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ABSTRACT

This report describes the-design of 100W Stereo class D amplifier, The element
method of Pulse width modulation are include input sienal and carrier signal. Comparator
IC used to compare the input signal and carrier signal(saw tooth or triangle wave). While
comparing both signal , if input signal voltage is higher than carrier signal, Output signal is
+V(high) in the other hand if inputsignal is lower than carrier signal , output will be 0V(low).
At the end of the pulse width modulation process, output signal is pulse signaluse to drive
Mosfet to work, then operating the signal by low pass filter and bring the signal to load.
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duty cycle = (%) ......... (2)

-:; ! -:i, ;5 3 o I = t:!i} =y
1B NaUNISA 1uarannaunasn 2nlenanstufazidunisauiumiAfm lesAa
(Duty  Cycle) uadus19gAmuImmA1veslesidudmmla@aDuty  Cycle) Ad@1unsn

o e a P
ﬂWU’Jm‘MWﬂﬂWﬂGLLﬂﬂﬂuﬁmﬂ'ﬁ‘ﬂ 3uhazaunisn 4

T

duty cycle (%) = (T Yx100% 000 s (3)

1 2

duty cycle (%) = (%)XIOO% ......... (4)
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TumsAnnaumamAfieida (Duty Cycle) 3NAAINNFURUSTENINA1VDILITIY (V)

o

vAasu (V) duandugui 2,11

7’

|

Vout

Vref

/\

\i’in peesses

-=‘ a I a a‘l’ = o L3 :4' v ! a @ L3
JUN 2.11 dnvagvesiimnlaifa (Duty Cycle) vasdsantaminyilaainfianuduius

SYWINPADILITWY (V) TuAIeussid (V)

| RG]

NNUT 2. 11fhRenguaNeziiudimleda Outy - Cycle) Magldainisasiu
‘J o E 2l s LY L3 1 1 a a i as
annsanezAulagnsldianudRUS sEn NI (7)) fufvaaussiu (V)

Toguiu lepaunsansmuianetilanawansluaunisns

in

duty cycle = (K— ......... (5)
I/:'(f

wAtnazATIMVIANTE N asuRsaflaLAa (Duty Cycle) AanunsarmuinmAlang

wanIluaNN1Th 6

duty cycle(%) = (VVi) k100% @ 020000 s (6)
ref

Fagnaunish Suazaunish 6Mlauaniu dfaranghasnuitdvesiafluda (Duty

Cycle) HuagAtuagiuA1rausIn (7, ) lnafidivesussiu (7, ) AoA1usaiuggnaes

U

o < 2/ o 5 & -:‘i/y o o v @
g rantoutdrly detuaineasnoanuuuidansinn1sivualia1vaLTadu (v, )

wnndigud uarlidrvesusedu (7,,) 1nniiAvednssiu (v,) udifiagyiliislan

= o

wosiafleda (Duty Cycle) Manunsawdsuuvadlafiogluga 0-100 duies Feawitnladi
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NANNITINULAENANNITNITORNLUUNITHASIAYILAATUiUNINTY WelievinlvlAnAIw
WwrlaluniseanuuuRsunnTuludn datufazendiegianisenniuuiens Auisnisoanuuy

THadInviLaganty

2.7 qﬂnsn’iﬁfausiammﬂa (Opto-couplers)

punsalidoudonsuas niefiiendt “oauldiduivans” (Opto-Coupler) n3punsiti
138071 gunsaluendygyrumauas (Opto-solator) Wugunsaididnnsetinddimiunis
\Houdenisuas Tnemsidsudygralnitlidunandarudsundududyaialninui
foalddmiuns \WousedynIuszninedgens uasdesnisueniunislnilngidaun
ilatoatunssunautumslnibsenitiae ey maluresgunsaiuszuant Usznoudae
Talonuasuas (LED) Fevintiiduiadanas (Optical Transmitter) t¥Y La4
duNI1L3A (Infrared) Lagd1nTuRITULES (Optical Receiver) Fainioul4Inls
N31uTa1n03 (Phototransistor) tUudr5ulnsaggandasiuagludidafeadu

Wigvsudames vinulaludnvaefviiunsudawmossoosaguuy NPN ualsiiien
wa (B) hazgaunuiisasdiusuuas aldfvummiaoyninvauas wiefisonin Tn
nou (Photons) uSinaunnne sgiliiAneymadaseniivszgluusnusosdessuinaua
LazABALARLADT (Base-Collector  Regionwazlvramieusinssialuaiiafvuasy

= o as ¢ e A ' «
n 1.1 LLﬁﬂGﬂf’gﬁﬂﬂmﬁBQQUﬂimL’UaﬂJﬁaﬂ’NLL'ﬁ\‘] LUvu 491 (luas PCBL7) uay 6
41 (W5 4N35)

xS0 4 <F
= W

UM 2.12 dydnuainislnihwesgunsalidendeniuas
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gunsalifousanuasannsaiudygradune @inea) wu anlulaspeulnsaiaes

A gy oa  a i = ) ¢, 0 8 wal 1 1
wield WUa-Un Ialenwdwwasiiegnisludiigunsel (ihlsinszualvaniulalondwas) uay

o v

vimiiiauaunsyhauvesinlivsdamesmeunas seudaihluldludnvasdugunsaia

a

I Ua-Un w3l dafuirsasnsiudawmasniousniieliaiuisadunszualaludsuiun

AL
A9

Weaussiudunnegluseauiamniuswinludansivedlaloadasuasvhazilviia

nszualva w3eM3undn nszuadunn wie nszualudanss (F) ililalandaianiy
a < i Y au ¥ | v 4 o w o |a

USunanseualwihilva lunisdersaseededdiumiudesunsusgine wediinu3uin

vaanszuanivaliliaguiu Fedusgivaunsaludasdinild uilaenaludy arsavivey

u Rl Y

Tue4 5-50 faduweud (mA)dialuslins LT amasinsutasaeyinliaursadrlniinlasening

y1CuarEdslvinailoulunsaifdnnssua Wrivvda @wemsuianessousiaes
WUU NPN wagdnillissdumnasoniion C wazwn B (VCE s OV)iazvinlvlinszuatondvelva
fhfosunsiidaudenaasimuiiiuldtes fe Maanuu 4 91 wagfdauy 6
uatllalepiduauaginslivaudame s midan ounselideusiomauasiudifauy 6 1
auiaoens Tuguil 1.2 agflvilua (Base Connection Rin) Aidourou1anUSmUavDlHs
Tins1udainesnegaisty daylilunasuuaiulaluassevauesi@iiaives
Fryaradlniin (Eendnaléin awisale- Unadndliinleisatu ) Taenisiwnvaluseriu
fdnumudsiaregluda 200kQ d3 1MQ T8y GND we3tasIBaNA wsidlsiaulaiFes

anuhlunispevausflidndurosravaiud

1 6
ANODE © O BASE
5 &
h AY COLLECTOR
2 4
CATHODE O— EMITTER
O
ANODE [ 1 6|l BASE
CATHODE [} 2 4N35 s |1 COLLECTOR
NC 3 4[] EMITTER
NC * N3 Fisrnal pornedian

o e

sUT 2.13 dydnwalmalwiuazifewas aN35 wuu 6 1
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W

Ul 2.13 uansingavesgunsaiidoudevnauasiidonld tamzfdauuy Through-Hole
Mount) laufluas PC817  CNY13-7  4N25  4N33  4N35 (Jusiu gunsalunads (o
\as TLP250 (Ffawuy PDIP-8) tnunzdmiuarupunisiUa-dailuninnyes
ueaWAi1&s (Power  MOSFET) gunsal iandevnanasunsda filelaadiasuasTnls
nndamesuinnimig eganslufidafentu 1y 2 vie 4 § dmiuidendedyga
16 2 w3 4 do3 mudiu gunsalileusenisuauisyiin Imsdorasinlimsudanesiv

LE=3 a

= s =) i ) ~ 1 = e i
ns1uTaines NPN Snudedadugludnuvusiiond) nsudawmesansdediu (Darlington

Transistor) ¥MANORIIEIUNITVLIENTLLE LANINTUY

<l Y ' - 1 Y] '
Ul 2.14 fhadngunsaliausomauasilafatmuusieg

2.81A39N N UAF YY1

a o =

fynailiihivauguliiwasBidnmsetindifiudsgiu lbannsousnaniulding e
Tumsieuvesgunsalliiiuagaunsaididnnsednddumsiondidoufurdaiulwi
wardyaa fvnfinnsanineasdensuiuannsteustulninlims lusssiulndng
UiSﬂaUﬁ'JEIﬁf,yig’lEug‘tﬂ‘ti‘ljijBi.laﬂlﬂﬁﬂﬁ%‘ﬂE)\‘i’Eg‘lJﬂ‘ifﬂWﬁﬂLLﬁtaLﬁmﬂ‘iaﬁﬂﬁU’N’Nﬁ]Sﬁﬂ

v o o = o s g 1 o = < i o a a
wihnAdndyaraliinadutunn wu 2esiudaniiud (Oscillator) 2993 nindayeyn

Wadfi3enimesailiusimes(Multi vibrator) Wludu vinssfifeadesiunsviany
AU Fryeyod LWuasasvenewdes ( Amplifier) 299301A5UINE (RF. Tuner) ARBAIUNNS
MUVDINATUIEYNAIUANNTS usedg el Tudu

winstuindyga Wuedesdletauavinieslennasuviianils il dusali

a e =

o 1 J 4‘ a 1 1 a = [
ATLUAGEYEUTEUTUARN N VUL WialdlumsneaeulSundanaznsiagenisasdidnnseingd
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' £
= ==

iwsosilladyaungnudntumnldaugnisendesiu auaautiariaveadygy i

Y

[
=1

filntusnudluiiavAnuiies 2 wilass

(1) fleriu luuediswes (Function Generator)

(2) Wadlaueilsines (Pulse Generator)

2.8.17l49u wuiwesismes (Function Generator)

ferdu wuuefswedtoriasiudadyanamvarswuudueiodedidnnseiingd

Tvaulmanewing

Tassadns faiduauefisinesarihseeatalaniianunsaairsguaduiituey usay
\n3esuUsznausedLdRays dru fagu fe

(1) 299500aTaraInasBhminfias snTuran (Time period) Tiunduwia
3onin faihiusmeiudodaiadndnauduasifiounuudaides usiudnguaauuuy
A4 9

(2) ﬁ’?a%ﬁw'%aﬁ'mgﬂl.lnuwmﬂ%‘u (Wave shaper)

(3) dnlugamesiddmivaindumin AM WieFM e vinniinesveaninvene
(Output buffer amplifier)

2.8.20Wadaa1uesisnas (Pulse generator)

v & @ i o

5 I3 = - o a w 3 = i o g
WaslaulueLIeoa(Pulse generator) WuUlATDINUAGYQIMUWadTUAMaENIDLIN

ununLI (Rectangular) eanansausummilmiald (Duty cycle)

[} o

famleiia (Duty - cycle) ABnsIdINsEWINGAINNINTDINAE 138U 9NANadmD

o & . I [} @ & o al = = [ L3 3
AUawesad (Pulse period 8131 Wad Wiien) TnudinsAneenuifuiosioud

