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Abstract

Single-Stage Single-Switch Input-Current Shaper s'Ics s switching power supply,
which integrates power factor correction circuit with DC/DC converter output stage. This
technique provides power factor correction and regulating of output voltage. This project uses
combination of boost converter in discontinuous conduction mode (DCM) and forward converter

in continuous conduction mode (CCM)
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msiuszy I dd il Ifmwizgrsnmiussiu dhadumedudiiisganh
usasunifhanasoudafiudszliidh sldgdaaunszualvihadumednidh hidugdaane
g1l cfmfﬂudauﬁwﬁmﬁﬁﬂﬁ’mﬁaﬂsxﬂauﬁwﬁqmw’ﬁum’héumaaﬂiﬁmﬁwﬁﬂﬁ'émﬂﬁm

WA

'
a1 o

domgdlifmegiuesndinilszans nnn 1daziadinnanlseansmwn ldiile

faa rfhmedmesngs
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s ¢ i ¢ o
4.4 MIMAUAMINTIINGSMI9UDIDT Single-Stage Single-Switch NlAdINMIMMI

@ @ 4
usasu Irlvhadumisdudn 140220  Taan
v o @ o w (4 @
sunusey Idfhmesddhvensesalszneumawmuuyad 0.1 TuTasvhsa
v o @ o (4 @
dunuisey Idihmedmesnvesisesaszneumduuuyed 220 TuTaswhsa
11UIUTOVVDIVARIA N1 15 501
1UIUTOVVDIVANIA N2 22 591
$1uuseuvesvaaInlgugll 39 59U
$1UIUTOVVDIVAIANALYT 3 50U
$1UIUTOUVDIVARINILTR 39 59U
@ ~ ) o ~
Ao nihyee 327 Tulasiens
o a ° sad =
duntlonimesise 55.3 TuTnsigus
v g o
funuilszy lihnisdmonn 4700 TuTnswhia
4
AMUAIUNIU light load 5 Toviu
J
ANUAIWUNM full load 0.5 Toviu
a fall 7 a ad
aMdaIng 50 Aladin

45 MIMEUUVUMINNUUYBNNDT  Single-Stage Single-Switch NAIANUMUMAIHAN
@14 q laali/sunsu PSPICE
4.5.1 7975 Single-Stage Single-Switch (S'ICS) Ausanu Ifhadumaedudiu

J 2
140 17aa lunsal light load

o U(1,0)

Time

~ [ [ v'w Y Y w [
117 4.25 uaasdgyanausau lihadunedmidiunszua Ifhadumedudvenas

Single-Stage Single-Switch N 3ou ThaaumaduduiuioTradlunsdl light load
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4.5.2 2993 Single-Stage Single-Switch (S'ICS)Nus ey Ihadumedud iy

140120 1uns 9l full load

31U 426 waasdygrauswulihadumedudnunssua Iihadumaeduitiveasss

Single-Stage Single-Switch fittssdu IfhadumedududuisoTradlunsa full load

4.5.3 2399 Single-Stage Single-Switch (S'ICS) ussau Ihadumedudnilu

L 4=
180 1907 1un3al light load

{ @ o @ Y Y o @
3% 427 uaasdyanauwswuihadumedmdinunszua lifhadumedudwesises

Single-Stage Single-Switch Tiusean WihadumeduduiluigoTradlunsdl light load
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4.5.4 2997 Single-Stage Single-Switch ($'ICS)us s InFhadumadnuduily

180 T2a@ 1uns i full load

ST e e T L e e 3
o U(1,0)

51 4.28 uaasdyanauswuliihadumedmdinunszualihadumediudivesaces

U

Single-Stage Single-Switch s adu fhaduneduduiuisolradlunsdl full load

455 2939 Single-Stage Single-Switch ($'ICS)Nusau I adumedmtuiy

(L =~
2201797 lunsal light load

{ o @ @ Y Y o @
51#i 4.29 uansdganamswuthadumedmdidunssua ihadumeduthveass

Single-Stage Single-Switch Az eu Ihadumeduduiuz2oTraalunsd light load
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4.5.6 1995 Single-Stage Single-Switch (S'1CS)Tusadu ihadumadnuduily

L =}
220Than lunsal Full load

171 430 uaasdganaussiuiihadumedudiiunssua Infhadumedmidvesions

Single-Stage Single-Switch Atz edy IdhadumeduduinuzoTaadlunsdl full load

1.0KU BB - -~ - g — e R e — 2 g = e e S~ — e g === o= — e 1

| ]

1 1

1 |

1 1

1 1

1 1

| 1

] 1

] ]

1 1

1 1

) I

|

]

I

1

I

i

1

[s11] 4
o U(8,gdc)

BBBMA 1~ — = = = = = = = = == = = = 1

' i

1 1

1 1

1 )

1 1

1

:

1

1

1

1

1

1

- ]

1

SEL>> :

end--- - --- 22 }

39.92ms 39.94ns 39.96ms 39.98ms 48.066ms

o I(S1)

Time

o) nizua ihn lvarmuvaaia lnsus
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yL--- --- -—— ---
o U(28,gdc)

e e e e et i i a6 e 9
| i
1
)
1
!
I
)
i
'
I
)
)
I
E
SEL>> 4
—10MA 4 —————mmmmmm—m - m o | mmmmmmmmmmmm e e Ammmm e 4
39.92ms 39.94ms 39.96ms 39.98ms 40.080ns
o I(Lreset)

5 L BBIBA =~ = — = m = oo N

Tl (/ffff¥x> /<{if?§X\
35.94ms 35.96ms 35.98ms 36.088ns
Time

0 nszua Wi Ivaruauniisniyas
Ui 431 JUuEAUREUIUUNININIUYBINTG Single-Stage Single-Switch fuT1sunsy

PSPICE
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4.6 wamsnaaesMsMNuvenliinlgsiilszneumasivihuuy Single-Stage Single-
Switch S'ICS

4.6.1 wamsnaaeRitTuMTada i IdnnmsiauvesesUSulysinlszneudids Tlvh
111V Single-Stage Single-Switch s'ics Tasfmuald

Fosdayanaii 1 guFyanamsenTiihmedeen (v,)

LY

Fosdaanad 2 jUdanansaua i lnaduvanialgugl

o L1 o o

[ [ ] v g
Uy fhanasoudufulszy Tivimedueenisesyad (v,)

o

4
YIUN 3

De
2

%99

can

€

1 { o 4 ' @ { o J
Fosduand 4 JUdaanunseua I lnadudaniisnhyad (@)

)
2
e

4.6.1.1 NMINAIDINUTIAY 140 Vrms N light load (1 A)

Tek STIH 5.00MS/s 6 Acq
H I
i L

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

C1 Mean
5.06 V

]_,{ ..... -_ .....

C4 Mean
149mA

Chi— 500V Ch2 1.
chz Soov @@ 2

14:46:06

EHI: V) CH2:I, CH3: V. CHA:T,
5101 4.32 uaasmsinueesieesdivledalsznouiids sICS AuseAn 140 Vims

7 light load (1 A)
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4.6.12 NSNAADINUTIAY 140 Vrms N1 full load (10 A)
Tek SGIH 5.00MS/s 14 Acgs
H L T 1

SR S S S S TR ZR S S S S 2 S e S S Z e S S S R S S S R SN S S SN SN S S S S R

C1 Mean
4.97 V

C2 Mean
388mA

C3 Mean
220V

C4 Mean
439mA

0A M 10.0us Ch2 &/ —80mMA 14 Mar 2002
0A 14:47:37

e
GHI vl QOH2T, \GHIM, Y CRE,

317 433 narasmsinuvesstiulgadnlszneudida s'ics fusaf 140 Vims
ﬁ full load (10 A)

4.6.1.3 NMINAABINLTIAU 180 Vrms 7 light load (1 A)

Tek FTsH 5.00MS/s 4 Acgs
=T
..... d J‘\.‘:
s » : : : 1 C1 Mean
3 . . 3 : ¢ 4.99V
ANNCTE NANRA
T C2 Mean
= 53mA
2t o5 C3 Mean
T 344 V
Lo ]
i C4 Mean
118mA

Chi— 500V "ChZ 500mA WM 10.0ps ChZ 7 —60mA 1 200
Ch: Soov (@ 1.00A s

CHI: V,,, CH2:I, CH3:V, CH4IL
11 434 uamamshauvesesdivdjsdnlszaeuiide SICShuseiu 180 Vims

7 light load (1 A)
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4.6.1.4 MINAADINUTIAY 180 Vrms N full load (10 A)

TeK HIdg 5.00MS/s 9 Acgs
i L T 1
i LS v J
T R A EEEEaEE s T
s e oD B C1 Mean
g . ; g i it 4.97 VvV
1_,:... ,_ .........................
- C2 Mean
Syl pae b e Gl it s ey T 324mA
€3 Mean
& i ; : 5 : 277V
T
£ C4 Mean
557mA
Chi— 500V M EE T 2.00 A ~S0mA 14 Mar 2002
Ch3 500V Chqg 2.00A 14:50:06
CHI: Vg, CH2:I, CH3:V, CH4:1,

5191 4.35 namsmstinueesissSullysanlszneunids S'ICS gAY 180 Vims
N full load (10 A)

4.6.1.5 ASNADIMUTIAY 220 Vrms 7 light load (1 A)
TeK FGIeH 5.00MS/s 6 Acqs
[=="Y 1}

C1 Mean
4.79V

C2 Mean
48mA

C3 Mean
400 V

C4 Mean
117mA

CHi 500V Ch2 500mA M 10.0ps Ch2 =60mA
cha 500V [@@ 1.00A ::.';";_%002

CHI: Vo, CH2:1, CH3:V, CH4:I,
1 4.36 uaasmstinuednesliviliesdilszneuigs s'ICS MuseAn 220 Vims

