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Abstract

Radio frequency and microwave circuits have nonlinear electric
characteristics owing to being used the active device usually.

The eletric characteristics of the power amplifier can be distorted in the
gain and phase easily. Also, an intermodulation distortion is formed due to
the nonlinear characteristics of power amplifier near the saturation region
when more than two different carriers are input to circuit, which are used in
digital mobile communication and satellite communication of the multichannel.

Linear power amplifier needs to satisfy the standards of intermodulation
distortion in spite of specific output power, the changes of output power
level, operating voltage, external temperature and so on.

To be solved these problems, the Back-off, Feedback, Predistortion and
Feedforward methods have been developed to linearize the nonlinear
characteristics until now.

The controller for linearization of power amplifier is the core of the main
amplifier using Feedforward method and this let power amplifier maintain to
operate within the proposed time, fit to the specification of the circuit, have
the stability and reliability in the worst circumstances.

In the thesis, we designed and fabricated together with the error amplifier
and phase converter.

The phase converter has a very flat phase with in the 200 degree at



frequency range used. And matching circuit is added to minimize the change
of attenuation, it has a good charasteristics of below 0.09 dB when the phase
1s changed.

And also the error amplifier which is applied linearization technology used
the feedforward method in order to realized the linear power amplifier for 40
watt degree in the W-CDMA base station. And then, we confirm that it is
possible to realize excellent linear power amplifier from the measurement of
IMD characteristics which is shown good results.

So if they could be applied for the main power amplifier it could be helpful
to fabricate the linear power amplifier for the W-CDMA station. Also, in the
other fields of telecommunication such as digital mobile communication and

satellite communication.



A1 A &

1.1 94 WA

= Rusl ASE golsnA o BEAe 1 g Auzst 43E so
2 AYsY tesl e A4 olBEa Anlzt 47 FEse Aew
Ho vpzy] ] FAF slEwole sriete Frht A

Fohe el AR Wb FABAY A o] FHS gsA AAste do

o5 WANS AWuY, AEY(Cellular) O] EEAL 1A ol

o el FEaaeiEs g5 E52(FDMA; - Frequency Division  Multiple

Access)= AAH 2MHl o] s&AI TX g walo=w WAs] ghtd 24U o]
e FARS w2 d2 i FyeAE AR 95 HESWA(TDMA; Time

Division Multiple Access), "]=ro| 4= TDMA/CDMA 2], 3l=r 2! o}A]o}H

M= RIS 542 (CDMA; Code Division Multiple Access) W] o

w3l JfelEFtHEAI(PCS; Personal Communication Service) A|AHE &7
AAAA o7 83t JAden, 2 Yol A= PCS AMA7E A4 s o] 1997
WRE o] Myl A o gk 18 PCSE 7|9 txd A&y o

A 71EAQ Ao lste]l M| WHol M APEAS HolA RshaL

Atk PCS7F s dsfof 2 2 ZAHS & R IRl o] e A, S AHl=

—



A 3 Roaming)e] FAlolth. A9 E= F7REe] AR tE TS 4L
2 &) g A oA AREEla e olF WHV|= e Add= AMEE FUt
gith w3k HolE dEEo] 8~13Kbps Aol A G4 5o 1g do
He dFo] Erbesith o¥l ©s S53tax IMT-20000]2 &&= 4l

AMulz=e] g e o] T AT

IMT-2000< International Mobile Telecommunication 20002] ¢fojo]n o]
g7t 857 AFS AL A 1996dFEH ot} oAM= v FF S
o] %Al (FPLMTS; Future Public Land Moblie Telecommunication System)
olgt &7} At&Ho] gkh. FPLMTSE: A%k 1978 A A7 5 A AFATU;
International Telecommunication Union)®] &% o]5 3219 @d R F3E <
THAR AAsta RAE I=g APA ojojrt. 1 FPLMTSE 2+
al7]17F offgar 5 oldfalz| 7t fFA ol AR §olo] Hedo] A7

ol wWletd ITUE FPLMTS7h Al-&sld &= T 99 (2000MHzt) % =

119

A1 7120008 7) S e 3te] IMT-20000] 2} ©]5S 19t3tal FPLMTSSF H

B AFEES Anadr. 2 oAl oldlalr] A& IMT-20000] ¥& &
olm | Aol Al WA wel HuAel 57]4/(CDMA-2000)%

=

)
0—‘3
O

2l HE 7] 2(W-CDMA) S &2 e Th

Jo

o] AN&F2 AA Ay, T ete S =8 T HolH7bH AAZE

o7 Fa WS F e olFEAl AH|AE Wby A olF %4l AH| A9l
AEeE PCS, FHETS A A 74 o]l 5FAA2"|(GSM; Global System for

Mobile Communication) & Z}ZF AH| A5 23 st 7|sWAo] vh21 =7}

g Aejritt Agalt Fu4 delo] 9 o)54e d¥aA st TR



o
R

ZFA1 AL A A RE IMT-2000

=

=

HA|

0]
pal

—_
file)

i

N
B

A= Ffel g

Yell

ol

=

), AM-PM($173 i

oL

=

-AAM( 3% o)

3k AM

o] 7}A] 4 F34(RF; Radio Frequencyf]~5& T

-

T

A" W x9k HE = (multi-toneypll 9

=

A= Be VA

i oH e Aol A

IEE

=
=

olH, o]

%

]
H
&o]

2

A7)

=

IMD 542 FHU

-

s

at

2AA A= e Th

kYA

olaL, B Adelu} o}

Fof mhol =

(<

_?4

=

HE o A}
Ao &

FAA 29 9]

HoH2].
Adutd o 2 A E2(Cellular) SAIA|~HA Lo

Q

a

%!

X

o))
HH

I

N
i

=" o4 60dBc ©]

el

;Qh_
B



ALg-3f o}

o
=

=k

£

=
L

24

A Ag FE7 R}

H7] Heid = A

S

],

fite]

ofo

AR 2ol 4

==
3

1E9 FZ7](HPA; High Power Amplifiers A}

3k

Hpojoj o] 2

71 E7](Walkie Talkie)#©]

1ot} #38H(Feedback)®}

=

(Back-off)H2

bof - o 3

S

H7 A93 & 4 glth. CDMASE o]

2.3} eH5]-[8].

ol 2

ks

g} 2193}

ﬂo

el

(Pre—distortion) ¥4

EEEE

.
file]

o
i

E3}

21l o]

L of=;

()]
AR

al

gl

(SRR 3
=

il

0

Hr

ol
o

A A7) o
o] THI].

|

e ZE7) v

d

—_

o

w5 ofel

ol

)

i



S}
k=]

BAAEN YA WO R o7

7IWME7| S vfola g2 X

/6]'

719
24 879 Wt

I

file)

B

I

—~
file)

o
el
TR

<

I
fite)
olo
"

fife)
4
)A

_ﬂ_

fite)

o

O

o

A=A W

A 270l A =

ki3

o] HE& Aol dof

o

=0

Y =(feedforward) ®

_x
X

Joza 3=

&l
SH

a1 A4 A= o] =9

=

oj

ZA| Al A Ao

Ay

nlol a2

e

mjn
K|

A

.
gl

o)
aip
)

il
)

. 2ow A6l A

ke

—_
file)

ﬁo

el
JJo

e}

o

A5Gl A= oo o



d,

sz

Z7IHPAE F=2 A

=
[}

e

d

=
=]

le=]
=

Gl

oy o EUXAHE

o]l;_

(Push-Pull) E}Ye] Edx]2HuY

ka3
=

Hols ¥4
19 A}

3

A%t Qonz A%

oo @

B

1

a3

=
=

A2l sfe] EdA|~E

o
oF

—~
1o

—

_ZO

o

N

o]
HH

HPA+=

B HPA=zZ}

Aolut Aeol=

e

X

ﬂ
o

jant

Njo

=<

i
Njo

A28 v

2.54

AR &

S|
=

=, 53] GSM ETSI, CDMA-2000, W-CDMAU®]

YA
ar

o} 3AId

[101,[11].

NZ7E =54

ol 3 ZollM drprt Al

S

3

(2-1)

ax + bx® + ot

u

5 ©]

T b, c

(2-1)ell A A

Al
&



Njo

=27 "o,

]

H

A9l

3

2H 5

ol 3R] tole=u EwX

o] tpenti

(¢}

A

Fial Rl

o] 2

ojth[12].

= HE 1

= 3=

A7F =

o274 A

&

ol
aa
fny

)

—
fife)

0
.z:l
el
oz}
0

7A

i

iy

o2 AM=AM / AM-PM 5% .

)

i

X
_Z:!

HA o] 2-E(Two-Tone) Al

IGES

S

B3
fie}
ofo

"

B

o
il

ol

o

A

7F ]

=
T

A ole] Fot

=
=

o}

2<El O
s

+, CDMAS} & gAg A

oF



o

N

7 BA

Fol A%

Azgle] oe Fsi

Aelat
CER SRR ER

=
— =

Ll

ki3

=
1

o] 21744

Zeol =
(2f, - £,)9 (2f, - f,)e1d], o]

’

gl

g =t

Amk (2xf)3 (3xf,) 7o &

f,°

A7k A= o] F-o] A ]

f, 2

<

o,

=
©)

Foh = Al

7

[}
Ao Fote

A

-
=

)

—
fite)

Hr

= ]

=
e

of whak 34

3}
T

AHAZT )

s

S

Exds
Hl2 [P3(3%}

=

7 &2

o
=

[e)

7]
s KR
==

=

L

o] A

A= S

M=

Al

3= R

©

7
.

==
R

[€)

o

A e

Al

2

o] AT gHNZ}
[e)

A
Intercept Point) 2}l

o)

il
IH

rvzel

)

a7 ot

S

A

=

=

IP3

-

T

H]

=
=

I i
[ E=

o

o Appolnt =

3T

™
Ay e 97 9

Far 2 A A
A3 B4

°©

vl
2.1



o
blo

H

(Pre—-distortion)

A o =

(Back-off) 2], #H %k (Feedback) W2,

(Feedforward) ®2) o] th[13].

=

9

Ly
— T

=2k

Jol w2 el

o] HPA

Hr

’

A"k, o

A7 oF

=}
3,

HdE dH00A &

i 2ks

9|

el

fo] e el =)

S

7] %)

Mo

FAl 31, 3 ~ 5dB

Ao 4 H7A ALes

N,
=3k

A o]g 7}

)

—

0
o
TH
o

)

fite)

o
oj

<19 2-1>3) o]

Al
=

171 w2l

)

.
file)
el

1o
o
"
o

e

7A

)

Z7)7F AA

oy
BH

B

o

—_
fite)

BH

)

257} e

Ze Aol



N
K

)
i
el

Fin

A

!

Faout

P

VY

71] =

<Fig. 2-1> Maximum saturation power of amplifier

i
Ko

<™ 2-1>

oy
23!

)
H]

o

0SS

10



=0

oo

H

8l

2.1.2

=

el 3

88 T2 SF7NAM @ol AHgET. I2dANA A

i

B

B

ol
o
3

o

of
el
ptil
)
o

Vo

M
of

—

_XO

NI

oj

e
o

—

0

w
o}
™

=S
"o

ol A]

ol

S
=

s 2aA e &

s
a-

b 1 9o

gol7} AbgE T,

1

s

g2}

o
am

3

)
B

il

87

.

I
e

B

v
jvzel

X
0

~L
To°
IH

O

X
0

—_

~H

N

_Lmo

Bo

o

ojn
NI

il

11



4) o5 F=

o] 7H5

N

N
ol
;OO

MW.O

<]
o
Y

—_

0

i
i

o

7HAA

s

[€)

3L O
1=

B

6) =%71<] o

g}

oju

o)A =

o<
T

AAA del ARgET.

