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« HICUM/L2 model support
 New Additions in HICUM/L2 version 2.31
« Application to fastest available SiGe technology

* Miscellaneous/general issues
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HICUMY/L2 model support

HICUM/L2 model support

« HICUM/L2 version 2.31 model has been released in May 2012

* The code has been updated with CMC copyright statement
=> available on HICUM website

* Model cards with test parameters and selected reference results are
also available on HICUM website

* Support Activities
* mostly simulator release related testing and implementation

* many companies (incl. previous CMC members) still use older versions
=> significant additional support for application related questions and
transition to newer versions

« HICUM liaison at CMC:
Rick Poore (Agilent) dropped out => new liaison: Didier Celi (ST)
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New Additions in HICUM/L2 version 2.31

New Additions in HICUM/L2 version 2.31
Overview

* Introduction of fype model parameter to switch between "NPN" and
"PNP" device type

 Temperature dependence of Ry, has been changed
=> linear dependence (par. ary,) instead of exponential dep. (par. {rs)

» Correlated Noise
« implementation without filter approach (BCTM ’10) => results in smaller code section

« Simplification of the lateral NQS effect modeling

« Simplified formulation for diffusion capacitances are used instead of "ddx" operator
=> results in higher computational efficiency

=> for details see following slides
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New Additions in HICUM/L2 version 2.31

pnp transistor option

 switching between npn and pnp-type
* addition of type-flag: 1 => npn (default), -1 => pnp
« verified DC, AC, transient and noise characteristics
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New Additions in HICUM/L2 version 2.31

Lateral NQS effect modeling
Goal: improve computational efficiency by simplification

| | Crai
« AC analysis by using /‘_'@

CRBi - fCRBl(C ]Cl + CdEl + CdCl) ,
B Rg B
* Previous calculations of diffusion capacitances VRsi
Cipi = Qi and C ., = 99jci => were using ddx-operator
dVgg Vac % Var
« Simplification avoiding ddx operator
dQ _ 49y lef Lry dQ iy
Carr = 5~ diav, " oy, and Cci T - NTFT/Z
BE | Ve If ™" BE BC | Vg

 Use of 15y instead of 15 partially compensates for overestimation of g,, by
ideal value it¢#Vt
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Lateral NQS modeling (cont’d)

Lateral NQS modeling (cont’d)
Application of simplified model (SiGe HBT with f; = 350 GHz)
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Note: this change is backwards compatible up to peak ft
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Lateral NQS modeling (cont’d)

Lateral NQS modeling (cont’d)
Application to fabricated devices

» DOTS5 process technology: peak f+ = 280 GHz
« Simulation with VBC=-1.5V and VBE varied from 0.84 to 1V
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=> I[mpact observed at high frequency and higher forward bias

Note: reducing FCRBI partially compensate for deviation vs v2.30
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Lateral NQS modeling (cont’d)

Lateral NQS modeling (cont’d)

 Impact of effect & implementation checked in LNA benchmark circuit

* Inductive degeneration, designed with DOTS5 technology @ 700 GHz

Ven A Ves: A Vee  Bias condition: VCC=3V, VBB2=2V,
VBB1 = 0.92V, Jc = 15mA/um?
Lc Q71 & Q2: 6 unit transistors conn. in parallel

I/ RE « Operation close to peak f; => not typical,
L (\: ouT . . .
B ?g Q2 out except for pushing performance limits

=> worst-case for lateral NQS effect impact
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Lateral NQS modeling (cont’d)

Lateral NQS modeling (cont’d)
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* new LNQS and "ddx" implementation are very close up to peak fy

» L-NQS effect becomes relevant in S14 above = /2 (harmonics!)
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Lateral NQS modeling (cont’d)

Lateral NQS modeling (cont’d)
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» visible in all parameters, especially on k¢, even lower frequencies
=> impact of lateral NQS effect is clearly visible in LNA
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Lateral NQS modeling (cont’d)

Correlated noise

« New formulation for correlated noise modeling

* modeling at the transistor input, not output Vo
« flag flcono turns correl. noise on (1) and off (0)
 conditional statement for calculation of square root

