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5 "*'8$>?($6'$@A(

5 @B,6;8$:'7,;=7C&*;

5 D7:;9*76B$<':,7E;*967':,

5 >F'<+7:C$6;,6,

5 @;F=$GF'<+7:C$7:$6-;$H%I@$"JJ$8'E;

5 DK$.-9,;$:'7,;
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I;,6$<9,;,$,.;<7=7;E$GB$>76$?**'*$(96;,$6-96$,-9FF$
:'6$G;$;M<;;E;E1$>?($N$21224$<':697:,$:'$
7:='*8967':$9G'&6$("$.;*='*89:<;1

@ +#:"-2#4C
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A&#/0QM$0-#0+R$

<!=+0ABB06410=BBC
5 "'*$9FF$6;,6$<9,;,$6-;$>?($,-9FF$:'6$;M<;;E$21224

5 PFF$6;,6$<9,;,$&,;$6-;$,98;$JD$*;=;*;:<;$<-9::;F

5 I;,6$<9,;$89M78&8$7:.&6$F;Q;F$;8.F'B,$);FF$E;=7:;E$
,7C:9FR 9:E$7:6;*=;*;*RF;Q;F

5 @7C:9F$9:E$7:6;*=;*;*$E;=7:76;FB$;M<;;E$9FF$'6-;*$:'7,;$
,'&*<;,

5 S:6;*=;*;*$<9:$G;$*;C9*E;E$9,$:'7,;
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A&#/0QM$0-#0+R$

<!=+0ABBC0=.(-086(.0/6S2/"/024*"-0*#%.&

?:;*CB$.;*$<-7.$7:$JTU!$'Q;*$6'69F$.');*$
,.;<6*9F$E;:,76B

I'69F$*;<;7Q;E$.');*$,.;<6*9F$E;:,76B

+R$0T07IOHU01Q

dB
I

EcDPCH
or

19_ −=

MHz
dBmIor 84.3

25ˆ −=

⇔=
−

=
−

=
−

−

0127.0
101

10
1 10
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I
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A&#/0QM$0-#0+R$

>+!0V0BL+C

=.(-086(.08#8)644.: 24-.&5.&.48.

LVN8 T0U01Q000000000000000+R$0T0U01Q⇒

U01Q7W01Q7IOHU01Q+R$

>+!

BL+

<!=+

=BB

<!=+

ABB
!#1.
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=.(-086(.0&.5.&.48.0(.4(2-2;2-,0:.;.:C

@B,6;8$:'7,;=7C&*; <9:$G;$<9F<&F96;E$=*'8$*;=;*;:<;$
,;:,767Q76B$F;Q;F#$6-;*89F$:'7,;#$G9:E)7E6-$9:E$@A(X

IJ01QUHF01QUHW01QRA

>+!
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X24.6&2-,08#4(21.&6-2#4(

=)2&10#&1.&0
24-.&/#1":6-2#4
I)'$7:6;*=;*7:C$,7C:9F,$
.*'E&<;$9:$7:6;*8'ER
&F967': .*'E&<6$96$6-;$
E;,7*;E$=*;Z&;:<B1

>?($≤ 21224

@A($≥ R4W1Y$E>1⇒

���
���
���

���
���
���
���

UMTS FDD

f0+10MHz f0+20MHz

-114dBm / 3.84MHz -46dBm / 3.84MHz

-46dBm

f0

JTU![?<$\$N(?"@?A@]$^$LE>

S'* \$N(?"S'*]$^$LE>

S'&)4 _U`a$\$R30$E>8$$b$42$%!c$'==,;6

S'&)/ _8'Ea$\$R30$E>8$b$/2$%!c '==,;6
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X24.6&2-,08#4(21.&6-2#4(

NNED
>?($≤ 21224$ @A($≥ R4W1Y$E>

JTU![?< \$N(?"@?A@]$^$LE>$\$R443$E>8dL1W3$%!c

A6'6 \$JTU![?< e @A($\$RYO14$E>8 d$L1W3$%!c$

SS%L \$A6'6 R A6- \$RYO1L$E>8 d$L1W3$%!c

SSTL \$R/41L$E>8

⇒

7IO01Q/7FJHU01Q/7FIHD01Q/NNED

>+!

BL+

<!=+

=BB

<!=+

ABB

!#1.
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X24.6&2-,08#4(21.&6-2#4(

NNEF

5 "'*$H%I@$"JJ$9:E$IJJ$SST/$<9:$G;$<9F<&F96;E$
=*'8$GF'<+7:C$96$4O$%!c$'==,;6

5 "'*$f@%$d$JU@$SST/$<9:$G;$<9F<&F96;E$=*'8$P%$
,&..*;,,7':$<-9*9<6;*7,67<,

PD01Q/O01Q/O01Q/NNEF

>+!

