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fRstdim e, BRAWM RS
Eir R BEA T MRER p(L<p<oo) RFZAHL TIHUEHR/DHTLIREZRF ¥
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Obj(z) =

1=1
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2
S5 (z, wi)

1—
ng (wk)

(1)

A (1) 1 S5 (x, wi) BE wp FRE, REMSY = KEBH S; 28] SM(wi) HHERH
W&
A BEN BE B s EEL R RENAN EIRRBCFBANE, 75 KR
BB REANA OB (WAL, EXRKLA). 1B (WEETHE), 2 0
(m3tgeirmk) % BEe, METBEREERs, A TRSIWSTEE, HRSEER
18; MR R SGE R, ERERE, WM, AR I B %R
AT BOBESE ST ETHERSH. REEHEFE RORADTRRALER:

dt
(0) = Z0,

(2)

&2 _ {1 = NI + AV20bj(2)] "1V, 0bj(z), }
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24¢ °

270°

(2) (b

®2 S 2HMBESTHECHHE
Fig. 2 Comparison of the theory with measurements for S parameters
(a) S11: © theory, x measurement, So5: + theory, O measurement,
(b) S21: © theory, x measurement, S13: + theory, O measurement



4 # M BE: 2&%0k HEMT 24895 B BREBT 291

A (2) FARWERRY A€ (0, 1] dt AFK, A dt ERALIBTHFELBITHE.
KA B, BN REREHBLIES, BRSUEERR. 234 LaFH
WO & B MG BUY B 2T T RS HEREL, R ENL R
B 2 H7E 2~60 GHz B %F HEMT 28{F JS8910AS #ITHI S MR (RE AN
Vas =15V, I5,=12mA). MNKRBTHERE 1, JREEV SR

®1 MESHEESN
Table 1 Small-signal model parameters

G, =56.4mS 7=.40ps Cys =0.108 pF Cya=19.3fF
Cys=42.5fF R;=353Q Ry, =1939 Ry, =.590
R,=1.58Q R;=1.56%2 L,=0.155nH L,=0.306 nH

L4=0.140nH C;=0.198fF Cy=0.209fF C,=0.200fF

2 HEMT tysems

HEMT #8554 A M S e AEMRAT. HATxt HEMT Mgl in
F GaAs MESFET!. %F Van der Ziel g8 RIB], F] 1A 77 {8 F A3 40 BEpe AT AT 43
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(a) Z&GEFAr; (b) Y B#F4r; (c) IT A4
Fig. 3 Noise analysis of HEMT devices
(a) intrinsic device; (b) Y—-type extrinsic model; (c) II-type extrinsic model

H Van der Ziel #i%, &
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C{/ — [ (zgnz;n) (zgnz;!n) } — 4I€TAf gm(l +wzcgsRi2) (1 +ijQSR1') , (3)
(tanign) (idnip, —jwCqsVRPC P :
(1 = jwCyoRy) gm

X (3)F R, P, C WEEEY, SHRHERERTELESMAX. k¥ Boltzmann %,
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cf = z'cy (2", (4)
[ Ry+Rs R, ]
R, Ry+ R,

Ly+L, L,

Z¥ =71 + jw
Ly  Li+ L,

R,+R, R,
C}’=C§+4kT/_\f[ g ]

Rs Rd + Rs

@y S1: ZY -YY,

Cy =YYCcr(y")t, (7)
C;+C —C
YT —yY yju| 77 o, (8)
-Cy Co+Cy
cf =Cy; (9)

= C]I/I — Fhmin, Bn, Ysopt(= G'opl: +jBopt) :‘

_ G622
= e -
_ cfa,ncle2) - cl,2)cf 2.
Gn = cl2,2) ’ i
Y7(2,1)Ci(1,2) a .
__x I _ Y 2 _ i
Yeor =Y (11 1) C{,’I(Z, 2) Geor + jBeors (12)
Gr + RuGeor
Gopt = \/ R, 3 (13)
Bopt = _Bcora . (14)
Fmin =1+ 2an(G’opt + chor)' (-15)
24 Fiin, Rn, Yeopt B, Er#EEEEIERIT THIBCK S RE RE:
F = Fmin + %le - Yoptlz- (ﬁq: YS = GS + JBS) (16)

EHE, BE AR EANEFRE, UHEREEERE LESHSETY Fun,
EHEE Ry 5 Yeops (BRAEESS) NHBHEBES. RIBECHH Fuin, G HATERE
AR ER P, R, C (EN5EFHRERIESREX), RSB R, # Yiop.

b, PR, SRR R EMES Fun CHNASET, BIEH R,
P, C i, HERNE 2.
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& 2 BENEMNMELESTNELER
Table 2 Comparison of theoretical and measured values of noise parameters
JS8900AS (Vy, =2V, I;, =10mA, T = 25%C)

— RBE BB
- (R=0162 P=14 C =0812)
FIGH7)  Fpin (B} Bn () Fopt Fmod (qBY Rmod (1) Tmed
2 0.17 24.7 0.92/8° 145 289 944/10.7°
6 0.1 23.5 0.78£24° 423 26.9 841/32.2°
10 0.69 218 0.65/39° 677 23.4 752/53.8°
11 0.88 19.1 0.54/56° 904 18.8 677L75.2°
1% 1.00 165  0.46/75° 1.09 14.0 611/96.0°
22 - 1.28 13.1 0.39£98° 1.27 9.98 553/115.1°
26 1.54 89 0.37/123° 1.49 7.73 503/129.4°

M ERBEARAT W, RERBEEEN Ry, Tope 5T R HARAER —EMIRE,
B &0 AR . NS AT KA REeT, RIERIBHR A 45 RO W] LUE iR
T B K.

AL MR AT HEMT S5 BB, MBRAES TR E
&, £RME Fun OERT, @it CAD FER KB R, Topt BEELUE. BXH
HEHMEMRSH FH PR

Bt AXWHrERERZAERBERRMRTERRE T TXRN, EIETREH.
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MODELLING S PARAMETERS AND NCISE BEHAVIOR OF
HEMT DEVICES IN MMW BAND

Chen Hui Huang Xiangfu Zhu Junfan

{ Microwave Test Center, University of Electronic Science and Technology of China,
Chengdu, Sichuan 610054, China)

Abstract An efficient and accurate method for extracting the equivalent circuit ele-
ments of a HEMT from its S parameter measurements in the microwave and millime-
ter wave bands is proposed. Based on the equivalent circuit model, the noise analysis
procedure of the HEMT device is given. The Van der Ziel parameters are used for
characterizing the noise behavior of the device and are extracted from the measured
-minimum noise figures of the devices. With the noise model, the optimal source ter-
mination condition and the equivalent noise resistance of the device can be predicted.
The digital values for the equivalent circuit model (at 2~60 GHz) and the noise model
(at 2~26 GHz) are given.

Key words HEMT devices, noise analysis, millimeter wave, equivalent circuit.



