s’ o

t‘-;. =] N
ralszquuaneirtinasenTloeouuyfidi
) '
HaznIzue lanaIee

A LITHIUM-ION BATTERY CHARGER WITH
AND CURRENT LIMITS

WEFUIUUN ORI ST 52361673
wwhdg  Iulng sHar 52362069

WHAOINT  Hlugam  SHE 52362274

"‘jﬁ.

o P o
WO AN TN TN g

UMM 6 4G 9555

= c’c’!’ o 1 d! =4 ol = w o
WayaninusiiiiuaiunilavesmsanundngasiSuaninnssumansiudia
~ o =N d
33 13enssi i mads diminssnlfuazneuR unes
= d =y LY
AZIAINIIUAAAS HHVINTUUITADS

Umsdinu 2555



TufusenSayaniinug

Ferfadelasanu  drdmlszyuumanisiamioy lesounnudinausiauuaznssud
3 ]
1Avwawsm
o o o a = o
giutiulasany wgruun 8ean3 W 52361673
o L nd or
WA SUINT WA 52362069

wwanws  viluge  sie 52362274

i s & w =9 4
‘n‘ljgﬂﬂ'l‘iﬂi\‘l@'lu A7, UHND IUNTHUNT

UIN Fenssu I

= =y =Y I's
AN Senssu A naznourineos
Umsdnmn 2555

= = LY Qe o =y o  ar dy (] &
Angdans sumans uniinedeusans aylfaliuSyanidwusatuiidudaunil

ypIMsANMaRgAsITInssumaasiuda cvidndsanisy i

72— fidsnulasenu

= ow d w =N
(A5, AANT JUNITUNRT)

NITUNIT

P = A3IUANTI

(A3. wia 1ngnd)



as 3

Yothadelassay  @dmlszaunameiviaditon levsunvuditausedunaznssueld

Haw
giufiulassny wwwuuuy Saotd s 52361673
WIONTY 5UINS A 52362069

WwanNs  wilugaal  3Ha 52362274

lﬂ' o w d e =y o
nﬂ?nuﬂﬂium A7, HAND  AIUNIUUNT

TAIN Faanssn v

= ~ '
Madm Seanssu I asnouinnes
=] =
Unsanu 2555

UNHALD

¥

- =y ¢ e o 13 a o 9 ar
Wygriinusaiuihinausmssanituusazad vanugumssaldssgdmiy
A s oA & o 9 w & A =] [ v o Y
nuames ¥iinason loesugationlFluInsAnnindounuazndosniunimatnea Tavdo
¥
auguasdalszgmusoidendwssdudatssylAvmua 3 MAB42 VS V uoz 84 V
¥
wonnnildamnnsaiiannszuadalszyagliugas 03 -2 A uazldeenuuumsiden
1 [ A i Ly A4 3 ar o a
mnszuaoalsspelimnizautuvinanuames desnsdallszy laodnugumssa
Uszgamninsoalundeuoinumastiold 3 dszon fe Tinssuaaduvmnanseiv 220 v
¢ 2 . . d
HAaZAYA 50 Hz 110m3 19 Idnssuaasinnuuamesyniaussny 12 v Auiigayns
@ 4 o ddg 3 o )
Tusoouduas Idnszuaassvinunasaauasoiadh liussauitaesluen s - 40 v
: b4 o ay 2 w Al e [ o ~ k7
sammanenuunlimssmlszadugeasiienszuadalszyfiddindminssuadaisesigls
ar g LY s o @l i
WuaalR nazadudmunumsdalszy Idtivunadnamisonan lilfaomfidng 18 wo

=] 1 ar w [ { 9
nsnagouneas iU nsanuguus sdaznssuamlszga i iesnuuyll



Project title A Lithium-Ton Battery Charger with Multiple Voltage and Current Limits
Name Mr, Chananon Qatthawi ID. 52361673
Mr. Pisit Rompho ID. 52362069

Mr. Saiaporn  Muensudta ID. 52362274

Project advisor Mr. Niphat Jantharamin, Ph.D.
Major Electrical Engineering
Department Electrical and Computer Engineering
Academic year 2012

Abstract

This thesis presents a design and construction of a charger for Li-ion batteries which
have been widely used in mobile phones and digital cameras. This charger provided three
regulated levels of output vollage, namely 4.2 V 5 V and 8.4 V. It was able to limit the charging
curren! to a range of 0.3 — 2 A as needed, whereas recommendation of charging current limit
depending upon ballery capacity was also devised. Hereby, the charger was designed to allow
three possible groups of energy source, i.e. the 220V 50Hz line vollage, 12V batteries via a car
cigarette lighter, and solar panels providing an open-circuit vollage in a range of 15 — 40 V.
Moreover the charging process was designed lo be ended when charging current became lower
than a user-defined cutoff current. In addition, the charger was compact and therefore portable.
The testing resulls showed that it was capable of regulating the output vollage and limiting the

charging current as designed.
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Vieo™ | Jen® | VoW | L&) | 1)
0.4 1,025 0.410 18.95 0.084 26.40
0.8 2.023 0.809 12.83 0.190 45.74
423 1.2 3.027 1211 18.66 0.341 57.61
2 4.044 1.618 18.41 0.561 63.35
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0.8 2.017 0.807 18.84 0.181 41713
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2 4.752 1.901 18.19 0.758 65.52
Tidia 4752 1.901 18.19 0.757 65.60
04 1.027 0411 18.95 0.084 26.52
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2 5.167 2.067 18.04 0.896 66.10

Tiidia - . - -




50

1:‘ a o ar LY} A'I ' t [) o
M319N 4.4 1Jizﬁmmwumummuszﬂmﬁ#mumael%"'lﬂmumumuazuﬂﬂmasuaz

aslnana UL 5 Q

Fiuni s Q
Vo V) 1 1, (A)

Vioan™) | Lo (A) v, (V) L (A) 1 (%)
0.4 2.048 0.410 18.93 0.107 41.46
0.8 4.066 0.813 18.73 0.283 62.36
4.23 1.2 4.148 0.830 18.72 0.292 62.98
2 4.148 0.830 18.72 0.292 62.98
Tidfa 4.148 0.830 18.72 0.292 62.98
0.4 2.056 0.411 18.92 0.108 41.35
0.8 4.068 0.814 18.72 0.283 62.50
499 1.2 4,869 0.974 18.61 0.380 67.06
2 4.869 0.974 18.61 0.380 67.06
Tisa 4.869 0.974 18.61 0.380 67.06
0.4 2.048 0.410 18.93 0.107 41.45
0.8 4.059 0.812 18.73 0.283 62.18
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8.000 1.600 18.00 0.933 76.22
Tidia 8.000 1.600 18.00 0.933 76.22
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AN 2.5
V.V | L, (A)

Vioa (V) Lo (A) V. (V) I (A) M (%)
0.4 1.021 0.408 12.37 0.107 31.50
0.8 2.017 0.810 12.12 0.257 52.24
4.23 1.2 3.030 0.829 11.69 0.514 61.12
2 4.059 0.829 10.90 0.957 63.18
s 4052 0.829 10.86 0.959 63.06
0.4 1.022 0.409 12.38 0.102 33.09
0.8 2.018 0.810 12.13 0.257 52.25
4.99 1.2 3.030 0.973 11.69 0.514 61.12
2 4.750 0.973 10.09 1.470 60.85
Tusna 4.750 0.973 10.03 1.496 60.15
0.4 1.021 0.409 12.38 0.108 31.19
0.8 2.017 0.810 12.12 0.256 52.45
8.44 1.2 3.030 1.217 11.69 0.541 58.07
2 5.141 1.560 9.10 2.060 56.40
Tiisia 5.135 1.560 9.10 2.058 56.32
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a0 Iaadadunu 5 Q

