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Abstract

Digital Television has been developed rapidly, and is gradually replacing the
traditional analog TV in recent years. The TV tuner, whose performance
strongly determines the quality of the output audio and video, takes an
important role in the DTV industry. As a result, many institutes have been
engaged in the tuner design and other related research work, especially in the
CMOS single-chip solution due to its advantages including low cost, low power
and small size.

This work presents the analysis and design of the tuner architecture,
specification, and build-up modules, with an eye to the difficulties in the
single-chip integration.

Firstly, an overview about the development of the DTV and tuner is provided.
And the specification of the tuner is theoretically analyzed such as gain, noise
figure and linearity, taking European DVB-T standard for an example.
Secondly, the double conversion low IF architecture is introduced based on the
comparison of the current popular architectures. The specification of the
build-up modules is carefully distributed to make them easy to design.

The RF front-end circuits of the tuner, including the variable gain low noise
amplifier (VGLNA), the upconversion mixer, and the quadrature
downconversion mixer are designed and then taped out. The measurement
results verify the theoretical analysis.

Finally, the tuner architecture is improved by exploiting a passive attenuator, to
achieve better linearity, leading to larger dynamic range. The take-over point
and the variable gain range are analyzed. In addition, a modified upconversion
mixer is presented and taped out. The measurement results show the
performance of the mixer satisfies the demands of the whole system.

Key word: TV tuner, architecture, single-chip, double conversion, noise

figure, linearity

This project is supported by the National High Technology Research and
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HOFE T HEAEESREER T

X FE O S ] A 2 A U A% At i R (10 K L 0T A oA
DVB-T, )5 LAk AE NG, FRA1 AT 7 B RIS as Aed o . s, b
AR AN S 5 1T 2L B PERETR b o

2.1 DVB-T #5¥fE

& DVB-T #r#Ed, LA FEERWIHRWER 21 Prox[1]. F5 %A
50MHz~860MHz, GL3EiA @A (VHF)FI-E S A (UHF ) . iy 56 S 6M. 7TM
AT 8M =Fal, HIT ATk QPSK, 16QAM Fil 64QAM. 7% S Al
DR DA 1 S IR O, AN IR iy SE R, e 7 2 DA R A4

TERFMIE N, A5 Sl IEAS A5 2 8% (OFDM)[2], R 2 AN IEAS ik 34T
W], 25 T D FRE R 2-1 o, Hrb, BAN40F 1512(2k mode)
F1 6048(8k mode) WPk $E . i T HIKA BRI L, By N AE 5 10 Dy ek 35
EIBR PN R i

A

7.6M

Power density
/
\

Frequency

2-1 OFDM 45 Th 5 3 % i

RN

50M 860M 7.2M

Kl 2-2 H AL T A AR
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N — 8 PR B PR SO B A P v, AT T 0T LU T 15 s 1 D) e AR
BT ARG T, 3k AN AT (channel) 4 & I 3RS AR AL ,
gl A2 it 1 T DAL BRI ARG N, anlE] 2-2 Pror.

256 T RIE SRS, Wl A BEROA N B D RO AL 2 T (55 R ? H4ks
DVB-T #rufE (15 X[3], 4%t MPEG-2 $l it P aE— AN A R BN T
11, AT LLFRZ ) QEF (quasi error free). XM 17 0N T4 2L Viterbi
RS A Y (F RS R g 2x 107, 9 SeBl QEF (1 H AR, A 2% (0 A e L 7 2
BB B ER . WM #% 15 2 (European broadcasting union)Zeid 7 &, 15
TR 8M it AR, AR AN R 7 ORISR 5 E T, Bl LU 5 1ge E
PR, w3k 2-2 Fron[1], HAEIERR K H & 075 & (Gaussian channel).

