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ÈCG

H

1D1$0=9

#

!

0&3-+17YU7Y:K2F88

c

4DTT:K:GODC8+D

H

BCN4:8OC2K:

I

F:G;

c

+

c

GOE:MDJ:KT7K

+

TD8O:K;7GMDMODG

H

7TK:MDMO7KJ

!

CGL;C

X

C;DO7KMC

#

!

C

!

95E:C;ODV:877

X

TD8O:K;7GMFB:MCLLDOD7GC8

X

7Y:K

!

M7C

X

CMMDV:877

X

TD8O:KDMCL7

X

O:LDGOEDM

L:MD

H

G9

*)*

!

Q50

R

B021

E

<>J><05

2D

H

FK:@ME7YMOE:MOKF;OFK:7TOE:TK:

I

F:G;

c

LDVDL:K

!

YED;E;7GMDMOM7TC k>

)

?

X

K:M;C8:K

!

C

TDP:LNKCOD7;7FGO:KU

!

CGLC

X

K7

H

KCBBCW8:MYC8N

87Y;7FGO:K+95E:CL7

X

OD7G7TCL

c

GCBD;LDVDL:K

K:LF;:MOE:

X

7Y:K;7GMFB

X

OD7G 7TOE:

X

ECM:N

87;e:L877

X

'

#>

(

95E:*N5+U&k!

)

=LDVDL:KCGLk!

5+U&DG/:T9

'

#>

(

CK:CL7

X

O:L95E:;FKK:GO;7GN

MFB

X

OD7G7TOE: k>

)

?LDVDL:KDMCW7FO#Q%"B0

YDOEC#9>6V78OC

H

:MF

XX

8

c

W

c

MDBF8COD7G95E:LDN

VDL:KB7LF8FM7TOE:MYC887YLDVDL:KDMTK7BSO7

#!

!

CGLOE:LDVDMD7GKCOD77TOE:O7OC8TK:

I

F:G;

c

LDVDL:KDMTK7B##%O7#!S95E:22DMCM

c

G;EK7GDJN

:KO7K:LF;:OE:C;;FBF8CO:L

Z

DOO:K7TOE:LDVDL:K9

2D

H

Q@

!

+OKF;OFK:7TOE:TK:

I

F:G;

c

LDVDL:K

5E:LDC

H

KCB7TOE:

X

F8M:NMYC887YLDVDL:KDM

ME7YGDG2D

H

9%9(G7KL:KO7K:LF;:OE:

X

7Y:KLDMN

MD

X

COD7G7TOE:LDVDL:K

!

OE:B:OE7LDG/:T9

'

!$

(

DM

CL7

X

O:LO77BDOOE:MYC887YLDVDL:K95E:MOCO:7T

OE:TDP:LNKCOD7 LDVDL:K

"

U LDVDL:K

$

DML:O:;O:L9

gE:GDOMMOCO:K:C;E:MOE:M:OVC8F:+

2

#lS

-!

OE:

>

)

?LDVDL:KLDVDL:KCOD7;ECG

H

:M95EFM

!

OE:MYC8N

87YLDVDL:KDM:8DBDGCO:LO7K:LF;:OE:

X

7Y:K;7GN

2D

H

Q%

!

+OKF;OFK:7TOE:

X

F8M:NMYC887YLDVDL:K

MFB

X

OD7G95E:8CMOOY7;7FGO:KM7TOE:TDP:LNKCOD7

LDVDL:KCK:K:C8DJ:LYDOECM

c

G;EK7G7FMLDVDL:KO7

DB

X

K7V:OE:M

X

::L

X

:KT7KBCG;:9

+

!

!>OBA;3>62508BA38

5E:

X

ECM:N87;e:L877

X

DMMDBF8CO:L YDOEC

$Q#>

#

B#U%3 &3-+

X

K7;:MM95E:8C

c

7FO7TOE:

U11DMME7YGDG2D

H

9"95E:CK:C7TOE:U11DMCN

W7FO!Q#BB]!QSBB90M;CGW:M::G

!

OE:CK:C7T

OE:O:MO;DK;FDODMB7K:OECGC

I

FCKO:K7TOE:O7OC8

CK:C9

2D

H

Q"

!

