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Abstract

The importance of LNA (Low Noise Amplifier) input matching depends on the

application. In the design of LNA for mobile communication base station or
satellite receiver system, the LNA input match is typically designed to achieve
minimum noise figure and the overall system performance is probably not
substantially affected by the input mismatch. In the system which a filter or
duplexer precedes the LNA, however, the filter's performance can be degraded
by the input mismatch and system performance may suffer. In this situation it
is desirable to design the input match for low VSWR(Voltage Standing Wave
Ratio) as well as minimum noise figure.
In this thesis, therefore, a low noise amplifier has been implemented by resistive
decoupling circuits and series feedback, which is operating at 2.13 2.16 GHz for
IMT-2000 front-end receiver. Undesired signals in low frequency band are
dissipated by the resistive decoupling circuits in the matching network. Also by
adopting this design method, the stability of the LNA (Low Noise Amplifier) is
increased and the input impedance matching is improved. Series feedback added
to the source leads of a transistor keeps the low noise characteristics and drops
the input reflection coefficient of the amplifier simultaneously. In addition, it
satisfy the unconditionally stable condition of the LNA in frequency bandwidth.

The LNA consist of the GaAs FET ATF-10136 for the low noise stage and
the VNA-25 which is internally matched MMIC for high gain amplification
stage. The LNA is fabricated with both the RF circuits and the self-bias
circuits on the Teflon substrate which has 35 permittivity and 05 mm
thickness.

The measured results of the LNA which is fabricated using above design
techniques are presented more than 30 dB in gain, 175 dBm output in 1 dB

gain compression point and lower than 0.7 dB in noise figure, 15 in input-

output SWR(Standing Wave Ratio).
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B-ISDN
BJT

DC

FET
HPA
IMT -2000
IP3
LDMOS
LNA
LPA

NF
P1dB
PCS
SNR
SOE

VSWR

Abbreviations

Broadband- Integrated Services Digital Network
Bipolar Junction Transistor

Direct Current

Field Effect Transistor

High Power Amplifier

International Mobile T elecommunication- 2000
3rd- order Intercept Point

Laterally Diffused Metal Oxides Semiconductor
Low Noise Amplifier

Linear Power Amplifier

Noise Figure

1 dB gain compression Point

Personal Communication Services

Signal to Noise Ratio

Strip-line Opposed Emitter

Voltage Standing Wave Ratio



A bstract

N O BN Gl AL UT S oo ettt

A D D BV T AT OIS oo e et

11
12

2.1
2.2
23
24
25
26

3.1
3.2
33
34
35

4.1
42



1.1

(HPA)

LNA

1.2

IMT -2000

PCS, Cellular

[1].

[2].

RF

PCS

(B-1SDN)

PCS
(LNA)

KHz

[3].



LNA, (LPA) RF
[1].

(SNR)

[6].

[41.[5].
PCS

, Full duplexer

[2].[7].[8].[9].

GaAs FET

FET
[10],[11],[12].
IMT - 2000 213 216 GHz

35, 05 mm

IMT -2000, PCS



2.1 (Stability)
2.1.1 (Stability circle)
S-parameter
2-
2.1
ZS ZL ZIN ZOUT
(Negative resistance) [6].
ZfH'H' I
Two—Port ;
Network &
|| Port2
loul ']_I.
2.1 2-
Fig. 2.1 Two-port network.
[In] > 1 [Iour] > 1
’ FS FLI
FOUT
[I's | >1
' |>1
S,SHT
[ = |811+ #Zis; <1
S,SHT
[Mour |= |822+ ﬁ <1
FL! FS ’ FL! FS
(Unconditional stability) ; I, rIs
stability) (2.1.c) (2.1d) [ 1= 1 , I

FIN

(2.1.a)
(2.1b)

(2.1.c)

(2.1.d)

(Conditional

I's



[6].

