SIEMENS Semiconductor Group

Vorstellung des

Bipolar-Transistormodells SQ3 von Siemens
und Vergleich von SQ3 mit SGP und VBIC95

Fiir das Foundary-Geschiift ist in Zukunft der Ubergang zu einem
leistungsfahigen, international etablierten und in jedem
Designsystem verfugbaren Bipolar-Transistormodell erforderlich.

* Uberblick iiber das bei Siemens verwendete Inhouse-BJT-Modell SQ3.

X Vergleich der grundlegenden Modellierungsideen von SQ3, SGP und
VBIC95.

* Uberlegungen, unter welchen Bedingungen ein Ubergang auf ein
international standardisiertes Bipolarmodell moglich und sinnvoll ist.

Bipolar Arbeitskreis 1998 Pietro Brenner, HL HF SI CDB

9/98

&KKK )
(o



SIEMENS

Semiconductor Group

Anforderungen an ein neues Device Modell
um internationale Akzeptanz zu finden.

Wesentliche Verbesserung der *
Modellierungsgenauigkeit
gegeniiber etablierten Modellen.

Verfiigbarkeit in allen gdngigen x
Simulatoren.

Numerische Stabilitidt des Modells
auch bei der Simulation groBer
Schaltungsblocke.

Akzeptable Simulations-
geschwindigkeit.

Skalierbarkeit und “Worst-case™ X
Tauglichkeit des Modells.

Intuitives Modellverstindnis.

Unaufwendige Gewinnung von
Parametersiatzen mit bereits produktiv
eingesetzten Extraktionsverfahren.

Direkte Abbildung der Devicephysik
auf verstandliche Gleichungen.

Verfiigbarkeit einer kontinuierlichen
Wartung, Pflege und Dokumentation
sowie technischer Unterstiitzung durch
ein unabhangiges Institut oder eine
anerkannte Universitat.

Weiterentwicklungsperspektiven fiir
das Modell im Hinblick auf
kommende Technologiefortschritte.
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SIEMENS

Semiconductor Group

Requirements for a new, international accepted
device model

¥

* ¥ ¥ K

Significant improvement of
simulation accuracy compared to
established simulation models

Availability in all common used
circuit simulation programs.

Numerical stability (everywhere).
Short simulation time.
Scalable model.

Intuitive model understanding for
experienced model users.

*
*

“Worst-case” capability.

Downward compatibility of extraction
procedure for model parameter
extraction.

Physically based model equations.

Central and commonly accepted model
maintenance by an independent Institute
an approved University.

Perspectives for continuous model
advancement.

Good (technical) model documentation.
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SIEMENS

Semiconductor Group

Anforderungen an einen neuen Bipolar -
Modellstandard fur Sub-mBi1CMOS-Prozesse

% Mindestanforderungen

p

p

Modellierung des/der parasitiren
Transistoren und Effekte.

Modellierung der verteilten Natur des Basis-
Emitter Komplexes (Verteiltes RC-
Netzwerk).

Temperaturmodellierung der DC- und AC-
Parameter im Bereich -40°C £ T £ 150°C.

Korrekte Modellierung der Transitfrequenz

® in abhingig von der Kollektorspannung
f=t1(Upc)

® 1m Hochstrombereich bis zu
Kollektorstromen I = 3*[ (@115 )

Rauschmodell vergleichbar Spice.

*

p

Wichtige Zusatzanforderungen

Modellierung der spannungsabhaengigkeit
der Earlyspannung.

Modellierung der Avalanchmultiplikation
und der Durchbriiche.

Korrekte Modellierung der Quasisaettigung.

Verbessertes Kapazitdtsmodell welches die
Sperrschichtkapazitit in FluBpolung besser
modelliert und zusétzlich die modellierung
von konstanten Sitzkapazitdten ermdglicht.

Skalierbarkeit des Modells fiir Transistor-
Langenfloten.

Bipolar Arbeitskreis 1998

Pietro Brenner, HL HF SI CDB
9/98

&KKK )
(o



SIEMENS Semiconductor Group

Anforderungen an einen neuen Bipolar -
Modellstandard fiir Sub-mB1CMOS-Prozesse

*x Wiinschenswerte Verbesserungen:

b
b
b

Bessere Modellierung des Transistor-Reversebetriebs.
Modellierung der Selbsterwarmung des Transistors.

