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ABSTRACT

In some requirements of dc motor drive circuit applications are high quality output with
generation of low internal EMI. However the conventional dc motor drive circuits have been usually
using unbalanced circuit which generates the high EMI to the frame ground.

This thesis presents a balanced dc motor drive circuit which is effective way to reduce the
common- mode conducted noise. The circuit balancing is to make the noise pick up or occurring in
both conductor lines, sending power line and returning power line are equal in amplitude and opposite
phase so that it will cancel out in the frame ground. The concept of this balance is the cost effective
for noise reduction technique and it can reduce the big feature of EMI filter. This concept can be

applied to other type of switching converter.
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mJﬂznmmmjuLﬁaqmﬂqmwnﬁm‘nﬂﬁﬂmﬁﬁqﬁamuaﬂaa ATNIINNITUGTLADINIAIVUSLING

& - ¢ PR 3 4 9 A o awa A Hlsf '
Lcﬁﬂﬂuﬂqiluiﬂﬂqguqmﬁﬂn&WNﬂluﬂizuﬁﬂqﬁﬁ“TﬂﬂJuﬂQU clquﬂ']clﬁlﬂﬂﬂT]ULﬁUﬁ']U ABDYI
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3.2 Inssaianug v somun

[ o

uoWy (MOSFET) Lﬂuqﬂnmfﬁﬁmisuﬁiﬂﬂwmzi’fwmﬂ (majority carriers) FyaNyal
vosuaaniLIemiueUUMusTavsauaavn uAe LY p-channel LAY n-channel A4
uﬁﬂﬂu;ﬂﬁ 3.1 (n) uag (¥) MUAIAY

yemmnidsinismauiifinimsudaeediigs udedia lsinn lugasnains
dnssud on  state)  vosweaninddadidinnudmm i liiffenugadolugaed

v 3
. 1 a o o [ ' @ o g/ 1
(conduction loss) gINIANIIMIIUTAASA1AINTussduanATouATuTRend1 HanINil

yo NS anuAeus IR uUEIINISIA (forward blocking voltage) l@dnImsmGanasMas

Drain Drain
Gate )_‘ Gate }T
Source Source
p - channel n - channel
(M) (V)
1/ 3.1 dydnvoiveswommn

o W = @ 1 [ o P & o 4
wamnidaad1annead (cell) Mnilousudsuuuiu uaasaaglh 3.2 samsduyad

Y n’: d A w ‘3 o
mﬂjmuﬂu'uumﬁ@mnemﬂmi‘ﬂuﬂ‘izLtﬁﬂlﬁqwuumm

| | |

G C Cn

D

()

{ ) o
517 3.2 msvuuiuveuraduemvin
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(7)
31 3.2(s0)
g W 4 " a i
Augulaonaluiradud 18180 2 ¥iiafie n-channel 1AL p-channel 1% 33 weas
Y
Tns9ei 19N U IMUBUYAAYTA n-channel daunMANTRTENIIINTLUA T HALUSINU V vosad

yomnuaaslaggli 3.4

Vi

nt n+

Dolction layer .~ “___ Depletion layer
P (body)

a Y 4 J a
3UN 3.3 Tnseadreiuguvousnauemwnaia n-channel
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Pinch-off region

Current

<

Linear region
,' Saturation
boundary
'."' ng / T
Ves
Ve A
Vo
Vo

Vps  BVpps

Cutoff
(M nsmlnmauiifszning -V lunsenusunii 1

Ips

A

P Vs

() NIZUA I g NSUAVUTIAU Vg
‘:' ey 1
3UN 3.4 uanans g ELIRTI NN -V vBINDmNT

d a
3.3 imnesuemvinlunuaingy
¥ 4 o o g ’
PONUUY YoeN 1 1wadUsznauiumIIngIsAed1I1 4 Hu (four semiconductor layer)

o o 3 1 @ { 1
yeawnidaannnmasvmeadaovuiuiulu lassadeniviainnate uduems

9/ 3 + - + Y P ] g a
Usgnoumetun - n p-n' Insearinuanslaegln 5 udasyadninuInINATEUIUATS exitaxial

diffusion process mﬂum'ugm n’
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o Source 6 Gate "
Polysilicon

