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Research Title pH Meter
Name Mr.Utai Thaicharoen Mr.Sathaya Bunratchoo
Mr.Kongkiat Rakwong Mr.Humdan Maseng

Organization Scientific Equipment Center, Prince of Songkla University

Abstract

This research presented the design and development of a digital pH meter in which the
ease of fixing capability and its low cost were considered. The microcontroller was used as a
controller in the system and that can communicate with a microcomputer via the serial
communication port, RS232, to save the measured pH data. The developed pH meter was tested
with the pH standards and the precise measurements were obtained. In addition, the pH meter

provided the functions of ease of use and two or three standards calibration.
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- 241/0 pins with individual direction control

- High sink/source current: 25 mA

- TimerO: 8-bit timer/counter with 8-bit prescaler

- Timerl: 16-bit timer/counter with prescaler, can be incremented during SLEEP via external
crystal/clock

- Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler

- Capture, Compare, PWM (CCP) module: - Capture is 16-bit, max. resolution is
12.5ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

- 10-bit, 5-channel Analog-to-Digital converter

- Synchronous Serial Port (SSP) with
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- SPI™ (Master/Slave) and I2C™ (Slave)
28-pin PDIP, SOIC, SSOP

N 28] 7<= RBVICSPDAT/ICDDAT/SEG13
27 [J=—= RB6/ICSPCLKICDCK/SEG14
26 [ +~—= RB5/COM1

25[] «—= RB4/COMO

[ ] <— RB3/SEG3

RE3/MCLRVPP e
RAQ/ANO/C1-/SEG12 =[]
RA1/AN1/C2/SEGT7 =—[]]
RA2/AN2/C2+/VREF-/COM2 +—=[
RA3/AN3/C1+/VREF+/COM3/SEG15 <[]

@ ND OB W N -
N
B

RA4/C10UT/TOCKISEG4 =+—=[| © 23[ ] =— RB2/SEG2
RAS5/AN4/C20UT/SS/SEGS +—[] 2 22[]«— RBI/SEG1
vss —=[] s 21[] =— RBO/INT/SEGO
RA7/0SC1/CLKIT10SI =—[] 9 3 20[] «—— VoD
RAB/OSC2/CLKO/T10SO «—=[]10 o 19[ ] +—e Vss
RCOVLCD1 =—[]11 & 18] «—» RC7/RX/DT/SDISDA/SEGS
RCINVLCD2 =~—[]12 17 [] «—= RCB/TX/CK/SCK/SCL/SEGY
RC2VLCD3 =—[]13 16 [ ] «—= RCSTICKICCP1/SEG10
RC3/SEGE =—[ |14 15[ ] =— RCA/T1G/SDO/SEG11

7MN15enoUN 3-9 PIC 16F913
3.5 YunauMslszneu PCB uazaanuuunasy

%uwaumndaumsaﬂﬂuumwsSgﬁﬂmaﬁﬂﬁﬂzﬁmﬁwﬁwummiama:gﬂuuuﬁﬁmm
mnzauduns ldnuiegsimuasuiavesuesalsnsmedidnnseind uazluvuadeadud
oonuunluduvesadninesiazedumiatunans lduveunies pH Meter nmiszneudi 3-10
Taoldeonuuutjuna iios 4 ﬂmvin‘fu fio ON dmfuidlanios OFF dmsuTlamieanioonian

13591197 CAL d1%5U11M5 Calibrate tn509 MODE d115U@0nuaasn pH H30 mV

~ 1 o ~
ﬂTW‘iJiSﬂ’E]‘UVI 3-10 ﬂﬁﬂ\iﬂ’llﬁ’ﬂéﬂ“ﬂ@ﬂﬂllﬂ‘ﬂ

1 U v a o [ 1 a Jdo ' o
ﬂ15ﬂ§$ﬂ'€]ﬂ’d’3uﬂ.3~lﬂﬂ fl]$éI}’E'J\3Li]']$ﬂﬁi’NWﬂWﬁﬁﬂﬁ'l‘ﬂi‘l_lslﬂﬁﬂ‘]fﬂ 1UIU 4 Gﬁﬂﬂiﬂﬂﬁlgﬂ'lﬂ']igﬂ

H v v
garjunanion1Fa launlddmSudanaradnduraseudumnth danmiseneui 3-11 ndenmiv

Q

16



a U @ a Ja . & 1 .
Yosziauaeijunadndy PCB a3y 191luny Tact Switch #4923in210AINUAIT Membrane Switch

uagannnlumsilseneu

v
v ad

AIMNUsEnNaUN 3-11 NMIAAAIATNA

AMNYsENoUN 3-12 W0LAAINAYDUATOIIA pH Meter

Glud')uﬂlﬂﬂﬂE]!Lﬁﬂ\?Nalaﬂﬂi%ﬂﬂuﬁﬂﬂﬂﬂllﬂﬂ LCD a9U1a 16 gl"]'gﬂ‘ﬂﬁ le%gﬁﬂj'lllﬂ}j'mﬂ'j']
! a d v o e Yy o y 9 3 v 4 qy v
AADINAITANANUDY ANUUITZADINAVDUATUUINUDY LCD 99nNlaniHoy LW@i‘ﬁﬁ’]lﬂﬁﬂ’nq LCD 1

