STABILIZATORY NAPIECIA I PRADU STALEGO
O DZIALANIU CIAGLYM

Instrukcja do ¢wiczen laboratoryjnych

Wstep

Celem ¢wiczenia jest zapoznanie si¢ z problemami zwiazanymi z projektowaniem, realizacja
i pomiarami parametréw stabilizatorow napigcia i pradu, zar6wno parametrycznych jak
i kompensacyjnych. Cwiczenie sklada sic z dwoéch czesci: pomiarowej i symulacyjnej
realizowanych na odrgbnych zajgciach. Zadaniem studentéw jest dokonanie pomiaru wybranych
parametrow i charakterystyk diod Zenera, scalonych zrdédet referencyjnych, zrodet pradowych
opartych o tranzystory bipolarne oraz stabilizatora napigcia o niskim spadku napigcia LDO (Low
Drop Output) i poréwnanie ich z wynikami symulacji. Celem ¢wiczenia jest ugruntowanie
wiadomosci dotyczacych referencyjnych zrédel napigcia i pradu, stabilizatoréw napigcia i1 pradu
oraz roznorodnych zastosowan tranzystorow i wzmacniaczy operacyjnych. Przed przystapieniem
do =zaje¢ nalezy indywidualnie przygotowaé konspekt zgodnie z przydzielong grupa
laboratoryjna.

W ¢wiczeniu badaé bedziemy wiasciwosci wybranych zrodel napieé referencyjnych, wybranych
zrodet prqdowych oraz stabilizatora napiecia LDO. Ponizszy zestaw nalezy traktowac jako
propozycje ktorq mogq wykonaé poszczegolne grupy studentow. Ostatecznq decyzje co do
realizacji poszczegolnych uktadow i punktow podejmie prowadzqcy ¢wiczenia w oparciu o oceng
sprawnosci technicznej zespotu cwiczqcych oraz dostepne ukiady i podzespoty. Warunkiem
dopuszczenia do realizacji ¢wiczenia jest przygotowanie konspektu oraz posiadanie arkusza do
notowania wynikow pomiarow.

Opis ¢wiczenia

Wigkszos¢ uktadéw elektronicznych musi by¢ zasilana napigciem statym o okreslonej wartosci.
Napigcie to nie powinno zaleze¢ od wahan napiecia pierwotnego zrodta energii (np. sieci
energetycznej, baterii itp.), od wartosci pobieranego pradu oraz od warunkow zewngtrznych
(np. temperatury), w ktorych uktad pracuje. Wymagana stato$¢ napigcia uzyskuje si¢ za pomoca
uktadow elektronicznych nazywanych stabilizatorami  napigcia/pradu.  Podstawowym
podzespotem do budowy stabilizatorow napigcia jest referencyjne zrddlo napigcia/pradu.
W przypadku budowy stabilizatoréw kompensacyjnych koniecznymi podzespotami sa jeszcze
element regulacyjny (najczesciej tranzystor) oraz uktad wzmacniajacy (najczesciej wzmacniacz
operacyjny).

Tematem ¢wiczenia jest badanie podstawowych wilasciwosci stabilizatoréw napigcia i pradu
statego o pracy ciaglej. Badane beda:

I. Podstawowe uktady pracy referencyjnych zrodet napigcia (modut ZNO-01):
- ukfad podstawowy z dioda Zenera,
- uklad stabilizatora napigcia oparty na uktadzie LM385,
- uktlad stabilizatora napigcia oparty na uktadzie TL431,

II. Stabilizator napigcia o niskim spadku napigcia LDO (modut LDO-01):




uktad stabilizatora mikromocowego (ang. Low Power) o niskim spadku napigcia (ang. Low
Drop Output) oparty na tranzystorze bipolarnym i wzmacniaczu operacyjnym.

III. Podstawowe uktady stabilizatorow pradu (modut ZP-01).
- Zrddio pradu wptywajacego oparte na tranzystorze bipolarnym i diodzie §wiecacej LED,
- zrédto pradu wyptywajacego oparte na tranzystorze bipolarnym i diodzie $wiecacej LED,
- zrodto pradu wptywajacego oparte na tranzystorze bipolarnym i uktadzie LM385,
- zrddto pradu wyptywajacego oparte na tranzystorze bipolarnym i uktadzie TL431,

Do wykonania ¢wiczenia, oprocz wyzej wymienionych modutow, wykorzystuje sie rowniez:
- regulowane zrodto napigcia statego SA0011 lub zewngtrzny stabilizator napigcia,
- dwa uniwersalne mierniki cyfrowe,
- generator funkcyjny Protek 9205,
- oscyloskop.

I. Podstawowe uktady pracy referencyjnych zrodet napiecia ZNO

Schemat ideowy modutu ZNO-01 przedstawiono na rysunku 1.

Modut zawiera wszystkie podstawowe elementy do badania napieciowych zrddel odniesienia
(D1, D2) o réznych warto$ciach nominalnych napigcia wyjsciowego z zakresu od 1.23V do
8.2V. Rezystor R1 pehi role szeregowego elementu ograniczajacego prad staly podobnie jak R4
ogranicza prad dla sktadowej zmiennej. Rezystory R2 i R3 stuzg do ustalania napigcia na wyjsciu
w przypadku uzycia w miejsce diody D1 uktadu TL431. W przypadku braku stabilnosci nalezy
podtaczy¢ kondensator C2 w miejsce diody D2.
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Rys. 1. Schemat ideowy modutu ZNO-01



Wkladka referencyjnych zrodel napiecia ZN0-81
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Rys. 2. Schemat montazowy modutu ZNO-01

Konspekt

Dobrac¢ rezystory R1, R2, R3, R4 zgodnie z wytycznymi prowadzqcego zajecia pamietajqc aby nie
przekroczy¢ mocy maksymalnej wydzielanej na diodzie D1. Przygotowac schemat montazowy
korzystajqc z widoku wktadki zamieszczonego na rys. 2.

Uwaga! Do dyspozycji wylqcznie rezystory o wartosciach: 50, 75, 100}, 220€, 330Q, 560}, 1kQ, 3.3 kQ,
4.7k, 10 kS, 15 kQ, 22 kQ, 39 kQ, 56 kQ, 68 kQ, 82 k2, 100 kS, oraz diody D1 o nastepujqcych typach — LM385-
2.5, LM385-1.2, TL431, dioda Zenera 3.6V, 5.1V, 6.2V, 6.8V, 8.2V .

Pomiar charakterystyki Uyy=f(Uyej) oraz Uyyi=f(Iobc)

Po wykonaniu czynnosci omoéwionych powyzej, poprowadzi¢ odpowiednie polaczenia

zewngtrzne modutu zrodet napigcia odniesienia zgodnie z wytycznymi prowadzacego zajecia.

Charakterystyka pradowo-napigciowa stabilizator6w mierzona za pomocg woltomierzy

cyfrowych moze by¢ réwnoczesnie obserwowana za pomoca oscyloskopu.

Uwaga! Napigcie wejsciowe Uy, uktadu nalezy nie powinno przekroczy¢ 15V.

1. Zmierzy¢ charakterystyki pradowo-napigciowe stabilizatordw (napiecie wyjsciowe w funkcji
pradu obcigzenia). Pomiary wykona¢ w taki sposéb, aby mozna z nich bylo obliczyé
dynamiczne rezystancje wyjsciowe dla pradéw obciazenia matego i duzego (np. SmA i
20mA). Dla kazdego stabilizatora nalezy zmierzy¢ dwie takie charakterystyki, przy
minimalnym i maksymalnym zatozonym napigciu wejsciowym.

AU,,

Ty = add

Al

obc U,.=const

&~ Dynamiczna rezystancj¢ wejsciowq oblicza si¢ ze wzoru:

2. Wykona¢ pomiary niezbgdne do wyznaczenia wspolczynnikow stabilizacji napigciowej
badanych uktadéw przy pradach obciazenia jak poprzednio. Napigcie wejSciowe zmieniac
w zatozonych granicach (np. od 0 do 12 V).

&~ Wspodlczynnik stabilizacji od zmian napigcia wejsciowego Sy, jest bardzo istotnym parametrem
stabilizatora. Okres$la on wrazliwo$¢ napigcia wyjsciowego na zmiany wartosci napiecia zasilajacego.

Wspoblczynnik Sy mozna obliczy¢ ze wzoru: S, = AU,
AU,

W e =const



Zasilacz stabilizowany
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Rys. 3. Schemat potaczen do pomiaru charakterystyki U.yyi=f(Uwej) oraz Usyi=f(Iope)

TAB.1. Propozycja warunkéw granicznych shuzacych do obliczen rezystorow R1-R4.

Nazwa elementu | Maksymalne Napigcie Maksymalny prad | Maksymalny prad
Dl napigcie wyjsciowe Uy, |staly ptynacy | zmienny 1pp
wejsciowe przez element D1 |(warto$¢ miedzy-
Ulej-max ID1-DCmax szczytowa)
ptynacy przez
element DI
IDl—ACmax
LM385-1.2 5V 1.23V 2.0£0.2mA 0.5+0.1mA
LM385-1.2 5V 1.23V 10£1.0mA 3+1.0mA
LM385-2.5 oV 2.5V 2.0+0.2mA 0.5+0.1mA
LM385-2.5 5V 2.5V 10£1.0mA 3+1.0mA
TLA431 12V 7.2+1.0V 30£10mA 7.5+£2.5mA
TLA431 12V 5.0+0.5V 30£10mA 7.5+£2.5mA
TLA431 12V 3.3+£0.3V 30+£10mA 7.5+£2.5mA
TLA431 12V 2.5¢0.1V 30£10mA 7.5+£2.5mA
Dioda Zenera o6V 3.6V 30+£5.0mA 7.542.5mA
C3V6
Dioda Zenera 8V 4.7V 254+5.0mA 7.5£2.5mA
C4v7
Dioda Zenera 10V 5.1V 20+5.0mA 5.0+£2.5mA
C5Vl1
Dioda Zenera 10V 6.2V 154+5.0mA 5.0+2.0mA
C6V2




Dioda Zenera 12V 6.8V 15+£5.0mA 5.0+£2.0mA
C6VS8

Dioda Zenera 12V 8.2V 10£2.5mA 4.0£2.0mA
C8V2

Przebieg ¢wiczenia:
1. zamontowa¢ elementy zgodnie z obliczeniami w odpowiednie gniazda,

2. ustawi¢ ograniczenia pradowe zewngtrznego zasilacza na wartos¢ od 100mA do 150maA,

3. wykona¢ odpowiednio potaczenia zgodnie z rysunkami (3 i/lub 4 i/lub 5),

4. zmierzy¢ charakterystyke wyjsciowa zrodia napigcia odniesienia (U, w funkcji U,.) dla
odpowiedniego zakresu napigcia wejSciowego przy braku obciazenia oraz przy pradzie
obcigzenia (rysunek 3),

5. zmierzy¢ charakterystyke wyjsciowa zrodla napigcia odniesienia (U, w funkcji /,,) dla
zakresu napigcia wejsciowego wybranego przez prowadzacego zajgcia (np. U, 13V,
Uy t5V),

6. przerysowaé przebiegi napig¢ na wyjsciu badanego ukladu przy skokowej zmianie napigcia
na wejsciu Zrédla napigcia odniesienia,

a. poprowadzi¢ polaczenia wg rysunku 4,

b. ustawi¢ generator na przebieg prostokatny, czestotliwos¢ okolo 1kHz, skladowa
stala DC, sktadowa zmienna Vpp - 1V, przy braku obcigzenia oraz przy wybranym
pradzie obciazenia,

c. skomentowa¢ w sprawozdaniu zaobserwowane przebiegi.

