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Table 1.1 Standby Power of Home Appliance (KERI, 2006)

7)1 A8 dEAAA7E
BA-d5 o714
== [A7H/a]
[H/7F] [W]
A Off | F449 Off
A&7 0.95 0 5,669
7173747 0.1 3.79 3,397
of o] A 0.42 4.87 1,949 1,290
X 57] 0.88 0.65 421
2171 A1 2 7] 0.07 0.96 4,018
A2 91 ] 0.62 2.77 4.848




F 1.2 U7 oA d%

Table 1.2 Standby Power Regulation

A& = v = EU s
1W (A&)
2 212 12 -
1W ('10) 4W (07)
A 871 - 1W ('10) 1W ('12)
1W ('10)
A7 0.5W ('12)
2W (07)
o o 71 - -
1W ('12)

Converter)7} HA3dle] FA QAR HYdte] 74 4
9 AgueE FEE S b 408 AT ] Wl ol A4 3l
71&e A28% Edolw AWYE AASH7] ¥siA = RCC(Ringing Choke
Converter) WAolu}  tlxFg E(discrete) %3 PWM@Pulse Width
Modulation) ICE o]&3dle] AASGA W, HTolse AEZY 9 428s 9 v&
A4S 9stel  TinySwitchtt FPSeF e Fug=zrt Ugdsd #3 gz

Intelligent ICE AM-&38te] Fdsta Q)
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2. 2913 d=Zd oA

2.1 PWMEA £ W x) Ao
SMPSell A &8 x%e] d=eelds fslids Al A7t Easiv. o]
ok SMPSe FH3 Ao sz wAYY s 1y 2,139 @2l SMPSe] &89
Vo7l At #ul sl25 AA 7= Vrefe) viaigth o 7|4 vehves 23t
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a9 2.1 PWM Alofg=z FAE

Fig. 2.1 PWM Control circuit diagram
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2.3 TinySwitch®] A& A3 ON/OFF Ao
TinySwitch IC= #5F Alg+ ON/OFF A|o](Current Limit ON/OFF Control)

Ao 294 davelAdtt of Aol wpe uR Feje] AN &9 A

il
offl

2 Fnprt Wets Aoz 712 [AHA

2

S 2ot

OFF # v} TinySwitch+= ©] dfF Ag2= ON/OFF Alofol ofsf| xo]ZFnirt

FET<2] ON AJ7He- 12 fAe A[x7E lF HA7/ Agkghe] Lds)

o AYsre A4 9 A%IT Bas wedAe 4 2.D3 gl Hilzd

12 'l ~ A Uk, T35, ado o& &Hae "AEHgo] A=}
1 2 . i

POUTZE'LP']P'](SW'U (2.1

+O +
DC Output
g .
TinySwitch
EN
jBP
%
[N S |

a9 2.3 TinySwitch& o] &3k 7|2 3=

Fig. 2.3 Basic Circuit using TinySwitch



DRAIN

BYPASS
(BP) ol
REGULATOR &
58V
LINE UNDER-VOLTAGE T
240 pA l 8 50 ML 8
FAULT BYPASS PIN
PRESENT UNDER-VOLTAGE
AUTC- *
RESTART s
»| COUNTER cunpent | sV v
< oLt STATE] 4 ;
MACHINE LM
Tasav RESET -
. I CURRENT LIMIT
' COMPARATOR
ENABLE
JITTER
CLOCK I_
| i
1.0V +Vr soguc LW LI 1 THERMAL = —
Jlo SHUTDOWN
OSCILLATOR
O0—
ENABLE/
UNDER- 10V
VOLTAGE ] )
{ENIV) :1 )

Laat O—ZE]

SOURCE
(8)

19 2.4 TinySwitch 7|5 &F tlolo| 1 ¥

Fig. 2.4 Function Block Diagram of TinySwitch

Enable signal sampled each cycle

Mg = =

ENABLE ———%- ; Y Y g \ A
LOGIC SIGNAL | g ; ; ; ; g

Clock

lumarr- -
loRAIN

¥l 2.5 ON/OFF Alejel] 2]t TinySwitch @ =@ o] 4

Fig. 2.5 TinySwitch Regulation with ON/OFF control



3. TinySwitch % % %%

3.1 TinySwitch IC9] +%

PIite] TinySwitch® 700V ©}¢] MOSFET, 2 d#olg, ¢t =94 2 =
i A2, AF A thermal shutdown EZ2E dhrbe] yvlolxz F3bsh
Intelligent ICo|th. A&} Al w& 319+ wmpojol 2~ P|M D} npojoj 2~ HAF Ht
25 AA =gl Ao Hstel A AR 1&gt

% 3,13 3.2% TinySwitch IC9] 7|8 ofZgAlold B 75 &5 tholo]a
WS el e, 229 o], enable circuit (sense and logic), AFA8F 7R 3=
(Current Limit State Machine), 5.8V @& de|g, o]~ 7 A G 7]
3] 2 (Bypass pin Under—Voltage Circuit), leading edge blanking® 700V I}£
MOSFETe 2 FA=eo b, T3 H2 98- vg7d# (Line Under-
Voltage sense), 2 & ¥ 2~EE (Auto Restart), =3 A E(Frequency Jitter)
4 F71 I RE FEsksT.

