ghiinnoayana s nassouind ANz,

.y

A a ca' d ¢
ﬂmaﬂa’mwmu’miuauﬂ

Class D Switching Power Amplifier

Tny
wwwalgd  Ysuavg

Yo tiaty  uv ey

24
¢ 5617
55¢

AL S

NI HAT 83003
$u.deu il Jﬂ 0.0, 255%

b, A GF01x

allsasnsusasccastvsessnsssnssnne

S T T T 0

Haaniinusiiiluduniisveansanmmumdngas3yaimnssumansiudia

o o o F=Y G
U INANN IO UNT

aorfumalulagwizeamndudIguNHIsSMIANIZ1g

Umsanyt 2550



- 4=: d d|
aaaaTINTaAnIasuanil

Class D Switching Power Amplifier

Tan
Wi oigadl  Ysadug  sva 47012209

e NaYe  umlyve  SHa 47012215

da ges
p10158MU3nn

pa. dszmns  gassa

BaanfinusidludumiliveamsansmuningnsfSyaninnssumansiiuna
mninddanseting
aonfunaluladnszeoundudIguNITaINns i

Umsnm 2550



NPNUIBY  aeEReInTan o duoud]

Class D Switching Power Amplifier

davillag  ww dyd  yswdvg  ovilszddn 47012200

W nvs  umleve wvilszdwa 47012215

d'
9191985 we dszming sz

b r
s1wHRTUR TAFUMSASItToUINE 19 INUS Ny LA

WA, Usening  qaIsme

(esdndsnu)

it 23,730,385



oA A A' d
AR eINTAMIesteNl

W aigal YsuAvg sHe 47012209
wiv Wiado unlve 39%e 47012215
wel. Ysznng gassue 019156M15nw

maoui 2 YnrsAne 2550
unfateo

swnunsuiieus3imsadielase Power Amplifier ¥1i# Class D Switching Power
Amplifier 1Al 21493 1dn0Y 3 199570 Pulse Width Modulator (PWM) ,Switching Power Amp
JLow Pass Filter(LPF)  1ud@uv99 Switching Power Amp shaae i Bipola Transistor &4y
Power Transistorlumiveodios  Tnoillefidggn npur (foe) dhanfesgnsmsudegn
zﬂmum%unhm‘l%q 95 Voltage Comparatorfi2493 Pulse Width Modulator naoiudygugy
Fmaou udrdslEann Power Amp Taveedl Transistor 84 2 garduihen guitsshouly
vz outputiuvandrndngnilsszhauluvas fioupuiuay vnedygnuesnin dewdl
32QNN389820 Low Pass Filter 1% LC fiudnsesnmd Wnmodudyaodowonumi
Output 116981 Tnern 11/



Switching Power Amplifier Class D type

MR.NATTAWUT BURANADIT ID 47012209
MR.NIWATCHAI MAHACHAI 1D 47012215
Adviser: DR. PRAPAKRON SUWANNA

Abstract

This report proposes a method for constructing Power Amplifier Class D type. Thee 3 main
pillar circuits are Pulse Width Modulator (PWM), Switching Power Amp and Low Pass Filter
(LPF). As for the Switching Power Amp section, we will use Bipola Transistor as a Power
Transistor for sound expansion. When there is a signal Input comes in contact, the signal will be
wrapped up with triangle signal by using the circuit Voltage Comparator. At the circuit Pulse Width
Modulator the signal will become a signal in to form of quadrilateral. The signal will then be
transferred to the Power Amp sector where there will be 2 Transistor working alternatively between
one another. One of the transistors will work while Output is positive and the other transistor will
work while the Output is negative. This signal will be enlarged before being filtered by a Low Pass
Filter. LC will work as a frequency filter which fill the frequency signal into a sound output signal
which later on travel through the sound speaker.
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AV =i(Ri+Rf)/iRi
AV =Ri+ Rf/Ri
=] N
HiD .. AV = 1+ (Rf/Ri)

2.4.2 105 WNRAQENUIVUNAUINE (Inverting Amplifier)

dunn

121NN

317 2.9 2vsumedy g uuuundume (Inverting Amplifier )

N5YENULUUNAUINE (Inverting Amplifier) 51ensafmundasvens ldaulereudrems
floundu

nngl Sasrunevesesamnsaduan ledsdasdauresi RU/RI Hufeussfueina

eimphfuraguues RVRIfuussudunadygaewinad 1desagludnuasiimandusuduna

mswmm”mwﬂauﬁtgqylm!,ﬂmwﬁunagéa

Sunadunilsfifeszdosiiien R3 A eziden1didInd@estusives R uag R2 vy
fu Lﬁ'mfﬂwamﬁﬁﬂwmmﬁmmmu‘saﬁ’uaaﬂwwﬁtﬁﬂﬁumnns:zm"lmmﬁiﬂﬂﬂﬂﬁﬁ"lﬂauﬁumvi‘_lu
Foyay 1o Inlerdy mﬁwmﬁ"lﬁ%s%uagﬁuﬁuwm wifuldhnaney aussrenuiveseetueudil

» ]
daudify aaiulumsldanfedessz N il iduveuwanisdu anud lasdndervszdmund 13

Tugdvewnnguunedasivmedeninbinaigegald

Vin = iRi; Vout = iRf
AV = Vout/Vin; -iRf/iRi =-R/Ri
AV =-Rf/lR



2.5 2999038IANIND

] o ¥ > A ° P | wa
"Nﬂiﬂiﬂ\ﬁlg‘njﬂﬂzﬂixﬂﬂﬂﬁ")ﬂﬂqm‘]uw‘lu AUNUYIUT Uﬂzﬂ')lﬂ'ﬂﬂszﬂ Iﬂﬂlﬂ1f]mﬂUUﬁ

oo ] a P ° a9 v v { ] o o
sz hidvesginisiusazsiiafio Fumlivnimruddrudeaudgeiunn  ddhudszgaaun

garudhsanuddiriunn - fdumuszd udygrunud sz dudygruanns hnld

A W A4 r L :i; =] = A [ 1 o
!‘WEI‘Uﬂ‘l.l‘]'l\iﬂ’)'lllﬂﬂﬂzN'I'I-I’Nﬂ‘i11.l‘]‘lﬂ’)‘ll!ﬂﬁ111‘iﬂﬂ’l'lﬂﬂfj~1 LiJEJTIﬂﬂ‘I’NTIi‘lﬁl‘HU‘IZﬂiJﬂﬂZ

° C:. YA 9
AWI50M1995n509Au0 MMDdnvue Idaudeans
2.5.1 909N IVINIUOA WY

‘:: g' ] :: = » A:i ; lJ :;:: o 9
’N'i)‘iﬂ‘i'fNﬂ’J‘liJﬂﬂ‘lN'lNlﬂN’NﬁﬁﬂiENFI'J'IMﬂ‘ifuﬂiﬂﬂ‘)‘mﬂﬂ'lﬂ’l'lﬂ’ﬂﬂﬂﬂ ﬂ‘lHNﬂ1’J

Al Sanudgendimanudiidmualleesnlyld

G
% A

100
* 07%— — — —

fdfmen
(ny (1)

71U 2.10 WesNIBIANNDAIIY

90NN 2.10 1Hu99snsesnuda i Taelidamiloniaosududuiessuas dudy
UszqAovuuieesawgl n. uagldguaunidveansssamugl v,
wa A P w a ° a ¢ w a
AuauAY992993 Wedleunanuisudrresaaniionineliaiy, &1 fududszqezdl
3 o o Ao ' w a ° - 4 Y o 1 P
f1xe g4 AmManuiddudamiioni lAazain Sallanuioeng vinn 1duinlilianudgn
(] o A [ Y :i |4 J d o d ) ot ] n; o o
Fuaans Mg Werssqiliunut Mgeiuiosg damilenhezilinix, fevq uniu anduilszqes
a0y ’ Y ° L] a o d ) 1Y) - | d o 1Y =
Ui x. Ao devashldnnudmudmiioni1diosas uazauninlsz yihldnauignnses
J 1 1 ] L] - o
MNIR RPN Afziuoenid WiymApen aAnIUTERUANULTIVBIT Y INAADIN

¥ r
WUNABAEY 70.7% w5oanasindnamaetosndi -3 dB Sentuildgiunnuddnoey

?r
' o '

(Cut off Frequency) ¥HAY892995n309aNu0 A1F 1M duidsdeveanldon 2 uuudoe

10



2.5.1.1 NIBININOAIHINYIATN

' =

319 2.11 299InsesmuBiduing

o i ° o o o ] o o o
mylgduniionir nedudutse g Wesdridor liannsehdadygrn anudge 14
b o i o4 r a' o i ° = o A A ©

nunassgaanoed Mldmudgedanullldsanuaumiionind llluaees Sndmilaierh1d

a a ddad 2 A a Y , R _a
UszAninmueersesnseannudiinesiu iododeesSeudoondagy 21esnaiwdd «T Fa5un

i =|’| a a 3 a y Ty J ] r
2nunsesn LU hriaf MsaleesnIesn Uty Lifey 1HATWY e19dDIINT 1

