O

&

"%

fn1vdnwn 2533

URAYIEUWATEUAATY LLUFINEY

Tas

wig ANWA 199 1T

anTafudam

¢ (4
213774 Aevmae  Han ATy auw



5'_77

Y RwudinasAnen 2533
nmAitn e TwTadiniTianamieand mnTIN
ARzIAINTIHAERT ﬂnnﬁutnﬂTuTaﬁwT:ﬂau1h5ﬂ1€1qunu11a1nn1:ﬁw

1589 UnaVRIEIHATSUARTI UL TN

»os [
W{n
L)

w8 #ANwa 1291330 301299

<:::::——EE%:”552522::::) (ire /) a1 Ta N

(B'I'Q’H’ﬂ ﬁwnm wmm-ms’mun)

Pl

28835



o'y

oS

UNANIEMNNTUAATY BUUA TN

indAnwn wiEANNR 199 1350
Vol m ¢ ~ ¢
21R1TANUTART  H9Rnay WA AT IUuN

n1fne 2533

UNFAL

LA RN T U auands  uumeSte NI usR T imEnn 1 TR nEena
gﬂuﬂﬂﬂ Tﬂﬂﬂﬂiﬁ?ﬁﬂﬁmmﬂuﬁqﬂquﬁnﬂﬂuﬁgﬂ%uiun11u%atmafﬁﬂﬁqaaQQwanau
1284 imad Ld@qﬁ%ﬁwwnT:uaaﬁunnﬁuﬂgv aninReuuasndu fuiunTzusnTedn

¥ d Vo o » . P v Y w
ATIRUY  LHARILLRAUTRAR uﬂ:ﬂﬂ'l'fﬂﬂuﬂall\lﬂﬂ"'J“"Tﬂ')l!ﬂ;u Lwamm}u‘m‘lauku

=e.

o
A
URAYIIEMHNTZUAATI LUUAINE N 401G LU T UURAI A8 IWATS UARTI LUUTTTHAD

o o a ’ o ' #“c ¢ W )
ATIN HIUIR 1AANTT UINUN LUINTT ARIUSNINENIAL LNIAU

¥



'

SWITCHING POWER SUPPLY

&

STUDENT SOMPON WONGCHARERN Mr.
ADVISOR SINGTHONG PATTANASETTANON Mr.

1590

Abstract

*
Switching power supply is a power supply that used switching-
technic with high €£frequency. High frequency will be generated

for driving the converter 's power transister. From these we

will have the AC-line. Then convert it to DC again for serving load.

Some part will be feed back to the controller circuit,for
constant voltage level.
The advantage over the general power supply is lower weigh

and smaller size in the same power rate.
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3) uﬁam}mmw‘g’{z&q (High frequency transformer)
4) 2IALTEINTERRNDON (Oubput section)
- 5) dduwamﬁmm1uQQUQu (Switching circuit controller)

6) a7 utlouwndy (Feedback part)
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1) aralFaenTeudsnidn (Input section)
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Tudvuvoafﬂﬂﬂ tﬁu1oasﬂﬁ1uﬁ1ﬂuﬂao1ﬂnfuuaaau1ﬁtﬂuWﬂnseuﬂn:aﬁt?ﬂu 3t
uuan17ﬂ1o1umaad1uﬂ1snaun1a n ol
1) 1oToniSudnTeud (Rectifier bridge diode) MMRIMFEenTEURILY RN
ﬂﬁu (Full wave rectifier)
2) ﬁqxﬁuﬂ133n1ﬂ1ﬂtiw (Input capacitor) tﬁuﬁvtﬁuﬂfzgﬁu1ﬂ1nd Swiiaf
nrealiinen i T e linseuany ol 1 Feu AUNTOATIENI TR INTNO I
tﬁuﬂfzg Toe fulimumnuditudgosfinTe iioaraefdinen (Ripple voltage)
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AMNTEUATEN lﬂUﬂfﬁaﬂﬂ.aﬂ""]ﬂaaﬂ uaraiu LIR1MBINITINENTEUR
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’ ANMIUTUNUT 10D
le = C.dvV/dt teesarees (1)

