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ABSTRACT

This senior project presents design and construction of a portable
10 kV DC high voltage generator. The generator is composed of a rectifier circuit,
a high-frequency inverter circuit, a high-voltage and high-frequency transformer, and
a 2-step symmetrical double circuit. The double circuit is composed of 50 nF
capacitors and diodes. A generator can be used as a prototype model and it is high
possibility to increase voltage rating test for electrical insulation testing in the near
future. From testing with load 2 MQ in a HV laboratory, the generator can produce
voltage of 10 kV and current of 5 mA. From the experimental results, the ripple
voltage and voltage drop are agreed well with the computer program simulation.
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Tunsidenlalenceinseualnfinunldaudy elilvlaleainnsidenednasdiadi

Awsilimasengg il

2.1.1. AnTeuansesn (Nonrepetitive Peak Surge Current (Irgu))
n‘sxLLaﬂwfmnqaqmﬁmulmiamL%aaﬂimammaﬂﬁﬁmﬁmmé’ulwﬁﬂ%Lﬁmﬁaﬁ’uﬁuﬂssﬁ;

nseanszuadiliiiuszqazansy dulunisidenlalonFesnszuanzdedliiimonsinmunszud
nszannUsTaes 20 - 30 Whwesfifianszuandsunzgnluuednse



| a o
21.2 mn‘ssLLaLQaEJLuagn"LULLaama (Average Rectified Forward Current (Irav))
Ansenalnasvnelalonssanseuarinenu  msinisialiussunn 1.5 - 2 nueenIsua

Aruinlalunges Weanulasadsuasnengnisldanu

2.1.3. é’mﬂwul,mﬁ’uluuaaﬂa”uqaqm (Peak Repetitive Reverse Voltage (Vgew))

Ssmuussduluneandugegaveslalonszdesiiailisiiniiuseiueengedn (v .,
yoausssulniinssuaadumsduds  wazdesinnsiilelininnduseiudisenggaues
wssiulihnszuaaduieietosiuanemsudeud

2.2 uadawln (MOSFET; Metal Oxide Semiconductor Effect Transistor)
upaLN® (MOSFET; Metal Oxide Semiconductor Field Effect Transistor) ﬁam’lu%ma‘iﬁ

Teanswaaunlnilumsmuaudyaalivh [2]

ML

r L3

SUil 2.2 dydnwaluediva

= o | o
mﬂgﬂw 2.2 upanusenaumie 3 @iu AD
1 14 (-] - 1 s 1
1. v (GATE) iHudauiivinunaineenledvedlans Tnsadsliiinaudsdndanason

1 1 [ P 2/ o k2 s
sevawsiuassuieassaundiniiiiermugunisidhesnuesdnyg i
2. #95a (SOURCE) Wudusudnvodmyao
3. 195U (DRAIN) 1udiunusanvesdy

22 1 Uszinvued MOSFET uuslaeaulassadanunsauvseenlailu 2 vlinks

2.2.1.1 Anau (Depletion)
MUY LA UUANATY AI1TnaIngUR 2.3 T neinseauduay

A s o Vel _= c‘; d. = -:g; 2 q'q
dloflsuiurivesa awiliiuszeauiaduiiving waziinusyquanusngiunisnunnnauIl
Fanouoanled dwalviieansiduiiisgtosiivunanag Plvda9I195EWINNNATY LasYwasadl

1NTU Nrwadelualateal
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P V Ds

sU# 2.3 MOSFET wuu Depletion

2.2.1.2 leugugiuuA (Enhancement)

MY UYL BAMALUUIBUEIUTUA LA N nuBARRNETuRe ATy
arsdunaztneeiaiuas® iliiletouswuvinidriivinnasifinussqauiuilididnnseu
PRpuflenanssuiinngesandwuasuld dmalieamavhanld dufuseamauuutazyauld
ZsodtoteuusuiivnnmduusduuIniniy wasussseinuunauaseesa (Ves) iauliiifesl
AM11AAI1 Ves (th) (Gate Source threshold voltage) mmmuamlﬁﬁagﬂﬁ 2.4

S Vgs > Ves(th)

+++++++ ¥
P V Ds
|

sU# 2.4 MOSFET wuu Enhancement

222 Usznnad MOSFET wislnemmadavamiudawmesanunsaudsesnlaiu 2 vinfe

2.2.2.1 nMOS (negative MOSFET)
N udamesUssamiduiiidu (NPN) Weudsemusndngdgs wifnauslwiinluiia

asagnausd lealu p - type szgnudnauiaginua Uiznauﬁ’uﬁ&ﬁﬂmauaaismqﬁ'sugﬂ@m%ﬂﬂ
Fauvu danaldusinusuuuiididnasoudassuinauidu n - type liisendtuyunua (channel)
é’cyfgwmlwﬁﬁﬁ’azlwmhmhumuuuaﬁ%aLﬂu n - type ileufuinsunasyesala laeld
ﬁLﬁnﬁiauﬁasmﬁuwmsuamﬁqgﬂﬁ 2.5 wag 2.6



2.2.2.2 pMOS (positive MOSFET)

A =l

nudamesUseianidui (PNP) Wedlausmedndlnfirsvdeduay @il
gou) dyyralihazlnasinvigesaluviasula n1svineuves pMOS agvinsunadunuiu nMOS
Tnewleugesmusmednds (asanninavinay) ssinausliiluiistuegiouss Bidnasoudasy
U n - type 3zQNRANAINIBYATUAN Ysznaufuiileavrediugngaduluduu daalsiusin
smuvuilaaninaudu p - type laFeniuvudiua 5ﬁy§y’lmlﬂﬁ’]ﬁﬂxlﬂﬁﬂhu‘ﬁ’NquLLuaﬁ%ﬂL‘TJ‘u

< s L3 ;2 L2 A
b - type wilpufuinsunazsesdls lnsldlealdunmveuansfaguin 2.5 uag 2.6

Drain Drain

SiO, ﬂ SiO;
0

\ e [
Gate [::A[ Gate Ee———1]
ji s ‘\ Jis ‘\
I~ P N
n substrate p substrate
Source Source
o
5U% 2.5 Enhancement MOSFET USslnnuauiua n kay UIulua p
Drain Drain
SiO, ﬂ SiO,
\[ \
Gate |—_:‘l: Gate ————
L ‘\ L
o B =] T~ N
n substrate substrate
Channel \_H_I Channel
Source Source

g't}"?i 2.6 Depletion MOSFET UsglAvIhyubua n Uag Wyulua p

ynuUsUssLanvesteainlagldinasinisudais 2 wuu Aeuvsmmilassainauazius
muiinvasmndameiudrzansouudldvargaialagasesauyausasvilnliuandugui 2.7



S S S S
G |
t G G [j G E P-channel
D D D D
D D D D
G [ | 4| I: G E N-channel
— G G
S S S S
MOSFET enh MOSFET enh (nobulk) MOSFET dep

Ul 2.7 20sauyavesaaiALUUANGTY (dep) wasuuuidus s (enh)

2.2.3 anwaENIsINauYed MOSFET
Snuwnzn1syiauneantazldluinasdnadneussusdinm Useian n - channel
enhancement mode WaAIRIFUN 2.8 Wioaudreaanisidnle delumnuduasasinududou

11nNIH

Switch [I @)
0

H._
'__

gﬂﬁ 2.8 TULAaae 19918 UDIUDELNA

AsveuTesedwntuausanensantdiiu 3 ¥rensviiuiigiufie 939 Cut off,
%34 Linear region Wagd4 Saturate BaazPuegiuszivuswiunvuanasiagui 2.9 uas 2.10



50 ——— ‘ - :
. 4 / VGS'VTH"?V :
— 40 [ linear region i
g X | | e 6V 1
£ ; SN Y e
2, gy ]
g - ]
~—sanratdonregion— —
§ 4V ]
_g :
(al X -
2V 1
iV J
6 8 10
Drain to source voltage [V]
31] i 2.9 57 | - V curve U83u0aLHA
Vos < Vas- Vi

Linear operating region (ohmic mode)

Vos =Vas- Viu Vas > Vs Vi
Source Gate Drain Gate Drain

Saturation mode at point of pinch-off Saturation mode

U 2.10 dnuwagmMsyhauvesueas

2.2.3.1 MIyNuEanasu (cut off)
A AAETE Vs < Vi 108 Vos AOUTIAUTENINUAAKAZUIBDTA UaY Vi, ADUTIY
threshold w89gUnsal ’lumqm‘smaﬁuuwmﬂwﬁuszjal,masa"lmmmu wazlaiinnsinszuasening
YUATULALVTO A 'luT,:JLmawum'mqf*usuauu'1nmumwmsmwammwaqmumﬂmaumaawaqmu
I il is & naseufivngesaindrunintuneuazauludnnsy nafiladoAinseua
threshold axiduilerdudnlunuudsavesuswiuseninsuinnuazegesd lunegauafuainssud
'svm'awwmml,avmmiummammLﬂuﬂuamamﬂwama'ﬂummu Lm‘lumqﬂgumnauunszualma
EJE]uﬂﬁ‘ULaﬂu’eJEJ“ENUNF}‘NﬂﬂLiElﬂ’]’l sub - threshold leakage ﬂ'iuLLﬁl%ﬁE}EJUﬂﬁUu’s’i’lﬁJ’l‘iﬂ'UiuiJ’]m

IEseaunsi 2.1
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Vs - Vin
e "Vr 2.1)

b = Ipo
Wy gy PO AINTBUAND Vas = Vi
WASWSITUTITY Vr = KT/q wagAdnsznauaudu (n) milaasaunisi 2.2

n=2+ C[)/Cox (2.2)

= 1

s G e arruglnivesdiu depletion

= 1

Cox Ao AAnuglnivestusenles

2.2.3.2 MV Linear region

LLAMED Vs> Vin 482 Vos < (Vgs - Vin) N37UTdn0s5in19vinauuasziinisasng
wuuualiinsvuaanusalar Iy suLaseesald vedmnazyhauadefufFunuR i@,
gnAIUALIALUIAUY NN FYensEuanivasswiv I sILas e SaAInIafLIAiannsh 23

i, & Vos

gy, A® charge - carrier effective mobility
W Ao AUNTIVBIVNA

L A9 AUEIVBIVIAR

=4 ' ¢ al ' =t ' X 4
Cox Ao aauglniteenlenivinareniaienuy

2.2.3.3 NN5Y1N9TUL9 Saturation
a P2 A o =l
FuAMITE Vee > Vi WaE Vos > (Vs - Vi) lunsdiladindaziianuuaziinnsainag

i o

l‘;’ “. v 1 1 A s =l 1 1 EJ
wanuady welinszualvaiiusninwinsuuazsoia WaussdufivasuilauInn Mg
Sidnmsauasunsnssanesaoeniy mahlnihegliiuieduwsuuuauauquiagniisiiu mgnsalil
= ' . ¥ a1 6 = Y v o Y v oo
3unin pitch - off lunsdlilnszuaiasuar A Tuog AunsWUNVIATULAZNITATUANTUALYY

o 2 a
aunsarunlaeaunIsn 2.4

M, CoxW
lp= %(VGS - PO AV - Visat)] (2.4)

Ty A 78 channel-length modulation parameter

2.2.4 wasildlunstuueams
¢ ! a A a i v ¢
qﬂﬂsm%aumamum (Opto-lsolator) n3anseniteaulaAuiuans (Opto - Coupler) WA

fagui 2.1
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(+)

7R

1 i

l_l_l_l_lq

JUN 2.11 19stuneain

2241 aﬂnsdﬁausiammm (Opto - Isolator)

‘{I’mi‘U‘Vl 2.11 LLamaUﬂmwama‘mmaa (Opto - Isolator) wsepauldnuilass
(Opto - Coupler) LUuaUﬂimaLaﬂmauﬂawiﬂumiwaumammaﬂmalmwaﬂﬂﬁL‘Uaﬂu
Fyayralndindudyanauas wazasunduannuasdulniha iy 'qua'msm'm'*uaumaaayfym
seyieanreasidesnisuenmslniregrasavaiietesiunissunufumslni wieeenidy
vansriiaudazinsUseneudievasaueadi (LED) wiiidesuasdendasiiuuindursisauas
frsuuasiulnlimsudamesuselnlilalon gnudnsiuegluiuieiu

dlesndgyaaanmuaunnlulasaoulnaeshiansnduneamamdslalagnse
Tunisduinaueuedlniias (Power Mosfet) agfaafinisdnanszua (Sourcing) hag AInsEud
(sinking) 881957AL57 iislfueanannsavhauldianuigeq Snudeddrasdinneinm
(double emitter - follower) asenausensudamesiduiidunazfiaud digu 2.11 Taendnnis
venasslunisiueawinigde dfeolui

1. lensndawesldsudyyraiad anlulasaeulnsaiass szviliinsudanes
dnseua (tum on) axiilRlalenamainay uavdedgaaludestusndiierinisuene
deyeunauiile

2. leuseiududiveneasduilusediugs (high) neudainedfiuuazyinau
drumdnuansaslivhan vihldansousawnaiusodinsuale

3, | fausauidnsastuilasii (low) NT1uBanesfia9agyineu daudrnuuy

azlaivianu vlvusawalianunsatinseuals

2.2.5 anwuranUan1saIngy
dé ot i L3 = s
Junsdifiusmndyaaiivnne (Gate) weawndusruduuazgniiarsadulalen 2 i
dofiy danwuzAaenITuddnasuin NPN Tnelassadrsvesvinnaziinanuglniiudeiuen S
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(Source) wagw D (Drain) Wy Ces wae Cop MUERU  wazaziingudamaineluLeanduainel D
(Drain) WU S (Source) Srugluintu Cos  danandugun 2.12 uas 2.13

D D
= Cos
—— Cap — Ceo
—1 Cos
G T A
— —
§ Rps
— Cas = Cas
s 'S

sU# 2.12 Tumaurlswas Enhancement - type MOSFET

Vgs=+8

Vos=+T

Vos=+6

Vos=+5

Vos=+4

| | L | Vos=43 .
15 20 25 '\ 30 Vos
Vas=Vi=2V

gﬂﬁ 2.13 n5N15¥Y19 U4 N - channel Enhancement MOSFET

Ve

Vi

Vaesp

Vr

\J

Yoiont b toom

sUfl 2.14 dygalumsaindeveedivia
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mﬂiﬂm 2.14 Turn - on Delay Time, tyon M8 71 lUNITI15UT8Y Cos JUUSTITUT
se@u Threshold Voltage (V7)  Wag t LﬂuafsaﬁﬁiﬂumwmUivmﬂmmnLL'samuw Vo AUDNLTIAU
NAGIFA Vosp ?jaLﬂuLLimu"Lw“Nwﬁ“l‘?fLuﬂwwwamwmiwaaluummmLau d@2uL2a1 Turn - off
Ready Time, taofn uumunmﬂ%ﬂumimEJU'ivmnmmn'summLiwumm (V) FuUNDAHAI9UT
U3LU Pinch - off Fall Time  way t Lﬂ‘LJL'Jﬁ’]ﬁI‘?ﬂUﬂ’ISﬂ’]EIU‘Juﬁ]‘Lﬂmﬁl’mUiL’Jm Pinch - off auis
seAUNTIAU Threshold Voltage 1aeen Vesp < Vr ueawnvzngmiinseua

2.2.6 295YauIATBuaTmes (Full Bridge Inverter)

19959unesmesiduisulasiunsesiuluinssuansadulniinszuaadu dmsuleas
Wau“sm‘%um%Lma%ﬁuﬁ]vmvnaduﬁwuaaW\Imﬁ'lé’a 4 shauandluguil 2.15 Taedoulvddgues
ﬂ’]‘i‘l/]’lx‘i’m“llEJGWanﬂﬁ]E]m'lEliLGlEJ'iﬂEJ mimmwuaamm Sy way Sy sedlivirnunouduluyn
fraa1 fastuudesiinsdaaserniaty lugauafinsadndaves S, uaz S; szasedufiy
uilumsufoiadesnistrsnaiidindvisgliiinszua SuSeninanlnil (deadtime) laeinnlnl
%agflw'wL';a’m‘am]sLU?{auamuzmsa%m% ntnszuadulddinszuanseannbitinssua
Wwhnssua [3]

— —
4 A D S: |l A D2
— —
+ 1o
% —_—
Val _ A~
" X -
— —
S; |l A D3 S4 |l A D4
— —

sUfl 2.15 299s1fausaddunniines
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ﬁﬁw%’wé’ﬂmiﬁmwamas".gjau%ﬂﬁ%una%ma%ﬂmﬁuﬁeﬂ

hnd o o A
®  yANNSVINNUVEIlNUANITYINNIUT 1 Regenerative Mode

_—‘__

L

D4

> —

5Ul 2.16 Mode 1 Regenerative Mode

o N | —
6 | -

S3 | |

st N -@- |

JUN 2.17 AAULSIFULAYN I LAY A 1UBBNYBIDUIDIIMES Regenerative Mode

Tnuan1svinaud 1Twaﬂﬂuwaqmumawaama ( Regenerative Mode ) mniﬂﬁ 2.16
‘Ummmm% Sz haig S3 OFF EJEJLLmJafumm ON 5aaﬂw‘mmm=uaaa'mw Sy WAy Sq msﬂw 217 ilosan
1alon D; wa Dq 11n15 ON ¥inliaing Sy uaz Se1u Reverse bias elaid@unsavinnas ON 1ot
il ftavaulfulnannsuuaaduazgniloufuguvasitenszuanssinilalen D; uay Dg lulvin

Msvhauiusssusueen v, asliuuinusnssuadiueen ijasluau
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®  wanMsINUYelnuANII¥auR 2 Powering Mode

—P
-
S1 |l
-
+ io
¥ —>
VdC_ A
N + Vo-
-
S4 |
et
<

gﬂﬁ 2.18 Mode 2 Powering Mode

s | ]
s | -
s | ]

s OO -¢- ]

H @ [0l ~0 | —
@

JUM 2.19 Aduussiulaznszuanmsiuiuoenyedunesines Powering Mode

Tnuan1svinemdl 2 nanls¥umdsnuatnundsste ( Powering Mode ) IN3UT 2.18 vl
aind S; uae S; OFF Y usiaing S, uaz Sq vms ON faguil 2.19 Madlnihanuvasdenssuanss
wiwludilvaanuaing S, uaz S Tulnuanisiieuiuseiunarnszuaniaduenn Vil
aeiiAnuuan
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® YANNFVNINTBIUNANITYINNIUN 3 Freewheeling Mode

<

S1 |l AlD:

51 A\ [ ]
]
|

S2
S3 |
s N B |
Vo
5 )\ AN ® P
% @ 0|0 Q| —
._¢_.

