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Fig 1. Schematicdiagramand scanningelectronmicroscopy

imageof aGaNbasedpin detector.

Fig 2. Carrier drift velocity as a function of electric field

intensityfor GaN.

Gallium nitride (GaN) semiconductorshavea wide bandgap,

high-temperatureresistanceand high radiation resistance.

Theyhavea lower electron-holepair creationenergy(8.9 eV)

than diamondand silicon carbide. It is, therefore,a potential

material for neutron detection. Chargecollection efficiency

(CCE) is an essentialparameterfor semiconductorradiation

detectors. However, since the spatial distribution of the

electron-ion pairs generated inside the semiconductor

depletionlayer cannotbe directly obtained,it is difficult to

obtainthe CCE at different positionsinsidethe detector. This

researchdevelopeda simulationmethodbasedon Geant4 and

Python to simulate the CCE inside a GaN detector. The

algorithm'score is basedon the Hecht equation,and on this

basis, the drift and diffusion of carriers under different

voltages and different depletion layer thicknesses are

considered.

Fig 3. Comparisonof CCE versevoltagerelationshipsobtained

from simulationandexperiment.
Fig 4. Comparisonof CCE versevoltage relationshipsobtained

from simulationswith differentcarrierlifetime.

Fig 5. Comparisonof CCE versedepletionthicknessrelationships

obtainedfrom simulationswith differentbiasvoltage.
Fig 6. Comparisonof thenumberof e-h pairsversevoltagerelationships

obtainedfrom simulationsatdifferentdepletionlayerdepth.

The whole structureof the detectoris shown in Fig 1. To

simplify thesimulationmodel,only thep-type, i-type,andn-

type layers are simulated. Different from the structure

showedin Fig 1, for neutrondetection,a lithium fluoride (LiF)

converterlayer is addedat the top of the p-type layer. The

version of Geant4 is 10.7, and the physics list used is

FTFP_BERT_HP. Fig 2 showsthe carrier drift velocity as a

function of electric field intensity for GaN. The electron

mobility modelis from F. Schwierz(2005), andthe low-field

hole mobility is from T. T. Mnatsakanovet al. (2003). First,

the 2-carrier Hecht equationis usedto simulatethe CCE of

the detectorand the result is comparedby. By changingthe

carrier lifetime, the CCE of the detectorunderdifferent bias

voltagesis obtained.

Geant4 is thenusedto obtain the spatialdistributionof carriers. The

Hecht equationis usedto calculateCCE at different depletionlayer

depths.
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Equation1. Hecht equation. L is the distancebetweencathodeand

anode. ��e and ��h aredrift lengthof electronsandholesin theapplied

electricfield. x0 is thepositionwherethee-h pairsaregenerated.
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1. A CCE simulationmethodfor GaN neutrondetectorbasedon

Geant4 andPythonhasbeendeveloped.

2. TheCCEof differentpositionsinsidethep-i-n GaNdetectorare

calculated.

3. The effect of radiationdamageon the CCE of the detectorhas

alsobeenstudied.

Fig 3 showsthedifferenceof CCEversesbiasvoltagefor a simulation

and an experiment. The maximum error is 6.39% with 10 V bias

voltage. Whendisplacementdamageaccumulates,the carrierlifetime

will be degraded mainly due to Shockley-Read-Hall (SRH)

recombination. Fig 4 shows a comparison of CCE�±voltage

relationshipsobtainedfrom simulationswith differentcarrierlifetimes.

The researchfound that when the externalbias voltage is high, the

CCE of the detectoris sensitiveto radiationdamage,which means

CCEis degradedsignificantly.

Fig 5 showsa comparisonof CCE�±depletionthicknessrelationships

obtainedfrom simulationswith differentbiasvoltages. As theexternal

voltageincreases,the thicknessof thedepletionlayerwill continueto

increase. In thedepletionlayer,theattenuationof CCEis not apparent.

However, if the e-h pairs are generatedoutsidethe depletionlayer,

only the diffusion of holes will contribute to the final signal, as

detailedby theFig 5 subfigure. Fig 6 showsthatasa highervoltageis

applied,themoreuniform thedistributionof e-h pairswill be.


