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Outline

• the transfer current in HICUM/L2

• charge components and dependences

• NR loop for solving the transfer current

• selecting a single node variant from different 
options for removing the internal loop

• restoring the original node count by a novel 
correlated noise implementation

• compliance verification: DC, NQS, noise, TR

• artefact scenario at ring waveforms

• summary

• references
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Transfer current in HICUM/L2
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The transfer current consists of a forward and a reverse part

The expression below is formally similar to those used in any 

Gummel-Poon clones but it is un-normalized 

Parameter ich stands for a legacy 2D behaviour 

The weighted charge QpT nonlinearly depends on iT as opposed 

to other HBT/BJT models where a linear dependence allows for a 
quadratic solution for QpT
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Charge components

Weighted forward minority charge (voltage&current dependence)

QpT consists of these three major components

Fixed - or junction related - charge (pure voltage dependence)
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Detailed charge dependences

Manual VA code Comment Dependence

Qf0 N.A. (part of Qf) Low current minority charge (tf0*itf) vbici, itf

QpT_low Q_0 Fixed - or junction related - charge (Early term) vbiei, vbici

Qf Qf Minority hole (actual) charge vbici, vciei, itf

QfT Q_fT Weighted hole charge for transfer current, part of vbici, vciei, itf

QEf QfE (FFd_QfE) Emitter charge vciei, itf

QBf Q_bf (FFd_QfB) Additional base charge vciei, itf

QCf QfC (FFQ_fC) Additional coll. charge vciei, itf

QCf N.A. QfCT (FFQ_cT) Add'l coll. charge  with current spreading vciei, itf

All but one charge components depend on the forward 

transfer current, all but one nonlinearly.

Explicit solution is not possible.
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Comments

• current HICUM/L2 variants iteratively solve the implicit equation 
QpT=QpT(itf(QpT)) in an internal Newton-Raphson loop

• loop terminates at reltol=1e-5 or at achieving 200 steps

• loop iterations multiply by the #of network solution cycles

• reltol=1e-5 holds also when network is still far from solution 

• HL2 is the single recent model having an internal loop

Existing solutions to get rid of the internal loop resulted in 

the L0 variants at the cost of compromising model 

performance
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Options for removing the loop, #1

Proposed in [1]

itp is the current of the voltage source vp=0. Both itf

and itr depend on itp through the charge QpT(itp). 

Network solver guarantees itp=itf in node cp

new node cp is added for 

connecting a voltage source
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with QfT(itp) known, QpT is computed as
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Remarks

• a voltage source reqires 2 system variables in MNA: one for its   

insertion and one for its current: matrix order increases by 2

• in Verilog-A a voltage contribution V(ci,cp) <+ 0 is needed

• not all compilers (e.g. ADMS) handle voltage contribution

• the solution modifies the core Hicum/L2 schematics

• new branches (ci,cp) and (cp,ei) in the core network appear 

in the  ddx(var,V(ci)), ddx(var,V(ei)) operations for OP 

information

Though the solution was proven to work faster than the 

original code it is justified to look for an alternative
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KCL for node c’:

Options for removing the loop, #2

Express itf from KCL on an existing node and use it as an 

„independent” variable itp for computing QpT(itp)
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Fig. 2.1.0/1/a of [2]
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Options for removing the loop, #2, cont’

One can write
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Options for removing the loop, #2, code

//dissolve iteration loop ************************

begin : LOOPLESS

real itp,A_qpT,rcxt,Dinqs,icci,isum,bb;

Dinqs = Itxf-itf;

rcxt  = 0.5*(rcx_t+sqrt(rcx_t*rcx_t+`epsr));

icci  = type*(-V(br_cic_v))/rcxt;

isum  = icci+ibci+ijbcx+ijsc-Dinqs;

bb    = 0.5*(1+avl-i_0r/i_0f);

I_Tf1 = isum/(bb+sqrt(bb*bb+Oich*isum));

itp   = I_Tf1*(1+Oich*I_Tf1);

Tf    = T_f0;

Qf    = T_f0*itp;

`HICQFF(itp,ick,Tf,Qf,T_fT,Q_fT,Q_bf);

A_qpT=0.5*(Q_0+Q_fT)A;

Q_pT=A_qpT+sqrt(A_qpT*A_qpT+Tr*i_0r);

I_Tf1 = i_0f/Q_pT; 

a_h   = Oich*I_Tf1;

itf   = I_Tf1*(1.0+a_h);

itr   = i_0r/Q_pT;

Qr    = Tr*itr;

end

//dissolve iteration loop ************************

No extra node is needed but runs slower than original

Smooth transition to MIN_R

Hard clamping exists several 

places in HICUM/L2 for a 

virtual „node collapse”. 

Function and derivative 

discontinuities may lead to 

failures in HB simulation
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Options for removing the loop, #3

Targets:

• avoid additional voltage source(s)

• preserve the core HICUM/L2 schematics

• minimize node count increase

• replace the internal loop by a short code segment

simulator adjusts new system variable 
V(nitp) until KCL is satisfied in node nitp

yielding itp=itf(itp)

1
nitp

itf(itp)

itp=V(nitp)
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Options for removing the loop, #3, code

...

