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ABSTRACT

This thesis represents the designing and creating of the digital scale for 300
kilograms type. The digital scale consists of 4 components, load cell system, analog into
digital converter system, processing system and resulting system. Specifically, load cell
system functionally transforms the analog weight into digital weight system. Next, the analog
into digital converter will systematically display the analog weight changed into digital
weight result. Then, the processing system will be received the actual digital weight
information and send to the display.

It has been tested by comparing to SOEHNLE for 5 times and has an error less

than 5 percent
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MICROCHIP MCP3202

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

Features Package Types
* 12:bit resolution PDIP, MSOP, SOIC, TSSOP
« +1 LSB max DL
+ +1 LSB max INL {MCP3202-B) TS/SHDND 1 g ] Voo Ver
» t2 LSB max INL {(MCP3202-C) CHO 2 ﬁ 7 MoK
* Anglog inputs prpgramrnable as single-ended or CH1O 3 E 8 Doy
pseudo-differential pairs v L—_,' 4 2 s Do
« On-chip sample and holg 58 N
« SPI™ serial interface {modes 0.0 and 1,1)
+ Single supply operation; 2.7V - 5.5V Functional Block Diagram
+ 100 ksps max. sampling rate at Vg = 5V
+ 50 ksps max. sampling rate at Vi, = 2.7V Ve Vs
* Low power CMOS technolagy L J
- 500 nA typical standby current, 5 pA max, Pl e — o — — -
- 550 pA max. active current at 5V ] ot |
+ Industrial temp range: -40°C to +85°C g:? crm:el DAC |
+ 8-pin MSOP, PDIP, SOIC and TSSOP packages | |
Applications ! l KFpret I
+ Sensor Interface | [Sampie >_|E| |
+ Process Control I Hoid ;—f I
. Data Acquisition I o |
+ Batlery Operated Systems I Qenirol Lok ]_.|R°9'5‘°’ |
Description S CSi‘:HDN o ‘lLK"“ F '*_ -
The Microchip Technology Inc. MCP3202 is a succes- %
sive approximation 12-bit Analog-io-Digital (A/D) Con-

verter wilh on-board sample and hold circuitry. The
MCP3202 is programmable to provide a single pseudo-
differential input pair or dual single-ended inputs. Dif-
farential Nonlinearity [DNL}is specified at £1 LSB, and
tntegral Nonlinearity (INL) is offered in 21 LSB
{MCP2202-B) and £2188 (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 ang 50 ksps at 2.7V. The MCP3202 device oper-
ates over a broad voltage range (2.7 - 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 8-pin MSCP, POIP,
TSSOP and 150 mil SOIC packages.

& 2001 Microchip Technology Inc. D521034C-page 1
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1.0 ELECTRICAL
CHARACTERISTICS

11 Maximum Ratings*

W iy rrsmareesinses oo assesass e sass s sneseen et 7.0V

Allinputs and autputs wrt Vgg..... -0.6V 1o V5, +0.6V
Storage temperature ..........................-85°C to +150°C
Ambient temp. with power applied ..... -65°C to +125°C
ESD protection on alt ping (HBM)....c..c..ccoooonn. 4 KV

“Motice: Stresses above those listed under “Maximum Ratings™ may
cause permanani damage o the device. This 15 & slress raling only
and functional oparation of the device at those or any oher condilions
above those indicated in the operational listings of this specilicabon is
not imphed. Exposure to maximum rabng condiions for estanded
paiiods may affect device rehiabiliby.

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE

Name Function

Yoo Vaer +2.7V 10 5.5V Power Supply and
Reference Valtage Input

CHGQ Channel 0 Analog input

CH1 Channel 1 Analog Input

CLK Serial Clock

Dy Serial Data In

Dour Swrial Dala Cul

CB/SHDN WHShuldown fnput

unless otherwise noted,

All parameters apply at Vi, = 5.5V, Vg = OV, Ty = -40°C to +85°C, foyum ¢ = 100 ksps and f . = 18" M5 ppme

