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Introduction

A scalable extraction methodology is described in order to obtain specific
parameters for HICUM model. The goal is to offer more flexibility to circuit
designers with respect to the choice of device configurations and sizes using
HICUM scaling equation [1] as preprocessor in circuit simulators

These specific parameters then can also be used as input parameters for
TRADICA.

Main of the scalable parameters are determined from long transistors with
constant emitter length and variable emitter width (L>>W) to have significant P/A
variation.

The geometry independent parameters are extracted on one long transistor
(L>>W).

Many methods used for the extraction of parameters for a single transistor [2]
are employed to obtain the specific parameters. The only difference is the data
(current densities, specific components, ...) to be treated.
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Specific parameters extraction flow

Step Specific Parameter Area Transistors Measurement
. . C(V) extracted
1 Bottom and periphery components of the CBE real emitter el T from cold-S
same length
parameters
. . , C(V) extracted
2 Bottom and periphery components of the CBC 2ERT) NS el e from cold-S
(SIC) same length
parameters
B . different widths g, Ic(Vcp) @
3 Specific avalanche parameters real emitter different lengths Vge=0.7V
Effective emitter size (yc), specific parameters for . different widths lc(Vgg) @
4 o real emitter _
Ic at low injection same length Vgc=0V
: Effective emitter size (Ygw, YaL), Specific parame- - different widths lg(Vgg) @
ters for Ig at low injection real emitter different lengths Vgc=0V
e . . different widths lc(Vee) @
6 Specific emitter resistance real emitter different lengths Vge=0V
7 Specific external collector resistance : real_ SIEEIG (i
dimensions structures
8 Specific internal and external base resistance : real_ SIEEIG (i
dimensions structures
9 Internal and perimeter components of T real and effective emitter DTS SUeline fr(lc) @ Vgc=0V
different lengths
- . . . different widths
: lck(Veg=cte
10 Specific component of internal collector resistance real emitter different lengths ck(Vce )
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[0 Calculation of parasitic capacitances Cp: back-end + oxide capacitances for all transistors.

[J Extraction of total capacitances Cy using “cold-S” measurement.

Specific capacitances

[J Extraction of specific capacitance using Ct - Cp

CIA [fF/lum?]
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Ca: Y-intercept
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Transfer current parameters yc, C19, Qpo (1)

[0 Definition of the effective emitter area
2
It = Jopa HWE +2yc) ML +2y¢) = Joa DA +Icp B BPE+4 Bjc Wep

Area perimeter corner

[J Extraction of the area extension yc (Lg>>WEg, WEg variable)
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Transfer current parameters ye, Cqg, Qpg (2)
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0.0008 1 1 1 1 0 [ — —— S S— S— S— ———1
06 0.62 0.64 0.66 0.68 0.7 0.58 06 0.62 0.64 0.66 0.68 0.7
vV V] VoV

[0 Dependence of yc with Vgg and with the real emitter size -> critical step

[J Impact strongly the regeneration of model parameters

[1 Impact strongly the extraction of specific parameters of the transit time at low current

W C_10 and Qp are extracted from Jcp using the same method than for the model parameter C1g and Qpq

[2]
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Specific parameters for the base current (1)

[0 Definition of an effective area for the base current
lg = Jga UWE +2vg) UL +2vg ) = Jga DAp + 2,055 Dygyy [hp + 2 gy Oy DWE +4 Lyg) Oy Wgp

IBE| lgEP

[0 Extraction of yg\ and yg_
9 I I I I I I I I 18 I I I I I I
8 |- 0 16 | o _
7 - 14 | .
6 | - 12 | -
< 5r 5 7 < 7
o 4 Yew ) o o o
3 - — —
O O O
2 - O O ] 0 ]
1 | O O O _ O _
0 ——————"— 3
02 0O 02 04 06 08 1 12 14 16 4 6 8 10 12 14
W [um] L [um]

[0 The base current density Jgp is deduced from

(Wg +2ygw) HLg +2yg,)
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Specific parameters for the base current (2)

O Jggis and Jrgis are extracted on Jga(Vgg) using the same extraction method than Igg|g and Iggs.

[J Two yg on emitter length and width are needed
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Specific series resistances

[0 Emitter resistance

Re [Q]
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External collector resistance: calculation using layout and sheet resistances determined from
specific test structure.

External and internal base resistance: calculation using layout and sheet resistances from specific
test structure.
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Transit time at low Injection (1)

[0 Geometry dependence only for 1y following [1]

Ae 0 AED
o = Tio DA_ + TpO - with Ag real emitter area and Agys the effective emitter area
Eff EﬂD
A
1 E
YIS T = T o6t (T )
0 p0 i0 pO Eff

[0 For each transistor with different L and W

[J Generation of the model parameter set using the previous specific parameters
- : 1 _ 1lo _ "
[1  Determination of 1y using —— = f=—= curve at Vgc=0V Always a critical step
o, O

DAED
[ Extraction of 1,9 and tpg using the 1, = flj—ED curve (linear regression)

E ]

[J Possible simultaneous optimization of 1)g, Tpg, a, g and a, jep on f1(Vge, Vec=0V) characteristics using
transistors with different emitter widths and lengths.
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Transit time at mow injection (2)

2.05 T T T T T T T 80 T
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o
2 - — 70 (e}
o
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o (o]
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A /A

O yc determination can strongly impact the extraction of 1y, and 1gp
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Internal collector resistance and lateral scaling (1)

[0 The geometry dependence of the high current effects is taken into account through the critical
current:

_ Vceff 0O 1 E{l + X+ /\/XZ + 10_3}
RCIO D/ceﬂ[|2 2

1+

% LM

R
KCIo 1
R = h
Clo AEff CcS

lck

Rkcio specific internal collector resistance

fos collector current spreading factor (lateral scaling)

_ DELC
3+ Gy Leo = Wgo & = W
9 41 - E

LeO— L rwg, W DELC = 2 W, [tand,
EInEIHZbD 2, = DELC
0 oL+{o ' Le

[J Two specific parameters have to be extracted Rxc g and DELC.
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Internal collector resistance and lateral scaling (2)

[0 Extraction of V| )y, Vces and Vpt on a single long transistor (L>>W)

[J Using the transit time extracted previously for each transistor at Vgc=0V, determination of I~k for each
transistor.

[J Optimization of Rkcjg and DELC on Ick (Ags)
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Some Results : collector currents
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Ig [MA]

Some results: base currents
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Some results: curren
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Summary

A scalable extraction methodology was presented allowing the regeneration of any transistor
model card using these specific parameters and the appropriate scaling laws (TRADICA or pre-
processor for circuit simulators).
Main critical points

[0 The uncertainty of real emitter size make difficult the extraction of some specific parameter.

[J  Two yg values needed to take into account the 3 dependence with Lg and Wg. Solutions?

[J  1g calculation from ft is still not easy or not enough accurate.

These methods are in development and improvements are certainly possible.
All comments and suggestions are welcome.
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