(Su- 4S») I
ISul?- 141

I

(Sz- 4Su) I
IS217- 141

|pL_

4= 511522 - S12521

[IMour 1= 1

’ CS s

(Su- 4Sy)

Ce =
s ISy l?- 141
r - (812821)
s [Sul?- |41
[Ny [=1 (2.2.b)
) C. re
Sy - 4Sh)
o _ (Se- 4su)
S Isel- 14
r - (812821)
: ISy - 14T
(23) (24) I's
2.2
[ICL |- r | >1 for
|[|Cs|- rs|>1 for
[Su ] [S»| 1

I'

(812821)
2.2.
1SuP- 147 | (2.22)
SpS
|S( |212_ le)d |2 [Mour [= 1 (2.2.b)
22
(2.2.¢)
Iy (Input stability circle)
(23.a)
(2.3.b)
(Output stability circle)
(24.a)
(24.b)
I ,
[Sul<1 (2.5.8.)
[Sz| <1 (25.b)
I's=0, I'=0 [Min [>1, [Four | >1
2.1 : 2.3



2.1

Table 2.1 Stability region of stability circle

Is - re -
[S»|<1 [Sul<1
[Mour | <1 [ | <1
[S2|>1 [Sul>1
[Mour | <1 [ | <1

22
Fig. 2.2 Unconditional stability region.

A |

]

23

|8a] 1

Fig. 2.3 Conditional stability.




2.1.2

S- parameter , (Stability Factor)
K (Delta factor) 4 (26) (2.7)
[6].
1- |SL[ - |S%[+ 14F
K= >1 26
2152 Sui] (26)
[41= 1SuSz - SpSxul <1 (27)
(+) ,
Re{Zs+ Zy} >0, Re{Z  + Z oy} >0 '
(Resistive
stabilized circuit) (Negative feedback)
[13],[14].
2.2
22.1
2-
24 2.
= 'zf..” Z{'-’Hf' a,
| v
i
+
S S < )
[
‘l"l.'-"l H.’-‘.’-‘ ‘(—I I_"_
| | “Port 2
Imr.f’ 'l Il

Fig. 24 The general form of 2-port network.



(1)
(Operation

power gain) Gp

_ P
F>IN
24  Mason
b @ 8a b,

0 ; e L > >
3 SITRN 55 'y
|l:"l_ "'”‘-I_'.‘_ ,..-—ﬁlr—-.‘

"I:!-ilb.'

P

25

Fig. 25 The signal flow graph and different power definitions.

2-

b,= Spya; + Spa,= Spya; + Spli b,

b, = Spa;+ Spa,= Sya,+ Syl b

a~1= bs+ b]_Fs
a; = b, I
28) (29 2 S-parameter
M
[N [ our
- b SuSull _ Su- Al
Tin = a, Sut 1- SpI't ~ 1- Sply
b2 S12 S21115 822 - AFS

I'oyr = a, = Sp+

1- Syls  1-

S11115

S21

by T 1- Suls- Spl -

S12 S2111511 + SllsZZFSFL

(28)

(2.11)

25

(2.8)
(2.9)
(2.10)
(2.11)

, s

(2.12)

(2.13)

(2.14)



25
1 1 1
Po= 5 b~ 5 laff= 5 b (1- IILF)
1 1 1
Pw= 5 lalf- 5 Ibif= 5 laf*(1- 10w )
(210) b= a, I, (2.17)
(2.19)
b
S T A A
1 | b, |* 2
Py= = ——1——(1-
IN 2 |1- ENF5|2( |FIN|)
P, Ib, 2 ; 1- I
Ge= 5= = — 2> |1- IWsP— -5
p PIN |bs|2 | IN s| 1- |F|N|2
(29) (217) b2al (2.20) (220) (229
& _ Sy ﬂ _ —1
a, 1- S,I " by = 1- I'yIs
& _ Sn
b, (1- Spl)(1- IyI's)
1 , 1- P
G, = S
P 1- |F|N|2 15| [1- SZZFle
(2)
(Transducer power gain) Gy
Gr = "~ Pavs
PAVS
25 Iy = FS*
Pavs (2.18) (222)

(2.16)

Zs

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.15) (222)



s=0

Gr

1 Ibf’

Pavs = P | In=Is* = 5 1- |F5|2

P b, |
P Bl ey )

G, = =
T Pavs |bs|2

(223) (2.14)

(L- ) 1ISal’(1- |I6[%)

G, =

T |(1_ Fssll)(l_ FLSZZ)_ S1282111511L|

G. = 1- IS 1S, [ 1- I P

T LIS TR J1- suplL P

G. = 1- |16 1S [ 1- P

ToL- suls P T 1 Dol L P

Gr S-parameter, 's .

Grm (2.24)

Gy = |821|2

G = (1- [T IP)ISu P (1- [Tul?)