=%1(D) ¥ MOSFET®| =dQl |2 o= Axah A4 el 544 W
& AR/FE ¥ Bypass(BP) ¥ U Feol A WAH 58V 358 1Y
S0.1uF 95 wpolslx AFAEHEZ dAdse A4S I} Enable/Under
Voltage (EN/UV) & 483} A 98 A=
Qs 2ol = 39 MOSFETE 2~9AS Alojgttt. MOSFETS ~¢HL o]

ol EZv} e+ AF7F 50uA o] Y A9 MOSFETS ~¢d F#o] &3}
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EE US%LD;;IDF EE T DC Output
—T—K} ' . 0-
Wide-Range
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EP

TinySwitch-ll {
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19 3.1 TinySwitch IC o] =g Aol A

Fig. 3.1 Application with TinySwitch IC

BYPASS DRAIN
(BP) =
REGULATOR &
58V
LINE UNDER-VOLTAGE T
240;1A¢ 8 50 uh* 8
FAULT BYPASS PIN
PRESENT UNDER-VOLTAGE
AUTO- *
RESTART O
»| COUNTER cuprent | sy v
- »LIMTSTATE] 48 I
MACHINE LiMim
Teav RESET o
, I CURRENT LIMIT
. COMPARATOR
ENABLE
¥
JITTER
CLOCK l_
=
1OV 4 VT ooyl Ll LI 1 THERMAL = —
o SHUTDOWN
OSCILLATOR
o—+
ENABLE
UNDER- 1.0V
VOLTAGE ] a
{ENIUV) ;1 )
Db
LEADING
== EDGE
BLANKING
0
SOURCE

(S

% 3.2 7% 55 tolo]a#

Fig. 3.2 Function Block Diagram
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3#* 3.1 TinySwitch IC 7] %

Table 3.1 Function of TinySwitch IC

Wi 3= F8 7%
- Typical Frequency: 132KHz
Oscillator - CLK$} DCMAXE Ao 294 Cycles
A8t 7} cycled] A&S vepd
- 240pA AT
> %7 DisableEd/290% &
Enable 3|2

- MOSFET 2=$A] A]o]
- High : ON, Low : OFF

Current Limit

state Machine

- B3 24 4%
> EN/UV Pin¢] #¢ level RUEHFP 2

Current limit level &

Regulator

- 5.8V Regulation

- 6.3V Shunt voltage Clamp

Switching Power

MOSFET

- SMPS 3= F&<& 9% Switching MOSFET

BYPASS Pin

under Voltage

- 3 YAEZZ/AEA A%
- 4.8V ©|3l* MOSFET Disable

Temperature

- Die &% ZXA
= 70C hysteresis® Zt+ 135CE setting
> Threshold®]XA] MOSFET Disable,

70C+ Re-enable Point

(% 3.1 A%)

11




Ui =

T8 7%

Current Limit

- MOSFET®lA A5 A

Leading Edge

Blanking

- MOSFET OnAld] &< AlZHTLEB)%¢t
current limit comparator® 4],

- switching-pulse®] 23 £8 X

Auto-restart

- fault condition®ll /] Auto-restart Operation
- Output overload, output short circuit,
open loop condition
- Clock® W& counter reset

- fault conditionA A7}A MOSFET Switching

Line under

voltage sense

- External A32 ©]&-3F DC line Voltage U E#

- Auto restart counter A%t

12
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Fig. 3.3 Operating Waveform at Loading
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3.3 TinySwitch®] E&to|dy] AWY TF
3.3.1 o)A Zetol W AW EH(DCM)
7. Al 1977t & (Turn-on)
29 A7 st 125 AR/ AAHer Zret Esaxee] A3
AEE 2o oz oA 7F AGdrt s A (3. Dol wpeh A x4 oz
W 29 JFHE Cle S8 a9

| v, _VDS(ON))XION
prr =17

Voram

a9y 3.4 A 19+%F 52 (Turn-on)

Fig. 3.4 Operation at 1% section (Turn-on)

v A 2987 52 (Turn-off)
1215 AW A| 7} 22502 AEs = F7roez 1, 22 HA e} &8 7%
ol& Voro] 2 (3.2)9 o] &A=},

