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Abstract

This Project is about to design and create the Computer-Based Oscilloscope to use in
measuring and analyzing the signals that can display on the monitor. We study each part of the
components of the Computer-Based Oscilloscope such as protection circuit, attenuator, amplifier, ADC
converter and interface by using microcontroller. In addition, we combine every components to build the

Computer-Based Oscilloscope.
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1.5 mawlasduananmewndeniluiyaneddaca (/A Converter)
wanmmﬂaaﬁmmmmmmﬂummaaﬂmﬁl # 2.28 Bunm Gyl ewiynidlu
usesunuuennasn Tasldsunmiludyau (Digital) paztomiymiludegu (analog) 3
Ly
anyduiusioudiuaums18dil
Analog output = K x Digital input
.- N 2 - a
Digital input  vanefe Wsmnaayluuisneeunn
< a o A A P
Analog output  M31882 UTINRNTIAU 13D ATTUAMOIMUN
K 11089 A1nInmnIziaaziaesi3ondl poportionality factor ity vese A M1 B
¥
Sufunevsuaz Reference voltage (Vref)

D! C ! B @ A Vout
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DIA v, -
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1 228 sthonnia hlwe 1393 DAC
91n@1519 True Table 31 i 2.28 sziffuanudiniussznieduyn HaIeYIYM 13U me
Summ 0000 1IN 0 V- SUMM 0001 TN 1 V Buym 0010 (@171 2 V M1 proportionality i1
iy 1v
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Fethasu Sunnasaoa 0101 sarifeIg laaYIAY
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Vo =1Vx ()10 = 5V
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D C B A Vout
D
0 0 0 1 1
0 0 1 0 2
0 1 0 0 4
1 0 0 0 8

b y 3
A15197 2.1 aruaaniminveaayluuisduynudasndn

Resolution (Step Size) #1¥3117383 DAC fi1 resolution minedemnnuazidsalumanilas
ﬁmmmmﬂﬂwamﬂummaaﬂ e ﬂ'ﬁlm LSB (Least Significant Blt) 750 A proportionality
factor (K) yanSaezoni Step Size 39 Huwmwnu‘lmanwsgﬂ #1229

Fefil-scale -~ 1§V
1 -
4-bit (Ingut= 3111)
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D  MSB .
C DIA Vout
B Conveder +——P»
A (DAC)
LSB
Resofution=1
JuL -j 2¥
Clock 1V B
) Sy . Tisme

Retolstion =steg tim =1V ———— P

j’ﬂﬁ 2.29 Output waveforms of a DAC as inputs are provided by a binary counter

vz # 2.2 uﬁﬁqmsnJauuuﬂmmmnmﬂuunmunu'1ﬂ ANIuazBuA (Resolution)
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iieduymgaga 1111 mmnnmqﬂ 15V '

Percentage Resolution M1t ManazBuaveees DAC Arthuledidudaumsluns

AMnune
%resolution = (step size/full scale)‘-‘lOO% 15 0%resolution = (1/number of steps)*100%
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2.6 msaaueaga (Shift Register)

Fudeudeyadailumah FLIP FLOP 101 1Bethanila msideudeyarziidavus
mehaﬂumu

1. #hwuueen¥IY (Parallel In Parallel Out H38 PIPO)

2. ¥haun 98n 8YN3Y (Parallel In Serial Out 30 PISO)

3. M3y Y 88N YUY (Serial In Parallel Out #3590 SIPO)

4. ¥hoyns1 99N BN (Serial In Serial Out %50 SISO)
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Q
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51} 2.30 uaaa Iassa19904 D Flip-Flop

16,1 19191 11HEBN VLN (Parallel In Paraliel Out 730 PIPO)

* . Ed
srdeudoynludnyaisdl szrinnldiffuddeaiuiin viensn (Latch) Joyald At

Input Output
PR CLR CLK D Q nQ
0 1 X X 1 0
1 o X X 0 1
o o X X 1 1°
1 1 EIERE: 1 o
1 1 _f— o 0 1
1 1 X 1x Qo nQ

1*'13i Stable nQ = Qbar = Q complements nQ0 = QObar = QO .complement

A5 197 2.2 UEAUBIMYYNY D FLIP FLOP
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2.6.2 wwumaanauﬂsu (Parallel In Serial Out 138 PISO)
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nngl 2.32 «uaua‘nﬁmmsﬂw LOAD shnuuuviiuezdssdlewdnse’ld 1 b2 Di Do
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DC to DC Converter ﬁ‘luawsuﬂmﬂumaﬂﬂﬁmi"uﬁmmi‘lunsvuaﬂ'iwaumnmumu
sef (Buck Converter) ULUNUILAL (Boost Converter) nazuyunou-nu 1 (Buck-Boost
Converter)

271 2995NBUIZAY (Buck Converter)

NIINBUTZAY (Buck converter) 150 ’Jsliiiﬂ’dﬁuﬂﬂu‘lﬂﬂﬂﬂ?niﬂ (Step down converter) 4
Iﬂsmﬂwmmsmsﬂ 5 2.38 dnlszneulidan adad ("'ON" nie "OFF") ﬁ’)lﬂﬁﬂiw‘q(Capacxtor)
Famiteni (nductor) tiaz laTea (Diode) msmnsmnwsneus'"ﬂuuusmwmﬂu 2 n5di Ao

Lvazadadinnszua Ay i i 239
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31071 2.38 2393MOUITAY (Buck converter)
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31171 2.40 2993MOUTTAD (Buck converter) yaizadas hivhnszud

2.7.2 149INATZAL (Boost Converter)
2995 NATZA (Step up converter) H38I3UNANTIINULTIAU (Boost converter) Rt

sesulirmnzauiums o Tasii Tasead e nsesdwaatugl 7 241) - maRememes

meuszduvszdiad inhnszuadaaslugilii 2.42

v . Tsw v
sC? 1 -l— s Vo
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311#1 2.427995MA3 A (Boost converter) vatzaiad ihinszue

2.73 'stnau-nﬂizé'u (Buck-Boost Converter)

