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PONGSAKRON KONGPUT : DEVELOPMENT OF HIGH VOLTAGE HIGH
FREQUENCY SWITCHING POWER SUPPLY FOR MEDICAL X-RAY
GENERATOR. ADVISOR : ASST. PROF. SUVIT PUNNACHAIYA, CO-
ADVISOR : DECHO TONG-ARAM, 91 pp.

This thesis aimed to develop a high voltage high frequency switching
power supply for medical x-ray generator. A high voltage high frequency (HVHF)
transformer was designed in order to operate at frequency response of 100 kHz by
using the EC shaped ferrite core and Teflon bobbin, also applying the technique for
reduction of parasitic capacitance in a large number of secondary winding. The LLC
parallel resonant full-bridge DC-DC converter configuration was applied to drive the
HVHF transformer with voltage multiplier. The MOSFET and PWM regulation
technique were employed in power switching circuit and high voltage output could
be adjusted by duty cycle varying. The tested results showed that a 40-120 kV and
20 mA output could be generated from the developed power supply. It was found
that the developed system had small size, light weight and more efficiency than that
low frequency system. The radiographic tested at same exposure conditions

revealed that its image quality comparable to the commercial system.
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Characteristic X-ray

X-ray intensity
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:V_R:c L (2.3)

R
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nMseuIeesassRaniiks sl g ud lndauanlalen D, gnluueanss
anizitlalen D, gnluuesndu inld C, gnéntszadussiulnfinanasaninfu v | dau
lalen D, gnluueandudalaitnszuainld c, delignépuszq uiileusesulningud
Wanuiulnidaaulalen D, luteansiuasinszuainly C, gnéalszarlnten D, st
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Hall wave /7 N\ /7 N\ / S 100%

Thiree phase, 13%
six [pulze

Thiree phase 4%

Twizlve pulse

High freq“EHM <1%

7171 2.26 FUdlavesunasanginfinuuusinge sersesinlinfdend
o Y 477 on .« - Y v s
3171 2.27 uasspNANRUTTgL AAULIIAUTWAN ADTaa N TN AY NS A

Tunuasang LUy 1 dFen Iz La LB NAALAIMSLNNTTN A INGIALaNEA 100 kV Az

1 '
! o Gl

=3 1 dl 1 o Cd o a Y o o a o a '8 nil/
wiwdnainAugue usesulWinnanaldiunaesniliafdendwindugud delunaii
lufnsznadanmsaulnanwvaanniasaadanduazldniinseadiand 19811 ms
wrssulninnanasanaaanlinisdiandinnauily 10 kv qaREudnmiafdendn
ANHITHATLALNANIURANLALNTN 10 keV 1Haa [ IWllN 2.1 ms waasulnAAnnAsaN
o a o al '8 QI [~1 ?:/ Q; o ]

NaaANINASAENg AN LT ULE NN 25 KV anTiNnan 4.2 ms wiasuan IWiNasantaan
o = o a '8 o a ol U dl dll 1
nilafdendgegauazfdandianuduniningn wazidanaidiuliain 4.2 ms A
dnreaiv@ienduasnduaesisdondanasauianan 8.3 ms azanauiugudannis az
Wnlddnpndnaasfamndunazaaausasuindn ldatnananunasdansosiidunad
waundngiaauaneyd  Aetuunninasslitlarasaonuduiidasganduininaisiitlases
uaaulvin Fosmniigtladuusedulnin 3 wa vize suaauusasulniianngeazliaax

¥ o a . 1
NIRNAlnduINAI LY 1 e

Relative x-ray quanily
< A qualdye

100000 — Voltage
4

Voltage

oy 1
0 1 21 42 8.3
Time (ms) —
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ANNANNUTIZUINANUTNUTALUTUUTNALANT Lazaiianaag memﬂivxlﬁﬂ bINAY

1
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[ -QI o 2 % 1 A 2 k%3 -dl o a o al ' tﬂl
a9 [luRedrAryniinfsdmatinazdesdnla nanope 1 ldAresnniinfdienduuy 1 wa 7
75 kvp Wiaufauiumsesniinded@end 3 e azsegldilszun 64 kVp anas 12%
Tusnenpsasnlinfidwndaaungeaiaazsiodld kvp anaeiis 16% lunsin’ld kvp
- o o ' o o A o o - ~ o
AR UAYsedan mAs adlszunnl 2 Win veaiATeenliafediend 1 wla Hesannweses
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o a o KX a o 4 ¥ o a ¢ 1
fawnd 1 g mmawﬂummLmumm?mﬂﬂﬁﬁ@;\mm

High frequency

___Three phase

Single phase

Number of x-rays

Characteristic X-ray

e

Bremsstrahlung

0 o5 50 75 100

X-ray energy (keV)
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wazil mAs Wi arnnsnagtuanisinaninaiundseuia@endldaensgdin 2.28 Tne
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wrezpanteuil | AvndlANTY , A Ny

wsaRisLhitla ANNIINAAAY , ATININARAAY
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wiaziladeaapraaniiniadend widnazing 5 tladslunisawslunisldanuananin
FeAndasadiies 2 fadewinndis Aa kvp uaz mA lugtliasnisiiuaandingas (mAs) #
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uwnaangiinnszuansussiugeannsiFeanssualnfnaungenldeenuuuuas
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aFauilidnglszasAine lfiduunasans Wi wiuaresniinfadiendnisnisunndlu

[ %

nsatadelsa unasans Ifnszuanseusssiugaldimatianisadnd (switching technique)
£ Ny A % o A A o o a o
daldan Ae ndaulasiiliussdugenanuigedauinian wintiniun waynisadad
wsasulnAnA D geaziin sz uumauaussnisliuse fusesulinnaunaduls
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sasialuil