= i Y] v a ¢
;a"d‘n 2.21 AAULSIFULAENTERANIPNUBNTDIDUIDIADS Freewheeling Mode

Tnunnsvheuil 3 (Freewheeling Mode ) mngﬂﬁ 2.20 agliiimsangloumadlniisening
undssnglniinssuansinaslvannszuaady uwindsuiazanlilulvannssuansasgnaane
Tnenszualuarurnuaudnumuenes Tnenseuatasiuaiod S, uatlalen D, Mngudl 2.21
nseuailaasdanduuan a"auLLsaﬁu%ﬁﬁhlﬂuquéﬁﬂlﬁlﬁmﬁﬂé’dlﬂﬁ']ﬁiwmm‘sﬁwmuﬁ
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e yanMsYeuYedluNanITYiNNuY 4 Regenerative Mode

v

S1

S2

S3

S4

: I
AlD:
1o
_,\/V\/_(vm_|
[N
D3
-
sU#l 2.22 Mode 4 Regenerative Mode

|

B\ E

o < ) v a ¢ ¢ "
31.]14 2.23 AAULSIAULAZNSELANNATUDDNYDIDULIDILMDT Regenerative Mode

Tnuan1svhaud 4 InanAundsauidrgundsdng ( Regenerative Mode ) 913Ul 2.22
yaurfiaing S, waz S OFF agusifidnyqios ON seagfivinnvesaing S, uas S; of Faguit 2.23
ilesanlalen D, way Ds viin1s ON ¥iliadnd S, wae S; {Uu Reverse bias Jelianansaviinis ON
I fdalnihflazanlilulvannszuaaduasgnilouiugunasinelninnssuanseirulalen D, uaz

= o & YY) & i v . g
D, @slulnuanisyhaudusesiunuseen Vyasluauuanssuanuaen i, lWuuin
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w 8 o o .
®  yANMSIUYBINLANSTINGIUN 5 Powering Mode

P
-
S2 O
-
o 1o
+ _>
Vi C_) Tam—" -
- + Vo-
—
S3 |l
e

31J'7i 2.24 Mode 5 Powering Mode

; | ]
: T NWe
; B\

A" T

°@/@ @\;p\w@j‘

._Q_.

JUN 2.25 AALLIITLLAZNTSLENIR1UDBNUBIBUNIBIHES Powering Mode

o a s s [ . — <
THuAnS¥Ud 5 Inaaldsundanuainunasdne (Powering Mode) 91ngUf 2.24 agisn
aind S; uay Sq OFF og wiadnd S, wag S; viin1s ON Aagui 2.25 masnglniiranumnadneludin

nssuanseazinslusinansuaing S, uaz S; lulnuanisvieutiuseiulasnssuanienuesn V, ,

i Wuavu
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®  yiNAISVNNUVBINUANITHIINIUN 6 Freewheeling Mode

lo
_/\/\/\/_fWY'\
“ + Vo -

—
S3 | A|Ds
—

D>

3‘Lf17'1' 2.26 Mode 6 Freewheeling Mode

3 | ]
2 | N

5 [ |

S o1 =

mD @ |[®] ® ~O® N\

a = ) v a ¢ "
g‘l.hn 227 AALULSIAULAYNTLRANNAUDBNTDIBULIDIINDS Freewheeling Mode
Tnuan15%191ud 6 (Freewheeling Mode ) 213Ut 2.26 lsifinnsdednemdsludinsening
uwaadnglnihssuansuarivannszuaaduuaindanuiiavanlilulvannszuansasgnaaslagnszua
Inanusiunudumuvesieas lnenseuataziiuaing S; uazlalen D 9ngUN 2.27 nszuadila
I R 1 ] s a1« € = s [ i ° i1
szfiefuavdiuussiuaiiandugud Felidamdslwiiluuanisinul
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2.3 7495N589AUAWUY LC Filter
a:i = a % q‘
19395n509AuanIaflawnes (Filter) Avasasiningenlnd zymlwﬂwmmnim 9

auanantetsnnualannuivdarinduiululd daugaseanuidu @ uvenuieandidivue

Jzgnanvauly «mﬁ]uLﬂumqmmﬁ@uu‘uuaaﬂumsaaﬂLLUU'N%
Nﬁ]‘sﬂiaamﬂmwﬂwmV'lmmauumawﬂmmmumm ) AldaudaE1ulafLay

ﬂiUﬂllUﬁl‘UﬂWl’JLﬂUU‘iu‘J (@) ﬁ'lwmmaaamulmm wpenuuuluiIeInsesrNd  aslaevialy
ganuuulngldonainmidenindundn  Lifeddemunu R Lwa‘mamammsazmaaﬁwé’alﬂﬁm

anaseusadumudgadsluluguvesnmieu (4]

L
2 O__rwv] " o+
Vin I Vout
C
- —o o

U #1 2.28 29930509 LC Filter

AMS0BNLUUNISN5BIAMUALUY LC Filter aunsaruiniyn Cut off Frequency (f) 1aia1n

aunseanalul
1
£, = (2.5)
¢ 2myLC
- - @
g fe A9 ANudAnaN
L Ao Ynadnmilentilueasnses
C  fe sunudseqluaInies

2.4 wiauwUadluna
‘VmE]LL‘LJa\“ll‘Nﬁ’WL‘L]uE]‘Uﬂiiu“/ll“tiﬂﬁ‘ifiiuﬂx‘lwﬁuﬂ']ﬁﬁlwﬁ’liﬂﬂLLi&mulWﬂ’l'iuﬂUﬁu\‘]lﬂﬂd

useulnindnseaunis waﬂmimmumawuaLLUaQIWﬁw gefan1simileniveunaInyinle
ﬂmmmmaﬂ‘mn’mﬂaHULLUaaaamaamm aauﬂsmaumﬂmawuaLLUaalwﬁﬁﬂ‘ivﬂaUﬂ'saLmu
WanNuazdlvnaINTIUILERIYA ‘uwmmumuﬁaumqmum muaﬂ‘mwuamumummwmuaan
ﬁuuﬂamaammumaLﬂumuﬂizﬂaumﬂ@uqunm“lWﬁmmgq (5]
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lo R LI !
— : :
+ Y |1 D i 0
R; " ) N N (:g \-;
I | e
1 J——) 1 2 E"*\) 2 2
' 7 T

U 2.29 2s9suifeuvadlniiin

Wefinswasuwlasvesaunuuimanazyiliiauseiunieailurnaindulunungues

W15ae
dd
e(t) = -N— 2.6
) ” (2.6)
Tmg N Ao 1UIUTDU
¢ Ao durdndusimén

dleteuussiunssuaadusuaduladlifuanarnnisduideliindragiliifianand
wimdniduguaauledsae
O = ¢ sinmt (2.7)
max

s P o o a ﬂ’l’ <l = v ! o w o =
uwssumienihiintuluveaindnyenilhudemddlniesnasulununaiie

e(t) = —Nm¢)maxcos(0t (2.8)

s .
wsasunieat et) sz mtdundndusingn ¢ (Duyumdlii — ussiumileni
2

UsganSua (RMS) fawyindu
E = 4.44fNQ (2.9)
max

N (1)m< = B (2.10)



£2

s al; ; o -~ ] £ =
faluaunsiugureasundeulwihwisniluveainvemiisudasie

E = 4.44fNB, A (2.11)
oy E Ao usaadoulwiwleni Vi)
f Ao Anudlwin
N A9 IUIUTDUVDIVAEIA
Brax A1 dWINLIWMENGEN
A Ao Nuividaveswny

answivdniineuldiduwnuuiméneiianieg weeenldidu 3 wlameiu (8] laun
1. weslsuuniuinuielanzuilindn (maenetic metals) fifnAunuIwuaUINLIWAN
aumaa ﬂauau'lﬂuaﬂﬂsmmmanw’[,‘tjm’mnm (50 - 400 Hz) WagilArAuduegruauuutivan
duimsge saudedraruirlnihndengedae m‘lwLﬂﬂmaqlﬂﬁwasul,amuaw'mﬂﬁ zualviaiu
m‘Lummm’Lﬂumuwmmnaﬂlﬂ whilalalaevinliiduusumanuieg dandszneudy (laminate or
tape form) LW’e]ﬁG}ﬂWﬁx‘}f‘lt‘gLaEJVILﬂﬂil’}ﬂﬂ‘ivLLEﬂ,‘Viﬁ’Ju
2. waslse (ferrite) mmumumu‘tﬂﬁwmm’iwmeWa‘s'lscﬂun'ivu,alwafaumwm'maaa
3. ‘d‘lJL‘U?J‘i‘WTi’WLLﬂJﬂLUWﬂ (superparamagnetic) n3analanedn (powdered metal)
ST uauuwivdndusinden Wivussulnihnssuansdldfsfouldoubdugumiloni

VBINYINTD

i

24.1 miaaﬂmeﬁal,maalwﬁ']quma@mﬁuﬁ (Area Product)

msesnuuunsiouvasiniiiniuigelneisnaguituiitieuiuuasuuswiuainsasdiu
aLaﬂmﬂuﬂamaaiﬂaﬂivaﬂmﬂ'ﬁ:ﬁmumiaanLLU‘umJaLLUaammnaqmnmmauwuﬁumw
Anaglni s uUgUN kAT AENH (Poimary + Psecondary) ﬂ‘uwaﬂmwuw‘uaawuwumwaumu
wiaslsd (A LLazwuwmmmawawmmwmLLnuLWﬁJﬂwﬁ'{mUﬁq%m@muﬂguquuawmam

Y

ﬁﬁu?}aﬂﬂﬁ (W, pnmary + W, secondary)
a 2 - O T )
Naﬂmwuw (A,) vasunuaslsdndouadliiinmudgs AonaguIsVINUIMUIAAYDS

U
1 ]

‘lj’e]»ﬂ‘lﬁﬁ’lﬁl’mw‘a\‘lLLﬂu‘Vill’eJLLUBQMI%U‘S?%‘U@@’J@U%N;WLLauVlﬁIEmU‘fl (W.) Fodunuiindnszualnian

muﬁ%mmammanulwaw'm ImiredunsnuguRuns Fufiufimtnsnveswnuniiantas (Ac)
mLUuwwmwaﬂﬁmmmaﬂ“lmamuwmaL‘tJummwummm aeldaunseitl

Ay = WA (2.12)
A & o
Tae A, flo HamauNuy
& J d.l 1 E7 1
W, A WUNTBIINUUINN
A fio  NUNTUIRULAUNBILSA
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Taeluguit 2.30 flagud 2.30 uansgunsevasununiioutasluirainsieg wiouisssy
4 A v oo 1 v & A Y 2
Hudmhdnuesdomihsmuasiuividnvaswnusisudaslii

\

-

Wa

Wa

~N

P

sU#l 2.30 C core

Uil 2.31 El core

L

— Ac
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Wa =

5U# 2.32 Pot core

\ &— Ac

Wa

L

31]‘71 2.33 Toroidal core

(& — A

Wa

g‘l.l‘ﬁ: 2.34 Powder core
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JANNTHARMAUN (A) mildananuduiussEninamiasinil 159 (Pow) AUNaAMNUT

B = (M(i)X (2.13)
P KBk
do A, Ao waguituil
P, 7B Ma3lvHn
K; fio emsfirumuwiunszualwiag 50 °C
Ko Ao FduUseAvEIUAAY
Bn  AD A MUuduLIIinanggn
f Ao Audlda
Wi A rfhmﬁ‘mﬂ‘ﬁﬁuﬁwﬁwhaﬁw%’uLmuLLwcﬂ'wq
X Ao AAefinuansedt 2.1
way ] = KjA’; (2.14)
Vol = KVA;"”’ (2.15)
W, = KA (2.16)
A =KA (2.17)
dle fa AurLLunslalnin
A, o napuitui
K; fio Amaimnusuwunsudlwing 50 °C
Vol  fe USunmsveamsiauladlviih
K, Ao Apsiiieafiuyiunms
W, #e twiihsiuvessiauadinii
Ke A9 FasiitRE iUt
A Ao tuisinvemsauladlwi
Ke A FpeTiAETesRUuaY
y A AAsfinnuansnad 2.1
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K; K;
Core Losses G j’C) 55 LC) (x) (y) Ks K Ky
C core Pou= Pr o 468 1.16 | -0.14 | 39.2 | 66.6 178
Ecore Poi'= Pes 366 534 1.14 | -0.12 | 41.3 | 68.2 19.7
Pot core Poi= P 433 632 1.20 | -0.17 | 33.8 | 48.0 14.5
Toroidal core | P = Pre 250 365 1.15 | -0.13 | 50.9 82.3 25.0
Powder core | P, >> P 403 590 1.14 | -0.12 | 325 | 588 13.1

VB9 Py, Pre vineiie daluihhgayideainnesunsuazidslviihgydsanunumdoutas

muaeU IneA1a1nmNsen 2.1 A1 (%) wae () Wulaeeniiaswesauns As kag J

= °
2.4.2 UNaINLNRULIUN

d o 8 e s g = I = o YV oa 1
LiJE]‘Uﬂﬁ']ﬂUﬁiJQJJlWﬁULL‘N@U Vi LLBL"UG]&’JF]VJWEJD“N@giu&ﬂWWLﬂﬂ’ﬁﬂﬁ]iﬂﬁﬂﬂwaﬂﬂﬂ’miﬁuﬁ

UsmnamilalnaluvnainUgugdl Sendinszuanszdu i, (Exciting Current) uazaziinavitliiiin
usasrulnAwienth (Induced Voltage (Vims) ) Tuiunainviadodniall

1N E, = 4.44fN,B, A

We  E, e
N, P

E Gk

N, Ao

B, A

D

aeldanuduiusvesuseiuliihmieniluguussdului (Tums ratio : a)

E4

E;

Ny

Ny

=a

O = o
wseeulwimieaniifuy
IUIUTBUYAR ALY RN

AnauILmingean

wswiulwitimienivinulgugd

IusaVYATIAMUUFIYL

=

Ayl

nunntdavaswnunaslse

s

N

(2.18)
(2.19)

(2.20)



o

anunsadeuaunsn st UsEavEHa (Vim) masimuugundl (Vo) wazniegil (v2) 1

U

dio v, fie uswiusudgundl
R,  #e anudumuneluniiowlasinuusunil
g fi nszuaaandnduimanilvalurnainiiuugugd

