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B_-S§ 0.02*%(140.4*10°)
vevemaanil = 1_/J = 3(4/16°) = 7.5%107 m’
wenlday SWG 20
Hme = (0.75:1050:65765107)
L1411
M998 (air gap)
2
= N-p S
N
=4(22) (ATTI0 ) (140:4* 10500251 0°
=1496%10° = 426 3mm
IRF 530N
N7 N ] o *
- o ol o
PV ARRAY § _J4 V out
) control _signal
& =

g‘ﬂﬁ 6.5 @3IUI995 main buck-boost converter

6.6 Overcharge switch
NANNTUALIMANAYBINIT 153995 Overcharge Switch 51815 1H91U Load Tailda1u 24

v g v’ [ 4 Ao v 3 o W w Hg 9
P, ADIU LmZ‘UNﬂN‘UN’J‘uﬂlﬂﬂﬂ’]iﬂﬂ‘ﬂizﬂ lﬂﬂﬂ??ﬂiz@%%nﬂﬂﬂ@ﬂﬁ%ﬂﬂm@ﬂﬂi‘ﬂﬁﬂ‘ni‘lﬂ



39

r& o 9 A ) % a 9 o ;’1 Y o ;d' [3 c; 4'! q 9
ma%zmﬁlmnﬂmsaﬁﬂszqmu ”lﬂmuu ADININIITBDAUUVINITNISAAUUUALIADT ?Ji’)ﬂ!llﬂlllﬂ‘lf

U
R1
Cc1 R2
1 ul regulstor 10k
F 35\ || In 7805 Out
™ et V\/\r+
- Ground
12 V
to  _|s 1
RIGS T — 1N4001 R7
c2 11C)k
0.33 uF
BV 1N4001
R3
4.7

317 6:6 APL39090825 19RIT AV 7393 OVercharge

S

From
Solar
Panel

299394nA131l5¥nouRIY voltage Tegulator (7805)] Op-amp 183 741~ Transisior AIUAY
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BT 1 — Lead-acid automotive storage hattery

C1 - Electriolytic

C2 - Solid — tantalum

D3 — Silicon PIV of 50 or more .current rating sufficient to pass full output of solar panel

D6 — Light-emitting diode

Q2 - 2N3055 HEP S7000 or equivalent

R7 — Carbon linear taper pc mount

Ul — 3 terminal 5. Volt regulator



U2 - Op amp any of the 741 family usable

6.7 3995130 UnszuANY (Overload Protection)

sastestunszumfufinevauesidsaduiudsinuissnnimstlesiudseilad
dhumsflesfufinszuamiudunauiiefouiunssuanszfenlngqiineniiugnaduai
g9 eunseindniildaetind uazuhdudausimin (Relay and Magaetic contactors) Taeiinih
FUAALIINITARIIVTAUUIINUAIVANYAAIA (Coil voltage)

msavastsdlesiudesimasenuunTifissAdygunszumnaauqunihduiau
minlT18 Taed5719Aens sense nyzual gl amnamasiu udniussiuanidfvuiouse
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7.1 nam3naaesveddyg e luasesmugulrenisldosadalaaing

ammmmNqﬁsﬁﬂﬁmﬁmwsmmmﬁﬁ]“’ﬂdnﬁada‘lﬂ%ﬂiwﬂan"lﬂ%wwﬁmmmmﬂ
ICTL 494 uawammmmmmwmﬂﬂ MOSFET (IR 2113) ‘mammm‘um IC TL494 Uszneyu
“lﬂmaﬁmmmﬁumaﬂmmmmmﬂmﬂsaumfmmammmmwwawaﬁammmmum (saw
tooth signal) ﬁmapm%lnsmamamﬁu feedback Jﬂiﬂﬂl@Tﬂ‘N‘W’UmN%i converter mn 3uay

<~

dyanaiadidueninnuosds 1cTrdoe St o amveiihillun s umade'ld

199903715 05:24:52
CH1=2.00v/: : g + : : 5 20u3‘/div
DC 121 ; : H 5 : :

o

=Tracel= P-p 3ipooy Max J.000v Rins 1.713vy
: Freq 19; 84kHz£ Dty 50:0% : ;
=Filter= =0ffsat= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.cov Main : 10K Mode : AUTO
BW @ FULL CHZ : 0.00v Zoom @ 10K Type : EDGE CH1
Delay : 0.0ns
Hold OffF ; 0.2us

