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ABSTRACT

Nowadays, most people use mobile phone for their activities. For example, communicating
with other people, searching many data and entertaining with i'ts program. So, mobile is important in
our daily life. Mobile is operated by power from battery. The battery has to be changed. This project is
to changer the battery at any time anywhere using manpower. The power is converted from mechanical
power to electric power. The condition changing should not last more than 5 minutes due to the heat.

The changing have, for Li-ion battery type Nokia 8210, is 3.48 minutes can be use for 1 minute.
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3.4.1.9 Float Life
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3.4.1.11 Temperature Compensate
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3.5.4.5 Constant Voltage
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3.6.2 Linear Power Supply
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4.1 MInaasg 11mé’faam‘ﬁmummammma’%ﬁaﬁa

4.1.1 glszasAnisnaaes

wenyIndsauluuameTsiia Li-lon laon1siinsianindsaiulu Battery vosilefie

Nokia 31 8210

4.1.2 SevlymInaan

@ s Y o (9 = A A " v
ﬂ’li'ﬂﬂa@\‘iﬂﬂﬂigﬂuu‘lﬂ‘ﬂ'lﬂ'liaﬂﬂiﬁ’,ﬂuﬂﬂ&ﬂﬂiﬂl@\i Battery U83U801® Nokia U 8210 1u

9y
I

PR A ' day o o
Mmz‘ﬂ\lnuwmﬂumaaagmﬂ Iﬂﬂ‘ﬂﬂ‘ﬂ@gmmﬂmai 125

BATTERY PACK : BLC : Nok 8XXX TYPE : Lithium lon
CAPACITY : 650mAh VOLTAGE :3.6 V

TALK TIME : 2-3.2 Hr. - STANBY TIME : 50-150 Hr. CHARGE TIME : 2.25 Hr.

4.1.3 MInaany

E4 v
MINAADIMTH AN IMUAVBILUAADT ummsmamaamﬂu 2 MsNAQBY Ao

4.1 MINAABIMINATNY
lunuames

! y

4.1.3.1 anN1ie Standby 4.13.2 a913% Cycle
(damnieq) damn3eq)

d’ 4 d'
gﬂ‘ﬂ 4-1 LINURNIVDINITNADDIN 4.1
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4.1.3.1 minaaed Javmdsnunnns 19 wall Charger lumsdailszy Tuvsizh Battery oflu

#7112 Standby (1ALAT09) BY

4.1.3.1.1 21925019 lumsnaasen 4.1.3.1

®
-—L’
M\
AC - Wall R =0.7 ohm Mobile
220V Charger anz Standoy
ailanieg)

51 4-2 2905015 lumsnaaeavesnsnaaesii 4.1.3.1

4.1.3.1.2 HaMSNAALIN 4.1.3.1

Time Vi V2 1=V2/0.7 Vil E
(i) \2) V) A) W) (&)
0 6.119 0.071 0.101 0.620 0
1 4.064 0.256 0.365 1.486 89.16
2 4.170 0.250 0.357 1.489 89.34
) 4.249 0.251 0.358 1.523 91.38
4 4.273 0.247 0.352 1.507 90.42
5 4.304 0.246 0.351 312 90.72
10 4363 0.237 0.338 1.477 443.10
20 4.397 0.233 0.332 1.463 877.80
30 4.440 0.230 0.328 1.458 874.80
40 4461 0.229 0.327 1.459 875.40
50 4502 0.228 0.325 1.466 879.60
60 4.524 0.226 0.322 1.460 876.00
70 4.566 0.224 0.320 1.461 876.60
80 4.59 0.220 0.314 1.442 865.20
90 4.633 0.217 0.310 1.436 861.60
100 4.644 0.216 0.308 1.433 859.80
110 7.620 0 0 0 0
120 7.620 0 0 0 0

m3190 42 doya t, V1, V2, 1, P, E veamsnaaesi 4.13.1
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y v o d v o §
31 44 nslanuduiuiszninnszuadunavessnaaesi 4.1.3.1

2 ' <4 . 4 ' 5 10‘20 30‘40‘50'60‘70'80190.100v110 120
a1 (i)
d' o a v v W =
21]71 4-3 ﬂiTNﬂ'J'lllﬂnwuﬁiz'ﬂ'J1\1“,5Qﬂuﬂﬂl')ﬁ’]ﬁlﬂﬂﬂ'ﬁﬂﬂﬁﬂQ‘ﬂ 4.1.3.1
M D
2 3 4‘5‘10‘20‘30‘40‘50'60,70’80‘%‘100 110 120
na1 (i)
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na1 ()

311 45 anmwduiutsendunssuaganmiunmYeInINANeaT 4.1.3.1
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na1 (i)

3l 4-6 namlanuduiuisenhmdsnuiunmvesnsnaaesii 4.13.1
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4.13.1.3 aglwamInaaesii 4.1.3.1
91013 1% Wall Charger luns8alszq luvaizi Battery ogluan1iz Standby (1Hatnies)

o awnsaagl 1Al

Tuv3ana1 =0 8t =120 w11

a = =
Vinay I thaa P (ay

V) (A) (W)

4.863 0.319 1.418

a v =
319N 4-3 ﬁzﬂ‘ﬂ@iﬂlaﬂl@ﬂﬂ’ﬁ'ﬂﬂa@qw 4.13.1
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4.13.2 M3naasy Sanmasnunnms 19 Wall Charger Tumsdalszy luvaizh Batery aglu

@712 Cycle (Uan3eq) of

4.1.3.2.1 N5 lFlumsnaanin 4.1.3.2

—_—

dAA%
AC Wall R=07 ohm Mobile
220V Charger aAne fycle
Janisq)

1l 47 2003 1Flumsnaaesvasnisnaned 4.13.2

4.1.3.2.2 HaNNAABIN 4.1.3.2

Time Vi V2 I=V2/0.7 | P=Vil E
() ™) V) (A) W) &)

0 4.40 0.255 0.364 1.602 0

1 4.61 0.255 0.364 1.679 100.740

2 4.70 0.251 0.358 1.685 101.100

3 4.75 0.246 0.351 1.669 100.140

L 4.71 0.243 0.347 1.655 99.300

15 4.80 0.241 0.344 1.652 99.120
10 4.83 0.235 0.335 1.621 486.300
20 4.86 0.232 0.331 1.610 966.000
30 4.90 0.229 0.327 1.603 961.800
40 4.92 0.227 0.324 1.595 957.000
50 4.94 0.225 0.321 1.587 952.200
60 4.917 0.224 0.320 1.590 954.000
70 5.00 0.222 0317 1.585 951.000
80 5.04 0.219 0.312 1.576 945.600
90 5.05 0.218 0.311 1.572 943.200
100 5.06 0.216 0.308 1.561 936.600
110 7.67 0 0 0 0
120 7.67 0 0 0 0

M319h 4-4 Joya t, V1, V2,1, P, E 48ImMsnaansii 4.1.3.2
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1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 110

nan (i)

4 v o J v o a
;i"llﬁ 4-10 ﬂ‘i1ﬂﬂ'3’lilﬁll‘wuﬁi$'ﬂ’élwﬂiSllﬁﬂmnﬁ'lﬂﬂnaﬁlENﬂ”I‘i‘Y\ﬂﬁEN“ﬂ 4.13.2
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4.1.3.23 agwamsnaas 4.1.3.2

39

11AM3 19 Wall Charger un138aisey luvazii Battery aglumnnaz Cycle Wanies) of

annsoagal1fdsil
Tuy a1t =0 949 ¢ = 120 117
3 2 x|
Vinay | Lwdy | Pinde
W) (A) (W)
5.163 0.333 1.615

319N 4-5 a3Uwan1INAaBIN 4.1.3.2



4.1.4 ayUwamsnaasan 4.1

v
Mnkan1snAes ausoagil 1adail

V 1nde 1indn P 10
TNy W) (A) (W)
Standby (lan3ee) |  4.863 0319 1418
Cycle @aunioy) | s5.163 0333 1615

ms1f 46msagldeyailAninmsnaaesh 4.1
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31 412 nsminsagildeyaiilaninnisnaaesii 4.1
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fimnaryalszang 9,000 J
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v
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o My A o a4 A Aa Y VA A g
4.2 manaaee mindsnuilan3esdalszquuaneiieteiiinemly laaseiieteilulvan