1C

c

7FO7TOE:

X

ECM:N87;e:L877

X

5E:OFGDG

H

KCG

H

:7TOE:6&-YDOESNWDOLD

H

N

DOC8;7GOK78DMME7YGDG2D

H

Q>95E:OFGDG

H

KCG

H

:DM

TK7B!Q!O7!Q%@R'J

!

;7V:KDG

H

S@$3'J92

6&-

DM

CW7FO=$3'J

)

695E:

X

ECM:G7DM:7TOE:6&-CO

!QS#@R'JK:C;E:M #̂#?L<;

)

'JCO#3'JTK:N

I

F:G;

c

7TTM:OTK7BOE:;CKKD:KOEK7F

H

EMDBF8CN

OD7G9

2D

H

Q>

!

5FGDG

H

KCG

H

:7T6&-

5E:M

X

:;OKFB7TOE:6&-7FO

X

FODM

X

87OO:LDG

2D

H

Q?T7KCLCOCKCO:7T#QS!3W

)

M95E:WCGLYDLOE

&#!"



半
!

导
!

体
!

学
!

报 第
!"

卷

7TOE:LD

H

DOC8RCFMMDCGTD8O:KDM$Q%3'J

!

CGLOE:

B7LF8COD7GDGL:PDM$Q@S95E:BCPDBFBLCOCKCO:

7TOE:B7LF8CO7KDM!3W

)

M9

2D

H

Q?

!

+DBF8CO:L/2M

X

:;OKFB

5E:;FKK:GO;7GMFB

X

OD7GM7TOE:6&-

!

k>

)

?

LDVDL:K

!

CGLLDTT:K:GODC8NO7NMDG

H

8:;7GV:KO:KCK:CN

W7FO!Q#S

!

#Q%"

!

CGL#B0

!

K:M

X

:;ODV:8

c

95E:O7OC8

;FKK:GO;7GMFB

X

OD7G7TOE:U11DMCW7FO%Q!B0

YDOEC#Q>6

X

7Y:KMF

XX

8

c

95E:O7OC8

X

7Y:K;7GN

MFB

X

OD7GDMCW7FO##Bg95E:7FO

X

FOWFTT:K

*

M;FKN

K:GO;7GMFB

X

OD7GDMCW7FOSB09

0

X

:KT7KBCG;:;7B

X

CKDM7G7TOE:U11L:N

MD

H

G:LE:K:O7OE7M:K:

X

7KO:LDGOE:8DO:KCOFK:DM

8DMO:LDG5CW8:#90M;CGW:M::G

!

OE:

X

ECM:G7DM:

X

:KT7KBCG;:DM;7B

X

CKCW8:O77OE:KL:MD

H

GM

!

CGL

OE:

X

7Y:K;7GMFB

X

OD7GDMV:K

c

87Y90TF88

c

LDTT:KN

:GODC8MOKF;OFK:DMCL7

X

O:LDGOE:L:MD

H

GO7DBN

X

K7V:DBBFGDO

c

O7OE:MFWMOKCO:CGL

X

7Y:KG7DM:

CGLO7L:;K:CM:OE:

X

7Y:K;7GMFB

X

OD7G;7B

X

CK:L

O7OE:L:VD;:ML:M;KDW:LDG/:TM9

'

!#

(

CGL

'

#>

(

9

17Y

X

7Y:KCGLDGM:GMDODVDO

c

O7G7DM: BCe:OEDM

U11 MFDOCW8: T7K

X

7KOCW8: CGL M

c

MO:BN7GN;ED

X

"

+-&

$

!

C

XX

8D;COD7GM9

5CW8:#

!

U:KT7KBCG;:;7B

X

CKDM7G7TOE:U11

/:T:K:G;: +OKF;OFK:

6

$

)

R'J

H

L;

)

Bg

3

!

#3'J

)"

L<;

)

'J

$

UK7;:MM

'

!#

(

+DG

H

8

c

OFG:L !9S #" #̂$S $Q!

#

B&3-+

)

+-(

'

#>

(

+DG

H

8

c

OFG:L @9$=@ #=9@ #̂#% $Q!@

#

B&3-+

'

@

(

2F88

c

LDTT9 #9S >S9$@ #̂!$ $Q=@

#

B&3-+

'

!!

(

2F88

c

LDTT9 #Q!"> #%Q=! #̂#? $Q@

#

B&3-+

5EDMY7Ke 2F88

c

LDTT9 !QS#@ ## #̂#? $Q#>

#

B&3-+

.

