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Design of a High Voltage Power Supply for
Traveling Wave Tube Using Feedforward Compensation

Student : Ming-Tai Shieh Advisor : Dr. Yung-Chun Wu
Dr. Chi-Shan Yu

Degree Program of Electrical and Computer Engineering

National Chiao Tung University

ABSTRACT

This thesis proposes a control methed for a high voltage power supply
which is applied to a high power traveling' wave tube (TWT). A feedforward
compensating circuit is implemented to solve the problems including the
dip-voltage drop and the long-irecovery time which are caused by
pulsed-multifold load. This“implementation is proven that it can indeed
improve the performance of a radar transmitter. The original radar system
utilizes the low-bandwidth voltage mode controller to reduce the noise
sensitivity and the voltage overshoot hence it has poor transient response. To
improve the transient response, we propose a feedforward configuration, in
which we use a set of preset-compensated voltages to change the PWM
command so as to compensate the voltage variation in transient period.
Experiment results show that this configuration can indeed improve both the
steady-state and the transient responses of a high voltage power supply for a
high power TWT. The proposed feedforward compensator is simulated by
using the very high speed integrated circuit hardware description language
(VHDL) and then implemented on a FPGA. Through this approach, we can
scrimp the developing time and make the system maintenance and

modification more easily.

Keywords : TWT ~ high voltage power supply ~ feedforward compensation
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Region SWS
RF in RF out
Amplitude
aud (\ ﬂ A /\
Along
SWS

Bl 2-8 prib = = #F L
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3. #4&(Collector) : 2 B ehie* S e A BEF LTI L @ ¥ 8
BT AR T A AT 0 sl Ak g R (eivy H
L) F L F e MR EE 3 9 15~40% 5 48 & 2] 60 40~50%) 0 =+
MWiphw 2R LFLETER T EEBRSEE L4 it o

4. FE & &R(Grid) P pRDITF S IpFIBEERT S A FHET o § RS
AP IE R & 7 2 (400~650V)F 0 T 3 & il (Beam ON) > @ % #
Br v EET = f FE(-500~-700V) > & F & # 1t (Beam OFF) o

2.3 F"/ﬁ»? @a_‘/@?"h’iﬁéﬂ’#ﬁf"" B 1%

dOt B LAl R R (V= A)E B AN O L ki R AT
o ek AR R AR 0 IEET Ak BB S RPN 2 Rt
Bo#-R Tlec s B AR BELT £ (AT Rk o A R LR b TR
5o BApEmB &R 45 [2]

3179x fx L

?= C><E/

(2-1)

Hoe o LS LimEepp MR FELRER Ep i HER
B> C 5 kg o

TR R TR R PARIR Mt R A Y ]
P HRBRE > HECTRTALZAPEZEBH L 40T 77 ¢

Ap -9 )
AE  3E (2-2)

HP AP BT RB TR ehS bR AE KBTI REE
“ﬂ%%ﬁ@ﬁ?@ﬁé’w&%%ﬁio
F #(2-2); 2~ % ¥ i@ > P 5 4E F]#c(Pushing Factor, PF) » 7

PF = ‘A%E‘ (2-3)

BT R B TWTA G4 4R T R P (= th 4 cn @ AT R B - 1
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P (2-2)% (2-3)5% » BEEHT BRE T 5 100 k45 PF 5 0.005° Bl € 3 0.5
B 2 # 2% £ (0.005%100 =0.5 DEG)% 2 o

FlalmT BRajie | 7422 hipH & RFIE 5 TWTA B * *4p
3% % (Phase Modulation, PM)™ » #- & 4 - $(fc-f,,fctf,) B RF % 3 F
(Sideband) % 55 > 4r ] 2-9 #777 - 4+ F A F G B § R A G 2 FER
oo FHE dBopuy B R PR E AP HT A 2 B, WA g Fe S
A M F 2 Bl - 4B K dBepw B ¥ M £-30dB~-60dB F » d (2-4)5¢
v FAsER A @Jb.ﬁ ¥R A )

P ~ A
dBepyy = %Sb(db) = —2010g( %) (2-4)

