KB R Sachange Merigate momovv ! !
RA A A AN "ém ¥ 1 xcHd A eR Exchenge nibble of A and register 1 1
RRC A Rotate A right through carry t 1 ROV A EF (Movesglecnst digsipemory toA 1 >
! - MOVX @R A Move A 10 externst data memory. 1 2
INALP Input port 10 A 1 > MOVP A GA  Move to A from cyrrent pege 1 H
oUTLP, A Cutout A 1o port 1 2 MOVPI A, @A Moveic A from Pege 3 ) 2
ANL P, sdista Ang immediste to pon 2 2 =
% ORL P, sdeta Or immediste to port 2 2
§ INS A. BUS 1nput BUS 10 A 1 T2 | wmovaT Read Timec/Counter 1 1
S OUTUBUS,A  Output Ato BUS 1 2 |3 wovra Load Timee/Counter 1 1
2 ANLBUS, masts £nd immediate 1o BUS 2 2 | 8 swATT Start Timer 1 1
£ ORL BUS. adats Or immediate to 8US 2 2 L swmrent. Start Counter 1 !
MOVD A, P Inzut Expander port 16 A ARAA § STOPTCNT  Stop Timer/Counter 1 1
MOVO P, A Output A to Erpender port 1 2 - &N TCNT) Enable Timer/Counter Interrupt 1 1
ANLO P, A And A 1o Expander port 1 2 DIS TCNTL Disable Timer/Counter Intercupt 1 1
ORLD P, A( Or A so Enpander port: 1 2
E INCR Increment register 1 b} ENTt Enable snternal intersupt 1 1
; INC &R increment data memory 1 1 DI‘S ] Ditable enternat interrupt ' 1
g DECR Decrament register 1 3 SELRBO Setect register bank O 1 1
g SEL RBY Select ragister bank 1 1 1
IMP adar Jump unconditional 2 2 O SELMBO Setect memory benk O ’ !
IMPP A Somplindidet ' 2 SEL mB Satect memory bank 1 ! !
OJINZ A, oddr Decrement register and tkip 2 — ENTO CLK Enabls Clock outout on TO ! !
N JC adar Jump on Cerey = 4 b 2
INC sads Juenp on Carry = O 2 2
42 adar Jump on A Zero P 2 NOP No Operation 1 1
_JINZ scdr Jump on A not Zero 2 2
—4—§-—70-s00r JGmpon TO = 1 2 2
§ INTO sddr Jumpon Y0 <0 2 2
©  JF1acdr Jumpon Ty =t 2 2
INT1 adde JumponTiagQ 2 2
JFO sodt Jumpon FO =t 2 2 .
JFY aodr Jumpon £ =1 2 2 Mnemonics copyright Intet Corporstion 1076
JIF ood} Jump on timer flag 2 2
N1 saiar Jumpon INT =0 ? ?
J8b soar Jump on Accumutstor it 2. 2 ~

Figure 2. 8048/8748/8035 Instruction Set
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.tsmgk 5.volt power supply. The -

an additional 2S-volt supply only.

,q‘“oa board EPROM is being programmcd
S tastalled in 3 system only the S-volt supply is
ol ‘from program storage, these chips

k E-‘ tes of data storage (RAM). an cight
wﬁ f can 2lso be used to count ¢ xternal

,.“2]‘ Efogrammablc 1/Q pins and the processor
) offers a wide range of instnuc-
ability’ mcludmg many designed for bit,

[] lm ¥ bl’h
! tnd"byte manipulation. The instruction set

™ tiz‘ed in Figure 2.

i i the processors. the MCS-<18 family

f "evu':cs one pure §/O device and 3 com-

emory and 1/O devices. The pure 1/O
¢k lhe5243 a device which is connccted to a

Mt’ﬁu; provided by the MCS48 pracessors
-provxdcx 16 1/O pins which can be pro-

,..;.u.auy ‘controlled.
Th%hmhon memory and i/Q devices cunsm
of {8€:8355, the 8755, and the 8155. The B35S

dﬁs 8759 both provide 2,048 bytes of pmg.ram
“and: L(wo cight bit data ports. The only
fween these devices is that the 8355
mgg@,m:sfccd program ROM and the §755 con-

WS;EPROM The 8155 combines 256 bytes of
data storage (RA\1) two eight bit data ports. a six

=3 be‘achleved using the MCS48 famlly of
als 'ifould also be noted that eight of the pro-
%[0 lines have been configured as a bidirec-
Uﬂlj‘%mwhlch can be used to interface to stan-
%f&. ‘peripheral parts such as the 8251 USART
(for: f;cml llO). the 8255A PPl (provides 24 1/O
and th he_complete range .of memory compo-

0

Norg’ etmled information concerning the MCS<48

%

fardily’cani ‘be obtained from the “MES-4& Micro-

: dfcr “User's Manual” which provides a com-
'c“-'::'dcscnphon of the MCS-48 family and its

memBers A general familiarity with this document
"‘Emke the -application (cchmqucs which follow

{.S; many alternatives a\;nlablc from the
0

:;“:% a"alOR 1/0 modules. By searching through
nati &?wog,\ it is possible to find almost any combi-
ioftaf features which is “technically feasible, Per-

h‘P‘ ﬂlc r
'I‘O 'ﬂd “b“t example of such modules are the MP-

Both of these untis were

P-20 hybrid modules recently introduced
v":}}mwr‘ Rescarch Comporation. The MP-1077
Hwo analos wutputs and the MP-20 pro-’ -

[ ] Number of Available Timers
( } Number of Available 1/0 Lines

1088
K .
8035 8048 8035
8048 8355 8355 28355
48155 48155 | 48155 48155
1si aonjlst (Me1{Is] (nerfis] (31
832
268} !
8035 .8048 8035
_ 8048 8355 8355 28355
s 3.8155 38155 3.8155 3-8155
2 |41 o4l @s|a)  @s1tal  (110)
578
x512—
g 8035 8048 8035
o 8048 8355 B35S 28355
= 2-8155 2:8155 2-8155 2-8155
231 9|31 Bl a3l (89
2320 :
256 |—
8035 8048 8035
-8048 8355 8355 2.8355
1 8155 8155 8155 8155
{21 @&li2r sat2l (8321 (68
64 = !
8635 8048 8035
8048 8355 8355 2.8355
{1} (PZIRIRY| (28) {11] (28} {{1] 431
1K 2K 3K 4K

PROGRAM MEMORY (ROM)

Figure 3. The Expanded MCS48T™ System

specifically designed to interface with micro-
Processors.