Vor = (NP/NS)(Vo+ VF) (3.2)

o
)
o
lo
hu
olN
N
_O|L
s

Ver = Vine]l @ w712 LmCre F3lol o&] Lve]l A
Vv Vero| &7k whg 7430}

Vim = Vv — Ver (3.3)
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Ver = Ving ] Lmeoll 4% oy A7} Cr& Al =4-1AAH Ver = Vin + Vor

NA %A

+m-
i:'a!ﬂ c‘T “'-u R
i
e
_Cr| Ver = Vin
I D2
NN 1
o I\ wl I e v 2
— H L § o
=1

a9 3.5 A 297 52 (Turn-off)

Fig. 3.5 Operation at 2nd section (Turn-off)

ChoAl 2977F FA - 2% el = ON 7°%F
Ver = Vi + Vor ©] 53 225 te]l = D27} %8st Lme| o x]7} 2
2502 dogtrh, old|, Ver = Viv + Vor® S E )

Vin =(NP/NS) (Vo + VF) (3.4)

m
2
o
ki
RRS
b
)
o

2l (3.4)0 9& Vim = Vor® FHIEno] v 2
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19 3.6 Al 25°7HTurn-off), 225 t}o] 2= ON 7t

Fig. 3.6 Operation at 2nd section, D2 ON

k. Al 377 &2 (Turn—off)
o] 7+ 1A= Ay X7 “070] Hol =l Heto] Vi d7bA] Ul 7o}
b 1, 22 & o AF{F7F E2EA &= 3 B AET, Ver = VwolW Vg =

0 ot}

Vor

vDRAIN

interval 11 ,
1

|PRI __g/

1.

/.

SEC

a9 3.7 A 377 52 (Turn-off)

Fig. 3.7 Operation at 3rd section (Turn—-off)
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a9 3.9 A 194+%F 5% (Turn-on)

Fig. 3.9 Operation at 1% section (Turn-on)

L. Al 257 (Turn-off), 225 tho]l 2= ON 3¢
EdEu 23 e 2o AAHYE o UR| It 23= 32w Adwd |
A5 A7 A JAEE g k)t 32 FStel F9), 225 FE5 0]

L7 FAL Tk EH A dd wet F-9)8k= A Aol crossover A

N

o] AL o] crossover A G| A= 1x= HAHFE Cosset Cxtoll

FHEo] Vel " Vs X33+ VdsA L2 breakdown voltage rating ©]
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=

‘I‘ Coss*oxr

Vp=Vin+ ¥Lkp + (Np/Ns)(VotVf) + (Np/HNsiViks

19 310 Al 277 A, 235 ve] 2= ON 3¢
Fig. 3.10 Operation at 2" section, D2 ON
o} Al 377 (Turn-off), Lm3} Cre &3
Im =0°] W Croll FA4H oA 7} Lmell AlvAE ALt} (Lmd Cro
FZ). o] W], Ver < Vin + Vor 7} 522 225 tho] 2 =7} OFF3t}, Ver =

Vinel Lmell &AH ouyuA7F Cre& S8 WA dOmy} Cre 33 =

=

Vere] Vings 7|22 LC

a9 311 Al 37 &

Fig. 3.11 Operation at 3" section
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4. N=" 74

4.1 74 A28 7%

Y 418 B2

ojofiRo R,

&

2 A7

Assembly Part, A]2~81 AAE Aolst+= DC PCB Assembly Part,

FAE YERY = Sub PCB Assembly Part® 9o o),

8%
- AC PCB
A7 71s

AC PCB ASSEMBLY

CN-POVE
USE 250V T215A
v

CN-ACDCE
CH=ACTC

r=—=-1
|
o228
|
Lt

CN-LCDE

DC PCE ASSEMBLY

ChH-LCDE  CH-SENSOR
1 1

CH-DUST

CH-LR|

MW
[

e T

CMN-LLCDE-1

EN-GAS/VEL

— | —
CH-LCD-2  CH-SEWSOR

SUE PCE ASSEMBLY

OH 41 VA A

Fig. 4.1 Air-purifier system diagram
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4.2 AA A%

T 412 FAG A e Zehe]w Wy o AAALFe|th exeiel 9
e 195 ~ 265VACe|™ Hofeolw] AWy 8¢S 228 ~ 375VDC7F Hoh
upbeba Zeheld] AW o Q1Y <t Ao f¥Eekel 375VE Aot A

A 228]s AARY 293 Fake 132kHz= Alo] vnfo] 2o faf 117 & o]

oo
>
©
—
>
b
>
[>
g
lo
M
)
rN

glon ZdAee 12VDC, 15VDC, &dAFE= 0.