%A
1 o

2.5.1.2 NIOINNNDA WY TIATE

] =

3% 2.12 293nIBIRNUBR W IUTTAN Y

ci J Yo o o [ ‘:{ o o Y o o d'
esnsesnnuiuuuiivslddaduilssy 2 &2 uazduniioni 1 & dedudfenmi 2-21
' o @ ° a & 2 a
Jaseniiuuuy w7 msizadwat 1 tuwes mlddszaninmees 2evshosvution il
29snseedggruuresuilas AC ilu DC (Power supply) uag 2993151807 (Regulator)

o L A -
12 lAussAusanidiynnSvnaziiszAuus e Innszifou (Ripple voltage) anas A1doans 10

A - 4 4, 2 o 4
szAnsnmresasesiui 14 Taonugansosdyaulfuniu

11



2.6 2399 Pulse Width Modulation (PWM)

Comparat ~OF

VPi———  Preamp

7% 2.13 2495 Pulse Width Modulation (PWM)

A o o o L]
lsssvnadenmadda Flunsvnodygrudvehiiudedidygrumuqumsiauld
3 ) ¥
uAgUnssiadnddelaomldudnsesvenlsznniitne: dygraunuguiuyPwM (Pulse Width
. 9 14 ] 9/ a I's
Modulation) dggnmuaauguuuy PWM anseaiieldTaemaiuerdygnuaivquiidiu gafland
a4 o ow a . a a , . 4
wfisunsufudyg uaumaen (Triangular Wave) Iaulin21ud (Sine wave) umzﬂﬂau'l@lfﬁimﬂ
v [} ﬂ' Qo 1 =) J i o d.
UAIIMUARIWAYNF Y (Fundamental Frequency) ¥84dg)n108 PWM fifiadududoyg e nimion

szifumimuaniudvesRad(Square wave)
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uazPNP aofusgludnuue wy-woneundmuams mmhnludnume vemsaiad ON uazOFF

é -3 kel @ L r
ot imsvnedygiuneduuIn uaz avaduiulaodyona

13



2.8 3199303090111 (Low Pass Filter)

I/PO——"Y Y Y\

O O/P

314 2.15 29950509 DAWNU (Low Pass Filter)

2993N509ANUAA I (LPF) Taesimihi daesdilsenenuvesdygiunny

tgaldnuatl

newa Smindygrueanya luignnsesniuige sonld Iinuadseih Ififamsuns nsz e

A dw A o ] a a 4 9 ada -
pon 'l lumsifenanuddnsenaisdenanudldgendt anudesd Tadnleeluniident

200 KHz dmsu 1l lunsadeld 2eesName Suuuessinesi 2
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NIdONLULY

Input | Pulse Width Modulator Low Pass Filter | Output

11N 3.1 udenlaozunsuvssnaadaindunwiesuowi

remsehainuninesueniinlfeuiiuminesueuildwivdyguted 18 a1y
FmsveanadIrusagaFu(Pulse width Modulation) 1490 Asudenlaezunsuluguii 3.1 ms
] o oa & =) 4 [ Y4 = ar =
Fnuveswadisueaguyu Aeanunheseadwiyniadeznlaouldamaavesdgygudunm
o o = Qar o Y 1o oa 4 [4
dfoundy lausuavesdygrudunn dyopandefivedoudgiadisuongamesidninnm
o  dd o a a I'4 & a o 7 o @ = dd’o 1 4
Aodh ldnszgnuoeTasainumnesueud danmsinsudamesinnuludnuaz adnditiinld
¥ A A ‘:; C: ] (-3 = ] b .73 =
insggdedesniluamaduqienie: sz uait nadud Inadiguselndifoetudygusuym
' ] 3 [] »
niniga esAvadsudygraiadisuengndu Hgpeneudariifedunniugiseisne wave)
4 o v =} (Y] W I o ¥ o Aaq v - 4
Fusrannsnzi 14 lnsiwedetloudygiu Rodisueaguaulifuisssnsssnnuddriuvielad
4 . -] LY a A ¢ o A y 9
Wielomes (Low pass Filter) Aoz I8 dggnaudufegtlsnindufuan diuvessssniesnnuia

[ 4
v o 2
Amdivziuagesmadnsadse noudae L uas ©
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. o A . 2 i o/
91 Block Diagram 921l5¢ 0011128799389 A0 2993 Ocsillator Faimin Huda
3 o = o A { .
futadygudedmTedygrunme gUaiuauinioy (riangular wave) 1022995 PWM (Pulse
. . ° A 21 o [ o A .
Width Modulation) i thfnfSouifisus zauus sduve sdgguezndengdnauland (sine
v o a . 4 4 : { i
wave) 1udgyn 1081989 (tdangular wave) oulauilugiaaudmaou(square wave) Riinund
[ 4 4 o Qo o -« $ A o LY
vesiaddouulasmuseduusiduvesdygrusunymlurusisunavesniuinariigy uas
i w 4 4 4 » s g . T a
nniuedidyanugiaaudmaen lidsgavesrsesIasines (diver circuit) iNoiNuIO YA
A o o a o . Yr o o Ve a
vOIAYY IR INTOTUYANIIDINT IUTNABS (power transistor) I D10/ 18 Id Ty miiaue
4 & S o ' A I 2w A o
UL NN ey 1M 9ZHU low pass filter (LPF) tHonsoenamdgens lhitosnnmidemuy
= A A L] i - o o - d‘
aIadss whidlodyguiuningaves LPF dggnui wldnvusafofudyguvosdunyand
& g A o A‘ J ] ::w [ Y A A o o 0 [ ]
wndugledulsiuainnaveweuwdyamuvuudenudfaindy - Fauitori1ydud Tnaudaees

o J J 1 o =
(@oeRauniiu (YUDYNVUUIRYDIUDUNAYP)

2vsteslundazuion sxilsenoulidrasesdreni 19 unseds Class D power
amplifier 15z nOUA 0

1. 2999 Pulse Width Modutation (PWM)

2, 2993 N IR HRILVBINAVIBIL VI AT

3. MANSBIAIUAAFIU (Low Pass Filter)

3.1 3925 Pulse Width Modulation (PWM)

Tunesumnodwnmed hifludeddyganuguasiaueesnavnsidades feaiiu
Fyanuuuuedanas (puise) 39 Tnoia 1udaa irsajuwﬂixmwf:ﬁﬂazl%ﬁtgnpmﬂ'mﬂmmu Pulse
Width Modulation (PWM) $sndnn1sves PWM A am3uasdoyayio Analog Iifludyan Digital
Fai 18 Taomsihdya Analog niedgyanandesunimsnSeudioy (Compare) fludyy gy
UIMALY (Triangle Wave)

nesunodonmeddeldunsenedygandsediiiudedidygrunivqgumsien s
urgunsel adada Tﬂuﬁ’a'lﬂuﬁ's'mwmuﬂszmm":ﬂn%zl%'ﬁ’fgfmmﬂmﬂmmu PWM (Pulse
Width Modulation) §yginAuRuuuy PWM tunsaadield lasmainodgygrauniuguiiiiug
VlanfunSsuioyfudyguanumBeu(Triangular Wave) Taufinuit(Sinewave)vasgulnfulend
ﬂzﬁ'luﬁ'aﬁmuﬂﬂ'nnﬁ'q 1§ U(Fundamental Frequency ) ‘IJENﬁ'iytmmPWMﬁlﬁﬂ%uﬁ’Juﬁiyty'lm
s dudimunnuivesiad(Squar ewave)Tiindue sz neud Ry fisantlums

AAUTYG U PWM fiD
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hilnvonyanals wizsemndimanazi

1. 8as1veevu1alumss ey 1 (Amplitude modulation ratioM,)

Ma= Vcontrol / Vtri

A =3 1 o o
W8 Veontrol AD AMITIAUGIZAVDILTIAUAILAN (Sine wave)

ViriN® AN UgIgAve iy guaumasu (Triangular wave)

2. 893918 UYDIAMMNE M3 TIFya) 10 (Frequency modulation ratio, M,)
Mf=ftri /fcontrol

ilo £ ol 718 AR FRyRRAIURL (Sine wave)

firi A0 ATWA VBT gyg e gL AL (Triangular wave)

msLﬂauuuﬂamq;qmugﬂ"lvumi‘lumyimmnaﬂmﬂwaa (PWM) uumlwﬁﬂgﬂmeWM‘n
mﬂé;iunmﬂﬂs‘vﬂa‘umﬂuuﬂmLsunsquqmmmmuum@mTnuﬂmmﬁtytymmm (Harmonic
Distortion) muumﬂm“lmﬂﬂmyrgm PWM nﬂﬂymwlnammﬂuﬂrgtmmgﬂﬂau"lwi)”‘m“lw
ﬂumﬂﬂume’nﬂnuﬂﬂmﬂi‘fuaﬂmmumﬁﬂﬁﬁ%‘wﬁmﬂ,ﬁm PWM tlemaugumsiiamivesgnsel
mqu mnnumﬂama,;cmmuuu PWM 11t 2 Sadufifen1f s sveenmaddadosiims
aSadRarmdgeita 250 Kz

