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ABSTRACT

ABSTRACT

Millimeter-wave technology has been widely used in various fields of defense,
civilian, and scientific research. Although it has many advantages, its propagation
characteristics are sensitive to environment. If there is rain, smoke or dust storm, the
propagation attenuation will be serious, in most case to become one of its disadvantage.
The wide application of millimeter-wave technology takes the study of its attenuation
characteristics also ongoing.

Based on the practical application of demand for the measurement of the smoke
attenuation characteristic of millimeter-wave with the wavelength of 8mm and 3mm,
in this thesis, two radar front-ends for attenuation measurement at wavelength of 8mm
(hereinafter referred to as the 8mm system) and at wavelength of 3mm(hereinafter
referred to as the 8mm system) have been proposed.

The main contents are as follows:

1. A detailed analysis and a reasonable design of the system have been made,
according to the design requirements. Systems can work in far/short-range condition, in
order to improve the dynamic range of the receivers.

2. Phase-locking techniques and superheterodyne receiver structures are discussed.
And the phase-locked sources in transmitters, the local oscillators and the IF modules in
receivers are analyzed and designed.

3. Debug each module in the two systems to achieve the design requirements. Then
each module is assembled together for system debugging. The systems are required to
work in the temperature from -10 to 50°C, so they must withstood the test of a high and
low temperature testing. The problems in the debugging process have been analyzed
and reasonable solutions also have been proposed.

The output frequency of the transmitter of 8mm system is 35.28GHz with the
phase noise -76.17dBc/Hz@10kHz. And its output power is -12.13dBm in the
short-range condition and 11.03dBm in the far-range, respectively. The gain of the
receiver is 35dB in the short-range condition, 61.7dB in the far-range condition. The
output frequency of the transmitter of 3mm system is 93.76GHz, with the phase noise



ABSTRACT

-59.5dBc/Hz@10kHz, output power 11.9dBm. The gain of the receiver is 44dB in the
short-range condition, 70.1dB in the far-range condition. The two systems meet the

design requirements.

Keywords: millimeter-wave, attenuation measurement, transceiver, RF front-end
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BB (1 Dl 5 R A HL R PE B A VE A

-65dBm = Pgsgg - DR - G| < Py < Posgs - Gy = -25dBm (2-26)
5 B3R T T S AR

yGEEab e =dih)
-15.6dBm <Py, < 24.4dBm (2-28)
W EATE, 1330 RS HLIERE t D) 2 8% AE-15.6~4.4dBm Z [H].
23 B S L D EE VAL, AR SORE R S ML e i R R D 3R Syl
9 15dBm F1-10dBm. % RGP0 2-4 Fs

i th S 35.28GHz
1 tH Th#-10/15dBm 7] i 125 35/60dB ] i
st < Crmaums)  >—] sl
135 24dB 175 24dB

K 2-4 8mm RG SR
2.3 EHHLZIT

RETHUVEL S X B BBUHYR (PLO) BEBUAT Ka i BSOS, ] 2-5 A
TN RSIHLIE SRS B 7 AR RT . RSHL X Bk BSR4
11.76GHz M5 5, il id Ka il B AR SeH 1) 3 £ 4445 3] 35.28GHz KI5 5,
R AR HOmIE FORAS, RE 2T (PA) Hit.

__________ 5 35.28GHz ;

| @—i—:—» X3 —>|i|‘>>—i—>

I PLO 11 3 IR PA !

1 11.76GHz ! ! ;
2-5 8mm K4S HLHE ]
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55 & 8mm PR R I A A A B

2.3.1 X3EE% PLL

SR FHABHAH 4 A B 15 281 0 00 256 Y05 L A R M R i ) A 26 e S5 . 0T 1%
R G5 R SHHLIRAS SRS L 0 AR R 20K F Bl B R 35 12521,

RETHLE) X B BB IR R4 E T 11.76GHz, HJRFHEE WK 2-6 fin. B
YRR SALSR AL T A RAR N, K m AR A S 50, HAZ OB e R T
1. B4 . SMSEATRZ AD AF 1) ADF4107, HEESHAH:
ARSI B SR 6l 0.5~6GHz.