A block diagram of the MP-10 is shown in Figure 4.

It consists of two cight bif digital to analog conver:
ters. two cight bit lutches which are louded (rom
the data-bus, and address decoding logic to deter-
mine when thelatches should be loaded. The D/A
converters ¢ ' penerate an analog output in the
range of 10 with an output impedance of 152,
Accuracy is :u.4% of full scale and the output is
stable 2Spsec after the cight bit binary data is
loaded into the appropriate latch. The latches are
loaded by the wate pulse (WR) whenever the
proper address is prosented to the MP-10. The
fower two.addresses (AQ and A1) are used inter-
nally by the device. Addresses A2 & A3 are com-

pared with the address determination inputs B2
and B3. If their <ignals are found d be equal. and
if addresses Ag-A (3 ase all High, then the device
is selected and one of the latches will be loaded.

Address bit A1 swlects between output and out-
put 2. If address it Aq is set then the initializa-
tion channel of the DIA s selected. In order 1o
prepare for operahion adata pattern of X must
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Figure 4, MP-10 Block Disgram

be output ¢o this channel following the resct of the
device,

A block diagram of the MP-20 analog to digital
converter is shown in figure S. This unit consists
of a 16 input analog multiplexer, an instrumenta-
tion amplifier, an eight bit successive approxima-
tion analog to digital converter, and' control logic.
The 16 input multiplexer can be used to input
cither 16 single ended or 8 differential inputs.
The output from the multiplexer is fed into the
instrumentation amplifier which is configured so

.that it can easily be strapped for single ended 0-5

volt inputs, single ended 25 volt inputs, or differen-
tial 0-5 volt signals. Provisions ate made for an
external gain control resistor on the amphrcr The
gain control equation is:

G=2+ 0k
cxt
TRIgaNAL
Car CONTROL
‘“ us:".
:u: < d-5h
s R X
a1 33 1 :::
10— - 7
L T
‘:— § ANALOG »—-o::‘
= N
a1 s B 17 A
4 :_4 mvw;v::lo- ml.l‘(l »—.:1
: «— & - ) Ste
)4 .

a Ay START CONVE RS0m i
A 4 “3
*o o -—J l 1

OORCES ADOAESS CONTROR

LATCH apv '0::‘!"(:’:"0‘

' ’? ' Caratoron !
A,A,A.A, a Ay, 6D I

Figure 5. MP-20 Analog Subsystem

With no Reyt (Rext = o0 the gain is two and the
input is 0-5 or = volts full scale. Adding an exfer-
nal resistor results in higher gain so that low level
(250mV) signals from thermocouples and strain
gatiges can be accommcedated. The output Trom
the .amplifier s applied to the actual A'D con-
verter which provides dn cight bit output with
guaranteed monotonicity and an accuracy of 2047
of full scate. Note that this accuracy is specified
for the entire module. not just for the converter
itself. The control logic monitors address lines
A5 through Ay 10 determine when the address of
the unit has been selected. An address that the unit
will réspond to is determined by 11 address control
pins, labeled A3 through A14.1f one of these pins
is tied to a logic O then the corresponding address
pin must'be high in order for the unit to be selected.
If the pin i< tied to a logic 1 then the corresponding
address pin must be low. If the address of the
module is sclected when MEMR pulse occurs, the
lower four addresses (A3-AQ) are stored in u latch
which addresses the multiplexer. The coincidence
of the proper address and MEMR also initistes a
conversion and gates the output of the converter
3n to the eight bit data bus.

The control logic of the MP-20 was designed to
operate directly with an MCS-80™ system. When a
MEMR occurs and a conversion is initiated the MP-
20 generates’ a READY signal which is used to
extend the cycle of thé 8080A for the duration of
the conversion. READY is brought-high* after the
conversion is complete which allows the 8080A
to initiaté a conversion and rcad the resulting data
in a single. albeit long. memory or 1/O cycle. The
conversion time of the MP-20 dcpcnds on the gain
sclected for the amplifier. With no external resistor
(R = ) the gain is two and the conversion timnc is
33 psec. For R = 51082 the gain is:

and the conyersion time becomés 100uscc. These
setiling times are specified in the MP-20 data sheet
and range from 35 to 475 microscconds. The
READY timing is controlled by an external capa-

‘citor. For a gain of 2 no extemal capacitor is

required but if higher gains are selected o capacitor
is nceded to-extend-the timing.

A schematic showing both the MP-10 D/A and the
MP-20. A/D connected to the 8748 is shown in
Figure 6. This configuration, which consists of
only four major components, gives an excellent
“vample of what modem technalopy con Jdo for
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the system-designer. The four components provide: *

An eight bit microprocessor

64 bytes of RAM

1024 bytes of UV erasable PROM
A timerfevent counter

16 digital 1/O pins

2 testable input pins

An intertupt capability

16 eight bit analog inputs

2 eight bit analog outputs

mFEssan o

The MCS<48 communicates with the D/A and A/D
converters in a memory mapped mode (i.c., it treats
.the devices as if they were external RAM). By sct-
ting an address in cither Rg or R and then execut-
ing a MOVX the softwgre can transferdata between
the accumulator and the analog 1/O. When the

MCS48 executes the MOVX instruction it first’

sends the cight bit address out on-the bus and
strobes it into the 8212 latch with the ALE (Address
Latch Enable) signal. After the address is latched,
the MCS-48 uses the same bus to transfer data to
or {from the accumulator. If data is being sent out
(MOVX 9dRj, A) the WR strobe is used:if the data
is being moved into the accumulator (MOVX A,
3Rj) the RD strobe is used. The one shots on the
WR line are used to defay the write strobe of the
MCS48 to mect the-data sct up specifications of
the MP-10. 4

In.order to-provide resct capability for the analog
devices without dedicating an 1/O pin from the
MCS-48, special addresses are used as reset channels,
Executing any MOVX with anaddressof OXXXXXXX
will reset. the A/D module; a similar operation with-
an address of XIXXXXXX will reset the D/A; a
MOVX with an address of 01 XXXXXX will reset
both devices. All data transfers are accomplished
with the upper two bits of the address ficld equal
to 10. A summary of the addressing of the analog
devices is shown in Table 1. Notice that except for
an inilial,izgtion chapnel for the D/A (which must

be written to following a teset to initialize its
internal logic) all channels involve some form of
data transfer.

