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ABSTRACT

This project conveys the concept of Single Side Band Suppressed Carrier (SSBSC)
communication that is applied with spectrum shift or spectrum invertion , the specific
characteristics of analog system that can be developed to fit into digital system. The IC FX227J
is a major chip IC used for the scrambling and descrambling process. Its internal system
consists of frequency fillters. The main process of scrambling is Rolling Code which its data
contained in ROM. The Digital signal level control enable it to invert up to 32 frequencies, and
this make the system difficult to be trapped. Nevertheless , constriant of IC #FX224J exists.
Using hybrid equipment , its simplex communication is developed and converted to full duplex
communication in this project. The hybrid switch operates in the subscriber number section of
the telephone central office (telephone exchange). Additionally, another important component
of this project worth mentioning here is the control software which is design to work
synchronously between the originating and destinating users. This also give the ability of the
two end users to control and command this system independently. Thus, the system provides
complete features.

A%special equipment for data scrambling is utilized in this project in order to overcome '

the- limitations of some component and is applied closely to narmal telephone system.
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¢. = AMPLITUDE v89nI1ides
e, = AMPLITUDE ummmé‘wmz
e, = OUTPUT v84dqygini AM
e, = EM sin(wmt)
e, = EC sin(wct) /
€, = [EC+EM sin(wmt)]* sin (wct)
= EC sin (wct) + EM sin (wmt) * sin (wct)
= EC sin (wct) + EM/2 [cos(we-wm)t-cos(we+Hwm)t]
M = MODULATION INDEX
N = EMJ/EC

ea = EC sin(wet) + M*EC/2 [cos(we-wm)t - cos(we+twm)t]

HINBIHA + Hunsguvessenidygu 2 Fyanu



8N 11
4 N
V4 \\
/’ \
Ve \ -
7 AN Peak of Modulation
/I \\
’ o N
i %0 S
7 [} R N
7’ P \\\ AN A

A2 - ~o Carrier

P - N \\\
v >
45 2
A ’ 0 B

S Traugh of Modutation

3UN 2.4 werasgyl Power vosdquan AM

2.1.4 POWER voidayeyias AM
PT = PC + Pysy + Pusp
= EC’/R + (MEC/2)’/R + (MEC/2)"/R

= EC/R + (MEC)'/4R + (MEC)"/4R
{ = pc + POOMY2

PT = PC * (1+M’/2)

A36ifi MODULATION DEGREE =100%

PT = PC * (1+12)

PU
1
I

1.5PC

2.1.5 PERCENT MODULATION
anuduiuivewenfgavesdygraniudidosfuieut/dgavesdaygranme lu
varhd bl ldueganezidiunsventinswd Sovusvesduygm  aM @ldeefizilsne
s (] 1 (R (dvd t o o (4 <&
dnumzednls sanuduiuiifend nefidudueqoiu
v ¢ o o < S8 v @ ] r A a Y a
Aulefiduduegatu  Anemdandmvesdygunudides  fuuouldgaves

(4 4 A - J Q’: H ] 13 Qs o
dygrannudnme defafualefidud danlsassdifidwhdudsmualbiidu 100%



] . v
nsflveulesiuduegiuilu 100% dyaauanuideeelawhlddyen AM i
1 L4 é N \ ; L \
youuutazA Y DANIITUiuAnaImed  MienadNYBIMIAIgAveYBYLUALUMEIYR
[ D) ' 4
yosyouarsliauiugud
9/ = o d' ~ a9y 1 o o d'
duenldgavesdyepumiunidsddiooniuenidavedyguauinme
Aulofidudueqadusziidaniosnd 100% dwedauty Sdyauanutideaiueudd
é l& a7 M Q.’ A
siflunTmilsvesdaaranmenlesFuduogasufesiin 50%
nsmaulesidudusgeiuntsmidlasasndyans AM Tasmssuasmeny

v
aumsee 4t

il
I

‘LL\

\ LW . Cmar “min

$ Modulation « ———— G00
max

min .

7R 2.5 ueasgilefidudnisusgiadiu

wlosiFuduogadu = (B, -E,_) *100/(E__+E,_)

‘min:
*
o

e E,,, fAesinnmgeiiinnnszerqegavosveutannieszezdige
YDUANYDITYY U AM
E,. Aommnwgefidannszezdiqaues  veunuannissszgaga
YBIVBUANYDITYQYIU AM
fadegamsnauesifunsuegunnngldyanu AM
nngdiame E,, 18 167 Toavl uozdae E_. 14 33 Toal
w &

sl o Ay
AIUUM Lﬁﬁ)iwuﬂmiua@mwnmtﬂu

wesiFudnsueqan = (167-33) x 100/ (167+33)

0.67 x 100

1l

67 %



i mammsnaniansamaediudmsveqeniina idu 100% i
u dulesfudueqEnifun 100% $eend1 (OVERMODULATE) aiswnsamsn
wlefidudmsueqan’ddae3ss TanAnsueqanfiiu 100% dudehidesmsmszes
ﬁﬂﬁ'sﬁﬂmsrﬁwmmﬁmm{,mﬁ%z“l%'lumiﬁams

nsoudeuszdeafinnms (OVERMODULATE) Fuiiuldsnnngylfueudgn
*uaQﬁ'ﬂgimmmmﬁL?rmﬁfhmﬂﬂ'imauﬂﬁgmmﬁmutmmﬂTm?;‘wmz ueiﬁqaﬁqﬂmaﬁm
unvesdynnn AM sriinnnndiearivestentipavesdygmanuinme  daufid
gANNYDLUUIZaRANE AT naNTBsdae AM udlezannsdnlildud Salsngeen
m‘?'uﬁué’qgﬂ éqdmi{%xL?Juwav‘iﬂﬁ'wmmf‘ﬁgzgm AM Lﬁﬂmivﬁyﬂu"l.ﬂ%mﬁ"ﬂgmgmﬂ'nuﬁ

Py
e

2.1.6 SPECTRUM (AM) HUVAN ¢

EC /N

LSB : USB

n > Frequency

fc-fm fc fec + fm

iﬂ“?l 2.6 DOUBLE SIDEBAND FULL CARRIER (DSBFC)

LSB USB
IF > Frequency
fc - fm fc fc+fm

z‘ﬂ‘?l 2.7 DOUBLE SIDEBAND SUPPRESSED CARRIER (DSBSC)
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1. BALANCED MODULATOR FILTER
2. 7501590 PHASE
3. THIRD METHOD

1 4 3 b 4
N3350 nd nmsiuand eauvuunsna ad oo luTasenuilee 11493
BALANCED MODULATOR FILTER lumswiindayeio SSB

nénmM3¥ed (BALANCED MODULATOR)

nnAdu AM WUy DSB e 1dauats

€,y = [1+Msin (wmt)] * sin(wct)

Taoauudld EC fia=1

ey = sin(wct) + M/2 [cos(we - wm)t] + M/2 [cos(we + wm)t]

Wudl SIDEBAND *ﬁmmsﬁﬂmﬂmiamm Carrier fudaanandealuvasd
YUIAYDY Carrier Wiswaiould DC. dwmSubwmvidyan

gt Bmanees Mod, Fasariadredauiishilv pe. Tvualiimfouddoygin
gl Output iz I4Tiust Sideband Hamrosonnal

L\
Yfuflendnmsaees Balanced. modulation
e, = Emsin (Wmt)

e, = Ecsin (Wct)

ebll mod = em* ec
Tav EC Jameh = 1

Chaimoe. = Emsin (Wmt) * sin (Wet)
= EM/2 [cos (Wm-W¢)t - cOs (Wm +Wc)t]
M = EM/EC

Coumot. = M/2[cos(Wm-Wc)t - cos (Wm+We)t]
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Wave
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7UN 2.12 Ordinary A.M. signal, USB, LSB and carrier
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2.3.1 3n'le & wwoed FX 224

TN (Chip) ma%’ﬁyﬁunﬁﬂumzqmmqﬂnm‘fﬁwﬁﬂﬁum 3 {u fiofu FX214 uog
Fx234 yafiiraulefiqaues marli Aeeidmatalumsaduanui (Frequency
Tnversion) tie lUsUnaM (Scramble) Fayayinide 4 Fannudmaf s inuinme 32 aond
Fuhn W annsoaduanuinme 188 32 anud efisziulszdniamaussmsinuniy
vnsafs (Security ) Tumsdadoyarusemsdoms

Sngantlsiiihaulefifie 2sesms i 3247147295 Continuous Tone Controlled
Squelch System ( CTCSS )  High Pass Filter v'?a%zﬁmimmnﬂmmwmmmsxﬂz‘%ﬂuﬂﬁu
Frygioudes ( Audio signal ) 3INDINIMANMIUTENTANAINY uenmiuaunsald
msarunueNMenen( s in) Faezaaugy Carrier ¥Ry Fixed W30 Rolling Code 113
Loading Comand Function 41118 1uluy Serial 1ag Paratlel voams Iy DIL uag
SMD (surface mouse)

f?m%'u%w‘lumzqaf{mmsnLwﬂ"lﬁ'ﬁ'qﬁ

FX 214J u 3w wuy 22 VIDIL serial loading

FX214LG 1 $W uy 24 v1SMD serial loading

FX 224 dhu @ wuy 24 ¥ DIL parallel loading

FX224LG DM W uuy 24 v1SMD parallel loading

FX 2341L.H L‘ﬂu W UUY 24 Y1 SMD serail & parallel loading

232 uden Mafdu (BLOCK FUNCTION)

#M5U Block Diagram ¥840115¥1191U494 Chip FX 214 lag 224 uamﬁagﬂﬁ 2.14 W
ffifugUnsafaiia LSI 1y CMOS Low Power greanuuuliiilu Variable Split-Band
(VSB) Scramble 1a8 Receive (RX) Path 924sn8onIAAUAY Transmit (TX) Path lngee
HAAFUNIRIIUY Half Duplex ( 19 Switch Sudaadudisuasdsy) unsitosiy
nsflesfunISTUAILYEY Harmonic 1A Sub-audio A13HARTNAIRI Continuous Tone
Control Squelch System (CTCSS) High Pass Filter c’ﬁa%zxﬂuﬁmﬁaﬂﬁumwm TX 1130 RX

Tneon lua
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AROUND (PS) / THROUGH

LOADAATCA
'SERIAL CLOCK INPUT LATCHES
Y JE— «——XTALICLOCK
ENABLEMUTE | F—-> i g;:,
CLEAR/SCRAMBLE -— L CLEAR/SCRAMBLE | XTAL
>
RXTX | (SERPAR) v - -
I »-
A; > >
A 1 = i > —
A — row [
2 7 Ll
As l:
—]
AL

SERIAL DATAIN

BlAS

317 2.14 msvhauvesudenlaozunsy

2.3.3 15084 Ifin (ROLLING CODE)
A3 Rolling Code 9219 5 1in Binmeusnnaugunshunely 3w Tagaunsath
' o A o o 2 o
lud® Coupling 1181 Computer iWa1i1daya 191910 Program snaunudsamnsmim 1dunu
A 2 Y v ads
adnd FATmstianindenld code 1484 32 nuu f4pdfe Huastlestulunsdinidhe
9 = o A [ [ Yast dy v o d' o
a9 il ginsal mileuduswdamwnsadnile 1833 n15i3 S ndud lugemsireuuy
. g . b ¢ A o o y
Rolling Code Tmefidayqyiat  Synchronization gndseenlilunzatesniessune Mddya il
Tumsmuguaishauessaing
n:ycv 9 & o k4 *
uonnnildtld  Command MnatsusnawIsaifionn1siiuld WU sync-speech
: 4, .
mute, power save, clear & audio bypass Hil#ag Function Pin wianudmumu 1 wag Tevy

ﬁ'aadvﬂu Pull Up Resistor

2.3.4 MIMIUYUNIN( QUALITY CONTROL )
ANUNBIATIVOINITNTBIAMNDUUL  Switched Capacitor Filter  uagdaygyIal
. { 2 o rot

Modulation #8915 1% Clock Generator A4 FIA IO ULV INUNAITIEAIUDNNS DD199L

1910 Oscillator 1 wnziEsn Aoglu dn Tavldsaudy Crystal 1 wnzidin A4



17

) [ a al o A ' yé’ (Y
dmivguamvsadei Idnnudasdygradsme  Wldduegivinasgiuves
A & v : ' av & 1
Hi-Fi ifinenngnssiianuagnosnuuy i ldtudesniuiisynin 300~3400 830 denaud

y P
R igunmanIn Uzt quee FX 224 uaaeaagiin 2.15

Voo
XTAL/CLOCK 3 S ”
—_————
XTAL Ce
O L 23 —»—"—— C.
A, —ml3 2| {7«
A, — g 21 <
PROGRAMMING L]
INPUTS Ay —5 \ 20 [=—]
Com= A, —16 FX224J 19 &,
——
_ \a,—7  FX28LG 4 e——————|}——~AxIn
Rx/Tx 8 17 Vaias
CLEAR/SCRAMBLE |, 16 pTx0uT .
ENABLE/MUTE Ax OUT
A = w0 15 -
LOAD/LATCH 3 e L2
AROUND/THROUGH |, 3
J rdl

o i '
w215 NeazBeavesniilddendnsaineuen

2.3.5 510azBuAvaENY q ved'lo & FX 244J

PROGRAMMING INPUT (41 384 1 7)

A0~A4 1511 input 11 Parallel Mode Y84 Coding Switches 138 Computer Input Jera1ug
High 150 Low a11n@ Input W4 5 fin azfmun Split Point Frequency 4a%81\ High, Low

2
494 Carrier Frequency lage 131501880 1@ 32 1lUU910 Binary Codes 00000-11111 &4 Frequency

Parameter LEAIAIAIT NN 1



Rom Address Split Point Low Band High Band
A0- A4 Hz Carrier Hz,fcl Carrier Hz, fc2
00000 2800 3105 6172
00001 2625 2923 6024
00010 2470 271717 5813
00011 2333 2631 5861
00100 2210 2512 5555
00101 2100 2403 5494
00110 2000 2304 5376
00111 1909 2212 ' 5263
01000 1826 2127 5208
01001 1750 2049 5102
01010 1680 1984 5050
01011 1555 1858 4950
01100 1448 1748 4807
01101 1354 1655 4716
01110 1272 1572 4929
01111 1200 1501 4587
10000 1135 1436 4504
10001 1050 1351 4424
10010 976 1278 4347
10011 913 1213 4310
10100 857 1157 4273
10101 792 1094 4166
10110 736 1037 4132
10111 688 988 4065
11000 636 936 4032
11001 591 891 3968
11010 552 853 3937
11011 512 813 3906
11100 417 772 3846
11101 428 728 3816
11110 388 688 3787
11111 350 650 3731

#1597 1 AR Rom Address Programming Table

18
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Taomslda 8 Wududen Mode msvinamuiiu RX n5e TX Tagldenw High use

oW 2 . . 1Y e
Low Aud 9y #9921y Banwidth Y09 Upper uag Lower Band Filter lnooaluld uazey

fmun CTCSS Hight Pass Filterrs @unndgygnuiignass awmi1sei 2 uazgdf 2.16 uag

2.17 Tastianudun 1 wng Tovy aeludlu Pull up Resister [RX]

Effect of Chosen Function Chosen Function
on Inputs and Outputs Rx=1 Tx=0 Mute =0 Around(powersave)=1
Rx Input Path Enabled Disconnected | Disconnected High Impedancd
Level Bias Bias Bias
Rx Output Path Enabled Disconnected | Disconnected High Impedancd
Level Bias Bias Bias
Tx Input Path Disconnected | Enabled Enabled High Impedancd
Level Bias Bias Bias
Tx Output Path Disconnected | Enabled Disconnected High Impedancd
Level Bias Bias Bias

A15749 2 Function influencing signal paths

CLEAR - SCRMBLE (1 9)

dlevrflegluanne High 9voglu Mode “Clear” vziiluntsdsdoyauuuhifing
Scrambling 14 Mode Clear ‘frﬂ’nilﬁ' Carrier 92 Turn Off 1L Balance Modulation 92 9f) Bypass
melu2995 uagdyanFoei (Low Band) fiog lshimnsaufy Output Signal Saadmimy
1 wnz Teviy dontelu [clear] uazsﬁamfraéiuﬂm'az Low 120§l Mode “Scramble” Salu
Mode f‘:ﬁwaa Carrier Frequncy ﬂsﬁuagjﬁ'ﬂ Address ¥4 Split Point 1ag ¥ A, GR A, 8
a3 1
ENABLE - MUTE (11 10)

&1ilou Logic Low Tl szsinlifans Disable AUy IR TX wag RX Tuane
#i Rolling Code 9zensndeluvnE3NYIANT1IZ Internal Bias 1314 Mode 1{ﬁ’tymwm%'maa
Audio Output 92gnAneen uazlf Speech Signal RvuAs dau Logic High szinmIdnIu

ra o

4992995 19 Active 5ennei Lilidayem Sync Aua13 199 2

038431
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LOAD - LATCH ( 11 11)

ﬁm%’umﬁy‘[ﬁmuqums Loading 484 Input 8 Function fi® Enable , Clear , RX - TX
oY Ao-Ad ﬁwwﬁag’lwﬁw Logic High Input Wa 8 wuldou wazdoyaInifezidnnlavase
Srdoaman/aoumlasd s ifimed lnesa ludaudfividesdlon Logic Low luwaiedt
Function nign TnaadwudafinGeunduanidu High awdas Low Level (0-1-0) §11id0s
ﬂmﬂ?ﬁ'tjuuﬂawm%gamﬁyﬁznﬁumtﬂu High ﬁqgﬂ"?i 2.18

y
ey} N3 Loading Function ﬁuagﬁu%ummqﬂnm‘f

AROUND [POWER - SAVE//THROUGH ( % 12)

dmiun 12 wweenliiinngaydonssumiosfiqadidaauedlu Bypass Mode
Fuf Mode Clear 30 Scramble Haddgyaaufiigeeglu Clear nie Scramble Mode 1 Fos
#douihi Logic Low e Logic 1 Qﬂﬂ'auiﬁ'ﬁnmiﬁa‘lﬁaﬁluﬁn‘nxﬂszwﬁﬂwﬁmunnﬁu
2495 Oscillator 1 IAZIBTN 92 Shut down d3uNsTaygaud1eente Open nuauoz liidins

ludale q vanslumsni 2
VSS: NAGATIVE SUPPLY [GND] (¥ 13)

N/C (¥1 14)

792995070114 ¥ 150 Open Circuit

RECEIVE - OUTPUT (1 15)

dygrun 1dTunazgnasasiaudrfumenn 15 waznwdoufiesdloulinesueny
=t ] [} Y - ] a [ o/ o <t o P
@oe TasAormduduilsey dumefudygia wassea ludanvasBoademsed 1 uae

710 2.17

TRANSMIT - OUTPUT (%1 16)
oy o9 aekIU995 CTCSS High Pass Filter 990 output #1 91 16 T TX Mode
(4 []

Tasviezgnsnuaniziszau A & lude ondugas Power Save idunidudagnaiuag

seau ludd swazdoaneased 1 uazgili 2.16
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Ciy
Ck, .
| °=
%
/'\/ ,
FILTER 4 FILTER 3 l
3400Hz
Ay S TX OUT
' 2700Hz —————— SCRAMBLE 3400Hz ==
Voice Signal Input S —~
300 Hz
CLEAR
SCRAMBLE 2600Hz
2900Hz CLEAR 2600Hz
- 2900Hz 2600me S
Lo S —
Y n Y % ILTER 2
BIAS FILTER 1 F BIAS
T G F T BIAS
ct
Ck, Ck, SCRAMBLE
A

gﬂﬁ 2.16 Basic Tx Path

VOLTAGE - BIAS ( %1 17)
fafien 17 AssmsdfemsAenudufiudszymeuen wefiesdneszauusadu Tusa
199 Half Power Line Level (VDD/2)

RECEIVE - INPUT (%1 18)

171 18 Soyayios Input 92AIMINAS CTCSS c?ﬁuﬁ'tymnmﬁqﬂ Scrambled 19 131aL
floude luitertins Decode Heazdoermi CTCSS HPF Tu RX Mode §u tofisrfnnmud
#oqfi ligean1s00n110 Voice Band 2wsmolussimaGoudagafign overse v
AudandunsuiRy ﬂfhi‘fuagjﬁn Code fitdonen AA,

éqﬁﬁﬁnﬁﬂﬂthwﬁaﬁmsé’n“15'?1'0msnamﬁmzqné’aaﬁdmﬁam?mﬁumzmém
FUY Code Awafiu ﬁ'mam?;fummsn’fﬁﬁ’mmzmsnemﬁﬁ"lﬁgmé’m doyoudeani
Output f9zdauen Scramble liisonualumal§ia svenwuidudhnnud Wiassfuiidan
nishdalndifesiuuds Fyara Ouput or1sdudmaldluuaeu dwivu 4 & luda
gninuszdn P lasaudumu 300 Alaleviu feamwii 1 uas U7 2.17
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c
ky Fa
! ;
%
== & i~
FILTER 3 FILTER 4
3400z CLEAR 3400Hz
3400Hz SCRAMBLE 2700Hz
(\/
—A__
CTCSS
2600Hz SCRAMBLE
MUTE 2600Hz CLEAR
RX:MUTE =

1AS TN
BIAS B FILTER 2 L|

Ck,

gﬂﬁ 2.17 Basic Rx Path

HIGH BAND, LOW BAND FILTER - OUTPUT ( %1 19, 23)