7 light load (1 A)
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4.6.1.6 MINAADINUTIAY 220 Vrms N full load (10 A)

Tek E{iH 5.00MS/s 27 Acgs
i | I i) |

C1 Mean
5.04V

C2 Mean
304mA

P e T U

C4 Mean
336mA

M10.00s Ch2 7 =60mA 14 Mar 2002
14:53:53

Chi 500V Ch2 1.0
Ch3 500V [@@ 2.0

CHILV / CH2ELSCH3{V, ~CHAL;
511 4.37 uaneamsihaueeeeslsvlesanlsgneuiigg SICS NusaAy 220 Vims

P full load (10 A)

A o 1 Ay v o o 2 o w
4.6.2 nansnaaeafisun1sianen i ldnnmsiinuyessesdsulyeaalsenouias I

LY Single-Stage Single-Switch S'TCS Tagimuald

'
1 (3 =

o [ a ] 4
Fosdaaui 1 JUdyanausiuiihnanaseuausresd (v,,)

]
I

Fosdaanai 2 sudyanunszud IWihi lnadwvaalalgugid

' Y { o o ' =]
Fosdayanai 3 dayanamsin lwthanaseudunulssy Iwvhmedueenlssyad (v,)
Toananszua lWihi lnarudunilonimlesiisa @)



4.6.2.1 MINABDINUTIAY 140 Vrms N light load (1 A)

Tek T8 5. 00MS/s 1203 Acgs
{xT‘ ................

C1 Mean
288V
C2 Mean
97mA
C3 Mean

Bl g ]
£ i : : : : 2 : L e
HENG S G E I e, 1.01 A

Chi~ 500V Cha

T00A MlOOus Tite -t " 14 Mar 2002
ch3 500V [€@E 10.0A

14:15:45
CHI: Vy, CH2:1, CH3:V, CH4:1,
317 4.38 wanamsniaueeseslsuilyedilsznounias S'ICS Nusedu 140 Vims
7 light load (1 A)

4.6.22 NMSNARDINUTIAY 140 Vrms N full load (10 A)

Tek EXNE 5.00MS/s 8 Acgs
: | S, = T |
H | S i

S :;::Z:.-:llI;ZfZIE::JZgllliéﬁiII‘ C3Mean
: : : : s : : : : : 212v
Pl e et i e e S MR e
E : : : : i : : : - 1 c4 Mean
10.02 A
RS e
Chi 500 V"”i""z"o'o'A "M'id'ol;is"'Tl'nié 'Chl 77 14 Mar 2002
Ch3 500V Ch4 10.0A 14:17:25

CHI:V, CH2:I, CH3:V, CH4:I
319 4.39 ugaamsihaueensludseiilseneusids s ICs Musedu 140 Vims

71 full load (10 A)
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4.6.2.3 NSNAADINUTIAU 180 Vrms N1 light load (1 A)
Tek EIsH 5.00MS/s 4 Acgs
i L 1

C1 Mean
348 V

_r C3 Mean

Falin e D]
' g . : ¢ A : ; - : : C4 Mean
1.04 A

ChT oS00V o2 00 A oM 10 0ps HhmeCET " W4\Mar 2002
ch3 500V EFC4 10.0 A % Ut

CHI:Vj CH2:1, CH3:V, CH4:I,
31U 4.40 uaRINIMNUYL995Y5VYFeA)5znoUMAe S'ICS A5 eAu 180 Vims
1 light load (1 A)

4.6.2.4 N1SNAADINLTIAY 180 Vrms N full load (10 A)
Tekms.OOMS{s 7 Acgs

C1 Mean
276 V

A v fo Ao ] e

_r C3 Mean
= - : : : : 272V

it s Sl S e sl e el el e e o
E ; : : : i : : : : e
9.84 A

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

R iay o B Ty S o o vl Earioe v e o L e e 0

Chi soov 200A M100].1$ Tlme cm
ch3 500v Chd 10.0A }:_:4;_;22002

CHI: V,, CH2:I, CH3:V, CH4:I,
JU9 4.41 uaaInsinuvesnslivliedidseneumae S'ICS Aus Ay 180 Vims

A full load (10 A)
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4.6.2.5 MINARBINIUTIAY 220 Vrms 9 light load (1 A)
Tek EITEH 5.00MS/s

C1 Mean
382V

C2 Mean
82mA

C3 Mean
402V

C4 Mean
900mA

100kv " Ch2 T.00A M 10.0is Ch2 #  —60mA 14 Mar 2002
Ch3 500V Ch4 10.0A 113550

CHI: V,, CH2:1, CH3:V, CH4:1,
s 442 namamsiinuveeaeslivlsedalsenouigs SICSs Aiusedu 220 Vims
7 light load (1 A)

4.6.2.6 MINATDINUTIAU 220 Vrms N full load (10 A)
Tek HTTH 5.00MS/s

C1 Mean
296 V

C2 Mean
257mA

C3 Mean
320V

C4 Mean
9.75 A

CHi—T.00kv Wil 2.00A ™M 10.01s Ch2 ~80mA 14 Mar 2002
Ch3 500V Cha 10.0A ot

GHI: V. CH: 1 “CH3: V.  CHA'T
517 4.43 uaasmsthauveansliviiedinlseneudige SICS Aiusedu 220 Vims

7 full load (10 A)
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463 MsnaavIHaneLausvedlseay I meduesnidetimslasuasnseua v

9 1 v A @ ‘:' ' LY 1
‘mqmua@ﬂammummGlﬂwmuusaﬂu"lﬂﬁmn 9
Tek HI%H Single Seq 250 S/s

=

C1 Mean
4.775V

C2 Mean
8.57 A

Chi—S00mv [ S.00A ™M 200ms Ch2 7 5.3A 14 Mar 2002
16:35:58

CH 1: V,; CH2: 1oy, (40-100% LOAD)
U7 4.44 unaWanRYAUBIALSIAY 160 Vims 1Tvuilasnszud Indhmsduoen

9110 4 A 1DU10 A
Tek Sl Single Seq 250 S/s
il

=
[

C1 Mean
4.781V

C2 Mean
8.53 A

Chi—soomv_ [GB 5.00A ™ 200ms

16:38:42
CH 1: V,; CH2: I, (40-100% LOAD)

511 4.45 uanImaneUAUBINITIAY 220 Vims Wasunilasnszue indmsdiueen

9110 4 Ailuio A
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4.6.4 WaN133A ripple NA1A19

Tek SR 100kS/s 3 Acgs
i L
i 1

s s |
................... ’J.‘
C1 Mean
66mv
C2 Mean
38mA
_::::;::::l....:....,,.::_'::::g::::;::::gzzzzéz:::_ C3 Mean
N : ; i 3 ; ¢ : : 304V
2 [t ML e e e e L e L e e W#j
+ . - . - + . - - - { €4 Mean
3+ # o e T [ W LN NN G et ] 34mA
N L

SOOmV'\: Ch2 1.00 A M 500}15 ChZJ' —GOmA 14 Mar 2002
ch3 500V Ch4 2.00A 14:59:42

CH.1: Vg, /(xipple) V=210V,

31 4.46 wanamsiam ripple NNIAIULIMHANLTIAUAUMUT 140 Vims

Tek HTYH 10.0kS/s 44 Acgs

jich? Coupling
Impedance

DC

AC v

: '317.v { GND#
2 e g el e e

; - z : : C4 Mean
b s s Rz
P S 00myv—Cha 1,007 .00 F==6omA] Q

Ch3 "soov ch4 200A - ; L e se

FméS(:a]é ...................
Coupling Bandwmth Posmon offset Deskew Probe
- Full S?gi'cv 2.02 div ov 0s Functions

CH1: Voy, (ripple) Vi =310 V,,.

:il'ﬂ 447 WAAINITIAM ripple 7]7110@1“&617]1"!%1’1“5\3@14ﬂTH'VINL‘U'] 220 Vrms
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Y [ < d' Y d
nalaninguuanswanevauewaz31n153a ripple imadueniva
e e
fafudanldnnns  szmiuldnnuseauIwihmed i 160 vrms 92 ldwa
aovauevsIsu I madusen Wevimsnasuutasnszualiiimediuesn 861
nuiiulazdigyadtosnn (Steady State) 92 1919a1 700 ms uagiusedu Ifmedudh
£ & [~ 1 9 '
220 Vrms 92191081 1.2 s #992hU 1A Wan0 e o9UBT S UUISH AN 123 U5 100AUU Y
Y 4 Slo' o 1 Y ad
A520UnIUANIRTAND £, (cross over frequency) 131 Tasdmuam 1ivdy 382 1§5n
A A v a v A A
ez dszuvauguinanouausasmstlounaunietosnn
A ) Y v . = Y o " @ a
HIBUTIAUAUMAUT 140 Vims 9218 ripple NMNIATUDMHAWIIAY 500 mV Lazh
v Y v VN = Y 7 " 2 “fl "
UIIAUAIUNET 220 Vims 9314 rippleNmadiueminaiiy 300 mv Fuilumiiigane

A

auas  aunghiimquilumsizraneuausswesszuniuini Idies whmsiunszua

J ' @ Y o @ 4 @ U o’:
medueminaediiuiiviule i ltussdumedednanduingauauiuldnaiu

o dy Ae ) Y Y Co e VR = o
LW?']3ﬂguuwaG]'E]Uﬁuﬂﬂﬂ‘]ﬂu%ﬂﬁulﬁﬂiﬂLﬁﬁﬂuﬂ’mﬂ’]ul@’]ﬂﬂﬂ“ﬂ’l npple Wq@uﬂ!@ﬁ