Aufteilung der Basis-Kollektor und der Kollektor-Substratkapazitéit in Rand und
Bodenanteil.

Modellierung von Junction-Leckstromen und deren Temperaturabhaengigkeit bei
Sperrpolung des PN-Ubergangs im Bereich von -40°C £ T £ 200°C.

Verbessertes Substratmodell unter Beriicksichtigung des dielektrischen
Kapazititsbelags des Substrats.

Eignung des Modells fiir statistische Analysen und fiir ,,Worst-Case* Untersuchungen.

Erweiterung des “Exess-Phase” Modells auf Transientenanalysen und exakte
implementierung einer AllpaB3funktion die zu einer Zeit- bzw. Phasenverschiebung des
Transportstromes flihrt.
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SIEMENS Semiconductor Group

Comparison of Siemens SQ3 and VBIC 95
Bipolar Transistor Models

In 1995 the new bipolar transistor model VBIC95 was introduced to become a new
world wide standard for modeling and characterization.

VBIC is in many aspects compatible with the current aging SGP standard and so circuit
designers and modeling engineers can carry on there understanding of BJT-Models.

Siemens HL would like to support in the future a world wide standard model if
< model accuracy and performance,
<& availability and support in the most important simulators,
< numerical stability and efficiency,

is comparable to our Inhouse-BJT-model SQ3.
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SIEMENS

Semiconductor Group

Subcircuit-Models vs. Complet-Device Modells

Advantages Disadvantages
Subcircuit Great Modeling > One transistor consists of a lot
Model of circuit elements

> More nodes than necesarry

One-Transistor
Model

> No redundance
> Easer Parameter handling

> Higher simulation efficience
>

Not flexible in the use of other
devices
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SIEMENS

Semiconductor Group

Subcircuit Model of NPN

QI1: active npn transistor

Q2: parasitic substrate pnp

Compact BJT Model:
Siemens SQ3 or
SGP (Standard Berkeley)

RE =R+ R,

RB = Rbi(Ql) + beO

RC= Rci(Ic) + cho

CJE = C ,(Q1) + C;p(Dy) T Cieyo
CIC = C;,(QD) + C;,,,(Q2) + Cy g

CJS = C;, (QD) + C 1, (Q2)

Internal Transistor Q1

NPN_MAIN

1)

bei
Cjbci \L’Ci

chsi

Iy Parasitic Transistor Q2
—>
bx0 I Rbi
Cbch Tiaw Ibep
Ic
L | r Gl |1T
P
chO I RCi
A\ 4 \,'
|
— | L, -
jbep
RsxO
PNP_PAR
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SIEMENS

Semiconductor Group

Siemens NPN-Subcircuit Model

Internal Transistor Q1

IE
E -t 5 NPN MAIN
._ ex0 Rei
bex0 Cjbei Liei
I Parasitic Transistor Q2
. Rxo 9 Ry; |
C
: bex0 Cjbep Ibep
C L ]
C — > ~— C. . bei
A |ITp jbei
. ch() | RCi v
v \'
I e -
s |2 T ||~ =
~jbep
. RsxO b
PNP_PAR
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SIEMENS Semiconductor Group

3-Transistor Subcircuit Model of Lateral PNP

K WSQX'_
§§m

7
7Y

___________

| p-channeistep |

| p+-ditj‘usion |

n+ -buried layer
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SIEMENS

Semiconductor Group

Copper

Metal

Base

SiGe Base

Emitter Collector

Trench L

Isolation
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SIEMENS

Semiconductor Group

Forward and Reverse Transport Current Models

I,-1, IS e Vb; 0 e Vbxc o}l
* SGP: [, =—1—"= eV 13- g™ - 110
qy q, [1] ¢
I,-1, s &t 0 e’ o
*x SQ3: [, =—1—"= (e’ - 12- Ge' - 120
qy g, 1] 2
I.-1. € ki 0 ot ou
* VBIC: 1, =20t = IS sqcovme 15 covma 3y
Qi qd, & 1] Q[.j
e u
: Vbep Viei 0 Y bep 0 l:l
I, = lyp = Lvy _ ISP %WSP@NFPXVT +(1- WSP)*e™""7 - 12 geNFPXVT 123
qbp pr ? 4] ¢ 5 ?l;l
e Ly 8/
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SIEMENS Semiconductor Group