€ 1 v &

- qy Qy ar 1 1 1 dd a
1A Duty - cycle wiomlaing Aednsidrusewinsnnddadaoaiuiaivosnad
' - o i Aol o e a a
PW 8811910 Pulse width Aamuniiaresdisiidnad dviheaduiuiiuiodniu (Second)
T \Jushwstautain wadiisoalni (Pulse period- time) Anuginunireussdayeyio

al ol
sURAuUALaEN 1 gn

s

Wadiauueiisnes annsauiuliuaduandyyrusaduaivisuniolnsueuia

o w U

c e

vl (Triangle  wave) 1uUamasudnsa nisauamsion (Square  wave) lngusuan A

1

&

lewfia (Duty cycle) 0g#1 50 % Wadiawuesisnes awnsausuardadleia (Duty cycle)

fidneina 9 weasUlsis

1%
=i\

(1) JUdaugUAmABTiedidleia (Duty cycle) 1nnd 50%

graugUAmdNndnMmluia (Duty cycle) toanit 50%

mwmgﬂﬁwé’l R LT (Duty cycle) 50%
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U | R | | |

Period

Duty Cycle 30%

Pules Wizh

Duty Cycle 50%

—
———
——

Duly Cycle 90%

Duty Cysln = Puse Width x 100/ Perind
m—

2

3UN2.15 Udyaaisuamvdeuiiiamigloiania

o
=

2.9 2995n9249AUAANL (Low Pass Filter)
= = v P ' pe = S0 ' @
nuude 29asNzsenlvd uANRAa 0 Hz feanudnnvuadiuldle du
Q: gj IA o C‘lﬂ, d’ o Qs at = 5 -7 L) ¢
AUDAANAUAgaIRlUEes 9 asaanonlunIua iy dnvayvewsinudduiunii

Pl fagl

a8 N1 [ & = | N
low: pass filter (AuDAINIINAULA) UINATIB1998LT8N312995 high-cut

3 o at n‘n ° L7 =1
filter @13V AANAAINE WAy treble cut filter @1913UINITVYENAE

LOW PASS l
[l(?f) B
| :
% 1
c
o
é% : Stop
ba Pass Band : Band-b
6 &
= | B
=
Frequency - '

= o do o o o v =
E‘UVI 2.16 1¥ATNTOIEAYUIUAIIUNADUAUAEE LAYNITNLARIDATIVLIULIIAULTS

AA (db)
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2993 low pass filter fidnwuzniseede 19 L aynsuiuias uae C vuuiuss
AoELTRT9929950Ae Lats1touniud ddnees L azdlan X, 1 C azila Xc ge vila
ad s o v a = v oA o 1 4 o
Al A L leagann sedudyeyias Output Isiulaunn willeaaudgeninganiimun

1 g 1 o ¥ A 1 2 1 'ﬁ' 1 k2
A1 X 81107 A1 X zanad inlianud dwveaialdanas vauildlafazgn C

L3 o o

AiaINT170 SEAUdnyy1a Output Feeulatioeuin

=)

ngUnslleviinsUeunnudannd1199s 7 C alAn X ge vinlianudieilva

KU R AfiA1Aus U utiosnin Xe lnaznan szaudmyaiod Output Jsuiulaunn weiile

< ' o o ' o 2 a @ ! = =
ANUDFINTIPANAIMUA A1 X zanas lRuD iruenainldanas ueduisldlan

.
a  ar

= g =3 1 3 3/
9N C Aaans e seivdnyayas Output Jeeiulsioewn

| 8
o |

Tumnavguiesnsasmmifidassenlndyminlag Afinnudsaus 0 Hz uds
mudfidmundasemia aruidneen wie amiudveulun (Cutoff Frequency) tvldlsilng
Lifinsaaneuvesdyaia wazdudvesduaand faniuiismunly dygrmeonais
ildndugud udlumajialiannsatsduguiuld desinnisvevaussdyyind

ANDA199 vesnUnsalussanwiad ssduluures Juresluliasuudasviudiviule

i
g =i

favunanladudusasuin

U

& o & 10
NavranaslusnsImInAImMs

T a o o 7
1 folladarnidianuiasdurnsizandygyaadlidizos aunse

2.10 Over modulation

Tevipsuagiatu (Over Modulation) fotuiavesdnyyaidesiiamuusannnituun
YDIAAUNI %"alumQ‘UﬁﬁﬁL{luamasﬁlﬁmnﬁm%ummxﬁmﬁuaanlﬂa'mm'%"aaeial,ﬁaamﬂ%
fdyaauunsdnvesedunmiviavsluugieg duwaliisadusuniudiiadesdiuasiin

AUEALNE LTI AN AR DENLIAINLATONSU

=
=

.
-

e T
—_—]
————

ﬁb -

_,
.

. (n) HANARY 50% (1) HANAAY 100% (A) anadwndiung B
Lm=ms s : — : :

JUN 2.17 uamen1suauaauuniivung (Over Modulation)
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o af cad v s -
2.11AANNNLNEIVRINY Power Amplifier

2.11.1 Distortion (AUHALNEL)

o v P -] a v o a4 1 oa Y e W v oa

miaruwlanineqasvuneiserlsimuidinludsuwlamienefudfuauatuifug

- = | ot 8 | d' | & o oA

UndFnilvaunedelafiausisaunvingu lddunisiwasuuyamiaiiuiunisnslain wu daie

¢ ) ) a | a | a va » v a 1 o
lawes viemuTuidssisladnlufuunsdygradsdiiialuanduatuidy waiisieala
Tmdudutiu navesdudsldduiduanuiisuusagnele auiouaiuisauveanlaidu 3
Uszinm aatl

. . . - X a
2.11.2 Total Harmonics Distortion (m’mwmwuuaﬂuunﬂu)

a & 4

Feugeqin THD Wuanuiisusieffunsiuunnluiinmsiaiondes THD 1indiun
= =Y = e I a s = o (7] o -] 1 (7 =
AMudelulin viemudigendteTudvanidudTuIRIgUIULAN WU Fyanndes
o o & & a 4 o ¥
919U 1,000Hz Tuaziinuieusluiniiaud 2 kHz, 3 kHz, 4 kHz, 5 kHz uazgaduly
= a v & P~ )~ < o 1 dd o X
Sow Undummnuisueludnaziivuisanasldizognudiuiiesnnudiiedy lne
o v a o = =4 < ¢ w a v oayw
Amualallu x dB awnenAmavan wisaravenlulesiwudiiguiuanuivanile
THD fdanuisninlalasaiosileNniisnin Distortion Analyzer %38 Spectrum Analyzer
A . J = 1 o =
2.11.3 Intermodulation Distortion (A21UANNEUVBINISHANFYUIUT1LAND)
= a d’ s 5 1 d; 2/ [} o Vo= , Ic?'( a
3o IM auiindleteudyanamand 2 AudTuludidrasilvinnnudlvadu (Und
) i & 2 o o W & v o =
sufunaurnuarnas1IwadaaInuREY) Aiavuadsinanuien IM Tnduinsgiufe
aunAdmInssuAINeuRiayvlysviag (Society of Motion picture and Television Enginer,
v e Y] = o A W ) Y
SMPTE) Insanaldiniasloinemsnunisnissainuaengiumivila
2.11.4 Transient Intermodulation Distortion (A2MUHAAWWEUYDINITHANH Y0

9 a o ar
YIUAMUARUNAL)

2
=i - alal a s at

739 TIM. - aaiisutataziinlusuiadyarads miaaunidanvuzdunduy (Wu

F73
as

= = =l tu 1. = 1 ~ a £
LFBINTTUNN 18D UAZIIAINBITIAZINIUYL 9019970 THD WAy IM NANAAADALIRMIUME

ana Input ASANAIL ANULNeurlatiilvantagadlalnld19sfioanuuuunag1an N3

ege

s

¥ M Fsluifinesgrudesniluddudiazdudeudildannsadilalanue daunisialy

o & lw v oa a4 o ] Y o a | d a &
Uagiuiuediugrinasorinudazsodudimun 38nsanuniedovemuiinantuianis

U

WYY
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uni 3

NANNITATUIURAZNITODNLUU

3.1 gunsafillunisvmaaes

PINMUANNITVINUTDY WITVENBULUUAAIE D fpI9ABNI5Y1191UYD37993 Pulse width
modulator tasnndedlddaygia PWM lumsimndyaamdnvdedygrandssideans
g 2asmavegely daiinanliluunil 2 FameanzdEavinliidenldauiinmy
W3aAAUNE (Carrier) 1u1A 125kHz Wufianatsiwadyain

2995 Pulse width-modulator Uszneulumiersasuangasdn 5 2993

3.1.1 2995 EAAMLE (Clock Generator)

100

i 5

Cap ﬁi ! ;
5 = M Josd—— Oy
= 100 _]' IMHz E: =
GND H . MC14011

Cap

Ui 3.1 uannasludiuyes MC14011

295 linANd gnaenuuululaeedenisineu vesgunsainiiinaiud Ae

Crystal @0150839AINAYUIN 2MHz BanII



3.1.2 2995%15A1UD

[ Cripua_ MC14029 P

GND

B e e e e

31Jﬁ 3.2 UAnI9stuENYes MC14029

IC wos MC14029 gridemitildlunismsainudilenin Clock Generator Tl

A o M v P oA & M ¥ o o [ o
AUANLDYaIRAUNILaNaT MITaAu Ae 125kHz Felevianasidenleany n1svinauues IC

Tumsmsarudann 2MHz 10 125 kHz uude dygyiun 2 MHz azgnmsaae 8 Tivie
AMA LREN 125 kHz iU

3.1.3 299503 (Buffer Circuit)

2ING904

GND
5 |~
4.7
10
GRND ||
I
Civy
GND
—————

ﬁl 1 s L4
gﬂw 3.3 LAM9995 AR IUWINeS
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3.1.4 29959 UNNIA3 (Integrator Circuit)

Toco n@

—

= 1 - g 4 . i
JUN 3.4 uannaasludiuueansasduiiinimaes (integrator Circuit)
= - - L 1 -:: & o o
29930UNNIADS YNOONRUUNUNDTINFYY I NUTENINAAUNI kasdayayniides
Tneld Op-amp was LM318 lun1svimtndudiduiiinsinaidyyio 2 dygiaidiseiu
neuvzateaniug11asTouLis Uiy

3.1,5 1995U38ULiEy (Comparator Circuit)

Iopss {rom Intogmtor

. —
Res Tap
10 1K

= | o al p .
3Un 3.5 waneeRsludIuTeINATUTULYIEU (Comparator Circuit)
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195suAsudym avinisilsuisudygraainaeasduiitnsiees du

o l:}d L2 s as { 1 i
el aszuansaniiszavussulaiauin -0.7 V - 0.7 V dulilaanainieastesi

[

| [ o ¢ 2 € o 1) al al @
Aol fvdnues LM361 &sld IC 1ues LM361 Wugunsudmsuiasumeudgyyiu 2

Foyeyau Toe dyayrauiivieanves aastiasfidyqranivioentu 2 JUuuufe inverting uaz

non-inverting dmsudsinulviiugunini Opto couple fiald

3.2 AnA Power State
2495 Power State Usenaulusmeleasudngesdn 5 3935

3.2.1. 1995dwUF Yy (Optocouple )

< Rl
T IK

Output to TC4429_»