3K

fr—L\ o, R

L )
M T 100K ~OP
LK,
1 -

31N 3.2 neshudadygudmdouuas aumasy

83003
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ningilezly LM318 Tumsiiduiledygrativasy Tasinnudeowsodiu i R 250k
LA o A [-] -y oy : W = A
udda ol TLO72 veshmsBuiinsmeemndiudyaaaumaoy sunsodiuueunign 187
R 100K

Comparat 0P

VPO

Preamnp

U7 3.3 uaen laezunsuyee PWM

vingileeriu I8 dgnu Pulse PWM Maninnmidggnusunniudygngdaumaey
mul‘s'umﬁﬂuﬁ'uunznnﬂ%ﬁﬁmq;mﬁmrnuazﬁ':mm;ﬂmnm?;unﬁ’ﬂﬁuﬂzﬁﬂﬁ;ﬁﬂﬁtutum Pulse
ﬁﬁfhﬂ'nun"sﬁwmﬁtyfumuﬂimnﬂ'nmuﬂﬁgﬂ (Amplitude) vo3gyguounn laodyg i PWM
Lmﬁvmﬁ’ﬂzﬁmﬂuﬁmtumwmz (Carrier) Aifidgyn100 Audio weglugilvesdadaunnundreves
Puise fit/5ng ﬁafuluﬂnﬁam‘}ﬁaﬁ’mmm pwM Wl dygnailndifvetudygiaduymnn
ﬁqm'i"u ‘%’aﬁﬁ'sﬂé’f'ﬁtyqniuiﬂmnm‘ﬁ'un?':ﬁfhmmﬁqaﬂ'hfhmmﬁqqqmmﬁq;qpm%’uu‘nmhaﬁﬂu
Uszana 7- 10 imaumdnnguf ves Tuadn (Nyquist Theorrem) u‘jmmn’lunmwnﬂ?ﬁﬁ&mmﬁ'a

a : =t 1] vof o Aot v = o = + :
A lumsuannldudisnnwih nsnez 1adgyapaniis Indifvetudygadunayiniy
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100nF 1 R1
VAVAVAN SOk [ AR
ope 4 1N4148
2 i l l | I
[
1] - AD
100nF 2 R2
sok T [BeMsi
1N4148

VP B

3U# 3.4 2095m5ade PWM

o o da o ¥y 4
nmsinueandIsueagEmeidalsy neudssesaedygnaglaumdon sy
Yy ¥ . . o da o’clv J Yo a Q) a J
WALTU(Linearity) ﬂlmwamﬁuaﬂﬂmmamﬂzmuﬂqnummtﬂumsﬁmmﬁtytywmmumauuu
Qo =5 L3 A 1 d' -] b o/
dygnaudssszdoudrigreessSueniiovensluiivinanemung Aounisi s wiudoynnw
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FygnaunsdygiaemumdsuszgmitllswiuTasldees hawmenounisuaes(voltage

(] ¥
Comparator) doyay1oufessz Jeudiveuduiisnadunm (non inverting input) uoz Feyay e

P Y] aAn ad av a . . ¥y o 4 9’ A
aumaoy sz tloud lNBuisnAdUNn (nverting input) B 1MnvesneumIsuees v <17 e

= ¥ ' & L A4 o A o
navesaumasudounvunveadyg audes Fulevunvesdygeudosfiannnfz 14
Wiyniaditinruaanndeglii 3.5

nnmsimsevmlaaiuvesnnud ludyguiadisuoagadunui anudvosdya

aumdgums sz imed oo 7 wh vesnnuigegavosdaaiudes Ao Uszinm 140 KH,

Il
L
|

U7 3.5 gUdgyanues PWM

Input
Triangle

I
I

-1

PyvWM
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5
002w IN8O
c1 8 ' w
| SK Q1
I Al PS2222
100nF i R1
VAVAVAN 50K 3t =
e 14 14
2
|

[ ! A2
10007 2 R2 = 3*S0nW
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- NTIP42
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4 A | = =) ﬂ. =
vinpliflueinFamnesueutluuuysr-ywo #914u Indmsudmaefiliuainy miudmaes
o = 4 ] a A a
Q,.Q, wirmluvszidniyniiuuin Q, ,Q, amdiedwinnidluay e anFmiudmnaed
adufuhanuludnvasfansndgopamumisuiedoulifuseunisueed A A, Sugnluda
- o ¥ d o i 1 g & 1 Qvl
muszdufnanddamile dyguammdouiteulisu A, szgronszauldfisuiiuyniamus
3 ¥
(clamp) wazvhusufnfudggrumumdouszdouldiu A, wgnneaadiuaurimus
nuFmAni Q, uaz Q, wrhnszuadnA luvnz g mimuns A i 17 dau Q uaz Q, o2
winszuadud lwvasidninnues A, M <07 218 niwn L, uae ¢, dszreusuiilulsesnses
Arwddr dygnai lddnngi Tnasfeefidnuas fuglmnaninloud dygpunndmmezga
ﬂ v ] A v o o A o P [y d’d b 4
sunduuuuay Tasku R, ihe Iimsiausevsesiictosnmiha dygpandounduiniifedes
] ¥ < é o 14 l=y
mldliplheihusoimiouduyndudiods R, , ¢, whmihii 1ales D, uaz D, duyean lalen
. o o] o J y
(schottky Diode) 9 1¥nsmdGmany Q,.Q, Tnnuirluamsiianugedu D, uaz D, Alluvend
] o ¢§ y o o .
TaToaduiReaiu &4 D, wog D, Hwwhammiousuuaunloesla lealu Horizontal output vo4
4 9 o o N L] d a A [} o = o
wiosduInsiml Avszdiumeduvesnszuanifannmamilonines L, lwyuzfinrudmeesd Q,

uag Q, Myaniau

33 29950509 NNDA W IM (Low Pass Filter)

L1 RL

Speaker

7UM 3.7 23930509 WDA W (Low Pass Filter)
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L=1,x(R /w,)

C,=C,x (1/(R, x W)

n L1 C2 L3 C4 L5 Cé6
2 1.4142 0.7071

3 1.5000 1.3333 0.5000

4 1.5307 1.5772 1.0824 0.3827

5 1.5451 1.6944 1.3820 0.8944 0.3090

6 1.5529 1.7593 1.5529 1.2016 0.7579 0.2588

A1519% 2 uermssuesuea ladussigunsal HlflursesRames

A a { o
HIDIINNTUININAIINABINTVBNIE VUIRES uouTnaad sz i es Rawes 11 14
¥ ]
nuIMsssvootiszAnsensody Inaahiiim 4 Teriu nie 8 Toruld (wsied Inaduuuy 4 Tod
F- 's [ [} g 9 [y a o 0‘4’ [] P
wne 8 Toruludulng)mseenuuuames Wsesiu TnaaduRuaudiheemunzauigalu
ada o 1 A v o a a s o 2 acda
nifitinenNshAundsyesmggatazAgaves InaadunuaudufuIugs lunsdilinfe 14

o da P =3 4
roansnmuzauiigene 6 Tovu

3.3.1 HANNIHIUVBIIIDINITBINNUDAINIH (Low Pass Filter)
o 2 A oo A A A A
maMhauvesssussuInlelidygrujUadudmiouhoonuinnesyavesninveme
4 A T . ; L] ' :
amad weadhgnianseennuddrnulaosziinsdeamgliuuyes LC Tnonnmsesauuiniusiee

-4 { 1 \d i J
wenfmualiye cut off veenIMAGINIITIUAIMD Audio FumBnAeszuna 30 kHz 30 40 kHz
o) P 3 d’d @
diliaandngeniiifesgndneen
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MIvanNUU Class D Power Amplifier 1aMmsfner MIMaUUee199T Class D power
Amplifier TasvhmsAnumanmamiauresmesfadindueg@nns (PWM) MInauYndnns
AL A AT 5

“lmsu:uﬁn"lﬁ'ﬁﬂy1ﬁammisﬁmﬁ’wﬁﬂmwm Class D Power Amplifier Juauses fag

o [ [] 1 o
1111 1414n1790A1UB 995 Class D Power Amplifier Ia19235#9 nanuiaeenitiy
9/ o e o o
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3.29930599A01UNA1 (Low Pass Filter)
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Typical Characteristics
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Figure 1. DC current Gain Figure 2. Base-Emitter Saturation Voltage
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Package Demensions
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Typical Characteristics
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Figure 3. Safe Operating Area
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by MPS2222/D