™71 Sul's)(1- Spliw) - SueSuliwlsu I”

o= B,ty B,"- 4|C,[

SM 2C1

o= B,ty B, - 4|C,[

LM 2C2

B,= 1+ |511|2' |522|2' |4’|2

B,= 1+ |522|2' |511|2' |4’|2

C]_: Sll- A S;;
C2: 822' A S]ﬁ

A= S3Sp- SpSy

(228) (229) (2.30)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

y [o=r
[s=l s | = Y

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)
(2.32)
(2.33)
(2.34)
(2.35)



s
Gy = Sal (K£VK?- 1)

[Se2|

, K= (1- [Sul’- ISulP+ |41°)/2]|S,Sal
B:, B , (-) B:, B2
Sz =0 (212) (2.13)

1S, |7
(11- Sul'sl?) (11- SxultI?)

Grum =

(3)
(Available power gain) G,
GA — - PA VN
PAVN
(2.15)
_ _ 1 2 2
Paw = P | nop = = 0P (L [Four)
222) (238) Ga
P b, |?
Go= e o b oy (1 e P)
Pavs | bs|
L (239)  (2.14)
1 2 1- |FOUT|2
G, = S
P e P T s e P
1. |Isf , 1
Gy= — s, f—
= T sarsP 2 T o
2.2.2

(2.36)

(2.29), (2.30), (2.31) (+)

I's= s, , I =5s%

(2.37)

(2.38)

(2.39)

(2.40)

(241)



(Constant gain circle) :

, Zs v
Gs G Fs TI.
[Sa | (Unilateral)
(Bilateral) ( Sw )
Gro= — WSl g p L ILE o g (242)
[1- Syl [1- Spl'|
[Sul <1 [Sp| < 1 ,
(242) ,
Ge= —— sl s (2.43)
- sull '
1- I P
G = ——~ 244
L - SZZFLIZ] (244)
, Gs G, I's= Sﬁ I = S;;
Gomo = —o (2.45)
' 1- |Syul
G = (2.46)
e 1- S|
: (242)
Grum = G max® Go' G max = 1 2 |521|2 1 2 (2-47)
' e 1- S| 1- S|
(4)
(Unilateral transducer power gain) (2.42) :
(2.47) . (243)  (244) Gs G

- 11 -



1- ISl
, 1 =8 =11 1 =L i =22 . (2.48)
[Sil <1 '
(ISl < 1)
(2.48) I'y = Sﬁ: )
_ 1
c':'i,max - 1- |Sii |2
Gi max (termination)
(Gain factor) g;
0= 52— = a1- 18P = 00 s,
| G, max I ' [1- Sl !
gi [Ii]=1 g;=0 » 1= 10 gi =
gi 0<g; <1
I’ gi I (250)
gill- SiiFi|2: (1- |Fi|2)(1' |Sii|2)

gi2 [Sii |2/ [1- (1- gi)ISs |2]2

1- 18-

1- Sy P- o' I -

g9 (Sl + STE*)
1- (1- gy ISl

gi

1- (1- 9IS |2

s

giSiT _ V1-9i(1- |Sii|2)
(1- gi)|5ii|2 1- (1- gi)|5ii|2

- 12 -

(2.48)

[Si| > 1

(2.49)

(Normalized)

(2.50)

(251)

(252)



c - 9sSh
gs — 2
1- (1- go)ISul
C oo V- 9.2 1Sul)
o 1- (1- gs)|811|2
*
Cy = g. S» ,
1- (1- 90)I1S|
ro = y1-9.(1- |522|2)
¢ 1- (1- gL)|822|2
I'i= u +jv,
Si= A+ |Bj
, (2.57) (258) (252)

[”" 1- (1g-iAgi;)|sn|2 ]2+ [V 1- (1-

(2.59)

Ve,

gL

gs

gL

giBi 2_ Fvi-gi(1- 1Si %) 1

gi
I
giA
u.=
¢ 1- (1- gi)lsii|2
- 9iBi
V.=
‘ 1- (1- gi)lsii|2
ro= V1-9gi(1- |Sii|2)
I 1- |Sii|2(1' gy

- 13 -

9i)|5ii|2 - I_ 1-

[Si |2(1' g1

(2.53)

(254)

(2.55)

(2.56)

(257)
(258)

(2.59)

(2.60)

(261)

(2.62)



26

i
"‘_,
P i .r""
- |ri‘
* 4
WL A
T |l ‘I
'n‘ I ¥i
il e ”
oy
mlt -
2.6

Fig. 26 A constant Gi circle in the smith chart.