AN 5 Q

vV, (V) | 1L (A
Vioan V) | Lgup(A) Vi (V) I, (A) n (%)
0.4 2.042 0.4084 12.27 0.140 48.55
0.8 4.050 0.807 11.81 0.405 68.56
4.23 1.2 4.143 1.212 11.78 0.421 69.22
2 4.143 1.623 11.78 0.421 69.22
Tidna 4.143 1.621 11.78 0.421 69.22
0.4 2.044 0.409 12.28 0.140 48.60
0.8 4.051 0.807 11.82 0.404 68.73
4.99 1.2 4.867 1.212 11.54 0.563 72.92
2 4.867 1.9 11.54 0.563 72.92
Tidia 4.867 1.9 11.58 0.555 73.71
0.4 2.044 0.4084 12.30 0.136 49.95
0.8 4.051 0.807 11.58 0.400 70.86
8.44 1.2 6.084 1.212 11.06 0.863 77.56
7.800 2.056 9.85 1.569 78.73
Tudin 7.800 2.054 9.86 1.568 78.70
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falHaan Uiy 2.5 Q

Fadumu 2.5 Q
v, (V) 1, (A)
Voo™ | Loo® | vov) | Ly | new
04 1.049 0.420 18.06 0.087 28.01
0.8 2.035 0.814 17.34 0.196 48.74
4.23 12 - - . -
2 - - - - -
Tida - - - - -
0.4 1.110 0.444 18.05 0.093 29.36
0.8 2.026 0.810 17.39 0.195 48.42
4.99 1.2 y - - - -
2 Ky - k- - -
Tidie - - - - -
0.4 1.025 0410 18.43 0.085 26.83
0.8 2.018 0.807 17.67 0.194 47.52
8.44 1.2 ; : s - -
2 - - - - -
Tida = - - - -
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M13149 n.1 ﬂﬁ‘i"lﬂﬁﬂ‘].lﬂﬁﬂﬂﬂ‘5$ﬂ!lﬂﬂ!ﬂﬂﬁﬁlﬂﬁiﬂiﬁﬂﬂlﬂﬁﬂﬂﬂ ]

1ol (LG) ViR

L ] »
1,260 mAh lag@eA s aa U 4.2 V uaznssitadalssygagain 0.7 A g

pzunilinesgan
Time V., L, Vo 1., Vi R, n
(min) (V) A) v) (A) V) (€2) (%)
0 - - 4.190 0.497 4.006 0.370 -
1 - 4.188 0451 4.030 0.350 -
2 - - 4.189 0.449 4.032 0.350 -
3 - - 4.189 0.446 4.035 0.345 -
4 - - 4.189 0.446 4.038 0.339 -
5 18.68 0.326 4.190 0.437 4.039 0346 | 30.07
10 18.69 0.317 4.192 0.418 4.047 0347 | 29.58
15 18.69 0.312 4.193 0.398 4.054 0349 | 28.62
20 18.70 0.307 4.195 0.367 4.060 0368 | 26.82
25 18.70 0.302 4.199 0.345 4,071 0371 | 25.65
30 18.71 0.294 4.199 0.324 4.082 0361 | 2473
35 18.72 0.291 4.200 0.312 4.090 0353 | 24.05
40 18.73 0.285 4.203 0.291 4.098 0361 | 2291
45 18.73 0.278 4.204 0.260 4.106 0377 | 20.99
50 18.74 0.272 4.207 0.245 4.113 0384 | 2022
55 18.76 0.266 4.212 0.233 4.120 0.395 | 19.67
60 18.76 0.264 4.212 0.220 4.127 038 | 1871
65 18.76 0.263 4.212 0.207 4.133 0382 | 1767
70 18.77 0.256 4.212 0.195 4.139 0374 | 17.09
75 18.77 0.255 4.213 0.182 4.144 0379 | 16.02
80 18.77 0.250 4.214 0.170 4.149 0382 | 1527
85 18.77 0.250 4.214 0.158 4.154 0380 | 14.19
90 18.77 0.244 4.215 0.147 4.159 0.381 13.53
95 18.77 0.243 4215 0.136 4.163 0382 | 12.57
100 18.77 0.242 4215 0.127 4.168 0.370 | 1178
105 18.77 0.240 4.216 0.120 4.172 0367 | 11.23
110 18.78 0.237 4.217 0.110 4.176 0350 | 1042
115 18.78 0.235 4.218 0.100 4.180 0.350 9.56
120 18.78 0.232 4.219 0.092 4,.184 0.345 8.91
125 18.78 0.230 4.219 0.083 4.187 0.339 8.11
130 18.79 0.228 4.220 0.076 4.190 0.346 7.49
135 18.79 0.226 4.221 0.068 4,193 0.347 6.76
140 18.79 0.224 4.221 0.062 4.195 0.349 6.22
145 18.79 0.222 4.222 0.056 4.198 0.368 5.67
150 18.80 0.219 4.222 0.050 4.200 0.371 5.13
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N griouoa (LG) YA

¥ ] []
1,260 mAh 1966an 3 I0UN 4.2 V uasnszuadatlszggagai 0.7 A a1

ozualinnigin
Time Vin in Vou out Voa Ry n
(min) v) Gy v) (A) v) (€2) (%)
155 18.80 0.216 14.223 0.044 4,202 0.361 4.58
160 18.80 0.214 4223 0.040 4.204 0.353 4.20
165 18.80 0.212 4.224 0.035 4.205 0.361 3.71
170 18.81 0210 4.224 0.031 4,207 0.377 3.31
175 18.81 0.208 4.224 0.027 4.209 0,384 2.91
180 18.81 0.206 4.225 0.024 4,210 0,395 2,62
185 18.83 0.193 4.225 0.022 4.211 0.386 2.56
190 18.84 0.178 4.225 0.022 4.213 0.382 277
195 18.86 0.162 4.226 0.022 4.214 0.374 3.04
200 18.88 0.147 4.226 0.021 4.215 0.379 3.20
204 - - - - 4.202 - -
WiNumMe:  Time A0 NATHIFEAUIZY (min)

out
Vh:u

Rbm

A9 BIIAUA IV IVDIITINOUIZAUISTIAY (V)
=) b j 1 [ [

A0 NFLUAANUIIVDINIVINOUTTADLTIAU (A)
Ao uysauoallszy (V)

Ap nizudonilszy (A)

- o d'

AD LUIIAUVDILUNINDT (V)

& ' o =

19 MIANVATUNIUTVYAVOUUANDI ()
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A13197 .2 ﬂ11!5\1ﬂuﬂlﬂﬁllﬂﬂlﬂﬂiiﬂﬁﬁ‘ﬂﬂlﬂﬂﬂu‘ﬂ 871003 (LG) Y14 1260 mAh

T S
nasmnmsonlszydaous s 4.2 v ussnszuagegah 0.7 A Fuga

Time Vo

(min) V)
0 4.202
1 4.200
2 4.199
3 4.199
4 4198
5 4.198
6 4.198
7 4.198
8 4.197
9 4.197
10 4.197
11 4.197
12 4.197
13 4.197
14 4.196
15 4.196

Womg:  Time 0o 1AM FOATY (min)

- o d.
Vo A0 UIIAUUDINUAIADI (v)
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M13197 0.3 Minadeumssalszuameivendesninen iodued (Samsung) W19

