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Thesis Pulse Digital Meter

Students Mr. Varut Uasoocharoen 1D 46010673
Mr. Skarn Boonyatistarn [D 46010800
Graduate Level Bachelor’s degree of Engineering
Department Electronic Engineering
Years 20006
Advisor Assoc. Prof. Dr. Suripon Somkuarnpanit
ABSTRACT

This thesis present a Pulse Digital Meter which uses infrared emitting diode as an
illumination source in the wave length 750 -1050 ni. and we usc phototransistor as a sensor by
detecting the fight that penetrates through a fingeriip. We reduce noise ,which is the surrounding o
light around the light sensor, by making a dark probe which greatly improve overall performanee
of the entire system. We get the signat from phototransistor and amplifier it to the gain of 32500.

Then we put the signal to a comparator to convert the analog signal into a digital one. Signal is

then processed by microcontroller to caleulate the pulse rate and display it on LCD.
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complex and T wave reflect activity in the lower
chambers.
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3.4 patluenil Operational Amplifiers
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3.5.2 Nosvonedyaauunlundua (Noninverting Amplifier)

ssvnodygnauuulindusa o 295ootusuilieanuuuuunely voltage gain

a1 = ¥ '3 ¥ 12'4 - =3
mw’ﬂmnn 1‘!‘5611’1ﬂ1&81“7‘!?]?1\1?11!1?13ENHlHUl‘HiJEI‘L!!ﬂiJ

R

(5
v,
_1:

517 3.22 29asvmedy oy lindul

33



nvwongazla Vio,= V= Vo

z 1 [ 1 " ar [ d‘q’j a £ o~ 1 or c; Ll T q‘:
(AIDINVDY Op amp ADHULMAIDINLTIAY UTIFUNUIUTAA WD UL A UTUMAD 01T1)
I](-) I/I |- l/()
. . -0
wersandlue Yo sinken: & R,

diownua Vo= VD luaumsthady a'ld

(3.11)

353 Nmnsmmmév’hdm!muﬁugm
wosangilit 3.23 Wussesuvuneniiniumeisudy 1 Fnlszneudis R.C uazood
uondFa9mesiidasumomituniani Tasdwuald RE widu R oz 13eduoairai
Auihi 0 v Sriuus sdudian 2 T RN 3 S usaduiiv 2 Fals it Vo e
wldussdundon ¢ fidedu Ei v Idaunsithy
Vo =Ei{1/jwC}(R+1/jwC) (3.12)
Maumsii 6 miowiiumdasnawnagl 1§
Gain = Vo/Ei
= 1/(1+jwCR)
R,=10kQ

22%%

+Y -V

0.001 pF 30pF

— = =Y .
31U 3.23 WamsvtinnsesnuddinIv -20 dB/decade

34



¥ v,
2|l I
[ AL = - 20 asLIdAIAWmA [
I )
1.0

0.707—
=
= % 2
=4
- o us
= = =
= .; 2
R 3
£ 3 0.1 [=
-3 1? E
= L
a
0.0! 0

5N 3.24 nawlneuanesnnuovedies

o W oW o A ¥ a - Ae a3 Y <o
ﬂzmullmmmwmmﬂammﬂmﬂmmmn DINITTINATIUDNAN uﬂmJﬂﬂﬂﬁume"l”ihmu

k'

o q Vi ¥as w v = - ¥ o oW
aums 3.12 ssm IR ladaseoondu 1 o uarinnudgadand indevuas: lddasvoy

Y 0 o1 wersangl 3.24 dunswluaasmsaonausinnudveazsh 3.23 Aliaudy

1w & g ar 3 ar | o 3 4
MY -20DB/decode Favziiungannooviiudavewezsehiny -3 DB 130 0.707 muile

L

r 1 1 ] Ed [
WNIININAUMIh 7 finneedAsean Uauiidy 1/RC Yues aaiulunisoanuuile
Es

4

fvua yasmoenng wiluwh lsudafannsadona RC iz auld

3.5.4 1310IADUN I liﬂi‘)‘g

Ed ]
o~ ¥ A

< ar o @ @ = =) v s ar
’N‘i)‘iﬂﬂil“ﬂ'l'jWLGIHSN‘LI11111-!11111!ﬂ1'§€]'§’l‘|]‘1]1]53ﬂ1}ﬂﬂ]uﬂg1m'Nljﬂuﬂuﬂ'ﬂﬁgﬂ‘ll!l'ﬂﬂu

ag s = % — 3 o g - Aoy 1 o as -
#ldlunsdndmieds Tavddmininszdudyanuidhudimgainszduns Wudiidafim

¥ »
ar

Yo WY < ' ™ Ao ' Y] o A P Y
aneThavifezilamevesdygrandmgan i tdnaeldduus ssudnamila1d mana

—

E o

o 1 o a = :
manalHsaauIsnaninmyIus we st I dgygnui 1duaneesuoediuumnlag

=i

—0

Y e @ dey o ’ 3
miudnanunaan lyInsaeu Insaaasauisaniu'ld

o



5V

R20

1K

+
-~
- - LRGN

= ¢
311 3.25 2303RPUMIT UADS

36



dy ~ - o v N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslsnuiensnyiniiu lweygslmilulsdssloguaunisan