4.6.5 Msiamaalsgnoumaslui (power factor) wazarmida dhmsdudngiuns i

TW#ee

4.6.5.1 mananesiusau i 140v_,

TeK Run: 25.0k$/s Hi Res

V Control
Mode
Start
: : Pause
Power Factor Measurements:
RMS(Volts): V=144.8VvV |_
RMS(Current): l1=102.8 mA
True Power: P=13.82W .
.................... Apparent Power: VA =14.88 W Continue
Power Factor: P/(VA) = 0.929
[ : ; : Cycle Frequency:
--------------- o User Spec = 50Hz Line
Chi 200V @B 2 - - e : - - : Stop
Neasur,e 44444444 e e T e e e
Inpu Control -
Power H utilit
( Fictor | I Config Ready Y

7U7 4.48 werasAvlszneudderesiens SIS Mussau i 140 v n3dl light load



Tek Run: 25.0kS/s Hi Res
i

P T SR lx.x . _J ........ '; Ty
: Control
Mode
Start
: i a5 : : T e
i : : : Power Factor Measurements:
i | RMS(Volts): V=143.9V
[ ; : : RMS(Current): 1=471.7 mA
- : : True Power: P=64.51W :
.. .......7....| Apparent Power. VA =67.89W Continue
. . . Power Factor: P/(VA)=0.950
[ . ? : Cycle Frequency:
.G“ hi} 200 V i '¢h2' '5 1 User Specf- SOH? Lme_ A Stop
Néésu'r;e‘:' iy
Inpu Control .
' ggg‘t'gg | | config Ready Utility

3UN 4.49 uanemailszneMatueiees Scs AussenInid 140 v nsdl full load

4.6.5.2 msnaaoeusin Wi 180V

Tek Run: 25.0kS_/s Hi Res

F—1
Control
Mode
Start
2-*:
; it ; : : Pau
Power Factor Measurements: i
RMS(Volts): V=1824V
RMS(Current): | = 88.59 mA
True Power: P=14.17 W 5
Apparent Power: VA =16.16 W Continue
Power Factor. P/(VA)=0.877
E : ' : Cycle Frequency:
User Spec = 50Hz Line
® 200V Ch2 | : 2ROCE : : Stop

Neasure‘
Inpu Control o
Lopet ; utilit
I Factor | I Config Ready Y

7UN 450 werasAYsznouiaeresens S'Ics fussauludh 180 v_ asdl light load



Tek Run: 25.0kS/s

Hi Res

72

: L g Control
Mode
Start
' i : : el Pause
Power Factor Measurements:
------------------- RMS(Volts): V=181.0V
§ : RMS(Current): 1 =379.0 mA
- - True Power: p= 64.98 w :
B RS ©....| Apparent Power: VA =68.63W Continue
i : Power Factor: P/(VA) = 0 947
[ é Cycle Frequency:
_@" hil 200 v s -Chz- : User_ Specf SOH? Lme. Stop
o MAFLE SO, NS S ST SN Eea
lnput Control -
\ Eggg: l | Config Ready Utility

;UM 451 uaasAdalsznouidenesisns Scs fussaului 180 v nsdl full load

4.6.5.3 manaaesfiuswnIvd 220v_

TeK Run: 25.0kS/s

Hi Res

==

' : ' : Control
Mode
(
Start
NS S S e S S G S SO s e S S S B A o M S0 20 S0 20 Nt 2t st e 2 e 2t 2 :CgMean - p
A21:9:%F ause
| ; ; : Power Factor Measurements:
Zaf oo osso oo | RMS(Volts): V=220.2V
B RMS(Current): Il =91.56 mA
True Power: P=17.02WwW i
Apparent Power: VA =20.17W Continue
j : Power Factor: P/(VA) = 0.844
g : i : Cycle Frequency:
iy 500V Ch2 T User Spec = 50Hz Line ot
;cﬁ3] 500V Chd 500V : : ; ; op
Neasure ....................
lnput COntrol -
Power Utility
{ FaCtor I l Conflg

5171452 uaasAdalszneuidiuoeees Scs Ausedn i 220V_ A58l light load
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-
¢

TeK Run: 25.0kS/s Hi Res

...
g

Control

Mode

Start

Pause

Power Factor Measurements:

3l oo | RMS(Volts): vV =220.7V
: ] : : RMS(Current): I =302.3mA
True Power: P=63.71W

Apparent Power. VA =66.73 W Continue
Power Factor: P/(VA) = 0.955

; y Cycle Frequency:
(T 500V Cha User Spec = 50Hz Line o
'CEB 500V Ch4 5.00 \2 - : h :

!\zeasur’e—

Inpu Control e
Power ; utility
' Factor l | ’ Config Ready

31N 4.53 uarasmdalsgneumaewesises s'ics useaulnih 220 v nsdl full load

A135199 2 uaasamas lfhmeduesnuazdae Iiiinisduidvesiees stics fusesy

Tmeduduazi Tnanaiaie o

LOAD 140V, 180V, . 220V
Pin Pout M (%) Pin Pout M (%) Pin Pout N (%)
1A 13.82 5%3 40.01 14.17 9158 39.02 17.02 5.43 31.90
2A 18.94 10.35 | 54.64 20.09 10.38 51.66 21.95 40.27 46.78

4A 29.28 20.31 69.36 30.83 20.40 66.16 | 32.61 20.35 62.40

6A 40.76 29.97 73.52 41.78 29.97 71.73 43.07 29.98 69.60

8A 52.21 39.51 75.67 56.3 39.59 71.59 53.14 39.54 74.40

10A 64.51 48.95 75.87 64.98 48.80 75.10 63.71 49.15 77.14
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100 St - B 2 : L : =~
! : : : : ; ;| —+ Vin=140ms
- Vin=180ms

90

Efficiency (%)

= o) b oW T U U a a o w Y o
JUN 4.54 uaansmanuduiusszniealsedninmuazhias dhmediuenivg

: v v 1w o \J a a 4
wanlanngmsiamdalssneumauezmsiuansmilsz@nsamyeses s'Ics
9IN2995  Single-Stage Single-Switch  WingUadunszua lthadumedudiiianig
S| o L4 3 2 g 4 1 o v Ao 1w o o
thipddyaagllanbnntugaiunssuaih  dududdagihldmdnszneuma
Y EY = d?‘ ' 9 dad o Slny =] [ Y (=4
NIV NITIMgINIInI N lFeeswesIsam daudemdsnudosas  uazezimy
G 1y 9 y 9y A A % 2550
TanuiielimsldTnaauin q nszud Rms AUMad1v099995 Single-Stage Single-Switch 32iim
S [ dad 4 4 1 @ o
fMANATELE Rms Mumainvensesiesidisadiohounnsldinaam o fu ldans1d
[ 1 9 1 Y @ L4 1 [ a a o w 3y
WAIUBENANA ez nnAnWANNdNRUIznINa sz AnT ez s I mady
Ié §y o o ° a a { 150 v a a = 4N
emiye  edas Wihmedmesndlsz@nsami ldvzlimdnisednsami Idiliemas

Inldhmedueenga
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4.6.6 uaaamsiadSurmnszud liiasueilnvosnssua IWA e ud nnSsufeuny

mmwgmaﬁuaﬁﬂmm IEC 1000-3-2 Class D

4.6.6.1 Msnaaoanusulnd 140v__

Tek Run: 25.0kS/s Hi Res

I 1 H
LY J 1
: RS ' Current Harmonic Emissions
; Test: IEC 61000-3-2 Control
Equip: Class D: Power=14w
Line Freq: S0H2
Har | Meas | Limit | Margin Mode
# | dBuA | dbuA | dB
i ; (09 0N = e
- . . 2 55,0 SR 5
[ : ; FmlTmS. . "93.6 : 5.8
4 ‘518 = 3 s Start
; ; y S:,74.9: 88 3.6
: . 6: 24.4: e i
2ok NN 7//50.6 82.9: 233
- : : : : LS00, e . —
: 9: 66.4: 76.9: 10.5 Pause
- 10: 46.6: lEe =
- — e— T N1 647378 5.4
12: 49.9: S -
.................. PN Nl P = 10 | Cyyliinue
: 1S £ 59%,: | 71. 1 N1"In3
H . . 16\:g48e00d 4~ 1A~
i N . 7% 59 8% 0, 079 10, 2
@ 200 Ch2 soon{ 18: 435: - : - Stop
! . ) b X 19 : @5 0F8y: *.1610. 5% 9.3
Pl ——— B B AR U K R e ———
Measure Harmonic
: View Input Control :
Current Limits Table Config Ready - Utility
Harmonics LIM_TAB1

519 4.55 uanamsiatlsununssua liihasuetinvosnszua It misdudn nsdl

QU

usedn fhadumaduduilu 140 v sdendmaedaduiiu 14 fad

TeK Run: 25.0kS/s Hi Res

o o 1 3
LY ¥ H
Current Harmonic Emissions
Test: IEC 61000-3-2 Control
Equip: Class D: Power=65w
Line Freq: S0Hz
Har | Meas | Limit | Margin Mode
# |dBuA | dbuA | dB
il =1 T34 00 — =
R ¥¥53.8.: " o
3:102.8:106.9 4.1
4 492 — = Start
g 80:3:0101.8 16.5
6:::244:2:0 = =
70+ 80:6%-:96:3 15.6
8::48:3 ' = =
9i: 831110022 7.2 Pause
10223600 i = =
11 579:6:: 871 7.6
T20adieSisie — E=
10 4o =7 10| continue
15: 75.2: 84.4 9.2
16: 40.7: = =
17 -73:3: - 83.49 8.1
@if] 200V " 'Ch2 Soon] 18: 45.9: - - Stop
: : ; : : 19 70.7: 824 11.7
e L e e e [ 0t d 3 s e
Measure Harmonic :
e View Input Control o
Current Limits H utilit
Harmonics LuM_TAg1| Table | Config LIl Y

