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Temperature Cycling Test
of
A Hyper-Pure Germanium Detector

Eiji SAKAI, Hiromi TERADA, Masaki KATAGIRI, and Hiroshi ITOH

Division of Reactor engineering, Tokai, JAERI

( Received January 27, 1975 )

Temperature cycling test of a hyper-pure germanium detector ( Nuclear
Radiation Developments, PHYGE charged-particle detector, Model No. 05005B,
Serial No. IOOPSPS, SOmm2 x 5mmt } was performed under cryostat vacuum.

The total duration of the detector at room temperature was 340hr ( seven
temperature cycles between 77K and room temperature }. The leakage current,
capacitance, gamma-ray peak detection efficiency, and energy resolution

showed very little change. The detector was found to be very stable against

temperature cycling.
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TEEBEHRL TWD, BEBHOBEEEE*ENTLLE6pF Thok? T, BEEHECHES
B 3pFPr%hbhe COERZNRD® data shect(Table 31 ) D 6pF T H~NTHAIn, 5
mmED 7V —FE Get HBOBEREEAHELINZ 28pF e’ THH0T

30, F/28pF/cm® =10.7cm?
EhbD HEEFL0pFOEZT 5mmo v —FE&HSEFEE1I0Tom (EZ11L7Tmm
CHY )2 FHS 35 T25, BOWHES0mm? RERT2EBHULERE W, Hr=Bry—aTx
P LTEBIITITon OCGe B EERNRM I ThELEI DAL EHTE D28,
KEHMELTHE W,

2k, AATAEL1I50VIRETSmmEOEZBEELC Lb , Ge BERO T MR
EAEETED. T2b%, [INy—Np |/cm® =9x10%/cem® & 25, FHPEE 9x10°/
em® O pRBELTFHRHLAZ IO LBEDR A,

COMHBLETFERFEHFL A > ~BA22 b2 HE LAk FO A RESHHOF]
PLT L, BaEEHEE (11,2901 (19741 0B1 B 04 »=FofieegE+Fig.
4 2T Fo 356keVH B REFER A~ £ —~FEELI0keV THIEIATWE, Ta
FOHFEEIE1L00keVTHD ok, F—27lHB*HBLTCHAY=B -2 R ENER
HETLL 16010 % 5,

Mtk BUESR , BEFER 25 emiCdWn-r , % Ba , "0s ' Co 0OBERBHT 2 # >~
~fRE A S Fig 43R Te <4 7XEERZ 00V, 200V, 100VOBIFEER2TL A
A T RBEGIOVIE T2 CoD 1333 keVAH = —20NER ¥ —AHEe
I OHRtRE M, PR AR, L93keVER LT LTIX10 7L % ok T 0TS HEh#t
3" %3 " Nal(TE)HIMBOMEGH HEE 1L.2X1 0% ~T , 0.014% L % nke 34 T =
BEL100VO EE B 100keVHUTO # > =BHOoOMHGDEREHFIBELLTHh53, 2
BB p BT TE b (depletion voltage = 150V ) , LE# w7, i
HWEBECHECY »~BORRERE L LWL EEELLND, AO0keVIFFRO Hr~=fo ¥
— IR S ENDE , A TXEF200V, 600V EE@eex10° LT, 47T
FE100VOE RO 410 H 5 s ERoTAe 60KV # > <D Ge it 20 AR E

Mh, G OARARBOEZ®FETHL081umEz 2, T A, AMEEFIXLI0® cm® 2k
—9—
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xR 100‘/ LI EERSET AL AnmE R\ RAREEZ(S~4 ) omh b

lmme % bREALHE LA 0BmmEAES 5. = A ¥ —HEEN31keVOH ¥ w5100

LT, 4 7=2100VOEIEENAEICHEMLTWES , Thil, 31keV # ¥ =g@liith &
OEIEOVOAERBICE LA SBE IR, BROFBAGH TEERT2 DR T o

I RN 2 b, SO E A ALTRAOEFEL LS,

B iR AU hE T, M EDER AT SO T, B HE HENEEEEACLT1I0em LT,

Ao el R RE T B &, Fig.d 4% X8 Tabled 4, Tabled 5 R LAEZEESRDL

hkoﬁgﬁéiﬂhf%ﬂ4’Xﬁﬁ%lﬂquKTﬁé&,%KﬁI%W¥—ﬁV7

BOIANE—PEER LD~ BHGFERBEFL TV A, 4T AEL150VD 60keV
A R AR R 69 OVOEEENZ L P VP ARBOE I 025mm st EHT
ELDT, N4 T2BEE150VCH sl T % M R SR AT deplete LT3 53, depleti—

