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Prejudgment and Analysis of the Distortion of Group Delay Ripple for
High-Sensitivity Automatic Gain Control Receiver
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Abstract: With the development of high-performance satellite measurement and control technology, navigation tech-
nology, deep space exploration and wide applications of broadband spread-spectrum technology, strict requirements are put
forward for the distortion of group delay ripple for the spaceborne high-sensitivity automatic gain control receiver. But in
engineering practice, due to some microwave characteristics of the high-sensitivity receiver, there may be distortion in
group delay ripple. By analyzing the distortion caused by the variation of automatic gain control loop and its microwave
leakage, reflection and mirror frequency interference, the approximate analysis formula in the worst case is deduced, and the
prediction basis of group delay distortion is given. Through the analysis and design of spaceborne L-band high-sensitivity
navigation receiver, the group delay change of adjustable attenuator in the automatic gain control loop is 8.7 ps, less than
the index 18.6 ps; the spatial isolation of internal electromagnetic leakage —60 dB is better than the index —46 dB; the stand-
ing wave ratio of 1.5 is better than the index 2.2, and the mirror frequency suppression of 25 dBc is greater than the required
20.8 dBc. Finally, the system test shows that the group delay ripple distortion is less than 1 ns, which proves that the pre-
judgment method and results for the group delay ripple distortion of high-sensitivity automatic gain control receiver are cor-
rect, which has important guiding significance for its engineering design and device selection.

Key words: satellite; high sensitivity; automatic gain control; receiver; distortion of the group delay ripple

Foundation Item(s): National Natural Science Foundation of China (No.12175176); State Key Laboratory Fund
(N0.6142411205202)

ek H 491:2021-12-01 5 & 11 H 1] : 2022-06-10; 5 AT 2 . PN ER:



2012 H, +

1 58

TE TR S AL RS BRI SR T A
TS B A IR v R SRS AR O LA % A 5 . f
T RS, WSS s S E K, H ol R 5
B, aE K B sh 3 2% 45 ] (Automatic Gain Control ,
AGC) FEWCHL , Bk T i 52 B0 0% 15 5 B il A AR A
Fl i RABEE WAL B8 S X U 5 4T B 3l
FEAME B T I AR AR R T
e b BE AL AR TR 25 BRI B A %) e Je LA K it 7 A
SEROR B IR AR T L %o B 28 e R ABURE A Bl A 4
WAL TR B 4EE 3k B35 b i T R SR O R SE
BT TR A AL i TR AR S A B R E R K (R
JREC BRI GEAE T AR BE P BEAT R A Dk Sl g
S BRI A R ARG R e D i AR bR TEAL e
WAL 8 50 VR AR o I T B i v A B D A L (EL7E
TR S B 2 WML A i S Rl AR P 2 e ORI S
ST AE W AS B (5 5 AL A I i A X R
SIE 57 By Wi A8 S5 0 3 BT 22 D3 1 DN B ) B SE B 20 45 I A
B8 Ak . 3k 26 o3 B B2 I 5 H AR 1 PPS AR S e i
U a5, SR X L B /) A5 5 R AT i R A B 7 AR
JWIE S LR SE SR W] i RGEHEUE 5 3 1 PPS R 5
fih & B R S0E SH Aff i RASS o . S S AR RS0 A T G
A o 55 235 5 ey b B 7 k2 O AR R R A
FERWCHL B SRR T B A, X R B A
AJEZAE . WA TR AR A Je , AT i e i o4
H B R I REME T 0 T IRE T A5 9K R B 7E
Ik 6T F, (8 s S M i i gk VR R A 25 (B R A T AR BRI
Fyyk [-078],

AR SCE 3 43 0T R OB AR OPL ) B 5 4 A
AR SO RS A R B AR A E i B
W A%, Al T AGC 3R AR b\ AGC il K #% HL 1
M AGC i B SF A9 5 ¢ 42 W ML A0 T 40 25 A o 22
1% 00T BRI ZE 3 B AL 28 28, 20 T e A B A
2 i H2 WSO o] 428 95 50y WG 720 1) AR 4l . e 24 AR S
aob % e R R S A WO AT R BT A O Bl R A 1
TN oA, A5 0T AT R B g5 A 1 R A R AR Ak | R it
7 o 2 3 OB B ) A R A

2 BRSH

B AR OLIE O 15 S i p e A v, fh TR &
G, T BRI A S 20 A R K
3 A S T R AL R . O T RN HL
RERS IE % TAE , 1 Se T O e I 4 SR S 15 Bt AT
RIS, SR J5 T S X BRSO B HEAT 1 Sh 25 42
X H SR TR B AR UM 15 5 K/, SR 5 R 5 4 Tt
Sl B o 10 T R R B L TR S B AR L 1 S T e

