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Abstract

This special project is a study and development.ofa vertical jump measurement
based on the principle-of maving physics. ' To. process the jump height using time in
vertical motion. The; researcher divided the research inta 3 steps. Step, 1, Creating and
testing the Capacitive-Sensorwithout ' pedal is:29.60 pF and the valueof the Capacitive
Sensor whilé pedal is 689:90-pF. In step 2, the researchers created a conditional circuit.
It consists of Capacitive to Frequency circuit, Rectifiercircuit; Frequeney to Voltage circuit
and comparator.€ireuit. The ‘output signatuin this section is logic signal In step 3 is
Computer data, processing. Toufind~tHe vettical height of the jump. In the test, the
number of 27 testerswjumped-vertically onsa_capacitive “sénsor. The result the test

showed of average error i5%18.61%

Keyword : Vertical Jump, Conditional circuit, Sports Science
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e
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x, = rj = 1;_;2?
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s ={u cosf &
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2y 'sin 6, cos 6,
g

nENaNwamIINada sin2d=2siné cosd

2/ 1
LYY =

NUSTLENTAAeLlA AW U

22,
) Sin.20,
S )

g

2.3 |A304iBUANITIAAIINEN

(15)

(18)

(20)

Tumsinanugavesnisnselaaluwuafely fn1sly force plate Faulluyngunsaingiain

wsenm Hanwaslunaiusasiuwse Mns1eaaunssvassremefingzyinlimiaudiuniu

Wasuwlasdwabiladfiosnuninmsiasuulasiianamileg andunailugreiiinge

nszvinulkUlLLEns AsgUR 2.6 amnsaihinmussmeanugimnsslaslanadanisilily

winnugdlunsnselan [5] Aemsiarsanannisléngniseysnemdenudiaunisi (21) Tng

=

windudmresaunsvusiduvinsnsylaaviiuaumsillefiaagegelumsnselan
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1 ;
7 mv> + mgh = %mv} +mgh, (21)
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v, Aamausineuviimsnselas S ey mys
h Agrugsneuyiimsnszles el m
v, AemauaTvasianiinssleg dmieidun/ s
hy Aspnatgivasvianisaselen Swinelu m

4 a 9

lunasiansannsilidRsunsinngmss ysndnassauio Suviisaselneag il
wassuAnaflesanliiinn sidasuidasaagaiiiesud g uaaidy wazifiedl

ngegnuagnisnselengy B auaaiesnnaa s ilugug il svatlve amdsany

9 U

at L3

Andwinly iadinadnudisssimiuaiafeanunandssaun1sn(22)

1~ 2
SO n%‘,‘\:z%f +mgh, (22)

Ep=max

JUN 2.7 uansmanselanlunuafs
leluaunisi (23)

%mvf = mghf (23)
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v, =v,—g(&) (20)

lny A Aeamiouedildlunisnselon
Woswrnuiitudulumsnsvlan wazasaaielunisnselaeddwiiuusfiamanseiu

v

NIMEY
v, =—y (25)

wnumasluaunsagle
v,=g—= (26)
i v, Pldlvwmaiienpaiugsizl

(27)

2.4 \BULYDIINLT

HugUaseisni difunumdfyedasbidusiugramngsi iniaeivesovimhiidu
fns9Eey mIITdneuludagy ﬁLﬁ@%uiunizuauﬂwsﬁiqu] sy famua s AN
fauentuant iebuq el uudidunisideeniaaiia waefiann - ssiuminidantd
wueTiUsTAvEamiuang fagdmaliiAnnsaurunisriinan e luie wuwed

NaNuSRLTIAA LA LIe et [6]

2.4.1Loed Cell
Load\Celifia. Sensor dmiuprmaintamin sing vielSindwos Load Aidasnis
NIIUAT wdu‘[.*i'fatmul.ﬂamﬁﬂﬁgﬂw%L’Jmﬁﬁmimﬁ'auuﬂaagﬂmwaa Load Cell 1iafiusaan
n3eviifud Load Celtagvialiiain suvpaiifneghitSnaifimsasugunss dn wio ua o

Mliaanusuundawmsunadassty

No Load Load

Compression

Tension

Compression

%

3U# 2.8 uansilag 9nsEuIUNTINIUYEY Load cell vllnaimsuing
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A1 Y awmsuinaBimeanlunisiinean wasnafvssawmsunatyinliaiaudunIuYeda
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wunaiidesyludnwuyva13993 Wheatstone Bridee lu Load Cell Gsanunsanuasrusing
wsonsfe Iiludyaadwih [7]

Compression Tension

A 2.9 Lanyaniiz 1999995 Wheatstone Bridge~lu Load cell
N FUlUBYDI ARSI DBE L UAN YEu YD 13995 Wheatstene Bridge
V) ANVNETBI29TT Wheatstone Bridee

2.4.2 aw3una (Strain. Gauge)
ansuingngadaiUTngfisesnizineauias onag aduiumtnSavn Wi Sudyaa
(Faimun Wi fivsanlansuduun ) adinsaBavzonaf aun UL AR A 1ALAS BATES
Tgidosmsdnardrmudiuiumsliiedananinasiinstaniulanenlansd
msfnvienaimna apsundldudamstinnsinaamunseni umsUasuuaeanng
Frumumalnii Tnevaldifudynuvesamsunaiainlevsalssninme e sfuiitia
TavenauusuueiiiEn T mslasuudasm s tmumsinihasnnassmdunuudaduiis

ANAMBUUBUATNT ARUAA WA UL S WERseil (8]
— =K .¢ (28)

Wa;, R Aeanusumune Wi idiuvesawsuing fwhodu leviu@)
AR Aeanumumundlnihiasuslasludloamsunaiinisianseviasa duunady
Tavu(Q)
(%) L4 =

K, Apfpivaemuduius wse inauflawes

£ fRANNATEAYRY InODINIS
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2.4.3 Force Sensing Resistor (FSR)
Inefanilunsieniindreiuivanea wio awmsunatiuie aunsansaadu
wsanald we FSR I Twdanunldy Jamunzdmiunisnsaduiiiosin iaussnaiu i
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ldlflunmsinausineads dansaduusinadslimanudumulnianaudefiusane

W vinlmsandnsiaduuwuuilin FSR wieForce Sensing Resistor [9]

2.4.4 Capacitive Sensor
TunisAnwinisieuiiesanuuy Capacitive Sensor WAEIIINTIVAY Y18
Capacitive Sensor $niuggafelumisAnuniniiameeiauiulszglnii uazAnvmdnnis
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Auusgqtiuaundashide vt anasmi At siuiiuasuedas i WA e
wssiuiAntusudasdaTaie (o]
wanATIvinsINTosi LU YLnih
dfivdssugunsolemislulnsddnmsednd simihfiiutssy uavaeuseq
W TutelsdildinenateunnBiwesiistaosqitusdqausy uasilolluinsansas
fuagrhmin TRy segliunT903 Sve90a wlidnaBae S Rlun swasuas

