324 BB 6 ) T ¥ &k Vol. 24 No. 6
19954 12 A ACTA PHOTONICA SINICA Dec. 1995

ROEE R EE X B2 B R o IR AR AL

WL b K XER HBE AL NEA @R REX
ChE BB L B BRI R RS AR EETRE  710068)

B OE ACREGLHRBYNTE L 20s NS48 1288 £, 5080 £ UL A
100ps , % 1 4 # & 20 1p/mm, & A A AT E 1 A LB K F4.8 . 4 MCP L4 &1 6
HAEBMEE T LT RAR AR Yh. TR EANEEMA T BB G ERF K5I8
49 AL

X AGEBY; Y ELT BB LHKMCP)

0 5] &

PIFIA LR 0 BRI A RR RS R AR N & P & R ma X Sk 10 12 BT iR A Y
VEREIR D TR ER . KXt S B AR MR B PR R O R A B S5 A B
4 73 8] 93 A1 S FLRE AT 6] 284K » B2 B 400 45 % B AR L O L T R e A SR

E A g 24 M2 SR LR R MBI ITR - HOVE Rt 8/ mEERITE HRE
ERNEH T REE ™ L RREE B S I A K SR 9 S R AT U5 18 Rl S AR (MCP) 3T T 3R
BEREN T EHTRA-AIIREMRATREN ZER, FRE TRRER . AREAA 804
PRI T X R BER BRI TSR L0 ADE RSP R 7 A& Rk, BARRK
A EIEEMER B ZF A e d n . X B AR MCP BT R EREM SR, E
A 44 B, T2 0 7 A B B0 o FE K R SR 8 38 MCP RS 8 SR8l LD M IR B TR 5 R

1 TEEEFmE IRt

POBEH LR X ST R B AL EE RS LA  MCP LM R B AR E | AL & [ bk & A
SAMEGICRREMAL A 1 R . HRBMEAERE, ©d MCP MIHEELAER EHTERE
A - MCP Ry 8 AN A X ST 2206 s AR, 28 18 o Bk vl i LA MCP 4 8 40 s i 25 il B s 2R n 12
MCP L. EA&MTFX EMIEREER SN AEZRIEY —F).

HINEH FE TN X HRELRS 12 M 4HLFE B R E MCP #%i A & /A F AL, a1 MCP E
ADTHLE X4 X STEE R MCP UL ERREMFOCF LA ERESL - mRRITKd®
ER 5 ER A MCP BB &R K 2R, B s Bk i 00 2872 MCP Lt At £ —i 2 U — B
KA B E. XM LREZREY X SRR = E R0 7 EZE 8 MCP 8538, FFF1X KRB
WL ER - MCP HEERBRARE, EEXEXEMY X HFLXERA=EHEESR . St —BetlE
Ja, Rk EE B AL X HERE R KL, ZE R AEE S . X A LT B R
WA BRI - PEOEFRH B AT YR T LA R WS FE S 4F T AR b ) e i BEAH I A4 T, o] R &
B REE CCD BR ARiCF AL .

XZARHLE SR, B 36O W AH HIL1S A7 B0 46 45 1 11 52 BR O s () (B 1) 43 3 36O M — 3 1 RLR
TH S ] HE . N e R, BAKIESF AL BB S R R — B W BRI, B FHAF

HESEHRFAA

A% B8.1994—07—11




502 it v Rk

24 3

R EIE S GEELY N 10 em/s) , TEBR AT 8] RS 8 A IR B 0y #H8 , (FE 100ps 79 45 &5 - MR iy 2 (8] oL
200 10um) I AT 25 (8] 73 3 R 5 IR E It [ELR AR iy - R R AT RE4H 52 R LR [a]

Microstrip line

-0
Target
Pinholes
MCP  phosphor screen
on FOP
B 1 fCE I O W AH HTLR
Fig.1 Schematic diagram of MCP gated framing camera
1.1 a4