800 mAh TauidpnAINs AU 4.2 V uaznszuaomlszgh 0.5C A9 0.7 A

Time Vo L, Vou out Via R n

(min) ) (A) V) (A) (V) () (%)
11:25 1, - - 4.140 0.400 3.998 0.355 -
11:26 1. - - 4.166 0.400 4.028 0.345 -
1127 4, - - 4,179 0.400 4.039 0.350 -
11:28 1. - - 4.184 0.400 4.045 0.346 -
11:29 1, - - 4.192 0.400 4.051 0.353 -
11:30 U, 17.14 0.323 4.193 0.398 4.055 0.347 30.14
11:35 Y, 17.17 0.316 4.195 0.370 4.066 0.349 28.61
11:40 1. 17.13 0.307 4.198 0.341 4.078 0.352 27.22
11:45 13, 17.37 0.298 4.200 0.314 4.089 0.354 25.48
11:50 W. 17.17 0.289 4.202 0.287 4.100 0.355 24.30
11:55 W, 17.35 0.284 4.204 0.264 4.109 0.360 22.52
12:00 4. 17.23 0.278 4.206 0.240 4.118 0.367 21.07
12:05 . 17.21 0.272 4.208 0.223 4.126 0.368 20.05
12:10 4. 17.15 0.266 4.210 0.203 4.134 0.374 18.73
12:15 4. 17.21 0.260 4,212 0.184 4.142 0.380 17.32
12:20 4. 17.19 0.255 4.213 0.163 4,149 0.393 15.67
12:25 Y. §7.25 0.250 4.215 0.148 4,156 0.399 14.47
12:30 H. 17.14 0.246 4.216 0.131 4.163 0.405 13.10
12:35 4. 17.32 0.241 4.218 0.117 4.169 0419 11.82
12:40 U, 17.51 0.238 4.219 0.104 4.175 0.423 10.53
12:45 U. 17.39 0.234 4.220 0.091 4.180 0.440 9.44
12:50 W. 17.25 0.231 4.221 0.079 4.184 0.468 8.37
12:55 W. 17.22 0.228 4.222 0.069 4.188 0.493 742
13:00 . 17.4] 0.225 4.223 0.059 4.192 0.525 6.36
13:05 W. 17.45 0.222 4.223 0.051 4.196 0.529 5.56
13:10 W, 17.21 0.216 4.224 0.041 4.200 0.585 4.66
13:15 W. 17.13 0.213 4.224 0.035 4.202 0.629 4.05
13:20 W. 17.20 0.210 4.225 0.029 4,205 0.690 3.39
13:25 U, 17.34 0.204 4.226 0.025 4.207 0.760 2.99
13:30 W. 17.51 0.184 4,226 0.023 4.209 0.739 3.02
13:35 W, 17.50 0.174 4,227 0.022 4211 0.727 3.05
13:40 1. 17.52 0.154 4.227 0.021 4.212 0.714 3.29
13:41 1. - - - 0 4.195 - -




397 N4 ANSINUVDIUUMABINADIAIADA BW DTN (Samsung) YUIA 800 mAh

] 1 4
nasInmadmlizgAaousadiu 4.2 v uasnazuah 0.5C 7 0.7 A Tuge

Time V..

(min) 4%
0 4.195
! 4.193
2 4.192
3 4.191
4 4.190
5 4.190
6 4.189
7 4.189
3 4.188
9 4.188
10 4.188
11 4.188
12 4.188
13 4.187
14 4.187
15 4.187
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131940 .S ﬂTi'Ylﬁﬁ'i)']Jﬂ'l‘iﬂﬂ‘ljizil.kl‘ﬂmﬂﬂi“llﬂ\‘li'l"lﬁﬁﬂ‘i’llﬂﬁﬂuﬂ HHOHULI (Samsung)

a

»
[

3 ]
YUIA 1,260 mAh lAOAIAWIIAUN 5 V Haznszuadnssgagai 0.7 A au

LT L]

axumhnosgi

Time V., L, Vou L. Viu R, n

(min) v} (A) W) (A) V) (K2) (%)
0 - - 4903 | 0402 | 3876 | 2.555 -
1 - - 4895 | 0449 | 3917 | 2.78 -
2 - - 4895 | 0449 | 3914 | 2.85 -
3 - - 4895 | 0449 | 3919 | 2174 -
4 - - 4895 | 0449 | 3924 | 2.163 -
5 1866 | 0347 | 4895 | 0449 | 3927 | 2.156 | 33.943
10 18.66 | 0347 | 4895 | 0449 | 3948 | 2.109 | 33.944
i5 1866 | 0346 | 4895 | 0448 | 3973 | 2058 | 33.966
20 1866 | 0346 | 4895 | 0448 | 3994 | 2011 | 33.966
25 1866 | 0346 | 4895 | 0448 | 4011 | 1973 | 33.966
30 1866 | 0347 | 4896 | 0448 | 4030 | 1933 | 33.875
35 18.65 | 0347 | 4896 | 0447 | 4051 | 1890 | 33.817
40 18.65 | 0347 | 4897 | 0447 | 4073 | 1843 | 33.824
45 18.65 | 0347 | 4897 | 0447 | 4098 | 1.787 | 33.824
50 1865 | 0347 | 4897 | 0446 | 4120 | 1742 | 33.749
55 1867 | 0333 | 4904 | 0412 | 4142 | 1.850 | 32.498
60 1869 | 0316 | 4914 | 0348 | 4151 | 2193 | 28.955
65 1871 | 0297 | 492 | 0295 | 4159 | 2.600 | 26.151
70 1872 | 0283 | 4935 | 0250 | 4.166 | 3.076 | 23.288
75 1874 | 0271 | 4942 | 0213 | 4172 | 3615 | 20727
80 1875 | 0261 | 4948 | 0.8 | 4177 | 4213 | 18.503
85 1876 | 0253 | 4953 | 0J55 | 4181 | 4981 | 16.175
90 18.74 | 0247 | 4957 | 0136 | 4184 | 5684 | 14.564
95 1878 | 0241 | 4967 | o017 | 4187 | 6667 | 12.840
96 1879 | 0241 | 4968 | 0115 | 4189 | 6774 | 12616
97 0 0 4.983 0 4173 - -
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A 1 ar A w A Ad Y w
13197 1.6 ATIAUUDILVAIRD] I‘l’liﬁ'ﬂ’ﬂlﬂﬂﬂuﬂ HHOBUY (Samsung) Y119 1,260 mAh

[] ¥
HAIINNIOATE9AUSIAU 5 V Laznszuagegah 0.7 A Tuga

Time Vi

(min) {V)
0 4.173
1 4.169
2 4.167
3 4.166
4 4.165
5 4.165
6 4.164
7 4.164
8 4.164
9 4.164
10 4.163
11 4,163
12 4.163
13 4.163
14 4.163
15 4.163
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Order Lhis document by TLAOAD

