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INFANT RADIANT WARMMER TEMPERATURE
CONTROLLED BY LabVIEW

Chatree Jianjoho
Srinakorn Thaworn
Polsart Lertprasert Advisor

2005

ABSTRACT

This project studies about the Infant radiant warmmer Temperature Controlled
by LabVIEW, which is used for a newborn whose frail health is caused by premature
birth. However, Infant warmer is expensive and must be imported from abroad .
Therefore, this project has been conducted and developed in order to decrease
importation and to be able to invent infant warmer which meets the international
standard

We design Infant radiant warmmer Temperature Controlled by LabVIEW. A
SHT-17 was used as the temperature sensor, while Microcontroller MCS-31 and
LabVIEW Program is employ control our system. The control system features a
PID-type automatic control system. Qur system has a satisfactory performance with
the temperature accuracy of +/-0.5 degree Celsius
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2.2.1.6 T3EMIIAIVYNUUY proportional + integral + derivative 1138 PID

v
ASUINTAIVAULLY proportional + integral + derivative UNAWITOVELAAL1AR 0 ouMS
¥
Ao 11l

K, de(t) =
mt) = K e+ T je(t)dﬁK T, aunaf 2.10
[
Transfer function AD
MGs) K, LI aumIsi 2.17
E(s) Ts

Block diagram AROAYUTUHNUDZIOWIRMUEIAWAUILY PID daeraalugal 2.8
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2.2.1.7 aumIimIinuguuily PID 1141’]1@ discrete time

M,=K_ *e, +K,Ze,. -K,(e,—e, )+ M, aumIsh 2.12
=1

M=K, xe,+K,> e, ~K,(PV,, - PV, )+ M, aumsfi 2.13
i=]

T, = Sample rate

K, = Proportional gain

K, = Kp*(TS/Ti) = Coefficient of the integral term

K, = K *(T,/T,) = Coefficient of the derivative term
T, = Reset or integral time

T, = Derivative time or rate

SP = Setpoint

PV, = Process Variable (temperature) at 1" sample
e, = SP-PV = Error at n” sample

h
M_ = Controller output atn" sample

2.2.2 mafSumianaungy

o LI a -d'o [} [ A =] ol 1 o ﬂ’: -
amilfuamdmauguiluddidudmivmnugy  FAEamsdiumdnuguiiud

oy ' | ad e v @ v oAd T F- ] 9 )
wa1eds ua 3T lmufiduhveusvduidaiga na1fetizde v aInHanaUaLed
vosrztuLazodulsyaumsallums§uadniugy  luvazindizdosninsulaseidy

= o @ Y a ] [y = d‘l J

adgiamans Taoi ldudmsilfuamwesdnvguezinsanden lvluTamwaaminn i Tawu
a4 T . . . | A e 3 4 Qs road
A%y Tu Ve gain margin 1Ag phase margin Hou lyluTamunanlioyldinedSumdn

a

AIUAuAB  BATIMILTON 1/4 (quarter decay) NA1IAD peak overshoot SUNTBIAD overshoot BY

h.

=t t

e . k4 o [
IN(maximum overshoot)UDIHARDUAUDIUDITSUUNUNT oscillate 9LADIVAUNIND 1/4 mg‘ﬂ“ﬂ
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JEN15UBINANOVTUBIVBITTLUIVY Closed-loop
= e 1 o : -] &
madinlumsdSuswesiinuguiummnesi WWessguuuy vuunsneziumsliy
1] o =, é L= o )
A1eefanURu TAIRIT NI IANANBLAUDIVOITZULLYY  closed-loop  FeliIBAsUliuagmes
awdt  wwuiresszumidiuaidiniugulaefin1sonnn curve YINOABUAUBIVOIITUY
£ o s 1 . Cut a ¥ o o
open-loop #a1auMal1iGendn process reaction curve FEMsUiumvosAIMIVAY AR AN
» »
o L d L4 r L &
HOMBLALOIYBITEUL closed-loop NuAINILRUIzgRla INIzVUAMARBUUIATINTUTZUUI
#1997 process reaction curve fanuguzgnldluszuuvdsnnildmmniimesaiaudr
v W
Fiflvzveotuiummz miUTunwewrinugulage T uIINHARDL AL BIYBITZUL closed-loop
ms1SumvesinIugu TATRTITUINNKANDLALBINOTUY closed-loop HBYADIIT

ultimate method {182 damped oscillation method
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1. Ultimate Method
= a/ 1 LY 3 = =
TEATUSUMY0FINIVABILY ultimate method TTufnduTlay Ziegler uag Nichols 1l
o i B WLy . - - T . ' = VoA
1942 (56n77 ultimate W512 37354 1 ultimate gain ) um gain q»i’c"(ﬂﬂﬂuﬂiz“U‘U%"lmﬁﬂﬂi
. . 4 g ] 4 LT 1
wae  ulimate period  Fufumunmgahovesnaasuausesszuunoumzdiganizll
wdesin I lumamamanvesiinauguaegli 2.10 uanifiiwanpuauDIYBITEIN closed-loop
o . a1 A . , Ao g ¥a &
NUMIAIUAUMUY proportional Taahian K, f0f1 ultimate gain A linA eurve B tag P ap
»
ultimate period WmsmiA1 K uaz P, tusgihldlasmsdiun gain K, veadaniugy PID
1 q & mAa ¥ a3 sk o LYy 1 .
Taolftswes 7 dhdudfitua: 7, duguideirldszyuegniuldnsninguuay  proportional
.o o Y - . v oA w 3 = Z= T
WY U 1AM ABUTUBIVEITTDY closed-loop (AR5 oscillate AoiiBafiulhiuffea
. . d
gain K, UaZAIININIUBINS oscillare ARD P,

