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ABSTRACT

This thesis presents the effect of conducted electromagnetic interferen .¢ (EMI) emissions
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devices) Part 18 dmiugamuassy Ineenans uazednsoiniansunnd uay Part 68
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 MIL-STD-461B #in¢ MIL-STD-462 (fumnasgiufiennlavnsnmsvesseme
ANTFOINTN Tagfi MIL-STD-461B Amuarduiasifa (Limio) 1Az MIL-STD-462 vsfivua
SuneunnzIinmaney Tagfinasgussndeziseas@onuinnduaziduduni Feo

L] aiai =y ar L=
soazguamdNRIITuIisninidndoe
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" (1-D)R %] =ne >

nszuatiihgage uazdged Tnarudamienh L wwaunsemidonannisd

(3.21) uaz (3.4) Ta Ay

I, (max)=1, + By
2
V. D n V. DT
7 ,,,(max) = _ZJ R el (3.22)
‘ (1-DY'R (n, 2L,
] Lm(o) = ILm - AIL”'
2
V. D n V. DT
1, (0)=—"2—"_. _Z_J _lin (3.23)
‘ (1-D)’R (n, 2L,

st luTuuanszua lWih Tnadudamiisninuudeiiies sdositlden
P 1 1 o i J s
nszua IWih 7,,(0) Tuawnisdi (3.23) fannaniigud uasfivenasenite Tuuninssue

1A w4 vl A v
nuyseiteuaz Lisatifesozogniveulu

]Lm.min = 0 (324)
2
VD (_) _ VD (3.25)
(1-DYR\m ) 2L.f. '

Tag# £, wnefe anudaiad



34

Tagdmuiisniviunimin (L) dgafiinldnszualifdens lnarkiuda

mileniedensiines 12vidy

_ (I_D)ZR. & i
(Lm)min = Zf; n_z' (3.26)

9 ' 2 W v Y =
MTIANMUIUHIANTEAONAAUVDIUSIAU Iﬂﬁ]ﬂ]u@ﬂﬂﬂ']ﬂU'E]ﬂﬂﬂUﬂﬂ“Uﬂﬁ?ﬁ‘ﬂiﬂﬂ‘lﬂ

wiinneunesined amnsnm ennszualaihilwadudaiuyszafegUd 3.6 Taslums

a

- v o o d A t LA
ﬂﬂclu‘b'?\ﬂ'lﬂﬁgllﬁlﬂUﬁﬂﬂQﬂuﬂ17ﬂ (3.27) ﬂluﬂ\‘m'lﬂﬂ'lﬂﬁi?‘uqfa\iﬂixuﬂclu 1 8UUUMDY

4 & 4 = t o & 4 R & o & 4
iugud Fetuiilugidimdoufiszndufuitudimionnenyiues dofufaddiuitug

; . 3 , , 2
diraenfmInEFansas e ldazainniniues

AQ™ =(DT)(1,) (3.27)

CAV, =(DTX(1,) (3.28)

DIV,

AV, = o .
Ve RC (3.29)
AV, _ D -

V, RCf (330

1NANNIN (3.30) RNt Izandanszaenafuveusaiy Wi d1ueen wile
Tagnisaae D Midhindgud nfemaifiudrIvan wiemudwesdufolszautorfiy

1 A ) 3
anmdiumsadiadigaiu

3.2.3.2 msinnzvinsdiluuanseualidaio

° o o 4 A o Yo o4 o
dmivrnsdawnianeunesmesiievamluTnuanseun linaiieaiy
{ ' P 4 ' - 4 o d, & a
aszua i dInad L, seivivenafudadudendadinssa Seazmifousunse
Twuanszumviaiifes  ed1elsinwnszua il InadnszAssqanaseunseituiiugud

ion3nd hivhnszue dwwanelugyd 3.7
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U 3.7 dounznszua i hideiisswenasimanSaneunesine

of

aumsnszud i Inad L, veeiadadiinssuassisuisusinssua i
é & i I at
e FeozmilauduannIsh (3.4) wiaminy

V. D
I, (max) =% (3.31)

mn

1

Awsedu IthdnsenamsamIdvinmnduiusvesddeihiues  Tasdh
14
Amualdgunstiiaonadugaundoz I mdda Iihdnudenhdusmse ihdusen
k4
wie P =P, dufuezld

2
VI _%
R

(3.32)

inin

¥ 3¢ ¥ . T v
snszua Tfhdnudundossmnsfaiuiivespunfumumaon fumaalugalit 3.7

MIdemunaInIngs 0zl

I :[%J[ V,-,,LDT J( DT)G;] (3.33)

m

Fortuay I8

I, = K;JJ?ZT (3.34)
unuaadluauns (3.32) ol

VDT _ v}

3.35
oL R (3.35)
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Wieudaumsd (3.35) s lddwssdu Mihdruoenmiinu

v,=v,0 X ~yp | R (3:36)
2L, 2L 7,

oA d 1 <
33 nguARUgIuRlnsaunivan

3.3.1 fueutaveImsmivan

Ysztnnvesmsuimanaunsoutvesn iaifumusiadieiun] e

- leewunuan (Diamagnetic) TRud a5 iamsamudammnimEn’ld

1080311 (4, <1) 4NFHIDHIUTYU NOAUAY (copper) 1T (silver) LAZNBS (gold) 1fudu

- WITWNAIUAD (Paramagnetic) AR esfiamsonuSuauunmsnld
dnffes (4, > 1) sndretrumu 1me Tasifiow (chromium) HWaadRvi (platinum) (10

exilition (aluminum) Hudy

- e Tsuuniufn (Ferromagnetic) '18ud asfiannsasudvauuiman e
'
N (4, > 1) 80dI08195U AN (iron) T4AD (nickel) 1AUDAA (cobalt) LAKIMERTaaoYS
(iron alloys) siludu

] 1 . . . 8 [T Y & J tqs
ﬂ']ﬂ’J'lJJ!"IT&Jﬁ'U‘IZJ!mmﬁﬂ (magnetic field intensity; H) mmmaawmcmwuaqnv

mmﬁ’uﬁuf‘iwiwﬁnﬁﬂﬂmuﬁaé‘luiﬁaﬁ"’uqﬁ’ummﬁumiimf&’um«n:im% (magnetic
flux density; B) Taogasdiuvesnnnduiusaindn (u) ﬂsﬂfuﬂﬂﬁﬂﬂfﬁﬂﬂmlﬁﬂﬁﬁﬁu‘]
Tasmunsaidswiuaunis1dfe B= u7 Tavezfionw 4 31de anusiuduutimsn
(magnetic permeability) ﬁmf”uﬁqngiugmﬁ (Vacuum) tazasit I 1o Tsuunudn (non-
ferromagnetic) Tavdulng snuriudifesiidned Famnefemautuaumimsn
silsfuTasassfudmmumuniuamun Wi uasfiqyainimes idmawesod g
usiinafiinfy =g, =4zx107 (H/m) ildawrsofiowdisnuesudunkimin
duing (1, ; relative permeability) I@vnarmduiug u= 4 4 FuSuaumsia Uiy
dmiveTeaudnyusvesTaquuimanse

Tumfiamanmudunimindining dwmiuleenwnnudouasmswunugn
vz ifsanmnaenndnwanudy I duinivesenimyitindin maetaosiiadeis