-
T

goiA

Al
o

oA &3 2o

it

)

SETR LRt

24

o<

A B A

A

2.1.3

i
Njo

5=

s i3 AA T A

2ol H]

ok 1A Wl el v

=
=

E7F Aol &=

Iy
¥

T

uyl

el
!

o}
i

H

i

12



ol

7F AAel A

9% A=
]

il

Aol ofyE® H=x
vhuh v =skvle] whel A3 st A

Fe] RbEoIAl= W

5|

A

-

=

(3]
<% 2-2>3 7t}

o]

_]

3

al

mjn

P
T

(2-2)
(2-3)

)

slme S Wz Wz
f, ol wnle]

1

R

s

o ARg-=
Al

A

]

S

Aw, |l w,)
171 9l

I<]

AG(

ok 2

A
e
TH
W)
=
|

(2-4)

o)t

13

o
pul

bt

{1/ jw,C}
{R+1(w,C)}

o $1°32k7F 90°7F H o oF

Vo
Vi

=49

<Y 2-3>0 A4 AXH



[

—» FPredistortion » AMP

<19 2-2> AARA FZ7| A AERE

<Fig 2-2> Signal alteration on predistortion amplifier

<TIE 2-3> HE3E

<Fig. 2-3> Intergral circuit

-

sh ko] UER £ 9Tk d7)4, R>>1/w,C o a4 Welo A e

\Y/ , :
v‘f=l/1pr:DprC (9-5)

14



v 2

el

il

Njo

feedforward

i

bohe 4ol

S

2 o] 7he

=y
i

el

-
|

fc

5 o= 33t A7
W

o

<9 2-4>3 o] F /)9

A A
Error
“ | Amp
[e]

i

fo
e v}
15

T

fe

~D
2719 RF H&

<Fig 2-4> The concept of a Feed-forward power amplifier

Hoxw ol A¥E] F 7



B
w-

oy
;O.ﬂ

<)

|
B
il

g
&K

;O.ﬂ
<
T
N
o
.6H
T

N
-
Nlo

o152 7} @ FE o] g

B5AQ A T 2

L%

o] 5~7% AEE i},

kA 90% o]/

o] =t}

I e

=
=

33

2.2

ARAY A

2.2.1

J(Offset)

RS
— E

oM AFAEAA 54 2

Q
UERY, @9z

-

o 3}

A

Fohpol el e 2

s

=

S

dBcE&

-
T

=
=

16



CDMA®] pI7+AL 1.23Mg, 1.25Mzo]2 =2, durx oz Falox uwx]ztd

A-d A H8](ACPR; Adjacent Channel Power Ratio)+~= ©S3 #t}[13].

123MHz (125MHz) 9 =3} <=

4
= (2-6)
574 Offset =342l A ©] 30kHzH & % e

ACPR =

o714 offset +1.25Mk %9+ ofujg} +885My +2.25Mk &, Alz~®lel| w}
ofel7kA] gtAe] gk dFgAE AHH|= BHA QJEA o5 SHAMPS;
advanced Mobile Phone Service)2] 1A= o] 7oA tfH=2] 7jdnt
thE glojth g dE e 2} A Fo] 30kkol AW, CDMA: 1.23Mk(1.25
Miz)o] 7] wj&-oll 30kk<30kEe) MEHZ B lgqddzddy G Ad-qgd A
Hl &= 1.23M(1.25Mk) <30k} & r| & HA Ech o] 7]4 1,230k / 30Kz = 41

o] Hgolil, o|AS dBE Aksid

10log41=16dB (2-7)

7} HAck g ix s o] FAH3PAI(AMPS; Advanced Mobile Phone

Service)®] FAE AERT= A thefFo] 41uf0]7] wfZol HIhdEHS

30Kz AR 1AE A= ghell 16dB& WAl == Aol

g‘i
rir
b
15,
Il
o
g

e SAY A7)0 BFSRBW)S 30MZ 3 3 9

offset¥}e] zte] (1A &)l 16dB= Hah= 4-5-7F B "ot

)%

QPAY ANE 2-EL 4ol AZ tE Fusge 33 nxnE

»

i

Ashe 1P3 HIARS EEHE 497 dEd, QuAE AHuE A

17



A=
9]

<

def Al

2

-

af

S

ol vt
= Ao ¢

P

5

9]
or

i)

3}

°©

7

<

]

A
fa

A7)

T

-

1]

W Z(Cross Modulation)®] Ao, ¢

=

/1 (Duplexer)2]

B

ol

B

Nd
T
o}

e

i

ol
G

o)
Nd
T
;O.ﬂ

o

_
N
;O.ﬂ

o

i
ptil

o

o}

_VOH_

N

7

) ke

o

o] zgol ¢

=

o] ulet

I
.

o

(Source)
2 o8 E(Tone)

I

18



it

2 W} ok, ol

S 7

N

|21

X

oA A

)

—~
fite)

Jjo
—_

o

553 2o X

-
[e)

-
T

3

A

A28 el =

-
T

A} 3 ¥ Z(Inter Modulation)

)

—~
1o

)28, thol

o

(2-8)

y=a+b:::+c:-:2+d$3

A oA H

3

o] 1%

Al H o

s

19



2.2.4 1P3 (3 #} Intercept Point)

o

Al 2~

=3l

17) o)

| Y
[e)
2
Ry

dB(log) =7l

=
-

%7} IP39o|t}.
o,

)
it

5l 7

Yehll = oz A, gxd
Hr} 34

HA S 7Fekell whet of

Al 5
o %A go=2H

= A9

]

A
i

o=

(Scale)® HW 3u]2] 7]&7]

H} Eops

(o2
=

o)
=

Al

<

=
(¢

}E}

e =2

=
LN

AT

o

pul

e

7A

A
faus

.]

IP3 (3rd

PSR
==

9
12dBm, 32} A&z of

gae] 2 gloletn o4
e

=
=

}

o
pul

=
[e)

o]
pal

ot

o] ofet FrHE 78S #e W B

Intercept point) 2FaL
2 o] vt [pP3o|t.

N
Nlo

o

20

Z 9ol FHo] 25.5dBme] = of W}



o] v}= [P3o]t}.

H, 449

-
s

o714 1P3= 1IP3 (¥ IP3) ¢ OIP3 (58 IP3)Z oA

OIP3

242 13.5dBme] IIP30]a, & d¥ 25.5dBmS

o]
H

o] molA el

ik
i

R

SEER

2.2.5

<% 2-5>elA me] i

-
T

27
= 180°

M

Al

bupel

S

A RS o

7

<

% A

]

(o]

y

<Fig 2-5> Cancellation of signals

rvzel

)

—_
o

o

ol
il

ﬁq
N~

N
fa
K
i
~d

p—

0
"

<
Rt
o)
;O*

o]
TH

0

Hr

o)
;O*

P
_

o]

21



@ 4wzt | 5 vk

&30 ZH 20 ~ 30dB

Xm
A}

B/

o]/
A

8%

3

I A s At 9

o

o wel e 7HE hFE e 4 2-9)9 P,

J 5=

;ﬂx

/6]'

(2-9)

CANG = 10log (1 — 201+ A4 /A cos (A¢ )+ (1 +A4/4)F

A

1
s

<18 2-6>

KeR
i=]

t}

814 erofef ahat ol

N

oj
0SS

)

To

B =71 0.25dB(3%) o] Aolo]oF

2.3 3= do] ¥z} w

\_ﬁo
7A

il
ﬂ_fi

v_i

=y

o, e A7k A

s

4]

RS BRI

X

~

ol
op

!

7o
N
el

Hr
B

o}
+

3} mol A A

22



;O*

S —
2 <
S wr
T T T T T T T T T © NIVH
T [ T e T T =
R Y T T T T B B e W
N N —
B e o
| | | | | | | | | - M Mr:
F N J-CES-IZS3IZEDZi= ) s i
JZCOZTIZIZIZCOC Mo
S TR TRy N T z o
L JEN R ) S N o S
s __d_La_ ) - % o)
- (S
_ I AN u
I T o B i B 0\ (o oF
B
[ [ T = n m ﬁ_,w
It D1 e 2 E i)
3 = E )
| | | | | | @ G §
" 4L S d L e SRR 8 $
o e e I e — W o adrM
L= |4 =l I = ol o F
A i | 3 "4
Ll — o — o —— o
ol il [ _ = k3 0
==+ =~ =1 I hult
T L (| [ oy g T
oy I =] | =+ ok = >
= = = e e N 4
do A e ] [ € S S
= . N Bt (e N <
N P N 5 O W
) = oo D A
TGN A B Tg s
e ’ o\ —
m_u ::::_ WYy ! ~
i oD =5
= = <0

S},

(2-10)
(2-11)

g

o] 180w #}ar 7}

}
23

5134

1

oAlA 74 Bzl A71Z Q1 dolojty, A3} 3=

Ay

3} o] A7)
P 7

[e)

=

A, cos(ut)
A, Cos@,t)

o}

Sy
SZ

S S,



o A @-9)el st ol FAAGTF Al BE % 5 Ak aRE A
Aqdo] thE Wi oWl WA wels) uA.

WS T e AAde] thEdha s AguslY g4 wdste] 3

=, FAFESE, foolA A2 19 "dr7)Hel delsl 104, sa A= 27}
99/ 2l dtal AR 20 94 E)1 7t gl shAt
%!

2 A7k 0,0l BR A71H el o] el @ #4¢ A& 36° otk

©
Ll
do

AAS 2 2169 WSS TE S Aol AP 3679 AAL

W = H 2o A A= 1807 H U

<E 21> Fahee] WE 999 W

<Table 2-1> Table of phase variation according to frequencies

AR1e] | A=R29] e R _ R
A7) 4 A714 | 2R prd ﬂj%?ﬂ;] ]
20l | Ao AT qaa
Tf“* 104, 991, | 014, | 36° 216° 18C°
1
TZ”;“T 204, | 1981, | 024, | 72° 216° 144°
1

e ok fo] ok Hols wE iR, ofu AR 19 [V
Q) Aol 20), 013 AR 29 A7)H<Q) Zeli= 198, 0] "tk webA T AR
of Aeole] pol= 024, = 7227k "k, Wl @ 216 5 wshAF
o7 T AR ggAel: T2 F FE 14071 B¢ & F A o] W
¥ 2-1>0] skt

A

o

s

il

<

24



)

Bzl AZEA7E

pH

CERES

913271

EED

jud
-

ZhA

=3
=

1

(2-1D9] +

21(2-10),

o A7A At

il

(2-12)
(2-13)

10log(d—-cos@, -6,)) +3

o~
T_

&HA

H
N~

—

Nlo
A

=¥, 97]A

o

A7

1

s

gge] Apololtt, <18 2-7>

}

o
p8A

Bze] Aolof 8]
HAA GRS el T

=

pu—

AA EdA o

)
il

N

o
-
B

Al zrele] 7o]e]

st

S

=

o
pul

T A wEbA A
A7) 2al 942 180 7F H=

1%

A

M

3}

=]
L

3

(2-14)

0

Aerror
A

25

=23 A= 180 7F obd wi7hA] 2

10Iog(1+ a’-2a 00{271

o~
T =

(2-13)=
3247

Al
2



3 ),
wrebA] A (2-14)ol A Hol g mhel o] A Al
Al ZFA] A Z oo ke H

for
Lo
v
N
L
oy

ey i

Cancellation Peformance (dB)

60 | | | Jy
0g 095 1 105 11 fa

<Y 2-7> BTN F AR AAA B e A A
<Fig. 2-7> Cancellation performance followed by different time delay in

cancellation loop

ME-E FE) AsPe Wi Be FE2AEY APOE B FE R

26



&

A
H
W=

i

)

—_

H

Feedforward

NI
T

e}

o] Z A

=

3

stel o

=

K

A}
N

T
oj

]

s w e

320

X
=

-

14 FoAe A

= =)
'é‘%o

<H 2-8>0lA HZo]

)

Nl
juy
o)
ol

il

=

3

59 o

]

<
o}

A4

Aot 7)ok A]

Aloll B=2

Ho
N~

HAIA

-
T

BR24 A%

7F az17f

M3

A A

=
=

Auke Nzsh A2

g Az21L

-
T

R CHEREE

27



o] 18C¢° 7} H =% A5}

&

a9

—_
fite)

1;2]
3} Amoe] ARAAL

[e]

3

SETR=

Al

b e AsUE gloens Am1

Path1

Directional Coupler
Main

Amplifier

O RF Output

1L

Delay Line

Path2

—>
B
<«

i

1L

b

1l
RF Input O—4<7

il

<Fig. 2-8> Signal loop on a linear amplifier

2-9>

2]
™

NS 7F <2

AA dEHER

=
=

oM & 4 3ol =13 FE2

~

ke

o

fife)
;OU
B

]

Njo

28



-

dE13 Fr2e] A

ol
T -

A At

—~

g

-
T

7 220014

)

)]

i
Njo

O

=1

<Fig. 2-9> Error loop on a linear amplifier

29



719l AA R T4

-
Njo

P
T

A 33

Sk

(o]

R

©H

A9 3.84Mbps
1]
Communication

[e)

R

]

Federal

2. 10t ol A 60MES]
3](FCC;

1t

|

s

o

5134
o] A A7 EAAE FASAAHITU-R)S

S

]

A
fu

5

el

i

O
fis

waL, v=y

sk

o

9 CDMA-2000 ¥+ W-CDMASY] 34t 4 EA

o] 3% dlolE AEET 9 ~ 12d82]

[e]
=

mjn

=
2y

1]

=
=

Commission)

7] AAY 71z

Hr
Njo

T
XA

.]

ted 60WH<]

I<]

}

1o

-

B} Qe WA Yeow

i

30



dejz A4

KeR
T

ady 2

S
=1

g o

]

N
-

=
o

sk

d

X 1001.6 = 1161854}

10

X

11.6

54dB

32dB

+ 10dB +

12dB

<Fig. 3-1> Cascade connection of amplifiers

<3 3-1>9) 7] 74 e

Aof & Aot}

e

FA

A H o

S

=
) .

o ZE7)0] AvHow o

fuy

¢}

<a¥ 3-2>% o] FH7IE HER

MIEERES

As

=
=

= Fd

5

2]

TN S EA

Njo
oj

olo
b

e

X
)
=

—~
fite]

HHA =L 5 S "

%/

71(LNA; Low Noise Amplifier), =%

o o}

L=
o

T-5Z3%7](DA; Drive Amplifier)

3t

171 9

Xél—o‘

&£

31



=)
i
_>|:
-0
v
rot
oo
k1
=2
=)
i
4
2
)
-0,
g
)
T
rlo
v
il
X
(2
o
i
!
jukes
&
r
»
i

L |

1702 Amp. Power = 10dBm
HE Amp. =9 = 13dBm

<ad 3-2> S%7]9 WY 94

<Fig. 3-2> Parallel connection of amplifiers

$Z7)% Astsirte] o

I
i
)
-
o
%
rlr
12
i)
rot
s
=
0

<a¥ 3-3> TF719 A= A

<Fig. 3-3> Input/output matching of an amplifier

<18 3-4>= EWAAEH S-FHES o] &sle] AAEE HA =g

L = H

32



o)

g veh)

R

2 vpehys

A9

5, A

Power

2~v] 2~ ZFE(Smith charts)ol A

R

o

|

Gain
5, A

o

A} O
H B,

4> 2]

<a¥ 3-4> FE, o5, Al o

d 3

<Fig. 3-4> The Smith charts for a noise figure, gain and power

19 F2e] 134 Wolxe @& vehya gk,

MNoi=se Figure

o

Tl <1

el

RER-!