. . Vo @ e ot o P w '] dy
Zicgler 1182 Nichols Tafimuaanuduiutlumsiivmaisgvosniaiuguau

1. @2IRIUANULY proportional (P)

K,=05K, aumsi 2.14
2. AINIVAMLUL proportionalintegral (PT)

K, =045K, aumsii 2.15

T = P12 qun15il 2.16

!

3. ﬁ’Jﬂ’J‘lJﬂlJLt‘LI‘LI proportional+derivative {PD)
K,=06K, aunsi 2.17
T, =P8 aun1sn 2.18

4.9 MWMIUAULUL proportional+integral +derivative (PID)

K,=06K, qunIsi 2.19
T =05P, aumsi 2.20
T, =P8 auntsn 2.21

b ]
Aenenveianuguudazii i ¥naneuausvessuyogmeldasimateul/
2. Damped Oscillation Method
o «3 3 o Fd
3% Damped Oscillation Wi 181501/50uf lusn1nuuy ultimate method 1Ay Harriott

[} =) o 1 Y] ] . ] o =1 ) 9 o
aafelunsfivesszuuiNezliumuns gain Tegralspaun i inassuausanams
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3 v 4; =, . [ 3 . = Yo aed
oscillate 1@ m1sofor1455u0e ultimate method NI Harriott 3a1AfAAUIT damped

§ )
oscillation 1AYI5HAE1UTUAT gain K | ¥893211Y closed-loop widnmaden 1/4 nariariaves

1 b
pdagUfi 29 vl annsemewes T uas 7, 18l
aunITh 2.22

T =P/L5
T,=Pl6 aumish 2.23
iialdmuea 7 uny T, udnedosiinistumm gain K, voeszuuilidanauguun PID

"l,wfu'fnuﬂizﬁwamuauawmizuuVlﬁﬁ'm"lﬂmﬁau 1/4
= = 3 oA 1 dw =] o
JoiEuun it MU UL closed-loop MamesIT AN TNy IdFaiafumians

= . =§ ! '0
AnnBagnrial and eror) Fedmalfimnawerunislunnmen K, i ldwannurUDIve

seuuAams oscillate AoiiaafuliH oA 0e gain A ldHanoUAUBIvB T LLTISRT IMTIAOY

& a | w
14 oitsdunnitlondfuszuudiu unit step

)
7
'n

E A
CURY /-\ j
1 f

\
CURVEDB | \
]
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\fj A ‘. F’
: !

CURVEC

717 2.10 wameAHBIBITTLY closed-loop HBlTMIAINRY K Uas P, Taan
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2.3 Tl5un334 LabVIEW
A LT @ L. a = P2

LabVIEW  fip ndnedlofnldluniswmun application  (Tsunsudszynd) vilawnile

ndIfy Visnal Basic . Visual C++ udszifumis@enTdsunsulasldgulumadann
A L] = . L}

(Graphical-based Programming) H39EUANA199IALUUIAA Text based Programming 141 Text-based
221 UDINLUAIE LA LabVIEW 92%1971UL411 Dataflow 198 LabVIEW 121)5gnausdiy 2
[] -
AIUAD

2.3.1 Front Panel

& - - Yo o oy o 0 vq 9 ¥ p

FafToualou lAduFandlavzmuuazaluqumsinnu Alaeusoasagduuniuma
1€a8195 5 NS e LabVIEW Tdamutsznoudaiean lddmivesnuuunthseninuie iwu
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o 1 = o
HAZAIURAUNITMINUFTUNTIADUA UADT

Setpomt time

HOUR MINUTE QECOND e RPN [ Ti (min) 0 0800 !
i iq iy _Td (min) 0.0200 |rzey
Target Time
i
Actual Temparature  Setpaint T‘émparature"

51l 2.11 uanadf1eei1a Front Panel vaslilsunsu LabVIEW
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2.3.2 Block Diagram
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SHT1x / SHT7x

Jumidity & Temperature
sensmitter

__ Relative humidity and temperature sensors

_ Dew point

_ Fully calibrated, digital cutput

_ No external components required

_ Ultra low power consumption

_ Surface mountable or 4-pin fully interchangeable
_ Excellent long-term stability

_ Small size

_ Automatic power down

SHT1x Product Summary

The SHT1x / SHT7x is a single chip relative humidity and
temperature multi sensor module compnsing a calibrated
digital output. Application of industrial CMOS processes with
customized post processing (CMOSens® technology)
ensures highest reliability and excellent long term stability.
The device includes two calibrated microsensors for relative
humidity and temperature which 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 sensor is calibrated in a precision humidity chamber
and the calibration coefficients are programmed into the

Preliminary Information June 2002

QTP memory. These coefficients are used internally during
measurements to calibrate the signals from the sensors.