ZH i
7 5% (Band width) 50~860 MHz
$iiE 5 %% (Channel width) 6/7/8 MHz
5 558 % (Input level) —90~—20 dBm
A% (Carrier number) 2k/8k
W7 2 QPSK/16QAM/64QAM
#* 2-1 DVB-T t#fih L2 S ¥

Y5 = (kS {51 L 25K (dB)
1/2 3.1
2/3 4.9
QPSK 3/4 5.9
5/6 6.9
7/8 7.7
1/2 8.8
2/3 11.1
16QAM 3/4 12.5
5/6 13.5
7/8 13.9
1/2 14.4
2/3 16.5
64QAM 3/4 18.0
5/6 19.3
7/8 20.1

* 2-2 (AW EOR
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o 2-2, AT LR B, ST A, X E 1 LU BT %,
DS S22 PR UL A g 2 R RS /I PR M 7 7 PR 3Kt s v A AN P o4 i b A5
AR [RIAE, B AR A3 R, (R0 E R 2R B 2 S

XTSRS A A5 M BE AR 2SR T-ff 5 HREAR TR BEF R b B PUE PR
BSCe NI, Rt E RIS 0 U MR RE S, AR R, MR R EONL
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2.2 WSt

TR R G 55 B WA E e, 2B 0ES R ES I
Ho R 21 P ELyH T DVB-T brift TG 5 0% 4-90~-20dBm.
MR — B (R 557 rEA 2 IS I A J o g 6T, IR A A R A Rl e BB A ke
PADCY AL BT A5 5. W T ADC T, A 5 55 5 LB R de s,
AN 5 T P B Uik B T RE AL IR B KA, B SE PGP IE s N . HAd, T b
LA H ULE) ADC Hr NI IEAE IR 2 R 1V, Bl 2.2dBm(LA 75 ohm FHHLHHE) .
PRI, I pe T Se I, 22.2~82.2 dB [ 25 7

2.3 BEEE T

PR R T A A — Pl R AT ML L B, W s 1k B I L2 B B i A5 5 1
Jit. M R 4(Noise Figure, NF)YE N AT BN ARG S IEREN S5, &
WA AR T2 R, HRIEM 215 5l RYERT 515 M L (B AL RL 4], ik
/(I

SNR,  Pugin/Prs

NF = n_— (2-1)
SNR_, SNR_,
AR A EOE S, WA~ Rk
NF = I:)sig,in - PRS - SNRout (2_2)

;H\:E':l, SNRmﬂ:I SNRoutﬁ\%U%%ﬁ)\ﬁtﬁ'fgnﬁths Psig,in%%ﬁ)\'fg%mg’ PRS
LRI CIRAAE R 258 M BT % . XS T DVB-T R4, bl 8M 35
AW BI, RS T Dy

P.. =kT +10logB = —174dBm/Hz +10logB = —105dBm  (2-3)

M 2-2, A e Hn A R EE I 2RO SNRoutreqr AL AT LATHEA3 211/ 1%
ax P REAL BB B NS 5 DR Pin, min,  BIRBRUE, HIAn R
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P

' mm = Prs *NF + SNR (2-4)

out,req

Horh, PretNF R R FEBL IR 75 i

VA BB 5 5 DR AR E M, W] REE-90~-20dBm v [l N 21k . &
2-3 25 TR SRR, Rk AR LR ith 2. Ho 2o
REUTGRE P AN i A L, SR SERR IGO0 T S R LG o T s R A
NF [RFEAE, (ERANG T DB, SEBR4 A e L L B AR S Dl a4 P . 75
TINS5 IREBCRR, [EB AR et s, e T RE AL MR = IEH,
WA N E R A2

S 2-2, Wik 16QAM ], 3/4 A, it s bL R N
12.5dB, BAFIALSAET, NF=0dB, iffi%ee & f% LA $]-92.5dBm. {H 2
SERRE LR, T SR AN T o 25 7 AR — g B S, W BT S T T
NF=8dB, M4 REJEH T % 3]-84.5dBm.

SRR BUR I, RGEMIE S5 REBER T AR, RIE S0 5%, R
FERECRI A AR R LUK o A5 5 SR, MR Ry, RS2, X
N AIEE GSM RS M5 R[5l LLIA £]-102dBm, K 2h & H 75 2
200KHz ()17 %8, A T HAUE S/ M 2 . RS REUBR, REEBZE.
W7 SO 2%, A, T 2 R R L BB %), RS
AR 7

5of SNRou /dB 7 Ideal tuner
7
-/
40r 7 Actual tuner
7
30¢
20}
) Required SNRy
10 ._ - _/_ /-
Sensitivity
0 4 : Input signal level /dBm
l/ (1 i i i i i i i | .
105 95 -85 -75 -65 -55 -45 35 -25