Z o
wpeba] A7 5

<

U

=y

A

J Al 7] &

<

o] 50Q ¥} vj

™
B
Ny

il
<]

o] Eflol= 2 3 (Trade-

Nlo

33

7HAAl AeH15].

=
=

off) ¥4



o o o] B
KA W,_ . |
q oy = )
o ) Gy o
zou o = ] =
B o — ”
o ox W = - =
T N g = mr
o- o o _— = )
i | g o4 or
~ M = 5y o g i 5
R = B X -
X = -
iy W o = = ﬂ_ 5 ﬁm =
[} o O [ )
2 N~ =< & e
A S5 s T i <
LG £ ol g U o i
o 7 = Gy o
o 5.0 gmu = E_ ﬁ n_Al.._ S
) 'ooooooﬂoﬂnn-t - J "
2 X Ml ‘.«nw““m.m.....wm e Hr mm -t iy o]
o : s No = = E = K| 7o
<P o o 2 y_ Y —_— —~
T o Z m e I K =
b F ey B = = % W
0 J == N _
H —_ m_w.o m ) _wq/u m. _ w_.:. iy ‘&
ok =R= _ < © aw ~
oo R S g S S No o
— < W ar o No o
N § = T T
R o A T % e
o= o R »
o ol . o M ™
= 1@ x° 00 - Njo 'HO
— _,An_u _O F OME Z—’ HE
: X v ™R
T — ~X X .
VA ﬁ M X
o W A v H o

S|
A
o}
24,
3.2

5]

¢

N 74

=2
=

[€)

A

H

SHAAI R, 40W

S- 7} of &
34

W-CDMA

s
=

7= H A 48dBY ©]

3

2=
L

dBm(20W) <]

==
T



3-1>3} o] 60WH 9

<3

sol the

A

<Table 3-1> A design task for main amplifier

™
3
=
o
EE
T (2 ot &
M.WBQH/MALM
e o 5 (ap}
5|3 |2e i A
= v =
I~ ¥ o
_
~
=
=
—
B
oF % r
B | | A
_ZT.c wﬁﬂdw 17_A|O
1r£| ﬂ‘.DILMEEﬁ
T = = = e S e A PN
- [ (No o7 |Z B | &

Nlo

Nfo

o

B

)

~
Hr

uhe 7ol

3-6>°4 K=

=
1=

(3-1)

P —sing
dsin(@/2)— 2¢cos (@/2)

‘l'r'l'I|=

35



Yo

Clags-H

class-C

. i

- - |

CONUENAN 3Ngie

<19 3-6> $%719] AT G Afe]e) Egfo|= o

<Fig. 3-6> Trade-off between power and efficiency

AelA AY wAS BANE AEWE AR A AANA gov 33 4
Mz 9T ol 9ol ® 53, TA] BEME hFe] AAL W H% ol gk,

ol&i3dt g s HEH Fd FEZ7|{ EWXAEE MRF21125 %
MRF211802] F 7}A|7} low FHFHoz Alx®Hl Aol fo]stal AEPA o]

23 MRF21180°] A% 3c}H[16].

36



Aolt}.

7HA] a1

7]l

A7k %3] A (WLL; Wire Local Loop)2]
s

Z

=

=

=

=

o

Fe CDMA 7|AZFgom AA=" 2=

T

< el

=

=i
ABH o & ARgE ook

=

-

s

1))
4]

3}

o

==z
<
4

t}

18y, PCN-PCS A

=

=

1

MRF-21125 E#A|~H
o

3.2.1 MRF21125 FZ7]
2,110M ~ 2,170Mke] 3 H<

=
A A

s

3-2>9 gt}

2.1225007F AHEE Qo™ Vi, ol 28V, 1y, el

)

HHEH <

ARW <19 3-8>7 Po] %9

T ol

v

\

°©

A o

-

Zt

f

1

R

f, o] 2.11250,
oL 384 AA

A
ol Qekol

Pz
o]&e &= MRF21125 =%7]

dnkd oz MRF21125

.

A
Continuous wave) 17} Al o] 125W7h#] &-8-3 4 Qi

1,600mA7} €17} 2t}

(o3 ]
Run

A
HH

-45dBc, ©]

—

20Wellq =490 a& oF 18%, IM3 ¢F -43dBc, ¢

37



<E 3-2> MRF21125 E WX 2E o FQ AL
<Table 3-2> A chief characteristics of MRF21125 transistor
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<19 3-11> =9 d=Ho gisk ACPR, M3, ©o]5, =d¢ &8

<Fig. 3-11> ACPR, IM3, gain, drain efficiency versus output power

<E 35> 99 FE719] 571

e IR ISP

<Table 3-5> Equivalent Input/output impedance of a unit amplifier

f (M) | Zg,(AoES aa8te=) | Z ., (=3 a8tes)
2110 2.45-j2.08 2.65-j1.52
2140 2.39-j2.51 2.71-j1.80
2170 2.16-j3.14 2.64-j2.04

Vop = 28 Vydpg = 2 % 850m A, P, = 38 W
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ATTEMN 168dB AMKR -34.808dE

FEL 5B6.5dBm 18d B~ —1. BAMH=z

AME

—-1.88 Miz J

—=24 108 dB ‘

LA,
" [N
1 ]

CENTER 2. 13385B8GH=z SPAN 10. BBMH=z

¥REW Z38kHz UBW 38kH=z SWP 58. Bms

(a) MRF21125Z o]&3t H3yg=2%7|9 I\ND EA
(a) The characteristics of IMD in the balanced amplifier

using MRF21125

¥ATTEM Z2@dB AMKR —48.33dEB
RL 5@. @dBm 1@8d B~ —1. B25MH=z
Iy
&MKH
-1.

-4@]3

|

e
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| |

R
CENTER 2.148808GHz SPAN 5. B808MHz
#FEW 3BkHz UEW 3BkHz SWFP 58. Bms

(b) MRF21180= o]&3F Ha =279 D EA
(b) The characteristics of IMD in the balanced amplifier
using MRF21180
<719 3-13> 1 M ALE7A ] 2-E A s tlst D EA
<Fig. 3-13> IMD characteristic according to 2-tone signal with

1 Mz channel spacing
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<Fig. 3-14> Diagram of main amplifier




3.3.1 AAY FZ7] A1

AdE SH7I2 AHEE AH-1

rlo
=3
g
o
)
ot
H
N
X
il
-
oX,
i,
rlr
'
rlo
v
o,

U (Dynamic) Mol SF712 AT vpolo]x Ho A vk A

dlo
ofl

.|>L
B

o P39 B4ol £Fwel glo} 471 L HAVI HgHIlel v o)A

ol

AH-1 ZZ7)+= g9 ZZ7)2 232 AZEQ7] o] 2AgAdo] &
GaAs(Gallium Arsenide) 2AS o83 wlo]|g 2 ¢olH Wig]2] 243

(MMIC; Microwave Monolithic Intergrated Circuit) 7]%S AFE3t1 =& %
Aol Q== 3ol A3sh mekA GSM, CDMA 2 W-CDMA<®}F #o] & A<
TSt = 9F ZpA Y A F5Ale H-8517] A 5tsit)

AH-1¢ F35 &8 HYS AuEd 250Mz ~ 30kze] Fuod EALS 71X a

(A

AaL 71BF AR the <GE 3-6>3 i

<3 3-6> AH-1 EWA=HE F8 ALY

<Table 3-6> A chief characteristics of AH-1 transistor

F 3 F 900 Mz 1,900 Mz | 2,140 M
S21 Magnitude 14.2dB 12.2dB 12.0dB
S11 Magnitude -21.0dB -14.0dB | -21.0dB
S22 Magni tude -14.0dB -13.0dB | -11.0dB
NF(Noise Figure) 2.2dB 2.9dB 2.9dB
=9 Pl 21.7dBm 22dBn 22dBn
=9 IP3 42dBm 41dBm 40dBm
o HukabEA 8dB 8dB 8dB
FE AL 15dB 15dB 15dB
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ettt o] XY= AF SFV|S F SF7] AACNA tholwAE
=]

wo) 7} gol Wl Fu How ALg

<E 3-7> AH-11 EWA| 2 <)

<Table 3-7> A chief characteristics of AH-11 transistor

T 3 F 600N 900Nz 1,900Mz | 2, 100MH
S21 Magnitude 10.7dB 12.2dB 11.2dB 10.6dB
S11 Magnitude -10.0dB -10.0dB | -13.5dB | -10.0dB
S22 Magnitude -12.7dB -18.2dB | -10.0dB | -10.0dB
NF(Noise Figure) 7.62dB 4.13dB 4.16dB 5.55dB
=9 P2 63dBm 65dBm 65dBm 63dBm
=9 IP3 42dBm 46dBm 44dBm 45dBm
- = - Parameters
ol 521 |
3 U -
LY
g . !E s11 ;"==E
E._.D y '\-..Fﬁv—"-q;:.__ﬂ" 1‘::’
= FAEHAY h
2 h \w.f "J'
=30 T
200 400 500 5000004200 1400 96001 300 2000 Z200 800
Frequency (RiHz]

<13 3-16> Al-11 E#A| ~E 9 S-W¥

<Fig. 3-16> A S—parameters of AH-11 transistor

A2 AH-119] 99 F37]= <29 3-17>3 2
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3-7>3 <19 3-16>7 L& E

1,9 300mA7} 17bE 91k,

C = 55 pF
- SMT S0 Coupler
RFIN anee 113083

E

C=5EpF

[e)
s

C'Z.QPF; '”‘I:E
H-é-:nn'r\_‘

i:l_“' lT—I-_EE- pE

ERAT
L=12nH DOC +5W Anaren 113081

Aol =& GaAs MESFET 7]%o] A€so]
5S4 @8t AFAS AU T17],[18].
&2 A% 600ME ~ 2,100M thejolA tf

UFEbITE, wloloj 2 Mg Vol 5.0V,

30 Coupier =

a

R = 5] ahm

L=120H e

4 or more Wia

C = 55 pF

RFOUT

Growrids rag.
<29 3-17> AH-11 ©9] S$Z7] 3=2%
<Fig. 3-17> AH-11 unit amplifier circuit diagram

3.3.3 F3 5% 7] MRF21060

<3} 3-8 MRF21060 E#A]~E 9] T8 A%
<Table 3-8> A chief characteristics of MREF21060 transistor

B T 2 H] 31
=9 d9 6
=gl a&(7n) 15%
S%7] o]5(Gpg) 12.5dB
32 Az Wz o= (IM3) -30dBc
o = RFAFEA (IRL) -12dB

50



AlzhE MRF21060 5%7]= <29 3-18>3F L MRF210609] S-3tetrE

IS
=
)
w
B
A
o
i
rlr
/\

18 3-19>, <19 3-20>90, 183 =g &8 &

| Az 23

“ =
71 = 0.743"%x0.080" vlo]ARA~EF, 72 = 0.070"x0.100" wlo]|m R ~EY
73 = 0.180"%0.100" wlo]AZAE | 74 = 0.152"%0.293" vlo]a B2 AEHY
75 = 0.216"%<0.100" vlo]ma 2 AE T, 76 = 0.114"<0.410" vlo|a 2 2~EH
77 = 0.626"%<0.872" vlo]AZX~E T, 78 = 1.050"<0.050" wlo]|a 2 1~EH
79 = 0.830"x<0.050" vlo|ARAE Y, Z10= 0.596" < 1.040" vlo]a 2 1~EHY
Z11= 0.186"x<0.315" vmlo]ma 2 A2E™ 712= 0.097"%<0.525" vwlo]a 2 ~EHY
713= 0.353"%0.138" mlo]aA 2 X~EF 714= 0.112"<0.080" wlo|a 2 1~EH