1

d

Source

p{body) =22 i

+ Electron

N

P

7

4 Electron

Channel region

~t——4—  Drifl region

n
Ll e Ll ol Ll L

FIISIIIEI TSI TSI TSI II T II TP

Y { z A ar o + -
311 3.5 Taseardvesemniaiannaduasiedniin - n p-n

Y
ANurEuYeIns 1ad luuaas sty

n layer 10"/em’
p layer 10"/em’

n layer 10"-10"/cm’

Drain

g

K¢
AU

v
o

AU

*
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1 o o J 1o
AW PUILTNAI1IY (Breakdown voltage: V) UBINDMNNAIAWUBYNUTZAVVDINS

& . o v da o o y !
Iaﬂlmzﬂ’nuﬂ%‘ldm@ﬂ‘ﬁu n Naﬁlﬂﬂﬂ'iaQ‘ﬂUﬂ“ﬁ\iﬂulﬂiﬂﬂ—nufq._f‘uﬁaqw-]ﬂqﬂﬂqquﬂuﬂllluumﬂﬁ

Y + 0 3 - i
ﬂ'l'iIﬁiJﬁ'l'i n AURETH n UAUNTIINUIN
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3.3.1 Jnssaieuea lalealuueavinfda (Body diode in power MOSFET)
raaupdHnIszneuINMITIIAUYed p 0" 0 1aTeANINUSIIN pbase HasDUADIATY

Aatanalugui 3.6 (n) waz 3.6 (v)

Source R
+
n 4
p Gate
- SZ —p‘
n :
: |
— Body diode
Drain
Drain

(M) uaAILUed In loaursvpIuo Ny

Drain

!_.... I/Parasitic
Gate |
— N BIT

=

Source

o @ = o = a d?J
(¥) Wesauyavewemmniduaznudmaes luInarsudeifadu

{ dy = o o w
311 3.6 uarmsued laTea Ty Inasnudmaesurauayissauyavesuomminsas
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{ 3 1 1 A ar
319 3.6 (N) uansued laTen sznIesosrBmsULAzYsE Fewanlvnsvua lvadoundy
A o w 1 1 o a a 3 a 1
(reverse current) vyaghuomMnideeglusrngaiinszud Inolaloaifatiusziianson
' a a 3 3 | 4 a1 [l a '
FENINUINU p LASVTINUTU n- Taonszua Inananadivlnhaesa ldasnu p siulds 61y
Vv
n- w2 lstuasu
) 2y ° o v w o v Y
vod laTeatidesmsthnszuafinemungiudasmunssuavosnemnniidedie Tag
dy A:;'.vd wa a4 o g w g/ =) o
‘UﬂﬂLlﬂiﬂﬂﬁhﬂﬂlﬁﬁﬂﬂﬂﬂuwmﬁmﬂﬁll‘lﬂ (Slow reverse recovery) NIZUAAUAIYIAA Ip (peak
| = 1 A’ 3 r at
reverse recovery current) 1 1vanivlu’laleadndsslimgauasmviiuausinnuduuensua
i A 43 ar 1 T 4 a a a o g o
(di/de) NuRuAu sndAredugulomunuEa lunsa3ad (switching speed) 1 getiu iiludu Tay

' ¥V 3
aszua Ip ideduilsziuaurguesmsunsniznouaznudy (stresses)

3.3.2 Tulnarinnudmnesus (Parasitic bipolar transistor)

vinadhaveswed laToafa lyTnains wadno sk (Parasitic BIT) (" p n) 1u
Tnssadrsvesmedn 61 p HuwaveslyInarinsuGamedus Woussduimsuituiandy
IndAsaduRanaty (avalanche breakdown voltage) nszuaes lnansa'lufieiu p nizuafisim
AWE NI Rp Y0967 p Lazifaussduanasoui vhiiaalusanse (forward biasing) U4
usaRuEI AL Tnme iR nt vemauFmaeiirudoussuiuiuds 07 v neuFmnes
!.LFJQM?H?J'ISE‘ISﬂﬂ%ﬂlliﬁﬁulﬂ‘iﬂﬂ’]’)ﬁﬁ‘gﬂp WAz - ARAT BV oy 1RO INUS IR LT NAI2Y
vosiaTuamsanuyfifies BV, mnfu #9laound Bv,, fdszaine 60 wediduduos
BV Wiy SruazuiinGunhimsiaa secondary breakdown TunamunAIGg

