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A Synthesis-Oriented Conditional Stability Criterion
for Microwave Multidevice Circuits with Complex
Termination Impedances
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Abstract—in this work, a new conditional stability criterion for ~ functions, therefore allow performing the stability check only

multidevice circuits is proposed, in order to guarantee stability in  at the end of the design phase, often resulting in a tedious trial
Splte of lnput and output termination variations in regions sur- and error design process

rounding complex nominal values. A check of this criterion can be In 6 thodol to desian high vield ltidevi .
implemented in a commercial CAD environment, and this allows n [6] a methodology to design high yield multidevice cir-

imposing stability from within an optimization routine. A design ~ CUits has been presented which allows including stability re-
methodology to synthesize multidevice circuits with complex ter- quirements among the goals of a circuit synthesis performed by

mination impedances, which are stable under both process param- CAD tools optimizer. However this procedure can be applied
eters and terminations variations, is proposed. only if the nominal input and output loads are assumed to be
Index Terms—CAD, MMIC, stability, yield. positive resistances, and are used to normaliparameters.
Anyway in many cases, such as in the design of optical
receiver front-ends or distributed amplifiers, the input and/or
output terminations can be complex impedances.
SIAB”JTY is a key requirement in the design of every |nthis work we propose a new stability criterion which is able
ircuit which has to be used as an amplifier, since ity guarantee stability of multidevice circuits for all the values of
lack makes the designed circuit unusable. Microwave afghut and output terminations placed in circular regions of the
millimeter-wave multidevice circuits are typically designed fogmith chart centered in the complex nominal termination values
a given value of input and output terminations, using nominghd with a given radius. Based on this new stability criterion, a
device parameters. However, if a satisfactory yield is desiregbsign methodology to synthesize multidevice circuits, which
both circuit performance and stability have to be guaranteggk stable under both process parameters and terminations vari-

not only for the nominal design, but also under terminatiogtions, is proposed starting from the methodology presented in
impedances and device parameters variations, caused by[g)e

nonideality of the fabrication process or coupling between
MMIC package and interconnections. II. STABILITY CRITERION

A multidevice amplifier can be designed according to dif- Consider a linear active two-port terminated by impedances
ferent stability requirements with respect to terminations: sta- : ey
yreq P %1 and Z,. Let (a4, b1) and (a2, b2) be the incident and re-

bility for the nominal values, unconditional stability (i.e., staZ ted toort 1 and 2 tivelv. defined b
bility for all the passive input and output loads), and stabilit{iec edwaves at port L and < respectively, detined by

. INTRODUCTION

for all the input and output termination values which are placed Vit 1Lz, i—12 1
in prefixed regions of the Smith chart around the nominal ones %= N (i=1,2), @
(conditional stability). This third approach leaves more degrees Vi—LZ., )

of freedom in the design of the amplifier to satisfy performance bi = oz (i=12) 2)

requirements, allowing a trade-off between performance and ) i )
stability. The conditional stability so represents the best choit&1€reZ.; is the reference impedance at por¥,, andZ, are
if the maximum spread of input and output terminations can gssumed here to be positive real resistances. Using the steady-

estimateda priori. state S-parametersq;;’s) that relateq;’s and;’s, the signal
Rigorous methods to check the stability of multidevice cifloW graph for a twoport is depicted in Fig. 1, where

cuits for a given couple of terminations have been presented in T — Zoi .

[1]-[3]. The stability of the circuit for different values of input Ly = 7.1 2. (i=1,2). 3)

and output loads can be studied by means of the stability cir-_ o )
cles [4] or the stability envelope technique [5]. These methods YPically, due to process parameter variations or to spurious

require to visually inspect the polar plots of properly chosdiPUPlings, the value of impedancgss is not well defined and
varies in a region surrounding the nominal one.

Denoting withZ; and Z, the nominal values of input and
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Fig. 1. Signal flow graph of a twoport. Re(T)
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As a first step, the stability of the circuit fdt; = I'; (¢ = \
1, 2) has to be ascertained: this can be done by means of a
method based on Nyquist criterion [1]-[3] or by means of con-
ditions reported in [6] which allow imposing prefixed stability
margins on a multidevice circuit from within the optimizatiorrig. 2. Variability regions for input and output terminations.
routine performed by a CAD tools optimizer. Stability of the
circuitforI’; = I'; (¢ = 1, 2) ensures that the scattering param- By applying Nyquist criterion as in [8], it can be shown that
eters have no RHP poles. the fulfillment of the following conditions:
We then consider all the termination values placed in circular
regions of the Smith chart with centerli and a proper radius P2 (w)S2a(w)] <1 (13)
r; (Fig. 2) with the aim of taking into account the spread of I'1(w)lin(w, I'2)| <1 (14)
input and output loads. In order to consider only passive loads,

the radiir;'s have to be chosen according to the inequality ensures thaht has no RHP zeros.
The transformation

