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An Isolated-Open Pattern to
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Abstract—To meet radio frequency (RF) performance required H
in large market of wireless applications, CMOS transistors having E‘,:l ‘:‘\EI E:__—_| ,";'
a small unit gate width are preferred. To correctly estimate RF 0
performance, parasitics of the on-wafer pads and interconnection H X

metal lines should be de-embedded as in the advanced bipolar i
transistors. However, cutoff frequencies of small-size MOSFET's b

de-empedded by the .con\./entional on-wafer dummy structures DANGLING OPEN ISOLATED OPEN
result in large overestimation. A new open pattern is proposed

to solve the problem. The meaning and justification of the new G D
de-embedding pattern are discussed. L

Index Terms—Cutoff frequency, de-embedding, MOSFET.

I. INTRODUCTION SHORT

S THE LARGE potential market for the |0W-powerFig. 1. La_lyout of the conventional dangling-open and short patterns, and the
and wireless terminals is growing, the possibility of'oPosed isolated-open pattern.
CMOS radio frequency (RF) IC has attracted much attention
due to its low cost and compatibility to the analog process

[1]. The RF performance of CMOS transistors has been P";t'l Pgt-z
enhanced by scaling down the gate length. In the conventional

CMOS process with poly-Si gate, however, the noise figure is

degraded and the speed is limited by high gate resistance. T&p1 R,
reduce gate resistance, layout has been optimized by reducing

gate width and using multifinger gate electrodes [2], [3]. R, R,

As the gate width of CMOS transistors shrinks, the effect

of on-wafer contact pads and interconnection metal lines on o o

RF performance should be de-embedded specially for the GND GND

MOSFET's in Iow-powgr_ applications. Several methods to d%i’ . 2. The lumped-element equivalent circuit of the dangling-open pattern.

embed on-wafer parasitics by dummy structures have alreaglyen the elements in dotted box are absent, this results in the equivalent

been proposed in advanced bipolar characterization [4]_[7]pircuit of the isolated-open pattern. When the coupling capacitances in dotted
In this letter, we show that direct application of the Conkgox are shorted, this results in the equivalent circuit of the short pattern.

ventional method to small-size CMOS transistors causes large

overestimation in cutoff frequencies. The errors are attributedAlthough all the de-embedding procedure has been per-

to using the conventional open pattern. Therefore, a né@med by algebraic calculation using measuseparameters

isolated-open pattern is proposed to solve the problem.  of short and open patterns, numerical extraction of parasitics
of two dummy structures has been also performed to get
a quantitative view. The procedure of numerical extraction
is given below. The equivalent circuit of the isolated-open
A two-step method using two dummy patterns (open arghttern is shown in Fig. 2 if the elements in the dotted box
short) is used for de-embedding [7]. Among them a neW¥ e absent. WhEWQCgi(Rpi//Rsi)Q < 1 and Ry < Ry,
isolated-open pattern is used instead of the conventiomgé ,-parameter expression of the isolated-open pattern can be
dangling-open pattern (see Fig. 1). The isolated-open patter@iﬁ]p“ﬁed to
simply one of the dangling-open patterns when the separation
between dangling edges of interconnection metal lines is fgf ~ {

Il. SEQUENCE OF DE-EMBEDDING

(1/Rpi(14w?C% Rpi Ryi )+ jwChi, fori=j=1,2

enough to neglect coupling capacitancgs’s in Fig. 2. 0, for ¢ # j. 1)
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TABLE | 25
VALUES OF THE LUMPED ELEMENTS OF OPEN AND SHORT PATTERNS Unit gate width = 10 pm
OBTAINED FROM NUMERICAL EXTRACTION (i = 1 AND 2) Vgs =Vds =3V
N
Cpx Cn CIZ Rpl Rsx LI, LZ LGND I 20 4
S2fF | 46fF | 48fF | 54kQ | 124 Q | 76pH | 71 pH e,
>
Q
g 15
of interconnection metal lines can be extracted by fitting the 3 °
frequency dependence afparameters of the short pattern E
after de-embedding the isolated-open elements [8]. Then, thg 10
. . , . [o} 1
coupllng_ capacnancggj_s of dangling-open pattern can % Do-embodded by dangling-open pattern
be obtained by optimizing the measureeparameters of © -0~ - De-embedded by isolated-open pattern
dangling-open pattern, while keeping the isolated-open and 5
short parasitics unchanged. 1

10
Number of Gate Fingers

Fig. 3. Cutoff frequency of multifinger-MOSFET'’s having 1Q+m unit
I1l. M EASUREMENTS AND RESULTS gate width. The bias point is fixed f6;, = Vs = 3 V.

The test devices are multifinger-MOSFET’s of 0.8um
analog CMOS technology ha\_/ing. optimi.ze_d_unit. gate width 30 Unit gate width = 10 pm
of 10 zm [3]. The substrate is high-resistivity silicon (2-5 _ # of gate fingers = 2
kQ - cm) and its benefit has been demonstrated elsewherd 25
[9]. All the parasitics obtained from numerical extraction are2.
summarized in Table I. >

The effect of number of gate fingers on the cutoff frequencyg
is shown in Fig. 3. The cutoff frequency; of the conven- 3 %7
tional two-step de-embedding method (using dangling-oper
and short patterns) abruptly increases as the number of g
fingers fjecreases, especially for the gate_ finger of one ang 5 o deembedded by dangling-open pattern
two, while weak and smooth dependence is observed in case —e— de-embedded by isolated-open pattern
of the new method (using isolated-open and short patterns). ~% 9mi2e(Cgs+Cdg)

There is no reason for the drastic change in cutoff frequency T T T T T T T

) 0.1 1 10
for small number of gate fingers. The dependence of cutoff Drain Current [mA]
frequency on the drain current for aaMOSFET having two _ _

. fi is shown in Fig. 4. The differencefirs for Fig. 4. The dependence of cutoff frequency on drain current for an
unit gate 'nger$ 1SS g. 4. b - n-MOSFET having two unit-gate fingers and 4@ unit-gate width. The
two de-embedding methods are more than 50%. The third dat&in-source voltagé’;, is 3 V.
shows f; calculated by the formuld; = g,./27(Cys + Cya).

The capacitances and transconducta_nces are estimated fEBUbling capacitances should not be de-embedded if the real
BSIM3v2 parameters extracted by using UTMOST. The C"::s!)'erformance of the active devices is to be estimated.
culatedf; supports the validity of our de-embedding method.

Using the extracted parasitics in Table I, the effective capaci-
tance value seen by the port-1 or port-2 for the dangling-open
pattern is about 12.9 fF if the effect of parasitic resistances and>ince the conventional on-wafer de-embedding open pattern
inductances is ignored. The sum of gate—source and gate—df&#H!ts in Iarge errors in estimating cutoff frequenmes. for the
capacitancgC,, + C,q) is about 30 fF for am-MOSFET small—§|ze Si MOSFET's, a new open pattern, called |.s.olated
having two unit-gate fingers. Roughly speakit@,.+C,q)is OP€n is prpposed to de-e_r_nbed _on—wa_lfer pad parasitics. By
reduced by 12.9 fF for the conventional de-embedding methétg-embedding open parasitics using this pattern, the errors in
Therefore, cutoff frequency is expected to be overestimated @§timating cutoff frequency have been corrected. This pattern
more than 50% when de-embedding is done by the danmi,{@_expgcted tq be us.ed to de-embed on-wafer parasitics for
open parameters. In addition, there are two more reasons J5#all-size active devices.
the justification of using the isolated-open pattern. First, the
coupling capacitance€’;;’s are not identical to those when ACKNOWLEDGMENT
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