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ABSTRACT

In this thesis , we study and development depend on data transmission by using radio
frequency in presented. 48 MHz of radio frequency is appropiate for use when the receiver is so far
1 form computer as wireless transmission via radio channel to control matrix board LED 16x96 dots by
use CPU for control system is can be received data from computer and process to change data to be

many display pattern
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Series Line Channel FDX or Modulation Switch Leased
Nuraber Speed Separation HDX Techique Lines Lines
V.21 300 FD FDX FSK Yes 0
V.22 1200 FD FDX TSK Yes PP 2W
V.22 600 FD FDX PSK Yes PP 2W
V.22 bis 2400 D FDX QAM Yes PP 2W
V.22 bis 1200 FD DX QAM Yes PP 2W
V.23 600 NA FDX FMK Yes 0
3 V.23 . 1200 BA HDX FMK Yes PP MP4W
V.26 2400 Wire FDX PSK No No
V.26 bis 2400 NA HDX PSK Yes No
V.26 bis 1200 NA HDX PSK Yes PP 2W
T v.6ter 2400 EC Elithe PSK Yes PP 2W
V.26 ter 1200 EC Elither PSK Yes Yes
V.27 4860 ND Elitger PSK No 2W 4W
V.27 bis 400 4-Wire Elither PSK No 2W 4W
V.27 bis 2400 4-Wire Elither PSK No No
V.27 ter 4800 ﬁone HDX PSK Yes No
V.27 ter 2400 None HDX PSK Yes PP 4W
V.28 9600 4-Wire Elither QAM No PP 4W
V.29 7200 4-Wire Elither PSK No PP 4W
V.29 4300 4-Wire Elither PSK No PP 4W
V.32 9600 EC FDX QAM Yes PP 2W
V.32 . 9600 EC FDX TCM Yes PP 2W
V.32 4300 EC FDX QAM Yes PP 2W
| v.3z 14400 3-Wire DX TCM FS PP 4W
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ND = not defined NA = not applicable EC = echo canceler
EFD = frequency division FDX = full dupiex HDX = half duplex
PP = pomt to point MP = multipoint FS = for further study
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41?1

' 5.6.9 nalumIneuaussdedaad wna T
’u as - dar § & o d' @ 9 p
! sedudugnudunesSUdnouenyiia 0 uaz 1 szganlsuiuassiudis (nversel) uas
d v - A P ' = a a8 v ow a s
_gouftudr131udin 180 wie 1E1 fician 5l 2 vewsasuuyFu lnfarwdvidudygudumesd
v { a o a )
SdvedIniwed 2 mwizfiRavinmousn @ T2Ex) sxgaiuBludin Exr2 (Indwes 2 &
t
"
y
o/ - o U - a o o a 4
' yenaausdyanudueeiildaesed Ae in TF2 wasin EXF2) sumsdgyanuduaes
' o | d oS b a 1 a a as a dosr 1 ¢ a
. Sdusanesndemseynsy (@n R1,TI) sluinfivenaousvesdygusumesiddudazsiia
v lignsudnunTlasasesnwlusunszisdunsdu lmnadaly
- s - do 1 o o o o 4
finenanmedyanuduseifldvesiniwes o uazIniwes 1 (TFO uaz TF1) szgn
1 a U4 - : v Py
igavioian 5 ol 2 vedlwiadindwes o nielnies 1 fia overflow a1ntusluiinuen
d’ s 4 a o (R - s - 4
aneilszgniulasisssmelulunsdulufadaly uddluinuenanuzdyy mduaes
o 1o o (4 - o (Y a A @ o
Fudvestmiwed 2 (rwizin TF2) wwgmafican 2 wla 2 unsgaiualulwinfeadiudy
- lanfiadufia overflow
Hilasveduaeiduazfouly 3 defindnungndesdmiy Mcs-51 fiezfuiniinsg
, .
-~ as o w i - .3’ ° °
wedureiTUA IR Mida call Mifadwsn MCS-51 wvinldEfignielu Mcs-51 gafenai
ol Tdsunsuus msd waesSldngnison uazddadalifiszgmififezdiudrdausnly

4 - - do | A A <4
TdsunsuuSasdumesidariiangnison

—— e
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(11939 1n@IAS call 1899z 1190 2 unsu Tmfa Aafunsmeuausdedyauduaey

o o~ 4 N ' - 2 '
fudnifatuszasldnmedaies 3 wusdulwfady q Fufunaszwd

nmsinadyenu

SumesSanumsiTuduiem sdusalullsunsuusnisdumesiala asetglugili 5.17

v - t :l’ a ; = - daor 1 & @
Fanmlunsasuaussivuniiiietndiaiu ldnnnsonduaesTudgndaliRae

feuly 1 Tu 3 defindniedu Sdweesfudnldwumnddgriduniogindiiidegn

[

° ’ o A 3 .3 re o -, a Jo | o o
nITnnyg naﬂumiseﬂﬂﬂ‘nmwuﬂzwagnuaﬂymwﬂﬂﬂsuﬂsymmsaumassﬂmmmgn

- e -~ .e’:d'ow ° ' a W - [ 4 c’u!llv lla LY °
ﬂaﬂﬁ 115Bﬂ'lﬂﬂ'!fN‘ﬂﬂ'lﬁ\iﬂiz‘ll']ﬂQﬁlﬁl“lﬂﬂﬁﬂlﬂﬂﬁlﬂulﬁﬂiiﬂﬁm llﬂfﬂu lelﬂﬁf{ﬁ‘n'mﬂﬂ\lﬂ'l

' b4

daiu nmlunssenseiiuiues Iionsonni 3 uuyiulnfald mazidaiioniiga e

MUL , DIV 1151"1’3'(111‘7‘80 4 uuwu‘lmnmmuu nmmffmmmnszmxﬂu RETI #5emsiliou

o -~ > ’ 1 'g ; . L -~ 1
Yoyn i3 TmaedFanuaniz 15 uie 1P naefifinduss hivinndt 5 uuvduleia (edn

oo o

winfigasn 1 uuydulndae Wfiasds RETI wiemdsiifinmdoudeynlitanesld

<y

g o 9/ A o
aumne IE 1P adaSoudessaudusn 4 unsdulmiedildididesa il lunsaifisidadaly

4

wwiihu MUL %38 DIV)
s &' S N g9/ dor 1 & A t =
ANUU 111731]1]7!11ﬂ']ii‘lfﬂﬂlﬁﬂ?iﬂﬁl“ﬂﬂqﬂﬂ']\?lﬁ{l? l'Jﬂ']‘l‘Llﬂ'ITﬂﬂ'Uﬁu

A 3 uassu i udvzilosndt o uuydulmiadas

5.6.10 Mafmual¥Bwne s diin ity 3 sedndasenduas

ot

~ dar | &
998U UARY

"lums“hmumaﬂsafmumwmxﬁumﬂmumassﬂﬂ dmuanudidgnnndl 2

spduf Mcs-51 T Tunsaluiisaunsoldvendiadotieds q lumshidtimdeudndisedu

anudfny lunisusn s8R s TUA (priority level) szaud 3 18

°_ W

- 9 -~ 4" Jd’do s o 1 Y. ° 9t o
fugn sumesilaniiddunwdiiygend 1 wdssgimualdidwunimddantiv

1 Tagfmualuidamedidaummnie p uaz TilsunsuuinssunesSuldveady

A o

szdu 2 rnnsaifou laeddduituauded
PUSH IE
MOV IE#MASK
CALL LABEL

(EXECUTE SERVICE ROUTINE)

POP IE

afidwunwddgdu 1 AfadmunsogndumesSudld Tasswne faland

- dosr | o
WIUDUABTTIA

o

daunnuding
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RET
LABEL : RETI
-t Jq 9 P 1w ::ld'n dor g o ar LY L 9
Hameildnumnme [E wgnnldousniufiidunesiudnuddyszdy 1 gaiSonld
- 9/ -~ - o o (: a PR 9/ Yt o o o o -
mennsuinstuaes iavianua snduumesiudnsdssms ildaduniudigssdy 2
v ' . ¥
unzf1de CALL LABEL 9¢Ynfidd RETI itenasndfigimusiiniruinisvesdunessudnam
o/ (Y] d -’ 9/ C’l’ JA' 9 o -~ dar | Sedet 9 @ o
dAgyszaAy 1 adeduawal Neiliie Idyanaudumessaniniwdifysedy 2 aunsoves
LRSI eI

fdan 1 POP fweasimans 1danunme E selihimwesismaesldamuame E #

"tﬁu"li"’lummnnﬁum‘li’ad‘lanﬁu el laswaiunsdumessuandutiuesiudy uarlddds

— - -

— g

-

4 - L @ o & 3 " J e 3 -
RET unufiezld RETI lumeusuTusunsuuinsdumesfald ddsfimaduiiosinly swaed

Suanfidwuanuddyszau 1 idonauiiuda 10 Tulssind. Quasdfisidnsaaea 12 wns

-~ L4
18IN%Y)
v Bams 010CK DAL A AN
: soul Y - AP AN
S.7 MI¥ONIYY 8255 NU MCS-51 i L
i Inowr
P saour A E
el | by T cuteaL |<: C> - CD":"’\
srmus) oo Y | waW=)
i T
i R
srow
oate =%
| 7 R ey
no--(m::na:o-n-usw oara e <_L > Ji
wld 4 wow
] S N mhs Ko
w
}
O ——— (—J—‘ £
hehm SRV i omour e 3
o -8 e S C:,JQ e CL&
ACINT ey ¥ j
gt i
= 3
H'mm‘;m . B
@ Jres
w(Jres
= Jrea
_ wi]ver .
: ::.f DyeQy Ve 4 BUS | AONARCTIONALY
‘-_:1% AT ACHET Wy T
55.‘ - 4 S RUCT
’jﬂv B ~ald st
-":N R WRETE INPUT
ij. Adeal FORY AQDRLSE
ﬁjn. Paladan Y A @A)
N rr.re | roarsam
]1:5 ., ront & 1mn
u]v' Yo ~d vOu IR
. »:_:" [ § vOLTE
e 8 e
g inll] ~ n{Jhe
HEdu ) 2 Jre | '
{mQe _ ... o0my

11 5.20 Mm3evwaz Inseadeves 8255



8255 fudvuia 40 niiled 3 wesnde A B,C iHunesn 8 dnfimunsaTusunsuldiiiy

L T ¥

Bunnuieieninnld lasiivesn ¢ dunaiiu 4 dnarauaz 4 Snuu Taolilassadremugui
$ 518

; MODE 0 MODE 1 MODE 2
IN ouT IN OUT GROUP A ONLY
: PAC | IN OUT IN OUT —
PAl IN ouT IN OUT —
E PA2 IN ouT IN OUT —_—
‘| pas IN OUT IN OUT —
PA4 IN ouT IN OUT S,
; PAS IN OUT IN OUT N\
| pas IN ouT IN OuUT S
| pA7 | ™ | our IN | ouT S EN
| PBO IN | our IN OuUT \!
| PBI IN OUT IN OUT
| PB2_ | IN OUT IN- - | OUT  /O5E 0 OR
‘| PB3 IN OUT IN OUT P 1D "N MODE 1
| PB4 IN OUT IN OUT 2 At il ONLY
PBS IN OUT IN OUT
PB6 IN OUT IN OUT
T e IN OUT IN OUT
PCO IN OUT INTRB | INTRB Vo -
[ rci IN OUT IBFB | OBFB 1/0
PC2 IN ouT STBB | ACKB /0
PC3 IN ouT INTRA | INTRA INTRA
| pC4 IN OUT STBA | IO STBA
PC5 IN OUT IBFA | 1O ' IBFA
PC6 IN OUT /0 | ACKA ACKA
| PC7 IN OUT /O | OBFA OBFA

A9 5.3 LaAd IMUARTIUBY 8255

-y Tm o
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5.7.1 Inuam s
mninuiisgAaonu 3 Tuua Asmisad 5.3
- Tnua 0 inmsvirauuuy BASIC 10 1aifl handshake

dy 9 o o (D 9 s Y]
- Tnua 1 Tnuaillémein A,B lumsiudedeynuazidmesm ¢ lumsasaeaeudyan
( handshake )

a’ 9 o as t g - o s - t 9 9
- Tnuaiiléwedn A lunisiudedeyn 2 firmaunznesn B lunisiunededeynuns 14

weim C1ino,1,2 Tumsiuasdoyounziin 4,5,6 iudyaas handshake

5.7.2 TyayIA199UB 8255

D0-D7 . viadeyaideuTosiu cru
A0-Al 1%1dennesn AB,C unzwa{nﬁanﬂu
RESET Lﬁﬂﬁ'ﬂujng1mﬁy'lﬁ§'uﬁ’ﬁuxwu1mﬂszﬁu wiild 8255 gadiim uralinanesn
dluduwniiud
PAO-PA7 dunesnuuing 8 in
PBO-PB7 duwesnyurmvina 8 on
PCO-PC? dunwesnvuruwuia 8 in
‘RD Tun1ssndeyaiinesnves 8255 desinlinfiduassn o wieudu cs
WR lumsdoudeyanioTusunsuasuu 8255 e liniifuasin o wleudy
Y1CS
Cs Wuvufondl 8355 18 milifnezdedu 10 DECODER

[ ¥ [}
1{1891 WR,RD,A0,A1CS 191U 5 ¥19ifefFun1sviauaua1s e 5.4

Al A0 RD WR C(CS
Input operation (READ)

0 0 0 1 0 Port A —> data bus

0 1 O 1 0 Port B —> data bus

1 0 0 1 0 Port C —> data bus
Output operation (WRITE)

0 0 1 0 0 Data bus —> port A

0 1 1 0 0 Data bus —> port B

1 0 1 0 0 Data bus—> port C
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T P e

—r

Data bus—9 control

Disable function

Data bus—> 3-state

Ilegal condition

Data bus—>3-state

A15199 5.4 131905989 8255

5.7.3 m3ldsunsu 8255-

1darsenis Tusunsu degaldi 519

07 £8 55 04 32 02 2t 20
+ : l i
Lo xixi«l [ 1]
T
[ ey mr_v 78
| 31t saurasat
{
T s e
L J = oraser
1
i 3it satecy
H ‘ ¢
@t z 3 &£ 2 3 7
—0 i 0 i 9 : 3 1
! |
-—-,-;0 (1P~ i 9 3 i
i
1 0

0 2 3

(b)

/S Grouo 3

I For © lowen
11 =ncut

. G =outecut

, Port3

e

! ainzut !

3 = sutsuy

| ‘Moge serection

' J=rmoael
! i = moas

—
——————
_/: Froug A S
¢ P2 Civocern) |

! 1= noyt !
e t
i 2 =outcut .
: i
—_—
i FortA i

;
. { = nout H
gy - i
i 3=3uwmut |

—
! Moce szieciion !
: 00 = moae

———-————J. 01 = Toce |

s X =moce 2. !
r————————

gﬂﬁ 5.19 CONTROL WORDS 14 2 1Y 484 MODE (122 BIT DEFINITION FORMAT
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5.8 madeullsunsudimivlalnsnoulnsamefnszga MCs-51
5.8.1 maauldsunsuneilamalumsia

a A ] 4 a ¢ o P a
s ouldsunsui e anid 1 luars il eelUse Tonfuaz 19010 sununisis su

,+ Isunsudinnafidudou wfefenudeyaisafunsuaama swnmsdsdeyassnan

o

g —

¥

-

£

N o ' v ¥ Y a q ¢
ﬁ171‘1‘lﬁrJﬂ-ﬂuﬂ17“1*’1““11113:1““’]“7!ﬂ 9 ﬂWElWBlJﬂﬂﬂﬂdﬂ’liH] ﬂTTlﬂUuTﬂ?llﬂiun‘lﬁfﬂ'ﬁ

T 1o [ ] & 1 1 ° I~
lﬂﬁﬂ'!ﬂ'l‘il'lﬂﬂ'ﬁ'NﬁuUJJﬂUH'Iﬂ U ﬂ”Iilgﬁﬂ'li'l\ilﬁﬂﬁ'lﬂ'lﬂﬂﬁi'lﬂ‘?li’fﬂ\!‘l!ﬂﬂlﬁ'llil’m?um&l 1Im
J Ly ~~a o N
AMAT InA 19U HanHY Sine ,Cos 104

Tu Mcs-51 fimdsismrsanuazainlumsdamaluais e 1vuds e s1da
e MOVC A,@A +DPTR
e MOVC A, @A +PC

o % g & o i T & ' b 4 - H 1]
Adullanidrlumnenaaesdasglunquindunieudrodeyaiisdnurianuds &
o ' & - v { - - g
dullavmslumnmes]diiomes A Wudideyaiidesnmsmenarse uasldfufify

LY P e P z ac v ° & 3 <t
Nnﬁ'ﬂi‘y’l‘lﬁmﬂﬂ'ﬁlﬁﬂﬂﬁ%‘lﬁ’ﬂﬂ uﬁﬂ'li‘Yl'N'Iui’JllTN'J‘n'ﬁlﬂ'#ﬂﬂ1111%151@%18\1?]1’(”71\1?78@%311

1 4
L]

ANHULUANANAUAIT

MOVC A , @A + DPTR

[ 4
o o =t

fdailldlamerlumste  Tasdwmisduvesmisnerszydaoilusiaaes DPIR.