(Smith chart) (I''=0)
4
d=yuls V= gilSil
I ¢ ¢ 1- (1- g) ISl
_ Ve _ .1 - By
tanﬂli—u_c @; = tan Aii
(2.63) Si(
(2.63) d,
gs( g.) = L( ) rs( r.) =0
, S
0 dB (Gg=1 G =1)
I's I » I's T,
FS FL
(5)
K<l ,  (2.24) Gr
Ge

- 14 -

di U;

(2.63)

(2.64)

, Si=Aj- jBy)

S

S%)

S%)



1S I (1- 111 )

— - 2
P~ A Sll' AFL 1 s F ) - |821|gp (265)
(- Iliszzﬂ |)I - Spl|
1- P G,
9= 1 Syl P- ISu- AP~ 1SaP
(2.66)
_ 1- NP
1- ISulP+ I P(ISx - 14F) - 2Re(I'. C\)
C,= S,- A4S} (2.67)
(2.66) I''=u_+jv,, Re[I.Cy] = u ReC,]- viIm[C,]
(2.66) Cr. MpL
_ 9, C: _ _(1- 2K|SnSulg, + ISxSple;) ™ (268)
b1+ g, (ISP - 141P) 11+ g,(ISxI*- 14 '
9,C5
C. = 2.69
PCT 1+ g, (ISP~ 14P) (269)
o [1- 2K(SuSalgy + [SuSalg] (270)
P 11+ g, (1S 1>~ 14P)] '
g,Re[C]
u, = 271
LTo1+ g, (ISR - 14P) (2.71)
gplm[Ci]
Vv, = 272
o1+ g, (ISRl - 14P) (2.72)
oy = U2+ V2 = 9, Cx (2.73)
ot LT 1+ g, (ISP 141
rpe = 0 ., (270) (2.74)
9om  Up : (2.36)



1- 2K [SpSulgpm + 1S2Sal’gom = 0

Gom
gpm= L I(K-m)Z £

[S2Sx 1S, 12
S
CS :521:: (K- VK?- 1) (2.74)
GP FL
. FL gpm: c;pm/|821|2 Gpm (F?;UT: FL)
(Fs=Fﬁ§) -Fs=1“ﬁ§
c-:'pm FS FL FSM FLM
(1) (269) (270)
Gp
I
(2) (2.12) I'y
’ FS = FITI
Is G,
G, VSWR I
(6)
(241)
G, (2.75)
S, P(1- |Is)P
A = | 2_1| ( s = IS, 179, (2.75)
- P AL [1- SuTs[?
¢ R e s
Gy 1- |
= = 2.76
927 IS, T 1- SuF+ ITsF(ISuf- 14F) - 2Re(I'sCy) (2.78)
C,= Su- AS;; (2.77)



.75), (276)  (2.77) (265), (266)  (2.77) . ,
Ca ra

9.Cy
C = 278
‘ 1+ g.(ISul*- 141%) (2.78)

1/2

[1- 2K [S1,Su19. + |SLSxl’0s]

T 1+ g.(1Sul- 14D 279)
Ga (278) (2.79) . Ga
I's : Ga
It = I'Sur , Tour (2.13)
Gy = G, . . T
: (tradeoff)
(1) 278)  (2.79)
G,
Iy
2 (21) Foyr ! Co
I't = Tour
I G,
I VSWR

- 17 -



2.3

I's ,
].{J
"'}{:?]
I
-
500 Input
matching
i . network
2.7

I

Fig. 2.7 Input portion of a microwave amplifier.

2.7
1+ |I%]
VSWR) |, = —
( Vin= T
Iy- I'f
|Fa|= IN S
1' F|NFS
(281) 'y : I's T,
v Iy
(VSWR) i, . (280)
[1% ] : , (2.81) [ ]
) |7 | Cui I vi

[I's- Cyil= ry

oo @ I1L1Y
v 1- [y P
1@ W)
v 1- |l P

(2.80)

(2.81)

bilinear transformation

» (VSWR) i,
I's

(2.82)

(2.83)

(VSWR) |y =1



I's I'ly . (282)  (283) C
(2.80) (VSWR) | = 1 .= 0 . (282) (2.83)

CVi| II=0= |F|T1|

M il iry=0=10

, I's= Ty 1= 0 (VSWR) = 1
_ 1+ |1
(VSV\R ) out — 1- |Fb| (284)
_ | oyt - Fi(
|Fb| - 1- FOUTFL | (285)
[ . Cvo M vo
[I'U - Cuwol= Ty
Four (1- 1141
Cyo = 2.86
T 1 Nl P (2.86)
s 1(1- Tour )
= 2.87
YT N lour P (287)
2.4
24.1
: (cosmic noise), (man-made
noise) : (thermal noise),

(shot noise),
(flicker noise), Uf [6],[15].



