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Abstract

This thesis presents a design of a Push-Pull inverter used to convert the DC signal to the
AC signal. The input of the inverter is DC voltage of 12V. while the out put AC voltage and
frequency are 200V, and 50Hz respectively. the inverter can deliver the maximum power of
23.5 watts with 23.8% effeciency.

The principle of the designed is based on the Pulse Width Modulation (PWM) concept.
The key parts of the inverter is the part where the pulse widh modulation signal is generated. The
generated signal is then used to drive the push - pull power switching consisting of power

MOSFET together with the iron core tranformer at the frequency of 1 KHz .



II

a a
Aaanssulszmea

o a J O‘J ] 1 Yy A A Yo [ A
ﬂ']iVI’l?Jun@iﬁm@iu‘ﬂi%fﬁJNﬂﬁui%Qﬁ?@qﬂﬂﬂﬂﬂtuﬂﬂﬂ'Iﬂllﬂﬁ‘ﬂﬂ'ﬂil“lﬂﬂlﬁﬁ'ﬂinﬂ

v v
=t

I 1R 4 o e a Jq Y o v W o °
219136MU3n¥1 (819150 warnans @elszasy) N8 NS wanAuLazA Uz nasaIl
= a o =2 o v e o '
fuwaAamsinus lamsuuzshlumsudlygmnilumsnaass uaz 919150909 MY

a ad aod a J @

Tunniranssudiannsetnd  aazimnssuenans  aontiuma Tu Tadgwszeoundudigu
o AR Ye g e A @ PRt an YA '
nsmenszie  nldAuhudunenulassw  uaghvei lddessamslem  uag
a @ 1 a P LY Y g Q)Iriy u’zﬁl
ymanmedeuienany  nldnseduayuginssiaeg  ldun gunsaliugiums
ad a J a < A 9 dy < z:s.‘ :1/ A o 9y
Biannseingd uaz Aeununes ol lnassauiiiassduauiunsuitimua 13

v v
MagsaihvoudanNuBLARYNNIUENATIWT o Tomaiiaag

Y q



@

v

AUy

1

UNARYD

ABSTRACT

Aaanssulsene

i
s

Unh 2

I
1.1. anuiuyiveelnsau
@ 4
1.2. IngUszasa
1.3, nuaanudauas Insiardavesny
1.3, U9UWAYDIIATIY
1.5. MTHUFUDI YU
a = g -4
BUNDIAADS
o a i i o 4 ™
2.1 dayanunnduiiesanos lnonaly
e Ag o %\l /Y
2.1.1. 2995 9ULIDT QMBS LUVUATIVTAD (Half Bridge Inverter)
a a o I'4 a Sl
2.1.2. 19950 UNDTAMBILUVIANUIAD (Full Bridge Inverter)
= a Jd Jd
2.1.3. 1T OULIBIAADILUUNYWA (Push Pull Inverter)

Y o A 4
2.2 Msadedygranaugdosed

s .
=

v v da )
273 mm%’ﬁugmm ?ﬂUWﬁﬁ?ﬂN@ﬂlﬁ‘]ﬂu(PWM)

2.3.1 guAd PWM uDY 2 sEfunas uu 3 szdy
232 asaagiladu pwM Tasiiald
933 mﬁﬁ%’wgﬂﬂﬁu PWM LMD DAUAZULLITAATS
(Natural and Regular Form)
2.4. maﬂ?mgﬂﬂﬁ'umeumaiaaumuﬂﬁya (Natural Sampling Patern)
25 msa?wgﬂﬂﬁmmmsgmﬁmuﬂgﬂ
2.6. UBAANMIAY
2.7. MITEUWANUTOU
201 mm@ﬁumumm%’au (Thermal Resistance)
2.7.2: ﬂ15fhEjmﬂ'nn%’auﬂlmqﬂﬂmfmiﬁaﬁaﬂw
2.8 dmtsznevveendionag

2.8.1. magaydelunendas

II
I
v
VI

\OFNAO R OD s SO O

10

11
12
12
15
15
16
16
19



Unfi 3 mseenuuuazmIadeduiesaned
3.1. 3999 DC to DC Converter
3.1.1 msadegilatuiluden
3.2, 2038 uilagUaRumeiANLG 50 Hz
3.3. 21995 PWM (Pulse Width Modulation)
3.3.1. 209sad g Undudimao
(Square wave Comparator Circuit)
3.3.2. 3999 Logic
3.4, 299371V 1INN
UNT 4 MINAABILAL HANTNATDS
ik miwﬂammmﬂumsma%ﬁ@ugﬂﬂéu ua:maﬁuﬁgﬂﬁﬁmmmwm
4.1.1. Fynanad firildduunnluaees DC to DC Converter
4.1.2. Namimammsﬂ%’wﬁtymmﬂmﬁaﬂ
4.13. wamimaaamﬁﬁé’waﬂﬁugﬂmaﬁmmé 50 Hz
4.1.4.f°f'aujaunmﬂEﬁéugﬂmﬂﬁxmmﬁugﬂﬂéu

5 5 /'
. dyanagUamasy

) U

4.1.

>
W

1.6. Ao PWM

1L7.dyana PWM 1dinmariulgasasaniey

~

4.18. e PWM newid1299sduuInym Mmsnauia 180 oee

4.1.9. U109 [ITTUAN

3]

<

a d 4
4.1.10. TN NAUVI0BNYDIDUIIDTIADT
4.2. Mydauazi g aIAA199 U8 42983
42.1 dygrauudesnanug 1 KHz
4.2.2. dyaauiludosinnud 2 KHz
= a Jd
UMY 5 agiwansnaasuneINgl
v A 9 a
M1I99001989

NMARUIN

21
21
23
24
27
30

32

33
34
34
34
35
36
37
38
39
40
41
42
43
46
46
47
49



VI
a3l

JUf 11 uwudsdsuilseneun dnuesdunesmneswiia Push-Pull
1
i

a A LY P )
gﬂ‘n 2.3 WITDUNIBIAUADTUUVIANUIAD

=h.

: d 1 a a d¢ 3
2.1 Llﬁﬂﬁz‘ﬂﬂﬁul@WI‘V!‘VILL‘UUWNﬂ1ﬂ?ﬁ§]§@ullﬂiﬁl@@§ﬁﬁ18ﬂLL‘U'U

Qo

a a J < £ a <
2.2 WATOULIDIANDIUDVATIVIAY

2an
=h.

¥ a a J 8
11 2.4 2930UBBSAMBS LU U TWA

Qo

31 2.5 uaasgUadu PWM (n). uuD 2 52RU (¥). 4UY 3 52AU
i
i

1 . Y
i 2.8 myadegdaduunureseauslaria 3 szay

2.6 giadu PWM flFTuawsnlSouiion

2o
=D,

3 A

v
J MsasisUadnuuuueeseauyularia 2 seau

U

€an
=h.
)

2o

i 0 Y
1 2.9 myadregdaduunusgarsuvalas il 3 sy
1
Ui 2.1 Tassademeluvesduedvn

1

11 2.13 F9E1UHUTEUIIANT BUVUIAATNY

(V)]

2.10 GNHUSAIUDNVDILDALNAN

€N €
=Sh:

2on
1
[N

q

12 AUANHAZYDIN1TAN8 [0 UYRIINO TN

2o

1J°?; 2.14 2995t ilonueanisoemanuiou
ﬂ‘?‘i 2.15 msmomanuiausnsesdovesglnsel
mﬁﬂaﬁaﬁﬁzmﬂaaﬂqmmﬁ 3019
gﬂﬁ 2.16 2asiiouvewmderiag
1)
31
1

310 3.3. dyanagdiludey

o a a It
2.17 dnvaizfauyseiveadu 1A sgmnnss ae

QaN
=D.

7 AW 3 a
3.1 LWHAY LEAITEUUBULIBSAADST FHA Push-Pull lAgsay

3

3.2 997 dc to dc converter

Qo
=J 5

] o Aa 4 Jd
11 3.4 2995 uilagafuae 50 Hz

2o

gﬂﬁ 3.5 2999 Full wave Rectifier

a A o Y 1A =
51U 3.6 ufrmgﬂﬂauqﬂchl,unmvl"llmmswwgmzmmmwmm Op-Amp 111993

1 3.7 19951)Ssuifioy PWM (PWM Comparator)

Qo

1/7 3.8 Wave form 91169112995 PWM

Cah

19 3.9 nasgUaIuAMABITVIBEN VDAY

2o

o

51/ 3.10 (n) 2vsnsad g dadudmdoy uaz (v) 3y

10
11
11
12
12
13
14

155

16

17

21
22
23

24

26

28

29

31



VII

a A A A
317 3.11 warasgUndudman
1 3.12 299390 UN

1

1N 4.2 uaasdaanailuneen lda1nnsnaasense

o g

Qo

'
o da o

ean
=h.

Sah

A

Uit 4.3 uansdananauglesind 5o He
1

1
i
i
1
1
i

SN

.
[ =

o g
4.4 dygranaugdmnoinuuaugy

€
=n.

=n.

4.5 Adu uaeadyauglamasy

€l

4.6. uaasdaya PWM 71 1891nn1snaaeg

Qo
=h.

4.7 dyana PWM 1dinmsHiuleesasinieu

13

€an
=5D%

=n=

4.8 Fyanar PWM fouidneesduvunyn iimsnduma 180

7]

Cal

9 TRy MY109NNITIVINN

Qan
=).
N

o a o J
0. ’diyiummNﬁ/mﬂn@aﬂﬂjmaunmmas

g

=h.

4.

Can
ey

41dyanaiadnozii ldduunnuesueanlugens DC to DC Converter

32
33
34
35
36
37
38
39
40
41
42

43



a 4 7 o ! 4 = v A Y d {
sunofimediugnsallumsnlaou Iras s u Iaduaiius sdunazanuiawd
9 a 4 4 P o 9 [ 1 ] ad a 4 1
doams  suneswmeiduginsaifgniwnldauiueiiumsvarsluaudionnsolnd 15U
il e 1 = @ A Y A o
msmuauuemosiiaing  nlaouszauldase uazifeyanaealiizoumsminuuanes
a o o @ g & d?, 1Y a o 9/ A A
sunosamedlasi g inawuuy  Fuduriiavesnseonuuuuazinlldaon d@
o A & Sl 4 1o wny = 2 o w o d2 o
arsfilaielasiian 1) fe sremdsldas uag mstimsgapdeided Tnsenulitaiaue
a o d-a 2L A va o A 1 9 9 3 1 9
MseenUUUBUIDSANeTiia Push-Pull Felinmauiiageiindndredu Tasauihmineily
) o g o A Ja @ I'd
ansaaddyaams Ouwpu Mifudyananaugdeeiiivinaussiu 220 Tavi uag

ﬂ’J']llaﬂ'liﬁ’NWULVhﬁU 50 Hz

1.1. anuiluanvedlassny
o 1 3/ 3y o LI 1 a 4 o YA
nndnandiady i ldgmsesnuuuduneianesyiia  Push-Pull uaz a1

rnsalumsioudelymuguaniaiesnuuy 3 ludmvedsz@nsnmmsinu

(Y] 13
1.2. Ingiszeaen
A4 = o a J 4
- fieAAYINTHININYD IS DUNDIIADS
- WeARYINISTONY84EIAINTI

A = Fpa o A o Y o da o o
-] LW@f”fﬂy‘]ﬂ']5ﬂ']iuﬂﬁﬂJufg']ﬂlgﬂﬂau%’]ﬂullﬁgﬂ'ﬁaﬁ']\iwaﬁjﬂ‘ﬂu@@ﬂm%u

1.3. ummmﬁmmﬂﬂNa%’mamam

a T dyd o a o J < Yt = e
HUIANUAAUDY ATINUHADMTNAIUN aunaimammmaﬂiwwﬂﬁmmqumTﬂﬂ

' °o_ v Y { Y @
aunsoteiganulfl 100 war Iaeldwfowlassssuanfegluiiesnain iioonszau

o < v Y J = g
usaduase 12 Tanldduus suaduuina 220 Taast awd 50 Hz Tasasldiugiuves

9y '
=1 2 1< a
PWM A1500ALLLE 9259133717 Power Switching 7119 Power MOSFET Wuaiad

Center tap
Tnnck ::> PWM i} T:::rgf" :> i) LPF :> Output
Transformer

Y @iy v a 3 d a
51 1.1 uandsdmalszneUManYeeUIDTAIADIYUA Push-Pull



1.4.

1.5

paudinlagiiag llvedlaseny

USIRUN AUV UL 12 Vde

LS IAUNIAIUUIBN 220 Vac

aualunmsldau 50 He

f1899UNV1D0N 100 Watts

msynauelulnssy

=} o = 4 o A o ‘:2‘
ﬂZ‘lJﬂTi'L!'\Lﬁua'ﬁ']EJ'E’I%L'E)U@]‘\J?JQI?]?QQ'\UI@ﬂﬁuuim ﬂTNW?Li@QﬂQﬂﬂqﬂu

1 v
- und 1 unih nandedalaseey wag quanidnshauiugiu
Py F = P 9 A ¢ 1 9 1 N = & &
- uni 2 ﬂanquygmﬂmmmﬂuaunaimaﬂuu%z"lﬂﬂm’mnaﬂsaumaimas
' ' =2 9 o A d 2 d’l = v o  da
LUUANE tay sznatinaiedygnuaauglenst SaDRUIUAEINUNGEIA
o 9 ) v A 1 2 oy R °
vogasunieudmsaiegladunuuae wenINTLA29zAa M T NO TN
I~ a 4
sluasar nsidenlduseulassan lidinsszueanudon
o =] P a ' o Yy a o I
- UNT 3 naMBeseseBealun1seenIULIIITOUNBIIABT LAZNITAI 1NUIDIADT
d'dy 1 ] a 'd 4 @
I desdusieszdaludiud1enuo299sounesines  saudunudIve929955 W
o 1 ' o = ¥ s
S1EMa U955 aZ1s PWM (Pulse Width Modulation) 2993fiuiianaugilans
[ [~ o
2easuasdryana Iasuilulvasuaziaesduauan

UNN 4 ﬂﬁ"l’)ﬁﬁﬂﬁﬂﬂﬁ@s‘mﬁgwﬁﬂﬁ'ﬂﬂﬁ'ﬁ]\3 2112995939

{ a 7
‘UWﬁ 5 ﬁ;ﬂwamsmaamammm



(OS]

4
N 2
A A v A J J
nquaNINLINUBUNBIIADS
a ¢ A ¢ ag a  Jda o y & 4 5 o o
SunefimesiegUnsaimeBidnnsedadnimihin/feuuvassie Idasalluumdssie
o { g I o @ a I o { ™ L) o g
Wagy  Fuduglnsaiithouassdwiuied Iiees i dsuumdse Iaduily
o o a a o o’dy 9 Py 4 dy a Jd o
uviassneIvase dyanudunnuesdunesnostienn lAINNALLANGT IFAAIFBINAY LAaNAY
a d @ 100 4 1 a o d a < J
NUUAOINIAG WELIHAY HIBUNAWE INATI DU dINTHATYYIUDINHNUBIDULIBTNDS
u’/l ' g A
Tuazgnuiisesniilu 2 Useian Ao
d a J J a = ' [ Y o z.:y
- WwnvesdunesmestuuMmAeaiannsasiousadu lAdsil
1. 120V 1 60 Hz
2. 220V 11 50 Hz
3. 115V 91400 Hz
4 a 4 4 ~ 1 [ 9 o dg/
- WynvesdunesaesuuY 3 mlaimuisotiouseau ldded
1. 220/380V ¥ 50 Hz
2. 120/208V 1 60 Hz
150/200V 11 400 Hz

(O3]

A o ¢ a o o a 2 & o 2y A
gﬂﬂau_Lmﬂmamvngmamfm'smaﬂquﬂmmﬂuﬂaugﬂmaum@gﬂﬂammu
1 3/ g o (AR o J 16 a wva 2 Jd a
A9UAMATHALAZ YA 5T AIAVBIMIATINBUNIDIIADS ualumalguaglaaueiinnuesou
g e v aaa‘e.dlé 7 el P o gV 3 0
nesmestinlszneudisas luind luluadugamel maaeslutnd ysoR1 1R AT
Y 9 a a 4 dld'
18 Tlaeldmaiialuns g INTLAL19950TDIANUDNIN UL AL
a o o [ 4 [ o o o' [ 4 { {
suneswesnldfununiseaumasan lihdmiethunarseslafugdadudimaoy
1 1 o o puy v o w o 4 4 {
14 (Square Wave) usdmsuamniiszaumasaniwihgeduiludesldgiaquaned @ianw

o

a s T e ) S '
Wﬂwaqﬂﬂ}@ﬂ) AU DUIDIBDIUMIUN BULIDIINDI ﬂﬂu’]cla]sf}ﬂull’]ﬂch«!ﬁ'lu'q@a']ﬁﬂﬁ53J YU N3