4.2.1 ylszaanmsnaaes

A = @ dy ¥ A4 o A o
ey Inasun 1dnninsesdadlse guuanes ndiviena li

4.2.2 (oulymsnaaes
o ] » & Y
msnaasdlavlidnsisounisvyulagld Induction Motor iy ietlszguummes vy 1

seU/AW, 2 50UAWT, 3 5oU/AUd, 4 s0U/3UTi TavAsiietio Nokia 8210 fiegluan1ig Cycle

@aun3eq) ogilunan

4.2.3 MInaasg

msnaaedtsesndly 1 msnaaouail 3 diufoe

42 minaasamwnainulasly

Induction motor

o\
nyun3v9aLlszy
d' ! . o A
HUAMBINIVIHDS
< i) [
2 sau/ U 3 seuAnn 4 50U/07

311 4-13 urnAaveINIINAteIN 4.2

4.2.3.1 2199501FluMIsSNARRIN 4.2

2 50U/s,
350U/s,
430U/s W\l
R =0.7 ohm
Induction Battery Mobile
motor Charger

= =q 9 -
31 4-14 2093019 TumsnanesveIMINAABI 4.2



[RELITAY)

42

38

3.6

34

32

4.2.3.2 HaMsNAaeIN 4.2

Time V2 V3 V4
(s) ™) ™) ™)
0 3.50 4 4
30 3.67 3.95 4
60 3.60 3.85 4.15
90 3.60 3.95 4.13
120 3.55 3.95 4.08
150 3.60 3.92 4.05
180 3.60 3.93 4.10

13191 4-7 Joyaus sdu (2, 3, 4 seU/AUTN) V8INTNARBT 4.2

42

330uAMT

/‘\A Zjuuf')mﬁ
0 30 60 90 120 150 180

no1 Gwii)

Ul 4-15 nsinnuduiussenas ey (2,3, 4 500/31H) funawesmsnaash 4.2

Time I2 I3 I4
(s) (A) (A) A)
0 0.129 0.243 0.286
30 0.121 0.236 0.271
60 0.123 0.229 0.271
90 0.129 0.231 0.257
120 0.121 0.236 0.257
150 0.114 0.223 0.264
180 0.086 0.219 0.264

19190 4-8 Joyanszud (2, 3, 4 59U/AUIN) YBIANINARDIT 4.2
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noy Gnd)

y v o ' a o 4
gﬂﬁ 4-16 NI INANUFUNUTIEHINNTZUE (2, 3,4 T8VAUIN) NUIAIVBINITNAADIN 4.2

Time | P=Va2l | P=V3l | P=Val
() W) (W) (W)
0 0.452 0.972 1.144
30 0.444 0.932 1.084
60 0.442 0.882 1.125
90 0.464 0.912 1.061
120 043 0.932 1.049
150 0.41 0.874 1.069
180 0.31 0.861 1.082

M 31971 49 Jo3AUS WURRUNTIAU (2, 3, 4 581/3UIN) YINsNARBIT 4.2

4300AuR N A
A X -
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B T W Nl G

3s01AMH

250047
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na ()

51 4-17 s duiuss e s sugunszue (2, 3, 4 590/3uTH) funalvesmsnaassii 4.2




ndam ()

250
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50

Time E2 E3 E4
() () @ Q)

0 0 0 0
30 13.32 27.96 32.52
60 26.52 52.92 67.50
90 41.76 82.08 95.49
120 51.60 111.84 | 125.88
150 61.50 131.10 | 160.35
180 55.80 154.98 | 194.76

M319% 4-10 Yoyandsan (2, 3, 4 50UAUN) VOIMINADIN 4.2
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s 4-18 ASIHANTUANIUTWAIIU (2, 3, 4 8U/AUI) AUIA1UBINTNAADIN 4.2
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14 Induction Motor ¥ty 1 58UAUT, 2 58U, 3 soUAUM, 4 59U Tauseiione

Nokia 8210 fieluanng Cycle (Manse) egifulnan 1nmsvaaes

y
aunsaagl1adedl

Turanal t=0 84 t = 180 311

?'1 Wmin%‘asauquu \'% lﬂéﬂ 1 lﬂéﬂ P lﬂéﬂ
w) (A) W)
2 5oUAUT 3558 | 0117 | 0421
3 50U/AUM 3935 | 0231 | 0.909
4 500/ 3UM 4072 | 0267 | 1.087
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43 msnaaed Mdszansamvensesnld LM 317 lunmisdadszquuaines 1aail DC Source 1y

. T, 1 A A
unasny uazneieaailulviaa

43.1 galszaennsnaans
wilszAnTnmvesaaesiild LM 317 lumssailszquuaines Taoll DC Source (Huumnds

] L -
910 uazaeileteiiuIvan

43.2 [eulumInaaes
Tumsnaasslaeld DC Source iuunassioltaees LM 317 lasdoilofodiulnan waz'ld

fmsUSua R2 = 750 ohm, 1000 ohm, 5000 ohm 112995

4.3.3 M1Inaasg

uﬁamsm\aamam‘f]u 3M1INAa8Y o

4.3 aranaasamissa@nsan
¥8423039 LM 317

v v

Tagneinnuilade
4.3.3.1 43.3.2 4333
R2 =750 ohm R2=1000 ochm R2=5,000 chm

51 4-20 unuAsYRININAGRIN 4.3
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433.1 minaaed Jamisz@nsamueaeshily LM 317 lumsdatszquuane’ Tasll DC Source

Slunvaste uazasiienatlulvnaauaz sy R2 1 TAWMNY 750 ohm

43.3.1.1 19501 lumsnaaen 43.3.1

LM317 g

R =0.7ohm

%
~ C=10x10F CVD

R =240 ohm
IAdj l

% R,=750 ohm

; 4 4
gt 42190050 15 unisnenesvesmsnaaesi 433.1

+
DC >

4y

o — =~ o o 2




43.3.1.2 HanInaasdi 433.1

48

I in (A) Vi (V) V2 (V) 2 (A)
Vin (V) (No load) | (Onload) | (Noload) | (Onload) | (Noload) | (Onload) | (On load)
5.0 0.002 0.003 3.69 3.62 0 0.001 0.001
52 0.002 0.003 3.86 3.79 0 0.001 0.001
5.4 0.003 0.003 4.03 3.97 0 0.001 0.001
5.6 0.003 0.030 421 3.92 0 0.013 0.018
5.8 0.003 0.063 4.38 398 0 0.028 0.040
6.0 0.003 0.097 4.56 4.05 0 0.044 0.062
6.2 0.003 0.112 4.75 4.13 0 0.064 0.091
6.4 0.004 0.167 4.94 4.20 0 0.078 0.111
6.6 0.004 0.170 5.12 4.27 0 0.093 0.132
6.8 0.004 0.200 5.21 4.28 0 0.097 0.138
7.0 0.004 0.239 521 4.35 0 0.110 0.157
72 0.004 0.280 D21 4.46 0 0.131 0.187
74 0.004 0.320 5.21 4.54 0 0.148 0.211
7.6 0.004 0.300 5.21 4.50 0 0.132 0.188
7.8 0.004 0.320 5.21 4.54 0 0.148 0.211
8.0 0.004 0.327 §:21 4.57 0 0.153 0.218
8.2 0.004 0.320 521 4.55 0 0.149 0.212
8.4 0.004 0.320 5.21 4.55 0 0.146 0.208
8.6 0.004 0.320 5.21 4.55 0 0.146 0.208
8.8 0.004 0.320 5.21 4.55 0 0.146 0.208
9.0 0.004 0.320 5.21 4.55 0 0.146 0.208
9.2 0.004 0.320 5.21 4.55 0 0.146 0.208
9.4 0.004 0.320 5.24 4.55 0 0.146 0.208
9.6 0.004 0.320 5.21 4.55 0 0.146 0.208
9.8 0.004 0.320 5.21 4.55 0 0.146 0.208
10 0.004 0.320 5.21 4.55 0 0.146 0.208

@137197 4-12 oY@ V input, L input, V output, L output 489013 N0a0IN 4.33.1
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433.13 a;ﬂwamimamﬁ 43.3.1

nnmstandszaniamvesaesfild LM 317 lumssalszyuuaines Taud DC Source
Huundsie uazaeiledeiiulvanuazdliu R2 WTis w1 750 ohm

asoagy 18&d

ﬁaﬁm:gné’aﬂszquumma’? @iofl Vin=56V,Vout=392V,Iout=00I8 A

V out 9gdin lutfiu 521 Vuaz I out 9ziian 1aitfiv 0.218 A
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43.3.2 manaaed nlszAnEnnyessild LM 317 lumsdadssquuanes Tauli DC Source

Fluuma 910 uazaeiisteilulrnaauazisy R2 TR UMY 1,000 ohm

43.3.2.1 299501 luMInAaen 43.3.2

Vin

LM317

RF= 240 ohm
lAdjl

% -
Beg ﬁ'{ c=tox0r \ V!