3.1 MeaanuUULUaIan g WA NS LAATILTIAUGS

1 12
=

wnasane linnsymsausssugenadisauaanuuulilfudnldszudne 40-120 kv #
o [ v dl | o Y o o a o a [y Ce
Adamnesiuean 2 kW ieansussaulinfinliiuuaeniniinfsdendnianisunnduas
aanuuundaudaluiussiugaliinauiiaanug 100 kHz nismauAnusanlninnany
Tinunaesniiafdendinantununasnulunisuiinfsdiendldnisasuansas laAs
(duty cycle) aasusesulwianaalinuudaniasiniiuseduganaudgennuggas

Bunafimed AaununInnennaulugL 3.1

HV Tank

HVDC
Rectifi Voltage
ectifier : Voltage & X-RAY
> Bridge High Walizgal tag
220V & Inverter Transformer ™ Multiplier Current TUBE
Filter Sensor
Gate Drive
Circuit
? kV ref
PWM | Feedb -
Generator
4 \i
] kV, mA
Timer Display
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3.1.1 nmseanuuuudaulasiWiliusediugianungs
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A usasuAIANDAa 1l iesandesaiiedanisinaunanwlniausssugeuazna

'
X a

209 WA AN DgeTIRdaNan s Aasia 1T
1. unundaudaslnfinponuigesiasduunumaslss (Ferrite core) NdaLALNENNE

saniag A AfaanIg

a c: % ] o tzll ! 4
NINE LL@SW@\WILW]@LL?\?@M1WWTVIWT]@?@N1®

3. 3x8U19IENINYARAIRL TN HLATTATAAdRAYRE) BN U Eane Ay

a

a

WAsniserfnszndanantgugiuazyiand
4. nslddnsnseunesnaIAfuAzFUgLNN IR Run RN anN I HIn a7

a X o o v v A A A o 6y o p A
qgﬁLﬂﬁTuﬂU‘ViN@LL‘]J@\?IMN@WH@EV]@@LW'ﬂ‘VW:ﬁ‘VﬁIﬁMN@LLﬂ@QNN@m@U@uﬂQﬂQ’]NﬂQQ

v
a o 4 £

Tuauadaitldeanuuundoulasniiussfugenaudgeiussfiuniesuanaan

Reni 7 kv Anasluin 2 kw ussdulnfanasduanandgugfilszann 310 vDC

9
q L)
FaIN1F AN URAND 100 kHz 1aandudanlasatiawnumaslsfiuuad (EC-Core) N

WNARIGLN 3.2

= i
J
FUCATY
il.- 34
[ Teemappy Sp——] .._1 T
| 1l n |
F——1 5
Care A B C D E G
type mim mim mim mim mim mim
EC-Care = 70 = 30 30 70
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a

AUIUIELTRITAAIALIFHYH (N) Arusnldanannish 3.1 1Fauau 6 seu

u

6
pz% ...................... (3.1)

a

A2 usssulninfuanaantlgugd (310 V)

a
4

8 NN AnUa9Lnt (683 mm?)

X

v, #
A, A
B, A8 AYNMUNULLTIAULIUNIANg9EA (0.2 T)

f A ANdIeanawladlWidn (100 kHz)

[

annsnaaesindeyaidesiunduiusanesanadntgnngil 6 sau wudiinszus
Tnaruanaandgugiigenan iunaninlgdnsaldidnnseiindnindsludauaednsas
aunefinesliauisanunszualfinania@avie Agldinuanuauseuesanaantgug iy

25 sauiieanANszuaf nan19iuananlang i uazdFudnadiusaIuIuIeL189AAIn

a a1 o

(NN il 1: 30 IHanuusevrestnaaanRagiwiniy 735 sau Inadlassaiiaamde
wlaglninssgii 3.3

Primary
Teflon winding

Insulation

Slot
Setondary

winding

Teflon
bobbin

1
a

717 3.3 Trssaferemdeudadiniinussdugenaunge

D

2 o K K

nsRugananlgugiremdautlasiifingaminauiacuigeazsiednnieiang

(% ]

193190 n1endtianszua i iesiaressatia (skin effect) NAMINDEY ASTULNALN

a
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was AWGH26 aNulL 6 Lz’iumﬁmfﬁmlumiﬁmmmmﬂﬁmmﬂwmLLﬂmLmﬂf’ﬁmuﬁu

a
a a

LUUSBIREINIINIzUanNNALAnlugLN 3.4 N dauanany Rl duainnedung

Q a

AARLUILLILAT AWGH26 TaslduautulLLLeNFaUNaanLI s W TN v 9ana9 A9l

U 3.4 9

33 mm

29.5 mm

O
|

TO i

a

(n) veauduananLlgugd (1) vauLuLAaInY ReIH

a

717 3.4 veuduaasudautaslnin

F19799 3.1 AnANLRWWARY 283 Dupont Teflon #1 f = 1 MHz

Dielectric constant, €. 2.10 -
Dielectric strength 30.00 kV/mm
Dissipation factor, tan (O) 0.0002 -
Bulk resistivity 10" Q.m

[

Fapnldnnuaudwaenldmnaau (PTFE) Teilanianiinaenidinfanisned 3.1

q

1
a o 1 al a

[HagandAIAn laBLanYENA nuseusAulni LI sAugIANDge N1saanLuLLaUD

AuFuansaanfunlinuiamwasuargninyseia ldiuanaonzandt aden  (Slot)

