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Special Project Title

Name

Department

Program

Academic Year

Special Project Advistor

Special Project co-advistor

At the present, pulse oximeter is developed by many manufacturers for medical
instrumentation, leading to various types and different systems. Since these instruments are very
expensive, some hospitals have no an opportunity to use them due to the limited budget. The
objective of this research is to design and construct the pulse oximeter utilizing the available
components in Thailand, in order that the imported medical instruments are reduced. The
designed and constructed pulse oximeter consists of pulse rate generator, amplifier, processing

unit and display unit. A microcontroller was used to control pulse rate generator, compute and

Blood Oxygen Meter

Mr. Nattaphon Lacharut

Applied Physics

Applied Physics-Science and Industry Instrumentation
2006

Assoc.Prof. Anupong Srongprapa

Assoc.Prof. Suwan Kusamran

ABSTRACT

display. This instrument employs LCD display to indicate oxygen saturation in the blood
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2.13.2.3 10daf0A ( Thrombocyte , platelet )

Fupsdilsznouveadeaniviadniiqa sz 2-4 luaseu Lifl duedea
dan Ingjgusnenan wuu wieglly Aeddeu dwuerglsHinunsynfaditmiatung

VO 9 dv a A =y o o 4 -
nsgrweganmamad Tunuuasdaiduigadreunsiadug Jdututiannnsadungaile
¢ o s v  w a4 < g ¢

1o (Megakaryocyte) u'lunszgn 'lutm'mmzﬁﬂﬁuﬁﬁwuﬂauﬂz‘wumﬂﬂsznauuﬁ‘luwaa
1 ' © i @ o a -3y | o
#i5und1 nsoululad (thrombocyet) YimihiidfgRearumsuisiveuiion saeiildiden

Ay & A a
'HQﬂil“(iﬂﬂﬁﬁ]ﬂ'lnmﬂﬂuJE]LﬂﬂU']ﬂLmﬁ

2.2 fMasondiou
-2 = o 2] o a o s or a¥ o
faeondsudaiubumanianudifglunsdudia Tnos@unsoiunresndu
L} - = -] g A
dunsmeladt sendinuivnumdfglunszuammawimaigomisaisluand Fwavss
¥ »
psruumswrang lasldeandioutisy Idfmaiuonlasenled 11 wazwdsnulugd Atp

o A I o ar Ci { L ~
Iunnndannaihiundseui idsinassuunsensaigi lildeendiou

2.2.1 fhnafmasendmuiliidluiane
PinoenGieufi 118 lusnmeawisodnanldnna Kbarterial O, Content uazsi
Cardiac Output 1AU#1 Kbarterial O, Content s Afinanniden100 Tadaas Talylnadu 15
afuuazislulnatiu 1 nfu awisesusendion ldqage 1.34 Hadaas duhmden 100 Haddns
fSumeendioudy 15x 1.34=20%
Puasendiouildidlusene  Yinueenduild 18l 1 wd
= (1.34x 15 /100 ml of blood x 5000 ml/min
= 20/100 x 5000
= 1000 ml/min

=

InuagnanisemennrousinIdosmsideendiouilsz i 250 daddasmd Tag
M aannAunisvesenduuiliudiedorisiany fish 5 oddas deiden 100
yanang
SutssAntnsldeendian = (250/1000) x 100 %
= 259%

¥ 1
aatueandwunldlusemofiifuin 25 % wazlidisedflusumesy 75 %



11

2.2.2 ANHOIENIN LN HUDINFBONTIOU
- Pufe it Litinau waz lifse
- ANE NI 1.105
¥
- dmiinTuana 32
o Y o al = a
- tiiduvesmann -183 ssrwalsg ANNAY 1 UsTENAA
e 6 ¥ P ~ = w
- Wlddluveavanh -119 esRuraiea ANAN S0 UTIEININ
- I Suvewdan 218 semumadoe
- gnsoazanitld 2.4 vol% N1 37 esrimaiBea

- museazatnit i 3.1 vol% N 20 semwaied

t 13 []
- esnazanil A 4.9 vol% 1 0 ssmuwamee

L = =
2.2.3 msvuadafiweenBouludon
i - A A4 ¥ 4 . ' . a
minvondou lidiie@ome idedoi1 11118 Suemessovudeoandionlyld
wad a2 Ao
4 kA
- myazae1dluiufion (Dissolved 0,) sanHieuazmwlufoaiios 3% vty M3
‘g 1 o a -~ o o oA o
azmeduagiuussrudssyesesndiouluiion tufenng PO, 1 dndwasilsen srileandiou
o an 4 &S An P = L ) [ o [
03 Hnddesdedon 100 iladaes FevzwiulddiidSuaniesuin luesmedimiunam
Py A = =y A =] 9 =t v £ et
wagye s sadaauilingnnilSumponmeunsunisldadestims vudssendiou lag 513
4 o
audn
o Uy -1 ar = d‘ ] o L (=)
- msdalgasemantl Tessrudue TuInaby TeefieTulnaduezsiviiiueeniiay
[ 3
Sond1 eondieTuInadu ( Oxyhemoglobin , HbO, ) Tatvongiauiisiunis lu Inaiiutull
¥ 1 LS
13110 97 % vineoadiounaruaiisanw ATy mIsiuarsznitesndisuiue Ty Tnadiuru
J g L § o - st = r ﬂ' or ﬂ'
Juduanudu ffianudugeesndiouszsauiuelulnatiulduin uadifinrududn
¥
wluTnatiusztamldossendiousenu dsingmyaiilfiusinguvsamsvudioandiaunin
as di’ A ’ ¥ A a ) P = v VoA d? A =
dealiliiailodioden 14 Wiosnnanudusendisuniloadaunnniisbe n1sseylium
] F=} q‘;’ = 1 s o o = o o o
pandauludsaiudonusnluglvesdnlassuania Tu Tnatiuamunsnsauddfueengiou (

Percent Saturation of Hb with 0,) N39R1AIMUDUAIUDIDBNHIIN ( Oxygen Saturation , Sa0, )



12
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#include<reg52.h>

#include<stdio.h>

sbit RED = P3/2;
sbit IR = P1"1;
sbit Data = P1°2;
sbit CLK = P173;
sbit CS =P174;
sbit E =P1/5;
sbit RW=P1/6;
sbit RS=P177;

char buffer{20];
char timerl ;

char cputick;

int sig_red,sig_ir,timer2,ac_red,ac_ir;
int x1,x2;

int y1,y2;

int min_red=0xfTT;

int max_red=0;

int min_ir=0xfff;

int max_ir=0;

unsigned int c;

float dc_red,dc_ir,ra,02;

int read ADC(char n)
{
int k;

char i,channel;



