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ABSTRACT

This thesis presents a property of thermoelectric generator module TEC-
12706 and module TEC-12710 by give heat energy form steam and flame at side
bottom of thermoelectric generator and drain heat energy on top of thermoelectric
generator by heat sink. Contrast voltage and use oscilloscope measure the voltage
and use temperature infrared and IC MCP9700 measure temperature. The voltage
form thermoelectric pass step-up DC-DC boost convertor circuit for applied. And

observe electric power form thermoelectric generator module TEC-12710
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2.1 wasludidnasnauusnes (Thermoelectric Generator)

2.1.1 anuvune
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2.1.2 Usngmsalvesludianasniaiusines

Usingnisaimesludidnainanusess fe  Usingnisallunisudaimdanuaiiy
SoulUidunsasulndr - lewn  Usingmsalfiiua (Seebeck effect) Usingnisaiinaiiies
(Peltier effect) uar Usngmsamendu (Thomson effect) visanuUsINgnT0iil Aeniswdas

wasuausauluundsnulni vseorawasndanulwihlvdundaanuanuiauy

2.1.2.1 Ysngnsal@iua (Seebeck effect)

- 5

Tt 1821 ndfa lauawd Fwua  (Thomas Johann Seebeck) n#&ENd
P18 TIUNE1IT “feliirnufouisessevesinhaewiinaziansyualinvaluisesn’
Unngnisaldiun  umsudamasnuamusoudundanulih  anuddgvsmeaninueasiu
aunsaviuldlasmsiasanusngment vesmstdvimihesenmaiiasiaue Wvalumudni
ilunouBuusndmhasmununsnszatset walauevosm Uiy uameldiawingamail
Wikwmgdasyeng q fiumediudeu (Hot end) asfindanuaatiinnndafivatesuidu (Cold end)
wariuunliiorundluvaedmby - mafntueslszailfidausandeulihndy  (Back

electromotive force 138 back e.m.f) mssfiutuiumsivaveslsey  Ammsnsdndr9asilniiie

1l da X = ] | w eal Y P
lufinszualvaiiintu  Fondn musednddiua (Seebeck voltage) (1] Aagu 2.1



sUil 2.1 Unngnisaitiun [2]

aunsveslsingmsaitiua ansnsaleuluguusiuliihuazannuuaneng
gamiladaunisn 2.1 wavaansodelvegluguaunulnihuaziamiivesgamgi . (VT)lada

AUNTSN 2.2

AV =aAT (Z1)

E=aVT (2.2)

el 7 e usssulsth (Volt)
T #g gaumgidl (K)
E @a auwlh (Volt/m)

a Ao AnduUsyavsdiua (Volt/k)
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TanfirduUsednsdiun (Seebeck coefficient) hiwhiuaudaziluian
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nstlvosanshaiidl N-type asiiinduussansdiualuay ud P-type axilmduuszansdiuaduuin

2.1.2.2 Usingmsalwaiiies (Peltier effect)

Tul 1834 8y wwawiies v15iaad axswua (Jean Charles Athanase Peltier)
UnW@ndsnesasma nandn “Welinsewdaliluassiianussuiinliunsesnavaniiinninuiauay

Wutuvsanasuagiuianisivavesnszualvih” [1] fsgui 2.2

gﬂﬁ 2.2 Ysmngmsalinaiies (peltier effect) [2]

Usingnisanaiiesiduusingnisaivis Fegfiufulsngnisaldiua
nnsuasmdsnulwiidundsnuaindou (Thermoelectric refrigeration) Tuitl 8ms1veIns

wnwsauSeukuunauls (Rate of reversible heat absorption) &sdesnnioutunmssnunszualui

s

' W = v o ' " e a Lo '
FHNUTRUADASANNTTY 2.3 LasAMUaNNUSIEwINAauUsEansaluanual

[}

uUseanswawias [3]
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AQ =T11 (2.3)

I1=al (2.9)

lagd AQ fp 8rs1989MsUNIANUTBULUUNAY (J)
T Ae dulsz@vsnariissvaisosss

I 7o nszualwih ()

= X5 =

i W « a a = o
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1 = v
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Weniy namifie mnuseukaznszualiilasndralvigudeniu (1] degui 2.4

a)
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2.1.2.3 Usingnsainendy (Thomson effect)

Tt 1954 Faiden veuduw (Wiliam Thomson) %38 waea waiu (Lord

, v aya o i ' s a ' o o aal . ' W
Kelvin)  dnWdndydafiennatndn  “Welinszualnvirihusnuilnihassaniioumniuansneiu

1 Y

feveenuseutuegiunisivarasnssualnin - anmdulugaseu  visevngaieuliyadu”