. = $L a &Y 9P & YoV o oax ¥ & aa ° -
lmmiaﬂ,m Ne@u anyamnudlnaauyadienm LLGSG]ENEJ’]\‘IENOQLT\]'WJENL@ﬂﬁ?inﬂﬂiﬂwmﬂ’lﬁuqiﬂiﬂj



4.3 yyansdyanunasn1uD 10 kHz

» [
Tuaesii 14 NEsss ifludadadynnauiad Aud 10 kHZ Duty cycle 50% lag

ANIOMUIUMANUBLAZA Duty cycle TANINTUNTS
1 1.44

f===
T  (R1+2R2» Cq
D Ra
T R1+2R:
5Y
L1
4 8 R1
6 RS'T vOC© 3
5 IR : 1K
3 CVOLT DISC
+  —_ = .
Ci _r TRIG K3 LED
0.010F 1 onD ouT 3 WA 1
P 33 — 2
— = NE33N R2
‘% Header 2
+
-2 IK —_
0.1uF

.

3141 4.1 2095a$1edygneadn 1 10 knz Tagly NESSSN

ol

r W =, <
4.4 ﬂ1iElﬂmﬂJ‘IJﬂ?“ﬂlﬂ]ﬂﬂ'ﬂlﬂﬂ&!ﬂ]ﬂi‘lﬁﬂﬂ‘i1‘1—!‘15?[!1‘]8‘5

U

»
ar 5 J

y R = . ¥ = s A
NSADNLUYTIULUTIAIANIUATN AaVU] Emitter VDI Iﬂiﬂﬂs1u“ﬂﬂ!ﬂﬂﬁ lwallﬂﬂq

- 3¢ o s & e o o w A v v
MNFSHTUDY lﬂiﬁﬂi?u“ﬂﬂ!ﬂﬂﬁ ﬂ@ﬂlﬂuﬁﬂﬂT il"lﬂuuu1ﬁnﬂ]'ﬂulﬂn"IQJUWUﬂ'JU'Ni]STU1UDlll

w lé =4 ar r
NAVIW 593 DRIV 26 111

v
w U2A
LM358N
2
3 ! > 1
. +
LR6 -
2K ]

1 ar = o
511 4.2 Y svmedyanmnnidlansutmaes

38



4.5 230TINIBINITUOA U

asnseannudaru 1Y lunmsdannungen lidoantseon lUie TR 1dmwe

4

=1

gawisIdeamsmsiuanuaaneor o Idanauns
£=1/(2 YRC)

R14
MV

1K |
~.C8
47F

\|

—t———
Sdbmr—
—
-

a &g v
gﬂ‘n 4.3 1 DINTHIRNUOAHIY

4.6 ansesvInad YA

# w

TuTasanutisiideessewsuu Tundumaiuau 3 ga TnaygausninisAiifdune

1.

1
= o ]

BURWIE YL I NITHAAAY NazDONTIVLI650 111 FIMgaN 2 31 TATVe050 Az gAN

>
1 803110 5 g v 1A 6as1vme sauvessesvondyana lindum iy
12500 (911

5 O.lak

e

AAA

Y¥y—

310 4.4 Yaesvenesdanaswndumla

1 =1 or
4.7 inaasmfSomnauns aau

1 — ] @ -3 i o ar é s
dmvnasvslSoumsuus iy sximihfudawndy i led iy dynw

d LY aa ! a
awrnenldiudya udsnen wold ulaseou Tnsawasmumid lilszusana’ls

39



ol b

~ 7

(\ U4

|| Leuw
[

517 4.5 299s50Spmnuuns sdu

4.8 21997 lhda

Tunssenuuui vaen 1199 Snumsadudlunun adady distnndsuinmoii

@ ela ar ar o m oo de o =
HIIAUNAIULTIAY lfﬂ‘ﬁ?ﬂl VI IINHILTIAUILUY TIAUI ﬂﬂﬂﬂﬂiﬁuﬁaﬂuﬂﬂﬂ

Li
LM2575-5 For Micro 10mH Y o
Oy 2
X, L.ovwn our i__._/wvij___‘L—w»l‘
3~ ONOF B - *ao L LEDO
v :E +— GND 220uF 100pF - !
100uF LM2575TV-5 I N\ §
:t D2 — — '

1l 4.6 190313

40



& P ¥ o 9 N A =2 'Y . ¥ o N o N
wansiiduenasianubdmsunislsnuienisnwiniiu lueygislmihlulsysslosuaunisan

lnnsdilag Meau Snvimudiludawdasion uavnesedidaavesenalsynasminisuntuly



& P ¥ o 9 N A =2 'Y . ¥ o N o N
wansiiduenasianubdmsunislynuienisnwiniiu lueygislmihlulsysslosuaunisan

lnnsdilag Meau Snvimudiludawdasion uavnesedidaavesenarsynasminisunluly



wnansiiduenarsianubdmsunslvnuienisnyiniiu lweygislmilulsdsslesuaunisan

lunnsdilas vedu Snvanudilvdaulaailon waznasedidwvesenasynasaniinisuiluly



wnanstiuenansianubdmiunslsnuiionisfnwiniu lweygalnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnansiiduenarsianubdmsunislynuienisnyiniu lweygslmilulsdssloguaunisan

