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Motivation

= Study of the bias dependence of the critical current Ik after to have observed a bump on
the output characteristics (quasi-saturation region) with both HICUM/L2 and HICUM/LO

= In HICUM models (Level 2 and Level 0), the critical current I characterizes the onset of

high-injection effects in the collector
* Quasi-saturation effect

» Kirk effect
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|ck formulation

® From HICUM/L2 v2.31 (similar equation in HICUM/LO, the bias dependence of Ik IS
given by

2
Veett =Viim + {VCeff_VLIM} +e
Vet Vet

— Q1+ > (1)

s {fo}}
VLIM

2
VCeff_VLIM+ {VCeff_VLIM} +e
Ver Ver

2
IS used to connect the cases of low and high-electric fields in the collector.

B Vceff IS the effective collector voltage defined by . . .
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® The smoothing function 1 + , with smoothing factor € = 0.001,
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|ck formulation

= The bias dependence of Ik is characterized by the following model parameters

* R o internal total vertical collector resistance under the emitter
* V| u Voltage separating ohmic and saturation region of carrier velocity V|, = E jy DWV¢;

_ 9 Ng;
* Vpt collector punch-through voltage Vp; = e (W,
Si
* Vg collector-emitter saturation voltage Vo
n
* Dg | ck field dependent mobility in the collector
V~107cm/s |- ------ -

® From (1), the bias dependence of the critical |

current Ik can be split in 3 parts J“”‘JE

* lckL, Ick at low collector voltage :E o7y, >

LM~ cm E

* lckHL» Ick at high collector voltage but lower than V|
* lcknh» Ick at high collector voltage greater than V|
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lck at low positive collector voltage

® From (1), Ick, can be written

_ Vet _ Veei—Vees

o | Ve >V
CK_ RCIO RCIO CEi T
* Model parameters
Vegs = 1mV 100 | | n
Vpr = 1V 0= | . ) .
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lck at high collector voltage with Ve < Vv

® From (1), Ick, can be written

Veei—Vees 1
* lekn, = |IQC|0 R T Veei<Vim
D
{1 + (VCEi _VCES)DELCK} FLeK
Vi
* Model parameters
(Vees = 1mV 100 l A
Reo = 10Q § ,’ ek,
Vi = 0.5V 80 |- ! - lokm,
— ! ’ 1

Vpr = 1V iy = \FZL'M R

— Clo 4
(DeLck = 2 < 60 [~ | 7 7]
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lck at high collector voltage with Ve > Vi v

® From (1), Ickyn Can be written

Vim Veei—Vees—Vim
* ek, = Rero 1+ Vor Veei> Vi

* Model parameters

(Vegs = 1mV 100
Reio = 10Q lCKL
Viu = 0.5V 80 ICKHL
Vpr = 1V ek,
(DeLck = 2 60

lck [MA]
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Bias dependence of ok VS. Vg

2.
VCeff_VLIM+J{VCeff_VLIM} re
_ Ve - 1 Ver Ver

= 31+

{1 + {V_ Ceff}DELCK}DELCK
Vim

* Model parameters

Vees = 1mV 100 !
Repp = 10Q | ok, ——
IV = 0.5V 80 |- lekn, ——
Vpr = 1V lckn, ——
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Bias dependence of ok VS. Vg

® Model issue

» Inflection point (bump) at Vg = V| (connection between lckpy and lckqn)
» This bump is also visible on output characteristics in the quasi-saturation region (see slide 2)
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Proposal and validation

m A possible solution to remove this bump is to
tion (1)

€ set to 0.1 instead of 0.001

lek [MA]

lck [MA] and dlc/dVeg; [MA/V]
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increase the smoothing factor
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Proposal and validation

m Same effect on the output characteristics, the increase of € allows to correct the bump in
guasi-saturation region

€=0.001 €=0.1
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Proposal and validation

= Impact on f; characteristics
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= Similar (or even better) accuracy are obtained with increasing of € (Icx parameters re-
extracted)

B Comments to HICUM users

* Due to the strong impact of the self-heating, direct extraction of |-k parameters, as described in literature, is very

difficult, or even impossible...
* Alternative solution?
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Summary

m The critical current Ick can be split in 3 components

* One at low VE;
A second at high Vg but lower than V
» And a third at high Vg greater than V|

= We clearly shown that the smoothing function used for the transition between Vg; lower
than V| and Vg greater than V| is not enough soft.

= We propose to increase the smoothing factor € in order to remove the bump on the Ik vs.
Vgi characteristics.

» with the possibility (to be discussed) to add a model parameter (Ack) which could be adjusted by users like Ay

= Doing that, the bump often observed on I vs. Vg characteristics, after the optimization
of |ck parameters, is also no more visible.

m Users and developers feedback requested for approval and implementation in next
HICUM releases for both HICUM/L2 and HICUML/LO
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