% R,=1,000 ohm

sl 424 2005015 unsmenesvesnisaaesh 4.3.3.2

n = = o o Z

o



43.3.2.2 Han1InNaaodi 43.3.2

)

Iin (A) Vi) V2 (V) 2 (A)
Vin (V) | (Noload) | (Onload) | (Noload) | (Onload) | (Noload) | (Onload) | (On load)
5.0 0.002 0.002 3.73 3.62 0 0.001 0.001
5.2 0.002 0.002 3.90 3.78 0 0.001 0.001
5.4 0.002 0.002 4.07 3.95 0 0.001 0.001
5.6 0.002 0.032 4.12 3.93 0 0.007 0.010
5.8 0.002 0.077 4.37 4.01 0 0.014 0.020
6.0 0.002 0.112 4.50 4.10 0 0.033 0.047
6.2 0.002 0.154 4.75 4.18 0 0.052 0.074
6.4 0.003 0.183 4.92 4.20 0 0.071 0.101
6.6 0.003 0.225 5.05 433 0 0.085 0.121
6.8 0.003 0.271 5.30 4.43 0 0.105 0.150
7.0 0.003 0.316 5.45 4.52 0 0.126 0.180
72 0.003 0.365 5.64 4.53 0 0.148 0.211
7.4 0.003 0.401 5.83 4.72 0 0.171 0.244
7.6 0.003 0.450 6.01 4.81 0 0.190 0.271
7.8 0.004 0.499 6.15 4.92 0 0.212 0.302
8.0 0.004 0.555 6.35 5.00 0 0.234 0.334
8.2 0.004 0.588 6.71 5.11 0 0.263 0.375
8.4 0.004 0.634 6.72 5.21 0 0.277 0.395
8.6 0.004 0.692 6.72 5.32 0 0.284 0.405
8.8 0.004 0.744 6.72 5.41 0 0.330 0.471
9.0 0.004 0.820 6.72 5.63 0 0.356 0.508
9.2 0.004 0.889 6.72 5.78 0 0.389 0.555
9.4 0.004 0.930 6.72 5.86 0 0.417 0.595
9.6 0.004 0.930 6.722 5.88 0 0.439 0.627
9.8 0.004 0.930 6.72 5.85 0 0.429 0.612
10 0.004 0.930 6.72 5.85 0 0.429 0.612

A3191 4-13 4934 V input, I input, V output, T output 483015NARDH4.3.3.2
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43323 agUnanmsnaaeai 433.2
a a Hq ¢ o = <)
snmsmlszanEnmyenaesild Lv 317 lumssailszquuaiae’ Taoll DC Source 1u

uHae 318 wavaeienadiulranuazdlsy R2 IRlAUMIAY 1,000 ohm

v
annsoagllaned
fiofioszgnoatszyuunass iiell Vin=56V,Vout=3.93 V,lout=0010 A

V out 9iian 1itAu 5.85 V ua 1 out 9ziinn laiifiv 0.627 A
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4333 msnaass MszAnamvesisesild LM 317 lumsdadszquuane’ Tavli DC Source

Shuunda 910 uazasieediuInaauazilsy R2 TTAWMND 5,000 ohm

43.3.3.1 2995019 lumsnaasi 4333

Vin

LM317

R= 240 ohm
IAdjl

w ]
e ﬂ: c=toxt0r \ V!

% R,= 5,000 ohm

g1l 427 2951 i TunmsneaesveimInanesi 4333

® = = o o X




43.33.2 Haninaaadn 4333

56

1in (A) Vi(V) V2 (V) 12 (A)
Vin (V) | (Noload) | (Onload) | (Noload) | (Onload) | (Noload) | (Onload) | (On load)

5.0 0.002 0.001 4.17 3.90 0 0.001 0.001
52 0.002 0.002 4.36 3.94 0 0.001 0.001
54 0.002 0.005 4.56 3.90 0 0.003 0.004
5.6 0.002 0.020 4.75 3.76 0 0.010 0.014
5.8 0.002 0.035 4.94 3.79 0 0.017 0.024
6.0 0.002 0.052 5.14 3.83 0 0.027 0.038
6.2 0.002 0.075 5.33 3.86 0 0.036 0.051
6.4 0.002 0.076 5.52 3.88 0 0.038 0.054
6.6 0.002 0.087 5.72 3.88 0 0.042 0.060
6.8 0.003 0.105 5.91 3.92 0 0.052 0.074
7.0 0.003 0.135 6.11 3.86 0 0.064 0.091
7.2 0.003 0.160 6.30 4.03 0 0.079 0.112
7.4 0.003 0.192 6.49 4.09 0 0.097 0.138
7.6 0.003 0.230 6.69 4.13 0 0.110 0.157
7.8 0.003 0.267 6.88 4.20 0 0.127 0.181
8.0 0.003 0297 7.08 429 0 0.145 0.207
8.2 0.003 0.365 7.21 4.44 0 0.174 0.248
8.4 0.004 0.416 7.46 4.46 0 0.196 0.280
8.6 0.004 0.454 7.66 4.54 0 0.227 0.324
8.8 0.004 0.514 7.85 4.65 0 0.244 0.348
9.0 0.004 0.550 8.04 4.72 0 0.266 0.380
9.2 0.004 0.606 8.24 4.83 0 0.292 0417
9.4 0.004 0.678 8.43 4.94 0 0.322 0.460
9.6 0.004 0.723 8.63 5.03 0 0.348 0.497
9.8 0.004 0.808 8.82 5.15 0 0.378 0.540
10 0.004 0.870 9.06 5.30 0 0.416 0.594

M5190 4-14 i’fay‘a V input, I input, V output, [ output YBINSNAADIN 4.3.3.3




% EFF

11399 output
w
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5 52 54 56 58 6 62 64 66 68 7 72 74 76 78 8 82 84 86 88 9 92 94 96 98 10

U3IAY input

4 5 v o & 1 Iy o o 1
7111 4-28 A5 INANNAUNUB58M 11905 99U Tnput 1D 1FIA Output YBININARBIN 4.3.3.3

T T T T T T T T T T T T T T T T T T T T T T

5 52 54 56 58 6 62 64 66 68 7 72 74 76 78 8 82 84 86 88 9 92 94 96 98 10

WS (V)

Ui 420 nsdmawduiutsendnaus sduiiu % EFF vesnsnaaesii 4.3.3.3
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43333 a;ﬂwammﬂamﬁ 4333

vnnsmlszAntnmuensesfily LM 317 lumssadszquumnes Tasii DC Source il
uvas 910 azasienatiuTvaauazdlsy R2 1HTA MY 5,000 ohm

amsaagl 18R

flefevzqnémlszquunined el Vin=56V,Vout=3.76 V,1 out=0014 A

V out 923a1 10tHU 5.3 V uag 1 out 923iA1 13iAu 0.594 A



43.4 agnamanaaeai 43

b

nnransnaass aansoagy 18
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naﬂngﬂﬂﬂﬂixmmﬂmai $13]

59

R2 =750 ohm R2 =1,000 ohm R2=5,000 ohm
Vin V out I out Via V out I out Vin V out I out
*5.6 3.92 0.018 5.6 3.93 0.010 5.6 3.76 0.014
**6.8 52 0.218 9.6 5.85 0627 10 5.30 0.594

a314i 4-15 Yoyah 1Asnmsnaaeii 4.3
P v A4 o =
* nued us Ui udals e quunnes

Py o A
¥ UUU09 LIIAUNY Output qqq@

aafiluminasewalszguuamssninunadinnszians ¥ s LM 317

11000 LS HBI3D LIBUSITHINNN I 3.92 Volt
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4.4 MINARBY HWMIIWHKAZNIZUAYBI Motor Taelisorusaslumsdalszquuaines Taasie

Vv [
anumumuiulvaa

4.4.1 ylszaenmanaass

A K o o P Y [ = A
IWOANY WS IAULAZNTSUTYDY Motor 7191029937 15 lumsdatlszquunnes lasiide R
(4 Load

4.4.2 (ulymsnaans
AINAABANON T WUUIZATZUAVDI Motor 18 luder 112395 latae uazae Inaadlu
AMUAUNMUATAUNIAY 2 ohm, 7 ohm, 20 ohm, 47 ohm, 100 ohm, 200 ohm, 500 ohm, 1 k ohm lag

