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➔ HICUM Model Issues

● Temperature dependence of the base current.

● Temperature dependence of the neutral emitter storage time.

● Temperature dependence of the zero bias hole charge.

● Temperature dependence of the low-current forward transit time.

● Bump on IC(VCE) characteristics in saturation region.

● Effect of the reverse transit time TR.

● HICUM implementation issues in cicuit simulators.

● Status of HICUM Level 0.

➔ HICUM  Scaling Laws (or Parameter Extraction) Issues

● Split of the BE junction capacitance.

● Split of the BC junction capacitance.

● Weak avalanche current.

● Forward transit time for small devices. 
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➔ Temperature Dependence of the Base Current.

● The HICUM temperature dependence of the base saturation current IBS
ture dependence of the saturation current IS and of the forward current ga

In HICUM (version 2.1) the temperature dependence of IS is similar to th
XTI = 3. 

On the other hand, the temperature dependence of BF is linear with the te

This formulation is too simple and not physical, as shown in the next secti

Finally, the temperature dependence of the base saturation current can 
assumed to be equal to 1)

  with ACT 

IBS T( )
IS T( )
BF T( )
---------------=

BF T( ) BF T0( ) 1 ALB T T0–( )⋅+( )⋅=

IBS T( ) IBS T0( ) T
T0
------ 

 
ACT VGB

VT0
----------- T ALB⋅– 

  1
T0

T
------– 

 ⋅
 
 
 

exp⋅ ⋅=
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 dependence

fference between the bangap

e dependence can be written

 with 

n be written (non ideality factor

B instead of T . ALB.

T0

T
------– 






ALB

∆VG

VT0
----------=
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● More physics based formulation of the forward current gain temperature

As the forward current gain is proportional to , where ∆VG is the di

voltage in the base and in the emitter, , its temperatur

 or 

Therefore, the temperature dependence of the base saturation current ca
assumed to be equal to 1)

We can notice that this formulation is similar to the HICUM model, with AL

e

∆VG

VT
----------–

∆VG VGB VGE–=

BF T( ) BF T0( )
∆VG

VT0
---------- 1

T0

T
------– 

 ⋅
 
 
 

exp⋅= BF T( ) BF T0( ) ALB 1
⋅





exp⋅=

IBS T( ) IBS T0( ) T
T0
------ 

 
ACT VGB

VT0
----------- ALB– 

  1
T0

T
------– 

 ⋅
 
 
 

exp⋅ ⋅=
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✓ Suggested model

● In order to have a more physics based temperature dependence of the
account both the temperature dependence of the base and emitter Gumm

we suggest to use the following model which is in fact already implemente
or MEXTRAM

● The temperature dependence of the base saturation current can, in th
factor assumed to be equal to 1)

BF T( )
NGE T( )
NGB T( )
--------------------=

BF T( ) BF T0( ) T
T0
------ 

 
ABT

ALB 1
T0

T
------– 

 ⋅
 
 
 

exp⋅ ⋅=

IBS T( ) IBS T0( ) T
T0
------ 

 
ACT ABT– VGB

VT0
----------- ALB– 

  1
T0

T
------– 

 ⋅
 
 
 

exp⋅ ⋅=
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150

.647    10-3

150

.597    

HICUM Version 2.1

Proposed Model with ABT = 0

Deviation lower than 1.5mV 
in all the temperature range

Deviation greater than 5mV 
at extreme temperatures
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● Validation on experimental results
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➔ Temperature Dependence of the Neutral Emitter Storage 

● The temperature dependence of the neutral emitter storage time TEF0 is

  There is a numerical issue wh

To overcome this issue, in HICUM the following expression is used  

The smoothing function in the denominator avoids numerical problem at e
or high, depending on the sign of ALB and on its value)

TEF0 T( ) TEF0 T0( )
T T0⁄

1 ALB T T0–( )⋅( )+
--------------------------------------------------⋅=

TEF0 T( ) TEF0 T0( )
T T0⁄
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In this case the temperature
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● Today, the only way to correct this issue is to alter the value of ALB. 
dependence of fT is correct but not the one of the base current.
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➔ Temperature Dependence of the Zero Bias Hole Charge.

