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HICUM

Availability of HICUM/Level2 V2.1 in Circuit Simulators
(version numbers and some comments refer to latest tests (dated 6/04) at STM on LNA, mixer and frequency divider)

                                          (Please contact simulator vendor for details and the latest status of availability)

• Various other (partially in-house) simulators (ASX (IBM), Eagleware, Micro-Cap, NEXXIM (Ansoft) ...) 
• Verilog-A version of model code; also, stand-alone kit enabling coupling with other tools

simulator first release latest version comments

ADS  7/00  ADS2003C very stable and fast; incl. also HICUM/Level0

ELDO-RF 10/99 AMS2004.1/2 very stable and reasonably fast

MicrowaveOffice 2003 rel. 04/04 numerically stable; incl. also HICUM/Level0

SPECTRE-RF 10/99 5.0.33.031104 not always reliable; have now promised to fix bugs

Smart-SPICE 11/00 rel. 11/00 can be combined with UTMOST

APLAC 10/01 7.92c still limited stability

HSPICE 2/01 2004.2-beta2 working with AWR on full compatibilty

TEKSPICE 8/02 rel. 8/02 various proprietary numerical improvements 

GoldenGate ?/03 3.3.14

HSIM 4/02 5.0_2004.20.7

SPICE3F5 4/02 4/02 one of the reference circuit simulators
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HICUM/Level2 - Update 09/2
Version 2.1

• supporting model deployment consumes significant resources
• simulator implementation 

- see separate slide on availability (with remarks on stability acco
- ADS, ELDO, Microwave/AnalogOffice now have stable implem
- SPECTRE still buggy in certain cases => Cadence has promised

• VERILOG-A version has been improved in cooperation with Ge
Marek Mierzwinski (Tiburon): added limiting functions, syntax c

4th HICUM Workshop (on June 15/16 in Bordeaux (Franc
• good industrial participation, including EDA reps from Agilent, C

funding from CMC for productization support 
• received first installment on August 27
• Note: US$ 50k is not sufficient to support salary for full-time pos
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HICUM/Level2 - Update (con

Version 2.2

planned release in Q4/04:
• Verilog-A first and preferred (use of model compilers presently b
• stand-alone solver
• DEVICE to cooperation partners only

so far have delayed release
• in order to facilitate extraction and release of libraries for HICUM
• due to resource diversion toward unfunded productization suppor
• due to implementation/stability issues mainly with SPECTRE-RF

now working on final formulations, testing, and d

already sent out detailed proposal draft to coope
discussion and feedback
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Transfer current and GICC

zero bias hole charge temperature dependence 
• two options are still being investigated (based on device simulatio

base region reach-through
• limitation of Qp for high reverse biased junctions by hyperbolic s
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ζCT = 2.5

ζCT = 5
ζCT = 3

generalized formulation for temperature
dependent ICCR factor 

  ,  

requiring the new model parameter ζCT 

plot shows normalized c10 vs temperature at
VgBeff(0) = 1.17V for ζCT variation
=>  little impact 
=>  easily compensated for in practice by 
      VgBeff(0)

c10 T( ) c10 T0( ) T
T0
------ 
 

ζCT VgBeff 0( )
VT

------------------------ T
T0
------ 1– 
 exp=
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extract parameter τBhb 

IBhb
∆QfB
τ
Bhb

--------------=
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Base current components
        Excess base current at high current densities from recombinati

Note: onset of high-current effects  ⇒  keep using

• high forward bia
⇒  field at BC
⇒  pile-up of h
⇒  formation o
⇒  i.e. conduct
⇒  pile-up of e
⇒  increased re
⇒  increased b

• observable in 1

• add’l current: 

• 2D case: mask
⇒ difficult to 

∆
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Base current components (con
Temperature dependence: more general equation 

with the additional parameters  ,  

• note: calculating VgEeff from above equation corresponds to usi
V2.1)