on voltagelt 1530V EDEFREIWVWL @ L Ebh 5,

4.2 BESAIIILEER

Tabled 1 CRLAZL S , BHOEHOETT 1974412 K48 11: 0005124
1281700 0MpHiagRESHHHcesnw THebnk. COMTTIKIK 2o FHE

DOBERETHp, 12H12H17: 00 cHHREEFERIBLT 2514 R%y PEZERL
B BlsoBRED 1 BEBCREBC Rk, 12H13H9: 302 TEETHEL, 9
30(:%{::\_5;;&7@:%1,?%0 COES, BB D B 1 65EH TS 5. 1 BB H
%@fﬁﬁﬂw hmERFrSHIN L, 1281382612531 48 16:300RICHHE
DB AFIE L. FOMES , Tabled 2, 43, 44, L5CREYV 1 74 1OHICH
Lo Bigic LT, 7T8% TORE VA 2 AR ET 2ok AT 600Vt pEAE
L BEEE, 3156keV Ay =B C— O dE, A4 ¥F — — R, HRESENERK
BokEEra LT 7oy b T5EFigd5hTHbhik, BEEF ;%a‘jfhz , MEREED
RATHLTnE e IBEBRIE SpAnDb L4pADOHKE L TWAED, X DHT AT VE
HER T, Ay <GSR EEEL BIRECLOCTIER V.

—1 00—
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o % & 9

NRD#® PHYQE# #8 model 05005B Serial no.1 00P5F3 1E0EREK ,
_%E%,ﬁy?ﬁwﬁﬁﬁﬁ.I%wﬁ—%%%%M%b.%®$ﬁ$ﬁ¢%§ﬁ§%@ﬁ
EYA 2 ADEE AN BEBOREHL LUEIG , ARC IR, 50mm* #LU5
mmTH D, 4 TAEEG00VILEITARUERL I0ALT  BEEFL6pFT %0
m%%%ﬁ,ﬂ4TX%ESMWKbmfﬁﬁ%ﬁﬁgmm,%%g%ugw@(ﬁﬁ@
ﬁﬁﬁ%ﬁpF&%g%ak.3pF&&D,&ﬁ@@¥%ttoﬁ),1333@Vﬁyvﬁ
Kﬁ¢éE—ﬂ@&ﬁ@%ﬁﬁﬁ,@&%%E%ZSmﬂf?%f1jleTUﬂx3”Nﬂ0M)
L HARTO0014%) , M GEIE = A A F —REEE 1,93 keV TH oo B WD depletion
thﬂﬁMISOVWﬁTéét&#B,G&%%ﬁoﬁﬂ%%ﬁﬁgxlwcﬁ”?ééc&
2H] o o " '

M EEORTOEYERIELAR HHEBE 2754425y PCARARET, 27443
4?*@ﬁﬁgﬁ%ﬂﬁbfﬁﬁﬁoﬁﬁﬁﬁﬁmiﬁﬁﬁLﬁoKK%@%ﬁ%ﬁa4wz
ﬂyrmthﬁw%%ﬁﬂb.ﬁm%a%ﬁ@%%&ﬁoC@léﬁﬁ£#4ﬂm%7@ﬁ
ﬁoko(ﬁ&%ﬁ%ﬁﬁ&ckﬁ@@%%ﬂ340%@)ﬁ,_%&%@@Ewﬁ%bgﬂ
&@otoNRD&GHﬂﬂEﬁ$Eﬁﬁ§4¢zﬂyr®§§$fﬁa5ﬁwgiﬁg3§
BOBEYA AR L THRFELFET ST EERTE S,

B

NRD#0 PHYCEM EBE0HEB 2T 981& %2 52 TEN A CATERRKEH , CASRK
ErEHEL I T,

References

1) E.Sakai and I.L.Fowler: IEEE Trans. NS-15(3) (1968)327

2) E.Sakai: OYO BUTSURI( A monthly publication of the Japan Society of
Applied Physics)ig(1973]97fin Japanese)