a ﬁ o & o
URE LD 9T LUWIIITLTENNTEURLUU LANARY

C = IC/(vr.zf\) 089006099 (2)
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2) 10Q7L?ﬂo1ﬂn13uﬂﬂﬁu {Switching or Power converter circuit)
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2.2 100Q7uﬁwﬂ (Push pull converter or Buck-derived converter)
L ]
. é v v e o - o .
pamdalinTudawmed winfwinTeud wavesmTintniii izl (Pirmary)
A - = o8 gm [-]
aa1ﬂﬂ11ngnﬁwuqnﬂgu (Secondary) toniiontae  ToR¥099TULLIAS ANITaM
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watiiddgio  mrliviAutosmnaindigigd 1A Aeuindia (Leakege f1ux)
wat1 IR Ran1sdasihzesunundioutas Limainfon  uaetiem Wi faurediusunin (Spike

om o » s LY ‘ . 2
voltage) QOQWlﬁuﬂﬂ@”@#ﬁ7ﬁ00ﬂuﬂ71uﬁﬂlﬂ07 (Snubber circuit)

zﬂ 2.3 29THIWR (Push Pull Converter)

2.3 243707aWSad (Halfbridge converter) 1oatuuyﬂﬁioﬁwawaaé1e Lo
Visitkpraoainds  anangolfusediuidn ldaoerediy udnﬁfnvuquaerannu1nfu uaL
Mnrndawmed Wufadiia  Snumesoansss aeﬁﬂa1ﬂi1anﬁanoowﬁouﬂaodaoé1eui1oﬁ1
lﬁUﬂTt?ﬂOiﬁ? n3uda e RonoetaeudnfulinTend  (T@INTeR M ImAINTELAR

{naeunTuda inof 188l -
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zﬂ 2.4 QGQTOﬂéwU%ﬂé (Half Bridge Converter)
‘CI A i r-J 13 o d 2 -
Qﬂﬂ7ﬁ0ﬂﬁﬁﬂﬂﬁ8ﬂﬁﬂ?ﬂ0ﬂ01ﬂﬁaﬂ7lﬂuﬂ78?1u1u(seri98 coupling capacitor)
J + (X3 ) 3 d & L] A d o« [ 3
%onaognfuagnunuouﬂaon11un§o AN LRAENTISUNTSTNLIN KAENT1IENALYD SHiD

8 d 1 o ~ d o 3 A
uﬂao1ﬁﬁiuwﬂwunannuLﬂun11ﬂaonun170uﬂ1ﬂaeunuuuauﬂaeﬂv1un§o

nauﬁq;nﬁo1nian (Commutating diode) ifiulnlonfidonsoumoataninad
(Collector) MuBRimet (Emitter) (ipureTmmtasasensfo

O Jensudanedosd  resinenelnTon  arddeewfiinaniaLnadusa
unu{maowﬁauﬂaenﬁuéﬁﬂﬁa (0.C.Bus) F9ifunrrannenuTetusunin (Spike voltage)

2) pousnimelaton fufafdoofinliliusoiunnndon roataninod 55 unef (fu
au Fearimau femns Tifmendawmed 16

aoufniafe lnTonatdos i furinlaTomtinreudi§r (Fastrecovery diode) uat
nuroinldodefondns i inmoaurodn roataninod sfimed (Honsmdained sou

2.4 1ea7gau?n5 (Full bridge circuit)

Mt rsad nswu?ﬂtmafﬁaui1u11iﬁoe1in11u?ﬂtmafﬁﬁﬁﬁﬂnfuuaﬂgeﬁu
FarnTis1nume nn71ivoafgau?n5ﬁ11ﬁnweuaﬁdﬂun11u?atﬂafﬁaﬂniwvaafa15ﬂu?ﬂ5
ponite  wenanbdeinfonenut oAt oL udon uat§one 293 TWINANY
SINTERAIN TR AanTofwamnTeuaR s ndsuned 1ae el

IC = 1.6P0ut0/vin * D000 0000 (2.2)
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1l 2.5 qeasgau?ﬂﬁ il Bridge-convertér)

7 FonldnTudaimof
‘ ‘ r-7.1 [ J o » dﬂ d
nruddwmotuuylyiuaid (Bipolar) TEadafeanuainuhine awu11n1iﬂ11un§oqn

un1rainSerlseam 50 kHz uaeﬁnntQQt§a1unﬁ7a%n?e (Switching loss) N
J L] A ]

