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ABSTRACT

This project presents an application of ultrasonic wave, in which its property is applied to
invent a cleaning machine that can be used to clean small objects such as glasses, pen head, etc.
The frequency of ultrasonic wave approximately 28 kHz, which is higher than sound wave but
lower than radio wave. The designed circuit consists of than oscillator circuit to generate the wave
with the frequency of 28 kHz frequency into mechanical vibration. This vibration produces the

ultrasonic wave to shack the solution until the dirty particle became detached. Moreover, a heater

is included to increase the efficiency of cleaning
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a L A o @
Optoisolator 1193 TLP 250 udnidggnudsluivuom uaz viveaveswemuaiids Ined
o S 3 Qs P
dgygnah ldeenindsgii 4.2 uaz 4.3

3 2007/11/00 1524115
CHIRSY : CHZ=5V ) : : ;. 10ug/div

11 42 Fygnefldnmeesiunminei 1 eufulwuni 2

dygudei 4.2 fogidygruiadi ldvneesdunnae Trace 1 uansds
ﬁ’mmmﬁ"lﬁMﬂ Out put Y84 Optoisolator #0 1 uas 2 iveTunemniids M1 uag M4 g2y
Trace 2 Ua@AsAIdyy 714010 Out put D3 Optoisolator A7M 3 UL 4 iReTuNemNAMIAS
M2 uaz M3 %3 Out put Fampsmflaunauseiu uazanud i uaimanduiy ense

mwideamsih llldtumemsas s ltaduduaindillugy
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423 MmImaesnwItuinmuessemraidlasnaresumathnuvesledives TL 494

fidygnaduynitilamiys Tulmeafi 1

g 2007/11/08_15:25:14

............................................................................................
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T e

1.200v
?Billnld-lz
CH2
Position
-3.47Kiiv
=Fiters =0ffset= =Record Length= =Trigger=

Smoothing : OFF CH1 0.00v Main ;10K Mode @ AUTO

BW : FULL CH2 : 0.00vV Zoom : 10K Type : EDOQE CH1 4

aF

31]*‘1‘1 43 &‘q;mmi‘n'lﬁmmwﬁfmnnlﬂmﬁ 1 %«maﬂqmm

silFgyaudegali 4.3 Aegildygraiadildoinisesdunnlas Trace 1 usasiia
o l:: o AJ 3 o a o ]
&y e 14910 Out put Y99 Optoisolator AT 1 tHeTUNBAHAAITI M1 92U Trace 2 UAAI
Qs a . o A q o o o ) g
fadeygnefi @910 Out put UB4 Optoisolator A3 3 B U MAAMSGI M4 4 Out put 119
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ananrfivuransedy aafmity uazslinaasefiu Feassauineansi Tl 144y
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424 mmdemaneIMdudnivisertanmvesemaihdwnz nosinindygnm

unzth manTaoTalygnauednaftld

g 2007/11/09 141318
CHI=2V @ : : : : T 10us/div
DC 11 : : : : : :
........ e e T £ NORMEIOOMS /g

..................................................................................................

..............................

..............................................

aTracel= P-P  65;60V . Max 36,80Y :  Mip ~—28;00v
| Rms  24;41Y Avg 130.70¥ ©  Freq  28,00kHz

: : : : A : : : ™
Measure [Ttem Delay Time ALL Scan| | Cursor
orr ENY | Setwp | setup T2 ExEC | “S0dav
sFiltera =0ffsatw =Record Lengih= aTriggeras
Smaothing : OFF CH1 : ooV Main K Mmnde : AUTO
BW ! FULL CH2 : 0.00v Zoom . 10K Type:EDGEOl-H_'F
Delay : 0.0ns

Hold OFF :  MINIMUM

7U 44 umRedggneusninavachiillvan (Prove +10 il v, =24 Taad)
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425 mademanesmduihfsesfunnvesuemvahidaue e siuiladyena

uazﬂmnmw%’ai’qmﬂuﬁunﬁ'lﬁ

Stopped 3 2008/01/25 13:30:46
CH1=50V : : : 20us/div
ARG 11 : : : (20us/div)
SSTRTOUUE SOVRUI SOV RN SOOI TOUTUTNE ST SO NORMISOMS/S
a

=Fiter= =0ffget= =Record Length= =Trigger=
Smooihing : OFF CH1 ; ==we=m== Main : 1K Mode : AUTO
BW : FULL CHz : 0.0V Zoom 10K  Type : EDOGE CH1 &
Dela 0.0ns

31]% 4.5 urasiyysnaueriiyavasliillvan (Probe *10 'fl v, =100 Tand)
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42.6 mdemaNsIMEIthMsetunnve nemvaiidiuszsvsiuiladiyans
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2008/01/25 133320

=Fliter= =0ffset= sRecord Lengthm oTrigger=
Smoothing : OFF CHl | ===sae= Main ; 10K  Maode : AUTO
BW : FULL CH2 : 0.00v Zomm @ 10K Type : EDGE CH1 &
Delay @ 0.0ns
Hold OFf :  MINIMUM
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427 UIAINDNITNADLGY YBIZ 103910 1HDA B STAVIIAUB AN I

. L, Vi V out rms Lu
0 0 0 0 0
24 0.23 34.2 31.34 0.21
48 0.49 68 61.28 0.46
72 0.70 104 93.48 0.65
100 1.01 142 130.2 0.944
110 1.10 157 142.43 1.040
148 1.49 213 191.64 1.41
220 2.18 311 282.39 2.09
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Temperature
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Tempemniture Temperature Time
el poin4°C | (Minwe) | set poimtS0°C | (Minute) | set poimi60°C | ( Minuie)
aec 0 31°C 0 3°C 0
e 138 37°C " 3C 135
3C 113 3°C 210 3¢ 212
34°C 246 e 24 ue 143
3 1,16 38°¢ il 3¢ Y
°C 247 °C 338 36°C 3.40
e 19 e 418 3¢ | a6
wee 4351 W 447 W P
WC 23 3°C 516 9°C 521
e 5.9 HFC 5.56 ¢ 5.51
; . ar°¢ a1 c 623
- - 27¢ 701 o e ; 7.08
. . 43 7.46 ¢ P o
. 43°C 3.33 HC LD
. - 45°C 922 J8°C {9
. . ¢ 9.5 e | 9
B - - 370 10.13 $7°C 101G
. . a8°C 1038 o 1038
. . e | s e 1100
- . s°C 1129 W 1128
- . - . 51°C 1222
- . . . s2°C 1287
. . - . s¥C 13.25
- - - - ST 1388
- - . - e 14,18
- - - - ¢ 14,38
. . - . srC 13.20
. . . . s¥EC 15.52
. . . . e 16.27
- . . - are 17.04
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SWITCHMODE™ Pulse Width
Modulation Control Circuit

The T.d452 1s a taee frequency, pulse width rodulation contrel circut

desrgned primants for SATSRWODE power supply contal

» Complete Pu se Waidih Wodulation Cantrol Circuitry

® On-Ch p Csc later wih Mastes or S ave Operatior

® On-Ch p Error sn°pl fiers

® On-ChpZ DV Reference

* Adjustable Deadt me Cont-ol

® Uncormitled Qutput Transistors Hated to S00 A Source or S nk
* Output Contcl ‘or Push-Pull or S rgle-Enced Jperat on