BL+

<!=+

=BB

<!=+

ABB

!#1.
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@ ?"-0#50964109:#8'243
>F'<+;*,$'&6,7E;$6-;$E;,7*;E$G9:E$<9:$G;$
966;:&96;E$GB$=*':6$;:E$=7F6;*,

@ N40964109:#8'243
>F'<+;*,$7:,7E;$6-;$E;,7*;E$G9:E$<9:$G;$966;:&96;E$
GB$<-9::;F$=7F6;*$96$G9,;G9:E =*;Z&;:<B

@ Y1Z68.4-08)644.:0(.:.8-2;2-,0[YL+\
>F'<+;*,$7:$9Eg9<;:6$<-9::;F,$9*;$6''$<F',;$='*$
<':,7E;*9GF;$966;:&967':$GB$G9,;G9:E =7F6;*
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<'8.9*9GF;$6'$7:$G9:E$GF'<+;*,
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frequency
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RX band

Frontend bandpass filter
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Q:#8'243
N40964109:#8'.&

5 @.;<7=B$F7:;9*76B$'=$6-;$=*':6$;:E$,69C;,$_DAPha

5 @.;<7=B$<-9*9<6;*7,67<$'=$6-;$G9,;$G9:E$=7F6;*

5 f97:$.9*6767':7:C$='*$;Q;*B$7:.&6$F;Q;F$-9,$6'$G;$.F9::;E$
_:'$,69C;$8&,6$G;$E*7Q;:$7:6'$,96&*967':$&:E;*$9:B$
<7*<&8,69:<;,a$

A

D

DC-Calibration

VCO

90°

0°

A

D

: 2

Mixer with
first filter stage

PGA

Baseband filter

       External
Components

Integrated
Circuits

LNA
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Q:#8'243

Y1Z68.4-08)644.:0*.&5#&/648.0>+!0V0BL+
`9:6;E$,7C:9FX$RW/$E>8

5 U'<-9::;F$7:6;*=;*;:<;$X UdS< \$Y$E>

5 PEg9<;:6$<-9::;F$_/22$+!ca$7:6;*=;*;:<;X UdS94$\$RY$E>

5 PEg9<;:6$<-9::;F$_322$+!ca$7:6;*=;*;:<;X UdS94$\$R34$E>

5 PEg9<;:6$<-9::;F$_022$+!ca$7:6;*=;*;:<;X UdS94$\$R3Y$E>

S:6;*=;*;*$96$322$+!c$9:E$022$+!c
'==,;6$<9:$:'6$G;$966;:&96;E$
,&==7<7;:6FB$6'$G;$:;CF;<6;E1$P6$6-;$
;:E$'=$6-;$*;<;7Q;*$<-97:$*;,7E&9F$
7:6;*=;*;*$7,$<':,7E;*9GFB$9G'Q;$
6-;$E;,7*;E$,7C:9F1

A /D  C onverte r P artition ing
1 V pp

(d iffe rentia l)

25 m V pp
(d iffe rentia l)

0 .98  m V pp
(d iffe rentia l)

LS B

1
0 

b
its

 =
 6

0 
dB

 d
yn

am
ic

 r
an

ge sa fe ty m arg in  D C  3dB
sa fe ty m arg in

fad ing  8dB

sa fe ty m arg in
b locking  21dB

rem ain ing
dynam ic range

28dB
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+.-*#24-

<!=+0ABBC0!6S2/"/024*"-0*#%.&0-.(-086(.

MHz
dBmIdB

I
EcDPCH

or
or 84.3

25ˆ19_ −=−=

⇒

⇒
5R33 E>8 &,;=&F$E969$96$=(i

O2$8j..

5R/O E>8 *;<;7Q;E$,7C:9F$96 =(i
33O$8j..

A/D Converter Partitioning
1 Vpp

(differential)

50 mVpp
(differential)

3.9 mVpp
(differential)

LSB

8 
bi

ts
 =

 4
8d

B 
dy

na
m

ic
 ra

ng
e

safety margin
crest factor 7dB

interferers with
different codes

19dB

remaining
dynamic range

22dB

445 mVpp
(differential)



!
"#
$%
&%

'(
$)
'*
+,
-'
.#
$

/
0
12
/
1/
2
2
3

4V

<!=+0ABB

E&#9:./C

I*9:,876$,7C:9FX

^/3$E>8 96$=Ii

(;<;7Q;E$,7C:9FX

R44V$E>8 96$=(i

I-;$IiR@7C:9F$76,;F=$7,$9$GF'<+7:C$,7C:9F$='*$6-;$*;<;7Q;*

I-;$:'7,;$,7E;G9:E,$'=$6-;$,7C:9F$,-9FF$G;$<':,7E;*9GFB$
G;F')$6-;$6-;*89F$:'7,;$=F''*

-117 dBm

+24 dBm

Tx Rx

14
1 

dB
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PA

LNA

TX

RX

PGA

substrate and
package coupling

1 2
4

7 6 5

integrated
circuit

external
components

3

1

Tx Rx

@7C:9F$IiX$^4$E>8

A$b$=(iX$R43V$E>8d!c
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<!=+0ABB

