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Summary 

The magnetron is in common use in microtron 

and electron linac as a RF p01wr resource. In 

order to regulate the accelerator output energy, 

it is a feasible method to chwlge the magnetron 

liP out put power. It has been observed that 

there exists a unstable area uhile RF power is 

regulated by means of ch,wging applied pulse 

voltage, which is generated with a line-type 

modulator. In the unstable region, the RF 

output power, frequency and ac cGler at or output 

energy are variable (or unstable). Obviously it 

is not allowable for accelerator operation. 

The llualitative and ciUantitative analysis 

is de,scribed about the unstable area. The cause 

leading to the above-mentioned phenomenon is 

the hiGhly nonlinear relatior:"SiJip bf:tween the 

a'lr,lied voltage and the current drawn by the 

magnetron, that is, the Tn~lgn()tron nonlinearity. 

Some practical methods for solving the 

nroblem are given and exp:;ri':nntally proved 

effective. 

Introduction 

The u:agnetron is an 030il :i~ator that is 

char:.lctered by small Size, liJ,'ht ,leight, rea-

important is the effect of the line-type 

pulser on the magnetron as well as the effect 

of the magnetron on the pulser. In order to 

eliminate or decrease the interaction, some 

satisfactory mesures are used, for in.stance, a 

despiking RC-cicuit for improving the match 

condition at the leading edge of a pulse. 

In fact, we ob'3erved that the magnetron as 

a nonlinear device have another type of effect 

on the line-type modulator which provide a HV 

pulse, resulting in unstable pulse am~)litude, 

which cause instability in TIF power and fre

CJ.uency. It is not allO\'iUble for radm' or acce

lerator operation. 

Dual envelope of the TIP pulse 

In orrier to regulate the accelerator output 

en"rgy it is a f8aJible method to change the HV 

pulse amplitude of a modulat or. As a ~JUlse mo

d ul:.lt or, t he line-type 1,1odulat or has been w idrl

ly u.Jecl b8oau38 of it,s relativ81y si[ull Size 

an,! ~deiGht and good efficiency. HovlGv:~r, it has 

so:[.8 serions dL;advantages, among ti18)l a grr:a

tel' ',ism:.ltcl! b8tHer:n the rJUl:3er and -[;;,le load 

caU:3es ti1l: oV'3r-:.lll lluls·r op(?l'atio:.1 to become 

unsuti.'Jfact:;ry. If tiw lou',l is :J 'u~ .(:;1'0,;, the 

OV(;l'-ull iJUlS';l' opurutio., U,jCO'!lC ,nm.' COdlllcx. 

son8ble operating voltage, goor'. efficiency, '1'11" d'l)l ..: '1/';10 ~ of tlw ~F ~)Ulsv ":":3 :..t 

simple service and low price. It is still rather u t::LJIG _h·~l!ollle,)\:.l lkCUU:C: or t;l(~ nonlinear 
vlidely utilized in high-povmr 1Julsed ra.iar and 

small-sized electron accelerutor - microtron 

and electron linac as an oscillator today. 

Because of the highly nonlinear relation

,ship bet\wen the applied volk!~::e and the cur

rent drawn by the r[,ugnetron, of particular 

hi' ',utch betllGon th8 line,-type l'loduLtor and 

t h0 L,~IGlwtron. ',{heD occuring the ph,,:,v.·,enon, a 

;r;icro',':Jvc cnv810pe is given in PiG' 1 (b) and 

a .i:'~ciT (pulse-forming networl:) volta":;::: ch~\rging 

l-1uvefori, in Figure 2(b). Fig. 1(a) ['.i:ll' 2(a) are 

the' normal w!lVeformS. 
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( <1) the norma l 

(b) t he dua l 

Pi g .1 the: enve lo pe vTUvefor j.18 0 / the RP pulse 

( ;;; ;.jl. 
I _-

(a ) the norma l 

(b) the abnormal 

:Ci g . 2 the PPN volt age c lwr,;iq ; Havef or ms 

The experiment s shm'T t hcl t this uns table 

phenomenon appe urs in 10\'7 pocT8r l evel oper

ation. 

What are the causes le adi.ng to this dif

ficulty? 

As lie kn ow , most ma.gnetroi1s can be repre

sented by a biased di ode, \'Thich curr ent

voltage characteristic can be repr esented by 

Fig . 3 . Por any point A a lon,; the current-

volt age char ader istic of the ma~ne tron the 

instant ane ous s t atic impedance can be expr es 

sed a;:; 

where Vl i s the load v olt age , 11 t h .· loa,] cur-

rent, Rl the; load r es ist ance , t ;1C Oymll11ic 

impedance, Vs the biased volt age . 
I{ 

11 
I 

Fig.3 voltage-current rela tions ;;ips for 

a mi crowave magne tron , includin,:; de fini

t ion of magnetr on s t at i c and dynomic 

i mpedance 

The line-type modulator der ives its name 

from the s imilarity of the behavior of its 

energy storage element PFN to thot of an open

circuited transmi s sion line. If the l oad i m

pedance Rl ma tches l'Tit h t he charact '3l" istic im

pedance Zn of t he PF'N , then a rect a :'Eul 'lr out

put pulse "Till be obtained. I t i s cust omary to 

mi s match the load s lightly (Rl <: Sn) i n order 

to promote fo r mation of a s light negative vol

tage on the switching device in order to en

hance recovery of the switch. I f t he s witch is 

unidirectional (this is most common ?or a 

magnetron transmitter), a rectangulm' output 

pulse s till will be obtained even t hough Rl< Zn' 

\'Ihen operating in low pO"Ter level, there is 

posit ive mismatch (Rl> Zn) between t he load 

and the PFN , resulting in the refle cted pulses 

following the principal pulse, which are suc

cessive descendent steps with same polarity. 

