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2000

ABSTACT

A system design of (x,y,z) position measurement of a pointer is purposed in this thesis.
The position is calculated by using distances between the pointer and three reference pointer.
This system uses ultrasonic transducers to detect the distances between transducer base on delay
time. A microcontroller, 89C52 , measures the delay times and send its data to computer.
A computer calculates the position of the pointer from the data from microcontroller and display.

We use Visual Basic 6.0 to program the distance calculating and the position display.
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o1y Mcs-s1 eddaeiu 2 wila Aembsanuidmiudulsunsy
1 o o v g i o o v g
(Program Memory) Mazriaganusidmiuiudeyn (Data  Memory) MUAWANMIINTUINY
& ' o dgyg o a el <
Tlsunsy Sumiseanuiinldifiu Tsunsudsauussgludn 8051 @iy Program Memory 1l
A a Y 19 d P=% a Jd @ -
&0 ROM w1 4 Alaludiues uddufluwes 8052 9zfl ROM via 8 Alalud dwdadlugyd

2.19 uaz 31 2.20

FFFF FFFF
60 k
BYTES
EXTERNAL 64k
OR BYTES
- EXTERNAL
1000
OFFF
4 k BYTES
INTERNAL
0000 0000

d' v v o o (Y -1 ° (Y] J
51 2.19 FavbaanudidmTudiullsun suehmuives 8051
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FFFF FFFF
56 k
BYTES
EXTERNAL 64 k
OR BYTES
—* EXTERNAL
2000
1FFF
8 k BYTES
INTERNAL
0000 0000

Y v o o o ° v d
511 2.20 HambheanudridimSuiulilsunsudmsuives 8052

] 1 A 1 o 9 a a4 4
Data Memory (RAM) utiaflu 2 doufe wireaudweyaneludniifies 128 lud

o o Jd Jd o [ 4 cg 1 o 9 a
TINTULDT 8051 Lag 256 1U@ TMIULUDT 8052 muﬂﬂuazwuaﬂﬂawu%wmagaﬂwauaﬂ%wuﬂqwu@

64 flalud dueasluguf 2.21 uazghn 2.22

FFFF

INTERNAL 64k
4 BYTES
SFRs EXTERNAL
DIRECT ADDRESSING
80 ONLY AND
7F DIRECT &
INDIRECT
ADDRESSING ONLY
00 0000

Y (% v o o (%) J
51 2.21 Farihennu@ M3 Data Memory 1123 8051

EEFF

INTERNAL

INDIRECT
ADDRESSING ONLY
80H TO FFH

FF [ 64 k
FF BYTES
SFRs EXTERNAL
DIRECT ADDRESSING
ONLY
80 AND
7F DIRECT & —
INDIRECT
ADDRESSING ONLY

00

0000

51 222 Aanihennud @113y Program Memory 03 8052
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° Y

A A Ay v v o .
NHNUHIYANNIINVIDIVDYAN NN UY (Indirect Address Area)

e

[] '

Y
A A =

' °o A d' o o o e
WHUNVUHIYANUITUILIU (80h‘FFh) G]TJJE‘]J'V] 222 Lﬂuwuﬂcﬁﬂqg;’f)Uﬂuag@ﬂ']\jﬁg 128

vy
1 I~ [ a -
"I,Uﬁﬂﬂmummztﬂu SFR LDARATILAY Indirect Address Area muuﬁ@auiﬂmﬂmﬁw%mﬂmﬂu

u

v Y
SER 9¢fesldmdauuuidhiedeynlasasawiniu (Direct Address Area) @U@ LMY (00h-7Fh) 92141

£ 1
fadoyn1A¥ie 2 uuY Special Function Register (SFR) N31¢0208aAea3199 2.1

o Y K

Hunmiennuiiiithdedoyalaenswaznsdon (Direct and Indirect Address Area)

Y
1. 531M0 ULIA (Register Banks 0-3) A4LA 11U (00-1Fh)

A

v aa 4 ] 4 o [
wiludiuvessamesuued (0-3) Taoudaduuiday 8 ludsuda1d 32 Tud raziusdezils
a - o 1t § =3 [ o ~
Senme3 RO,R1,R2,R3,R4,R5,R6,R7) Sdmigiausgiuued 3 iegnstinngnduuhauiuue o
[ruoLEaS SP 92NEUAUNA MG 07h uR

9 v
A o 1

2. USnamihennusnldimdoudaunazinla (Bit Addressable Area) WUNAILALDA

e

[

s Qon7Fh)  Swau 16 ludviewtaiiudaezldwndy 128 Tededumisiaiiaedl
00,01,02,03,04,05,06,07 s 7Fh wufia 00 ffle DO vesmihenmd MR 200 a 01 ffo
D1 ¥oaHHAMNNEWMLR 20n WUdeIMsENTa 00 deafufidein SETB 20h.0

3. U3namhea s idawialy (Scratch Pad Area) Auidaus (30h-7Fh) 9zi@oudoyn
1&fasludviniu lnannselamdaiesuin 188 thoiofauaaunsnnd TlsaseSalumsdou

9 @
VDYANTNUTLAA



Byte
7FH
30H
2FH
2EH
2DH
2CH
2BH
2AH
29H
28H
27H
26H
25H
24H
23H
22H
21H
20H
1FH

18H
17H
10H
OFH
08H
07H
00H

Al d T
51 2.23 128 Tusives RAM idndadeyauuumensaazmagen

(MSB) (LSB)
Scratch Pad Area
7TF TE 7D 76 B TA 79 78
77 76 75 74 73 72 71 70
6F 6E 6D 6C 6B 6A 69 68
67 66 65 64 63 62 61 60
SF SE 5D 5C 5B 5A 59 58
57 56 55 54 53 52 | 50
4F 4E 4D 4C 4B 4A 49 48
47 46 45 44 43 42 41 40
3F 3E 3D 3C 3B 3A 39 38
37 36 38 34 33 32 31 30
2F 2E 2D 2GRN\ 28 2A 29 28
27 26 25 24 23 22 i 20
1F 1E 1D | (€ 1B 1A 19 18
17 16 15 14 13 12 11 10
OF OE 0D 0C 0B 0A 09 08
07 06 05 04 03 02 01 00

RO-R7

RO-R7

RO-R7

RO-R7

23

a 4 J
FALADT LUNA 3

$a J J
FAADT LUSA 2

qa J 4
JAADT LUNA 1

33aA0T LLNA 0



Y v W o o [ { o 1
mai 2.1 uaasdadnuoifouas Auviadie Aoyl SFR

Symbol Name Address
*ACC Accumulator OEOH
*B B Register 0FOH
*PSW Program Status Word 0DOH
SP Stack Pointer 81H
DPTR Data Pointer 2 Bytes

DPL Low Byte 82H

DPH High Byte 83H
*PO Port 0 80H
*P1 Port 1 90H
*P2 Port 2 0AOH
*P3 Port 3 0BOH
HB Interrupt Priority-Control 0B8H
tIE Interrupt Enable Control 0A8H
TMOD Timer/Counter Mode Control 89H
*TCON Timer/Counter Control 88H
*T2CON Timer/Counter 2 Control 0C8H
THO Timer/Counter 0 High Byte 8CH
TLO Timer/Counter 0 Low Byte 8AH
THI1 Timer/Counter 1 High Byte 8DH
TL1 Timer/Counter 1 Low Byte 8BH
+TH2 Timer/Counter 2 High Byte 0CDH
+TL2 Timer/Counter 2 Low Byte 0CCH
+RCAP2H T/C 2 Capture Reg.High Byte 0CBH
+RCAP2L T/C 2 Capture Reg.Low Byte 0CAH
*SCON Serial Control 98H
SBUF Serial Data Buffer 99H
PCON Power Control 87H

* = Bit addressable

+ = 8052 only

24



25

d é d J
2.3.3.3 Insimed /1ines
= ° L4 '
Indes / mehaed usodenlifimsinuiuinduesvSomnimesediila
' P A Aa ~a 9 Y o s ¢ o 9
ofuvig Teadeniide T Tudtamesldeumme TMOD Tnualniwesuazinmimesesly Up
Counter Reglster (TH,, TLy) @1’JmEJ’JﬂWb’GL‘lJuLL‘lJ‘iJu‘iJﬂlJuImJﬂ"lmJLiJ@i Up Counter Register (TH,,
i) ‘ﬂ“’ﬂﬂL‘WiJﬂTVIﬂ q 1 uuadulfia (12 MunmveddygIuuin) Imﬂu"lmmﬂauﬁmmm
MnaeuenEILLA 19T g uuRnIves CPU Tnyauatiwes Up Counter Reglster (TH,, TL,) 9%
nm‘wmmamuam@ﬂauammmmwmmﬂmﬂuaﬂmmmqm TO ,T1(pin) agwm 14 uag 15
ausey Taeliauleaunavesiad Lmawaﬂmima%ﬁauﬁmmmwmmmwmiﬂmwﬁn%
gounn < SSP2 vewuAnzuuYdU lmiAa ﬁauumimafﬂﬁauﬁmmwmmwm 1 gnazAnaldne 2 uuy

Sulmfa (1724 MunavesFygyIUUIRNNYES CPU)

a do (d
2.3.3.4 M3oUN03516
A [ v 9y o a a s (o
domsdavanae Tsunsudvazudayi llsunsuusnsdumesfua (Interrupt
Service Routine ; ISR) mim’g%ﬁaué"mujaﬁmmi%@wa@uma{%’ﬂ&fﬂ:ﬂm%aauﬁﬁnmﬂa S5P2 499
~ a A 9 (] =~ a A [~ 1 g g
nauupdu lefadowin Tugramsiulmaan 2 wiflunmsesasenhiiluvesglniailauag
~ a A o a a Jdo (d 4 L a
uursulaaai 3 wwnselaa luvinlusunsuysnsdumessUa (nterrupt Service Routine; ISR) 0U
FAEA 9 [ I M, 9 o oA [
Lﬂ@ii‘ﬂﬁ‘ﬂ@\? MCS-51 llﬂll'lmﬂ 8 LLYAY LagLaNNes 6 Vector (TI tag RI “lwummmmm)

AUV INAADS AILAAIATT 1N 2.2

anah 2.2 SumesSUinnmesves MCS-51 nazdidunudiRauesn1duaeiila

a1y SodeyanaidumasNlé Vector Address Priority
1 INTO 0003H highest
2 TFO 000BH 1
3 TN-'E 0013H
4 TF1 001BH
5 TI+RI 0023H $
6 TF2+EXF2 002BH lowest

Y aa do 1o Y Y @ A 1A ..
e MidummeIIUAMNMINTONNY INT 0 9208911 Priority g4¢@




¥ d
2.34 ﬂ1§ﬁ@ﬁ1id1ﬂﬂﬂiﬂ61&!ﬂiﬂ

2.3.4.1 MIMAUAMINITAANDENHSU MCS-51
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a a 1 o a 4 v a 4w [] a
AeuTieesapsINsnAndetUAsRamesoug Jusuudaa lswawesadylnl msaa

a

1 d‘d
aonuilszan

a é 1 [ ) S ) 1
Snmmenilafie mads wazmssuiiadeyasynsy 8051 fvvsAndedeyaoynsulay

1953 SBUF fiudoya SCON aruquasiieas PCON aauRudadeya uagan RXD (P3.0)

Waz TXD (P3.1) Aefuinsoiedoyaoynsu

s aa 4 Y & 9 3 9 ~ 1 ] a W
SBUF 49g 2 3901A07 Iﬂﬂﬂuﬁuﬁi‘iﬂﬁlﬂuuﬁsLﬂ‘]ﬁlﬂ‘ial,ﬁ‘l’lﬂﬁ’,ﬂﬁﬂ@ﬂﬁlﬂﬂ 8051 WI1U TXD BnNA1

1 g Ao
I¥eruunzinudoyafisunn RXD

4 [ a 4 o :1’ tl]o 4 Y a 4
msdesfunouiames izdesiimsasmfimualnuemsdems  sandoyaluiimnes

SCON nou
(MSB) (LSB)
SMO | SM1 | SM2 | REN | TB8 | RB8 TI RI

Symbol Position Name and Significance

SMO

SM1

SM2

REN

B8

SCON.7

SCON.6

SCON.5

SCON.4

SCON.3

Serial port Mode control bit O.

Set/Clear by Software (see
note)

Serial port Mode control bit 1.

Set/Clear by Software (see
note)

Serial port Mode control bit 2.

Set/Clear by Software to di-
sable reception of frames for
which bit 8 is zero.

Reciever Enble control bit.

Set/Clear by software to en-
able/disable serial data
reception.
Transmit Bit 8. Set/Clear by
hardware to terminate state
of ninth data bit transmitted
in 9 bit UART mode.

RB8

Tl

RI

SCON.2

SCON.1

SCON.0

Note

Recieve Bit 8. Set/Clear by
hardware to indicate state
of ninth data bit recieved.

Transmitinterrupt flag.

Set by hardware when byte
transmitted. Clear by soft-
ware after servicing.

Recieve Interrupt flag.

Set by hardware when byte

recieved. Clear by software

after servicing.

The state of (SMO, SM1)

selects:

(0,0)--Shift register 1/0
expansion.

(0,1)--8 bit UART , variable
data rate.

(1,0)--9 bit UART , fixed data
rate.