T =5 o S5 d o v ad = o &2 o [ -
i g, ~1 Jufunasirldglnsslinimandmivsidonsefinddids Seflowldarssinan
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wos TsuumuAnlunsesnuyy
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3.3.2 ANNKUMHUGUUSINIINED

o

. 9t
anuduaumivan @ tarwduiusfus ey dussaaimda (B) A4l
B=uH (3.37)

H= o, (3.38)

e B iimitsfie Wh/m” 158 maa (T) uay
A = ANUEWFUINNAN (magnetic permeability) Y8807 T8 B/m

4, = feavmydy Idhquannresmingy 47 x107 Him

9
w d oy

- = - e ' 2 w4
H, = ABATTEILKUNHANTUNNT NN 1mwmqmunpmﬁllﬂ%unWﬁﬂﬂnu

1 o 1 J
3.3.3 ngmaniisnhusanioulihuesisund
A A =5 = o el (3] o A oA ] [~ o
dennsandsveatanewaiiegiun Tuteudulunsaifiivse luilunulmen o3
Tuzai 3.8 () Amualfuseduihiduundefinszua ldfudumn lnadh feameve
1 i ) é 1 £,
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43 (“ - =1 s A a J 2
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] 4 ]
uxiednit 185 unsvimimandasszou Mihnssurasuriuesh B as s unden vt

T . -
milsnhiudivanianesas dcluaunisf (3.39)

B d(N¢)_ d¢_ dA
TTTa Nd:_ dt (3.39)

T ¥ 1 ¥ »
Tavhifrveausundon i flsninluannsoefuelfnnnguesianud (Lenz’s
law) Foamsmileniuaimin i snaguesaudfind 1191 cusundon IWduniisnia

a i 1 [] o i 2 - ) J
ﬂ:ﬁaQﬁmﬁm\iﬁﬁmmmJ’Eiﬂuunﬂawaasﬁwmlmmamﬁmaﬁawqm‘lﬁ’mﬂuuwm”

audniinswdsunlasduusaiminnouen (4) Sudluaungiilfife
i ] L3 '3 3 5 4 a [ =
usandeu Idfuniienhiu Fvewsuaieu M uniisstivsdu lawnsiidiaa

= ] o 3 1
nazia i lnaduniswasunlaweaduus sunmanifisande (fux linkage: A) 1544w
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NAsgly v, =e, = N, (dg/dr) sliTdmmiduiusvesniemlas i lugaunade
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A =1-2 Tay ﬁxo (3.40)
vy 2 dt

[ k4
MNaNMISH (3.40) 9z 18T mdanlaslugauamindesiidweuduuswsindnds
14 .
nahihfugud ez hiinsgouds datudvesnszuauazusundoulviaiwise
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3.4.1 2970USen0 33 e (Hysteresis Loop)

r k4
wevnmisflewaummiminnnnenenunidemaes Tsuundn msiSeeda
¥ 1 = a 1 o * :iy =
vas Tamumiulngasiiemenuanuuimanainniouen Tnslusieinsfeunasy
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o 9 T & v ' o v ar &y
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] ¢ L 1 = A = ar T ¥ ~ ar i
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Ji 3.1 msBesdivesTamumelumsuimanidie 18Tumsviumiman (1]

Tumsnameumsudimanludsnamey swwihnslasunasdmandu
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B . .
B Residual Flux \ B! I\gxxm.mm Flux
Density \ / ensity
B, Saturation
Flux Density
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Non:n al - / Hpm: Maximum

Magnetization Magnetizing Force
Curve /
/
/ - By Maximum Flux
Py o a—" Density
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= 30=207 20,45
301 20
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Tagannsan Idnnawn1sf (4.33)

r

Gyo =20 log [%]-Gdc (4.33)

A - ' .o 4
19 JSvo P8 A1 Close loop gain NATUD cross over
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H — A' 1 A o, Qs " 3 s 3
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3
G,y =20 log(4>8<150 J—10.44

=53.44-10.44
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= (4.34)
I 271-fx0 AXO pper
RI = AXORUppcr (435)
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(4.36)

C,=
2z f,R,
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PHYSICAL DIMENSIONS ET
PART
NUMBER TYPE g c D {min.) £ F D and
IHMEC | =DM n | 1360£.0% | Sa1=.08 | ATr.012 | 488 | 1035207 | azc.02 EER Cores
mm) | @2y ara - |7 -mes - [ sy 23 - (108}
4352.EC | EER3SL | . | 1782000 | B15z 008 | 4452010 =7 10285 0 | #43x 010
(memn) B0 - [ LD (11,3} - {144y . 1R ms -’
4336EC | SR w | 1802005 | 7792008 | 4e2e 012 | 56O 1B w1 [ 422=0n
{mm) 139.00) . I e T B e {20.9) {12.5)
MI0EC [ SER42 o[ ese0m [ 250= 008 | 7o 012 o [ 1Z0e 005 | Sespia | T
fomy. | 42y 20 P A58 -l e pgan g
"J444EC | 204 n i?utm T3z 008 03 e | 35 i
(mmy} {43.99) ) ey |- @3 {14.8) A
HHMEC | ZTD4 mo | 917503 &8 AT ms | 2015 i
{mm.) (4.80) Sk IR -1 R {18.3} !
4353.EC | ETDEE i 123562051 [ 12202 008 | 832010 am 17608 043 | B52=008 | )
{ram.} (%8) pn.- i | @2 (447 " 21.65) -
"J7054+-EC n [ 27008000 | 2128xm25 | JETros | 1647 230 0% | 7872015
{mm} (ea.58) - [ N [ @#e |- s [r]
CCORE SETS
Effective core parameters 5 | I .
SYMBOL PARAMETER VALUE | UNIT 10.1%08| | ' L | s
XUA) | core factor (C1) 0589 |mm! b I |z02
Ve effective volume 17800 [ mm?
le effective length 103 mm 0
A, eflective area 173 mm? 452 -
+1.o
Amin minimum area 172 mm?2 p—32.5
m mass of core half =47 g ; 1a z_o gr
15.2-30 1T {_L} ;_ -
i
Chinansions inmm,
Fig.1 ETD44/22/15 core half.
49.8 max,
453 min. 522 MaY, —
4—32.3_3_2.—u- 32-3_3
- 15,5"'0’3 p—— 2005 min.——ay

e 5.08

Dimensions In mm,

40.84 -l

Fig.2 ETD44/22/15 coil former, 18-pins.

0
Q175 5,

{ioe
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AuauiAveuitonts 6H20 uazdeyndus

Standard material characteristics (Power material)

Proparly Symool Condition Unk SHI10 SH0 AT [<23] Rz TH10 TH20
G iritial pemwatity Ui 0.1 MHz — =50 2300 2400 2500 3400 1500 1000
Saturation lic Bs 23°C mT 510 510 530 530 530 480 480
Mux dens (1000 A'm) 100 °C 360 360 430 430 430 330 380
|Pesia mand A s Br 23°C mT 110 130 110 110 10 150 130
QICHvYy He 23°C Alm 13 13 10 10 16 30 P
Relative loss foctor TRV 0.1 MHz 104 <5 <5 <3 <3 <3 <5 <4
230 — — (3] 75 80 — —
40°C — — 75 60 50 — —
25kHz 60°C kWims 65 [ 60 50 40 — —
80°C 55 &5 50 40 45 — —
100°C 80 55 30 45 55 - -
200 m¥ 23°C — — 850 550 450 — -
40 °C — — 550 450 350 — —
100 kHz[ 60°C kWim¢s 45 550 450 350 300 — —
Cora loss 80°C 20 450 350 300 358 — =
100 "G 50 400 300 325 375 — —
80°C — — - = - 100 50
500 kHz 80 °C kWim? — — —_ —_ — 80 40
100 °C — - e — — 100 50
5¢ m¥ 50°C = = = — — 400 200
1MHz 80°C kW/im? — — - —_ — 400 200
100G — — — — — 500 250
Tetnperatute cosMckm alir 20 "C~80 *C X104 B8 ] 8 8 8 8 ]
Curié tomperaiure Tc — ‘¢ 200 | =200 >200 =200 >200 >200 >200
Rosistivity o — a-m 3 3 2 2 z 5 5
Apparent donsity d — 109 g/ 48 4.8 4.5 40 49 4.8 48

THOTS: 1) THva walLIne Wars CDRATM Wil 10F Olo! C1f e {FR26/15/5),
2) Thavaiuas won chiained at 2342 *C unices oo i) speciied,
3) INMMAT PAMBALHITY WS (raanur 0 at 10KHZ, 0.8AM.

