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EVALUATION

This report gives a brief description of an attempt to fabricate
Pyrolytic Graphite control and screen grids for a standard EIMAC
4CW100,000E tetrode tube. Some results of the program are presented
along with recommendation for future work. Typically a tetrode is
limited in total capability by the 1imited power handling ability
of the grids. Grid current interception tends to produce secondary
electrons which 1imit control of the total tube current. Also the
power dissipated in the grid causes primary electron emission from the
grid if the temperature is excessive. Thus this program attempts to
correct some of these problems by using higher allowable temperature

limits of pyrolytic graphite and its lower tendency to emit secondary
electrons.
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PYROLYTIC GRAPHITE DESCRIPTION

The purpose of this Contract was to build several power grid tubes as
but with pyrolytic grids,
another version have a double density filament.

nearly like the 4CW100,000E as possible,

Pyrolytic graphite is an interesting form of carbon.

mal expansion.

and in

It has high hot
strength and dimensional stability along with a very low coefficient of ther-

Its low secondary emission coefficient coupled with a rela-

tively high work function all make for a good grid material. Even the high

electrical resistance (20 times moly) is not all bad as this will tend to

prevent parasitic oscillations.

Because of pyrolytic high emissivity of .77,

this increase in resistance for the same grid drive will cause only a moderate
increase in grid operating temperature when compared with the 4CW100,000E. In
Table I the pertinent material characteristics are given along with a compari-

son of moly and copper.
using a CVD process.*

are critically dependent on the manufacturing process and controls.

TABLE I
Pyrolytic Molyb- Copper
Graphite denum
A B c
Plane Plane
Density gm/cm3 g 10.2 8.89
Tensile Strength kg/mé 13-106 | 317-103 | 100-106 15-106
Thermal Conductivity W/cmZ/9C/cm 200C 3.98 .018 1.6 3.94
1000°C 1.88 .011 3.1 3.6
Specific Heat joules/cm3/0C 2.41 2.66 3.42
Total Thermal Expansion 20°-10000C .24% 1.6% .6% 2.1%
Total Emissivity 10000C 77 <5 .25 .04
Electrical Resistivity ohm cm 200C 4.3.10-4| .67 8.10-6 | 1.8-107°
1000°C 1.6-10-4 2.9.10-5 | 8.6.1076
*For further reading see "Pyrolytic Graphite". William H. Smith & Donald Leeds,

Pyrolytic graphite is manufactured from natural gas
It is not an invariant material and its characteristics

Modern Materials, Vol. 7 1970 Academic Press.




Tube Design

The layout of the X2097U and V is shown in Figure 1. The only differ-
ence between the two tube types is the density of the filament. All copper
parts which were used in the stem of the 4CW100,000E were replaced with molyb-
denum and Kovar. The internal brazes were replaced with heliarc welds.

These changes improved the internal maximum safe operating temperature as well
as improving dimensional accuracy. The increased current required for the
double density filament presented no problem with this new stem design.

In a power grid tube using a non-focussing geometry the electrical per-
formance is improved by reducing grid bar diameter and increasing the number
of bars. Pyrolytic graphite strength is such that increasing the number of
grid bars to 120 from 80, used in the 4CW100,000E, was practical and did not
hurt tube rigidity.

Tube Testing

As part of the tube evaluation various tube characteristics were measured
and these results are given in the tube curves in the Appendix. For compari-
son purposes refer to Figures X, Y, Z, ZZ.

Test Results

Characteristic Curves.

Test results were consistent with prediction. When compared with the
4CW100,000E the X2097U shows a signigicant improvement in perveance. Per-
veance is mostly a function of grid filament spacing and this increase was
due mostly to the closer hot spacing caused by the low expansion of pyro-
lytic graphite. The X2097V has even higher perveance and this is caused
by the increased filament wire area. Although the area is double the per-
veance increase was only 30%.

The increase in grid bars to 120 had a significant effect on reducing
grid cutoff voltage. This reduces grid drive voltage but if the tube is
driven positive the high grid current characteristic of pyrolytic graphite
will prevent a reduction in grid drive power.

The high grid dissipation capabilities of pyrolytic graphite are best
utilized by increasing the screen operating voltage which in a typical appli-
cation will reduce the grid current. Because of low secondary emission grid
current in both the X2097U and X2097V is quite high. For rf application
the X2097V with 2000V screen looks like an interesting choice of operating
parameters. Since melting or changing of surface texture are not a problem
with pyrolytic graphite; the limiting factor for grid dissipation is the
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permissible primary grid emission. As long as this remains less than a few
milliamps there should be no effect on operation.