=),

30 7.1 dyanailudosnand 20 kiz u T 494( 2 V/div, 20 ps/div)



Stopped g 1999/03/15 05:34:18
2 CHZ=5.00V 1 20us/div
; G 13 : (20us/div)
SURURTE S ORI E SRR HORLESURES /=
e ome e

=Trace2= P-P  17;40v :  Makx_ 16,00V Rms  8.499Y

I 57?9....?9..1.5'.‘!‘.?_5 b S e,
h i

=Filter= =Offset= =Record Length= =Thigger=
Smooihing : OFF/ CHT™T | 0.08Y '} ~Main : | 10K, —™Mbds : AUTO
BW : FULL CH2+ [ ~0.00% 1]/ “Zoom 2 [90K . Type--EDGE\CH1 &

D.0ns
D.2us

Delay :
Hold Off-:

119 7.2 dyana Pase famamisadutesdinsznaasedithy fedback Moui

Tyghafiwassd Idninga TL494 HA00 20 Kz (5V/div, 20 Psee/div )
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e 1998 /03415 05:19:49
CH1=5.00V ; 2 J 2nus'/div
DC 121 : : :
: - Nonm.sumszs
......... L g LA T D AT
™ : : :
1% 3 ]

1__!_: H . %
=Tracel= P-P 15;00v Max 15,00V Rms g8.170v
e, Freq 2o:i6kHz: ol > G S SRS N SO
=Filter= =0ffset= =Record Length= =Trigger=

Smoothing : OFF CH1 : 0.00v Main 10K Mode I AUTO

BW :© FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH1 A4

0.0ns
MINIMUM

Delay :
Hold OffF :

o it 73 Fayyans pulse Tioonann 1o MC14049 T 46 (Vidiv| 20[Lsecidiv
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Stopped 3 1999/03/15 06:20:44
: CH2=5.04V T : :
DC 111
& """ oy e
=Trace2= P-P 25,98y Ma... 21;18Y Rms 9.517¥
R '.:.'7?9...?."...‘.5.'.‘”2.5. o DUY==89, 5%,
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing ;/OFF CH1 /) 0.0000V Main = | 710K Made : AUTQ
BW : FULL CH2"; 0.00% Zoom * 10K+ Type--EDGE 'CH1 £
Delay : D.0ns
Hold OFf-: 0.2us
d' 3 d' ~ d’ % .
5191 7.4 daats Pulse Nognain Jo% MC140497 10,325 V/div , 20 Msec/div)

Y

1899/03/15, 05:25:05

CHI=2.00V ¢
ic G

CH2Z5.00V~,
D& A1

P

20us A div

NORM SBMS is

.............................................. Max ~ 3.000¥ - Bms  1.i20X...
Freq 19.84kHz Duiy 52.4%
—Tracejz- p-p 15:00¥ Max 15:00¥ Rms 8.153¥
Friq 19;:84kHz Duy 31:7% - = 0
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW © FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH1 &

[

0.0ns
0.2us

Delay :
Hold Off :

5191 7.5 Fyann nlSsumousznaadyn I Pulse fieenane1n 1o MC14049 (5V/div)

o

iae oy Ta8 Saw  Tooth #1 18010 1o TL494 (2V/div) iR 20 kHz (20 sec/div)
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Stopped - 1999 /83715 05:36:23
: CH2=5.00V < 20us/div
DC 11 : (2Bus/div)
SUUTE SRS WU SR S S i e
ar S A A O o i*'
=Trace2= P-P 1ZA0%~"" Max ~16.00¥% Rms  8.399V
................ Frieq @ Iekhz | \ A (Juty, , 31:52 :
In
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing/:/OFF CHI1.: n.oov Main o\ 10K kode : AUTO
BW [ FULL CH2.. D.oov Zoom .~10K Typa-: EDGE CH1 4
Delay, - 0.0ns
Hold. OffF 0.2us
’i‘ W
zﬂ‘ﬂ P [ mrf]aummm gate(iﬂﬁ)ﬂb%ﬂsomce (%@iﬂ) ﬂﬂ’ﬂlli} 20 kHz (5V/div, 20],Lsec/d1v)

1999703715 06:05:49

Stopped

ol

CH2=2:00V 3
DG 11

20us/div
: (20us/div)
NORM.EDMS /s

L Trace2= P-p l10i20v Mak 5.080V 725 . 0mv¥
Freq 1. 25“""'25 Durty .5“ O3 i
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0000V Main © 10K  Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH1 &

=5h.