lnnsdilag edu Snviamudiludawdasilon wasnesedaduaivetanalsynasaminisunluly



& P ¥ o 9 N A =2 'Y . ¥ o N o N
wansiiduenasianubdmsunislynuienisnwiniiu lueygislmihlulsysslosuaunisan

lnnsdilag Meau Snvimudiludawdasion uavnesedidaavesenalsynasminisuntuly



a
Unn e

asiwanisnaaas

Tnszvinazaglnanminaaes
g, LY Qs qy dw = t 4
dwmiumsWannlnsaauruil dulassouhwaumaiuszniangugnme i uaz
a A W a 4 1 = T 1 T o % 1
nuYReITUNEIE I Feilgniae maninany liininauvesrnIws 1Mo HIE S
3 A ar . ] o 4 k) 1 :’z
agaunuzlanyuznanenwlimiouiu S lums Huanrasanlasa s (LED) 1
] qy ] :/, J " ar o ] ] g e =
werssrnzgiuilvemaazautiuiuagivilesovaeans 1aun mnavesiid A7) Lazyad

v A A o W o san ¥ ' sn:lyw
uganz i Salududuvosnmssenuuuiiv gilnsain ldeanuuun lueawsallaiuyn

[
ar ~

v " »
= a — ] 1 I

AuinaInnszuaneonan W 1d lalamiu Dizdundnnn 39 lyawaalumlsiums
g 1 1513918 nsvosdaenasto i dganaanlslumsneassae 114 vaz
= :b = : -~ c; s [ é oa @ ai ¥
pndamniiwuiufeilyguufvinudygins unuarsianndyguamd It 50 He
=] Il v : c}., o o’g ¥
H9N1500MUV995 sazmaun luilgrid g du Tnsanuil 1814 ednsaliugumiedu

= o LY o .qw o L] ay 3 W (g [ [
BONNIDUNTURL TIVTWUIFIY VILIIIEJ'Iﬂ !L'ﬁ%ﬁ’lﬂ'lﬁﬂﬂ'l"]mnlﬂﬂ'llJ‘i’I't‘NﬁfﬂﬂTl’Jll‘1J !Lﬂﬂ'ﬁ]ﬁ]zllll

L3

o et

W W oa ¢ L w fan v A Y
ThnmgnmwszglnifilFasslumsumniiudeaiiugniiidnasipuazdluiiveniy
nalan

a ¥ o a I} Y o v Vel i}'n‘: = W o
T’iﬁw‘l‘ﬂ'lﬂ"lﬂU"IQﬂﬂﬁﬂ'N"] 1]11‘1ﬂﬁﬂ‘1ﬂ!.ﬁ$u1llﬂ"lﬂ1uﬂﬁﬂ WUNNIN lﬂuullﬂ'ﬂﬂmﬂﬂﬁ
= (-1 5 4 A o A : ' &
ﬂTﬂNﬂWﬂ1ﬂﬂglﬁﬂﬁﬂUﬂﬁ$M1m 3-4 ATIRDUIN ﬂu“ﬁ\391ﬂﬂﬂ1ﬂlﬂaﬂuﬂgﬁn HIRNNUAD TR

4 da & a o o a0 0w = 4 4

maauﬂmﬂmum%mﬂﬂmnmsmm?ﬂmmqﬂuﬂunm‘n"lnmmu ﬂ?ﬂ’ﬂ’lmﬂﬂﬂ1ﬂﬂ§$ﬂﬁﬂﬂ

» ' N
] o ] o ] g o ] ar =
uaaruyn lativaue uakansenu Ml lndRoaduanues g

47



UFIad1HnNsd

WisT001999
(1) Carr,Joseph J.: “Introduction to Biomedical Equipment Technology”Prentice Hall.2001
{2) Cromwell, Leslie: “Biomedical Instrument and Measurements”Prentice Hall,1998
(3) Wanw tAgudnna.2544. “Tadadnondin,” njunwdninfiuiidsgwiaansal
UHINOEY
(4) {usAANG uare3s.2548. “msTamBinTansamSynninug (. Gransau

= = o a ar
adnnsalind)):aniuma Tu latnszeeumndudnanmisarnsziia

Taumasiana

(1) http://mylesson.swu.ac.th/ee120/lesson05.htm

(2) http://www.perfectthai.com



< = =)
Uiaiiwusilmsnm 2549
e Sidnnseiing
o o o - = ar
auzdmnssumans goituma lulaosgunmisaanszis

S04 m3ariatarzatsdurinla laeldues

4 as o
HIAN1

Ly Degesy  aWe 46010673

2 UEMUA ymuIfivgu s 46010800

.................................................... (01915871/5n17)

=3 =) o
(sr.a5. qIN TUNITWIUBL )



=Y

=y et
YSaniiwunimafinu 2549
o - = o
NN AN eNnNg
= o @ = )
Az dmnssumaas anfuma Tuladiaunniaanizils

d‘ di LE b o 3/
309 1309 IM =N 15ANY 2 10 Tanlaas

AN

e

#
Lwipasas 100gasy  SWE 46010673

LUWANIUA YENAEIM WA 46010800

LIS a4

o
.................................................... (®191307Mf5n17)

o o 8
{(3H.A3. FINW  AUAIIWINTY )



APAUIN



H TSAL7400

Vishay Telefunken

GaAs/GaAlAs IR Emitting Diode in @ 5 mm (T-1%)
Package

94 8189

Description

TSAL7400 is a high efficiency infrared emitting diode
in GaAlAs on GaAs technology, molded in clear plastic
packages.

