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ABSTRACT

This thesis presents Design of Microrobots for rescue operation . Microrobots
are designed to be low-costed in order to be produced in large amount and operated all
together at a time. Thus, the wide area could be covered by the microrobots, which run
through narrow areas or holds easily. The robust aluminum structure and their track
wheels of microrobots are for moving in the tough environment .Their autonomous
operations compare intensity of light and select darker route including to avoid the
unsuitable route such as flame. Finally, the microrobots check whether a found object

is a victim or not.
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2.5V 39.55 -39.23
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4.1.1 Rule-Base expert system

Basic Rule-Base expert system Whuims u’n’mﬁqTﬂﬂﬁ%wmizuug’fﬁ}ummu
Usgneulildreesrilsznou 5 viia Taun

1. jmm‘mi’ (Knowledge Base)

2. gmdioyn (Database)

3. m?mﬂumu (Inference Engine )

4. HWUWOTLY (Explanation Facilities)

5. Hﬂﬂﬂﬁﬂﬁiﬂ#ﬂ% {User Interface)
fiTasandradaguldt 4.1

Knowledge Base Database

Rule : IF - THEN FACT

» Inference Engine |«

Explanation Facilities

User Interface

g‘llﬁ 4.1 uaadInsseri19uss Basic Rule-Base expert system
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#include <16F873A.h>

#include <math.h>

#define TxD PIN Co6

#define RxD PIN _C7

#define CLOCK_SP 20000000

#fuses HS

#fuses NOLVP, NOWDT

#fuses NOPROTECT

#use delay (clock=CLOCK_SP)

#use 1s232(baud=9600, xmit=TxD,rcv=RxD)

#use fast io(A)

typedef union {

int16 i;

float 1;
} value;
enum {TEMP,HUMI};
#define DATA PIN_CO
#define SCK PIN_C1
#define NOACK 0
#define ACK ]
#define SHT STATUS REG W 0x06
#define SHT STATUS_REG_R 0x07
#define SHT MEASURE_TEMP 0x03
#define SHT MEASURE_HUMI 0x03

#define SHT_RESET Oxle

II



char sht_writeByte(byte value)
{

byte i,error=0;

for (i=0x80;i>0;i/=2)

if (i & value)
output_float(DATA);
else
output_low(DATA);
output_high(SCK),
delay us(5);
output_low(SCK);
H
output_float(DATA);
output_high(SCK);
error=input(DATA);

output_low(SCK);

refturn error;

char sht_rcadByte(byte ack)

{
byte i,val=0;

output_float(DATA);

for (i=0x80;1>0;i/=2)
output_high(SCK);
if (input{DATA))

val=(val | i);

I



output_low(SCK);

if (ack)
output_low(DATA);
else
output_float(DATA);
output_high(SCK);
delay us(5);
output_low{SCK);
output float(DATA);

return val;

void sht_transStart(void)

d
output_float(DATA);
output_low(SCK);
delay us(2);
output_high(SCK);
delay us(2);
output_low{DATA);
delay_us(2);
output_low(SCK);
delay_us(6);
output_high(SCK),
delay_us(2);
output_float(DATA);
delay_us(2);

output_low(SCK);



void sht_conneetionReset(void)
{
byte i;

output_float{DATA);
output_low{SCK);

for(i=0;i<9;i++)

output_high(SCK);
delay us(2);
output_low(SCK);
delay us(2);

}

sht_transStart();

char sht_softReset{void)

{
byte error=0;

sht_connectionReset(};

error+=sht_writeByte{ SHT_RESET);

return error,

char sht_readStatusreg(byte *p_value, byte *p_checksum)
{

byte error=0;

sht_transStart(};
error = sht_writeByte(SHT_STATUS_REG_R});



*p_value = sht_readByte(ACK);
*p_checksum = sht_readByte(NOACK);

return error;

char sht_writeStatusreg(byte *p_value)

{
byte error=0;
sht_transStart();
error += sht_writeByte(SHT_STATUS_REG_W);
error += sht_writeByte(*p_value);
return error,;
'

char sht_measure{byte *p_value, byte *p_checksum, byte mode)

{
byte error=0;

intlé i;

sht_transStart();

switch{mode)

case TEMP - error+=sht_writeByte(SHT_MEASURE_TEMP}; break;

case HUMI : error+=sht_writeByte(SHT_MEASURE_HUMI); break;
default :break;
}

for (i=0;i<65535;i++)

iflinput( DATA)=0)

V1



break;

delay_cycles(4);

iflinput(DATA))
error+=1;
*(p_value+1) =sht_readByte(ACK);
*(p_value)=sht_readByte(ACK);
*p checksum =sht readByte(NOACK);

returmn error,

void sht_calc(float *p_humidity, float *p_temperature)

{

const float C1=-4.0;

const float C2=+0.0405;
const float C3=-0.0000028;
const float T1=+0.01;

const float T2=+0.00008;

float rh;

float t;

float rh_lin;

float rh_true;
float t_C;

th = *p_humidity;

t=*p_temperature:

t C=1*0.01-40,
th_lin=C3*rh*rh + C2*th + C1;

VII



rh_true=(t_C-25)*(T1+T2*rh}+rh_lin;
ifirh_true>100)rh_true=100;

if{rh_true<Q.1)rh_true=0.1;
*p_temperature=t_C;

*p_humidity=rh_true;

float sht_calcDewpoint(float h, float t)
{

float logEx,dew_point;

logEx = 0.66077+7.5"t/(237.3+t)+(10g10(h)-2);
dew_point = (logEx - 0.66077)*237.3/(0.66077+7.5-1ogEx);

return dew_point;

void sht_work()