[ Q.I U Y
fudinanela

17



d' o d
ailszneuh 3-13 gadusandonldau

vee JP1
u1 |
E‘S?l@fﬁ?!}...,i ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
| a
| )
4 | S RAOANOISEGT2 -RAO
97| MCLR/RE3 RA1/AN1/SEG7 RA1 -
10 | OSCI/CLKI/RA7  RA2/AN2/COM2 ~-RA2 |
——12- 0SC2/CLKO/RAB RA3/AN3/COM3 | RA3 |
RA4/TOCKI/SEG4 RA4 1
RAS
18| Re7irusEGs
| RC6ITYSEGY
:gf RCS/SEG10 R ok
14 | RC4SEG11 L) “
13| RCISEGE |
12| RC2/VLCD3 RBS/COM1 57 RXD e
11| RCIVLCD2 ¢ o RBE/PGCISEGT4 |2g
~{ RCOVLCD1S £ RB7/PGDISEGT3 [~
PWR
ADC_CLK
ADC_CS
ADC_DT
J2
SWITCH
RAQ RA1
RA2 RA3 LN
RA4 RAS 8
-]
SEC pH meter
& Document Number ov
SEC49-PH-2.0 22
Bheet 1 of 2

v Y
1IN29VINIVANAINITABTLIONITNIIUYD92995 1dAeTl UL PIC16F913

~ o 4
ﬂ"l‘W‘]J'i%ﬂﬂ‘]J‘V] 3-14 ’N‘t]iﬁilll“ﬁm Lﬂ?ﬂ\? pH Meter

@ 4 1w a o 4
UszuIunananuo9ens mmsmfnaumaﬂnﬂeummmmu RS-232 o354

Wl udo

18



a 4 o { @ @ [ [
Taoms1iieansudawes Q1 uaz Q2 mnvhiudlasseduusdu TTL W seduusedy

o o o Y Ao @ [ = Jq ¥ A A s &
15U RS-232 148g MAX663 (U4) MAUUIMNTNBITESAULLITIAUINUANDT 9 T'Jﬁf"l(lﬂﬂ\?‘ﬂ ns I'Jaﬂ BN

2y AN gy ' Y o o w o 2 g Y o oY
MAX663 Nilﬂﬂﬂ’fﬂ‘]fﬂi3!L’dﬁ\‘l'ﬂﬂ’f)u‘ll'NWliJ'lﬂLﬁﬁJ'lz?nﬂﬁ‘UQ‘].IﬂimWﬂW']"NG]ENGl%WaN']u’EJEJNﬂ1lﬂ1

ADC_CON vee
[ NoTo© '~LR7 %7
- u2 vee
I MCP3304 T AAA— -
1 6
vee Vi {CHO VDD g5 . s
— P o L3362 RS
X = CH2  AGND T ! , .
| U3 CH3  CLK [H3—ABE S > Apc_cLK 12
~w| CA3140 CH4  Dout [~ T————m—éd:-wc_m
3 CH5  Din o o .
- 6 R10. . TOK CH8 cs o < >ADC_CS N
1 2 — 1 CH7 DGND [———S2ND—
H_GND 1 1
ﬁ}, L | c2| _|ec3
<o/ =
sk T I
Ty |
R11 150k 1
A
< R12
S 100k
L
Vref 9V
}' |
2 RY
o~ R }', 1 470k
J3 as
NTCSk@25 MMBT2907AL 1
R16
- 470k R21
| 100k
vt *—Vb..
R18 R19 3 R20 100k
5k 100k 5 4,1_,,\,\/\ —<SPWR
| | MMBT4401L
1 I SEC pH meter
Document Number o
SEC49-PH-2.0 22
Wednesday , June 13, 2007 heet 2 of 2

MNU52NPUN 3-15 2995 pH Meter 1UAIUBZUIADN

o ' dy 9 (3 o
asinuvenas ludiuilzlsznonlddrensrsulasdygraezuinemiudaygn

]

¥
Y

aa 9 Y] a a 4 a [ o YA R
avmoa Taeld U2 MCP3304 dygaiiad1aadein pH atan Insa sxgnisuilyedyaalvavudie
£ g o :
U3 CA3140 @a1ilu op-amp 411 High input impedance (tag US 114 Dual op-amp 14134 buffer 1o
@ @ @ a T @ 3 aa @ @ a 1 a
5ﬂH15$ﬂULL§QﬂU5‘NﬂQLLﬂ N%mﬂmﬁmuaﬁmazma’omﬂuﬂimaa LLa%igﬂULﬁQﬂu'gNﬂQlLﬂ pH 2ian

Insa

19



Gt

] Tgu}j;

i ‘!l
W wnit

! ! @
awilszneun 3-17 PCB 71 ldveanuuuwionginsel

A d 1 TAqQ Y Y A [ 2
vnnilsznoud 3-14 gunsaldauIngnlgsairunies pH Meter 92111111 Surface-mount 9

o Y Y <
sz ldaunsoeenuuy PCB lalvuamnuazazainlunisilsznon

20



3.6 M3nannllsunsy

910 Flow chart M3911911 Tagassmuasusudu luaiuues Analog to Digital converter 1iV®

1 1
(Y

Ed - 3
Fimisudulsiug port ae q funsdsdisuduvouesyn veuaawa mnnatly Cal wioszidng

9
4 ! o Tt U o 1 o é
WyMIAeA §1urugAveInts Cal mia lilimsnaijy Cal wndudg Tnua Tusunsunanaaonin

WHAAIND
( START )

Initialy ADC
Initialy Port
Initialy LCD

CAL ? ¢
Set cal point \
suproutine 1

Main routine
®  Timer 120 sec for auto
F power off

v

CAL suproutine

|
I

«* Switch pH/ mV

CAL ?
O
Mode ?