A11l52ur (Parasitic capacitance) Cgg Fadusznhawavemsudmaesiduaznsus,
BATINUFUVOINTIAUIATU dV, Jdt SyHIuuadlainesveaniudainesuden1 1
niuFmaesudainszuauazifinms latch-up du na 1@ msmdmnesuduusatmuas

8131 dV,¢/dt gagaveIuomnniIAg

333 Namugmmmmﬁmmﬂn (Equivalent circuit of power MOSFET)

Equivalent circuit Y891 mN NI INITONDTUINNNTINUTUTAUDS I-V 713911911
P 4o o_ o ' © = . -
noIUANNIA luwaneesvesusamnids lugiainssue (on-start) wagLenn (active region)

uaae lAdegUi 3.7
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Ves } gnVos g Ros

31U 3.7 2 louvoswemmnianuii

'
=

&~ d' 1 l:; = d. 4 o o o
esrlauntuaNuhunaednnuge adseurlsluemmnidanaasdeg Ui

3.8 (n) Usznouday
C 4 gate to drain
C, : gate to source

C , : drain to source

-
wrwwaveunnduiugulnssafavesdufivyszy fanugseniunniuseda

Uszneudsmanuguesdaunuisey 3 da 1dud ¢, ¢, uaz ¢, muddy
C,=C, +C,+C, (3-1)

P i a a g o ' + '
FuunnuyiifanninndidnInsa (Gate electrode) AUHM n' source HIUFIMALAL

Tavigaese (source-metal) 1584191317 3.8 (4)
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D
|
Lo ]
5 = T
Tcgs i
U SOp— j

(M ueraslszgudalunemmn

Gate

Source ?

=% V

wz =& =G —=Cox
nt Gate polysilicon
P
e
¥
n
b, L e A T

O_

Drain
| v

w o a a & J
(v) Aunvdszannavumeluwad

ngl

Vps=Ves

'
Vs

(7) nvguaudAveslszy C,,

31N 3.8 uarnstlszgfudsusinunieg melunemmndids
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Q

" Y
Ussgszriunnuaziasu C, Usgneudie 2 daudveynsuiu fe dsyafiialudu sio,,

'
= ar

C, 1 NEANANGY (depletion) C,uanslaogli 3.8 (1)

£ O
= I (32}
c. +C,
Tﬂﬂﬁf{’lﬂﬁzqaﬂﬂmﬁﬁ (Oxide capacitance) 110U
g
C (3-3)

&, ' electric constance

t..: thickness of the oxide layer

¥ ' N Vv
ANuMINvBIFuANaNTULazmsutseniims/Asun)asiuegiuussdusenhaunandy
o 1 1 o (=1 1 @ = c; 3 ar Qs 1 a
¥RI AIUMAUNVYILYITNNUANALIATU C,, Umsnlasuulasiufiuussdusenihaunndy

w2 Vos (Gl uaz ¢, = C,, lugnei

é 4 a0l 1 1 l:'r.
1951 Fusuiloauyds1 A1Cc, = C, lugeh v
Vos S Vg Gmanudiumu) dwaaslugilfi 3.8 a) ¢, Imgealusainszuauazanauie
. . 2 3
U UTEHNUATUIRZ RS AL

o @ 3 @ 3 a ¢ o
wdIgaveInIIaeandesiumigegaanandunisdiunisvesfusunefadu

(Inversion layer) 1ddrmvnsoon laq (oxide)

Tugrahinszue (on-start) A1)szqasu-aesa C, gndniees Tasanudumiu R fig
w.siaaxﬂsmgﬂ'w%um"luﬂﬁawqﬂﬁmszuﬂ (off-start) i1 C,, uag C,, 93900y lugrnnszua uen
uasngahnszuaveNIsaNYa