Output Y84 High 102 Low Band Filter 11910 41 19 Uag 23 Mingilfl 2.16 waz 2.17 1
ziftudfiaeaes Hamefemduiuiiy Low pass Function wagasesfimunzanszgn
aon Tagaaue N Input Logic ¥93 RX -TX ‘-AIN Logic 'f;‘ﬂa‘: Set High Filter ﬁmwﬁ'
3.4 ATaEin v¥e 27 AlaiEim AW WY LAY Filter Output Tarosdoelulrofy Modulator

Input ey Tnerudafuilse g

HIGH BAND, LOW BAND BALANCED MODULATOR - INPUT ( 91 20-21)

i 20 uaz 21 szdlou U7 High uag Low Band Filter Modulator #1819 wazdes
WA iU sz e 114 Filter Outputs

TRANSMIT - INPUT ( %1 22)
d’ \d o ar é L4 L3 Q7
11 22 fun Input defudgyanaudoma Faazgninmaniizssfuusdu DC e
v
auimmuniely 300 Alalevunazuniieefesdoli/ds Upper uae Lower Band Filter

1 4 ] v
dmiumanuvesdyanauas ludaiies 113 ugln 2.16 uag w5199 2

POWER SUPPLY ( "1 24)
14 [
Fuiidoansusa W +5 Voits asfi gaydonszuauszanm 8 ma lumsléamnlnd ag

¥y
1.2 mA Tunsdl Power Save $11391 91 14 aasezdldesiia ¥ ludefuesls
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AMPLITUDE
AMPLITUDE - IS Fx214 ™ RX FX214 DE-EMPHASIS  “Coareor
CONTROL  PREEMPHAS )
’ FLAT AMPLITUDE 3
b—» ) ® CHANNEL »> > -
300 - 340Hz
. |-

» >

(OPTIONAL) FREQUENCY FREQUENCY (OPTIONAL)

INVERTER INVERTER

3Uf 2.18 Recomended Basic Communications Audio System Layout

2.3.6 AUDIO QUALITY _
311 2.18 uaAY Block Diagram 1{iBsAUYDIIYUY audio Scrambler 10832995 Pre
. A b 4 dg 3 ué’ 1o/
g De-emphasis o1 IdnanmiBesdiu Tu TX Mode 2993 Pre-Emphasis 2 li¥ungiy
A &' 1 Q A g
Output Y89 Scrambler L1 11 Rx Mode 2493 De - Emphasis 9% YUDYNUAYY 1M Scramble
uadluszuugnldfumiosdeinglioees Pre-Emphasis ofuds sxilunisddroziiy
2495 De-Emphasis 14 Scrambler ﬁ’ﬁgﬂﬁ 2.19

PRE- PRE- > RX DE-EMPHASIS  AMPLITUDE
EMPHASIS FX214  DEEMPHASIS o EREC FX214 CONTROL
; g FLAT ~N
b > Y ; ) AMPLITUDE . o
- D CHANNEL > >
300 - 340Hz
- > = (OPTIONAL)
FREQUENCY, FREQUENCY  FITTED
(pormioNAL) - FREQUENCY(appmionay) - FiTTeD ey

gﬂ'ﬁ 2.19 Recommended Basic Radio Communications Audio System Layout

Qar

3
adnseiuvesdygaezdunmstuasmmneaudmivaes sw ewduauninld

~

Ifnglaslidouiuduiseses I ldiedeams Idiinstanguid nfesvesdy g

[ b 4
Argems 1Fauaeesgii 220 wiudlumsiaouluudas e idad
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teex 9 1_ 100K 141
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100K 198N
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237 nsuaiindu (TRANSMISSION)

Foyaneuiiozdtanzgmind1ufiaess ICla uazezqn PreEmphasis 411 Upper
Frequency 4azaniwedoiiau1eLlsensves Upper Frequency lasnisiawmeinalulasnds
Scramble uatAad1 hiduilufda c, fly

VR 22iilud15y Input Gain 910 1~100 1 dwmSunatw 9 deyannt Level uazezifiu
msAdiimsvenedyauneuauyfiszana 750 mv I1C1d exiiuOutput Butfer $18 q Heez
Qn De-Emphasis Taomsvhomwes 19 uadwiuithisufufer 1 9fafuyszeiasaiald

=) A v A a9
wiodsumnmusaununaoIng

238 33W¥u (RECEPTION)

Fyanudnsuezannn IC1b Tnulisasvey Faus 1-10 i1 ﬁ'mtym%’uffqa Buffer
Tae 1C1c wazoaflouliny Audio Amp 555U e Scrambler Chip A92HdA Blackground
Noise $11uniieemnammseudyen Clock nely uazgn Wawes Taw C6 g C7
Chip FX 224) Faaeariintznan Blackground Noisd 1/52314 10 mV_aneafidaygaiduwe

Vv
Wz AUl tagruns Aawes 1as ICIc

2.3.9 seadaianes (OSCILLATOR)

Odcillator A1 1 wng Tovy gnanugulae Crystal R15, R16, C13 uag Cl4 uag

L4 £ 4 [ ]
1I9NSNAABININ TX Uy RX Units ateasanunnisaennud lidududoaiissnsain
o T 1 o 1 A 1 = Y e
uazmsdiuursaanis ldfimsesnuuuFmanse nufifadis1snninguauiiaues Slope
I'4 & (::‘ 3/ 1 =S P=3 s [] a

yosramesneludwauvaveslames tazidusinuinud Band fogdraifeaduse luuendu

1 =1 dy a a o
Taudiaa e lsfaumsusniittse@niamne s 1Bendsveld 32 uuu

2.3.10 MY (OPERATION)

msﬁﬁwffnﬂ%’uuiﬁ’ﬁmmwgﬂﬁ 2.18 wnudlszneuday Amplitude Controlds
Sudrnuguenavesdygrafioslenld Chip FX 2247 usez@oerna993 Pre Emphasis
Lﬁﬂﬂﬂsﬁﬁuﬁ’mmm%mmméqaﬁu wisnniufesteudh iy uuaendn Fx 2241 uda
deoonlufalmeniadiesd FX 2241 Sndamileimihfiduduasdyarai dsundyly
Hudyanauiudeuds udadeon’lyie993 De - Emphasis Faaooen 11§t Amplitude control

A o o [-] + [-%4 ¢ (-]
wetimsvnodyaauasloudidr Tnsdo lilon Block diagram denaasninnadadiu



26

293893107 2.20 Faufuneessumomaiiannsadinesfuiazaesdeldlaaden Function
ﬁQﬂv’fauwsw%wﬁ'sfrﬁmsﬁmutmu Half duplex R913811dauusnueeaees elfy
Function RX - TX WAt Tx unziflen Address A0 - A4 udafleudognauddl TX- in
ﬁ'q;npmfr%zqn Pre - Emphasis u&afleudiees  Amplitud Control Taedl 1C1a inthit Tne
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2.4.4 angeATHY
c; = ot b ) 9/ LY - o
A0 DTMF HignnsesSeusenudl serimudhisesosasiaanutesndudimy
Taoldmatianmsiunuufsaea uazglimsassaouanud i wriudiunnutinasg
' é Qs 14 A L 1 G’I’ Qr d'
DTMF w38l teflostuanuddudumey weAsNTIUNATNINUGNADY Fyanuiian
Est ( Early Steering ) #3041 16_fisguonfivl dmiusiasasialdvinanume 9 uoaeld
Aa15190 3

2.4.5 21AATIVTRUTYRIM
1 = = Qo o A o A Ul A !
neusziinsoeasiannudesnlufioniyn wiimsasasaeusiennuiidui
<t :::o A ] Q/ U LY I'e Yt =
wmzawnmmnwmnuﬂma"hﬂﬂﬂmmﬁmﬂswswnmmsﬂﬂﬂu’[mﬁw Iifiaudeen
wiflugnameauais mmmmsmumw"lmvTﬂanmmtymmuuhnﬂﬂm dnga
nmwhlarnseseldlasld Re Aentouendgeuiivn Est ezdiu « High umlna
& 4 o
Resfuszgznafiienwd DIMF W ve QL dududsey Ve gty dafty
o [ 3 g ¥ L34 Q
Uszy VC azmeazg shlfusedu ve guiu sudsimselsasensoensiaie nonsia
L 4 ]
Wudrnvue 4 nsgdlaidhedmiumdalnhtumneds samunawesnEdn
4 + 4 " W =3 (R ] -
mmaiwﬂmummwnuwsamﬂﬂmmmam"lﬁ' 155 a9z 18sunmseuiuhdya una
nuunﬂmm viona ldnani 1dm 3las Re #fonialmivhues Hdyanannuaith

R ﬁummﬂx"luumsﬂaﬂsnﬁ Huduavenn'ly

2.4.6 MAVEITYRNANINUANAI

NTEUBUNNYDY MT 8870 Wumaveneesetuent faunsodiusaslasdensos
muuam‘wmm"lﬂm;ﬂ cmmmsﬂmmmamwmuﬂﬂmmﬂmwmau‘wmm auwuﬂm‘f"lﬂ
[-v] d
fatl

DATIVYY (Avdiff) = RI/R2

Sunndukiuaus (ZindifHh = 2 RI1+(1/WC)



32

Flow | Fhigh NO TOE Q4 Q3 @ | o
697 1200 .| 1 H 0 0 0 ]
697 1336 2 H 0 0 1 0
697 1477 3 H 0 0 1 1
770 1209 4 H 0 1 0 0
770 1336 | . 5 H 0 1 0 1
770 1477 6 H 0 1 1 0
852 1200 7 H 0o 1 1 1
852 1336 8 H 1 0 0 0
852 1447 9 H 1 0 0 1
941 1336 0 H 1 0 1 0
941 1209 * H 1 0 1 1
941 1477 # H 1 1 0 0
697 1633 A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 C H 1 1 1 1
941 1633 D H 0 0 0 0
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2.6 lsusSa (Hybrid)
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2.6.1 msgaydafasnulylauia
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2.6.2 Qméﬂﬁﬁﬂm 4 Wire Terminating Set
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3) MIQAITNTN 4 Wire Receive Ung 4 wire Transmit: ¥10A1731 40 dB
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Tone detection
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@ums19¥eyana1ud Carrier fioglu Rom 484 IC FX2247 1 Rolling Code 4d3 1
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Scrambler

Tatld 1c FX 2247 lawerffondnms Balance modulation sriwdaqutuialed

fo é 9 Y A . . .
wuuafmiaaudnive lilddeesnlidvio SSSC (Single sideband-suppress carrier)
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START:

STARTL:

KLOOP:

KLOOP

CPU
HOF
;P20

;P25

;7FH
;7EH
ORG

;ADDR
;JADDR
ORG
MOV
MOV
MOV
DEC
DEC
MoV

ANL
ORL
MOV
OUTL
ORL

IN

ORL
ANL

-1

“8048.TBL” : CPU TABLE
“BINg” : HEX FOMAT

FO, P21=F1, P22 = F2, P23 = F3, P24 =F4
RUN, P26 =-RUN

DISPLAY BUF
PATTERN NUMBER BUF

0000H

0009H :BEGIN PROGRAM
0003H = INTERRUPT VECTOR

0007H = TIMER VECTOR

0009H

RO, #07FH

R1, #OFH

@RO, #00H ;:CLAER BUF

R1

RO

AR1

START1

P2, #00H

P2, #040H ;OUT FO-F4,RUN = 0,-RUN = 1
A#3FH o

BUS,A ;DISPLAY ‘0’

P1, #0FFH ;READ TON KEY

P1, #01FH

AP1

A, #010H ;CHECK KRY PRESSED
KLOOP ;CHECK AGAIN

P1; #OFFH ;RAED TON KEY

P1, #01FH

AP1



MOV

MOV
MOV
XRL

MOV

IMP
NEXT: MOV

XRL

MOV -

NEXT3: MOV
XRL

i MOV
MOV

NEXT4: MOV
XRL

MOV

NEXTS: MOV
XRL

- AL e L B L A L S

R4, A
A, #010H
RLOOP
R4,A
AR4
A#O01H
NEXT2
R3, #06H
CODEP
AR4
A#02H
NEXT3
R3,##0SBH
CODEP
A,R4
A#03H
NEXT4
R3#04FH
NEXT4
R3,#04FH
CODEP
AR4
A;#04H
NEZTS
R3,#0GGH
CODEP
AR4
A#0S5H
CODES
KLOOP

v

;NO TONE READ AGAIN

‘KBY ‘1’ PRESSED

:KRY ‘2’ PRESSED

:KEY '3’ PRESSED

‘KBY ‘4 PRESSED

:KBY ‘S’ PRESSED
-‘KEY ACCEPTED KEY



CODES:
CODEP:

CODERL:

DLOOPL:
DLOOP2:
DLOOP3:
DLOOP4:

MOV
MOV
MOV
MoV

MOV

OUTL
ORL

MOV
MOV
MOV’
MOV
ORL

XRL

DEC
MOV

DEC
MOV

DEC

MOV

R3,#06DH
AR4
@RO,A
RO #7FH
@ROA
BUS,A
P1,#0FFH
P1,#01FH
AP1
A#010H
CODERL

R3,#00H
R7#01H
R6,#012H
RS, #0FFH
P1,#0FFH
P1,#01FH
AP1
A#01BH
RUN1

RS

a,rs
DLOOP4
R6

ARE
DLOOP3
R7

AR7
DLOOP2

;SAVE PATTER NUMBER

;SAVE TONE DISPLAY
DISPLAY TON KEY

;NOT RELEASE KEY
;KEY RELEASE

;BLINK DISPLAY

;READ KEY TON

:CHECK KEY PRESSED
. ‘#’ PRESSED



DLOOPS:

DLOOQP®6:

RUNT1:

RUN2:

RUN3:

MOV

MOV

MOV

MOV
MOV
MOV
OUTL

MOV
MOV
OUTL
ORL

MOV
MOV
ORL

OUTL

MOV
XRL

MOV

MOV
XRL

AR3
DLOOPS
R3,#0FFH
A,00H
DLOQP6
R3,#00H
RO#07FH
A,@RO
BUS,A
DLOOP1
RO#07FH
A,@RO
BUS,A

P1, #OFFH
P1,#01FH
APl
A#010H
RUN2
RO#07FH
A,@RO

A #080H

BUSA

AR4
A#01H
RUN3
R1,#00H
RUNG6
AR4
A#02H

n-4

;LODE DISPLAY

;DISPLAY PATTER NUMBER

;DISPLAY WIYLH DP. THAT SHOWRUNING

;START TO RUN PATTERN

;RUN PATTERN1



RUN4:

RUNS:

RUNCS:

RUNG:

RUN7

RUNS:

RUNO9:

MoV
IMP
MOV
XRL

MOV

MOV
XRL

MOV

MOV
MOV
OUTL
MOV
MOV
MOV
MOV
MOVP3

ORL

OUTL

CALL

ORL

INC

RUN4
R1,#030H
RUNG6
AR4
A#03H
RUNS
R1,#060H
RUNG
AR4

A #04H
RUNCS
R1,#09CH
RUNG6
AR4

A #020H
P2,A
R4,#020H

AR1

ROA
ARO
A@A
A#01FH
A#020H
P2,A
RUNX1
RUNS
P2,#00H
PP2,#040H
START

RO

-5

;RUN PATTERN2

;RUN PATTERNS3

;RUN PATTERN4

;START RUN PATTER

;20H=32 PATTERN



RUNX1:
RUNX2:
RUNXS:

RUNX3

RUNX4

s -

DEC
MOV

ORG
MOV
MOV
MOV
ORL

XRL

DEC

MOV

DEC
MOV

DEC
MOV

MOV
RET

MOV -

RET
ORG
DFB
DFB
DFB

R4

AR4
RUN7
RUNS
0100H
R7#06H ;RUN PATTERN DELAY YIME (8=18SEC)
R6,#0FFH
RS, #OFFH
P1,#0FFH
P1,#01FH
APl
A#01BH
RUNX4
RS

ARS
RUNX3
R6

ARG
RUNX3
R7

AR7
RUNX2
A #O00H :NO ‘# PRESSED

A #0FFH . ‘¢’ HAS PRESSED

0300H ;PATTERN TABLE 1
QOH, O1H, O02H, O03H, O04H
05H, O06H, 07H, O08H, O9H

0AH, OBH, OCH, ODH, O0EH



DFB
DFB
DFB
DFB
ORG
DFB
DFB
DFB
DFB
DFB
DFB
‘DFB
ORG
DFB
DFB
DFB
DFB
DFB
DFB
DFB
ORG
DFB
DFB
DFB
DFB
DFB
DFB
DFB
ORG
DFB

OFH,
14H,
19H,
1EH,
330H
1FH,
1AH,
15H,
10H,
OBH,
06H,
01H,
360H
00H,
0AH,
14H,
1EH,
09H,
13H,
1DH,
390H
1EH,
14H,
0AH,
00H,
17H,
ODH,
03H,

3COH

01H,

10H,
15H,
1AH,
1FH

1BH,
19H,
14H,
OFH,
0AH,
0SH,
00H

02H,
OCH,
16H,
01H,
OBH,
15H,
1FH

1CH,
12H,
08H,
1FH,
15H,
0BH,
01H

03H,

11H, 12H, 13H
16H, 17H, 18H
1BH, 1CH, 1DH

;PATTERN ‘2’
1DH, 1CH, 1BH
18H, 17H, 16H
13H, 12H, 11H
OBH, ODH, 0CH
09H, O08H, 07H
04H, 03H, 02H

;PATERN ‘3’
04H, OGH, O08H
OBH, 10H, 12H
18H, 1AH, ICH
03H, O05H, O07H
ODH, OFH, 11H
17H, 19H, 1BH

:PATTERN '4’
1AH, 18H, 16H
10H, OEH, OCH
06H, O4H, 02H
1DH, 1BH, 19H
13H, 11H, OFH
09H, 07H, O0SH

:PATTERN 'S’

OSH, O07H, O09H



DFB
DFB
DFB
DFB
DFB
DFB

0BH,
15H,
1FH,
16H,
OCH,

02H,

ODH, OFH, 11H, 13H
17H, 19H, 1BH, IDH
1BH, 1CH, 1AH, 18H
14H, 12H, 10H, OBH
0AH, 08H, O6H, 04H
00H,

-8
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CHAPTER 1
THE SINGLE COMPONENT MCS®-48 SYSTEM

1.0 INTRODUCTION

Sections 1.1 through 1.4 describe in detail the func-
tional characteristics of the 8748H and 8749H EPROM.,
8048AH/8049AH/8050AH ROM, and 8035AHL/
8039AHL/8040-AHL CPU only single component micro-
computers. Unless otherwise noted, details within these
sections apply to all versions. This chapter is limited to
those functions useful in single-chip implementations of
the MCS®-48. Chapter 14 discusses functions which allow
expansion of program memory, data memory. and input
output capability.

1.1 ARCHITECTURE )

The following sections break the MCS-48 Family into
functional blocks and describe each in detail. The follow-
ing description will use the 8048AH as the representative
product for the family. See Figure 14.1,

1.1.1 Arithmetic Section

The arithmetic section of the processor contains the basic
data manipulation functions of the 8048AH and can be
divided -into the following blocks:

® Arithmetic Logic Unit (ALU)
® Accumulator

® Carry Flag
® Instruction Decoder

Ina typici}l operation data stored in the accumulator is
combined m the ALU with data from another source on
the internal bus (such as a register or l/o port) and the
result is stored in the accumulator or another register.

The following is more detailed description of the function
of each block.

INSTRUCTION DECODER

The operation code {op code) portion of each program
instruction is stored in the Instruction Decoder and con-
verted to outputs which control the function of each of
the blocks of the Arithmetic Section. These lines control
the source of data and the destination register as well as
the function performed in the ALU.

ARITHMETIC LOGIC UNIT

The ALU accepts 8-bit data words from one or two sources
and generates an 8-bi: result under control of the Instruc-
tion Decoder. The ALU can perform the following
functions:

® Add With or Without Carry
® AND, OR. Exclusive OR
® IncremenvDecrement

@ Bit Complement

® Rotate Left. Right

® Swap Nibbles

® BCD Decimal Adjust

l'f"the operation performed by the ALU results in a value
represented by more than 8 bits (overflow of most sig-
nificant bit), a Carry Flag is set in the Program Status
Word.

ACCUMULATOR

The accumulator is the single most important data register
in the processor, being one of the sources of input to the
ALU and often the destination of the result of operations
performed in the ALU. Data to and from /O ports and
memory also normally passes through the accumulator.

1.1.2 Program Memory

Resident program memory consists of 1024, 2048. or 4096
words eight bits wide which are addressed by the program
counter. In the 8748H and the 8749H this memoryis user
programmable and erasable EPROM: in the 8048AH/
8049AH/B050AH the memory is ROM which is mask
programmable at the factory. The 8035AHL/8039AHL/
8040AHL has no intemal program memory and is used
with external memory devices. Program ¢ode is com-
pletely interchangeable among the various versions. To
access the upper 2K of program memory in the 8050AH,
and other MCS-48 devices. a select memory bank and a
JUMP or CALL instruction must be executed to cross the
2K boundary.

There are three locations in Program Memory of special
importance as shown in Figure 12 2.

LOCATION 0 .
Activating the Reset line of the processor causes the first
instruction to be fetched from location 0.