&>

Power OFF

\
END )

ﬂ'l‘Wl'SZﬂi’J‘Uﬁ 3.18 Flow chart ﬂ'liﬁ']\‘l’luﬂlﬂxﬂﬂﬁuﬂillf‘l'liVlo'N'lu

21



3.7 aglieun

& My 1 = v a o dg g
L‘ui’)‘ﬁﬂumWi’mGIJEN‘U‘VIunlﬂﬂm’md 1’1aﬂfT]ﬁllaz'rﬁfniqﬂ'l\uﬂﬂUﬂﬂiclfﬁluﬂ']ﬁﬂaﬂHUU Iﬂﬂ

< <

A9D

s o [ [ ' -1 Y A P 9 Y A
anssendansaaudungn ed1elsiauldnenuhsnuuamenaiunsaadielddenio
Y 4 ' o !
1&waritetss Teilunisadretulfauvesdaulsdeli/lusuina luundald unn 4 e

519

v 2 ¥ a ) ¥ A Y 1 Y ¥
ﬂ’ﬁT)iNﬂﬁﬂﬂﬁﬂﬂﬂﬁi‘]ﬁﬂu%iﬂ ﬁ’Juﬂll@ﬂ']isl"lﬂﬂ'i’t’)\ivlﬂﬂﬁ?)]l’ﬂuﬂ']ﬂwu’)ﬂ NI TUY

22



mimmumsv‘inmmmm?mé’fuswv

4.1 msnﬂaaumiﬁnmmmm%mﬁ'mmu

v
= ¥ o

& Ja 2 o ' 1 o & o
FunpuiluTUADUNTNATOUMTNINUYDIITNDUNIZ T PCB  Tudunouiinisi
] £ v a A a ¢ S Y v
PCB 9214 Press N-Peel #9a13130d9Mu# 0182995 laoinioaiuniayos 14 lngnsa MWAULLUY
FMTUMINATOULAAIRINING 5 ARansnaaed Taetaiouny pH standard buffer 8111508114
pH buffer 4 14 174.8 mV, pH buffer 7 18 2.3 mV uag pH buffer 10 14 ~172.0 mv siiew1@ilud
pousu 14109910 pH 4 92 1¥usedulszanas 180 mv, pH 10 921915981 —180 mV uag pH 7 9319

@ a £ @ o 0 . . ' ' 1o g
usefulndifos 0 mv Fenae91nsimsi Calibration  udrvzaunsnsiua pH ldgndeauindvy

AMNY3NOUN 4-1: MINATOVIIS 1A8sINAY pH standard buffer

23



o 4 Y 3 PR o 4
vasarnasesdunun ldgnWaunaioauysainediuueedanied pH  Meter PCB

i1 Y
Tsunsuarvaunelwnios uag luduasunsnaasumsiiau1dldasuiasgu pH 4, pH 7

pH 10 naaeulunis Calibration AATD9

A1519N 2

ANsenoun 4-2: pH Meter

ANAAUATD9 pH Meter 30 1A0INT1508A00IATFIU

inFeeiilFlumsnaden e - o Ay unknown
Lﬂém‘ﬂ 1 4.05 7.04 10.08 9.04
Lﬂ?’ﬂﬂ‘ﬂ 2 4.04 6.94 10.07 9.04
sension 1 3.95 7.01 9.95 8.98
sension 3 3.89 6.99 9.95 8.90

o % @ v 3 3 v A @ O] A 9 [ vy A
IﬂEJ‘VHﬂ15’Jﬂﬁ1§ﬁ$ﬁ18ﬁ’mﬂﬁﬂ1u’3u 4 ATINBLIUDINY Lmzﬂu‘ﬂﬂﬂﬁﬂvlﬂiﬂﬂﬂﬁ’mulﬂﬂ’)ﬁllﬂﬁﬂﬂ

A o g = % d‘ A~ A 9
pH Meter ﬂwwuwumi%maﬁmﬂmﬂimmmmmwmamamsm

24




=
M1319N 3

pH4 pH7 pH10

1 4.05 7.04 10.08

2 4,04 7.05 10.04

3 4.00 7.03 10.06
4 3.98 7.03 10.02
5 3.99 6.98 10.07
6 4,01 7.00 10.01
7 4,03 6.79 9.95

8 4.05 7.05 10.04

9 4.00 7.01 9.98
10 4.02 7.04 9.98
Xbar 4,02 7.02 10.02
SD 0.02 0.03 0.04
RSD 0.62 0.41 0.43

] (] v EY
NI ULAAINIINATOUANUNBIVDIANATBIVRINMTIAd Taenisnadoud 9 Tuans

4 ' @ o o ' & v o
A3z iie ldmvesmsiannasazatemaunsnimsuiamial SD uaz RSD 14 deeglunmandn

Qs 9 v
gousu lduoanisia

25




Automatic f{gg;fﬁ"f Solection ;,:** 110

nMniszneuin 4-3 WANITNATDUTITASAININTI U pH 4

A

anilseneun 4-4 WNANIINATBUAITASIYNINTIIU pH 7

26



amilsenoun 4-5 WANITNATDUAITASAYNINGTIIU pH 10

B o a . —
F &

|

[ v v Y ] v
Mnilsznoud 4-6 nsesn lglumsnadeunsauniesiasazaegaiRedny

4.2 agdineun

a

3 { o @ §
fﬂ1ﬂwﬁﬂ1§ﬂﬂﬁﬂﬂﬂ1§1%\11ufﬂﬁﬂ qﬁﬂﬁﬂ]jﬂﬂﬁﬂﬂlﬂﬂﬁﬂWW@iﬂ‘ﬂQWﬁ]ﬂﬂTﬂLﬂ?@Qﬁu]ﬂ‘ﬂTQ

o W

s lidinauanasnuedaiidediag luuni 5 sgnandeunagdvesmsesnuuunaznadoy

9

A = v
11399 pH Meter mumﬂﬂujmuazﬂmmuauuz

27



a d
ajUnazInszvinansnaaeu
5.1 agliuneuveImsIdy

MR unsesiamanuiiunsa-sestiauuunanisunndlgmluGesussnssouusuan

9 [
% =

1 1 4 w o §
‘VNi']ﬂ'11/]ﬁm1&ﬁ1uﬁ@ﬁﬁﬂ1ﬂﬂﬂ1ﬂ’ﬂuq\i gﬁl‘ﬂuﬁll'lﬂlﬂﬂﬂ1i®®ﬂllﬂﬂlﬂ%‘6\i’lﬂﬂ1ﬂ’J'liJL‘ﬂuﬂiﬂ-ﬂNLLU‘U
@ wad? Y o = [ 1 9 9
@ﬁTunmuTﬂﬂa1u1sn1%a1u1ugﬂuummmsumwmqmwQum%m%ﬂummﬂm"lﬂma I¥UY