® Undervo tage Lockolt

MAXIMUM RATINGS '=,) goeating ar 4snite Npera ure fatge aapiss
1rkess vhens se o'ed |

Qrder this document by TL494'D

TL494
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PULSE WIDTH MODULATION
CONTROL CIRCUIT
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RECOMMENDED OPERATING CONDITIONS
Lharacterisucs ] Symbol Min TyD Mo Unig
Foaer Sopoly Yollage Rl 72 e a0 v
Cotesor Cu ol valtage Yer hea - ko) 47 ‘
Collecor Suwrout Cusent Zach traneisien ic1, 1oz - - 200 ma
Arpifien Ingut /oltage LY =53 - tog-20 Y
Cure, Ino Feedrack Tenirat iy - - g2 na
Reference SuLot Cument %] - - 12 A
Tming Restor T 1% 32 a0 393
Tming Capacrior oT oner 031 19 uF
Ose Nlatg =requency o 10 40 250 ] i

ELECTRICAL CHARACTERISTICS Mo =2 C7 =001 pF Ry = 12 42, Unless ctherwse Auted o
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Figure 1. Representative Block Diagram
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TLA94
APPLICATIONS INFORMATION

Description

The TL4G2 15 a ‘ixedfreguercy pu se «idth meculaton
cordol oreut, meorperating e primary buiding blocks
requirad ‘or the camirg oF a sw tching power supply (See
Figure 1 ) Aninternal-inear sawtocth oscillatar 1s Tequency~
progeancmable by "wo extern componerds RT and ©7 The
approxmate cscllator fequercy 18 cates-mined by

i

faze « ———
Q3¢ RT‘CT

Fortmoe nformation refer ta F gure 3

Outpat putse wuzth medulatan s accomplshad by
compansan of the postive sawtocth wa.eform asross
eapar tor CT to zither o iwo contwal signals The NOR gates
wh ch dnve oulput tansistors Q' and Q2, are erabled op ¢
when tha fip—fop clock-input ing 15 1n its lcw state Ths
happens only cunng that peruen of tre when “he sasoctn
votage s greater than the contro! sgnals Therefore an
mere@se in tontral-signal an'pliude causes a corraspanc ng
lmear decrease of outout pulse wicth iRefer m the Tivng
Diagram shown it Figure 2

The contro tignals are extenal pputs that can be fed into
the deactme control the evo~ amplfier nputs or the
feedback input The deadtime contral compararar has an
effectve 12ImY rput afset which e ts the m nreuo output
deadt me to apgroximately the first 4% of the santooth—c; cle
tme Ths would result in a maximurr duty cycle on a given
output of 96% v ththe cutput control grounded and 48% wath
it connected to the reference ne Addmonat deadtime may
he impased on the output by seling the deadt me-tontol
nput o a fxed voltage rang ng between 3V 103 3V

Functional Table

iNpULOutpw fowr
Cohitrols Onitput Fuircuon ?E -
Grounded | Single—enzsc AR 3 Q1 and a2 ic

[
n

- Push—puli Cperston

The pu'se wath noddlator compaatar prowdes 3 mears
for the error amplifiers 1o adst the cuiput pulse w dth am
the maxrum percent en-ame estab shed vy the teadme
cont-al mput down o zero, as the «o'tage at the feedbach pin
vates ‘ront 05 Vo 35 Y 3oth error amrp ‘lers have a
common made nput *arge e -1 AW ta Moo - 27 and

may ke usec to sense power-supply oulpat voltage ard
eLrent The e-ror=amp ther outputs are actse high and are
ORed ‘ogetner at the nominverting input of tha pufse—wdth
madulator campasatar Airh thes confguratan, the amp'fis
trat deTands minnur outpat or 4me donunates contro of
ke loop

A'men capactor CT s dscharged a postee puse s
gere-ated on the cutput of the ceadtme campa-ator, which
clacks ‘re puize-gteasng fip-floo and nhibis the oatput
trans stors, Q' ard (2 ¥ th the outpui—contro conected to
the refererce ing, the puse-steerrg Tip~ap directs tha
modufatea pulses ta each of the tws output transstars
altematey ‘or pusk-pull ope-ation The output “lequency 1s
egqua ta hal hat of the osc lator Cutput drve can also Le
tawer from Q1 or A2, when s ngle—enced cperancn with a
maximum on-trre of less than 5% s required This s
desirabe when the outptn tansfarmer has 1 ~nghack
amding wth a cateh disae used for snubbng When highe~
suput-dfnve currems are regured for single-ended
aperation, G1 and G2 may be connected 1n paratiel, and the
output-mode ph must ke ted to gourd to disable the
lip~flop The output freguency w il no s be equa 1 that of the
ascrtiatar

The TLAW has an mterral 52 V referenca capable of
soure ng up to 10 mA of kaad currer:t “or externaf bias circuits
The reference has an intermal accuracy of £5 0% with a
typical thenol dnft of ess than 33 mY over an operatrg
terparatie cange of § o 71 C

Figure 3. Oscillatos f requency versus
Tuming Resistance
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Figure 4, Open Loop Voitage Gam and
Phase versus Frequency
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Figure 10 Error—Amplifler Characteristics Figure 11 Deadtume and Feadback Contrel Circurt
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Figure 21 Pulse Width Modulated Step-Down Converter

—p 3

13nH 222

SR I SR

B3 TLASY
Maas
TR ST 0l i 5
Do le Jem]r e
J_ | [t
358 T S
1 T 1
e el J
Test

Conditions

Results

L ne Reqe atyn Va=B8C\V 23/
3 n

Iy T

Load Reguloten V=25 =027t 200 mA

LS CG2%

Cutput Ripole

W= 2BV ip =200 ma
V= 128V RL =910

Short Siretit Curvent

Dmvpp PARLE

25)n 4

=200 ma

EHicerey Vo= TEY =20

T

10

MOTOROLA ANALOG IC DEVICE DATA

86



TL494
OUTLINE DIMENSIONS

i

— ? ‘_[ 5
W e i

| K
cL3
Dwop
TSN

N SUFFIX
FPLASTIC PACKSE
CASE £32-02
IR2LER

i
CFLIASIAMEL
LRI s
= Ik
WiLMETERS
RN
LMY

J—— I

oA

0 SUFFIX
PLASTIC PACKAGE
LASE TE1B~03
{50-1%}
ISSUE .

ENLIN B G EHYTCERAM N FIR
AND Y 4N 1et

PPN PPATER AL ZONI 36

PILLMETERS W)
kL]
(A | g¢; | wiplGred
B | ocz [ 462 [ QiR
[ AN
gas [ cac foo
= | e LRI
A e =
PRI - N
X i Ll yfd
o T
vl an] ex
Rigarl aacfeci

MDTOROLA ANALCG iC DEVICE DATA

i1

&7



LS VRIS e S LA R LN (S L RN T P R L Sl IR LU ol B R O R et Tl O LI VL S TP FUUNL LU SRS i

Bewr arg ¥ I e g et i S, PN D IRy T dter TRl pae 1 b ok, T e rhiRs aop 1t Wi W na TIoaT Wyt ok