P [ a 4 a =
51 4.56 uamamsialsmunszud hesueiinvesnszue Ilfmedudh nsal

usedu Iihadumaeduduilu 140 v sdaihmeduduiu 6s Sad
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4.6.62 msnaaoaiusiulvd 180v_,

Tek Run: 25.0kS/s Hi Res

(n ol 1
|44 ¥ H
Current Harmonic Emissions
Test: IEC 61000-3—-2 Control
Equip: Class D: Power=15W
Line Freq: S0Hz s
Har | Meas | Limit | Margin
# |dBuA | dbuAI dB Single
13:.9972:8 -
2: 54.7: =
3: 88.6: 94.2: 5.6
....................... 4: 59.8: = : i Start
5. 84.6: 89.1: 4.5
6.0 s =
7::83:6::83.5: —0.1
g SR P AL S i
: gEmZgl.5: 77.5: 6.0 Pause
- 1090 8 =i o
| 11: 81.8"%74%4,. -7.4
- J2e 253501 gy o —
s /502 BN | continue
k 18/ 2 077 L7 9.8
r V6/47.56.8- St .
VA I Bt ) f 172~ RA3.2¢4=7U.0: -—2.6
Chil 200V Ch2 SOOn’ 18 I82.2 3 s § = Stop
; : i 193, V7B-798 69.7 f\ —4.1
20N Pr — K==
Measure Harmomc
(. View Input Control i
Current Limits Table Config Ready utility
Harmonics LIM_TAB1

517 4.57 uasmsialSnanszua lithersuednvesnssua luihmiedud nsdi

usedn ihadumedduiiu 1s0 v sdsnihmaeduduiiu 15 fed

Tek Run: 25.0kS_/s Hi Res

- 2
Ly ¥ 1
Current Harmonic Emissions
Test: IEC 61000-3-2 Control
Equip: Class D: Power=65W
Line Freq: S0Hz o
Har | Meas | Limit | Margin
# | dBuA | dbua | dB Single
Lo B b b =
2% 62.6% o
3:101.4:106.9: 5.5
408 59.4 ;: =7 " — Start
5: R32%"10,0¢8: 18.7
6: 54.4: iy =
pme80.7.: 96.3: 15.6
8: 1534 =y £
g 82i5iiilg0. 2t 7 7 Pause
1055017 i =t e =
""""" 172060 87.0¢ 9.5
1200247 00 o~ e
......................... e fees 27131 ) condnue
15818 74:2: 84.4:. 102
16 : 49.5: = -
17: 74.1: 83.4: 9.3
[@if] 200V " Ch2 So0n 18: 49.8: — @ — Sstop
: § : ; 2 19: 68.5: 824: 139
e e 20:5742:2 000 mi i
Measure Harmomc
View Input Control -
Current Limits i utilit
Harmonics LIM_TAB1 Table Config Ready i

317 4.58 uanemsdaUsmanszud lihersueiinvosnszua Iifmedud nadl

[ @ S| o w [
usadu Ilfhadumednuduiu 180 v MdsIihmadnuduilu s Sad
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4.6.63 minaasaiusu i 220v_

Tek Run: 25.0k$/s Hi Res

jau 3 |

i |4 ¥
RS RO Current Harmonic Emissions
: Test: 1EC 61000-3-2 Control
Equip: Class D: Power=16W
Line Freq: S0H2
Har | Meas | Limit | Margin Mode
# | dBuA | dbuA| dB
Y =934
2. 58.8: s &
3: 84.3: 94.7: 10.4
-t 4: 47.4: e = Start
a8l 807 SRS
~ : - ! 62 S1EGE e =
290 A M ;3 83-81 84.1: 0.2
L g0 ~ i -
gumn7,]. 0 W78 1: 6.2 Pause
10 : 45,8 g, —"%; =
J1: 80.2: 73% %5.3
127 /50.0: = T
13 8101 751 75| continue
V80 69.4"7 72 3. 2.9
+ 16: 45.6: e e
172 V31" & 712~ =1~0
200 €ir>" Rfpn] 1133 N0l 1\ - Stop
; : ¢ . | NN NZ2. T 470.2 3 =1=0,
Lo i =T S PSW /) 20 WART0 P T bdy —
Measure Harmonic :
i View Input Control s
farmdbics LM Tagy| Table | config JEECELIEE Utiity

1% 4.59 uamsmsimlSunansua ihersueinvesnszua Iithmedudh nsdl

used Tfhadumednddlu 220 v_ Srdswihmedududiu 16 Sad

TekK Run: 25.0KkS/s Hi Res

ine 1 1
L4 2 ] i
R Current Harmonic Emissions
Test: IEC 61000—3-2 Control
Equip: Class D: Power=40wW
Line Freq: S0Hz
Har | Meas | Limit | Margin Mode
# | dBuA | dbuA| dB
1#103.0° i =~
2453 8% T — ¥ &
3WE89.5: 10277:6713.1
4 _S5686% =% . — Start
5. 800097 6. 17.6
- . . . i penets ARG e =
L e e 700 7877 92.0: 133
- : : 8 7qi1a 3 i =
9: 75.4: 86.0: 10.6 Pause
10: 40.3: Tt o
B L7301 8219% 9.8
12::0:33:0 S =
308710 8150183 | conne
15:% 65:6: 80:2:14.6
162239372 = =
e s e 12:-63.1:.79:1::16.0
@ 260V " Ch2 200m 18 45.5: -— : - Stop
i ; ; - Y 198:3061:2:::78:2:0°12:0
Plmamie bon o sl R0k 3did s an il
Measure Harmonic :
Current Limits 1‘—';?)‘{: (Izgg;,:t CI?QHO‘ Utility
Harmonics LIM_TAB1 9 )4

4 [ a J a
519 4.60 uaasmsimlSuanszue ihesueinveanszua lihmeduds nsdl

% % d o L Ql
usaau Tifhadumaedudniv 220 v Mds Idhmedadnuiy 40 Sad
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waitldngUmsYalSinanszuditharhefinvenszuaihmadudhveses sics
nngdmsindsanssua Ithasueinvesnssua Iihmedudhuesises s'ics

seiuldiudosims SaSinanssue Itherueiinuenszua Iufhmadudhiigass

su'liiheng q Felugaausedu it 180 Vims-220 Vims nagdionszualdInanlugng

1-2 wondl vzdaluiruinaainnnsgIu IEC 1000-3-2 Class D

~ Ve o w T @ ' v g
M3 3 nerasmidlsznoumaamediud a1 THD useauIihnnaseudunuiszy i
(4 1 a a @ @ o o
NMeAIUBBNIRNNNIYAA  uazAlszdninmueaissiSulyaiilsznoumds
U Single-Stage Single-Switch S'ICS  TuTnuanszue i va ludeiilosly

nstiiuseau Iihmedudhiinee g (vo=5vuazi, =14)

v, (V) PF THD V, (%)
140 0.929 49.72 283 40.01
160 0.914 55.64 310 39.53
180 0.877 69.46 344 39.02
200 0.864 74.19 375 35.41
220 0.844 81.40 400 31.90

M3199 4 werasmiaszaeumdemediud A THD usedu Tihanaseududuilsza nlvh
4 1 a a @ @ o W

NMIAILBONYDNITYAA  uazA)szdnEnmusnsesdiullyedinlsznoumds

L1 Single-Stage Single-Switch S'TCS  TuTnuanszua I lvaludediesly

nsifuseAy lihmedudiliaene g (v, =5 vuaz 1, =10 A)

V. (V) PF THD Vv, N(%)
140 0.950 32.86 220 75.87
160 0.948 33.57 250 75.20
180 0.947 33.92 277 75.10
200 0.942 35.62 302 74.98
220 0.955 31.05 336 77.14
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AUSIAUNIAA 140Vrms

93 Forward s'ics
nIcUA convertor
1 0.435 0.929
2 0.492 0.947
4 0.521 0.952
6 0.572 0.952
8 0.597 0.951
10 0.601 0.950
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Ausaumad 220 Vrms

995 Forward s'ics
nIcuA convertor
1 0.371 0.844
2, 0.401 0.887
4 0.455 0.953
6 0.489 0.953
8 0.498 0.955
10 0.504 0.955
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HANHIN
Tilsunsu PSPICE
2095103135 Anouesines
usadulWihadumedudn 140 Tradianudumu 5 Teru
Program forward converter v=140 v Lightload R=5(forward converter.cir)
vs 1 0sin(0 197.98 50)
Rs120.1
Drecl 2 3 Dmod
Drec2 0 3 Dmod
Drec3 gdc 0 Dmod
Drec4 gdc 2 Dmod
CB 3 gdc 220u IC=0
Lpri3510.9175m
Lreset 4 3 10.9175m
Lsec 6 gdc 64.6u
K Lpri Lreset Lsec {1-1p}
Dreset gdc 4 DMOD
S1 5 gdc 20 gdc SMOD
.MODEL SMOD VSWITCH(RON=1E-3 VON=0.01 VOFF=0 ROFF=10MEG)
DF 6 7 DMOD
DFW gdc 7 DMOD
.MODEL DMOD D(N=0.005 RS=1 CJO=1PF)
LF 7 8 53.29U
RESR 89 0.109
COUT 9 gdc 4700u IC=0v
RL 8 gdc 5
VG 20 gdc PULSE(0 1 5N 15N 15N 9U 20U)