{
value humi_val, temp_val;
float dew_point,mem_temp,mem_humi;
byte error,checksum;

intléi;

sht_connectionReset();

while(1) {

error=0;

error+=sht_measure((byte*) &humi_val.i, &checksum, HUMI),

VI



error+=sht_measure((byte*) &temp_val.i, &checksum, TEMP);
if{error!=0) {
printf(™n\rerror:%U", error),

sht_connectionReset();

else {

humi_val.f=(float)humi_val.i;

temp_val.f=(float)temp_val.i;

sht_calc(&humi_val.f, &temp_val.f);

dew_point=sht_calcDewpoint(humi_val.f,temp_val.f);

printf{ "\fin\rtemperature 95 1fC  (0x%X%X)\n\r", temp_valf,
make8(temp_val.i,1), make8(temp_val.i,0});

printf{"humidity ©465.11%% (0x%X%X)\n\r", humi_val.f,
make8(humi_val.i,1), make8(humi_val.i,0));

printf{"dew point:%5.1fC", dew_point);

delay ms(800);

;

void main(}
{
While(1)

sht work();
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ULTRALIFE:.ccres  we. are. pover

The Uitralife Advantage

Better technology. Our lithium-based
{lithium-manganese dioxide, lithium ion and
lithium polymer} technologies enable us to

H design leading-edge power soluions for the
Tec h nica I Datas heet world's most demanding applications.

, Part No UBCOO7
4 Voltage Range " | 30w4a2V

Average Voltage 3TV

Nominal Capacity 150 mAh @ C/5 Rate @ 23° C

Max. Discharge 2C continuous

Energy 0.6 Wh

Energy Density 150 Whikg, 238 Whi

Weight 4.0 grams

Cycle Lie > 300 cycles @ C/5 1o 80% of initial capacity

) Momory No Memory Effect

- Thin Operating Tomp -20°Cte60°C

- High energy density Storage Temp -20°Cto 60° C

- \Wide operating temperature range Self-Discharge < 10% per month

- Lightweight ExteriorfHousing Laminated Foil

- Nomemory effect Terminals/Connector | 26 AWG Wire: Red (+), Black

- Can be assembled into packs srminats/L-onnector e {+). Black ()

Safety Material Safety Datasheet — MSDS014.

. Transportation Excepted from Regulations —~ see note 1

- Portable Electronics Protection Clrcult Over Voltage Limit: 4.285 +/-0.03 V

- Medical Devices Module Under Voltage Limit: 2.3 +/- 0.10 V

-  RFID f\pplicationg Over Current Protection: 2.0 A @ Room Temp.

- Tracking Applications Max. Quiescent Drain: 6 pA

Charging Maximum charge rate at C/2 to 4.2 Volts ina
temperature range of 0° to 45° C. Hold at 4.2 Voits
until cument declines to C/10. Refer also to Safety
Guide UBI-5112.

Note 1 For a complete description of transporiation
regulations and definitions of the transportation
dassifications “Excepted” and "Class 9,” refer to the
Ultralife web site at www ultralifebatterigs.com.

Newark, NY » 315-332-7100 » Fax 315-331-7800 / Abingdon, England « +44 (0} 1235 542600 « +44 (0} 1235 535766
® 2005 Ultralife Batteries, Inc. « www uliratifebatteries.com « All specifications subject to change without notice
The information contained herein is for reference only and does not constitute a warranty of performance * . ; :
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SHT1x / SHT7x
Humidity & Temperature Sensor

Evaluation Kit
Available

_ Relative humidity and temperature sensors

_ Dew point

_ Fully calibrated, digitai output

_ Excellent long-term stability

_ No external components required

_ Ultra low power consumption

_ Surface mountable or 4-pin fully interchangeable
_ Small size

_ Automatic power down

SHT1x / SHT7x Product Summary

The SHTxx is a single chip relative humidity and
temperature muiti sensor module comprising a calibrated
digital output. Application of industrial CMOS processes with
patented micro-machining {(CMOSens® technology) ensures
highest reliability and excellent long term stability. The
device includes a capacitive polymer sensing element for
relative humidity and a bandgap temperature sensor. Both
are seamlessly coupled to a 14bit analog to digital converter
and a serial interface circuit on the same chip. This results in
superior signal quality, a fast response time and insensitivity
to external disturbances (EMC) at a very competitive price.

Each SHTxx is individually calibrated in a precision humidity
chamber with a chilled mirror hygrometer as reference. The

calibration coefficients are programmed into the OTP
memory. These coefficients are used internally during
measurements to calibrate the signals from the sensors.

The 2-wire senal interface and intemal voltage reguiation
allows easy and fast system integration. Its tiny size and low
power consumption makes it the ultimate choice for even
the most demanding applications.

The device is supplied in either a surface-mountable LCC
(Leadless Chip Camier) or as a pluggable 4-pin single-in-iine
type package. Customer specific packaging options may be
available on request.