9 S Ady ' v o
ﬁuuﬂ?ﬂﬂ?TNﬁQﬂ‘lﬂlﬂ"lﬂu

4.4.3 MINAad3

r~? 1 ' 1 A
mimamﬁlu@amﬂu 1 MIinanod umxmaam“ﬂu 407U A

4.4 MInAasImn vV
uaz [ 919NI3HIYU Motor
Tasaenun A MY

0.5 s8uA MM 1 seunni 1.5 s8v/01 2 VAR

31/ 4-30 unuAsteINIINAGBNT 4.4

4.43.1 21995015 1UNIsNAAB

Motor R

51 4-31 2095015l umsnanesvesmsnaansii 4.4



4.4.6.2 HamInaaol

61

V(V)
d@sMsuyW | rpm | R=2 | R=7 | R=20 | R=47 | R=100 | R=200 | R=500 | R=1k
0.550UAUH | 960 | 0.14 | 044 1.04 1.78 2.42 3.03 3.55 3.49
1 59U/AuH 1920 | 025 | 0383 1.94 2.36 493 5.89 6.99 7.09
1.530UAUW | 2880 | 034 | 1.09 3.02 4.77 6.80 8.55 9.22 10.23
2500 | 3840 | 039 | 130 2.69 6.17 9.14 11.59 13.4 14.20

M9 4-16 Yeyaiildnnnsnanesi 4.4




4.4.4 agilnanismaneai 4.4

b d

Yo A
NAWaMINAaes ansodyllAdsl

sas1souMInYY (30u/3UM)

(}19ABINSUTIH Output szana sV

R =47 ohm

R=1000hm | R=200ohm

R =500 ohm

R=1k ohm

1.5-2 390U

1-1.5 391 139U

139U

199U

A31afl 4-17 agilwanisnaaeai 4.4

62
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4.5 manaass nidszdninmvenesily LM 317 lumsdalszquuames Taamsnau Motor

v 1T A A
WS HazARipaaiulrian

4.5.1 Qﬂﬂiztﬁﬁiﬂi‘nﬂﬁﬂ@

ilsedninmmuesaensily LM 317 lumsdadsz quuames Taon1svyu Motor HIU2995

uazasienoiluInan

45.2 SeulynmInaass
msnaasien1szdninmuennsnlyd LM 317 Taua1suyu Motor Fiunsesiasaeiie

dodulnan Tastlsu R2 = 750, 1000, 2000 ohm

4.5.3 MInaasg

uﬂqmsmamaamflu 4M35YAa0e AO

4.5MINAABINYY
Motor
) 3 d 4
H1M905)ATABINIHDDD

Y Y v wl

4.53.1 4532 4533 4534
R2 =750 ohm R2 = 1000 ohm R2=2000 ohm R2 = 5000 ohm

311 432 unuiavasn1svinaeed 4.5
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453.1 minaaea vlszansamesnesild LM 317 lumsdatlszquuames Taumsmyu Motor

runsesuazaeiieneoiiy Inaauazliu R2 A UMAY 750 ohm

45.3.1.1 2905 lumImaaesi 453.1

R =0.7 ohm

Ve LM317 L‘“]L—'\/\/\/—

R =240 chm
1 M
Ly

',T{ C=1.0x wF (Vi

[% Motor

a/l

-
=0.1 x10 F

in

Y|

R1= 750 ohm

by

510t 433 2995 1FlunInAnesvRIMITNATEIT 453.1

4.5.3.1.2 namanaasdi 4.5.3.1

Input Output
rpm A% I P in (W) Vi V2 12 Pout (W)| % Eff
960 3.54 0 0 3.51 0 0 0 0
1920 5.49 0.024 0.133 3.79 0.013 0.018 0.070 52.791
2880 5.74 0.061 0.352 3.86 0.038 0.054 0.209 59.427
3840 6.07 0.085 0.520 3.93 0.057 0.081 0.320 61.507

AN5197 4-18 %aig,a V input, I input, P input, V output, I output, P output, % EFF ¥8aN1INAADIN 4.5.3.1




WU (V)

% EFF
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—*= Vinput

—8-V output

960 1920 2880 3840

205230 (rpm)

4 o o 1 o o < 1 1
51 4-34 namlma ARSIz e U iR S5 UAI8 9 Y83MITNARBEN4.53.1

960 1920 2880 3840

finrmisi3ew (rpm)

< o o ' { < ' {
5171 4-35 s A FURUTIZHINE % EFF INNUI5250UA 1 9 999015NAa090 4.5.3.1
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453.13 a;dwamsnaamﬁ 4.53.1

vszAntnmuensesfild LM 317 lumssalszquuains’ Tasnsvagu Motor AL2993
uazaeiledoiiunanauazil¥y R2 WA w1 750 ohm

asoagy 188l

A a4 A s o g [ o " @
UDNBLIUYITY NANULIATOU 3840 rpm i)$1ﬂL!.‘5~3ﬂu Output tN1U 3.89 V
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4.53.2 manaaed Milszansameeseesild LM 317 lumssadssquuane’ Tavaisviyu Motor

runeesuazdeieteiiu Tnaauazl$y rR2 WA 1,000 ohm

4.5.3.2.1 21995015 lumInaan i 4.5.3.2

Vin

Motor

LM317

Voud

by |
=71

in

Ri=240 ohm

Rz= 1,600 ohm

-

™~

A

C~10x10°F QD

108

R =0.7 ohm

1’_'\/\/\/_

- - o o Z

g1l 4-36 29057 1 lumsnano eI nAani 4.53.2

4.5.3.2.2 Wan1inaasdi 4.5.3.2

Input Output
rpm Vv I P in (W) Vi V2 12 P out (W) % EFF
960 3.62 0 0 3.50 0 0 0 0
1920 5.50 0014 0.078 3.74 0.014 0.020 0.074 95.200
2880 571 0.060 0.342 3.90 0.039 0.055 0.217 63.422
3840 6.02 0.094 0.567 4.00 0.058 0.082 0.331 58.391

A1519% 4-19 i’fay‘a V input, I input, P input, V output, I output, P output, % EFF Ypansnaashi 45.32
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6
5 /
> = —a
;,/,/H
3
2
—*= Vinput
! —&~ V output |
0
960 1920 2880 3840

finnn3158Y (rpm)

! o o t o =] 3 1
g1t 437 ngwlar i uiszndnaussfuiinanisasoud e ) veansnaaesii 4.5.3.2

960 1920 2880 3840

A8V (rpm)

y v o ¢ ' 1 =4 3 4
51l 4-38 n3 A WFURLTIZN 19 % EFF 10523500/ 9 ¥99m5naaedii 4.5.3.2
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4.83.23 agwaminaassi 4.53.2
wilszanEnmuenwsily LM 317 lumsdadszquuaned Taunsniu Motor H1112993

nazeeiletodlu Inaauazdlsy R2 1ATA A 1,000 ohm

y
annsoagl 1Ad il

a ¢ o g o [ Y
flataisuTe Ainnusa3eu 2880 rpm 92 115 94U Output (NAV 3.9V
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4533 manaasa Mlszaninmeessesily LM 317 lumsdadszuuame’ Tasnsuiu Motor

runsiazaeilenotunaatazlsy R2 WHA WY 2,000 ohm

4.5.33.1 2903715 lumMInaan 453.3

Via

l% Motor

LM317

N

A}

~
C

in

3
=0.1x10

F

2 R 52,000 ohm

R|=240 ohm

~ Q,=l.0x166F QD

O

R =0.7 ohm

v

8 = - o o Z

301 4-39 299571 15 lunsnanesrenIsnaaei 4.5.3.3

4.53.3.2 Hanmnaaeen 4.5.33

Input Output
rpm \% I P in (W) Vi V2 12 Pout(W) | % EFF
960 3.65 0 0 3.51 0 0 0 0
1920 435 0.015 0.068 378 0.009 0.012 0.048 71.097
2880 5.00 0.062 0314 3.90 0.044 0.062 0.245 78.000
3840 5.96 0.095 0.570 4.01 0.060 0.085 0.343 60.252

A15191 4-20 "l’l’f:)ialla V input, Linput, P input, V output, I output, P output, % EFF YoIMINAaBsi 4.5.3.3