He 11L.1WE A8t

¥ 4.1 Zo) AWy AAAY

Table 4.1 Condition of Fly—back converter

g = A} <k
ool o4y A 195 ~ 265VAC
Zdtol AvEH YF AL 228 ~ 375VDC
] Voutl = 12VDC
=9 Ag
Vout2 = 15VDC
Toutl = 0.8A
=9 AF
Tout2 = 0.1A
&9 A¥Y 11.1W
a8 80% o)A+
7] A4 1W o]3}
=9 g& 100mV °]3}

22



4.3 Ao Hupol= HE B HA
4.3.1 TinySwitch IC A ¥
B =FoM = Phite TinySwitch IC Yulo] ~E AF&37] 2 3}t Ao IC

= Plitol A AFdE F 429 & &9d tnlo]l~ AAgE Fudgon

Voltage Vds max+= 700V, Drain Peak Current Ids+ 560mA®]t}.

=5

¥ 4.2 8" w2 tufo]n A9

Table 4.2 Output Power Table

OUTPUT POWER TABLE

230 VAC +15% 85-265 VAC
PRODUCT®
i1 0 {1} 0
Adapter” Fraprﬁg'if' Adapter! Frail)"r?giii'
TNY263P or G 5W TEW | 37W | 47W
TNY264P or G | 5.5W 9w 4'W 6 W

TNY285P or G| 85W | 11W | 55W | 7.5W
TNY266P or G| 10W 15 W 6 W 9.5 W
TNY267P or G| 13 W 19 W 8 W 12°W
TNY266FP or G | 16 W 23 W 10 W 15 W




¥ 4.3 TinySwitch IC &4l

I

ALl

Table 4.3 Electronic condition of TinySwitch IC

ABSOLUTE MAXIMUM RATINGS""

DRAIN Voltage

DRAIN Peak Current; TNY263......
TNY264.....
TNY265.....
TNY266.....
TNY267......

TNYZ268...

BNV Voltile -
EN/UN Curteiil covnnnaimamimniin

e D3V 10700V
s aDA

56(0mA

cvsnssnere 1 20MA
vonnrnrneneenee SOUTIA
D3IVwuv
e 100 MA 3,

Notes:

I
b

1716 in. from case for 5 seconds.

BY PASS VOHAEE vmicinnicmmminainmmm DSV GOV
StOrsge Temperatiie et 03 °Cto 150°C
400mA  Operating Junction Temperature® ..........oeeed0 °C 10 150 °C
HomA  Lead Temperature®.......vcosmmsissimmsssensssminen 200 °C

All voltages referenced to SOURCE, [,=25°C.
Normally limited by internal cireuitry.

4.3.2 TinySwitch IC Library A 7|

el 428 ¥ 445 AANZEHY &9

2S #ste] AAE library 32 W 5 B

x

_]

1o

M=1
W=1.250
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19 4.2 TinySwitch W Circuit Library

Fig. 4.2 TinySwitch IC Circuit Library
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¥ 4.4 TinySwitch 228 B&F 2 8 7%

Table 4.4 Parts and Function of TinySwitch IC

7% Ref No. Value Part ¢ 8 7%
M6
M7 ON/OFF | F/B &% A| Enable 32 25 $%
M8 MOSFET S/W &
Enable M9
3= R14
4.8K Pull UP A3
R17
Vb 3V M6 Gate Open H <t
V6 1v M7 Gate Open At
Clock V4 Clock A4
Ay 3= V7 Dmax A3/
v 3 3= U3A 74AC08 F/B 2132 Clock "l 3|2
o1 - = U4cC 74AC04 Dmax 21& wbd
Ul1 R-SF/F | Clock # Dmax Zg3stel PWM A5 A4
FET Drive U10A T4ACO8 R-SF/FQ €9 5V LevelZ2 E49F
3= R1 100 Pull UP A&
R11 4.8K Pull Down A&
M10 Mbreak SMPS Switching & MOSFET
MOSFET
D3 Dbreak 700V Cutoff € Diode
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enable 329 &2, DCmax A& 235l MOSFET Gate A& AAlso),

D dde Yi ddoly, E 949E switching MOSFETZ 700V break down 3]

‘ IFreg)
B

Source!

19 4.3 TinySwitch IC 7)Y &g

Fig. 4.3 Function Part of TinySwitch IC
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o] Ae Y AddlAs Pol Ask AdWs ARe| s A8E AR
tho A2 B 71o)E 2915 OFFA 2315004 sl 5E 44 VB
of sl 2 ol 29Ael ARG el AGHCE ¥ ATe A

T JeW He Mg VesE 330VE ARtk olddk vjEvd BE TRE
==
-

e
o
o

o

(duty) D& A 2Hs} | vtk SMPSe] B85 80%= 714t 98
13.9Wolt}, oju] 94=Hd™ Pin = Vin(min) * lavge| 22 Hu AHAF lavgs

0.063A=E At o] A& A= 2H A (4.6)3 F.,

28



- p.,-2)

V1N (min) (4.6)

avg

Al/TP =052 7F4%A yadiFsE A 473 o] ).
4.