1495 NBU-NATZAL(Buck-Boost ~ Converter) H3823931HUIOTAANTIAU (Step _up-down
converter)muummmtazaﬂuimu‘l‘ﬂﬂ1 qmmﬂuﬂ"lumsaammﬂﬂiaﬁsN‘umqwsmzzuum
mmmm'ms Step down U@ Step up msauiuduaasiugl i i 243

In
sw

vscs lLl :}L %TIC é?o

4 &

gﬂﬁ 2 43 1395 NOU-NATZAL (Buck-Boost converter)

2.8 19snsARAN (Filters)

Filter 1’1’|uwﬂsﬁﬁ1uﬁ1ﬁﬁmﬁanﬂ'.nn?;?ié'aaﬂ”sixm:ﬁﬁaﬂ'nu?;ﬁ'lﬁé’aams Fanieeonld
i 2 S1PH lﬂﬂiﬂig”] fi0 Passive Filters (a2 Active Filters

Passive Filters l‘ﬂu’NiﬁﬂS'il\'iﬂ'ﬂIlt’l‘nﬂ'lﬂ'lQ‘]Ltﬂ11|ﬁ'\iﬂ§'ﬂil'lﬂﬁmm1ﬂl‘ﬂ ‘]Nilﬂf“tﬁﬂlﬂ
15!!6 Low Pass Filters, High Pass Filters (HP), Band Pass Filters (BP), Stop Band Filters (SP) Y EL
Band Reject Filters, Band Elimination Filters(BE), All Pass Filters(AP)

L1
SV

+ J_ +

vi c2 T Vout

3111 2. 44 4TAIAIBE192393 Passive Low Pass Filter

Active Filters li’lunmiﬂimﬁ'mumomlm1u$d1qqmuﬁﬁmmﬁua:mu15nmmuﬁ'q;ﬁpm'lﬁ
 Taol4 Amplifier Tumsvenodygnm Faiina1o¥iialdun Low Pass Filters, High Pass Filters (HP),
Band Pass Filters (BP), Stop Band Filters (SP) ¥39 Band Reject Filters, Band Elimination Filters(BE),
AllPass Filters(AP)
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2.8.1 Naimawmmmsmmnam (L.C Filter)
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311 2.46 11EAIAIDE112993 LC Filters
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* 2.8.2 First Order Active Low Pass Filter
ﬂqwumuﬂwuwanws Active Low pass Filter Shinnsasssnugieyanalddya u
Finadi 18 dagilit 2.50 Tamlszneudsdidmu Fumnlsz § uavat)ﬂuauﬂﬂnmﬂu
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R1
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Vin Cj c1—
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3 ‘1]‘71 2 4TUAAIIN3 First Order Active Low Pass Filter

nngihz1dn
V. K/RC ©
V. s+1/RC
K = Gain (10)
: 1
Wc™ pe @an

$a 1 3 io o o I
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2.9 Naiaﬂeawmmumm (Oscillator)
nﬂums%mmmwiﬁﬂmmqmmwm (Clock Generator) 'lmm ﬁmnﬂumvnmﬁﬂm

mmnnwugm%mwsﬂsnﬁmmmmwm IﬂﬂwugmﬂannmsNﬁtyﬁpmmwmuuﬂauw
poaFaIawme; (Oscillator) 1doABY F1299500 0T AIAADS { annsaadnlénawis nazuAnzI BN
Yoadoidy uawm1n~ﬂmmmmnnmmu'lﬂ “lunu'lﬁ'ﬁnmmmnmwsﬂa'dafammai 3 wiin ﬂa
N%m‘hﬂnﬂaunasmas (Inverter Gate) Ni)sﬂsﬁmaaﬂﬁasammas (Crystal Oscillator) uanwsn
1405 Inwesiues NESSS
2.9.1 'Nﬂsaﬂmwmlmummé"smnnaunasmes

aun'asmaiﬁ'lumwn“luamﬂmamumswmﬂuamﬂnﬁaummmuun iivavinandninm
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wmumz‘lmﬂauunu N ‘VNul‘Vﬁ1.,1ﬂ‘1|‘il.,ﬁﬂ~11%1’)211‘]5’)3111!&111ﬂ131\141u Al
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2.10 "WNIIMINNAH o (Frequency Divider (MOD))

J 4 <y v 3.' P = LY st
douRIrpenIULIIMIANE I AT Nz a1y (Counters) iFoneu Tay
rastaunsautiaihy 2 uunlng fis

= R4 d
2.10.1. tmuezmiﬂiummmﬂa? (Asynchronous Counters)

v b 4 9
Fre01929933112.50 meiinuvennedivas vanuaziiadulindouiu

A=Q0 B=Ql - c=Q2 D=Q3

gﬂ‘ﬁ 2.50 Asynchronous Counter (Ripple Counter)
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MOD number Hnsas U avRinfdsuanie (State) ‘lﬂmwnm&mmmunuamwi
unuaﬂuﬂaumunmmn (recycle) 191113995 MOD16 ( i 16ﬁm’a°ﬂumﬂu) MOD 8, MOD 6 ind
MOD number 923A 14111 2 B (ifo n mmnmmuumaaﬂaﬂﬂaaﬂ

mmmwsuausﬂﬂauiusﬂ i 2.54 1ilun393 MOD16 mmﬁﬁwmunﬂﬁﬂﬂaaﬂ D U
mmn 1/16 ¥93R 21D Clock uaw'lﬂ 50% duty cycle L#A3912995 MOD16 mmsamsmmﬂ‘lﬁ' 16
nmmamtmﬂu Clock 3993 MOD 6 92 0,1,2,3,4,5,0,1,

msaammmwsumm MOD number <28

'mswujm Ripple Counter aunsore i dmidu 2 0 dusideanis e
Counter Hunuuavluuidvesndt 2 ° iswzdesliaeniy srhlfaniidesnmsudainms Clear
AsiasfimuanazsniviniTnsldieiymysaidunasy du NAND gate #914191 Clear
voanaionilynds
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2.10.2 uuumiﬂsummmﬁa‘s (Synchronous Counters)

#9613 29331 9 # 2.51 msTauvensiaivae mnmmmmumﬂuﬂu a3 oul
SuClock (Fa1na ¥1 Clock Y93 F/F 1NAI82ADI AU output Y03 F/F sznldoumdeufunanuauaz
381 Clock)