SWITCHMODE™ Pulse Width
Modulation Contro! Circuit

TL494

The TL49 is a fixed frequency, pulse width modulation controd circuit SWITCHMODE
designed primarily for SWITCHMODE power supply control, PULSE WIDTH MODULATION
CONTROL CIRCUIT
* Complete Pulse Width Modulation Control Circuitry SEMICONDUCTOR
& On—Chip Osciialor with Masler or Slave Operation TECHHNICAL DATA
® On~Chip Error Ampiifiers
¢ On-Chip 5.0 V Reference
* Adustable Deadtime Control
* Uncommilted Oulput Transislors Raled 1o 500 mA Souice or Sink D SUFFIX
* Oulput Canlrol for Push—Pull or Single—Ended Operation 1 ctAlscEPi"\SIEI £
¢ Undervoltage Lockout 4 (50-16)
M SUFFIX
" PLASTIC PACKAGE
i CASE 648
PIN CONNECTIONS
MAXIMUM RATINGS {Fu operating ambrent lemperature range appies, i i
wnkess olirerwiee noted ) e 7] 5] e
Raling Symbel | TLA94C | TL49dt | Unh c«»mi 1] Vier
Pawer Supply Vollage vee 42 v Do Okt
Cai L 3] Cores
Cofletior Outpit Volage Vg1, 42 v .
Ve Cy i8] 2] veg
Coteclor Output Current g1, lg2 500 mA Ry ie] 1] ¢z
(Each transiskoer} (Note 1)
Ampiher kipul Vollage Range ViR 030 +42 v
Perwer Dissipation & T <45°C Pp 1000 m cre gl
Trermal Resistance, Rola 80 T
tunction—to-Amblent
Operaling Juncton Temperalure Ty 125 G
Slorage Temperature Range Talg ~55 1o +125 C ORDERING INFORMAYION
Operating Ambient Terperahue Rango Ta Operaiing
TL49AC Oio +70 Davice Temperature Range Package
TL4941 -26 10 +85
_ : TL434CD a2 010 +70°C S0-16
Deraling Ambieni Temperatire Ta 45 “C TLd%eCN A PAastic
HOTE: 1, MasdmumBermal brds musi be observed.
TLAMIN | Ta=-25"W0+85'C Plastic

3 Hotorofa, Inc. 1956 Rev i




TL494
RECOMMENDED OPERATING CONDITIONS

Characieralles Symbol Kin Typ Max uUnit
Powsr Supply Vorage Yeo 70 16 40 v
Colactor Oulput VoRsge Ver. Yoz - 3o a0 v
Collactor Oulput Cuent (Each ransdslorn) Ics. loa - - 200 mA
Amplifed input Vollage ¥in 0.3 - Vee —240 v
Currem Into Feedoack Termmoal L% — - 93 mh
Releranca Oulpul Currerd bLat — — o ma
Timing Resistor RT 18 30 BOO Kt}
Thming Copaditar cT 00T o001 10 WF
O=cilator Frequency Tosc 10 40 200 kHz

ELECTRICAL CHARACTERISTICS (Voo = 15V, C1 = 0.01 ¢F, R = 12 W), uriess olhersine noled.)
Fof bypcal rakues Ta = 25 C. for min‘max values T |8 (he operating amblent temperatura ranga thal appiies, umless otherwise noled.

Characteriallcs Symbol Min | Typ [ Max [ Uni [
REFERENCE SECTION
Reference VORAge Lo = 1.0 mA) [ 475 50 525 v
Lime Regulation (Vo = 7.0 v 10 40 V) RegEna - 20 25 my
Load Regrdaton (g = .0 mA la 10 mA} Retioad - A0 15 my
Shorl Circod Ohrput Currend (Vegp = DV} Isc 15 as 75 mA
CUTPUT SECTION
CoMector O—Slale Curtent Ic(om - 20 100 pA
Weo =40V, Vo =40V)
Emtier OA-5iate Current IE{om . - —foo HA
Vog =40V Y =40V. YE=0V)
Coliector—Emilier Saturation Vollags (Nols 2) v
Comman—Emitler (Vg = 0 V. ig = 200 mA} Veat(C) - 0 1.3
Emiticr—F ollawer (Vi = 15V, Ig = =200 maA) YealfE) - 15 26
Carpid Contrad P Curent
Low Stele (Voo < 0.4 V) locL - 10 - wA
H:gh Stale (Voo = Viel) EOCH - 02 35 mA
Outpil Voitape Rise Tome b ns
Common-Emitler (See Figure 12) - 100 200
Emitler—F oliower (See Figuras 13) - 100 200
Owput Vollaga Fall Tima y ns
Conunon—Emiller (See Frgue 12) - 25 100
Emsngr—FoRoner (See Figure 13) - 40 100

HOTE: I Lowduty oyce paise Lechnigues are Lsed Sunng tesl la Masntaim jJunchon femperabre a8 ciosa b amiien komperahae 83 poasbls,

MOTOROLA ANALOG IC DEVICE DATA
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TL494

ELECTRICAL CHARACTERISTICS (Voo = 15V, G = 001 pF, Ry = 12 kI, unless clherwise noled )
For typical values Tg, = 25°C, fof mavmax values T bs the operating ambient temperature range Lhal appies, inless othenrise noted.

MOTOROLA ANALOG IC DEVICE DATA

[ Characlerialics I Symbol Min Typ Max ] Unk |
ERROR AMPLIFIER SECTION
Input Offset Voliage (Yo (P 3) = 2.5 V) Vio — 2.0 10 my
Input Offset Crarent (VO (pin 3) = 26 V) ho - 5.0 250 nA
Input Bias Cument (Vo (Pin2) = 253 V) e - -0 —t0 JLA
Inpit Common Moge Voltage Range (Ve = 40 V. T = 25°C) Vich 0.3loVee-20 v
Open Loop Volage Gan (AW =30V, Vo =05V 36V, R = 20 kD) Aol 70 95 - dB
Unsty—Gain Crossover Frequency (Vo =D8 V1035V, R =2040) fe - 350 - kHz
Phase Margin at Unty-Galk (Vg =05V 10 3.5V, R = 2.0X7) ém - 65 - deg.
Common Mode Rejection Ratio (Yoo =40V) CMRR 65 o0 - de
Poxer Supply Rejection Rabo (aVoc =3V, Vp =25V, Ry =201d)) PSRR - 100 - dB
Oulput Sk Cuntent {Vo (pin 3)= 07 V) Io- 03 a7 - mA
Quiput Source Current (Vo (Pin 3) = 35 V) o+ 20 4.0 - mA
P COMPARATOR SECTION (Tes! Chouit Figure 11)
Input Thweshold Vellage (Zero Duly Cyde) YTH - 2.5 4% v
Inpu Sink Currenl {Vipin 3} = 0.7 Y) h- 03 07 -
DEADTIME CONTROL SECTION (Test Choud Fagure 11)
Inpud Blos Currenl (P 4) (Vpyn 4 = V0 525Y) 8 (0T) -~ 2.0 -10 nA
Maximum Duty Cycle, Cach Oudpat, Push—Pul] Mode DCmax %
VPn4=0V.CT=0.01pF Ry =121} 45 48 50
Ypin 4= 0V, CT = 0.001 pF, Ry = 30 k1) = 45 50
Input Threshodd VoRage (Pin d) Vin W
Zero Duly Cycie) - 20 32
{Maxsmen Duty Cyele) o - -
OSCILLATOR SECTICN
Frequency (C1 = 0.G31 uF, Ry = 30 ki}) [ysc - 40 - kHz
Slandard Devation of Frequency” {Cy = 0.001 pF, RT = 30 k8) oloac - 2.0 - %
Frequency Change with Volage (Yoo = 7.0V 0 40 V. T4 =25°C) Mo (AY) - o1 - L
Frequency Change with Temperature (ATa = Thow 10 Thign) Alggc (AT) - - 1z %
{CT=001pF, Ry = 12 D)
UMDERVOLTAGE LOCKOUT SECTION
| Tum—on Trweshotd (v mereasing. rgf = 1.0 mAJ I v 55 sz | o T v
TOTAL DEVICE
Standby Supply Cutrent {Pin 6 a1 Vi, Al other inputs and cutpuls open) ico mA
Ve =15V) - 8.5 10
VMoo =40V) - 70 15
Average Supply Cument mA
{CT =001 pF, Ry = 12Ki) Vipin 4= 20V} - 70 -
(Ve = 15Y) (See Figure 12)
1
N _
T(Xn-x¢
- Slandard deviabon @ 2 measure of the sladitcal deinbybon aboul the mean 4 derved fom the ormsa o n=
N-1
3
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Figure 1. Represeniative Block Diagram
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This device comaing 46 ackve trangistors.