A1uau 7 384 iialunisutisusasulninanasananainusazaauazIaN et AR TN LIS

'
o k%4 o

Tneusiazdasazilanundedmiuiuanan 4 FaAWNATLAZIEUINTORAEYNATAIRIK

MNAAUIUN 5 RARINAT LINBANNLTLT11N177895UN1IRUIAAIA WANAINRIAINULAAIA
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nsuanadnuandlilugli 3.5 duasnasgniusiefiuiiudie) luwiavdesaesuaudu

lVHV

U7 3.5 Anwaiznnaiuaaany RN udes

U

wnadnRailuldariesazdeaynsnniu Aviuussduliinnnnasanusazsos

WAL 1.4 kV @nmnsaaulnsldiaindunig

g N (3.2)

slot
n

slot

V., 8 wasulninsueanuesdanlad (7kV)

HV

N AR ATUINTENTILAUTU (7slot)

slot

v
o

wsesulnininnmsanananRagusazdu (Layer to layer voltage) luusiazdas
2a9uauTuUYINAL 108.79 V

Vxlut (3 . 3)

Viger =2 e
n layer

.. A8 aNuINtuIesnaInluLAazsas (13 layer)

layer

IR AL RRATTAAAALgunINaF19TBuanslugUR 3.6 nndszney

a

sanfuluunuieflaflneanaini gugiavetiulurewmdeulasuazianannyiagiaos

a

agdnuuan fslassaisaasmdenladlWinlugin 3.7 anaaanisaasgasiadssazvinaiu

a

wasanniiundeutlasuuiiia (Step up transformer) faaanadnyRaNarilusefiugandd

v
a 1 o o v

a9t guHeguIn AsiuazfesAntiaianisauiusndnenanl gugiuazanaany st

a a

nRaldlE NN saNFAUIEUINgaaTaged TnaaanuuylFadadulurasuauduananm

a



37

NRENHUUT 5 HAALNATIUITNINUAAIATIAeY Lay Tdinsuauoundanlas (Shell Diala
Oils A & Ax) \Huauiudaadngluanadnresndanlad nnsldunduiiueuiuiiiasangda

a g

mMauzlding SamandAniduauiuiia daonanuseuseiulniinléqe (high  dielectric
strength) 28 kV/mm waztnsugnun maunsndesinglundeulasiteinuin i uauou
szndnvananlgugiiuazananniagiseandewdaqlnin sondeginsni@idnnselind
dviurussiulifwazduAusaiuuaznszua e aunistuudoudadiiing
m;_uiluﬁqmiﬂgﬁﬁﬁwﬁ@LLﬂmLLafzﬁqmﬂﬁlumﬁ:mﬂmm%’@umnuﬁ@LLﬂ@\ﬂﬁﬁwmmw

wiaziidaida Ae fannauzussqindueuundanlasltinmingn

a

(n) 1nAALFNNN (1) 2RAIRY) AEINH

a

a a % ¥

1 ! 14
717 3.6 nnanaaaLlgugRuazyFagizemdeulasiesnuuLLaraF 19Ty

a

prirnany
winding

secondary | 0

. . r - §.. F1
winding —f—

1 . . 1 1 ¥
7U71 3.7 nwudleudasWiuseiugepanndgenesnuuuuaza¥aau
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3.1.2 NN9RANLULNATNILTI AW INAN

1 ol
Dia| D2a| Ds3a| Daa

CzA C4A

3117 3.8 29qsvausesulnia 16 win

aasmansaaunineenuuulminnusesulnduasiddasulndnnssuaaaudulnin

NIzuAnas IR teanuuLn9asIus Ul gaas 8 win 2 9n drusundusesulnilnsnu
= . 4 v Z , . X

Uan (positive multiplier) wazNIsasu WA A uaL (negative multiplier) TALATNTOLNN

urasulndduaanlsgsannnas 50 kV AAAANIZLAINAINANATY 20 mA FA29aIN

a Q <> q

b

wesu A Futanansussauinin Wnudaue lusaasnaaaninfsdianduazgnaeasvma

v
1%

wsesulffuauanausssulin linudauanaaesnaanniinfsdiend fangaslugia

3.8 NagaNLAUlNTN28999RINIUIIARY 2 gananeliiunaeanlinfe@iendaziriniy

b

wsasulWin 100 kv TunnseanuuundawlaslWinusssugeaziianisanausasulWin iy
wasninsasulningeanldn 7 kv . siulalenvesnsasmiusssulninazdesnu
wsanulninedretdeewingy 2v2 x7kv,, =20kv  Iaaenldlalemuas 1N6519 auANU
u3asulnin 10 kv WiANIzIA 500 mA slaaunsniu 2 daielinuussdulning 20 kv Tas
2% ! ] lﬂl o % | dl =1 o & ] o =3 %

Hudousattaniusaaviamnasuinaiduauouilasiunisensn dausaiiuilseqsanu
wsesulinlfaeinadaevindu 2v2 x 7kv,,,. = 20kv anidusiaifiulseq C,, , C,q NANNTONU
wsssulnAnadsdaenvindy V2 x7kv, =10kv  feduluniseanuuuasiaan’dsia 0.001uF

rms

AUNALTFUINAN 20 KV waiaaannszwa A 19499253 1 39a W IAA R T an 1 uFq LAy

o o 4

Uszasisduusnargendnatdugading asaanuuuliiineiaauqlaanissaauiusiaLfiu

1523 C,, ,C,, .C5 ,Cps HANWINU 4x0.001 UF / 20 kV Uaz Cs, ,C,, ,Cas ,Cos AWML
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1
= A a 1 o

3x0.001 UF / 20 kV dqusaiiulszaniuae NAviniu 2x0.001 uF / 20 kV fiaiiulszauay

'
¥ =

Talasaanuuuliiansouiuluuiuiuwanangasfiinfaanand (epoxy) Aeuanslugily
3.9 uNuRNWanzasasianginanidoun liiaranasunsazgnanaaniva liinduauawdnlil

, ! oo & X 2 @ aa , - ! p
wnsndesdnliiauiluauiuiniauinau Faiudsnisdiaaanisaninszndneginend