Normalized Base Charge Models

* SGP: qb:%x(1+\/1+4xq2)

oo g =i i)

*x VBIC95 uses the original Gummel-Poon Equation:

1
Dbi :Ex(%i +\/%2i +4x‘]2i)

d, :%><(1.o+\/ 1.o+4><q2p)

Early-Effect of the parasitic transistor is neglected
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SIEMENS

Semiconductor Group

Normalized Base Charge Models

Early-Effect Model High Injection Model
* SGP: 9 = ! ]ff ! tr
' Ko Vo P O “ = IkF KR
& VAR VAF
1
* SQ3: g, = - g =0 4 Lo
_ Vbe _ Vbcg 2 ]bf ]br
vbr vbf @
* VBIC95: bei . fgjbci _ Ay 1,
0" :1.O+fq1bez +fq1bcz g, = v 4 L
: VER VEF IKF  IKR
fgjbei and fgjbci are the normalized — [fﬁv
depletion charge§ functions at the D2p IKP
internal base-emitter and the

internal base-collector junction
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SIEMENS

Semiconductor Group

Base-Emitter Junction Current Models

* SGP;:

* SQ3:

*x VBIC9S:

T+ ISE ><§eNE*VT - 1%

e b 0 e 0
= IBEI xge NEP¥r - 12+ IBEN >§e A

5
= IBEI xée NEPY 1%+ IBEN >«ée NENT 1%

I, =WBE>1, +(1- WBE )51

e Ve o)

2

el

2

Vbex

2

bex

In VBIC9S5 the total emitter-base junction current is the sum of the internal PN-diode
current [, and the sidewall diode current component 7, ..
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SIEMENS Semiconductor Group

Base-Collector Junction Current Models

IS &y O el
*x SGP: Ibc:—xxée T—1;+15Cx§e N s
BR P p
g be;V O e IVI:V 0
* SQ3: I, =ibc><ée”r " - 1:+ﬂc><g‘e“ N s
@ @
Viei 0 e Viei 0
*x VBIC95: I1,. = IBCI >§eNC”‘VT - 1+ IBCN >«éeNCN*VT - 1z
1] a
e Vep 0 e Viep 0
1,,, = IBEIP Xée NP . 17+ IBENP ><ée AR
a a
[bc = Ibci +Ibep - Igc

In VBIC9S the total base-collector junction current is the sum of the internal base-collector
diode current /,,; and the base-emitter diode current component /,,, of the parasitic transistor.
I, s an additional weak avalanche current significant at high base-collector bias.
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SIEMENS Semiconductor Group

Weak avalanche multiplication model

*x SGP: - The model Parameter AVC2 can be
modeled as temperature dependent in
. S (0 X F— VBIC95 \

:

% VBIC: I, = AVCIXU,, - 1,)%,, ()% |- 4VC2T) 9, 07,)] '}

where: V, (V,,) = O.5>{\/(PC- Vbci)2 +0.01+ PC - Vbci)

PC i1s the Built-in voltage parameter of the base-collector junction.

* MEXTRAM: A more physical based but rather complicate set of equations. The
MEXTRAM avalanche model is a more sophisticate extension of the VBIC-avalanche
Model.

Pietro Brenner, HL HF SI CDB
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SIEMENS Semiconductor Group

Collector Resistance and Quasi-Saturation model

* SGP: Constant resistor RC
* SQ3: Constant resistor RC

V. +V

* VBIC: ]rci j— rci cor 2

6 0

e V  +V u

RCI X 1+ é O( Sra cor) [:I

&0 +——>— x| V2 +0.01 U

& HRCF 0
¢ e Vi 0
€ e e Glan 1+ GAMM %'t U
Ve =V X6\ 1+ GAMM %' - \ 1+ GAMM %" - log¢ +
e .-

g

gl+\/l+GAMM><eVT o,

The saturation velocity voltage V'O and the high current RC correction factor HRCF are
limited to values greater than zero to avoid numerical problems
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SIEMENS

Semiconductor Group

Base Resistance Models

* SGP;:

* SQ3:

* VBIC:

* Mextram;:

t -
If IRB>0: 1, = RBM +3XRB - RBM)x* )"
zxtan"(z)
IfIRBEO: r, = RBM + RE - REM
qy
. t -
If itb>0: 1y, = rbm + 3l x0Z) = 2
zxtan"(z)
If wtb£0: 7, =rbm +r_bz
qy
RBI RBP
Ty = RBX + obp =
9y ql)p
3XRBYV v, 2 0

where: s (V,.) = 2% e - 1%
’ Vrbi % %)

fhe = qy X{ 1+s (Vrbi)J
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SIEMENS Semiconductor Group

‘ Depletion Charge Models |

* SGP and SO3: q':‘% =CJ> fgjr if: V< feVJ
71 =CJ Xfqjf it: V.3 fedJ
Charge normalization
uses the following (- MT)
definition : fQ]V = 4 ua ?- V 9 3
lim fgjr(V,)=0 o Ve g
V.0 .
- Fe+ My - posr)Y
A= (1= FC )™ _ ¥ 25 N H
Jaif =VJ % 1- MJ +(Vx FCXVJ)" (1_ FC)(1+MJ)
* VBIC: q,(V.)=CJ> fqj
| o( A AU

In VBIC95 the applied internal junction Voltage V_ is converted to an effective junction voltage V(V,) !
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SIEMENS Semiconductor Group

Depletion Charge Model of VBIC95

X In VBIC95 limitation of the internally applied junction capacitance
voltage V. by introduction of a smoothing function V(' V', ) to avoid
the pole position.

VZ(VX)=O.5><{VX + FC ¥ - \/(Vx - FC#® ) +AJ> )

The value of AJ models
= lim =054 FC.P - \/ F 2 P2 + 4]« the transition region. The
VIO V. ® 0 Vl ¢ J transition region increases
with increasing AJ.

* For V.>>P and V _<<P V,reaches the following limits:

V.>>+FC>Pb lim V,(V,)=0.5FC>P

V. ® +¥

V.<<-FCxPP lm V/(V_ )»V,
V.® - ¥
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SIEMENS Semiconductor Group

Junction Capacitance and Depletion Charge

* SGPand SQ3: If V, < fexJ: C,=CJx 7
? « 9
V@
2 MI XY 6
Ccl- FCY1+MJ)+ -
, . _ ye VJ 4]
If V.3 fexXj: C,=CJx (I_FC)(MJ+1)
® 0
dg, v, _  CJ 1 L =T
. C.(V M CJ %
* VBIC J( x) dV ﬂV 4><1_ FC) * Qﬁ VIOM (1- FC) M ﬂV
& pi o

VBIC95 uses a Cy-continuous depletion capacitance model with a bias-dependent
built-in voltage V(V,).
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SIEMENS Semiconductor Group

Diffusion charges

* SGP and SQ3:

_ Lty b (v )= Tdoe 1 &t ;0
que - o Dbe( be) - - )
q, .. .. q, 9
ﬂqu 1
9. =1, XIR; p C,.(V,,)=——"=1R X I,
. =1 (1)
*x VBIC9S :
_ Aty b Vape - 1 &t ,0
9 phei — > CDbei (Vbei) - - g :
q i .. W, qd, 9
quci - Itri xT'R’ I:) CDbci ( Vbci) - ﬂ QDbCi - TR X ﬂ (Itri)
ﬂ Vbci ﬂ Vbci
1495 1
=1, XIR; P C V = P = TR % 1
4 pbep iy Dbep( bep) q Vbep q Vbep ( zﬁv)
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SIEMENS Semiconductor Group

Quasi-Saturation Charge (VBIC95 only)

X In quasi-saturation by the effects of base-push out, current-spreading
and carrier velocity saturation additional charge is stored in the Epi-
layer.

=>» Leads to a strong decrease of the transistor cutoff-frequency

These additional charge storage elements are modeled inVBIC95 by:

Vbci

q.. =0COXN1+GAMM %' Quasi-saturation charge
” model parameters are
o QCO and GAMM

g =0COXN1+GAMM e
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SIEMENS Semiconductor Group

Transit Time Models:

* SGP: e I, 5 Ve O
t = TF &1 + XTF )E—i o VT +
7 & ITF+1 . g +
[1]
* VBIC9S :
If [tﬁf,O:
= 144, 01F )
If [tﬁ >(0:
e & [, 0 =0
t —TF><(1+q1 >QTF )>&1+XTF i = Xel.44>VTFT
@]TF+[tffa =
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SIEMENS Semiconductor Group

Transit Time Models:

. ktk
* SQ3: = :
¢ Ir-1, + . .
1+ c T Linearization at :
Cith 1~ 2 =+ V. 3 FCTFWTACT,)
~ | 1 | e >qé‘ Vtkz a bc3 dev
tﬁ” =TF % y dmm a . (,),kzk Vie FCTFI)J/TK(Tdev)
g?- =2 R 2 v, 3 FCTFITG(T,)
via .
1+ g Iy - 1), _ to avoid singularities.
mtg ~
itg X - e 87
é gx‘é‘ vz‘gb a
Numerical implementation: »
x IT ]bc)b
1 + %fvtk itk 7
tﬁf =TF vata x o (1 I )bktk
1+3fv’g Titg § b
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SIEMENS Semiconductor Group

‘ Transit Time Model of SQ3: |

CaseA: V, 3 FCT, VT, (1,,):

? Vie O

VTX )

fvtx = (1_ FCTX )(MTX+1)

CaseB: -FCV, <V, <FCT, VT (T,,):

1
fvtx = MT,
% Ve
& Vo
CaseC: V, <-FCV,:
- MT,
é Ve +FCVy & x
fng FCVX+01 1- ¢ OV¥Tx _u
g kL 7
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SIEMENS

Semiconductor Group

Excess Phase Models

Basic modeling idea

I :Itf SF ()

with the complex frequency variable s=jw.

Basic approach for the excess phase-shift
function:

F(s)=3w, :

243w, s + W,

F (s) is an all pass filter with not effects the
signal magnitude but leads to a signal phase

shift W
g 3 W
WO
g = arctan
W O
3-
W, 2

* SGP and SQ3:

A first order approximation for w < w,
1s made: Y,

q » —
WO

1
w, =

PTF
360 @

TF?p

X For this approximation the phase
shift is:

PTFO

9= 2pf><TFX§ 360 @
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SIEMENS Semiconductor Group

Excess Phase Models

* VBIC9S:
1

57 +3wW,s +W,

VBIC9S solves the equation F (s) = 3W§

by adding the following “Excess Phase Network™ and the definition w, = % ;

= VOS)-V(0)

(O
e~
9
!
+
;

.
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SIEMENS Semiconductor Group

Temperature scaling rules

Basic definitions: Transport saturation currents:
Device to nominal temperature * SGP: .
ratio: IS(T,, ) = IS(TNOM )% T*" >expé(rT 1) EGﬂ

I/'T Tdev VT u

TNOM +273.15
* SQ3:

T,., 1s the actual device temperature eg U
. IS(T,,,) = IS(TNOM ) ¥ T" %expa (rT— )%=y
in [°K] v & Ve
Thermal voltage: *x VBIC95:

k,T
v, =24 =86173857¢> XT,,, IS(T,,,) = IS(TNOM )% T*" >exp8(rT ] )%= E?QNF

e

Temperature offset: EA uMlvp

ISP(T,, ) = ISP(TNOM ) x-T"* >€Xp8( T - 1)%—=

DI =T VT

dev

- TNOM - 273.15
NF(T,,) = NF(TNOM)¥ 1+ TNF DT |x
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SIEMENS Semiconductor Group

Temperature scaling rules

Base-emitter diode saturation currents:

* SGP:
BF(T,,)=BF(TNOM)xT*"
el 6 U
ISE(T,.) = ISE(TNOM)%TS " Fxexpd] #T - 1)1
€ NEX,
* SQ3:
S - eg U
ibe(T,,) = ibe( TNOM) ¥ 1+ tcibe DT |4 T *xexpa(rT - 1)x—=—
e nbf ¥,
- é eg U
jle(T,,,) = jle( TNOM)A 1+ tcjle>xDT |xT*" “sexpa(rT - 1)x—2—
& nle X |

nbf (T,,) = nbf (TNOM ) 1+ tcnbf XOT |
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SIEMENS Semiconductor Group

Temperature scaling rules

Base-emitter diode saturation currents:
*x VBIC95:

€ VBIC95 uses separate temperature exponents and activation energy parameters for
the ideal and the non-ideal saturation current.

€ Every junction has a different, junction-specific activation energy.