& i 2023 4F
FoE , E s .
=
[DO3ERE 1IN o Agid
T YRR AT AR R
ZHAGC

LT el A Sl i 1 FR MO L BEAE 1

T E 2 32 2 LAY B B4 A, HoE SO BEE 5
A 3o 2R X 4% B S R P A A S REE B R IROHL
Uity 1 0 26 A% Hiy oA BCA B EE S50, mT LA p AR L 6 B0 3 Y
SRS
Forpr o, ARSNGB A 5 o0 SRRSO AR 5
() 27~ 12 T8 AH A Bl AT 56 AR Ab 1 e RIARA R
I S X F 584 15 5 0 5 L AR Hh R — AN oy
P S I 1 AT N A5 5 RIS AEE e 2 B ARE
FETE T AR 58 PN B AT 3% 19 35k 3, e F T 10 22 WAt ¢
DL Ze R AR . 76 SRS L bERE Y T 8
SR AL A BRI B I R 6 TR Bl 2s s
BB B2 SO IL , Pl AR B MO HIL 1 Bl 3 25 4 ol 3 1 9 Y
AR A R AR T8 S S T W S i B B R AT 5 s e
78 [ BT Ay 2 Y Al BEARURRE IS S 3 2 0 v R IR L T
B0 A 2R G0 5 ) B R Sl AR AR LR
Wi PR 2 A5 AGC AR Ak  AGC HLRETIHR (AGC BE 5L
U CAGC BG4 % T4k L AGC B B L A8 k26 . Horp
AGC il 4 Bt L 10 & A 0 A8 Ak 2 2 i T Hh i e s
7 U8 U A B TR T AR PR AR AL, B A U U A Y BRI
TE B A T IS DRI AGC 4% B 1) Hh AT D I 7
o B PR I 2 e R X R A ) B g, 91 A 7 S S
S T s S R R A 1) LC G U, LRI A
SRR DR TAEIREE T A2 bt nT DL 2 ARTT T .
T DR X At AN i 20 W 0 5 e DR R R AT BEAE A0
TR LA 45 PR3 R R R A8 S R A 2
2.1 AGCIRRBETHHIZ

Mk AR WOHL A T A5 5 R AT B K AR R,
B SIS S TR AN W R 2 RO A I LA
188 5 B 5 S . 8 AGC E R BR s v, 3 o A FH 3
SRR S5 A E T AR B RO A S, AT T AR Y £ R
A I N TR A R A A DO i N R
JE (R ) 10 48 25 B e, 1A A H IR RE . X RER (R



48 %

e AU [ Bl 47 T MSOD LR T S 304 5 i 28 14 FUH 3B 2013

P55 N EE R I — 10 A7 AT AR 3 45 48 1R SR 1 8

SN, NP 2 s

ES

f\/\

LOUNERES

e i >

AGC J

SR

E2  AGCIFEASL A

AGC I BRI A% i 5 A2 A 28 S8 0 7 Ry LR AR AR AL, 1B
B I LRI S Sy 8 5 7, R OHLIT IR 2508 G, A
WA . WHZIEWHL AGC A BE B T R B 1 22 e i
IVEIE,|

S pen (j0)= G107 (2)
TR 2 B A5t B 61 SR A R W 17 1T 267 S
Sback:aGeij[wTOJrAq)(w)] (3)

Ho, o9 AGC I 45 2 AL LE , RIVHE £ I8 28 AR AL 15 i 0%
it B FUAEL s Ag () 2 AR 5 25 AFR 3 I B AR AL A
O, 2B A (o0) S T 28 6 25 2 PR 28 A I B A I 28 AR
AV

A1 3 (2) MK (3) Al RLAT H e 2% 12 WSCHIL A ik s o)
I h

Sy =G (1 —ae @) edon (4)
IR 2R AE 7, A 20 (1) A5
_ d(p(Sout)
L P (5)
PR AH AP R S W 2 A 4 A P By
AT: } _ d(”(sout) -7
dw 0

azA(/)’(a))—aA(p'(a))cos(A(p(a)))
1+02—2acos(Ap(w))

BEAh , AGC 14 25284k LU o X I T T B2 ML 25 A8
PAEL , PR 52 R T S BB il e AGC R FHAE TR
(e S R GRFICIECS - T R iU p - W TS (R (ER S N
ARSI PR TAER S VG R ZER AG, BOLE A

a. = Gmax_Gmin (7)
max G
Hrh, G N AGCEKI 45 5 G, N AGC F/NI £ . 38
AR S R dB AR S 4 25 R0 2 253 Y 7 B
I AT4%

‘ (6)

