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Ultrasonic Distance Meter by PSoC

Miss Wanwisa Charoenjit ID. 47015219
Assoc. Prof. Dr. Manas Sangworansil Advisor

Educational Year 2006

Abstract

Nowaday , microcontroller have many type and application for gain the efficiency, reduce size
and easy to use or control. This project presents about Ultrasonic Distance Meter by PSoC

Ultrasonic Distance Meter by PSoC count the time which sends the transmiss signal to the object
and receive the signal from it. The counted time parameter is used to calculate the distance and finally
show on the LCD display. All parts of the circuit of this instrument use only one PSoC
microcontroller. The effective and the advanccetage of is to reduce the size, cost and also can be useful

small application or real embedded system,
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Global Resowces
CPU_Clack.

3K _Select
PLL_Made
Sieep_Timer
V1= 5peClk/N
V2= WCIMN
VC3 Soulce

VC3 Divider
SysChk Source
SysCik=2 Disable
Analog Power
Ref Mux

AL ndBypass
Op+Amp Dias
A_Buff_Power
SwitchM odePump
Trip Voltage {LVD [SMF)]
LYD ThiottleB ack.
Suppl Voitage
‘Watchdog Enable

Value

3_MHz {SysClk/8)
trtenal

Disable

512_Hz

15

]

V1

120

Internal 24_MHz
Ma

5C On/Ref High
[1.6 BandGap)+/[1.6 BandGag
Disable

Low

Law

aFfF

491V (5.00V)
Disabie

5.0%

Ditable

« FE2PROM_1 o
User Moduie Parameters  Value -
FirstBilock 255
Length 2 b

-
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1

Fhon
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ERE Qe

[EIcoa Fowoca:  Vare
CPU_Ciock, 3_MHz {SyeCikA)
IX_Seiect Irteinal
PLL_Mods Dizanka
Sieep_Timar 512 He

WCia SyelkH B

VC2-VCIN [

VT3 Souze WC1

VCA Divider 254

SyiCk Source
SysCh7 Disable
Anaiog Pove

intermal 24_|
No
SCOnAinl Low :

[ SelecodUser Mocukens -2 proc |

;‘ [t 81

k3

n

o

User Module Parat Valus
LCOPod Por_2
BarGrach Dizatra

i T
Poit_0 PO} St4TFL High 2 Disstiein

u

1 »
519 3.48 1139991 Global Resources 1Az User Module Parameters

Global Resources Value Iy [ ~]
CPU_Clock 3_MHz (SysClk/8) User Module Parameters  Vakue
32K_Select Internal LCDPart Port_2
PLL_Mode Disable BarGraph Dicable
Sleep Timer 12 _Hz

VC1= SpsClk/N 15

VC2=VCIN B

VL3 Source Uin!

W3 Divider 120

SysChk Source ntemal 24_MHz

SysChk*2 Disable No

Analog Power SC On/Ref High

Ref Mux (1.6 BendGap}+/{1.6 BandG ap

AGndBypass Digable

Dp-Amp Bias Low

A_Buff_Power Low

Swalchid odePump OFF

Trip Voltage [LVD [SMP}] 4.81V (5.00v)

LVDThrattleBack Disable

Supply Volage 5.0Y o

\Watchdag E nable Disable -
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4.) fnuaport 19Andaniy LCD uanadagiii 3.50

5.) AdN User Module Selection View Lﬁﬂﬂﬁﬂulﬂlﬁﬂﬂﬁ’lﬁuﬂ User Module ﬁ]ﬁﬁ]ulﬂ
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VCVOIN B -
VL3 5ouce Wil
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SysCh Souice Inteinal 24_HH2
SysCkZDitabla Mo
Ao Poweer SC On/Ael Low -
fleo_y et
L par Mockde Paray Value
LCOPot Por_2
BaGiaph Dizable -
o
i
L

Name Pai  Select Dive Inlemnt ] |
Pot_0_PO{0]  5tdCAL HighZ Disablein-—~

<
" aobiad

.Y

1 ¥
31/¥ 3.50 Mmuaras port 2 Tdunvinmsdsalugal 3.48
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Global Resources U@i% User Module Parameters 11404 Value ﬁigﬂﬁ 3.52 Lmﬁgﬂ‘ﬁ 3.53
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CPU_Clack
32K_Select
PLL_Mode

Sieep_ Timer

VC 1= SysClkAN
YE2=VCIN
VC3 Source

WL 3 Divider
SysCik Source
SysClk*? Disable
Analog Pawer
Aef Mux
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SwitchModePump

37
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15

8
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120
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3.2.10 SPIS
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4. nan Place User Module
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EARTTY Tl | AN e ——
J2K_Select Indemal
PLL_Mode Dircable
Sleap_Timer 912_Hz
V= Stk 15
VC2= YCIN 1]
VL3 Source Vo
W3 Divden Fesl
SyaClk Souwce inlamal 24_MHz
SysClk'Z Disable  No
Anaing Pawer SCOnAFelLow
GAis_1 T
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5k v ‘/
Mas! Compastous_?
Slave Sefect Inpul Row_1_(rpul_2
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Global Resources
CPU_Clock
32K_Select
PLL_Mode
Skeep_Timer
V1= SysChkN
VC2=VCIN
VL3 Souce

VC3 Divider
SysChk Source
SysClk2 Digable
Anakog Pawer
Raf Mux
AGndBypass
Op-Amp Bias
A_Buff_Power
SwitchModePumg
Trip Votage [LYD (SMP))
LVD ThrotlleBack
Suppl Y oltage
‘walchdog Enable

Valua

3_MHz (SysCk/8)
Intesnal

Disable

B12_Hz

15

8

VC1

120

Internal 24_MHz
No

SC Qn/Ref High

{1.6 BandGap)+[16 BandGar

Disable

Low

Low

OFF

4.81v (5.00v)
Disable

5.0v

Disable

~15PIS_1 R
User Module Parameters  Value
5Clk Vet
Mas| ComparatorBus_2
Slave Select [nput Row_1 Input_2
MISD Row_T_Oupul_1
interrupt Mode TXRegE mpty
Invertt S| Normal
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IEMInAaeasHaNAnB eI e N1 IulaTeny
] » ¥
IATLOENINATAII) AIUATZOL S IBUAIAT D9 350 uAas Taeviinmsia 3 ase