, PN

flicker noise

J.B. Johnson
Johnson noise
0 K

Bn

[15].
(natural noise)

100 KHz

(atmospheric noise),

H. Nyquist

E[V]1°= 4kTRB, [V]

k : Boltzman

T
Bn :
Vi
Rx
V2
Pn 4R,

(Noise Figure)

Pni

(1374x 10 J K)
(Kelvin  K)
(Hz)

(White noise)

2.8 Rn

2.8
Fig. 28 Thermal noise of the resistor.

, Py (2.89)

= kTB [W]

, Ga

1928

(2.88)

(2.89)

Pro



Psi, Poi , Ga F

_ P
F = GiP ol (2.90)
P
Gy = P—Z‘_’ (291)
Pno/Pso C/N
PunilPs C/N (2.92)
C/IN [13].
PNA
Pno= Pna + Ga Py (2-93)
) (2.94)
_ Pua + Ga Py _ Pna
F=—aP., ~ " er, (294)
2.9 Fr (2.95)
Amplifier 1 Amplifier 2 Lmplitier 3
L T T Gz Faun G Py
Paex ¥ :.'-:'u.’: Fgg
R=14 Far By = s ThiA2 Fi-l3 aua
A g aFh gy
Bviz=Fua *Afn Bnn= Pt %fie Puis=FuatGlive
iy |'('i:“? F
29
Fig.29 Noise figure model of a multi- stage amplifier.
F - P N i4
T G, G, G3P g
- I:)NA3+ G3PNA2+ GlGZPNA1+ G1G2G3PNi1
GG, G3P iy (2.95)
I:)NA1+ Gleil I:)NAZ I:)NA3

+ +

Gleil GlGZPNil G1G2G3PNi1
Fo- 1, Fo- 1
Gl G1G2

- 21 -



, (294) , Pna/Ga = Puna

. (294)
_ GaPna Pya
F=l+ g5t =1+ 5 (2.96)
Pus (2.89) KTB  Pua
Pur = KTAB 296) (297) [6],[14].
Ta T =290 K)
_oq4 T
F=i+ (2.97)
(2.95) ,
24.2
, trade- off . 2-
Mn 2
F= Fmin+g_IYS' YOpll
: (2.98)
_ M 2 2
= Fmin + I [(gs' gopt) + (bs' bopt) ]
Fmin .
rn = Rn/Z0 :
Ys = 0s + Jbs .

Yopt = Qopt + jbopt .

I opt

- 22 -



1- I

V= T r (299)
1- T
Vo= T (2.100)
(2.98)
4rn|FS' Fopt |2
F=F_ + 2.101
(1- s P) 11+ Do I ( )
, r 50 ohm , s=0 F
|1+ oy
= Fr-0-Fmn)— 77— 2.102
e T (2102
Fi ’ Ni
r S Nl 1
Cki Fei
_ |FS' Foptlz_ Fi'Fmin 2
No= SR = gy L L (2.103)
Fo o N2+ Ni(L1- I *)
IFS' 1+ N, |' (1+ N;)? (2.104)
Cr = 1{:—‘}‘\' (2.105)
1
rei= e LN+ N (T )] (2.106)
(2104) Fi = Fmin Ni = O y O Fmin
r opt : y r opt

25



: » Ne(DC B),

25.1
(1)
(Breakdown Voltage)
6V,9V, 24-50 V
(2)
(Leakage Current) :
©))
(Power Dissipation) ( O5)
25° C
Orc= (Ty- T (Pin- Po)(2-13)
Po= (Tima- 25° C)/05c(2-14)
’ TC ’ TJ ’ I:>in ’ Po
25.2

- 24 -



(1)

Oo 1

()

2.6

26.1

75V, 12. 5V, 28 V

50 % )
25 % , 0° 36
1
2:1 30:1
[8].[9].
, LDMOS
50 V )

- 25 -



26.2
)

(Metal Can), Plastic
SOE (Stripline Opposed Emitter), Surface Mount, Hermetical Scaled M etal- ceramic

(2
(Watt) ;

- 26 -



2 GHz

[16].

