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Study on Ionization Efficiency of Cesium Ion Source for Microchannel
Plate Test

WANG Ye-ping, QIAN Yun-sheng, LANG Yi-zheng, WANG Zi-heng, KONG Xiang-yu
(College of Electronic Engineering and Optoelectronic Technology, Nanjing University of Science and Technology,
Nanjing 210094, China)

Abstract: In order to study the performance test technology of cesium ion bombarding microchanne plate, a
cesium ion beam generator was used as an experimental device. To analyze the whole process of cesium ion
beam generation and study the factors affecting the ionization efficiency of cesium plasma generated by
cesium atom bombarding ionized filament (tantalum, with a desorption work of 4.12 e¢V). From the
physical process, it is found that the ionization efficiency is affected by the ionization environment
temperature, the power of ionization filament and the focusing voltage. Combined with the of Saha-
Langmuir equation, it is analyzed that the emitted ion current can be used as the actual characterization of
the ionization efficiency. In the experiment, the ion current was measured by feedback current method of
operational amplifier by changing the factors of ionization environment temperature and ionization filament
power. The experimental results show that the number of cesium atoms can be kept stable by controlling
the ionization environment temperature, and the ionization efficiency of cesium ion is greatly affected by the
lonization environment temperature and the ionization filament power. When other working conditions
remain unchanged, the ionization efficiency reaches the maximum when the ionization filament power Q. is
2.818 W; when the ionization environment temperature T, is 110°C, the ionization process is stable and the
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most sufficient, and the maximum output ion current is about 25 nA. The experimental results are in good
agreement with the theoretical model. By controlling these factors, the incident intensity of cesium ion
beam can be stably adjusted.

Key words: Photoelectric imaging device; Microchannel plate; Performance test; lonization efficiency;
Cesium ion incident source; Plasma
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Fig. 1 Structure of cesium ion beam generator

1.2 EAXEFEE
AL R R E B TR — D HE SR, B AR E g B R AR E S — 8%
TEOLT B AL R A PR R B T — o R AR T R A O R B R ey A SO, R T B
B Sk 27w, B
S.

”:(sj+s|,) (1)
A, S RS Y B T S, N DR S o R
BN ESEEFREEYS S EE TP R AR EZ AR E RS, B
T,
U*m (2)

K, TSR B &8 B T i, T, i 58 i o 7 110 i
38 R 0 B B A XA B Ak 22 T S 3 2 0 T35 R B i B AR AR SO S R S R
MCP (1) P 58 I 12X A S IR o A5, H BFE T BR AT A0 25— AR TR0 DR /I i) B R PR R 9T 4 5 1 1 4
S i B 2 T 2 I A e AR R P 2 B 2 A R B S A (2) R A DO B Ak 22 B O Y
PEFRFE MR PR Y 4 I AT B K PR 22 R T I, — B4 I 2 DUIE & 7 (B 8 ) RS R 4 @ R T . F)
FZI 4, I8 A I 3 6 )8 22 by 40, W i 2 W it o] DLAS 3 A R0%
5 VR BRI i A R A (B R AR ) o SRS 4 22 B O Dy, DU R B R A SR Y S
Bon' 5l — 020 QS R — 10 0 PRI 5 e VS - B2 R (Saha-Langmuir) J7 B2 45 !
2 :e% (3)
n
AR S R T A 2k R R 22 3 B A PR B R AT 0 AR A IR v Y e AR ARV R S 2 R
A I A T ST AR A B A 22 b R AR B RO L RS Bk 2 Ak 22 1 o R D Oy 158 4 R R i AT R T
B aE 2, 2 (2) W] N B AR R0 B A S ) 4 B BORN B 3K B Ak 22 1 4 IR R L 4 R RO DL — R AR
S0 5 AT 0, 28 4 B AT B 2 B Gk B Ak 22 09 4 A0S T B R T 1Y B ORI PR R R 2
PRI 1H 3L SR o A T A A T SR R R Y B AR TV IS - BRI R T R ) R 4 e R
Y S H 5 R — B 206 W) — 2R T 0 e R RO L 2 (A ER R R I i Y F S E S RN S Ak 4 T 22 ) G
D sE , i Al V0 s - B 2R J7 B8 AT 4 15 A 3 8 4 B 1 0 AR AIOR 455 A (2) Al (3) Al e sk
RO g e 5ASRFEZ L, AT