Usingnisaimendu Wuusngnisaifendesiudnsnisunsvasnnudoutuundula  AQ Fafa

[
=

P | @ e o ala 2 oy § B2 o <
Funfiesminnsiuvesnszudliihnudani delilawihweguvgll (VI) figudl 25 @wnsa

s 1

a v ar Y] =l al v @ € i ) a &
Weumnuduwuslafeaunsi 25  wazaiunsodeuauduiussevinsndulseansauaiuan

duuseavsveudu lansaunisn 2.6

AQ
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Q = BI(AT) (2.5)
da

- d 2.6

B=T ' (2.6)

Taedi B Fa Thomson coefficient (Volt/K)
a f9 Seebeck coefficient (Volt/K)

T #io gamail (K)

ar [ a = 4
2.1.3 RANNNTNUTDUNDS LUDANASNIAIULTINBS

milsgneu “Taguwesludanasn”  IidugunsaitanunsamihUldnuduumas
waald 5end1 “wesludidnainluga (Thermoelectric module)” Budiuainmsirianmeslud

winssnvdadu (N type) uazalindi (P type) Tudng andetuilugy Tneraduiu uazillavizunn

[

lﬂl 1 nlj 1 YU s ﬂ‘ 1 |A 1 4 1 ar 3:: 1 Qs = s
Wnwenrevgileiy  Fusareiineriursiimadeusenusuveunsamaslnihsusifusnia
2 a4 e LY w = o = = v v '
gavne Wisthunseidiuluan (Load) vandinszualwinlwanasasuanswed  Asiuuulagauas

o ' a - P A a a § a MY a
gUsENUMIBURLLESITn Sinaupasnadndliinmesludidnadnaunsinesudald finain

ANANSYRIRAMYN T NI TIRiAA UM AUA 1B IeluBLan A NMIIWes  uaxTuay

2/ ]
@ o [
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JUN 2.6 lnssadramesludidnssnaiusnes (4]

maviuresmesludiEneinasimes walu 2 Tmedsd Twiausn Gond
“Inuandalni (Generator mode)” Taglvimnssnsvesgamaiiuuusiuigsaduuuuazi a1
TiAanszudlvilve essnwmesiBusagilumsiviniuaiu Tuansisieiadudstinme
Hranndudidnaseu (Electron) vieUszqau ilelimuseuiifaduuuannitduan milvaves
anudeuszyliinnislavemvzihannmantiu Sidnasousylvasniaduunlugsnuan da
Tuansiasthoiia Smvedranndulea (Hole) vauszguan Wefinamdouiiiasuuunnniy
sudns Teaagluaarndnuuilufuaaduiendu fuduiemseanszualwitilumesTudidnesn

WS asIslunamunululuiameaiu

drumsvirnusnlmevislunanduiiu denunszualnindnlulumes
Tuddnesnauswes mliAsmnudeusasauduiitnduuusasdiuas Boni “Tnuendnenn
\uelwii (Refrigerator mode)” \lafiuwasdneluiainniewen wu  uwumne’ sxildAaemy
wanssrasrMudauLarAiuTiRuAaze dlosnmsnszualiitwhliAemsiedeuiives

wngdaunn Fadusvilmianistihanuseunnsuntslusndunia [4] Aaguin 2.7



11

Cold side
Electrical Electrical Electrical
current cwrent current

)

Thermal
Flow
—, T
Electrical Electrical Electrical Electrical
current current current current
Hot side
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E2 = s al =Y 7 :J v/ s - -:‘ o
lassaaniiouiumesluAuilla (thermocouple) fisguin 2.8 uamslassaivaunasluduianyi
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d al o 1 s : a
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[ @
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4
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¢

v W § Y = =
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q, = NlaT, +(T;: _Tc)/g’ﬂ:'(i ~NI* R/2 (27)
g =NIaT, +(T;, = T.)/6;; — NI’ R/2 (2.8)
efi N fe Swnuwmeslududa
o #p dnszaviiun
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=2 (2.14)
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Thermoelectric
Cooler

TEC1-12706

Performance Specifications

Hot Side Temperature (°C) 25°C | S0°C

Qmax (Watts) 50 57 —\
66 75

Delta Tmax (°C)

Imax (Amps) 6.4 6.4 \

Vmax (Volts) 144 | 16.4

Module Resistance (Qhms) 1.98 2.30

Performance curves on page 2

Copyright HB Corporation. HB reserves the right to change these specifications without notice. Rev 2.03
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TEC1-12706
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Copyright HB Corporation. HB reserves the right to change these specifications without notice. Rev 2.03
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TEC1-12706

(+) RED
AWG 16 TEFLON
B L = 150MM

L () BLAC

T__ A _,T (THICKMESS) € 1
SOOIy,
\ §

e sisimnizisioimmsine w3

Ceramic Material: Alumina (Al,O;)
Solder Construction: 138°C, Bismuth Tin (BiSn)

Size table:
A B
40 40 38
Operating Tips
» Max. Operating Temperature: 138°C * Please consult HB for moisture
* Do not exceed Imax or Vmax when protection options (seeling).
operating module.  Failure rate based on long time testings: 0.2%.