(1,1)--9 bit UART , variable
data rate.

gﬂﬁ 2.24 3315193 SCON —Serial Port Control/Status Register

dnfuInuauazsasimydoasdoyazdmuainm sMo, sM1 T3 tmaes SCON Tay

Sanmydeteyazasilulnue o uazanuisanleuuasIdield Indwes 1 naziinfin/aou Baud

‘é 1 ==Y o o
rate DUNTH (SMOD) a3 imaes PCON dmiuInua 1,2, 3
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2.3.4.2 INATTIUNDINDYNTNUVY RS-232
ATTIUNTTTOUADUUVOYNTN RS-232 funasgugamvnssuiiesnuuuuiiieldluns
v '
dedoynounsunuvezds lastie 2 firn1e laoniAsgIu RS-232 luedatiugnesnuuu eI
1 9/ a Il @ < ~ ] ~ A A o 9 <3 dy' 1
iutoyannaeuiuaes hld luAuisedmny? Wefezihdoyannluduiidemsdiuas
% o a = & L Q ld 1
Tnsfwilifsmeufinmesdngadsodrelnady  Tasanznssumsiond  dnaugaamnITy
ad a d . . .o = § a [V
1IaNNIOUNT (Electronic Industries Association : EIA) "l,ﬁ"mumsyuwﬁ%miﬂﬂﬂu'n EIA RS-232
Y
=1 1 < o S/
masguillugasng daewdineesiduuuy DB-25 Taefmuannueagegavesaedyanl
a =} v v :/l 1 < = (=% = 1 ﬂ []
N 50 T!ﬂ UITAVTYYIUAILLA -3 N —12V UgaNuUaya (Mark) thag +3 99 +12V LaaInUUYe
714 (Space)
' Vo cA 1 . .
1IRI3IU RS-232 "lﬂmwuﬂgﬂgmwmqﬂnsmﬁfaumﬂuega (Data Terminal Equipment :
DTE) fU13939e3a1/a1em19 (Data Circuit Terminating : DCE) 13 g1lnssl DTE szdeufiugi/nsald

a o 4 NG a ¢ 4L a Y
uﬂ15ﬂizuqawa1uﬂa U ul,ilIﬂ5ﬂ@ui‘ﬂiﬁLﬁ@'iﬂ‘i@uluiﬂ’iﬂﬂNW’Jm@'i "]NiJﬂ’J'mﬂ"liﬂiﬂaluﬂ"ﬁﬁiN

]
ISR

a g Y 1 o o v a P ) i
ummgmmuagﬂm"lﬂ ’muqﬂﬂsm DCE ‘D&"VI']‘H‘N'I‘VILﬂum&ﬂﬁ’ﬁﬂﬂl@gﬁﬂﬁﬁiﬂ‘i]'lﬂ DTE WU Iﬂﬂ
¥
mssuds JeyaszvinginsainamoanIgiiuIATEILRS-232
Y ' o o ' A A g Yo A < I
ﬂi@LLﬂﬂ@\N"U@ﬁ’Qﬂﬂim DTE LLﬁSQ‘ﬂﬂim DCE E]EJN‘ﬁ‘LN‘V]Lﬂuulﬂ‘ifﬂ A9 ADULLUNNDIVDY DTE
1< v Y < 4 1< v A 4 o a saq Yo 'K
ﬂglﬂuﬂ’ll’{j AIUADULLUNEDIVBY DCE %ZL‘ﬂuﬂ’JLiJEJ GIN‘W@‘JﬁﬂlgﬂiNﬂl@ﬂﬂ@ﬂW’JLﬁ@iVﬂ%ﬂuﬂg‘ﬂ’ﬂﬂ
' < s a1 al a
%xzﬂutm‘u DTE muﬂ@umﬂmaimgﬂmﬂmzﬁ‘lmmu DCE
o [y 9 a 4 -4 % 9 A o o/ I~ A 4
ﬂ'"lﬁ‘i‘]Jﬂﬁll‘N"lu‘UuﬂE]iJW’JLﬁ’ﬂi WOIADUYNIN RS-232 Nﬂgﬂi%!ﬁiﬂ@wﬁ@ﬂ‘UIiJL@iJ?TS’E’]L‘}JWﬁ

Taernsafudsdeyaldfinnuenvesmodyugega 20 w3

% 4
23.43 nRULINMBIE NS UNDIA RS-232 Haznsivouse
A ' ) ) ] o v ¥ A v v
WATTIUNIITENERILY RS-232 9z Idnouiinaeiuuy DB-25 Aafrie DB-9 AIHTIA0Y
< o ~ ' ¥ ~ ] ¢ o ] o A A
i amesuuy DB-25 weivdeldnuiies 9 idwswRenuaeulin@esuuy DB-9 1WoINYIoU 9
fweldrnluefa Yagiudinsldoulunnin Jsgnenidn il Taouaasgiliuazdumisnlugli
2.25
o 1Y A 1 a Y 4 (% d’ ==Y
Smumsdendenouiaumesfuginsaimeuendsugii 225 goaslugiuaasdanams
H 4 v 4 1 v v <3
vosdaya lugii 2. Wumsiyeudeiuy Null modem viemsieude lnsaselas ludosriu Tudy
sl & ' { 4 '
Tasiimsassaeunseusudsniaugluuy daluglh 2. Sunsioudonuy Null modem 1
[ S 9/ o =1 9/ 9 2 o @ v 9 =Y vy o v @ Y 9
Srwaeiildmodyanuiios 3 duleedunisdmivdedoyn Sndudmivsuveya wagiaudga

9 S| J o @ a ¥ A ) () 4 A @ :}I
noduninag mmmma:Laaﬂm&mmﬁmamimmazmmaa‘wamauﬂsu RS-232 UadU
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Serial Port, RS-232 i
(Comi,Com2} istheiiony

I srgas i sy grine s dgyyi I

T2 RI @% "Ringlndicatof‘ﬂ’]W'O']Jﬁfgﬂ)_'lfu'ui]ﬂlliﬁu
> “Data Terninal Ready'dqyniaeiannlamal
2 ool idwtunday 3
s crsm *Clear To Send” 0TIV UATRNGTUIAN

T Fwfoun:Tutoyaamnd

Signal-Ground......... GND: —§ - e ) - ;
Ring ‘Indicator ........ RI w—='0 & &z T[Trn;:mtgn{féﬁ?ﬂa ez n
Data Terminal Ready. DTR 0T — & - 8 aulludifiy il

Clear To Send ........ cTs W— '8 . ; ; o
Transmit Data ... ..., TXD out 3 L. Remet A0S e _ﬁfﬂﬁmﬂumu
Request To Send..... RTS Our e—E- 7 5 RTSm '11.@1%",3”%:&4..,34@
Receive Data, ........R¥XD W — 2 . ) . LR AP PN
Data:Set Ready ... psR - In—— & Ml : , Rxn@ Receive Data Tivayatias in

. Tnutlwifuanonludia
o DSRE “Data §et Ready" TRINAMUDA

5 )
5% o B : {uifiam Barhaund
Fada®audia | 2 s ncn uhlsfinsaeduninusatitaemaas

Carrier Detect ... .. pcp w1

xga PC AeAUAAL 02 TN TERIDIA etive
Corresponding 1/0 A FH it e
Serial port pins INTERRUPT. IRQ4 STATE 5 5 g
25pin / gpin comz E I I IB HexT
1/0_aooress 2F8H-2FFH 5
2 TXD 3 INTERRUPT IRQ3 START BIT P?ELYNYB,II—T 1t s1or 817
3 RXD 2 ~ == =
4 RIS 7 @i adyUI ] e ey PR
9 crs 8 ?ETNC!E CARLES WORK WITH SRS G Lo e 2”??:1;wn3255,‘72m25.§:a 3 I 9 PIN .
- Ll Wi -’ o
6 DSR 6 # INTERLNK DATA: TRANIFER :‘;‘& % é :;% MALE 5_3 FEMALE | MALE %_g FEMALE
7 GND 5 7 WIRE (WITH HANOSHAKING)| TXD 3 3.0 [ fLEoR . g4 TP fECRL - 4=7 ERFC
DCD 1 D 1 1 bco | DTR ¢ 4 DTR con- 575 mection | con-. 578 wection
26 DTR 4 pac2 %;\:g e Zeml | necnon 8 oTE): [Hecrion §% o
225 B g DTR 4 4 DIR | RTS 7 I:? RIS DRe 8-8 o= 8-1
G6ND & gs;cmn s Ba 8 18 %D—%[z) %g-g
8w ] L DSR © DSR |3 WIRE (MINHMUM LINKS) o= ¥
Al 2540 RTS 7 3 rrs | kxo 2:N>C2 R0
ftquiteiid omn | | 5 8 2 A I http:/ffhaihit.hypermart.netJ

5111 2.25 MEazBeAI VeI MEYNTH RS232

v [l
* Data Carrier Detect : DCD 1138819i38n71 Carrier Detect : CD a1Hvzuananiloimsdadeyaa

'8 7 & 1 =] ) [ a 3 [} o
wivngUnsaldodisdoya wu ludw dmSumslFanudng ez T ldgnldaummin

[ v o a

Y ] v
. J °
* Receive Data : RD %50 RxD i idifiesudamnaeynsudnunimeuiiones lanihdeyad

s1uldnu 135 o Tvines

. a A a o o ¥ g
* Transmitted Data : TD 1138 TxD ¥1il¥iNedsdoynosnainaouiauaes Iagiil Yeyaininyey
Tusivslesdmiuddoyadsoanly
. ) At A ¢ A ] o v Y
* Data Terminal Ready : DTR Wuandaanundeesnannaeunumesivengunsaitanenisivg
1 9 a 1 Y dy Fa d' 1 % o
1 doemsfndodis Tasy1 DR flezdpausoudefuyl DSR v0i@insaidarenie uagan DTR 404
J 4 [ -2 a 4 4 v g &
pUnsalanemeszAeatiousdaiuel DSR YosnouNanes 6115MaeNAniuLLIY Null Modem &9
3 A 1 = £ 9 1 v @ Y Y Y 9 1 W
Imelumsidoudeiies 3 1du 92Aoadou1 DTR 1Az DSR ¥99A21UBU41AI8NULATABIABALIAN
DCD delunsdin lsunsudeasi ldiimsasedudyanumd
* Signal Ground : GND ¥1A31IAYBITL UL
b4 T i1
* Data Set Ready : DSR 919z 14gfiua1 DTR tiensanaeumsiFousoiuseninnouiiunesiy

Jd 4 -dy I o [ & t
ginanitlaenis 3991 DSR HagdluandmsuI uUoyaNNMEUDNBINAININY1 DTR



29

[

) @ t 4
* Request To Send : RTS Wundmivdsdayanmudosvelimaglnsaidosveldnigilnsaiilae

Y [ o a o Av o A Adq Y &4 1
maﬁweyaﬂa‘ummﬂ@ummaﬂmmmuﬁmtym RTS naga1 CTS Bluﬂﬁﬂlﬂi%ﬂ'ﬁlfb’@im@&tﬂ‘u

a

Null modem 3 @18 92 8p¥ouABYT RTS 11a2 CTS woiaasiumauindlsiu ez limssuuazdede

} 4
yagnsanaiuldaasanm
9 ) v
* Clear To Send : CTS ¥ilvzavesudayaanni RTS Wesudyguld doyaiin) TxD wwgn

1 [ Q,I’ dyxﬂ 9 A d 1 ] J 9 a v 9 A [}
deeon 1y duiuniitegnldionsteaeugilnsaldeniasimienizSudoyanie L

. . Y v P v ¢ a 4 o
* Ring Indicator : RI WuaasaamngdyanaiGonnnmainsdwdt dnalunisiioas Taevialdeme

dy Y 9 < A~ A v < a o dy v
U ugﬂhmu ‘i]SGl"b'\?'luﬂﬁﬂLil@ilﬂ'ﬁﬁf@llﬂ@ﬂ‘UTiJLﬂiJLLﬁ$IﬂiLLﬂ'ﬁJiJﬂﬁﬁi'J‘ﬂﬁ@ﬂﬁﬂluﬂlu”lﬂlum*l

3:81

U
A v W o A A ¢ o y Y] o
aweudefiunesneynIuYDIRTneNRunes Sulludecld BUFFER Fudanaraluns
A 1 & Sldy s Pay 4 a 2=
Woude Weean McS-51 1Hassauuia 5 17ad Tuvnzi IWonnesavesnauninosuyuia 12
e ] [} =Y Ao d -c;
Tad m151¥ BUFFER ffjUunuvainvaieniuniseentiuy uaTuilogiiu1édi leddSagneen
d'l 4'4 [ 1 d' a d o o v
WU o lFlums FeudeserunsosnouiaweinululasaouInsames lnamnigiy

4 o oy ke B
MAX232 @aligiunumsaseudandgili 2.26

Tvcc
16] l
ca c1
_9}__1_ i
c2
3
c3
A MAX232 6
_1%*1 J
cs
14 11
RXD1 4 TXD1
13 12
TO coM D1 J{>ﬁ RXD1 TO
PORT RXD2 7 < 10 TXD2 MCS-51
T™p2 8 ~N 9  Rxp2
e
il

! y LY a d
51l 2.26 M3weNeIv Iz I MCS-51 fiUneNiiIMe TN 1Y MAX232
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miaammmmzmaﬁnmmmm?m%ﬁumﬁa 3 3if

3.1 HUINIINISOONULLIATDIVAMHIUG 3 3A

Jd v
3.1.1 gailszasAneeanuuy
[ 1Y) A o 9 a o 4
1. nsmadeazsuaaudand laiiacmsoiould
2. muguldenusniassezmesznindaiu-deld
3. Yszezned ldundasmRiadumisuus Ty 3 A

