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The procedure and the equipment for the fabrication of encapsu
lated Ge (Li) detectors are described. 

The detector crystals are placed in aluminum capsules hermetically 
sealed by cold pressure welding. The important details of the welding 
process to ensure reliable welds are discussed. Proper crystal mounting, clean 



helium atmosphere in the capsules and a carefully constructed feedthrough 
avoid biasing limitations and allow long term stability or the detector 
characteristics. 

Background degradation due to the encapsulation of detectors ir
radiated with γ -rays was not detected. 



EUR 4063 e 

EUROPEAN ATOMIC ENERGY COMMUNITY - EURATOM 

THE FABRICATION OF ENCAPSULATED GE (Li) DETECTORS 
FOR T - SPECTROSCOPY 

by 

H. MEYER, H.L. ESCHBACH, W. NAGEL and E.W. KRUIDHOF 

1 9 6 8 

Joint Nuclear Research Center 
Geel Establishment - Belgium 

Central Bureau for Nuclear Measurements - CBNM 



SUMMARY 

The procedure and the equipment for the fabrication of encapsu
lated Ge (Li) detectors are described. 

The detector crystals are placed in aluminum capsules hermetically 
sealed by cold pressure welding. The important details of the welding 
process to ensure reliable welds are discussed. Proper crystal mounting, clean 
helium atmosphere in the capsules and a carefully constructed feedthrough 
avoid biasing limitations and allow long term stability of the detector 
characteristics. 

Background degradation due to the encapsulation or detectors ir
radiated with y -rays was not detected. 

KEYWORDS 

FABRICATION CAPSULES 
GERMANIUM ALUMINUM 
LITHIUM WELDING 
SEMICONDUCTOR COUNTERS HELIUM 
GAMMA SPECTROMETERS STABILITY 



Contents page 

1. Introduction 1 

2. Genera l cons idera t ions 2 

3. The fabricat ion of capsules 3 

3 . 1 . Cold p r e s s u r e welding 
3. 1. 1. Welding pr inciple 
3 . 1 . 2 . Choice of m a t e r i a l s 
3. 1.3. Cleaning 
3 . 1 . 4 . Welding t e s t s 

3 .2 . Appara tus for encapsulat ion 
3 . 3 . Capsule t e s t s 

4. Encapsulat ing p rocedure 10 
4. 1. Crys ta l p repa ra t ion 
4 . 2 . Crys ta l p lacement and contacts 
4 . 3 . Encapsulat ion cycle 

5. Handling and tes t of encapsulated de tec to r s 12 
6. Poss ib le improvemen t s and extensions 13 
7. Acknowledgements 14 



L i s t of F i g u r e s 

F ig . 1: Schemat ic i l lus t ra t ion of the cold p r e s s u r e welding 
p r o c e s s . 

F ig . 2: Var ia t ion of load with the final reduct ion of th ickness in 
the weld for v e r y pure annealed a luminium. 

F ig . 3: Pho tomicrograph of a s t rongly e tched a luminium to a lu
minium cold p r e s s u r e weld at 60% deformation. 

F ig . 4: Can and lid for the encapsulat ion of ge rman ium de t ec to r s . 

F ig . 5: Dies for the cold p r e s s u r e welding of detector cans . 

F ig . 6: Encapsula t ion unit. 

F ig . 7: Encapsula ted p lanar de tec tor . 
137 F ig . 8: γ - s p e c t r u m of Cs 



The Fabr ica t ion of Encapsula ted Ge [Li ] Detec tors 

for y-Spectroscopy 

1. Introduction (*) 

The application of ge rman ium c ry s t a l s ins tead of sil icon 
for high resolut ion γ-spect roscopy has impor tan t advantages con
cerning counting efficiency and resolut ion, because of the higher 
densi ty of Ge and i t s sma l l e r bandgap leading to a be t te r energy-
to -cha rge convers ion factor . But the smal l bandgap involves a 
low c rys t a l t empera ture , (< 1 50 ° K) if the resolut ion is not to be 
de te rmined by noise f rom the rma l ly genera ted c a r r i e r s in the 
c r y s t a l . 
Other r e a s o n s , which have led to the use of liquid ni t rogen t e m 
p e r a t u r e (77° K) for application and s torage of detectors , a r e : 