From PWM comparator 7

s e
R R

3UT 3.6 Uameasludiuvenasamiudygan (Optocouple )

oonuuUsasiagld 6N137 Wuaunsal Single-Channel Zsaylfifiusdsrinudoya
Wausmaslineenaniilagluiiiflfusmessewinnes PWM fuasasmanens Tog
nelugunsaiagyians dedyanwadinau LED iflu Optocouple Pndushdga
1inIsUis Ui URusEwI s d - inputiudenaEN Fadyannildeoninasiu

High vi3e Low asAuatiudygadideumndily



Truth Table (Positive Logic)
Input Enable Output

H H E
L H

H L H
L L H
H NC i
L NC H

SUT 3.7 wemenTs truth table Mzviilildiaa Output aanan

3.2.2. 2495U59AUS19D4 (Reference Voltage)

23

<_10 voltage regulator >

R12
82o0hm

= B
RI13 b Ry T
1200hm
1 )
2—— ——CI14 :éCb
{00nF | 10uF/6.3V
o~
s 2 . 2
"__I'_"
GND1

JUN 3.8 Uan995ludINTD9IRTUTIAUEN98e (Reference Voltage)

gonuwuuly TL431 U VoltageReference lnainign Reference auin 2.5 Tiad
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3.23 2995AFINSIAY (Voltage Regulator)

—-’1
Voltage Regulator
(__5V 10 6N137 > 4 Out  Vin
_'l'_ 4 E13
c12 GND —
T 100nF ! 47uF/50V
GND

sUTt 3.9 uansTsludIuves 2993A9TUTIU (Voltage Regulator)
19LM7805lunsuUasussdutnireInura st 2laanlm dusnseaaulnfvunns
ThaddelmiulldsadiCluoseN1 37

ignal from 6N137 % Input Vdd 3 - —
TC4429 _L -
2 GND Output-| 5 —=Cl1 _={"12
4 GND 1000F | 100nF
L
- R14 -
GND!I Signalto IRFITNSOL > §
10ohm *
T e

5UM3.10 wana995ludIYe14as Gate driver
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21995 gate driver GlY IC dufagy TCa429 Wushduneaia oswnannsofs
nszualige uazilrRise time uazFalltime i (lumiag ns) lngazvimsienssuaudludu
Thueamvvhandsingiovesgunsalifasimse C11 uay C12 adeulWdssuaznsnd
war C funhnissenseudesiidossliosfianipr uasdesihmstoulmdssmunnszuing
4518 V lunsasiifentdlnifesuwn 12 v Sl useduduinm fuunadssanm 12 v $u

4 ey o L
LUBIHNRN nﬂmauum‘ummqﬂnim PNANNTT

Vour = Vpp — 0025V .. )

3.2.5 Mosfet WasIRFB17N50L

J—02'19
470nF
Ql
R14 —
<Signal from TC4429 ‘M————-——{H—
’_.
10o0hm
GNDMain
Qutput to LPF_>
C29
470nF
R24 — 02
<Signal from TC4429 ANA- I::. Q2
I
10chm
{_to Source >———¢
saaa—1

SUT 3.11 uanenaasludiuves Switching Mosfet
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1935 Switching Mosfet fnsvheuludnuae aindaduiuvianuluunsswing FET @oq
v aa ar

Fandusasulnine1n 2995TUnNNUITUNNYINIY FET  91197U%9n159 FET  @e9i298¥n97u

aaunulanifunainnainmsnduwaiuves dyanalvdhussuseiuduna

3.3 2993n1999ANUDANIY (Low pass filter)

P1 L1
! :
2
Input from powerstale 45uH P3
C2 C o
470uF | 100uF | 100uF :
Qutput
GND
e ——— A — —

P
sUN

G

3.12 wan91995 1 UAIUYENINITNTBIATIUAGIIY (Low pass filter)

v Y P @ | o o
I‘UL{JUPN';\]5ﬂﬂﬂ‘§aﬂﬂ’ﬂuﬂ'ﬂqN']UIC’]Uﬂﬂﬂ'ﬁ@ﬁLﬂW"lﬁﬁlflUﬂ?'}NﬂVI 20 Hz - 20 kHz

8ONWUV93 low pass filter Hdnwaiznisrane 19 L eunsuiuieas uaz C auuiy
1995 AALURYEI95NAD iHowstlouaiud dndnaeas L agila X e C agiian X g9 v
Al ndu L Igagenn sedudyana Output - Fesianlauan LLEiLﬂaﬂ‘ﬂiJﬁQﬁﬂ'j”@ﬂﬁ
FaMum A1 X, I8NAL AT X zanad ildaanud Kiussaanlaanas unsaduiiiululed
3gn C M@ seaudtyeyos Output Aswuldtfeesnn ey PWM flaanvnaia
Switching Power Amplifier a]:mmiwaaﬂmﬁi'lu';q%niaamm?iﬁﬂLﬁaﬁ%niaaﬁmmmwms
panluFwrlddyaaiiidnvannioudyain Input nduandeninnismaasddiisainies
mufkuuldessu Second  Order  w&ragldnainiuuudug eswnaglddynynnil
Snunizviloudyaas Input warilvunnvesdyyuilandt 2993n589A14E Order Bu9
wazléidenld 1asnsasmuiisieiiu wuu TminesiismButterworth Low pass Filter) 1ng
Jumsseuuu T fufiudnumrves Two Pole Filter Fafldnsanisanneulutag Stop Band
Wiy 40 dB/decade wazil Ripple Tuta4 Pass band i Farwes L uay C wildannaunis

Transfer fuction
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Fadeyeyraudumm (V) NlAa1n23995 Power Amplifier Aanafiuludtyyias Square

wave fimd125 kHzlwaaieiieminnrenwsifelvanvioyils

Class-D

Y Y Yy
Output i LH &
VIN I CH

i a6 1
E'Uﬁ 3.13 UARINITRNLUUINITNTDIAIINDANIU

wasAresuaaamiuaiuasiunudszgivetlugy S-domain( L=>Ls and C =

g v o [y v % =
1/Csimtuyhmsuifaunsuagyinisdngulvegluzuves Transfer function vieaunisi 9

=) d

H(S) - 4 VO(S) - LH'CH
(3?2 tnaht sLL1
Ry G Lo i

Beuaumslieglugudnvesduusiuazdnduanmagliiues Cy uag Ly

. 1
H™ = - e
vu2 . RH 2 1 fC ’ \-'.2 . RH
. 1 . |<'P . _ 1","5 . RH
Li =g =2 Ra=377%
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3.4 N1SAIUIN

3.4.191A1Y0R ANUYTZY
ARl

(Ry)=8Q ,f=20 kHz

C = 1.
L H = rfv2Ry
......... (10)
¢ _ 1.
H ™ n (20kHZ)V2(8)
Gy i Z03.37 1F = 0.7F

o " w o v e | v o o w &
Qqﬂﬂqiﬂquqmwuqqﬂﬁﬂ'}LﬂUﬂiﬁﬂW1ﬂ§Jﬂ'1WﬂﬂU O.T,uFQNﬂE]ﬂLLUU?\?Q?IWEJU"IW"JLﬂU

Usvusanuuruunu3nt lagld C= 0.1uF §9u3u263 ey C= 0.47 uF

3.4.2 YMANUAAINATE
fvual
(Ry) =8 Q ,f.=20 kHz

970 Ly = \EEH ......... (11)
V2 (8)
Ly
2m(20kHz)

3.4.3 AR IuEAnoan
AUUA LA L= 45uH ,Cy= 0.7pF

1
ORb fc Zm ......... (12)
1
i, =
21,/ 2(451H) (0.7 uF)

. = 20kHz
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unii 4
NANISNAADY

4.1 3UdyayInd ol YA V1PDNVDINAT

CaNt

4.1.1 Output 9292993 Clock Generator

(50 % 20004 MYS21BE578 Thu fer 23015325 2015

Agilent

MCHI

4 = .
FJUN4.1 LAAININIAZNINAYEYTEUUBS Output UB93995 Clock Generator

NN INTBIA YT E LAWY WaTl laeaninuesdeyrias Wudnygyi Saw  tooth

&

wave WazlisaaulWiyndu 12 Vpp wazmanui 2 MHz

4.1.2 Output PBIAINITAND (MC14029)

00X 20004 NYG2 156078 Thi K

:
Agilent

K

19 9 1l1
K

(o o MC1429

2
w

2|

g
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5UN4.2 uansdiansasuaznndya1aved Output ¥892995M15AIUED (MC14029)

o GO o v o & e v ¢ o o
AINNINVDIALY Y IUILLAULN NATILABBNUIVD ey WU UYWAY NAUD 125
kHz wagzusenului 11.7 Vpp
4,1.3 2995 Buffer

S0 20028, MYS2B8578 Toe e 21 114782015

ING4
100oF
— |
GND |
oup 10 eyl ‘ ”‘m
4k
INIDG 10k
h.\[l |
|7
e

GND

A =t o
3UN4.3 uanafinngaauazn ey 1adve92993 Buffer

s = 1 o a [ ot v ¢ < o M
PNNINUDIF Y IUZLIAUIT NaRlneonivedy o Wudymiaiad Ausedulnv
Wiy 11.4 Vpp waganif 125.02 kHz

4.1.4 Input Signal 1 kHz

Agilent

(1500 20024, WYSHHGEETE Thu e BOVIETB 201G

Audioin Ik

©
_l_ 300K
GND

.,”_W_:

GND




[y =1 1 [ @ u i =
PINAWUBIAYQIUALLTIUIN AsludmtUsudyaad Input Signal Al
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§Uﬁ4.4 wansasiazdygad Tudiuves Input Signal 1 kHz

Snwauzidu Sine

Wave Taflnud 1 kHz uagusssili 2.81 Vpp 91091 Audio in

4.1.5 Output ¥4 LM318

Audioin
L P Py —
-y
|
>, . 3004
(:IP -
\Kl’)
S S — —
00X 200CA MIBE1B8E78 Tuz Apr 21 155 1A 201E
Agilent

S
DGH: 20028, MT52163376 Thuder 237 5307 D15
1 L vk W \ 2 2l
Agilent

v
Ason v

Lefac t/rase
-

31J17i4.5 wanefie9shadeya 1 Output vas LM318

NN MNUBIFY N ULLIAUIT fadayeynd Output e [ Hudeyerauiviins Modulation
Tnewfinan dyeynad Carrier wazdyaiod Input (iU Sine Wave) 111 Modulate fu il

AUAWAY 1 kHz wazusasulwih 22.7 Vpp
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4.1.6 Input (+) LM361 (Comparator)

Agilent

gﬂﬁ 4.6 LaRaDITLaEdYQIuYDY Input LM361 (31 3)

o

NN NV URINMAIRAUIT Mdaan Input  axilianwasudynniad el
4 4 W
AUABYN 1 kHz wazusanulnih 143 Vpp

4.1.7 Output inverting BUAY non-inverting (LM361)
-  CHA Parts

- CH1 Part“:

Agilent

Moyt

Zi
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3UN4.7 uanadiersasuasdayyiniues Output inverting Lfiguiiu non-inverting (LM361)

P wvDsdaIaAziiuin fdyas Output foenuiu snludyyiniad 7
AALAYINTU 2,046 kHz st 2 doanna (Part +, Part —) fifiAudvindy udesnduimadiu
waeiy Hafildfe

- CH2_Part - fiaudl 1 kHz Sussdulnii 5.5 vpp

- CHL_Part + finaudl 1 kHz Susedulwdin 6.6 Vpp
4.1.8 Output ¥8439958UEIIIa (Opto couple)

- CH1 Part +

- CH2_Part -

Agilent

v (I

Oppcoegle

3111’7‘1'4.8 WARAD99sIaEFY M Output 6n137 (Opto Couple) W 290mme (Part +,
Part -)
INANVBIFY NI Fadeymas Output 1 udyruwad M1 2 doanne
(Part +, Part-) iflaniudwindy usendumadetuuasiu nailldde
- CH1_Part + fin1ud 1 kHz fiussiuluih 2.3 Vpp
- CH2_Part - fin1nudl 1 kHz Tusedulnih 2.3 Vpp
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4.1.9 Output ¥9429959ULNA (TC4429)
- CH1_Part +
- CH2_Part -

50X S0CA AYE2 BE3T6 Thu hoe 23022002015

Agilent

Aeqattn

(1 12

B

-L— il
i

———w————— e o RETSL )

10obm

31J17§4.9 wansirasuasdan Output Y99393sTUine (TC4429) a2 Yaawna (Part +,
Part -)
NNATHVE Y ziuI DUy aRad We 2 geamae (Part +, Part -) il
AMUEWINTY uwiasndumadeiunayiu wadildfe
- CH1_Part + fiemul 1 kHz Susedulaiit 9.2 vpp
- CH2.Part = finnud 1 kHz fuseduluiiy 12.7 vpp

4.1.10 245n509ANUDARIN (Low pass filter) Load 8 Q

P LI

5 " !
Input fro zowerstale dil [
e e (3

-ﬁ! :;

AT00F | 100F | 100uF

.[“__.