+ 3P H Po i PM F’?iﬁﬁlﬂiﬁ X 0 Pipapy e PM 3 L F A B 15 52 # 5
W AP PMIESRE2 Api=mfH & & o

# TWTA & * & d& t5 3% (Amplitude Modulation, AM)FF » % & & # F
EHPM 6> 10dB> 7 8 AMBY BA S B1ET R <% 0 P B K02

B LA s

P
e =", 1005 e-5)

s JT\:‘:; » Po :; AME%—Lﬁz?JmI% :‘;‘ ’Pisb(dB)f;‘ AM'%‘/EL%ME%%i; }L,?;I4 ._.%":,"]é
B0 APo & ¥y ¥ 2 fi] BRI

A CARRIER

dBc

AMPLITUDE

fc-fm fc fct+fm
FREQUENCY

Bl 2-9 4p =i/ # A 2 PRF 34 F

 J
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t‘( ~ /. ~ A e
i B P = o U A oy

-

EETRLFRL BERPELE a Big

AR FRTN B A FERF R BEAE LA RETY
Wa T e S  RERBM 2w dRLERLZ IR A ERTZELER

AR F 9] T T A BHBET RO KK R A%
oo AT E R B S AR K o

T T EETREGRAAP LR B BER FEL I FT
BAERAVADEERAL I RRAEDGKS £ 2-1 AN A LB TR
T s Y B ETREAETRE SR o

AN S EE N SR AaE 3

Electrode type Phase pushing factor( °/V)
Cathode 0.5—3

Grid Vi *3)

Focus electrode 1

Heater 0.03=0.1

Collector 0:005—0.05

2.4 T B BF IR A F & (pulse radar)2 T F R HE

B % pF B (Warm-Up Time) : 240 ~300 Sec
#g % (Frequency) : 2 ~4 GHz

@?‘J A1 9% e 3 (Peak Output Power) : 150 KW

# % 1 1% ¥ # (Maximum Duty) : 6 %

ﬁ?‘l I & % T 335 & (Max. Average Output Power) : 9 KW

£ & # Fl(Temperature Range) : -40°C ~ 85C
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Y& 3% % /R (Heater Voltage) : 85~11.5V

% 5% 7 in (Heater Current) : 8~ 12 A

£ % 7 /& (Cathode Voltage) : -40 K ~ -42 KV
£ % 7 i (Cathode Current) : 10~16 A

B 1% % & (Collector Voltage) : -4K ~ -8 KV

AP ¥ 12 4R 2 4+ & 7 & (Grid Voltage Relative to Cathode) @ +600V
X EERERFU25%FE CRBRTAERTIRELERTR
40KV > BT BR-6KV > & = % {7 #% X 600KW » T 5 F 36KW -

25 *3% 2%

FRERCBEF A SN e g VI T - e fELR
Bho ¥ LT B A # o AR e ASh Rt Tl F B 488 Al
oy g gt 5 5 150KWo WSt Al 40k ges £ - FIF L g 1 e pE
AEFRLERFHI %%iﬁﬁ?%%@ﬁ%@ﬁ»@mwaﬂ%%

o

N
X

CRER LY

FETERE - BB AR BLARLALFRTAE

4 $ % ## L (Harmonics) ¥ 48 » i3 & 2 ## 3 gi%] IR
Ko RN UERENLARAEI R B2 FRIATER NE Hh ARk
H

BSR B G PR S R TR B RT RGBS 5 2
BRI KRG 2 TRE -

14



FzF FAEIRILAIRZEIFRE
31 R RTLATE L3 ARK L

@&1%ﬁ%ﬁ%%%@?%?&mi'%@’ﬂiﬁiﬁ3<%ﬁ
o REIFFETRCFRIE HHTE AP #F TR R EMI
&ﬁ~ﬁm~%@ﬁ#§%#£%ﬁﬁ?%°%@?%é%%@%@ﬁ‘
Bk ~ B RFHRAEZE - BB - FEIBED - BH TR H1EE
TR G2 R R ET R T £ B 3-2(2),(b) 5 2SR R TR
BETE -