AU lassa luliadelulnsneuInsamed
5.2 agiwamsnaaey

npmsnadounsnsianianudunia-arauuude Tula ldwanisnaaeulunisiaaians

9 o [] a s | 9 1 Y] é d’d d‘ 1 =% :,’ =1 1

a5 ldiluednsd annsodan 18 luasduniesniiinseaneneamsa anfiaausadenal
2 2,

Tumsaeumeuduuuy ¥ieTHIATIIN ABIIATTIUNT 0ENAITHIATFIUDINMTAIAT LAY

gunsadenasnnsgu laeoa Tuia
QLA d’ U 1 [ \
5.3 ajlpueniiamsssiamanuilunia-ag

1) ansaiamanuiiunse-aeddue pHO-pH14

2) annsadenmaeUeUAUMITNIATTIMULY 1,2 B39 3 39

3) musadenmuaassaivenwiluuuum pH wiea1 mv

4) vouaawailuluy LCD Dot Matrix Display tazuaass laofiganatisyaasdinmi

5) ldunasneldnsziuansa 9 vol. SN NI BIANNT BTN d 19AnE s uaz
aunsadaassmsldaunsSidlansesis 1 Taolifns 18l 2 it Fevsdiums

Jan309 pH meter 15 eHIANGINUIINULAADS

28



5.4 eymuazderaueuus

daum

) ¥
1) MIadaduny PCB f1B819d0aviInasINiA UMz ANAINTNANILAE TUMTAAAT
= o == =
aInsnaniiflymlumsa
1 =N d-3 A J a oo P=% ) [l a =
2) musumfmﬂm'e')iﬂﬁ‘lu‘iflaumuum%mﬂamwammmmﬂymmauuu"lummsnmam
o @ 1 "W 9
nosfusInaosuuuas 1uld

3) dauvesiriaeungd lausemunafiinnummnzaufiuduaios 14

Votauauus

§ @ @ 1 = o
1) ﬂfJ‘LJﬂ'leJEJﬂLL‘]J‘U%w?{’éN%ﬂﬁ1§.ﬂklﬂﬂﬁlﬂﬂﬂ’3ﬂﬁﬂﬂtlﬁ$ﬂﬁﬂlﬂ’ﬂiBlﬁmiﬂ%ﬁnuﬁ%%zéf@ﬁ

filsdennumsnunaz Juunming ey
9 1 =y A a [ 9 d'l 9 o & =R
2) mindluli/1dasesnuuundeswaradnsiaiitninziumslynuioaninegasefiiem
1 q’; a Jd o '
v IunanINgluuuvesaIngnataztelaawa Tasmsdedanaewmuiuy

1 <3 o ~ Y] 1
3) gauveed NI IveInIUguUANISTIMIANTHAILUAINGDY

5.5 wamslumswannaes Wuewnn
A A @ ot [~ § a v ng A ' [~ a o 'd
issnnniesiamanuslunsa-asfadrsuansadenamsuaaswaiunyuiag lian
A v o ¥ o ¥ v @ A ¢ A 4 1w
wiea1 pH faiu vndesmithdayauilszuianadedioldsunsunsuinunes waundoyaly
s U 1 ‘i U =1 ) v 9 Y] g
M3 3amadiunsa-a19 tenaununiseaal nawnsonanasla Tasnisiaun Tdsunsulsly

@ <R Y
msunn'ld

29



MANUIN

A q Y A‘i
. @uam‘;lmmmﬁm pH Meter

r'lwm'auﬁ]ga%’nmuazﬁwunﬁmﬁa Maintenance and Support Facility
Audininsiioinnmand Scientific Equipment Center
UNINGIRYAIVAIUATUNS Prince of Songkla University
a.evad .1 lvg) 9.asvan Kor Hong, Hat Yai, Songkhla 90110
Tn3. 074-286904-7 Tnses 74-212813 Tel. 074-286904-7 Fax. 074-212813
sec-all@groups.psu.ac.th sec-all@groups.psu.ac.th

HCIRRIARYY

pH Meter

PSU pH v2.2

s A A a Jd
ﬂuﬂlﬂﬁ@ﬁu@?ﬂﬂWﬁTﬁﬁi

30



a o a 4
VHUING1QYNVYATUATUNT

GARTILY

1. AR 1
2. vivhveuAzNA1eY) 2
Y

3. 35M13AAAY Electrode 3
ax & o 4

4. FMIAAAUANDS 4
ad =

5. 35 msaeuiiioy 5

Y
5.1 MIAIMIIUIUYATOUINYL

5.2 MIADUNYL

6. 35N153AA1 pH 6
7. 35msvan309 7
as ) [ dy 9y
8. IFMIVITIINYUUDIAU 8
pH
Range 0to 14 pH
Resolution 0.01 pH
Calibration 1-3734
TRILERN
Battery 9VDC 1 Aoy
Energy Saving il
Mode

31



iJu ON wisuidlanos

@) 1 OFF dnsuilansos (nad1913 5

) Jun)

) .
O ‘ O ‘ 11 CAL dmsudouiiounIos
N/
\. ON ) \ CAL )
— 1 fvsudensduuuns
— o @) MODEdm 3 n
[ '
O O \M0E) | gaanavoantivellual pH 150 mvV
\ OFF ) \ MODE /

