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ABSTRACT

This abstract offer a machine that checks for Pressures Leak Tester. The working
principle of rmeasuring consists of a sensor. Pressure is sent to the component to be
checked and then back to the analyzing monitor used for checking in order to expend the
signal to become standardized. Then send signal to analoeg monitor to be converted into
digital to the photo analysis by using Microcontroller PIC16F877 units for analyzing and
display to 7 segments.

The objectives of this project are to be used as a medical analyzer to examine the
quality of Saline Solution in order to distribute an efficient product. This machine is capable
of checking Pressute Leak Tester from 0-760 mmHg and show. The results on 7 segments

and buzzer.
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e i) 4 RCOT10SQMICKI
Power-up 3 w - rouTiosvcer?
7 Timer o Tt B RCZ/CCP1
- - 4 57 4 RCMSCKISCL
Instruction | Oscillator % A RC4/SDISCA
Decode & -5 | Startup Timer ‘!'
Contro} s RC5/5D0O
Pawer-on B . o 4+—=X] RCEITX/CK
— wRese‘ 45 45 RCTRYDT
Aoty miry . latchdo!
IZH—-., Generaﬁon S Titner 3 PORTD
OSCHCLKIN Brown-out ! 4 ROOPSPO
OSC2CLKOUT Resel ] ROUPSPT
In-Circud = RD2/PSP2
Debugger i mi RO3/PSP3
Low-Vollage k = RD4/PSP4
Pregramming Paralle! Slave Port[72 M RDS5/PSFS
4 RLS/PSPE
4 RD7/PSPY
PORTE
MCIR Voo, Vss <] REWANSRD
------ +—[DJ REANBWR
=< RE2/ANTICS
Timer Timer) Timer2 10-bit A
in I g i
i I[ | It
(N i
I I I
Synchrongus
Cata EEPROM CCP1,2 Sarial Port USART

E‘ﬂﬁ 2.1 amﬂ@%anﬁmm‘lﬂmaaﬂmmaa% FIC16F877
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2.2.4 MIAAHIIURILANNIIVEI PIC16F877
1 wianadldanailenahafiumhsensduuunat (Flash)ifimwne 8 fls
Aeloalu 1 I5avaspIC1eFe77 fimna 14 Tn
2. wizsamaaimbanmaduiiwsen awa 256 Tud
3. whsmedunirieiumsimme ot RaeesSivuawindays via
LaseodlWd (Register File) 1w 368 o
madhRamihaenairembealszirananmy (CPU) melululanaulnsawadansnsom
YludnmosTaumss Tondon uasw St lanfsiainas FSR (File Select Register) ¥viiiilu
manmUANMsHEIEA NN 1.5’1'a“lu‘[ﬂ‘mau‘[mama%ﬁmu@numé"q'?iﬁmum‘[ﬁ'ﬁa;‘fﬂmaqmmé&a
'aJ3r‘]ﬂm‘1ﬂLﬁu\mu’ﬁm@a§mé"a (Instruction Register) mnﬁqundasia T dinsaTnania e
muqu‘lmfnma%ﬁgmmmﬂsl,u‘lﬂmﬂau‘[mamﬁ nastsda lUmuauvbasameaiaeges
Tatunsastiafindnt (Multiplex) erag
1 PIC16FE76 & Iviasaaniimaiewa 8 i 1 6, 2wia 16 e 2 dnlfanaiaas
(Prescaler) Vi Tnsunsnld mm-m%uﬁrutymﬁwgmﬁa QINMEUBNLEEME U
Tu PIC16FE76 flnsmasianiioaiowe 8 99 1 ¢, 2wia 16 Oa 2 §1fainaiaes
(Prescaler) fenansolusunsale mmin%uﬁtymwmﬁuwmﬁgamnmuuanuasmtﬂ.u VUL AU
Afiaea@s (Arthmetio Logic Unit : ALU) fmnnn 8 fin ludanvasnaiadunaiowivalu
PICI6FE76 Sdneii 3 Wose (Port) aawedn A wodn B uswoda ¢ laufiveda A 16 fnfe
RAO-RAS shuwasa B & 8 Dnfia RBO-RB7 uazwoda C & 8 Umda RCO-RCY
2.2.5 M53021289 PIC16F877
laseavlrsaiansPIC16F76 swninmas Hruldidu 4 ngu fa
1. ngsan e dim 8 2 1 As0SC1 / CLKIN (a1 9) way OSC2 / CLKOUT (1
10)
2. nguanenuay 8 111 § MCLR (1 1)
3. e SaBuwa e 1 22 11 widuzwade A 6 nldun RAO-RAS (1 2 B
an 7) rwade B ldunian RBO-RB7 (0 21 Bemn 28) uavamwate C léiun RCO-RCY
(a1 11 T 18)
4 nq'mﬂwémﬁ 3 91 @0 1 VSS (1 8 uartn 19) vdameianTdiuarn VDD (120)

=~
visamen Widus UndlE +5 liad
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PDIP

\J 40 [] == RB7/PGD
3¢ [] =—= RBE/PGC
38 [ =—= RB5

37 [ «+—= REB4

a6 : -—e RB3IPGM
35 [] -+——= RB2

34 [] =—= RB1

33 [] e RBO/ANT
32 [] =— vop

3 [] -—— V3

30 [] ~——s RD7/PSP7
28 [] =—= RD&/PSPE
28 [] =—= RD5/PSP5
27 [0 «— RD4/PSP4
26 [] =—= RC7/RX/IDT
25 [] -a— RCE/TX/CK
24 [[] +—» RCHSDO
23 [] =—s RC4/SDI'SDA
22 [] =—e RD3/PSP3
21 [] =~—= RD2/PSP2

MCLRvPP ——= [
CEETAN J—
RAVANT a—a ]

RA2/ANZNVREF- -w—e ]
RANANINVREF+ e []
RA4/TOCK! —s ]
RAS/AN4/SS =— ]
REO/RD/ANS ~—e[]
RE1/WR/ANG =— [
REZ2/CS/ANT a— [

VoD — []

A1 R— E

CSC1/CLKIN ——e 7]
QB8C2CLKOUT g ]
RCO/T1OSCTICK] w—a ]
RCUTIQSICCP2 e []
RE2/CCP1T tumatem ]
RCISCK/SCL =[]
RDO/PSPQ e—e ]
RDPEPT =+—[]

== I - I R SR

- @
o

PIC16F877/874

ha
o

'gﬂﬁ 2.2 e Mg PIC16F877/874

2.2.6 matioudnygaawdAmiun PIC16F877

mtlendgannanfiniliun PIC16Fe7s vild 3 35wy o laaldatnTol 3 sUun e ¢
rurnuaniudafiulses (RC Clock Circutt) lemfinislauuda$ (Ceramic Rasonater) uas
f3emaa (Crystal)

1. mateudyanannAmlagldidhmumuesdfiuiezy (RC Clock Circuit)
maaudgesndnimanzdmiuailddunaGesnmuusuduanstismm
'uaammﬁ'umﬁmtmmmﬁm L'f]uﬁ'ﬁmsﬁdmﬁﬁ@ LLﬂﬂ%ﬂUﬂ?SN‘lﬂL@%‘lﬁEjﬂ

2. matloudaynnosAimlaeldedanea
'N’aﬁﬁwLﬁmﬁmmmmﬁmuuuﬁﬁmmL'?"iuamqqamn dawalimaenaauieatums
miasnmunsdeulisunssmishidamhasinganty TnedygomAmideu
Tiun lulaseaulvsaiaad PICI6FE77 axgnmsad 4 wh

3. ntlandygnanimlaslfenfinalowns s
matiandyanosnfimiae lendinslawaaiiddoda sl masdiyym

WIRNAQUATWILAEANNIENATIGee)
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2.2.7 Sawzdygramndnuarladsmahnueas PIC16F877
SyanoenRmauvmaas OSC1 (Oscilatorl) axgnmasig 4 udutintiu 4 439 imuendiu
fefygnonniini Q1 Frdygnannin Qandygramnidin Q3 uavtedygmwAng 04
P v, '
ikunssianina$(Program Counter) MuwdRgazfndduvng adafidaedyqinnndim anda
I € ¢ a X .4 ¢ ' .I U oaa . I3
sunsanlieafiRnmauddsgninadainmisaned sunsunntiudngymsuant (Latch)
. o ] 1 1 E
Foyasmdaulhidinmatad Aedygnosndim Q4 Mdnsgnooesiruanindfnd awaiadu
malugedygrosninm Q1-04 vidamelu 1 Indasasdygnomndim
as - v ¢ ] [ [ o v
WNBEIM I NHLEIA NS T Rz ad T s RMuM U sENanad
gaslulnsmanlniaees PIC16F877 wudilslasnaulnsaae$Piciers77 aghaulanlfdymnm
1 & o y 1 -l 1 1 ] - o
wiRnuien 1 gneiavilednds uadyanosnfmmies 1 gnasgnideaaniiu 4 damahmuadong

* e L] L3 A’
I IDITW ﬂwmm‘m QUMW

Q1 | Q2 I Q3 I o | i | ol o3 | W | oot | 2 i 03 I Q4
OSCL S N AT NV NV e
I o PR
Q2 TN TN /TN vl cun iy oy e
05 I paL) WALl pang N umdmmolu
N Ve N ST P N
re K P 4 ) 4 X
OSC2CLKOUIT N e T N N
(liwp re) | S

L fiad o0y \{i[

o
L B o

dadisimduecn | whdhdacec-n |
dingfisihdarey | wdadbidiec-n

-

B

AABAARIFHPC+])

511 2.3 uwuflusasdaasmwnauaa PIC16F877

lefiamavnamu (nstruction Cycle) va9 PIC16F877 wiadiu 2 loda fa mawaduas
MTENTane Usenaudae 4 Alaéia (Q-cycle - Quadrature Cycle) da Q1 Q2 Q3 uay Q4 ms
weuassnadmdmaslulrmaulmane fasiidmeamdhuun sl PipeLine : mavhand
wanud i liudasiunaum vhoesineamumes  Wafasiifeosfama oSt
namin dadRynsshedovil Toefiendoind 2 Sunou Wornmiluudn 1 dunou dafumauns

f-c'ldd n: “O.al o m o dnAf..‘;| ,,A’
IWGTRNH ﬁﬁwsdmm,wm'ﬁmﬁma\lﬂwuw WIDH®) ALUMT IBNTAINATINEUNIIY



et 1 | 1Bngdad 1

wWad 2 Snaend 2

et 3 Bngand 3

e 4 W

Wed SUB1 | 1Bn%die SUB

914 2.4 manamun Tl ¥ lu pciers??

Fhathaisunasiisuansmamadendeda Ui wianmfummsndfaded

Movlw 055 heh 0x55 snifiuiTRTamas W
movwf  PORTB vhdeaahfiulA7aSames PORT B
call SUB1 - Bunlusunsntenfidfadn SuBl
bsf PORTA.3  fumaizadayalu PORT A faft 3

[l + = [l dlﬂd o [y nl.u 1 v o ] [ .é’ dl 1

F23987 “WaT" (Flush) vianetd 'tmnmwﬁwqﬂmummnawmm‘lmﬁ‘sﬂﬁu Waganeed
yamsaummuaoLeanTe  (Address) snslsunsugasfidaanselaatlvinnu fanamuuuiiay
-1 A Aa W, - NV, ‘[ ‘L AL i | 67 s.'.\lu
Weru Waddgnssinadaieaiumanselen wansiduiuiigiashmamasadosia lwsan
i ﬁﬂﬁ%ﬁqmmmﬁmu‘lﬁmﬂamﬂu 1 éfamavham Wom 1 ldavesdygudm meidla
w X 1 é "-
Srwnetidond e (Pipeline) Foduifiossnnlulileslusiwsiwes  (Microprocessor)
alelvisd

daniadedadadiu byne faludaf 1 wiastumddayeldunys
wadasgnindh lof A luiiameindduidlnded 1 QU mmiusmdasldfunnessia way
sitlusiiumaanaagumealuinlndaf 24 02-04) lnamvualiludladan 2 wihoanudh
Fosafi lifiudlaiafumid (Operand) avgnam wasgnidovdayalvsidhluunuiiufladad 4
2.2.8 NSAANITUUILANINYDY PIC16F877

mSememiasaNdwad PICI6FS77 wiseanidi 3 dam davidasenudilusuny
whsannhTagauseiiea e UaEEPROM

2,2.8.1, Viasa NN lLswNsY

. . : ) d ¥
whtenindlUswnIneas PIC16F877 Shimbhaanuiuuwnarmansofiaellsunanae

umhsamaat e iule lsunsuusr ansynauund
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PIC16F877 & Wsunsuetiend (Program Counter @ PC) awie 130@ fisansnsna
dumbhanmaild 8K X 14 duvk Insfidumisianneaas (Reset Vector) agfisumis
0000h wasdumsBuweasiwd newas (Interrupt Vector) agfishumds 0004h wazilaminuas

Jufn (Stack) 8 S¥eR

PC<12:0>
CALL, RETURN 13
RETFIE, RETLW 7
Stack Level 1
Stack Level 2
-
L ]
L ]
Stack Level 8
RESET Vector 0000h
L ]
2 ~~\/14_
L]
Interrupt Vector 0004h
0008h
Page 0
07FFh
0BOOh
FPage 1
On-Chip OFFFh
Program <\
Memory 100Ch
Page 2
17FFh
1800h
Page 3
1FFFh

31]17'1 2.5 My¥nasmhaenNslUsunIngne PIC16F877
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2.2.8.2. wuaEANNNTRLA

- , o w ) o @ a A 4 _ fu Fu a

WURABINUT Uﬂ’)?NQWﬂﬂNﬂﬁi@iﬁJﬂ'}‘iﬂﬂﬁﬁlﬂu 2 Ehﬂ B W umae‘;‘mﬁmaﬁaﬂ*ﬁumm
(Special Function Register : SFR) LarAufimassameasidonily (General Function Register ;

GPR) mﬁ@ﬁmﬂwmmﬁﬁas&aﬁ’o SFR uax GPR avgnuisaaniiu 4 W@ (Bank) %«ﬂuﬁag
tiannslimuinly uasiameiiaifufienes maminmifauined 18laumadeniifia Reo
uat RP1 Ustneiind i 128 Tud uaednidiug sasstaziued anfiufiogaasdiamna Siaitudiens
waedmdnluarifufiogua: Bawedldmuily Sagnlfvfioutuuseily

nadrdemisemnsiiaysasnsainlssulannss (Direct) wiouuladas (indirect
thumdsiaaaiifanuiadoss (File Select Register : FSR)
2.2.9 TsmaiaIuANIRY PICI6FST?