= s A o =
E, Ao uswiulwiuvieanisudgugl
TumefiRduagnuinm R, uas iy fidnfeeunn Jesvanailih

vi =g

vz = B
Fruagldanudunusuesasnsrdutssnu i nauns

— .

v, B Ny
aauziln1selnan (Transformer Under Load) aglaan

Nz'z =Nyl

e 1, Ao nssuananuYRenil
: n

o o s
Mihnswlasnauugunu

U

' flo nIzLAN NI UNFL
N,  fe SwiuseuvaaInfmuUgugd
N, h) ﬁ?ﬁmuiawmmﬂﬁwunﬁaqﬁ

[

Fiuarlgmnuduiusvesrsnsdunszualniin (Current Ratio) giatl

wazazla =g+ 1,

(2.22)
(2.23)

(2.24)

(2.25)

(2.26)

(2.27)
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datudnimualieinssuanssdu ly derdosun (i 5 % vesnszuaiinn) wauns

Uszanadlenfundoudaimegaua

= —| (2.28)

ey == =z = (2.29)

vy Ey Ny Iy
— o = =g (2.30)
Vo B2 N Iy

Q

a a

wsasulwdhusEanSHa (Vims) MM90uY

a a

WAL UTEANTHA (Vims) M1N9AUY]

4
o

®

gl
NReQil

®

IS

wsanulwimtenihnuUgugd

Y

®

=

wsasiulwiwtenihnunieni

Y

)

NTRAN1PUUFUY

©

NITLANINAIY AL
TuToUIARIAAUUgHA

Y

usBUYRaINMUNREYL

v

=)

D

m
N
I B Dr e gﬂ 3 IDr Db

®

2.4.3 mdslwihgeydslunionuasnnuigs
2431 ﬁ']é’ﬁwﬁwamlﬁﬂLﬁaamnﬁama%%'a
ﬁwaalﬂﬁqagymmummﬂaaLmawaawuuﬂummwmwwLLumaﬂ L) Tagaugen

¢
wauelsaniimanudugiundivangq mwﬂwmmmammaLuaw’maamawaumm
warluruenduiududenunumeslsifidanuduevutdmind Aegsilddinnugaide

9INBana3da g

%] /O
N, E2
/O
=<7
—
g, M :::
T ol
'\\‘

Ul 2.35 wavesnszudlvarulugunssiuivan
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2.4.3.2 ﬁwé’qlwﬂwqmﬁmﬁmmnnixLLa“Lwaw

nsznalnalruviliiAinaiiudeuduntsluwnuindnvesnouwvaslai
muam’tuaﬂw 2.35 muumamaamﬂmmwmmnawwauLaan'[,w,numﬂmauummmmumu
Iniflrgs win unuilaslse (Ferrite cores) snammm’lmmulmml,mmumma 10 kHz 9ude 10 MHz
LmasmliﬂmmulmyuiwwwamuiumwmaqlwﬁwargLaa"lut.mul,waﬂmwuamwmmaﬂimm
goawnuineslsd (Watt per unit volume) e dndsianitguinin wnuiWeslsa
(Watt per unit weight) wmmnwmLLuuwaﬂmLumanfuaammnqqqﬂu,a.,qmmuulmmu

MUTENEHERATIUA

Anfalringoiy

I\ findilhgody

|

|

|

| :

| ¥ lerannrzuna
|

|

|

|

\ fndalvhgnydy

4 P
WRRINIRATTIN

| ¥
f=100-kHz g L)

d =l 1 - d‘ “a =l A | 1
JU# 2.36 nsmsudisusenhahaslihggdedemnnszualvaiunagdanoidanaiusne

mniﬂm 2.36 LLammsLﬂsaUmsmwamaamaqiﬂﬁnamLaaLuaamﬂaaLmawaﬂu
maalﬂ'ﬁﬂafumaLuaw'1nnuua‘lwaaumamwnimwu Falaevluiinauiainia 100 kHz
mmlwﬁ'\aay,LaEmmﬂ?Ju'LuLmuLwa{Lsmafau'meuanmnmaalw%argmaLuaamﬂaamawa
Tuvmgiinnuildnugnin 100 kHz maalﬂﬁﬂama&mmWuu‘l.uLLﬂuLwaﬂwmu‘lmymmmmﬂ

msgapdeidesmnnszudlany

2433 maslnihgaydeluinimens
frdalnihgadelusiimesuasanansouvseenldiiy maalﬂﬁ'\ﬁfgl,amuawm

augumuliiiheslnfinszuanss (Winding DC loss)  wazriddlnihgaydeainaaudiuniu

TWnszuaadu (Winding AC loss) @eiisiuasidendsioluil
2.43.3.1 dslihgaudeiiosnanusiumulwihsedlihnszuanss

Adslnirgdoidosainarudiuniuliiisdedqldiinszuanss
mnanamaalw'ﬁwamawanmﬂmmﬂumumuiwﬁwmamlﬂﬁwﬂsyu,amsa (Ryo) Tuane@imaauwma
a'miummmmumulwﬁwﬂivLLamammiamlmmu
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l
Ree = P- (2.31)
A
- = v o o
Wo Ry Ae anudumulaiinszuansessunaindiun
L A9 ANUENIVBIRINFIUN
P Ao ArAnumuuliidmIze@Insn
= dy al s L% o
A Ao NuNmidnvesaIneiin

2.4.3.4.2 Mdsihgapdeanausunuliihnssueedu

Arusunuliinszuaaduazuanstanausunulniivesia
nesunsildlamRulihnsTuanse mszauausivdnitinanlniinssuaaduazimileniniild
Aousaedeuliimideninslusnimemns fudunalifanssualnarunigludaimesuns
fanan1 AnusIngnisaifinszualwihezivaluawzuiinaiafidimeuns Fatlgnuldn
“ﬂsm{]mimmqm (Skin effect)” wsawamﬂﬂiVLLalwmumaiummwmLwauwaa’lnammﬂu
Fimeawaatiu  1SenUsIngMIRIfIna1I “Usingnisalanulndie (Proximity effect)” Iﬂw
U3'1ngﬂﬁmmaaw'sﬂummunmﬂumim:uﬂwmwumumu‘lummaamwamm WAAANETUNLT
dudussnaezistuamuileldiulninsziaadurindy Fediouindudanudumaulni
nssuaadu TaefimanuiumuliihnssuaaduagyiliiAnmdsnihgadeivdulussuunni
nsdifldiniAunssuansaiosognaiien

2.4.4 nsAnaAUsEaNS Mnwesvieuwlaslny (Calculation of Transformer Efficiency)
mmu,mnrsmivwdwﬁ']é'qlw%ﬂamﬁﬂLLa ¢i1dalninsneeen Aefrdslwiignydy
Faag nLUaau"LUL‘LJum’msau maalwﬂqaiyl,aauﬂ'avnauma 2 du ﬂamaﬂw%ammdmmumaﬂ
(core loss, Pr) wazAdsinrgeydeluaianesuns (copper loss, Pey) mdslnihagdeluwnuman
Fuidalnihgadeiiaci (fixed loss) daufdsliiigideluatnneaunaduidalnigyide
Fuusdsuld Feazduiusiuanudesnisnszuavadivan lnsfasinihgydsluainvesunsiium

1eia1n
P, = 1,°R, + 1,°R, (2.32)

e P Ao maslwihagdeluaianeuns

Iy Ao nszuanesuUguNd
1 Ao nIzuameRuReqdl
Ry fle ANAUMUYDIURAInUgNaT
R, AB AINUNILYRIIRRIAYRLR
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fatiulsgansnmysmdentas (1) manlagail

P, Poutput Poutput
N===—— - - (2.33)
P1 Pinput Poutput + PctPeu
= Pinput -Pc - Pey
Vi3 n=———— (2.34)
Pinput
o Pow  AB MAslWHsun
P. @ ﬁﬂaalwﬂwqﬁymEJ’LuLLﬂuLwaﬂiﬁwawﬁmmaﬂwﬁﬁ
Poo  flo Mdslnihagydeluainneuns

FiiudFpansinUsansnmeewmewdaslinduanunsavilalaenisaaaiidelnv
goydesineg 1 idenldans Ferromagnetic Afifdalnihgedelunnumaning uageenuuuain
v o § val % i o & o w =
FnhlfivuislngduieanAiauiumuvesainas eilinsegidlwihgydelualaneuns

v
as

(Pew) uwusﬁuagjr“fUﬂ"]mmﬁwumumawmmmwamm

2.5 29a59utulaadensulansIusInuge (Cascade Circuit)
2.5.1 2astutilaairaussdugansuansauuuliaunnns (Asymmetrical cascade circuit)

2.5.1.1 2993U59AUaRnN1 (Voltage Doubler Circuit)
2e9sussuaeariniuinseansuaiussnoumelalen uagduiulssqegisasi
yrresaufu  lasarurseadrsussiuduidu 21v1v09d1geaussduniuingeen

yoansiawuaslwin (Ur) [9]

a!
Lm
A UC A
N, Ur D /\ U | | R
d

sU#l 2.37 NITUSIAUAD WYL BIAU

mﬂ'iﬂw 2,37 LQJE]‘-'M a’ L‘Uua‘u (ﬂ'ﬁal«mnaau) mmuﬂsw C 9z8nUsyauieden
Yaausesunsiowladinii Ae Uc= Ur Luaam & Lﬂuﬂuauaymmu Aupdalaiauin) azviliuses
@ b’ «mLmﬂuwaiqwuaaLLiamuwuaLLUaalWﬁﬂﬂmLiamuﬂiam C dussdundiouvasinfinfinauds
A18en Ur LLsaﬂumm b’ Ao U sxfiAgsgaiuasain e 2Ur Feulalonvzdomuussiuls
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pg19ouinIAU 2Ur wsaRuilnanazudsAtaaus 089 2Ur azdudioiuseduiludiy
2asdanssualasiufulseansesnseua Aasilvlaussdiunsruanssgaiuluasavinvesusediy
reanvamdeuladlviisudeideeen

25.1.2 wm‘s“ﬂzuﬁulﬂ (Casecade Circuit)

mmwﬂu‘iﬂm 2.38 wansdnastutuladildannnsiensussiuassvhusedeu
fuanudu fie LLG]ﬁ"‘UlJﬁ]u‘tJi“’ﬂ%JUﬂ’]EJﬁ’}Lﬂ‘U‘Uivﬂa’e}WﬂLLa“’lﬂIE]@ﬂ’aW]‘] Imwmmw?ﬂmma
mummuﬂszqm wagsnsviadumnseddiliussdunssuanss fauduaeas aa’ b b’ 1Wuaeas
usaduaaimiiety C'y, 'y, Cs, 1ae Gy, G, Cs WusifivyssginUsyquasiafiulsyanseanszia
auddU wiaztuaraiaussiuldasaviesieauseuiildanieudaslviidiadng de W 2u;
Franslalondiselfluiees D'y, Dy, D’s avtinseualugisnduadauan uae Dy, Dy Ds awtInssud
TurenauAIIaY ﬁﬂg‘lﬂﬁ’lﬁﬁlﬂ b’ Lﬁmﬁauﬁ’uEiuf-uvLﬂé"auLLUaaswzi’Nﬁuéﬁ'u 2Ur wag C; azlasu
wsesudauszqlu 2Ur dulalen D5 90 bﬁ]vmnﬂlﬂﬂmam 2Ur wazwsaiudnusey C,
Wrulalen D, 9iUdsuutasssning 2Ur fugud aviu G, zldSuusaiudnuseqiia 2Ur Ao
ﬂn&ﬂwﬁm'«m ¢ gUAsunlassening 2Uy m aUr waz G, fav‘LﬂwLLiamuamﬂivamulmiaﬂ 05
Winfu 2Ur saaﬁ]vm‘[,w o uﬂneﬁwﬁ’]aqm aUr LJJEJLVIEJ‘Uﬂ‘Uﬂu awwuwmu m'JLﬂU‘Uﬁ“i}LLﬁlavﬁ’Jﬂﬁ]“’
IasunsanuanUseqis 2Uy LU uuﬂaam d giidndlidiodisutuiveswiniu 6Uy

seiuldinileldvaneq dusetu avnelfaunsoairaussiuganng 16 Tned

aanuUssquayialonuiaydiay mawuLL'ﬁamummaaamwmmaammewuawmmma
gALIUAIAUUIEYAIA19E0 Auiiiae Cs) sglasuusefiugeaniies Ur Wiy s o AR
lummzﬁlumwmLLamaq”i.ut,ﬂnamawamamﬂﬂ malugu 2.38 (¥)

L D"y 60
Or+50r &1 ==
Ci= B ='Ci
% P c’ D’Z T
U+ 3Ur . 4U:
Clice= D: =0 R
b’ D’s :
Or+ Or M b 20:
Ci== Ds ]
a’ Ur a
V]

iﬂvl 2.38 2995t utlavanedu
(n) smmwuuulm
(1) gUAAULSIU a1 gare] vaiziilislivan
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LSISUASELARSITILAINNSIS ensEnaanusItunsenaasu tngldlalanseenseua
wariiFufuussynseenseuaiiielilaguaduiniou wigdadunlddenadidussduszasnay

=& = v w e
FadAUEAUNUSAD
|
_ -d
oU = C (2.35)
We g A9 nNIzuanssnIelvlvan
f Ao mudveIusITunsSEuaadunvzanunssuanse
c fio Awginiheesdufulsygnisanseua

Tunsdheastutuladegud 2.31 fdafiuuszanseanseua G, G uas C; Badiusey
o

Ty C aunddmneg lenasasiwenszudliiulvanivareusge gn d wihiu lg dufio
C, wweusygeeniuwiiu Q = 1y/f FuhliAaussiunn fa
g

8U, = — (2.36)
2C,

luragiieaiu C; destreusyglvnulvanviiiu Q wavaenoaUszyvsiulsey

C’; Wiy Q agtiu G agdeuszqeenluviniu 2Q = 2ig/f Feviliuseiunnld

2l
U, = — (2.37)
ey

uae Cs fvpsdnemanusyalifulnaawiniu Q Wity €72 wiriu Q uasanevenlv C;

WU Q aztunswulzanly C; A9

3y
ou, = — (2.38)

> G,
wsesumnluiafiuuszansaanssuamanilviliusiusyasniouas iy

ouU = SUI + 6U2 + 6U3 (239)

lg 1 2 3
U= =(—+—+—) (2.40)
2t ¢ G G

v
@

fufuuszqundaiananugliniindy C agdu

_ g
dU = ﬁ(1+2+3) (2.41)
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2

3T N TuLsPUSTaRNIANAU

n(n+1) Iy

T (2.42)

ouU =

4 ! < ﬁ‘l =l 1
Tusazfinsasinelvannsud |y niaUsey Q = Iy/f ynqlaiiassiinnsanelsey

9

' v v v ow a8 o Y a a v O v & o Vas
senindAvUssginduiuiuusygnsaanseuavinliiiauseiunn faumiulsegynarlasu

ussusauszatiosndtdngauadl  eniuiufiuusegindianganilonalaiuuswiudausyyminiy
AgaAUDILTIIUTIRaNYIIBULUawWNTNEAIIY

iy 2
Ueyman = 1= 2 - (2.43)
8l 2l
Uey(miny = 2U7 - f—cd - f—g (2.44)

s v

i useRuanianunagivinfunasInveaseuan (AU) luiufudsegudagda i

19959utiuledl n dusgle
o2 5. % oo 1
==(-n"+-n"-=n 2.45
fc 3 2 6 ) (245)

¥ o

11 uTuesstutuladiunnwe n® > n? ATLSIHURNBIAAIUINDIN

ly .2
d(Zn?) (2.46)

AU = =
fiC 3

o U s v v & w =
FauussTunszuansenlaaneastudulafe

2 ol
Uy = 2nUs - 5n3% (2.47)

2.5.2 295tutulaadnaussgensyuansawuuannng (Symmetrical Cascade Circuit)
) [ ' = o = oS v s [
2995tudulaegredrefuanddugud 239 WWureasfiadranszuansuseiugelaeld
Asuvasussulniinszuaaduusaduinduussiulniinszuansslaoiiuieasiseanszud
Y- | o & ° 1) Y o = | & W %
Wi mAuseutumusnandurensestutule (12 delifilvanvensestutulaaiianszuanse

WIIRUES anunsamulnlaan
U = 2v/2NU; (2.48)