ICKa = (vceff-vlim_t)*Ovpt;

ick = ick2*(1.0+0.5*(ICKa+sqrt(ICKa*ICKa+1.0e-3)));

end

//loopless ****************************************** 

begin : LOOPLESS

real itp,A_qpT;

itp   = V(br_nitp);

Tf    = T_f0;

Qf    = T_f0*itp;

`HICQFF(itp,ick,Tf,Qf,T_fT,Q_fT,Q_bf);

A_qpT = 0.5*(Q_0+Q_fT);

Q_pT  = A_qpT+sqrt(A_qpT*A_qpT+Tr*i_0r);

I_Tf1 = i_0f/Q_pT; 

a_h = Oich*I_Tf1;

itf = I_Tf1*(1.0+a_h);

itr = i_0r/Q_pT;

Qr = Tr*itr;

end

******************************************

//loopless

//NQS effect implemented with LCR networks

//Once the delay in ITF is considered, IT_NQS is 

//calculated afterwards

it      = itf-itr;

...

I(br_nitp) <+ (-itf);

I(br_nitp) <+ V(br_nitp);

T_fT in original code was used in 

the derivative of QpT for the NR 

iteration. It is not needed anymore 

making further code truncations 

possible [3]. These simplifications 

were not performed in this code in 

order to observe the net effect of 

omitting the internal loop

Snippet inserted in place of original code bw. highlights 
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Restoring the original node count

Fig. 2.1.0/1/e of [2], hicumL2v2.33

Two extra nodes nc and 

nb are needed for 

correlated noise modeling 

in all HL2 variants

One single extra node n1

is proven to be enough for 

solving the correlated 

noise problem in HBTs [4]

Fig. 2 of [4]
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Node counts summary

The node count – consequently the matrix rank -

remains the same in both versions

Internal nodes Node names No.

basic device functions ci, ei, bi, bp, si,tnode 6

excess phase xf, xf1, xf2 3

correlated noise n1, n2 2

Total, std. Hicum [2] 11

Internal nodes Node names No.

basic device functions ci, ei, bi, bp, si,tnode 6

excess phase xf, xf1, xf2 3

itp/itf node nitp 1

correlated noise n1 1

Total, loopless with [4] 11

Node allocation of 

hicumL2v2.33

Node allocation of the 

loopless hicumL2v2.33 with 

noise optimization [4]



Page 16

Results

• QucsStudio Compliant release code with OP: hicumL2v2p33_QC.va

• QucsStudio Compliant release code w/o OP: hicumL2v2p33_QCX.va

• loopless code and single node noise, with OP: hicumL2v2p33_lpls.va

• loopless code and single node noise, w/o OP: hicumL2v2p33_lplsX.va

Tests were made in QucsStudio_1.5.1, partly in QucsStudio_2.4.0

Investigated variants:

Issues with ADMS_2.30 (2.34) used by QucsStudio_1.5.1 (_2.4.0)

• „node collapse” voltage contribution V(br) <+ 0; tacitly implies malfunction

• approximate workaround by a current contribution I(br) <+ V(br)/`MIN_R;

• parameter string is not applicable

• @initial_step and @final_step are not functional

• parameter real temp = t_amb shall be added to the parameter list

• use ddx(type*var,V(node)); i/o type*ddx(var,V(node));

• Iport = I(<port>) does not work, sum current of branches meeting in port

• avoid the use of directive `ifdef insideADMS

• unique peculiar tricks are needed for making ddx() functional (if at all)
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Gummel and FT

Full agreement
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NQS: admittance parameters

Full agreement

alqf=0.34, alit=0.68, Vbe=0.98V, Vcb=0V
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Noise parameters

Full agreement

alqf=0.34, alit=0.68, Vce=1.2V, frequency=10GHz
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DC speed test

IB forced forward output characteristics

covers deep reverse and strong forward DC bias with avalanche

Tests were made in Vce=-0.9V...step10uV...2V, 290.001 points/Ib 
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DC speed test, cont’

Significant speed difference at the OP variants 

foi: Vce=-0.9V…step10uV…2V, 1.740.006 points total

Ib= 125.5nA; 625.0nA; 1.255uA; 2.510uA; 6.275uA; 12.550uA

Model QucsStudio_1.5.1

HL2v33_QC 24m 21s

HL2v33_lpls 12m 58s 

HL2v33_QCX 10m 57s

HL2v33_lplsX 9m 40s 
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TR speed test #1

Loopless runs about 3.5-times faster than standard 

Test circuit: Colpitts Common Collector (CC) oscillator [6]