The 2-wire serial interface and intemal voltage regulation
allows easy and fast system integration. Its tiny size and low
power consumption makes it the ultimate choice for even
the most demanding applications including autcmotive,
instrumentation, medical equipment, heating, ventilation and
air conditioning systems (HVAC), portable consumer
electronics and battery-operated controllers.

The device is supplied in either a surface-mountable LCC
{SHT1x) or as a 4-pin single-in-line type package (SHT7x).
Customer specific packaging options may be available on
request.

_ Consumer Appliances
_ Automotive o Catbraion sCK
B HVAC Sensor 1 DATA
_ Weather stations l
_ Test & Measurement 8\, D Digital
_ Data Logging % X3 P erace
_ Automation A
_ White Goods - qui—
neor ]
Ordering information sense
Part Number | Humidity | Temperature | Package
accuracy | accuracy
SHT11 +3.5%RH | +0.5°C@zs°c | SMT
SHT15 +2.0%RH 1 £0.5°C SMT 7
SHT71 +35%RH | £0.5°C@z25°C | 4-pin single-in-ine  Available 3 2002
SHT75 +20%RH | +0.5°C | 4-pin single-in-fine Available Q3 2002

WWW . SENsiron.com

Sensirion, Eggbiihlstr. 14, 8052 Ziirich, Switzerland, Tel: +41 1 306 40 00, Fax: +41 1 306 40 30
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

1 Sensor Performance Specifications(!

Parameter Conditions |Min. |Typ.|[Max. Units
Humidity ]
Resolution 05 [0.03 0.03 |%RH
8§ |12 | 12 |hit
Repeatability +0.1 % RH
Accuracy™ & see figure 1
Interchangeability
Nonlinearity 10 - 90 %RH | <1®) +3 % RH
Range 0 100 [%RH .
Response time  [1/e (63%) 4 5 i
slowly moving air :
Hysteresis +1 % RH
Long term stability | Typical <1 % RH/yr
Temperature ;
Resolution 0.04/0.01{ 0.01 |°C
0.07/0.02| 0.02 |°F
12 | 14 | 14 |bit
Repeatability +0.1 °C
10.2 °F :
Accuracy see figure 1 :
Range 40 123.8°C
-40 254 9|°F

Response Time  |1/e (63%) | 5 = | 30 |s
Table 1

Sensor Performance Specifications

1.1 Converting the digital output to physical values

111 Humidity

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

R =€+, 950, +c. @ SORH2
ci1=-4  ¢;=0.0405 ¢;=-2.8*10%  for 12bit SOy
ci=-4 c;=0648 ca=-7.2*10*  for 8bit SOr4

For simplified, less computation intense conversion formulas
see application note “RH Non-Linearity Compensation”.

100%

80%} - : . - N EEE

60%}

%RH

wonl

20%

00/ i i L P i i
° 500 1000 1500 2000 2500 3000
SORrH sensor readout (12bit)

Relative Humidity absolute accuracy

+ D% -
s SHT11/71 K
+ 3% - ’
N /
yoon ] o _ SHTAS/75 .
£ 1% -
0% T 1 71+ 1 T T 711 %RH
ORL T AT Wl 4L Bl LN fa OIS R | £
Temperature accurac
+ 3G P y + 5.4°F
200 - 7k 36
d e SHT11/71-7 -~
I R LT
+ 150 ] ~ e T + 1.8°F
B S0 L - SHT15/75
0°C T T T T T T T T T T T H T T T T O“F
A (A e W 300 1Y AL
-A40% 3271 04T 17&7F ZARY
Dewpoint accurac 25°C (typical
+5°C ] P ye (typical) + 9.0“F
+47C +7.2°F
+ 3°C — +5.4°F
+ 270 ] . SHT11/71 43 6°F
+17C STl I —= 4. 1.8°F
. SHT15/78 ~~~——oommmm——-
+ Q"G T T T 1 T T 1 | — ™ %RH
[ T 20% B AN RO B J0hs BOm S0 10
Figure 1  Rel. Humidity, Temperature and Dewpoint accuracies

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

RH,, =(T.-25)e{t +t,e50,)+RH,

with ty = 0.01; t, = 0.00008 tor 1201 80s+ ; tz = 0.00128 for sbil 308
This equals ~0.12%RH / °C @ 50%RH

1.1.2  Temperature

The temperature sensor is very linear by design. Use the
following formula to convert from digital readout to
temperature: Temperature = di+ d,*SOy

Use the appropriate tabte entries for 5V or 3V.
Celsius Fahrenheit
SOy ¢ dz dy da
14bit 5V -40 0.01 -40 0.018
12bit 5V -40 0.04 -40 0.072
14bit 3V -38.4 0.0098 -37.1 0.0176
12bit 3V -38.4 0.0392 -37.1 0.0704

This equals a voltage dependency of ~-0.2°C/V @ 25°C

1.1.3  Dewpoint

See application note "Dewpoint calculation” for more
information.

v For operation within normal eperation range as described in Chapter 3, RH accuracy at 25°C

2 Not including nan-lingarity

4 The default measurement resclution of 14bit (temperature) and 12bit (humidity) can be reduced to 12 and 8 bit through the status register.