LOCATION 3

Activating the Interrupt input line of the processor (if
interrupt is_enabled) causes a jump to subroutine at lo-
cation 3. :

LOCATION 7

A timer/counter interrupt resulting from timer counter
overflow (if enabled) causes a jump to subroutine at loca-
tion 7.

Therefore, the first instruction to be executed after ini-
tialization is stored in location 0. the first word of an
external interrupt service subroutine is stored in location
3, and the first word of a timer/counter service routines
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Figure 12-1. 8748H/8048AH/8749H/8049AH/8050AH Block Diagram



SINGLE COMPONENT MCS®-48 SYSTEM

is stored in location 7. Program memory can be used to registers in place of locations 0-7 and are then directly
store constants as well as program instructions. Instruc- addressable. This second bank of working registers may
tions such as MOVP and MOVP3 allow easy access (o be used as an extension of the first bank or reserved for
data ‘‘lookup’” tables. ’ use during interrupt service subroutines allowing the reg-

isters of Bank O used in the main program to be instantly
“*saved’’ by a Bank Switch. Note that if this second bank
is not used, locations 24-31 are still addressable as general
r 4095 purpose RAM. Since the two RAM pointer Registers RO
and R1 are a part of the working register array, bank
switching effectively creates two more pointer registers
(R0/and R1/) which can be used with RO and R1 to easily
access up to four separate working areas in.RAM at one

time. RAM locations (8~23) also serve a dual role in that
.. 2088 _} sELmB1 they contain the program counter stack as-explained in

2047 . .
} SECMED Section 12.1.6. These locations are addressed by the Stack
w7 oy Pointer during subroutine calls as well as by RAM Pointer
z . — g Registers RO and R1. If the level of subroutine nesting is
gi-| Jou less than 8, all stack registers are not required and can be
g 1023 .
o used as general purpose RAM locations. Each level of
T subroutine nesting not used provides the user with two
S \ . Y
‘Z|T additional RAM locations.
c
213
o %
S
gla LOCATION 7 —
5lg ¢ —1_TIMER INTERRUPT
zlo) 7 VECTORS 63
ojz| 6 PROGRAM HERE (127)
ol s ((255))
i LOCATION 3 — USER RAM
3 EXTERNAL 32+8
=4~ INTERRUPT (96 = 8) ]
2 VECTORS . Al
1 PROGRAM HERE I, « N
of7[els[al3{2]1{0}-nreser vecToRs 3 P T
ADDRESS BROGRAM HERE . WORKING - DIRECTLY
i ; REGISTERS ADDRESSABLE
' 8x8 WHEN BANK 1
T A T -j IS SELECTED
= o e e o e ————
RO’
q
Figure 12-2. Program Memory Map §,
1.1.3 Data Memory 8 LEVEL STACK ADDRESSED
ussg;:um INDIRECTLY
. . . THROUGH
Resident data memory is organized as 64, 128, or 256 by - 168 R10R RO
8-bits wide in the 8048AH, 8049AH and 8050AH. All (RO OR A1)
locations are indirectly addressable through either of two 8
RAM Pointer Registers which reside at address 0 and | 7 BANK 0
of the register array. In addition, as shown in Figure 12-3, nvé?;f's'??fs DIRECTLY
the first 8 locations (0-7) of the array are designated as ) e
working registers and are directly addressable by several | = f————= H7 ~ — "1 15 SELECTED
instructions. Since these registers are more easily ad- N I RO
dressed, they are usually used to store frequently accessed
intermediate - results. The DINZ instruction makes very
efficient use of the working registers as program loo IN ADDITION RO OR R1 (RO° OR R1)
ters by allowing the g reg . dp g g MAY BE USED TO ADDRESS 256 ( ) 8049AH, 8749H,
counters by allowing (he programmer to decrement an WORDS OF EXTERNAL RAM. (( ) 8050AH
test the register in a single instruction.

By executing a Register Bank Switch instruction (SEL
RB) RAM locations 24-31 are designated as the working Figure 12-3. Data Memory Map
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-

1.1.4 Input/Output

The 8048AH has 27 lines which can be used for input or

output functions. These lines are grouped as 3 ports of 8 .

lines each which serve as either inputs, outputs or bidi-
rectional ports and 3 *‘test’” inputs which can alter pro-
gram sequences when tested. by conditional jump
instructions. '

PORTS 1 AND 2

Ports 1 and 2 are each 8 bits wide and have identical
characteristics. Dat i : s i ically
latched and remains unchanged until rewritten. As input
ports these lines are non-latching, i.e., inputs must be
present until read by an input instruction. Inputs are fully
TTL compatible and outputs will drive one standard TTL
load. ¢

The lines of ports 1 and 2 are called quasi-bidirectional
because of a special output circuit structure which allows
each line to serve as an input, and output, or both even
though outputs are statically latched. Figure 12-4 shows
the circuit configuration in detail. Each line is continu-
ously pulled up to V¢ through a resistive device of
relatively high impedance.

This pullup is sufficient to provide the source current for
a TTL high level yet can be pulled low by a standard TTL
gate thus allowing the same pin to be used for both input
and output. To provide fast switching times ina *'0'"-to
*1" transition a relatively low impedance device is
switched if; momentarily (= 1/5ofa machine cycle) when-
ever a **1" is written to the line. When a *‘0”" is written
to the line a low impedance device overcomes the light
pullup and provides TTL current sinking capability. Since
the pulidown transistor is a low impedance device a ‘1"
must first be written to any line which is to be used as an
input. Reset initializes all lines to the high impedance **1"
state.

It is important to note that the ORL and the ANL are read/
write operations. When executed, the uC ‘‘reads’ the
port, modifies the data according to the instruction, then
writes” the data back to the port. The *‘writing’’ (es-
sentially an OUTL instruction) enables the low impedance
pull-up momentarily again even if the data was unchanged
from a **1.”" This specifically applies to configurations

that have inputs and outputs mixed together on the same

port. See also section 13.7.
BUS '

Bus is also an 8-bit port which is a true bidirectional port
with associated input and output strobes. If the bidirec-
tional feature is not needed, Bus can serve as either a

statically latched output port or non-latc;hing input port.
Input and output lines on this port cannot be mixed
however.

g\_s a static port, data is written and latched using the OUTL
instmction and inputted using the INS instruction. The
INS and OUTL instructions gencrate pulses on the cor-
responding RD and WR output strobe lines; however, in
the static port mode they are generally not used. As a
bidirectional port the MOVX instructions are used to read
and write the port. A write to the port generates a pulse
on the WR output line and output data is valid at the

- trailing edge of WR. A read of the port generates a pulse

on the RD output linc and input data must be valid at the
trailing edge of RD. When not being written or read, the
BUS lines are in a high impedance state. See also sections
13.6 and 13.7.

1.1.5 Test and INT Inputs

Threc pins serve as inputs and are testable with the con-
ditional jump instruction. These are TO,.T1, and INT.
These pins aliow inputs to cause program branches without
the necessity to load an input port into the accumulator.
The TO, T1, and INT pins have other possible functions
as well. See the pin description in Section 12.2.

1.1.6 Program Counter and Stack

The Program Counter is an independent counter while the
Program Counter Stack is implemented suing pairs of reg-
isters in the Data Memory Array. Only 10, 11, or 12 bits
of the Program Counter are used to address the 1024,
2048, or 4096 words of on-board program memory of the
8048AH, 8049AH, or 8050AH, while the most significant
bits can be used for external Program Memory fetches.
See Figure 12.5. The Program Counter is initialized to
zero by activating the Reset line. y

[An Am]As‘Aa[M‘Aslkslhlltahzlhlko

T
C lonal Program C
o Counts 000H to 7FFH
o Overflows 7FFH to 000H

Figure 12-5. Program Counter

An interrupt or CALL to a subroutine causes the contents
of the program counter to be stored in one of the 8 register
pairs of the Program Counter Stack as shown in Figure
12-6. The pair to be used is determined by 2 3-bit Stack
Pointer which is part of the Program Status Word (PSW).

-5



SINGLE COMPONENT MCS®-48 SYSTEM

POINTER ' az3
1" o
B 2
+ 21
110 =
v 20
+ 19
101 +
18
t 17
100 &
: 16
5 15
$
on ; )
)
010 4 N
1 12
y "
001
B . 10
w00 PSW .  PCen 9
PCq7 . PCo-3 R8
Ms8 LS8

Figure 12-6. Program Counter Stack

Data RAM locations 8-23 are available as stack registers
and are used to store the Program Counter and 4 bits of
PSW as-shown in Figure 12-6. The Stack Pointer when
initialized (p 000 points to RAM locations 8 and 9. The
first subroutine jump or interrupt results in the program
counter contents being transferred to locations 8 and 9 of
the RAM array. The stack pointer is then incremented by
one to point to locations 10 and 11 in anticipation of
another CALL. Nesting of subroutines wihtin subroutines
can continue up to 8 times without overflowing the'stack.
If overflow does occur the deepest address stored (loca-
tions 8 and 9) will be overwritten and lost since the stack
pointer overflows from 111 to 000. It also underflows from
000 to 111.

The end of a subroutine, which is signalled by a return
instruction (RET or RETR), causes the Stack Pointer to
be decremented and the contents of the resulting register
pair to be transferred to the Program Counter.

1.1.7 Program Status Word
An 8-bit status word which can be loaded to and from the

accumulator exists called the Program Status Word
(PSW). Figure 12-7 shows the information available in

the word. The Program Status Word is actually a collection
of flip-flops throughout the machine which can be read or
written as a whole. The ability to write to PSW allows
for easy restoration of machine status after a power déwn
sequence.

SAVED IIIU STACK STACK POINTER
1

r 1 f !

cr|ac | ro(Bs | 1 | s3] sy]| s

MsB Ls8

- CY CARRY
AC AUXILIARY CARRY
FO FLAGO
BS REGISTER BANK SELECT

Figure 12-7. Program Status Word (PSW)

The upper four bits of PSW are stored in the Program
Counter Stack with every call to subroutine or interrupt
vector and are optionally restored upon return with the
RETR instruction. The RET return instruction does not
update PSW.

The PSW bit definitions are as follows:

Bits 0-2: Stack Pointer bits (S, S, S,)

Bit 3: Not used (**‘1'’ level when read)

Bit 4: Working Register Bank Switch Bit (BS)
0 = Bank 0

= Bank 1

Bit 5: Flag O bit (FO) user controlled flag which can
be complemented or cleared, and tested with
the conditional jump instruction JFQ.

Bit 6: Auxiliary C—;rry (AC) carry bit generated by
an ADD instruction and used by the decnmal
adjust instruction DA A.

Bit 7: Carry (CY) carry flag which indicates that the

previous operation has resulted in ovérflow of
the accumuiator.

1.1.8 Conditonal Branch Logic

The conditional branch logic within the processsor enables
several conditions inteinal and external to the processor
to be tested by the users program. By using the conditional
jump instruction the conditions that are listed in Table
12-1 can effect a change in the sequence of the program
execution.
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Table 12-1 -

Jump Conditions

Device Testable (Jump On)
' not all
Accumulator All zeros zeros
Accumulator Bit N —_—
Carry Flag . 0

User Flags (FO, F1) —_
Timer Overflow Flag _
Test Inputs (TO, T1) 0
Interrupt Input (INT) 0

\

| ==

1.1.8 interrupt

An interrupt sequence is initiated by applying a low ‘0"’
level input to the INT pin. Interrupt is leve! triggered and
active low to allow ‘*WIRE ORing’’ of several interrupt
sources at the input pin. Figure 12-8 shows the interrupt
logic of the 8048AH. The Interrupt line is sampled every
instruction cycle and when detected causes a *‘call to
subroutine'’’ at location 3 in program memory as soon as
all cycles of the current instruction are complete. On 2-
cycle instructions the interrupt line is sampled on the 2nd
cycle only. INT must be held low for at least 3 machine
cycles to ensure proper interrupt operations. As in any
((SZALDto subroutine, the Program Counter and Program
tatas word are saved in the stack. For a description of
this operation see the previous section, Program Counter

and Stack. Program Memory location 3 usually contains

an unconditional jump to an interrupt service subroutine
clsewhere in program memory. The end of an interrupt
service subroutine is signalled by the execution of a Retun
and Restore Status instruction RETR M The i interrupt system
is single level in that once an interrupt is detected all
further interrupt requests are ignored until execution of an
RETR reenables the interrupt input logic. This occurs at
the beginning of the second cycle of the RETR instruction’.
This sequence holds true also for an.internal interrupt
generated by timer overflow. If an internal timer/counter
generated interrupt and an external interrupt are detected
at the same time, the external source will be recognized.
See the following Timer/Counter section for a description
of timer interrupt. If needed, a second external interrupt
can be created by enabling the timer/counter interrupt,
loading FFH in the Counter (ones less than terminal
count), and enabling the event counter mode. A *‘1°’ to
**0" transition on the T1 input will then cause an interrupt
vector to location 7.

INTERRUPT TIMING

The interrupt input may be enabled or disabled under
Program Control using the EN I and DIS I instructions.
Interrupts are disabled by Reset and remain so until en-

abled by the users program. An mxerrugt request must be
removed before the RETR instruction is executed upon

return from the service routine otherwise the processor
will re-enter the service routine immediately. Many pe-
riphéral devices prevent this situation Dy resetting their
interrupt request line whenever the processor -accesses
(Reads or Writes) the peripherals data buffer register. If
the interrupting device does not require access by the
processor, one output line of the 8048AH may be des-
ignated as an *‘interrupt acknowledge’’ which is activated
by the service subroutine to reset the interrupt request.
The INT pin may also be tested using the conditional jump
instruction JNI. This instniction may be used to detect the
presence of a pendmg interrupt before interrupts are en-
abled. If interrupt is left disabled, INT may be used as
another test input like TO and TI.

1.1.10 Time/Counter

The 8048AH contains a counter to aid the user in counting
external events and generating accurate time delays with-
out placing a burden on the processor for these functions.
In both modes the counter operation is the same, the only
difference being the source of the input to the counter.
The timer/event counter is shown in Figure 12-9.

COUNTER

The 8-bit binary counter is presettable and readable with
two MOV instructions which transfer the contents of the
accumulator to the counter and vice versa. The counter
content may be affected by Reset and should be initialized
by software. The counter is stopped by a Reset or STOP
TCNT instruction and remains stopped until started as a
timer by a START T instruction or as an event counter

‘by a START CNT instruction. Once started the counter

will increment to this maximum count (FF) and overflow
to zero continuing its count until stopped by a STOP TCNT
instruction or Reset.

The increment from maximum count to zero (overflow)
results in the setting of an overflow flag flip-flop and in
the generation of an interrupt request. The state of the
overflow flag is testable with the conditional jump instruc-
tion JTF. The flag is reset by executing a JTF or by Reset.
Thie interrupt request is stored in a latch and then ORed
with the external interrupt input INT. The timer interrupt
may be enabled or disabled independently of external in-
terrupt by the EN TCNT1 and DIS TCNT] instructions.
If enabled, the counter overflow will cause a subroutine
call to location 7 where the timer or counter service routine
may be stored.

If timer and external interrupts occur simultaneously, the
external source will be recognized and the Call will be to
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Figure 12-8. Interrupt Logic
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location 3. Since the timer interrupt is latched it will re-
main pending until the external device is serviced and
immediately be recognized upon return from the service
routine. The pending timer interrupt is reset by the Call
to location 7 or may be removed by executing a DIS
TCNT1 instruction.

AS AN EVENT COUNTER

Execution of a START CNT instruction connects the T1
input pin to the counter input and enables the counter.
The:T1 input is sampled at the beginning of state 3 or in
later: MCS-48"devices in state time 4. Subsequent high to
low transitions on T1 will cause the counter to increment.
T1 must be heid low for at least 1 machine.cycle to insure
it won't be missed. The maximum rate at which the
counter may be incremented is once per three instruction
cycles (every 5.7 pusec when using an 8§ MHz crystal) —
there is no minimum frequency. T1 input must remain
high for at least 1/5 machine cycle after each transition.

AS A TIMER

Eexcution of a START T instruction connects an internal
clock to the counter input and enables the counter. The
internal clock is derived bypassing the basic machine cycle
clock through a +32 prescaler. The prescaler is reset
during the START T instruction. The resulting clock in-
crements the counter every 32 machine cycles. Various
delays from 1 to 256 counts can be obtained by presetting
the counter and detecting overflow. Times longer than 256
counts may be achieved by accumulating multiple over-
flows in a register under software control. For time res-

olution less than 1 count an external clock can be applied
to the T! input and the counter operated in the event
counter mode. ALE divided by 3 or more can serve as
this external clock. Very small delays or ‘‘fine tuning’
of larger delays can be easily accomplished by software
delay loops.

Often a serial link is desirable in an MCS-48 family mem-
ber. Table 12-2 lists the timer counts and cycles needed
for a specific baud rate given a crystal frequency.

1.1.11 Clock and Timing Circuits

Timing generation for the 8048AH is completely selfcon-
tained with the exeception of a frequency reference which
can be XTAL, ceramic resonator, or external clock source.
The Clock and Timing circuitry can be divided into the
following functional blocks.

OSCILLATOR

The on-board oscillator is a high gain paralle! resonant
circuit with a frequency range of 1 to 11 MHz. The XI
external pin is the input to the amplifier stage while X2
is the output. A crystal or ceramic resonator connected
between X1 and X2 provides the feedback and phase shift
required for oscillation. If an accurate frequency reference
is not required, ceramic resonator may be used in place
of the crystal.

For accurate clocking, a crystal should be used. An ex-
ternally generated clock may also be applied to X1-X2
as the frequency source. See the data sheet for more
information.
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Table 12-2. Baud Rate Generation

Frequency Tey T0 Prr(1/5 Tey) Timer Prescaler
(MHz) (32 Tey)
4 3.75us 750ns 120us
6 2.50us 500ns 80us
8 1.88us 375ns 60.2us
11- 1.36us 275ns 43.5us
Baud 4 MHz 6 MHz 8 MHz 11 MHz
- Rate Timer Counts + Timer Counts + Timer Counts + Timer Counts + ,
Instr. Cycles Instr. Cycles Instr. Cycles Instr. Cycles
110 75 +-24 Cycles- 113 + 20 Cycles 151 + 3 Cycles 208 + 28 Cycles
.01% Error .01% Error .01% Error .01% Error
300 27 + 24 Cycles 41 + 21 Cycles 55 + 13 Cycles 76 + 18 Cycles
.1% Error .03% Error .01% Error .04% Error
1200 6 + 30 Cycles 10 + 13 Cycles 12 + 27 Cycles 19 + 4 Cycles
1% Error 1% Error .06% Error .12% Error
1800 4 + 20 Cycles 6 + 30 Cycles 9 + 7 Cycles 12 + 24 Cycles
.1% Error .1% Error .17% Error .12% Error
2400 3 + 15 Cycles 5 + 6 Cycles 6.+ 24 Cycles 9 + 18 Cycles
.1% Error 4% Error .29% Error .12% Error
4800 1 + 23 Cycles 2 + 19 Cycles 3 + 14 Cycles 4 + 25 Cycles
1.0% Error 4% Error .74% Error .12% Error
STATE COUNTER "power supply is within tolerance.Only 5 machine cycles

- The output of the oscillator is divided by 3 in the State
Counter to create a clock which defines the state times of
the machine (CLK). CLK can be made available on the
external pin TO by executing an ENTO CLK instruction.
The output of CLK on TO is disabled by Reset of the
processpr.

CYCLE COUNTER

CLK is then divided by 5 in the Cycle Counter to provide
a clock which defines a machine cycle corsisting of 5
machine states as shown in Figure 12-10. Figure 12-11
shows the different internal operations as divided into the

. machine states. This clock is called Address Latch Enable
(ALE) because of its function in MCS-48 systems with
external memory. It is provided continuously on the ALE
output pin.

1.1.12 Reset

The reset input provides a means for initialization for the
processor. This Schmitt-trigger input has an internal pull-
up device which in combination with an external 1 u fd
capacitor provides an internal reset pulse of sufficient
length to guarantee all circuitry is reset, as shown in Figure
12-12. If the reset pulse is generated externally the RESET
pin must be held low for at least 10 milliseconds after the

(6.8 us @ 11 MHz) are required if power is already on.

* and the oscillator has stabilized. ALE and PSEN (if EA

= 1) are active while in Reset.

Reset perfo;ns the following functions:
l)‘ Sets program counter to zero.
2) Sets stack pointer to zero.
3) Selects register bank 0.

4) Selects memory bank 0.

5) Sets BUS to high impedance state (except when
EA = 5V).

6) Sets Ports | and 2 to input mode.
7) Disables interrupts (timer and external).
8) Stops timer.
9) Clears timer ﬂag.
10) Clears FO and F1.

11) Disables clock output from TO.
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. Figure 12-10. MCS®-48 Timing Generation and Cycle Timing
1.1.13 Single-Step half of Port 2. The user can therefore follow the program

through each of the instruction steps.’ A fiming diagram,
This feature, as"pictured in Figure 12-13, provides the  showing the interaction between output ALE and input
‘user with a debug capability in that the processor can be S, is shown. The BUS buffer contents are lost during
stepped through the program one instruction at a time. single step; however, a latch may be added to reestablish
While stopped, the address of the next instruction to be the lost /O capability if needed. Data is valid at the leading. -
fetched is available concurrently on BUS and the lower edge of ALE.
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.. TIMING

The 8048AH operates in a single-step mode as follows:

1) The processor is rcque'sled to stop by applying a low
level on SS.