S AN RS -10~0dBm

RKEMBEHBE: 5V

AIFESH MRS DRl EFE—A 6 MLITHELEs AL 13 A RTHEES B, RIS
T g (PIP+1), BEATILFESEIL N 73045 (N=BP+A). 74k 14 i f1Z%51t
Ay R I UIXNSHE S AT, ERESHE SRk Bol DU iR & .
5 VCO St SH N fo, ZHA55 N £, SAIIEN f,, M1 Z RIS RWTT

L R K R 2

o= fRE% (2-29)
£ =N -fRE% (2-30)

& HMIL)E: -219dBc/Hz.

2. VCO. VCO &2 Hittite 2w Y] HMC515. ‘& B8N i 1 5331 7]
Dl f, = 11.5~12.5GHz; /2 = 5.75~6.25GHz; i ThZ+10dBm; #H AW
-110dBc/Hz@100 kHz.

3. ffR. AL FH BRI A AR B S A FR AR 40MHz (PR FEAME i
IR # . TAEHEAN BV; AFFE E<1.5ppm (-20~70°C). AJ4ME 20KQ AR
F, BEL R 4 G A R A, SRR AE 2R G I TR IS (58 T 3R, SRRSO R AR S H Y 30MHz
155K AEME T R B H @ T P

00, BT MG S AR A R BT BEE R = 2, N = 294, {45445 A 20MHz.,
USHHER A AN B VCO 1) fol2 b 142t 5.88GHz 1155 . BiUAH IR B4t U] i
VCO I fo 3 R, FR8ie 2 5 HAR N 11.76GHz. 1T %M 28 i K Al 4t
JEH 5V, /NT VCO it 11.76GHz it 5 FIIKBN LR, [RICAE IR B8 2% 2 ) in
—MZJi AD820 JEUKHLE . HIT VCO [ fo/2 ¥iig % H Up % 3~9dBm, i S AH A% 1
S AR N DI 2R [ 9-10~0dBm,  BETHI RSN s o (HEEER K ILZ VCO 1 f,
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55 & 8mm PR R I A A A B

s VR fo/2 3 1 (% B D 350 /N T- 3 datasheet Frgs HE AR, DRI 4 R N 2208
M ELRIR. RIMET foum D% HE R RF 6dBm A4, A2 LAHESIfE
Ags, HOMAE VCO Z a7 — AN 88 .

i e e e HMC515
: ; ADS20 1.76GHz
' ' /X
g [ 2 | mme | 5 _.}>_.@—.(>_.
: Y E N\
40MHz ' : 5.88GHz

Kl 2-6 SR HLEIUAR 5 HEAE [
B SCBR TH AL R E R T B PLL B9SCFE . SERRM A 4 R 2 H PLL, B
BRI, B R 2 S AN, (CRAFEYIE R TR BT G AL
TR 2-7 PR A I BB AR . E X AR T2 = RoCos

T = E '((;:2 “ : Hith Cie=Cy+ Gy A LA A 283,
tot
[1j —tang
T, - L0084 (2-31)
a)C
T,=—2 (2-32)
28 'Tl
1
2 . 2 |2
Cot = K¢}2<VC° 1””"2 Tz (2-33)
o’N |1+ T,
C,=C, (2-34)
TZ
Co=Ciot-C1 (2-35)
R, =12 (2-36)
C2

Horp K, R SEMa 8, Kyco Bon VCO WM aa. BEit A #iny U n] PUE L E
NG IR IR AR VIR . ORI E 2 B8 B R, IRERIE SRR R &
BV IR blii BUR TR PSRN = J ) R E R
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5 8mm PR PR R I R A S i

==Cl

||
1
0

8] 2-7 R E e 2
2.3.2 Ka RS KIRIR

REFHL X P BEBO IR BN R LR AL TG, ARERAE S 5. Ka i
BRSO S U A2 e Al b 3 5 IO A B AT 75 1 8mm RIS 5, DLRE
ERIThER

Horp R AR ELIE 2 AVAGO A&l H AMMC5040, & AN 2 — 3K = 4 2
JROKAS, 1 Bk m] LAE Dy 2/3/4 fE8as A, X B ARy 3 s fgefli . iz
A5 DR FL S, o B F B i P 2-8 s o JEE K (R N T R A0 58— UK H
B TARAEMOARS SR AT OB, 5 =R TARELMEIX SEILROR . = A55045 240
# 35.28GHz {5 5 &1 I IS M DT Ja i th .