L

o

wa N A9 IUIUTY

=i [V 4

Up A8 US9UMUU109ntaantiautad (Vims)
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2NVZ VY, U
2N
= d 17
: i =
Ce
it 2N-1)¥2 Vg —{ }——0
S — ==2C
= I2n-1y-I2N E
it:N—nT = 2C
z 14{ —
= . a .
n g 2 l2n-2y7l2n-1)
FC e i(:N-:)T
e 22V 0
c. %J iz
i 3 2L =—
G TG o .
2C=+ QI— 26
E ]
S 2c
j—— 0—&
20— &—
o-i
! l L T,
¢
Ug

JU# 2.39 qastutlaegnadng
(n) mimmwwuwlmamma
\ - ¢ A
(@) 2995uanensenaludruvosiawmasiie n = 2N

ANTVLTIAUANLALLIINUIETADALUDININAT Lﬁ'U‘U‘i"Qa’luq‘iﬂ%ﬂgﬁ,ﬂﬂ’lﬁﬁﬂUUUlﬂ N 9uU1N

31J*v1 2.39 (n) mmsmmaqmu'mﬂmmnama’tumumaawamai n=2N “me'sﬂw 2.39 (v) o8 C,
ﬂawaﬂwaqmmwumuﬂs.ﬂivw’mw (Stray Capacitance) uag C fig mﬂ'rmmw'iuaﬂﬂﬂaqma
FffuUsYanTesnzua usaiunnasinilersesliiivan Fefirorseshifinseudlnaluudasdy

UULDY

s ' oA L | Y, ] 7
LsasunseRanse Ur Miintuimeestuiulaluvalifdlvaavilaanauns

i V2 i iz (2.49)

Wr = =——- i)+ Gy - i5) + oo+ (igy.g _igpgd]

NSRS AN iy = O WIIUNTEUARTI AR e LAY

2
Ur= 12, i (2.50)

JWGC

V
uag o= -Zﬂtanh 2Ng (2.51)
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SR S1AIUANIIIIUAIANARYBILTIAUNTEUANTIVUBLUAIIDT

—= tanh 2N [—= (2.52)
Ur Ly S C
€
P o oA .Y P LY v & o & £ LY v a
PINAUNITN 2.52 ‘1}"‘L"ﬂU’J’]LﬂﬂLLiﬂﬂUﬁlﬂW?\‘l'ﬂi‘UUUUlﬁ ﬁﬁuu%%ﬂumﬂﬂﬁLL'S\‘JG]‘IJV]E]Sﬂ‘\]"Iﬂ
'1/?1]8LL‘UE'Nﬁ'lWllﬂa\‘lllﬂ?ﬂJ']ﬂﬂ’J']LL‘Nﬁlu‘lﬂG]Ei\‘iﬂ’li Lﬁ?)L‘TJUﬂ’Tﬁﬁﬂﬂl']LLSQﬁUS 0N

':Uw 2.39 () LLam’meummLLsamuiyaaﬂ SUT mmmﬂmammaqmeumﬂmnmmuaamn
ﬂ‘iuLLE’ILﬂUVlN’]‘IJWDLﬂ‘UUi»QmaiJﬂTiu

2v/2

SUr = ==(ly + iz + oo + Iopg1) (2.53)
g LB 2N-1

TnoussunnuazissiuszaanIziueg fiulvaniing f1vinassesstutulanulvan Wy

v
=%

anazliuegiunssualvanamnsoduanilaann

I N
AUy, = —=(2N*+1) (2.54)

fc 3

de | fa nszuafinoulnan

4 a o
f AB AIUONINUY

Tunsadansesunszlansanelnstutula aunsoasiussivgulalagmsiiindiuaudu
meﬁ]wm'\mw.wmmmwuaamnLﬂulﬂavm’[mmmumﬂmﬂ’uu LLiqmuﬁlmaﬂmﬁTuamﬂaumaa
LLawn'1mu'Jumu‘uamw'smwﬁ'mmn'iaummwamumwaammeu"l,maqacﬂLwaamammmu

‘|'I|_

G
=Cn R I Vi

:,O\
I
£

2C’n==

= ' | o = )
JUit 2.40 nssteweoatualihuuutudulauuuasnng
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usesuszasniiluanesastutulamldanaunis
OU; = ==N (2.55)
wsesuszaanlurnstuiulaauunasiuldaydy SUr, wldanaunis

(2.56)

O
G
_|
=
I_
LS

fc

A w ' . 4 1 s o ' 1 2/
dlotnrusiduszasnseninemuseugeanvesiiuuseuas (Cy, ) 58insganonuus
gafunsmdesgnandriudefivlsygsn ON TagAsiwsasdalivunavhiu. ildiuseduen

= -
Y942995Nilvian A
|
AU = —f (n3+2n) (2.57)
6

amms‘w 2.5¢ L‘U'LJ‘WWIL‘IﬁiJ’]uaﬂJlumiﬁJaﬂLLUUTN‘\]‘;“U'HU‘LﬂﬁlLL“UUﬁi.I}JWIﬂ“WiJﬂ‘idLE’IWﬁFJLLNﬂU
al
4 qlﬂmmadms LUNﬂU'\ﬂGLﬂG]’J’ILﬁJE]ﬂ‘SuLL?{ | mammwu N ummumﬂw mmmaammnma
) Lnuﬂizaﬂﬂﬂawmummsnmmmumamuaun‘u Lwa"lml,smumnmﬂmmﬂiwamasﬂu‘mw

Wangay
2521 audnvazvesusifulvanvesrsastudulanuvauuins (load

characteristics of the voltage multiplier)
dm3ur99stutulanuvaunins N9y Alusesuiiudlu \/EUTsinu)t gla

wsaRuilvian Aa
U = (2NU; - AUF (2.58)

bl 2NU. Ae usssudieldiilvan
F A9 UsEAnsNINUDINAT
AU Fe wswusnulasnnnseuavedivandananslaidu

|
U = [2NUy; - 6—f(n3+2n)]z‘: (2.59)
LLaza'm'ﬁﬂmﬁm’;u“ﬁuﬁmmza:ﬂﬁmﬂaumi

U
N =0521(—) (2.60)
Ut
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g msua9astutiule N 9u Ussansamusesumlaonaunisesil

J/8/2 N

F= N tanh(\/B—/z)

(2.61)

A = (Y] ' i o 1 o | v @
Wwe B Ao Gn9NEUTEMINAUNVUTEUARYTURDAIRINUUTEPURN



una 3

A159RALUULAZUIZNBUASY

Wamluunilagnaniwmdnn1IasuaToan L lnNseLan TS UgUUNEIasA (A Portable
10 kV DC High Voltage Generator) ausnoenladu 4 dau fio 2993138anseud (Rectifier) 2995
- o ¢ 7 o . & @
Sunesnes (nverter) nifauvaslnfianudigs (Hish Frequency Transformer) uaga9asdutiule

WuvaNung (Symmetrical Casecade Circuit)

High Frequency SATmENical
Rectifier Inverter Casecade
Transformer .
290 Virne Circuit
50 Hz
299IMIVAY

i A o ] L s s
JUN 3.1 lA59ai9Ta ATt lnnssuan s s InugIuuUNE YA

3.1 29953138an3u (Rectifier)
2995ludrutivrinnsdelalonludnuagyauiaddeiiden 2.1 iiaiasuusadulvi

nszuaadu 220 V i 50 Hz Wuussdulninnszuanse saludadinisdesaiiulseqiianses
e lninszuansaildlilavensiussaoniantonns

3.1.1 Wavsadlalonlsuanssus
Tur9esi3senszuainisidenldlaloniued RHRG30120 fagu#l 3.2 uresuiu 4 M)

1 - € o o 1 H‘ o s I L L2 A
TnpAmsiwesinaseg vedlaleaues RHRG30120 Mianiansaniiannmisnm 3.1

A15197 3.1 Afansyieuvedlalenues RHRG30120

RHRG30120 UNIT
Nonrepetitive Peak Surge Current (Iraw) 300 A
Average Rectified Forward Current (Iray) 30 A
Peak Repetitive Reverse Voltage (Vrew) 1200 %
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ANODE
CATHODE

3U1‘f’i 3.2 lalaauas RHRG30120

3.1.2 MIAUUTERNTDUTIY
= vo & ) ay v = val 1 Y
msidenldimifivdseansaussiulnihnszuansanlinimeasioanssualidiAussuszaen

anas  anunsaviinisesnwuulaannaunis (3.1)

1
Couer = A&V (3.1)
linevm
oy R Ao eumunulvaainiu 780 Q
fo. fo mwdvewuvaelnihiiai 50 Hz
AV o mashewesussduiiFeaniswiniu 9.3 v
V. Ae  ewenvesuswiulwihnszuaaduiuduwnvinnu 310 V

ﬂ‘ o 1 1 } ) a 1 a 4 -] s
naums (3.1) dlovhnisunuesingg agldrdfiudseqwiniu 427 pF uasiitevilviuseiu
svaaniimanadludn Sudenldmdufivusegiidnviatu 330 pF apsiavhnnsdevuiudiu dandu

5 o ' =l q} s ot A
660 UF NUuYMIieRsBensElauasiiuYsTINTaILTRY Aeguil 3.3

= = o Y
Jun 3.3 2995i3EensTLANaAIAUUTENTBILTI
1. 335TLINTLUA
v s
2. AANUUTLYNTDILITINY



3.2 719959UNDABS (Inverter)
Y a = ° ' ~ ¢ o
s Ul NS ELARTITINUNIN9TT T8N TTUATE NN TB U B IR B LHE
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o ar ) G I o a = |
L‘UaEJuL"fluLLNWU‘L‘N'W’]ﬂistLE’iﬁﬂUﬁﬂﬂ'ﬁwm WANINISENUAIUA1N 50 Hz L{‘Ju 30 kHz TABHIU9TT

a sda o w ¢ & cw w v o o w ¢ a
yaviadifiueamnidadugunsalaindisiden 223  dwiuaussasdvensiiuaanudiifio

msanusstunnaseugUnsallnsestutulawuuanunsiagoenuuusiely

3.2.1 upanfingas (Power MOSFET)
a ¢ ¢ o < 1Y o w < @ = a
Tureasdunesmeiiinisidenldueannirdauues IRFPA6O Aagun 3.4 Tagfiarsan

6 '

1 o o o Qs A
ATNITIUADINANF YaapANAiduUDs IRFPA60 AINITI9N 3.2

P=] a w ° o &
M15199 3.2 ANANITVINUTDINDANANTAILUDT IRFP460

(kg
<

RHRG30120 UNIT
Drain-Source Voltage (Vps) 500 V
Gate-Source Voltage (Vgs) +20,-20 \
Continuous Drain Current (Ip) Te=25°C 20 A
Tc=100°C 13 A

TO-247

5o

. D s

N-Channel MOSFET

gﬂ‘ﬁ 3.4 yeanA1daues IRFP460

-
-
-
-
-
-
-
-
-
-
-
"
"
-

3
U

W ¥ -
L L R O L R

U

o
]

&

EEARNANRRERARE
3

3.5 14TUDANANIAS
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3.2.2 YAMUANNSAINTWeNINasBuDSines

mmUﬂum'iafim*?j'waauaaLWm‘Lmamﬁuna%ma%aaLuﬂaaamﬂu 2 d@1u AD

3.2.2.1 wa5muAu (Control Circuit)

'qummmumwu’mlun'\ﬁmLuﬂammmwaasﬂamaau (Square Wave) Fadnygrailes
mm'lfﬂumsaaMmuml.ﬂm*uaquaat,wmmaa Tneldlediues UC3879N Sadiulefuun 20 anlum's
a519d N ‘Lamumummmmumlmmmmauaﬂg@nsmu (Duty Cycle) mmwﬂum'}ua
a5V ladenisUuANANEuNILRinn 18 daunismuauigdnssuansarhldlaenisuiu
LWﬁﬂaaﬁmmﬂmﬁaﬁgﬂﬁmﬁlﬂmgqLwisJ,u 0° - 180° femsUsuAAMAIFIUITNT 5 WAy 15

Vec 12V

wee L == ==100uF
0.1 pF
O—Sync UVsel
50 kQ =
RT18 13 OutA——O QUTPUT A
0.1 uF
o | cT 12 OutB——Q oUTPUT B
0.1 uF
Vref FI—Ramp 8 OutC——O OUTPUTC
Vref 7 Out D———Q) OUTPUT D
1 uF 0.1 uF
’ SA2_{comp Agnd __|
0.1 uF =
1l EA-
I
Cs 15 DIyAB
| 50 kQ
1uF I__ SS 5 DlyCO
1uF 0.jl uF
30 kQ il
= Gnd

l L

gﬂﬁ 3.6 1995la@uas UC3879N

3.2.2.2 MISTUNRANAAIES (Drive Circuit)

ar v € a = i 1 Qs o o a n’i’

foyanaiadsudvdsuildamessemunuasgndendymasiuneaviaiids laogmaasi
a¢ldlediued TLP250 lunistunedinLazuennIsvesdyyiaduleannuiazfieanaInnu

ﬁagﬂﬁ 3.7



100 4TUF  4TUF
5V
2k0
300 Q 6
2 7
P s

250

'—ED
er’ 10 kQ
s |]
PWM
. g ¢

7
(o]
|

3U17i 3.7 19359ula®uas TLP250

C; = 1 v s Q) o s ﬂ. = Al
Tuguii 3.8 wansfamsiensasnuauiifusiunedminids 1ieauANNITEINTIvRY
yoannmaslulsduneiines

15V
47 uF 47 uF

%Y —
300 Q ;_ 5 I—2|'|'<h “q

Vec 12V

2 7
TLP
¥eg i3 L =100 uF 3250 8
0.1 bF 50 o!
o
O—Syne UVsel| PWM G s 10kQ %;I
50 kQ - .
-,e: RT 18 13 Out Al—0 ’
OUTPUT A 1003 47 UF 4TUF
0,1“uF 5V a I_"-_"J
t AR
e cT 12 ous——0 300 0 ;_ o 2¥
OUTPUT B 27, p 7L
0.1 uF 32508
Vref F—Ramp 8 ouc—QO—— 50 o 5
OUTPUTC A G 10 k0 %4_3_]4
Vref 7 OutD
TeF 0.1 uF OUTPUT D 15V
50 k() 47 uF 47 uF
iIComp Pgnd 100 Q
5 4 | T
0.1 uF s 300 n 3
—| ea
50 Q
Cs 15 DlyAB PWM G
50 kQ
1uF ss 5 DIyCO 15V
1 uF_L_ 0.) uF
40 k0 sy 100§ 4TUF 47uF
a I——|q
= Gnd
— 3000 ;_ 6 2

l L

pwM G S

gﬂﬁ 3.8 'mﬁmUﬂmt,a..faawuuuaammaa
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JUN 3.9 1993IAIUANUAZIIITTULBAINAATAY

3.2.3 2995n589AMUARUY LC Filter

LmﬁulﬂﬁﬂnsvLLaaﬁUﬁaan:m]ﬁmaﬂiﬁuna%ma%ﬁ#uﬁé’nwmaﬂuiﬂﬂﬁuﬁmm’]mmﬁu
Aoy m:ma'ﬁmauﬂaaqmﬁm'ﬂ,wanmaqafyl,aa’lwuau:tJaqlﬂﬂ’emmaﬁﬂumumm erdunis
ammaqlwﬁwamaaummmw'emﬁl'iﬂ'iaqmmmLmlﬂﬂiaaiﬂﬂauammqmmﬂuamaaﬂmﬂu
azyrmmmmuwaﬂwmﬂnammsﬂﬂaulwmnmu Immﬂm'sniaqmwuﬂwaamummmﬂmaaﬂ

panhl
I s -3 1A o o = o }7d
AR aiuYsEy (C) wagAdamileni (L) T11995n509AUAANNTAYIIN15RaNRUULARN
=
aunsn 3.2
1 ! (3.2)
= 3.
¢ 2mV/LC
- o w
g fe fia AnudAnoaw
= s d o I s
L A9 FILVULIUIMINY 1 mH
C Ao fufudszquwindu 6.8 nF

o o o [ a v " o 1w
Wayhn1sunuAniee aglaa1anunAneawiny 61.03 kHz LLaaﬂmmmLﬁUUisq (@ uaz

e 4 L] M v a
Adawmilenti (L) TWesnuuuinesnsesaudlasigui 3.10



a5

= <
3U% 3.10 1993N5839AUN

a
3.3 uiiaudadlniranungs
nnseanuuuneuadiniiininuigs Teefiuseiuiudgugdl 220 v usaiuduniegil

o ad w &
20KV A21uD 30 kHz eiidunaunil

a o

5 d o ! o r v
Fumnaui 1 AnavAmadiihdunRenil P onday

U

P = v,,cos0, (3.5

secondary

= 2.0x103x300x10°x1
- 600 Watts

& = o LI
Fumoudl 2 Anaamalnisan Py,

1

Potat = Psecondary(ﬁ'i'l) (3.4)