HIGH
30 EMI FILTER BUCK POWER VOLTAGE > COLLECTOR
208Vac—w] & CONVERTER INVERTER »| TRANSFORMER
60Hz RECTIFIER CIRCUIT (FULL BRIDGE) & » CATHODE
y ) RECTIFIER,FILTER
FEEDBACK HV [«
& SAMPLING
CONTROL CIRCUIT ||
Bl 3-1 BRBRT A B k5> 5E
32 3BT ATBLITRIE
= #E E: /u @(208\/3.0) ;‘_i&’ % LC /ﬁ& /ﬁs ’ i\‘ ‘]‘%‘ DAL gr_ i - ‘/]
280 REMRR > ZENTRASI TREFZTIRLLBEM 2 < T
B PWM 2 AEBFTRAEER S T RRA(TERT A TE) A>T

HAp 2 4@ BEM SI~S4 g+ 0 f 2 2 2 n T RCE TR 200 %
F)ECIFRERE- IR I FREREME D FRR 0 AcoF 3-2(a)
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MAZERT AU HEREFIEE Y FREHFINS T S, S
Dy 2 L #TH+ > s ’3&7}%@?# By p R T Rk i b8 (Buffer) 0 3
EAEAIRRZEZE DA TR LYMEFORNBETMRL - B TR
P eREF EREEZLZAN D 2 d 12 FEEFIT - B
(40HFLR60S02 > 600V/40A) % 8 ‘o & » H i & P 4p PF -] 3% 200ns > ¥ 3
MM A%k IM G 5 R1~Cl~DI>R2~C2~D2> R3~
C3‘D3’R4‘C4\D4/>F4Jéijﬁﬁ%&%&.%ﬁﬁ??&é S1~S4 2z RCD %4 %
B s 3 RERE T2 - < RIAZFIRRERLE S 857 2 #73
AN TRRA B RN NEFLDFE R T LEF AT S
TR TR A A%, DS-D6-~D7-D8-~D9~DI2~C5~CI2~R5 &
PR TR R 2BEE IR YRS EL 2 TR LY
o AL RAFR FFEIEGHE > TREN) > L RELERE Y2
RFEF T RAEL ; Dy D> Cy~Cg> X1~C13 R R BREMMPF
(Turn-OFF)2. £ 4 N T U ABER > #F2Z T RR A » &H 51
B SA~Sp? RFIERLRAEE S FRELF xEwrrzs* Ly Cll

2P S TR R 2 R 2 R

2

X1
127
3R Les 3R7==C7 D10
3 R8==Caz D11
b2 S 2R
ooy 3PS
Lf DA CAI1Iv5u' L 250
e ML
ImH -~ Il ImH
+140V =t m
Do Cs 1suf ps D
R Y \ PR S1/DI¥ 2RI R Do\ $2
- CM600HA-12H J L
Ss 600V/600A 1 &
. T o - T i
Vi /¥ I I L cw0 To.0seuf 3 To [E3-2B (a)
280V\ = T T T T 50uf Df3R10 @=—>To [E3-2B (b
“|lcir -jciz | c13 x r K 2R »t [&3-2B (b)
350 4 7 [
Sj D3¥ 2R3 R4Z ¥D4 LS
1 cs
C3 50uf C4 CM600HA-12H
T 600V/600A
-140 V _
C11:5300uf*10 C1,C2,C3,C4:0.5uf
C12:5300uf*3 R1,R2,R3,R4:15Q
All diode is 40HFLR60S02
C13:50uf*5

B 3-2(a) % B DA~ 2 2 AR W
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AR RSA P S B R RRRE TIBE 1145) T2(Bl#: 1

170) » #— =X Pl M P27 RCE ETREY 200V) > A SR B R >
FarE@r- 23R %-25iBwCl7 2 %R > % 9KV (200V%45) >

FowiBn TR TR
*lﬁﬁ*ﬁﬁﬁ%# e )
A A KRR R-A0KV BET R-6KV > = & F
T B Ao B 3-2(b)% A - # ¢ C1(0.1uF/25KV) ;