K 2-3 A L S RIS IR MR
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2.4 MRS T
2.4.1 =&k

DVB-T brtferf, HALES KM Z 8P, HAr9E8R. AT, #
RGN RI N =D MEERF, BERA R 15 5 1K E 00

x(t) = Acos ot + Acos w,t + Acos w;t (2-5)
DS A e |55 i B Y < R /@ S Nl X 11 1 P W S Y B S
y(t) = ax(t) + a,x? () + o X (t) (2-6)

RN E AT 13 250 SR B IR A, WK 2-3. Horp, 55 1 TN
TGS, 852, 3TUNHESI I Aegrk =04k, 254, 5, 6 T HEKY
SRR A R T

2-A[6]LA NTSC R M, 25t 7 28T, BIRG Fr i =k
PP AR R B A AR AN A i Ol 7E 55.25MHZz~901.25MHz i
BN, HIA 142 NG, FhAnsemsrt, A+B-C, A-B+C, A-B-C =¥ {Eal

TN R, BAERT 7165 4>, JF HAETE T LM AR TE B e . AR
B GEHB], iZ/l\ﬂl%ﬁﬁvgNz, Forp N s o8 N IR A AN 28

PRI 2-3 AR B HOMR S, 26 4 TR 6 /N 155 6 T ml AL
MFRGE=FrArgethin =, % 6 BRI L 12190,

] LIESD %) 5
15
1 W, @W,, O, 051A+7053A3
1 a2
2 20,,20,,20, E%A
3 o, *w,,0,t 0,0, tw, o, A?
T A3
4 3w,,3w,,3w, Za3A
3 A3
5 20, w,,20, + 0,20, + 0,20, * 0,20, + ©0,,20, + ©, Za3A
3 A
6 W+ @, + 0,0 + @, — O, — O, + Oy, — O, — O E%A

R 2-3 IR oy b L S
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QUANTITY OF SECOND AND THIRD ORDER DISTORTION PRODUCTS VS FREQUENCY FOR
142 NTSC CARRIERS (55.25 MHz TO 901.25 MHz) A+B
475.25 MHz=0MHz

10000 *
7165 ¢ AB
== 4821
2A+B
1225 X
[ ]
1000
1119
o ® 60p +2AB
[
<L
w
(ua]
6 80 - 130 A+B+C
>_ A
E 100 o 55
E ® 61 63 & (0
= 44] =AB+C
&) 35 ——
29 _|_ od
16
X @ A+B-C
10
- a
A-B-C
2
s
2 X2 S2
1 1
1 ® ® m (A+B-C)
’ +A-B+C)
-4 -3 -2 - 0 1 2 3 4 5 6 +A-B-C)

FREQUENCY IN MHz

B 2-4 A ARLAE P AR IR B A o (KA o3 A

ARSI &, — LU (Two-tone )l 73 2 (15 N 2 % =B A8 I 4
(Input referred third order intercept point, I1P3){F i & = [fr & 1 11 2 %5 1IP3
FE L%k 2-3 R 5 RN =B A2 0 & (IM3), HRE T

1p3 = Fo M3

+P (2-7)

IM3 = 2(P, - 1IP3) +P, (2-8)

b P Po 23 s N A5 5 % o B (R 5l sE IO, A A4
L7 I e 1 R V= A2 W -t s e 10 | 50 G e N w7 ) <
BUMAR 2 (2 52 A = B 254 K5 B (Composite triple beat, CTB)[7,8]. =R %4k
FIRI T =B A2 M R L D A i m, BISE 2-3 thE 6 Tl D2 il i
JERH 5 I 2 £%, WiThE s 6dB. Dk, w DMGREIESAAT oLk, BAEZEN
REM T HRFIBA:

CTB(dBm) =IM3 + 6dB +10 xlog,,(Number of CTBs)
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= 2(P, -1IP3)+P, +6dB+10ong1o(%N2)

—2(P, +10xlog,,N—1IP3)+P, +1.74dB
=2(P.-1IP3)+P, +1.74dB (2-9)