1
600( —— +1
(505 Y

1,232 Watts

o w ! =l ° 9 1o w s v
Sadelniiey (P, Wudwusznaunldlunisaan ailedslihavdeudaslniin

mﬁuﬁqqmammhﬂﬁuiwamlﬁ
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b P ° ' & A
YUADUN 3 Pﬂmﬂmqmwaﬂumwuw Apﬂqﬂaﬂlﬂ'ﬁ

g4 X
Ptotal x 10

A =
P KiBnfKuK

Sine waveform coefficient WAy 4.44

=~
7Y
©

Avuali

Maximum flux density

3
o))
©

Core window utilization factor

-~
£

3b

©

Current density constant #i 50 °C AN 2.1

N
b
=)

I o al
ANAINIAINAITIN 2.1

x
b
[i]

i
b
©

Operating frequency

1.14

1232 x10° .
) = 532 em

& e 3.6
P (a.44x0.1x30x103x0.4x534 (3.6)

vlol
& = - ¢ v a o 1 & & Ao v a
Sumeudl 4 Fenunuleslsimdiaudaslihanudgdasirmaguivui Adnnalaviniy
a "W o 1 _avw oa & w =
10% 9giAnviafy 5.85 cm® wdnhdfldidensuinvesunuieslsdniioudasluiaaudigs

- = a o P
Iﬂf’.ll:a'ﬂﬂ Part No EE-80 94U518a%L08AAINIT19N 3.3

mi'l»i“?; 3.3 Partial Standard EE Ferrite

S
U

il

=
Y

3.11 Yu1avadwnuaslse No EE - 80

ITEM DIMENSIONS(mm)
A B G D E F
EE-80 800+08 | 761+t08 | 200+08 | 600+08 | 200+ 04 | 561106
TP | S — €
|
| (Bt ]
| | | L | |
| : A
_____ I I B e Y R
——|




azlaan Mean Length Turn (MLT)

Core sectional Area (AJ)

Window Area (W,)

Ap

ﬂ’j d o 1 o =
dumuil 5 MuamAuINTBUYRRIAMUUFUYH

Np =

= (

(

Vpx10*
KBy A

220x10%

WAL 16.00 cm
Wiy 4.00 cm?
Wiy 11.22 cm?

windu 44.88 cm®

4.46x0.1x30x10°x4.00

= 41.29 79V

<4 vV o 2/ o 1 at
@enlddnnuseuvnainnuUguiivinnu 50 sau

5 lﬁl o U 8/ o
Junoudl 6 AudmAnsEualnienuUgugdl

P

P secondary

Vpn
600

220%0.95
2.87 A

ll.; d o 1 1
YUADUN 7 ATUIUUIATAIUNAUN LLuUﬂ'ﬁ:ﬁLLﬁlw'ﬁﬂ

- y
J = KA,

Tow y Wueeafiannanaed 2.1 agld ) = 530x44.88°'% = 33829 A/cm

)

u’j | o ﬂll d s =
Fupauil 8 AmnmiuivthdnalaveunoaaInd Ul

pw(B) ~

1}

e

J
2.87

—_—

338.29
0.0085 cm?

a7

(3.8)

(3.10)



a8

- v a ¢ ad o ) | W &

Genuuamaiuugugiiues SWGH#16  finuiiviihdinvasaiaiiiy 0.0255 cm? visiily
mMsfiasadonswneaainty  ddenduuiaiulunudymnssesinveaduana Fadulusies
- ¢ | = ¢ = a o | @ i
\donvunawedanfianzanfewes 16 wWenanidedliliiaseuludenan

Y

) a ° ! 9
YUADUN 9 ATUIUATIAINL ﬁqquumﬂa?ﬂﬂquﬂﬁmqu

. (MLTXNXP) a1
p,dc 20 °C pr(B) 2
(16.00)(50)(17.23x10°")
- 0.0255
=0.05Q #20°C
Toil o e Temperature constant for copper wire iU 0.00393
T, o guvnfisusy
T,  fe aumgligang
Rp,dc 70°C = Rp,dc 20°C[1+Y20 (TZ B Tl)] (3.12)
= 0.05[1 + 0.00393(70 - 20)]
- 0.06 Q1 70°C
yanduUseans Skin Effect
Rac NLDl 2
kk == = H+K—)G (3.13)
Rdc DO
q
o D,V
Tnef G = (—) (3.14)
10.44

L4
a a

AndasednS Skin Effect vosnaInmuUgugl

=
ol
(0]

Andasedns Skin Effect vasuaaInduyRsqil

7\_
o)y
®

8 ANALATUINUNTELEREU

X
b

8 ANAUAIUNIUNTEULEARNTY

X
o
I3l

3b

8 SHIATUAILATUNIUNTELAASUR BN SELARSIVDITAAIAGIULE LAY

L
b

AAudteEnin 350 kHz WAy 1)

—_

N, e dwauveseandailu Litz Wire



—

A o O O

A519% 3.4 A K factor

3
®

wurhgudnanvesaanitlu Litz Wire (inch)

wurihAugnanaves Litz Wire (inch)

o)
®

b
[}

Eddy-current basis factor

= 1 d'dv s o st -] " s
A ﬂ'lﬂ\‘iWU‘lJﬂ‘U'i]WU’JU‘Uﬂﬂ'Jﬁ}W]U'ﬂu Litz Wire

49

N 3 9 27 Infinity
K 1.55 1.84 1.92 2
leen Dy = 0.10 cm = 0.04 inch
q
0.044/30000
[ iie————) = {10
10.44
1x0.04 2
kyp = 1+1.45( ) x0.19= 1.28
0.04
Ryac = Rogcxkep = 0.06x1.28 = 0.08 Q
Fumouii10 Auanen Copper loss YaIUARIARIUUEHAH
2
Peup = o Roac (3.15)
= 2.87°x0.08
= 0.66 Watts
Fumeudl 11 FurumeduuseunaInd Uyl
VS
Ng = Nox = (3.16)
VF)
2x10°
=42x%
220
= 381.82 90U

Gonldiuiuseureainiuyiegivinny 382 seu
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& o ° Y & v oo ow a a
YURDUN 12 ﬁr]u?mﬁUW‘WuqG’]ﬂLﬁua?ﬂlﬂa\iLLWQ’UQQ‘UﬂaQQéﬁuwmEJﬂ“ll

|S
Aswie = (3.17)

300x10~

338.29
0.00089 cm?

= 14 o = s dc’dj P v 1 a
FonUuATAaIAMUYREYIUBT SWGH26 ununvuinnvesnaiaminu 0.00159 cm?

UABUT 13 AINAAINIUNIUIARIAMUYRLRT

o (MLTXNoXP) -
p,dc 20 °C Acud
(16.00)(382)(17.23x10™)
) 0.00159
- 662 Q7 20°C
Ry 70rc = 66211 + 0.00393(70 - 20)]

=792 @ @ 70°C

970 Dy = 0.03 cm = 0.01 inch agln

aq
0.014/ 30000

G=(—) = 7.58x10™
10.44
1x0.01 2 :
ke = 1 + 0.52( ) x7.58x10
0.01
= 1.00

Ry pe = Regexkys = 7.92x1.00 = 7.92 Q
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o a o ' v - a
YuUeBUN 14 muAN Copper loss AMUNABA

Peus = IRy (3.19)
— (300x107)°x7.92
= 0.71 Watts

ﬂ‘i A o U
JUABUN 15 AuIuA Copper loss 34 (Pey)

Py = Pouot Peus (3.20)

cu cu,p

= 0.66 + 0.71
= 1.37 Watts

[
as

JURBUA 16 ATUIUAT Core Loss 31N Pyl ioss

(3.21)

Psecondary
|:)total,loss B Tl & Pses:ondary

= 31.58 Watts

aglé Core loss (P) #ail

P (3.22)

|:)c B Ptotal,Loss ey
= 31,58 - 1.37
= 30.21 Watts

v

P o 4 = g 1 14 = o 2/ 4 al
WBAIUIUAINITIHRDIANEY LA Sevinisusznevasrandeuvaslniinariudgela

=

AIgUN 3.12
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U7 3.12 wifouadlviihaauigs

u

3.4 2995uTUlaLUUENNINS
5 s A v s 7 L7
29stutulanuvaniesidulrsesiaieluinssuansuseiugs Taesulwihnssuaady

mmﬁgamnwﬁaLLanlwﬁ'mmﬁqmWLL‘LJmL{‘]u“LwﬁﬁﬂwLLamdLLé’hwﬁiLLiaﬁu'lﬁga‘ﬁummﬁi’ﬂmurm
souvuuTuladsiaten 2.5

3.4.1 Snautuivangan (nop)

Fs U Tmnzaulden

UOUt
g = GERT=—= (3.22)
Ur
o ° & o
g ng AD Suuduiimvineay
U fio ussunanAsauivan Wiy 10 kV

out
Uy Ao wssugedaiieenainniioudadiniiiaiudgelullaniiegd

Wiy 2000V2 v

. 10x10° %
ALY Plage = 0.521><E—0\/E = 2 U
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3.4.2 ﬂ'ﬂﬁ:}Lﬁuﬂixﬁ;ﬂiaqmmaﬁmmxam (@)

annsofwAiuUsEgnIsnsEkanvinzanlaan

lLcag 3
Uout = 2noptUr = [ Mgt + 2nggp)] (3.23)
lng  n,, Ao dwouduivneay winu 2 9u

Uy fie wswiugsgaiioenanuiliouuasinihanudgeilafegil wiriu

2000V2 v

f Aa A Wity 30 kHz
loag  A® NIzUAvBIMAA WYL 5 MA
C fio ALAUUIEN TR SRV

~ |Load[ngpt + 2Ngpt (3.20)
6f[2ngptUt - Uouty ‘
(5x10)[2% + (2x2)]

" (6x30x10) [ (2x2x2000v2) - (100x10%)]

C=0.25nF

idasaniinnsesnuuuiielyliAnussiunnaseniidaifiudssgivinisiuvuinvessdiaiu

Usyq Teedenldiuiudseguunn 50 nF

3.4.3 WSIAUAN (Vo)

AT UANLARIN

|Lt:Jad 3

= nopt

Vdrc,p 6fC (3.25)

i)

Ty ng A Fuouduiinzan v 2 9

W = v oo aw
U, fe uswiugegafioananuiloudasluihaaufigelafegil wnu

2000V/2 v

f Ao AU WwinAu 30 kHz
A9 nIzuavedlvan Wwindu 5 mA

C  fe Adufudszgnsesussduiinzey
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5x107 > 4 (22)
V [27 + (2x2)]
drop 6x30x10x50x10°
= 6.67V
3.4.5 usaduinasenlvan (U,,)
Uput = 2nop‘cL‘lT'Vdrop (3.26)
- (2x2x1800V2) - 6.67
= 10,175V
3.4.6 WS9AuTzann (8Y)
AUIUNILTIRUSEARN AN
) |Load
5V = ch] Nogt (3.27)
g n,, AD Srunutuimnea
f ) AUA WU 30 kHz
loag A NIzuavealvian wihiu 5 mA
C o Aiuuszgnseausfuinzan iy 50 nF
5%x107
= 3 5 X2
2x30x10°x50x10

=333V
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Frasamahnureestululauwvuauinasislusunsumereniine suansisgui 3.13

o L EJ
WATHANTINADINEANINNFUN 3.14

C5

50n R4

-

c2
50n

e . e e
— C6
50n
+—d D
C4 —— o
&0n I~ 11
11 1<
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7 Measurement of direct voltage

7.1 Requirements for an Approved Measuring System

The general requirement is to measure the value (arithmetic mean) of the test voltage with
an overall uncertainty within +3 %.

The uncertainty limits shall not be exceeded in the presence of ripple, the magnitude of
which is within the limits given in IEC 60-1.

NOTE - Attention is drawn to the possible presence of alternating voltages coupled to the Measuring
System and affecting the reading of the measuring instrument.

7.1.1  Stability of the scale factors

The scale factors of the converting device and the transmission system shall not vary by
more than +1 % within the ranges of the ambient temperature and humidity given in the
Record of Performance.

A converting device for direct voltage shall be constructed so as to conduct directly to
earth all leakage current on its external surfaces and to keep internal leakage current
negligible relative to the measuring current.

NOTE - To maintain a low ratio between the leakage and measuring currents, a measuring current as high
as 0,5 mA at the rated voltage may be necessary.

Measuring instruments shall comply with the requirements of class 0,5 of IEC 51 or shall
be tested according to this standard.

7.1.2  Dynamic behaviour for measuring rising voltages

The experimental response time Ty of an Approved Measuring System shall not be larger
than 0,5 s. This will permit measurement with the accuracy required by 7.1 when the
voltage is increased at the rate specified for dielectric tests in IEC 60-1.

NOTES

1 In some cases the response time of a converting device is kept much lower than 0,5 s to improve its
behaviour in case of flashover in the test circuit. However, to avoid ripple on the high-voltage source affecting
the measured value, the response time of the Measuring System (which includes the measuring instrument)

should be greater than 5/f where f is the fundamental frequency of the ripple.

2 In certain cases, for example, in pollution tests, it may be necessary to detect and measure transient
components. No requirements for this are given here, but some guidance may be obtained from clause 9.

7.2 Acceptance tests on components for an Approved Measuring System

The requirements of the type tests can be met by tests on a unit of the same type or
sometimes from manufacturer's data. Routine tests shall be performed on each unit. See
clause 5 for details and 4.4.2 for exceptions.
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The components of a Measuring System shall meet the requirements of the following type
and routine tests:

Type tests:

- temperature effect on the converting device and the transmission system and on
their Scale Factors (5.6),

- long-term stability (5.5),
- wet or polluted withstand test on the converting device (if required) (5.9),

-~ dynamic behaviour (5.8).

Routine tests:

- determination of the scale factors (5.2),

- linearity test (5.3, additional alternative methods 7.2.1),
- short-term stability (5.4),

- dry withstand test on the converting device (5.9).

7.2.1  Linearity test: requirements and additional alternative methods

The linearity test shall be made according to 5.3 using each polarity with which the system
is to be approved.

Additional alternative methods are:
a) Comparison with a rod/rod gap

The Measuring System shall be checked against a rod/rod gap, as shown in figure 19
of IEC 60-1, and within the limits of gap spacing and humidity given in clause C.2 of
the same publication. The test shall be made with gap spacings corresponding to the
minimum and maximum values of the operating voltage range and at three approxi-
mately equally spaced gap settings between these extremes.

The complete linearity test shall be made in a short time so that atmospheric conditions
do not change and hence no corrections need be applied.

The procedure given in clause C.3 of IEC 60-1 is used except that no atmospheric
corrections need be applied. If each of the five ratios of the disruptive discharge
voltage of the gap to the corresponding output of the system under test is within +1 %
of their mean value then the system can be considered linear.

b) Specific test for multi-section devices

For a converting device made of several identical high-voltage units, the test shall be
made by first checking the linearity of each unit as described in 5.3 and then by check-
ing the assembled units at Rated Measuring Voltage by comparing the current into the
high-voltage end of the device with that out of its low-voltage end. The measured
values shall not differ by more than £1 %.
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¢) Comparison with input voltage of a linear a.c./d.c. converter

The output of the Measuring System shall be checked against the peak value of the
alternating voltage input to the rectifier network. Tests shall be made at the minimum
and maximum values of the operating voltage range and at three approximately equally
spaced voltages between these extremes.

If each of the five ratios of the measured voltage to the corresponding peak value of
the alternating voltage input to the rectifier is within +1 % of their mean value then the
Measuring System can be considered linear.

7.3 Performance Test on Measuring Systems

The Assigned Scale Factor shall be determined according to 6.2.

7.4 Performance Check

The scale factor of an Approved Measuring System shall be checked by one of the follow-
ing methods.

a) Check of the scale factors of its components

The scale factor(s) of each component shall be checked, using internal or external
calibrators having an uncertainty within £1 %. If the difference of each scale factor from
its previous value is not larger than +1 %, the Assigned Scale Factor is taken as still
valid. If any difference exceeds 1 %, then a new value of the Assigned Scale Factor
shall be determined (see third paragraph of 4.2).

b) Check of the scale factor of the Measuring System

A comparison shall be made with another Approved Measuring System with the
procedure of 6.2 a) or with an IEC Standard Measuring Device used according to
appendix C of IEC 60-1. When the difference between the two measured values is
within £3 %, the Assigned Scale Factor is taken as valid. When the difference is larger,
then a new value of the Assigned Scale Factor shall be determined (see third para-
graph of 4.2).