General Purpose Transistors

NPN Silicon MPS$S2222
MPS2222A*
COLLECTOR
3 *Motorola Preferrad Device
2
BASE
1
EMITTER
MAXIMUM RATINGS
Rating Symbol | MPS2222 | MP$2222A | Unit I
3
Collector—Emitter Voltage VCEO 30 40 Vde
Collector—Base Voltage VeBo 60 75 Vdc CASE 29-04, STYLE 1
TO-92 (TO-226AA
Emitter—Base Voltage VEBO 5.0 6.0 Vde ( }
Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mw
Derate above 25°C 5.0 mw/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
Derate above 25°C 12 mw/°C
Operating and Storage Junction TJ. Tstg -55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Amblent RaJA 200 °CIW
Thermal Resistance, Junction to Case RaJc 83.3 °Cw
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic [ Symbol | Min | Max | Unit |
OFF CHARACTERISTICS
Collector— Emitter Breakdown Voltage MPS2222 V(BR)CEO 30 — Vdc
(lc =10 mAdc, Ig = 0) MPS2222A 40 —
Collactor—Base Breakdown Voltage MPS2222 V(BR)CBO 60 — Vdc
(I =10 pAdc, Ig = 0) MP$2222A 75 —
Emitter—Base Breakdown Voltage MPS2222 V(BR)EBO 5.0 — Vde
{IE=10pAdc, ic=0) MPS2222A 6.0 —
Collector Cutoff Current ICEX — 10 nAdc
{VcE = 60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A
Collector Cutoff Current lcBo uAdc
(VcB = 50 Vdc, Ig = 0) MPS2222 — 0.01
{(VcB =80 Vde, IE=0) MPS2222A - 0.01
{VcB = 50 Vdc, Ig =0, Tp = 125°C) MPS2222 — 10
(VB = 50 Vdc, Ig = 0, Tp, = 125°C) MPS2222A — 10
Emitter Cutoff Current leBO — 100 nAdc
(VEg =3.0Vdc, Ic =0) MPS2222A
Base Cutoff Current IBL — 20 nAdc
{(VCE = 80 Vdc, VER(off) = 3.0 Vdc) MPS2222A

Proferred devices are Motorola recommended choices for future use and best overall value.

®© Motorola, Inc, 1996
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MPS2222 MPS2222A

ELECTRICAL CHARACTERISTICS (Ta = 25°C unloss otherwise noted) (Continued)

Characteristic Symbol | Min Max T Unit ]
ON CHARACTERISTICS
DC Current Gain hge —
(Ic = 0.1 mAdc, VgE = 10 Vdc) 35 -
{Ic = 1.0 mAdc, VE = 10 Vdc) 50 —
(I = 10 mAdc, VcE = 10 Vdc) 75 —
{Ic = 10 mAdc, VcEg = 10 Vdc, T(q = _55°C) MPS$2222A only 35 -
(I = 150 mAdc, Vg = 10 Vde)i 1) 100 300
{Ic = 150 mAde, Vg = 1.0 vde)1) 50 —
{ic = 500 mAdc, VGE = 10 Vde)X1) MPS2222 30 —
MPS2222A 40 —
Collector - Emitter Saturation Voltage(1) VCE(sat) Vdc
(Ic = 150 mAdc, ig = 15 mAdc) MPS2222 — 0.4
MPS2222A — 0.3
(I = 500 mAdc, Ig = 50 mAdc) MPS$2222 - 1.6
MPS2222A -—_ 1.0
Base —Emitter Saturation Voltage(1) VBE(sat) vde
{Ic = 150 mAdc, ig = 15 mAdc) MPS2222 — 1.3
MPS2222A 0.6 1.2
{Ic = 500 mAdc, |g = 50 mAdc) MPS2222 — 2.6
MPS2222A — 2.0
SMALL-SIGNAL CHARACTERISTICS
Current— Gain — Bandwidth Product(2) fr MHz
(Ic =20 mAdc, Vg = 20 Vdc, f = 100 MHz) MPS2222 250 —_—
MPS2222A 300 —
Output Capacitance Cobo — 8.0 pF
(Vcp =10 Vde, I =0, f = 1.0 MHz)
Input Capacitance Cibo pF
(VER = 0.5 Vdc, Ig =0, f = 1.0 MHz) MPS2222 — 30
MPS2222A — 25
Input Impedance hie k2
(Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) MPS2222A 20 8.0
(ic = 10 mAdc, Ve = 10 Vdc, f = 1.0 kHz) MPS2222A 0.25 1.25
Voltage Feedback Ratio hre X 10-4
(Ic = 1.0 mAdc, Vg = 10 Vde, f=1.0 kHz) MPS2222A — 8.0
(Ic = 10 mAdc, Vg = 10 Vdc, f = 1.0 kHz) MPS2222A —_ 4.0
Smail-Signal Current Gain Na —
(i = 1.0 mAdc, Vg = 10 Vdc, f= 1.0 kHz) MP$2222A 50 300
{lc = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS2222A 75 375
Qutput Admittance hoo wmhos
(Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) MPS2222A 5.0 35
(Ic =10 mAdc, Vg = 10 Vde, f= 1.0 kHz) MPS2222A 25 200
Collector Base Time Constant rb'Ce — 150 ps
(g =20 mAdc, Vg = 20 Vdc, f = 31.8 MHz) MPS2222A
Noise Figure NF — 4.0 dB
(Ic =100 pAde, VOE =10 Vde, Rg = 1.0 ke, f= 1.0 kHz})  MPS2222A
SWITCHING CHARACTERISTICS MPS2222A only
Delay Time (Ve = 30 Vde, Vpg(off) = ~0.5 Vdc, td — 10 ns
Rise Time I = 150 mAdec, ig1 = 15 mAdc) (Figure 1) tr _ 25 ns
Storage Time (Vee = 30 Vde, ic = 150 mAde, ts —_ 225 ns
Fall Time t81 = 152 = 15 mAdc) (Figure 2) " - 60 ns

1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
2. 17 is defined as the frequency at which {hyg| extrapolates to unity.

Motorola Small-Signal Transistors, FETs and Diodes Device Data



MPS§2222 MPS2222A

PACKAGE DIMENSIONS
NOTES:
1. DIMENSIONING AND TOLERANGING PER ANS!
Y14.5M, 1982,
! A: rB 2. CONTROLLING DIMENSION: INGH.
‘ 3. CONTOUR OF PACKAGE BEYOND DIMENSION R
B IS UNCONTROLLED.
R 4. DIMENSION F APPLIES BETWEEN P AND L.
DIMENSION D AND J APPLY BETWEEN L AND K
T B 'ﬂr MINIMUM, LEAD DINENSION IS UNGONTROLLED
- _{ L IN P AND BEYOND DIMENSION K MINIMUM.
F
ARG __ ¥ K INCHES | MILLIMETERS
o[ WN | NAX | M | NAX
D A [ 0475 [ 0205 { 445 [ 520
'1 B om0 [0210] 432 | 633
D ¢ {0725 [ote5 | 518 | 419
@ N D_| 006 | 0022 | 041 | 055 |
G €1 omg [ 0019 | oa1 | ode |
f G| o5 [ 0085 | 115 | 138
H B | 095 [0105] 242 | 266 |
SECTION X-X J T oos [ope0 | 03 [ 050 ]
—'1 v I‘- -G K 0500 | — | 270 | —
" et
a8e N 10080 [ 0105 § 204 | 266 |
Ao N
Rloms | — [ 7@ —
N 4—1 vIiows]| — ] 34371 —
STHE .
CASE 02904 P EWTTER
(TO-226AA) 3. COLLECTOR
ISSUE AD

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liabllity arising out of the application or use of any product or circuit, and
specifically disciaims any and all liabiity, including without limitation consequential or incidental damages. *Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in differentapplications and actual performance may vary overtime. Alloperating parameters, including “Typicels”
must be validated for each customer application by customer's tachnical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorota products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain fife, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motoroia products for any such unintended or unauthorized application, Buyer shallindemntfy and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmiess against ail claims, costs, damages, and expenses, and reasonable altorney fees
arlsing out of, directly or indirecty, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registorad trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:

USA/EUROPE /Locations Not Listed: Motorola Literature Distribution: JAPAN: Nippon Motorola Lid.; Tatsumi~SPD-JLDC, 6F Seibu-Butsuryu-Center,
P.O. Box 20912; Phoenix, Arizona 85036, 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com - TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors HK. Ltd.; 88 Tai Ping Industrial Park,
INTERNET http://Design-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by MPS2907/D

General Purpose Transistors MPS2907
PNP Silicon MP82907A*

COLLE’CTOR *Motorola Preferrad Device

BASE

1
EMITTER

MAXIMUM RATINGS
Rating Symbol | MPS2907 | MPS2907A | Unit 2,

Collector—-Emitter Voltage VCEO —40 60 Vdc

Collector—Base Voltage VCBO -60 Vde c?csfgz (T;,_:m 1

Emitter—Base Voltage VEBO -5.0 Vde

Collactor Current — Continuous Ic —600 mAdc

Total Device Dissipation Pp
@ Ta=25C 625 mwW
Derate above 25°C 5.0 mw/°C

Total Device Dissipation Pp
@ Tc=25C : 1.5 Watts
Derate above 25°C 12 mwW/°C

Operating and Storage Junction TJ, Tstg -500 to +150 °C
Temperature Range

THERMAL CHARACTERISTICS
Characteristic Symbot Max Unit

Thermal Resistance, Junction to Ambient Rgia, 200 ‘C/W
Thermal Resistance, Junction to Case Rgic 83.3 °CIW

