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Abstract; According to the demands of an array detector in the X-ray pulsar navigation system for Mi-
cro-channel Plate(MCP), a selection method for the MCP was explored. Four key parameters for the
selection of MCPs, the uniformity of gain, impedance matching, dark count rate and the gain coeffi-
cient were determined. Based on the four key parameters, corresponding experiments were designed
and the selection process of MCPs was set out. The amplitudes and counting rates of MCPs selected
by proposed method were tested. The tested results show that the relative error of each detection unit
is not identical. When a single channel anode is used, the ranges of the maximum relative error A;; and
minimum relative error A;; of the amplitudes for output signals from the ith anode are 7% —13. 5%
and 3% — 6. 7% . respectively, and when a four-channel anode is used, A;; and A,;; are 7. 8% and

3.1%, respectively. Moreover, the relative error between the anode count rate n, +n, + n; + n, from
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the single channel and N from the four-channel shared anode is 4. 38% , less than 10%. Obtained re-

sults indicate that the MCPs with good performance have been effectively chosen by the proposed se-

lection method.

Key words: single photon detection; X-ray detector; pulsar navigation system; Microchannel Plate

(MCP) s MCP selection;pulse amplitude;count rate

1 3 =

X BRI 45 78 2 X T £k np & 3 &=
e b R TH R Al R K el B R B X RO T
WSREAE TR RIRRE . HAT, T X SR
RO E 7R e ol S W N Sl o 7 v € N N B % A
BGRB8 DG i RS SR OL RS S
(CCD)#R M £ . SCD #& I £ F1 i3 38 & i (Micro-
channel Plate, MCP)#EM#% . Forf, B F MCP 1
X 4R 0 #% 78 i 2 U B 5 b AR B TN
Rl = S S L =N D TR DIV AN
[E1] 73 3% 5 v A 0 AL, BE RS W 2 X5 £k ik ol B2 3 A0
RGN BRI 2R A TR XS 2k Bk ol L 4 RE AR
559, L MCP #8900 2% 26 25 2 & = 19 38 D0 &0 2%
PR3 1) $ e 7 12 2 A B KOG L B A
R X SR AR DL R PRI R A AT R
PR Ll il A0 G v 1) B — b U 1 R e 4R
i Y FRI 24 283K B S5 A, PRI 7 TR v R X
3 Py vk A ok N

R FE MCP # g B 25+ > 28300 550 44
B A T R ARCR B H T R BIE ME E OR T 2200
T 5 PR W R AR, PR O SR % A RN B
SR ERER S R NI e i (0l i IS A = N ES P
FY A 3B, 20 250k I 7 9 MCP F il K T B
X B s &8 . Aok ™ MCP B4R £ 7= & |
K AHZ AR T 2K By BRI, 28 25 e Ak 2170 2 1k
J& MCP Z [a] it ¥ fig 2 5 A f7 72 5K 22 51, 5 A
X MCP g A7 Bk 4 2 5 BRI o0 i th A9 15
A AR BRI R R 22 S5 o DTS TG 125 S R ] 22
8 T e = A A AR R AR SR B v, 2 B o e
5. N TR bR o7 Pk i 2 BRI
MCP J8 kg R g AT ) 20 250 it ke 14 i) 22—

AR SO R T B X 2k PRI g X MCP 1 fiE
RYELR L il E T B3 MCP #Y T 25 iR K AH b 2 i
MR SE S, P 956 mm K AR N 40 ¢ 1 1y E =
MCP R WF5E 5 4, & A3t Y Bk T2 Pk ik i 8

e MCP W TS250 v h U T R4 R SE R RCR
2 MCP &g Ha &K

2.1 BmBSMRER

FARE LT, S H MCP 78 4 138 20 19 1 25
S M) — B K I I AE O B L A% DX B Y
SEFEME L ANE 1 R o BAE SEBR T AR TR —
MCP # A [a] DX S8R A 38 2 A (6] 52 B S 2 20 9 52
B 2 s,