Awv o ' 4 a N Y
4. mmimmmwaﬁumwﬂﬂmmumum?@mwmma'i"lﬂ

3.1.2 TUADUN1500NUUL
. N4
RGN

A v v W . = d‘ Y A 1 R g a
WoInnaIaIayeyIad Ultrasonic ﬂ&’ﬁJﬂ'J']ﬂJﬂGL"]N"luVl 40 kHz 2995 MATIINTUINITHAA

ard 40 kHz PouldFudads udiiesnndeadudfloudygaiediugadeelitulules

]

1
a

J Y L o 9 v JY < [ o A Ao
aouInsamoiaas Fedaananedouldiululasneu Insaneidoulludygmvasniunnundi
[ o‘/l ' dy o 9 A a P a o @ Jd 9 o o Yo
ANUU 2WITMATIHIETHUINHAAANUD 40 kHz LL’L’IZNﬁﬁlﬂﬂ]ﬂﬂJTmWﬁ%LLﬁ’JUTNTWﬁNﬂu‘ﬂ@uiﬂﬂ‘u
v v W 9 a @ v da a d?’ d’ld 1 9o Y Y %
ﬂ’JfNﬂﬁﬁi?I%NﬂLlﬁ%ﬁNyﬂlﬂfﬂWﬁ%'ﬂWﬁﬁ‘lluiﬂuﬂﬂzgﬂﬂﬂiﬂﬂﬂ“lﬂiﬂiﬂﬂuiﬂﬁﬁm@ﬁﬂﬁﬂ“/ﬁ@ll‘] AU

-MASUAAN

waufuszreanuigs 40 kHz fudyapaiadauid udwhnisnseseuewizdya unadiie
3| [ Yo 4 Y [ d? [
Sudyan mterupt WA lulnsaoulnsamed  TaoarainanesnIasuum 3 o dedygo

[

o { J 4 ) % a
Interrupt 3 90 3NTYay 104 Interrupt N 141 Iy Tasaeu Insames e IS eufounn dyanuds
INNIAES MIAUIsTezN1eee 1
-maiszurana
1 dy &KX 1 A a J Y I
19e5luguiieg sy i sdauvesmsuaasrauwnsosneuiamesae Tasezuonilu
1 s o {o o 1 1Y
1. 29 ludmveslulasaouInsamesnimhnsudygiunninsnnds  wagnnsy
=9 tY d' a d?‘ 1 o/ 1 @ v 1 9 .
wEeufleuiaztiuszeenainadussnedadefudifuudazgalasld  Timer  awlululas
4 v @ J Ay 1 Y a o [ ¢ A
aouTnsaes Sudniu awainldedaldfiuaouiiweimuinenunenesado sy U YNy
v o L g o y a o )
2. dauvesmssunaazuaara sufumsmaununTewmeuiunes ziuaINITiun

d o o aw o [
1NIﬂ§ﬂ@uI‘ﬂ§ﬁm@§ NINTATUIUHTWNAA LU LD LLTAIND



37

3.2 MSTHINHVDUATBITA UG 3 A

K
3.2.1 19ATMATINAH

v @ o A 0o A o 2 4 . a
mﬂmﬁﬂumunmﬂ%mﬂ%ﬂﬂaﬁiﬁm%ﬁngtymmﬂuﬂﬁu Ultrasonic A48 40 kHz 1Ay

dunrmifddedyyaemnsavan 186figa aunsodedyan1dlnange navegiudya

auam 10 Hz Heuldfudads 2evsnadsdyaaudasasgiii 3.1

+12VCC

IC1/1

4093

(o |
27n R1 R1 +12 vVCC
F 10k 10k

IC2/1| IC2/2

“+12 VCC
@

D1/ 1N4148

4093

51 3.1 sa@eIeRIMAE

2995991 Ias IC1/1 SUAL VRI1 , R1 1ag Cl L‘ﬁuﬁ")lﬁl’ﬁ]ﬁﬂﬁﬁ%ﬁﬂﬂﬁuﬂ’ﬂua 40 kHz

1 (3] » Y
94 VR2,R2 oy C2 L‘ﬂuﬂ")uﬂli]ﬁ’)ﬁ‘ﬂiﬁ%ﬂﬂﬂﬁﬂﬂ’l']ﬂﬂﬁ?ﬂizuﬁm 10 Hz ﬂ??ﬂﬁﬂﬂﬁ@\iﬂzgﬂﬂﬁﬂ

o o (%

@ { I [ { { v @ { o J [ 1 P
fudi 1012 Fudygunnudgeituiudyyinnnuid dyauaIna19smMuaIuYed Buffer 39

o U U g

o @ [~ [ @ b [ ~ ' v o
szl 1dFnanadfinnadumeuimowseiuiifes  dygaiildnsdmuine ldduduh
) P pE S 2 o v ¢ A A .
Uszgmmiledeluntidanlszunm 022 uF Feazlianuiunuilszinm 18 ToruNAND 40 kHz
nrhlumsdeefuuseau Inassnazriudn lddanudenonnaads
tuz N‘ﬂ'ﬂ/ﬁll 1 :d’wcog)a td'd'd c!‘IQJ d‘
satuussuildfenanezanasenagiaads i ldinanmsdenauiinnuisnuanuaves
s .d' Y v 1 1 aAa é d‘u 1 dy 1 v v W
yanuidenlinudidioenuiegnedinanis Fannuadananiezgndslddediaiy Taesesluma

Suse ldnandugrdudesly



Tek BT SMS/s

: : ] chi
i1 " Coupling
...... L B Cht Al
10V DC
AC v
1 : : GNDA
...... g L TTH:
200mv 25ms 3
e, s i H PR, ; i
Invert |Bandwidth| Fine Scale | Position | Offset
off Full SV 0 div oV
v T v
1' ~ </ = 1 1‘:&
51 3.2 uaasaygIunga A lugiun 3.1
Tek BTE 1kS/s 10 Acgs
i i P h i
i t t )
1 chi
. Coupling
Ly W
i
2 Mg 3
Ch1High
......... = 122v
m D 148 SRR, i sams eht eV
Ref1 : momv 25ms 1 ; 1
Invert Bandw:dth Fine Scale Position | Offset }
Off S ¥ 0 div oV |

Tek EHITE 100kS/s 24 Acqs
i I X

,.
[

Chl
1l Coupling

e | : A Cht Aiipl ™
: ] : I 10,8V
Unstable
histogranr -

DC

Chifreq
<Hz .. 9 ACAy

No period
found

[ P PR

+ 1.6-V {1 GNDA
Ch1 High
108-13

i unstable” -
: : - histogram

- o g s ST irsoops chl s 6V
ReF 100mv ©25ms; I .

fertl[lsf nvert |Bandwidth|Fine Scale ’ Position
-DC off Full v 0 div

Offset
oV

v
~

517 3.4 vansdayanamya Ciusﬂ‘n 3.1

Q



Tek ET0H 200KkS/s

17 Acgs
T-

33

-~

chi
1 Coupling

ch1’ Aiipl

“Unstablé DC
............. histogram- -
ch1 kr'req
40KkHz .
Low res B
: GND/A

s g - asous | CHY 46 V]
_REF] . 200mv 25ms B y
1o H i i i i
Invert |Bandwidth| Fine Scale | Position Offset
off Full S5V 0 div oV
v ' '
3.5 !!ﬂﬂﬁﬁﬂlﬂﬂﬂ!ﬂi}ﬂ D IH3un 3.1
Tek HXTOE 200KkS/s 394 Acgs
i I X 5
! { T ]
; Ch1
i 1| Coupling
Ch:’zA‘i/ﬁpil' i
Unstable | e
-------- histogram- -
Ch1 I»Eeq
39.93kHZ.
Low res Y AC
B it d
GNDA
""" Cadil b ‘M250us  Chl 7 4.6 V]
200mv 1 25ms . 1
Invert [Bandwidth| Fine Scale} Position Offset [
off Full SV ‘ 0 div aVv i

51/ 3.6 vansdyay iy E lugd

Q

=D

3.1

U



34

3.2.2 1993015 UAAY

wifivesrsesmasundufomsudasdygiuifvunluglvosdygrufiganaunum

o

1 [ a [V Ao [ v 3 < o
FENINFYYIUANNOGI (40 kHz) NUTYYIUANNAT (10 Hz) Widuussruudmasnniunozin

[l Qo LY d A o [l [ @
myaadiudeya s Interrupt 191 Tnsnou Insamesierimstszutanade 1 2995maTuLaasn

519 3.2

Y

+12 VCC

F——J&—ﬁ o s vec
Y > ;

Input

Interrupt
| g = g / X 0.1uF
{ 100k < 0.1uF 100k.7 )
L =3
+12vCe |
1 |
; cLz ; IC1 = LF353
o 6 _\ ‘ IC2 = LM393
5k W
5, P
s X BN
R7 2 0.1uF
5k

|

s 3.7 1ER9I9930 AT

=

E ' ¥ v
MsuesNsaNsoesuieldasil Taesunnieldugrunauaudlszuin 40 kHz

uannsznuusaiudesfunaldifaussiuaniosn egluseduiiod lav Fufithvesiaty Ause
ﬁuﬁaﬂa'm]zQmiw"lﬂvhma%Sﬂaumswma{ﬁﬂgﬂﬁmﬁﬂﬂ%ﬂ LmzLﬁarﬂunﬁaﬂizﬁmmﬁuiﬁqqﬁu
whfunavesIldes ﬁ“ﬂujmuwmﬁaaﬂmmmmﬁwmmaa%iﬂauwwﬁma‘f fanafludnuuzyos
“a,;qpmmm?iqqsaumﬁuﬁmiymmmééw qwﬁwmmmﬁ%zﬁw%ﬂﬁ’rgapmmméqﬂﬁ Tagi
t utymﬁaﬂdnmmmqmumummﬁﬁwhu (Low Pass Filter) #etlsznonliéas € 0.1 uF wazé

o
k4 o Ay v A v Ao & A ] [
Frun 4.7 k Foanud IReemdomwz dyaunnuia deialszus 10 Hz zqedelidalulas

aouInsames ot luszuranauazaivguae 1)



Tek HITE 200kS/s
i 1.
i 19
: : : ] chi ]
. Coupling
DC
histogram'
Cl;lﬁl;(req
41.6KHZ . ]
Low res AC
Bl : Caaa o e DR
GNDA4
] 200mva LT T M250ps L Chtl o —12mV]
1 200mv 25ms; I : .
i o i ; o ; ; i H i
Invert [Bandwidth| Fine Scale | Position Offset :
off Full 200my | —20mdiv| 0V |

=).

Q U

51l 3.8 nemsdgyeyiian Flugl

Tek EXGIE 200KS/s 179 Acqs
P T

I
5

cht
i Coupling

DC
AC Y
GNDA4
mq]zv ”':'”'T%”M'ZSOMS ey . s ’5:.8'8'\'/‘
Refl @ 200mv 1 25ms; X ¥ q ]
Iriwertv; Band‘wiﬁth Fi.n.e écale .Positi‘on ioffset 1 }
off Full 2V —1.98 div oV
4 o 4 4
51 3.9 ueasdyanainan G lugdn 3.7

Tek EIaE 200kS/s 183 Acgs
: L E

.9

Ch1 Amipl
4.96V

Ch1 Freq
40kH2
Low res

dgdddad bt bl et

B

chi
Coupling

DC
ACN

GNDA

"} mM2sops  chi 7 5.88 V]

‘et[sf  Invert [Bandwidth| Fine Scale | Position Offset
DC off Full 2V —-1.98 div oV

51/ 3.10 uaasdyanahon 1wz

Q UG

=n-
[
-~

35



36

3.2.3 1asmaisculana
2995 ludmsanmalszulana s=lsznoyludaelylasaeuInsawes MCS-51 1wes 8052

A = 4 J o & 9 v dy FU Y [ a &% 4
dreannaeludl lnfwed 3 & Feainsaldiulasseuil 1 mszezAoiudygyImouNeITHANN
2esmadude 3 90 Infwesudazdanzldifudniumnasswherdungdiy 3 @ udnhem

nan# I8 ldguan a3 TudauvesmalszulanaudasAeglii 3.11

o +5VCC
P1.0
INUT1O——— 1 +5VCC
T2EX
Interrupt2 O———+— 2 i
T
Interrupt O ()———-—Ir!E 12 16 l
Titeereptl Ot g4 c1
z c2
T —L
RES|
T o= 06 AT89C52 ) 232 ¢ 3
R1 5 -
§ 105 E C1- C6 = 10uF 16V
7 c5
Bob 41 |TXD 11 D 14
) RS232 PORT
i 13
10 [RXD i 4 to)
11.059MHz = 10 D 7
9 2 8 ©
) <
cs L
30p B
F 15

51 3.11 3wesmadszanana

& Ao Ny L &, i
deyyItd Interrupt AT 3 99 wiszezanaenuFULTAaatl

Tek SR 100kS/s 342 Acqs
i | 5 & i
; -3 ]
: 1 Ch1
. Coupling
U p
7536
‘Unstable e
histogram- -
ch1freq 4
= Hz
No period AC
found
m" .. ? G ‘ \JI1‘1N‘I’W
5.6V GNDA
Ch1 H'igh
5.28V
Unstable
histogram
I!ﬂ? """ 2V T 'M'S00ds Chl 7 2,96 V]
Ref1 100mv 25ms; i £ 1
Invert |Bandwidth| Fine Scale | Position Offset ]
Off Full 2V | 0 div oV |