"Where SOrp is the sensor gutput for relative humidity

51 Min. valug after compensation with formulain chapter 1.1.1, Max value without any compensation

WWW.Sensirion.com
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SHT1x / SHT7x Relative Humidily & Temperature Sensor System

2 Serial Interface

Vdz
GND |
uC . DATA L— > 1 SHT 1x
{master) ) il (slave)
SCK 1 a'
( vad 24-5.5v] -J

Figure 2 Typical application circuit

2.1 Power Pins

The device requires a voltage supply between 24V and
55V. After powerup the device requires 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 11O Pins (Bidirectional 2-wire Interface)
See Table 5 for a detailed 10 characteristics.

2.2.1  Serial clock input (SCK)

The SCK is used to synchronize the ccmmunication
between a master and the SHT1x/SHT7x. Since the device
contains fully static legic there is no minimum SCK
frequency.

2.2.2  Seriaf data (DATA)

The DATA tristate pin is used to transfer data in and out of
the device. DATA changes at the falling edge and is valid
on the rising edge of the serial clock SCK. An external pull-
up resistor is required to pull the signal high. (See Figure 2).
Pull-up resistors are often included in 1/O circuits of
microcontroilers.

2.2.3  Command sequence

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 \ /

Figure 3 "Transmission Start' sequence

The subsequent command sequence consists of three
address bits {only "000" is currently supported} and five
command bits. The SHT1x/SHT7x indicates the proper
reception of a command by pulling the DATA pin low (ACK
bit) after the falling edge of the 8th SCK clock and the DATA
line is released (and goes high) after the fafling edge of the
9th SCK clock.

See 2.2.5 "‘Measurement Sequence” for an application of the
command sequence

2.24  Connection reset seqtience

If communication with the device is lost the following signal
sequence will reset its serial interface:

While leaving DATA high toggle SCK 9 or more times. This
must be followed by a "Transmission Stat” sequence
preceding the next command. This sequence resets the
interface only. The status register preserves its contend.

DATA \ /

Transmission Start

SCK S\ f2\/3\/4-8\ /9

Figure 4 Connection reset sequence

Command | Code Description

Reserved 0000x Reserved

Measure Temperature 00011 Temperature measurement
Measure Humidity 00101 Humidity measurement

Status Register Read 00111

Read access to the status register {see application note)

Status Register Write 00110

Write access to the status register (see application note)

Reserved 0101%-1110x | Reserved
Soft reset 11110 resets the chip, clears the status register to default values

o ] wait 11ms before next command
Table 2  SHT1SHT7x list of commands

wait for data ready

= =t J
mOIOIOIIIT1 % 0|||M[B| %IilLlBlllgﬁlllhfiiIl‘ﬁ
ecksum
ANNNENEEEL L MB B B @ PPESRSYM e
—
Adr Command

WWW Sensirion.com
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

225 Measurement sequence (T and RH)

After issuing a measurement command ('00000101" for RH,
‘(H0000011" for Temperature) the controller has to wait for the
measurement to complete. This takes approximately
11/55/210ms for a 8/12/14bit measurement. The exact time
varies by up to +15% with the speed of the internal oscillator.
To signal the completion of a measurement, the SHT1x pulls
down the data line (2) and the controller must restart SCK.

Two bytes 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 MSB first, right justified. (e.g. the 5" SCK is MSB
for a 12hit value, for a 8bit result the first byte is not used).

Communication terminates after the acknowledge bit of the

Transmission Stan

Address='000"

Command="00101'

a2 al a0, C4 C3

After the sensor pulls down the DATA
pin, measursment is ready for readout

CRC data. If CRC-8 Checksum is not used the controller
may terminate the communication after the measurement
data LSB by keeping ack high.

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

Warning: To keep heat up of the SHT1x/SHT7x below 0.1°C
it should not be active for more than 15% of the time (e.g.
max. 3 measurements / second for 12bit accuracy).

2.2.6  CRC-8 Checksum Calculation

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

Measuremeant
= 55ms for 12 bit
=11ms for 8 bit

/ 4 Bold - SHT1X controls DATA signal
Normal = uC controfs DATA line

C2 C1 CO} acki

Skip acknowledge to end communication
{if ng CRC i5 neaded)
12 bit humidity data ; »

4 3 2 1

7 6 5
; SHT 1x relurns to .
i steep automaticali g Y i \
SeK FAVAVAVAVAVAVAVAVA NG s VA
_______ - R A e o e o s of LS |
MSB

0
LSB

\ i
‘\ Skip acknowledge to A 4

end communication.

Figure 5 Example RH measurement sequence for value “0000'1001 ' 0011'0001"= 2353 = 75.79%RH

2.3 Status Register

Some of the advanced functions of the SHT1x/SHT7x are
available through the status register. The following section
gives a brief overview of these features. Please consult
application note “Status Register” for more information.

2.3.1  Measurement resolution

The default measurement resolution of 14bit (temperature)
and 12bit (humidity) can be reduced to 12 and 8 bit. This is
especially useful in high speed or extreme fow power
applications.

2.3.2  Endof Battery

The “End of Battery” function detects VDD voltages below
247V, Accuracy is +0.05V

233  Heafer

An on chip heating element can be switched on. It wil
increase the temperature of the sensor by approximately
5°C. Power consumption will increase by 8mA @ 5V.
Applications:
= By comparing temperature and humidity values
before and after switching on the heater, proper
functionality of both sensors can be verified.
* In high RH environments heating the sensor
element will avoid condensation.
Warning: The built-in calibration is not correct while the
sensmitter is heated!

