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- Many new problems are encountered in attempting to apply silicon· 

lithium drifting technology to germanium. Lithium is much more mobile· 
·,_. 

in germanium and its equilibrium solubility at room temperature can be 

less than the acceptor concentration. The low intrinsic temp~rature [_,~==\tl.~0J _· · ·. 

L 

". ,._ ~ .-. ·-~-requires d-rifting at low t~mperatures and large currents and this· is ' 
! ,r; ::··>.frustrated. by the lower thermal conductivity of germanium._ Large ·-,·:I 

•. - -··, ···< 
,_;- ····-~ ,.,·: 

.. ~' ·--crystals of germanium are also very fragile· and are easily damaged by ·· .. ,· 
.·;:_ 

· ··-··· "-·- thermal or mechanical shock. However, techniques developed in this .. _ .. · . : ·o;··:.· 

· · <:.);-~:·laboratory ~ave· permitted the manufacture of a large number-of detectors_ . . . ::· . 

. , - ·.>;_,:_,~ ·with depietion depths to 1 em,· deple.ted voll.unes to 7 cm3 and. energy .• 
'.. . : ' 

. ; ._ . 
... ';· : 

·>-'·.-. 
·_resolution on 100 keV ~'s as_ good :as 2.1 keV: F.W~H.M •. These_ techniques ... _·,' 

·.. I" •' ' ·;_-.•~ '• 

·.· ~--··· 
·,··. •' . 

- . ' ';:·-. ;'-

. __ ;' :. _,~ 

are described and some results obtained using the detectors are pre- . ' .; ~: .. •.··_ .. , 
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' ' .. · . ' . .. . . ' ~: - .· .... 
~--·~· ... -

•• • •• ;.~· .• • -... ! •• INTRODUCTION 

. .. t, . 

. · "' 't;~. 

. . . ~ · .. . . , 
·~· · li tnium-drifted detectors have a gamma-ray absorption qpefficient of from . -~ . 

1; \o 1 00% depending on energy and detector thickness~ a; ~harge collection 

. . . Th; usefulness of germanium as a gamma-ray spectro~eter has been . 

demo~strated by Webb and Williams 1 and :EwM.. and. Ta~endale~ Germanium (J 
. ' ...... 

' .. · 

. •• ...•. ' 

· ·time of from 1 0 to 30 ~sec and a gamma line width as small as 2 ke 0 
·. ~... .. : . ·r 

··.··.However, these .detectors have not as yet become generally available to 

. experimenters due apparently to difficulties in ·producing thick junctions 

· ·.· · · ., ~- · · ·and also to deterioration when stored under normal ambient conditions. 
·~: . · ...... · : 
-:· ,_· It is often found that lithium alloyed to p-type germanium does not 

; ~ ~ . 
· · · · · .; >.·produce a rectifier at room temperature or alternatively after a Short time 

r' ' ::,. ;' .. : ··: . :· . the junction loses its rectifying properties. Frequently a good junction 
-; .· ·.· 

·. '· ·.·· , : .. seems to contain only immobile lithium since, on heat~ng and reverse biasing,· 
' ·~ . . . 

· '-".·.. . . .. : .no lithium drifting occurs. On occasion, drifting proceeds normally for 
' .. :'. 

', · ... 

: .' . 
• ·.; '.'! 

,. ,: some tlme, th.en t:he junctio~ disappears or it becomes a very ~oor rectifir\r~. 

·· .. · ·.·These effects are all partly understandable from the nature of the Ge-Li \ . 

: system -- a system which has been discussed extensively in the literature. 

THE GE~~IUM-LITHIUM SYSTEM 

Interest in the ·Ge-Li system as a tool for the study_of solid, solutions 

resulted in the work of Reiss,· Fuller and Morin at Bell Telephone Laboratories 

.and the excellent a;ticle summarizin~ theirwork up to 1956? This section. 

· . draws largely on their data and attempts to select information of interest to 

the detector area. 