Celo—V —1

A _[He%“}
1+ 2
n

(4)

WA VD W 128 /K (Saha-Langmuir) 5 B AL, W @ = V, Hoe(@ — V) > &T, U JLT- 2340 5 7 ¥ i 35
B BT EIN A E B R 4 R 3.87 eV . 4.16 eV K 4.32 e V. T A B I Y B ik 4.52 eV, T AN AT Ok B 4k
G 45, o T RS I A R B (LS 22 W ZBAR 4, T HOR BB S AL, 15 DU G H T % 2= 2.6 eV R, gt Sk 2 36 T HL g

1223002-3



T oF

1B D 4.12 eV, R, B — R AR G B AR I 4 04 4 R B AR AE TR RE RIS
A S A T DLl A 22 ) B O LA K R KR D

R BN TR A O PRIE T RE S b is sh B g A 22 B P 808 N BT IT A AR/ B9 BB 4l 45
i 6 ST 1) 32 Bl L DA AS T A A i A% AT 1) 4 RIS SR B S R

1 - 1 P [8KT
= - =—— |— A, 5
n NvA, 1 KT P A, (5)

P N TR B R R B 0 A R O R (em/s) s AN FL T B (em?) 5 P oA 8 00 1 16 1 T 7%
SR (Pa) s T4 Ji - B (K) (T=280~1 000 K) ;m Jy — A48 7 F i it (m=2.22X10% g) ; K W B /R 25 =
HAL

&R ZE SRR T — IR T 28 SR ORI A F AR AR SR SIRE R R

log(P):—407;5+11.38—1.4510g(T) (6)

M P =nKT, € R SR A0 AN 28 SR 5 0] SR A D7 1) 285 8, 8 TSR 468 it 2
H =0 (5) L (6) AT 1, DA 9t ok i) 46 D S BCSZ s iR 466 D1 3R 2 LA R A AL TG AR %) 52 ) AR i R A ) ik
ROt oK 8 L R A7 2 B OR A5 [ T 5L ek BE e AR 220 R A N 2R AU R LA A
JE TR 5 2 T AT R0 A L v 4 5 SRS N A 22 3R RN AR TR SR B e L 3 e HL I R R K
Q nq

[=— =X — (7)
t t

Sy A1, FRASE IR N BB e
no=— (8)

ity (4).(5).(6) (8) i+ B LR Ny
n' 1 P |8KT I
= T Akt m My
F 2K (9) AT, 78 BOF 85 25 0F T, B AL OR 5 8 7 U E B 2% R R, B AR R R I R A TR
5 B AL IR BT IR I B AL 22 D) R A
5 HL R g R Y U T R I Sl T AR R A R HIL R A 4 3 BE A (potential ) B U
iz e R (kinetic B9 ) % 5, F =W L 7 5 303 3% 0 148 ol B B2t 04 o B P R > A B TSR o AR AR
I, U HL R TR R R BIE 7 A SR S SRR R RO T R A A X BE M B T R AT AEA
SR B B BB 8 T 214 i E S 1 S o (RISl P A AR A R T R R Ry s i Y
S SRR KT ORI 6 S T SRR AT AR SR A B AT R AT B e A LU R A S A K
9 2R A A FL Pt 2 AR i DN 3R 22— 3 e 5 6 0 2R A e RO i R O R R o el X C9) mT i
o S R U Y A2 Al ) B AT e ik g A SR A2 Ak O i T I, AR SCORE BRI S 56 X6 1 3k PR 3RO Wi 4R L Y
R EAT IS

