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HICUM/L2 v2.30 overview Introduction/Overview

Introduction/Overview
* Release of HICUM/L2 v2.30 for DotFive only.

 Future official release date open, in the following slides marked as CMC release.

* New features:

Improved formulation of transfer current
Charge storage effects at heterojunction barrier
Improved temperature dependences

Minor change in Ik formulation

 Some differences between both releases.
« Will be shown in this presentation to avoid confusion.

* Full compatibility to recent versions, i.e. all effects can be turned off by default
parameters. Except for:

« Temperature dependence of hg and hgz, Wwhere compatibility is achieved by flcomp.
* C,gj (as already changed in v2.24).
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HICUM/L2 v2.30 overview Improved formulation of transfer current

Improved formulation of transfer current
Bias dependent hjg;
» Already presented at HICUM WS 09.

* Implementation
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* The junction voltage is limited to Vpg; and 0.
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HICUM/L2 v2.30 overview Improved formulation of transfer current (cont.)

Improved formulation of transfer current (cont.)
Bias dependent hjg;

* Last term avoids numerical problems when using very small ry;g; caused by using of
two smoothing functions.

2
| Xiim, upp + A/xlim, upp + afi . _ VDEi_ VT
Vcorr - [ 2 ~Xim, upp VT with Xlim, upp ~ VT
* Temperature dependence
DotFive release CMC release
( ) hiEi TO CJh_/’Ei
o (T) = ..T—L()“‘E‘ (T) = ..T(—)
ah]Ez( ) ah]Ez( 0) C]EZ(T) ah]Ez(D ah]Ez( O) T
and and

higio(T) = hig(Ty)ex p[N;fE(;O lﬂ higio(T) = hjEi(To)eXp[MI//g:E((Tl)ggBE_ lﬂ

CXp [ra,y-El-(ahjEi(TO) - ahjEi(T))]
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HICUM/L2 v2.30 overview

Improved formulation of transfer current (cont.)

« Transition to high bias region (i.e. Vpg;) can be adjusted by IhiEi (and th,:—,-).
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HICUM/L2 v2.30 overview Improved formulation of transfer current (cont.)

Improved formulation of transfer current (cont.)
Low current minority charge
» Low current minority charge Qris mainly located in base region and BE-SRC.

» For graded Germanium content, the Qg "sees" a different n; than the minorities in
the base.
» This effect leads to a very low on, when

extracted from transfer current. 30
= Introduction of weight factor for Qg. 25 ° o Simulation
—Model
O = hpQp T hpAQpst AQprt hicAQcy “

ch_ 15+
 Temperature dependence due to bandgap

. 10+
difference.

th(T) = hfo(To)eXP[AII/}ng(%— 1)} 950

« Effect on transfer current shown in HICUM WS 09.
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Improved formulation of transfer current (cont.)

Improved formulation of transfer current (cont.)

Experimental results

« B3T technology, Vgc=0V, Temp=[25 50 75 100 125] °C
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Improved temperature dependence

Improved temperature dependence

* New temperature dependence for high current weight factors.

» Based on bandgap difference between base and emitter or collector, respectively.

T

Vob ™ Vee
h (T) = h (]ﬂ)exp[ £ g'(————
fE fEXNT0 VT TO

1)}

and

hye(T) = th(To)eXp[%(% - lﬂ

« Bandgap voltages already available.

— No new parameter were introduced.

 In Dotfive release equations are always
turned on.

» in CMC-release, equations can be turned
on by flcomp=2.3 (or higher).
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HICUM/L2 v2.30 overview Charge storage at heterojunction barrier

Charge storage at heterojunction barrier

» High current minority charge extended by barrier related part.
Orp = AQpr T AOpr, * AQp, .+ AD(y .

 Barrier related term calculated by a bias dependent barrier voltage.

AO /{ AV ¢ |
= Tpa I exp(—) — }
Bf, b Bfvs"T VT

with already existing

TBfvs — (1 _frhc)Tth
» Kirk-effect related transit times are "delayed" by the formation of the barrier:

. AVC_ VCbar
AQﬂz,c - ThCSlewzeXp( VT )
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HICUM/L2 v2.30 overview

Charge storage at heterojunction barrier (cont.)

Charge storage at heterojunction barrier (cont.)

 Barrier voltage bias dependent by transfer current and internal collector voltage (via

lck)-

 Two formulations
I

(implemented in both releases)

. .2
Lhar T «/lbar T AChar
bar
1+ A 1+ ACbar

with

AVe-=V,

. _ ]CK BCbar

Yhar — - l_
Tf

* New parameters

* Vecbar s @cbar » Bebar
* In DotFive release acp, merged with ay ¢

* Viepa~0 turns barrier extension off

(possibly implemented in CMC-release)

|

acBar

AV, g = V_p,, €Xp

C

( 2
. .2
Lhar T A/lbar T

* New parameters

* Vebar» @cbar > lcBar
* Vepa~0 turns barrier extension off
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HICUM/L2 v2.30 overview Charge storage at heterojunction barrier (cont.)

Charge storage at heterojunction barrier (cont.)
* Verification on 1D device simulations

» Using equation |
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results much better than I.
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HICUM/L2 v2.30 overview Minor changes in ICK formulation

Minor changes in I, formulation

* New equation

2
ICK _ Veeff 1 1 +X+ A/x —Qickpt
rCZO(l 4 (vcef]) 6CK) I/SCK 2
Vlim
* Introducing 6.x as new parameter. 0.08
« Defaults to original equation for & ¢=2
0.06/
<
 0.04}
_O
0.02; /. _ f
’ —SCK = 2.0 (default)
. | | ---SCK: 1 (e.g. holes)
0 1 2 3 4 5
Vg V]
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Minor improvement of capacitance equations

Minor improvement of capacitance equations

Equations including punch-through (i.e

V; m may become larger than V.

. CBC and Ccs).

Possible numerical errors for z very small, caused by multiple smoothing functions.

Solution by subtracting an estimate of the maximum error for very high voltages.
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Summary of new parameters

Summary of new parameters

Parameter Default | Name DotFive release | Name CMC release Description
Fitting parameter for /~k-equa-
Scx 2.0 delta_ck delck g parame CKeq
tion
Vebar 0 vcbar vcbar Heterojunction barrier voltage
ahc ahc or acbar Fitting parameter for onset of
acpar 0.1 (merged with existing (decision not yet g paral
barrier voltage
parameter) done)
Fitting parameter for onset of
Bebar 1 beta_cbar betcbar barrier voltage
N . - Low bias weight factor for BE-
hiEio 1 hjel hjel junction charge
. - Parameter describing the slope
anic: h h
hEi 0 ahjel anjel of hgi(Vge)
ThiEi 1 - rhjei High voltage fitting parameter
Vhiei 0.07 rhjei - for hjgi(Vge)
ho 1 hfO hfO Weight factor for low current

minority charge.
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Summary of new parameters (cont.)

Summary of new parameters (cont.)

Parameter Default | Name DotFive release | Name CMC release Description
: Bandgap difference between
AV,
9BE 0 dvjbe dvgbe Base and BE-junction.
CanjEi 1 zetaah - Fitting parameter for tempera-
Chici 1 ] zetahjei ture dependence of ag;
FahjEi 1 rahjei - Fitting parameter for tempera-
CoBE 1 ] zetavgbe ture dependence of h;gj
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