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Some basic aspects of recombination properties of high purity n-type 

germanium are studi~d by the photoconductive decay method, with a 

view to ascertaining .the efficacy of accepted procedure of detectmg 

radiation damage. 

A cryostat entirely different from conventional types in its invert,ed 

set up was used 

S 1. Introduction 

In the studies of semiconductor, the recombination of holes and electror.s plays an 

irnportant role. It has been found that the lifetime of minority carriers in germanium 

depends on a structure-sensitive property ' of the material. The recombination process 

takes place through the medium of imperfectibilities of some sort in the crystal. The 

statistics of the recombination of holes and electrons in semiconductors was analyzed on 

the basis of a model in which the recombination occurs through the mechanism of 
tra ~pingl). 

The basic aspects of the recombination of excess carriers in germanium and silicon are 

now familiar, and have been recently treated in a number of review articles2). The minority 

carrier iifetime measurement to detect the radiation damage being a delicate process, the 

effect of irradiation ori lifetime has been studied by several investigators3). The studies 

on the annealing of defects produced by irradiation were discussed in our previous 

papers 4)~7). We are also going to set . about studying minority carrier lifetime of the 

semiconductor affected by irradiation. In this paper the basic aspects of the recombination 

of mihOrity carriers in n-type germanium are treated 

S 2. Experimental Procedure 

The measurements herein reported were obtained from observation of the decay of 

excessive conductivity L0110wing an injection pulse. We used the measurprnent of minority 

carrier lifetime in germa::nium on the method 0L photoconductive decay approved by the 

IRE Committee 8). Observations have been made , on single . crystals, Qf high resistivity 

n=type germanium which were cut along the longitudinal axis in <lll> direction. The 

surfaces of the specimens wete so etched as to minimize surface recombination effects 

Xenon flash tube was used as the light source. The use of this type of pulsed light 
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source was a success. The illuminating 

GAS tNLET ' systein (Ushio Kogyo Co. Ltd., UXP-
lOOOLS) can deliver pulse of light with 

GAS OUTLET a very short turn-off tim'-, 0.5/Isec. This is 
short compared with the lifetime of speci-

mens. These electrodes and all connections 

between parts of the system were shielded 

electric_ally. The syncroscope (Iwasaki 

Tsushinki. 5302) has adeqate characteristics 

to observe the decay curve. Contacts 
regions were shielded from light, while the 

central half of the sample was exposed 

Our cryostat had a few new features 

It was so constructed, using two Dewars 

(see Fig. 1) 62 and 115 mm in diameter, 
HOT 
GAs+ that the smaller Dewar was inserted upside 

down into the other, thus facilitating the 

COPPER sample changing. Further, the~ upper Dewar 

was furnished with a region pervious to 

pulsed light. The sample was mounted on 

the copper-block heat-conductor encased 

in a copper cap, 30 mm in diameter. The 

Dewar was filled with liquid air 2/3 of its 

capacity. One of the two U-type tubes, 

thermally shielded, was used for injecting 

CUSHION hot gas, the other for exhausting, in order SHEET 
to effect the temperature control of the 

sample. Lead wires were bound outside 

these tubes. The lifetime measurement was 

controlled within the temperature range of 

Fig. 1. Diagram' of cryostat and sample about 90'K through 300'K by the injection 

mountmg Of hot nitrogen gas. For temperature meas-
urement was used a copper-constantan 

thermocouple 

S 3. Experimental Results and Discussion 

Temperature variations of lifetime seems to be one of the best tools for studying the 

recombination process. Fig. 2 shows the dependence of lifetimes and resistivities on 

temperature for samples D4-1 and C1-9, and the resistivities vs typical temperatures 

(O'C, dry ice temp. and liquid air temp.) have been plotted. Samples D4-1 and C1-9 

have room-temperature lifetimes of 56.5 /Isec and 51.0 /esec, and these two samples have 

resistivities of 24.4 ohm-cm and 38.0 ohm-cm at O'C, respective]y. As shown in the Fig 