51l 3.12 naasdeyaas INPUT iiludryaendneds



Tek SEE 20MS/s 76 Acas
E._.. = X

i
o

37

Cht Airipl” ]
4.88'V

M 2.5ps

i

Ch1 Freq
44.35kHz. .
R g
............... - d
..... __ R e
'Reh © 200mv .

cht
Coupling

DC
AC U

GNDA,

Invert
Off

Bandmdth Fine Scale ‘ Position
2V 0 div

Offset
[R%

51 3.13 yarmsdayey 1 Interrupt 0

Tek EITOE 20MS/s 76 Acgs
; f
h T v 7
] Coupling
............... ChT Afipl
4.88V e
Ch1 Freq
42.96KkHz . . ACO
ol
GNDA4
...................... P
s 3L 2% R TNRCL M 2.5us Chl s -2.36 V]
©200mvV 2Sms d
Invert [Bandwidth| Fine Scale | Position Offset
Off Full 2y 0 div oV

311 3.14 uaAdayey 184 Interrupt 1

Tek HIIE 20MS/s 14S Acqs
i = ¢

]
chi
i g Coupling
.............. 3 Ch Afipt ]
4.88V DC
Ch1 Freq
45.55KkH2 AC N
Wk TCTET L P T LA s
} GNDA4
........... -
%ﬂg A "M 2.5ps  Chl 7 236 V]
ef1 = 200mv 2Sms . 1
Coupling ETIY1ee Bandmdth Fine Scale | Position Offset |
AC off ull 2V 0 div oV |

51/ 3.15 uaaadaye1as Interrupt 2



38

3.2.4 MSUIUHIANAGHHS

Y
o av o 1 [} [ a o o [
AR AN AR T ofevanmsneatiamaas Jaeiismsmuiuail

AZ

P (xy,2)

y O fdy

@ 63

P3
(x3,y3,0)

P2
(x2,0,0)

517 3.16 HEAIN1TI NI VBIA ITIATA IS

g

v Y
auuAfrdeediidumis (XY,2) uagsiiimsnedumiaesiniuie 3 dawgangy
d‘ L Q/ Qo 9} ~ o/ 1 % o o g o/ d‘ d’ aQ 1 % 1 o v W
iededaaudaniilaiiannddeluUddasui 3 @1 ssoznmNaauAUNIEEnINAIaenUAITY
< 1 a ) [ 4
szfu 13 e suazde l/ IdaeuRawesiuiurmuwesao ynsy
o 1 A A v o ' g Yo 4
Foygunnmadinauazidnyasfiufaduangadug  deulvnululasaeulnsames
Y :3 [ A & A Y ! o 4 v A o
Taglusunsnezastoduvenvduvesdyana  Weodlugasudunmsiuuaz1d lniwes 3 @iy
Tunamdon fu

v o A A Yo A 1 9y 9 o I o J [} 0’1’
TIUVDINIATUATU Lil@ulﬂﬁﬂﬂﬁu‘mﬂﬂ']ﬂﬁﬂlm'l ﬂgiﬁﬁiyi’UUTm'ﬁl@ﬂu“ﬂuwa“ﬁﬁﬂﬂﬂﬁﬁu‘]

D

(19/ o a v A

Jo o o Y Yo A 1 < [l
B3 WU HAY YT @um@i'iwﬂ%@ﬂiﬂiﬂiﬂ@u}ﬂiﬁm@i mmasum@%immaumu NI

[
(% a

dv o A v Py @ ¢ s o Ao
ﬁﬂlm’]mE]um@53‘1"(@%%‘1"1@11’?1%1?15?\@111%3?1Lﬁ@ﬁﬁﬁﬁq@ﬂ’]‘iu‘U‘UENVLWiILiJ@TV]ﬁgﬁ'Jﬁ'WJ‘Qﬂ‘ﬂﬂTﬁuﬂ

0 g

s/ g 1 A o 9 3,’ v 1 9/ o d‘
hl'ﬁ‘ﬂuﬂ?lmﬂ 390 mnamu’u"lﬂm 3 ﬂ’]ﬂ\‘lﬂﬁ’l?%g?ﬂummﬂqu 16 ﬁ@\‘ﬁ’]ﬁlﬂ"ﬁuﬂﬁ\‘ll‘i‘]ukﬁﬂﬁ’lu 10 tW®
Y
1‘}31'1@91'?1maﬂuﬁu’m"lﬂﬂmmﬁ mnmﬁi]zfiﬂ‘ﬂﬁm’ammwmﬁumumuixum 3 Nﬁﬁ@uh_‘
NNYAT s=vt (m)
TagN v=331.45m/s
' A 9 1 v 1 v v W [ v & IaA 1 A
1S Vlul,ﬂl‘]ﬂ_‘luizfJZVl"I\'ﬁZ‘WT]\‘iﬁ'JﬁQﬂUW]ﬁULmﬁ:’fﬂﬁl PINADATR1, R2, R3 Clu‘g“ﬂin 3.16

Y
dwiugaslumsfuaiidsmsmdsil



De

nnszezneiiia lden P1, P2, ag P3 15 1anunsavauns laneil

2 2 2 2
X+ Y+ Z=RI 1))

2 2 2 2
X-X2) + Y +Z =R @

2 2 2 2
(X-X3) + (Y-Y3) + Z = R3 )}

2 2 2 2

910 (1) Y +Z =Rl -X @

UNUAIAUNS (4) asluaunis (2)

2 2 2 2
X-X2) + Rl - X = R2

2 2 2
/2*X*X2+X2+R1- = R2

2 2 2
2*X*X2 = X2 + Rl - R2

9
aatiumusonia X 1éden

910 (3) Hnsnsgaela
2 ¥ &
- XK + XF 4 Y - 2VY3 + YA+ Z - BB
v v
faaums (6) nu'ldasil
A\ 2 5
X+ Yo+ 7 - 23 + Y*Y3) + X3 + 3 = R
[ 2 2 2 9 2 Y
WNUA1 X+ Y+ Z Ae RI 9z 14

2 2
R1 - 2(X*X3 + Y*Y3) + X3 + Y} e R%

2 2 2 2
Rl - R3 + X3 + Y3 - 2*X*X3 = 2*Y*Y3

WIA1Y 16910

2 2 2 2
Y = Rl - R3 + X3 + Y3 - 2*X*X3

2*Y3

9
Yo A

90 (1) NUNIAYIAT Z 1A eTl

2 2 2
Z =\/(Rl A X oo

©6)

39



FLOWCHART uaasnmsyiauaee lsunsunielu Mcs-51

fapnsiTu ¥ TIMER

Y

o £ A o
ATIVIVVDUVIVHUASITNUY

o gt
g4 l1iasy

A3U 3 7R

[ o 9 a J
NS vuldnounanes

40



FLOWCHART uaasnmsiiaiuves 11sunsuf1uiayes Visaul Basic (Form 1)

CHECK PORT
AND SELECT PORT

A33900UAN1T Connect

hJ

4

Connected

A1d4 Timer qugﬂ

Y

FUAIA MCS-51
HIUWBS AR NI

¥

AUIBHIM
RI,R2,R3,X.Y.Z

HATANHA

ngamIiau

41



FLOWCHART teraen139191uU04 1U5unsuaAIuIsved Visaul Basic (Form 2)

v
o

A3 Timer gy

SRR ITLCRERTAIN

nganagll

1gaA

AdunINYan

42



UNN 4

U

giemsisnullsunsuuaninaved 3D-POINTER

1. diodhTdsunsuuda Tihmsidenwesa dagui 4.1

Y d
g‘llﬁ 4.1 A!ﬁﬂﬁﬂ]‘ilﬁ@ﬂﬂﬂﬁﬂ

° A [ a J @ U Y Y a .
2. Fhnswoudeaouimes fiu RS-232 Tasnatju Connect w28 1julAouiiin Disconnect

udn e maeude Idnsziuda Wedenudie: lmunsonldeunesald ey 4.2

514 4.2 uaaen151@en1l3 Connect

3. smsnatly Start e ldsunsuB e wfimsuaaswa Sagl Iﬂﬂﬁﬁﬁaﬂﬂﬂuﬁ,ﬂz
| OB LD R0 B9z LA BB ANTIAIRATI Timer 743 §2 Sosweg
T2 BY M RNEBAAD T 991AE3Y ez AR zezmad arhuasiifedin X Y.z uda
Tawijus Show Graphic ﬂsmgaaﬂmwﬁwmf: Feazaunsanfdounihosuansna i

9 v
‘Hlﬂ‘ﬂi’)\‘iﬂTiLLﬁﬂQWﬁLLUUﬂiTWﬂVLQ



44

51 4.3 yamansiaentw Start

Yy 9 Y o A A o v J g 3 9 o U
4. thdeamsirgamsyhau efvzgdumisvemesames luvartiu imsnatfu

A Y 1 o [} 4 d A o
Stop i LI IR MM svBINBEAIMD I AT AegL

5141 4.4 yaasmsidently Stop



45

Y v v & . ) ¢ I
5. ﬂWWBQﬂqiiﬁLLﬂﬂQWﬁLﬂugﬂﬂWW @WLLWHQ%@Q‘W@ﬂﬂl@@iﬂlummguu WBtngunUNnNe X-Y,

X-Z uag Y-z 1#imsnatlu Show Graphic uda Tdsunsuazuaasnihvosgdnim Ty

aagil 4.5a 1Az 4.5b AU

511 4.5b 1@@911190 Graphics Display



46

6o TuriA19989 Graphics Display 187 1i5utteasdumua lagn1snaLju Start

Yo 1 J o [
Draw ﬁlgllﬂﬂ”luﬁuﬂ“ﬂﬂﬁ‘wgﬂﬁLﬁ@iﬂﬂﬂiﬂ @Ng‘ﬂ

d' A v o ] ¥
ETJ‘VI 4.6 UAAINT1IIIANNACTUH HIAI N

7lunsdifgUamdeudumminly deamsezavdumisina luudaeenlvinaily Clear

Draw 9431/

5 4.7 U@ 1ML Clear Draw



47

8. 8140z rgansuananalinatju Stop Draw

511 4.8 ua@AINIINA Stop Draw

5. &ideemsazndylafi wiiee Standard Display Wimsnatfu Back To Standard Page 7

menu bar

gﬂﬁ 4.9 uaa3tuy Back To Standard Page

6. vdannauIndanTheelnduds desmsesnsnTusunsuldnailu Exit U4 menu bar

511 4.10 e ety Exit

11. 1Ju About Us ilust]u uansdoyavesdidion Tsunsy wuanwansgl

A 2

AT sunsuiivianlay
w < s . by

wig digna Arwsd A 41013211 vae SRR

< 4 o ¥
W %J‘ﬂ?%]‘ Wane  TUE 41013229 ¥iDd SR2

{
1

U7 4.11 HAAINANIINAINY About us



a
UNN S
Nan1INaaol

Han1INAaog
T~ 1 A
HAMINATDILLLITI Y 3 dIUAD
dl Y] L) 1 1 d' VN~ [ 9 a

- 5198 5.1 neaeudamdunusnnizez e e liiiunia laesa
L e 5.2 Saszezmafisuiuszezmesssiiadiey lasldadumasioadanana
- 419197 5.3 Janadounienuessa lunisia

1 d’l o [ [ 4 o d to [ v Y] d"
Tuaufl 18¥1n15nAneeIns sz N NATILENOUAIN DT DIA N UIA 1) AU

TasazugasnnaInie lasumssey MneadeiiEauaRfafuasann T sunsuuda

191971 5.1 HANTNAADIIAAT B IHDBAADS A1LHHIAIN

Anan A1TLYLNIIINAE flszuznefing 3 UA
AN Usec cm cm
YBINTIIN Timer Timer Timer ISUY U P 58S ISUS IS
1 2 3 R1 R2 R3 WAUX | UAUY | AU Z
1 356 301 354 9.672 7.683 9.599 7.224 -1.07 10.60
2 669 | 604 |601 |2098 |1863 |1853 |1331  |8235 |18.43
3 524 559 641 15.74 17.01 19.97 -2.45 -16.2 9.387
4 488 | 528 | 471 | 1444 | 1580 | 1383 | -281 6972 | 15.96
5 664 581 545 20.80 17.80 16.50 16.01 15.36 9.169
6 774 717 772 24.78 22.72 24.71 13.61 -4.50 24.03
7 772 747 709 22.90 23.81 22.43 -2.30 7.024 25.03
8 1003 | 1069 | 1028 | 33.06 35.45 33.97 -15.3 4.100 32.58
9 1111 | 1166 | 1187 | 36.97 38.96 39.71 -13.8 -15.4 3437
L




49

ﬂ"ﬁ]\iﬁ 5.2 Nﬁﬂ?iﬂﬂﬁ@ﬁ%ﬂi%ﬂmﬁﬁﬂixﬂg‘D“E\‘]Lﬁ't‘]ﬂ??haﬂwmﬂ
' ;:y = a 1 o [} o o Y v A
Tﬂ£J°lumuuﬁ]$L‘flumsaﬂiﬂ‘umamzmwﬂ13aﬂIﬂﬂmuiﬂmmummmﬂﬂwamumL‘wamszﬂz

NNTZHUINATIA VAT

A1959 (cm) ATAIUIN (cm) ANANAIA
ﬂ%’yﬁ/’i (%)
seey | syey | svee | seer | svey | Tvey R1 R2 R3
RI | R2 | R3 | RI R2 R3
1 16 | 16 | 15 | 1923 | 19.52 | 18.1 20 2 20.6