In comparison with the standard GaAs on GaAs
technology these emitters achieve more than 100 %
radiant power improvement at a similar wavelength.
The forward voltages at low current and at high pulse
current roughly correspond- to the low values of the
standard technology. Therefore these emitters are
ideally suitable as high performance reptacements of
standard emitiers.

Features

e Extra high radiant power and radiant intensity
& High reliability

e Low forward voltage

Suitable for high pulse current operation
Standard T-1% {2 5 mm) package

Angle of half intensity ¢ =+ 25°

Peak wavelength &, = 940 nm

Good spectral matching to Si photodetectors

Applications

Infrared remote control units with high power requirements
Free air transmission systems

Infrared source for optical counters and card readers

IR source for smoke detectors

Absolute Maximum Ratings

Tarnb =25°C

. Parameter Test Conditions | Symbol .| Value ‘Unit
Reverse Voltage VR 5 \'4
Forward Current Ig 100 mA
| Peak Forward Current /T =051, =100 us =Y 200 mA
Surge Ferward Current t, =100 ps lesm 1.5 A
Power Dissipation Py 210 mw
Junction Temperature T; 100 ‘C
Operating Temperature Range Tamb —55...+100 °C
Storage Temperature Range ) Tstg —55..+100 C
Soldering Temperature t = 5sec, 2 mm from case Ted 260 'C
Thermal Resistance Junction/Ambient Rihaa 350 KW
Document Number 81014 www.vishay.de « FaxBack +1-408-970-5600

Rev. 3, 20-May-99 1(5}




TSAL7400

Vishay Telefunken Vv
Basic Characteristics
Tamp = 25°C

Parameter - - Test Conditions Symbol | Min Typ Max | Unit
Forward Voltage e =100 mA, t; =20 ms Vi 1.35 1.6 vV

g =1At,=100us Ve 26 3 Vv

Temp. Coefficient of Vi Ir = 100mA TKye -13 mV/K
Reverse Current V=5V I 10 1A
Junction Capacitance V=0V, f=1MHz, E=0 G 25 pF
Radiant Intensity lg = 100 mA, t, = 20 ms le | 25 40 mWisr
) 7 lF=10A t,=100 ps ig 220 310 mw/sr
Radiant Power lgp =100 mA, 1, =20 ms e 35 mwW
Temp. Coefficient of ¢g g = 20 mA TKge | -0.6 %/K
Angle of Half Intensity Q. 25 deg
Peak Wavelength IF = 100 mA Ay 940 nm
Spectral Bandwidth Il = 100 mA_ AL 50 | _nm
| Temp. Coefficient of A, I = 100 mA TKup 0.2 nm/K
Rise Time Ig = 100 mA t 800 ns
Fall Time I = 100 mA ty 800 ns
' Virtual Source Diameter method: 63% encircled @ 2.8 mm

energy B J

Typical Characteristics (Tamp = 25°C unless otherwise specified)

250 250
2 - i ;
200 —f---1- — < 200 — A
E ; E I
g T
g ; E
_E- 150 i E 150 - R —
# o
P Riua -E
r%, too | e \J | £ 100 ~Z I
£ \ = Rpia |
1 ‘
o 50— - = 50 —- -
! i :
0 20 40 60 30 100 0 20 40 60 80 100
947957 ¢ Tamb — Ambient Temperature ( °C) % 11986 Tamb — Ambient Temperature { °C)

Figure 1. Power Dissipation vs. Ambient Temperature

Figure 2. Forward Current vs. Ambient Temperature

www.vishay.de » FaxBack +1-408-970-5600
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TSAL7400

HAY
Vishay Telefunken
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Figure 3. Pulse Forward Current vs. Pulse Duration

Figure 6. Radiant Intensity vs. Forward Current

1000 = , ]
I T — R St i
N - F——— - br
NP 4 R
: Iy |
100 1 —
I I WA LT

. | . T

I
T
i
e
f
.
|
|
Ll
1T
Y

‘b, — Radiant Power { mW )
=

104 — - o S
— Lo -

- i L. o
-1, H
£ - i
=1
&)
E I e b
g - - tp = 100 ps
S B tp/'ll‘ = 0.1‘30]
I
__.LI. ]0' - s _ 7] ‘+_ _I_

109 I I :

0 1 2 3 4

13600 V-~ Forward Voltage (V)
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TSAL7400

Vishay Telefunken v
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Figure 9. Relative Radiant Power vs. Wavelength
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v_ls'HAY TSAL7400
Vishay Telefunken

Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as their
impact on the environment.

it is particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987 ) and its London Amendments { 1990) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2.Class | and |l ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA} in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer application
by the customer. Shouid the buyer use Vishay-Telefunken products for any unintended or unauthorized application, the

buyer shall indemnify Vishay-Telefunken against alt claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated wilh such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 {0)7131 67 2831, Fax number: 49 (0)}7131 67 2423