T PIC16FE77 Sanaimunniifiumnmdaiay 6 60 fa

2.2.9.1. Fsaef STATUS

FrEd e Fldusmsmusnindiaenanizanmbenlssnananeadinensas douy ms
vhaemad PIC16Fe77 uaslfifiushrimiamadonuundrasmhannnddoys msdhilssiasas

STATUS esnuszidandayamusonssilddneitmadeniunmemuasdaniiamatohou

ansaf 2.1 Neaudueaaiame Wiiaaes STATUS

fof s 7 ila 6 iip & fio 4 i@ 3 19 2 s 1 i 0
RW-0 R/W-0 R/W-0 R-1 R-1 R/W-X R/W-X | RIW-X
IRP IR1 RO TO FD Z DC C
2.2.9.253ma25 OPTION
Hhudisiae Fenunumsiuaadmdandygnmmenen
et 2.2 Tnasdusedaei o Wiiaeas OPTION
D e 7 iin 6 im 5 faa | a3 | dm2 | a1 i\ 0
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEG TOCS TOSE PSA PS2 PS1 P30
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2.2.9.3 $3d0a5 INTCON
G A A G 1A “ a a € € A A M
Lﬁm'eaﬂmawm‘umummm‘mmmﬁﬁrytmmaumaﬁwm NLLEJ@L@TH@%WI 0x0B duviumm

LY A = [ SV 4
G ﬂl‘HLTrNﬂ'l?BH 11D ITNEG

519 2.3 Neasduarasiadhe o WEideas INTCON

Tm9 a1 7 1% 6 in 5 i 4 {ia1 3 ) fim 1 a0

R/W-0 R/W-0 R/AW-0 R/W-0 | RAW-0 | RFW-0 | RAW-0 | R'W=x

GIE EEIE TOIE INTE RBIE TOIF INTF REIF

2.2.9.4. o lUsunsasaniiaad PCL uss PCLATH

TUsunsuenioas (Program Counter - PC) WhiSimmaifiwhiiasumisuesinsadatl
'ummhﬂmmﬁﬂmmmﬁ%ﬁqaxﬁaa‘lﬂﬁmu

Tsunsuenhinaivsa pc lu Pic16Fe77  flawia 13 0 wiadu 2 dw fa S3deas

: A 1 -4 F=9
Tsunsuiaiaesiude w3a PCL (Program Counter Low Byte) #3ludniifiwa 8 fa sanan
1 = i .cild d = - 1 1 =) s 15
unat@ue alaues Wanianauniiofiaue 5 Te ‘lummmmumawawnaadﬂvl,oﬁ”'[@umq
FasmFumsdenuasa e uEIsiaas PCLATH laeS3aeas PCLATH awiimsiiudizas 5 da
@ )

pulsunsuenimasiuasmomenasg 5 dauvasdlusunssanioailudgs (PCH)  fidailia

=\ 1 1 i - z : - L] J
Tsunsseniimastinms wane nsidhan Feanfisuwianssyneids CALL %3 GOTO

PCH PCL
12 8 '7 o instruetion with
PC | | | BCLas
2 POLATH<4:0> 8
5 'H’.__.: _ . 1] H=d [L:..::_‘;?_':::.:: ALY
(LT TP ]]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | i | sero, caLL
AN
" PCLATH<4:3> o
2 b I=—=—===  Opeode <10:0>
LI PT T[]
PCLATH

o ] % '3 §
35]\1 2.6 MM EIYIBWHBN"ﬂﬂ'] uiuTﬂmmu ENULEIDS
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2.2.9.5 HuHn (Stack)

Tululrsnaulysamed PIC16FS77 Iddnarraudnvaailwmimmnd o lFlumadu
capslsunssemimeiiamld 8 swdy mniimmwmsduedoR o dRganheeas pC lundd o i
Fuadlumudniidiuen po luedef 1

2.2.9.6 33Maas W

Tt llnsaaulviainat PIC16Fe77 H33amasi i lummionimdnds Sasaas W wn

wBruieuiyinlasreulnramaiiuahu « Faned w desldtuianfiyawas (Accumulator)

1
§ el el

din PIC16F877 nesendemiafinmanssimenss w aufviiane Manefadasmamslautosya
A |73 o edede -3

viramIaTdaLdagyasnynsasnes W

2.2.9.7 %aﬁtﬂﬂ‘ﬂﬂa‘ (File Register)

A sialal € o - ] w A A [ el 6‘3 o

Winaan PIC16F877  amaatinendasaguaadn Jmsdenusntiaaivimueh
dnadmadhfsunnlrefan s usnwnsuidaya

Haeadld@sumaimnnliiten RawasWd Register File) Hawe 8 fe uardlia
aua iRy Agninvusshinassursla iufuasin 68 67 axlaiunaima i ldouaths
dey

v & Sal & o
2.2,10 Manfd3ismasuasdasazal PIC16F8T7
1. ﬂﬁL%ﬁﬁﬂHﬂﬁLLUUﬁ%ﬁﬁﬂﬂ {Immediate Addressing Mode)

v
[

v oA o A g [ LA = 2 Y . e
ﬂ’]iL‘mﬂ\']'?Ja%aLLUUﬂHﬂﬂuclﬂuﬂﬂEﬁuﬂ’ﬁlﬁmﬂﬂﬂ'}@\‘]ﬂI@El@]ﬁ\'] ﬂ']ﬂﬂ’]‘ﬂ‘ﬁ‘ﬁ;@@nﬁdﬂ
cll 1 L] ] A v E woAd 5 A = § w | s oA
NEITRNNUAAIY (Literal) SINNLSAERDT W WIBLANEILALADT FIDENDBINTEIN

v G & v oAa v oA o 2N L4 -
LLE{@NFL‘WL‘W“ﬂ\Tﬂ'ﬁﬁﬂﬂﬂ‘ﬂﬂﬂﬂﬂﬂﬂﬂﬂiﬂ‘l@ﬂﬂ movlw k I@Em k faeHIw
2. msvhfiadasanuuleanse (Direct Addressing Mode)

oA v - v oA A e § v o o
ﬂ’ﬁlﬁnﬂ\ﬂlaHﬁLLUUI@U@]j\‘]ulﬂjuﬂq'ﬁmqﬂdﬂaﬂyﬁmiaiﬂﬂ'a@'laim')Hﬂqiﬂwwu@LLa@Lﬂiﬁ'ﬂ

]
)

Feammidhfisachaingay viasvgriiatadiiamedi'e dadhnenaCrt Temp 1
o oA & € et e d
M NFasmMmednsamadTisnaidsietadl Temp

3. madhistieyaulaedon (Indirect Addressing Mode)

2, & -1 Aol o S 1w Ad [ o £ a4
mah i lunsdifidaimsfodatuitamainaas drluannduai
Inlasmaulvsaiaes PIC16FS77 aviiaawas FSR (File Select Register) way3a
a5 INDF dnlumsiesauuloason Raeas FSR wnfidusteninss

] o d' | X | 7] | T [l 2 3 -1 [1 =
gpavhpanafidaInaditie usvhmssudoyai 9 aInTaameT INDF #iae

S

nan e li3asaes FSR Wumuasnassuayiddnas INDF fiudmastoye
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A -2 w &
4. mahfsedayauundiiug
7] 1R [¥] t’: |1 o ) oW w6 1 1
mavdhfermdayauudiiuitiasssnaumemsd i dniusrassremiaszning
Ha v w A v 2 A - [T
LaAesEn S uduuiuLaneTandasnsdn iy leafinislgasaslsunsy
1 0 y A : L) w L7}
Lmﬁma%l,ﬁwmmumé‘muaﬁmuﬂ%’lumiL‘ﬁ'wﬁaiayjaﬂuwuﬁ‘ Ao Retlw
ATSLIUMTIEE NG LM YMAaanIEe (Offset) a9u3Tawmas W udnhlusaufiuen
§ 5G v ] - c‘ o v oA [T ] zdu e L
gadlsunsumihmastasldamrauenetatamiianufidainmsdnns madhisuuiifigadite
a | a v owu - v v v ' a . |
Ao ssusharaiamasaiueuiuuaaeIafidasmmthtdas lxifin 256 dumls
2.2.11 M41%97% Input / Output Port
- v a 1 oA [3
lulnsreulniawens PIC16F877 ivedndmiudadaiugunssimenan 3 watw Aa waia
A fawe 6 6 uaswasa B fiu wase C Howa 8 On usiazeas PICIBFS77 s1ansnanunsee
panldgege 25 Defuant] wazmansosunszusgegasion s 20 fnduaand Waldlwifes +5 Tad
wiitami i LED avdasiiansrudlnamasamanngnmdnly ueadh gWaes +3 Tad f
fManTniaziy LED (9ilaziese
2.2.11.1 Wase A wazdadieas TRISA
[3 [ § = ~ - el o & s " I o I'4
wase A uweiauuudasfienma funa 6 do BIsmairhvusiiemamsthavactaystamata A
#0 TRISA dadamalfnudhdunedoadoudaya 1 Wislaidaanaivuaiiduduwe wauh
Y P [ ¢ & % A w M e a A v o ¢
windiasmalfrwiuasiwafasdaadidoya o lidefidensiiduaing
dwisumananade A Jefl 4 %30 RA / TOCKI fanuuanenannndu o assiind
= a = [ A , v 4 A - = W
avfihsasefiavBninas (Schmitt Trigger) dodhfindunammzantilfifundunaSudynnomfim
mevandgmsLan nlinasmtees TMRO mglu
wo v ;A & w = r=y
maman A Hafafindniuuenwisanduwe(Analog Inputliasuawiaan Vrif Sune
fadeimsldaufagimanimus eadaninduins e Clearing/Setting)ifinaaulnya(Control
Bit) WS3m@as ADCON1(A/D Control Register 1)

L3 A G [ - 2 G = - a [
‘BDA'JLW‘]L’JEJ?QEI‘U-SL’JﬂﬂﬁﬂﬂdWﬂﬂA%zWﬂ?W%Gﬂ% L]JMLLQW]GE]T]BHV‘{@]LLaﬁﬂ'lwuﬂﬁaﬂﬂLﬂH

2.2.11.2 Wesn B uasiisinad TRISB
3 [ o - o et el £ s a ' 2
waseBiunateuLusashiemuiiowe 8 fa Biseastivueiiesmematemaadayaye
wad®m B fa TRISB marvdafismaasivuaiindieaiy TRISA
wwiazrramads B mansndanwadnlamihmaedsiie RBPU Wd3aea’ OPTION
LLazn1maﬁwaanUnLﬁﬂIﬂﬂé‘quﬁﬁLﬁaﬁmudﬁwa‘?m B Wwaming wazuannnimsyagwazgn

a_ A a ¢ a G
HALANMN AR TR DU I
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uguresnan 4 1 Ao (RBa-RB7E M duriomanmareuntAuuussdayavia
weudyanowame’a B wenswdulifiems nanda seanansnfudynnoduee g dawe
ifuduna(hioreaRB7 Salataviladmemeezbiswoiudynoduaesinld
anfaylubmasilamshouligunicifensiune Swlalealigmaimstunes
SwelgansovhnaeAtSBuma e e
1. snvBadmnvadn B athelaachailsasinbivgemeviem
2. \ndwsiia RBIF
3. Wi C uaridaens TRISC
wasa C unasauuusasiisma Sowa 8 e Hideeihuuefiememsiionas
Foymuaawade C fia TRISC
ol C asadinEnduiaffugunsohediaannang uaswedn C H8viimmat (Butten
ynadunauuLsfarinine? davnmedwiiia (Bnable) Hedfugunaniea aaasislumatimuad
yaafia TRIC uarbunagunishaisaninisloneslsd (Override) fin TRIS darnvualeiliiu
Bunwav3alo 1w LAZARTREMANBLIT AT bﬂ%msasé’wﬁqﬁqdauqﬂnnﬁm‘%mﬁ
adneadsdmsnsein TRIS Wgndes
22113 madulsunsaiefmmafemszoinesa
Gurnmrdenusduasiiaaninalufiuued 1 Teumsiedia RPO luidmens STATUS
s ‘0 vie 1 Jadlumatmdefiemeiiduunevdeidve lWidiaaat wate A
wose B uay wase C sssnimbsdiafideamsrmualasueaiarafidrsfaazasafiy 0x05, 0x06 s
0x07 @NEIFL BafAeuesinsruatiiamns TRISA, TRISB way TRISC lWlaess
yEsnnmatmuefienseamesaud fdssimadanudaesiisimadivalindun s
wusd 0 Waduudasudayafunefneden learwumedisined wetn A weda B uar wada C
Fnfida nwdaila RPO 20s3ianaT STATUS
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3. Sanmarenadustiug AnTnmesteedunnaumsiasenauedig 28ufe
ot fusvBuneBafiunudifiengs wassansnimuerimuademnnsanarassasld

Toeldmmsu VR Wesidien azlfodwasmiiesduasiivisaasges

o b v
1“’1\1335?’]?] anukuLUuua 8\161

R, =R xR, =V, =V,)R, =VR
V, =V, x L (2.2)
VR +1

WA M TYEN IR AN LA 9289 A NNAUTFAIN SARLIAN
{(Myua Span)
- v | oda W A

dhufl 2 2anETEEFy MR TINEANNLANGAT BATIMITUENVNNLUAHS
= o » [ s - [ ar d' 2
filouuuuay fmatvuegamamvuagadsdslasmmlFusyauivassfdaumnaediuan Non-
Inverting pavaatuasliiemarvuage Zero #a39as daguil 2.9
inMvueAty ™ Commeon Mode ot Voom flu Via uaz Vib
# savuoni A 9l Vaa = Voom @ savuaa] B apl V2b = Veom mmzasiu astiifien

uculuihenaton Ra vensai avkisnizualvaniu R3 uazasih i va = V2a dniuacld
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vV, -V, _ V,a-V,b 23)
R, +R, + R, R,
VINAUFNLIGUE sothanteeldh v, =1,

V.-V, V.-V,

—_ta i (24)
R, + R, + R, R,
YR
vV, -V, = (Vza ~Va )Rs + R, + R; (2.5)
R4
T
L=1,
A
Rl Rl
VaRszRf =V.R -V, R
V.R =V,R ~V,R, +V,R,
V.R =V, (R1 +R, )_ V.R, (2.6)
" V3
R
V,=V|~*+R
3 b(Rl ZJ
(2.7}
AU o Vv, =V,
VR,
=_4d R+R.)-V.R 28
o*Yi R] +R2( i f) f ( )
T R =R,
R, =R,
1¢amms

V.R =V,RV.R,
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eimums

aulamn

fviua i R3 = R4 = R5 azlém

U 2,10 WITRTNBFYYIMTIA

(2.10)

(2.11)

{2.13)



28

. [ an
2.5' Mmauilasdyannusnsaanidudyginainas
mswasdyueuzaaniiuiyy nifAinea (Analog to Digital Converter : A/D) flams
warwdygnofiduiyonuaursan @0 Sygrandmadfouulaedvdatian gu seeuges
wsaslni e Smasnszuatiih fiudw Winaadudygradineatodluglsessegusos
a L v “"A‘ [Ty aq X 1 (%7
fe 0" fu 1 Gafudromidduadiuiaifugaana
RefidsRann lumaiasdygnoeusaan Wiiygnniaanariv 26l
anuasdueTarRTulasiyanamanraenduiyannidaas Tuagiudmauiinanawaied
swudnzenadmannwhls awsuBoaresmsuasdonnessenudasdiygnaueusaan
-] ao [ - 2{ :; X ' [y o [ 2 = o |5L |
dudygnadineaiagianniuidimmzhussuduneddaminanmmniinrsnfensuaseg udag
+1/2LSB 8¢ -1/2L8B arhilnanisvidaimdwatassesulasdynnouongaeniudygnudians
Fhathadu mauasussdiu i IFdudunmdisearwe 3 da weweaztlisznaueay DO, D1
way D2 laufi DO WiniaffenudFysige (Least Significant Bit (LSB)) uasle D2 Wuiiaid

