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Feedback for Multiband Stabilization of CS and CG
MESFET Transistors

H. F. Hammad, A. P. Freundoridvlember, IEEEand Y. M. M. Antar Fellow, IEEE

Abstract—A new feedback scheme is used to achieve multiband A procedure to estimate the exact feedback network parameters
unconditional stability in common source (CS) and common gate needed to achieve the wide band unconditional stability, while

(CG) GaAs MESFET configurations. This technique extends the St ; ; ; i
range of operation of both CG and CS beyond what is currently _rpr?mtalnllndg Lh? hlghestquxmijhm avalltablfe fg«’;ln |sthV(atIoFTed.
available. Results based on analytical formulations together with a IS cou €lp In reducing the cost or fabrication trails.

description of the feedback design procedures are provided. Sev- Furthermore, the technique will be applied to both the common
eral CS and CG stabilized transistors were monolithically fabri- source and the rarely employed common gate. Generally,

cated and tested. common gate configuration offers higher gains than common
Index Terms—Feedback, MESFET, stabilization. source configurations at high frequenciés, tband); however,

it is usually avoided, as it is unstable over all frequencies,

forcing it to be very challenging to match. Consequently, the

stabilization technique developed in here was applied to both
RANSISTOR stability is one of the most important is-configurations achieving gains over 3.5 dB at 30 GHz, which
sues in amplifier design [1]. Generally, the transistor igre typical gain values for the type of transistor used in the

designed to be stable for a given load impedance and foinaplementation. Higher gains could be achieved by cascading

given frequency band. However, this is only valid if the loadeveral cells of the stabilized transistors. A description of the

impedance is well defined at all frequency bands from dc ung@pproach and results are provided.

cutoff. Consequently, if the load impedance (e.g., antennas) is

not completely defined at frequencies other than the operating Il. TRANSISTORSTABILITY ANALYSIS

frequency, the transistor could be pushed into instability, andyyhen dealing with transistor stability usually two parameters
power will be Io§t in (?SCIl!at!OnS at other frequencies. Accord[l] are defined, the stability factdk’ and the stability measure
ingly, when dealing with similar type of load, care mustbe takep; These parameters determine the transistor stability state of

to ensure that the transistor is unconditionally stable over ﬁ%ing either “unconditionally stable{ > 1 & B1 > 0),”
the needed frequency band. In previous work [1]-[5], Stab”izaf:onditionally stable £ < 1 & Bl > 0)," or “unstable
tion techniques were concerned with unconditional stabiliz?K < 1 Bl < 0)." Both K and B1 are normally defined in

tion over narrow frequency range. The commonly employed Sgims of the transistd#-parameters and not the transistor model
ries or shunt resistive stabilization networks are valid only fQfjements: accordingly, such representation does not give a direct
pushing the transistor slightly into unconditional stability ovef,qication of the effects of the transistor model elements on the

a small frequency range [1], [5]. Their use to stabilize the traQg,pjity performance. Hence, to evaluate the stability parame-
sistor over a large band will result in no achievable gains. Onth& in term of the transistor model first tieparameters are

other hand, resistive-inductive feedback networks [2]-[4] wegg v erted to the admittandé-parameters, yielding new rela-
used either to “neutralize” the transistor, achieve broadband fiﬂ)tns for bothK” and B1 given by

gain, or to stabilize the transistor in a specific frequency range,
mainly for frequencies below 18 GHz. K =(2Re(Y11)Re(Ya2) — Re(Y12Y21))/|Y12|[Y21| > 1 (D)
A new, effective, and simpler approach, based onthe use ofa 9 9 S
resistive inductive feedback network, to achieve uncondition 1 =Re(Y22)(G + [Y1[") — Re(Y11Y12Y 1) > 0. @
(dc until 40 GHz) is presented. Using the transistor modg{esFET simplified lumped-element model, as defined in [1].
was validated by the measurseparameters of the transistorsode| to they -parameters obtained using the measifquh-
rameters. Hence, substituting the resultkigmatrix in terms
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Frequency (GHz) effective Cyy by adding an inductance in parallel to it offers

the best solution; however, large resistance should be added

Fig. 1. Measuredy andB1 for the CS and CG transistor configurations.  in series with the inductance to avoid shorting the transistor

input/output ports. Hence, the approach provided here, basi-

give direct indication to how the transistor parameters affet@!ly USing a series combination of a resistive inductive feed-
the stability conditions over the frequency range, are given hack network, would provide the best stabilization performance.