CS=0,

ifln==0) channel= 0x0d;

else channel= 0x0f;

// send config nibble dummy read NULL bit after config nibble
for(i=0; i<4; i++)

{
CLK = 0;
if{channel&R) Data = 1;
else Data =0,
CLK=1;
channel <<=1;

}

Data = 1; // enable internal pullup
CLK=0;

/f now read 12-bit data

for(i=0; i<12; i++)

{
k<<=];
CLK=1;
CLK =0;
if{Data) k |=1;
else k &=~1;
}

CS = 1; // shutdown ADC
return k&=0xf¥¥;



void timerQint (void) interrupt 1 using 1

{

THO |= 0xFC;
TLO |= 0x66;
cputick++;
RED = !RED;
IR =!IR;

}

pause(int j)

{
int i;
for (i=0;i<j;i++)
continue;

}

void pulesE(void)

{
E=1;
E =0;

}

void delay(int m)

{
int j;

for(j=0;j<=mjj++)

continue;



LCDWI (char n)

{

RW =0,
RS=0;

E=0;
PO=n;
E=l;
E=0;

pause(50);

LCDWD(char n)

{

RW=(;

E=0;
pause(50);

print_LCD(char a,char *s)

{

LCDWI(a);
while(*s 1= 0)

LCDWD{(*s++);



i_LCDO

RS=0;

E=0;
P0=0x30;pulesEQ);delay(10);pulesEQ);delay(1);pulesEQ;delay(1);
P0=0x20;pulesE();pulesE(};pulesE();

LCDWI(0x38);

LCDWI(0x0c);

LCDWI(0x06),

LCDWI(1);

delay(50);

void print_ ADC()
{
ifl(read ADC(0)<1000)&&(read ADC(1)<500))
{
if(++timer1>10)
{
timer1=0;
timer2++;
if(RED==0)
{
sig_red=read_ADC(0);

sig_ir=read_ADC(1);

}
ifl(read_ADC(0)>1000)&8&(read_ADC(1)>500))



min_red=0xffT;

max_red=0;

min_ir=0xft¥;

max_ir=0,

timer1=0;

timer2==0;

/i_LCDQ);

print LCD(0xc2,"Sp02 = 000");

void signal_ AC DC(void)
{

if{timer2>=2& &timer2<=201)

{
if(sig_red>max_red)
{
max_red=sig_red;
}
if(sig_red<min_red)
{
min_red=sig_red;
}

if(sig_ir>max_ir)
{
max_ir=sig_ir;
1
if{sig_ir<min_ir)

{



min_ir=sig_ir;

}

if{timer2==201)

{
ac_red=max_red-min_red,
ac_ir-max_ir-min_ir;
dc_red=(max_red+min_red)/2;
dc_ir{max_ir+min_ir)/2;
ra={(ac_red/dc_red)/(ac_ir/dc_ir);
02=(41.216*ra)}+73.144;
iff02>100) 02=100;
sprintf{buffer,"SpO2 = %3.0",02);
print_LCD(0xc2,buffer),

timer2=0;

void main()

{
EA=1;
ETO=1;
RED =0;
IR=1;
TMOD = 0x01;
TRO = 1;
timerl=0;

timer2=();

cputick=0;
i LCDO;



print_ LCD(0x81,"Pulse Oximeter");

while(1)

{
while(!cputick)
continue;
cputick = 0;
print_ADC(;

signal_ AC_DC();



LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOSO66E~ SEPTEMBER 1975 — REVISED FEBRUARY 1997

o Wide Range of Supply Voltages: LM124, LM124A ... J OR W PACKAGE
Single Supply ...3Vto 30V ALL OTHERS . .. D, DB, N OR PW PACKAGE
(LM2902 and LM2902Q (TOP VIEW)

3 V to 26 V}, or Dual Supplies 10uTl] 4 | 14]] 40Ut

© Low Supply Current Drain Independent of 1iN-[] 2 13[] 4IN-
Supply Voltage .. . 0.8 mA Typ 1IN+] 3 12[] 4IN+
® Common-Mode Input Voltage Range veell 4 11[J GND
Includes Ground Allowing Direct Sensing 2IN+[] 5 10[] 3IN+
Near Ground 2IN-[| & ofl IIN-

® Low Input Bias and Offset Parameters: 20UT([] 7 sf} 30UT

Input Offset Voltage ... 3 mV Typ
A Versions...2 mV Typ
Input Offset Current ... 2 nA Typ

LM124, LM124A . . . FK PACKAGE

TOP VIE
Input Bias Current . . . 20 nA Typ ( W
A Versions . . . 15 nA Typ z'.éo'éz'
® Differential Input Voltage Range Equal to - -ZS T
Maximum-Rated Supply Voltage . .. 32V 4 "5-";"-1—"5—6“1-;
{26 V for LM2902 and LM2902Q) 1IN+ [] 4 18] 4IN+
® Open-Loop Differential Voltage NC []s 17[JNC
Amplification . . . 100 V/mV Typ Vee 6 16[] GND
® Internal Frequency Compensation NC 7 15[ NC
2IN+ (] 8 14[] 3IN+
. 9 10 11 12 13
description e
o |
These devices consist of four independent zZ23<Z32
Ng am

high-gain freguency-compensated operational
amplifiers that are designed specifically to operate
from a single supply over a wide range of voltages.
Operation from split supplies is also possible symbol {each amplifier)
when the difference between the two supplies is
3V to 30 V (for the LM2902 and LM2902Q, 3V to

NC — No internal connection

26 V)and V¢ is at least 1.5 V more positive than iIN- —-

the input common-mode voltage. The low supply ourt
current drain is independent of the magnitude of N+ N

the supply voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational
amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For example, the
LM124 can be operated directly from the standard 5-V supply thatis used in digital systems and easily provides
the required interface electronics without requiring additional +15-V supplies.

The LM2902Q is manufactured to demanding automotive requirements.

The LM124 and LM124A are characterized for operation over the full military temperature range of —55°C to
125°C. The LM224 and LM224A are characterized for operation from —25°C to 85°C. The LM324 and LM324A

are characterized for operation from 0°C to 70°C. The LM2902 and LM2902Q are characterized for operation
fram —40°C to 125°C.