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless othorwise noted)
Characteristic I Symbol | Min I Max | Unit I

OFF CHARACTERISTICS

Collector— Emitter Breakdown Voitage(1) MPS$2907 V(BRICEO | —40 — Vdc
{'c =-10 mAdc, Ig = 0) MP$2907A -60 —

Coliector—Base Breakdown Voitage V(BR)CBO 60 — Vdc
(ic =-10 pAdc, Ig = 0)
Emitter— Base Breakdown Voltage V(BR)EBO -5.0 — Vde
(lg =-10 pAde, Ic = 0)

Collector Cutoff Current ICEX - -50 nAdc
(VCE = ~30 Vdc, VEB(offy = —0.5 Vdc)

Coliector Cutoff Current IcBRO pAdc
(VcB =-50 Vdc, Ig = 0) MPS2907 — -0.02
MPS2907A — —0.01
(Vg =-50 Vdc, Ig =0, Tp = 150°C) MPS2907 — —20
MPS2907A —_ -10

Base Current B — 50 e
{(VcE =30 Vdc, VEB(off) =—0.5 Vdc)

1. Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%.

Preferred devices are Motorola recommended choices for future use and best overall value.
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MP§2907 MPS2907A

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) (Continued)

I Characteristic I Symbol Min Max l Unit J
ON CHARACTERISTICS
DC Current Gain hrE —
(Ic =-0.1 mAdc, Vg = -10 Vde) MPS2907 35 —
MPS2907A 75 -
(ic = —1.0 mAdc, Ve = -10 Vdc) MPS2907 50 —
MPS2907A 100 —
(Ic =10 mAdc, VCE = ~10 Vdc) MPS2907 75 —
MPS2807A 100 —_—
{lc =150 mAdc, Vo =-10 Vde)(1) MPS2807, MPS2907A 100 300
{Ic =500 mAdc, Vo =-10 vac)T) MPS2907 30 —
MPS2007A 50 —
Collector— Emitter Saturation Voitage(?) VCE(sat) vdc
(Ic =150 mAdc, |g = —15 mAdc) — -0.4
(ic =-500 mAdc, ig =-50 mAdc) — -1.6
Base—Emitter Saturation Voltage(?) VBE(sat) Vdc
(Ic = —150 mAdc, Ig = —15 mAdc) — -1.3
(Ig = -500 mAdc, ig = ~50 mAdc) — -2.6
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product{1), (2) fr 200 — MHz
(Ic = —50 mAdc, Vcg = —20 Vdc, f = 100 MHz)
Output Capacitance Cobo — 8.0 pF
(Veg =-10Vdc, Ig =0, f= 1.0 MHz)
Input Capacitance Cibo — 30 pF
(VEB =-2.0Vdc, Ic =0, f= 1.0 MHz)
SWITCHING CHARACTERISTICS
Tum-On Time (Vce = 30 Vde, Ic =-150 mAdc, ton — 45 ns
Delay Time g1 = —15 mAdc) (Figures 1 and 5) . — 10 s
Rise Time t — 40 ns
Tum-Off Time (Ve =—6.0 Vde, I = -150 mAdc, toff — 100 ns
Storage Time Ig1 = Ig2 = 15 mAdc) (Figure 2) & — 80 s
Fall Time tf — 30 ns
1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
2. f1 is defined as the frequency at which |hg| extrapolates to unity.
INPUT INPUT
PRF =150 PPS PRF = 150 PPS
RISETIME<2.0ns RISE TIME <2.0ns
PW. <200 ns PW. <200 ns

0 TO OSCILLOSCOPE 0 TO OSCILLOSCOPE
| ] RISETIME<5.0ns RISE TIME < 5.0 ns
—1i\/—l L_ -30V
200 ns - - 200 ns = = =
Figure 1. Delay and Rise Time Test Circuit Figure 2, Storage and Fall Time Test Circuit

2 Motorola Small-Signal Transistors, FETs and Diodes Device Data



MPS2807 MPS52907A
PACKAGE DIMENSIONS

NOTES:
1. [MMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
2. CONTROLLING DIMENSION: iNCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R
1S UNCONTROLLED.

4. DINENSION F APPLIES BETWEEN P AND L
DIMENSION D AND J APPLY BETWEEN L AND K
MINIMUM. LEAD DIMENSION IS UNCONTROLLED
IN P AND BEYOND DIMENSION K MIN{MUM.

INCHES MILLIMETERS
DINJ MIN | MAX | NN | NAX
D A 10175 0205 | 445 | 520
| B | 0070 [ 0210 | 437 | £33
¢ 10125 {g15 [ 318 [ 419
@ J D | oois [ 0022 ] 041 ] 055 ]
E 1016|0019} 041 ] D48 |
f G | 0045 ] 0085 | 145 | 138
Hlu 0405 | 242 | 266 |
SECTION X-X 410015 (000} 030 056
Kiosee [ —Ti270 ] —
Llo2s0 T — T e3s [ —
N | 0080 [otes | 204 | 266 |
Pl — 1ot ] — | 25
RiQus ] — 1 23| —
V9ietss | — T ag[ —
STYLE 1:
CASE 029-04 P . Ersrlrzrza
qgs_lz.lésm) 3. COLLECTOR
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LM118/LM213/LM318
Operational Amplifiers

General Description

The LM118 series are precision high speed operational am-
plifiers designed for applications requiring wide bandwidth
and high slew rate. They feature a factor of ten increase in
speed over general purpose devices without sacrificing DC
performance.

The LM118 series has intemal unity gain frequency compen-
sation. This considerably simplifies its application since no
extemal components-are necessary for operation, However,
unlike most intemally compensated amplifiers, external fre-
quency compensation may be added for optimum perfor-
mance. For inverting applications, feedforward compensa-
tion will boost the slew rate to over 150V/us and aimost
double the bandwidth. Overcompensation can be used with
the amplifier for greater stability when maximum bandwidth
is not needed. Further, a single capacitor can be added to re-
duce the 0.1% settiing time to under 1 ps.

The high speed and fast settling time of these op amps make
them usefu! in A/D converters, oscillators, active filters,

National Semiconductor

August 2000

sample and hold circuits, or general purpose amplifiers.
These devices are easy to apply and offer an order of mag-
nitude better AC performance than industry standards such
as the LM709.

Tha LM218 is identical to the LM118 except that the LM218
has its perfoomance specified over a ~25°C to +85°C tem-
perature range. The LM318 is specified from 0°C to +70°C.

Features

® 15 MHz small signal bandwidth

# Guaranteed 50V/us slew rate

= Maximum bias current of 250 nA

Operates from supplies of 5V to 20V
internal frequency compensation

input and output overload protected

Pin compatible with general purpose op amps

Fast Voltage Follower
{Note 1)

INPUT

Note 1: Do not hard-wire as voltage follower (R1 2 5 kQ2)

BUTPUTY

DS00T766-13

© 2000 Nationa! Semiconductor Corporation DS007766
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LM118/LM218/LM318

Absolute Maximum Ratings (ote 7)

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

Supp'y Voltage
Power Dissipation {Note 2)

Input Voltage (Note 4}
Output Short-Circuit Duration

Differential Input Current (Note 3)

Operating Temperature Range

Distributors for availability and specifications.

120V

500 mw
10 mA
t15v
Continuous

Lead Temperature (Soldering, 10 sec.)

Hermetic Package 300°C
Plastic Package 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 "Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering

LM118 -55'C to +125°C surface mount devices.
LM218 -25°C to +85°C ESD Tolerance (Note 8) 2000V
LM318 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Electrical Characteristics (note 5)
Parameter Conditions LM118L.M218 LM318 Units
Min Typ | Max Min Typ | Max
Input Offset Voltage T, =25C 2 4 4 10 mv
Input Offset Current T, =25C 6 50 30 | 200 nA
input Bias Current To=25C 120 | 250 150 | 500 | nA
tnput Resistance T, =25C 1 3 05 3 MQ
Supply Current Ta=25C 5 8 5 10 mA
Large Signal Voltage Gain Ta=25C, Vg = 215V 50 200 25 200 vVimv
Vour = £10V, R_ > 2kQ »
Slew Rate Ta =25°C, Vg = 215V A, =1 50 70 50 70 Vius
(Note 8)
Small Signal Bandwidth Ta = 25°C, Vg = 215V 15 15 MHz
Input Offset Voltage 6 15 mv
Input Offset Current 100 300 nA
Input Bias Current 500 750 nA
Supply Current T, = 125'C 45 7 mA
Large Signal Voltage Gain Vg = 215V, Vg1 = 210V 25 20 VimV
R, 2 2kQ
Output Volitage Swing Vs = 315V, R, = 2kQ 12 | +13 12 | #13 v
input Voltage Range Vg = 215V 115 115 v
Common-Mode Rejection Ratio 80 100 70 100 dB
Supply Voltage Rejection Ratic 70 80 65 80 dB

Note 2: The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 ks 110°C. For operating at elevaled temperatures, devices
in the HOB package must be derated based on a thermal resistance of 160°C/W, junclion to ambient, or 20°C/W, junction to case. The thermal resistance of the
duakindine package is 100°'C/W, junction to ambient.