Horb, Po AREANE TN, Po ¥ tH B, N A5l N INEA R, Pl
FASBTA N S T
X1 DVB-T &%, S 547915 %] 50MHz~860MHz, U15tik+: 8MHz
W BE AR, B AL B A A2 100 4. 3X 100 M AR S BT &
48 =B AR AR VE P AEAR ELAC R, G A3 AR et 25 22 3 R L Ty e R 2
o KA BTN, R, 3
CTB(dBm) =IM3 + 6dB +10 xlog,,(Number of CTBs)

—2(P, -IIP3)+P, +6dB+10ong10(§(100N)2)

=2(P,-1IP3)+P, +41.74dB (2-10)
MRYEA TS 17X DVB-T badfl (5 Lh 2R 14k, AR 16QAM i Iy
i, 34 A, (M LA EK 2 12.5dB . % FE 2 Al n] BEAEAE 45 e b %Ak
Kz, B 3dB #ra, W

P.—CTB>SNR_, .. +3dB (2-11)

out,req
KRN, 3
~2(P,-1IP3)-41.74dB > 12.5dB + 3dB
IIP3 >P +28.62dB (2-12)
AL, 1IP3 R 5 BN 5 5 DI a9 2 S R . 4 Pi=-80dBm I, H
Bk 1IP32-51.38dBm, R % 5 w ik 2B 124 P=-20dBm K}, %3k
1IP328.62dBm, UL, X RS IP3 (12K iE 3 5 K ME .

2.4.2 —Brdegett:

HZWr AL o i 2R, A AEg i, EAEEE S W
(Composite second order, SCO)K K., MRIFELELFETI[6], WIRH NG5 95 X
fi~fu, NANED, WITE AR R wo-we=fL) " A B I AZ T E AN Eiw 2, 104 N
BH KRB FRRE

CSO(dBm) =1M2 +10xlog,, (Number of CSO beats)
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=P, -1IP2+P, +10xlog,,N
=P, -1IP2+P, (2-13)
Horpr, Pe NS NREN GBI, Po i tH BRI GBI, Pi O BN A AN
. HIERIKPr Al et 100 AN RN A AR, w7 2R 43 A8 IR A AL 2,
W, BE I REDRREANA
CSO(dBm) =IM2+10xlog,, (Number of CSO beats)
=P, -1IP2+P, +10xlog,, (100N)

=P -lIP2+P, +20dB (2-14)
Sit EmE b Ek, B4
P, -CSO>SNR,, ., +3dB (2-15)
S W AW C £
IP2> P, +35.5dB (2-16)

[FIFE, 1IP2 IR R E T DR gy MR R . 4 Pi=-80dBm I}, H
K 11P22-45.5dBm, R4 ) it 5K 1124 Pi=-20dBm I+, 21k 11P2215.5dBm,
BB, RS NP2 (1) sRik 2 5 K AH

AR B A T 5 AT RIS A5 A, GBI B S DR RN, R AR
Ny UG SR, REMEE K. Wi, ERGERH, NEREEERR
ROAT /R CAE R ZR MR, (I ARS8 BT S5 e L, AT RE 6% i D Ak
B RIDIFRME T MR, HERCRERES R, fRF6R%
SCILSE AP RS . WSS, BUREE SEILE R B Ta .

2.5 GBI

FERBRLRE T, AR AR T, s A BRI . BN ARSA B,
BN RN £, AR(EZ flo. 2 B0y fieflo. BUITE 2fio-fx
BRAL, WAFEA EAATERE S, AR flo-(2flo-f)=f-fro, AT ILIZE S
R A AL, TR, B 2-5 BivR. Rk, 75 BEAE TR B N
SRMTIIE] . DU S BCE S L Rz 1 bRtk (Date-over-Cable Service Interface
Specification, DOSCIS)[9]f15c X A1, 11 256QAM i #7UF, JA RUESE T
XS W LL AL /N T 0.1dB,  Be G4l Lt 2420k £ 59.33dBc.
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Image Wanted
signal signal
: : l f
2f o-fx flo fx
f

fiF
Kl 2-5 BRI = A SR B
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5w AL R