Document Number 61014 www.vishay.de » FaxBack +1-408-970-5600
Rey. 3, 20-May-99 5(5)



£ TAIWAN OASIS LED DATA SHEET

OASIS

N7 PART NO. : TOPS-050aTBz2
ABSOLUTE MAXIMUM RATING (Ta = 25°C)
Parameter Symbol Data Unit Test Condition
Collector—Emitter le=100uA
Breakdown Voltage BVceo 30 v Ib=0
Emitter—Collector Ie=100uA
Breakdown Voltage BVeco 5 v Ib=0
Collector Dark Vee=10v
Current Id 0.1 uh H=0mW/cm?
Collector Light Vce=10v
Current 1L, 4.0 mA 2856k 10001x
Collect Power
Dissipation Pem 140 mW
Rise/Fall Time i R=5Q¢
7 Tr/Tt 5 us Vee=10v Ie=1mA
Life Time H 100'000 Hrs Vece=10v
Peak collection
Wavelength * P 800 nm
Spectral Range 750~1050 nmm
Operating Temperature Rang —-25°C to 70 °C
Storage Tenperature Range —30 °¢ to 100° ¢
Lens Color Black
PACKAGE DIMENSIONS: INTERNAL CIRCUIT DIAGRAM:
Y.
8 IU‘SU C
4 F } o T
©4.98 —II 1.50Max %
®5.80 1__*”___254%"
E
@ - :hu
15403/ E
DATE | 11/07/00"| SCALE | 251  |TOLERANCE|  wasse | DRAWN| fEWI22 |CHECKED
UNIT M/M  (SHEET NO. 1/t DRAWING NO.| S-050aTB2-A |CUSTOMER APPROVED




intersil

Data Sheet

Dual, 1MHz, Operational Ampilifiers for
Commercial Industrial, and Military
Applications

The CA158, CA158A, CA258, CA358, CA358A and CAZ2804
types consist of two independent, high gain, internally
frequency compensated operational amplifiers which are
designed specifically to operate from a single power supply
over a wide range of voltages. They may also be operated
from split power supplies. The supply current is basically
independent of the supply voltage over the recommended
voltage range.

These devices are particularly usefut in interface circuits with
digital systems and can be operated from the single
commen 5VDC power supply. They are also intended for
transducer amplifiers, DC gain blocks and many other
conventional op amp circuits which can benefit from the
single power supply capability.

The CA158, CA158A, CA258, CA358, CA358A, and
CAZ2904 types are an equivalent to or a replacement for the

CA158, CA158A, CA258, CA358, CA358A,

CA2904, LM358, LM2904

October 1999

File Number 1019.6

Features

+ Internal Frequency Compensation for Unity Gain

« HighDC Voltage Gain .................. 100dB (Typ)
+ Wide Bandwidth at Unity Gain . .. ... .. ... .. 1MHz (Typ)
* Wide Power Supply Range:
- SingleSupply ......................... 3V to 3oV
* « DualSupplies. . ..................... +1.5Vio+15V
« LowSupply Current . . .................. 1.5mA (Typ)

* Low Input Bias Current

Low Input Offset Voltage and Current

* Input Common-Mode Vottage Range Includes Ground

-

Differential Input Voltage Range Equal to V+ Range
- Large Output Voltage Swing. .. .. .... ... oV to V+-1.5V

Ordering Information

) PART P. .
industry types 158, 158A, 258, 258A, 358, 3584, and NUMBLR |RANGE (°C) PACKAGE iy
CA2904.
CADM5BE 55 t0 425 |8 LdPDIP E&3
Tachnical Data on LM Branded types is identical to the
- P '
corresponding CA Branded types. CAQ158AE 55 10125 (8 Ld PDIP EB.3
CAQ158M 55 10 125 |8 Ld SOIC MB.15
Pinouts CAQ158T -55 10 125 |8 Pin Can T8.C
CA158 (METAL CAN)
TOP VIEW CAD258E -25 10 B5 [8LdPDIP EB3
INV, CAD258M -25 toB5 |81d S0IC MB.15
INPUT (A}
NONINY CAD358E 0te70 [8LdPDIP EB.3
INPUT (A) OUTFUT {A) CAD358AE 0t70 |8BLdPDIP EB.3
‘ CAD358M 0 to70 [8Ld S0IC MB.15
CA2904E -40 taB5 (8 Ld PDIP EB.3
NON-INV. OUTPUT (B} LM358N 0 to70 [8LdPDIP EB3
INFUT {B) LM2904N | .40 0B85 |8 Ld PDIP EB.3
INV.
INPUT (B}
CA158, CA25B, CAJ58 {PDIP, SOIC)
CA2904, LM358, LM2904 {PDIP)
TOP VIEW
L4
OUTPUT (a1 : (3] v+
INV. INPUT (a3 [Z]| L2 1‘] OUTPUT (B)
NON-INY. INPUT (A} [ 3] INV. INPUT (B
3] A_ 6] B)
v[4] 5] NON-INV. INPUT (B)
1 | CAUTION: These devices are sensitive to electrostatic discharge; fllow praper IC Handling Procedures.