» Life expectancy: 200,000 hours

Copyright HB Corporation. HB reserves the right to change these specifications without notice. Rev2.03
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Thermoelectric
Cooler

TEC1-12710

Performance Specifications

Hot Side Temperature (°C) 25°C | 50°C
Qmax (Watts) 85 | 96 \
Delta Tmax (°C) 66 75

Imax (Amps) 10.5 | 10.5 \

Vmax (Volts) 15.2 17.4

Module Resistance (Ohms) 1.08 1.24

Performance curves on page 2

Copyright HB Corporation. HB reserves the right to change these specifications without notice, Rev 2.03
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TEC1-12710
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Copyright HB Corporation. HB reserves the right 1o change these specifications without notice. Rev 2.03
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| TEC1-12710

r—A™

(+) RED

AWG 16 TEFLON
L = 150MM

™

() BLACK

r

THICKNESS) C

A 3

e Ce e (e S e — cixeiasicsioeaisinsns. 1y
NC

Ceramic Material: Alumina (Al,O4)
Solder Construction: 138°C, Bismuth Tin (BiSn)

Size table:
A B
40 40 3.8
Operating Tips
» Max. Operating Temperature: 138°C + Please consult HB for moisture
Do not exceed Imax or Vmax when protection options (seeling).
operating module. » Failure rate based on long time testings: 0.2

» Life expectancy: 200,000 hours

Copyright HB Corporation. HB reserves the right to change these specifications without notice. Rev 2,03
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\ MCP9700/9700A

MicROCHIP MCP9701/9701A

Low-Power Linear Active Thermistor™ ICs

Features

* Tiny Ansicg Temperatre Sensor
* Availabie Fackapes: 2C-TC-5, TO-32-3
* Wide Terperature Meazurement Range
- 20'C o =125°C
* ACCuracy:
- 22°C imax.), 0°C 20 «T0'C /MCPTOOASTO1A)
- 24°C imax.), 0"C 22 «T70"C/MCPETO0MTOT:
* QOptimized for Anaiog-io-Digts Converters
(ADCs)
= 100myrC ityp. s MCPETORNTIOA
- 125 mVrC (typ.) MCPETSINTOTA
Wide Cperating Veitsge Range:
= Voo = 23V 10 5.5V MCPITOONTIOA
= Vg =11V 10 55V MCPRTOINTHIA
Low Opermating Cumers: € uA Iy
* Optimized 1o Drive Large Capacitive Loads

Typical Applications

Hard Disk Orreez and Oener PC Fenpherais
Entersanment 2ystems

Home Applance

Office Equipment

Battery Packs ang Poradie Equipment
Geners Purpose Temperature MonRoring

Typical Application Circuit

Yew
L
PICmioron | AN
‘ MCU
-
Voo
T Yoo
c Yo
Tem L, MCPETO0
0.1
| eao
=

Description

The MCPSTOC/STCOA and MCPSTC1/9TO1A family of
Linear Active Thermistor™ intergrased Circult (IC) iz an
anaicg temperature sersor that comverts temperature
%0 analog vcitspe. 1T 3 lcw-Cost, Cw-power sensor
WEN amoaccuracy of =22°C %*om [O°C % <70°C
MCFPSTOCASTOMAl 24°C fom £°C %0 -T0°C
(MCFSTOO/STO1) while consuming SuA hp) of
cperating current

Unike resissve senzors isuch as thermistors), the
Lnear Actye Thermistor IC does not require an
addtional signsirongtioning crcut Therefore, the
Diasing circult deveiopment cvemead for thermizior
sclutiors can b2 avoicad by Impiementing s ow-cost
deice. The woE3ps oupis pin (Vi r) CBN De directly
connecied o ™2 ADC Input of amicrecantroiler. The
MCP3T00/5TD0A anc MCPITO1/STOTA femperature
ccefficients a= zcaled %0 provice 2 1*Cbit resouton
©or an S0t ADC With a reference voRsge of 25V ang
SV, respectvely.

The MCPITOO/STODA ang MCFITO1/2T01A provide 2
ow-cost zolution for agglications that require meassune-
mentof a reistive change of temperstre. When mas-
suring reiative charmge In temperature from «25°C an
accuracy of =1°C {typ.! can te resized from 0°C to
+T0"C. Thiz accuracy can 320 b= achieved by appiying
syseem calbration at +25°C

in aodian, thiz anily s mmune o T eMecs of
Parasiic capacitance ang can drve (ange capacithe
cads, This provides Printed Clrcuk Beard (FCB| ayout
desipn fiextiity by ensbing the device 1o De nemotely
iccat=d  fom ihe microcontroier. Adaing some
cageciance at the output azp meips the output
yanser? respornze by reducing owershocts or
underzhoots: Howeser, cagackive load iz not requined
for senzor output stabity.