-
=
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JUN4.10 uanadlenaasuadyaas Output 19431995N504ANUDAIHI (Low pass filter)

Load 8 Q

NNAMNVBIFYYIALTIUI Faduuna Output Wudyae Sine wave AiluMS

| o | P Y
NIBIAINANIGD NIAWD 1 kHz uazussnuluii 39.2 Vpp

4.2 Mmadliinv1oenv992993

NANTTIAAINa T v 09NUR 95

VZ
Pt = —— e
out RLoad (13)

Pow fAB  madlwihnuesnyainens wihoduind (Watt)

1 st A 1
9 ANuaaAng W annasanlvan 8 Q

<=
o)

Riosd A9 LAGAAUATUYIUIUIA 8 Q
NNMFIAAT Vlay R lnaala V = 22V, R= 8 Q

. | A~
POth = "8* =60.5 2R
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uniis
d3UuaIslNaNINAADY

g
=l o W =

INMINAANIIENUEIAEANAN 60.5 Tas FIUSLENTNINVRI1TAAARNIE

a1 i

fnAeudsaenineasuneaaasugnumquiuadsityvlubewesnsgudendanly
sUvBsALFauTiRY Power MOSFET uariiunuresvnaindsiinisgaydodoutranin tng
awiziknuvasuamnBNTaRaTasATIE U UIHsTIYRmInmTlenhuazdiuysEildly
ANATBINATNTOIATARIUB NG e

Toiduvensvsnaaniie wdimiuiisuvesdya aeninninnninasunsaaa
Bu iowendm aunwideslifhiveaasuudiies iRunuinve (Carrien) igedu
Felulasanuiliald 6 whessanuidides wagldrsasteundulunisauau Input Gsagyinls
Ifnunmidssiiity sthiamnsadanslddmau

‘i'jfgmé'naahmﬁauaﬂmﬁamm%awmﬂmmwL%’&Nﬁﬁa (309UBAIITUN LYY
fesiinisufunisasiussminiiinniseaos lagasiuinluuiedisreaies ssiinisld RC
Filter Lﬁﬁ'ﬂlﬂLﬁaniaaﬁ’mufmmumuaanlﬂw?alﬁﬂiwngﬁeaﬁqm

msflagUsulsimumsaTusshdsearartuidaldomlih i dns nmaty
msdenld Power. MOSFET filfnanusauniuluasu-1ed (Roson) e?m‘[ﬂa’[ﬁﬁmmm
frumusininenidunuesiranuiniian wastymmsguideidanulusnuyeswaain
919NINMNSTI995 Low pass Filter tudaiivszavsnnuaganuimaizaslunisldauilid
we Faazldinarlupnsvaassunyn Low pass Filter Wuununaduans wlaitazlilsnees Low
pass Filter Amunzaulunsldsuiian Miludwi g detiosauazatiisuiionases

s L3 a v
UL TMINNDNAIL
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2N3904

SMALL SIGNAL NPN TRANSISTOR

PRELIMINARY DATA

Ordering Code | Marking | Package / Shipment

2N3904 2N3904 |TO-92 / Bulk

2N3904-AP | 2N3904 |TO-92 /Ammopack

= SILICON EPITAXIAL PLANAR NPN
TRANSISTOR

s TO-92 PACKAGE SUITABLE FOR
THROUGH-HOLE PCB ASSEMBLY

s THE PNP COMPLEMENTARY TYPE IS
2N3906

APPLICATIONS

» WELL SUITABLE FOR TV AND HOME
APPLIANCE EQUIPMENT

s SMALL LOAD SWITCH TRANSISTOR WITH
HIGH GAIN AND LOW SATURATION
VOLTAGE

.

TO-92 TO-92
Bulk Ammopack

INTERNAL SCHEMATIC DIAGRAM

Co(3)
(2)
B
EO(1)
DS10130
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Veceo | Collector-Base Voltage (Ig = 0) 60 V
Vceo |Collector-Emitter Voltage (Ig = 0) 40 \
Veso Emitter-Base Voltage (Ic = 0) 6 Vv
lc Collector Current 200 mA
Piwt |Total Dissipation at Tc = 25 °C 625 mw
Tstg Storage Temperature -65 to 150 °c
T Max. Operating Junction Temperature 150 °c

February 2003
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2N3904

THERMAL DATA
Rthj-amb ® | Thermal Resistance Junction-Ambient Max 200 °ciw
Rtnj-case ® | Thermal Resistance Junction-Case Max 83.3 °cIw
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
lceEx Collector Cut-off Vce =30V 50 nA
Current (Vge = -3 V)
IBEX Base Cut-off Current Vee=30V 50 nA
(Vee =-3 V)
V(gryceo* |Collector-Emitter lc =1 mA 40 v
Breakdown Voltage
(ls = 0)
Vier)cso |Collector-Base Ic =10 pA 60 \
Breakdown Voltage
(le = 0)
Ver)ego |Emitter-Base lg =10 pA 6 \%
Breakdown Voltage
(Ilc =0)
Vcesany* | Collector-Emitter lc =10 mA Is =1 mA 0.2 Vv
Saturation Voltage lc = 50 mA Ie =5 mA 0.2 Y
VBE(sat)* |Base-Emitter lc =10 mA lg =1 mA 0.85 vV
Saturation Voltage lc = 50 mA Ige =5 mA 0.65 0.95 \
hpg* DC Current Gain lc = 0.1 mA Veg=1V 60
lc =1 mA Vece=1V 80
lc =10 mA Vee=1V 100 300
lc = 50 mA Vee=1V 60
le =100 mA Vee=1V 30
fr Transition Frequency lc =10 mA Vce=20V f=100 MHz | 250 270 MHz
Cceo Collector-Base le=0 Veg=10V  f=1 MHz 4 pF
Capacitance
Ceso Emitter-Base lc=0 Veg=0.5V f=1MHz 18 pF
Capacitance
NF Noise Figure Vee=5V Ic=01mA f=10Hz B dB
to 15.7 KHz Rg =1 KQ
tq Delay Time Ilc=10 mA Ig =1 mA 35 ns
tr Rise Time Vee =30V 35 ns
ts Storage Time Ilc =10 mA Ig1 = -lg2 = 1 mA 200 ns
tr Fall Time Vee =30V 50 ns

* Pulsed: Pulse duration = 300 us, duty cycle €2 %

2/5
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2N3904

TO-92 MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.,
A 4.32 4.95 0.170 0.195
b 0.36 0.51 0.014 0.020
D 4.45 495 0.175 0.194
E 3.30 3.94 0.130 0.155
o 241 2.67 0.095 0.105
el 1.14 1.40 0.045 0.055
L 12.70 15.49 0.500 0.609
R 2.16 2.41 0.085 0.094
S1 1.14 1.52 0.045 0.059
W 0.41 0.56 0.016 0.022
vV 4 degree 6 degree 4 degree 6 degree

/
1.

q
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MICROCHIP

TC4420
TC4429

6A HIGH-SPEED MOSFET DRIVERS

FEATURES
B Latch-Up Protected ............ Will Withstand >1.5A
Reverse Output Current
B Logic Input Will Withstand Negative Swing Up
to 5V
W ESD Profected ... vamnnninimasmmimsisg 4kV
B Matched Rise and Fall Times .......c.ccoocuniieen. 25nsec
B High Peak Output Current .......cccccevrrecnneen 6A Peak
B Wide Operating Range .......ccccceeiineeennn. 4.5V to 18V
M High Capacitive Load Drive ....c...ccccceivuninee 10,000pF
B Short Delay Time ..........£.4........=w 55nsec Typ.
B Logic High Input, Any Voltage ............. 2.4V to Vpp
B Low Supply Current With Logic "1" Input... 450uA
B Low Output Impedance .......ccoeceeeevrecniinnnnrerannnns 2.5Q
B Output Voltage Swing to Within 25mV of Ground
or Vpp
APPLICATIONS

GENERAL DESCRIPTION

The TC4420/4429 are 6A (peak), single output MOSFET
drivers. The TC4429 is an inverting driver (pin-compatible
with the TC429), while the TC4420 is a non-inverting driver.
These drivers are fabricated in CMOS for lower power, more
efficient operation versus bipolar drivers.

Both devices have TTL-compatible inputs, which can be
driven as high as Vpp + 0.3V or as low as — 5V without upset
or damage to the device. This eliminates the need for
external level shifting circuitry and its associated cost and
size. The output swing is rail-to-rail ensuring better drive
voltage margin, especially during power up/power down
sequencing. Propagational delay time is only 55nsec (typ.)
and the output rise and fall times are only 25nsec (typ.) into
2500pF across the usable power supply range.

Unlike other drivers, the TC4420/4429 are virtually
latch-up proof. They replace three or more discrete compo-
nents saving PCB area, parts and improving overall system

B Switch-Mode Power Supplies
Motor Controls

| |
B Pulse Transformer Driver
| |

Class D Switching Amplifiers

PIN CONFIGURATIONS

TO-220-5 8-Pin DIP 8-Pin SOIC
O Vop Vop Voo [1] 18| Voo
INPUT | 2 | OUTPUT INPUT [ 2 7 | outPUT
TC4420 NC TC4420 outpur  nc [31]TC4420 [ 51 o
TC4429 2] tcaaze | ] TCa429 5 ] output
Tabis GND [ 4] [ 5 | GnD GND | 4 5 | GND
Connected
toVpp
5o 2“ 5 NOTE: Duplicate pins must both be connected for proper operation.
z z
Lo>0F
- =)
o

reliability.