% EFF

u33iu (V)
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—*= Vinput

—&— V output

960 1920 finnu§239Y (rpm) 2880 3840

1 L A4 3 o A < [ §
51 4-40 3l Fuiuisznd s WuiinmTIsee1e  Y8INTNAABH 4.53.3

/ 5|

960 1920 2880 3840

- @
NAMHITITRU (rpm)

: o @ ' 1 I N '
51 4-41 3l WFRIUTTENI % EFF NA15250U6 1 ) 9930159A00471 4.5.33
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45333 agilwami*nﬂamﬁ 4533

wtlseAnEamusnes iy LM 317 lumssadsequunae’ Taomswiu Motor Aua993
wazaeionailuInaauazlsy R2 WHlAwmY 2,000 ohm

annsoagldged

A A a s d v o Y
UINDLIUFITI NANNIITOU 2880 rpm ﬂslﬂlﬁ\iﬂu Output MmnNu 39V
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4.5.3.4 mM3naaed sz aninmvesasesild LM 317 lumsdaszquumned Tasmsviyu Motor

dunssiazaeileneiiuInaauazlsu R2 WA UMIAY 5,000 ohm

4.53.4.1 21905015 lumInaaeh 45.3.4

Via

[% Motor

LM317

lAdjl

Ay
A/l

-
=0.1x10F

in

R = 5,000 ohm

R o 240 ohm

Ay

< C=10x10F Q’D

O

R =0.7 ohm

- - o o Z

511l 4-42 20930 1 lunsnaaesveIntInAaesi 4.5.3.4

4.5.3.4.2 Hansnanem 4.5.3.4

Input Output
rpm \Y I P in (W) Vi V2 12 P out (W) | % EFF
960 3.70 0 0 3.50 0 0 0 0
1920 5.52 0.014 0.078 3.78 0.009 0.012 0.048 61.630
2880 5.59 0.040 0.223 3.83 0.024 0.034 0.131 58.727
3840 5.61 0.060 0.336 3.89 0.038 0.054 0.211 62.736

M15197 4-21 Y83A V input, Linput, P input, V output, T output, P output, % EFF YBININAADIN 4.5.3 4




i (V)

% EFF
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—*= V input
—#=V output
960 1920 XYY 2880 3840

" T [ o & < [ {
3‘1]‘?1 4-43 N AT URUTIZH NI IAUNANNSTITOVA 9 "U'E']\‘iﬂ’li‘ﬂﬂﬁ?)\‘iﬁ 4534

e Voan|
960 1920 2880 3840

N1A1M5138 Y (rpm)

Y o o 3 { =1 3 {
5111 4-44 n3RELTUTIZN 19 % EFF NA5950019 9 993n1snaaesi 4.5.3.4
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453.43 aplwaminaaodi 4.53.4
wilseanEn eI iy LM 317 lumssaissuuames Taun1snsu Motor H1U393

nazaoiedeluInaauaz sy R2 WiiAumAv 5,000 ohm

9y
aunsoagil 1Aded
P s A < 9y o " @
fiofoiaums s finnwuis2301 3840 rpm 92 1ALTIAU Output 111NV 3.89 V
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454 a;ﬂwamimamﬁ 45
nHamsnaaes aunsoagyl A
R2 =750 ohm R2 = 1,000 ohm R2 = 2,000 ohm R2 = 5,000 ohm

Rpm V out I out V out I out V out I out V out I out
960 0 0 0 0 0 0 0 0
1920 3.79 0.018 3.74 0.020 3.78 0.012 3.78 0.012
2880 3.86 0.054 390 0.055 3.90 0.062 3.83 0.034
3840 3.93 0.081 4.00 0.082 4.01 0.085 3.89 0.054

maan 4-22 mragildeyaveus sfu Output uaznszuea® 18NN NARRT 4.5

405
oo :
4 o hoany 1920 rpm
ST
=
EA & g
3.95 AT 2880 rpm
S5
=
o R & 3840 rpm
3.9 AR SR
Aok
SA R oeE
AR A Ty
s 38 SAY
g S
Z MR TR SRR
z AN A A ] mv
i 38 Sy
i i o 2o
AT Y
A g RASSY
37 9 MaE
FASAH s
87 RA%aY
RSNy
T SRy
RASTY
205 Y
3.65 2 IR e
ARAG A R T
202G GRS Y
Y b ATy
VRS LRAT PoRnY
AARS AR
36 } : :
R2 =750 ohm R2 = 1,600 ohm R2 = 2,000 ohm R2= 5,000 ohm

X v o 1 @ 1 < ' .
51l 4-45 AsWAIFLTLFIEMTIUTAU Output NAIMITITBUAN 9 YBINTNAADIN 4.5



nIZUT(A)
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R
0'0 B e | A A A
ATas T /4 1920 rpm
A A
P ARRA
0,07 AR bAoA A
. e Ay 1=
AN Paaa 2880 rpm
nAnRRy ARy
AN IRy
Y
AR AN
0.06 rany B 3840 rpm
OARY ARR i e
AN
AARY U]
AR S
0.05 SANY A
. A AN
A RAAT
A ARy AR
AN N
AR
AR Y
AL FARAA
7 A A A
RS
0.03 A
. AARY A
AN A SonY
AN AN ARRA
AN A PN
AAAAY ALY Y
0.02 ARy AR
A SANA
AN A N
AR AT
AR A ¥ AT
ALY FARTA
0.01 AT AN wears
AR AARY AN RATRRY
AN A N
AN AN AN RARRA
A PARAA RAAA
AN RAAAA
A FARRY A Raand
0 A T A A
T T
R2 =750 ohm R2 = 1,000 chm R2 = 2,000 chm R2 = 5,000 ohm

: v o ' H o 3 .
51 4-46 nswlanudustusssndisnszua Outpur MAMTITOUAIS 9 YBIMINARDIT 4.5

% EFF

rpm

R2 =750 ohm

R2=1,000 ohm

R2=2,000 ohm

R2=5,000 ohm

960

0

0

0

0

1920

52.791

95.200

71.097

61.630

2880

59.427

63.422

78.000

58.727

3840

61.507

58.391

60.252

62.736

19190 4-23 nsagidieyaves % EFF fildsiantsmacesi 4.5

100

90

1920 rpm

80 & 2880 rpm

Ed 3840 rpm

70 1

% EFF

60

50 -

40

30

20

10 -

T eTarrasy

A

A~

AAAAY

A

VaST ety

Aoy
AN

Ay

R2 =750 ohm

R2 = 1,000 ohm

R2=2,000 ohm

. o o & : = s ' !
511 4-47 AsMAUFLRUTTEN TN % EFF innuEaseudn q ¥8an1naaeii 45



Antdumsvaaeansdadszqain DC Generator H143395 LM 317
(@only R2=2,000 ohm 31z #in13157501 3840 rpm

Vduseiiu 4.01 Vot ualdmdalvfanaiiga

78
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' A o O a a %)
4.6 NM3INAa0d 1111 V (V) Uaz I (A) INDHINHINAINU ‘UENNBGE)'UQ!ZTIN'IN

4.6.1 ga1lszasAnimanes

o { o o 9
“Hmimul,m::ﬂsxumﬁaummmawm ﬂlmﬁaﬁammﬂwm

4.6.2 feulymsnaass
Tumsneasuitemmdisnanzlfiu vesilode Nokia 31 8210 tfurar 1 i Tl

¥
v

Joyauuanes Al
BATTERY PACK : BLC : Nok 8XXX TYPE : Lithium Ion
CAPACITY : 650mAh VOLTAGE:3.6 V

TALK TIME : 2-32 Hr. STANBY TIME : 50-150 Hr. CHARGE TIME : 2.25 Hr.