3. Sfiﬂ?ﬁﬁﬂﬁ\? Electrode

o A g Y 1 v @ 4 @
1. thlaweneduindiuine BNC 494 Electrode ABMNAUAUATOI pH Meter A4

o 1 4d Y A ] ' o A
2. mg‘ummaaﬂimmu L‘W'E'Ji?iﬁ']f] Electrode Vlll'ﬂf]‘ﬂﬂﬂﬂﬂTﬂﬂ'Jlﬂiﬂﬂ

208 BNC v84

32



v
QU

ad =\ d’
4. 35MIAANIMVAINDS
1. yosdwmsulduuamesognaunasuesdunie
d' 9 A ~ [] 1 @ Yy 9 ] ~ a 9
2. isl¥nuaieaaunuames ausanendsnu i 1dud vuansanlasununass 1dioq

TaglFuummasyuin 9 VDC $1u7u 1 Aou

ad =
5.3 sMIao Uy

4
5.1 MIAIMTILIUATOUTNGY

4
Y

A 1 dy 3 1 o I3 9 1 =1 Aaas 3 1w dy
130N pH Meter JUUTIVITOAINT “VIUIUIATDUNYD” ”lﬂmzm 1949390 laela5msaenIneil

Q

Y
U 9 (%

1. natjy CAL #1913 wioudrenailu ON e grivheensas

U

U

1

4 ¥
o

o = U A
2. A “druaugaceuiisy” lasmsnatju CAL liisess au

Y1 Ay
Taandeans

33



- ad =
5. M aounay

5.2 Msaeuiiey

wnamg deunisumsnzmemasguidesmsszaeuiivulieglugamgiivieseuimsdou

i)
My

1. WaniosTagnaijy ON

b [ I
2. A MUaAZ01A Electrode 1aan33utinaunilalgvod Electrode
1 v 1 9/ Yy K & Y 9 AN Y
sunlanlufieanslaqandne udRadalvudelaenszaruvsom

N lailye

3. {1 Electrode aslumsazatoninsgu udinailu CAL in3eny
RIN15971UA1 pH Y0815 0LA0NIATTIULAZISLAAINAAT pH

Ao Y 9 [Y e
wasgiuiialdauundiee laedn Tula

4

o :l y o a AN Yo 1 9/
4. g 2 - 3 mu “Sruugadeuiion” Aladaa 1

A w Y, ¥ ' a
5. 1497391 pH 1]'8']\1?”5ﬁga']ﬂu'lﬂﬁi']Llﬂﬁ‘llua? 1°Vlﬂﬂ°l!1] CAL 8n

E4 ¥ b4
asuiaAUgAN SO UNEY

34



ac % \
6. 35M15IAA pH

3 ' F 4 9
wneme) ine1¥msTan pH ianugndestsiu adshmsasuifisunnnienaumsiamase uazaas

Jarmulegungivesmsazmelinumiugungiiios

1. AanIos lasnaijy ON

2. {4 Electrode aslumsazaefdosnsan pH

A ' do yy ¥
3. T DNVSLLAANAT pH ﬂ’Jﬂ"lﬂ‘]JUﬂu'l%ﬂ

oy =Y d’
7. 35m15anse4

% ' PanToslaenaiju OFF A9z 5 Jui

35



9. Datashect
Datasheet

1. PIC16F913

MicrocHIP PIC16F917/916/914/913

28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers with
LCD Driver and nanoWatt Technology

High-Performance RISC CPU:

» Only 35 instructions to learn:

- Ali single-cycle instructions except branches
Operating speed.

- DC - 20 MHz oscillator/clock input

- DC - 200 ns instruction cycle

Program Memory Read (PMR) capability
Interrupt capability

8-level deep hardware stack

Direct, Indirect and Relative Addressing modes

.

Special Microcontrolier Features:

Precision internai Oscillator:
- Factory calibrated to 1%
- Software selectable frequency range of
8 MHz to 32 kHz
- Software tunable
- Two-Speed Start-up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
Power-saving Sleep mode
Wide operating voltage range (2.0V-5.5V)
Industrial and Extended temperature range
Power-on Reset (POR)
Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
Brown-out Reset (BOR) with software controi
option
Enhanced Low-Current Watchdog Timer (WDT)
with on-chip oscillator (software selectable
nominal 268 seconds with full prescaler) with
software enable
Multiplexed Master Clear with pulil-up/input pin
Programmable code protection
High-Endurance Flash/EEPROM cell:
- 100,000 write Flash endurance
- 1.000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years

.

Low-Power Features:

« Standby Current:
- <100 nA @ 2.0V, typical
- Operating Current:
- 8.5 A @ 32 kHz, 2.0V, typical
- 100 uA @ 1 MH2Z, 2.0V, typical
- Watchdog Timer Current:
- 1uA @ 2.0V, typical

Peripheral Features:

- Liquid Crystal Display module:

- Up to 60 pixel drive capability on 28-pin
devices

- Up to 96 pixel drive capability on 40-pin
devices

- Four commons

Up to 35 I/O pins and 1 input-only pin:

- High-current source/sink for direct LED drive

- Interrupt-on-pin change

- individually programmable weak pull-ups

In-Circuit Serial Programming™ (ICSP ™) via two

pins

Analog comparator module with:

- Two analog comparators

- Programmable on-chip voitage reference
(CVREF) module (% of Vbb)

- Comparator inputs and outputs externaily
accessible

A/D Converter:

- 10-bit resolution and up to 8 channels

Timer0: 8-bit timer/counter with 8-bit

programmabie prescaler

Enhanced Timer1:

- 16-bit timer/counter with prescaler

- External Gate input mode

- Option to use OSC1 and OSC2 as Timer1
oscillator if INTOSCIO or LP mode is
selected

Timer2: 8-bit timer/counter with 8-bit period

register, prescaler and postscaler

Addressable Universal Synchronous

Asynchronous Receiver Transmitter (AUSART)

Up to 2 Capture. Compare, PWM modules:

- 16-bit Capture. max. resolution 12.5 ns

- 16-bit Compare, max. resolution 200 ns

- 10-bit PWM, max. frequency 20 kHz

Synchronous Serial Port (SSP) with 12C™

.