PA

LNA

TX

RX

PGA

substrate and
package coupling

1 2
4

7 6 5

integrated
circuit

external
components

3

2

Tx RxTx Rx

@7C:9F$IiX$R/1O$E>8

A$b =(iX$R4V3$E>8d!c
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TX

RX
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integrated
circuit

external
components

3

3

Tx RxTx Rx

@7C:9F$IiX$^/O1O$E>8

A$b =(iX$R4L0$E>8d!c
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Tx Rx

PA

LNA

TX

RX

PGA

substrate and
package coupling

1 2
4

7 6 5

integrated
circuit

external
components

3

4@7C:9F$(iX$R44V$E>8

@7C:9F$IiX$^/3$E>8

A$b =(iX$R4V3$E>8d!c
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Tx Rx

PA

LNA

TX

RX

PGA

substrate and
package coupling

1 2
4

7 6 5

integrated
circuit

external
components

3

5@7C:9F$(iX$R4/2$E>8

@7C:9F$IiX$R/L$E>8

A$b =(iX$R4V3$E>8d!c
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Tx Rx

PA

LNA

TX

RX

PGA

substrate and
package coupling

1 2
4

7 6 5

integrated
circuit

external
components

3

6@7C:9F$(iX$R42O$E>8

@7C:9F$IiX$RW$E>8

A$b =(iX$R4OV$E>8d!c
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Tx Rx

PA

LNA

TX

RX

PGA

substrate and
package coupling

1 2
4

7 6 5

integrated
circuit

external
components

3

7@7C:9F$(iX$R42Y$E>8

@7C:9F$IiX$RLW$E>8

A$b =(iX$R404$E>8d!c
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PA

LNA-FDD

FDD
Duplexer

UMTS-TDD Filter

EGSM Filter

TX

Filter FDD Rx

Filter FDD Tx

Switch

Switch

Amplifier

RX

RFIC external components

DCS Filter

LNA
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X?0*)6(.04#2(.

fRX

LO

fblo0

Blocker and
 LO-phase noise

Reciprocal mixing

LO and desired signal

DK$9:E$E;,7*;E$
,7C:9F$96$=(i .*'E&<;$
9$,7C:9F$96$G9,;G9:E
=*;Z&;:<B

>F'<+;*$9:E$DKR
.-9,;$:'7,;$.*'E&<;$
:'7,;$96$G9,;G9:E$
=*;Z&;:<B
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X?0*)6(.04#2(.

<!=+0ABBC
K==,;6X T-9,;$:'7,;X

O$%!c RYV1W$E><d!c

42$%!c RY310$E><d!c

4O$%!c R42010$E><d!c

<!=+0=BBC
K==,;6X T-9,;$:'7,;X

O$%!c RYW1W$E><d!c

42$%!c R42O1Y$E><d!c

4O$%!c R44V1W$E><d!c

LO phase noise UMTS

-120

-115

-110

-105

-100

-95

-90

-85

-80

0 2 4 6 8 10 12 14 16

frequency offset [MHz]

Ph
as

e 
no

is
e 

[d
Bc

 / 
Hz

]
UMTS FDD UMTS TDD



!
"#
$%
&%

'(
$)
'*
+,
-'
.#
$

/
0
12
/
1/
2
2
3

/W

X?0*)6(.04#2(.

LO phase noise GSM

-140
-130
-120
-110
-100
-90
-80
-70

0 0,5 1 1,5 2 2,5 3 3,5

frequency offset [MHz]

ph
as

e 
no
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e 

[d
Bc

 / 
Hz

]

EGSM DCS 1800

R4LOR4/WR44WR44WR444R42LRV4TA$JU@$d$E><d!c

R4LWR4/WR44WR44WR444R42LRV4TA$?f@%$d$E><d!c

L41021W21021021321/K==,;6$d$%!c
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L#48:"(2#4

5 ("$,.;<7=7<967':,$<9:$G;$E;*7Q;E$=*'8$6;,6$<9,;,$$
E;,<*7G;E$7:$,69:E9*E,

5 A;C967Q;$;==;<6,$E'$:'6$'<<&*$7:E;.;:E;:6FB$=*'8$
;9<-$'6-;*

5 I-;$E;*7Q;E$("$,.;<7=7<967':,$='*$6-;$G&7FE7:C$
GF'<+,$9*;$,69*67:C$Q9F&;,$='*$9:$76;*967Q;$.*'<;,,

5 P<-7;Q9GF;$.;*='*89:<;$'=$G&7FE7:C$GF'<+,$-9Q;$
6'$G;$<':,7E;*;E$='*$6-;$:;M6$76;*967':