R R
PRODUCTION DATA information is current as of publication date

Copyright & 1997, Texas instruments incorporated
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LM124, LM124A, 1 M224, | M224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOSCB6E- SEPTEMBER 1875 — REVISED FEBRUARY 1997

AVAILABLE OPTIONS
PACKAGED DEVICES
Viomax | SMALL VERY cHP | ceramic | PLASTIC FLAT | o
TA 1 ar2sc | outume osu“frt;';E CARRIER DIP DIP T(ﬁsv?; PACK m
oyt (oB)E (FK) ) {N) w)
0°C to 7mv | LM324D LM324DBLE — LM324N LM324PWLE - Mazay
70°C 3amv | LM324AD — — - LM324AN | LM324APWLE —
o5Cto] S5mV | LM224D — — L M224N — —
85°C amv | LM224AD — — LM224AN - — o
—40°Clo | oy [ HM2902D o soopBLE - LM2902N | \iogozpwie | —
125°C LM2802QD - LM2902QN —
—55°Cto | &mv — — LM124FK | mi240 | — — LM 24w
125°C 2mv — — LM124AFK | LM124A) | — — B
T The D package is availabte taped and reeled. Add the suffix R to the device type {e.g., LM324DR).
1 The DB and PW packages are only available left-end taped and reeled.
schematic (each amplifier)
» ® » * vee

= B-prA
Current
Regulator

= Bl
Current
Regulator

~100-pA
Currant
Regulator

-2

——— OUT

COMPONENT COUNT
(total device)

Epl-FET 1

Transistors a5

Diodes 4

Resistors 1

Capacitors 4
&

TEXAS

INSTRUMENTS

POST OFFICE BOX 635303 ® DALLAT, TEXAS 75285

= 50-pA ;;7

Current
Regulator

GND

p To Other
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS0B6E- SEPTEMBER 1875 - REVISED FEBRUARY 1997
e A

LM324Y chip information

This chip, when properly assembled, displays characteristics similar to the LM324. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

al
g

1IN+ —
* (2) {1 10UT

{5}
(4] —— 2IN+

20UT—< {6)
3N+ (10} W 2IN-
(9) >— 30uT

3iIN- —— (12)
{14} 11— 4IN+
40UT | (13) AN

(1)

Lhivnttdnnndadandamnnbhnnunbhbnnnds
[=1]
()

GND
CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
T ymax = 150°C
TOLERANCES ARE + 10%.
.

ALL DIMENSIONS ARE iN MILS.

|IlIll|I|I||'llIllllllllllll||'IIIII'l|l|l'llf|l|!||ll|tI‘IIlI’lir ?’o“é:élesllgEEoRFNéh:-PY.CONNECTED

Q‘B TEXAS
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E~ SEPTEMBER 1975 - REVISED FEBRUARY 1997

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Lnzoe iwzoen | LM290Z | gy
LM324, LM324A
Supply voltage, Vo (see Note 1) 32 26 \
Differential input voltage, V|p (see Note 2) +32 126 \
Input voltage, V) {either input) -0.3t032 -03to26 v
egrgt;o? 50L o(t;t:::‘]s;c;ré ;:ircuit {one amplifier) to ground at (or below) Tp = 25¢C, unlimited unlimited
Continuous total dissipation See Dissipation Rating Table
LM124, LM124A —-5510 125
X . LM224, LM224A —2510 85 .
Cperating free-air temperature range, Ta V324, LVI24A 51070 C
LM2902, LM29020Q -40to 125
Storage temperature range —-65 to 150 —-651t0 150 °C
Case temperature for 60 seconds FK packags 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | J or W package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | D, DB, N, or PW package 260 260 °C

1 Stresses beyond those listed under “absolute maximum ratings’ may cause permanent damage to the device, These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under ‘recommended operating conditions” is not
implied. Exposure to absolute-maximurn-rated conditions for extended persods may affect device reliabiiity.

NOTES: 1. Allvoltage values (except differential voltages and Voo specified for the measuremant of |gg) are with respect to the network GND.

2. Differential voltages are at IN + with respect to IN —.
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING DERATE Ta =T70°C Tp =85°C Ta =125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D 9500 mW 7.6 mw/eC 32¢C 611 mwW 497 mw NIA
DB 775 mW 6.2 mWreC 25°C 496 mw 403 mwW N/A
FK 900 mW 11.0 mwW/eC 68°C 878 mw 713 mw 273 mW
J{LM124_) 500 mwW 11.0 mW/°C 68°C 878 mwW 713 mwW 273 mW
J (all others) 900 mwW B.2 mw/°C 40°C 654 mw 531 mw N/A
N 500 mW 9.2 mwi/*C 52°C 734 mw 596 mw NfA
PW 700 mW 5.6 mW/reC 25°C 448 mw 364 mwW N/A
w 900 mwW 8.0 mW/C 3rC 636 mw 516 mW 196 mW

*5‘ TEXAS
INSTRUMENTS
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LM124, LM124A, LM224, LM224A

L1324, LM324A, LM324Y, LM2902, L M2902Q

SLOS066E — SEPTEMBER 1975 - REVISED FEBRUARY 1997

QUADRUPLE OPERATIONAL AMPLIFIER
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LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E ~ SEPTEMBER 1975 — REVISED FEBRUARY 1997
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOSOB6E ~ SEPTEMBER 1975 — REVISED FEBRUARY 1897
L - —— Bo—

electrical characteristics, Vog = 5 V, Ta = 25°C (unless otherwise noted)

LM324Y
PARAMETER 13
TEST CONDITIONS MiN P UNIT
vVio Input offset voltage 3 7 my
o Input offset current Voo =5Vie MAX, Vic=Vicgrmin, Vo=14V 2 50 nA
2] Input bias current -200 -250 nA
Common-mode input voltage - Oto
VICR range Vee = 5Viio MAX Voe-1.5 A
VOH High-fevel output volitage R =10k Vee-1.5 v
VoL Low-level output voltage R 510 k2 E] 20 mv
Large-signal differential _ -
AvD voltage amplification Ve =158V, Vo=1VioiiV, R 22kQ 15 100 Vimv
CMRR  Common-mode rejection ratio V¢ = Vicrmin 65 80 dB
Supply-voltage rejection ratio
k 65 100 d8
SR (aveeriavio)
Voo =18V, Vip=1V, Vg=0 -20 -30 ~80
In Output current Voo =15V, Vip= 1V, V=15V 10 20 mA
Vip=1WV, Vo = 200 mv 12 30
los Short-circuit output current Vocatsy, GNDat-5V, Vp=0 +40 +60 mA
Vp =25Vee. No load 0.7 1.2
Icc Supply current (four amplifiers) 2 e mA
Voo = MAX, Vo=05Vee. No load 1.1 3

T All characteristics are measured under open-icop conditions with zero common-mode input voltage unless otherwise specified. MAX Ve for
testing purposes is 30 V.