HULUNDRLWA  (MOSFET) ﬁea1u17n1i161aa1uﬂ11anqoqaﬂssu1u 200 kHz umiiT1A

3 g r-4 » (- L d

UWIN11 uanawnuTﬂfoafwemaouaatﬂnﬁu131uﬁaanawﬂ1au173 aoufn Lata lnTon s

" e oo 2 > O ¢ o s
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3) wliowtasanange (HiEoe
" o v £ & »
NAITIAIINANHNS (LD INUTD IR
N_/N_ =V /v, vereees (3.1)
w € TR
UALAINANNLT YO IAUINUN LHAN
e = 10 °N.Ae.dB/dt teseass (3.2)
] - ﬁ a
AR TINURTD I LARUT I L HANMUIE LN LATA (Gauss)
1 Gauss = 10™* wb/m”
¥ |
uacﬂwvoawunaQTunudﬂ ATTIILTURLUNT
v v '
WAL INANNTITH IdInN1 Tl TR mAN
Bmax * 10°(Vp.T)/(N.Ae) teesees (3.3)
1un7ﬁnaoﬂﬁugﬂﬂtuﬁﬂu fit79A10 50%
Bmax = 10°Vp/(4.N.f.Ae) vesasss (3.4)
Toef Bmex wihgtfuind uarse mizeifug?

o d 4 3 d
'Jann'limunuuuamlaom'mn:ge

L]

ﬁ%ﬁqnawaﬁﬁﬂﬁﬂ1u17n1iﬁ1unuuﬁauﬂacﬂ11uﬁ§e udﬁﬂﬂu1i1uﬂa3ﬁuiﬁuﬁ (ot
15f  (Ferrite) Fafidimumuniniindlreain 3000 - 5000 1nnd narlinTggL fe
Twuns  C(core loss) N Lﬁanv1uﬁ§ouaxﬁoénﬂﬁanﬁ1ﬁua7nuasn11ﬂ1xnau amse
gﬂi1oﬁacunuﬁﬁﬂu1i huriuougdl E-E, E-1, E-C, wonApsd (Pot core) dmiu
unwonped  SeuldfuTrdumrineidein 20 - 200 Y (losaniniindsain undl
myTensmwioui Lidosin dauunugﬁﬁuae1§1nszﬁuﬁ1ﬁeﬁgoniwﬁ n1T90NUIIMID
uﬂaoﬂ11uﬁ§o wonanm T L Bonunuiivfiosoanuuiianaindnes nrosnuuorautiet fiuliu
moutios L o dewiomu L i1 Tasel

1 |FontinTosunmuatmunvosunnfiae 14

2) \BonTrdumnmmiiuing (Flux density) flat18omTaeR v Munuda
Y d1u¥Utﬂo§1wﬁa§ﬁ Bmax $NI1 3000 \MA

3) AwmnTensuliguligoan -

4) AWMU INUNUNNAIN (Bobbin) i1§1uﬁntﬁﬂcwou?a1ﬁa1n§ﬂsé1uqu

Ae.Ac = 8.68Pout.D.10"/(f.Bmax) vecsses (3.5)
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Susiuidomniae Sumroimdms e uer st iinniediennd é
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Amp.) ﬁodwﬁﬂaaﬂﬁﬂﬂ17§0n51 200 c.m./A

fD t1WtﬁuQL50ntooﬂd1u§m1 %od1n1oi1ﬂmaaaun11ﬂ77§ani1dwn1on11
ptnoles 50% Faatfiodwele

5)  AMWIWIMINTOLIDITARIANULFuNT fonduatfiosmrmiarodaIntion  #n
of1914% AIHUAFND = 400 c.m./A ATENE 1.19 A FIRUFDINTITANTUIA 1.19(400)
= 476 c.m./A ﬁaga1nﬂq1ﬂomu1ﬂ1ﬂaiﬂuwn1§ﬂu (imniued AWG 23 3ntudn

UIMITUIUTOUAINANNIT
N, = 10°V_/(4f.Bmax.As) vereseses (3.6)
6) NT7aRauA7 Bmax War Vin.max 1HolilHiRenBuisesunuannaams 3.4
Bmax = 10°Vin.max/(4N.f.Ae)
7) dﬁuvmﬁugoon11ﬁuﬁﬂa1ﬂ fegneity mauntrTesumihiaIn = 2.509 i

‘ d L4 o
MWININLVDT  AWG 23 LaR8 0.025 ﬂ? azwu1ﬁ§uae 9.509/0.825 = 20 ToU §131

WIMTOULINAY 40 ToU Aeimiinfy 2 Su
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10) NTI38DUINAURUAIN ﬂ1”17nﬂulﬂ31ﬂﬂﬂﬂuﬂ1ﬁﬂ?ﬂ1ﬂ



(11)...