- 27 -



2 v
, GaAs FET
31 (Zsource) . y
[17].
£ somurcay |Zm g i |‘5fmd
7 || ||
| 1| Transistor |
input - e [ Two=Port <l Input
Matching o s Matehing
Metwork b Metwork
MM sl L
W 1
1"3 ‘]_UP-" ] |Fm I'Lml 'FI,
3.1
Fig. 3.1 The generalized analytical form of the LNA.
y (Zin)
(NFmin)

[10] [13].

- 28 -



Antanna

\

Downconvertrar/
Rest of Racaiver

Antanna

Filter/ LNA Downeonvertren/
Duplaxer / Rest of Recelvar
3.2 LNA

Fig. 3.2 Two example of LNA implementations.

3.2 ,
, LNA ,
3.2
full duplexer . . , CDMA
AMPS
3.2 ,
VSWR [2].[7].
3.1
FET (Zsource) '
(Feedback Circuit) (Resister Stabilized)
[19][20]. , (Series Feedback)
33 (Unilateral) MESFET , FET

(Elements of first order importance)



H
£ u D

G _"'f‘ B r'.u-*T" QOLUTIIE L
S Se

33 FET ( ) FET ( )
Fig. 3.3 FET symbol(left) and simplified FET model(right)

2.15 GHz, Vas=2V, 14s=25 mA
[ opt , HP GaAs FET ATF-10136 I 0p:=0.68
51.37° Zin=T
opt =068 -5137° = 21.22-j26.56Q Cos pF/ 10 ,
l Rg
22Q , R, 10Q : )
[21[7].
[4]. 34 33 FET
R,
G .—wj
I.—.F
g o tor
. ol q
Wi
rr.l.'
= 1
34 FET
Fig. 34 FET model with external source inductance
(Negative)
, [4][20][21].
Cgs V. = |g/ (SCgs) y S =o0 +j(L) = J(A)
Zp= Vllyg= (IgRy+ V. + I SLY/I, (3.1)
Vc |g/ (SCgs) y |s (|g+ngc) y Vc |g/ (SCgs) g

- 30 -



Zin= [14gRg + 14/ (SCys) + (Ig + gV )SL /I, (3.2)
Zin: Rg+ ﬂ(SCgs)"' SLs+ gm[lg/(scgs)](SLs/Ig) (33)
Zin= Rg+ gnld/Cq+ S[Ly + U(S°Cy)] (34)
S=Tjw (35)
Zin: Rg+ gmLs/Cgs+j[st' ﬂ(wcgs)] (35)
(35) FET
35)
Zin: Rg+ Ra+j[xls' Xcgs] (36)
[Ra = gmLs/Cgs] “ (added)"
FET (F|g 33) Zin = Rg = chgs
y (36) FET Ra + jXIs
: (Positve reactive) OmLs/ Cgs (
) . Zin r opt
r opt
GaAs FET
r opt [6] ' Zin
r opt 1
(Negative) :
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31 32 GaAs FET ATF-10136
S/IW  Serenade8.0 Su [ opt
33
34 35

3.1 ATF-10136
Table 3.1 Noise parameter of a ATF-10136

Freq. Fmin I opt Su’

[GHZ] [dB] M ag Ang M ag Ang RofS0 )
1.00 040 085 | 2400 | 093 | 33.00 0.70 042
150 040 078 | 3502 | 086 | 49.63 0.56 0.56
2.15 040 068 | 5137 | 077 | 7056 044 0.70
250 041 062 | 6347 | 071 | 80.63 041 0.77
3.00 043 053 | 8463 | 064 | 94.00 0.39 0.84

3.2 [Ls = 06 nH]
T able 3.2 Noise parameter after additional source inductance [Ls = 0.6 nH]

Freq. Fmin I opt Su’

[GHZ] [dB] M ag Ang M ag Ang Ri/S0 <
1.00 040 085 | 2431 | 084 | 2956 0.67 0.85
150 0.39 076 | 3595 | 073 | 4027 052 097
2.15 0.39 063 | 5417 | 061 | 5094 0.37 1.01
250 040 055 | 6864 | 055 | 55.12 0.32 1.03
3.00 041 043 | 9670 | 049 | 60.23 0.27 1.05

33
T able 3.3 Source inductance vs. noise parameter
Source Eo T opt Su’
inductance Rx/50 K
[NH] [dB] Mag | Ang | Mag | Ang
0.0 040 068 | 5137 | 077 | 7056 0.44 0.7
0.2 040 066 | 5215 | 069 | 65.37 042 0.88
0.7 0.39 063 | 5417 | 061 | 5094 0.37 1.01
1.0 0.39 062 | 5541 | 060 | 43.37 0.34 1.03
20 0.38 054 | 59.77 | 065 | 2842 0.26 1.02
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34 ATF-10136
Table 34 S-parameter of a ATF-10136

Freg. Si11 S21 S12 S22
[GHZz] | Mag. | Ang. | Mag. | Ang. | Mag. | Ang. | Mag. | Ang.