2 XWHESERDW

21 WERVNERE

AW Sy A T AR I I 4 B IR B A ORI AT, 25 R R 2 9T MCP i A AR L PR 55 AR 251
o B e PR AR DR IR A H O T R By e R A R A AR B 5 mm A 4 ISR AR 3 5 A i
S A5 L AL T T EL A S AT I L S v S E A AN — A R R T T T D O IME S A B 5 i
B L K/NTE pA S, T S MER BETE 1 pA A OB Tt 6 T pA GH I I i, JC i O R AR
5T BRE T AT FU St R TR S5 5ON S , T B X 5 3R AT BOR A OR e e i R L 8 B
a1 310 R = D O T = T o= e ol 7 O L M 1 7 02BN B 2 S A R SRR 91 G N D
K H AD210 BF B K 88X T A5 5 247 0 08 KB AR5 P KAF 5 A7 R 4 | 38 o Ak B 1k X5 5 i
TTPLA FRE , e D0 H AH R LR

(9)

1223002-4



E N, 4 BB T 46 5 U LR B

AR RE J7 a0 T« s o f TR R 45 T 3l H it 3 — 5 B 0 L I 30 SR B0 H A % /0 5 R 3 e
AR AD #5180 B R AR 5 AT R A DL S EUR e 05 AT 5 AR S R R R R T H B AR AP AN
VBT 0 72 5l P AL, I 90 SE AR R A TR 5 A5 A L e T A5 BB L S R A D 8 1 5 e 05 BRI R G
R, WA T U AT 2 L He F U B 0 0GR T A B T A FE A e K D DA R A R R R
FI A 5 B0 B 2R AT LA SE AR oA T PRI DR At R A R B O T T a0 B R R AR 1 2 1 DA
FAR A L 2 s/ T 1 p A 4 S PERB AT, HL XT3 187 7™ A% V5 T B 0 . e Ak it B2 v R T8 MR AP 1Y
T2 A JhE B 7 A T B0 T 52 e 003 45
2.2 ELIEIt

s 2 s BN S A CAR ST G P BE R Ak 2 R TR A 2 B T R A R R R
2 M e 7 AN O g AR 22 T LE R U T R S Ak 22 AU R 00 A R AR BEL A RELE AT A5 2R N A L B

(B . o472 Al 22 7 i ) FRL s R R OAE T A A 2 A ) R LR i RO D 2.1 1Y P i O R R R AT
RS

Thermistor Ground

. Tonized filament
Focusing electrode

(positive)
Heatin%wire Heating wire
(negative) (positive)

lonized filament
(negative)

B2 a4k
Fig.2 Test wiring diagram

20 T A 22 it ey R A R AL P I A e DU S A A S L R e PR A e LRI LRGN0 24 i A B O 5 A
B T A A AT WA ?F'JFHMEE(;MJFT&{D]J%?EE(MIQ’J?UJ s AT 3 PR A5 8 DR /IR T8
A FL Y /N AT A5 HY 2 A AR A2 R L PR 3R B S

S 1 DR A 22 P R T L RRLIAT A R R AR PR TR R/ IME E L AR R S 22 5, R S R AL 22 HLIAE 3.064 A
BALZRIE 1AV RERIE 12 VAR F T, S50 SR B W A 5 38 2o WA A 22 i 3 19 R/ R g
B AR M BT, BT B T e A A e L) [ Rk 00 R A A L O 8 DR/ A R e BEL A B e e R
P, IEL SEL {4 e 7k 2 X IO 5 A%, A B 000 3 5 2R 4 [T 3.

25

Tonic current/pA

26.9 554 70.8 85.5 98.7 118.1
Tonization environment temperature/'C

3 BT E AR R T T b &

Fig.3 The curve of ion current with thermistor resistance

1223002-5



T oF

F P13 AT, Ak T B R R R, B A A AR R A R R R (O MR BT 110 CA A
B B 7 L s B A K AE, M B AR ASCR de e SR Ak T B TR RN ST IR TR E U e R
E b RO AR

SEG 2 MR S 1, R A 22 3 R ) 110 °C, 4 B AR R EERR O RAE R R AR RIEAE 12V,
W B Ak 22 1 R AR FEAE 1V, 38 5 A B Ak 22 1) R U O R S Ak 22 i T S O A I A FL O RN SR A
R 4.