Inc2alr A

VnB

lneV2alie A
: 1s*vn3%

G1=1 _0.570)2”2 BfOLiTZ
— _ . N2 Tco=JoPrrioyT
IF 20.5,> Oy => Ty 1+](Mf«/20ch oL fr

noiseless

§>’501Vn3§> ICZB

nB intrinsic
otherwise => Tp1 = 1 transistor
» no use of nested ddt operators anymore \U/
- default values of algf & alit have been changed to Ve

physically meaningful values
« Range of algf & alit modified from [0:1] to (0:1] Inc2alr A NS IngV2algeiA 1SV

« Generic method for constructing corre-
lated noise networks see:

» J. Herricht et al., "Systematic compact modeling
of correlated noise in bipolar transistor", accepted
in IEEE Trans. MTT, 2012.

B1=1 +J'(MVBf(ZOth'OtiT\)3I

IB2=jotioyT

noiseless
intrinsic con
transistor A
N
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Lateral NQS modeling (cont’d)

Temperature dependence of thermal resistance

» For numerical stability reasons, modeling of Ry,(T) was changed from

R,,(T) = Rm(To)(TZO)CM to R, (T) = R, (Ty)(1+0a,,AT)

* For backward compatibility, the present implementation reads

Ry(T) = Ry(To)(1+ oy AT Tza) G

where the previous term and parameter have still been kept

» Setting
- arty = 0 and Cry, > O recovers the previous formulation

- drth > 0 and Cry, = 0 gives the new formulation

» However: no further support is planned for previous implementation (and
parameter Crip)
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Lateral NQS modeling (cont’d)

Model parameter change summary

model parameter | default range comment/description
alqgf 0.167 (0:1] Default value (0) was changed
alit 0.333 (0:1] Default value (0) was changed
flcono 0 [0,1] Flag for turning correlated noise on (1) and off (0)
zetarth 0 [-10:10] No supported anymore, replaced by alrth
alrth 0 [-10:10] First order temperature dependence of Rth
type 1 [-1:1], excl. O Flag for npn (1) and pnp (-1) type

red: indicates new parameters
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Application to fastest available SiGe technology

Application to fastest available SiGe technology

 Extraction of model parameters for transistors presented by IHP in
B. Heinemann, et al. "SiGe HBT Technology with fT/fmax of 300GHz/500GHz and 2.0 ps
CML Gate Delay", IEDM 2010.

* Verification over large bias ...
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Application to fastest available SiGe technology (cont’d)

Application to fastest available SiGe technology (cont’d)

... and temperature range
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» continuous improvement of SiGe and InP HBT technology for mm-wave
and sub-mm-wave operation requires continuous improvement of com-
pact model:

* RF2THz: turning DOTFIVE into production and demonstrating applications
« DOTSEVEN: fmax = 700GHz
« HAEC (Highly Adaptive and (energy) Efficient Computing)
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Miscellaneous/general issues

Miscellaneous/general issues

« Should “Operating Point Information” be included in the VA model code?
=> question raised by some users

« Should all numerical values of test results be saved (several large
files!)?
So far the idea was that EDA vendors test their implementation by com-

paring their built model generated results with those from their VA code
and that VA code is standardized
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	HICUM/L2 model support
	• HICUM/L2 version 2.31 model has been released in May 2012
	• The code has been updated with CMC copyright statement => available on HICUM website
	• Model cards with test parameters and selected reference results are also available on HICUM website
	• Support Activities
	• mostly simulator release related testing and implementation
	• many companies (incl. previous CMC members) still use older versions => significant additional support for application related questions and transition to newer versions

	• HICUM liaison at CMC: Rick Poore (Agilent) dropped out => new liaison: Didier Celi (ST)

	New Additions in HICUM/L2 version 2.31
	Overview
	• Introduction of type model parameter to switch between "NPN" and "PNP" device type
	• Temperature dependence of Rth has been changed => linear dependence (par. aRth) instead of exponential dep. (par. zRth)
	• Correlated Noise
	• implementation without filter approach (BCTM ’10) => results in smaller code section