1 34KV(200Vx170) > 2% 15 & 18 w #2424
TEMEFIDLEREFTFTLRETR
P RlER 3KV B RA S

9KV e &k & 7

C2(3.75uF/45KV) % B 16— LB/ 34KV T ReARk T 5 0 s 7ok 3 %
B < PR A & 0 C3(2uF/60KV) 5 £ 4&-40KV 7 B hfER T % > R2

R3(750KQ/125W) 3 9KV g % » R4(1000Q/300W) 5 & & %

BT 2

5 Sh
7 Kil/n

» RS ~ R6(10Q/1000W) i

2. o e R7(10MQ/400W) 2 &

R R R
EE Ly B RTRTF AT
BT RS2 B f 0 R8(10Q/ 1000W)

v 7=~ g v L N L
S E BECUR R ROQOQ/I000W) 5 7 it ¥ 15 & Uin T e
wE
;;iima VBVR =
[ P EBvr 3kV
T1 D1 D2
1:45 + R2
Q¢ \6\ 9kV C1
C D3 D4 - | R3
R4
R8
R1 [ - * wWW— E.-6kV
C
D5 D6 I
o 1-T1270 N
@) —e ‘ 34Ky ==C2
I € \ R7
<% }
3¢ D7 D8
(b) Eb R5 R6 R9
I v Eb -40kV
R1:4.7k/55W R6: 10Q/1000W C1:0.1uF/25kV
R2: 750k/125W R7: 10MQY/400W C2: 3.75uF/45kV CS
R3: 750k/125W R8: 10Q/1000W C3: 2uF/60kV
R4: 1000€Q/300W R9: 20Q/1000W C4: 400uF/500V
R5: 10Q/1000W D1,D2,D3,D4: BYM36E(1000V/2.9A)*35
D5,D6,D7,D8: BYM36E(1000V/2.9A)*80
- N » ,:_:F’ P
B 3-2(b) 3 R A2 TR
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33 HRTLFA A 2HEHF L TH S L 7[10]

REEEREM S,Sp> 2AFR M Si~S, 2 & 1R Dez $A /L
R LS AT BRI A 3-1 AN AT R KRR A B 3-3

I O3-6 AN TREE . AR LT ER[I] R A HE

T REFR D M

l#ff BHARBIREAR ) &4 8 24 # M IGBT 545 2% Cpe

2. FRBME 2GR MRS S

3. FREH BT AET O EE S R S

4. FREBRET2:HERL 5 Lro 2 Lr<<L-> £ BT % »n 5 Bl -
5. % & L BN FH R MI(Ty)=To~T, > M2(T )= T,~T, > M3(T,3)=T,~T; >

M4(T34)=T3~T4 > M5(T4s5)=T4~Ts > T=Ty~Ts e
6. 2B S~S, 2N FULHPT Ty B4  2F M > 44 Tk
R g Bt ik g Too
7. Vi If:\ﬁ?] »2 R Vomn=[(Ec-ExYnl: # 2 1 - 1KLE? BREL I - X
Plz 2B FRES ZRLEL TEHW T 4 (3-1)% (3-2)7 £F -
231 BRLGACAHEFRF LIPS 2B RRL

&
1 (FHp iR BB }_)}f%r%“&;?
1 i el
7

Sa Sg | Si~S4(S2+8S; D¢

Ml To~T; ON OFF ON ON OFF
M2 T,~T, ON OFF ON OFF OFF
M3 T,~T; ON OFF ON OFF OFF
M4 T3~Ta ON OFF ON OFF OFF
M5 Ty4~Ts OFF | OFF ON OFF ON
M6 Ts~Ts OFF ON ON ON OFF

XM6 -3V M1 #5252 57 - BB 4

18



SA

Vc (\I«‘fq

L
E—
I

_e\e_
- Ss i

Vi C) Dr — Vo/n
T I (Ec-Ev)/n

DIEKIEY SR BN ES TS Y. L8 TR SR

Sa

DEFEY SRR BS 28 ¥ BN SRR S RN

Sa L
—O0— 00— I YY.Y I Ve (»I:fr,\‘
S I
SB
i( " L L —— Vol
V'(_) Dt ==2Cp ==2Cs momn