Alannranndlunsasvaugaslnin

1 i 4
717 3.9 Mnukusamansssu i IfeenuuLLa sy

3.1.3 NMIRANUULIYAUAPINAUIIAWRAZNIZIA TN

Ry 2ma Ri50kQ
A\/\IAV
+15V
2kQ R“ 4.7MQ Riz +1 V
5k Wiery = 39kQ
/l mA monitor R;;4.7MQ TLos2
oy +
30kQ
2MOSR,, 15V Reol
o 2kQ3 15V
kV monitor
V =
w -NEG L
o X8 =

717 3.10 29asuanHALI AN TzUA I

nsuansrawssfuliiinszuansausssugeasldosasuiunsedulnia (voltage

divider) teaanauliiiusssugenszuansalianiauseiuliitfanasuazduan
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usasulningaeTaasTines Inseenuunlssausadlnii funanaeseasviussdulniing
Frutanuazduauiana AL i semaensiafadiend Avualiusedulninan
AsRNFENLUNLUR I E S ALs AN TAN 1V fe 10 KV TnseenuLLR9a I eusas I
If@anldensiuniu 330 ME2 / 15 kv (R) a1uau 6 s Tunisutiausasulwilngauriusi

Funiu 200 kE2 (R) wassulnfnaanaunanasansasiumiusazduaiuanlfann

3 3
y, = 201073200107 505 (3.4)
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AN ARFNULINE AN ANTNULINEI AN ARFNULINE
(kHz) (V) (kHz) (V) (kHz) (V)
102 333.5 120 756 138 1550
103 338 121 800 139 1485
104 342 122 850.5 140 1275
105 346.5 123 885 141 930
106 352.5 124 980 142 825
107 374 125 1010 143 770
108 376 126 1125 144 690
109 389.5 127 1250 145 640
110 400.5 128 1525 146 555
111 414.5 129 1790 147 500
112 445 130 2100 148 490
113 456.5 131 2505 149 470
114 525 132 2754.5 150 445
115 565 133 3100 151 420
116 597 134 2900 152 405
117 630 135 2685 153 356.5
118 658.5 136 2025 154 345
119 700 137 1935 155 325
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AR lhLAn (%) 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 45
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4.4.2 NINARBILAZNANITNARD
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Slide regulator J,
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V, (kV) V, (V) . (A) I,(mA) N (%)
40 250 3.1 10 51.61
50 276 4.7 10 38.54
60 244 5.2 10 47.28
70 263 5.3 10 50.21
80 288 6.3 10 44.09
90 275 6.2 10 52.78
100 291 7.9 10 43.49
110 298 10.2 10 45.01
120 305 12.5 10 37.47
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AN9 T 4.6 HANITNARALTANAINUTIALaNT

wpagane Wil (kv) AR9TANANY AN ARTALARDL (%)
Sadand (kev)
40 41 3.38
50 52 4.40
60 62 0.83
70 71 -1.16
80 81 2.08
90 91 1.64
100 103 3.57
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SHELL DIALA® OILS A & AX

Electrical insulating oil

Product Description
Shell DIATA* Oils A & AX meet standard specifications reqmited by both ANSI/ASTM Db 3487 and

WNEMA TR-PE-1975 for domestic electzical oil applications. These prodnets kave high electrical resistance
and are thermally and cmdatively stable.

Two oils, designated Type I and Type IL, ace covesed in these specificaons. Type I od is mtended for nse
where nommal omdation resistance is requred  Type II ol 15 for mose severe service applications requiring
greater omdation resistance.

Applicarons
*  mitended for nse i transformers, cieonat breakers, od-filled switches and in X-ray equpment

Fearres and Benefits

* peoven produet seliabilicy

*  manmfacmeed noder stringent gualiry control procednzes
¢  excellent physical, chenmeal, and electrical properties

*  wo domestic refinery sonsees (Texas and California)

Approvals and Recommendatons

»  ANSI/ASTM D 3457

+ NELIA TR-P5-1975

* U5 Govemment Military Specificanon VV-I-330A and Amendment 2 for Class I and Class IT fimads |
Type I and Type I1, respectively); snpessedes the Deparment of the Navy specification 05-1023

*  NATO symbol 5-736, British Standard BS 145:1572

Table 1/ Physical Propernes of Shell DIATA A/AX Oils

73

Test ANEI/ASTAM/NEMA DIATA A/AY Oils
Method Limits - Type I and II Typical Valnes
Aniline Pomt, °C D&l 63-34 T4
Caleor D 1500 0.5 nuax =5
Flash Point, °C D92 145 oun 156
Tnterfacial Tension, dynes /em (@ 23°C | D971 40 min 47
Ponr Point, °C D97 -4 min 47
Specific Grawiy, 15/15°C D 1298 091 max 0.885
Viscosity: DM/ D
3B
@ 0PC, o5t/3U3 T6.0,/350 max 62.3/288
i 40°C, 5t/3U3 12.0/66 max 0.1/55.8
.'_'r::' 100°C, e5e/S00% 3.0/36 max 2317339