RG 20 gdec 1K

.TRAN 1US 15mS 0 1US UIC

.OPTIONS ITL4=60 ITL5=0 RELTOL=0.01 LIMPTS=8000

.OPTIONS ABSTOL=1.5u VNTOL=1u

.PROBE

.END

kot ook ok KKk Kok ok sk ko ok sk ok ks s s ok ok sk s s st sk stk ks sk ok sk ok ok ok sk sk ok sk sk ok ok ok ok K R Rk ok R
21957005135 AR0UNBS BT

usadu Tfhadumeduda 140 Taadianudiumu 0.5 Tewuy
Program forward converter v=140 v Fullload R=0.5(forward converter.cir)
vs 1 0sin(0 197.98 50)

Rs120.1

Drecl 2 3 Dmod

Drec2 0 3 Dmod

Drec3 gdc 0 Dmod

Drec4 gdc 2 Dmod

CB 3 gdc 220u IC=0

Lpri3510.9175m

Lreset4 3 10.9175m

Lsec 6 gdc 64.6u

K Lpri Lreset Lsec {1-1p}

Dreset gdc 4‘DMOD

S15 gdc 20 gdc SMOD

.MODEL SMOD VSWITCH(RON=1E-3 VON=0.01 VOFF=0 ROFF=10MEG)
DF 6 7 DMOD

DFW gdc 7 DMOD

.MODEL DMOD D(N=0.005 RS=1 CJO=1PF)

LF 7 8 53.29U



RESR 8 9 0.109

COUT 9 gdc 4700u;IC=0

RL 8 gdc 0.5

VG 20 gdc PULSE(0 1 5N 15N 15N 4U 20U)

RG 20 gdc 1K

.TRAN 1US 40mS 0 1US UIC

.OPTIONS ITL4=60 ITL5=0 RELTOL=0.01 LIMPTS=8000

.OPTIONS ABSTOL=1.5u VNTOL=1u

.PROBE

.END

stk ok sk ok ok ok ok sk kst Rk K koo ok ok kK ok sk Sk s ok ok ko ok oK
21937003535 AnBURT DS

usadu lWdhagumedudh 220 Taadiinawdumu 5 Tevu
Program forward converter v=220 v Lightload R=5(forward converter.cir)
vs 10sin(0311.12 50)

Rs120.1

Drecl 2 3 Dmod

Drec2 0 3 Dmod

Drec3 gdc 0 Dmod

Drec4 gdc 2 Dmod

CB 3 gdc 220u IC=0

Lpri3510.9175m

Lreset4 3 10.9175m

Lsec 6 gdc 64.6u

K Lpri Lreset Lsec {1-1p}

Dreset gdc 4 DMOD

S15 gdc 20 gde SMOD

.MODEL SMOD VSWITCH(RON=1E-3 VON=0.01 VOFF=0 ROFF=10MEG)



DF 6 7 DMOD
DFW gdc 7 DMOD

.MODEL DMOD D(N=0.005 RS=1 CJO=1PF)

LF 7 8 53.29U

RESR 89 0.109

COUT 9 gdc 4700u IC=0v

RL 8 gdc 5

VG 20 gdc PULSE(0 1 5N 15N 15N 9U 20U)

RG 20 gdc 1K

.TRAN 1US 15mS 0 1US UIC

.OPTIONS ITL4=60 ITL5=0 RELTOL=0.01 LIMPTS=8000
.OPTIONS ABSTOL=1.5u VNTOL=1u

.PROBE

.END

s s s e e sk sk ok o ok ook ok oo ok o ook sk sk ks s koo ok ok ko o sk R K K ok ok ok sk ok ok sk sk kR SRR SR K SR R K
nslosAsanounesined

wsasn Ilfhadumaedudh 220 Taadfinnudumu 0.5 Teru
Program forward converter v=220 v Fullload R=0.5(forward converter.cir)
vs 1 0sin(0311.12 50)

Rs120.1

Drecl 2 3 Dmod

Drec2 0 3 Dmod

Drec3 gdc 0 Dmod

Drec4 gdc 2 Dmod

CB 3 gdc 220u IC=0

Lpri 3 510.9175m

Lreset4 3 10.9175m

Lsec 6 gdc 64.6u



K Lpri Lreset Lsec {1-1p}

Dreset gdc 4 DMOD

S15 gdc 20 gde SMOD

.MODEL SMOD VSWITCH(RON=1E-3 VON=0.01 VOFF=0 ROFF=10MEG)
DF 6 7 DMOD

DFW gdc 7 DMOD

.MODEL DMOD D(N=0.005 RS=1 CJO=1PF)

LF 7 8 53.29U

RESR 89 0.109

COUT 9 gdc 4700u;IC=0

RL 8 gdc 0.5

VG 20 gdc PULSE(0 1 5N 15N 15N 4U 20U)

RG 20 gdc 1K

.TRAN 1US 40mS 0 1US UIC

.OPTIONS ITL4=60 ITL5=0 RELTOL=0.01 LIMPTS=8000
.OPTIONS ABSTOL=1.5u VNTOL=1u

.PROBE

.END

sk 3k 3k sk 3k sk ok 5k sk sk sk ok sk sk sk sk sk ok ok sk sk sk skosk sk skl sk sk ok sk sk sk sk sk sk Sk sk sk ok sk Sk 3k 3k sk ko sk sk sk sk sk sk sk sk sk ki sk sk sk Sk sk Sk Sk sk sk ok sk ok sk sk skokok Skokok

2995 Single-Stage Single-Switch Input Current Shapers ( s'IcS )

s Inlfhadumadh 180 Taavfinaudiumu 5 Tesy

Program Single-State Single-Switch Input Current Chapers2 180 v Light load(S4ics.cir)
vs 1 0 sin(0 254.55 50)

Rs120.1

Drecl 2 3 Dmod

Drec2 0-3 Dmod

Drec3 gdc 0 Dmod

Drec4 gdc 2 Dmod



Cin 3 gdc 0.1u

LB 34327

L1452.114m

L2644.726m

D5 6 7 Dmod

D6 5 8 Dmod

CB 7 gdc 220u IC=0

Lpri 7 8 14.07m

Lreset 9 7 14.07m

Lsec 10 gdc 85.7u

K Lpri Lreset Lsec L1 L2 {1-1p}

Dreset gdc 9 DMOD

S1 8 gdc 20 gdec SMOD

.MODEL SMOD VSWITCH(RON=1E-3 VON=0.01 VOFF=0 ROFF=10MEG)
DF 10 11 DMOD

DFW gdc 11 DMOD

.MODEL DMOD D(N=0.005 RS=1 CJO=10PF )
LE11:12 553U

RESR 12 13 0.082

COUT 13 gdc 4700u;I1C=0

RL 12 gde 5

VG 20 gdc PULSE(0 1 5N 15N 15N 4U 20U)
RG 20 gde 1K

.TRAN 1US 40mS 0 1US UIC

* FOUR 5KHZ I(RS)

.OPTIONS ITL4=60 ITL5=0 RELTOL=0.01 LIMPTS=8000
.OPTIONS ABSTOL=1u VNTOL=1u

.PROBE



.END

o KR KKK KKK KR ok Sk s s R s sk s KK ks ok sk sk sk ok ok ok ok sk ok ok ok ok
995 Single-Stage Single-Switch Input Current Shapers ( s'1cs)
usaduTfhadumadh 180 Taavifinnudumu 0.5 Tery

Program Single-State Single-Switch Input Current Chapers2 180 v Full load(S4ics.cir)
vs 1 0 sin(0 254.55 50)

Rs120.1

Drecl 2 3 Dmod

Drec2 0 3 Dmod

Drec3 gdc 0 Dmod

Drec4 gdc 2 Dmod

Cin 3 gdc 0.1u

LB 34327u

L1452.114m

L2 644.726m

D5 6 7 Dmod

D6 5 8 Dmod

CB 7 gdc 220u IC=0

Lpri 7 8 14.07m

Lreset 9 7 14.07m

Lsec 10 gdc 85.7u

K Lpri Lreset Lsec L1 L2 {1-1p}

Dreset gdc 9 DMOD

S1 8 gdc 20 gdc SMOD

.MODEL SMOD VSWITCH(RON=1E-3 VON=0.01 VOFF=0 ROFF=10MEG)
DF 10 11 DMOD

DFW gdc 11 DMOD

.MODEL DMOD D(N=0.005 RS=1 CJO=10PF )



LF 11125530

RESR 12 13 0.082

COUT 13 gdc 4700u;IC=0

RL 12 gdc 0.5

VG 20 gde PULSE(0 1 5N 15N 15N 4U 200)

RG 20 gdc 1K

.TRAN 1US 40mS 0 1US UIC

* FOUR 5KHZ I(RS)

.OPTIONS ITL4=60 ITL5=0 RELTOL=0.01 LIMPTS=8000
.OPTIONS ABSTOL=1u VNTOL=1u

.PROBE

.END
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N7 Single-Stage Single-Switch Input Current Shapers ( s'1cs)
ussiu Wthagumadh 220 Taavffinnudiumu 5 Tery
Program Single-State Single-Switch Input Current Chapers2 220 v Lightload(S4ics.cir)
vs 1 0 sin(0 282.84 50)

Rs120.1

Drecl 2 3 Dmod

Drec2 0 3 Dmod

Drec3 gdc 0 Dmod

Drec4 gdc 2 Dmod

Cin 3 gdc 0.1u

LB 34327u

L1452.114m

L2644.726m

D5 6 7 Dmod

D6 5 8 Dmod



CB 7 gdc 220u IC=0

Lpri 7 8 14.07m

Lreset 9 7 14.07m

Lsec 10 gdc 85.7u

K Lpri Lreset Lsec L1 L2 {1-1p}

Dreset gdc 9 DMOD

S1 8 gdc 20 gde SMOD

.MODEL SMOD VSWITCH(RON=1E-3 VON=0.01 VOFF=0 ROFF=10MEG)
DF 10 11 DMOD

DFW gdc 11 DMOD

.MODEL DMOD D(N=0.005 RS=1 CJO=10PF )