Power Tests

Both the X2097U and X2097V were tested as an rf amplifier and as a short
pulse modulator tube. The rf test was the same as given to all 4CW100,000E's
and the results were very satisfactory. The peak rf voltage was approxim-
ately 60KV and there were fewer plate arcs during the aging process that are
typical of standard production. In high pot tests the tubes do not perform
as well. In the power modulator tests maximum operating voltage is 50KV hold-
off when 30 to 35 amps of current are drawn during the 20 usec pulse. The
Tower than expected holdoff voltage is attributed to microparticles origina-
ting from the exposed laminations in the pyrolytic grids.

Recommendations for Future Work

Eliminating microparticles from the pyrolytic grids by special sealing
or coating techniques is an obvious need. More important than this would be
reducing the size of the grid bars. This would be achieved by better control
and understanding of the pyrolytic graphite manufacturing process.
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FIGURE A8. X2097V Constant Current Ec2 = 1000V

L_‘M_ ! 411 1+ A+ 44+t 111 “+4-1-+ 44444444+ +4+444 4444 -+ 1
1 $ Sl ++++t++11++t+ + 1+t ~+ 44 4 = -+
6 : ™ i 1 A4+t 14+ < + 4 {44+ 11
H m trtrrrrrirrrrerrerram 111 4 + 19 11
+4 1 44 44444444+
44 : — —~+— 1+ - . 4 4+
J(HH.I L + - s o t— R +4+++
-t B N e 44 44114 4
1\&’.% B 444+ —~+4- -+ - - 44+ 1 +41+1 111
SRasEsds 1 TR astiBRasRRRsRals
RIS ) t - -.j -4 - 4 +4+1 4 -
NS EE RS bt b 1 + 4 - - +
$- - « - <441+ B o o e B R
1 ARERAREEN 4= EREENES 134 444 L4 44
7 - == L +HHH
b S N R et p gt =
m 18 BEE 4- + 4 R 4
R = - 4411 - =
(B E TTTI3F - .u
4y BRE N R B o o o
a 5- . > — 33
I FlE L 110 oo ] ] CERFEE
- 4 -+ - 44+ Jlﬁ
4 M\ R S o g o ? -t
I 6 O E ENREERENBE B NEREEY (R 3 1-HHIHH-HAH
H. FH |- = e B - ]
Ty 4444 -4 4 44444
4JTr = R & o B - - -+ —~
rﬂ 4- A1 411 14 - - \\
- - = 4 44 4 ‘L 4
= ! i - —— —— E - sy -
3 s =
» T 4 4++4 pet1 1 1147
- r; == = == [ 1
L o 4 {44 . - o gn o
P B R e T :
R - — 144441 HHE 3 4 Al%l
44 144 1444 - 1 . . 44 4+ A 44 H4H
[ —4- 1 4 — - - -1+ 4+ o 44— - +4 —4 -4
1“~ T ]
7] S HF T ]
T
Sqms] T
3YYN3 Q1YY |+ T A D
HNJINIINDSH T ] 13 HEHIHH
gndi a1 sgnas a8 T
g ] p 4+ttt - + - -1 R
NOA- INF3MIS{HH FHAT ! 1174 1 HAT H1H4
! h L wnm e - 34444144 44 4
=3
=2 4l 1 sgpEsup TF
= 44 44444
27197 34YC SRSSEpRs x H
=l opmie | f L1 144 A € 444 13434 H
Y b= -4 444+t 4+ 444444
W FrradAt HHHE :
& . - -
O AIGHOYINIS 1

SOILSI¥ILIOVHVYHD LN3YYND LNVLSNOD
3Q0HLVD . d3ANNOYO




S1T0A0TIN —3IOVITO0A 31Vd

IS -

-18-

S170A - 39V1T0A QIO

FIGURE A9. Constant Current Ec2 = 2000V X2097V

g

? /A 2/ o/ & 9 2
44 443444444 Hilt 4 .‘.T 11 it 1117 11
. 44 -
IENRAsNNn 111 4 ..JvL 111+ 1+
-1+ =11t 1411
+ + b
sEuABRESR GRS 1] LT 11
1 ] CH AR R H LD T
-t — b +— -t4+t1 + =
-+ ot - 41 44 -1 P 5 L ‘11171 gy
! HT 5 = . 3
-1 (1= {4+ - - v\w 44 4
T ] "o =
- ‘ _ 4+ - - - - +
: ,w.:..r SHIREHEAE L A L T L
. % M WT... — s sgap nAAu B T U - - Uv r
' I - > = b LR B d bl b r[ Vol
- 1- l -t p—
L1 il 1K J
& w SE g = -8 = - "
671w 8 Y e 17 g8 LT (4 uEEE R 4 L
+ ;‘ﬂ, 4 - ;Y.A B IH g (1117 1 4 1 44+ 1
+ % L4 ' 44 B 414
T ‘ THHHEHIEE FHHHHEHTH
- -+ ‘ . = 4+ -4
1 | ! |
o ) b1 - ¢ + ¢+ 44 -
90 h__xm 1L ") 1L ﬂ
3u2s )i HE 1
g jssadususdbiss L ] Tﬁ
ﬂ 11 r;ﬁA +1 T ﬁ H Lrﬁ +1 11 u
4 I i -t b .41 44+ + 4 -+ +41 4 11t 111 -1
. -+
- K._ ﬁr& hwﬂ(ﬂ JVr 1] v f ﬁ T.‘:.}H,u Nn i .V 1
T u <4+ . -4
P L L ¥ 4 H 44 . 4 -
1 ydm Mlvu All T 1111 111 M 4+t 44141 I..”TLﬁ.:v ySEEEERS
SO0 Al0 DYNES 2asstaas J g Seat:

SOILSIY3LOVYHVHD LN3YYND LNVLSNOD
3Q0HL1VD Q30ONNOY¥O




S1T10AO0TIN —39VLT0A 31Vd

A7 0o —
EEL e 11Tes
{76 b1+ ~-141 +1 + 4+
\N<
Jﬁ ] o N e e O B
I
{0 R
wiilek : EEENEERRNE 3 T maas
S THHERREATA T e HE 4 1
e S B B B I O B o o St 5 0 ot UOM L
shlala AmsEpnpiEEn 2 1 il HHTHE 1
= ~4 -4 b
e ST 1 : HH L AT
LT L
T ] R
PRRENS RS - 44 44+ttt - 4 4
LT e == — . REERE LR

1
i
1
+

!
it

It
T
=
B
o 0
s
1
 §
)
T
T
m
S
«
|

A W4

-
B
T
11
1
)
1!
T W
i
i
|l
1
0
It
T
|
4
l
i
+
%A
I 8
e i
WV |
i
A
z
A
=
hY
5
Il
1
1
1
W |

X
1
i
E
‘Y

]
H
4
+-
i
l
l
1
‘T
i
S |
'y
N
i
1
|
1
Jl
n: .
1
Jd
'S BB
V4
X
73
4
5
b4
t

1
i
T
Tt
Ly

2

It

I3

i

1

T

i
T
~

'

t—1 111 B e = “‘ NI “+-4 A

L 1|..|Y 24 e T - ! b=t - 4 1+133 IlLR +4-4 {-

bt - - i R Lv.f“.“ #v.‘. ad < pElE Jﬂw -+ - L 44 .15 4 1 \\ v.l.ll.ﬂ f JdEnans vu
o - 3 - 8 a8
41t - - 41 M 8 8 1 2

A
b 4

;
=
11
i
L

S110A -~ 39VL110A QI¥9

FIGURE Al10. X2097V Constant Current Ec2 = 3000V

W.Q,h1 e M “+ : - e 4=1 3 e [ 16 1F H peen ] AW le. v“.l ILIAI‘ I\# se m.lell
THA A HA T ; T ] pugngpuape SR EGTAS o1
TH T T HHTHT T4 Y Bt
= 111t t S ittt SEER e S ARE B S5
71 =T ramNIEY N0 Gl HHEHTHHH T EeUREREE ahgus A
T/ aAINIEInONIINDS L L AT e
Ly y . zu m.:.v, - WRHE R g r 11 I Tt igasnhugas
ol wf ] 7 ! IEEERR
7 39VAI0A g3 E L - e HE L.
—— s bt [ . —p_

+ al
]
Jul
n-J
Lo
[© M

A 4441 414 444
T beeanagead it !

SOILSI¥Y3LOVHVYHI LN3¥YND LNVLSNOD
300HLVYD Q3ANNOYO

-19-




e
~
T TTHT . ERRRRERE C § T
e . U THETRT AT o L 1T o Il 7 : i g o
Hﬂ.ﬂ_ﬂu* c__ﬂ f S AR HHATEHT . % ﬁ ﬁ u L ,'THV
ar T TN 3 g %
Bt iatisg it . HE
it | N 1
WS & 0 11! ™
Begil 1 ] T i
i) __ = t 7[L
LI Akl .I_I[f -l
.m “M ' il s/\
I B . N —
.." mm W IITJIJI
. “ - o Re 111 & 1 11 1 -
Mg D L L “ ha ﬁ
T i N o
e — ! H2
T w RO |
: i i i )
ot R U
s LR |
| E HHI i W |
. 2 il ] ! N ~
- FEEETT 1 b MF_ o N : -
‘e FHENT i [T
' ...4.“. } 2 1 .~4._ s A
i} Py
S - wm_ « 2 B
v W - —<-* L L
23 Al 2 V -
:2e & B _ \
. 41 1 \b-
28 £ P ! |1 q i w
.lc._ N..unm“vro B ._. Aﬁ 1 4 ﬁ ../
.HMD - 7 & ) o L - ~/ e
283, : N
ﬁ.an..FJ.F . ! y.u/“
1 8 Sxuw - 1L t. AL ] i)
AL B T 305 i 11 i NEERERRER ERRRAES
+ M b : {44 - 141+
- _‘Hl&\i m!l.ul;“ JTL - -t~ ﬁg - @ - - -t [EEE B ; -4+ 4 4. 4 - g L - t _K.w
o
8 2 3 2 8 3 S 3 8 2
wn < < (22} ™ ~N ~N ~—~ —