9’:. ]

1 v U g 4 v oA -1 Aa
daun i Isrdwmiclumegluiimmes A uaznadninldenmsdamisieesfiu 1313

4 P o
maef A nns

L3

' ¥
nswdlamailuarsulasiideil sedesInansidwnisduvearsie 3 luss aney
9/

[]
<4

i et e’: v - (3K 1 o o 9/ - d
DPTR Tgnaunnasy mauaissiunudeyaszegdiulalunizenimdin’ld Jeyadiduluais

1 4 v
sedi 1Ay 256 Awandiu (A = 0 - 255)
b 4 I3 [}
Tdsunsude liiduTusunsudaasuitomeuavensideass  Tassuaufidssnism

' o o A I'd Y] (‘i v s o [l Ao 4
finfdenesezgn Inaa i 13 1uSmmed A uaznaawﬁmﬂuﬂna'uvﬂmmaadﬂzag“lummms
A MONAINTZINAIS

MOV DPTR , #TABLE: A TMUAS A MHUUS U UUBA1T 19
MOV A,ENTRY NUMBER ;laafidesnmisvminasnlussmany A

MOV A , @A +DPTR abaminmreun 131us3qaes A

daedalluTalsunsy
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TABLE:

ORG 1000H ;M 1MuaduvuuSuAuYea1s e 1000H

DB 00 Amuanusnluaizig

DB 01 Amuamasluaisa
: DB 04 Amuantanluaiss
i’ DB 09 Amuam1aluaIs
s DB 16 ;fmuasmhiluaisis

b,
. ‘MOVC A , @A + PC
3 ¥ .
mdailldiflamiluaiss Tagdwmisduvesmisnezsey Taomluiimaes pC dau

v b 4 Y
. A g umisfeyalumsegluiimaef A udtnadniildnnmsdlaaiseziu1igg

e A IwRgIfusdITn

' ¥
ar

msdlanrsalaglddrdeii s uiludeslsnisiSon lsunsudsafioniafiassnisidlaein

ad 9 Gdd’ (3K t o 1@ g v -]
AT 91']7‘N"ﬂlﬂ'ﬂ'\lﬂgﬁ?ﬁuﬂzagﬁqu‘1ﬂﬂa‘3“u’]Uﬂ')‘lu%‘]ﬂklﬁ, UARIATNUNTVUBYDIDIWCY

ar d' ] 9/ o o dy
dnyuzmwizigandnenasiadianideyani ldail

P I

Aunasanismianna1seluTsunsy
s MOV A, ENTRY NUMBER ;ldfmfideamsmeinasin]usimaey A
CALL TABLE nomsvihen Wandlsaudidunus TABLE

[
o/

9
s it luTdsunsy

' ORG 8000H Smuadumiusudurea1ei 80008
' TABLE: MOV A,@A +PC ahwinaisie iy 3issames A
' RET ndylvieuiAndesindids CALL
DB  ** Anuadiidsenisluase
% DB  ** ; fimuadiaeans lums
: DB ** . fmuam g1 luais

[ —

b 4 v
lumsawvilssdunartudiiaiseeds q szegasmiosids RET shldfinudeyaluaiss

td
/s

v 1Agagariios 255 deyaminiu (A =1 - 255) issenagudnlfiiasds MOVC A , @A +PC
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v
L)

\ i L ’ [ 0" \ » J J o .'l - . A d'
m'ummama{ PC 9B Wlll'ﬂu\‘l‘llﬂ‘iﬂ'lﬁﬂﬂﬂllﬂu %uﬂumm RET lﬁﬂi‘f\iﬂ']’im'l‘lé“ﬂ‘lﬂﬁ'li'l\i

nauluda Tusunsundn
v g ad v Ve @ f
msitlamaeyalumsiadsuds (gfdids MOVC A, @A +PC) ezazaInndumuuUsh
sz ludsansdmuasisuduvemsudssnla  nsdlaaisuiawisanseildae  diess

' e W dy am P S a ' 4d w A
llﬂu“lﬂlgﬂ’ﬂﬂﬂ\'lﬂ15“1u11ﬂu7ﬂﬂ'lﬁﬂi A ﬂ']ﬂulﬂﬁ'ﬂﬂIﬂﬂlﬂ?ﬂﬂﬂtmﬂﬂﬂ'ﬁ'N‘Yllﬂllﬂﬂi&ﬂl‘n’luu

5.8.2 Mavouldsunsuuuuiinia@snuatams
s lRdAnuIswandes  msldmddmsunuquirdunsiinuvesllsunsunudalu
nquirdamugudwumniniuves Tsunsuuy Tifiteu lvdu Ingissisdu 1 Talsynsude
. P “ ' ° - 0. ' A vt v e o
s I aususeanulsal sV aesd wn udRes Tag lifideu'ly udsdnlsfaw
MCS-51 l@smasmvazainlumsidioulysunsuiidesdins Ittimadenvaromie (Tusunsu
fimadenlumsfenisiield Idvaredunie) Taslddda MP @A + DPTR
fi1da IMP @A + DPTR i1 BFlunmstsnu v lsunsunseTaa linnunuSnuduves
* ° 4: s 4‘ (] o R ° a’ ? \ dy
nsaud lagtusuiteu lunatoesne e lddnuinisvirunindlsa Idsunsusde lali
MOV DPTR , #TABLE Arruamd N UUS LAUYDIAIT 1
MOV A,INDEX NUMBER ;hwigesnismoinaisie Bluiimaes A
RL A Auilusimass A A2
JMP @A +DPTR folilvinudendumisluiimasy

DPTR uandasa lustaides A

“TABLE : AIMP CASE_0 &1 A fieh 0 frelivieusefiviiasanusdumis CASE 0
AIMP CASE 1 &1 A fish 1 $helvinudsfindasaamsdumis CASE_ 1
AIJMP CASE 2 A1 A Tif2 thoivinadsfimiasaaus i CASE_2
AJMP CASE 3 1 A fifh 3 frohlvihaudefiniasams @ umis CASE 3
AJMP CASE 4 81 A fieh 4 o laudefimizenausdumis CASE 4

) * y v . v
1{i8991nAIMTI AIMP addrll Hvwia2 vl Aufudedsaiisds RL A iVen/aous
-~ & \d i -3
JuFimmes A ¥afie0,1,2,3,4 Thifhu 02,4,6,8 e IWaunsedw I 1dgndes

sdwsniiunssimuasusuduldiuiimaey DR Aidede Tty Ivasaunld

Wi5sameg A meldidudaufendumissimizsausmdsamstu hlvireu

S
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5.9 YA 11904 8051

hd P

| Foydnual ARG
: Yy o
, Rn S3mansn1olu RO-R7

direct F3mmed SFR uazmizeawseyanivlu
'3 ] [} ° H
i @Ri ausamsanulsauimeluduusaiasa lasdeuniu RoMTeR1
+ $data AANVUIA 8 1IN
#data 16 AAIfYUIA 16 1N

addr 11 MATUMUWBAATAVUIA 11 TN A MFURITT ACALL 150AIMP
* addr 16 fdunmieasavuIa 11 In §miuMas LCALL nSaLIMP
¥ 1 o a0 v W J
b xel A198NIFAN T BATUBNAIIUAUANTS
| bit Aunsiinveanilsainielundreded lduvuiin n5e SFR
. @DPTR uoawsTveetAmineuenI oneoiiines Tasdourusimaes DPTR

= oy g oo

5.9.2 f1¥IN19A530 ( Logical Operation )

stuuudda ATMMING | Tusi | lmda

ANL ARn AND sl RnfUA 1 1
ANL Adirect AND a1 lunuma 181 direct Al A 2 1
ANL A@Ri AND slumiasanudrifiulu Ra fiu A 1 |1

ANL | A#data | ANDsmefisdmfua 2 | 1
ANL direct,A AND 1 A fiunuaoa10d1 direct 2 1
ANL direct#data | AND f1nefi 8 SmAumiaoaa1n direct 3 2
ORL ARn ORa1lU RnfiU A 1 1
ORL A direct OR f1lunH28A2 141 direct iU A 2 1
ORL A@Ri OR slumisgaawsiduly R fu A 1 1
ORL | Agdata | ORs#1neii 8 Snfua 2 | 1
ORL direct,A OR A1 A lUNU29A 3141 direct 2 1
ORL direct #idata | OR fash 8 SmAumiaoaauén direct 3 2
XRL ARn EX-OR a1lu Rn i A : 1 1
XRL A,direct EX-OR #11un130a21481 direct il A 2 1
XRL A@Ri EX-OR slumiasanudfufiulu Ra fu A 1 1
XRL | Apdaa | EX-OR snafi 8 finfu A 2 |1




-

-y

-~

U B id L e T LR

—

69

XRL direct,A EX-OR A1 A AUNU208 1041 direct 2 1
XRL direct#idata | EX-OR f1naft 8 imfumyiaoaaiui direct 3 2
CLR A ity A Wishi o 1|1
CPL A nduatluiin A Wiiluassdudumndn 1|1
RL A wyuiiniua limaedo 1 fnuazdin o fsudiuo 1|1
RLC A mpudntu A lonede 1 Snuazdin o dusdnfieglu | 1 1
undn carry
RR myuinlu A T mevamiisiin uaziin 0 dudndnd 7 1 1
RRC wyuiinlu A Tmewamiiedn uazsrendm 0 i lddiute | 1 1
i carry uazdintleg Tuimn camy Budrouufiutuding 7
SWAP | A adual 4 dnuudu 4 dnanlu A 1 1
5.9.3f 1&"a§'amﬁﬂ’feymmuﬁn ( Boolean Variable Manipulation. )
suuudda A vt | laifia
CLR C awnan carry Wity 0 ] 1
CLR | bit e bit 1 0 2 1
SETB | C siawndn carry il 1 1 1
SETB | bit Tie bit Iidiu 1 2 1
CPL C aduA AN cary Iiluasedu 1 1
CPL bit adue bit IiTuasedn 2 1
ANL | Cpit AND i1 bit fuuHan carrry 2 2
ANL | Chbit AND f1a599131984 bit Auuan carry 2 2
ORL | Cpit ORL 11 bit fAuuwdn carrrybit carry 2 2
ORL C,/bit ORL fasauueq bit fuunan carry 2 2
MOV | Cbit §1081 bit udunan carry 2 1
MOV | bitC frosmnan carry 389 bit 2 2
ic rel sz Taa fawndn cary ilu 1 2 2
INC rel nszTaa Seunan carry iy 0 2 2
JB bit rel n3zTan $1en bitdlu 1 3 2
JNB bitrel aszIaa d1e bitdhu o 3 2
JBC bit rel aszIaa §16i1 bitsiu 1 uaznffous bitsdlu o 3 2 -
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5.9.4 MdlszanananAdinman g ( Arithematic Opértion )

suysid ALY st | lafa
ADD | ARn 13AATRo 1Y A 1 1
ADD A, direct mansrlunilzona e directt i A 2 1
ADD | A@Ri wanslumizenawiifiueglu ri fu A 1|1
ADD | Addan vInfnehi 8 in fu A 2 1
ADDC | ARn UINA1 Ro AU A wHouunan carry 1 1
ADDC | Adirect | wansrlumizsaiwdt direcr fiu A wiomuran| 2 | 1
carry
ADDC | A,@Ri wnslumizsnawsdidtuegly Ri fua wien| 1 1
UNan carry |
ADDC | Af#data wandnedi 8 T fu A ndouundn carry 2 1
SUBB | ARn aun1 Ra v A Weaunin borrow 1 1
SUBB | A.direct auArlunileA s direct iU A wiewuwdn| 2 1
borrow
SUBB | A,@Ri anﬁflunﬁauﬂqmﬁﬁnﬁuaé"lu Ri fua wieu| 1 1
uﬂﬁn borrow
SUBB | Afidata aushasdi 8 fn fu A neuunin bomrow 2 1
INC A diuelu A 1 1
INC Rn iy Ra 1 1
INC direct s lumiaen s direct 2 1
INC @Ri s lumisr s fifueglu ri 1|1
DEC A auiiu A 1 1
DEC Rn auf1lu Rn 1 1
DEC direct aum IunuoAI 1481 direct 2 1
DEC | @Ri aushlumbzonawirfiduedlu ri 1|1
INC DPTR ety DPTR 1 2
MUL | AB gu A fu B udufusilu A 1| 4
DIV AB 17 A 420 B udufiuailu A 1| 4
DA A 111 decimal adjust A1lu A 1 1
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5.9.5 Ardanunum oIy sun sy (Program and Macgine Control )

e s e

vyt ANUMIY Tt | laofia

ACALL | addrll Wi Tusuunsudesnindweaasa 11 9in 2 2

LCALL | addri6 T Tulsunnsugsoensueaasa 16 4n 3 2

RET fiﬁﬁf’uqﬁms'ﬁmuiﬂmﬂsndan ' 1 2

RETI fdadugantsieuTilsunsudes Sunedild 1 2

AJMP | addrll aszTaa lddumisnndueamse 11 On 2 2

LIMP | addrl6 avelan lddsdumisendeamsa 16 in. 3 2

SIMP | rel nsz Taa Tuddwmisduing fudwnisdogiu 2 2

" Mp @A+DPTR | nszlanlfadumisfidusingsu DPTR 1 2

)z rel nszlaa lddunildfiduimsfudumiailogiu &1 2 2
wine A iflusi 0

INZ rel nszTaa Wdsdumisiduming fudumisilagiu 1| 2 2
e A e 1

CINE | Adirectrel | sfSoufisudl A fuvH28a197 direct Uaznsziaa | 3 2
T famissanmsiiduinifusumisilenty $ien
lumiiu

CINE | A#datarel | nl3oufivusradusinsiivaznss Taalldomisenin | 3 2

| sidaing fudumisilagiuden iy

CINE | Ru#datarel | 115 v1udi oud Rnfus 1nsiinaznse Taa lfoniae | 3 2
amsfduing fudumisilegiugien iy

CINE | @Ri#data, aSeufsusilumizonus iy lu Ri fush 3 2

rel asfnaznsz Taa TS umishdusini oy

Ammiailagiiuden lusinu

DINZ | Rorel anf1lu Rn uaznszlaaludedwmileadusinidu | 2 2
Awmisilogiiu dralidiu o

DINZ | directrel | aaf1lundleanus direct uaznszlaalds| 3 2
dumisdusintrudwmisilegiu i lidiu o

NOP hifinsinulag 1 1
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5.9.6 ifundsudiotaya ( Data Transfer )

sluudinedy AN Torl | lanfia

MOV | ARn fodeyasin Ra T A 1 1

MOV | Adirect | Sodeyasinuizoaaiudi direct 1 A 2 1

MOV | A,@Ri tedeyanamizsarusiiiueglu Ri T A 1 1

MOV A#data thosag 8 in Tlifud A 2 1

MOV | RmA fhodeyanin A 1 Ra 1 1

MOV | Rodirect | Sodeyasinuuiaoniinsdirect 1tf Ra 2 2

MOV | directa | Shodeyanin A hilSemisonaimd direct 2 1

MOV direct,Rn 310%’1"aga%1n Re M amiaonaus direct 2 2

MOV | directdirect ﬁ'w'(’l'agaszniwﬁwﬂﬁmﬁmwiﬁ» 3 2

MOV | direct@Ri | fedeyannmizennuiiifueglu ri T | 2 2
211971 direct

MOV | directdata | $1wenasdi 8 inligamiaenawdn direct 3 2

MOV | @RiA thedeyalu A lfamizemwsdifueglu ri 1 1

MOV | @Ridirect | §odeyasinmizondiudi direct Y§amiasaausdi | 2 2
uegluRi

MOV | @Rifdata | thwsinedi 8 in'llfamisenamsiifiueglu ri 2 1

MOV | DPTR, | Hwshasii 161 i DPTR 3| 2

#data 16
MOVC | A@A+ | Srofeyaninmissmmdeyafidininiiy DPTR | 1 2
DPTR Tlda A

MovE | A+@A+pC | thedeyaninmizsanuseyafidinindiu pc | 1 2
# A

MOVX | A,@Ri thodeyaninmizommiiiiuegiu Ri W A 1 2

MOVX | A,@DPTR t’fwi’l'agamnnﬁauaaws‘hﬁxﬁumflu DPTR I 1 2
g1 A

MOVX | @RiA thedeyndfiuegiu A Tsimissnaws iy 1 2
aglu Ri

MOVX | @DPTRA | thedeyafifiveglu A hifimizenswéfifueglu | 1 2
DPTR




o At e e ——

PUSH
POP
XCH
XCH
XCH

XCHD

direct
direct
ARn

A direct
A,@Ri

A@Ri

73

thodeyamiaoaaiusi direct Mg stack
thodoyasin sack luldanuiasaamue direct
uannlAoudeyasznine Ra fu A
uanilAoudeyaszwitmizonau diectiua
uanideudeyaszuiumizsanusiiiuegly
Ri fUA

uanlfoudeyn 4 findruonmuienawiidi

ueglu Ri fuA
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L d Yy 3
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U st sea-1 Tl U

ORG  0O0OH

* SIMP  MAIN

' GRG 0CO3H

E SIMP  MAIN

' ORG (00BH

y  SIMP MAIN

;

i ORG 0020H

| MADN:

» MOV  SPI0H

' MOV A0FTH

MOV 90H.A

Y oy B#OFFH
MOV R430H
MOY  RS.#0FFH
MOV R6#OFFH

"DEEL MOV A<OFFH

DEEZ MOV  A=0FFH

DEE}: MOV  90H.A
DINZ R6.DEE3

,  DINZ RS.DEE2

_ DINZ R4,DEEI
MOV DPTR=0A003H
MOV A.#80H

. MOVX @DPTR.A
MOV DPTR.#OBO03H
MOVX @DPTR.A

. MOV  DPTR#0CO03H
MOVX @DPTR.A

' v DPTR,#0D003E
MOVX @DPTR.A
MOV DPTR,#0EQ03H

. MOVX @DPTRA
MOV  RO#60H

*WAIT: DINZ ROS

MOV R7.FGACH
JMP  START

LOOPL: mov

p3505h .

mov  peen.#C0h
mov  scons30h
mov  tmod.#20h
mov  thl,z0a0h

seth i

loop: jnb  riloopl
clr o
mov  asouf

MOV B.A

xel a#dlh

2 AAAA

MOV AB
XRL AR4H
JZ EE

EE: LIMP EEEE

jmp  loopl

{AAAA

{ START: MOV

AZ10H
MOV DPTR.#0AC00H
MOVX @DPTR.A

MOV A #00H
MOV  DPTRAAAAAA
MOVC  A@A+DPTR
MOV  DPTR,Z0B0O0UH
MOVX @DPTR,A
MOV  DPTR.#0B0O1H
MOVX @DPTR.A

MCV
MOVX
MOV
MOVX
Mov
MOVX
MOV
MOV
Mov
MOVX
Moev
MOVX
N (02
MOVX

MOV

DPTR.70ECO2H
‘@DPTR.A
DPTR.4CCCOOH
GDPTR.A
DPTR#CCO01H
ZDPTR.A
DPTRA0C002H
ZDPTR.A
DPTR,Z0DC0O0OH
@DPTR,A
DPTR,#0D001H
@DPTR.A
DPTR.#0DO0OZH
@DPTR,A
RO#OFFH

WAIT!: DINZ ROS

Moev
MOV
MOVX

MOV
MOV
MOVC

MOV
MOVX
MCV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV

A#20H
DPTR.#0A000H
@ADPTR.A

A#01H
DPTR.AAAAAA

A@A~DPTR

DPTR#0BOCOH
@DPTR.A
DPTR.#0B001H
@DPTR.A
DPTR #0B00ZH
@DPTR.A
DPTR #0CO00H
@DPTR.A
DPTR #0C001H
@DPTR,A
DPTR,#0C002H



VOV
MOV
MOVX
MoV
b osovx
LoV
1]