ANNEATYEeEa (Most Significant Bit (MSB) ) ﬁmﬂmh;ﬂﬁ 2.10

————=p3
Analog Input |:> A/D | m-p1 Digital Output
1))

i 2.11 malaadynauenssanitudynmdineg

Qmﬁm:rmﬂumaq@Nﬂ%‘maanml,ﬂmﬁrytyml,ausaaniﬁtﬂué’rgqnmﬁ%@aa 3 Ja 2l 1
1SB dinuuh s 1 had deadtetoudunmissdudandu 0, 1 uay 2 Tad wndnadléay
i 000, 001 uaE 010 enaE e TnnusseuduweRTaudsnSiedwesdn 1wy ussduduns

+ oW g '3 [ A 1 1 i [V i 1 '
whity 1.25 Toadl iondined aTetnadiu 001 ag) Aidhiaehelifmmehussidunaitioudhanitday
Tughs +172 LSB A -1/2 LSB axhiflnadamdine

v & & Ll v A 2 l ) 6 3 [

Fovhu asdiuldnusssuitlawdanaglugag 05-1.5 lad idwaeesssidasdyn i

G oy Loy [ A ) @ 1 y B oo = o [

wavzaaniuigannidinaa fdfwmafienidiu 001 agaase ustmnussdubuneiidhiiu 1.6 Tiad
€ ay A a G na -4

Lamwmﬂmmﬂu 010 FeanuAewaaIaITLRIF D MLaUERanud I UAInaalm

v o 2 A ﬁl [ o aa
axdasiiieti lumsfiavaanuusesulssdiyg aususasnifiudygnadlasaidus
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Digital
A

111 —

110

101
-1/2 LSB

100—

Ik __+1/2LSB

011

010—

ann.
L1110} T ] T

I
|
:
|
|
£
1
001 |
|
:
I
]

vlnpui

O =
o
-3
00—

sl 2.12 emuflemmeransanmladygaueurrandhidyanuiinea

NN 2.11 uaas s asdynawenssandudynudises iasnsouan

» ]
=

anananene e husssduwaiienemsuanesgasusduionndy 1 LSB whiofissyliaasmlag
an t woa \ludg . ° 1!/ A

Funnuiaussanidudyginddnaausnauuand e ussuaun e laddu asaaaviiv J59

uwsesuitiasfige lnumadindiulngenadvarasnsuladyanauansasemiuiygiu

~a v X
mmaaﬂmmnw

2.6 ANNAK (Pressure)

2.6.1 ANNAULATHUINIAANNAW (Pressure and Measuring Units)
anueuasils (Variable) ﬁmﬁmmnﬁmﬁa ArvassusBu & uIEuU (Process
Measurement) mmm’im‘lﬁ‘lugﬁ‘nmmmﬁu%aéu i
1. ms¥aeh Folw muuldsiadnunwasiam ifamemaduinimamades
2. myfasvirnaraamar umauslaglindnmeiaanududnaiuas fAa
AINFUGFNLEH (Static Head)
3. myiagoumnfuninvasmanunsenhy (Filed Thermal) Lﬂ?\luumqmﬁﬂ“ﬁi]u
FmsdunauLds g s e
ANAETL ML Lmﬁn‘s:ﬁmaaﬂ'wﬁajwLﬁa\lacluLLméy’Gmﬂuuﬁuﬁﬁﬁmuﬂ e W F

- P ° A & dd o A v oaa A ‘1!&
AR LNNNTEM, A @8 WUNNZNNIEI, P fa M uAUNnNeds 2wie
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P = (2.14)

F
A

A . a L o - % ) G\lb
wsafnThaRianneeamia? (Liquids) M7 vIsuauds (Sclids) 1ilel
wsaninTeyhnimheuiadh (Newton) 1 N = 1kg m/s’ NEasuunud 1 maawasazls

AN = 1 1thaana (@eutia Pa)
1Pa=1N/m" (2.15)

. o ] as .,z 1 1 1 2
AfvavhtenaduilikInde Blaise Pascal usithaeadumiindn sosn Bar dald

o 1 = Uﬂz
ﬂ'MH@%WJEﬂWr’]Nﬂ{]U@]‘UH
1 bar = 100,000 Pa = 10" Pa (2.16)

FPINEI 1 bar 5 SlenInAALeUAAG 1 USTENME Uay 1 kg/om’ 3NN WiaEaaey
“bar " 5@ia‘lﬂmﬂumhammjmmﬂamamnﬂ‘szmﬁ
sBufeuiomheifediau
MANNETULTTEM e AE 320 (Technical Atmosphere)
1 kg/em® = 0.981 bar
MANNEULTIENMAMINENE (Physical Atmosphere)
1 atm = 1.01325 bar
LNl
1 psi = 0.068947 bar
1u;5ﬂﬂ';mzja°ﬂaaﬁmazﬂsaw
1 mH,0 = 0.09806 bar
1 inH,0 = 0.00249089 bar
1 inHg = 0.034531 bar
Teufmua i 1 ussenme = 760 mmHg fulson 0°C uasilanmdsiufiouselineg =
9.80665 m/s"
1 mmHg = @nNsuduiaaneugezadlsan 1mm filsav 0°C Semamuui =

13,5951 g/em’ uavilenamuissdufaanuaaliineg g 9.80665 m/s’
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1 mH,0 = e ududwAaINANGIanh 1 was Aemenamiuiunifl 1 glem’ wavdl
femusEwAnanusIitg = 980665 m/s’
2.6.1.1 ANUGUAAANAY (Pressure of Gases)
L1 1 w ) [ o A 1 oy
Tuanareshausdazinuiuuiaiaugnueaidn « fiedaulmagaaannmlunmoule
stwhefidunfoufiogiiu Suszmuiuasussmuimuiomalusesmauy maeheufingasae e
= u ar X - 1 -4 o o g
mafiauenefiues uanlmeiuaufnma wssmastuiianinanudiuin
L s
v b
m Lﬂuma‘naﬂumqﬂr‘ﬁsﬁ fvviaentiu kg
& A < - & a
v fuemaSisdurasmantaunitasbuanaihes Swieidu m/s

n udnubuenavests furqegiumeuanes 1 m’

ayler b= l nmv’
3
J Ve fo ﬁ
DRI INTA
s I
Qe g
P’
I Ey

51l 2.13 usmemanRaufisadluanais

A ey VLuu v a X . ﬁLv s - A A I v o4 A
et leruamsdauisduwash fenunduadusasmanafouinebianamugeauvitada
v wr ® 1 ] g £ . L
agniadliiRinandnas v liddwamlmanarestade 1 m’ geuwaitldie swilinnue
X
G
2.6.1.2 enuGuAifinanvadiuel (Pressure of liquids)

a waoadd L

gasmarianaiwiuniimenin luneujidteivasmardumsndadaliag

(Incompressible) HilFaufiBuiumauds Malusshdasiag (Compressible) Nazaawvaign
L% L7 ‘ 1 » 2/ (¥ nl é’ d'

vrmaglummuz BuanawasmamaasiunniuliGay o anuuasgai ianasuiatwdon

&
WWN‘DHWQF\’]’INQN‘UQ\‘}?JBGL‘?ﬂﬂ’)ﬁu
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a t:!l o ot ;d 1 a . = o 3 [
ANHNAUNNADINTDIARIANBUYULIENT FUOGONLER (Static Head) Winiaungy 13 L8R
(Head)
& o t4 e L v Py = q [
mmwumsl:w P fa anususinaanyadmad dnuia bar
e 1 I} ] [~ 3
P f18 ANHWRILUTEIIRILART Feglu kg/m

H fia amxgetasmaaman Svvheiiiu m

uay g @0 usalieng fvvisendiu mss?
agler P=h.p.g
P2 P1

51fl 2.14 ugeIONNAUMIAANNYBUNE?

1 o 1w z i & ] °
AaELgfingnasaImmInle NG astuativenavwiLeasssmaILTenash
L 1
THAnauadiniee 136 whasahluugeiviii

Mgl 214 Wumaiaeadlesaduanashassfmeaamar eemsdunngas

P=P1-F2=h.p.g (217

' ] ("

A [ zd i I 3 G e w d. a‘
LT3R LEUUULTENIN N']I'HNW]@? (Manometer) Lﬂm'ﬁmi’mmmmeamﬁmaqmaa

d.il L% l: 1 si = AI A W ] + L7
Lﬂ'iﬂ\mﬂ‘ﬂau’lﬂa%ﬂ'ﬂ’dﬂLﬂ?ﬂd&lﬁ)’)@‘lﬁﬁl&laEJ’]\'iL‘ﬁHiHﬂ'Q"QU%
2.6.1.3 gﬂtmwaammﬁu {Types of Pressure)

L ] [y [ A~ ' 6 a wa =4
suumasemadauaneaiulmagaineds (Reference) Afleuiiugme lumalfiifa:d 4

U

sthiuha
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1. menudiudnyant (Absolute Pressure) snanndudnysologinagoanme e

mvueidwenasiudaysol alidatadarhedu abs'vde “a” U bar,,, Psia w30

abs!

kg/cm’ ﬂ'wmmé’uﬁwsnﬁﬁlﬂumm‘%’ﬁwm%’uslumiﬁwmumamaﬁu‘lmmﬁﬂ T4n

sab

mavmbAvinmasmiialeh
2. ATWEWINA (Gauge Pressure)nduinaazd1oBaeemel (Zero Reference) finvd
AULTIENNA Tcﬂaﬂ'wﬁuanamﬂumﬁqan’hmmﬁumimmﬂ%u‘lﬂ Faenaa e
Ursmetiafafssinimuanis (Mean Sea Level) Senwinfiy 101325 bar, M
To o4 9ale ) Luilanasdiuanenaiiutissanas 5% lumaufiazialamsznm
Fwiiu smdmlvg lugeamnisazuanifiianadiuing wnAusimminida
emduinat; aefidheasiarnaii g Y38 G 1w bar,, kg/cm, Wia Psig
mufanfeudmamadudiysniiuanaiunauds eneiudysoledidannnd 101325
bar %38 14.696 Psi

P,s = P, + Atmosphere (2.18)

3. emaFuAWIHaITUAIA (Differantial Pressure)\fumisuaneneynsuuaneanasay
Guszwhaan 2 30 anasudvineuirasiiefuguifinnudurimaqeiiiadin
whiiu

st vuadueasiuaneasitanerhen D vie d ww kg/em®, Psid wiabar, lu
nTﬂ"ﬁmuﬁ'}ﬂiaaﬁw;'Iummmmﬁmum’;mﬁm’:‘mazm@maqﬁaniaofﬁ@ﬂma@mmmﬁuﬁw IWiTU
Fuafmihuserdanaas Hehemsditrinamiduaiatusas i

4. Vacuuma::é'nﬁamﬁuéﬁmmﬁumimmﬂu,axm%mﬂ%mﬁammﬁuamaa ARy
Iégegaiqreutanseadudiant (Zero Absolute) Vacuum 4 mefiasdunch
ANNAUN (Negative Pressure) fitarivuemizeniucianugerassaamad 15w
mmHg, inHg warasilihtssdiomenie Vac 1w 785 mmHg,,,

laeninfitaemis¥nTesiy Vacuum wiiafiu 4 svsiude

1, sfunan (Medium) Gaue 25 mmHg,,. 19 763 mmHg,,c

2. Te6iufandnage (medium High) Faust 1 89 10° torr

3. TwAUg9 (High) 10° &l 107 torr

4. 3efigege (Ultrhigh) vlaend 107 torr
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Tutafiiu Vacuum g9 wiefilfazFundu tor *1 torr vaneis 1 mmHg" qogudagh

1
el

[ ¢ o 1 AvX A G a o i . S 3 a = o R
fgﬂmmmﬁwsm FohahsamuwnahuAasdun torricelli” HNIMEMENTNIBMA MTURAUNLY

L1

AU 1 uTsenmeilen 720 mmHg

F 'y Ap = 0 p

AnHAuAWIaITEER

ATyl
Ap « P — p
? E

ATHEUND

ANNEU

A msaidy 1013 bar
AFMdTRTNGINT e
P FULTIITF T §R10 ¢
unilanasusne i « 5%
aarudnnaediyIol
{Zero Absolut} Y XooWt .

51l 2.15 LamINTILFELITELANNGIUYI 4 Ty

fhiRasonetnasdanuiud YeauiveImaNaunauase Vacuum Huqaiieafiud
1 1 1 2 1 dl e (4 [V £A dl ]
e Biiauududm iU AsuasTasyUssEme ugieeuduasenndudiuysoifiafuiien
2.6.2 UANMSIGAMINA

MITaaNeL fs MInBoufounnNeuidasn s fuaMuda 18 (unldany

h o [ v oA
AULITTEM AL AL AU 1989)

P2

- o a
IATDIDIA

ATAY ANNAUNT LAY

509 2,16 udmIMTinaMNGU
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m919f1-2.5 whsrasamuduuazanadiusra e luwssushn

F Bs MKSA SI
Pond(P),IB Kg
A Inch’(ST) Cm’ m’
P=F/A | PSI  |InchHO | Kgem' | mm HO N.m’
Inch Hg mmHg

2,6.2.1 ATNANWWSUDIMUILMTIAANING Y

latm =108 kgem® = 147PSI = 760 mmHg = 1.013bar =
101.306 kpa

1kg.cm” = 1423 PSI = 00807 bar = 9807 Kpa = 7356 mmHg

1bar =100 kPa =10° Nm®

2622 S8R G IMIARNGY
TaewialuminadWlumsTaemasiu Sagdutiu 2 ww fio
1. @NaATINGUINA (Gauge pressure scale)
2. FinanNeENYTL (Absolute pressure scale)
ANNUANGITEAINANASANAUAT AN e ag'ﬁe’h WYTBIAENIU A AN
L%T'uﬁuquﬂ‘*?llﬂqmémﬁmn'm muﬂfnNéfuﬁwsrﬁazSuﬁuquﬁﬁfjmzmmﬂaummi
2.6.3 NATPIUMIINANNGI
2,6.3.1 stUUNKIEY0963us (Variable unit)
Tneiluasuambaedia soaniiu 2 seuu fe
1. ixuwmuﬁugm {Basic Unit) %aaxﬁmummnﬁmmﬁLﬂuﬁmmumaammjm
(Prototype) i VIWIEIAIANNET, shwin

2. sruuwdiawas (Derived unit) Ewhefldnnnnmydwnudfimaiyd
IX [} 1 L 13
UM U WIETBIN NG, M Res
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5 sen SI TvuL MKSA 781y BS
m’)LLﬂj dl ] [ [V [ d! 1 [¥] § dl [l [ w 14
Tomawnicy | Sudnuoh | Sawasmiin | Soudnent | Teraaian | Sudnwot
1A flaniu Kg Alantu Kg Uaug P,Lb
AN R m PYob] m o) inch
WA AT m’ FITINNGT g M Inch’
i3 T N Alanis Kg taud P,Lb
W6 1hama Pa nn.m’ Kg/ m° ausyiia® PSI
¢ -4
grLnen m’ qnunen m’ gmneiit | Inch’
158704
@7 e
AU K aeNLa C 2IFNWILIU F
QN ! i
s e

sanmbhuferenlsumehs o Aedliiunnilag 3 sty fa

Sz [ FRasuruenu A asnsmalulad

2. 5511 BS Wissuumsiacadinmsdanne ualdsuennilanatnn

1. 3v0u MKSA dhvsruuiugusiadamastSaes uasilsemeimnmilgls

3. oy ST Whssuumsialnsifimyameannsetliszn MKSA amuifunioni

pehalaid Wasmbszmenmnidiiowmaluladanmbszmesha o dhanduduann wasd

snvhedanasiuhliie 3 Ty e asmumaiemulasinadnwfuThemua

U
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d‘ Fo [ sII’ | 1
@191en 2.7 LLEEIUL‘YIEJUVIW)HWHj’MLLﬁW%’JElLL‘]_JﬂﬂH?ﬁ'JJ‘UG‘IN"]