STYIWYOUIIW = INIUYND NOISSIWI aAI¥d

GRID INPUT POWER - KW

Fig. All.

20




SIYIJWYOUIIW - LNIYYND NOISSIW3 QI¥D

—— x
| e e
T i 3 N R
I 1 EE I 0 0 0 O 8 p! w 1117 YL anlnﬁ
T Hq | R 5 o r 55 0 0 i G a fr. - 4 11 o # -+ + 1 IR x * o
. .- HNE T T AT HNE-E4HBRT A JH
e e e e AT - ‘ T e
T Tt
e - Wi H s
B Tﬂ i 15385 _~ i i it ] “ « ”
s ‘r‘..ﬂixl FH FHFA FE ) [
».JW. <_.l|n. i { m «.
ey | R = M 11l
..._u~ ~.~ IR PN
w_~“ .,H ! « 7.04 .l.
i A ! = ‘ '
TN _
o L s f
T 4454
AT ) B HEBERH RS AN REERN AR ] i &
o “ (] .+~. b .Ho.w, 5 w | ....IIJI o ﬁ m 1 2
..*“ M ' w.. Jl/l.l _ —
EEREE 1By N -
T T il
“uu_ w - {5 ~ N 3 i _JI./‘ﬂ St ] ﬁm
e SRR -1 i 1-11-+
ganat L TR R B H A R
e 0 1] , [ k. 1 -
Smmet A b 82 B ufnu.‘u“ 4 LT : s
e = CERERAE T -
BErl Sole = - - |..w ! " N
i1 Qu | N
SHIRE L il i . 1
- E A U N ﬁ
sy D — gl W N
_:f. = = 0
il 82 = * “ SHHHBEREH PN + i
4! B2 bl i TS : 17 3 =t
et gl L R - SRS ] - 1 3 o % .ﬂ/ 1L
i ; S H-{-H il +
2252 U] LTHITN :
< _7.1. m Gm n «m i - // 4 £
i . 3 3
ek Bl L LLEEREELE s N BaEay
PERBES S = - b4 fet-f -t -t + ; ] + - gungn s
—- Bt e rEEr Fi5 ol e e ety 2 41 = — ™ llle-“
1 A CLECHET | B ] JHNFHHEH: ]
v 1 T - -
—r 5 i - IER®L NEGETER
S YELEEECRTEELL Eidniy JFHH B ir J/L.f.l,,..;.. THA3T: w
T R R L L E P e e L Il SEAEAN .
o : =) o = = S b= S S 8 o
S S 3 S S S ® © < ~
N — Lod — — —

20907 KW GRID INPUT POWER-KW

Fig. Al2.

21




T o i
wantBos : i agedingiy T
- .W. + Mlnﬂﬁl - q <|1*
L I 0 Eis T T N
T TR N |
s !

_ N

i N

,.

=

¥
+4 -t f=

B

-t

B A Lot pesion (080

 FREET T Y

== v

Sp———

s b

e e .

SN INPUT POWER
15.0 VOLTS

d

4-‘—0-‘-—>‘ ——t e e e

PRIMARY SCREEN EMISSION AS FUNCTION

OF SCR
X-2097

i

s ESuSE BECEY R

iy

-1

T

420
350

200
250
200
150
100
50
0

SIYIdWYOAIIW - LINIYYNI NOISSIW3 QI¥9 N3IWIS

X-2097 U SCREEN INPUT POWER - KW
22

Fig. Al3.