QU

9 ~

o o Y < 1 9 A o o ey
YUUBDT AC 611’73\1?13"[3\!!,3'3“‘1]5?’1’][1@ A TDINIANUIDULUUVNAUYIUN Llﬁzklﬁﬁﬂﬂ'lﬂul“/dﬂ'l
o [
#1509 Wudu
e 9y 9t o 9 J o Jd <
Tulnssmil idgneenuuuliiiussduyndr 12 Taad ussdumednuemyndy 220v
S| o a 9y [ A A A a a o Pt 3 = a a
wazdudyanailndfssiuadugianoidalianud 50 Hz Bunedmeshiaiuasilsz s
AA Ay Yy = g RSy v A g 9y ya ¢
m‘wqam%aﬂa%uamaammmaﬂ ‘nm"lﬂmumummm& maa@mmmwaiw%aunam
S va v A 1 Y Y o 9 Y a I ° P d' 2
WOINUAUAUUAAINNAIIVNAU f’JW‘Vn“lﬂIﬂEﬂ"lfﬁ']‘ﬂ‘lf‘ﬂﬁTlJﬁﬂ MAUNANUDY PITINID

q

0 1 1Y 4 = < °
fausmsunouatneuaueinungs Jumadn dldmuiseaavunavesrdeutlaas



@ 9 &£ d’lw o 9 1 ] @ =1 a a o I Y o
danseeldmanile weanaiifeihldmsaeiundenuiilseansnings Ml lddyamms

i Y @ @
ﬂ']uell'IE]E]ﬂslﬂaLﬂEJ\‘lﬂ‘lJﬂal‘!Tﬂ‘mEJ‘HLLﬁ‘”ﬁJLlJi’]iL“IfHGIﬂ'J"IﬂJNﬂ‘Wﬁ'lﬂGl'l ﬁﬂwﬁiﬂiﬂﬁﬂqﬁliﬂuﬁx‘]ﬂu

a

asfi msmmuummﬂamﬁuJaﬂuuﬂmmmmwmmammmwaamﬂﬂﬂtﬂuammmau

g o

WV]E‘?'M%U‘(TU‘UHﬂVHJENiJ’EJﬁWW] u,a“fnw"1@ﬁmmmﬂausﬂmﬂumqmuﬂnaaﬂuum Sllﬂﬁu

Ry

‘VINGHuL@'l‘V]WVWIblﬂﬂ ﬂﬂﬁ\‘]N1u‘1ﬂd~1N%'§ ﬂimﬁmmmmmnmmu LW@iWqﬂﬂﬁuiﬂ“ﬁw dﬁ

ﬂ’J'liJi\ 50Hz

o a d & o
2.1 Fayananeenaindunesmeslaeilyl

9
Qs

o sy Y a ¢ S, Yy o a =
o ﬂnﬁu‘U’]ﬂﬂﬂWhlﬂ@]ﬂ'ﬁ]umﬂﬂﬁ@ﬁuu ﬂzﬂﬁgﬂaﬂﬂjﬂﬁiy]m']mcl/]\‘]ﬂ'J”liJﬂgQ LAZAITUD

o o g
' ] B
3 =3

o a [ y o o 1 (e Y o
&1 swdeens Tuidanaeszdy diethdyanaildruissaseennuddrim wlddyanan

1 d? @ a a 4 d o =
@@ﬂzﬂLLUU@’N‘] VUNUBUAUDIBDULIDIALANDT ﬂQLLﬁﬂQGlUZﬂV] 2l

* Square wave

Quasi square
wave

—
1 -—‘ Step wave
\

PWM

a A ¢ | a P ¢
E‘IJ‘YI 2:1 uﬁmgﬂﬂammmgmmumqmmamaun@sm@swmsqLm‘u



N

a o o o '
Sunetaes laena luvseenlailu 2 Usznn Ao
a 4 o =
1. dunesmesiHaien

a o -4
2. DUNBIIABST 3 INd

dyQ o v [ [ 9 ) q 9 s Y 3 ] 9
HaﬂﬁﬂﬂuﬂunﬂﬁmﬂiENLHNGl"lllﬁﬂ‘Hmz“Uﬂxﬂﬂ‘i\‘]ﬁiﬁllagﬂﬁﬂﬂiﬁ mmu@ﬂmwmmulﬂ

3| 1 o ' (R @ dy
2wy sasudazuuuiaisgninisdesenn ludndssn 1

a o o o < 1 Y o 1T @ z.:y
1. @‘HL’JE)SLGYOELLU‘lJﬁ’e]uLLNﬂu (Voltage Source Inverters; VSI) %QLL‘U&%MH 4 NQUANY
a o o 5 v d i
itz @UL'J@imﬂﬁLLU‘Uﬂ”lﬁll‘aﬂ%LﬁﬂﬁWMﬂQWNﬂ'BJIN“UENWﬁfT [Pulse Width Modulation
(PWM) Inverters]
a 4 4 = 4
1.2. ’EJHL’JEJ’imE]ﬂLUUiI%LLMHW
a d
13 aun@am@imu McMurray

14.9 UBIINBS McMurray-Bedford

a o o
25 aunaimamwﬁauﬂszuﬂ (Current Source Inverters; CSI)
A a a d e a Yo 1 p=t wa o 1 o

'N%3ﬁ')@“ﬁ\?'E)‘L!L'J'E]ﬁLﬁ@iﬂ“ﬂﬂl%ﬂﬂﬂﬁﬁ?ﬂlmﬂ umam‘uuﬂzqummemmﬂmaﬂu”lﬂs:m
5 wa g Y I sd v W a
‘V]Qﬂmﬁuﬂﬁﬂ@ﬂ@.ﬂﬂimﬂi‘ﬁiulmﬁg'Nﬂﬁuﬁg“ll‘l‘l'lﬂ%ﬂﬁ@ﬂﬂﬁmﬂ%&mﬂﬂ'l\'iﬂuvlll Iﬂﬂ’l\‘l%i@u

'3 I a Y Y s a 3 a o
L?@ﬁ&ﬂ@ﬁﬂﬂﬂﬂi%qﬂlm 'Ni]ﬁ‘i’!‘lﬁ'jlﬂ (Push- Pull),?ﬁ%iﬁlﬁwﬂiﬂi} (Half Brldge) LLﬂZ')\iﬂiﬁﬁUiﬂ‘ﬂ

(Full Bridge)

a ¢ ¢ ¢ 37
2.1.1. Nfﬂiémn@ﬁLﬂﬁ)‘ismﬂﬂgﬂﬂiﬂfﬂ (Half Bridge Inverters)
iy y b SRR By ¢ ¢ A 5

'Ni]iui]ch‘lﬁ]51”%@'&@@3Lﬂua3ﬁ%1uﬂ1§@un@ilﬂﬂi LU'O\WWﬂfIT'i?TEJ@ﬂTﬁLl']ﬂi%LLﬁ
A a a d o 1 Y U d‘z a d 1 3 1o O
ﬂi@ﬂ?ﬁﬂﬂﬂﬁ?ﬂcﬁﬁlﬂﬂi‘ﬂ'l 1?’]IﬂElﬂ'ﬁﬁEﬁm1Uﬂﬁ$LL’LT‘V]‘U'JLUﬁ‘U@\‘]ﬂS'\H%ﬂm@iWI'IHU%J‘D'Hﬂu
Yy a A o P Y o A a3 Yy A
ﬁ'ﬁNll'NﬂﬁcLuﬂ']5‘ﬂq@ﬂi3LLﬁLﬁN@uﬂUL@ﬂ“ﬁ@’lﬁ“ﬁ\3NaﬂHmzﬂﬁzﬂm 2.2 mﬂgﬂ%mﬂmuma Sl

:/I Yo 9 o ) v e = @ ] 1 ] P (44 99 [
LUy 52uuhlﬂﬁ‘umia@mm‘uslwmmmﬁﬂnuﬂuwnmmmrm AADYINIYU LUD S1 ON 33U
{ 9 < 4 o kY 9 v H a i
A&y v, 2 wazidie s, “oN” wihldinlAussdui - v 2 Tuvmsiinsmdmansiun

Y (] 66 9 a v 9 v A1 g ~ < [ z =3

azfavzegluaniae “off ” szfaussdudounduiinniu v 2 unuiisniu v Aniuag

P a d alirey dyl a J J 2 o iid x
580 DUIDTADITTUANI DUNDIADIUUUATIVIAY (Half Bridge Inverter)



l Vee = 12v
| =t
Ml
et oy
S2 ch/Z::’f

~ a s ¢ ehok Ay
3‘1]‘" 2.2 WITOUNDINDILUUATIUIAY

a d J a ¢
2.1.2. 29930103 MBSUVUIANVIAD (Full Bridge Inverter)
& = ¢ o J a o o =T 4
Turaestivgldmsudames 4 auluaded wazszvihauilug Ae e S, uaz s, ON”

wioufuazinaussduanasouInaaiy Vo, ua1 s, uag s, ON” wieuiurzih liifauss

[

1w A a o 3 @ a o & oo
uh Tnaswiniy —v . uazluvaziaiag w4 @2 “OFF” szifaussiudounauiinudu v,

e 5D

o & = a 4 AR e P s g g e AN % o 9
AIUUIUTYN DULIDIADITUAUI DUNDINDIUUUIANUIAD (Full Bridge Inverter) ﬂﬁuﬁ@ﬂ‘ﬁ

wulugUi 2.3

IVCC =12v

B

||f—-—1l

a a s ¢ Cranieayie
ETJYI 2.3 NITOUNIDIADILUUIAONUTAD .

2.1.3. Nﬂs%unaﬁﬂaﬁmumm (Push Pull Inverter)

a 4 o ds’d ~ Yo w 1 =] e
29a50Uneswesuuuyyatiuleasnlvdideueonlugas 100 B3 500 Watts Falua9
dy q)229). o y a a 3 3 @
vsnsyatvzldnfeulasniuninaneaduyn  wesBuneimesuuunHadimINge
o 1 o = Y 1 = @ a o o 2 a J A a
Moy PWM ey jUadudmdsu @iy unesmesuuunsauied wie du
o J <4 = i < o a a d 2 9, v 1 A
NesIARSIULIANLTAT lay PWM sziludniuguaiad 1, adad 2 iheld i, Inasgiedoiios

v v
Y IS

o ' ad ' a
fauvaziaing 1 ogluaniz “ON” (3o a9nd 2 egluaniiz “OFF”) va adnlgugiinig



Y ° ] = a a o ' v v g ~
muuu%ﬂimammzﬂwﬂwﬂmm IO ‘iﬂ"Uﬂﬂ’Jﬂ‘VleUﬂgﬁJ fﬂzvﬂuﬂwmﬂuaz"lﬂusmmﬂumﬂw

¥ (Y 1 o & 3 ' a
fvwa v, = v/ o n femishndmiimiuseuniiuunionssanavesnaialguging

source U

a

° a v A a 1 a 4 '
§ransouvamanAsgl uadondnd 2 egluaniiy “oN” (3o @ind 1 egluamaz
Y

(14 29 a 9 ' o o Y v A a a PO B~
OFF") ﬁmm@ﬂgugumamumﬂ%mdmm‘usEm "V]']Gl?ﬂl'iﬁﬂuﬂ“llﬂa'lﬂn@ﬂﬂu uummu]u

QU

a d Y ' @ E
/m 2995Bunesmesuuunsyaiinzlda dnanlvihgega (Peak Switch

v

Voltage), V, 1182 NIZUAGIeA (Peak Switch Current), I; A4l

auvIe Vv, = -V

source

- 2.1)

T
I /n 2:2)

Tzio.pcak
Yy a a 3 i a
YIAUDIIVIBUNIBIADIVUANT WA
o ' a 1 3 ' asEdiat a o & 1 o
ﬁ'ﬁ]fﬂiu'lﬂ'iﬁ»’&&ﬁ'ﬂ'l‘u"’ﬁﬂa?ﬂﬂﬁhgﬂ HARZATIVSHIUTIOFNGY 1 IAY HIWSAWAY N
a 4 4 I~ A A | [ 3 1 a JdX o o Yya o 1
IDUNDIPDIUVUAVUIAY NUADZATINTCUTICAIUTIATIY 2 A7 ﬂTiﬁLﬂﬂﬁﬂﬂTﬁﬂﬂﬁ@N

a d

sy o g a 2 i o [ o
AIRFUINANDUIDIGDIYUANWTNA “ﬁﬂ%gﬁwaiﬂﬂﬁ5\W]@5$ﬂULL§QﬂuVﬂQ€ﬁul@1WwV] HBNIN

Y [
~

Ao o = s v a A i o 1 1oy [

Houtlunaalunsdinusqueuwn vie v .. NUAIAIY 13U Battery uaziunasn Iaswseauy

o A =& o Y ot § b 1 a 4 9N SA [ 9 Y

A1 DU CIN‘T]$W11ﬁﬂ1tl'§ﬂﬂuﬂ¢lﬂﬂiaﬂﬁ'ﬂ’l% (Voltage drop) UATUBY Nﬁﬂﬂ@ﬂ%ﬂﬁﬂﬁ‘lﬂuﬁﬂﬂu
I A = P v a 7 SEVOGVS) R\ T A : o o ¢

L@TW?!ﬂiJ'lﬂﬂ’ﬂLllf)L‘ﬂiEJ‘LIL‘VIﬂUﬂUﬂutﬁ@itﬂ@i%uﬂLﬂuUﬁﬂﬁ] 1’7ﬁlﬂﬁ’l’ﬂﬂEJV]’J%IJLL'N@\‘]L@']%V!VI
gt o YTy = A A s oA °

W lugﬂﬂizwmmmmumaﬂm@uw‘nmﬂa&u"lﬂmﬂ NIDUTAINITULADYTATWATITININIUYB

£ g wa o E ‘g ad a o
IPITYP “INL‘LIuﬂmﬁw‘ﬂﬂﬂ@]'ENﬂWi‘W‘Hﬂ']H‘V]'l\i'N‘\]i@Lf‘lﬂ‘Vlﬁﬂuﬂff

Load

S2

A a ¢ P
31'7] 2.4 WNITDUNBDIADILUUNINA

v A

d
2.2 ﬂﬁa%'naq,mymﬂaugﬂmw
a s 2 o Yy o Y a ¢ A Yy
'N‘t]ﬁf]unf)iL@@ﬁiﬂﬂﬂjqﬂlmﬁ llﬂi]ﬁ.lﬁ%ﬂﬂllﬂ'lﬂ')\iﬁ]i@@ﬁ“]fmﬁmﬂﬁ L‘V‘IﬂfﬁNﬁiyiyﬂﬂl

4 d o o ! ; a =) ~ 1 o
aduzdmondmiuldludiuvenns PwM 19950RAFaAmoI NN A I UNUANA1INY

I Ed
oonlll Fudnzwiiavzidenuazdedoludvesiues Jutuiagiszasdlumsthldldou



Sot919500aTaanedlAun 199suRsenddaiamas(Oscillator Tank Circuit), Tickler-coil

: ; . : 2 y - s :
Oscillator LAZLUY Wien Bridge Oscillator #4lulnssnuilszldnssesadnianesiuy Wien
Y

= da 3 a 1 T qsll { a
bridge 1sznoudivginsaisidnnseindiugiu 18uA Op-Amp , R uaz C winfu illudn

[

oA A 4
Audadyauglaauaney
ilav ::; v o da QIJ
2.3 anuinugnenURadIanegEyy (PWM)
v d ad 1 ¥
M3ueaNANNIWDINad (Pulse Width Modulation) Wudtmsudegdadulu 1 sy
o & o i o o a1 o o =) Y o Vi
yoadygneentlunadeevaIsHad Taoiudazadendanunhavesiad liwiu Ty
4

L3 G seed 1 = A a 1 :,’ ad ) 4'[ 1 2 =} ::
i3 ﬂu%ZﬂﬁTJﬂﬁzﬂﬂﬁ‘u PWM %uﬂﬂN"]i’JlWN'J‘ﬁﬂﬁﬁiNEﬂﬂﬁu PWM HUUANNE] BIISUYI

wuTesTEi LAz NsEAUAwaAslugU 2.5

(). YU 2 52AL

(V). UV 3 TR

s1ffi 2.5 uamagundn PWM (7). LD 2 SZAD (). LUU 3 33AU



2.3.1 3UaaU PWM sUD 2 szAUMaz U1 3 5201

4 { ! <3| a g =
siady PwM flegdretunasyilauaviaiinnldaumnnngauasdusiafiugiug

U

e TAUALLY 2 S2AUURE LU 3 S2AL
o g A Ao A ' v Y a o A
- PWM 2 szauluglaaunlimsadnysevi19ssAU01989009IEALAR V, LAy -V
[V ~] A da il [ v Y a v A
- PWM 3 szauluglaauniimsadad s ninassaue190emuIEALAe -V, 0, g vV

1
PWM

[

v ' ¢ Y '
2.5 waasgdaiu PWM 1lSeufiouiunaunu@iugiy (Fundamental) ¥9931adu

=

ﬁeve

U

v A
2.3.2 msansguaau PWM
nﬂ' Y d?l 9) ad v W 1 Sl If ::'.y
suadu PWM aunsagnad1eun ldvnaieds asdiedieae 1
oL ° '
- 1 las T swamessesamsonsziin 1d Taoms@ou Tusunsuldun lulas T s
doanR a al Sy a a 2 s S
(o5 o d YR U NTDAN ADINUYNAIATI HIUNHOSNEINHN (Output Port) 9351
Yitiial ° QA e g ' A, |4 a2 o @2 o 9N Y] '
wzdesiimsfulaniefmuanuaiagieenyudenountdtenudeya 13 luniae
o 4 v Y 1 o n’/’ 4’{ 9
anuiweslulaslsmames  wazazorrvdoyaluntlsanuiniuieadiagiuny

[ 4 AR J g
(Pattern) QU184 PWM ‘ﬁum ué”ﬁammm‘msmamwmamn

¥
A amd =

ag ks O ag a
o Iﬂﬁlﬂ]‘ﬂ%ﬁ]\‘i%imﬁﬂ‘ﬂiﬂuﬂﬁ ﬂ"li’CT%jN PWM 210NITUANNTOUNTU ADNTEAINNY A