4) dulsensuninlween (Output section)
v o ° 2o v av» a o »
wi1fin1i 9 use sd iR n1ulae Tunsenaadu Idansnaaanienfive i
d L 4 Al 1] L] A' ) |
BIZERPRHLEE Widwlunrenanre  (letaTiunTuande Wi flodremornidnla o

' ﬂ ' v &
wieniiud it 9 ael

o o .J r- L - “' o
D CleTemFanTena i SeenTens  sedoalitaeian FulinTeud
: . (¢ s,
(Recoverty time) #i1 warfutesmmnatontflowesirofaluuoain thivtaTonsTram

[} o ® & d .
Gimnsain il alesildiulaTomnn taToninTeuaifa nTontnteusi Frann
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(Fast and Very fast recovery diode) uauﬁanﬁ1ﬂTaﬂ (Schottky diode)
° I 4 Ko - ' o e é
- MatoainseuaiSanaeisounn  lelontiiantifiussdunnntoy  (lovediretala
‘ o a' o ¥ ] :
wodtseu 0.8 - 1.2 Tan un1iaﬁun1sﬂuu1onu§an11 12 F3InN WAEnTEUERT

ﬁvoL1a1t?uﬁwnseuaa§1uﬂ1euﬁTuﬁuﬁﬁ 117 143 1 8on TnTon 1Nt 9 1281 FatnTe

. ' € v ' \’1
udtoENI 10 InTIMSAtnoTIat 189 (Power  transister) Ureanm 3 (M1 lnTonvini

/\ o -
ﬂquqfﬂﬂuQ““QUﬂTOﬂWQWlsu (PN junction) 15§0ﬁ0 175 9961 L ¥a L Bed

- vonflnTon euTesunnatont Sioved 1aafa lunomi treaa 0.5 Taaf dhe
i Fainseuatosinanat tan dela tnu1zﬂuﬁasﬂiewuﬁ1in1eua§o uzodudn
1aaﬁuLﬁaqmugﬁéafuufoﬁunnnfoutﬁawoftqa§a1uuaaazaﬂaa §o18090 1n Tonvinkao
1ﬂawu1snnuu10ﬁu?tda§a1uuaa16§a tﬁ1ﬁﬁ11ﬁ1uﬂqgﬁud1euna 100 Taant uaefinTe
Wa¥7 (Leakage current) 31N Taﬂtnw1zaﬁ1o§otﬂoqaugﬁ7aaﬁa§o§u F91fian9ewe

1w11sqmwgﬁ (Thermal runaway) 1567&

o ° * ’ & 8 v al Y *s By o
(Ho9nnITiInTtuded 197901 51199 lnToansao s miindsfinartuudn % feniae
. v o .
n7udifaw (Transient voltage) T9IUTINL tua1nTanuqﬂu1nfzua aunTaudlelden
- ‘ . » g o .'
myldatuived (Snubber circuit)  iflofoefiuntaelilnrens AmfunTenadinaeld
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71l 4.1 yearatnaitosinlalon (Snubber Circuit)
LTIAINITAA IR INATTD IR IUNIY uazﬁ1tﬁuﬂfsglaewoafaﬁuLua§15ﬁo§ ZL\‘
Rs® = L_/(Ci.n™) creeens (41D
dauéﬁﬂaaﬁvtﬁuﬂfeg acifonegitwine .01 - .1 F d1ﬁ150ﬁ§qnﬂﬂ1uﬁa
#1Unu (Power dissipated) #u1remtlfain
Pr = Cs(Vin/n)*£/2 cerveee (4.2)
nwsxﬁonﬁ1ﬁ7tﬁuﬂ1zq tﬁuﬁauﬂfdwﬁmﬂaeﬁouonﬁeﬁ1ﬂeﬁ§mtﬂﬂWuveafaﬂutuof
2y g fuiisoolsenisie whatnizentenainreua lnaotn oo ilog
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LM150 ,
LM250 ;
M350 i