BC component   =>  modified temperature depend

with VgEeff as new parameter and ζBCT calculated from already e

similar modifications for other current component

IBEiS T( ) IBEiS T0( ) T
T0
------ 
 

ζBET VgEeff 0( )
VT0

------------------------ 1
T0
T
------– 

 exp=

ζBET
mCf aCT αQT0+( )

mBEi
---------------------------------------------= VgEeff 0( ) =

IBCiS T( ) IBCiS T0( ) T
T0
------ 
 

ζBCT VgCeff 0( )
VT

------------------------ T
T0
------ 1– 
 exp=
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Depletion capacitances and cha
smoothing functions

• exponential smoothing replaced exponential by hyperbolic smoot
(avoids having to use exp-limiting functions)

internal base-emitter component (forward bias sm
auxiliary (smoothed) voltage 

  

with  

constant :
adjusted to minimize difference to v2.1
formulation  
(afjE is not a model parameter)

vj Vf VT
x x2 afjE++

2
----------------------------------– Vf<=

x
Vf vB'E'–
VT

----------------------=

afjE 4 ln2 2( ) 1.921812= =

V

C
jE

i/C
jE

i0
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Temperature dependence of built-i
physics-based smoothing towards high temperatur

           (avoid negative built-in voltage    same as in VBIC (thanks t
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VDj(T)/VDj(T0), VD(T)/VD(T0)
auxiliary voltage at T0 (with VT0 = kBT0/q):

  

auxiliary voltage at T:

final smoothed value at T:

VDj T0( ) 2VT0
VD T0( )
2VT0

------------------
 
 
  VD T0( )

2VT0
------------------–

 
 
 

exp–expln=

VDj T( ) VDj T0( ) T
T0
------ 
  Vg 1 T

T0
------– 

  mgVT
T
T0
------ 
 ln–+=

VD T( ) VDj T( ) 2VT
1
2
--- 1 1 4

VDj T( )
VT

-----------------–
 
 
 

exp++
 
 
 

ln+=



 M 10

HI

• rbolic smoothing 

• l derivative

• eneral, flexible ...

• pression

new parameters!!)

ζCi avs–
. Schroter

CUM / CMC

Transit time

effective collector voltage:  exponential ==>  hype

numerical derivative of ICK: replaced by analytica

temperature dependence of Vlim: physics-based, g

• ... and numerically stable smooth expression  

Emitter transit time: new physics-based smooth ex

•  

with   ,        (no 

Vlim T, Vlim T0( ) T
T0
------ 
 =

τEf0 T( ) τEf0 T0( ) T
T0
------ 
 

ζτEf ∆Vgeff 0( )
VT

------------------------– T
T0
------ 1– 
 exp≅

∆Vgeff 0( ) VgBeff 0( ) VgEeff 0( )–= ζτEf ζBET ζCT– 0.5–=
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Parasitic BE capacitance

QjEi

iBEt

rE

E

ijBEi

B’

E’

QEox,2

B*

QjEp

ijBEp

rBx rbi*

p+ poly

n+ polyisolation

rBpm
rBsp

rE

B*

Eox,1

E
• distributed c

link (spacer
series resista

• need simple
best first ord

• π equivalent
• => partitioni
• new parame

• can also be u

fC

fCEox =
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Recommendations for improvem
... directly related to simulator implementatio

(rather than model equations)

model parameters (and associated calculations) 
• should be available (already in V2.1): MCF, HJEI, IS (alternative
• new parameters in V2.2: 
• should be deleted: KRBI
• flags for turning on/off: self-heating, vertical NQS effects 

separate thermal node
• available already in some simulators (ADS, ELDO, ...) => should

noise correlation factor
• indicated by theoretical considerations and measurements (detai

still being debated though)
• implementation issues for Harmonic Balance, Period Steady-Stat
• not included in stand-alone solver; how to include in Verilog-A ?
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1.07 V -

Z 4 - -

1.14 V -

1.17 V -

)
250 ps -

T ’peri’ - -

0.6E-15 - -

0.5 - -

2.2 - -
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New model parameters
                                               (“factor”, specifies the multiplication (“M”) factor for parallel devi

te: ZETACT is equivalent to XTI in the SGPM. 

