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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features Descr‘iption

+ Output Current up to 1A The MCTENXTIM7EXXMCTEXNXA senes of three

v Output Voltages of 5,6, 8,9, 10, 12, 13, I8, 24V terminal positive regulators are avalable in the

» Thermal Overdoad Pridection TO-220¢D-PAK package and with several fixed output

» Short Cirenit Protection voltages, making them useful in a wide range of

+ Cutput Transistor Safe Operating Area Protection applications, Each type employs intemal current limiting,

thermal shut dovwn and safe operating arca protection,
making it essentially indestructible. If adequate heat sinking
15 provided, they can deliver  over 1A output current,
Although designed pnmanly as fixed voltage regulators,
these devices can be used with extemal components to
obtain adjustable voltages and currents,

TO-220

£

D-PAK

il

1
1. Input 2. GMD 3. Qutput

Internal Block Digram

weuT SEFES aUTEUT
o PasE o
1 l | I ELEMERT 3
| f
i i
CAURRENT B0m =
BEMERATOR FRCTECTION 3
STARTING AEFERESGE EAROA
CIRGAAT WORLTACE AMPLIFIER
-
>
| TEmRma -
EROTECTION
BT
o —

Rev. 1.01

2001 Fairchild Semiconductor Corporation
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Typical Applications

o RAC TRIOUL T EXX
Input Dutput

ar

Figure 5. DC Parameters

N meTexxmraxx |2

[ | Dukput
2 AL ampr
JL.
AERF — o -
DREQ 1200 =1
o 0
m
Figure 6. Load Regulation
st i 3
o v MCTAXLMTEXNK
Ingut 1 il
= R
i [R5 i "
|
} o

Foi

Figure 7. Ripple Rejection

Input IMcTacuLMTEN ) * Cudput

T Tus

Figure 8. Fixed Output Regulator
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Input oy I mMeTLmrarx |- o Cuilpul
|
cl = 2 = mE v
[E: iaF
= Co
i v
* 1
L8
W
ST

Figure 9. Constant Current Regulator

Motes:

{1} To specify an outpul voltage. substitute voltage value for "XX." A common ground is required between the input and the
Cutput voltage. The input voltage miist remaln typlcally 2.0 above the outpul voltage even during the low point on the input
fpple voltage.

{2) € bs required if regulator is located an appreciable distance from power Supply filter.
{3) Co improves stability and transient response.

Irpu B Curtpat

o . mMoTROGL MR |

-
cl =

o Al
[ l,n tl:-c-
|

n

Igy =510

Vo = Vam(1+R2/R1 )+ 1aRz
Figure 10. Circuit for Increasing Output Voltage

Ingut J WeTeis  |a Cuput
LMTE0S

cl

ml

33uF

IRl =5 1g
Wo = Vo (1+R2/R1 1+ 1oR2
Figure 11. Adjustable Output Regulator (T to 30V)
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Figure 12. High Current Voltage Regulator
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1 1 a1
PP - MCTEXILMTEXX
30 Ctput
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0F = TIP4Z
m
Fise = Wasscn
b [

Figure 13. High Qutput Current with Short Circuit Protection
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v L

=¥

Figure 14. Tracking Voltage Regulator
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Figure 15. Split Power Supply ( £15V-14)
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Figure 16. Megative Qutput Voltage Circuit
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Figure 17. Switching Regulator
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LM117/LM317A/ILM317

General Description

Thie LM11T seres of adustable 3-termingl poative vallage
regulalors (e capeble of supplying in excess of 1.54 over a
1.3V o 37V outpul range. They are exceplionally easy 1o
use and reguire anly two extermal resislors (o st the aulput
woltage. Further, both line ard loed regulalion are betler than
standard fiwed regulalore. Alss, the LMY s packeged in
standard ransislor peckages which are essily maunted and
hafdled

I addiien o higher perfonmance than fiked regulators, the
LT saries affers full ovedoad pratection available anly in
IC%. Included on the chig are current limit, thenmal everoad
protection and safe area protection. All overlead pratectizn
crouilry remains Tully Tunclional even il he sdjusbment Lermi-
nal s discanrecied

rarmally, no capadton are needed unless the device 8 situ-
ated mare han 6 inches fram the inpul filler cagacilors in
which case an npul bypess & needed. An oplioral aulput
capecilor can be added 1o improve ransient response. The
adjustment terminal can be bypassed Lo achisve very high
fipple rejeclion ralos whsh efe dificul o achisve with slan-
dard 3-temrminal regulalars.