30

20

lonic current/pA

0
1.958 1.967 1.976 2.431 3.264 4.192 5.280 5.868 7.167 7.880
Ionization filament power/W

W4 BIRAMBLLAEEEL
Fig.4 Ion current with ionizing filament power curve
HY S50 45 S R, B AR 2 D) R AFAE— I A Q=2.818 W, 7EIfi F{E LA I, Th S MK, B FHL M 7
NI I R T GRS T A0 [ AR, PR OO 07 8 e A Rl A g T 2 B A SRR T % i
R, PR3 T IR R it 2 A e 1 SO0, BT LS R U s R R0 B R A 22 R AR S 2R T
Wi, T8 AR DR A0 e 5 8 T QLA H T AREREE , I A B PR iy mag B
SCH 3 e b AR SR S 50 2 B P AELAE O [ 5E 2 MO 55— S 80t AT I, S W1 g AL 3R B R 5
b 22 Dy WA S B Z A 22 FAH S 0, B4l B 52 SUSE
TG, PR SEI 1, PR R A 22 P S F e R O DA B SR AR AR R e (12 VOB E 3 o T o R 2 LA ) R
oK PR B A PR R A A A R T A AR BELI R AR — I R il B E B A 22 TR O 2,818 W (5
By 2 v e EAE) (3.747 W\ 4.298 W, I I HERH VLAY 1 5 R U L A B0 U5 R AN 18T 5.

25 = Q.=4.298W ionic current
— 0 =2.818W ionic current

< - Q=3.747W ionic current
£
s 15
Q
s
=

S 1 m———

25 40 55 70 85 100 115
lonization environment temperature/'C

B FARBALAETEHFREMBMITEEE T %
Fig.5 Variation curve of ion current with ionization environment temperature under different ionization filament power
BEXS 28 2, PR A RO R 12 VIEE RIS E L 22l R 1V, BUE B Ak 22 i i A S ) B b 22 iy T 32,
e 5 TR F PR AT B AL ERBE IR FE 43 51 110 °C (100 °C 90 °C, I H X5F B £ 148 85 1 L i (i . 75 2000 3 45
RnE 6.
HI SR 45 SR AT B AR SR IR S B AL 2 DRI SR A BAR R AE AR B AL 22 D R A
-+ U B A R i E ) A AR SR B[R], I L B A 22 D1 36 R T S UG I 8 1 AR 05 1L B2 ) 8 1 v U R/

1223002-6



A A5« DO AR T £ TR RS AR AT Y

MR/ AEAS R B AL IR LT, B Ak 22 D) 30T B 1 FL UL DR /0 B 52 ) A Bt AR A AN O (EUA [ 5 A 22 D R
Z 1 B A 22 P55 il X B T LR RN I K

251

—- Jonization ambient temperature™7 =T110°C
-#- [onization ambient temperature 7 =100°C
= lonization ambient temperature 7 =90°C

Ionic current/pA
x

1.8 2.8 3.8 4.8 5.8 6.8 7.8
Ionization filament power/W

He FARBAEES FREMBEMLAET %

Fig.6  Variation curve of ion current with ionization filament power at different ionization temperature

SCH 4 AR S E 3, K A 22 0 RE VR B 110 °C, A4 e A SRR DR B RS E , O IR Y R AL 22 iR 1
i T RS R IR U R AR, SR A R K 7.