M3-5HRT G > A HEHFTLFRIKRZEL 34 2H

Sa

L
' | Ve
IL
Ss 1
Vi Dt - Vo/n
] (Ec-Eb)/n
B 3-6 " BT ~» A 2FEHEFLI RTINS 2am
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SB SA SB

A — w
SA,SB % i i i
S1,S4 % i i % %
1
w —
] —
ve /\,
Tpri i
B 37 BT AR E M N BT
1. K%@Fg F?ﬁ? SA Y SB.EE?@% ﬁ‘; ’EJB;-..
2. }_‘7}% F?'f? Fﬁé Sl > S4 :E%ﬁ'% i‘g Ho
3. _i#% F"g Fﬁg 82 N S3 53,?% i—‘:; 5%
4. TR BL)Z 7 B % B(VD
5. R BLZ TR W)
6. Ve TRRA)
7. #BE T2 - RIL I (Tpn) ik A
Vc:Vi-D:Q (3-1)
n
D~ Vo sz3+T34 (3_2)

B L LR DA s 3 AR S e(33) R A 0 DR

SRR BRREE- K FI 2R M S~Sy 2 H A 4wk 0
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FHRBERE Lrehi B FRED (i Fax 2 BE AT KL
B 3L TRRA > MM B2 HEREM S~Sy P2 Bt > FER B
¥R F R B M R £ ppF R (overlap time) Ty 0 48 i 47 40 (3-3)
3 (3-12)5 o

di, _V,

=L 3-3
dt L (3-3)
ve=Yo_p A (3-4)
n dt
R P A S G R R VS (3-5)
v, /n) v, D-V, D-V,
Bk R R (L)T v s 5 Al > AL =(1/2)-AlL
L-Al,=L-2-Al,=V,-D-T=V.-(1-D)-T (3-6)
A],L:Vi-D.T:VC-(l—D)-T (3-7)
2-L 2-L
, , V. -(1=D)sF
Ai,, =1, —Al, =1, -~ L0 3-8
ZLr L L L 2L ( )
VO
P=(77'Pi)=(77'VC'IL):77'7'IL (3-9)
P

I, = 3-10
> (3-10)
#-(3-8)22 (3-10) 5% & » (3-5)5% » @ F|(3-11) 5"
g L [, Ve -D)TY_ L P V.-(1-D)-T

Dy, U* 2-L " D-Viln-V.-D 2-L

_ P~2Lr 2_1:,-(1—1))~T (3-11)

n-Vy-D 2-L
P-L L -(1-D)-T
T, , L -(-D) (3-12)

>
n-v;-D? 2-L
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Fosv 200 BV 1 i o~ BEFY 2 B Sz‘s3d%‘§$§mfﬁ‘§§§ﬂ"‘”h’ﬁl‘ﬂ$§
B R ¥ Sy~ Sy %J».&" TR ERDTER G-I T o F Ve

£ DVIFE» BN 3 GHERT Tt EBm403-13)% (3-16)5¢ -

r-Ve cVo/m-C_DV,-C (3-13)
1 I 1
T, -V V.- A-D)-T T, -V,
I=1L —AIL + 01 P P __c ( ) + 01 i (3_14)
L  nV.-D 2-L L
T- bv,.c - 2C, (3-15)
P _Ve-(-D)-T T, P _(-D)T T,
n-V -D 2L L gpV:D* 2L LD
2C
T, = r (3-16)

r_(A-D)T T
nv;-nD* 2L Lpb

B3 AR Ve 2 Ipr #ERERET > 24D N FRERE
iR 2 AT R FATIARER R o JRT R FE L PR e B
MARFEE S » BHRTR P HIER A TR FFRTE T2 BRT
BLdE 4 7 B o TR JcdR T @ ohi B399 RCD ¥k TP hT 12 R # 5
By EE o AN EEF 0 RITREMTTEMN o Ve kT E E40(3-17)

FerE o0 B¢ Cs 3 EEDENT R

V..-D)-T V. T L
cheak: P e ( ) 4 i ol r +DI/1 (3-17)
: n-V.-D 2.7 L 2-(C,+Cy)

