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ABSTRACT

A new relaxatiowtime large-signal table-based diode model

for circuit simulation is presented, AlSO presented is a fully

automated system which characterizes the device and gener-

ates the tabular data file used by the model. Excellent agtee-

ment between simulated and measured fundamental and

second through fomth harmonic power levels is demonstrated

for a MODFET diode up to frequencies of 48 GHz.

Introduction

A new tehxation-time large-signal table-based diode model

has been implemented in the HP MDS simulator. It is based

on experimental DC and stmdl-signal S-parameter data as

functions of bias. It has been successfidly applied to GaAs

MESFET, MODFET (HEMT), and varactor diodes in one or

two-pott configuration. The automated system ptesented hem

adaptively characterizes the diode over its enthe safe operat-

ing range, taking more &ta where needed depending on the

10CSI nordinearities of the DUT. The model generator con-

structs a complete large-signal model from the dat% including

parasitic exttinsic element values and bias-dependent funG

tiotts from which device-specific nonlinear cm-tent-voltage

and charge-voltage model constittttive relations ate detined.

Spline functions interpolate the tabulated nonlinear model

functions durirtg simulations. The validity of tbe model is
confirmed by comparison of model simulations to measured
DC dat% small-signal S-parameter data versus bias and fre-
quency, and extensive large-signal measurements of gain and
harmonic levels versus output power at several bias points

and different fundamental frequencies. The implemented

nonlinear model in the circuit simulator, automated data ac-

quisition system, and model gemmtor systc.m, compriw an

integrated large-signal microwave diode modeling system for

state-of-the-art nonlinear circuit simulation.

The Model

‘l%e model is composed of a bias-independent parasitic part
and a bias-dependent part modeling the intrinsic junction be-
havior. This is illustrated in F@re 1. Charge-voltage rela-
tions for heterostrnctme and vat-actor diodes and cnrrent-
voltage relations under teveme bias and breakdown condi-

tions can be quite different from the simplified explicit for-
mulas used by most large-signal models. TIE new model

Mines the intrinsic non-linear current-voltage and eharge-
voltage constitutive relations by means of appropriate spline

interpolation of several biasdependent functions computed
directly horn the &ta and tabulated in the model data-file.
‘Ibis approach ensures both excellent model accuracy and
great flexibility by making the model largely independent of
the device technology. The time-depetxlent ontpttt current is
computed as the solution of a relaxation time differential
equation, similar in form to those reported recently for non-
qttasi static FET models [1,2].

The interpolation of the bias-dependent model functions with

tespect to the intrinsic voltage and the sampling of the device
data in bias space ate both critical for the correct model be-
havior. Naive interpolation and improper sampling rates can
nxsult in splirte oscillations between discrete data points and
cause convergence problems for the harmonic balance and
transient analysis algorithms. The bias-points are adaptively
computed by the automated system using a predictor correc-
tor algorithm [1] based upon the device-specific DC current

and intrinsic capacitance versus bias behavior. In addition,
the simulator performs spline interpolation on funotions of
the dat% rather than interpolating the data directly. This tech-
nique provides better extrapolation nxults thaa obW by
extrapolating the data directly. FQmu 2 shows a comparison
of a subset of the current-voltage relation between measured
(discmae triangles), the new model (well-behavmt mrm) and

a naive spline-interpolation (non-monotonic curve) of the

measured current.
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Automated Measurement-Based Modeling System levels, where the large-signal measurement accuracy is ques-
tionable.

The automated data aqnisition and model generator system

is based On the HP 85122A parameter extraction test system,

consisting ofanHP8510 network analyzer and HP 4142 DC

sonrce/monitor, with software implemented in the HP ICCAP

program for measurement control and graphical interface.

DC and single-frequency S-parametem are taken over the en-

tire safe operating region of the device. ‘l’he extrinsic param-

eters are extracted by means of single frequency small signal
measurements with the device forward biased [3]. The link

between the automated data acquisitio@mdel generator sys-
tem and the simulator is accomplished by the model data me
containing the parasitic element values and the DC and other
intrinsic model functions of the internal bias. This file, con-
taining the device characterization, is the only input required
by the simulator.

Figure 3 compares measured (x) and modeled (—) C-V non-

linear constitutive Elations for a MODFET diode. The mod-

eled curves are nearly identical to the measurements.

Figures 4 compm meawued (4a) and simulated (4b) Sll ver-

sus bias and frequency for a varactor diode. Fomteen bias

points are. compared from V.-1.8 to V=+l.2 Volta. The fre-

quency range is 1 GHz to 26 GHz. For each bias point, the

agreement between simutatiorts and measurements is very

good over the entire frequency range, despite the fact that the
model data-file was constructed horn S-parsmetem measwed
at the singlefiequency of 3 GHz.