G[dB] G[dB] -AG[dB]
100 —10 10
O = o (8)
10 10

HT T 52 s R g 5 B P 8 i AT R R R RS A A
i A2 Al B/ HOBE W R B AL B A K, H o>

[ cos(Ap () )] Bt B HE 1 W 25 0 it 25 4 2 25
P () R 2 0L AL
Opax COS(Ap (@
LA G
5 2R G0 AP O LI I 2 25 56 /1 T
g EH K (O FT 25, 24 AGC B 25 (10) i, B 4
W BIE (BB — S REAS 2. AR A o,y

( %— XT.,.
A¢(®)<Lmaxcos(w(w)) 1} o (10

SR — 25 M, 38 IO AR L A 7 Ak s AR 7
A R 2T 20° TR RENR 8 4R R A R
BRI S 3575 AR B A s degree J(FLA A (7)), It
I Zen] i 20 (10) 45 H Gl e OWL BT i 1B 46 1) vl i) 5
ol s B INAH A% 38 b e 6 R X (11, R S B pL A
I 22 I8¢ 5y W A% 1) $50H 73 A
sec(209)—1+ 10¥

—AG[dB]

1-10 1
2.2 AGC H#EtRE R

BRI 22 WAL PN 08 3 LA 1) 58 4 B 2, 7 SR R
JEE T O kv 1 L AR AR WML i b, R (R S R R R
B 0 AN T P 70 7 AE 2 SOHIL N B 25 ] =22 v 43 o
ST G5 R4 500 R E I TR B 8 S DG 3 7 2 B Ay HEL
TR A TRl R, EL T B A PR A S e S L P R s
FE AR AL SRR A, W 2 2 I 8 B AR R E e R
TR ML T AR AR v, S5 36 1 030 A% 1 L
TS AHE NN, T BORAF T A R AR A i B A A
A, 3 BRI AE U B A8 bR e AR A AN R 3 TR LR
LWL N U 35 B AR DE B AL RS S5 IR Y R R
S(jew), W it 55 M 12 B 0 ok R B RGO #E R Rk
S, Go), ZiMEEFE A HEA TAERAR IS, 2 = A s
SRS, PR AE 3B B4 A A AR

At<Ar =

180w,
11
. D

Agrys [degree] <

N

2.

R AT
SI‘N(]. w)

fESHA

R

Higma
S@w)

B3 i AGC HMOHL A B i it 5 5 7 1A

S (Joo) N (2) BT/ . 25475 5 U A2 390 14 3 1 4
FIR S Iy ., WU 8 135 55 1O A T e



2014 H, ¥

EE 2023 4

S, (jo)=pGe ) (12)
T8 11 R A 5 B i ad FL S ) e i HE AR T
N R

Sou=Ge "+ fGe ) (13)
IR 2 SERERHAE AT (2 (1) LA
__dp(Su)
=l (14)

A DAY IS L 557 Dk A IS SEE 30 ) 915 A i
2
B (9,,=1) G*+ (@), —7y) cos (07~ 9,) G
1+B°G*+2Bcos (wt,—9,,) G
Hor, or 2 8 B A (0 FF I SE | LA X (B S B - 5 B
MER EARAR G . MR AR R wr, 5 ¢, AHZE 180° B,
ATIR K, Gy AMA 55 e s [l i e, e 1 o 5 i
IR 251 25 AH 25 B0m 9, BT LAAT DK g2 I &, I
AT s 42 2y g 2 14 Fe KA ARy
G
At .. ~|B l_ﬁG(go,'n—rO) (16)
TERUE BT, 75 2 AGC TBUR M S R IR AN fiE
FII L PR % /R s i 8 55 3 I 52 15 A 20
SR W4 T, 00— 4% 40 dB By ORI
KA, HFe 25 )3 2 /D B T —40 dB A RE LR IIE S i 55
5 AR PR 8 e TR A A R s 2
‘ /5’G2e“"’~'(‘“” < ‘Ge_j“”'o

A= (15)

(17)

il
pG<1 (18)
KRB
(BG<1)
/ S N

. .
= AGCHUK# )
fRSMmA ~ R

El4  AGCHURH B R s = A
IEAN , FESEBR ST, AGC UK L B N A FE 22

AR L R S A AR BT B s S e g e A
U= FNIEW)
G

Armaxzﬂ 1 _ﬁG

A B AT R Y B N A 30 B e AR /N T HARE 7,
IS

‘(p,'n—ro‘max (19)

ATmax < Tobj ( 20 )

I, H AGC DAY 0 FEL R T o A 114 i o S 5 8 g 2 o S

BENE IS I RAE T K ; 28 (19) A1 (20) v] 45 2] X} H2 ik
GRS Y A O R A (1
B[dB] <~G[dB] +20lg — " (21)
|¢r’n_T0| + Ty