LSIRY

AUUTENBURULIEE IRem1 U Bn o nelulssntuatelans une aeaudulnelseny

fiu wazdauiunseniSoniuin leddnesa (Dielectric) AunsINans

nafiulsyqfe Mafivdidnaseulifuiumanvesiafivlsey Tauidetuuninedse
fusfiudseq BidnmseunInthauresuumneTnilus W AR usuman FiliAsUs zqauﬁu
uazdsdsau iy adndiinasouvounanmssdin dalnsundluwsiumaniise piuuan
uazaulzduiuey Weddnnseunnusiumangnadnlivgeoeniuudrandeuszquaninnniy
Usvqau Bedidnaseugnudnesnlunniilvg wiumasiufiduuaninnfuwindy dedeuiy

8ndu dnwarilisndondn murBwefiiudsyy
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= ! - =3 = at '
M979% 2.1 LanaAIAeTile LANATNVDIIARRN I

Tan) AAsiiladidnain (K)
dayma 1.0
gINA 1.0006
Wnaay 2.0
Tila 2.25
NIEA W 2.5
g10u 2.65
N 3.0
vty 4.0
Tuf 5.0
W3Ndn 6.0
wunAlan 7.0
W2 75
1h 780

Paraliel-plate capacitor Ugenausigunufady 2w 21iniulaeilssasvinsusaiy d
| v A w - & i
iy lasgas vyl Frdulnseas gt uavauntsuedaianiglviife

L d1 N2

=\
: :]F d2<al
C2>Ct

c1 c2

3Ui 2.10 wansdnwae Parallel-plate Tneft C2 gnnadasuss F

A
C=¢. g, i (29)
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1ng
d AaTrueinesEnInItaeIwiy Svuady m
A Peiunvaakiuithaswkuivudouiu dwdiadu m?

¢, ABpermittivity YaamuAINg (g,~8.854 x 107" Fm™)

|
=l ]

¢, AgRelative dielectric constant BsTuagiuyiinvesingiiognsnarsseninaunusiath

q v

2 iy U Aedituenmadn g, A 1 uadiduuinduiile 80 Aigumgiives

2/

Coplanar-plate capacitor lngszuiuwnuinsiinuanifianguniafusuliogg

9 U

nasullegnivdn uazlimamiiuldmsasasiiliraauglnihiidios suginuinisin

o A

ssuuithassudy Asglin2 11 lneliwwi fissps 2, >> LiapfaAwaunisi (30) wazuwy
VR I TIVERRE i o

Lt L (s+6,){s+b,)
a S(s4+b+h,)

(30)

2

Is

X
(7
o

SUM 2.11 uansdnwazlAsdasns Coplanar plate capacitor

weuAUY Coplanar MU WHWLAEUNTUTVIAtReNeg Fegufl 2.12 Aflounalng

nuudil lneArmuquandlagauns (31)

g B’E(x, —xﬂ}sinh {%(xz . )}
T

g€,

c= In

(31)
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.

[
/
/

X1 X2 X3 X4

-_.__

I

UM 2.12 Coplanar plate wnunangoniy

wruAnhasaiuluss iR U sas vl dmasutuind Ui 2,13 Tunsedldl
azdimugsanulusgingdaiaansakanslagannis (321 85nmuen (L) anuning (w)
AWV (1 ) Lee Seeiud oM IR (o) fagun 213

Tee
)~ > (32)

RS

3‘1.]171" 2.13 uans Coplanar plate

Usedandninvadladiaansnlanedszuin tio c>>busSe 61 cxb

€y = (1+8,)/ 2 Tudwilinouanundne w uas w, unndaiu uanslasauns (33)
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3 2 1 1
In| 77°¢” | ——
Ii [Wl"l't}(wz“'rﬂ

WNU Capacitive Coplanar plat kuudwi(1 port) [11] ﬁé’ﬂwmzﬁ’egﬂﬁ_‘lma G Whay Ge

(33)

Ao TLELUIILNINENT W Lag Wt AaAuninewesd uas L A ALENT098W)

M) V)
gﬂvﬂi 2,14 anwtuglill Capacitive Coplanar plat e

&) e L3

) atyanial ¥e89 MICAP3 1 port

o

) nmUsERauLaAdlATIAT KNUTIUTTWRLATU B Aoy 1 port

2.5 299sudasdayane

o a Y s gl 3 o il @ o
MAFRLALIIn Capacitive/Senser witdasasudasdnyn i allasdy ol
senuiudyyaifivzdng Microcontroller iladnlvlsguianarnlvsunsluneuimasle

2.5.1 Capaeitive t@ Frequency

Winsesltutasdumindunpbilunmdiodwa dnefiaunsel LM324 viwiil

2/ (3 ar

wasdyaadidunnufiioinedi§u n)lesmiidismenilianaunisd (35)
c.-(v, -V,
r= GV —Vig)
7

1
f="—7-— (35)
T+, +1,
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V) W93 Capacitive to Frequency

2.5.2 Frequency to"Voltage
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3.2 NM99dNLUU Capacitive Sensor

lun1seenuuy Capacitive Sensor Ingteuiumunmesdezaiiilon fifvuinay
n$19 6.4 wuins dandaudirdaiefsenndnduinasuusivinuedsdidnvams
meamitiimnudavgy Sannsaguiniiiefiusannaiu wavaaeiiilarouusias Aiounn
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coplanar Usgnaumedniaasiuuund nsvirnureaduiwesuuu capacitive interdigital
wnzaudmiumsliau wagdnunistasnisamugsenirsinhlwihaswidnseguu
Fanauu uazdannsadenroludnsas-wavamasananadudugalunisnsnaeunains

nszlanvesyanaddeiivedeunselasuueuresly Ai5UR32

3Uﬁ 3.2 uanaiuney WaLYUIANITaaNWUY Capacitive Sensor
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N) MeFaRerTal timing dizeram Wigynn1snselanluwufe
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2¢1A1 [12]

%mvf Fmgh, = %mvji +mgh, (36)
\ my; = mgh, (37)
2 o
v’
h, =—— (38)
,l'— 2g

WAENTIVIIAMNS I LV SN SEIRR-C R RS- c ) ETiAAuE AU S ivsSuan
asgiu (dunis e ) wiselifaniafinsstuiu Tneagldnawiomualunsnsglananmssu

Feyey it Capacitive Sensor iwan (Az) Falsian

-V, =V, (39)
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v, =v,-g(Ar) (40)

il —v, = v, agldh
—v, =v,—g(Ar) (a1)
Fadumugaduie v = gTAt) (@2)

(43)
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A1519 4.1 Tuiinuaves Aufl 1 g9 160 cm. Umidn 72 Kg. twae

52

Suaueda) Capacitive(cm) Camera(cm) Error(%)
I3 21.02 L 23.64
2 32.62 26 25.46
3 32.47 27 20.25
4q 32.51 28 16.10
5 32.43 28 15.82
6 32.64 28 16.57
7 = 7 28 16.89
8 21.08 18 e e
9 20.82 24 -0.85
10 32.62 28 16.50
11 20:66 15 3112
2 32.40 26 24.61
13 220/ 27 21.00
14 20,97 17 23.35
15 20.57 16 28.56
31971 4.2 Yuiinuaves-auil 2.9 175 ém sl 80-Ke watne
F1uups) Capacitive(ern) Cameralem) Error(%)
1 20.59 17 2111
2 20.16 18 12.00
3 20.49 16 28.06
4 20.06 14 4328
5 20.96 16 31.00
6 20.60 15 37.33
7 20.88 16 30.50
8 20.51 20 255
9 11.30 10 13.00
10 11.74 13 -9.53
11 11.46 11 4.18