Lithium in germanium is of interest due principly to the fact that lithium· 

.. ·-' ··; ·-.: .. is . electrically· active in germanium with only a. s·ingie ·ionization st.B.te and · 

.. ·. :'': .· ........ that it has a mobility which· is ~ery high at temperatures at which most other 
:•. 

i. ·defects and impurities can be considered immobile. This has allowed a demon-

stration of the application of a law· of mass action for ions in semiconductors · 

. . . . . .· . · and has led to a better understanding of the electrical nature of lattice 
'. 

··e \F· .. · .... · .. ~·.·,>defects in solids •. 

In the absence of acceptors, lithium has a maximum solubility in germanium 
18 3 ' . . . ., :13 3 

.... of about 3 x 10 · /em ·at 610°0 and an equilibrium solubility o! 6.6 ~ 1.0 · /em 

. , . . : ... ·::_at 25°0( 5) The presence ot· acceptors increase.s the room 'temperature solubilitY:" 

· ...... 

I • ~ : 

. '~ .. 

·-.· ... ,, 
>' 

· .. 

'·.·:· 
.. ~.:--.:.. ... ·.-_. ·-- ... · ........ · ... : __ .: ............ :~~::·.-.. ' ·····~~-.... . •,•"·· . ' . -......... ,_. ·'· 

' ,_; 
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: ' ' .. ~ • • ' ~- • 1 ·: ...... :· • 

,_. 

)" 

-- --;-->-, 

·,t 

. . '·' . 
. .. 

l ' ,, ... 
. · .. ' .~ . 

.• : '··~·;;~_-ff:~due.· t~ .ipnpairing~ However, the, ~elationship between acceptor con~entration '~ :: . ,,. {::, 

and lithi~ solubility is such that it. -is 'impossible to·~perman~ntly !maintain .· t 

enough ionized lithium. in the lattice to' convert the germanium--~~ ~=type · · :·.· ,. _.) :::·Jr 
···.under equilibrium conditions at room temperature unless the acceptor. con;.. ··.~ · f;; 

.\/ oentration ~S less than about 5 X 1014/cm3 • 'Also, as the temperature is . :>.~· .:-·-'. (f: 
: ~· 0 ' I • '•.' '•: •• ·•t>i 
. increased above 25 c, the maximum acceptor concentration which' can be over-. ,··' -· :_. r.:i 

. • .• ·• ·• '' 1•, 

·::~compensated by io~-pairing and l~thium sol\lbili~y is reduced •. This has the ; . ,;, :,, .:Y::·· r'i 

'-· .... ~n-typeness due to lithium doping _;... it will be either intrinsic or p-type. ::: 
....... . . 

:>effect that at 6.0 C or high.er, germanium cannot be mad

7

e to. have an equilibrium ...... : ... ,·.·.; · .. _·.· t.:.·:·.:: 

· .. ': ,., .· /::,;··:.·. Fig. 1. shows· a plot of intrinsic carrier concentration · and the so.,lubili ty of >' ·: : : [i( 
:-) · < : ).i thium5 as a function of reciprocal temperature. It is seen that, below . . < . .··. [:.:. 
_ . ··about 57°0, germanium which has been saturated with lithium will sho.w extrinsic:;:< ·: '.' ~~;: 

. ·' '·.'' .. n.:.type cond.uction while above this temperature, it gives intrinsic conduction • ' . ·'. < .... '~t·:,· . 
! ' • i . ~· . 
': . : . ;:· 
. ·'• 15! ... . ' . ' . 

. .. ': ~--:·:· .. ~.:· ~ •. 

for fairly long periods of· time even in the presence of large acceptor concen- . . .. 

The above comments apply only to equilibrium conditions; .it is, ·of course,· 

possible for germanium to be super-saturated with lithium and remain n-type 

. . ·,. '. '.~:: 

·' .... :···· .trations.· The time-constant by which the super-saturated lithium :'ill precip- · ; .. ;·. 

