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ABSTRACT 

iixperiments were performed in an attempt to make thin n cmtacts on 

high-purity germanium by the solid phase epitaxial regrowth 01 arsenic doped 

amorphous germanium. After cleaning the crystal surface v,ith ar n sputter-

ins '""I trying many combinations of layers, it was not found possible to induce 

rocrystal ligation below 400°C. However, it was found that simple thermally 

evaporated amorphous Ge made fairly good electron or hole blocking contacts. 

Excellent spectrometers have been made with amorphous Ge replacing the n 

contact. 

As presently produced, the amorphous Ge contact diodes show a large varia

tion in high-voltago leakage current. 

INTRODUCTION 

Typically high-purity Ge detectors are made using a metal Schottky bar

rier on one surface and a lithium n layer on the opposite side These contacts 

are compatible with the need to use only low-temperature processes (< 400°C) in 

order to preserve the quality of the starting crystal. In general, these con

tacts have proven to be adequate for most detector applications although a more 

rugged ,-ontact than a metal Schottky barrier would be desirable. However, the 

This work was performed under the .m -i> 
and Development Administration. 
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recent demand for h i g h - p u r i t y Ho d e t e c t o r t e l e s c o p e s for use as high-energy 

charged p a r t i c l e spec t romete rs has focusscd a t t e n t i o n on the weaknesses of 

the l i thium dif fused c o n t a c t : 1) the contac t as i n i t i a l l y made is th ick 

enough to be only margina l ly s u i t a b l e from the point of view of energy resolu

t i o n and 2) the neutron background which is normally present in high-energy , 

p a r t i c l e experiments produces damage which must be annealed p e r i o d i c a l l y at 

about li)0°C. and t h i s t reatment fu r the r th i ckens the l i th ium c o n t a c t . 

In con t r a s t t o p- type c o n t a c t s a t t empts t o make low-temperature , l . i rg ' -

area n- typc c o n t a c t s by l iqu id phase" and s o l i d phase ep i taxy has proved 

t e c h n i c a l l y very d i f f i c u l t o r imposs ib le . Some success has b e n achieved only 

r e c e n t l y by ion implanta t ion . While a t t empt ing t o induce a r s e n i c - c a t a l y s e d 

rcgrowth of evaporated germanium,, it was found that simple amorphous (ie made 

a f a i r l y good blocking contact for both e l e c t r o n s -un\ hole-.. 

SOUP rtlASf: EPITAXY liXFEKlMliNTS 

Sol id phase ep i taxy of n- type germanium is made d i f f i c u l t by liu luw 

s o l u b i l i t y and high-cutec* ic tempera tures of group V impur i t i e s in 'ie. Wit:, 

the except ion of phosphorous, which has too high a vapor p res su re tn make 

highly doped a l l o y s , a r s e n i c has the highest s o l u b i l i t y of the group V e le 

ments in (jc. Therefore , the following kinds of l aye r s were formed: 

1) c-l lc, As, a-tie 

J I c- t :e , a- t ie . As. a-tU* 

.M c-(ic, As, a -de , \ s 

M l-vaporation of As-doped tie a 1 loys which form, by Tract ioi.av urn, 

c-t ie F As • a-fie, ( i . e . , a graded a l l o y ) , 

where c and a i nd i ca t e the c r y s t a l l i n e uml amorphous phases r e s p e c t i v e l y . 
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The jirrmjinimn and jjerniaiiiuin a l l o y s wen* t h e r m a l l y e v a p o r a t e d from a c a r 

bon lm.it ami t h e As 1'roin ;i Al , 0 . b o a t . A l l e v a p o r a t t o n s were i . n n - i l ;u[ in 

.in o i l d i f f u s i o n pump s y s t e m w i t h .1 I.N t r a p at ' 10" ' ' T o r r p r e s s u r e . Ihe 

j;erni.ui turn c r y s t a l was c l e a n e d w i t h !'» Ill- in 11,0 i u s t he Tore evaj c i v * i •_»;< ami 

c o u l d a l > o h e s p u t t e r e d »n s i t u w i t h a r j ion i o n s . 