Applications Block Diagram
_HVAC _ Test & Measurement
_ Automotive _ Data Logging ——
_ Consumer Goods _ Automation "R Caliraiion SCK
_ Weather Stations _ White Goods Sensor { DATA
_ Humidifiers _ Medical l Dighal 2-
_ Dehumidifiers § 2 D wire
» Interface
. . ] A !q’ C:C
Ordering information generator oD
Part Humidity | Temperature m |—— vob
Number accuracy | accuracy | Package
[%RH] °cl
SHT11 +35 |+05@ 25°c | SMD(LCC)
SHT15 +20 |+0.4 @s540°¢ | SMD(LCC)
SHT71 +35 (+05@ 25°C |4-pin single-in-line
SHT75 420 |+04 @ 540°c | 4-pin single-in-ine
www.sensirion.com Sensirion, Eggbiihistr, 14, 8052 Ziirich, Switzerland, Tel: +41 1 306 40 00, Fax: +41 1 306 40 30 v201



SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

1 Sensor Performance Specifications

Parameter | Conditions | Min. Typ.| Max. | Units
Humidity
Resolution @ 0.5 10.03| 0.03 | %RH
8 [12} 12 bit
Repeatability +01 %RH
Accuracy linearized | see figure 1
Uncertainty
Interchangeability Fully interchangeahle
Nonlingarity raw data +3 %RH
linearized << %RH
Range 0 100 | %RH
Response time 1/e {(63%) 4 s
slowly moving air
Hysteresis +1 %RH
Long term stability |  typical <1 %RH/yr
Temperature
Resolution @ 0.04[0.011 0011 °C
10071002/ 002 °F
112 114 ] 14 bit
Repeatability +0.1 °C
H2 °F
Accuracy see figure 1
Range 40 [1238] °C
-40 25481 °F
Response Time 1/ (63%) | 5 30 s
Table1  Sensor Performance Specifications

2 Interface Specifications

Vdd

uC

{master)

Figure 2 Typical application circuit

2.1 Power Pins

The SHTxx requires a voltage supply between 24 and 5.5 V.
After powerup the device needs 11ms to reach its “sleep
state. No commands should be sent before that time.

Power supply pins (VDD, GND) may be decoupled with a
100 nF capacitor.

2.2 Serial Interface (Bidirectional 2-wire)

The serial interface of the SHTxx is optimized for sensor
readout and power consumption and is not compatibie with
12C interfaces, see FAQ for details.

;Relative Humidity absolute accuracy

*“%RH
5 =
i" 4 i Sl Lo . o
\ L ERE i
LY rs
+3 o Ay s
v eno . SHTASIS L 4
1
0 + %RH
A TR AR SR IS MY S N A A
Gote 20 30 40 50 60 7O OBG ah 4o
¢ Temperature accuracy
370 #h 4
+2°C RN
M\\\ L
SRR N L £1.8°F
N s L7 SHT13/75
L 0 A s ey s e e e s o e U
A0 X A0 s 12
~HEE ity e F Thk EE e
5e 3 Dewpeint accuracy @25 °C {typical) 0o
T4 e
+3°C — tha
TLToP SR P P
710 - Ml T o ow ECF
e SHT15/78 T~
00 ' T I 1 Y f . | £ > SR
O 40 240 3¢ 40 50 a0 FOooen o0 iad
Figure1 Rel. Humidity, Temperature and Dewpoint accuracies

2.21  Serial clock input (SCK)

The SCK is used to synchronize the communication between
a microcontroller and the SHTxx. Since the interface
consists of fully static logic there is no minimum SCK
frequency.

2.2.2 Serial data (DATA)

The DATA tistate pin is used to transfer data in and out of
the device. DATA changes after the falling edge and is
valid on the rising edge of the serial clock SCK. During
transmission the DATA line must remain stable while SCK is
high. To avoid signal contention the microcontroller should
only drive DATA low. An external pull-up resistor {e.g. 10 ki )
is required to pull the signal high. (See Figure 2) Pull-up
resistors are often included in /O circuits of microcontrollers.
See Table 5 for detailed 10 characteristics.

8} Each SHTxx is tested te be fully within RH accuracy specifications at 25 °C (77 °F) and 48 °C {1184 °F)
@ The default measurement resolution of 14bit (temperature) and 12bit (humidity) can be reduced to 12 and 8 bit through the status register.

WWwW.Sensiricn.com

v2.01 March 2003 28



SHT1x / SHT7x Relative Humidity & Temperature Sensor System

2.2.3 Sending a command

To initiate a transmission, a “Transmission Start” sequence
has to be issued. It consists of a lowering of the DATA line
while SCK is high, followed by a low pulse on SCK and

raising DATA again while SCK is still high.
DATA ‘{ /

SCK / \ / \

Figure3 "Transmission Start” sequence

The subsequent command consists of three address bits
(only “000" is cumrently supported) and five command bits.
The SHTxx indicates the proper reception of a command by
pulling the DATA pin low (ACK bit) after the falling edge of
the 8th SCK clock. The DATA line is released (and goes
high) after the falling edge of the $th SCK clock.

Command Code
Reserved 0000x
Measure Temperature 00011
Measure Humidity 00101

Read Status Register 00111

Write Status Register 00110 :
Reserved 0101x-1110x
Saft reset, resets the interface, clears the | 11110

status register to default values

wait minimum 11 ms before next command

Table2 SHTxxlist of commands

2.24 Measurement sequence (RH and T)

After issuing a measurement command ('00000101" for RH,
‘00000011’ for Temperature) the controlier has to wait for the
measurement to compiete. This takes approximately
11/55/210 ms for a 8/12/14bit measurement. The exact time
varies by up to +15% with the speed of the inferal oscillator.
To signal the completion of a measurement, the SHTxx pulls
down the data line. The controller must wait for this “data
ready” signal before starting to toggle SCK again.