ORDERING INFORMATION

NPUT :
. LA
ite
H

GND O—¢

TC4429

P

TC4420

EFFECTIVE
INPUT
C =138 pF

O Vpp

Temperature
Part No. Logic Package Range
TC4420CAT Noninverting = 5-Pin TO-220 0°C to +70°C
TC4420COA Noninverting 8-Pin SOIC 0°C to +70°C
TC4420CPA Noninverting 8-Pin PDIP 0°C to +70°C
TC4420EOA Noninverting  8-Pin SOIC —40°C to +85°C
TC4420EPA Noninverting 8-Pin PDIP —40°C to +85°C
TC44201JA  Noninverting 8-Pin CerDIP ~ —25°C to +85°C
TC4420MJA  Noninverting 8-Pin CerDIP —55°C to +125°C
TC4429CAT Inverting 5-Pin TO-220 0°C to +70°C
TC4429C0OA Inverting 8-Pin SOIC 0°C to +70°C
TC4429CPA Inverting 8-Pin PDIP 0°C to +70°C
TC4429EOQOA Inverting 8-Pin SOIC —40°C to +85°C
TC4429EPA Inverting 8-Pin PDIP —40°C to +85°C
TC44291JA  Inverting 8-Pin CerDIP - 25°C to +85°C
TC4429MJA Inverting 8-Pin CerDIP -55°C to +125°C

© 2001 Microchip Technology Inc.

DS21419A
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TC4420
TC4429

6A HIGH-SPEED MOSFET DRIVERS

ABSOLUTE MAXIMUM RATINGS*

SupplY VoRage e s amsavsmsmsmmsmsmnes +20V
Input Voltage ..o —-5Vito>Vpp
Iniput©urrent (Vini= VBB) s 50mA
Power Dissipation, (Ta < 70°C)

PDIP c.ooennsnneessssaressssasesssasmmnnsposmms sesssomsasases smns 730mwW

SOIC oo 470mwW

CerDIP i 800mw

5Pl TB220 wuamvviminmaimsnnsmmvassimm s 1.6W
Package Power Dissipation, T¢ < 25°C

5-Pin TO-220 (With Heat Sink) ..........cccoooein... 12.5W
Derating Factors (To Ambient)

PDIP ...ccerircrrrrncrccsrniencnren g e rmages 8mW/<C

2101 | o G—G——— " SO 4mW/°C

CerDIP ...cccccvervvinninssivnissagflolle o commmer ) ovver 6.4mW/°C

5-Pin TO-220 ...ccccconieriefldflecinnnercsgpan i e 12mWi°C
Thermal Impedances (To Case)

5-Pin TO-220 Ry coioeieeeeeeoeeeeeiitiseieeeeeseeiees et 10°C/W

Storage Temperature Range ................ - 65°C to +150°C
Operating Temperature (Chip) ...ccccovvvvncivnieiieeeen, +150°C
Operating Temperature Range (Ambient)
C VErSioN cccueiiiiiciiiiee e 0°C to +70°C
| VEISION oo —25°C to +85°C
SR V7T o1 [ —— —40°C to +85°C
M Version ......... T —55°C to +125°C
Lead Temperature (Soldering, 10 sec) ................. +300°C

*Static-sensitive device. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields.
Stresses above those listed under "Absolute Maximum Ratings" may
cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions
above those indicated in the operation sections of the specifications is
not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS: Ta=+25°C with 4.5V < Vpp < 18V, unless otherwise specified.

Symbol Parameter Test Conditions Min Typ | Max Unit

Input

ViH Logic 1 High Input Voltage 2.4 1.8 — V

Vi Logic 0 Low Input Voltage —— r NP 0.8 V

Vin (Max) Input Voltage Range -5 — Vpp+0.3 | V

N Input Current 0V £ Vin £ Vpp -10 — 10 LA

Output

Vou High Output Voltage See Figure 1 Vpp-0.025| — | — \Y

VoL Low Output Voltage See Figure 1 —_ — 0.025 V

Ro Output Resistance, High lout =10 mA, Vpp = 18V — 24 2.8 Q

Ro Output Resistance, Low lout = 10 mA, Vpp = 18V — 15 2.5 Q

Ipk Peak Output Current Vpp = 18V (See Figure 5) — 6 —— A

IREV Latch-Up Protection Duty Cycle £ 2% 16 — — A

Withstand Reverse Current t < 300usec

Switching Time (Note 1)

tr Rise Time Figure 1, CL = 2500pF — 25 35 nsec

te Fall Time Figure 1, C_ = 2500pF — 25 35 nsec

1 Delay Time Figure 1 — 55 75 nsec

to2 Delay Time Figure 1 — 55 75 nsec

Power Supply

Is Power Supply Current ViN =3V — 0.45 1.5 mA
Vin =0V — 55 150 A

Vop Operating Input Voltage 4.5 — 18 V

TC4420/9-6 10/18/96 ) © 2001 Microchip Techrology Inc.  DS21419A



6A HIGH-SPEED MOSFET DRIVERS

TC4420
TC4429

ELECTRICAL CHARACTERISTICS: Measured over operating temperature range with 4.5V < Vpp < 18V,

unless otherwise specified.

Symbol Parameter Test Conditions Min Typ Max [ Unit

Input

Vin Logic 1 High Input Voltage 2.4 — — |V

ViL Logic 0 Low Input Voltage — — 0.8 V

Vin (Max) Input Voltage Range -5 — Vpp+*03 | V

IiN Input Current 0V <ViNnEVpp -10 —_ 10 LA

Output

VoH High Output Voltage See Figure 1 Vpp—-0.025| — — V

VoL Low Output Voltage See Figure 1 — — 0.025 Y

Ro Output Resistance, High lout = 10mA, Vpp = 18V — 3 5 Q

Ro Output Resistance, Low lout = 10mA, Vpp = 18V — 2.3 5 Q

Switching Time (Note 1)

tr Rise Time Figure 1, C, = 2500pF - 32 60 nsec

te Fall Time Figure 1, C, = 2500pF — 34 60 nsec

to1 Delay Time Figure 1 — 50 100 nsec

tp2 Delay Time Figure 1 — 65 100 nsec

Power Supply

Is Power Supply Current Vin = 3V — 0.45 3 mA
Vin = 0V — 60 400 LA

Vpp Operating Input Voltage 4.5 — 18 V

NOTE: 1. Switching times guaranteed by design.

VDD =18V
(o}
' l
e
- > BV oLl —
INPUT
0.1pF == == 0.1pF
ov
INPUT O—-2 > g +—O OUTPUT e 90%
7 OUTPUT
C; = 2500pF 9
TC4429 % L= v —— — %
: = INPUT: 100 kHz, square wave,
tose = tea € 10nsec.

10%

© 2001 Microchip Technology Inc.  DS21419A

Figure 1. Switching Time Test Circuit
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FAIRCHILD
R R AR 2D WA |

SEMICONDUCTOR®

www.fairchildsemi.com

TL431/TL431A

Programmable Shunt Regulator

Features

» Programmable Output Voltage to 36 Volts

» Low Dynamic Output Impedance 0.2Q Typical

» Sink Current Capability of 1.0 to 100mA

* Equivalent Full-Range Temperature Coefficient of

50ppm/°C Typical

» Temperature Compensated For Operation Over Full Rated
Operating Temperature Range

* Low Output Noise Voltage
Fast Turn-on Response

Description

The TL431/TL431A are three-terminal adjustable regulator
series with a guaranteed thermal stability over applicable
temperature ranges. The output voltage may be set to any
value between VREF (approximately 2.5 volts) and 36 volts
with two external resistors These devices have a typical
dynamic output impedance of 0.2Q. Active output circuitry
provides a very sharp turn-on characteristic, making these
devices excel lent replacement for zener diodes in many

applications.

TO-92

4

1
1. Ref 2. Anode 3. Cathode

8-DIP

1.Cathode 2.3.4.5.7.NC
6.Anode 8.Ref

8-SOP

&
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1. Cathode 2. 3. 6. 7. Anode
8. Ref4.5.NC
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TL431/TL431A

Internal Block Diagram

REFERENCE O——— CATHODE

|
|
|
|

CATHODE (K)

REFERENCE (R) O—

l ANODE (A)

Absolute Maximum Ratings

(Operating temperature range applies unless otherwise specified.)

Parameter Symbol Value Unit
Cathode Voltage VKA 37 \Y
Cathode Current Range (Continuous) IKA -100 ~ +150 mA
Reference Input Current Range IREF -0.05~ +10 mA
Power Dissipation |
D, LP Suffix Package PD 770 mwW
P Suffix Package 1000 mwW
Operating Temperature Range TOPR -25 ~ +85 °C
Junction Temperature TJ ‘ 150 °C
Storage Temperature Range TSTG -65 ~ +150 °C
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit
Cathode Voltage VKA VREF - 36 \
Cathode Current IKA 1.0 - 100 mA




TL431/TL431A

Electrical Characteristics

(Ta = +25°C, unless otherwise specified)

. TL431 TL431A .
Parameter Symbol Conditions - - Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Reference Input Voltage VREF VKA=VREF, IKA=10mA | 2.440|2.495| 2.550 [2.470|2.495 | 2.520 Vv
Deviation of Reference - .
Input Voltage Over- AVETEF/ \T/KA":’TREFT'J;";(”O”‘A - las | 17| - | a5 | 17 | mv
Temperature (Note 1) LS
Ratio of Change in AVKA=10V- ) 210 | 27 ) 40 | =27
Reference Input Voltage AVREF/ | IKA VREF -
to the Change in AVKA | =10mA [ AVka=36V- m
Cathode Voltage 10V = -0.5 | -2.0 - -0.5 | -2.0
IKA=10mA,
Reference Input Current IREF R1=10KQ,R2=20 - 1.5 4 - 1.5 4 A
Deviation of Reference IKaA=10mA,
Input Current Over Full AIREF/AT | R1=10KQ,R2=% - 04 1.2 - 0.4 1.2 pA
Temperature Range TA =Full Range
Minimum Cathode Cur- W
rent for Regulation IKAMIN) | VKA=VREF - 0.45 1.0 - 045 | 1.0 mA
Off - Stage Cathode ) |
Guiffent IKA(OFF) | VKA=36V, VREF=0 - 0.05 | 1.0 - 005 1.0 HA
- VKA=VREF,
CnamIc TRECRNES Zka | IKA=1 to 100mA > loaslos |- lo1s| 05| @
(Hateed f21.0KHz

« TMIN=-25 °C, TMAX= +85°C




MC14001B S_eries

B-Suffix Series CMOS Gates

MC14001B, MC14011B, MC14023B,
MC14025B, MC14071B, MC14073B,
MC14081B, MC14082B

The B Series logic gates are constructed with P and N channel
enhancement mode devices in a single monolithic structure
(Complementary MOS). Their primary use is where low power
dissipation and/or high noise immunity is desired.

Features

® Supply Voltage Range = 3.0 Vdc to 18 Vde

e All Outputs Buffered

® Capable of Driving Two Low—power TTL Loads or One Low—power
Schottky TTL Load Over the Rated Temperature Range.

® Double Diode Protection on All Inputs Except: Triple Diode
Protection on MC14011B and MC14081B

® Pin—for—Pin Replacements for Corresponding CD4000 Series
B Suffix Devices

® Pb—Free Packages are Available®

MAXIMUM RATINGS (Voltages Referenced to Vgs)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range -0.510 +18.0 \
Vin, Vout | Input or Output Voltage Range -0.5toVpp + 0.5 A
(DC or Transient)
lins lout | Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, per Package 500 mwW
(Note 1)
Ta Ambient Temperature Range —5810 +125 °C
Tstg Storage Temperature Range -65to +150 L
T Lead Temperature 260 oG
(8—Second Soldering)

Maximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress limit values (not
normal operating conditions) and are not valid simultaneously. If these limits are
exceeded, device functional operation is not implied, damage may occur and
reliability may be affected.
1. Temperature Derating:

Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high-impedance circuit. For proper operation, Vi, and Vg; should be constrained
to the range Vgg = (Vi or Vout) = Vpo.