To Vg DC ToVytoVy,
Drain Supply DC Drain Supply

T 1ol =

. '”_>> NI
RFin “‘é a yi B {1
-o
2
ToVy; DC ToVg toV,
? Gate Supply ;— DC Gate Supply

K 2-8 AMMC5040 1F = f i 7s i i B L B2
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55 & 8mm PR R I A A A B

2.4 ALt

2. 4.1 BERRITHZEH

1. AT AT oL PR

AT SRR SO e R 1 — R RO L L B . Al 2-9 PR, — AT
BRSOV L AL V22 SR AU R AR R AN AT 5 488 10 717 308 0 Ul s A S A v i 2 A 612k
F3A s PEBANTEOR AT LA P EL AT R U U8 i 36 i 2 ) FBOK B8R S B o AE AR R BAIR R
JUARRI AU, 7 S X R I AR AN TBOR A — ELAE P URCRT U 1 F o BB (E
H 75 22 RIS IR, AR TR RAN R, I HL T X S R (0 A
XEETE, EGEFEIEZE . Ak, ARSI P I s Ok B A8, 1
TR A E 28k . i TR S AR L X Bk, SR 2R
H2E.

W BPF ECK W BPR SHPHECOR
W I = 15
o > —»D—» i —

K 2-9 AT ST LAE ]

2. ELREARIEL

Ik 2-10 Fron, EEARSEUR ] — SRS AR T 2R84 — A F
PGS o AR B A B0 BON R BB B S A0S 5 — FEAIR,  IXRE A EL A0
PEPEHE S T ULER, EERAEIA M B R 2 T Z L. X+
AM 3, BB RS 5 AT REA 7 BAR TP AL B . ERERATH L T
RIS V205, Bln.: GeRedknT DS — A ] 5 AR S s e i
aeiz ], JF EASS UL HE AT AARAG I 2 . el TAE B AR I8 TR ReR,
R B IR A, AR, BRI TR A 2= S S E Dy Tl L, ik
AR EEAMENHLE 73— D EZE PR BT BB, OV RIES Z 40
Bt R, ML A AR AR AR, T LR R S 1B R . (H — AN
R R B A AR 6 AU AT AR v B BERIAGE T, RS X T s RS S
LU G B B BAE S AR AERAS . XM SR B W T 2 W s, LA
B AR AT LA RS HLERAS o
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55 & 8mm PR R I A A A B

N LPF 0 ON

—_ AR x
—»;&7——4 >—»| fitiE |—>

!

o &
fLo=fre

K 2-10 EHEASHEHLAE R

3. AR

BIHAT L, AT IR LR A 2 Ja s 2= i i, A 2-11 s . IZAE ]
FALABE AN, ERPHIAAECEAANE T, JEH P HREEN T
PRI 2 18] RIS 5 n] DUR B s IR A M e e s DA I L e ek, DA
LA BRTBOR S8 R ARAF B e A PR 28 o 385 e AR AR IR (R A RT LR 5 A8 1) 5 A
AT, MRS SR A RFFAAL . AN E L EZ N T . Bl HIER
i, THLRGAEIRIEE RS

FER AN AN B, 8 A 2 FR AT AT 75 BRI 9 2T A8 A DA BRE G A IR AG:
SEPLFTHER I R R, el 2-12 Ffrais, SR PR AR A0 22 S S LR G P A9
LM, PR ZBUFRIATPAE S, RE[REIEWE S,

Y

R

SR BPF e
L "
> —Q— g > — (-
Q)

B 2-11 — R AR AP ZE O LE 1
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5 8mm PR PR R I R A S i

SRR BPF 55— AR BPF 25 ik

X
Lo
A wax (D) e

B 2-12 P AR A 22 T LAE B

2. 4.2 Ka JRECRESTARRFN SRR LR

|
i
828

FUHUR A 2.4.1 17 g P IR R Atk A 2= B epLas oy, ik i
b, XRPAEIE. b@/*\%WFHZ!K%)E (LO) Mk, rhijifsise, A Ka I
BoiR s, WnlEl 2-13 fra. BRI s AR 7S AR EO0 TR — > B KR 75
AR F R EE B, K IJH:, B REFER 2 UMS 2 ) AR IR TK