BT T ES RGN

DUF IR AL ISR 28, RIS AHUT AN, T RLIR h IR ASHIUR — AR
B, KR AR (AN TR, R BL R AR BN 2 AT T HA, Xl
ZeAAS B IPLER R, Bl U oA A B o R A o SRkt
P AE JETT VRN 34T, I FLARSE 268 — 5 p i e 10 R GEE AR I PERE 2K, 7 ichE
TP A RS L S B0 iy A B K

3.1 MAFZEMI LA

3.1.1 —IRZSHIFN — IRAE I

MR P AR T S BIAN ], A FRE TR U 8 28 ] LA i RS, — IRAR A
(Single conversion)f1 . kZz4%i(Double conversion). X #7205 45 4 A i
m BN AR N &, Bk e ) AT I SR AR S bRt A ik . R
Sefal B WA AR AT 2R i B ke 5

3-1 &5 th 1 — R AR U A A S AT SRR H e
50MHz~860MHz 7 5 I8 FALAE 5 2 IR A TEOR A (LNA)KR BT, 5 v e e
FAIREST, PN G A E W LU (R 520 o AR5, (5 5l i ERER BB 4% (Tracking

Tracking SAW
LNA Filter Mixer Filter
X -
X X
/ X - \
/ \
/ \
/
/ \*
¥ 3
Image Desired Image Desired Desired Desired
Signal  Signal Signal  Signal Signal Signal
1 _!_|
50M 860M 50M LO 860M IF IF

3-1 — ARMEER
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filter), SCHLXELGE 5 FNE BB TG 5 ddl. 2 R 2R, HH
{5 5% 2 P 4 (Intermediate frequency, IF)Ab. fxcfn, JERL R I IER 2
(SAW filter), R HABMARAT S8, 1% TR ZEOE 5007, AC HARABL IR R A
B AR AR TR E AN, — N AHR G 85 (LO). X451
AEAE LU LA W ) [ 1]

1. ARG 4T EAR KM A 5 145 581k 50MHZz~860MHz,
o T A IR 3% % 1R 1R 1 Y R OR SO 5 e — B A T R IR R
455MHz, AP EIAE] T 180%. BEAEL A W BTl an bk
WHEE A RS 4, MR K. H AT B A AR MBE FUHRkEL 2],
R R 5 T 2 A WA R B A1 S B . an SRR FH A ek, TR %
FERRAR, 08 A KR B Ry W BRI v k(3] IR 4
BEZN I 5N R B0 IR TR R IE B RGO, [ I AR 25 AH Y B4 I e A
I FLHL IR (1) 475 B 7 1 RS OB R (R 0T 38 AN F o, RS At B TGV R
MOS & i EARFE I8 .

2. PREFUEDL B VIV A . 7E B 3-1 PN — R AR SRS AA) o i B — AN R
ERIEBE RS, H TS Wi B85 5 HAMH . IX AN ERERIE A I E AR
AR 75 2 180% A A7 IRV L, 45 5 its i vk 7 017 R AR R Ik ik o
H AT (0 F 7T R R (4], AR I8 21 otk oK ) 1 B Y L. A I A )R A
SIP(System on package) /7 %[5], A5t b2 K H A 40 1 H K i 28 S A
ST ER, BRSO LU A, T H I ) R AR EORAIE .