Package Type

§-Pin 3C-TO 3-Pin TO-82
MCPRTOOSTOOA .CP.TM!‘?O‘l
MCPETO1STOIA

e T
@~o [2] 'LI i ' _Z
Viour E .L 0“{'

] ‘
Vao Vour GND




MCP9700/9700A and MCP9701/9701A

1.0 ELECTRICAL

CHARACTERISTICS
Absolute Maximum Ratings 1
T S = 6.0V
2101308 SEMPETBIUTE: ...............o....... BE°C 83 +150°C

Ampient Temp. mith Pomser Applied:.. ~0°C 0 <128°C
Junctice Temperature (T &.........c.occcecenacaae = o 150°C
ESD Prosecson On Al Pins (HBMAMM ... (4 V200V
Lakch-Up Cumrentat Each Pin: ............ 2200 mA

DC ELECTRICAL CHARACTERISTICS

Notice. Shresses ove hose lsled under “Macimuom
Ratirgs’ may case fenmmanst damage 1o the device Ths &
a stress rating only and Lunetoral operation of the devioe at
thosee of afrg other condBions alove Tome Pdoaied 0 e
operatiord bstings of T specfoaton & not irgled
Exposure 1o ma imam mating condions S edended peiods
may a¥ed cevioe rebabdy

Eleotrical pecifications: Uniezs otherwze ndicatea:

MCPITOOMTOOA: Vi, = 2.3V 10 5.5V, GND = Ground, T, = ~40°C %0 =125°C and No ioad.
MCPOTHNTOIA: Vi @2 IV o £.5V, GND » Ground, T, = -10°C to+ 125°C and No load

Parametes Sym Min Typ Max Unn Conditionc
Power Supply
Cperatng \titage Range Veo 23 - 55 v | MCP87008700A
Vio.. 10/ 3 - ES v |MCPBTO1MTOIA
Coerating Cumrent g -_— 2 12 A
Power Cupely Rejection A°CiaVin - 0.1 -— o
2encor Acouracy (Notes 1, 2) - ¢
Ta=«25°C Tacy =1 — K=
Ta=0'Cw-70°C Tacv 20 fi= 20 *c MCPRTDOARTIIA
Ta=-40"C 10 «925°C Tacy -20 - *4.0 ‘C | MCP8T00A
Ta=-10°Cito »125°C Tacy -28 v 4.0 *c MCPaTO1A
Ta=0°C 2 +70°C Toby 40 — »0 'C | MCPeT00/8701
Ta=-40°C 0 +125°C - ~40 = 50 ' |mcPeToo
Ta=-10°C o +125°C Tacy -40 —_ £ T
Soncor Output
Output Voltage, Ty=0°C Vot - £00 — my | MCPBTODBTOMA
Output Votage, T, = 0°C Vst — 400 — my | MCP87018701A
Terperature Coefficient To. - 100 — my™C | MCPETDOOT0A
Te - 1235 e myC | MCPETOIATHA
Crrpen Non-ineanty (7 — 205 — 'C[Ta=0"Cto+70°C (Note 2)
Cuprt Current LUt — — 100 BA
Cupust Impedance 2out — 0 - £ gy = 100 UA, *= 500 M2
Cruper: Load Regulation AV - 1 -— L |Ta=0Ctc-T0°C,
Al v lggye = 100 UA

Note 1:
tesied Wi Vi, = 5.0V

The MCFSTO0ST00A famiy accuracy & tesied Wit Vap = 2.3V, whie the MCPSTO1/ST01A accuracy I3

2: The MCPSTOC/STOOA and MCFSTC1/STC1A famly |5 characierzed usng the first-croler or Inear equatcn,

3z shown in Equation 4-2.

3= The MCFSTOOST00A and MCPIT01/STO1A family is charactenzed and production tessed wih a

capacive load of 1000 pF.

4: DC-TC-5 package thermal recgonse with 1x1 inch, cduai-zided copper cad, TO-32-3 package memal

nesponse witnowt PCE (leaded).

R B T AT Y Y S R S S esae
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MCP9700/9700A and MCP9701/9701A

DC ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical 2pecifications: Uriess ctneraize incicased
MCPITOOMTO0A: Wy » 2 3V o 5 5V, GND = Ground, T, = ~20°C to + 125°C and No joad
MCPITOIMTOIA: V= 3.1V 12 5.5V, GND = Ground, T, = -10°C 10 +122°C ana No i0ac.