¥ o 1 = Aﬁ [} o e ]
AU IR URDY LWﬂu1u1‘]_lﬂ'lu')fuﬁ1ﬂ1WﬂWﬂ1ﬂﬂﬂhl‘]J

r 1 ¥
13199 4.1 1AM IATLEZNIN 5 cm - 350 cm $1UIU 3 AT

TYUZN1905 afei 1 adedt 2 A543 dupde | mianaia
(em) (cm) (cm) (cm) {em) (%)
5 13.2 13.2 13.2 13.200 164.000
10 13.1 13.0 13.3 13.133 31.330
15 13.3 13.3 132 13.267 11.553
20 15.0 15.6 16.1 15.567 22.165
25 21.9 225 20.8 21.733 13.068
30 26.7 28.5 25.9 27.033 11.000
35 31.7 334 30.5 31.867 8.951
40 36.6 37.2 35.2 36.333 9.168
45 435 41.9 44.5 43.300 3.778
50 514 50.8 53.9 52.033 4.066
55 56.4 51.0 54.2 53.867 2.060
60 61.5 64.7 62.8 63.000 5.000
65 66.2 63.8 61.5 63.833 1.795
70 71.3 74.5 76.8 74.200 6.000
75 76.4 78.7 77.9 77.667 3.556
80 81.9 83.5 82.9 82.767 3.456
85 86.2 85.9 84.8 85.633 0.745
90 90.9 92.5 94.1 92.500 2.778
95 96.3 97.7 99.2 97.733 2.877
100 101.4 l03s 102.8 102.567 2.567
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i ' w o o z
AT 1N 4.1 (99) LARINITIATLHSNIIN 5 cm - 350 cm VI 3 A99

€ xf

FLUTNHUTY AN 1 A% 2 AFIN 3 funde | mAanain
(em) (cm) (cm) (cm} (em) (%)
105 106.9 105.8 107.9 106.867 1.778
110 112.0 108.5 113.5 111.333 1.212
115 117.2 110.9 115.8 114.633 0.319
120 122.3 124.5 123.9 123.567 1917
125 127.9 124.9 128.8 127.200 1.760
130 1329 133.5 129.9 132.100 1.615
135 137.5 138.7 134.5 136.900 1.407
140 142.5 139.1 144.6 142.067 1.476
145 147.7 148 .4 147.7 147.933 2.023
150 153.2 155.5 151.6 153.433 2.289
155 158.0 154.0 159.1 157.033 1.312
160 163.6 158.4 165.1 162.367 1.479
165 168.6 169.3 164.0 167.300 1.394
170 173.7 174.9 171.3 173.300 1.941
175 179.0 171.5 176.6 175.700 0.400
180 183.7 185.7 179.3 182.900 1.611
185 189.3 179.5 188.5 185.767 0.415
190 194.5 191.6 187.9 191.333 0.702
195 199.7 198.6 194.7 197.667 1.368
200 204.7 205.7 199.8 203.400 1.700
205 210.3 205.9 208.1 208.100 1.512
210 214.9 212 206.7 210.933 0.444
215 219.9 210.7 216.3 215.633 0.294
220 225.0 218.4 224.1 222.500 1.136
225 230.1 229.5 222.6 227.400 1.067
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L] ] ¥
A15199 4.1 (AD) UAAIAITTATEEZNIN 5 em - 350 cm $1U7 3 A5

€l

FEHENIDTY asah ATIN 2 AsIn 3 Aundy | AAAwaIA

(cm) (cm) (cm) (cm) (cm) (%)

230 235.8 226.1 225.9 229.267 0.319
235 241.0 239.4 232.4 237.600 1.106
240 2459 237.7 2359 239.833 0.070
245 250.7 245.6 241.6 245,967 0.395
250 256.2 252.1 248.5 252.267 0.907
255 261.4 2584 255.9 258.567 1.399
260 266.8 262.8 259.3 262.967 1.141
265 2723 263.7 267.1 267.700 1.019
270 276.5 265.9 268.3 270.233 0.086
275 282.0 277.3 272.6 277.300 0.836
280 287.0 285.7 272.0 281.567 0.560
285 291.7 281.8 288.1 287.200 0.772
290 297.1 2954 287.6 293.367 1.161
295 301.9 303.6 297.1 300.867 1.989
300 307.3 302.5 308.4 306,067 2.022
305 307.3 302.5 308.4 306.067 2.022
310 307.3 302.5 308.4 306.067 2.022
315 307.3 302.5 308.4 306.067 2.022
320 307.3 302.5 308.4 306.067 2.022
325 307.3 302.5 3084 306.067 2.022
330 307.3 302.5 308.4 306.067 2.022
335 307.3 302.5 308.4 306.067 2.022
340 307.3 302.5 308.4 306.067 2.022
345 307.3 302.5 3084 306.067 2.022
350 30:/'.3 302.5 308._4 306.067 2.022
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20 munn ine
#include <m8c.h> 2 purt specilie constants and maoros
#include "PHoCAPLE" 2 PSol AP defimions for ali Lser Modules

extern void printf{const unsigned char *string, ...);

#pragma interrupt handler isr timerl6 2
#define cursor(y,x) {LCD 1 Position(y,x);lcd xpos=x;led ypos=y;}
unsigned char led_xpos = 0;

unsigned char led_ypos = 0;

#define TIMER16 2 MAXCOUNT  (3750-1)
#idefine TIMER16 2 MINVAL 23

#define SAMPLERATE 200 Dhampling 200K Hz Heount -+ 346/2000-1 7 3nun)

unsigned int ¢val = 0x1234;

unsigned char intcount = 200;

void print_chr(unsigned char c)
{
LCD 1t Position(led_ypos, lcd_xpos);
ift{c=="{
led xpos—0;
return;

}
iflc="n){
led ypos++;
led xpos —0;
b clse {



LCD 1 WriteData(c);

led_xpos++;

}
}
void isr_timerl6 2()
{
if {intcount > Q) {
intcount--;
if (intcount == 0)
cval=Timerl6 2 wReadCompareValue();
}
}

#define BANDGAP 1.3

#define VREF (BANDGAP*1.6)

#tdefine AGND (BANDGAP*1.6)

#define SWIN 0x40

float temp;

int ain;

int offset;

void main()

{
int distance:
int sspeed;
char  pastsw;

