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ABSTRACT

ABSTRACT

For signals from the terminal receivers of Beidou satellite navigation systems,
the quality was determined by RF front-end amplification, which is one of the core
technologies of satellite navigation systems and also an important condition for
maintaining the work performances of back-end baseband signal processing circuits.
Based on the extensive investigation about newest progress of RF front-end
amplification at home and abroad, the paper adopted the top-down design idea and the
hierarchical design steps of system-levelto-module-level. According to the
characteristics of Beidou satellite navigation signals, a superheterodyne receiver
structure is applied at first. Then, according to the performance requirements of RF
front-end amplification systems for Beidou navigation, some parameters of each
module such as noise allocation, gain allocation and device selection are determined.
Finally, the circuit connection is improved and completed by the impedance matching
between two modules and the meeting of bias voltage and current requirements. With
further simulation analysis and validation, a RF front-end amplification system is
designed for the application in Beidou navigation terminal receives. The main
contents of the thesis consist of the following three parts:

1. The RF system link simulation and analysis of the front-end amplification.
Firstly, three key parameters to characterize the merits of system performances are
introduced, including the cascaded noise factor, sensitivity, and dynamic range.
Determining the structure and parameter index of the designed RF front-end, the
achievable power gain, noise figure and other indicators for each module are allocated
through the system budget simulation. In order to enhance the anti-jamming, some
useful exploration and simulation on automatic gain control (AGC) circuit have been
also done.

2. Modules design. Based on the determined indicators of each module, a

cascade LNAs is designed and simulated. Then using the digital pre-distortion



ABSTRACT

technology for the optimization of LNA linearization, the improvement of its linearity
before and after is compared. Finally, the design methods for dual-band-pass filter and
microstrip layout have been discussed with an active mixer design and parameter
optimization.

3. Hardware implementation and measurement discussion. After determining the
module chip and external matching circuit, component values for the designed system,
the RF front-end amplification schematics and layouts were drawn out. Then by the
association, the sample of circuit board was fabricated with the components welding.
At last, the measurement scheme for key parameters of each module and system
indicators was discussed, so as to verify the proposed RF front-end amplification

system in line with Beidou navigation indicators.

Keywords: Beidou Satellite Navigation; RF Front-end; Dual-band-pass Filter;

Digital Pre-distortion; Dynamic Range
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1.1 REHNARERREENX

GNSS(Global Navigation Satellite System) & EX ¥ 5 20 fit4g 9°0 ZEACH HA$2 HY
FI—Fhe G BRERY, RITAER TN LR SMASKNSGHKNY, t@Ed ik
WIRBEAENTIE, WA SFHUE S A m ) R &R I THURS, 2R EET
RG2S A Mzt LA &P TR S fL A 2 2 k. HoRR
ROERERYE, R, SRR BREAEASE, T4 2N TR .
RAFIRZS &R R R AU, B H TR i S e LBk . Bk,
HH: F 5 R0 22 U ) I e AN R BN, By 4k EL IR X AN S Bl AE 2 J5 R i A
BerfE Bz —B,

TEGESEFW N EEREERPL OfF R AT AR, [ b2
FEAERECRIRE, BB BRI, Ao B RS SR MES, AH
145 5 R P Y — A -130 ~ -100 dBm; @B B ME E A ETHE S, Har
N B He o M B O 1 A5 . T Th R BOR B e 40, /R ZEAE R UL
AT PR, #1045 5 PR S 5 M A Eal iK1, S-S 500 2 1E
WY ESESR BT EEE S ERFE S, TR AR & A LT
ZRVE RE : (v R HURE P 00 /NG Y T S e 7 2R 8, DAL B T2 9 15 5 R R 1A
@FEATER 3 YRR RIFIE SRR, AN R I TH015 5 @ HA®ENEIEA
JaH, BABT (U B RAE S i S 388, DR eSO Lad & N B 31 5 458
1 (AGC, Automatic Gain Control) H ik sz B4,