M15199 4.2 Tuiinuaves ALl 2 g9 175 cm. dmiln 80 Ke. iwany (o)

33

FruuAsa) Capacitive(cm) Camera(cm) Error(%)
12 32.83 27 21.59
13 32.44 28 15.85
14 20.41 21 -2.80
15 20.56 18 14.22
msefl 4.3 Guiinuaves Audl 3 ge17a cr. Timins.Ke. teme
ﬁi’mau(ﬂ%&) Capacitivelcm) Camera(cm) Error(%)

1 20:82 15 9.57

2 32.40 29 11.72

3 20.82 16 30.12

4q 20.94 16 30.87

5 20:97 17 23,35

6 20.81 19 D52

T 20.90 16 30.62

8 20.85 16 30.31

9 20.79 17 22.29
10 20.94 20 4.70

1l 20.90 19 10.00
12 20.99 7 23.47
13 20.74 19 9.15

14 20.83 16 30.18
15 20.75 16 29.68




M1519% 4.4 Tuiinwaves AT 4 g9 173 cm. Uil 74 Ke. inAme

34

?\T’lu’m(ﬂ‘?ﬂ) Capacitive(cm) Camera(cm) Error(%)
1 20.62 14 47.28
2 20.84 18 15577
3 2015 15 34.33
4 20.65 21 -1.67
5 20.87 17 22.76
6 20.07 22 =80T
T 20.96 14 49.71
8 20:38 20 1.90
9 2258 27 20.67
10 3A84 28 17.54
11 20.42 16 27.63
12 11.14 al 1.27
13 11.94 9 32.67
14 21.04 18 16.89
15 32.16 28 14.86
9197 4.5 Guinuavedaud 5 9,168 cm: s 58 Kg. Awege
ﬁwuuu(ﬂ%ﬁ) Capacitivetcm) Camera(cm) Error(%)

1 11.85 10 18.50

2 5.18 5 3.60

) 5.14 q 28.50

4 20.68 14 a7.71

5 11.76 9 30.67

6 1157 9 28.56

7 11.56 5 131.20

8 20.32 20 1.60

9 20.71 15 38.06
10 32.64 28 16.57
11 32.88 28 17.42




15199 4.5 Tuiinuaves AT 5 g4 168 cm. Yvtin 58 Kg. ey (vle)

35

Suupsa) Capacitive(cm) Camera(cm) Error(%)
1e2 20.83 23 -9.43
13 5.46 3 §2.00
14 5.34 e 33.50
15 20.84 18 1574

PS4 4.6 TuTinuaBIAuT 6 39175 &, il 71 Ke. WAy

Ei"lU’JN(ﬂ%ﬁ) Capacitive(cm) Cameralcrn) Error(%)
1 11.68 Q 29.78
7 1165 9 29.44
3 11.66 13 -10.31
4 I,/ P 12 RA33
5 20:81 14 48.64
6 20:90 15 r9.33
7 20.78 32 -35.06
8 11473 10 17.10
9 1 LR 10 17.70
10 11555 15 25,183
11 1073 12 =2.25
12 11.78 9 30.89
13 20.78 18 15.44
14 32.45 25 29.80
15 11.58 13 -10.92
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A15199 4.7 Yufinuaves Aufl 7 g9 163 cm. thwidn 51 Kg. iwand

iﬁmu(ﬂ%&) Capacitive(cm) Camera(cm) Error(%)
1 5.23 q 30.75
2 5.18 4q 29.50
3 5.19 5 3.80
4 11.66 8 45.75
5 515 3 71.67
6 5.17 5 3.40
7 778 10 17.80
8 5:16 4 29.00
9 Sy 3 75.67
10 L. A 2 9 30.11
11 526 4 31.50
12 5.19 4 A0.75
18 A 11 as5
14 524 4 31.00
1% 11.69 13 -10.08

M5199 4.8 Guvinwavas-auf 8-y 174 el miln 68 Kg iweatne

ﬁi’m’m(ﬂ%{‘l) Capacitivelcm) Camera(cm) Error(%)
1 20.45 16 27.81
2 20.64 17 21.41
3 20.40 17 20.00
4 21.63 19 13.84
5 32.75 29 1293
6 5211 30 7.03
7 32.64 28 16.57
8 20.87 23 -9.26
9 20.94 17 23.17
10 20.59 16 28.68
11 20.62 17 21.29




51971 4.8 TuFinuaves AL 8 g4 174 crm. Wil 68 Ke. twAvy (se)

Fuu(psa) Capacitive(cm) Camera(cm) Error(%)
12 20.58 18 14.33
13 11.99 15 -20.06
14 11.74 15 21.73
15 20.39 16 27.43

5197 4.9 Tuiinuaves AL 9 ge-475 cm. tmin-70 Ke. inane

ﬁﬁmu(ﬂ%ﬁ) Capacitive(cm) Camera(cm) Error(%)
1 20.75 18 15.27
2 21.03 20 5.15
3 20.94 20 a.70
4 20,06 18 11.44
5 20.65 21 -1.66
6 2nM & 18 1288
7 20.97 20 4.85
8 20.36 23 ~11.47
9 11.47 pq 600 h8.07
10 11.90 14 -15.00
11 | Vi # 10 11.10
12 11.04 3 -15.07
13 720.66 19 B3
14 20.74 17 22.00
15 20.25 18 12.50




M15199 4.10 Yuiinuaves Aufl 10 g9 168 cm. Umtin 58 Kg. iwAne

38

ﬁﬁmu(ﬂ‘?d) Capacitive(cm) Camera(cm) Error(%)
1 11.65 9 29.44
2 5.19 5 3.80
3 20.82 16 30.12
aq 11.70 12 -2.50
5 20.76 17 2211
6 20.82 17 22.47
T 2154 19 13.36
8 20.70 17 21.76
9 20031 18 12.83
10 21.89 19 15.21
14 POTS 20 3.75
12 20.38 il 7 19.88
13 32.30 28 i1 3.35
14 11.46 13 111.84
g 20.32 17 19.52

39t 4.1 Tufinnavas Al 11189 168 cm. 1imii 48 Ke-rmg

SRS Capacitivelcm) Camera(cr) Error(%6)
1 20.72 20 3.60
2 32.59 26 25.34
3 32.687 28 16.71
a 32.63 28 16.53
5 20.81 18 15.61
6 20.56 16 28.50
g 20.67 17 21.58
8 11.00 14 -21.42
9 20.35 17 19.70
10 20.57 20 2.85
11 20,52 L7 19.52




A13519% 4.11 Yufinuaves AU 11 g¢ 168 cm.

thwln 48 Kg. inAY (s19)

39

Fuuns) Capacitive(cm) Camera(cm) Error(%)
12 20.10 17 1823
13 20.93 18 16.27
14 21.44 20 7.20
15 20.31 16 26.93

1919 4.12 Guiinnaves aufl 1299168 Ens Thmin 52 K. e

-’\iﬁmu(ﬂéj&) Capacitivelcm) Cameralcrm) Error(%)
1 3264 31 5.29
2 20.76 26 -20.15
g 20.89 26 £19.65
al 20.85 30 -30.50
5 20:81 18 15.61
6 20.42 18 13.44
1, 20.98 18 16.55
8 2074 16 29.62
9 20.45 20 2.25
10 32.92 27 21.92
1. 32.48 30 8.26
12 11.45 14 -18.21
13 20.74 18 15.2¢
14 20.35 16 27.18
15 20.69 17 21.70