31

0.0ns
0.2us

Delay :
Hold Off :

7.7 AURNUNTTUAANATONAANHINI L) (2 V/div, 20 Lsec/div)
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Stopped e 1999 /03715 05:59:28
: CHZ2=10.00V: 20us/div
DC 11 I (20us/div)
: NORMSOMS /s

=Trace2= P-P 4900V

Frieq 20;33kHz"

=Filter= =0ffset= =Record- Length= =Trigger=
Smoothing : OFF/ CH1 [ /0.000DY Main 10K Mode : AUTO
BW @ FULL CHz-: 0.00V Zoom. 1 A18K Type.. EDGE 'CH1 &
Delay : 0.0ns
Hold Off D.2us
2 o - ' o Sl o o | L
g‘ﬂ“ﬂ 1.8 'EUUQJ,Wﬂli’mlﬁ‘J‘VIﬁﬂﬂS’E]?J’ﬂf.lmuﬂ'JH”l (VL) (5V/div'4,20 ],l,sec/dlv)
Stopped s 1999/03715 06190155
: CH2=5.00% - 4 2Dus /aiv
oc o (20us/div)
] 1 NORM:SDMS /s

=Trace2= P-P 21,20V Max  15:40V Rms  11:53¥
: .. Freq 20;16kHz Duty 59:7%  : . T
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0000V Main : 10K Mode : AUTO
BW : FULL CHZ : 0.00v Zoom : 10K Type : EDGE CH1 &

Delay : 0.0ns
Hold OFF : 0.2us

7.9 dyaaanaseuvunaiusesaluvueiiluBoost NN WA 20 kHz (5V/div,20|Lsec/div)
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7.2 Msnagevdelvian
i ¥ 1

Tnaafl#fuTassouiidiunasa ligeasmanst ving 18 Tad devuuiu Tash

N3z Full Load 9213@ 3 viaoenounu (Wermasingaan Solar Celi Uszanst 50 Jad) Tay
v Ao [~ [ A - 51' ]
Amiasiu usedu IWFhA nput uag Output NFZLad Input 1A Output NFI No-load UL
Full-load
c:i ¥ o Ad‘ o a oA — ~A L ]
fnadg faeiiihiuaasilunaguuesussdunaznszud UssGninm(ELL) Avdandau
3 o @ d' Qs J & ~ e & - T @

5e11319/189 13191 Tnput A Output 1182 #1 Regulation A8 Load Regulation #30A UMY

%Load Regulation = (V no load - V full load)*100/V no load

% Qs T o/ % é
mselunihsa lluaasdtmaimanisvu Inaaluridiugnils (8.30-16.00) ¥9ae
=4 v ) U d
15113 31A1013 Regulate uazA Efficiency ¥ a0oUINIA1 Ao

20.44%

UszAnTn A #(Average Efficiency)