All a t t e m p t s t o i n d u e r e c r y s t a 1 1 i : a i i o n from t h e O h u l k at -l,Mi ( ' ' p--*'. • 

IIM-.IK \ i ss l ' i i l . I he t - v a p o r a t e d l a y e r s ;i] | e x h i b i t e d h i g h r e s i s t i v i t y a f t i r ;-•<» 

1 Killed h e a t i»j'. a t Um"l ' and t in- l a c k ot" c i ys l a 1) 1 ...it 1 on was c mi T i m e d by . i l p l i 

hack - . ca t t e r measu remen t •.. I low e v e r , i l l samp! e s showed a s 1 i>:M ••. : yi-e t tie 1 .mi -

e l e e l i n e f f e c t a t mom I empera l u r e . Pi o d e s w e r e f j b r u at ed I 1 in : ),* -L ..m .i 1 . 

by lurmttii ' . a IM >A'liot t k\ b a r r i e r on t he b a c k s i d e and c o v e r i n g l ln. .uwu p ' u .w 

l a y e r wi l l ) an e v a p o r a t e d m e t a l l A l , C'r o r I'd) t o r e d u c e t h e s p r e a d i n g I C M . ' . - I I I I ' . 

P c s p i t e t h e l a c k o f c r y s t a l l i s a t i o n o f t h e l a y e r , i t was *\>und 1 ha l 1::.-

. i inorphoir. l a y e r made a f a i r l y good b l o c k i n g c o n t a c t at -*~°^ v.-i 1 h U*.tka^i t ; . r : . - i t • 

in l he r a t ine i*i' H>"'' t o l " - 0 A f o r a 111 cm* c o n t a c t a r e ; i w i t h -u, • W - » r i c t j e M 

ni about IlldU V cm*' a t t h e p - t y p e ge rmanium a m o r p h o u s j u n c t i o n . 

IM*HM ti V - M O ' I M I I N (ILKMAJmiM aWTACTS 

f u r t h e r e \ p e r m e n t s showed t h a t s i m p l e e v a p o r a t e d ge rman ium ! a*<**".- made 

even l n - M e r b l o c k i n g c o n t a c t s t h a n d o p e d and h e a t t r e a t e d l a y e r s . F i g u r e I 

s h o w , [ h e I - \ c h a r a c t e r i s t i c s o f two d i o d e s made by e v a p o r a r i n g f i r s t S'.Hh' \ 

o , 
j»i-rmaiuum and t h e n SOU A a luminum o^ one s i d e o t a 10 cm s l i c e o f h*c.i - | \ : " • t <•• 

o 

j ;erm.intum ami SOU A o f I'd a s t h e o t h e r c o n t a c t , The n - t y p e d e v i c e i :• ,-i raw * h . . * 

.in.] t h e p - t y p e 10 mm. The arrows- on t h e c u r v e s i n d i c a t e where fui i . l e p i . r i o j . 

Mt , in r.-ii a-, m e a s u r e d by t h e l* V c l u r a c t e r i --t 1 • \\y/.r.-- .* slios* .• > i bi . .v 1 . 1 . " 
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•tint " ' ' \m a l p h a s p e d rum t a k e n on t h e p - t y p c d e v i c e o f F i g . I . The FWHM o f 

t h e l .S.s MeV ' '°Co l i n e i s 2.} KrV w h i l e t h e Am a l p h a l i n e e x h i b i t s t . 'n k.-\ 

i . " l u i i n n . The 1 in i wi tifii t\>r ' hi a 1 pha p.i i : i. 1 •• peak t •• - IHI*. i -.1 en l u i l l i ;i 

..I l . i w r u l ' ..t 'op \ »if .iimn pl ious german ium. 

o t h e r e x p e r i m e n t s i*ere c a r r i e d otit on d e v i c e s e m p l o y i n g a I i t h i t t r o - d i lYused 

back i out a c t o\\ i t - r y p e g e r m a n i u m . H e r e t h e a m o r p h o u s l a y e r p l a y s t h e r o l e <" .i 

h u l e htockin-i ' , o r p i - t y p e c o n t a c t . The r e s u l t - , uvvc s i m i l a r t o t h e n - t y p e n r 

• l e d r o n b l o c k tng c a s e . 