@Bvs. H
500
450 23'C -
" 400 =
3
- S5 %0 //" 7 =t 100°C 1
E o] 300 .
z 3 /7
1P £ 20 7 .
Z = = D 11/
a A | 2 2 "4
A A // A
150 ,/
10
H 100[—4f
50
N — ol
10 100 1000 ~10 0 10 20 30 40 50 &0 70 80 90 100
Freq. (kHz) H {Asm)
® i vs. DC-Blas ®pavs. B
10030 TOOD,
M L]
g —
e
pllg———— 5 1 25C
S 4000 /// 100°C
2 \g L~ \
4 100 29 C -4 /
S000)
10 100'C N 2000
=== S
1000
i o
10 100 1000 0 50 100 150 200 250 400 950 400

H gum) B ¢
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A3 AL value 119 fuszozteseInis uaz NI n3o Ampere-Turn §49AABA1 AL value

EER44/45 (ETD44) EER CORI

1
'y
| 2
LA * _
325emin, Magnetic Parameter
= Core constant C, 0.58208 mm™'
Effective magnetic pass length £, 103 mm-
o Effective cross sectional area A 175 mm?
I il Effective core volume v, 18100 mm?
Center leg area A, 174 mrn®
PO Y Minimum cross sectional area A, 173 mm¥
. {Back area)
i 3 1 Winding area of core A 304 mm*
i '-._2; ?._) Approx. Weight %08 g/pair
8
/ \ Uriz 3o
i
----------- | ‘ AL Vaiue Effective pe bility Air gap i Core loss [Max.}
. u rreabili ore ax.
Product cade RS n, approx.  ;  100kHz, 200emiT (Wat
GHZO EERA4/45 | 4,000 £25% (3,000-5,000) 1.850 o : 8.1
AL value vs. gap length Nl vs. AL value
: : T
2 i
s b
Lo
e . 10 - Ij’
e . ? } : : t I
7 . [ ) oy . [
N b : 4 L N d —
\ - ; \E\\ ! t
o b . - . 1 i
z ' ; P ¥
E %-ﬁ”e ? : ™S < 0
e NI = 100e NN I
g , NI T w . N
g 1171 \ b z ., Sm
. ‘ - - 1
3 : - h VRN . D R
! B 4 g T
i ; : !
; | N RNINE
. , 2 s
W - : - | | ‘ i
7 ] { 1
Y o b el
? - T3 T - ? 4 + =4
: i : ; IR ~H
H t a U i | [ NN il
i 1 I B A A | P
10" : a T 2z 2 T 2 4 y w 2
) Total gap length {mm) Al value (nH/N?)
X g -— 4 A XG—D?‘I.T‘ﬁ nHINZ ’
we ‘SL - ’3517 :xAL_.;ms( (rrim)i NI shows the point where the exciting curront is
GOC AL = 255 8XG-R [nH/NY 20% away from its extended finear part.

G =~ 9153IXALTVT (mm)
35
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e IthgydedsiSuas fnndldau veaunumin 6420 ETD44

aterial characteristic curves (power material
£ Core loss vs. Frequency ‘hisoms:
e Core lo3s vs. Ternporature ta < B :
o - TR ! ' i
- \EVEL=S0T A TT . : : :
12 : H : ; ; :
P Pl - s
H I I H i 117 H v ]
(2] : ; : 7 :
N ; : I[ | z i
c - n = . ]
et K i . ! ! = NG sl A
= N 4 O ' GHI0E ] 'f iy T !
‘:" ¥ - i A | \\___/ {
3 i \\&\ﬂ GH20 2 : ;
® - ! s S = : ‘ i
5 i I 3 i i P
e : : A Y : ;
"y ; * : i | !
: h i H .
® : .‘ . : ‘ ; ' : {
2 0M w w m v In I M T
Temepesture [*C)
Ternoerastzry |70}
L7 IMH TER —w
Core loss vs. Frequency  sup —ionr; Core loss vs, Frequancy .r. e
Y omrars s - : - " o
i e =ik e
i —r— ¥ 11t -
2000 ; : (NEISE A i
; V]SO0 /1 100mT t R . RN Y
:P § - w M%’:’f_*:;%;%
= ¢ s 1 v oY I = + ——
3 A by b ;; T S N0 T
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§ e e E =t
2 P23 i H—— 2 T i
G 11} gy ) AR A HIik i
1 HJEE:H. = ¢ TR ETA, 7. =i
4 Hir :7 (K :3
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a 1 Eed [0 10 "
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. PD- 91880
Infernational
o -f- SMPS MOSFET
IR Rectifier IRFP460A
HEXFET® Power MOSFET
Applications
« Switch Mode Power Supply [ SMPS } Vpss | Rds({on) max | . Ip
« Uninterruptable Power Supply 500V 0.27Q 20A
o High speed power switching
Benefits . P o &
» Low Gate Charge Qg results in Simple N
Drive Requirement \\
s Improved Gate, Avalanche and dynamic
dv/dt Ruggedness
+ Fully Characterized Capacitance and
Avalanche Voltage and Current GDS
o Effective Coss specified ( See AN1001) TO247AC
Absolute Maximum Ratings
Parameter Max, Units
b @ Ta=25C Cortinuous Drain Current, Vizg € 10V 20
Iz @ T =100°C | Continuous Drain Current, Vg @ 10V 13 A
o Puised Drain Current :T- &0
P, @Tc=25'C | Power Dissipation 280 W
Linear Derating Facior 22 Wi'C
Vza Gate-to-Source Voltage + 30 v
dv/dt Peak Diode Recovery dwvidt > 38 Vins
T, Cperating Junction and -55 fo+ 150
Tare Storage Tempetature Range "
Soklering Temperature, for 10 seconds 300 (1.8mm from case )
Mourting torge, 8-32 or M3 screw 10 Ibfvin (1.1N-m)

Typical SMPS Topologies:

e Full Bridge
e PFC Boost
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MUR1510, MUR1515,
MUR1520, MUR1540,
MUR1560

Preferrsd Devicas

SWITCHMODE ™
Power Rectifiers

These state—of—the—art devices are a senes desigoed for use in
swiichmg power supplies. inverters and as free wheeling diodes.