7. Przerysowac przebiegi napi¢¢ na wyjsciu badanego ukladu przy skokowej zmianie obciazenia
na wyjsciu stabilizatora napigcia,

a. poprowadzi¢ polaczenia wg rysunku 5,

b. dobra¢ dwa rezystory obciazenia zgodnie z wytycznymi prowadzacego ¢wiczenia,

c. ustawi¢ generator na przebieg prostokatny, czestotliwos¢ okoto 100Hz (bez
sktadowe;j statej), sktadowa zmienna Vpp - 8V i podiaczy¢ do uktadu kluczujacego
obciazenie,

d. skomentowaé w sprawozdaniu zaobserwowane przebiegi.

W sprawozdaniu zamiesci¢ uzyskane charakterystyki oraz warto$ci parametrow stabilizatora.
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Rys. 5. Schemat potaczen do pomiaru odpowiedzi dynamicznej U.yyi=f(Iobc)




I1. Stabilizator napig¢cia o niskim spadku napi¢cia LDO

Schemat ideowy modutu LDO-01 przedstawiono na rysunku 6.

Modut zawiera wszystkie podstawowe bloki funkcjonalne kompensacyjnego stabilizatora
napiecia: zrédto napigcia odniesienia (R3, D1), wzmacniacz btedu (U1, R1, R2, C3) oraz element
regulacyjny (Q1). Umozliwia on zrealizowanie stabilizatora LDO, bez ograniczeniem pradu
wyjsciowego i o roznych wartosciach nominalnych napigcia wyj$ciowego z zakresu od 2.5V do
10V.

Napigcie wyjsciowe ukladu jest stabilizowane dzigki wlaczeniu miedzy zrédto napigcia
wejsciowego a obciazenie tranzystora Q1. Tranzystor ten pelni rolg szeregowego elementu
regulacyjnego. Sygnat sterujacy tranzystorem pochodzi ze wzmacniacza blgdu (U1),
poréwnujacego napigcie na wejsciu ,,— (napigcie referencyjne diody D1) z napigciem na wejsciu
»1T7 (pochodzacym wyjscia stabilizatora poprzez dzielnik napiecia R4 1 RS). Uktad dazy do
stanu, w ktorym réznica napigc na wejsciach wzmacniacza jest bliska zeru.

Zastosowanie odpowiednich dzielnikow dla napigcia wyjsciowego pozwala na uzyskanie
szerokiego zakresu nominalnych napig¢ wyjsciowych stabilizatora (2.5+10V).
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Rys. 6. Schemat ideowy modutu LDO-01 (stabilizator LDO i kluczowane obcigzenie)



Wkladka stabilizatora napiecia LDD i ukladu kluczouwania obciazenia
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Rys. 7. Schemat montazowy modutu LDO-01

Obserwacje i pomiary

Konspekt

Wyprowadzi¢ zaleznos¢ na napiecie wyjsciowe uktadu stabilizatora napiecia i dobraé jego
wartos¢ zgodnie z poleceniem prowadzqcego z zakresu od 2.5V do 10V. Przygotowac schemat
montazowy korzystajqc z widoku wktadki zamieszczonego na rys. 7.

Uwaga! Do dyspozycji wylqcznie rezystory o wartosciach: 509, 75Q, 100€2, 220€, 330€, 560€), 1k€, 3.3 k€,
4.7k, 10 k€Y, 15 kQ, 22 kQ, 39 kQ, 56 kQ, 68 kQ, 82 kQ, 100 kQ, oraz diody D1 o nastepujacych typach — LM385-
2.5, LM385-1.2, dioda Zenera 3.6V, 5.1V, 6.2V, 6.8V, 8.2V.

TAB.2. Propozycja warunkéw granicznych stuzacych do obliczen rezystoréw R3-R7.

Nazwa elementu | Maksymalne Napiegcie Maksymalny prad | Maksymalny prad
D1 napiecie wyjsciowe Uyy; staty ptynacy | obcigzenia
wejsciowe przez element D1
Uwei -max ID 1-DCmax
LM385-1.2 6V 2.5+0.2V 2.0+0.2mA 50+15mA
LM385-1.2 8V 3.3+0.3V 2.0+0.2mA 50+15mA
LM385-1.2 10V 5.0 £0.5V 2.0+0.2mA 50+15mA
LM385-2.5 6V 2.5V 2.0+0.2mA 50+15mA
LM385-2.5 8V 3.3+0.3V 2.0+0.2mA 50+15mA
LM385-2.5 10V 5.0 £0.5V 2.0+0.2mA 50+15mA
LM385-2.5 12V 7.2 £0.5V 2.0+0.2mA 50+15mA
Dioda Zenera 8V 5.1£0.5V 8.0+£3.0mA 50+15mA
C5V1
Dioda Zenera 15V 10.0+£0.5V 8.0+£3.0mA 50+15mA
C5V1




Dioda Zenera 15V 10.0+£0.5V 8.0+£3.0mA 50+15mA
C6VS8

Pomiar charakterystyki Uyy=f(Uywej) 0raz Uyy=f(Iobc)
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Rys. 8. Schemat pofaczen do pomiaru charakterystyki Uy =f(Usej) oraz Uyyi=f(Ione)

Przebieg ¢wiczenia:
. zamontowac¢ elementy zgodnie z obliczeniami w odpowiednie gniazda,

. zewrze¢ wyprowadzenia 1-2 w przetacznikach P1 1 P2,

. wykona¢ potaczenia zgodnie z rysunkiem 8§,
. zmierzy¢ charakterystyke wyjsciowa stabilizatora (U,, w funkcji U,.) dla napigcia
wejsciowego z zakresu 0 do 12V przy braku obcigzenia oraz przy pradzie obciazenia,
6. zmierzy¢ charakterystyke wyjsciowg stabilizatora (U,, w funkcji 1,,) dla napigcia
wejsciowego z zakresu U, +1V, U,,+2V, U,,+3V,
7. Przerysowac przebiegi napig¢ na wyjsciu badanego uktadu przy skokowej zmianie napigcia
na wejsciu stabilizatora napigcia,
a. zewrze¢ wyprowadzenia 2-3 w przelacznikach P11 P2,
b. poprowadzi¢ potaczenia wg rysunku 9, podlaczajac D1-LM385-1.2, R3-10kS2,
R3-10k€Q, R3-10k€2,
c. ustawi¢ generator na przebieg prostokatny, czestotliwos¢ okoto 1kHz, sktadowa
stala DC taka aby stabilizator dziatat prawidtowo np. U,,+3V, skladowa zmienna
Vpp - 1V, przy braku obciazenia oraz przy pradzie SmA, 10mA i I5mA
d. ustawié¢ generator na przebieg prostokatny, czestotliwo$¢ okolo 1kHz, sktadowa
stata DC - 3V, sktadowa zmienna Vpp - 1V, przy braku obciazenia oraz przy pradzie
S5mA, 10mA i 15mA
e. skomentowa¢ w sprawozdaniu zaobserwowane przebiegi.
8. Przerysowac¢ przebiegi napig¢ na wyjsciu badanego uktadu przy skokowej zmianie obcigzenia
na wyjsciu stabilizatora napiecia,

1
2
3. ustawi¢ ograniczenia pradowe zewnetrznego zasilacza na warto$¢ od 100mA do 150mA,
4
5




a. zewrze¢ wyprowadzenia 1-2 w przetacznikach Pl 1 wyprowadzenia 2-3 w
przetacznikach P2,

b. poprowadzi¢ potaczenia wg rysunku 10, podiaczajac D1-LM385-2.5, R3-10k€2,
R3-10kQ2, R3-10k€Q,

c. dobra¢ dwa rezystory obcigzenia zgodnie z wytycznymi prowadzacego ¢wiczenia,

d. ustawi¢ generator na przebieg prostokatny, czgstotliwos¢ okoto 100Hz, bez sktadowe;j
statej, skladowa zmienna Vpp - 8V i podtaczy¢ do uktadu kluczujacego obciazenie,

e. powtorzy¢ pomiary dla podtaczonego kondensatora wyjsciowego (wyprowadzenia
2-3 w przetacznikach P2 zwarte),

f. skomentowaé w sprawozdaniu zaobserwowane przebiegi.

W sprawozdaniu zamiesci¢ uzyskane charakterystyki oraz wartosci parametréw stabilizatora.
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Rys. 9. Schemat polaczen do pomiaru charakterystyki dynamicznych Uy =f(Uwej)

przy réznych pradach obciazenia Iopc.
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Rys. 10. Schemat potaczen do pomiaru odpowiedzi dynamicznej Uyyi=f(Iobc)

Literatura pomocnicza:

Wyktady — Podstawy Elektroniki, KE AGH

S.Kuta ,,Elementy i uktady elektroniczne”, cz.1,2, AGH
P.Horowitz, W.Hill, ,, Sztuka elektroniki”, WKit, Warszawa 1996.

U.Tietze Ch.Schenk, ,, Uktady polprzewodnikowe”, WNT 1996

11



Podstawy Elektroniki - laboratorium Temat: Stabilizatory napiecia

STABILIZATORY NAPIECIA - éwiczenie symulacyjne

1. WSTEP

Niniejsze ¢wiczenie ma na celu zapoznaé nas z podstawowymi uktadami i parametrami
stabilizatorow  napiecia. W  pierwszej  kolejnosci  poznajemy  charakterystyke
pradowo-napigciowa U=f(I) diody Zenera (napigcie Zenera 5.1V). W nastepnej kolejnosci
badamy wybrane parametry podstawowego uklada stabilizatora napiecia, zbudowanego
w oparciu o diode Zenera. Nastgpnym krokiem jest zaznajomienie si¢ z bardziej
rozbudowanym stabilizatorem napiecia typu LDO (ang. Low Drop Output) i jego
parametrami.

Wszystkie symulacje sg zaprojektowane dla programu MULTISIM2001. Wyniki
symulacji mozna bedzie zapamigtywaé na dyskietce.

Uzywane oznaczenia:

Iy — prad obciazenia stabilizatora

Ryy —rezystancja wyjsciowa stabilizatora

Sy — wspotczynnik stabilizacji od zmian napiecia wejsciowego

Ur — napiecie diody spolaryzowanej w kierunku przewodzenia

Uy — napiecie wejsciowe stabilizatora

U,y — napigcie wyjsciowe stabilizatora

Uz — napigcie Zenera diody spolaryzowanej zaporowo

2. PODSTAWOWY UKLAD Z DIODA ZENERA
2.1. Charakterystyka prqdowo-napieciowa I=f(U) diody Zenera

Najprostsze stabilizatory napiecia sg zbudowane tylko z dwdch elementow: diody Zenera
1 rezystora. Efekt stabilizacji uzyskuje sie¢ dzieki specyficznym wlasnosciom
pradowo-napigciowym diody Zenera w obszarze zaporowym. Na poczatek wyznaczmy
charakterystyke pradowo-napieciowg [=f(U) diody Zenera. W tym celu otwieramy zbidr
symulacyjny o nazwie Zener 5 1 Dioda. Po uruchomieniu symulacji, na oscyloskopie XSC1
jest generowana interesujaca nas charakterystyka. Napiecie U zmienia si¢ w zakresie od -5.2V
do 0.95V. Na osi X sa wartosci napigcia U w [V], a na osi Y sg wartosci pradu [ w [mA].
W menu View otworzy¢ Show Grapher i odpowiednio dopasowaé osie X 1 Y. Nastepnie
przerysowaé charakterystyke, zachowujac jej ksztatt i najwazniejsze punkty odniesienia, czyli
warto$¢ napigcia Zenera Uy oraz warto$¢ napigcia Up. Dane mozna rowniez zapamieta¢ na
dyskietce, otwierajac File — Save As. Otrzymang charakterystyke przerysowaé do
sprawozdania, a nastepnie wyznaczy¢ rezystancje dynamiczng diody rz=AU/Al|j=_soma.-

2.2. Charakterystyka wyjsciowa U,,=f(I,,)

Otworzy¢ zbior symulacyjny o nazwie Zener 5 1. Uruchomi¢ symulacje.
Na oscyloskopie pojawi si¢ charakterystyka wyjsciowa Uy, =f(Iyy), przedstawiajaca zaleznos¢
napiecia wyjsciowego do wartosci pradu obcigzenia badanego stabilizatora (napiecie
wyjsciowe 5.1V). Na osi X sg wartosci pradu I w [mA] a na osi Y sg wartosci napigcia U
w [V]. Prad obcigzenia I,y zmienia si¢ w zakresie od OmA do 41mA. W menu View otworzy¢
Show Grapher i odpowiednio dopasowac osie X i Y. Dane mozna rowniez zapamicta¢ na
dyskietce, otwierajac File — Save As. Otrzymang charakterystyke przerysowaé do
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sprawozdania. Nalezy zauwazy¢, ze stabilizacja wystepuje tylko dla pewnego przedzialu
pradéw obciazenia I,, (w sprawozdaniu wyjasni¢ dlaczego). Wyznaczy¢ rezystancje
wyjsciowa Ryy= AUyy/Alyyliwy=10ma dla obszaru stabilizacji oraz Ryy= AUyy/Alyyliwy=30ma.
Dlaczego druga warto$¢é rezystancji jest rowna wartosci rezystancji rezystora R,?