7.5 IEC Standard Measuring Device

The rod/rod gap, designed and used in accordance with appendix C of IEC 60-1, is an IEC
Standard Measuring Device for direct voltage with an uncertainty within +3 % (see E.3).

7.6 Measurement of ripple amplitude
7.6.1  Requirements for an Approved Measuring System

The ripple amplitude shall be measured with an overall uncertainty within £10 % of the
ripple amplitude or +1 % of the arithmetic mean value of the direct voltage, whichever is
larger.

Separate Measuring Systems may be used to measure the mean value of the voltage and
the ripple amplitude, or the same converting device can be used with two separate
instruments.
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The tests specified in 7.6.2 and 7.6.3 éhall be applied only to systems used to measure
the ripple amplitude and are Performance Tests.

7.6.2 Measurement of the scale factor at the ripple frequency

The scale factor of the Measuring System shall be determined at the fundamental
frequency f of the ripple, with an uncertainty within +3 %. This scale factor may be deter-
mined as the product of the scale factors of the components.

7.6.3 Dynamic behaviour

The upper limit frequency f, of the amplitude/frequency response of the Measuring System
shall be greater than 10 times the fundamental frequency f of the ripple.
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8 Measurement of alternating voltage

8.1  Requirements for an Approved Measuring System

The general requirement is to measure the peak or the r.m.s. value of a test voltage at its
rated frequency with an overall uncertainty within +3 %.

8.1.1  Stability of the scale factor

The scale factors of the converting device and the transmission system shall not vary by
more than +1 % for the ranges of the ambient temperature and clearances given in the
Record of Performance.

Measuring instruments shall comply with the requirements of class 0,5 of IEC 51 or shall
be tested according to this standard. If a peak voltmeter is used, its uncertainty shall be
within +1 %.

8.1.2 Dynamic behaviour

The amplitude/frequency response of the Measuring System shall not vary by more than
*2 % between 0,2 times and seven times the frequency of the test voltage. When the
presence of the test object enhances the harmonic content above the seventh harmonic
the amplitude/frequency response shall not vary by more than £2 % up to the frequency of
the highest significant harmonic. Special requirements may be specified by the relevant
technical committee.

NOTES

1 In certain cases, it may be necessary to measure voltage transients superimposed on an alternating volt-
age. No requirements for this are given here but some guidance may be obtained from clause 9.

2 Some sources do not generate harmonics (for example, series resonant test sets).

8.2 Acceptance tests on components for an Approved Measuring System

The requirements of the type tests can be met by tests on a unit of the same type or
sometimes from manufacturer's data. Routine tests shall be performed on each unit. See
clause 5 for details and 4.4.2 for exceptions.

The components of a Measuring System shall meet the requirements of the following type
and routine tests:

Type tests:

- temperature effect on the converting device and the transmission system and on
their scale factors (5.6),

~ long-term stability (5.5),

- proximity effect (if required) (5.7),

= wet or polluted withstand test on the converting device (if required) (5.9),
- dynamic behaviour (5.8).
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Routine tests:

- determination of the scale factors (5.2),

- linearity test (5.3, additional alternative methods 8.2.1),
— short-term stability (5.4),

- dry withstand test on the converting device (5.9).

8.2.1 Linearity test: requirements and additional alternative methods

The linearity test shall be made according to 5.3.

Additional alternative methods are:
a) Comparison with a sphere-gap

The Measuring System shall be checked against a sphere-gap used according to 8.5
of IEC 52. Tests shall be made with gap spacings corresponding to the minimum and
maximum values of the operating voltage range and at three approximately equally
spaced gap settings between these extremes.

The complete linearity test shall be made in a short time so that atmospheric conditions
do not change and hence corrections need not be applied. If each of the five ratios of
the disruptive discharge voltage of the gap to the corresponding output of the system
under test is within £1 % of their mean value then the system can be considered linear.

b) Method for multi-section capacitor converting devices

For a converting device consisting of several identical high-voltage units a test consist-
ing of the following three steps shall be made:

- atype test on an equivalent complete converting device (equipped with its elec-
trodes) as specified in 5.3,

- Mmeasurement of the capacitance of each high-voltage unit at the five voltages
specified in 5.3. The capacitance of each unit shall not change over the voltage
range by more than £1 %,

- the assembled converting device shall be free from visible and audible corona at
the Rated Measuring Voltage.

¢) Comparison with the input voltage of a transformer or a transformer cascade

The Measuring System shall be connected to measure the output of the transformer.
The output of the Measuring System shall be checked against the input voltage of the
transformer. Tests shall be made at the minimum and maximum values of the operating
voltage range and at three approximately equally spaced voltages between these
extremes. If each of the five ratios of the measured voltage to the corresponding input
voltage is within +1 % of their mean value then the Measuring System is considered linear.

NOTE - Attention should be paid to the possible variation of the voltage ratio of the transformer because of
the load and non-linear characteristics of the magnetic circuit.
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d) Comparison with the output of an electric-field measuring instrument

The Measuring System shall be checked against an electric-field measuring instrument
which is so located that it measures a field proportional to the voltage being measured.
The electric-field measuring instrument is used according to the relevant requirements
of IEC 833. The test shall be made at the minimum and maximum values of the operat-
ing voltage range and at three approximately equally spaced voltages between these
extremes. If each of the five ratios of the measured voitage to the corresponding
measured electric field is within £1 % of their mean value then the Measuring System is
considered linear.

8.2.2 Determination of the scale factor of a peak voltmeter

The scale factor shall be determined using a known sinusoidal voltage of rated frequency.

NOTE - Indicating instruments other than peak voltmeters are calibrated according to |EC 51.

8.3 Performance Test on Measuring Systems

The Assigned Scale Factor shall be determined according to 6.2.

8.4 Performance Check

The scale factor(s) of an Approved Measuring System can be checked by one of the follow-
ing methods.

a) Check of the scale factors of the components

The scale factor(s) of each component can be checked using internal or external cali-
brators having an uncertainty within +1 %. If each scale factor differs from its previous
value by not more than 1 %, the Assigned Scale Factor is taken as still valid. If any
difference exceeds +1 % then a new value of the Assigned Scale Factor shall be deter-
mined (see third paragraph of 4.2).

b) Check of the scale factor of the Measuring System

A comparison shall be made with another Approved Measuring System with the
procedure of 6.2 a) or with an IEC Standard Measuring Device according to IEC 52.

When the difference between the two measured values is within +3 %, the Assigned
Scale Factor is taken as still valid. When the difference is larger, then the Assigned Scale
Factor shall be determined again (see third paragraph of 4.2).

8.5 |EC Standard Measuring Device

The sphere-gap, used according to IEC 52, is an |EC Standard Measuring Device for the
peak value with an uncertainty within +3 %.
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INSTRUMENTS
www.ti.com SLUS230B-JUNE 1998-REVISED JUNE 2007
FEATURES DESCRIPTION
* Programmable Output Turn On Delay; Zero The UC3879 controls a bridge power stage by phase
Delay Available shifting the switching of one half-bridge with respect

to the other. This allows constant frequency pulse
width modulation in combination with resonant,
zero-voltage  switching for  high  efficiency

Compatible with Voltage Mode or Current
Mode Topologies

Practical Operation at Switching Frequencies performance. The UC3879 can be configured to
to 300 kHz provide control in either voltage mode or current
10-MHz Error Amplifier mode operation, with overcurrent shutdown for fast
Pin Programmable Undervoltage Lockout fault protection.

Low Startup Current — 150 pA Independently programmable time delays provide

dead-time at the turn-on of each output stage,

Soft Start Control b S s
allowing time for each resonant switching interval.

Outputs Active Low During UVLO
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i Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas

Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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UC3879 INSTRURdENTS
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DESCRIPTION (CONTINUED)

With the oscillator capable of operating in excess of 600 kHz, overall output switching frequencies to 300 kHz
are practical. In addition to the standard free running mode, with the CLKSYNC pin, the user may configure the
UC3879 to accept an external clock synchronization signal. Alternatively, up to three units can be locked
together with the operational frequency determined by the fastest device.

Protective features include an undervoltage lockout and overcurrent protection. Additional features include a
10-MHz error amplifier, a 5-V precision reference, and soft start. The UC3879 is available in 20 pin N, J, DW,

and Q and 28 pin L packages.

ABSOLUTE MAXIMUM RATINGS"

PARAMETER VALUE UNIT

Supply voltage (VC, VIN) 20 \
Qutput current, source or sink, dc 20
kO#:t’:put current, source, sink peak for 0.1 us at max frequency of 300 100 mA
Analog inputs

(Pins 1, 2, 3, 4, 5, 6, 14, 15, 17, 18, 19) -0.3t05.3

(Pin 16) -0.03 to VIN v
Analog outputs

(Pins 7, 8, 12, 13) -0.3to Vgt 0.3 \
Storage temperature range —65°C to 150°C
Junction temperature -55°C to 150°C °C
Lead temperature (soldering, 10 sec) 300°C

(1) Pin references are to 20-pin DIL and SOIC packages. All voltages are with respect to ground unless otherwise stated. Currents are
positive into, negative out of the specified terminal.

THERMAL CHARACTERISTICS

over operating free-air temperature range (unless otherwise noted)

PACKAGE 01 05c
J-20 70-85 281
N-20 80 35

DW-20 SOIC 45-95@ 25

PLCC-20 43-75) 34
cLec-20 N/A 58@0)

(1) 8¢ data values stated were derived from MIL-STD-1835B. MIL-STD-1835B states "The baseline values shown are worst case (mean
+2s) for a 60 x 60 mil microcircuit device silicon die and aplicable for devices with die sizes up to 14400 square mils. For devices die
sizes greater than 14400 square mils use the following values; dual-in-line, 11°C/W; flat pacl 10°C/W; pin grid array, 10°C/W".

(2) Specified 8,4 (junction-to-ambient) is for devices mounted to 5-in2 FR4 PC board with one ounce copper wire where noted. When
resistance range is given, lower values are for 5-in? aluminum PC board. Test PWB was 0.062 in thick and typically used 0.635-mm
trace widths for power packages and 1.3-mm trace widths for non-power packages with a 100 x 100 mil probe land area at the end of
each trace.

(3) 8¢ estimated for backside of device, through the metalized thermal conduction pads.
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Product Selection Guide
TEMPERATURE RANGE AVAILABLE PACKAGES
ucc1879 -55°C to 125°C Jils
ucc2879 —40°C to 85°C N, DW, Q, J, L
UCC3s79 0°C to 70°C N, DW, Q
DIL-20, SOIC-2
J OR N PACKAGE, DW PACKAGE cLCcC-28
(TOP VIEW) L PACKAGE
o (TOP VIEW)
VREF|[ 1 20| GND DELSETA-B
E ] cT UVSEL
COMP[ 2] [19] RAMP N/C CLKSYNC
EA-[3] 78] R N/C N/C
cs[4 17] CLKSYNC
E 7] OUTC —1—4 —RT
DELSETC-D[ 5 [16] UVSEL OUTB —113 — RAMP

ve[s] 12] ouTB OUTD —1=1 25 24 2 — COMP
VIN[10 11] PWRGND
E :l NIC EA-
PLCC-20 N/C cs
Q PACKAGE ss NIC
(TOP VIEW) DELSETC-D
DELSETC-D
ss cs
ouTD EA-
outc—{|4 = 18[}— comp
VG —{|5 17| VREF
VIN—{|6 16(}— GND
PWRGND—{| 7 15[} RAMP
outs—{|s 14— RT
g 9 10 11 12 13 -
o1, —— TIT}— CLKSYNC
cT UVSEL
DELSETA-B
3
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ELECTRICAL CHARACTERISTICS

Unless specified; VC = VIN = Vs, = 12V, CT = 470 pF, RT = 9.53k, Rogiseras = Roeuseco = 4-8K, Corseras = Coeserco

=0.01uF, T, =T,
PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
Undervoltage Lockout
Start threshold Vuvse, = VIN L.
VuvseL = Open 12,5 15.256 16.5 Vv
UVLO hysteresis VyvseL = VIN 1.156 1.75 218
VyvseL = Open 5.2 6 7.4
Input bias, UVSEL pin Vyvsel= VIN =8 V 30 HA
Supply Current
Iy Startup JRe=Aiegs, = Yo V9 =100, 150 600
DELSETA-B = IDELSETC-D = 0 1A
Iyc startup ?IIN = VUVS_EIL =8V,VC=18V, 10 100
DELSETA-B = IDELSETC-D =0
i operating uC3879, UC2879 23 35
uc1879 23 36 mA
lyc operating <+ 8
Voltage Reference
Output voltage T,=25°C 4.92 5 5.08 \
Line regulation 11V<VIN<18V 1 10 o
Load regulation lvrer = =10 mA 5 20
Total variation Line, Load, Temperature 4.875 5.125 \'
Short circuit current VREF =0V, T,=25°C -60 -15 mA
Error Amplifier
Error amplifier input voltage 2.4 25 26 Vv
Input bias current 0.6 3 HA
AVOL 1V <VCOMP <4V 60 90 4B
PSRR 11V<VIN<18V 85 100
Output sink current Veomp =1V 1 25 -
Output source current Veomp =4V -1.3 -0.5
Qutput voltage high lcomp = -0.5 mA 4 4.7 5 "
Output voltage low lcomp = 1 MA 0 0.5 1
Slew rate Tp=25°C 6 11 Vius
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ELECTRICAL CHARACTERISTICS (continued)

Unless specified; VC = VIN = Ve, = 12V, CT = 470 pF, RT = 9.53K, Rpgiseras = Roewsec.o = 4-8K, Cpgrseta-s = Coersetco
=0.01puF, T, =T,

PARAMETER I TEST CONDITIONS MIN TYP MAX UNIT
PWM Comparator
RAMP offset voltage T, = 25°C(1 11 1.25 1.4 \"
PWM phase shift, Veomp™ Vramppeakt VRAMPoffset 98% 99.7%  102%
Toetsetass ToeLseTc-o = 0% Veomp < Zero Phase Shift Voltage 0%  0.3% 2%
Output skew, Veomp™ Veramppeak *+ VRAMPoffset 10
ToeLsetas: Toetserco = 0@ Vcomp < Zero Phase Shift Voltage 10
Ramp to output delay, UC3879, UC2879 115 250 L
Toetseras = 0, ToeLsercn =0 Uc1879 115 300
Oscillator
Initial accuracy Ta=25°C 180 200 220 kHz
Voltage stability 1MV<VIN<18V 1 2 %
Total variation Line, Temperature 160 200 240 kHz
CLKSYNC threshald 2.3 2.5 2.7
Clock out high 2.8 4 \
Clock out low 0.5 1 1.5
Clock out pulse width 400 600 ns
Ramp valley voltage 0.2 0.4 Y
Ramp peak voltage 2.8 29 3.2
Current Limit
Input bias Ves =3V 2 10 HA
Threshold voltage 2.35 2.5 2.65 \
Delay to OUTA, B, C, D 160 300 ns
Cycle-by-Cycle Current Limit
Input bias Veg=2.2V 2 10 HA
Threshold voltage 1.85 2 215 \'
Delay to output zero phase 110 300 ns
(1) Ramp offset voltage has a temperature coefficient of about -4 mV/°C.
b= @d:%
(2) Phase shift percentage (0% =0, 100% = 180 ) is defined as T
where is the phase shift, and and T are defined in Figure 1. At 0% phase shift, is the output skew.
5
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ELECTRICAL CHARACTERISTICS (continued)

Unless specified; VC = VIN = Vyysg = 12V, CT = 470 pF, RT = 9.53k, Rpgisetas = Roeiseco = 4-8K, Coerseras = Coelserco
=0.01 pF, Ty =T,

PARAMETER | TEST CONDITIONS MIN TYP MAX I UNIT
Soft Start/Reset Delay
Charge current Vgs =05V -20 -9 -3
Discharge current Vss =1V 120 230 HA
Restart threshold 4.3 4.7 A
Discharge level 300 mV
Output Drivers
Output Low level lout = 10 mA 0.3 0.4 ¥
Output High level lout = —10 mA, Referenced to VC 22
Delay Set ()
Delay time () RpeLsetas = RoetseTc.n = 4.8k 250 370 520
Delay time ) RpeLsetas = Roewsete.p = 1.9k 100 155 220 ns
Zero delay®) VoeLsetas = VoeLsetcp =5V 5

(3) Delay time can be programmed via resistors from the delay set pins to ground.
Delay Time = (0.89 21070 «Rpg Ay )sec

The recommended range for Rpg ay is 1.9 k2 to 10 k€2,
(4) Delay time is defined as:

delay =T e [% —duty cycle)
where T is defined in Figure 1.