Features

* Ulrafast 35 and 60 Nanosecond Recovery Time

¢ 175°C Operating Junction Temperature

¢ Popular TO—220 Package

* High Voltage Capabulity to 600 V

Low Forward Drop

Low Leakage Specified it 150°C Case Temperature

Current Derating Specified @ Both Case and Ambient Temperatures
Pb—Free Packages are Available*

Mechanical Characteristics:

* Case: Epoxy, Molded

« Waght: 1.9 Grams (Approxmately)

 Finish: ANl External Surfaces Corroston Resistant and Terminal
Leads are Readily Solderable

¢ Lead Temperature for Soldering Purposes: 260°C Max. for
10 Seconds

ON Semiconductor”

http:ffonsemi.com
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ULTRAFAST RECTIFIERS
15 AMPERES, 100-600 VOLTS

A R R HT U YW TR TN LT A ST S T E T,

TO-220AC
CASE 2218
PLASTIC

MARKING DIAGRAM

A
Y
wWN
G

O

AY WwWG
Ui

KA
= Assembly Locaticn
= Year

= Work Week
= Pb~Free Package

USxx = Device Code

KA

xx= 10, 15, 20, 40 or €0
= Diote Polarity

e

s R e P A AP T AT S0 AL M N AT 1 &S 1e Sa e
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TL594
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Precision Switchmode
Pulse Width Modulation
Control Circuit

The TL394 is a fixed frequency, pulse width modulation contmrol
cuenit designad primantly for Switchmode power supply control.

Features

* Comgplete Pulse Width Modulation Contrel Circuitry

¢ On—Chip Oscillator with Master or Slave Operation

* On—Chip Emror Amplifiers

» On—Chip 5.0 V Reference, 1.5% Accuracy

Adjustable Deadrime Control

¢ Uncommitted Output Transistors Rated to 500 mA Source or Sink
s Oupux Control for Push—Pull or Single—Ended Operation

¢ Undervoltage Lockout

# Pb-Fres Packages are Available*

MAXIMUM RATINGS

Rating $ymbol Value Unit
Power Supply Voltage Vee 42 v
Coliector Cutpul Vokage V1. 42 v
Vez
Caollector Cutput Current let. lez 500 ma
(Eﬂt_:h Transistor) {Note 1)
Amplifier Input Vohage Range ViR 0.3 to +42 v
Peower Dissipaton @ Ta, 5 45°C Pg 1000 mW
Tnermal Resistance . Roge oCAN
Junction—to—-Ambient (PDIP} B0
Junction—-to-Air (TSSOP) 140
Junction-to~Ambient {SCHC) 135
Operating Junction Temperahure Ty 125 °c
Storage Temperature Range Taig -E5w0+125 | °C
Operating Ambient Temperature Range Ta C
TL584CD, CN, CDTB =40 to BS
Deratng Ambient Temperature Ta 45 C

Maxdrmum rabings are those values beyond which device damage can oceur.
Mazximum ratings applied to the device are individual stress Fmit values {not
romal operating conddions) and are not valid simultanecusly. If these imis are
axcesded. device functional operation is not implied, damage may occwr and
reliability may be affected.

1. Maximum thermal limits must be observed.

ey

—
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ON Semliconductor®

.

T
&

3

1

htth!onseml.com

MARKING
DIAGRAMS
PBIP—16 1ennnr:ﬁhnn
NSUFFIX p  TLERM4CN
CASEGas |© AWLYNAWG
th’ivvawpwan gy e
somte “RARASHAR
D SUFFIX TLE34CDG
CASE 7518 AWLYVAY
(HHHHTEHEH
LEITHELEELR
TSSOP-16 Ié-?g
DTB SUFFIX
CASE 948F o ALYV
1tlIiHHHH:l
A = Assambily Location
WLL = 'Maferlot
YY.Y =Yaa
WN, W = Work Wask
Gors = Pb-Free Package

[Note: Microdot may ba in either locaticn)

L e T r W

PIN CONNECTIONS

de‘lﬂ"'
) o
1] Vo
12] Voo
] c2
[10] 2
g
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HEWLETT"
FPACKARD

[z

2.0 Amp Output Current IGBT
(zate Drive Optocoupler

Technical Data

Features
+ 2.0 A Minimum Peak Output
Current
+ 15 kVfjs Minimum Common
Mode Rejection (CMR) at
Veu = 1300V
+ 0.5 ¥V Maximum Low Level
Output Voltage (Vg)
Eliminates Need for Negative
Gate Drive
s Igc = 5 mA Maximum Supply
Current
» Under Yoltage Lock-Out
Protection (UVLO) with
Hysteresis
« Wide Operating V¢ Range:
15 to 30 Volts
« 5300 ns Maximum Switching
Speeds
* Industrial Temperature
Range: -40°C to 100°C
» Safety Approval
UL Recognized
2300 Vrms {or 1 min. for
HCPL-3120
3750 Vrms for 1 min. for
HCPL-J312
5000 Vrns for 1 min. for
HCONW3120

CSA Approval

VDE 0884 Approved
VIORH = 630 Vpeuk for

HCPL-3120 (Optton 060)

.VIDRK = 81 Vmak for

HCPL-J312

Viggw = 1414 Vpeak for

HCPL-3120
HCPL-J312
IHCNW3120

Applications
* IGBT/MOSFET Gate Drive

* AC/Brushless DC Motor
Drives

* Industrial Inverters
* Switch Mode Power

HCNW2120 Supplies
BSI Certified (HCNW3120
only) {(Pending)
Functional IMagram
HCPL-31 2011312 HCNW3120
wel1] | 8]vee ne[7]
ANCDE E:SI,Z i [7]ve  AnoDE[2]
CATHODE [3] ' [6]Vo CATHODE[T]
)
N [4] SHIELD 5] Ve Nic 4]
TRUTH TABLE
Vee - Vis Vee - Vie
“POSITIVE GOING" | “NEGATIVE GOING”
LED | ({i.e., TURN-OM) {i.e., TURN-OFF) Vs
OFF 0-20V 0-30V Low
ON -1V 0-95V LOW
ON 11-135V 95-12V TRANSITION
oN 135-30V 1230V HIGH
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PC817 Series

PC817 Series

High Density Mounting Type
Photocoupler

# TLead forming type (I 1ype ) and tapingreelype (P type ) are also available. (PC817WVPCB17P )
»# TUV (VDEGS84 ) approved type is also available as an opton.

H Features
1. Current transfer ratio

{(CTR: MIN. 50% atlr=5mA VE=5V)
2, High isolation valrage between input and

B Applications

1. Computer terminafs

2. System appliances. measuring instruments
3. Registers, copiers, automatic vending

ompt {Vio 1 5000V o) machines
3. Compact dual-in-line package 4. Electric home appliances. such as fan
PC817 : 1-channel type heaters, stc.
PCB827 : 2-channel type 5. Signal transmission between circuits of
PC837 . 3-channel type different potentials and nnpedances
PC84T : 4-channel rvpe
4. Recognized by UL, file No. E64380
B Outline Dimensions ( Unit : mm)
PCBt7 o pPCazr
2. 54=31E internal connection diagram 2,6421025 Intemat connection diagram
@ )] en 8e OO
Alima | 43 HIHIE \/
32 5 . Anod 8 ! ! &
-y | # el 2 I8 4| R T
onil=s 09 of|6 8 ® OO 1 e
"|.op=p2 o O3 Cathace
1.2%93 — =03 & Emitter
7.62=4 7.82=0 &E Coltecior
s 3 g Oaoie g3 LB,
s 2] % Py © Cathode | G 3] r~
ME i_o:_ﬂ_ O i | |5 foze
3_ | _ n @ Collector ° 1
2 g.5=3* 0= 01 13° = 0.55% 0=01o 13°
PCB837 ] PCB4T
Internal cennection Internal cornection
. 2542328 diagram -!ﬂ oy g 25470 diagram
Elalel o0 @@ 600000 H R I T T Y Y TN T
'§ ah -nhn- =t U v V g ~ = ™ EF B U l\[' u V
T EEEE
8 Ay e e el ad il H G [y opy oy ey
‘_____“__uuo QeEROG TS %L'h
(X ) @
0@ OD 2O o m:d .
| 0.0=22 Q Emitier
1233 B Colactor i
702403 %ﬂ
d:
02801
ai_ o
8= 0to 13
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Tednrunudundend TL431 (TO-92)
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TL431, A, B Series,
N_QV431A