S0C: 39-12/02

Visnal Examination [D 1524 | Clear & Brooht | Clear & Bright




Tahle 2/ Electrical Properties of Shell DIALA A/AX Oils

Test ANSI/ASTM/NEMA DIATA A/AR
Oils
Method Limits - Type land II Trypical Valoes
Dielectnical Breakdown Voltage
i 60 Hz, Disc electrodes, EV D BT7 30 min =35
i 60 Hz, VDE electzodes, EV D1sl6m
0.040 - inch (1.02 mm) gap 25 min =28
(L0680 - tnch (2.03 mm) gap 56 min = 56
Dielectne Breakdown Voltage Impnlze
(i) 25°C, needle-to-sphese gromnded D 330
l-inch (254 mm) gap, EV 145 min - 150
Power Factor, 60 He: D o4
@ 25%C, % 0.05 max 0.003
i 100°C, % 0.30 max 0.06
Gassing Tendency, ul/min D 2300 +3 max +12
(1). New, filtered, dehydated and degassed oil
Table 3/ Chemical Properties of Shell DIALA A/AX Oils
Test Regqmurement Typical
Valnes
Methad Trpel Trpell | DIATA A [ DIATA AY
Cridanon Inhibitor Content, %o D 2668
oz
2ji-diternary buryl paracresol D 1473 (.05 max (0.3 max MNone 0.23
Corrosmwe Sulfnr D 1275 Non-Cozrosive HNon-Cotrouve
Water, ppm D 1533 35 max 35 max =30 =3
MNentralization Mo, me FOH /g Do74 003 max= 0.03 max <001 <0.01
Ormidation Stabality (i} 72 hrs. D24
Smdge, Yoo 015 max 0.1 max 0.08 0.01
TAN-C, me KOH/g 0.5 max 0.3 max 0.33 001
Ormidation Stabdlity (i@} 164 hes. D 2440
Shndge, wita 0.3 0.2 0.10 0.01
TAN-C, me KOH/z 0.6 04 0.30 0.03
Cridation Stahliry
Rotating Bomb, min. D2112 N/A 195 min N/A 220
PCE Content, ppm D 4059 ND ND ND ND

N/A- Not Applicable

WD - Mot Detectable, which is repomed a5 <2 ppm.

Storage Precautons

The critical electnical properties of Dhala Oils are easly compromised by munnte concentrations of
contuminants. Lypically enconatered contaminants nclnde motstmree, partenlates, fibers and sncfactants.
Therefore, it is imperative that electrical insmlating ods be kept clean and dry. It 15 stoongply recommended that

storage contaners be dedicated for electrical ol service and inclnde air-tight seals. It 15 forther secommended

thar electnical msnlanng ods be stored indoors in cimate controlled environments.

Handhng & Safety Informaton

For information on the safe handling and nse of this prodnce, refer to its Matenal Safety Data Sheet at
hrep: / forvrwequivashellmsds.com.  For more information and availabiliey, call 1+500-752-7852 oz mut
the Wodd Wide Web: http: / /worw.shell-lubncants.com,/.




QIXYS

PolarHV™HiPerFET IXFN 100N50P
Power MOSFET

B
N-Channel Enhancement Mode
Avalanche Rated
Fast Intrinsic Diode
8
Symibol Taat Condiions Maximum Ratings
Meii T, =25°CI150°C 500 v
Vo T, =35°C o 150°C; R, = 1 M0 =00 v
V., Contraius £30 v
Vo Translent +40 W
L T, =25°C o A
R Extermial lead curmant fmit 75 A
' T, =25°C, pulse width imiled by T 750 A
La T, =25°C 100 )
E, T, =25°C 100 mJ
E, T, =25°C 5 J
Vi I, =l QU <100 A, V<V W s
T, <150°C, R, =20
B, T, =2F°C 1040 W
55 .. +150 o
T 150 s
Ten =55 .. #1350 "c
Ty 1.6 mm [.0E2 In.) Trom case for 105 300 °C
Vin S0'60 Hz, RMS T="1min 2500 W
l, =1 MA i=is 3009 Ve
M, Mounting forgue 15713 Nmibn
Terminal connection fomues 1.5/ 13 ‘Nmibun.
Walght S0T-2278 30 g
Symiol Teet Condithons: Charactariatic Valuss
(T, = 25°C, Uniess othenmse speciied) Min | Typ. | Max
By, v, =0V =3mA 500 W
Vosia Vg =V, L=ama 30 50 W
laas W, =430V, V=0 300 nA
lo Vg = Vo 35 uA
V=0V T,=125°C 2000 wA
Roaea) W =10V, 1, =1, Mot 1 48 mo

v =50 V

I, =90 A
oy S 49 M
t, < 200 ns

miniBLOC, SOT-227 B {IXFN)
b VIEET

G = Gate O = Drain
& = Source

Either Sourte terminal S can be used as the
Source iemnineal or the Mefvin Sounce (gabes
retum;) terminal

Faatures

= Intamational siandamd
« Ercapsulating epoxy meets
1AL 54 -0, lammability classfcation
« MNELOC Wil Aluminium nifride
ksotation
Fast recovery dlode
Unciamped Inductive Switching (LIS}
rated
Low package Inductancs
- E@sy bo drive and to protect

Ahvantagae:

Easy to mount
Space savings
High power density

G 2006 DOYE Al rights resened

DEZSASTENDE]
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Symibol Test Conditions Characierstic Vaiues
[T, =25 C, uniess othenwice specited) | SOT-227E Outing
Min. | Typ. | Max.

g, W, =201, =1, Mote 1 5| 0 5

£ 20 nF

C. W, =DV WV, =25V.1=1MHZ 1700 pF

C.. 140 pF

- 6 ns

i Vo =10V Vg = 05 Vo T= 1, 2 ne

L 39 R, = 1. (Extemal) 110 ne

E b -1 ns

e, 240 nG

Q. Vg =10V, Vo = 0.5 Vo 1 =1, o nc P

a, TE nG y

R, 042 “Cw '

R 105 “CN o
&
H

[T,=25" C, unless othenwise speciiad) 4

symbol  Test Conditions Min. | Typ. | Meax.

1, V=0V 00 A

I Fepetitive 50 A ]

v, =1,V =0y, Mot 1 15 W &

i I, = 254, -glich = 100 Akss 200 ns

a,, } W, = 100V 06 -

by 6.0 A

Nates:

1. Putse test, £ <300 us, Quly cycle os 2 %

Test cument |, = 514

DEYE resenves e iight lo change ImEs, ket conditions, and dmensions.