Unused inputs must always be tied to an appropriate logic voltage level
(e.g., either Vgg or Vpp). Unused outputs must be left open.

*For additional information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

e e T T e T S

@ Semiconductor Components Industries, LLC, 2005 1
February, 2005 - Rev. 4
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A = Assembly Location
WL, L = Wafer Lot
YENY = Year
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DEVICE INFORMATION

Device Description
MC14001B Quad 2-Input NOR Gate
MC14011B Quad 2-Input NAND Gate
MC14023B Triple 3-Input NAND Gate
MC14025B Triple 3—Input NOR Gate
MC14071B Quad 2-Input OR Gate
MC14073B Triple 3-Input AND Gate
MC14081B Quad 2-Input AND Gate
MC14082B Dual 4-Input AND Gate

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 8 of this data sheet.

" Publication Order Number:
MC14001B/D




NOR

MC14001B
Quad 2=Input NOR Gate

2 INPUT

MC14025B
Triple 3=Input NOR Gate

B N =

B

12
13

MC14001B
Quad 2-Input NOR Gate
IN1pl 1@ 14 I Vpp
N2, [] 2 13 [1IN2p
ouTA [l 3 121IN1p
ouTg ] 4 11 [] OUTp
IN1g[] 5 10 [J oUTg
IN2g [] 6 9 []IN2g
Ves [ 7 8[JINTg
MC14071B
Quad 2-Input OR Gate
IN1p [ 1@ 14 [ vpp
IN25 [] 2 13 [JIN2p
0UTA ] 3 12 1 IN1p
ouTg [ 4 11 [] OUTp
IN1g[] 5 10 [] OUTg
IN2g [] 6 9]IN2g
Vss [] 7 8 [1IN1c

MC14001B Series

LOGIC DIAGRAMS

NAND

MC14011B
Quad 2-Input NAND Gate

e

clesle

10

12
13

il

MC14023B
Triple 3-Input NAND Gate

L

Siuu

OR

MC14071B
Quad 2-Input OR Gate

i

PIN ASSIGNMENTS

MC14011B
Quad 2-Input NAND Gate
INTo [ 1@ 14 ] Vpp
N2y [] 2 13 ] IN 2p
OUTAQ 3 12 [1 IN1p
outg [] 4 11.[] oUTy
IN1g[] 5 10 [] OUTG
IN2g [] 6 9] IN2g
Ves [ 7 8 JIN1c
MC14073B
Triple 3-Input AND Gate
INT, [ 10 14 [ vpp
IN2, [] 2 13 [JIN3¢
IN1g [] 3 121 IN2g
IN2g [] 4 11 [IIN1g
IN 35 LJ 5 10 [] OUTg
ouTg [ 6 9 [] OUT,
Vs [ 7 8 [JIN3,

AND

MC14081B
Quad 2-Input AND Gate

= st || g=] Je==
5 5 —
=) O— | L)
8 8 i
g 10 =S
13 13 ——
MC14073B MC14082B
Triple 3-Input AND Gate Dual 4-Input AND Gate
| -
P 9 g_L_
= = D—
LN £ A —
4 6 3
NP~ '\
— 13
{1 e T N 1] ———
12 10 10 e
13 624 J NC=6,8
Vpp = PIN 14
Vgg=PIN7
FOR ALL DEVICES
MC14023B MC14025B
Triple 3=Input NAND Gate Triple 3~Input NOR Gate
INTo [} 1@ 14 1 Vpp INig(] 10 14 1 Vpp
IN2, ] 2 13 1IN 3g IN2, ] 2 13 [JIN 3¢
IN1g [ 3 12 IN2g IN1g[] 3 12 [1IN2g
IN2g (] 4 1 [IN1g IN2g [] 4 11 [ IN1g
IN3g [] 5 10 J OuT IN3g [ 5 10 [ OUTG
ouTg [] 6 9 [J 0UT, ouTs [ 6 9 [JoUT,
Vgs [l 7 8 1IN 3, ves [ 7 8 [JIN3,
MC14081B MC14082B
Quad 2-Input AND Gate Dual 4-Input AND Gate
IN15[ 1@ 14 [1 Vpp outa ] 1@ 14 [ Vpp
IN2, [] 2 13 [1IN2p IN14 [ 2 13 [J OUTg
ouTx [] 3 12 1 IN1p IN2, [ 3 12 [JIN 4g
ouTg [ 4 11 [JOUTy IN3, ] 4 11 [JIN3g
IN1g [] 5 10 flouTg IN 4A[l 5 10 [JIN2g
IN2g [] 6 9 [liN2g NG 6 9] IN1g
vgs ] 7 8[IN1g Vgs [ 7 8 I NC

 http:/fonsemi.com
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MC14001B Series

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

v -55°C 25°C 125°C
DD
Characteristic Symbol | Vdc Min Max Min Typ @ Max Min Max | Unit
Output Voltage “0" Level VoL 5.0 = 0.05 = 0 0.05 = 0.05 Vde
Vin= Vppor0 10 = 0.05 - 0 0.05 - 0.05
15 = 0.05 = 0 0.05 = 0.05
“1" Level VoH 5.0 4.95 = 4.95 5.0 = 4.95 - Vde
Vin=0orVpp 10 9.95 = 9.95 10 B 9.95 B
15 14.95 = 14.95 15 = 14.95 =
Input Voltage “0" Level ViL Vde
(Vo =4.50r 0.5 Vdc) 5.0 = 1.5 = 2.25 155 = 1.5
(Vo = 9.0 or 1.0 Vdc) 10 = 3.0 - 4.50 3.0 B 3.0
(Vo = 13.5 or 1.5 Vdc) 15 = 4.0 = 6.75 4.0 = 4.0
“1" Level Viy Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 B 3.5 2,75 = 3.5 -
(Vo =1.0 or 9.0 Vdc) 10 7.0 = 7.0 5.50 - 7.0 -
(Vo = 1.5 0r 13.5 Vdc) 15 11 = 11 8.25 - 11 -
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 i -24 -4.2 = -1.7 =
(Von = 4.6 Vdc) 5.0 —0.64 yi —0.51 —0.88 - -0.36 =
(Von = 9.5 Vdc) 10 - 1.6 — -1.3 —2.25 < -09 -
(Von = 13.5 Vdc) 15 -4.2 = -34 -88 & -24 =
(VoL =0.4 Vdc) Sink loL 5.0 0.64 = 0.51 0.88 - 0.36 = mAdc
(VoL = 0.5 Vdc) 10 1.6 - 1.3 225 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 > 3.4 8.8 - 24 -
Input Current lin 15 = +0.1 - +0.00001 | £0.1 3 +1.0 wAdc
Input Capacitance Cin =] = = 7 5.0 $.5 ¥ = pF
(Vin=0)
Quiescent Current Iop 5.0 7l 0.25 = 0.0005 0.25 3 7.5 pAdc
(Per Package) 10 - 0.5 i 0.0010 0.5 4 15
15 e 1.0 = 0.0015 1.0 3 30
Total Supply Current (3) (4) I 5.0 I+ = (0.3 uA/kHz) f + Ipp/N pAde
(Dynamic plus Quiescent, 10 17 = (0.6 uA/kHz) f + Ipp/N
Per Gate, C_ =50 pF) 15 7= (0.9 uA/kHz) f + Ipp/N

2. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
3. The formulas given are for the typical characteristics only at 25°C.
4. To calculate total supply current at loads other than 50 pF:

It(CL) = I1(50 pF) + (C_ = 50) Vfk

where: It is in uA (per package), C in pF, V = (Vpp - Vsg) involts, fin kHz is input frequency, and k = 0.001 x the number of exercised gates
per package.

 http://onsemi.com
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MC14001B Series

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS (5) (C| = 50 pF, Ta = 25°C)

Vbp
Characteristic Symbol Vdc Min Typ ® Max Unit
Output Rise Time, All B-Series Gates trLH ns
trLq = (1.35 ns/pF) Cp + 33 ns 5.0 - 100 200
trin = (0.60 ns/pF) C + 20 ns 10 - 50 100
ttLn = (0.40 ns/PF) C + 20 ns 15 B 40 80
Output Fall Time, All B-Series Gates trHL ns
trae = (1.35 ns/pF) G + 33 ns 5.0 - 100 200
trhL = (0.60 ns/pF) C + 20 ns 10 - 50 100
triL = (0.40 ns/pF) Cp + 20 ns 15 - 40 80
Propagation Delay Time tpLH, tPHL ns
MC14001B, MC14011B only
{F'LH- tpHL = (0.90 ns/pF) C_ + 80 ns 5.0 = 125 250
tpLH, tpHL = (0.36 ns/pF) C| + 32 ns 10 - 50 100
tpLH, tPHL = (0.26 ns/pF) C + 27 ns 15 3 40 80
All Other 2, 3, and 4 Input Gates
tpLH, tPHL = (0.90 ns/pF) C_ + 115 ns 5.0 = 160 300
tpLHs tPHL = (0.36 ns/pF) C|_ +47 ns 10 == 65 130
tPLHv tPHL = (0.26 ns/pF) CL +37 ns 15 = 50 100
8-Input Gates (MC14068B, MC14078B)
tpLH, tpHL = (0.90 ns/pF) C| + 155 ns 5.0 T 200 350
tpLH, tpHL = (0.36 ns/pF) C| + 62 ns 10 - 80 150
tpLH, tpHL = (0.26 ns/pF) C| + 47 ns 15 | 60 110
5. The formulas given are for the typical characteristics only at 25°C.
6. Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
14-Q Vpp 20 ns —> |<— 20 ns —!-‘ =
Vop
T INPUT / 90% B
INPUT L 50% N oV
PULSE ) T 10%
GENERATOR " o I O OUTEMT L= <= e — |
+8 C Pl Vo
I OUTPUT %) .
INVERTING oL
= tTHL |<-H trH —""| -
LT g tpyL — v
70 Vs OUTPUT 90% OH
NON-INVERTING 50%
*All unused inputs of AND, NAND gates must be connected to Vpp. 10% VoL

Allunused inputs of OR, NOR gates must be connected to Vgs.

I —| |

Figure 1. Switching Time Test Circuit and Waveforms

e
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MC14029B

Binary/Decade Up/Down
Counter

The MC14029B Binary/Decade up/down counter is constructed
with MOS P—channel and N—channel enhancement mode devices in a
single monolithic structure. The counter consists of type D flip—flop
stages with a gating structure to provide toggle flip—flop capability.
The counter can be used in either Binary or BCD operation. This
complementary MOS counter finds primary use in up/down and
difference counting and frequency synthesizer applications where low
power dissipation and/or high noise immunity is desired. It is also
useful in A/D and D/A conversion and for magnitude and sign
generation.

e Diode Protection on All Inputs

e Supply Voltage Range =3.0 Vdc to 18 Vdc

® [nternally Synchronous for High Speed

® [ ogic Edge—Clocked Design — Count Occurs on Positive Going
Edge of Clock

Asynchronous Preset Enable Operation

® Capable of Driving Two Low—power TTL Loads or One Low—power

Schottky TTL Load Over the Rated Temperature Range
e Pin for Pin Replacement for CD4029B

MAXIMUM RATINGS (Voltages Referenced to Vsg) (Note 2.)