- max imum c a r r i e r mobil i ty for min imum charge collection 
t imes resul t ing in smal l degradat ion of energet ic r e s o 
lution from recombinat ion l o s se s and high speed per fo r 
mance ; 

- smal l degradation of the degree of impur i ty compensat ion 
of the in t r ins ic de tec tor volume by precipi ta t ion or out-
diffusion of l i thium; it is well-known that a lso local ef
fects can influence overal l pe r formance r emarkab ly . 

Evacuated conta iners a r e used both to isolate the cooled de tec tors 
from the ambient and to have a surrounding medium of min imum 
m a s s and density; this a s s u r e s smal l absorpt ion of radiat ion, 
especia l ly at low energ ies and avoids r e m a r k a b l e sca t te r ing ef
fects degrading background of spec t ra . A problem, especia l ly 
pronounced for cooled semiconductor de t ec to r s , is the t r ea tmen t 
normal ly called edge protect ion for junction de tec to rs (pn-devices) . 
F o r si l icon de tec tors used at ambient or t e m p e r a t u r e s down to 
solid carbon dioxide (dry ice) the n e c e s s a r y conditions of junction 
edges or surfaces of in t r ins ic regions can be maintained a l so at 
ambient a tmospher ic conditions by using epoxy r e s i n s or planar 
techniques (Si-oxide) for surface protect ion. F o r ge rmanium de tec 
to r s s imi l a r techniques a r e not applicable up to now. F o r ins tance , 

(*) Manuscript rece ived on Ju ly 2 t 1968. 



the g r e a t e r t e m p e r a t u r e difference between de tec tor p repa ra t ion 
and use or s torage would call for c h a r a c t e r i s t i c s of a protect ing 
m a t e r i a l not eas i ly obtainable; a l so g e r m a n i u m oxide has no 
suitable behaviour . 
The method mos t commonly used is to keep the de tec to r s during 
applicat ion and s torage under clean vacuum conditions in the 
c ryos t a t s into which they were f i rs t in t roduced in connection 
with the f i r s t exper iments planned. This p rocedure is r e c o m 
mended to avoid surface contamination which would ask for a 
r e t r e a t m e n t of a detector by personnel t r a ined for de tec tor 
fabricat ion. 
The main disadvantages of such a p rocedure a r e : 

- F o r each detec tor an expensive c ryos ta t with m o r e or l e s s 

expensive vacuum equipment i s needed. 

- The detection equipment cannot be adapted in an optimal manner 

to varying exper imenta l condit ions. 

- Large quant i t ies of liquid ni t rogen a r e often needed a lso during 
s torage of de t ec to r s . 

- T ranspor t a t ion of de tec to r s is complicated. 

- F o r a r epa i r of cooled preampl i f ie r s tages , d i rec t ly a s soc ia ted 
to de tec to rs for opt imum pe r fo rmance , the c ryos t a t s mus t be 
opened (sensit ivi ty of the FET- inpu t s of p reampl i f i e r s to 
voltage t r ans i en t s caused by acc idents ) . 

To c i rcumvent the mentioned p rob lems it was proposed to sur round 
the detector by a tight container in which a gaseous a tmosphere has 
to be maintained which guaran tees unchanging c o r r e c t conditions for 
the sensi t ive c rys t a l sur face . Cans of a luminium or s tee l , well 

2 3 4) evacuated or filled with pure hel ium before sealing, were used. ' ' 

2. Genera l cons idera t ions 

Des i rab le fea tures of encapsulated de tec to r s a r e the fol
lowing: 



- Low densi ty of the encapsulat ing m a t e r i a l for smal l absorpt ion 
and sca t te r ing effects from radiat ion to be detected. 

- Small capsule volume, not r e m a r k a b l y l a r g e r than the c rys t a l 
volume to give max imum flexibility for the application to 
var ious expe r imen t s . 