25

<

£ 15

5

5 ~ Add the focusing voltage(0~12V)
2 — Remove the focus voltage(12~0V)
=}

= s

0:00 1:13  2:33  3:53 5113 6:33 7:53

W7 & FomiREsEL ol

Fig.7 Ion current with the focus voltage change curve

Mg 12 VA B A LR BT 5 s AR B I 23 M 20 pA ZE A IR R RE R 10 pA £, Z 5 I 18 TR,
L KA10min e THEEO0pA LA MH AT A, T&E FRm . Y REBREMNO VLA ETHE 12 V, £S5 s
WL LRV O pA ZE 47 T3 20 pAL i IR SEE B W], SR A H R UK B AL S 19 B I8 B O ) AT
B DTS2 M B -4 U X B AR ORI TE RS M L R T R AR R VR AR T E B T as sh O ), S 1~
3 v fe T A 2R A L (R At 2 B R S 0 25 R TGS T
23 #ERE5HMH

FEIR MCP P 682 B0t B A HL I A9 K /N RN R e v ot i 3 3] 1 e P A 1 P i i A L O A2 1 4k R
B4 5% T 5 S 6 B 9 AR, SRR R S DR E T A B SR e Y o L e A A AT 7E MCP AT I I
XoF 1 1 A AR I T R I T S Ak P IR R Ak 22 Ty SRR S A B T S AR ORI A AR
PSE T Fe NG S AR B KN 45 A aR(5) ((6) B S I 1T AT, 24 B A PR IR R 4 v P 4 R T8
B TR B2 0 4 R LA AR B8 1Y) R A R 2200 B A A B T, BE A TR E R W T L 4 R T iE sk
POPHARAS B A0 4 7 B0 P38, B AR AR R R

M 3 70 1 — B 2 IR (Saha-Langmuir) J5 #2 A] A1, 76 HAE 5 B0 R , 85 4k 22 1 15 5 G, 0 s Ab ool i (]
SEBRE BT, 22 I B R AR B B — s A T R 3R I B R 2 A T s | BT LS A AR 2 2R AR
P A2 T R ) R, e 2 R R RS Ak 22 i D) BRI E L, PR U T S A 22 ol R R S A R — A HE K S R [
MR A B AL 22 T AT AE— I P Q. =2.818 W, e I B LA b, D SR AIG , B8 ol 30 B 5, A B4 ST
Jib F AT BRAS T kT A DAL GE IO 11 3 Ak AR R g T Y s A AR AR T I A E S, P SR

1223002-7



¥ %

MR I D S A 5 S A0 T A R O e RO A /N B A RCR 2 SRR AR L IR R TAE DRI T Q. LLE
HETARRERE , I A7 B AY o B

3 it

AR SCHE T Vb -2 IR (Saha-Langmuir) 75 82 , 18 4 53— R 50 5256, 2R 3z 5 it ri 30 32 00 3l £k 3
BT LI, SR A5 R AR B A S MCP P RE I A9 A SR, BRI 40 8 1~ SRS E AT, B 7 AR B R/ 32 Ak
RCR B 3R AR R DR UIE T 46 25 1 ARy 1 07 1) 69 181 5 , 5 10 B T B R A 22 D RS T A R R
50 JEE A R/ 2 A A B TR R Ay A I TP R 1 s B R R 2 0 8 T A R A Y B A 22 T
PP B S 1 B A R R R W TR o D12 Bl 3k B AR IR S S A 22 D) ARAFAE — A i SR, AE i S (E
DAL, Zh i, 2 R R B sy, AT 24 2 A R AR T 2% e S IR DR 2 T R B i 2 0 B o o/, it AR 1
HL UL 23 DR AR /N B A RO 2 BRIV IR, TE AR IR A T QA AR E R B e B 25
AR B AR g MCP P BE I 35X A SRS 9050 RT3 o 4 o] R A 22 T R | e A R 05 IR R A A S B R
B EN B R T U R AT A B0 A8 R A B A A e R Al 22 D) R AR B R R
TIE B 5 5 SRR JBE )[R N 30 3 R A R TR PR IR B R BB ELFTAE MCP A B T, [A] IR 03 28 G L — P A7 e
Gy B3, ORAE A B 1A R 05 1 R AT SR v A T T R