.

mnilsgneuil a-1 gairuid lasswveslulasneuInsames PIC16F913
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28-pin PDIP, SOIC, SSOP

RE3/MCLRVPP
RAO/AND/C1-/SEG12
RA1/AN1/C2-1SEGT
RA2/AN2/C2+/VREF-/COM2
RA3/AN3/C1+/VREF+/COM3/SEG15
RA4/C10UT/TOCKISEG4
RAS/AN4/C20UT/SS/SEGS
Vss
RA7/OSCH/CLKIT10S!
RAB/OSC2ICLKOT10SO
RCOVLCD1

RCINVLCD2

RC2VLCD3

RC3/SEGE

g B ~ 28] | «—— RB7/ICSPDAT/ICDDAT/SEG13
-] 2 27 []=—= RB6/ICSPCLKACDCKISEG 14
[ 3 26 ] «—— RB5/COM1

-—l 4 25 ] «— RB4/COMO

~—=[]5 24[] «—— RB3/SEG3

—[]s © 23] «— RB2SEG2

-] 7 2 22{] ~— RBY/SEGH

—— 8 b= 21{ ] +~— RBU/INT/SEGO

{19 @ 20[ ] «—— VoD

~—[]10 Q 19[ ] == VsS

—e ]t a 18 ] «—e RC7T/RX/DT/SDISDA/SEGS
—[]12 17 [] «——» RCOTXICKISCKISCLISEGE
—[]13 16] ] «—» RC5TICKICCP1/SEG10
«—[]14 15[ ] «— RC4/TTG/SDO/SEGH

NN52NBUN A-2 @201 SOIC

Program

Me,?,ory Data Memory Jo.bit A | LCD Timers

Device o h (segment ccp 8/16-
Flash SRAM | EEPROM (ch) drivers) bit

{words/bytes) (bytes) (bytes)

PIC16F913 4K/TK 256 256 24 5 16 1 21
PIC16F914 4K/TK 256 256 35 8 24 2 21
PIC16F916 8K/14K 352 256 24 5 16 1 2/1
PIC16F917 8K/14K 352 256 35 8 24 2 2/1

P wa A o A =) a
ﬂ’l‘Wﬂigﬂ@U'ﬂ f1-3 AT UAPNAMANUALNGUNY LUDITDUA Gluﬁizqalﬂﬂ'lﬂu
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Configuration

13

INT

i

DataBus  ®  PORTA
<71 Program Counter K35 7 RAQ/ANO/C1-/SEG 12
Flash lL RA1/AN1V/C2-/SEGT
4K/BK x 14 RA2/AN2/C2+/VREF-ICOM2
Proaram . RAM 8 RAY/AN3/C1+/VREF+COM3/SEG15
ogra 8-Level Stack (13-bit) 266352 byles 1 RA4/C10UT/TOCKI/SEG4
Memory Fie RAS/AN4/C20UT/SS/SEGS
@ Registers RAGIOSC2ICLKO/T10S0
Program 14 RA7/OSC1/CLKIT108I
Bus = Program Memory Read
9_———> {PRM) PORTB
e[S RBO/INT/SEGO
| instruction Reg | e[S RB1/SEG 1
Il Direct Addr 7/ et RB2/SEG2
,, { RB3/SEG3
Lee-{54 RB4/COMO
| e[ RBS/COM1
RBE/ICSPCLKACDCK/SEG 14
lee- {50 RB7/ICSPDAT/CDDAT/SEG 13
= PORTC
«=[X] RCOVLCD1
3 -] RCIVLCD2
AV POTwer-up RC2/VLCD3
mer é g
Instruction q zgilrifggoo;seeﬂ
Oscillator
Decode and (=) Startp Timer =[5 ResTICKICCPSEG10
o X| RCE/TXICKISCKISCLISEGY
OSCUCLKI Power-on 8 o= [X| RC7/RX/DT/SDUSDA/SEGS
Reset
Timing
OSC2/CLKO | Generation K| Watchdog W Reg PORTE
Timer
Brown-out
Reset
intemal L RE3MCLR/Vep
Osciltator -
Block
Vbb Vss
AN ]
Data EEPROM
R 26 bytes
TimerQ Timer1 Timer2 10-bit A/D
vV \ AV {} 4} iL
Addressable
Comparators cePl ssp USART BOR PLVD LCD

A W1sgnouf n-4 Block Diagram Y94 PIC16F913
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2. MCP3304

MICROCHIP

MCP3302/04

13-Bit Differential Input, Low Power A/D Converter
with SPI™ Serial Interface

Features

« Full Differential inputs
- MCP3302: 2 Differential or 4 Single ended Inputs
- MCP3304: 4 Differential or 8 Single ended inputs
+ +1 LSB max DNL
+ 1 LSB max INL (MCP3302/04-B)

+ 32 L.SB max INL (MCP3302/04-C)