!

&621AB8>62

0R3+bB7LF8CO7K;7GMDMODG

H

7TCTF88

c

NLDTN

T:K:GODC887Y

X

7Y:K

-

,

0

TK:

I

F:G;

c

M

c

GOE:MDJ:K

YDOEC

X

K:N;7B

X

:GMCOD7GTD8O:KDM

X

K:M:GO:LDGOEDM

X

C

X

:K95E:OKCGMT:KTFG;OD7G7TOE:O

cX

:N

*

OEDKLN

7KL:K

X

ECM:N87;e:L877

X

DML:LF;:L95E:TC;OOECO

OE:;87M:LN877

X

OKCGMT:KTFG;OD7GDMM:GMDODV:O7OE:

877

XX

CKCB:O:KM7

;

X

!

C

#

!

C

!

!

J

!

CGL2

6&-

DM

X

7DGON

:L7FO93:OE7LMO7;C8DWKCO:7

;

X

!

C

#

!

C

!

CGLJ

!

CK:

DGOK7LF;:LO7DB

X

K7V:OE:LCOCKCO:7TOE:B7LFN

8CO7K90LDTT:K:GODC8OFG:L1&N6&-CGLCTF88

c

N

LDTT:K:GODC8;ECK

H

:

X

FB

X

CK:CL7

X

O:LDGOE:U11

L:MD

H

G95E:;DK;FDOMCK:MDBF8CO:LDGC$Q#>

#

B

#U%3 &3-+

X

K7;:MM95E:OFGDG

H

KCG

H

:7TOE:

6&-DMTK7B!Q!O7!Q%@R'J

!

CW7FO#>Q%_9gDOE

OE:L:MD

H

G:LU11

!

OE:LCOCKCO:7TOE:B7LF8CO7K

;CGK:C;E!3W

)

M95E:

X

7Y:K;7GMFB

X

OD7G7TOE:

O7OC8U11DM7G8

c

CW7FO##Bg95E:B7LF8CO7KDM

MFDOCW8:T7K

X

7KOCW8:CGL+-&C

XX

8D;COD7GMYDOE

87Y

X

7Y:KCGLTF88

c

LDTT:K:GODC8L:MD

H

G9

/0P0502108

'

#

(

!

'C

c

CMED'

!

)CeCOMF

H

CYC3

!

3FKC

H

F;ED39dFCMDN8DG:CKCBN

X

8DTD;COD7GFMDG

H

M:8T

X

ECM:LDMO7KOD7G;7B

X

:GMCOD7GO:;EN

GD

I

F:9(***5KCGM3D;K7Y5E:7K

c

5:;E

!

#??@

!

S=

#

!@@"

'

!

(

!

1DGJ0

!

':GLKD;eM7G09*TTD;D:GODB

X

8:B:GOCOD7G7TCG(Nd

R3+bB7LF8CO7K9(***5KCGM&DK;FDOM+

c

MO

+

#

0GC87

H

CGL

4D

H

DOC8+D

H

GC8UK7;:MMDG

H

!

#??%

!

S=

"

#

$#

#S

'

=

(

!

g7G

H

&+

!

3D8

X

DOCM90=6 R+3WCM:WCGLOKCGMBDOO:K9+

c

BN

X

7MDFB61+(;DK;FDOM

!

#??>

#

#!$

'

S

(

!

g7G

H

&+90=6 R+3WCM:WCGLOKCGMBDOO:K9(***,+78DLN

+OCO:&DK;FDOM

!

#???

!

=S

"

@

$#

"!@

'

@

(

!

+E:G

H

+

!

1

c

GG1

!

U:K7F8CM,

!

:OC89087YN

X

7Y:K&3-+

;ED

X

M:OT7KM

X

K:CLNM

X

:;OKFB;7BBFGD;COD7GM9UK7;(***(GO

+78DLN+OCO:&DK;FDOM&7GT

!

#??%

#

=S%

'

%

(

!

':DG:G+

!

<:

c

:K+

!

2:Ge,90=9$6!R'JOKCGMBDOO:K(&T7K

LD

H

DOC8KCLD7;7BBFGD;COD7GYDOEDGO:

H

KCO:L 6&-

*

M9UK7;

(***(GO+78DLN+OCO:&DK;FDOM&7GT

!

#??@

#

#@$

'

"

(

!