2 24.5 26 24 2908|2920\ 2723 13.38 12.34 13.45

3 20 19.8 19 23.18 | 22.14 | 22.00 15.9 10.56 15.78

4 11.2 | 12,6 14 1452 | 1539 | 17.21 29.6 22.14 229

5 32 35 40.5 | 3521 | 3811 | 42.23 10 8.88 4

==

¢ dhszazmandaldaeiidfinaanien ldnnszezeialszina 3 wuAnasaaeanIze: Suitio

LNz e issveesadetufuee lulgses i inainda Body vesdadafudaiy udvzdesia
v v (]

nndadutiadyananeludidsiy  aeluvesiniy Fatiumniaasanuamnauauddinuie

o 2 ° Ao v 1A 9 ' v Y v
WARNAIATT N GﬁﬁﬂqﬂiuiﬂiLLﬂiﬂJﬂWiﬂ’lu’JmW’]Wﬂﬂ ‘lﬂ%ﬂlﬂf&lﬂ']Wﬂwaqﬂﬂﬂﬂﬁ']’lllﬂgﬂﬂ@quau



N 6
a d
agiuazionsal

a d
agduazinisel
& o (] aa o 9 A s ) 9
AseRnLULIATLEAIR MUY 3 §A annsovh ldnauuuuaziienglasainegiiunly
v o 1 [ 9 a gda a P a A 9 v 9 a o g 9
- fsu-danudaslataftivaesia deauvgidonldoand letanmszaunsomiela
1 v 9/ o 9/ < o 91 ' A 9 P ] Aa
neniluthuswazmshunlFauiaunsansey ldhenimsdenldginssion wu sususa
& e g . W W e ey R & & A
saemInedumisvesdifuiudids  Feiiddavldasseenuuugiiiumadonniiaviniu e
Tsupsumsiieuuazdseuranafeonuuuimne  Mlddsutsuisesiil doudaldliland
v
Tnozusnagidiudiugdeil
° d' ¥ a d
6.1 1J3un3un 151z ueN UABN A MBS

[ . ;! <] [ 4 ° {
Tdsunsudauez1d Visual Basic 6.0 iudiniuguisnisiiniaszezmaasdouunuin
aa 1 Y 1 a o < 1 ' o 2
Fuszuy 3 Taszeglutimszhnounuaesinuldswaziieninsld MCS-51 iaudaazan
1 2 [l dyw 1 9 9 = A ' 0 [ Jd o
NN Gﬁﬂﬁ?ﬂuuﬂ’ﬂﬂ'\ﬂwﬁ?gﬂ@ﬁﬁlﬂ,%ﬂ\‘iﬂﬁL%@Nﬂ@i&'ﬁﬁ']ﬁGl?“lwiﬂiiﬂﬂ“ﬁﬁlﬁﬁ@iﬂﬂ

a IR = b ¥
aouRAnes Taza s o@eu Tsunsulagndes

6.2 NINAY

| Sk < Yo 9 o q U Y o a4 o .
ﬂ"lﬂﬁ\iuuﬂuﬁmmﬂuazﬂﬁﬂi‘luulﬂcﬁﬂcb'@u‘ﬂ']ﬂlﬁﬂﬁliuﬂllm LlﬁgﬂWTﬂi‘Uﬂuﬂqjuﬂwﬁﬂgﬂ1ﬂ15ﬁ\i

ildlasazadn lasmsidondidaiia aagdlnamisoiimsde Iddu lauidosms uddtidlam

1 =] 4 Ao [} o ] Qy 4 1 1 :l’ o
TugrausngAfedieaoundsllldiueudsud  udewldldsTavesadeteesunuiuez sz auiy
4 v A 1 Qy @ ' ]
JamiSowlosd  uawelFurnlSusilgmasnainivua Ty
6.3 Mnuuazilszudana
{1 dy 1 1A 1 A 1 1 ] ) [ 1 I~
Tuduil hinuhidlymualdsemsla msdweudeszninmads uazniasy and
sty ldflueined ansousnuezihdyaunaneiy  lidszananauagmssedya
a ] [ § o S o
fdugunainnmadanisdiulszunanamesuinszeznmaasaluquaindseuianaitau

9J ] =1 o [ ] ~ a <3 o 9 ] = 9
"lmﬁuamm mimmmmgmzm“lﬂﬂszmaNamauw:}masﬂwmu'lmﬂu@ﬂwmmz NABDY

t4 t4
v

A A v oA
Lu@ﬂ‘ﬂjﬂiuﬂqﬂuu 2 4IUAD ﬂgllﬂﬂﬁiﬂﬂ\‘]u

Y [

masy  wiflgmuinluSewesdyanannmadunsdygnannuddudnsunauild
4 o % . | [+ 1 & -4 1 A o o 1 o Al
iefsusgrnnnddeszeznile  dyanusuniududusisunnhdygiunnasdei il

v v o g < 9 Yy v Yy A A
minsalFnuld dululumsesnuuuissisdeseonuunlddyanasuniudwn lddsengaiiei
A o ' R v W o Y Y 4 A4 o ‘Qy J 9 o
womdweglna  dfuuarneiufiaansouwenuezdyninldgades  suiloiilTududllgnds

naMfanaiauiwe la



51

v g

[ A o A o A4 [ Yo o < 1

dutlszananandingnae lUsunsumsaium Tauennsu1dsudyanunzdaly
o 1 QQJI L a FA 1 9 a Jd 1 &
AMUIUNTINAANUDIIAINUUIIUIA I"‘UENL’JﬁTVl‘lﬂhlﬂﬁdiﬁﬂ@il‘wuﬁﬂiﬂiﬁm’mNﬁ@f’)ll‘ﬂ SHINT

<R o

a < 1 < 9
AouTdsunsuiennoaualsninezassesnyn la
v o .
6.4 dIuveenIsuaasnalagly Visual Basic 6.0
Y v
Tuduiazihaiidonn lulasneu Insames Mcs-51 msunuazuaawa lagldviuiu 2
1 & 1 [~ w 1 1 [ { ) [
dau Gedamusnzugasailudiaumumasuaz druiaesnoMstaadna lagiaduavyne
I~ [ & ' g
Wugi Tngazurananuunuaig 3 UAUAD LAY X-Y, 1A X-Z, AU Y-Z FIMSUaasHaciuieg
o 9y Y 9 1T Av cv o o 3 1 1 z a
il hehdavesdnesamesuuegassaaulalusznuunuinege
& 5 =
6.5 UHABUNITAUHHIIYU
15-30 WeAS NN 2543 ; uduazoenuuy PCB Tndonmeniud?
1-20 SuAY 2543 : eaed TUsUNTULL MCS-51 tofadefiuAouRIADS
21-30 $UAY 2543 - AuaMITuas TUsunsuNTNLEAIHa
5-30 YNSIAN 2544 * ANH WAL NAADAUAEY 1151A5Y Visaul Basic
1-30 quATRUS 2544 : RustsenuiuRuuaz@ou TisunsulFauis
~ o o o J 4 G Y s a a
1-15 funaw 2544 ; Wasaunsuazsennuasnsegnalesaunuasnadoudsednsnw
U .
6.6 ayUnataniiAves 3D-Pointer
vy
Sas1msdszuranamaiumrue Uszua 2 aseds 1 3U0
anwazealumsiaszeznie Yszun 2-5 Yadwas
anuaz e lums s una s UHDININNTLELHI9VDIA TN VAT UT2119t 5 Usec
v v Y
seeziifaldlndfige dszana 35 wudwas  (Glndnhilszfaddanainnnlisuns)
szeziivn 1] lnafiga msldaulsndfunesdanes 3 TAszudaswalan Ly 70 uAwazN
N
d15u (mhosuananadnaLatiy)
ARewaa axfialulszana 3 wufwes fuszezaslFnulsnannizes Guillosnanizes
yosdadaaz funuTagiudafewos Tagiuileuss

6.7 30150iNAN1INAAD

9
INHANITNAABLIATL LN ILAS 1IN IAAAR MUY A1TLHLTENINAITUALAITUNG 3 A2
d' o/ 9 t 9 A v d' a d' J o .

mansaneedaldedagndes Taslidamamasulszana 2 wuaAmwAs A AINIUUYDY Timer
mnsadelifuaouiiames Idedegnaes

Arumssumiiernsad e d9lufianuuiueuiniin isennaRdawinn MCS-51 %

A , - P A e om W o 4 o
msAsuntasaasaal uay A1NsuTal luinei DnNUAAdYNMIVNIUMIRINUYDINT B

o Y % a o Yo ¢ Ao ya vy
Wa‘ﬂ']alﬂﬂTS'JﬂjnggWﬂwahlﬂ 'VHGLW@']LLT’WNVW]'IHUWulﬂWﬂWﬁ'lﬂulﬂ@'Jﬁ



52

nanssudszmea

c:y 1 o < 9 Y 1 A @ o v 9
Tassnuiiog bigmnsaduFeeenmnld winlildarwswdenuihnuveanaidsinauyn
9 v = A 1 Y Ay Yy oy 1S YAQ Yo w v ' A v &
au ufdngdvnmiseudt vnanidndousdt uaAtdnldidluazdanuiumasogns
cﬂy 9 4’1’ v A 9/ 4 o Sdq Yo -=1y °
Wesmhuazdiomss  veveugMMANNOUNBY  YevRLANDINIAMBATNAT IHAFIUL LA M
IS lumsiondueined  veveugunagaui ldl¥anusemassdududefaaoau ve

A v Aq ¥ ] A =3 A aw Al 9q Y ] A & '
YO UAMUNOUIIUNUNNAUN IHANUTIBMDD s lfanednsdon ldldmssremaeduegian

TugunsideuTdsunsunziddaanniigefenase gausfninsumswinuazildinanelu

q

v '
v A o ¥ o 9/ 9 o ¥ o =

@ o 9/ o Y9 a9 a Y dy
MUY ’cTWiiiJﬂ']‘ﬁmPj‘l‘lﬂ‘i’]']"llﬂu’e)ui‘ljbhﬂﬂﬂsl‘m"m‘ll@Nﬂ‘WﬁWﬂ‘ﬂi%’,ﬂ"liiﬂ't’l"lxiﬁj‘ﬂﬂ‘l’ﬂﬁ@ﬁ‘ll@@ﬂfﬁfl UNU

y
38

.............................................

-

( WWRINa AR )

% q

( wwdnsd  uwne )



13
2)

3)

53

ONA1591994

.
a 4 o W

nilyaanan Tulas smames 10, USEm Fdagndu $1n (WMBU) ATIMN, 2538

AaAaA o W

"gije lom 19 Tas TUsseos MCS-51 " USHN 9NN 1A ATUNN , 2542

v W (ay a a 4 Y @ P= 9 a wva o
Fedani dunsoasa ba wag WU ﬂsLm’;’muqa,"Lsﬂuguaizﬂgmm'i"luimﬂauimamai",

av A a 4 a d o W
m‘ywaim’mw BDAENBDILNUA A1NA NTIUNN,



MANUIN

d
5.1) 18n1391Un 30l

1) IC

11 wed 4049

12 wes 4093

13 wes  LM339

14 wes LM353

1.5 MCS-51 (U85 89C52
1.6 Regulator (UD3 7812

1.7 Regulator o3 7805

2.)Diode
2.1 Wwos 1N4148
22 wes IN1004

3.)Resister (5% , %4W)
3.1 2200

3.2 680 Q2

3.3 22 KQ

3.4 47 KQ
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4.2 100 KQ
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intel
8031AH/8051AH

SINGLE-COMPONENT 8-BIT MICROCOMPUTER

m 8031AH — Control-Oriented CPU with RAM and /0
w 8051AH — An 8031AH with Factory Mask-Programmable ROM
# Fabdcated with Intel's HMOS ! Process

m 4K x 8 ROM (8051AH only) a 128K Accessible External Memory
m 128 x € RAM & Boolean Processor

m 321/0 Lines (Four 8-Bit Ports) = 4 ps Multiply &and Divide

® Two 16-Bit Timer/Counters @ 218 User Bit-Addressable Locations
€ Programmable Full-Duplex Serial Chanael & 100 mA Typlcal Supply Curreat

The 8031AH/B051AH is Intel's HMOS Il versior of the high performance 8-bit 8031/8051 microcomputer.
While the 8031AH/8051AH features the same powertul architecture and instruction set as its HMOS |
predecessor, it offers the additional benefit of lower power supply current.

The 8031AH/8051AH provides a cost-effective solution for those controller applications requiring up to 64K
bytes of program and/or 64K byles of data storage. Specifically, the 8031AH contains 128 bytes of read/
write data memory; 32 I/O lines configured as four 8-bit paraltel ports; two 16-bit timer/counters; a five-
source, two-priority level, nested interrupt structure. a programmable serial [/0 port; and an on-chip oscil-
lator with clock circuitry. The 8051AH has all of these 803 1AH features plus 4K bytes of nonvolatile read
only program memory. Both microcomputers €an use standard TTL compatible memories and most byte-
oriented MCS9-80 and MCS-85 peripherals for additional /O and memory capabilities.

The 8031AH/8051AH microcomputer, characteristic of the entire MCS-51 family. is efficient in both control and
computational type applications. This results from extensive BCD/binary erithmetic and bit-handling facii-
ties. The 8031AH/8051AH aiso makes efficient use of its program memory space with an instruction set coasisting
of 44% one-byte, 41% two-byte, and 15% three-byte instructions. At 12MHz CPU operation, ovec half of
{he instructions execute in just 1.0us, while the longest instructions, multiply and divide, require only 4pus.
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8031AH/8051AH

8031AH/8051AH PIN DESCRIPTIONS

Vss
Circuit ground potential.