A sert your main roufine codo hees

PGA_1 Start(PGA 1 HIGHPOWER);
PGA_3 Start(PGA 3 LOWPOWER);
SAR6 1 Start(SAR6 1 LOWPOWER),

CMPPRG 1 Start(CMPPRG 1_HIGHPOWER);



BPF2 1 _Start(BPI'2_1 HIGHPOWERY);
BPF2 2 Start{BPF2 2 HIGHPOWER);
Timerl6_1_Start();
Timerl6 2 Start();
PWMDBS 1 Start();
PWMS_1_Start();
ACBO3CR2 |=0x14;
SPIS_1_Start(SPIS_1_SPIS MODE 0);
LCD 1 Start();
E2PROM 1 Start();
Timerl6_2 Enablelnt();
PRTODR = SWIN,;
offsel - TIMERTG 2 BINVALL
E2PROM 1 E2Rcad(0, {char *)&offset,2);
cursor(0,0);
printf{"PSoC Rang T inderin™);
printf{" *READY™),
pastsw = 0,
ME8C EnableGlnt;
while(1) {
if (intcount == 0) {
cursor(0,0);
if (PRTODR & SWIN) == 0) {
printf{("Culibrate Jeny )

distance = (long)600*(long(SAMPLERATE)/(long)sspeed;

offset = distance - (TIMER16_2 MAXCOUNT-cval);
printf("OTTSI L 2ub5d n” offset);
pasisw = 1;

}else {



if (pastsw == 1) {

E2PROM 1 bE2Write(0,(char *)&offset,2,25);
pastsw = (;

}

distance = TIMER16 2 MAXCOQUNT + offsct - eval;

ain = (int)SAR6 1 GetSample();

temp = (VREF/32.0*(float)aint AGND)/8.0*100.0+2.0;

sspeed = 331.45+temp*607/1000;

printf{" 0480 Tuidins " temp,sspeed);

distance = (long)distance * (long)sspeed / (long)(SAMPLERATE*2);

printf{" DS 10 %0 5dmn " distanee);

1

intcount = 25;
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General Description

The LM35 series are precision integrated-circuit tempera-
ture sensors, whose output voltage is linearly proportional to
the Celsius (Centigrade) temperature. The LM35 thus has
an advantage over linear temperature sensors calibratedin®
Kelvin, a5 the user is not required to subtract a large con-
stant voltage from ifs output to obtain convenient Centi-
grade scalking. Tha LM35 dees not require any external cali-
bration or trimming to provide typical accuracies of L 14°C
at room temperature and +34°C over a full —=55to +150°C
temperature range. Low cost is assured by trimming and
cakbration at the wafer levei. The LM35's low output imped-
ance, linear output, and precise inherant calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plis and
minus supplies. As it draws only 60 A from its supply, it has
very low seli-healing, less than 0.1°C in still air. The LM35 is
rated to operate over a —55° to +150°C {emperature
range, while the LMJ35C is rated for a —40° to +110°C
range {—10° with improved eccuracy). The LM3J3 series is
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LM35/LM35A/LM35C/LM35CA/LM35D
Precision Centigrade Temperature Sensors

available packaged in hermetic TO-46 transistor packages,
while the LM35C, LM35CA, and LM35D are also available in
the plastic TO-92 fransistor package. The LMJ5D is also
available in an B-lead surface mount small oulline package
and a plastic TO-202 package.

Features

Calibrated directly in * Celsius (Centigrade)}
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guarantesabie (at +25°C)
Rated for full —55° te +150°C range
Suitable for remate applications

Low cosl due 1o wafer-level timming
Operates from 4 to 30 volts

Less than 60 A current drain

Low self-heating, 0.08°C in still air
Nonlinearity enly +'4°C typical

Low impedance output, 0.1 1} for 1 mA load

Connection Diagrams

Order Number LMJ5H, LMA5AH,
LM35CH, LM35CAH or LM35DH
See NS Package Number HO3H

TL/H/5516-24
Order Number LMa5DP
See N5 Package Number PD3A

TRLSTATE® in a ragitered trademark al Mational Samiconductar Corparaton.

TO-46 TO-92 S0-8
Metal Can Package* Plastic Package Small Cutline Molded Package
+¥5 ¥our BN — ~ —
T Your 1 Bl #¥s
v HC 2 i i
NC—3 B N.C
BOTTOM VIEW GND — 4 5-HL.
BOTIOM VIEW TL/H/5615-2
TL/H/516-1 TLHIES16-21
*Case is connacted le nagative pin {GND) Order Number LM35CZ, Top View
LMASCAZ or LM35DZ N.C. = No Connection

See NS Package Number Z03A

Order Number LM35DM
See NS Package Number MOBA

TO-202 i i i
Plastlc Package Typical Applications
+¥ +¥5
fe) (W TO 20¢) |
35 Wy
as g OUTRIT " m
oMy 4 10.0 /0
L T R!
350P 1 =
= —¥
TLAH/5618-3 T HES 16
FIGURE 1. Basic Centigrade
Temperature Choosa Ay = —Vg/50 pA
Sensor (+2°C to +150°C)
¥oyuT=+1.500 mV at +150°C
g GND = +250 my at +25C
Your
= —550 mv at —55°C

FIGURE 2, Full-Range Centigrade
Temperature Sensor

Z1955 Nasona Semicongueter Corporalion TL/H/SEIE

RRDBXM7S/Prntad m U. 5 A

SJOSUIS ainelsadwa] apeibiusd uoIsIalg
ASENT/VISENT/IOSENT/VYSEWT/SEINT



Absolute Maximum Ratings et 10)
if MiMtary/Aerospace specifled devices are required,