Parameter sym Min Typ Max | untt Conattions
Tum-on Tire fome — 800 — s
Typical Load Cagactance INote 31| Cioan — —_— 1000 gF
2C-70 Trermal Rszponse to 53% taes B 1.3 - :  |30CiArIto «125°C
TC~32 Thermal Rezgorze o 63% tena - 182 - 3 | (FluldSam) iNote 4)

Note 1: The MCFSTOO/STOOA family accuracy s Sested with Vi, = 3.3V, while the MCP3TO1/ST01A acouracy Iz

tested with Wy = S0V

2: The MCPITINSTIOA and MCPSTO 1/9T01A “amily Is characternzed using the Trzt-order or linear eguation,

5 shown In Equation 4-2.

3. The MCPSTCC/STOCA ana MCFST01STO1 A amily Iz characierized and producticn S2sted with 3
capacitive icad of 1000 B*.

4: 2C-T0-S package thenmmal respense ath {1 Inch, duaksided copper clad, TO-32-3 package therma
response without PCB (eaged|.

TEMPERATURE CHARACTERISTICS

Eleotrioal 2pecifiaations: Uness ooeralzse iIngicated
MCPITOOMTOOA: V=23V 0 £ 5V, GND » Groung, T, @ ~80°C to = 125°C and No iosat
MCPITO1BTIA: V= 3.1V 12 5.5V, GND = Ground, T, = -10°C 12 +128°C ang No ioad
Paramaters 3 Min Max Units Conditionc
Temperature Rangec
Zpecfied Terpemtun: Range Ta -41 - -128 T MCPETODMTO0A
INote
Ta -10 - -j28 < MCPSTD1RTOA
INobe
QOperstng Temperatre Range Ta ~=0 — +125 c
2torage Temperature Range Ta 1 -_— «1E50 T
Thermai Package Recictancec
Therma Reskstance, SC-TO-= LT — 331 —_— '‘CW
Thema Resistance, TO-52-3 3 - 131.9 —_ ‘cw

Note: Operation in thiz range must not cauze T o exceed Maximum Juanction Temperature (#150°C)
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MCP9700/9700A and MCP9701/9701A

20 TYPICAL PERFORMANCE CURVES

Note: Thegraphs and tadbles provided folowing this note are 3 statizsical summary bazed on a limbad number of
sampies and ane provided for Informasonal purposes oniy. The perMormance characieristics listed heren
are nct tested or guaranteed. In some graphs or tabies, the data presented may be owtside the specfied
cperating range (e g., oulside specified power supply range) and thenefore outside the warranted range.

Note: Uniess otheraise Ingicased, MCPITO00MTO0A: Vo = 2.3V 0 S5V, MCPETO1RTOTA: iy = 3.1V %0 5.5V, GND
= Ground, Cpppee = 0.1 UF.

40 L 7
e 40
o 1 wrvmea . —ara .18
O ORRT eedw & 1 v
E Ty = X }‘ s ; - b /
) - o - P, p—
B as \% g ~ — g
. 7 e = ¥ gl I
L6 §= smrwroma / { == /
20 v . v -l.ﬂl - .‘.l: -
40 2% 14 B 144 i 4 w1 4 3% 3 - &1 by | w0 10
Tal™Ch Tul’C)
FIGURE 2-1: Accuracy vs. Amdient FIGURE 2-4: Accuracy vs. Amosent
Temperature (MCPOT00A/DT01A] Temperatura (MCPSTO0ET01).
(7] T T &2 "
] _raa -
o ey vl = A\
‘:.’ /-.-u- CEE ) v F—t
- i 8 |
! e S == A\ i wan amin s =
7 osj . b Laada L b
a E Ae Vg *3.3%
24 l = |
N * 15604
43 Tttt < A2 Frrrrhrrrrtrrrrer ey
40 22 L] i = ™ W 18 - -3 ] 2 %N TS " 2
T, rEl Tal€l
FIGURE 2-2: AZcwracy vs. Ambient FIGURE 2-5: Changes In Accuracy vs

Temperature, with Vo Amalent Temperature (Dus 1o Load).

ws - a0
E I f ] = zaon wa
.0 7 — — a > e A
L e o - 3 10 teim /
TE L= 1T — - = o 10 !
. 3 -1
g [ E A g u--:-m: ‘;A
- u; — ) ? o A ,/u,:
283 3 D e e v
3 3 P il B “‘“::-43_‘{;/
4 ¢ Frrrrrrhrrrerr e T 48 R
£ I8 4 13 S TS we s 4 25 0 23 W TS 00 124
Tal™Cy T.0€)
FIGURE 2-3: Suppiy Curent vs. FIGURE 2-8: Load Regwahon vs.
Temperarure. Amblent Temperaive
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MCP9700/9700A and MCP9701/9701A

Note: Uniess otherwise indicated, MCPETOOSTO0A: Vi, = 2.3V 10 S.5V; MCPRTO1RTOMA: Vg = 3.1V o 5.5V, GND

= Greund, Cppoyge = 0.1 4F.

s
b
2% 1
o
"N
"

g
;
:

e |
EEEEEREEERE.