2) The processor responds by stopping during the address
fetch portion of the next instruction. If a double cycle
instruction is in progress when the single step com-
mand is received, both cycles will be completed before
stopping.

3) The processor acknowledges it has entered the stopped
state by raising ALE high. In this state (which can be
maintained indefinitely) the address of the next instruc-
tion to be fetched is present on BUS and the lower
half of port 2.

4) SS is then raised high to bring the processor out of the
stopped mode allowing it to fetch the next instruction.
The exit from stop is indicated by the processor bring-
ing ALE low.

5) To stop the processor at the next instruction SS must
be brought low again soon after ALE goes low. If 8§
is left high the processor remains in a *‘Run’’ mode.

A diagram for implementing the single-step function of
the 8748H is shown in Figure 12-13. D-type flip-flop with
preset and clear is used to generate SS. In the run mode
SS is held high by keeping the flip-flop preset (preset has
precedence over the clear input). To enter single step,
preset is removed allowing ALE to bring SS low via the

clear input. ALE should be buffercd since the clear input
of an SN7474 is the equivalent of 3 TTL ‘loads. The
processor is now in the stopped state. The next instruction
is initiated by clocking a **1'* into the flip-flop. This *‘1"
will not appear on SS unless ALE is high removing clear
from the flip-flop. In response to SS going high the pro-
cessor begins an instruction fetch which brings ALE low
resetting SS through the clear input and causing the pro-
cessor to again enter the stopped state.

1.1.14 Power Down Mode
(8048AH, 8049AH, 8050AH,
8039AHL, 8035AHL, 8040AHL)

Extra circuitry has been added to the 8048AH/8049AH/
8050AH ROM version to allow power to be removed from
all but the data RAM array for low power standby oper-
ation. In the power down mode the contents of data RAM
can be maintained while drawing typically 10% to 15%
of normal operating power requirements.

Vc serves as the 5V supply pin for the bulk of circuitry
while the Vi, pin supplies only the RAM array. In normal
operation both pins are a 5V while in standby, Vc is at
ground and Vpp is maintained at its standby value. Ap-
plying Reset to the processor through the RESET pin
inhibits any access to the RAM by the processor and
guarantees that RAM cannot be inadvertently altered as
power is removed from Ve, -~

A typical power down sequence (Figure 12-14) occurs as
follows:

1) Imminent power supply failure is detected by user de-
fined circuitry. Signal must be early enough to allow
8048AH to save all necessary data before V. falls
below normat operating limits.

2) Power fail signal is used to interrupt processor and
vector it to a power, fail service routine.

3) Power fail routine saves all important data and machine
" status in the internal data RAM array. Routine may
also initiate transfer of backup supply to the Vg, pin
and indicate to external circuitry that power fail routine

is complete.

4) Reset is applied to guarantee data will not be altered
as the power supply falls out ‘of limits. Reset must be’
held low until -V is at ground level. ’

Recovery from the Power Down mode can occur as any
other power-on sequence with an external capacitor on
the Reset input providing the necessary delay. See the
previous section on Reset.
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1.1.15 External Access Mode

Normally the first 1K (8048AH), 2K (8049AH), or 4K _
(8050AH) words of program memory are automatically
fetched from internal ROM or EPROM. The EA input pin
however allows the user to effectively disable intemnal
program memory by forcing all program memory fetches
to reference external memory. The following chapter ex-
plains how access to external program memory is
accomplished.

The External Access mode is very useful in system test
and debug because it allows the user to disable his internal
‘applicationt program and substitute an external program
of his choice -— a diagnostic routine for instance. In ad-
dition, section 12.4 explains how internal program mem-

can be read externally, independent of the processor.
A *1”" level on EA initiates the external accesss mode.
For proper operation, Reset should be applied while the

EA input is changed.
1.1.16 Sync Mode
The 8048AH, 8049AH, 80S0AH has incorporated a new

SYNC mode. The Sync mode is provided to ease the
design of multiple controller circuits by allowing the de-

signer to force the device into known phase and state time. .

The SYNC mode may also be utilized by automatic test
equipment (ATE) for quick, easy, and efficient synchro-
nizing between the tester and the DUT (device under test).

SYNC mode is enabled when SS’ pin is raised to high
voltage level of + 12 volts. To begin synchronization, TO
is raised to S volts at least four clocks cycles after SS'.
T0 must be high for at least four X1 clock cycles to fully

reset the prescaler and time state generators. TO may then
be brought down with the rising edge of X1. Two clock
cycles later, with the rising edge of X1, the device enters
into Time State 1, Phase 1, SS' is then brought down to
§ volts 4 clocks later after TO. RESET’ is allowed to go
high 5 tCY (75 clocks) later for normal execution of code.
See Figure 12-15.

1.1.17 Idle Mode

Along with the standard power down, the 80C438, 80C49,
80C50 has added an IDLE mode instruction (01H) to give
even further flexibility and power management. In.the

- IDLE mode, the CPU is frozen while the oscillator, RAM,

timer; and the interrupt circuitry remains fully active.

When the IDL instruction (01H) is decoded, the clock to
the CPU is stopped. CPU status is preserved in its entirety:
the Stack Pointer, ‘Program Counter, Program Status
Word, Accumulator, RAM, and all the registers maintain
their data throughout idle.

Externally, the following occurs during idle:

1) The ports remain in the logical state they were in when
idle was executed.

2) The bus remains in the logical state it was in when
jdle was executed if the bus was latched.

If the bus was in a high Z condition or if external
program memory is uséd the bus will remain in the
float state. g

3) ALE remains in the inactive state (low).

4) RD’, WR’, PROG’, and PSEN’ remains in the inactive
state (high).

5) TO outputs clock if enabled.

There.are three ways of exiting idle. Activating any en-
abled interrupt (external or timer) will causc the CPU to
vector to the appropriate interrupt routine. Following a
RETR instruction, program execution will resume at the
instruction following the address that contained the IDL
instruction.

The FO and F1 flags may be used to give an indication if
the interrupt occurred during normal program execution

- or during idle. This is done by setting or clearing the flags

before going into idle. The interrupt service routine can
examine the flags and act accordingly when idle is ter-
minated by an interrupt.

Resctting the dévice can also terminate idle. Since the
oscillator is already running, five machine cycles are all
that is required to insure proper machine operation.
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i 1.2 PIN DESCRIPTION
\ 3 PROGRAM
PROM .

* The MCS-48 processors are packaged in 40 pin Dual In-

Line Packages (DIP's). Table 12-3 is a summary of the

functions of each pin. Figure 12-16 is the logic symbol

L

5V N
]
XTAL {
—

RESET —-0f

SINGLE STEP —»-O)

EXTERNAL
MEM
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INTERRUPT —+O

8048AH
8049AH
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j—a ADDRESS
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Figure 12-16. 8048AH and 8049AH Logic Symbol

for the 8048AH product family. Where it exists, the sec-
ond paragraph describes each pin's function in an ex-
panded MCS-48 system. Unless otherwise specified, each
input is TTL compatible and each output will drive one
standard TTL load.
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Table 12-3. Pin Description

) Pin
Designation | Number* % Function

Vgg 20 Circuit GND potential , .

Vo 26 Programming power supply; 21V during program for the 8748H/8749H; + 5V during
operation for both ROM and EPROM. Low power standby pin in 8048AH and
8049AH/8050AH ROM versions. ’

Vee 40 Main power supply; +5V during operation and during 8748H and 8749H pro-
jgramming.

PROG 25 Program pulse; +18V input pin during 8748H /8749H programming. Qutput strobe
for 8243 1/0 expander.

P10-P17 27-34  |8:bit quasi-bi'dir'e‘:c{ional port. (Internal Pullup = 50K (1)

(Port 1)

P20-P27 21-24  |8-bit quasi-bidirectional port. (Internal Pullup = S0K (1)

(Port 2) 35-38 .

P20-P23 contain the four high order program counter bits during an external pro-
gram memory fetch and serve as a 4-bit 1/0 expander bus for 8243.

DO0-D7 12-19  True bidirectional port which can be written or read synchronously usingtheﬁ)—.

(BUS) WR strobes. The port can also be statically latched.

Contains the 8 low order program counter bits durihg an external program mem-
ory fetch, and receives the addressed instruction under the control of PSEN. Also
contains the address and data during an external RAM data store instruction,
under control of ALE, RD, and WR.

TO ! Input pin testable using the conditional transfer instructions JTO and JNTO. TO
can be designated as a clock output using ENTO CLK instruction. TO is also used

. during programming and sync mode.

I i 39 Input pin testable using the JT1. and JNT! instructions. Can be designated the
event counter input using the STRT CNT instruction. (See Section 2.1.10)

INT 6 Interrupt input. Initiates an interrupt if interrupt is enabled. Interrupt is disabled
after a reset. (Active low)

Interrupt must remain low forat least 3 machine cycles to ensure proper operation.

RD 8 Output strobe activated during a BUS read. Can be used to enable data onto the
BUS {rom an external device. (Active low)

Used as a Read Strobe to External Data Memory.

RESET 4 Input which is used to initialize the processor. Also used during EPROM programming
and verification. (Active low) (Internal pullup = 80K Q)

WR 10 Output strobe during a BUS write. (Active low) Used as write strobe to external
data memory.

ALE 11 Address Latch Enable. This signal occurs once during each cycle and is useful as

a clock output.

The nggativc edge of ALE strobes address into external data and program memory.

v-17
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Table 12-3. Pin Description (Continued)

(funcﬂo'n

Program Store Enable. This output occurs only during a fetch to external program

Single step input can be used in conjunction with ALE to “single step™ the processor
through each instruction. (Active low) (Internal pullup = 300K () +12V for sync

External Access input which forces all program memory fetches to reference ex-
ternal memory, Useful for emulation and debug, and essential for testing and pro-
gram verification. (Active high) +12V for 8048AH/8049AH /8050AH program
verification and +18V for 8748H/8749H program verification (laternal pullup =

10M{2 on 8048AH/8049A M /8035AHL/8039A HL/8050A H/8040AHL)

One side of crystal input for internal oscillator. Also input for external source.

Pin
Designation | Number®
PSEN 9
memory. (Active low)
modes (See 2.1.16)
EA 7
XTALIL 2
XTAL2 3 Other side of crystal/external source input.

*Unless otherwise stated. inputs do not have internal pullup resistors. 8048AH. 8748H, 8049AH. 8050A H. 8040AHL

1.3 PROGRAMMING, VERIFYING AND
ERASING EPROM ]

The internal Program Memory of the 8748H and the
8749H may be erased and reprogrammed by the user as’
explained in the following sections. See also the 8748H
and 8749H data sheets.

1.3.1 i Programming/Verification

In brief, the programming process consists of: activating
the program mode, applying an address, latching the ad-
dress, applying data, and applying a programming pulse.
This programming algorithm applies to both the 8748H
and 8749H. Each word is programmed completely before

-moving on to the next and is followed by a verification

step. The following is a list of the pins used for program-
ming and a descsription of their functions:

Pin Function

XTAL 1 Clock Input (3 to 4 MHz)

Reset Initialization and Address Latching

Test 0 Selection of Program (0V) or Verify
(5V) Mode

EA Activation of Program/Verify Modes

BUS Address and Data Input Data Output
During Verify

P20-1 Address Input for 8748H

"P20-2 Address Input for 8749H

Voo Programming Power Supply

PROG Program Pulse Input

P10-P11  Tied to ground (8749H only)

8748H AND 8749H ERASURE -
CHARACTERISTICS

The erasure characteristics of the 8748H and 8749H are
such that erasure begins to occur when exposed.to light
with wavelengths shorter than approximately 4000 Angs-
troms (A). It should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-4000A range. Data show that constant exposure to
room level fluorescent lighting could erase the typical
8748H and 8749H in approximately 3 years while it would
take approximately 1 week to cause erasure when exposed
to direct sunlight. If the 8748H or 8749H is to be exposed
to these types of lighting conditions for extended periods
of time, opaque labels should be placed over the 8748H
window to prevent unintentional erasure.

When erased, bits of the 8748H and 8749H P_rogram Mem-
ory are in the logic **0’" state. .

The recommended erasure procedure for the 8748H and
8749H is exposure to shortwave ultraviolet light which
has a wavelength of 2537 Angstroms (A). The integrated
dose (i.e., UV intensity X exposure time) for erasure
should be 2 minimum of 15W-sec/cm?. The erasure time
with this dosage is approximately 15 to 20 minutes using
an ultraviolet lamp with a 12000uW/cm? power rating.
The 8748H and 8749H should be placed within one inch
from the lamp tubes during erasure. Somic lamps have a
filter in their tubes and this filter should be removed before
erasure.
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COMBINATION PROGRAM/VERIFY MODE (EPROM's ONLY) -

v )
EA - /
sV
i R 'Tw_.

TO '& . . / y \ |

PROGRAM— VERIFY i PROGRAM—

wwW S

i P
taw .1.—__...—.f_ twa f— ‘DO—-{
_ _ _/ ADDRESS DATA TO BE =} — _ . {NExT ADDA
DBO-DB7 (0-7) VALID APROGRAMMED VALID VALID
LAST NEXT
P20-P22 AT X ADDRESS (8-10) VALID . K s
tyDow— tVDOH
21 7 wr

¥DD ‘ /

ow two
+18
PROG d
+5 i . o — a4 — o —d

T AAN SE e o 11

]

VERIFY MODE (ROM/EPROM)

NN/ Y

RESET w

DBO-DB7 — ADDRESS DATAOUT \ __ _ NEXT NEXTDATA\ _ __
B (0-7) VALID VALID ADDRESS OUT VALID -
P20-P22 1 ADDRESS (8-10) VALID >< NEXT ADDRESS VALID

NOTES:
1. PROG MUST FLOAT IF EA IS LOW (LE., » 18V).

*T0 ON EPROM ONLY,

Figure 12-17. Program/Verlty Sequence for 8749H/8748H
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, CHAPTER 2
EXPANDED MCS®-48 SYSTEM

2.0 INTRODUCTION

If the capabilities resident on the single-chip 8048AH/
8748H/8035AHL/8049AH/8749H/8039AHL are not suf-
ficient for your system requirements, special on-board cir-
cuitry allows the addition’ of a wide variety of external
memory, /O, or special peripherals you may require. The
processors can be directly and simply expanded in the
following areas:

® Program Memory to 4K words

® Data Memory to 320 words (384 words with
8049AH)

® [/O by unlimited amount
® Special Functions using 8080/8085AH peripherals

By using bank switching techniques, maximum capability
is essentially unlimited. Bank switching is discussed later
in the chapter. Expansion is accomplished in two ways:

1) Expander VO — A special IO Expander circuit, the
8243, provides for the addition of four 4-bit Input/
Output ports with the sacrifice of only the lower half
(4-bits) of port 2 for inter-device communication. Mul-
tiple 8243's may be added to this 4-bit bus by gen-
erating the required ‘‘chip select’ lines.

Standard 8085 Bus — One port of the 8048AH/
8049AH is like the 8-bit bidirectional data bus of the
8085 microcomputer system allowing interface to the
numerous standard memories and peripherals of the
MCS®-80/85 microcomputer family.

2

~

MCS-48 systerns can be configured using either or both
of these expansion features to optimize system capabilities
to the application.

Both expander devices and standard memories and pe-
ripherals can be added in virtually any number and com-
bination required.

2.1 EXPANSION OF PROGRAM MEMORY

. Program Memory is expanded beyond the resident 1K or
2K words by using the 8085 BUS feature of the MCS®-
48. All program memory fetches from the addresses less
than 1024 on the 8048AH and less than 2048 on the
8049AH occur internally with no external signals being
generated (except ALE which is always present). At ad-
dress 1024 on the 8048AH, the processor automatically
initiates external program memory fetches.

2.1.1 ‘Instruction Fetch Cycle (External)
As shown in Figure 13-1, for all instruction fetches from

addresses of 1024 (2048) or greater, the following will
occur:

1) The contents of the }2-bit program counter will be
output on BUS and the lower half of port 2.

2) Address Latch Enable (ALE) wxll ?ndncate the time at
which address is valid. The trailing edge of ALE is
used to latch the address externally.

3) Program Store Enable (PSEN) indicates that an exter-
nal instruction fetch is in progress and serves to enable
the éxternal memory device.

4) BUS reverts to input (floating) mode and the processor
accepts its 8-bit contents as an instruction word.

PSEN | I

~

ALE I l T on

I L-

FLOJATING

—*

BUS FLOATING

FLOATING

ADDRESS INSTRUCTION

Figure 13-1. Instruction Fetch from
External Program Memory

All instruction fetches, including internal addresses, can be
forced to be external by activating the EA pin of the 8048AH/
8049AH/8050AH. The 8035AHL/8039AHL/8040AHL pro-
cessors without program memory always operate in the ex-
ternal program memory mode (EA = 5V).

2.1.2 Extended Program Memory
Addressing (Beyond 2K)

For programs of 2K words or less, the 8048AH/8049AH
addresses program memory in the conventional manner.
Addresses beyond 2047 can be reached by executing a
program memory bank switch instruction (SEL MBO, SEL
MB1) followed by a branch instruction (JMP or CALL)
The bank switch feature extends the range of “branch in-
structions beyond their normal 2K range and at the same
time prevents the user from inadvertently crossing the 2K
boundary.

PROGRAM MEMORY BANK SWITCH

The switching of 2K program memory banks is accom-
plished by directly setting or resetting the most significant
bit of the program counter (bit 11); see Figure 13-2. Bit
11 is not altered by normal incrementing of the program
counter but is loaded with the contents of a special flip-
flop each time a JMP or CALL instruction is executed.
This special flip-flop is set by executing an SEL. MBI
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instruction and reset by SEL MBO. Therefore, the SEL
MB instruction may be executed at any time prior to the
actual bank switch which occurs during the next branch
instruction encountered. Since all twelve bits of the pro-
gram counter, including bit 11, are stored in the stack,

_ when a Call is executed, the user may jump to subroutines

across the 2K boundary and the proper bank will be re-
stored upon return. However, the bank switch flip-flop
will not be altered on return.

|A11 A10]A9lAGIA7lA'6IASJNIA3|A2IA1[AO ‘

c ional Prog c

e Counts 000H to 7FFH

e Overfiows 7FFH to 000H
JMP or CALL instr
of internal flipflop to Aty

* Fliptiop sat by SEL MB1

* Flipfiop reset by SEL MBO
or by RESET

During interrupt service routine
Aqq is torced to “0"
All 12 bits are saved In stack

Figure 13-2. Program Counter
INTERRUPT ROUTINES

Interrupts always vector the program counter to location
3 or ‘g in the first 2K ‘bank, and bit 11 of the program

counter is held at **0"" during the interrupt service routine.
The'end of the service routine is signalled by the execution
of an RETR instruction. Interrupt service routines should
therefore be contained entirely in the lower 2K words of
program memory. The execution of a SEL. MBO or SEL
MBI instruction within an interrupt routine is not rec-
ommended since it will not alter PC11 while in the routine,
but will change the internal flip-flop. ™~._ ’

~

2.1.3 Restoring /O Port Information = -
Although the lower half of Port 2 is used to output the
four most significant bits of address during an external
program memory fetch, the VO information is still. out-
puted during certain portions of each machine cycle. IO
information is always present on Port 2's lower 4 bits at
the rising edge of ALE and can be sampled or latched at
this time. .

2.1.4 Expansion Exampies

Shown in Figure 13-3 is the addition of 2K words of
program memory using an 2716A 2K x 8 ROM to give
a total of 3K words of program memory: In this case no
chip select decoding is required and PSEN enables the
memory directly through the chip select input. If the sys-
tem requires only 2K of program memory, the same con-
figuration can be used with an 8035AHL substituted for
the 8048AH. The 8049AH would provide 4K of program

" memory with the same configuration.

PORT 20-22

8048AH ALE
8282

p LATCH
8

11 ) ADDRESS

2716
EPROM

DATA
ouT

nue K

cs

USING 2K = 8 EPROM

Figure 13-3. Expanding MCS®-48 Program Memory Using Standard Memory Products
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Figure 13-4 shows how the 8755/8355 EPROM/ROM with
1O interfaces directly to the 8048AH without the need
ALE ALE for an address-fatch. The 8755/8355 contains an internal
PSER A5 . 8-bit address latch eliminating the need for an 8212 latch.
In addition to a 2K x 8 program memory, the 8755/8355
- —  mows also contains 16 I/O lines addressable as two 8-bit ports.
8043AH  RD 10R  eorom These ports are addressed as external RAM; therefore the
80494H WITH o RD and WR outputs of the 8048AH are required. See the
Bus <§> A/Do-7 alalsos . - following section on data ‘memory expansion for more
i 8755 detail. The subsequent section on /O expansion explains

$20-p23 |4 M Ag-Aro, €S the operation of the 16 I/O lines. .

A . 2.2 EXPANSION OF DATA MEMORY

Data Memory is expanded beyond the resident 64 words
by using the 8085AH type bus feature of the MCS®-48.
TEST 10 3 2.2.1 Read/Write Cycle
INPUTS

WR iow 2K =8

All address-and data is transferred over the 8 lines of

BUS. As shown in Figure 13-5, a read or write cycle
Figure 13-4. External Program Memory interface occurs as follows:

i BUS FLOATINEXADDRE_SSX ﬁm:x FLOATING
L
' 7

FLOATING 2

- READ FROM EXTERNAL DATA MEMORY

o

8US FLOATINGXADDRESSX FLOATINGX DATA x FLOATING

WRITE TO EXTERNAL DATA MEMORY

Figure 13-5. External Data Memory Timings
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1) The contents of register RO or R1 is outpu'ted on BUS.