T T T TTTTTT]'~
TTTHHEE B NI T HRHB
0 i i 54 1 (e 0 1 vl i) U ! ! ! ! N H“ i
fiindnbinnnnydgnn Neusqunandng | L 1A 13 . U
—— =ttt 1 i) | 1IN 0 0 o 5 (o 0 SRS ER
T ...t..&. 11 H uj 1111 W i
Iolufaile ,___ g | _ i [BRREERRL
grale 1 1T -
i , 4 i
.N; ‘“ ‘_ [] 4,._
_*v - t i \ '
il ] 1 i
.M_w. . “ _ Il | 8
«.pw. ! N t1yd 5.
L <._ N _ i
i H | /i |
”_ -*“ bt « -4 o o i 1 '
580 0 0| 3
.H..m i i i \ o
& -Nh ifT 1) . — -
* g 1 _
5 ] | | \
= 1N ! |
(' J»ﬁA_T ! qﬂ. 4444 -+ 44 e -1
f (1R
< -&w—ﬁ ._, _ ! w RRRREN P
= R R RS e { : k, >
= o < N\ il
| | N
BleU' M* _ - # B -4 < I = 4
sao \THH
ET w i i ‘ /-YLT_
ol = = 2 ks
Wwa s ~ E R \ 1 =
w = o ! TELEE ”
g — > —_—
O ARNEREE + i
DD :, 1 )
w=> .
>w W ,h. !
o X~ — i ! /.
<O ’
=nNO !
— o -1 ¢ I o
s ¢ W n
a O ul w .
T FEEL 1 3
.1...'... .._..l i i o = e -4 ¢+
b Jl | ] ] .l Sy gl
iy B : 4 Aeduy : L R
UTIS MR g gl MR i °
w m oN o [ee] (Ve < ~N
Lo r—~ Lan) Lol

SIYIJWYOUIIW - LNIYYND NOISSIWI N3IFYIS

SCREEN INPUT POWER - KW
23

Fig Al4.




=1 g g bs -4 1- A*Y - B 0
R T T TR
TR 11 T T st L - !

; it T .
FEHH T | TR Lo
o : B
1...,T,I.44 ” ﬁ r7ﬁl % ﬁx
.“ w. A S .A - pe i B e L .lﬁn - .ITI - .TI _«

)i g

_— _1 —\ 7.1 “M

1] _ Ll ; e

T T T T TR R T T T

FEERG ) b alel | SRERRR asBREa GRRERE

,M..m,.v: [ Jre ity ! EREEENY T:
T ' R RRRRE NS . '

o s T, ﬁ. B B ..___ .N/ _:
Shdiis ] Misi o _ AUSEERS
ieer il i J“ o : O
“ _._ ~ h\ ” m. |
mw _ wy “ _. _ .M- ) = -4 4- L.; __lr i " s %
18 AL _ g g
“~ TNIU _ _._}h "~ g e e

Iﬂl_ o ! J m i 1o

1 Sw [ _ _ r { <13
v Da “ I ._ 1 1] ) 1] ki %15
3 o i ir . = 1 ++wd+14 .g H i

— == 3 et i M - A i _

L g5 W ARANAE : TR

=~ &= S AT E BERE | : Hoee

pomee b HIH : | I
L aB® -l ] b T

T 2SN TR . N g ik

B~ bl ¥
o< i N “ (B
i i 4__* “ ! M 1 e T HETTH TR

AT TR R T i

i e ek ol e S B D i .M*..u

THHHIT | 1111] | 11
G [Ve) < N -—

o (=3 [so] (Te]

SIYIIWYITIIW = INIWIND NOISSIWI

ANODE KILOVOLTS
24

Fig. AlS.




GE )

T

3 10

=

SRS B!

i 5 |

o -—-

1
R

N

=B

-

-4

I

T

e

————

1
]
1

i

0 VOLTS

|

FIELD EMISSION AS FUNCTION

OF ANODE VOLTAGE

SESE B
X 2097 V
: Ep

T

1
1

.

"

.

1

10

70 80

60

40 50
Fig. A16. ANODE KILOVOLTS
25

30

20

10

T T NSNS SR RESRE RSN EPRRS M
Vi Tt !
, i
B -+ -ttt _
4H 3 | - |
5 (K T 1% B U B (50 B REEEE o
’1" " -lv. - ‘J.I... JlA lv -4 .IA..M‘ |l ; ” | ln .A 4
I"’ .1
JIIIII 1 :
Peuy ~
3 TN 1111
i - 1 1T (111
11 “n
- N i
IL ﬂ_W
N H
*/ BEE
Nt
| W
! Y ‘ &
i BURRSRASIEESEa=decuRERsRaaRaiugRuRainaspafiibg
] {H{H ﬁ il
|| = |
| i m~
* | 111 ;x.-
: L 1l
| !
| 1
i - .
+ *__
1
i}
] s £ |
5 B “Ra8
-+ ]
AEEERGREEEEEROEEHAT ] = EEFEEE
SErea e o 3 L IRNN
IRReROSEERERE EpuEn e 8 S FH
. - - 4412144 = j-d dade &l._
LT HIF+H
4 & -t 4-++4- g 1“1.!'1 1
-t g - ~4 4 -+ N 1
w < ™ o~ —_ =}