(5) The zero phase shift voltage is the voltage measured at COMP which forces zero phase shift. This condition corresponds to zero
effective output power. Zero phase shift voltage has a temperature coefficient of about -2 mVv/°C.

OUTA
ouTB

50%

OUTC 50% —T-—F———7——%-

ouTD

t
DutyCycle = —
utyLyl T
Period=T
TDHL(AtO C) = TDHL (BtO D) =

Figure 1. Phase Shift, Output Skew and Delay Time Definitions
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PIN DESCRIPTIONS

CLKSYNC (Bi-directional Clock and Synchronization): Used as an output, CLKSYNC provides a clock signal. As
an input, this pin provides a synchronization point. Multiple UC3879s, each with their own local oscillator
frequency, may be connected together by the CLKSYNC pin, and they will synchronize to the fastest oscillator.
This pin may also be used to synchronize the UC3879 to an external clock, provided the frequency of the
external signal is higher than the frequency of the local oscillator. CLKSYNC is internally connected to an emitter
follower pull-up and a current source pull-down (300 pA typical). Therefore, an external resistor to GND can be
used to improve the CLKSYNC pin's ability to drive capacitive loads.

COMP (Error Amplifier Output): This pin is the output of the gain stage for overall feedback control. Error
amplifier output voltage levels below 0.9 V forces zero phase shift. Since the error amplifier has a relatively low
current drive capability, the output may be overridden by driving it with a sufficiently low impedance source.

CT (Oscillator Frequency Set): After choosing RT to set the required upper end of the linear duty cycle range,
the timing capacitor (CT) value is calculated to set the oscillator frequency as follows:

Dlin

CT=—o-——r—
1.08eRTef

Connect the timing capacitor directly between CT and GND. Use a high quality ceramic capacitor with low ESL
and ESR for best results. A minimum CT value of 200 pF insures good accuracy and less susceptibility to circuit
layout parasitics. The oscillator and PWM are designed to provide practical operation to 600 kHz.

CS (Current Sense): This pin is the non-inverting input to the two current fault comparators whose references
are set internally to fixed values of 2 V and 2.5 V. When the voltage at this pin exceeds 2 V, and the error
amplifier output voltage exceeds the voltage on the ramp input, the phase shift limiting overcurrent comparator
will limit the phase shifting on a cycle-by-cycle basis. When the voltage at this pin exceeds 2.5 V, the current
fault latch is set, the outputs are forced OFF, and a soft start cycle is initiated. If a constant voltage above 2.5 V
is applied to this pin the outputs are disabled and held low. When CS is brought below 2.5 V, the outputs will
begin switching at 0 degrees phase shift before the SS pin begins to rise. This condition will not prematurely
deliver power to the load.

DELSETA-B, DELSETC-D (Output Delay Control): The user programmed currents from these pins to GND set
the turn on delay for the corresponding output pair. This delay is introduced between the turn off of one switch
and the turn on of another in the same leg of the bridge to allow resonant switching to take place. Separate
delays are provided for the two half-bridges to accommodate differences in the resonant capacitor charging

currents.

EA- (Error Amplifier Inverting Input): This is normally connected to the voltage divider resistors which sense the
power supply output voltage level. The loop compensation components are connected between this pin and
COMP.

GND (Signal Ground): All voltages are measured with respect to GND. The timing capacitor on CT, and bypass
capacitors on VREF and VIN should be connected directly to the ground plane near GND.

OUTA — OUTD (Outputs A-D): The outputs are 100-mA totem pole output drivers optimized to drive FET driver
devices. The outputs operate as pairs with a nominal 50% duty cycle. The A-B pair is intended to drive one
half-bridge in the external power stage and is synchronized to the clock waveform. The C-D pair drives the other
half-bridge with switching phase shifted with respect to the A-B outputs.

PWRGND (Power Ground): VC should be bypassed with a ceramic capacitor from VC to the section of the
ground plane that is connected to PWRGND. Any required bulk reservoir capacitor should be connected in
parallel. PWRGND and GND should be connected at a single point near the chip to optimize noise rejection and
minimize DC voltage drops.

RAMP (Voltage Ramp): This pin is the input to the PWM comparator. Connect it to CT for voltage mode control.

For current mode control, connect RAMP to CS and also to the output of the current sense transformer circuit.
Slope compensation can be achieved by injecting a portion of the ramp voltage from CT to RAMP.

95
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PIN DESCRIPTIONS (continued)

RT (Clock/Sync Duty Cycle Set Pin): The UC3879 oscillator produces a sawtooth waveform. The rising edge is
generated by connecting a resistor from RT to GND and a capacitor from CT to GND (see CT pin description).
During the rising edge, the modulator has linear control of the duty cycle. The duty cycle jumps to 100% when
the voltage on COMP exceeds the oscillator peak voltage. Selection of RT should be done first, based on the
required upper end of the linear duty cycle range (Dy,) as follows:

2.6
A= 10mA « (1-Dlin)

Recommended values for RT range from 2.5 kQ to 100 kQ.

SS: Connect a capacitor between this pin and GND to set the soft start time. The voltage at SS will remain near
zero volts as long as VIN is below the UVLO threshold. Soft start will be pulled up to about 4.8 V by an internal
9-uA current source when VIN and VREF become valid (assuming a non-fault condition). In the event of a
current fault (CS voltage exceeding 2.5 V), soft start will be pulled to GND and then ramp to 4.8 V. If a fault
occurs during the soft start cycle, the outputs will be immediately disabled and soft start must fully charge prior
to resetting the fault latch. For paralleled controllers, the soft start pins may be paralleled to a single capacitor,
but the charge currents will be additive.

UVSEL: Connecting this pin to VIN sets a turn on voltage of 10.75 V with 1.5 V of UVLO hysteresis. Leaving the
pin open-circuited programs a turn on voltage of 15.25 V with 6 V of hysteresis.

VC (Output Switch Supply Voltage): This pin supplies power to the output drivers and their associated bias
circuitry. The difference between the output high drive and VC is typically 2.1 V. This supply should be bypassed
directly to PWRGND with a low ESR/ESL capacitor.

VIN (Primary Chip Supply Voltage): This pin supplies power to the logic and analog circuitry on the integrated
circuit that is not directly associated with driving the output stages. Connect VIN to a stable source above 12 V
for normal operation. To ensure proper functionality, the UC3879 is inactive until VIN exceeds the upper
undervoltage lockout threshold. This pin should be bypassed directly to GND with a low ESR/ESL capacitor.

NOTE:

When VIN exceeds the UVLO threshold the supply current (1) jumps from about 100
A to greater than 20 mA. If the UC3879 is not connected to a well bypassed supply, it
may immediately enter the UVLO state again. Therefore, sufficient bypass capacity
must be added to ensure reliable startup.

VREF: This pin provides an accurate 5 V voltage reference. It is internally short circuit current limited. VREF is
disabled while VIN is below the UVLO threshold. The circuit is also disabled until VREF reaches approximately
4.75 V. For best results bypass VREF with a 0.1 pF, low ESR/ESL capacitor.

ADDITIONAL INFORMATION

Please refer to the following Unitrode publications for additional information. The following three topics are
available in the Applications Handbook.
1. Application Note U-154, The New UC3879 Phase- Shifted PWM Controller Simplifies the Design of Zero
Voltage Transition Full-Bridge Converters, by Laszlo Balogh.
2. Application Note U-136, Phase Shifted, Zero Voltage Transition Design Considerations and the UC3875
PWM Controller, by Bill Andreycak.
3. Design Note DN-63, The Current-Doubler Rectifier: An Alternative Rectification Technique for Push-Pull
and Bridge Converters, by Laszlo Balogh.
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Qty EcoPlan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
1) Drawing )] (3) (4)
uc1879J OBSOLETE CDIP J 20 TBD Call TI Call TI -5510 125
UC1879J883B OBSOLETE CDIP J 20 TBD Call TI Call T -5510 125
uc2879DW ACTIVE SolIC DW 20 25 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR  -40t0 85 UC2879DW
& no Sb/Br)
UC2879DWG4 ACTIVE SOIC DW 20 25 Green (RoHS  CUNIPDAU  Level-2-260C-1 YEAR  -40t0 85 UC2879DW m
& no Sb/Br)
UC2879DWTR ACTIVE Soic DW 20 2000 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR  -40t0 85 UC2879DW S I
& o SbiEN
UC2879DWTRG4 ACTIVE SoIC Dw 20 2000 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR  -40t0 85 UC2879DW m
& no Sb/Br)
uc2879J OBSOLETE CDIP J 20 TBD Call Tl Call Tl -40 to 85
UC2879N ACTIVE PDIP N 20 20 Green (RoHS  CU NIPDAU N/ A for Pkg Type -40to 85 UC2879N S f
& no Sb/Br)
UC2879NG4 ACTIVE PDIP N 20 20 Green (RoHS  CU NIPDAU N/ A for Pkg Type -40to 85 UC2879N
& no Sb/Br)
UC3879DW ACTIVE SOIC bDw 20 25 Green (RoHS  CUNIPDAU  Level-2-260C-1 YEAR 0to 70 UC3879DW m
& no Sb/Br)
UC3879DWG4 ACTIVE e][e] DwW 20 25 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR 0to 70 uC3879DW m
& no Sb/Br)
UC3879DWTR ACTIVE SoIC Dw 20 2000 Green (RoHS  CUNIPDAU  Level-2-260C-1 YEAR 0to 70 uCc3879DW 5 I
& no Sb/Br)
UC3879DWTRG4 ACTIVE SOIC DwW 20 2000 Green (RoHS ~ CU NIPDAU  Level-2-260C-1 YEAR 0to 70 uC3879DW
& no Sb/Br)
UC3879J OBSOLETE CDIP J 20 TBD Call Tl Call T 0to 70
UC3879N ACTIVE PDIP N 20 20 Green (RoHS  CU NIPDAU N / A for Pkg Type 0to 70 UC3879N
8.n0 SbiBr) | Samples |
UC3879NG4 ACTIVE PDIP N 20 20 Green (RoHS  CU NIPDAU N / A for Pkg Type 0to 70 UC3879N m
B - & no Sb/Br) D se—

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.
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@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, T| Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@) MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF UC1879, UC3879 :
« Catalog: UC3879

« Military: UC1879

NOTE: Qualified Version Definitions:

« Catalog - TI's standard catalog product

« Military - QML certified for Military and Defense Applications
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J (R—GDIP—T**) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN
= ol " 16 18 20
B (Diasoig (07;,36020) ?7"56020) ?733)
14 8 BSC BSC BSC BSC
0785 | .840 | 0.9 '
o e e o B B MAX | (19,94) (21;434) (24,3(5)) (125023)
D c B MN — | — | — | —
6 MAR 0.300 | 0.300 | 0.310 | 0.300
(JTLITITI LI LI (7.62) | (7.62) | (7.87) | (7.62)
¢ 7 0.245 | 0.245 | 0.220 | 0.245
J ggig %Hsz) C MN (6,22) | (6:22) | (559) | (6,22)

0.060 %1,52%
—p| |€¢— 0.005 (0,13) MIN 0.015 (0,38
)

i
i 0.200 (5,08) MAX
v
f

0.130 (3,30) MIN

Seating Plane

_’ILD.DQB 0,66
0.074 éo,35§ 0-15°
0100 (2,54 0.014 (0,36
0.008 %o,zo)j

4040083 /F 03/03

NOTES:  A. Al linear dimensions are in inches (milimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E

Falls within MIL STD 1835 GDIP1-Ti4, GDIP1-T16, GDIP1-T18 and GDIP1-T20.
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MECHANICAL DATA
N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
4 PINS **
A » i 14 16 18 20
16 9
e AU | (age) | (1969) | @37 | 2692)
) e (ng AN | (asg) | (892 | 2159) (2588)
— T A o | ow | B | e | W

J LOD?D 1,78)
004551145 A

0.045 (1,14 0.325 (8.26
-] r—mﬁm)) A 0.020 (0,51) MIN i

0.200 (5,08) MAX = TGouge Plane
v l Seating Plane

0125 (3,18) MIN 0.010 (0,25) NOM

-J 0.430 (10,92) MAX |<—

l—-—“"——

T
| A
I

100 2,54

0021 0,53
oms (0 38 “

~
010 (0, 25)@ / \
|
‘\ /’ 14/18 Pin Only
- 20 Pin vendor option @

4040049/E 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

& Falls within JEDEC MS—001, except 18 and 20 pin minimum bedy length (Dim A).
A\ The 20 pin end lead shoulder width is a vendor option, either half or full width.

s
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MECHANICAL DATA

DW (R—PDS0O-G20) PLASTIC SMALL OUTLINE

0.512 (13,00)
0.496 (12,60)

TARRAAAARR

~

\ 0.419 (10,63)
0.393 (9,97)
\ 0.299 (7,60)
0.291 (7,40)
N

/|
"
/|
V]

HHHOHE DO

0.020 (0,51)
9050 0127 ”[Lfoon (0.31)
0.010 {025)@

i s PR il \
 HAAAAAAAAT . J = N
T 0012 (0,30) = et

0.104 (2,65) Max 0.004 (0,10)

A 1/ Z %
| \

|
; 1c]0.004 (0,10)
Gauge Plane —£ !

T Seating Plane

- T

i

Pin 1
Index Area

0.010 (0,25) o—a a

0.050 (1,27)
0.016 (0,40)

4040000-4/G 01/11

. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M-1994.

A
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D

. Falls within JEDEC MS—013 variation AC.

NOTES:
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LAND PATTERN DATA

PLASTIC SMALL OUTLINE

DW (R—PDSO-G20)
ExumpIEeNS::eurg) Layout Sten(chillot(lp%n)ings
20x0,6 18x1,27 — |~—20x0,55 18x1,27
B e a TR
9,4 9,4

f/"‘_"\'\

Attt s
i . Y0 8 N i
ﬁmyf I

|

|

f

|

!_l

_J"l Non Selder Mask Define Pad

Solder Mask Opening
(Note E)
Pad Geometry
. (Note C)
B 007 /
. Al Around.~
i 4209202-4/€ 07/11

All linear dimensions are in millimeters.

NOTES: A
B. This drawing is subject to change without notice
C. Refer to IPC7351 for alternate board design.
D. Laser cutting apertures with tropezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

T warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers' products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of Tl.

Reproduction of significant portions of Tl information in T data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by T1 for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of T| components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class |1l (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of Tl components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain compenents as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation  www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.li.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors
Wireless Connectivity

www.li.com/omap

TI E2E Community

www.ti.com/wirelessconnectivity

e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter
Inverter For Air Conditionor

. Unit in mm
IGBT Gate Drive
Power MOS FET Gate Drive & o (h
i
5
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a -_q
integrated photodetector. T -;l = -
This unit is 8-lead DIP package. i -
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. AR n:"',';'! el
{ | &l |
e Input threshold current: [IF=5mA(max.) !-K_ ! % ﬂ{ " H
e Supply current (Icc): 11mA(max.) 123615 h’_ ml] }fl fa ‘ ﬂm_er
o Supply voltage (VCO): 10-35V TTT0. 4 Sl i S
e Output current (I0): £1.5A (max.) 24aTem E | 7an-ds0 |
e Switching time (tpLH/tpHL): 1.5ps(max.)
e Isolation voltage: 2500Verms(min.)
e UL recognized: UL1577, file No.E67349 _—
e Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VPK Weight: 0.54 g
Highest permissible over voltage: 4000VPK
(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)
Clearance: 6.4mm(min.)
Schmatic Pin Configuration (top view)
lcc
l * o Vec 10 * ? ] 8
8

| (Te 1)
£ 2[}_} 17

2+ —0 Vg =
VE }3 >’ b 3 [ 6
3- ——O Vo

4_
lo 4 [ . s
o 0
¢ ; i 1:NC.
A 0.1uF bypass capcitor must be 2: Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vo (Output)
7:Vo
8:Vce
Truth Table
Tr1 Tr2
Input On On Off
LED off off On

1 2004-06-25
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alg I ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) lepT 1 A
Reverse voltage VR 5 A
Junction temperature Tj 125 °C
“H"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) loPH -1.5 A
“L"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopL +1.5 A
(Ta £ 70°C) 35
Qutput voltage Vo \%
5 (Ta = 85°C) 24
3 (Ta £70°C) 35
2 Supply voltage Vce v
(Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AVo [ ATa -0.73 V/i°C
Supply voltage derating (Ta = 70°C) AVee [ ATa -0.73 vVi*C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 *C
Storage temperature range Tatg -56~125 *C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVs 2500 Vrms

Note 1:  Pulse width Py < 1ps, 300pps

Note 2:  Exporenential wavefom

Note 3: Exporenential wavefom, lopH < —1.0A( < 2.5ps), lopL = +1 .0A( = 2.5us)

Note 4:  Itis 2 mm or more from a lead root.