LF 11 12 583U

RESR 12 13 0.082

COUT 13 gdc 4700u;IC=0

RL 12 gdc 5

VG 20 gdc PULSE(O 1 5N 15N 15N 4U 20U)

RG 20 gdc 1K

.TRAN 1US 40mS 0 1US UIC

*FOUR 5KHZ I(RS)

.OPTIONS ITL4=60 ITL5=0 RELTOL=0.01 LIMPTS=8000

.OPTIONS ABSTOL=1u VNTOL=1u

.PROBE

.END
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997 Single-Stage Single-Switch Input Current Shapers ( s'Ics )

ussdu fherdumadh 220 Taffinaudny 0.5 Tevy

Program Single-State Single-Switch Input Current Chapers2 220 v Full load(S4ics.cir)

vs 1 0 sin(0 282.84 50)



Rs120.1

Drecl 2 3 Dmod

Drec2 0 3 Dmod

Drec3 gdc 0 Dmod

Drec4 gdc 2 Dmod

Cin 3 gdc 0.1u

LB 34327u

L1452.114m

L2644.726m

D5 6 7 Dmod

D6 5 8 Dmod

CB 7 gdc 220u IC=0

Lpri 7 8 14.07m

Lreset 9 7 14.07m

Lsec 10 gdc 85.7u

K Lpri Lreset Lsec L1 L2 {1-1p}

Dreset gdc 9 DMOD

S1 8 gdc 20 gdc SMOD

-MODEL SMOD VSWITCH(RON=1E-3 VON=0.01 VOFF=0 ROFF=10MEG)
DF 10 11 DMOD

DFW gdc 11 DMOD

.MODEL DMCD D(N=0.005 RS=1 CJO=10PF )
LF 11 12 55.3U .
RESR 12 13 0.082

COUT 13 gdc 4700u;IC=0

RL 12 gdc 0.5

VG 20 gdc PULSE(0 1 5N 15N 15N 4U 20U)
RG 20 gdc 1K



.TRAN 1US 40mS 0 1US UIC

* FOUR 5KHZ I(RS)

.OPTIONS ITL4=60 ITL5=0 RELTOL=0.01 LIMPTS=8000
.IOPTIONS ABSTOL=1u VNTOL=1u

.PROBE

.END

ks s s s ok sk kol sk ok o ok o koo ok ok Rk koo ok sk s o ok K o oo ok ok ok sk sk ks ok K ok o o o
Ti/sunsu MATLAB

T5unsuMIAUIUMAINTT error amplifier Y9955 VUAILAN

% Design of Voltage-Loop Feedback

% Control-to-Output Transfer Function: (maximum input & minimum load)
Dmin = 0.277;n = 0.0687; Vin = 353; Vp = 1.8;

rc =0.11; C=4700e-6; L = 50.2e-6; R = 5;

Vsec = n*Dmin*Vin;

Kco = (Vsec*R)/(Vp*L); Nco = [13669.98]; Dco = [1 1705.42 6.03¢6];
% Bode plot of Control-to-Output Transfer Function:

w = logspace(-1,5,100)';

[mco,pco] = bode(Kco*Nco,Dco,w);

subplot(211); semilogx(w,20*log10(mco),'r');grid

xlabel('rad/s"); ylabel('Gain (dB)");

hold on

subplot(212); semilogx(w,pco,'r');grid

xlabel('rad/s"); ylabel('phase (deg)");

hold on

% Error Amplifier Transfer Function:

R1=100e3; R2 =510; C1 = 10e-6; C2 = 1.33e-6;

Kea = 1/(R1*C2); wz = 1/(R2*C1); wp = (C1+C2)/(R2*C1*C2);

Nea = [1 wz]; Dea=[1 wp 0];



% Bode plot of Error Amplifier Transfer Function:

w = logspace(-1,5,100);

[mea,pea] = bode(Kea*Nea,Dea,w);

subplot(211); semilogx(w,20*log10(mea),'k')

hold on

subplot(212); semilogx(w,pea,’k")

hold on

% Bode plot of Open-loop Transfer Function:

subplot(211); semilogx(w,(20*log10(mea)+20*log10(mco)),'g"); grid
hold on

subplot(212); semilogx(w,(pea+pco),'g); grid

hold on

Tdsunsu Plot gunswimsfSeuiisumsde ihmedueminadussedniam
% Ploting of Power output & Efficiency of NLC forward converter
poutl =[5.06 9.7 19.5 29.7 39.1 49.12];

effl =[83.22 86.06 88.9 89.7 89.1 89.6];

plot(poutl,effl,'b")

xlabel(‘efficiency (%))

ylabel(' Power output (W)")

hold on

pout2 = [5.059.2 19.61 29.4 38.2 49.17];

eff2 =[78.03 79.7 87.2 88.4 87.4 89.3];

plot(pout2,eff2,'r')

hold on

pout3 = [4.95 10.33 20.13 30.40 40.15 49.95];

eff3 =[64.93 74.8 78.75 80.61 80.52 80.52];

plot(pout3,eff3,'g")

*********************************************************************************
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International
1¢R| Rectifier | IRFPE40

HEXFET® Power MOSFET

e Dynamic dv/dt Rating

e Repetitive Avalanche Rated D .

e |solated Central Mounting Hole Vbss = 800V

e Fast Switching sl

e Ease of Paralleling . f Rps(on) = 2-0Q
e Simple Drive Requirements

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
lo@ Tc=25°C | Continuous Drain Current, Ves @ 10 V 5.4
Ip @ Tc=100°C | Continuous Drain Current, Vgs @ 10V 3.4 A
Iom Pulsed Drain Current © E 22
Pp @ Tc=25°C ' Power Dissipation 150 W
Linear Derating Factor 1.2 W/°C
Vas Gate-to-Source Voltage +20 Vv
Eas : Single Pulse Avalanche Energy @ 490 mJ
AR Avalanche Current © 54 A
Ear Repetitive Avalanche Energy @ 15 mJ
dv/dt Peak Diode Recovery dv/dt @ 2.0 V/ns
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case) ‘
Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
Thermal Resistance i
Parameter Min2 2 o Typ: Max. Units |
Rauc Junction-to-Case - — 0.83
Racs Case-to-Sink, Flat, Greased Surface — 0.24 s °C/W
Reua Junction-to-Ambient — ol 40 J
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IRFPE40

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(er)pss Drain-to-Source Breakdown Voltage 800 | — = V | Ves=0V, Ip= 250uA
AV (r)pss/AT .| Breakdown Voltage Temp. Coefficient — | 098 | — | V/°C |Reference to 25°C, Ip=1mA
Ros(on) Static Drain-to-Source On-Resistance — e 2.0 Q |Ves=10V, Ip=3.2A @
Vasith) Gate Threshold Voltage 2.0 — 4.0 V | Vps=Vas, o= 250uA
dis Forward Transconductance 3.0 — — S | Vps=100V, Ip=3.2A @
Ipss Drain-to-Source Leakage Current — — 109 pA Vps=800V, Yes=0V
— — 500 Vps=640V, Vgs=0V, T4=125°C
. Gate-to-Source Forward Leakage — — 100 e Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qq Total Gate Charge = — | 130 Ip=5.4A
Qgs Gate-to-Source Charge — | = 17 | nC |Vps=400V
Qgd Gate-to-Drain ("Miller”) Charge — — 72 Vgs=10V See Fig. 6and 13 ®
td(on) Turn-On Delay Time — 16 — Vpp=400V
tr Rise Time — 36 — o Ip=5.4A
td(ott Turn-Off Delay Time — | 100 | — Rg=9.1Q
1 Fall Time e 32 — Ro=75Q See Figure 10®
Lp Internal Drain Inductance — 5.0 — gent]\;vne‘(a& 2‘%‘?}? ) D.
nH | from package G@
Ls Internal Source Inductance — 43/ = and center of S
die contact s
Ciss Input Capacitance — 1900 | — — Vas=0V
Coss Output Capacitance — | 470 | — pF | Vps=25V
Crss Reverse Transfer Capacitance — | 280 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current oo ) 5.4 MOSFET symbol o
(Body Diode) : A showing the
lsm- Pulsed Source Current ~ |« 4@ integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage — — 1.8 V | Ty=25°C, Is=5.4A, Vas=0V @
ter Reverse Recovery Time — 550 | 830 ns | Ty=25°C, Ir=5.4A
Qrr Reverse Recovery Charge — | 24 | 36 | uC |di/dt=100A/us @
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by
max. junction temperature (See Figure 11)

® Vpp=50V, starting Ty=25°C, L=31mH

Ra=25Q, |as=5.4A (See Figure 12)

® lsp<5.4A, di/dt<120A/us, Vpp<600,
Ty<150°C

@ Pulse width < 300 ps; duty cycle <2%.
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e pri
8.ov 10! ER
o sy
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c A = 100
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= o /
4.5V 7
20us PULSE WIDTH 20us PULSE WIDTH
Tg = 25°%C : , Tc = 150°C
100 101 102 100 101 102
Vps, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Tc=25%C Tc=150°C
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f Vpg = 100V @
20us PULSE WIDTH ha Ves = 10V
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Vas, Gate-to-Source Voltage (volts) Ty, Junction Temperature (°C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature

1075



IRFPE40

IR

Vgg = OV. f = 1MHz
Ciss = Ggs + Cgg: Cgs SHORTED
Crss = ng

4000\ Coss = Cgs * Cqd
—~
| N
Rl N
o 3000 >
o . 5\\\\ Ciss
c N
3 ‘\\\\\ \\\\~ N
‘O
S -
g 2000 AN \k
O Coss\
T
N c ‘~-\
1000 5% ‘\
N\
[ %
“-~\\\
100 10!