● In the formulation of the temperature dependence of QP0 given by

the factor 2 is arbitrary. 

A model parameter could be preferable, otherwise there is no way to alter
of QP0.

QP0 T( ) QP0 T0( ) 1
ZEI

2
-------- 1

VDEI T( )
VDEI T0( )
------------------------–

 
 
 

⋅+⋅=
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ansit Time.

perature dependent. Experimen-
 extraction issue or a limitation of

Self-heating included

Model limitation or 
extraction issue?
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➔ Temperature Dependence of the Low-Current Forward Tr

● In HICUM, only the low-current forward transit time at VBC=0V, T0, is tem
tally, we notice a variation of DT0H and TBVL with the temperature. Is it an
HICUM?. To be investigated.

0

5

10

15

20

25

30

35

40

45

0.1 1 10

f T
   

[G
H

z]

IC  [mA]

VBC= 5.000E-01V

 -26˚C
   0˚C
  27˚C
  50˚C
  75˚C

 100˚C
 125˚C
 150˚C

0

5

10

15

20

25

30

35

40

45

50

0.1 1 10

f T
   

[G
H

z]
IC  [mA]

VBC= 0.000E+00V

 -26˚C
   0˚C
  27˚C
  50˚C
  75˚C

 100˚C
 125˚C
 150˚C

0

5

10

15

20

25

30

35

40

45

50

55

0.1 1 10

f T
   

[G
H

z]

I   [mA]

VBC=-5.000E-01V

 -26˚C
   0˚C
  27˚C
  50˚C
  75˚C

 100˚C
 125˚C
 150˚C

0

10

20

30

40

50

60

0.1 1 10

f T
   

[G
H

z]

I   [mA]

VBC=-1.500E+00V

 -26˚C
   0˚C
  27˚C
  50˚C
  75˚C

 100˚C
 125˚C
 150˚C



DM69.04

1

June 04        HICUM Issues

asi-saturation region, at medium

 by increasing VDCI or/and VDCX.
improvement of the formulation of
apacitance in forward mode would

dify the model equations?.

ration region, at medium and high

cted by increasing VDCI or/and

‘bump’ is not clearly identified. Is it
ombination of model parameters,
n of the HICUM model for linking
on and saturation region?.
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➔ Bump on IC(VCE) Characteristics in Saturation Region.
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 when TR parameter is speci-

acteristics whatever the value
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➔ Effect of the Reverse Transit Time TR

● Strange behaviour of the output characteristics in the saturation region
fied: 
- TR = 0 no effect on the output characteristics (it is natural)
- If TR is different of zero, important and same effects on the output char
of TR (1 fs, 1ps, 1 ns). 

● Is it normal?

● Can we really use TR in HICUM?
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● Some EDA vendors have modified the expression of
the BC diffusion capacitance as follows

 instead of 

  (HICUM 2.1)

● Is it justified?

● Is this modification have been done by all EDA ven-
dors?

● HICUM code and documentation have to be updated.

CDBC TR

dITR

dVCE
--------------

VBE

⋅=

CDBC TR

dITR

dVCE
--------------

VBE

TF+
dITF

dVCE
--------------

VBE

⋅ ⋅=
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mmel-Poon model like inclu-

l simulations, especially with

 effects...)
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mple CML ring oscillator still
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ns (model equations, deriva-

s in future (bad reputation for
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porting HICUM.
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➔ HICUM Implementation Issues in Circuits Simulators

● For the first time (Q1 2004) we have delivered to design kit model libr
main supported circuit simulators being: ADS, APLAC, ELDO, HSPICE,

● The feedback of internal and external customers were not good:
- Too CPU time increase in comparison with STBJT model (SPICE Gu

ding base push-out effect and BC breakdown...).
- Important convergence issues in transient analysis and large signa

APLAC, ELDO and SPECTRE.