MOVY

MOV

@DPTR.A

DPTR.ACDOGOH

ZDPTR.A
DPTR.=CDCOIH

@DPTRA
DPTR#0D002H

@DPTR.A

ROF0FFH

WAITZ: DINZ ROS

MOV

-

MOV
MOVX

MOV
R MOV

MOVC

MOV

I N

MOVX

Y ()Y
MOVX

MOV

. Movx

r MOV
MOVX

£ MOV

L MOVX

' MOV
MOVX

Y MOV
MOVX
MOV

¢ MOVX

' MOV

MOVX

AZ40H
DPTR #0A000H
@DPTR,&

AFOZH
DPTRAAAAAA
AZA-DPTR

DPTR.#0B000H
ZDPTR.A
DPTR.£0B001H
@DPTR,A
DPTR.=0B00ZH
@DPTR.A
DPTR.£0C000H
@DPTR.A
DPTR.#CCCOIH
@DPTR.A
DPTR.£0C002H
@DPTR.A
DPTR.0D000H
@DPTR.A
DPTR,20D00!
@DPTR,A
DPTR.40D002ZH
@DPTR.A

MOV ROFOFFH

WAIT3: DINZ ROS

MOV A.zSGH
MOV DPTR0A000H
MOVX ZDPTR.A
MOV As03H

MOV DPTRAAAAAA
MOVC'  A.@A+DPTR
MOV  DPTR.#0B00OH

MOVX  @DPTR.A
MOV  DPTR,$0B0OIH
MOVX ZDPTR.A
MOV DPTRA0BOOZH
MOVX  @DPTR.A
VIOV DPTR.Z0C000H
MOVX  @DPTR.A
MOV DPTR#0C001H
MOVX  @DPTR.A
VIOV DPTR20C002H
MOVX @DPTR.A
MOV DPTR.#0D000H
MOVX &DPTR.A
MOV DPTR.#0DO0LH
MOVX @DPTR.A
MOV DPTR.#0D002H

MOVX @DPTR.A

MOV  RO=OFFH

WAIT4: DINZ ROS

MOV  A#O0CH
MOV  DPTR#0A000H

MOVX @DPTR,A

MOV Az42H
MOV
MOVX ZEDPTR.A
MOV  DPTR.0BCOLH
MOVX @ZDPTR.A
MOV  DPTR.0BCOZH
MOVX EDPTR.A
VIOV DPTR=0CO0CH

DPFTR=0BCCOH

MOVX @&DPTR,A
MOV  DPTR.=0CO01H
MOVX  @DPTR,A
MOV
MOVX @DPTR.A

MOV  DPTR.F0DOGOH

DPTR.E0CC0ZH

MOVX @DPTR.X

MOV DPTR.F0D001H
MOVX @DPTR.A
MOV  DPTER,70D002H

MOVX @DPTR.A

MOV ROFOFFH

WAIT400: DINZ RQ,S

MOV  AZ0iH
MOV  DPTRE0AO01H
MOVX @DPTR,A

MOV  AZ04H

MOV  DPTRAAAAAA
MOVC  A.@A+DPTR
MOV  DPTR.z0BOOOH
MOVX @DPTR,A
MOV DPTR.£0B001H
MOVX @DPTR,A
MOV  DPTR.40B00ZH
MOVX @DPTR.A



3

VIOV DPTR40CO00CH
MOVX
MOV

MOV

@bDPTR.A
DPTRA0CO0LH
@DPTR.X
DPTR#0CCOZH
‘@DPTR.A
DPTR#0DCCCH
@DPTR.A
DPTRZ0DGOIH

MOV
Mevx
MOV
MOVX
MOV
MOVX
Mov

@DPTR.A
DPTR £0D002H
MOVX  @DPTR.A

MOV  ROAOFFH

*WAITS: DINZ ROS

m o gm mem

Pl

MOV A#02H
MOV DPTR#0A001H
MOVX  ZDPTRA
MOV AR0SH
MOV  DPTRzAMAAA
MOVC  4.@A-DPTR
MOV
MOV

DPTR#0B000H
@DPTR.A
DPTR.#0BOGLH
MOVX :@DPTR.A
MOV DPTR0B002H
MOVX @DPTR.A
MOV DPTR#0CO00H
MOVX  @DPTR.A
MOV DPTR.0CCOIH
MOVX @DPTR.A
MOV  DPTR70C002H
MOVX @DPTR,A
MOV DPTR#0DO00OH

MOV

L

MOVX
MOV
MOVX
MOV
MOVX

MoV

‘@DP’I-'R.A
DPTR.=CDCOH
ZDPTR.A
DPTR.EODCOIH
‘@DPTR.A

RC.=0FFH

WaAITS: DINZ ROS

MOV
MOV
MOVX

MOV
MOV
MOVC

MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

MOV

AF04H
DPTR,Z0A001H

FDPTR.A

AF06H '
DPTRFAAANA
A.ZA+DPTR

DPTR#0BO0OCH
@DPTR.A
DPTR.#0BOOIH
:@DPTR.A
DPTR.#0B002H
@DPTR.A
DPT=.#0CO00H
@DPTR.A
DPTR.FOCH0IH
GDPTR.A
DPTRAS0C00ZH
ZDPTR.A
DPTR.Z0D000H
‘@DPTR.A
DPT2.#0D00LH
&DPTR.A

DPTR,#0D00ZH

@DPTR,A

RO#0FFH

i WAIT7: BINZ ROS

MGV AFCSH

MOV DPTREGACOLH
MOVX @DPTR.A
MOV AH07H
MOV  DPTREAAAAA
MOVC  A.Z@A+DPTR
Mov
MOVX
MOV

MOVX

DPTR,#0BO0OH
@DPTR,A

DPTR.#0B0O1H
@DPTR,A

MOV DPTR,#0B002H
MOVX ZDPTR.A
MOV  DPTR.#0CC00H
MOVX @DPTR,A
MOV
MCVX @DPTR.A

MOV DPTR.#0CC02H

MOVX @DPTR,A

DPTR.#CGCCCIH

MOV DPTRACDOOOH

MOVX @DPTR,A
MOV DPTR.#0DCOIH
MOVX @DPTR.A
MOV DPTRA0D002E
MOVX @DPTR,A

MOV  RO#0FFH

WAIT8: DINZ ROS

MOV A#00H
MOV  DPTR,40A001H
MOVX @DPTR,A
MOV  A#47H

MOV  DPTR#0BOOCH



' MOVX @DPTRA

. MOV DPTRsOBCOIR

* MOVX @DPTRA

| MOV  DPTR#0BOOZH

. MOVX @DPTR.A

i MOV DPTR=0CO00H

' MOVX @DPTR.A

' MOV  DPTR=0CO0LH
MOV @DPTRA

« MOV DPTR70CO02H
MOVX @DPTR.A

MGV DPTR#0DOOCH

| MOVX @DPTRA
MOV DPTRZ0DO0IE

: MOVX  @DPTR.A

' Mov  DpTR#opo0zH

' MOVX @DPTR.A

MCV  ROFOFFH
*WAITS: DINZ ROS

3

]
4

DINZ R7STARTI

STARTOO

£

SIMP
STARTL: LIMP  START

v

¢

&
e

EEECE:

‘STARTOO:MOV  A#104
DPTR.40A000H

MGVX @DPTR.A

I MOV

' MOV AZOOH
MOV DPTRAFEEEEE

MOVC  A@A+DPTR

MOV  DPTR,#0B00CH
@DFTR.A
MOV DPTR#0BOOLH

MOVX

o wm om

MOVX  @DPTR.A
DPTR.z0BCOZH
@DPTR.A

DPTR#0CICOH

MOV
MOVX
LMoV
MOVX
viov

ZDPTR.A
DPTR=0CCO1H
MOVX #DPTRA -
DPTR.20C0024
ZDPTR.A
DPTR £0D000H

MOV
MOVX
MOV
MOVX
MOV

@DPTR.A
DPTR.#0D00IH
MOVX
MOV

@DPTR.A
DPTR £0D002H
MOVX  @DPTR,A

MOV RO#OFFH

: WAIT10: DINZ R0S

MOV A#20H
MOV  DPTR,70AQ00H
MOVX @DPTR.A
MOV  A£0iH

MOV DPTR.EEEEE
MOVC  A@A-DPTR
MOV  DPTR.£0BO0OH
MOVX @DPTR.A
MOV  DPTR#03001H
MOVX @DPTR.A
MCV  DPTR50B002H
MOVX @DPTR.A
MOV DPTR#0CO0OH -
MOVX @DPTR,A
MOV  DPTR#0CO0IH
MOVX @DPTR.A

MOV  DPTR.&0CC0ZH

MOVX @DPTR.A
MOV DPTRFCDOCOH
MOVK  @DPTRA
MOV DPTR:0D001H
MOVX @DPTR.A
MOV DPTR20D002H
MOVY. @DPTR.A
MOV  RO2OFFH

WAIT20: DINZ ROS

MOV
MOV

A#40H
DPTR.20A000H
MOVX @DPTR,A
MOV A#02H
MOV DPTRMEEEEE
MOVC  A.ZA-DPTR
MOV  DPTR,Z0B000H
MOVY  @DPTR.A
MOV DPTR#0BOOIH
MOVX  @DPTR,A
MOV  DPTRZ0BO02H
@DPTR.A

DPTR.=0COC0H
@DPTR.A

DPTR.#0C001H
@DPTR.A

MOV  DPTR.Z0C002H

MOVX
MOV
MOVX
MOV
MOVX

MOVX
MoV

@DPTR.A
DPTR.#0D000H
MOVX @DPTR,A
DPTR,40D001H

@DPTR,A

MOV
MOVX

MOV  DPTR#0D002H



MOVX

Moy

ZDPTR.A

RO.E0FTH

i
WAIT30: DINZ ROS

3

S (0)'4
MOV
MOVX

]

MOV
boaov
J
.+ MOVC

MOV

f MOVX

MOV
| vovX
r MOV

MOVX
b wov

i MOVX
. MOV
: MOVX
[ MoV
' Movx
Vo Mov
. MOVX
| MOV

MOVX

, MoV

MOVX
. MOV
.

MOV
MOV

W ow

A=S0H
DPTR 20A000H

@DPTR.A

AF03H
DPTR.=EEEEE

A.ZA+DPTR

DPTR.£0BOCOH
@DPTR.A
DPTR.£0B001H
‘@DPTR.A
DPTR#0BCO2H
@DPTR.A
DPTR.#0CO00H
TDPTR.A
DPTR#0C001H
@DPTR.A
DPTR.20CO0ZH
@WDPTR.A
DPTR#00000H
@DPTR.A
DPTR.40D001H
@DPTR.A
DPTR.#0D002H
@ADPTR.A

RO.7#0FFH

WAIT40: DINZ ROS

AF00H
DPTR.F0AC00H

MOVX
MOV
MoV
MOVX
MOV
MOVX
Mev
MCVX
Mov
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVY,
MOV
MOVX

MOV

ADPTR.A
A=40H
DPTRFCROCCH

3DPTRA
DPTR.70B001H

FDPTR.A
DPTR.£0B003!

GDATR.A
DPTR.70C000H

FDPTR.A
DPTRZ0C00IH

FDPTR,A
DPTR#0C002H

IDPTR.A.
DPTR.20D000H

dDPTR.A
DPTRAHODO0IH

ZDPTR.A
5PTR.20DO02H

FDPTR.A

RUO=0AFH

WAITI00:DINZ ROS

MOV
MOV
MOVX

MOV
MOV
MOVC

MOV
MOVX
MOV
MOVX
MOV

[ 17

:\:O IH
DPTRF0ACOIH

iDPTR.A

A=04H
DPTYR.FEEEEE

A.2A+DPTR

DPTR,20B000H
ZDPTR,A

DPTR,£0B00IH
@DPTR.A

DPTR#0B002H

MGOVX  @DPTR.A
MGV DPTR#0COCOH
MOVX @DPTR.A
MOV DPTR#0CCOIH
MOVX @DPTR.A
MOV  DPTR.#CC002H
MOVX @DPTR.A
MOV DPTR.=0DCOOH
MOVX @DPTR.A
MOV  DPTR.40DOOLH
MOVX @DPTR.A
MOV  DPTR,#0DCOzH

MOVX  @DPTR,A

MOV  ROF0AFH

WAITS0: DINZ  ROS

MOV A#C2ZH

MOV DPTR.=0A001H
MOVX @DPTR.A
MOV  AF05H
MOV DPTRHEEEEE
MOVC  As@A+DPTR
DPTR.£0BCOOH
@DPTR.A

DPTR#0BCOIH
ADPTR.A

DPTR.#0B002H

@DPTR.A

MOV
MOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

DPTR.£0COCOH
@DPTR,A

DPTR.#0C001H
@DPTRA

DPTR,#0C002H
@DPTR.A



f
¢
3

i

MCV  DPTR.#0CO00H

MOV ZDPTR.A,
MOV DPTR#ODCOLH
MOVX  @DPTR.A

MOV DPTR.70D002%
MOV @DPTR.A

MOV ROSGAFH

WalTed: DINZ ROS

MOV AO4H
MOV DPTR.#0AGOIH
MOVX ZDPTR.A
MOV AZ0GH

MOV  DPTREEEEE
LIOVC  A.@A+DPTR
MOV DPTR.#0B0OOH
MOV @DPTR.A
MOV DPTRA0BO0IH
MOVX  @DPTR,A
MOV DPTR.#0B002H
MOVX  @DPTR.A
MOV DPTR.£0C000H
MOVX @DPTR.A
MOV DPTR.#0CO01H
MOVX @DPTR.A
MOV DPTRA0C00ZH
MOVX @DPTR.A
MOV DPTR.#0DO000H
YMOVX  @DPTR,A
MOV  DPTRA0DO00LH
MOVX @DPTR,A
MOV  DPTR,#0D002H
MOVX @DPTR.A

;
1
{
i
i
i
E
!

H
i
’

MOV RCESATH

WAIT70: DINZ 2035

MOV AFCSH

MOV DPTRA0ACOIH
MOVX ZDPTR.A
MOV A=07H
MOV DPTREEEEE
MOVC  A@A+DPTR
MOV DPTR#OBOOCH
MOVX @DPTR.A '
MOV  DPTR.20BO0IH
MOVX @DPTR,A
MOV DPTR,50BO02H
MOVX  @DPTR.A
MOV DPTR#0CCOOH
MOVX @DPTR,A
MOV DPTR.=0CCOIH
MOVX

MOV

@DPTR,A

DPTR,20C002H
MOVX @DPTR.A
MOV DPTR.#0DG00H
MOVX @DPTR.A
MOV DPTR.z0D001H
MOVX @DPTR.A
MOV  DPTR.50D002H
MOVX @DPTR.A

MOV ROZ0AFH

WAITS0: DINZ RO.S

MOV AZ00H
MOV DPTR.#0A001H
MOVX @DPTR.A
MOV  A#7EH

MOV DPTR#0BCOOH
&DPTR.A

CPTR.F0BOCIH

MOVX
Mov

MOV @DPTR.A
MOV DPTRE0BOOZH
MOVY

MOV

ZDPTR.A

DPTR.20CC00H
MOVX @DPTR.A
MOV  DPTR.FC0CCOLH
MOVX @DPTR,A
MOV DPTR&0CD0ZH
MOVX ZDPTR.A
MOV  DPTR.#0DGCOOH
MOVX @DPTR.A
MOV DPTR.20DO00IH
MOVX @DPTR.A
MOV  DPTR.#0DCOZH
MOVX @DPTR.A

MOV ROF0AFH

WAITS00:DINZ RO,S

DINZ R7,STARTIO
MOV AB

INZ Al

LIMP STAR

SIMP Al

STARTIO:LIMP STARTOQO

Al

MOV AZICH
MOV DPTR#0A000H
MOVX @DPTR.A
MOV A#7CH
MOV DPTR,20BCCOH
@DPTR,A
DPTR,#0B001H

MOVX
MOV
MOVX @DPTRA



-

-, W

-

T e W

e

&

WOV
MOVX
MOV
MCOVX
MGV
MCVX
MOV
MOV
MOV
MOVX
MOV
MOVX
VIOV
MOVX

MOV
MOV

MOV

oV
VOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV

DPTR.70B002H
@DPTR.A
DPTR.20CCC0H
ZDPTR.A
DPTRACCCO1H
@DPTR.A
DPTR.=0C302H
ADPTR.A
DPTR=0D000H
EDPTRA
DPTRA40D0OIH
EDPTR.A
DPTR.#0D002H
@DPTR.A

RO.#0ATH

ROS

A.R20H
DPTR.#CACGUCH
ZDPTR.A
AFI10H
DPTR.Z0BOO0OHE
wDPTR.A
DPTRA0BGOIH

DPTR.#0C000H
@DPTR.A
DPTR.F0CQO0LH
ZDPTR.A
DPTR,F0CCO2H
@DPTR,A
DPTR#0DO0OOH
@.Dl.’TR..A.
DPTR#0D001H

Ade

MOVN GDPTRA
DPTR.=0DC021

ZDPTRA

MOV

MOV

ROF0AFH
ROS

Mov
DINZ
MOV A=0H
MOV DPTR0AC00H
MOVX
MOV

@DPTR.A
ArI0H
MOV DPTR.#0B000H
@DPTR,A -
DPTRA#OBOOIH

@DPTR.A

VIOVX
MOV
MOVX
MOV  DPTR.£0B00ZH
MOVX  GDPTR.A
MOV DPTR.0CO00H
MOVX @DPTR.A
MOV  DPTR#0COO1H
MOVX  @GDPTR.A
MOV DPTR#0CC02H
MOVX @DPTRA
MOV DPTR#0DO0CH
MOVX
MOV

MOVX

@DPTR.A
DPTRA0DO0H
@DPTR.A

DPTR #0D002H
@DPTR.A

MoV
MOVX

MOV
DINZ

ROF0AFH

RO.S
MOV A FS0H
DPTRZ0A000H
@DPTR.A
AFIOH

MOV
MOVX
MOV

MOV
MOVX
Mov
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

MOV
DINZ

MOV
MOV
MOVX
MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV

DPTR.£0BU00H
@DPTR,A
DPTR.0BOOLH
@DPTR.A
DPTRJ0B002H
@DPTR.A
DPTRAGCI0CH
ADPTR.A
DPTR,Z0C001H
@DPTR,A
DPTR,40C002H
@DPTR.A
DPTR,#0D000H
@DPTR.A
DPTR.#0D00LH
@DPTR,A
DPTR,40D002H
@DPTR.A

RO50AFH
ROS

A,7O0CH
DPTR#0A000H
@DPTR.A
ARI0H
DPTR.#0B0C0H
@DPTR.A
DPTR.#0R001H
@DPTR.A
DPTR,#0B002H
@DPTR.A
DPTR#0CO00H
@DPTR.A
DPTR,#0C001H
@DPTR,A
DPTR#0CC02H



MOV
MOV
MOVX
MOV
MOVX
MOV
AMOVY

R L )

-

X MOV

ADPTR.A
DPTR.0DCCOH
@DPTR.A
DPTR.#0D0O01H
@DPTR.A
DPTRZ0D0C2H
@DPTR.A

RG~0AFH

A300: DiNZ ROS

MOV

P

MOV
MOV
Y (925
MOV
MOVXN
MOV
! MOVX
MOV
MOVX
MOV
MOVX
MOV

Y e v

MOVY
MOV
VOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX

MOV
A6: DINZ

A01H
DPTR.#0A001H
@DPTR.A
AFI0H
DPTR.#0OBOOOH
ZDPTR.A
DPTR,#0BOOIH
ZDPTR.A
DPTR,#0BO0OCH
@DPTR,A
DPTR,50C000H
@DPTR.A
DPTR=OCCOLH
@DPTR.4
DPTR.AOCTOZH
‘GDPTR.A
DPTR.#0D00O0H
@DPTR.A
DPTR.#0DO0IH
@DPTR.A
DPTR.#0D002H
@DPTR,A

ROF0AFH
RO.S

MOV
MOV
MOVX
MOV
MOV
MOVX
Mo
MOVX
MOV
MOVY
MOV
MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

MOV
DINZ

MOV
MOV
MOVX
MOV
MOV
MOVX
Mov
MOVX
MOV
MOVX
MOV

AF0ZH
DPTRZ0A001H
aDPTRA

AZIOH .