B 4T B R ARA e 3 E AR S e (3I8) 0 L B

B2 P RAREERBEI AP PR EEAREL TR E PR R
)

di, " om

it A N A 3-18

dt L ( )
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Ik

F_*
=

BEsU S5 FRRBGIEY R TR LR 4 978
HRLEERBH - BEELEBET g TREL AL 2T
F 4o (3-19)58 #17F o

=
AR
~

di, _ Vo (3-19)
dt n-L

N6 2R N1k 55 - B v PB4 L0 I 5REM S,
BB - oecd SpHad ooa L XAFAW ML Md S1-S4HH G S2-S3 Ei o
B 2EFEMOLEHEL REAFRERE- TRV EFED L ZFHR
TR e

3.4 RRTAABRBREFIFH

FRETE AL RDWMASEFTFAGEEFAE DR T > FAEBE

TRAEF TAIREREAIPE

1. & BRixdpr > 2R i FRETES VE LT o NFER RE o
WA E R RES R R AFRET LR ASHP =2 o &Y
FTEILA R AL R R R B L 424% £ (Maximum overshoot, Mo)
Bl 1R A b b A pE F (rise time, tr) R -] 3T 3§50 %X 2 pF A (settling
time, ts)/p -] >~ 5 F)

2.3 R IR SR > AR T RBRE E LT 500V BT R B )
*+1K

3. Vo

4, FAEFEITAEWRANHE > BRI A IR FE Y 2R ES
4 ? BRTIRRR -
FBRLERRES 2L HERLEBLMERE FR/MEET R

Fle B o Ao Bl 3-8 40T G MR T R4 R L & 4T e R R

% d %Ml,iﬁﬁﬁﬁﬁ%@’é%mﬁ%p}ﬁm%m@+’ﬂ“ﬁ

\4
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WHERETRBETL G YISk c BR/EERT RS B A iR R
BHOF EFYP DABTEBEIR VT LALUEPEETR FEB/EET

2 N ,7
B4l 1 TR -
HV TRANSFORMER
RECTIFIERS AND
SMOOTHING CAPACITORS ~ VBwR <ﬁ7

EE
C.

: 4 EBvr
30 ™ EMIFILTER [~ BUCK —™  POWER - v==C1

208Vac—p| & CONVERTER INVERTER
60Hz _,| RECTIFIER |, CIRCUIT | »| (FULL BRIDGE)

AN

Yyy

. Ec COLLECTOR
t &1
3akva= C2 [:]TWT
OPTO. - | Ev -
COUPLER L CATHODE
T 77
REGULATOR COLLECTOR
47 S/\I?/L&AT?ER l«—| VOLTAGE |«
o DIVIDER
Vref
72
—
71 VOLTAGE CATHODE
- INVERTER [*7] VOLTAGE
o DIVIDER
B
OFFSET
ADJUST

35 KT RERIVI[1]

EEIBRIAEFLAEL I L@ TH > 1
TP EROE G 2R VRSEBRTBRABRITFCHZLFE » #7
TRk - BRI I RAE > A BT REY P
A d R FERARE AEH L T F L RN AR AL R
B ) FRreRFpr SERITFEFOLEAE N % L AR

\

41
&

R
e
«
¥l

o LT o @ X B PR ET RN § A PTR
BEF W
PAER A 2P Bl » REPEBETRECLEDE DD o B

RAEEE Y FEF = & F (Triode) ~ » #&F (Tetrode) ~ & 7 B2 A

B * 15 % B (Post Regulator)s=> ;2 » gt = 2 2 & {1 * &
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Boc % 5 W(MOSFET) » B+ % % HWBIT) -~ R4 H #E§+ % % WAGBT)
FAE o AFIRREY R RAERERAE AR AEFEF
2K~4KV o -2 P 2t 3R TR N R o 4o ] 3-9 2 3-10 4T 0 fRR

