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Diffusion in Solids
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Fick's First Law
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Fig. 2.1. [lustration of Fick’s first law
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* no loss of activity
- diffusion towards increasing Ag concentration
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Experimental Results

Te-saturated CdTe: t,;; = 60 min, external Cd pressure

1014

—
o
»

concentration (cm®)

concentration (cm®)

Mg 828 K 5764 800 K
09**% °%e,
f .o .0. f . [ ] ® .
.:~..’.“.. .......... P.... ° ® L P ..
1 1 1 1 1 1
200 400 600 0 200 400 600
2ANa 750 K 198 au 800 K

5

200

400
depth (um)

600

0

200

400
depth (um)

600

10"

CdTe

t=0:
o-layer at x =0

Uphill-diffusion

profile symmetry:
dopant in equilibrium
with host crystal

profile shape:

result of
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Control of Intrinsic Defects

T-AC phase diagram (sketch)

>
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Defects Involved

Cd
sublattice

intrinsic
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donors

... and all defects
can be charged

acceptors

Te sublattice: ,,perfect”

[AC]=[Cd;]-

:de]_[Ang] -

=> Deviation from stoichiometry

10



SER, UNIVERSITAT

Fick‘s First Law revised s S

usually

In general

Particle Flux J

J,=—D ag C|! C: concentration
X

(1 species)

Jx=—L % 4| U :chemical potentials

(several species)
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Fick’s First Law revised

Change dri_ven by the_
in the chemical potentials

concentrations
of

Ag atoms Ag
intrinsic defects d| [AC
charge carriers Cq]
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Modelling of Experimental Results >
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» charge states of extrinsic and intrinsic defects

> profile of AC leads to formation of p/n junctions

> drift in internal electric field
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information about:

» diffusion coefficients
» formation energies
» lonizations energies
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D(Cd;) should
not depend on
the dopant!
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Ag in Different Semiconductors
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comparable behavior
in different II-VI semiconductors
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Uphill Diffusion Profiles in Cd,_Zn,Te
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Influence of Metal Layers

MAgin CdTe
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Influence of Metal Layers
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Influence of Metal Layers
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Cd-saturated (AC;,; = AC¢y)
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Influence of Metal Layers
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MAgin CdTe (580K)
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Influence of Metal Layers

MAgin CdTe (580K)
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Influence of Metal Layers
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Influence of Metal Layers
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"Ag in CdTe (580K)
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Uphill Diffusion

Injection of Cd Interstitials by
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On-line Diffusion Chamber

— Catcher, Tape station, Detector

¥ Sputter-source

* Catcher and tape-station

* Germanium-detector + “PET”

* Sample depot

* Remnte cantral (radioprotection)

Furnac& Manipulator 1
TR "
/ 1) Open beamline
Depot 2) Depot
3) Implantation
4) Annealing

5) Sputtering
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1. Diffusion experiments in binary semiconductors

Summary

Importance of radioactive isotopes at ISOLDE :
elements, implantation, purity.
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ISOLDE
CERN

2. Observation and understanding of unusual diffusion profiles

General formulation of Fick's law :
uphill diffusion, quantitativ understanding, metal layers.

3. On-line diffusion chamber for short-lived isotopes

Access to well-needed light elements.
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1. Diffusion experiments in binary semiconductors

Summary

Importance of radioactive isotopes at ISOLDE :
elements, implantation, purity.
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ISOLDE
CERN

2. Observation and understanding of unusual diffusion profiles
General formulation of Fick's law :

3. On-line diffusion chamber for short-lived isotopes

uphill diffusion, quantitativ understanding, metal layers.

Access to well-needed light elements.
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°1Co (tl,2 = 1,65 h) diffusion in CdZnTe
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Terich (p-type): — substitutional incorporation?