Transmission Start

 Address=000"

Command='00101'

Two byles of measurement data and one byte of CRC
checksum will then be transmitted. The uC must
acknowledge each byte by pulling the DATA line low. All
values are M5B first, right justified. {e.g. the 5% SCK is MSB
for a 12bit value, for a 8bit result the first byte is not used).
Communication terminates after the acknowledge bit of the
CRC data. If CRC-8 checksum is not used the controller may
terminate the communication afier the measurement data
LSB by keeping ack high.

The device automatically returns to sleep mode after the
measurement and communication have ended.

Waming: To keep self heating below 0.1 °C the SHTxx
should not be active for more than 15% of the time
{e.g. max. 3 measurements / second for 12bit accuracy).

2.25 Connection reset sequence

if communication with the device is lost the following signal
sequence will reset its seral interface:

While leaving DATA high, toggle SCK 9 or more times. This
must be followed by a “Transmission Start’ sequence
preceding the next command. This sequence resets the
interface only. The status register preserves ifs content.

Tranf*,smissioné Start

DATA

Figure 4 Connection reset sequence

2.2.6 CRC-8 Checksum calculation

The whole digital transmission is secured by a 8 bit
checksum. It ensures that any wrong data can be detecled
and eliminated.

Please consult application note ‘CRC-8 Checksum
Calcutation” for information on how to calculate the CRC.

Bold = SHT1xx controls DATA line
4 Piain = uC controls DATA line

DATA Measurement
2 a1 a0 €4 63tz Cf_ co | =] ~55ms for 12 bit
SCK ' ‘ ~MmsforBbit
is finished the Skip acknowiedge 10 end trnsmission
Measremert is finished when 12 bit hurai éty data {if "P CR'ﬂ)s used}

__5HTs pulls down the DATA line
DATA \

borw low low low 11 10 ] a ack

S AVAVA

CRC-B Checksum

DATA
¥ & 5 4 3 2 1

wait for next measurement

45 N N ;
o - o | sk SKip acknowledge to e :

Transmission Start

———————————————— \ EI/————-——

N AVAVaAVaAVAVAVAV AR A R
SCK i N ' : \__,’ ‘ ———————

LsB

Figure 5 Example RH measurement sequence for vatue “00001001 * 0011°0001™= 2353 = 75.79 %RH (without temperature compensation}

WWW.Sensirion.com

v2.01 March 2003



SHT1x / SHT7x Relative Humidity & Temperature Sensor System

wait for data ready

—r—

[T

[ TTTTT]

TlTltHﬁ] BER o I )‘%
HOO00 1 1y |® O M$B )  [9 (158 148 Phecksym
Command

Figure6 Overview of Measurement Sequence (TS = Transmission Start)

2.3 Status Register

Some of the advanced functions of the SHTxx are available
through the status register. The following section gives a
brief overview of these features. A more detailed description
is available in the application note *Status Register®

TTTTT hﬂslaiuhﬂﬁ
o8 eE Reg ) 1y
Commﬁ

Figure 7 Status Register Write

after switching on the heater, proper functionality of both

sensors can be verified.

e [n high {>95 %RH) RH environments heating the sensor
element will prevent condensation, improve response
time and accuracy

Waming: While heated the SHTxx will show higher

temperatures and a lower relative humidity than with no

heating.

2.4 Electrical Characteristics'”)
VDD=5V, Temperature = 25 °C unless otherwise noted

Parameter Conditions  |Min. |Typ. |Max. |Units
Aololoo0 1 1 fgs StatusT ] ﬁg lChf%Ei(ﬁ!ui é Power supply OC 24 5 | 65V
NEENN| ! [ Supply curent T =0 A
Command average 22 | 288 [,LA
Figure8 Status Register Read sleep 03] 1 jpA
. _ Low level output voltage 0 20% [Vdd
_?" Type | Doscription g*f'““ High level output voltage 75% 100% |Vdd
fesorved _ : Low evel input voltage | Negative going | 0 20% [vdd
6 R | Grof Baltory low vokoge detocton) X[ g et Tigh levelinput voltege |Positve going | 80% 100%|Vad
1" for Vod < 2.47 updated after a - Input current on pads 1 1A
measurement Output peak current on 1 4 |mA
5 Teserved [ Tristated (off) 110 HA
4 resorved 1] y ' . .
5 For Testng oy do ok uss 5 Table4 SHTxx DC Characteristics
e e Paramoter __|Conditions ____|Min [Typ. Max. Unit
0 |RW |'1= BbitRH/ 120t Temperature resoltion | 0 | 120t RN Fscx |SCK frequency (VDD >4.5V 10 |MHz
0" = 12bit RH / 14bit Temperature resolution 14bit Temp. VDD <45V 1 IMHz
Table3  Status Register Bits Taro |DATAfallime [Cuiputload5pF  |35,10 | 20 |ns
' Outputfoad 100 pF | 30 | 40 | 200 |ns
2.3.1 Measurement resolution Tou_{SCK hiflow time 100 ns
The default measurement resolution of 14bit (temperature) ;v gﬂi valid "ft?e = 20| ns
and 12bit (humidity) can be reduced to 12 and 8bit. This is T:'“G DATA ﬂ:ﬁn:e R ::
espclaicrat:gnsuseﬁjl in high speed or extreme low power T SCK risaffalltme 2601 s
appicatons. TableS5  SHTxx O Signas Characteristics
2.3.2 End of Battery
The “End of Battery” function detects VDD voltages below TE
247 V. Accuracy is +0.05 V
SCK
2.3.3 Heater
An on chip heating element can be switched on. It wil
increase the temperature of the sensor by approximately 5°C
(9 °F). Power consumption will increase by ~8 mA @ 5 V. DATA
Applications: |
By comparing temperature and humidity values before and Figure9 Timing Diagram
) Parameters are periodically sampled and not 100% tested
@  With one measurernent of 8 bil accuracy without OTP reload per second
@ With one measuremsnt of 12hit accuracy per second
www.sensirian.com v2.01 March 2003 4/9