● Some CAD vendors provided patches solving these issues:
- Correction of the incomplete or wrong derivatives (temperature, NQS
- Modification of the HICUM equations (BC diffusion capacitance: TF co

● Convergence and CPU time were improved (but not totally solved, si
does not converge in some simulators), and now we ask the following q
- Where is the reference code of HICUM?
- Are we certain that all convergence issues are completely solved?.
- Are we certain that all EDA vendors have made the same correctio

tives,...) and implemented the same code without new bugs?

● In order to answer all these questions, and to avoid these kind of issue
HICUM: very accurate model but unusable), we request to M. Schroter t
the code, that is to say, we request a new HICUM version (version 2.1 
obsolete) that solve all these existing issues (code formulation and deriv

● This work could be partially founded by the CMC and by companies sup
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Level 2.

rwise it is not possible to accu-

 node to be solve) and possible
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➔ Status of HICUM Level 0.

● Maturity of the model, accuracy in comparison with HICUM Level 2.

● Status of the code: CPU time, convergence in comparison with HICUM 

● Implementation in circuit simulators: which ones, when?.

● ST request: to add the parasitic PNP substrate inside the model, othe
rately fit the output characteristics in the saturation region.
A solution could be the use of a sub-circuit, but lower CPU time (more
convergence issue (all parameters of the parasitic PNP not defined).
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➔ Split of the BE junction capacitance

● Depending on the process and on the architecture of the device, the 
could give negative peripheral BE junction capacitance, it is the case wh
specific junction capacitance to the area specific junction capacitan
capacitance is lower than the γ (ratio of the peripheral collector current d
rent density) associated to the collector current. How to solve this issue

➔ Split of the BC junction capacitance

● How to split accurately the BC junction capacitance between the interna
The fit obtained on the Y12 parameter demonstrates that this partionning
(the internal part of the BC junction capacitance is often underestimated
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➔ BC weak avalanche parameters

● In HICUM the weak avalanche current is given by

If it is assumed that CJCI, QAVL and ITF are only proportional to the effec
proportional only to the effective emitter area.

IAVL ITF FAVL VDCI VBCi–( )
QAVL

CJCI VDCI VBCi–( )⋅----------------------------------------------------–
 
 
 

exp⋅ ⋅ ⋅=

0.998

1

1.002

1.004

1.006

1.008

1.01

1.012

0

M
ul

tip
lic

at
io

n 
 F

ac
to

r 
  M

● From IC = IC0 + IAVL = M . IC0 we can deduce that the multi-
plication factor M is geometry independent

● But experimentally, it is not the case.

● How to solve this scaling issue of the avalanche current
(TRADICA)?

M 1
IAVL

IC0
----------+ FAVL VDCI VBCi–( )

QAVL

CJCI VDCI VBCi–( )⋅
-----------------------------------------------–

 
 
 

exp⋅ ⋅

geometry independent

= =

                        
Mul

d
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tics for devices with small emit-
 or the scalling law for RCI0 has

 +2
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NN111D128
NN111E128
NN111A256
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➔ Transit time scaling laws

● Depending on the process, it is difficult to accurately fit the fT characteris
ter length. Is it an extraction issue (ICK overestimated for small devices)
to be improved (one δC for each direction)?. 

● Is it a problem of non-scalable process?. 
● Is there a solution in TRADICA to solve this issue?. How?.
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orrections done by EDA ven-

the extraction of some
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➔ New HICUM Level 2 version (2.2) 

● Update of the model equations and of the code corresponding to the c
dors for solving all convergence issues.

● Reference code needed.

➔ New HICUM Level 2 version (2.3) 

● Correction of the temperature scaling laws (especially for IB and TEF0).
● Other physical effects to be improved?...

➔ Level 0 status and implementation in circuits simulators

➔ Improvement of HICUM Scaling laws and guidelines for 
specific parameters 