Q@ Texas
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest verston of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Ti warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control technigues are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTCR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (‘CRITICAL
APPLICATIONS™. TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, CR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES CR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TtPRODUCTS IN SUCH APPLICATIONS 1S UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either exprass or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party's products or services dogs not constitute Ti's approval, warranty or endorsement thereof.

Copyright © 1999, Texas !nstruments Incorparated



MICROCHIP

MCP3202

2.7V Dual Channel 12-Bit A/D Converter
with SPI"" Serial Interface

Features

12-bit resolution

« 11 LSB max DNL

+1 LSB max INL (MCP3202-8)
+2 LSB max INL (MCP3202-C)

Analog inputs programmable as single-ended or
pseudo-differential pairs

On-chip sample and hold

SPI™ serfal interface {modes 0,0 and 1,1)
Single supply operation: 2,7V - 5 8V

100 ksps max. sampling rate at Vp, = 5V
50 ksps max. sampling rate at Vpp = 2.7V
Low power CMOS technaology

- 500 nA typical standby current, 5 yA max,
- 550 pA max. active current at 5V

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

+ 8-pin MSOP, PDIP, SOIC and TSSOP packages
Applications

= Sensor Interface

+ Process Control

+ Data Acquisition

« Battery Operated Systems

Description

The Microchip Technology inc. MCP3202 is a succes-
sive approximation 12-bit Analog-to-Digital (A/D) Con-
verter with on-board sample and hald circuitry. The
MCP3202 is programmable to provide a single pseudo-
differential input pair or dual single-ended inputs. Dif-
ferential Nonlinearity (DNL) is specified at +1 LSB, and
Integral Nonlinearity (INL) is offered In $1LSB
{MCP3202-B) and +2 LSB (MCP3202-C) versions.
Communication with the device is done using a simple
serial interface compatible with the SPI protocol. The
device is capable of conversion rates of up to 100 ksps
at 5V and 50 ksps at 2.7V. The MCP3202 device oper-
ates over a broad voltage range (2.7V - 5.5V). Low cur-
rent design permits operation with typical standby and
active currents of only 500 nA and 375 pA, respec-
tively. The MCP3202 is offered in B-pin MSOP, PDIP,
TSSOP and 150 mil SOIC packages.

Package Types

PDIP, MSOP, SOIC, TSSOP

CHOD
CH1

CS/SHON] 1 \-; 8 |1 Voo/Veer
cHo] 2 g 7 [CLK
CH1G3 & 6 D4,
[~
Ves(J4 N 5 0p,
Functional Block Diagram
Voo  Vas

r
l Input
Channel DAC -
| Mux
] L Comparator
[ Sam 12-Bit SAR
an
| Hold F——J
| -
d Shift
| Control Logic  (—w-] Register
(st = 4 A % _

CS/5HDN D.,,

CLK

[
I
|
|
|
|
f
i
.
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MCP3202

—_—
1.0 ELECTRICAL PIN FUNCTION TABLE
CHARACTERISTICS
Name Function
11 Maximum Ratings*
Voo Veee +2.7V ta 5.5V Power Supply and

Vg arssemsannesimncnninsnss e ss e s enssssssanssassssssnsses 1.0V Reference Voltage Input
Allinputs and outputs w.r.t. Vgs...... <0.6V to Vg +0.6V CHO Channel 0 Analog Input
Storage temperature .........c.uecvvnie...=65°C 10 +150°C CH1 Channel 1 Analog input
Ambient temp. with power applied .....-65°C to +125°C CLK Serial Clock
ESD protection on all ping (HBM)..........cccccecocc.... > 4 KV .

. ] ] D Serial Data In
*Notice: Stresses above those listed under “Maximum Ratings™ may
cause permanent damage to the device. This is a atress rating only i
and fundtional operation of the device at those or any other conditions DOUT Serial Data Out
above those indicated in the pperational listings of this specification is CS/ISHDN msmtdown Input

nol implied. Exposure to maximum rating conditions for extendsd
periods may affect device refizbility.

ELECTRICAL CHARACTERISTICS

uniess otherwise noted.

Al parameters apply at Vg = 5.5V, Vg = OV, T = 40°C to +85°C, fope = 100 ksps and fo = 1875 aupLe

Parameter [ Sym I Min, ]Typ.l Max. I Units l Conditions

Conversion Rate:

Conversion Time teony R — 12 clock
cycles
Analog Input Sample Time teampLE 1.5 clock
cycles
Throughput Rate fsampLE — —_ 100 ksps |Vpo = Veer = 5V
— — 50 keps  |Vpp = Veer= 2.7V
DC Accuracy:
Resolution 12 bits
Integral Nonlinearity INL -— +0.75 +1 LSB |{MCP3202-B
— 11 *2 LSB |MCP3202-C
Differential Nonlinearity DNL — 0.5 +1 LSB  {No missing codes over
temperature
Offset Error — £1.25 %3 LSB
Gain Error —_ £1.25 15 LSB
Dynamic Performance:
Total Harmonic Distortion THD — -§2 — d8 Vin=0.1V to 4.9V@1 kHz
Signal to Noise and Distortion SINAD — 72 _— dB Vi = 0.1V 10 4.9V@1 kHz
(SINAD)
Spurious Free Dynamic Range SFOR — 86 — dB Vin=0.1V to 4.9V@1 kHz
Analog Inputs:
Input Voltage Range for CHO or Vas — Voo v
CH1 in Single-Ended Mode
Input Voltage Range for IN+ in IN+ IN- — VoptN- See Sections 3.1 and 4.1
Pseudo-Differantial Mode
Input Voltage Range for IN- in IN- Vge100 — | Vggt100 mv See Sectlons 3.1 and 4.1
Pseudo-Differential Mode
Leakage Current — .0G1 +1 WA
Swilch Resistance Rgg _ 1k —_ e See Figure 4-1

Note 1: This parameter is established by characterization and not 100% tested.
2: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 for more information.