! 4 Py

]P _ avg _
3 D 3D I/IN(‘min) (4 7)
wobA, EdaEn 1250 1Y d s ghe A (4.8)¢F o] Atk
_ I/IN(‘min) T — 2D VIN(mln)
M A ON — Ji f
PoSw (4.8)

2 (4.7 (4.8)8 o] &dte] AAE ZEe TP = 0.14A°] 2 TME 1.2mHo|t},

ot 22k A
Edsxu o] 22150 o8] Y Aeees o] F 7MY 2 FYd™s e

2
g sj=w Aoldith ek g WA gAs Folob @ gE o &Yolth

2 (4,93 2,
1 Al
Tty = 1o = (=D)L (1= =)
2P (4.9)
Al2 / 12P = 0.52 7FASIH 225 thole =9 I I |/ 2P 4 (4.103% &

o] gt

29



o o Wl ] N
oy | :]-—1 511—1__, | +I :

1Y 4.5 2345 el HFvhd
Fig. 4.5 Current waveform of 2™ stage Diode

— ﬂ . ]D(;avg)
3

1-D

]0
1-D (4.10)

_4
3

EdsEy 2350 AuEs ge A (41D 2ol A

_ U+ Vp) (1-D)

V V. +V,
LS = TOFF = = TOFF 5
Ly Lyp - Ssw 4.11)
A (4103 G 1DE o] &38te] Ade g2 12P = 1.48A°]1 LS+ l6uHeo|t},

o] @& ol&stel 22529 © & Are A (4.12)% £

P (4.12)

oldEl 2~ Bl Zro Aol v|E ey W SEE Aoz 12V &Ho 4

718z} gol AVB2E siAstEd & 4.58 o] A4A4e vFEs dE



=5

1.5 A28 29 27329 v T

Table 4.5 Comparator between Electric and Magnetic circuit

A7) 32 2713 2 H] 3L
EMF mmf EMF = Z¢t
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A5 (Current) Flux @
A% (Resistance) Reluctance R
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KEY
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Fig. 4.6 Designed Transformers
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Fig. 4.8 Designed Fly—back converter block diagram

RE D2
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MV 4t
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470u 10k 339
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K_Linear 1
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R3 R4 D1
12V
AN —WW Dt
15
RIS 0.8 D1N4004
110Kk 5= Ci1o
D.01u 1 2
| L1 L2 > RiD
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a9 4.9 AAE Fly-back SMPS circuit

Fig. 4.9 Designed Fly—back converter circuit



¥ 4.6 SMPS 2] =9] Part-list %

8 7%

Table 4.6 Parts list and Function of Circuit

7% Ref No. Value Part & 8 7|5
12} C7 350uF Ripple Voltaget® Vrms® 7% o|U] 44
AF3 = R16 560KQ ey Ak
R15 110K
RCD A8 A AC300V, Full £3F Q7kA]
C10 0.01uF
Snubber 3= Vds Ak 700V mjgk & A
D7 1N4937
R3 1.5Q L1 2] DC Resistance
R4 0.89Q L2 2] DC Resistance
R6 0.89 L3 2] DC Resistance
Transformer
L1 1.2mH AHAY WFol wek 29 AFE HET A
L2 16uH - 12V > 0.5V ojyd #A
L3 19uH - 15V > +1.5V oy A
22}_15V Rectified Diode
D2 UG2Dh
- Irms, Vrrm, Trr Spec € W& & A
22} 15V
Ripple Current® Spec oWl #
AR 3= C3 470uF
Ripple Voltage Ratio Spec o #A
R5 10K& oy A gk

(% 4.6 A%)




7% Ref No. Value Part ¢ 8 7%
22F_12V Rectified Diode
D1 UG2Dh
- Irms, Vrrm, Trr Spec & %% & A
22F 12V
Ripple Current¥ Spec oWl #
AqF 3= C2 1000uF
Ripple Voltage Ratio Spec o]y A
R7 47KQ ey A gk
RY 3398 =9 15V ¥3} 2> 44.2mA
3t
R11 28 .48 =9 15V {3} 2 420mA
R10 390 = A 7k WA we &9 HEE WS
R8 1K& g A
U2 TLP421 - 12V +0.5V oy A
F/B 3=
- 15V > +1.5V oy #
D& BZX55C11 - F/B A3 R10 ARG
= 398, 2208, 3308
1 A WEd wE A3}
Switching IC U3 TNY266 17} Al Spec AF810% 24
- Vds max , Ids max > £%(Watt)
P-spice GND 54 ° 98] F7 5= A
GND ¢ R2 1G&