I EEEEEEERER:

Vo V) Wys WY
FIGURE 2-7: Cutput Volage at 0°C FIGURE 2-10: Ougpue Vokage 3t 0°C
(MCPOTOGYTO0A). (MCPIT01/87T01A)
e -
-2 s
nm W
Bl ! 8
s N
g 2 o
é "o i 3 -
" s
™ L
» s
S/ 2F8-3-8. 3 281212 3
T, e™C)
FIGURE 2-8: OccuTences vs Empefam.@ FIGURE 2-11: Occurrences vs. Temperature
Coefcient (MCPI7009T00A). Coefficient (MCPOT010T01A).
bl e m——— J ol [T ey
5 o Vo 2.9 e .97 —— & ass P 2 WY D —
B e e e :‘,_ﬂ’ 1 i
5 0.1 E e
z | - .
& M Fecm A 4% miTA
1 W E2N AV - U= 1 N
£ oom T o i 0.6 3 -
. M Ty T T T T T T T T AT T T T Ty . 3.00 T T T T T T Y T T T T T T T YT
40 a2 1 s 0 b ] " 11s 4 -2 o b1 114 TS 00 1us
Tal"Ch Ta )
FIGURE 2-9: Power Supply Rejection FIGURE 2-12: FPower Suppdy Relscrion

(A° T/ AV o) vS. Ambient Temperanve

{4°C/aV o) vs. Temperature.
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Note: Uniezz otherwize incicated, MCPO700MTO0A: Vi, = 2.3V 0 5.5V, MCPETOINTOIA: V(= 3.1V D S5V, GND

= GROUND, Copprpey = 0.1 WF.

18 10
P 23 I l '_/
13 & 28 -:nm- /
¢ s 2 \\,/ -
T 8 — | 3 12 -
;_S is il * 10 r‘/j“"‘(mm
24 - = Pty
82 ,l - ] I
10 10 Ar - -
D2 Aas 10 12 20 2.2 2D 13 40 48 20 a2 <0 22 : = 31 78 o 123
Ve W) Ta I C)
FIGURE 2-13: Output Voliage vs, Power FIGURE 2-16: Output Loltage vs. Amblent
Supovy Temperafure
T—r— 23 - Mo
LR LT -~ ¥ Yon = Wuw
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= s 3 \’ \ w 2
1 L it ] s an
-.# - 2
- 4 » ' L.
Y \-4-,, % ’ 3— g 1
= 3 s 5 og
b e g 0.8 Frmtrrhremtrstr T
§ 8§ ¢ oo 5 00 90 0 ~ 00T 02 6T 44 08 08 0.7 20 38 W0
Tirrm pvsa) Tiers ey
FIGURE 2-14: Ourput vs. Sexing Time fo RGURE 2-17: Cutput vs. Seming Time o
SIED Voo famp Voo
Tt @
' e '3.
1218 Copper St i 5]
| i
b, Wit PR i
N ]
| ,
& f.10.92 M _Te s o Al
Tiers (») Frog ey (=3
FIGURE 2-15: Thermal Response (Alr o FRGURE 2-18: Output Impedance vs
Flutg Bath) Fraquency



57

MCP9700/9700A and MCP9701/9701A

3.0 PINDESCRIPTIONS
Tre aescriptions of the pins ane listed Tabie 3-1.

TABLE 3-1.  PIN FUNCTION TABLE

Pin No. Pin No.
2c.70 1092 Symboi Funacticn

— NC No Connect

-

2 3 GND Fower Grounda Pin
3 2 Vour |Output Voitage Pin
- 1 Vo Fower Supply Input
) - NC No Connect

3.1 Power Ground Pin (GND)
GND |2 ™e system™ ground gin.

3.2  Output Voitage Pin (Vour)

The zenzor cutput Can De measured at Vg The
voitage rampe cver e aperatng temperature range for
the MCPSTCC'STCOA I 100V o 4.75\V and Tor 2
MCPSTC1/9TQI1A, 200 mV 0 3V

3.3  Power Supply input (Vpo)

The cperafting voitage 33 zpecifed In the *DC
Eleotrical Charaotenictios™ 2t 5 appiiad fo Wy



MCP9700/9700A and MCP9701/9701A

4.0 APPLICATIONS INFORMATION

The Linear Acthve Thermistor™ IC uses am Intemal
dcde 1o measure tempenature. The diode elecrical
characterstics have a temperature coefficient that
provides a change in voitage bazed cn the reiatve
arbient temperature Yom ~40°C to 125°C. The change
In votage Iz scaied %0 3 temperature coefficient of
100mV S hp.) for e MCPITOOSTOOA and
122 mV*C (typ.) for the MCPSTC1/STC 1A The output
wekape 2 C°C Iz alzo scaed o SO0 my (hyp.| and
400mvV  ityp.) for mhe MCRSTOOSTOOA and