Vce
sV power supply’input for normal operation and
program verification.

Port0

Port 0 is an 8-bit open drain bidirectional 1/0 port.
It is also the multiplexed low-order address and
data bus when using external memory. It is used
for data output during program verification. Port 0
can sink/source eight LS TTL foads.

Cort1

Pori 1 is an §-bit guasi-bidirectional /O port. It is
2lse used ior the low-order address byle during
program venfication. Porl 1 can sink/source four
LS TTL loads

Port2

Port 2 is an 8-bit quasi-bidircctional 1/0 pod. It
also emits the tugh-order address byte when
accessing external memory. itis used for the high-
order address and the conirol signals during
program serfication. Port 2 can sink/source four
LS TTL loads.

Port3
Port 3 is an B-bit bidirectional 1/0 port with inter-
na! pullups. 1t aisa serves the functions of various
cpecial features of the MCS-51 Family, zs listed
betow.
Port Pin
£3.0  RXD (sena: input port)
P31 TXD (serial output port)
£3.2 INTO (external interrupt)
P33 I.WT_f(exlernal interrupt)
P3.4  T0{Timer/counter 0 external input)
P35 Ti1(Timer/counter 1 external input)
P3.6 WA (external Data Memory write strobe)
P3.7 RD (external Data Memory read strobe)

Alternate Function

The output latch corresponding to a secondary
function must be programmed to a one (1) for that
function to operate. Port 3 can sink/source four LS
TTL loads.

RST/Npp

A high on this pin for two machine cycles while the
oscillator is running resets the device. A small ex-
ternal pulldown resistor (=8.2k(1) from RST/VPD
to Vgs permits power-on reset when a capacitor
(=10 uf) is also connected from tkis pin to V.

If RST/Vpp is held within the Vpp spec while Vo
drops below its spec, RST/Vpp will provide standby
power to the RAM. When RST/Vp is low, the RAM's
current isdrawn from V.

ALE

Address Latch Enable output for latching the low
byte of the address during accesses to external
memory. ALE is activated at a constant rate of 1/6
the oscillator frequency except during an external
data memory access at which time one ALE pulse
is skipped. ALE can sink/source 8 LS TTL inputs.

PSEN

The Program Store Enable output is a control
signal that enables the external Program Memory
to the bus during external fetch operations. It is
activated every six oscillator periods except during
external data memory access. PSEN remains high
during internal program execution.

P10t 40 Vee

P11(2 31 P0.0/AD0
P1233 38 PC.1/AD1
P1.3(4 37[DPO2/AD2
P1.4CS 36[3P0.3/AD3

35[3P0.4/AD4

RST/Vpp (9 32[JP0.7/ADT
RXD/P3.0 C10 EA
TXD/P3.1 11 O ALE
INTO/P32 12 S SEN
INTip33c13 283 P2.7/A15
TO/P3.4 C]14 27O PZE/A4
T1/P3.4C]1S 26[IP2.5/A2
WR/P3.6 (16 25{P2.4/412
RO/P37TCJ17 24[P2.3/A11
XTAL2 (J18 23{3pP22/A10
XTAL1 CJ19 22f0P2.1/A9
Vss 21[P2.0/AS

Figure 2. Pin Configuration
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EA

When held at a TTL high level. the 8051AH
executes instructions from the internal ROM when
the PC is less than 4096. When held at a TTL low
fevel, the 8031AH/8051AH fetches all instructions
from external Program Memory. Do not float cA
during normal operation.

XTALT

Input to the inverting amplifier that forms part of
the oscillator. This pin should be connected to
ground when an external oscillator is used

XTALZ

Output of the invedting amplifier that forms part cf
the oscillator, and input o the internal clock
generator. XTAL2 receives the oscillator signal
when an external oscillator is used.

ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias ... 0°C1to70°C
Storage Temperature .......... -68YC 10M150%C
Voltage on Any Pin Wiuth

Res'pec( 1o Grouand "VSS) ......... 0Q5V1o+7V
PowesDisSipatica Ll LL LY e i AR 1 Watt

‘NOTICE: Stresses above those iisted under
"Absolute Maximum Ratings” may cause permanen!
damage (o the device. This is a stress ralting only
and functional operation of the cevice af thesc or
any other conditions above those «ndicated n 1hic
operational sections of this specilication 15 no!
mphed. Exposure to absolute mavimum rating
cond:tions for extendad periods may allect Gévice
reliabiiity.

DC CHARACTERISTICS (T4 =0°C 10 70°C. Vo = 4.5V 10 5.5V:Vsg = 0V)

Symbol Parameter Min Max Unit Test Conditions i
VIL {nput Low Voltage -0.5 0.8 Vv
VIH {nput High VVoltage 2.0 {Vcc+0s5| V
(Except RST/\'ppy and XTAL2)
VIH1 {nput High Voltage to 25 |Vcc+05) V |XTAL1toVss
RST/Vpp For Reset. XTAL2
Vep Power Down Voltage to RST/Vpgn / 4.5 Sy V Ve =ov
VoL Qutput Low Voltage Ports 1,2, 3 (Note 1) 0 45 VvV [HOL = (6mA -
VOL1 | Output Low Voltage Port 0, ALE, PSEN 0.45 10OL =3.2mA
(Note 1) .
VOH Qutput High Voltage Ports 1,2, 3 2.4 VvV [HOH = -80uA
VOH1 | Output High Voltage Port 0, ALE, PSEN 2.4 V |IOH = -400.A
e Logical JInput Current Ports 7, 2.3 -800 uA jVin = .45V
liL2 Lo4:ca! 0 Input Curcent for XTAL 2 -25 mA [XTALT = VSS- Vin = 0.45V I
w Input Leakage Current To Port 0. EA 10 A 0,45V < Via <V
[[ISH] Input High Curreatto RST/Vpp For Reset 5¢N wA Vin Ve - 1.5V |
ICC Power Supply Current 125 mA jAll outputs disconnected
PO Powec Down Current 10 mA Voo =0V
Cto Capacitance of {70 Buffer 10 pF |tc = 1MHZ Ta =25°C
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Note 1: VOL is degraded when tha 8031AH/8051AH rapidly discharges external capacitance. This AC noise is most
pronounced during emission of addréss data. When using external memcry, locate the latch or buffer as close to the
B8031AH/B051AH as possible.

VoL
Emitting: Degraded (peak)
Datum Ports 1/0 Lines (max)
Address P2.|°0, 214P3 0.8V
\Yrite Data PO Rl. R3+ALE 0.8V

EXTERNAL CLOCK DRiVE CHARACTERISTICS (XTAL2)

Varlable Clock
freq= 1.2 MHz to 12 MHz
Symbol Parameter Min Max Unit
TCLCL Osciltator Period 83.3 8333 ns
TCHCX High Time 20 ns
(TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns

TCHCX —— TCHCL

{08 08

~—Ttotex —
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AC CHARACTERISTICS (Ty = 0°C1070°C, Vo =5V +10%, Vgs =0V, C(_ for Po 0, ALE and PSEN
C utputs = 100 pF; C( forall other outputs = 80 pF)
EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Vadable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz (0 12 MHzx

Symbol Parameter Min Max Unit Kin kiax Unit
TLHLL ALE Pulse Width 127 ns 2TCLCL-40 ns
TAVLL Address Setup to ALE 43 ns TCLCL-40 ns
TLLAX Aadress Hold After ALE 48 ns TCLCL-35 ns
TLLIV ALE 10 Valid lastc In 233 ns 4TCLCL-100 | ns
TLLPL ALE To PSEN 159 as TCLCL-25 ns
TPLPH | PSEN Pulse Width 215 ns | 3TCLCL-35 ns
TPLIV PSEN To Valid (astr In 125 | ns 3TCLCL-125 | ns
TPXIX fnput Instr Hold Aftar PSEN 0 ns 0 ns
TPXIZ input Inste Float Aftar PSEN 63 ns TCLCL-20 | ns
TPXAV Address Valid After PSEN 79 ns TCLCL-8 as
TAVIV Address To Valid {nstr [n 302 as STCLCL-115 | ns
TAZPL Adcress Fioat To PSEN Q ns 0 ns |

EXTERNAL DATA MEMORY CHARACTERISTICS

Variable Clock
N 12 MHz Clock 1/TCLCL = 1.2 MHz to 12 NiHz

Symbot Parameter Min Max Unit fin May Uait
TRLRH | RO Pulse Width 400 ns | 6TCLCL-10C ns
TWLWH | WR Pulse Width 400 ns | 6TCLCL-10G ns
TLLAX Address Hold After ALE 48 ns TCLCL-3&

TRLOV | RD To Valid Data In ) 250 | ns STCLCL-165 | ns
r?RH[)X Data Hold Aftec RD 9 ns 0 ns
TRHDZ | Data Fioat After RD 97 ns 2TCLCL-70 | ns
TLLOV ALE To Valid Data In 517 ns 8TCLCL-350 | ns
TAVDV Address To Valid Data In 585 ns STCLCL-165 | ns
TLLWL ALE To WR or RD 20C 300 ns 3TCLCL-50 | 3TCLCL+52 1 us
TAVWL Address To WR or RD 203 i ns 4TCLCL-130 6s
TWHUH | WRor RD Hioh To ALEHioh | 43 © 123 | ns | TCLCL-0 i Tolci s 4o [ oo
TOvwy | Dsta Vaiid To WR Transition 23 [ s TCLCL-60 -l ns
TQVwH | Data Setup Before WR 433 ns 7TCLCL-150 ns
TWHQX | Data Heid After W8R 33 ns TCLCL-50 ns
TRLAZ Address Float After RD ¢} ns 0 as
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AC TIHAING DIAGRAMS
EXTERNAL PROGRAM MZIMORY READ CYCLE
[ — —127TCLCL ——-——— -

— TLHLL-—L~:LLIV—~—1 | !
| p T
——/—_—\ TP I |

EXTERNAL DATA MEMORY READ CYCLE

|

ALE
t_k TPLPH ——=—
1
PSEN TLLAX _J L4 ! -‘—'—‘4 TPXAV
. 1
TAVLL — o f::riLz:[_{T"“Xfl W
onro ISt Ry P st Wy S>>
‘[—--—- TAVIV———— j—
ADDRES
PORT 2 ;a SFR-P2 x ADDRESS A8-A15 ADDRESS AB-A1S

TWHLH -

&

ALE 1 :
v J,
e i \ .
RO Py oo TRUAK - - M
TAVWL ._\ ; /‘. TRHD2 !
_ o5t RO, TRHOX ==t —
.t 1
. . N OATA IN S>>
’ —— '{———‘- TRLAZ
ADDRESS )y
A % Basrroz 3 ADDRESS A8-A1S OR SFR.PQ
EXTERNAL DATA MEMORY WRITE CYCLE
. TWHLH -—! -
i i
ALE Y N j-
!
PSEN }4,_,A TLLWL =]
WwR ‘ : TWLWH —
] N
!
— TAVWL —— ——
| eppax o7 P TOVW _TQVWH I .
+OAT 0 AT A ——) CATA OUT
: ADDRESS ke -
! PORT 2 OR SFR.P2 A ADDRESS A8-A15 OR SFR-P2
: —
L
AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS
INPUT/OUTPUT FLOAT
FLOAT |
'L__,.,__ 24
204

28—

‘—.
‘.\2_0

4

/o
0.45__J 08

Ay

0:e 0.45

for atogic“1"and

45V foralogic "0”. Timing measurements are made at2.0Vior

AC inputs during testin

alogic”1"and0 8V for alogic 0. For timing purposes.

garedrivenat 2.4V

sources 400 pA ai the voltage test levels

the float state is defined as the poin

tat which a PO pin sinks 2.4mA of
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CLOCK WAVEFORMS
INTERNAL STATE4 | STATES | STATE®6 | sTATE1 | STATE2 | SYATE3 | STATE4 | STATES
CLOCK p1 ez [ et ez [ et ]ez [ o1 p2|e[e2]en | r2 p1 ez | pi]|e2
XTAL2

we A BN/ 1 NS L—

THESE SIGNALS ARE NOT

EXTERNAL PROGRAM MEMORY FETCH ACTIVATED DURING THE
EXECUTION OF A MOVX (NSTRUCTION

PSEN

PO ATA PCLOUT OATA l PCL OUT I IDAYAI [ PCL OUT
SAMPLED SAMPLED SAMPLED
FLOAT L———FLOAT 1 F——‘FLOAT 1‘

P2EXT) ’ INDICATES ADDRESS TRANSIONS L
READ CYCLE

i L Y,
PCL OUT (¥ PROGRAM
MEMORY IS EXTERNAL)

00H IS EMITTED
OURING THIS PERIOD

P A Vv Y i TN, [oaral J’_\—l_
ouT SAMPLED = |

e FLOAT {
2 & (C1ITY INOICATES DPH OR P2 SFR TO PCH TRANSITIONS Ly y
WRITE CYCLE
WR 1 [pcLout(even s proGRAM
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o e 57 1 DATA ou*r—_———.,-.l«] PCL QUT (IF PROGRAM
MEMORY (S EXTERNAL)
P2 O~ N (NDICATES DPH OR P2 SFR TO PCH TRANSITIONS | ettt R

PORT OPERATION
MOV PORT, SRC OLD DATA [NEW DATA
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MOV DEST. PO [:‘__.1 J._A

PO PINS SAMPLED

OV DEST. PORT (P1, P2, PI)
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P1.P2.P3 PINS SAMPLED P1.P2.P3

