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Phonon and lonized Impurity Scattering
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Multiple Scattering Events
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Model for lonized impurity Scattering

|
]
1 |l Silicon
Electrons T=30K
1000 —
=
3
g - K
E Holes _--“"—""-. Y .
[ — o IS Hon min
- n P ~Go ~
o N, or Np (cm™3) (cm?/V-sec) [ """M...._ \-...._ /
£ 14 [~~~
1x104,,... 1358 461 u
100 —— 2 1357 460 —
—— 5 1352 459 =
— 1x10%5,.... 1345 458
— 32 33% 455
— 448
| 1x108,. ... 1248 437
2 1165 419
L5 986 378
1x107..... 801 331
oL LU 1
1014 1015 1016 1077 1018 1019
1VA or ND (C‘m’s)
I I
PURDUE Klimeck — Solid State Devices

UNIVERSITY. 6



Temperature-dependent Mobility

5000
4000
2000 \\ L} -
\
\\\ o \ T-23
NN N
2000 1000 T
\..\ \\ \
\\ N D = \
NN 7024
500 Np = 10M4fem®
N N L L
I~ ~lpig \-.,:\.\\ 100 200 T (K) 500 1000
1000 Sy Sags
™~ TN T
"’LD = h-.“'h “.\:\"«
— 3 E’ 1017 -‘-"""-..‘ "'-....:::‘\
— @ - =
2 -‘.‘"‘"--..,_ h"“:‘_‘:
~y ~y 2 == 500 ] =
Hn ~ Tn ] 5
e -
=
ND = 1013 —...-—--_-...__________‘—
200 -~
100 ND = 1019 T T T Tttt
50
-50 0 50 100 150 200
TeC)
I
PURDUE Klimeck — Solid State Devices

UNIVERSITY. 7



Intermediate Summary

* Poisson and drift-diffusion equations Jelspiics =5 o8
 form a complete semi-classical transport model - =~
e explain wide variety of device phenomena.

L

Drift current results from response of electrons/holes to
electric field.

 The physics of mobility is complex and material dependent.

 Constancy of low-field mobility can be checked by
experiments.
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Mobility at High Fields?

What causes velocity
saturation at high fields?

S Where do the various mobility formula
& &£ In device simulator come from?
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Velocity Saturation in Si/Ge
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Velocity Overshoot & Inter-valley Transfer
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Problem of mobility measurement - unknown doping concentration

Four-Probe Measurement! measures
voltage of device without measuring drop
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and type by an electrical measurement
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Problem of mobility measurement - unknown doping concentration

Four-Probe Measurement! measures
voltage of device without measuring drop
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