SHT1x / SHT7x Relative Humidity & Temperature Sensor System

3 Converting Output to Physical Values

3.1 Relative Humidity

To compensate for the non-linearity of the humidity sensor
and {o obtain the full accuracy it is recommended to convert
the readout with the following formula:

RHlinaar = G5+Cs .SORH +Cy .SORHZ

SO C1 2 c3

12 bit -4 0.0405 -28° 108

8 hit -4 0.648 27104
Table6  Humidity conversion coefficients

For simplified, less computation intense conversion formulas

see application note “RH and Temperature Non-Linearity

Compensation”.

The humidity sensor has no significant voltage dependency.
100%

80% ¢

60%
- -

R

* 0%

20%}

000 1500 2000 2500
SORrH sensor readout (12bit)
Figure 10 Conversion from SOrn to relative humidity

3.1.1  Compensation of RH/Temperature dependency

For temperatures significantly different from 25 °C (~77 °F)
the temperature coefficient of the RH sensor should be
considered:

RHpe = {Tep - 25)0(t; +t, # SO0z, )+RHyear

L) "
0% [ 500

SOry t tz
12 bit 001 0.00008
8 hit 0.01 ~0.00128
Table 7  Temperature compensation coefficients

This equals ~0.12 %RH/°C @ 50 %RH

1 Where SOgw is the sensor output for relative humidity

3.2 Temperature

The bandgap PTAT (Proportional To Absolute Temperafure)
temperature sensor is very linear by design. Use the
following formuta to convert from digital readout fo
temperature:

Temperature = d, +d, «SO;

VDD| i [°C} | di[°f] - SOr | dz[°C]| d:[°f]
5V | 4000 | 4000 14bit | 0.01 | 0.018
4V | -3875 | -3850 12bit | 0.4 | 0072
35VE -39.66 § -39.35

v ] -3860 | -39.28

25V] -39.55 | -390.23

Table§ Temperature conversion coefficients

For improved accuracies in extreme temperatures with more
computation intense conversion formulas see application
note “RH and Temperature Non-Linearity Compensation”.

3.3 Dewpoint

Since humidity and temperature are both measured on the
same monolithic chip, the SHTxx allows superb dewpoint
measurements. See application note “Dewpoint calculation”
for more.

wWWw.sensirion.com
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

4 Applications Information
41 Operating and Storage Conditions

PR

%
i

R

P

1000 120

L B e T g wi..v.m‘m.w T e
LAl L i 20040 6D 80
Figure 11 Recommended operating conditions

Conditions outside the recommended range may temporarily
offset the RH signal up to £3 %RH. After retum to normal
conditions it will slowly refum towards calibration state by
itself. See 4.3 “Reconditioning Procedure™ to accelerate this
process. Prolonged exposure to extreme conditions may
accelerate ageing.

4.2 Exposure to Chemicals

Vapors may interfere with the polymer layers used for
capacitive humidity sensors. The diffusion of chemicals into
the polymer may cause a shift in both offset and sensitivity.
In a clean environment the contaminants will slowly outgas.
The reconditioning procedure described below will
accelerate this process.

High levels of pollutanis may cause permanent damage to
the sensing polymer.

4.3 Reconditioning Procedure

The following reconditioning procedure will bring the sensor
back to caiibration state after exposure to extreme conditions
or chemical vapors.

B0-80 °C (176-194°F) at < 5 %RH for 24h (baking) followed by
20-30 °C oa0°Fy  at > 74 %RH for 48h (re-hydration)

4.4 Qualifications

Extensive tests were performed in various environments,
Please contact SENSIRION for additional information.

Environment Norm Results!
Temperature JESD22-A104-B 40 °C Within
Cycles /125°C, 1000cy Specifications
HAST JESD22-A110-B Reversible shift
Pressure Cooker |2.3bar 125°C 85%RH by +2 %RH
Sait Atmosphere  |DIN-50021ss Within Spec.
Condensing Air - Within Spec.
Freezing cycles  |-20/+90°C, 100cy Reversibig shift
fully submerged | 30min dwell time by +2 %RH
Various Automotive|DIN 72300-5 Within
Chemicals Specifications
Cigarette smoke  |Equivalent to 15years  Within

in & mid-size car Specifications

Table 9 Qualification tests (excerpt)

4.5 ESD (Electrostatic Discharge)

ESD immunity is qualified according to MIL STD 883E,
method 3015 (Human Body Model at +2 kV)).

Latch-up immunity is provided at a force current of £100 mA

with Tamo = 80 °C according to JEDEC 17,

See application note “ESD, Latchup and EMC" for more
information.

4.6 Temperature Effects

The relative humidity of a gas sitrongly depends on its
temperature. It is therefore essential fo keep humidity
sensors at the same temperature as the air of which the
relative humidity is to be measured.

If the SHTxx shares a PCB with electronic components that
give off heat it should be mounted far away and below the
heat source and the housing must remain welf ventilated,

To reduce heat conduction copper layers between the
SHT1x and the rest of the PCB should be minimized and a
slit may be milled in between.  See figure 14 )

4.7 Materials Used for Sealing / Mounting

Many matenals absorb humidity and will act as a buffer,
increasing response times and hysteresis. Matenals in the
vicinity of the sensor must therefore be carefully chosen.
Recommended materials are:

All Metals, LCP, POM (Delrin}, PTFE (Teflon), PE, PEEK,
PP, PB, PPS, PSU, PVDF, PVF

For sealing and gluing {use sparingly):

High filled epoxy for electronic packaging (e.g. glob top,
underfiii}, and Siiicone are recommended.