DS21634C-page 2
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MCP3202

ELECTRICAL CHARACTERISTICS (CONTINUED)

uniess otherwise noted,

All paramelers apply at Vpg = 5.5V, Vg = 0V, Tyyp = -40°C to +85°C, fgaums = 100 ksps and T = 18" gaume

Parameter Sym Min. Typ. Manx. Units Conditions
Sample Capacitor Coampie — 20 - pF See Figure 4-1
Digital Input/Output:
Data Coding Format Straight Binary
High Level Input Voltage Viy 0.7 Vo — — v
Low Level Input Voltage Vi — — 0.3 Vo Vv
High Level Output Voltage Vo 4.1 — — A lo = =1 mA, Vo, = 4.5V
Low Level Output Voltage Ve —_ —_ 0.4 ) lo =1 mA, V= 4.5V
Input Leakage Current Iy -10 - 10 pA Vin = Vgg O Vpp
Output Leakage Current Lo -10 e 10 HA Vour = Vgg O Vg
Pin Capacitance Cw Cour —_ — 10 pF Vpp = 5.0V (Note 1)
{All inputs/Qutputs) Tawe = 25°C, =1 MHz
Timing Parameters:
Clock Frequency ferw —_ — 1.8 MHz |Vpp =5V (Note 2)
0.9 MHz |Vpy=2.7V (Note 2)
Clock High Time ty 250 - ns
Clock Low Time to 250 — - ns
CS Fall To First Rising CLK tsucs 100 —_ —_ ns
Edge
Data Input Setup Time tsy — — 50 ns
Data Input Held Time to - - 50 ns
CLK Fall To Qutput Data Valid too = —_ 200 ns See Test Circuits, Figure 1-2
CLK Fall To Output Enable ten — -— 200 ns See Test Circuits, Figure 1-2
CS Rise To Cutput Disable tois —— —_ 100 ns See Test Circuits, Figure 1-2
Note 1
CS Disable Time tean 500 — — ns
Dyyr Rise Time tr o — 100 ns See Test Circuits, Figure 1-2
Note 1
Dgyr Fall Time te — — 100 ns See Test Circuits, Figure 1-2
Note 1
Power Requirements:
Operating Voltage Voo 2.7 —_ 55 Vv
Operating Current oo — 375 550 uA Voo = 5.0V, Dyyr unloaded
Standby Current loos == 0.5 5 HA CS = Vpp = 5.0V
Temperature Ranges:
Specified Temperature Range T -40 — +85 °C
Operating Temperature Range Ta -40 -— +85 °C
Storage Temperature Range Ta -65 - +150 °C
Thermal Package Resistance:
Thermal Resistance, 8L-PDIP 0,, —_ 85 — "CIW
Thermal Resistance, 8L-SOIC 9, —_— 163 — °C/W
Thermal Resistance, 8L-MSOP 0. —_ 206 — "CIW
Thermal Resistance, 8L-TSSOP 0, — — "CIW

Note 1: This parameter is established by characterization and not 100% tested.
2: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 for more information.
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MCP3202

2.0 TYPICAL PERFORMANCE CHARACTERISTICS

Note: The graphs provided following this note are a stati:tical summary based on a limited number of samples
and are provided for informational purposes or'y. The performance characteristics fisted herein are not
tested or guaranteed. In some graphs, the dat presented may be outside the specified operating range
{e.g., outside specified power supply range} 2nd therefore outside the warranted range.

Note: Unless otherwise indicated, Vpg = BV, Vigg = OV, fgaupe = 100 ksps, fok = 18* foumpre Ta = 25°C
10 T T-— 20 T
o8 Poeitive R : 1.5+ Voo=27v
1. |
1.0
0.4 1 . Positive INL

& 02 | o 05 - —

ﬁ 0.0 t g 0.0

F w2 = 3 05

z Y Negethe INL ; F o Negative INL

06 i .5
-0.8 4
-1.00 ] -2.0
0 % 50 75 o0 125 150 : 20 @ 80 &0 100
Sample Rate (ksps) Sample Rate (ksps)
FIGURE 2-1: Integral Nonlinearty {INL) vs. Sample FIGURE 2-4: Integral Nonlinearty (INL) vs. Sample
Rate. Rate (Vpp = 2.7V).
1.0 T Lo "
0.8 ! Fasapie = 100 keps 0.8 E ! Fampis = 50 keps
0.8 -\ﬂtiw e v S 1.8 +—— FPositie INL
0.4 0.4
o o2 @ 0z
3 o 3 oo
= 02 = 0.2
= * z
= g AN = o4 )
z; [— Negative INL 24 Negative 1L
0.8 0.8
-1.0 -1.0
a0 35 40 45 50 28 ao 35 40 45 5.0
VeolV) Veo(V)
FIGURE 2-2: Integral Nonlineanity {INL) vs. Vip, FIGURE 2-5: Integral Nonlinearity (INL) vs. V.
1.0 ) 1.0 T T
0.8 0.6 4+ Voo = 2.7V
0.6 0.6 + Fsanpre = 50 ksps
04 _ 04 t
@\ 0.2 1 -
3 oo M 2 o
g 02 | g 02
— 04 - D4
0.6 | -0.6
0.8 { 0.8 i
-1.0 i -1.0 J
o 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2550 3072 3584 4096
Digital Code Digital Code
FIGURE 2-3: Integral Nonlinsarity (INL) vs. Code FIGURE 2-6: Integral Nonlinearity (INL) vs. Code
{Represenlative Part). {Representative Part, V= 2.7V).
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Note: Unless otherwise indicated, Vg = 5V, Vgg = OV, faupe « 100 kSPS, Ty, = 18" foume T = 25°C
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Note: Unless otherwise indicated, Vg = 5Y, Vgg = OV, fouume = 100 ksps, fo = 18* foaumer Ta = 25°C

1.0 —— e = e

0.8
0.6
0.4
0.2
0.0
5.2
5.4
0.6
0.8
-G

DNL {LSB)

il 512 1024 1536 204B 2560 3072 3584 4098

Digital Code

FIGURE 2-13: Differential Nonfinearity (DNL) vs.
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FIGURE 2-14: Differential Nonlinearity (DNL) vs.
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Note: Unless ctherwise indicated, Vpp = 5V, Veg = OV, foaupe = 100 ksps, fo e = 18* fouumie, Ta = 25°C
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FIGURE 2-19: Gain Error vs. Temperaltre.
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Note: Unless otherwise indicated, Vpp = 5V, Vgg = OV, faappre = 100 ksps, o = 18" fouupe Ta = 25°C
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FIGURE 2-25: Effective Number of Bits (ENOB) vs.
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FIGURE 2-28: Effective Number of Bits (ENOB) vs.
Input Frequency.

FIGURE 2-26: Spurious Free Dynamic Range
{SFDR) vs. Input Frequency.
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FIGURE 2-30: Frequency Spectrum of 1 kHz input
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Note: Unless otherwise indicated, Vg = 8V, Vg = OV, fouupe = 100 Ksps, fo = 18* foayple Ta = 25°C
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3.0 PIN DESCRIPTIONS
31 CHO/CH1

Analog inputs for channels 0 and 1 respectively. These
channels can programmed to be used as two indepen~
dent channels in single ended-mode or as a single
pseudo-differential input where ane channel is IN+ and
one channel is IN-. See Section 5.0 for information on
programming the channel configuration.