AT P RTINS s a3 Il A AR R AT e Lt ey st et mzer L perrer s shd my L ke prd et i
}

LIIPL RN LS N VO (R R AL L P RRTINL RRS T P R IR PRI B AT L P TIPS B PR TR 1 I KPR AUt LT I E N o B
T R A AL Ul YT e e SRR IS L DS H R S PRI P VS |
Freey Phtwrcdeg a3aty el e ] TR v ke e 12 L Ee I p COREU G IR TRAWE I SN P LR TN Lo o X A
ey I Lt B (L O LV S R S N R R LN T Pas IR TR P L T LR T AR LA R LSV PEEI O ST O B TT W e S Y? 2P L R L N T
LRI, Uity AU AN adims s A ByTne ST et st Lt Asd sl wamni ana cita Buparaaa saunf ac dba 0 ormd
vt M AFLET Saped, (48 LSS MTIEVE 20 3U0 ettt AT R3S 2 A IAE DU (% a6 e MR 3T TRkt e 1IN, had
LT APTELgh I P N PRSI | I8y oo TR I g SO TR ST S Yy | TS o ISy (TP | Tl Bl =N TR IR I LS 3 FRERE 24 g Dy e
XF ORI Q.l;r tegThe eF TN P IS T et P W EY D

RUNSER L B SRR FT INITIAE I DL BT

£30 0T QT IO the BT O P LA A T
SAPOFUTHy A% T e 4opar EMp I

L7 WINR TV T Y
ULA ELROPE LopatitsHotasnd bodile oo aaeaxn JAFAN titeom WAooy 2 Sy IFD .00 CF S o Aot Jbtx
ERAN SN LI TN, SRRVSY (VI LO I EENT S SATRE T BT R | ot R R b N U S I S PR AT O e

NEAK FOSFARS zutnat g ¢ ="K BT S AR PACFE S St e e 101 48 Ta B oY il T
INTERMET 170 'Toznh HET23m G0 TrS ke Rl TP W T Roas <% 55D 202N

MOTOROLA L5400

RPNV O T B

88



89

International
Rectifier IRFP450

HEXFET® Power MOSFET

s Dynamic dv/dt Rating

= Repetitive Avalanche Rated b .

¢ Isolaled Central Mounting Hole y VDSS = 500V

® Fast Switching E

® Ease of Paralleling s ] ’,x Rpg(on) = 0-400
* Simple Dnve Requirements :

Description

Thiro Generation HEXFETs from International Rechiler provide 1he designer
with thg best combmaton of fast switching, ruggedizea device Zesign, ow
on-resistance and cost-effectivenass

The TQ 247 package is preferred for conmercial inGusir al applications
where higher power levels preciude the use of T0-220 davices. The TO-247
's simular but supenior to the oad er TO-218 package because of 45 isolated
mounting kole. [t also provides greater creepage distance between pins to
rmees the requirements of most safely specifications.

DATA
SHEETS

Absolute Maximum Ratings

\ L Parameter . _  Max._ . Lnits _
o @ Tc=25'C | Canviruous Drain Current, Vgs @ 10V L H 1
@ Tc=100°C  Gonwnuous Orar Gueert Ves @ 10V 87 | A |
“ou_ . |Puised Dran Cuent T ) .56 o o
Pp @ Tz =25"C | Power Dissigatien w0 W
o . binearDeming Facior . ooas L lwe
Vas | GateloSouraVohage =20 v
Fas E_Sﬂlngle Pulsg Avalaneng Fnergy I§D_ . “- : _‘ 7_! J'IiJ .
Man_ . iAvmanche Cumew ¢ R A
L . Repellive avatarcre Bneray D 1 oo
- Jvidt ' Peak Diode Recovery dvidl & 95 Vs
T Ogerating Junction and 5513 +150
Ts16 . Storage Terperature Rarge ’ R *C
i A _ Solcering Temperalure “or ' 0 seconus ) 30C {1 6mm ‘rom case)

) ' Mounting Torque 6-32 cr M3 screw 1ot A Nem) ‘;

Thermal Resistance

- E Pasameter Min T rT—yp— ﬂ;ﬂmmils )
Ay | sunction-to-Case . o= 0 = 085

Rics, _ | GCaseto Sink, Flat Greased Saiface . . Qea — jTOW
Rc:,A 7 77 " wune'inn-le-Ambion . - 1 w0 |

1619



IRFP450

[TOR]

Erectrlcal Characteristics @ Ty = 25°C (unless otherwise spemﬂed}

Parameter ‘\‘m | Typ Max "Wags 7 TPsi f‘;ﬁdn orﬁ T
Virnoss D-atin lo-Bource Breakdown Vollage 1 500 | -~V _l_V_quOV._ o= 250pA
| WinarsoAT, | Breakdown Voltage Temp_ Corlbaprt E LD 83 | f Vo -Bch/cran 25°C, b= 1A
Foginy Smttc Dr..nn to Source On Rey | blu.']cc o ’ ~ o /0 Q Vos- 10V, -840 @ _J
"Vesan §_3;g Thrf_s}lolgl Ynlwtage L 20 | - ¢ 4 0 I \% [V—\s-.ves lu= 250pA
T CI Forward Tarsconductange 83 = - S V=050V, 1=84A & ]
Inss Dramrlc-Scurce Leakage Currert LT B A !VF‘EJGOV' Vos-0V
-, - 2:19 _ Vog- 400V, Vgy=QV, T|—|A5VC !
Nass | Bate-to-Source Forware Leakage — ~ | 100 A _|_V<;s_—20\l . ]
o | Gate-lo-Source Reverse | eakage [ — ' — |-1m¢ _ Vas=20V . ;
lQ;,___ Total Gaie Charge e — |50 ls=T4A :
e . Gato-tu-Source Chargoe - 20 nC | Vps—400V
,pw | Gate-to-Drain ( M ler') Grarge ) B |Ver~10Y See Fig. Bard 134
[ __1un-On Deay I'me S Vi Voo=250v :
Mo _[-‘%.se T‘me . . - 47 — as | 19A
!":‘,(mr “Tum-OH De ay Tore o 82 | — Ra=6 2{)
u < Fall T1me — a4 = Ax=1700 See Figure 10% ]
i r. tnarnai Drain Inductance — ' 50 — Eﬂ‘ﬁc?g;;}?a I_e"\
- R - . o | from package .
Ls Umarral Source inouctarce — | 13 — g”‘d center of N
I S o ie comact .
"Cis Inp.JlCupdc.n._ncu Ry [ Vrg= OV
’(.u_, ’ [Qq pu: Capacitance L 720 9F | Vpse- 25V
Cns  iReverse Transior Capac tance [EEC (F-10MHz See Figute 5
Source—Drain Ratings and Characteristlcs
. A “ T—w ------ Parammer . Mer ' ﬂ.p Im:ax {»U’Nrs fastboﬁdllléhq f
s | Centimuous Source Currait _ 1 - MOSHET symool p 5\:
{Bady Diodz) . i showing the { t‘ ‘_‘
fawe , Mulsed Souree Currert integral "evesse G\fp_]., i
l(Body Digde) ™ P-n unchion digde 8 T

o ‘Dlogg_FoMardycnage
tr 1H0vfg'5_0 Recovery Time

Che __Raverse Racovery Charge
tar “onware Tum On Time
Nxes:

) Repeutive ratng, Luise wikin imiec oy
max, urction temneratire (Ses Fiqure 11}

7 Wpp=50V, sasing Tu=25"C L-7 0mil
A=2he), lae="4A (Gee Fgure 12)

Lo ispsLTAA, drdi 1J0A LS
T.<150°C

R,

" 540 | 10

72

rnGie e on 1 me 1 nnglngﬂ-ln {fir on 1§ aom|

Ty=25"C 12':14.F\ Vgg—OV
rs 1T—?5<c le=14A

L’C _duot-100AMs

r'nnc hy Lg~ Ln,

VIDLVIBRIDSS,

‘a; Prlse widh < 300 1.8; auty cycle <2%
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IGR] IRFP450
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Fig 1. Typwcal Output Characteristics, Fig 2. Typical Output Characteristics,
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Capacitance (pF)

lgp. Hevarse Drain Curront {Amps)
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Fig 5. Typicai Capacitance Vs,
Drain-to-Source Voitage
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Fig 7. Typical Source-Drair Diode
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I, Drasn Current (Amps)
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circunit

Appendix A: Figdre 14 Peak Dicae Recovery dvdt Test Circurt — Sec page 1505
Appendix B: Pacxage Quthne Mechanical Cawirg — See page 1511

Appendix C: Part Marking Irformation - See page 1517 lntemational
zer; Rectifier
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TOSHIBA TLP250(INV}

MAXIMUM RATINGS (Ta=25°C)
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. P =2€us, 184kz - £
‘HrPash R ! \ N
o areee 1
Q.tout Sareet st Opz ETEhAz -
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L ek Sl fus RCERHz ’ - £ N
- [ ba.
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Opaetr g Teparatur= Raage Tt =-20Ef e
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Lasd Zo den—g TamyeraLre! 1ls! Tos s ) °C
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TOSHIBA

TLP250(INV}

ELECTRICAL CHARACTERISTICS (Ta = =20~70°C,Unless otharwise specified)
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TLP250(INV)

SWITCHING CHARACTERISTICS (Ta =-20~70°C,Unless otherwise specified)
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Fig.5tpLH~ tpHL. tr. tf TEST CIRCUIT

1 2
oo ’JI - i IF e
; =g R R ! i v ;e
= B il —jt“ <
1 |
’—]1 PLCL. — W, a0e
D Gt A B Vi &
pid : i Vi 707
'Ld, { W ) N —l\ :
P o e RN N— ; L 0%
-1
‘:'DL“[, FD >
Fig.6 CMy, CM_ TEST CIRCUIT
\ } 1
sy JF I
g 1} ~ vy
oot 0. ipF veo
Ai B, b A
= i .
/:'\‘\""C‘\I'
Y i
Vey = 100"
3% n N
W &Fs=Ema 300V
il M. CMy= —d)

Vs _ \ / e - WSt
/\ B‘JG["JJ}

S 31IF=0mi; _—
tips)

CM- CML =

CMULICK —11s the 2« pyane rate of nse:"a [ of the common moze veitage that can ke
asLetpned with the cutpat votage v the leeinighistate

:. 2002-08-27



TOSHIBA TLP2501INY]

RESTRICTIONS ON PRODUCT USE o
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Ultrasonic transducer

B2 §

5 8D B BOFET 84D

Mi02P1. O

8 SAND B ASTED o3

28KHz Type {4535D-28HBA)

RESONANCE FREQUENCY i) 278+ 08
RESONANCE IMPEDANCE (@) BELOW 30
CAPACTIANCE (pF) 3800 + 300 (at 1 KHz)
MAX OPERATING POWER (/] 70 {Using 1 Tranadwoer)

50 {Using more than 2 Transducers)
INSOLATION RESISTANGE R MQ) More than 10,000 (DT 1000V)
MAX. OPERATING TEMPERATURE <) BELOW 120

40KHz Typa {4835D-40HBA)

RESONANCE FREQUENCY KHZ) 38.9+ 058
RESONANCE IMPEDANCE Q) BELOW 40
GAPACITANCE (oF) 3800 +- 300 {at 1 KiHz)
MAX. OPERATING POWER w) 70 ( Using 1 Trmsducer)
50 fUsing more than 2 Teansducers et loast)
INSOLATION RESISTANCE IRMO) | More then 10,000 (DC 1000V)
MAX OPERATING TEMPERATURE © BELOW 120
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n | A T DS18520
H- DALLAS High Precision

P’ SEMICONDUCTOR
1.Wire® DlgltaIThermometer

L S dalsemi tor

FEATURES PIN ASSIGNMENT

Lieque 1-wiare inverface requures only one

port paa for conununication DALLAS Hne
+ Each device lias a umque &4-210 tenal code ns1s20

stored 11 an on-beard ROM 12 ne
+ Mulu-diop capabiliry srcplifies diznrbured o

‘emperatice sensmng applicanons
+ Requires no external compenents
o CanLe powered fiom dama lue Power supplv S-pta 13C-mal SCIC
range 15 30V e 3 3V (D5185.202)
+ Meatures  temperaures Zom —3FC w0
~123°C 67F 10 +237°T)
3 Caccuraey frem—19°C 10 ~83°C

L ] el
« O thermometer resolnnoen g 3
s Converts remperatuse 1a 770 ms 1eax ) an
+  User-definable rouvolanle atam sethings
o Alammr search  comunand  adennfies and
adilresses  devwices whose  femperaure 15
cuside of megranrned lmass {femperatie ECTTONVEW
alarm cenditicn) 0.9
s Apphcations mciude ~hemmostalic controls PN
. i (DSI8SIM
mdusrial  svitems.  conswener  products,
shemmomerers. of any  thermaliv sensiive
vatem PIN DESCRIPTION
CXD - Ground
JQ -DatalnOu:
V¢ - Power Supplv Volage
NC  -NoComect
DESCRIPTION

The D518S20 Dagital Thermemerer provides &=t cenngrade temperature riedsiements and has an
almm fonction wita nonvolasie user-progranurable upper and lower trigger pants  Tae DS18S20
commuuucates over a l-nire dus chat »v definiton requrres onlv one data kne (and ground) for
COMTANECINON With 3 central ncroprocessor 11 1as a0 aperatme reayperature range of =33°C to ~123°C
and 15 accutaze o 0 37°C over the range of —10°C 10 +85°C  In addhnion dhe D513520 can demve pover
durecriy from e data Une ("parasite power 't eanananng the need for a1 exteraal powver suppiy

Each DS18520 has a uque &-b1c senal code. which allows mufbiple DS18520s to funcrica on the same
l-sawre bus. thus, 1t 15 sunple jo use one mics OPIoCes:or 10 control many DS18S2Cs disibuted over a
large aen Applicazons thal can benefit from this feature pmclude HVAC emvironmentzl conxols
tercperature fiomtormg systers mstde buldings equipment of machinery, and process momterng and
contro} syetens
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OPERATION - MEASURING TEMPERATURE