A EY =9 = ] =Y o

AoldeasilSeuney (Comparator) @y lo%ues LM 339, LM 311 uag LM 393
I~ 9 2 o 9 [ a o 9 =\ = =}

Wudu Feawrsaild laenstleudyanabunn 2 dygra dhigiesnlseunsune

Yy a =

Heyn 081999 (Reference - Signal) NUFRYAIAININE (Carrier Signal) TeyRy1948198992]
1 ' v . Y
anudhnuglaau PWM 15y luvnshdygimvzazinnudgand lnssnuilee
as @ . . ad =i 5 an:?
1935 msadredayanal PWM (pulse width Modulation ) Tagasvsdiannseting #9354
a ld A A @ @ oizl 3 ::‘ g o
yuadag vesgladu PWM fnegadaveddyaanisaes maaiauuuiaziunisi

v Hq ¥ o = = o Y [ [ =
FoyanadlsniimslSoudfeuuazazi ldnasdnyazdagli 2.6



10

L. L
INIH M
\

<
<

ol P

| [

<

Yo

Y~

AL
TV

| T

-

Ve
Poe——
| =
= ——
e
i ——

'
=

i 2.6 guadu PwM nldluasesulSouiioy

! ¢
2:3.3. mstr%’ngilﬂﬁu PWM uiuidinaIsatasiyutanais (Natural and Regular Form)

4 T = =Y J = @
msadugaau pwM TasnisléeesulSendouasiiosdilseney 2 dszmsneziduda

fvuadnyazgilaau PWM ldun

[ 9 a

- AT1IEIUANNDVRITYYIUNINEADTYY19401989 (Frequency Ratio)

7]

Y] 1 a [ 9 a [ LY 1 e';
- SandiuueuiligavesdygudisdwedyyIumrsniedasdaunsueEa Ty
(Modulation Ratio,K)
o a 9 o 1 ) a I'd o o a J
nnmsimgeiuazdeya wdmnma K uaggni lfiinszvesddsznoues lutind
1 a 9 (Y] [ o [ [} 1 a 1 dy I~ @ o Y
wu lagdnAudamsnsidaumsuegaduazeylugislinu 1 Ml Wudirdmuannunis
v [ v (VT ¢ 4 1 g [ 1 @ 1
YpaNadudazRad IAgANUNIWOINAFIZINATUNIN K UAIINTY  diumueIdnsiaiy

a g o o o v
mma%Lﬂummﬂuﬂmmummwaﬁ



11

2.4. msai1ezUnay PWM uuuiivesoausiilas (Natural Sampling Patern)

) A e y 4 Cd St A AL by
nmsadugiaduuuuiiveldaaumneldudygadeduazaaumuvasuiudyao

o

ey

v
vz Tesmansoaiel@nainy 2 seaunasuuy 3 s2au msedauy 2 szause ldnauane]
A = I~} A [ ~ A o 1 A ~
uasaRuMNVATNIULIANFUATY  aehiawesndueinandl  ARuAMALNITLEAY

@ ' ~ 4 d ' 3 v @ I [
Fagnauiluuan uaztsinaumeiiivnateoniitdy  ssuaasmdyanauiiuay dwaasly

Wb
\‘/ ' \/
BAERANL

it et

d' 9 A Qy a [
s 2.7 msadrgiladu PWM nuuweseausy/aeriia 2 seau

1N 2.7

&Qan

[ 3 9 v St a I~ [~
TumsSoufeuuuy 3 seauiueglddyanagdmoiinunssaavhelfidunougy
:ﬁ' =y 1 5 Y KX o =) =3 (Y] d' d' d‘ [ d?’ (]
AdUFERDU(Full wave rectifien)udssihunilSoufvuiuaiuammaoy Agnenseauiu oy
A 9 d ' 1 A A 2= 1 A = £
WHBIdUNI1IUA(Ground)  EaUIsIAdeNoTvMIALINNIIAaUM LY AsN T UATINLLINATS

aIndazlinuiuguisuansldlugin 2.8

AL
JUUUUL

d’ 9 A :ay a @
5'1]7] 2.8 ﬂ’]ﬁﬁi']ﬁzﬂﬂﬁu PWM LLUULHL‘H@?@@LLWHﬂaQ@D’uﬂ 393¢AU

U



12

2.5. msaagiaau PWM suusgasusailaa
9 A d’l 9J @ = [ Y 9 A
msadegiaau PWM uyuiisg lduanmsuuuipgiiununmsasegUadu PWM wyuw
1 Y
mesen laegnaaulasuainuuuiumeseaiiesnInmsiSeumsiuumeseatiu sering
= = 1 Z,’ i A d (R~ a g 1 =) = Jd’l
msfSeuieuuaazassdiuvesaduaedeg luduFady  wemsuSeumeunuusgaisies
° 4 d ay 4 { P 1 " @ 4
Wnduaetrussuasuilauas Tean(Sample and Hold) NNAMUAYRINIFUIMIAUANLAYDS
& = P g P ] = a ' ' o a g -
AtummaLFIzY I sz slssuiouaaz sz ugauay UBNINUATT

) Pt J o =t = @ )0 e @
L“lJiEJ‘UWlE!‘ULL‘]J‘ULSQ@']S‘Dzﬁ'llﬂim’l'IﬂTiL‘]JiEJ‘ULﬂU‘ULL‘U‘U 3 izﬂ‘iJVlﬂL‘b’uLﬂfJ’Jﬂ‘u

BRI

t:i 9/ A 4 t:y a o
5N 2.9 msaieglaan PWM uuusgansuynlas ia 3 syay

2.6 weawnf1ae (POWER MOSFET )

[

a A& YAt a d o 9 ' A
QﬂﬂiWUﬂu@LLﬁﬁl?Wﬂﬁ”lu"lfﬁmﬂﬁlﬂu‘q‘ﬂﬂimﬂiSLﬂ‘ﬂ1‘5ﬂ5$£&ﬁ1ﬂﬂ13ﬂ')ﬂﬂﬂﬂﬁ1'}]ﬂ?J

do9l¥ 1, Tunsnrugums Inaves 1,

g1 2.10 uaAsERYUEAUBNYDINBHY



13

1 o @ o 1< @ 4 dy(:n’
undmunemnideaiugdasaidszianldussdulumsatugu daemmniiiy
P u’/l ;/ 4 cly [
qﬂﬂmmw 3 9970 VeI (Source; S) 15U (Drain; D) uaztnn (Gate; G) yonIAH VAW
: . 2
utaeenidly 2 Yszinnie voamnUUANAYY (Depletion MOSFET) iSenduq 1 Auemunuag
4 o 1 1 [ [
U AMNUDLIOUFIUFNUS (Enhancement MOSFET) #30i30n31 dusainuaazszinniaiis
< 2 = @
ponT 2 HUUAD LBULUA n (n-Channel) LAZLFULUA p (p-Channel) FNBAWNITUUANHUE
7 dy
Aa1l
I~ 3 a 9 v G aa A da 3
veanduginssidszianilgussduluniuquuaziounuauaeungann - Yuan
= o o ' 4 s v o
szfanseias Iadnnuau Tulouuls (nanoampere) HAE NI UTADUANLAUY
A o @ ' 1 o < v o @
(Transconductance; g ) Fuiludasidauves I, aoussauny (V) Wudrdmuaguanyaznms

018 louup Iy an

Y 10
Drain (D) »—AJ n’ A/Metal
Metal p-type Ro
gate (G)\‘- substrate
a = Vo
-— Channel =
Oxide -
n
source (S)
kip
I ;
Basic structure §ymbol

(a) n-channel depletion-type MOSFET

! Metal
D € p‘ 2 RD

n-type
G substrate

Basic structure
{b) p-channel depletion-type MOSFET

511 2.11 uaas laseadranmeluvssfuoamn

U



14

v’ S VB
L 0
Linear Pinch-off
v, 0 SV YL 1514 region > region
i
n-channel p-channel ! Ve >V > Ve Vs > Ve
(a) Depletion - tpye MOSFET
VY e VE Vﬁrl
L 0
VB]
V&
VEI
0 v, el Y % 0y > > Vs

n-channel p-channel (c) Transfer function of Enhancement - tpye MOSFET
(b) Enhancement - tpye MOSFET

d’ g 1 T a
31]71 2,12 UaAIAMANEUSUBINTINIY louvpsdNodiHn

gl 2.12 aeinldd 2.12.a 1Az 2.12 b ﬂzmﬂumimeﬂmﬁﬂym:iumsdwiauﬂma%
POWNUUVUYHLUA n HASUYULUA p AINFIAY daugﬂﬁ 2.12 ¢ UEAIAMANY MO HNYDY
SUDTNNLL DU n FailUS Mty 3 uSnufe

1. USHannoeH (Cutoff Region) Faduiile N B

2 UShmiudeon HeUSIIMBUE? (Pinch — off or Saturation Region) Raduiio

Z\

DS=x

\Y V.

GS WM
a A g a9 4 7 a -3 &
3. YsnuNdluFuay ( Linear Region)iNAYULUD VDSS Vs =V,
a PR a o ] 1 4 st
TuySnantuFadu 1 wmwdsunasmmudadiuues vy agifleean I, NAge VM V,
e e e Y a A g a 9 Aﬁyo [ aaa a 4 o v A
fiandn sueawndslfusnanduseduidmiunans U§nsonlumsaing  dmivauemmn
@ v a 1< <1 (=3 Y]
UISAUIAN(HITDUTIAUDUNN) odluuInnseaud laLAD o NN ITADUAUBURNIZUTIAU
' = a PRl Y K~ =Y 4 o w
Unedeaey  amudndueamndisaindulsznnduemmin  uazilesnnuemnsIdel
[~ a 4 ) 2 o v aa P A o w
anus lunmsadnggeun (1u nanosecond) vamnznumsulasiuniaud gaaziinng
2 [ I3 a = a . 5
Wihdn udedelsaaudueamnazilaymlumsaelsey Ifhadia (Blectrostatic Discharge)
@ =KX Y o [ I a dy [ a d I
meludaes Jedesthgesnuutluniay wennimstlesiusemnynzinansanuuuan199s

5 y v o ! vy
(Short Circuit Fault )§91 ldneudngen



15

2.7. MITTBANU50U (HEATSINKING)

@ da d a o a Py ° Aa o w =

fgUnsaididnnsetindynaia  luvazi  homesifadaslwfhgads  (Power
e : Y vy 9 c?/l Y ' (= a
Dissipation) luglveannudon danudeusiu 1d5umsaom eeninliifisane guvgiives
Y c’g a 4?’ o Y o o’n’/’ = gl =3 U s o ' ]
Foinsaniuaziuiusuni iddgunsaliiudomeldedians dwdn dgdnseiesly
= Y A a dg’ a 1 wa Y ¢ & 1 1 °
oo anudeuiifatiuazinanoguautiansliiwesdigdnsel Fazdanadenisiinu

VBIISUY
a Y Yo @ o o o’/’ S0 o Ay v
ﬂ1§Wﬂ’]ﬁm’]ﬂ'ﬁ531”&1?]'3']1]561!1141’]‘”@']Qﬂﬂﬁﬁulﬂu‘;Uu@@ucﬂﬁ]']iﬂuilqlﬂ’]ﬁﬂ@ﬂu‘l]ﬂ‘ﬂ‘111

MuTnwHNASLINY

571 2.13 uamsivd LTz IR NS B UYIIAAIE

2.7.1. ANUMUNUANINFOU (Thermal Resistance)

o e faifsguinsel
AUnIainias
" e P T (RC)
Mnfaig
(W)
Infhgadely Ocn > Roca
siawdeou Py omnseudagUnsal
o
T,C0)

A A ! Y
gﬂ‘n 2.14 WITLFAUDUUDINTITIDNUNAITNIOU

' ] o '3 a <t o Yo A ¢

ﬂ"lﬁﬂ']EJW]ﬂ')'lllﬁ@u‘U@Qﬂ?@ﬂﬂﬁﬂ!ﬁWﬂJ?iﬂlﬁlﬂﬂLﬂU?ﬁﬂﬁlﬁﬂ@uﬂﬂﬂﬁzﬂ'ﬂ 2.14 ﬂ?@ﬂﬂiﬂ!
! Y

A v ow

d'o [ K] s o w =Y a a d? v d o Y a =<
fmdavhau isde ldhgudonfunaiuy P, Iad M lnligamgiindidegeiy

De
—d
-D@
=
=~
D
2D
=D
=
o



16

[ dA [e) a o le) 9 v [

QQ”U@\‘]QﬂﬂﬁmﬂJﬂ1 1= C HAZRUNHUUBD 21N IRUUAT T, C ANUIDU Py IATHRNNY
v Jd 1 ' o v v 1 '

L“Vl%']ﬂﬂ')ﬂﬁ‘l]@\'i@ﬂﬂ?ﬂlilﬂ?ﬂ"lﬁ IﬂﬂW‘]u@’Jﬂﬁ’Nﬁ@ﬂ’]ﬂ’lﬁ TIDUAIN ﬂ1ﬂ31uﬁ1u15ﬂ1Uﬂ15918

manudeuvesiaalanFondt manudumuanuden O wie Ry Huwlae
il :

E
D

6, —Rs. — Cc/wW (2.3)

d Ly
2.7.2. mimamanufeuvesginsalmsnedaii

== T Talgn

—_—
@ delo o o a
aginsainiaaiiamul 5
0w - = D ROy
fdslnihqande = P, ifin - dikh
A 4 o A o w ¢
JuNT0uABYBININIANI \I) -« T, dxnginsel
Roca
o 1] o
-« T, smeseudlginsal
TS TA T

:i s 1 ) 1 4
Ei]‘n 2.15 ﬂ']'iﬂ'lfJWlﬂ'JTJJiﬂuﬁnﬂi@ﬂ@@ﬂl@QQﬂﬂﬁm

& o/ ] 1
MINIAIUITEUIYDBAFDINIA DU

4

9 A a d? aa 2L o o =) a 1 1 Qy L o o Aa
ANNUIOUNAAVUNYUAITAINIUT HT0 VINIUIVYIAD ITHWNATUAITNIRIUT N

a o o kY J o ay ¢ o o -
guvgil T, semngdadevesiglnsal Tasmshanwdeunnumstsdniweningsan

ado o A &

< 1 ad 1
PUNNUNAINIISUAN e %ﬂ%%LUuﬂUT@QmWQNﬁi@UG\@

)]

Y
1 a 2L o o ' @ 1
mmmmm‘lummwmmm%’au%m%umimmmaaﬂmqmm%zﬁmmméfmvnu

9 1w a M ¥ g
ANUIDUNINY Rg) T DVYUTUNTT 1¢IL‘]J‘LI
TJ T Tc = RQJC'PD (2.4)

2.8. sutsznevveantionila
9 A 4 ad a Pl s T [ A a [ P [
ﬁﬂﬂllﬂﬁﬁﬂ@@‘ﬂﬂim‘ﬂﬁ@Laﬂ'ﬂi’ﬂuﬂﬁ‘lﬂuﬂuﬂ“ﬁﬂquﬂ"lﬂﬁ'JuiﬂLﬂﬁ@u“ﬂ UUINUANVDN
9 A et o w ! 9 [l I~ [~ Jd
ﬂﬂﬂllﬂﬁdﬂ@iﬁu'l'iﬂfT\‘iN']UﬂWﬂQ\ﬂUﬁzﬁ'J'N“Uﬂﬁ'JﬂhlﬂiﬂUN1H‘VINLLﬂu@TQ‘USL‘lj‘HLLﬂHL‘I’Tﬁﬂ LW@?
Jd A Iy ¥ (R ' 9 S| A Y '
‘15@145@ ETﬂWﬁﬂ‘lﬂ ﬂ"l'iﬁ\‘iﬂ?ﬂi?&ﬁ'ﬂﬁsllﬂﬁ?ﬂﬂlu‘ﬁllﬂuﬂaﬂ@'ﬁ]‘ﬂ%&ﬂuﬂﬁ&tﬁ'ﬂSEJLL'J'QﬂuﬂU']ﬂﬂ
1 & d' 1 a o =1 d? o Yy ~ 0o a d? 9
YWY N Lll’é]ﬂizLLﬁVl‘HﬁN"I“L!‘Uﬂﬁ?ﬂ%%LﬂﬂSJ'LT‘LJ13JLL3JL‘Hﬂhh'wq"I‘iJ‘L!V]Tiﬁuﬂ'ﬁlﬁu&')u%ﬂﬂ‘ﬂuﬂﬁﬂ
dy A 1 @ Y A o { o t:s.l
Gluuff'mﬁﬂLWﬂJﬂHL‘NﬂHW?@ﬂi3“?’(%]1@ElﬂﬁL‘WllﬂWu’Jui@U‘U'ENﬁ'JﬂﬁWUi‘HUE]UUN f,]}'l!,!ﬂu

v o R o q 9 Al = v Bl o)
G\J@Qﬁuﬂllﬂaalﬂuuﬂulﬁaﬂuuﬂg‘ﬂﬂliﬂﬂ15lﬂufJ'J'HTV]"UﬂV‘!ﬂﬂaﬂmﬂ\iﬁuallﬂaQﬂﬂ]uﬂjqﬁ11@