A1519% 4.13 Yuiinuaves AUR 13 g9 164 cm. Wmitdn 90 Ke. iwAwey

ﬁ?’lmu(ﬂéjﬁ) Capacitive(cm) Cameral(cm) Error(%)
1 20.97 18 16.50
2 20.56 17 20.94
3 20.97 18 16.50
4 20.64 18 14.66
5 20.59 17 21.11
6 20.38 16 2157
7 2077 | 17 21.82
8 20.60 15 37.33
9 20.65 16 29.06
10 20.49 18 13.83
11 2073 17 21.94
12 2055 16 28.43
15 20.96 18 16.44
14 20:67 17 21.58
15 20,30 5 3533

A9199 4.1 Dufinnavos auil 14/89.163 em. UiImin 65 Ke-inmuny

fﬁ’m’m(ﬂ%{ﬁ) Capaditivelcm) Cameralcrm) Error(%)

1 20.94 R 23.17
Z 20.65 16 29.06
3 21.08 18 1711
1q 20075 Ly 22.05
5 11.97 15 -20.20
6 20.65 18 14.72
7 20.71 24 -13.70
8 20.85 20 4.25

9 32.56 28 16.28
10 20.67 18 14.83
14 20.28 17 19.29




a15199 4.14 Uuiinaves Auil 14 g9 163 cm.

thwiin 65 Ke. iwaue (f9)

41

f\ﬁmu(ﬂ‘iz@) Capacitive(cm) Cameralcm) Error(%)
12 20.60 16 28.75
13 20.67 16 29.18
14 20.34 16 27.12
15 20.98 18 16.55

ﬂ’liﬂﬂ‘ﬁl 4,15 ﬁ’uﬁﬂma‘uaq ﬂu‘ﬁ 15 'iji 187 cm. ﬁﬁﬂﬁﬂ 115 Kg. LwAue

ey Capacitive(cm) Camera(crm) Error(%)
1 2098 18 16.55
2 20.42 17 20.11
5 20.64 17 21.41
al 11.48 i 3 -23.46
> i1.97 15 L20.2
6 1415 14 16.21
7 20.76 17 BA11
8 11,64 o\ .07
9 11.96 15 -20.26
10 32.23 28 15.10
11 20:38 19 7.26
12 20.67 18 14.83
1.3 20.76 20 3.80
14 20.44 18 13.55
15 20.14 16 25.87




A5199 4.16 Tufinuavas Auil 16 g9 176 cm. Umtdn 65 Kg. A

42

i‘hu’m(ﬂ‘?é) Capacitive(cm) Camera(cm) Error(%)
1 20.31 16 26.93
2 20.87 18 15.94
3 21.06 20 5.30
4 20.49 18 13.83
5 20.76 18 1533
6 20.41 17 20.05
7 20.34 19 7.05
3 20.45 17 20.29
9 20.76 18 L5:35
10 20.64 18 14.66
Y i 20:46 18 13.66
12 2081 19 9.52
18 20.34 17 19.64
14 20,92 18 16.22
15 20,54 18 14.11

3197 4.7 Sufinnaasauit 1789166 cm. YW 54 Ko e

fﬁﬂu’m(ﬂ‘?\i) Capacitivelcm) Camera(cm) Error(%)
1 11.46 14 -18.14
2 11.75 i) -21.66
3 11.94 16 =25.87
4 11.07 9 23.00
5 11.78 12 -1.83
6 11.66 15 -22.26
7 11.45 13 -11.92
8 11.85 16 <25.93
9 11.36 15 -24.26
10 20.34 18 13.00
11 11.78 13 -9.38




M3197 4.17 Yuiinaves AUR 17 g1 166 cm.

o
o

Uin 54 Kg. iwAve (si9)

a3

ﬁi’”nu’au(ﬂ'ixa) Capacitive(cm) Camera(cm) Error(%)
12 11.97 15 -20.20
15 11.34 15 -24.40
14 11.97 16 -25.18
15 11,53 14 -17.64

M319dl 4.18 Tufinuaves Aufl 18 de 160 cm. tmin.49 Ke. LWANEJS

Funuesy) Capacitivelcm) Cameralcm) Error(%)
1 578 4 44.50
2 5.63 4 40.75
3 b.94 H 18.20
4 5.44 b 8.80
5 11:36 9 26.22
6 5.24 3 74.66
i 5.49 i 9.80
8 11.46 9 2)f .33
9 11.82 10 18.20
10 1151 14 -17.78
11 809 al 27.25
12 11.85 9 31.66
13 11.97 10 19.70
14 7 LW 4 44.00
15 5.38 1q 34.50




A15199 4.19 Yu¥innaves aufl 19 g1 174 cm. Uil 55 Kg. inamne

F1unues) Capacitive(cm) Camera(cm) Error(%)
32.11 30 7.03
2 32.59 30 8.63
3 20.47 24 -14.70
4 20.58 21 -2.00
5 32.25 29 11.20
6 21.64 20 8.20
7 32764 27 20.88
8 32.87 28 17.39
9 20.45 13 13.61
10 B 18 15.33
11 2019 16 26.18
12 20.45 7% 20.29
13 20.97 18 16.50
14 32.84 28 17.28
1§ 20,38 16 P37

A1519% 4.20 Uufinnavosaui 20189175 em. UIwA 74 Kg-twayng

i?'lmu(ﬂ%’jﬁ) Capacitivelcm) Camera(cm) Error(%)
1 20.79 18 15550
2 20.64 19 8.63
3 20.87 74 2276
a 20.63 16 28.93
5 20.52 19 8.00
6 20.48 17 20.47
7 20.17 20 0.85
8 20.67 16 29.18
9 20.97 18 16.50
10 20.14 16 25.87
11 20.93 16 30.81




A15199 4.20 Tuiinnaves Aufl 20 g9 175 cm,

Umin 74 Ke. iwAvg (519)

45

ﬁﬂmu(ﬂ%@) Capacitive(cm) Cameralcm) Error(%)
12 20.11 20 0.55
135 20.84 71 -0.76
14 20.29 17 19.35
15 20.70 19 8.94
a9 4.21 Juiinuaves aufl 21 g 173.cm. thmin.60 Kg. tWene
Fuuesy) Capacitivelch) Camera(cm) Error(%)
1 20:16 18 12.00
2 20.35 19 7.10
3 20.80 19 9.47
4 20.76 19 9.26
5 20:19 18 12,16
6 20:.25 20 | P5
7 20.64 ') 8.63
8 20.48 19 7.78
9 20.33 18 12.94
10 20.94 18 16.33
1d 20.69 19 8.89
12 20.75 20 3.75
13 20,50 19 7.89
14 11.80 10 18.00
15 32.48 28 16.00




a6

A15199 4.22 Tufinuaves Auf 22 g9 174 cm. min 65 K. wAwy

ﬁﬁmu(ﬂ‘?&) Capacitive(cm) Camera(cm) Error(%)
1 32.58 30 8.60
2 32.46 28 15.92
3 32.48 29 12.00
q 20.89 19 9.94
5 20.95 18 16.38
6 20.96 19 10.31
7 2079 20 3.95
8 315 29 10.86
9 —32:48 30 8.26
10 20.69 20 3.45
1 20:88 18 16.00
12 20:85 13 15.83
13 20.76 19 9.26
14 20.74 20 3.70
15 20.46 35 7.68