4.6.3 MInaasad

msmammmﬂ%’wﬁwu Llill\‘iﬂ"liﬂﬂﬁﬂﬂﬂﬂﬂlﬂu 2@ fio

4.6 MINARBININAINY
v v
Tunuawes v laaiu

\ 4 Y

E td
anzmslsnuInseen aanemslynusuae

51111 4-48 HURIVDINTNANDITN 4.6



4.6.3.1 299501 lunsNAaRIN 4.6

(%)
R=0.50hm
Batte + .
ry J Mobile
3.6 Volt ]
650 mA/Hr ) ] Nokia 82]0
0

31l 449 29950 19 lun1snanesveInsnaassi 4.6
4.6.3.2 HAMINARDIN 4.6

ussnuvny lise R Miu3.777. v

UsIAUYUTAS R NNV 3765 V

yuzlnsoon

AN V(V) 1(A) P (W) EW

| 3.708 6.05 0.022 1.345
2 3.701 5.83 0.021 1.294
3 3.704 = 0.021 1.315

31971 4-24 Goa V, I, P, E vauz Inseonvedn1snaaeil 4.6

YzSUMme

AN V.(V) 1(A) P (W) E ()

1 3.69 5:15 0.019 1.140
2 3.54 5.08 0.017 1.078
3 3.61 525 0.018 1.138

M3191i 4-25 doya V, 1, P, E vaizSumovsanisnaassii 4.6



Wi (V)

3.75

3.7

3.65

3.6 1

3.55 1

3.5

3.45

4.6.4 aywamanaaedh 4.6

Vo :ay
nnMsnaaesansoasylaqsi

81

vVv) 1(A) P (W) E (J)
afdi | Tnsoon | Yumw | Tnseen | Jume | nseen | Sume | Tnseen | Sume
1 3.708 3.69 0.006 0.005 0.022 0.018 1.334 1.107
2 3.701 3.54 0.005 0.005 0.018 0.017 1.110 1.062
3 3.704 3.61 0.005 0.005 0.018 0.018 1.111 1.083

. = .
m319h 4-26 msagUdeyadeya v, 1, P, E AlAninmsnaaesi 4.6

nseen

& suaw

NINARBING TN

v y '
gl‘ﬁ 4-50 ﬂiTNﬂ’J’liJﬁiquﬁlizﬂ’JNlL'iﬂﬂu‘UﬂQﬂ’l‘i‘i’lﬂﬁi’)\iﬂiQﬂN 9 YBININATDIN 4.6
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unis
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5.1unM
@ Ay Ya g ' & v A . Y
a1 ldlmInaasufUraMINAABIA1e 9 Yuasuae lfenseenuuuLaziin1Tade

=y
FHIU

¢
5.2§ﬂ1|§$ﬁdﬂ°lli’)»1ﬂ1§ﬂaﬂ!mi]
el

A y 2 "ﬂ A o a4 4o o sa .
IWBVNINITA I FUITUL utﬂ‘i@@ﬁ]ﬂﬂ‘iz@u‘umﬂi’)iL‘Wﬂﬂiz‘l}u‘Uﬁlﬂﬂiﬂ'iJI‘Yliﬁ‘ﬂ‘Vlili’)ﬂﬂ Nokia

8210

5.3 MUY

Y @ nﬁy
TatinseenuuLALil

53.10nNHUSMSHONUDITUIH

|

’ 7cm l

a 2 & v
31 1-5 Funwigneenuu
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Fuawldgnesnuuulii
AU 6X 7TX 6 cm

b4
-1ming T 300 NFY

5.3.20alnanmeluyuau

GENERATOR [ ity i, peplbarliepdy, _ ~ |

r= = ==

G euo o G - o

e o€ S - A2 95 ]

= o Q'l =
—— PNUIUAUTNINNA 22 &

o o ~
G INuiUnaua 45 <

v v
st 2-5 nalnanieluguaiu

9
a 9y
nalnameluguaulszneudie
¥ v . v v
Mosfitisufunimua 22 dneduilearay 45 Fmamhodeaianua 6 69
9 ] d a a a :: £
Healfduunuruadurigudnaa 3 Tadums 012 4 IBUALAT NIHUA 3 67
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LM317, NCV317

1.5 A Adjustable Output,
Positive Voltage Regulator

The LM317 is an adjustable 3-terminal positive voltage regulator
capable of supplying in excess of 1.5 A over an output voltage range of
1.2 Vto 37 V. This voltage regulator is exceptionally easy to use and
requires only two external resistors to set the output voltage. Further, it
employs internal current limiting, thermal shutdown and safe area
compensation, making it essentially blow-out proof.

The LM317 serves a wide variety of applications including local, on
card regulation. This device can also be used to make a programmable
output regulator, or by connecting a fixed resistor between the
adjustment and output, the LM317 can be used as a precision current
regulator.

e Qutput Current in Excess of 1.5 A
e Output Adjustable between 1.2 V and 37 V

Internal Thermal Overload Protection

Internal Short Circuit Current Limiting Constant with Temperature
e Qutput Transistor Safe-Area Compensation :

Floating Operation for High Voltage Applications

Package
® Eliminates Stocking many Fixed Voltages

Vln Vout
0 > LM317 0
Ry
240
'Adil Adjust
Cin* = Co*
0.1 uF 1.0 uF
Ry
‘o)

* Cin is required if regulator is located an appreciable distance from power supply filter.
** Co is not needed for stability, however, it does improve transient response.

Ry
Vo = 125V 1+i + 1Ry

Since lag;is controlled to less than 100 LA, the error associated with this term is
negligible in most applications.

Figure 1. Standard Application

© Semiconductor Components Industries, LLC, 2003 1

February, 2003 - Rev. 4

Available in Surface Mount D?PAK, and Standard 3-Lead Transistor

ON Semiconductor®

http://lonsemi.com

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Pin 1. Adjust
3 2. VOUK
3. Vi

Heatsink surface connected to Pin 2.

D2T SUFFIX
PLASTIC PACKAGE
CASE 936

0 (D2PAK)
1 2\’
3

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 10 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 10 of this data sheet.

Publication Order Number:
LM311/D



LM317, NCV317

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential V|-Vo 40 Vdc
Power Dissipation
Case 221A
Ta = +25°C Pp Internally Limited w
Thermal Resistance, Junction-to-Ambient A7 65 °C/IW
Thermal Resistance, Junction-to-Case 0,c 5.0 °C/W
Case 936 (D2PAK)
Tp = +25°C Pp Internally Limited W
Thermal Resistance, Junction-to-Ambient X7 70 °C/IW
Thermal Resistance, Junction-to-Case 6c 5.0 °C/W
Operating Junction Temperature Range Ty - 55 to +150 °C
Storage Temperature Range Tstg - 65 to +150 °C
ELECTRICAL CHARACTERISTICS (V-V.o =5.0V;lg=0.5 A for D2T and T packages; Ty = Tiow t0 Thigh (Note 1); Imax and Pmax
(Note 2); unless otherwise noted.)
Characteristics Figure Symbol Min Typ Max Unit
Line Regulation (Note 3), Tp = +25°C, 3.0V < V|-V <40V 1 Regiine - 0.01 0.04 %N
Load Regulation (Note 3), T = +25°C, 10 mA <o < Imax 2 Regipad
Vpo<5.0V - 5.0 25 mV
Vo250V - 0.1 0.5 % Vo
Thermal Regulation, Ta = +25°C (Note 4), 20 ms Pulse Regtherm - 0.03 0.07 % Vo/W
Adjustment Pin Current 3 Iadj - 50 100 HA
Adjustment Pin Current Change, 2.5V <V|-Vo <40V, T2 Alad - 0.2 5.0 HA
10 mA <1 € Imax Pp <€ Pmax
Reference Voltage, 3.0 V<V|-V <40V, 3 Vief 12 1.25 1.3 \Y
10 mA <o < Imax: Pp < Pmax
Line Regulation (Note 3), 3.0 V<V|-V <40V 1 Regjine P 0.02 0.07 %V
Load Regulation (Note 3), 10 mA <lg < Imax 2 Regdioad
Vo<5.0V - 20 70 mvV
Vo250V - 0.3 .3 % Vo
Temperature Stability (Tiow < T S Thigh) 3 23 @ 0.7’ 4 % Vo
Minimum Load Current to Maintain Regulation (V|-V.o =40V) 3 IBrritn - 3.5 10 mA
Maximum Output Current 3 5 A
V|-V o <15V, Pp < Pmax, T Package 18 2.2 -
V|-V o =40V, Pp £Pmax. Ta = +25°C, T Package 0.15 0.4 -
RMS Noise, % of Vg, Ta = +25°C, 10 Hz< f< 10 kHz N - 0.003 - % Vo
Ripple Rejection, Vo = 10V, f= 120 Hz (Note 5) 4 RR dB
Without Cag; - 65 “
CAdj =10 puF 66 80 -
Long-Term Stability, Ty = Thign (Note 6), Ta = +25°C for 3 S - 0.3 1.0 %/1.0 k
Endpoint Measurements Hrs.
Thermal Resistance Junction to Case, T Package Reyc - 5.0 - °C/W

1. Tiow 10 Thigh = 0° to +125°C, for LM317T, D2T. Tigw to Thigh = -40° to +125°C, for LM317BT, BD2T, Tjoy to Thign = -55° to +150°C, for

NCV3178T, BD2T.
2. Imax =15 A, Pmax =20 W

3. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account

separately. Pulse testing with low duty cycle is used.