IMSIJISSION 

M t h n u g h a m o r p h o u s s e m i c o n d u c t o r s h a v e b e e n t h e f o c u s at' much r e c e n t 

n i t e r , s t '*" t h e a m o r p h o t i N - c r y s t a l 1 i n e i u n c i i on h a s not b e e n i n v e n t i g a l e d 

i-xl r t i s i vc I y . l ir i g o r u v ic i , e t a f f i r s t st t i d i e d german mm amnrphou • t u n c ! imis 

a! a t i m e when t h e r e was l i t t l e t h e o r e t i c a l b a c k g r o u n d by wh ich t o i n t e r p r e t 

t hi i v - a t l t - . . I n g l i s h .uid Hammer " p r o p o s e d a m o r p h o u s s i l i c o n a s a back c m i -

i .K t «m t h i n , room t e m p e r a t u r e d h / d x d e t e c t o r . . T h e s e a u t h o r s s u g g e s t e d t h a t 

tin- [ . l o c k i n g a c t i o n ha-, due tt» -*urt':icv s t a t e s . D o h l e r and H r n d - k y ' l a t e r 

m.uli- .i more d e t a i l e d t h t -ore t t ca I a n a l y s i s o f a m o r p h o u s - e r y s t a l 1 i n e j u n c t i o n ; 

in li j ' .hl «>f m o r e modern t h e o r y . This , a n a l y s t : , c o n c l u d e d t h a t t h e t o r ward b i a s e d 

j u n c t i o n s h m i l d b e n i d i s i i m j u i s h n b t e from " i d e a l r e c t i f i e r " c h a r a c t e r i s t i c s a i d 

t in- r e v e r s e c u r r e n t s h o u l d h a v e no s a t u r a t i o n h u t s h o u l d show an e x p o a e n t ',:: 1 

i n c r e i r . e a s ; b e s p a c e c h a r g e l o w e r s t h e lutrricr h e i g h t . 

I b i s b a r r i e r he ighl i s d u e t o t In.- f a c t t h a t t h e Fermi J e v e I : n ano rp i . f i . . 

.. mi. .iiiiltu i<»r-. I •* . l a m p e d n e a r ! In- c e n t e r o f t h e l o r b i d d e i i s;ap ny a c i y hi>.b 

d i n - . i i v ni d e t e c t - . t a r e ' . ( I D 1 1 l u | u ' l / c m ' ) 'vn t h a t i n t r i n s i c conVucr on •• 

• i n it i l l t empera t on*-, ami t It'.* c< u n h i d i t 11 y and Fermi I eve 1 t • u n e i i t * ••*' i» 
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impur 11 i e s . f'or amorphous germanium the temperature dependence of the con

d u c t i v i t y j*ives an energy Rap of about O.K.'.. eV with I he (emu tint, i ;tii«'ut 

n. lo i-V from the valance hand so that a red* ify inji b a r r i e r can hi.- ioiiiu*J 

.IJMIIIM e i t n e r n ur p- type c r y s t a l s . Due t o the dens i ty of s t a t e s .*i.u p o w 

ul i In- lentil l e v e l , met a I-amorphous j u n c t i o n s a r e nea r ly ohm it*, 

I i^tire .i shows the forward c h a r a c t e r i s t i c of a diode made on a * IBID »"•,.• 

u- type Herman iiim s l i c e of 10 cm" area with a donor concen t ra t ion N n - -..'•> •-

loin cm' . Tiit* amorphous contact c o n s i s t s of S'>(l(l A Rermanium with a SOC /• >• l 

•.urfacc laver and the hack contact is 500 A PcK Since for an ' i j r . i . - r t i i ; " : * ' 

d . 1 - . k J = O.ilOt.n eV at ?7°K 
din I <t 

tin- •. Itiju- of i i ^ . .i of U.0U7K eV would correspond Jo an ideal r e c t i * i-M' .." 

•M'K. llm:.. w u l u n the measurement e r r o r s of s lope and temperaiui • I he u.-.i 

h.i - idi-.il foi'K;tnI t l u r a c t e n s t ic> as p red ic ted by Dohler and Krod*»<- ' U 

• . r r i r , I V M s tance of the diode is !.(>'* Kli which consist.-, of S'tfl.l'r •; . • • •' 

titil ";'H -•' from the amorphous l aye r . This amorphous layer r e s i s t .'.*• * • T • 

t.i :i bulk r e s i s t i v i t y of l . h x Id" ..' cm which is typ ica l of i i r - i r. • •;-• * 

\l-.n from '-'•>*. > the h a r r i e r height (0 ) can be es t imated from 

Ml ?"(?) 
where \ lUchardson constant :- t JO A/CM'K' 

.iiul I ' 'atnr.it nut ciirivitt 10* ' ! A Vm' .it 1 

so litat 0 - li.-'h eV, which is about the expected Perm! ?-. "c* 

t fu n- type c r y s t a l and the amorphous j-ermanium, i . e . , *: . 

file:///l-.n
http://''atnr.it
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level t o r h i g h - p u r i t y n - typc germanium from the middle of the forbidden gap. 