15199 4.23 Uufinsaves Au 23164177 cm. UNIN 78 Ke-tnene

f\hmu(ﬂ%’jﬂ) Capacitivelcm) Cameralcm) Error(%)
1 11.80 (9. -1.66
2 g ANET 12 183
3 11.56 15 -22.93
4 11.79 14 -15.78
5 11.84 13 -8.92
6 11.68 15 -22.13
i 11.76 12 -2.00
8 11.58 13 -10.92
9 11.94 13 -8.15
10 1175 15 -21.66
11 11.56 15 -22.93




A15°19% 4.23 Tuiinuaves Aun 23 g9 177 cm.

vwin 78 Kg. bWAYY (5)

a7

F1auedy) Capacitive(cm) Camera(cm) Error(%)
12 5.98 8 -25.25
13 11.74 14 -16.14
14 11.34 11 3.09
15 20.46 18 13.66

ﬂ']?']\?ﬁ 4.24 ﬁuﬁﬂmﬁﬂaq ﬂUﬁ 24 Q\ﬂ 176 cm. ﬁWWﬁﬂ 70 Ke. LweAge

’qﬁﬂmu(ﬂ%ﬁ) Capacitivelcm) Camera(cm) Error(%)
il 32:58 31 5.09
2 20.16 18 12.00
3 20.46 19 7.68
4 2041 17 18.29
L 20:80 20 4.00
6 20.34 19 7.05
7 20.59 19 8.36
8 20.52 19 8.00
9 20.92 22 -4.90
10 20.76 29 -9.13
11 20.48 19 7.78
12 20.34 20 1.70
13 20.81 21 :0.90
14 20.30 18 12507
15 20.73 20 3.65




m5199 4,25 Tuiinnaves aui 25 g4 169 cm. Wmitin 63 Ke. inAve

48

ﬁm’m(ﬂ‘?\‘i) Capacitive(cm) Cameralcm) Error(%)
1 11.68 13 =10.15
2 11.88 14 -15.14
3 20.67 20 3.35
il 20.84 23 -9.39
5 20.34 21 -3.14
6 20.91 24 -12.87
7 20.72 22 -5.81
8 20:16 18 12.00
9 2049 19 7.84
10 20.76 23 -9.73
] 1184 14 -15.42
12 11.49 12 -4.25
1% 1173 ¥ -9.76
14 1176 13 -9.53
15 20.85 20 4.25
571971 4.26 Tufinnavds- il 26/99178 cm. Uil 77 Ke-iweme
fi'lmu(ﬂ‘igﬁ) Capacitivelcm) Camera(cm) Error(%)
1 20.45 18 13.61
2 20.78 19 936
3 20.36 16 24.25
4 20.45 16 27.81
5 20.18 15 34.53
6 20.76 16 29.75
7 20.37 17 19.82
8 20.45 17 20.29
9 20.68 17 21.64
10 2015 16 2593
11 20.44 15 36.26




A19197 4.26 Tuiinuaves Auil 26 g¢ 178 cm. Uit 77 Kg. tnAv (o)

49

ﬁi"lmu(ﬂ%s\’i) Capacitive(cm) Camera(cm) Error(%)
12 11.46 13 -11.84
13 11.57 13 -11.00
14 20.39 17 19.94
i5 20.15 16 25.93

M99l 4.27 Yuiinuaves aud 27 gr172cm. Thmin.63 Ke. inAme

Fruau(ps) Capacitive(cm) Camera(crm) Error(%)
1 1176 14 -16.00
2 it 5% 14 -17.71
3 11.34¢ 33, £12.53
4 11.24 15 25,07
5 11:80 16 '26.00
6 11.88 16 -B5175
i 11.46 15 -23.60
8 528 4 32.00
9 5.67 q 41.75
10 5.26 3 15,33
1.1 11.60 15 -22.67
12 11.41 15 -23.93
13 11,94 5 -20.40
14 20.32 16 27.00
15 20.78 17 2223
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LM2902,LM324/LM324A,LM224/

LM224A

Quad Operational Amplifier

Features

* Internally Frequency Compensated for Unity Gain

+ Large DC Voltage Gain: 100dB

* Wide Power Supply Range
LM224/LM224A, LM324/LM324A : 3V~32V (or=+1.5 ~
16V)
LM2902: 3V~26V (or £1.5V ~ 13V)

* Input Common Mode Voltage Range Includes Ground

+ Large Output Voltage Swing: 0V 40 Vcc -1.5V

* Power Drain Suitable for Battery Operation

Internal Block Diagram

OuUT1
IN1 () (2
INT (+)
Vee (4
IN2 (+)( 5 =Ta
IN2 (-) (6
ouT2

Description

The LM324/LM324A,1LM2902,LM224/LM224A consist of
four independent, high gain, internally frequency
compensated operational amplifiers which were designed
specifically to. operate from a single power supply over a
wide voltage range. operation from split power supplies is
also possible so long as the difference between the two
supplies 1s-3 volts to 32.yolts. Application areas include
transducer amplifier, DC gain blocks and all the
conventional {OP” Amp circuits .which now can be easily
implemented in single power supply systems.

14-DIP

14 )0UT4
(13) IN4 ()
IN4 (+)

11) GND
10) IN3 (+)
IN3 (-)

8 JOUT3

Rev. 1.0.4

©2002 Fairchild Semiconductor Corporation



LM2902,LM324/LM324A,LM224/LM224A

Schematic Diagram
(One Section Only)

veeo + 4 $ +
rjos LJQB L.-Jm a0
N = R
y : !
L Q2 as
N c1
IN(-) o Q4 "
oO——1 & @ A
P,
R2
G
© Ny Qi oUTPUT
N Q21
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Absolute Maximum Ratings
Parameter Symbol LM224/LM224A LM324/LM324A LM2902 Unit
Power Supply Voltage Vce +160or 32 +16 or 32 +13 or 26 \%
Differential Input Voltage VI(DIFF) 32 32 26 Vv
Input Voltage Vi -0.83'to +32 -0.3to+32 -0:3 to +26 Vv
Output Short Circuit to GND \ ; 7 ;
Vee<15V, Ta=25°C(one Amp) - Continuous Continuous Continuous -
Power Dissipation, TA=25°C
14-DIP Pp 1310 1310 1310 mw
14-SOP 640 640 640
Operating Temperature Range TopPR -25~+85 0~+70 -40 ~ +85 °C
Storage Temperature Range TSTG -65 ~ +150 -65 ~ +150 -65 ~ +150 °C
Thermal Data
Parameter Symbol Value Unit
Thermal Resistance Junction-Ambient Max.
14-DIP Reja 95 “C/W
14-SOP 195




LM2902,LM324/LM324A,LM224/LM224A

Electrical Characteristics
(Vce = 5.0V, VEE = GND, Ta = 25°C, unless otherwise specified)