name description defau

ZETACT exponent coefficient in transfer current temperature dependence 4.5

VGE effective emitter bandgap voltage VgEeff VGB

ETABET exponent coefficient in BE junction current temperature dependence 5

VGC eff. collector bandgap voltage VgCeff VGB

VGS eff. substrate bandgap voltage VgSeff VGB

TBHREC base current recombination time constant at the BC barrier for high forward 
injection (default is v2.1 compatible)

0 
(≡ ∞

UNODE specifies the base terminal connection of the tunneling current source 
(default is v2.1 compatible)

’int’

CBEPAR total parasitic BE capacitance (spacer and metal component) 0.0

FBEPAR partitioining factor of parasitic BE capacitance (default is v2.1 compatible) 1.0

ZETACX exponent factor in substrate transistor transit time temperature dependence 1.0
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1 - -

1 - -
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Model parameters (cont’d)
flags and bandgap voltage

                                                         (not considered as HICUM model parameters)

parameters to be phased out or deleted 

name description defau

version flag indicating the version number 21

FLSH flag for turning on (1) or off (0) self-heating effects 0

FLNQS flag for turning on (1) or off (0) vertical NQS effects 0

F1VG coefficient K1 in T dependent bandgap equation 1.02377 

F2VG coefficient K2 in T dependent bandgap equation 4.3215 1

no old name new name (new) meanin

CCOX CBCPAR total parasitic BC capacitance (trenc

FBC FBCPAR partitioning factor of total B

ALJEI, ALJEP AJEI, AJEP factor defining maximum BE de

ALHC AHC smoothing factor for high-cu

CEOX CBEPAR, FBEPAR replaced by total parasitic BE capacitance C

KRBI deleted -

ALB deleted -
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FAQs
convergence issues in (production) circuits - p

simulator implementation or type of analysis (e.g
been generally difficult to run)

device operation at too high current densities
•  simulator indicates biasing issue in circuit
• at least two known production design cases in the past 6 months,

design errors not detected by any other model

device operation at too high power
• simulator indicates device destruction 

voltage (change) limitation schemes: 
• extremely important but different from simulator to simulator
• generally needs to be included also in Verilog-A code to secure re
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FAQs (cont’d)
substrate capacitance and substrate coupling netw

p-

n+ b.l.

n
s

C

CjS,b

electrically distributed (especially for large
structures)
substrate depletion cap is coupled with sub-
strate network  
several variations (STI, DTI, substrate con-
tact location...) depending on process
=>  fixed topology implemented in compact
       model would limit application
=>  add separately as needed via subcircuit
suggested improvement beyond existing sin-
gle elements   
=>  shown in figure on the right

rCx
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C22
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FAQs (cont’d)
• "BC" minority charge  (QdC) and capacitance (CdC)
• total minority charge under quasi-static condition is (integration) 

• C11...C11 are "self"- and transcapacitances defined by ∆iC, ∆iE 
(notice the complicated equation for the weigthing function FC!!

• a common misconception is to assume the  r.h.s. equiva-
lent circuit for CdE and CdC 

• correct approach: solve time dependent continuity eq.
=>  transient ICCR (TICCR [Klose&Wieder 1987]); e.g.:

∆iC t( ) qAE FC x t,( )∂n
∂t
------ xd

0

xC
∫=

B

dQm dQf dQr+
∂Qm

∂VB'E'
---------------

VB'C'

dVB'E'
∂Qm

∂VB'C'
---------------

VB'E'

dVB'C'+ CdEdVB'E' CdC+= = =

FC

h ξ t,( )p ξ t,( ) ξd
0

x

∫

h x t,( )p x t,( ) xd
0

xC
∫
---------------------------------------------=

h ξ t,( )
vB'E' ϕp–
VT

-----------------------
 
 
  1

µnni
2

------------
jnx AE
iT

-----------------exp=
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Model release notes
simulators ...