4.8 Membranes

A membrane can be used to prevent dirt from entering the
housing ang to profect the sensor. It will also reduce peak
concentrations of chemical vapors. For optimal response
times air volume behind the membrane must be kept to a
minimum.

49 Light

The SHTxx is not light sensitive. Prolonged direct exposure
to sunshine or strong UV radiation may age the housing.

4.10 Wiring Considerations and Signal Integrity

Camrying the SCK and DATA signal parallel and in close
proximity (e.g. in wires) for more than 10cm may resuilt in
cross talk and loss of communication. This may be resolved
by routing VDD and/or GND between the two data signals.
Please see the application note “ESD, Latchup and EMC” for
more information.

Power supply pins (VDD, GNDj shouid be decoupled with a
100 nF capacitor if wires are used.

" The temperature sensor passed akt tests without any detectable drift. Package and electronics also passed 100%

www.sensirion.com
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

5 Package Information
51 SHT1x (surface mountable)

5.1.3 Mounting Examples

Pin |Name | Comment
1 |GND__|Ground membrane
2 |DATA _|Serial data, bidirectional J housin A housin \
3 |5CK Serial clock, input v ﬁ l o S&H:“_ﬁr"\ !
4 |VDD  |Supply24-55V -,< -
NC Remaining pins must be left unconnected ————

Tabte 10  SHT1x Pin Description

5.1.1 Package type

The SHT1x is supplied in a surface-mountable LCC
(Leadless Chip Carrier) type package. The sensors housing
consists of a Liquid Crystal Polymer (LCP) cap with epoxy
giob top on a standard 0.8 mm FR4 substrate. The device is
free of lead, Cd and Hg.

Device size is 7.42 x 4.88 x 2.5 mm (0.29 x 0.19 x 0.1 inch}
Weight 100 mg

The production date is printed onto the cap in white numbers
in the form wwy. e.g. "351" = week 35, 2001.

5.1.2  Delivery Conditions

The SHT1x are shipped in standard |C tubes by 80 units per
tube or in 12mm tape. Reels are individually labelled with
barcode and human readabie labels.

.
,\'E_i.\ _ i
- s »
um-r-r-( ey T
e

Traier Tape
300mm minium

e i,
SO0 e

Lo

Figure 12 Tape configuration and unit orientation

Figure 13 SHT 1x housing mounting example

Figure 14 SHT1x PCB Mounting example

5.1.4  Soldering Information

Standard reflow soldering ovens may be used at maximum
235 °C for 20 seconds.

For manual soldering contact time must be limited to 5
seconds at up to 350 °C.

After soldering the devices should be stored at >74 %RH for
at least 24h to allow the polymer to rehydrate.

Please consult the application note “Soldering procedure” for
more information.

Top View Side View Recommended PCB Footprint
h%% . (01.;') "(;:;g)‘:
. Sansor opening H H
ggf - i 5
1 a 1
E g i) ! % 2 T
=] :,-, < 1 E:f 1 E ] ‘R-
| I EE : BB
N § B %3 £ m <
KF S | F LI l*tu—-% g G g
(3]
w 8 =
! o8 2
1 j ' 1

18 __348(0.137)__ 18 _

T
. @) actual size
L.______-t.aa (0.19) 199 708 o279y OO
Figure 15 SHT1x drawing and footprint dimensions i mm (inch})
Www.sensirion.com v2.01 March 2003 719



SHT1x / SHT7x Relative Humidity & Temperature Sensor System

5.2 SHT7x (4-pin single-in-line) . 3
=iy
Pin | Name | Comment ﬁ-(gﬁg)
1 [SCK Serial clock input

2 |VDD Supply 2.4-5.5V

3 |GND Ground

4 |DATA Serial data bidirectional

Table 11 SHT7x Pin Description

521 Package type!

The device is supplied in a single-in-line pin type package.
The sensor housing consists of a Liquid Crystal Polymer
{(LCP) cap with epoxy glob top on a standard 0.6 mm FR4
substrate. The device is Cd and Hg free.

The sensor head is connected to the pins by a smail bridge
to minimize heat conduction and response times. The gold re-- -
plated back side of the sensor head is connectedtiothe GND |

0.4
0.02)

13.5
(053)

.06
[0

3.7
(0.15)

L

34

{0.43)

pin. =] =1 [l [ -

A 100nF capacitor is mounted on the back side between ﬁ 23]} |4 i : 1
vDDandGND. AR -] — |
Al pins are gold plated to avoid corrosion. They can be ;
soldered or mate with most 1.27 mm (0.05”) sockets i
e.g.: Precidip / Mil-Max 851-93-004-20-001 or similar ©
Total weight: 168 mg, weight of sensor head: 73 mg , _

(~0.24)

The production date is printed onto the cap in white numbers ;
in the form wwy. e.g. "351" = week 35, 2001. SN L Gh- — !
522 Delivery Conditions 046 127 027
The SHT7x are shipped in 32 mm tape. These resled parts ~ 00'® 508005 2
in standard option are shipped with 500 units per 13 inch 02) Ti008)”
diameter reel. Reels are individually labelied with barcode  Figure 17 SHT?x dimensions in mm (inch)

and human readable labels.

kil

tamer 7a
le - -

Components il

i TrIHTn;;V
SHTEm mEnaTRm

Figure 16 Tape configuration and unit orientation

5.2.3 Soldering Information

Standard wave SHT7x soldering ovens may be used at
maximum 235 °C for 20 seconds.