- Suitable and constant gas p r e s s u r e in the capsule to avoid, gas 
d i scha rges a l so at high e lec t r i c f ields. Bias voltages up to 
2000 V o l t a r e des i r ab l e . 

- Small t h e r m a l r e s i s t a n c e between cooled capsule surface and 
c rys t a l . 

- Quick encapsulat ion p rocedure and no t he rma l heating during 
encapsulat ion to avoid a degradat ion of per formance of p r epa red 
c r y s t a l s . 

- Stable capsule geomet ry at external p r e s s u r e var ia t ions up to 
1100 t o r r and insens ib i l i ty of sealing quali ty at t e m p e r a t u r e 
var ia t ions up to 250°. 

- Small i n c r e a s e of detector capacity due to encapsulat ion. 

3. The fabricat ion of capsules 

F o r the encapsulat ion of ge rman ium de tec tors it i s of 
p r i m a r y impor tance to ensure a re l iable vacuum tight seal between 
flanges to be joined. In pr inciple many of the known welding and 
solder ing techniques can be applied, provided that appropr ia te p r e 
cautions are. taken. Above all the c r y s t a l s have to be protected 
from being heated during the sealing p rocedu re . Fo r ins tance , 

ge rman ium de tec tors were sealed a l r eady into steel capsules by 
3) r e s i s t a n c e welding . In genera l , however , the most appealing 

method to p rocu re vacuum tight sea ls s e e m s to be the so-ca l led 
cold p r e s s u r e welding which is pa r t i cu la r ly easy to c a r r y out if 
en t i re a luminum capsules a r e used. This method i s clean, quick 
and re l iable and no heat has to be d iss ipated . 



3 . 1 . Cold p r e s s u r e welding 

3 . 1 . 1 . Welding pr incip le 

With the p r o c e s s of cold p r e s s u r e welding the two meta l 
p a r t s to be joined a r e forced f i rmly together by m e r e l y applying 
high local p r e s s u r e at ambient t e m p e r a t u r e . This b r ings the meta l 
sur faces into close contact even on an a tomic sca le and during the 
subsequent p las t ic deformation of the m e t a l s in the weld a s t rong 
bond is produced. 
The method of cold p r e s s u r e welding has been known for quite a 

long t ime . F o r a h i s to r i ca l review, see for example the compi -
5) 

lat ion of F . C . Kelley . Sys temat ic s tudies of the welding p r o 
ces s were c a r r i e d out by Sowter , Kel ley , Mil ler and Oyler 

8) and Hofmann and Ruge 

A g rea t va r ie ty of m e t a l s m a y b e welded by the applicat ion of p r e s 
su re , a. ο. , a luminum to a luminum, copper to copper, nickel to 
nickel , s ta in less s teel to s ta in less s t ee l . But cold p r e s s u r e welds 
between different me ta l s such a s a luminum to copper , a luminum to 
mild s tee l , nickel to s ta in less s tee l , e t c . , a r e a l so feas ib le . The 
essen t ia l fea tures of the method a r e i l l u s t r a t ed by fig. 1 which 
shows schemat ica l ly the welding of two me ta l s t r ips of equal thick
nes s d. The hardened ends of the punches a r e conical with an angle 
of 60° . The width ' s 1 of the polished ends has t o b e va r i ed with 
the m a t e r i a l s to be welded. In the case that d i s s im i l a r me ta l s have 
to be joined, the width ' s ' on the side of the h a r d e r meta l has to 
be s m a l l e r than that of the counter punch. F ig . l b indicates the 
situation after the full welding load has been applied. In the welding 
zone the total th ickness of the two s t r i p s 2d has been reduced to a 
thickness 2 r . The amount of deformation to produce a sa t i s fac tory 
weld is quite c r i t i c a l . The percentage of m a t e r i a l left in a re l iab le 
and s t rong weld is called the 'figure of m e r i t ' F , 

M" 

FM = I t * 10° * 
Some figures of m e r i t a r e l i s ted in table 1. 