'
a =

mlszyounaiinnvesveminidalulsesuound Indegianlsey Miller's capacitance

q q

T8GR

cC_.=C_+C (3-4)

input ' gs m

Taoin
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C,=0+g,R)C,,

e oo 719 transconductance
= £y a '
R, Ao anudunu Inaaisooreinsy

U { o o o 1o a
manudgegalumsinuveswednidsawisaszy ldinduanudfinszuann

a [ s
auwmmﬂummmﬂmmegﬂ

impu.' = 27?'f.cmpun'vGS uas iou.'pur = gvaS (35)
I = Li (3-6)
max 22 C

input

3.34 qmanmlummzﬂms:sm (On-state characteristics)
P Y o 9 o w Ao ) a o
MuseAuns e (Threshold voltage) vz Iduemmnidsninuiluadasegluanig
E
-] I = o o _ = ‘é o ol
inszieiazlugniidumsgudvezgnauladuiiae lumsinsaumsesnuuy Fasds

numsgadslurahnssuavaswemunideian ldawaunsh

=I’R (3-7)

on D= DS (on)

¥
o 9 =

o w 1 o o w 1 a o
ﬂ']ﬁd\?'li‘lﬂ'l'iq‘iylﬁﬁiu‘ﬂﬂﬁu‘]ﬂizuﬁﬂ!ﬂ\?uﬂﬁlw“ﬂﬂ]ﬁﬂq@ﬂ'ﬁﬂ’]ﬁ'Iuch'ﬁmﬂﬁﬂ'lﬁﬂﬂ']mﬂﬂ'H

q

mnesueamniagnii l 14 uauiussdu ligain

Threshold voltage

ussdudaiEy; v, Aoussdusenhanniugesafidesigaim ldueamnsidauiuiiam

v
1 = @

4 Q' o 1 1 o é
a1 v, dfganeaunds ussruideuldinnie IMueamnisminssuadesediadoainhiy v, &

I

' = P o q 9 o o 9/ as Aa
msia v, imgunetesiulildveamnmdemunsainszua1dlasdyanasuniuiian

s 2 @ a
a9 delaenaliuda v fianlssana 23 v
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On-state Resistance
Tugrshnszuauommniidahiaueglugm Toniin (chmic mode) A1ANUAIUNIY AD
' LY a ' ' @ s & kY ) Jd a 4
MANUIMUMUANNATEHINIBUsBITUNUYesa Fetlsznou ludeanudunusesa Sunes
%4 (inversion) LLOAAIYIATY (accumulation) 1UEIUUDI n region LA VAN (bulk) YBILIU n” region
b [
UM 0" region MANNMUMUmMarTignih1diiad Tasns Iadedraminluynsesdesniiu

n region MIANUAIUNIUYOLEIY drift region szlAmInigaludishnszualnd R, ¥4

DS(on)

woanmdaluilegiuiiszeglugis 9-100 mQ

RDS(OH} ~ R, _aVBZ."eS (3-8)

3.35 ﬂmﬂuﬁmuﬂjmxﬂqmﬁmﬁzuﬁ (Off-State Characteristics)

@

wa o o o S A A [ o 3
Auauta luvasngahnssuandiagnie iSeaussuusanial dsznoulidae gate to

7]

source breakdown voltage 121 drain to source breakdown voltage

Gate-Source Breakdown voltage: V¢
Wuswsadugagaiidu sio, layer musonuldnoudsgananats Undamianae
auw IWihdmsy sio, Ao 5-10 MegaViem (uiasmeglugiusedu v, 181lszana 20-30
A d e " ) g o
volts) Jgyrufnuainmsnussduansodunlae static charges Tuan1azi hildauls deda
91nsaln5u55913 nonstatic package HazADNI1IANEINIABINIAAD 11299515114 back to back

zener diode ﬁmﬁ'uﬁmw Llﬁ’fvﬁuﬁ'u

Drain-Source Breakdown voltage: BV

dusussdugsqavossesremsuiuresd luvnsiinngniaiesAatusesa Susedy
G]ﬂﬂ'i'ﬂllq'dﬂ’j']ﬁyﬂmﬁuﬁ’lmﬁﬂlﬂﬂmﬁ‘ﬁﬂﬂ’mEJ (Avalanche breakdown) 484398618 p-body 1) A1 n-
drain 159511I3AA1Y (breakdown voltage) g4 vosuemmnideusaildTasldms 18 7