T o—AT o—B{ of—C¢{ qfP

TUHl— - iy

K 0 K o1 Kk o K @}

51/l 2.51 1taAI2993 Synchronous Counters

Tav93 Synchronous Countcrs r‘flu’.)wi umm‘luummuuunawm (count down) 713 AD
'mﬁmmuauﬂmmiummnumu (Count up) mmuﬂa'mmﬂuuﬁuunuuifumwnmm!ﬂ Q
ao1dha Clock adall mmmsummﬂ‘umsunnunnaﬂﬂa\ﬂ%m Q Aot v Clock A26a lalunu
mﬂum5ﬂﬂmmmwsuu'lmaaﬂ“lﬁnmn Asynchronous Counters

2.11 ﬁ'ﬂuﬂaé’mn (Logic Gate and Buffer)

as

Shio i (BUFFER GATE) iidaydnvalias a1519A7193 A9

L2

X=A& |

A "
0 0 1>
1 1 -

Slh'l 2.52 uamms1aﬂ'nurﬂmsauavﬁmaﬂumammﬂas
- 1ln@nn Buffer ‘il“’ilfltuﬁ uiiandienune input impedance §3 Q< output impedance ﬂ‘lﬁ X}
ﬂtinﬁ’fjﬂsziwuﬂmzﬁﬂﬂqﬂﬂim‘numanuuu (CD, phonon stage) Wineaihiauminunn EL
Bonfuiiuiie Tuvars 7 Output impedance mq%~mu’1ums‘u'unmna'lﬂ'lé'ﬂn'nmsﬂam4

d7u Tri-State ﬁ']uuﬂ;ﬂasnmnummn Signal Strength 11azf19@ noise mumumﬂsvnan
Zyu w1 3 91 vwsaihuBunm 0 §i 2 Huvueiyn uazagamoiin 91A3URY (control) Tao#
wdnmsihnuveiufe 1n control fiauilu active (logic = 1) 98 auagmiﬂﬂuvgﬂ'\ﬂtﬂauum
lﬂ]ﬂu‘n‘lﬁ (A1 output = input ulﬂ Control =1) 1taN1A Control finuiiy inactive (logic =0) CPA Y
eqapﬂ“lnmauvmmnﬂauummun uuasw:nﬂauumauummmmu Tﬂummmumvnﬂuﬂm"lﬁ
mmmlauuuﬂaaﬂsamqmﬁna(ﬂaunsx~nn1snﬂauuuﬂmaﬂﬂsmua) JofAvea Tri-State’ AOMS
lszndaid Tamamzounyn mmswmmmaaaaﬂnmme“lnnumnuagmua uAd Ui Tri-State
15192910 I Wiun au'mnuawummami‘luuﬂmanmﬂuqmmu

A0NMTUAAIAINSNNUVDA Tri-State
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Comoll 1 1T 01 01 11010
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Output | 1 1 1 0 0 0
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51l 2.53 uamsmsearudusiwadadaudveslnsnasaiives

2.12 Tisunsuuansma LABVIEW
LABVIEW iluTdlsunsuneuinmes naauieinnldludiunisSauazinsesiieda
AT UNUNIININTTY LABVIEW 8911910 Laboratory Virtual Instrument Engineering Workbench
é 1 H 3 L o - - o 3
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i) é s Qr o
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TaowizluaudouTisunsunsuimes iieendefugilaseioug eldlumsiauazms
RRTLY
2.12.1 Dataflow and GUI Programming
LABVIEW Ty Tefsunsuit19510n i uiedadnualununis@oudasdrsnusmiley
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H 1 1 -y o 1 \l é e
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1 4
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b % 19 o o a A1 =} a = ¥ as tY
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ar - K S = FY; = Y & o
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2.12.2 Function of LABVIEW
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2. Block Diagram (ilutaiiouiys Source Code 30 11/sunsuvas LABVIEW Failsingney

Tu31¥840141 GUI %4 Block Diagram # e 31ilu Executable Program faansaneziiauldvui
Y aa & g = a o
gazdenonilszaisniliffie LABVIEW sziimsasasdaunnuranainves lilsunsuaasanal w1
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manfu hilddoyaldsumailszinananuiidesns uasudawaseanldundldae’l)
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3. Tcon 1Az Connector (1f3oaiiouTlsunsudes Subroutine TuTisunsinln@inag lilTas
L4 % d' 1 1] é
icon DLMUIBAA block diagram  @anilantimydadeyadmazeeniiuniy Connector  ¥alu
=t . ;- Y a 4 9 d”dd
LABVIEW 13192650 Subroutine 1131 sub VI T8avasmsiiou llsunsudioniyl GUI unfetst
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dmiudnavaz i lilves lcon 1az Comnector szuaaslugilde il wezdmudniiemwaaslugy
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ifcon Connector

gﬂ"?l 2.56 1ty Icon 118y Connector

2.12.3 DAQ,GPIB and serial communication
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AN AR
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1. DAQ Board
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2.13 lulasnoulnsaaes PIC 18F458

2.13.1qauauialulnsneuinsatae’ PIC 18F458

Auaulia
Program Memory Flash 32 Kbyte
RAM 1536

Data Memory | (Bytes)

EEPROM 256
(Byte)
OSC max (MHz) 40MHz
Timers 4
PLL YES

g1 2.57 naaanwRaIauiiA PIC 18F458

2.13.2 dayananWm CLOCK
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DataReceive[0]=="1"

Rang no =1
Delay_ns(6)

DataReceive[0]=="2’

Rang no =2
Delay ns(60)

DataReceive[0]=="3

Rang no =3
Delay ns(600)

DataReceive[0]=="4’

Rang no =4
Delay_ns(6000)
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National
Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
intemally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power
supply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply
systems. For example, the LM158 series can be directly
operated off of the standard +5V power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

The LM358 and LM2904 are available in a chip sized pack-
age (8-Bump micro SMD) using National’s micro SMD pack-
age technology.

Unique Characteristics

= in the finear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage.

= The unity gain cross frequency is temperature
compensated.

=’ The input bias current is also temperature compensated.