' CHA20946 4

| NF=3dB AMO038D1- 00' i MGA62563

' G=21dB L=6.5dB 1| G=18dB

! 1.44GHz

' N\ [ N\

— —[— ‘b‘ > | X
‘:_'D N : (= A4
35.28GHz '

! 33.84GHz T
| Ka B BRI !

| | P AT

| 1,/2=5.64GHz ] |

5 4 Al MGA62563
———————————————————— G=18dB
! i 1.41GHz
I d & ] .
oty <]
: 30MHz
R SR HMC422MS8 ﬁ
! L.=8dB

2-13 8mm R SN LHE &
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SEEE 8mm PR M I R A mT T

CHA2094b. iZ:th i TAESIH Jy 36~40GHz; M5 R4 3dB: 135 21dB. HeUshl 4%
ISR S ML HE A% A 35.28GHz (I 5 )5, SARMEBUBCR G IR I8N . hAbik H
PRI s BEL IR A T AR R A, EERN T UERR 32.4GHz MBIz, I
JE B S HHT S — RN RSIER N 1.44GHz HIE— 45 S . %155 H (R
HL 2 A N B R RS R AT B8 R AR A, 7 HR ATURS R PR i N i SR ) R 15 2 DA A
DR 22 K VAT 1) S S 5 B 0 (S Ak o 28— TR ORI I 5 B i — A R 3% T
%, I TTLE S RIERILEIEFRA . I FRMRLAE] 30MHz 55, &k
BBOR Z G 45 S A BB . o A IRA5 5 2 Bt 1) 7 N1 3 1

2. 4.3 W AR

FESHUASR L5 88— Ak 11.28GHz, 1% AR 1.41GHz. WK 2-14 fir,
HAZ DA 5 R VB S 70 AH R . BUARPA BB 28 — ANz, LR35 R LA
FHIRESAH IR, X EAEEIR. 25 AIRE VCO 1 fo/2 i LI 4t, ZMR 2 5945y
Wi, 133 1.41GHz 155, SRJEHK. FFEHT VCO ¥ i Thaid /N, Fr bl st
PEARNNREILAS o FHPHOA T T —ANBORES LUBCK 11.28GHz /55, #HEZh G T
AT .

315

ADS20 1128GHz

----------------------- MGAG576
MGAT72543
1.41GHz

HMC433| 4 |[—» —_—

R

K] 2-14 $EUTHIAS R B FEAE [

AR FE R T R RS IR o T i P 35 i AE A BA BRI R R i %, (RLBE S R R
A, WA TAEER R AN TE R B 2 BT S A A T e v R AEZE A
SR T ot an: 7E 2.3.1 R0 2.4.3 T HREERIN, BT VCO By Dh RN,
B Ja AT T —ANEORES,  DAHES) J5 T B AR Hids .
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55 =5 8mm IR I R A 1 1

FZE SmmEEREGFMNEFIABRSEIG AR

BARGGR s TR, BT & B AT, e m H E A 2E
i, IXFERIEE G 1 MR Z R BT, PR T IOREE, SR B EAT]
MSZFEAT IR BT R B IR 1) AT A RCERBE R I, AT S Y A R
T

3.1 HiEEMIRER

3, RIHLE X BB TR A BUE AR 11.76GHz, i th Th &
12.5dBm, AHf7 M -85.83dBc/Hz@10kHz, & 3-1 A1 3-2 Fios.

B — AR R A BUEAMER 11.28GHz, HiHiTh®R 11.17dBm, AL
-83.67dBc/Hz@10kHz; 2 — AHREUE T4 1.41GHz, it T3 8dBm, AHALM: A
-100.67dBc/Hz@10kHz, #n/ 3-3 £ 3-5 flin. T FEA AL IR 1A,
BT LIX BLTE 45 H HS 5 s a4 X L

ATTEN 304@8 WRR 12.804dkm
RL 20.008m 11, "OOCOGN!