Tt core fimctionality of the D518520 15 :ts direc-to-digital ferperature sensor  The temperarite sensor
outpu- has 9-bit reschunon. whach corresponds to 05 C ateps.  The DSISS20 powers-up 11 a low-power
1dle state. to yutiate a femperamire measurerien: and A-to-D contersion, the master must issue a Converr
T [H4h] command  Foliowing the coaversion e resulzng -hermal dara 15 stored w12 2-nvte
terperanne regaster m the scratehpad memory and tae DS1SS20 requrns 7o 15 idfe state I the DS18S20
15 povered by an exrernal supply the master cau issue “tead mne slots” (see the I-WIRE BUS SYSTEM
sechion) after the Convert T comimand and the DS18S20 wall respond by mansndung 0 wivle the
TRMDETANTE CONVErSION 15 i progre:s and 1 When the conversion 15 done, 1f the DSISSID 15 powerad
with parasite powwer thus nonfication techmque cannot be vused smce the bus must be pulled higl br a
srong pullup dunng the eatire temperahure conversion  1ae bus requerements for parasite pover are
explaned in detasd m the POWERING THE DS1852C <2ctton of this datasaeet.

The DS1SSIC curput data 13 calibrated i degrees ceangiade. for Fahrenhet applications. 3 lookup table
of coaversion Toutine must be used  The temperature data 15 stored as a 16-bat sign-exwended two s
cowplement number i 1he temperature 18er (see Iirnue 2y The gga birs {S) mccate 1f the
temperature 15 posive or negative for posizive numbers § = 0 and for negative numbers S =1 Table 2
gwves examples of digatal curput datz and the corresponding teniperature reading.

Resoluntans greater than © bits can be calculated nsing the dar from the tempersture, COUNT REMAIN
and COUNT PER “C regsters 1 the scratchpad  Note that “he COUNT PER “C regster 15 Jard-wired 10
18 {10hy Afrer reading -he scratchpad the TEMP READ walue 15 obtared by troacameg tae 6.5 C bat
ibit ) from the temperanire dara fee Timure 2 The extended reseluton temperature can chen be
calculated uing the foilowiag eguazon.

el Wee Fnd

"OLNT RER - LT RENADS
TEMPERATLRE = TEMP_RED -0 254 00T PR _CoCOMAT Ao L

- COUNT _PER_C
Addional wfenaiion adout :ph-resoluticn remperarure catculanons can ve found m Appacation Note
195 - High Resclution Temperamre Measurement with Dallas Direct-to-Digital Teraperanire Sensors .

TEMPERATURE REGISTER FORMAT Fiqure 2

A bt & b S ko2 o 3 tat 2 l‘ll_: b o
Lseye| 2 | ¥ | 2 ¢ | ¥ [ T 1 o

bi- IF bl e 12 e ll bt 10 b @ b:

lISB}'terS'Ih;:4—[ s | s | s | s T s ] ;J

TEMPERATURE/DATA RELATIONSHIP Table 2

| TEMPERATURE DIGITAL OUTPLT DIGITAL OUTPUT

{(Binary) (Hex}

-85 0°C™ D000 0020 1010 1010 CCAADL
+230°C COND 0900 0611 1910 QG3h

=0 3°C CO00 0000 G000 1007 06010

03C 0009 999 0000 3000 cGloh

-0.5°C 1111t FFF-h
W23 LI 1143 1110 TFCEL
-EROC 11111811 1091 D310 rFath

*The power-a2 razet valve o the samparamure zegizzan 3 —853(



OPERATION ~ ALARM SIGNALING

Afer the DS1852( perfonn: a lemperanue Couversicn. 122 tamperanure saue 15 compared to the user-
defined rve & complemeut alarm migzer values stored mn tae 1-oite Tx and Ti remsters {see Frque 3).
The sign et {5) indhcate: 1f the value 3 postirve of negatve. for postiive numbers S = 0 and for negamve
pumibers S = 1. The Ty and T reqisters are nonvelatle (EEPRQM <o they will retam data when e
devrce 15 povered dovn Tz and T- cap be accessed through bites 2 and 3 of the scraschpad 23 explamed
10 the MEMORY secuon of ths datasheer

Ty AND T REGISTER FORMAT Figure 3

b bit & btt-:‘ l:','-é :\'.‘._5 b:'\l bt ! Lo
AR A0 N 0 0 0 A

Only b1ts 8 through 1 of the temperature register are used m the Ty and Tr comganson since Ty and To
are 8-tut registers  IF the 1esult of a temperamire measurement 13 lugher thaa Tz of lowver than T:
alarm condinon exusts and an alarm lag 15 set mside the D538520  This flag o5 wpdared afer every
temperature measuwewent therefore. of the alarm condinon goes away the flag wall be mimed off afer tae
DXt temperaue Conversion

The master device can check the alare flag stani of all DSI1SS20s on the bus by ssume za Alann Search
[ECh] comrmand  Any D518520s wih a set alarm flag will respond o he command 50 the maser caa
determeme exactly wihack DS185205 have expenenced an alamm condinon. If an alarm condinen exisrs
and e Ty or T- sermags have changed another remperanire coaversien should be done to validate the
alarzy condizon.

POWERING THE D5185320

The DST8SI0 cant be ponered Y an exteraal supply on he Voo pan. of 17 can operate 1 “paraste power
wode. winch allows: the DSISS2Y fo funcnen wathout a local extemal supply  Pasasi-e power 1s verv
uzefl for appieanc:s Tt requue remore lemperanmre seasL1Z of Nar are verv space constraned Figure
1 shows the DS185207s parasre-power control aircitry. which ‘steals” power Zrom: the 1-wire bus via
the DQ pia when the bus 15 lugh Tae tolen charge powers the DSI8S2D niatle the bus 1s gh. and some
of the charge :3 :ored oa the parasme powet capactor (o to provide povier when the bus s levw,
When :he DS1852C 15 used m parasite posver mode. “he Var pai must be connected to grouad

an
N S

I parasite power nuode. -he I-wire bus and Coz can provide suffictent curent to tae DS1SSI0 for moewnt
operaons a3 iong as che specified raung and voltage caqurements are me; efer @ tae DC
ELECTRICAL CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of dus
data sheert  Howmever, when the DSI8520 15 perfonume emperature conversions or copying data from
the scrazcapad memery to EEPROM, the eperating current ¢t be as uzh as & 3 mA. This cument can
cause an vaacceptadle voltage drop acress the weak 1-wire pullup resister and 15 more cumrent than can de
wpphed by Caz To assure 1127 the DS18529 has surficient supply currens. 1t 15 necessary to provide 2
vrong pullup on the l-wire bus whepever ~emperanre comversions are tzkung place or daia is bemg
copred from he scratchpad to EEPROM This can be accomplished by using a MOSFET o pull the bus
darec:lv 1o the ra1l as shown w Figure 4 The 1-wire bus must be swirched to the strong puliup withun 10
us umax) afer a Converr T [H4a] or Copy Scratekpad [48h] conunand 25 1ssued and the bus musr be held
high by the pullup for tie dumbon of e conversion {t- ) Or ¢ata Tansier (fhy = 10 st Wo other
activry can take piace on the 1-wire bus winle the puiup 15 enasled

Tae DS18520 can also be ponwered by the conventional method of connecting an external power supply 1o

the Voo pta. a2 :hown n Fioure 5 The advantage of this method 15 *hat the MOSFET pulhiyp s nor
required. and the 1-wire bus 1s fiee o carrv other Tarffic dureis <ae temperatule conversion jung
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The mse of parasite pawes 1 not recorunended for retnperanwes above 1007C smee the DS18520 mav ne:
be able to sustain comenmecanuons ¢ue to the Jugher leakage cuents “hat can exast at these temperatues
Tor appheations 1o which such temperanures are likeiy 1t 15 strongly reconunended char the DS18320) be
poresed Dy an exemal povier dupply.