Figure 2, Ttming Plagram
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TL494
APPLICATIONS INFORMATION

Descriptlon

The TLAY is a fedrequency pulse widih modulation
conlrgl creuil, incorporaling the primary building blocks
required for the contlrod of a switching power supply. {See
Figure 1.) Aninlemal-inear sawlooth oscifalor is frequency—
programmabie by two exiemal components, R and G The
approximate osciater frequency is delermined by:

1.1

lgsg=~— 11
oot Ry or

For more information refer 1o Figure 3.

Oulput pulse widlh me 1 Is accomplished by
companison of the positive sewloolh waveforn across
capacitor CT 1o either of two conlrol sfgnats. The NOR gates,
which drive oulpul ransislors Q1 and Q2, are enabled only
when the fip-flop dock—inpul line Is in ils low slale. This
happens ony during thal partion of time when the sawloolh
voltage is grealer than the controd signals. Therefore, an
increase in conlrol-signal amplitude causes a colmesporuding
linear decrease of oulput puise width. (Refer lo the Timing
Diagram shown by Fpre 23

The control signats are extermnal inputa thal can be fed into
the deadlsme control, Lhe emor ampifier inpuis, or the
leedback input The i conliol oomparator has an
effeciive 120 mV input offset which liméls tha minimum output
deadlime lo approximalely ihe firsl 4% of Ihe sawioolh—cyde
time. This woudd resull m a maximum duty cycle on B given
outpA of 35% with the oulpid conlral grounded, and 48% with
i connecled 1o Lhe reference line. Addiional deadime may
be Imposed on the oulpid by selting the deadlime—controt
Inpuan {o B fixed voltage, ranging between 0V 1o 3.3 V.

Funcilonal Table

InpulfOuipul fout _
Conuals ST Runci f‘:'sc T
Grounded Single-ended PWM & Q1 and Q2 1.0

a Viet Push—pull Opedaton 05

The putse widlh modulalor comparator provides a means
lor the efmor amplifiers o adjus] the oulptd pulse widlh from
the maxiraum p ! on—time, hed by ihe deadtime
control inpul, down |0 zero, as the voltage al the leedback pin
vares ftam G5 V lo 3.5 V. Bolh emor ampifiers have a
cammaen mode inpul range from —0.3 V o (Voo - 2V}, and

may be used lo sense power—supply oulpul voltage and
crent. The eror—amplifier outpuls are aclive high and are
ORed togelher al the noniwerting inpul of the pulse—widlh
modhdalor comparator. VWith this configuralion, the amplifier
thal demands minimum oApul on lime, dominales conlrol of
lhe loop.

When capadilor CT Is discharged, a posilive pulse Is
genefated on the oulput of the deadiime comparalor, which
clogks Lhe pulke-steering fip-flop and inhibits the oulpul
lranskstors, Q1 and Q2. Whh the outpul —controf connected 1o
the eference line, the pulse—sleenng flip-flop direds the
modulaled pulses o each of lhe two outpul Wransisiors
aHemately for push—pull operation. The oulpul frequency ks
equal lo half thal of Lhe oscillator. Oulpul drive can also be
taken from Q1 or O2, when single—ended operation with a
maximum on-bme of less lhan 50% is requied This is
desirable when Ihe oulput Uansiormmer has a ringback
winding with 8 calch divde used for spubdang. YWhen higher
culpui—drive currents are required for single—ended
operation, Q1 and 2 may be conneded in paraliel, and the
oulput-mode pin musl be lied {o ground to disable Lhe
fip—fiop. The oulpud frequency will now be equal 10 thal of the
osalialor,

The TL484 has an inlemnal 50 V refefence capable of
sourcing up lo 10 mA of load curenl for external bias circuits.
The relerence has an inlernal acowacy of 15.0% with a
Typical lhermal drift of less than 50 mV over an operaling
temperatwe range of O 1o 70°C.

Figure 3. Oscillalor Fraguency versus
TimIng Resislance
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TL494

Figure 4. Open Loop Voltage Galn and

Phase versus Frequency
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Figure 21. Pulse Width Modulated Siep-Down Convarter
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FAIRCHILD
I
SEMICONDUCTOR

+ Complement to TIP3NA21BIIC

Medium Power Linear Switching Applicalions

PNP Epitaxial Sillcon Transistor
Absolute Maximum Ratings r.=26'c unless etherwise noted

TIP32 Series(TIP32/32A/32B/32C)

1.Base 2.Collector 3.Emitler

Symbod Parameler Value UnHs
Vers Codeclor-Base Yoltage  © TIP32 -40 Y
TIP3ZA 60 v
: TIP32B -8) v
T TIP2C - 100 v
Yeea Codector-Emdler Yokiage : TIP32 -40 v
(TIP32A -80 v
:TIP3ZB -80 v
1 TIPA2C 100 v
Veeo Emitler-Base Violtage 3 v
L Caliaclor Cumen! (DC) -3 A
e Coflector Current (Puise} -5 A
I Base Current -3 A
Pe Colleclor Dissipation {T,=25C) 40 w
Pe Coflecior Dissipation (T,=25'C) 2 w
1 Junchion Temperature 150 "¢
Tere Slorage Temperature -65 - 150 G
Electrical Characteristics 1.=25 ¢ uniess otherwise noted
Symhot Parameter Test Condition Hin. | Max. | Unhs
Vepolsus) | T Collecior-Emitier Sustaining Vollage
(TIP32 I = - A0mA Iy =0 40 v
1 TIP3ZA 60 A
:TIP328 80 v
(TP32C -100 v
leo Collecios Cul-off Current
: TiP32A02A Vep=s 30V Ig=0 203 | mA
: TIR32BIZC Vep=-60%,13=0 -03 | mA
Iees CoRecior Culoff Current I /=
1 TIP32 Vep=- 40V, Veg=10 -200 | pA
STIPAZA Veg=- 60V, Vg =0 <200 | pA
- TIP32B Veg=- B0V, Vg =0 -200 | pA
TTIP32C Vep=- 100V, V=0 S200 | pA
ko Emaier Cud-off Current Veg=-5V, 1= 0 1| mA
hipg * OC Cusrent Gain Veg=-4¥lg=-1A 25
Veg= -4V Ig=-3A 0 50
Veg(sal) * Collector- Ematiar Saturation Vollage lo=-3A lg=-375mA -1.2 v
Ve (sat) * Base-Emitter S ion Voltage Vep=-4V Ig=-3A -1.8 v
fr Currenl Gain Bandwiith Product Veg = - 10V, g = - 500mA 30 MHz

* Pusa Tesh Pv<stdys, Oty Cpcerct™

BT F e Sl S 2wk Ay’ Iyl

Rex R F ey 2000

(0zZergze/vesizediL)Sauas zediL
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Typical Characteristics
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BD135 - BD136
BD139 - BD140