For manual soldering contact time must be limited to 5
seconds at up to 350 °C.

After wave soldering the devices should be stored at
>74 %RH for at least 24h to allow the polymer to rehydrate.
Piease consult the application note “Soldering procedure” for
more information.

' Other packaging options may be available on request.
Www.sensirion.com v2.01 March 2003 89




SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

6 Revision history

Date Version | Page(s) | Changes
February 2002 Preliminary | 1-9 First public release
June 2002 Preliminary Added SHT7x information
March 2003 Finalv20 |19 Major remake, added application information etc.
Various small modifications
V2.0 1-9 Typos, Graph labeling

The latest version of this document and all application notes can be found at:

www.sensirion.com/en/downioad/humiditysensor/SHT 11.him

7 Important Notices

7.1 Waming, personal injury

Do not use this product as safely or emergency stop
devices or in any other application where failure of the
product could result in personal injury. Failure to
comply with these instructions could resuit in death or
serious injury,

Should buyer purchase or use SENSIRION AG products for any
such umintended or unauthorized application, Buyer shall
indemnity and hold SENSIRION AG and its officers, employees,
subsidiaries, affilites and distributors harmless against all claims,
costs, damages and expenses, and reasonable atiomey fees
arising out of, directly or indirectly, any claim of personal injury or
death associated with such unintended or unauthorized use, even
if such claim alleges that SENSIRION AG was negligent regarding
the design or manufacture of the part.

7.2 ESD Precautions

The inherent design of this component causes it fo be sensitive to
electrostatic discharge (ESD). To prevent ESD-induced damage
andfor degradation, take normal ESD precautions when handling
this product.
See application note “ESD, Latchup and EMC™ for more
information.

7.3 Warranty

SENSIRION AG makes no warranly, representation or guarantee
regarding the suitability of its product for any particular purpose,
nor does SENSIRION AG assume any liability arising out of the
application or use of any product or circuit and specifically
disclaims any and all liabifity, including without limitation
consequential or incidental damages. “Typical” parameters can
and do vary in different applications. All operating parameters,
including “Typical® must be validated for each customer
applications by customer’s technical experts.

SENSIRION AG reserves the night, without further nofice, to
change the product specifications andior information in this
document and to improve reliability, functions and design.

Copyright® 2001-2003, SENSIRION AG.
All rights reserved.

Headquarters and Sales Office

Phone:

SENSIRION AG +41 {0)1 306 40 00
Eggbiihistr. 14 Fax; +41 (0)1 306 40 30
P.0O. Box e-mail; info@sensirion.com
CH-8052 Ziirich hitp:/fwww.sensirion.com/
Switzeriand

Sensirion humidity sensors are available from:

find your local representative at:
WWW sensirion.com/reps

WWW.Sensinon.ocom

v2.01 March 2003 9/9



L293D

‘y_l.. SGS-THOMSON | saan

MICROELECTRONICS

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

a 600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

s 1.2A PEAK OUTPUT CURRENT (non repet-
tive) PER CHANNEL

= ENABLE FACILITY

= OVERTEMPERATURE PROTECTION

= LOGICAL "0” INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

s INTERNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (such as relays solenoides, DC
and stepping motors) and switching power tran-
sistors.

To simplify use as two bridges each pair of chan-
nels is equipped with an enable input. A separate
supply input is provided for the logic, ailowing op-
eration at a lower voltage and internal clamp di-
odes are included.

This device is suitable for use in switching appl-
cations at frequencies up to 5 kHz.

BLOCK DIAGRAM

SO(12+4+4)

Powerdip (1242+2)
ORDERING NUMBERS:

L.293DD L 283D

The L293D is assembled in a 16 lead plastic
packaage which has 4 center pins connected to-
gether and used for heatsinking

The L293DD is assembled in a 20 lead surface
mount which has 8 center pins connected to-
gether and used for heatsinking.

Vs ouT¢ 0OuT3d U:s

IN1 ¢

ENABLE1 ¢

IN2 ¢

13 s 28

18] 14.15.16.17

-

) IN3

) ENRIBLE 2

>  IN4

‘.5!6'?

NSPLZSID1- 01

Tz WT4 L

June 1996

177




L293D - L293DD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Unit
Vs Supply Voltage v
Vss Logic Supply Voltage \'4
Vi Input Voltage V']
Ven Enable Voltage A
lg Peak QOutput Curent (100 us non repelitive) A
Piot Total Power Dissipation at Tyins = 90 °C w
Ty T Storage and Junction Temperature — 40 10 150 °C
PIN CONNECTIONS (Top view)
N
ENABLE 1 1 16 Vss
ENMBLE 1 CT]1 28 [ID Vas
INPUTY 2 15 INPUT &
INPUT 1 (T 2 19 17 INPUT 4
oUTPUT 1 CI] 3 18 [I3 OUTPUT 4 QUTPUT 3 15]] ouTPLY 4
6HD (1] 4 17 [I3J 6ND
GND & 3] GND
GND CT] S 16 {I") GND
GND CI3 6 15 [ GND GND 5 1zll ewnD
GND (T 7 14 [T GHD
auTPuUT 2 CT] 86 13 [ ouTPUT 3 ouTeuT2 fI6 f QUTRUT 3
INPUT 2 T} 9 12 [T INPUT 3
INPUT 2 7
vs (1] 10 11 [ ENABLE 2 ol WPUT S
HS2L 79301 -82 Y5 s 9f] ENABLE i
5657
SO(12+4+4) Powerdip(12+2+2)
THERMAL DATA
Symbol Decription DIP S0 Unit
Rinipins Thermmal Resistance Junction-pins max. — 14 °CIW
Rii-amb Thermal Resistance junction-ambient max. 80 50 {*) °CIW
Rin j-case Thermal Resistance Junction-case max. 14 -