S0 Package (Note 12):

please contact the National Semiconductor Sales Vapor Phase (60 seconds) 215°C
gflic!ef:ilstrlbulors for availability and ap:cﬂicatlona. Infrarad (15 saconds) 220°C
O“‘t’pL: V°I‘age 35V 0 —0.2¢ ESD Susceptibility {Nota 11) 2500y
utput Voltage +6Vic —1.0v Specified Operating Tamperature Ranga: Tyn to Tax
Qutput Current 10 mA (Note 2)
Storage Temp., 12-46 Package, _60,C te +180°C LM35, LM35A —E5Cta +150°C
SO'EZPPaEkage’ ~60Cto 150°C LM35C, LM35CA —40°C 1o +110°C
-8 Package, —65'Cto +150°C LM3ED O*Clo +100°C
TQ-202 Package, —65'Cto +150°C
teaad Temp.:
TO-46 Package, (Soidering, 10 seconds) 300°C
TO-892 Package, (Soldering, 10 saconds} 260°C
TO-202 Package, {Scldering, 10 seconds} +230°C
Electrical Characteristics (note 1) (Note 8)
LM35A LM35CA
Parameter Conditions Tested Deslgn Tested Design Units
Typlcal Limlt Limit Typlcal Limit Limit (Max.)
{(Note 4) | (Note 5) {Note 4) | {Note §)
Accuracy Ta=+25°C +0.2 +0.5 0.2 105 *C
(Note 7) Ta=—10°C +0.3 043 +1.0 °C
Ta=Tmax +0.4 +1.0 r04 +1.0 °C
Ta=TmiN +0.4 1.0 0.4 +15 *C
Monlinearity TMNETAS Tax 109.18 +0.35 +0.158 +0.3 °C
{Note 8)
Sensor Gain TINETA<Tpax 4+ 10.0 +9.9, +10.0 +9.9, mv/°C
{Average Sicpe) +10.1 +10.1
Load Regulation Ta=+25°C +0.4 1.0 +0.4 1.0 my/ma
(Note 3) 0<1 1 mA TMINSTAS Tax +0.8 T3.0 +0.5 3.0 mv/mA
Line Regulation Ta=+25°C £0.01 +0.05 +0.01 10.05 my/v
{Nocte 3) AV Vg <30V 10.02 0.1 10,02 10.1 my /v
Quiescent Current Vg=+5V, +25°C 56 67 56 67 nA
{Note 9) Vg=+5V 105 131 o1 114 pA
Vg= 130V, +25°C 5§.2 68 56.2 68 ph
Vg=+30V 108.5 133 e1.5 118 LA
Change of 4VIVg <30V, +25°C g.2 1.0 0z 1.0 LA
Quiescent Current AV Vg A0V 0.5 2.0 0.5 2.0 Tz
[Neote 3}
Temperature 10.39 +0.5 +0.39 +0.5 pA/C
Coeflicient of
Cuiescent Current
Minimum Temperature | In circuit of +1.5 +29 +1.5 +2D0 ‘C
for Rated Accuracy Figure 1,1 =0
Long Term Stability Ty=Twmax, for +0.08 +0.08 °C
1000 hours

Kote 1: Unlass otherwise noled, these specifications apply: —855°C< T < + 150°C for the LM35 and LM354; — 40" <T) < + 110°C for the LMI5C and LM35CA and
0" <Ty< 4 100°C lov the LM35D. V5= +5Vde and loap =50 wA, i the trcuit of Figure 2 Thesa specif cationa also apply from +2°C to Twax in the circuit of
Figume 1. Specifications in boldface apply over the full rated temperatura range.
Note 2 Thermal resistance of the TO-46 packaga 8 400°C/W, junction lo ambiant, and 24°C/W junclon to case. Thermal resistance of the TC-92 packaga is
180°C/ W junction to ambient. Thasmai resistance of the small oulline molded package is 220°C/W junclion la ambiard. Thermal resistanca of the TO-202 package
is 85°C/W junction 1o ambisni. For additional thermal resistanca information see Iabia in the Applications saction.




Electrical Characteristics {Note 1) {Note 6) (Continued)

LM35 LM35C, LM35D
Parameter Condltions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4} | {Note 5) {Note 4) | {Note 5)
Accuracy, Ta= 1 25°C 104 1.0 +0.4 1.0 °C
LMA5, LM3SC Ta=—10°C 0.5 105 t1.5 °C
(Note 7) Ta=Tuax +0.8 11.5 i08 115 °C
Ta=Tuin +0.8 115 +0.8 +20 °C
Accuracy, Ta=-+25°C 106 +1.5 °C
LM35D Ta=Tamax +0.8 420 °C
{Note 7) Ta=TiN i0.g 2.0 °C
Monlinearity TMINSTA<Tuax +0.3 +0.5 +0.2 +0.5 G
(Note 8)
Sansor Gain TN =TA=Tax +10.0 +0.8, +10.0 +9.8, mv /°C
(Average Siope) +10.2 +10.2
Load Regulation Ta=+25°C 104 a0 +0.4 t20 mv/ma
{Note 3) 01 <1 mA T STasTax +0.5 + 8.0 +0.5 +3.0 mv/mA
Line Regulation Ta= +25C +0.01 +0.1 10.01 +0.1 mv/v
{Note 3) AV Vg <30V 10.02 +0.2 10.02 0.2 my/v
Quiescent Current Vg=+34V, +25°C 56 BO 56 80 pA
(Note 9) Vg= +5V 108 158 a1 138 nA
Vg= 130V, +25°C 56.2 82 56.2 a2 wA
Vg= +30V 105.5 1861 01.5 141 pA
Change of 4V Vg <30V, +25°C o2 20 2 2.0 RA
Cuiescent Current 4V Vg5 30V 0.5 3.0 0.3 3.0 nA
{Nota 3)
Temperature +0.39 +0.7 +0.39 +0.7 pASC
Coefficient of
Quigscent Current
Minimum Temperature | In circuit of +1.5 +2D0 +1.58 +2.0 °C
for Rated Accuracy Figure 1,1L=0
Long Term Stability Ty=Tmax. for +0.08 +0.08 *C
1000 hours

Hote J: Requlaticn is measurad at conslant junclion lamperalure, wsing pulse teating with a low duty cycle. Changes In autput dua ta healing affecls can be
computed by multiplying the inlama! dissipation by the thesma! resistance,
Note 4 Tested Limils are guararieaed and 100% lestod in production.

Nole 5: Design Limits are guaranised (but not 100% pradustion teslad) over the indicated temperatura and supply voltage rangsa. Thosa fimits ame not used 1o
calculale outgong quality lavels.
Note é: Spacificalions in boldface apply ovar the full rated temparature ranga

Node T: Accuracy is defined as the emor betweon the output voltaga and 10mv/*C times tha device's case tamperature, at specified conditiang of voltage, current,
and temperature {axprassed in "C).

Note B: Naniineanty is defirad as the daviatan of the oulput-voltage-versus-temparature curve from the besl-fil straighl line, over tha device's rated lemperatire
range.