715= 0.722"<0.080" wlo]|ARZ~EH,

<19 3-18> MRF21060 T =%7] 3=%

<Fig. 3-18> MRF21060 unit amplifier circuit diagram

AAFYer P ZERd dFHES A, U9 ZSEY GFHEs
WA, RS BFHEE B L 0F A 32808 AT 5+ U
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15 -5

---o-- Measured $21 —a—=Siitiated S21
---8---Measured S11 —*—Simulated S11
3 | | | =20

2.06 2.1 2.14 217 2.22
Frequency (GHz)

<18 3-19> MRF21060<] S 3}2}v] &

<Fig. 3-19> S-Parameter of MRF21060

---8---Measured
—a— Simulated

IMD3 (dBc)

Output Power (dBm)

<71¥ 3-20> MRF21060¢] IMD3
<Fig. 3-20> IMD3 of MRF21060
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GIENCY |'il>:u:]p1i . POWPER GRAIN (481
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<719 3-21> &9 dHo] sk ACPR, IM3, ©o]5, =d< &8

<Fig. 3-21> ACPR, IM3, gain, drain efficiency versus output power

3.3.4 ¥ FF7] - NRF21125

o] 2= FuAE ZE7] MRF211809¢] #AAHS F3F3st7] Y3t =112
Z3R2A I 2 AL <Y 3-22>0 EAEE I EAY SAHAE <Y 3-

23>, <Z1¥ 3-24>°] Xt}

3.4 2 FE7]

eaF 5719 FE2e <ad 3-25>0 mAEgig. £ S%7]e] AudH ¢
A s ARz EE AT AR SR AYs T A2
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% FEFY) YN AR FEFL dof soe FudY F37)¢ 5§
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m rt, L Cl.
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8 P W\
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ARl o
o5, L ce, L or L os I© 8 o
12 DFT ToF T 0.1 uF T 22 uF’T‘

z

—_—

R4,
2.2 Kohm

Output

<71¥ 3-22> MRF21125%] %3] =

<Fig. 3-22> Amplifier of MRF21125

--@---Measured S21 —*—Simulated S21

--®---Measured S11 —&—Simulated S11

3 1 1 1 -20

2.06 2.11 2.14 217 2.22
Frequency (GHz)

<71¥ 3-23> MRF21125¢] S-w}a}m] g

<Fig. 3-23> S—-parameter of MRF21125
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-20 w

---8---Measured

—a— Simulated

Output Power (dBm)
<71% 3-24> MRF21125<¢] IMD3

<Fig. 3-24> IMD3 of MRF21125

—>
% 8
<— \/ I \/
N N

<19 3-25> 93} FE7 ] FAHE

<Fig. 3-25> Diagram of error amplifier
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H t}o] 2 =(Pin diode)E ©|&3F Bridge-Td 7Id 7H7]9] 3= oF <1
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<Fig. 3-27> The circuit diagram of Bridge-T type attenuator
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<TI¥ 3-29> 9% el

<Fig. 3-29> Phase Shift

<71¥ 3-30> 71 A4 $4FH ol 7]
<Fig. 3-30> Mechanical type phase shifter
2 Zo|E wity: dde] Wyle ¥ <3-31>9 YeEhiAY. 4
o]7} T2 B 4o AEANRE wjXdla, A9AE ARE uEd AE A2

<
e wlE 7 Qe wWow 2l Alset aEy AaE Aol

61



- ks ARlol ol A& A kel R Erbssite wade] gl

L1
O
J = No—o
O — —
SW L3 SwW

<% 331> A WM 94wl

<Fig. 3-31> A phase shifter using the alteration of lines

HAd Aol 9fdHelrl2 A5 of 4= A2 2= #l(Loaded Line)
GH, stolBgl= A FH9 2357 o dAs AE A= dEje A3 A
g71e] & = A o]l 45° o]siQl Ao, 1elal FA= Y W}

F oY W F= o]&E = <1 3-32>¢ 1 JFHQ =TS

o] AEL PIN tho] =& /A (On/OMAIZS weo] A~ ¥stE o] &3}

o~
=
>
jales
&
)
[
1o,
)
o
N
N
i3
ox
ol
o,
k1
S
rlj
rln
v
p&
100
fol
o,
(L
>~
>
N
N
i3
ox
ol
o,
=
>
Ao

62



2 50Q 9

= o
4 ¢

3-33>3} 2o

34 ¥+=d) <19

ol W

i
—_

o] thA vhEht

3

S

94 5

;OL

Hyhrid

PIN diode

iy,

<71% 3-32> Loaded Lined,

Hybrid Coupled type

Load Line type

<Fig. 3-32> Loaded Line type & hybrid coupled type phase shifters

AN o] &7l A

-
s

AAIEE A2 75l

AGA7E HERE Aol

1
s

o el

=

7R 2 2H

dAE Agol= vzl

=
=

-2 2~E B (Stub)

63



Short Stub
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<Fig. 3-33> The phase shifters with a variable device
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<Fig 3-34> The circuit diagram of a variable phase shifter
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<Fig. 4-1> Basic diagram of linear power amplifier
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3) w3



4) &3 12 bits o], YHANZHE7E 0 ~ 12 VI D/A #gr] 47] o4
kg

5) A Aol Aae]F9 1 Cycle A&EE A4 20 msec.

6) HA AojA kA 428 AZFE A 50 Cycle oW,

7) 2100 ~ 2180MHz T35 ¥ 919 PLL 271& &A1 7% 7Fs dlloF .

uebA, APdE SH7IE 98 Zask At Aoyl AAll oA Al

CPU, = nlo]a 2 ZEZ=Z¢(Micro controller)s AtmelAle] ATMEGA163S A
a9t}

ATMEGA163<S 16K Bytes® X213 753 Z#4 dHX2g(Flash
memory)E e, 1A% AMY 8-Bit wio]aE AEZHo|H o]z F4
7% R APFS ofEf e} ok

1) RISC Architecture

(1) 32 x 8 GPWR
(2) 16MIPS @ 16MHz
(3) 2 cycle Multiplier
2) Nonvolatile Program and Data Memories
(1) 16 K Bytes Self-Programmable Flash
(2) 512 Bytes EEPROM
(3) 1K Byte W45 SRAM
(4) 2ZE9 o] HMS 93 Programming Lock

3) JTAGUEEE std. 1149.1 Compliant) Interface
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<713 4-2> ATMEGA1639] W% FAH %=

<Fig. 4-2> Internal block diagram of ATMEGA163



4) B4 7%
(1) Two 8 Bit Timer/Counters
(2) One 16 Bit Timer/Counter
(3) RTC
(4) Four PWM Channels
(5) 8 Channel, 10 Bit ADC
(6) Two wire Serial Interface
(7) Serial USART
(8) Master/Slave SPI Serial Interface

5) 32 Programmable I/O Lines

[~ N N ]
— | — |
1L JL
]
(o] [ [ ] [—]
I | R
— ]
R
<+ I < I <
I <>

<% 4-3> A3} Aojr|e 7E FAHE

<Fig. 4-3> Basic diagram of controller for linearization
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ATMEGA163¢] WHF -4 Eolt},

-
s

<I1¥ 4-2>

| 2g

o]A4tx} Z+o] Dual Processor, D/A, A/D,

T4 s,

=
=

|

A3t Alol7]

1
R

714

)

nHst Ao)7)e] 7]

S
|

<19 4-3>

g st Aol

B

B

0

e

O 2 3t A|AEl G Eo| | of 7]

= A9 A2 FA

<9 4-4>
3} AJo]7]

g

O

%)

w ohet

o

s

s

E(RS-232)%

Ay
fn Y

gk

Njo

oL
o

Al

2

SERREER

@,

2§74 BEE 9

g3t Ao

3)

271e] CPU

-
T

a
i

<

A
his

]

RF

1
1

A7}

Jo]-& CPU(CPU_L) :

2

D Ads +

CPU(CPU_2) :

ki3

g 9

2w

]

A
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A On/Off :

2]

3)

el U5 HE

: Over Power Alarm< &d

oj

9] elElHo] ~(HEE RS — 485),

o

Hl Alarm X3l 7]%.

L BE

S =
= [}

A

=AM A

6) LPA

Mo

;O.ﬂ

p—

)A

.8
22!

p—

)A
do

7) Sample 7]

[

A

A J

T
[

3

A

<I¥ 4-4> A|=EF] T

<Fig. 4-4> System diagram
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At Aojr)e]l F 7es Adstr] A Ut Vs

1) CPU reset 715 (push H&).

2) CPUZ} A43] st oS ¥A(Green LED).

3) Ale}7lel Aol I7FE AL 55 FA(Green LED).

4) A3}t Alojrle Zad dd A 75,

5)A/D 75+ AE AE7]9] =9<&

6) D/A 7|5 + A¥3t FZE Ao&

7) Mux 7]s @ WIS HEo] dastA &L A9 A=719 =4((DET1 out,
DET4_out, DET5_out) A¥ ez A4sl7] 913 S

8) && WP Ay AETVIAA EHste AFSE7e] dH AR

9) (In_over_pwr_alarm, Out_over_pwr_alarm % VSWR alarm)& 4.

10) Fak= A7) Alo] + A Ad=7] Wiidl flAsts FardA 7Y F3
F A4S 98- HR3 data, clock® enable 21 & A& 7]%F.

1) =912 Aol @ A8 AE7] el fIAst= 294 Ao 7.

12) W= 7] @ Alojr]e]l Bad Tragst dojE A% Vs,

13) &4l EERS-232) Alo7]ek Alof7]el] Bog 2RIE down 29 3}
A Alel71e] 2 FHE 2y

14) B4 XE([RS-485) : o TrEe] BAS 98 9 AT,

ARzt Aojrle] dlex 9 HAEH9 Ire

1-?_
<a¥ 4-5>% AA AE AP Aojrlolt. 2 Aor]= 4T 7|HOE A

i)
o
ol
20
N
do
=
-
i
2
ol

ZrEom Aoyl AA =Z7]E 80 x 105 mm ©]th.
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E cloli

et o] PR 8]

coNP SIDE B
(8]

<2001 08>

<H 4-5> AA| A= A3t Aol 7]

<Fig. 4-5> Actually fabricated PCB of controller for linearization

<I¥ 4-6>2 A3} Alo)7] o] daglFel e FRFAEG. e

27 AAANTE AL AR FRP Fose /e

)
=
i)
c
k@)
~
)
o
z
=}

converter) B APAY FE7|9 &9 3y HES A% HE 1, 14 99

76



PLL R Counter ¥
F Latch &3

<

NE 58 AE
MODE &%
Y Y
(?Ar:g gg%“@gg CDMA Mode CW Mode
®

A

PLL N Counter &8

Y

PLL Locking

»

>

A

Att1, Phasel &3

A

Att2, Phase2 & &

(a) CPU_1 TR ZELAE

(a) The flowchart of CPU_1" s program
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Rz
(CODMA / CW)
<o
Yes [*
Yes
KE 0|88t == H & 2 PLLT Locking K &t

Y

Sig_mon level &2 =(sigout)

|

sigout > & & gt?