'Lﬁmmﬁﬁfm/'imu YUl BS JeUU MKSA JeU SI
1Lb 1/2.2Kg 1/2.2Kg
N78(Mass)
2.2Lb 1Kg 1Kg
1Lb 1/2.2Kg 8.81/2.2Kg
wsavFashvin
2.2Lb 1Kg 9.81N
Force, Weight
1 x 2.2/9.81Lb 1/9.81Kg 1N
1inch 254cm .0254m
AT
1/2.54inch 1cm Olm
{Length)
100/2 54inch 100cm 1m
tinch’ (2.54cm)’ (.0254m)”
WuA{Area) (1/2.54)inch’ 1em’ {.01m) :
(10072.54) “nch’ (100cm) im’

2.6.3.2 fUgasness L
o s G £ Y ad s ' v oA
Tsrrumsiaiazmugumigasmne Sflussdesimuballilsnanauasiodula

iaauameAh upsinafiatstananadndula dofl 2 Loy do wwuiusdin uasuon i o
SonnodalaehlUisiudad 2 sy fnan da
1. fygnnenasyuitaunén (Pouematic Signal) Dudnnodesnasgmlfasioe
sumsniuguuudynnn 1 2-3 dnoisha
1.1 Wemuéiuan 0-1 BAR
1.2 Memnuduas 0.2-1.4 Kg/em®
ﬁ’aﬁy%uagﬁuLma'qriuﬁmawﬁmﬁmﬁqﬂmtﬁﬁu y
2, é‘mzymmmjm‘lwﬂw Electrical Signal Lﬂuﬁmtmm"a’@mmgmsl%lmﬁuuaz
naune il Snnnedl 2 Snwowde
2.1 #3984 0 - 10 V N9EUd 0 - 100 mA
2.2 U598 1 - 5V nIsua 4 - 20 mA
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Falaasnnguuuufi 1 Sniflumseauguuuy Analog wasiuu? 2 WustuuATURuWIL
Maoa violdaniu Computer fhundn ethalsidviedynauuuidnuastih fdgalfom

L w o Ay .. A w b
WENETIM YUeadDIeMNUaaanEaE



o
Unn 3

N8Nty ﬂ']‘iﬂ%'m LATNISTNS

3.1 Na

Glud’lu‘llﬂdﬂ'ﬁaaﬂLL'l_l‘]_iﬂTiﬂ%NLﬂ%aﬁﬂ@ﬁau@]’ﬂuﬁu‘%ﬂiﬂﬁ (Pressure Leak Tester) ‘ﬁLL‘LII\‘]
ﬂﬂﬂlfﬂu 2 f‘hu ﬁﬂ ﬁ?ﬂﬁ?%@]tL')%LLﬁS‘ﬁ@wg]Ln% %ﬂiuﬂl’luﬁmﬂﬂ"l%@L'.’J'%T\Jﬁﬂiﬁﬂau\'l,ﬂaﬂﬂ'ldﬂ?‘ﬂEI']EI
Funnumeia wsammsulassdyauueuraaniiudyg udtnes 1AIUILHIBHANTN La¥II9T
LED éhlﬁ’ll 7 ﬁ?“LﬁﬂLLﬁﬂdNﬂ 1%?#’3%‘1@0‘?]’3?\1311”%’%3L{'Hﬁqu'ﬁﬁﬂﬁm‘%adﬂﬂﬂa].lﬂ'ﬂNﬁu%’ﬂWﬂ

Yomlé

3.2 B9auad

1uﬁ1u‘ﬂaam%mn%ﬁmiﬁmummﬁauﬂmm‘sﬁmuéx’qgﬂﬁ 3.1 Fefldnunisnavhausll
AT dyIMmTia aviudynnamsTannndidueasfiad MPX5500  snvinisaeny
FugrowssmTialaedaiiuusasulwihdes 0-5 lad ufdeda hifmeamsulasdyanoweuzann
Wudfynnuidans Tmﬂmﬂmmﬂmé’mmwmuausaanLﬂuﬁmmwmﬁﬁmaaﬁaﬂ’ﬁ g 10 9 Lo
lodwas 1017135 dudutlasdyniaweusasniudnnnnidnaadestaluiiesn CPU dsvanana
anailunsdly Tassnsnandsemsia 1elaensl¥ Keypad a6 Aetadida CPU 1hssnana
Taesn cPU WWuae PIC 16F877 wisanfivhmaussananandafideaniuianiauaning Display

LEsImINMITaEsLlnLLEaILUeh LED et 7 dm

Y

CPU

A 4
Y

Display

5500 Amp D

Keypad

gﬂﬁ 3.1 HIMTNUIBAFSomMAsaLANNIWS lva
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3.2.1 M3PDNLULNITTY WYY IUNITIA

w«mmEJﬁtytymmﬁmﬂmaawmuﬁtytymmwﬁaﬁsﬁ’iﬁlﬁmmmammmﬁawﬁa%
wuehe loefisynmiisusnaeedussgndageliemaditud Folfiams sameudygmns
¥n SnvdasdoumiBduremsliganedifiofarmonssuumuqaudmuldluenadiis de
Soust 0 Hz £ 500 KHz mmiveesylusst] (Op-Amp) s afugunsolemefyg iz
aatuasifanl$foias OPO7 uuendvidfyasee uemIdnyiil

1. SamisueiousdugUille (Open-Loop Voltage) Sieatiug (Infinite)

2. ehBauauiBune e Bume (nput Impedance) Haspsiraleniuasiug vinlinszis

Inaidhandrwaraseatuasiffiohlorsnn dentsesnesgud

3. uasduBuwsaamisn (Input Offset Voltage) NeTugud

4. edaftuendiatsing (Output Impedance) frviawinmdidnhifueud

AseneFygumTind g

vee

A 5| [ 10pF

\-‘F R1d
(3 =

= v3 5

ol [gPu?

! b 7]

TV 2
veeo ﬁ‘/\' 3 A -

' j/ Vin

oPO7
-3

= \

. S 20K
6 Vo Cl3
= us R17
3 - OPD? 20 Cs GNDA GNDA
. - = 10pF
2 Vin
1 GNDA
TEST SV GNDA

d v .
U 3.2 299TPRNYAYEYIUNTTIR

3.2.2 nseanwunlasnswlasiggmuauzsaniudyanaiisea

assmawasiygoweusaeniiudynudsaea 14 lafiued 1CL7136 mwe 10 e fu
shuasynnuauzaenidudy g nuidaea
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m3de [uueEeIdegi 3.3 Ty ICL7135  dasmsussduinadauasdnn mufimain

meuan snsovnalae s Wnssuanse +5 0 -5 v lasusaduensdefarsamenanaziien

Y

SET VRer = 1.000V

ICL7135
VRer IN \J
o— sv o— 7] v- UNDERRANGE
100k §= {Z|REF  OVERRANGE[27
a {3]anaLoG GNDSTROBE 26
ANALOG __ N
GND = TN, 2]INTOUT  RUN/FGLD
100K62 1p—-—-f1u$ l—-——-—-{ 5{A-ZIN DIGITAL GND ov
—-—-——lvw—-E BUF OUT POLARITY
— 100KkS: CLOCK
N ] 7|REF CAP 1 CLOCKIN IN
]
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INPUT
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3.2,3 MIVANUULINASATHING (Key Switch)
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3.2.4 NY9RaNLUUMNITHERING (Display)
2995usaNaarld LED dian 7 dau wungdman 2 61 loesaruwaia RBO-RRY uay

RD4-RD7 nawada CPU nmidenlusunsnlunwadwiyn mldieamasan LED disy 7 dw
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3.2.5 NMSPANLUYINATHNAITIY (Power Supply)

wasunas i uemssulassmiied 2 dauda dnilenugu Solenoid Valve 3
THusadh 24 vdc Lmﬁaﬁqﬂﬁ 16 wazATAWY A IC ATENA 78XXK WAL 79XX Savid
Snseiuusesn loeld was 7805 uswdiulwihnmsuaase +5v 4wl awadnsine e

2asneneden MNTie AlE 7805 Wax7905 ussiulinatuEnss +5V uay 5V Wiiinms uas

Fa3LA 3.7
D4 iq4004
18Vac 4004 |
s D5 i
!
% D6 124004 T 1%,
N400
14 /77
519 3.6 ARTUARIN I I INSEUER T 24 V
J8 7805 vcc +EV
DR IN40M i : ‘Vm +bV 3
=3 i l LS 1 L
CONg D9 04| == 5op ol GiuF [01uF o 1uF
7 —o | b
90-8Vac = | DI0 1Ndo04 t [GND J_
=12
I‘ : O1uF
D41 1N4004 | J 2 Vlrl Voul J
UlO 7905

U 3.7 ssasurase lWihnseuaasy +5 0 5 vV

3.2.6 M32ONUUV9ITUILIIANANAE (Central Processing Unit)

madsnananmwvitn CPU Wlalasreulnsamednamga PIC wes 167877 Ustanana

enuiluisunan 3
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4.1 naIw

Tudhuneuniasnanimmaaauas AN MARaIE U 10NATaINATaLAT NG
Slialdun inefisanddwrafanslanenudulusyiusen 19amnudyanamsin uasua

mm@aaa‘ﬂmLﬂ"%mmﬁaummﬁu%"ﬂ%a

4.2 i ewafisandadugadunstiauanmsuluseducien

et Fasauanadudansovuanaguld s bar  udliwlassomdanusuild
m’mﬂau%umuag'ﬁ 0-760 mmEg 38 0-1 bar Wi %\1LmeﬁwmméhL%utfﬁa‘%aﬂﬁaanuﬂugﬂ
9aausslih 0 bar Wi 0.2 V. uast 5 bar asintu 47 V. lummvasasasnaanammizans
swaielilunamasanFiunm
22,1 TumEUMTNAAES

1. wlvnsengess 5 v ldudhiduees a3 Wulvian a2 funey wesn 118w

1o6Wa

2. ATARBATHE A VRTINS

3. s eI aN UGS SeNe TN 4.1

A 3 o [V € a w1
®1914% 4.1 L'tﬂW'V}l‘@'WlaE]T]@1’1LWL‘ﬁa?ﬂmzﬁauﬂ’l'ING]HSLH‘W@U@]N‘]

. A laanmsia (V) o
Usiauay Anaay (v}
1 2 3 4 5 6 7 8 9 10
100 mmHg 0;285 0283 ¢ 0285 | 0285 | 0284 ;: 0286 | 0285 | 0284 0.284 | 0.286 0.284
200 mmHg 0:372 0.374 | 0372 | 0373 | 0372 | ¢.374 | 0.373 | 0373 0.372 0.374 0.372
300 mmHg 0463 | 0464 i 0462 | 0464 | 0463 | 0464 | 0462 | 0462 | 0464 | 0463 0.463
400 mmHg 0553 | 0.555 | 0552 | 0663 | 0.652 : G.564 | 0.556 | 0553 | 0.552 | 0.564 0.553
500 mmHg 0.642 | 0.643 0642 | 0642 | 0643 § 0644 | 0643 | 0.642 0.642 0643 0.642
600 mmHg 0731 | 0732 | 0730 | 0731 [ 0732 | G730 | 0.V32 [ Q732 | Q731 | 0732 0.7
700 mmHg 0822 | 0822 | 0824 | 0823 | 0822 | G824 | 0822 ; 0823 | 0821 | 0.623 0.822
800 mmHg 0914 | 0912 | 0914 | 0913 | 0914 | 0911 | 0912 | 0813 | 0514 | 0913 0.913
800 mmHg 1_;076 1074 | 1075 | 1.076 | 1074 | 1073 | 1074 | 10768 | 1.075 | 1.076 1.074
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4.2.2 HENSNAADI
! A\Lw A a b Y G
NN @ﬁnﬂﬂ’ﬁ"ﬂﬂaa\ﬁWﬂﬂauﬂuﬂm@numjfw Nﬁﬁ‘i’]ﬂ{]'ﬂﬂ’]ﬂ‘l@ﬂjﬂﬂ’l'ﬂ’]ﬂﬂaﬂ'ﬂ5L‘1_|°HL°§J
1y a o v o v oA v, a v a €U o v
tﬂuLLaﬂNﬂ’ﬂNLﬂﬂﬂ@iﬂq@lwazqﬂWﬂqﬂq A 'Q\}ﬁ?ﬂ‘l@')']n']w’m’]u‘ﬂaﬂgnL‘ﬁul-‘ﬁamuﬁﬂ‘lﬂ'nNQﬂ(ﬂad

wazeeaiuigs IeFygnMmaEnauiidaims

4.3 MINANBINTYNUNATVLRTYRNNNIFIA

NN FYIHMTIA Lﬂmaaﬂmuﬁrummmuwﬁﬁsl%”a‘méft:yrmmmnmmﬁaqma%
LAILIRI9E) Imuﬁﬁrgmwmﬁ%uuwmu&uwgnﬁmﬁqﬁmmﬁuw‘h ﬁd&uaaawumﬁmtymmﬁ@ N
a]ss'fmﬁQmﬂuﬁﬁﬂmaawmu‘luqﬂuﬂc?tu’f'laﬁmsm':mumuqmté’awuiﬂ‘ﬂumwNﬁ@'ﬁ fo dousi 0
Hz £ 500 KHz mavhieaatiasnd (Op-Amp) niFaaduamiaensdyqnmiivangas
43.1 SuaBUNITMARES

1. ﬂisnamwsﬂumaﬁmmmmﬁmmupjﬁ 3.2

2. AATBLAINELLS MRS

A ' o Ve v G § o
3. 'V]'ITTIT'T]ULL?J@“HNT\"]HUGHLWL‘E@'J‘GT]N@T]TNVI 42

M9N% 4.2 MAABINATVLFYRNUMTI®

, % newarBnsesusigynmaia (v} Aladn
Anady
. b AT
wTGUAN | LDIAnATes
A 1 2 3 4 ] 6 7 8 9 10 | dyoruns
Wuand .
in