KraMOGFETe and iGATa are covered by 4005582 453048 SO MA S2O74H 0001000 804005 0F 800 4 WTIT SRS

ars or moneol e foliowing U S peiscl:  ABSOOTE  S0A7S0N SO D00 S0 EE 4253
dfn o3 SLHTES 5T 44T ST a3

1330 853403
P R

ATIDASI0 675 0EC

LRa

BT AT B
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OIXYS

Fig. 1. Owtput Charaoierictios

@ 28C
I: Wag = 10V _‘,-'/ ]
L1
] l.r"..r{'f ’F-__'_,_..,--
- A
£ an

o t
@ 0% ® 15 3 28 3 A% 4 48 5 858
o = Wiolls
Flg. 3. Cutput Gharaoterctieos
@ 1z
100
g =10 =
0 "f"'-f
=
]
x
E o0
i‘.
. L s
- g I
B 40
] 4;-
m f
m
- —
']
@ 1 2 3 4 85 @& T, A& B 1@ N

Vg - Wols

Fig. &. Apsjy Hormalized to Ip = E0A Value
vE. Drain Current

[~ 1 1
P I
o 24 =]
< -
=
5 2
kS
Lo1a
g e
a =
A Tym s
—
2 ——
. -
T

0D @M & | O I3 14 80 e @O I3

Iy - Amperes

r- Amperes

Tl padd

M - Mo

Empmren
&

Flg. Z. Extendad Dutpui Charasteriction
& 267
230
Vs =00V |
200
o
— .
120 .
140
120
L——"T1T"|
190 -
3 ™

] A

Sy

40 ay

m == ] i

o +

@ 2 4 B 8 10 12 14 18 18 30 2 34 W
g - Vols
Flg. 4. Apsen) Mormalzed to ip = 604 Valus
vE. Junation Temperaturs

2

E 1o fllr
. ' i

N r.{_f/"l ==0s

ard _,-r""‘-.
B T
20 ] o = a0 ™ 100 = =0
Ti-Degrees Canigrads
Fig. &. Maximum Draln Current ve.
Cace Temparaturs
ot

sz - Exiemal Lead Current Limit

N

a
F

B
L

#
L1

S 2006 DOFE Al rights resened

7



QIXYS

IXFN 100M50P

Figa. 7. input Admitanos
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BIXYS IXFN 100N50P

Fig. 13. Maximum Tramclkent Thermal Recktanos
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCIATS

SUVESITAR — JANUARY 1033 — REVISED JULY 1

Complete PWM Power Control Circuitry D, N, HE, OR FW PACKAGE
Uncommitted Cutputs for 200-mA Sink or e
Source Current M= 4 o 15 [] 218+
Ol.lﬂnnﬂmﬁ'ungIBulsﬁingFe-Endedcr 1IN-[] 2 1=5[] 2IN-
Push-Pull Operation FEEDEACK[]z [ REF
Internal Circuitry Prohibits Double Pulse at oTc[]+ 13 [] CUTPUT CTRL
Esther Qutpat CT[s 1z[] Ve
Variable Dead Time Provides Control Owver RT[S nflcz
Total Range cho]z  w[E
Internal Regulator Provides a Stable 5 cifjs  =fE
Reference Supply With 3% Tolerance
Circuit Architecture Allows Easy
Synchronization

description

The TL484 incorporates all the functions reguired in the consimuction of a pulse-width-modulation (FYW) control
circuit on a single chip. Designed prirmarily for power-supply control, this device offers the fiexbility to talor the
power-supply control circuitny to 3 specic application.

The TL4B4 contains btwo emor amplifiers, an on-chip adjustable oscillator, 3 dead-time control (OTC)
comparaton, a pulse-steenng control flip-fSop, a 5V, §%-precision regulator, and output-control circuits.

The emmor amplifiers exhibit a common-mode voltage range from —0.3 Vo Vo — 2 V. The dead-time control
comparator has a fived offset that provides. approximately 5% dead time. The on-chip osaillator can be bypassed
by terminating AT to the reference output and providing a sawtooth input to CT, or it can drive the cormmon
cincuits in synchronous multiple-rad power supplies.

The uncommitted output transistors prowde esther common-emitter or emitter-follower output capabiity. The
TL43 provides for push-pull or singleended output cperation, which can be selected through the
output-control function. The architecture of this device prohibits the possibility of either output being pulsed twice
during push-pull operation.

The TL4BMC s characterized for operation from 0°C to 70°C. The TL484| is characterized fior operation from
—40C to 85°C.

FUNCTICH TAELE

INPUT TC

OUTPUT CTRAL CUTPUT FLERCTRON
W= GRD Singie-ended or paralie cutput
Wy Nomai push-pul opemtion

Flease be sware that an Imporfant nolice conceming avallabliEy, standard warranty, and use In critical appications of
Texas insruments semiconducior products and disciaimers Fensio appears ab the end of this dais shest.

mqm-mﬂ::&u‘ Cagyright § Y68, Teoaw Isstrorments incorporded
Fredcis conform & specicaan e

INSTRUMENTS

POAT OFFICE B0 000 # DALLAS, TEXGAS TEHE 1
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVEITAH - SANUARY VR — REVISED JULF 1990

ANRILABLE OPTIONS

PACKARED DEVICED
THRIMK CHIF
T EMALL PLAZTIC EMALL S FOEM
DUTLINE oF DUTLIME Pircont M

ol )] 126

(P

oG b TG Tamcn | Tiasdon | Tuasecws | TossacPw | Ty
—~rooese | Taso TLASSIN — — —

The 0, NE, and PW packages are avalable (aped and neeied Add fe sufi Riodevice fipe e g

