A Study on the Temperature dependent Impact Ionization for GaAs
using the Full Band Monte Carlo Method
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Abstract

As device dimensions are fastly scaled down, impact ionization(l.l) events are very important to analyze

hot carrier transport in high energy region, and the exact model of impact ionization is demanded on device
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simulation. We calculate full band model by empirical pseudopotential method and the impact ionization rate
is derived from modified Keldysh formula.

We calculate impact ionization coefficients by full band Monte Carlo simulator to investigate temperature
dependent characteristics of impact ionization for GaAs as a function of field. Resultly impact ionization
coefficients are in good agreement with experimental values at 300K. We know energy is increasing along
increasing the field, while energy is decreasing along increasing the temperature since the phonon scattering
rates for emission mode are very high at high temperature. The logarithmic fitting function of impact
ionization coefficients is described as a second orders function of temperature and field.

The residuals of the logarithmic fitting function are mostly within 5%. We know, therefore, the logarithm of
impact ionization coefficients has quadratic dependence on temperature, and we can save time of calculating

the temperature dependent impact ionization coefficients as a function of field.
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1. 9 ALZHA form factor
Table 1. Emperical pseudopotential form factor

vil Vi nl Vs Vi i

42K |-0.239] 0.0185 | 0.0510 | 0.0783 | 0.0527 | 0.00649
77K [-0.236 | 0.0167 | 0.0505 | 0.0794 | 0.0532 | 0.0050
300K{-0.235) 00164 | 0.05 |0.0786 | 0.0525 | 0.0051
400K |-0.233 | 0.0163 | 0.0496 | 0.0783 | 0.0521 | 0.00502
500K |-0.230 | 0.0160 | 0.0490 | 0.0782 | 0.051 | 0.0048
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Figure 1. Phonon scattering rate calculated by Eq. (3)

E 2 ¥e3cZo} utZ A$ 7k (em3sec-1)
Table 2. Coefficients value of phonon scattering mode

Temp | Coc.| Optic(ab) | Opticlem.) |Acoustic{ab.)| Acoustic(em.)
a [2793%107° | 1.154x10™ | 1.78x10™ | 3479%10™
b |-4.207x 10| 1.781x10™ | 1.302x 10™ | 5.555% 10™
a [2468x10™]1169x10™|1875%10™| 5277x 10"
3.897x10™| 1.821x10™|4.305x10™ | 1.011x 10"
6.524x10" | 1.766X10™ | 1.027x10™ | 1.357%10™
1.065% 10| 2.889%10™ | 2.408 x10% | 3.0x10"
9.89x10™ {2.088x10™ | 1.468x10" | 1.803X 10"
1.669%10™ | 3.53x10™ | 326x10" | 3.847x 10"
135610 | 2.468 x 10| 1,788 x 10" [ 2.114x 10"
b | 229x10™ [4.163X10™ | 431x10"™ | 4925x 10"
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Figure 3. Impact ionization rate calculated in this study
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V. Monte Carlo Simulation
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Figure 4. Mean energy of secondary electron as

a function of the electric field
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a function of the temperature
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Figure 6. Comparison of the Monte Carlo

simulation with the logarithmic fitting

function for impact ionization coefficients
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