Vps, Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage
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Fig 7. Typical Source-Drain Diode
Forward Voltage '
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5 SEE FIGURE 13
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Fig 6. Typical Gate Charge Vs.

Gate-to-Source Voltage
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Fig 8. Maximum Safe Operating Area
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Vos > AN
[EC ok ST
6.0 : m_f
'T:Voo
-
L B T1ov
Q Pulse Width < 1ps
= 2N Duty Factor € 0.1%
$ 4.0 % . T
= ™ : o : R
4] N Fig 10a. Switching Time Test Circuit
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Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
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t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vbs >—

Vary tp to obtain
required Ias

0.01Q

Fig 12a. Unclamped Inductive Test .Circuit

V(Bé)Dss .
Tt
p
f
Vbs / \\ /

: / :

: J \
SagEne i Jocol # e\

Fig 12b. Unclamped Inductive Waveforms

10V

Charge ———»

Fig 13a. Basic Gate Charge Waveform

Eas, Single Pulse Energy (mJ)

1200

Tp

TP 2.4A |

1000\\ BOTTOM 2:2: i
N\
\
800
N
600 \ N
NN
400 \\\
N
200 N \\
\\ N
vpp = 50V ~

0

25 50

75

100 125 150

Starting T, Junction Temperature(°C)

Fig 12c. Maximum Avalanche Energy
Vs. Drain Current

Current Regulator

e

Current Sampling Resistors

Ip

Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505

Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517

International

IR

Rectifier
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1.1} Unitrode Products
saa | from Texas Instruments

UC1823A,B/1825A,B
UC2823A,B/2825A,B

available

UC3823A,B/3825A,B

High Speed PWM Controller

FEATURES

o Improved versions of the
UC3823/UC3825 PWMs

e Compatible with Voltage or
Current-Mode Topologies

e Practical Operation at Switching
Frequencies to 1IMHz

* 50ns Propagation Delay to Output

e High Current Dual Totem Pole
Outputs (2A Peak)

e Trimmed Oscillator Discharge Current
e Low 100pA Startup Current

- Pulse-by-Pulse Current Limiting
Comparator :

e Latched Overcurrent Comparator With
Full Cycle Restart

BLOCK DIAGRAM

DESCRIPTION

The UC3823A & B and the UC3825A & B family of PWM control ICs are
improved versions of the standard UC3823 & UC3825 family. Performance
enhancements have been made to several of the circuit blocks. Error ampli-
fier gain bandwidth product is 12MHz while input offset voltage is 2mV. Cur-
rent limit threshold is guaranteed to a tolerance of 5%. Oscillator discharge
current is specified at 10mA for accurate dead time control. Frequency ac-
curacy is improved to 6%. Startup supply current, typically 100pA, is ideal
for off-line applications. The output drivers are redesigned to actively sink
current during UVLO at no expense to the startup current specification. In
addition each output is capable of 2A peak currents during transitions.

Functional improvements have also been implemented in this family. The
UC3825 shutdown comparator is now a high-speed-overcurrent comparator
with a threshold of 1.2V. The overcurrent comparator sets a latch that en-
sures full discharge of the soft start capacitor before allowing a restart.
While the fault latch is set, the outputs are in the low state. In the event of
continuous faults, the soft start capacitor is fully charged before discharge
to insure that the fault frequency does not exceed the designed soft start
period. The UC3825 Clock pin has become CLK/LEB. This pin combines
the functions of clock output and leading edge blanking adjustment and has
been buffered for easier interfacing.

(continued)
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DESCRIPTION (cont.)

The UC3825A,B has dual alternating outputs and the
same pin configuration of the UC3825. The UC3823A,B
outputs operate in phase with duty cycles from zero to
less than 100%. The pin configuration of the UC3823A,B
is the same as the UC3823 except pin 11 is now an out-
put pin instead of the reference pin to the current limit
comparator. “A” version parts have UVLO thresholds
identical to the original UC3823/25. The “B" versions
have UVLO thresholds of 16 and 10V, intended for ease
of use in off-line applications.

Consult Application Note U-128 for detailed technical
and applications information. Contact the factory for fur-
ther packaging and availability information.

Device UVLO Dmax
UC3823A 9.2V/8.4V < 100%
uc3823B 16V/10V < 100%
UC3825A 9.2V/8.4V <50%
UC3825B 16V/10V < 50%

CONNECTION DIAGRAMS

UC1823A,B/1825A,B

UC2823A,B/2825A,B
UC3823A,B/3825A,B
ABSOLUTE MAXIMUM RATINGS
Supply Voltage (VC,VCC) ... 22V
Output Current, Source or Sink (Pins OUTA, OUTB)
DEI s i e s G e 0.5A
Rulsel(0:bns )il i i s s s e s 2.2A
Power Ground (PGND). .. ...t +0.2V
Analog Inputs
(INVINERAMP) . ¢ oo isns oo ss saaaion -0.3Vto 7V
(BIMESS ittt atl Ul i e ans -0.3V to 6V
Clock Output Current (CLK/LEB) . ... ............... —-5mA
Error Amplifier Output Current (EAOUT) . ............. 5mA
SoftiStart-Sink:Cument:(SS)ir s avsiiowiaii ol 20mA
Oscillator Charging Current (RT) ................... —-5mA
Power Dissipation at TA=60°C . ..................... 1w
Storage Temperature Range ............. —65°C to +150°C
Jupction, Temperattige B, . .............. -55°C to +150°C
Lead Temperature (Soldering, 10sec.).............. 300°C

All currents are positive into, negative out of the specified ter-
minal. Consult Packaging Section of Databook for thermal limi-
tations and considerations of packages.

DIL-16, SOIC-16, (Top View)
J or N Package; DW Package

N
INV 1] 6] VREF
NI[2] 15 vee
EAOUT [3] 14] ouTs
CLK/LEB [4] 13]ve
RT 5 [12] PGND
T (6] (1] ouTa
RAMP [7| [10] aND
SS[s] [9]iLim

PLCC-20, LCC-20, (Top View)
Q, L Packages
N/C
INV VREF
NI— | ——vcce
3 2 12019
EAOUT{ 4 o J lsh-ouTs
CLK/LEB-5 17-VC
N/C—{ 6 16[-N/C
RT-{7 15-PGND
cT-8 14}-OUTA
9 10 111213
RAMP2_#F T | T—GND
SS ILIM
N/C

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for T4 = —55°C to +125°C for
the UC1823A,B and UC1825A,B; —40°C to +85°C for the UC2823A,B and UC2825A,B; 0°C to +70°C for the UC3823A,B and

UC3825A,B; RT = 3.65k, CT = 1nF, VCC = 12V, TaA=T,,

PARAMETER TEST CONDITIONS [ min | Tvp [ max | uniTs
Reference Section
Output Voltage Ty=25°C,lo=1mA 5.06 | 541 5.16 \

Line Regulation

12<VCC <20V

2 15 mV

Load Regulation

1mA<lp<10mA

5. 20 mV

Total Output Variation Line, Load, Temp 5.03 5.17 Vv
Temperature Stability Tmin < Ta < Tmax (Note 1) 0.2 0.4 | mv/i°C
Output Noise Voltage 10Hz < f < 10kHz (Note 1) 50 pVRMS
Long Term Stability T,=125°C, 1000 hours (Note 1) 5 25 mV

Short Circuit Current VREF = 0V

30 60 90 mA




UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for
the UC1823A,B and UC1825A,B; —40°C to +85°C for the UC2823A,B and UC2825A,B; 0°C to +70°C for the UC3823A,B and
UC3825A,B; RT = 3.65k, CT = 1nF, VCC = 12V, TA=T

PARAMETER TEST CONDITIONS [ min [ TvP [ MAX [uNiTs
Oscillator Section
Initial Accuracy T,y=25°C (Note 1) 375 400 | 425 kHz
Total Variation Line, Temperature (Note 1) 350 450 kHz
Voltage Stability 12V < VCC < 20V 1 %
Temperature Stability Tmin < Ta < Tmax (Note 1) 5 %
Initial Accuracy RT = 6.6k, CT = 220pF, Ta = 25°C (Note 1) 0.9 1 1.1 MHz
Total Variation RT = 6.6k, CT = 220pF (Note 1) 0.85 115 | MHz
Clock Out High 3.7 4 Vv
Clock Out Low 0 0.2 \
Ramp Peak 2.6 2.8 3 Vv
Ramp Valley 0.7 1 1.25 Vv
Ramp Valley to Peak : 1.6 1.8 2 \Y
Oscillator Discharge Current RT = Open, Ve =2V 9 10 11 mA
Error Amplifier Section
Input Offset Voltage 2 10 mV
Input Bias Current 0.6 3 LA
Input Offset Current 0.1 1 pA
Open Loop Gain 1V < Vé <4V 60 95 dB
CMRR 1.5V <Vem< 5.5V 75 95 dB
PSRR 12V < VCC < 20V 85 110 dB
Output Sink Current Vepaout = 1V 1 25 mA
Output Source Current VEaouT = 4V 0.5 | -1.3 mA
Output High Voltage lEAouT = —0.5mA 4.5 4.7 5 )
Output Low Voltage leaout = TMA 0 0.5 \%
Gain Bandwidth Product F =200kHz 6 12 MHz
Slew Rate (Note 1) 6 9 Vius
PWM Comparator
RAMP Bias Current Vramp = OV -1 -8 LA
Minimum Duty Cycle 0 %
Maximum Duty Cycle 85 %
Leading Edge Blanking R =2k, C = 470pF 300 375 | 450 ns
LEB Resistor Vewkies = 3V 8.5 10 11.5 | kohm
EAOUT Zero D.C. Threshold Vramp = OV 1.1 12514 \Y
Delay to Output Veaout = 2.1V, Vramp = 0 to 2V Step (Note 1) 50 80 ns
Current Limit/Start Sequence/Fault Section
Soft Start Charge Current Vgs = 2.5V 8 14 20 LA
Full Soft Start Threshold 4.3 5 Vv
Restart Discharge Current Vgs = 2.5V 100 250 350 LA
Restart Threshold - 0.3 0.5 V
| _ILIM Bias Current 0<Vim<2v 15 pA
Current Limit Threshold 0.95 1 1.05 \




UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = —-55°C to +125°C for
the UC1823A,B and UC1825A,B; —40°C to +85°C for the UC2823A,B and UC2825A,B; 0°C to +70°C for the UC3823A,B and
UC3825A,B; RT = 3.65k, CT = 1nF, VCC = 12V, Ta=Ty.