FEALE 25 H) 43 B 45 dy $HFL LR 70 HER A MCP R TR R B R B W =M HF R & e - Rl EE
LR H RN EEHN R ILATHGE M TSSO LB KD X SHEM K A RO R M.
W ERTE . MR MCP WIE & s B E VB8 3 F— @ K X $HEMG @M REE FE— TR

EHfLER EEEDE LR S HRRS -
X R E A E AT R TR RN R L AR A

D, = sqrt(1. 22sMA/ (M + 1)%) D
TEMEHFLE R FWE LA /N AT BER T S 2 % (FWHMD
D,, = sqrt(1. 2253/ (M + 1) * D)) + D.(M + 1)/M) (2)
1.0 1.0
| D=0.02mm
08} PoLeos mm | {08
z ‘ Y =3000 V i
E_ é 0.6 106
r Optimum pinhole diamerer “ > T 02t 402
O Miumum pixel diameter
O Pixel diameter with 10um pinhole
0 0 0.0 0.0
5 10 {5 20 0 10 20 30 40 50
magnification Frequency (1/mm)

fg 2 SHFLRYLEY) T 4L = E) ) B

Fig. 2 Spatial resolution of pinhole camera at object plane

3 MCPRE MTF #itHiH
Fig. 3 Calculated MTF of the MCP imaget -

Bl 2 45 T EFA 1keV B X B2k s=563mm (P Re W38 52 RATEE) AR D (D Brit



6 HIES . BUBEEREE X STE LR IR L 503

Wity D, M D, - BIHiEsmE T &M KEETH 1opm $HL N HEE TR+, I LE 55
EFHEEHRK .

T RE N =8 0B EMCPYRIE B2 MCP Y53 BR RIBE L 96 i 09 T2 LA R A 4 AL
AFHEBERFG L XYL o HF A R R A Sy A e R ) R R EMTE, ] LU
BEMTE. F3RHAMEITVE AR Z 80T TR E L EMTE I & BT A5 0 5 B BOG B 4 58
(FWHM) 4 9 30um » 45 I (B R LA B FL AL R 9 B R R BI AT 8 30 W fE i A S B EW R TR/,
A 7E5~ 2005 SR FTE BN 6~ 1. Sum., FEFLAHPLE 72 A L 8 89 50 3 B LAY R e #2/)-
1.2 BtE)4rE

8 B0 B () 2 B m] el R b (T — 2% ) o1 A TR Y BGF {) 2 i E . B YE I IAD 52 L MCP 38 45 5 A (]
¥ A ML 5 (FWHMD. 5 8RRV ] B Bk o

R AT CHE il PR FEMep e F 4

2 505 B ] BRI ) 0 S B i L . oy ‘
REI H MCP 0 o 7 OR /D « WATT 8 1 7 18 35 8 VsV

R JEE ] 5 Tk o B W B AK B R MCP | 8

BHMARURE & RERRITRA s ¢ B

R RN T TH . S el o8 <o

B-MOTEM LK AR E LR P gead ]

Bl MCP R FRIR MG R 5 A S E Faofe | ggi“ ]

BMIE R . X — S T e i R OB r gas *

OSBRI B . {5 AL IE (B R IAE MCP L L B

B S R L () 4 4t T O S [ 5 e ko | = |

B RE X 5 . BT UL AL A0 MO L s b o 1 2 s o i

R B T MCP 9 58 35 B BT 0 o, FE 2 B 0 e

WEMIERE PR AR RN, BT P 4 REYERFIE] 15 MCP e L Bk sk s 3 ) X %
100ps (Y9 g BT (8], B fko i g 55 BE I /vF 300ps. Vp K I