3. zl:%/fﬁ/)%u&baﬁz ST R T 2 N o BRI A SE A (5 5, PRI

&AJ%%IWEI%T EBL (R RN AR AL, R A A
L, RWwfES s, i, FENESHMEN 100MHz, T4 E A
10MHz, A ARMIAE A 110MHz., ASTR I WAES 220M {8k
50MHz~860MHz [#yu [ 2 N, ¥4 A i) 210MHz #1 230MHz 11155
RIS 10MHz, BTk,
B 3-2 45 T R AR A VS A S R g i A (R AR B . B, BT E S
T AR RO, X — iU — ORISR A ] ARG, BN S A RS
A, o SR ERE SRR R A IR b BRI R R R
By, WEHTEERE S, IR AR (5 08, QARSI E S
SRJG, FREHATES A, BN AR, REA T — ¢$ﬁIF1&EﬁfmﬁyJ?ﬁﬁ&L$¢§
S IF. AR TR EERANEAAS, WA AR . 5 R AR A
bb, AR A LU R A
1. A IEE RN . S — ey 1100MHz [T X T2 —IK
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RS FR S, K Fiai(Low sideband )i, & — A4RAHR G HE A
1150MHz~1960MHz, xS KL 50% . 55— IRAZEHIHI LE
B WIEEE KRN, Ak as o RS A Sy, HERA Y B
JE T LLSEILAE CMOS L2 1505 A i
2. BGRAHILLE R S o AR — RIS R, SRS S I B 5 5 5E
AL, R B O S S N A0 TR e AR, A
T T T2 FE AR M . 7628 IR FE R, SN SR 2 [
SERT, RUEE— QR ANy rhoidi A, BRI T dmdim =, s —
AN T8 DI AR R S
3. AIIEPOL A5 TR H—IORML R EAR A v N, AR
e 5 5 Wi s A% (860MHz), ARG ISR T iy, RIS XE
GRS . 5 RIS R AR AR AN S AR AR, B
155 KA M (8MHz), DRI AR S HLAR i (1) 5% Wi v] 20
g LPNE, — AR L, B B RER A BT AR B 0%, A LASEIL
AR ARG N T — ARSI A — A A kv s, O AN L)
FEREK. DAL, SR s SR, AR BT R & IR A it HLBEE
R EEG A BT BE ) B4 e, JLDDAE ] DAEIRAR, (073 AR D RE )7 THI )
FREAM AR . ARk, KRB SEIELAR BRI, P EEE s RATXS 15V
FEIREMS KR LR, Hov ERERERIE B A PR RE AT i v, IS A — IR AR AR 1)
ORI B BN .
SAW
LNA UpMixer Filter DnMixer

s

Image Desired Image Desired Desired Desired
Signal  Signal Signal  Signal Signal Signal
50M 860M LO; IF LO, IF; IF,

] 3-2 IRARMIAA
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3.1.2 EHHRKH

R it OIS AN TR, AL 2% AT A3 kg 2 A ARORIMIG mh oS3 o 2R
TR IAALE T AT LB ARSNGB A, G S T 8o (H A IXAh B ik 1
WIRWIE .

T PE RN PREE 52N . 0T CMOS geFim s, R r] LU —A S5
e ER IR L IS YRR IR[B], RIB AT B

V2 K 1

2 —df (3-1)
C, WL f

H, Kig— AN 5 L EHRMNE R, Cox A MOS 4 HUAL IR L2, WL S MOS
ot f OB, n] WIANSREE S SR b, IE R W iR 2 o 1/ g
. CMOS L2 F, 1f AR KL4 IMHZ~10MHz. 752 1 45i4e
L BT DL RS 5 S B DA R PSR, S A5 e bl o SR b A B
M T SiGe 1 BICMOS -2, PKAXPIFRN L2444 T (1 NREE S Lk CMOS 1.2
TR 2 (7]

Hok, FrPAHR E RS (DC offset) ) B B U= . A2 B IR RS 11 it A
FEHLUFHA

1. REZMARG k. Bt b, 22T DIHBR I degerk, Barnd
A 0l SR FH A 22 7y G5 R S o AR, FERRIEICTT DA GRS il f v, S
DL )45 H I — S A0 AR, DR RGE MR A RESE I B ARkt 454
FEAE R HR .

2. AP . APMIEENE A, ARG ARG T ARG AT, 45
R Hi W .

H IR RAELE 2 5 M fa 2O % 10 TARIRES, ERMIHERIER T4, Hik
IR . [81H A4 T 1M B EL AU AS (1 I R 32 Bk

— Fh 7 5 R AE IR A A% 1) N S 1 N — A BH RS B B (Chopping
block), FIJ XU IS, Fafil BRI (1 0¢ CARIRES, #ie B Rehg IR AL
PN PR LIRS o (HAE, IXFR 7L TR B I N A e, B T R
AePE, IF EIBA S SO —ANF PR, 0 F B B PR RE S AR AR R, 7R
T AR AR O

T AN TGN IE P o SIS A H B RS TR, R R i £
TR AT AC B, S5 18 I BRI 4 i i A5 S P TR DR AT B L RS .
PR A, FFEEG LA RS, AR IR W de i . I (M I FE,
AR, vk B RAORIE e, ) WARH R K .