Parameter | Sym | Min. I Typ. | Max. I Units ] Conditiens
Conversion Rate:
Conversion Time Leony i — 12 clock
cycies
Analog lnput Sample Time | PR 1.5 clock
cycles
Throughpul Rate feanpLe - - 100 ksps |Vpop= Vger = 3V
- — 50 ksps | Vo= Veer = 2.7V
DC Accuracy:
Resolution 12 bils
Inlegral Nonlinearity INL - t0.75 11 Lse |MCPR3202B
— 11 12 LSB MCP3202-C
Differential Nonlinearity DNL — +0.5 11 LSB |No missing codes ovar
temperalure
Offsel Ervor - £1.25 13 LSB
Gain Error — £1.25 15 LSB
Dynamic Performance:
Total Harmanic Distortion THD — -82 — dg = 01V 10 4.9V@1 kHz
Signal to Noise and Distertion SINAD — 72 — d8 V= 0.1V to 4.9V@1 kHz
{SINAD)
Spurious Free Cynamic Range SFDR — 88 e de Vi = 0.1V 10 4. BV@1 kHz
Analog Inputs:
input Voltage Range for CHO or Veg — VYoo Y
CH1in Single-Ended Mode
Inpul Voltage Range for IN+ in EN+ IN- — Vo tIN- See Sections 3.1and 4.1
Pseudo-Differential Mode
Input Voltage Range for IN-in IN- Wes100 [ — | Vget100 mV | See Sections 3.1and 4.1
Pssudo-Differential Mode
Leakage Current — oM +1 WA
Swilch Resistance Rgs - 1k — a See Figure 4-1

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

DS21034C-page 2

£ 2001 Micrachip Technology Inc.
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MCP3202

3.0 PIN DESCRIPTIONS 41  Analog Inputs
31 CHO/CH1 The MCP3202 device offers the choice of using the

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

Chip Select/Shutdown (CS/SHON)
The GS/SHDN pin is used to initiate communication
with the device when pulied low and will end a conver-
sion and put the device in low power standby when
pulled high. The CS/SHDN pin must be pulled high
between conversions.

Serial Clock (CLK}

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

Serial Data Input {DIN)
The SPI port serial data inpul pin is used to clock in
input channel configuration data.

Serial Data Qutout (DouT)

The 3P| 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
takas place.

3.2

33

3.4

3.5

4.0 DEVICE OPERATION

The MCP3202 A/D Converter employs a conventionat
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
tha serial clock aftar the start bit has been received.
Following this sample time, the input switch of the con-
yerter opens and the device uses the collected charge
on tha internal sample and hold capacitor o produce a
serial 12-bit digital cuipul code. Conversion rales of
100 ksps ars possible on the MCP3202. See
Section 6.2 for information on mirimum clock rates.
Communication with the device is done using a 3-wire
SPI-compatible inlerface.

analog input channels configured as two single-anded
inputs or a single pseudo-differential input. Configura-
tion is done as parl of the serial command before each
convarsion begins. When used in the pseudo-differan-
tial mode, CHO and CHY are programmed as the iN+
and IN- inputs as part of the command string transmit-
ted to the device. The IN+ inpul can range from IN- Io
Vagr (Vop + IN-L. The IN- input is limied to £100 my
fram the Vg rail. The IN- input can be used to cance!
small signat common-mode noise which is present on
both the IN+ and IN- inputs.

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

In this diagram, it is shown that the source impedance
{Rs) adds to the inlernal sampling switch (Rgg) imped-
ance, directly affecting the time that is required to
charge the capacitor, Cguuoe Consequently, iarger
source impedances increase the offsat, gain, and inte-
gral lingarity 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 (oop owt-
put impedance of tens of ohms. The adverse affects of
higher source impedances are shown in Figure 4-2.

When operating in the pseudo-differential mode, if the
voliage level of IN+ is egual 10 or less than IN-, the
resullant cade will be 000k, If the voltage at IN+ is
aqual to or greater than {[Vpy + (IN-J] - 1 LSB}, then the
oulpul code will be FFFh. I the voltage leve! at IN-is
more than 1 L3B below Vg, then the voltags level at
the IN+ input will have to go below Vg4 to see the 000h
output code, Conversely, if IN- is more than 1 LS8
above Vg, then the FFFh code will nol be seen unless
the IN+ input level goes ahove Vpy lavel.

42  _Digital Output Code

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

4096V,

jalsy

Digital Quipuf Code =

where:
¥, = analog input voltage
Fon = Supply voltage

@ 2001 Micrachip Tachnology Inc.

