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(2) #) A PL &M B X AT CVD LR G+ 1.55 eV
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CVD2RIBEAARKRHE A A INRRAE R,
ERATZARETIENEHEN B S EAA HA B4R CVD
SR FBENFHERRUBOFAHNCER AN E TR A RE 7
5,CVD £ R % A SRR 8 16 5 % & 54 (MSGO) #
WA AR TRERTR A iR BN, K YA
M BHFRAA.

AEXFHA AR ERFIFEEAR KT N TLEF *
Fogs |t F S MR (HFCVD) £ 4, Roh 81 & 1 70
HHADER CVD LR B E, SRRt 5HEEHLERAET
50%, & F XA o 10%~20%. # @it 7 CVD 40l
FRG PR E AN X R, XA A PL £igA
EAATCVDLRIAEF L.55eVHBERANELE, FHZH
Si—O#8FXH[SI—V] FoFEWEFFR AL (ZPL) KR
. RKARKIZMATENE % ET CVD AR B B
RE,HER Cr/Au REERENT 54N 7 ENEKEE R

RitHBELT CVDARIERMBEFHEAREKERNEY
BAZHETFFRE RSB HEL KA T EALE LK
BAE. KA ANSYS B ### 7T CVD £ R & M & 7 50 &
MRARBERMNBEN R LT BHET.

RAHFEHT CVD 2R F X FEARMBF o fr FHEA
B A TEANZE. A A 5. 9 keV5Fe X 4% 1 5. 5 MeV24!
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Ama B FHRET CVD AR BHRMBZWE , KET HBEEES
MAFEGENRZEANESHER D ZEANNERR, FRT
“priming” 2k b % K 2 M 48 B9 B . S0 kV « em L@ 37 CVD
SR Z RN B AR BRI A : BRI 3. 2nA, b # T 16.8
nAX %) fu% s 3% 15. 0 nACa B F), 5% th 5. 25(X S 4)
F14.69(a HF), B ESH R 16. 260 (X H &) F 25% (a kr
F AR EKE 45 1% (X H &)1 19.38% (e B F)%. £ B
HYFERE,.CVDL2RA c K FRMBNBETRERERE
2|7 36.91%. B, A XA A H X# CVD 2R A Exyy
HH T HEAES «c R FHEME,20kV e em BT R ER R
fogt B2 HEE 5| K 46. 105 3. 9%.

RAHFHF T CVD 2R B E/SI A RN HERERER
M, EATERNZEE. FH 5 9keVSFe X & H % T M 5
ERETEAHTHEE. GREEIHEN 12.2008 A8
M ns BER. BB, FI A& AEBBETAEZRGFTH T AEET
fr i 2 (GEM), 3t 7% i MSGC+GEM S &% 0 % & 4, & A1t
BETE% 10° Hz, b B % 18.2%.

X@iA CVD 4R &, b, #il £ # N CVD
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Abstract

The outstanding properties of CVD diamond film such as
electronic, optical, thermal and mechanical and the high
radiation hardness have made it an ideal candidate material
for radiation detectors in severe environments. Fabrication of
“detector grade” CVD diamond films and development of
CVD diamond detectors have been leading edge subjects.
Micro-Strip Gas Chamber ( MSGC) fabricated on CVD
diamond substrate would overcome the charge-up effect and
the substrate instability, which has been a hotspot in the
research of gas detectors.

In this thesis, “detector grade” (100)-oriented CVD
diamond films were successfully grown on Si substrates by
manually scratching the Si surface with the diamond powder
and controlling the hot-filament chemical vapor deposition
(HFCVD) parameters. The ratio of the diamond grain size to
the film thickness is high to 50%, much larger than the
reported values of 10% ~20% in literatures. The optical and
electronic performances of CVD diamond film and the defect
energy-levels in the film were investigated in detail. We
firstly detected the defect energy-level at 1.55 eV by using the
PL spectrum and tentatively attributed it to the zero-phonon
luminescence line (ZPL) or vibronic band of the [ Si—V [°
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induced by the Si—O bonds. The film quality was improved
by the annealing process and the surface oxidization. Cr/Au
electrodes were realized ohmic contacts with diamond after
annealing. )

A general read-out electronic system, i.e. a computer
assistant multi-channel spectroscopy was designed and set up
for CVD diamond detector and MSGC. ANSYS software was
used to simulate the distribution of the electric field in CVD
diamond micro-strip detector and MSGC and to optimize the
electrode design.