- AA BZ2oE AR A Ee




5. Simulation 2 A=

2 518 4ol AAE

t}, B Ao A= PSpiceE o]&3t ZTfo|u] AW E

| Switching &2 fe— F/Back 32

29 5.1 Eefolu] AWE He tjool1al

Fig. 5.1 Fly—back converter block diagram
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5.1.1 %

b _17F a4

185 ~ 300Vac <17}

EN
Y
2
X

12V, 15V &8¢ Waks sjaaigl.,

=3}
Ul
—
%

N

J
=

Z=2

Table 5.1 Analysis condition

Switching Coupling £9 3}
q4g As Duty H]
T v Al 12V 15V
185Vac 0.987
230Vac 132kHz 35% / 420mA | 44.2mA
300Vac 0.99
F 5.2Vds 3 =9 A A3
Table 5.2 Analysis result from Vds and output
¥y A AEE AT Vds 12V &9 15V &9
185Vac 415V 12.02V 15.4V
230Vac 0.987 476V 12.02V 15.9V
300Vac 601V 12.02V 16.3V
185Vac 413V 12.01V 15.4V
230Vac 0.99 468V 12.01V 16.0V
300Vac 599V 12.01V 16.7V
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- 185Vt 12.02V - 185Vae : 12.01V
230V, : 12.02V 230V, 1 12.01V
300V, : 12.02V 5 300Ve @ 12.01V

185Vac 15,4V 185Vac t 15.4V

230Vact 15.9V 230Vac  16.0V

300V,ct 16.9V 300Vc 16,7V

o 15 e B P @ B 1 T e

ing mre

(b) AZH AF(FHS 0.987, %5 0.99d w& 15V &4 W3
O 5.4 12V, 15V &9 #et

Fig. 5.4 12V and 15V output voltae
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185V, 5.6ms
230V et 3.4ms

300V 5
200V ac
185V 4

300V et 2.2ms

;;;;;

Lo

Tine

5918 Agte] we ¥=u wa

fai
(@]
U
T

1

Fig. 5.5 Feedback at Input voltage condition

I 5.3Vds % &9 a2 4% (5-438h

Table 5.3 Analysis result of Vds and output (Non—loading)

48 A | AER AF Vds 12V &9 15V &9
185Vac 401V 12.02V 15.2V
230Vac 0.987 460V 12.02V 15.9V
300Vac 589V 12.15V 17.0V




(0)300Vac 918 2 A] Vds
19 5.6 FHE e Vds W3

Fig. 5.6 Vds at non-loading
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185V ,e 1 12.02V
230Vac 1 12.02V
300V e 1 12.02V

Lo

::::::

185V e 1 15.4V
230Ve 1 15.9V
300V 1 17.0V

Lo

Tine

::::::

''''''

(b) 15V &9 9t
A 12V, 15

5.7 83

fai

1

Fig. 5.7 Output voltage at non—

V&Y At

loading (12V, 15V)

uE &9 Wske gtk 16V 98
37 al = Al 7bo]l Hs) 9l7bA wt)
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185V et 4.4ms

@) @) @)

- - -

2|8 |5

o M | 230V et 2.9ms
o N —

300V et 2.02ms
" ) “M“ w;.w;‘ml‘t“,fw i wmw'-‘r!."‘" il 4 i""“ “"gmwww@mﬁm‘M R “WWD“M

L5ms 2512

Tine

Vin * D = Vreset * (1-D) (5.1)
Vreset = Vin(min) * Dmax / {1-Dmax) (5.2)
(5.3)

Vds = Vin + Vreset
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470u 14
M A
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K3
K_Linear b
COUPLING = 0.987 =5
R3 R4 D1
15
R15 0.8 D1N4004
110K C10
0.01u 1 2
L1 L2 R10
1.2mH 16uH 39 =
14
D7
K D1N4007 5 ;
y 0
u2 1

a9 5.9 EdsEe AT A5

= O

Fig. 5.9 Transformer coupling value

Vds

(476V)

o1y 5,10 A 2y uk3

Fig. 5.10 Analysis result
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52 4d ¢ AF
5.2.1 RCD Snubber
EQsEv 1A 29 el Axel o@ Vds A 35 wAA 9%

o] R-C snubberE AF&3ly, & =Fo x~"lo] AHL¥E snubber resistor

110KQ, 2W 2318 A&Ed o] 279 230Vac @ 300Vac = Fal oA &
Qs it
230Vac 24X =443 Vdse 467V, Idst 392mA=R gelatgct. A=