4. Power dissipation within an IC voltage regulator produces a temperature gradient on the die, affecting individual IC components on the die.
These effects can be minimized by proper integrated circuit design and layout techniques. Thermal Regulation is the effect of these
temperature gradients on the output voltage and is expressed in percentage of output change per watt of power change in a specified time.

5. Cagj, When used, is connected between the adjustment pin and ground.

6. Since Long-Term Stability cannot be measured on each device before shipment, this specification is an engineering estimate of average

stability from lot to lot.

http://lonsemi.com
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LM317, NCV317

+— — ' O Vip
31 310 230 120 5.6k
6.3V
AT 179
AN - >
125K 12.4k;
135§

-
/|
-

160

200 13k

6.3V

»)
|8

30 30
pF pF (* 2.4k

105

190 3.6k §5.8k 110 5.1k§ § 12.5k ? 40
p
0.1

A 63V

= —O Vou
O Adijus
This device contains 29 active transistors.
Figure 2. Representative Schematic Diagram
Vee
Vo Vo
n -t Vi Line Regulation (% V). = —o O 400 -1 Vo
_H_ -- Vi |V0[_| J_L_ -- VoL
Vin Vout
W 40
* Pulse testing required.
1% Duty Cycle 240 |+
is suggested. Ciy = 0.4 uF g Co T 1.0uF § RL
O

Figure 3. Line Regulation and Alpgj/Line Test Circuit

http://lonsemi.com
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LM317, NCV317

Vi Vin Vou
O O LM317 [—O—¢ I —O
—1 L—_ - - Vo (min Load)
Rr - - - Vg (max Load)
(max Load)
* 5
I | (min Load)
L |+
Cin 7~ 0.1pF Co ~ 1.0uF
* Pulse testing required.
1% Duty Cycle is suggested.
| o
‘ . ._Lod S ot oy . (0L Vo maxtozd)
Load Regulation (mV) = Vg (min Load) - Vg (max Load) oad Regulation (% Vo) = Vo (min Load) x 100
Figure 4. Load Regulation and Alagj/Load Test Circuit
v, Vout
> LM317 o —@ 1
O Adjust b
4
() W) m
[:= +
Cin 7 0.1 pF Co :f 1.0 uF GD

* Pulse testing required.

1% Duty Cycle is suggested.

s

Figure 5. Standard Test Circuit

To Calculate Ry: Vgt = IseT Rp +1.250 V
Assume lgeT = 5.25 mA

VOU‘
o LM317 o
=120 Hz
1 b
O Adust Ry ff/oo A {Ns002 RL Vo= 10V
+
G 75 01 F Co /= 1.01F QD
r +
165k o2
Ry % i Cag 7|2 104
. It

* Dy Discharges Cag;if output is shorted to Ground.

http://onsemi.com

4

Figure 6. Ripple Rejection Test Circuit



LM317, NCV317

4.0
€ 04
w —
Z 02 E 3.0
5 Z
S 0 IL=05A < L T,=25°C
& T T =1 ——_h_
5 02 m—— e I S 20 i S
S BIRN I ETANN
i W N 5 I, S
& 06 Vin=15V ?: 1.0 I \\\\ -55°C §
a2 Vour=10V 3 =<
o out o ! | T~~~
308 /' =
>
2 i
1.0 0
50 25 0 25 50 75 100 125 150 0 10 20 30 40
T,, JUNCTION TEMPERATURE (°C) ViV out, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
Figure 7. Load Regulation Figure 8. Current Limit
3.0
R & AVqy = 100 mV ;
= 5 IL=15A
w65 S 51 \2 ~
c > 8 ~— /
o
3 60 5 S - A
= e = X I 10A
T 55 - 3 Z 20 ~—
= — IS i) ‘\\\‘
2 4 4 2% 45 \\:\t\\s?o m
D o '
a T~ 200 mA
<,c-_ 40 // >'E \\ [~
= i \20 mA
- 35 1.0
50 -25 0 25 50 75 100 125 150 50 % -25 ¥y 2950 75 190§ 125 150
T,, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C)
Figure 9. Adjustment Pin Current Figure 10. Dropout Voltage
1.26 5.0 |
4.5
= g p Ty =-55°C
& 125 — E 3'2 7 +25°C
5 L ™~ AN Pd 5
L 150°C
S ~ < € 30 %;/* 5
w (&
S 1.2 ™~ E 25 ,/4,4‘/
w
i S 20
w @ -
T 12 g 18 ==
3 S 10 19 <
0.5
1.22 0
50 -25 0 25 50 75 100 125 150 0 10 20 30 40
Ty, JUNCTION TEMPERATURE (°C) Vin'V out, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
Figure 11. Temperature Stability Figure 12. Minimum Operating Current

http://lonsemi.com
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100 l
Chpgj= 10 pF
g 80 !
P4 T~ ‘
= T—— Without CAd'
5 60 — :
w
I
[a =4
Y40
&
o Vin - Vout =5 v
P = 500 mA
< f=120 Hz
Ty=25°C
0 l |
0 5.0 10 15 20 25 30 35
Vg OUTPUT VOLTAGE (V)
Figure 13. Ripple Rejection versus Output
Voltage
100
g a0 LA I =500 mA
© AN
B out =
Q 60 / pd N Ty=25°C
I \
o
=
& \
= \
[ad
c 20 N
\ CAdj =10 }lF
Without CAdi
0 I
10 100 1.0k 10k 100k 10M 10M
f, FREQUENCY (Hz)
Figure 15. Ripple Rejection versus Frequency
=
55
a =
E <
= 15
ol "
=< 05 Adj = U
S i
=l \] v
> . /
00 Vou=10V A
out =
USJ“-O IL = 50 mA Tam =
— _oro L=0;
St Ty=25°C Wihout Cag 2
= 07 i
£00s Vi
a9
30
5 0 10 20 30 40
>
1, TIME (us)

Figure 17. Line Transient Response

http://onsemi.com
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Figure 18. Load Transient Response

120
)
= 100
=
E L=~ 1l Cagj=10 uF
Q80 e ™t
g ” I L—TT i Without Cag
w
s |
&
z 4Ofv,=15V
o< Vo =10V
20 f=120Hz
Ty=25°C
0 L1
0.01 0.1 1.0 10
lo, OUTPUT CURRENT (A)
Figure 14. Ripple Rejection versus
Output Current
10!
% 100 Vi =15V —
& Vou = 10V =
= I =500 mA 7
S Ty=25°C Z 7
EH0 NS P Pl D W7 S
= = = =
& Without CAd; = -
3 102 ?‘%/ <
5 =3i; == Cpgi = 10 uF
—
103 ] |
10 100 1.0k 10k 100 k 1.0M
f, FREQUENCY (Hz)
Figure 16. Output Impedance
< 30
5350 || n
== I !
DE 1O_CL=1.OpF; /\
AT Cpgj= 10 pF fr =N
35 o —
31 g-‘l.o k\ VL/
a \/ Vi = 15V
>-20 — ) Vgt = 10V
Ve 3
3.0 Without Ca I = 50 mA
5 ot Lag T)=25°C
o E /
3z / \!
-z 05 L
= \
3 0
0 10 20 30
t, TIME (us)



LM317, NCV317

APPLICATIONS INFORMATION

Basic Circuit Operation

The LM317 is a 3-terminal floating regulator. In
operation, the LM317 develops and maintains a nominal
1.25 V reference (Vier) between its output and adjustment
terminals. This reference voltage is converted to a
programming current (Iprog) by Ry (see Figure 17), and this
constant current flows through R to ground.

The regulated output voltage is given by:

Ry
Vout = Vier | ! +F(_1 * lAdj Ry

Since the current from the adjustment terminal (Iagj)
represents an error term in the equation, the LM317 was
designed to control Ig;j to less than 100 pA and keep it
constant. To do this, all quiescent operating current is
retummed to the output terminal. Thi§ imposes the
requirement for a minimum load current. If the load current
is less than this minimum, the output voltage will rise.

Since the LM317 is a floating regulator, it is only the
voltage differential across the circuit which is important to
performance, and operation at high voltages with respect to
ground is possible.

Vin Vou

Q=] LM317 Vout

Adjust

IAgj

) Vout
Viet = 1.25 V Typical

Figure 19. Basic Circuit Configuration

Load Regulation

The LM317 is capable of providing extremely good load
regulation, but a few precautions are needed to obtain
maximum performance. For best performance, the
programming resistor (R) 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 Ry can be returned
near the load ground to provide remote ground sensing and
improve load regulation.