MNote B: Quiescent currant is defined in the circuit of Figue 7.

Nate 10: Absohde Maximum Ratings indicate limits beyond which damage ts the devica may ecour, DC and AC elechrical spacificators da not apply when
operating 1he device beyaond its rated cperatng cendtions. Sae Nota 1.

Note 11: Human body medel, 100 pF discharged through a 1.5 k£ res-stor,

Mote 12: See AN-450 “Surtace Mounting Mathods and Thair Effec! on Product Raliab ity or the saction litled "Surface Maunt” found in a current Nalioral
Semiconductor Linear Data Book lor othar mathads of soldering surface mount devices.




Typical Performance Characteristics
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Applications

The LM35 can be appliod easily in the same way as other
integrated-circuit temperature sensors. It ¢an be glued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperatura is atmost
the same as the surface temperature; if the air temperature
were much higher or lower than the surface temperature,
the actual temperature of the LM35 die would be at aninter-
meodiate temperature between the surface temperature and
the air temperature. This is expecially true for the T(-92
plastic package, where the copper leads are the principal
thermal path to carry heat intc the device, so its tempera-
ture might be closer to the air temperatura than to the sur-
face temparature.

To minimize this problem, be sure that the wiring 1o the
LM35, as it leaves the device, is held at the same tempera-
ture as the surlace of interest. The easiest way 10 do this is
10 cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempora-
ture as the surface, and that the LM35 die's temperature will
not be affected by the air temperature.

The TCG-46 metal package can a'se be soidered to a metal
surface or pipe without damage. Of course, in that case the
W— terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped inte a bath or screwed
into a threaded hole in a tank. As with any 1C, the LM35 and
accompanying wiring and circuits must be kept insulated
and dry, to avoid leakage and corrosion. This is especially
true if the circult may operate at cold temperatures where
condensation can occur. Printed-circuit coatings and var-
nishes such as Humiseal and epoxy paints or dips are often
used o insure that moisture cannot corrode the LM35 or its
connections.

These devices are sometimes soldered to a small jight-
weight heat fin, to decrease the thermat time constant and
spoed up the response in slowly-moving air. Cn the other
hand, a smai! thermal mass may be added to the sensor, to
give the steadiest reading despite small daviations in the air
temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistancea)

TO-48, TO-45, TQ-02, TD-92, 80-8 50-8 TO-202 TO-202 ***
no heatsink amall heatfin® no haat sink  small heat fin,, no heat sink small heat{in** no heateink  small heat fin

Shill air 400°C/W 100°Crw 180°C/W 140°C/W 20°C/W HO*C/wW B5°C/W 60°C/W
Moving air 100°CrW 40°C/W W0 C/wW 0°CiW 105°C/W a0°Crw 25°C/w 40°C/W
Still oil 100°C/W 40°C/wW jelodery ) TOCIW

Stirred oil S0°C/W A0°Crw 45°C/W A0°C/W

(Clamped to metal,

infinita heal sink) {24°C/W) {(55°C/W) (23°C/W)

* Wakelield type 201, or 17 dsc ol 0.020" shaet brass, soldered to casa, or similar.
"* TO-82 and 50-8 packages glued and leads scidersd to 1% squars ol 15" printed circuit board with 2 ox. fail or simllar.

Typical Applications (continuea)

1 HEAVY CAPACITIVE LDAD, WIRING, ETC

P
T TD A HIGH-MPERANGE LOAD
-1

TL/H/E516-19
FIGURE 3. LM35 with Decoupling from Capacitive Load

CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limitad ability
to drive heavy capacitive lpads. The LM35 by itself is able to
drive 50 pf without special precauticns. i heavier loads are
anticipated, it is easy to isolate or decouple the foad with a
resisior; see Figure 3. Cr you can improve the tolerance of
capacitance with a series R-C damper from output {o
ground; see Figure 4.

When the LM35 is applied with a 2000} load resistor as
shown in Figure 5, 6, or 8, it is relatively immune to wiring

r——--

1 + HEAVY CAPACITIVE LA, WIRING, ETC.
wr -

imls <

|
|
1
s ovPds L
TN ~T~ = ™
1
1
1
L

T

TL/H/GE18-20
FIGURE 4. LM35 with R-C Damper

capacitance because the capacitance forms a bypass from
ground to input, not on the cutput. Howevar, as with any
lingar circuit connected to wires in a hostile anvironment, its
performance can be affected adversely by intense electro-
magnetic sources such as reiays, radio transmitters, motors
with arcing brushes, SCR transients, etc, as its wiring can
act as a receiving antenna and its internal junctions can act
as rectifiers. For best resulis in such cases, a bypass capac-
itor from ¥y to ground and a series A-C damper such as
7501 in series with 0.2 or 1 uF from oulpul to ground are
often usefui. These ara shown in Figures 13, 14, and /6.




Typical Applications continued)
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FIGURE 5. Two-Wire Remote Temperature Senaor
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Typlcal Applications (continued)
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FIGURE 12. Expanded Scale Thermometer
(50° to 80° Fahrenhelt, for Example Shawn)
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Typical Applications (continued)
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* =1% or &% film remislor

-Trim Ap for Vg =3.075Y

-Trim Rg for Vo =1.955Y

-Trim Ra for V4o=0075Y + 100mV/“C X Tampient
-Exampla, Va = 2.275V &t 22°C

FIGURE 15. Bar-Graph Temperature Display (Dot Mode)

"
SEmd
‘D
r
- . |
100K
W33 VWA— ! By
51w L
BND
4 1|2 &4
0.01 F ¢ mi 12
w2 [Con -

privl — .01 uF
Ay
i« LOWTIMPCD
@ ‘

FIGURE 16. LM35 With Voltage-To-Frequency Converter And lsolated Output
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Block Diagram
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Physical Dimensions inches (milimetors)
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Physical Dimensions inches {millimeters) (Continued)
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS GCRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As usad herain:

1. Lite supporl devices or systems are davices or
systerns which, {a) are intended for surgical implant
into the body, or {b} supporl or sustain Ife, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

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

eftectiveness.
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LCD User Module
LCD User Module W84 PSoC Microcontroller o 11J1'i‘€11°i’fi~ﬂullﬁ‘ﬁ’1j .CD Module (U
1,2 130 4 u339afi ldu1a531UMsARABILY Hitachi HD44780 LCD Display Driver Protocal