TLASCDR) Chip forms ane tesied af 257C.

functional block diagram

L]
RT
S m—

1=
1IN~

e 18
a6

FEEDBACH _*

S B
2 >h"

Ermor Ampdifer 2

DUTPFUT CTRL

@ g
10 c1
Daad-Thrs Conbrol 5
E1
=
a2
J H ca
Comparator
10
E2
Fules-5tearing
Flip-Flop
12 Voo
Anfarenos 14
Regulaior REE:
T
lu—l::D (o i)
—
oTma

ﬂ" TExAS

INSTRUMENTS

POGT OFFAOE SO0 SO0 ¥ DALLAS, TGRS TN



TL4594
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVESOTAH - JARLUARY 1883 - REVISED JULY 1980

absolute maximum ratings over operating free-air temperature range [unless otherwise noted)t

TLE UNIT
Supply volnge, Vi (see Mote 1) 41
AmpiTer Input volage, V) Woo+l3 W
Callecior culput wolage, Wi 41 L
Collecior output cument, Iy =0 mA
D packag= T3
M pacikage &=
Fackage themal mpedance, B, (ses botes 2 and 3) T =1 =
FW package 0=
Lead temperaturs 1.6 mm (17116 Indh) from case for 90 semonds D, N, or PV package 20 <
Etormgs temperatur range, Tig —55 o 150 e

T Stresses beyond those Ested under*absoliute marimem mEngs” may Muse permanent damage o fhe device. These are siness mings only, and
functional operation of T device at these or any other condiions beyond hese Indoi=d under Fecommendsd operating condiSons" s not
mpled. Exposune b absoluie-marimum-raisd condions for exiended periods may 2% device nelabilty.

MOTEE: 1. All voltzpe values, exrept dferentsl volisges, are with respect o B nEtwork ground =minal

2 Maximum power dissipaton iz a funchion of T imar), 8 s, and Ty, The mavimem alossbie power desipation at any alowabie
amibdent emperature |s P = (T jlme) —Ta i . Opeating af the absolule maximom T of 150°C can impact relabiliby.

3 Thepackage thermal impedance |= cakutaied In accomance aith JESD 51, exceps for through-Hoie packages, which use arace
Engt of Zere.

recommended operating conditions

TLAS

W e
Eupply votage, Voo T 2] w
Ampafier Input volage, V) 0.3 Weem2| W
Coilecior output wotage, Vg, szl w
Coilecior cutput cument (=ach rarssion) 0] ma
Carment invic famdback ferminal 3] ma
Dscliator FEquency, fe: 1 30| kHz
Tmirg canchon Oy a4y 1moa] eF
Timing resistor, RT 18 Enl T

TLABC a ]

Opertng free-gr mmpershee, Ty — — =1 =

” TEXAS

INSTRUMENTS

POAT OFFICE DO SN0 & DALLAS TR GAS T

i



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVEITAH - JANUARY MRE2 — REVISED JULE 1990

electrical characteristics over recommended operating free-air temperature range, Vo =13 W

f= 10 kHz [unless otherwise noted)

reference section
" TLABEC, TL484
PARAMETER TEET CONDITIINE MIN TiPE AN LT
Culput woitage (REF) 4.7 H] 53K W
Inpedt reguiation S =TV D&Y 2z = i
Culput reguistion Iz =1 mAdo 10 mA 1 1E i
Culput voitage change with Emperatune AT, = MIN i MAK F o] mene
Eror-cirrul oulput ourentd FmOY = =
T For conaditons shown as MM or MAX, use the appropriale value speciied under recommended operating condbions.
A typical values, sxcept for parameter changes with emperature, ane o Ty, = 25°C
5 Duration of fre short Crout showd not excessd one second
oscillator section, Gy = 0. pF. Ry = 12 ka (see Figure 1)
PARAMETER TEET CONDITIONST T AT
MIH TVFE  max
Frequency 10 kHz
Esandard deviation of freguency® All values of Voo, ©T, =T, and T, constant 100 HeHz
Freguency dhange with witage Wipe =T Wio 40, Ta = 257 1 HehHz
Frequency crangs with iempemsurs= AT = BN bo WA 10 | HefHz
T For ooncitons shown 25 M or MAX, use the appropriate vaiue speciied under recommended oparating mondbons.
ta typical walues, sxcept for parameter changes wiff lemperafune, are af Ta = 3%
T Storciard deviabion |5 a measure of B siabshicsl disiFbation abcut the mean as dertved fom e formuk
—_—
[T -
- "\"'I L I
# Termperature coeTicient of Bming capachor and Sming resishor are not ken into account
ermor-amplifier section (see Figure 2)
TL&24, TLABE|
PARAMETER TEET COMINTIONE P — T T
Inpat ofset woitage Wi (FEEDBACK) = 25V 2 1o i
Inpet ofset curent Wi (FEEDBACK] = ZEV = 50 .
Inpat bias curment Wi (FEEDBACK) = 25V oz 1 T3
Common-mode input wolage moge Voo =T W indly 2:\_‘; W
Cpen-oop wolage amplificalion Ay =3, Ry = 2 kLl Vo= LSV IBISY 70 35 = ]
Unity-gain bandwidth Wio=05Win3EY, Fy =2l 8O0 kHz
Common-mods neection o A=l 'V, Ta =35°C 65 80 = -]
Culput sink curent (FEEDEACK) WD = =15 m =5, W [FEEDSACK) = 0.7 W 0.3 or L
Culput source cument (FEEDEALK) | Vg =15 my 57, WFEEDSACK) =35 =2 ™

Al fypical walues, sxcepl for parameter changes wifh bemperasiune, are af Ta = 2575

