
Hyper-frequeticy pulsed measurements have been performed at 
3GHr. The stirnuhis duration was 300ns and the profile duration, 
which corresponds to the time for which the scattering parameters 
measurements are performed during the stimulus duration, was 
25011s. The maximum stable gain MSG was determined under dif- 
ferent pulsed conditions at I'ds = 10V (Fig. 4). At room tempera- 
ture in class B for the quiescent hias point, the MSG was -4dB. If 
the device was polarised in class A, the MSG obtained was IdB 
better because lhe device is hotter under these conditions and the 
surface trap states were lower 161, The MSG obtained at a chuck 
temperature of 150°C in class B was 2.5dB better than the first 
MSG for the same reason. So, by heating the device, the MSG can 
he improved. 

Conclusion: Pulsed measuieiuents have demonstrated the presence 
of electrical traps. The electrons can be tintrapped by light andlor 
temperature andor the quiescent bias point. Hyper-frequency 
pulsed measurements at 3GHz seem to prove that when the device 
is heated, the MSG improves. That is the reason why the GaN 
material is a good candidate for high power and high temperature 
applications. 
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Stability regions estimation for mismatched 
uncertain variable structure systems with 
bounded controllers 
Kqo-Kai Shyu, Yao-Wen Tsai and Chiu-Keng Lai 

The problem of estimating lhe stability regions of mismatched 
uncertain variable rtructnre systems (VSS) with bounded 
controllers is considered. Based on Lyapunov stiibilily theory, the 
estimations of slability regions such as the prilclical stability 
region (PSR), asymptotical stability region (ASR), and 
exponential stability region (ESR) are discussed. 

~ 
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&froduction: In many practical variable structure systenls (VSS), 
the boundedness of the control input should be considered 
because of physical conslraints; the bounded control input cannot 
assure the global stability of the system. Hence some approaches 
arc proposed to estimate the stability region of mismatched uncer- 
tain VSS subject to hounded controllers. In 11, 4 techniques for 
estimating the ASR and PSR of mismatched uncertain VSS with a 
bounded colitroller were proposed. 

In this Lelter, consider the following mismatched uncerlain sys- 
tems: 

i =  A x + B n + F ( t , z )  (1) 
where x E R" is the state vector, II E: R" is the control input, and 
the continuous function f l t ,x )  is the uncertainty which contains 
both the matched part and mismatched part. It is assumed Ilia1 F 
can be decomposed as r;Yt,x) = f l / , x )  + Bh(t,x), wherej: R+ x R" 
+ Rn is the mismatched part and h : R+ x R" + R"' is the matched 
part. We denote the switching surface by U = 0, where the switch- 
ing function U = Sr is an m-state vector. The following assunip- 
lions are needed: 
Al:  There exist known non-negative constants ICr and k, such that 
lLf(f,~)ll lcf II xII + k,,. 
A2: There exist known non-negative constants kh and lctR such that 
Il~(CX)lI ~ C i I l 4  + 1%. 
fi The control U has an upper bound (lu1( < k such that p = k - 
k,,, is positive. 
A 4  The pair (A$) is completely controllable; SO is invertible. The 
notatioti I( ' ( /  in assumptions At-& denotes the Euclidean norm of 
0. 

In this Lelter we address the prohlcms of estimating the PSR, 
ASR, and ESR for the mismatched uncertain VSS (eqn. I). An 
example is given to illustrate that the new result gives a more 
improved estimation of stability regions than do existing methods, 

