TRANSISTOR PARAMETER EXTRACTION
USING DC, SPARAMETER AND NOISE DATA SIMULTANEOUSLY

Qian Cal, Jason Gerber, Tom Daniel and Ulrich L. Rohde

Compact Software, Inc.
201 McLean Blvd., Paterson, NJ, USA 07504

ABSTRACT

This paper presents, for the first time, an integrated
method for transistor mode parameter extraction by
fitting the DC, multi-bias sparameter and noise
measurements simultaneously.  The extracted mode
provides accurate small-signal, large-signal and noise
characteristics. This technique is demonstrated for a
Raytheon foundry HBT and excellent results are obtained.
Sdf-heating effects are taken into consideration in the
parameter extraction procedure.

INTRODUCTION

Low noise microwave circuit design engineers are
often frustrated that the noise responses of the fabricated
circuits are quite different from the results obtained using
CAD programs. They may need several design passes to
meet specifications. Even in mixer designs the noise of
the fabricated circuits may be significantly higher than
that predicted by the CAD tool. The discrepancy arises
primarily from the poor estimation of the device noise
figure.

Parameter extraction by fitting the model responses to
measurements is the primary method to obtain the model
parameter values of equivalent circuit modds.
Conventionally, parameter extraction is based on DC, s
parameter and large-signal measurements (e.g., [1]-[3]).
The models extracted are suitable for DC, small- and
large-signal analysis. However, noise analysis with these
models often contains substantial errors.

This paper presents an integrated parameter
extraction approach by fitting the model responses to the
DC, multi-bias sparameter and multi-bias noise
measurements simultaneoudy. The models extracted not
only provide precise characterization of device small- and
large-signal responses but also give accurate prediction of
device noise performance. The models can be used in a
variety of applications for small- and large-signal as well
as noise analyss. The advantages of our approach

become more significant in the design of low noise
microwave Circuits.

Our method is demonstrated by parameter extraction
for a Raytheon foundry heterojunction bipolar transistor
(HBT). The modd accounts for the device self-heating
characteristics [4]. Two models are extracted: Model 1 is
based on DC and s-parameter measurements while M odel
2 is based on DC, s-parameter and noise measurements.
Model 1 shows large errors in noise performance even
though the DC and s-parameter fits are good. Moded 2
provides accurate prediction in DC, s-parameter and noise
responses. This technique is implemented in Compact
Scout [5], a parameter extraction software tool, and the
results are presented in this paper.

INTEGRATED PARAMETER EXTRACTION

The objective function for optimization in our
integrated parameter extraction include DC, s-parameter
and noise measurements. It isformulated as
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are the DC error, s-parameter error and noise error,
respectively. Npis the number of ports of the device. Noc
isthe number of DC measurement points. Ny and Ne are,
respectively, the number of bias points and frequencies at
which the s-parameter measurements are taken. Nys IS the
number of noise parameters and Nwe and Ny are
respectively, the number of bias points and frequencies at
which the noise measurements are taken. The R’s and

M’s are the model responses and the corresponding
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measurements. The W's are the weighting factors applied For the noise responses, the minimum noise figure
to the corresponding errors. The]||denotes the least- F.., the optimal noise reflection coefficieft, and the
squares norm. A Levenberg-Marquardt optimization equivalent normalized noise resistarigare calculated.

process was applied to: For the circuit shown in Fig. 2, the intrinsic noise
. parameters are evaluated using the following equations
minimize Ea (P 6.7].
The DC, multi-bias s-parameter and multi-bias noise R, + Ropt O f201 Fe

measurements are simultaneously matched to the model Fy,, = a R + 0+ ?D—+ 1t 1
response during optimization. A direct parameter e U by OA +
extraction and level by level optimization strategy [5] can The optimum source resistance is calculated by

be used for efficient model extraction. X - ERZ o s Eﬂ__l_ f2 ,Q‘RE(ZRM +R)) g/z
opt 0 b1 opt ] szﬁ Aoa 0

DEVICE SIMULATION AND NOISE
CALCULATION

The device model used in our parameter extraction
consists of three parts: intrinsic circuit, device parasitics
and package parasitics as shown in Fig. 1. The DC bias _oof? O2rfC_R?
point is first obtained by DC simulation. A small-signal XOpt - E]'+ ?D A.a
equivalent circuit is then established by linearizing the ) _ b )
model at the bias point and this is used for s-parametefnd the normalized noise resistance is
and noise calculations. The small-signal model
(including the intrinsic and extrinsic circuits for BJTsand Ry = RblEA +1- _E"'
HBTS) is shown in Fig. 2. Ay

the optimum source reactance is

R, O, RaO, 17 f20
—A+—=0A+—-A +—
o— 2 PR R A
. Intrinsic . . .

o— Package Device Equivalent where f is the operating frequencyf, is the cutoff
Perasitics Parasitics Circuit frequency of the common base current gaff), A, is the
o— DC current gainT; is the device temperature aRgis the
Flicker noise corner frequency. The coefficieatandf,

. , o . are calculated as follows.
Fig. 1 Three parts of equivalent circuit for device model.