. LM224 LM324 LM2902 .
Parameter Symbol Conditions Unit
Min.| Typ. |Max.| Min.| Typ. |Max.| Min. | Typ. | Max.
Vcm = 0V to Ve
Input Offset -1.5V
el Vio Vo) = 1.4V, Rs = |18 |80 - |15 |70 - |15 ]| 7.0 mV
=092 (Note1)
Input Offset "
Current lho Vcm = 0V - 120 (30| - | 30|50 - |30 50 | nA
Input Bias Current| Igias | Vom = 0V - 40 [ 150 - 40 (250 - 40 (250 | nA
Input Common- Voo Vice Vce
Mode Voltage VI(R) | Note1 0 HAAs O [N 0 - |15 V
Range 3
RL = «Vec.= 30V
] - 18242 - 1.0 [ 3 - |10 3 |mA
Supply Current Ice (LM2902,Vcc=26V)
RL=e,VCC =5V < I\ N 28 - T P2 | %N 0.7 1.2 | mA
Large Signal Ve = 15V, RL=2kQ v/
Voltage Gain pv Vop)=1V to 11V i QRS g CL U SRR |\ ol R Y
Vo - RL=2kQ | 26 - - |26 - - | 22 - - %
H ote
gxfﬁ;t Voitage &) RI=T0KO | 27 | 28 | = |27 28 | = |23 |24 | - | Vv
Vo(L) | Vee =5V,RL=10k - 5 20| - 5 200 - 5 [ 100 | mV
Common-Mode
Rejsction Raiio CMRR - 70 | 85 - | 657778 ' p56=| I5| - | dB
Power Supply
Rejection Ratio PSRR - 65 1100111~ ©5-]. 100|w.- 50 (100| - | dB
Channel f =1kHz to 20kHz
Separation s (Note2) e LX) p |l - “f)°| - |98
i Ise. |V =15V w40 |[560"7 | 40 | 60| £/ 40 | 60 | mA
GND
Vi) =1V, V(.= 0V
ISOURCE| Vcc = 158V 20| 40 - | 20 |~40 -4 20 | 40 - | mA
Vo(p) = 2V
Vi) =0VeV(-) = 1V
Output Current Vce = 15V 10 [ 13 - 10" 13 - 10 | 13 - | mA
ISINK Yo[p|= 2V
Wiley= U, Mg y=-Ty
Vece =5V,Vo(R) = 12 | 45 - 12 | 45 - - - - uA
200mv
Differential Input
Voltage VI(DIFF) - - - |Vee| - - |vece| - - [Veel| V
Note :

1. Vece=30V for LM224 and LM324 , Vce = 26V for LM2902
2. This parameter, although guaranteed, is not 100% tested in production.




LM2902,LM324/LM324A, LM224/LM224A

Electrical Characteristics (continued)

(Vcc = 5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of -25°C < Ta < + 85°C for the LM224; and the 0°C < Ta < +70°C
for the LM324 ; and the -40°C < Ta < +85°C for the LM2902

- LM224 LM324 LM2902 .
Parameter Symbol Conditions - - - Unit
Min.|Typ. | Max. [Min.|Typ. | Max. | Min. | Typ. |Max.
Vicm =0V to Vce
-1.5V
Input Offset Voltage Vio Vo) = 1.4V, S - 7.0 - - 9.0 - - [100] mV
Rs = 002 (Note1)
'Er)‘s;‘ OffsetVoltage | \vioiaT | Rs = 00 (Note2y e 70|t | 70| - | - | 70| - |avrc
Input Offset Current o VoM =0V B - 100 | - - 150 - - 1200| nA
'Er)‘;.’#t Offst Current | g/l = 0 thaieR> NN 1042 1 10 | NN - | 10| - [pArc
Input Bias Current IBIAS | Vom =0V - - 1300 - < ==500 - - | 500 | nA
InputCommon-Mode Vec Ve Vce
Voltage Range YI(R) = Notef 7 s\ NP~ £ 20| © = log| ¥
. Vce =15V,
'ézri?‘e Signal Voltage ' G\, I'Re 22,06 26 59 | o/ AILRINSY] 15 [ W\ | - [vmv
Vo) = 1Vio 11V
) 40 RL=2kQ /26| - 126 1153 2MAl~o0f 1 - v
ote
Output Voltage o) RL=10k | 27 | 28 - 271 28 - 23,4 24 - V
Swing Voo =
CCcE5Y, > L i}
Vo(L) RL=10kO) 3 20 - 20 5 [100 | mV
Vi(+).5 IV, Vi)
ISOURCE| =0V.Vce = 15V, 10 |20 - 10 | 20 - 10| 20 - mA
VO(P) = 2V
Output Current Vi(+)-=0V,
Vi) =1V )
ISINK Ve T8\ 101 13 - 5 8 - g 8 mA
Vopy= 2V
Differential Input
Voltage VI(DIFF) - - - |LVee [+ o [T - - |Vee| V
Note:

1. Vce=30V for LM224 and LM324 , Vcc = 26V for LM2902
2. These parameters, although guaranteed, are not 100% tested in production.




LM2902,LM324/LM324A,LM224/LM224A

Electrical Characteristics (continued)
(Vce = 5.0V, VEE = GND, Ta = 25°C, unless otherwise specified)

e LM224A LM324A .
Parameter Symbol Conditions - - Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vcm =0V to Vee
-1.5V
Input Offset Voltage Vio Vo) = 1.4V, Rs = 00| ~ 1.0 | 30 - 15 | 80 | mV
(Note1)
Input Offset Current lho Vem =0V - 2 15 - 3.0: | :80 nA
Input Bias Current IBlas | Vcm =0V - 40 80 - 40 | 100 | nA
Vece
Input Common-Mode - Vce
Voltage Range VI e = 30V . NN | © et
PR o NEC=RMRUFR ~T45| 3WN- |15 3 | mA
u
i Veg =5V, RL=« - 0 | 1.2 - 07 |12 | mA
Large Signal Voltage Gaif Gv 38?; g\ ?\é t':L; S0 00| | 25\[\oo | - |vimv
RL = 2k 26 - - 26 - - V
J Vo(H) | Note1
Output Voltage Swing RL=10kQ |-.27 .| 28 - 27 | 28 - Vv
Vo(L) | Vec =5V, RL=10ke2 - 5 20 - 5 20 | mV
gommon-Mode Rejection CMRR i 70|85 ) 65 | .85 ) dB
atio
Power Supply Rejection Ratio| PSRR - 65 [ 100 - 65 | 100 - dB
Channel Separation cs Ir:ol:?)z e v 281NN - 2] - | a8
Short Circuit to GND Isc Ve =15V - 40- | 60 - 40 | 60 | mA
Vi(+) =1V, Vi(-) = 0V ) )
ISOURCE Vee =18V, Vo) = 2V 20 40 20° |40 mA
Vi) =0V, Viy =1V
Output Current Vee= 15V, Vopy= 2V 2 mad B Y 7l e
ISINK, | Vi(+)=0v, ViEy =1V
Ve =5V 12 | ¢80 - 12 | 60 - LA
Vo(r)=200mV
Differential Input Voltage VI(DIFF) - - 2 VCC - - | Vece Y

Note:
1. Vcc=30V for LM224A, LM324A

2. This parameter, although guaranteed, is not 100% tested in production.




LM2902,LM324/LM324A,LM224/LM224A

Electrical Characteristics (continued)

(Vce = 5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of -25°C < Ta < +85°C for the LM224A; and the 0°C < Ta < +70°C
for the LM324A

LM224A LM324A
Parameter Symbol Conditions Unit
Min. [ Typ. | Max. [ Min. | Typ. | Max.