HNDYDINANTN WILe0NINa IR
17 e

v
a a

ad Ay ya =1 1 )
plasidunnueinet wafl lanuanfAsniiizend Inductance Electromotive Force(EMF) 11T

Tiulugdd 2.16

51l 216 uanssesiaiieuveaniioutlag

a

A A @ ' a A ] 3 A Y Y 1
Lll@ilLLSQﬂuﬁﬂﬂﬁﬂuﬁlﬂﬁ'éﬂﬂﬂﬁJﬂﬂJ ﬂ%tﬂﬂuﬁunﬂmtﬁﬁﬂ‘ﬂuﬂu‘ﬂE]QWIJ’E]LLﬂﬁQLLﬂ’JﬁQ

LY

' @ a a dyd ' a = ) T o 2 o A
r S waanandvgiilgnisiiGenhmsifiensminiwesaumivdn rlfhdaus e

2 v
=

1§ luuanaanAvgiiTuzdufung A2 WeveuduaIn BATIHIUYBITINIUTBULASITIAY

a

= v
ImesduuaaInlgugi

a o W a a il Bo O - a a 15 o o
nifeutaslugaund Mdmvaasnlgugiiszmiuhdivanianiogd hitweiuilu

wilouasuuD Step up 38 Step down FeENNIIE1

P =l 3e) @2.5)
Psec = Iscc X Vsec (26)
Ppﬁ E Psec (27)

a a

v o 1 o a &
‘Hﬁ'ﬁ]uﬂﬁﬂ%%ﬁﬂ??ﬂﬁﬂwuﬁ’52’,14'31\‘1‘t]'Il!’]u'i@'iﬁl@@‘llﬂﬁ?ﬂﬂjllahLlﬁxﬂﬂﬁﬂﬂﬂ@ﬂﬂﬂmﬁ

Y

el

@ { 1 { 3 St arcid
LL§QﬂuﬁﬁﬂﬂiEHJLLﬁ%iﬂﬁ&’uﬁﬁhlﬁaiu‘llﬂa'lﬂﬂ\'1ﬁﬂﬁﬁ'lll'liﬂLLﬂﬂQﬂ?WNﬁNWHﬁﬁ')ﬂﬁNﬂﬁﬂ\‘lﬂ

1908

E. E
PP (2.8)
B E
S S
E I
NG 2= (2.9)
B I
9131 2.16 12 ldAnudustusvesaumsadsde l1il
E E I
Ep = TSP S sis (2.10)
N I



o ' 9 o 9y 9 it dy
amwmusau‘uawmuﬂmﬂmuﬂ%mmumimma'lﬂu

dwsuvdeutas Step up

dmsuvident/as Step down

[T/Z==

p
p

NS

N

N
TR L
Ny

Y v
sasaaunNuAanuvesrdeuasason mua 1aaail

4
anufanuvevallguglnazyanAegiansamuia lageauns

o]

=

s}

el

—

BN NN e ]

7 =T2

dmisunsdeutlas Step up

dwmsurdeuas Step down

AousIUANATENYAAIALTUYL

ADLIIWUANATONYARIAN AU

A
f
A
A

-

@ﬂswuaw‘lwamumﬂmﬂﬂw

[

0AIIAIUTOU

v
20ATINNNAANY

A = :: ad 1 S| o
AeanuRanuyeanlInlgugiineiulovy

23 1MIUTBUVDIARIALTUYH

)}

@ﬁwmuiawmmmwﬁaﬂu

Z
Zp:——s
z
Zg =ZXZy
Zp =ZXZsg
Z
5l
Z

1

inaatlulan

indauduneudl

=}
f
A ] a ad [ o
fonssuad lnaruaaaandgiimiduuend
A
f
=)
A

A = 3 a ad ' < o
ﬂ@ﬂ’J’I?Jﬂﬂﬂu"U@Qﬂlﬂﬂ?ﬂnﬂﬂ{]ﬂu‘ﬂu’wmuiﬂﬁu

vy lan

(2.11)

(2.12)

(2:138)

(2.14)

(2.15)

(2.16)

@17

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)



19

2.8.1 mygayaalunsionlas
9 o Y Ao @ 1 @ Y o wa &L 9
niauassmminsnuazdunmsnendenuliun Tnanlasda lulasandouasey
1 [ Y 4:1'9/ 1 :; 1 1 ‘:; ~a a 1l 1
Denasuly Inaamundesnsudluvnzi 1l Tnasdefivaalanfvgi nszueraz il lnary
% s i [ a ad dy o Yya A t:; o
amsdouauasudnsziadens vaauivealadgunidenssuatz i ldifaimsmiienh
= :zl o Ya o = 9 9 d'n d? -d'
Tuvamialgugid  aztduesiildifadimsgapdslundoutaslugdvesanudoufifieduiiva

mmmzsmumawﬂ’auﬂaa

(n) Copper loss
Y s a ; 9 @ o a g 9 =
anussunnavu ludualaahznadunavesanudumu laeding

Y
nIznUAeMs Imavesnszuamsgadotiamusofiuinidnnaunis

=12 (2.23)

loss

é d'dy o 1 = :I’ o 1 1 3
a9luiities lidaamanuiany X, ssmulsmmzaanudiumiumingy
mmanudmuluvaandanh z uag X, lulinadens lnavesnssua Wenssua
E4

-y B 9 g satiel /. AY i o0 & ~ o o
hlﬁﬁlWﬂJ“UuiJ'm ANUIDUNVSINNUHIYUNU IﬂU‘V]ﬂ'\ I'R ﬂq@iﬁﬁliumﬂﬁ’]ﬂﬂ?u’luliﬂﬂ

o) Copper loss

dy
(v) MagaydenndulfsBmnes3de (Hysteresis Curve Loss)
9 J a o a 1< o olfdo o 1 1 T 4
du g maess Frontufannnuduius szrema Iy uns ne
1 < a a 42, o 9 ] 1< A a A o
uaman (B) AeduluunufuanuduvesanuuimanH) ineanmmiioiives
A o o = =& PRy ' v o
anahRuunUAuAluglN 217 Fawansznunilunanszua lmaruvaaladnii
4w < 0o g Ya N N o e Paa
nusouunumnIgm Idnaauimaniuiuduiy - Molecule  YoUnANNNITY
Y '
RLUUUNUAITILUATS  Charge UAY  Discharee o1 lifazinldunuifanisousa
- ' 1 v 2 o Yy a g =
(Saturation) woemANNVUULIUMANG B deszihIiiAadlumsgaydslugivesnny

Fou I'R 1yuiu



20

ndudiuasunu

B(sat)

FeaUMUIUAY - Bat)

31 2.17 nansdny ez Rauyselvoudumsgadondsnudmaessae

() Eddy Cerrent

9 us/l d' ) q' a 1 Y a é‘
‘luwmuﬂaa‘uumimumummﬂmﬂﬂmm'lﬂﬁ"lu"lﬂxﬂﬂmuiuxﬂwwzmwaaﬂ

o 1

o = o o a { ° P! =1
nhuiiuuadeih ldunufensmileanide Taolinszue naauluunuman  nssua
Y

o a <] 2 [
tezildAesianwdouluunumanluglves 'R wuny
() Iron Loss

S| = : = '

Lﬂuwammmmiqay,ﬁamm Hysterisis 8¢ Eddy Cerrent "?Qﬂmﬁﬂﬂ'n ﬂ'l'if;fiy
Y
=&

a <3 1 a S A A
@eoluunuman(ron loss) Tavamsgaudeluunumaniinavosunn miloumsinuiu

= d’ a a 9
N50aAn9Y09 11ana mﬂa’mnmﬂqmawmuﬂm



21

[

I
UNn 3

a d d
'i1Uﬂx!581{5111-!ﬂ1§0®ﬂ!tﬂﬂ3~i‘ﬂ§§)unﬂﬁlﬂﬂi

k4 4
demlunmiisznafemseenuuy  uazmsadinesdiudevesdunesiaes lani
wanmsnnngufuaznannish Idnanuudrluuni 2 wisereunumsesnuuutazs
19 ' & = o ¥vyd o = o Sy
a¥1aseendelumsoonuuuiseseeiiunufaaasfidudegUfl 3.1 Tuuwudsillduaas
3 { g !
fasesmsudadassldiduivaseidiuay 2esadregindiumed 2wsnlSouiion PwM

Y o A el ) n (X Y
33%53513ﬁiymu1m§ﬂﬂauﬁlﬁﬂﬂu WITVUAN U hJﬂQ?Qﬁ]iﬂﬁENﬂ'JU

ouTePuT

PWM | Power Voltage

| Switching Recgulator
DC to Dc
Converter

Sawtooth ‘ 1 | Power Transformer L Output
Osc. —™ PWM > Logicgate > Switching — > Stepup R CLRF R T
T A
— POWER STATE
Full Wave
] Rectifier
Sine wave > :
Osc. Feedback
S |Sqare wave
Circuit
LOGIC CONTROL

i3 uaawrdilnaesauvesssuudunediaes wila Push-Pull
MIMNUUBI T IUTINAI
3.1. 31933 DC to DC Converter

y o { @ o [ 1 L I ° 1 v
NSRS s TS uLssumUInuazay 12 Tian Wasierh ldweldunszuy

2 5 4
nanuaauaadlugln 3.2



s i [
.m@@ﬁ@QSWW@vﬁE%%rwmrw@.Ka ANTLF Fw&vm:@@:m\w;wm 191I2AUOD D 01 DA LLbLb¥RIT T'E W?w

00s
oty

1 = 8T
Y
INOA- O—@ : 9210 T6L ! . : * 0s
nozy | 0oLy
%8'9 89/%\ Ha.o E.QH /ﬁ H n10'0 ST/ MV
= oO.._mGA_\ anos oSAﬁ Bulﬁ #1077 muH STy
* SEH H i a Hé?/ﬁ:o?. P 1«!‘. ST [ICai P St 213450M vy 1L s
X 2 nro B !-.. 00 ¢ R .
an Eulﬁz.ﬁ o EuM NGM» :w_,l €Ty oI )
oA ® 8L ® . . . o
1 o
113450W Sk
80 fe [ e e
00z 00z | nozz oot
[4:] ™ ¥ AH’ H €
—o o °
o
za
E.o“*v! Hﬁ nozz
: o i¢ °
YOVSNT eg



23

il EY
Aad o '

~ c?; I =i 9 1Y) 1 A 9 Q’I/
Tugdit 32 siuezdhnasfiahausduasaniinamuan uazdaviieldluasesianua
wpasunesnes Iasassiz ldueanin 2 dudeuaing TJa- Waldnszuelnaldimnde
& A & 4 Y a
ulasdansoudasildazduuvuundnan lasfivunnusaeamnisaesda  Turaesezgonin

Y Y a 4 & o a A Y P ~ o '
ﬂdﬂﬁﬂgﬂﬁmgﬂﬁmaﬂu clf\jﬁiyﬂé']mﬁlﬂaﬂnuhlﬂ%’]ﬂﬂnﬂ 9 1ag 10 ﬂlﬂ&hl’f)%m’t)i TL 494 WIUANY

Q

At o a4 4 o A o ) A o
MUMUNNNUAT 50 Q ﬁiyiy'lmfﬂ‘l’iaﬂllﬂ\‘iﬁ'fJQ‘VUJ']‘UUm]tﬂﬂﬂlﬂ@u@ﬁlﬂwﬂgﬁlﬂuﬁiyﬂ!lmﬂﬂﬁﬂ
o A AT ) v o o a o od A o o 113 29
AW 180 BN ﬂ’liﬂ’]l%uuﬂlﬂﬂiﬂuﬂﬂlﬂ‘nﬁﬁuﬂu'ﬂ’lﬂ’]ﬁﬂ')ﬂ“ﬁ llﬁglﬂﬂuﬂﬁlw'ﬂ@'}W 1 ON

nszuaninvaadn Ugugiies nafounduluiidweain 1 owhldussduiivaalaydegiiiial

P

[~ 1 [ 4 [ H [ { o
Sunrnnteavd e suiousamngan 2 “oN 7 aszuaayInaluimlundweomvin 2

o’/’ o Y v A 1 alna [~ A 9 1 [ 3 oAl YA
Tz lusduiinnasonvaaianigiezanduauniouanld AU DA 19D

('?: o L] ‘l =Y A 1 o d' 4 1 1
nuas  autuesitlliulaleafidenuuusasls  Feawsedui ldlierulaTeaudaim

Ussanas +16 Thaviaz —16 Thavt nasnminegthussduawin i leFiues 7812 uag

usasuaan i lesiues 7912 wWielwldussdunsenanin £ 12 Taas

3.1.1 msadegUaauiluaes

[

nihflvesnesgtiludes ulassnuiifeldidudyapammeg llaSvuiouiudyga

[ 2he7] 7]

A 4 P2 YV Y o 2 o A 9y
aaumen  ieldldduany  PWM  Feniseenuuuduanasdiuassluszuulseneuaiy

g o oo U

[ A Aot Qs [ o 1 zayd & Y a 4
dyanagiiudes 2 yaiiinsndumny 180 8IM msnsuiinieldmsaamavoaneein

q

v
4 OlWY Db,

geafafiegmed e niynaduiuhaudesnndygailudesiwilidya i PWM laiifa

q

y o & 0 q ¥ Yo v < ﬂ A 4 & v &
w¥ousy Ferzmlfinldduananiduoswnduadused Tulassnuiinaieglaauily

g o

a o

A v s = SR ° A A ) o a £
@ounly IC 1T TL 494 bla‘vtuaiu%ll’ld%iﬂuuﬂﬁmumﬂmgﬂﬂauﬁum’aﬂﬂnﬂumﬂmﬂm BN

@ 4 3 @ < {
v lddyanailudesiinine s dugasifiniulugli 33

Q +12V

be)
°

0

TL 494 =

i

o
£
®

- AWV

511 33 uerasesadadyaugiiunos

U



3.2. 29IRUTAA AU HAIINE 50 Hz
e TaTA g v Sy = - 5 = v
293 uilanauglenil wzimenldiesiuiianudiyy Wein Bndge uamwﬁu%ﬂm

o5 wed TL 082 1wsuuuiawsaadiendusnnd 50 Hz Wiinudiasd &g ﬂ 34 msﬂ

o y

' v
ae9in 1anoziit 1l 2 davaizde

o o

n’dy ) A d' d‘ 4‘ v o o X Y o
1x %mﬁmmmmﬂuu"lﬂmgﬂﬂauﬁmaﬂumm‘f]ummwuﬂ timming 1vinuaes

L]

¥ 4 a L4 J o 1 d’ld 2 1q ¥ a C4 TRt J o
Switching ¥848UNB3 IS M3t uruiinie luldaing 2 42 NAouuY Push Pull NIATUIRIYIHY
a a C4 Y a [ dy v o @S 3 ]
AamsaInNg (on) wiouu d1aTng 2 &1 91 “on” wienAuudimsadndygiaiadunez luld

v
WadmaguuInuazay

]
o v 4 o

2 ﬂzmammmmﬂuﬂmﬂ dyanadamnimsuSeumsuiudygiunnviosn

o o

Y94 Power State Iﬂ&li]:il‘i&lﬂmﬂﬁluu’ﬂ Error Amp ﬂmﬁumﬁaﬂmpmﬁHmwwaamm Error
Amp 21 W I e R and
mammmmﬁ'mmawiﬁ1gﬁﬂﬂ§ugﬂmaﬁuuu Wien Bridge U61901n13
» P 0 I g 3.1)
27TRC
Hah R,=R =R

CoUSE

R5

ANV

50K 1
1N4148
R4

+12V >

240K

+12V 1N4148
O

R1
500 R3

10K

50K

‘l]ﬁ 3.4 'Jﬂi]'iﬂ'lluﬂﬂﬁuiﬂ"m&u 50 Hz



¥ b4
R w o

193UV Wien Bridge aziiamsiuiindaana ldiiuszdudumsieesuiadsening
@ v g ) ' v o 1Y
ANUAIUNIY 2 A2 uagdufudszy 2 Al mvssnnuAumutazmdunlszaiiaeIdIng
- e (Y = ERgi) Y a Q(:jdydllwd o qQ ¥ a
Foaliawifusudsmanudumuiinenuuuiadtiunedestiauninu ez lvinams
0. Ao Y Y 1 & s Yy Y v w Yy g i o a o &
fufindayana lduddsveaiassiinarnndredu livhduudanes lilimsdudadygnanse

a ' @ Ay v o A @ vy ¥
Snotaduanai ldongniaiveagauosdygin 1@

Nmﬁmﬂizummmﬁuﬂﬁu (Full wave Rectifier)

= 3 A Ao eyl A ¢ v g il A
2935 eenszuauuuatuiimneagUadusied soHz Trduuuununau ¥32903
o Y o g ] A d1 a o ' L4 & ' P!

wihlddyoafduunuglaauidosaiuedauysel  FOZUANAINIINIITEUINTUE

I~} Zre 9! 1 et ] a A 7q ¥ =t <4
wwuduadufildlalea maziudedeudyapadunniiiluglmoilfesSenssumuuh
A A o J Y v d o d' v o o 1
aau Tuvazntedunasaiawnlndiugegud laTeagausnduyanaoszaduiuiinu ua

1 k4

laToave luinudeiioansiz i laloansaesdes it maunhidygsesiiusedu 1, an

' Aov o = AP =, ' ' A @ Y o =
ATDUNAINU 0.7V lW'i'lzﬂzuuﬂﬁLﬂﬂlﬁ‘b’@\j'ﬂQﬁgﬁ'ﬂﬂgﬂﬂﬁu muﬁﬂﬂwmuiugﬂw 35