2.3. Charakterystyka przejsciowa U,,,=f(U,.)

Otworzy¢ zbiér symulacyjny o nazwie Zener 5 1 Su. Uruchomi¢ symulacje.
Na oscyloskopie pojawi si¢ charakterystyka przejsciowa Uy,=f(Uyw.), przedstawiajaca
zalezno$¢ napigcia wyjsciowego do wartosci napigcia wejsciowego badanego stabilizatora.
Na osi X sg wartosci napiecia Uy w [V] ana osi Y sa wartosci napiecia U,y w [V]. Napiecia
wejsciowe Uy, zmienia sie¢ w zakresie od OV do 10V. W menu View otworzy¢ Show Grapher
i odpowiednio dopasowa¢ osie X i Y. Dane mozna réwniez zapamiegtaé na dyskietce,
otwierajac File — Save As. Symulacje przeprowadzi¢ dla uktadu bez obcigzenia
i z obcigzeniem, sterowanym klawiszem SPACJA. Otrzymane charakterystyki przerysowac
do sprawozdania. Nalezy zauwazy¢, ze uklad nieobcigzony ma wigkszy zakres napigc
wejsciowych (w sprawozdaniu wyjasni¢ dlaczego). Wyznaczy¢ wartos¢ wspotczynnika
Su=AU,«/AU,, dla ukladu z obciazeniem i bez obciazenia. Alternatywna metoda
wyznaczania wspolczynnika Sy jest pomiar sktadowej zmiennej napiecia wyjsciowego, przy
zasilaniu wejscia napieciem stalym ze skladowa zmienng. Otworzy¢ zbidr symulacyjny
o nazwie Zener 5 1 Su SIN. Skuteczna warto$¢ sktadowej zmiennej napiecia wejSciowego
wynosi 1.06V. Uruchomi¢ symulacje. Odczyta¢ pomiar wartosci skutecznej skladowe;j
zmiennej napi¢cia wyjSciowego na multimetrze. Wyliczy¢ wartos¢ wspotczynnika Sy dla
uktadu obcigzonego i nieobcigzonego. Poréwnac wyniki z poprzednio uzyskanymi.

2.4. Skokowa zmiana obcigzenia

Uruchomié¢ zbior symulacyjny o nazwie Zener 5 1 Dyn Obc. Zaobserwowac
zachowanie si¢ napigcia wyjsciowego stabilizatora przy skokowej zmianie obciazenia.
Skomentowa¢ w sprawozdaniu wynik pomiaru.

2.5. Skokowa zmiana napiecia wejsciowego

Uruchomi¢ zbiér symulacyjny o nazwie Zener 5 1 Dyn Uwe. Zaobserwowaé
zachowanie si¢ napiecia wyjSciowego stabilizatora przy skokowej zmianie napiecia
wejsciowego. Pomiar przeprowadzi¢ dla ukladu obcigzonego i1 nieobcigzonego. Amplituda
skoku wartosci napigcia wejsciowego wynosi 1.5V. Skomentowa¢ w sprawozdaniu wynik
pomiaru.

3. STABILIZATOR LDO
3.1. Charakterystyka wyjsciowa U,,=f(1,,)

Otworzy¢ zbioér symulacyjny o nazwie LDO_Uwy Iwy. Uruchomi¢ symulacje.
Na oscyloskopie pojawi si¢ charakterystyka wyjsciowa Uy, =f(Iwy), przedstawiajaca zaleznos¢
napiecia wyjsciowego do wartosci pradu obcigzenia badanego stabilizatora (napiecie
wyjsciowe 10.2V). Na osi X sg wartosci pradu I w [mA] a na osi Y sg wartosci napiecia U
w [V]. Prad obciazenia Iy zmienia si¢ w zakresie od 0A do 820mA. W menu View otworzy¢
Show Grapher i odpowiednio dopasowac osie X i Y. Dane mozna rowniez zapamicta¢ na
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dyskietce, otwierajac File — Save As. Otrzymang charakterystyke przerysowaé do
sprawozdania.

3.2. Charakterystyka przejsciowa U,,,=f(U,.)

Otworzy¢ zbiér symulacyjny o nazwie LDO Uwy Uwe. Uruchomi¢ symulacje.
Na oscyloskopie pojawi si¢ charakterystyka przejSciowa Uy,=f(Uye), przedstawiajgca
zalezno$¢ napigcia wyjsciowego do wartosci napiecia wejsciowego badanego stabilizatora.
Na osi X sg wartosci napiecia Uy w [V] ana osi Y sa wartosci napiecia Uy, w [V]. Napiecia
wejsciowe Uy, zmienia si¢ w zakresie od 0V do 15V. W menu View otworzy¢é Show Grapher
i odpowiednio dopasowaé¢ osie X i Y. Dane mozna rowniez zapamietaé na dyskietce,
otwierajac File — Save As. Symulacje przeprowadzi¢ dla uktadu bez obcigzenia
i z obcigzeniem, sterowanym klawiszem SPACJA. Otrzymane charakterystyki przerysowac
do sprawozdania.

3.3. Skokowa zmiana obcigzenia

Uruchomi¢ zbidér symulacyjny o nazwie LDO_Dyn Obc. Zaobserwowac zachowanie sie
napigcia wyjsciowego stabilizatora przy skokowej zmianie obciazenia. Skomentowac
w sprawozdaniu wynik pomiaru.

3.4. Skokowa zmiana napiecia wejsciowego

Uruchomié zbiér symulacyjny o nazwie LDO_Dyn_Uwe. Zaobserwowa¢ zachowanie si¢
napigcia wyjsciowego stabilizatora przy skokowej zmianie napigcia wejsciowego. Pomiar
przeprowadzi¢ dla uktadu obcigzonego i nieobcigzonego. Amplituda skoku wartosci napigcia
wejsciowego wynosi 1.5V. Skomentowac w sprawozdaniu wynik pomiaru.

3.5. Regulacja napiecia wyjsciowego

Uruchomi¢ zbidr symulacyjny o nazwie LDO_Reg Nap. Uzywajac klawiszy ,,a” (suwak
w dob) 1 ,,A” (suwak w gore) zmienia¢ rezystancje rezystora R,. Kazde wecisniecie
powoduje zmiang rezystancji o 250 . Zaobserwowaé, jak zmienia si¢ napiecie
wyjsciowe wraz ze zmiang pozycji suwaka. Wyjasni¢ powyzszy mechanizm regulacji
napigcia wyjsciowego.
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LM185-1.2/LM285-1.2/LM385-1.2
Micropower Voltage Reference Diode

General Description

The LM185-1.2/LM285-1.2/LM385-1.2 are micropower
2-terminal band-gap voltage regulator diodes. Operating
over a 10 pA to 20 mA current range, they feature exception-
ally low dynamic impedance and good temperature stability.
On-chip trimming is used to provide tight voltage tolerance.
Since the LM185-1.2 band-gap reference uses only transis-
tors and resistors, low noise and good long term stability re-
sult.

Careful design of the LM185-1.2 has made the device ex-
ceptionally tolerant of capacitive loading, making it easy to
use in almost any reference application. The wide dynamic
operating range allows its use with widely varying supplies
with excellent regulation.

The extremely low power drain of the LM185-1.2 makes it
useful for micropower circuitry. This voltage reference can be
used to make portable meters, regulators or general purpose
analog circuitry with battery life approaching shelf life.
Further, the wide operating current allows it to replace older
references with a tighter tolerance part.

The LM185-1.2 is rated for operation over a =55°C to 125°C
temperature range while the LM285-1.2 is rated —40°C to
85°C and the LM385-1.2 0°C to 70°C. The LM185-1.2/
LM285-1.2 are available in a hermetic TO-46 package and
the LM285-1.2/LM385-1.2 are also available in a low-cost
TO-92 molded package, as well as SO and SOT-23. The
LM185-1.2 is also available in a hermetic leadless chip car-
rier package.

Features

m 4 mV (£0.3%) max. initial tolerance (A grade)
m Operating current of 10 pA to 20 mA

® 0.6Q max dynamic impedance (A grade)

m Low temperature coefficient

m Low voltage reference—1.235V

m 2.5V device and adjustable device also available
m | M185-2.5 series and LM185 series, respectively

Connection Diagrams

T0-92
Plastic Package (Z)

DS005518-10

Bottom View

Order Number LM2852Z-1.2,

LM285AZ-1.2, LM285AXZ-1.2,
LM285AYZ-1.2, LM285BXZ-1.2,

LM285BYZ-1.2, LM385Z-1.2,

LM385AZ-1.2, LM385AXZ-1.2,

LM385AYZ-1.2, LM385BZ-1.2,
LM385BXZ-1.2 or LM385BYZ-1.2
See NS Package Number Z03A

+O 3+
2 m]
=

DS005518-33

Order Number LM385M3-1.2
See NS Package Number MAO3B

© 1998 National Semiconductor Corporation DS005518
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Connection Diagrams  (continued)

SO Package
+ NC NC NC
8 |7 Js |Is
1«

|1 2 |3 4
NC NC NC -
DS005518-9
Order Number LM285M-1.2,
LM285AM-1.2, LM285AXM-1.2,
LM285AYM-1.2, LM285BXM-1.2,
LM285BYM-1.2, LM385M-1.2,
LM385AM-1.2, LM385AXM-1.2,
LM385AYM-1.2, LM385BM-1.2,
LM385BXM-1.2 or LM385BYM-1.2
See NS Package Number MOSA

Typical Application

Wide Input
Range Reference
VN =23V T0 30V

LM334

4.3k

out
1.2V

LM385-1.2

DS005518-8

SO Package
Alternate Pinout
+ NC + NC
s |7 6 |s
11
|2 |3 4

|1
NC NC NC -
DS005518-11
Order Number LM385SM-1.2,
LM385ASM-1.2 or LM385BSM-1.2
See NS Package Number MO8A
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Absolute Maximum Ratings

(Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 2)

Reverse Current
Forward Current

Operating Temperature Range (Note 3)

LM185-1.2
LM285-1.2
LM385-1.2

30 mA
10 mA

-55°C to +125°C
-40°C to +85°C
0°Cto 70°C

Electrical Characteristics  (Note 4)

Storage Temperature -55°C to +150°C
Soldering Information
TO-92 package: 10 sec. 260°C
TO-46 package:10 sec. 300°C
SO and SOT Pkg.
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
surface mount devices.