1l

19 Regulate Ry (Average-Regulation) 59.66%



Time V in(Volt) Iin (Amp) V out(Volt) I out(Amp) P in (watt) P out (watt) |%Efficiency|% Regulation
No load(Full loa |[No load[Full loa [No load|Full loa |No load|Full loa [No load|Full loa |No load|{Full load
8:30 AM 51.0 46.0 0.3 0.9 19.1 6.8 0.0 — 15.3 41.4 0.0 8.2 20.2 64.4
9:00 AM 51.6 46.0 0.3 0.9 19.0 6.9 0.0 1.21°.=15:5 414 0.0 8.3 20.0 63.7
9:30 AM 51.6 46.6 0.3 1.0 19.1 T4l 0.0 1.4 15.5 46.6 0.0 9.9 21.5 62.8
10:00 AM 52.2 47.8 0.4 1.1 191 712 0:0 L4 =209 52:6 0.0 10.1 19.2 62.3
10:30 AM 52.0 48.8 0.4 1 19.1 13 0.0 14| %20.8 5347 0.0 10.2 19.0 61.8
11:00 AM 52.0 48.8 0.4 1.1 3| 7.6 0.0 L4l\ 20.8 ol @, 0.0 10.6 16.8 60.2
11:30 AM 52.0 49.0 0.4 1.1 19.1 7.9 0.0 LSE 120.8 == 0.0 11.9 22.0 58.6
12:00 PM 52.4 49.0 0.4 1.2] =194 3.4 0.0 Lol W0 58.8 0.0 12.6 21.4 56.0
12:30 PM 52.3 49.2 0.4 | A 8.8 0.0 NEDTAI 9 59.0 0.0 132 22.4 53.9
1:00 PM 52.5 49.2 0.4 1.2 19.2 9.3 0.0 =5 21.0 59.0 0.0 14.0 23.6 51.6
1:30 PM 52.0 49.0 0.4 1.2 19:5 9.6 0.0 .3 \OZ0.8 58.8 0:0 14.4 24.5 50.8
2:00 PM 52.0 49.1 0.4 1.2 5,191 9.0 0.0 154, 1120.8 58.9 0.0 13.5 22.9 52.9
2:30 PM 52.1 49.0 0.4 1.1 19.1 8.8 0.0 1.5 20.8 53.9 0.0 13.2 24.5 53.9
3:00 PM 52.0 48.8 0.4 1.1 19.1 8.3 0.0 1.5]¢ 20,8 537 0.0 12.5 23.2 56.5
3:30 PM 52.0 48.5 0.3 1.1 19.1 3.0 0.0 1.4 15.6 53.4 0.0 11:2 21.0 58.1
4:00 PM 51.1 48.0 0.3 1.1 19.0 7.4 0.0 1.4 153 52.8 0.0 10.4 19.3 61.1




P
UNN 8

Simulation

Y .
Tums Simulation 299 51iuiinans Tusunsufiannsarins Simulation 329518 1% Matlab

) ¥ é é 4 )
, Schematics Siudu TuTazesanil 18en 19T0/sun53 Matlab 39 16vnsnSeansianen

Maximum Power Tracking 1A%11115%1f1 Maximum Power Tracking 91numa lora 5ivaduin 68

° £ kY v ld'
watts 91UIU 3 U %Qjﬂﬂﬂﬂﬂg’h‘ﬂ&l

Vel Curve F8-watts

3-—, -é "":E' '::.,
2.5\. :;;"\ .'_-é.- ',g_.
G
2 '}%{»)f'; >
2 Rl S e igyiese:
§1'5'“‘ ) ;‘: ,"3\\’{‘1"—!‘;}.'!’,!,'!{;{,‘{’),' '/ ‘\ l*-{\
s , : / ‘;"‘Il: ! "'f.;’j;'l';]r?n';}) “ :
© ’0\,4‘ {f H\}' "’:I‘v’t’;’I lII L a
1 ~ e l&' \l'-._l {7 e ’r‘,l.'r ﬁ l",
Wegillii el
DS\. \ b 4 ] | l' \

Yoltage G 5

3141 8.1 191 V-1 Cuvre vpwma Tem1sisaduing 68 watts

<
K

o0



¥

¥ v
UoN91nHE 1891015 Simulation 20939 1Riden1¥1uTas 9011l A9 2995 Buck-Boost

Converter Taglimsnargunishaulag Feedback fiflounduhuitedai saw Tooth Fagn

ﬁ%’nmumnm TLA494 1 119 q A1) e fnmseduves Output T 1¥eans Tulaseernilld
Faswes Output 137 24 Volts

110 8.3 uaaana e Duty Cycle = 0.5 #afI Saw Tooth Y84 TL494



] (] » H v
(19157811 Output 1 14 Feedback nifu liiiVenaugust Output 1 Ida s ideanisiiy

] v 9 v
aves amefianasenduvniisniniuuaza1wes Output 7 14 a1 A1 Duty Cycle @199 vz 1Rdag1

: | Horlzantal Range:

1
b

gﬂﬁ 8.5 1aAIn3 W89 Output N IANA1 Duty Cycle = 0.2



joF4

4\ Scopey

Yertical Range:

:
s RS o B e A T T

11 Saw Tooth (142

=0.5an

7I#'8.6 s0@ 903 W83 Duty Cycls

3 Seopch

Horizontal Range:

Vertical Range:

5 u—iil. .‘a(l.!fl

1 1
e L s e
i = '

¥
'

=5

v

319 8.7 ueraansues Output 1t A1 Duty Cycle



53

100]

Horizontal Range:

Vertical Range:

3 O

AN Duty Cycle

A

Wayo 9 Output

N 8.7 LaANNG

Pi)