05 098 | -18 | 532 | 163 | 0.020 | 78 0.35 -9

10 093 | -33 | 519 | 147 | 0038 | 67 036 | -19

20 079 | -66 | 464 | 113 | 0074 | 59 030 | -31

30 064 | -94 | 407 87 | 0110| 44 027 | -42

40 054 | -120 | 3.60 61 | 0137 | 31 022 | -49

35 ATF-10136 [Ls = 06 nH]
Table 35 Modified S-parameter of ATF-10136[Ls = 0.6 nH]

Freg. Si11 S21 S12 S22
[GHZz] | Mag. | Ang. | Mag. | Ang. | Mag. | Ang. | Mag. | Ang.

05 095 |-1747| 5.15 |15591| 0.02 | 89.15 | 0.35 -9

10 084 |-2956| 465 |13522| 0.04 | 8543 | 036 | -19

20 063 |-4886| 354 |101.11| 0.10 | 84.11| 030 | -31

30 049 |-60.23| 289 | 7964 | 0.15 | 7338 | 0.27 | -42

40 044 |-7256| 258 | 60.79 | 0.18 | 67.13 | 0.22 | -49

Markerl | 0.0 nH
Sy Marker2 : 0.2 nH

- farkerd 0.6 nH
Markerd | 2.0 nH

Markers @ Cont

Sll*
Fig. 35 Movement of a S..' vs. source inductance.

Ls = 0 nH 2 nH ropt
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Su’ . ATF-10136 S-parameter
SIW  Ansoft Serenade 8.0

K S T opt
0.6 nH : S 077 7056°
0.62 53.73° . Su’
, FET (35)
(gmL g/ Cgs)
, 36 0 2 nH
VSWR 7.15 4.10
(negative feedback)

[5].[20].

Input WSWR

0.0 .h 1.0 1.5 2.0
Source Inductance [nH]

36

Fig. 3.6 Characteristic of input VSWR vs. source inductance.

12 [
- R
E 1.0 | r— x
g
@
W 09|
z |
= 08 |
=
-
o 0.7 |

0.6 |

0.0 0.5 1.0 1.5 2.0
Source Inductance [nH|
3.7

Fig. 3.7 Characteristic of stability factor vs. Source inductance.

37 , ATF-10136 FET
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,Ls > 06 nH K> 1

; Ls
/
(Feed)
3.2
’ ( FL )
Szt . ’ (FS)
Fopt ’ Sﬁ
L : L 0.6 nH
, , FET
(Short Stub) 0.6 nH
. ATF-10136 0509 mm
06 mm ,
36
36
Table 3.6 Noise parameters vs. the length of short stub.
Phy sical = T opt Su”
Length Rx/ 50 K
[mm] [dB] Mag | Ang | Mag | Ang
0.0 04 0.68 51.37 0.77 70.56 0.44 0.70
05 04 0.66 52.13 0.69 65.54 042 0.87
10 04 0.65 52.90 0.65 59.90 0.40 0.96
15 0.39 0.64 53.69 0.62 54.19 0.38 1.00
20 0.39 0.63 5450 060 | 48.78 0.36 1.02
25 0.39 0.62 55.33 060 | 4391 0.34 1.03
36 Fmin Rn
y Sll* r opt
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Ls = 0.6 nH 16 mm

39

16 mm

SWER
=

/
Ilh—

0.0 1.0 2.0 3.0 4.0
Microstrip Length  [mim]

38
Fig. 3.8 Characteristic of input VSWR vs. short stub length.

S
= v
S 1.0
(]
e
0.5
=
F 0.8
=
2 0.7
0.6 |
0.0 1.5 3.0
Microstrip Length [mm]
39

Fig. 3.9 Characteristic stability factor vs. short stub length.