Please consult application note “Status Register” for more
information on how to access and use these features.

WWW .SENSIrion.com
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SHT1x / SHT7x Relative Humidity & Temperature Sensar System

3 Specifications SHT1x/SHT7x

3.1 Absolute Maximum Ratings
Ambient Storage Temperature:  -40°C to 120°C

3.2 Operating Conditions
s

100% o = i e oot e ' _
% wWHaximom operating
80% : ¢ % conditions
%
60% el Y b
PEERA A SR Y s LY
400’,0 _3 SEPEREPER 1 003 % ‘\
, i k \
0% Yo
? O
i) H i } . »
0% [ f | I 1 T
A o 070 50C 160°C 120°C
Figure 6 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 return close to calibration
state by itself.

To accelerate this process we recommend the following
reconditioning procedure:

90°C at <56%RH for 24h followed by

20-30°C at >74%RH for 48h

Prolonged exposure to extreme conditions may accelerate
ageing.

3.3 Special Conditions

Extensive tests were performed in various environments.

Environment  |Norm Resultsi)
Temperature |JESD22-A104-A  |Within
Cycles -40 +125°C. 1000cy  “Specifications
Pressure Cooker JESD22-A110-B  Reversible  shift’
; 2.3bar 125°C 85%RH  |by +2% RH :
‘Salt Atmosphere DIN-50021ss Within

3 Specifications :
Freezing cycles -20 +90°C, 100cy |Reversible shift
fully submerged |30min dwelltime by +2% RH

Tabled Qualification tests

Please contact SENSIRION for additional qualification
information.

it Parameters are periodically sampled and not 100% tested

2 With one measurement of 8 bit accuracy without OTP reload per second

3 With one measurement of 12bit accuracy per second

3.4 Electrical Specifications'"

34.1  ESD (Electrostatic Discharge)

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

Latch-up immunity is provided at a force current of £100 mA
with Tams=80°C according to JEDEC 17.

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

34.2  DC Characteristics
VDD=5V, Temperature= 25°C unless otherwise noted

‘Parameter Conditions  |Min. |Typ. [Max. |Units
sPower supply DC 24 15 - 55 |V
:Supply current imaasuring | 550 LA
{average 28 283 LA

: sleep 03 1 uA -
‘Low level output voliage [0 20% Vdd
High level output voltage " 75% 100% Vdd
iLow level inpul voltage  |Negative going: 0 20% vdd .
:High level input vollage |Positive going  80% 100% Vdd
Input current on pads 1 A !
Output paak current an 4 |mA
Tristated (off) 10 | |uA -
Tabled  SHT1w/SHT7x DC Characteristics

343  I/O Characteristics

i Parameter Conditions | Min |Typ.|Max. Unit
'Fsck |SCK frequency (VDD >45Y 10 MHz:
% VDD <45V 1 MHz

Tero |DATAfalltime  [Outputload5pF |35 10 | 20 ns
! Output load 100 pF [ 30 1 40 | 200 ns

Ten |SCK high time 1001 ns
Toe |SCK low time 100 ns
Tv  |DATA valid time 250 ns
Tsu  |DATA set up time 100 ns
‘Tuo  |DATA hold time 010 ns

W [SCKriseffallime [ | | [200ns
Table 5 SHT1%/SHT7x KO Signals Characteristics

| TCLH | = PTALL
—  FsCK O «IF
B N ‘ \i ‘i A . .
sck /v f A } |
== Tho
-+ Tsy = }
DATA i {

Figure 7 Timing Diagram

¥ The temperature sensor passed alt lests without any drifl Package and electranics also passed 100%
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

4 Physical Dimensions and Mounting Information

4.1 SHT1x (surface mountable)

Pin |Name |Comment

1 GND | Ground

2 DATA Serial data bidirectional

3 SCK Serial clock input

4 VDD Supply 2.4 - 5.5V

58 |nc Do not connect pins on right side
Table 6  SHT1x Pin Description

411 Package lype

The SHT1x is supplied in a surface-mountable LCC type
package. The sensors housing consists of a Liguid Crystal
Polymer (LCP) cap with epoxy glob top on a standard
0.8mm FR4 substrate.

Device size is 7.62 x 5.08 x 2.5 mm. Weight 100mg

Figure 8 SHT1x Mounting example

Top View
Sensor opening
-
r~4
™
[
(-0_5
r~! W
& o
-y 3 o
i i <
| 0?‘
to1 1

‘igure 9  SHT1x drawing and foolprint dimensions in mm

08 _

4.1.2  Soldering information

The SHT1x can be soldered using standard reflow ovens at
maximum 225°C for 20 seconds. For manual soldering
contact time must be limited to 5 seconds at up to 350°C.
After soldering the devices must be stored at >74%RH for at
least 24h to allow the polymer to recover.

Please consult the application note "Soldering procedure’
for detailed instructions.

4.1.3  Delivery Conditions

The SHT1x will be defivered in standard IC tubes by 80
pieces per tube. Other delivery options may be available on
reguest.