• Verilog-A 
• stand-alone solver HICUMNA: depending on funding from CMC
• DEVICE: only for CEDIC cooperation partners 

 ... test cases
• only standard analysis possible: DC, AC, temperature, transient (
• noise is not included in stand-alone solver; implementation unkno

... and documentation: 
• detailed description of modifications (equations, parameters, hint

  Note: 

demand for model support still exceeds funded res
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Model development overview (not fun

improved physics-based collector model for S/DH
• high-current and barrier effects, avalanche, current dependent BC
• SiGe HBTs: advanced conventional doping profile, Low-Emitter 

3D GICCR theory & applic. to compact model ele

charge partitioning schemes in S/DHBTs

high-frequency applications (noise mechanisms, d

III-V HBTs (AlGaAs, InGaAs, InP)
• non-local transport  =>  impact on transit time and transit frequen
• geometry scaling

predictive and statistical modeling

electro-thermal modeling
> covering all significant application areas and pr
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HI lity of HICUM/Level2 V2.1 Foundry Libraries

ry Libraries
   

   C, ...
1) 
2) l purpose) npn

comments

TRADICA1), lv&hv2) 
TRADICA , lv&hv 
TRADICA , lv&hv 

TRADICA 
lv&hv&mp
lv&hv&mp

TRADICA1), lv&hv 
TRADICA, lv&hv&mp 
TRADICA, lv&hv&mp 

lv&hv 
lv&hv 

lv 

TRADICA1), lv&hv&mp 
. Schroter

CUM Availabi

Availability of HICUM/Level2 V2.1 Found
                                       (Please contact foundry for details and the latest status of availability)

HICUM-ICCAP toolkit: Alcatel, BSW, IHP, Infineon, ON Semi, RFMD, Toshiba, TSM
indicates geometry scalable TRADICA-generated libraries
lv = low-voltage (high-speed) npn, hv = high-voltage npn, mp = medium-speed (specia

foundry process name process type released 

Atmel

UHF6(S)
SIGE1
AT47K
SIGE2

20GHz Si bipolar
40GHz SiGe bipolar

50GHz 0.35µ SiGe BiCMOS
90GHz SiGe bipolar

/ 
?/02
?/04
?/04

IBM 7HP
8HP

120GHz 0.13µ SiGe BiCMOS
210GHz 0.13µ SiGe BiCMOS

?/?
?/?

JazzSemi
BC35

SBC35
SBC18

35GHz 0.35µ Si BiCMOS
60GHz 0.35µ SiGe BiCMOS
150GHz 0.18µ SiGeBiCMOS

7/98
3/99
10/00

ST
confidential    
confidential   
confidential

45GHz SiGe BiCMOS
60GHz SiGe BiCMOS

150GHz SiGe BiCMOS

yes
yes
yes

TSMC SG035
SG018

50GHz 0.35µ SiGe BiCMOS
??GHz 0.18µ SiGe BiCMOS

?/04
?/?
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	2003
	rel. 04/04
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	• Various other (partially in-house) simulators (ASX (IBM), Eagleware, Micro-Cap, NEXXIM (Ansoft)...
	• Verilog-A version of model code; also, stand-alone kit enabling coupling with other tools



	HICUM/Level2 - Update 09/2004
	• Version 2.1
	• supporting model deployment consumes significant resources
	• simulator implementation - see separate slide on availability (with remarks on stability accord...
	• VERILOG-A version has been improved in cooperation with Geoffrey Coram (ADC) and Marek Mierzwin...

	• 4th HICUM Workshop (on June 15/16 in Bordeaux (France))
	• good industrial participation, including EDA reps from Agilent, Cadence, Mentor

	• funding from CMC for productization support
	• received first installment on August 27
	• Note: US$ 50k is not sufficient to support salary for full-time position


	HICUM/Level2 - Update (cont’d)
	Version 2.2
	• planned release in Q4/04:
	• Verilog-A first and preferred (use of model compilers presently being tested)
	• stand-alone solver
	• DEVICE to cooperation partners only