Parameter Conditions LM285A-1.2 LM385A-1.2 Units
LM285AX-1.2 LM385AX-1.2 (Limit)
LM285AY-1.2 LM385AY-1.2
Tested Design Tested |Design
Typ Limit Limit Typ Limit Limit
(Notes 5, 8) | (Note 6) (Note 5) | (Note 6)
Reverse Breakdown lg = 100 pA 1.235 1.231 1.235 1.231 V(Min)
Voltage 1.239 1.239 V(Max)
1.230 1.220 1.235 1.225 V(Min)
1.245 1.245 |V(Max)
Minimum Operating 7 8 10 7 8 10 HA
Current (Max)
Reverse Breakdown Iuin S lg <1 mMA 1 15 1 15 mV
Voltage Change (Max)
with Current 1mA<Ig <20 mA 10 20 10 20 mV
(Max)
Reverse Dynamic lg = 100 pA, f = 20 Hz 0.2 0.6 0.2 0.6 Q
Impedance 15 15 (Max)
Wideband Noise (rms) g = 100 pA, 60 60 uv
10 Hz < f < 10 kHz
Long Term Stability lg = 100 pA, T = 1000 Hr, 20 20 ppm
T, =25°C £0.1°C
Average Temperature Ivin € g €20 mMA
Coefficient (Note 7) X Suffix 30 30 ppm/°C
Y Suffix 50 50 (Max)
All Others 150 150
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Electrical Characteristics  (Note 4)
LM185-1.2
LM185BX-1.2 LM385B-1.2
LM185BY-1.2 LM385BX-1.2 LM385-1.2
LM285-1.2 LM385BY-1.2 Units
Parameter Conditions ITyp LM285BX-1.2 Limit)
LM285BY-1.2
Tested Design Tested Design Tested Design
Limit Limit Limit Limit Limit Limit
(Notes (Note 6) | (Note 5) (Note 6) (Note 5) (Note 6)
5, 8)
Reverse Breakdown Ta = 25°C, 1.235 1.223 1.223 1.205 V(Min)
Voltage 10 pA < Ig <20 MA 1.247 1.247 1.260 V(Max)
Minimum Operating 8 10 20 15 20 15 20 HA
Current LM385M3-1.2 10 15 (Max)
Reverse Breakdown I0pPA<Ig<1ImA 1 15 1 15 1 15 mV
Voltage Change (Max)
with Current 1mA<Ig<20 mA 10 20 20 25 20 25 mV
(Max)
Reverse Dynamic Ir = 100 pA, f = 20 Hz 1 Q
Impedance
Wideband Noise Ir = 100 pA, 60 nv
(rms) 10 Hz < f £ 10 kHz
Long Term Stability Ir = 100 pA, T = 1000 Hr, 20 ppm
Ta = 25°C £0.1°C
Average Temperature Ir = 100 pA
Coefficient (Note 7) X Suffix 30 30 ppm/°C
Y Suffix 50 50 ppm/°C
All Others 150 150 150 ppm/°C
(Max)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in-
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The
guaranteed specifications apply only for the test conditions listed.

Note 2: Refer to RETS185H-1.2 for military specifications.

Note 3: For elevated temperature operation, Tj max is:

LM185 150°C
LM285 125°C
LM385 100°C

Thermal Resistance TO-92 TO-46 SO-8 SOT23
634 (junction to ambient) 180°C/W (0.4" leads) 440°C/W 165°C/W 283°C/W
170°C/W (0.125" leads)
6;c (junction to case) N/A 80°C/W N/A N/A

Note 4:
Note 5:
Note 6:
Note 7:

Note 8: A military RETS electrical specification is available on request.

Parameters identified with boldface type apply at temperature extremes. All other numbers apply at T = T; = 25°C.
Guaranteed and 100% production tested.
Guaranteed, but not 100% production tested. These limits are not used to calculate average outgoing quality levels.

The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures between the operating Tyax
and Ty, divided by Tyax = Tmin- The measured temperatures are -55°C, —40°C, 0°C, 25°C, 70°C, 85°C, 125°C.
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Typical Performance Characteristics

Reverse Characteristics

100

Gl
C Ta= -65°C
7

Tp = 125°
|

REVERSE CURRENT (uA)

Tp=25°C

0 02 04 06 08 10 12 14

REVERSE VOLTAGE (V)
DS005518-13

Temperature Drift of 3
Representative Units

1.260 1T
Ig=100 xA —
= 1.250
= —
4 A
=
§ 1.240
w _—
=]
]
- 1.230
]
H N
1.220

-55-35-15 5 25 45 65 85105125
TEMPERATURE (°C)
DS005518-16

Noise Voltage

700 T

600

/]

500 [

NOISE (nVA/Hz)

400
300
200 |
100 —[
o L
10 100 1k
FREQUENCY (Hz)

DS005518-19

Typical Applications

Micropower Reference

from 9V Battery
v

500k
12v

LM385-1.2

DS005518-22

Reverse Characteristics
10 rm

| Ta- 125 ”

II||||\IIIIIIIIVVIIIII|N
) LA
Zall

OUTPUT VOLTAGE CHANGE (mV)

0.01 01
REVERSE CURRENT (mA)
DS005518-14

Reverse Dynamic Impedance

f=25Hz

DYNAMIC IMPEDANCE (£2)

10 100
REVERSE CURRENT (mA)
DS005518-17

Filtered Output Noise

I m I
_ - | TTTT\?JE:'TTTT"W

CUTOFF FREQUENCY (Hz)
DS005518-20

Forward Characteristics

12 m

11

FORWARD VOLTAGE (V)
I
\I \

FORWARD CURRENT (mA)

DS005518-15

Reverse Dynamic Impedance

10k
Ty = 25°C
—_ g = 100
3 k'R HA o~
=} ‘ /
2
g 100
=
2 0 / _|
= /
e
2 i
0.1
10 100 1k 10k 100k 1M

FREQUENCY (Hz)

Response Time

DS005518-18

20
15 OUTPUT
E 1.0 , INPUT '
g s 100k
H oueur
20
)
<
-
a =
=]
> w0 INPUT
0

0 200 400 600
TIME (us)

Reference from
1.5V Battery

1.5V

3k
12v
LM385-1.2

DS005518-23

DS005518-21
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Typical Applications

(Continued)

Micropower * 5V Regulator

Micropower * 10V Reference
o o
- — =
= VN 252V f VIN =15V
<
<
b3
2N2905 <
t—l[]v
Vg =5V S ‘:J.EM
1L < 100mA >3 |
] S
+oa7uF LM385-1.2 < 500k
TANTALUM
% < 120k -

DS005518-25
*Ig [20 pA standby current

DS005518-24

Precision 1 pA to 1 mA Current Sources
LM385-12

LM385-1.2
c1
150 pF

&

15VT0 27V

DS005518-27

DS005518-26
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Typical Applications  (continued)

METER THERMOMETERS

0°C-100°C Thermometer

0-100 A

lout

5V
- (1.3-1.6v)

DS005518-28

Calibration

1. Short LM385-1.2, adjust R3 for loyt= temp at 1 pA/°K

2. Remove short, adjust R2 for correct reading in centigrade
TIQ at 1.3v[B00 pA

Ig at 1.6VIR.4 mA

0°F-50°F Thermometer

o)

lout J
vt T 13-16V
-4
LM334
LM385-1.2

DS005518-30
Calibration

1. Short LM385-1.2, adjust R3 for loyt= temp at 1.8 pA/°K

2. Remove short, adjust R2 for correct reading in °F

Lower Power Thermometer

LM334

DS005518-29

*2N3638 or 2N2907 select for inverse Hgg 05
tSelect for operation at 1.3V
#lg 600 pA to 900 pA

Micropower Thermocouple Cold Junction

Compensator
v* LM334
! %
< 1%
1[P4 R
kS O: A
— <
MERCURY 4] v :/Tc ADJ
CELL ™S @ 500
1.385V
>
<
>R1
S
THERMOCOUPLE METER
\_/
COLD JUNCTION
ISOTHERMAL
WITH LM334

DS005518-31

Adjustment Procedure

1. Adjust TC ADJ pot until voltage across R1 equals Kelvin temperature
multiplied by the thermocouple Seebeck coefficient.

2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple
Seebeck coefficient multiplied by 273.2.

Thermocouple Seebeck R1 R2 Voltage Voltage
Type Coefficient (Q (© Across R1 Across R2
(UVF°C) @ 25°C (mv)
(mV)

J 52.3 523 1.24k 15.60 14.32
T 42.8 432 1k 12.77 11.78
K 40.8 412 953Q 12.17 1117
S 6.4 63.4 150Q 1.908 1.766

Typical supply current 50 pA

www.national.com



Typical Applications

Calibration

1. Adjust R1 so that V1 = temp at 1 mV/°’K
2. Adjust V2 to 273.2 mV

tg for 1.3V to 1.6V battery volt-

age = 50 pA to 150 pA

Schematic Diagram

(Continued)
Centigrade Thermometer
v+
Vi
LM334
OUTPUT
1 v 31 MVIC
1.5Vt o
[
>
<
>
i’ 7.2k
R1
1k
DS005518-1
13
>
< R6
>
12 < 200
<
c2
20 pF S R7
H S 50k
A5 S
600k S

DS005518-7
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Connection Diagrams

DS005518-12

Order Number LM185E-1.2/883
See NS Package Number E20A

TO-46
Metal Can Package (H)

DS005518-6

Bottom View
Order Number LM185H-1.2, LM185H-1.2/883,
LM185BXH-1.2, LM185BYH-1.2/883, LM285H-1.2,
LM285BXH-1.2 or LM285BYH-1.2
See NS Package Number HO2A
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Physical Dimensions

Detail A

| < 0:350+0.008
(8.890£0.203) ‘ > | 0.063 -0.075
‘ (1.600 —1.905)
>
4
— Z
DETAIL A
Top View Side View
0.003
(0.076)
MIN TYP |
0.022 A T

(0.559)—>| |<——
MAX TYP

inches (millimeters) unless otherwise noted

0.200+0.005
(5.080=0.127)
T s50x 0.015+0.010
¥ > {0.3812.0.254)
~
(gg:ns o \\ 0.007—0.011
MIR TYp \ (0.178—0.279)
L RTYP

0.022-0.028
-(0.559—0.711)
vp

0.077-0003 A
{1.950—2.362)

0.045-0.055 X |

(1.143-1.397)
P A o.005-0.055
—(1.143-1.397)
TYP

0.040:+0.010
(1.0160.254)
3PLCS

45° x

Bottom View

(0.381)
MAX TYP

0.006
(0.152)
MIN TYP

E£20A (REV D)

Order Number LM185E-1.2/883
NS Package Number E20A
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Physical Dimensions  inches (millimeters) unless otherwise noted (Continued)

| 2:178-0.185 _0.080-0.105

4.521 -4 0% 5 567

0.030 (4.5 sta)' {2.032—2.667)
(n'J'TXZ) 0.025

SEATING PLANE

0.635)
& MAX
UNCONTROLLED

U lJ 0.500

LEAD DIA
9
0.016-0.019
(0.406—0.483)
DIATYP

(12.70)
MIN

fe—

0.209-0.219
(5.308—5.563)
DIA

45°T.P.
NN
0.036 —0.046 mﬂﬂ

(0.914-1.168) (0.711-1.219)

HO2A (REV C)