Besides replacing fived reguletons, the LMY = wafd ina
wide wariely of other applicabions. Snce the regulstor s
“floaling” and sees only the inpul-te-oulpul differenlial vall-

Auguslt 1859

National Semiconducior

3-Terminal Adjustable Regulator

age, supplies of several hundred velts can be regulated s
lang &s the maxmum inpul bo aulput diferential = not exe-
ceaded, Le, avaid shart-creulting the output.

Alan, It mekes an especislly simple adustable switching
regulalor, & programmable outpul regulalor, or by connecling
a faed resslor belween the adjustment pin and oulput, the
LW117 can be used &3 & precision curenl regulator. Sup-
plies with electrenic shuldown can be achisved by clamping
the adjustment terminal o ground which pragrams the oul-
pul 1o 1.2V wheme mosl lcads dras lilte cumenl

For applicabions reguiring greater sulpul current, see LM150
series (JA) and LM133 series (5A) data sheels. For the
negative complement, see LM137 senes data sheet.

Features

u Guaranleed 1% oulpul veltage lolerance (LM317A)
Guaranieed max. 00150 line regulation (LM317A)
Guaranleed max. 0.3% loed regulation (LM117)
Guaranieed 1.34 outpul current

Adjuslable output down be 1.2

® Current i constent with lemperature

m P Pradusl Eshancemearnl lealed

m B0 dB ripple rejeclion

B Julpul g shoel-gircul proleched

Typical Applications

LM117 Series Packages

iojeinbey aiqeisnipy jeuiwiial-g LLEWT/VLLEN TLLLIAT

1.2V-25V Adjustable Regulator

LINT
Vin 28V Vim  YouT wpgr'!
L ani ! oeT
& Rl
-
% Fal
A ¥ !
BuF L
&
2w
el a1

Fall cufput cument not avalabie & high inpul-cutput vollages
*Meaded I device is mone than 6 inohes from Tier capacions

{Ointional — Improwes iansent response. Output capactos in e anpe
of 1 pF io 1000 pF of alusinum o taniaiums skectolyiico ae ommanly
sl 10 provide improves ouspat impedanos and regotion of inrsends

i R2
P = 125V | ! E.:I + lapylAgh

Par Number Deslgn

Sufilx Package | Lead
Current

K TO-3 154

H T0.39 0.5A

T T0-220 154

E Loe 0.5A

5 TO-263 154

EMP S0T-223 1A
MDT TO.252 0.5A

S0T-223 vs D-Pak (TO-252)
Packages

CJ .

[eees s ==
HT-123 To-i52
[EE e
Scale 111

¢ -
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Application Hints

In operation, the LM T develops & maminal 1.25% reference
volEge, Ve, between the outpul and edjustment terminal.
The reference vallage is mpressed BCross program resslon
R1 and, since the vallage s constant, a8 canstant current |,
then flows through the aulput eet resistor B2, ghving an oul-
pul vallage of

R2
VT '."nEF[‘I t H‘JII + lanA2

LMI?

¥in

Viaut
AD

Deiinld-

FIGURE 1.

Singe the 100 pA current fraa the adjustment lerminal regre-
sents an error temm, the LMY was designed to minmize
lapy 8nd make it very constant with line and load changes.
To do this, &l quescent operaling current ks relurmed to the
aulpul establishing a minimum load current requirement. If
there s mesuflicient losd on the oulput, the output will Hee

External Capacitors

An input bypass capacior is resommended. A 0.1 pF diss or
1 uF solid tentalum on the ingul is suilable inpul bypassing
lof skiasl all spplications. The device i mane senailive 1o
the absence of ingul bypessing when adjusimeant of oulpul
capacibore are usad bul the above values will shminate the
passibility of prablems.

The edjustment berminal can be bypassad to ground an the
LEH17 o improve ripple repction. This bypass capscior
prevents npple rom beng amplified 8s the aulput voltage s
meresed. With & 10 pF bypass capaciter 80 dB rip ple rejec-
lion & ablairable at any outpul level Increasss over 10 uF
da fol appreciably impreve the niggle repction at reguen-
cles ghove 120 Hz If the bypass capaciior is used, it s
sometimes mecessary b include protection dicdes bo prevent
the capacitar fram dischanging through intemal low cuarrent
paths and damaging the devica.