As ‘was mentioned previously, the MP-20 was
designed to use the READY line of the 8080A.
Obviously this presents a problem since the MCS-
48 does not support a2 READY line (with its
attendant requirement of entering WAIT state).
The necessity of a READY input can be overcome
by peiforming 2 read operation to sct the channel
address, waiting the required dclay (35 usec for a
gain of two) and then performing a second read to
actually obtain the data. The second read will rcad
in the data from the channel selected by the first
read irrespective of the channel selected for the
sécond read. Thus it is possible to use the second
read to set up the channel for the third read. Each
read can read in the current channel and sclect the
next channel for conversion.

The MP-20 is shown'in Figure 6 strappcd to input
16_single ended t5 volts signals. Programs which
were used to test this configuration are shown in
Figute 7. The first of these programs uses the D/A
converter to generate sawtooth waveforms by
outputting an incrementing value to” the D/A
converters. The second program scans the analog
inputs and stores their digital values in 3 table
located in RAM.
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TABLE].OOKUP TECHNIQUES

 Inthe? prc\nous section the interface between analog

1/O devices and the MCS48™ was-discusscd. In
many applications involving 2nalog 1/0 one quickly
finds that nature is inherently nonlinear, and the
mathematics involved in ‘lincarizing it’ can tax the
computational power of the microprocessor, partic-
ularly if it has other tasks to perform. Problems
:):'blthxs nature are good candidates for the use of
es::

As: AN’ example of how tables can be used as part of
0g’ ‘output icheme, consider a system which
uu'cs_m MCS48 to outpu: a variable frequency

sinusoidal waveform. One method .of performing

this function would be to use the timer to generate
an interrupt at a fixed rate of 256 times the desired
output frequency. At each interrupt the appropriate
value of the sine function could be calculsted from
‘h? MacLaurin series:

RO
smxgx___3 xs_ x’ 0k

D, I THRN o) SR )
Where 'K is chosen to be large enough ! ~ovide”

the réquired accuracy,

-

The asbove calculation, although conceptually

simple, would be time consuming and would

severely limit the possible output frequencies which
could be obtained. As an altemative to caiculating

these values in real time. the values could be precal-

culated off line and stored in a table. Upon cach

interrupt the MCS-48 would merely have to retrieve
the appropriatc value from the table and output

it. to the D/A converter. the MCS48 provides a

special instruction which can be used to access

data in a table. If the table is stored in the last 256

bytes of the first kilobyte of MCS-48 memory

then the table lookup can be perférmed by loading
the independent variable (lime in this case) into
the accumulator and.executing the instruction.

MOVP3 A, @A

This instruction uses the initial contents of the
accumulator to index into page 3 of program
sStorage. The location pointed to is read and the
contents placed in the accumulator. If (as is often
the case) a table of fewer than 256 entrics is
required, then the table can be located in any page
of program memory and the instruction: ’

MOVPA, @A

can be used to retrieve data from the table, This
instruction operates in the ssme manner as does
the ' previous instruction except that, the current
page of program storage is assumed to. contain
the table.

If it is possible to devote slightly more of the
microprocessor’s time 1o the table look up process,
then a much smaller table can often be utilized by
taking advantage of interpolation to determine
values of the function between values which are
actual entries in the table. As an example of this
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Figure B, Flow Momtom\q Sy\lm




process consider the hypothetical system shown in
Figure 8. The purpose of this system is o measure
the flow through the three pipes, add them, and
display the total flow on the control panel. The
system consists of three flow meters which generate
a dnﬂ'crcnual voltage which is some function of
flow, an A/D system with at least three differential
inputs, an MCS-8, and a control panel. The
schematic shown in Figure 6 could easily become
part of this system, with the spare digital 1/O of
the MCS-<48 used as ‘an interface to the control
panel. The simplicity of this'system is clouded by
the flow transducers. which are assumed to be not
only nonfinear but also to require individual cali-
bration (this is not an unrcasonable assumption for
a flow transducer). By usinga table look up process
and an 8748 the flow transducers can be calibrated
and the results of the culibration .tests stored
directly in tables in the 8748. (The 8748 has a
PROM in place of the ROM of the 8048 and thus
makes such ‘onc off” programmin~ oractical.)

The results which might be obtained from calibra-
ting one of the flow meters is shown in Figure 9.
The rsesults are plotted as gals/hour versus the
measured voltage generated by the transducer. The
voltage is shown in- hexadecimal form so that it
corresponds directly to the digital output of the
analog to digital converter. The flow required to
generate seventecn evenly spaced voitages (OH-100H
in-steps-of 10H) has been measured and plolled
This information is shown in tabular form in
Figure 10. It is necessary to generate a program
which will convert any measured input from O0H
-to-FFH into the flow in units which can be inter-
preted by 2 human operator. This can easily be
donc by simple interpolation.
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Figure 9. Flow Calibration Curve
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*~ RECEIVING SERIAL CODE=BASIC
_ APPROACHES