Note 3: The inpuls are shunted with back-i0-back diodes for overvoltage protection. Therefore, excessive current will fiow if a differential input voitage in excess of
1V is applied between the inputs uniess some limiting resistance is used.
Note 4: For supply vollages less than t 15V, the absolute maximum input voltage is equal 10 the supply voltage.

Note 5: These specifications apply for £5V < Vg £ 220V and -55'C < Ta < +125°C (LM118), -25°C 5 T s +85°C (LM218), and 0°C < Tp < +70°C (LM318). Also,
power supplies must be bypassed with 0.1 uF disc capacitors.

Note 6: Slew rate is tested with Vg = £ $5V. The LM118 is in a unity-gain non-rwverting configuration. Vy, is stepped from =7.5V to +7.5V and vice versa. The slew
rales between -50V and +5.0V and vice versa ara lested and guaranieed lo exceed 50V/ps.

Note 7: Refer 1o RETS118X for LM118H and LM118J military specifications.
Note 8; Human body model, 1.5 k2 in series with 100 pF.

www.nalional.com




LM118/LM218/LM318

Connection Diagram

Duat-In-Line Package

Dual-n-Line Package

=y
-

Note 13: Available per JM38510/10107.

Order Number LM118J/883 (Note 13)
See NS Package Number J14A

1
2 13 BaL/coMe - 12 U L come -2
PENSATION 1 = 12 coupEmsaTION 2 2 7
BALANCE /COMPERSATION 1 emeng eyt v
4 11 -
INPUT- h AL
s 10 +
INPUT+ * QuIPUY nPyT 2 & oUTRUT
9
v- 2 - BALANCE/COMPENSATION 3
] 5 - S o sALCOW -3
DSOOTTEE-24 DS007766-3
Top View Top View

Order Number LM118J-8/383 (Note 13),
LM318M or LM318N
See NS Package Number JDBA, MDSA or NDBB

Metal Can Package
{Note 12)

COMPENSATION-2

BALANCE/
COMPENSATION-!

- @)
tNPUTS L o

COMPENSATION-3

DSO0TTEs-2

Top View .
Order Number LM118H, LM118H/883 (Note 13),
LM218H or LM318H
See NS Package Number HOBC °

Note 12: Pin connections shown on schematic diagram and typical applications are for TO-5 package.

www.national.com
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Physical Dimensions inches (milimeters) uniess otherwise noted

0.350~0.370

< 5%0-3.3% |
A 0.315-0.335
f"“— — "'} 8.001—8.509)
|
y 0025 MAX
029 yUNCONTRDLLED
0,965 - 0.185 (n 535)
TRIT] --u.m)4 Y , l LEAD O
Y
REFERENCE PLANE — N == 5= . SEATING PLANE
205 T f 0.015-0.040
0.500 {0. ug, ——
ET0) 10381 —1.016)
T 0.016-0.019
e 08 —gaey TATP
0.185-0,205 DIA
0.100 #953-5.107) PE.
i "
0.029- 0.045
RIT-118)
M—g— 0.115-0.145
{0.711-0 )\%{< B 3o
DIA

45° EQUALLY
SPACED

Metal Can Package (H)
Order Number LM118H, LM118H/883, LM218H or LM318H
NS Package Number HO8C

HOBC (REV E)

C.400 MAX
" Y\r‘ﬂﬂg

P

0.220  0.310 wAX
0.281 GLASS
R0.025 TYP l
e 2] B L]
0.045
_“1 0.083
0.290 fo— 0.005 GLASS
Q.320 MiM SEALANT
l 4 f
0.1 : " " L,
180 0.020
WAX 0.200 |4 -
NAX 0.080
1
|
f l 0.130
0,123 MIN
: 0.200 I
0.055 WAX —]

80TH ENDS 1

950 ¢ 5° TYP ﬁl kh
i —]
DO!Z J

Ceramic Dual-In-Line Package (J)
Order Number L M4148J-8/883
NS Package Number JOBA

90° £ 49 TyYP
)
L 0.016 % 0.003 TYP

0.104 2 0.01¢ TYP

b (MY K)
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LM118/LM218/LM318

2IM-TH e

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

ll!“l

[ BL AL [ (R 06

L
(0.625)
129-0318
RaD (5.588-7.5714)
[ L2 T [a) s) 18]}
0299-0320 L1 1200
73828 mﬂﬂ-i "_sus L060 10.095 ]
SN g ] [T MAX e gon
= u.s-ium
PR \
05800012 T
] 2634208 Poaneam | Lir-a2e
aaisa) i LJ L'"" .
MAX BOTH ENDS L1000 L
250 024 am
N A REY )
Ceramic Dual-In-Lina Package (J)
Order Number LM118J/883
NS Package Number J14A
0.989 - 0.197

0.130-0.357
P [

0. 254 ~ 0.508) ™
0.2 -0.508 #° mAX TP
ALL LEADS
- \
vee £ i
. Wi )
Ill:'_—::;% ALL LEAD TIP3 0.016 - 0.050
TYP ALL LEADS (0.408 - 1170}
TYP ALL LEADS

A 6

Y

ey

L]

9281
am-m)

BENT

Q Lonms
Ry

i WT

0.05) - .08y
1.348 =1.78
| bt 9.004 —0.04
9.182-0.234)
== .
?‘ ‘| f PLARE
e E O —0.00
0.356) —— AN 000 1y
38 urz';»_" o ll“(nss To.508)
2008 rvp
mm; e . P

$.0. Package (M)
Order Number LM218M or LM318MX
NS Package Number MOSA

www._national.com




fPhysicaI Dimensions inches (millimeters) unless otherwise noted (Continued)

0.373-0.400 ]

Ty TIRTETS)

Erm
81 [7]1 51 [

ooz i 0.032 3 0.003
2. NG . 04930.127)
Hm:uT?m @ \, 0.250 0003 RAD
TN e {6.3510.127) M NO. % 10ENT
PNy [* T TRe
0.208 t’l...l 2] )
LTl N ol .040
™ pan™™ 380 .y (1.«15)“"'_>I 0.0% e TV
D.00-0320 | (0762 wia ) Bus-0.200
_’1 7 R-12) I S - 19.683-5.080)
,‘ et 7 "' o 0,130,005 /
¥ R.302i012n ‘ ]
4 ois-s1M
S - o.k - “( Y Qim-ssss o.ctn
0.009-0.015 ?’1'7? {1.651) 90° £4* ‘-n—m—',
-0y 1 07 v '™
NOM 0.01840.003
. u:zsj:':,‘: " pas7z00m)
+0 8,10010.010
(”” o31) (Z50020.254)
0.045:+0.015
{1143 20.381) L ‘“(:':;
0.050 :
(-I-ETTH_- ;‘—_ ’ HOBE (REY F)
Molded Dual-in-Line Package (N)
Order Number LM318N

NS Package Number NOSE

{FE SUPPORT POLICY

ATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
EVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL GF THE PRESIDENT AND GENERAL
OUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

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

2. A critical component is any componemt 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.
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TLO71, TLOT1A, TLO71B, TL072
TL072A, TL072B, TL074, TL074A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080 - SEPTEMBER 1978 - REVISED MARCH 2005

® Low Power Consumption ® Low Noise
® Wide Common-Mode and Differential Vn =18 nVWHz Typ atf = 1 kHz
Voltage Ranges ® High input Impedance . . . JFET input Stage
® Low Input Bias and Offset Currents ® [nternal Frequency Compensation
® Output Short-Circuit Protection ® Latch-Up-Free Operation
® | ow Total Harmonic Distortion ¢ High Slew Rate .. . 13 Vius Typ
... 0,003% Typ ® Common-Mode Input Voltage Range

Includes Vees

description/ordering information

The JFET-input operational ampilifiers in the TLO7x series are similar to the TLO8x series, with low input bias
and offset currents and fast slew rate. The low harmonic distortion and low noise make the TL0O7x series ideally
suited for high-fidelity and audio preamplifier applications. Each ampilifier features JFET inputs (for high input
impedance) coupled with bipolar output stages integrated on a single monolithic chip.

The C-suffix devices are characterized for operatAion from 0°C to 70°C. The |-suffix devices are characterized
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of -55°C to 125°C.