ON Semiconductor

http://lonsemi.com
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ORDERING INFORMATION

Symbol Parameter Value Unit
Vbp DC Supply Voltage Range -0.5t0 +18.0 V
Vin Vout Input or Output Voltage Range -05t0Vppt+05 | V
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mwW
per Package (Note 3.)
Ta Ambient Temperature Range —55t0 +125 i &
Tstg Storage Temperature Range —65to +150 oG
T Lead Temperature 260 °C
(8-Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/*C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vi, and V¢ should be constrained
to the range Vss = (Vi or Vout) < Vop.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

©® Semiconductor Components Industries, LLC, 2000 1
March, 2000 — Rev. 3

Device Package Shipping
MC14029BCP PDIP-16 2000/Box
MC14029BD SOIC-16 2400/Box
MC14029BDR2 SOIC-16 |2500/Tape & Reel
MC14029BF SOEIAJ-16 See Note 1.
MC14029BFEL SOEIAJ-16 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

- Pubﬂlif.:a'tib.nA (‘)rd'ér N.u.r.n.ber:
MC14029B/D




MC14029B

PIN ASSIGNMENT

PE[] 1@ 16 [ Vpp
TRUTH TABLE Qi 2 15 ] CLK
Preset
Carry In Up/Down Enable Action PA 2 14 o2
1 X 0 No Count Po ) 4 13 P2
0 1 0 Count Up Cnll's 120P
0 0 0 Count Down he npai
X X 1 Preset Cou ] 7 10 QUD
X = Don't Care Vss [ 8 98D
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)
v -55°C 25°C 125°C
DD
Characteristic Symbel | Vdec Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0" Level VoL 5.0 — 0.05 _ 0 0.05 - 0.05 Vdc
Vin = Vpp or 0 10 A 0.05 — 0 0.05 = 0.05
15 = 0.05 — 0 0.05 —_ 0.05
“1"Level | Vou 5.0 4.95 = 4,95 5.0 . 4,95 = Vde
Vin =0 or Vpp 10 9.95 — 9.95 10 N 9.95 —_
15 14.95 — 14.95 16 — 14.95 —
Input Voltage ‘0" Level VL Vde
(Vo =4.50r0.5Vdc) 5.0 ~ 1.5 — 2,25 i - 1.5
(Vo = 9.0 or 1.0 Vdc) 10 AL 3.0 iy 450 3.0 1 3.0
(Vo = 13.5 or 1.5 Vdg) 15 2 4.0 ¥ 6.75 4.0 a 4.0
“1” Level ViH Vdc
(Vo = 0.5 or 4.5 Vdg) 5.0 3.5 o 35 2.75 & 35 =
(Vg = 1.0 or 9.0 Vde) 10 7.0 == 7.0 5.50 — 7.0 —_
(Vo = 1.5 or 13.5 Vdc) 15 11 = 1 8.25 s 11 s
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 - -24 —-4.2 — -1.7 -
(Vo = 4.6 Vdc) 50 | —0.64 — | -051 | -088 — S48 | —
(Vou = 9.5 Vdc) 10 ~16 = -13 | =225 — -09 =
(Vou = 13.5 Vdc) 15 2419 b1 —34 -838 '/ —24 —
(VoL = 0.4 Vdc) Sink | oL 5.0 0.64 = 0.51 0.88 = 0.36 — | mAde
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 —_ 0.9 —_
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 24 —
Input Current lin 15 — G — +0.00001 { +£0.1 - +1.0 wAde
Input Capacitance Cin — — — v 5.0 7.5 —_ —_ pF
(Vin=0)
Quiescent Current Iop 5.0 - 5.0 — 0.005 5.0 — 150 uwAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current (5 (6.) It 5.0 It = (0.58 uA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It =(1.20 pA/kHz) f + Ipp
Per Package) 15 It = (1.70 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = (50 pF) + (C| - 50) Vfk
where: It is in uA (per package), Ci in pF, V = (Vpp — Vgg) in volts, fin kHz is input frequency, and k = 0.001.

http:ll'fonsemi'.cdh"l
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MC14029B

SWITCHING CHARACTERISTICS (7 (C| =50 pF, Ty = 25°C)

All Types
Characteristic Symbol Vop Min Typ (&) Max Unit
Output Rise and Fall Time tTLH ns
trim, trHL = (1.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
trims trye = (0.75 ns/pF) C| + 12.5 ns 10 — 50 100
triH, ttHe = (0.55 ns/pF) CL + 9.5 ns 156 — 40 80
Propagation Delay Time teLH, ns
Clkto Q tPHL
tpLH, tpHL = (1.7 ns/pF) C + 230 ns 5.0 s 200 400
tpLH, tpHL = (0.66 ns/pF) C| + 97 ns 10 — 100 200
tpLH, tpHL = (0.5 ns/pF) CL + 75 ns 15 — 90 180
Clk to Com tpLH, ns
tpLn, tpHL = (1.7 nsipF) CL + 230 ns tRHL 5.0 = 250 500
tpLH, tpHL = (0.66 ns/pF) CL + 97 ns 10 — 130 260
tpLH, tpHL = (0.5 ns/pF) CL + 75 ns 15 e 85 190
Cin to Cout tpLH, ns
tpLH, tPHL = (1 = ns/pF) CL + 95 ns tPHL 5.0 — 175 360
tpLH, tpHL = (0.66 ns/pF) CL + 47 ns 10 o 50 120
tpLHs tPHL = (0.5 ns/pF) C + 35 ns 15 — 50 100
PEtoQ tPLHr \ ns
toLH, tpHL = (1.7 ns/pF) G +230 ns tpHL 5.0 — 235 470
tpLH, tPHL = (0.66 ns.’pF) C|_ + 97 ns 10 —_— 100 200
tpLHs tPHL = (0.5 ns/pF) C + 75 ns 15 S 80 160
PE to Coui tPLH: ns
tpLm, tpHL = (1. 7 ns/pF) € + 465 ns tpHL 5.0 = 320 640
tpLH, tpHL = (0.66 ns/pF) Cp + 192 ns 10 — 145 290
teer, tere = (0.5 ns/pF) Cp + 125 ns 15 —_ 105 210
Clock Pulse Width twieny 5.0 180 90 — ns
10 80 40 —
15 60 30 —
Clock Pulse Frequency fal 5.0 — 4.0 2.0 MHz
10 — 8.0 4.0
15 — 10 5.0
Preset Removal Time tém 5.0 160 80 —- ns
The Preset Signal must be low prior to a positive—going 10 80 40 -
transition of the clock. 15 60 30 —
Clock Rise and Fall Time trel) 5.0 —- — 15 us
titel) 10 — — 5
15 — — 4
Carry In Setup Time tsu 5.0 150 75 - ns
10 60 30 —
15 40 20 —
Up/Down Setup Time 5.0 340 170 e ns
10 140 70 =
15 100 50 e
Binary/Decade Setup Time 5.0 320 160 o ns
10 140 70 —
15 100 50 —
Preset Enable Pulse Width tyy 5.0 130 65 — ns
10 70 35 —_
15 50 25 —

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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Single-Channel: 6N137, HCPL2601, HCPL2611
Dual-Channel: HCPL2630, HCPL2631
High Speed 10MBit/s Logic Gate Optocouplers

Features

W Very high speed — 10 MBit/s

W Superior CMR — 10 kV/us

B Double working voltage-480V

W Fan-out of 8 over -40°C to +85°C
W Logic gate output

B Strobable output

B Wired OR-open collector

m U.L. recognized (File # E90700)

Description

The 6N137, HCPL2601, HCPL2611 single-channel and
HCPL2630, HCPL2631 dual-channel optocouplers
consist of a 850 nm AlGaAS LED, optically coupled to a
very high speed integrated photo-detector logic gate with
a strobable output. This output features an open collec-
tor, thereby permitting wired OR outputs. The coupled
parameters are guaranteed over the temperature range
of -40°C to +85°C. A maximum input signal of 5mA will
provide a minimum output sink current of 13mA (fan out
of 8).

An internal noise shield provides superior common
mode rejection of typically 10kV/us. The HCPL2601 and
HCPL2631 has a minimum CMR of 5kV/us. The
HCPL2611 has a minimum CMR of 10kV/us.

Applications

H Ground loop elimination

W LSTTLto TTL, LSTTL or 5-volt CMOS
M Line receiver, data transmission

W Data multiplexing

W Switching power supplies

B Pulse transformer replacement

m Computer-peripheral interface

Schematics Package Outlines

n/C [1] 8] Ve, on I g \"4 =

N/C |4 5/GND + o] H5|GND  Truth Table (Positive Logic)
Input Enable Output

H H L

6N137 HCPL2630 L H A
HGPLAGIH HCPL2631

HCPL2611 H L H

L L H

A 0.1pF bypass capacitor must be connected between pins 8 and 50, a NG L

L NC H
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Absolute Maximum Ratings (T, = 25°C unless otherwise specified)
Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Value Units
TsTq Storage Temperature -551t0 +125 °C
Torr Operating Temperature -40 to +85 °C
TsoL Lead Solder Temperature (for wave soldering cnly)* 260 for 10 sec °C

EMITTER
Ie DC/Average Forward Single Channel 50 mA
Input Current Dual Channel (Each Channel) 30
Ve Enable Input Voltage Not to Exceed | Single Channel 5.5 v
Ve by more than 500mV
Vg Reverse Input Voltage Each Channel 5.0 Vv
P Power Dissipation Single Channel 100 mwW
Dual Channel (Each Channel) 45
DETECTOR
Vee Supply Voltage 7.0 \"
(1 minute max)
lo Output Current Single Channel 50 mA
Dual Channel (Each Channel) 50
Vo Qutput Voltage Each Channel 7.0 Vv
Po Collector Output Single Channel 85 mwW
Power Dissipation Dual Channel (Each Channel) 60

*For peak soldering reflow, please refer to the Reflow Profile on page 11.

Recommended Operating Conditions
The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended

operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to absolute maximum ratings.

Symbol Parameter Min. Max. Units
= Input Current, Low Level 0 250 HA
len Input Current, High Level 6.3 15 mA
Vee Supply Voltage, Output 4.5 5.5 \
VeL Enable Voltage, Low Level 0 0.8 %
VEH Enable Voltage, High Level 2.0 Vee vV
Ta Low Level Supply Current -40 +85 °C
N Fan Out (TTL load) 8

is 5.0mA or less.