SERIAL PORT SHIFT CLOCK , PINS SAMPLED
= 1 = =

(MOOE 0) AXO SAMPLED N E SAPLED

This diagram indicates when signals are clocked internally. The time it takes lhe signals {0 propagate (0 the pins. however.
ranges from 2510 125 as. This propajation delay is dependent on variables such astemperature and pin toading Propagation
also varies from oriout 1o output and component to component. Typically though, (T = 25°C. fully lcaded) RO and WR prop-
agation delays are approximately S0 as The other signals are typically 85 ns Propagation delays are incorporated i the AC
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General Descnptlon ®m Reduced Vg drift over temperature
) . ; - m Eliminates need for dual supplies
The LM193 series consists of two independent precision T — roundp
voltage comparators with an offset veltage specification as W N : g 9 e
low as 2.0 mV max for iwo comparators which were de- ™ Compatible with all fo‘rms of legic
" “ . 5 D H 1 M
signed specifically ic cperate from a single power supply ™ ~ower drain suitable for batiery cperauon
over a wide range of voltages. Operaticn from split power
supplies is also possible and the low power supply cument Features
drain is independent ¢f the magnitude cf the power supply & wide supply
veliage. These comparaters alsc have a unique characieris- — Voltage range: 20V 1 35V
iic in that the input commen-mede veltage range includes ——sinqlé or dual supplies: 10V ic =18V
i 151 i e 1‘ [ R i} i vl ;D wWe s ) ) 3 e :
?;)c(::n(é guen Mough SRcHIeH o 5 Singy® ecr supply | \u Very low supply current drain (0.4 mA} — independent
Hge. of supply veliage
Application areas include limit comparaters, simple analcg 16 g [ g input biasing curen: 25 nA
digital converiors; puise, squarewave and ane del n- ® Lo inpu: C:.-g,..}(‘”.(.,.‘ =5 A
B " " R . LCW INPUL C.8€1 CLITTCTT. = 0A
eraors: wide range YCO; MOS clock timers; mubivibraiorns = akin p &l ;o
i iai H 1 um Cr ;cliage: =30
and high vol:age digial legic gaies. The L4193 series was VRTINS 09 7 .\
designed 1o direcly inierface with T 1L and CHOS. ¥éhen cp- e Inpul commen-maede voliage range includes ground
erated froms boih plus 2nd minus power supplies, the LM193 - ® Differential input voliage range equal (o the power
series will dircoily inerface with MOS fegic where their low supply volage
power drain is 2 distine: advamage over standard corpara-  ® Low ouipul sawration velage,: 250 Vv atd mA
Holpl & Quiput voliage compatible with TTL, OTL, ZCL, MOS
and CMOS logic sysients
Acdvantages
® High precision comparaiors
Squarewave Oscitlator Non-Inverting Comparator with Hysleresis
& W
TR
1ot } W aor (ST 3
_L—{ ) 172 184193 b—O Vo
= 1710y v 10k
Vin O—AMA-
- iom
—A VA
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LM193/LM293/.LM393/LM2903

Schematic and Connection Diagrams

1A G' 1984
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INVERTING

INPUT A IRMIT 8

NON-IBVERTING

IREUT A eyt e

GNOD

TCOF ViEw

b

Order Number LM193H *

LM193H/883 , LM193AH-QMLY *~

LM193AH, LM133AH/883,
LM283H or LM393H

See NS Package Number H08C

111202

Note: * Alsc avaiable per JM38510
Note: ** See STD Wil DWG S862-84526

IKVERTING

KON-IKVERTING

Dual-in-Line Package

1 l ! {
CUTPUT & ——of poe V7

2 —L’ f_ 3
H
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A ¢
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i1 3 €
o b (NvERTIRG IMPUT €
1XPUT A
] I $  mOmJEVERTING
&ruT 2

TOP ViEw

Order Number LM133J/883
LM193AJ/883, LM133AJ-QMLV 7
LA393M, LIM393MX, LM2303M,
LM2903MX, LM393N or LM2303N
See NS Package Number JOBA,
MO8A or NOSE
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Absolute Maximum Ratings (note 10) LM193LM193A -55'C to +125°C
If Military/Aerospace specified devices are required, LM2903 —-40°C to +85'C
please contact the National Semiconductor Sales Office/ Steorage Temperature Range -65'C to +150°C
Distributors for availability and specifications. Lead Temperature
Supply Veltage, V* 36v (Soldering, 10 seconds) +260°C
Differential Input Voltage (Note 8) 36V Soldering Information
Input Voltage -0.3V to +36V Dual-In-Line Package
Input Current (V,<-0.3V) (Note 3) 50 mA Soldering (10 seccnds) 260°C
Power Dissipation (Note 1) Small Outline Package 215°C
Melded DIP 780 mwW Vapor Phase (60 seconds)
Metal Can 660 mw Infrared (15 seconds) 220°C
Small Outline Package 510 mW See AN-450 “Surface Mounting Methods and Their Effect
R, on Product Reliability” for other methods of soldering
Output Short-Circuit to Ground surface mount devices. -
(Note 2 Continucus ESD rating
Cy-erating Temperature Range (1.5 kQ in series with 100 pF} 1300V
LM393/1LM393A 0°'Cic+70°C
L M293/1LM293A -25'C tc +85°C
Electrical Characteristics
v =5V, T, = 25°C, unless ctherwise staed:
Parameter Conditions | LV133A L M293A, LM333A Units
Min  Typ Viax WMin  Typ Max
Input Offset Veliage (Note 9} 1.0 20 1.0 2.0 mV
Inpu: Bias Current Lol ) ©F lip(=} with Output In Linear 28 100 25 250 nA
Range, Vo, = 0V (Noie )
input Offset Current (8- e V& = ) 3.0 25 50 50 nA
Input Commen iMode V+ = 30V (Note 6} 0 V18 0 1 \
Veliage Range
Supply Current R =e= V=5V 0.4 1 0.4 1 mA
V=36V ] 25 1 2.9 mA
Veltage Gain R215 kQ, V'=15V 50 200 50 200 VimV
Vo =1V 1o 11V
Large Signal Response V,=TTL Logic Swing, Vree=1.4V 300 300 ns
Time Vi =5Y, R =5.1 kQ
Response Tine Vg =5V, R =5.1 kQ (Ncte 7} =3 3 us
Output Sink Current Vi =321V, Vi {+=0, Vo=1.5V 60 16 60  1C mA
Saturation Veltage Vi = =1V, Vin(#3=0, g4 mA 250 400 ) 250 400 mV
Output Leakage Current Vin{=)=0, Vi (H)=1V, Vo=5Y 0.1 0.1 nA
Electrical Characteristics
{V'=5Y, T, = 25°C, unless otherwise stated]
Parameter Conditions LMVi193 LM293, LM383 L M2903 Units
Min Typ Max |Min Typ Max |Min Typ Max
Input Offset Voltage (Note 9) 10 50 10 50 20 7.0 mV
Input Bias Current Ling{#) ©r (=) with Output In 25 100 25 250 25 250 nA
Linear Range, Ve = 0V (Note 5)
Input Offset Current () ~lie(=) Ve = OV 30 25 50 50 50 50 nA
Input Common Mode V+ = 30V (Note 6) 0 V+-1.51 0 V+-15) 0 V+-1.5 A
Voltage Range
Supply Current R =2 V=5V 04 1 0.4 1 04 10 mA
V=36V 1 2.5 1 2.5 1 2.5 mA

3 www. national com



LM193/LM293/L.LM393/LM2903

Electrical Characteristics (continued)

(V'=5V, T, = 25°C, unless ctherwise stated)

Parameter Conditions LM193 LM293, LM393 LM2903 Units
Min Typ Max |Min Typ Max |Min Typ Max
Voltage Gain R, 215 kQ, V=15V 50 200 50 200 25 100 VimV
Vg = 1V tc 11V
Large Signal Response | V,,=TTL Logic Swing, Vggr=14V 300 300 300 ns
Time Vi =5V, R =5.1 kQ
Response Time Ve =5V, R =5.1 kQ (Note 7) 1.3 1.3 15 us
Output Sink Current V(=) =1V, V(1) =0, Vo=1.5V 16 6.0 16 6.0 16 mA
Saturation Voltage Vin(=) =1V, Vi(1)=0, lginx=4 mA 250 400 250 400 250 400 mv
tput Leakage Cumrent | Vin(=)=0, Vi (+)=1V. V=5V 0.1 0.1 0.1 nA
Electrical Characteristics
(V+ = 5V} (Note 4}
Parameter Conditions LM193A Units
' Min Typ Max
Input Offset Veliage {Ncie 93 40 mv
Input OFset Curren: lipge o= hipgrm o Vp=0V 100 nA
Input Bias Current I 1 or lgi =t wieh Ouiput in Lincar Range, 300 nA
=0V {Nc:e 5;
Input Cemmeoen Mode V7=30V (Nowe 6} 0 V=210 Vv
Voliage Range
Saturation Veliage Vi ==Y, Vi #1=0, g4 mA 700 my
Quiput Leakage Cumrent Vil =370, Vi . = 1Y, V5=30V 1.9 BA
Differential Input Voliage Keep Al Vi 's20V (or V7, if Used), (Noie &) 36 vV
Electrical Characteristics
(V+ = 5V} (Note 4)
Parameter Conditions LM193 LM293, LM333 LM2303 Units
Min Typ Max | Min Typ Max | Min Typ Max
Input Offset Voltage {Ncie 9} 9 9 9 15 mV
Input Offset Current hrgeer— gy Vo =0V 100 150 50 200 | nA
Input Bias Current lie(#) or (=) with Output in Linear 300 400 200 500 | nA
Range, Ve =0V (Note 55
Input Comnion #Mede V=30V (Note 6} 0 “20] 0 M- D 0 V=20 \Y
Voltage Range
Saturation Vcltage V(1= Vi (#1520, g 4 mA 7CH 7on 400 700 —-m{f—
Output Leakage Current | Vi (—3=0, Vi ,=1V, V5=30V 1.0 1.0 1.0 I
Differential Input Keep All Vi 's>0V (or V7, if Used), 36 36 36 V
Voltage {Note 8)

Note 1: For operating at high temperatures, the LM333/(LM383A and L2803 must be derated based on a 125°C mas
sistance of 170°CAY which applies for the device soldered in a printed craut board, operating in astil ar ambient. The LM1831L W

S3ALE 23N

num juncticn temperatwe and a thermal re-
G3A must be de-

rated based on a 150°C mavximum junction temperatwre. The low bias dssipation and the "ON-OFF" characteristic of the outputs keeps the chip dissipation very small
(Pp=100 mW), provided the output transistors are allowed to saturate.

Note 2: Short circuits from the output to V¥ can cause excessive heating and eventual destruction. When considenng short circuts (o g ound. the maximum output

current is approximateiy 20 mA independent of the magnitude of V.

Note 3: This mput current will only exist when the voltage at any of the mput leads is driven negative. Itis due to the colledtor-base junstion of the mput PNP tran-
sistors becoming forward biased and thereby acting as mput diode clamps. [n addition o tus diode adtion, there is also laterai PN paras:tic tansistor action on the
IC chip. This transistor adiion can cause the outpul voltages of the comparators to go to the V* vollage level (or to ground for a large overdrivel for the time duwation
that an input is driven negative. This is not destructive and norma! output states wiil re-establish when the mput voltage, which was negatve, agan retwns to a vaiue
greater than -0.3V.

Note 4: These speafications are limited to ~55'CxT,=+125°C, for the LM1SILM193A. With the LM293ILM283A all temperature speafications are hmited to
—25 CTp2+85'C and the LIM3B3LM393A temperature specfications are imited to 0'C=Ta2+70°C. The LM2803 1s imited to -40'C<T ax+85'C.
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Electrical Characteristics (Continued)

Note 5: The diredion of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so
no loading change exists on the reference or input lines.

Note 6: The nput common-mede voltage or ether input signal voltage shouid not be aflowed (o Go negauye Ly more than 0.3V. The upper end of the commen-mcde
voltage range is V-1.5V at 25°C, but eitner or both inputs can go to 38V without damage, indspendent of the magniude of V*.

Note 7: The response time specfied is for a 100 mV mput step with S mV overdrive. For larger overdnve signals 300 ns can be obtained, see typical performance
characlenstics secton.

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remans within the common-mode range, the compara-
tor will provide a proper output state. The low input voltage stale must not be fess than ~0.3V (or 0.3V below the magnitude of the negative power supply,  used).
Note 9: At output switch point, Vg=1.4V, Rg=0Q with V" from 5V to 30V. and over the full nput commen-mode range (OV to V*-1.5V), at 25°C.

Note 10: Refer to RETS193AX for L193AH military specifications and to RETS193X for LM193H miltary specfications.

Typical Performance Characteristics 1vm1931m2931M393, LM193A
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Typical Performance Characteristics 1v2903

Supply Current Input Current Output Saturation Voltage
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LM193/LM293/L.M393/LM2903

Typical Performance Characteristics 1m2903 (Continued)

Response Time for Various
Input Overdrives — Negative

Transition
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Application Hints

The LM193 series are high gain, wide bandwidth devices
which, like mes: comparaiors, can easily oscillate if the out-
putleadis inadveriently allowed ¢ capacitively ceuple te the
inputs via stray capacitance. This shows up cnly during the
cuiput voltage transition intervels as the comparator change
siates. Power supply bypassing is nct required 1o solve ihis
problem. Standard PC beard layou: is helpful as it reduces
stray input-outpui coupling. Reducing the input resisiers ic
< 10 k) reduces the fecdback signal levels and finally, add-
ing even a small amount {1.0 :c 10 "V} of pesitive feedback
{hysieresis) causes such & rapid ransition that csdllations
due to stray fecdback are ne: possible. Simply socketing the
IC and attaching resisiers 1¢ the pins will cause input-ouiput
oscillations during the small iransiiion intervals unless hys-
teresis is used. I the input signal is @ pulse waveform, with
relatively fast rise and fall times, hysieresis is not required.
Allinput pins of any unused comparaiors should be tied 10
the negative supply.