2 the basic similarity between the temperature behavior of lifetime and that of resistivity 

was recognized. According to the recombination theory of Roosbroeck9), minority carrier 
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2．M1nor1ty　carr1er11fet1me，τ，and

　　reslst1vlty，　ρ，　（dotted　　l工ne）　砂s

　　rec1proca1temperature，ユ／T，for

　　samp1e　C1－9and　D4－1

㎜1ned．fro皿o岨ana王ysヱs　of　the　s1ope　of1nτ∞1τr眺1／T　curye

11fet1me　showed．a　strange1y　behaY1ng　curve1n　the　reg1on　fro㎜173◎K　to260◎K，1nterpreted．

to　have　been1nf1uenced．by　th．e　trapP1ng　t1me　constantτ・・　Th1s　correspond－s　to　our

assumpt1on　that　the　trappmg　t1me　constantτ。。㎜ust　be　swauowed　m　recomb1nat1on

1ユfet1meτr　at　h1gh　temperature1o）It1s　assu皿ed　by　us　that　the　reco皿b1nat1on11fet1皿e

11fet1rαe　decreases　as　the　concentrat1on　of

e1ec旋ons　increases，三f　tbe　density　of　traps

1s　constant　The　s1皿11ar1ty　pattem　between

l1fet11me　and　res1st1v1ty　seenユed　to　supPort

Roosbroeck’s　theory　　The　1ogar1th㎜　of

血1nor1ty　carr1er11fetime眺rec1proca1tem－

perature　for　sa㎜p1e　D4－11s　p1otted　m

F1g　3　The　d．epend．ence　of11fet1me　on

temperature　was　so　re皿arkab1e　that　the

recom－b1nat1on1e∀e1（4W）1ndエcated　bythe

s1ope　of　lnτ洲1／T　curve　was026ev

F1g4shows　tb．e　te皿perature　depend．ence

for　samp1e　C1－g　The　upPer11fet1me　curve，

obtamed　at　te㎜peratures　be1ow200oK，

1nd1cated．the　occurence　of　trapP1ng　Phe－

nomenon　w1th　fa1rly1arge　tme　constant

τ。。The　trappmg1eye1026eV　was　deter－

　　　　　　　　　　　　　　　　The　p1ot　of　recom．bmat1on
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reclproca1temperature，1／T，for

samp1e　A8＿3
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　　　　　　　iOO0／丁（叩，

Mmonty　camer11fet1me，τ，砂5
rec1proca1temperature，1／T，for

samp1e　A8－3．（When　a　steady

background　Hght　ls　app11ed）

and－trapp1ng　t1me　constant　sh1ft，for　th1s　reg1on，along　the　dotted，lme1n　the　f1gure

The．measurements　of　hfet1m－eτ。corresponded　we11w1th　the　va1ue　obta1ned－by　ad，d．mg

the　presum．Pt1ye　va1ue　ofτr　to　that　ofτ◎o　F1g　51uustrats　the　depend，ence　of　m1nor1ty

carr1erユ1fet1me　on　temperature　for　sa皿p1e　A8－3　A1though　the　reco㎜bユnat1on　of　ho1es

and－e1ectrons　has　not　been　y1s1bie，the　d－eep　trapp1ng1s　don11nant　over　the　recorαb1nat1on

at1owtemperature　When　the　ho1es　are1n1ected　mto　the　sa1mp1e　by　a　pulse　of11ght

a㏄ompan1ed－w1th　a　steady　background11ght，the　ionger　t1me　constant　for　the　f1na1d．ecay

due　to　trapp1ng　d－oes　d1sappear　and．the　recom．bmat1on1eye1of　O08eV　comes　to　be

presented。（Fig．6）．

　　The　depend．ece　of　the　pos1t1on　of　trapPmg　　　．2．r一

1eve1（11ら一1ら）on　temperature　m．easured．by

the　s1ope　ofτ。。fo工the　samp1e　A8－31s

111ustrated－m　F1g　7The　trapPmg1e▽e11s

m．arked．1y　depen（1ent　on　tem，perature　1n　the

range1ower　than200oK
　　A　few　properties　of　the　亡ecombination

center　and　tbe　trapPing　centre　haYe　been

obta1ned－ut1工1zmg　the　d．ependence　of11fet1me

on　temperature，and　stud．1es　on　bas1c　aspects

of　the　recomb1nat1on　of　m1nor1ty　carr1ers

in　n－type　ger㎜anium　h肘e　been　carried　out．
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