SIYIAWYITTIN - LNIHYNI NOISSIW3




1T

1000

100

6 S R SR N

}

=26 -

VOLTS

INEEERE|

VS DR DD D 0 N 00 5 D S

i

Ty

COMPARISON DIODE CURVES

X2097U-%
X2077V-

4CW100000E
Eg = Es = Eb

111

1000
100

o
—

SIYIdWY - LNIWYND 3IAOHLYI

10




. ‘ ¢
A "9I4 3000°00TMI¥ B AL602X “NZ602X NIIML3E NOSIYYAWOD
AN
J9VLT70A 3Lvd
0¢ 81 91 A el 01 8 9 v 4 0
r 1 B | 111 £33 !
3000°00TMI#- TR -iimq. -+ Hoos-
3 - ) 444 4 4yl
S SEEEEERRERI mammmanmaat e SRS G BEAR
T eSS ass e Satuspussy sasaz ausd sasdunesus szune su
= B B B 0 O S EEE R IEEEE B 4
T f ,Tfﬂ_iri AR
HH ! EEESEARaRSSASAESESSESEE AENRS RARES Sesas sanEs REsES BabE. 1
SumzEEzEEE: T S R e e 009
T S 0 0 HEEEE sl fr gt 5 0 I ‘ R ++
. ) 08 L .».M‘ﬁ‘wu -t +f‘+ 7‘,44*1”;:4 1T - - W: e
+ + +++t+t+ 4+ R e Sl = 111 - 4+ R S ..
! il I R I ! R 0 {111
FHEE ,_VM‘T‘H.. NSRRGSR SEES HL ot + wu «r ! .,¢Mﬂl 1 B4 . L ﬁ:«tll].f.)
4 L. f+1—— ds<) { 15 9 5 L [ 8 S ) O O O WS L 44l
EiNd ARANMRESmameumREmEREna RdESaSSENsEREmmEms T
ﬁOO. M ,«,««f.J&l,v.lvfal,rot'Oi.' - ﬂ *., : : <W¢, 44.411:w_, H,F 4
I HEEEE 1 R | il 1 s
msEsamsEam . ! T A T 00t
! ; i ! 1 N 4 i1d -4
. S ) 5 5 e 8 O +4+ b ?+#Av1vr‘f7ﬁ1¢4< 1 4 -
H+.I R A e S Y |oa.r+|r++1+¢4$j§t& + + .,r.r JJvH;fL¢Ar» 4_ 1 + +
AL60RXEE A T e e e HHHH +H
60X R e -
e Al o EEEEEEN
—_— , i B EEE 1 8 I G ,
. 1 + e . o 't
M2 ! - f e —— !
000"00TMI? ,L‘Tmr,rrw et B S 0 0 0 G B 0 O 2 O O O 02-
EE +1+1 + S TR0 1 R N S ) (S O S ....ﬁwuoil 414 ‘Jw ofo,*wﬁik4 w 11 . w r
ogf - o IRINNNEEEREENEENNRANGANER BEAREREADS cepeee b 1] =15
4 Ly { kol { | 4 R |
H =L + o2 (4991 V) G 0L S 1 L8 9 W0 ) R PR U N R O 5 A O O O O 7A‘T%‘¥V¢,1TPLIV~ 1y ——— - ™
: 4 { - " a1 4 4 ! 4|1“ o -
AL602X m . . - . i ",p W —— 1 I IR I 3 1] “ _m
: + —d bt vJ".f»”\»W . e  Eaines SESDENINEE SRS e T -4 w -
NGONX . L ) -l b »h-y ~ e . - — v
- - 3 : K I B x . et 44 1 ; 4t - o o
- { )1 ] =3 B 0 e s e - 1 ¥
P =H - ™ t = —H = == - G s S m
3000°00THMIY, I I ] ezazssss ' e e === == SEW ik JENSEENNEY
0 MO gobpx HHH e
: 7 T , ] ] e e B B ER ERBBY
NL60EXF+H 11 A 12 : i e T N T ,
1 \H’ \\va | | 1 4 mhm 1L T T {
ENEEEEsEuEEaSESEEEESEEEESEmEEssas HH e 002
IAm‘lr 0 3 0 0 11T s um> & BEE
SSmanznasmuES: L i e el
0 A 0 TT T 5 1
) MO I 1 i {5 BE G 9% B0 5 A i
=k REEERE H ] U iy = I ! I O { 11
: 5 N [ ,»r nena s - | I L1l L] 1 | 00t
bigfusb digids 17 0 % i1 5 A ENEAEE S 1
;.WW+ ¢ B B RS IVVHH....... ! ﬂ._ ) T.I 278 1 S BT ) jog2: Bs | :
! 1] T | <4.. 1 | 1] FEEE i q
I 11 ] I IEEEEEEN 1 1 :
1 T
- H )
* : |
I !
1 i 1 ”
009 _
i
]
{
i
4