2.3 $ERRIFIR T REIR

AGC BE I % R W T g A5 5 A 45 5 19 e
i . A AGC UL 5 5 1 s 0 ok 0915 5 Al &
TN, 237 TAES 58 N B Bl A0 2R A8 £k g % sl el SRR sl
RT3 By 7 A 5 B I T A SR R AR AN S TR L 2
AGCHHL TAEI A | R R = B, i BB 22 W 4% [
P AR

Aeiv0
U —
> EERA >> Bl
A|l|eior

Pl 5 S GBS 9 B0 ) 5 1)

7 B U S iR AE S =X (22) s
S, =Ae 4+ A| | @ (22)
Horb, 4 R A5 5 AOBR B 5 7o R BEIN 8 9 0 T 3Ros I
SHRFE .
B3 (D) A (22) AT DI S5 I REIS ZE 4N
__ do(d4e A T[S (23)
g dw
A AT 98 A e K R /ML 220K i HE
T IS S22 35 ) , WGS90 3l 25 DR A 28 o B S A 5 i 7 AR
W72, Jr LA AGC BE B 08 5 I /I Sz e R Ik 5B 3 3 110
WA AN
TE B L BT T TP ROBTHRAE TR PRI R
PR T 35T AT A AR i FA A F
||
Tmaxz 1_ |F|
Horp, ! S SO BE AR B FEISE . BT LU HY S0 e 2
SRR, TR 42 ) g 25 A 2. i — 25 T A UL
AGC B 0% A SR FE R bR Ry

T..
[I< " (25)
‘/’»~_To| + Ty

ol-1,| (24)

AL N
swr= 117 (26)
1-|I|
A G C A I I 8 5 s A2
27,
SWR <1+ d (27)
¢;_To|




48 %

e AU [ Bl 47 T MSOD LR T S 304 5 i 28 14 FUH 3B 2015

TE R E R AREBOR S AT BRI SHESS
ASHE 5 M A 22 K20 1800, Af it — 25 15 K % &
AGC i A K H B A i 2 0 B s 2 3057 st W 725 e R AL G
0 (28) s, B T AR T T B (o ]

ne o TSWR-D)
™
2.4 FESNTFMES X ERE KR

e 2 U R B A AOHL A R AR A T 24
WA B TR BN M O 5 S, BRI S B IL I A iR 5
THAF 5 103 22 55 F TAESUR 5 AR 9 IR 2215
R BIRE T AT 5 S AL TR A 5 2 rh
AT 5 0 AR 98 N, X5 rhoSSUAE 5 FF I 2 38 7 Ok e
A5 6 frn , AT S B R EE A R A ki A
TN AR

(28)

G
B
Lo mm = G s 2
A
N —
B LO-TF RF-IF+LO
ey

g
6 IS

MR S — AR S X B RR HEATUEBR , AN e 6

HELR B/, AELGA ) A73 70 A /N e B 400 £ 0 2o A

IR B R, S BRI S RN S I B A AR L T
TETE5 T Fre 2 1 D0 AR IS 367 20 14 W A2 55 2«

R.
- img
ATmaXN 1-R. Ty (29)
Horp,r, WA HE S

SR T AL S R AE % (R, %
AT 0 £ AR (. b, X 5
e BB B

R, [dB] < 201g

(30)

obj

3 EBISHERIE

DAL AR B L 38 e R AR ) B3 25 45 ) S R AL
g 5 AT S A3 e R IGIE % P T AE T 1.6 GHz,
R 38 25 9 a4 B A v 8 OB RN Bl SV I, A
%éﬁ/%ﬁFEkﬁiﬁj‘L&rﬁlﬂ%ﬂ* INTF 1 ns, IR R GG
PERETCRZ A . T T FH AR SCET X JE HsF 428 35 5 g A5 £14) T
éfﬂﬁ/ﬁn/\ﬂﬁﬁ;wﬂiuﬂsz\cc PR P T U A Y
SHQEER  AGC P H R it s O 25 8 A I O D R 5 A
THeAm S e bR 18 T TR
3.1 AGCIEEHEAREFNSEILIT

ZAEWHLIFFRIE 25 40 dB, IZ 42N b B 225K AGC 1]

P2 2 50 22 dB, [A] A AL SR EEWOLAE TAR IR AR fe st
M3 £ A8 A 24 3 dB, #7 BE R e R SC R TAE izl
PLIE £ 1 e K2 A2y 25 dB. 7R TREBT bR A nl i
TR AR U g A AR (10) BTSSR T LIS
HH 2 AT R T A R 5 A R Ak B E A A ) A R
&7 TR 1% AGC 4% fi v i FH %) mT 3080 3 a6 7 5 Dl (EL
AR AR (1) B RE AR K 22 /N T 18.6 ps.