100 mmHg 0.284 1105 | 1106 | 1.105 | 1,106 | 1.206 | 1.105 | 1.104 | 1.105 | 1.105 | 1.108 1.105
200 mmHg 6.372 1.206 | 1.205 | 1.206 | 1.205 | 1.204 | 1,206 | 1.206 | 1.205 | 1.204 | 1.206 1.205
300 mmHg 0.463 1.305 | 1.306 | 1.305 | 1.304 | 1.306 | 1.306 | 1.304 | 1.304 | 1.306 | 1.308 1.365
400 mmHg 0.553 1.404 | 1406 | 1406 | 1405 | 1.405 | 1.406 | 1.404 | 1.405 | 1.404 | 1.406 1.405
500 mmHg 0.642 1506 | 1604 | 1505 | 1506 | 1.505 | 1.504 | 1.504 | 1.506 | 1.506 | 1.506 1.505
600 mmHg 0.731 1.605 | 1605 | 1605 | 1.605 | 1606 | 1.604 | 1.065 | 1.606 | 1.606 | 1.604 1,605
700 mmHg 0.822 1705 | 1704 | 1705 | 1706 | 1.706 | 1.705 [ 1.704 | 1.705 | 1.706 | 1.704 1.705
800 mmHg 0913 1.804 | 1.805 | 1.806 | 1.806 | 1.805 | 1.804 | 1.805 | 1.806 | 1.805 | 1.805 1.805
900 mmHg 1.075 1906 | 1.905 | 1.906 | 1.905 | 1.906 | 1.004 | 1.905 | 1.905 | 1.806 | 1.905 1.805




48

4.3.2 NANSNARDY
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SualiasaedyynmsfaarfudygnaumsiasmndwreSaanudu mvinsues
Fuonm uwidde lUdmemaasdygsueusaanidudygadinaa dsgia ldladia CPU
Ussnanamaiilsumnty Tngamnsadae anudifiesnasouuaznaiwmamasesld laanmma
Keypad wE IR akE R matsaoHa  Display uaeeenanmmasauiay
weeMLuaa LCD éniaa 7 das LED uat Buzzer
4.4.1 %um%msn@aaa

1. asnaumesne sngamesauemNsLTnadhdheiu

2. REBLA NG PR MAa e

3. ﬁwmséﬂ”‘a@hmmﬁmmsdwﬁm FaasmanmameaeuneuliiueRsmesaLe e

A nefaudnng

4. ynMsenwIumen Error

5197 4.3 HANTNARBUATBIVAFALIANS ﬁu%a‘lwa

umaricaly widwafidhlyTuseuy mmbg) 5 | Enor
{mmHg) 1 2 3 4 5 6 7 8 9 10 e (%)
100 103 | 105 | 102 | 103 | 102 | 103 | 105 | 104 | 102 | 108 | 108 | 3
200 204 205 204 203 206 205 204 203 204 206 204 2
300 304 | 306 | 308 | 302 | 305 | 304 | 305 | 304 | 306 | 205 | 305 | 16
400 407 | 409 | 406 | 408 | 407 | 408 | 406 | 407 | 408 | 407 | 407 | 17
500 807 506 506 509 504 506 505 506 504 506 506 12
600 607 | 603 | 605 | 611 | 608 | 607 | ece | 605 | 607 | 605 | 607 | 14
700 710 | 712 | 708 | 708 | 707 | 709 | 708 | vov | 709 | 707 | 709 } 13
800 Bog | 815 | 812 | 810 | 811 | 812 | 811 | 809 | B0 | B11 | B | 13
90¢ 912 917 912 910 S11 912 g1 910 912 o 912 1.3
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AT 4.4 NAMTNARBIATINARILAMNIUS Iafiana e iorieg 4 Rasmeas

umadigels wiawandhhlusmy mmig) B
{mmHg) 1 2 3 4 5 6 7 8 9 10 e
100 138 | 136 | 138 | 138 | 137 | 135 | 137 | 138 | 13 | 137 137
200 232 | 232 | 232 | 232 | 232 | 233 | 232 | 23 | 2m | 2w 232.4
300 36 | 325 | 326 | 326 | 226 | 325 | 324 | 326 | 325 | a8 755
400 422 | 420 | az2 | a2t | a2 | am | a2 | a0 | a2 | am a2
500 515 | 516 { 515 | 515 | 516 | 514 | 516 | 515 | 514 | E16 515
. 600 618 | 619 | 619 | 818 | 618 | 617 | 619 | 617 | 618 | 617 618
700 726 | 796 | 725 | 76 | 728 | 727 | 726 | 728 | 727 | 7% 7259
800 816 | 823 | 831 | 832 | 84 | 8 | sz | 831 | 8 | B84 830
900 932 | o3 | @ | 9 | e | o0 | gz | 98 | o2 | om 93t
T 4.5 NAMIVIAERFRIMARALAHE MaTie PU 116 6 eBmns
ﬁﬁv“lmﬁmzﬂg La':ﬁﬂnﬁl.iﬂﬂ‘lmzuu {mmHg) ay
{mmHg) 1 2 3 4 5 & Z 8 9 10
100 148 | 147 | 148 | 148 | 147 | 148 | 147 | 148 | 146 | 148 147.3
200 241 | 240 | 240 | 241 | 241 | 242 | 241 | 240 | 242 | 240 240.8
" 300 334 | 335 | 334 | 334 | 332 | 333 | 35 | 335 | 34 335 334
400 46 | 425 | 426 | 427 | 426 | 425 | 455 | a%6 | 427 | a2 425.9
500 520 | 21 | 522 | s21 @ 620 | &2 | sa2 | s | s | sm 621.3
600 613 | 613 | 614 | 13 | 613 | 614 | 612 | 612 | €14 | 613 613
700 7z | M2 | ne | m2 | m2 | 713 | M4 | 3 | 72 | 73 712.7
800 816 | 814 | 816 | 818 | 817 | ®5 | 816 | 85 | 817 | 814 8155
900 97 | w8 | o1z | 918 | @7 | o5 | 917 | 918 | 916 | 18 9166




50

4.4.2 HANTNARDY
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IC1 PIC16F877 161
IC2 ICL7135 16
IC3 OPQ7 361
1ca PC817 261
IC5 LM311 16h
IC6 7805 14h
Ic? 7905 1 61
IC8 1.M358 26N

lolan
D1 1N4007 2§01
D2 14004 8 6
D3 1N4148 14
nmdaaes
a1 BC547 34
Q2 BC557 5 ¢
Q3 MJIE3055 261
grnfiulazg

O 4700uF/1617a61 2 ¥
C1 1000pF/500 380 141
C1 100uF/2501a6 2
C1 10pF/16130¢% 340
c2 14F 2 61
C3 0.47 uF 1
3 0.22 uF 140
C3 01 uF 16 1
C3 10 pF 2 (i]":a
C3 22 oF 2 ¢
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fad v
R1 10 kQ 9 éh
R2 100 ¥ 3
R3 100 8 @1
R4 1kQ g @
R5 20 kQ 29
R6 200 Q 2 4h
R7 330 Q 2 N
RS 470 Q 2 6
R9 16 kQ 241
R10 56 kQ 160
R11 30 kQ 161
R12 120 Q 16M
R13 27 Q 1 61
VR1 1 xQ 2 ¢h
VR2 20 kO 1 ¢
silnaniBun
XTAL1 18.423 MHz 16n
Pin1 26 N 161
Pin2 3N 161
Pin3 2 M 141
Connectl 27 36n
Connect2 39 1
sensor MPX5500 167
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7 Segment 2 G 26
Buzzer HC12G-2DP4L 1 61
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PIN 8 161
Switch Pushbutton 4 11 16 @7
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N&DY 27 x 20 x 13 1 n&nd
AGHN 10x8x4 1 nand
ek 220 AC 14n
ot Pushbutton 2 2 16h
GANG 45 C 1 e
oA 220 VAC 1 A 170
fada Vi dn 4 dh
UG L f”n 5 L3
Air Regulator Y fin 1 6
Flow Control Vi i 167
Sclencid Valve 24 VDC 1dh
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Data Sheet

477, Digit, BCD Output, A/D Converter

The intarsil €17 135 pracision A4 canverier, with #s
ndltiplexed BCD outpid and digit diivers, combings dual-
slope cenversion reliability with £1 in 20,900 courd accuracy
and iz idaally switet (o he wisual display OVRIDEPM market
TFhe 2.0000V fulf scale capadifty, auto-zers. and awto-
pulantty are combingd with trus ratidmetnic aperaticn. alrmost
el diffarential tinsarity and true differsntiat mput. Al
necessary octive devices ara contained an a single CHMOS
IC., withy the exception of display drivers. reference, and a
ciock.

The 1CLT 125 brings togethar an unpracedented combination
of high accuracy, versatility. ard rue aconemy. [t femtures
aute-zare 1o less than 10y, zeve dnft of less than veC
input Diaz currsnt of 1Ds4 ikdax), and rollover efor of fess
than one count. The versatity of multiplexed BOD outputs is
incrensad by ihe addition of severdl ping which allow it 1o
apergte i more sophigticetad systems. These inclule
STROBE, OVERRANGE UNDERRANGE RUNHGLD and
BUSY lines, making il poasible 1o interface tha amut G a
mxcrbpmcassm or YART.

a5
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ICL7135

December 2000 File Number 3093.2

Features

Accuracy Guarant2ed to £1 Count Civar Entire 220000
Counts {20000V Full Scata)

sugrantesd Zero Readmg for % Input

tp& Typical Input Leakaga Cusrend

.

True Diifferantial input

.

Trus Palaly at Zero Count for Preose Null Détaction

Single Reference voltage Reduired

Chverrangs and Undarrange Slonals Avadable for Aute-
Range Copabiity

All Oiiipnsts TTL Compatible

i3

glhinking Outputs Gives Visual Indication of Overrangs

S AuxiBary lnpusOulputs are Avaiinbls for Interfacing (o
UARTSs, Mitropracessors, o Othar Clrcuitry

Muttiplexed BCD Outpuis

COrdering Information

TEMP, PKG.
PART NUMBER | RANGE ("¢) PACKAGE NO,
WOLT 135CP) {670 [2RLPOIP EEB
Plnout
1oL7182
(POIP)
TOP VIEW
v [F] 28] UNDE RRANGE
REFERENCE [2] (VERRANGE
ANALOG COMMON (1] STROBE
INTouT [4] a5 R
Az [3] 73] DIGITAL GND
BuUFF ouT [€] 73] POL
REF CAP . [7] 28] CLOCK I
REF CAP + [F] 47} BUsyY
N0 [B] i ILSD) D1
IN HI [TG [15] D2
v [ 18] D2
S0 DS [6 D4
{1.58) B [73] 7] (rsSE) B
B2 T3] B4
1 THAUTICH Thage devioas ars senslive (o gEctastane dischergs Doy socer iC Maadl g Frgcedurss
: CESTNTERSIL of 300725713 gl andd [isagn 8 0 tademark of inusreif Cwpovacon. | Cepymnght @ imersl Comporasion 2300
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Typical Application Schematic
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Absolute Maximum Ratlngs

Supply Voltage v+ TS +HV
Ve s 8

Analeg nput Yellage (El!he’ Ingns) Note 1) Rl -A

Reference input Yellage (Edber inpin). ;. .. .. Vitow

Clock inputvoitage ... ... ... ....... . GND lo V+

Operating Conditions

Temperaturz Range ., . .08C 0 TO°C

CAUTION:

Thermal Information
Therma! Resistance (Typica’, Note 2 .

PIHP Package .

Rasimum sundton Temnerature

tAaximum S

davice at tresa or any olber covxlitions sbove thooe indicaled it e opemsioas! Bections of IS specibealion 1o et Inpled.

NOTES:

1 Input voRages may exceed the supply votiages provided the IR current is Imited 1o + 100pA,
2. 82 Is meagurad with the componeant mownied on 3 kny effective thermal conductivity test board In free alr. See Tech Briel TBATS for d&lai's.

prage Temperature Rangs .
taximum Lead Temperatute {Solcering $6s) .

Hya (70w
54
As0t¢

8500 15 15000
. 300PC

Stresses adove thooe listed o ABSOINE Marimiem RMings 1wy ceude permanent damage lo the dewice. Tia i o shesa oy mhng and opembon of the

Electrical Specifications

Vit = #8V. V- = 8Y, Ta = 259C, Sk Set for 3 Readingss, Unless Othenwse Spectied

PARAMETER

TEST CONDITIONS

I MIN | TYP | MAX | UNITS
ANALOG (Noles 4. 4)
Zerc input Readng Wiy = OV Ve = 1.000V ~U0000 1 +0c0n0 | +339000 | Counls
Ratlomeiric Srrer (Note 3} Vi = VgeF = 1.000V ] i} 43 Counts
Lingariy Owver + FUll Scake [Eqror of Raading from Best Sraght Line) -2V < vy £ +2V - 0.5 1 LS8
Differential Linearity {J'ffierence Between Warse Case Step of Ve ViND 2V - 0.0 - LsB
Adigcent Counts and Keal Step)
Rofover Ertar iDiflerence Iy Reading for Equai Posilive aad ~Vipg = HVp 2V - 0.5 1 LS8
Negative Voliage Near Full Soate)
Neise (Peak-2o-Peak Value Nol Exceeded S5°% of Times, ey Vin = GV, Full seale = 2,000 - 14 - v
Input Leakage Cufrens, Ik Vi = OV - 1 10 A
Zero Reaging Driit (Note 7) VIN = OV, 0°C to 70°C ) 0.5 2 e
Scale Factor Temperalure Coetticent, Te (Notes 5 and 7) Vi = +2V, 0°C to 70°C - 2 E SpmeoL
Ext Ref Oppmi°C
DIGITAL INPUTS
Clock in, Run‘Hoid (See Figure 2} Ve 28 2.2 - v
WiNL - 16 X} v
INL Vi = 0V - 002 e ma
lirgH Y = +5V - 0.1 10 pA
DIGITAL OUTPUTS
Al Quiputs Yo Iesy ® 3 GmBA B 025 040 v
B1.B2, B4, B3.01, D2, D3, 0%, U5, Vgy to = -1MA 24 12 - v
BUSY. STROET, OVERRANGE, UNDERRANGE, PCLARITY, Vor  |lon = -10uA 4.9 4,95 - v
SUPPLY
=5V Suppiy Ronge W'+ +d =5 +5 W
BV Supply Range, V- -5 -5 -8 ¥
=3V Supply Currént, 1+ fo=0 - 1.1 3.0 ma
-5V Supply Current, |- fe=0 - 0.5 30 ma
Power Diss:paten Capacltance, Cog ¥5 Clocs Frequency - 40 - oF
CLOCK
Glock Frequancy (Mot §) | DC | 2000 | 1200 ] kHz
NGTES:

A Testedin Aﬁ:’g diglt (20.000 count) circuil shown in Figure 3, (Clock frequency 120kHZ.)
0 Tested wain o low deiecing apserpilon integrating capacitor the 2TLINT CUT resisior shored, and Ryt = 9. S22 Companent Value Saiecion

Discussion.