TO-46 Metal Can Package (H)
Order Number LM185H-1.2, LM185H-1.2/883, LM185BXH-1.2, LM285H-1.2, LM285BXH-1.2 or LM285BYH-1.2
NS Package Number HO2A
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Physical Dimensions  inches (millimeters) unless otherwise noted (Continued)

SYMM
¢
0.115+0.005 .
- [2.92£0.12] 7 i
3 T Y
—t .
; f
HH |
i f l 0.090
0.099£0.005 | [ _||.0.055+0.003  0.030TYP ! [2.29]
[2.51+0.12] i (1.4£0.07) [0.76] !
i : i .
- = - l ! I I
I
: i : ‘ i }
1| i ‘2 | H
: ; . 0.0375£0.0025  0.030TYP_| ! I 0.0375
! [0.95340.063] [0.76] T 0.95]
0.018-0.024 |_0.075+0.005_]
[0.46-0.61] "~ T [1.91£0.12] LAND PATTERN RECOMMENDATION
?.036—0.o4f ([060937])
0.91-1.12 94 R0.003 GAGE PLANE
| [0.06] MIN TYP
[ L[ e /) 5
< AW I S A Y r‘\L—‘—
]0.0015 [0.038 J0075 0.0025 ch Si0.00]Z
175+ 0.38£0.05
0001—0 004 | [0.445%0.063] " ooossxo 0015 10
[0.03-0.10] [0.14+0.038]
TYP . SEATING PLANE
—0.022 139% Ty
[0 56 g?g MA03B (REV A)
SOT-23 Package (M3)
Order Number LM385M3-1.2
NS Package Number MAO3B
0.189—0.197

T I e
(4.800 —5.004) ‘

8 7 6 5

0.228-0.244
{5.781—6.198)
| 0.010 yax

025
Iy
LEAD NO. 1 o T

IDENT e

0.150-0.157
{3.810—3.988)
0.053-0.069
0.010-0.020 460 0.053-0.063
02580508 " ] (1.346-1.753)
8° MAX TYP v .00 ~0.010
ALL LEADS (0.102-0.254)
&/: Y HF = ¢ SEATING
T/ oo A f T ! ? PLANE
00z 0.014
0.008-0.010 S 0.050 0.014-0.020
—————_  ALLLEADTIPS .016—0. 0.356) ———_ 3| |e———————TYP
{0.203—0.254) — *—(g':;gf?';;’g] 036 =% o —> {0.3560.508)
TYP ALL LEADS (4o v2m) v s rypmfa— —

Small Outline (SO-8) Package
Order Number LM285M-1.2, LM285AM-1.2, LM285AXM-1.2, LM285AYM-1.2, LM285BXM-1.2,
LM285BYM-1.2, LM385M-1.2, LM385AM-1.2, LM385AXM-1.2, LM385AYM-1.2, LM385BM-1.2,
LM385BXM-1.2, LM385BYM-1.2, LM385SM-1.2, LM385ASM-1.2 or LM385BSM-1.2
NS Package Number MO8A
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LM185-1.2/LM285-1.2/LM385-1.2 Micropower Voltage Reference Diode

Physical Dimensions

/'\‘\ 50 2 PLCS
| I Y A
0.500
~ [12.70MN

0.090
[2.29] MAX
(UNCONTROLLED
LEAD DIA)

SEATING PLANE

T

1

1
0.175-0.185 |}
O [4.45-4.70] |y
1

1

0.016-0.021

EJECTION MARK [0.41-0.53]

0.065
% [1.65]

0.015
T [0.38] MAX

inches (millimeters) unless otherwise noted (Continued)

4

I 0-0145-0.0155 gecogr LEAD FINISH

[0.368-0.394]

0.135-0.145
[3.43-3.68]

0.045-0.055
[1.14-1.40]

0.045-0.055
[1.14-1.40] TP
0.090
[2.29] 10° 2 PLCS
203A (REV F)

TO-92 Plastic Package (Z)
Order Number LM285Z-1.2, LM285AZ-1.2, LM285AXZ-1.2, LM285AYZ-1.2,
LM285BXZ-1.2, LM285BYZ-1.2, LM385Z-1.2, LM385AZ-1.2, LM385AXZ-1.2,

LM385AYZ-1.2, LM385BZ-1.2, LM

385BXZ-1.2 or LM385BYZ-1.2

NS Package Number Z03A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-

CONDUCTOR CORPORATION. As used herein:

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

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

National Semiconductor
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Fax: +49 (0) 1 80-530 85 86
Email: europe.support@nsc.col

National Semiconductor
Corporation
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Tel: 1-800-272-9959

o)

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85

Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32

Francgais Tel: +49 (0) 1 80-532 93 58

www.national.com Italiano  Tel: +49 (0) 1 80-534 16 80

National Semiconductor
Japan Ltd.

Tel: 81-3-5620-6175
Fax: 81-3-5620-6179
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Response Group

m Tel: 65-2544466
Fax: 65-2504466
Email: sea.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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LM185-2.5/LM285-2.5/LM385-2.5
Micropower Voltage Reference Diode

General Description

The LM185-2.5/LM285-2.5/LM385-2.5 are micropower
2-terminal band-gap voltage regulator diodes. Operating
over a 20 pAto 20 mA current range, they feature exception-
ally low dynamic impedance and good temperature stability.
On-chip trimming is used to provide tight voltage tolerance.
Since the LM-185-2.5 band-gap reference uses only transis-
tors and resistors, low noise and good long term stability re-
sult.

Careful design of the LM185-2.5 has made the device ex-
ceptionally tolerant of capacitive loading, making it easy to
use in almost any reference application. The wide dynamic
operating range allows its use with widely varying supplies
with excellent regulation.

The extremely low power drain of the LM185-2.5 makes it
useful for micropower circuitry. This voltage reference can be
used to make portable meters, regulators or general purpose
analog circuitry with battery life approaching shelf life. Fur-
ther, the wide operating current allows it to replace older ref-
erences with a tighter tolerance part. For applications requir-
ing 1.2V see LM185-1.2.

The LM185-2.5 is rated for operation over a -=55°C to 125°C
temperature range while the LM285-2.5 is rated —40°C to
85°C and the LM385-2.5 0°C to 70°C. The LM185-2.5/
LM285-2.5 are available in a hermetic TO-46 package and
the LM285-2.5/LM385-2.5 are also available in a low-cost
TO-92 molded package, as well as S.O. and SOT-23. The
LM185-2.5 is also available in a hermetic leadless chip car-
rier package.

Features

m 20 mV (£0.8%) max. initial tolerance (A grade)

m Operating current of 20 pA to 20 mA

m 0.6Q dynamic impedance (A grade)

m Low temperature coefficient

m Low voltage reference—2.5V

m 1.2V device and adjustable device also
available—LM185-1.2 series and LM185 series,
respectively

Connection Diagrams

TO-92
Plastic Package

DS005519-8

Bottom View

Order Number LM2852-2.5,
LM285AZ-2.5, LM285AXZ-2.5,
LM285AYZ-2.5, LM285BXZ-2.5,

LM285BYZ-2.5, LM385Z-2.5,

LM385AZ-2.5, LM385AXZ-2.5,

LM385AYZ-2.5, LM385BZ-2.5,
LM385BXZ-2.5 or LM385BYZ-2.5
See NS Package Number Z0O3A

SO Package

+ NC NG NC
8 |7 s |s

1«

|1 12 |3 4
NC  NC NC -
DS005519-11
Order Number LM285M-2.5,
LM285AM-2.5, LM285AXM-2.5,
LM285AYM-2.5, LM285BXM-2.5,
LM285BYM-2.5, LM385M-2.5,
LM385AM-2.5, LM385AXM-2.5,
LM385AYM-2.5, LM385BM-2.5,
LM385BXM-2.5 or LM385BYM-2.5
See NS Package Number MO8A

© 1998 National Semiconductor Corporation DS005519
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Connection Diagrams  (continued)

SOT-23

1
+0 3*
2 m]
-0
DS005519-29

Order Number LM385M3-2.5
See NS Package Number MAO3B

LCC
Leadless Chip Carrier

DS005519-14

Order Number LM185E-2.5/883
See NS Package Number E20A

TO-46
Metal Can Package

DS005519-13

Bottom View
Order Number LM185H-2.5,
LM185H-2.5/883, LM185BXH-2.5,
LM185BXH-2.5/883, LM185BYH-2.5,
LM185BYH2.5/883, LM285H-2.5,
LM285BXH-2.5 or LM285BYH-2.5
See NS Package Number HO2A
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Absolute Maximum Ratings (Notes 2, 1) Storage Temperature -55°C to + 150°C

If Military/Aerospace specified devices are required, Soldering Information
please contact the National Semiconductor Sales Office/ TO-92 Package (10 sec.) 260°C
Distributors for availability and specifications. TO-46 Package (10 sec.) 300°C
Reverse Current 30 mA SO and SOT Package
Forward Current 10 mA Vapor Phase (60 sec.) 215°C
Operating Temperature Range (Note 3) Infrared (15 sec.) 220°C
LM185-2.5 _55°C to + 125°C See AN-450 “Surface Mounting Methods and Their Effect on
LM285-2.5 —40°C to + 85°C Product Rgllablllty for other methods of soldering surface
R R mount devices.
LM385-2.5 0Cto70°C

Electrical Characteristics

(Note 4)
LM285A-2.5 LM385A-2.5
LM285AX-2.5 LM385AX-2.5
LM285AY-2.5 LM385AY-2.5 X
Parameter Conditions Typ Tested Design Tested Design (S;'ittss)
Limit Limit Limit Limit
(Note gg (Note (Note 6) (Note 5) (Note 6)
Reverse Breakdown lg = 100 pA 2.500 2.480 2.480 V(Min)
Voltage 2.520 2.520 V(Max)
2.500 2.460 2.470 V(Min)
2.535 2.530 V(Max)
Minimum Operating 12 18 20 18 20 HA
Current (Max)
Reverse Breakdown Iyin € lg £ 1IMA 1 15 1 15 mv
Voltage Change with (Max)
Current 1mA<Ig<20 mA 10 20 10 20 mV
(Max)
Reverse Dynamic Ig = 100 pA, 0.2 0.6 0.6 Q
Impedance f=20Hz 15 15
Wideband Noise (rms) Ir =100 pA 120 uv
10 Hz < f <10 kHz
Long Term Stability lg = 100 pA,
T = 1000 Hr, 20 ppm
Ta = 25°C £0.1°C
Average Temperature Ivin < I 20 mA
Coefficient (Note 7) X Suffix 30 30 ppm/°C
Y Suffix 50 50 (Max)
All Others 150 150
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Electrical Characteristics  (continued)
LM185-2.5
LM185BX-2.5 LM385B-2.5
LM185BY-2.5 LM385BX-2.5 LM385-2.5 Units
LM285-2.5 LM385BY-2.5 (Limit)
Parameter Conditions Typ LM285BX-2.5
LM285BY-2.5
Tested Design |[Tested [Design [Tested Design
Limit Limit Limit Limit Limit Limit
(Note 5) (Note 6) | (Note 5) | (Note 6) | (Note 5) | (Note 6)
(Note 8)
Reverse Breakdown Ta = 25°C, 25 2.462 2.462 2.425 V(Min)
Voltage 20 JA < 1R <20 mA 2.538 2.538 2.575 V(Max)
Minimum Operating 13 20 30 20 30 20 30 HA
Current LM385M3-2.5 15 20 (Max)
Reverse Breakdown 20 A< Ig <1 mA 1 1.5 2.0 2.5 2.0 2.5 mV
Voltage Change with (Max)
Current 1mA< Iz <20 mA 10 20 20 25 20 25 mv
(Max)
Reverse Dynamic Ig = 100 pA, 1 Q
Impedance f=20Hz
Wideband Noise (rms) Ir = 100 pA, 120 uv
10 Hz < f < 10 kHz
Long Term Stability g = 100 pA,
T = 1000 Hr, 20 ppm
Ta = 25°C £0.1°C
Average Temperature g = 100 pA
Coefficient (Note 7) X Suffix 30 30 ppm/°C
Y Suffix 50 50 ppm/°C
All Others 150 150 150 |ppm/°C
(Max)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in-
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The
guaranteed specifications apply only for the test conditions listed.