1-B88-INTERSIL or 321-724-7143 | Copyright © Intersil Corporation 1559



CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Absolute Maximum Ratings

Supply Voltage
CA2904, LM2904 . ... ... ... ... e 26V or +13V
OtherTypes . .......ovivre e 32V or 1168V
Differential Input Voltage (Al Types) . . ................... zv
InputVoltage .. ........... ... ... oo 0.3VioV+
Input Current (V) <-03V.Note 1) ...................... 50maA,
QOutput Short Circuit Duration (V+ < 15V, Nole 2) ... ... Continuous
Operating Conditions
Temperature Range
CA158, CAIBBA. .. .. ... .. .. ... . -55°C to 125°C
CAZEB, ... -25°C 10 85°C
CA2904,LM2904 .. ... .. ... .. -40°C 10 85°C
CA358, CA358A, LM358 . ... .. ... ........... 0°C to T0°C

Thermal information

Thermal Resistance (Typical, Note 3) aa (°CWY) B¢ (PCAW

PDIP Package . .................. 130 NIA

SOICPackage . .................. 170 N/A

CanPackage .. .................. 155 67
Maximum Junction Temperature {Can Package)........... 175°C
Maximum Junction Temperature {Plastic Package)....... .. 150°C
Maximum Storage Temperature Range. . . ... .. .. -B59C to 150°C
Maximum Lead Temperature {Soldering 10s) . ........... 300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings”™ may cause permanent damage lo the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:

1. This input current will only exist when the vollage at any of the input leads is driven negative. This current is due to the collector base junction of the
input PNP transistors becoming forward biased and thereby acling as input diode clamps. In addition to this diode action, there is also lateral NPN
parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ voltage level (or to
ground for a large overdrive) for the time duration that an input is driven negative. This transistor action is not destructive and nofmal output states
will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V.

2. The maximum qutput current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause
excessive power dissipation and eventual destruction. Short circuits from the cutput to V+ can cause overheating and eventual destruction of
the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers.

3. 8y is measured with the component mounted on an evaluation PC board in free air.

Eiectrical Specifications vaives Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,

Unless Otherwise Specified

TEMP CA158A CA358A
PARAMETER TEST CONDITIONS (°cy MIN TYP MAX MIN TYP MAX UNITS
Input Offset 25 - 1 2 - 2 3 my
Voitage (Note 6
ga (Note 5 Full - - 4 . - 5 mv
Average Input Offset Voltage |Rg = 00 Fufl - 7 15 - 7 20 pv/ec
Drift
Input Common Mode Voltage | v+ = 30V 25 “ V+-1.5 0 - V+-15
Range (Note 5)
V+ = 30V Full 0 - V+ -2 0 - V+ -2
Common Mode bc 25 70 85 - 65 85 - dB
Rejection Ratio
Power Supply Rejection Ratio | DC 25 85 100 - 65 100 - dB
tnput Bias I+ or |- 25 - 20 50 - 45 100 nA
Current (Note 4)
b+ or |- Full - 40 100 - 40 200 nA
Input Offset W+ - 0- 25 - 2 10 - 5 30 nA
Current
fi+ = §- Full - - 30 - - 75 nA
Average Input Ofiset Current Fuil - 10 200 - 10 300 pAOC
Drift
Large Signal Voltage Gain Ry = 2k62, V+ = 15V (For 25 50 100 - 25 100 - kv
Large Vi Swing)
Ovlput Voltage Swing R =2k 25 o] - V+-1.5 0 - V+-t5 \Y

2 intersil



CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Electrical Specifications values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- =0V,

Unless Otherwise Specified (Continued)

CA158A CA358A
TEMP
PARAMETER TEST CONDITIONS °c) MIN TYP MAX MIN TYP MAX UNITS
Output Source Vi+ = +1V, V- = 0V, V+ = 25 20 40 - 20 40 - mA
Current 18V
Sink V=0V, Vi-= 1V, 25 10 20 - 10 20 -
V+ = 15V
Vit = 0V, V- = 1V, 25 12 50 - 12 50 - pA
Vo = 200mV
Short Circuit R =00 25 - 40 60 - 40 60
Output Current (Note 2}
Crosstalk f=1to 20kHz 25 - -120 - - -120 - dB
(Input Referred)
Total Supply Current Rp =eo Full - 07 1.2 - 0.7 12 mA
R = oo, V+ =30V Full - 1.5 3 - 15 3 mA

NOTES:

4. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the current is
essentially constant, independent of the state of the output.

5. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit of the
common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage.

6. Vg = 1.4V, Rg = 00 with V+ from 5V to 30V, and over the full input common mode voltage range {0V to V+ - 1.5V).

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Vollage V+ = 5V, V== 0V,
Unless Otherwise Specified

CA158, CA258 CAJ58, LM358 CA2904, LI 4
TEST TEMP i ' 04, LM290
PARAMETER CONDITIONS {°C) | MIN TYP | MAX | MIN TYP | MAX | MIN | TYP | MAX | UNITS
input Offset 25 - 2 5 - 2 7 - 2 7 mv
Volt
oltage {Note 9) Ful | - ] 7 . . 9 ) - o [ mv

Average Input Offset Rg = 00 Fulk - 7 - - 7 - - 7 - uvoc
Voltage Drift
Input Common Mode V+ = 30V 25 1] - V+ - 0 - V+ - 0 - V+ - v
Voltage Range (Note 8) 1.5 15 15