T a b l e 1 

F i g u r e s of m e r i t of v a r i o u s c o l d w e l d e d m e t a l s 

Metals welded 

Al - Al 
Cu - Cu 

Ni - Ni 
Sta inless s teel -
S ta in less s teel 
Al - Cu 

Al - Fe 

Cu - Fe 
Cu -
Sta inless s teel 
Fe - Ni 
Sta inless s t e e l -
Fe or Ni 

Punch width 
s (mm) 

1.6 

1.6 

1.6 

1.6 

Al: 1.6 
Cu: 0 .8 

Al: 1.6 
F e : 0 .8 

1.6 

Cu: 1.6 
SS: 0 .8 

0 . 8 

0 . 8 

Fig . of m e r i t 

30 

11 

6 

6 

16 

12 

16 

11 

12 

6 

During the welding p rocedure it can be observed regu la r ly that 
from a ce r ta in amount of deformation on the th ickness can be 
st i l l fur ther reduced without augmenting the load. This i s due 
to a l a t e r a l flow of the me ta l . F o r some me ta l s the load even 
tends to d e c r e a s e . This has been m e a s u r e d by Hofmann and 

8) Ruge for ve ry pure annealed a luminium. In fig. 2, which is 
taken from thei r paper , the actual load i s plotted against the r e 
duction in the weld. Al ready at about 40 % reduction the flowing 
s t a r t s and a slight d e c r e a s e of the load can be observed for 
h igher reduc t ions . The i nc r ea se of the load at reduct ions higher 
than 60 % is due to the work hardening in the weld. 

The speed with which the weld is pe r formed as well as the duration 
of t ime that the max imum load is applied seem to be of l i t t le in-



6 -

fluence on the re l iabi l i ty of the welds . 

It should be mentioned that vacuum tight and s t rong welds can 

a l so be produced when the deformation exceeds the opt imum 

reduct ion cor responding to the f igures of m e r i t given in table 1. 

However, in this case the pe r iphe ry of the necked-down sect ion 

(see c i r c l e A in fig. lb) may be unduly thinned and fa i lures may 

occur , especia l ly when cycling the capsu les between ambient and 

liquid ni t rogen t e m p e r a t u r e . 

3 . 1 . 2 . Choice of m a t e r i a l s 

A m a t e r i a l of low densi ty i s to be p r e f e r r e d for de tec tor 

capsu les . There fo re , our own exper imen t s with cold p r e s s u r e 

welding were extended only to the bonding of different kinds of 

a luminum to a luminum and of a luminum to copper . At f i r s t the 

bonding of copper to a luminum was thought to be of specia l 

i n t e r e s t a s this would allow to fabr icate the lid of the cans of 

copper, and e l ec t r i ca l feedthroughs could be placed eas i ly by 

tin solder ing. Although vacuum tight Cu-ΑΙ joints have been made 

repea ted ly by cold p r e s s u r e welding, they a r e neve r the l e s s m o r e 

difficult to produce and they s eem to have l e s s mechanica l s t rength 

than Al-Al welds . In o r d e r to have both advantages , namely Al -

Al welding flanges and soldering on copper for the feedthrough, 

the l ids were fabr icated from Cupal , i . e . , copper clad a luminum. 

Sheet m a t e r i a l of 2 m m total th ickness (1 .6 m m Al 0 . 4 m m Cu) 

was used throughout the expe r imen t s . The pur i ty of the a luminum 

used for the fabricat ion of Cupal i s about 99. 5 % as specified by 

the manufac tu re r . 

3. 1.3. Cleaning 

A ve ry c r i t i ca l p a r t of the cold welding p r o c e s s i s the 

cleaning of the me ta l s before welding. In the case of a luminum 

±) 
'Cupal , T r a d e m a r k of Hetzel & Co. Nürnberg 



it i s of special impor tance to remove the re la t ive ly thick oxide 
layer on the sur faces to be welded. Most authors ag ree that 
chemical cleaning is not sa t i s fac tory but mechanica l cleaning 
is r ecommended . 