Side View
actual size
25
Recommended PCB Footprint
| e it it 1
' i
" - '
[} T !
T ey
@ Ny
i = ] ™~
[h] —
=
1] IR
= N @
. —y <
2 I~
1 > 1 o :
&} A L
2
[}
G
18 ‘ 3.48 i 1.8
7.08_ |
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

4.2 SHT7x (4-pin single-in-line}
SHT7x are available starting Q3 2002

Pin | Name Comment

1 |1SCK Serial clock input

2 (VDD |Supply 2.4-55V

3 |GND Ground

4 | DATA Setfal data bidirectiona

Table 7 SHT7x ﬁ’in Description

421  Package fype

The device is supplied in a single-in-line pin type package.
The sensors housing consists of a Liquid Crystal Polymer
{LCP} cap with epoxy glob top on a standard 0.6mm FR4
substrate.

The sensor head is connected 1o the pins by a small bridge
to minimize heat canduction and response times.

A 100nF capacitor is mounted on the back side between
VDD and GND.

Weight 168mg, Weight of sensor head 73mg

All pins are gold plated to avoid corrosion.

Pins mate with most 1.27mm {0.05") sockets

e.q.: Preci-dip / Mill-Max 851-93-004-20-001 or similar

4.2.2  Soldering information (Preliminary)

The SHT7x may be soldered using standard wave
soldering systems at maximum 225°C for 20 seconds.

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

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

Please consuit the application note "Soldering procedure”
for detailed instructions.

4.2.3  Delivery Conditions

The SHT7x wifl be delivered in trays by xx pieces per tray.
Other delivery options may be available on request,

LT -

3.1
(0.12)

2.2
L (0.09)

o lLos
L'(o‘ozz;)

6
(~0.24)

046 127 0.2
{0.018) (0.05) : (0.01),

5.08 2
(0.2) (0.08)

i
1

Figure 10 SHT7x dimensions in mm (inch), preliminary

4.3 Other Packages
Other packaging options may be available on request.

4.4 Production date

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

4.5 Mounting Recommendations

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

If the sensmitter shares a PCB with heating electronic
components it should be mounted below the heat source
and the housing must remain well 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.

Prolonged direct exposure of the SHT1WSHT7x to
sunshine or UV radiation should be avoided.

4.6 Wiring considerations and signal integrity

Carrying the SCK and DATA signal paralle! and in close
proximity (e.q. in wires) for more than 10cm may result in
cross talkk 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.

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

5 Revision history

Date Page  |Changes

February 2002 1-9

First public release

February (2) 2002 4

Corrected CRC information to match application note

March 2002

Extended SHT11 3.5 accuracy range to 20%-80%

: Added image of mounting example

PRI CR| RO

| Changed coefficients of temperature conversion formula

Various small modifications

June 2002

Extended “no copper” area in figure 9

Corrected timing diagram and table 5 with setup times for DATA

Added qualification data table

Added SHT7x information

SN D

Renamed "End of Life" function to "End of Battery”

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

www sensirion.com/en/download/humiditysensor/SHT 11.htm

6 Important Notices

The warranty for each SENSIRION AG product comes in the
form of a written warranty which govems sale and use of
such product. Such warranty is contained in the printed
terms and conditions under which such praduct is sold, orin
a separate written warranty supplied with the product.
Please refer to such written warranty with respect to its
applicability to certain applications of such product.

These products may be subject to restrictions on use.
Please contact SENSIRION AG for a list of the current
additional restrictions on these products. By purchasing
these products, the purchaser of these products agrees to
comply with such restrictions. Please contact SENSIRION
AG for clarification of any restrictions described herein.
SENSIRION AG reserves the nght, without further notice, to
change the SENSIRION SHT1x/SHT7x Relative Humidity
and Temperature Sensor product specifications and/or
information in this document and to improve reliability,
functions and design.

SENSIRION AG assumes no responsibility or liability for any
use of SENSIRION SHT1w/SHT7x product. Application
examples and alternative uses of the SENSIRION

SHT1x/SHT7x are for illustration purposes only and
SENSIRION AG makes no representation or warranty that
such applications shall be suitable for the use specified.

Copyright© 2001-2002, SENSIRION AG.
All rights reserved.

7 Caution

The inherent design of this component causes it to be
sensitive to electrostatic discharge (ESD). To prevent ESD-
induced damage and/or degradation, take normal ESD
precautions when handling this product.

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

8 Warning, personal injury

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

Headquarters and Sales Office

SENSIRION AG Phone: +41(0)1 306 40 00
Eggbihlstr. 14 Fax: +41(0)1 306 40 30
P.O. Box e-mail: info@sensirion.com
CH-8052 Zurich Nitp:fwww. sensinor.cony
Switzerland
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I — 6-PIN DIP ZERO-CROSS

e ammms  OPTOISOLATORS TRIAC DRIVER OUTPUT

SEMICONDUCTOR® (800 VOLT PEAK)

MOC3081M MOC3082M MOC3083M

SCHEMATIC

4 L $/ =T ANODE E} 6] taain vERM,
{‘, 6 /\“&\\i \‘h‘. GATHOUE [2] % I e

5!
i Y B
i

- ) l
1 ne fal ZERC 4] MaiN TERM
P CROSSING
£l CIRGUIT
*00 NOT CONNECT

(TRIAC SUBSTRATE}

JESCRIPTION

rhe MOC3081M, MOC3082M and MOC3083M devices consist of a GaAs infrared emitting dicde optically coupled to a monolithic
silicon detector performing the function of a zero vollage crossing bilateral triac driver.