+12
1K
2 g 1N4148
Q@ o— 2N SRS VAT
L 1 [ |
’ 082 % G
S

4
_J__ J»12

gﬂﬁ 3.5 724999 Full wave Rectifier

b4
=1

] { & o °
Frumaiingldeonuuuaes Full wave Rectifier 1UUh 14 Op-Amp Fandnmanisinam

[

£
VY9929 UA T

a Y

I edaenudunnniad1unIndnniiegs Full wave rectifier 1939 lounszuarin

'
S-S

@ ¥ o g
anugrumudeunduidm 1KQ Tdmaewiyn Tunsdill op-amp Hamiluleas

=

; o {y 1t = v o v A 'z
Inverting Amp HUUNI lllﬂ‘ﬂLthlﬂ']ﬁ"’Uﬂ’]ﬂ Glusllﬂlguﬂ']q{’ﬂ’]ul@’]ﬂwm%zvlﬂEﬂﬂaucﬁ’]ﬁlu



v

26

g a 1A ~ Ao 1R o Y Y
nilu¥navusitiosnnni 1 vea TL 082 Udnauinegiah i laTeagnlusanis
£ 4

AseAaunIsduee neiidaanauiuuan

A Ao a =i = £ P 5! o Y Y

ielidyanadunnidudnaudanfiaswsFull wave rectifier 1111381101000

Y94 Inverting Amp Hanluuinuaslalealuvnzies 1dsunms ludadoundurly
1o [V u’/‘ a Y Y o g A = o ;Y]

Tivhau Aniuinidmeensy lddgaauiiuinuindngn  anudnmsdauy

Y o S A A o 1 1 g A
wlddyysuuhugladunauysel ninTag hillgesieseningaduae

(7]

~

JYoRuazUoIaeU 11905

P=}

Y o A ¢ aq A A 4 ~ ' 1 )y a
fAove lddygagUnaumeiidugaiuiiauysalinnquazigasevreazse ldeteaiia

v ] v
UAM9sSeanseuauuyinafesnuuudes ldainnudiumuniaesdaiauisu a11dan

Y o o 23 ' 0 Y o a dgl
ﬂ'.nwmu‘ﬂTu@]'ﬂﬂ@]'JW‘LNM‘]ﬂﬂ'JW&"V]'IGIW'Ni]'iiJ?JﬂS'lﬂ'li‘UEﬂfJLﬂﬂ‘iJu

A Ao o o < A4 4 ) '
mmafﬂimﬂmm1msmma%ztﬂuwaﬂaaaﬁuﬂmmngﬂﬂauwNmumaamwawm

o p= Al B, B A 4 = g e, hg ¥ Py
iyiUqu%&’Nﬂﬁ‘Ummm%ﬂmﬂiulﬂuﬂlalﬁﬂﬁudﬂjm’ldi]‘iL‘ifNﬂi%LLﬂLLUﬂLﬁMﬂﬁuuﬂ&gﬂ‘ﬂ 3.6

.

& e L 4 wRNLTRNE P T2/ R4

Sleg gl e s oL oL Ll s U
= A LL = (=
310 3.6 uaasgaauae lunan lulimsvee

1A IUMIVOIBUDI Op-Amp 1HIIDT



k4
LY

210317 3.6 gUndugne Aedui ldnnms I lusansaiilalen dniudehignumen

[l
@

4 4 44 T .
AQUN ﬂ"lﬂmaammfluﬂaumgﬂwmiﬂﬂamwmumm @1172999 Inverting Amp

3.3 1993 PWM (Pulse Width Modulation Circuit)
dy 9/ qJ d‘ o w 4' Gl a Y a/ o
1995 PWM lagldmdnmsiihdyguglduaeslseuiney nudygrasieuuyy
1< 4 1 o w 4 o < o pai [
wuglaau usvzdoaiidyan PWM pomifuaeaya e lifludygai luduvuanves
N@ﬁW\IVI 2 AN AT Push Pull Inverter Iuﬂﬁﬂ@ﬂimﬂﬂ@ﬂ‘ﬂﬁﬂlﬁﬂﬁﬂﬂg?ﬂﬂ PWM ‘VNE‘T'EN&JL‘V\I?{
o e oee b hn e a g oy A A o ~ o = a o
11&'«]61 ON @33NU muummmﬂﬁaq@mgﬂﬂauﬂumaﬂmﬂad‘w%zmmﬂmﬂiﬂumamu
A ¢ d A v e ) Y o o ~t
aduanelifugnauiuiivadieiu 180 eam madusuiiiie 1idayans PwM 2 deyauiime
UANAINAY

o I8 v

~ < A g 4 1 @ o
nait IdAaedyanaueinn PwM diflidnigaey lisufumsiznavesmsiuaasadin

o g

1

[ =

A A ° 9 o A d A A @ ' 9y
w 180 parnveszaduiludesauinazild PWM MfidafigaiziionnuByANazAIUYDY
o v a Y o ﬁ o a Y dyd 9
wae PWM uazdana: PwM i ldvei luidudyapasuynvesninduyunn ditumsun

]
o

flayrivin1finn "oN" wipuAu



28

+12v ~12v

+12V
3 10K
ar Sk
= 2 3 ﬂ"mwmmum
/1/1/‘ o—| ) D1
1
0.12u LM 393 : %
R2 a0k 2+ 1N4148
4 R4 100K
12v 2v
+12v =
33K
+12v
5
R6 120K
@}
6
[\[\I\ o {1 1N4148
0.12u 100K
R7 20K

1N4148 J_l._l_u

N

[ox}

+12V

+12V

o—ANN—2 i
( ; ”
18K \i >

P 1o 4 1N4148
7 AN i
-

i—r
2

+12Vv
12K 1K v 12K
+12V -12v
R16 R17 R18

511 3.7 29930/Souifiy PWM (PWM Comparator)323 1114 AND GATE



29

Volt
A

Y

gy

¢
4

\_|

A\

ST B S5 S B ]

g i i sl A T S S
=X
-

Al
A
\/( -‘—— s
e
S | i
%
>

|

|

|

|

!}

i i
bk

b o[

~

[oice o
&

J
L
g

)

|

|
|
|

l; |

\

s gUaduildeiniaes PwM

~ 0 ~r 3 Y1 o o o ] o 9
mﬂgﬂ‘ﬂ 3.7 WAaUINITN1 PWM u%glwullﬂ'n iyiy’]m“l’mﬂﬂ\juuﬂg‘lﬂﬁnﬂﬁﬂﬂiﬁﬂul’lﬂ

E4d
I

1 o o?/’ o 3 0 [ < A o 1Y o
uaz annsaiIfianisassdniuhaundeudy ddhuvgranhmsndumavesdyanaily
y g A 1 o d' o o e’/‘ @

weufme lilddyananldndsainiinig PwM dulimans iy

a 4 Ay Y o wd’d’llli/ & o Y lo g iy

Snmgranilsfodesms Indyyrwiadi ldonms PwM ruimsdeuiviuegianios

é o { o 3 a :/J Q/ 4 Qo Q
(Overlap) Fedayanait ldazh 1 udyanadunmusaemmniaesduie Idvemunaduiu
3

o 24 o 1 ad A qya o Silnrdiiis Yo P ) A

NIWNIU Gﬁﬂﬂ'ﬁﬂ“%uuﬂl"ﬂ@iﬂ“fﬂiV]WQ’]U‘VW]@LH@QﬂuLLagﬂgvlﬂ YYIUBIIUNNATUVIDBNNAD
Y o 4
3]

A 1 o a A o Y 1t dy 9
diesesau i Iddyanaiviee nnaluvasddyaadigeu Taomsnuguiiagldy



30

Tygudmasuiinodnueu( Logic AND) Iagasanu PWM  msizagiiunainiimsuou
@ o [ Ay v @ :j oA 9 [ o o dd A
I fMud9aNFouN AT (Overlap) NRBNIIAUAIUaBvR Ty IM PWM Adtanhga

o :/I o 1 o/ 3 ' o Y 1 é
wihlimndwhouliessiy  Aniugaduvnamnsaeslimusarhaunoniuniueudad

HARADYA Power MOSFET Switching 92aa Ui ui1911ed19A01109

3.3.1 Nilia%lNgﬂﬂauamaﬂu (Square wave Comparator Curcuit)

k4 (i
LY =)

finsnnmgradauubunesinesuuuyeyahiivomin 2 AMaduiuhauaeiy fiu

£
HJouldunuunndoadudadl

nngdaau PwM fi ldarnnsnfSeuifieniuseniegdaduiludos 1 Kz funduaed
IS 4 o o { o { 1 4 @ 4
wuuRngUaaY 50z 9z Iddyn gl 3.8 dyanahldesendeiioaiunasa el 14
o o s o r?: 9 o 9 [ A A P A
dyanar PWM luaz PWM 2 iilaassdwnutiuszdesiimsadudyanagiadufivasuie
° ey Ay v ~ ~ @ P ) Y A
ywhmsuenfudyae PwM fldnansuSeufisudaglii 3.0 Wumsadudygnadimaey
2 ganfiidanssd iy 180 03
Sl o Y o o A o
msepnuuLNsjUatudvasuil wldndnmsmsthdyugaduaed 50 Hz i

QI U a U 1 A o/ {
WSsuivuiunsiiuassd1edelammiedntes (g1 3.10)



31

iK +12V

-12v +12V

+12v
12K 1K b
+v o—AM—AT, ANA—0
RS" RS R7
(n)
] 4V
ov J v (Peak to Peak)
Y
[ A
24V
ov (Peak to Peak)
) v
(V)

o

51l 3.10 (n) 2993 My adegdaduFmasiuag (v) gUdagudmaon



32

v
3 I

9 a o 99 Y v o ) ' c:l 2 I Y
maaaammuaunasmaﬂw’daummNmiﬂEJ"lusumwmmwﬂﬂmﬂammmmw

Y v o

sccondary Fayaaifinoiiesauysel mneanunaing 1 uazadng 2 Hudewihnusdseiiog
o A a Jd @ (Y = a G4 <Y = é’ a 4
fufie ang 1891 OFF @ aind 2 Adeudy ON YuwumuaIng 1
y Sy y 4 o o & o
Srumqiitedesoonuunld PwM 1 uaz PWM 2 Mt ldduvuaniiuiinig ON - OFF
v o ' Y A a o [ = A 4 = ! do o
adufusyning 2 yadeadondadumng dagui 3.1 guaduEmtondudmididamnmag

Fudtimuald PWM idoufunindoous 11y

51 3.11 naasgadudmasui ldnninanSouiiiou @, uazp,)

3 . H H ¥ 1
nsuflaflymassiifedososnuunisesgladumaonldnaesyaniianduiu 14l

4 v a 2 [ 1 I~{ o o [ o { =1
Msiaeusutianidldlnemsiganudiuniulsum udidmueazsunsedu Ias e lunlSeu

o s A

Foufufyyamedifionuisalsy PwM 1 uag PwM 2 Tiidouu Idaudeams
3.3.2 33999 Logic Gate
& g9 ¢ < g o < M
299510214 1C we$ B 4081 luflazitlumsriueweunn 4 ya Tay 2 yausnaz lHiou
' o 4 4 A a 3| () Ay v = a
sende A naudmAsuuazdn 2 gailunisueusznhedyyiunesni ldnnesnfSeuiioy
uazdygnagUnaudmaoy wioldld pwM fiflszihlfimua Timing veadgapavuduen

i

Aruonadindon 1

Foueadindon 2



(O8]
w

A A A = o ~ v o g ' o = a. s i
diogdaaudmvaoud 1 uagh 2 adufudud o uag 1 dsgli 3.1 apInNA Y 0 uag 1

adufy Tuvaimamlnfagiiliveenuownnygad 2 aduiuiinuie 2 gassaduiuiu

ANYBINBAHNAVUBUANYAT 1

3.4 2905UUVUAN
dyd Y o 9 = cv =1 ~ o 9 3 o 9
L EutheyIfvnmussweiniusuivane ez Iuesmniiuasoinu 14
) (=1 LY Yy a [l ) Y a o A [P= @ et &
& isgestuinnuda il mins e Iuemwnfamsiauiliesnain lilussdunvunng
yd o a o a @ q (= a I
vomniusaind v lRiAams navesnszuauazrdnlundeutasi lifimsaingudan

1 9 1 % Y d‘
lyifaunlunnundeud auruii uaeaansvonsesdunn lugidi 3.12

< 5
UM 3.2 2sduvuANYRINB AT



34

=
Unn 4

MINAADIUALHANTINAADY

4.1. msnaavausniumsasinaeujladu uasussiuigadinyveiens Iaeld Digital scope
Tektromix model TDS 3012 I@waail

4.1.1. wamsnaaesmsasfaanasiad

Tek Run | [ i ] g
.......... N e e NN I 520
EE 1@ 7.60V
20.1kHz
20.0kHz

Cht Freqg
26.04KH?2

Chil P-Pi

S
it
.60V

Ch2 Freq
26.03kHz

Ch2 Ampl

7.60V
Chi] 5.00v - 00V MHO s 'Ai i '2 0 V)
20 Jul 2001
21:710.00000s 02:10:37
5N 4.1 dyauiadiozh

Uduvunnveaneannliases DC to DC Converter



35

4.1.2. wamanaasIMsaidyaaiasy (3905300 3.9)

Tek Stop |

Chifreg
.967kHz

Chi ampl
2.90V

Ch2 Freq
1.976kHz

Ch2 Ampl
2092V

Chil 1.00%  WGB 1.00V

2l 23 Jul 2001
51+ +[80.0000Ws 01:58:00

d' o nﬂ' d' Y a
511 42 vaasdyanailubesi ldnnmmaneess

o A  dyyw i Y % & o~ o
gﬂﬁmuﬂunmﬂum@w lﬂ iﬂﬂﬂﬁ'ﬂﬂaﬂﬂﬂﬁﬁuuﬂgqﬂ‘ﬂ"lﬂ‘lﬂ 5999 IC 1197 TL 494 53UAIUD

o Jd o A t-:iy ° =t a v o &
Uszaina 2 KHz uazusauawia 2.9 1aad dyanaflud@esiisgth lhlnlSeufsunudyananauy

' ]
9y o a =)

o I dl é'l Y d‘d T W
Ell“lﬂﬂu 50Hz tyusynau L‘W@TﬁVlﬂﬁﬂlﬂﬂmﬁlﬁﬁﬂﬂﬂNﬁ]uWﬂblllW]'lﬂu (PWM)

o 9



36

) A ¢ = Y v : .
4.1.3. Nami‘nﬂammia‘iwatymgmﬂaugilmﬂummﬁl 50 Hz ‘Vﬂﬂﬂ’lﬂ)\i‘ﬂi Wein bridge

Oscillator (33933171 3.5)

Tek Stop | [ i ]
O o B R S N B i LTS5 S . S O B
. : : A : ! : :
Cht Ampl
3. 28V
Ch1 Freq
49,25 Hz
: 23 Jul 2001
Mathy, 15~ 520.0 dB 625 Hz #+:+[80.0000us 02:04:28

51/ 4.3 nansdyaanaugilanod 50 Hz

A o & Ay v & = o % o
fyiywmﬂﬁuZﬂm’]Uuﬂ'nyﬂ 50 Hz ‘Vlhlﬂ"l]Tﬂﬂ'lﬁﬂﬂﬁﬂquuﬂgulﬁQﬂu“uu‘lﬂ 3.3 I'JEW\ LI U
Aviva oy ! a ¢ A qIYo I A Ao 9 & & &
V]Llﬂuﬂgu’]lﬂ W']u'N%i‘dfﬂ_ﬁﬂmwablﬁvlﬂﬁﬂgiy'lmlﬂnEﬂﬂau'ﬂu‘uu'lﬂ HSIAUANAUVADATIN U

Taua10s] A WA 100 Hz dauaas Tugiil 4.4 310299537 3.6)



37

) & ¢ o A4 Ay
4.1.4. N@ﬂ’l'ﬁ'ﬂﬂﬂﬂﬂfﬂi651Qﬁﬂlamu1mﬂﬁugﬂm]ﬂu!!ﬂﬂ!ﬂﬂgﬂﬂau Tﬂﬂ‘iﬂﬂ?\ﬁ]i Full wave

rectifier (2993317 3.6)

Tek Prevu | H
s o e R M e e

Chi Ampl

1.86 V
ChikFreg
99.57 Hz

. 23Jul 2001
WFAR [ 20.0dR 625 A7 i+~ [0.00000 s 02:07:20
st 4.4 daygnanauglmeduuuduglaay

A yyo & o g A da = & o I
e ldaaniuglmoniwufsgdaduifinnuddszns 100 Hz Fazhdygiadiln
mslSsufenfiudaanaudesi ldashauie 19 ddyaya PWwM

o g



38

4.1.5. namanaaesmsanafyanagldmaen (39033100 3.11 9)

Telestop. ol 0 f o 8 |

“ ; : : ; 1@ 8.60V
S e e A e
e : s ; 1@ S50.0Hz
: : el : T : : : ot Thi Ereq
@ ..... e
o Py O LRSI S e
i ; : : ‘ ' 203 v
Ch2 Freq
. 1011 Hz
; s I
53 fe ..... L chz ampl
; : : oo ) : . 20.6 V
|
LGNS Y/ 0 . \ T o/ IS RAATCRC o 4 &

MA4.00ms A Chi 7 1.80V

21 Jul 2001
i+ [0.000008 01:53:44

545 uarasdayanaglmmasy

o 4 & dyy = o Y 4 v A Y
waugUamaoni ldnmanaaeeziivinausedumiiy 22 1o Tagnsiatiag 1y

9
a (<]

18 Prov x 10 1A Volv/div 92wy 10 Taavi dayanaiiildezeh ldudgyanadunn dminaes
&

5 a o 9 = N o o/ a = sldy
Logic Gate NIENIMUINUBUIEHINIAYYINU PWM LDE Foymnagldmvasui 1ad



2001

[

39

WM (2423517 3.8)

U

Yyl P

Y

4.1.6. HANMINAABINITING

e b - I = r =
s s

o~ o N O n” 8. AT - et
e S e o0 P il =
B ah =0 B ~N ™ iyl
; =< o= = =5

C.TI YT Cz O

|

M4.00ms Al Chi S 4.60V

Ly
|
t
|
I {

I

REERAR
|
1
!
|
i

LT

]

“Cha 500V

Tek stop

21 jul

01:59:51

g5+ 11.67200ms |

= o Ay v
31]7]4.6 LAy I PWM Whlﬂﬂ"lﬂﬂ'li‘ﬂﬂa@ﬁ

AN 2 KHz

1
I

1% PWM %

g1 PWM

96V,

TRTTRCITENaEH!