the next section for both the CS and CG configuration. The corresponding CPW-based implementation technique em-
ployed is shown in Fig. 2. It should be noted that, while a ca-

pacitor could be added to the resistive inductive feedback as a

dc block [5], this will not allow the all-band unconditional sta-
For the CS, the obtaine#1 relation is found to be always pjlity, which is the main aim of this work.

positive, or, in other words, thB1 stability condition is always
satisfied for any frequency value. In contrast, using the expres- IV. COMMON GATE
sion for K yields the following relation:

I1l. COMMON SOURCE

For the CG configuration, it was found that the expression
2r,(Cys + Cha)? for K does not satisfy the stability condition at any frequency.
w>1 /<T + W) () on the other hand, the following relation was deduced from the
B1 expression as shown in (4) at the bottom of the page. Equa-
wherew is the frequency of operatiofi; is the channel delay tion (4) demonstrates that beyond a certain frequency value the
time, and the other parameters are as defined in [1]. Equatigansistor moves from being “conditionally stable” to being “un-
(3) determines the frequency above which the transistor will berple.” For the considered transistor, the transition frequency

come unconditionally stable. For the transistor under consid@fas measured to be 13.6 GHz [same value as obtained from
ation, this transition value between unconditional stability anghiculations using (4)].

conditional stability is at the measured frequency of 21.5 GHz

[compared to a calculated value of 23.4 GHz using (3)]. EQU&. UNCONDITIONAL STABILITY FEEDBACK NETWORK DESIGN
tion (3) also illustrates that the range of unconditional stabilit

can be increased by trying to modify the effective values of ti‘é The Common Source

transistor parameters. This can be done by lowering the effecTo examine the effect of the proposed feedback network, its
tive C,4 value, increasing the effective (commonly known as admittance(Y; = 1/(Ry + jwLy)) is incorporated with the
resistive series stabilization), or lowering the effective value tfansistorY -parameters, and the values®f and L, that sat-

rqs (commonly known as resistive shunt stabilization). Howisfy the unconditional stability were calculated using an ap-
ever, the last two methods are valid only for stabilizing thproach similar to that in Section Il. Fig. 3 shows the value of
transistor over a very narrow band and their use to stabiliz&: needed for all-band unconditional stability, and the value
the transistor over a large band will result, as mentioned eaf-maximum stable gaix+,,,, obtainable, for different values
lier, in very low or no achievable gains. Hence, lowering thef L; at 30 GHz. Generally, the higher the value iof, the

w < Go /\/ng((Tstsd + T)grno - ng) - 7)g(Cdg + CSQ)2((G37’Q + grno) + 1/7>Sd) (4)
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and hence, they are replaced by high impedance coplanar wave-
guide, as shown in Fig. 2. A different technique for finding the
value of Ry was applied to the CG configuration. It provides a
check on the accuracy of the previous method; more details can
be found in reference [6]. Fig. 4 shows the value&ofandB1

with the effect of the chosen feedback stabilization network.

VI. DISCUSSIONS ANDCONCLUSIONS

For the considered transistor, the feedback networks param-
eter values werel(; = 0.1 nH andR; = 605 Q),and Ly =
0.4nHandR; = 132 ), for the CS and the CG transistor con-
figurations, respectively. Hence, for the CS transistor, more than
80% of the current is fed to the transistor40 mA), and only
6.5 mA is used by the feedback network. On the other hand,
higher currents are fed to the feedback network in the common
gate transistor. However, such feedback stabilization network
opens new applications possibilities for the rarely employed
common gate configuration. For both configurations measured,
unconditional stability from 0 GHz to 40 GHz was obtained with
relatively acceptablér . values atk,-band (0.5 dB lower
than the value before applying the feedback). Hence, the 0.5 dB
reduction in(7,,,, is a trade-off between gain and the wideband
unconditional stability achieved. The transistor employed is a
Nortel Network (NT) process double-connected gate MESFET
transistor with six fingers and a total gate width of 30@. It
has the following process parametérs:= —1.2V, I4,; = 120
A/mm, f, = 20 GHz, andF,,;;, < 1 dB up to 5 GHz. Based on
this study, twokK ,-band MMIC amplifiers were designed, fab-
ricated using coplanar waveguide technology (CPW) [6].

In conclusion, a comprehensive study for unconditionally sta-
bilizing the MESFET transistors was undertaken. Both common
source and common gate configurations were considered. The
study included an analytical formulation of the stability param-
eters for both transistor configurations. The use of the transistor
model parameters enable the determination of the best feedback
network, and, at the same time, achieving the maximum allow-
able gain. The technique presented here also extends the range
of the MESFET transistor beyond its usual operating frequency

Fig. 4. K and B1 values for all-band unconditional stabilized CS and C(Pands'

transistor configurations.
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