5% 3k
[1] CHEN Xin, CHEN Chun-hua, WANG You-xiang. Study of secondary ion emission from GaAs under O," and Cs" ion
bombardment[ J]. Chinese Journal of Semiconductors, 1995, 16(2) : 125-132.
Bropr, B fe, EAHE . BBETE O, 5 Cs B BT T e T RS B[ T]. 2 k=40, 1995, 16(2) : 125-132
[2] LI Ya-juan, CHEN Xue-kang, WANG Ji, ez al. Research of ion-induced secondary electron emission from MgO film[J].
Vacuum & Cryogenics, 2013, 19(3) : 135-140.
AEREL , BRor B, T, 4F BT 3Rh MO Wi — U TR ST R SE [T, Bz SRR, 2013, 19(3): 135-140.
(3] gkl At J5 7 i S R AT FE LD 1. 95 Ml 250 R v 145 B 4 B, 2016.
[4] VANIER J, AUDOIN C.The classical caesium beam frequency standard: fifty years later[J].Metrologia, 2005, 42(3) :
31-42.
[5] THOMAS C.Impact of new clock technologies on the stability and accuracy of the international atomic time TAI[J].IEEE
Transactions on Ultrasonics, Ferroelectrics & Frequency Control, 1997, 44(3): 693-700.
(6] E—dk, Eizfh, NEW, & . K& MCP oL 55 &4 F SO ERRAT T [CLL 8+ — i i B TR AL 2318 S04 .
2020, 99-103.
[7] GU Yun-ting, LIN Yan-jian, YAN Bao—jun, ez a/. Design of new electron gun capable of generating nniform electron-
beam with large width[J]. Chinese Journal of Vacuum Science and Technology, 2019, 39(12): 1109-1113.
BB T, MRS, FERZE, A5 LA R AR A TH B IR P AR R [T ], A B S E RS, 2019, 39(12) : 1109-
1113.
[8] LI Xiao—feng, LI Ting-tao, ZENG Jin—neng, et al. Study on the improvement of input signal utilization of MCP[J]. Acza
Photonica Sinica, 2020, 49(3): 0325002.
Zelg, Z59E V5, W UERR, AF L OB E AR A G5 R RSP [T]. 67243k, 2020, 49(3): 0325002.
(9] E X, EPH, MEFR, % 7 0ibs s B M ] Jb a0 B2 i hiet , 1986.
[10] HATSOPOULOSGN, GYFTOPOULOSE P. Thermionic energy conversion. volume I. processes and devices [M].
USA: The MIT Press, 1973.
[11] ZHONG Wu-yue, LU Zheng, ZHENG Jian-ping, et al. Distribution of electron potential energy of ignited cesium
thermionic energy converter[J]. Atomic Energy Science and Technology, 2019, 53(11): 2223-2232..
BRAE, BAE, FEIF, & AR TR L i A A s g T A RE M A AR [T ] R RE R 2 5 EOR , 2019, 53
(11): 2223-2225.
[12] KUBART T, CADA M, LUNDIN D, et al. Investigation of ionized metal flux fraction in HiIPIMS discharges with T1i
and Ni targets[J]. Surface and Coatings Technology, 2014, 238(3):152-157.
[13] BOHLMARK J, ALAMI J, CHRISTOU C, et al. lonization of sputtered metals in high power pulsed magnetron
sputtering[ J].Journal of Vacuum Science & Technology A : Vacuum, Surfaces, and Films, 2005, 23(1): 18-19.
[14] GUDMUNDSSON J T. The high power impulse magnetron sputtering discharge as an ionized physical vapor deposition
tool[ J]. Vacuum, 2010, 84(12): 1360-1364.
[15] WANG Xiao-hu, YANG Zhen, ZHANG Lin-wen, et al. An ion beam profiler based on secondary electron emission[J].
High Power Laser and Particle Beams, 2013, 25(8): 2121-2124.
F/NI AR, BEARSC, A5 T OO TR SR Y B T R TR (). SROL SR T R, 2013,25(8) 1 2121-2124.

Foundation item: Key Projects for the Development of National Major Scientific Instruments and Equipment (No.2016YFF0100400) ,
Defense Industrial Technology Development Program(No.JCKY2018208B016)

1223002-8