SIR PR FNRS H AT B AR EE GPS &R E N R4, P B GLONASS
kG PR RS, B Galileo PESHIRS, URBEI} LESHRAS
(Compass) 1, GPS Wi RERBMMI LR FH RS . HRZIEEX,
BE% Galileo. Compass i & 2. GLONASS RSk E EE, TESHIE
TEM GPS WAL A GNSS W fREAR, 2k GPS 5 Galileo. GLONASS il Compass
H ) — el 2 M G I 2 AT R . P EALE R D2 IR eg v+ i) [N, 46
ZBRAWGITKBA LRSI ASNS /1, B LE SRS P ERIEFT
B FHUARSG % T 2000 4 10 A 12 A, 2003 4 5 A& 1 3 B “ b=} Atk

1
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WBAR”, Ry “Aek—A7. 2007 4 4 HRSHSE HBUE RETFRE 7 E
B AL RGBT B, #ROh “ Ak AR T

S BT it K 2 0368 To 38 % M e A 2 1) A 0k FLRI I8 155 8O L ik Ly
HLER AL, AEIARTICEOE S R D SR EZE A, IR N AR D BIL L
FHl. BMBRA R, REGEE LE. Wi EEREEm T
B BEAh, KT SR 1 T2 R WLANL Wi-Fi BLK WiMax &
i) SR AT v 1R A B A, O B S R, AR S A AT
HRAEBET R A E AT R AR A s, Bt R TR NG RIIRE. 2T
BEMI SR, WP SHIAT IR R G TAET B &%, DRSS T M 2k,

EARIRIE A ST FL & Rl o (12 172 GNSS 2 b ¥ it EAE PR
W LA S T2 MR, L2 = i IR Lo Th e S 1, R ) S A i o5 1 (1 T 5 4
P &R SE H AR bR RS B RAFTEE BRI R . AR, 36 [H 45 —Lu[E K
HF RS, 2510 O — 2 R U I S s IR KR BR 1 1 R [
FoV A SRS B A SR M B R o DRI RE o1 = T 24 i ) S A AT S TBOK 3%
G5 (1 SRR AR AT B FE AN i e BT — 8 RO 0 3

1.2 EASMIREIRFER

PESMAG RN — K E RGBS a i, P . W, 52
FEAE AN E R E St kR DR SH RS . BT, £E GPS. % i
¥} GLONASS Fi[Hf) “Jb—57 DE SRS CHRABWIZT. HihE
AR 16 [FIEFZ 5@ “Mrimsitd)” KA B2 S Rg LT ER “db
SRS AR . R 2 AR E AN LA EE SRS IR
JEHUIR -

1.2.1 BRI ESMAGHNARIRK

GPS SiRgiAXENFE _RIEESHAS%, ©HERM. . F=%FF
20 20 70 SEARBC S H], H B H 12 NIX = KEFAIRIR AL . 4R AFEM
SRR SRS, FEH TAZBIEN . RN 20E RS L EHE N, 3
1994 4£ 3 A, 24 Fi GPS L2 B, SEEEREIA 98%. 20 #EA
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tHhad 90 FEARH I, IARBIIA GPS R4 HuE i w2, £ T 1999 £ “GPS
BARAL” &, @I RN 3 NEE Sy i RIFNE 3 GPS Block 11
RN GPS RS MBI Bt Sl — 2B 4R i R G A e

GLONASS (Global Navigation Satellite System) &R 75 M 20 20 80 4E4X
VIR R A PR MRS, ©RASY 24k (FDMA) 7730, R4S S
KIXPAFETE. #1EF) 2011 4 11 7, ZRGCIEEH 28 Bl LEKEN TLE
T, BB SR e LR, BN TESHASTIHEGAE 2015 F8 &8 K.
] L = W= IV S B TR N e b e N = s N N NSl B 2 0 N I N s 1 - ]
BHZARGH AT AR A