We successfully developed CVD diamond X - ray detectors
and a particle detectors. 5.9 keV ®Fe X - rays and 5.5 MeV
22l Am a particles were used to measure the performances of
CVD diamond detectors. The internal relationship between
the detector performances and the material quality (especially
the diamond grain size) was obtained and the “priming”
effect was studied to improve the detector performances. At
an electric field of 50 kV « cm~!, many significant results
were achieved, e. g. the dark-current is of 3.2 nA, the
photocurrent of 16. 8 nA (X-rays) and the net-current of
15.0 nA (a particles), the signal-to-noise ratio of 5. 25
(X-rays) and 4. 69 (a particles), the energy resolution of
16.26% (X-rays) and 25% (a particles), the charge
collection efficiency of 45. 1% (X-rays) and 19. 38% («a
particles) and so on. By pre-irradiating CVD diamond «
particle detector with B particles, the charge collection
efficiency was dramatically improved from 19. 38% to
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36.91% due to the “priming” effect of the deep trapping
centers. CVD diamond micro-strip a particle detector was
also advanced on a free-standing CVD diamond film and the
charge collection efficiency of 46.1% and the energy
resolution of 3. 9% were achieved at an electric field of
20kV ecm™!.

MSGC was successfully developed on CVD diamond film/
Si substrate. The performances of MSGC operating under
various conditions were studied by using 5. 9 keV *Fe
X -rays, and the energy resolution of 12. 2% and the rise-
time in an order of ns were achieved. In addition, we also
fabricated Gas Electron Multiplier (GEM) from the Kapton
film with a thickness of 50 pm by using a laser masking
drilling technique and added it to MSGC. The count rate
capacity of 10° Hz and the energy resolution of 18.2% were
obtained for 5. 9 keV X-rays by the MSGC + GEM gas
detector system.

Key words CVD diamond film, optical and electronic
performances, computer assistant multi-channel spectroscopy,
CVD diamond detector, Micro-Strip Gas Chamber
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SR E LA b it A, B 2 SR - = SR J LR B S o 1 K
Ji&. JLrpf AR e 1 A BRI 2 AR P BRI 5 R
TR A HRTRTTERR e 2 B A% 7 BF 58 0 (CERND B4
PE BRI B A 5 H (RD28) - K2 CVD £ Wil 47 R0 % ¥ BF &

1 H (RDA) T 5] AvEH.

1.2 CVD £RIFE

2 W7 LA HC B o PO BB BE A 5 PR R SR BE S W B 2 R
AR SRR (ANE 1. 2 B8 AL T ol 7 O e 7
ZPAFE ) R 1 0L A

®1.2 ERTENASHMGZERBFMRERE LR

% 5 Diamond ~ Si GaAs  Hgl, CdZnTe
JRFIFE Z 6 14 31/33  80/53  48/30/52
R p (g cm ™) 3.51 2.33  5.32  6.40 5.9
HAEFE R (eV) 5.5 .12 1.43 213 1.5~2.2
B (Q » cm) >10" 2.3x10° 10° 10" 101
I EE 5.7 1.9 13.2 8.8 10. 9
IR, e 2100 1350 8500 100 1350
(em?+V'es) h 1800 480 400 4 120
ARR-EHTM ur e 10 38000 80  100~500 1000~5 000
(X10°°em? V') h 10 13000 40 40 6
HER(Weem '« K1) 20 1.4 0. 54
HERERE (Veem ) 100 3X10° 4x10° 1. 5% 10°
AUEBMFHKE (cm®)  <10° 1.5xX10° %10
HAEE (kmes ') 220 100 . 80
-2k AR e 132 3.61 4.2 4.2 4.5

(eV)
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g %k
% b4 Diamond Si GaAs Hgl, CdZnTe

WA B kRE(MeV « 469 3.21 5.6

em )
300 pm ERFEH A E 11.85X 32.2X 53X

far g1 10° 10° 10°
EERT F 0.11~0.150.085  0.18 0.08
TAERE (K <800 77 130(300) 300 300
5.9keV ¥Fe X 4§28kt 0.088  0.136 0. 295 1.5
Sy FWHM (keV)
5.5 MeV #' Am o $i T fE _

B4R FWHM (keV) 143 13.5 16 64. 8
BARBEWC Recm?) 21 88. 4 76 64

SR AR G WA A8 i B Bt T EL 30 496 5 ok ) < 1 X T
RR Ht A F— IR 5 5. 5350 RIRER 0 2% Bk L
I AR AR SR K & R 01 SR 2% TR R 3 A (9 AN 39 23 7 LA RS /NRE I
F M PR T AR AR A A B L T I A R B AL U
FUCVD) &R 5 5 B4 B FIAS W7 52 8« Ao 3 R T AR IAS L =
ARE AR BRFE K LT EAT AL AT AR £ 8 W 7 iy B BRSE L oA
REFEAR 22 05 66 A0 T KRR & NI, Hoal i 5 T Z S 8Ok B
T CVD SN, 51 T AMTHR AT, C7EE R A MR
JZT R BRI AT R RS B S R R B K S N
£ GUIRAS R T Z MBS ARF  OF & U R S ST 2
PRt A BT o o R PSR B ) A R D R AR A0

HAT.CVD &RIARMAER T ERE . ERAHE . MMSE T
& CVD % . #422 CVD 3% VAL B Tk CVD 35 B - 5 5
TR CVD ¥ E WS B AR CVD 3 o 7 [ie ik CVD 3. @
WEE B K CVD 3% B0LE S CVD 3% %5 DA 8 71k CVD 3%
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