AR T Ll R ORPR TR E R TR PR E v gy 3
o Fﬁ_;aiﬂgg;i&_é'_; |P )L““I’\(B’*ﬁi%@ i;ﬁ@i"ﬁ_)"ﬁ}ii

kil
SE TR AE e B RET R A R B DR T R ot (T
R A e g ey P2 LR R FRAFRBETRE RS
B CEGRP  FEAERABHF FAPERBIRE TH(LRY)
PHRIBTYRELEr ERESHFPIRETer B ERIR YL o i K
Tt EE RN ERR ] e R TR EpR) T E 0 BT
%@ﬁ?@ﬁﬁ?ai@o
FEMIWRP o T T RAREAT AR Ry R
HEBT iR F e R ESEROP G - B 3-11~3-13 s R FAFE
TR RE R B B e 2 T Lo R 2 F ke
Fo B 3-117 o j&d Ean ik 5 2MQe ¥ 7 (7L ¥ KR T R-42.6KV;
LR 3-12 ¢ > oz dEE Eox gk 2 T5MOQ o OF AL F KT R-40KV
BB 3-13° e g Eov AR i 1IMQ 7 7 5L F 5T BR-38.9KV -
RS ERFATEBEBIRE e BF Eocidiz Mg <40k 3-14° 7
R dEE E Rz B IFREE A T5MQ o A R B etk TR > I
R S A EREBETRORREE DR G A ek 0 2y TR
Peiv b Lk N2 FF Ed Pt (ER) AR RRREET L B
Ad W E et B D7 C2BRRERE L f£aPx I &
R C2ZRFEBAEE S AN iRV RRDL TR 22 L%
BT RET - Fltdem > C2 RFLBROBRE > NHFLIZET R FHE
<m MBS T 0 - TR T - @Rl il ehp h

= i o

’

Ik
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TWT
CATHODE COLLECTOR
-40kV
) I beam
_/
BEAM !
.| suppLy /
HV 5 !
INVERTER 2 6& I
DRIVER b B l
|_ I body
OFFSET \
| suerLy |
\
EBVR| \
+3kV :
\A
POST \
REGULATOR X
% = 5 h #
B 3-9 & & & B (Post Regulator) 7 ¥ 2 Tﬁ B
HV TRANSFORMER ==C3
RECTIFIERS AND CnTHODE
SMOOTHING CAPACITORS Eb
-40kV
§ —_<-|<1-> - TwT
FROM = 34kV==C2 Einv
BRIDGE —» : + COLLECTOR
INVERTER .3 Ec
-6kV >
— Ra
= 9%kv==C1
+
EBVR ——
+3kV Rb
EBvr
TRANSMIT -
PULSES =
OFFSET
_ ADJUST
EBVR
3KV | EBVRI T
0 > Time I
0 | >
Ei HELD
o Eb constanT
_40kvl\/\/\ Es
Eb B

Bl 3-10 FAFHETRY RITH T EE
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vC
" 11 11
-8.55Kk
11 11 11 11 11 11 m M1
c11 c12 c1 co c13
11 .75u .75u .75u .75u .75u 11 11
426k 42,6k 42,6k 42,6k 42,6k
VHVPS% % Kl % 1o R21 RR17R18
34k
R12 R13 R20x - R10 R14 30MEG =~ 10MEG
: 15 15 15 15 15 |
42,6k °
5 5 5 5 5 5
VB
5 5
RA12R14
Js 5 5 5 5 5 Jﬁ 1140MEG VBVR
X R11 R21x R22 R23 . T3 E 113 113 113
15 15 15 15 1.44k 13 13 13
R5 13 13
42,6k L 42,6k L 42,6k ! 42,6k l Y C27 - RR3R4 RBVR
RA14 c10 c6 c7 C8 gop Au 1.5MEG 2MEG
QOMEGI .5u .5u .5u .5u 14 VBoost 14 .
14 14
} i i i 10k I
14 14 14 14
55 AL 7 o Y
Bl 3-11 = #&=F E 324k & 2MQ
4 _
¥ irle
= ]
gt |
J -
: ! ve
1 - N " 11
-5.94k
‘11 11 1 11 11 11 11 1
Cc11 C12 C1 C9 C13
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