= i { 1 = = = 5
UYILINYIU n-region ﬁsmumuaﬂﬁmwmwm:ﬂ:izig (charge carrier) 3UDIUTLIM n-region i

F137081IUN
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3.3.6 humsmanundaeasis (Safe Operating Area)
Safe Operating Area 19 lWaS1HANs U TRV UN DS Ve mNRLIAUTo IR aNTR
VDINTSUE [ UATUTIAU Vi

110317 3.9 Adineseaien marii 198 mua Safe Operating Area

I : The maximum drain current

Dmax*

P_..: The maximum power dissipating

VB The forward blocking voltage

¥. o b "
TaoWui SOA fignirialasminsumasugege I, Aaussiuasudi gniida lay

ATIAN forward blocking voltage VB ffnszuaasudifimualaninnisinalsingnis

s

o w o @ = E& J o o
anay (avalanche breakdown phenomena) HA¥QNIINA IAYMIAIGYITY P, BIAIAIAIIUNS

W

= o = or Cl 1 é o o { o ar 1
qaudvgegagnimunIngungiigeda T, Nsesasvesaisneaaihiuedmniiaanuld a1 T,
4

¥ " 1 ¥
ﬂl‘ui’]Qﬂ“IJﬂQTN%J?J'HTN‘H‘llﬂ"ﬂvl“riaﬂ'lui'ﬂﬂﬂﬂiﬂﬂﬂ’ﬂﬁ'lﬁﬁﬁTLI“ﬂqmulﬁtlm'lﬂuumﬂﬂiu‘h"nnﬁWﬁu‘]

v o W ]

dudnaiidesnugegasimuanieldnsiouidesddussduasuuasnszumasuiiga

1 '
£

= s =1 & d't:t ] o d' :.-‘
Tunauaeny Lﬁuufmﬂ'smaauqaaan‘lﬂiudmmmmmmimqmwﬁu

A
100 |__
.0l ms
Iomax 1 ms
B 10 ms
Ip (log scale) 100 ms
1
DC
-1 | l | o
Vapss
1 10 100 1000

Vps (log scale)

i ¥ v
gﬂﬁ 3.9 uaAINUNUDS Safe Operating Area
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3.3.7 wnnssnumnqmﬁgﬁ (Effect of Temperature)
voamnddsamnsoiinuldednlndigungiiqe Taeva e T, g 200 8em
= o 1 ° o i
waiFoe gauvgdiilinadennudunulususinszud Ry, Taofinnnudumuaziuiy

Amugungl Muaumsi (3-9)

7\
Rpsiomy(T) = Rps(m)(25°c)(ﬁ) (3-9)

e T Av gaungil lunilemaiu (Kelvin: K)
[~ adg 4 = n:; 3y 1 1
mmﬁwmamﬂmammsTamzmauﬁaqmwgmwﬁu @IUAT transconductance (g, )

o o d? 1 as o = Q“ ) = l:i.
Yo a A NANNBgN UL ST AN TNIMUAYVBIRMUNYL mMuaunITh (3-10)

T =23
g,(T)=g,(25°C )(%] (3-10)

1 ar Q‘ = 1 s = Q‘f _ 1 o
uazAwsudasy ; v, azlimdulszdnimeduavvesgurgiiizuii lasazaaa

—6mV Y)N%) DIAUYAUTYA

aumMs (3-9) uag (3-10) unsainnwieaisuiugumgl ladagi 3.10
2 | T 1 T T T
15F RDSonfRDScm(zs) _
1 | i
gn(T)/gn(25)
0.5 L ! ! I ! L T

260 280 300 320 340 360 380 400

ﬁd‘ nd‘d L] o
JUN 3.10 HAYDIYUNYUNUAD Ry, 1Y g
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3.3.8 auandnluvazshauiiuadag (Switching Characteristic)
o =1 a =) o [ = & o
dasanus lumsaiadgeiinaimlddasinmsulaou av,yde gaaulidae ezl
o a @ o & o o Y a A
TuTwarsnsmgamesudlunemmndrdninszue i liAailym503 Secondary breakdown
4 [
UazaANUNUDY safe operating area
Tumsiansanauiamsadingevesomnniias [12, 14] 1zdoadnszioannimes
4 ¥
J = @ o ° a o’
A luvasnsudou  Naahassuauasngahnszug Tumsdmsieildnesgl 301
#insan I clamping diode Wugaundne lildeAudoundy (reverse recovery time) 1ay