PRIMARY GRID EMISSION

saJadwelr | | LY
INFHENI AYVWIYd

T
b+ - +
1
H T
4 M 1 I 56 S S
R T b } M d
t - t O S D ¢ T -
-4+ 4 - -+ RS 4. 2 s -4
o T T 1
4444 IBNE i i i
+ 4Ly e ey .. ~H[> ot ] ?
+ gt 4 et + t Tttt 1 1
1 1 !
+ + .
0 0 0 i 8 F 5 o 5! ke &
T 85 T 005U 0 OO } :
4+ + B S - t - 1 1
4 + b+ S T . - + R S
T R EEEENS SuBSAREAREBE) ]
.- 6 i g4 M o | 4 4 +
WES 8 bl o e o H 1 : I M»4r~ 1 Ll 4 1
] } ] | ] 1] e B N H 1}
e B 4+ +++1++t1
1 EL INEE N %4 W - ! Ll | % |
I I INERENE BRaE: TEEr ] 1 1T HAhJALr inans.
o i i 44 " 4 ot 4 ot . 131 4 i
51 A NN NSNS DN ) LT T $+44 = SESEEEE SEERE S
)| 1 T { | | | |
(1] sl s i 385 o ) ] 18 i s | SR e ! L]
1 Tt T 1T T = 0 R 1 r+ 1 1
0018 090 1 8 48 e Ll s it | L9 ! L } 5 } IEERRE AT 1
i 1 0 1 O A R T O | LLE 1 . ENEE NEEE ; L.ﬂ, RN )
ﬁlbiv Tl T 1 T T [ T T ' v..H T : i ] t 1
HH SRS SSSaS SeasaSasns H BB RS EE S EE S S EaS Saaes aana: SESaE Sutas BaREE .
Sl + - - - ! - - - 4 e d
{1l 1 1 1] i T 1 T 6 T T T1 ™ T T = | t +—t t
ASSSSSELNE NSRS AASAEEEREREEDEE ERERRERRES B HHH +H11 et H
1 R Jeb R R B RISl R 4 I ! bl BEEEESEN ZME 141 $4 44 1 i | ]
i e e EELELELS 1 (E EUECE L iy L] 0 T ! R REE e ! i - .
SEEENSNEN H T H T et EEE = .
1 i 3 7 3 i | H
HHT e b b - R e 0 O HHH o !
I3 ] iH B SSEEANAEEINESENEEE DENEES 0 iGNEANEEEEEREE RRE) L1l 4
INEEI I i ) 1 ! L L4 | i85 ] S0 O O R LR LAl 1
I i | 1 { 5 3 10 i i A4 Ih U0 BE NN NN LI L L3l }
el bl ! s g 3 T >%.< »FMIH ¢! bstils £ t 0.3 il bk gt _4,» 1 11 4 w 0
HHH , T T T R NG T e e [Rees
fedide i " 4+ et 4+ L o \r» Ll - sESswE A Lﬁ}lfl,wlfllxrl.v R + +44
+4.4 H } 4 14 } i Aﬁ 4+ LN : e B i T ++ +
l |t 2 i YN | - o & i i u
EEE TS I . {5 O 1 INEEE NN VS @A R
$ . - - -
. T _Lﬁﬁ } a3 1 11l lsr‘.,,J; Y18 I 9T A I {
— 1 - ImEmE RN LIy ERBEEREE NS SR +H
1 . | mw 0 B0 S L4+4 : HA ,‘Hfl&,. BB H 1 T -
+ H Y H :
1 1
t f t T ? ! 1
i + T 1] 4 1 \_ﬁ + Lﬁlk‘ 44—+ #ll,fo < ,MLLV + +
= H-+T 4 HL S O 14 :
—+ R e e S e e S e —+
i 8 = D R e e bt + M»r :
+ = T
W - TTT Hl _AA 11 s %H
T 1
i 14 - F B
bt ot ~
+ 4 444
[ 4 e
1 I - +
0 (Y] < (§V] — (oe) (Y] < o
. . . . . . .
- - -4 —

1.5

GRID DISSIPATION POWER
COMPARISON BETWEEN X2097U, X2097V & 4CW100,000E

FIGURE Z
28




44

FIG.