ITs| + 7 < 1. (5) I — 1 <D 512591 )
in = o— +— 15
S22 1— 590 (15)

Theorem 1:Provided that the5-parameters defined for at
least one pair of positive constant reference impedances have'i#P
RHP poles, a linear active twoport is stable for d@ny-T';| < 7; IDin — Cs| =75 (16)
(¢ = 1, 2) if the following conditions are fulfilled: " <

s the regiofl’y — I'y| < 7 into the region

where
o (Sij, L1, r1, Doy ) > 1 6 — _
HselBip Do T, ma) =1 ©) ) Suwy — D [To+ 55 (13 = [Taf)] .
N T P = [52 73
L |512521|7’2 . (18)
where (see (8) and (9), shown at the bottom of the page). 3= [wol? — |S22 22|’
Proof: When the scattering parametdrs,andl’; have no wo =1 — 595 5 (19)

RHP poles, the necessary and sufficient condition for the system
in Fig. 1 to be stable is that the graph determinant of the systef@pending orw, > — |S22[*r3 S 0.
Through the bilinear transformation (15), condition (14),
A=1-5; — Spls+DI')I's =A;Ay  (10) which has to hold for any”; — T';| < 7; (i = 1, 2), gives the
following condition on the plan€';,:
has no RHP zeros [7], where 1

|C3| + 73 < (20)

Ay =1 —T5, (11) | +r1

512592112
No=1-T71585 — = )=1-I1T'y,. (12
2 1<11+1—F2522> 1 (12)

Substituting (17) and (18) into (20) and rearranging, we get
condition (6).

1-— |SQQ|2 (7% —

‘511 — DIy — 53, [511F; +D (75 - |F2|2)} ‘ + |512521|7’2} [|T| + 7]
D =51159 — 51259 9)

F2|2) — 2Re (FQSQQ) @®

s, = [
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The maximum value fol’s| whenl'; varies within the pre-  The resulting design methodology manages in a similar way
fixed region|I"; — I'z| < 7o is obviously given by['»| + 7, SO  circuit performance and stability: a CAD tools optimizer finds
(13) implies (7), thus concluding the Proof of Theorem 1.  a set of optimal design factors (nominal values) starting from

It is interesting to note that if we expreasin (10) as performance specifications (type A specs) and stability require-

ments, such as stability margins.{, m4) and the radii of the

A=1— 8T — Spol's + DI'1 Ty = AL A (10 circles for terminations variations (type B specs). Then a Monte
Carlo analysis is performed on the optimized circuit in order
where to estimate both type A and type B (i.ez,, ms, //SC) circuit
responses variability under parameters and terminations varia-
I =1-T,50, (17) tions. If the circuit results always stable, and with a satisfactory

yield for type A responses, design procedure ends, otherwise it
is necessary to re-perform the optimization step, modifying type
A and/or type B specs.

SIQSQIFI

=1-Is(S —_—
2 2<22+1—F1511

) =1-Tolow (12)

we obtain conditions dual to (6) and (7), in the sense that the we
have to exchange subscripts 1 and 2. IV. CONCLUSIONS
A new criterion to guarantee the stability of a multidevice

circuit when input and output terminations vary in regions sur-

_Iftheimpedanceg;’s are positive resistances we can assun{\%urr:,d'ng, complex ngmllnallvalues Z""_S been propo§(=i(:(i:. :Dcheck
7, andZ, asreference impedancgs, andZ,. in order to have 0, this criterion car_1 € Imp gment(_a ina c.o'mmerua . en-
T, = 0 andT, = 0. In this particular case conditions (6) andironment, and this allows imposing stability from within an

7) can be rewritten as optimization _routine. L
0 A new design methodology based on this criterion has been

proposed to design multidevice circuits with complex termina-

A. Case of Real Termination Impedances.

/ .. . o
ws(Sij, 11, 72) > 11’ (21) " fion impedances which are stable under both process parameters
|Sa0| < — (22) and terminations variations. The procedure takes into account
T2 the effects of variations on stability during the optimization step,
where resulting in a simpler yield-oriented design flow.
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