DPTR.F0B0OCH
ZDPTR.A
DFTR=0B00:H
@DPTR,A
DPTR,70B002H
ADPTR.A
DPTR.Z0C00CH
@DPTRA
DPTR.#0C001H
@DPTR.A
DPTR.#0CCOZH
@DPTR.A
DPTR.£0DOCCH
@DPTR.A
DPTR#0D0O0!H
‘@DPTR.A
DPTR#0D002H
@DPTR,A
ROF0AFH
ROS
AF04H
DPTR.#0A001H
@DPTR.A
AFIQ0H
DPTR#0B000H
@DPTR,A
DPTRZ0BO01H
@DPTR,A
DPTR,#0B002H
@DPTR.A
DPTR#0CO00H

AS:

MOVX
MOV
MOVY
MOV
MOVX
MoV
MOVX
Mov
MOVX
MOV
MOVX

MOV
DINZ

MOV
MOV
MOVX
MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
MoV
MOVX
Mov
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

ZDPTR.A
CPTRACCOCIH
@DPTR.A
DPTR.4CC002H
@DPTR.A
DPTR 50DOGOH
@DPTR.A.
DPTRZ0D0SIH
@DPTR.A
DPTR,#0D00ZH
@DPTR.A

ROFOAFH
RO,S

A,508H
DPTR #0A001H
@DPTR.A
AF7CH
DPTR,£0B000H
@DPTR,A
DPTR.#0B0GIH
@DPTR,A
DPTR,#0B002H
@DPTR,A
DPTR.70CO00H
@DPTR.A
DPTR.#0CCO1H
@DPTR.A
DPTR#0C002H
@DPTR.A
DPTR,#0DC00H
@DPTR,A
DPTR#0D001H
@DPTR,A
DPTR,#0D002H
@DPTR.A



MOV
AV DINZ

IOV
MOV
MOVX
MOV
MOV
MOVX
MOV
MOVX
MOV
MOV
MOV
MOVX
MOV
MOVY
MOV
MOV
MOV
MOV
MOV
MOVX
MOV
MOVX

MOV
AY00:

DINZ

ROFO0AFH
RO.S

AF00H
DPTRE0A001H
ZDPTR.A
AFTCH
DPTR,#0BO0OOH
FDPTR.A
DPTRF0BOOIH
4ZDPTR.A
DPTRA0BCO2H
@WbDPTR,A
DPTR,#CCO00H
@DPTR.A
DPTR.#0C001H
@.D};TR.A_
DPTR,#0C002H
‘@DPTR.A
DPTR#0D0COH
‘@DPTR,A
DPTRA0DO0OLH
WDPTR.A
DPTRF0DG02H
@RDPTR.A

ROFOAFH
ROS

DINZ R7.AlLO
SIMP Bl

Al0: LIMP Al

Bl: MOV
MOV
MOVX

A#10H
DPTR #0A000H
@DPTR.A

MOV
MOV
MCVX
Moy
MOVY
MoV
MOV

May

MOVX

MOV
MOVX
MOV
MOVX
MOV
YIOVX
MOV
MOVX
MOV
MOVX

MOV
DINZ

MOV
MOV
MOVX
MOV
MOV
MOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVX

g ~rr

A.=a70
DPTR.=CBCCOH
SDOPTRA
OPTR=0BCOIH
@DPTRA
DPTR.0B0OC2H
GDPTR A
DPTRA0C200H
FTDPTR,A

DPTR.20C002H
#&DPTR.A
DPTR.Z0DCC0H
ZDPTR.A
DPTR.#0DCOIH
&DPTR.A
DPTR.£0D00ZH
EDPTR.A

RO.EZ0AFH
RO.S

As20H
DPTR.=0AC00H
aDPTR.A

%-JI‘\

T L

DPTR.#0B000H
ZDPTR.A
DPTR.#0B001H
@DPTR.A
DPTR,50BCO2H
@DPTR.A
DPTR.£0CO0CH
@DPTR,A
DPTR.#0C001H
@DPTR.A

B4:

MOV
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVX

MOV
DINZ

MOV
MOV
MOVX
MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX

MOV

MOVX
MOV
MOVX

MoV
DINZ

DPTR#0CGOZH
@DPTR,A

DPTR70DCCOH
@DPFTR.A

DPTRFODCOLH
ADPTR.A

DPTR.20D0024
ADPTR.A

ROF0AFH
RO.S

ARMB
DPTR.#0AC00H
@PPTR.A
AR42H
DPTR.#0B0COH
@DPTR.A
DPTRF0BOO1AH
‘@DPTR.A
DPTR#0BON2H
‘@DPTR,A
DPTR.#0COC0H
@DPTR.A
DPTR.#0C0O0IH
‘@DPTR.A
D"TR ~0C002H
@DPTR.A
DPTR#0DOCOH
'@DPTR.A
DPTR.#0D001H
@DPTR,A
DPTR,0D002H
@DPTR.A

ROAZO0AFH
RO.S



MOV
MOV
MOV
MOV
Mov

MOVX

MOV
MOVY
MOV
MOV
MOV
MOVX
MOV
MOVX
OV
MOVX
MOV
MOVX

MOV

DINZ

MOV
MOV
MOVX
MOV
MoV
MOVX
MOV
MOVX
MOV
MOVX

A#80!H
DPTR.FOAGOCH
ZDPTR.A
ARdZH
DPTR.#0BC0CH
aDPTR.A
DPTR.=03001H
@DPTE.A
DPTR.=0BCOZH
@:DPTR:—\
DPT2.5GCO00K
‘@DPTR.A
DPTR.A0CO0IH
@WDFTR.A
DPTR.#0CG0ZH
ADPTR.A
DPTR.:#ODOOOH

FDPTR.A

T

DPTR.F0D0O0!

-

GDPTR.A
DPTR50D002H
@DPTR.A

RG.#0AFH
ROS

A#00H
DPTR.#0A000H
@DPTR.A
As42H
DPTR.#0BUCOH
@DPTR.A
DPTR#0BCO1H
@DPTR.A
DPTR.#0B002H
@DPTR.A

B300: DINZ

ARl

MOV DPTRIFOCCCCH

MCOVX  EDPTR.A
DPTRAOCCOLH

BDUTR,A

oY
OV
MOV DPTRACCO0ZH
ZDPTR.A
DPTRF0DOGCH
@DPTR.A
DPTR,20DCOLH
‘@DPTR.A
DPTRE0D007H

MCOVX
MOV
MOVX
MOV
MOVX
MOV
MCVN @DPTR,A
MOV  RO.Z0AFH
ROS

MOV A#0iH
MOV DPTR#0A001H
MOYX  EDPTR.A
MOV AZ4ZH
MoV

MOVX

DPTE $0BO0OH
@DPTR.A

MOV DPTR0BOOLH
ZDPTR.A

DPTR.£0BCC2H

MOVX
MOV

MOV @DPTRA

MOV DPTR#0COC0H
MOVX @DPTR.A
MOV DPTR=0CCOIH
MOVX @DPTR.A
MOV DPTR#0C002H
MOVX @DPTR.A
MOV DPTR.#0D000H
MOVX @DPTR.A
MOV  DPTR#ODO0LH
MOVX @DPTR,A
MOV  DPTR:0D002H

U

B7:

MOV
MOV
MCOVN
MOV
MoV
MOV
MOV
MOVX
MOV
MCVX
MOV
MOV
LoV
MOVY,
MoV
MOVX
MOV
MVIOVX
MOV
MOVX
MOV
MOVX

MOV
DINZ

MOV
MOV
MOVX
MOV
MOV
MOVX

RO.Z0AFH
20.5

A202H
DPTR.#0A001H
@DPTR,A
A#42H
DPTR £0BGOOH
ZDPTRA
DPTR 508001 H
@DPTR.A
DPTR,50B002F
@DPTR.A
DPTR.Z0COCOH
@DPTR.A
DPTR,#0C001H
@DPTR.A
DPTR.20C002H
@DPTR.A
DPTR,20D000H
@DPTR,A
DPTR.20D001H
@ADPTR.A
DPTR 5000022
ZDPTR,A

ROGOAFH
RO.S

AHO4H
DPTR#0A001H
@DPTR.A
AK42H
DPTR.#0BO0OH
@DPTR,A



- — W e

(RS

MoV
MOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX
Mov
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

MOV

DINZ

MoV
MOV
VMOVY
MOV
MoV
MOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV

CPTR#CE0CIH
abDPTR.A
DPTR.#GBCOZH
@DPTR.A
DPTRACCO0CH
ZDPTR.A
DPTR=CCCO0LH
‘ZDPTR,A
DPTR,#CCO02H
@DPTR,A
DPTRA#GDO0CH
ADPTR.A
DPTR.20DCCOLH
@DPTR.A
DPTR.#0DC0ZH
@DPTR.A

RO#0AFH
ROS

A =08H
DPTR#0ACOLIH
@DPTR.A
AF3CH
DPTR.#0B000OH
@wDPTR.A
DPTR.#0BOCIH
ZDPTR.A
DPTRA#0B002H
ZDPTR.A
DPTR.#0C000H
@DPTR.A
DPTR7UCCOIH
@DPTR,A
DPTR #0C002H
@DPTR,A
DPTR.#0DC00OH

MOVX
MOV
MOVX
MCV
MOVX

MOV

< 89 DINZ

B90QG:

MOV
MoV
MOVX
MOV
MOV
MOVX
MOV
MOVY
MoV
MOVX
MoV
MOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

MOV

aDPTR.A
DPTRSODOOIH

aDPTR.A
DPTRECDO0ZH

ZDPTR.A .

RURZ

‘n
0l

RG.S

AF00H

DPTR.F0AQ01H

‘@DPTR.A
ARSCH -
DPTR,20B000H

7wDPTR.A
DPTR.Z0BOOIH

ZOPTR.A
DPTR.0B00ZH

@DPTR.A
DPTR.#0GCO00H

@DPTR.
DPTR,#0C001H

@DPTR.A
DPTR,#0C002H

@DPTR.A
DPTR.Z0D000H

@DPTR.A
DPTR.E0D0O0IH

@DPTR.A
DPTR.4#0D00ZH

@DPTR.A

ROF0AFH

DINZ RO,S

DINZ R7.BI10
SIMP C1

' Bl

Cl:

LIMP

MOV
MOV
MCVX
MCV
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

MOV
DiNZ

MOV
MOV
MOVX
MOV
MOV
MOVX
MoV
MOVX
MoV

-

Sl

A=I10H
DPTR.#0A0Q00H
DPTR.A

AsacH
D272 =0R000H
@DPTR.A
DPTR.#0BCOIH
@DPTR.A
DPTR.A0B0Q2H
@DPTR.A
DPTR.=0CCOCH
@DPTR.A
DPTR5C0CO01H
@DPTR.A
DPTR.Z0C002H
@DPTR,A
DPTR . =0DO00H
#DPTR.A
DPTR=0DO0OIH
@DPTR,A
DPTR.=0D00ZH
@DPTR.A

RO=CAFH
ROS

A#20H

DPTR £0A000H
@DPTR.A

ARatH

DPTR #0BOCOH
@DPTR,A

DPTR#0B001H
@DPTR,A

DPTR.20B002H
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c4:

St
PR LWL RN

MOV

MOVX

LGV
MOV
ROV
MOV
MGV
MOVX
MOV
MOV
MOV
MOVX
MOV
MOVX
MOV
MOVY
MOV
MOVX
Mev
MOVX
Mov

TAMOVX

MOov
MOVX

MOV
DINZ

ZDPTR.A
DPTR.70C00CH
EDPTR.A

DPTR.#CCCOLH

RO=0AFH

RC.S

A.210H
DPTR.0A000H
@DPTR.A
A4ZH
DPTR.705000H
FDPTR.A
DPTR.#0BCO1H
AR0PTR.A
DPTR.=0B002H
GDPTR,A
DPTR.#CCO00H
@DPTR,A
DPTR,#0CCOLH
@DPTR.A
DPTR.£0C002H
?DPTR.2
DPTR.#0D0COH
@DPTR.A
DPTR.£0D001H
@DPTR.A
DPTR,#0D002H
@DPTR.A

RO,#0AFH
RO,S

®)
wn

MOVX
MOV
MoV
MOV
MOV
MOV
MOV
MOVX
MoV
MOVX
MOV
MOVX
MOV
MOVYX
Moy
MOVX
MOV
MOVX
MOV
MOVX

Mov
DIWZ

MOV
MOV
MOVX
MoV
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV

A=S0H
DPTR#CACCCH
@DPTR.A

DFTR#0B0CCH
ZDPTR.A
DPTR.£0R001H
ZDPTR.A
DPTR,¥0B00OH
@DETR.A
DPTRF0C000H
aDPTR,A
DPTR.£0C001H
ZDPTR.A
DPTR.50C002H
ZDPTR.A
DPFTR#0DOCCH
@DPTR.A
DPTRF0D00IH
@DPTR,A
DPTR,#0D002H
@DPTR.A

RO=0AFH
ROS

A~GOH
DPTR.#0A000H
@DPTRA
AZ4ZH
DPTR.#0B000H
@DPTR.A
DPTRZ0BOOIH
@DPTRA
DPTR,#0B002H
@DPTR,A
DPTR.#0CO00H

MOVX

MOV

MOVX

Mov

MOVX

Mov

MOVX

MOV

MOVX

MOV

MOVX

Mov

@DPTR.A
DBTRA0CCOH
@DPTR.A
DPTR.40C002H
ZDPTR.A
DPTR#0D00CH

)

&DPTR.A

3
2 Aol

DPTR=GDOCIH

by

{

@DPTR.A
DFTR#0D002}
@DPTR.A

RO#0AFH

C500: DINZ ROS

MOV
MOV
MOVX
MoV
MOV
MOVX
MOV
MOVX
MOV
MOVX
Mov
OVX
MOV
MOVX
MoV
MOVX
MOV
MOVX
MoV
MOVX
MOV
MOVX

AHO0LH
DPTR.20A001H
@DPTR.A
AJ42H
DPTR.50B000H
@DPTR.A
DPTR#0BOO1H
@DPTR,A
DPTR.50B002H
@DPTR.A
DPTR z0CC00H
@DPTR.A
DRTR.0C001H
@DPTRA
DPTR.£0C002H
@DPTR.A
DPTR.50D0GOH
@DPTR.A
DPTR,20D001H
@DPTRA
DPTR,#0D00ZH
@DPTR, A



MOV

MOVN

MOV
MOV
MOV
MOV
MOV
MOV
IOV

MOV

MOV
MOV
MOVTC
VoW

MOV

MOV
DINZ

MOV
VOV
MOVX
MOV
MOV
MOVX
MOV

A0FUALTT
ROS

AFOZH
DPTRADACOLH

EDPTR.A

DPTR.=0BGOOH
EDPTR.A

DPTR50300iH
aDPTR.A

DPTR.#0B00ZH

DPTR.50CO01H
ZDPTR.A
SPTRE0CO02H
aDPTR.A
DPTR20D0GOH
ADPTRA
DPTR#0DOGIE
@DPTR.A
DPTRE0CCOH
FDPTR.A

ROF0AFH
RG.S

A=04H
DPTR.#0AC0LE
‘@DPTR.A
A=42H
DPTR.#0BO0OH
‘@DPTR.A
DPTR=0BOOIH

Z8:

Mov
DINZ

MOV
MOV
MOVX
MOV
MOV
MOVX
MOV
MOV

A0V

MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX

CPTR.

DFTR.=00002H
FDPTR.A

DFTR.0D0G0H
@DPTR.A.