Bl 1 #3515 MCP 235
Fig.1 Spot of MCP with homogeneous gain

E 2 B AFS MCP 2325
Fig. 2 Spot of MCP with uneven gain

SRR 1R DX I 398 i /0 9 DX B S A X
W25 i XS, T MCP i 880 U7 3 38 Y B 8
F5 A5 TG PRLIEC AN [ DX 3k 1) 7 i 3 A% b A7 7 i



404 7\%#

k% TR

5 23 &

— i 22 A AH B DX 31 £ G g AN (R fe 2
‘%ﬁMKIﬂEbﬂﬁutHE’JTE%%EEKH,EEE%M“
FHAR I BT i 5 [0 R P S8 R . i DL Y
W fi AN K A A A S 22 A 1 S AL il T A 22 S
Ak )38 T 5 A 2 P TS ) T IR SR A Y 4y B
s i B A e 4 A A PRI AR ot 1) £ 3 4 B A —
SE 122 0 X P LR g B 24 30 e U %
G TARTE B TR 19 MCP #5800 45 ) 2480
RCRFZMAR I, W05 7 3000 A 238 45/ 691X
s, A AT RE 2 T BOA AUE 5 3 A o I U s R
E S P Wbl R CREAIR/ 3 LN
AR T % 00 85 ) 00 20 3 0 T A A 5 DAL b o 20
— B MCP #9325 ¥ 50 PR BEAT M0, 52 56 00 3. 4
P 3 7 s XS R S 1 9 5 A B MCP
B AT AR RG2S R PO B L
LB R 45 DX 5 BRE 1) 23 A 15 00 AT DL R UL A 3
MCP H3 55 JE 42

v
~AINIIITHTITIKN

Input MCP Output Screen
voltage voltage
&3 i MCP ¥4 ¥ 25 & o B K
Fig.3 Schematic of testing MCP gain uniformity

BEAb %0 1 T LASE PR W MCP 9 3% 45

TR S R TR B S 6 25 PE TR 5O e 5 15 P 38 i
s R Z UL AR D . B R BLR AN IA] 4 iR .

(b) B 254K
(b) Low gain

()35 1

(a)High gain
4 MCP 8
Fig. 4 Bright spots of MCP

2.2 PAMIEAEEXR

FEHOE T I EOBE T, L MCP 1y 1 26 5%
AN P AE S AR 55 BRI ROCRAR, AN B AR,
D] I K 3 4 34 50 M BB MCP ﬁﬁi%ﬂlﬁzﬁ,%
FHL, BV B, D i LG 25 R

e MCP A1 24 F WA 5 56 A L B, i 3 —
A v la] e A . M N R R R — HV, 2R
B 01 S 7= N o N S i S e o BTN
—HV/289 & T RIE T B MCP [R] B 3813 T
SRS I T AR H R 5 4 SR A A B BT AR 22 AR K ) —
HEOBMBEERSMHERK, 2%~ MCP &
K Sy f He 2o i ik 28, O — B MCP & B o To4E
FL S R 7 39 25 AR /1N, AS BB X B Y L E AT A
# . P X MCP #E47 43 20 B 28 ORE B A R0
FIGHFIE MCP AR, 22—
AR AL AT L A AT I, A AT I A LA R
AT
2.3 BEREEEX

5 I 7 {5 5 1 ok R 32 22 & MCP A & 1 s &
SPE RN PR S Y T B T R A . R R G P R X —
Zr i of Al B MCP [ I M 75 I Fl a8 /D 150 ) I
Mg 75 R /)N I L A K O P I MR R ORR R, 7R BROL
%Wm&ﬂté.-?%? K WO GX — 2 ok A

s Ml P O A T O S T BOR L R B AR B
%frfﬂ%f?,&kﬁﬁﬁa‘tmﬁﬁﬁm‘,iﬁﬁa‘l‘tﬂm
RS B W F AR BT BCR NG w5 AL
RN E 5 BT 7R AR I 25 i 9 TR 46 Bk b
UG AN BT R R RS BRI R S
e ZRAFIE TR

Xra
sourcye MCPanode

i-.{.‘.':'... ;
Acquisition ata pm‘.cssm ark coun
electronics systen system rate

B 5 e 25 KNI T8 SE 86 R s 2

Fig. 5 Experiment system for testing gain and dark

count rate of MCP

2.4 HEETER

Xk o B2 S H 0 B A A AR R L
AR GER R RRE X5 0 B R
AR B ITH) MCP 3 45 225, LU SR I A H As
R R RS . MCP 2 —F H T
R IG S e vl S R RE D 1 13 ol A i



52 1 N

B A < XSk K i 2 AU N 2 ) TR S Al 2R 2 405

AE A PN BE IR AR G T, 220 T GE N BERY &
YR 488 52 B 1 35 S 3 L fe s 7R MCP Y il
R T NG o e 1 R i i B e S
B BB MOUR 77 A — A HUAE S k. 18 45 &
i i A2 iR R AR KO 4 S B IR AR 5
i AE B 7, 1 MICP 1 34 45 0K 5 e 2 Ul W% 4
N BARBIHE SRR N V=R, HH o K
MCP 345 R 8 e RN TR E, R XRYE
Wi 4 BH A BEL T DE E A9 HLBEL . R=150 Q.