Note 5: Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

Note 6: A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) T 8 10 mA
Input voltage, off VF(OFF) 0 —_ 0.8 Y
Supply voltage Vee 15 — 30 20
Peak output current lopH/lopL — — +0.5
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 ps.

2004-06-25
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Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage Vg — IF=10mA , Ta=25°C 1.6 1.8 \%
Temperature coefficient of _ _ P _ o
forward voltage AVE/ ATa — IF =10 mA 2.0 mV /°C
Input reverse current Ir — VR =5V, Ta=25°C — 10 WA
Input capacitance Cr — V=0,f=1MHz , Ta=25°C — 45 250 pF
upy Ig =10 mA
H" level loPH 3 Venoity |Veg=4V -0.5 -1.5 s
Output current ("?)C — A
oo F= _
L" level lopL 2 Ve_5= 2.5V 0.5 2
e Vet = +15V, VEg1 = -15V e
H" level VoH 4 R| = 2000, Ir = SmA 11 12.8
Qutput voltage Vv
g Voot = +15V, VEgq = -15V = o u
L" level VoL 5 |R 22000, Vi = 0.8V 14.2 12.5
Ve =30V, I = 10mA _ 7 _
“H" level lccH — [Ta=25C
Vee =30V, I = 10mA — — 11
Supply current o . mA
Vee = 30V, IF = 0mA = 7k .
‘L level lceL — |Ta=25C
Vee = 30V, IF = 0mA - - 11
Threshold input “Output i kil _ Vet = +15V, VEg1 = 15V _ 12 5 _—
current L—H Ry = 200Q, Vg > 0V
Threshold input “Output X IFHL _ Vee1 = 15V, VEg1 = -15V 08 _ _ v
voltage H-L RL = 2000, Vg < 0V
Supply voltage Vee —_ 10 — 35 %
(?apacitance Cs _ Vg=0,f=1MHz _ 10 20 B
(input—output) Ta=25 »

5 : Vg =500V, Ta = 25°C 12 14
Resistance(input-output) Rsg — RH.< 60% 1x10 10 —— Q
* All typical values are at Ta=25°C  (*1): Duration of Ig time < 50ps

3 2004-06-25
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Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H toLH - 0.15 0.5
delay time HolL toHL Ir = 8mA (Note 7) — 0.15 0.5
6 Vet = +15V, Vg1 = -15V us
QOutput rise time tr RL = 200Q — — —
Output fall time t — —_ —_
Common mode transient
: : : Vem = 600V, I = 8mA
immunity at high level CmH g Vgg =30V, TaF= 25TC -5000 _ — V/us
output
Common mode transient
: 3 Vom =600V, Ig =0
immunity at low level CmL 7 Vel aov. Tas 25”.:'@ 5000 - — |vius
output
* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 ps.
4 2004-06-25
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TOSHIBA TLP250

Test Circuit 1: Test Circuit 2 : IOPL

0 T [
i i [
C i C 1
o[ it o[

R ) |
—e8 @

0.1uF

Test Circuit 3 : IOPH Test Circuit 4 : VOH
8 8
10 | t i In
I Vee j I Vel
= 0.1pF = __{ ¢ 0.1pF T
IF (ﬁ :] Ve-6 I CD B -l RL
]_ e _| | o V
loPH OH
s I o[ 1
14
——T_VEE1
Test Circuit 5: VoL
8
1 [ I
:l TI- 0.1uF —T-VCC1

VE ‘l:.[ RL

VoL

|_l_lL_l

+[]

]' VEE1
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TOSHIBA TLP250

Test Circuit 6: tpLH, tpHL, tr tf

i
J L [

oy 7
1000 I: -

Test Circuit 7: CmH, CmL

11
sw IF 0.1uF
i’_b—l: Vee
Ao'o B T
Iret

I 0.1uF 1 Veer

T J
———O
&
P
E:

LL_IL_I

i—e @

] B |
L
f

gl

4[]

600V
Vem
S= Cy = 280.()
SW :A(IF=8mA) tr (ps)
W CMH Cap = 4tso V)
Vo /\_ av —- 26V f (Us)
ChL
SW :B(Ig=0)

CML(CMH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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TOSHIBA TLP250

IF-VF * Vil + Ja-If
100, -26
S I—= =
50 v
30
| | pa &y
2 / o o 24
5 ~
2 U : 332
5 I 2 = 22
X 3 I‘l £ [~
F 2, =
5 == == §TJ_ -2.0
E ==
3 05 ’:' S .
B o3
& : 7 B E
g g 5 18
o
& 0.1 === L@ gE
0.05 § -1.6
0.03 v
0.01 I 1.4
1.0 1.2 1.4 16 1.8 2.0 0.1 03 05 1 3 5 10 30
Forward voltage VE (V) Forward current IF (mA)
IF-Ta Vee—-Ta
40 40
E 30 Q 30
5 s
3
e~ &
PE S
s 20 ]
w =
2 \ g
= @
2 )
< 10 = 10
£
o
<
0 0
0 20 40 60 80 100 ¥} 20 40 60 80 100
Ambient temperature Ta (°C) Ambient temperature Ta (°C)
lopH, lopL - Ta
T
PWe. 25ps,f+ «15 KHz
js‘ 2|
E
=
O
5<%
b=
3 g
% O
i N
a T
o L
520
5l
=
i=]
<
0

0 20 40 60 80 100

Ambient Temperature Ta (°C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

« The information contained herein is subject to change without notice.

o The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

o TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” efc..

« The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer's own risk.

« The products described in this document are subject to the foreign exchange and foreign trade laws.

« TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.
o GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or

dissolve chemically.

8 2004-06-25
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EE Series

EE CORE
CORE SHAPES AND DIMENSIONS/CHARACTERISTICS

| [

aF
2B Cc

(17/28)

PRODUCT IDENTIFICATION
PE22 EE 320 x250x 20

(1) Material name
(2) Shape

(3) Dimension A
(4) Dimension 2B
(5) Dimension C

AL*(nH/N2)  Dimensions (mm)

Part No.

+25% A 28 c D E 2F H R K Kx2F(mm?2)
PE22 EE70x91x19 3930
PC40 EE70x91x19 4910 70.0£1.5 91.0£1.0 19.5:0.5 19.5:0.5 48.5min. 71.0x1.0 10.0z0.5 0 15.3 1086
PE90 EE70x91x19 4697
PE22 EEB0x76x20 4590
PC40 EE80x76x20 5720 80.0+1.5 76.0+1.0 20.0+0.5 20.0:0.5 58.5min. 55.0:0.8 10.0+0.5 0.5max. 20.0 1100
PE90 EEB0x76x20 5471
PE22 EE90x56x16 5960
PC40 EE90x56x16 7380 90.0£2.0 56.4+1.0 16.5+0.5 25.0£1.0 63.0min. 30.4x1.0 12.5:0.5 0.5max. 20.0 608
PE90 EE90x56x16 7059
PE22 EE70x108x31N 6360
PC40 EE70x108x31N 7970 70.0+1.5 108.0¢1.0 31.6+0.5 22.2:0.5 46.3min. 85.6+1.0 11.1:05 2.0max. 128 1096
PE90 EE70x108x31N 7623
* Measuring condition: T=23°C, f=1kHz, Hm=0.4A/m

Core factor ;
PartNo: C1(mm-1) C2x10-2(mm-3) As(mm2) . e(mm) Ve(mm?3) Weight (g)
PE22 EE70x91x19 394
PC40 EE70x91x19 0.52779 0.13669 386 204 78690 394
PE90 EE70x91x19 402
PE22 EEB0x76x20 a7z
PC40 EEBOx76x20 0.44878 0.11058 406 182 73910 372
PE90 EEB0x76x20 380
PE22 EE90x56:x16 306
PC40 EE90x56x16 0.33583 0.08009 419 141 59050 306
PE90 EE90x56x16 312
PE22 EE70x108x31N 815
PC40 EE70x108x31N 0.32992 0.04695 703 232 162900 815

832

PE90 EE70x108x31N

#

» All specifications are subject to change without notice.

005-03 /20130104 / e16_2
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EE CORE BOBBIN

Ay
By

1]

B, c
Ap z
Bobbin is optional parts.
EE CORE BOBBIN
Dimensions (mm) Cross-sectional ~ Average winding Weight
Part No. A A2 B c z winding area length ( )ng Material
: 2 Aw(mm?) gw(mm) 9

BE-80-S 56.5:0.5 61.0¢0.5 252:0.5 252105 47.5:25 51.5+25 747 168 32 PBT
BE-80-W 56.5.0.5 81.5:0.7 25.2:0.5 458:05 47.5:25 51.5+25 747 209 41 PBT

#

« All specifications are subject to change without notice.
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EE70X91X19
= Parameter
R ] Ci mm-'  0.5278
g i Caxi02_mm3_ 0.1367
+—g| &l & Effective magnetic path length Le mm 204
-efalge Effective cross-sectional area Ao mm2 386
L. ; Effective core volume Ve mm3 78690
—' Cross-sectional center leg area Ac mm2 380
35.5:0.5 L.l Minimum cross-sectional area Amin®  mm2  380C*
45.5:0.5 19.5+0.5 Dimensions in mm Winding cross-sectional area Acw mm2 1086
Weight(approx.) g 394
* The symbol followed A min. value shows minimum cross-sectional area part.
C is center pole part, L is outer pole part, B is the back part.
Part No. AL-value*(nH/N2) Calculated output power(kW) (forward converter mode)
PE22 EE70X91X19 3930+25% 1.4(100kHz)
PC40 EET0X91X19 4910+£25% 1.6(100kHz)

* AL-value: T=23°C, f=1kHz, Hm=0.4A/m

NI limit vs. AL-value for PE22 EE70X91X19

10°
Y
N,
N
NN 40%
10% X
SN
AY
g 20% YN
E N
= A\
10"
When applied magnelic
(U field providing Ni to a
Temp.:100°C ||  setting core for arbitrary AL-
value, show each NI value
10° when decreased 20% and
102 10° 10*  40% from Initial AL-value.
Ar-value(nH/N?)
NI limit vs. AL-value for PC40 EE70X91X19
10°
\L
\\
N
NN
NN 40%
102 i
20% ‘\‘\
< X
= I,
E N
= NA
= NM
10! >
When applied magnetic
Ul field providing Nl to a
Temp.:100°C || setting core for arbitrary AL-
value, show each NI value
100 | | when decreased 20% and
1 10° 10* 40% from initial AL-value.
Av-value(nH/N?)

Avr-value vs. Air gap length for PE22 EE70X91X19

10*
._\\
108 ™ Center leg gap | |
5
< .
E{ N
= ~
¢
-]
Ed
10°
Temp. : 23'C |
Hm : 0.4A/m
f:1kHz
L1
107" 10°
Total gap length(mm)
AL-value vs. Air gap length for PC40 EE70X91X19
104
Center leg gap
\\
o 10°
£
T
£ N
= ™
g
<
10°
Temp. : 23°C ]
Hm:04A/m T
i 1]
1 1 |
0 107 10°

Total gap length(mm)

”

« All specifications are subject to change without notice.
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&TDK

EE80X76X20
Parameter
=] Ci1 mm-1  0.44878
f g e Core constant Cx102 mm=< 0.1106
g’ bl & Effective magnetic path length be mm 182
g B 8 Effective cross-sectional area Ao mm2 406
" Effective core volume Ve mm3 73910
~_L__ .C_5= Cross-sectional center leg area Ac mm2 400
27.5:0.4 38.0:0.5 20_0:0_5‘ Minimum cross-sectional area Amin.*  mm2  400LC*
76.0+1.0 Dimensions in mm Winding cross-sectional area Acw mm2 1100
Weight(approx.) g 372
* The symbol followed A min. value shows minimum cross-sectional area part.
C is center pole part, L is outer pole part, B is the back part.
Part No. AL-value*(nH/NZ2) Calculated output power(kW) (forward converter mode)
PE22 EEB0X76X20 4590£25% 1.4(100kHz)
PC40 EEBOX76X20 5720+£25% 1.5(100kHz)

* AL-value: T=23°C, f=1kHz, Hm=0.4A/m

NI limit vs. AL-value for PE22 EEB0X76X20

10°
~
N
N
AAY
NN 0%
10° 1 Wi
N
g 20% \\
E
= q\
10’ A
Temp. : 100°C |||
LI
10° 10° 10°*

AL-value(nH/N?)
NI limit vs. AL-value for

When applied magnetic
field providing Nl to a
setting core for arbitrary AL-
value, show each NI value
when decreased 20% and
40% from initial AL-value.

PC40 EE80X76X20

10°
N
AN
A
Ny
N, 40%
10? \\\\ |
- 20%
E Y
£ N
=z \\\\
10’
Temp.:100°C ||
. L]
102 10° 10
AL-value(nH/N?)

When applied magnetic
field providing Nl to a
setting core for arbitrary AL-
value, show each Nl value
when decreased 20% and
40% from initial AL-value.

AL-value vs. Air gap length for PE22 EEB0X76X20

10
C
~ enter leg gap.
\\
o 10°
£
£ =
@
3 N
7
i
<
10?
Temp.:23°C [
Hm:0.4A/m
f:1kHz ~T7]
L1 |
0! 10°
Total gap length(mm)
AL-value vs. Air gap length for PC40 EE80X76X20
10*
\\
\\ Center leg gap.
o 10° =
<
: ~
E s
g
Z
10°
Temp.:23'C T}
Hm: 0.4A/m
t:1kHz &
” /[
107" 10°

Total gap length(mm)

#

« All specifications are subject to change without notice.
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EE90X56X16
Parameter
9 C1 mm-!  0.33583
tant
EI- el g Core constan C2x102 mm-_ 0.0801
gl 5 = Effective magnetic path length Lo mm 141
g 3 8 Effective cross-sectional area Ac mm2 419
& Effective core volume Ve mm? 59050
.‘\_" Cross-sectional center leg area Ac mm2 413
152:0.5 282405 16.5+0.5 Minimum cross-sectional area Amin.*  mm2 413LC*
56.4£1.0 Dimensions in mm Winding cross-sectional area Acw mm? 608
Weight(approx.) g 306
* The symbol followed A min. value shows minimum cross-sectional area part.
C is center pole part, L is outer pole part, B is the back part.
Part No. AL-value*(nH/N2) Calculated output power(kW) (forward converter mode)
PE22 EE90X56X16 5960+25% 1.2(100kHz)
PC40 EE90X56X16 7380+£25% 1.3(100kHz)

* AL-value: T=23°C, f=1kHz, Hm=0.4A/m

NI limit vs. AL-value for PE22 EE90X56X16

10°
M 40%
107 Nl
N
e 20% =Nk
< N
E N
=z N
\\
10'
When applied magnetic
. field providing NI to a
Temp.:100°C ||  setting core for arbitrary AL-
value, show each NI value
100 when decreased 20% and
10° 10° 10*  40% from initial AL-value.
AvL-value(nH/N?)
NI limit vs. AL-value for PC40 EE90X56X16
10°
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W
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10% §\ 44
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=y RN
= 20% R
E
= N
=z N
3
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When applied magnetic
L HH  field providing Nl to a
Temp.:100°C ||| setting core for arbitrary AL-
‘ ‘ | | ‘ | value, show each NI value
10° when decreased 20% and
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« All specifications are subject to change without notice.

AL-value vs. Air gap length for PE22 EE90X56X16
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A Portable 10 kV DC High Voltage Generator
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Abstract

This senior project presents design and construction of a
portable 10 kV DC high voltage generator. The generator is composed of
a rectifier circuit, a high-frequency inverter circuit, a high-voltage and
high-frequency transformer, and a 2-step symmetrical double circuit. The
double circuit is composed of 50 nF capacitors and diodes. A generator
can be used as a prototype model and it is high possibility to increase
voltage rating test for electrical insulation testing in the near future. From
testing with load 2 MQ in a HV laboratory, the generator can produce
voltage of 10 kV and current of 5 mA. From the experimental results, the
ripple voltage and voltage drop are agreed well with the computer

program simulation,

Keywords: Inverter, High Frequency Transformer, Symmetrical
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