@
LY

RIGRARY
g
YUIAR NN YT1INADATIN

AINNIIN

l/li/

2y

9

d

o

NINTLUBUND

71a

wzihdyy i

2
o

=
ny

el

ypauad

v

eldnyuzAden

a o

1
=

QAAIUAMaYY

'
A

50 Hz

g

of



40

4.1.7. dyeas PWM laannmseuisosaednueu (2905311 3.8)

Tek PreVu l [ = gi e
e T ey e
QE 3@ 0.00¥
........................... ;u....u........”......m.é; 50.2 Hz

L RN o T aveasy i G

SR LT L - At et

“ctrvevesvTE®ALY eIy

.................................

Y e e e b L NP N A e g ity b e et fddapdebys b

e

o 100mV

P O f‘h2l S0V

MI4 doms Af

G+ [0.00000 &
514.7 namadaygo PWM vz T dunm

o
g o

[
=)

Chl Pk-

18 jul

30.0 Hz

Ch1Freq
1.939kHz

Pk

1.7V

2001

10:06:14

g v o < : A o = 24
UV PWM U L“T]‘LJ UYIU PWM NUANNAANTNANNDUDIT YU U TN AYY U

fewmsaulszia 117 V,, uazaud 2 KHz iddgyanaesidnyazmilounudyaadivdoni
t4 '
ﬂwmﬁwmmau“lmwaafmﬂﬁﬁ’amﬂuuﬁmaumunmu"lﬂ‘v‘hmsﬂa”mwfmaugﬁmmmnwiwm

i le il 19985 Inverting Amp



41

4.1.8. Fyanas PWM foud1easduvunn Aiimsndua 180 o9e (9319 3.13)

Tek Stop | [ e ]

LA LR TP T LT

1M

ChiFreqg
"""""" 2.212kHgz

?‘?}‘ S P RN R P T R LT LI LY I R e sty ST LR LT LT s

-

l2<3.'.‘!‘). B EBRS Avseveurneses B B WD RS0 R A LA L B g amen ey HREE S CRANECL S

e il 18 )il : 2001
£i++[0.00000 s 10:11:45

4.8 Ty PWM fiimisnaua

=ng

i

o A o {a 2 o < @ a
dayana PwM HizidludyanaiduynuesleFiues cp 4049 deezhlddndygiuduna

o é o {
Y0929959UINN Fedluseauilszm 12.6 V,, ANA 2 KHz



42

4.1.9. HaMINAABIT U MU08AI9DITUIAN (29953101 3.13)

Tek PreVu | : =

|

=it

A R R L TR SV i “

= ]
i i
B,E e
Tiacseedavecdriis iE
A
....................................... \, |
-hv-&v-~'v.cv~1~v‘w~m"fﬁ o 4_

R P L ]

PR A AN AN GG y -

M4. OOms A| "ﬂ ' 000\/

o

Ui 4.9 naraagiliy

d‘ t:ly -] < a : o { a| a %
Saanad 1@ ldifusumnueswomin Fuimdhiduaindldfunidoulauiedh

S0 v Ch2l =00V

-+ [0.00000s

'IilWl'Nﬂ"l‘L!qJW?J'Gﬂ‘\l'eN’Ni]i‘U‘]Jmﬂ

a 1 I~}
I¥iRadnseuauazamuuiman lvalunnu

2001

10:13:05



43

[ Y a d d
4.1.10. aYYIUNWNATHYI0DNUDIDULIDIUADI

LT S

ST s
~—

{ i
{5
|

§§+10.00000 s

- o say v a ¢ ¢
Eﬂ‘ﬂ 4.10 LLZWNﬁiy?mch"lﬂuﬂllﬂ"lﬂﬂ‘lflf]'f]ﬂ‘llﬂﬂﬂulﬁﬂﬁmﬂi

o v 9 S A ¢ &
AUNNNIUYA Secondary voIMNoL/antlugnaumed  AnwD S0 Hz
Yszuna 207 Taar ms vz ldinsdounduvesdygramusviyniion

Ay v o P ' A & = o
U3 PWM Vlvlﬂﬂ']ﬂﬂ']ﬂﬂﬁfﬁ_lﬁ’lﬂﬂigﬁ')']\igﬂﬂﬁuwumﬂﬂﬂj']uﬂ 1 KHz AUAYEY

A219D 100 Hz

[

18 Jul

AL 204 Y
1@ —134V

20:0H2

T 200 H?

Ch Freg
4G.17 He

2001

09:31:24

a aa =
NUBUNNNUAIND
7 d

A
glaNzaau



44

TekStOD Ree H
Chtl Ampl
46.0V
Ch1 Freq
19.17 Hz
Chi[ 1§ % M4, 00 ms A| Llﬂ e 1.40V
! ! 23 Jul 2001
M at . 20.0 dB 625 Hz #¢:+10.00000 s 02:135:01

‘ﬂﬁ 4.11 LLETGNﬁi‘u"Im"]ﬂﬂuﬂblﬂ‘ﬂ"lﬂ‘UW?Jﬂﬂ‘llﬂﬂﬂuﬂﬂ'imﬂiﬂﬂﬂuﬂ 2.5KHz

[ a a

Y 9/ A o a o
aiytymmnmumﬂnﬂa:;]nﬂjamuauﬂmsﬂugﬂﬂaumau AUD 50 Hz uimuﬂszmm

Jd ~ = 9 o v o = v oa A o
160 12aM rms 0l‘L‘!"lJile‘VlhlllllfﬂSEJﬂ‘L!ﬂﬁ‘U‘UEJ\‘IET‘éy’r?gTEIWINLE]1‘1’]“»’!‘1/]!,‘1/1EJ‘LIﬂ‘lJEJ‘L!“VgV]‘VIlJﬂ’ﬂllflsll’f)\‘l

[V

sy v = = ' A 2 = ¢ g 4
PWM 18010 mafSeumeusendngdaduiludesnnud 2.5 KHz fMudgaruamneiipugiaiu

A72748 100 Hz



45

TekRun | ] Trig’d

P L2
N
Call ()

=
>
S1.4 Hz

?‘j‘tﬁ" """""""""" . ::::::::.5:3:3::: ¢
;_.. .............................

W] 10,0 TR 00ms . Al Chi - 600mV
18 Jul 2001

§E++10.00000 s 07:47:14

~ o Ay v a % s A~
31.]7\ 4.12 llﬂﬂ\?ﬁﬂ]ﬂmﬂqﬂﬂ'lﬂslﬂ@@ﬂ‘l]@d@uﬂa5L§°’1'€)5L1J@3Jﬂ']§ feedback

a a 9/

o v a = o g
ﬂluﬂg’lmﬂ—mﬂ']u%ﬂnﬂﬂﬂ“m@dwuauﬂﬁQl]ﬂ'ﬂl]ﬂ 50 Hz llﬁ\jﬂuﬂﬁgu']m 220 T’JEW] rms Gl‘u

Ry

~ v Aa

yauzfifimsfounduvesdyasmausminmiisuiudunm

q



46

4.2. m3TauazA N UENTAAN 1992903

421 ‘”ﬂgiymﬁugﬁaaﬁmmﬁ 1 KHz
mad e Tnaadunasaly 25 w
NV =12Vuerl =8A
P =12Vx8A=96 W

V..=200V | ¥, -235mV.

R,=.2:2:0
N 235mV

=1, = _RL = 29MY _ h0eima
R 2.2

P =220 Vx106.81 mV =235W

STy Useansamd laszalszuna
p
n=—>x100%
P.
1
_23.5W

= x100% = 23.8%
96W

diovmnsaeuTnaniu 6o w

il v=12v N8 22°A
P =12Vx 822 A=98.64 W

wld V., =180V Vv, =05V
I=227.27 mA

P =40.9W

iszansaiwin ldvzminy

Po

N = —x100%
P.
i

_ 409w

" 98.64W

x100% = 41.46%



42.2.

47

Tyanudu@osnnwd 2 KHz
310, V. =R Vussl =74
P, =12Vx7A=84 W

nad e vinn il Tnaailunasa’l 25 w

Vv, =1856V V,, =216 mV
R,=22Q)
v
[,=I=_RL =280V _ o010 ma
R, 22

P, =1856V x98.18mV =1822 W
P, =1822W

Usgansnmi ldazimnu

n-= &)—XIOO%
i
1822w
84W
&

° 4 o
Werinsiasu Ivaadlu 60 w

x100% = 21.6%

m v, =12V I =6.85A

P, =12Vx 685A=822W

Vo= 122 ¥ WG 0.45Y

0.45
= == =204.54mA
B2
P, =142V x204.54 mA =29 W
Useansmui 1dazime
p
M = —>x100%
i
20W

= x100% = 35.2 %
82.2W




48

o o <} 91 o I3 A A a o o1
i]']f'lﬂTi‘Vlﬂa@ﬁﬂﬂiﬂﬁﬂﬂﬂ']ﬂ'l\mlﬁuhlﬂ'n HIIAUBINNNIZANAURDYY)  LUBBULIDINDINY

Qs

o d%, g 9) v dy
NTAIPIUUAIATIT WY NA WU

Inaamaoalw) V,(Volt) I,(mA) 1:9(9))
25 W 220 106.8 2k
60 W 180 227 800
85W 120 283 450
Vo(V)
A
220 :

180 T /

120

> R(Q)

450 800

siluaaansanasupassRuMINe NN InaasiA1en




49

o
Unn s

a J
unagiuaziansal

@ Y 1R ada 9 v a d o 1 3 A o [
asldnandmouninedesiudunesinesivudegsuisuonswa - Adwdiy
14 g
Wugwvesmsesnuuy Inssauil
a 8 s =
lumsnaassarinduneiinesi ldeonuuuuasnaseylasnamsnaassii1dainga
‘ & v v d & y v o y
fren luszynvisnua ldgauaadddiuluuni 4 uasmavesdagnamedieiyngaihe
:// @ s = 1 o w v
uuldussdniszine 200v,, finawd 50 Hz aunsasietdeanlddszma 23.5 Sad dae
a a 1 o w = P s/:;l [~ o sy v a
Uszansmwludwidenuddszinn 23.8 % wod Idiussdudyanaiidonssuuuuudis
= ] Yy 1 4
maudyInfeszULR LiimsnugueInMedue iy (No Feed back Control) IHANAB191Y

4 ~ [ o @ 4 [~]
woannnndeur/asldlumsnassudundeudasdmsy Step down 910 220 Taaviaaiiy

A o o

J a ) g P Ad o 9 1 1 A
9 I'JEWI UBWITUIUADIANINAIU 9 T'me'mﬂ%wmﬂmaﬂm‘lwmsmamad"luqqmmms
d”w ) Yya A = 9 & = 3 =1 =)
uaﬂmﬂufmﬂﬂwmﬂwmsqagm&‘luwmuﬂawamsqn;muuu%zuﬂﬁqagmﬂ“lugﬂmmmm
! o o 4 o o
Sou Lﬁaﬁmié'auﬂamjmaﬂujﬂunmw1aﬁmmmv!ﬂmmmmmmmaiytym PWM i1
Y o 9y g a a dg’ 1 o Ad = =
Gh’iﬁiyiy"lm‘ﬂ'Nﬂ11«!&611’]7!1’1Mﬂ?TﬂJLﬁﬂﬁiﬂ?Wiﬂﬂﬂm musaﬂummﬂﬁzmm 620 V,, NN

1@ Ay Y R o IR 91 o @ Y g
50 Hz uadayanai Idee Wit dyanaasneifudingims fiter dyanaudia

taymnnavdulumsnaaess

=1 = 9/ A 9y .
ZJTQJQJJW']E]gwumuﬂ]ﬂ\?ﬂumlﬂﬁuuﬂﬁﬂTﬂiu@ﬂuuﬁﬂqﬂf]@ﬂll‘uu‘]‘fﬂ Power Switch LU

=)

o = a 1 J ot :;I oA 1Y
Push -Pull T¥¥haufianud 25KHz udunumes lsafihiusivinalng lifsametunig

a o o {io d ]
Avamsuaz I sfuIMs I UIaz UYL UA AT LR TNz 12 S o915 el
v

A ' 1 =2 v 9/ =2 o 1
UHIBN Lu?J\‘iil’lﬂ’ﬂ"lim51Uﬂdﬂmﬂuﬂﬁ%8\3llﬂuﬁumLﬂﬁ\‘iuazi’lll‘lﬂﬂﬂﬂ']ﬂﬂﬁ@dﬂ’JTﬂJﬂﬂ1N1u

=
3y
@ o’/’ 2 { =] { @ 4
Ae daiuie lddewunldunumdnunuTesaaauduesdanailudesaunde 1Kz

1ISw

Y
a g 1Y '
uandeiifamadmanudou Taelamilidumsuanty (Trade off) sz13199 Switching

v
I

@ 4 & a Yo
fusnumangsmansaesuielda
Y = ' <] 4 2 [}
- Weanudgen 2 KHz  unuman lundeuasezfeunniilesoinniouasii ]
o P = Y [ o 9 A o & a A o o Jya o
musahnunanuagelda  Wuwailduauenssdusuiiounufanmsoudiesyinldifad
! Y 3 o ~ g 2
msqudvlugivesmuioudaiudyanad ldmednueninnisgnaaneuas
1 HEd [ 9
- @WeAnNaMNT IKHz szansaaaanuiouiifiatulundeuaslduazmds
ey oty yau ' yd & ' ¥ a ado 2
Muidsnn ldavunszumziioldiiviunousanudeuss lufaegidaueamnumuds
Y
womn AoaiauminiuINWaN1TNARD Inverter AIN5EUAIN Battery a9 8A Aauing

dyé o 9 9
Wan 9 Mo anounn



v A Y a
NUIADD BN

9y
v a ¢ oa

1 o w a a dJdo
1. Y3IAD NOIFINIY, ﬁWQﬁHﬁ?N%Tﬂﬂ %.L"l]. ; ﬂl'gﬂ‘l’liﬂut']ﬁﬂ']a\i WUNATIN 4, lIBIU 2543
@ ¢ v a a A d o = 3 ~
2. 98U AU, muma"lvm , NAUALAENITDONUUY TIAYUWIUIDIFWNQTY WHATIN 2

UQuIeu 2538

3. Ned Mohan , Tore M. Undland, William P. Robbins ; Power Electronics” Converters,

Applications And Design”. C 1989

4. K. THORBORG ;Power Electronics; Prentice-Hall, New York, 1988.



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by IRF540/D

Product Preview
TMOS E-FET ™

Power Field Effect Transistor
N-Channel Enhancement-Mode Silicon Gate

This advanced TMOS power FET is designed to withstand high —_—

energy in the avalanche and commutation modes. This new energy
efficient design also offers a drain—to—source diode with a fast
recovery time. Designed for low voltage, high speed switching

applications in power supplies, converters, and PWM motor
controls. These devices are particularly well suited for bridge

IRF540

TMOS POWER FET
27 AMPERES
100 VOLTS
RDS(on) = 0.070 OHMS

e . ; : TMOS
circuits where diode speed and commutating safe operating area —M————
are critical and offer additional safety margin against unexpected
voltage transients.
o Avalanche Energy Specified D
o Source-to—Drain Diode Recovery Time Comparable to a
Discrete Fast Recovery Diode
» Diode is Characterized for Use in Bridge Circuits
* Ipss and Vps(on) Specified at Elevated Temperature G
S
CASE 221A-09
TO-220AB
MAXIMUM RATINGS (T¢ = 25°C unless otherwlise noted)
Rating Symbol Value Unit
Drain-to-Source Voltage Vpss 100 Vdc
Drain-to—Gate Voltage (Rgg = 1.0 MQ) VDGR 100 Vdc
Gate—to—Source Voltage — Continuous Vas +20 Vdc
— Non—repetitive (1p < 10 ms) Vasm +40 Vpk
Drain Current — Continuous Ip 27 Adc
— Continuous @ 100°C Ip 19
— Single Pulse (5 < 10 us) IDM 95 Apk
Total Power Dissipation Pp 145 Watts
Derate above 25°C 1.16 W/°C
Operaling and Storage Temperalure Range Ty Tsig -5510 150 °C
Single Pulse Drain—to—Source Avalanche Energy — STARTING T = 25°C Eas 365 mJ
(Vpp =50 Vdc, Vgg = 10 Vdc, PEAK I =27 Apk, L=1.0mH, Rg =25 Q)
Thermal Resistance — Junction—to-Case ReJc 0.86 °C/IW
— Junction—to-Ambient ReJA 62.5
Maximum Lead Temperature for Soldering Purposes, 1/8 from case for 10 seconds e 260 °C

This document contains information on a product under development. Molorola reserves the right to change or disconlinue this product without nolice.