Band 7 &

|

PLL N Counter &3

* Band T
1) CDMA ¥ 7% : low_band(k<=3), mid_band(k>3) & (k<=7), high_band(k>7)

2) CW o - :low_band(k<=33), mid_band(k>33) & (k<=66),high_band(k>66)

(b) CPU_1¢] CDMA/CW Mode & =-$-AE
(b) The flowchart of CPU_1" s CDMA/CW mode
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=

(¢) CPU2 TR ZREAJE
(¢) The flowchart of CPU_2" s program
<19 4-6> AW Aoj7]e] Ao} el Eol G TegAE
<Fig. 4-6> The flowchart concerning to control algorism of linearization

controller
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<71% 4-7> Band-ID 3% 7|+

<Fig. 4-7> The reference to divide Band-ID

<A™ 4-7>% 4l
o YR

<9 4-6>9] (ol d=Ea s FFE TRt T N5 4

o] F3 di9g e FREFTE= Band-ID £ 7ol dish

}01'

X a3o] APFErT}E One Pilot Moded| A+ Middle Band® A4 %o} v}z

m>«

o

=, CDMAY CW A59) 5oz <8 4-6> (b)o} o] 3w o] 24749
MODE®| A ¢] Band& 3t PLLY F345 Asoz 7AX|ste 7] AlZl
o}oofe A(4-1) (4-2)= CDMA A3 CW Al3oA¢ PLL Fu<¢

Mg AYs) A% Aol

s

CDMA 213 9]

o] 79 : PLL_Freq=(211252+8538+kx50)xe"  (4-1)
74 1 PLL_Freq=(2110+8538+(k+1)x 06)xe*  (4-2)

9/]

fol

CW 4l

B A AT kg WstAIZIH PLLY Fa7t A2k S7tskAl |d 5

S5l 7t 744

rlo

CDMA 21&°] 79 5MHzola, CW Azl ¢ 0.6MHz



a7

AZAZ7F A" Fh o] de

[e)

=

L, 29 A7HA = 7HAA =M o #h=

SR IR ©]

<3 4-1> Band_ID®l| w& PLL 34 A A

2A k #s

73<5- PLL9|

#AHoz ZANY W 4EE 9
Fhprh A

A AL <19 4-7>¢F o] Band TES

)

™, o] o

YA
ar

3174 @t} o] Band-ID= 7+z)

HITA o E A(4-3), (4-4), (4-5)

(4-6)° A-&3te] PLLY HE T35 AASIA €} ofgi= PLL 1, 29
e A8 Aot
PLL_1_low=(2110+20x(Band _id +1) - 24+ Pilot_Offset)/2)) x €&’ (4-3)
PLL 1 high=(2110+20x(Band _id +1) + (24+ Pilot _Offset)/2))xe*  (4-4)
PLL_ 2 low=PLL_1_low+8538x¢° (4-5)
PLL_2_ high=PLL _1_high+8538x¢€° (4-6)
A7 A ES AE89 Band DO W& PLL F3+E5 o] ofgf <i
>3 Zo] Fa¢ 49& Ut

<Table 4-1> The setup table of PLL frequency depending on Band_ID

Band
T35~ (MHz)
Low Band Mid Band High Band
PLL1 Low F3}5¢ 2110.00 2130.00 2150.00
PLL1 High 34 2150.00 2170.00 2180.00
PLL2 Low 3} 2195.38 2215.38 2235.38
PLL2 High F3} 2235.38 2255.38 2265.38
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4.2 HBE7NFZ 43

A8t A7l AE AE7] el Ak T3 F471Y FI5E A
&7 F>(PLL; Phase Locked Loop)ell W3l Data, Clock, Enable Al
& dEete] 54 Fa4E AAPSIES gtk Dual CPU FelA CPU_Lo] o]

<
ogete dodan Jdon, Fu4 A 7|2 National SemiconductorAhS]

LMX2326<
<18 4-8>3} o] 14-Bit R Counter, 18-Bit N Counter, 18-Bit Function
Latch, 21-Bit Data Register L#]a 32/33 ¥ 7}53% Dual Modulus

PrescalerES W3l gt}

o
- —
;:;l_’= % —— - o,
I, —— E—— i I

<713 4-8> [MX2326 PLL Frequency Synthesizer T4 %=

<Fig. 4-8> The diagram of LMX2326 PLL Frequency Synthesizer

2 A2"S 9% PLLY #7]d 5L T3 HE7F 2100MHz ~



99260MHz, =3 o] 0 dBm, =32 A4 w7} 5kiz o|th, @& 7AZ7]o AL

T TEHETGMAUH o FFHFHCAUS RF 2lss fHEFstal 1 AF% 25
FEE A3 A7)k AFstd AFS AAE T 5 AEF FH AFTA
o3k gtk

wEbA, A8 AE7]= RE 459 HAES 98 3d8 255 AAdste] 1 2l

35 MAU % CAU°| 7FskAl EH, RF 84150 i8] A3 FxuUeo 1

1) Frequency Range : 2110 ~ 2170MHz

2) Input : -5 dBm max.

3) Output(DC) : 0 ~ 5V

4) Dynamic Range : 30 dB ©]4

5) BPF(3 dB Bandwidth) * 1.26MHz @ fc=85.38MHz

PLLS 293l7] 98iAE @5t Ael7] 25 37149 AR}t Qlrhs ook
ae, o) Aut Baw FArE Agsel Fuh,

LMX2326 34 dA71E Y3 &4+ A A2 Function Latch®} R

CounterE AA3sl7] fgt ARE Q7ista, 5 HAIZ N Counterd A A S},
Fak A7) &9 Fa54E AR Yok Ao oo @t
f_=(PxB)+A)xf_/R (4-7)
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o714, f_+= VCO9 &% 534, B= N Counter?] 18-Bit slAl 13-Bit
Programmable counter(3<B<8191), A== N Counter? 18-Bit FolA X
5-Bit Swallow counter(0O<A<31;A<B), f_+= 9% &3 F34, RS 14-Bit
Programmable reference counter(3 to 16383), P+= Prescaler(32)¢]t}.

<Y 4-9>e F3%5 G B4 FAES JeAdh

<1 49 FoE B9 BH TR

<Fig. 4-9> The operational diagram of frequency synthesizer

e

gkek gt 7] o] 7HZ(Af )o] 20kHzolx, 71 Fuk=( f, )7} 19.68MHz ¢ F

o
r
ek

719l ZHEF94E 2110MHz2 AA3aix g w) R Counter, N
Counter+= T3 o] At
R Counter = f, /Af = 19.68MHz / 20KHz = 984 = (1111011000)5

N Counter = (P x B) + A = 2110MHz / 20KHz = 105500
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N Counters= 13-Bit Programmable counter(B)&} 5-Bit Swallow(A)= ¥ o]
ROeBZ TA] L] AlLked

B =N/P=105500/32= 3296 = (110011100000),

A=N- (BxP)=105500- (3296 x 32) =28 =(11100),

A9 BE 7] 2H(0=A<3L;A<B, 3=B<819D W= & & + glon,
271 ;=3 g HlolHE <19 4-10>9F &2 A4 dHoly 2o yao] PLL
= 2dsHA Ak

214 dloly @24 FolA Cl, C2& Ao v|Eo|H, Z} "oy 9 A& AH
ghoh <3E 4-2>% Alo] HES] dHolH $1X& YERASITH

|
v
[ |
|

[ L] <—I

el ———— | —>l— >

(a) R counter A& dlolg &4

(a) R Counter Serial Data Format

@
<
w0
@

-0 |+ @
[—

CINJN|N[N|N[N]JN[N]N|IN[N|N[N]N[N]N|INIININ
2 2 (3145|6789 ([10]1112[13|14[15]16 |17 ] 18] 19

H—Ebk— Divide ratio of the Programmable N divide — »
Control bits=[1,0] GO Bit

(b) N counter 21& dHo|E 32

(b) N Counter Serial Data Format
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c|c|F|F|F|F|F|F|F|IF|F|F|F|F|F|F|F|F]|F]|F
1 2 1 2 3 4 5 6 7 8 9 (1011121314 ]|15[16 |17 ] 18
E}orjtro | | Test Modes
bits L Fo/LD t FastLock Modes Timeout Counter f
Power Down CP TRI-STATE Power Down Mode
Counter Reset Phase Detector Polarity

(c) Function latch 2& djo]g &2

(c) Function Latch Serial Data Format

<19 4-10> LMX23262] Serial Data Format
<Fig. 4-10> The serial Data Format of LMX2326

<E 4-2>°41¢} o] R Counterd 7. 2-Bite] Alo] HIE(CI, C2)& REF
“0” 7} ¥tk N Counterd 7-9- 2-Bite] #lo] HIE= Cl=1, C2=0 ©] =H,
27182 g Ao HIEs= BF Y 17 o] "

<Y 4-11>e Al dlelee] g gelw E8 e

o

<3 4-2> Control Bit$%] Data location

<Table 4-2> The data location of conrol bit

Control Data Location
C1 C2
0 0 R Counter
1 0 N Counter
0 1 Function Latch
1 1 Initialization
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- I JLiﬂfr
o

N ] i
AF JAF AR L

<719 4-11> LMX23262] Serial Data Input Timing
<Fig. 4-11> The serial Data Input Timing of LMX2326

<19 4-12>% PLL 1, 25 =4Y3}7] $13F R Counter, N Counter, Clock,
Function Latch 59 38 2538 Aojr).

Tek Run: 200kS/s Sample
T

Ri1 100mv 500us 31 Jan 2004

14:31:39

(a) R Counter Data 25 33 (R Counter = (1111011000),)

(a) Real measurement of R counter Data
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Sample

T4V

M250Hs CRT

?@E*"':'”

ThZ

S00Ms

3V
100my

Tek Run: 200kS/s

(110111000100000000))

33 (N Counter

=
=

(b) N Counter Data 2!

(b) Real measurement of N counter Data

Sample

Telk Run: 200kS/s

[-F
I

n 2004

5.4V

M250ps Chl 7

gy

38 (F = (01000000001001001001),)

=
=

Al
=

(c) Function Latch

(c) Real measurement of function latch

(€]

Function Latch A5 3}

’

<71¥ 4-12> R Counter, N Counter, Clock

<Fig. 4-12> Real measurement of R Counter, N Counter, Clock and Function

Latch
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<® 4-13>7 <IW4-14>C A7) 2 PR AT AEs) o spA

otk

Attenuation[dB]

Vcontrol[V]

3.5 5 6.5 8 9.5
A
2 | SR
-

—e—2.08 GHz

A fom o AT —=—211 GHz - - |

——217 GHz

A —%—2.2 GHz

3

Jm

<29 4-18> F3E 7P 7] 9

<Fig. 4-13> The attenuation characteristics of the attenuator

Voltage[V]

<18 4-14> 7pAAHo 7] 9] £

<Fig. 4-14> The phase variation of variable phase shifter
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=3

2
iy

)

=

1
nl

4-3>¢} <9 4-15>2 T4 H A" AT A 7] w2 A/D #e] #7|

% A% 249 ARolr. < 4-3>9] Aol A5 ) A7k
Fi 8 AE Aghe) wale] wx gie] FHw HEHoR WIS
o1k,

<# 4-3> AHANE HE 543

FM

<Table 4-3> The detection characteristic table for input signal

JHEAN T Fub

A7) (dBn) | 2110MHz 2140Milz 2170Milz
0 0.16 V 0.16 V 0.16 V
-5 0.22V 0.22V 0.22V
-10 0.28 V 0.28 V 0.28'V
-15 0.34 V 0.34 V 0.34V
~20 0.40 V 0.40 V 0.40 V
=25 0.46 V 0.46 V 0.46 V
~30 0.52 V 0.52 V 0.52 V
-35 0.58 V 0.58 V 0.58 V
0.70
1 060
1 050

+ 040 [%

1o S
+ 020
+ 010
} } } } } } t 0.00

-40 -3 30 25 20 -15 -10 -5 0
AS MZ[(dBm)

m

<1 4-15> 4ENZ HE EA

<Fig. 4-15> Detecting characteristics of input signal
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A, ol e HPAE A8 AR7F 78 A2 CH ol HPAE AHEsH

Ho}. CH HPAE MZE A XA (Amplitude Linearity)e] =] v 7] ufjFof o]

o FA AT XEo| AHyE AeEx] s Aol AaXIvk[24],[25].
olFaol 7|E Wz AuwYAHoWZ(QPSK; Quadrature Phase Shift

Keying) 24, 93] BH BE AHHE ZFo| opd ¢4te] AeA drh. ¥
U, RF 19 %S WAL A2 g 317] 98 QPSK #ixd 259 o
%S 1.23MHz W= AFetAl =iz, oju 9 BAL Hellx dejgel o
FAE = ogle I Ao 2As] A oled @S Hdd wxs] 9l

e ZIAT Y EE] QPSK WA REEA] 180% 917 o 7F A &4

PEE A 2AE Al Hed, o8 L@ ¥R (0QPSK;

Ay B /A, Agge] Q5w Al&aEHoE HPAS A3 F1bolAnt
4t ES HPA Hd E9RY I8 52 94 Al 2"ls AAlstAY, A

3 18 5ol £& HPAE AAso] A8
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o] YA wHu A
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CDMA <A7]

(€]

AR Bt oy gaa FAH A

=1
=
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Al RO R

& 3| 2A = HPAS Hl%
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28| A LPA7} 2A 8= 712 H|Fo] ¢ =7] wjio] Al &% w2 A

- ml
[e)

=

o

AdE A8kl HPATHA S dAgshs Aol dubzolrt[28],
ditdom AFH TAV] A="HME= A Ex AR WS ARSE

ABH(AB+PD%)®] HPAE AR&3atH, 7|A=(BTS)S &2 159 A|Z=HolA

rr

LPA ¥ AB+PD¥S %3dato] AH&Eth AF HPAES CDMAO] A& o
= Ao =99 °F 10% A=wE AT o] AW, AB+PDE S of
20~50% A=, ZH-2= AL oF 80% HEo Abgo] HAHETH[29].
kA, A SEZ7]9 S, SA7ICl 2we] Eo] sk A £9 20W
°] HPAE Ab&stojoF &b, ojuf Av] A <F 100~150W7F o] <F

=], Ao tisk #EI HE7F ZHQselt) 2~3W AR we ZHo s
%)

ME ZY-EHE e A% B A WA Fe kA

<E 51> A3 AAFE/ ] ARG A% AP WA v

<Table 5-1> Comparison of the linearization method for manufacture of LPA

AEs B2 | Je-FHE A % o =+ = Wl o ST
! T |09 <
- W-CDMA W-CDMA
2R ¢ Fod 9 4 o0 9
e Al 2= H]
I M D °F -55 dBc °F -45 dBc
A3 A oF A = ST 9o N A= N = A
pl . A 7 RS
©c o ] ]' AT /\(E/I\l—/\g )1\1_}\6]
SR = SR 4
. e 9o
7} A al 7} 2 7}
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QHellL A
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Abstract

Radio frequency and microwave circuits have nonlinear electric
characteristics owing to being used the active device usually.