1573

Complementary low voltage transistor

Features
m Products are pre-selected in DC current gain
Application
m General purpose
37 ‘
Description SOT-32
These epitaxial planar transistors are mounted in
the SOT-32 plaslic package. They are designed
for audio amplifiers and drivers ulilizing
complemeantary or quasi-complementary circuils.
The NPN types are the BD135 and BD139, and Fi 1 Internal s¢h e dl
the complementary PNP types are the BD'138 gure 1. § Intging) gagemalic Clagram
and BD140,
to{2) to(2)
1 1
KU éf . 5)4@}
. (3) comis E (3)
NPN PNP
Table 1. Davice summary
Order codes Marking Package Packaging
B35 BD135

BD135-16 BD135-16
i BD136 BD136

BD136-16 BD138-16

) BD139 BD139 ’

. e —_— SOT-32 Jube

BD139-10 BD139-10

BD139-16 BD139-16

BD140 BD140

8D140-10 8D140-10

80140-16 BD140-16
May2008 Rev & 1/9




BD135 - BED136 - BD1392 - BD140 Electrical ratings

1 Electrical ratings

Table 2.  Absolute maximum ratllngs

Value
Symbol Parameter NPN PNP Unit
BD135| BD13%8{ BD138 | BD140
Vceo | Collector-base voltage (Jg = 0) 45 80 -45 -80 v
Vceo | Collector-emitter vollags {lg = 0) 45 80 -45 -80 v
Vego | Emiller-base vollage {l; = 0} a 5 -5 v
lg Colleclor current 1.5 -1.5 A
lews | Collector peak current 3 -3 A
le Base current 05 0.5 A
Pror | Tolal dissipation at T, 525 °C 125 w
Pyor | Total dissipalion at Ty, £25°C 1.25 w
Tstg | Storage temperalure -65 1o 150 °C
T Max. operaling junction temperalure 150 °C
Table 3. Thermal data
Symbol Parameter Max value Unit
H"\Iﬂ-'vﬂ Thermal resistance junclion-case 10 “Ciw
Rinj-amp { Thermal resistance junctigﬁ-ambienl 100 “CW




Electrical characleristics

8D135 - BD136 - BD139 - BD140

2

Electrical characteristics

{Tcase= 25 °C unless otherwise specified)

Tabled.  On/off states
Value
Symbol Parameter Polarity Test conditlons Unit
Min. | Typ.  Max.
ey | Ves= 30V 01 | pA
| Colleclor cut-off Vep=30V, Tg=125°C 10 | wA
ceo
current {Jg=0) o Vep=-30V 0.1 | A
Vep= 80V, T = 125°C -0 | pA
te Emitter cut-off current [NPN [Vgg=5V 19 | pA
%0 10c=0) PNP  |Veg=-5V 10 | pA
I = 30 mA
NPN BD135 45 v
o Cd:e?g;r-eﬂl:er BD139 80 v
v suslalning vollage -
Cgoteus) {15=0) lc = -30 mA
PNP BD136 -45 A
BD140 -80 v
¥ n Collactor-emiller NPN Ilc=05A,1g=005A 0.5 v
CEsal) | saturation voltage PNP  [Ic=-05A, iy=-005A 05| V
1! NPN |lc=05A, Vee =2V 1| v
Ve {1 | Base-emilter vollage = o i ) B
PNP  [lg=-05A,Veg=-2V a4y
. ’ le=5mA, Veg =2V 25
NPN  |lg=150 mA Vce=2V | 40 250
lc=05A V=2V 25
hee P |DC current gain E iy 4
|c='5 mA, VCE='2V 25
PNP  |lg=-150mA, Ve = -2 V| 40 250
lg=-05A Veg=-2V 25
lo=150mA, Ve =2V
NPN BD139-10 63 160
(" b BD135-16/BD139-16 100 250
h groups
FE FE g = 150 MA, Vgg = 2 V
PNP 8D140-10 63 160
BD136-16/BD140-16 100 250

1. Pulsed: pulse dwalion = 300 ys, duty cycle 1.5%
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BD135 - BD136 - BD139 - BD140 Electrical charactleristics

2.1 Electrical characteristics (curves)

Flgure 2, Safe operaling area Figure 3.  Derating
S04 VGISTY
W e e = Pras
L] na PULSED - i : HIHI‘} - 1- 1] (%)
1 i PULSE DSERATION?
\ k10 us
: ) ' 100
1 t \T\‘ Nilioons| 1 ] |]{] ]
— Ic MAX ™ K
A= Lon NV H 0 d
0.4 [ ; 7 \ 1
arfp— LI l o <
N <
o D.C. OPLRATION N 1ms [ _'\s/a
" for single non (SIS % ~
eoe =1 repetitive pubse b B - 45 4+
o TOE T[]
osal—_1. [ #0135/8D136 4 | [{4-BO159 /6040 20
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LM324
Low Power Quad Operational Amplifier
DESCRIPTION PIN CONFIGURATION
The LM324 contalns tour independent high galn operatlonal lour [ Y Ny vz |y aour
amplifiers with irtemal frenquency compaensalion. The fowr ] .
op-amps operale over a wide voltage range from a single ’ 2 e i
power supply.Also use a splil power supply.The device has e [ 1z[] owee
low power supply currenl drain,regardlass of the power supply vee [« vi[] ore
vohage.The low power drain also makes {he 1 M324 a good 2 [ o] ame
choice for batlery operation. am [s a[]
FEATURES 200T [: ? L ] 200LT
« Infernally liequency-compensated for unity galn {Tap View}
+Large DC vollage galn:100 dB
* Wide bandwidih{unity galn).1 MHz(temperature-compensated)
* Wide power supply range:
Single supply:3VDC to 32 VDG
Dual supplins:+1.5V0C to £16VDC
* Dillerential inpul vollage range equal lo the powsr supply voltage
* Power draln suitable for ballery operation
*Large oulpul vollage swing OVDC 1o Yoo-1.5VDC
APPLICATIONS
s Transducer Amplifiars
* DC Gain-blocks
“ All The Convenlional! Op Amp Clrcuits
ORDERING INFORMATION
Temperature Range Pachkage D'r;;o‘:lil;le Package Qty
o X7 LM324D 50Units/Tube
-40°C to +85°C Pb-Free LM324DR 2000UNIS/RET
DIP14 LM324N 25Unils/Tube

m Agril. 2007

Rev 1.1

www.chlpswinner.com
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LM324

SCHEMATIC DIAGRAM

06
Msc
QUTPLT
o1
Figure 1. Simplifled Block Diagram
ABSOLUTE MAXIMUM RATINGS({NOTE1)
Parameler Symbol Value Unit
Si
Power Supply Vollages m_gle SUP?W Vec £2 v
Splil Supplies + 16
Inpui Differential Vollage Range(Note 2} Vior 132 v
input Common Mode Vollage Range Vicr -0.31032 v
Qulput Short Circuit Duraltion fsc Conlinuous
Junction Temperalure {Plaslic Packages) T. 150 °C
Slorage Temperature (Plaslic Packages) Tsig -55 to+125 °C
inpul Curren,per pin{Note 3} hn 50 mA
Lead Temperalure,imm from Case for 10 Seconds T 260 °C

Note 1: Maximum Ratings are lhose values beyond which damage lo the device may occur.
Funclional operation should be restricted to the Recommended Operating Conditions,
Power Derating:
DIP Package:-10mW/FC from 65 lo 126°C
S0P Packaga:-7mW/°C from 65 to 125°C

Note 2: Split Power Supplies.