2 4 \

g 40 \

= 35 \

2 \

g2 30 \

B 2

= 20

=

1S o~
10

10 20 30 40 50 60
BhAEE/dB

V7 AR DR PR S A AL AR BR R

[ HE, f =0 (1) T A5 X2 v] IR 2 8 7 1.6 GHz
AR B IMARAS 8 05 1K SR /N T 10.7°, 2 0PAh AT 2 F vh
] o R 4R A5 13 5T i 14 22 30 7 AT R S sl
2 AR AL A B I AR RS 24950 5° LAY, PRI 358 A 2% n)
PRI DA T R LI ELR
3.2 AGC NEBEERE M RER B EiZiTiER

ZAEWALIME R SFZ) 4 100 mm X 100 mm , HL 74
Eﬁ){'fﬁﬁ S (0] N S A, ARt BB 5 5 5 AR

S BERT IE 22 29K 0.1~1 ns, FEAE S (21) AT 31440 1 5L
V\]iﬁEﬁﬁﬁﬁrﬁiﬁ'&E’J S ] B 725 2 A PR 2SR, AGC PN 30 HiL i
T B 20 B N FE M BRAE R 2 T, HB MR bR AN RE 22
T-46 dB, KIS P/ .

L

]

5
J'i

B BEI B IR R /B
k
4

|
S
=Y

fAll
L
oo

22 Al

—50
0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0

TS 42 {H /s
18 HCAIL N S 2s T ol 2 12

AGC PN 5 H o Tt i o 285 5 5 s AR 15 v B A O
PR I 7 S = 2 S A AR R R S 5 AT B
AGC S U 322 R HIL ¥ R P 1% i 3 B 85 B8, A 1 9 N
B 10 frs .

18 8 Z &1 10 745, 78 1.6 GHz TAEMUR AL , 1% 4%




2016 H, ¥

i 2023 4F

g

S

PO i BE LR A LS

7% [] b 1 1E/dB
3

s

™~

)

1.0 1.2 1.4 1.6 1.8 2.0
HiE/GHz

10 BB R F ) LA R

WAL 2 1) B 5 8 240 —67.9 B, i 2 2 [) B 285 8 ) i B
B, DRI I s A Py 30 Tt 22 10 fL R A 5 U s TR 6 B i o
JIG P A5 36 2 R GE T HE I 1 ns FEAREER
3.3 AGC $BE3FRIZITHER

TZ ALY O A 2R P [ A 3k 5 0y 2o P 4R 1A 7
T A5 5 A5 H 5 I 8, I A 5 o i 2 40 5% LBk
2o Y I A R G 1 B R A A B, SR i
1 ns WA FE AR, i 2 (27) w45, B ik v 7 F 18 11 B
I P AE A 2R AR

35

3.0 \.\
5 N
g N
e
20 '\'\"\-.\ -
15

06 08 10 12 14 16 18 20
LI EE SE /ns

PTG o5 B P S

Z B WSOL ] 2 3k 3k FH B 43k T AR 7R Y SMA-
KFDO [l 443k , HAf 422 5 S s 4E 24 0.5 ns 5 fafrty 3o U
N LR BON 9.9 1 A1203 B AR, K54 19 mm x
S mm X 1 mm, {17 28 T8 5 0.98 mm, 18 58 = 4k H /5 17
15 BT 354 L AR 1.6 GHz &b 9 A 5 4% T i) 28 24 2y
0.16 ns, G0 12 Frzs . R A S5 55T A4 XURE et
HEZ) R 1.32 ns, B & 11 AT AHILGE DS LR /N F 2.2,

0.165

» 0.163

£

\’_:',I_-l’l

= 0161 ' —1

i ___‘___0___»——-—'

=

) 0.159

x

F 0157 ~
0.155 S S S

12 13 14 15 16 1.7 18 19 20
1% /GHz

12 e o 1 i S

3.4 BRYEBEWIESRIIGIZITIEER

B, PR A Bl a5 1 TR WSO LU B [ Y
TR B A HA S R G A — A R D) b
ATE AR TR AR 1% & S PLTE TR 3 e
FA) AT Jey S B T DA LB SE R 24K 10 ns, 422 WCHL T Sty
3 3 I A S B TP e ) D0 e =X (30) AT AR
FEWSHIL T 20 AU 1 I R, <—20.8 dBc, RIHEIKL
HLAY BT HI T AR R BEZE T 20.8 dBe. WML R T 528K
A% e 1) LU TR) B R A TR AT DR S IR R 7R
TR A B ARG M Sk i 7 R BRI B A s
WAL A 1 B 6% 16 2 T 25 dB B E, Fr DABE AR ]
B AR T BEARAE 5 B © 43k B T R IS AE 0 2 g A
HIFEFREK .
3.5 EHfAFIIE