Although we produced sa t i s fac tory welds by scrubbing the flanges 
thoroughly with steelwool and r ins ing them in acetone, another 
method of cleaning has been adopted a f t e rwards . The flanges to 
be welded a r e carefully machined on a lathe taking off a very 
thin l aye r . No coolant or lubr icant i s used during this p r o c e s s 
and ca re i s taken that the flanges a r e not contaminated again. 
In genera l the p a r t s a r e used imrre diately after turning but in 
a few ins tances they have r e s t ed in a i r for two days before 

welding. Good welds could sti l l be produced. This i s in ag reement 
8) with a more sys temat ic t es t by Hofmann and Ruge who have shown 

that only after seve ra l days a de t r imen ta l influence of the slowly 
growing oxide layer can be m e a s u r e d . 

3 . 1 . 4 . Welding t e s t s 

A s e r i e s of welding t e s t s were c a r r i e d out using the final 
c i r cu l a r d ies . The annular welding surface has a mean d iamete r 
of 52 m m and a width of 2 m m . Two kinds of a luminum (95 % 
and 99 .5 % purity) were used and flange th icknesses of 1 . 0 and 
1.5 m m were tes ted . Best r e su l t s were achieved with 1.5 m m 
thick flanges of ve ry pure annealed a luminum with welding loads 
between 8 and 8. 5 ton. F o r the m a t e r i a l used this gave a defor
mat ion corresponding to a figure of m e r i t of about 30 to 40. A 
photomicrograph of a typ ica l weld is shown in fig. 3. It should 
be noted that it was found n e c e s s a r y to hold the dies in perfect 
a l ignment to obtain sa t i s fac tory welds. Al ready a smal l misa l ign
ment may reduce the th ickness of the c r i t i ca l region at the p e r i 
phery of the weld (see c i rc le A in fig. lb) considerably . 



3 .2 . Appara tus for encapsulat ion 
The const ruct ion and main d imensions of the capsules used 

for p lanar diodes a r e given in fig. 4. The indicated form of the 
lid was chosen in o rde r to avoid excess ive buckling due to the 
l a t e r a l flow of the a luminum during the welding p r o c e s s . Before 
forming the l ids par t of the copper l aye r was taken off leaving 
a cen t ra l c i r cu l a r a r e a of about 30 m m in d i ame te r . The cap
sules were fabricated out of A l - b a r s by turning. Both l ids and 
capsules were carefully degreased and then degassed in a 
vacuum oven. 

The dies employed for the welding a r e sketched in fig. 5. They 
a r e made of hardened 13 % C r - s t e e l . Th ree smal l l ips a r e fixed 
to the pe r iphe ry of the upper die to hold the lid during the eva
cuation cycle and hel ium filling per iod. With these dies and the 
a luminum used no pick up has been observed even after many 
welding expe r imen t s . 

The unit being used for the encapsulat ion is shown in fig. 6. 
It cons i s t s bas ica l ly of a c ross l ike rec ip ient (l) made of s ta in
l e s s s tee l . A 270 l / s ion get ter pump (Varian) (2) is a t tached 
to one of the main p o r t s . The roughing line (3) and the gas 
inlet sys t em (4) a r e fixed to the opposite por t . The s ta in less 
steel bellows (5) on the top pa r t of the c r o s s t r a n s f e r s the 
welding load into the vacuum sys tem and the four ex terna l 
spr ings (6) prevent that the bellows a r e c o m p r e s s e d by the 
a tmospher ic p r e s s u r e and by the weight of the heavy top plate . 
The complete a s s e m b l y is mounted on a roll ing table and can 
be placed between the pis tons (7) of a 15-ton hydraul ic p r e s s . 
All vacuum sea ls a r e made by OFHC copper gaske t s . 

3 . 3 . Capsule t e s t s 

The complete encapsulat ion cycle beginning with the loading 
of the dies takes at max imum 65 minu te s . Since the capsules a r e 
filled with hel ium they can be leak tes ted any t ime by placing them 
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in a high vacuum bell j a r which is connected to a hel ium leak de 

t ec to r . The detec tor ava i l ab le has a sensi t iv i ty of 5.10 t o r r l / s . 