rhey are designed for use with a discrete power triac in the interface of logic systems to equipment powered from 240 VAC lines,
such as solid-state relays, industrial centrals, motors, solencids and consumer appliances, etz,

“EATURES

Underwriters Laboratories (UL} recognized - file #E90700, Volume 2
VDE recognized - file #102497 - add cpticn V {e.g., MOC3083VM)
Simplifies logic control of 240 VAC power

Zero voltage crossing

dv/dt of 1500 Vips typical, 800 V/us guaranteed

Compatible with Fairchild's FKPF12N8Q discrete power triac

APPLICATIONS

+ Solenoid/valve controls
- Lighting controis
Static power switches
AC motor drives
- Temperature controls
E.M. contactors
AC motor starters
Solid state relays

[ S
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S 6-PIN DIP ZERO-CROSS

e HILD  5pT0ISOLATORS TRIAC DRIVER OUTPUT

SEMICONDUCTOR® (800 VOLT PEAK)
MOC3081M MOC3082M MOC3083M
ABSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise noted)
Paramelers Symbol Value Units
TOTAL DEVICE
Storage Temperature Targ -40 to +150 "C
Operating Temperature Torr -40 to +85 “C
Lead Solder Temperature TsoL 260 for 10 sec “C
Junction Termperature Range T, -4010 +100 °C
Isolation Surge Voltage!* (peak AC voltage, 60Hz, 1 sec duration) Viso 7500 Vac{pk}
Total Device Power Dissipation @ 25°C P 250 mwW
Derate ahove 25°C b 2.94 mW/C
EMITTER
Continuous Forward Current I 60 mA
- Reverse Voltage Ve 6 v
Total Power Dissipation 25°C Amhient b 120 mw
Derate above 25°C b 1.41 mwW/°C
DETECTOR
Off-State Output Terminal Voltage Vpam 800 v
‘Peak Repetitive Surge Current (PW = 100 ps, 120 pps) lram 1 A
Total Power Dissipation @ 25°C Ambient b 150 mw
Derate above 25°C b 1.76 mWAC

== e e e - - ]
3 2005 Fairchild Semicondusctor Corporation Page 2 of 11 6/15/05



6-PIN DIP ZERO-CROSS
=D OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR? (800 VOLT PEAK)
MOC3081M MOC3082M MOC3083M

ELECTRICAL CHARACTERISTICS (T, = 25°C Uniess otherwise specified) \

INDIVIDUAL COMPONENT CHARACTERISTICS

Parametets Test Conditions Symbol Min Typ* Max Units
EMITTER
Input Forward Voltage Iz = 30 MmA VE 1.3 1.5 Vv
Reverse Leakage Current Va=86V In 0.005 100 HA
DETECTOR
Peak Blocking Current, Either Direction Vo = 800V, I = 0 {note 1) IDRM1 10 500 nA
Critical Rate of Rise of Off-State Voltage i = O {figure 9, note 3) dv/dt 600 1500 Vius

TRANSFER CHARACTERISTICS (T, = 25°C Unless otherwise specified.)

DC Characteristics Test Conditions Symbol Device Min Typ* Max Units

MOC3081M 15
. Main Terminal

LED Trigger Current Voltage = 3V {note 2) ler MOC3082M 10 mA
MOC3083M 5

Peak On-State Voltage. frag = 100 mA peak,

Either Direction [p = rated ey Y Al '8 3 v

Holding Current, Either Direction IH All 500 WA

ZEROQ CROSSING CHARACTERISTICS (T, = 25°C Unless otherwise specified.)

DC Characteristics Test Conditions Symbol Device Min Typ* Max Units

Inhibit Voltage (MT1-MT2 voltage

above which device will nat trigger) I = Rated lgy Viny Al 12 20 v
. . ||: = Rated IFT!
Leakage in Inhibited State Vigry = 8O0V, off state iDRMz All 200 500 HA

, ISOLATION CHARACTERISTICS

Characteristics Test Conditions Symbol Min Typ* Max Units

- Input-Output Isalation Voltage f=860Hz,t=1sec (note 4) Vign 7500 Vac(pk)

“Typical values at Ty = 25°C

Note

1. Test voltage must be applied within dv/dt rating.

2. All devices are guaranieed o trigger at an I value less than or equal 1o max Ipt. Therefore, recommended operating I lies
between max gy {15 mA for MOC3081M, 10 mA for MOC3082M, 5 mA for MQC3083M) and absolute max g (60 mA)

3. This is static dv/di. See Figure 9 for test circuit. Commutating dv/dt is a function of the load-driving thyristor(s} only.

4. Isolation surge voltage, V,gp. is an internal device dielectric breakdown rating. For this test, Pins 1 and 2 are comman,
and Pins 4, 5 and 6 are comman.