Note 3: Viu<-0.3V.This input current will only exisl when voitage al any of the input leads is

driven negalive.

’ﬂ April. 2007
Rev 1.1 www.chipswinner.com




LM324

RECOMMENDED OPERATING CONDITIONS

Parameler Symbol Min Max Unit
Singl |
DC Supply Vollage ingla Supply Vee 3.0 30 v
Split Supplies +2.5 +156
Operating Temperalure, Ta 40 +85 o
All Package Types

Notes:This device conlains prolection circuilry 10 guard againsi damage due lo high static volt-
ages or electric fields. However, precaulions musi be taken lo avoid applicalions of any
vollage higher than maximum rated vollages 1o this high-impedance circuil, For proper
operation, Vm and Vour should be constralned to lhe range GNDs{Vin or Vour}sVec.

Unused Inpuls musl alwvays be tied lo an approprale logic voltage level (e.g.. either GND

of Vca).

Unused outpuls must be left open.

DC ELECTRICAL CHARACTERISTICS(Ta=-40 to +85°C)

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Maximum fnput Vo=1.4V,Vee=5.0-30V 9.0
Offset Vollage Yo 1Re=0 Vicu=0VioVee-1.7V 5.0°| ™Y
Inpul Cfiset Ly -
Vollage Drift ANVOIAT Rs=00},Vcc=30V 7.0 R
Maximum Input . 150
Offsel Current i VEsRS.0V 50¢ | MA
input Oflset y
ol Dt AlAT | Rs=00,Vec=30V 10 pASC
Maximum Input I » 500 nA
Bias Current . Viab=SlV 250"
Input Common Mode
V) = 0
Vollage Range o b 1 28 v
Maximum Power o Ri=2a,Vcc=30V, Vo= 0V 3 A
Supply Current Ri=w=0 Vee=5V,Vo=0V 1.2
Minimum Large Signal Vec=15V 15
; . VimV
Open-Loop Voltage Gain AvoL Riz2k(2 25
Minimum Oulput Vee=30V,Ri=2k0} 26 y
Low-Level Vollage Swing] Y | Vee=30V,Ri=10k0 27
Maximum Output - "
Low-Level Vollage Swing > Vee=5V.Ru=10k0) 20
Common Mode Rejection] CMR Vee=30V,Ri=10k{} 65* dB

rﬂ April. 2007
Rev 1.1

www.chlpswinner.com
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LIVI32Z«
DC ELECTRICAL CHARACTERISTICS(CONTINUED)

Faramotor Symbiol Tool Conditions Min | Typ | Mex [ unic
Powsar Supply R [T P as
Rajaclion RN S . _
Channal Separatlon cs "‘"‘VHZL"‘:,%""HZ' _rzo- d8
Maximum Oulpul . R
Short Clreuil 1o GND e 60 ma
Minlmun Ouipoet laounce 1o A
Souras Cursanl

s
- ETN
MINimum Outpul Y 10
Sink Curranl
1= na
Ciflarantiat Ingul e ALL “Vie= GHIT or -
Vollagoe Ranoge V-Supply(lt usad)

ol Ta=25"C

e, ahlp s el N er, o
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Comiicals ooty oSkl

Corvhrars Woawbes: E1YETG

FR201 - FR207-STR

PRV : 50 - 1000 Volts
o : 2.0 Amperes

FEATURES :

* High current capebility

* High surge curreni capability

* High teliability

* Low reverse current

* Low forward vollaga drop

* Fasl switching for high efficiency

MECHANICAL DATA:
* Caso : D2 Molded plastic
* Epoxy : ULS4V-O rale flame reterdant

* Lead ; Axial lead solderable per MIL-STD-202,

Method 208 guaranleed
* Potarity : Color band denoles calhode end
* Mounling position ; Any
* Welght : 0.465 gram

FAST RECOVERY
RECTIFIER DIODES

D2

M.l l 100 254)
0154 (39} l

0.284 7.9

0.263 (6.2)

1.00 (25.4)
0,034 (0.58) MM
0,025 (0.71)

1

Dimensions in inches and { millimeters )

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

Rating al 25 °C ambieni lemperature urless otherwise specifred

Single phase, hall wave, 60 Hz, resistive or inductive foad.
For eapaciitve load, derate curment by 20%.

RATING SYMBOL | FR201 | FR202 | FR203 | FR204 | FR205| FR206 | FR207 F_:i:’ UNIT
Maximum Recurrent Peak Reversa Vollage VRRI 50 103 | 200 | 400 | 600 | 800 1000 | 1000] W
Maximum RMS Veoltage VRMS I3 70 140 | 280 | 420 [ 560 | FOO ) 700 v
Maximum DC Blocking Vollage Voe 50 100 | 200 | 400 | 600 | 800 | 1000 { 1000 v
Maximum Average Forward Current e ol A
0.375"(9.5mm) Lead Length Ta=55°C
Peak Forward Surge Cumenl,
8.3ms Single hall sine wave Supenmposed IFsh 75 A
on rated load (JEDEC Method)
Maximumn Peak Forward Vollage at IF = 2.0 Amps. Ve 1.3 Y
Maximum DC Reverse Curenl Ta=25°C IR 10 HA
at Rated DG Blocking Voltage Ta=100°C | Irw 500 A
Maximum Reverse Recovery Tune { Nole i ) o Tir 150 [ 250 I 500 i 250 | ns
Typical Junction Capacitance { Note2) c 15 pt
Junclion Temperature Range T ~65lo+ 150 C
Slorage Temperalure Range Tsro -651c+ 150 “C

Moles :

{ 1) Reverse Recavery Test Conditons : lF =05 A, Ir = 1.0A ln =025 A,

{2} Measured at 1.0 MHz and apphed reverse voRage of 4.0 Voo
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Cerniboaly Harber: (AOSEL  Corwicate Nombar: ELVEH

RATING AND CHARACTERISTIC CURVES { FR201 - FR207-STR)

F1G.1 - REVERSE RECOVERY TIME CHARACTERISTIC AND YEST C{RCUIT DIAGRAM
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1574

L7800 series

Positive voltage regulators

Feature summary

® Quiput current lo 1.54

m Oulpul voltages of 5, 6.2; 6; 8; 8.5, 9; 10; 12;
15; 18; 24V

® Thermal overload proteclion
m Short circuit protection
m Outpul transition SOA proteciion

Description

The L7800 series of three-terminal positive
regulators Is available in TO-220, TO-220FP, TO-3
and D2PAK packages and several fixed output
voltages, making il uselul in a wide range of
applications. These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regutation.
Each type employs internal cursent limiting,
thermal shul-down and safe area proteclion,
making It essentially indestructible. Il adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed

Schematic diagram

TO-220 TO-220FP

D?PAK

primarily as fixed voltage regulators, these
devices can be used with exlernal components to
obtain adjustable voltage and currents.

v SERIES Yo
C PASS
ELEWENT
CURRENT S0A
CINLRATOR PROTECTION
STARTING REFERENCE ERROR
CIRCUIT YOLTAGE AUPLIRER
THERWAL
FROTECTION
J. GND
& g O
§im
Augusl 2006 Rev. 13 1/47




L7800 series
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PIn configuration

1

Pin configuration

Figure . PIn connectlons (top view)
[ ———— ouirur [ T———— ourpur
O """ GROUND [ 3 GROUND
D e— 12T —1T20
CSO5710 L505T700
TO-220 TO220FP
L
—— OUTPUT
GND ]
3 INPUT
£ PC1ID2D
D?PAK (Any Type)
Flgure 2. Schematic dlagram
T kg — +——CO0IN
mru ma RO R13
as as oz./
Q16
(15 i
*l;)—‘ a7
Rl
iz
RS f R)‘IL] RN
O0uT
ne R0
an
Ao | lr?
f19
5-4958 -

