hunting for the x-defect, or... on the trail of Michael’s thesis
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Figure 6.12: Poole-Frenkel effect observed on the Thermal Double Donor (TDD) in CZ
silicon. Left: DLTS spectra and (lower part) corresponding difference spectra showing a shift
in the TDD peak maximum to lower temperatures with increasing field strength. Right: Field
strength dependent activation energy of the TDD (further details are given in the text).

(PH-110Qcm; ®., = 1.3x 10" em™2%; Up = =20 V; Up = 2...18 V; t, = 100 ms; Ty = 200 ms)

If e.g. an electron is emitted from a donor the external field reduces the binding energy
between the emitted electron and the remaining positive ion (Coulombic well) by the applied
voltage drop across the binding potential (Poole-Frenkel effect [Fre38]). Thus the activation
energy AH' for the carrier emission is reduced by a field strength dependent value AEg
resulting in an effective activation energy 24 of

Es= AH' - AEg. (6.2)

investigate the x-defect

Poole-Frenkel?

5E14 electron/cm2, 5.5 MeV (Minsk)
p-type diode (CIS16-EPI-02-50-DS-100)
10Qcm for strong electrical fields

perform DLTS measurements with different pulse
voltages

spectra resulting from 2V pulse comes from
defects sitting in the depth range between W(20V)
and W(2V)

subtract spectra from each other to get signal
contribution only from defects in this specific depth
range

difference spectra are effectively spectra recorded
for different field strengths

get activation energy dependent on E-field
strength

obtain O field energy



Standard DLTS measurement

T T T T T
—— 0.6V reverse |]

—— —2V forward L

A
| [

DLTS b1 [pF]
s
~
I
\

[10 V reverse bias, 1 ms injection pulse, 200 ms time window]:
0 50 100 150 200 250 300

TIK]




DLTS with different pulse voltages, 20V reverse

DLTS b1 [pF]

CIS16-EPI-02-DS-100, p-type diode, 10 Qcm, 5E+14 e/cm?, 5.5MeV electrons
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DLTS difference spectra
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E-Field calculations 2V}
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Arrhenius Plots for difference DLTS measurements

Arrhenius for Difference Fields
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Sqrt(E-Field) dependence?

E-Field Dependence on the Activation Energy
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E-Field calculations
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Arrhenius Plots for difference DLTS measurements
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Ea [eV]

E-Field Dependence on the Activation Energy
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the same exercise again with 100V reverse bias and higher pulse biases
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TSC measurements: cool down under 0V, warm up under -20V reverse
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TSC: 0V cooling (comparing cooldown at 0, -100 and -20V) for Tfill 20K

CIS16-EPI-02-50-DS-100

"0 CIS16-EPI-02-50-DS-100 2.0 . .

Lst | 15k 0V injection ]
20V injection

1.OF 1 1ot ]

Vg:()ol V1, Vﬁ]l V1, Y warm V1, Tﬁl] K]

ias bias bias

-100,0,-20,20 —— -20/0, -20, 20

VoSl [V, VL [v], v [v], 70 (K]

bias

—0,20,-20,20 —— -100, 20,-20,20 —— -20, 20, -20,20

— 0,0,-20,20

TSC-signal [pA]
TSC-signal [pA]

0.5

0.0

. X Vfill=20V, Tfill=20K, Vbias(up)=-20V _ — ; _
05 . X VAill=0V, Tfill=20K, Vbias(up)=-20V
50 o0 e 200 250 —03 50 100 150 200 750

emperature [K] Temperature [K]




TSC: -20V cooling, warm up -20V, injection OV, Tfill 20K
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TSC: 0V cooling does not make a difference in filled defects (comparing cooldown at 0, -100 and -20V) for Tfill 40K

TSC-signal [pA]

CIS16-EPI-02-50-DS-100

2.0

1.0

0.5

0.0

-0.5

20V injection

Vool [V, VAL [V, vigam (v, 70 (K]

ias
— 0,20, -20, 40 -100, 20, -20,40 —— -20, 20, -20, 40

Vfill=20V, Tfill=40 K, Vbias(up)=-20V

50

100 150 200
Temperature [K]

250

TSC-signal [pA]

CIS16-EPI-02-50-DS-100

2.0

L.5

1.0

0.5

0.0

—0.5

0V injection

Vcool V1, Vbﬁi{a]s [Vl ywarm V1, Tﬁl] K]

bias

-100, 0, -20, 40

bias

— 0,0,-20,40

— -2040,-20, 40

VAill=0V, Tfill=40 K, Vbias(up)=-20V

50

100 150
Temperature [K]

200

250



TSC: Dependence on Filling Temperature (20, 40 80K) w/ cool down under reverse bias
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TSC: Dependence on Bias, cool down 0V
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