- Single supply operation: 2.7V to 5.5V

+ 100 ksps sampling rate with 5V supply voltage

+ 50 ksps sampling rate with 2.7V supply voltage

+ 50 nA typical standby current, 1 uA max

+ 450 pA max active current at 5V

« Industrial temp range: -40°C to +85°C

- 14 and 16-pin PDIP, SOIC and TSSOP packages
« MXDEV™ Evaluation kit available

Applications

- Remote Sensors
- Battery Operated Systems
+ Transducer interface

Package Types

PDIP, SOIC

PDIP, SOIC, TSSOP

cHod 1 ™~ 14 vy
CHIO2 g 130 Veer
CH20]3 @ 12[1 AGND
cH3rf4 8 1MICK
N5 & 100 Doyt
NCds N 9Dy
DGND O 7 8[7 CS/SHDN
cHo 1 > 16T vpg
CH1 2 15[ Vrer
cH2 O3 % 14[7 AGND
CH3 4 = 13CLK
CHa 5 & 120 Doyr
cH5 s & 110D
CHS6 7 10{J CS/SHON
CHT [s 9[1 DGND

General Description

The Microchip Technology inc. MCP3302/04 13-bit A/D
converters feature full differential inputs and iow power
consumption in a small package that is ideal for battery
powered systems and remote data acquisition applica-
tions. The MCP3302 is programmable to provide two
differential input pairs or four single ended inputs. The
MCP3304 is programmable and provides four differen-
tial input pairs or eight single ended inputs.

incorporating a successive approximation architecture
with on-board sample and hold circuitry, these 13-bit
A/D converters are specified to have 1 LSB Differen-
tial Nonlinearity (DNL); 1 LSB Integral Nonlinearity
(INL) for B-grade and 2 LSB for C-grade devices. The
industry-standard SPI™ serial interface enables 13-bit
A/D converter capability to be added to any PICmicro®
microcontrolier.

The MCP3302/04 devices feature low current design
that permits operation with typicai standby and active
currents of only 50 nA and 300 pA. respectively. The
devices operate over a broad voltage range of 2.7V to
5.5V and are capable of conversion rates of up to
100 ksps. The reference voltage can be varied from
400mV to 5V, yielding input-referred resolution
between 98 uV and 1.22 mV.

The MCP3302 is available in 14-pin PDIP, 150 mil
SOIC and TSSOP packages. The MCP3304 is avail-
able in 16-pin PDIP and 150 mil SOIC packages. The
full differential inputs of these devices enable a wide
variety of signals to be used in applications such as
remote data acquisition, portable instrumentation and
battery operated appilications.

analszneud a-5 parautia laesIuves MCP3304
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TSAMPLE TSAM PLE

[~

Tcsd’—“

ow Jef5E 02| 01]00]

HI-Z HI-Z

Dout

Tcony | |

Taca L
Toata ™"

* After completing the data transfer, if further clocks are applied with CS low, the A/D Converter will output LSB
first data, followed by zeros indefinitely. See Figure 7-3 below.

** TpaTa: during this time, the bias current and the comparator power down while the reference input becomes
a high impedance node, leaving the CLK running to clock out the LSB-first data or zeros.

T When operating in single ended mode, the sign bit will always be transmitted as a ‘0.

milsenoud a-6 iluuumsiennedeyauuuoyNTUYEs MCP3304
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3. MAX663

19-0921; Rev 1. 7/96

General Deescription

The MAX663/664/666 CMOS voltage regulators have
a maximum quiescent current of 12uA. They can be
used sither as 5 volt, fixed output regulators with no
additional components, or can be adjusted from 1.3V
to 16V using two external resistors. Fixed or adjustable
operation is automati selected via the Vger input.
The MAX66X series, ideally suited for battery powered
systems, has an input voltage range of 2 to 18.5V, an
output current capability of 40mA, and can operate
with low input-output differentials. Other features
include currant limiting and low power shut down.

The MAXS663 positive regulator and MAX664 negative
regulator are both pin and electrically compatible
with the ICL7683 and ICL7664 and can plug-in
replace these devices, improving performance and
eliminating the need for external resistors in 5V
applications. The MAX666 has a positive output and
includes on-chip low-battery detection circuitry.

Applications

Handheld Instruments
LCD Display Systems
Pagers

g
Remote Data Acquisition and Telemetry

Radio Controlled Devices
Long-life Battery Powered Systems

Pin Configuration

Top View

SENSE (3]
Vourz (3]
voyry (3

oo [

5] ¥ (POS)
7 o
(3] vaeT
of i

Mmaxim
MAX863

v G*
SENSE (T
Supn (3]
(NER) v [<]

4] BND
7] Vouri
3] vger
5] SHDN

MAXIAN
MAX664

!mE. A 4

vour (2]
L 3]
ama (€

%] Vi (POS)
7] L8O
€] Veer
(W SHON

maxim
MAXEE8

MMAXIMN

Dual Mode™ SV/Programmable
Micropower Voltage Regulators

Features

€ Dual Mode Operation: Fixed +5V or Adjusiable
fsom +1.3V to +18V

& Low Power CMOS: 12:A Max Quisscent Current
& 40mA Output Current, with Current Limiting
& Pin-Compatible Upgrade of ICL7683

and ICLT064
& +2V to +18.5V Operating Range

& Low Batlery Detector (MAXE886)
4 No Output Over-8hoot on Power Up

Ordering Information

PART TEMP. RANGE  PIN-PACKAGE
MAX863C/0O 0°C to +70°C Dice
MAX663CPA 0°C to +70°C 8 Lead Piastic DIP
MAXBE3CSA 0°C 10 +70°C 8 Lead Small Outline
MAXBB3EPA  -40°C to +85°C 8 Lead Plastic DIP
MAXG63ESA -40°C to +85°C 8 Lead Small Outline
MAXB63MJA -55°C to +125°C 8 Lead CERDIP
MAXB64C/D 0°C to +70°C Dice
MAXB64CPA 0°C to +70°C 8 Lead Plastic DIP
MAX664CSA 0°Cto +70°C 8 Lead Small Qutline
MAXG64EPA  -40°C to +85°C 8 Lead Plastic DIP
MAXG64ESA -40°C 10 +85°C 8 Lead Small Qutiine
MAXBB4MJA  -55°C10 +125°C 8 Lead CERDIP
MAX666C/D 0°C to +70°C Dice
MAXGE66CPA 0°C to +70°C 8 Lead Plastic DIP
MAXB66CSA 0°C 1o +70°C 8 Lead Small Outline
MAXG66EPA  -40°C to +85°C 8 Lead Plastic DIP
MAXG66ESA -40°C 10 +85°C 8 Lead Smail Outline
MAXEBEMJA  -55°Cto +125°C 8 Lead CERDIP