1 Duty Cycle = 0.7

718 o

U4 8.8 n31luerase1 Output

U -
= 2
o
]
— 5
.m [:4
g 3
g z
il= 8




54

& =4 ¥ ﬂ A T A Aa o v v @ -d' ° 2
HIVSLH U u'lﬂmu'nqyg‘n'n “ﬂ’!ﬂu‘ﬂﬂﬁ'ﬂ‘l!ﬁ]ﬂlli\‘iﬂ‘Ll‘ﬂﬂﬂﬂiﬂﬁﬁ?t’ﬂuﬂ?uﬂu'ﬂuﬂﬂ'm

9
=

nawzdesisuitugudide 1, =1, + L7 «oxlRaunsdsdl

[V, dt = TVLdt+TVLdt= 0 on

dgj 3 dl Y o U ¥ tﬂl = 1 3 1 Y o 14 v 1%
nansiluenashanulidmsumsldanuienisdinwvingu leygnlmhluldusylesiaunisn

' = O L A &y agve & Y Y a = v & Ao ° v
lﬂﬁqﬂiﬂﬂ@‘] NG @ﬂm\iﬁqmlﬂﬁﬂfﬂLLU@QLU@V']LL@%WE]\TE]']Q@QQQLQ'WJENL@ﬂaqinﬂﬂﬁﬁwmﬂqiuqiﬂisﬁ

T —



55

UnH 9

a d
ajluaziorsal

NNNISNABBIN V-I Curve Youurs [sa1sivad ns i Idisewsatinnme P veq

1 P dy ™ A v
ursloaugadusnzuns 18 Felulassniivildlasnsm@auiinmadens p_ faonistszua

0 Y o o w & ° 9 a 1 a g Y o 3 A 9.".1 Slé 9 2 9/
ANBUTUTUNANY V-I Curve FehlviAndnmAana 1AL 1R duluie 1t 18T deyadegndes

[

A 9 9

limunivietetiuzdeldTsunsunsuiiugssidadaslumsmeniios p_
£ ] 9/
qIUVRININANDIAD IV IAUATNAIVAY MOSFET Uildmgfrauht Idviude lifitlseans
AHa I :/J [ a t:?’ (2 1 \a o A 3/’ [ =1 a a
pmmAeIne sisdslinnuAaivduvesdyaaed Mgildsaiaaeqgald s iudsiilszans
nmegluszauihunawedenaziinaniddiudug
mydsdyanaidoundulinzugaeiniiocninn 513993 Buek-Boost T aan Mvieen

-3 Q el M A L M fod Q/
L‘ld.hm‘lj m’lﬁ'msmaq;ﬂpmﬁmmqwm m%zmwaﬁmaﬁﬂsmmmiwu HasNIFINRIITAY

ussduIiihvudiazaioen

flamwazerassainnlidasesmn

L. nsesiledi]glumadn { LifioanesonylFan
2. gihsaildlumsnaaesiiasinlidiatos
3, ﬁmwgﬁmﬂmhlmgaéwmwiamimaaa
j o =) ° 9/ [~ S 1 -~ 4 =i o 1 a
4. wwelgmriaaiinawng il hiviudousamap alvdfiaadaiviann ndisudaz yiia

A o < o ] ¥ o 4 o
5. ﬁﬂ?u‘l’m'lI‘l’SL‘DﬂfJQllmﬁ’f)ﬂﬂl’JElﬁﬂﬂi‘ﬂﬂﬂ‘iﬁﬂu

sugmnnimsud lwazdegue

L adsdmaiiusamaiasife ldifisane fusuauindnm

2. avsiimsarndeuniasgiuvesglnssimuszezaunas

(V8]

~ v o ABI Ao 1 =1 < o g
AITUNTIAUNVY U 1“47]111W111111L!5’?l1'3/ﬂﬂ3".ﬂ\3 AN WNIULUY

{ v Y { 1 o ¥ $
4. IR dudyanuiloundy %sﬁﬂmzf’fﬁmullﬂ‘Ié’ﬁammmwﬁﬂaua@ﬁx@gmﬁmm

: 13 o o
U ’H“;‘r}ll;lJﬂ‘ﬂ'Iﬂﬁilﬂﬂﬂi’]’Jﬁ’;Q%iﬂ’lﬁﬂﬂWﬂ’N‘ﬂiﬂ’J‘UﬂM



56

LANANTAN9BY

[1] MOHAN , UNDELAND ,BOBINS ,” Power Electronics “, New York , John Wiley & Sons ,
2"Edition , 1995. |

[2] H.W. Whitington , B.W. Flynn, D.E. Macpherson; - Swiched Mode Power Supplies
design and Construction “, New York , John Wiiey & Sons, 1992.