et R £ 1o g e e A A AT A 1 S A T S AR Wb i AT e

Programmable
Precision References

The TL431. A. B integrated circunits are three—terminal
programmable shant regulator diodes. These menolithic IC voltage
references operate as a low temperature coefficient zener which is
programmable from V¢ to 36 V with two external resistors. These
devices exhibit a wide cperating current range of 1.0 mA to 100 mA
with a typical dvnamic impedance of 0.22 Q The charactenistics of
these references make them excellent replacements for zener diodes in
many applications such as digital voltmeters, power supplies, and op
amp circuitry. The 2.5 V' reference makes it convenient to obtain a
stable reference from 5.0 V logic supplies, and since the TL431, A/ B
operates as a shunr regulator, it can be used as either a positive or
negative voltage reference.

Features

¢ Proprammable Outpnt Voltage to 36 V

* Voltage Reference Tolerance: 10.4%, Typ @ 25°C (TL431B)

¢ Low Dynamic Ourput Impedance, 0.22 Q Typical

Sink Current Capability of 1.0 mA to 100 mA

Equivalent Full-Range Temperature Coefficient of 50 ppmy°C Typical
Temperature Compensated for Operation over Full Rated Operating
Temperature Range

¢ Low Output Noise Voltage

* Pb—Free Packages are Available

Symbol

Cathode

T (K
Reference
{R) O—’x/

lAnode
(A)

Representative Block Diagram

Reference
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TO-92 (TO-226)
LP SUFFIX
CASE 29

Pn 1, Rolwence

15 2. Anode
A, Catade
3 PDIP-§
P SUFFIX
h CASE 626
1
Micro8™
+ By DM SUFFIX
" CASE B46A
Camvde [ 1 [ 8] Reiemnce
Ne[Z] e
ne[3] (€] Ancda
He[ ] Bi
[Top View
S0IC-8
. @ D SUFFIX
- CASE751
1
Cahote[T[0 3] helemnce
Anoda E I' Amde
[z] £]
4 5] %¢
(Top View)
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1350-1, 1350-2 Tape

Flame-Retardant Tape with Polyester Film and Acrylic

Pressure-Sensitive Adhesive

Data Sheet

Product Description

AMT™™ 1350 Tape is un clectrical insulnting polyester
film tape. which meets the flame-retardancy
requirements of UL 510 It consists of materials that
are represented in many UL Recognized Insulation
Syatems and has a Ul 130°C temperature rating. It
also offers excellent fiagging and solvent resistance;
good wet grab; smooth, even unwind and is suitable
for use on automated equipment.

+ UL Recognized flame retardant

» UL Recognized Class 130°C/CSA

» Excellent Flagging Resitant

» Printable

« Solvent resistant without thenmosetting
» Excellent shelf life

Colors

M 1350 Tape is available in yellow, white and black.

AN @

3M 1350 Tape is especially suited for applications
such as wrapping coils. capacitors, wire harnesses,
transfonmers. shaded pole motors and fractional
horsepower motors.

Applications

UL and CSA Component Recognition

UL Recognized for use at temperature not exceeding
130°C, flame retardant per UL Suadard 510. UL
File Number E17385. Product Category AQANZ2.
Underwriters Laboratories (UL} Recognized
products are evaluated for use as components of
end-producl equipment that is Listed or Classified
by UL. To achieve Underwriters Laboratories
Recognition. com ponent construction must meet UL
specifications and conditions of acceptability for
proper and safe use of the component products, 3M
Flame Retardant Tape with Polyester Filim and
Acrylic Pressure Sensitive Adhesive.

Typical Propertles 1-mll Film 2-mil Film
Adhesive Acrylic Acnylic

Backing Polyester Film Polyester Film
Backing Thickness' One mil {25 micron) Two mils (50 micron)
Total Thickness' 2.5 mits / 0,063 mm 3.5 mils / 0,088 mm
Colors Yallow, White, Black YVollow, White, Black
Temperature Class 130°C (265°F) 130°C (266°F)
Dielectric Braakdown' 5500 Volts 7,000 Volts
Insuiation Resistance’ {(megohms) >1x10 >1x 100

Breaking Strength! 25 Ibs. /in (44 N4 Omm) 50 Ibs, / in{BBN/{ Ormm}
Elongation' (% at break) 100 110

Electrolytic Corrosion Faclor* 1.0 1.0

Adhasion to Stes|' 30 azfin (3,3M/10mm) 30 ozfin {3.3N/10mm}
UL 510 Flame Retardant? Yes Yes

Printable Yes Yes
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SPECIFICATIONS
[ ftem ] Performance Characteristic
Operating Temperature 55 10-100 €

Range

Worki
orking Yoltage 63 10 100 Velc
Ronge
0.t ~ 100/1F

Capacitance Ronge

Capacitance
Tolerance

= 20% (a1 20 C 120Hz)

Dissipation Factor
{tand')}
{at 20°C 120Hz)

Rated Voltage (V) 63 10 16 25 100

lan G {Max} 022 ] 019 |} 016 | 014 008

Leakage Current

1=0.01CV or 3# A, which is greator.
I: Leakage currenl, (#A) C: Raled capacitance, (/FF) V: Raled voltage. {V)
The value after impress the rated voltage 1or 2 minutes

The foliowing requiremonts shall be satished when the capacitor are restored 10 20 C alter
the rated voltage applted for 2.000hours A1 105°C

Load Life Capacitance change 7 = 20% of the initial value
Dissipation factor {tan ) *=200% of the specified value
Leakage current % gpecified value
The {ollowing requirements shall be satislied when the capacitor are restored 1o 20 C
alter exposing them for 500 hours al S05'C without voltage applied.
Shelf Life Capacitance change = = 20% of the imtial value
Dissipation factor (tan ) 3 200% of the specdied value
Leakage current = 200% of the specfed volue
Others Satisties characleristic W of JIS C-5141{1991)

RIPPLE CURRENT MULTIPLIERS

Frequency Multipliers

Temperature Multipliers

_....\...Mf.-cq,(Hz) - N -
Cap. (;,F)\\ 50(60)F 120 | 300 iX | 10K Temp (C) | 40 &0 70 85 | 95 | 103
22~68 | e 017 | 040 | 065 H
Factor 21 19 1.65 14 125 1
00-220 03 0.50 Q.65 0.80 H
330 ~ 80 057 [ 071 082 [ 090 '
1000 - 4700 075 0.87 0.96 0.58 1
DIMENSIONS (mm)
PYC SLEEVE &
S
P e —] '
o - 2
2 Sm—w——— ) .-
a 1
. L o 15min _ Smin Dt = 05Mon_
DA%13 Ly b5 max
216 Lr20man
Satety Yent
Oia 28
D¢ 5 6.3 8 10 13 16 18
0.5 0.5 0.6 0.6 0.6 0.8 0.8
2.0 25 3.5 5.0 5.0 75 7.5
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w o = “ = 1
aunulszynidmedumiendl 470uF (de)