¥
Tne ¥ 13AAABLUL 4 bit interface 14 Pin 390¥9HUA 7 Pin (0-6) Y04 Port laf' 14
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LCD to PSoC Block Diagram

API ﬁiﬁ“ff‘l‘! LCD Tool Box User Modulc

LCD Start
Tnitialize LCD 19M191HU4D 4 bit interface a5 onTnaud oz Mdauiandudue

C Prototype:
void LCD_Start{void);



Col 15

Cursce Position

LED Position
MAUARUHUATAIRBNETUUID LCD SvSudeuaniiasezde e Muann

Aumiala
BYIUTU LCD_Position(0,0) MINEDIUTINAN 1 S unuaf 1

C Prototype:
void LCD_Position(BYTE bRow , BYTE bCol);

LCD_PrString
UARIHATDADINDIA RAM(Null Terminated Ram-Based String)

C Profotype:
void LCD_PrString(CHAR *sRamString);

LCD_PrCString

LE@AIHATDAIWDIN ROM(Null Terminated Rom-Based String)

C Prototype:
void LCD_PrCString(CHAR *sRomString);

o r ¥ e e a  ar
mamamﬂmm Waﬂwuﬁmmanm

Char ste[ ] = *“ User Module :  // Uszntwa s str lﬁ‘ﬂ‘ﬁ’ﬂﬂ’ﬂu_ ** User Module **
LCD Start(); // Tnitialize LCD

LCD_Position(0,4); i ﬁmuﬂﬁnmﬂa YITRAR 1 §mad 5
LCD_PrCString(** PSoC LCD *); // w@948A270* PSoC LCD * (Rom-Based String)
LCD_Position(1,2); i fmuadumua UssHaR 2 Aumish 3

LCD PrString(str); i waaaton i str (Ram-Based String)




LCD_PrHexByte
UARIAIA AAYYOIRI 715200 char , BY TE(unsigned char) Tujdusamygiu 16

< Prototype:
void LCD_PrHexByte(BYTE bValue),
LCD PrHexInt
LerAIA 1A uaY DR Us2iAN int , WORD(unsigned int}lu3veaiavgv 16
C Prototype:
void LCD_PrHexInt(int iValue);
nufdufuafunIuaasma

{1413} Bar Graph UW3UBY
LCD_InitBG

Smuamisuduliud LeD dmfun1sidem Bar Graph tyuey
C Prototype:
void LCD_InitBG(BYTE bBGType);
LCD DrawBG
IAAINA Bar Graph ulIUeY
C Prototype:
void LCD DrawBG(BYTE bRow , BYTE bCol , BYTE bLen , BYTE bPixelColEnd};
Tosf  bRow A0 1YLIIRAYES LCD (BE1UTY USTHAT 1=0, usTiaf o= 1)
bCol fiD ﬁmmialumsﬁmfu (PIUTY SUNLR 1=0 Swmiiadi 16 = 15)
bLen Ao $112us8AYT It Iuoud 19uans Bar Graph

a L] 4 o o (5] L)
bPixelColEnd fi® $1421¥03904 Bar Graph (1Unil4d18nYTH 5 ¥99 MuLUIYOU )



LCD_DrawBG(0. 0 18 72;.

- »
LCD DrawBG({1 3. 10 32);

o
U111 Bar Graph LIRS
LCD_InitVBG

fuuasiGudu iy LoD dwfums1991u Bar Graph e
C Prototype:
void LCD_InitVBG(void);
LCD_DrawVBG
UAAIHA Bar Graph ik
C Prototype:
void LCD_DrawVBG(BYTE bRow , BYTE bCol , BYTE bHeight, BYTE
bPixelRowEnd);
Taofi  bRow o MYUTIAYES LCD (@thusu US5HAT 1= 0 55 0=1)
bCol fip dmtialuusTvatiy (OE19TY AU 1=0, Fumiad 16 = 15)
bHeight A0 §119ud 803 TuumEeR 1uaas Bar Graph

. o ' A o o ' M
bPixelRowEnd Ao $1UIUT0IU04 Bar Graph (lunilesdadnysil 8 ¥09 aruiuady )



LoD DrawVBG(1 & 2 18],
! L., LOCL: LrawVBEG1 3 2 12},
L LCD_DrawVRGIT 1 2 51

PWMs User Module

- flvun 8 uaz 16 On Tauld Digital Block $112U 1 uag 2 Block mNE 194
- Clock Source QA 48 MHz

- Tnaan1 Period 8@ luii@

- 1M UART Pulse Width 14

v & :
- 1nandyg o Interrupt 1A91NVDUAIVLYDI Output #30 Terminal Count

Period Pulse Width
Reqister Registar
u;- Data n
Enable Enable _ Cutput
B
Counter n Comparator . t
Ciock:;,. Count —FA—{ A ntarrup
Load TC
r Interrupt Type

A VAVAVAVAVAY W\;W\/WMW\/\_

Periad Rag q( o ] F . )
PulseWidth Rag I i 7 [ E y
StartBit __ / ‘

. Enable Signal ... Vi /

* Courter Load of Pericd _
Caunter Reg TV XM NeD{RXECT, "1 X O X BOXEENEEE, NeW R XREL, T X N

Period = M+1
Compare Duty Cycle = {N+1§| M+1)
‘ -.—a{Ter{e e SRS Compura Fdse
Output /
Terminal Count .

Terminal Count N /N I j 7\




WIT P03 1D PWMs Module

Clock
muaaidien Clock 18910 VC1, VC2, VC3 , SysClk , SysCIk*2 Lagdnnatoumnas
Enable
0 = . u 4
PWMs 9¢919114§10 Enable 111 “High™ LLE‘I&HQ@T’I‘N"IHHJEH{IH “Low™
CompareOut

Output Pulse eusoiion dayenmesn 115 Row Output tiedhy Output oon 1l
=0 r as . q
Meuan w3l Input 9101HAY Digital Block 8119
TerminalCountOut

. & Vo = dy ¥
Terminal Count Output Mu1athon Iddyw1eon 11U Row Output lan 14

Period

Period I 104721119 0-255 §1M50 PWMS Lay 1-65536 170 PWMI6 lasan
Qutput Period ﬁhlgf = Period+1
PulseWidth