2) Address Latch Enable (ALE) indicates addresss is
valid. The trailing edge of ALE is used to latch the
address externally.

3) A read (RD) or write WR) pulse on the corresponding
output pins of the 8048AH indicates the type-of data
memory access in progress. Output data is valid at the
trailing edge of WR_and input data must be valid at

- the trailing edge of RD. -

4) Dat (8 bits) is transferred in or out over BUS.

. 2.2.2 Addressing External Data Memory

External Data Memory is accessed with its own two-cycle
move instructions. MOVXA, @R and MOVX@R, A,
which transfer 8 bits of data between the accumulator and
the external memory location addressed by the contents
of one of the RAM Pointer Registers RO and R1. This
allows 256 locations to be addressed in addition to the
resident locations. Additional pages may be added by
**bank switching”* with extra output lines of the 8048AH.

2.2.3 Examples of Data Memory Expansion

Figure 13-6 shows how the 8048AH can be expanded
using the 8155 memory and I/O expanding device. Since
the 8155 has an internal 8-bit address latch, it can interface
directly to the 8048AH without the use of an external
.latch. The 8155 provides an additional 256 words of static
data memory and also includes 22 I/O lines and a 14-bit
timer. See the following section on /O expansion and the
8155 data sheet for more details on these additional
features

2.3 EXPANSION OF INPUT/OUTPUT

There are four possible modes of /O expansion with the
8048AH: one using a special low-cost expander, the 8243;.
another using standard MCS-80/85 /O devices; and a third
using the combination memory /O expander devices the
8155, 8355, and 8755. It is also possible to expand using

“standard TTL devices as shown in Chapter 5.

2.3.1 VO Expander Device

The most efficient means of /O expansion for small sys-
tems is the 8243 /O Expander Device which requires only
4 port lines (lower half of Port 2) for communication with
the 8048AH. The 8243 contains four 4-bit /O ports which
serve as an extension of the on-chip I/O and are addressed
as ports #4-7.(sce Figure 13-7). The following operations
may be performed on these ports:

® Transfer Accumulator to Port
® Transfer Port to Accumulator
@ AND Accumulator to Port

® OR Accumulator to Port

A 4-bit transfer from a port to the lower half of the Ac-
cumulator sets the most significant four bits to zero. All
communication between the 8048AH and the 8243 occurs
over Port 2 lower (P20-P23) with timing provided by an
output pulse on the PROG pin of the processor.Each trans-
fer consists of two 4-bit nibbles:. The first containing the-
**op code’’ and port address, and the second containing
the actual 4 bits of data.

susf( 3

-> ADg-7

ALE ALE 8155 <I> vo
256 ¢ 8
soasan WR wh RAM 1. TIMERIN
' RD D | . TiMeROUT -
PORT, ori

<:I’ INPuTS
vo

Figure 13-6. 8048AH Interface to 256 x 8 Standard Memories
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@xasomo
IN
ii"r“-*’q—" - PUTS
P20 c/o = SHIFT
le——CNTL
- 8278
KEYBOARD s )SCAN
8048AH DISPLAY QUTPUTS
RD RO
" " ™ Simy
DATA ;
s e - o CF
c

Figure 13-8. Keyboard/Display Interface

8355/8755: These two parts of ROM and EPROM equiv-
alents and therefore contain the same I/O structure. /O
consists of two 8-bit ports which normally reside in the
external data memory address space and are accessed with
MOVX instructions. Associated with each port is an 8-
bit Data Direction Register which defines each bit in the
port as either an input or an output. The data direction
registers are directly addressable, thereby allowing the
user to define under software control each individual bit
of the ports as either input or output. All outputs are
statically . latched and double buffered. Inputs are not
latched.

8155/8156: 1/O on the 8155/8156 is configured as two
8-bit programmable I/O ports and one 6-bit programmable
3 3

port. These three registers and a Control/Status register
are accessible as external data memory with the MOVX
instructions. The contents of the control register deter-
mines the mode of the three ports. The ports can be pro-
grammed as input or output with or without associated -
handshake communication lines. In the handshake mode,
lines of the six-bit port become input and output strobes
for the two 8-bit ports. Also included in the 8155 is a
14-bit programmable timer. The clock input to the timer
and the timer overflow output arc available on external
pins. The timer can be programmed to stop on' terminal
count or to continuously reload itself. A square wave or
pulse output on terminal count can also be specified.

Y 21

N = e = =
" 4 B4y <I> s23 <I:> 8243 <I"> 8243 @
‘“;(:'nn " - R IPROG P20-3 IPROG P20-3 PROG P20-3 \ PROG P20-3
POsz(!— W . W
proa|— 1 [ T ]

. Figure 13-9. Low Cost /O Expansion
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/O EXPANSION EXAMPLES

Figure 13-9 shows the expansion of I/O using multiple
8243's. The only difference from a single 8243 system is
the addition of chip selects provided by additional 8048AH
output lines. Two output liens and a decoder could also
be used to address the four chips. Large numbers of 8243's
would require a chip select decoder chip such as the 8205
to save I/O pins.

Figure 13-10 shows the 8048AH interface to a standard
MCS®-80 peripheral; in this case, the 8255 Programmable
Peripheral Interface, a 40-pin part which provides three
8-bit programmable /O ports. The 8255 bus interface is
typical of programmable MCS®-80 peripherals with an
8-bit bidirectional data bus, a RD and WR input for Read/
Write control, a CS (chip select) input used to enable the
Read/Write control logic and the address inputs used to
select various internal registers.

P20 Ag 8255

P21 A7 PROGRAM- PORT
MABLE A
PERIPHERAL PORT
B048AH __ INTERFACE “
b D 2>™%
WR WR PORT
<:> c
susK 8 N Do-7-

L
Al.
TI={A0 8255
C |-={ A7 PROGRAM:- PORT
H MABLE A
PERIPHERAL
8048AH ALE 2 __INTERFACE POBRT
Rl (]
¥ by @PORT
. c
BUS 8 00-7 __
cs
=
OPTION#1 =

g

OPTION #2

Figure 13-10. Interface to

Interconnection to the 8048AH is very straightforward
with BUS, RD, and WR connecting directly to the cor-
responding pins on the -8255. The only design consider-
ation is'!h% way in which the internal registers of the 8255
are to be addressed. If the registers are to be addressed
as external data memory using the MOVX instructions,
the appropriate number of address bits (in this case, 2)
must be latched on BUS using ALE as described in the

section on external data memories. If only a single device -

is connected to BUS, the 8255 may be continuously se-
lected by grounding CS. If multiple 8255°s are used, ad-
ditional address bits can be latched and used as chip
selects.

A second addressing method eliminates external latches
and chip select decoders by using output port lines as ad-
dress and chip select lines dirgctly, T'his method, of
course, requires the setting of an output port with address
information prior to executing a MOVX instruction.

2.4 MULTI-CHIP MCS?®-48 SYSTEMS

Figure 13-11 shows the addition of two memory expa.nders
to the 8048AH, one 8355/8755 ROM and one 8156 RAM.
The main consideration in designing such a system is the

MCS®-80 Peripherals

addressing of the various memories and I/O ports. Note
that in this configuration address lines A,y and A,, have
been O Red to chip select the 8355. This ensures that the
chip is active for all external program memory fetches in
the 1K to 3K range and is disabled for all other addresses.
This gating has been added to allow the I/O port of the
8355 to be used. If the chip was left selected all the time,
there would be conflict between these ports and the RAM
and I/O of the 8156. The NOR gate could be eliminated
and A, connected directly to the CE (instead of CE) input
of the 8355; however, this would-create a 1K word **hole™’
in the program memory by causing the 8355 to be active
in the 2K and 4K range instead of the normal 1K to 3K
range.

In this system the various locations are addressed as
follows: :

® Data RAM — Addresses 0 to 255 when Port 2 Bit
0 has been previously set = 1 and Bit I set = 0

® RAM /O — Addresses 0 to 3 when Port 2 Bit 0 =

land Bit1 = 1
® ROM /O — Addresses 0 to 3 when Port 2 Bit 2 or
Bit3 =1

See the memory map in Figure 13-12.
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8158/8355

PORT

N

ALE
- PSEN
8043AH Fp
WR
N — > PORT
BUS & s ) 00-7 <I>
L" AP <I> PORT
WR 8158
A8 ce RAM
89 10/M ® "RRT
TIMER
~—IN
—=TiMer
ouTt

Figure 13-11. The Three-Component MCS®-48 System .

25 MEMORY BANK SWITCHING

Certain systems may require more than the 4K words of
program memory which are directly addressable by the
program counter or more than the 256 data memory and
VO locations directly addressable by the pointer registers
RO and R1. These systems can be achieved using **bank
switching’' techniques. Bank switching is merely the se-
lection of various blocks of ‘‘banks’* of memory using
dedicated output port lines from the processor. In the case
of the 8048AH, program memory is selected in blocks of
4K words at a time, while data memory and /O are en-
abled 256 words at a time.

The most important consideration in implementing two or
more banks is the software required to cross the bank
boundaries. Each crossing of the boundary requires that
the processor first write a control bit to an output port
before acccssing memory or I/O in the new bank. If pro-
‘gram memory is being switched, programs should be or-
ganized to keep boundary crossings to a minimum.

Jumping to subroutines across the boundary should be
avoided when possible since the programmer must keep
track of which bank to return to after completion of the
subroutine. If these subroutines are to be nested and ac-
cessed from either bank, a software ‘‘stack’’ should be
implemented to save the bank switch bit just as if it were
another bit of the program counter.

From a hardware standpoint bank switching is very
straightforward and involves only the connection of an
/O line or lines as bank enable signals. These enables are
ANDed with normal memory and /O chxp select signals
to activate the proper bank. -

2.6 CONTROL SIGNAL SUMMARY

Table 13 summarizes the instructions which activate the
various control outputs of the MCS®-48 processors. Dur-
ing all other instructions these outputs are driven to the
active state. . - -



-

v-27

EXPANDED MCS®-48 SYSTEM

Table 13-1. MCS®-48 Control Signais

Control
Signal When Active
RD During MOVX, A, @R or INS Bus
WR During MOVX @R. A or OUTL Bus
ALE Every Machine Cycle
PSEN During Fetch of external program mem-
ory (instruction or immediate data)
PROG During MOVD; A,P ANLD P,A MOVD
P,AORLDPA =

27 PORT CHARACTERISTICS .
2.7.1BUS Port Operations

The BUS port can operate in three different modes: as a.

latched I/O port, as a bidirectional bus port, or as a pro-
gram memory address output when external memory is
used. The BUS port lines are either active high, active
low, or high impedance (floating).

The latched mode (INS, OUTL) is intended for use in the
single-chip configuration where BUS is not begin used as
an expander port. OUTL and MOVX instructions can be
mixed if necessary. However, a previously latched output
will be destroyed by executing a MOVX instruction and
BUS will be left in the high impedance state. INS does
not put the BUS in a high impedance state. Therefore,
the use of MOVX after OUTL to put the BUS in a high
impedance state is necessary before an INS instruction
intended to read an external word (as opposed to the pre-
viously latched value).

OUTL should never be used in a system with external
program memory, since latching BUS can cause the neat
instruction, if external, to be fetched improperly.

2.7.2 Port 2 Operations

The lower half of Port 2 can be used in three different
ways: as a quasi-bidirectional static port, as an 8243 ex-
pander port, and to adddress external program memory.

PROGRAM MEMORY
SPACE
BFFH
me1
8355
14 (2x)
1 3 EXTERNAL DATA
: MEMORY SPACE
MB0 400H o7
300H 8155
RESIDENT 0
200H RESIDENT DATA
(1K) 8155 (256) MEMORY
1004 (64)
000H =——=
SECTION | ADDRESS | DESIGNATION
PROG. MEM |  000—BFF
DATAMEM | 100—IFF
8155 PORTS | 300 .| cmpssTaTus
301 PORT A
302 PORT 8
’ 303 PORT C
204 TIMER LOW
8355 PORTS | 305 TIMER M1
400 PORT A
pr PORT B
~ 402 DDR A
403 DDRB

Figure 13-12. Memory Map for Three-Component MCS®-48 Family
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v

In all cases outputs are driven low by an active device
and driven high momentarily by a low impedance device

and held high by a high impedance device to VCC.

The port may contain latched /O data prior to its use in
another mode without affecting operation of either. If
lower Port 2 (P20-3) is used to output address for an
external program merfory fetch, the IO information pre-

viously latched will be automatically removed temporarily.
while ‘address is present, then retored when the fetch is

complete. However, if lower Port 2 is used to commu-
nicate with an 8243, previously latched I/O information

will be removed and not restored. After an input from the
8243, P20-3 will be left in the input mode (floating). After
an output to the 8243, P20-3 will contain the value written,
ANDed, or ORed to the 8243 port.

8355/8755
ROM/EPROM/I/O
2K = 8

8155
RAM /O
256 ~ 8

ADDRESS
LATCH

&

1

STANDARD
ROM/EPROM

STANDARD
RAM

ﬁ

100

8749H
N (B o e b A AN
B043AH
8748H
8035AHL
B039AHL
8279
8255 8251
Z\ PPI USART KEYBOARD/
DISPLAY
U "° SERIAL SERIAL i i ]\/l
OUTPUT _ INPUT
) KEYBOARD| | DisPLAY
4
i
—I_‘/\ 8243 |/o
o
=

Figure 13-13. MCS®-48 Expansion Capability



CHAPTER 3
MCS®-48 INSTRUCTION SET

3.0 INTRODUCTION

The MCS®-48 instruction set is extensive for a machine
of its size and has been tailored to be straightforward and
very efficient in its use of program memory. All instruc-
tions are either one or two bytes in length and over 80%
are only one byte long. Also, all instructions execute in
either one or two cycles and over 50% of all instructions
execute in a single cycle. Double cycle instructions in-
clude all immediate instructions, and all /O instructions.

The MCS-48 microcomputers have been designed to han-
dle arithmetic operations efficiently in both binary and

BCD as well as handle the single-bit operations required -

in control applications. Special instructions have also been
included to simplify loop counters, table look-up routines,
and N-way branch routines.

3.0.1 Data Transfers

As can be seen in Figure 14.1, the 8-bit accumulator is
the central point_for all data transfers within the 8048.
Data can be transferred between the 8 registers of each
working register bank and the accumulator directly, i.e.,
the source or destination register is specified by the in-
struction. The remaining locations of the internal RAM
array are referred to as Data Memory and are addressed
indirectly via an address stored in either RO or R} of the
active register bank. RO and R1 are also used to indirecly
address external data memory when it is present. Transfers
to and from internal RAM require one cycle, while trans-
fers to external .RAM require two. Constants stored in
Program Memory can be loaded directly to the accumu-
lator and to the 8 working registers. Data can also he

9U-29

transferred directly between the accumulator and the on-

DATA
|| oo |
(YDATA) MOV .
WORKING REG
ADD MOV MOV
MOV ADD ADD
MOVP ANL ANL
MOVP3 ORL ORL
ANL XRL XRL
MOovD ORL XcH XCH
ANLD XAL XCHD
gxpANDER AL ORLD_| | MovX EXTERNAL
VO'PORTS @) f . ACCUMULATOR 505 (@) rﬁ:onv
‘-TL. | ™ PERIPHERALS
N
MoV ouTL MOV
TIMER PROGRAM
COUNTER STATUS WORD
ANL 8749H
ORt 8048AH
ON CHIP /O 8049AH
PORTS 1,2 BUS 8748H !
8035AHL® | *NO PROGRAM
B039AHL* , MEMORY

Figure 14-1. Data Transfer Instructions
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board timer counter o the accumulator and the Program
Status word (PSW). Writing to the PSW alters machine
status accordingly and provides a means of restoring status
after an interrupt or of altering the stack pointer if
necessary. .

3.0.2 Accumulator Operations

ILmmediate data, data memory, or the working registers
can be added with or without carry to the accumulator.
These sources can also be ANDed, ORed, or Exclusive
ORed to the accumulator. Data may be moved to or from
the accumulator and working registers or data memory.
The two values can also be exchanged in a single
operation.

In addition, the lower 4 bits of the accumulator can be
exchanged with the lower 4-bits of any of the internal
RAM locations. This instruction, along with an instruction
which swaps the upper and lower 4-bit halves of the ac-
cumulator, provides for easy handling of 4-bit quantities,
including BCD numbers. To facilitate BCD arithmetic, a
Decimal Adjust instruction is included. This instruction

is used to correct the result of the binary addition of two )

2-digit BCD numbers. Performing a decimal adjust on the
result in the accumulator produces the required BCD
result.

Finally, the accumulator can be incremented, decre-
mented, cleared, or complemented and can be rotated left
or right 1 bit at a time with or without carry.

Althoigh there is no subtract instruction in' the 8048AH,
this :geration can be easily implemented with three singie-
byte single-cycle instructions.

A value may be subtracted from the accumulator with the
result in the accumulator by:

e Complementing the accumulator
® Adding the value to the accumulator

@ Complementing the accumulator

3.0.3 Register Operations

The working registers can be accessed via the accumulator

as explained above, or can be loaded immediate with
constants from program memory. In addition, they can be
incremented or decremented or used as loop counters using
the decrement and jump, if not zero instruction, as ex-
plained under branch instructions.

All Data Memory including working registers can be ac-
cessed with indirect instructions via RO and R1 and can
be incremented.

3.0.4 Flags ,
There are four user-accessible flags in the 8048 AH: Carry,
Auxiliary Carry, FO and F1. Carry indicates overflow of
the accumulator, and Auxiliary Carry is used to_indiate
overflow betweén BCD digits and 1s-used during decimal-
adjust operation. Both Carry and Auxiliary Carry are ac-
cessible as part of the program status word and are stored
on the stack during subroutines. FO.and F1 are undedicated
general-purpose flags to be used as the programmer de-
sires. Both flags can be cleared or complemented and
tested by conditional jump instructions. FO is also acces-
sible via the Program Status word and is stored on the
stack with the carry flags.

3.0.5 Branch Instructions -

The unconditional jump instruction is two bytes and allows
jumps anywhere in the first 2K words of program memory.
Jumps to the second 2K of memory (4K words are directly
addressable) are made first by executing a select memory
bank instruction, then executing the jump instruction. The
2K boundary can only be crossed via a jump or subroutine
call instruction, i.e., the bank switch does not occur until
a jump is executed. Once 2 memory bank has been selected
all subsequent jumps will be to the selected bank until
another select memory bank instruction is executed. A
subroutine in the opposite bank can be accessed by a select
memory bank instruction followed by a call instruction.
Upon completion of the subroutine, execution will auto-
matically retarn to the original bank; however, unless the
original bank is reselected, the next jump instruction en-
countered will again transfer execution to the opposite
bank.

Conditional jumps can test the following inputs and ma-
chine status:

® TO Input Pin

@ T1 Input Pin

o INT Input Pin

® Accumulator Zero

® Any bit of Accumulator
® Carry Flag

e FQ Flag

® F1 Flag

Conditional jumps allow a branch to any address within
the current page (256 words) of execution. The conditions
tested are the instantanecus valuesat the time the con-
ditional jump is executed. For instance, the jump on ac-
cumnulator zero instruction tests the accumulator itself, not
an intermediate zero flag.
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The decrement register and jump if not zero instruction
combines a decrement and a branch instruction to create
an instruction very usefut in implementing a loop counter.
This instruction can designate any one of the 8 working
registers as a counter and can effect a branch to any address
within the current page of execution. '

A single-byte indirect jump instruction allows the program
to be vectored to any one of several different locations
based on the contents of the accumulator. The contents
of the accumulator points to a location in program memory
which contains the jump address. The 8-bit jump address
refers to the current page of execution. This instruction
could be used, for instance, to vector to any one of several
routines based on an ASCH character which has been
loaded in the accumulator. In this way ASCII key inputs
can be used to initiate various routines.

3.0.6 Subroutines

Subroutines are entered by executing a call instruction.
Calls can be made like unconditional jumps to any address
in 2 2K word bank, and jumps across the 2K -boundary
are executed in the same manner. Two separate return
instructions determine whether or not status (upper 4-bits
of PSW) is restored upon return from the subroutine.

The return and restore status instruction also signals the
end of an interrupt service routine if one has been in
progress.

3.0.7 Timer Instructions
1

The 8-bit on board timer/counter can be loaded or read
via the accumulator while the counter is stopped or while
counting. The counter can be started as a timer with an
internal clock source or an event counter or timer with an
external clock applied to the T1 input pin. The instruction
executed determines which clock source is used. A single
instruction stops the counter whether it is operating with
an internal or an external clock source. In addition, two
instructions allow the timer interrupt to be enabled or
disabled. '

3.0.8 Control Instructions

Two instructions allow the external interrupt source to be

enabled or disabled. Interrupts are initially disabled and -

are automatically disabled while an interrupt service rou-
tines is in progress and re-enabled afterward.

There are four memory bank select instructions, two to
designate the active working register bank and two to
control program memory banks. The operation of the pro-
gram memory bank switch is explained in section 13.1.2.

The working register bank switch instructions allow the
programmer to immediately substitute a second 8-register
working register bank for the one in use. This effectively
provides 16 working registers or it can be used as a means
of quickly saving the contents of the registers in response
to an interrupt. The user has the option to switch or not
to switch banks on interrupt. However, if the banks are
switched, the original bank will be autonatically restored
upon execution of a retum and restore status instruction
at the end of the interrupt service routine.