[3] F Lasnier, TG Ang , “ Photovoltaic Engineering Handbook” , England, IOP Publishing Lid
Techo House , 1990.

[4] g3mnd wise "EARTaneFEaNe” | teRdeuss RN umalng Saie, 2535,

[5] Edward M.Nall , “ Wind/Solar Energy for Radio Communications and Low Power
Electrical Systems” , 2™ Edition , 1981 Sams Publications , pp179-180, USA’

[6] James B. Dabney & Thomas L.H imulink” , The MATLAB Curriculum,

ANAANAN/
WO

dq-/ 3 dl Y o U ¥ d‘ = 1 gj 1 Y o 14 v 1%
nansiiluenarshanulidmsumsldanuienisfinwvingu leygelmhluldusylesiaunisn

\'L [ dﬁl gj : a gj 4 a vV ¢§I L 1 a = 14 gj tﬁld o ¥
HUINNTRULA ) INEU ’e]ﬂ‘VN‘MWlIlISL‘MWWLL'UﬁQL‘L!E]WWLLﬁ%G]@Q@’NENﬂQL‘*}]’]GUENL@ﬂaﬂiﬂﬂﬂiﬂwmﬂ’]ﬁuﬂlﬂiﬁﬁ



=) a
NANssu =1

<. g ' Y & Yo ' A = )
Tﬂswuummqmq'lmummn'1ﬂsim:1mmﬂmammzmuzmﬂyﬂﬂammu g
@ o g t s/ d'dy
mapjﬂﬂmﬂmmnmfmauqtu‘vgnmu'la w il
P d o a 9 o o [ A [ a
T ARIEINg sy i uusiuesausianiosteai
aa a Y * = ° o & = J a
- 853385 Nause g’ﬂﬂmmmamaauazﬂmu:m‘lunmws.aszzwi VAN

Tdénstlsemer

£
S o

a d Aoy P n’/l = > 1
T R.qIums (ioen) Muilusied asagRiavaaesedng
T - g ool
- filnde fldnawdiSes smps egredngs
- Store ma TW#h

4’( c; o o ! a 9
maqumiﬂswmﬂﬁ’wqﬂuu TREI YL}

| faruilensdnwuvindu T milulgusyleviaunism
nansiituenansfianulidmsumsldouiensinuiiiu ldeugeliiluldseley

J Ao o v
Y & 4 L 1 a = 14 ’]VLUIGU
lainsdilag siedu Snivnudlidaudantdemuasdosdrdsiaimwenenammnadeiifinng



tdy [ d’ ¥ o U ¥ dl = 1 gj 1 Y o ¥ v 1%
wnanstiluenansnanulidmsunisidnuiensfnwivinu ldeyaslmiluldusslowisunisen

Laidnsdilag edu Snviehudilvidawdasionuazdodneddiadvesonalsynasiniinisiiluls




MOTORCLA

TL4084

|

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 is a fixed frequency, puise width moculation control
circuit designed primarily for Switchmode power supply control.
This device teatures:

¢ Complete Pulse Width Modulation Control Circuitry

® On-Chip Oscillator With Master Or Slave:Opesation

® On-Chip Error Amplitiers

¢ On-Chip 5 Volt Reference

Adjustable Dead-Time Contro!

® Uncommitted Output Transistors Rated to 500 MA-Source Or
Sink

e Qutput Control For Push*Pull Or Single-Ended Operation

¢ Undervoltage Lockout

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITH!C
INTEGRATED CIRCUITS
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ORDERING INFORMATION

The TL494C is specified over the commercial operating range
of 9°C to 7C°C. The TL494l is specified over the ircustrial range
of —25°C to 35°C. The TL494M is specifiec over the fuli militar
range of -55°C to 125°C.