WA T A X 32 H2 MOWL AR B S 35 20y F) - A R
FURBEGR TS, a0 13 s . H AGC 2R T i 5
U B o ] H R AR A5 13 WF5E T Y 1~2 GHz
FE AL PR YA T B IAERS /INT 57 R AR A N T
8.7 ps. 1T U A 48 i 4 22 A5 1 O S I A R
 HAY A 14 s

14 AEEER A LY R

AR CHIL P S R G it R s 1 B S A R AR N T
—60 dB,, [ AR TR A /N o A h 32 AR R BT SR T, L5



% 8 2 e RAURE P 200 445 TR 42 SR LR ) 52 dp4 2l W22 ) T 2017

E 15 Fros , $ie BRI 9 Fir 7R 467 B, o) JHE B 75 B 45 )
ZER A 16 fis ,/NF —67 dB.

15 NEBE A

2 1) B 25 AL /dB

1.0 12 14 1.6 1.8 2.0
Fi#/GHz

V16 I B B B R 45
B kB AN B AT & 2 A TR [ A
b S T 1.5, VRN B SR B AL, A
WA 17 R .

F17 NS RSy R

7 % T 3 PR R A AT ) 0 T e £ AN 1 18 P
HABAZ A R i AAL PRI {EZ°M 25.2 dBe.

T
50 f----7--A---v ———--
1
. 1
8 150 booooff i :— R
Y 1 1 1 1
E'E 1 1 1 1 1
E-250 -/ - P R Fommmtm e e G- - -
IE' 1 1 1 1 1
— .? 1 1 1 1
M 50 L0 R e R RN
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
—45.0 + + - . 5
130 140 150 160 170 1.80  1.90

FiZ/GHz
118 s il kst gl ith £k

HROB R A D D g D) 2 5l 8 R R O AR 1Y LC

BEPE AT, LAY IR 19 s

[E119 w4 LC Uk 4%

% H sh3 55 58 W L2 5000 R SR B PEA
FEMSOHLAE i 928 397 2 ey AR G0 1] 20 fr 7, 294 0.3 ns, 1 2
FEARZIRAY 1 ns.

0.60

1.50 1.55 1.60 1.65
HiZR/GHz

P20 AEMSOHLTHE Rl By A2 44 24

AR MCHILAS AT AR ST 3 A4 A6 IR A2 954 50 W 2
BT, RS LA S BRERR Lt A7 P ], 7 54 LKA 2l P i
AR 5 AR ) R R T CF 1 JEE A S B O T L R THE R )
F2 R A SE P B R A 22 R BB ] U8 D
FARE LT MK 2 R Z ARSI Hrdig 5 1 S A 2
TR S AR 25 RN P 21 B e AR B E Y
1.52 ns, 5 & 20 O SR B BEAT T AR bR IR R
] B P REAH H A I

e SR N E |
160 - M N L e RIAT B BB 2
2 : : i
ey : ] i
{',é R bt LR
#k | ; !
010 M
1.50 1.55 1.60 1.65

i /GHz

B0 AT T 3 WObL AR e A U s W A
3.6 LiMERESFTEE RS

TR SE % 3 A6 M BE O T, 22 ARG I 9 A
JEIE Ul 78 B AR AT SR M) 187 28 A5 5 A 5 S5 5 | B RS s



2018 H, ¥

EE 2023 4

HEASA, , AT 53 A7 38 A R Ge iR 2, e Ah B AR e 45
R 2 51 A B R % Sl H AR S Bl 4 21 . AR ARk Bl |
B A3 A7 5 1 2 A S 30 ek Yo e 6 Rk 2 ) 7 o L ) Y
R A5 22 00 (R Ak B, v IR AR Ak S B0 B A 31 Bl
BN M B 2L vk (K [l W |52 B A DN O B T8 B
B 1E FH T i 4 R A 0 R ok WA R, G T
WSCHL AR I kR S T I S5 A R T B 3 3y [ g 1)
R RETF AT 40 A Bl b T AR SO T AR S
HEAEG ARG I Z A5 I T X AGC I A5 1k |
AGC JR#S HLRE TG | A GC 4% I B A3 4 8% F WAL B At
T 55 PR 2R Y 4 T B AT, 2 5 TR AT L A A B
K .