Qctober 2005

Advantages
= Two internally compensated op amps
= Eliminates need for dual supplies

= Allows direct sensing near GND and Vo r also goes to
GND

m Compatible with ali forms of logic
= Power drain suitable for battery operation

Features

m Avaitable in 8-Bump micro SMD chip sized package,
(See AN-1112)

® [nternally frequency compensated for unity gain

= | arge dc voltage gain: 100 dB

u Wide bandwidth (unity gain): 1 MHz
(temperature compensated)

u Wide power supply range:
— Single supply: 3V to 32V
— or dual supplies: - 1.5V to =16V

= Very low supply current drain (500 pA)—essentially
independent of supply voltage

| | ow input offset voltage: 2 mV

Input common-mode voitage range includes ground

u Differential input voltage range equal to the power
supply voltage

u | arge output voltage swing

Voltage Controlled Oscillator (VCO)
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" \ l ] l l
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LM158/LM258/LM358/LM2904

Absolute Maximum Ratings (Note 9) Distr-ibutors for availability and specifications.

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

LM158/1L.M258/L.M358 LM2904
LM158A/LM258A/LM358A
Supply Voltage, V* 32v 26V
Differential Input Voltage 32v 26V
Input Voltage -0.3V to +32V -0.3V to +26V
Power Dissipation (Note 1)

Molded DIP 830 mwW 830 mW

Metal Can 550 mw

Smali Outline Package (M) 530 mw 530 mW

micro SMD : 435mW
Output Short-Circuit fo GND

{One Amplifier) (Note 2)

V*<15Vand T, = 25°C Continuous Continuous
input Current (V| < —-0.3V) (Note 3) 50 mA 50 mA
Operating Temperature Range

M358 0°C to +70°C —40°C to +85°C

LM258 -25°C to +85°C

1 M158 \ -55°C to +125°C
Storage Temperature Range -65°C to +150°C -85°C to +150°C
Lead Temperature, DIP

(Soldering, 10 seconds) 260°C 260°C
Lead Temperature, Metal Can

(Soldering, 10 seconds) 300°C 300°C
Soldering Information

Dual-In-Line Package

Soldering (10 seconds) 260°C 260°C

Small Qutline Package

Vapor Phase (60 seconds) 215°C 215°C
fnfrared (15 seconds) 220°C 220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.

ESD Tolerance (Note 10) 250V 250V

Electrical Characteristics
V* = +5.0V, unless otherwise stated

Parameter Conditions LM158A - LM358A LM158/LM258 | Units
) Min Typ Max |Min Typ Max |Min Typ Max
Input Offset Voltage {Note 5), T, = 25°C 1 2 2 3 2 5 mV
Input Bias Current lingsy OF iy Ta = 25°C, 20 50 45 100 45 150 nA
Ve = 0V, (Note 6)
Input Offset Current liny = hingey Vo = OV, Ty = 25°C 2 10 5 30 3 30 nA
input Common-Mode V*+ = 30V, (Note 7) 0 *—15{ O V15 0 *-1.5 A
Voltage Range (LM2904, V* = 26V), T, = 25°C
Supply Current Over Full Temperature Range
R, = *= on All Op Amps
V* = 30V (LM2904 V* = 26V) 1 2 1 2 1 2 mA
V* =5V 05 12 05 12 05 1.2 mA

www.national.com 2
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Electrical Characteristics

V* = +5.0V, unless otherwise stated

Parameter Conditions LM358 LM2904 Units
Min Typ | Max | Min Typ | Max
Input Offset Voltage {Note 5) , T, =25°C 2 7 2 7 mV
input Bias Current lingsy OF lingeyr Ta = 25°C, 45 250 45 250 nA
‘ Vem = 0V, (Note 6)
tnput Offset Current vy — liney Yom = OV, T = 25°C 5 50 5 50 nA
‘lnput Common-Mode V* = 30V, (Note 7) 0 *-1.5 0 *-1.5 \
Noltage Range (LM2904, V* = 26V), T, = 25°C
upply Current Over Full Temperature Range
R, = < on Al Op Amps
V* =30V (LM2904 V* = 26V) 1 2 1 2 mA
V* =5V 05 1.2 0.5 1.2 mA
. Electrical Characteristics
| V* =450V, (Note 4), uniess otherwise stated
" LM158A LM358A LM158/LM258 | Units
Parameter Conditions < - -
| Min Typ Max | Min Typ Max | Min Typ Max
Large Signal Voltage V+ =15V, T, = 25°C,
Gain R, 22kQ, (ForVg = 1V 50 100 25 100 50 100 VimV
to 11V)
Common-Mode Ta=257C,
o ] 70 85 65 85 70 85 dB
Rejection Ratio Vep = 0V to Vi-1.5V
Power Supply V* = 5V to 30V
Rejection Ratio (LM2904, V* = 5V 65 100 65 100 65 100 dB
fo 26V), To = 25°C
\IAmplifier-to-Amplifier f=1kHzto 20 kHz, T, = 25°C
) -120 -120 -120 dB
Coupling (Input Referred), (Note 8)
Output Current | Source|Vy* = 1V,
(| < 20 40 20 40 20 40 A
V* = 15V, ™
Vo =2V, To=25C
Sink| V™ = 1V, Vit = OV
V* =15V, T, = 25°C, 10 20 10 20 10 20 mA
Vo =2V
Vi = 1V,
Vi = 0V 12 50 12 50 12 50 A
Ta = 25°C, Vg = 200 mV, H
vVt =15V
Short Circuit to Ground | T, = 25°C, {Note 2},
40 60 40 60 40 60 mA
V* = 15V
input Offset Voltage {Note 5) 4 5 7 mV
Input Offset Voltage Rgs = 0Q
o 7 15 7 20 7 pvrc
Drift
Input Offset Current ine — vy 30 75 100 nA
‘Input Offset Current Rs =0Q
o 10 200 10 300 10 pA/’C
{Drift
input Bias Current lingsy OF linggy 40 100 40 200 40 300 nA
‘input Common-Mode V*+ =30V, (Note 7)
‘ 0 “~2{ 0 21 0 -2 v
Voltage Range (LM2904, V* = 26V)

www.national.com
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LM158/LM258/LM358/LM2904

Electrical Characteristics (continued)
V* = +5.0V, (Note 4), unless otherwise stated