L
o
iin}
&
fo

A AlEeelda] Fatxdo] Aeolds st o, Ay A}

fARHe Feletgltt

Topped 1269 TOORS/S — T0RS /i [toppea_y__ 71 100MS/S__ 10HSAtiv
43 AT 1071
" 0.200 U/div
CS0 Full
CHZ 10:1
0.100kU/div
B¢ Full
A3 171
Eo 0.100 U/div
DC5@ Full
l ’l l }l l l l CHa 101
Bl iy ledd, el 0.100kU/div
4 . . C  Full
e

302mA

Edge CH3 T Edge CH1 ¥
AutoLevel AutoLevel
0.004 U 0.062 V
—P (C3) 229.167nU Freq(C3)  64.47453kHz Rns (C4) 348.090V -P (C1) 268.333mU P-P (CZ) 454.167V
Max (C3) 157.422nV P-P (C4) 483.333V Freq(C4) 105.2632kHz Max (C1) 153.125mV Max (C2) 457.422V
Min (C3) -71.7448nV Max (C4) 467.448V Min (C1) -55.2083mU Min (C2) 3.25521V
Rms (C3) 18.8399nV Min (C4) -15.8854V Rns (C1) 37.7416mV Rns (C2) 352.622V

(a) Vds (b) Ids
a3 511 230Vac 18z A2 Vds, Ids

Fig. 5.11 Vds and Ids at 230Vac

o] Ql7FALel 300Vac 2ol ZH A3} Vds, wattage, &€ =+ 25
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# 5.4 300Vac Snubber #3 =3 4}

Table 5.4 Analysis result of Snubber resistor at 300Vac

AA 71 %3 43
Vds 700V °]3}t 567V
Wattage 2W o]3} 0.97W
e 2x 35Deg. ©]&} 19.6Deg.

(a) Vds 54 (b) & &%
2% 5.12 300Vacoll A 9] Vds B TEd %

Fig. 5.12 Vds and operating temperature at 300Vac

3l

o
)
e
°

[

o
i
%

293 Rabel W A #EF Ate] A4 bof, 2l
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[TER S 2.50M575 7458 ACqs ﬁ TeK ST 10.0M575 6 ACas
- g T | ) [- et ~Foftes : ]
: P 5 1Az 10.2my ’ T T e, Ald3ps Cursor
l@t 2.3my 18N ® 3 Function
i ok 12V -; ne S Ao e
| c2mms i
bz, tthenne 5.043V : off
| : i ' } g I
IH!-. L 1 1 Hin n rn 1 Max ! —
TR T T T || S
. : | AR f y 4 !
e S s ) i s S B IR Rt s L A e 11 1 3 QI\{”II-‘EE'-TEU'_:‘UJ{‘JLvl ':
e e - . 176V ‘U’ \J \ &' \.Jl |
| s f | LA R R \ ]
: | | 4 M ! i : TS g i
-'Mj\_w\]/www;{;f‘w_\./\. _,.ww-v_;’\_,.l/ O et M WW_\W«'«VWM—*WW I Pl piired
,,,,,,,,,,,,, oot L, . d
G i i lcht 100mve Ch2 2,00V ﬁ:j;:\ 6.8mv
; I Ch3 5.00V [ 10.0mVe I
CQI lgﬁmyg gl_]-% '2.00\f _ W20.0ps ChZ\ 332V 11)ul 2001 [m Mode I Time Knﬂ.\'l?_&udéi | ]

(a) 12V (b) 15V

18l 513 Rl se) e E9det

Al2~8l HAA] ST 399, 2209, 330Q 37FA] feedback #| 3lel] ojs}ed

de A9 WEee el 9k A9 A% 3000 A xFow el g

ct.

x

X8

¥ 5.5 Fale] wpE 12V &8 A

Table 5.5 Output voltage from loading (12V)

FaE 12V F3t i
F/back A& 0A 0.2A 0.5A 0.8A
399 12.1 12.05 12.03 12.06
2209 12.01 12.3 12.27 12.33
330Q 12.27 12.46 12.42 12.51
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126

125 I
124 F
123 |
1122 | 89k
%404 —8— 2208
| —+ 3309
119 F
118 I

1.7
0A O01A 0.2A 0.3A 0.4A 05A 0.5A 0.6A 0.7A 0.BA
F35HV]

a9 5,14 y=wzsle wE 12V 9 HA9d

Fig. 5.14 Output voltage from feedback resistor (12V)