11 some sttuations the bus master may oot know whether the DS1852Cy on the bus are parasite pownered
of powered by external supplies  The master needs tus mfenmanen to deternune 32 the syong bus pullup
should be used during temperature converssons  To get this miormation the mester can 1saue 2 Skp
ROM [CCh] command followed by a Read Power Suppiy 3] command Jeliowed by a “read tme
slot Dwrag he read time slot parasite povwered D5S185205 wil pull the bu: low and exrenally
ponered D318S20s will fer the bus remnm fugh I the bus s pulled low the iaster knows that 1t st
supply the strong pullip on the 1-wire bus duning tsmperature coave: iions

SUPPLYING THE PARASITE-POWERED D$18820 DURING TEMPERATURE
CONVERSIONS Figure 4

Ve
DS18520
Ve N2 DO Ve
Micio- - 1
processor 3K v
1-Wire Bu- To Other
Lt I-Wire Devices

FOWERING THE DS18820 WITH AN EXTERNAL SUPPLY Figure &

A\ DS1852D Vip (Esteznal Supph
Micro- T D DO Yy
processor

4K
To Other

1-Aire Su: 1-Wbare Devices

64-BIT LASERED ROM CODE

Zach DS18S2C comrams a wazque 64017 cede (zee Frgure 65 stored in RON The least sagmficznt 8 b1
of the ROM code contaw the DS18520 ¢ l—wire famaly code: 10h The next 43 tuts contamn a vrque
senal murber The most sgmficant § D1 contan a cvehe redundancy check (CRC) vate that is
calculared from the {1730 35 brzs of the ROM code. A detailed explanstion of the CRC bats 15 provaded 1
the CRC GINERATION secuon. The #+-tat ROM cede and assounared ROM functien conrrel logic
altow the DS18520 to operate az & 1—wie device using the protocel demailed 1n the 1-WIRE BUS
SYSTEM sect:on of thus datazheet

64-BIT LASERED ROM CODE Figure §

| S-BII CRC [ 33-BIT SERIAL NUMBER_ | 8-BIT EAMILY CODE (1Chy_ ]
NEB LB M5B L33  ASB 1B
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MEMORY

The DSI8S20's mewoery 15 orzamzed as thown 1 Figure 7 The memory consists of an SRAM
seratehpad with nesrvolatle EEPROM sterage for -he Ligh and low alaim toigger registers {2y and To)
Note Thar 1f the DS18520 alarm funcuon 23 not used. the Ty and To registers can secve as general-purposs
memiesy, All memory comumands are described 1 detatl i the DS18S20 FUNCTION COMMANDS
section

Suvte § and byte | of tae scratchpad contain the LSB and the MSB of the remperature cegister.
tespectively  These bites are rezd-oniv, Butes 2 and 3 provide access to Ty and T: remsters Butes 4
and % are reserved for 1rernal use by the device and cannot be overwntten. these bytes will reura all s
when read  Bites 6 and 7 contar the COUNT REMATIN and COUNT PER °C regrsters. which can be
used to caleulate extended resoluson resulys as explauned m the OPERATION — MEASURING
TEMPERATURE section.

3r1e § of the seratchpad 15 read-only and conratas the cvehe redundancy check (CRCY code for bytes ©
threugh 7 of the scratchpad. The DS18S20 zenerates this CRC usmg the methed deseribed m she CRC
GENERATION section

Data s writen to bytes 2 and 3 of the scrarchpad wsing the Write Scraschpad {4Eh) corrmand, the data
must be transnutted o the DS18S20 starting -with tae ieast sigufeaas bt of byte 2. To vensdy data
itegaty. the seratchpad can be read using tae Read Seratehpad [BEQ] comaand) after the dota 15
uwriten.  When reading the scratchpad data is transferred over the 1-mire bus stamng with the least
smmuficant oar of byte & To mansler the T= and T: data fom the scratchpad to EEPROM  (he muaster
must sue the Cepy Seratchpad [484] command

Data tn the TEPRON registers 15 retamned wheun the dewce s powered down. at power-up the EZPRONM
data 15 reloaded ure the corresponding seoaechipad locatiens  Dada can abio be relonded om EEPROM
to "he seratchpad at any tuve using the Recall 27 [BSh] command  The master can wsue “read ume slois”
(see e [-WIRE 3TS SYSTEM secuom! foliowing the Recall E° comand and the DS18S2C wall
heate the siatus of the recall by tragseanng ) whitle the 1ecall 15 11 progress and | when the recall 15
donte.

DS18520 MEMORY MAP ca&l &

SCRATCHPAD (Power-up State}
brre 0 | Temperamre LSB {AAL )

= (8570
byte 1 | Tewrperare MS3 {G0h EEPROXM
bate 2 | Ty Remster or User Byre 1” 4——| T:Remstero UserBye |
bae 3 | Ty Remster of User Brye 2” +——| T- Register or User Bute 2

Lrte 4 ) Reserved 1TF)

vie 5 | Resarved (FFh
byte 6 | COUNT REMAIN {0Ch)
bvie 7 | COUNTPER *C (10w}
buie 8 | CRCH

"Poser-up rtate depand. ax valuz 21 stered

S EEFRQMLL
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1-WIRE SIGNALING

The DS18S20 uses a stret 1-wire conmmrunicason pratocel to msure data integrity Several signal tvpes
are defmed by {fus protocel: reset puise. presence pulse write G write 1. read & and read 1 All of these
signals, wath the exceprion of the presenice pulse are inrmiated by the bus master.

INITIALIZATION PROCEDURE: RESET AND PRESENCE PULSES

All communication wirh the DS18S20 begms with an muntalizanon sequence that conizsts of a resst puise
“rom the maszer followed by a presence pulie from the DS1852¢  Tlus is tlusirated wm Fizure 19 Whes
the DS18520 sends *he presence pulse :n response to the reset. 1t 15 indicanng 10 the master that it 3 on
the bus and ready 10 operate,

During the inrmalizaton sequence the bus master transnuts (Tx) e reset pulse by pulling e I-wire bus
low for 2 muumun of 480 us The bus master chen releases the bus and goes e recerve mode (Ru.
When tie bus 15 released the 3% pullup resistor pulls the i-wire bus bigh  When the DS18520 detects
this nsmg edge. it wats 15-60 ps and then rransmits a presence pulse by puling the 1-were bus low for
G246 us

INITIALIZATION TIMING Frgure 10

MASTER T, RESET PULSE MASTER R,
487 s mmnimum  —p —————— s mamem o —
DS51652Q T,

D518S520 44— Presénce pu.se
YR SOOI i d e O o
1-W.RE BUS
GND - en
C32300 pul ng iow
—— Pauitirp. .o
READ/WRITE TIME SLOTS

Tae bus master writes dara 10 tae DS18S2G dunng write tume siots and reads dama from 1ae DS18S2¢
during read tare slets One tut of data <5 tragseumed over the [-wire bus per e slot.