" v ¥
Tnan L Innnsunssieannsanes I, Mashinaluaag um-on uag wm-off

R; T e
et
'—v—
T
Ces

[ ' td
317 3.11 2995 dmsulFmszdiadaFns oy

Tum-On Transient

ws U IInE meon vewwemMNAME A NT0a U IAULAAINTUYDII903
g 3.11 daugii 3.12 uansdnumegUniuvesnszuauazusady Taolumsfioisenauyd
Thueamniaom lusrawinnhnszuafiuiuiivsmenaznszue Inan TnanauIudIu clamp diode

v v b4
Roulusudulasi V=0, I,=0, Vo=V,
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VGSA

Io

Y

Vpsh

mp  mp ms my
517 3.12 TnuauaaswavesllszgmeluvsauemwnA1d9une um on

Tnua m, Sudedouussduiiinn v, = v, diuanudumu R, laefid1v, minnd
' a o ] ) 1
Threshold voltage V. A11sq C,, 1as Cy, (Tu9s8ruANNAUMU R, U5sAUTEH NN
¢ o ° ' o 1 a :3 o a o o =
uazwesadinsindusedu v, luse ; mainiinvewssiu vy TdnvazdudnTdwwden

b v
lTuaanail auaunsh 3-11)

Vo) =V, [1-e™"] (-11)
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Tagh 7, =R, (C, +C,)
AnvARA IUA AU Vi < V. vomndidedsliinszue nawiu e

b4 '
UIIAU Vg = V, FUAF39m1H 1999011 2900U5 052U (turn-on delay time: 7, )

1
t,=R (C+C_)In| —— 3-12
1 g( gy gd) H{I—VT/Vd:| ( )

Trua m, Suiierar 1, nsTuAAT UL LAY nszua TnaauA Clamping
diode iAo Winuasu sunseianssumasuhiunszuaTnan 1 luvaed laTonduinssua
A190Y ﬁaqﬁymmﬂﬂﬁﬁqﬁ‘muagj“l.uc:}'muaﬂﬁﬂ (active region) @1 1nandignanlvseagaIe
laToan1lst Liifia Miller gain IL0¥ Miller capacitance

ussfuAndsnaiuue daiiosn s (3-11) AIUATLUAATUTINITONATIEN

i

@il
Ips(t) =8, Vs —V7) (3-13)

FAWIAT £, —1, M1 19 1Y

V
fy =iy = RIE, +ng)1n|:g (Vdg—mVi)_] } (3-14)
m (@]

finan t, ziinszudIvan 1, Inaduiirunemnfide 421 Clamping diode aglu
a0z 1UdAoUNTY (reverse bias) lazuoanniaufa Miller gain

Tviun m, Guiileratrm 1, 1uda LS ITUIATUISUAARY NIZURATUAITILTINUTEN 1Y
Lﬂ‘lﬂuﬁzcﬁt‘lgﬁmﬁ MMUTUNIT (3-15)

Vg =V +1o (3-15)

m
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] 1 w 1 4 c;dy a " a
lugrenussiusenunnuazsesansiii nszuaduynez lnamuanuduniu R, Tala5ada

Nudse C, muaumsi (3-16)

1 I
I; :R_[Vd —(V; -2 (3-16)

g m

4 ' = 1 [
nszuaialszy e uFudumusuasuansam ldeuauns (3-17)

I
VDS(I)zVDD—'C_G(t_tz) (3-17)
gd

M1 £, ANSAN Vg aansdaussdulugaeesu v, wazuemmniidudnganiog

1INTTHE ¥I91N1TAARIUBAULSIAU VDS A Tdnnaunish (3-18)

V. _VAC
- _ Wy =V)Cos -
IG

o o 11 o . aa o . |
Tnua m, ndann £ weamnsaudrgyraTeniing (ohmic) n5o@ifios (linear region) fin
1 P (Y a a .3 J = o
transconductance g, |UAIALAZUTIAMAMTINNTY M33T9szgues C, uaz C, Hdnbue
=] = 1 s 4 1 <
Wudalduuuvade v, Tumsdszinumsiuiuvesnszumasuoiudn luuidea Tasms

a g ' ) kY o 9/ =
LW?J"UHE]U‘NL‘HQL?T‘H?T'HJ']'iﬂﬂ']u?mllﬂ@'l'mﬁllﬂ’lﬁﬂ (3-19)