SPRMC PR
Coe a= topt o
ﬁ % f, [ p U 07
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whereN. is a noise factor. The effect of the device and
L, R, package parasitic circuits are included in the calculation
: of the total device noise.
PARAMETER EXTRACTION OF A HBT MODEL
Ceo Parameter extraction of a HBT model [4] is carried

out to demonstrate the features of our integrated method.
The device self-heating effects are modeled by a thermal
circuit. The model equation can be generally written as

VBE = VBE((p’ IB’ VCE’ T]((p1 IB’ VCE))

Fig. 2 The small-signal equivalent circuit including the o = | C((p lg, Vee,s T, ((p l 5, VCE))
intrinsic and extrinsic parts for BJTs and HBTs. The
collector-emitter resistor Rce is important in parameter
extraction.

which indicate thatVe: and . are functions of model
parameter®, bias point (s, Vee) and temperatur@;,. The
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device temperature is aso depend on the mode
parameters and bias conditions.

The data used for parameter extraction include DC
measurements at 60 points, s-parameter measurements
and noise measurements at 9 hias points and 17
frequencies. Two models are extracted: Mode 1 using
DC and s-parameter measurements while Model 2 using
DC, sparameter and noise measurements. The most
significant difference between Model 1 and Modd 2 are
the values of those parameters which affect the device
noise responses such as Ry;, Re and C,, etc. The modeled
and measured DC responses are plotted in Fig. 3. The
modeled and measured S parameters at two bias points are
shown in Figs. 4-5. The modeled and measured minimum
noise figures at two bias points are shown in Figs. 6-7.
From Figs. 3-5 we can see that the DC responses and s
parameters of both models match the measurements very
well. However, the noise responses of Modd 2 are much
closer to the measurements than those of Model 1 which
are illugtrated in Figs. 6-7. |If both models are used for
noise analysis in circuit design, Modd 2 will provide
much more accurate results than Model 1.
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Fig. 4 Measured (discrete points) and modeled (solid
lines) S parameters of (a) Modd 1 and (b) Model 2 at bias
point Ib=0.3mA and Vce=1V.

= 811-¢ - 522C
o S11-M + S522-M

Bias 5: Ib = 0.30[mA) Vce = 2.00(v] Freq: 2.00GHz to 18.00GHz

Scout - AC Plot

— 812C[x98] — S21C
4 812-M[x98] o0 S21-M

= Scout- DC Plot [~]-]
1B [m4)
18 010 —
o o 0.20 —
14 0.30 —
0.40 —
= —
T Pl Loy
E y
(5]
6.6 1
ool ]
E]
0 0.64 1.3 1.9 2.6 3.2
VCE [v)
= Scout - DC Plot [~]-]
IE [mA]
8 010 —
O o - o | 020 —
14 L 0.30 —
7 0.40 —
= b 050 —
<10 4
£
g |—
Q
6.6 —
2.8
E|
0 0.64 1.3 1.9 2.6 3.2
VCE [¥]
(b)

Fig. 3 Measured (discrete points) and modeled (solid
lines) DC I-V curves of (a) Model 1 and (b) Model 2.
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Fig. 5 Measured (discrete points) and modeled (solid
lines) S parameters of (a) Modd 1 and (b) Model 2 at bias
point Ib =0.3mA and Vce=2V.
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Fig. 6 Measured (discrete points) and modeled (solid
lines) minimum noise figures of (@) Model 1 and (b)
Model 2 at bias point Ib = 0.3mA and Vce = 1V.

CONCLUSIONS
We have presented an integrated parameter extraction
method fitting DC, multi-bias s-parameter and multi-bias
noise measurements simultaneously. The modes
extracted using this approach are capable of predicting the
device small- and largesigna as wel as noise
performances accurately and can be used in a wide range
of applications. Microwave circuit design engineers will
benefit from such models to attain first-pass circuit design

and thus reduce the development cost.
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