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears al the end of this data sheet.
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'L071, TLO71A, TLO71B, TL072
'LO72A, TL072B, TLO74, TLO74A, TL074B
OW-NOISE JFETANPUT OPERATIONAL AMPLIFIERS

L0S080J - SEPTEMBER 1978 - REVISED MARCH 2005

TLE71, TLO71A, TLOT1B
D, P, OR PS PACKAGE

TLO072, TLO72A, TLO72B
D, JG, P, PS, OR PW PACKAGE

TLO74A, TLOT4B
D, J, N, NS, OR PW PACKAGE

(TOP VIEW) (TOP VIEW) TLOT4...D, J, N, NS, PW,
J W) OR W PACKAGE
JFFSETN1 [} 1 s JNC 10UT [} 1 sl Ve {TOP VIEW)
IN- % 2 70 Vees 1IN- E 2 7]} 20UT O
n+§a sfourt N+ [la sflan- 10UTf1 7 14 40UT
Vee- [ 4 5 DOFFSET N2 Vee- 1] 4 5[) 2iN+ 1IN-[} 2 13]] 4IN-
1IN+]] 3 12]} 4N+
Vee [} 4 1f]vee-
072
U PACKAGE 2IN+[]5  10]} 3IN+
(TOP VIEW) 2IN-[} 6 af] ain-
) 20uT]7 8f] souT
NCllh 7 1ofInc
T0UT ¥ 2 QUVCC+
1IN-[} 3 8] 20UT
1IN+ [} 4 7]} 2IN-
vee-M15 6[] 2IN+
TLO71 TLO72 TLO74
FK PACKAGE FK PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
= = + = =
2 Q L2 24
= 00 Z250pZ
m 22852 £228%
1w g et p s | i | e | S R VP qun mm | v} o -
Cw oo
: 3212019
z0z2z2 ne [14° 2 Y P % ne 1IN+ 84 2019, 80] 4N+
(T %5 1IN~ 5 17[] 20uT NC [Is 17[J NC
321219
NC 14 18] NC NC [} 16E NC Vees [ 6 16{] Vee-
IN- 5 17} Vees 1N+ 7 15[} 2IN- NC [}~ 15[ NC
NC [ 16[] NC ne fis 14[] NC 2N+ [} 8 14} 3N+
N+ [ 7 15[} ouT 9 10 11 1213 9 10 11 12 13
NG ]B 14[ NC joniesivelas] e g
9 10 11 1213 Q H939Q 5852
O im Z ;.) z =~ < ~N 8 < g )
] o~
%8222
>
0]
[T
T8
o
NC - No internal connection
/mbols
TLO71
TLO72 (each ampiifier)
OFFSET N1 TLO74 (each amplifier)
IN# IN+ +
ouTt ouT
IN- ——— IN- -
OFFSET N2
———
X3 Texas
INSTRUMENTS
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TLO71, TLO71A, TLO718B, TL072

TLO72A, TL072B, TL074, TLO74A, TLO74B
'LOW-NOISE JFETINPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

—

VYces

SLOSO80J ~ SEPTEMBER 1978 - REVISED MARCH 2005

——

-

\

I
. - Li: (E%

128 0
ouT
64 ()
c ™ Ly
If
v
18 pF
[
r— "I |
'i § 1080 1080 O i
Vee- 1[ * 4 ; & o—
OFFSET OFFSET
N1 N2
AN /
V
TLO71 Only
All component val.es shown are nominal.
COMPONENT COUNT?
COMPONENT
TYPE TLO74 TLO72 TLOT4
Resistors 11 22 44
Transistors 14 28 56
JFET 2 4 6
Diodes 1 2 4
Capacitors 1 2 4
epi-FET 1 2 4
* Includes bias and trim circuitry
B 1
EXAS
INSTRUMENTS
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TLO71, TLO71A, TLO71B, TLO72

TLO72A, TLO72B, TLO74, TLO74A, TLO74B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
. SLOSOBOJ - SEPTEMBER 1978 ~ REVISED MARCH 2005
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'L071, TLOT1A, TLO71B, TLO72
'L072A, TL072B, TLO74, TLO74A, TLO74B

OW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

L 0S080) ~ SEPTEMBER 1978 ~ REVISED MARCH 2005

lectrical characteristics, Voo, =115 V (unless otherwise noted)

TLO7TIM TLO74M
PARAMETER TEST CONDITIONST Tad TLO72M UNIT
MIN TYP MAX| MIN TYP MAX
; \ Ve =0 R 25°C 3 6 3 9
O nput offset voltage o=0, g =508 Full range ) 15 mv
No ;ﬂﬁ:‘:{“ coefficientof |10,  Rg=500 |Fullrange 18 18 BVFC
oot oftsat current V0 25°C 5 100 5 100] pA
io npu cur 0= Full range 20 2¢ nA
) 25°C 65 200 65 200 pA
Input bias curentt Vo=
18 pu 0=0 50 ol >
. ~12 -12 '
Ner  Common-moda inpul 2%C | i1 o M 1o v
voltage range
) 15 15
RL=10kQ2 25°C +12 135 2 135
Maximum peak output 0
* 12 +12 v
OM voltage swi RL 210 ks
" RL =2 kQ Full range ™70 +10
Large-signal differential - 25°C 35 200 35 200
VD vottage ampiification Vo=410V, R 22k0 s 5 vimV
P Unity-gain bandwidth Ta =25°C 3 3 MHz
input resistance Ta = 25°C 1012 1012 o!
: Common-mode rejection Vic = Vicrmin,
: ¥ 0
MRR - Vo0, Rg=50n | 25°C B0 86 8 86 dB
Supply-voltage rejection Vec =1#8Vio 15V, 25°C 80 86 0 6
SR ratio (AVeGH/AVIO) Vo=0, Rg=50Q 8 8 d8
. Supply cumrent {each - o
C amplifier) Vo =0, No load 25°C 14 25 14 25| ma
01Vp2 Crosstalk attenuation Ayp =100 25°C 120 120 dB

7put bias currents of an FET-input operational amplifier are normal junction reverse cumrents, which are temperature sensitive, 25 shown in
‘igure 4. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperalure as possible.

Ml characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified. Full range is
‘A =-55°C to 125°C.
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TLO71, TLO71A, TLO71B, TLO72
TLO72A, TL072B, TL074, TLO74A, TL0748
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080Y - SEPTEMBER 1978 - REVISED MARCH 2005

operating characteristics, Vo1 =15V, Tp = 25°C

T TEST TLO7xM ALL OTHERS NIT
PARAMETER EST CONDITIONS MN TP NAX| MmN TP MAX v
L Vi=10V, Ry =2 k0,
SR Slew rate at unity gain CL = Y00 pF, Sea Figure 1 5 13 8 13 Vips
Rise-time overshoot V=20 my, Ry =2 k3, 0.1 0.1 ps
Y factor Cy = 100 pF, See Figure 1 20% 20% _|
y Equivalent input noise Re =20 ) f=1kHz 18 18 nVAHz
N voltage $= f= 10 Hz to 10 kHz 4 4 uv
In Ef:::lem nputnose | ps =200, f=1kHz 0.01 0.01 pANFZ
Vims =6V, Ayp=1, 0.003
THD  Total harmonic distortion | Ry 2 2 ki), Rgs1ki) ’ % 0.003%
f=1kHz
PARAMETER MEASUREMENT INFORMATION
10 kQ
Vo 1k
V) vy
Vo
Cp =100 pF RL= 2k
Ry

Figure 1. Unity-Gain Amplifier

I Cy =100 pF

Figure 2. Gain-of-10 Inverting Amplifier

TLO74
IN-
ouT
IN+ N2
% 1.5 k)
vee-

Figure 3. Input Offset-Voitage Null Circuit

‘t” TEXAS
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Philips Semiconductors Product data

Voltage comparator LM111/211/311/311B

DESCRIPTION PIN CONFIGURATION
The LM111 series are voltage comparatoss that have input currents
approximately a hundred times lower than devices like the wA710. D, N Packages
They are designed to operate over a wider range of supply voltages;
from standard 15 V op amp supplies down to a single 3 V supply. ~
Thelr output is compatible with RTL, DTL, and TTL as well as MOS Gno| ! :8] vr

circults. Further, they can drive lamps or relays, switching voltages INPUT E 7 | outPuT
up to 50 V at currents as high as 50mA. :l>_l‘

Both the inputs and the outputs of the LM111 series can be isolated INPUT E

from system ground, and the output can drive loads referred to Ve E

ground, the positive supply, or the negative supply. Offset balancing
and strobe capabliity are provided and outputs can be wire-CRed.

Although slower thanthe uA710 (200 ns response time versus 40 ns), Figure 1. Pin Configuration
the devices are alsc much less prone to spurious osciliations. The
LM111 series has the same pin configuration as the pA710 series.