Note 2: Refer to RETS185H-2.5 for military specifications.

Note 3: For elevated temperature operation, Tj yax is:

LM185 150°C
LM285 125°C
LM385 100°C
Thermal Resistance TO-92 TO-46 SO-8 SOT-23
6ja (Junction to Ambient) 180°C/W (0.4" Leads) 440°C/W 165°C/W 283°C/W
170°C/W (0.125" Leads)
6;c (Junction to Case) N/A 80°C/W N/A N/A

Note 4:
Note 5:
Note 6:

Note 7: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures between the operating Tyax
and Ty, divided by Tyax—Twmin- The measured temperatures are -55°C, =40°C, 0°C, 25°C, 70°C, 85°C, 125°C.

Note 8: A military RETS electrical specification available on request.

Parameters identified with boldface type apply at temperature extremes. All other numbers apply at T = T; = 25°C.
Guaranteed and 100% production tested.
Guaranteed, but not 100% production tested. These limits are not used to calculate average outgoing quality levels.
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Typical Performance Characteristics

Reverse Characteristics

100

Ta=-557C

REVERSE CURRENT (uA)

0 05 10 15 20 25 30
REVERSE VOLTAGE (V)
DS005519-15

Temperature Drift

2530

T
Ip =100 uA
2520 R

&
< 2500

N...
g 2
N

E
[
=
3
3

EFERENCE VOLT,

= 2460

2.450

-55-35-15 5 25 45 65 85 105 125
TEMPERATURE (°C)

DS005519-18

Noise Voltage

1400 =7 T TTT]
Ig=100 A
1200
1000 NH L
g N
S so0 A
z ™
= s00
&
]
= 400 i T uil T
il ﬂ]% )
o LU T T Ty
0 100 T Wk 100k
FREQUENCY (Hz)
DS005519-21
Applications

Wide Input Range Reference

Viy = 3.7V T0 30V

LM334

3.3k

out
25V

-
&LM!BS»Z.E

DS005519-12

Reverse Characteristics

16
T
o LU AR
w LR
e Ta=25°C
£ g L TR
3
-
3
2
54 HA aay: S
S ) \
-
20 = Tp=-55°C
: [
3
g LU
0.01 01 1 10 100
REVERSE CURRENT (mA)

DS005519-16

Reverse Dynamic
Impedance

1000

100 ‘

DYNAMIC IMPEDANCE (£2)
s

0.01 0.1 1 10 100
REVERSE CURRENT (mA)
DS005519-19

Filtered Output Noise

[T
_ 100 SINGLE POLE ]
= LOW PASS A
- L A
w80 1004&
2 |
A oot | || Il
2 »
£ L A1
= a0
w 1
SR ol
= sHare cuToFF FiLTE Hﬂ
0 11 AT
100 1k 10k 100k

CUTOFF FREQUENCY (Hz)
DS005519-22

Forward Characteristics

FORWARD VOLTAGE (V)

100

FORWARD CURRENT (mA)
DS005519-17

Reverse Dynamic
Impedance

10k T
Tp=25C

1R =100 uA
1k

100 <

DYNAMIC IMPEDANCE (£2)

10 100 1k 10k 100k ™M
FREQUENCY (Hz)
DS005519-20

Response Time

30
PN
OUTPUT
20 / t
2 INPUT
o
R o
H aureuT
w
g o
[ P
2 >
s
10 INPUT
0

0 200 400 600

TIME (us)
DS005519-23

Micropower Reference from 9V Battery

v
200k

2.5V

LM385-2.5

DS005519-2
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LM385-2.5 Applications

Micropower 5V Reference (Note 9) Micropower 10V Reference (Note 10)

|
-2
L 9 Vin=5.2V VIN =15V
v
R <
LM334 <
)
V- } 2.2k 2N2905 [
b3
3
Vg =5V
IL < 100mA
2
- s
150 pF @ 100k
>4 e
ta7uF | M385-2.5 4: 500k
TANTALUM
4 L
7ALM385-2.5 10M 2k 100k -
DS005519-10
< & J_ Note 10: Io 130 pA standby current
= DS005519-9
Note 9: 1o 040 pA

www.national.com




LM385-2.5 Applications

(Continued)

Precision 1 pA to 1 mA Current Sources

LM385-2.5

1<

c1
150 pF

R1
68K
lout*
—
-15V T0 -27V
oy = 2
ouT R2

DS005519-24

METER THERMOMETERS

0°C-100°C Thermomemter

<
> 1k
<
‘)
0-100 uA(M)
<SR
>
S8
lout WL
N ‘Az
v /» %

b

> Ra

T 100
!
S0

| win P ’}LMJBB-LE’
_ >,
v '43

—

T

Calibration

DS005519-26

1. Short LM385-2.5, adjust R3 for Io,r=temp at 1pA/'K
2. Remove short, adjust R2 for correct reading in centi-

grade

Calibration
1.
2.

LM385-2.5

15V T027V

DS005519-25

0°F-50°F Thermomemter

0-50 uAC)
S R1

'outl

e
LM334 4 ALM!B&Z.S

<
S Ra
S

DS005519-27

Short LM385-2.5, adjust R3 for Io,r=temp at 1.8 pAI’K
Remove short, adjust R2 for correct reading in °F

www.national.com



LM385-2.5 Applications (continued)

Micropower Thermocouple Cold Junction
Compensator

LM334

2k

1%

({L B AAA
« W

fl[) ADJ
>

500

N

v+
LITHIUM

THERMOCOUPLE METER

\_/
COLD JUNCTION
ISOTHERMAL
WITH LM334

DS005519-6
Adjustment Procedure

1. Adjust TC ADJ pot until voltage across R1 equals Kelvin

temperature multiplied by the thermocouple Seebeck
coefficient.

2. Adjust zero ADJ pot until voltage across R2 equals the
thermocouple Seebeck coefficient multiplied by 273.2.

Seebeck Voltage
Thermocouple Co- R1 R2  Across R1
Type efficient ( Q) (Q) @25°C
(WVFrrC) (mvV)

J 52.3 523 1.24k 15.60

T 42.8 432 1k 12.77

K 40.8 412 953Q 12.17

S 6.4 63.4 150Q 1.908

Typical supply current 50 pA

Improving Regulation of Adjstable Regulators

Vi == LM338 5V

>

S
Lm3gs- § 375
<
25

A
Vv—@

o
1|

@

005519-7

Voltage
Across R2
(mV)

14.32
11.78
11.17
1.766
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Schematic Diagram

DS005519-1
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0.350 +0.008
(8.890£0.203)

Physical Dimensions

|

Top View

inches (millimeters) unless otherwise noted

0.200:£0.005
(5.080%0.127)
TP
sy o
X
0.015 2 r ‘
‘ 0.063-0.075 (0_381)_/ \\
—> (1.600—1.905) MIN TYP N\ |
oom7-vos A
(1.959—2.362)
v 0.045-0.055
(1.143-1.397)
/ vP 0.067—0.083 ‘
DETAIL A 7022108
(1.702-2.108)
Side View "
450 x 0.040£0.010
{1.016£0.254)
3PLCS
Bottom View
0.003 25
(0.076) MAX THP
MIN TYP -
002 A A
(0.559) > <i 2006
MAX TYP 0.152)
MIN TYP

Detail A

Order Number LM185E-2.5/883
NS Package Number E20A

i
ETi
/o

-

0.015+0.010

45°x 29— =L
(0.381£0.254)

0.007-0.011

(0178-0.279)
RTYP

0.022-0.028

P

(0.559-0.711)
TY

A g.0s5-0.055
—(1183—-1.397)
TYP

E20A (REV D)
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Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.178-0.195 0.0800.105
< 4521—_4.953 0322,
0,030 { = ) (2.032—2.667)
(':,'Ifxz’ A 0.025
{0.635)
# MAX
v  UNCONTROLLED
SEATING PLANE 1 LEAD DIA
| 0.500
(12.10)
N MIN

0.016-0.019
(02060483 | [
DIATYP |

0.209-0.219
(5.308 —5.563)
DIA
0.036 —0.046 0.028 —0.048
(0.914—-1.168) (0.711-1.219)
HO2A (REV C)

TO-46 Metal Can Package (H)
Order Number LM185H-2.5, LM185H-2.5/883, LM185BXH-2.5, LM185BXH-2.5/883,
LM185BYH-2.5, LM185BYH-2.5/883, LM285H-2.5, LM285BXH-2.5 or LM285BYH-2.5
NS Package Number HO2A
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Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

SYMM
¢
0.115+0.005 .
- [2.92£0.12] 7 i
3 T Y
i [
T
i 1
i f 1 0.090
0.099+0.005 || _ [ _|l.0.055£0.003  0.030TYP ! [2.29]
[2.51+0.12] i (1.4+0.07) [0.76] I
i . i .
. ! ‘ | i | !
T O -t
: i ‘ | i .
i i ‘2 | . i
: ; . 0.0375£0.0025  0.030TYP_|| L ! 0.0375
! I [0.953+0.063] [0.76] T [o.95)
0.018-10.024 |_0.075+0.005_]
[0.46-0.61] "~ " [1.91£0.12] " LAND PATTERN RECOMMENDATION
%036—0.04? (F609347])
0.91-1.12 : R0.003 GAGE PLANE
| [0.06] MIN TYP
R0.003 ‘ 0.008
[ \ | [0.06] MIN TYP\ [0.2]
<= i [+ N £ R
©]0.0015 [0.038] [C 0.0175 £ 0.0025 O[.01510.00]2 f
. . 0.3840.05
0.001-0.004 | [0.445%0.063] " 0.0055+0.0015 L
[0.03-0.10] [0.14£0.038]
TYP ‘o, SEATING PLANE
o022 5
+0.05
[0'56—0.10] MA03B (REV A)

SOT-23 Package (M3)
Order Number LM385M3-2.5
NS Package Number MAO3B
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Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.150-0.157

{3.810—3.988)

0.010-0.020 , g5¢

|-

(0.254-0.508) 8° MAX TYP
ALL LEADS
0.008 A A
010z '
(gg“ﬂg —g_ggg’ ALL LEAD TIPS 0.016—0.050
2030, {0.406—1.270)
TYP ALL LEADS TYP ALL LEADS

{5.791—6.188)

0.228-0.2

0.189-0.197
(4.800 —5.004)

A A A

44

LEAD NO. 1 0 T
IDENT o
0.058-0.089
1.386—1.753
( ) 0.004—0.010
{0.102—0.250)
Y HEE SEATING
¥ [} ? PLANE
20 5 050 0.014-0.020
o3 D00, 0014 -0.02 pyp
(0.3%) =77 e =~ {0356 - 0.508)
P 0008 7yp || —
{0.203)

Small Outline (SO-8) Package (M)
Order Number LM285M-2.5, LM285AM-2.5, LM285AXM-2.5, LM285AYM-2.5,
LM285BXM-2.5, LM285BYM-2.5, LM385M-2.5, LM385AM-2.5, LM385AXM-2.5,
LM385AYM-2.5, LM385BM-2.5, LM385BXM-2.5 or LM385BYM-2.5
NS Package Number MO8A

MOBA (REV H)

13
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Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