':DG:G+

!

'CL

Z

DJCLCb

!

3COO:K.

!

:OC890!Q"6!Q@R'JWDN

X

78CK;ED

X

M:OT7KLD

H

DOC8YDK:8:MM;7BBFGD;COD7G9UK7;(***

(GO+78DLN+OCO:&DK;FDOM&7GT

!

#??"

#

=$%

'

>

(

!

4C8

c

4

!

&CKFM7G:0&90+D

H

BCN4:8OCWCM:L7

X

:GN877

X

TK:N

I

F:G;

c

B7LF8CO7K9UK7;::LDG

H

M7TOE:(GO:KGCOD7GC8+

c

B

X

7MDN

FB7G&DK;FDOMCGL+

c

MO:BM

!

!$$=

!

#

#

(N?!?

'

?

(

!

2D8D78) 3

!

/D8:

c

50 4

!

U8:OO&

!

:OC890GC

H

D8:(+3WCGL

TK:

I

F:G;

c

M

c

GOE:MDJ:KYDOEWFD8ONDGR3+bLCOCB7LF8COD7G9

(***,+78DLN+OCO:&DK;FDOM

!

#??>

!

==

#

??>

'

#$

(

!

':

H

CJD*

!

0WDLD0090#"NBgOKCGMBDOO:KCGLTK:

I

F:G;

c

M

c

GOE:MDJ:KT7K?$$N3'JR+3TF88

c

DGO:

H

KCO:LDG$Q=@

#

B

&3-+9(***,+78DLN+OCO:&DK;FDOM

!

!$$=

!

=>

#

">!

'

##

(

!

U:KK7OO3 '

!

*YeMWFK

c

515

!

+7LDGD&R90!"NBg&3-+

TKC;OD7GC8N)M

c

GOE:MDJ:KFMDG

H

LD

H

DOC8;7B

X

:GMCOD7GT7K!Q@N

3W

)

MR2+b B7LF8COD7G9(***,+78DLN+OCO:&DK;FDOM

!

#??"

!

=!

#

!$S>

'

#!

(

!

3;3CED884/

!

+7LDGD&R90!Q@N3W

)

MR2+b@Q$N3W

)

MSN

2+b CFO7BCOD;C88

c

;C8DWKCO:L

,

,

&

TK:

I

F:G;

c

M

c

GOE:MDJ:K9

(***,+78DLN+OCO:&DK;FDOM

!

!$$!

!

="

#

#>

'

#=

(

!

3;3CED884/

!

+7LDGD&R90FO7BCOD;;C8DWKCOD7G7TB7LF8CN

O:LTK:

I

F:G;

c

M

c

GOE:MDJ:KM9(***5KCGM&DK;FDOM+

c

MO((

#

0GCN

87

H

CGL4D

H

DOC8+D

H

GC8UK7;::LDG

H

!

!$$!

!

S?

#

=$#

'

#S

(

!

1::&'

!

1::'

!

R77LU90TF88

c

DGO:

H

KCO:LR3+bB7LF8CN

O7KFMDG

H

<D&3-+

)

M

X

8+D

H

BC

)

N

)

M

X

84:8OC

)

TK:

I

F:G;

c

M

c

GOE:N

MDJ:KYDOECFO7BCOD;877

XH

CDG;C8DWKCOD7G9(***/CLD72K:N

I

F:G;

c

DGO:

H

KCO:L&DK;FDOM

"

/2(&

$

+

c

B

X

7MDFB

!

!$$@

#

!#?

#!!"



第
#!

期
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频率综合器"
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摘要!设计了应用于
R3+b

调制!工作在
!QSR'J

!

&3-+

全差分的
-

,

0

频率综合器
9

调制器中采用预补偿的分

数
)

锁相环
9

推导了
*

型三阶锁相环的传输函数!并指出影响环路传输函数的重要参数
9

介绍了校准重要的环路参

数的方法
9

锁相环设计中采用差分调节的
1&

压控振荡器和全差分的电荷泵
9

设计的电路利用
$Q#>

#

B#U%3

&3-+

工艺进行仿真
9

由于锁相环的组成模块中采用了低功耗设计!锁相环的功耗仅为
##Bg

左右!调制器的数据

率达到
!3W

)

M9

关键词!互补
N3-+

型集成电路%分数
N)

%高斯滤波最小频移键控%锁相环%
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