Y]

0V
Copocitance | cousve STl comest GI05C | YRS BioNR Comegr @106 | STSET i0b Comens 57050
trmem) 20C 100kMz [} 20C 100kMz trm) 20C HO0KHz
(1) {mA rms) i) [ma rms) [$23] (mA rms)
100 i 59X 1.3 154 6.3X11 0.91 210 o B3X1 .58 260
220 | 6.3X11  0.63 260 8Xi2 0.48 300 | osx12 0.33 100
330 1 BX12 0.40 350 ax12 0.33 400 BER{1} 4K 0.23 506
470 10X13 0.28 510 10X13 0.24 500 BX20 0.8 650
1000 10X20 017 860 10X20 0.12 970 10X30 0.051 1150
2200 10X30 0.095 1150 13X25 0.073 1320 13X30 0.U63 1540
3300 13X30 0081 1280 13X35 0052 1770 13X40 0.045 1980
4700 13X35 0.053 1770 16X32 0.054 1810 16X36 0.046 2030
v ] sV |
Cup{u}c{i;&;ncﬂ Cns[;: ;i{e M@nfogfﬂ‘: Cu'h::; o 1 l.fsc Crgsg ;l{e M@nfogrm Cuf::nkt g%esc c‘"; ::itc "r‘é’fugfﬁf Cuﬂ:r‘;ﬁ Es ﬂ;:S"C
(mm} 0C 100kHz tmm) 20‘0 100kHz {rmm) 20C 100kH
{1} {mA rms) [£43) [mA Fms) (413] {mA rma)
47 B3R 120 155 6.3X1) 0.87 210 BX12 0.52 275
100 8X12 0.38 350 8x12 0.32 400 8X20 0.20 635
220 10X13 0.23 500 8X20 0.18 660 I0X25 on 030
330 8X20 0.1% 650 10X20 0.13 860 10X30 0.086 1150
470 10X20 014 860 10X30 0.089 1130 13X256 0 068 1320
630 10X30 .09 1150 13X25 0.070 1320 13X35 0.048 1740
1000 13%25 0.071 1320 13430 0.061 1540 16X32 0050 1810
2200 13X40 0.044 1980 16X36 0.044 2030
3300 16%35 0.045 2030 18X40 0.035 2480
4700 18X40 0.036 2460
... ev. .4 v |
Coodtonce|  comize GREET cmm@lic | cmee BREN alei@ie
() z tram) 20C 100kHz
{n) {mA rms} (4 {rmA ymx)
22 63Xt 2.8 105 8x12 0.53 305
32 BX12 1.1 195 10X16 0.35 500
a7 8x12 0.56 305 10X20 0.30 600
68 10X16 0.35 500 10X20 0.19 795
100 10X16 0.31 550 10X30 0.15 955
220 13X20 0.16 890 13X35 0.087 1450
330 13%25° D13 1320 16X32 0062 1790
470 13X35 0.051 1450 16X40 0.047 2200
5460 13X40 0.03 1610 16X36 0.053 2000
480 16X32 0.085 1790 18X40 0.043 2370
LOAD LiFE TEST
470 1F 35WV - Leokage Current Change

————————— 2200/F 25WV

Copatitance Chaonge Rotio Dissipation Facter Chonge

HOLRY

[ 2 1000 1360 008 Hoias a ®0o 1990 1300 00 HOUTS ' Q EZd 2] 1500 R0
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@ A a 4 A & o v d 9} o A
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3 14
Impedance Analyzer yoandauasvienug 12 nuudail

A 12 B: & o MKR 17 P07 984.895 Hz
A MAX 508.90 K MAG e2.9393 ¢
B Max 108.8 deg PHASE =17.3456 d:!

wil

A RIN 208,98

B NN
TIEP - tageg,

1688.0-38deq
TER HZ_

[} 3 ¥ o
HULT 1 MISHUVARIAUUDTITNAT 2 FU/2 FU awneduatenivnes 23 AWG

ar 1zl B & o MKR 1 409 B27. 114 Hz
A MHax B8 K@ MAG 19,9824

B HAX 100.8 du mx 19.3?96 dpu
;—._..:._ PR S S SRR W iy ) A
o :

.

b

u

L

.

ll

¥

HIN 280.8 ws
NIN 188.0-38dey
TEP=- ?74999.758 HZ,

N 4§ S R

START

STOF

VSN A

180,008 Hr
32 900 009,203 Hz

] E ¢
HUVA 2 NSHUYADIAIVUTTTNAT 4 ‘1514/4‘11'11 ﬁ?ﬂﬂﬂ@!lﬂdﬂ?ﬂﬁTﬂTlﬂﬂ{23 AWG

: .1 e D t k

A NIN SBB.@ we
B BIN _106.8-30des
STEP- 74985.758 HZ_

! e

At 121 B: # *MKR 1 166 171.790 Hx
A MAX S53.88 K2 HAG 19.9831 K&
B ij__ wa.a deg -5, des

PHASE

STRRT
S1QF

5k kol -

.
120,000 Hr
3¢ 000 DOO.C0D H:

v b4 ¥
HULH 3 MIRUVARIAULLTITNAT 2 ‘]ﬁJ/Z BU ﬁ?ﬂﬂﬂﬁl!ﬂﬂ’ﬂ’]ﬂﬁ’tmmﬂ; 17 AWG
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Z.ow )

RO Nt
A NIN 18B.0 w2 LTaET
B HIN 19B.0-3Bdeg : 05

STEP= 74999.758 HZ_

% &

I . Il
108,338
In HOE PR R0 He

r v Ed 14
UYL 4 MIRUYARAUUVETTNAT 2 TU/2 ¥U ﬁ?ﬂi’lﬂ\‘lllﬂ\ﬁ)'mﬂ'lﬂ’lmﬂﬁ{ 17 AWG

FEOZHITIRINTOY 1 N,

A 121 B: # o MR i 454 155.864 H:x
A MaxX S58.8@ K2 HAG 17.6688 Ko
B HAX tOB.8 dep 3396
¥ et :
. :
L
3
T
£
b
1
1.
-
v
+
L2
1
) : PP A *
T o ;n._._._a P STy W
A MIN lee 8 0 START 100,200 _H:
B MIN 108.0-30dep STOP 38 Bes 280 . 288 H:
STEP- '74999,758 HZ_

v 3 ¥ o
HUUR 5 MIRUVADNUUUVUFUATY 2 FU/2 FU AIANBWUADIWITEULDT 23 AWG

U 613267, !74 Hl
tl.