" LM158A LM358A LM158/LM258 | Units
Parameter Conditions - -
Min Typ Max |{Min Typ Max | Min Typ Max
Large Signal Voltage V* = +18V
Gain (Vo = TV 1o 11V) 25 15 25 VimV
R >22kQ
Output VoulV* = +30V RL.=2kQ 26 26 26 v
Voltage (LM2904, V* =26V) (R =10kQ | 27 28 27 28 27 28 \
Swing Vo {V* =5V, R = 10kQ 5 20 5 20 5 20 mV
Qutput Current | Source| V" = +1V, V|« = 0V, 10 o0 10 20 10 20 mA
V* =15V, Vo =2V
Sink{ Vi = #1V, Vi = 0V, 10 15 5 8 5 8 mA
V* = 15V, Vg = 2V
Electrical Characteristics
V* = +5.0V, (Note 4), unless otherwise stated
o~ LM358 LM2904 Units
Parameter Conditions - 3
Min Typ Max | Min Typ Max
Large Signal Volitage V* =15V, T, = 25°C,
Gain R > 2KkQ, {For Vg, = 1V 25 100 25 100 VimV
fo 11V)
Common-Mode Ta =25°C,
Rejection Ratio Vem = OV to V*=1.5V % o 50 X’ d8
Power Supply V* =5V to 30V
Rejection Ratio {(LM2304, V* = 5V 65 100 50 100 dB
10 26V), Ta = 25°C '
Amplifier-to-Amplifier f=1kHzto 20 kHz, T, = 25°C
: -120 -120 dB
Coupling (Input Referred), (Note 8)
Output Current Source| Vi = 1V,
Mol 20 40 20 40 mA
V=15V,
Vo =2V, Tp=25C
Sink| Vi~ = 1V, Vit = 0V
V* = 15V, T4 = 25°C, 10 20 10 20 mA
Vo =2V
Vi =1V,
Vit = 0V
T, =25C, Vg = 200 mV, N 12 %0 bA
V* =15V
Short Circuit to Ground T = 25°C, (Note 2),
V* = 15V 40 60 40 60 mA
Input Offset Voltage (Note 5) 9 10 mv
Input Offset Voltage Rs = 0Q 7 - WG
Drift
Input Offset Current e — vy 150 45 200 nA
Input Offset Current Rs = 0Q 10 10 pAIC
Drift
Input Bias Current lingsy OF by 40 500 40 500 nA
input Common-Mode V+ =30V, (Note 7)
0 -2 0 Ve -2 A
Voltage Range (LM2904, V* = 26V)
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Electrical Characteristics (Continued)
V* = +5.0V, (Note 4), unless otherwise stated

. LM358 LM2904 Units
Parameter Conditions - ~
Min Typ Max | Min Typ Max
Large Signal Voltage V*+ = +15V
Gain (Vo = 1V 1o 11V) 15 15 VimV
R, 22kQ
Output VoulV* = +30V R . =2kQ 26 22 v
Voltage (LM2904, V* = 26V) R =10kQ 27 28 23 24 v
Swing Vol VF =5V, R = 10kQ 5 20 5 100 mV
O S Vit = +1V, Vi~ = OV,
utput Current ource | Vi + N 10 20 10 20 mA
V* =15V, Vg =2V
Sink| Vi~ = +1V, V" = 0V,
N ™ 5 8 5 8 mA
V* =15V, Vg = 2V

Note 1: For operating at high temperatures, the LM358/LM358A, LM2804 must be derated based on a +125'C maximum junction temperature and a thermal
resistance of 120°C/W for MDIP, 182°C/W for Metal Can, 189°C/W for Small Outline package, and 230°C/W for micro SMD, which applies for the device soldered
in a printed circuit board, operating in a still air ambient. The LM258/ M258A and LM158/LM158A can be derated based on a +150°C maximum junction temperature.
The dissipation is the fotal of both amplifiers— use extemal resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated
in the integrated circuit.

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short cirucits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous sharts on all amnplifiers.

‘ Note 3; This input cumrent will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistors becomning forward biased and thereby acting 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 op amps to go to the Vtyoltage tevel (or to ground for a large overdrive) for the time duration
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again retums to a value
greater than —0.3V (at 25°C).

Note 4: These specifications are limited to —55°C < Ta < +125°C for the LM158/LM158A. With the LM258/LM258A, all temperature specifications are limited to
~25°C < Ta < +85°C, the LM358/LM358A temperature specifications are fimited to 0°C < Ta < +70°C, and the LM2904 specifications are limited to —40°C < Ta <
+85°C.

} Note§: Vg = 1.4V, Rg = 0Q with V* from 5V to 30V; and over the full input common-mode range (OV to V* —1.5V) at 25°C. For LM2904, V* from 5V to 26V.

Note 6: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so
no loading change exists on the input lines.

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
common-mode voltage range is V* —1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2304), indspendent of the magnitude of
VE,

Note 8: Due to proximity of exteral components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be
detected as this type of capacitance increases at higher frequencies.

Note 9: Aefer to RETS158AX for LM158A mifitary spedifications and to RETS158X for LM158 military specifications.

Note 18: Human body model, 1.5 kQ in series with 100 pf.
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LM158/LM258/LM358/LM2904

lp = SUPPLY CURRENT DRAIN (mige) 4V = INPUT VOLTAGE (#Vp¢)

AyoL ~ YOLTAGE GAIN (dB)

Typical Performance Characteristics

input Voitage Range

15
10
NEGATIVE /
POSITIVE
5 /
0 5 10 15
V' OR V" POWER SUPPLY VOLTAGE (#Vy)
00778734
Supply Current
4 7
%
mA 6 l b
3
2 ¥ —
1T, = 0°C TO +125°C
Ty = —55°C
A
i |
0 10 20 30

V' = SUPPLY VOLTAGE (Vp)

060778736

Open Loop Frequency Response

140
120 1 pF R
Yo
100 —N \ dot
80 \\
v* =30 ch
60 \‘\si°c<1,\<+125°c
40 \\\
20|V =10T0 15V & \ 3
-559C.<T, <+125°C \
0 1 i A 1 i \
1.0 10 100 1.0k 10k 100k 1.0M 10M

f — FREQUENCY (Hz)