Vcm =0Vto Vee -1.5V

Input Offset Voltage Vio Vo(p) = 1.4V, Rs = 0Q - - 4.0 - - 50 | mV
(Note1)
Input Offset Voltage Drift AVIO/AT | Rs = 0Q (Note2) - 70 | 20 - 7.0 | 30 |uwvi°cC
Input Offset Current o Vewm = 0V - - 30 - - 75 nA
Input Offset Current Drift AllO/AT | -Rg =00 (Note2) - 10| 200 | - 10 | 300 | pA/°C
Input Bias Current IBIAS - - 40 (100 | - 40 | 200 | nA
Input Common-Mode Vece Vece
Voltage Range Viey_ | Tareg g 20 | & “ |zg| ¥
Large Signal Voltage Gain Gv Ve =18V, RL=/2:0k2 25 - - 15 - - | VImV
RL 7 2kQ 26 - - 26 - - v
; Vo(H) | Note1
Output Voltage Swing RL = 10kQ 24 W 28 - 27 44 28 - Y
Vo) | VYec =5V, RL=10kQ - 5 20 - 5 20 | mVv
Vi) =1V, Vi(-) = 0V - )
ISOURCE VGG =15V, Vo) = 2V 10 | -20 10 | 20 mA
Output Current V== 0V Vi) = 1V
I(+) = . NS _
ISINK Voe = 15V, Vopy = 2V 5 8 5 8 mA
Differential Input Voltage VI(DIFF) r - 5\ WVas et - fvVce| V
Note:

1. Vec=30V for LM224A and LM324A.
2. These parameters, although guaranteed, are not 100% tested in production.
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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Mechanical Dimensions

Package
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Mechanical Dimensions (continued)

14-SOP

14

3
Qo

Dimensions in millimeters

1.55 0.10
0:061 0.004

(773
2\ o138
&\

e\ RIS
15\ 8 I&

°°lc> © o
1.80
0.074, MAX

Package
o mra
A [T
1] ]
L& [Wiw]
(=R [T ]
#7 L =
6.00 +0.30 :
0.236 20,012 |
Z8l8g
*C? ¥ 3.95+0.20
A ©.90°20.20
N| o 0.156+0.008
o| © bt OFF o o
o
::hJ L
‘ 5.72 ’
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LM2902,LM324/LM324A,LM224/LM224A

Ordering Information

Product Number Package Operating Temperature
LM324N
14-DIP
LM324AN TR
LM324M
14-SOP
LM324AM
LM2902N 14-DIP P
-40 ~ +85°
LM2802M 14-SOP .
LM224N
14-DIP
LM224AN S ——cc
=25 ~ +85%
LM224M 14.500
LM224AM p

11
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DISCLAIMER

FAIRCHILD 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 OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN: NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

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

11/19/02 0.0m 001
Stock#DSx0xxxx
© 2002 Fairchild Semiconductor Corporation
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LM331

V-F Converter

Features

* Guaranteed linearity: 0.01% max.

* Low power dissipation: 15mW at 5V

* Wide range of full scale frequency: 1Hz to 100KHz

« Pulse output compatible with all logic forms

« Wide dynamic range: 100dB min at 10KHz full-scale
frequency

Description

This voltage to frequency converter provides the output
pulse train at a frequency precisely proportional to the
applied input voltage. The LM331 can operate at power
supplies as low as 4.0V and be changed output frequency
from 1Hz to T00KHz. It is ideally suited for use in simple
low cost circuit for analog-to digital conversion, long term
integration; linear frequency modulation or demodulation,
frequency-to veltage conversion, and many other functions.
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g ,
1
¢
Internal Block Diagram
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TIMER
COMPARATOR
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b Reser
R 2R
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Rev. 1.0.0

©2001 Fairchild Semiconductor Corporation



LM331

Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Supply Voltage Vee 40 Vv
Input Voltage Vi -0.2~+Vce Y
Operating Temperature Range TOPR 0~+70 G
Power Dissipation PD 500 mw
Electrical Characteristics
Parameter Symbol Conditions Min.| Typ. | Max. Unit
VFC Non-Linearity VFCNL 4.5 <NVcec <20V - |+0.003| +0.01 [% Full-Scale
Conversion Accuracy Scale Factor ACCUR V1=-10V, Rs=14KQ[ 0.90 | 1.00 1.40 KHz/V
Chang Of Gain With Vcc VecAG/Neg 45V <NVeo =10V - 0.01 0.1 %IV
10V-< Ve 40V =10.006| 0.06
Rated Full - Scale Frequency. f V= 10V 10.0 E - KHz
INPUT COMPARATOR
Offset Voltage Yio 0°C < TA<+70°C - ) +10 mV
Bias Current IBIAS - - -80 =300 nA
Offset Current o - < +8 +100 nA
Common-Mode Rangé viewm e« TA< t70°C | [La2 |l Vzcg' v
TIMER (PIN 5)
Timer Threshold Voltage VTH - 0.631]0.667 | .0.701 xVce
Input Bias Current lB1AS U\QCSC 5515 s\;/.’gv <410 {“100 nA
Vs=10V - 200 4| 1000 nA
Saturation Voltage VSAT I =5mA - 0.22 0.5 Vv
CURRENT SOURCE (PIN 1) 7
Output Current lo Rs = 14KQ, V1=0V | 116 | 136 156 HA
Change with Voltage AlofAVA oV <V1 <10V - 0.2 1.0 HA
Current Source Off Leakage ILkG 2 - 0.02 | 10.0 nA
REFERENCE VOLTAGE (PIN 2)
Reference Voltage VREF - 1.70| 1.89 | 2.08 Vpe
Stability vs Temperature STt - - +60 - ppm/°C
Stability vs Time, 1000Hours STT - - +0.1 - %
LOGIC OUTPUT (Pin 3)
) | =5mA - 0.15 | 0.50
Saturation Voltage VSAT \
1=3.2mA - 0.10 | 0.40
Off Leakage ILKG - - |£0.05| 1.0 LA
SUPPLY CURRENT
vce = 5V 1.5 | 3.0 6.0
Supply Current Icc T—r — o0 - mA
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Typical Applications

Vs
I
| 10K +10% 10K £ 10% 68K = 1%"
AAA AAA,.
We WA A
0.001uF . 8 330pF-
il 5 I
BT 11
LM331 1ox ;;-:
2 a ‘!t : Viooic
Four
20K 1 7 100KHz FULL SCALE
5K£1 %"
2K
GAIN
ADJUST Z2K
100K = 1% 7/
Vin *'Use stable componenta with low temperature coefficienta
- 10V FULL-SCALE
C.00°uF
P #___I [
7 e
4 >
A7 K2 0% P
™M < IN2002
CU VY. Yoy
Vs —S A Vs b
20K TO 1M e
iy
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Mechanical Dimensions

Package
Dimensions in millimeters

8-DIP
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Ordering Information

Product Number Package Operating Temperature
LM331N 8-DIP 0~+70°C
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DISCLAIMER

FAIRCHILD 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 OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

5/22/01 0.0m 001
Stock#DS000000x
© 2001 Fairchild Semiconductor Corporation



Philips Semiconductors Linear Products

Product specification

Voltage comparator

LM111/211/311/
LM311B

DESCRIPTION

The LM111 series are voltage comparators that have input currents
approximately a hundred times lower than devices like the pA710.
They are designed to operate over a wider range of supply voltages;
from standard 15V op amp supplies down to a single 3V supply.
Their output is compatible with RTL, DTL, and TTL as well as MOS
circuits. Further, they can drive lamps or relays, switching voltages
up to 50V at currents as high as 50mA.