3) Y.Ishizuka; ibid.44(1975) (in Japanese)

4).Nuclear Radiation Developments:" Instruction Manual for PHYGE charged-
particle detectors” |

5) E.Sakai, H.Terada, M,Katagiri, and H,Itoh: 1974 Fall Meeting of Atomic

Energy Society of Japan, C-17( 17 October 1974 )
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5 % & ¥

NRD# o PHYQE# Hi2 model 05005B Serial no.100P5P3 1@ACEREN .
%%ﬁ%.ﬁy?%G@mﬁ%.iﬁwﬁ-%ﬂ%%m%b,%@%ﬁSﬁ%%iﬁ%@@ﬁ
%ﬁ49k®%@%%&koﬁﬁ%@%ﬁ%kl@géﬁ,&ﬁﬁiﬂﬂ,SMmz%lUS
mmTH b, 4 TREEG00VICET2REERE 10AMT , BEFRL6pFTD 50

Mﬁ%%ﬂ,ﬂ47z%ESOQVKkm1ﬁﬁ%ﬁmgapA,%%ggugnpp(mﬁ@
ﬁﬁﬁ%ﬁpF%%%%%&.3pF&ﬁb,&ﬁ@®¥%&&ok),1333@Vﬁyv%
Cxtdp € — 21 BAEGEE , B hEHER 25 cmic 2T 17Xx1077 ( 37 % 8" Nal(T#)
EHART0014%) ,MEGESE = koA F —SHEEE 1.93keV TH oo R o depletion
Wlmth60VWﬁT®6C&¢%.Ge$%%@KM%%%m9xuﬁaﬁWééc&
¥ 5 Fe o " -

BEECRNOEHERIE LA , BEBE 744 X8y PCARAEZET, 2744 X
ﬂyb@ﬁ%%ﬁ%ﬁﬁbfﬁ&%@ﬁ%&%ﬁﬂiﬁﬁ%Lﬁn&Kﬁ@%ﬁ%fa4xz
ﬂwbﬁlhf@&%%%ﬂb,ﬁm%@%%ﬁ&%&ﬁnC@;ﬁtﬁ§v4fw%7@ﬁ
B, (HHENERCS-AHEOLEE 34082, AR REORtEFEL 5N
koo NRDHOPHYGEMHER 2 51422y tOHERTIE ) MEZREBESE
BOBEYM 7L TREERFETRTEERTE S,

NRD#® PHYGE#R BB oRB 2%z 94t 51 THENACATERRE&H , A=K
EREHL 2T,

References
1) E.Sakai and I.L.Fowler; IEEE Trans. NS-15(3) (1968)327

2) E.Sakai; 0YO BUTSURI ( A monthly publication of the Japan Society of

Applied Physics)ig(1973]97(in Japanese)

3) Y.Ishizuka: ibid.44(1975) (in Japanese}

4).Nuclear Radiation Developments:" Instruction Manual for PHYGE charged-

particle detectors”

5) E.Sakai, H.Terada, M,Katagiri, and H,Itoh: 1974 Fall Meeting of Atomic

Energy Society of Japan, C-17( 17 October 1974 )
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5 & o)

NRDz o PHYGE# 122 model 050058 Serial no.100P3P3 1EOIERER
SR F OB EME , T AL F—RHEREEL , TORRSHERRARENON
EV4 I ADBBETHN L. B ERORERF IVEIL, HigcInd, 50mm® X5
mmTH b, 4 TREEG00VERTARBER T 1nAMT BESRL6pFTH 50

SRR , 4 TAEEGOOVIE W TRRENRL 92p4A , BEEEL 00pF (RO
BEEE6pFR3IAERE , 3pF e b, HBEOES L2 o) , 183 3keV 7 ¥ 7§
Kﬁ%ﬁaﬁ—fitW%%@%@i#%m%%h%Ezsmwcrm11jx1d”(s”xsﬁwrmy)
LHNTO0.014%) , K@ = o ¥ —5 BEE 4 1.03keV T3 oo M HEEO depletion
voltage @ 150VHET éété:fﬂ‘o Ce BRELOFMHBEFOX10° cm’ThiT L
¥ o Ao

