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K WPAN (Wireless Personal Area Network) <, %4 « %072 iz K — F4 5
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NTIhPoAEKETHoT, LOLANLYERERT A 2oL L, I
WHBERE AT LICEHTLIMHERBERIED S, FIHOAEENGEGE > T [1-
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Fig. 1-1 Current state of the mobile communication traffic in Japan.
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Fig. 1-2 2020s prediction of mobile data traffics.
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PAPR (Peak-to-Average Power Ratio) M K& WEF &5+ 2454121, EKOH
—FX ¥ UTERGEFEZHMT 25/, G0WF AT Iy 7 LU b Ol ERN

VE LI TWD,



ai
i

s

p=

£

VBRI
. ATVTAR |, HESMEA TEIBN b A7) T A
D
WE TmRa RO A7) T AR FERA (RIS 27) 7 258
—eeeeeee H
fo-2.5BN B fo+2.5BN —J
e

Fig. 1-3 A conceptual diagram of the out-of-band region and spurious

band.

Table 1-1 Frequency range for measurement of unwanted emissions.[1-

15]
Frequency range for measurements
Upper limit (The test should include the
Fundamental
entire harmonic band and not be
frequency range Lower limit
truncated at the precise upper frequency
limit stated)
9 kHz-100 MHz 9 kHz 1 GHz
100 MHz-300 MHz 9 kHz 10th harmonic
300 MHz-600 MHz 30 MHz 3 GHz
600 MHz-5.2 GHz 30 MHz 5th harmonic
5.2 GHz-13 GHz 30 MHz 26 GHz
13 GHz-150 GHz 30 MHz 2nd harmonic
150 GHz-300 GHz 30 MHz 300 GHz
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RO THDOART N T AT FIFTAFTH DN, BIEET VX RS, IF KK
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KT AT FITAFRERE 2> TW5H[1-19],[1-20], Fig. 1-4 127 P Z )L IF F D =
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Fig. 1-4 Block diagram of the digital IF system spectrum analyzer.
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TYENIF FRDOAXT NI AT FITA4AVFIWE, TUVFNVHFROREEIENL,
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Fig. 2-2 Sampling timing of Time-interleaved AD converter.
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Fig. 2-3 An example of generated spurious in Time interleaved AD

converter (M =2).
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2.3.2. 8

Fig. 2-5 ICAREIRETH A % U —7 AD ZH 25 0SB  2 =4, Fig. 2-4 O%
E I, #HEES (Estimator), 14 =27 A ¥ (Equalizer) & OME 501 &% (SW) 2o
b7 b7 v v 27 (Equalizing block) MM L7k ThHd, TL 7216 0H
M, FARRBICLEREBT — 2 HET D201, Fhrywy 7 NOHEERIC
ANEn, HESR»OOHEELRIEERL, T o AD B IZ Iic T2,
ﬁﬁ(%@=ﬁBMFthM—DT%543?4ﬁﬁlﬁéﬂ,%M@ﬁéhéo
A aTFAYPHT) yp BEFUEHBICADESN, ooy 2 nbH T E y,(=x)
LT ENnND, 2D yp FA XV —T7 AD BEHBICATEIND X, E1FEF
CfE & 725,



S
=

NV Al

A o~ 2 U —7 5 AD e D F A F

F

18

"19}I9AU0D (Y POARBI[IDJUL-oWIL], posodoid JO 3INOII0 Jua[eAINby G-z 31

AN o RAARIRS I | VAN o
8726 17 0] )
joo1q Suizijenbyg I
r-r--"-" """ """-""-"-"-"—"-=—-""-—"-"—-—-——"——"""—""—"= = m
_ < @ rap < [-J47 103eWnSH < | -V 10309]0S M @ 1wy
| rimf]  2oznenbg T _ I, X I YD
_ I : 4
- | < g
<—+ s 21 < < Iojdureg > (@) aisy
e - — Humm“w_um <] | Jojewrnsy M”H..:l [I003RS - [ e @H 1x (#),x (1)x
| . . | "
! )09 - _ D
- - Ioyewins . 10}09[0 < 2)0
_ ol 10z1enby 0 Hed b — _ 0 1°8 10, X @or




9.3 STy s BAIUIA LB Y —F AD ZEH

2.3.3. BFIRE

Fig. 2-5 DM B2 Héfe S 7o St AD B G ORIt b DB Hgpp () 13, LI
HofED oI, BEEEAF->-TWVWAE0 L LTHY., o, HEICHLTE
DOFFEZFMIET DIV ARA 2 ) —T7 AD Bfigs OMEREIZ S WCm ET 5,