1
é EAIE UVE!
IBEI(T,,) = IBEI(TNOM ) s T*" xexpa(rT - 1)x———
e Ve G
1
é EANE UWVEV
IBEN(T,,) = IBEN(TNOM )% T*™ xexpa(rT - 1 )><V—N(J
e r U

Pietro Brenner, HLHF SICDB =~ =
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SIEMENS Semiconductor Group

The temperature behavior of series resistance

Series resistors:
% SGP:

RE,RB,RBM, RC:  RE = RE(TNOM ) 1+ TREIXDT + TRE2XDT*|

* SQ3:

re, rbi, rbm, rc: re =re (TNOM)X{ 1 +tcel XOT +tce? ><DT2J

* VBIC9S:
RE, RBI, RBX, RCI, RCX, RBP, RS:

RE = RE(TNOM ) %-T %
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SIEMENS Semiconductor Group

Temperature scaling rules of capacitance parameter

Zero bias junction capacitance:

P MJ
e u
* SGP: CI(T,.) = CI(TNOM) xg L INOM) 4
é V(Tdev) l’:l
*x SQ3: If tccj =0 AND tcvj = 0 then:
, , évi(TNOMHU"
G(T,) = ci(TNOM ) g L INOM) o
é V(Tdev) u

If tccj* 0 OR fcvj T 0 then:

¢j(T,,) = cj(TNOM ) 1+ tccj XOT |

, M
P(TNOM

* VBIC9S: P(T,,)= P(TNOM)xgLUNOM)d

é P(Tdev) 0
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SIEMENS Semiconductor Group

Temperature scaling rules of capacitance parameters

Built-In Voltage:

* SGP:
€ rT xXINOM’ ., U
i(T,.)) =vi(TNOM)XT - 35/ An| rT )+ \1- rT |XEG +7.02e - 4 %5 - dev {
Wi(T,.) = vj(TNOM) pan(rT)+(1-77) e e g e TNOM 110847,
* SQ3: 1f tcci =0 AND fcvj = O then: SGP - Equation :
If tccj1 0 OR ey ' 0O then: vj(Tdev)=vj(TNOM)>{1+tcvj>{)T]
X VBIC95:
¢ & p,oU
P(T,,)=P,+2%,Xn€).5+ |0.25+expg- —=U
g Vo
0
where P, =4/, minhaaD(?:fM )05 - 359/, 4An(rT)+(1- +T)xEA
]
T
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SIEMENS Semiconductor Group

Temperature scaling rules

Early Voltage:
* SGP: = -

* SQ3:  vbf(T,,) = vbf (TNOM)>| 1+ tevbf >DT|
vbr(T,,) = vbr (TNOM )} 1+ tevbr DT |

ey

VA2 ) (6l T —

* SGP: e

* SO jbf(T,.) = jbf (TNOM)A 1+ tcjbf 15T + tcjbf2 DT |
Jbr(T,,) = jbr(TNOM ) 1+ tcjbr DT |

ev

VA2 ) (6l T —
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SIEMENS Semiconductor Group

Temperature scaling rules

Weak Avalanche current parameters:

*x VBIC95: 4 VCAT,

ev

) = AVC2(TNOM)>| 1+ TAVC>DT ]

Quasi-saturation model parameters:

* SGP: -

* 8Q3: e é EA%rT-1) 0

* VBIC95: VTO(T,,)=VTO(INOM)>&T" " % '
e 0

GAMM((T,,)) = GAMM (TNOM ) xT*"°
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SIEMENS Semiconductor Group

Self Heating Model of VBIC95:

X Basic Idea:

* Flow quantity: Total power dissipation I, (through variable).
[, 1s calculated by power summation over all network branches:

o
]th =d ]ij XVij
ij

* Branch variable: Temperature difference DTy, (across variable).

® T O
: DT, = RTH>I,
——JCTH RTH DTy —
J[fh : 0., = CTH xDT,,
v |
v
¢ O The Self-Heating model
Thermal Network of a electronic device parameters are
Thermal capacitance of the device structure: CTH RTH and CTH

Thermal resistance of the device structure: RTH
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SIEMENS Semiconductor Group

SGP and SQ3 Noise Models

* Thermal noise sources: * Flicker noise source:
— 4k, T
2 — B dev — D

Thermal noise sources are associated

with RE, RBB and RC A flicker noise sources is associated
with the total base current I=Ij.