Advance Information

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM150/250/350 are adjustable 3-terminal positive voltage
regulators capable of supplying in excess of 3.0 A over an output
voltage range of 1.2 V to 33 V. These voltage regulators are excep-
tionally easy to use and require only two external resistors to set the
outputvoltage. Further, they employinternalcurrent limiting,
thermal shutdown and safe area compensation, making them
essentially blow-out proof. *

The LM150 series serve a wide variety of applications including
local, on card regulation. This device also makes an especially
simple adjustable switchingregulator, aprogrammable output
regulator, or by connecting a fixed resistor between the adjustment
and output, the LM 150 series can be used as a precision current
(z2gulator.

® Guaranteed 3.0 Amps Output Current

3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

K SUFFIX
METAL PACKAGE
CASE 1
(TO-3 Type)

@ Output Adjustable between 1.2 V and 33 V
® load Regulation Typically 0.1%
. . . ({Bottom View)
® Line Regulation Typically 0.005%/V
@ Internal Thermal Overload Protection
® Internal Short-Circuit Current Limiting Constant with Temperature Pins 1 and 2 electrically Isolated from case.
. p Caso is third electrical connection.
@ Output Transistor Safe-area Compensation
@ Floating Operation for High Voltage Applications |
© Standard 3-lead Transistor Packages
® Eliminates Stocking Many Fixed Voltages
STANDARD APPLICATION
Vln vout
P e S LM150 O L 2 @ T SUFFIX
PLASTIC PACKAGE
A, - TASE 221A .
220
'Ad] 240 {TO-220)
o~ » Adjust e " .
R —L- Cin Lt ¢ Pin 1¢ Adjust
T o0.1uF 14F Pin2 v
Ny Pin 3 Vln
Ry 2
- Heatsink surface connected
Pi
e * to Pin 2
* = C;n is required if regulator is located an spprecisble distance from power
supply filter,
** = C, is not needed for stabllity, however it does Improve transient ORDERING INFORMATION
ERONEE R Device Temperature Range Package
Vout=1.25V (1 + -,;3) +1aqj R2 LMi50K | Tj=-55°C10+150°C Metal Power
1 LM250K | T 2-25°C1o+150°C | Metal Power
Since |agj is controlled to less than 100 pA, the error associated with this LM350K Ty=0°Cto +125°C Metal Power
term is negligible in most epplications N LM350T T, 0°C 10 +125°C Plastic Power
This is advance information and specifications are subject to change without notice. © MOTOROLA INC., 1980 ADI-5681




MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 35 Vde
Power Dissipation .PD Internally Limited
Operating Junction Temperature Range LM150 Ty -5510 +150 °C
LM250 -2510 +150
LM350 Oto+125
Storage Temperature Range Tstg -651t0 +150 °Cc
Soldering Lead Temperature {10 seconds) 300 °C
ELECTRICAL CHARACTERISTICS {Unless otherwise specified. V|-V =5 V: 1y = 1.5 A; Tj= Tgw to Thigh [see Note 1]; Prmax = 30 W)
LM150/250 tM350
Characteristic Figure| Symbol Min Typ Max Min Typ Max Unit
Line Regulation (Note 2) 1 Regline - 0.005 0.01 — 0.005 0.03 %/V
Ta=25°C, 3VEV}-Vo<35V
Load Regulation {Note 2) 2 Regioad
TA=25°C, 10mA< I < 3A
Vo< 5V — 5 1 15 —_ 5 25 mv
Vo=25V — 0.1 0.3 — 0.1 0.5 % Vo
Thermal Regulation Pulse = 20 ms — Regtherm — 0.002 - - 0.002 - %/W
Adjustment Pin Current 3 IAdj — 50 100 — 50 100 nA
Adjustment Pin Current Change 1.2 Aladi nA
3V V-Vo< 35V
1I0mA<S I €3A, Pp< Pmax - 0.2 5 - 0.2 5
Reference Voltage (Note 3) 3 Vief Vv
3IVEV-Vo< 35V
10mASIL<3A Pp< Pmnax 1.20 1.25 1.30 1.20 1.25 1.30
Line Regulation (Note 2) 1 Regline ‘%/V
3VE V)-Vo< 35V — 0.02 0.05 — 0.02 0.07
Load Regulation {(Note 2) 2 Regjoad
1IOmAgILS3A
Vos5V — 20 50 — 20 70 mv
Vo=25V — 0.3 1 — 0.3 1.5 %Vo
Temperature Stability (Tjow < 7J € Thigh) 3 Ts — 1 — — 1 - %V0
Minimum Load Current to 3 ILmin mA
Maintain Regulation (V|-Vg = 35 V) - 35 5 - 3.6 10
Maximum Qutput Current ' 3 Imax A
VI-Vo =30V, Pp < Pmax, TA = 26°C 0.3 1 — 0.28 1 —_
RMS Noise, % of Vo — N %VO
Ta=25°C, 10Hz< < 10kHz — 0.003 —_ - 0.003 -
Ripple Rejection, Vo= 10V, =120 Hz 4 RR dB
{Note 4)
Without CApy — 65 —_ — 656 -
Capy= 10 uF 66 80 - 66 80 —
Long Term Stability, T3 = Thigh (Note 5) 3 ] %/1.0k
Ta = 25°C for Endpoint Measurements — 0.3 1 —_ 0.3 1 Hrs.
Thermal Resistance Junction to Case - Reuc °C/W
Peak (Note 8) K Package {TO-3) — 2.3 — - 2.3 —_—
T Package {T0-220) - — - - 23 S —
Average (Note 7) K Package (TO-3) — — 1.5 - —_ 1.6
T Package (TO-220) - - - - —_ 1.6