10
tz"fl

Ips = (=it} (3-19)

Tum-Off Transient
Iy a Y ¥ = o =
s udenlunm um-off @wsasiuield lagldreesiuansmsiiauaiu 3u4 3.11
aaugUn 3.13 szuamsdvdnuazgUnivvodssuauazussiu Taosuusnauydlduemmneglu

' r ] ¥
aauzrgathnszualusnmiifisane RouluSuAuliaed V=V, I,=1, V=V,



a2

v

Ips A

Y

VosA

Ve

.

311 3.13 Tnuauaasmaveslszamoluvesuemmuniasume tum off

Y

a 4 Y o  w [ @ a =3
Tnua m, SuiBUsIAY ¥, aﬂmﬁ‘luﬁuwuwmiﬂ TIULTIAU Vg 1THAADULDLIDN

Tiudva Sullunamnnmsaoiszyvesdufulszyiinn Taedulumuaunsii (3-20)
Vs (0) =V,e™ (3-20)

il 7, =R, (C,, +Cp)
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14
=

9/ ¥ - "
Tusgndfiag hifimsuldsunlasvesnszuauazussduasunadusunszisdugn

Hd v
FIWIAT £, (5N NFNIATHUNFIINNUNNOUSUNYAUINTLUT (turn-off delay time: 7, )

V
L= Rg (Cg.\- +ng)ln[ﬁ‘-f—/?:| (3-21)
T ] m

Tt V=V, +1,/g (3-22)
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parasitic capacitor, Cp. And due to the switching voltage is
applied to the dc motor will also cause the common-mode
noise current flows through the parasitic capacitor, Cy.
Consequently this causes the large common-mode noise
current flows through Cp and Cy to the frame ground and lead
to be serious EMI problems. In order to solve this problem,
this paper proposes a balanced dc motor drive as shown in Fig.
2. Its basic circuit operation is essentially the same as that of
the conventional unbalanced PWM-dc motor drive. The
purpose of circuit balancing is to make the noise pickup or
occurring in both conductor lines, signal path and return path
is equal in amplitude and phase is opposite so that it will
cancel out in the frame ground. The circuit balancing concept
has to balance the three parts of the dc motor drive circuit such
that source balanced, transmission line balanced and
termination or load balanced. The circuit balanced can
perform as follow, first source balanced can provide by adding
series capacitor Cs; and Cs; across the dc supply voltage (Vs)
and connecting the electrical mid-point of Cg; and Cg; to the
frame ground. According to the frame ground is the reference
we can get Veg= -Vesz as shown in Fig. 3(a). Next, we must
balance the transmission line by twist the two conductors
(conductor No.(1) and (2)) together, this can protect against
both magnetic and electric field coupling. Third the
termination balanced can be done by adding the capacitor Cg,
parallel with Cy and Cp, parallel with Cp at which heat sink is
connected to the frame ground as shown in Fig. 2. For good
termination balanced we can get Vg, = - Veps. As a result,
the common-mode conducted noise is greatly reduced by this
balanced circuit topology.
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(a) Shows the source balanced with Vg = -Ves;
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B¢ 1T be e i
Vem

.
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Vem

(b) Shows the termination balanced with Veg= -Vep,

Fig. 3 Show the voltage waveform of (a) the source
balanced and (b) the termination balanced.
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3. EQUIVALENT CIRCUIT TO DESCRIBE THE
COMMON-MODE NOISE REDUCTION

In order to explain the mechanism of occurring the
common-mode noise current in the conventional unbalanced
de motor drive circuit by using the equivalent circuit as shown
in Fig. 4(a). The common-mode conducted noise is generated
by a rapid voltage change in the parasitic capacitance, Cy and
Cp. The common-mode noise current flowed to the frame
ground can be obtained in the Eq. (1).

icm= (Cpt+Cyy) dVps (1
dt

The mechanism of common-mode noise cancellation can
be explained by equivalent circuit of balanced dc motor drive
as shown in Fig. 4(b). From Fig. 4(b) due to source,
transmission line and termination balanced, the common-mode
noise current through Cpg, is absorbed by Cgi//Cp//Cy. It
results the common-mode noise is effectively reduced.
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(a) Conventional unbalanced dc motor drive equivalent circuit.
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= N @ el cal
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(b) Proposed balanced dc motor drive equivalent circuit.