DA R R BE B MM g 4517 S a7 o I B R
FEOGX — 50 (H e LSRR 7™ i B AR T T U8 k4 45
FL, 1 P9 FS] S2E 288 A 491) 400 G LG 08 30 705 P9 ) 28 2858 A Ay I 2
{20 ns & LA IR F2 2 P 0.000 3, 157 DL iR AR 1k
65 “C, X Ff 22 56 Ak (i e = B X ELAAR S L BE 38 Y R 4iE
RS, PR 2 R A Rtk iR DCRC T 3 HA PR K
FiUA i SEVE BEAR T 0.64 ns, 117 AR SCHH 3 40 A ff S 1 T
AGC IR AR AL  AGC R A HL R TR . AGC i % S A 3
W BRSP4 A5 A Fe 25 1 0 T B9 F B 2E 3% ) i
U, F8 5 52 R 7= i B A B E O 2 42 o 1 i 1k 3
T 0.3 ns, A BCRUE T A SCOCFHERELE 1) 4387 3 U
S MRS TR EAEEE Y.

4 Zig

ARG 15T 5 43 M R AR e R U A s 2
PRI AGC B BRIk L AGC HEL g I L AGC A % 4
W BTGRP S SR T 00, BT XA e I stk A7 T
SYMT A5 T R AR (T A A DA LB R
BT = R U Bl o A T ER SO R IR S S A
R 4 Fof Aot 42E 308 B0 AR AR G 1 ns AR, T3 AGC
R AR BT 1 U0 U () S U M | H T T A A
LR B LI 0 ELAG T IR LAY TR BT
P, IR X BEFE AR HEAT T M R 9 SO L R T
AGC IR T JE Ik A T AE AR L 8.7 ps, /NT 18.6 ps
B F8 A 5 PN H R ik R S R B S B R —60 dB, T
—46 dB BB bR ; BEDE HL A 1.5, 00 T 2.2 B384 s B0
#1425 dBe, K T a4 20.8 dBe. x4 2 R S8 9000
UESZ WOHL B FE ) A8 % S B A5 /N T 1 ns, 8 35 SCAF 56 UF T
AR SCHUH AT 5 1 B A b L X S B S 25
Pl S TR SR brdas il AT S

ARSI o3 M 7 T 3 B T O R I P S R ML
X R S 2 30 50y 78 Ak B SR A 1) B A R B, B ] g
FHARE SCHBIFIE R HEAT 43 AT, 910 40 S5 26 3 S 3 76 3k
K SFIHL R AR 2R GE R R S AL v R[S R

G175 WY e Dl 3 25, AR I S 30 9 78 T e A8 ) 0] ]
VAT i AR SCHY T7 35 AT A B8 AT 4% 5 10 26 falt 0 S At
T E B TR S S E R . AN AR ST TOH 3 M 7
VR R 5 Rl SN I BE A T R HE S, T R A SN C L
AR W] LU TR ARG R R SRR
LRI A .

S Sk

[1] KIM M S, SEONG J S. Design and analysis of an automat-
ic gain control scheme for high-speed satellite communica-
tions[J]. IEICE Transactions on Communications, 2000,
E83B(1): 99-102.

(2] 4. DR SAHERBLESE AGCRILEIIFE S H ik it
[D]. V4% P42 FRHRE, 2015.

LI W. The algorithm research and circuit design on digital
controlled AGC for GNSS receiver[D]. Xi an: Xidian Uni-
versity, 2015. (in Chinese)

(3] W, Wi, F3Ciz . —Fh LR SATHEIEHL AGC 3 538
FELIN 35 2 [CLE + — b [ 1R AR i e ——
S07 LR FHUREA . /5 & b H LR MRS E I
A, 20211 15-19.

(4] W A — i A7 SR A U S RE Y AGC HE fi%
BB, T IC S AR 2020, 39(4): 84-89.

HU M, FENG Q Y. Design of an AGC circuit with exter-
nal noise identification function[J]. Electronic Components
and Materials, 2020, 39(4): 84-89. (in Chinese)

[5] DZIALLAS G, FATEMI A, MALIGNAGGI A, et al. A
monolithic-integrated broadband low-noise optical receiver
with automatic gain control in 0.25pum SiGe BiCMOSI[C]/
2021 IEEE 20th Topical Meeting on Silicon Monolithic In-
tegrated Circuits in RF Systems (SiRF). San Diego: IEEE,
2021: 1-3.

[6] XImk, &304, KT, & . DRIWEZEIIUNT B 3y

s w505 EJ U] 5B ST LR, 2012, 10(6):
654-658.
LIU X, FENG W Q, LI C S, et al. Design and simulation
of coherent Automatic Gain Control for TT & C receivers
[J]. Information and Electronic Engineering, 2012, 10(6):
654-658. (in Chinese)