-A special instruction enables an internal clock, which is

the XTAL frequency divided by three to be output on pin
TO. This clock can be used as a general-purpose clock in
the user’s system. This instruction should be used only to
initialize the system since the clock output can be disabled
only by application of system reset.

3.0.9 Input/Output Instructions

Ports 1 and 2 are 8-bit static O ports which can be loaded
to and from the accumulator. Outputs are statically latched
but inputs are not latched and must be read while inputs
are present. In addition, immediate data from program
memory can be ANDed or ORed directly to Port 1 and
Port 2 with the result remaining on the port. This allows
“‘masks”* stored in program memory to selectively set or
reset individual bits of the /O ports. Ports 1 and 2 are
configured to allow input on a given pin by first writing
a I out to the pin.

An 8-bit port called BUS can also be accessed via the
accumulator and can have statically latched outputs as
well. It too can have immediate data ANDed or ORed
directly to its outputs, however, unlike ports 1 and 2, all
eight lines of BUS must be treated as either input or output
at any one time. In addition to being a static port, BUS
can be used as a true synchronous bi-directional port using
the Move External instructions used to access external
data memory. When these instructions are executed, a
corresponding READ or WRITE pulse is generated and
data is valid only at that time. When data is not being
transferred, BUS is in a high impedance state. Note that
the OUTL, ANL, and the ORL instructions for the BUS
are for use with internal program memory only.

The basic three on-board /O ports can be expanded via
a 4-bit expander bus using half of port 2. I/O expander
devices on this bus consist of four 4-bit ports which are
addressed as ports 4 through 7. These ports have their
own AND and OR instructions like the on-board ports as
well as move instructions to transfer data in or out. The
expander AND and OR instructions, however, combine
the contents of accumulator with the selected port rather
than immediate data as is done with the on-board ports.



¥-32

) MCS®-48 INSTRUCTION SET

/O devices can also be added externally using the BUS
port as the expansion bus. In this case the /O ports become
**memory mapped’’, i.e., they are addressed in the same
way as external data memory and exist in the external
data memory address space addressed by pointer register
RO or R1.

3.1 INSTRUCTION SET DESCRIPTION

The following pages describe the MCS®-48 instruction set
in detail. The instruction set is first summarized with in-
structions grouped functionally. This summary page is
followed by a detailed description listed alphabetically by
mnemonic opcode.

The alphabetical listing includes the following
information.

® Mnemonic

® Machine Code

® Verbal Description

e Symbolic Description

® Assembly Language Example
The machine tode is ;eprescnted with the most significant
bit (7) to the left and two byte instructions are represented

with the first byte on the left. The assembly language
examples are formulated as follows:

Arbitrary
Label: Mnemonic, Operand;
Descriptive Comment
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8048AH/8748H/8049AH/8050AH/8745H
Instruction Set Summary

Mnemonic Description Byles Cycle Mnemonlc Description Bytes |Cycles
Accumuistor | Registers
ADDA.R Add register to A 1 1 INCR Increment register 1 1
ADD A, @R Add data memory to A 1 1 INC @R Increment data memory] 1 1
ADD A, # data| Add immediateto A 2 2 DECR Decrement register 1 1
ADDC A, R Add register with carry 1 1 Branch
%%DC A Qﬂ‘,‘, ‘i:‘,‘,’y’“"“”’ ! ! JMP addr Jump unconditional 2 2
ADDC A, Add'immediate 2 2 JMPP @A Jump indirect 1 2
# data with carry DJNZ R, addr | Decrement register 2 2
ANL A, R And register to A t 1 ¢ and jump
ANL A, @R And data memory to A | 1 1 JC addr Jump on carry = 1 2 2
ANL A, # data | And immediate to A 2 2 JNC addr Jump on carry = 0 2 2
ORLA,R Or register to A 1 1 JZ addr Jump on A Zero 2 2
ORL A @R Or data memory to A 1 1 JINZ addr Jump on A 'not Zero 2 2
ORL A, # data| Orimmediate to A 2 2 JT0 addr Jump on TO =1 2 2
XAL A, R Exclusive Or register | 1 1 JNTO addr JumponT0=0 2 2
to A : JT1 addr JumponT1=1 2 2
XRL A, @R Exclusive or data 1 1 JNT1 addr JumponTi=0 2 2
mémory 1% JFO addr Jump on FO = 1 2 | 2
XRAL, A, # data] Exclusive or 2 2 JF1 addr Jump on F1 =1 2 2
immediate to A | »
INC A Increment A 1 1 JTF addr Jump on timer flag = 1 2 2
JNI addr Jump on INT =0 2 2
DEC A Decrenisn & ; / JBb addr Jump on Accumulator 2 2
CLRA Clear A - 1 1 Bit
CPLA Complement A 1 1
DA A Decimal adjust A 1 1 Subroutine _
SWAP A Swap nibbles of A 1 1 CALL addr Jump to subroutine 2 2
RLA Rotate A left 1 1 RET Return 1 2
RLC A Rotate A left 1 1 RETR Return and restore 1 2
through carry \ status
RR A Rotate A right 1 1
RRCA | Rotate A right 1 1 Flags
i\, through carry CLRC Clear Carry 1 1
CPLC Complement Carry 1 1
Input/Output CLRFO Clear Flag 0 11
INA.P Input port to A 1 2 CPL FO Complement Fiag 0 1 1~
OUTL P, A Output A to port 1 2 CLR F1 Clear Fiag 1 1 1
ANL P, # data | And immediate to port 2 2 CPL F1 Complement Flag 1 1 1
ORL P, # data| Orimmediate to port 2 2
*INS A, BUS input BUS to A 1 2 Data Moves
*OUTL BUS, A} Output A to BUS 1 2 MOV A,R Move register to A 1 1
*ANL BUS, And immediate to BUS 2 2 MOV A, @R Move data memory 1 1
# data to A
*ORL BUS, Or immediate to BUS 2 2 MOV A, # data| Move immediate to A~ 2 2
# data MOVR, A Move A to register 1 1
MOVD A, P Input-Eafpander port 1 2 MOV @R, A Move A to data 1 1
toA memory
MOVDP.A | OutputAto Expander | 1 2 MOV R, # data] Move immediate 2 | 2
port ) to register
ANLD P, A And A to Expander port{ 1 2 MOV @R, Move immediate to 2 2
ORLDP, A Or A to Expander port 1 2 # data data memory
B . MOV A, PSW | Move PSWto A 1 1
Mnemonics copyright intel Corporation 1983. MOV PSW. A | Move Ato PSW ! !

*For use with internal memory only.
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8048AH/8748H/8049AH/8050AH/8749H

Instruction Set Summary (Con’t)

Interrupt

Mnemonic Description Bytes | Cycle Mnemonic Description Bytes | Cycle
Data Moves R Control
(Cont'd) ENI Enable external 1 1
XCH A, R Exchange A and . 1 1 Interrupt
register DIS! Disable external 1 1
XCH A, @R |Exchange A and 1 1 . Interrupt
' data memory A SEL RBO Select register bank 0 1 1
XCHD A, @R | Exchange nibble of A 1 1 SEL RB1 Select register bank 1 1 1
- |and register SEL MB0 Select memory bank 0 | 1 1
MOVX A, @R mg‘gof;‘tg";' data 1 2 SEL MB1 Select memory bank 1 | 1 1
MOVX @R, A |Move A to external 1 2 BN E:el%e clock output ! !
: data memory .
MOVP A, @A |Move to A from 1 2 NOP No Operation 1 1
current page -
MOVP3 A, @A |Move to A from Page 3 1 2
Timer/Counter
'MOVA, T Read Timer/Counter 1 1
-MOVT, A Load Timer/Counter 1 1
STRTT Start Timer 1 1
STRT CNT Start Counter 1 1
STOP TCNT |Stop Timer/Counter 1 1
EN TCNTI Enable Timer/Counter 1 1
Interrupt
DIS TCNTI Disable Timer/Counter 1 1

Mnemonics copyright Intel Corporation 1883.
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Symbols and Abbreviations Used

A Accumulator

AC Auxiliary Carry

addr 12-Bit Program Memory Address
Bb Bit Designator (b = 0-7)

BS ‘Bank Switch -

BUS BUS Port

C Carry

CLK Clock
CNT Event Counter

CRR Conversion Result Register
D . Mnemonic for 4-Bit Digit (Nibble)
data 8-Bit Number or Expression

. DBF Memory Bank Flip-Flop
FO, F1 Flag 0, Flag 1

| Interrupt

P Mnemonic for “in-page” Operation
PC Program Counter

Pp Port Designator (p = 1,2 or 4-7)
PSW Program Status Word

Ri, - .Data memory Pointer (i = 0, or 1)
Rr - Register Designator (r = 0-7)

SP. "Stack Pointer

T Timer

NE Timer Flag-

TO, T1 Test 0, Test 1

X Mnemonic for External RAM

#  Immediate Data Prefix

@ Indirect Address Prefix

$ Current Value of Program Counter
(X) Contents of X

(X)) Contents of Location Addressed by X
-— Is Replaced by

Mnemonics copyright Intel Corporation 1983.
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8748H/8035H/8749H/8039H
HMOS—E SINGLE-COMPONENT 8-BIT MICROCOMPUTER

] I-Ilgh Performance HMOS-E . ’ = Compatible with 8080/8085

u Interval Timer/Event Counter ‘ Peripherals .

= Two Singte Level interrupts

s Single 5-Voit Supply - -m Easily Expandable Memory and VO

= Over 96 Instructions; _ ‘® Up to 1.35 uSec Instruction Cycle
-90% SIngle Byte . All Instrucﬂons 1or2cycles -

The intel 8749H/8039H/8748H/B035H are fotaily seif-sufﬁcaem 8-bit parallel computers fabricated on smgle
silicon chips using Intel's advanced N-channel silicon gate HMOS-E process.

The family contains 27 /O lines, an 8-bit timer/counter; on-chip RAM and on-board oscillator/clock drwits For.
systems that require extra capability, the family can be expanded using MCS®-80/MCS®-85 peripherals..
These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program
memory results from an instruction set consisting mostly of single byte instructions and no instructions over 2
bytes in length

Device Intornal Memory
8039H none 128 x 8 RAM
8035H none { - 64x8RAM
8749H 2K x 8 EPROM 128 x 8 RAM
8748H ' 1K x 8 EPROM 64 x 8 RAM
i . -
- - - r - PORT
[ cLock ] PROGRAM . DATA A .[ i @ . 34 A
MEMORY “ MEMORY . o Metlond i 375p28
874sH PORT " gs cls 8748
’ _ RESET —~{ 0035H @ 2 T
. TSINGLE 87494 7.
STEP ~™| 8038H L- READ
s BIT EXTERNAL _,]
cpu MEM
o¥ |~ WRITE
TEST '[ ) PROGRAM
= | . STORE
TERRUPT — ENABLE
8 8IT TIMER a7 N :2_?::55 .
cgm"r;n 1/0 LINES ® " ENABLE
BUS PORT
- EXPANDER
STROBE
Figure 1. Figure 2. Figure 3. .

Block Diagram Logic Symboi Pin Configuration
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. a
intgl 8748H/8035H/8749H/8038H
““Table 1. Pin Description
Pin Pin
Symbol | No. Function Device Symbol | No. Function Devics
Vss 20 | Circuit GND Al (Con't) Contains the 8
potential | aram coumer bits
Vpp 26 | +5Vduring All during an external
normal operation. program memory
Programming 8748H fetch, and
power supply 8749H receives the
(+21v), addressed in-
Ve | 40 | Main power Al TG gon under
supply: +5V dur- PSEN. Also con-
ing operation and tai {h dd
programming. ains Mgogress
and data during
PROG 25 | Output strobe All an external RAM
for 8243 data storé in-
/0 expander. ! struction, under
Program puise 8748H control of ALE,
(+18V) input pin | 8749H RD. and WR.
during (See Note) TO 1 | Input pin testable |All
programming. 2 using the con-
P10-P17[27-34] 8-bit quasi- Al ditiopgiiranster
Port 1 bidirectional port. - tnstructions JT0
- - and JNTO. TO can
P20-P23[21-24} 8-bit quasi- All be designated as
P24-pP27135-38 bidirectional port. a clock output
Port 2 P20-P23 contain using ENTO CLK
the four high = instruction
-order program -
counter bits dur- Used during 8748H
. ing an external programming. .| 8749H
; program memory T1 - 39 | Input pin testable | All
i fetch and serve using the JT1,
as a 4-bit 170 and JNT1 instruc-
expander bus tions. Can be des-
for 8243. ignated the timer/
0BO-  [12-19| True bidirectional | Al Ll jsfbut
DB7 port which can be using the STBT
BUS written or read CNT instruction.
synchronously INT 6 | Interruptinput. All
using the RD, WR Initiates an inter-
strobes. The port . rupt if interrupt is
can also be enabled. Interrupt
statically latched. is disabled after a
. reset. Also testable
with conditional
jump instruction.

(Active low) inter-
rupt must remain.
low for at least 3
machine cycles
for proper
operation.
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Table 1. Pin Description (Continued)
Pin Pin
Symbol | No. . Function” Device ' Symbol | No. Function Device
RD 8 | Output strobe All PSEN 9 | Program store ALL
activated during enable. This out-
a BUS read. Can put occurs onty
be used to enable during a fetch to
data onto the bus external pro-
from an external gram memory.
device. (Active low)
Used as a read Ss 5 | Single step input | All
strobe to external can be used in
" data memory. conjunction with
(Active low) ALE to "single
RESET | 4 | Inputwhichis All step” the proces-
used to initialize : jsortthr?'ugh each
the processor, ingtruction.
(Active low) EA 7 External access All
(Non TTL ViH) input which
Used during 8748H g;;‘;gs,:;',g;?y
programming. 8749H fetches to refer-
WR 10 | Output strobe All ence external
during a bus memory. Usefu!
write. (Active low) for emulation
: d debug.
Used as write ducdeng
strobe to external {Aetveiich]
data memory. Used during 8748H
ALE 11 | Address latch Al P 8749H
enable. This sig- programming
nal occurs once XTAL1 2 One side of All
during each cycle crystal input for
and is useful as internal oscillator.
a clock output. Also input for
4 . ternal source.
The negative edge ex
of ALE strobes {Non TR}
address into XTAL2 3 Other side of All
external data and crystal input.
program memory.
NOTE: On the 8749H/8039H, PROG must be clamped to
VQC when not programming. A diode should be used when
using an 8243; otherwise, a direct connection is permissible.
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Table 2. instruction Set
Accumulstor Registers
Mnemonic Description Bytes Cycles Mnemonic Description Byles Cycles
ADD AR Add register to A 1 1 INCR Increment register- 1- 1
ADD A, @R Add datamemorytoA 1. 1 INC @R increment data memory 1 1
ADD A, #data Add immediate to A 2 2 DECR Decrement register 1 1
ADDC A R Add register with carry 1 1
ADDCA,@R  Add data memory 1 1
. with carry Branch
ADDC A, # data vAv?tg gxyedlate 2 2. Mnemonic Description Bytes Cycles
ANL A, R And register to A ] 1 JMP addr Jump unconditional 2 2
ANL A, @R And datamemoryto A 1 1 JMPP @A Jump indirect 1 2
ANL A, #data  And immediate to A 12 DJNZ R, addr ao:g';("i’:"t register 2 2
82:: : A Or ghipfer 10 A ] . JC addr Jump on carry = 1 2 2
@R Or data memory to A 1 1 JNC addr Jump on carry = 0 2 2
ORL A, #data Orimmediate to A 2 2
XRL A, R Exclusive or register 1 1 Noagdr Jghpang zero 2 2
' 0A . JNZ addr Jump on A not zero 2 2
XRL A, @R Exclusive or data 1 1 JT0 addr Jump on T0 = 1 2 2
memory to A JNTO addr JumponTO=0 2 2
XRL, A, #data  Exclusive or 2 T2 JT1 addr JumponTi=1 2 2
immediate to A JNT1 addr JumponT1=0 2 "2
INC A Increment A 1 1 JFO addr JumponFO=1 2 2
DECA Decrement A 1 1 JF1 addr Jump on F1=1 2 2
CLRA Clear A 1 1 JTF addr Jump on timer flag 2 2
CPLA Complement A 1 1 JNI adar Jumpon INT =0 2 2
DA A Decimal adjust A 1 1 JBb addr Jump on accumutator 2 2
SWAP A Swap nibbles of A 1 1 bit
RL A Rotate A left 1 1
RLC A Rotate A left 1 1
through carry : Subroutine
:g é Al gg::-:: : r!ght ! ! Mnemonic Description Bytes .Cycles
: right 1 1 L
*}' through carry CALL addr Jump to subroutine 2 2 -
— RET Return 1 2
RETR Return and restore 1 2
Input/Output ' status
Mnemonic Description Bytes Cycles
INA P Input port to A 1 2 Flags
OUTL P, A Qutput A to port 1 2 .
ANLP, #data  And immediateto port 2 2 Mopingells petcgidtion Bytes Cycles
ORLP,#data ‘Orimmediatetoport 2 2 CLRC Ciear carry ! !
INSA,BUS  InputBUSto A 1 2 o Complement carry ! !
OUTLBUS,A  Output A to BUS 1 2 pepnibhiid Clear flag 0 ! !
ANL BUS, # data And immediate to BUS 2 2 CPL FO Complement flag 0 ! !
ORL BUS, # data Or immediate to BUS 2 2 CLR F1 Clear flag™ ! !
MOVD A, P In&ut exp. ander port . 3 2 CPL F1 Complement flag 1 1 1
to
MOVDP A Qutput A to expander 1 2
port
ANLD P, A And A to expander port 1 2
ORLDP, A Or A to expancar port R 2 -
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Table 2. Instruction Set (Continued)

Dats Moves . Timer/Counter ]
Mnemonic Description . Bytes Cyclos Mnemonic Description Byt'es Cycles
MOV A R Move register to A 1 1 MOVA T Read timer/counter 1 1
MOV A, @R Move data memory 1 1 MOVT, A Load timer/counter 1 1 B

toA STRTT Start timer 1 1
MOV A, #data Move immediate to A 2 2 STRT CNT Start counter 1 1
MOV R, A Move A to register 1 1 STOP TCNT  Stop timer/counter 1 1
MOV @R, A Move A to data 1 1 EN TCNTI Enable timer/counter 1 1

memory ) interrupt
MOV R, #data  Move immediate 2 2 DIS TCNTI Disable timer/counter 1 1

to register interrupt
MOV @R, # data Move immediate to 2 2

data memory
MOV A, PSW  Move PSWto A 1 1 P *|
MOV PSW,A  Move A to PSW 1 1 o
XCHA,R F:g‘%:tﬂe':_ge Aand 1 1 Mnemonic Description " Bytes Cycles

EN Enable e I 1

XCHA, @R  Exchange Aand 1 1 ' e !

data memory I

DIS| Disabt t | 1 1

XCHD A, @R  Exchange nibbleof A 1 1 Tl A

and register .

. SEL RB0 Select register bank 0 1 1
MOVX A. @R mg;l:oer;t!eor r}f‘ e & p SEL RB1 Select register bank 1 1 1
MOVX @R,A  Move A 10 external 1 2 SEL MBO Select memory bank0 1 1

data memory SEL MB1 Select memory bank 1 1 1
MOVP A, @A Move to A from 1 2 ENTO CLK Enable clock output 1 1
current page on TO
MOVP3 A, @A Move to A from page 3 1 2
. Mnemonic Description Bytes Cycles
NOP No operation 1 1
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ABSOLUTE MAXIMUM RATINGS*
" Ambient Temperature Under Bias ...0°C to 70°C

Storage Temperature . ......... -65°C to +150°C
Voltage On Any Pin With Respect

toGround .............. e -0:5V to +7V
Power Dissipation........ooeviinneen. 1.0 Watt

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

conditions above those indicated in the operational
sections of this specification is not implied.