Ve = 30V Full 0 - V+ .2 0 . V+ -2 0 - V+ -2 vV
Common Mode DC 25 70 85 - 65 70 - 50 70 - dB
Rejection Ratio
Power Supply Rejection |DC 25 65 100 - 65 100 - 50 100 - dB
Ratio
{input Bias W+ ar - 25 - 45 150 - 45 250 - 45 250 nA
Current {Note 7)

Ij+ ar |- Full - 40 300 - 40 500 - 40 500 nA
Input Offset M+ - )= 25 - 3 30 - 5 50 - 5 50 nA
Current

W+ - I Full - - 100 - - 150 - 45 200 nA
Average Input Offset Cur- Full - 10 - - 10 - - 10 - pAOC
rent Drifl
Large Signal Veltage Ry 2 2k, V+ =15V 25 50 100 - 25 100 - - 100 - kv
Gain {For Large Vo Swing)
QOutput Voltage Swing R = 2k2 25 0 - V4 - 0 - V+ - 0 - V+ - v

15 1.5 15

3 intersil



CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = QV,
Unless Otherwise Specified {Continued)

CA158, CA258 CA358, LM358 CA2904, LM2904
TEST TEMP
PARAMETER CONDITIONS °c) | miN TYP t MAX ! MIN TYP | MAX | MIN | TYP | MAX ! UNITS
Output Source Vit =+1V, V|- = 0V, 25 20 40 - 20 40 - 20 40 - mA
Curent V+ =15V
Sink Vit S0V, V|- =1V, 25 10 29 - 10 20 - 10 20 - mA
V+ = 15V
Vi =0V, V- = 1V, 25 12 50 - 12 50 - - - - wh
Vo = 200mV
Short Circuit Ry =00 25 - 40 60 - 40 60 . 40 60 ma
QOutput Current (Note 2) _
Crosstalk f=1to 20kHz 25 - -120 - - -120 - - -120 - dB
{Input Referred)
Total Supply Current R = oo Full - 0.7 1.2 - 0.7 1.2 - 0.7 1.2 mA
Ry = oo, V4 =30V Full - 1.5 3 - 1.5 3 - 15 3 mA

NOTES:

7. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the current is
essentially constant, independent of the state of the output.

8. The input signal voltage and the input common made voltage should not be allowed to go negative by more than 0.3V. The positive limit of the
common mode vollage range is V+ - 1.5V, but either or both inputs can go to +32V without damage.

9. Vo = 1.4V, Rg = 002 with VV+ from 5V to 30V, and over the full input common mode voltage range (OV to V+ - 1.5V),

Schematic Diagram
ONE OF TWO OPERATIONAL AMPLIFIERS
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4 4 » TO2
|« g | 8lz
2
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- H a Q, 4 Qs
INPUTS _‘u_4
Qy 3
* @ +——HK a .
< Rsc
p:
¥ aq,
Qo J——H "
Q3
'_‘ﬁ Q12 l S0pA
p TO2

4 intersil




CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Typical Performance Curves
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Typical Performance Curves (Continued)
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Typical Performance Curves (Continued)
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FIGURE 13. OUTPUT CURRENT vs AMBIENT TEMPERATURE

Metallization Mask Layout

69-77
{1.753 - 1.956)

I (0,102 - 0.254)
61-71
{1.600 - 1.803)

Dimensions in parentheses are in millimeters and derived
frorn the basic inch dimensions as indicated. Grid gradua-
tions are in mils (1[)'3 inch).

The photographs and dimensions represent a chip when it
is part of the wafer. When the wafer is cut into chips, the
cleavage angles are 57° instead of 90° with respect o the
face of the chip. Therefore, the isclated chip is actually 7mils
{0.47mm) larger in both dimensions.

All Intersil semiconductor products are manufactured, assembled and tested under IS09000 quality systems certification.

Infersil semiconductor products are sold by description only. infersil Corporation reserves the rght fo make changes in circuit design andior specifications at any time with-
out notice. Accordingly, the reader is cauwtioned to venfy that data sheets are current before placing urders. Information furnished by Intersit is believed o be accurate and
reliathe, However, no responsibility is assumed by Intersi or its subsidiaries for its use; nor for any infingerments of patents or other rights of third parlies which may result
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Philips Semiconductors Linear Products

Voltage comparator

DESCRIPTION

The LM111 series are vollage comparators that have input currents
approximately a hundred times tower than devices like the A7 10.
They are designed to operate over a wider range of supply voltages;
from standard +15V op amp supplies dawn 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, swilching voltages
up to 50V at currenls 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 stower than the pA7 10 (200ns response time vs 40ns), the
devices are also much less prone to spunous osciflations. The LM111
series has the same pin configuration as the pA710 series.