WA 5T B koo Y 0 B DL R NS 4R TE ATBR £ BT Fig. 4 Exposure time vs. the width of the voltage pulse
m IS {EE R 5 THAN B FEMLL, applied on the MCP,V, is the peak amplitude of the pulse
X F D 2 AR .
HB/OMOTERFRE-RIEEL”. EFIET MCP RS tErEm - Bl 7 T Rix
(DZREFRE A AR OGER AV, B E T MCP il ﬁ%ﬁﬂ’]dﬂﬁ%k%ﬁ%ﬁﬂﬂ&ﬂuaﬁ
A A E R
S(VL0) = 6,,(0)(ve' " (10)
A 0, (O NG R 08T 6 K B FAKRS
0, (0) =46,0)(1 + K.0H
Hr 6,00 A4 N HET 6 R K, B HCREECY 3,K, BB 1 HUY 2. 4.
LAOF ¢ Bk N FFRE
v=(V, = V) /(V, (@ — V)
Hp v, A5 MCP j#E K% I E L8 S5 HN 3.5. V. (O H o K EFT AT I AN FHEEE .
V. =V, () + K.
V.. (0) R BN (0=0)BF & AR A W 19 ASTRE B X B 5 BE SRS (H A 245eV.
XAOF e RS HES o H X BTN Z&LEA
k= 0.62 (v<<1)
= 0.25 (v>1)



504 ¥ 2 ) 24 %

D ZKEFHVRER- VBV EMN KB FHRERNERT FSom, WEJJLAER E, A
1. 4eV.

(3) KRB &G IR R IZ 53 A (Lambert 43 47)

PUEREFESE K.V M E HEFEFEERUS TGS E- B R .

HIEREE TUTHESR.

(1) ¥ Bt (] B L 37k AV B S i 1] 9 2 i

24 MCP Fsqhn L g B 800V BB 24 200ps MR TEART TRk Bt 38 58 5O6 F A ST 2B L £ WL
B 5. AT A FRERITRK e AR TR, 8 B (] 6 75 8 56 B [0 4 M 17T Wik v 90 B T 908 R T 1) R R R 48 2
B SV R AR K, B X B G E ]t A R .

3000 1000

2500 +
r——— q 4 800

4 700
- 600

- 500

G

Voltage (V)

|
|
{
|
|
{
| 4100
{
l
{
l
[

-O—— 0

50 100 150 200 250
Time (ps)

B 5 S r el T BT (H) SR O R S AR IR R LS B A B S AR

Fig.5 The gain vs time curve when transit time dispersion is taken into account in the Monte-Carlo simulation
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Fig. 6 The gain of MCP gated by picosecond pulse when transit time dispersion is taken into account
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Abstract The technology of gating MCP in image intensifier with picosecond high voltage pulse for
ultrahigh speed photography has been developed in our group since 1 9 8 7. The voltage pulse was
generated by using GaAs photoswitch at that time. Great progress has been made since last year,
which is reported in this paper. Our new camera consists of a special proximity focused MCP imager
and a high voltage pulse generator. The picosecond high voltage pulse is generated by a sharpening
diode circuit that is driven by a high voltage step pulse. A meander shape infinity-ground microstrip
line was formed by speccial method on the input surface of the MCP and the rear face of the MCP that
is coated with conducting metal layer , such configuration was used to reduce the ohmic loss of
microstrip line on the MCP . The MCP is 2 6 mm in diameter and 0. 5 mm in thickness . The channel
diameter is 1 2. 5 um . The fiber - optic face plate is coated with P 2 0 phosphor screen . The image
is recorded in a film contacting the face plate . The gain characteristicx of the MCP gated by
picosecond pulse were simulated taking into account the effect of the electron transit time
dispersion . The static spatial resolution of the camera is 2 0 1p / mm when the phosphor screen
is applied with 3 kV voltage and the measured temporal resolution is ~ 1 0 0 ps . By using the
meander microstrip line configuration , up to 1 2 frame images were gated by a single voltage
pulse . The camera has been used for diagnosis of plasma produced by 1 k] laser beams and
worked well.

;Microchannel plate (MCP)
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