The cight bits of independent vanable (voltage) van
be looked on as two four bit ficlds. The most signi-

ficant four bits (7-4) will be used to retnieve once of

the table values. The lower four bits (3-0) will be
used to interpolate between this value and the

value retrieved from the next higher location in the

table. If the upper four bits are given the symbol |

.and the lower four bits the symbol N, then the

interpolation can be cxprcssed as:
F(x) = F(I) + — lF(hl) F(}

Where x is the measured vo!tagc and F(\) is the
corresponding flow. h

If, as an example, the transducer voltage was
measured as 48H then the flow (rcf Figure 10)
would be:

F= 30# £ (34 30 =32

A subroutine which implements this calculation is
shown in Figure }1. Before it is called the indepen-
dent variable (V) is placed in the accumulator and
register R1 is set to point at the first value in the
table. Asidc from simple additions and subtractions
the only arithmetic required is to multiply two
values and tien divide them by 16. The multiplica-
tion is handled via a subroutine which is also
shown in Figure 11. The division by 16 can be per-
formed by a four place right shift followed by a
rounding operation. Jhe routine shownwill handle
a monotonic increasing function of a single inde-
pendent varable. Fairly simple modifications are
required for nonmonotonic functions. Functions
of two variables can be handled by interpolating on
a planc rather than along a straight line. Although
this is more time consuming, requiring an inter-

. polation for-cach of the independent variables and

a third to interpolate the final answers, it still
provides a simple means of quickly calculating the
required function. The use of tables can offer a
powerful technique for function cvaluation to the

designer.

Many microprocessor based systems require some
form of serial communication. Serial communica-
tion is extensively used because it allows two or
more picces of equipment to exchange inférmation
with a minimal number of interconnecting wires.
The minimization of interconnecting wires results
in snmplcr cheaper, interconnects because fewer
(or smaller) cables and connectors are required.
Since the required number of drivers and reccivers
required is reduced, if can become economically
feasible to provide much higher noise immunity



_Figure 11, Table Lookup With Interpolstion
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»'more sophisticated (and cxpcnswc) line
tgrmuutors. .The final, and usually most persua-
swvess argument in favor of serial communication
isf!hat it may be the only method available to
lccomphsh the job. The ‘obvious- example of
tlnsk %elecommunications where it is necessary
to¥e ,qfcodc parallel information into serial format
%‘:der 1o ¢ommunicate via the telephone net-
ror] XThe intent-of- this section-is to show how
the;héx‘hues of the MCS-48™ can be brought to
bes on the problem of serial communication.

cighth data bit usually consists of even parity on
the temaining seven data bits; for the purposes of
this discussion the eighth bit will be considered
only as data. A minor varation of this format
deletes one of the STOP bits. An algorithm which
might be used to sample serial data under software
contro!l using a microprocessor is shown in Figure
13. The basic intent of this algorithm is to mini-
mize the effects of distortion and transmission rate
variations on the reliability of the communication
by sampling cach data bit as close to its center as
possible. Upon entry to this routine the soflware
first samples the incoming data in a tight loop unnl

STO® 1178
ARy

IJ'

g ,,;Iy-lhc most common form of serial ‘com-
Pﬁhbon is that used by the obiquitous Telctype-’
%ASCH This format, shown in Figure {2, con-

ﬂﬂ&ot a START bit (0 or SPACE) followed by

tidata bits which are in tum followed. by two -
“Q;xbns (1 o MARK). In actual practice the

A nemanice oo Ceae mm e =

it is sensed .as a MARK (logical one). As soon as a
"MARK is detected, a second Joop is entered during
which the software waits until the reccived data
goes.to a SPACE (logical zero). The purpose of this
construction is to detect as accurately as possible
the leading edge of the START bit. This instant of
time will be used as a reference point for sampling
all of the following bits in the character. After
sensing the Jeading edge of the START bit a wait
of one half the cxpected bit time is implemented.
The period of the incoming signal is called P for
convenience. At the end of this wait the senial line
is tested—if it is MARK then the START bit was
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Figure 13. Sample Serial Input Routine

invalid and the process is reinitialized. If the line is

+ still a SPACE, thep the START bit is assumed to

be valid and 2 delay of one bit time is started. At
the completion of the delay the first data bit is
sampled and 2 new delay of orie bit time is initiated.
This process is repeated until all eight data bits

last bit sam~led is checked

the provessor will spead only a 100psecs or s0 pro-
cessing data and the rest of the 100 millisecs wait-
ing to do the processing at the right time. This lack
of cfficiency (approximately 0.1} in the utilization
of processing power is why devices such as the
8251 USART find broad application in micro-
processor systems. ‘
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to determine if it is a valid STOP bit (a MARK). If
it is, the character is assumed to be valid;if it is
not, the character has a framing error and is pro-
bably invalid. A listing of a program which imple-
ments the above procedure is shown in Figure 14.

A disadvantage of the approach outlined in Figure
13 is that while the processor is inputting data
seriully it must totally dedicate itself to.this fask.
Accurate timing can only be maintained if the
program semains in a tight wait loop without
allowing itself to be diverted to other functions.
During reception ‘of a character -from 2 Tcletype

P . anse

Figure 14, Simple Seris! {nput

The 8251 USART is simple to intertace to the
MSC48. Figure 15 shows such an interface. The
USART requires a high speed clock (CLK), an ini-
tilization signal (RESET), data clocks (TxC and
RxC), apd data in order to operate. A circuit
showing the connectjon of an 8748 to an 8251
USART is shown in Figure 15. In the circuit shown
the high speed clock (which is used for intemal
sc  ncing by the USART) is provided by con-
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lg‘»ﬁ‘n 15. MCS487™ to B251 Intertace

CLK signal of the USART 1o the TQ
(CS48. Tue TQ pin of the MCS48
1et-be used as a directly testable input pin
\ lgb.ccomc. under program coptrol. an’ out-
5 ;?(?"Ch oscillates st onc third of the crystal

R gu(Nolc that once this pin is designated
fiware (o be an output it will remain so.
gyitern is reset.) In Figure 15 the crystal
5659904 MHz so the clock provided to

3 ogrannnaticslly by manipulation of bit
it L It was necessary 1o place the geset af
nder program control for two reasons,
Yeason is that the MCS-48 doces not supply
giial to other devices. The eason for this is

vasfelt 1o be more uscful to provide znother—-.