Temperature
Device Range Package
TL494CN 0°to =70°C Plastic D!P
TL494Cy 0°to +70°C Ceramic DIP
TLAYAIN ~25’to =€5°C | Plastic OIP
TL&S4l ] -25"to -85°C |Ceramic OIP
TLA94MY ! =557 to ~125°C | Ceramic DiP




TL4S4

FIGURE 1 — BLOCK DIAGRAM
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TL494

MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted)

Rating Symbol TL4s4C TL4S4| TL434M Unit
Power Supply Voltage Vee 42 42 42 \
Collector Output Voltage Veci. Ve 42 42 42 \
Collector Output Current (each transistor) (1) Ica.Ic2 500 500 500 mA
Amplifier Input Voltage Range VIR -0.31t0 42 -0.3to 42 -0.3t0 42 Y
Power Cissipation (u Tp < 45°C Pp 1000 1000 1000 mw
Operating Junction Temperature T,
Plastic Package 125 125 - °C.
Ceramic Package 150 150 150 °C
Operating Ambient Temperature Range Ta 0to 70 -251t0 85 -551t0 125 °C
Storage Temperature Range | Tstg *C
Plastic Package | -55to 125 =55 to 125 —
Ceramic Package ! -651to 150 - 65 t01150 - 565 to 150
NOTE 1: Maximum thermal limits must be cbserveds
THERMAL CHARACTERISTICS
Characteristics Symbot N'Sutfix |Plastic’Package | J-Sutfix Ceramic Package Unit
Thermal Resistance, Junction 10 Afmbient Riga 80 100 ‘cw
Derating Ambient Temperature f TA 45 50 °C
RECOMMENDED OPERATING CONDITIONS.
| TL494
Condition/Value ! Symbol ppi o W Unit
Power Supply Voltage Vce 2.0 18 40 \
Collector Output Voltage Vs Va2 30 40 \
Collector Output Current (each transistor) ; Igre2 i A - | 200, mA
Amplifier Input Voltage i Vin ; -03 — Veeg = 20 v
Current Into Feedback Terminal : Ity — — 0.3 mA
Reference Output Current Iref — — 10 mA
Timing Resistor RY 1.3 30 500 k)
Timing Capacitor Ct 0.0047 0.0G1 10 wF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACGTERISTICS, (Voo =SV 61 =.0.01 pf Ry =
For typical values Ta = 25°C, for minsmax valuss T4 is theloperating amuient tcmperature range that applies unless otherwise

12°kfl unless @ihenyise notedy)

noted.
s 3 o Lo TL494C,) TL434M i
aracteristic ymbo nit
. Min l Typ rMax Min J Typ I Max

REFERENCE SECTION

Reference Voltage Vbt 475] [« 5.0 526 | 475 5.0 I 5.25 v
flg = 1.0 mA) l ,

Line Regulation Regjine = l 20 25 e 2.0 25 mv
IVee = 7.0V 10 40 V)

Load Regulation Regipad - 3.0 15 - 3.0 15 mV
(lp = 1.0 mA to 10 mA)

Short-Circuit Output Current Isc 15 35 75 15 35 75 mA

(Viet = 0V) i




TL4S4

ELECTRICAL CHARACTERISTICS (Vce = 15V, Ct = 0.01 pF, Ry = 12 k0 unless otherwise noted.)
For typical values Ta = 25°C, for minimax values T4 is the operating ambient temperature range that applies unless otherwise
noted.

TL4S4 Unit

Characteristic Symbol " T
Min Typ Max

PWM COMPARATOR SECTION (Test Circuit Figure 12)

Input Threshold Voltage VTH — 35 45 v
(Zero duty cycle)

Input Sink Current - 0.3 0.7 — mA
Vipin 3) = 0.7 V)

DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)

Input Bias Current (Pin 4) lig (DT) = -20 -10 RA
(Vpin 4) = 00 5.25 V)

Maximum Duty Cycle, Each Output, Push-Pull Mode DEmax %
(Vpin 4 = 0V, CT = 0.01 uF, RT = 12k0Q) 45 48 50
(Vpin 4 = 0V, CT = 0.001 uF, Ry = 30&0) —_ 45 50

Input Threshold Voltage (Pin 4) VTH v
(Zero Duty Cycle) — 2.8 3.3
(Maximum Duty Cycle) Q —_ —

OSCILLATOR SECTION

Frequency fosc — 40 - kHz
(CT = 0.001 uF, R =30k)

Standard Deviation of Frequency*® atose = 3.0 — %o
(CT = 0.001 pF, R = 3C kQ)

Frequency Change with Voltage Afosc (AV) — 0.1 —
(Vcc = 7.0Vt 40V, To = 25iC)