PARAMETER [ TEST CONDITIONS [ min | 1vp | max [ units

Current Limit/Start Sequence/Fault Section (cont.)

Over Current Threshold ' 194 12 128 W

ILIM Delay to Output Vium = 0 to 2V Step (Note 1) 50 80 ns
Output Section : :

Output Low Saturation louT = 20mA 0.25 0.4 \

lout = 200mA 1:2 2.2 \"4
Output High Saturation lout = 20mA 1.9 2.9 \
lour = 200mA ' 2 3 v

UVLO Output Low Saturation lo=20mA 0.8 1.2 \

Rise/Fall Time C.L= 1nF (Note 1) 20 45 ns
UnderVoltage Lockout

Start Threshold UCX823B and X825B only 16 17 \%

Stop Threshold UCX823B and X825B only 9 10 \

UVLO Hysteresis UCX823B and X825B only 5 6 7 \

Start Threshold UCX823A and X825A only 8.4 9.2 9.6 \

UVLO Hysteresis UCX823A and X825A only 4 0.4 0.8 1.2 \
Supply Current

Startup Current VC = VCC = Vyy(start) —0.5V 100 | 300 HA

Icc 28 36 mA

Note 1:Guaranteed by design. Not 100% tested in production.

APPLICATIONS INFORMATION

OSCILLATOR Oscillator

The UC3823A,B/3825A,B oscillator is a saw tooth. The
rising edge is-governed by a current controlled by the RT
pin and value of capacitance at the CT pin. The falling
edge of the sawtooth sets dead time for the outputs. Se-
lection of RT should be done first, based on desired
maximum duty cycle. CT can then be chosen based on
desired frequency, RT, and Dyax. The design equations
are:

IC IR

> CLK

%?’

3V
T=
10mA(1 - Dyjax )

CT=(16. DMAX) .

(RTe F) : o o _";Tﬂ>——> LEB
Recommended values for RT range from 1k to 100k.

Control of Dyax less than 70% is not recommended. b e N ey Ll s
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APPLICATIONS INFORMATION (cont.)

OSCILLATOR (cont.)

Oscillator Frequency vs. Ry and Ct Curve

Maximum Duty Cycle vs Ry Curve
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LEADING EDGE BLANKING LEB Operational Waveforms
The UC3823A,B/3825A,B performs fixed frequency
pulse width modulation control. The UC3823A,B out- CcT /\ /\ /\
puts operate together at the switching frequency and ] 1
can vary from 0 to some value less than 100%. The i O -
UC3825A,B outputs are alternately controlled. During CLK/LEB \__l |
every other cycle, one output will be off. Each output
then, switches at one-half the oscillator frequency, vary- T [ 7 ]
ing in duty cycle from 0 to less than 50%. LEB
To limit maximum duty cycle, the internal clock pulse
blanks both outputs low during the discharge time of
the oscillator. On the falling edge of the clock, the ap- RAMP
propriate output(s) is driven high. The end of the pulse EUy /\_ ﬂ /\_
is controlled by the PWM comparator, current limit com-

: BLANKED
parator, or the overcurrent comparator. RAMP /\ /\ /\
Normally the PWM comparator will sense a ramp TO PWM
crossing a control voltage (error amp output) and termi-

nate the pulse. Leading edge blanking (LEB) causes
the PWM comparator to be ignored for a fixed amount
of time after the start of the pulse. This allows noise in-
herent with switched mode power conversion to be re-
jected. The PWM ramp input may not require any
filtering as result of leading edge blanking.

To program a Leading Edge Blanking period, connect a
capacitor, C, to CLK/LEB. The discharge time set by C
and the internal 10k resistor will determine the blanked
interval. The 10k resistor has a 10% tolerance. For
more accuracy, an external 2k 1% resistor, R, can be
added, resulting in an equivalent resistance of 1.66k
with a tolerance of 2.4%. The design equation is:

UDG-95105

ttes=0.5+ (R || 10k) « C.
Values of R less than 2k should not be used

Leading edge blanking is also applied to the current
limit comparator. After LEB, if the ILIM pin exceeds the
one volt threshold, the pulse is terminated. The over
current comparator, however, is not blanked. It will
catch catastrophic over current faults without a blanking
delay. Any time the ILIM pin exceeds 1.2V, the fault
latch will be set and the outputs driven low. For this rea-
son, some noise filtering may be required on the ILIM

pin.




APPLICATIONS INFORMATION (cont.)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

UVLO, SOFT START AND FAULT MANAGEMENT

Soft start is programmed by a capacitor on the SS pin. At
power up, SS is discharged. When SS is low, the error
amp output is also forced low. As the internal 9uA source
charges the SS pin, the error amp output follows until
closed loop regulation takes over. :

Anytime ILIM exceeds 1.2V, the fault latch will be set and
the output pins will be driven low. The soft start cap is
then discharged by a 250pA current sink. No more output
pulses are allowed until soft start is fully discharged, and
ILIM is below 1.2V. At this point the fault latch will be re-
set and the chip will execute a soft start.

Should the fault latch be set during soft start, the outputs
will be immediately terminated, but the soft start cap will
not be discharged until it has been fully charged. This re-

Soft Start and Fault Waveforms
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sults in a controlled hiccup interval for continuous
fault conditions.

ACTIVE LOW OUTPUTS DURING UVLO

The UVLO function forces the outputs to be low and con-

siders both VCC and VREF before allowing the chip to
operate.

Output V and | During UVLO

Simplified Schematic é 250pA uee
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APPLICATIONS INFORMATION (cont.)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

SYNCHRONIZATION

The oscillator can be synchronized by an external pulse
inserted in series with the timing capacitor. Program the
free running frequency of the oscillator to be 10 to 15%
slower than the desired synchronous frequency. The
pulse width should be greater than 10ns and less than
half the discharge time of the oscillator. The rising edge of
the CLK/LEB pin can be used to generate a synchroniz-
ing pulse for other chips. Note that, the CLK/LEB pin will
no longer accept an incoming synchronizing signal.

General Oscillator Synchronization

VsYNC

$/ 390 Cr
T |

> MWV
= 10Q

|
|
50Q = |
External e

Clock =

UDG-95111

Operational Waveforms
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HIGH CURRENT OUTPUTS

Each totem pole output of the UC3823A,B and
UC3825A,B can deliver a 2 amp peak current into a ca-
pacitive load. The output can slew a 1000pF capacitor 15
volts in approximately: 20 nanoseconds. Separate collec-
tor supply (VC) and power ground (PGND) pins help de-
couple the IC's analog circuitry from the high power gate
drive noise. The use of 3 Amp Schottky diodes (1N5120,
USD245 or equivalent) as shown in the figure from each
output to both VC and PGND are recommended. The di-
odes clamp the output swing to the supply rails, neces-
sary with any type of inductive/capacitive load, typical of a
MOSFET gate. Schottky diodes must be used because a
low forward voltage drop is required. DO NOT USE stan-
dard silicon diodes.

Although a "single ended" device, two output drivers are
available on the UC3823A,B devices. These can be “par-
alleled” by the use of a one-half ohm (noninductive) resis-
tor connected in series with each output for a combined
peak current of 4 amps.

Power MOSFET Drive Circuit

D1, D2 = 1N5820

UDG-95114




APPLICATIONS INFORMATION (cont.)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

GROUND PLANES

Each output driver of these devices is capable of 2A
peak currents. Careful layout is essential for correct op-
eration of the chip. A ground plane must be employed.
A unique section of the ground plane must be desig-
nated for high di/dt currents associated with the output
stages. This point is the power ground to which the
PGND pin is connected. Power ground can be sepa-
rated from the rest of the ground plane and connected
at a single point, although this is not strictly necessary
if the high di/dt paths are well understood and ac-
counted for. VCC should be bypassed directly to power
ground with a good high frequency capacitor. The

sources of the power MOSFET should connect to
power ground as should the return connection for input
power to the system and the bulk input capacitor. The
output should be clamped with a high current Schottky
diode to both VCC and PGND. Nothing else should be
connected to power ground.

VREF should be bypassed directly to the signal portion
of the ground plane with a good high frequency capaci-
tor. Low ESR/ESL ceramic 1uF capacitors are recom-
mended for both VCC and VREF. All analog circuitry
should likewise be bypassed to the signal ground
plane.

| TO ANALOG
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Open Loop Test Circuit

This test fixture is useful for exercising many of the
UC3823A,B, UC3825A,B functions and measuring their
specifications. As with any wideband circuit, careful

grounding and bypass procedures should be followed.
The use of a ground plane is highly recommended.
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, inciuding those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tldeems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using Tl components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express or implied, is granted under any patentright, copyright, mask work right, or other
intellectual property right of TI covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 2000, Texas Instruments Incorporated
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