~

romgoOm
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XA SRR, DA B0 BT R, INARIE = TE i % 1S s ELUAL
W BRAAAE, (ER T 20 1) iy S IRt REAR L, AL ELOME 5 R (I HEAE .
(EEAR P AL i 225 R BRI ) 8L, X s TR R TE i 5 B8 1 o

3.2 ZIRASUEH A AT

3.2.1 RG4H

BT A BRSO LB DL R 20 BT s AR S 2R IR — IR A
PR o BURAIXS T IR A, R AT AR R A L it v i 288 i — A TR M s
A DA e F (AR ER G 392 BL), XU B IN T SHAEATE AR H
s BEAE DR ER G A BV RE I 1B M, DUFBIEAE IR W A, BLAE 28 vl DA
20mA LIN[9]. &L H. DVB-T dr#f— it % i e # e,  mAFFRiies, D
VEAEAR DA B vt B IF BT RIE W 2 A 2K o AT IR AR 1K) 22 LR F5: 510y
o 5 I R A EL MR Z o A DA 5 B2 (18 DR R 7 R LIl % [ AR A
figp e, AR R PR (R B A5 A RTINS LA B SEDL, i H 3 T I P AR A

K 3-3 45 T R AR T LR AR I R GE I o REH R 15 5
HH—AN v AN 7 T PRI A 7 9 5OMHZ~860MHz [ 407 FRAAS 5 126 21 65
Ji A AR 5 e AT AR I A TR (VGLNAVRAE S T8OK, ) )5 2 L g
R LEIRE Al o AR A TE I P IR ASIUREAT 5 DG 50 R ARMAL . 2 Je PRI ATTASE UL He
AR SRR v AR Y 25 TR (VGA) e 5, FHBLE e 2 (ADC )R A4S 5
B AT 5 A B B R A

B 3-2 P S ORARARA AR IR AT A AT
SAW &R s S BLBTAR AN o XA N T A, iy HAE BT S bt . 2
UCIRARR A ABRAE 1GHz VUL, RIEHEAC A, R 10455 KA1 300mm L
o LS5 RENS SCHL AP K Sh R Ak, 2R 5 R A IE R IR Se LR T UL A
[10], B -ARSRATAS (f i BT S5 SAW 2 (1 A\ BHETAHILAC, 177 R AR A3
TeMas 4 A LTS SAW JER a4 tH BHHTAHIC A, A0, 5 220 s i1 i
PURHR AL o M WRBAT SAW JERAs, B WA 5 Bl A Fy 2 SCBLEH
PULHC, DR WREL AR R, N T15 53K 110, DIRAFEE4a
A LLZE AT
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RF front-end

{ VGLNA UpMixer DnMixer |

N

Off-chip

Band Limit
Filter

= 2

907

@,

First LO  Second LO
(Quadrature)

Analog baseband

ADC

i+ Pre-
ii Amplifier

Filter

ADC

Digital
Baseband

URAZ AU P ARy P AL U 2 2R

3-3
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FEIE] 3-3 Fizn R GUHE R i £ 3 T 4k SAW JERcAs o B B3l Soh 725
Bt rp g 1], KA FEE T LMS {55 BZHSCHEM B GARIE oK, HgiHE
I Ay UL E) 60dB LLE, A RGN o ARG T A, 928l T R IER 3
Er R Rt i HEE S T s A I AR S R, e T et

H AL AU HLL i (1 M P PR RE AR N e 22, — JBEME 75 AR A/E 40dB LU, #ifE
L R I R R R E AT AL IR FUBOK s A B (PreAmplifier) R4 )= 2%
ARAUUE BROT A £ e L FRSE A

ERGLARAAH L, B s TR 2 i A5 1 LS AE 3dB, DX A YR AN 25 #5
BEBRBUAR AL [ M 5 L S A0S 2 i Y R oA, T B AR IR AL AT (5 7,
3-4 oo 1 — UM ALDGS T A, BN Tk B AR, I FIX A
LR I o AR A WA 2P PRI TS DL T, R AU e 75
ARBCLIREL—RAR M = 3dB? B ST E M. JRINAE T, AR A 5CR A3 11
iR BRI, — BB 1GHZ 5, W ai P R . 2o IR R O A Ak BT
Jei s A5 A AR BOR, (E A e 7 T A 4 o 1 S JUIIE R P, AEBE B AL 1)
W 7 Th I8 /N TN T AR AR e = D, el 3-5 . B, f s 500
K, flo WAIRIR, W 2f o-fi ABHRIR, No MeAILIR, LR, I,
203 Bty EASIE , BRI AL (R A e LG (AR AR H N, BRI (1 1
PRI AT XL A R AR . T, AH G — AR, AR AP L RS I
T Ho