Frequency Change with'‘Temperattre Mesc (AT) — — 12
(ATA = Tiow o Thigh!
(CT = 0.01 uF, BT =12 ) [

UNDERVOLTAGE LOCKOUT SECTION

Turn-On Threshold (Vggiincreasing, dref-= 1.0-mA) Vih { 5.5 I 6.43 7:0 I Y

TOTAL DEVICE

Standby Supply Current Icc mA
(Pin 6 at Vgf, All Otherdnputs andOutputs Gpen)
Vece = 15 V) — £.5
(Ve = 40 V) — Jo6

Averzge Sdpp!y Current — — 7.0 = mA
(V(Pin a) = 2.0 V1(See Figure 12)
(Cy = 0.01 pF, AT = 12 k0, Yoo = 15V

+ StandarG deviation is 3 measur.of tHE statisuical disiroution 200ut-3he mean 35 derved (romthe formufa. «f= ’ Qi x %2
— L

) 0 =0
Ny
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FIGURE 4 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE
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FIGURE 6 — PERCENT DEAD-TIME versus
OSCILLATOR FREQUENCY
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FIGURE 8 — EMITTER FOLLOWER CONFIGURATION
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FIGURE 11 — ERROR
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FIGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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ELECTRICAL CHARACTERISTICS (Ve = 18V, CT = 0.01 pF, RT = 12 k0 unless otherwise noted.)

TL4AS4

For typical values Ty = 25°C, for min/max values TA is the operating ambient temperature range that applies unless otherwise

noted.
TL494C,l TL434M
Characteristic Symbol Unit
Min I Typ ! Max Min ' Typ l Max
OUTPUT SECTION
Collector Off-State Current Ic(ofi) - 2.0 100 -— 2.0 100 wA
(Vce = 40V, Veg = 40 V: :

Emitter Off-State Current IE(0H) — — - 100 - — -150 nA
(Vcc =40V, Vg =40V, VE =0 V)

Collector-Emitter Saturation Voltage (2) VSAT(C) - 1.1 1.3 — 11 1.5 \
Common-Emitter

(Ve = 0V, Ic = 200 mA)
Emitter-Follower VSAT(E) — 1.5 2.5 B 15 25 \
IVc = 15V, Ig = -200 mA)

Output Control Pin Current locL — 10 — - 10 — LA

Low State
(Voc < 04 V)

High State loek ~ 012 3.5 - 0.2 8.5 mA
(VOC = Vref)

Output Voltage Rise Time tr - 100 200 — 100 200 as
Common-Emitter (See Figure 13} :
Emitter-Follower (See Figure 14) — 100 200 — 100 200 ns

Output Voltage Fall Time U — 25 100 - 25 100 ns
Common-Emitter (See Figure 13)

Emitter-Follower (See Figure 14) — 40, \| ™00 — 40 100 ns
TL4g4
Characteristic Symbol % T Unit
Min { Typ Max
ERROR AMPLIFIER SECTIONS
Input Offset Voltage Vio = 2.0 10 mV
VO (Pin 3) = 25 V)
Input Offset Current o - 5.0, 250 AA
(VO (Pin2) = 25V)
Input Bias Current Iig = -0.1 -1.0 rA
VO (Pin 3) = 25 V)
Input Common-Mode Voltage Range VieR =0.31tc — - v
(Vce = 40 V. Tp = 257) NceF 20
Ogen-Loop Voltage Gain AyoL: 20 95 - dB
(AVQ = 3.0V.Vpo = 050 35 V.
Ry = 2.0 k{Y)

Unity-Gain Crossover Frequency fc = 350 = kHz
(Vo = 0.5t0 3.5 V. R = 2.0 ki})

Phase Margin at Unity-Gain om - 65 " 4 deg.
(Vo = 0.5t0 3.5V, R = 2.0 kf2}

Common-Mode Rejection Ratio CMRR 65 90 d8
(Vcc = 40V)

Power Supply Rejection Ratio PSRR — 100 — d8
(AVee = 33V, Vg = 2.5V, R = 2.0 k(1)

Output Sink Current ’ lo- 0.3 0.7 — mA
(VO (Pin 3) = 0.7 V)

Output Source Current Io- -2.0 -4.0 - mA
VO (Pin3) = 35VI

NOTE 2: Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperatures as possibie.



TL494

FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES
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