The eletric characteristics of the power amplifier can be distorted in the
gain and phase easily. Also, an intermodulation distortion is formed due to
the nonlinear characteristics of power amplifier near the saturation region
when more than two different carriers are input to circuit, which are used in
digital mobile communication and satellite communication of the multichannel.

Linear power amplifier needs to satisfy the standards of intermodulation
distortion in spite of specific output power, the changes of output power
level, operating voltage, external temperature and so on.

To be solved these problems, the Back-off, Feedback, Predistortion and
Feedforward methods have been developed to linearize the nonlinear
characteristics until now.

The controller for linearization of power amplifier is the core of the main
amplifier using Feedforward method and this let power amplifier maintain to
operate within the proposed time, fit to the specification of the circuit, have
the stability and reliability in the worst circumstances.

In the thesis, we designed and fabricated together with the error amplifier
and phase converter.

The phase converter has a very flat phase with in the 200 degree at



frequency range used. And matching circuit is added to minimize the change
of attenuation, it has a good charasteristics of below 0.09 dB when the phase
1s changed.

And also the error amplifier which is applied linearization technology used
the feedforward method in order to realized the linear power amplifier for 40
watt degree in the W-CDMA base station. And then, we confirm that it is
possible to realize excellent linear power amplifier from the measurement of
IMD characteristics which is shown good results.

So if they could be applied for the main power amplifier it could be helpful
to fabricate the linear power amplifier for the W-CDMA station. Also, in the
other fields of telecommunication such as digital mobile communication and

satellite communication.
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<E 3-2> MRF21125 E WX 2E o FQ AL
<Table 3-2> A chief characteristics of MRF21125 transistor

g = it A H5

=g J4 20W

a28(7n) 18%

s %7] °o15(Gpg) 13dB

32k AWz o= (IM3) -43dBc

ol Algd A2 (ACPR) -45dBc

Q1= ukAL= 21 (TRL) -12dB

AZE MRF21125 @9 ZZ 7= <19 3-7>3 7o) AZ= 9},
Bl s
Yen g m Wi Voo
L + - AR, + 4 4 e
= = = = ok - ;_;[ = = = = = == = = =
FF RF
MPUT CUTFUT
I i o} i} fir | e i) o I3 I
H_—T 13— —IZI—F%I—EI—CI—:
T [m[]

71 = 1.212"%0.082" mlo|mA2~EY 78 = 0.600"X%1.056" nlo]aAEZ~EH
72 = 0.236"%<0.082" mfo|mA21~EY 79 =0.179"%0.219" nlo]a 2 ~EH
73 = 0.086"x0.254" wjo]ma 2 AEY 710 = 0.100"%x0.336" mlo]|A 2 A~EH
74 = 0.357"X0.082" wjolmA2AEY, 711 = 0.534"%0.142" vlo]4A 2 A~EH
75 = 0.274"X1.030" wlolma2AEY, 712 = 0.089"x0.080" mlo]AZAEH
76 = 0.466" x<0.050" "ol 2AEY 713 = 0.620"x<0.080" mlo]|AZA~EH
77 = 0.051"%0.050" Alo|mA2~EY,

<19 3-7> MRF21125 ©¢] =%7] 32 %

<Fig. 3-7> MRF21125 unit amplifier circuit diagram
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<Fig. 3-8 ACPR, IM3, gain, drain efficiency versus output power
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Az @] $2719 &Y JdYdaE <E 3-3>3 o] yERR

<& 3-3> 99 SH719 57 dEE e
<Table 3-3> Equivalent Input/output impedance of a unit amplifier

f )| Zoge(AOIES 22t eE) | Zoy (2213 28tes)

2110 3.81-j6.86 1.56-j1.58
2140 4.33-j7.90 1.53-51.90
2170 4.84-78.46 1.48-72.26

Vop = 28V, Ipo = 1,600md, P, = 20W.

3.2.2 MRF21180 7]

MRF-21180 E#HA~E%E MRF21125 EW: A ~E ¢ SAUsA Fie CDMA

= 2,110Mk ~ 2,170MEe] =3 HYE A2 9

2

A= er AAE

ey, PCN-PCS A& 4 2 WLLY AAE 9sideE ABFLE AL&5
ojoF & Zlojtt}.

2-% CDMAZIZ ] o3l 7|E2ol EAS Auum <F 3-4>¢F #t} 2-E

Jm

Az f o] 21350, f,= 2.14507F AHEEIROM Vop ol 28V, Iyl 2X
850mA7}F A7 E Ak QY S 3.84Mp= AAse AFAGFAE A7 2 3

4 gEME Fel SysYon ARAY FEARE 7 f,9 /1F 4P
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<Table 3-4> A chief characteristics of MRF21180 transistor

3 = T H] 3L
=9 A9 38W
as(n) 22%
s %7] °o15(Gpg) 12.1dB
32k AWMz o= (IM3) -37.5dBe
ARG A9 (ACPR) ~41dBc
o = RFAFEA(IRL) -12dB

AZtE MRF21180 @] 75 <2¥ 3-10>3 o] A|zh= St

A2 I 2E T3 SAHEY F2 ATES AHHT vx MRF211255 F+ 7

S HHEE dds =2 A 2ol =9 38WolA =dd &8 oF 22%, IM3 of
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75, 76 =0.340">%0.065" vlo] AR A~E
79, 710=0.980"%0.035" mlo] IR AEH
713,714=0.770"<0.058" mlo] A2~ EH

72, 719=0.830">x0.112"

74, 717=1.700">x0.065"
77, 78 =0.455"><0.600"
711,712=0.510"><0.645"
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<71¥ 3-10> MRF21180 w9 =¥7] 3 =%
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<Fig. 3-10> MRF21180 unit amplifier circuit diagram
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3.2.3 MRF21125 €} MRF21180 o] cigh H]aL

A T1ed F FH7)) AANAM T FH7= Wil 2749 ERA
7F2 MRF21180¢] MRF21125¢] H]&l st=9¢o] AA oA H

AAHoRE fes EuE G5 B dh 950

2HE
=2 =94 ¢
Aow kst

E % X
] Wep = 3V, |y = 1700 mA
@ g | 1122135 Mz, = 2145 MH: =
354 WHz Ghanmd Basdwidth }'
Pamiieg, - 23 & @ Q01% Probablily {05 A
= 20 e -0
E‘E / =
=9
=15 e -85 5
g 'ECI sf/’l L 5
£ 10 g =1 - -0 =
=
o | m | AT g
L~
i 5s— A=A et -5
=
B o1 E -8

1 10

Fioge QUTPUT POVWER [WATTS Avgd W-COMA

<19 3-11> =9 d=Ho gisk ACPR, M3, ©o]5, =d¢ &8

<Fig. 3-11> ACPR, IM3, gain, drain efficiency versus output power

<E 35> 99 FE719] 571

e IR ISP

<Table 3-5> Equivalent Input/output impedance of a unit amplifier

f (M) | Zg,(AoES aa8te=) | Z ., (=3 a8tes)
2110 2.45-j2.08 2.65-j1.52
2140 2.39-j2.51 2.71-j1.80
2170 2.16-j3.14 2.64-j2.04

Vop = 28 Vydpg = 2 % 850m A, P, = 38 W
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ATTEMN 168dB AMKR -34.808dE

FEL 5B6.5dBm 18d B~ —1. BAMH=z

AME

—-1.88 Miz J

—=24 108 dB ‘

LA,
" [N
1 ]

CENTER 2. 13385B8GH=z SPAN 10. BBMH=z

¥REW Z38kHz UBW 38kH=z SWP 58. Bms

(a) MRF21125Z o]&3t H3yg=2%7|9 I\ND EA
(a) The characteristics of IMD in the balanced amplifier

using MRF21125

¥ATTEM Z2@dB AMKR —48.33dEB
RL 5@. @dBm 1@8d B~ —1. B25MH=z
Iy
&MKH
-1.

-4@]3

|

e
S\
| |

R
CENTER 2.148808GHz SPAN 5. B808MHz
#FEW 3BkHz UEW 3BkHz SWFP 58. Bms

(b) MRF21180= o]&3F Ha =279 D EA
(b) The characteristics of IMD in the balanced amplifier
using MRF21180
<719 3-13> 1 M ALE7A ] 2-E A s tlst D EA
<Fig. 3-13> IMD characteristic according to 2-tone signal with

1 Mz channel spacing
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3.3.1 AAY FZ7] A1

AdE SH7I2 AHEE AH-1

rlo
=3
g
o
)
ot
H
N
X
il
-
oX,
i,
rlr
'
rlo
v
o,

U (Dynamic) Mol SF712 AT vpolo]x Ho A vk A

dlo
ofl

.|>L
B

o P39 B4ol £Fwel glo} 471 L HAVI HgHIlel v o)A

ol

AH-1 ZZ7)+= g9 ZZ7)2 232 AZEQ7] o] 2AgAdo] &
GaAs(Gallium Arsenide) 2AS o83 wlo]|g 2 ¢olH Wig]2] 243

(MMIC; Microwave Monolithic Intergrated Circuit) 7]%S AFE3t1 =& %
Aol Q== 3ol A3sh mekA GSM, CDMA 2 W-CDMA<®}F #o] & A<
TSt = 9F ZpA Y A F5Ale H-8517] A 5tsit)

AH-1¢ F35 &8 HYS AuEd 250Mz ~ 30kze] Fuod EALS 71X a

(A

AaL 71BF AR the <GE 3-6>3 i

<3 3-6> AH-1 EWA=HE F8 ALY

<Table 3-6> A chief characteristics of AH-1 transistor

F 3 F 900 Mz 1,900 Mz | 2,140 M
S21 Magnitude 14.2dB 12.2dB 12.0dB
S11 Magnitude -21.0dB -14.0dB | -21.0dB
S22 Magni tude -14.0dB -13.0dB | -11.0dB
NF(Noise Figure) 2.2dB 2.9dB 2.9dB
=9 Pl 21.7dBm 22dBn 22dBn
=9 IP3 42dBm 41dBm 40dBm
o HukabEA 8dB 8dB 8dB
FE AL 15dB 15dB 15dB
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ettt o] XY= AF SFV|S F SF7] AACNA tholwAE
=]

wo) 7} gol Wl Fu How ALg

<E 3-7> AH-11 EWA| 2 <)

<Table 3-7> A chief characteristics of AH-11 transistor

T 3 F 600N 900Nz 1,900Mz | 2, 100MH
S21 Magnitude 10.7dB 12.2dB 11.2dB 10.6dB
S11 Magnitude -10.0dB -10.0dB | -13.5dB | -10.0dB
S22 Magnitude -12.7dB -18.2dB | -10.0dB | -10.0dB
NF(Noise Figure) 7.62dB 4.13dB 4.16dB 5.55dB
=9 P2 63dBm 65dBm 65dBm 63dBm
=9 IP3 42dBm 46dBm 44dBm 45dBm
- = - Parameters
ol 521 |
3 U -
LY
g . !E s11 ;"==E
E._.D y '\-..Fﬁv—"-q;:.__ﬂ" 1‘::’
= FAEHAY h
2 h \w.f "J'
=30 T
200 400 500 5000004200 1400 96001 300 2000 Z200 800
Frequency (RiHz]

<13 3-16> Al-11 E#A| ~E 9 S-W¥

<Fig. 3-16> A S—parameters of AH-11 transistor

A2 AH-119] 99 F37]= <29 3-17>3 2
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1,9 300mA7} 17bE 91k,

C = 55 pF
- SMT S0 Coupler
RFIN anee 113083

E

C=5EpF

[e)
s

C'Z.QPF; '”‘I:E
H-é-:nn'r\_‘

i:l_“' lT—I-_EE- pE

ERAT
L=12nH DOC +5W Anaren 113081

Aol =& GaAs MESFET 7]%o] A€so]
5S4 @8t AFAS AU T17],[18].
&2 A% 600ME ~ 2,100M thejolA tf

UFEbITE, wloloj 2 Mg Vol 5.0V,

30 Coupier =

a

R = 5] ahm

L=120H e

4 or more Wia

C = 55 pF

RFOUT

Growrids rag.
<29 3-17> AH-11 ©9] S$Z7] 3=2%
<Fig. 3-17> AH-11 unit amplifier circuit diagram

