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Fig. 1. Section schematic of the Y,Hf,0; ceramic cathode.
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Fig. 2. Schematic of the thermionic emission testing system
for the Y,Hf,O; ceramic cathode.
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Fig. 3. IV curves of the Y,Hf,0; ceramic cathode.
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3.4.3 FHABBRALE LMK SEM X EDS
ST

B 10 M Pis . 24 Ok AR B S
HYEA TR 57 P e B AR e T SEM O 25 T2 50 . H
Pl 10 P2, ISR R % T 2 00 S R T 350 % 28 & Ry
IR IS, K RIRIE S5 L FH A R A M e 12 S5 T 4
LI Z (A Rh 2 B, X6 B = P A e i S Fe [
PR R B AR ST RE A — 2 5 B VEH.

SEI 20 kV. WD 12 mm X 2000

K10 AR A2 & IR R TE SEM SMOULE5 14 1 432 14
Fig. 10. SEM image of the Y,Hf,0; ceramiccathode.

11 25 th T B R 52 M % DI ZR 10T EDS 33 £
Kegrat, HIE 11 0T LR ), 8R4 e ' B 2 1
WAk O, HE, Y =F0E, = Fon & M &4
I 6.79%, 65.42%, 27.79%, J5T- 11 435053 5
J9 38.47%, 33.21%, 28.32%. H:rh Hf f1 Y JTTE Y
JEFEH B 101, S PR SHE MY B .
fHIE O JLER MY it [ 4 AW G T L 1Y 17.32%
B TR EHE YT 9.54%, FEEEATREL Mg % B
WA 6.79%, 5 A 73 EAPIIAR T L 1Y 63.64% 3|
LT SIS PR R ) 47.47%, T2 58 R 42 ) 25 B
W) 38.47%, O TR F &I ik — HAF T F%.

3.4.4 MW ER AES BAUEFEN M

B 12 A B | B2 #OR SR Ak B S
H AR TR 47 P % PA A 26 1 AES 1518 i /& 12 ml 0,
AR 1 nm ZEARENSA O, Y, Hf, C Y
FhICZE AT

4.0

e [Blement | _witt | ai% |
O(K) 06.79 38.47
327 Hf(M) 65.42 33.21
Y(L) 27.79 28.32
o4l Matrix |Correction | ZAF
©
=
O
X
1.6 [ Y
0.8 1
O
O e " 1
2 6 10 14 18
Energy/keV

11 BRI & R T EDS 3% 18 ) & ik
Fig. 11. EDS spectrum and element content the cathode.

0t Y4 3
Hf4 Hf3 y2!
Hf2

—2t Cl

L, 0Ol L
200 600 1000 1400 1800 2200
Kinetic energy/eV

Bl 12 FRTRALH & IR R T AES 15 4]
Fig. 12. AES spectrum the Y,Hf,0; ceramic cathode.

1 MR PG BAR T O, Y, HE, C TR
FEMESEE T ZIRE Z R R E. E 13(a)
I 13(b) W43l O JEZK, Y fl Hf LR & &
BTN e T T ZIBR B AR Akt 2. FHIET 13(a) FiIER 1
AR, B SR O TR+ A 4380k 47.5%, Bl
F AR BN, O TGRS E—HE TR, 4
P ZIEREEE N 35 nm ZE A, O JTER & FE 3 f I
1) 31.3%, RfE MZIGRBE RN, O JUR M & T
6 I, M 2R EE K 125 nm A2 AR, O JLE A
B E 5% A Wi A, fiE O TR SR
RS T I, i 2% 500 nm B, O JTER W
JRFH BT B2 43%.

B & 13(b) F1Z& 1 AJ %0, 78 0—500 nm IR &
W, Y JCR T 080 Hf SRR a8z
WARIA 11, FRIERES ELAR ). Horp Y A HE G
JE T b A B 9D A % T RS R 1 e o
ETE, MU A 35 nm B, Y R HE TR &40
SKF Y 32.3% M 23.3%, 25 IFUA 2518 T I,
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HEY 5 Hf TR ETF AT 101,

AN, 1 AR R C LR R T H 5
TP B 3 T — s R PN AR, 3k — 7 T T B
DR A BH AR B S e R R v BRI 2 T W B T 3458
HREM CILE; 5— v REEE N AES HF
B AT R A TG R R S R Py 3 120,

#£1 O,Y, Hf, C TEEFHESE G R E FZ
BHHERILR
Table 1. O, Y, Hf, C element content as a func-

tion of the depth using argon ion etching method.