3.2 Chip Select/Shutdown (CS/SHDN)

The CS/SHON pin is used to initiate communication
with the device when pulled low and will end a canver-
sion and put the device in low power standby when
pulled high. The CS/SHDN pin must be pulled high
between conversions.

3.3  Seral Clock (CLK)

The 3Pl clock pin is used to initiate a conversion and to
clack out each bit of the conversion as it takes place.
See Section 6.2 for constraints on clock speed.

3.4  Serial Data Input (DIN}

The SPI port serial data input pin is used to clock in
input channel configuration data.

3.5  Serial Data Qutout (Dour)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change
on the falling edge of each clock as the conversion
takes place.

4.0 DEVICE OPERATION

The MCP3202 A/D Converter employs a conventional
SAR architecture. With this architecture, a sample Is
acquired on an intemal sample/hold capacitor for
1.5 clock cycles starting on the second rising edge of
the serial clock after the start bit has been received.
Following this sample time, the input switch of the con-
verter opens and the device uses the collected charge
on the internal sample and hold capacitor to produce a
serial 12-blt digital output code. Conversion rates of
100 ksps are possible on the MCP3202. See
Section 6.2 for information on minimum clock rates.
Communication with the device is done using a 3-wire
SPlcompatible interface.

4.1 An n

The MCP3202 device offers the choice of using the
analog input channels configured as two single-ended
inputs or a single pseudo-differential input. Configura-
tion is done as part of the serial command before each
conversion begins. Whan used in the pseudo-differen-
tial mode, CHO and CH1 are programmed as the IN+
and IN- inputs as part of the command string transmit-
ted to the device, The IN+ input can range from IN- to
Vrer (Vpp + IN-). The IN- input is limited to £100 mV
from the Vg rail. The [N- input can be used to cancel
small signal common-mode noise which is present on
both the IN+ and IN- inputs,

For the A/D Caonverter to meet specification, the charge
holding capacitor (Cgauec) must be given enough time
to acquire a 12-bit accurate voltage level during the
1.5 clock cycle sampling period. The analog input
model is shown in Figure 4-1.

In this diagram, it is shown that the source impedance
(Rg) adds to the internal sampling switch (Rgg) imped-
ance, direclly affecting the time that is required to
charge the capacitor, Cgaume. Consequently, larger
source impedances increase the offset, gain, and inte-
gral linearity errors of the conversion.

Ideally, the impedance of the signal source should be
near zero. This is achievable with an operational ampli-
fier such as the MCP601 which has a closed toop out-
put impedance of tens of chms. The adverse affects of
higher source impedances are shown in Figure 4-2.

When operating in the pseudo-differential mode, if the
voltage level of IN+ is equal to or less than IN-, the
resultant code will be 000h. If the voltage at IN+ is
equal to or greater than {[V + (IN-)] - 1 LSB}, then the
output code will be FFFh. If the voltage level at IN- is
more than 1 LSB below Vg, then the voltage level at
the IN+ input will have to go below Vg to see the 000h
output code. Conversely, if IN- is more than 1 LSB
above Vg, then the FFFh code will not be seen unless
the IN+ input level goes above Vpg level.

4.2 Digital Qutput Code

The digital output code produced by an A/D Converter
is a function of the input signal and the reference volt-
age. For the MCP3202, V, is used as the reference
voltage. As the Vpp level is reduced, the LSB size is
reduced accordingly. The theoretical digital output code
produced by the A/D Converter is shown below.

4096V,

Digital Quiput Code =
Voo

where:
Ve = analog input voltage
¥np = supply voftage

@ 2001 Microchip Technology Inc.
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FIGURE 4-1: Analog Input Model.
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5.0 SERIAL COMMUNICATIONS

51  Qverview

Communication with the MCP3202 is done using a
standard SPl-compatible serial interface. Initiating
communication with the device is done by bringing the
CS line low. See Figure 5-1. If the device was powered
up with the CS pin low, it must be brought high and
back low to initiate communication. The first clock
received with CS low and DiN high will constitute & start
bit. The SGL/DIFF bit and the ODD/SIGN bit follow the
start bit and are used to select the input channet con-
figuration. The SGL/DIFF is used to select single ended
or psuedo-differential mode. The ODD/SIGN bit selects
which channel is used in single ended mode, and is
used to determine polarity in pseudo-differential mode.
Following the QDD/SIGN bit, the MSBF bit is transmit-
ted to and is used to enable the LSB first format for the
device. If the MSBF bit is high, then the data will come
from the device in MSB first format and any further
clocks with CS low will cause the device to output
zeros. Ifthe MSEF bit is low, then the device will output
the converted word LSB first after the word has been
transmitted in the MSB first format. See Figure 5-2.
Table 5-1 shows the configuration bits for the
MCP3202. The device will begin to sample the analog
input on the second rising edge of the clock, after the
start bit has been received. The sample period will end
on the falling edge of the third clock foliowing the start
bit.

On the falling edge of the clock for the MSBF bit, the
device will output a low null bit. The next sequential
12 clocks will output the result of the conversion with
MSB first as shown in Figure 5-1. Data is always output
from the device on the falling edge of the clock, If all 12
data bits have been transmitted and the device contin-
ues to receive clocks while the CS is held low, (and
MSBF = 1), the device will output the conversion result
LSB first as shown in Figure 5-2. if more clocks are pro-
vided to the device while CS is still low (after the LSB
first data has been transmitted), the device will clock
out zeros indefinitely.

If necessary, it is possible to bring TS low and clock in
leading zeros on the Dy line before the start bit. This is
often done when dealing with microcontrofier-based
SPI ports that must send 8 bits at a time. Refer to
Section 6.1 for more details on using the MCP3202
davices with hardware SPI ports.

Config Channel
Bits Selection
GND
Sgli |odd/ | . ;
Diff | sign
Single Ended | 1 0 % — -
Mode 1 1 —_ + -
Pseudo- 0 0 | IN+ | IN-
Differential 0 1 IN- | IN+
Mode

TABLE 5-1:  Configuration Bits for the MCP3202.

tGYC
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N2 Eei0(meY ee) 67 me) Bs) Be) s ) B2 fE0——
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* After completing the data transfer, if further clocks are applied with CS low, the A/D Converter will output zeros
indefinitely. See Figure 5-2 below for details on obtaining LSB first data.