B HEORMOSHFRIELAR  RBRE 754422y PCANARET, 27744 %
£y b OWHESE WL TRUBOBE e ERIC LI HE L, RCEEBREZ 74 4%
£y VCAK THREEZEHL , HBBORSEEA N, cOXIRBEYA 7 vE 7THA
B ots (BHHERFECE-ABMEOLSEI 34082, FE2EEOLLERD LN
h s oto NRDHO PHYGEMWER 7 51422y tOEBER T ) HUIRBESE
E@W%#%f”Wﬂbfﬁﬁﬁﬁﬁ@@Tj&#ﬁfg%

il s

NRD&@HDWEﬁﬁﬁeaﬁ%ﬁ&5%%%5zfﬁmtﬁxl%ﬁﬁéﬁ,txzi
EIESEL £3.

References
1) E.Sakai and 1.L.Fowler; IEEE Trans. NS-15(3) (1968)327
2) E.Sakai: 0YO BUTSURI( A monthly‘publication of the Japan Society of
Applied Physics)ﬁgj1973]97(1n Japanese)
3} Y.Ishizuka; ibid.44(1975) (in Japanese}
4) Nuclear Radiation Developmeﬁts:” Instruction Manual for PHYGE charged-
particle detectors” |
5) E.Sakai, H.Terada, M,Katagiri, and H.Itoh: 1974 Fall Meeting of Atomic

Energy Society of Japan, C-17( 17 October 1974 )
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Table captions

Table 2.1

Table 3,1

Table

Table

Table

Table

Table

4,

4.

4,

4,

4,

1

2

3

4

5

Technical specifications of NRD PHYGE charged-particle detectors
Detector data sheet supplied by NRD

Time schedule of temperature cycling

Leakage current vs. bias voltage characteristics after succes-
sive temperature cycling

Detector capacitance vs. bias voltage characteristics after suc-
ceséive temperature cycling

Absolute peak detection efficiency vs. gamma-ray energy charac-
teristics after successive temperature cycling

Energy resolution vs. gamma-ray energy characteristics after

successive temperature cycling

Photo captions

Photo 2.1 Sealed container of NRD PHYGE detector: the detector was pro-

Photo

Photo

Photo

Photo

Z.

3.

3.

3.

2

1

2

3

tecfed by a hard plastic plate, wrapped in an aluminum foil,
and sealed in a glass container under decompression.

Opened sealed-container of NRD PHYGE detector: glass bottle,
1id, detector protection plate, and aluminum foil for wrapping
the detector are shown.

Detector mounted on the cold finger

Cryostat and the detector mounted on the cold finger: aluminum
end-cap was disassembled.

Cryostat with preamplifier and high voltage filter: electronics

in a mini-bin are also shown.
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Figure captions

Fig.2.1 NRD PHYGE detector construction

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

2.

2

2

.3

Case dimension of NRD PHYGE charged-particle detector

24l alpha-particles measured by

Pulse height distribution of
PHYGE detector

Pulse height distribution of 137Cs conversion electrons measur-
ed by PHYGE detector

Pulse height distribution of protoﬁs elastically scattered from
Au at 10MeYV: This was measured by PHYGE detector.

Pulse height distribution of 60Co gamma-rays measured by PHYGE

detector

37

Pulse height distribution of 1 Cs gamma-rays measured by PHYGE

detector

Pulse height distribution of 57Co gamma-Tays measured by PHYGE
detector

Pulse height distribution of 241 gamma-rays measured by PHYGE
detector

Dimension of NRD PHYGE detector Model Q5005B

Mounting assembly for NRD PHYGE detector

Liquid nitrogen consumption of cryostat with 33cm3 Ge(Li)detector
and preamplifier

Vacuum system

Initial characteristics of capacitance and leakage current vs.
bias voltage of PHYGE detector Model 050058

33

Pulse height distribution of 1 Ba gamma-rays measured by NRD

PHYGE detector Model 05005B



Fig.4.3

Fig.4.4

Fig.4.5

JAERI-M:'5 988"

Initial detector performance measured at source-to-detector
distance Z5cm

Initial détector pérformance measured at source-to-detector
distance 10cm |

Detector performance at 600V bias voltage vs. duration of

detector at room temperature
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Table 2,1 Technical specifications of NRD PHYGE
charged-particle detectors