WRITE TIME SLOTS

Taere are two tvpes of wrire thne sloty T Wote 17 nme slets and “Wte ©7 time slots The bus master
uses a Wrate 1 tme slot to wirre a logie 1 1o the DS18520 and 2 Write 0 time slot to white 3 tomie ¢ 1o the
DSI8520 Al wnte nure slows mnst be a munmum of €6 us 12 duwratnon with a mixmum of a 1 us
recovery mne benieen mdividual wezte slers  Beth tvpes of write tne slots 212 micated by the master
pulling the 1-wire bus low (see Figure 11).

To generate a Write | mme slot after pulling the I-wire bus low, the bus master must release tie f-wire
bus within 15 ps. When the bus 15 released. the 3k pullup ressstor will pull “he bus high  Te generate a
Wiite 0 tme slot afer pulling the 1-wire bus lowe the bus master st continue to hold he bus low for
the duration of the tune slat (3t least 69 psi. The DS18S2C sarples the 1-wire vus durng a svindow hat
fasss Jroms 13 ps to 60 us after che muaster unciates the wote ame slot. If he bus i3 Iugh dunng the
samphng window. a 1 is wanen 1o the DS18320  If rhe line 22 lew. 2 U 15 written to the DS1882i)
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READ TIME SLOTS

The DS18520 can eniv tansaut dama © the muaster whea the riaster 15sues ead tune slots Therefore. the
CaSTer MLUst generate read time slots mmediately after issung a Read Scrarchpad [BEh} or Read Power
Suppiy [B-4) command. <0 that the DS18S20 can provide the requested data In addimon the master can
geverate read tune :lor: after 1ssung Convert T [+ of Recail E- {B8h] cenurands 1o fad out the starus
of the eperanon as explamed i he DS18§520 FUNCTION COMMAND section

All read tee slots must be 2 mabemn of 60 ps 1 dwation with 2 ceoen of 4 1 s racovery frzne
betieen slots A read e siot 15 uutiated Uy the masier device pulling the l-nre bus low for a
nunemun: of 1 us and thee releazing e bus (see Figure 117 Arter the master initiates the read e slet.
the DS18S2C will begun transmaimng a 1 oy G on ous. The DS1SSI0 transmas a 1 by leaving the bus [ngh
and trananuts 2 G by puiling the bus ow When ansnuttng a 0 the DS18S20 will releaze the tus by e
end of the ture slot, and the tus will be pulled back to its hugh idle state by the pullup res:ster, Ouput
data from tae 2518520 &5 valid for 13 ps after the falling edge that mutiated the read e slet Therefore,
the nuysier must release the vus and then sample the bus state witlun 13 ns from the start of the slo,

riaure 12 llustrates @aar *he sum of Tage. Tae. and Toaprz must ve less than 135 ps for a cead ture slot
Frapre 13 shows that syslem jInung mardn 15 maximized by keepmy Tper and Tpe as short as possihle
and by locanng the master sancple e dunng read e slor: towards the end of the 13 ps perrod

READ/WRITE TIME SLOT TIMING DIAGRAM Figure 11
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DETAILED MASTER READ 1 TIMING Figure 12
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ROM COMMANDS FLOW CHART Figure "4
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DS18520 FUNCTION COMMANDS FLOW CHART Figurg 15
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DEI‘] 8520 OPERATION EXAMPLE 1

In this example there are anitiple D518520s on riie bus and ey are using parasile poner. L2e Hus
easter utiates a ‘emnperatuze coaversion i 2 specific D513520 and then reads :ts scratchpad and
recalculates the CRC ro ver?y the data.

MASTERMODE DATA(LSBFIRST) COMMENTS
TX Feet Master issues reset pulse,
X Presence 25135205 1evpond nath presence pulse
T =5h Madter 13sues March ROM camnrend
X 4510 RON oode Master zends DS18520 ROMN code
X Hh Master sssues Coment T comimand
T~ DQ L:ne held lugh tn Nlaster apphe: sizore pullus to 2Q for the duragon of the
steeng pullup CCLETLIn (e )
X Racet Master sasu2s teces pulse,
=X Piesence D518520s rezpend nath precence pulse.
X S5 AMazter sssues M iarch ROM comnund
X S-oit ROM code Master sends DS18523 20M code.
X BE&L Master 153ues Read Scratchpad command
2X @ dama oytes Master teads entue rcrarchgad icludme CRE The auore:

thea1eealoulyres she CRC o the dest eight dara bates Eom the
serarchpad and compares the calculared CRC with the read
CRC \bvte 9 Ifeaevmatch the master contames. :inon. the
readl opetat: a1 repeared

DS518520 OPERATION EXAMPLE 2

In this example there 1: only cne DS18520 on the bus and :t 15 us:ng parasite power  The master writes

the Ty and T remsters i 71e D518S20 serarchpad and dien ceads the scratchpad and recaleulates the
CRC o venfvie daa The master then copies the scratchpad contenss to EEPROM

MASTER MODE | DATA (LSBFIRST) COMMENTS

X Fe.et Master 1orer tenet pulze

RX Dresence D318S20 1esponds with stezeace pulie

X CCh Mastar preves Slup ROM conunard

X 4Eh 2 laste: 1osves Ve Serxtchiead sonmnand

TX 2 data bytey Mlaster wenlds tng cata butes to scrarcksad (T and 7o

X Raset Mlaater 1sives reset pulse

RX Presence DS18520 responds weh sresence pulie.

™ {Ch Alasrer 1zues Skep ROM comunand

X BEh Master yanas Read Soiarchpad conmand

RX 9 data byres Macrer reads entie soyatchpad weekachag CRC The master then
recalountates the CRC of the fusreighs dara bytes fico the
seratel:pad and cenpsazer the calcolated CRC »ath the 1ead CRC
ibite 9 If they march 12 master coarmues ¥yt the 1ead
Cpe1atien 15 1epeated

X Raevet Jlaster 1ives zeset pulie

X Prezence D&185 20 responds wih mesence pulie

X CCh Mastey 1iues Skzp ROM command

RN 48h 3laster iwtves Copy Saatelpad comonad.

X DQ Ine held mgh bee | Master applies »aoag pollup o D for at tzast 10 oo wlsle copr

sttong cullug CPELAtICL {5 M1 PIOTESS
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DS18520 OPERATION EXAMPLE 3

I thes examiple there 13 only ene DI18S20 on the bus and it 15 vemg puasite povwver  The bus maser
Irnates 3 remperznire conversion then ceads the DS18520 serasciipad and calawlates a ngher resolution
1esult usmg the data from the eimperaure. COUNT REMARN and COUNT PER “C registers,

MASTERMODE | DATA (LSB FIRST) COMDMENTS

BB Reset Master sinues tacet pulse

1R Presence 25185290 responds with presence sulse

> CCh Mlaster 22sves Siap ROM comamand

™ Lin Master 135025 Convert T command.