E-FET is a trademark of Motorola, Inc. TMOS is a registered trademark of Motorola, Inc.

REV 3

© Motorola, Inc. 1998
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IRF540
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic Symbol | Min | Typ I Max | Unit ]
OFF CHARACTERISTICS
Drain-to—Source Breakdown Voltage V(BR)DSS Vde
(Vgs =0 Vdc, Ip = 0.25 mAdc) 100 — —_
Temperalure Coefficient (Positive) s 116 —_ mV/°C
Zero Gate Voltage Drain Current Ipss pAdc
(Vps = 100 Vdc, VGg = 0 Vdc) L0 L 10
(Vps = 100 Vde, Vgs = 0 Vdc, Ty = 125°C) — _ 100
Gate—Body Leakage Current lgss nAdc
(Vgs = %20 Vdc, Vpg = 0 Vdc) — — 100
ON CHARACTERISTICS(1)
Gate Threshold Voltage Cpk 2 2.0(3) Vas(th) Vdc
(Vps = VGs. |D = 250 pAdc) 2.0 29 4.0
Threshold Temperature Coefficient (Negative) —_ 6.8 — mV/°C
Static Drain-to-Source On—Resistance Cpk 2 2.0(3) RDS(on) Ohms
(Vas = 10 Vde, Ip = 15 Adc) — 0.047 0.070
Drain-to—Source On-Voltage VDS(on) Vdc
(Vgs = 10 Vdc, Ip = 27 Adc) — — 1.9
(Vgs = 10 Vdc, Ip = 15 Adc, Ty = 125°C) — = 1.8
Forward Transconductance (Vpg = 15 Vdc, Ip = 15 Adc) gFsS 6.0 15 — Mhos
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss = 1460 1600 pF
- Vps = 25Vdc, V =0 Vdc
Output Capacit (Vbs Vas , =
utput Capacitance f= 1.0 MH2) Coss 390 800
Transfer Capacitance Crss — 120 300
SWITCHING CHARACTERISTICS(2)
Turn-On Delay Time td(on) — 11.6 30 ns
Rise Time (Vpp = 30 Vde, Ip = 15 Adc, 1 ] 50 60
Turn-Off Delay Time VGs = 10 Vde, R =47 ) ld(olt) 26 a0
Fall Time i — 19 30
Gate Charge QT — 50 60 nC
(See Figure 8) (VDs = 80 Vdc, Ip = 27 Adc, Qf = 9.0 =
Vgs = 10 Vdc) Qo il 26 s
Q3 — 20 ey
SOURCE-DRAIN DIODE CHARACTERISTICS
Forward On-Voltage Vsp Vdc
(Ig =27 Adc, Vs = 0 Vdc) — 0.93 2.4
(Ig =27 Adc, Vgs = 0 Vdc, Ty = 125°C) — 0.84 —
Reverse Recovery Time trr — 110 — ns
(Is =27 Adc, VGs = 0 Vdc, ta = 100 T
dlg/dt = 100 A/ps) 1o ey 10 e
Reverse Recovery Stored Charge QRR — 0.67 —_ uC
INTERNAL PACKAGE INDUCTANCE
Internal Drain Inductance Lq nH
(Measured from the contact screw on tab to center of die) —_ a5 —
(Measured from the drain lead 0.25 from package to center of die) — 45 —
Internal Source Inductance Lg
(Measured from the source lead 0.25 from package to source bond pad) — 7.5 —

(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2%.
(2) Switching characteristics are Indspendent of operating junction temperature.
Max limit = Typ

(3) Reflects typical values. cpk =
3 x sigma

2 Motorola TMOS Power MOSFET Transistor Device Data
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TYPICAL ELECTRICAL CHARACTERISTICS
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TYPICAL ELECTRICAL CHARACTERISTICS
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Advanced Power MOSFET

IRF740A

FEATURES

® & & o o o o

Avalanche Rugged Technology

Rugged Gate Oxide Technology

Lower Input Capacitance

Improved Gate Charge

Extended Safe Operating Area

Lower Leakage Current: 10pA (Max.) @ Vpg = 400V
Lower Rpgony: 0.437€2 (Typ.)

Absolute Maximum Ratings

BVDSS = 400 V
RDS(on) = 055$2
lp = 10A

1.Gate 2. Drain 3. Source

Symbol Characteristic Value Units
Voss Drain-to-Source Voltage 400 \
I Continuous Drain Current (T¢=25°C) 10 A
Continuous Drain Current (T=100°C) 6.3
lom Drain Current-Pulsed (1) 40 A
Vas Gate-to-Source Voltage +30 Y,
Eas Single Pulsed Avalanche Energy () 457 mJ
lar Avalanche Current (1) 10 A
Ear Repetitive Avalanche Energy (1) 13.4 mJ
dv/dt Peak Diode Recovery dv/dt (3) 4.0 V/ns
Total Power Dissipation (T¢=25°C) 134 w
Po Linear Derating Factor 1.08 W/°C
Operating Junction and
Ty, Tsta -55 to +150
Storage Temperature Range
Maximum Lead Temp. for Soldering 28
I Purposes, 1/8. from case for 5-seconds 00
Thermal Resistance
Symbol Characteristic Typ. Max. Units
Rasc Junction-to-Case -- 0.93
Rocs Case-to-Sink 0.5 s °C/W
Raua Junction-to-Ambient - 62.5
Rev. B
FAIRCHILD

st
SEMICONDUCTOR™
©1999 Fairchild Semiconductor Corporation



IRF740A

N-CHANNEL
POWEE MOSFET

Electrical Characteristics (T =25°C uniess otherwise specified)

Symbol Characteristic Min. | Typ. | Max.| Units Test Cendition
BVpss | Drain-Source Breakdown Voltage | 400| - | - | V |Vgg=0VIp=250uA
ABV/AT, | Breakdown Voltage Temp. Coeff. | -- {0.50| -- [V/°C lp=250uA  See Fig 7
Vgsw | Gate Threshold Voltage 20| - | 40| V | Vps=5V.lp=250pA
| Gate-Source Leakage , Forward -- 100 oA Vgs=30V
= Gate-Source Leakage , Reverse - -- |-100 Vgs=-30V
| - . . : 10 Vps=400V
DSS rain-to-Source Leakage Current = T HA Voo=320V,To=125°C
Static Drain-Source
R - - 0.55 Y =10V,' =5A (4)
bSn | on-State Resistance Sl 2
s Forward Transconductance - 778| - U | Vpe=50V,Ip=5A (4
Ciss Input Capacitance -- 11180|1530
: Vg=0V,Vps=25V,f =1MHz
Coss | Output Capacitance - | 175|205 | pF S -
ee Fi
Cus | Reverse Transfer Capacitance -- | 80| 95 &
] Turn-On Delay Time - | 18 | 50
T Y Vpp=200V,l5=10A,
t Rise Time - | 21| 55
: ns | Rg=9.1Q
tyory | Turn-Off Delay Time -- | 78 | 170 ;
2 See Fig 13 (4) (5)
t Fall Time - | 28 | 65
Q, | Total Gate Charge | 584]. 75 Vps=320V,Vgs=10V,
Qg | Gate-Source Charge - |84 nC | 1,=10A
Qgqq Gate-Drain (. Miller. ) Charge =7 | BileBeli’s See Fig 6 & Fig 12_(4) (5)

Source-Drain Diode Ratings and Characteristics

Symbol Characteristic Min. | Typ. | Max.|Units Test Condition
Is Continuous Source Current -- - | 10 5 Integral reverse pn-diode
Ism Pulsed-Source Current (1| - 40 in the MOSFET
Vso Diode Forward Voltage @] - - | 15| V | T=25°C,lg=10A,V5e=0V
tee Reverse Recovery Time <345 47 == ns | T,;=25°C,l=10A
Q, Reverse Recovery Charge - |2.84 pC | dig/dt=100A/us (4)
Notes;

(1) Repetitive Rating: Pulse Width Limited by Maximum Junction Temperature

(2) L=8mH, I,;=10A, V,=50V, R;=27Q, Starting T,=25°C

(3) lsp< 10A, difdt < 170A/us, Vpp< BVpgs. Starting T,=25°C
(4) Pulse Test: Pulse Width = 250us, Duty Cycle < 2%
(5) Essentially Independent of Operating Temperature

sz
FAIRCHILD

SEMICONDUCTAOR™




N-CHANNEL
POWER MOSFET

IRF740A

Fig 1. Output Characteristics
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IRF740A

N-CHANNEL
POWER MOSFET

BVis »

Fig 7. Breakdown Voltage vs. Temperature

Fig 8. On-Resistance vs. Temperature
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N-CHANNEL
POWER MOSFET

. Current Regulator.

IRF740A
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Fig 15. Peak Diode Recovery dv/dt Test Circuit & Waveforms
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™
CoolFET™ MICROWIRE™
CROSSVOLT™ POP™
E2CMOS™ PowerTrench™
FACT™ Qs™
FACT Quiet Series™ Quiet Series™
FAST® SuperSOT™.-3
FASTr™ SuperSOT™-6
GTO™ SuperSOT™.-8
HiSeC™ TinyLogic™
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD

DOES NOT ASSUME ANY LIABILITY ARISING OUT OF

THE APPLICATION OR USE OF ANY PRODUCT

OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN AP
As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant into

the body, or (b) support or sustain life, or (c) whose

failure to perform when properly used in accordance

with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the

user.

PROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause tho failure of tho life
support davice or systam, or lo affact its safoty or

effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formative or
In Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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CD4071BC » CD4081BC

October 1987
Revised January 1999

Quad 2-Input OR Buffered B Series Gate ¢
Quad 2-Input AND Buffered B Series Gate

General Description

The CD4071BC and CD4081BC quad gates are monolithic
complementary MOS (CMOS) integrated circuits con-
structed with N- and P-channel enhancement mode tran-
sistors. They have equal source and sink current
capabilities and conform to standard B series output drive.
The devices also have buffered outputs which improve
transfer characteristics by providing very high gain.

All inputs protected against static discharge with diodes to
Vpp and Vgg.

Features
M Low power TTL compatibility:
Fan out of 2 driving 74L or 1 driving 74LS
W 5V-10V-15V parametric ratings
W Symmetrical output characteristics

B Maximum input leakage 1 pA at 15V over full
temperature range

Ordering Code:

Order Number | Package Number Package Description
CD4071BCM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow
CD4071BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4081BCM M14A 14-Lead Small Qutline Integrated Circuit (SOIC), JEDEC MS-120, 0. 150" Narow
CD4081BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices are also available in Tape and Reel. Specily by appending the sullix letter *X" to the ordering code.

Connection Diagrams

Pin Assignments for DIP and SOIC

CD4071B
Voo

l!: lu ’n ln ||0 IB Il

,1 Iz |; lt ls

Top View

e
Vss

CD4081B
Voo

fon s (o Tl Jo ohy

) |1 ]3 |4 Is Is l7

Top View

© 1999 Fairchild Semiconductor Corporation . DS005977.prf

www.fairchildsemi.com
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CD4071BC - CD4081BC

Schematic Diagrams
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'/, of device shown

J=A+B

Logical *1" = HIGH

Logical “0" = LOW

“All inputs protected by standard CMOS protection circuit.

'/, of dovice shown

J=A-*B

Logical 1" = HIGH

Logical “0" = LOW

Allinputs protected by standard CMOS protection circuit.
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Absolute Maximum Ratings(note 1)
(Note 2)

Voltage at Any Pin -0.5V to Vpp +0.5V

Power Dissipation (Pp)

Dual-In-Line 700 mW
Small Outline 500 mW
Vpp Range -0.5Vpg to +18Vpe

Storage Temperature (Tg) —65°C to +150°C
Lead Temperature (T|)
(Soldering, 10 seconds) 260°C

DC Electrical Characteristics ot 2)
CD4071BC/CD4081BC

Recommended Operating
Conditions
Operating Range (Vpp) 3 Vpc to 15 Vpe
Operating Temperature Range (T,)

CD4071BC, CD4081BC —40°C to +85°C

Note 1: “Absolute Maximum Ratings” are those values beyond which the
safety of the device cannot be guaranteed. Except for “Operating Tempera-
ture Range" they are not meant to imply that the devices should be oper-
aled al these limits. The lable of “Electrical Characleristics™ provides
conditions for actual device operation.

Note 2: All vollages measured with respect to Vgg unless otherwise speci-
fied.

2 -40°C +25°C +85°C ;
Symbol Parameter Conditions = Units
Min Max Min Typ Max Min Max
loo Quiescent Device Vpp =5V 1 0.004 1 75 HA
Current Vpp = 10V 2 0.005 2 15 pA
Vpp = 15V 4 0.006 | 4 30 HA
Voo LOW Level Vpp =5V 0.05 0 0.05 0.05 \%
Output Voltage Vpp = 10V llgl< 1 pA 0.05 0 0.05 0.05 \
Vpp = 15V 0.05 0 0.05 0.05 \%
Vou HIGH Level Voo = 5V 4.95 4.95 5 4.95 v
Output Voltage Vpp = 10V ligt< 1 pA 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 14.95 15 14.95 \
Vi LOW Level Vpp =5V. Vg =0.5V 1.5 2 115 1.5 \Y
Input Voltage Vpp = 10V, Vg = 1.0V 3.0 4 3.0 3.0 \%
Vpp = 15V, Vo = 1.5V 4.0 6 4.0 4.0 v
Viy HIGH Level Vpp =5V, Vg =4.5V 3.5 3.5 3 a5 Vv
Input Voltage Vpp = 10V, Vg = 9.0V 7.0 7.0 6 7.0 \%
Vpp = 15V, Vg = 135V 11.0 11.0 9 11.0 v
loL LOW Level Output Vpp =5V, Vg =0.4V 0.52 0.44 | 0.88 0.36 mA
Current Vpp = 10V, Vg = 0.5V 1.3 1.1 225 0.9 mA
(Note 3) Vpp = 15V, Vg = 1.5V 3.6 30 | 88 2.4 mA
lon HIGH Level Output Vpp =5V, Vo =4.6V -0.52 -0.44 | -0.88 -0.36 mA
Current Vpp = 10V, Vg = 9.5V -1.3 -1.1 | -2.25 -0.9 mA
(Note 3) Vpp = 15V, Vo= 135V -3.6 -3.0 | -88 -2.4 mA
e Input Current Vop = 15V, Viy = OV -0.30 -10° | -0.30 10 | pA
Vpp = 15V, Vi = 15V 0.30 1075 | 0.30 1.0 HA
Note 3: Igy and I are tested one output at a time.
AC Electrical Characteristics (Note4)
CD4071BC T, = 25°C, Input t; t; = 20 ns, C|_ =50 pF, R =200k, Typical temperature coefficient is 0.3%/°C
Symbol Parameter Conditions Typ Max Units
tpHL Propagation Delay Time, Vpp = 5V 100 250 ns
HIGH-to-LOW Level Vpp = 10V 40 100 ns
Vpp = 15V 30 70 ns
teLH Propagation Delay Time, Vpp = 5V 90 250 ns
LOW-to-HIGH Level Vpp = 10V 40 100 ns
Vpp = 15V 30 70 ns
trHL tTLH Transition Time Vpp = 5V 90 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
Cin Average Input Capacitance Any Input 5 75 pF
Cep Power Dissipation Capacity Any Gate 18 pF

Note 4: AC Parameters are guaranteed by DC correlated testing.

www.fairchildsemi.com
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CD4071BC » CD4081BC

AC Electrical Characteristics (note5)

CDA0BIBC T = 25°C, Input ; 1 = 20 ns, Gy = 50 pl Ry - 200 k&2, Typical tomporaturo cootliciont in 0.9%/C
Symbol Parameter Conditions Typ Max “Units

tpHL Propagation Delay Time, Vpp=5V 100 250 ns
HIGH:-to-LOW Lovel Vipp = 10V 10 100 ns

Vpp =15V 30 70 ns

toLH Propagation Delay Time, Vpp=5V 120 250 ns
LOW-to-HIGH Level Vpp= 10V 50 100 ns

Vpp=15V 35 70 ns

trues el Transition Time Vpp =5V 90 200 ns
Vpp = 10V 50 100 ns

Vpp= 15V 40 80 ns

Cin Average Input Capacitance Any Input 5 7:5 pF
Cep Power Dissipation Capacity Any Gate 18 pF

Note 5: AC Parameters are guaranteed by DC correlated testing.