(7] 0%, SeHakn, SRALHT . 2R T 0T FF I 4E 2 E0xF Dy gl i

PEBE 1 52 W B 5T (9], P BT AR, 2015, 23(4): 108-
110, 113.
LIU T, MENG Y S, ZHANG L X. Effect of group delay
on PN ranging performance in the existence of strong inter-
ference[J]. Electronic Design Engineering, 2015, 23(4):
108-110, 113. (in Chinese)



e

7

8

W i R AEUEE 1 Bl 08 Al R ACHTL AR P S i W 2 ) 00 0 A7

2019

(8]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LM, FouiR, B, G5 RIEL T D i R SR
Fe s T3 B I GE R R 3 D). BT 1R B AR, 2014, 36
(6): 1509-1514.
JIANG K, WANG Y Q, MA H, et al. Impact analysis of
the sub-channel delay in very long baseline interferometry
digital baseband converter[J]. Journal of Electronics & In-
formation Technology, 2014, 36(6): 1509-1514. (in Chi-
nese)
BOYD R W, GAUTHIER D J, GAETA A L, et al. Maxi-
mum time delay achievable on propagation through a slow-
light medium[J]. Physical Review A, 2005, 71(2): 023801-
023804.
RARLE, IR, 90, 55 RERSSER TS . I 7
R R D). HL 2441, 2008, 36(9): 1819-1823.
ZHU X W, LI Y L, YONG S W, et al. A new definition,
measurement method of group delay and its application
[J]. Acta Electronica Sinica, 2008, 36(9): 1819-1823. (in
Chinese)
ZHANG T D, YANG T, CHI P L. Novel reconfigurable
negative group delay circuits with independent group de-
lay and transmission loss/gain control[J]. IEEE Transac-
tions on Microwave Theory and Techniques, 2020, 68(4):
1293-1303.
KAPLAN E D, HEGARTY C. Understanding GPS/
GNSS: Principles and Applications[M]. Third Edition.
Boston: Artech, 2017.
ZHU M N, WU C T M. Distributed amplifier-based nega-
tive group delay circuit and its application[C]//2020 IEEE
MTT-S International Wireless Symposium (IWS). Shang-
hai: IEEE, 2021: 1-3.
WRee Be, X5, RN, 45 . IR HERS ZE X QMBOC
5 MR W (4 52 0 23 [C//3R -+ — i o [ T S Al 4
ZESUE——S03 FALE S 515 S4B . s
B ARGE HIMAE, 2020: 39-43.
GRELIER T, DANTEPAL J, DELATOUR A, et al. Ini-
tial observations and analysis of compass MEO satellite
signals[J]. Neuroscience, 2001, 104(2): 359-369.
SIMON H, BARRY V V. Signal and Systems[M]. 2nd
Edition. New York: John Wiley&Sons, 2003.
T BEER . R E O FL I LS L T [D]. AR 1
FHE R, 2011.
YANG Z H. Design of Receiver for High-precision Simu-
lation Tester[D]. Chengdu: University of Electronic Sci-
ence and Technology of China, 2011. (in Chinese)
KHAN R, KHAN S U, ZAHEER R, et al. Acquisition

strategies of GNSS receiver[C]//International Conference

[19]

[20]

[21]

on Computer Networks and Information Technology. Pis-
cataway: IEEE, 2011: 119-124.

DEFRAIGNE P, PETIT G, UHRICH P, et al. Require-
ments on GNSS receivers from the perspective of timing
applications[C]//EFTF-2010 24th European Frequency
and Time Forum. Piscataway: IEEE, 2013: 1-6.

TR, Wi, IMRBL, 4 . SFRTSE 5 % iGMAS i #21i
B4 22 93 B 5 Iof S0 A XAV (7). I ) A3 46 22 4, 2020,
43(2): 121-129.

WANG R, YANG X H, SUN B Q, et al. Clock analysis
and delay calibration of iGMAS receivers at time-keeping
laboratory[J]. Journal of Time and Frequency, 2020, 43
(2): 121-129. (in Chinese)

RV, ZEPRAE . TR AT O HIL I 32 00 5 B2 AR B 5E 1)
THEEAE, 2019, 40(5): 910-913.

ZHU J, LI Z H. Research on time delay measurement
technology for satellite navigation receivers[J]. Acta Met-
rologica Sinica, 2019, 40(5): 910-913. (in Chinese)

ZF @ T 1986 BV PE RN . Ay
S 2008 4 F1 2011 A FE W7 VTR 2% 345 T2 2
= =2 11 =S (VAN s i Bl 6] VES A N
TFFE Tt e TREV A A 0 . 32 220 5T 1)
Sy T35 i AT A e s TR 438 T AR 2 K DA VRS
WO
E-mail: 1blblb_999@126.com

FHEE 2, 19994F 10 A A B ph s
N . 2021 SETE VY 2 g TR R E 3R T g L
0L IRV S (] JE 2 i B AR BIE S R
L7 o 1 e - 3 U1 el L e L1 7 €5 & v N
E-mail: Su_Sookie@163.com