3.3.3 F3 5% 7] MRF21060

<3} 3-8 MRF21060 E#A]~E 9] T8 A%
<Table 3-8> A chief characteristics of MREF21060 transistor

B T 2 H] 31
=9 d9 6
=gl a&(7n) 15%
S%7] o]5(Gpg) 12.5dB
32 Az Wz o= (IM3) -30dBc
o = RFAFEA (IRL) -12dB
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18 3-19>, <19 3-20>90, 183 =g &8 &

| Az 23

“ =
71 = 0.743"%x0.080" vlo]ARA~EF, 72 = 0.070"x0.100" wlo]|m R ~EY
73 = 0.180"%0.100" wlo]AZAE | 74 = 0.152"%0.293" vlo]a B2 AEHY
75 = 0.216"%<0.100" vlo]ma 2 AE T, 76 = 0.114"<0.410" vlo|a 2 2~EH
77 = 0.626"%<0.872" vlo]AZX~E T, 78 = 1.050"<0.050" wlo]|a 2 1~EH
79 = 0.830"x<0.050" vlo|ARAE Y, Z10= 0.596" < 1.040" vlo]a 2 1~EHY
Z11= 0.186"x<0.315" vmlo]ma 2 A2E™ 712= 0.097"%<0.525" vwlo]a 2 ~EHY
713= 0.353"%0.138" mlo]aA 2 X~EF 714= 0.112"<0.080" wlo|a 2 1~EH

715= 0.722"<0.080" wlo]|ARZ~EH,

<19 3-18> MRF21060 T =%7] 3=%

<Fig. 3-18> MRF21060 unit amplifier circuit diagram
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---o-- Measured $21 —a—=Siitiated S21
---8---Measured S11 —*—Simulated S11
3 | | | =20

2.06 2.1 2.14 217 2.22
Frequency (GHz)

<18 3-19> MRF21060<] S 3}2}v] &

<Fig. 3-19> S-Parameter of MRF21060

---8---Measured
—a— Simulated

IMD3 (dBc)

Output Power (dBm)

<71¥ 3-20> MRF21060¢] IMD3
<Fig. 3-20> IMD3 of MRF21060
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<719 3-21> &9 dHo] sk ACPR, IM3, ©o]5, =d< &8

<Fig. 3-21> ACPR, IM3, gain, drain efficiency versus output power

3.3.4 ¥ FF7] - NRF21125

o] 2= FuAE ZE7] MRF211809¢] #AAHS F3F3st7] Y3t =112
Z3R2A I 2 AL <Y 3-22>0 EAEE I EAY SAHAE <Y 3-

23>, <Z1¥ 3-24>°] Xt}

3.4 2 FE7]

eaF 5719 FE2e <ad 3-25>0 mAEgig. £ S%7]e] AudH ¢
A s ARz EE AT AR SR AYs T A2

53



L
1

% FEFY) YN AR FEFL dof soe FudY F37)¢ 5§

=
2o] & MRF211255 AH-&3}Sth.

m rt, L Cl.
7] Ves 10 ohmT 1 uF
8 P W\

A3, 22 uF
1.2 Kohm

L
L)
o

ARl o
o5, L ce, L or L os I© 8 o
12 DFT ToF T 0.1 uF T 22 uF’T‘

z

—_—

R4,
2.2 Kohm

Output

<71¥ 3-22> MRF21125%] %3] =

<Fig. 3-22> Amplifier of MRF21125
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<Fig. 3-23> S—-parameter of MRF21125
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<Fig. 3-24> IMD3 of MRF21125
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<Fig. 3-25> Diagram of error amplifier
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5 ZAH(AGC; Automatic Gain Control) A|2® = wx& Z22Z7](High
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A F= AR mAG e A7|7AA] Aol = dvks FAel A
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<Fig. 3-26> Bridge-T type attenuator

-26> Bridge-T%

<19 3

o]

B

(3-2)

Rl = Z, 10520 _ 1)

(3-3)

Zy

IDLIIrZU _ 1

2=

57
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V1 {(23E)

C1 D1 C2
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V2 (oY) o

<719 3-27> Bridge-T8 7+37] 3 =2%

<Fig. 3-27> The circuit diagram of Bridge-T type attenuator
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<TI¥ 3-29> 9% el

<Fig. 3-29> Phase Shift

<71¥ 3-30> 71 A4 $4FH ol 7]
<Fig. 3-30> Mechanical type phase shifter
2 Zo|E wity: dde] Wyle ¥ <3-31>9 YeEhiAY. 4
o]7} T2 B 4o AEANRE wjXdla, A9AE ARE uEd AE A2

<
e wlE 7 Qe wWow 2l Alset aEy AaE Aol
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<Fig. 3-31> A phase shifter using the alteration of lines
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<71% 3-32> Loaded Lined,

Hybrid Coupled type

Load Line type

<Fig. 3-32> Loaded Line type & hybrid coupled type phase shifters
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Short Stub

Open Stub

<Fig. 3-33> The phase shifters with a variable device
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A71E o] &3k WAty = o Qb 2dvbel s mlEE tho]ez o] Ui
A2~ WEFS o] &3 A Wsky|olth. ¢ WIS A EYolAd A
I 2,110k ~ 2170k oA £JF Ql7bdde] OV ~ 12V7hXA] st w), <F

60°9) MHeNA 1ol MFH o WAFS ¢ 5 AUeh o] W Fhahe A

rO

<T1H 3-34> 7RSI Hel7]e] R

<Fig 3-34> The circuit diagram of a variable phase shifter
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Me-E9E AYAY FE/E A9 FI A49 FHE fAHES A
!

s}715 A|ojsfoF gt W-CDMA A1

<IH 4-1> AY AFSET V2 AR

<Fig. 4-1> Basic diagram of linear power amplifier
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CPU_27} FX AojE H33= CPU_19 AHlS A sk, Zhzhe] CPUS A

HE slube] 20 LE(Port)® &2~E(Host)oll 98 A7} 7}ssfc), watk

of
o
o

A3 Aoj7|= Tead Gx BEZ 93 FEZ
2
h

ol\

7]+ LPA Main Block(5 53%7]), Error Block(2.=}
ZF2Z7)), A4 HAE7], A3t Aoy FAAEY. LPA Main Blocks W-

CDMA 48 ddZE7)e] 7| 2202 s RF AEE Hade o3

LPA Main Block A7l 3 HA APs} T8 + wix) A3} F2=2 3
o] 7bs3atH, 772 RE 2ls(d 948 2%)o AA 7153 <@ 23,
IMD 2ls)2lss AAE 7es 7K F SFHFHMAU; Main Amplifier

Fxol 913 715 Aojstr] $1g 7i
H71eh 7PAI ST 7 A Hof QA exF FFH(CAU; Correction
Amplifier Unit) Ak Folle F WAl A3t £ 943 715 Aolstr] 9
s ZpAzEA 7)o TP v A Ho ) Zhzhe] M st Rxedl= A
g3} T3 A AFHS AAF7] HE A AHM=

A9 AZ=7](Detector)™= LPA Main Block? &2 e] 2 494 21359 9%

g AE AY] R AL S A7) S S5 A sds Aed

N
%
jz,
e

o A= AE7]% LPA Main Block®] A ®HA A= E8]7|(DIVDZ5H =5

= Aae A Aori=EE PLLY A4 34 ARE A7l & T PLL
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4) &3 12 bits o], YHANZHE7E 0 ~ 12 VI D/A #gr] 47] o4
kg

5) A Aol Aae]F9 1 Cycle A&EE A4 20 msec.

6) HA AojA kA 428 AZFE A 50 Cycle oW,

7) 2100 ~ 2180MHz T35 ¥ 919 PLL 271& &A1 7% 7Fs dlloF .

uebA, APdE SH7IE 98 Zask At Aoyl AAll oA Al

CPU, = nlo]a 2 ZEZ=Z¢(Micro controller)s AtmelAle] ATMEGA163S A
a9t}

ATMEGA163<S 16K Bytes® X213 753 Z#4 dHX2g(Flash
memory)E e, 1A% AMY 8-Bit wio]aE AEZHo|H o]z F4
7% R APFS ofEf e} ok

1) RISC Architecture

(1) 32 x 8 GPWR
(2) 16MIPS @ 16MHz
(3) 2 cycle Multiplier
2) Nonvolatile Program and Data Memories
(1) 16 K Bytes Self-Programmable Flash
(2) 512 Bytes EEPROM
(3) 1K Byte W45 SRAM
(4) 2ZE9 o] HMS 93 Programming Lock

3) JTAGUEEE std. 1149.1 Compliant) Interface
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<713 4-2> ATMEGA1639] W% FAH %=

<Fig. 4-2> Internal block diagram of ATMEGA163



4) B4 7%
(1) Two 8 Bit Timer/Counters
(2) One 16 Bit Timer/Counter
(3) RTC
(4) Four PWM Channels
(5) 8 Channel, 10 Bit ADC
(6) Two wire Serial Interface
(7) Serial USART
(8) Master/Slave SPI Serial Interface

5) 32 Programmable I/O Lines
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— | — |
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(o] [ [ ] [—]
I | R
— ]
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<+ I < I <
I <>

<% 4-3> A3} Aojr|e 7E FAHE

<Fig. 4-3> Basic diagram of controller for linearization
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<Fig. 4-4> System diagram
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At Aojr)e]l F 7es Adstr] A Ut Vs

1) CPU reset 715 (push H&).

2) CPUZ} A43] st oS ¥A(Green LED).

3) Ale}7lel Aol I7FE AL 55 FA(Green LED).

4) A3}t Alojrle Zad dd A 75,

5)A/D 75+ AE AE7]9] =9<&

6) D/A 7|5 + A¥3t FZE Ao&

7) Mux 7]s @ WIS HEo] dastA &L A9 A=719 =4((DET1 out,
DET4_out, DET5_out) A¥ ez A4sl7] 913 S

8) && WP Ay AETVIAA EHste AFSE7e] dH AR

9) (In_over_pwr_alarm, Out_over_pwr_alarm % VSWR alarm)& 4.

10) Fak= A7) Alo] + A Ad=7] Wiidl flAsts FardA 7Y F3
F A4S 98- HR3 data, clock® enable 21 & A& 7]%F.

1) =912 Aol @ A8 AE7] el fIAst= 294 Ao 7.

12) W= 7] @ Alojr]e]l Bad Tragst dojE A% Vs,

13) &4l EERS-232) Alo7]ek Alof7]el] Bog 2RIE down 29 3}
A Alel71e] 2 FHE 2y

14) B4 XE([RS-485) : o TrEe] BAS 98 9 AT,

ARzt Aojrle] dlex 9 HAEH9 Ire

1-?_
<a¥ 4-5>% AA AE AP Aojrlolt. 2 Aor]= 4T 7|HOE A

i)
o
ol
20
N
do
=
-
i
2
ol

ZrEom Aoyl AA =Z7]E 80 x 105 mm ©]th.
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<2001 08>

<H 4-5> AA| A= A3t Aol 7]

<Fig. 4-5> Actually fabricated PCB of controller for linearization

<I¥ 4-6>2 A3} Alo)7] o] daglFel e FRFAEG. e

27 AAANTE AL AR FRP Fose /e

)
=
i)
c
k@)
~
)
o
z
=}

converter) B APAY FE7|9 &9 3y HES A% HE 1, 14 99

76



PLL R Counter ¥
F Latch &3

<

NE 58 AE
MODE &%
Y Y
(?Ar:g gg%“@gg CDMA Mode CW Mode
®

A

PLL N Counter &8

Y

PLL Locking

»

>

A

Att1, Phasel &3

A

Att2, Phase2 & &

(a) CPU_1 TR ZELAE

(a) The flowchart of CPU_1" s program
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Rz
(CODMA / CW)
<o
Yes [*
Yes
KE 0|88t == H & 2 PLLT Locking K &t

Y

Sig_mon level &2 =(sigout)

|

sigout > & & gt?