ATTEN 30dB HKR 13.67dBm
AL 20.0dBm 10dB/ 11.760036Hz2

CENTER 11.76003GHz2 SPAN S50.00HHZ
ABU 300KkHz2 VBH 300kHz SHP S0.0ms

CENYER 11.7S598686N2 SPAN 1.000nN2
REBW 10wz VOW 10kN2 SUP S0.0ms

B 3-1 B X B BBt A VR A
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B 8mm P IR M I T O H i 1 X

AD W/ BPOY FRO » A0.0 kis
RL =30 dbe/N “00.,03 dbC/Ns

(LIS L EE T LI T ]
L L T T
L LTI 11T T
L 1 TTE [T TTOT T]
L Ll [T [
UM L S [T | |
LRI YR ™ T T | ]
N A ™"
Illllll-lIIIIIII-IIIIIIIIIIIIMu
LT -IIIIIIII-IIIIIIII-I

FRAEQUERNCY OFFSBEY
FRON 44.76 0Nz CARRZEN

ATTEN 30d8 HKR $11,17dBm
RL 20,0d8Bm 10dB/ 11.,.27808776GHz

WE T
-qummmmm-
ey
LAkt il
ki e L VR i

CENTER 11.278877GHz SPAN 1.,000NMHZ
RBU 10kHz VBH 10kHz SHP 50.0ms

HKR 12.33dBm

ATTEN 300dB
11.280136H2

AL 20.0d8Bm 10d8/

CENTER 11.28013GHz SPAN S0.00RnHZ
ABH 300kHZ VBUH 300kH2 SUP S0.0ms

K 3-3 2 AIRAIE
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B 8mm P IR M I T O H i 1 X

10 dB/ SPOT FRQ = 10.0 kn:z
RL =30 dBc/Hz ~83.67 dBC/n2z

R R
LI e T 1]
L || ]
||
-
'

RN

LA ISR R AL

|

|
.I.immumit' aiti) 11 .ll il
LN T 1T, [T [
IIIIIII-IIIlIIIIIlllh"fllllllﬂl
T T
IIIIlll-lIlIIIII-IIIIiIIHIHI

FREQUENCY OFFSET
FRon 11.28 SNz CARRIER

I
H A
i

ATTEN 3000 NKA 9.8%d8m SPOT FRO « 10.0 kmx
AL 20.0c8m 1008/ 1.4099860K2 = ~3100.87 48C/Nx

o | [ [[[]]
ot
iEEEEEEEE
= | [ [[]]
2 o

n
-

=

CENTER 1 .4000860N2 SPAN 1.000NNZ FREQUENCY OFFSEY
AON 1O0MN2 VOU 10MNZ SUF S0.0m» Faon $.%50 SNz CARRIEN L

13-5 5 AR ARA A
3.2 Ka R ER TSI AR RMUIA LR

FH T S5 5 = B AR 20 B A S ORI B ATy 26GHz, A AL i Hh A9
HH G0 5 Bl o MO SR DG TR AT AT U A ] ] 3-6 o, Hohag
IR BB NI 20 43 Do B Je Xt SREG W AT A HE, 8] 3-6 IR IHLANE 5
PWARE, MASIREACR 7R D245 5 U5 DI RAK 2dB . SR JE X R SIALIEAT AL,
e FECIEAE AT AN R TARIRAS, 23 MG A E A5 238 FE -10.97dBm;  ITFE N
-34.13dBm, Wil 3-7 fis. Fr H s brim A2 Th 2% 4 11.03dBm; i FE i H T
#N-12.13dBm, MMURAD)FZEJy 23.16dB.
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55 =5 8mm IR I R A 1 1

EE%HL > ;&{E‘Z%% > IEIC/EZ/Hﬁiﬁ%% > )JEI ﬁ*ﬁu
Millitech 117 Agilent 11970A [*—] Agilent 8563EC

K 3-6 ML Ka P BB STBOAE DLl A 5]

CL 22,200 CNT -10.97a8n
AL =7, 15, znooo 020000 0Nz

| S—
NKA

.lj_!!ﬁil_iil__

CENTER 235.200000NM2 SPAN GO0.00NMNM2
RON J00kM2 VON J00kN2 SUP S0.0me

(@) (b)
Kl 3-7 REHLZIEFED)Z (a: @R b: TR

A7 -76.17dBec/Hz@10kHz, P 3-8 flian. fE 3.1 59 & 15 K S
X U BB AR U ) AR A7 Ik 75 O4-85.83dBe/Hz@10kHz . it |, 483 = £ 45 AH A,

