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Standard FETs

FET in linear region: ( ) DTGipDS VVVC
L
ZI −= µ

FET in saturation region: ( )2TGipDS VVC
L
mZI −= µ
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Previous results

Mobility changes as function of gate voltage
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Previous results

Perfect straight line when plotted as 6th-root of current vs. Vg

Ids ~ (Vg-Vt)6

SAT:
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Linear region

FET in linear region: ( ) DTGipDS VVVC
L
ZI −= µ

FET in saturation region: ( )2TGipDS VVC
L
mZI −= µ

SAT: IDS ~ VG
a LIN: IDS ~ VG

a-1
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New results. Linear region

Plotted as 5th-root. Consistent with Saturation-region data

Ids ~ Vds (Vg-Vt)5

LIN:
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Mobility

Gate-voltage-dependent mobility up to 1x10-3 cm2/Vs

7



Variable Range Hopping
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Variable Range Hopping

Ids = VG ^ 2T0/T

Ids = VG ^ 2T0/T-1

SAT:

LIN:

µ = VG ^ 2(T0/T-1)

Vissenberg and Matters

Gate-dependent mobility, Just as we need!
caution
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In saturation. Sample F10

Ids ~ VG ^ 2T0/TSAT:

log(Ids) = a log(VG-VT) + C

F10

Ids ~ (VG - VT) ^ a

a = 2 T0/T
a = 6

300 K

log(VG-VT)
lo

g(
I d

s)

300 K

150 K

T0 = 900 K

Prediction

Vissenberg

Faro
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Sample F10

Failure of VRH 
theory!

Slopes ‘a’ 
independent of 
temperature!

Tunneling 
conduction?

Each line represents a transfer 
curve at a different temperature

a = 2 T0/TVRH

theory
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Sample 8 nm 150 oC

VRH works?

Slopes ‘a’ depend 
on temperature!

Each line represents a transfer 
curve at a different temperature

5*5 µm2
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Sample 8 nm 150 oC

Slopes ‘a’ not well predicted by VRH

Each dot represents the 
slope in a transfer curve 
at a different temperature

F10
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Mobility

Gate-voltage-dependent mobility up to 2.5x10-3 cm2/Vs
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Threshold voltage

Sample F10 Sample 150 oC

Impurity levels freeze out in F10 and not in ‘150 oC’
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Measurement conditions: speed

1000 mV/s

5 mV/s

Measured mobility depends dramatically on scanning speed!
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Measurement conditions: pulsed

For pulsed measurements we get even higher currents

pulsed

CW
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Measurement conditions: hysteresis

Large hysteresis. Better studied with transient spectroscopy
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VG = -7 V 
0.25 V/s



Conclusions

• Gate-voltage-dependent mobility

• Mobilities up to 2.5 10-3 cm2/Vs

• Analysed with Variable Range Hopping model

• VRH analysis result:

• sample F10: wrong. Tunneling conduction?

• sample 150 oC: not conclusive. More data needed

• Threshold voltage depends on temperature (deep level freeze-
out?)

• Correlations: morphology, mobility, ‘a’, VT

• Measurement conditions studied
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Thank you

for your attention
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