00778738

Input Current

%0 Vo =0V,
on = 0 Ve
. 80
S 70
-
£ vt o= 430V,
ol i T
[ )
3 4 VE o= 15V
—
=
T 30
20 vt = 45V
10
e
~55-35-15 5 25 45 65 85 105125
T, - TEMPERATURE (°C)
00778735
Voltage Gain
160 | |
g 120 R = 20k
=
z / :5\\
d L 240
Lad
2 80 it
5
o
>
1
a 40
>
-<
0 10 20 30 40

V= SUPPLY VOLTAGE (Vpe)

00778737

Common-Mode Rejection Ratio

z

= 120
=

=

= 100
=z

(=)

S 80
%]

(-3
w60
a

(=3

T

1 40
Q

3

g 20
]

o

o=

= 100

&

kS

stk -i5v

oo™ tumm § g

1k 10k

BUFFER

100k N

£ - FREQUENCY (Hz)

00778739
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Typical Performance CharacteristiCs (Continued)

Voltage Follower Puise Response

4 1
. R = 2.0k
2z 3 v = 15V
z = =15V
32 2
5 L/ \
=S ~
0
< <
.. 3
5=
% il 2
- o
1 X
art 1
zZo
=5
0 10 20 30 40
t - TIME (us)
00778740

Large Signal Frequency Response
20

T 0k HI”"

+15

o = OUTPUT SWING (Vp_p)
a
=
=
1
1

1k 10k 100k ™

£ - FREQUENCY (Hz)
00778742

Qutput Characteristics Current Sinking

10 - RIS
Ve = 5V TR
2 V' o= 15 Vo THISEIT
= v = 430V, L4 4
w ; il ||
- HH =t
hart +—tyt HH
° WA ]
> T 1
= L1]
2 ] vt /2 -
5 0.1 b '
o = =
1 A Yo
& A= = L
= oc —
oot Al Ta = 7257400
0.001 0.01 0.1 1 10 100

lo = OUTPUT SINK CURRENT (mAp.)
00778744

Voltage Follower Pulse Response (Small Signal)
500 ——

8, = OUTPUT VOLTAGE (mv)

250

Output Characteristics Current Sourcing

V, - OUTPUT VOLTAGE
REFERENCED TO V* (Vpe)

5 = OUTPUT CURRENT (mAy;)

450 8,

S0
400 _1_ ::-E : \
_R _l INPUT

350

T
\ QUTPUT v
300 \

o
F

T, =+25°C
v*_: +30 Voo

o 1t 2 3 4 5 & 7 8

t — TIME (us)
00778741

8 LIRJ

. METRRn
INDEPENDENT OF V* [
2 T, = +259C

SR :

1 )

0.00t 0.01 0.1 1 10 100

1§ - OUTPUT SOURCE CURRENT (mAge)

00778743
Current Limiting

90

80 l
70 5,
80
50 fr
40 =

30

~]
20
10

(]
-55-35-15 5 25 45 65 85 105125

T, - TEMPERATURE (°C)
00776745
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LM158/LM258/LM358/LM2904

Typical Performance Characteristics (continued)

Input Current (LM2902 only)

100
3
Q
T
st
=
i
F
a ¥ F
-
=2
£ LT Ta =+25°C
T 25
z
0 10 20 30
v* —SUPPLY VOLTAGE (Vpc)
Q0778746

Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 V. These amplifiers operate over a wide range
of power supply voltage with little change in performance
characteristics. At 25°C amplifier operation is possible down
to a minimum supply voltage of 2.3 Vpe.

Precautions should be taken to insure that the power suppty
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuti-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voitages can be easily accomodated
and, as input differential voitage protection dicdes are not
needed, no large input currents result from farge differential
input voltages. The differential input voltage may be larger
than V*+ without damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than —0.3 Vp (at 25°C). An input clamp dicde with a
resistor to the IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mede. This allows the
amplifiers to both source and sink large output cutrents.
Therefore both NPN and PNP extemnal current boost transis-
tors can be used to extend the power capability of the basic
amplifiers. The output voltage needs to raise approximately
1 diode drop above ground fo bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled to
the output of the ampilifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

Voltage Gain (LM2902 only)

160 l I
a R =202
32 120 ﬁ—
=
a v RL=20kn —
o
< 80
=
-
L=
>
i
2 49
>
<
] 10 2 30

V' — SUPPLY VOLYAGE (Vpc)

00776747

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 V. to 30 Ve

Output short circuits either to ground or to the positive power
supply shauid be of short time duration. Units can be de-
stroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with extemal dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
if complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V*/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.
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~onnection Diagrams

DIP/SO Package Metal Can Package
v?
U ]
QUTPUT A o v*
oureuta (1) outPUT®
INVERTING INPUT A —L -1—- auTryT 8
INVERTING INVERTING
L X1 INPUT A INPUT 8
NOWINVERTING 3 S iveERTING INPUT 8
INPUT A NON-INVERTING NONINVERTING
INPUT A INPUT 8
4 S NONINVERTING
GNo wPUT GND
0778701
) 00778702 Top View
Top View
8-Bump micro SMD
V+
[ 12
Al J A3
OUTPUT A OUTPUT 8
INVERTING B B3 INvERTING
INPUT A INPUT B
NON-INVERTING €11 B ! €3 NON-INVERTING
INPUT A INPUT B
] c2
GND
00776755
Top View
(Bump Side Down)
L M358BP micro SMD Marking Orientation LM2904iBP micro SMD Marking Orientation
XT = Date Code XT =Date Code
Z ZP; Al Corner
Pin A1 Corner Pin At is identified by lower left
Pin A1l is identified by lower lfeft cormer with respect to the text.
corner wilh respect to the text.
56
Q07787 -
. Top View
Top View P
LM358TP micro SMD Marking Orientation LM2904ITP micro SMD Marking Orientation
XT = Daste Code XT = Date Coce

XTA XTA
07 09

P A1 Comer P AT Comex
Pin Al s idontifiad by fower s £ A1 ls Kdentiiod by lower et
comor with tespect 10 the toxt comer wilh teepact 10 tha st
00778758 007768759
Top View Top View
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LM158/LM258/LM358/LM2904