NOTES:

(1) Tigw = -B5°C for LM150 Thigh = +160°C for LM160
-28°C for LM260 = +150°C for LM250
0°C for LM350 = +126°C for LM360

{2) Load snd line regulation are specified at constant junction temperature.
Chenges in Vg due to hesting effects must be taken into account
separately. Pulse testing with low duty cycle is used.

(3) Selected devices with tightened tolerance reference voltage available.

(4) CApy. when used, is connected between the adjustment pin and
ground.

_ (M) MOTOROLA semiconductor Products Inc. —————

{5) Since Long Term Stability cannot be measured on each device befor
shipment, this specification is an engineering estimate of averag
stabitity from lot to lot.

(6) Thermal Resistance evaluated measuring the hottest temperature o
the die using an infrared scannaer, This method of evatuation yields ver
occurate thermal resistance values which ars conservative whe
compared to other measurement techniques.

(7} The average die temperature is used to derive the value of therm:
resistance junction to case (sverage).




SCHEMATIC DIAGRAM

—O Vin

8.3 v

200 13k

125 k

63V

L

A

O Vout
—0 Adjust

FIGURE 1 —~ LINE REGULATION AND Alpdj/LINE TEST CIRCUIT

Vox-V
Line Regulation {%/V) = _Ou_E X 100
VoL

l l ML Vou
ViL Vin —-] l—

Vout VouL
LM150 * -9

O Adjust 240
R . A
! § 1% § L

i L
Cin ,’: 0.1 uF @ Co 7R 1ur

* Puise Testing Required: A2
1% Duty Cycle

Is suggested. 4 4 °

MOTOROGILA Semiconductor Products Inc.



FIGURE 2 ~ LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT

Loed Regulation (mv) = VO (min. Losd) = Vo (max. Load)

v ~ Vo {(max. Load
Losd Regulation (%Ve) = O {min. Loa\t/jzj : ,O (L - )X 100 VO (min. Load)
vy Vin Vout min, Loa | | v

O (max. Load)
.—?—Oﬁ LM150 —— O L - 7___.
Ry

O Adjust Ry § 240 (max. Losd) §

1% J . _ﬂ; AL

{min. Load)
Cin ;J[: 0.1 uF @ Co N 14F

R2
1%

*'Pulse Testing Required:

1% Duty Cycle is suggested.

FIGURE 3 — STANDARD TEST CIRCUIT

Via

.“—T——o-— LM150
’ O Adjust
s (%)
Cin -/-if 0.1 urF
Ry
A\ N VY

To Caicutete Ro:
Vo = IseT Rap+ 1250V
Assume ISET = 5.26 mA

TR

Pulse Testing Required:
1% Duty Cycle is suggested.

FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT

24 v —
14V f\/ Vin

Vout Vo=10Vv
=120 Hx .——T_o_ LM180 W T
240 O1°
Adjust
R, § 1% 1N4002 §n|_
+
Cin ’F 0.1 uF Co< 1uF Vo
1.08 K iy
. -d o
R2 1% Caoy z':'\ 10 u¥
]
i arbaar 1

— 'D, Discharges Ca py if Output is Shorted to Ground,
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AV, QUTPUT VOLTAGE CHANGE (%)

REFERENCE VOLTAGE (V)

vuf

FIGURE 6 — LOAD REGULATION
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FIGURE 7 — ADJUSTMENT PIN CURRENT
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FIGURE 8 — DROPOUT VOLTAGE
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FIGURE 9 — TEMPERATURE STABILITY FIGURE 10 — MINIMUM OPERATING CURRENT
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FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE
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T WITHOUT C
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I =500 mA

1= 120z

T,=25%
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Vg. QUTPUT VOLTAGE (V)

FIGURE 13 — RIPPLE REJECTION VS. FREQUENCY

-

o
o

I
N IARTY
Vg 10V

o
o

A \ T, =25

=500 mA

\

o
o

N

RR, RIPPLE REJECTION (dB)

~
(=]

N <:ADJ ek
WITHOUT Cp 5 ~P

100 1% 10K 100K 1 10M
1, FREQUENCY (Ha)

FIGURE 15 — LINE TRANSIENT RESPONSE
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RR, RIPPLE REJECTION (dB)

25, OUTPUT IMPEDANCE (12)

AV, OUTPUT VOLTAGE
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FIGURE 12 — RIPPLE REJECTION VS. OUTPUT CURRE
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FIGURE 19 — “LABORATORY"” POWER SUPPLY WITH ADJUSTABLE
CURRENT LIMIT AND QUTPUT VOLTAGE

Os
1
N
IN4002
Vout1 Rsc Vin2
VIN LM150 LtM150
3BV | ving 3} I ° (2) I
0.1 uF p 1 pF
D4 IN400 Tantalum
Adjust 1
_l R IN4001 Adjust 2 _l
- IN40O1 ¢ -
Current i o 5K Voltage 10“':
Limit 2 Adjust
Viet Adjust IN4ADO1 py
R - ——— -
S€ " 1omax * Ipss Q, D3
2N3822
1.25 vV =
lomax * 'Dss
Da OUTPUT RANGE:
0SS Vo< 25V
IN40O1 (o]
-10v Q,y 0<15< 3A
Diodes D4 and D4 and transistor Qg are added to aliow adjustment 2N5640
of output voltage to O volts.
Dg protects both LM150s during an input short circuit.
-10v *

FIGURE 20 — ADJUSTABLE CURRENT LIMITER

FIGURE 21 —- 5 V ELECTRONIC SHUT DOWN REGULATOR

121
K
1N4002

+25 V Vout Rjp Vo — 3% lo
O—1 LM150 ——O0—"\\WN\————————@
Vin 620 Vin
O
[
D1
Adjust A2 IN4001
.
L
** To provide current limiting of o 100 D2
to the system ground, the source of IN40O1
the FET must be tied to a negative
voltage below -~ 1.25 V.
Viet
22 70ss 2N5640
v
Ry = ref
lOmax * DSS
Vo < BVDSS +1.25 V+ Vgg
' min — < lo <3A v »
Asthown0210<2A ss

Vout

LM150

Adj

720

ust —
& MPS2222

TTL
Control

Minimum Vo e = 1.26 V

D¢ protects the device during an input short circuit.

FIGURE 22 — SLOW TURN-ON REGULATOR

FIGURE 23 -~ CURRENT REGULATOR
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LM160
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Adjust
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lout = ('T1') + lagj

1.25V
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APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM 150 is a 3-terminal floating regulator. In opera-
tion, the LM150 develops and maintains a nominal 1.25
volt reference (Vyef) between its output and adjustment
terminals. This reference voltage is converted to a pro-
gramming current (IpROG) by R1 (see Figure 17), and
this constant current flows through R2 to ground. The
regulated output voltage is given by:

R2
Vout = Vref (1 + ET) + |Adj R2

Since the current from the adjustment terminal (lagj)
represents an error term in the equation, the LM 150 was
designed to control 'Adj to less than 100 uA and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will rise.