Severa l t e s t s were c a r r i e d out in o rde r to check whether the welds 

r e m a i n vacuum tight after they had been cooled to liquid ni trogen 

t e m p e r a t u r e . F o r that purpose a smal l copper tube was soldered 

to the lid of the can in place of the e l ec t r i ca l feedthrough. This 

tube could be connected to the leak detector d i rec t ly . With the 

welding p rocedure finally adopted no leaks could be detected even 

after the capsules had been repeatedly i m m e r s e d in liquid ni t rogen 

and quickly warmed up again. 

To avoid a voltage breakdown in a capsule when the detector is 

b iased up to high vol tages (2000 V) the leakage cu r ren t over the 

feedthrough equipped with all contact p a r t s (see fig. 7) was m e a s u r e d 

at var ious p r e s s u r e s of hel ium. According to P a s c h e n ' s law the 

s tat ic breakdown voltage, i . e . the voltage at which a selfmaintaining 

c u r r e n t can flow in a gas , depends on the product of the gas p r e s 

sure ρ and the e lec t rode separa t ion d. Fo r a fixed e lec t rode sepa

ra t ion the breakdown voltage va r i e s with the gas p r e s s u r e . At low 

p r e s s u r e s the voltage d e c r e a s e s and at high p r e s s u r e s it i n c r e a s e s 

with inc reas ing p r e s s u r e going through a min imum in an i n t e r m e 

diate region. In the p resen t case this min imum was found round 

about 5 t o r r . Sufficiently low leakage c u r r e n t s were observed 
_2 

at a He p r e s s u r e lower than 10 t o r r and at p r e s s u r e s of 

760 t o r r or h igher . It i s believed that occasional fa i lures were 

due to sharp edges or points . F o r this r eason all edges on the 

contact p a r t s a r e rounded off carefully. The hel ium p r e s s u r e in 

the final capsules i s usual ly fixed to 1100 t o r r . 

Before encapsulat ion al l l ids a r e tes ted for vacuum t ightness and 

low leakage c u r r e n t s . With the capsules at liquid ni t rogen t e m 

pe ra tu r e leakage c u r r e n t s ¿ 0 . 1 nA a r e normal ly observed when 

applying b ias voltages up to 2000 V. 

As mentioned before, low leakage cu r r en t s a r e a lso obtainable in 
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well evacuated capsu le s . But due to the unavoidable outgassing 
of the c ry s t a l s and the inner sur faces at room t e m p e r a t u r e and 
since the volume to surface r a t io s a r e usual ly ve ry smal l , the 
p r e s s u r e in the capsule might quickly r i s e into the c r i t i ca l 
region where the n e c e s s a r y b ias voltage cannot be applied. 

4. Encapsula t ion P r o c e d u r e 

4 . 1 . Crys ta l p repa ra t ion 

Crys t a l s for encapsulated de t ec to r s can be handled p r a c t i 
cally in the same way as those for non-encapsula ted dev ices . 
We evapora te the l i thium for diffusion on etched c rys t a l su r faces . 

The diffusion is pe r fo rmed at 410°C to 420°C and the c r y s t a l s 
9) 

a r e drifted in boiling pentane . Special ca re i s taken to m a i n 
tain a high enough densi ty of mobile l i th ium a toms in the diffused 
η- reg ion of the c rys t a l a lso after drift — if n e c e s s a r y by redif
fusion or reheat ing. F o r that purpose , the r e s i s t ance of the n-
side is m e a s u r e d ve ry carefully to avoid high r e s i s t i v i ty reg ions 
from local imper fec t ions . 
Clean up cycles have to be fully completed before encapsulat ion; 
a probable outdiffusion of l i thium could necess i t a t e a r e t r e a t m e n t 
of a c rys t a l which i s not possible after encapsulat ion. 
F o r a final c ry s t a l t e s t before encapsulat ion charge compensat ion 
on the in t r ins ic c ry s t a l surface is pe r fo rmed in a suitable c r y o 
stat ; the main p a r t s of the p rocedure applied, H_0 ? dip and 
s torage at control led a i r humidity, were mentioned e a r l i e r in 
l i t e r a t u r e 
Acceptable t es t r e s u l t s include low leakage c u r r e n t s up to high 
b ias vol tages , smal l slope of de tec tor capaci ty v. s. b ias voltage 
and a l so smal l degradat ion of energe t ic resolu t ion up to high Y -
ene rg i e s . 