from the MCS5=in. Although this situation could
have been circumvented by the usc of an externally
generated recet which drove both the MCS<48 and
the 8251, the second reason for program control of
the reset to the USART still stands. The USART
requires the presence of the CLK signal during
reset in order to properly initialize itself. The
ENTO CLK instruction which the MCS-18 must
execute before the 8251 will receive the CLK can
obviously not be exccuted until after the system
reset has ended. Resct of the USART can be
accomplished by the following code segment:

- TURN ON CLOCK
. :START RESET
:DELAY USART
JRESET TIME
.END RESET

ENTO CLK

ORL P2, #(+31000008

MOV R2, eDLLAY
LOQP: DINZ  R2,L00P

ANL P2, 5110111018

This code first enzbles the clock, then asserts the
_geset signal of a tlime period determined by the
constant DELAY. The dclay invoked is (10 +
S$*DELAY) microseconds for DELAY >0. The
USART requires @ resct of approximately 6 CLK
periods s6 DELAY i chosen 1o be ) ‘whichznsures
adequate reset timing. Note ‘that for dclays this
short, NOP instructions could also be used to time
. the pulse.

The data clocks regquired by the USART are pro-
vided ‘by the modem if the USART is operated in
the synchronous mode. In the morc cammon
asynchronous mode. however, . these clocks must
be provided by circuitry associated with the 8251,

The $.9903 MHz cnstal was chosen because the
resulting 1.9968 MHz clock to the USART can be |
evenly divided to provide transmit and receive
clocks to the USART. Assuming the USART is in
the x16 mode (i.c. it requires data clocks 16 times
the baud rate) the 1.9968 MHz signal can be divided
by 13 to generate the proper clock rute for 9600
baud ‘operation. This 9600 baud clock can be
further divided to give 4500, 2400, 1200, 600, and
300 baud signals. The 1200 baud signal can be

divided by 11 to give 2 109.1 baud signal which is

- within T9F of The 1 1T baud requiréd by Teletypes.

The MOS8 comnunicates with the 8251 in 2
memory mapped made (e, as if the 8251 were
extemnal RAM). The instructions available to do
this are MOV'X 9R;j. A which stores the contents of
the accumulstor at the external RAM location
addressed by Ri (5=0 or 1), and its complement,
the MOVX A@ Rj instruction which moves duta
from the external RAM into the accumulator.
Since the MCSAE multipleaes addresses and data
on the same cight bit bus an extemal latch would
be required in ot - to address the USART with
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Figure 16. 8251 Test Program
-~
RO or R1. In order to minimize the circuitry in

Figure 15 an appsoach utilizing some of the 1/O
pins of the MCS-48 1o address the 825] was chosen
instead. By connecting the chip select (C3) input
of the ¥751 to bit 7 of port 2 (P27) and similarly
connect  the C/D address line of the 8251 to bit
6 of port 2'(P26) it ig possible to address the 8251

to add the circuitry necessary to use RO or R1 to
address the peripherzl devices. The circuitry which
has to be added to Figure 15 in order to make use
of RO or R1 to address the USART is shown in-
Figure 17. Note-that only the changes to Figure 15
are shown. The additional component required is
the 8212 eight bit latch. This latch is loaded, when-
ever. a valid address is on the bus by the Address
Latch Enable (ALE) signal provided by the MCS-
48. During an external read or wtile cycle this
address is used to address the 8251 in a linear
select mode. In the circuit shown, the 8251 will be
selected by-any address with bit 1 a logical zero
(XXXXXX0X) and the selection of control or data
transfer (C/D) will be based on bit zero of the
address obtained from RO or RI. Figure 18 shows
the program of Figure 16 modified to utilize the

.addressing inherent in the MOVX instructions.
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Figure 17. Modified MCS48 to 8251 Interface

RECEIVING SERIAL CODE-A MORE
SOPHISTICATED ALGORITHM

without using KU of RT. The ins{Tuclion STquente
to access the 8251 is to first reset P27 and set P26
to the sppropriate stzte, use a MOVXinstruction to
perform  the uppropriazte  operation, 2nd  thén
finally set P27 to deselect the 8251, As a concrete
example of this addressing, Figure 16 shows the
code necessary to initialize the 8251 and output an
incrementing test pattern on 3 status driven basis.
If more than one 8251 were to be added to the
MCS-<R, or if other types.of peripheral circuitry
would be required (e.g. an 8253 timer to generate
the data clocks) it would probably become desirable

LY meamanita fARviARiad’ ) ntal Frrnnect.ae saYa

Although the USART does an admisable job of
performing the sedal 1/O fumhon for the MCS-
48™ | there are some situations where it can not be

.used. These situations may be caused by economic

factors, 'such as an extremely cost sensitive design,
or huausc the code which must be utilized cannot
be accommodated by the USART. An example of
of such a code will be discussed later, Recall that
the principal objection to the 3ppr0.uh to serial
input shown in F:gun: 13 was that it consumes
much of the processor’s power by mercly-spinning
in loops in order to wait preset time delays.
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:’g“‘)}hls problem. Instead of spinning in a loop

P@mm can set the timer for a given interval,

start it;and proceed (o other tasks. When the timer

‘:Egﬂg?'?.m interrupt ' be generated to notify

eh‘?"“o{‘s“u that th.  :esent time period has

$%edi-An extension of the algorithm_of Figure
Sthe T

ASES 7 in this fashion in shown in
i'-'_i‘,,;,;,s,,_?f'l'hls_:dgorilhm is identical to the preced-
10'3 up upul the detection of the leading cdge
& LAEHart bit. At this point the timer is set to one
qu%ggf])}e bit time (P) and a retum is made'to the
m‘?‘NE"’Omm which can start additional process-
'&né‘-,é.&f‘?he Corpplclion of this timc iggerval a
b:Overflow interrupt is gesicrated. When the

ﬁ“&n}q' 4

e T U3

TTupt is detected, the serial line is checked

!':A"‘Aw'm.,_ B
S?Iiin%‘m..'(hﬂ itis in a spacing condition (valid
t&%}épﬂl-lf it is, the timerds set to-P (1o sample

<.