-. ;IO Iy

S T2

EPSITT 1

STEP« 74999,758 HZ,

&-'._.*. e &,J, J.%.
ﬂ HIN 500.8 R START 180.080 Hz
B MIN 100.8-30deg STOP 30 PO 030.008 H:

] 3 3 3
nuu 6 nwﬁummmmmwuﬁw 4 ¥U/M4 U mﬂmaummuﬁwwa? 23 AWG
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a: 121 B: # o KR 25 624 608. 511 Hz
A MHAX 5B8.08 K@ HAG 38.549 2
B MAX 108.8 deg PHASE -17 2216 deg

t "'t:

AMIN S.PBD R Dt BREREA
B MIN 100.8-3Bdeg 7 . ocu b ol W
STEP= 74993,752 HZ_

N Ed 1'd ¥
HULH 7 MINUYARIAUVLUFUATY 2 FU/2 H¥U a9 eILes 17 AWG

At 121 B! # ¢ HKR } 598 418.74) H;
A MAX 50.08 X HAG 15,6816 K¢
B MAX 108.8 deg PHASE ~T.34481 deg

TR T

L AT S Y o+ LA | b

8 HIN 200.8 g ekl SIS AFA R )
B HIN 138.0- u:u.?_ A A I A AR A
STEP+ 74989, 758 HE '

§ s o 3 3 :‘
meIJ‘ﬁ 8 MITWUVANIAUU LS URAIY 2 FU/2 BU mwmumm‘ummma%’ 17 AWG

FTOTHHNILHINTOU 1 131,

A 121l Bt @ o MR 2 190,008,810 Hz |
o - NS
e s e i Rt
b : H H ; " | ‘
¥ L 2 N
4

= [

- : b

3 /7

x T

4 :

'J— N : /1/

b N T

v T

3 e : -

,.‘__; ‘-' :_._-:. : :

k™ ; y 'g:,L r y 8 g ‘mh e camiviuis
A MIN e START 190.080 Hr
B MIN fg 8-384ds sYoP 38 aaa o8 . 290 Hr
STEP= 74999, 758 H;.

. ¥
puud 9 MIRUYRRIAILLAUmBs AN 2 ‘vufz oy A1ANBLUANLIUTNIAVDS 23 AWG
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at 121 B F e TR 2 BI9 420,871 Hz
A HAX 50,80 X G 13.5086 Ko
B MAX 108.8  dvs PHASE ~6.59948  degy
— e ek rer ke e .

A HIN SBP.B g Tt L RS e
8 H]N Im_a-md.’ ':: . . -"._' 4-"' {‘..‘v
RTERP- 74599 750 HZ_

» H o ¥
UUVA 10 msﬁ'umﬂmmmuauma{ﬁﬂ 4 ¥U/4 ¥U ﬂ?ﬂ‘l’iﬂ\‘ll!ﬂﬂ'ﬂ'\ﬂﬁ1ﬂ‘l!ﬂﬂ§23 AWG

1 B71 348.892 Hax
16.8559 Ko
~=19.8639 wsdey

PP JEN S -

- R

- RN N Sk i % & -4

B N
ANIN 1.008 Q& START 190.000
P HIN 108.8-38deg S0P 3P DOS BOD.BDO H:
STEP» 74999.758 HZ_

v 3 5 ¥
HuUA 11 ﬂﬁﬁ'uwm'muumuma{ﬁﬂ 2 FU2 BU mﬂwmummnﬁwwa{ 17 AWG

as Igl ss'ée' Ka o MKR I 59?»5418.741"2:
m » "n * '82:‘

1

1

T

1

€

2 .

]

4 '

b |

[ -

L T :

v ° ': :

S - ; H -

i wrd b ! ' - : e ! ::u.l‘ ;
XIS s il - vy e B -k e ¥

AMIN 288.8 ag START ' 188,220 Hz

B HIN ll..!-lado STOP 30 BAP BEY.DDO Hz

STEP= 74999,758 HZ_ ’

i a - o’ u’.: 3 :'
Uuu 12 ﬂﬁwmmmmmnaumas'ﬁﬂ 2 ¥U/2 FU DIANDIUAYDILUNEN

193 17 AWG T2oYINTEHI1950Y 1 .
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Abstract

In this paper, the effect of conducted EMI via winding
techniques such as conventional winding, sandwiched winding and
interleaved winding are proposed. The flyback converter which has
identically components, except the winding techniques of transformer,
is verified by experiments. The experimental resulis show that the
voltage stress at MOSFET is highest for the conventional winding case
but other cases, the voltage stress are reduced by the same margin. The
conducted EMI is different at frequency beyond 3 MHz only. However,
the peak of conducted EMI is the same that means complicated winding
techniques of transformer has the effect of conducted EMI on frequency

response of the peak EMI.

Keywords: conducted EMI, transformer winding techniques
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ABSTRACT

This paper presents the comparison of conducted
electromagnetic interference (EMI) emission effect on
various high frequency transformer windings. The
interested  windings are conventional winding,
sandwiched winding and interleaved winding techniques
of the flyback converter. All techniques have a different
in parasitic capacitance which can cause different in
common mode emission of power converter system. The
comparison is done based on the different winding
techniques of transformer and verified by the
experiment. The results are not only the conducted EMI
aspect, but also the electrical performances such as
efficiency and voltage stress. Finally, the Fourier
transform is analyzed to confirm the measured
conducted EMI,

Keywords: EMI, transformer winding techniques,
flyback converter.

1. INTRODUCTION

The operation of the switching power supply can
generate noises into the system in both conducted and
radiated EMI emissions. Since the switching device such
as MOSFET operating at high frequency, it leads to
generate high dv/dt and di/df which are the main caused
of EMI emission.

The switching power supply normally uses high
frequency transformer to step-down or step-up the input
voltage, transferring energy from input to output and
also the isolation. Therefore, the high frequency
transformer play an important role in the switching
power supply. There are many different techniques to
wind the high frequency transformer, for example, the
simple conventional winding, sandwiched winding and
interleaved winding, respectively. The main objective of
using the complicated techniques is to reduce the
leakage inductance and to minimize the peak of voltage
stress across the switching device,

The results of conducted EMI from diverse winding
techniques of the flyback converter, which has
identically components, are investigated. The winding
techniques of high frequency transformer are compared
in three different types: conventional, sandwiched and
interleaved windings, respectively. The comparison of
electrical characteristics such as power loss, efficiency,
voltage stress across MOSFET and ringing frequency are

verified by the experiments. Furthermore, the results of
conducted EMI from those techniques of high frequency
transformer are also analyzed.

2. THEORY

2.1 Fiyback converter

The conventional circuit of flyback converter is
shown in Fig. 1. It is the simplest isolated switching
power supply circuit that uses the high frequency
transformer. There is a control circuit to control the duty
cycle of a MOSFET operation while the high frequency
transformer is used to transfer energy from input to
output. When the switch is turn-on, the transformer
stores the energy. On the other hand, when the switch is
turn-off, the transformer then transfers the energy to the

V;':__+
I

BT

Fig. 1: The basic circuit of Flyback converter.

1

2.2 Conducted EMI

The operation of switching devices can generate both
of dv/dt and di/dt. It is clarified that those phenomena
can cause the EMI emission [1] which can affect to any
systems. Two ftypes of the conducted EMI are
differential-mode and common-mode emission. The
differential-mode propagation takes place between two
conductors, e.g. ling and neutral, while the common-
mode propagation takes place between a group of
conductors, i.¢. line or neutral, and ground [2] as shown in
Fig. 2,

2.3 High Frequeacy Transformer

The main objective of using the high frequency
transformer in the switching power supply is to step-up
or step-down the input voltage and to isolate the output
from the input of the circuit. When the operating
frequency of transformer is increased, it allows the
transformer size to be smaller. However, the conducted
EMI and their harmonics are increased when the
components working at switching frequency. Moreover,



the equivalent circuit of the transformer [3], as shown in
Fig. 3, can be seen that the leakage inductance £, and L,
will cause the voltage stress across the switch. The R,, R,
and R, represent the power loss in the transformer.
While C;, composed of the lumped capacitance of the
primary and secondary windings, is the total parasitic
capacitance that occurs from the transformer winding.
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: I fove | :
i | ——————
-l e e 1
Icvn
—~
Ground

Fig. 2: Differential mode and common mode conducted
I propagation,

PN

Fig. 3: The e uivalent circuit of the high frequency
trans ormer.