CETR~GDGGIH
#DPTR.A
DETR.Z0D002H

ADPTR.A

RO.z0AFH
RO.S

AFGSH
DPTRF0AV0LH
@DPTR.A
A#3CH
DPTR.=0BOCOH
aDPTR.A
DPRTR.EOBOOIH
DPTR.F05002H
ZDPTR.A
DPTR.#CCCO0H
ADPTR.A
DFTRAE0CCOLH
@bDPTR.A

DPTR 20CO02H"

@DPTR.A
DPTR $0DO0COH
@DPTR.A

i C900:

MOV
MOVX
MOV

MOVX

MOV
C9: DINZ

MOV
MOV
MOWVN
MOV
MOV
MOVX
" MOV
MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOV
MOV
MOVX
MOV
MOVX
MOV
MOV

MOV

DPTR.FCEG0LH

aDFTR.A

DPTR.=CDO0ZH

RO.#0AFH
ROS -

AECOH
DPTR=0A001H
ADPTR.A
A#3CH
DPTR.#0BO00OH
@DPTR.A
DPTR,#0BO0LH
‘@DPTR.A
DPTR.#0B00ZH
ADPTR.A
DPTR.20C000H
wDPTR.A
DPTR.=0C00LH
GDPTR,A
DPTR #0C002H"
@DPTR.A
DPTR #0D000H
ADPTR.A
TR.70D0

ZDPTR.A

—ll

DPTR.:0D002H
@DPTR.A

R070AFH

DJNZ ROS

DINZ R7,Cl0
SIMP D1

Ci0: LIMP Ci



MOV RE=CFFH
ESTAR: MOV A=C0H
. MOV DPTR=0ACCCH
MOVX @DPTRA
5 MOV DPTRF0ACOLH
MOVX @DPTR.A
DINZ RTSTAR
DINZ R53TAR
i LIMP  loopl

o

-

—



: TEARACTER
ORG  0A4I0K

AAAAAL COH OGH 00K COH 8K 241 42H 424 7TH 42H +2H 42H COH COH C0H COH
BBEEE: CCH CCH 00H O0H 73H {4H 44H TCH +2H 42H 425 TCH 0CH CCH C0H CCH
CICee: QOH COH CCH 0CH ICH 22H ~0H 40H +0H 40H 2ZH ICH 0CH OCH COH 0CH
19193030 0H COH 00H O0H COH 78H 445 4ZH 42H 42H 42H 44H 78H OCH CCGH COH Q0H
EZEEE: H COH 00H 00H 7EH 40H {CH 7EH 4CH 40H H0H 7EH C0H 0CH COH C0H
FzrF=: G0H 00H OOH OOH “tEH {0 40H 7EX 40H -10H 10H J40H COH GGH 00H 0CH
3CGGCG: -00H GCH 00K 00H ICH 22H 40H 40H 4EH 42H 22H ICH OOH OCH 00H 0CH
HEHHH: COH 00K GOH Q0H 421 42H 42H 7EH 42H 42H 4ZH 4ZH 00H COH OCH 00H
L OO0H COH CGOH COH 7CH 10H 10H 10H i0H iCH 1CH 7CH 00H 00H GCH CCH
RAARRE COH OCH C0H O0H TER 08H CSI 08t 03H 03 48H 30H COH 00H GCH 00H
BRI OOH OOH COH OOH 42M 44H 48H 70H 48H +4H 42H 42H 0OH COH COH GOH
LLLLL: OOH OCH 00H 00H 40H 40H 40H «I0H 40H 40H 40H 7EH COH 00H 00H 00H
MMNMMM: COH OCH COH 00H 42H 425 66H SAH 421 42H 424 42H 00H OGH COH 00H
INNNIN: COH O0H 00H COH 42H 42H 62H 52H 4AH 46H 42H 421 00H 0CH 0CH COH
GOOOO: 00 OOH 60t OOH 3CH 42H 42H 425 42H 42H 42H 3CH 00H GCH COH GOH
PPPPP: . COH OOH 00H O00H 7CH 42H 42H 7CH 40H JOH 40H 40H 00H 00H GOH 00H
QOROL: COH O0H O0H 00H 3CH 47H 12H 42H 42H 4AH 46H 3CH 00H GGH OCH 00H
PRERRR: C¢0H COH COH 00H "CH 42H +2H “CH 48H 44H 42H 42H 0CH COH COH 00H
SS8SS: 00H GOH 00H 00H 3CH 42H 40H 3CH 02H 02H 42H 3CH 00H GOH 00H 00H
TITIT: OOH GOH 00H 0CH 7CH 10K 10H 10H 10H 10H 10H 10H O0H 0GiH 00H 00H
ueuuLt: OOH COH OOH 00H 42H 42H 42H 42H 42H 42H 42H 3CH 00H 00H 00H GOH
VYV 00H 60H 00H 00H 42H 42K 42H 42H 42H 42H 24H 1SH 00H 00H 00H 00H
WWWWW: 00H GG 00H COH 42H 42H 421 42H 5AH 66H 42H 42H O0H 00H 00H COH
RAOKEK: OCH COH OCGH 00H 42H 42H Z4H I8H I1SH 24H 42H 42H 00H OCH 0CH 00H
YYYYW OOH 0OH OOH OCH 441 4<H 44H 284 10H 10H 10K [CH OCHE 0CH 00H 00H
ZZZZZ. OCH OOH 00H COH 7EH 02H C4H OSH 1CH 2CH 40H 7EH COH COH OCH COH

ORG O0A610H

ASAMAL OO0H COH 00H OCH 09H 00H “CH 02H 3EH 42H 42H 3EH 00H 00H 00H 00H
BBBBBI: 00H OOH 0OH 00H 40H 40H 40H 40H 7CH 42H 42H 7CH C0H 00H COH O0H
CCCCCl: 00H 00H 00H 00H OOH OOH 3AH 4GH 40H 40H 42H 3CH 00H 0CH 00H COH
DDDDDI: OOH 00H 00H OOH 02H 02H G2H 02H 3EH 42H 42H 3EH 00H OOH 00H 0CH
EEEEEL: COH 0CH 0OH COH OOH OCH 3CH 42H 7EH 40H 42H 3CH 00H 00H 00OH 00H
FFFFF1: 00H O0H 00H 0CH OCH 12H 10H 7EH 10H 10H {0H 10H 0CH OCH 00H 0CH ,
GGGGGI: 00H 00H 00H OOH 0CH 00H 3CH 42H 42ZH 3EH 02H 7CH 00H OOH 0OH 00H

HHHHHI: 00H QOH 00H 00H 40H 40H 40H SCH 62H 42H 42H 42H OCH 00H 00H 00H
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§E538¢
T333%:
FARKEX:
LLLLLIL:
LAILNMI:
GCCCROL:
PPPPPL:
QQQQQL:
RRRRR!:
383831
TITTTL:
ULyt
VAVYEL

WAWIWW L

Kaoneer
YYYYY L
ZZZZZ1:.

ZERC:
ONE:
TWO:
THREE:
FOUR:
FTVE:
SE
SEVEN:
ZIGHT:
MINE:

SPACE:
SIGL:
SIG2:
SiG3:
SIG4:
SIGS:
SI1Gé6:

OGH COH GOH COH 68K CCH C8H 08K OSH 08H 08H €8 00H OCH 00H OGH

GO GOH 0GH 06H CSH GO OSH 08H 1SH 03 ISH 30H COH 00H 00H COH
(COH COH COH COH JCH 20U 42H 447 "SH 48H 44H 42H 0CH 00H COH 0CH
O0CH GOH COH COH CSH 0SH 0SH 0SHE 0SH 0SH 0SH 03H CCH 0CH 00H CCH
COH COH COH COH COH CCY 36 COH S9H 8H S9H 8SH OGH G0H 00H 00H
OCH COH 00H COH GGH GOK JCH 52H 528 42H 12H 424 00H COH 00K COH
COH COH 004 G6OH 00H 00H 3CH 424 42H 42H 424 3CH 00H 00H 0CH 00H
COH COH OGH GOH 004 00H SCH 624 2K 425 62H SCH 10H 40H 00H GO
OOH COH GO 00H OOH OGH 3AH 46H 42H 42H 46 3AH 02H 02H 00H OCH
00H 00H 0CH 00H COH COH 4CH 52H 52H 40H 40H 30H 00H 00H 00H 00H
0O0H OCH 00H 00H COH 00H 3EH 40H 40H 3CH 02H 7CH COH 00H 00H C0H
00H OCH 00H 00H 0H 10X “EH 10H 10H 10H 12X 6CH 00H GOH 00H 00H
OOH 00H 00K GOH 00H 0OH 42H 425 42H 42H 42H 3CH 00H 00H 00H 00H
COH GOH 00H 00H 00H 00 42H 42H 42H 42H 24H 18H 00H 00H 00H 00H
COH GCH COH 00H COH 0GH 42H 42H 42H SAH 66H 42H 00H 00H 60H 00H
00H OOK COH 00H 00H 00K 42H 24H 18H ISH 24H 425 COH 00H 00H 00H
00H GOH COH COH COH 00H 42H 42H 42H 42H 46H 3AH 02H 02H 0CH 00H
OOH 00F 00H 00H GOH 0GH ~EN 04il 08H 10H 20H 7EH 00H 0CH 00H 00H
ORG  0A300H
OOH OGH 00H COH 3CH 42H 46H 4AH 52H 62H 42H 3CH 00H 00H 00H 00H
H 00H 00H 00H 10H 30H 30H 10H 10H 10H-10H 10H 00H 0CH 00H 00H
COH 20H COH O0H 3CH 42H 42X 04K 0SH 10H 20H 7EH 00H 00H 00H 00H
00H COH 00H 00H 3CH 42H 02H ICH 02H 02H 42H 3CH 00H 00H 00H 00H
00H 00H 00H GOH 04H OCH 14H 24H 7EH 04H 04H 04H 00H 00H 00H 0OH
00 0GH 00H OCH ~EH 4OH 40H 7CH 02H 02H 42H 3CH 00H 00H COH 00H
00H COH 00H GOH 3CH 42H 40H 7CH 42H 42H 42H 3CH 00H 00H 00H 00H
00H GOH COH 00H "EH 02K 04H 08H 10H 10H 10H 10H 00H 00H GOH 00H
0OH COH 0CH GOH 3CH 42H 42H 3CH 42H 42H 42H 3CH 00H 0CH COH COH
00H COH 00H 00H 3CH 42H 42H 421 3EH 02H 42H 3CH C0H 00H 00H 00H
ORG  0A200H
00H GOH 0GH 00H 00 00H 00H 00H COH 00H 00H 00H 00H 00H 00H 00H
00H COH 00H 00H 10H 10K {0H 10H 10H 10H 00H 10H COH 00H 0CH 00H
0OH COH 00H 00H 24H 241 245 00H OH 0OH 00H 00H N0 00H 0OH 00H
00H GOH 00H 00H 24H 24H TEH 24H 24H 7EH 24H 24H 00H 00H 00H 00H
00K COH 00H 00 1OH 3CH 52H SOH 3CH 12H 7CH 10H 00H ODH 00H 00H
00H COH 00H 00K 00H 62H 64H 08H 10H 26H 46H 00H 00H 00H 00H 00H

0OH OOH 00! 00H OOH 10H 28H 30H 30H 4AH 44H 7AH 00H 00H O0OH 00H
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GOH 00H GOB 200 10H [9H 20H GGH 00H G0H 004 ¢0H 00H 06H OCH 00H
GOH BOH 66 65 GZH d2H 0SH 0SH 0SH 08H 04H 02H Q0H 09H 50H 60

S4H 92H COH CCH >0H CCH
COH CCH 104 :0H iGH FEY ICH 10K {6H COH COH COH 004

ol

CTH COH CCH CCH COH 9ZH I1H 284 FEH 38K

.I.

COH GCE
COH OUH 0GH COH COH 00 CH 00K CUH COH 10H 10H 26H COH 00X COH
00H 504 “OH COH GOR 60K Q0 ~EX COE 00H COH 0GH 00H C0H GOH 00H
SOF GOH 90H 00H 00H OCH COH 0GH $5H COH {8H 1SH 00H OCH CoH 003!
1 COH GOH COH COE 02H 015 08K 10K 20H 4GH 00H 00H GOH 0CH 00K
ORG CA3A0H
(:0H 00H 00H O0H O0H 10H IGH 00H 0CH i0H 1OH 00H 00H 00H CCH GOH
GOH OOf‘. COH COH OOH 10H ;0H 0OH GOH 10H 10H 29H 00H GOH COH 00X
OUH COFL 0OH OOH OOH 04H 08H 10H 20H 10H 0SH 044 00H OH 00H ¢OH
QCH 00H 00H COH OOH C0H TEH 00H TEX OOH OOH OCH 00H COH OCH 00H
00H CCH GOH 00H 00H 20H LOH 08H 04H 08H 10H 20H 00H 00H 00H 00H
00 0CH 00H OOH 3CH 42H 42H 02H 0CH 10H 00H 10H 00H 00H COH 00H
00t OUH 00H 00H OCH 7CH 82H BAH 9AH BAH 82H 7CH 00H 00H 00H 00H
CRG 0ASBOH
G0t GCH O0H GOH OEH 08H 6SH 0SH 68H 0SH 08H 0EH 00H 00H 00H 00H
GOH GOH GOH COH O0H 40H 20H 10H 08H 04H 02H 00H 00H 0OH GOH O0H
COH O0H CCH COH 70H LOH LOH 10H 10H 10H 10H 70H 00H 00H 60H 00H
COH OOH COH COH 18H 24H 42H 00H O0H 00H 0OH 00H 00H 00H 00H 004
OCH O0H 00H COH 00H 00H COH 00H GOH 00H 00H 7EH 00H GOH GOH 00H
OOH COH 00H 00H COH 20H 10H 08H 00H 00H 00H GOH 00H 00H 00H 00H
ORG  0AD00H
00H QO 60K 00H 0NH 00H GOH 00H GOH 00H 00H 00H 00H 0011 00H 0CH

NEVERENDIJMP S

ENDD: END
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MOV RT=RAGH

JMP START

LCOPL: mov  p3.504h |

mov  peonsG0h
mov  scon.=30h
mov  mnod.=20h
mov  thisGath
sery  ir!

loop: jnb  riloopi

¢k o

MCV  DPTR=0B05I:
MOVX  3DPTR.A
MOV DPTRECCICGS
MOVX  @DPTR.A
MOV DPTRF0CI0IH
MOVX @DPTR.A
MOV DPTR.=0CCOTH
MOVX @DPTR.A
MOV DPTR.z0DCGOE
MOVX  @DPTR.A



GENERAL DESCRIPTION

| Tha XR-2206 is a monolithic function genersicr inte-

grated circuit caczble of producing high quality sine,
square, trizngle, ramp, and pulse waveforms of high-stzhility
and accuracy. The output waveiorms can be both amotitucs
and frequency modulated by an external voltage. Freguency
of operation can be selected exre'nauly over 3 range cf 0,01
H2z 1o more !han 1 MHaz.

The circuit is iceally suited for communications, instre-
mentation, and funcion generztor acolications requiring
sinusoidal tone, AM, FM, or FSK generation. It has 3 typicz!
dritt specificaticn of 20 ppm/°C. The oscillator frequency
can be linearly swect over 3 2000:1 frecuency range, witn
an external contrcl voltage, having s very smail affect cn
distortion,

FEATURES

.5%. Typicsi

25 pom/°C. Typiczt
2000:1, Typiczi
0.01%V, Typiczt

Low-Sine Wave Disicriion
Excellent Temperziure Stasility
Wide Sweep Range
Low-Supply Sensitivity

Linear Amgtitude Modulation
TTL Compstibie FSK Controls
Wide Supply Range

Adjustable Duty Cycle

10V 0 25V
1% 0 €C%

APPLICATIONS

Waveform Generazion
Sweeo Generation

AM/FM Generation

V/F Conversion

FSK Generztion
Phase-Locked Loozos (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Suoply 28V
Power Dissioation 730 mw

Derste Above 25°C smw/°C
Total Timing Current 6 mA

torage Temperature -65°C 10 +150°C

‘Monolithic Functiqn Generator

FUNCTIONAL BLOCK DIAGRAM - - - -

Arirm NS
st |1 16[

il E j | SYMMETRY
~Of &~ oM
ougur l 2 1S

L\ULTIP'_IER
MULT, QUT l 3 e H 14[
SRASER YAVERGAM
= [4]. H13] |

! S- 12[ GROUND
TIMING .
CAPACITOR =
SYNC* - -
L [e 1] 80
L 7 ) 10[ 5YPASS
TIMING
ASSISTCORS CUSRENT fs -t .
SATCH K. - ...
8 I swaTchEs 9 [ TRUT

ORDERING INFOBRMATION

Part Number Opersting Temperature
XR-2206M -35°C 10 +125°C

X R-2206N o°c i +70°C

%9 22087 0°Cwe70°C
XR-2206CN 0°Cw +70°C

X8-2206C? 0°Cw =70°C

SYSTEM DESCRIFTION

The XR-2206 is comprised of four fuscrions! blocks; &
voltzgecontrolled csciilzior (VCO), an engicy multislier
snd sine-shzper; a unity gain buifer amplifier; and 2 set
of current switcnes,

Tha VCO zziuslly srocuzse zn ouidut frajuency seraac-
tional 1o an input currans, which is procuced by 5 resistor
from the uming Erminzis o ground. Ths current switchee
route one of the timing cing current 1o the VCO contcileg
by an FSK input pin, 15 produce an cuIput .re::uencv. With
twe timing pins, wwo ciscrete ourput frecuencies can be
indaoendensiy produces ‘ar FSK Generziion Aoptications,

0] o gt

2 EXAR
L Integrzied Sysiems, Inc,, 730 Pziomar Avenua, Suanyvale, CA S2355

XR-48

*.=08) 732-7S70 * TWX £10-338.8233
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' ELECTRICAL CHARACTERISTICS

i

e

Test Conditions: Test Circuit o¢ Figure 1,V* = 12y, Ta=25",C=0.01uF, Py

=100 kﬂ. Rz
unless othenwvise sozcified. S open for triangle, clcsed for sine wa

=10kQ, Ry =25kQ

XR-2206M XR-2206C
PARAMETER MIN. | TYP. | MAX, MIN. | TYP, | MAX. UNIT CONCITIONS
éENERAL CHAAACTZRISTCS ’
Single Suoply Voltage 10 26 10 25 v
§olit-&mal\g Voltace =5 213 =5 =i2 v
Supoly Current 12 17 14 pia] mA Ry > 10k
OSCILLATOR SECTION
Max. Qoerating.Frequency Q5 1 05 [ 1 MHz C=1000=F. Ay=1kn
Lowest Pracical Frequency Q.01 2.0 Hz C=S0uFf Rr=2Mn
Frequency Accuracy ’ » :‘1 =< ' =2 - % oi iy fo = 1R C
1 Temcerature Stasificy =10 150 =20 zam/*C 0°C < Ty <75°C,
. Ay =Ry=20kQ
Sucaly Sensitivity 0.01 0.1 0.01 %IV Viow = 10V, Vg = 20V.
Ry = Ry =200
Sweeo Range 100Q:1 2C00:1 20C0:1 g = £ @Ry =1k
. fL@P =2Mn
S;vees LUinearity
10:1 Sween 2 z % =1 kHz, fy = 1Q kHz
}:51000:1 Sweeo g 8 % fi_ =100 Hz, {4y = 100 kHz
i #M Oisiorion 0.1 0.1 % = 10% Oeviation
?Racommended Timing L
f Components A
E Timing Cacacitor: C 6.001 100 0.001 160 uF See Figure 4.
" Timing Resistors: Ry & Ry 1 2000 1 2000 k0
Triangie Sine Wave Qutut See Note 1, Figure 2
" Triangle Amotitude 160 160 . mV/kQ Figure 1, Sy Oocen
Sine Wave Amolitude e} 60 20 50 mv/k 2 Figure 1, Sy Closed
E' Max. Qurput Swing 8 [ Vo-p
} Outout imoedance 630 600 Q
Triangle Linearicy 1 e %
Amplitude Stabilicy 3s Q.5 dg For 1000:1 Swraes
Sine Wave Amplitude Sizbility 2800 2800 pem/*C See Note 2,
Sioe Wave Distortion
' Without Adjustmant 25 25 %’ =30kn
* With Adjustment 0.4 1.0 0s 15 % See Figures 6 and 7.
:Amomude Modulation
Input tmpedance 20 100 2 109 k2
z-dodulation Range 100 100 %
{ Carrier Sugpression &5 55 8
Linearity 2 2 % For 95% moduiation
$Quare-Wave Qurout
Amplitude 12 12 Vp-o Measured at Pin 11,
Rise Time 250 250 nsec C_=10pF
ail Time <0 50 nsac Cy = 10pF
Saturation Voltage 02 4 02 Q.8 v L =~2mA
Leakage Current 0.1 s} [ % B i00 A Vyy = 26V
#sx Keying Levet (Pin G} c.8 1.4 2.4 0.8 1.4 2.4 \% See section on circuit conrrots
Aeferance Sypass Valtage 29 3.1 3.3 25 3 35 \ Measured at Pin 10. i

Nare 1: QOutout amolitude is directty orocortionst
Note 2:  For maximum amslitude sravitic
3

= the resistance, Az, on Pin 3, See Figure 2
v. Rz should be a casitive temcerature caefticient resisior,
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Figure 12: Siausoidal FSK Generatar.
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Figure 13: Circuit for Pulse and Ramp Generation.