10 a8/ SPOT FRO =
RL -30 dBc/Hz -76.17 dBC/Hz ||

I T T
AL ] R
b

LTI TR A i

I S b
A L
O
AT || R

FREQUENCY OFFSET
FRON 35§.28 GHz CARRIER

P 3-8 R SR AL Hh A

20193 = 9.54 dB, Fr LA SFALA % B AR 38 N 1% N-76.29dBc/Hz@10kHz .
KIFHE SMEEHB DG
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55 =5 8mm IR I R A 1 1

3.3 HEWAALALER

B CAE B an ] 3-9 B . A5 5% tH A% 35.28GHz, 1j# 0dBm. 3%
AR TR 60dB. W1 VT FE PR FIIRAS T 1% HE Th 5> il Jy-1dBm  F1-26.67dBm,
U 3-10 frs. Homim AR 2575 94 59dB A1 33.33dB. 14252k 25.67dB. Uk
PLIHTH 0.5dB JE 45 5 Poses = 9dBm, 411 3-11 Fin. B TH2SHLETIR1S I Th 2
FEXTEUN, Ka 3 BURAIE e — B2 A mT ag H IR 4a 15 o, BRI B Poosas 2
BT g R

ESR et bR g s
N . > . . S | A, B . .
Agilent 836238 Agilent 83554A Millitech 117 Agilent 8563EC

B 3-9 LI BUHE

ATTEN 3048 HHR =4,080d8n ATTEN 30d8 HKR =-26.67d8nm
___B0.,016HHE AL 20.0d8m 10d8/ 30.046NHH2

| Ll LA L b L |
oactab e | byl
WAL o o O 1L ]

EENTER 30.,048MHE SPAN 1.,000MH2 CENTER 30.016MH2 SPAN L.000NMN2
ABH LOKMH2 VBNH L10KkHEZ SNP 8D.0ms ABU 10kH2 VBN 10KkH2 SHUP BO0.0mes |

(@) (b)

Kl 3-10 Lo ftifE s (a: @RS b: TR
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55 =5 8mm IR I R A 1 1

P idBm )

F (dBm})

K] 3-11 F=dkeils 0.5dB 45 &
3.4 ARG

BRGNS O 22 5. DR EATIE T Rk R B A S %
LK, RS HLA X BUBUR IS HNT Ka 35 B RO B It — > s i, 43210
PLEIBAHAIRAR B . AR AT BT Ka 3 BRI AR B AL Y — AN F R, DS SERR Y
PLA DL . I GUHE B AT Se I il dn 1 3-12 Flrs A 3-13 B

. Filias ST Y
ZHM 7| Mtitech 117 B | Agilent 8563EC

3-12 8mm & Sl AE K

T IR, 1B A I Ry 60dB . AR AN 1 U B
WML ) 30MHz {55t 3-14 Frv. A DAEH, 1EMWE H O A% K 2] 100kHz
SE AR TR SIS, 35T T AR AR

1. FESHARE RE U Ay 35.28GHz (155 . W EH2ICH L4 H
30MHz (55, KILTCULAHE. AT DLHEBRZHONL 5] Nz B mT Re o

2. HEBORAESS AL, SRS 35.28GHz (55, KILULA:
BAEAE . Xt — DR IIZ I HURE RS HLEI N

¥
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55 =5 8mm IR I R A 1 1

L l y‘ ' '_

4 . J 1 -nr-i_
- e\ o
‘ « . 0

ATTEN 30d8 HKR =15 .83d8m
RL 20.0d6w 29.633NHz

l““lj .]l- |
s T |

CENTER 29.633N1Hz2 SPAN 1.000N0Nz
RBUW 10kHz VBW 10kHz SUP SO0.0ms

K 3-14 8mm R Gckn B AmE & (P B HhO 42 H00kHz kb 24 B0

3. ELRABRE SOW S AL X B BB IR RS R 1 1 11.76GHz 55, KL
AT BEIR AR 1T 22 A 2 AR R BRI 3o P IS A5 AT B . N T ik — D] i
AHUE AR GINN . A ST B AT, e AR EAE RS B,  S U
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55 =5 8mm IR I R A 1 1

B RKINZA AL WHZ U BRI S Ka i BUS SUTBOR R PR AE —
A .