The voltage stress across the switching device, which
relates to conducted EMI {4], is dominated and caused
by C,and L, as shown in Eqn.(1).

1

1= 2z JL.C,

3. THE HIGH FREQUENCY TRANSFORMER WINDING
TECHNIQUES AND THE EXPERIMENT

(M

3.1 High frequency transformer winding techniques

Three types of high frequency transformer winding
techniques are used for the flyback converter circuit in
the experiment as shown in Fig. 4. Each transformer
performs with the same Ferrite core 6H20 where the size
is ETD44. The winding techniques are different, the
conventional winding, the sandwiched winding and the
interleave winding, The demonstrations are shown in
Fig. 4 (a) to (c), sequentially. The transformers is
arranged with the same air gap. The solid copper wire
number is AWG17 with 20 turns winding, while the turn
ration is equaled to 1 (V/N, = 1).

The main different feature of the winding techniques
is the position of a primary winding and a secondary
winding. The conventional winding technique typically
places the primary winding at inside where the
secondary winding are wounded at outside. The
sandwiched winding technique places the secondary
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winding between separated primary windings. For the
interleaved winding technique, the primary and the
secondary winding are alternately located shown in Fig.
4 (c).

Three types of flyback transformers used in the

Solid wire . Primary O Secondary
1.15 mm diameter

[ |! 5 I — ]' 1 £ ! —|
ee| | [ee so0e| | [e00e sosl | [epe
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[ 415 [T} 80083 L *Qw|E *oe
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*$ ] *e » * | L] L ] 208 1 208

 — i 1 [ — i H |__|___,

(a) conventional (b) sandwiched (c) interleaved

winding technique winding technique winding technique

Fig. 4: Three types of winding techniques.

3.2 The experimental conditions

The experimental conditions are setup to verify the
electrical performance and conducted EMI of those
different winding techniques as shown in Table 1.

Table 1: The operating conditions of the experiment.

Conditions of the experiment
Input voltage 35 Vpe
Qutput Voltage 20 Vpe
Qutput current 1A
Switching frequency 100 kHz

TR1 Conventional Winding

Typeof winding | oy Sandwiched Winding

techniques

TR3 Interleaved Winding

The value of a leakage inductance from the three
transformers TR1, TR2, and TR3 are measured. The
measured results equal to 4.45uH, 1.7 yH and 1.8 wH,
respectively.

4, THE EXPERIMENAL RESULTS

4.1 The results of the voltage stress across switch and
the ringing of the circuit

The experimental results, shown in Figs. 5 — 7, verify
that the conventional winding technique is the highest
peak of voltage stress (Vps), equal to 120V, While, the
peak of voitage stress of sandwiched and interleaved
winding techniques are equal to 91V and 96.8 V,
respectively.
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Fig, 5: Voltage stress of conventional winding
technique.
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Fig. 7: Voltage stress of interleaved winding technigue

The ringing frequency (f;) of the sandwiched winding
technique is highest around 9 MHz while the
conventional winding technique is lowest at 6.25 MHz.
The ringing frequency, f,, can be predicted by Eqn. (1).
The comparison between calculated results and
measured results are proved, For instance, conventional
winding technique, 4.5 pH leakage inductance, results
the lowest ringing frequency, 6.5 MHz. The sandwiched
winding technique results the highest ringing frequency,
9 MHz, due to the smallest leakage inductance, 1.7 pH.
The time domain, as shown in Figs. 5 — 7, can be
analyzed and transformed using Fast Fourier Transform
(FFT) in MATLARB program.
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The frequency domains, shown in Figs, 8:~ 10,
support the conducted EMI results as shown in Fig. 12,
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Fig. 8: TR1: FFT of conventional winding

technique
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Fig. 9: TR2: FFT of sandwiched winding technique
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Fig. 10: TR3: FFT of interleave winding technioue

4,2 The results of Conducted EMI

The conducted EMI measurement is setup as shown
in Fig. 11. The CISPR22 class B standard is taken as a
reference line which-considers the frequency between
150 kHz to 30 MHz. The measured conducted EMI, as
shown in Fig. 12, indicates that the second peak of
conducted EMI for each winding techniques is
correspondent with the ringing frequency of voltage
stress (Vps). For example, the second peak of conducted
EMI of conventional winding technique, shown in Fig.
12, is 6.25 MHz which nearly equals to ringing
frequency as shown in Fig. 5 and Fig. 8. The second



peak of conducted EMI, from low to high frequency, is
generated by ringing frequency of conventional,
sandwiched and interleaved winding techniques as
shown in Fig. 12. The second peak of those techniques
result EMI level about 82 dBpV, The conventional
winding technique, high leakage inductance, not only
provides the lowest second peak respense, but also
results a higher EMI peak level at 91 dBpV which is 3
dBpV and 8 dBpV greater than those of sandwiched and
interleaved winding techniques, respectively. Moreover,
the first peak is identical appeared at all types of
winding techniques because of a self resonant freqeuncy
(SRF) of the flyback converter.

Load
AC LISN L Fiyback
Input EMCO Converter
Modd 382072 T Circuit
EMI Receiver l
Agilent
ET401A

Fig. 11: EMI emission measurement setup
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® TR2 —
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Fig. 12: Comparison of Conducted EMI emission of
three types of winding technique.

4,3 The Efficiency

The efficiency of flyback converter is calculated by
measured both input power and output power. The
power is investigated by measured current, using current
probe, multiplied by measured input voltage. The
measured results are presented in Table 2. The
conventional winding technique has the lowest
efficiency at 80% and the others have similar efficiency
at 85%. The sandwiched winding technique results the
lowest voltage stress while the conventional winding
technique results the highest voltage stress across
MOSFET as shown in Table 2.

Table 2: Comparison of electrical characteristic of
each winding technigue by the experiment.

Pr Pout Pioss 1 Vos Ringing

MW | W W) ] (%) | ymy | Frequency
TR1 25 20 5 20 120V 6.25 MHz
TR2 23 20 3 86 91V 9 MHz
TR3 23.5 20 3.5 85 96.8V £ MHz
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5. CONCLUSION

The comparison between electrical performance and
conducted EMI on those high frequency winding techniques
are mentioned. The sandwiched and the interleaved
winding techniques that are more complicated method of
winding techniques can competently decrease the leakage
inductance and the voltage stress. Although, the efficiency
of the flyback converter circuit is obviously increased, it
only has a little effect to the conducted EMI reduction. With
the complicated winding techniques, the experiment
proving that it is not only effect to shift the peak of
conducted EMI but also effect to slightly reducing the EMI
magnitude. The peak of conducted EMI conventional
winding technique is appearing at the lowest frequency and
the sandwiched winding technique has the highest
frequency. However, the different among all mentioned
techniques can be only observed at the frequency beyond
3MHz. The frequency range of conducted EMI beyond 3
MHz, almost affected from the common mode propagation
and normally caused by parasitic capacitance [5-6]. The
analysis of FFT on ringing waveform confirmed the EMI
results,

Although, the complicated winding techniques have the
better efficiency improvement and voltage stress reduction,
they can not expect to reduce the peak of conducted EMI
emission.
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