:.-:~·· ~~ · ... :/_ itate is influenced by the degree of super-saturation, the time and temperature .-:>J.;, I".~I. 1 

·.,_ . •, of saturation a_nd by the presence 'of lattice defect's and certain impurities. .;. };:/:: .· ··. i 

·;: .·... , :: :::~e :~~ ::a~e:h:h:::~;::t~:g:; =~:~ic;h:e!;;::t w: .:;;:~e::t~· ;;;f:, ~~ 
interesting ~n that it is an interst:ttia.l impurity (as :ts lithium) and has a. · <;~ 

. 6 . . ~ 
-much higher mobility and lower solubility. Carter and Swa.lin have shown that ,, ' 

:~·~· ... 
. ~:; . .' .- •'>: .. >copper will precipitate more readily in traps than will lithitim~. ·This has the· 

' . 
. . . . . '.·:_,. :effect of neutralizing or lowering th.e cross-section o~ a trap for lithium 

·.·.:·:;>::<:,_·precipitation, thus increasing the precipitation time-constant •... Although 

' '. _:: ;· . ·f.:~ . it. has not been demonstrated, it· is probable that nickel will have the same 
.. .: - . \:r effect as copper in its ability to _'act as a trap-neutralizing impurity.' · .... : ; .. ·. ,.,:; :."\' .. 

:_ .. OJ,.£i· • DETEcTOR FABRICATION ..•. '_ ·. .• . ·<''j~i'.~;?/;)~ 
' > ':.'{ ') ' No dis;,ssioil of th~ OOncept of semiconducto; imp~ity .;,.;.;.sation bt; .. ~;:,';'•;~::\~ i 

.. ;,_:··:.:/~:;~:·:::~:.ion~;ift·.will be given as t.his subject is ~ply c~ver~d:in __ the'.litEi_~t~~~; .. :J.X;~:_:L!~.·.':~·~:- r: l 
.. _._::·~:::<(,~:~:It is ~e~essary ~nly to· adapt the .usual .procedur~~-- for 'drif~ing lith~~- in_·;':::·-::~·:.';_~">;·.:·. [y ' 

I '! - ' f II "'• ' • 0 ' • ' ' ' ' t .. , ~ 0 .,.. ' 0 : ' • • \ 'J ~ '' .. ' ' t.' t t..: 
.. · ::._-;·.;,:,:silicon to the production of thick junctions ingerrilanium;;·.~:/;'> .. :<;,:. · .>> ... ;·· : .. _~;-,::--, ::. 

t. • .•.• -.. • ·•·. ._ : . . . . ...... • • ,.' .. _ ... ·. • .:., ·. -~ -~. .. . _,., ·:. ~~-. \ •. r __ :·' ,. -~-··. \·_ ........ ", _,. ·t 

• " ·•,• • I ':•·, •• .., • . ' •:' • , ·:~.'I· ,,·· ~.· .. :•··. .-.~~ ;• ·:~: 
. ··.· ~- ~. . . . ' . ··. ,' .~~ . .· . .,. ;, : ' ·· .. :,' ··: " . . ·,: : ·~ ' . ·. . . 

•• · . • : .. ·-:·:. , •.• •• ; _. ... - ::_~·. > : , •.. · . • .. .. • ./-: ·:.· ~ •. -· .. :;. •• ;: •.•• ·, :: ••. - -~ .: • ·,<; :, .c; 
·;. '. '. • .. ' . • ·.· .,. ... .. ; ;;,,( •. '.. ' . . . .: f..:J. 

,.,,, ....... ,·,. ,.., .... :· .. ~.;::~,;~\·<:·~.:. ... ~,'•!/;:·.' .J".:.•:·:·;. "~::~; -.n·\.:,',:):_i:'' -'-''~] •,,·.'.<,,',,.::·· /': ..... ·:.·''':::.,.··~~.'~., 



' .. 

;,:, 

!' •.;. 

. ·. ·· ... ··· . ... · ... · .. '· /' 

.. ,-!·:-.· !;_ 
. ,-; ~ .. 
. , ·--· 

-3- UCRL-11589 

. Before presenting detailed drifting~~techniques, a word of caution is 

necessar,y concerning the handling of large germanitim crystals. Large area 

:~ ;• . . > germanium crystals more than 3 or 4 mm thick are very fj-ag-~le _and easily · 

. :-<:-~r ·. , ·.damaged by small mechanical .or thermal shocks. For ex~ple, the following 

... . ~: ~-. ·· ... 
.. ·, . ·· .. ~ ' 

~<~L- ; ._ :>.treatments have been found to fr~gmen~ or produce interpru. cracks~ transfer- · · · 