% Shot noise source:

2 :
iy =2%ex ) The Noise model parameters
Shot noise sources are associated with el
AF and KF

the transport current I=I; and the total
base current I=Ij.
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SIEMENS

Semiconductor Group

VBIC95 Noise Model

* Thermal noise sources:

E :4XkB Xgij XT’dev )Qf

In VBIC95 the branch conductivities g
over the resistor elements are calculated
under the actual bias condition by:

_1
17,

Thermal noise sources are associated

with all resistive pathes at RE, RBX,
RBI, RBP, RCI,LRCX and RS.

8ij

% Shot noise source:

i2 =2 %ex] XDf

Shot noise sources are associated with the
forward transport currents I=I;; , I, and
the base currents I=I,,; and =y,

* Flicker noise source:

VL
BFN

i> = KF x["*

Flicker noise sources are associated with
internal base currents [=l,;and =,

The Noise model parameters
are
AF, KF and BFN

Flicker and shot noise of I, ,, 1., 1,., and |

) bex?
are not considered.

bep tri
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SIEMENS

Semiconductor Group

“ Siemens SQ3 vs. Standard Berkeley SGP Model “

SQ3

%X Base current definition independent of
Transfer current.

X Parasitic substrate capacitance and
resistance.

X Very powerful transit time model vs.
VCE-voltage and collector current.

* Substantially improved temperature
scaling of:
e all DC-Parameters.
* Junction capacitance parameters.

* Transit time parameters.

SGP

Coupling between Base and Transfer

current.

No parasitic substrate transistor effects.

Poor transit time model.

No temperature modeling of
* resistances,
* beta
* high current effects
* capacitances

* transit time
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SIEMENS Semiconductor Group

Siemens Transistor Model

% Main advantages of Siemens SQ3 vs. Standard Berkeley SGP Model :

* Independent modeling of junction- and transport currents as in VBIC95.

* High accuracy in modeling dynamic behavior over the whole
P VCE voltage range 0.25<V £ VCE_,,
P temperature range from -40°C £ TEMP £ +150°C,

because of the availability of a sophisticate transit time model.
* All relevant temperature effects are modeled.

=>» Only 1 parameter set covers the whole temperature range.

X Main disadvantages of Siemens SQ3 vs VBIC95:
* No Quasi-saturation and avalanche multiplication model available.
* Bad Early-Effect model.
* Piecewise defined depletion charge model.

* Proprietary model.
=» available only in SABER and SPECTRE.

)
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SIEMENS

Semiconductor Group

“ Advantages of the new VBIC95 Bipolar Model “

%

¥*

Base current definition independent of
transfer current.

Enhanced Early-effect model.
First-order distributed-base model.

Quasi-saturation model (Kull-model)
for Epi-resistance and charge storage.

Weak avalanche multiplication model
for BC-junction.

Improved “Excess-Phase” model.

Parasitic substrate transistor model is
completely included in the model.

Parasitic overlap capacitances .

Worst-case ability.

*

*

More physical, single piece depletion
capacitance model.

Upgraded transit time model vs.
collector current and VCE-voltage.
Substantially improved temperature
modeling of

* resistances,

* saturation currents and beta,

* high current effects,

* capacitances.
Self heating mode.l
Enhanced “Excess-Phase” model.

Enhanced noise model.
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SIEMENS

Semiconductor Group

Desirable improvements 1n future
VBIC Bipolar Model Standards

X Availability of a three-terminal model for
three-sheet devices and subcircuit
modeling.

* Availability of model scaling over emitter
geometry by simple scaling rules.

* Significant enhancement of the transit
time model for better diffusion charge
description versus collector current and
VCE-voltage.

X Possibility to model temperature mapping
of transit time parameters.

X Temperature mapping of IKF and IKR.

%X Disposability of an enhanced substrate
coupling model. The dielectric
capacitance of substrate must be
considered.

X Introduction of a constant capacitance
term into the junction capacitance
equation. This allows better fits to
capacitance profiles in retrograde
doped wells.

%X Possibility to model VBE, VBC and
VCE junction breakdown.

X Possibility to model leakage- and
tunneling currents in pn-junctions.
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SIEMENS Semiconductor Group

Desirable improvements 1n future
VBIC Bipolar Model Standards

* Improvements in the implemented Epi-
layer model for a better describe of the bias
dependent collector resistance and epi-layer
charge.

X Decoupling of the DC- and AC- quasi-
saturation parameters GAMM.

X Better base resistance description for the
parasitic transistor.

X Inclusion of all possible noise sources into
the VBIC model.
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