Fig. 4 Mechanism of common-mode noise reduction in the
balanced dc motor drive circuit.



4. THE EXPERIMENTAL SETUP

There are two experimental circuits, the conventional
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Table 1 Shows the details of conducted EMI measuring
instruments and the parameters of the experimental.

unbalanced and balanced dc motor drive circuit used to

LISN

EMCO MODEL 3825/2

investigate the effect of the conducted EMI. For the

EMI Receiver

AF] ER55CR

experimental each parameter of these two circuits is shown in

High Frequency Current Probe

SCHAFFNER SMZ 11

Table 1.

DC Supply (Vs)

34V

The scheme utilized for conducted EMI measurement in

this paper is shown in Fig. 5. LISN (Line Impedance

Stabilizer Network) is placed at the input side of the circuit

under test. A spectrum analyzer is used to record the EMI

profiles, in the frequency range of 150 kHz to 30 MHz and

Switching Device MOSFET IRFP150N
Switching frequency 50 kHz, 60% Duty cycle
Gate resistance (Rg) 100 2

Diode UF202

Load DC Motor

display by computer. A high frequency current probe is used
to sense the common-mode noise, which is measured by a
spectrum analyzer. And the common-mode conducted noise
measurement setup is shown in Fig. 6.

Balancing elements
- Source balanced
- Termination balanced

Cs[ = C53 =0.1uF
Cpt Cy =3 nF
C31+Cp:3 nF

L
- LISN SUPPLY DC MOTOR DC
ae DRIVES CIRCUIT MOTOR
Q | D+ 2
N LT %
; CONTROL
3 E SUPPLY CIRCUIT
SPECTRUM
ANALYZER PC
Fig. 5 The conducted EMI measurement setup.
LISN Current I l
Probe Motor l
I:, Housing
CSI

( POWER
SUPPLY

@ 220Vac

N 1[Il

]

CT ‘!‘ Cn

I TIT
Ll T C»
T
Fig. 6 The common-mode noise measurement setup.
The conducted EMI test results of the conventional

5. THE EXPERIMENTAL RESULTS

At first we would like to observe the balance condition of
source and termination balanced giving what effect to the
commeon-mode noise. Fig. 7(a) shows the effect of termination
balanced by floating point A from the frame ground. And
floating point B from the frame ground for investigate the
effect of the source balanced is shown in Fig. 7(b). From
Fig. 7(b) shows that, source balanced is more effective to
reduce the common-mode noise than the termination balanced.
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unbalanced dc motor drive compare to the proposed balanced
dc motor drive are shown in Fig. 8(a) and (b) respectively.
Fig. 8(b) shows that conducted EMI is greatly reduce about
20 dBuV by our approach. Fig. 9(a) and (b) show the
common-mode noise measured result of the conventional
unbalanced circuit and the proposed balanced circuit
respectively. Fig. 9(b) shows that our approach can reduce the
common-mode noise about 20 dBpV as well.
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(a) Common-mode conducted noise of the balanced circuit (b) Common-mode conducted noise of the balanced circuit
without source balanced. without termination balanced.

Fig. 7 Common-mode conducted noise of balanced dc motor drive circuit in case of (a) without source balanced and (b) without
termination balanced.

(a) Total conducted noise of conventional unbalanced de (b) Total conducted noise of the proposed balanced de motor
motor drive circuit. drive circuit.

Fig. 8 Total conducted noise of (a) conventional unbalanced circuit and (b) proposed balanced dc motor drive circuit.

(a) Common-mode conducted noise of the conventional (b) Common-mode conducted noise of the proposed balanced
unbalanced dc motor drive circuit. dc motor drive circuit.

Fig. 9 Common-mode conducted noise of (a) conventional unbalanced circuit and (b) proposed balanced dec motor drive circuit.
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