Active

Active

Resolution at 77K

Model No. ared depth (KeV FWHM) _Case- Fg;igionto

(mmZJ (o) 5. 5MeV 625keV  Dimension g

: _ alpha  electrons
C5005A 50 5 20 Fig.2.2(a) 1740
050058 50 5 / ) Fig.2.2(a) 1160
05010A 50 19 20 Fig.2.2(a) 2900
05010B 50 10 / .5 Fig.2.2(a) 1970
15005A 150 5 .20 Fig.2.2(a) 2950
15005B 150 5 / .5 Fig.2.2{(a) 1970
15010A 150 10 20 Fig.2.2(a) 4060
15010B 150 10 / .5 Fig.2.2(a) 2750
30005A 300 5 20 Fig.2.2{b) 3480
3000SB 300 5 / .5 Fig.2.2(b) 2320
30010A 300 10 20 Fig.2.2{(b) 4950
300108 300 10 / .5 Fig.2.2(b) 3480
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Table 3.1 Detector data sheet supplied by NRD

Nuctear Radiation Developments

Division of Electranic Associales of Canada, Lid.

MEASURING CERTIFICATE PHYGE™ CHARGED PARTICLE DETECTORS
Model No. 05005B ( 50 mm2 x 5 mm )

Serial No. [00 Ps P“%
Type PHYCE - jprnQL_E

Recommended bias voltage at 77°K .gf?g{...v

Reverse Current f;.J.g?.nA

Capacitance 6.0 PF
. . 241, . .

Energy resolution with Am alpha particles QZél

(FWHM) G .. keY

. . 137 . -

Energy resolution with Cs beta particles 3 5

: ' (FWHM) P e e o kKEV

Energy resolution with

Amplifier time constants éQ L{Sﬁoc

Polarity of bias - E)o?. L‘k'\ug, s O "(\'\Q F;\‘N

NOTE: All energy resolutions measured at recommended bias
voltage at 77°K with Tennelec TC161A preamplifier or
equivalent'and Tennelec TC203BLR amplifier or equiva-
lent. The noise of the electronic equipment is in-
cluded in the figure given for the energy resolution.

JL 11/74

Date of test:
Tested by: O@
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Time schedule of temperature cycling

No. of tempera-

ture cycling

Cooling cycle

Duration (hr)

Start Terminate at 77K %gmﬁgggture
Initial 11:00 Dec.4 17:00 Dec.12 208
16.5
1 9:30 Dec.13 16:30 Dec.14 31
41,0
2 9.30 Dec.l16 18;30 Dec.16 9
22.5
3 17:00 Dec.17 18:10 Dec.19 49
22.0
4 16:00 Dec.20 14:00 Dec.21 20
’ _ 25.0
5 15:00 Dec.22 14:30 Dec.23 23.5
20.5
6 - 11:00 Dec.24 10:00 Dec.27 71.0
192.5
7 10:30 Jan. 4
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Photo 2.1 Scaled container of NRD PHYGE detector: the detector was prote-
cted by a hard plastic plate, wrapped in an aluminum foil, and
sealed in a glass bottle under decompression.

Photo 2.2 Opened sealed-container of NRD PHYGE detector: glass bottle, .
1id, detector protection plate, and aluminum foil for wrapp-
ing the detector are shown.

—-26— "
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Photo 3.1 Detector mounted on the cold finger

Photo 3.2 Cryostat and the detector mounted on the cold finger: aluminum
end-cap was disassembled.
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Photo 3.3 Cryostat with preamplifier and high voltage filter: electro-
nics in a mini-bin are also shown.
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Fig. 22 Case dimensions of NRD PHYGE charged particle detectors
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Fig.2.5 Pulse height distribution of protons elastically scottered from Au at 10 MeV.

This was measured by PHYGE detector
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Fig. 2.6 Pulse height distribution of %0Co gamma —rays measured by PHYGE detector
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Fig. 27 Pulse height distribution of *7Cs gamma— rays measured by PHYGE detector
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Fig. 2.9 Pulse height distripution of **'Am gamma — rays megsured by PHYGE detector
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Fig. 3.1 Dimensicn of NRD PHYGE detector model 050058
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