33
3.10
(Resistive Decoupling Circuit)
, FET
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34

Rs

[10]

L=39 nH

R=100 Ohm

3.10
Fig. 3.10 Resistive decoupling circuit.

GaAs FET ATF-10136

100Q

Vas=2V, l4s=25 mA
Va=5V

(Self Bias Circuit) 311

Ry fngs| 1

ATF=10136
Vo= 29 1, = 25w

3.11
Fig. 3.11 The self-bias circuit.
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3.11

“0” , [18][19].
Vi, = I14R, @7
o -
V= I4R, (3.8)
Ve = 4R, (3.9)
lg = luss(1- Vgs/Vp)2 (310)
FET 3.12
Vgs = -073 V , las = 25 mA Rs 30
140
{—*—Id 120
—+—\/qg P
an :1:
ok at _\l_:__
h"“—'—hc_._,._‘_ 40
: -y 20
_\-‘-‘-‘_‘."_‘ﬂ-\—\_= el
-1.2 = -0.8 -06 -04 -02 O
Vos (Volis)
3.12
Fig. 3.12 The graph of self-bias line.
3.5
HP GaAs FET ATF-10136
Mini- Circuits MMIC VNA-25 ,
3.13
IMT - 2000 213 2.16 GHz

- 38 -



, MMIC
[20].

ATF-10136 WHA-25

Gain=14 d8& Gain=18 dB
MF=}.5 dB MF=2 dB
3.13

Fig. 3.13 The block diagram of the LNA.

05 dB, 14 dB
VNA -25 2 dB, 18 dB

NF (overall) = NF1+ %
3.11
0.5dB/10 10 298110 . ( :
= 10 + T WEm <0.9dB

3.14 I s) 2.15 GHz

(2.104) s

[10].
Galn and I-:l 5@ Figure Stability circle

Y]

3.14

Fig. 3.14 Available gain and noise figure circles.
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: PCS
3.7
T able 3.7 Design specifications of LNA.

Item Descriptions Specifications Item Descriptions Specifications
Frequency Band | 2.13 2.16 GHz Input VSWR 15 : 1 max.
Noise Figure 09 dB max. Output VSWR 15 : 1 max

Gain 30 dB Pids 18 dBm

Gain Flatness 1 dB max Voltage 5V dc

37



4.1
4.1
ATF10138 VNAZS ouTpuT
35 ¢
iy em e e e S -
25
20
15
L s
[dB] =
0 2.00 2.15 2.30
Frequency [GHz]
4.2
Fig. 4.2 Characteristic gain and noise figure.
0.7 dB
Serenade 8.0 4.2
06 dB , 32 dB
14 dB , 14
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Frequency [GHz]

_2.00 2.15
A T T

20
[dB]
-£h

43

Fig. 4.3 Characteristic input- output reflection loss.

4.2
HP 8753D Network Analyzer
, MAURY MICROWAVE Corporation
Noise Gain Analyzer MT 2075 NGA Frequency Extender P1dB
HP 8560E Spectrum Analyzer

44 Artwork

IZITF 'l“ I ..ll

44 Artwork
Fig. 44 The artwork and Photograph of a fabricated LNA.

45 MT2075
(2.13 2.16 GHz) 0.7 dB , 46
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30 dB(20 dB Attenuator )

+ 03 dB
0.9
0.8
@
L=
=T
LL
F
0.6
0.5 - : :
205 21 2.15 2.2 225
Fraquency [GHz]
45
Fig. 45 Characteristic of noise figure.
132 Sap ZPRBR 13- 58: 86
CH1 S3; lag MAG 1@ dB/ REF @ dB 3 1@.353 dB
by 2[ 150 dea_ode MHz]
" 2 4] 2%y
BB | - ﬁﬁ 2l 1
T
CHZ Bp) phaze 9@ ° REF B ®= 2 B8.3%22 °
2] 160. joa_edR MHz
PRm -
= 2.
NEiS NP
N \‘\1 SN TES AW AN AN
§
START 1| 645898 0@2 MHx STOP 2 B45.000 0B MHz
46
Fig. 46 Characteristics of gain and phase.
4.7 . 15
, 30 dB + 03 dB , 0.7 dB
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13 Sep 2088 14 28: 24

CHI MEM  SWR I + REF 1 3 1.4372
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47
Fig. 4.7 Characteristics of input- output VSWR ratio.
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Fig. 4.8 Characteristics of input- output transfer.
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