/"\\ 5° 2 PLCS

— 1
0.0145-0.0155
e . [0.368-0.394] BEFORE LEAD FINISH
T 500
T [12.70]
SEATING PLANE | 0.135-0.145
[3.43-3.68]

| 0.045-0.055
I*> [1.14-1.40]
0.045-0.055

f [1.14-1.40]
_t
:|r g 0:090 _/

[2.29]

0.090

[2.29] "AX
(UNCONTROLLED
LEAD DIA)

TYP

—

0.175-0.185
[4.45-4.70]

EJECTION MARK J
0.065

2 1.65]

0.015
T[o.ss] MAX

It

10° 2 PLCS

r

0.016-0.021
[0.41-0.53]

TYP

Z03A (REV F)

TO-92 Plastic Package (Z)

Order Number LM285Z-2.5, LM285AZ-2.5, LM285AXZ-2.5, LM285AYZ-2.5,
LM285BXZ-2.5, LM285BYZ-2.5, LM385Z-2.5, LM385AZ-2.5, LM385AXZ-2.5,
LM385AYZ-2.5, LM385BZ-2.5, LM385BXZ-2.5 or LM385BYZ-2.5
NS Package Number Z03A

LM185-2.5/LM285-2.5/LM385-2.5 Micropower Voltage Reference Diode

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-

CONDUCTOR CORPORATION. As used herein:

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

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

National Semiconductor
Corporation

Americas

Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

o)

www.national.com

National Semiconductor
Europe
Fax:
Email:
Deutsch Tel:
English  Tel:
Francais Tel:
Italiano  Tel:

+49 (0) 1 80-530 85 86
europe.support@nsc.com
+49 (0) 1 80-530 85 85
+49 (0) 1 80-532 78 32
+49 (0) 1 80-532 93 58
+49 (0) 1 80-534 16 80

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: sea.support@nsc.com

National Semiconductor
Japan Ltd.

Tel: 81-3-5620-6175
Fax: 81-3-5620-6179

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




TL431, TL431A

ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

Coefficient

Equivalent Full-Range Temperature
... 30 ppm/°C

0.2-Q Typical Output Impedance

Sink-Current Capability
Low Output Noise

Packages

description

Adjustable Output Voltage
Available in a Wide Range of High-Density

... 1 mAto 100 mA

...Vreft036V

D PACKAGE
(TOP VIEW)

CATHODE o

ANODE
ANODE

] REF
] ANODE
] ANODE

A W N P
g o N

NC ] NC

P OR PW PACKAGE
(TOP VIEW)

)

CATHODE

The TL431 and TL431A are three-terminal
adjustable shunt regulators with specified thermal
stability over applicable automotive, commercial,
and military temperature ranges. The output
voltage can be set to any value between Vgt
(approximately 2.5 V) and 36 V, with two external
resistors (see Figure 17). These devices have a
typical output impedance of 0.2 Q. Active output
circuitry provides a very sharp turn-on
characteristic, making these devices excellent
replacements for Zener diodes in many
applications, such as onboard regulation,
adjustable power supplies, and switching power
supplies.

The TL431C and TL431AC are characterized for
operation from 0°C to 70°C, and the TL431l and
TL431Al are characterized for operation from
—40°C to 85°C.

NC
NC
NC

A W N P

g o N 0

] REF

] NC

] ANODE
I NC

DBV PACKAGE

(TOP VIEW)
ne [t ™ 5[] ANODE
nc []2
CATHODE []3 4[JREF

NC — No internal connection

KTP PACKAGE
(TOP VIEW)

o
L

ANODE

— 13 CATHODE
- ANODE

T REF

LP PACKAGE
(TOP VIEW)

CATHODE
ANODE
REF

PK PACKAGE
(TOP VIEW)

—\

Ut

REF ANODE CATHODE

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.

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

testing of all parameters.

{'3 TEXAS

Copyright 00 2000, Texas Instruments Incorporated
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

AVAILABLE OPTIONS

PACKAGED DEVICES
™| Summe | SO | ransemount | 1020M | T0R" | Gilonmig | SO0
(D) (KTP) (P) (PW)
corre | 90D T conve | rLanckrer | RO [ TLICR TTTLAICAWR T o
~“orc0se | fidip Traane | TLastap TLA3LPKR

The D, LP, and PW packages are available taped and reeled. The DBV, KTP, and PK packages are only available taped and reeled. Add the
suffix R to device type (e.g., TL4A31CDR).

symbol
REF
ANODE —# CATHODE
functional block diagram
CATHODE

REF

ANODE

equivalent schematic T

CATHODE

800 Q

REF

4 kQ

2.4kQ

1kQ

|

ANODE
T All component values are nominal.

‘5’ TeXAS
INSTRUMENTS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Cathode voltage, VK (SE8 NOTE 1) ... o e e e e 37V
Continuous cathode Current range, IKA  «« -« oo v vt e —100 mA to 150 mA
Reference iNpUL CUIMTENt FraNgE .. ..ottt e et et -50 A to 10 mA
Package thermal impedance, 65 (see Notes 2 and 3): Dpackage ................covviiionn. 97°C/W

DBV package .................coooon.. 206°C/W
KTP package .............ccoiiiinn... 28°C/wW
LPpackage ............. ... .. ... 156°C/W
Ppackage ............ ... ... 85°C/W
PKpackage ............ ... il 52°C/W
PWpackage ......................... 149°C/W
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..............oiiiiiiinnennn.. 260°C
Storage temperature range, Tgg -« .« v ovoveee —-65°C to 150°C

t Stresses beyond 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 beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Voltage values are with respect to the anode terminal unless otherwise noted.

2. Maximum power dissipation is a function of T j(max), 834, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — Ta)/03a. Operating at the absolute maximum T 3 of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN  MAX | UNIT
Cathode voltage, Vka Vref 36 \
Cathode current, Iga 1 100 mA
. . TL431C, TL431AC 0 70
Operating free-air temperature range, Ta °C
TL431l, TL431Al —40 85

{'} TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

electrical characteristics over recommended operating conditions, T A = 25°C (unless otherwise
noted)
TEST TL431C
PARAMETER TEST CONDITIONS UNIT
CIRCUIT MIN  TYP MAX
Vref Reference voltage 2 VKA = Vrefs Ika =10 mA 2440 2495 2550 mV
Deviation of reference voltage

VKA = Vref, Ika =10 mA,

Vi(dev) over fu_II temperature range 2 Ta = 0°C to 70°C 4 25 mvV
(see Figure 1)
i i AVka =10V -V, -1.4 =27
AV Ratio of chang.e in reference voltage 3 Ik = 10 MA KA ref myv
AV, to the change in cathode voltage AVKA =36V —-10V -1 2 \
Iref Reference current 3 Ika =10 mA, R1 =10 kQ, R2 = 2 4 HA

Deviation of reference current
li(dev) over full temperature range 3
(see Figure 1)

IkA = 10 A, R1 = 10 kQ, R2 = e,

Tp = 0°C to 70°C 04 121 pA

Minimum cathode current

Imin for regulation 2 VKA = Vref 04 1l mA
loff Off-state cathode current 4 Vka =36V, Vigf =0 0.1 1 MA
lzkal Dynamic impedance (see Figure 1) 1 Ika =1 MAt0 100 MA, VKA = Vref, 0.2 0.5 Q

f<1kHz

The deviation parameters Vief(dev) and lref(dev) are defined as the differences between the maximum and minimum
values obtained over the recommended temperature range. The average full-range temperature coefficient of the
reference voltage, oyef, is defined as:

i \
Vl(dev) « 106 Maximum V ref N
V __cat25°C | Vi(dev)
ppm ref o L
‘(eref‘ °C = ATA MinimumV yef 44— —— — — — — | )
e a7 ——f

where:
ATy is the recommended operating free-air temperature range of the device.

O\yref Can be positive or negative, depending on whether minimum Vg or maximum Ve, respectively, occurs at the
lower temperature.

Example: maximum Vi ef = 2496 mV at 30°C, minimum Vet = 2492 mV at 0°C, Vg = 2495 mV at 25°C,
ATp = 70°C for TL431C

4 mV 6
(2495 mV) x 10

‘aVref‘ = 70°C

=~ 23 ppm/°C

Because minimum V¢ occurs at the lower temperature, the coefficient is positive.

Calculating Dynamic Impedance AV
- KA
The dynamic impedance is defined as: ‘ZKA‘ - AIKA

When the device is operating with two external resistors (see Figure 3), the total dynamic impedance of the circuit
is given by:

n=AV R1

121 = 57 = [2kal (1 " R2)

Figure 1. Calculating Deviation Parameters and Dynamic Impedance

Q’ TeXAS
INSTRUMENTS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

electrical characteristics over recommended operating conditions, T

A = 25°C (unless otherwise

noted)
TEST TL431l
PARAMETER TEST CONDITIONS UNIT
CIRCUIT MIN  TYP MAX

Vref Reference voltage 2 VKA = Vrefs Ika =10 mA 2440 2495 2550 mV

Deviation of reference voltage

VKA = Vref, Ika =10 mA,

Vi(dev) over fu_II temperature range 2 Ta = -40°C t0 85°C 5 50 mV

(see Figure 1)
AV Ratio of change in reference voltage 3 e a = 10 MA AVKA =10V — Vref 14 271 v
AVp to the change in cathode voltage KA AVKA =36V -10V -1 2 v
Iref Reference current 3 Ika =10 mA, R1=10kQ, R2 = 2 4 HA

Deviation of reference current

Ika =10 mA, R1 = 10 kQ, R2 = o,

l(dev) over fu_II temperature range 3 Ta = —40°C t0 85°C 0.8 25 HA

(see Figure 1)

Minimum cathode current for
Imin regulation 2 VKA = Vref 0.4 L] mA
loff Off-state cathode current 4 Vka =36V, Vigf =0 0.1 1 HA
lzkal Dynamic impedance (see Figure 1) 2 ]I°K<A1:k|%|zmA 10 100 MA, VKA = Vret, 0.2 0.5 Q

electrical characteristics over recommended operating conditions, T

A = 25°C (unless otherwise

noted)
TEST TL431AC
PARAMETER TEST CONDITIONS UNIT
CIRCUIT MIN  TYP MAX

Vref Reference voltage 2 VKA = Vref Ika =10 mA 2470 2495 2520 mV

Deviation of reference voltage _ _
Vi(dev) over full temperature range 2 VK'S —OVref, IK'S‘ = 10mA, 4 25| mv

! Ta = 0°Cto 70°C

(see Figure 1)
AV Ratio of change in reference voltage 3 e a = 10 MA AVKA =10V — Vref 14 271 v
AV, to the change in cathode voltage KA AVKA =36V -10V -1 _2 Vo
Iref Reference current 3 Ika =10 mA, R1=10kQ, R2 = 2 4 HA

Deviation of reference current Ik = 10 MA, R1 = 10 kQ, R2 = oo,
li(dev) over full temperature range 3 Ta = 0°C t0 70°C 0.8 1.2 pA

(see Figure 1) A

Minimum cathode current
Imin for regulation 2 VKA = Vref 0.4 06 mA
loff Off-state cathode current 4 Vka =36V, Vief=0 0.1 0.5 MA
lzkal Dynamic impedance (see Figure 1) 1 ]|cK<Al:k&|;nA 10 100 mA, VKA = Vref: 0.2 05 Q

‘Ui TEXAS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

electrical characteristics over recommended operating conditions, T A = 25°C (unless otherwise
noted)
TEST TL431Al
PARAMETER TEST CONDITIONS UNIT
CIRCUIT MIN  TYP MAX