D.C. CHARACTERISTICS:. (Tp = 0°C to 70°C; Vce = Vpp = 5V + 10%; Vgg = 0V)

Limits

Symbol Parameter Min | Typ | Max Unit Test Conditions Device
ViL Input Low Voltage (All -

Except RESET, X1,X2) | -5 .8 v All
ViL1 Input Low Voitage

(RESET, X1, X2) -5 6 \ All
VIH Input High Voltage

(All Except XTAL1,

XTAL2, RESET) 2.0 Vce v Al
Vi41 | Input High Voltage

(X1, X2, RESET) 3.8 Vee v All
VoL Output Low Voltage

(BUS) 45 V. {loL=20mA - Al
Vor1 |OQutput Low Voltage

(RD, WR, PSEN, ALE) 45 V. |loL=18mA Al
VoL2 |Output Low Voltage

(PROG) .45 V. |loL=10mA All
VoL3 |Output Low Voltage

(All Other Outputs) 45 \Y loL=1.6mA All

"Von i|Output High Voltage : .
i) (BUS) 2.4 v |ion = -400 wA All

VoH1 |Qutput High Voltage

(RD, WR, PSEN, ALE) 2.4 V. |loH =-100 uA All
Vorz2 |Output High Voitage

(All Other QOutputs) 2.4- Vv loH = -40 uA All
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D.C. CHARACTERISTICS: (Ta = 0°C to 70°C; Vo = Vpp = 5V * 10%; Vsg = 0V) (Continued)

4 Limits
Symbol Parameter Min | Typ Max | Unit Test Conditions Device
Ity | Leakage Current [ ’ :
(T1, INT) . | =10 | pA | VsssVINSVce All
L Input Leakage Current |
(P10-P17, P20-P27, ~
-EA, §8) -500 | pA | Vgg+.45<ViNsVoe Al
| e Input Leakage Current ' :
~ RESET -10 | .—300 | wA | VsgsV|NS3.8V" All
Lo - Leakage Current s
- (BUS, T0) (High -
Impedance State) +10 | pA | VggsVIN=<Vce All
Ipp + Total Supply Current” 80 100 mA - 8035H
icc
85. | 110 | mA : 8039H
80 100 mA ) 8748H
95 110 A 8749H

“icc + Ipp is measured with all outputs disconnected; S8, RESET, and INT equal to Vce: EA equal to Vgs.
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PRELIMINARY

-

A.C. CHARACTERISTICS: (T = 0°C to 70°C; VGG = Vpp = 5V + 10%; Vgg = OV)

. {(t) 11 MHz Conditions
Symbol Parameter (Note 3) Min Max Unit {Note 1)
t Clock Period . i/xtaltreq | 90.9 1000 - ns (Note 3)
tLL ALE Pulse Width 3.5t-170 150 ns
tAL Addr Setup to ALE 2t-110 70 ns (Note 2)
tLA Addr Hoid from ALE t-40 50 ns
tcct Control Pulse Width (RD, WR) 7.5t-200 480 ns
tce? Control Pulse Width (PSEN) 6t-200 350 ns
tow Data Setup before WR 6.5t-200 390 ns
fwp Data Hold after WR t-50 40 . ns
tpr | -Data Hold (RD. PSEN) 1.5t-30 0 110 ns
tap1 - | RDto Datain 6t-170 375 ns
tRD2 PSEN to Data in 4.5t-170 .240 ns
taw .| Addr Setup to WR 5t-150 300 ns
tAD1 Addr Setup to Data (RD) 10.5t-220 730 ns
tAD2 Addr Setup to Data (PSEN) 7.5t-200 460 ns
tAFCH Addr Fioat to RD, WR 2t-40 140 ns (Note 2)
tAFC2 Addr Float to PSEN .5t-40 10 ns (Note 2)
tLAFC1 | ALE to Control (RD, WR) 3t-75 200 ns
tLAFC2 | ALEto Control (PSEN) 1.5t-75 60 ns
tcA1 Control to ALE (RD, WR, PROG) t—-65 25 ns
tcaz. Control to ALE (PSEN) 4t-70 290 ns
tcp { | Port Control Setup to PROG 1.5t-80 50 ns
tpc Port Control Hold to PROG 4t-260 100 ns
tPR PROG to P2 Input Valid 8.5t-120 650 ns
tpr Input Data Hold from PROG 1.5t 0 140 ns-
top Output Data Setup 6t-290 250 ns
tpD Output Data Hold 1.5t-90 40 ns
tpp PROG Pulse Width 10.5t-250 700 ns
tpL Port 2 1/0 Setup to ALE 41-200 160 ns
t p Port 2 170 Hold to ALE 5t-30 15 ns
tpy . Port Output from ALE 4.5t+100 . 510 ns
toPRR TO Rep Rate 3t 270 ns
tcy Cycle Time 15t - 1.36 15.0 us
Notes:

1. Control Outputs CL = 80pF
BUS Outputs CL = 150pF

Load 20pF

2. BUS High Impedance

3.

f{t) assumes 50% duty cycle on X1, X2. Max
clock period is for a 1 MHz crystal input,
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WAVEFORMS

|

= icy
l:—'u. —{tarcafe— |
L -— 1CC2 —4

- f—tcci—| tear -

PSEN

e

BUS FLOATIN(EX FLOATING FLOATING
ADDRESS | tapz ~| INSTRUCTION
e———tAD2 ~

Instruction Fetch From Program Memsry

—eltLarct
ae | |

fe—tec1—{tcar —.

= —{ei=r

tAFC1 DR
AI |FLOATIN_'G‘I I‘
BUS FLOATINGX )(I ' " FLOATING
|ADDRESS ;::imm
1AD1

Read From External Data Memory

3N 2.0 2.0
— > TEST POINT?X
WA 0.45v 7" -Ld
ADDRESS | tow -1wD ;
A.C. testing inputs are driven at 2.4V for a logic "1” and
sUS FLO‘mNGX X )< L ity X RPATNG 0.45V for a logic “0.” Output iming measurements are
BLOATING. made at 2.0V for a logic 1" and 0.8V for a logic “0."
. AW '
Write To External Data Memory Input And Output For A.C. Tests
PORT 1/PORT 2 TIMING
18T CY! 2ND
. ST CYCLE l.—-tPL——I CYCLE ’-—lpv—j |
ALE J \. -/ \
rech - | | -l Al
) \ [ | ! t
NG - ~
P20-23 | >< ] ><
ouTPUT _| l PCH X PORT 20-23 DATA X NEW P20-23 DATA [XpcH
| .| | I |
P24-27 7 )
P10-17 | PORT 24-27, PORT 10-17 DATA ] X NEW PORT DATA
OUTPUT I : !
l I — k-
e —e T i‘ CA1
| tPD
EXPANDER | tLa l.._ __.r.‘
PORT 1
OUTPUT PCH |><Pom' 20-23 DATAN PORT CONTROL)Q ouTPUT DATAI IX
B | | | |
I l N bad
EXPANDER l I l | PR -
PORT I :
INPUT | PCH | XporT 20-23 oaTA[X | PORT cc}wrnm.b( X Nera X
]
| . I : Iolcp»*olvc’l I |
_ : I 1 tpp ]
PROG }\I l
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CRYSTAL OSCILLATOR MODE
ct

N

XTAL1

XTAL2

C1 = 5pF + 1/2pF + (STRAY < 5pF)
C2 = (CRYSTAL + STRAY) < 8pF
C3 = 20pF + 1pF + (STRAY < 5pF)

Crystal series resistance should be lessithan 30{} at 11 MHz;

less than 75(} at|6 MHz; less than 180(} at 3.6 MHz.

DRIVING FROM EXTERNAL SOURCE

+5V

TTL OPEN
COLLECTOR
GATES

For XTAL1 and XTAL2 define “high" as voltages above 1 Y
and “lcw” as voltages below 1.6V. The duty cycle require-
ments for externally driving XTALY and XTAL2 using the

CERAMIC RESONATOR MODE
c1
I

2} xTALY
1-11
MHz
€1=C2=33pF £ 5%

—

XTAL2

XTAL1

XTAL2

circuit shown above are as follows: XTAL1 mustbe high 36~
65% of the period and XTAL2 must be high 36-65% of the
period. Rise and fall times must be faster than 20 nS.

PROGRAMMING, VERIFYING, AND
ERASING THE 8749H (8748H) EPROM

Programming Verification

In brief, the programming process consists of: acti-
vating the program mode, applying an address,
latching the address, applying data, and applying a
programming pulse. Each word is programmed
completely before moving on to the next and is
followed by a verification step. The following is &
list of the pins used for programming and a descrip-
tion of their functions:

Pin Function
XTAL 1 Clock Input (3 to 4.0 MHz)
XTAL 2
Reset Initialization and Address Latching
Test 0 Selection of Program or Verify Mode

EA Activation of Program/Verity Modes

BUS Address and Data Input
Data Qutput During Verify

P20-P22 Address Input

Voo Programming Power Supply

PROG Program Pulse Input

WARNING:

An attempt to program a missocketed 8749H (B748H) will
result in severe damage to the part. An indication of a
properly socketed partis the appearance of the ALE clock

_ output. The lack of this clock may be used to disable the

programmer.
The Program/Verity sequence is:

1. Vpp =5V, Clock applied or internal oscillator operat-
ing. RESET = OV, TEST 0 = 5V, EA = 5V, BUS and
PROG floating. P10 and P11 must be tied to ground. *

. Insert 8749H (8748H) in programming socket.
. TEST 0 = 0V (select program mode)

."EA = 18V (activate program mode)

. Address applied t0 BUS and P20-22

. RESET = 5V (tatch address)

. Data applied to BUS

. Vpp = 21V (programming power)

. PROG = V¢ or float followed by one 50ms puise
to 18V

10. Vpp = 5V

11. TEST 0 = 5V (verify mode)

12. Read and verify data on BUS

13. TESTO =0V

14. RESET = OV and repeat from step 5

15. Programmer should be at conditions of step 1 when
8749H (8748H) is removed from socket.

O O ~NOWLH WN
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intel 8748H/8035H/8749H/8039H PRELIMINARY
A.C. TIMING SPECIFICATION FOR PROGRAMMING 8748H/8749H ONLY:
(TA =25°C £ 5°C; Vog = 5V £ 5%; Vpp =21 £ .5V) :
Symbol Parameter Min_ Max Unit Test Conditions
tAW Address Setup Time to RESET! 4tcy
twA Address Hold Time After RESET! atcy
tow Data in Setup Time to PROG! 4tcy
twD Data in Hold Time After PROGI 4ty .
tPH RESET Hold Time to Verify 4ty
tvODW Vpp Hold Time Before PROG! 0 1.0 .ms
tvDDH Vpp Hold Time After PROG! 0 1.0 ms.
tpw Program Puise Width * 50 60 ms n
tTw Test 0 Setup Time for Program Mode 4tcy
twT Test 0 Hold Time After Program Mode 4tcy
tpo Test 0 to Data Out Delay Atcy B
tww RESET Puise Width to Latch Address | 4tcy
tr, 4 Vpp and PROG Rise and Fall Times 0:5 100 us
tcy CPU Operation Cycle Time 3.75 5 us
tRE BESET Setup Time before EAt atcy

NOTE: If Test 0 is high, tpp can be triggered by RESET!.

D.C. TIMING SPECIFICAT-'ION FOR PROGRAMMING 8748H/8749H ONLY:

(TA=26°C£5°C;VCC =5V £5%: Vpp = 21 £ .5V)

Symbol Parameter Min Max Unit Test Conditions
VDDH Vpp Program Voltage High Level 205 |. 215 A

VDDLU Vpp Voltage Low Level 475 5.25 A

VPH PROG Program Voltage High Level 17.5 18.5 v

VpL PROG Voltage Low Level - 40 | veeo v

VEAH EA Program or Verify Voltage High Level | 17.5 18.5 \Y

oD Vpp High Voitage Supply Current 20.0 mA

IPROG PROG High Voltage Supply Current 1.0 mA

IEA EA High letage Supply Current 1.0 mA
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WAVEFORMS "

COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY)

]
VEAN letRE
EA
vece

je——— PROGRAM VERIFY ——-i-———PnocnlM S
vee v . '
TO \ - - .
\ / N
viLy ww =
vee —— - ~ .
RESET \ ) /[ \_____/ L
ViL1 g
taw f.__..——.‘- twa ) . (DO_.I
D80-DB ADDRESS DATA TO BE /A _ _ _/NEXT ADDR
0-DB7 (0-7) VALID /AAPROGRAMMED VALID VALID
LAST NEXT
P20P22  ,ooness x ADDRESS (8-10) VALID X L Boness
! tvDOW tvODH
. t; y's - ]
v— PW twT
Vpp - :
Voor Y
tow L——-1 5 - twp
VPH .1 [
PROG L
Ll it oy a1 [T S 4 e = AR =1

VERIFY MODE ’ ' ; )
TO RESET :
tpu—l
'DBo-08 - ADDRESS DATAOUT \ _ _ NEXT NEXTDATAN _ _
0-0B7 (0-7) VALID VALID ADDRESS OUT VALID :
P20-P1 >< : ADDRESS (8-9) VALID X NEXT ADDRESS VALID
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 INAL EPROM DUMP CYCLE

SUGGESTED EPROM VERIFICATION ALGORITHM FOR HMOS-E DEVICE ONLY

SUBSEQUENT EPROM DUMP CYCLES

ALE
(NOTE 1) {OUTPUT)
-12v r
EA

“
r
t
! INPUT)
L}
[}
1
]

WA . |
oB ADDRESS ROM DATA . ADDRESS ROM
I DATA [

I

(INPUT)

{OUTPUT) {(INPUT)

To, RESET —————r

(INPUT)

L R g y—h

(OUTPUT):

p20-P23 ____{ ADDRESS

48H-| 49H
A10 0 | ADDR
At 0 0

': (INPUT)

NOTE: ALE is function of X1, X2 inputs.

J ADDRESS 1
Pl

vee = Vop <+ 5V

Vs§ = OV

948
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SINGLE-COMPONENT 8-BIT MICROCOMPUTERS
) S EXPRESS

W 0°C to 70°C Operation
B -40°C to 85°C Operation
" W 168 Hr. Bym-In

W 8048AH/8035AHL W 8748H
W B8043AH/8039AHL | 8243

B 8050AH/8040AHL B 8749H

The new Intel EXPRESS family of single-component 8-bit microcomputers offers enhanced processing options
to the familiar 8048AH/B035AHL, 8748H, 8049AH/8039AHL, 8749H, B0SOAH/8040AHL tntel components. These
EXPRESS products are designed to meet the needs of those -applications whose operating requirements
exceed commercial standards, but fall short of military conditions.

The EXPRESS options include the commercial standard and —40°C to 85°C operation with or without 168
+8 hours of dynamic bumn-in at 125°C per MIL-STD-883, method 1015. Figure t summarizes the option
marking designators and package selections.

For a complete description of 8048AH/BO35AHL, B748H, 8049AH/8309AHL, 87489H, 8040AHL and 8050AH
" features and operating characteristics, refer to the respective standard commercial grade data sheet. This doc-
ument highlights only the electrical specifications which differ from the respective commercial part.

Jemp Range 0-70 -40-85 0-70 -40-85
co
Burn In " 0 Hrs 0 Hrs 168 Hrs . 168 Hrs

P8048AH TP8048AH QP8048AH LP8048AH -
D8048AH TD8048AH QDB8048AH . LDB048AH
D8748H TD8748H QD8748H LD8748H

: P8035AHL TP8035AHL QP8035AHL LP8035AHL

‘{ 3 D8035AHL TD8035AHL QDB8035AHL LD803SAHL

’ P8049AH TP8049AH QP8049AH " LP8049AH
D8049AH TDB8049AH QD8049AH LD8049AH
D8749H TD8749H. QD8749H LD8749H
P8039AHL {  TP803SAHL QP8039AHL LP8039AHL
DB039AHL TD803SAHL QDB8039AHL LD8039AHL
P8Q50AH TP8050AH QP8050AH LP8050AH
D8050AH TD8050AH QD8050AH LD8050AH
P8040AHL TP8040AHL QP8040AHL LP8040AHL
D8040AHL TD8040AHL QD8040AHL LD8040AHL
P8243 - TP8243 QP8243 —_
D8243 TD8243 . QD8243 LD8243

* Commercial Grade
- P Plastic Package
D Cerdip Package
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SINGLE-COMPONENT 8-BIT MICROCOMPUTERS  PRELIMINARY

D.C. CHARACTERISTICS: (Tp = -40°C t0 85°C; VCC = VpD = 5V £ 10%; Vss = 0V)

Extended Tempe_fature Electrical Specification Deviations”

TPB048AH/TP8035AHL/LPBO48AH/LPEO3SAHL
TD8048AH/TD8035AHL/LD8048AH/LDS035AHL

) Limits
Symbol Parameter Min | Typ | Max Unit Test Conditions
ViK Input High Voltage {All Except 2.2 Ve Vv
XTAL1, XTAL2, )
oD Vpp Supply Current 4 8 mA
:DD + { Total Supply Current \ 40 80 mA
cC

TP8049AH/T! P8039AHL/LP8049AH/LPBO3IAHL
_TDB049AH/TDB039AHL/LDBO49AH/LDBO3SAHL

D.C. CHARACTERISTICS: (Ta = -40°C to 85°C: VGG = Vpp = 5V £ 10%: Vsg = 0V)

Limits
Symboi Parameter Min .| Typ | Max Unit Test Conditions
ViH Input High Voltage (All Except 2.2 vee Y
XTAL1, XTAL2. RESET)
Iop Vpp Supply Current 5 10 mA
:DD + | Total Supply Current 50 100 mA
CcC

TP8050AH/TP8040AHL/LP8OS0AHL LPBO40AHL
TD8050AHATD8040AHL/LDBOS0AH/LD8040AHL

D.C. CHARACTERISTICS: (Ta = -40°C 10 85°C; VGG = Vpp = 5V, . 10%: Vgg = 0V)

Limits
Symbol Parameter Min | Typ | Max Unit Test Conditions
ViH | input High Voitage (All Except 2.2 Vee \'
XTAL1, XTAL2, RESET)
Ipp Vpp Supply Currént 10 20 mA
Ipp + | Total Supply Current 75 120 mA
Icc
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intel SINGLE-COMPONENT 8-BIT MICROCOMPUTERS  PRELIMINARY

Extended Temperature Electrical Specification Deviations®

TD8748H/LD8748H
D.C. CHARACTERISTICS: (Tp =-40°C 10 85°Ci Vo = VDD =5V £ 10%; Vgg = 0V)
Limits
Symbol Parameter Min Typ | Max Unit Test Conditions
VIH Input High Voltage (All Except 22 Vee \'
XTAL1, XTAL2, RESET) y
Ipp + | Total Supply Current X 50 130 mA
Icc
TD8749H/LD8749H
D.C. CHARACTERISTICS: (Tp = -40°C to 85°C: V¢ = VpD = 5V £ 10%; Vss = 0V)
Limits
Symbol Parameter Min Typ | Max Unit Test Conditions
ViH Input High Volitage (Ail Except 2.2 Vee Y
XTAL1, XTAL2, RESET) -
Ipp + | Total Supply Current 75 150 mA
Ilcc
TP8243/TD8243/LD8243

D.C. GHARACTERISTICS: (Ta = —40°C to 85°C; Ve = 5V * 10%; Vss = OV)

Limits

Symbol Parameter Min
Icc Ve Supply Current

Typ | Max Unit Test Conditions
15 25 mA
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Extended Temperature Electrical Specification Deviations*

TD8022/1L.D8022

D.C.CHARACTERISTICS: (Tp = -40°C t0 85°C; Vo = 5.5V £ 1V; Vg5 = OV)

Limits

Symboi Parameter Min {Typ| Max Unit Test Conditions
ViL1 Input Low Voitage (Port 0) -0.5 VTH-02] V
VIH Input High Voltage 23 Ve V [Vog=50V:10%" -

(All Except XTAL1, RESET) VTH Floating
ViH1 |Input High Voltage : 3.8 Vee V |Vcg=55vE1V
(All Except XTAL1, RESET : VTH Floating
ViH2 |Input High Voltage (Port 0) VTH+0.2 Vce \Y
ViH3 |Input High Voltage (RESET, XTAL1)| 3.8 vce v
ViL Input Low Voltage -0.5 0.5 Vv N
VoL |Output Low Voitage 0.45 V. |loL =0.8mA
Vor1 [Output Low Voltage (P10, P11) 2.5 V |loL=3mA
"VOH Qutput High Voltage (All uniess 2.4 v loH =30 kA
open drain option Port 0)
I Input Current (T1) 700 sA IVcc 2 VIN=2
Vgg +0.45V
LI Input Current to Ports 500 HA | VIN = 0.45V
Icc Ve Supply Current 120 mA

A.C. CHARACTERISTICS: (Ta = -40°C to 85°C: VoG = 5.5V + 1V; Vgg = 0V)

Symbol Parameter "Min Max Unit Test Conditions
tcy Cycle Time 8.38 50.0 us §3.58 MHz XTAL = 8.38 us tcy
V11 Zero-Cross Detection Input (T1) 1 3 VACpp{AC Coupled
Azc |Zero-Cross Accuracy +200 mV |60 Hz Sine Wave
Frq Zero-Cross Detection Input 0.05 1 kHz

Frequency (T1) :
tLL ALE Puise Width 3.9 23.0 us  [tcy = 8.38 us for min

NOTE: Controt Outputs: C_ = 80 pf; Tcy = 8.38 usec.

A/D CONVERTER CHARACTERISTiCS: (AVCC = 5.5V + 1V; AVSS = 0V; AVCC/2 < VAREF < AVCC)

Limits

Parameter

Min

Typ

Max

Unit Test Conditions

Absolute Accuracy

1.6% FSR + % L.SB

LSB

NOTE: The analog input must be maintained at a constant voltage during the sample time (tss + tsh).
"Refer to individual commercial grade data sheets for complete operating characteristics.
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CML Semiceonducior Producis
FRODUCT INFORMATION

FX214 FX224

VS8R* Audic Scrambler

Publication D/214/3 July 1984

2 tures/Applications

Varieble Spiit-Band Fregquency ® Powersave Facility
nversion Voice Scrambler e Mobiie or Cellular Radio Appiications
® Fixed or Rolling Code Applications
® Serial/Parzlle! Load Opticns:
FX214 (Serial), FX224 (Parailel),
%./’_.,wa-?ower 5 Volt CMOS ® DIL and SMD Package Options
3 Half-Duplex Switching
X
|’ XTAL-CLOCK
TMHz
e asc. XTaL
PRABLE/MUTE EN\MUTE
FEOUTCAAMBLE [ v CLEAR/SCAAMBLE
§ RRASER/PARY - 4 T 0 IMHZ
,———-————r____| F ,
: S S N Bl
—N RoM SviGER GwioER — Vs
— A== S ;
I Ly S WM TTT | =
-?a-mifnn,\ o s For F"c" AxTi FX 22@
ool Cxy =
i
EN - 55-Re AW . AL
Y :’E’? E‘}—R IE ] y all
R | me oo [ g &=
sl.;s : aué 7 ?"g‘ Fa @r. !
% FILTER 3 % SCRAMBLE
s b,
: T"]’— ae T Rx
sz Ko = Ta s Rx |
’ !aias cx, &—:J_.. - $_ sias Buas
c, PSEN - Rx
3 Functional 8lock Diagram
i - . g
21t Description
“ dernc e FX2.14 ar?d 224 are Iow-ppwer CMOS LSi A total of 32 different split-point and carrier frequency
{ ~-.-_-:lf; designed as Variable Split-Band (VSB) voice combinations are externally programmable using a 5-bit
¥ She ers. code; this code can be either fixed or varying (rolling), for
i

P device uses separate Ax and Tx paths which are
guri20ed for haif-duplex operation. To prevent

‘;m 'erence from sub-gudio products, an on-chip
%@nﬂuous Tone Controlied Squelch Systemn (CTCSS)
#

é S g’ffssjilter is automatically switched to the input in Rx

greater.security.