5 The lemperalute range can be extended to 10°C
higher leakage ol the ICLT135.

and beyond as long as tne auto-Zero and referance copacliors are inCreaseda io absorb the

& This specificalion ridiates to the clack frequency range averwhicn the ICLT 138 whl comrectty parform its varlous funcions See *tnx Ciock
Fregquency™ sectdon lor limitaduns on the clock frequency range In a syslem
7 Parameter guaranierd by design or characterization. Not producton lested

e . ——ar .
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ICL71358
SET Vggr » 1.000V
e ICL7135
Vogr IN e \_f
i svo—fTIv.  unDERmance[H]
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FIGURE 3. ANALQG SECTION OF ICLT135
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Detalled Description

Analog Section

Figure 3 shows the Black Diagram of tha Analog Section for
the ICLT 135, Each measurement eycie is divided into four
phases They are {1) pule-zers {AZ). (2) synakintzgrate
{INT}, (3) de-integrata (DE} anl (4) zero-integrator (Z1)

Auto.Zero Phase

During auto-zerg, three things happen First input hicih and low
arg disconnectad from the ping and internally shorted 1o analog
COMMGON Second, the reference capacitor is charged to the
referance vokags. Third, a feedback 1009 15 closed around 1he
system to charge the auto-zero capanitor Caz 1o conipensate
for offset valtages n the buffer amplilier, mtegrator, and
comparatar. Smee the comparatar is incudad m e joop. the
AZ accurscy is limited only by the notse of the systsm in any
casa, the offsel refarred! 1o the ingug is 1955 than 10w

Stgnal Integrate Phase

During s«gnal integrate, the auto-zero foop is opened, the
mtemal short is ramaoved, and tha intemal input high and iow
are conneciad to the external pins. The corverter then
integrates the diferential vohiage batween IN Hl and INLO fora
fixad tima. This differentizl voliage can be within o vads
common mode ranga: within one volt of either supply If. on the
ofhar hand, the npul snal has no redurnowath respect to the
cenverter power supply, IN LO can be ted to onaleg COMMON
2 establish tha comect common-mods voltage At the end of
Hys phasa. the polanty of the milegrited wgnatis latched into
the polarity =/F

De-integrata Phase

The third phase 15 de-integrate or reference Integreate Inpw
low is miernally connecled to analog CONMDN and input
high is connected across the previously charged refarence
cagacitor. Circuitry within the chip ensures that the capacitor
will ba connected with the correct polanty (O cause the mie-
grator autput W return {o zero The time raquired for the out-
put-lo relurn 10 zéro is proportional to the input signal.
Spadifically the digital rasding displayed 1s.

N
OQUTPUT COUNT = m.oua[v.'.'}_]_
REF

Zero Integrater Phase

Tha final phase is zarg integrator. First, input low 15 shorted
to anaiog COMMON. Second, a faadback loop 1s closed
around the sysiem 10 input high (o cause the integrator
output 1o raiurm to 29ro. Under aormat conditon this phase
lasts from 100 10 200 clock pulses. but after an overranye
convarsion, it 15 extended o G200 clack puises.

Differential Input

Tha mput con accept differanbal voltages anywhere within the
comuman maode rangs of the mput amplifiar, or specificatly
from 0 5V below the pasitive supply to 1Y above tha negative
supply In this range the system has a2 CMRR of 86d8 typical,

Howevar, since the integeator also swings with the common
mode voltage, core must ba exercised 1o assure the integrator
output does not spfurate. A worst case condition would be a
large pasitiva commen-mode voltags with a near full scale
nagatve differential input voltaga. The negative input signal
drives the mtagrator positive when mast of ts swing has been
usedd up by the posiive common made voltage, For thase
crtical apglications the integrator swing can be recurad to
less than the recommendsd 4V full scale swang with some
lass of accuracy. The integrator outout can swing wathm 0.3V
of gither supply without loss of linearity.

Analog COMMON

Anatag COMRON is used as the inpul low return during auto-
zere and desntegrate If (N LG s cliffarent from analog
CORMMON, & comman mode vollagew exists in thé system and
15 takan care of by the excetlent CMRR of the canverter,
Howaver, It most applications IN LO wilf ba set al & ixad
kneavny vollage (power supply commes B instance), In this
opplication, analog COMMON should be tied to the same
point, thus removing the common mode voliage from ihie
convester, The reference voltage is raferenced to analog
COMMON.

Reference

The relerence input must be generated as a posilive vollage
with respact to COMMON, as shawn i Figure 4

Ve

)
REF Hi 1 & 7EHER
ICL7135

COMMON

FIGURE 4A.

Ve

6.8ke2

Ve

REE HI 20%2 I(?LSOSQ
L1134 REFERENCE
COMMON

FIGURE 4B,
FIGURE 4, (SING AN EXTERNAL REFERENCE
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Power Supplies

The ICL7 135 15 designed to work from 152V supplies
Howevar, in selecied applicalions no negative supply is
requirad Tha conditons to use & single +8Y supaly are

1 Theinput signal cans be referencad to the center of the
comman mode range of the convertar

2 The signal is less than +1.5V.

Ses “differantial input” Jor & discussion of the effects this will
have on the itegrator sying withaut ioss of linearity.

Typlcal Appllcations

Tha circuils which ilow show some of the wide variety of
possibilties and sorve to ltusirate the excepional versatdity
of this AD converter,

Figura 7 shons the complate crouiz for o d‘rz digd (£2.000V)
full scalay AD with LED readout using the ICLAHGEE a5 a

| 2V temperature compensated voltage refarence. It uses
the band-gag principal 1o achieve excellent stability and low
nois4 at reverse curanis down o SCuA The circul akso
shows a typical R.C inpus fitter. Depanding on the
application, the time-constant of thus filer tan be made
faster, slowar, or 1he filtar delsted complately The ’!2 dign
LED is driven from the 7 segmant decodar, with e
reading blanked by connecting a D& signat to RBLinput of the

decoder. The 2.gate clock eircuit should use CMOS gates to
mgentam good pover supply rejection.

A sutable circyit ‘or driving a plasma-type display is shown
0 Figure & The high valtage anade driver buffer (s made by
Dionics. The 3 AND gates ond caps dreving “Bl” are needed
for intardigi blanking of multipla-chgit chsplay elemenis. and
can be onitiad d nol needed The 2 Sk and 3kt ressions
set the current levels in the disptay. A simdor amangement
can ba used with Nixis'™ tubes.

The popular LD dispiays con bs intarfaced 10 the outpais of
e ICLT 135 with suitable desplay <irivers, such as the
ICM7211A as shown in Figure 9, A standard CMOS 4030
QUAD XUR gate is used lor displaying the ‘.’2 dign, the
polarity, end an “overrange” flag A swular cucuil can be
used with the 1ICL72 124 LED dnivar and the ICM7235A
vacuyum flucrescent drivar with approprisie arrangements
mads for the "axira® culputs, Cf course. anather Tult driver
circuit could be gangad 1o the ope shown 1§ raquired. This
wouid be usefut if addironal annuncators were needed. The
Figure shows the complete circuit for a 41y digit (£2 000V)
AT

Figura 10 shows a more camplicatad circut for driving LCD
disptays. Here the data is latchad inta the KCM7211 By the
STROUBE signal end “Cvermanga” is ndicatad by blanking the
4 full deguts

5y
3 Y
Bk 3 v s g N3 e W
: 1508 7447
L8059 , | g
- -
1 ulpen  E e .
ANALOG ol B B1
GHD = 724, C 82
$00K: [ EAZy Di. GND g S; ]
[G}8UF OUT POL[Z :
[Tjrc1 CLOICK [2m G y 4
SIGHAL 5
DT [ 5]#c2 BUSY []]
INPUT LO ot [
IHPUT HI D[ 47K
0378
04 [T :;;”
B3 [}
B4 E
. J
I € RCHETWORK

NQTE.

1. For finer resolutian on scaie factor adjust, use a 10 L pot or o smas pot In senes with.

@ fixed resisio”,

FIGURE 7. 411‘2 DIGIT A/D CONVERTER WITH A MULTIPLEXED COMMON ANODE LED DISPLAY

"~. GEORGE SAME OFFER

| @ Tosc = D.45RC



ICLT135

v +5

= IHEAAE & [~

) G RBOPROG:;IE:,‘
T T L1 —° |res 80 a

+5y |1 VOLTAGE BUFFER D1 885 § 40
A
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FIGURE 8. ICL7135 PLASMA DISPLAY CIRCUIT

+5V 41, DIGIT LCD DISPLAY
;_*
BP
23POL | ' CDSTIT ‘
20010 Chaod1_ Jur
::D D
1902 ; “ 1202
T+ [""“
1803 '—:-LJ'—\ A
17 04 4= ™ 2104
'_'__'l+ _____ J
16 B “‘\l £DAgT 083
15 B4 "*\l 2982
18 B2 =
JIR D, 2881
1381 T "P I
| U
1208 ICM72114
26 STROBE
21 OR
L35

v
), CD4030

FIGURE %, LCD DISPLAY WITH DIGIT BLANKING QN
OVERRANGE

A problem sometimes encounterscd with both LED and plasma-
type display dnving is that of clock source supply line vafiations
Smics the supply s shared vath tha display, any variaton in
voliage due 10 the display reading may cause clock supply
volinge modulation. YWhen in overrange the display alternates
behweon a blank display end the CO0E overmangs indication

This shift oecurs dunng the reference integrate phass of
CONVErsicn causing a low display reading just ofler overange
recavary. Both of the above circuits have considerable curent
Aowing in e dighal supply from drvers, gle A clock soure
using an L1311 vohage comparator with positive feadback
(Figure 11} coutd minimize any ciock frequenty shilt protdam

The ICLT 1235 is dasigned to work from £5V supplies
Howsever 1if o negative supply is not available, it can be
generated with an ICE70G0 and two capacitors (Fiqure 12),

interfacing with UARTs and
Microprocessors

Figure 13 shows a very simple interfaca hetween a
free-running ICL7135 and o UART. Ths five STROBE pulses
start the transmission ¢f the five dat words. The digr & word 15
DOOMXXXX, eligit 4 i (QDIGOCK. digit 3 15 0 100XXXX, ete. Also
the polarity is transmitied indirgstly by using it to drive the Even
Parity Enable Pin (EPE} I EFE of the réceiver 15 held low, a
parity flag at the receiver can be decoded as o positive signal.
ne flag as nagative A complex arrangemeant is shown in Figure
14, Here the UART can instruct 3w AD te beain o
measurement sequence by o word n RRI The BUSY signat
resats thae Data Ready Reset (DRRY. Aggin STROBE stans the
transmil sequanee. A quad 2 ingat nwltiplexss is used o
superimpose polaniy, over-range ard undesrangs onto the DS
word since in s instanca i is known that B2 = B4 =B5=0Q

For corrat! apestion its impostant that the UART cieck be fast
srough Wiat each word 15 transrdted bedira the next STRUBE
pulss arves, Farity is locked inta the UART at load time but
does net change in this copfracion during an auiput stream

Circuits 1o interface the ICL7 135 directly with thre= popular
nECroprocessors ara shownin Sigura 15 and Fiqure 16, The
BOBNER4E and the MCBBOT groups with 8.bit buses nead te
have polatity, over-range and endes-range multiplexed onto
the Digit & Sword - as in the UART circult. In agch case the
microprecassar can instruct the A0 when o begin a
measurament and when to hold this measuremernd

Application Notes

AnswarfAX
NOTE # DESCRIPTION poc. #
ANO1E  ["Selecting AID Convertars” =016
ANG7 ["Fhe Integrating A/D Converter” am7
ANG18 |"Do's and Don'ts of Applying A'D 18
Lonveriers”
ANOZE {"Low GCost Dightal Panet Meter Designs” 023
AND2E  [*Butding an Auto-Ranging Didki Using jiit)e )
the BOS2AT103A AD Convenar Par
AND30  |"The IGL7I24 - A Blnary Quipus 4D Erucd
Cemvener for Microprecessons”
ANO3Z  [Understanding the Auie-Zero and §592
Commen Klode Performanss of the
ICLT 136775 Famit™
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I

FIGURE 15, 1CL7138 TO MCE800, MCSE56X INTERFACED

A

ICL7135
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18R sy o =
T2 3 4 5.6 78 1A 25 3A 0 13 2B 18
LT T T 1] ‘i||||‘
D4 03 D2 D1 B1 B2 54 D4 D3 D2 D1 B E.l\zalaala 2
N e &
Ni—4 DS STROBE g3z 0
L7135 -1 05 p, El
1 STROBE |—
POL RUNRTAT [——0 +5V RUNHOLD 5y
BUSY f— |—e-AMAo
MpE 10K
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FIGURE 15, 1CLT135 TO MCS5.48, -80, -85 INTERFACE
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Courtesy of Analog Devices, Ine, Used with permission.

ANALOG
DEVICES

Ultralow Offset Voltage
Operational Amplifiers

0P07

FEATURES

Low Vg5 75 |1V Max

Low Vg Drift: 1.2 pV/°C Max
Ultra-Stable vs, Time: 1.5 pV/Month Max
Low Noise: 0.6 pV p-p Max

Wide Input Voltage Range: 14 V

Wide Supply Voltage Range: 3 Vio 18 V
Fits 725,108A/308A, 741, ADS10 Sockets
125°C Temperature-Tested Dice

APPLICATIONS
Wireless Base Station Controtf Circuits
Optical Network Control Cireaits
Instrumentation
Sensors and Controls

Tharmogouples

RTDs

Strain Bridges

Shunt Current Measurements
Precision Filters

GENERAL DESCRIPTION

The QP07 has very low input offset voltage (75 1V max for
OPO7E) which is obiained by trimming ar she wafer stage. These
low offses voltages generally eliminate any need for extemnal null-
ing. The OPO7 also features fow input bias curcent (£4 nA for
QPO7E) and high epen-loop gain (200 VimV for OPOTE). The
low offsets and high open-leop gain make the OP07 particularly
useful for high-gain instrumentation applications,

The wide inpur volrage range of £13 V minimum combined with
high CMRR of 106 dB (OPOTE) and high input impedace pro-
vides high accuracy in the neninverting circeit configuration.
Excellent linearity and gain accuracy can be maintained even at

PIN CONNECTIONS

Epoxy Mini-Dip ('-Sullix)
8-Pin SO (S-5uthix)

[A] ¥os TRIM

-IN[2] Y+
#IN H" {&] ouT
CE e

RC = NG CONNECT

Vo TRIM [1]

high clesed-loop gains. Seability of offsets and gain with fime or
variations in temperatare is excellent. The accuracy and seability
of the OP07, even at high gain, combined with the freedom
from externai nulbng have made the QPOT an industry standard
for instrumentation applications,

The QPQ7 is available in two standard performance grades. The
OPO7E is specified for operation over the 0°C 1o 70°C range, and
QP0TC over the <0G to +85°C temperature range.