32005 Fairchila Semicondustor Corporation Page 3 of 11 {15/05



— 6-PIN DIP ZERO-CROSS

S HULD  6pT0ISOLATORS TRIAC DRIVER OUTPUT

SEMICONDUCTOR® (800 VOLT PEAK)

MOC3081M MOC3082M MOC3083M

Figure 1. LED Forward Voltage vs. Forward Current Figure 2. Trigger Current Vs, Temperature
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[ 6-PIN DIP ZERO-CROSS
eI OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (800 VOLT PEAK)

Figure 5. Ippma, Leakage in Inhibit State vs, Temperature Figure 6. On-State Characteristics
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e ———— - -
—AIRCHILD 6-PIN DIP ZERO-CROSS

R OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (800 VOLT PEAK)

VOC3081M MOC3082M MOC3083M

1.The mercury wetted relay provides a high speed repeated
pulse to the D.U.T.

\ é 10 ki 2. 100x scope probes are used, to allow high speeds and
} . voltages.
= Cresr  —
. [ N 3. The worst-case condition for static dv/dt is established by
% MERCURY ; 100 triggering the D.U.T. with a normal LED input current, then
> 'AEEETLTAE(D SCOPE » rermnoving the current. The variable Ry allows the dv/at
_E fo be gradually increased until the D.U.T. continues ta
- trigger in response to the applied voltage pulse, even
* y . o after the LED current has been removed. The dv/dt is
then decreased until the D.U.T. stops triggering. 1 is
Figure 9. Static dvidt Test Girouit measured at this point and recorded.

o e Yo = BOQ Y
APELIEL VOL IALE
WAVEFORM - o= o 504 v

0.63 Vmax 504

avoLTS— — —-L —————————————— e dwidl= ac TRC

Figure 10, Static dv/dt Test Waveform
Typical circuit for use when hot line switching is required. In this circuit the "hot” side of the line is switched and the lead connected

o the cold or neutral side. The load may be connected te either the neutral or hot line.

A, is calculated s0 that I is equal to the rated Ipr of the part, 15 mA for the MOC3081M, 10 mA for the MOC3082M, and 5 mA for
.ne MOC3083M. The 39 ohm resistor and 0.01 pF capacitor are for snubbing of the triac and may or may not be necessary
iepending upon the particular triac and load use.

360
AR

OHOT

G

— — 7
— B o MOC3081M g o

\FT | MOC3082M FKPF12N80 .
—] / | MOG3083M / 39

3 | - ) 240 VAC
b ~ 0.01
330 82

i

i LOAD O NEUTRAL

* For highly inductive loads {power factor < 0.5}, change this value to 3G ohms.

Figure 11, Hot-Line Switching Application Cireuit
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E— 6-PIN DIP ZERO-CROSS

e Il OPTOISOLATORS TRIAC DRIVER OUTPUT

SEMICONDUCTOR® (800 VOLT PEAK)

MOC3081M MOC3082M MOC3083M

-
L L 240 VAC\\ .

o Fi1 i; o™
Vi CF***I". G—l—‘L\

S Ry K OC308 1M
y 2 g
L AA— MOC3082M ) A son
MOC30BIM y scs
g | 360 42

S — A
Shz o2
) P s
‘ | LOAD \
............................ -,

Figure 12. Inverse-Paratlet SCR Driver Cirguit

Suggested method of firing two, back-to-back SCR's with a Fairchild triac driver. Diodes can be 1N4001; resistors, R1 and R2, are
aptionat 330 ahm.

Note: This optoisolator should not he used to drive a load directly. It is intended to be a trigger device only.

S
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SEMICONDUCTOR®

6-PIN DIP ZERO-CROSS
OPTOISOLATORS TRIAC DRIVER OUTPUT
(800 VOLT PEAK)

MOC3081M

Package Dimensions (Through Hole)

MOC3082M MOC3083M

Package Dimensions (Surface Mount)
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- 6-PIN DIP ZERO-CROSS
=) OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (800 VOLT PEAK)

VIOC3081M MOC3082M MOC3083M

JRDERING INFORMATION

Order Enfry ldentifier Description

5 Surface Mount Lead Bend

SR2 Surface Mount; Tape and reel
T 0.4" Lead Spacing
v VDE 0884
TV VDE 0884, 0.4" Lead Spacing
Sv VDE 0884, Surface Mount

SR2V VDE 0884, Surface Mount, Tape & Reel

VARKING INFORMATION
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Definitions
Fairchild logo
2 Device number

VDE mark (Note: Only appears on parts ordered with VDE
option — See order entry table)

4 One digit year code, e.g., '3

5 Two digit work week ranging from ‘01’ to ‘53’

6 Assembly package code

“Mole - Parts that do not have the 'V option (see definiion 3 above) that are marked with
date code 325" or earlier are marked in partrait formal.
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6-PIN DIP ZERO-CROSS

e HILD  0pTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (800 VOLT PEAK)
VOC3081M MOC3082M MOC3083M

Carrier Tape Specifications
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NOTE
All dimensions are in inches (millimeters)

'Reflow Profile
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= AIRCHILD 6-PIN DIP ZERO-CROSS

A —— OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (800 VOLT PEAK)
VOC3081M MOC3082M MOC3083M
JSCLAIMER

“AIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO

ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OQUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
{EITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

IFE SUPPORT POLICY

‘AIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
IR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
ORPCRATION. As used herein:

. Life support devices or systems are devices or systems 2. A critical component in any component of a life suppont

which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be
{b) support or sustain life, and {c) whose failure to perform reasonably expected to cause the failure of the life support
when properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided in the iabeling, can be reasonably expected fo
result in a significant injury of the user.
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