In general, the best type of capacilons 1o use s solid tants-
luimi. Sobd tanteluim capacibars have low impedance even al
migh frequencies. Depending upon capesilor censtruction, 1l
tekes aboul 25 pF in aluminum eeciolylsc o equal 1 pF
sobd tantalum al Mgh freguencies. Ceramie capecilon are
alea good al high freguences; bul some types heve a larges
decresse in capsciiance al requencies around 0.5 MHz. For
this reasan, 001 pF dise may seem to work betber than & 01
PF diss as & bypass

Allhough the LM77 2 stable with ro outpul capacilons, lke
any feedback croull, ceman values of exteérnal capecitance
CEM CAlSE sxtesaive nnging. Thie oocurs wilh velues be-
tween 500 pF and 5000 gF. A1 uF solid tantalum {or 25 pF

aluminum electralybic) on the oulpul ewamps this efleet and
inaures astability. Any increase of the load capacitance larger
than 10 pF will merely improve the leop slabidity and oulgut
impedance.

Lewad Regulation

The LM1IT is cepable of providng exmemely good lead
reguletion but & few precaulions are nesded o oblain maxi-
mum performance. The currenl sel reésiston connecied be-
beeeen the adjusiment termingl and the outpul termiral (usu-
ally 24001 should be tad dirselly 1o the owpul (case) of lhea
regulator rather than nesr the load. This eimingtes lne
drogs Irom appearing efecively in series with the relerence
and deprading regulalion. For example, & 13V regulatar with
0.050) resistance belwaen the regulataer and load will have a
load regulation due to line resistance of 00500 x 1. I the set
resialar is connecled near the load the ellective lne resis-
tarce will b2 0.050 (1 + RZW1) of in his case, 11.5 limes
WOrse,

Figure 2 shows the affect of resistance belwaean the regula-
bar and 24000 sat resiatar

LM

wig=—1Vin  Vour ¥our
L]

L
>
F2
FIGURE 2. Regulator with Line Reslstance In Output
Lead

CECrdarn

Witk the TO-3 packege,  is easy o minimize the resstance
fram e case 1o the sel resislor, by using two separele kads
o the case Hawever, wilth the TO-39 package, cane should
b taken to minimize the wire kength of he oulplt lead. The
ground of F2 can be returned nesr the ground of the losd 1o
provide remate ground sensing and imprave losd regulalion.

Profection Diodes

When externel capacitors are used with say 1C regulatar it =
samelimes necessary o add protection diodes to prevent
tie capecitors from discharging through low curent points
iftn the regulater. Mast 10 uF cepacitars have low enough
imermal series resistance to deliver 204 spikes when
shored. Although the surge (s short, there is enough ensrgy
to damage pars of the IC.

When an oulpul capacilor s connected te & regulator and
the ingul is sfhoied, the aulpul capacbar will discharge inlo
tite outpul of the regulaton The discherge current depands
an the value of the capacbor, the sulput volkage of the regu-
lator, and the rate of decrease of W, Inthe LM117, this dis-
change path 1e through a large junchion that s able o sustain
154 surge with fo problem. This g not rue of ather types of
positive regulstors. For oulput capecitors of 25 uF of leas,
trere is no need 1o use diodes

The bypess capactor on the adustment berminal can dis-
charge through & low current unclion. Discharge oocurs
wien sither the ingul or oulput is shorted. Internal to the
LIA117 = & 5062 resistar which limils the paak discharge cur-
rent. Mo prafection s needed for cutpul veltages of 25V ar

-
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Typical Applications (centinued,

Adjustable Regulator with Improved Ripple Rejection High Stabillty 10V Regulator
LMIT LMi1?
va Yin  Vour
anl
2
LR
T o
= 16t
+ ]
3]
AT
TJ: {
- SO 1)
{Balid tankahim

Tischages C1 I cutput is shorted 1o geound

CORRDES

High Current Adustable Regulator
J-LA IS M FARALLIL

ny
ELE T Ao
' "‘T"
Az
Al B LMi?
FF]
iy — " v & . -—
AL auT
JLELH
oo ) & o
10F! a1
9
Ab 1
g t]\ TilsF
= OSEEMA-1T

{0ptional — Imaroeses ripple rejecsion
{Solid tankalom
“Minimum load current = 30 A
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Typical Applications (continued)