‘Sync/Speech Mute', 'Powersave’, ‘Clear’ and ‘Audio-
Bypass' facilities are controlled via external commands.

Timing and filter clocks are derived internally from an
on-chip oscillator requiring only an extemnal 1MHz Xtal or
clock pulse input.

This device demonstrates high baseband and carrier
frequency rejection with good ‘recovered audio’ quality.
Serial or parallel command loading functions are
available in both DIL and SMD Packages

| > the output in Tx.

%‘a,@mb“pg is achieved by splitting the input voice
Faniiencies into upper and lower frequency bands using
,!:'h.C*.‘Ed Capacitor filters, modulating each band with
voed carrier irequencies to “frequency invert” the

and then summing the output.
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FX FX FX FX
214) 214LG 224J 224LG
214L2 224LS
7 1 1 1
8 2 2 2
] 3
3 3
4 4
5 5
6 6
7 7
8 g
13 8
9 ]
10 10
14 10
15 11 11 11

derived 1MHz clock is m)ected here. See Figure 2

Xtal: Output of the clock oscillator inverter.

using the serial data clock and is input in the following sequence ENABLE
CLEAR; Rx/Tx; A A A Ay A, with the Load/Latch being operated on i
completion. See Tmmg Dxaoram Figure 7. R

b

Programming Inputs: [n parallel mode, these are the 5 dig.ital mputs ‘3"
whose code defines the split point frequency and the High and Lowb3ng s 4
carrier frquencies. Each of the 5 mput pins have a 1MQ internal pullu;S’*‘J y

resistor. Table 2 contains programming information .

T T

D> > > P

devices this pin must be externally conected to V.. This pm on all dewceitl_as ang
1MQ intemal pullup resistor. - Y 2' ]

Clear/Scramble: This digital input puts the device ‘Clear or 'Frequency In\{ e
mode by controlling the application of carrier frequency to the upper and lowerk’é
balanced modulators. In ‘Scramble’ the balanced modulator carrier frequen’ --
values are selected by the split point address A, - A [Table 2.
In 'Clear’ carriers are tumed off and the balanced modulators are bypasse
internally, the lower band is not added to the output signal. 1MQ intemalr
[Clear].

Enable/Mute: This digital function is used to disable receive or tranS"mt sxg
paths for rolling code synchronization whilst maintaining bias conditions. Tt W“;n
synchronizing information to be transmitted, or receiver audio output to be" ﬂgg_','d
during sync periods, a logic *1' will enable’ a logic 0’ will disable the selected AA's‘d*
[Rx/Tx] audio path. See Table 1. 1MQ internal pullup resistor.

Serial Clock Input: The externally applied data ciock frequency used to S
data along on devices wired in the Serial loading mode. One full data cloct b)'%
required to shift one data bit completely into the register. See Timing D’ag'?’ﬂ}r !
Figure 7. This pin has a 1MQ internal pullup resistor. er

Load/Latch: Controls the loading of the 8 digital function inputs: E\IAB.
CLEAR; Rx/Tx; A,-A, into the internal register. When this pin is 1’ all 8in \,4,1
transparent and new ‘data acts directly. For controlled changing of parame{efs,
the parallel mode Load/Latch must be kept at logic ‘0" whilst a new furctlo fi:é
loaded. then Load/Latch strobed 0-1-0 to latch the inputs in. For serial lO .-fv-s
data should be loaded with Load/Latch at logic '0' and then Load/Latch 5 -.u
0-1-0 on completion of data loading. 1MQ internal pullup resistor. See ‘..., iy
NOTE: Serial and/or paralle! loading functions are dependant upgﬂ.d v
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;'FX

SRR Ty

il:18

FX

214L2

FX
214 214LG 224J 224LG
224LS

FX

12

12

12

13

14

15

16

17

138

19

20

21

22

23

24

Around [Powersavel/Through: This digital input is used, when logic ‘1’ to put the
device into a powersave condition where all parts of the davice except the 1MHz
oscillator circuits are shut down, and signal input and output lines made open-
circutt, free of all bias. This allows signal paths to be routed externally around the
device. whilst reducing current consumption. A logic ‘0" enables the devica to work
normally as shown in Table 1. 1MQ intemal pullup resistcr.

Vst Negative Supply [GND].
Intemally connected , leave open circuit .

Rx Output: The processed audio signal output. This pin is held at dc ‘bias’ voltage
for all functions except Powersave. This buffered output is driven by the Summer
circuit in the Rx mode. Signal paths and bias levels are detaiied in the Table 1 and
Figure 6.

T Output: The processed audio output for the transmission channel. This pin i
held at a dc ‘bias’ for all functions except Powersave. This summed and buffered
signal is passed through the CTCSS High Pass Filter to the output pin in the Tx
mode. Signal paths and bias levels are detailed in Table 1 and Figure 5.

Vaus® Normaily at V /2 this pin requires an external decoupling capacitor to Vesr

BxInput: The analogue received audio signal input. This pin is held at a dc ‘bias’
voltage by a 300kQ on-chip bias resistor which is selected for all functions except
Powersave, and therefore requires to be connected to external circuitry by a
capacitor, C. See Figure 2. This input is routed through the CTCSS High Pass
Filter in Rx mode to remove sub-audio frequencies from the voiceband. Signal
paths and bias levels are detailed in Table 1 and Figure 6.

Highband Filter Output: The output of the Input Filter of the Upperband arm.
The Rx/Tx function sets the lowpass filter at 3400Hz or 2700Hz respectively. This
output must be connected to the Highband Balanced Modulator input via capacitor
C,. See Figure 2. "
Highband Balancad Modulator Input: The input to the Balanced Modulator of
the Upperband arm. This input must be connected to the Highband Filter Output via
capacitor C,.

Lowband Balanced Modulator Input: The input to the Balanced Modulator of
the Lowerband arm. This input must be connected to the Lowerband Fiiter Qutput
with capacitor C,.

Tx Input: This is the analogue ‘Clear audio input for the VSB scrambler. This pin
is held at a dc 'bias’ voltage by a 300KQ on-chip bias resistor which is selected for
all functions except Powersave, and therefore requires to be connected to external
circuitry by C,. This input, in the Tx mode, is connected ta Upper and Lowerband
input filters, signal paths and bias levels are detsiled in Table 1 and Figure 5.

Lowband Fiiter Qutput: The output of the Input Filter of the Lowerband arm, the
Rx/Tx function determines which filter is used {Filter 1 or 2]. Figures 5 and 6. This
output must be connected to the Lowerband Balanced Modulator Input via C..

Voo A single + 5V supply is required.




¥-56

Component Connections
Fig. 2(a) Serial Load Options |,
oo
C, C,
Ax IN
d]-«-w IR T o it
2120 un 21222
Tx OUT
¢ i3 nel 20 R—"gz—T-»
TxIN —— 42 (15) 18 |t
5 (23) (14 18 -%LC o
gi2a FX214J 115 5 7ss
XTAL/CLOCK 7y FX2BLGE | AROUNO! THRGUGH
XTAL AD/LATCF
ATAL 18 12) {111 15 & CH
SERIAL o @ o 18 SERIAL CLOCK IN
DATA IN - PAR/SER
Nic—10 ® 13 LSER =
N/C 11 12 }—N/C
VSS
Fig. 2(b} Paralle! Load Options
o0
XTAL/CLOCK : O =
—— T
XTAL o
? B c,
Ay —3wi3 2 i} TxIN
Ay ——mia 21 .
PROGRAMMING 'S
INPUTS Ay 5 20 4——[5
Comz A, —={6 FX2244 19 <,
o NAg——7 FX224LG 18 e 1'} Ax IN
Ax/Tx 8 17 Vs
CLEAR/SCRAMBLE |, 16 | TR 0UT
ENABLE/MUTE =10 16 RxouT Al
LOAD/LATCH =111 T N/C
ARQUND/THROUGH d 12 13
Vss =,
VSS

Fig. 2 External Component Connections

Not Connected

FX214) 10,11, 15
FX214LG 4,567
FX224) s’
FX224LG 18

*Internally connectad

£}
do
connect to. ]

Component

s piaiiciateieet bl

Tolerance Resistors = 10% 2
Capacitors = 29

Cq and Cg are coupling 3Pz
between filter outputs 31C 55
batanced modulator inpYts:



jdcation Information

‘device can be used in ‘Scramble’ (frequenc,'
-,smn) or ‘Clear’ speech modes. The inversion
/ ~encies, when selected are controlled by the RCM
¥16cs code (table 2). Keepmg the code in one siate

taidres
‘d) is the snmplest form of operation. A more

s extemal form of code change generation WIth

+'variations of code sequence are possible.

5 shown in figure 2 In the Scramble mode, Split-

""t and Low and High band carrier frequencies {F.1,
are selected and set in accordance with the ROM

ﬁess code present at the inputs Ag to A,, Ses

o rronization between transmit and receive stations.
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During the Clear speech function both Lower and
Upperband filter arms are selected (figures 5 or 6), the
carrier frequencies are turned off and the balanced
modulators are bypassed internally. The Low band ~
audio is removed from the output signal prior to
summation.

Enable/Mute

To enable code synchronization to be transmitted the
speech output can be interrupted with the
Enable/Mute function. A logic ‘0" will isolate the
whole device whilst leaving the audio input and output
pins at bias level. See Table 1.

Powersave

When the Around/Through function is at a logic ‘1
the device is in the powersave condition. Audio
signals may be hardwired around the device normally
as the input and output pins are open circuit. See
Table 1.

CHOSEN FUNCTION
mlnputs and Outputs Rx =1 Tx =0 Mute = ‘0’ Around (POWEI’SaVE)
=1
Path Er‘aabled Dfsconnect D.»sconnect High Impedance
Level! Bias Bias Bias
Path Erfabled D}sconnec:ed D.lsconnect High Impedance
Level Bias Bias Bias
Path D.lsconnected Er.1abled Efxabled High Impedance
Level Bias Bias Bias
Feth D}sconnected Erjabled Disconnected High Impedance
Level Bias Bias Bias

Split Point | Low Band | High Band ROM Address | Spliit Point | Low Band | High Band

) A Hz Carrier, Hz | Carrier, Hz A‘—Ao Hz Carrier, Hz | Carrier, Hz
N fcl 'cZ fcl f:2
5 08300 2800 3105 6172 10000 1135 1436 4504
2000 01 2625 2923 6024 10001 1050 1351 4424
o .0.1 0 2470 2777 £313 10010 976 1278 4347
g.I.J 1 2333 2631 £5a1 10011 913 1213 4310
0% 1.0 0 - 2210 2512 5555 10100 857 1157 4273
A¢01°1 2100 . 2403 5494 10101 792 1094 - 4166
01 : 0 2000 2204 5378 10110 736 1037 4132
5 -1001 1209 2212 5263 10111 688 288 4063
100 0 1826 2127 5208 11000 636 936 4032
010, 1 1750 2049 5102 11001 531 891 3968
0719 0 1630 1984 5050 11010 552 853 3937
!‘ﬁ%‘ 1555 1853 4950 11011 512 813 3306
1o g 1448 1748 4307 11100 a7 772 3846
£5017 1 1354 1655 4718 11107 428 728 3816
55011, 0 1272 1572 4629 11110 388 688 3787
2 v 1200 1501 4537 T1111 350 650 3731




¥-58

Appiicationinformation
For the following descriptions, the term 'FX214' can be taken to mean FX214 or FX224,

Audic Quality

AMPLITUDE
CONTROL  PRE-EMPHASIS FX214 T Rx FX214 DE-EMPHASIS
FLAT AMPUITUDE
O 5 _ ® I CHANNEL ® ™~
200—3400Hz .
(OPTIONAL) FREQUENCY -FREQUENCY

INVERTER INVERTER
Fig. 3 Recommended Basic Communication Audio System Layout

St

Figure 3 shows the recommended basic audio system layout using added pre- and de-emphasis cm
good recovered speech quality. In the Transmit mode Do Not pre-emphasise the audio output of the Fx21 i 5w
Receive mode de-emphasis should be used after the FX214. .

PRE-EMPHASIS  FX214  DE-EMPHASIS PRE-EMPHASIS  Tx Rx FX214  DE-EMPHASIS
FLAT AMPLITUDE|
o £ ® A~ JEReWal /L oy ® -——r\ —
3 % 300— 3400Hz |
{ADDITIONAL} FREQUENCY (ADDITIONAL)  (FITTED! FREQUENCY  (FiTTED)

INVERTER - INVERTER
Fig. 4 Recommended Basic Radio Communication Audio System Layout

Figure 4 shows the recommended basic audio system layout if it is necessary to install the FX214 within a r'a?%'@
having pre- and de-emphasis circuitry as a standard This is where post-emphasis access is not pOSSlble in é A
transmitter.

Ck; B Foa Cky
T é_i
T~~~
m'rsm' é
3A0CH:z CLEAR ——
2700Hz SCRAMBLE
TXIN - i (
) W 2300Hz SCRAMELE
% _'\%] 2800H3 CLEAR
o, 994
BIAS FILTER 1 i 5—(?‘8}“" : E—I CLEAR
T f
i c / t BIAS
Cies ? “ Cks  ScAAMBLE
Fig. 5 Basic Tx Path

with cut-off frequencies ( 3dB) indicated.

Chy c, Fo Cx,
} — }
T~ 11 { ~ |
Chy FILTER 3 FILTER 4
! & 340QHz =—— CLEAR ————— 3400H2
| 3400HZ ——— SCRAMBLE —————  2700Hz
AxIN = H
c7Ccss
oo @ 2500Hz sc:A \BLE —————  2S0CH:z
. & ZSOOH: CLEAR £2 zﬂooHv

kl—' El:’_nx - MCTE .__
FlLT R =
BIAS  BlAS E 2 é_/?—{-’ FILTE:H

with cut-off frequencses {-3d8) |ndxcated
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ectrical Specifications

g’.é\bsolute Maximum Ratings

S%r ding the maximum rating can result in device damage. Operation of the device outside the operating limits is not implied.

a"‘sh( ly voltage -0.3Vto 7.0V
- it voitage at any pin (ref \eg = OV} -0.3Vito(\y, + 0. 3V

smklso‘"CE current (supply pins) =+ 30mA
Ry {other pins} = 20mA
§i°ta| device dissipation @ 25°C 800mW Max.

Saating 10mW/°C
§ opérating temperature range: FX2144/224J -30°C to +852C (Ceramic}
FA214LG/224LG ~30°C to +70°C (Plastic)

5 e temperature range: FX214J/224J -85°C to + 125°C (Ceramic)
= FX214LG/224LG —-40°C to +85°C (Plastic)

, o
eratma Limits

haracterlstxcs measured usmg the following parameters unless othenvise specified:

=850V, T, = 25°C, F, = 1. OMHz, Audio Level Ref: 0dB = 775mVrms.
$Characteristics e Note Min. Typ. Max. Unit
:x‘a- :

Gatic Values 5
3 §Suppiy voltage N 4. 5 5.5 \
ﬁi};s“pply current (Enabled) = 8 = mA

l"’-Supply current (Powersavel - 1.2 - mA

Ana(ogue Input Impedancss
ig'l'x/ﬂx input (Enabled)
§Tlex Input {Powersave)

L=
'8
It
gx‘
5

Ba!anced Modulator 40 - kQ
Analogue Output Impedances
Rx Qutput (Tx Mode) - 100 - kQ
=¥ Rx OQutput {(Rx Mode) - - 2 k2
5 Rx Output (Powersave) 1 - - mQ
;ﬁf“‘rx Qutput (Tx Mode) - - 2 k
“‘;’:ﬂx Qutput {Rx Mode) - 100 - kQ
£Tx Output (Powersave) 1 - - MQ
R - — 1 kQ
2 R
%DI?I(&I Values
Q‘*g tal lnput Impedance 100 - e k2
,‘»
imic Values
% In put Logic ‘1’ 3.5 — - v
w.ez put Logic ‘0 - - 1.5 Y
MXtaIIClock Frequency - 1 MHz
nalogue Input Level

?}}a arrier Breakthrough

-18 - +6 dB
| 1 - ~55 - dB
{¢&3Baseband Breakthrough 1,20r3 . -3 - d8
2:5 ter Clock Breakthrough 1,20r3 - -50 - d8
! Utput Noise 1,4 - ~45 - dB
Fo
hES cand Characteristics
e lear Mode 7
éfasband Gain - 0 - d8
AUtput Lower 3dB Point (Rx or Tx) - 300 - Hz
.‘DUt Upper 3d8 Point (Rx or Tx} - 3400 - Hz
2 l515-065.::rambla 5
Aieﬂwed Signal Passband Gain 6 - 0 - a8
t eceived Signal Lower 3dB Point - 400 - Hz
ﬁz:ll €ceived Signal Upper 3¢B Point - 2700 - Hz
‘:[ﬁnsmmed Signal Lower 3d8 Point - 300 - Hz
Nsmitted Signal Upper 2¢B Point - 3400 - Hz
lCSS {Highpass Fiiter)
3dB p - 300 - Hz
- 0 dB

40 - dB
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—-Electrical Specifications . ove

Characteristics See Note Min.

Timing (Figure 7]

Serial Mode Enable Set Up (tgye 250
Serial Clock 'High' Pulse Wldsh “Pw 220
Seriat Clock ‘Low’ Puise Width {tg, 250
Data Set Up Time (tyg) 180
Data Hold Time (t5 £0
Load/Latch Set UP Time (t,,) 250
Load/Latch Pulse Width (tLLW) 150
Data Set Up Time (tygp) 150
Data Hold Time (tpy0) 20

. Measured at the output of a single device.
. Tx Mode.

Notes: 7
2.
3. Rx Mode.
4
8.

. With input A.C. short-circuited to Vgg

. Measured at the output of 8 rece/wng dewce in a scrambler-descrambler system with a transmission Channe/ s .‘
having a flat amplitude response and a bandwidth of 300Hz to 3400Hz and measured rela tive to the /nput s:g
at the transmitting device. .

. Excluding split point + 150Hz.

. Measured at the Rx or Tx output pin of a single device.

NSO

Serial Loading

I
. PARALLEL/SERIAL \

—— to g ot oy =Py

SERIAL ! . 3 J
CLOCK { b

. ' i
1y 1
b g —= 1
' - ] !

i
SERIAL ) :
DATA INPUT XXXXXX JsLtit X 2nd bit
] ENABLE ! CLEAR
LOAD/UATCH

Pzralle! Loading

-~ fuw _""l

- )
£ .\
\ LOAD/LATCH |

1
batogpme Pt toyp e
] vt

PARALLEL
DATA INPUTS

N

NOTE: For ‘Serial Load’ devices the data loading sequence is: ~ Enable—Clear—RxiTa ~4;~ A —A;— Ay -4,

Fig. 7 Loading Timing Diagram
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%4 Outlines Handling Precautions
%14 and FX224 are available in the package The EX214 and FX224 are CMOS LS circuits which
- "oulﬁed pelow. Mechanical package diagrams and include input protectipn. 'However pref:autions should be
restons are detailed in Section 10 of this taken to prevent static discharges which may causa

Tt damage.
entfication marking is shown on the relevant
: pins on all package styles number

,‘L‘v ‘.\.and .
e - 1wisa when viewed from the top.

22-pin cerdip DIL (J3) FX224J  24-pin cercip DIL (J4)

==

NOT TO SCALE

<% A‘R\‘
R:\\\\g\\\\\\\\

i
}
| Max. Body Length ~ 52.03mm
Max. Body Width 14.81mm

i

Max. Body Length ~ 27.38mm
Max. Body Width 8.75mm

5

&

\FRI4LG/224L.G  24-pin quad plastic
: sulated bent and cropped (L)

Max. Body Length  10.25mm
Max. Body Width 10.25mm
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Package Outlines ......

FX214L2/224L.S  24-lead plastic leaded

chip carrier Ordering Information

NOT TO SCALE FX214J 22-pin cerdip DIL - 3¢

FX214LG  24-pin quad plastic
encapsulated bent and
croppped

FX214L2  24-lead plastic leadéd o
carrier

FX224J 24-pin cerdip DIL

i FX2241.G  24-pin quad plastic
encapsulated bent and

Max. Body Length  10.40mm croppped .
Max. i 10.40 .
PEoRy i A g0y FX224LS  24-lead plastic leaded ¢
carrier

SRR Y
e oo