Band 7 &

|

PLL N Counter &3

* Band T
1) CDMA ¥ 7% : low_band(k<=3), mid_band(k>3) & (k<=7), high_band(k>7)

2) CW o - :low_band(k<=33), mid_band(k>33) & (k<=66),high_band(k>66)

(b) CPU_1¢] CDMA/CW Mode & =-$-AE
(b) The flowchart of CPU_1" s CDMA/CW mode
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(¢) CPU2 TR ZREAJE
(¢) The flowchart of CPU_2" s program
<19 4-6> AW Aoj7]e] Ao} el Eol G TegAE
<Fig. 4-6> The flowchart concerning to control algorism of linearization

controller
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<71% 4-7> Band-ID 3% 7|+

<Fig. 4-7> The reference to divide Band-ID

<A™ 4-7>% 4l
o YR

<9 4-6>9] (ol d=Ea s FFE TRt T N5 4

o] F3 di9g e FREFTE= Band-ID £ 7ol dish

}01'

X a3o] APFErT}E One Pilot Moded| A+ Middle Band® A4 %o} v}z

m>«

o

=, CDMAY CW A59) 5oz <8 4-6> (b)o} o] 3w o] 24749
MODE®| A ¢] Band& 3t PLLY F345 Asoz 7AX|ste 7] AlZl
o}oofe A(4-1) (4-2)= CDMA A3 CW Al3oA¢ PLL Fu<¢

Mg AYs) A% Aol

s

CDMA 213 9]

o] 79 : PLL_Freq=(211252+8538+kx50)xe"  (4-1)
74 1 PLL_Freq=(2110+8538+(k+1)x 06)xe*  (4-2)

9/]

fol

CW 4l

B A AT kg WstAIZIH PLLY Fa7t A2k S7tskAl |d 5

S5l 7t 744

rlo

CDMA 21&°] 79 5MHzola, CW Azl ¢ 0.6MHz



a7

AZAZ7F A" Fh o] de

[e)

=

L, 29 A7HA = 7HAA =M o #h=

SR IR ©]

<3 4-1> Band_ID®l| w& PLL 34 A A

2A k #s

73<5- PLL9|

#AHoz ZANY W 4EE 9
Fhprh A

A AL <19 4-7>¢F o] Band TES

)

™, o] o

YA
ar

3174 @t} o] Band-ID= 7+z)

HITA o E A(4-3), (4-4), (4-5)

(4-6)° A-&3te] PLLY HE T35 AASIA €} ofgi= PLL 1, 29
e A8 Aot
PLL_1_low=(2110+20x(Band _id +1) - 24+ Pilot_Offset)/2)) x €&’ (4-3)
PLL 1 high=(2110+20x(Band _id +1) + (24+ Pilot _Offset)/2))xe*  (4-4)
PLL_ 2 low=PLL_1_low+8538x¢° (4-5)
PLL_2_ high=PLL _1_high+8538x¢€° (4-6)
A7 A ES AE89 Band DO W& PLL F3+E5 o] ofgf <i
>3 Zo] Fa¢ 49& Ut

<Table 4-1> The setup table of PLL frequency depending on Band_ID

Band
T35~ (MHz)
Low Band Mid Band High Band
PLL1 Low F3}5¢ 2110.00 2130.00 2150.00
PLL1 High 34 2150.00 2170.00 2180.00
PLL2 Low 3} 2195.38 2215.38 2235.38
PLL2 High F3} 2235.38 2255.38 2265.38
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4.2 HBE7NFZ 43

A8t A7l AE AE7] el Ak T3 F471Y FI5E A
&7 F>(PLL; Phase Locked Loop)ell W3l Data, Clock, Enable Al
& dEete] 54 Fa4E AAPSIES gtk Dual CPU FelA CPU_Lo] o]

<
ogete dodan Jdon, Fu4 A 7|2 National SemiconductorAhS]

LMX2326<
<18 4-8>3} o] 14-Bit R Counter, 18-Bit N Counter, 18-Bit Function
Latch, 21-Bit Data Register L#]a 32/33 ¥ 7}53% Dual Modulus

PrescalerES W3l gt}

o
- —
;:;l_’= % —— - o,
I, —— E—— i I

<713 4-8> [MX2326 PLL Frequency Synthesizer T4 %=

<Fig. 4-8> The diagram of LMX2326 PLL Frequency Synthesizer

2 A2"S 9% PLLY #7]d 5L T3 HE7F 2100MHz ~



99260MHz, =3 o] 0 dBm, =32 A4 w7} 5kiz o|th, @& 7AZ7]o AL

T TEHETGMAUH o FFHFHCAUS RF 2lss fHEFstal 1 AF% 25
FEE A3 A7)k AFstd AFS AAE T 5 AEF FH AFTA
o3k gtk

wEbA, A8 AE7]= RE 459 HAES 98 3d8 255 AAdste] 1 2l

35 MAU % CAU°| 7FskAl EH, RF 84150 i8] A3 FxuUeo 1

1) Frequency Range : 2110 ~ 2170MHz

2) Input : -5 dBm max.

3) Output(DC) : 0 ~ 5V

4) Dynamic Range : 30 dB ©]4

5) BPF(3 dB Bandwidth) * 1.26MHz @ fc=85.38MHz

PLLS 293l7] 98iAE @5t Ael7] 25 37149 AR}t Qlrhs ook
ae, o) Aut Baw FArE Agsel Fuh,

LMX2326 34 dA71E Y3 &4+ A A2 Function Latch®} R

CounterE AA3sl7] fgt ARE Q7ista, 5 HAIZ N Counterd A A S},
Fak A7) &9 Fa54E AR Yok Ao oo @t
f_=(PxB)+A)xf_/R (4-7)
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o714, f_+= VCO9 &% 534, B= N Counter?] 18-Bit slAl 13-Bit
Programmable counter(3<B<8191), A== N Counter? 18-Bit FolA X
5-Bit Swallow counter(0O<A<31;A<B), f_+= 9% &3 F34, RS 14-Bit
Programmable reference counter(3 to 16383), P+= Prescaler(32)¢]t}.

<Y 4-9>e F3%5 G B4 FAES JeAdh

<1 49 FoE B9 BH TR

<Fig. 4-9> The operational diagram of frequency synthesizer

e

gkek gt 7] o] 7HZ(Af )o] 20kHzolx, 71 Fuk=( f, )7} 19.68MHz ¢ F

o
r
ek

719l ZHEF94E 2110MHz2 AA3aix g w) R Counter, N
Counter+= T3 o] At
R Counter = f, /Af = 19.68MHz / 20KHz = 984 = (1111011000)5

N Counter = (P x B) + A = 2110MHz / 20KHz = 105500
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N Counters= 13-Bit Programmable counter(B)&} 5-Bit Swallow(A)= ¥ o]
ROeBZ TA] L] AlLked

B =N/P=105500/32= 3296 = (110011100000),

A=N- (BxP)=105500- (3296 x 32) =28 =(11100),

A9 BE 7] 2H(0=A<3L;A<B, 3=B<819D W= & & + glon,
271 ;=3 g HlolHE <19 4-10>9F &2 A4 dHoly 2o yao] PLL
= 2dsHA Ak

214 dloly @24 FolA Cl, C2& Ao v|Eo|H, Z} "oy 9 A& AH
ghoh <3E 4-2>% Alo] HES] dHolH $1X& YERASITH

|
v
[ |
|

[ L] <—I

el ———— | —>l— >

(a) R counter A& dlolg &4

(a) R Counter Serial Data Format

@
<
w0
@

-0 |+ @
[—

CINJN|N[N|N[N]JN[N]N|IN[N|N[N]N[N]N|INIININ
2 2 (3145|6789 ([10]1112[13|14[15]16 |17 ] 18] 19

H—Ebk— Divide ratio of the Programmable N divide — »
Control bits=[1,0] GO Bit

(b) N counter 21& dHo|E 32

(b) N Counter Serial Data Format
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c|c|F|F|F|F|F|F|F|IF|F|F|F|F|F|F|F|F]|F]|F
1 2 1 2 3 4 5 6 7 8 9 (1011121314 ]|15[16 |17 ] 18
E}orjtro | | Test Modes
bits L Fo/LD t FastLock Modes Timeout Counter f
Power Down CP TRI-STATE Power Down Mode
Counter Reset Phase Detector Polarity

(c) Function latch 2& djo]g &2

(c) Function Latch Serial Data Format

<19 4-10> LMX23262] Serial Data Format
<Fig. 4-10> The serial Data Format of LMX2326

<E 4-2>°41¢} o] R Counterd 7. 2-Bite] Alo] HIE(CI, C2)& REF
“0” 7} ¥tk N Counterd 7-9- 2-Bite] #lo] HIE= Cl=1, C2=0 ©] =H,
27182 g Ao HIEs= BF Y 17 o] "

<Y 4-11>e Al dlelee] g gelw E8 e

o

<3 4-2> Control Bit$%] Data location

<Table 4-2> The data location of conrol bit

Control Data Location
C1 C2
0 0 R Counter
1 0 N Counter
0 1 Function Latch
1 1 Initialization
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- I JLiﬂfr
o

N ] i
AF JAF AR L

<719 4-11> LMX23262] Serial Data Input Timing
<Fig. 4-11> The serial Data Input Timing of LMX2326

<19 4-12>% PLL 1, 25 =4Y3}7] $13F R Counter, N Counter, Clock,
Function Latch 59 38 2538 Aojr).

Tek Run: 200kS/s Sample
T

Ri1 100mv 500us 31 Jan 2004

14:31:39

(a) R Counter Data 25 33 (R Counter = (1111011000),)

(a) Real measurement of R counter Data

87



Sample

T4V

M250Hs CRT

?@E*"':'”

ThZ

S00Ms

3V
100my

Tek Run: 200kS/s

(110111000100000000))

33 (N Counter

=
=

(b) N Counter Data 2!

(b) Real measurement of N counter Data

Sample

Telk Run: 200kS/s

[-F
I

n 2004

5.4V

M250ps Chl 7

gy

38 (F = (01000000001001001001),)

=
=

Al
=

(c) Function Latch

(c) Real measurement of function latch

(€]

Function Latch A5 3}

’

<71¥ 4-12> R Counter, N Counter, Clock

<Fig. 4-12> Real measurement of R Counter, N Counter, Clock and Function

Latch
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<® 4-13>7 <IW4-14>C A7) 2 PR AT AEs) o spA

otk

Attenuation[dB]

Vcontrol[V]

3.5 5 6.5 8 9.5
A
2 | SR
-

—e—2.08 GHz

A fom o AT —=—211 GHz - - |

——217 GHz

A —%—2.2 GHz

3

Jm

<29 4-18> F3E 7P 7] 9

<Fig. 4-13> The attenuation characteristics of the attenuator

Voltage[V]

<18 4-14> 7pAAHo 7] 9] £

<Fig. 4-14> The phase variation of variable phase shifter
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nl

4-3>¢} <9 4-15>2 T4 H A" AT A 7] w2 A/D #e] #7|

% A% 249 ARolr. < 4-3>9] Aol A5 ) A7k
Fi 8 AE Aghe) wale] wx gie] FHw HEHoR WIS
o1k,

<# 4-3> AHANE HE 543

FM

<Table 4-3> The detection characteristic table for input signal

JHEAN T Fub

A7) (dBn) | 2110MHz 2140Milz 2170Milz
0 0.16 V 0.16 V 0.16 V
-5 0.22V 0.22V 0.22V
-10 0.28 V 0.28 V 0.28'V
-15 0.34 V 0.34 V 0.34V
~20 0.40 V 0.40 V 0.40 V
=25 0.46 V 0.46 V 0.46 V
~30 0.52 V 0.52 V 0.52 V
-35 0.58 V 0.58 V 0.58 V
0.70
1 060
1 050

+ 040 [%

1o S
+ 020
+ 010
} } } } } } t 0.00

-40 -3 30 25 20 -15 -10 -5 0
AS MZ[(dBm)

m

<1 4-15> 4ENZ HE EA

<Fig. 4-15> Detecting characteristics of input signal
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A, ol e HPAE A8 AR7F 78 A2 CH ol HPAE AHEsH

Ho}. CH HPAE MZE A XA (Amplitude Linearity)e] =] v 7] ufjFof o]

o FA AT XEo| AHyE AeEx] s Aol AaXIvk[24],[25].
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- ml
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=

o

AdE A8kl HPATHA S dAgshs Aol dubzolrt[28],
ditdom AFH TAV] A="HME= A Ex AR WS ARSE

ABH(AB+PD%)®] HPAE AR&3atH, 7|A=(BTS)S &2 159 A|Z=HolA

rr

LPA ¥ AB+PD¥S %3dato] AH&Eth AF HPAES CDMAO] A& o
= Ao =99 °F 10% A=wE AT o] AW, AB+PDE S of
20~50% A=, ZH-2= AL oF 80% HEo Abgo] HAHETH[29].
kA, A SEZ7]9 S, SA7ICl 2we] Eo] sk A £9 20W
°] HPAE Ab&stojoF &b, ojuf Av] A <F 100~150W7F o] <F

=], Ao tisk #EI HE7F ZHQselt) 2~3W AR we ZHo s
%)

ME ZY-EHE e A% B A WA Fe kA

<E 51> A3 AAFE/ ] ARG A% AP WA v

<Table 5-1> Comparison of the linearization method for manufacture of LPA
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<Fig. 5-1> The real diagram for linear power amplifier
5.5 &A ZAA9 74

SE719 MILE A Y& B =M= 2-E(Two tone)S ©]&3h
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<19 52> ZA T

<Fig. 5-2> The configuration of measurement equipment
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<Fig. 5-3> The IMD characteristics of main power amplifier
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<Fig. 54> The spectrum characteristics of detection port of error
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