Large-Signal Verification

Figures 5a and 5b compaxe simulated (solid lines) to mea-
sur@ large-signal gain (A) in dB, and second harmonic (.),
third harmonic (+), and fourth harmonic (X) levels in dBc
versus Output Power for a 48um two-port MODFET diode.

The bias for this comparison is V=O.5 volts ad the funda-
mental frequency is 2 GHz. The agreement is excellent.

Figures 6a and 6b compare simulations and measurements
under the same conditions as Figures 5, except now the diode
is forward-biased to +0.5 V. Again the agreement is excel-
lent, except perhaps for the fomih harmonic at very low pow-
er levels, where the large-signal measurement accuracy is
questionable. The model even predicts the measured sharp
depression in the fourth harmonic at about Pout= -lOdBm.

Figmes 7a and 7b compam simulated (solid lines) to mea-
sured large-signal gain (A) in dB, and second harmonic (.),
third harmonic (+), and fomth harmonic (X) levels in dBc
versus Output Power for a 48um two-port MODFET diode.
This time the diode is unbiased (V.O.O Volts). The funda-

mental frequency is 2 GHz. The agxeement is excellent ex-

cept perhaps for the fomth harmonic at vexy low power

Figures 8a and 8b Compm simulatio~ and measurements
under the same conditions as Figures 7, except now the fon-
dsmental frequency for the measmements and simulations is
12GHz. Again the agreement is excellent. This proves the
model, aksoextracted at the single frquency of 3G~ accu-
rately predicts large-signal performance of this device to at
least 48GHz, which is the frequency of the fourth harmonic
with respect to the 12 GHz fundamental.

The large-signal data was measured on the on-wafer power
and harmonic measurement system reported in [4]. The sys-
tem provides on-wafer, veaor error-corrected power and har-
monic levels and large-signal reflection coefficient.

Conclusions

The results and methodology presented above prove the mea-
surement-based large-signal diode model and its associated
automated data acquisition and model generator system yield
accurate simulations of diode devices from diverse technolo-
gies over a wide variety of biases, frequencies, and input sig-
nal amplitudes. This makes the measurement-based modeling
system a valid CAD tool for automated diode characteriza-
tion and for large & small-signal analysis and design of cir-
cuits and systems whwe such devices are key components.
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Figure 1: D/ti.coit”. The intrinsic
model is described by nonlinear constitutive relations I(V)

snd Q(V), and by a relaxation time z. l%e model imple-
ments a large-signal relaxation-time differential equation
for the instantaneous cunent.
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I
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FQure 2 Measured (A), modeled (well-behaved solid
lines), and naive .@ne-interpolated (wavy solid Iinea) DC
I-V relations for a MODFET Diode. (2a) From breakdown
to full forward bias. (2b) Magnified scale near zero cur-
rent. The model goes through all the data points exeept
when the cunent is in the noise level (500 pA in this case).
Problems associated with naive spline oscillations between
data points are eliminated using this approach.

-8.0 v 2.0

Figure 3: Measured (X) and Modeled (—) C-V Relation
for MODFET Diode. The agreement with data is much

better than that which can be obtained by fitting to 6xed,

“canoed” model constitutive relations based on simpli-
fied physics or empirical expressions.

(4a) Memued Sll (4b) Simulated Sll

Figme 4: Measured (4a) and Simulated (4b) Sll versus frequency
and bias for a Varactor Diode. There am fourteen bias points
shown from V=- 1.8 to +1.2 Volts. ‘fhe frequencies range from
lGHz to 26GHz, RecaIl the model was constructed from data at
the single frequency of 3 GHz,
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Figure5: Simulated (Solid Lines) and Measured gain (A),

Second harmonic levels (,), third harmonic levels (+) and

fou~ harmonic levels (X) vs. Output Power for a MOD-

FET diode. Bias: V=O.5. Fundamental Frequency 2 GHz.
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Figure6: Simulated (Solid Lines) and Measured gain (A),

Second harmonic levels (,), third harmonic levels (+) and
fourth harmonic levels (X) vs. Output Power for a MOD-
FET diode. Bias: V=+O.5. Fundamental Frequency 2 GHz.
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Figure7: Simulated (Solid Lines) and Measured gain(A),

Second harmonic levels (.), third harmonic levels (+) and
fourth harmonic levels (X) vs. Output Power for a MOD-

FET diode. Bias: V=O. Fundamental Frequerwy 2GHz.
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Figure 8: Simulated (Solid Lines) and Measured gain (A),

Second harmonic levels (.), third harmonic levels (+) and
fourth harmonic levels (X) vs. Output Power for a MOD-
FET diode. Bias: V=O. Fundamental Frequency 12GHz,
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