Since the LM150 is a floating regulator, it is only the
voltage differential across the circuit which is important
tay performance, and operation at high voltages with
respect to ground is possible.

FIGURE 17 — BASIC CIRCUIT CONFIGURATION

Vout

LM1560

Adjust

lAdj

Viet = 1.25 V TYPICAL

LOAD REGULATION

The LM150 is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming resistor (R1) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS

A 0.1 yF disc or 1 uF tantalum input bypass capacitc
{Tin) is recommended to reduce the sensitivity to inpt
line impedance.

The adjustment terminal may be bypassed to ground t
improve ripple rejection. This capacitor (CADY) prevent
ripple from being amplified as the output voltage |
increased. A 10 uF capacitor should improve rippl
rejection about 15dB at 120 Hz in a 10 volt application,

Although the LM150 is stable with no output capaci
tance, like any feedback circuit, certain values of externa
capacitance can cause excessive ringing. An output capaci
tance (Co) in the form of a 1 yF tantalum or 25 uf
aluminum electrolytic capacitor on the output swamp:
this effect and insures stability,

PROTECTION DIODES

When external capacitors are used with any 1.C. regu
lator it is sometimes necessary to add protection diodes tc
prevent the capacitors from discharging through low
current points into the regulator.

Figure 18 shows the LM150 with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Cq > 25 uF, CaDJ > 10 uF).
Diode Dy prevents Cqy from discharging thru the |.C.
during an input short circuit. Diode D2 protects against
capacitor CApy discharging through the I.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Caopy from discharging through the 1.C.
during an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

N

IN4002
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OUTLINE DIMENSIONS

8 c
Fq——- MILLIMETERS INCHES
4 MIN | MAX | MIN | MAX

=
=

L B — {2223 - 0.875

{ € [ 635 [ 143 [0750 | 04%0

CASE 1-03 E -] D_|_ 097 | 1.09 10038 | 0043
(T0-3) veare : S T B x

F | 29.90 | 3040 3077 T 1197

6| 1067 [11.18 [ 0420 | 0340

W | 521 ] 572 10205 | 0235

RoJA = 35°C/W(Typ) ;: 'fg; 12.15 gg?g 0.675
Q| 384 | 4030151 | 0169

s — s = 0.575

T T 0.188

All JEDEC dimensions and notes apply

|"‘5 ""B"’J' MILLIMETERS|  INCHES
g ¢ | DIM[ MIN | MAX | MIN | MAX
S 17 N7l i B A [15.91 [15.75 [ 0.595 | 0.620

__} ;(:)— B | 9.65] 10.29 | 0.380 | 0.405

, A C | 406 4.52]0.160 | 0.150

CASE 221A-02 A ARy F D | 064 0.89]0.025]0.035
{T0O-220) u Ly F | 361 ] 37370142 (0147

1 2l G_| 241 267003510108

T —1ID [ H | 279 330]0.110 10330

i_l- i ; i J | 036 | 0.56 ] 0.014 [ 0.022

=) —’» K {1270 | 14.27 [ 0.500 ] 0.562

RoJa = 65°C/W(Typ) K R ECT/ i L I v14] 127 ]0.045 [ 0.050
J N | 483 53310190 ] 0210

NOTE: PN Q |"254 | 3.04 0100 0120

1. DIM. L& H APPLIES N ',-’—l' L R | 204 2.79 [0.080 ] 0.110

TO ALL LEADS. R S [ 1.14 | 1.39 [ 0.045 [ 0.055

A e T | 597 | 648 [ 0235 [0265

D U_] 076 | 12710030 [ 0.050

Al [ 174 - o045 .

THERMAL INFORMATION

The maximum power consumption an integrated circuit Ts{max) = Maximum Opersting Junction Temperature as listed

can tolerate at a given operating ambient temperature, can be

in the Maximum Ratings Section
found from the equation: 8

T A = Maximum Desired Operating Ambient Temperature
Timax) - TA RgyalTyp) = Typical Thermal Resistance Junction to Ambient

P - 2V lg-vg !
DITA} ™ RgualTye) = Vils-Volo Is = Total Supply Current

Where: PD(TA) = Power Dissipation allowsble st a given
operating ambisnt temperature.

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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