N SR
T Remonics COOyrighted @ t~ve’ Crrpniatiae 1074

The timer resident on the MCS48 provides a solu-

fl}e of @he first data bit) and a return is;:-'
-ﬂ\C program which -was running when the - -~

interrupt occurred. If the serial tine has retumed to
the MARK state, a stafus flag is sct ta indicate an
error and a return is made. On subsequent interrupt
detection, the data is sampled, the timer is reiniti-
ated, and control is retumed to the program which
was running when the interrupt occurred. When
the last (i.e. STOP) bit is detected a completion
flag is set and a return is made to the program
running . when the timer overflow occurred. By
periodically checking the error and completion
flags the running program can determine when the
interrupt driven receive program has a character
assembled for it.
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Figure 19. Improved Seiisl Input Routine

Using the timer to implement time delays as shown
in -Figure 19 results in considcrable savings in
processing time; two "problems remain, however,
which must be solved before an adequate software
solution to the problem of receiving serial code can
be found. The first problem is that even though the
delays between bit samples are implemented via
the timer rather than program loops the loop con-
struction is still uscd to detect the leading edge of




the: START bit.: Although this results in the waste
of processing power, .the second problem is even
tnore serious. For lofiger messages the required
accuracy of the clocks becomes more and more
stringent. Using the sampling technique discussed
a cumulative error of one half a bit time in the

time at which a bit sample is taken will result in.

crroneous reception. The maximum timing error
which can be tolerated and yet still allow proper
detection of an 11 bit ASCH character is then:

0.5°BIT TIME 0.5P _ 4.5%

Emax = CHARACTER TIME " 11 P =

where P'is the period of single bit. The corresporid-
ing calculation for a 32 bit character yiclds:

= 0.5P _
Emax = 3P 1.6%

Since this' calculation does not allow for distortion
on the signals, it is obvious that either extremely
stable clocks will be required or a more tolerant
algorithm must be devised. This problem is parti-
“cularly serious at relatively high baud rates where
the resolution of the counter (80usecs witha 6 MHz
crystal) becomes a significant percentage of the
period of the geccived signal.” At the 110 baud rate
of the Teletype the 80uséc resolution of the clock
allows 2 maximum accuracy of 0.33%: at 2400
baud this figure is reduced to 3.8%.

Bottrefficient detection of the start bit and increas-
ed timing accuracy can be obtained if the MCS48§
can detect edges on the incoming received data
(RxD). A haidware construct which allows this
isshown in Figure 20.

*The received data (RxD) is Exclusive NORed with
bit seven of port two and fed into the TEST (T1)
pin of the MCS-48. By manipulating P27 the pro-
gram can now cause T1 1o be cither RxD or RxD.
(f P27 =] then Tl = RaD;if P27 = 0 then T1 =
RxD.) Note that not only can T1 be tested directly ¢
by the software but that it is the input which is
used when the MCS-48 timer is in the event counter
mode. The significance of this will be discussed
later. The relationship between T1, P27, and RxD
is given by the Boolean expression:

TI = P27 - RxD + P37 - RxD

Figure 21 flowcharts a means of utilizing this hard-
ware- construct (o avoid the necessity of wasting
time in program loops to detect the leading edge of
the start bit. The receive operation is initialized
when the program desinng to receive scrial data
calls the INIT subroutine (Figure 21a). Since INIT
is going to manipulate the timer the first action it
performs is to disable the timer overflow interrupt.
s next step is to set P27 to a logical 1. Seiting
P27 in this manner causes the TEST 1 input to the
MCS48 to follow RxD. By setting up the receive
circuitry in_this manner a high to low transition
will occur on TEST | when the RxD goes from
the MARKING to SPACING state (i.c. the START
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bit occurs). By setting the timer to OFFH and
enabling it ‘in the event count mode, the INIT
routine sets up the MCS48 to generate a timer
overflow interrupt on the next MARK to SPACE
transition of RxD (the TEST 1 input doubles as
the event counter input). Before returning (o the
calling program the INIT routine sets a flag (RDF)
which- will be cleared by the receive program when
the requested receive operation is complete, INIT
also sets a value into- a register called BOCOUNT.
The receive program interprets BCOUNT as follows:

8counT [7[6[s]a] 3B [ 1 ]Jﬂ -

N—

Number of bits remaining
to receive

If set indicates that the
START bit has not yet been
detected

If set indicates that the
START bit has not yet been

) verified
Fm&ilb l'mcrrupt Driven Serial Receive Flowchart )
4 IR In order to request the reception of the 11 bit
CE ASCIE code INIT would set BCOUNT to 1100101 1B.

The start bit has been neither verified nor detected
and 11 bits (101 1B) are required.

After INIT is called the reception of the individual
serial data bits will proceed on an interrupt driven
basis until a complete character has been assembled.
When this occurs the interrupt driven program will
set the RDF (Receive Done Flag) to a zero to indi-
cate that it has completed the requested operation
and then terminate itself. The procedure whiclr is
used to accomplish this is shown in Figures 21b

and 2lc.
A TRy 1
wr- \- — Since dll operations of -this program are the result
m of the occurence of a timer gverflow interrupt, it
is necessary 1o briefly review the interrupt structure

of the MCS<48. There are two sources of interrupt;
an external interrupt which is the result of a logical
zero signal applied to the INT pin of the MCS-48,
Vo and an intemal interrupt which is caused by a
P PYIRTI™ timer overflow condition. The timer overflow
occurs whenever the timer is incremented from
OFF H to zero whether it be in the timer or event

count mode. When one of these cvents occurs the
hardware in the MCS-48 forces the exccution of 2

——~ CALL. This CALL has a preset address of location
~“ 4 3if it is due to the exfernal intemupt and location