*P TeExAS

INSTRUMENTS

POAT OFFICE 0N S2EN00 # DALLAG, TEXAS TEes
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVEITAH - SANUARY 1083 — REVISED JULY 1990

electrical characteristics over recommended operating free-air temperature range, Voo =13V,
f=10kHz, Tg = 25°C {unless otherwise noted)

reference section
TLEY
PARAMETER TEST COMDITIONE T UNTT
MM Tyrt
Cuitpest voltage (REF) lg= 1 md 5 W
Input regalation Voo =TV gy 2 my
Cupett reguiabion hgy= 1 o 10 mA 1 mi
Ehont-cmu pulpat oarenst Tl = ma
Al Bypical values, eecept for parameier changes wih Eempershure, are ot Ty = 35°C
1 Duration of e short cirouft showid rob eyosed one ssoond
oscillator section, Cr = 0001 wF, Ry =12 ki {see Figure 1)
TLE4Y
PARAMETER TEST coMmmons T U™
MM TvET
Frequency =] EHz
Btam—.lun—atmo‘mﬁ Al values of Yoo, CT, BT, and Ta, constant 00 HzkHx
Freguency change with voitage NGC =7V ihedly 1 HzkHz
T4l typical values, myeEpt for parAmeter Changes Wir Empershre, o at Ty = 25°C
§ Standarnd deviabion s a measure of the shbsical dsrbution about fie mean as dereed fom the fomux
o a—
.'I S im, - EE
f Le
B=1
& - “l‘l T
error-amplifier section (see Figure 2)
TLEY
PARAMETER TEST CONDITIONE UNTT
MM Typl
Input ot wolage: o (FEEDEACK) = 257 2 my
Input ofset ourent i (FEEDEACK) = 2.5 = A
Input bias cument N (FEEDBACK) =257 0z WA
Open-ioon witage ampiFcation AVig =3V, R =2k, Vp=05¥iD3lsVY -3 dB
Linity-gain bandwidth Vo= 0SVID3IEY, Ry = 2 kR 800 EHz
Commaon-mode rejection s =0 20 dB
Cutpat sink: ourrent (FEEDEAGKE] Vg =—-1Smyio-5W, W [FEEDBACK) = 0.7 v T mA

Al Bypical values, evcepk for parameier changes Wi Empershure, are ot Ta = 35700

ﬂ“ TeExAS

INSTRUMENTS

POST DFFICE DO EE000 % DALLAG, TRXAS TSI

in
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVEITAH - JANUARY TREd — REVIEED UL 1R

electrical characteristics over recommended operating free-air temperature range, Voo =13 W,

f= 10 kHz {unless otherwise noted)

output section

T4, TL4SY
PARAMETER TERT CONDITIONE e ] T
Colecior ostaie curent Vo =40V, Npp=4V z | pa
Eriter oft-siate cument Voo =Wo=40Y, Wg=I -] pa
a E—— Commor emiier | Ve =0, lig = 00 mA 14 1.3 v
Emtterfoiiowesr | Vigiog gy = 15, g =—200mA 15 25
Culpiut condrel Inpat curmnent Y 15 i
T A8 typical valuss swmept for bemperature CoeTicient ane af Ty = 25°C
dead-time conirol section {see Figure 1)
TLAB4, TLASY
FARAMETER TEZT COMIMTIONZ T
MIN TVFT  max
Inpaut bias cuprent (DEAD-TIME CTRLI Vi= DD 525 e
WL duty CyOe, each outpat Wy [DEAD-TIME CTALY = 0, Cp= 01 pF. Ry = 12 kil e
Inpect threshioid voitage IDEAD-TRES CTRLY STy oer N1 R
Marum duty cyde a
Al typical values evCept for iemperature CosTicent ar ot Ta, = 25°C
FWM comparator section {see Figure 1)
TLAB4, TLASY
PARAMETER TEST COMIDNTICNE et | T
Ingeut threchaoid voitage (FEEDEACE) Zero duty Cyce 4 45| w
Inpet Sink cument (FEEDEACK) W [FEEDSALK) = 0.7 03 a7 i
T Al typical values eYCEt for bemperature CosTiolent s ol Ty, = 2570
tofal device
PARAMETER TEST COMDITIONS o s T
MIN TYFT  MAX
Sancy suppe cum=m: FT Ve, A8 omringas and e open | oce = 0 1 R
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TL454
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVETAH - JANUARY 1883 - REVISED JULY 198

PARAMETER MEASUREMENT INFORMATION
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Figure 1. Operational Test Circuit and Waveforms
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TL454
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVSETAE - SANUARY BRI — REVISED JULY 196

PARAMETER MEASUREMENT INFORMATION
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Rotating X-ray tube

Technical Data

88

Property Specification Standard
Type KL65-0.6/1.3-130
Nominal input power(s) of the anode F1l F2 IEC 60613

. _

11 KW(50Hz) 32KW(50Hz)
Anode heat storage capacity 75.6kI(107 KHLT) IEC 60613
Maxinmmum cooling capacity of the anode 300W
Anode material Rhemum-Tungsten-TZM (RTM)
Anode top coating material Rhenium-Tungsten (RT)
Target angle (Ref: reference axis) X-ray tube 15¢ IEC 60788
and X-ray tube assembly
F1 (small focus) | F2 (large focus) | IEC 60336

Focal spot nominal value(s) 06 13
Ref: Reference axis

" |
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Anode rotary frequency

3-ray tube nominal voltage 130 KV IEC 60613
Data on cathode heating =/AC < 20kHz
F1 F2
|
Max. current 544 544
Max voltage =TV =13V
Dat ode driv
a on anode drive S0Hz

Operation Limits Transport and Storage Limits
Ambient temperature From 10 °C to 40 °C
Relative humidity From 30 % to 75 %
Barometric pressure From 700 hPa to 1060hPa

Emission curves of the cathode
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