4. 2. Crys ta l p lacement and contacts 

The a r r a n g e m e n t of a p lanar de tec tor in a capsule i s shown 

in F ig . 7. 
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A genera l p rob lem is given by the va r i e ty of geomet r i ca l configu
ra t ions of c ry s t a l s which a r e poss ib le . C i rcu la r and t rapezoida l 
c r o s s sect ions a r e often used; but the final d imensions of dif
ferent de tec tor c r y s t a l s a r e never the same because unusable 
p a r t s containing i r r e g u l a r i t i e s or imperfec t ions a r e cut or 
lapped away during the fabricat ion p r o c e s s 
The thin indium disc at the f ront-s ide of a planar de tec tor , normal ly 
the η -s ide of a not fully compensated c r y s t a l , will a s s u r e a good 
surface contact . The spring p r e s s u r e on the back of the c rys ta l 
will help to a s s u r e a fixed shock insens i t ive c rys ta l posit ion in the 
capsule . The spring length is adapted to the c rys t a l th ickness . 
To simplify the equipment for encapsulat ion, only capsules having 
the same d iame te r a r e used. They can se rve for c ry s t a l s with 
a max imum rad ia l extension of about 40 m m . 

F o r coaxial de t ec to r s , a spring with a modified contact pa r t will 
be used as center contact . A special spr ing a r r a n g e m e n t is fo re 
seen between the l i thium enr iched outer n - su r face of a c rys ta l and 
the cyl indr ical capsule wall . 
As shown in fig. 7, special ca re has been taken to avoid sharp edges 
on the feedthrough and around it to allow high bias voltages without 
voltage break-down. 

4 . 3 . Encapsulat ion cycle 
To a s s u r e a min imum t ime in te rva l , during which a c rys ta l 

to be encapsulated i s at ambient t e m p e r a t u r e , a fixed t ime schedule 
is followed for encapsulat ion. After outgassing and cleaning of the 
capsule p a r t s , the c ry s t a l i s taken out of the tes t c ryos ta t at the 
la tes t moment for a shor t cleaning and surface handling. 
At control led humidi ty the c rys ta l i s placed carefully in the capsule 
and then t r anspor t ed in a closed container to the encapsulat ion appa
r a t u s . In the mean t ime the equipment has been p repa red in the 
following way: 

The sys t em i s f i rs t pumped by a double stage r o t a r y pump which 
is baffled by a s imple ni trogen cooled crap. This roughing per iod 
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_2 
is kept as shor t as poss ib le . When a p r e s s u r e of< 10 ' t o r r i s 
obtained, the r o t a r y pump i s shut off and the precooled sorpt ion 
pump is connected to the sys t em. At a p r e s s u r e of about 

_4 
5.10 t o r r the ion get ter pump is s t a r t ed , the roughing line is 

-7 
closed, and the sys tem is evacuated to the low 10 t o r r region. 
This p r o c e s s can be aided, if n e c e s s a r y , by a mild bake at about 
150° C using heating t apes . 
To load the sys tem with the p r epa red capsules it i s flushed with 
pure and carefully dr ied ni t rogen. The loading i s c a r r i e d out 
via the top por t of the rec ip ient . Opening the top port , loading 
the dies and closing the top por t again takes about 5 minu te s . 
Then the roughing valve can be opened. After a roughing t ime 
of genera l ly 16 minutes the ion get ter pump can be s t a r t ed . After 

-7 
another 40 minutes a p r e s s u r e of about 5. 10 t o r r will be 
reached . This can be m e a s u r e d by an i n se r t ed Baya rd -Alpe r t 
gauge. At this p r e s s u r e the ion get ter pump is shut off and 
pure hel ium (99-995 % He, as specified by the supplier) i s 
slowly bled in via a needle valve. As an additional precaut ion, 
a t r ap filled with s i l icagel and a liquid ni t rogen cooled t r ap 
filled with molecu la r sieve a r e incorpora ted in the he l ium line 
to prevent any water vapour to enter the sys tem. At a he l ium 
p r e s s u r e of about 1.5 a t m o s p h e r e s the welding is c a r r i e d out. 
The encapsulated c rys t a l can be taken out again through the top 
por t . 