The influence of the Pd Schottky h a r r i e r has not been included in t h i s e s t i m a t e . 

In r everse b i a s the agreement with the theory of Poliler ami Brodsky is 

not so good. All evaporated c o n t a c t s made so far seem to show very low leak

age ( I d " , D A for 10 em2 device) for f i e l d s of a few hundred v o l t s per cm, hut 

at higher f i e l d s t h e r e is a grea t v a r i a t i o n from one evapora t ion to ano ther . 

This obse rva t ion seems to be in c o n t r a d i c t i o n t o the idea that the high dens i ty 

of gap s t a t e s makes the p r o p e r t i e s of amorphous Gc independent of impur i t i e s . 

However, as can be seen in F ig . 1, the leakage current r i s e s s t e a d i l y from 

f a i r l y low vo l t ages whether t h e d e p l e t i o n region s t a r t s from the amorphous layer 

or the Schottky h a r r i e r . One explana t ion for t h i s phenomenon may be that sur 

face c u r r e n t s .ire dominant. Uxperiments with guard- r ing s t r u c t u r e s wh.ch wi l l 

allow the sepa ra t ion of contact am) surface c o n t r i b u t i o n s to the reverse cur ren t 

are in p r o g r e s s . Pre l iminary experiments using a l i t h ium-d i f fused guard r ing 

»i the p e r i f e r y of the amorphous contac t show that these devices have g r e a t l y 

reduced leakage c u r r e n t s at high v o l t a g e . 

OWCI.USJON 

It has been shown that p o t e n t i a l l y useful blocking c o n t a c t s can he made 

u i t h amorphous germanium on h i g h - p u r i t y germanium. These can net as r ep l ace 

ments for l i th ium diffused l aye r s in some d e t e c t o r a p p l i c a t i o n s . While the 

leakage c u r r e n t s achieved a rc not nea r ly as good as with l i th ium j u n c t i o n s , 

they may be adequate for those c h a r g e d - p a r t i e l e d e t e c t o r s where the high-energy 

ri'-.nlut ion of X-ray nr gamma-ray d e t e c t o r s is not needed, iixper iracnt s are in 

pi-ogres** to determine I he r e p r o d u c i b i l i t y of the amorphous contact and To 

determine i t s long-term s t a b i l i t y . 
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Hi JUKI- *'\{'llO\S 

( 11;. 1 . Never :.c 1 -V i haract e r i st u of t wo detect ors with amorphous german nun 

pal l .ahum SiMmM ky h a r r i e r c o n t a c t s . Device -l~V-S.O is p- type i m ' 

r he d e p l e t i o n region grows from the amorphous c o n t a c t , i ieviec -J*M-7.n 

i^ n- type and the dep le t ion region grows from the pal ladium c o n t a c t . 

I i f;. J . S lniu] t .IIK'OUS '' 'Co gamm.t-ray and ' '* \m a l p h a - p a r t i e l e spec t ra made with 

device 473-S.O. The a l p h a - p a r t i c J e ^ arc incident on the amorphous 

germanium contact . The r e so lu t ion nf the 1.3.5 MeV gamma peak is 

:. 1 KeV PWIIM. 

I I J ; , >. lorw.ird I-V c h a r a c t e r i s t i c of an amorphous contac t d e v i c e . The 

i n i t i a l s lope of 7.S meV shows th;it the device hehavos as an ' i dea l 

r e c t i f i e r ' . The s e r i e s r e s i s t a n c e ".ndicates that the amorphous i'.v. 

r e s i s t i v i t y is I .(> x 10B it em while from the s a t u r a t i o n current is 

enn.sisti.Mit with a b a r r i e r height of 0.2b eV. 

file:///nu-r
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