The OPO? is available in cpoxy B-lead Mini-DIP and §-tead SOIC.
It is a direct replacement for 723,108A, and QP05 umplifiers;
741-types nray be directly seplaced by removing the 7417 nulling
potencinmerer. For improved specifications, see the OP177 or
OP'1177. For ceramic DIP and TO-%9 packages and standard
micre cireuit (SMD) versions, see the QP77

Vi o -
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NOTE: <
H2A ARD AZB ARE b R1B

3
ELECTAQNICALLY !

” ® © l

ADJUSTED ON CHIP
AT FACTORY FOR

MINIMUM INPUE
CFFSET VOLTAGE.

b mﬁJ
r\d on ona—4 Ad
outeur

-}
17
c2z avr nto
016
azo
(i)
aQH
Ré& L

> o | @

Figure 1. Simplified Schamatic
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Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offser Volrage! Vos 30 75 pv
Long-Tenn Vos Stability? Vos/Time 0.3 1.5 PV Mo
Input Offset Current Tos 0.3 3.8 na
Input Bias Current Ig 1.2 +4.0 na
[nput Noise Volmage Co PP ¢.1 Hz to 10 Hz? 0.35 0.6 PV p-p
Input Noise Voltage Dengity € f=10Hz 10.3 18.0 nVvHz
fy = 100 He' 10.0 13.0 nV\Hz
fo = t kHz 9.6 1.0 nV iz
Input Noise Current I p-p 14 30 pA p-p
Input Noise Current Density " f,=10Hz 0.32 0.80 pAYHZ
fo = 100 H2’ 0.14 0.23 paAvHz
f,=1kHz 0.12 0.17 pAVHzZ
Tnput Resistance— Difterential Mode®| Rk 15 50 il
Input Resistance—Common-Maode Rpvess 160 G2
Input Voltage Range IVR 113 14 v
Common-Made Rejection Ratio CMRR Vep=+13V 104 123 JdB
Power Supply Rejection Ratia PSRR V=23 VI8V 3 20 YAy
Large-Signal Voltage Gain Avp R 22KLV.=210V 200 500 VimV
B 25006, ¥, =205V,
Vg=13V? 150 400 VimV
QUTPUT CHARACTERISTICS
Qurput Voltage Swing Vo Ry, 2 10 kQ 1 +13.0 \Y
Ry z 2 R +12 +12.8 v
Ry 2 | k& 1 +12.0 W
DYNAMIC PERFORMANCE
Slew Rate SR RLz2 kP 0.1 0.3 Vs
Closed-Loop Bandwidth BW AvoL = L* 0.4 0.4 MHz
Closed-Loop Qutput Resistance Ro Vy=0,1,=0 60 143
Power Consumption Py Vy=+15V, No Load 73 120 mW
Vg =+13V, No Load 4 t miY
Offser Adjustment Range Rp = 200 k2 +4 mV

NOTES

Hnput aflser voltage measurements azre performed v automared est equipment sppeoxsmarely 8.3 seconds after application of peser.
Lung-term input offser volrage stability refers (¢ the svernged mend time of VOS vs, Time vver vkTended pariods ofrer che frat 30 deve of operation. Excluding the ini-
tinl hour of uperrion, changes in YOS during the tiest 30 operating days are cepseally 2.5 gV refer o the typical performance <urves. Parameter is sample tested.

ISample tested,
Guaramieed by teign.
SGuaranteed but not tested.

Specificntions subject ta change withnut notice,
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0P07

OPQ7C ELECTRICAL CHARACTERISTICS (v = «15V.7, = 25°C. unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offser Volage' Vos 60 150 Yy
Long-Term Vs Stabiliny? Vos/Time (.4 2.0 uv/idio
Input Offset Current os 0.8 6.0 nA
[nput Bias Current Ig +1.8 +7.0 nA
Input Noise Voltage e, p-p 0.1 Hz to 10 Hz’ 0.38 0.6% WV p-p
Input Noise Voltage Density [N fo=10Hz 10.5 200 nVWHzZ
fo = 100 Hz' 10.2 135 nV¥Hz
fo= 1 kHz 9.8 1.5 nVVHz
Input Noise Current I.pp 15 35 pA p-p
Input Noise Current Density I, fa=10Hz .35 0.90 pAVHz
fy = 100 H2? 0.15 0.27 pAYHz
fo =t kHz 0.13 018 pAYHz
Inpur Resistance- Differential Mode' | Ry 8 33 mi}
Input Resistance- Common-Mode Rivem 120 [#19]
Inpur Voltage Range IVR +13 14 v
Common-Mode Rejection Ratio CMRR Vem =213V 100 120 dB
Power Supply Rejection Rario PSRR Vs=+3Vintl8V 7 32 %Y
Large-Signal Voltage Gain Avo R 22k}, Vy=110V 120 400 Vimv
Ry, 250061, Vo =305V,
Vg3 Vi 100 400 VimV
OUTPUT CHARACTERISTICS
Qurput Voliage Swing Vo R,z 10k +12.0 +13.0 v
Ry 22 k2 11.5 1128 v
Rz kQ £12.0 v
DYNAMIC PERFORMANCE
Slew Rate SR R 22 kOY 0.1 0.3 Vips
Closed-Loop Bandwidth BW Avar = 1° 0.4 0.6 MHz
Clesed-Loop Qurput Resistance Ro Va=0,lp=0 60 4]
Power Consumption Py Vs =113V, No Load B0 150 mW
Vg=213V, No Load 4 8 mW
Offset Adjustment Range Rp = 20 ki) 14 mYy

NOTES

‘nput offses voltage measarements are performed by autamated test equipment approximately 8.3 seconds after application of power.
*Lung-term input offset voltage stability refers to the averaged trend tme of VOS vs. Time over extended penods after the first 30 days of speration. Excludig the ini-
tial hour of uperation, changes in VOS5 during the fisst 30 operating days are typicslly 2,5 4V rafet (o the typlen! performance curves, ["arameter & sampie rested.

"Sample tested.

Yuarantesd by design,

fGueranteed bur not tested.

Specitications subject to change without notice.
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0PO7-SPECIFICATIONS
OPO7E ELECTRICAL CHARACTERISTICS tv,= x15v, 0°c <7, < 70°c, unless otherwise noted)

'arameter Syinbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Tnpur (st Voltage' Vos 45 130 v
Vultage Drift without Exteenai Tom® [ TCVos 0.3 1.3 WG
Voliage Drift with External Trim? TCVosw Rp = 20 k(2 0.3 1.3 WN#=C
Input Offset Current Tos 0.9 5.3 nA
Tapur Oftser Current Dirift TClys 8 35 pASC
Inpzt Bias Cuerem Iy 11.5 3.5 na
Input Bias Current Drift TClg 13 35 pATC
Input Voltage Range I¥R 13 135 v
Commun-Mode Rejection Rario CMRR Vo =113V 103 123 dB -
Power Supply Rejection Rativ PSER Vs=t3ViwoztlI8V 7 32 VAV
Laege-Signal Voleage Gain Avo R 22K Vp=210V [§:18) 450 Vimy
QUTPUT CHARACTERISTICS
Ourput Voltage Swing Vo Ry, 2 10 kL) +12 £12.6 \Y
NOTES

Hnput offsel valiage measurements are performesd by auninated fest cquipnicat approsimatety 0.3 seconds afier applicarion of power,
HGuaranteed by design.

ASample tested.

Specificativns subject fo chanpe wirhout nitice,

0PO7C ELECTRICAL CHARACTERISTICS h

o= +15 Y, ~40°C T, < +85°C, unless otherwise noted.)

Parameter Symbol Condirtions Min Typ Max Unit
INPUT CHARACTERISTICS
Tnpur Offset Voltaga!' Vos 85 250
Voltage Drift withour External Tom? { TCVes 0.5 1.8 "
Voltage Drift with Extemal Trim’ TCVesx | Rp= 20k 0.4 1.8 WG
Input Offset Current Tos 1.6 8.0 nA
Inpuc Offset Current Drift TClys 12 50 pA~C
Input Bias Current I 2.2 0.0 na
Input Bias Current Drift TCIa IR 50 pASC
Input Voluage Range IVR k13 113.5 v
Common-Maode Rejection Ratio CMRR Ve =313V 97 120 dB
Power Supply Rejectien Ratio PSRR Vem= 23V tl8V 10 51 IVAY
Large-Signal Voliage Gain Ava Ry 22k, Va=4i0V o0 400 VimVy
OUTPUT CHARACTERISTICS
Dutput Voltage Swing Vo R; 2 10 KQ 48} +12.6 v
NOTES

UYnput atfser voltage messtrements ane performied by automated test eguipnent appraximately 0.5 seconds ufter application of pewer,
I uaranteed by design,

'Sample rested,

Specifications subject te change without nutice.
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TYPICAL APPLECATIONS
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APPLICATIONS INFORMATION

QP07 series units may be substituted dicectly intn 725, 108A!
308A° and QPS5 sockets with or without removal of external
compensation or nulling components. Additionally, the OPO7
may be used in unnulled 741 rype sockers. However, if conven-
tional 741 nulling circuitry is in ase, it should be modified or
remmoved o enable proper QP07 aperation. OPO7 offser volrage
may be nulled to zero through use of a potentiomezer (see offset
nulling circuit diagramy}.

PRECISION ABSOLUTE-VALUE CIRCUIT

The OP07 provides stable operation with load capacitance of
up 1o 500 pF and £ 10 V swings; larger capacitances should be
decoupled with 2 50 Q decoupling resistar,

Stray thermoeleetric voltages generatedd by dissimilar merals at
the contacss to the input terminale can degrade deift perfarmance.
Therctore, best operation will be obtained when both input con-
tzcts are maintained ar the same temperature, prefecably close to
the package emperature.,

“T'0-99 Packoge omly
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Iﬂittﬂ‘i&ﬂ'\‘iﬁ"l&'\%‘ﬂﬂﬂtﬂ%aﬂ

finclude "/phesser.h"

#include <stdlib.h>

#priority rtcc,timerl, rda /* anuddy Interrup */

$rom 0x2100=(1,2%5,4,15,10,5,90x00,200,0x00,250,0x00,0x10,0x01,0x02}
//

f/ExFRE funport Winsafuaeg wees

!/

// port address
#byte port_ A=5

fbyte port_ B=6

#byte port C=7

#byte port D=8

#byte port E=9

// kit Output seg
#byte data _seg = 6
#bit dot = port_B.7

#bit seg_digitl = port D.4
#bit seg digit2 = port D.5
#bit seg digit3 = port D.6
#bit seg digit4 = port_D.7
#bit led digith = port C.4

// bit Input icl17135
#byte ad in = 5
#bit pol = port_ E.Z2

#bit dl = port E.2
#bit d2 = port A.4
#bit d3 = port_A.5
#bit d4 = port E.O
$#bit d5 = port E.1

// bit Input SW

#tbyte data_sw = B

#bit sw_start = port C.3
// bit Output Relay

#bit on = port_C.0

#pit bol = port_C.1

// bit Output Buzzer

#bit bz = port_C.2

// bit RS485

#bit rx = port C.7

fbit tx = port_C.6

#bit ct = port C.5

/7

[ Rk QoA LAMIIIATIS 72T +eees
//

// ad data icl7135

long data ad[5]={0,0,0,0,0},pressure_test=0;

// data seg

char seg[5]={0x10,0,0,0,0x10}, count seg=0;

char const number[29] =

{0x3f, 006, Ox5b, O0x4f, 0x66, Ox6d, 0x7d, 0x07, 0x7£, Ox6f, //data 7-seq
0x77,0%7c, 0x39,0x5e, 0x79,0x71,

//data a-f
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0x00, 0x40,
//data sing
0x78,0x73,0x76,0x38,
//data T,P,H, L
0x08, 0x04, 0x02, 0x01,
//led 1,2,3,4
Ox5c, 0x70,0x50};
//data 0,K,R
char dot seg=0,dot segl=0, send485;
#bit dot0 = dot seg.0
#bit dotl dot seg.l
#bit dot2 = dot_seg.2
#bit dot3 = dot seg.3
#bit chake key dot seqg.4
#bit key while = dot seg.5
#bit start_while = dot seg.6
#bit duty = dot seg.7
’
#bit key_onoff = dot segl.0
#bit rs485 addv = dot segl.l
// data key
char data_key = 0;
signed intlé buf=0;
char const key[16] = {0x0a, 0x0b, 0xQc, 0x0d,
0203, 0x06, 0x09,0x0f,
0x02, 0x05, 0x08, 0x00,
O0x01, 0x04, 0x07, 0x0e};

1l

[

// counter
long counter = 0,countl = 0,count2 = 0;
// data read_eeprom
char rs485_add, settling time,test time,time hing,time_low;
//start_add 0000
long
test_pressure,pressure_hing,pressure_low,counter buf,pressure decay;
// timer data
char count=0, sec=0;
//
J/x**kx START READ EEPRQOM ***%*
//
void read dataeeprom(void){
char i[141,73;

for(j=0;j<14;j++){

i[j] = read_eeprom(j);

}

rs485 add = i(0];

settling time = i[1l];

pressure_decay = i[2];

test _time = i[3]:

time hing = i[4]:

time_low = 1i[5];

test pressure = 1i[6];

test pressure = (test_pressure<<8)+i[7];

pressure hing = i[8];
pressure_hing = (pressure_hing<<8)+i([9];
pressure low = 1{10];

pressure low (pressure low<<8)+i[11];
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counter_buf = 1[12);
counter buf = (counter buf<<8}+i[13];
send4B85=0x80|rs485_add;
}
/7
J/rExrk WRITE EEPROM ** %%+
/7
void write ee{char add,dat){
write eeprom {add,dat);
}
/7
J/E*¥***x WRITE EEPROM DATA *****
//
void write ee data(long data_edit, char count _fun){
char add,dat;
if (count fun==1) {
dat = MAKES (data_edit,l};
write ee(6,dat};
dat = MAKES (data_edit,0};
write ee(7,dat);
test pressure = data_edit;
}
else if (count fun==2) {
dat = MAKEB{data_edit,0);
write ee(l,dat);
settling time = data_edit;
}
else if (count_fun==3){
dat = MAKES (data_edit,0);
write_ee(2,dat);
pressure_decay = data_edit;
}
else if(count fun==4}{
dat = MAKES (data_edit,0):
write ee(3,dat);
test time = data_edit;
}
else if{count_ fun==5){
dat = MAKES (data_edit,1l);
write ee(8,dat);
dat = MAKESB (data_edit,0);
write ee(9,dat);
pressure hing = data_edit;
}
else 1if (count_fun==6) {
dat = MAKES (data edit,1}:
write ee(10,dat);
dat = MAKES8 (data edit,0);
write ee(lil,dat);
pressure_low = data_edit;
}
else if{count_fun==7){
dat = MAKEB (data_edit,0):
write ee{d4,dat);
time_hing = data_edit:
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1

/7

else if{count fun==8){
dat = MAKEB{data edit,0};
write ee(5,dat});
time low = data_edit;

}

else if (count_fun=='A"){
dat = MAKES (data edit, 0);
write_ee(0,dat);
rs485_add = data_edit;

}

else if{count fun=='B'){
dat = MAKESB (data edit,1);
write ee(l2,dat):
dat = MAKES (data_edit,0);
write ee(l13,dat);
test_pressure = data_edit;

J/**%*% DECODE_DATA ****x%

/7

void decode data{long k,char 1)/{
long i,3;

j = k:
i = 3/1000;
if{i==0) {
if{1==0) segl0] = 0x10;
//
3 j%1000;
i = 3/100;
if (i==0) {
seg[l] = 0x10;
ey
b j%100;
i = j/10;
if(i==0}) {
seg[2] = 0x10;

0

il

}
else |
seg[2] = 1i;
}
j o= j%10;
seg[3] = J;
}
else {
seg[ll = i;
/7
3 j%100;
i 3/10;
seg(2] = i;
/7
j = 3%10;
seg[3] = j;

YA
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else

{
seg[0] = i;
//
j = J%1000;
i=3/100;
seg[l] = i;
//
j = j%100;
i=3/10;
seg[2] = 1i;
//
i o= j%10;
seg[3] = Jj:

1

}

//

f/****% puzzur beet *****

//

void buzzur beet (void) {
setup ccpl (CCP_PWM) ;;
delay ms{150};
setup ccpl (CCP_CFF);
bz = 0;
delay ms{100};
;/***w* SET REG **%**
¥4
long set reg{long data edit){
char exit test=0;
long key buf[3];
while (exit test==0){
if{count>=25) {
decode_data{data_edit, 1);
dotl = 1;
}
else {
seg[0]
seg(l]
dotl = 0O;
//seg(2] = 0x10;
//seg[3] = 0x10; / /i

0x10; / /1
0x10;