Immedia te ly after a short visual inspect ion the capsule i s cooled 
down in about 15 minutes to a t e m p e r a t u r e , lower than 150°K by 
i m m e r s i n g a copper ba r on which the capsule i s fixed in liquid 
ni t rogen. 

5. Handling and tes t of encapsulated de tec to r s 

If the external surface of the feedthrough is freed sufficiently 
from frozen condensed water vapour a p r e l i m i n a r y tes t of the de 
tec tor per formance in liquid ni t rogen is poss ib le . Normal ly , only 
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the leakage cu r ren t vs . detector bias i s m e a s u r e d and compared 
with r e su l t s before encapsulat ion. Capaci tance m e a s u r e m e n t s and 
compara t ive t e s t s with Y-radiation a r e pe r fo rmed in a tes t c r y o 
stat . A smal l but defined i n c r e a s e of the de tec tor capacity, not 
l a r g e r than 1-2 pF for suitable feedthroughs, cannot be avoided. 
The tes t c ryos ta t should be equipped with a sensi t ive hel ium 
leak de tec tor . A quick t r ans fe r of a capsule from the ni t rogen 
bath to the c ryos ta t i s r ecommendable , especia l ly , if this is a 
c u r r e n t p rocedure of the expe r imen te r . F o r that purpose the 
c ryos ta t i s equipped with spring contacts a s su r ing short i n s t a l 
lat ion t ime during which the c ryos ta t is held at room t e m p e r a t u r e 
and filled with dry ni t rogen gas . In such a way, leakage c u r r e n t s 
on the surface of the feedthrough and evacuation p rob lems because 
of frozen condensed water vapour a r e avoided. A fast cooling of 
the detector holder in the c ryos ta t — via the cold finger during 
evacuation — will contr ibute to reduce a cer ta in smal l probabi l i ty 
that r e s t gases condensed on the capsule walls might be freed 
and diffuse to the sensi t ive detector surface , degrading per fo r 
mance . 

137 In fig.8 a γ spec t rum of Cs m e a s u r e d with an encapsulated 
p lanar de tec tor i s demons t ra ted . No inc r ea se of background due 
to the encapsulat ion can be detected. 

6. Poss ib le improvements and extensions 

It is planned to encapsulate a lso coaxial de tec tors with a 
3 

sensi t ive volume up to about 50 cm in the near future. In o rde r 
to reduce the influence of the m a s s of the capsule on detector 
pe r fo rmance , (for ins tance bery l l ium capsules welded in a suitable 
way to the applied a luminum covers and(or) thin effective windows) 
especia l ly for planar de tec tors by profiling the capsule front end, 
should be t r i ed . The stiffness of the capsules has to be maintained 
for p r e s s u r e differences of up to 1.5 a tmosphe re s under wors t 
case conditions (capsule in vacuum at room t empera tu r e ) . 
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Fig.1 Schematic illustration of the cold pressure welding 

process. 

a) Welding of two metal strips of equal thickness d. 

b) Position of the punches at maximum load. 

Circle A indicates a critical region adjacent to the 

welded part. 
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Fig.2 Variation of load with the final reduction of thickness 
in the weld for very pure annealed aluminium. 
(After Hofman and Ruge 8) 
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Fig. 3 Photomicrograph of a strongly etched aluminium to 
aluminium cold pressure weld at 6 0 % deformation. 
( magnif icat ion 120 χ ) 
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Fig.Λ Can and lid for the encapsulation of germanium 

detectors. 
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Fig.5 Dies for the cold pressure 
welding of detector cans. 
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