Vref Reference voltage 2 VKA = Vrefs Ika =10 mA 2470 2495 2520 mV

Deviation of reference voltage

VKA = Vref, Ika =10 mA,

Vi(dev) over fu_II temperature range 2 Ta = -40°C t0 85°C 5 50 mvV

(see Figure 1)

i i AVka =10V -V, -1.4 =27

AV Ratio of change in reference voltage 3 Ik = 10 MA KA ref mv
AVa to the change in cathode voltage AVKA =36V —-10V -1 2 vV
Iref Reference current 3 Ika =10 mA, R1 =10 kQ, R2 = 2 4 HA

Deviation of reference current

Ika =10 mA, R1=10kQ, R2 = w,

li(dev) over fu_II temperature range 3 Ta = —40°C t0 85°C 0.8 25 HA

(see Figure 1)

Minimum cathode current
Imin for regulation 2 VKA = Vref 04 07 mA
loff Off-state cathode current 4 Vka =36V, Vigf =0 0.1 0.5 MA
lzkal Dynamic impedance (see Figure 1) 2 Ika =1 MAt0 100 MA, VKA = Vref, 0.2 0.5 Q

f<1kHz

%’ TeXAS
INSTRUMENTS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

PARAMETER MEASUREMENT INFORMATION

T

Figure 2. Test Circuit for V. ga = Vief

|||‘—m

R1

Via = vref<1 + @) + 14 X R1

Figure 3. Test Circuit for V. ga > Vief

Input VKA
L loff

Figure 4. Test Circuit for | o

{'} TeEXAS
INSTRUMENTS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

TYPICAL CHARACTERISTICS

Table 1. Graphs

FIGURE
Reference input voltage vs Free-air temperature 5
Reference input current vs Free-air temperature 6
Cathode current vs Cathode voltage 7,8
Off-state cathode current vs Free-air temperature 9
Ratio of delta reference voltage to change in cathode voltage vs Free-air temperature 10
Equivalent input noise voltage vs Frequency 11
Equivalent input noise voltage over a 10-second period 12
Small-signal voltage amplification vs Frequency 13
Reference impedance vs Frequency 14
Pulse response 15
Stability boundary conditions 16
Table 2. Application Circuits
FIGURE

Shunt regulator 17

Single-supply comparator with temperature-compensated threshold 18

Precision high-current series regulator 19

Output control of a three-terminal fixed regulator 20

High-current shunt regulator 21

Crowbar circuit 22

Precision 5-V 1.5-A regulator 23

Efficient 5-V precision regulator 24

PWM converter with reference 25

\oltage monitor 26

Delay timer 27

Precision current limiter 28

Precision constant-current sink 29

%’ TeXAS
INSTRUMENTS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

TYPICAL CHARACTERISTICS T

REFERENCE VOLTAGE
VS
FREE-AIR TEMPERATURE REFERENCE CURRENT
2600 T T VS
VKA = Vref FREE-AIR TEMPERATURE
2580 Ika =10 mA 5 T T
Vyef = 2550 mv¥ R1=10kQ
E 2560 R2 =
I /// Ika =10 mA
o 2540 - < 4
g 1 2
S 2520 L
[0} —
S 2500 Vief =2495 mvi | % 3
[ B
= ~~— O
& /
o 2480 &7 8 ~—
| o \\
w 2460 g 2 -
- [vd
~ 2440 Vief = 2440 mvi | | ——
%
2420 T~ - 1
~
2400
=75 50 -25 0 25 50 75 100 125
0

Tp — Free-Air Temperature — °C _75 _50 -25 0 25 50 75 100 125

¥ Data s for devices having the indicated value of Vyef at Ik = 10 mA, Ta — Free-Air Temperature — °C

Tp = 25°C.
Figure 5 Figure 6
CATHODE CURRENT CATHODE CURRENT
VS Vs
CATHODE VOLTAGE CATHODE VOLTAGE
150 T 800 T
VKA = Vref VKA = Vref

125 Tp =25°C Ta = 25°C

100 600
g 3
| 75 | Imin
§ 50 400
‘3 5
> 25 2
© e}
z 0 £ 200
S vl § /
I 25 / |
s / :

-50 / - 0

—75 /

—-100 -200
-2 -1 0 1 2 3 1 0 1 2 3
Vka — Cathode Voltage — V Vka — Cathode Voltage — V
Figure 7 Figure 8

1t Data at high and low temperatures are applicable only within the recommended operating free-air temperature ranges of the various devices.

{’? TeEXAS
INSTRUMENTS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

TYPICAL CHARACTERISTICS T

RATIO OF DELTA REFERENCE VOLTAGE TO

OFF-STATE CATHODE CURRENT DELTA CATHODE VOLTAGE
VS
VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
25T 1 —0.8s b
VKA =36V N VKA =3V 1036V
Vief =0 \
< ~0.95 <
3

2 AN

/ -1.05 AN
15

-1.15 \‘
-1.25 \

0.5 / -1.35

-1.45
0
—75 50 25 0 25 50 75 100 125 -75 50 -25 0 25 50 75 100 125

AV, o | AV ep—MVIV

loff — Off-State Cathode Current —

TA - Free-Air Temperature — °C Tp — Free-Air Temperature — °C

Figure 9 Figure 10

EQUIVALENT INPUT NOISE VOLTAGE

Vs
FREQUENCY
260
N I
Ig lo =10 mA
240 |- Ta =25°C
S
c
| 220
(0]
(@)
8
g 200 \
(]
@2
2 180
5
2 160
g \
o
S 140 ™
>
O
| 120
c
>
100
10 100 1k 10 k 100 k

f — Frequency — Hz
Figure 11

T Data at high and low temperatures are applicable only within the recommended operating free-air temperature ranges of the various devices.
3 1,
EXAS
INSTRUMENTS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE
OVER A 10-SECOND PERIOD

1Y

-4~ f=0.1t0 10 Hz

Ika =10 mA

Ta =25°C
|

V,, — Equivalent Input Noise Voltage —
I
N [l

5

o 1 2 3 4 5 6 7 8 9 10
t—Time-s

19.1V

500 pF

2000 pF

Vce To Oscilloscope

TLE2027
Ay = 10 V/ImV

Figure 12. Test Circuit for Equivalent Input Noise Voltage

{'} TeEXAS
INSTRUMENTS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

TYPICAL CHARACTERISTICS

SMALL-SIGNAL VOLTAGE AMPLIFICATION

VS
FREQUENCY
60 T T T 11T
lka =10 mA
o Tp = 25°C
T 50 i \ Output
S IKA
2 N 15kQ 2320
L2 N
£ 40 \
g. \\ 9 uF *
< \ +
<) \
g o -
S} \ 8.25kQ
@
\
5> 20 \ GND
2 \
£ N T
® 10 \ TEST CIRCUIT FOR VOLTAGE AMPLIFICATION
N
>
< \
0
1k 10 k 100 k 1M 10 M
f — Frequency — Hz
Figure 13
REFERENCE IMPEDANCE
VS
FREQUENCY
100 =
C Ik =10 mA
~ Tp =25°
. [ Ta 5°C
| 1kQ
8 AN Output
c
] A
P " [t v
E @ 50 Q
8 _
o 1 ~
g / ]
o GND
I 1 l
< v =
X
N v TEST CIRCUIT FOR REFERENCE IMPEDANCE
/
0.1
1k 10 k 100 k 1M 10 M

f— Frequency — Hz

Figure 14

12
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

TYPICAL CHARACTERISTICS

PULSE RESPONSE

6 T T
Ta = 25°C
Input
5
220Q
> Output
|
o 4
8 Pulse ;t
S Generator 50 Q
5 3 f =100 kHz
g Output
=]
g 2 / l GND
- —
2 =
- 1 TEST CIRCUIT FOR PULSE RESPONSE
0 \
-1 0 1 2 3 4 5 6 7
t—Time — us
Figure 15
STABILITY BOUNDARY CONDITIONS T 150 O
100 T T T 1T T T T T 11T
AVKA = Vref Tp = 25°C
90 BVka =5V
CVka =10V N
- D Vka =15V —
80 D VkaA f _ 7{' VBATT
< B s
E 10 ‘*
2 Stable l
g 60
8 Stable C 1
© 50 i N =
e}
2 A / \ TEST CIRCUIT FOR CURVE A
= 40
2 [/
I
30
< /
I / / f D l'KA
20 71T \ \ R1=10kQ 150 Q
/ \
10 y \ \ e
AR =
0 / Y/ A \\ \. .
0.001 0.01 0.1 1 10 R2 VBATT
CL — Load Capacitance — pF -
1t The areas under the curves represent conditions that may cause the
device to oscillate. For curves B, C, and D, R2 and V+ were adjusted =
to establish theinitial Vi o and Ig p conditions with C|_=0. VgaTT and
C| then were adjusted to determine the ranges of stability. TEST CIRCUIT FOR CURVES B, C, AND D

Figure 16

{’? TeEXAS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

APPLICATION INFORMATION

R
(see Note A)

VI(BATT)

RETURN
NOTE A: R should provide cathode current =1 mA to the TL431 at minimum V|(BATT).

Figure 17. Shunt Regulator
VI(BATT)

Vo

| Von =2V
MUt VAT | Vot = VigATT)

ViT=25V
GND

TL431

Figure 18. Single-Supply Comparator With Temperature-Compensated Threshold

VI(BATT)
R

_)Vref

TL431

NOTE A: R should provide cathode current 21 mA to the TL431 at minimum V|(BATT).

Figure 19. Precision High-Current Series Regulator

‘5’ TeXAS
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TL431, TL431A
ADJUSTABLE PRECISION SHUNT REGULATORS
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APPLICATION INFORMATION

VI(BATT)

Common R1

Vg = (1 + @)vref

Minimum V o =V 4 + 5V

TL431

ref

R2

Figure 20. Output Control of a Three-Terminal Fixed Regulator

VI(BATT) *— Vo

R1
‘t Vo = (1 + ﬁ)vref

Figure 21. High-Current Shunt Regulator

VI(BATT) *— Vo

R1

TL431 l
A . v
- J /f (see Note A)
o

NOTE A: Refer to the stability boundary conditions in Figure 16 to determine allowable values for C.

Figure 22. Crowbar Circuit
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ADJUSTABLE PRECISION SHUNT REGULATORS
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APPLICATION INFORMATION

IN ouT

VI(BATT) Vo=5V,15A

243 Q
0.1%

243 Q
0.1%

Figure 23. Precision 5-V 1.5-A Regulator

V|(BATT) Vo=5V
Rp
(see Note A) 27.4kQ

0.1%

27.4kQ
0.1%

NOTE A: Rp should provide cathode current 21 mA to the TL431.

Figure 24. Efficient 5-V Precision Regulator

12V

TL598

TL431

Feedback

Figure 25. PWM Converter With Reference
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ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005M — JULY 1978 — REVISED OCTOBER 2000

APPLICATION INFORMATION

R3
(see Note A)

VI(BATT)

R4

(see Note A) \}4 Low Limit = (1 + %)vref
High Limit = (1 + %)vref

RZAK
e

NOTE A: R3 and R4 are selected to provide the desired LED intensity and cathode current =1 mA to the TL431 at the available V|(BATT).

LED on When Low Limit <V < High Limit
R2B I(BATT) ¢}

Figure 26. Voltage Monitor

650 Q

12V

Delay = R x C X In(ﬁ)
T Vref

Figure 27. Delay Timer

RcL le)
0.1% —p vV
V ref
I(BATT) lowt = B+ e
CL
R1 ~ Vigarn)
TL431 Rl=7T"—

o

+ 1
a heg KA

Figure 28. Precision Current Limiter
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APPLICATION INFORMATION

Lo
lo=R_
TL431 f— s

VI(BATT)

Figure 29. Precision Constant-Current Sink
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 2000, Texas Instruments Incorporated
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