FEATURES
® Operates from single 3V supply (LM311B)

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

® Differential input voitage range: +30V

® Power consumption: 135mW at+15V

® High sensitivity—200v/my

® Zaro crossing deteclor

Product specification

LM111/211/311/
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APPLICATIONS

* Precision squarer

® Positive/negative peak detector

® | ow voltage adjustable reference supply

#* Switching power amplifier

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE CRDER CODE DWG #
8-Pin Plastic Dual In-Line Package (DIP) -55°C to +125°C LM111N 04048
8-Pin Plastic Duat In-Line Package (DIP) -25°C to +85°C LM211N 04048
8-Pin Plastic Small Cutline Package (S0) 0 to +70°C LM311D 0174C
B-Pin Plastic Dual In-Line Package (DIF) 0 to +70°C LM311N 0404B
8-Pin Plastic Small Qutline Package {SO) -25°C to +85°C LM211D 0174C
8-Pin Caramic Dual In-Line Package (CERDIP) -55°C to +125°C LM1I1FE 0580A
B-Pin Plastic Small Qutline Package (SQ) 0to +70°C LM311BD 0174C
8-Pin Plastic Dual In-Line Package {DIP) 0 to +70°C LM311BN 0404B
August 31, 1994 273 853-0927 13724
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LM111/211/311/
Voitage comparator LM311B
EQUIVALENT SCHEMATIC
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vg Total supply voltage 36 v
Output to negative supply voltage:
EMIT1ALM211 50 v
LM311/LM311B 40 v
Ground to negative supply vollage 30 Vv
Differential inpul voltage 130 \'4
Vin Input voltage? 115 vV
Pp Max Maximum power dissipation,
Ta=25°C (still-air)2
F package B10 mw
N package 1190 mw
D package T80 mvY
| Qutput shori-circuit duration 10 sec
Ta Operating ambient temperature range
LM111 -55 10 +125 °C
LM211 -2510 +85 aC
LM31/LM311B 0to+70 °C
Ts1e Storage temperature range -65 fo +150 °C
N
Tsoup 1.19[?:820::;; g temperature 300 og
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. Derate above 25°C, at the following rates: F package at 6.4mW/°C; N package at 9.5mWrG; D package at 6.2m/wWeC
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Volt tor LM111/211/311/
oltage comparato LM311B
DC ELECTRICAL CHARACTERISTICS!: 2, 3.6
Over temperature range unless otherwise specified.
LM11AM2Z11 LM31 LMI1B
SYMBOL PARAMETER TEST CONDITIONS Min | Typ | Max | Min T Typ | Max | Min | Typ | Max UNIT
Vos Input offset voltage? Ta=25°C, Rg=<50k(2 07 30 2.0 75 20 7.5 my
Ios Input offset current? Ta=25°C 4.0 10 6.0 50 6 25 nA
1BIAS Input bias current Ta=25°C 60 100 100 250 100 | 200 nA
Ay Voltage gain Ta=25°C 200 200 200 Vimy
Response time? Ta=25°C 200 200 500 ns
LM111/211 Viy<-5mv,
loyT=50mA
Vsar Saturation voltage LM311/B Vins-10mV, 0.75 15 0.75 15 0.75 15 v
|DUT=50|'T'|A
Ta=25°C
lgausTr | Strobe on current Ta=25°C 3.0 3.0 3.0 mA
LM111/211 Vig25mV,
Vour=35Vv
LM311/B V2 10mV,
Weakace | Outputleakage current® Voyr=35V 0.2 10 02 50 0.2 50 nA
Ta=25°C,
ISTROBE=3IMA
{V—=Vgnp =-5V)
Vos Input offset voltaged Rs<50k) 4.0 10 10 my
los Input offset current? 20 70 50 nA
lpas Input bias current 150 300 250 nA
. 138 138
ViN Input voltage range v Svt(:;'v; may 9o -14.5 io 130 | -145 to 13.0 _;;')_5 _\rs v
-14.7 -14.7 ’ ’
V+ 245V, V-=0
Lmi117211 V;NS-GITIV.
Voo Saturation voltages IsinkSBmA 0.23 0.4 0.23 0.4 023 ] 04 v
LM311/B Vin<-10mV,
lsink<BmA
o Output leakage current | Vy=8mV, Vour=35V 0.1 a5 HA
‘co Positive supply current Ta=25°C 5.1 6.0 5.1 75 1.6 35 mA
33 Negative supply voltage Ta=25°C 4.1 5.0 4.1 50 mA
:QOTES:

This rating applies for +15V suppiies. The positive input vollage limit is 30V above the negative supply. The negative input voitage limit is
equal to tha negative supply voltage or 30V below the positive supply, whichever is less.
2. These specifications apply for V=115V and 0°C < Ty < 70°C unless otherwise specified. With the LM211, however, alt temperature
specifications are limited to -25°C < Ta < B5°C and for the LM 111 is limited to -55°C Tp < 125°C. The ofiset 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
oad. Thus, these parameters define an error band and 1ake into account the worst case eflects of voltage gain and input impedance.

oA

August 31, 1994

. The response time specified is for a 100mV input step with 5mV over-drive.
Do net shor the strobe pin to ground; it should be current driven at 3ImA to SmA.
LM311B, alf parameters are at V+ = 3V +10%, V- = GND = 0V.
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LM111/211/311/
LM311B

Voltage comparator

TYPICAL APPLICATIONS

Vem sy
p—O

V—= 10V MAGNETIC
PICKUP

* Values shown arw for a 0 to 30V iogic swing and a 15V threshold.
** May be added to cantrol spred and reduce susceplibllity to nolse spikas,

Zero Detector Detector for Magnetic TTL Interface with High
Driving MOS Logic Transducer Level Logic
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