¥ 5.6 A WHTo W Vds, Ids

Table 5.6 Vds and Ids from voltage change

a4 A 185Vac 230Vac 300Vac
Vds, 25T 409V 467V 572V
Ids, 25C 149mA 161mA 165mA
Vds, 50T 405V 467V 584V
Ids, 50C 153mA 157mA 169mA

o1



[007/06/14

[2667,08.14 12:41:40z [ ———=mm=——j10«  Normal 12:43:37z [ F——— 10« Normal
Stopped 1299 T 100MS/S _ 10uSAliv Stopped 1492 q 100MS/s _ 10usAliv
TR AT
CH3 1:1 CH3 1:1
o 0.100 U/div o 0.100 U/div
7 11 7 IC50 Full
T A W K 00 A T O 5
1 n il " el EXI bl bk " 5 100kU/div
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Fig. 5.15 Vds and Ids from voltage change
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Table 5.7 Design condition from input ripple
3= AA e =3
Ripple Current 100mA °]3}
Ripple Voltage Ratio 15% ©o]3}
&5 35Deg. ©]3}

2% Ay AC 185V ¢17F Al A Irms = 70mA, Vp-p = 25Ve|H, AC 230V

o7} ZAo A Irms = 72mA, Vp—p = 25V, AC 300V ¢17F ZA M Irms =
W st glew, 2]& Ratiow A

67mA, Vp-p = 17VZ AA &7 ~32 15

(6.3 o] 2 5 3l

Ripple ratio = [Ripple Voltage/(ACSI7FASF = 1.4)] = 100 (5.1)

A (6. Dol wheh ZF I7F Ask 2319 2& Ratios 8%, 8%, 4%°|v, 73 A]

Hel &% 54 23 11.1Deg. 2 &7 29
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s0.00s| [CH1 &y
Bandwidt]
Next
Full 12

(c) AC300V 17} =31

1 516 A HEel whE 94 ASAY 2

Fig. 5.16 Capacitor ripple from voltage change
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Table 5.8 Analysis result of capacitor ripple

185V 230V 300V
Irms 70mA 72mA 67mA
Vp-p 25V 25V 17V
Ratio 8% 8% 4%

3.A1Wel A 0.88W= 2.53W 704 Edeov, tiz1dy A ] 1W v

g aele.

Store:s Uyour . =
Lt 100 Tover = = =

Timel
Wpl
W+l

Wp-1

1:00:00
3.41274 ™
5.05955
-1.64662 ™

200406,/18 10:21:41)

(a) 2o A]2H (b) SMPS *] 2=l
a9 5,17 7Y 53

Fig. 5.17 Standby power
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5.2.7 &% (Efficiency)

%
47 A9 2o AT B =R Azgdel e Au Rk 264 99
A 23098 S4 49, 25 80% Axe 58 548 deledrt
X e e PIk=
% 5.9 He WEel e 58 54
Table 5.9 Efficiency from voltage change
+12V +15V Pin Pout Efficiency
800mA 100mA [W] [W] [%]
185Vac | 12.396 16.070 9.68 7.805 80.63
230Vac | 12.396 16.061 9.75 7.804 80.04
300Vac | 12.396 16.064 9.89 7.804 78.91
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5.2.8 EMI (Electromagnetic Interference)
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Fig. 5.18 CE Analysis result
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Design of Fly-back Converter based on

Current Limit ON/OFF Control”

Sung-hak Kim

Depariment of Circuri and Embedded System
Graduate School Kyungpook National University
Daegu, Korea

(Supervised by Professor Byung-cho Choi)

(Abstract)

Recently standby power in electrical & electronic products as an issue of GREEN IT
have raised up. Korea have tried to promote “Standby Korea 2010”7 which is its
roadmap of lowering standby power under 1W., “Energy Star” have been operated in
the U.S.

The Appliances being complied with EuP should be under 1W in a vear after
standby power comes into effect and bring up the issues of intensifying under 0.5W

after 3 years.

* A thesis submitted to the Council of the Graduate School of Kvungpook National
University in partial fulfillment of the requirements for the degree of Master of

Engineering. in December, 2008.
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This paper shows insulated Fly Back Convertor Design of Air Purifier with
TinySwitch IC having power conversion function due to limit of Linear Transformer
coping with standby power.

Fly Back Convertor suited to under 5O0W among SMPS types is designed and Power
consumption of Air Purifier is 11W

This paper tried to verify TinySwitch IC function and potential problem in its design
by PSpice and make its design for the accurate simulation.

As a result, 80% of System effectiveness and under 1W of standby power in 0.88W
was achieved and this design saved system size and making cost with TinySwitch IC
compared with the system with RCC, discrete components and PWM IC.

Finally, this paper shows the roadmap for the developer by Fly—-back converter

suited to digital appliances.
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