0 to 30V Regulator Power Follower
LW ILEY

Viy Vis Voot Vout _E__‘}
¥ Al ci

] 2.uf
150 L

IRPT =M ) LM9E
m
10k
auTruT
== 064
¥
LEET . Vs
&y
A2
14
L
-1y =
Fraaa DEREAE

Full cirtput oument not svaliabie 5 Righ inpul-outpat woltages

SA Constant Vollage/Constant Current Regulator

WidskE
n_L :unnin/gl %:‘:
10 oF ADJUST .- -
T LMk
Y ouTRUT
5 APM—— VI VOUT [y a— THI
il ADJ 1v-Jv
+ &
e 11 (=]
Tl ilFt
LN
= 1] —
[
o 5
1M487 LED®
>
5
'll-lﬂ

Ra > + |
o voLTagE 2 s
ADIUST i |

CeBRin3-1E.

-Ecid 1antaium
"Lights in constant cument mode
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L200

ADJUSTABLE VOLTAGE AND CURRENT REGULATOR

= ADJUSTABLE QUTPUT CURRENT UP TO 2 A
(GUARANTEED UP TO T, = 150°C)

= ADJUSTABLE QUTPUT VOLTAGE DOWN TO
285V

= [NPUT OVERVOLTAGE PROTECTION (UP TO
80V, 10ms)

s SHORT CIRCUIT PROTECTION

= OUTPUT TRANSISTOR 5.0.A PROTECTION
= THERMAL OVERLOAD PROTECTION

= [ OWBIAS CURRENT ON REGULATIONPIN
=B | OWSTANDBY CURRENT DRAIN

DESCRIPTION

The L200 is & monalithic integrated circuit for volt-
age and current programmable regulation. It is
available in Pentawatt” packages or 4-lead TO-3
metalcase. Currant limiting, power limiting, thermal
shutdown and input overvoltage protection {up to

ABSOLUTE MAXIMUM RATINGS

Pentawatt”

TO-3 (4 lead)

G0 W) make the L2000 virtually blow-out proof

The L200 can be used to replace fixed voltags
regulators whan high output voltage precision is
required and eliminates the nead to stock a range
af fixed voltage reagulators

Symbol Parameter Value Unit
Wi DC Input Voltage 40 W
Wi Peak Input Yoltage {10 ms) &0 W
Ay | Dropout Voltage 32 W

s Cutput Current

internally imited

Pyt Power Dissipation

internally imited

Tug Slorage Temperature -55 10 150 G
Tap Cperating Junction Temperature for L200C 2510 150 G
for L2040 -5510 150 oo
THERMAL DATA
TO-3 Pentawatt"
Rihj-case | Thermal Resistance Junction-case Max 4 °CIW 3 AW
Rinjams | Thermal Resistance Junction-ambient Max 35°CAW 50 “CAW

-A -
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APPLICATIONS CIRCUITS

Figure 19. - Programmable Voltage Regulator Figure 20. - P.C.Board and Components Layout
of Figure 19.

]
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Figure 21. - High Current Voltage Regulator with Figure 22. - Digitally Selected Regulator with

Short Circuit Protection. Inhibit
3
1 1 kit |
; L 200 !
— :
(-t 1 21,,.}4“1 . _L ST —a
F T inkene
" Fioputs
L G- 154302
Figure 26. High Input and Qutput Voltage. Figure 27. Constant Current Battery Charger.
Age
W, Siir.
imanl .
i [] " i L 700 z ' > ____I
Ko: =
£ I =
l | T \I!HL :Im T
B —_ .‘I._ - = S ———

The resistors Ry and Rs determine the final charging voli-
age and Rse the initial charging current. Dy prevents dis-
charge ofthe battery throught the regulator.

The resistor RL limits the reverse currents through ther
regulator {which should be 100 mA max) when the bat-
fery is accidentally reverse connecied. if R is in series
with a bulb of 12 W50 mA rating this will indicate incor-
rect connection.

-4
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Figure 23. Programmable Voltage and Current Regulator.
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MNeote: Connecting point A to a negative voltage (for example - 3W/10 mA) it is possible to extend the output voltage
range down to 0\ and cbtain the cument imiting down te this lewvel (output short-circuit condition).

Figure 24. High Current Regulator with NPN Figure 25. High Current Tracking Regualtor.
Pass Transistor.
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