Ordering Information

Temperature Range

Package -55°C to 125°C -25°C to 85°C 0'Cto 70°C -40°C to 85°C NSC Drawing
S0O-8 LM358AM LM2904M
LM358AMX LM2904MX MOBA
L M358M
LM358MX
8-Pin Molded DIP LM358AN LM2904N NOBE
LM358N
8-Pin Ceramic DiP LM158AJ/883(Note 11)
LM158J/883(Note 11)
LM1584 JO8A
LM158AJLQML(Note 12)
LM158AJQMLV(Note 12)
T0O-5, 8-Pin Metal LM158AH/883(Note 11) LM258H L M358H
Can L M158H/883(Note 11)
LM158AH
LM158H HosC
LM158AHLOML(Note 12)
LM158AHLQMLV(Note 12)
8-Bump micro L M358BP L M29041BP BPAQBAAB
SMD LM358BPX 1 M29041BPX 0.85 mm Thick
8-Bump micro LM358TP LM2904ITP
SMD LM358TPX LM2904{TPX TPA%W
Lead Free 0.50 mm Thick
14-Pin Ceramic LM158AWG/883
SOIC WG10A

Note 11: LM158 is available per SMD #5962-8771001
LM158A is available per SMD #5962-8771002
Note 12: See STD Mil DWG 5962187710 for Radiation Tolerant Devices

www.national.com
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[ypical Single-Supply Applications

{V* = 5.0 Vpc)
lon-lnverting DC Gain (0V Output)

Vi -

00778706
R not needed due to temperature independent lyy

DC Summing Amplifier
(Vins 2 0 Vpc and Vo 20 Vo)

"Va

R
100k

00778708
Nhere: Vo=V + Vo - V3 -V

Vi + V) 2 (V3 + V) to keep Vo > 0 Vpg

-wl—_—————
7
s
o
=4
<
can=1+ 2
Ri
= 101 (AS SHOWN)
0 Vi (V)

00778707

Power Amplifier

Rt
Mok

N

Vo=QVDchI'V|N=OVDC
Ay =10

n

www.national.com
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LM158/LM258/LM358/LM2904

Typical Single-Supply Applications v+ = 5.0 v,) (Continued)

“BI-QUAD” RC Active Bandpass Filter
a1

108k
R2
100k
Vin O—AAA—
w $
160K
1
-0 Vo
1/2 LM158
R7
100k
v+
hd
(1] €3 _I
100k 10 /-L\
00778710
fy = 1kHz
Q=50
A, = 100 (40 dB)
Fixed Current Sources Lamp Driver

+ 5
R3
v
< 2k

00778712

00778711

www._national.com 12



Typical Single-Supply Applications v+ = 5.0 v,) (Continued)

LED Driver

20 mA
—_—

=

: ‘@

00778713

Driving TTL

1/8 DMSAXX

00778715

Do—o

Current Monitor

||.

Ri‘
VL
R
R2
100 /2 LM358
{ZO
R3
1k
r 00778714
1V ()

1A

*(Increase R1 for I smal)
Vs VF-2v

Volitage Follower

+Vin O

Vo=Vin

Pulse Generator

INS14

00778716

00778717

13
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LM158/LM258/LM358/LM2904

Typical Single-Supply Applications (v+ = 5.0 v,.) (Continued)

R1 R

100k 30k
[ A ” A
0.001F

'”:L

v&
a3
106k Ra
108k

00778718

Low Drift Peak Detector

1
R lamr
Vo 150k T 1/21M358 Vo
+
LML . ‘
fa
100k

Squarewave Oscillator Pulse Generator

IN9t4

(POLYCARBONATE OR
POLYETHYLENE)

e

zuszs*)—I

*4i g AT 180 nA 0.801.F
.77 4

-

HIGH Zp
LOW Zour

1/2LM358

AUX AMP

INPUT CURRENT
COMPENSATION

JL I

00778719

www.national.com 14




lypical Single-Supply Applications v+ = 5.0 V) (Continued)

High Compliance Current Sink Comparator with Hysteresis
1
Vi O
| l,
Vi O o
O Vo
Rl
10k
+Vree O
00778722
Re
1
00778721

lg = 1 amp/volt Viy
(Increase R for 1o small)

+WVe* O

O guUTPUT 1

NN

O OUTPUT 2

00778723
*WIDE CONTROL VOLTAGE RANGE: 0 Vpg < Ve <2 (V* —1.5V pc)

15 www.national.com
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LM158/L.LM258/LM358/LM2904

Typical Single-Supply Applications (v- = 5.0 V) (Continued)

AC Coupled Inverting Amplifier

R,
100K
MV

00778724

R
Ay = E:' {As shown, Ay = 10}

Ground Referencing a Differential Input Signal

Rt
m

L O Vo
Va

Ve

00778725

www.national.com 16




l'ypical Single-Supply Applications (v- = 5.0 v;) (Continued)

AC Coupled Non-Inverting Ampilifier

R1 R2
100k ™

00778726
A2
Ay =1+ )
A, = 11 (As Shown)
DC Coupled Low-Pass RC Active Fiiter
¢l
a.01yF
a1 az M |
16k 16k
Vin +
cz
90NF 1/2 LM358 Vo
I_ R3
o= xy 100k
l_ : vo 1
l
R4 P
100k ' fo
00778727
fo=1kHz
Q=1
Ay=2
17 www.national.com
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LM158/LM258/L.M358/LM2904

Typical Single-Supply Applications (v* = 5.0 v,.) (Continued)

Bandpass Active Filter

"]
0.0F

[»]

R1 0.01.F
390k
Vin
84
629
L = 12 1M358 Vo
R3
528k $
3 R?
10uF /_l-\ 100k 180K
= = -
00778728
fo = 1 kHz
Q=25

High Input Z, DC Differential Amplifier

R2
180k

00778729

R1 _ R4 (CMRR depends onthis
For = = Ra resistor ratio match)

R4
Vo=1+— (V2= V
[°] Ra(Vz 0

As Shown: Vg = 2 (V2 — V3)

www_national.com 18




Typical Single-Supply Applications (v- = 5.0 Vo) (Continued)

Photo Voltaic-Cell Amplifier

Ry
™

MA~

fcew l
{CELL HASOV
ACROSS (1)