PulseWidth A9A1A31UN19982 Pulse 11%29 On Amuan 185219149 0- Period

InterruptType
AONUHAIANIVDIAS Interrupt g rodenil i Terminal Count %39 Compare Event

CompareType
MuupanyuenINSeuIMBTITZHI19 Counter Register 1) Compare Register

ClockSync
- & ' oA 3
AT1ILEDN ClockSync ﬂuu’agﬂu Clock ﬂlﬁﬂﬂi‘b’ﬂ’lﬂﬂ’liﬂ

ClockSync Clock
B lunsdift Clock Mumasriuilanain SysClk i1 VC1, VC2, VO3t
Sync to SysClk VC3 ¥13119710 SysClk) , 32KHz 11a2 210 Digital PSoC Block ‘ﬁcl,‘]?
SysClk

Sync to SysClk*2 | 1alun3dlfi Clock Hiunassuiiainen SysClc*2 sniuld SysClis2

Taoase

Use SysClk Direct | 1$1un3difi Clock finmassiniiaman SysClk laoms 3

Unsynchronized | 191unsaifi Clock fitmasnuiauinin SysClk*2 lnuase waz1didela

ﬁJﬂdﬂﬁSynchronized ﬁﬂJﬂJTm




API #4A%U 159 PWMs Module

PWMI16 Enablelnt

lan1519974 Interrupt Mode

C Prototype;
void PWM16 Enablelnt(void);

PWMI16 Disablelnt
tansldau Interrupt Mode

C Prototype:
void PWM16_Disablelnt(void);

PWM16_Start

1Wan15iauves PWMs Module
C Prototype:

void PWM 16 Start(void);
PWMI6_Stop

Jan159119mv99 PWMs Module
C Prototype;

void PWM16_Stop{void};
PWMI16 WritePeriod

MU UART Period THAL PWMs Module fif10g5x1319 0-65535 TnoA1 Period 379N
Tvaa U1 Counter Register 1o PWMs guﬁfgﬂﬁmma;j w3e ilonsuIoy Period fin1d
MDY
C Prototype:

void PWM16_ WritePeriod{WORD wPeriod);

PWMI16_ WritcPulseWidth

AHUAAT PulseWidth 191 PWMs Module Sifi10g/52 1114 0-65535

C Prototype:
void PWM16_WritcPulseWidth(WORD wPulseWidth);



Timers User Module
¥
Timers User Module Y84 PSoC Microcontroller U118/ 4A 8 , 16,24 LAy 32 Ja 18

o o o
wenldmuanumungan Tasudenlaezunsunsi191u Timers User Module tieraadiagyl

HPe r_int: Down Compare
egusier Counler

2| interrupt
L_HF._ Data n{

. Compare
Capture »w* Capture  Count m__w"}L Comparator Out
Clock >

l.oad TC 2
{_ . Terminal
Count Out

Timer Block Diagram, Data Path width n = 8, 16, 24 or 32

Row Bus

Percd Feg g S [ _ “ .
ComparoValle w - L (I B . _* Caplure Bignal

San Bt | i

Capture Signal ¢ ] s
‘w:Caunier Load of Period

Caunter Reg I ¥ YMORZ BT S, 0 MM ME, R H A 10 M MM
-r__:qm__p_am:True - wCompare Fake

Compara Evant

* Terminal S ount

---------------------------------- — Periad = e A
Terminal Count, . Duty Cycle =05/ M1y — o
Cuput . . h A S e e X

Timers Module Y1194 UA3 (Count Down) @111501600 clock ‘lﬁ'ﬁ”qﬁ'tymm
melunaznmeusn AMuaa Period LAy Compare 184910 Hardware(114 Device Editor) 1nz
Software 1At Output 484 Timer fiwawgvuuuliiluseynd 199 s Hardware e
Compare Qut U Terminal Count Out 1ALN19 Software ﬁ‘ﬂzfl vecter ﬁlﬁﬂ 9INN17 lnterrupt :‘N
annsafmua i inzidluiuy Compare Value w38 Terminal Count
W1315AD fU89 Timers Module |
Clock

Clock 489 Timer @11150t80A 18910 VC1 , VC2 , VC3 , SysClk , SysClk*2 uagan

WA Unag



Period

A1 Period 33ae1m05 1asTun13M1a1uves Timer vz Tvaam Period S3aimo 14y
Countcr?aﬁLﬂﬂgﬁﬁIu ﬁatﬁﬂ Counler??]mﬂﬂ‘; = ((Terminal Count) H?ﬂﬁmﬁ Enable Timers
Uug Disablcny

CompareValye
1 e o 4 o o
Al Compare 31003 1F911il8A1MUAN TR Compare Event

CompareType
anuueMInfTenneuszning Counter Register A1 Compare Register

InterruptType
A ' oA P W . -
EONLUDINUIYDINTT Interrupt mmmmﬂuﬂimﬂu Terminal Count H380 Compare

Event

ClockSyne
o] = o ed 9/ a Yo el ¥ ..
ClockSyne Huwnimesnazdaammualiny User Module 731013 14 Digitai Block

A 2 | o . ¥
N1ILRDN CIockSync- ﬂ.luﬂgﬂ‘ﬂ Clock ﬂlﬂﬂﬂi‘l‘fﬂ'mﬂ']i'lq

T

ClockSync Clock

1$lunsdif Clock Humaasuiiaumn SysClk 1wy VC1 , VC2 , vC3(iie
Syncto SysClk | VC3 H1511910 SysClk) , 32K Hz 182010 Digital PSoC Block 1%
SysClk

Sync to SysCIk*2 | 1#lunsdl#i Clock fiunaenutinanain SysClk*2 onfuld Syscik*2

Tapasa

Use SysClk Direet | 191unséifl Clock Turiaenuilamain SysClklnoas

14 1ung8if Clock Tunasduiinuiain sysClk*2Tasas s uasIdiilo lu

Unsynchronized ) NNISynchronized ﬁiyﬂ.lﬂﬂ&

API #a0Huv84 Timers Module
Timerlé Start

HerFuduled Timer s
C Prototypc:

void Timerl6_Start(void);

Timerl6_Stop




HarFunyan13 190 Timer
C Prototype:

void Timerl6_ Stop(void);
Timerlé Enablelnt

#wSumsilaldan Interrupt Y03 Timer
C Prototype:

void Timer16_ EnableInt(void),

Timerl6é Disablelnt

#mTunstlaldau Interrupt U9 Timer
C Prototype:
void Timerl6_DisableInt(void);