Frequency-Shift Keying:

sﬂge XR-2208 czn be cpersted with wo separate timing
fesisiors, A1 and Ry, connected 10 the timing Pin 7 and 8,
;vesoectively. as shown in Figure 12, Deoending on the
éolarixv of tha logic signal at Pin 9, sither one or the other
di these timing resistors is activated. If Pin g is open-
circuited or connected 10 a bias vaolizage 22V, only Ry is
activated. Similarly, if the voliage level at Pin g is <V,
¢nly Ry is activated. Thus, the cutout irequency can be
¥eyed betwresn two levels, f; and fo, as:

¥

; ) =1/R1Cand f2=1/P.2C

g . - . » oy \
ror solit-supply operation, the keying volizge at Pin Qs

b

ré¢ferenced 1o V=
E

O:u;put DC Level Control:

Thé dc level a1 the output (Pin 2) is approximately the
sgme 35 the dec bias 51 Pin 3. In Figures i0, 11 and 12, Pin 3
i bissed midway bétwesn V¥ and ground, 10 give an
outbut dc level of v */g,

o

- 8.

e

¢

APPLICATIONS INFORMATION
f ‘ )

H
I .
Sing Wave Generation

Wit?'lout External.Adjustment:

Figre 10 shows the circuit connection for genersting a
sinysoidal output from the XR-2206. The potentiomerer,
) :ag Pin 7. provides the desired frequency tuning, The
maximum Quipu: swing is greater than V*¥/2. and the
ivgicl distortion (THD) is <2.5%. If lower sine wave
distontion is desired, sdditionat adjustments can be provided

as despribed in the {atlowing section.

Tha circuit of Fizure 10 can be convered 10 split-supply
coeration, simply by renlacing sil ground connections with
v ".;For solit-suogly operztion, R3 can be directly connected
10 gfound.

i

i
[

o

o Stom g

: i
With External Adjustment:

The harmonic contant of sinusoidal ouipLt can be reduced
10 =0.5% by additional acjusiments as shown in Figure 11,
The cotentiomerer, Pa, &oiusts the sine-shaging resistor,
and Rg provides the fine adjustment for the waveiorm
symmetry, The zdjustment procedure is as foilows:

1. Set Rg st midpoint, snd zdjust Ra for minimum
distortion,

2. With Ra set as zbove, zcjust Rg 10 further reduce
distortion.

Triangle Wave Generation

The circuits of Figures 10 and 11 csn be converted 10
triangle wave generztion, by simely openwircuiting Pin 13
and 14 (i.e., Sy apen). Amgtituda of the triangle is approxi-
mately twice the sine wave outpus,

FSK Generation

Figure 12 shows the circuit connection ior sinusaidal FSK
signal operation. Mark’ znd spacs frequencies can be inde-
pendently sdjusied, by ihe choice of timing resistors, Fq
and Rz; the cutcut is ghasa-continuous during transitions.
The keying signal is.zpplied 10 Pin 9. The circuit can Se
converied (0 salit-supply zsersticn By simply reolzcing
ground with V=,

Pulse and Ramp Generation

Figure 13 shows the circuit ior pulse and ramp waveform
generation. In this mode of ooarstion, the FSK keving ter-
minal (Pin 9) is shorted to tha square-wave ouiput (Pin 17},
and the circuit sutomsticzily frecuency-shiil keys jisait
tetween two seoarate frequencies curing the pesitivegoing
and negative-going output waveiorms. The pulse width sng
cuty cycle can be adjusted from 1% 10 0%, by the choice
of Ry and Ry. The values of Ry and Rq should be in the
rangeof 1 k0 2 M.
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PRINCIPLES OF OPERATION
Descrigtion of Cantrols

Frequency of Operation:

The frequency of oscillation, !y, is determined by thé
external timing caoscitor, C. across Pin 5 and 6, and by e
timing resisior, R, connecied to either Pin 7 or 8. The {re-
quency is given as:

1
fo =E' Hz

snd can be adjusi2d by verving either R or C. The recom-
mencad vaiues of R, for a given irequency range, are shown
in Figure £, Temperature stability is ootimum for 4 k1 Q <
R < 200 x Q. Recommanced values of C zre jrom 1000 oF
0 100 uF.

Frequency Swesp and Modulation:
Frequency of oscillation is proporiional ¢ the 1otal timing
current, |, drawn from Pin 7 or 8:

_ 32017 (mA)
T CpF)

Hz

Timing terminals (Pin 7 or 8) are low-imoedance poinss,
anc are internally biased at +3V, with respect 0 Pin 12,
Frequency varies linearly with IT, over a wice range cf,
current values, from 1 gA o0 3 mA. The freaunncy czn

be centrolled by zoclying a control volt VC' 0 the

activated timing pin as shown in Figure 8, The frequency of

where Ve is in volts, The voltzge-to-irecuency conversion
azin, K, is given as:

R 0.32
K= 3H/3Ve =~ o2 HafV
ReC

CAUTION: For saia ooeranon of tne Cer'..ﬂ“‘lT shouid
limited 10 K3 mA.

be

Qutput Amplitude:

Maximum output amptituce is inversely preaoriions! o the
external resistor, R4, connecied to Pin 2 (s24 Figure 2). For
sine wave output, amplitude is soproximzizly 30 mV pcazk
per zQ of Ra: for irisngle, (he peak amglituds is sooraxi-
mately 160 mV peak per kQ of A3 Thus, for examcie,
"Ry = 50 k Q wouid produce spproximaisty =3V sinussizal
output amplitude,

Amplituda Modulation:

Outout amglitude csn be mcculzted Ly zoclying 2 dc bizs
and a modulating signal 10 Pin 1.-The internai impedancezt--
Pin 1 is aopreximatsty: 100. kQ Om,,ut amplitide varigd
lmezrly --n.n the applied volace at; 2in 1, .or-vdue: cx d\_.
pias 3t this® gin; wuflm'*" volts of- -V"iz 35 Tiolerin: Fiz

5. As this bias level soprozches v¥/2, u.e phase. of :he
cutput sienal is rE\/e'sed,Jnd the .=._'r.ch:.."" £028 3 hrc'--'ﬁ_
z2r0. This prooerty is suitzzlé for znases G
sucoressed-carrier AM cenerziion. T¢
emplitude modulation is ecgroximaisiv S5 ¢8.

b

.t

oscillation is refated t0 V¢ as: CAUTION: AM contral must te uses in cznjunction with
! c ‘_' V & wellrequisted suocly, since the cueiput emclitude now
fo— fte—(l~ -} Hz tecsmes 5 function of V™
aC Re 3
EQUIVALENT v- ; o .
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FSK Demodulator / Tone. Deccder

' GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
. The XR-2211 is 2 monclithic Fhase-iocked lono (PLL) Az \J
¢ system escecially designed for daza cemmunications. It is Ve E Psécss. E
oarticularly vell suited for FSK modem zoplications. It - [_ ggrgnoa
operates over 3 wica supoly voitage range 0f 4.5 10 20 V NPUT E
' and 2 wicz freauency range i 0.01 Hz 10 200 xHz. It czn
sccommocdate anzlog signals tanveen 2 mV 5nd 3 V. zang os_%g TIMING
Can interisca with conventicns! OTL, TTL. znd ECL logic- AILTER RESISTOR
families.  The circuit consists of & dasic PLL for tracking an -/ / LocP
J . e . GAOUNO D=T
QUL sicnzl within the pass bang, ¢ Quadraiure chass dztec- ouT
§ 4 tOf which grovidas csrrier gerzction, end an FSK citage REF_
' | comsarsior whica crovides FSx demodulziion. Exzzrns! Locx OE oo AcE
comeonents zre used 1o indepencentiy set cznter frecuency, OE,;"'{,;% 5
bandwidth, and outout delay. An intzrnal vailzge referance L E E NC
prooortional to the ccwer stoply providzs ratio metric -

) - 2 s DATA FSK
operaiion ior Tlow sysiam paricrmance variaticns witn ouTayuT E‘-<] E SMP INFUT
powser suosty changes, FSK CCMP
The XR-2211 i zvaiiac’e in 14 pin OTL czramic or nlestic
23ckages szc-:-cx:'ied for ccmmercxcal or lelitary t-:-mc&fa:ure JRDERING INFORMATION -

: ranges Part Number Package Operztamg mmpe:ature
= XR2211M Ceramic ~35"Ciwo ~128°C
o XR-2211CN Ceramic 0°Cio = 75°C
.| FEATURES XR-2211C? Plastic 0°Crc + 75°C
XA.2211N Cerzmic -40°C 10 + 85°C
Wide Frequency Range 0.07 Hz 10 300 kH;z XR-2211p Plastic -20°C 0 + £3°C
Wide Supcly Valizge Qe LSViwoZov
OTL/TTL/ECL Logic Compatibiiity SYSTEM DESCRIPTION
FSK Demodulztian, with Carrier Oetection ,
Wide Dynamic Range 2mV 103 Vrms The main. PLL within ine XR-2211 is censtruzied from an
Adjustabie Tracking Range (£19% 10 280%) incut preamplifier, anzlog muitighier usso 2§ 2 ohzss derec.
Excellent Temp. Sizsility 28z C, v, tor, and & precision veltace “controiled usciiiziar (VCOI,
2 Tne creameptifier is useq 25 2 limiter such tmat incut signais
APPLICATIONS 2dave typiczlly 2MV RMS zr2 emolified {0 5 consiznt high
level signal. The multipling-type phase catec:or aCis as &
FSK Demoduisticn digital exclusive or gate. Its cutou: {unfiltzred) procuces
:  Data Synchronization sum end diﬁergnce frequencias of tne inout &énd the VCO
Tone Dacoding outzut, f input + fingut (2 f inzut) sne § incut - f input
" FM Qetection {0 Hzl when the phase detecior cutpur 10 ramove the
b Carrier Detaciion “sum’ trequency corhgonent while Fassing iha cifference
i 10C] component o drive s VCO. The VCO is scrually
ABSOLUTE MAXIMUM AATINGS 4 current controlled oscillaier with its nominai insut
current {fg) set by a resistar (Sg) 1o ground and its driving
, Power Sucpty 20v currens with 2 resisior (R) from the chase cetecsor,
Input Signst Level 3Vrms :
v Power Dissipation The cthier sactions of the XR-2217 act 19" d2te-=ina if 1he
Ceramic Package 730 mw VCO is ‘criven above or below the center iragquency (FSK
Cerata sbove Ta=+25°C §mv/C comparaior); produced both sctive hign and zctive low ous-
! Plaszic Paclage 625 mw puts io indicate when the main PLL is in lock (cuadrasure
Derate zbave Ta=+25°C SOmwrAC . phase detector and lock detecior c£omoarator).

5
7z
A EMR Integratadt Sysrzms, Inc,. 730 Paiemar Avarue, Sunnywvale, CA 94086 * 14081 T32-7670 - TrX =AY

C——
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5 ELECTRICAL CHARACTERISTICS )
Tert Conditions: Test Circuit of Figure 1, v* = v= e gV, Ta =+25°C. C = <000 GF Ry=Ry=~ R3* Rg=20x0) R =e¢7x)
. Sinary lncurts grounded, S1 ana S; ctosed unless otherwise soecilieq,
XR-2211/2211M XR-2211C
PARAMETERS UNITS CONOITIONS
MIN, TYP. MaX, MIN, TYP, MAX,
GENERAL
Suasly Voliage 45 20 45 20 v
Suazty Current e 7 3 9 ma Ag 310 K€ Ses Fig. 4
OSCILLATOR SECTION
v Frequency Accuracy N ] = = % Oeviation from g = 1/AgCy
Fricusncy Stanifity . . Ry=xn
Temperature =20 =0 [ =2 ; ssm/C Sz2e Fig, 8.
Pwer Sucoiy 0.25 0.5 0.25 . %NV V* 21221V, Sde Fig 7,
0.2 0.2 : BRIV VT 25205V, S2e Fig. 7.
: Uooes Sreguency Limit 100 200 300 xHz Rg = E.2 KX Cg » <00 o
E Lavast Pracrical fh
Ooerating Freauency 0.01 0.01 Hz Rg=2MQU Cy=sopF
v Timing Sesistor, Ro See Fig. .
Czararing Rangs 5 2000 s 2000 xQ2
Fecsmmengea Range 15 100 1S 100 |- xQ See Fig. 7 ano 8.
LOQP Fsagz .
OETECTOR SECTION
v Peak ut Currens 150 =200 =300 =100 =200 =200 EA Measures at Pin i1,
] ‘381 Cusrent = 3 i jizy
I—gezance 1 1 MO
Maki~ur Swing 22 = 24 = v Refsrences 10 Pin 10,
]
QUADRLTURE
* PHASE DITZCTOR Measured at Pin 3,
* Feax Corzor Currant 130 180 120 HA
Outew: Imgeeance 1 1 MQ
Maxiemg = Swing 11 il V so
§
|, INPUT FRZ20MP SECTION Mgt 32 Pin 2
InDut 1=zanznce 20 20 vl
lnouz al
Voltaze Recuires 1o
* Causz Limiting 2 10 2 AY g
t| VOLTAGE COMPARATOR i
SECTIONS
Ingut Imoacance 2 2 MQ Mezsurea at Fins J ang §.
lnout 2fas Cyrrent 100 100 na
Voitags Gain 55 70 55 70 as AL =51 xQ
Qutout Voliage Low 300 feiso] my e *3ma
Qutou: Lzakage Current 0.01 0.01 2A Vo=12v
E
INTERNAL ASFERENCE
Voltage Levei 48 S.3 5.7 475 5.3 S.85 v Masgsurea 3t Pin 10,
Qutout Imoecance 100 100 Q
b
A
]
] 2
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Figure 1:  Functional Block Diagram of 3 Tone and FSK Figure 2:  Generalized Circuit Connection for FSK and

Decoding System Using XR-2211

T

Reference Voltage, Vg iPin i0). This sin is int2rrally tiasea
&1 e referance voltacs leve!, Vg. Vg = V+/2 - §30 mV,
The dc voltage level a1 inis pin forms an intzrnal reference
¥or the voltage levels 2t Pins 5. 8. 15 znd 12, Fin 10 mus:
= Be@ bypassed 0 ground with 5 0.1 uF =pacitor for procer
» Loeration i the circuit,
4
Loop Phase Detector OQutput {%in 11); This iermingl grovides
: & high impedance outgur for the loop prase detactor, The
PLL loop filtzr is formzd by Ry and C; connected 10 Pin 11
(se2 Figure 2}, With ag incut signal, or with ng shase srror

e PLL, the 22 teval a1 Pin 1Y is very nsdely eawal
10 Vgq. The cazk voltace swing availzble 2t the phase detec-
10r QuTtut is =qual to =V g,

VYCO Csntroi Input (Fin 12): VCO {ree-cunning ‘requency
:is cdetermined Ly externsl timing resisior, F.O. connecsted
from this terminal 10 cround. The VCO free-runming fre-
-duency, {g. is:
t
Hz

§ 1
0 = R

1=
where Cq is the riming czcacitor acress Pins 13 and 14, For

1OETimum 1emperature sistility, P.O must te in ne range of
10 K22 10 100 KQ see Figure §).

This termunal is 3 low impedance goint, and is internaily
Biased 21 a dc level equal 10 V. The maximum timing
Current drawn from Pin 12 must-be limited 10 <3 mA for
pracer ocarstion of the circuir, -

1

XRr.88

Tone Detection

VCO Timing Capacitor {(Pins i3 and 12} VYCD freaLengy g

invérsely 2roocriionst ta ing exsengd tming zzzeciver, Ca

~0NNSCTEY 3Cross ihase terming!s fsze Floure 31, Cpn —~ougt Ra
1 =

nantalsr, :ng in e range of 200 oF g

VCO Freguency Adjustment: VCO -zm oy
CORNECTing 5 Sotentiomater, Ay i ggeizs o ni12

(sez Figure €},

o
“
Y
[e]
a

i
o
"
<<
0
Q

Q
[
o
9]
[«3
-
[\3
N
3
o]
a,

’

w
o

Migrngliy Cunneciad 1o ine onass osizoear
e circuin, However, for sets or &sivsimzns

VCQ ifree-running frecuency can te me

FEC 21 Fin § hwin
Co disconnscizd), with no ingut and vwih #a 2 smsraad 10
%in 0,

DESIGN EQUATIONS
(Sez Figure 2 for definition cf cc™Tonznre, !