(") With 65q. cm on board heatsink.

q
8
i




L293D - L293DD

ELECTRICAL CHARACTERISTICS (for each channel, Vs =24V, Vgs =5V, Tamb = 25 °C, unless
otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit

Vg Supply Voltage (pin 10) Vss 36 \'

Vss Logic Supply Voltage (pin 20) 4.5 36 Vi
I Total Quiescent Supply Curent | Vi=L; lo=0; Ven=H 2 6 mA

(pin 10} Vi=H: 1o=0; Ven=H 16 24 mA
Ven =L 4 mA
lsg Total Quiescent Logic Supply Vi=L; lp=0; Ven =H 44 60 mA
Current {pin 20) Vi=H; lo=0: Ven=H 16 22 | mA
Ven=L 16 24 mA
Vi I1ngp)ut Low Voliage (pin2, 9, 12, -0.3 1.5 v
Vi input High Voltage {(pin 2, 9, Vg5 <7V 2.3 Vgg Vi
12,19) Vss >7 V 2.3 7 v
I Low Voitage Input Current (pin V=15V -10 HA
2, 9,12,19)
fin High Voltage Input Current (pin { 2.3 V<Vin<Vss-06V 30 100 LA
2,9 12, 19)
VenL Enable Low Voltage -0.3 1.5 \'
(pin 1, 11)
Venh Enable High Voltage Vgs <7V 2.3 Vss V
(pin1, 11) Vss >7 V 2.3 7 v
len L Low Voltage Enable Current Vent =15V -30 - 100 MA
{pin 1, 11)
lenH High Voltage Enable Current 23V<Venn<Vss~06V +10 pA
{pin 1, 11)
VeEgsatH Source Output Saturation lo=—06A 14 1.8 \'
Voltage (pins 3, 8, 13, 18}
VeEsatL Sink Output Saturation Voltage | lo=+0.6 A 1.2 18 Vv
{pins 3, 8, 13, 18}

Ve Clamp Diode Forward Voltage | lo = 600nA 1.3 V'
fr Rise Time {*) 0.110 0.9 Vo 250 ns
iy Fall Time {*} 091t00.1 Vg 250 ns

ton Turn-on Delay {*) 0.5 Vito 0.5 Vo 750 ns

torr Turn-off Delay (*) 0.5Vito 0.5 Vo 200 ns

(*)Seefig. 1.
a7

4
g
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L293D - L293DD

TRUTH TABLE {one channel) Figure 1: Switching Times
Input Enable {*) Qutput
H H H esv, W
L H L v,
H L z
L L z
7=Hghosputimpedance VA" ] - DEY
(*) Relative to the considered channel v (KA1 """ \- 0.5V¥
2 Fr—————- 1+ 00y
tr 1y
|
Yon l t
S &I71 oft

Rth- jamb NI D9ID1-83

e/ DIE PAD -14Bx22Bug.mils
— DIE SIZE-128%13Baq.mils

Pd. 1M
75 ﬁ\

78

65

85 -
a8

[

45

@ 1 2 3 4 5 6 7 Bleg.cm
B 23D -84

47

9
8
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POWERDIP16 PACKAGE MECHANICAL DATA

<]

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
al 0.51 0.020
B 0.85 1.40 0.033 0.055
b 0.50 0.020
b1 0.38 0.50 0.015 0.020
D 200 0.787
E 8.80 0.346
e 2.54 0.100
a3 17.78 0.700
F 7.10 0.280
| 5.10 0.201
L 3.30 0.130
Zz 1.27 0.050
-
'E‘I —
¥
- |
. F
s s LL. |
z | I "
' T O e B o B o B e R ]
® 3
|7
|1 8 |
0 g O O '
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L293D - L293DD

S020 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX, MiN. TYP. MAX.
A 2.65 0.104
al 0.1 0.2 0.004 0.008
a2 245 0.096
b 0.35 0.49 0.014 0.019
b1 0.23 0.32 0.009 0.013

C 0.5 0.020

¢l 45 1.772
1 126 0.039 0.496
10 10.65 0.394 0.418

e 1.27 0.050

el 11.43 0.450
F 1 74 0.039 0.291
G 8.8 9.15 0.346 0.360
L 0.5 1.27 0.020 0.050
M 0.75 0.030

S 8° {max.)
L
S

. L E
| D "
[ﬂﬂﬂﬂﬂﬂﬂﬂwﬁ[”—

2 1I1

1 1 )
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L293D - L293DD

tnformation fumished is believed o be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responesibility for the
consequences of use of such information nor for any infringement of patents or other nghts of third parties which may result from its use. No
license is granted by impiication or otherwise under any patent or patent rights of SGS-THOMSON Microalectronics. Specification mentioned
in this publication are subject io change without nolice. This publication supersedes and replaces all information previousty supplied.
SGS-THOMSON Microelectronics products ane not authorized for use as criticalcomponents in life support devices or systems without express
written approvail of SGS-THOMSON Microelectronics.
© 1996 SGS-THOMSON Microselectronics — Printedin Itaty — All Rights Reserved
SGS-THOMSON Microelectranics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - L.S.A.
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