}
if (data key<=0x09} ({
key?Euf[O] = data_key;
exit_test=1;
}
}
dotl = 0;
data_edit = (data_edit%100)+(key buf[0]*100);
exit test = 0;
decode data(data_edit,1};
buzzur beet (};
while (exit test==0}{
if(count>=23) {
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decode data{data edit,1);
dot2 = 1; -
}
else {
seq[0] = 0x1l0; / /i
//seqgfl] = 0x10;
seg[2) = 0x10;
dot2 = 0;
//seg{3] = 0x10; / /4
}
if(data_key<=0x09} {
key_buf[l] = data_key:

exit test=1;
t
}

dotz = 0;
data edit = {data_edit%100)%10;
data edit = data_edit+(key_buf[0]*100)+(key“buf[1]*10);

exit test = 0;
decode data(data edit,1);
buzzur beet();
while (exit test==0) {
if (count>=25) {
decode data(data_edit,l):;

dot3 = 1;

}

else {
seg[0] = 0x10; /7
//seg[l] = 0x10;
//seqg[2] = 0x10;
seqgf3] = 0x10; / /i
dot3 = 0;

}

if (data_ key<=0x09} {
key buf{2] = data_key;

exit test=l;
1

}
dot3 = 0;
data_edit {key buf[0]*100)}+ (key buf[1]1*10)+key_buf(2];
decode_data(data_edit, 1);
buzzur_beet ();
return(data_edit);

1
/Y
//*¥*%% EDIT COUNT FUN *#***
!/
void edit_dataf{char count_fun){(
char exit_ test=0;
long data_edit=0;

dotl 0:

if(count fun==1) (

data_edit test pressure;

}

else if (count fun==2) {
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data_edit = settling_time;
i
else if {count fun==3){
data edit = pressure decay;
]
else if {count fun==4){
data_edit = test_time;
} .
else if{count fun==5) (
data_edit = pressure_hing;
}
else if{count fun==6) {
data _edit = pressure low;
}
else if{count_fun==7){
data edit = time hing;
}
else if{count fun==8){
data_edit = time_low;
}
else if (count_fun=='A"){
data_edit = rs485 add;
}
’
while (exit test==0) {
if (data key==0x0a) {
buzzur beet (};
data edit++;
if(data_edit>999) data_edit=1;
}
else if(data key==0x0b) {
buzzur beet();
data edit--;
if(data edit==0) data edit=999;
}
else if(data key==0x0f){
buzzur _beet ();
exit test=l;
write ee data(data edit,count fun);
}
else if(data key==0x0d){
buzzur beet():
data_edit = set _reg(data_edit);
}
if (count fun=='A'){
if(data_key==0x0e) {
buzzur beet();
exit test=1;
write ee_data(data_edit, count_fun);
}
}
decode_data{data_edit,1};
r/




93

//***%* START EDIT FUN *#***

/

void edit fun(void) {

char count_fun=1, exit_test=0:
buzzur_ beet ();

while{exit_test==0){
if (count_fun==1) {

seg[0] = 0x10; / /A

seg[l] = Oxl2; /7 T.
dotl = 1;

seg[2] = 0x13; // P

seg[3] = 0x10; /3

3

else if{count fun==2) {

seg[0] = 0x10; / /i

seg[1l] = 0x05; // 5.
dotl = 1;

seg[2] = 0x12; //T

seg[3] = 0x10; / /M

1

eise if{count_fun==3)}{

seg[0] = 0x10; /i
seg[l! = 0x13; /f P
dotl = 1;
seg[2] = 0x0d; // D
seg[3] = 0x10; //m
}
else if (count fun==4) {
seg[0] = 0x10; /A
seg[l] = 0Oxl2; /74T,
dotl = 1;
seg[2] = 0x12; // T
seg[3] = 0x10; /A

}

else if(count fun==5) {

seg[0] = 0x10; / /i
seg[l] = 0x13; // P.
dotl = 1;
seg (2] = 0x14; // H
seg[3] = 0x10; / /1
}
else if{count_fun==6) (
seg[0] = 0Ox10; E
seg[l] = 0xl13; // P.
dotl = 1;
seg[2] = Ox15; /7 L
seqg{3} = 0x10; / /i

}

else if (count fun==7) {

seg[0] = 0x10; //m

seg[l) = 0x12; // T,
dotl = 1;

seg[2] = 0x14; // H




seg[3] = 0x10; / /i
}
else if{count_fun==8) {
seg[0] = 0x10; //m

seg[l] = 0x12; /7T
dotl = 1;

seg[2] = 0x15; // L
seg[3] = 0x10; //am

}
if {data_ key==0x0a) {
buzzur beet (};
count_fun++;
if (count_fun>8) count_fun=1;
}
else if(data_key==0x0b){
buzzur_beet ();
count fun--;
if{count fun==0) count fun=8;
}
else if({data_key==0x0f}){
buzzur beet ();
edit data{count fun);
count fun++;
if(count_ fun>B) count fun=l;
}
else if(data key==0x0e) {
buzzur_beet {};
exit test=1;
}
else if{data key==0x0c¢){
buzzur beet():
count fun++;
if (count fun>8} count fun=1;

}
//
J/F*F*x START FUNCTION A TO D ICL7135 ****~*
'y
void read_ad(void}{
long data_bufad[2}={0,0}:
char i,data atod([3]={0,0,0};
for{(i=0;i<l;i++){
/7
while (dd==0});
delay cycles (2);
data_atod[2] = {ad_in&0x0f);
//
while {d3==0);
delay cycles (2};
data_atod(1l] = (ad_in&0x0f);
//
while {d2==0);
delay_cycles (2});
data_atod[0] = (ad in&Ox0f);
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//

data bufad[0] = data_atod[2];

data bufad(0] = data bufad[0]*100;

data_bufad(0] data_bufad{0]+(data_atod[1]*10};
data_bufad([0] data bufad{0]+data atod{0};
data_bufad([1] data bufad[l]+data bufad[0];

}
pressure_test = data bufad({1]/1;
data ad{3} = data atod([2];
data_ad(2] = data_atod[1l];
data_ad([l] = data atod(0];
//

}

/7

J/xxxkk AL READ FUN **x**x*

/7

void ad read fun({void){

if{pol==1) seg[0] = 0x10; //no-sing

else seg[0] = Oxl1ll; //sing -
read ad(};
segll] = data_ad[3];
seg({2] = data_ad[2];
seg[3} = data ad[l];
}
/7
f/¥F%F+ START FUNCTION SCAN KEY *#*k»
/7
void scankey(void)(
char i;

if (key oncff==0) {
i = data_sw&0Ox0f;
if (chake_key==0) {
if (i==0x0e} {
data_ key count_seq;
data_key key[data key*4];
chake key = 1;

[

}

else if (i==0x0d) {
data_key = ccount_seg;
data key key[ (data_ key*4)+1];
chake key = 1;

}
else if(i==0x0b){
data_key = count_seg;
data_key = key((data_key*4)+2];
chake key = 1;
}
else if (i==0x07){
data_key = count_seg;
data_key = key[{data_key*4)+3];
chake key = 1;
}
else if(count_seg==3) data key = Oxff;
)
else if(count_seg==3) chake_key = 0;
}
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}
//
//-k**** CAL—-PHESSER Jook Kok ok
/f
void cal phesser (void){
char exit=0,exitl=0,testsw=0;
while (exit==0) {
if (sw_start==0) testsw = 1;
if (testsw==0){
bol = 1;
ad_read_fun{);
if(data_key==0x0e) exit=1;
}

else {
seg[4] = 25;
bol = 0;
on = 1;

while(exitl==0}{
ad read fun();

exitl=1;
exit=1;
}
}
else |
on = 0;
seqgld] = 24;
if(data key==0x0e) |{
exitl=1;
exit=1;
}
else ad read fun(};

}

}
seg[4] = 0x10;

on = 0;

bol = 1;
buzzur_beet () ;

seq[0] = 0x10; / /i
seg[l] = 26; // o
seg[2] = 27; /7 k
seg[3] = 0x1C; /7

delay ms {1000} ;
decode data{counter,0);

bol = 0;
cn = 0;
}
/7
//***** START TEST *****
’/

void start test(void) {
long pressure_buf;

//fun goto

if (pressure_test<test pressure) {

if ({data_key==0x0e) | | (pressure test>pressure hing}) |
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char i=0,step=0,status=0;
signed intlé x,y,z:
on = 1;
sec = 0;
count = 0Q;
seqg[4] = 25;
ad_read fun();
while(step<b)!{
if (step==0){
if (pressure test<test pressure) {
ad_read fun{);
if ((sec>time_hing} || (pressure_test>pressure_hing)) ({
step=5;
status=1;
}
}
else step = 1;
}
else if(step==1}{
delay_ms (200);
on = 0;
seg(4] = 24;
if(sec<time low} {
step=5;
status=1;

}

else {
step = 2;
sec = 0;
count = 0;

else if{step==2){
if (sec<settling time) |
ad read funf();

if ((pressure_test<pressure low} || (pressure test>pressure hing)} {
step=5;
status=1;
}
}

else {
step=3;
sec = 0;
count = 0;

pressure_buf = pressure_test;
}
}
else i1f{step==3) {
if (sec<test_time]) {
if {count>=25) seg[4]1=0x10;
else seg[4]=24;
read_ad();
x = pressure buf;
Y = pressure_test;
brd abs (y-x);




if (pressure_test>=pressure_buf) seg[0] = 0x10;
else seg[0] = 0Oxll;
/7
X = abs{z-buf); £ /msnmounsofaueallsunsvduan 2 to D
if{x>3) {

i = buf;

read_ad(};

x = pressure buf;
Y pressure_ test;
z = abs(y-x);
if(z>10} buf = z;

}
else |
i = z;
buf = z;
}
/7

if((pressure_decay<i)||(pressure_test>pressure_hing}li(pressure_test<
pressure low)) {
step=5;
status=1;
}
else decode data(i,l};
}
else
step = 5;
status = 0;
}
}
if (status==0) seg[4] = 23;
else {
seg4]=22;
setup_cepl (CCP_PWM) ;
}
on = 0;
ad read fun();
bol = 1;
!/
delay_ms {3000} ;
/7
if(status==0) {
countexr++;
countl = counter/100;
count2 = counter%$100;
write_ee_data (counter, 'B');

}

bol = 0;
setup_ccpl (CCP_OFF);
bz = 0;
buf = 0;

}
/f
[/*¥*** START INTERRUPTS SER **w%*+*
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//
#int_rda
void serial isr{) {
int t;
t=getc(};
if (t==send485) {
putc{countl):
putc({count2);
putc {countl) ;
putc{count2) ;
putc{countl);
putc{count?2};

}
//
J//***** STRART INTERRUPTS RTCC *****
//
#int RTCC
RTCC isr() {
char i;
//set_rtcc (0x60);
restart _wdt{);
data_seg = 0;
seg digitl = 1;
seg_digit2 1;
seqg digit3 1;
seg_digitd = 1;
led_digit5 = 0;
data seg = number[seg[count seg]];
if(count_seg==0} {
if {dot0==1){
dot = 1;

}
seg_digitl = 0;
scankey () ;

else if(count seg==1} {
if {dotl==1}{

dot = 1;
}
seg digit2 = 0;
scankey(};

else 1f{count seg==2} [
if (dot2==1) {
dot = 1;
}
seg_digit3 = Q;
scankey{);
}
else if(count_seg==3) {
if (dot3==1){
dot = 1;
}
seg digitd4 = Q;
scankey(};
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}
else if{count seg==4) led digitd = 1;
count_seg++;
if (count seg>=5) count_seg = 0;
’
}
/e
J/E**x*x%x QTART INTERRUPTS TIMERL ****»
¥4
fint TIMER1
TIMER1 isr(} {
char i;
long j:
set timerl (0xBlEQ);
count++;
if (count>=50) {
count = 0;
sec++;

1

//
//**¥%%% START MAIN PROGRAM **=x%+
¥4
void main{} {
char i;
//disable interrupts{INT RTCC);
//disable_interrupts(INT:RDA);
// .
setup adc_ports(NO_ANALOGS) ;
setup_ adc{ADC_CLOCK DIV_32);
setup_spi (FALSE) ;
setup_psp{PSP_DISABLED) ;
setup_counters (RTCC_INTERNAL,RTCC DIV 4);
setup_timer 1(T1 INTERNAL|T1 DIV _BY 1);
setup timer 2(T2 DIV_BY 1,249,62);
setup ccpl (CCP_OFF) ;
setup ccpZ (CCP_QFF);
enable interrupts(INT RTCC);
enable_interrupts (INT TIMER1);
enable_interrupts (INT_RDA);
set_pwml_duty(500);
enable_interrupts(global);
// 1/0 direct
set_tris A {0bl1111111);
set_tris B (0b0Q000C00};
set_tris_C (0bl0001000);
set_tris D (0b0Q001111);
set_tris E (Obl1111111);
/i
seg_digitl = 1; //clr Display
seg digit2 = 1;
seg digit3 = 1;
seg _digitd = 1;
led_digit5 = 0;
chake_key = 0;

//SET 1/0 Port
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start_while = 0:

/Y
decode_data{counter, 0);
bol = 1;
delay_ms(2000);

bol = 0;

on = 0;

ct = 0; //RXD
duty = 0;

//

set_timerl (0xD8FOC) ;
//setup wdt (WDT_2304MS} ;

//

//while (1) {

/let = 1;

//putc (i)
/it
//delay ms (100);
e

while (1) {

read dataeeprom(};
while (sw_start==1){
if (data key==0x0c) |
seg[4] = 0x10;
edit_fun();
}
else if(data key==0x01){
if (key while==0) ({
key_while = 1;
sec = 0;
count = 0;
}
else if{sec>=3) {

seqg[0] = 0x10; / /1
seq(l] = OxOc; /¢
seg[2] = 0x0a; // a
seg[3] = 0x15; /71

seg[4] = 0x10;
buzzur_ beet (};
delay_ms (500) ;
cal phesser();
key while = 0;
}
}
else if(data_ key==0x02) {
if (key_while==0) ({
key while = 1;
sec = 0;
count = 0;
}

else if{sec>=3) |

seg[0] = 0x10; /i
seg[l] = Ox0a; // A
seg[2] = 0x0d; //d

0x0d; // d

il

seg[3]




102

seg[4] = 0x10;
buzzur_ beet (};
delay ms (500);
edit _data('A');
5end485=0x80irs485 add;

seg[0] = 0x10; / /i
segll] = 26; // o
seg[2] = 27; // 0k
seg[3] = 0x10; //

delay ms (500} ;
key while = 0;
1
}
else {
key while = 0;
decode_data(counter,0);
dotl = 0;

}
/7
while(sw_start==0){
if(start while==0) {
start while = 1;
sec = 0;
count = 0;
}
else if(sec>=3) {

seg[0] = 0x10; /i
seg[l] = 28; // r
seg[2] = 0x0d; // d
seg[3] = 0x10;

seg[4] = 0x10;

dotl = 1;

buzzur beet ():

delay _ms{500);

read dataeeprom{);
counter = counter buf;

countl = counter/100;
count2 = counter$%100;
dotl = 0;

decode_data{counter, 0);
delay ms(300);
start _while = 0;
}
}
if(sec<3) {
key oncff=1;
start_test ()
key onoff=0;
start while = 0;
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