Element content/at%

Depth/nm
0] Y Hf C
0 47.5 21.7 13.9 17.0
3 44.2 21.8 15.0 19.0
5 36.0 20.2 20.9 22.9
10 36.1 23.0 20.0 20.9
35 31.3 32.3 23.3 13.4
100 50.0 18.0 19.4 12.5
200 49.3 23.8 18.2 8.7
500 43.0 24.5 21.9 10.6

\(a)

—o— O element

Atomic percentage/%

28 b

0 100 200 300 400 500

Depth/nm
80
(b)
60 |
X
> —+— Y element
& 40 —A— Hf element
S
N
= 20
: 2
9
g 0fr
S
<
—20F
40 . . . . .
0 100 200 300 400 500

Depth/nm
13 RFECR S EEEIRR RN EAME (a) O
JEE; (b) Y A Hf T

Fig. 13. Element content as a function of the depth from
the cathode surface: (a) O element; (b) Y and Hf element.

3.4.5 A AABALIE R KATALIZIRGT

1efs Ak, HP L Y,0,, Gdy04, La,O;
FYFA I R B R U T Y 505 ik =R S i
Wb i, RO R Y, £ R LA . T
HfO, 1 R TVB TR MERE 4 8 E Ak, s gz in
3000 °C, HEA BRI A28 SR 8 Rk i 1
RATFREL I, AR Y,04 F1 HEO, il & K1)
R AR TREL P BB, LA 1 2 K )
A R )%, TR Tl A

i XRD Zr#Hr&E R nl 1, Y0, Al HfO, 78 5
Leat it B AR T WIAH R — 1Y) Y, HE,O4. H AT AL,
FITRR Y FL T R SR D Y, HE,0; (BRTREL).

P L ST PR O 2 0 L 5k Uk
SR 3 S B R A M B B R T 1) EDS 43t 4
RALAL, HEA Y JCR MR T E 0 B R A4
1:1. {H 2 O Ju % I & A 4 20N 90 46 i kY
17.32% T REEI 7 R GG Y R 9.54%, B K
R B EA TR A PR B B Y 6.79%. T B /0 EUAH
TR LR 63.64% T K& 2 7 & SHIE W R
47.47%, T B4R TR 42 B & B 1Y 38.47%,
Bl O JLEM &= —H1E PR

HRAE 1 10T A AT 26 28, o] LA FE il T
TR A R

1
Y203 + 2HfOy = YoHf07_, + V5T + 5702 (10)

TEE IR B S R T, Y,0, Al HEO, KA T
T, HIO M~ HE B 28 Y,04 H
P Y B B, 8 T R TR AZ A A% i e
P, EAs b e AR — AN A, ikl (10) fr
R, Vol RE— N EA P IE A i & 2 07, A
MR EEFE IR N, S8 THAH BT,
WA A AP ATEFERAMNN & L, 2850
R IE . Y IR AE O | B Gk AR SR,
SR A S AR, XA EE S R, TR
SRR IR R 1R S MR R S AT, BRAR R T e R
SRAE M, NI FEGR B DR, Wkl 14 FR,
e U LRy I AR Bt

] 14 R B TR Ve Be A 2 ThT e iy s i 1 &
th Eq Rl By AN, Ep RTOKREDL, o AN
T, x AANRT, ¢ B SR 2.
PR 2 ) S P R % T P -2kt 1 BB B, BIDPN I T
5hh ik D 2 0, BE R SR ) ¢, HRA
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XH
o=x+. (11)
R L D o FEER R A2 B R TH WA &L, FRAE
TR A& S B s2 ), Ahik B 7RI R A
R, FAERIME R SRR HE 14 7T %0, 24
FRIRAL P B2 s S IR B %2, HLBA R
A PR gy, X B I e it N
T o AN, AR T ¢ AT

W substrate Yo Hf5O7 ceramic layer Vacuum
C//d//t'///b//g/
onduction ban
Ec \%
P
Ey
Eg
Ev
Valence band
T

14 BRTRELMR & MR H A R B K
Fig. 14. Energy band diagram of the Y,Hf,O; ceramic cath-

ode.

R R B, Y,0, Fl HEO, 754 AR R 42
e rh 2 R B s R, T AL, T E
PEREAT — 48 . SRR B B AR 30 | &
G RSN, FR RS AR AL R AR IR T 24k
LERIAAR AR, LA B BRI,
HLPERE L St — PRI S i, SR AT AR R R
HHIIREA, BRI 21 T 32 . MR I%
RHLER, ATRAHEWT IS, TR IR AL M R W
TR T RE RS, TX ST R A 2 L
O, 73 T HE M AR R R . i, Hiie ey
BRI 2 ThT BT A2, BT B S e AT, i EL
W BE 2 BRI R B B3, TR & il
EIb, BERK, KR HEE TREEEETRE.
DO, fE—EMREARAE T, Oy 73T IR T AR
T AR 8 — 7, BRI N BY) Og 23T I ] A R AN
L AT, (A R IR R T — i TR 1 A8 AR
R, RPN R A I W7 RETS B4 A BE 1] 13(a)
O JGER 5t Bl B A 34 1 ok 221 R 110 A8 A T 2k
BEAN, H T ER TR AL M e IR AR 1A A 3 v M O 2 W o
WP O LR, NI T3 AES 70 Hr4l R BB