1. VCO Center Frequency, #g°

50 = i'r:oCO Hz

2. Interra! Reference Votiaga, Va (=
Vg ='V+/2 — 830 mV
3. Loop Low-Pass Fiiter Time Constant, o )

T= R:Cg
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TF= ReCe
7. Loop Fhase Detector Conversion Czin, Kd: (K¢ is the
cifferential de voltage zcross Pins 10 sng 11, per unit

. of phase srror at phase cetector ingur);

K¢ = -2V g/7 volts/radian
8. VCO Conversion Gain, Kg: [Kg is the amount of
& change in VCO frecuency, per unit of d¢ voltace chance

* a3t Pin 11):

Kg=- INRCOF!, Hz/voit

“w

Total Loop Gain, Ky
Ky = 27.'K¢'>K0 = ¢/CoRy rza/sectivalr
10, Peak Phase Cetacror Current |, .

la = Vo (volts}/25 ma

»

}
APPLICATIONS INFO RMATION
FSK DECODING:

i

Figbrb 2 shows the basic cireuis Cornecticn for FSK darog-
ing. With reference o Figures 2 snd 2. the functions of
exernal components sre defined a5 follows: fg and Co set
the PLL center ‘requency. Ay sets the system tandwidsh,
anc Cy sers the loop filter ime constant and the loop
dam}:inq factor. Cg and Ag form a one-pole posi-detection
filteg for the FSK cars output. The resistor Rg (=510 k)
from Pin 7w Pin g introgduces cositive feegtack across the
FSXF comparator 0 fscilitate rapig raasition berwsen
outout logic states, *

Recommended comoonent values for some of the most

commoniy used FSK bands sre given in Table 1,
¥

Design Instructions:

b ¢, Loop Damping, {:
% Co The circuit of Fgure 9 can be tailored for any FSK cecoding
s {=1/2 C‘T &3oticaticn by the chaice of five key circuit components:
i 9. Ay, Cy, Cy and Cr. For a given set of FSK mark angd
3 . ’ sSace {recuencies, fy and f5. these paramerars ¢an te calcu-
5. Loco Tracking Bancwidth, zafffg: l3384 25 foliows:
g Af/fo = P.o/ﬁ]
¥ .mcx-:
% o ! )
| 3l Caleutzte PLL center frequency, ¢n:
, 0
| DU ) - 4
e \r.h 'I‘ '.! ’:l Ttl.l . . f‘ - f2
¥ 2
5 N ’
5. FSK Dara Filter Time Constant, 77 :
!

Bl Chessz value of timing resistor Rg. to be in the ranca
of 10 XQ 10 1C0 KQ. This choice is scbitrary. Tha
recsmmended value is RQ= 20 KQ. The finai value o
Ag is normatly fine-tuned with the series potenti-
cmeser, RX.

<! Calcuiziz value.of Co from design ezuasion {1) or from
Ficure 5.

G = "*Rafp

el Celcuierz Ry 1o give 2 Af equal 1o :he mark scacs

ZEvigticn,

ot

BRI ALY

g1 Caicules C; 10 set loop cdamping. {See casign equation
a2, 4}

Nermetiy, ¢ = 1/2is recommended.

‘e Cy =Coidtart =112

) Caiculziz Osts Fiiter Canacitance, Cg:

For Az = 100 KO, fg = 510 KR, the recommended

“eiue 0i Cz is:

Ce = 3.i32ud Rate) uF

Notz: Al cziculareq comoonent vslues excenst RO can be
ounczd o0 the nearest standard value. and RO can be
varied 10 fins-tune center frequency, through a series
potzntiomersr, Ry. (Sea Figure 9,
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Figure 9:  Circuit Connection for FSK Decoding

Design Example:

7% Baud FSK czmodulator with mark space frequencies of

11101170 H2:

Steo 11 Calculate fg: fg = (1110 + 1170) (1/2) = 1140 Hz

Sten 2: Choose Po = 20 K (18 KQ fixed resistor in series
with § KQ2 cotentiometer)

Step 31 Caleutate Co from Ficure 6: Co = 0.0c2 pF

Sieo 4: Calcuiste Ry1.Ry = Ry (2240/60} = 380 X

Sten §: Calculate Cy:Cy=Cpla=0011pF

Note: All values excent RO can be rounced to nearesr
tandard value.

Table 1. Recommended Component Values for
Commonlty Used FSK Bands.
{See Circuit of Figure 9.)

FSK BAND COMPONENT VALUES
300 Baud Co =0.039 iF Ce =0.008 uF
fy = 1070 Hz Cy =0.01 uF Rg=18KQ
f2‘=1270H.’. Fy=100KQ
300 Baud Cy =0.022 2F Ce =0.005 uF
fy = 2025 Hz Cy =0.0047 uF Rg=13KxQ
f5 = 2225 Hz Ry =200kQ
1200 8aud Co =0.027 uF Cg =0.0022 uF
f; = 1200 Hz Cy =001 uF Rg=18KQ
fo = 2200 Hz Ry=30KQ

1= B ———— {

FSK DECODING WITH CARRIER DETECT:

The lock detect section of XR-2211 ¢an be used as 3 carrier
detect ocvion. for FSK decoding. The recommended circuit
connection for this aoplication is shown in Figure 10. The
open collector lock detect output, Pin 6, is shorted to data
ourous {Pin 7). Thus, dats output wiil be disabled at “low"
state, until there is 3 carrier within the détection band of
the PPL, and the Pin 6 outour coes “high,” 10 enable the
data outour.

The minimum value of the lock datect filter capacitance Cp
is inversely prooortional 1o the capture range, "Af This is
the range ot incoming frequencies over which the loco can
acquire lock and is always less than the racking range, It is
further limited by Cy. For most soplications, af. > A2,
For Rp = 470 XQ. the approximate minimum value of
Cp can te determined by:
Cp (F) > 16/caprure range in Hz,
With values of Cp that 2re 0o small, chstter czn e ob-

served on the lock detect QUIPUL as an inccming signal
frequency scoroaches the Caoture bandwidth. Excesively

large values.of Cp will slow tha resoonsa iime of the fock
dertect outdur,
[ 8] .l A 23
iz <
e l HD Ri=-]
3c °:‘J q Froeg.TUME
. esyT L) ‘ |
’——__d FL R -1 ___‘ VAA—AAA ——y
e Sy
’_-g T {-, 1% l
:
= s1x € -'?
¥ CAAA——t L*J" Ay 100 &12
l + $10 Ky
OATA QUTPUT
; <]

Figure 10: Extermal Connectors for FSK Demodulation

with Carrier Detect Capability ¢
Nota: Data Qutput is “Low” When No Carrier is Present.
‘TONE DETECTION:

Figure 11 shows the generalized circuit connection for 1ane
detection. The logic outputs, Q snd Q 3t Fins S 2ng & are
normally 2t "high” and logic siates, resoectively.
When 3 10ne is present within ths detection taznd of tha
PLL. ihe logic state st these QUIZUIs Decoms reverszq for
e curaticn of the inpur icne. Ezch logic cutpur czn sipw
-3 mA o7 load current’

‘"‘OW“

Both logic cuiputs at Pias S and 6 sre ooen collector :ype
stages. and require external pull-up resisiors A1 end Ao
&s shown in Figure 11,

Figure 11: Circuit Connecrion for Tone Oetection.
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With reference 1o Figures 2 and 11, the functions of he

external circuit components can be exolained 2s foflows:
Rq and Cq set VCO center trequency: Ry sets the detection
tandwidth:; Cy sets ihe low pass-loop filter time consiant
and the loop damping factar. Ry y_snd Ry g are the respec-
tive puil-up resistors for the Q and Q logic ouiputs.

Design Instructions:

The circuit of Figure 11 can te optimized for any ione
detection application by the cheice of the S key circuit
components: Rg, Ry. Co. Cy and Cp. For & given input,
the tone fregquency, fs. :hesg parzmeters are calculat
as Tollows:

a) Choose R to be in the range of 15 K 10 100 KQ.
This choice is arbitrary.

t) Csleulate Cq i0 set center frequency, g esual t0 s
(see Figure's): Cq = 1/Rplg ;

¢) Czleulate Ry 1o set Sandwidth AT (sze design egua-
tion no. 3): ]

R‘ = Ro(fol./ln

Note: The toial detection bandwidth covers the ‘re-

suency range of fg = Af.
d) Caleutate value of Cy for 2 given looo camzing factor:
Cy =Co1682

Normaity ¢ = 1/2 is octimum for mcst tone detegior zzoli-
cations, giving Cy = 0.25 Cg.

increasas the PLL czcture time.

e} Czlculste value of filter capscitor Cp. To aved
chattar at the logic cutput, with R = 470 KQ, Co

rmust be:
ColuF) # (1€/cscture range in Hz)
Increasing C slews down the logic outsut resgonse i,
Oesign E xamples:
-— : ¢ . v
Tone cetector with & dstecsion tand of 1 kHz = 20 Hzx
al Choose 8g = 20 K22 {18 KSQ in series with 3 XQ
sotenticmerer),

B} Choose Cq for ‘g = 1 «Hz {{rom Figure 61. Cq = 0.05
ue.

Ye

ot 1
o2 oo

TRT210

= 31 .F

Increasing Cy improves ihe out-oi-band signal rejection, Tut

Figure 12: Linear FM Deteczor Using XR-2211 and an
External Op Amp. (See section on Design
Equation for Component Vsiues.)

¢) Caleuiste Ry:84 = (Rg) (1000720 =1 MQ.

@) Caleuiste Cy:for § = 1/2. C; = 0.25.Cg = 0.013 pF.
2) Caleulate Cp:Co = 16/33 =0.42 EF.

) Fine-tune cenier irequency with 3 K{1 potenticmerer,

Ry-

LINEAR FM DETECTION:

X§-2211 can be used as a linear FM deracior for 2 wide
rsnge of analog communicztions and telemerry aocticztions.
The recommended circuit conneciion for this zcoticztion is
showmn in Figure 12, The demoduiaiad ouiZut is iaken {rom
ihe loop phase detector output (Pin 11}, inrouga 3 post-
detection filter made up of 8¢ ang Cgz. and an exvernsl
wuifer amptifier. This buiier amgtifier is nacessary Decause
of ihe hich impedance output &t Pin 11. Normally, 2 noa-
inverting unity gain 0o amp can Te used 35 3 sutfer amoli-
fier, as shown in Figure 12,

The FM detector gain, i.e.. the outpbut voitage change Per
unit of FM deviation can te given 3s.

Vout = 71 Vg/100 Rq Volits/deviziion

wnere Vg is the internai reference voliacs (Vg = W+/2 -
€20 mV}). For the cnaice of externat comoorants T4, Ag.

Cq. Cy and Cz. see tettion on carign equztions.
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PRINCIPLES OF OPERATION

Signal Input {Pin 2): Signal is 2c couoled 10 this termina.
The internal impedance at Pin 2 is 20 XQ. Recommenced
input signal ilevel is in the range of 10 mV rmst0 3V rms.

Quadrature Phase Detector Output (Pin 3): This is the high
impedance ouidwt of quadrature phase detector and is
internslly conneczed 10 the input of lock detect voltage com-
parator. In tone dertection soplications, Pin 3 is connected
10 ground through 3 parsllel combinstion of Rp and Cg

(see Figure 2) to eliminate the chatter 51 lock detect outputs. -

It the tone detect section is not used, Pin 3 can be left ooen
circuited.,

Lock Detzct Qutput, Q (Fin S5): The outout at Pin 5 is at
“high™* state whanthe PLL is out of lack znd goes 0 “low”
or conducting siate when the PLL is locked. It is an open
collector type output and requires s pull-us resistor, RL. Hel

+ for prooer ooeration. At “low"” stafe, it can sink uc to
S mA of load current.

.f6r high incut frecuency. If no input sianal is gresent, the

Lock Detect Complement, Q {Pin 6): The ouzaut 21 Pin 6 is
the logic complement of the fock cetact output et Pin 5,
This outout-is also an open collector type siage which can'~ |-
sink 5 mA of losd current at fow or "on” siete.

FSK Data Qutput (Pin 7): This output is en opsn collecior
logic stzge which requires 3 pull-up resiszor, Ry ¢ V+for
proper operztion. It can sink S5 mA of load current, When
cecading FSK signals, FSK dzta output is 5t “high™ or “oft"
state for low input frequency, and 3t “low™ or “on” sigie

logic, siste 21 Fin 7 is indstzrminate.

FSK Comparitor lnput (Pin §): This is the hich imzedanca.
ingut 1c the FSK voitaze comparator. Normally, zn FSX
post-detection or daztz filter is connecied Senveesn this
terminal ang the PLL phase getector cuiput (Fin 11), This,
cata filter is formed by, A and Ceof Figure 2. Theifreshold .| .—
voltage ‘of the comparaior is set by ihe internat reierence

Ve . available.s: Pin 10" =~ == oo Jiime
‘oltage. VR avalleble: Pin 1005TT DI D e

Rev. 8/23

XR-¢3



MOTOROLA
=3 SERMICONDUCTOR

B A e i

"t SNAZ Lgtie

—

BTt

I T S

b

TECHNICAL DATA
' 161488
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—
CUAD $1DTL LINE CRIVER
- . nsS-2h2C
QUAD LINE DRIVER =
SILICON MONOLITHIC F!.".‘
] . INTEGRATES CIRCUIT i
The MC3483.15.3 monctithic cuzc hne criver designed 13 inter * 5 clRcun {'..‘;_’51
face data terminai equipment with data communications equigmen: { vy, X
in conformance with the scecifications of €1A Standard No. fS-232C. {
Features:
@ Currunt Limizec Outout
=10 mA typ | |
o P Gf a ’ . '
O\Z;:)?.‘:‘ Scurce imoadance I L SUFIX » SUFFIX
L =aggms ma CETAMIC PACKAGE  PLASTIC FACKAGE
| o Simpie Slew Pat2 Contrel with External Cazznlar i CASE Z320F CAFE £46.G8
i A ' UFFIX
' 2 Flexibie Operating Sucoly Range D SUF
‘ Al — L puasTic PACKagE e
i 8 Comsosticie witn All Motorota ADTL 2nd “ATTL Logic Famflias ( CA3E 751402 14 %{3‘3';.
! (L RE -
1
o PtM CONNECTIONS
— T
| oy vae{l idl ves
) TYPICAL APPLICATION o -
! P ST recet ©
1 LhE Thedl LYE BECE1/ER gt ‘-14" £ i o :E:Ir\:u: "‘
Vet 401383 : '
~. N7 lL:‘q. -t
Outaut A3 ol 121 ‘neut D2
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MC14E8

MAXIMUM RAﬂNéé {Ta = -25°C untess otharwiss notec.}

Rating | Symooel Value Unit
Fower Suzply Voitage vee -15 vde
Vez -15
! Incut Voltage Aange ViR ~15%< Vg & vdc
! 70
| Outout Signal Vortage ! vg =15 vde
Powar Cerating (Package Limitauon, Ceramic
and Plastic Dual-in-Line Package) Pn 1000 mw
Cerate above- T4 = «25°C 1A55A 6.7 mwrC
Coerating Ambient Temoerature Range i Ta Oto »75 'C
| Storage Temoerature Range | T,_:g -65t0 175 |  °C
ELECTRICAL CHARACTZRISTICS {Vop = ~2.0 =% Vde. Veg = <9.0 = 1% Vde, TA = 010 75°C unless otherwise noted.)
Characteristic | ‘Figure | Symbol | Min Typ Max Unit
Input Current — Low Logie State (Vi = O} [N W o = 1.0 1.6 mA
+ tnput Current — Hign Loyic State (Vi = 5.0Y) P i - — | uh
[ Gutout Voltage — Hign Logic State : 2 Vor vae
: i, = 0.8Vee. R = J.0K{L Ve = -9.0 vde, Yez = -9.0Ydel | -6.0 -70 -
PV = 0.3 Vee Ry = 3.0k Voo = -13.2Voe Yz = -13.2 Vel ~80 | -1058 -
| Outout Vaitage — Low Logic State o Vou , Vee
| Vim o= 1.9 voe. B = 20K Veg = -9.0Yde. Ves = -20Vda) ! -60 | -70 - |
{ Vg = 19Vee fy = 3.0k Vo = =132 Vdc, Yeg ~ -13.2 Vdeh ~80 | -105 -
| Pesitive Outcut Short-Cireunt Cusrent (1) 3 1 lgs- -6.0 -0 )] 12 ! mA i
| Negative Qutsut Short-Cirguit Current (11 2 ! igg. ' -60 ) =0 | -i2 | mA !
Cuinut Aesistance (Ve = Yez = 0. Vg = =2.0Y) Ly g 300 Y — ! —  Ohma
; Positive Sucply Current (R = =i Pk ‘e ] . mA
! Wi = 1.9 Vde, Voo = - 3.0 Vdet / - -15 -2
'V = 0.8 Vee. Veg = ~2.0 Vda : - -45 | -60 !
| i = 19 Vde, Veg = - 12 Vda) H - -19 -25
i ViU = 0.8Ves Vg = - 12 Vde y - -55 | =10 :
© \ViW = 1.9 Vde, Veg = - 15 Ve - | - -3¢
| 1Vy = 0.8Vde, Voo = - 15 Vde) - i - -12 ;
i Megative Sucpty Current (Ry, = =) H leg i ' H
'y o= 1.9 Vde, Vez = -3.0 Veo! - | - | =17 —=A !
Wy = 0.8 Vee, Yeg = -3.0 Vgl - - -390 ZA
WVie = 1.2 Vg, Vgz s -12Veo) ! - | =13 -2 mA
Vo= Q.8 NEa Vez = -2 Ve i |- = -500 LA !
Vim = 'S Ve, Vze = -8 Ve b= - - maA
Vo = 3.8 Vai. Veg = - 15 Vaor §—_- = -2.5 TA L
Fawer Consumonon I P H m
Vop = 20Vee Vez = - 5.0 Vee! g Po= - 3
Voo ow 12Vee Ves = -2 Vda ! P= = 578
SWITCHING CHARACTERISTICS iV = -5.0 z1% Vde. Veg = =88 = 1% Vde, Ta = =25'C.)
Precagation Oetay Time ‘21 = 3.0 k and 18 oF} 3 D otpe 0 o~ i 275 1330 ag
220 Time iz = 3.0 k ang 1S oF) R L. T - ns
: Prooagation Dslay Time iz = 3.0 Xk ana 13 cF) [} I ot | — e v 175 rs
Aise Time .o = 3.0 k and 15 oFi & | mu o - 35 160 ng

19 Mg rum Pacvage Power 0.5510at0n May De exceeced if 3 QUIDULS 3re INOMED SiITullaNeCUSHY.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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CHARACTERISTIC DEFINITIONS

FIGURE 1 — INPUT CURRENT
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FIGURE 3 — QUTPUT SHORT.CIRCUIT CURRENT
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FIGURE 5 — POWER-SUPPLY CURRENTS
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FIGURE 2 — QUTPUT VOLTAGE
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FIGURE 4 — QUTPUT RESISTANCE (POWER-QFF)
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MC1438 .
TYPICAL CHARACTERISTICS
(TA = +259C uniuss otherwise noted.)
FIGURE 7 — TRANSFER CHARACTERISTICS FIGURE 8 — SHORT-CIRCUIT QUTPUT CURRENT
versus POWER.SUPPLY VOLTAGE versus TEMPERATURE
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APPLICATIONS INFORMATION

FIGURE 13 - POWER.SUPPLY PROTECTION
TO MEET POWER-OFF FAULT CONOITIONS

The Electronic tndusines A {E1A) RS232C {i
cezail the recurements for tne interface cata o g
aguioment and  data i equi This stai

specifies not ontv the number and tyoe of interface leads, but aiso the
vehage levers to be used. The MC1488 cuad driver and its comparnicn
circuit, the #2C1589 zuad recaiver, Srovide 8 comotete interface system
betwaen OTL or TTL logic levers and the RS232C cefineg levels. The
AS232C recuirements as acolied o dnvers 2re discussed heresn.