Typical Performance Characteristics

Vg - OUTPUT VOLTAGE (V)

Vg — QUTPUT VOLTAGE (V)
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Typical Performance Characteristics (continued)
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CD4071BC - CD4081BC

Physical Dimensions inches (millimeters) unless otherwise noted

Package Number M14A

, 0.335-0.344
) (8.509- 6 738) !
'u E PR RIS e R !
4 Vi
. g4
.
0.228 -0.244 -
{5791 - 6.198) YR\
iy A i) N
- % //’ \
LEAD ND. 1 .-~ Pt
oo OB v R B o R e Bl s Ea i
Pl IR R 1
0.010 pyax
(0.259)
0.150 -0.157
{3610-3.988) |~
0.010 -0.020 Eond| 0.053 -0.069
{0.25e 0508 <3 1 = | (1.346 - 1.7153)
i [ 8> MAX TYP 1 0.006—0.010
] ALLLEADS =Y ° I = {0.102-0.254)
i ! U e R A N e B
f | I PLANE 1 i T
i | 0.01
0.008 -0.010 i ——  0.050 0.014 -0:b20
{0.203-0.25¢) i 0.356) —— —|  |a— e | 008 920 yp
TP AL LADS o 004 ——,3232 ‘,’2?3, SR \ e =~ 10,356 - 0.508;
— TN TYP 0.008
102 TYP ALL LEADS i oz "
ALL LEAD TIPS ; " e

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N14A

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user.
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TL494C, TL494l, TL494M, TLA94Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A - JANUARY 1983 — REVISED AUGUST 1995

Complete PWM Power Control Circuitry

TL494C, TL4941... D, N, OR PW PACKAGE
TL494M ... J PACKAGE

Uncommitted Outputs for 200-mA Sink or (TOP VIEW)
Source Current W),
: 1N+ [] 4 16[] 2IN+

Output Control Selects Single-Ended or 1N-[] 2 15[ 2IN-
Push-Pull Operation FEEDBACK [] 3 14[] REF
Internal Circuitry Prohibits Double Pulse at DTC[]| 4 13|] OUTPUT CTRL
Either Output CT[]s 12{] Vcc

: . : RT([] 6 11]] c2
Variable Dead Time Provides Control Over aND [] 7 10f] E2
Total Range ci[l s of) E1

Internal Regulator Provides a Stable 5-V
Reference Supply With 5% Tolerance

TL494M ... FK PACKAGE

Circuit Architecture Allows Easy (TOP VIEW)
Synchronization 1 +
zzoz <
ARZ © ©
description 70w i i o
3 2 %420 19
The TL494 incorporates on a single monolithic FEEDBACK [] 4 18| REF
chip all the functions required in the construction DTC ] 5 17[] OUTPUT CTRL
of a pulse-width-modulation control circuit. NC [ 6 16[] NC
Designed primarily for power supply control, this cT7 15[ Ve
device offers the systems engineer the flexibility to RT|8 oo 11 1:;4[ C2
tailor the power supply control circuitry to a [ T e T T
specific application. % 5 Pola

The TL494 contains two error amplifiers, an

on-chip adjustable oscillator, a dead-time control NC — No internal connection

(DTC) comparator, a pulse-steering control
flip-flop, a 5V §/o-preCIS|on regulator, and e A e
output-control circuits.

: ) INPUT TO
The error amplifiers exhibit a common-mode OUTPUT OUTPUT FUNCTION
voltage range from —0.3 V to Vgg —2 V. The CTRL
dead-time control comparator has a fixed offset V| =GND | Single-ended or parallel output
that provides approximately 5% dead time. The V| = Vref Normal push-pull operation

on-chip oscillator may be bypassed by terminating
RT to the reference output and providing a
sawtooth input to CT, or it may drive the common

circuits in synchronous multiple-rail  power
supplies.
AVAILABLE OPTIONS
PACKAGED DEVICES
SHRINK cHiE
TA SURFACE MOUNT | CHIP CARRIER | CERAMIC DIP | PLASTIC DIP FORM
oyt (FK) W) ™) SMALL OUTLINE )
(PW)¥
0°C to 70°C TL494CD i — TL494CN TL494CPW TL494Y
—40°C to 85°C TL494ID — — TL494IN — —
-55°C to 125°C — . TL494MFK TL494MJ — o —

1t The D package is available taped and reeled. Add R suffix to device type (e.g., TL494CDR).
1 The PW package is only available left-end taped and reeled.

{'P‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
s

Copyright © 1995, Texas Instruments Incorporated
On products compliant to MIL-STD-883, Class B, all parameters are
tested unless otherwise noted. On all other products, production
ing does not ity include testing of all paramelers.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
ducti ing does not ily include

[
testing of all parameters.

P

4-1



TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A - JANUARY 1983 — REVISED AUGUST 1995

description (continued)

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which may be selected through the output-
control function. The architecture of this device prohibits the possibility of either output being pulsed twice during
push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from
—40°C to 85°C. The TL494M is characterized for operation from —55°C to 125°C.

functional block diagram

OUTPUT CTRL
(see Function Table)
6 13
RT ————— P
Oscillator
cr > Q1 g
1D c1
Dead-Time Control ' ‘DD—Q
N 01V Comparator E1
DTC 1} > C1
— " O
PWM Q2 11
Error Amplifier 1 Comparator @__ c2
L *—; 10
1N+ —F 7 ——|+% s
1IN——2—~——— £ i Pulse-Steering
Flip-Flop
12 v
Error Amplifier 2 spmroni £ 00
16
2IN+ + |
2|N_—15—————— - Reference 14 REF
Regulator
7
+—D GND
3
FEEDBACK 0.7 mA

NOTE A. The terminal numbers indicated apply only to the D, J, N, and PW packages.
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A — JANUARY 1983 — REVISED AUGUST 1995

TL494Y chip information

This chip, when properly assembled, display characteristics similar to the TL494C. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C

TOLERANCES ARE £10%.

ALL DIMENSIONS ARE IN MILS.

S A e D
@
o

¢ 94 gl
|'!'I‘l‘l'|'|'I‘|'l'|'|'l'|'|‘|'|'I'I'l‘|'|'I'I‘I'|‘I'1'I'l'|'|’l'|'|'|'|'|'I‘|'|'|'l'|'I"'I'I
1IN+ 1= | (61 2IN+
1IN- Q—- ﬁi)— 2IN—-
FEEDBACK 1001 HEh)E REF
DTC Lild TL494Y - U5) OUTPUT CTRL
CT (5)5 ) :(12). Vce
AT ok (). cp
GND ﬂ— ﬂ E2
o o LigE S

‘t? TeExAS
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TL494C, TL494I, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A - JANUARY 1983 — REVISED AUGUST 1995

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t

TL494C TL494I TL494M UNIT
Supply voltage, V¢ (see Note 1) 41 41 41 \Y
Amplifier input voltage, V| Vce +0.3 Vce +0.3 Vce +0.3 Vv
Collector output voltage, Vo 41 41 41 \%
Collector output current, Ig 250 250 250 mA
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range, Ta 0to 70 —40to 85 -55to 125 2C
Storage temperature range, Tstq —651to0 150 —-651t0 150 —-65to 150 °C
Case temperature for 60 seconds, Tc: FK package — — 260 °C
l;aaggatg;nperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW 260 260 b c
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J package — — 300 °C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximume-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal.

DISSIPATION RATING TABLE

PACKAGE Ta<25°C DERATING DERATE Ta =70°C Tp =85°C Ta =125°C
POWER RATING FACTOR ABOVETp POWERRATING POWER RATING POWER RATING
D 900 mW 7.6 mW/°C 25°C 558 mW 444 mW —
FK 1375 mW 11.0mW/°C 25°C 880 mW 715 mW 275 mW
J 1375 mW 11.0mW/rC 25°@ 880 mW 715 mW 275 mW
1000 mW 9.2mW/°C 41°C 733 mW 595 mW -
PW 700 mW 5.6 mW/°C 25°C 448 mW — =
recommended operating conditions
TL494C TL494l TL494M UNIT
MIN MAX MIN MAX MIN MAX
Supply voltage, Voo ¥, 40 7 40 i7- 40 \%
Amplifier input voltage, V| -0.3 Vge-2 -0 "VeE=2 -03 V-2 \%
Collector output voltage, Vo 40 40 40 \
Collector output current (each transistor) 200 200 200 mA
Current into feedback terminal 0.3 0.3 0.3 mA
Oscillator frequency, fosc 1 300 1 300 1 300 | kHz
Timing capacitor, CT 0.47 10000 0.47 10000 0.47 10000 nF
Timing resistor, RT 1.8 500 1.8 500 1.8 500 kQ
Operating free-air temperature, Ta 0 70 -40 85 -55 125 °C

4-4
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A - JANUARY 1983 — REVISED AUGUST 1995

electrical characteristics over recommended operating free-air temperature range, Veg = 15 V,
=10 kHz (unless otherwise noted)

reference section

1 TL494C, TL494I TL494M
PARAMETER TEST CONDITIONS NIT
MIN TYPf MAX| MIN TYPF MAX U
Output voltage (REF) lo=1mA 4.75 5 5.25 4.75 5475.25 \Y,
Input regulation Vcc=7Vto40V 2 25 2 251 mvV
Output regulation lo=1mAto 10 mA 1 15 1 15| mV
Output voltage change with temperature | ATp = MIN to MAX 2 10 2 30" | mVNV
Short-circuit output current§ REF =0V 25 -25 mA
* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1Al typical values except for parameter changes with temperature are at Tp = 25°C.
§ Duration of the short circuit should not exceed one second.
oscillator section, Ct=0.01 uF, Rt = 12 kQ (see Figure 1)
e K3t TL494C, TL494I TL494M
PARAMETER EST CONDITIO UNIT
MIN TYPE MAX| MIN TYP¥ MAX
Frequency 10 10 kHz
Standard deviation of frequencyl é\tlé\r/‘.talues of Vce, CT, RT, and Ta con- 100 100 Ha/kHz
Frequency change with voltage Vcc =7 Vto40V, fdink= 25°C 1 1 Hz/kHz
Frequency change with temperature® | ATA = MIN to MAX 10 10° | Hz/kHz
* On products compliant to MIL.-STD-883, Class B, this parameter is not production tested.
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. S
1 All typical valge§ ex.cept for parameter char‘wge'as wn'h tgmperature are at Tp = 25°C. : N o = )—()?
{l Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: Loy
# Temperature coefficient of timing capacitor and timing resistor not taken into account. g2 = '_‘i‘_N.._. PL
error amplifier section (see Figure 2)
TL494C, TL494l
PARAMETER TEST CONDITIONS TLd9aM UNIT
MIN TYPf MAX
Input offset voltage Vo (FEEDBACK) =2.5V 2 10 mV
Input offset current Vo (FEEDBACK) =2.5V 25 250 nA
Input bias current Vo (FEEDBACK) = 2.5V 0.2 1 HA
: fe -0.3to
Common-mode input voltage range Vec=7Vtod40V Voo-2 \Y
Open-loop voltage amplification AV =3V, RL =2kQ, Vpo=05Vto3.5V 70 95 dB
Unity-gain bandwidth Vpo=05Vto35YV, RL=2kQ 800 kHz
Common-mode rejection ratio AVp =40V, Ta =25°C 65 80 dB
Output sink current (FEEDBACK) Vip=-15mVto-5V, V (FEEDBACK) =0.7 V 0.3 0.7 mA
Output source current (FEEDBACK) Vip=15mVto 5V, V (FEEDBACK) =3.5V -2 mA
1 All typical values except for parameter changes with temperature are at Ta = 25°C.
¥ 1,
EXAS
INSTRUMENTS
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A — JANUARY 1983 — REVISED AUGUST 1995

electrical characteristics over recommended operating free-air temperaiure range, Vec = 15V,

f = 10 kHz, T = 25°C (unless otherwise noted)

reference section

TL494Y
PARAMETER TEST CONDITIONS PR T, UNIT
Output voltage (REF) lo=1mA 5 \Y
Input regulation Vecc=7Vtod0V 2 mV
Output regulation lo=1mAto 10 mA 1 mV
Short-circuit output current REF =0V 25 mA
oscillator section, Ct=0.01 puF, Rt = 12 kQ (see Figure 1)
TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX
Frequency 10 kHz
Standard deviation of frequency$ All values of Vo, CT, RT, and Ta constant 100 Hz/kHz
Frequency change with voltage Vcc=7V1t040V, Ta=25°C 1 Hz/kHz
error amplifier section (see Figure 2)
TL494Y

PARAMETER TEST CONDITIONS R Vet MAX UNIT
Input offset voltage Vo (FEEDBACK) = 2.5V 2 mV
Input offset current Vo (FEEDBACK) =2.5V 25 nA
Input bias current Vo (FEEDBACK) =2.5V 0.2 HA
Open-loop voltage amplification AVp =3V, Ri’="2°kQ); Vo=05Vto35V 95 dB
Unity-gain bandwidth Vo=05V1t035YV, R =2k 800 kHz
Common-mode rojection ratio AV =40V, Ip=20"C uo s
Output sink current (FEEDBACK) Vip=-15mVto-5V, V (FEEDBACK) =0.7 V

t All typical values except for parameter changes with temperature are at Ta = 25°C.
1 Duration of the short circuit should not exceed one second.

§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:

o
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVSO074A — JANUARY 1983 - REVISED AUGUST 1995

electrical characteristics over recommended operating free-air temperature range, Vgc =15V,
f = 10 kHz (unless otherwise noted)

output section

TEST CONDITIONS

TL494C, TL494I
TL494M, TL494Y

PARAMETER UNIT
MIN TYPt MAX
Collector off-state current Vce =40V, Vcc=40V 2 100 HA
Emitter off-state current Vcc=Vc=40V, VE=0 -100| pA
: ) Common emitter | VE =0, Ic =200 mA 1.1 1.3
Collector-emitter saturation voltage > \
Emitter follower | Vo(C1orC2) =15V, lg= —200 mA 15 2.5
Output control input current V| = Vref 3.5 mA
t All typical values except for temperature coefficient are at Ta = 25°C.
dead-time control section (see Figure 1)
TL49]_t(jbI|§4941 TL494M
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX|[ MIN TYPt MAX
Input bias current (DEAD-TIME CTRL) Vi=0t05.25V —2 -10 -2 -10 PA
: V| (DEAD-TIME CTRL) =0, g 5 E
Maximum duty cycle, each output Cr=0.1pF, Rr=12kQ 45% 45%  50%
Zero duty cycle 3 3.3 3 3.3
Input threshold voltage (DEAD-TIME CTRL) ; w Vv
Maximum duty cycle 0 0
” On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
Al typical values except for temperature coefficient are at T = 25°C.
PWM comparator section (see Figure 1)
TL494C, TL494I
PARAMETER TEST CONDITIONS TL494M, TL494Y UNIT
MIN TYPt MAX
Input threshold voltage (FEEDBACK) Zero duty cycle 4 4.5 \%
Input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 0.3 0.7 mA
T All typical values except for temperature coefficient are at Tp = 25°C.
total device
TL494C, TL494I
. TL494M
PARAMETER TEST CONDITIONS Mot of UNIT
MIN TYPT MAX| MIN TYPt MAX
= VeE==16V 6 10 6 21
Standby supply current RT.= Viefs cc mA
All other inputs and outputs open | Vs =40 V 9 15 9 26
Average supply current V| (DEAD-TIME CTRL) =2V, See Figure 1 7:5 75 mA
1 All typical values except for temperature coefficient are at Tp = 25°C.
3 1,
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electrical characteristics over recommended operating free-air temperature range, Vec =15V,
f = 10 kHz (unless otherwise noted) (continued)

switching characteristics, Ta = 25°C

TL494C, TL494I TL494M
PARAMETER TEST CONDITIONS TL494Y UNIT
MIN TYPT MAX| MIN TYPT MAX
Rise time o - : ; SiaFi 3 100 200 100  200° ns
Fallime ommon-emitter configuration, ee Figure 25 o0 25 100" =
Rise time : ; : : 100 200 100  200° ns
- Emitter-follower configuration, ~ See Figure 4
Fall time 40 100 40 100" ns

* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
T Al typical values except for temperature coefficient are at Tp = 25°C.
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PARAMETER MEASUREMENT INFORMATION

Vee=15V
12 150 Q 150 Q
g 2W 2w
Vce :
4 5 8
Test DTC C1 © Output 1
Inputs
s - FEEDBACK E1 2 gl
12kQ 6 11 =
RT c2 Output 2
1
E 5 CT E2 L J_
L 0.01 pF =
¢ ! 1IN
2 +
N 1IN=- L Error
L 2IN+ [ Amplifiers
L 1k 2IN-
13| OUTPUT REF |14
CTRL
g GND
50 kQ _J_
i,
. 4
TEST CIRCUIT

e\ = SRS uemimi AN e ]

Voltage
at C2

Voltage
atCT

%

Threshold Voltage — —

DTC

ov

|

} Threshold Voltage ————

' |
' !
T

| }4—0%—»

MAX

FEEDBACK

0.7V

l
I
1
I
l
l
I
i
Duty Cycle |

|
o
VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms
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PARAMETER MEASUREMENT INFORMATION
Amplifier Under Test

viD y = & CFEEDBACK

e o

Vref = o
Other Amplifier

Figure 2. Amplifier Characteristics

I-_Each Output -
l Circuit

|
Lo g8 =d A4g

TEST CIRCUIT
NOTE A. Ci includes probe and jig capacitance.

Output

CL =* 5 pF
(See Note A)

OUTPUT VOLTAGE WAVEFORM

Figure 3. Common-Emitter Configuration

15V

l—Each Output '
| Circuit

Bomncr e See gl 68 Q

CL =15 pF 2\
(See Note A)

Output

= OUTPUT VOLTAGE WAVEFORM

TEST CIRCUIT
NOTE A. C_ includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration

‘tw'.’ TEXAS
INSTRUMENTS

4-10 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
)



LTI

a d o
71/ uBsIN0s



a o o
51 dunosInes