	• so far have delayed release
	• in order to facilitate extraction and release of libraries for HICUM V2.1
	• due to resource diversion toward unfunded productization support of HICUM V2.1
	• due to implementation/stability issues mainly with SPECTRE-RF

	• now working on final formulations, testing, and documentation
	• already sent out detailed proposal draft to cooperation partners for discussion and feedback


	Transfer current and GICCR
	• generalized formulation for temperature dependent ICCR factor
	,

	• plot shows normalized c10 vs temperature at VgBeff(0)�=�1.17V for zCT variation => little impac...
	• zero bias hole charge temperature dependence
	• two options are still being investigated (based on device simulation results)

	• base region reach-through
	• limitation of Qp for high reverse biased junctions by hyperbolic smoothing function


	Base current components
	Excess base current at high current densities from recombination at the BC barrier
	• high forward bias ﬁ field at BC junction decreases ﬁ pile-up of holes ’before’ the Ge drop ﬁ fo...
	• observable in 1D case (no rseries)
	• add’l current:
	• 2D case: masked by series resistances ﬁ difficult to extract parameter tBhb

	• Note: onset of high-current effects ﬁ keep using ICK

	Base current components (cont’d)
	• Temperature dependence: more general equation
	• note: calculating VgEeff from above equation corresponds to using current gain TC (as in V2.1)

	• BC component => modified temperature dependence
	• similar modifications for other current components

	Depletion capacitances and charges
	• smoothing functions
	• exponential smoothing replaced exponential by hyperbolic smoothing (avoids having to use exp-li...

	• internal base-emitter component (forward bias smoothing only)
	• auxiliary (smoothed) voltage
	with

	• constant : adjusted to minimize difference to v2.1 formulation (afjE is not a model parameter)


	Temperature dependence of built-in voltage
	• physics-based smoothing towards high temperatures
	(avoid negative built-in voltage same as in VBIC (thanks to C. McAndrew))
	• auxiliary voltage at T0 (with VT0 = kBT0/q):
	• auxiliary voltage at T:
	• final smoothed value at T:



	Transit time
	• effective collector voltage: exponential ==> hyperbolic smoothing
	• numerical derivative of ICK: replaced by analytical derivative
	• temperature dependence of Vlim: physics-based, general, flexible ...
	• ... and numerically stable smooth expression

	• Emitter transit time: new physics-based smooth expression
	• with , (no new parameters!!)


	Parasitic BE capacitance
	• distributed capacitance mostly along link (spacer) region and associated series resistance rBsp
	• need simple lumped representation best first order approach:
	• p equivalent circuit
	• => partitioning across rBsp
	• new parameter for partitioning
	• can also be used to include metal cap:

	Recommendations for improvements
	... directly related to simulator implementation & features (rather than model equations)
	• model parameters (and associated calculations)
	• should be available (already in V2.1): MCF, HJEI, IS (alternative to C10), ZETACX
	• new parameters in V2.2:
	• should be deleted: KRBI
	• flags for turning on/off: self-heating, vertical NQS effects

	• separate thermal node
	• available already in some simulators (ADS, ELDO, ...) => should be a standard feature

	• noise correlation factor
	• indicated by theoretical considerations and measurements (detailed physics and modeling still b...
	• implementation issues for Harmonic Balance, Period Steady-State analysis unknown
	• not included in stand-alone solver; how to include in Verilog-A ?



	New model parameters
	(“factor”, specifies the multiplication (“M”) factor for parallel devices)
	Note: ZETACT is equivalent to XTI in the SGPM.

	Model parameters (cont’d)
	• flags and bandgap voltage
	(not considered as HICUM model parameters)

	• parameters to be phased out or deleted

	FAQs
	convergence issues in (production) circuits - possible causes
	• simulator implementation or type of analysis (e.g., PSS analysis has been generally difficult t...
	• device operation at too high current densities
	• simulator indicates biasing issue in circuit
	• at least two known production design cases in the past 6 months, in which HICUM caught design e...