, . . . .. -· . ,;. · ing a crystal from boiling to 25 C methyl alcohol; cool;ing a crystal with 
~ . . 0 I 

· ·)· . . . .. : ·:·adherent .nickel or indium amalgam contacts to 77 K; putting a crystal on a 
. '; ... '.. . . 0 

•· :,· .:·· .. ·. ·hot plate at 400 C to alloy lithium; coating with wax, silicone grease,· 
' . ":' '···. ·.''.,, 

._ ' : . : :; _ : -_. :>: silicone rubber, or silicone varnish e.nd cooling to 77° f· We have .found it 

. ~-: · :.· · ,'to be impossible to cut crystals with 7 cm
2 cross-sect~on in one pass with 

. . /. ~- ,' .:·, ·. ; a diamond saw ·_wi ~hout: damage. The crystals are cut by'' sawing no more than 

"·· ... _ 0.15" in each pass of the blade. Large crystals gold alloyed to Tantalum 
·_. '>. . 0 . . ... 
· _· · . .-: ·· or Kovar will fracture at 77 K due to differential contraction but we have · .. , 

. ' ·_ .. _ •. successfully cooled crystals alloyed ·t;o molybdenum. . ;" 

··..:. -: 1,·. '. 

The resistivity of the germanium is selected so the lithi-um drifting! · · 
. . . . '-1 

. can be carried out while operating in the shaded area of Fig. 1. This will 

ins~e that the equilibrium ionized lithium concentration is always greater · 

than the acceptor concentration. We. have normally used 30 to 45 ohm-em, 

. . 'gall~~ _doped, zone leveled crystals? Crystals from various aow:·c~~ have been 

.. · .,_.; ·. ·. · · ,: ... used including zone leveled, vacuum float-zoned and pulled crystals some of 
', :_" ' .· . ~·· _:·.· 

. ·' · which were dislocation free. The pulled crystals which have been used all· 

.. '. 

~ . \ . 
. -~ . 

'· : 

~ ... · .. "· ' 

,•· 
; , .. · 

.. . ; .. , ~ 

·.·' : 

·, -·:~ .,:' .··_ . ·: .. 

. • , : ,• . ·,:·.~,: . . contained some impurity which rapidly catalyzed the 'li thi~ precipitation -: I - ':·.:.:..' 

' with a time constant of minutes -- while the vacuum float-zoned crystals did···. 

, , . not produce junctions after lithium diffusion, probably due to inhomogeneous 

. .· .... , . 
. ... ~-:-

·--.. 
·' 

. __ < acceptor distribution. Therefore, the only useful crystals have been zone .. :·! :. :,:·' 
·.·;_, 

--_.leveled~ : :. ::· --~ ;. ~ _·. : 

' After slicing, the. crystals are lapped on both sides with 600 grit alundum, <_:·.' · · 
_·, '· 

. : ___ , • . · :-·_lightly copper plated and heated to 4.25°C fol! a few minutes. About 2 J-1. o£ 
' T, ' • : ~ • 

·.' ·. · ·: · · ·li thiu.m metal is evaporated to . completely cover one side of the crystal and . ·. -· . -
.·, : .. ·.· ·•·. . 0 ;: 

the lithium is diffused for 5 min. at 425 C. The diffusion is carried out in · 

•;.' .. 

.. ·,>,.:;· :· -:: .. ··.nitrogen, the crystal being placed on a 1/41i thiok graphite pad sitting on a . > : -<< 
• 'f:·. ·.. -·.. . 

·.~,:. _,hot plate. ·The graphite damps the thermal shock of the hot plate. After 

,:::_:.heating, the crystal and graphite pad· ar_e placed 'on a water cooled c~pper block~ .. · 

·:T6 obtain the highest ionized lithium concentrations it is necessary to oool ,- . . · __ .. >' 
.' . ".' . -t 

,.,, .. 
.... · 

-~ --·· '> ·----: __ .:_ .. •• ...::.., .:._ • ': 

,'"· .. 
. ·-··· ................ :.... . ;_:,_:._:;..-: .... ;:.;; . .:. ....... ,.:; -·~· .... · ..... ~~-· . 