DS21034C-page 11
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5.2 Maintaining Minimum Clock Speed

When the MCP3202 initiates the sample period, charge
is stored on the sample capaciter. When the sample
period is complete, the device converts one bit for each
clock that is received. It is important for the user 1o nole
that a stow clock rate will allow charge to bleed off the
sample cap while the conversion is taking place. At
B5°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 into lhe conversion oulside the rated specifi-
cations. It should he noted that during the entire
conversion cycle, the AID Converter does not require a
constant clock speed or duty cycle, as long as all timing
specifications are met.

6.3  Buffering/Flitering the Analog inputs

i the signal source for the A/D Converler is nol a low
impedance sourca, it wilt 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 resulls.
This is illustrated in Figure 6-3 below where an op amp
is used fo drive the analog input of the MCP3202. This
ampiifier provides a low impedance cutput for the con-
verter input and a low pass filter, which eliminates
unwanted high frequancy noise.

Low pass {anti-aliasing} filters can be designed using
Microchip's interactiva FilterLab™ software FilterLab
will calculate capacitor and resistor values, as well as,
delermine the number of poles that are requirad for the
application. For more information on filtering signals,
see the application note ANBI9D “Anfi-Alfasing Anafog
Fitters for Data Acquisition Systems.

U)U

10 pF
[ 1

. 0.14F

Ry !
Vi VY IN+,
MCP3202 | T
FIGURE 6-3: The MCPG01 QOperational Amplifier is

used fo implemernt a 2nd onder anti-aliasing fitter for
the signal being converted by the MCP3202.

60

6.4  Lavout Considerations

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

Digital and analeg 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 signais (such as clock lines) as far as possi-
ble from analog traces.

Use of an anslog ground plane is recommended in
order to keep the ground paotential the same for all
devices on the board. Providing Vpp connections to
devices in a “star” configuration ¢an also reduce noise
by eliminating current ratum paths and associated
errors. See Figure B-4. For more information on layout
tips when using A/D Converters, refer o ANGSS “Lay-
out Tips for 12-Bit A/D Converler Appfications”.

Voo
Connecian

Device 1

FIGURE &4: V., Iraces arranged in a ‘Star’
configuralion in order to reduce errors caused by
current retum paths.

DS21034C-page 16

& 2001 Microchip Technology Inc.
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{1 Headler: load_cell 1.0
/1 File Name: load_cell.c

#incude <REGKEE H=

1 Tnalude Function For Keilbl
#includs <stdio h>

#include <intring h>
#include <STDLIB.H>

#f Test Program
sbit tastl = P2AQ,

i Analogy Te Digital 4 bit
sbit DO = P3AZ; // Pin §
sbit D1 = P3AZ: 4 Pip B
shit D2 = P3ha, /7 Pin 7
shit DG = P346, /7 Pin 1

lusunsumuasmsrhamesaatas

it
Ehit BEEP = P116;
i

float v.out;
ungigmad int ADCBUF{8l;

unsigned int dd1 cari outl;
wniigmed char  JdJd cow
bit di,d2;

unsigned int d;

ffereream ean e Function Delay

vaid delay (unsigned int i} { for{i=ii>=11--); }
veid delayl funsigned int i) { forli=ii>=1,i~) }
void dmses (ungigned int caunt)
{  / mSec Dslay 31.0692 Mhz

unsigned int i

while (count)

i

i = 115; while {i»0} i




vend ipdel (vaid} (
_nop_ (I
nop_ ();
_nap_ (}:
_nop_ 1%
_hep_ {).
_nep_ {).
nop_ {1
_nep_ tk
_hop_ {k
_nop_ {}:

void ipchigh fvaid) |
PSCL =1,
ipdel {1

void ipclow (woid) {
PECL = &
1pdel ()

void 1petart (void} {
PshA =
IPSCL=1;

_nop_{J;
_nop_{J;
_nop_ ()
_nop_{}

IPSDA =D
ipdel (};

[FSCL = 0
F5DA =1,

void ipstap (veid) {
FSDA = O
PSCL =1,
ipdsl
IPSDA = 1;

bit ipwrbyts (unsigmed char dat)

unzigned char i;

kit cuthit:

£ 120 delay */

#* 120 clock high */

#* 12C clock low */

#* gtart condition */

#* stop conditon *f

/* write one byte *f

I paturn O = ok Y

/* retarn 1 = error */
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for {i=11c=8:i++}
{
outbit = dat & 0xB0.
PSDA = outbit;
dat = dat << 1
wpetugh {);
1pclow ()
I
IPSDA = |;
ipchagh ().
outkit = IPSDA;
ipciow {J;

return {outbit).

unsigned char iprdbyte (vaid)
{
unzigned char idat; * ratuen Oxff = erzor */
bnt inbit;
dat = 0
for {i=11e=8i++}
{
ipchigh {):
mbit = IPSDA:
dat = dat << 1;
dat = dat { inbit;
ipelaw (};
}
PSDA = 1,
ipchigh {);
inbit = [PSDA;
ipelow ():
if {~mnbit} dat = Oxff;

rotuen {dat);

Jrli
/! Header. Ledl6x2h
# File Name: Led1fx2h

essemenneeen Start Set Four bit&pin for LCD16x2
#dafine ON 1
#dafine OFF 0

bdata ungigned char bud,

#* read one byte *f
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ghit buf_ = baf0:
shit buf_1 = hufr1;
ghit buf_2 = hufr2;
shit buf_3 = hufrl;
sbit buf_4 = bufrd,
ahit buf_& = bufrs;
ahit buf_§ = bufrg:
sbit buf_7 = bufr7;

void hifvoid) { D4=buf_4; De=buf_&: Dbé=buf_6; D7=bui_7; |
void lowlveidH D4=buf_0; DS=buf_1; Dé=buf_2; D7=hut_J; }

void writs_command({unsigned char dat}

|
buf=dat.
hif):
RS=0;
delayiB);
ENABLE=1,
delay(10);
ENABLE=D,
delay(10},
lowl).
ENABLE=1;
delay(10};
ENABLE=(;
defay(10};

vaid write_data{unsigned char dat)

{
buf=dat;
hitk,
RS=1,
delaylb);
ENABLE=1;
delay{10};
ENABLE=0,
delay{10);
law();
ENABLE=1;
delay(10),
ENABLE=D,
delay(10},

¥

vaid write_linalvoid) { writa_command{0x30); }

veid wiite_line2{void) { write_command{Tncd): }

veid print_led2(unsigned char dat(f)
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{ ungigned char count=0x00;
char *string_ptr=dat;
writs_line2(};
while{*string_ptr = 0x00)

{

we_ders!  eming_ptrk,

ount++,

Eng_pa++;

weid print_led){unsigned char dat(]}

{ unsigned char count=edd:;
char *string_pti=dat;
write_linell);
while(*string_ptr |= 0x00)
{

write_data{*ging_ptek

COUntt+;

NG P+ +;

void print_data3 {unsigned char add dat}
{

write_command{add);
write_data{patt_c[{dat/1000/% 10}
add++;

write_cormrmand(add):
writa_datatpatt_cl{dats 100%10]}
add++,

write_commandiadd),
write_data(patt_c({dat/10/%10));
add++;

write_dataf’ ');

add++:

write_vammand{addy;

write_datalpate_c{{dat/1}%10[}

}
void print_data? (unsigned char add dat}
{
writs_cornmand{add};
writa_data(patt_cl{dat/100)%101};
add++;
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write_data('.");

add++;

write_command(add);
write_datalpatt_c[{dat/101%10();
add++:

writa_command{add}:

writa_datalpatt_ci{dat/1)%101);
1
void print_datal {ungigned char add, dat}
{
write_command({add};

wite_datafpatt_cfidat/1)%10[);

R End Display lod16x2

R print out 15232 hiperstermimon

void pont_dat{unsigned int dat)
{

printf{"%eX%c% ke’ patt_cldat/10001%10) patt_cldat/100)%10] patt_cl{dat/10}%10) patt_cldat%10]};
ftelse{ printi{*%c%c%c¥hclc” patt_cl{dat/10000)%10] patt_cl(dat/10001%10] patt_cl{dat/1001%10] pate_c[idat/10)%10] patt_cldat%100): }

i End Print Hypertarminal
frrrerees oy PORT ereiaaissey

sbit  ADCS = P3rG,

shit  ADCK = P3Ny

shit  ADDO = P3°3

sbit ADDI = P3A2

prezsevizes QAN WORKING **evsesaesy

ungigned int ADCBUF[8];