¥47
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Maxlmum ratings L7800 serles
2 Maximum ratings
Teble 1. Absolute maximum ratings
Symbol Parameter Value Unit
lor Vo= 5 1o 18Y 35
v DC tnput veliage v
lor Vo= 20, 24V 40
lo Culput current internally Umited
Pp Power dissipalion Internally Limited
Tstg | Slorage temperalure range -85 1o 150 °C
T ling junciion . lor L7800 -55 lo 150 c
era unclion lemperalure range ®
or |Oper2s % 9 lor L7800C 010150
Note: Absolute Maximum Ralings are those values beyond which damage to the device may

occur. Funclional operation under these condition is not implied

Table 2. Thermal Data

Symbol Parameter D?PAK TO-220 | TO-220FP TO-3 Unit
Rinyc | Thermal resistance junclion-case 3 5 5 4 ‘CW
Rina | Thermal resislance junclion-ambient 62.5 50 80 35 CW

Flgure 3.  Applicatlon clrculls

Vio— gl L78XX  |—4-——0Vo

L T

523220

C, =0.33pF Co=0.1uF
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mSalely o M Features

afel prov —

—L a Microminiature relay

:mm No. E164730 Dimension: 20.3=9.9x11.4 (mm)
» High sensitivity

A HNo. 50097843 m 2 Form C conlacts

ORDERING INFORMATION

Hnsl.zn -Ls1~[ocrav ] -[T1]
| [

Encloswre Coil Voltage Coil Sensitivity

Model Blank: 450mwW
® |s - Prastic Sealed Type| DC3V, DC5V, DCBY | T - High Sensitivity (150mW)
DCOV. DCA2V, DE24V | N - Sensitivity (200mW)
B - Standard 360mW (45VDC:400mW)

Remarks: 1. Avallabie In 2 Form Conly 2. Conlact raling: 1A, 2A

SPECIFICATION
T —— — — —
CONTACT DATA GENERAL DATA
Contact Form 2FormC Insulalion Resistance Min. 1000M01 500VDC
Contact Material AuAg overlay, Ag Alloy Dielectric |Between open contacts 500VAC, tmin
Contact Rabng 1A 120VAC/24vDC  Strenath per,een coil and conlacis | 1,000VAC, 1min
2A 12GVYACI24VDC Operate Time Max. 7Tms
Contacl Resistance Max. 50mQ2 {(6VDC 0.1A)  Release Time Max, 3ms
Max. Switching Voltage 125VACOVDC  Operaling Temperature -25C to +707C
A\ Max. Switching Current 2A  Humidity 35~v954RH, +40°C
Max. Swiching Power 250VA, 60W  Surge Strength 1,500VAC, 10x160 ps
Min Swilching Load 5VDC, 10mA  gpo Endurance 1,000m/e”
e Electrical 100,000 sperations  hesistance Misoperation 100nvs?
Mechanical 15,000,000 operalions  ycalion  |Endurance | 10~55Hz, 1.5mm double ampitude
Resistance |y oneralion | 10-55Hz, 1.5mm double ampitude
COIL DATA Weight Approximalely 5.0g
Nominal Coll Power | {150mWY, 200mW, 360mYY, 450mW

Hofe:Dala shown are of Inilal value

SAFETY APPROVAL
1 Contact Power Coll ,
File Number Form Consumlion Voltage Contact Rating Remark
1A 120VAC24V0DC
c 1 . .36W| 3-48VD
UL E164720 0.15W/0.20W/0 Bvbe 2A 120VAC24VDC Ambient Temperature: 85T
[+ 045W 3-48VDC | 1A 120VAC24VDC
TUV 50097843 [+ 0.20W/0.36W 3-24vDC | 1A 120VAC/24VDC Ambient Temperalure; 70°C

Spetifications subject lo change without notica
1505001, ISCTS516949, 15014001 Appraved

JKKE HRrs2n-198




105

I SIGHALRELAY
COIL DATA Ambient Temperature: 23°C
Modsl [nominal Voltage|] Coll Reslstance | Operale Voltage |[Release Voltage Coit Power

vDC N+/-10% VDG 2VDGC mwW

HRS2H-S-DC3V-N 3 45 2.25 0.3

HRS2H-S-DC5V-N 5 125 375 0.5

HRS2H-S-DCBV-N % 180 4.5 0.6

HRS2H-5-DCOV-N 9 405 6.75 0.9 200

HRS2H-S-DC12V-N 12 720 9.0 1.2

HRS2H-5-DC24V-N 24 2880 18.0 24

HRS2H-S-DC48V-N 48 11520 36.0 4.8

HRS2H-S-DC3V-T 3 60 225 03

HRS2H-S-DCSV-T 5 168 3.75 0.5

HRS2H-5-DCEV-T 8 240 4.5 0.6

HRS2RH-S-DCOV-T 2] 540 8,75 09 150

HRS2H-S-DC12V-T 12 0960 9.0 1.2

HRS2H-5-DC24V-T 24 3840 18.0 24

HRS2H-S-DC48V-T 48 15360 36.0 4.8

HRS2H-S-DC3V-B 3 25 2.25 0.3

HRSZH-S-DC5V-B 5 69.4 375 0.5

HRS2H-S-DCEV-B 3] 100 4.5 06

HRS2H-S-DCOV-B 9 225 6.75 09 360

HRS2H-5-DC12y-B 12 400 2.0 1.2

HRS2H-5-DC24V-B 24 1600 18.0 24

HRS2H-5-0C48V-B 48 5760 36.0 4.8 400

HRS$2H-8-DC3V 3 20 2.25 0.3

HRS2H-5-DC5V 5 55.6 375 0.5

HRS2H-S-DCBV 6 80 4.5 06

HRS2H-5-DCHV 9 180 6,76 0.9 450

HRS2H-S-DC12v 12 320 9.0 1.2

HRS2H-S-DC24V 24 1280 18.0 24

HRS2H-S-DC48V 43 5120 38.0 4.6

QUTLINE, WIRING DIAGRAM, MOUNTING HOLE LAYOUT (UNIT: mm)
p— - —

’ Mounting Hole Layeut
Oulline {Bottom View)

205403 , 09:03

11.420.3

3.640.3

7.62:02 [5080 21508102

105001, ISOTS16949, 1SO14001 ALn

KK vrszn-199



B CIGHAL RELAY

REFERENCE DATA
Timing Coil Temperalure Rise
5 Tume {ms) Temperature Rise {TC)
60
10 \
40 /A
1A /
Operate /’ oA
5 20 o
"
I
Releasa
o 0.4 0.2 0.3 0 o1 0.2 03 04 05 06
Coll Pawer (W) Coil Power (W)
Life Curves Maximum Swilching Power
Operations (% 10,000) Conlact Currenl {A)
1, 000
\ 2.0 \
500 l 1.0
\ \ DC Resistive AC Resistive
100 \ \ 05
24¥DC Resistive
50 \ \ T 04
\ \ 03
10 E—— 0.2
120VAC Resistive
5
0.1
0 05 1.0 18 2.0 0 5 10 20304050 100 200
Conlact Cument (A) Conlact Voltage (V)

1305001, ISOTS16943, 1SO14001 Appio.

HCE Hrs24-200
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