· .. ,· 
... ,_·~··· . -·.;~--... ·-~ :. _,._·, 
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. ·- . 
. ·• : ., 

., 
'. 

..... - . :. . ~ 

'_·, ,_; /;.·· 
\1 

. . <.. ~ 1 
q 

' ~ . '·• 
t~ : .. 

' . . . . . . . . . . . I; 
as rapidly as possible· from the diffusion temperature qonsistent with avolding '· ·, .· .. : j! 

' .: cracking. ·. ' ' -\:' . . . . ' ·. . . . ·- ; . . 1: 

- To assure that the ll thium doped reg~ on completel~\lOVers ·'one . side of the .: /::·· .. ~ ··1.! 
···:~- :. ··.crystal, the four edges are removed by sawing •. The crt;;tal is lapped with f 

. :-:')\:_~:·:::;·: 600 grit all over, etched for 3 min.· ~n constantly agi1~ted 3:1 H~o3-HF. ~nd .... · '-::(~: 
. . ; · ' ._ the front and back coated compl:etely· with Ga-In eutect+.c (M.P. 15 C) or .· · · , 1 

: ··, .. '•' '··. . :' ' .. , . ,. . :, 

.. : .' ·. ·:·.' Hg-In amalgam (M~:·p. 0°C)<:and placed lithium side down on the drift. apparatus~ 1: 

' ·'· · : ··:. ' '· The drif·c apparatus is similar to that of Goulding and Ha~~en 10 with the . ~ 
' . .: ~ ' [: 
. c:. :_, _· e.xception that no drift monitoring is included. This apparatus and associated.. .. 1: 

: ··. · .. · circuitry is shown in Figs·. 2 and 3. The essential features of this appara,tus ·,- /; .: · · l' 
· :. '>_are that the. device is drifted at constant pol.rer by using constant voltage _ . ; ~ 

-' . :. . and con~tant current. This condition is maintained by varying the temperature ·... .· r 
o" . .-. '_ · .. : by dissipating power in a heater transistor _to maintai~ the device current at .~-- _:_,: .. ~ 

·. . · : .... ·.· . the set value •. A variable resistance is inserted in the power supply and this · .... · ~ 

: · > '. is set to share the supply voltage equally .with the device. This allows i6per-' : .,: .. :;.': . . . . . . . ·, \ ~ .. . .' . ~; . .. 

· ·_,,· . ation at a power maximum for given control settings. ~lith these cont~ols; the · ·.·. ,'·.·:, 

' ,•. -. device can be brought to the d~sired drift conditions and theri lef~ unattended.- f-'· :<: ':._' 1: 

. ~;: . indefinitely with no chance of runaway occurring. One drawback of. this type · ~- · ' · ·;··· , .. 1·::.• 

· · ._. -'<<:..._of control is that, due. to the tempera.t~re variation.du.ring drifti~g,. calc·ula-· < · . 
. _ .. ..-_:,.··:·:,(~-}·::.~ion of thte tdimet_·dmiepen~tenh~e od_ f dthribft.depbthi is madet vi.eryi _diffi_icult antid ithis _-·-.:<. f,i:_ .. 

. : .. ~·.;.-.necessary o eer ne l.S ep ypro ngorsanng. n.prac cete :·. ,. ~ 

-'.·.·._'_:':.:(:>junction dep{th is determin-ed by probing with a bigh impedance voltm~ter on . .. . .. , . ~] . .. . . . .. 

.. ._ •. the. side of the device while drifting or by ·removing the devic,e and .staining .· :~·;· ·) •. 
' -. -- l . 

. ' .• :. _ , :::··_'by reverse biasing in a euso4 solution. Some typical drift. ~ime~ are: . .. ! . 

. . >.- · · > ;, ·.; • . ·. ·. ·.. : :· :· ·. . i.5 ~ -- E_2~_hrs;-;:;:~j 
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··,. 

~ .. ~ . l . 

.. ·: . switch is set to give a temperature just below intrinsic. As drifting proceeds, 
. i . 