FEATURES APPLICATIONS

@ Operates from single 3 V supply {LM311B) ® Precision squarer

@ Maximum input bias cumment: 150 nA (LM311: 250 nA) ® Posftive/negative peak detector

® Maximum offset current: 20 nA (LM311: 50 nA) ¢ Low voltage adjustable reference supply
® Differential input voltage range: £30 V ® Swilching power amplifier

& Power consumption: 135 mW at t15V

© High sensitivity; 200 VimV

® Zero crossing detector

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Ptastic Smail Outiine Package (S0O) ~55 °C to +125°C LM111D SOT96-1
8-Pin Piastic Dual in-Line Package (DIP) =55 °Cto+125°C LM111N SOT97-1
8-Pin Piastic Smail Outiine Package (SO) -25°C to +85°C LM211D S0T96-1
8-Pin Piastic Dual in-Line Package (DiP) -25°C to +85°C LM211N SOT97-1
8-Pin Plastic Smat Outline Package (SO) 0°Cto+70°C LM311D S0T96-1
8-Pin Ptastic Dual In-Line Package (DIP) 0°Cto+70°C LM311N S07197-1
8-Pin Plastic Small Outiine Package (SO) 0°Cto+70°C LM311BD SOT986-1
8-Pin Piastic Dual In-Line Package (DIP) 0°Cto+70°C LM311BN S0T97-1

2001 Aug 03 2 853-0927 26834



Philips Semiconductors Produtt data

Voltage comparator LM111/211/311/311B
EQUIVALENT SCHEMATIC
BALANCE/
STROBE BALANCE 0 v+
SR3 <SRl SR4 & SR8 <RI
$300 $13K3$300 S1 S750 S 600
Q8 ~|’%o7 1 Q10
az
?g r—éﬂ ;:}_
d '/012
< R8 <R? 13 j
Qg/\}“‘{ AR R ais 2RiC
Va8 S ouTPUT
P a1t} o
l‘/03 I’/ Q18
RS Qs L
Q4 4 F > R15
S 5 [ & S 3
— P a2
INPUTS Qz3 R16 Q15
450 R12
600
o @ at— o
R19 S Ri8 R4S oy A
250 & 200 x ¢ > R13
] %
o V- -‘1-: SLODOE3
Figure 2, Equivalent Schematic
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vg Total supply voltage 36 \'
Output to negative supply voitage:
LM111A.M211 50 \Y
LM311/LM311B 40 Vv
Ground to negative supply voltage 30 v
Differential input voltage +30 v
ViN Input voltage‘ 115 v
Pp max Maximum power dissipation, Tamy = 25 °C (stilk-afr)2
N package 1190 mw
D package 780 mW
1 Output shori-clrouit duration 10 sec
Tamb Operating ambient temperature range
LM114 —551t0 +125 °C
LM211 —2510 185 °C
LM311/LM311B 0to +70 °C
Tstg Storage temperature range —65 to +150 °C
Teud Lead soldering temperature (10 sec max) 230 °C
NOTES:

1. This rating applies for £15 V supplies. The positive input voltage limit is 30 V above the negative supply. The negative input voltage limit is
equal to the negative supply voltage or 30 V below the positive supply, whichever is less.
2. Derate above 25 °C, at the following rates:
N package at 9.5 mw/°C
D package at 6.2 mW°C

2001 Aug 03




Philips Semiconductors Product data
Voltage comparator LM111/211/311/311B
DC ELECTRICAL CHARACTERISTICS'. 2.3.6
Over temperature range unless otherwise specifled.
LM111/LM211 LM311 LM311B
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ [Max | Min | Typ | Max | Min | Typ | Max
Tamb = 25 °C;
Vos Input offset voltage® Ry < 50 kQ 0.7 | 30 20 | 75 20 {75 | mv
los input offset current® Tamb = 25°C 40 | 10 60 | 50 6 25 | nA
laAs Input bias current Tamp = 25 °C 60 | 100 100 | 250 100 [ 200 | nA
Ay Voitage gain Tamb=25°C 200 200 200 vimv
Response time? Tamb =25 °C 200 200 500 ns
LM111/211 Vg < -5mV;
lout = 50 mA
Vsar Saturation voltage LM311/B V)y s 10 mV; 075 | 1.5 075 | 15 0.75 1.5 v
lout = 50 mA
Tamb =25°C
IeaisTr | Strobe on current Tamp =25°C 3.0 3.0 3.0 mA
LM111/211 Vi 2 5 mV;
Vour=35V
LM311/B Vi 2 10 mV;
ILeakace | Outputieakage current® Vour=35V 0.2 10 0.2 50 0.2 50 nA
Tamb = 25 °C,
fsTROBE = 3 MA
(V-=Vgnp=-5V)
Vos Input offset voltage® Rs <50 kR 4.0 10 10 | mv
log Input offset current® 20 70 5 | na
IBias Input blas current 150 300 250 nA
13.8 13.8
V =115V {Pin 7 may V- v+
ViN Input voltage range goto5V) -145] to 13.0 {-145)] to 13.0 +0.5 15 v
-14.7 -14.7
V+245V,V-=0V
LM111/211 Vi s -6 mV;
Voo Saturation voltage® Igink < B mA 023 | 04 023 | 04 023 o4 | v
LM311/B Vi < ~10 mV;
Ising € B mA
ViN25mV;
loH Cutput leakage cument Vour=35V 0.1 0.5 pA
lcc Positive supply current Tamb =25°C 5.1 6.0 5.1 7.5 1.6 3.5 mA
g Negative supply voltage Tamp =25°C 4.1 5.0 4.1 5.0 mA
NOTES:

1. This rating applies for +15 V suppiles. The positive input voltage limit Is 30 V above the negative supply. The negative input vokage limlt is
equal to the negative supply voitage or 30 V below the positive supply, whichever is less.
2. These specifications apply for Vg = 215 V and 0 °C < Tamp < 70 °C unless otherwise specified. With the LM211, however, alt temperature

specifications are limited 10 —25 *C < Tamp < +85 °C, and for the LM111 Is limited to —55 °C < Tamp < +125 °C. The offset voltage, offsat

current, and bias current specifications apply for any supply voftage from a single 5 V supply up to £15 V supplies.
3. The offset voltages and cffset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA

load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedanca.
The response time specified is for a 100 mV input step with 5 mV over-drive.

Do not short the strobe pin to ground,; it should be current driven at 3 mA to 5 mA.
LM311B, all parameters are atV+ =3V 110%; V-=GND=0V.

@» o
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Phiilps Semlconductors

Product data
Voltage comparator LM111/211/311/311B
DIP8: plastic dual in-line package; 8 leads (300 mil) S0T97-1
- D - Mg -
e
k-
a
i~]
£ !
i : ]
k1 i
i ]
] ]
] I
} J
.
(ey)
My
b by
e‘-l r_ |5f
¥ ]
.
pin 1 index
- ____l______.. E
1
1 4
! 5 10 mm
e s 2 L 3 5 3 3 1
scale
DIMENSIONS (inch dimensions are devived from the original mm dimensions)
A A A o)
UNIT | o s I | ® b, bg e [ DV | EM]| o . L Mg | My | w nfm
. 173 | 053 | 107 | 038 | 98 | 648 360 | 825 | 100
mm o742 | 0811 32 | yy4 o3 | 089 | 023 | 92 |e20 | 234 | T L ao5 | 780 | g3 |04 18
inch 0.068 | 0.021 | 0.042 | 0.014 | 0.39 | 0.26 014 | 032 | 0.39
nenes | 017 1 0020 | 013 § 44045 | 0.015 | 0.035 | 0.009 | 038 | 024 | 10 | 020 | g4z | 031 | 0aa | 001 | 0045
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION EC JEDEC s PROJECTION
55-09-04-
SOT97-1 050G01 MO-001 SC-504-8 =33 @ o5.15.07
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Philips Semicenductors Product data

Voltage comparator LM111/211/311/311B

§08: plastic small outline package; 8 leads; body width 3.9 mm S0T96-1
D E {A]
T~
74 N
T L ’
\ }
I %EJ N
7] v ] | He o EV@A]
F4
f Alg g
1
) T Q 1
A
+—F+—+ 1 ERUr
pin 1 index ‘ 1
/ ¥ ]
Ld
IR LlP‘f
- Lera G
P
0 25 Smm
a3 1 1 I [S 1 ]
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
i bl A Az A [ By | e [DM|ER] o [Hg | L || @) v | w ] y |2zU] e
0.25 | 1.45 049 | 025 | 50 | 40 8.2 10| 07 07
MM RIS 040 | 1251 925 | c3e ote| a8 | 38 | 7| 58 [ | 04 | 06 [0 0| 01 | 53] w
. 0.010 | 0.057 0.019|0.0100| 020 | 0.16 0.244 0.039 | 0.028 oozs| ©O°
inches | 0.089 | o noq | oioae | 901 | 0.014 |0.0078| 0.19 | 0.15 | %99 0208 | 0947 | 0018 | 0.02a | 001 | 001 | 0004 | gpp
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
DUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC BaJ PROJECTION
97-05-22-
SOT98-1 076E03 MS-012 == @ 951227
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