Both the inputs and the outputs of the LM111 series can be isolated
from system ground, and the output can drive loads referred to
ground, the positive supply, or the negative supply. Offset balancing
and strobe capability are provided and outputs can be wire-ORed.

Although slower than the pA710 (200ns respanse time vs 40ns), the
devices are also much less prone to spurious oscillations. The LM111
series has the same pin configuration asthe L1A710 series.

FEATURES
® QOperates from single 3V supply (LM311B)

® Maximum input bias current: 150nA (LM311—250nA)
® Maximum offset current: 20nA (LM311—50nA)

® Differential input voltage range: 30V

® Power consumption: 135mW at £15V

® High sensitivity—200V/mV

® Zero crossing detector

ORDERING INFORMATION

PIN CONFIGURATION

D, FE, N PACKAGES

g

]

V+

GND E

INPUT | 2 — 7 | OUTPUT
(S— ] —

INPUT | 3 6 | BALISTROBE

v-| 4 5 | BALANCE

E

APPLICATIONS

® Precision squarer
® Positive/negative peak detector
® | ow voltage adjustable reference supply

® Switching power amplifier

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Dual In-Line Package (DIP) -565°C to +125°C LM111N 0404B
8-Pin Plastic Dual In-Line Package (DIP) -25°C to +85°C LM211N 0404B
8-Pin Plastic Small Outline Package (SQ) 0 to+70°C LM311D 0174C
8-Pin Plastic Dual In-Line Package (DIP) 0ta+70°C LM311N 04048
8-Pin Plastic Small Outline Package (SO) -25°C to +85°C LM211D 0174C
8-Pin Ceramic Dual In-Line Package (CERDIP) -65°C-to #125°C LM111FE 0580A
8-Pin Plastic Small Outline Package (SO) 0 to +70°C LM311BD 0174C
8-Pin Plastic Dual In-Line Package (DIP) 0.to +70°C LM311BN 0404B

August 31, 1994 273 853-0927 13721




Philips Semiconductors Linear Products Product specification

LM111/211/311/
LM311B

Voltage comparator

EQUIVALENT SCHEMATIC

BALANCE/
STROBE

o BALANCE

o—fi Qi ?v | N vy

[ Tk

Q1§l—$
Rq1a

1A

0
<
+

R15 | |
R17 400 | R11
’ 60 | 1 130
qz\F ‘ .
) Qis
INPUTS m\ls ! \ 15
450 | s R12
| g 600
o i Q2 Q22 jl-—
R19 S R18 R14
250 S200) 2K il l; B
o 5 > l 4

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vs Total supply voltage 36 V
Qutput to negative supply voltage:
LM111/LM211 50 \
LM311/LM311B 40 \
Ground to negative supply voltage 30 Vv
Differential input voltage +30 \%
ViN Input voltage' +15 v
Pp max Maximum power dissipation,
Ta=25°C (still-air)2
F package 810 mwW
N package 1190 mw
D package 780 mw
| Output short-circuit duration 10 sec
Ta Operating ambient temperature range
LM111 -55to +125 °C
LM211 -25to +85 °C
LM311/LM311B 0to +70 °C
Tste Storage temperature range -65 to +150 °C
m -
Tasih (18;:e§0r:-?:;;ng temperature 300 oc
NOTES:

1. This rating applies for +156V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is

equal to the negative supply voltage or 30V below the positive supply, whichever is less.
2. Derate above 25°C, at the following rates: F package at 8.4mW/°C; N package at 9.5mW/°C; D package at 6.2m/W°C
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Product specification

Voltage comparator LM311B

DC ELECTRICAL CHARACTERISTICS! 2 3,6

Over temperature range unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS e ikl [ese UNIT
Min Typ Max | Min | Typ | Max | Min | Typ | Max
Vos Input offset voltage? Ta=25°C, Rg<50kQ 0.7 3.0 2.0 7.5 2.0 75 mV
los Input offset current3 Ta=25°C 4.0 10 6.0 50 6 25 nA
Iglas Input bias current Ta=25°C 60 100 100 250 100 200 nA
Ay Voltage gain Ta=25°C 200 200 200 VimV
Response time* Ta=25°C 200 200 500 ns
LM111/211 V|yS-5mV,
louT=50MA
Vsar Saturation voltage LM311/B Vjn=-10mV, 0.75 1.5 0.75 1:5 0.75 156 \
|0UT=50ITIA
TA=25°C
IsaL/sTR | Strobe on current Ta=25°C 3.0 3.0 3.0 mA
LM1117211 VinZ5mV,
Vout=385V
LM311/B Vy210mV,
ILeakace | Output leakage current® Vour=35V 0.2 10 0,2 50 0.2 50 nA
Ta=25°C,
ISTROBE=3MA
: (V= =Venp = <5V)
Vos Input offset voltage3 Rg<50ke) 4.0 10 10 mv
los Input offset current® 20 70 50 nA
Igias Input bias current 150 300 250 nA
) 13.8 13.8
=415V (Pin 7 V= Vi
Vi Input voltage range b o t‘g :5”\,) may 80 4 s tofaso f-14s [ te, f13.0 & el
-14.7 -14.7 : '
V+ 24,5V, V- =0
LM111/211 W |ys-6mV,
VoL Saturation voltage® ISINKEBMA 023 | D4 023 | 04 023 | 04 v
LM311/BV|y<-10mV,
IgiNK<BmA
loH Output leakage current ViNZEmV, VoyT=35V 01 0.5 HA
lce Positive supply current Tp=25°C 5.1 6.0 81 s 1.6 3.5 mA
133 Negative supply voltage TA=25°C 4.1 5.0 4.1 5.0 mA

NOTES:

1. This rating applies for 15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is
equal to the negative supply voltage or 30V below the positive supply, whichever is less.

2. These specifications apply for Vg=+15V and 0°C < Ta < 70°C unless otherwise specified. With the LM211, however, all temperature
specifications are limited to -25°C < Tp < 85°C and for the LM111 is limited to -55°C Tp < 125°C. The offset voltage, offset current, and bias
current specifications apply for any supply voltage from a single 5V supply up to +15V supplies.

3. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1mA
load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

4. The response time specified is for a 100mV input step with 5mV over-drive.

5. Do not short the strobe pin to ground; it should be current driven at 3mA to 5mA.

6. LM311B, all parameters are at V+ = 3V +10%, V—= GND = 0V.

August 31, 1994

275




Philips Semiconductors Linear Products

Product specification

Voltage comparator

LM111/211/311/
LM311B

TYPICAL APPLICATIONS

Zero Detector
Driving MOS Logic

MAGNETIC
PICKUP

* Values shown are for a 0 to 30V logic swing and a 15V threshold.
** May be added to control speed and reduce susceptibility to noise spikes.

Detector for Magnetic
Transducer

V+ =5V

RS
R1

240K 1K

O—A\AA,
INPUT
O
TOTTL
c1 OUTPUT

TTL Interface with High
Level Logic
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