• f the temperature will drop due to the current generated l.·~n the compensated 
... . .1 .. 

germanium and the current. demand can be increased to ma:~ntain near intrinsic 

temperature. Since lithium compensation cannot occur i'J;>. the intrinsic temper- .· 
I 

ature region, it is important that this temperature never be attained. As the 

:; '; :· : .. ' compensated region becomes thicker, the temperature drop across the germanium 
• • ''I 

· · ... ··: becomes greater and this effect must ba taken into account when setting the 

· .. ; .. · .... :· · :: . temperature by tho current demand switch. 
-··,··· '. ,· 

The length of time that drifting can continue is l!mited only by the time 

·that a surplus of ionized lithium can be maintained in the lithium diffused 

region. The lithium _disappears both by diffusion to the surface where. it 

becomes de:-ionized and by precipitation. When using copper doped, high resist- -•· 

ivity, zone leveled crystals, it appears that diffusion to the surface is the 

,: . dominant mechanism that limits drift time. After the initial lithium diffusion .. ,_ 

. _::':0:..'· and etching, the ionized lithium gives a sheet resista~ce of about 0.1 n/c 
' r •• 

' . 
.. , . , . I• 

and after drifting for 8 nun the sheet resistance is in the range 0.4 - 1.0 o/0 .'. · 
· · ·' · .. · ::·· ·.··· Frequently the apparent lithiUm concentration will increase after etching,· 

. . . . . . ,. ' 

. . .. · ·:.· .. indicating· surface conversion to p-type. If, during drifting, there is a 

······ 
. . . ~ 

,: .. ' 

.· ··. conversion to p··type ·the temperature will drop for a given current, the. electric 

·,•. . . field will be reduced due to charge injection and the drifting will cease • 
. l. •' ·However, a more serious effect. of the lowering of the surface concentration of·. · 

. . . ; lithium is ~he diff::i.cul ty of making a good· ohmic contact to n-type germanium • 
. ... ··. ' 11 . ' ..... · .. 

Since it is known that, of all the met~ls, only antimony is ohmic to · 
:.•. ... 

•!';. 

:·· 

· .· .. : · :, ·. n-type germanium, about the only ·methods possible· for good ohinic contacts are·· , . : :'. ·. .. . , ' . . .. .,., . ' 

.;: to have a degenerate n-type· surface or to use alloyed or diffused contacts~ Due · ; .. : · 

·to the difficulties of using a high temperature operation like alloying ~r . :<·:~:··::· r 
'·< _,, 

·diffusing, a high lithium surface concentration must be preserved·. In practice~ ·.···· 

the device .. is" etched after drifting to obtain a· more' li thiu.m rioh surface, . a 
. 0 

• · •·: ·. very thin ·Ga-In· contact is applied and the device tested at 77 K. If the .·. 

'· .. 

. ... . . leakage current is greater than 10-9 amp at 300 volts and 77°K, the device is . 

, \,; : ·. ··.· re-etched until the leakage is less. than this value. It sometimes happens. ·.·. _::. "' 
'. 

; : • ... ·.· .. ~.: ~hat the. lithium concentration is. not high enough to give an ohmic contact · · · .· ,. ·· 

_. to Ga-In, . iri which' case the device is discarded. : Typically, for a· ·a~vice .· 

'• . .. :' : which has _been drifted 8 min, . about 3-5 inils or, germanium must ·.be removed before 
'• ., . 

,.: 
_: l.· 

... . :· ., ' .· .. . , ,.r 
: ... ··· . . '·~, 

; '., 

\ .· .. 

. , .. '._ .. ~ .. : .. ~·---~· ...... ;;... .... ·-~~-. ..:..;.;_ .... _ ·-~~-~·~ 
·.:· . .. ·;'. ··: . ·; . 

.:.· .·..:.. .. _ ... : ·,. '- .. : . .... ...:.:.:.... .............. ~··· ... .:. ,.. .. . ' ' .. :.:. '• . ··-·~~--: .. ;.,;__:_ .. 
; ...... -: .. --

. '' 
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; ;. ; . ·• . . : . . ··· .. ·· . ' ' . ' ' ll 
./ ''\•··:': :·an ohmic contact is achieved, · · WhOn ·.e. device has boon ~rifted only 3:.4 mm ' . . . . .. , .:· :: ,">i 
· ·:·: .. :::,; ·.·_.'the surface is usual:J.y still strongly eno\lgh n-~ype t,~ no etching is . _:-. :_ ··:·.·:·<J1 
· ··· .. needed · ~ · · · · · ' · ,.- .. rJ 