prrbiiiadns oUE FUNCTION #rressesess

unaigned int mep3202rd tvoid) { # read mep3202 a'd channel

unsigmed char i;

unsigmed int %,

x=9

ADCKE = 0 if ol tow first
ADCE = Iy # chip select

ADM = 1, ADCE = 1; ADCK = i grart bt
ADDI =1, ADCK = 1, ADCK = 0; #{ SGL/DIFF = 1
ADDI =0, ADCK =1, ADCK = 0: HODDYSIGN = 0
ADDI =1, ADCK = 1. ADCK =0 #f MSEF =1
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_nop_ ()

_nep_ ()

for 1=0:i<=11:++) { #12 hit data
ADCE =1, ADCE = &
x <<= 1;
x = x 1 ADDO;

}

ADCE = 1;

raturn {x);

unsigned int mepd202a0 (vaid) { #f tead a/d {ave buffer)
unsigmed chay i;
unsigned long x.
ADCBUF{7] = ADCBUFI6].
ADCBUF[E) = ADCBUFIS];
ADCBUF|5| = ADCBUF(4];
ADCBUF] = ADCBUF[3]:
ADCBUF|3] = ADCBUF[2],
ADCBUF{Z] = ADCBUF[1):
ADCBUF([!] = ADGBUF{0|;
ADCBUF[0] = mep320ert (),
x=0;
for (i=0;ie=7:i++) x += ADCBUFi);
Xx=x/B

TATn (X}

jriveriviis WA FUUNCTION #1eeeeesss;

void start {void) {  gpaed X 1
SCON = GubZ; 11 set RS2I2 paramster
TMOD = (%20
THI = Owfd; PCON = 0x80; 7/ 16200
™ =1
t
unsigned char gt;
HEit bed =F3A3,
void bed {void)
{
BEER=0;

BEEP=1.

ifigt < 200{gt=10:}else| gt=gt-20:}
dmsacigt);




n

#
Hormom oo Punction main program
vaid main tvaid}

{

#--—-Intitial set org ra232 «--vomeeem

dmsec(1000):
SCON=0x62: # 16232
TMOD=0x21: / auia relood timmer 0
PCON=0x80. // 18232 * 2
TH1=0fd.  # 11.069 Mhz at 9600b/s
TR1=1,

f# THO=0xf8, // 100 usec 11089 * 2
#f TLO=0xec;
THO=0x47, # 100 usec 11089 * 1
TLD=(x47:
TRd=1,
ETG=1,
#-——Int EX0 P32
EX0=1:
To=1;
ffrsendnt BX] P33 e
EX1=1;
IT1=1;
f{=----Run intarup afl---sssesess e omee -
EA=1;

printf{*\n Print Start Power ON');
delay(65000);
initial_led();

d1=0,d2=0;

print_led1{*Waight kg™
print_led?{"Instroment kmitl");

while{1)
{

d = mep3202a0 ()
print_data3(136 cut) //address LCD
id++;
iflid==30}id=0;d2=1;)

iftd » (dd1+400{ddi=d}
Hifd+40) < dd1}dd1=d}

iftd > ([dd1+5){dd1++dmsect100k} #

swing set
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iffld+6} < dd1ifdd1-- dmaec{100;)  #

iHd > (dd1+100Hdd1=d}
if{{d+100) < dd1dddl=d;}

cutl=ddl-car;

iffoutl <= 3ifout]=0)

iffou] > S000Mout1=0;}

ificoy > 100){BEEP=0:dmeec{50kBEEP=1 cou=0;}

cout;

cut=out]/1.3; Hadd just
{out >30)
{
print_lcd2({"over rang’);

1
else
{
print_lod2{ Tnstrument Jamit!™);
]
printf{("\n");
printf{"#") print_datfout), pring(*@");
printf{" outl *); prine_dat{outi)
prntf{* dd °}; print_dat{dd1);

ifftest]==0){cari=dd1;}
ifid1==0)
{
ifid2==1}cari=dd}; d1=1:]

¥
i

vaid Extiveoid] interrupt 0 //---F3.2
{

!
I

void timerQ{void} interrupt 1 #/---Timer(

void Extint]{vaid) intarrupt 2 #4---F3.3
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