Cdrich (n-type): — Co incorporated as Co,
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Future : Short Lived Isotopes

On-line diffusion chamber

Following the set-up by the Stuttgart group (T,/,> 10 min):

SER, UNIVERSITAT
o L1 <3

| O SAARLANDES

Isotope LEY

*°Cl 37,3 min > Diffusion of C, N and O in semiconductors
e 20,38 min » Self-diffusion in Al and in Al alloys

13N 9,96 min » Diffusion of C, N, and O in grain boundaries
20 56 i of nanomaterials

(150) 1225
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profile analysis

DES
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model predicts:

AX D tdiff

1.0 1.5 2.0 2.5 3.0
log(t/min)

t ... (min)
10 100 1000

diff

taking into account

dissolution of precipitates:

quantitative description
of Ax(tgs)

| dissolution of
precipitates ...

... taken
into account

effective D(Cd;) depends on

e density and size
e dissolution rate

of precipitates

1.0 1.5 2.0 2.5 3.0
log(t/min)

used samples:

different with respect
to precipitates
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defects taken into account

charge states of defects:

CdJ9, Cd.;*, Cd>?+ donor o
intrinsic (6)

Ved® Veds Voo acceptor
Ag?, Ag:+ donor
g Ad extrinsic (4)
Adcq®s Adcq acceptor
e, ht free carriers (2)

defect concentration:

F(Y) w(Y) Co: number of available
[Y]=Cq 'eXP(—kB—T] +€Xp (kB—TJ lattice sites

Defect interactions
in local equilibrium:

Three chemical
potentials

Three corresponding
concentration quantities
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diffusion equations

Ha = W(AQ)) [Ag]=[Ag;]+| Agcq ]
=p(Cd?)  [AC]=[Cdi]-[Vca]-[Acd] unchanged upon
Mg = H(e) Cq] =(2[Vc2;5] +[VC_:d:| +[ Agéd] +[e_]) defect reactions

-(2[cd*]-[cd]-[Agt]-[n])

d (o[Ag] o[Ag] o[Ag])
—[A _—D [Ag]— |Ag] O0|Ag] O[Ag]
g] ag*[AG] - ka o om R,

d [A9l) | oac] ofac] ofac]| ™
dt AC]— (DCd [Gd]"‘DvC [VCd])—MA d [AC]|=| — —— ——|0d|m,

G
e e ]zi U ofcal alca] alca
ggol 94 dx? Hq

Agcq is regarded as not mobile
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energy (eV)

chemical potentials charge density and incorporation sites
P stoichiometry deviation of Ag dopant
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Ag dopant in n-transitions formed
g gop : P . Ag dopant mostly
equilibrium with in front of penetrating incorporated as Ag;*
host crystal Cd, defects !

essentially the same results for Cu, Au, and Na dopant
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(0[Ag] 8[Ag] o[Ag])
OMpg  OMcq  OMe

A
LAal) | 5rac) ofac] afac]| [ M
[Cq] Ag Cd F Hp
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| OMag  OHMcqg O
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) o[Cal/oue
D, (DCdi -[Cdi] +Dy,, [ Veq ]) (a[AC]/aMCd)(a [Cq]/aup) — (GFEAC]/GMF)(a[Cq]/aF‘Cd)

8[AC]/dpcq =[Cdi] +[ Veq |
6[AC]/ope = 0[Cal/oucy =-(2[ Cd?* |+ Co |+ 2[ V&3 | +[ Veq )

s(cal/one =(4[cd ] [od J+[1 ]) ( V&) M )
cal= (o[ Ve &) -2[od ]+ [ear o [n) 0




Cu-layer

QOO9
QP09
QP09
QP09
Q909

CdTe

0000
Q0000
0000 =
Q0000
0000

Cu-layer

Q09
Q09
Q09
Q09
Q09

CdTe

Q09
QO9
Q09
QO9
Q09

2-3 ML Cd at the interface would be sufficient !
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Radioactive Tracers

600 isotopes, 68 elements VIII

IIIa IVa Va VlIa VIla
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