1.5

29

Kn

PRIMARY SCREEN EMISSION

SCREEN DISSIPATION POWER

COMPARISON BETWEEN X2097U, X2097V & 4CW100,000E

T =y B 2 T T T T T T T 1
««w R S e g o o e o e o < 4 1ttt Wqﬂ M«WW 1 ” M £ ~ * + mqw _,
v%wi‘ 0 152 10 0 A A T A R G 5 58 ++4 1 34 - +——+ + 4+ 41 4 o + +1+
R B R e B S e R B s IT J‘ILfH.AwL'a BEGSEEEREnE i . e
R R R IR S TR AR SR TR SRR .H««o —t—1-1-1 N QIR R i i 4 = 4 4 wo S
L | 4 + ! ! daabedlocd 4 !
- ‘s T T T i 1 r T 1 T ™t . &
R e TR TR S B T S e B e S SRS S RAR SRR + 4 it +
I .- o e o T T R b il 4= R - + 4 + + 4+ - F-e
+—+—+—+ 4ttt | 1+ 1+ <+ HF
+ 4+ 4 + o4 c ey R S + + ++ «M.q‘ = = o = geoesifnnimnga: +—++4+ 14+ b+ 4 .-
l , I ! B8N ] 1 ! IBEE 11
T - 1+ T t T g t + =t
) O 9 5 e e ! %I.H:ﬁ.i , ,‘tiwr
44— S . +—4—+4—+ 4+t ++++F - .e«,‘, o i g BB -+ -+ A» e i%{t 1
Y . - | J=gt - 44—t +——— 44—t + o | +4 4444444244 242 21 4 A+‘+srfl¢4 ,, t . ¥ + +
S R B g ImEREEEE ST SNEREE S e PR I ‘ R TRl S =
i ! T , ] B Bl RS
. - t ' + +—r +
S 10 O I ] 0 N I R W A Y A 00 8 4 ) D I o SRAR R SR : ++ 14444+ RS B SRR
T SR e T e S IR s SRERAEE SRS e 1 I I O R EREEE B BN
+—4+—4—+4+ B T S S s 44— DR T SRR T S { A41v>4¢$:\¢l?$l¢ 4.4
= e o IR EE B
L I
) NS W - ———t TE U SIS S A W 4+ -+ 4
1 ) A ) S I S A < (e (O S 18 5 e S W ) S ) 8 VR + A+
S N0 Y A 0 (B G B S I T S S O O S O i 0L + 4~
s 44— — B T S S + + + -~
+ 1 t
o 0 [ i A G S5 O (U - - - - R T . ' AEREmEman en o on s 4.% -
S 1 T A S T WO A O 5 S N S0 S " el
TR S e A ILACIEIEIE SRIRTRERES SRS fte A
1+ttt e e ++
T
44— " 0 (57 . ¢ I o ¥ o A Y I VS 1) 1 S . SR (5 ++ 4+t i
— -+ s SR .- +
bbb L Ll L L L L bl Sl b Lt +4 —
1
10 1R TR O O ) Y S O O S PO L RS SN R W o
SEEENSESRHERARELESSAEEEREASERE ISR RS +
e T e B T T = S S T .
et L Ll S50 0 A0 1] O I ) (T TN 10 X O S O ) A O O S O O A R IS ) O U0 D ‘ L
+ ’ -
444+ -+ e T i -
B e T S e S T SRR SRS +$L|0. " 4434 b
YA S U 0 S W S K O S S A S A . 4 " + 4444 10
WD i U ) O O 0 O ) L o O TR0 08 R W‘
i ]
T T +
SN 5 D N SN S e S OO SO Gy L 0 N 0 5 0 AR 6 4444 19, @ I .
SIS 0 A N S R T A W S W - - - . ?..ITTQJY*A - YT - S S S
? IR T - ? I ) 1 db il p f L1 * O - ..‘wh 4 + L4 4 + s 43
O - T S N O S W 0 S S A 00 0 1 T O . ?:&LATHA, - b+ - IR i S
ik I " ¢ — . e +
o 10 1 W ) 150 O 1 Y 1O 0 0 ) (0 e 4 S 0..+L.‘Hv.‘.?+|.wt - dr% t e 4 e
y~.|¢+¢ol¢olv0»..lv»‘0014‘T41fV + 4 + LrlTA 4 »a _»»1 RS S TR |+ 4
IR SE RS .of‘ivﬁ'k.'AfxfoH R et AIYH¢Ivrw44lviH|++.vL1t&1 s b
ERERREARASRSERE SARBERRIABERRBIBE W — +4+4+ 411+ 4 +4 +——41-1 I
I i «,, BEEEEN ded bl 14
1 | T 11 I 1]
-3 L L P R TSRS . T e o swas R T S +++1+4++ + 44—+ + 4
+41-4—1-4 +44+4+ ! 4+ -+ 1H..I¢L+»I+If 1 . 4
+4+4-4 4 4.4 4 D e S 4o
1 U 1 el 1
{5 4 .4 - - R
| 1] Ly 111 il i
NEE N | T
. INEE BRI !
T 1 B N 0 I O O 4+
M T ) i -1 4 l
HEA 11 ! !
T T
3 1 | 1
i )
+ +
1 |
i 1 !
1! 1 L
ik 1 1
(o] o < (o] < N
. . . . . . . .
- -4 - -4

sadadwer | [ LW
IN3JIND AYYWIYd