X DQ e held mga by | Master apphies “torg sullup te DQ for the duzaton of the

shong sultus e SN L

™ Reset Master 135184 see; pulse

X Piesence 2518520 sespends vath presence pulse

TX CCh Matter sssues Siap ROM comimang

R BEh Slaster siaves Read Scrarehpad conmand

RX 9 dam bymes Master reads entwe sotarchpad taclvemg CRC The muaste:
ta2n 1acalculazes dhe CRC o the S:5t erght data bites om the
seratchpad and compares the calcutated CRC wthi tha tead
CRC (bvte 8} IFthevmarch fae master constnes :fnot the
tead aperation 15 repenzed The macte: alie calenfater the
TEMP_READ valve and stores the corents of the COUNT
REMAIN and COUNT PER °C razisters

X Reset Saster xsues tecet pulse

X Piezence DS13520 esperds with presence sulse

- - CPU calculates extended resolution temperatuee usieg the

equaticn e ke OPERATION - AIEASURING
TEMPERATURE :ection of tliss datatheet

RELATED APPLICATION NOTES

The fodowiag Applicanon Notes can be appled to the D518520 These nowes can be obtawned Jom the

Dallas Sermconductor - Apphicatien Note Book
throught our Zaxhack service ar (214 470-6441

Applicanion Note 27 Understandin? and Using Cuelie Redundancy Checlts viath Dallas Senuconductor

Touch Mewory Preduct
Applicanon Note 35; “Extending tie Coniact Range of Towch Memones™

Applicaston Nete 74 “Reading and Wnting Toueh Memortes 113 Senial Interiees™

Applicazion Note 164 Almemaist Tewperature Control Demo”

High Resolonon Temperawie Measwrewsent with Dalias DPnect-to-Dioital

Applicazion Nese 197
Temperature Senzors”

Applicazon Note 166 Complex AicrolL ANS™

“a the Dallas website atfrp wniv doleend com| or

Application Note 108 AMieroLAN - In the Long Jun”

Sample 1-wire subrounnes hat can be wed i comunction with AN7S can he dovnlozded from: the
allas website or amonymous FT2 Site
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MiCcRacHIP

PIC16F87X

A —

28:40-Pin 8-Bit CMOS FLASH Microcontrollers

—

Devices Included in this Data Sheet:

» FCUEFEYS
» FCrgFer

SIT13=572

+ SIT1ISETY

Microcontraller Core Features:
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PIC16F87X

1.0 DEVICE OVERVIEW
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PIC16F87X

FIGURE 1-2:

PIC16FB74 AND PIC16FB77 BLOUK DIAGRAM
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PIC16F87X

TABLE 1-1:

PIC16F 873 AND PIC16F876 PINOUT DESCRIPTION

Pis Hame 7P scic ve> Bufter Description
P Ping Type Type
O5C* CLKH % g I STOhCE | Dsaillaso arys-ali=c.t'svema ¢ 224 source 2.1
DECICLFOLT g T z —_ Dsallator aryetal o uiput Somredis Lo envsts cor rescralitin
erye-al oecillator made n 200 mode the 50 pnooutsuts
Con DT which 735 § £t~z “requency o0 5521 a-z dencies
the Instrazt or eycle rie
MILF Y=g i 1 = oy tasta- C zariPesstii~ato” programr =g wo1age mout This
prosaniiteelow SEEET sathe tayviie
PORTA 15 a pi-direct o3t -Q port
RaZ A%D 2 2 it T =40 zan also b2 anacg inpusd
R A 2 3 il T =41 zan oslso b2 anacg inpust
Rt AN VRER. < 4 LD - 42 can alst b2 and'eg inpul o
reference volvape.
RaMASSVeEr- z 5 [An] To =45 ran alss B2 ana cgonputs o Lesg ce analeg
reerence voliape.
Raq Ay 2 6 11D 57 =44 zan alsc be = eooe moutts e Tl
mogu'e \S.pUlis Cpen 2TAN Ty IE
Par33akd N v 1o T 225 2an alsc be analeg npusd o re slae select
*zrehe syncreorous senal cot
POR™B =3z -zvecucna O port SORTE 2an oe schiware
program~sc tar ~em3 awesk pul-uconal modls
F2INT 1 2‘ [ “TLETH =ED zan ale Extr2 estzra vrermupto ©
F2 2 e 1O T7-
raz 23 I [ T
P21554 2 4 N T- ZE3 tan aleabxtre cw va'iage CoOgrartInNg Inpy’
Faq 5 s 1. T- re et -cha~ge pn
B2t L 2z P T7- ~leuzt-Cm-chan 3= pn
R3sPaC iy o7 e “TLETR e~.ote~-tha~;epneorinelnci i Gazopgerpr Sera
Fregramimng Soek
R37P3D o iz 1.2 TR “eost-et-thatgepnerin-Jusc 1 Cezoager o Sera
Freg 3 nming Saia
PORTC s abi-arexteryl WO per
RIOT1ISDTIC~ 1 “1 '3 =T RICzsnasoce e ™ =aricss aior ouputer Tiver!
eazs ot
RIY T1O80CCRD -2 12 2 g RZY o3~ asotehe T mar escoatzonp.r o Caprel
inp .t sempare sue: P AT outs Ut
RIZCCP <3 -2 15 et 322 £an 5 50 behe Capurel npit Corpdrel sLpLy
AN cutput
RIGECFSEIL 4 4 R . RZ2 ta alsc be the syncnronous sevial sfock ~putausout
‘orzth 5P and - rozas
RI2.CD.2DA -5 't (] 3 RZ4 g5m 3s3zethe SPICzaln (OGP malde; ar
gaa T *CrrotE,
RO 2D B 2 [Ra] - CZgsnasocethe PICaa OS2 moce!
RIBTXCH wv 3 132 RCE c3~ 3's0 22 the L3ART Asyn:hrenc.s Transmict
Syncmrgeous C o84
RITR¥CT i 3 [Rad a- £7 £3- aso rethe J3ART Asynthreng.s Peceneer
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PIC16F87X

TABLE 1-2:

PIC{6F8T4 AND PIC1EFSTT PINOUT DESCRIPTION

pIP | PLCC | GFP | QP Butfer
Pin Mame cripticn
Pin# ) Pro% | Pmm | Type Type Descrp
[eXion el 1 "2 4 30 STONVGSM [ Dec latzr oy s no-mesiemal seck sorce npL”
320 TAT "4 il 31 5] - Csollatzrorysmd cupue, Temmelts fo Sovsta or msx-alor
T oysta osl stormaze InRC mece SEID N 1L
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[QERY it B RTSS I of
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20 MEMORY ORGANIZATION
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FIGURE 2.3

PIC15F877:876 REGISTER FILE MAP
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FIGURE 2-4: PIC16F874/873 REGISTER FILE MAP
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3.0 IOPORTS
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TABLE 3-1: PORTA FUHCTIONS
Name Bit# Buffer Functon
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3.2 PORTB and the TRISB Register
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TABLE 3-3:  PORTB FUNCTIONS

Nam= Bty Buffer Function
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33  PORTC and the TRISC Register
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