The bias network of the LM193 series establishes a drain
current which is independen: ¢’ the magnitude ¢f the power
supply voltage cver the range of frem 2.0 Vpe 0 30 Vpc.

1 is usually unnecessary ic use & bypass capacitcr acress
the power supply line.

Typical Applications (v'=50 Vo)

Basic Comparator

Response Time for Various
Input Overdrives —Positive
Transition

Driving CMOS

60
< INPUT GVERDRIVE = 10C mV

NG
NI T
M

1.0
p 1

30

2.0

QUTPUT VOLTAGE.
Va (V)

P

poms 3
- ™
10

w
= 4
< ——
=32 e
o5 50 - T4=25C
£ 1 e
5> 0 T T
= i i
= i

0 0.5 1.6 15 28
TIME {usec)

The diferential input voltage may be larger than V* withcut
damaging the device (Note 8. Preieciicn should be provided
¢ prevent the input veliages from geing negative mere than
—0.3 Vpe (a1 25°C). An input clamp dicde can be used as
shewn in the applicaticns section.

The cutput cf the LM193 series is the unccmmized collecier
of a greunded-emitter NPN cuiput transis:or. Many celleciers
can be tied together 1o provide an cuput OR'ing ‘unction. An
output pull-up resister can be connecied o any availatle
power supply voltage within the permitted supply volage
range and there is nc restricticn on :his veliage due tc the
magniwude of the voltage which is applicd ‘0 the V™ terminal
of the LM193 package. The cutput can alsc be used as a
simple SPST switch to ground {when a pull-up resistor is no:
used). The amount of current which the cuiput device can
sink is limited by the drive available (whichis independent of
V™) and the B of this device. When the maximum current linnit
is reached (appreximately 16 mA}, the cuipu ransister will
come out of saturaticn and the cutiput voliage will rise very
rapidly. The cutput saturation voltage is limited by the ap-
proximately 604 rg.r of the cutput ransistor. The low offset
voltage of the output ransisior (1.0 mV; allows the output 1©
clamp essentially to ground level for small load cumrenis.

Driving TTL
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Typical Applications (v*=50 v,c) (Continued)

Squarewave Oscillator

"
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LM193/LM293/LM393/LM2903

Typical Applications (v*=50 vy) (Continued)

Inverting Comparator with Hysteresis
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Typical Applications (v'=50 Vy¢) (Continued)

OR Gate
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LM193/LM293/LM293/LM2903

Typical Applications (v=50 v,) (Continued)

Comparing Input Voltages
of Upposite Polarty
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Typical Applications (v'=50 v,.) (Continued)

Time Delay Generator

Split-Supply Applications (v:=+15 vy and vi=-15 Voo

iOS Clock Dnver Zero Crossing Detector

v v

I
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Comparator With a
Negative Reference
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LM193/LLM293/LM393/LM2903

Physical Dimensions inches (millimeters) unless otherwise noted
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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LM193/LM293/LM393/LLM2903 Low Fower Low Offset Voitage Dual Comparators

Notes

LIFE SUPPORT FOLICY

NATICNAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
satfety or effectiveness.

1. Life support devices or systems are devices or
systems which, (@) are intended for surgical implant
info the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

National Semiconductor
Corporation
Americas

Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: suppot@nsc.com

vowve nEtional.com

National Semiconductor
Europe

Fax: +49 {0) 180-530 BS 86

Email: europe.suppot@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Frangais Tel: +33(0) 1 4191 8790

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Emeail ap_support@nsc.com

National Semicenductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5638-7507

Natonal does not @assume any responshilty for use of any cicuitry descnbed, no circud patent hoenses are imphed and Natonal reserses the ngit at any tme without notce (o change said circuitry and spectications
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CD4049UBC - CD4050BC

Hex Inverting Buffer ¢
Hex Non-Inverting Buffer

General Description

The CD4049UBC and CD4050BC hex buffers are mono-
lithic complementary MOS (CMOS) integrated crrcuts con-

stucted with N- and P-channe!l enhancement mode
transistors. These dewices feature iogic level conwvers.oa
The mput nal high

using only one supply voltage (Vg

i) can e ed : Vo, SUpplY voltage when b
oo Y S

i drive and ot
DIL/TIL icads ove

 Grdering Code:

Order Number 1 Package Number |

QOclober 1987

Revised January 1968

Features

®| Vv de supply voitage range. 3.0V to 18V

® O drive to 2 TTL loads at 5.0V over full temperature
ranze

"

B Sy srotecton perals mpat voltages greater

d sk current capadiity

than Vo

Applications
TN S hex mvert

to DTLTTL hex converter

suffer

srent sk’ or s

: CDASASUBCOM ! WM1BA

S-Lead Smalt Oating int

CirLat (SOICS, JEDEC MiS-012, 0.150" Nantow

N16E

0" Wide

NM15A

. Connection Diagrams
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Schematic Diagrams

CD4049UBC
1 of 6 ldentical Units
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Absolute Maximum Ratingsote 1
(Note 2)
—0.8V to +18V
-0.5V to +18V
~0.5V (o Vg + 0.5V

Supply Voltage (Vo)
Input Voltage (V)
Voitage at Any Output Pin (V1!

Storage Temperature Range (Tg)

-65°C to +150°C

Recommended Operating
Conditions (e 2)

Supply Voltage (V) 3V to 15V
Input Voltage (Vi) OV to 15V
Voltage at Any Output Pin (Vo) 0toVpg

Operating Temperature Range (Tx)
~4C°C 1o +85°C

Power Dissipation (Pg}

Dualn-Line S0 mW

Small Outine S5CO mwW
Lead Temperature (T}

{Soidering, 10 seconds; 250°C

DC Electrical Characteristics meote 3

CD4043UBC, CD405CBC

Note 1: “Absoluts Maxmum Ratngs” are thase values bevond which the

fety of the devite cannot be g
zvices should be of

rantedsd they are ot meant toimply that
al these nmts The table of "Recem-

! !
Paramater |

Symbot | Conditions

-40°C

Wax | Min

Hin

Units

S nput Voitag

)

B

mA
mA

mA

'
o

A

mA

mA

o

i

HA

uh

weaw Horchildserm.com
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CD4049UBC - CD4050BC

DC Electrical Characteristics (continued)

exceed this vate for extended pericds of ime Iq, arid I, 2re tested one cutput ai 3 time

AC Electrical Characteristics otes)
Ca0<suBC
T,.=25C,C =50pF R =200kt =t= 20 ns. uniess otherwise specified

Note 4: These are peak output current capabiliies. Contriucus output current 15 rated 3t 12 mA maxmum. The output current shculd not be ahowad to

Symbo! Parameter Conditions Min Typ Max Units
)4

TopL s Time Vpp - &V 30 €5 s
NVop - 1OV 20 40 ns
15 30 as
g me 45 8S ns
L 25 45 ns
20 35 ns

Min




Switching Time Waveforms

Vin

Vout
CD40490B

Vpg
Voyr
CD40506
ov

' Typical Appiications

CMOS to TLL or CMOS at a Lower Vpp

77 = )
|
: ¥eo Veo
cc it va )
£40S [\\\\‘ 08
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i GRD \ GND
| % ]
i -1 3 - 4

* [ cnegasusc
| coaosoe

Vop2

oy
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CD4049UBC « CD4050BC

e

0.228 —0.244
5791 6.198)

PhYSICaI Dimensions ncnes (miimeters) uniess otherwise noted
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PhYSical Dimensions inches (milimeters) uniess otnerwise noted (Continued)

0.740-0.750
(1880-1981)

@ 5] [l 3] 62 [Tl [l 8l

INDEX__
AREAT T

) : :
PIH NO. 1/ CO — 3 PG, 1
oot~ O 1 B (AT ST (6] T 08 it

OPTION C1 OPTION 02

0.130 £0.00%

{3.3024C.127) —™

NifT ROV T

16-Lead Plastic Dual-ln-Line Packa
Packnge Number N16E

12408 BUILIOAUI-UON XaL + 10408 BUILIBAU XaH DEOS0YAD » DBNEYOPAD

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROvVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herem:

1. Life support devices or systems are devices or systems 2. 4 caitcal compenent in any component of a iife support
1 whose fadure te performi can be rea-

which, {a) are intended for surgical implant intoc the
body, or (b} support or sustain iife, and (cj whose failure
to perform when properly used n accordance with
instructions for use provided in the labelng, can be rea-
sonably expected to resuitin a significant mjury to the veveve fairchildsemi.com ,
user. ]

to cause the fatdure of the ife sup
e or systeni, or (o affect its safety or effectiveness.

Feirchiddees ot asan® a1y resporsitilty foc use of oy druty descrited no gt paa cerses gv nudec 2t Famndwseras 6 i d 2y tine At nutive © chevy s3d oTuty @ spedfeic



Ordering Code:

= — TR October 1987
FAIRCHILD
Revised January 1

eleic
SEMICONDUCTOR v
« .
Quad 2-Input NAND Schmitt Trigger
General Description ® Equal scurce and sk currents
B Noimt oninput sse and fall ime

The CDA4093B consists cf four Schmutt-trigger crcuits. A on !
Each cirout funclions as a 2-nput NARD gate witn Senmat- B Standard Boseros cutput drive
trigget action on both nputs. The gate switches at different B Fyste 15 voltags {any inpul) Ty = 25°C
pomts for positve and negatve-gomg signa's. Tne differ-

W= %00
auce hetween the positive (V) and the negatve veltage L v

V= 2.2V

defmed as ny " %

/N 7. 7\

Vit

Vit )

Order Nurmiber | Package Number ; Package Description
SCM i i idA 114-Lead Smat Qutine Integrated Circwit (STIT EDEC WS-720, C

TAlead Pastc Dua-lnLme Pacage (POIP:. JEDEC MS-001, 0.30¢

T

Ly amtier Nt

Connection Diagram

Pin Assignments for SOIC and DIP
Yoy [ G 7 L ¢

Ry
S|
LGl

14 13 i2 1 §

5 ic 7

©
c

A & 3 € Ve

Top View

e

1999 Fairchld Sermiconductar Corporaton DSOS 2 prt’ w archidsem . cem
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CD4093BC

Absolute Maximum Ratingsuote 1 Recommended Operating

iy

(ote 2) Conditions wote 2
! C Supply Voltage (Vo) -0.510 +18 Vg DT Supply Votage (Vop! 31015 Vpe
‘ Input Voitage {V, -0.8 tc Vpp +0.8 Ve Input Voltage { Clo Vg Voo
| Storage Temperatws Range (T -65°C 1o +1580°C Gperating Termperature Range (Ta) ~40°C to +85°C
i Power Dissipation (P} F
i Duai-n-Line 700 mW
Smiad Outime 500 mwW

tead Terperatare (1]

' DC Electrical Characteristics mote?)

Symbot Paciimiter Conditions

i

!
|
!




AC Electrical Characteristics ote 4

Ta =25°C, C_ =50 pF, R = 200k, Input t. t — 20 ns, unless othenwise spectied
Symbol Parameter Conditions Min Typ Max Units

tor - toLm Pmgpagaton Delay Time Vap — 5% 300 450 ns

Vop - 18V 120 21 ns

Vop ~ 16V 8C 160 ns

L. e Transtion Time Vpp - &Y Qg 145 ns

Vg 50 75 s

40 60 ns

{Any Inouts 523 7.5 pF

Per 24 pF
i
!
i
|
|
|
i
|

A W wehildsemicom

Jg£60vad



CD4093BC

i
i

| Typical Applications
|
|

Gated Oscillator
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|
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Typical Performance Characteristics

Typical Transfer

Characteristics
5 T T
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CD4093BC

AC Test Circuits and Switching Time Waveforms
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Physical Dimensions inches (milimeters) uniess otherwise noted

1L LERDS

~d Smiall Quttine hitegrated Circisd
Packs
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D4093BC Quad 2-Input NAND Schmitt Trigger

-~

{

PhySica’ DimenSionS inches (millimeters) unless otherwise noted {Continued)

e —————

0740 0770
{16 80— 15 56) 1

MIEK ___
4REA
PINNG 1 AT v PN ND. ¢
1DENT T 2] &) 1 8as] 12 OENT
0080 py 0030 MAX
(2.3441 {4.262) Derit
QPTIOK 1 DeTI0N 02

¢1354¢Caus

w5
i

14-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N14A

LIFE SUPPORT POLICY

FAIRCHILDS PRODUCTS ARF NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF TRE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used heremn:

i 1. Life support devices or systems are devices or systems 2. mponent in any component of a tife support
| which, {a) are mtended for surgical implant into the whese faijure to perforn

cted o cause the faiure of the life s
tem, or tc affect ts safety or effectiveness.

tain ife, and (c) whose failure
tc pedorm when pio ly used in accordance with
wmstructions for use provided in the labeling, can be rea-
d to resalt in a significant mjury {o the vewevs fairchildsemi.com

body, or {b) suppert or e
s

sonably exy

user.
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