Esrimution of stubility region.?: First, the results [3] are used to 
detenine the switching surface. Consider the nominal system X = 
A x  + Bu, and let J = diag{hl, &, ..., b,,,} where the negative and 
real eigenvalues 4, j = I ,  2, ..., n - m, are the desired eigenvalues 
in the sliding mode. Let XtnaX(.l) and &,,(J) denote the maximum 
and minimum eigenvalues of J,  respectively, By assumption A4, 
there exist matrices W E  RnX('-"" and N E RnX" such that [ A  + 
BN]W = WJ, If SW= 0, it can be seen that Range( W n Rnnge(B) 
= {O} because SB is invertible. Hence [ W B]  is nonsingular. W g  
and B g  denote the generalised inverses of Wand B, respectively. 
Then select S = Er and a transfamation matrix M such that y = 
M.x where 

U =  M a =  [:] and M =  (2) 

with M-l = [WB], z = W x  and cs = Sx. Using the fact WaAW = 
J,  the system of eqn. 1 ill the new co-ordinates is 

where the matrices A. and A ,  are defined by 

Before estimating the stability regions, the followhig result is 
given: 
lzmma: Select 0 i U < I, 0 < B < 1 and E > p such that the func- 
tion g(u,P) = 4uz - 4a + pz + E < 0. Define Q = 2(a - I)&. Then 
the following matrix is positive definite: 
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Because &(e) = 2a(4a2 - 4a + p2 - g(a,p))h2,,,,,(J)h,,,,,(J) > 0, 
it is obvious that the matrix Q is positive definite. 

Now, the bounded control input is defined by 

Note that this control input is bounded which satisfies assumption 
A3. Now, choose a Lyapunov function cmdidate Y = yTy and 
define a matrix 

Since MMP = I,, we have that the matrix A, defined in eqn. 4 
can he rewritten by 

Then along any trajectory y of eqn. 3, it Collows from eqns. 4 and 
6 that 

V = -yTQy + 2ay"Aoy + 2yTAly 
+ 2 y T M B ( u + h )  + 2 i r M f  

+2aTSM-'Gy+2yTGMBa-2X,,,( J)oTSM-'y  
= -uTdy + 2at'Jz + Zoh,,,(J)rr'a 

+ 2 ~ ~ ( l ~ - k ~ / l l ~ l l )  + 2 y T M f  (7) 

Use the lemma and eqn. 7, the following theorem is proposed 

Theorem: Let 

where 1 - k, /iSI( > 0, -k I/ W(I t yI > 0 and N = 
SM-lC+(CMB)T-h",i~(SM-~ Then any trajectory starting in R,(2 
will converge to r a n d  stay in r thereafter. That is, the region nql 
is an estimition of PSR with respect to r. 

Proof of theorem: 
(a) llzll f 0 and Ila(1 # 0 From the fa:t that x = MPy = Wz t Bo, 
yTM = zTW + oTS, y'@ 2 hn,in(Q)lly[Iz, zTJz < Xnt&l\z\~z and 
using eqn. 7 and assumptions A I  and A2, we have 

Hence any trajectories starting in CL,, will converge to r and can- 
not escape r through region R,, n {(zd : IIzII f 0, IPII f 0). 
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(b) /io\( = 0 and iizil f 0 In this case, thc purpose is to prove that 
any trajectory starting in Qq2 n ( ( 2 , ~ )  : iiail = 0) will converge, to 
r and stay in r thereafter. From eqn. 11, it can be seen that V 5 
-?''LS? + ~{OCJI~MI IIW - ~,) l I~lI  + kui iWl) l l~ l i  5 2((//11Ml 
li!4j - ql)llzli + k , , ~ ~ ! @ ~ ~ ) ~ ~ y ~ ~ .  Hence, any trajectory starting in R,, 
n ((2,~) : iIal1 = 0) will converge to r a n d  stay in r thereafter. 
(e)  l!z!l = 0 and ]la!l f 0 In this case, ]b!l = !lo]l. It follows eqn. 10 
and thelemmathat V S - , j T Q y  + Z{-p+k,,]lAll) !!GI] + 2 { l!SM- 
IG+(GMBIT -h,j,~(nSM-'l!i-$l!MLll +, kf!lM!l IiBiI - q 2 ) ! I ~ ! l 2 ~  
Hence V < 0 if the trajectory starting 1n Re2. This ensures that 
any trajectory in the region Qq2 n {(&a): j]z/] = 0) will asymptoti- 
cally approach 1)o1/ = 0. Hence the theorem is proved. 