	• Simplification of the lateral NQS effect modeling
	• Simplified formulation for diffusion capacitances are used instead of "ddx" operator => results in higher computational efficiency


	=> for details see following slides

	pnp transistor option
	• switching between npn and pnp-type
	• addition of type-flag: 1 => npn (default), -1 => pnp
	• verified DC, AC, transient and noise characteristics


	Lateral NQS effect modeling
	Goal: improve computational efficiency by simplification
	• AC analysis by using
	• Previous calculations of diffusion capacitances
	and => were using ddx-operator
	• Simplification avoiding ddx operator

	and .
	• Use of tf0 instead of tf partially compensates for overestimation of gm by ideal value iTf/VT



	Lateral NQS modeling (cont’d)
	Application of simplified model (SiGe HBT with fT = 350 GHz)

	Lateral NQS modeling (cont’d)
	Application to fabricated devices
	• DOT5 process technology: peak fT = 280 GHz
	• Simulation with VBC=-1.5V and VBE varied from 0.84 to 1V

	Note: reducing FCRBI partially compensate for deviation vs v2.30

	Lateral NQS modeling (cont’d)
	• Impact of effect & implementation checked in LNA benchmark circuit
	• Inductive degeneration, designed with DOT5 technology @100 GHz

	Lateral NQS modeling (cont’d)
	• new LNQS and "ddx" implementation are very close up to peak fT
	• L-NQS effect becomes relevant in S11 above » fT/2 (harmonics!)

	Lateral NQS modeling (cont’d)
	• visible in all parameters, especially on kf, even lower frequencies
	=> impact of lateral NQS effect is clearly visible in LNA

	Correlated noise
	• New formulation for correlated noise modeling
	• modeling at the transistor input, not output
	• flag flcono turns correl. noise on (1) and off (0)
	• conditional statement for calculation of square root

	IF =>
	otherwise =>
	• no use of nested ddt operators anymore
	• default values of alqf & alit have been changed to physically meaningful values
	• Range of alqf & alit modified from [0:1] to (0:1]
	• Generic method for constructing correlated noise networks see:
	• J. Herricht et al., "Systematic compact modeling of correlated noise in bipolar transistor", accepted in IEEE Trans. MTT, 2012.



	Temperature dependence of thermal resistance
	• For numerical stability reasons, modeling of Rth(T) was changed from
	to
	• For backward compatibility, the present implementation reads
	where the previous term and parameter have still been kept
	• Setting - aRth = 0 and zRth > 0 recovers the previous formulation - aRth > 0 and zRth = 0 gives the new formulation


	• However: no further support is planned for previous implementation (and parameter zRth)


	Model parameter change summary
	red: indicates new parameters

	Application to fastest available SiGe technology
	• Extraction of model parameters for transistors presented by IHP in
	B. Heinemann, et al. "SiGe HBT Technology with fT/fmax of 300GHz/500GHz and 2.0 ps CML Gate Delay", IEDM 2010.

	• Verification over large bias ...

	Application to fastest available SiGe technology (cont’d)
	... and temperature range
	• continuous improvement of SiGe and InP HBT technology for mm-wave and sub-mm-wave operation requires continuous improvement of compact model:
	• RF2THz: turning DOTFIVE into production and demonstrating applications
	• DOTSEVEN: fmax = 700GHz
	• HAEC (Highly Adaptive and (energy) Efficient Computing)



	Miscellaneous/general issues
	• Should “Operating Point Information” be included in the VA model code? => question raised by some users
	• Should all numerical values of test results be saved (several large files!)? So far the idea was that EDA vendors test their implementation by comparing their built model generated results with those from their VA code and that VA code is standar...

	Implementation in QUCS
	• QUCS is a free circuit simulator with "ADS-like" features
	• HICUM L2 v2.30 & 2.31 have been included in QUCS latest v0.0.16
	• Models are available in simulator and GUI (2.30 npn, 2.31 npn and pnp)
	• QUCS source code 0.0.16 patches for including the new versions are available at CEDIC.
	• npn and pnp for 2.31 not by type flag but by parameter npn=1 or pnp=1
	• DC and AC characteristics tested