CPITOIPTOIA, respective’y. This linear zcale &
described n the first-crder transfer function shean In
Egquaton 4-1

EQUATION 4-1: SENSOR TRANSFER
FUNCTION
Vour = T T4+ ¥
‘Wihere:

Ta = Ambiert Temperature

Vowr = Sensor Output Veitage

Vire = Senzor Output Veitage at 0°C
Te = Temperaturs Coefficient

For higher accuracy using a sensor compensation
technique, refer to ANT031 9C Temperature Senser
Accuracy Compersaton wmm a3  PCmere®
Microcontroder® (DSCI1CCY). The apgication noee
shows that the MCPSTO0 & compensated in adaition
te reom temperatune calbraton, the sensor accuracy
can te improved fo =0.2°C (typ.) accuracy over the
ceeratng temperature (Figure 421

41  Improving Accuracy

The MCPITOD/STOOA and MCPETO1/STO1A accuracy
can te Improwed by perorming 3 zyZ==m calbralion at
a zpecfic temperature. For exampie, calbraing the
system at «25°C ambient improves the measursment
accuracy to @ 20.5°C (fyp.) from 0°C to =70°C, a3
incwn n Figue 4-%. Therefore, when meazunng
relatve temperature change, thiz famiy measures

semperatune with Ngher accurssy.
ie
U
® g =
F o e E—
g PPy
.;.:i-ll"
o % Seigews
S5 TTTTITTITTYT T T I T T T T T T Ty T T T
40 3t 0 3¢ g2 .TP .o us
T T
FIGURE 4-1: Reative Accuracy fo #25°C
¥s. Temperature

The change N accuacy from Mhe caibration
temperature 2 due 20 the output nor-inearty from the
“rzt-crder equation, az specified in Equateon 4-2. The
accuracy can be further improved Dy compensating for
™ ouput non-inearity.

“ L4 v v
130 Seva s

40

5! 20 ] Mms Lo

g N =)

4 ,-fl /'—-‘
a2 41 —_
n e e
&0 23 a =1 @ T o0 2%
Tavoetg o ('C)
FGURE 4-2: MCPOT00.9700A Cavbrated

SEensor Accuracy.

Tre compensation technigue provides a3 inear
temperatune reading. A frmaare loox-p tabie can be
generased 1D Compensas or the 2enscr emor,

42  Shutdown Using Microcontroller
VO Pin

The MWCPITOOSTO0A and MCPITI1/3701A famiy o
iow operating current of & pA (hyp ] males & ideal for
cattery-powersd appications. —Homeyer, for
applications that require tighter corrent buoget, this
cevice can be powered usimg 3 microconSoier
ingetiOutput 100 pin. The UC pin. can de fopgled
hut down the device. Ino zuch appicasons, ™e
microcordroler remal digiy switthing roise Iz
emitted to™e MCFSTECSTOOA and MCFaTa1/aTO1A
3% POWET Zupply nokze. This saliching nolze compre-
mizes measurement accuracy. Thersfore, adeccuping
capachior and senes resistor wil be neceszary %0 fiter
cutthe syztem noise

43 Layout Considerations

The MCP37009TECA and MCFSTO1STOIA ‘amiy
goes Nt regure any addtional components to operase
However, it s recommended that 3 deccugping
capactior of 0.4 pF 10 1 uF be uzed betesen the Vi,
ang GNC pinz. In high-nolize appiications, cormect The
power supgly voitage 1o ™2 Vi, B0 using a 20001
rezizior aith @ 1 uF decouping capacitor. A high
frequency ceramic capackor Is recommended. It Iz
necessary for the capachor 20 be iocated 33 cioze as
peszie to the Vi and GND pins in order to provide
effectve nolse profecton. in addition, awcid tacrg
cigral Ines in cloze proximity %o the senser

58
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44 Thermal Considerations

The MCPITOO/STOO0A ana MCPSTO1STOIA “amily
measures temperature by monitcring the vwoitage of 3
dicde iccated in the die. A low-impedance tearmal pam
between the die and the FC8 & proviced by e pins
Therefore, the sensor effectvely monkors e
temperature of the PCB. However, the thermal path for
the ambient air iz nct az efMcient becauze the plastic
device package funcions as a therma imzuiator from
the die. HOwaver, the plastic device package
Insulates the die and restrcis device themal
respons2. This Amitation appies to plasscEackaged
zilicon temperature sensors, If the appiicaton requires
measurning ambient ar, the PCE needs % be designed
aith proper thermal conducton to the sensor pins.
The MCPSTOCSTOOA and MCOPSTO1ATDIA Iz
dezgned 2o scurce/sink 100 uA imax}t The powmer
dizzipaton due %0 e outpul current iz relatheely
raignMcant. The effect of the cuSus curment can be
described using Equation 4-2.