3.2.2 HEEtRIn A

£ 31 4 T RS &G SR SRR, W, W R,
RN W, =W 7E MR R R, 904 Heil A2 R G0
T, EEHE H AR e

W R B AHT AT, B 5 M 7 BT 22.2~82.2 B A 24 10
FE1. 60GIB 179745 i FA B S0 1 2 9 2 U8 O SRR 43 0
AEI ORI SEEL, 5 EE BT (0 B AR A, SR 3 ¥ 5) 20dB [0
AL, JEHAE) 40dB. BEAh, b SERUAMHT ARG, 7ERIAEND
i, SR RGN s TI(EMARORRT, T RCHE RGN At

L 008 32 45 1 75 T e A [12],

NF,-1 NF,-1  NF,-1

NF, + + +
Al AAL ALALAL

tot — NF1 +

(3-2)
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I:)signal
No
f
fy flo 2f o-fx
I:)signal
f
fIF1 1:LO
Kl 3-4 PRI P AR
I:)signal
> f
fy flo 2f o-fx
I:>signal
] f

fIF1 fLO

4 3-5 A7 A5 LNA Z AT [ 5 a0 e e 75 22 4

FEMEHO 2R G0 S ARG 75 1R DOk, AL T2 B 5 (R 7 AR 40 i 2 2 2 AT
KITT . DAL, RIS BOR e I e sy, R OB AR Gee s (1 vl 2% 18
BT RE T, B8 B I B = 3 25 15dB . BERK R G0 LA e A REAE 8dB LAY,
5 L8 BIICME 7 UK A BUAR BEAIR J5 2 X e 7 ok, (H2 ANRESE 4R, JF LA
PHIDOE 2 e, B SRARMGE 7 JROR A A fe K0 2 I 1R e 75 R A0 5dB . oAt Mk

25



5 = LIRS RO

R 7 AR BB SR AR 3-1 P
R I Z G 1) = B A2 mi AL 2 [12],
1AL ALAL ATATAL

2 =h2 2 2 2
AIIP3,tot AIIP3,1 AIIP3,2 AIIP3,3 AIIP3,4

T A R RIS ARk, T, BRI HY S R, RS I R
o AEAX— pi b, T G SRR T, St R A SRORH g 2R O S 25 1Y
BRETFJEIN, T EAE W 2 a3 A B, DA AR SR AT 2% 56 3% 1 1935k 5dB.
R b — RGEAE IP3 A P2 (K, #fE B NP3 AT IIP2 223Kk, 4
31 i BRI PO #S A E AR SR A AR A0 B IR SE i 5 5, 15 2 10 %
R (12 FUBO LB IR M 2 (B = ol ETEA A 4H), DR T AR SRR A
M5, MAG S TE N, T2t I BR st b A BT R . 20t PR A5 vE
W2 5, AT ARME AR ORI AR ST I 5, 4 9E 8MHz, R MEFER
TERAE SRR A2 AT BT BRI

P T3 — o IF IR, 25 B — AR L5 S vt (F
sy, B R AR i o X R AT TR 5 i AR R B, e vt
JEWN o AR SRR s, ST AR SRS A U R R s Ik AT S,
SR LN, AR S . DRk, AEARE SO IR B A 1120MHz.

(3-3)

Gain (dB) NF (dB) [IP3 (dBm) [IP2 (dBm)
VGLNA -5~15 5 @Max gain | 10@Min gain | 20 @Min gain
UpMixer 5 10 10 20
DnMixer 10 15 15 20
PreAmp 15 22 20 30
Filter 0 40 30 40
VGA 0~40 30 @Max gain | 20@Min gain | 30@Min gain

R 3-1 BN RE S HCEK
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