AN € A7 248 (Galileo Positioning System) & 3 1F 2 b i) T2 2 fr &
g5, R4kEEDAT N GPS KR Wit GLONASS S AL, H=1rlRMER
FAR S B L R G B — AL T GPS X RE W HARF 2R R G0 “ MAImg ”
THRIT 1999 W H I T 2002 4F 3 HIERUEZ). 2011 45 10 H, BRyH{E:E &
P FH K B 5 K o ORI IE 2B AT IR s T, (R s TR S R Guik N4
T 58 B B0

AR 60 AR, HPEDET A T /E TR E AL S ATE T IR R, Ak
75 Fu e 3R T 38 I R b R e 1 U T SR s AL B S R GRS
FRR 2N VRN EN RS 7. 1989 4F, “XURPEE L7 AR “ 7R
TS R s s AR S RESE . ££ 2000 45 10 . 12 H R
KT PRACE T A R, iR T SRR ShUE A R GE— b
SEAR7 4E 2008 4F 5 SORST T A =R S A, R RGHEATE BT .
LS AR BRI R A N RS R T A BRI SE B —
XIS E A BN . AR RS R, FISE[E GPS M bt 22 R H kM,

REEZRGHEM ERRE T “db} =/ PESHEM RS . W35 “kKX
B, EAER” REBUER, ALk R RGERS AWM. “db R —
TR HRIT 2012 4FRTSEIE 12 fiedb s —AOE AR, XigES, “Jb3=
A7 I TR N2 gk 22 R 56 5 Rt ki (h8iE R 30 Fidkif bshiE LE, M
AL AR LR SHEN RS, LM eRRE R . #8F 2011 F 12 H, O
T b - 50 TN R 2 T HUE
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1.2.2 SHARTRMEA R SERMIRIR

[ 1901 4RI A JE f Th 1 JE 4% HL A5 5 Sl F R A% 4 21 T RV ¥ k2 A
K, T IR IEZ M 3 AT B S HOR SCHLEME . T IBE G 5 B
FMILTTHR2E BN L E AL ], ARSI ELAE 5 75 28 A1 4R S R R 1 25 AN AH )
N TGS S AR B, SR O IE(E RGN 5 AN R A A, L
GSM TAEZEH L4 900 MHz F1 1800 MHz PiAMIIEL: WA 55 T/ A
2.4 GHz; 1fif LA ARG TAESEB — M AE 1200 MHz 1 1500 MHz ffHiE ™,

TCLIBE R G — AT LU an ] 1-1 Fros i B SR R, 32050 i i 1o R 2%
BN PR TRIE S, S5 FASSIR N B AT S A o AR S, S5
15 "SI I R S i o b AR AR S B R G H 25 o AT LA HUAC R S A i 14 12 e
REE—NRE RS A=,

Rty
it 3t
i 5
% %

B 1-1 BLEERGRE

TCL S TN o P B T AR DR AR AR A TROR AR . PR & TR
e, URELR MR T S 5 E 5 REARABEVMI R
Ko FEXHE T RIBORAAR AL B . ot (045 5 25 2 — 2 AR MR LD EOK, Ja i
HIEL 5 T B A REREAT . AARIFB15 5 01, HAE 200 Hz ~ 2000 Hz i [
. iR R E R, B EE SR RSN, HREROREKEME 55K
KAHLEAEL, KM 300 km KB BL E R R, SX A SN T BB EAs . DR,
N T REAT SRS P A5 T, AR R i e B AR IR A ARG 5 S T AT
AR

TELIEAE AR AR G 5, A RIFSBAE B AE 8 A3k 17 e 1R
REIIANTA] o LEH A 1 1 7 AN 3R KN BEA R A A, 1 LRl
HE A D8 B 55 T e BEAT IS PR L 6 0 AT RO R 2 AE 5 i S Al 5 1T
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