The future trouble fro m positive mismatch is 

to make main switch (such as a thyr atron) dif

ficult to hold off. \~hereby it is pr eferable 

for main switch to have a cert a in amount of 

holding c urrent so as to improve the operating 

stability of whole facility. However, while 

the holding current is larger, there is a 
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rather high remain voltage Vn (0) in the PPN 
at the beginning of next chcrging. In that 
case, for DC subresonant charging with a char

ging diode the expression1 for the network 

voltage is 

E (t)="8b ( 1-coSWct)+To; (O)c oswct n n 
(1 ) 

E = 2Eb-E (0) n max n 
where supposing there are no circuit losses 
and Eb is the DC power-suppl y voltage, W, is 

the res onant charging frequency, g iven bY2RJL~. 
From equation (1), The maximum charging vol

tage En max obtained in t he PFN is l ess than 

2To;b' 
I t should be not ed that 10\'J levels of RF 

output power may be generat ed by the magnetron 

even below the Hartree volt age2 • If the first 
s te p following the principal pulse (operating 
point A in Pig .4) gives r i s e to RF output 
pOHer, the remain voltage En 1(0 ) in the PPN 

will be Im-rer than that En (0) in t he condition 
of no RF output power for first s tep. The net

\-lork voltage Fb1 (t) of the no;{t charging be

comes 

(2 ) 

E 1 =2Eb-E 1 (0) n max n 
Be cause En1 (0) < En (0), t he volt age of the 

f ollowing closely principal pulse wi ll be hi
gher t han that of the pl" oced ~llG princi pal 
pulse, as a re ,lult the s t at ic resistance of 
the magnetron will decrease t o R1 , c orr espon
di ng to operatine point A1 , as in Fi g.4 . 

V 

" 1 II 

I 

Fig .4 Graph fo r det ermining the operating 

point of the magne tron ,'lith t he pulser load 
line : "1"-V/ I characteristic curve of t he 
magnetron; "2" -10ad line of t ,:ce line-type 
modulator 

If the fo llowing unequal r e lat ionship (3) 
i s tenable 

R1 - Zn ~ R-Zn R 
R1+Zn R1+Zn En 1 max< R+Zn R+ZnEn ma x 

and if for t he next cycle, the f irst s tep fol 
l owing t he principal pulse does hot give rise 
to RF output power, there will exi s t a larger 

remain volt age En(O) in the PPN and from equa-
tion (1), E will be less t han E 1 ' n max n max 
hence, under the i dentical power s upply vol-

tage Eb , there will ex ist two different En max 
leading to dual enve lope (see Pig.1 and Fi g . 2 ). 

Equation (3) can be written as 

R1-Zn R-Z 
---'---'~ V < __ n_ V 
R1+Zn 1 R+Zn 

(4 ) 

where V1 and V are the ~nplitude of the prin
cipal pulse (see Pi g .4). Introducing the 
reflecting coefficients 

R-Z n 
K= R+Z 

n 

AK1=K-K1 ~V=V1-V 

equation (4) becomes 

(5 ) 

For a linear load, such as a pure resis~ 
tance, the inequality (5) or (3) can not be 
tenable because A K1=0 , AV>O. The experimen
tal studies have proved this conclusion. 

Perhaps without exception, a high-power 
pulse transformer i s used in the line-type 

modulator to trans for m the energy i n a pulse 
fr om'the pulse modulator to the impodance 
level of an RF oscillator. For simpl i city, it 
has been assumed in our discussions that the 
puls e transfor mer introduced in the ci rcuit 

have a voltage s te p- up r atio of n and that Zn 
is reffered t o the secondar y side of the pulse 
t ransformer. 

Generally s peaking , with a \.e ll-(.l,es i gned 
modulator I'le can make t he dual line OJ."ea loc

ate in the low pOl'l8 r l evel, which does not 
affect normal operation for whole machine. HOvr

ever, if t he impedance matc h bet ween the PPN 
and the magnetron is uns uitable (such as the 
pos itive mi smatch is too high in the low power 
level), and if the primary inductance of the 
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pulse transfor'~ler is quite 10.:('ge, and if the 

holding current of the s"ritcl1 is very high, 

it is possible to arise the unstable urea near 

the ogerating point. 

The appronches to ()VG1"COIJing the dual 

line difficulty 

In the unstable area, the RF output p01wr, 

TIP frequency and the acceler~tor output energy 

are all vilriable. Obviously, this type of 

operation is highly unle.sir""ble for a number 

of reasons. 

Vie have made a lot of e:=1)Griments, which 

are valid for controlling or eliminating the 

unstable phenomenon. 

These approflches may be summarized as 

follows 

1. to devise a good cut-toil circuit in 

the line-type modulator to cut off the steps 

after the principal pulse). The unstable area 

can cO'llpletely be eliminated by means of this 

approach. 

2. to correctly design o.,.'.d construct the 

HV pulse transformer to impl"OVe the match 

condition between the line-type modulator and 

the magnetron. It is useful to decrease the 

primary inductance of the pulse transformer 

in order to decline the remain voltage in the 

ppn at the beginning of the ci10rging cycle. 

One of them is to reasonably decrease the 

primary turns of the pulse tr::msforr~',r without 

influence on the pulse '-Taveform. Another 

approach, which is no alternative but to be 

utilized, is to add a JC bias current, which 

direction is the same as the !!rincipal pulse, 

int 0 the primary side of the pulse transformer. 

). to select the sldtch uith small holding 

current, which we should ensnre against 

continuously coducting. 
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