The requiced criver ges are cef as § and 15-
woits 1n magnituge and are oositive for a logic 0" and negative for
a loge "1, These voitages are 350 cefinec when the crivers are
terminated witn 3 3000 1o 7000-0nm resistor. The MC1188 meets
thes voitage recuirement by converting a3 DTL/TTL logic levet into
RE232C levers veitn one stage of inversion,

The RSZ32C soecification furtner requires that during transi-
t1ons, 198 grver OutDul siew rate must not exceea 30 volts oer
microsecong. The nherent siew rate of the MC1323 s mucn oo

FIGURE 12 — SLEW RATE versus CAPACITANCE

) FOR Igc = 10 mA
1000 B
T AT Y] n A
ks e b Vi PEERITY
3 N \ i ’ b ey
s e T moerar e
ot — 'l =
E yd 1 \\» -
= o .Y , -~ ¢el i AR
= R
2w
7
P :
e b B
) PO 1 1 R

o
S

fast for (s rezaremant  The cirrent wmited OuITuI O e e
Can ©# yseC I3 SCAIrC: 1M Sleww 312 Dy CONNECING 3 CADACHOS 1O
23cn criver CutDot. The requirec CIDACILOr Can ©2 easily cetermined
ty using e rerationsnie C = 1og x AT AV from wimch Figure 1205
derwves. Accsroingly. a 330-0F cacacitor on each outout wiil
guarantee 3 worst case siew rate of JO voits per rmicrosecona.

The wnterface criver 15 also required 1o withstana an accidentat
SNGFL 10 3Ny OINer CONAUCTO! IN 2N INTErCONNECTING CaDte. The worst
cassiole g3t ON 3Ny CONCUCIOr would Be anotner driver using a
olus or mnus 15-vatt, 500-mA source. The MC 1288 s cenignea (0
indefinitely witNsi3n0 such 2 snart to att four outauts in & cackage
a3 long 2s the DOwer-suODlY voitages are greater than 9.0 volts li.e.,
Vee 290 V- Vezg-9.0 V). I some power-suooly desgns. 3 toss
of syste™ DOwWer Causes 3 10w IMDEdance ON the cower-ucply out:
Suts. VeRea Tmis OCCUrS. 3 1Ow «MDEaance 1o grouna would exist at
the oower 1nSuts ta the MC 1488 effectivetv snorting tne 300-onm
sutout "esisisrs 19 groung, ! all four outouts were tmen snorted
to pius of rmnus 15 voIts, (e cawer QIssICation 1n these resistors
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Pne

v

ve ?'.:

~O—4
=

’———L--.
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would be excezsive  Therefore, «f the systermn 13 designed 10 per~™1t
low wmpegances i3 ground at the power-sucones of the drivers, 3
1008 SNould Ce T 3CET 1N eACN COWer-SUCDY 1824 10 Drevent over:
heating an s ‘2.0t candinon These two diodes, a3 SROwA »
Frgure 13. coulc te used 0 gecouoie alt e drwer packages 12
system, {These sam2 dioges wil ailow tne MC1488 to withsiz~d
momentary sharis 15 tne =25-voit himits soscifiea 1 che par 2o
Stangard RS2322  The 2cition of tne w0225 a130 p2rmi(s 7w
MC1488 to witns:ang faults with power.supoires of tass than tne
9.0 voIts stateg asove. )

The maximum snort-Circuit current atlowwanid unoar fauit con-
ditigns 1§ more =3a guaranieed by NE previgusty menugned
10 mA outout current bruning.

Other Applications

The MC 1488 s an extremely versatite hine driver with 3 msr-3a
of cossible aopniiations  Severat features of the drivers ennjnce
s versatinty.

1 Quiout Soreent Liminng ~ this enabies (he circuit des g=ee
t9 cetine tne oulz_[ vOILaGe iévels ingepenaent of DowerSuGC 2%
ana <an De accorSusned Ly 10Qe Clamoing of the outout = 7S
Figure 14 snows :7e MC1482 used os 2 OTL 10 MOS trans
where e Mignra, e voitage outdut 1s Ctamued one dode ITOve
ground. The res:s1dr divider snOwn 13 UJEQ 10 segquce ne ou
vai:ag2 cetow tre 300 mV anove grouna MOS input tever et

2. Freser-Sucsiy Range — as can e seen ‘trom tne scne—ate
draweng Of tne cr.;ers. INE DOSINIVE 3D ARGAlive OTIvIng ele— 21ts
of ine cente are essennsily indepenaent 3nd do not require 320
ing poaes-sudpnes. In fact, the positive supply can vary fre= a
minimum saven - OtTs irequired for driving the negative OuNIIwa
sectiont to the rmaximum soecified 15 voits. The negative s.z3ty
can vary trom 3azroximately -2.5 volts to the mimmum soec 20
.15 veits, The MiC 3238 wiit drive the outout (o within 2 va 11 of
the DOSItive OF NeGat:ve SUDDHILS as 10N 23 the Current Cutput: =uts
are not The o! the current-hmung and
supoly-voitage feasures aliow 3 wige COMDIN3tLION Of potsidte Out-
outs within tne same quac package. Thus.f only a portian of The
four crivers are usea for ariving RS232C Lines, the remainder 15aid
teused for OTL 12 “10S or even OTL ro OTL transtation. Figu-e 1S
SNOWs One SUCN COTDINAtIOA.
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MC1489, MC1489A

MAXIMUM RATINGS (T4 = -25°C unfess otnermse noted)

! Rating | Svmbol |  Value | Uni
! Power Suooly Vottage i Veg | 10 i Vde
| Inout Voltage Range R =30 Vde
Outout Load Current ioon : 20 mA
Power Dissipation (Package Limitation. Cararnic ! !
and Plastic Dual In-Line Package) Po ! 1000 mw
Derate anove Ty = -25C Luja ! 6.7 mwrC
|_Ozeraung Ambient Temgerature Range i Ta i 0t -75 | 'C |
| Storage Temperawre Range | Tgq | -é5t0 -175] ’C ]

ELECTRICAL CHARACTERISTICS IResponse control pin is open.) (Veg = -5.0 Vde = 10%

otherwise noteg)

. Ta = 010 -75°C untess

Characteristics | Symboi | Min | Typ Max Unit
Positive tnput Cuyrrent (Vi = =25 Vde) H [ ‘ 6 | - 8.3 ma
{Vig = -2.0 Vge! I . 0.43 | - _
| Negauve Input Current Vi, = -25Vvdel i b -8 0 — ! -83 mA
i (Vi = ~3.0%de) | 043 | — = !
[ InpLt Turn-On Thresnoid Voltage . i Vig ! i vee [
I iTa = -28%C. vgy < 0.45 V) MC189 | T Y\ - 15 :
| MC12834 H Yoars L orss 2.25 i
| Inout Turn-Off Thresnoid Voitage i Ve | i vde |
' (Ta = -25°C.Vou » 25V. 1 = 05 mAl  MC1489 ! 075 | - 1.25 :
VC14834 P 075 | 08 1 i35 :
Cutput Voitage Hign Vi = 375V, 1 = -0.5 mA) YovoR 28 1 s | 5.0 vae |
{lnput Czen Circuit. iy, = -85 mAI 1 2.5 40 | 30 !
Qutput Voltage Low Vig = 30V.5 = 10 mAI 1 VoL - 2.2 C.45 Vdge !
1_Outout Short-Circuit Current i los — % =30 | -40 mA |
Power Supoly Current (Al Gatas “an,” loy = 0 mA, Viyy = ~5.0 Vdet | Iee - 11 I 32 ma |
Power Consumption (Vi = -5.0 Vde) | Pe - 1 8 ‘' 130 mW,—i
SWITCHING CHARACTERISTICS iVee = 5.0 Vde = 1%, Ta = -25°C. See Figura 1.}
Propagation Oelay Time Ry, = 3.9 kM P 1 —~ 12 | gg ns °
Rise Time (AL = 3.9 kM) iy b o — 1 o120 0 18 as
Procagation Oelay Time {Ry, = 390 k(1) L PHL = 2 50 ns .
| Fall Time (A1, = 390 ¥ I ITHL - 1 10 20 e

TEST CIRCUITS

FIGURE 1 — SWITCHING RESPONSE

So= 18cF = g Sartes aosatanes, wnen inen s
S00¢ ang wnng Jgaatarces

FIGURE 2 — RESPONSE CONTROL NODE

€ cagacsar st tar nouse biitening
R rewstar v tar 1n1esnod st
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MC1483, MC1488A

TYPICAL CHARACTERISTICS
Voo = 8.0Vee, 7ot +25°C uatess otherwise norea}

FIGURE 3 ~— INPUT CURRENT FIGURE 4 — !'AC1489 INPUT THRESHOLD
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MCi<88, MCT1488A

APPLICATIONS INFORMATION

General information

The Electronic Industries Association (E1A} has released
the RS-232C specification detailing the recuirements for
the interface between data processing squipment and
data communications equipgment. This standard speci-
fies not only the number and type of interface leads.
tut 2iso the vaoltage leveis to e used. The MC1488 quad
driver anc its companion circuit, the MC1489 quad re-
ceiver, provide a complete interface system between
OTL or T7L logic levels ana the AS-232C definea levels.
The RS-232C requirements as applieo t¢ receivers are
discussed herein.

The required input impedance 1s defired as between
3000 ahms and 7C00 ohms for input voitages between
3.0 and 25 volts in magnitude; and any voltage on the
receiver inout in an open circuit concition must be less
than 2.0 volts in magnituce. The MC1£8€ circuits meet
these reguirements with a maximum acen circuit volt-
age of one Vgg.

The receiver shail detect a voitage cerwveen -3.0 and
—- 25 volts as a Logic 1" and inputs between +3.0 and
- 25 voits as a Logic "0.” On some intercnange leads,
an open circuit of power “OFF” congitics 1200 onms or
more to ground) snall be gecodea as an "CFF” condition
or Logic “1.” For this reason, the incut hysteresis
thresholds of the MC1488 circuits are ail zsove ground.
Thus an ooen or grounded ingut will cause the same
outout as a negative or Lagic “1” input.

Devica Characteristics

The MC1489 interface receivers have internal feedback
from the second stage to the input stage croviding input

FIGURE 8 — TYPICAL TURN-ON-THRESHOLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND

hystere«'s for noise rejection. The MC1439 input has
typicat turn-on vortage of 1.2S volts ano turn-off of 1.0
volt for a typical hysteresis of 250 mV. The MC1489A
has typical turn-on of 1.95 volits and turn-off of 0.8 volt
for typically 1.15 veits of hysteresis.

Eacn receiver section has an external response con-
trol noce in addition to the input and output pins.
thereoy allowing the designer 15 vary the inout thresh-
old voltage levels. A resistor can be connected between
this noge and an external power-supply. Figures 2, 4
and Siilustrate the input threshoid voltage shift passible
through this technique.

This response node can also be used for the filtering
of high-frequency, high-energy noise puises. Figures 8
and 2 show typical noise-pulse rejection for extarnal
caoacitors of various sizes.

These nwo ooerations on the response node can be
combined or used indivicually for many combinations
of interfacing 2ootications. The MC1489 circuits are par-
tizutarty useful for interfacing between MOS circuits and
MOTL MTTL logic systems. In this application, the input
threshold voltages are adjusted {with the appropriate
supoly and resistor values) to fall in the center of the
MOS vottage logic levets. (See Figure 10}

The response node may aiso be used as the receiver
input as long as the designer reaiizes that he may not
drive tnis noce with a low impedance source to a voit-
age greater than one dioae above ground or less than
one diode below ground. This feature is demonstrated
in Figure 11 where two receivers are slaved to the same
line that must stll meet the RS-232C impedance
requirement.

FIGURE 8 — TYPICAL TURN-ON TYRESHOLD versus.
CAPACITANCE FROM RESPONSE CONTROL PIN TO GNO
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MC14838, MC1489A

APPLICATIONS INFORMATION icontinuear

FIGURE 10 — TYPICAL TRANSLATOR APPUCATION —
MOS TOOTLOR TTL

+§ vdc
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FIGURE 11 — TYPICAL PARALLELING OF TWO MC1483 A RECEIVERS 7O MEET RS-232C
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MC1489. MC1489A

APPLICATIONS INFORMATICN tcontinuea)

FIGURE 11 — TYPICAL PARALLELING OF TWO MC1429.A RECEIVERS TC MEET RS-232C
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Z | BMBAC154/MMT74C1E4 4-Lina to 16-Line Dacedey/
£ ™ 2oml . . X e i
. 5 Demultipiexer ) ‘
S
' H
& .
? general description )
E The MMS4ACIE4/MM74C154 one of sixteen de- » Tenth power TTL drive2 LPTTL '
:f coder is a monolithic complementary MOS (C!AQS) compatible N . loads
{ 9 integrated circuit constructed with N and P-channel # High noise margin 1V guaranteed
enhancement transistors. The device is provided . oL )
. ’ with two strobe inputs, both of which must be ® High naise immunity © 0.45Vee tvp '
’ in the logical 0" state for normal operation. f
y k either strobe input is in the logical 1 state, all
4 16 outputs will go to the logical “1” state. . % -
1 . applications o
1 To use the proeduct as 8 demultiplexer, one of the . -
r strobe inputs serves as a data input terminal, = Automotive
5 1 : . .
£ while the other strobe input must be maintained a Dara terminals
r, in the logical 0" state. The information wiil then o Tromentation B
' be transmitted to the selected output as deter- - o
£ mined by the 4-line input address. ? Medical electronics
3 & Alarm systems '
¢ 8 |ndustrial efectronjcs
eatures \ s Remote metering
1 f ® Supply voltage range IV o 15V & Computers
]
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4 - S
X ‘.'35"-'
. .
N . :Q‘ 3
. . . * . i QY 3
' absolute maximum ratings . y . ol
M 1
\\ - ~:;€_ g
Voltage at Any Pin (Note 1) —0.3V to Ve +0.3V LR 2
N f
s Operating Temperature Range ¢ N .('5 E
}MMBE4C154 -55°C to +125°C te g
KAMTAC154 -40°C to +85°C -;;;4 oy
, Storage Temperature Range —65°C to +150°C :‘E“» <
SR Ts)
Maximum Vce Voltage 18V g & w
N
. Package Dissipation 500 mW ) RS Q
Ogerating Range, Vce +3V to +15V - C& g
. ]
Lead Temperature (Sofdering, 10 secl 300°C it s
. . 14 3 s
1y i 2
I .f;
u P
¥ . S =
g electrical characteristics -
‘q ) M M . e N
W {Min/max limits apply across temperature range uniess otherwise specified.} - e -
i .
:[ PARAMETER I CONDITIONS l MIN l TYe l MAX I uNITS N g
i ©A0S YO CMOS 3
. I Vee = SV [ 35 v .
?i Logical 1= Input Voltage Y iuiu) Voo s 10v° " v :
: e y A Vee * SV .18 v 4
. Logieat 0™ Input Volitage {Vias? Ve * 10V 2 ¥ é
’ - Vee * 6V, 1 * —10uA s v .
Logieat 17 Qutput Voltage Vourun) Veg = 10V, 1g = ~10uA v F
- s
_— Vee = 5V.1g = +10uA 0.5 v S
Logical “0~ Qutout Voltage Waourien) Veg * 1YV, g * »10uA Y 1 v g
H . Logical 17 input Current (hiu] Veg * 15V, Vi = 1SV > 0.005 1 A 2
H . V]
: Logical 0" Input Current lua) Vee # V5V Vin = OV -1 -0.005 A !‘i
U Supory Current {Icc) Vee ® 1SV 0.0S 200 A !7
K ﬁi . input Capasatance Any Inout S of .
-‘: Prapagation Delay 1o a Logieat =0 From Veg * SV, €L 50 of. Ta * 25°C 278 400 m e
-t Any input 10 Any Outout {tpes) Vee * WOV.CL "0 0F. Ta ® 28°C 100 200 ” . Y
4
; Propagauion Oelav 1o a Logicat 07 From Vee * 8V, Cy =S00F, Ta® 25°C 218 400 LY ‘e
o1 G1 or G2 to Any Outout {tya) Vee *10Y.C * D oF. Ta ® 25°C 100 200 ~
.f ’i_ ' Propagation Oelay ta 3 Logeal 17 From Vee "SV. CLr0eF Ta 5°C ' 265 400 ~ >
- R Any 1nput 10 Ay OUIDUL itoey} Vee = 10V, Cy = 50 0F. Ta 25°C 100 200 s .
vt Propagation Oelay 10 a Logreal “1” From Vee * SV, CL* S oF, Ta® 5°C 265 400 ny s
’ j __G1r G2 10 Anv Outout {toe] Veg » 10V, C = 80 0F. Ta 7 25°C 100 200 s ©
"8 LOW POWER TTL/CMOS INTERFACE ) F
4 b
b oy 1 S4C Veg o 4S ‘ . i A
3 Logicat “1° Input Valtage Vugn) Yo sz ats 72 V!:“c 8 v {‘.
N
.4 o e S4C Veg =48 t ’
Logical 0™ tnout Voitaye (Vi) 14C Vg =475 . 0.8 v &
v 54C  Vee =4 SV. 1o = -100A
Logesl 17 Qutput Voitage Vouru! TG Veg = 4.75V. 1o = ~100uA 24 v )
. - S4C Vg ® 45V, I » 6QA
. Logical “0" Qutput Voltage Vourin) 1C Vec =4 I1SV.1g " 350uA 04 v
OUTPUT DRIVE (See 54C/74C Family Charactentics Data Sheet)
Outout Source Current (Isguace) Vee * 5.0V, Viug = OV -1.7% mA
T, *25°C.Vour < OV .
Outout Source Current isgunce! Vee * 10V Vi * OV -8.0 mA
- T.725C. Vour *OV
Outout Sink Current (g Veg * 5.0V, Viggys * 50V 1.75 i mA
.: Tax25'C.Vour * Vec
Qutout Sink Cussent ligix] Vee * 1OV Viun 1ov 8.0 . mA
. T, 25°C. Vour " Vec .
Nots' 1:. This device shouid not be connectad to circuits with the power on because high transient voltages may ciuse -
H permanent damsga. .
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