Remar/<: For the system with only matched uncertainty, i.e. kJ = k,, 
= 0, the region Q,, is an estimation of ASR. 

Coro//ury: If ku = 0 and 0 L 19 S q l / ( l l ~ l  11 Wl),then Qqz is an esti- 
mation of ESR. 

Proof of corollary: Suppose that the system trajectory is in the 
region Qq2. Using eqn. 11, we have Y S -&,~,,(Q)llylIz. Since V = 
/l,vliz, we obtain Ilv(i)l]* S Ily(0)!~2exp(-X,,~,fl ( Q ) t ) .  Hence the corol- 
lary is proved. 

Exampie: Consider a system described by eqn. I with 

-1 0 -1 

Suppose that /(uI( i k = 20, if(r,x)ii5 O.Z(ix(( and Iih(i,x)ll I0.31/x1/. 
If matrix J is chosen to he J = diag{-1,-2), the sliding function 
can he designed using a = Sx = [O 1 Ilx. We choose a = 0.5 and p 
= 0.715 such that 4' = 0.715 and ql = 0.988. We then see that the 
conditions of the corollary hold. Hence from the theorem and cor- 
ollary, we have an estimated ESR Ro988 = {Y : ilvii < 6.3701. 

Now, using the method of Hui and Zak [I], the estimation of 
ASR is given by Z = {@,a) : !la/! < 1.3, 4.239 llzll + 1.583 11011 S 
20). Also, using theorem 2 and remark 6 from Glazos and Zak 
[Z], the ASR is given by Z' = {(zd : 3.761 l!z/I + 3.159 /la!l < 201. 

7 r- I 

The stability regions 2, 2' and ag,, are shown in Fig. I. The 
new result can lead to an improvement in the estimation of sta- 
bility regions. It should he noted that for region X, by using the 
Hui and Zak [I] method and region B'using the Glazos and Zak 
[2] method, only estimations of the ASR are obtained. Region 
Ggsa using our method is larger than Z and Z'. Furthermore, 
Qps8 is an estimation of ESR. 
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Editor's correction 

The expression G, (D) = g, ,  D t .... +gj,,JYn 

which occurs in the sentence after eqn. I, should read 

G,(D) = gj,o+gj,L D+ .... +gi,,# 0" 

MONTEZUMA, P., and CUSMAO. A.: 'Design of TC-OQAM schemes 
using a generalised nonlinear OQPSK-type format', Electron. 

,Lett., 35, (111, pp. 860-861 

Editor S correction 

The expression for the modulation pulse after eqn. 6 should read: 

r>(f) = jr(t)expv(nt/Z7)] 

CHLIRIN, E.G., and DAYVEL, F.: 'Passband flattening and broadening 
techniques for high spectral efficiency wavelength demultiplexers' 
Electron. Lett., 35, (l), pp. 27-28 

Author's correction 

The authors are grateful to A. Hill (BT Laboratories, Ipswich) for 
pointing out the inaccuracy in Figs. I and 2 of our Letter. The 
second (output) demultiplexer in these Figures should be rotated 
about the horizontal axis, as shown below. This inaccuracy does 
not affect the reported results. 

L Inputfibre 
kT 

Fig. 1 Schematic diagram o/ device with two identical demultiplexers 
and microlens array 

input fibre output fibres 

multiorder 
grating 

:' ............... sm; 
A"+&< 

1,-61 ; 
........................ 

Fig. 2 Schematic diagram o/ilei,ice wrrh multiorder diffractive elonent, 
demult$iexxer. nnd iris 
Inset: Intensity profiles in  iris planc for three wavelength channels 
within signal window 
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