Vo

00778730

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

R1
100k

GAIN ADJUST

1/2 1M358

Bridge Current Amplifier

Fors << 1and Ry >> R

3\ Ry
Vo = Vaer (5) R

1/2 LM358 Vo

00778731

ifR1 = R5 & A3 = R4 = R6 = R7 (CMRR depends on match)
2R1
Vo=1+—— -V
o=1+70 Vz—Va)
As shown Vg = 101 (Vp — Vq)

00778733

19
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LM158/LM258/LM358/L.M2904

Typical Single-Supply Applications (v+ = 5.0 V) (Continued)

Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

+1
. s 1/2 LM3s8 Vo
e -
Vi +
:,,l
2M929*
*4i 6 AT 50 nA 0.001.F
ls
-

1/2 LM358

2= XA\ AUX AMP
i
W= B INPUT CURRENT
. COMPENSATION
00778732

Schematic Diagram (gach Ampliier)

INPUTS

00778703
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Physical Dimensions inches (miimeters) unless otherwise noted

0.350—0.370
{8.890-9.398)
DA _
0315-0335
I < > 8.001-8.509)
\ 0.025 MAX
0.165-0.185 | 065 'l’m:ﬂu-fﬂ
{4.191 —4.699) +

Y vy

REFERENCE PLANE —1_ YV
A SEATING PLANE
0500 L—(gim, ml " "" T4 oos-nm

(2.78)  MAX {0.381—1.016)
Y _

0.016-0.013
"l l<' m DIA TYP

0.195-0.205 DIA
{4.953-5.207) PC.

7
0.029 -0.045 \&
{(0.737-1143)
0.028—0.034
0711-0.868) g //<

45° EQUALLY
SPACED

Metal Can Package (H)
NS Package Number H08C

" Nm

0.115-0.145
{2.921-2.683)
OA

HOEC (REV B

PO

0.220  0.310 MAX
0.29¢ GLASS

R0.02Z5 F(P l J

LT T2 1 1l

0.045
™ o0es T

+— 0.005 GLASS
MIN SEALANT

. 7

+ 0.020
l 0.060
T o
0.125
5 0.200 I

90°£4° TIP
it
l 0.018 £0.003 TYP

0.100 £0.010 TYP

N &)

3

o
iy
&
8

0.2%0

0.320 ‘
0.180
HAX

E
%

95¢£5¢ TP H 0310 0.055 MAX —»f
l y 0.410 ~ BOTH ENDS
o.008

0.012
—

Cerdip Package (J)
NS Package Number JOBA

21
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LM158/LM258/LM358/LM2904

wWiF

0.009—-8.615

0.158~8.157

T
94168025 . 4se |
0.254—0.508)

Physical Dimensions inches {milimeters) unless otherwise noted {Continued)

03480157
05084

£.300-9.320
a2—s1z8

. 053 _e
r— [ xS
& WX TYP ¥
MBS
oma £ [}
Auwws f ? &_u.__m Lt 2
4mE 9.0
- L——-(,_._.m o
TR

SOIC Package (M)

0.373-0.400
wa—ee) |

NS Package Number MOSA

0.032 $0.005
@813 x0.127)
RAD

(@8.223—9.381)

+0.940
9325 _g a5

G
—m)
$.045£0.015
RECETE )

]

'3 8130+8.005
(:usztmm

w.ese “ 5"’
Lz

|

T %
e e
e

.818:+0.003
AT LR.0TE}
0.19010.810
ti 4

Molded Dip Package (N)
NS Package Number NOSE

ornoN 2

NOOE (REV )
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Physical Dimensions inches {millimeters) unless otherwise noted {Continued)

f———— . 270 MAX
4g05 '2‘;"____1 16.861
0.1
) | |-| ﬂ |-| |
s \
4102010
{10._41%0.25])
) .2413;:?::;“
0.
n_/ [6.12:3:32
SUPPLIE
OPTION
\ : : J
LEAD #1 1DENT ! !

1 5
.0102.002 .—I v J
t0.25%0.051 0172002 TYP
I | 10.4340.053
050%.002 TP

1.27%0.05) e
-.[Dm-:’iozs
1.78%3:
9 (R.015_ TYP)
' £0.383
o-L£TYP
H———i3 [&5T.954 to.13]
H T ‘
045 MAX —+— 008,004
11,141 10.2%0.11 040,003 —|
TP SEATING PLARE 11.0230.071
TP

CONTROLLING DIMENSION IS INCH
VALUES IN { | ARE MILLIMETERS

Order Number LM158AWG/883
NS Package Number WG10A

-

,006+ 002 TYP
10.1520.051

23
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LM158/LM258/LM358/LM2904

Physical Dimensions inches (millimeters) uniess otherwise noted (Continued)

SYMM

{; }:wg;:z
1 ) i ) 1}
SYMMQ—¢7_—‘_-‘¢7_T
o

fe—Xx3 —-—1
LAND PATTERN RECOMMENDATION

IOPSIDECOATING-—\ 3:3%3—-|* T_
\ uMp

[o-o-0f

l SYMM

o I B R Ca L

N\
:) '— ﬁ "@*—1
AN 1 . .
\—BU“P A1 CORKER snucouJ - "'32%3 !C !5 k l'_L_I
8 8o.56 2

BPAOBXXX (Rev D)
NOTES: UNLESS OTHERWISE SPECIFIED
1. EPOXY COATING
2. 63Sn/37Pb EUTECTIC BUMP
3. RECOMMEND NON-SOLDER MASK DEFINED LANDING PAD.

4. PIN A1 IS ESTABLISHED BY LOWER LEFT CORNER WITH RESPECT TO TEXT ORIENTATION REMAINING PINS ARE NUMBERED
COUNTERCLOCKWISE.

5. XXX IN DRAWING NUMBER REPRESENTS PACKAGE SIZE VARIATION WHERE X; IS PACKAGE WIDTH, X; IS PACKAGE LENGTH AND X3 1S
PACKAGE HEIGHT.

6. REFERENCE JEDEC REGISTRATION MO-211, VARIATION BC.
8-Bump micro SMD
NS Package Number BPAOSAAB
X, =1.285 X,=1.285 X;=0.850
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