;~ •• .' ~· ' • • • ·~' f . ' ' .~.:.~.-· . -· ~-

; /~:;· ,; ~- ';· . .The. capac~ tance of ·the devices when measured at a~dio frequeJ?-c:l.es at _ . ·>.-:: :k~ f 
.-:::;·;::: · '77°K is usually 2 to 3 times greater than would be _calqulated from the know -"- .· --:r~-,

. ·' ::·~ ·<·d;i.ft depth. Thi~ effect indicates the presence _of a ftrong sU.rface depletio~:'~-<:- _;-.'~, ':·: :_1: 

:: :·_-_·:~ _··. :<· layer as the result of etching. When the device is giyen a short wash _'With :_ .. / .. { 
. ·~ . . . .. . ···. ... ·,. i 

. 30% H
2
02 the capacitance is only about 20~(too hlgh -}indicating probably · · >"· ·_ / 

~ ;~. I i"· 
:'a.·· slight surface accumulation& In practice, ·all de~ices · are gi van the H2o2 · : ._, 

treatment before use., 
. ' ,· 

;' ' ~ 

RESULTS 

I .• 
/.' . 

.,_ 

\ . : '.:. :\> . .'· .. ·· .. · 

A ·typical crystu holder is shown_ in Fig. 4. • Electrical oonta.~ts are made~· 
' . . . . . - . . .· . . . . . -~ 
; by a very thin layer of Ga-In entectic and ·thermal contact· by a layer of Dow ·' . , ,l! 

·corning 200 fluid, v:tsco.sity l,Ooo,ooo cps. · FigsQ 5-7 show spectra obta~~~d . '. ,',,_> · .. ~ 
• with lithium drifted germanium crystals using the ramplifie'r\ described in I ' . • . : :" ;; 

, -~-:·::~·.::.~~- ... ::~~- ·~ J. . ~ ·"·' .. il 
.,-:: : Ref.- 10. The dimensions of the crystal used. in :Fig. 5 lvas 2 em i. 3-cm x 0.8 ·an/•; ", .. I~ 

· <·_·;., ;· and that of Figso 6 and 7 2 em x 1. <;:m x o.s· em. "--~~~;;;resolution in (F.\>l.H.M.) 2 ·-.·.-:.·c ·~ 
··: •. i? '• ·> - . . . :·~t:, . •. 1~ 

---·'./. is plotted against energy in Fig.· 8. The fact that the experimental points : · [~ 

<: ··.-:~ form a straight line would' indicate that the only noise sources in this case :-.; ·:, ·;;. I'~ 
. . . . . . . ·:--: ":··, ·,..~:-. ·:ll 

I. are electronics and the statistics of charge collection. Fig. 9 shows an._'·: _ .. _. _);:;·_. ~ 

. '' uncollimatedl C 137 source· illuminating the. side of a 1 em x 2 em x 8 mm det~ct.or:;}:_::'>t: :~~> ~ 
. . . ' .. • . . . . . . . . . . . . .. . . : .•. : ,• . '; . 1: 

~- :·. ··:._- ·._ Tailing and line broading on the electron peaks_ is apparent - probably due to· ·.'-'(';:- f 
·,'_;:~-.-~j (·_._:··--charge_ collected from a low_field region or fr~m an entrance window •. ·_;·_ ~- .. __ >: f 

.. · ~"·.. · ··· No experiments· have been done which would indicate the lifetinle ·of these .. :·· ., 1; 

·:<;-~:-~··::_··:_.detectors under va.riou~ ambient temperatures. One de·t.ector has been 'in use . ..-./{ 

._:·:·( . , ·:':.for se~en months at 7! K w~t~---~~---~~ter~oration and several·ha.ve been stored - -·. ;'··><·: f}i 

}>;:':> at, -60 c .for several month. periods with no apparent lll effect. . . .·. ·• · · . ,)i(\ ,;;{: ~ ·~i~: 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com• 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



-~ 

~ 

f '.» 

. . 

I 

. 
I 
~ 

I 