** toara: 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.

[1

toata™”

FIGURE 5-1: Communication with the MCP3202 using MSB first format only.
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* After completing the data transfer, if further clocks are applied with CS low, the A Converter will

** tnara: During this time, the bias circuit and the comparater power down while the reference input
becomes a high impedance node, leaving the CLK running to clock out LSB first data or zeroes.

-E
thata

FIGURE 5-2: Communication with MCP3202 using LS8 first format.
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6.0 APPLICATIONS INFORMATION
6.1 Using the MCP3202 with
Microcontrofler (MCU) SP| Ports

With most migrocontroller SPI ports, it is required to
send groups of eight bits. It is also required that the
micrecontroller SPI port be configured to clock out data
on the falling edge of clock and latch data in on the ris-
ing edge. Depending on how communication routines
are used, it is very possible that the number of clocks
required for communication will not be a muitiple of
eight. Therefore, it may be necessary for the MCU to
send more clocks than are actually required. This is
usually dane by sending ‘leading zeros' before the start
bit, which are ignored by the device. As an example,
Figure 6-1 and Figure 6-2 show how the MCP3202 can
be interfaced to 8 MCU with a hardware SPIl por.
Figure 6-1 depicts the operation shown in SPl Mode
0,0, which requires that the SCLK from the MCU idles

in the low’ state, while Figurs 6-2 shows the similar
case of SPl Mode 1,1 where the clock idles in the ‘high’
state.

As shown in Figure 6-1, the first byte transmitted to the
A/D Converter contains seven leading 2eros before the
start bit. Arranging the leading zeros this way produces
the output 12 bits to fall in positions easily manipulated
by the MCU. The MSB is clocked out of the A/D Con-
verter on the falling edge of clock number 12. After the
second eight clocks have been sent to the device, the
MCLU receive buffer will contain three unknown bits {the
output is at high impedance until the null bit is clocked
out), the null bit and the highest order four bits of the
conversion. After the third byte has been sent to the
device, the receive register will contain the lowest order
eight bits of the conversion results. Easier manipulation
of the converted data can be obtained by using this
method.

MCL lmtches deta from ALY Comvarter

on rsng edges of SCLK

Data & docked out of
AJD Corrverter on fallng sdges

Du |
HEZ (3o

- HOOOOERO000000

NCU T Dats

NS SEARIE A 5 = A A A A B R B

iy (XX [X X[ X[ R[X[¥] [FIE el m]m] [F]s[s]s]e]ale]s

X = Dont Care Bits

Data stored into MCU recelve
register after transmission of
first 8 bits

Data stored into MCU recsive
register efter trengmission of
sacond 8 biis

Data stored into MCU recelve
register after transmission of
last 8 bits

FIGURE 6-1:

SPI Communication using 8-bit segments (Made 0,0: SCLK idles low).

—

Start
Bi

S e e
on 3 Ny T 10T 1 1 1 V1171
SCLK 1 2 3 + 5 [ § 7 a 9 1<) 1 1 13| 14 15 15 1 1 1 1 3 24
S g were—L ——]
O ]
oo 2 HOCOERG0000000

MC
(qud wilh r:llinn I
adga of

ofeofofofofefef"]

R ee] < [x T <[ <T~]

Dedxdx]xlx]x]x]x]

[Ahnnd with rilinu
edge of Gock)

X = Don't Care Bits

X I X ] X J(N?‘I)I anlam| aa] ]

u7lanaﬁl 941 J] a:lm]nn

II"I"I“l"l"I“]“l*lI

Data stored into MCU receive
register after transmission of
firet 8 bits

Data storec into MCU receive
registar after transmission of
second B bits

Data stored inio MCU recelve
register after tansmission of
last 8 bits

FIGURE 6-2:

SPI Communication using 8-bif segments (Mo?é 1,1: SCLK idles high).
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6.2 Maintaining Minimum k

When the MCP3202 initiates the sample period, charge
is stored on the sample capacitor. When the sample
period is complete, the device converts one bit for each
clock that is received. It is important for the user to note
that a slow clock rate wifl allow charge to bleed off the
sample cap while the conversion is taking place. At
85°C (worst case condition), the part will maintain
proper charge on the sample capacitor for at least
1.2 ms after the sample period has ended. This means
that the time between the end of the sample period and
the time that all 12 data bits have been clocked out
must not exceed 1.2 ms (effective clock frequency of
10 kHz). Failure to meet this criteria may induce linear-
ity errors inlo the conversion outside the rated specifi-
cations. It should be noted that during the entire
conversion cycle, the A/D Converter does not require a
constant clock spead or duty cyde, as long as all timing
specifications are met,

6.3  Buffering/Filtering the Analog Inputs

If the signal source for the A/D Converter is not a low
impedance source, it will have to be buffered or inaccu-
rate conversion results may occur. It Is also recom-
mended that a filter be used to eliminate any signals
that may be aliased back into the conversion results.
This is illustrated in Figure 6-3 below where an op amp
is used to drive the analog input of the MCP3202. This
amplifier provides a low impedance output for the con-
verter input and 2 low pass filter, which eliminates
unwanted high frequency noise.

Low pass (anti-aliasing) filters can be designed using
Microchip’s interactive FilterLab™ software. FilterLab
will calculate capacitor and resistor values, as well as,
determine the number of poles that are required for the
application. For more information on filtering signals,
see the application note ANG99 “Anti-Aliasing Analog
Filters for Data Acquisition Systems.

./8
/-

-

0.1
—

MCP3202

IN+,

FIGURE 6-3: The MCP601 Operational Amplifier is
used to implement a 2nd order anti-aliasing filter for
the signal being converted by the MCP3202.

6.4 nsideration

When laying out a printed circuit board for use with
analog components, care should be taken to reduce
noise wherever possible. A bypass capacitor should
always be used with this device and shouid be placed
as close as possible to the device pin. A bypass capac-
itor value of 0.1 pF is recommeanded.

Digital and analog traces should be separated as much
as possible on the board and no traces should run
undemeath the device or the bypass capacitor. Extra
precautions should be taken to keep traces with high
frequency signals (such as clock lines) as far as possi-
ble from analog fraces.

Use of an analeg ground plane is recommended in
order to keep the ground potential the same for all
devices on the board. Providing Vppn connections to
devices in a “star" configuration can also reduce noise
by eliminating current return paths and associated
errors. See Figure 6-4. For more information on layout
tips when using A/D Converters, refer to ANG88 “Lay-
out Tips for 12-8Bit A/D Converter Applications”.