R A P I L 1L T LA YT T, PAOve F i SR Sy SPS RO

e 21e, Interrupt Driven Serial Receive Flowdchart
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cvents occur simuitancously the external interrupt
will- take precedence. The CALL augomatically
saves the contents of the program counter for the
running program and its PSW (program status
word) on a stack the hardware maintains in RAM
locations 8-23. Although the hardware saves the
program counter and PSW, it remains the responsi-
bility of any interrupt driven software to make
absolutely . certain that it docs not modify any
memory locations or registers which are being
used by the main program. The most convenienl
way of ensuring this in the MCS48 is to dedicate
the second bank of registers (RB1) to the interrupt
driven program. One of these registers has to be
used to save the accumulator (which is not part of
the register bank) but seven registers. remain;
including two which can be used as pointers to the

rest of the RAM (RO and RI). Note that if this °

approach is taken then these registers have (0 be
- allocated between the program which services the
external interrupt and the one which services the
timer overflow. This problem is somewhat alleviated
by a hardware lockout which prevents the timer
overflow interrupt from interrupting the external
interrupt service routine .and vice versa. This is
implemented by lockirig out new interrupts between
the time an interrupt is recognized and the time a
RETR instruction is executed. The RETR instruc-
tion is like a normal RET (retum from subroutinc)
except that the PSW as well as the program counter
is restored. The RETR instruction can be very
much thought of as a retum from interrupt instruc-

tion in the MCS=48.

The receive program under discussion uses register
bank | in the manner described. Whenever a timer
overflow occurs (¢.g. on the next MARK to SPACE
transition of RxD after INIT is called), control is
passed (by the hardware generated CALL) to the
point labled TIMER OFLO in Figure 21b. This
program segment immediately selects register bank
1 (RBI1) and then saves the accumulator (A) in a
location called ATEMP which is actually R7 of

RETR is exccuted. Note that since the state of
the flip Nop which selects RBI is saved as part of
the PSW, the execution of RETR sutomaticully
sclects the register bank. which was active when
the interrupt occurred.

If BCOUNT [ 7] is still set when it is tested, con-
trol is passed 1o START (Figure 21¢) where bit 6
is tested 1o determine if the START has been
detected yet. If BCOUNT [6] is sct .t indicates
that this-is the first occumrence of a timer overflow
since the receive process was 4nitialized by the
INIT subroutine. If this is so, the program assumes
that the START bit has just started and therefore
it-sets the timer to one-half of a bit time (1/2 P),
starts the timer in the timer mode, and clears
BCOUNT {6] to indicate that the START bit has
beendetected. The next overflow will again result
in the execution of the program in Figure 21b and
again BCOUNT [7] will be found 1o be set. This
time, however, BCOUNT (6] will be reset and the
program will know that it should test the START
bit to ensure that it is still a SPACE. This test is
performed and if successful the timer is set for a
bit period P and 'BCOUNT {7] is resct so that on
the next occurrense of a timer overflow the pro-
gram will know that it should start assembling
serial bits into a character. If the test is unsuccess-
ful, the subroutine INIT is used to reinitialize the
receive program. In either casc control is passcd 10
EXIT wher¢ a retum from interrupt mode occurs.

This reccive program, listings of which appear in
Figurc 22, allows the reception: of scrial characters
transparently to thc main running software. Aflcn:
INIT is called the main program has only to check
RDF periodically to find out if there is'data in the
buffer for it. It would be fairly casy 10 ‘double
buffer’ this operation by providing a byffer which
the receive program uses to descrialize the incom-
ing codé and a second buffer to store the assembled

.character. If the program would reinitialize” itself

upon completion, the reception of 2’ s(ring of
characters could proceed in much the same way as

sed,

RB1. The’program then tests bit seven of BCOUNT -
"~(R6OF RBIJ (6 Tind GUT if s START bit hag been———it+-would-ifastatus drven USART were bejpgust@.

verified (i.c. the edge of the START bit has first
been detected and then verified to stijl be a SPACE
one-half a bit time later. If. BCOUNT (7} is a zero
the START has been verified and the program pro-
ceeds to set-the timer to P (the period of the serial
bit), get the current serizl data into the carry bit,
and then shift the camry bit into a buffer. After
saving- the data the program decrements BCOUNT
and tests it for zero. If BOOUNT is zero the receive
operation is complete so the program sets RDF to
a zero and disables timer overflow interrupts.
Whether or ngt BCOUNT is zero, control is passed
to EXIT where A is loaded with ATEMP and »

Although this program solves the. first problem of
software “controlled reception (lack of cfficiency)
the sccond problem-sensitivity to frequency
variations—remains. An examplc of a code which
would be susceptible to this problem is the 31,26
BCH code commonly used in supervisory control

_systems. (A supecrvisory control system is, in

essence, a remote control system which allows a
human or computer operator the control of a
system via a serial communications link.) The BCH
codes are used because of their error detection
capabilities and are-a clase of cyclival redundancy
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Ve -used in synchronous data com- - nominal BCH codes can detect all errors consisting {
1§YNC or SDLC). BCH codes, of 2t error bits and all burst errors of mt or fewer
ginators Bose, Chaudhuri, and bits. The 31,26 BCH code will-thercfore detect any
f‘i’ cterized by having a length erroncous messages with 1 or 2 errors or bursts of
! ml}t;r of redundant check bits errors of less than § bits. The 31,26 format (shown
518 ' pasitive integer (clearly mt in Figure 23) requires the reception of a start bit |
2 ns de fits this format with m=S$ and followed by 31 irformation bits, clearly beyond
 Aetngth °‘:°3Ch message is n=25—l=31_,\ the capability of the USART but perhaps within
5 bits, leaving 26 bits availa ie reach of a program controlled approach using the
onl. Wi ar . . I
0. With an approTnste poly* MCS-48 itself. . "
~ )
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A concept which reduces sensitivity to frequency
deviations and thus allows the reception of longer
codes is shown pictonally in Figure 24. The first
line of this timing chart shows an altemative ones
and zeros pattern on the RxD with a period of §
milliseconds. The second line shows that by
sampling at a period of cxactly 5 milliseconds the -
data can be properly interpreted. The third and
fourth lines show the effects of sampling with a
period of six and four milliseconds respectively. In
cither case, an error occurs at the third sample
where both periods result in sampling on an edge
of the RxD signal. The third line of Figure 24
shows a hybrid sampling scheme which, based on
some additional information, switches sampling
periods between the fwo values. As can be seenin
Figure 24, the data is sampled with a 4 millisecorid
period until the sampling begins to fall behind the
data; at this point the sampling period is increased
to six milliscconds and the sampling first catches
up and then passes the center point of the data, As
soon as this happens, the sampling period reverts
to the 4 millisecond period and the cycle repeats.
It can be scen that this scheme scts up a pattemn
which repeats indefinitely and the data can be
successfully sampled. Note that the sampling pattern
established is alternating periods of four and six
milliseconds. The average period of this pattern, as
might be expected, is Smsec. Line § of Figure 23
shows the effect of a change in transmission speed
to a period of 5.5 msec with no change in the
sampling time. The sampling is again successful but
the new.sampling pattem is 4-6-6-6; 4666, ctc.
Note that the average sample is again equal to the
period of the received data (5.5). While this scheme