U=1.1 V

L=1 nH

C=260 fF

C=23 fF

I=12 mA

C=1 uF

R=50 Ohm

U1=0 V

U2=0.87 V

T1=0

T2=1000 ps

L=95 pH

transient

simulation

TR1

Stop=500 ps

Points=10001

method=Gear6

C++

cb

es

tnode

File=hicumL2v2p33_QC.va

flnqs=1

flsh=1

C++

cb

es

tnode

File=hicumL2v2p33_lpls.va

flnqs=1

flsh=1
out

0 5e-11 1e-10 1.5e-10 2e-10 2.5e-10 3e-10 3.5e-10 4e-10 4.5e-10 5e-10

-0.6

-0.4

-0.2

0

0.2

0.4

time

out.Vt

Runtimes, hicumL2v2.33_QC: 11.72s hicumL2v2.33_lpls: 3.40s

As found in [6] this Colpitts oscillator does not run in CE mode 

using EDA tools. Same behaviour is observed in QucsStudio.
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TR speed test #2

Significant speed difference at the OP variants

Runtimes at three tail currents in

QucsStudio_1.5.1 (pulse train length: 10ns, steps: 9901)

Device pre FT

Ic=1.4mA

peak FT

Ic=8.5mA

post FT

Ic=23mA

hicumL2v2p33_QC.va 25m 51s 36m 9s 44m 37s

hicumL2v2p33_lpls.va 20m 34s 30m 11s 33m 40s

hicumL2v2p33_QCX.va 16m 0s 24m 25s 26m 32s

hicumL2v2p33_lplsX.va 17m 32s 26m 39s 29m 55s

Test circuit: ring oscillator, scheme by courtesy of D. Celi, STM [5]
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Artefacts #1 

Loopless variant gives different waveform than the std. 

code: backward compatibility endangered? [6] 

1e-10 1.5e-10 2e-10 2.5e-10 3e-10 3.5e-10 4e-10 4.5e-10 5e-10 5.5e-10 6e-10 6.5e-10 7e-10 7.5e-10 8e-10 8.5e-10 9e-10 9.5e-10 1e-9

-1.4

-1.2

-1

-0.8

time [s]

V(n45)

HL2v2.33-QC

HL2v2.33-lpls

HL2v2.33-QC

HL2v2.33-lpls

pulse train length: 1ns, time steps: 451

QucsStudio_1.5.1
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Artefacts #2

QucsStudio provider M. Margraf: „... the tolerance calculation was 

a little bit buggy in former versions.”

pulse train length: 1ns, time steps: 451

QucsStudio_2.4.0

1e-10 1.5e-10 2e-10 2.5e-10 3e-10 3.5e-10 4e-10 4.5e-10 5e-10 5.5e-10 6e-10 6.5e-10 7e-10 7.5e-10 8e-10 8.5e-10 9e-10 9.5e-10 1e-9
-1.4

-1.3

-1.2

-1.1

-1

-0.9

-0.8

time [s]

V(n45) [V]
HL2v2.33-QC

HL2v2.33-lpls
HL2v2.33-QC

HL2v2.33-lpls

No artefacts in QucsStudio 2.4.0.
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Artefacts #3

Comparing original code running in QucsStudio_1.5.1 and 

QucsStudio_2.4.0

pulse train length: 1ns, time steps: 451

QucsStudio_2.4.0

Moderate artefacts. TP differences of 20% exist in [5] 

bw. EDA simulators A and B too at a tail current of 23mA 
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Extension

ELDO simulations were performed on various HICUM revisions by 

Didier Celi (HICUM referre at CMC), STM Crolles, France [7]

HiCuM/L2v2.4Z is identical to hicumL2v2p33_lpls of this work 

Next few slides are 

summaries: see full 

details in submission

HiCuM/L2v2.40 [3]
[1] extended by crp
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ELDO: number of Newton iterations
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ELDO: number of accepted timesteps
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ELDO: pulse period
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ELDO: artefacts

Waveform differences: a backward compatibility condition?  
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Summary
• overview of transfer current and charge formulations

• implicit nature requires an internal NR solver in HICUM/L2

• several options have been shown for shifting the internal NR 
solution to the MNA circuit solution domain 

• discussed variants ranged from zero to two extra nodes

• proposed single node variant is the simplest option at the benefit 
of leaving the original model schematic unchanged

• required extra node is compensated by proposing a single node 
correlated noise implementation

• DC, AC, noise, TR tests run faster and show perfect match in 
QucsStudio

• ring artefacts may be related to the simulator and exist at the 
original model too.
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Summary, cont’d
• ELDO ring oscillator simulations show different result than 

QucsStudio

• v2.34 (beta version with internal iteration) is similar to v2.33 
(latest industrial version)

• v2.4Z (no extra node) is similar to but requires more iteration 
steps at high currents than v2.40 (four extra nodes)

• impact of NQS is dominant over that of SH in all versions

• pulse period dispersion at medium and high currents lead to 
waveform differences among versions (artefacts)

• artefacts inadvertedly appear using the same model in different 
simulators as well

• is it justified to regard ring waveform artefacts as backward 
compatibility violation? (expected to appear bw. all updates)
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