e R G 5 fs . BRI S E S
LR A B R AR s WA AR AR A R
ST X R AR 24T KR i R B 5 S0 BT . A
T ARG 7T & 28 K e 1) 304 45 A 1

3 EBRARZRSH

3.1 EWmidiE

Fie FRIEL 6 Fir 3 09 0 2 3t 72, A #7 T MCP
Ve 8 Bt MCP, 2 i 4 41, B — 4 Witk MCP
M5 BB B, By i B0 /N F 5 count/s
G« BT BCR A8 19 2 B A 2RI BT (1) MCP 1 i
THECR T A 2 B B MCP 3508, 1 25
FBOGEAME 43 2B R 22 BB () 4548 o b 4T
S 3, DL B0 TIE 12 B BE 5 VA R AT AT

Dark count rate(DCR

Relative error of pulsq

Available
amplitude<15% ) Mcp
Relative error of pulsd

amplitude>15%

Giain i
porsof

y

L__|Change | |
MCP [T

Kl 6 MCP Bk i fi 15
Fig. 6 Flow chart of MCP selection method

e SR O 4 B AR S R A5 4 A B — A
PRI BATT 14 5 T 2505 0 K ol (B (i 3R sty 6
PHAR 1) 2t 5 » X BA3E T FHAR i=1,2,3, 43 XTI
WECER msoms g, BRIIRAEN @iy a2y as s
a) s RIE A AR AT — A 4 38 8 Sk S AR
WARAE 5 A — A BT8R N MUK b iR (A A

P T A M DY T T B AR SN 7

.
A=

| ——
| ——
—_—
| ——
|
[ ———
—_
| —
[ ——
[
—_—
—_—
—_

5.

& 7 Ca) B8 3 BHAR » (b) DU 38 1 4 52 A%
Fig. 7 (a)Single-channel anode; (b)Four-channel shared anode

(DTEREH T 2= B ERIRA BT, — By
8] PN SR B S SR o (i=1,2,3,4) iR KM
X2/ T 10%, Ui B MCP i i /9 15 5 e {5 7R
FaE , MR UE T &SR0 B T i MCP 78 4 1
DX 38 25 50 RAF . (2) X He 4 AR BT
ORI R R IS (W= S 2 N i v 2 R o R
arXa, A a; ~a, » i B BE A A — 4 MCP X5
S AT R S R, (3) BRI LI Y T
BOR/NT 5 count/s, WHERFEBHHE (1) .(2).(3)
AN+ n+ng+ny X 4 ADFKANHAE 4 DN
TN B4 5T 5 1 A 5 R AE A — B0, BB % (1) MCP
RBAETE 2 X 5 2k ik vb B 5 00 3R 40 X 4R I g8 1Y
3.2 XWER

SR FH B3 T8 BH A 422 WA o I 2 T Ok R 1 B
SEHMEE S N =21.3 mV.a =24.3 mV.
a;=26.6 mV.,a, =27. 6 mV,4 M IC H H
A5 5 R AE I AL, 3 6 I 3 25 R B I,

AV i 278 55 1 A PRI R I K 13457 5 IR 1Y
KA 2 AV i 2R 5§ AR 5T 5 5
W A ) o /N 25 8 Ao Do 53 SRR 55 1 A B
2R 4 A5 5 1 e R X IR 22 RN R /AR R 2% . X
I W (B 5O 2R A7 4 T Ak B

A= (Vii = Vi) = Vi s P
AZi: (Vmini_Viav) +\/iav ’ (2)
Viav:V1+V2+Vn3+"'+V,,. (3)

FH 2 1 AT, 4 A BRI B0 5T 0% i 1 A7 78 19 A
X5 25 4 AL, Aves Ao 0% B 48 B R 7% ~
13.5% s3%~6. 7% , R JFH VU 3 38 e = B A st 4 s
S5 AL=7.8%, A =3. 1% AERVFIIRZETE
L AT DL 200 AR o, S 56 25 S B . 3 1 Y
MCP {38 25 35 5]t R4



406 ﬁlﬁi

T TR

5 23 &

#1 RFiREEINIRE
Tab.1 Relative errors of pulse amplitude (%)

HiH BT TE PH R bk o VU 33 3 3 5 R
e WG AF A 15 25 Jhk o R AR X 2% 22
A11:7
1
A',_>1:3
A, =8.9
2 An=7.8
Dy =4.5
A13:13. 5
3 A21:3.1
L3 =6.7
An =10.3
4
Agl =3.5

RS R HE 10 MCP (55
EAE T ALL . T LU Tk P MCP H0 28,

®2 HEENKBE
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