rr

does seem to work, the question of what additional

information is needed remains. -

The MSC-48 must somchow decide when it is dnift-
ing out of synchronization and take corrective
action. By referning back to Figure 24 it can be
seen that if the MCS-48 could determine wiere the
cdges of RxD occurred with respect to its sampling
times then the additional information would be
available. As can be seen in the figure the choice of
sampling period can be based on the following rule:

If an edge on the RxD tine occurs during the

first half of the current sampling period, then

wuse the short period for the next sample. [f an

edge occurs during the second half of the period,

then use the long sampling period for tke next

sample.

]
If the data on the RxD line does not change, of
course, the MCS-48 will drift out of synchronization
just as the original algorithum did. #s long as cdges
occur on TxD, however, synchronization can be
maintained. To maximize the allowable time
between edges, the following addition could be
mad¢ to the above rule:

If no edge occurs on the RxD line during a
sample, then change sampling period from short
1o long or vice versa.

.Note that this addition to the rule will result in
using an average of the two sampling periods when.

no edge occurs for several bit times.
The edges of RxD can be casily detected by the use

of the same Structure (the Exclusive — NOR gate) |, _ |
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Figure 24. Vericus Sampling Alternatives

which was added to the MCS-48 in Figure 20. This
gate, which is used to detect the edge on RxD
which begins the START bit, can naturally be used

to detect any edge. Since the timer is being used to

tim¢ the bit period, however, the event count input
(T1) is not uscful during the receive itself. By con-
necting the output of this gate, however, to the
INT input to the MCS<48 (sce Figure 25) it is
possible” to detect "edges on RxD with the event
countet when the programn is trying to detect the
-START bit and by the eaternal intcrrupt when !hc
program is using the timer to contro! the saimpling

times.
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Because of this edge detection it is important to
condition RxD with hardware filters 10 ensure that
the edges of RxD are clean. Any ringing will cause
repeated CALLs to XISR and probable crroneous
operation. The changes 1o the START process
(Figure 26¢) are two-fold; first the TIMER is set to
one half the average of the two sample periods
when the START bit is.first detected (BCOUNT
[6] = 1), and second the processing of the edge
information is initialized by presetting SNAP and
clearing P27. .

SNAP is preset so that when the reception of data
actually begins (Figure 26b BCOUNT {7] = 0). the
decision block which tests SNAP against LIMIT
will be initialized. This block actually compares the
value in SNAP with a LIMIT value which is used to
determine if the sampling point is ahead or behind
the actual midpoint of the serial data. If the
sampling is_ahead then the timer is set for TMIN;
if the sampling is behind then the timer is set for

this new sampling algorithm is shown
’Dle first deviation from the onpnal

3~
e the status of the running progravn and
“the cutrent value of the timer register

s operations the program Complrmcnls
) ‘port 2. Manipulating P27 in this manner
¢, the Exclusive NOR gate to turn off the
terrupt and will set it up to generate
errupt when the RxD line changes again
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TMAX. By presetting SNAP in the manner—shown
in the flowcharts the second rule of the algorithm,
(i) no edge appears on the RxD line during a
sample, then change the sampling perivds short to
long or vice versa) is automatically met. If an edge
occurs -then XISR will modify SNAP, if XISR is
not invoked between two samples then the choice
of timer periods will alternate. The only other
significant change to the algorithm is that the INIT
routiric must now lock out all interrupts, not just
the timer overflow interrupt, while it is operating.
A program which uses this algorithm to receive a
32.bit message is shown in Figure 27.
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TRANSMITTING SERIAL CODE ’

Serial transmission is’ conceptually far simpler than
senial reception since no synchronization is required.
All that is requircd,is‘ to use the timer to generate
interrupts at thé bit rate and present the character '
to be-transmitted serially at an 1/O pin. A program
which does this is stiown in Figure 28. The trans-
mission of serial data becomes much more compli-
cated if it must occur simultancously with reception.

If both reception and transmission are to occur
simultancously’ then obviously contention will
exist for the use of the timer. It is possible to allow
the simultaneous reception and transmission of
serial data using the timer as a general clock which
controls software maintained timers. The attainable
baud rates using such techniques are, however,
limited and the use of a 8251 USART is probably

indicated in all but the most cost sensitive applica-
tions. An exception to this rule occurs when the
system, although full duplex in nature, actually.
transmits the same data as it receives. An example
of this is a microprocessor driving a terminal such
as 2 Teletype. Although the circuit to the terminal
is full duplex, the data that is transmitted is generally
the same as that received. A minor modification to
the program shown in Figure’ 26 would implement
this mode of operation. The modification would be
to the XISR routine and it would add the code
necessary to place the TxD 1/O pin in the same
state as the RxD line: Since any change in RxD
results in a call to XISR, this modification would
cause the retransmission of any received data.
Whenever it becomes necessary to transmit data
which is not being received, the program of Figure
28 could be used in a half duplex manner.
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