External Capacitors

A 0.1 F disc or 1.0 pF tantalum input bypass capacitor
(Cin) is recommended to reduce the sensitivity to input line
impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (Cagj) prevents
ripple from being amplified as the output voltage is
increased. A 10 uF capacitor should improve ripple
rejection about 15 dB at 120 Hz in a 10 V application.

Although the LM317 is stable with no output capacitance,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output
capacitance (Cp) in the form of a 1.0 pF tantalum or 25 uF
aluminum electrolytic capacitor on the output swamps this
effect and insures stability.

Protection Diodes

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

Figure 18 shows the LM317 with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Co > 25 UF, Cagj > 10 iF). Diode
D prevents Co from discharging thru the IC during an input
short circuit. Diode Dy protects against capacitor Cagj
discharging through the IC during an output short circuit.
The combination of diodes Dy and D3 prevents Cagj from
discharging through the IC during an input short circuit.

Dy
|'<
1N4002
Vin Vout
LM317 =
- +
Cin T R A Dp T Co
Adjust 1N4002
Ra T Cagi

Figure 20. Voltage Regulator with Protection Diodes

http://onsemi.com
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Pp» MAXIMUM POWER DISSIPATION (W)

80 T T T 1 3.5
w Pp(max) for Ta = +50°C
[&) "
= 70 Free Air
E g ‘\\\ Mounted
% E 60 |\ /Vemcally 4/
c =z =
2=
2 e \
T = N ="t Minimum
G O 50 < !
= rg / - Ny SizePad
<<
23 40 ] d ~
=4 4 ~—
RerA
30 1.0
0 5.0 10 15 20 25 30
L, LENGTH OF COPPER (mm)
Figure 21. D2PAK Thermal Resistance and Maximum
Power Dissipation versus P.C.B. Copper Length
D¢*
led
TN
1N4002
V, R Vi V,
Vi LM317 — " { eI A, —
32Vt040V | Vi (1) @
0.1 uF
I s \ A
= ;? L Adjust 2
Curent 10K v D 5.0k Voltage
Limit 1N4001 Adjust
Adjust 1N4001
Qy
A A))
Diodes D; and D, and transistor Q, are added to 28 Y Ds =
allow adjustment of output voltage to 0 V. ¥ D,
* Dg protects both LM317’s during an input short circuit. 10V % IN400 1
2N5640
10V

1.0pF
IN4001 I Tantalum

4
T~ 10 puF

Output Range: 0<Vp<25V
0<lp<15A

Figure 22. “Laboratory” Power Supply with Adjustable Current Limit and Output Voltage
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LM317, NCV317

+25V Vo Ry
O—1 IM37 [~ O—WWA—9——0lu
Viq 1.25 —_
Adjust D,
Ra s ¥ 1Nacot
100 D,
1N4001

* To provide current limiting of Ig to the system
ground, the source of the FET must be tied to a
negative voltage below - 1.25 V.

Vref
lomax + Ipss

Vo <BVpss + 1.25V + Vgg,

Itmin - Ipss <lp< 1.5A.
As shown 0 < g < 1.0 A.

Vet

Iops

O Vgg*

Ry = Ry <

Figure 23. Adjustable Current Limiter

Vin Vout
LM317 O

A 1N4001

Adjust

Ro

T MPS2907
\\

Figure 25. Slow Turn-On Regulator

f 2N5640

€
1N4002

Vout
LM317 O

Adjust

TTL
Control

720

— Minimum Vo = 1.25V

* Dy protects the device during an input short circuit.

Figure 24. 5.0 V Electronic Shutdown Regulator

http://onsemi.com
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Vo Ry >
LM317 o
Adjust EL,
lot = h + |
out R 1 Adj
_ 125V
3,

10mA S lgy<15A

Figure 26. Current Regulator
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MARKING DIAGRAMS

DZPAK
D2T SUFFIX
CASE 936
O O O
LM LM NC
317BD2T 317D2T V317BD2T
AWLYWW AWLYWW AWLYWW

I

TO-220
T SUFFIX
CASE 221A
LM LM NC
317BT 317T V317BT
AWLYWW AWLYWW AWLYWW
LY 1 L3 1T 203

A = Assembly Location
WL = Wafer Lot

Y =Year

WW = Work Week

ORDERING INFORMATION

Operating
Device Package Temperature Range Shipping
LM317BD2T D2PAK 50 Units/Rail
LM317BD2TR4 D2PAK Ty= -40° to +125°C 800 Tape & Reel
LM317BT ' TO-220 50 Units/Rail
LM317D2T D2PAK 50 Units/Rail
LM317D2TR4 D2PAK Ty= 0°to +125°C 800 Tape & Reel
LM317T TO-220 50 Units/Rail
NCV317BD2T* D2PAK 50 Units/Rail
NCV317BD2TR4* D2PAK T, = -55° to +150°C 800 Tape & Reel
NCV317BT* TO-220 50 Units/Rail

*Devices are qualified for automotive use.

http://onsemi.com
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LM317, NCV317

PACKAGE DIMENSIONS

T SUFFIX
PLASTIC PACKAGE
CASE 221A-09

ISSUE AA
NOTES:
[T-1 SEATG 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
- B |« F T— ~ C 3. DIMENSION Z DEFINES A ZONE WHERE ALL
S -——>| le— BODY AND LEAD IRREGULARITIES ARE
ALLOWED.
Vs
U INCHES MILLIMETERS
Q A DIM| MIN | MAX | MIN | MAX
A | 0570 | 0620 | 1448 | 1575
J ¢ 1- 9 l U B | 0380 | 0405 | 9.66 | 1028
; C | 0160 [ 0190 | 407 | 482
H HHHH T D [ 0025 | 0035 | 064 ] 088
T ! F | 0142 | 0147 | 361 | 373
| K G | 0095 | 0105 [ 242 | 266
7z H | o110 [ 0155 | 280 | 33
‘ { J | 0018 [ 0025 | 046 | 06
K | 0500 | 0562 | 12.70 | 1427
R L [0045 [ 0060 | 115 152
L I R ) N | 0190 [ 0210 | 483 | 533
v el J Q | 0100 | 0120 | 254 | 30+
R | 0080 | 0110 | 204 | 279
G —»l [let S | 0045 [ 0055 | 1.5 | 139
T | 0235 | 0255 | 597 | 647
<D U | 0000 [ 0050 | 000 | 127
N f=~— V [ 0045 | — 115 | —
z | — [ooso| — 204
D2T SUFFIX
PLASTIC PACKAGE
CASE 936-03
(DZPAK)
ISSUE B
NOTES
. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,

. CONTROLLING DIMENSION: INCH.

. TAB CONTOUR OPTIONAL WITHIN DIMENSIONS
AAND K.

. DIMENSIONS U AND V ESTABLISH A MINIMUM
MOUNTING SURFACE FOR TERMINAL 4.

. DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.635) MAXIMUM.

W

>

KWA.jjg_ﬁI;ﬁé‘é% »‘
f
Lo 1+

L4 i

o

H

3 INCHES MILLIMETERS

e

; | DIM[ MIN | MAX | MIN | MAX
A | 0386 | 0.403 | 9.804 [10236
{ B | 035 | 0368 | 9.042 | 9.347
J { C | 0170 | 0.180 | 4318 | 4572
D—»l NA,I D | 002 | 0036 | 0.660 | 0914
G E | 0045 | 0055 | 1.143 | 1307
0.010(0.254)@) R F_|__0051REF 1.295 REF
G | 0100BSC 2.540BSC
H | 0539 | 0579 [13691 [14.707
J | 0125 MAX 3.175 MAX
13 K| 0050 REF 1.270 REF
L | 0000 | 0010 [ 0.000 | 0254
(o] M | 0088 | 0.102 | 2235 | 2591
N | 0018 | 0.026 | 0.457 | 0660
Iy P_| 0058 | 0.078 | 1.473 | 1.81
R 5° REF 5°REF
S | 0116 REF 2.946 REF
U [ 0200MIN 5,080 MIN
V| o0250MN 6.350 MIN
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LM317, NCV317

ON Semiconductor and %+ are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

Literature Fulfillment: JAPAN: ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051
P.O. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5773-3850
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada . o i .
Email: ONIit@hibbertco.com ON Semiconductor Website: http://onsemi.com
For additional information, please contact your local

N. American Technical Support: 800-282-9855 Toll Free USA/Canada Sales Representative

LM317/D
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