Timerl6_ WritePeriod

1‘§ﬁ11‘iuﬂﬂr1 Period 11?511 Timer

C Prototype:

void Timer16_WritePeriod(WORD wCompareValue);

= = ar 4
msvou TUsunsuuSmsdumes SWYiued Timers Module

A4 a 2 du & . o ¥ ]
Woian1381ABT T WN1A Timers User Module 13 Insaau ITnsawaes v Tuviaw

1 a a {ad = o . ' . ]
aeluTilsunsudesnegluIng.asm N F1ABINY Timers User Module UAR13A28 “int” 19114

. & ) ¢ L
Timers User Module ¥® “Timer6_1" IWainee

F

Ay

] ¥
o “Timer16_lint.asm” Tae'lWdiiszoglu



- A ‘t‘ébﬂ mrlﬁlv‘iles. o
o Foupree el
+ | Healsrs
-y Libwary Saurce

g:;? Q’Z’j_'i LA

E PR

-4 : g

[‘T‘i Ll NG L 3 s

E LI R i :

L;HJ T L T e ;
+ il [&'JT
v sl

U Hasheerurity o ;

r o 1

1 A o« r c:, A o .
TaeunsugevhogluTWdfena121fuaz i ¥oiRuafy Timers User Module 11y 1f 93
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- .

o ) p) v od !
AR ISR DENUTU _ Timerl6_| ISR deluTdsunsudostiog Aldluns@ousdaniun

soauyuuden 1l e & Iw lulnsnou Insaaesns Tan luvanluilsdsus S oudqe

A K0S “mp_<Foeri¥ulunmnd>" 1y “Yjmp_ Timer 1SR Aag

; FUNCTION NAME: _Timerl6_1_ISR

; DESCRIPTION: Unless modified, this implements only a null handler stub.

_Timerl6_1 ISR:

;@PSoC_UserCode_BODY@ (Do not change this line.)

3

; Insert your custom code below this banner



b

; Insert your custom code above this banner

;:@PSoC_UserCode_END(@ (Do not change this line.)

reti

; end of file Timer16 1INT.asm
a o Ve - 4 ) 3 J 1 '
sgdunamunidns@y « @ lddhanhdeddu Walmsz i ldsunsudos
nl/ d.' =t ' g a
ey lunmud deafiu

Ananglgueylua o miwuld vindoanisdredailand
: 3 o w 1 < @ w =
« i lddhandidennas vazsiniudosdsemaliiladsu dananudiu FadFuuSnrs

- o as ] o . 4 o o s [] s y
BUMDTTH AR #pragma interrupt_handler<¥av0aRana =" AuFI08197 351

#pragma interrupt_handler Timer ISR

L ] o
DU HIN1TN1TU

= = o as 5 A a = o
‘iﬂ"liﬂumﬂ‘iiwllﬂ PRI VAR BT INAY REErT,
rg d; (" a A o 1y
U ﬂ‘lluﬂgﬂUﬂT'iﬂT*ﬂu"UENI'lJi!LﬂﬁiJVIHJU’LI'J'W]?J\TT‘]TE‘I]&

n‘z’ g a o W
INUUNMUBUNINTUD
Py oy = o ar
A TURIATUUTNITOUIRD T TN

Q 4 = = o o
nszdimslagihuilomanisdumaisu

o ' g e a = = o o .
F29619M 35 19WINFUUTATAUADTIW Timer ISR()

Void Timer ISR(void)

{
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PGA (Programmable Gain Amplifier)User Module
¥
PGA User Module 1H12993 981811111 Non-Inverting 13150 MUARAT Gain 1673010

. . o as [ o
Device Editor 1Az 910 API Han¥u 1 Input Impedance §9 HASTINITONIHUALTIAY Reference

1dotadase

Input

: Analog
! - Bus Out
i Sl R,
CT_BLOCK — i ™ | AnalagBus
AGND — i | SE—
Vss — g o
et ; ain
SC_BLOCK e
FReferamce — :

W131506185989 PGA Module

Input
a B . . o ¥
Input U3 PGA fimun 18 1 Device Editor Tasmuisoiivualiily analog column

input multiplexer U831 PSoC Block 51&]
Reference
Reference Input enansadvua iy AGND,, uag PSoC Block $1uifius
AnalogBus
flumseanvesdaanmueidya SnmanilsomnsosmualdiFourasu AnalogBus

API #H9A%U104 PGA Module

PGA_Start

a ar

3 e =Y | 3 0 @ o = o 1
I¥fmurasududsand uludmiy PGA Module uazimiiAf nuan) Power

Setting
C Prototype:

void PGA_Start(BY TE bPowerSetting)



PGA_SetGain

Haf

I 4
A9 309 1AM

C Prototype:

void PGA_SetGain(byte bGainSetting)

o/

P
UN

Symbolic Name

PGA_OFF
PGA LOWPOWER 1
PGA_MEDPOWER 2
PGA_HIGHPOWER 3

Symbolic Name Value

PGA_G48_0
PGA_G24_0
PGA_G16_0
PGA_G8_00
PGA_G5_33
PGA_G4_00
PGA_G3_20
PGA_G2_67
PGA_G2_27
PGA_G2_00
PGA_G1_78
PGA_G1_60
PGA_G1_46
PGA_G1_33
PGA_G1_23
PGA_G1_14

PGA_G1_06

0Ch
1Ch
08h
18h
28h
38h
48h
58h
68h
78h
88h
98h
A8h
Bsh
C8h
Deh

Esh

Value
0

Symbolic Name Valué

PGA_G1_00
PGA_G0_93
PGA_GO0_87
PGA_GO_81
PGA_GO0_75
PGA_GO_68
PGA_G0_62
PGA_GO_56
PGA_G0_50
PGA_GO_43
PGA_G0_37
PGA_GO_31
PGA_G0_25
PGA_GO_18

PGA_GO_12-

PGA_GO_06

1¥R1MuaA1 Gain 1WAU PGA Module Tapr1fidesdaldduiler
b

F8h
EOh
DOh
COh
BGh
AOh
80h
80h
70h
60h
50h
40h
30h
20h
10h
0Ch

L

T

1911 Gain



PGA_Stop

HYANTH191H U89 PGA Module

C Prototype:
void PGA_Stop(void)
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