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New Non-Quasi-Static Theory for Extracting
Small-Signal Parameters Applied to LDMOSFETS

Patrick Roblin, Siraj Akhtar, and Jeffrey Strahler

Abstract—\We present analytic formulas for simultaneously selected assumes a frequency dependence similar to that of the
extracting the parasitic resistances, inductances, and the intrinsic QS model [3], [4]
parameters of a small-signal FET equivalent circuit model

including the non-quasi-static (NQS) charging time-constants A

. . - . ]
associated with the gate and drain charges, respectively. For ReZewtr,ifl = Rij + —5— 53 0
the NQS equivalent circuit topology considered, there exists a w? + B!
continuum of solutions for the circuit parameters, as a function of 1 Imlz =1 B;; Gj @)
the source resistance, giving exactly the same frequency response w [Zewtr,is] = Lij + w? + B2 + w?(w? + B?)
fit. A multi-bias analysis is used to determine the final source
resistance. Realistic results are obtained f_o_r power LDMOSFETS \\here the various coefficients;; are now given by
despite the very small value of the parasitics in these power RF
devices. Crior

. 127D
Index Terms—FET equivalent circuits, LDMOSFET, microwave Riz =R, + 612 With 6Ry» =
small-signal modeling, non-quasi-static, parameter extraction. ) Ciimp
Royy =R, + Ry + 6Roy  With §Roo = — A
. TQT Coor,
. INTRODUCTION Riy =R, + Ry + Ry, with §Ry, = _%JF”G
ACKAGED Silicon power LDMOSFET transistors are T6TPgm + Cor7G

finding important applications in RF power amplifier Ry =R, +6Ry  with 61y = A
design, creating a demand for accurate models for use in circuit
simulation [1], [2]. Efficient techniques have been developetith A = C12Co1 — C11C22 + Tp(gmCl2 — 9aC11) andé R;;
for the extraction of the parasitics in quasi-static (QS) moddie NQS corrections.
[3], [4]. However, the extraction aR,,; and drain time-delay One can then derive the formulas given in Table | for calcu-
in non-quasi-static (NQS) models are known to be “notoriouslgting the extrinsic and intrinsic model parameters in terms of
unstable,” and “show enormous sensitivities” as stated by Kitige known fit-parametersi;;, R;;, Li;, B, andG;; [3] and
et al. [5]. An iterative method has been recently proposed e unknown source resistan&lg. For this twos NQS model,
Raskinet al. [6]. In this letter, we present analytic formulagthere exists therefore a continuum of solutions as a function of
for a charge-based model topology relying on two NQ®. which yield the exact same fit to thg;; or S;; parameters.

time-constants [7], [8]. However, note that the capacitanégs andC,, the extrinsic
gp andg,s, and the parasitic inductancés, L,, andL, are
II. NEW EXTRACTION THEORY independent ofz, and hence uniquely extracted.

At microwave frequencies, the iso-thermal microwave

response of the LDMOSFET can be well represented by the ) ’
NQS small-signal model shown in Fig. 1, where the intrinsic For this work we have used Motorola’s MRF 181 RF power,

Y-parameters arei, ., ;; = gi; + jwCi; /(1 + jwri;) With n-channel enhancement mode, lateral MOSFET [9]. Isothermal
g1 = gio = 0, gap = g;z andgz; = g,. In agreement with its microwave data were acquired for various bias points and the

we limit our analysis to a model with two NQS time-constant®rocedure. _
Ta = T1» = 1 for the gate charge anth = 722 = 72, for First the regression procedure of Raskiral.[4] was used to

the drain charge. establish the linear relationships giving tRg; and L;; coeffi-

In the presence of resistive and inductive parasitics at the tgl€Nts in terms of?y; and L, rgspectively.'Next the indepen-
minals, one verifies that the extrinsit;; for the NQS model dent coefficientsti, A;; and B, were obtained from a simul-
taneous least-square-fit of all the [Rg;]. Finally, G2; andL12
were obtained from a simultaneous fit of all the[Bp;] using
in addition the theoretical model constraints; = +g,; /A +
Manuscript received April 10, 2000; revised June 5, 2000. B, B,;. Atypical fit obtained is shown in Fig. 2.
P. Roblin and S. Akhtar are with the Department of Electrical Engineering, Once the extrinsic parametef&..., ;; are fitted, the ex-
The Ohio State University Columbus, OH 43210 USA. trinsi d intrinsi del t 24 lculated f
J. Strahler is with the Lucent Technologies Columbus, OH 43213 USA. rnnsic and Intrinsic model parameters are calculated as a func-
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I1l. EXPERIMENTAL RESULTS
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Fig. 1. NQS small-signal equivalent-circuit for the high-frequency response

TABLE |
MODEL PARAMETERS IN TERMS OF THEZ;; FIT PARAMETERS

Ly="Liz=1Lxn Ly=1Ly - L
BuB-G
Ly=1Ly—L, B, ==i5—u I
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Fig. 2.  ExtrinsicS-parameters measured from 0.4-2 GHz for 2 different biafhe absence of intercept originates from both the sensitivity

points in saturationi(c.s = 4 and 4.75 V). of the extractedR, loci to the data noise in the measured
S-parameters and the weak dependencéipfupon R, (£,

for different biaseg Vs, Vps), the extracted?, and R, as loci are horizontal). From the vertical distribution &f, loci

functions of R,. The Ry and R, loci are limited to values we estimate that the average value of the gate resistance is

of R, giving the correct physical sign for all parameters. R, = 0.75£0.05 2 which still provides an acceptable margin

Note that the bias points were selected to be in the satudd-error.

tion region. The same line-symbol is used for curves with the The values for the parasitics using the QS regression method

sameVgs. The loci of R, versusR, indicate that a common [4] were verified to correlate well with the NQS analysis, how-

Ry value is obtained foilz, = 0.136 + 0.002 2 for all gate ever the present analysis also yields the NQS time-constants:

and drain voltages. The drain resistance at the intercept poiat= 1.830 ps andrp = 0.668 ps which are known to be diffi-

slightly increases fronq (Vs = 4V, Vps) = 0.67+0.005 2 cult to extract [5]. Note that R, is in average 42% aoRy;. On

to Ry(Vgs = 475V, Vps) = 0.785 + 0.015 (2 as the gate the other handjR;- is in average only 5.6% aR;- so that for

voltage varies from 4—4.75 ¥nd is fairly insensitive to the the particular device considered here, the assumpition Ri»

drain voltage. This indicates that in saturation, the drain instead of the multi-bias analysis, could have alternately been

resistance is effectively a nonlinear function of the satura- used in the equations of Table | for calculating all the remaining

tion drain-current. No intercept is found from thé?, loci. NQS model parameters.
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Fig. 3. Loci of R; andR, as a function ofR, for various gate and drain voltages. The same line-symbol is used for the loci of diffésenivith the same
Vs . Note that the loci are limited to values &f, giving the correct physical sign for all parameters. The source resistance at &l inéercept point is about
R, = 0.136 Q. The drain resistancB, at theR, intercept point slightly increases from 0.67 to 0.Z8&sV s increases from 4 to 4.75 V.

IV. CONCLUSION

We have presented a new extraction theory which provides
analytic formulas to extract the two time-constants of a NQS
model simultaneously with all the parasitics and other intrinsic
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