4. 7o LG B VR SR 22 K B A BB £ 3 5 2 I . 45 2RO
Z A HOR =K A I RRE S MAXSEL PR, I3 3 e i 328 2 ot AR IR
BP0

B, ZREURIECROE AL 1o WRRTTIE: FE MAXSBSL % Hy AT AR YA
BREFIALL 7 BN CLC E#. Horp C R A, L Rom . A ) RS 21 ok
HH A B 3-12 s (5 AT IS, 521 30MHz 1945 5 W& 3-15 frs.

ATTEN 304a8 NKR 8.00d8Bm
RL 20.0d8m 10ad8/ 30.03SNKz

CENTER 30.033nMz SPAN 1.000NMz
REW 10kuz VEU 10kMNz SUP SO0.0ms

& 3-15 8mm % Gtk i i i ]

AR R R O AR IR TAE, WIHEAIERINRE R D 5 TR 3-1 . L5
SRR E

ZAGHE R T A RS B 3-16 . o LLE HAE RGENITTHLE 17
SRR, HEIHEDIERRKT 1.67dB. WE HFH EEUITF RGEL T A2 /N H
R DA R ok, 32 B DR R D B SR A TR (R B sk . EBEJS 1Y) 3
NN B, RGO H SR SNTE BIAE 0.4dB JEE N . R 5B R GV B FE T
ERES. HTRZECKLTIETIE 6 MK, EfdkfiaE. FrUET R TR
AR 7 2 AN R D AR st 4 0.3dB.
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55 =5 8mm IR I R A 1 1

*3-1 ARG EELER

AR (GHz) 35.28
. FHM: (dBc/Hz@10kHz) -76.17
RETHL —
IEFEHFHEIE (dBm) -12.13
AR II%E (dBm) 11.03
AR (MHZ) 30
plaw W5 (dB) 33.33
UL 0.5dB &4 & (dBm) 9
B i W25 (dB) 59
0.5dB E4¢ & (dBm) 9
-8 -
/A
-9
-10 4
-11 4
T
m
T 121
= 4] A
—h— fE
-14 4
-15 4

2R YLEORBELE-10~+50"C 19 TARPREE N A, BRI B0 AT v s
e TR RN RS, IR RGeS HLR L i — N BT
A, TR NUE TR, BN RAE R EE. IR 5 A 3-17
Ptz o RS LA i AR U X A SE 3G 45 SR A ] 3-18 22 ] 3-20 o . I sk
Rrab R LUE Y, R GTRITT AL IR H D A RO, e id — B fa] il i34

T T T T T T T
100 200 300 400

IS 1] (73 BF)

3-16 AGFEMEMIK (i)

ARG T T RE
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55 =5 8mm IR I R A 1 1

3-17 ERiE S

—6—- A—L—A\A\A

-10 4
212 4

-14 4

I3 (dBm)

-16 4 N
—a— iofE

—a— nfE

-18 4

-20 4

-22 T T T T T T T
0 100 200 300 400 500

I T (20 %)

K 3-18 LA E TN (KD
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55 =5 8mm IR I R A 1 1

) A
24 4
26 -
.28 -
—~ -30
e |
m
S, -32-
= 341 —a—
1 —A— fE
-36 -
-38 4
-40 —rT - 1 - 1 T 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
B 8] (43-%4)
3-19 FpLiz e I CEilED
10 4
A A A
5 .
O .
E
s ]
i)
104 i
1 —A— R
15 _\\H“‘
-20 — T T T T 1 1

T T T T T T T
0 20 40 60 80 100 120 140 160 180

IS 1] (5 )

3-20 JahlARE RN (i)
2o BRI E TR, 8mm RGRLIERIGFENR, JFHAAHT.
ZARGRA YU 3-21 s,
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3-21 8mm R4 LYK
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SEPUE 3mm I R PRI R A A e B

BB 3 IR E EAATIHIR T

4.1 BRI

3mm PRI R R 5 CREAEIFRY 3mm R4 FE4RRUT
RYHZE: 94¥GHz ([T A4
B FEE B 5ppm
P B AR . 30MHz
PR B <-90dBm
FAENASJE . >40dB
M EFEES: 5~1000m
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mailto:dB，所以发射机的输出相噪理论上应该为-63.9dBc/Hz@10kHz。测量值较理论值恶化了4.4dB。这主要是由于16次倍频链中的各模块引起的，该结果还是可以接受的。
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