*6.3mA is a guard banded value which allows for at least 20% CTR degradation. Initial input current threshold value

©2005 Fairchild Semiconductor Corporation
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Electrical Characteristics (T, = 0 to 70°C unless otherwise specified)

Individual Component Characteristics

Symbol | Parameter | Test Conditions | Min. | Typ.* | Max. | Unit
EMITTER
Vg Input Forward Voltage IF=10mA 1.8 \
| Ta= 25°C 1.4 | 1.75
Bvr Input Reverse Breakdown | Ig = 10pA 5.0 Vv
Voltage
Cin Input Capacitance Vg=0, f=1MHz 60 pF
AVg/ AT, | Input Diode Temperature g =10mA -1.4 mV/°C
Coefficient
DETECTOR
lccH High Level Supply Current | Vg = 5.5V, I = 0mA, Single Channel T 10 mA
VESLN Dual Channel 10 15
lecL Low Level Supply Current | Single Channel Vee =5.5Y, 9 13 mA
Ir=10mA
Dual Channel VE=0.5V 14 21
leL Low Level Enable Current | Voo = 5.5V, Vg = 0.5V -0.8 -1.6 mA
len High Level Enable Current Vg =5.5V, Vg = 2.0V -0.6 -1.6 mA
VEH High Level Enable Voltage |V¢g =5.5V, I = 10mA 2.0 \
VeL  |Low Level Enable Voltage  |Vge = 5.5V, Iz = 10mA®© 0.8 Vv

Switching Characteristics (Ty = -40°C to +85°C, Vi = 5V, Ig = 7.5mA unless otherwise specified)

Symbol | AC Characteristics Test Conditions Min. | Typ.* | Max. | Unit
Tpn | Propagation Delay R = 3502, | Ta=25°C 20 45 75 | ns
Time to Output HIGH | €| = 15pF™) (Fig. 12) 100
Level
TeuL Propagation Delay T = 25°C0) 25 45 75 ns
Time to Quiput LOW™ 13 3500, €, = 15pF (Fig. 12) 100
Level
ITpy—TpLn! | Pulse Width Distortion | (R_ = 3504, C; = 15pF (Fig. 12) 3 35 ns
i Output Rise Time R = 350Q, C_ = 15pF® (Fig. 12) 50 ns
(10-90%)
t Output Rise Time RL = 3500, C_ = 15pF") (Fig. 12) 12 ns
(90-10%)
teLy Enable Propagation Ig = 7.5mA, Vgy = 3.5V, R = 3509, C|_=15pF® 20 ns
Delay Time to Output | (Fig. 13)
HIGH Level
teHL Enable Propagation IF = 7.5mA, Vg = 3.5V, R_ = 350Q, C,_= 15pF® 20 ns
Delay Time to Output (Fig. 13)
LOW Level
ICMyl | Common Mode Ta = 25°C, IVl =50V | 6N137, HCPL2630 10,000 Vips
Transient Immunity (Peak), I = OmA, HCPL2601, HCPL2631 | 5000 | 10,000
(at Output HIGH Level) |Vgy (Min.) = 2.0V,
R, = 3500119 (Fig. 14)
IVeml = 400V HCPL2611 10,000 | 15,000 Vips
ICM_ | Common Mode R =350Q, Ir=7.5mA, |6N137, HCPL2630 10,000
Transient Immunity | Vo (Max.) =08V, = LGP 2601, HCPL2631 | 5000 | 10,000
(at Output LOW Level) [T, =25°C"") (Fig. 14)
Vel = 400V HCPL2611 10,000 | 15,000
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Electrical Characteristics (Continued)

Transfer Characteristics (T, = -40 to +85°C unless otherwise specified)

Symbol DC Characteristics Test Conditions Min. | Typ.* | Max. | Unit
loH HIGH Level Output Current | Vg =5.5V, Vg =5.5Y, 100 HA
Ip = 250pA, Vg = 2.0V@
VoL LOW Level Output Current | Vg =5.5V, IS: =5mA, Vg = 2.0V, .35 0.6 Vv
lcL = 13mA
leT Input Threshold Current Vee = 5.5V, Vg = 0.6V, Vg = 2.0V, 3 5 mA
|0|_ =13mA
Isolation Characteristics (T, = -40°C to +85°C unless otherwise specified.)
Symbol Characteristics Test Conditions Min. Typ.* Max. Unit
l-o Input-Output Insulation Relative humidity = 45%, 1.0" HA
Leakage Current i = 25°C, t = 5s,
V|.0 = 3000 VDC(12)
Viso | Withstand Insulation Test RH < 50%, T = 25°C, 2500 Vs
Voltage .o £ 2pA, t= 1 min.t12)
R.o |Resistance (Input to Output) | V.o = 500V(1?) 1012 Q
Cio Capacitance (Input to Output) |f= 1MHZz{1?) 0.6 pF

1

“All Typicals at Vg = 5V, Ty =25°C

Notes:
1:

The Vg supply to each optoisolator must be bypassed by a 0.1uF capacitor or larger. This can be either a ceramic
or solid tantalum capacitor with good high frequency characteristic and should be connected as close as possible
to the package V¢ and GND pins of each device.

Each channel.

3. Enable Input — No pull up resistor required as the device has an internal pull up resistor.

tp 4 — Propagation delay is measured from the 3.75mA level on the HIGH to LOW transition of the input current
pulse to the 1.5 V level on the LOW to HIGH transition of the output voltage pulse.

tpyL — Propagation delay is measured from the 3.75mA level on the LOW to HIGH transition of the input current
pulse to the 1.5 V level on the HIGH to LOW transition of the output voltage pulse.

t,— Rise time is measured from the 90% to the 10% levels on the LOW to HIGH transition of the output pulse.
t¢— Fall time is measured from the 10% to the 90% levels on the HIGH to LOW transition of the output pulse.

teLy — Enable input propagation delay is measured from the 1.5V level on the HIGH to LOW transition of the input
voltage pulse to the 1.5V level on the LOW to HIGH transition of the output voltage pulse.

teqL — Enable input propagation delay is measured from the 1.5V level on the LOW to HIGH transition of the input
voltage pulse to the 1.5V level on the HIGH to LOW transition of the output voltage pulse.

10. CMy — The maximum tolerable rate of rise of the common mode voltage to ensure the output will remain in the

HIGH state (i.e., Voyt > 2.0V). Measured in volts per microsecond (V/ps).

1. CM|_— The maximum tolerable rate of rise of the common mode voltage to ensure the output will remain in the
LOW output state (i.e., Voyr < 0.8V). Measured in volts per microsecond (V/ps).

12. Device considered a two-terminal device: Pins 1, 2, 3 and 4 shorted together, and Pins 5, 6, 7 and 8 shorted

together.
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LM161, LM361
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LM161/LM361 High Speed Differential Comparators

Check for Samples: LM161, LM361

FEATURES

* Independent strobes

* Ensured high speed: 20 ns max

* Tight delay matching on both outputs

* Complementary TTL outputs
* Operates from op amp supplies:

15V

* Low speed variation with overdrive variation

* Low input offset voltage
* Versatile supply voltage range

Vee

DESCRIPTION

The LM161/LM361 is a very high speed differential
input, complementary TTL output voltage comparator
with improved characteristics over the SE529/NE529
for which it is a pin-for-pin replacement. The device
has been optimized for greater speed performance
and lower input offset voltage. Typically delay varies
only 3 ns for over-drive variations of 5 mV to 500 mV.
It may be operated from op amp supplies (£15V).

Complementary outputs having maximum skew are
provided. Applications involve high speed analog to
digital converters and zero-crossing detectors in disk
file systems.

CONNECTION DIAGRAMS

SOIC or PDIP Package

STROBE 1
1

NC
12

OUTPUT 1
1

GND OUTPUT 2 STROBE 2

<

2
NC

3
INPUT 1

4
INPUT 2

5 6 |1

NC V- NC

Figure 1. Top View

Package Numbers D0014A, NFF0014A

strose 2 (¢ )

TO-100 Package

(s) ano

QUTPUT 2

Figure 2. Package Number LME0010C

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1999-2013, Texas Instruments Incorporated
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LM118-N/Im218-N/LM318-N Operational Amplifiers

Check for Samples: LM118-N, LM218-N, LM318-N

FEATURES

15 MHz Small Signal Bandwidth
Ensured 50V/us Slew Rate

Maximum Bias Current of 250 nA
Operates from Supplies of x5V to +20V
Internal Frequency Compensation
Input and Output Overload Protected

Pin Compatible with General Purpose Op
Amps

Fast Voltage Follower

DESCRIPTION

The LM118 series are precision high speed
operational amplifiers 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 internal unity gain frequency
compensation. This considerably simplifies its
application since no external components are
necessary for operation. However, unlike most
internally compensated amplifiers, external frequency
compensation may be added for optimum
performance. For inverting applications, feedforward
compensation will boost the slew rate to over
150V/us and almost 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
reduce the 0.1% settling time to under 1 ps.

The high speed and fast settling time of these op
amps make them useful in A/D converters, oscillators,
active filters, sample and hold circuits, or general
purpose amplifiers. These devices are easy to apply
and offer an order of magnitude better AC
performance than industry standards such as the
LM709.

The LM218-N is identical to the LM118 except that
the LM218-N has its performance specified over a
-25°C to +85°C temperature range. The LM318-N is
specified from 0°C to +70°C.

0K 4

INPUT _'VWT

Do not hard-wire as voltage follower (R1 2 5 kQ)

5pF
| ]
Il
R1
10K
f AN ?
1
LM118 OUTPUT

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1998-2013, Texas Instruments Incorporated
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4‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘}:'\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings("®

Supply Voltage 120V
Power Dissipation ) 500 mW
Differential Input Current ) +10 mA
Input Voltage ) +15V
Output Short-Circuit Duration Continuous
Operating Temperature Range
Im118-n -55°C to +125°C
LM218-N -25°C to +85°C
LM318-N 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec.)
TO-99 Package 300°C
PDIP Package 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) ' 260°C
SOIC Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C
ESD Tolerance (@ 2000V

(1) Referto RETS118X for LM118H and LM118J military specifications.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

(3) The maximum junction temperature of the Im118-n is 150°C, the LM218-N is 110°C, and the LM318-N is 110°C. For operating at
elevated temperatures, devices in the LMC package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or
20°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient.

(4) The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input
voltage in excess of 1V is applied between the inputs unless some limiting resistance is used.

(5) For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.

(6) Human body model, 1.5 kQ in series with 100 pF.

Electrical Characteristics ("

Parameter Conditions LM118-N/LM218-N LM318-N Units
Min Typ Max Min | Typ | Max
Input Offset Voltage Ta=25°C 2 4 4 10 mv
Input Offset Current Ta =25°C 6 50 30 200 nA
Input Bias Current Ta =25°C 120 250 150 | 500 nA
Input Resistance Ta=25°C 1 3 0.5 3 MQ
Supply Current Ta = 25°C 5 8 5 10 mA
Large Signal Voltage Gain Ta = 25°C, Vg = £15V 50 200 25 200 VimV
Vour =10V, R 2 2 kQ

Slew Rate T@)= 25°C, Vg = 15V, Ay = 1 50 70 50 70 Vis
Small Signal Bandwidth Ta = 25°C, Vg = +15V 15 15 MHz
Input Offset Voltage 6 15 mV
Input Offset Current 100 300 nA

(1) These specifications apply for 5V < Vg < +20V and -55°C < T4 < +125°C (Im118-n), ~25°C < T, < +85°C (LM218-N), and 0°C £ T <
+70°C (LM318-N). Also, power supplies must be bypassed with 0.1 uF disc capacitors.

(2) Slew rate is tested with Vg = 15V. The Im118-n is in a unity-gain non-inverting configuration. Vy is stepped from -7.5V to +7.5V and
vice versa. The slew rates between 5.0V and +5.0V and vice versa are tested and specified to exceed 50V/js.

2 Submit Documentation Feedback Copyright © 1998-2013, Texas Instruments Incorporated
Product Folder Links: LM1718-N LM218-N LM318-N





