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FOREWARD 

This is-one of a series of papers presented at the Gatlinburg Conference on 

Semi-Conductor:,:Detectors and Associated Circuits (May 9 1967). Taken together. 

the papers represent a general summa.ry of some of the recent advanc~s in tills 

area at LRL, Berkeley. 
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HIGH VOLTAGE OPERATION OF LI:THWM~DRlrTED SILICON DETECTORS USING A SHE!. .. !' STRUCTU~ _____ ."S ___ ~~~~~~,~~~!2I asa--

By: F. S. Goulding and R. P Q L(.)thl'op 

As shown by Llacer(1,,2) \l the turnup 5.n leakage current and noise w~th increasing 

voltage in lithium-dI'ifted detectors can usually be attrlbuted to breakdown effects 

at the junction of the n-type surface channel and the bulk p ... type material (see 

Fig. 1), In his second paper L.laccr points out that the breakdown vol.tags depends 

on the type of structure used as well as the p)'.'eci.se surface conditions. Structures 

in ,.;hleh the bulk electric field tends to deplete the surfar:!6 cha.nnel· can be expected 

to give better high voltage performance~ 

Measurements on sUl'facechannels made in ()urlaboratory confirmed the major 

I 
I 
! 
!' 

I , 
I 
r 

pcints of Llacerts mod.el and, suggested the possibility of using the shelf structure ... ,. ... I 

shown' in Fig. 2 to increase the breakdown voltage of lith:i.um ... drifted silicon detect<;lrs 

and to make surface treatment less cri tleal. The basic process is sin,ilar to that· 

d · . b d 1" ( 3 \1 4 ) .r h .> 1. • r· 2 . escrJ. e ear :leI' except rOY' t e SeConu step s.lo\>m ~n . l.g. • After the lithium 

diffusion over the complete front face of thewafer g a short drift is carried out to 

produce a l/2mm drifted region eN 0 B. l/2rmn may not be the optimum depth but' is quoted . 

here for the purpose of illustration)o The mesa struc.tu.:ce not'mally used in· our planar 

detectors is now etched. remov.ing a1llJ;thi.Urri""diffulSed material. in the shelf region 

but not removing the intr·insic shelf region i tse.lf G Drifting is then continued 

through the whole wafer as in our earlier process. 

The effect of the shelf<1s' shOl-1i1 in Fig ~ 3. Due to the high electric field 

existing across the shelf region (as much as 50 ilOOO V/e-m) thesUl"face channel is 

pinched off and no voltage appears at the junction bet~'ieen the stu'face dliimnel and 

p ... region at X. Surface potential t\~easureYll~mts on a typi.ci:.il detector produce, the 
.' .: .. 

results shown in Fig. 3b. fig. 4 sho\\fs the leakage cUl'rent-voltage characteristic 

of one of these detectors. t'ihile the leakage current of this pal"·ticular detector 

is somewhat high~ there is no sign of turn~up in le~kage current up to 3l<V applied 

This compares.wi.th about 500V in similar units not having the shelf structure. 

t , 
t· 

! 
I : 
t 

voltage. 

'" This work was carried out as part of the program of the 
Radiation Labo 

Nuclear Chemistry Instrumentation' 
, ' : t No~· W_7405-eng-48 • i Group of the Lawrence 
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We also note that none of the low frequency noise which is characteristic of surface 

breakdown is observed in this unit. 

Several shelf-structure units do show leakage current turn-up and breakdown 

noise in the 2 to 5KV applied voltage range. We have no explanation for this 

behaviour at the present time. 
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Figures 

1) Illustrating Source of Voltage Breakdown 

2) Showing Construction of Shelf Structure 

3a) Structure Geometry 

3b) Surface Potential Distribution 

4) ..Typi,cal Leakage Current .. V()ltage Curve 
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This report was pre~ared a~ an account of Government 
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