
66.. LLTT HHaallll eeffffeecctt ­­ RReessuullttss
• The HGT samples show

basically two type of shape

of temperature dependence

of conductivity (σ(T)).

• The shape of σ(T) depends

on detail compensation and

for the deep analysis should

be based on ICP­MS for

each sample.

• The annealing changed the

shape of σ(T).

77.. DDiissccuussssiioonn

55.. PPhhoottoolluummiinniisscceennccee RReessuullttss

44.. PPAASS RReessuullttss

22.. PPooiinntt ddeeffeeccttss

33.. EExxppeerriimmeenntt aanndd TThheeoorryy

PPoossiittrroonn lliiffeettiimmee ssppeeccttrroossccooppyy

ooff vvaaccaannccyy­­rreellaatteedd ddeeffeeccttss iinn ZZnnOO
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SSuummmmaarryy

•• TThhee iinnfflluueennccee ooff ggrroowwiinngg mmeetthhooddss ooff ZZnnOO wwaass sshhoowwnn.. TThhee HHTTGG mmeetthhoodd ggeenneerraattee ddiiffffeerreenntt

ttyyppee ooff ppooiinntt ddeeffeeccttss ((lliiffeettiimmee ≈≈118800 ppss)) tthhaann ootthheerr mmeetthhooddss ((lliiffeettiimmee ≈≈116655 ppss)) iinnddeeppeennddeennttllyy

oonn ccrryyssttaall vveennddoorrss aanndd oonn cchheemmiiccaall ccoommppoossiittiioonn..

•• TThhiiss ddiiffffeerreennccee wwaass eexxppllaaiinneedd bbyy tthhee ppoossiittrroonn ttrraappppiinngg aanndd aannnniihhiillaattiioonn iinn hhyyddrrooggeenn­­ssttaabbiilliizzeedd

ZZnn vvaaccaannccyy ((VVZZnn –– HH)) iinn tthhee ffoorrmmeerr ccaassee aanndd bbyy tthhee bbuullkk ppoossiittrroonn aannnniihhiillaattiioonn iinn tthhee llaatttteerr ccaassee..

•• TThhee pprreesseennccee ooff VVZZnn wwaass pprroovveedd bbyy pphhoottoolluummiinniisscceennccee..

•• TThhee ggaallvvaannoommaaggnneettiicc mmeeaassuurreemmeennttss wweerree ddoonnee,, tthhee ccoonncceennttrraattiioonn NNDD­­NNAA aanndd aaccttiivvaattiioonn

eenneerrggyy ooff ddeeffeecctt wwaass sseett..
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• Vacancies

• Intersticials

• A­centers (V­XD)

• Neutral (V­2XD)

• The ZnO grown by HTG contains defect, with lifetime ≈ 180 ps, whereas

crystals grown by other methods contains defects with lifetime ≈ 165 ps.

• Theoretical calculation imply that the lifetime 180 ps corresponds with

positron trapping and annihilation in hydrogen­stabilized

Zn vacancy (VZn – H ).

• The presence of VZn was proved by photoluminescence for HTG samples.

• The LT Hall effect analysis was done and the activation energy for defects

were set. The shape of conductivity lines depends on original concentration

of impurity in various sample.

• Samples from different vendors

and grown by different

technology (HTG ­ hydrothermal

growth, PMG ­ pressurized melt

growth, BG ­ Bridgman growth,

CVT ­ chemical vapour transport,

VPG ­ vapour phase growth).

• HTG yields the positron lifetime

(≈180 ps), in contrast to other

growth methods (≈165 ps).

• This finding was independent

of the concentration of impurities

determined by ICP­MSP.

• Possibility of trapping

at (VZn ­ H).

11.. MMoottiivvaattiioonn
• Single crystalline Zinc Oxide represents promising material to manufacture

blue and UV light emitters and high­temperature and high­power transistors.

• An engineering of point defects existing in ZnO crystals represents principal
task for routine productions of high quality crystals for such application.

1. Room Temperature

2. Low Temperature

PPoossiittrroonn aannnniihhiillaattiioonn ssppeeccttrroossccooppyy ((PPAASS))
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GGaallvvaannoommaaggnneettiicc mmeeaassuurreemmeenntt
((LLTT HHaallll eeffffeecctt))

PPhhoottoolluummiinniisscceennccee ((PPLL))

CChheemmiiccaall AAnnaallyyssiiss ((IICCPP­­MMSS))

• Photoluminiscence

confirm green

luminiscence iduced

by VZn at HTG samples.

• Combination of VZn and

VO probably induced the

green luminiscence at

CVT samples.

• The green luminiscence at

PMG samples was not

observed.

• Lower limit: 77 K

• Upper limit: 330 K

Positron lifetime for crystals grown by several methods
and from several vendors. The grow methods are marked
by shape of symbols, the producers are marked by arrow.

The open symbols represents data from literature.