FIGURE 6-4: Vp, traces arranged in a ‘Star’
configuration in order to reduce erors caused by
currant return paths.
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7.0 PACKAGING INFORMATION
7.1 Package Marking Information

B-Lead PDIP {300 mil) Example;
il M
XXAXXXXX MCP3202
XXXXXNNN 1/PNNN
o B rww o ryww
LI U LI LI
8-Lead SOIC (150 mil) Example:
TRIRIN 000
XXKXXKKK MCP3202
XXXXYYWW ISNYYWW
o® o® mw
TRIRIRI IRININY
8-Lead MSOP Example:
C] xXxxxxx [ C 32021 [—3
C] ywwnnN f— g oywwnnn [
— (= [ -
— Dok = D=
8-Lead TSSOP Example:
—] XXX /3 —_— 3202 4
—] YYWW == = IYWw F—
—] ra = [—
 — NNN =) = NNN o |

Legend: XX..X Customer specific information*
YY Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week '01")
NNN Alphanumeric traceabiiity code

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters
for customer specific information.

*  Standard OTP marking consists of Microchip part number, year code, week code, facility code, mask
revit, and assembly code.

L |
© 2001 Microchip Technology Inc. DS21034C-page 17
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8-Lead Plastic Dual In-line (P} — 300 mil {PDIP)

E1

il e |

L LT L

D
2
n @) 1
!
E
(5
B }
| eB 1
Units INCHES* MILLIMETERS
Dimension Limits MIM NOM MAX Ml NOM MAX
Number of Ping n 8 B
Piich P 100 2.54
Top to Seating Plane A 140 .155 A70 3.56 3.94 4.32
Molded Package Thickness AZ 115 130 145 2.92 3.30 3.68
Base to Seating Plans Al 015 0.38
Shoulder to Shoulder Width E 300 .313 325 7.62 7.94 8.26
Molded Pagkage Width E1 240 250 .260 6.10 6.35 6.60
Overalt Length D ,360 373 385 9.14 9.46 9.78
Tip to Seating Plane L .125 A30 135 3.18 3.30 3.43
Lead Thickness c .0U8 .012 015 0.20 0.29 0.38
Upper Lead Width B1 045 .C58 070 1.14 1.46 1.78
Lower Lead Width B 014 .018 .022 0.36 0.48 0.56
Owvaral Row Spacing §| a8 310 370 430 7.87 9.40 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15
* Controlling Parameter
§ Significant Characteristic
Notes:
Dimensions D and E1 do not Indude mold fiash or protrusions. Mald flesh or protrusions shall not excsed
010" (0.254mm) per side.
JEDEC Equivalent: MS-001
Drawing No. C04-018
— — — =
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8-Lead Plastic Small Outline (SN} — Narrow, 156 mil {(SOIC)

E -
oot B ———mf
R =
p
] 1]
- I
B8 L — O [ 14
L} o [~

/
L p———n. \ * LEFTFIET
= i \t

T L Al
Units INCHES® MILLIMETERS
Dimension Lirmits MEN NOM MAX MIN NOM MAX
Number of Pins n 8 8
Pitch P 050 1.27
QOverall Height A 053 .061 D69 135 1.65 1.75
Molded Package Thickness A2 062 056 061 1.32 1.42 1.55
Standofi  § Al 004 007 010 0.10 0.18 0.25
Overall Width E 228 237 .244 5.79 6.02 6.20
Molded Package Width Et V146 154 157 3.7 3.91 3.99
Cverall Length D .1e3 193 197 4.80 4.80 5.00
Chamfer Distance h 010 015 020 0.25 0.38 0.51
Foot Length L 019 025 030 0.48 0.62 0.76
Foot Angle f 0 4 8 0 4 8
Lead Thickness c 008 .008 010 0.20 0.23 0.25
Lead Width B o3 017 D20 0.33 0.42 0.51
Mold Draft Angle Top o +] 12 15 1] 12 15
Mold Draft Angle Botiom ] Ji] 12 15 1] 12 15
* Gontrolling Parameter
§ Significant Characterstic
Notes:

Dirmensions D and E1 do notinclude mold flash or protrugions. Mold fiash or protrusions sha8 not exceed
0107 (0.254mm) per side.

JEDEC Equivalent: M5-012

Drawing No. C04-057

L |
© 2001 Microchip Technology Inc. DS21034C-page 19



MCP3202

8-Lead Plastic Micro Small Outline Package (MSOP)

E1

——

(F
B ]
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 8 ]
Pitch [ 023 0.65
Overall Height A 044 1.18
Molded Package Thickness A2 030 034 038 0.76 0.86 0.97
Standoff § Al .bo2 .006 0,05 0.15
Overall Width E 184 193 .200 4,67 4.90 5,08
Molded Package Width E1 114 116 122 2.90 3.00 310
Overall Length 8] 114 118 122 2.90 3.00 3.10
Foot Langth L 016 .022 028 0.40 0.55 0.70
Footprint (Reference) F 35 037 .039 0.90 0.85 1.00
Foot Angle L 0 & 0 &
Lead Thicknass C 204 006 .008 0.10 0.15 0.20
Lead Width B 010 012 .016 0.25 0.30 0.40
Mcld Draft Angle Top o 7 7
Mold Draft Angle Bottom 3 7 7
*Cortrolling Parameter
§ Significent Characteristic
Notas:
Dimensions D and E1 do not indude mold Rash or prolrusions, Mold flash or protrusions shall not
exceed .(10" (0.254mm) per side.
Drawing No. C04-111
]
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8-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm {TSSOP)

.
] —
*}; =
Ll R sisiniar= ]

=

L
z

=

%

L

P ———
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Numbet of Pins n -] 8

Pitch p 026 0.65

Qverall Height A .043 1.10
Molded Package Thickness AZ 033 035 037 0.85 0.0 0.95
Standoff § Al 002 004 006 0.05 0.10 0.15
Overall Width E 246 \251 256 6.25 6.38 8.50
Molded Package Width E1 .168 AT3 A77 4.30 4.40 4.50
Molded Package Length D 14 118 122 2.80 3.00 3.10
Foot Length L .020 024 .028 0.50 0.60 0.70
Foot Angle i 0 4 B a 4 8
Lead Thickness c 004 006 .008 0.09 0.15 0.20
Lead Width B 007 014 012 0.19 0.25 0.30
Mold Draft Angte Top o 4 5 10 1] 5 10
Mold Draft Angle Bottom B i) 5 10 0 5 10

* Controlling Parameter
§ Significamt Chemcterstic

Notes:

Dimensions D and E1 do not indude mold flash or protrusions. Mok lash or protrusions shall not exceed
005" {0.127mm) per side.

JEDEC Equivalent: MO-152

Drawing No. C04-086

L " L L ]
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