Typical Operating Circult

-n-.pw—]
F 4
:

MAXILM
MAXE663

-

ﬂ:l"l

AMnlsgneuil a-7 guauiia lagsuyed MAX663
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4. CA3140
intersil.

CA3140, CA3140.

Data Sheet July 11, 2005

Features

» MOSFET Input Stage
- Very High Input impedance (ZiN) -1.5TQ (Typ)
- Very Low input Current (Ij) -10pA (Typ) at =15V

- Wide Common Mode Input Voltage Range (VicR) - Cat
Swung 0.5V Below Negative Supply Voltage Rail

- OQutput Swing Complements Input Common Mode

4.5MHz, BIMOS Operational Amplifier with
MOSFET Input/Bipolar Output

The CA3140A and CA3140 are integrated circuit operational
amplifiers that combine the advantages of high voltage
PMOS transistors with high voitage bipolar transistors on a
single monolithic chip.

The CA3140A and CA3140 BiMOS operational amplifiers
feature gate protected MOSFET (PMOS) transistors in the
input circuit to provide very high input impedance, very low
input current, and high speed performance. The CA3140A
and CA3140 operate at supply voltage from 4V to 36V
(either single or dual supply). These operational amplifiers
are internally phase compensated to achieve stable
operation in unity gain follower operation, and additionally,
have access terminal for a supplementary external capacitor
if additional frequency roll-off is desired. Terminals are aiso
provided for use in applications requiring input offset voltage
nulling. The use of PMOS field effect transistors in the input
stage results in common mode input voltage capability down
to 0.5V below the negative supply terminai, an important
attribute for single supply applications. The output stage
uses bipolar transistors and includes built-in protection
against damage from load terminal short circuiting to either
supply rail or to ground.

The CA3140A and CA3140 are intended for operation at supply
voltages up to 36V (+18V).

Range

- Directly Replaces industry Type 741 in Most Applicatic

« Pb-Free Plus Anneal Avaitable (RoHS Compliant)

Applications

- Ground-Referenced Single Supply Amplifiers in
Automobile and Portable instrumentation

+ Sample and Hold Amplifiers

+ Long Duration Timers/Multivibrators
(useconds-Minutes-Hours)

» Photocurrent instrumentation
» Peak Detectors

- Active Filters

= Comparators

- interface in 5V TTL Systems and Other Low
Supply Voltage Systems

+ All Standard Operational Amplifier Applications
« Function Generators

- Tone Controls

« Power Supplies

- Portable Instruments

- Intrusion Alarm Systems

Pinout
CA3140 (PDIP, SOIC)
TOP VIEW
\J
o I [¢] strose
INV. INPUT E . 3 Ve

NON-INV. >_|_
put L3 3 OUTPUT
OFFSET

v E il v

amlsznouh a-8 amaulia lavs e CA3140
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5. LM358

[S72

®

LM158,A-LM258,A
LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

B INTERNALLY FREQUENCY COMPENSATED
B LARGE DC VOLTAGE GAIN: 100dB

M WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated

B VERY LOW SUPPLY CURRENT/OP (500uA)

ESSENTIALLY INDEPENDENT OF SUPPLY
VOLTAGE

LOW INPUT BIAS CURRENT: 20nA
(temperature compensated)

LOW INPUT OFFSET VOLTAGE: 2mV

LOW INPUT OFFSET CURRENT: 2nA
INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE POWER SUPPLY VOLTAGE
LARGE OUTPUT VOLTAGE SWING 0V TO
(Vee - 1.5V)

DESCRIPTION

These circuits consist of two independent, high
gain, internally frequency compensated which
were designed specifically to operate from a sin-
gle power supply over a wide range of voltages.
The low power supply drain is independent of the
maghnitude of the power supply voltage.

Application areas include transducer amplifiers,
dc gain blocks and ail the conventional op-amp
circuits which now can be more easily implement-
ed in single power supply systems. For example,
these circuits can be directly supplied with the
standard +5V which is used in logic systems and
will easily provide the required interface electron-
ics without requiring any additional power supply.
Inthe linear mode the input common-mode voltage
range includes ground and the output voitage can
also swing to ground, even though operated from
only a single power supply voltage.

PIN CONNECTIONS (top view)

™

N
DIP8
(Plastic Package)

. »

D&S
SO8 & miniSO8
(Plastic Micropackage)

A

P
TSSOPS8
(Thin Shrink Small Outline Package)

ORDER CODE
Part Temperature Package
Number Range N s D P
LM158.A -55°C, +125°C . . .
LM258 A -40°C, +105°C . . .
LM358 A 0°C, +70°C . . . .
Example : LM258N

N = Dual in Line Package (DIP i i

D = Small Qutline Package (SO) - also available in Tape & Reel (DT

§ = Small Qutline Package (miniSO) onl¥ available in Tape & Reel (r T)

P= ':;tsn Sitzg'}‘; Small Outine Package {TSSOP) - only available in Tape
ee

1 - Output 1

2 - inverting input

3 - Non-inverting input
4 = VCC-

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8 - VCC'.'

alszneud a-9 aaawiiha lagsauvod LM358
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