WP O JUE & g, (R s 1 i 2] IR
BEREE N, WA SN BRI R O JTER Y B T4
TR B A, 2 S AR R AT 35 nom TR E v BN
O JUR S IR B AR, 2 )5 Bl T 2 R Ak 2
T, O JUER 5 4 2k i A2 A SR 3 HE B JL-F-
—2L

HeAh, BB IR E 35 nm WBEEALE R, O
JLR T /M BOR B ARAE, X AL T & 13(h)
HY A HE ST T A B TR A B 2k F
TR

4 %

1) B UCR M 2 E e Y04 Flad 4 & 41
164 HEO, il £ KDy 30445 48 FH B R 52 P B [T
TR B A A SRR A R SR A T T I
i, PR G 25 2R R i BT 7E 1300, 1350,
1400, 1450, 1500, 1550, 1600 “Cbr Z&EEEE, 300 V
FHAR F8 R R BIAT 43 Sl 4243t 0.15, 0.2, 0.5, 1.1, 1.8,
2.5, 3.5 A/em? WIS IS . FHapsiin s R i
N, IR AE TARIRBE A 1400 Chbr, LR ECH
0.5 A/em? T, FawC 4T 4000 h, 225
T 2450 MHz 3% 22 % 16 75 4 B A 2000 h 19 ~F- %
FFA.

2) RPN 7 Ve TR 1R 52 P s B A fy itk
H T PR AR R SR AR DI i 4 X 2 i ik
HIk 1.26 eV, Bt £R-18 &7 S A PR I
1E 1450, 1500, 1550, 1600 Chr =R T AR
WA 5 3.10, 3.15, 3.21, 3.26 €V, SHHE T
VIR EE T 7 TG A A A 8GR DBz . X
UERIZOR Y BT AT B0 R R S fig

3) JJ, M XRD, SEM, EDS, AES D) 4%
B b 20 AR T R R AR B R T A A 43 X I
FFIA T35 P BT 1 A 1454, BRI ER TE O3 L o
RNy M B mr S5 AT TIRSY. S5 R W, mieds
T Y,05 Fl HEO, &A= B+ B [E5%, HfO, B
Tl A HES B 29 Y0, BT AN Y3 H
R, A IRFFER TR AZ S AS L rh b ) s i e A —
AR Y IIAETE | &Sk R ST, &
T A s 6 A B X RS LA, R TR
Wiy g BRI A R 1T L P s 2 e, A R TR BB 1 2
KA, DONTFEGR B DR, S di15 I m
PR GTREIIS 3 T 4.
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Abstract

Nowadays, the output power and lifetime of a single magnetron are far from the requirements of industrial
applications. So the new materials and methods are urgently needed to enhance the output power and prolong
the lifetime of the magnetron. As the heart of a magnetron, cathode, whose quality directly affects the output
power and lifetime of the magnetron, plays an important role. In order to enhance the output power and
prolong the lifetime of the high power magnetron, a method of doping rare earth oxide Y503 into transition
metal oxide HfO, is used to prepare Y,Hf,O; ceramic cathode. The thermionic emission and lifetime
characteristics of the Y,Hf,O; cathode are measured. The results show that the cathode can provide 0.15, 0.2,
0.5, 1.1, 1.8, 2.5, 3.5 A/cm? current density for the space charge limitation at 1300, 1350, 1400, 1450, 1500,
1550, 1600 °Cbr under 300 V anode voltage, respectively. Absolute zero work function of the cathode is only
1.26 eV obtained by the Richardson line method. The effective work function of the cathode is 3.10, 3.15, 3.21,
3.26 eV obtained by the Richardson-Dushman formula at 1450, 1500, 1550, 1600 “Cbr respectively. The lifetime
of the cathode is more than 4000 h under an initial load of 0.5 A/cm? at 1400 “Cbr, the lifetime which is much
longer than the 2000 h average life span for the 2450 MHz continuous wave magnetron cathode used in
production. Finally, the molecular structure, surface microstructure, element composition and content of the
Y,Hf,0; ceramic cathode are analyzed by the X-ray diffraction, scanning electron microscope, energy dispersive
spectrometer, Auger electron spectroscopy with argon ion etching respectively. The analysis results show that
the single Y,Hf,O; phase forms under the high sintering temperature. When the Y?* valence Y,05 is doped into
the Hf** valence HfO,, the substitutional solid solution will form. An oxygen vacancy is generated in the lattice,
thus maintaining the electrical neutrality of the Y,Hf,O; lattice. During the cathode activating, aging, and
thermally testing, the oxygen vacancy is generated fast. The more the obtained oxygen vacancies, the higher the
conductivity of the cathode surface will be. Besides, due to the improvement of the electro-conductivity thus

enhancing the thermionic emission capability of the cathode, the work function of the cathode can be reduced.
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