	• device operation at too high power
	• simulator indicates device destruction

	• voltage (change) limitation schemes:
	• extremely important but different from simulator to simulator
	• generally needs to be included also in Verilog-A code to secure reliable convergence



	FAQs (cont’d)
	• substrate capacitance and substrate coupling network
	• electrically distributed (especially for large structures)
	• substrate depletion cap is coupled with substrate network
	• several variations (STI, DTI, substrate contact location...) depending on process => fixed topo...
	• suggested improvement beyond existing single elements => shown in figure on the right


	FAQs (cont’d)
	• "BC" minority charge (QdC) and capacitance (CdC)
	• total minority charge under quasi-static condition is (integration) path independent
	• a common misconception is to assume the r.h.s. equivalent circuit for CdE and CdC
	• correct approach: solve time dependent continuity eq. => transient ICCR (TICCR [Klose&Wieder 19...
	• C11...C11 are "self"- and transcapacitances defined by DiC, DiE (notice the complicated equatio...

	Model release notes
	• simulators ...
	• Verilog-A
	• stand-alone solver HICUMNA: depending on funding from CMC/others
	• DEVICE: only for CEDIC cooperation partners

	• ... test cases
	• only standard analysis possible: DC, AC, temperature, transient (limited extent)
	• noise is not included in stand-alone solver; implementation unknown yet in Verilog-A

	• ... and documentation:
	• detailed description of modifications (equations, parameters, hints to coding, ...)

	Note:
	• demand for model support still exceeds funded resources


	Model development overview (not funded by CMC)
	• improved physics-based collector model for S/DHBTs
	• high-current and barrier effects, avalanche, current dependent BC cap, hard saturation
	• SiGe HBTs: advanced conventional doping profile, Low-Emitter Concentration (LEC)

	• 3D GICCR theory & applic. to compact model element definition
	• charge partitioning schemes in S/DHBTs
	• high-frequency applications (noise mechanisms, distortion)
	• III-V HBTs (AlGaAs, InGaAs, InP)
	• non-local transport => impact on transit time and transit frequency
	• geometry scaling

	• predictive and statistical modeling
	• electro-thermal modeling
	=> covering all significant application areas and process technologies

	Availability of HICUM/Level2 V2.1 Foundry Libraries
	(Please contact foundry for details and the latest status of availability)
	UHF6(S)
	SIGE1
	AT47K
	SIGE2
	20GHz Si bipolar
	40GHz SiGe bipolar
	50GHz 0.35m SiGe BiCMOS
	90GHz SiGe bipolar
	/
	?/02
	?/04
	?/04
	TRADICA1), lv&hv2)
	TRADICA , lv&hv
	TRADICA , lv&hv
	TRADICA
	7HP
	8HP
	120GHz 0.13m SiGe BiCMOS
	210GHz 0.13m SiGe BiCMOS
	?/?
	?/?
	lv&hv&mp
	lv&hv&mp
	BC35
	SBC35
	SBC18
	35GHz 0.35m Si BiCMOS
	60GHz 0.35m SiGe BiCMOS
	150GHz 0.18m SiGeBiCMOS
	7/98
	3/99
	10/00
	TRADICA1), lv&hv
	TRADICA, lv&hv&mp
	TRADICA, lv&hv&mp
	confidential confidential confidential
	45GHz SiGe BiCMOS
	60GHz SiGe BiCMOS
	150GHz SiGe BiCMOS
	yes
	yes
	yes
	lv&hv
	lv&hv
	lv
	SG035
	SG018
	50GHz 0.35m SiGe BiCMOS
	??GHz 0.18m SiGe BiCMOS
	?/04
	?/?
	TRADICA1), lv&hv&mp
	HICUM-ICCAP toolkit: Alcatel, BSW, IHP, Infineon, ON Semi, RFMD, Toshiba, TSMC, ...
	1) indicates geometry scalable TRADICA-generated libraries
	2) lv = low-voltage (high-speed) npn, hv = high-voltage npn, mp = medium-speed (special purpose) npn


	HICUM/Level2 V2.1 Foundry Libraries - cont’d
	(Please contact foundry for details and the latest status of availability)