EQUATION 4-2: EFFECT OF SELF-
HEATING

. - . { . N .
¥.-1 Q‘.“PI,...J‘. N +* ‘..£. l”. 'Jf""

T, = Juncten Temperaare
T, = Ambient Tevgemturs
8, = Paciage Therma Resistance
(331°0AW)
Vaut = Sensor Output \citage
gt = Sensor Quiput Current
b = Operasng Carment
Ve = Operasng Votage

At Ta = «25°C Wgur = 075V} and. maximum
specification of Ipe=12uA Ve = S5V and
lgyyr = =100 yA, the zeof-heatng due o poser
dizsipaten (T = Ta) Is AL179°C.
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50 PACKAGING INFORMATION
5.1  Package Marking Information

$-.23d 3C-TC (MCPBT00/MCPETO0A) Bampte
AN (Front) Davca Code ADD (Front)
YW (Back) MCPITONNIIOA ALN £20 (Back)

MCPITOUITDA At
H H H Mot Apples 1o S-Leas EC.TC H H H

S-_ead 2C-T0 (MCPITO1MCPETOA| Exa~pe
st e Duvice Code
XXNN MCPS OV INA AL ATIS

MCPYTOUDPOA AUNN
H H H Not: Apples 10 5-Lead fC:T': E H H

31230 TO-22 MCPATOOMCPETH Exampie

1

,
o

125

nn

LW

|

T ﬁ.

Legend: XX X Custemer-specfic imformation
Y Yearcode (1as: dight of caiendlar year)
Yy Year code (1353 2 digits of calendar year)
N Week code (week of January 1 s weex ‘01
NNM  Alphanumernc traceatilty ccaoe
E Fr-free JEDEC cesignanor for Ma™2 T (8n'
. Thiz package (s Po-ree. The Fb-tee JEDEC dezignator @’
can be feund on e outer cackaging for this package

Note: n™e eventthe ful Microchip pan numBer cannct D2 marked on one ine, It wil
be camed cver to the nexe (ine, T IMiting ™e nu~ber of avaliabie
characters ‘or customer-specific informaten.
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5-Lead Plastic Small Outline Transistor (LT) (SC-70)
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MCP9700/9700A and MCP9701/9701A

34.ead Plastic Transistor Outline (TO) (TO-92)
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APPENDIX A: REVISION HISTORY

Revision C {June 2006)

* Agced the MCP37TD0A and MCF3T01A devices 2
cata sheet

* Adged TOS2 package for the MCFSTOOMCPIT1

Revision B {October 2005)

The %ilowing iz the list of moaifications

* Agced Section 3.0 *Pin Decoriptions™

* Agded the Linear Acthve Themisior™ |C
trageman

* Removed the 2™ order iemperature equation and
the semperature coeficient hissogram

* Adced 3 reference o ANTOC1 ang comesgendng
vertiage

* Agged Figure 4-1 and comezponding verdiage

Revision A (November 2005)

* Onginy Release of this Documert.
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PRODUCT IDENTIFICATION SYSTEM

To order of obdan infonvalon, e g on piang of Selivery naler 10 the Talory of Pe lsted sshes ofe

-y =

Device Tempurature Pachags
Fange

Jwace NCPEDOT Lirmar Aztrem Theeristor ™ IC
lape arc Hisel 75 Pen
MOPRTOAT  Lrmer Actres Thermistor ™ IC
laps arc Hasl "5 Pem
NCPET Lirmer Aztrvm Therrestor ™ (C
lapm aret Hesl 75 Pew
NCPETIAT  Linmer Acties Theenision ™ 1C
Tags are lesl 5 Pew

Tarpertus farge [ & 40C 4% o 1%°C

L = = LT = Magtic Srel Otire Trarsids S<4eec
10 = Madic Messc Trerelsr Gutine, Smec
INCPRTI M P IO ety

Evarmphs.

o MCPOMETEAT
B MCIIRGLTD
& NCPIROATLLY

NCPImTTEAY

NCPO-LTD

MO OIATLLY

Lmmar At Thernmtor ™
W2 Tape ared [imel

10 SC-T1 secenge.
nmar Actrem Thermador ™
L AD 10-30 ceehmge
Lneer Actwe Therrusios "
L laps are sl

L 2L-TU ceoage

Jrmar Actwe Thermyekor ™
o Taps ared [iesl

=0 Z0-T sacnage
rwar Actrem Therrimior =
T, A0 T0-0 pedage
Lmmar Actve Therrstot ™
C. Taps anc limed

5 [ %C- 1 seckage
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