2.3.31. EXRE

ARE T, EARFHIZOWTHAEZHWTHIT S, HAATORP I W TILHEME
LT WL, UTAHALTVRATATIERL, AFIVEBEMN Y AT AL RT#RICHY
T2 (VINVEA LV AT AEEBERBTLIHACIIRNEREZWMETIOEELET 2L
EWRdH D),

Fig. 2-5 2B\ T, AW T CTHEEHILINTZME x; 1, T XTHOI A~y FEKEIZA
hahn, tomhntv 7 20OANH x,,m=01,- M-1) &%, LIzhi»>T, %3
A~y FEEORERE H, (2 OA 3V AF b, DES% 20L+1 T2 & TE
D mEFEAOEVLIZ ZDOASE X", FERATERIND,

Z X —_n ‘mn+L ...................... (2_1)

TRy 2R, AE X", A T CHLlERRLEREL I DA I
JIaEbET, YU NEEENT ey JICHNT 5, RHMIOT =N 0EFEHOE L
sambihshsdedniE, | FAOTFT -2, kA TRODEND JO) BEAOE
V7 A inbiiahd,

Jiysi (mod M) (2-2)

JG) € {01, , M —1}

ZLT, o AhEEIRDO LIRS D,

L
x"J(i),i i~ Z x J(z) L e ( 2-3 )

Thbb, rxotL 7 2%, EWIZEMR T ¥’ s, Ahaiiex, itxL M



20 %2 B ML XV =T HFRNAD BRSO AT I v 7 L VDUE

s (AW 7' 28) F5—22Hh¥T5,

ZIT, BV EANREM T LT 22N NTHERETDE, FhTr Yy I
MOALATAYPRIERICEIVIATy FHBORKREZFLT 20T, §XTOA a7
AVPOHNIE, KEAD EBGEO | FHOHNME X', LEMERD, FA4a2T74FD
BEMBOA VRS g DEIEHELLS 2L+1 T 5L, x, FRATERESH
Do

L

14

! "
X X ga),i—1 " 8J(i)I+L

=L
LrLEEREOK AD BN, M ks (AH 7' ZL) oF—2 Lt
SNV, JO) FHOBLVLZZN6E, Ji-D#JG E2D X", FHDSH
TWRW, TZT, SOABICKLELR2D ADEHRETY 7TV 7SR TORWE
Z, o AD BHGm CEBICY T s TWHE (FlEEoOmot L 7 20
7)) ZMnTHEE (HE) 75,

2332 HRET—2DHEEE

BART — 4 x"y ER(2:8) FVKRRDO LS CRENS,

L
x"‘[(i),[_[ g Z x/,'_[_n . h‘/([)’n_'_]‘ ..................... ( 2_5 )
n=—L

Lo T, JO FHHOBLVZZIZXLD i-1l HFHOBRMET =% x"y,0 &, K
(2-4),(25) ok LricREh D,



23 FhTmy ML A B2 ) —7 AD ZEHid

x".l(i),i—l
= x”J(i—l),i—l " &y(i-),L * hJ(i),L ...................... (2-6)

+x”.l(i—l+1),i—l+1 “8(i-i+1),L " hJ(i),L

hJ(i),L—l
N &u-n,-1 My T o
J@i),L

+x" jci=1)imi1 " 8sGi—i-1).L " Py

hyy, 41
N &u-n1 M h
J(@i),L

=4 DL ET, AD ZHE 1 0% 3 OH A, FHEET AN,

Fig. 2-6 [ZR”"7, 2D X HiC, EEICHDERNTWARWHDEEZ, TOMo AD Z#
mOH A VNNV RISEOENOEET 5,

=0 1 2 3 4 5 6
| :‘-\i i i i s <2 Estimated data for
Sampler 0 : : LA i /O’\ 1 / T o ]S;n?p.ler 0
: , : — , igitized data by
output T Xs(0)0 | LT X0 | Sampler 0
| /A'_XQE | ! | A & Estimated data for
i . A : A I pors Sampler 1
Sampler | ..l : = : s ,'r\ A / : A Digitized data by
output i : i v ! Y D’S: i Sampler 1
| | | Xy 03 i
! ) i E i XJ@)6) {1 Estimated data for
i T-‘ p | , Sampler 2
Sampler 2 ’ :/\-! : /‘".'.:—\‘, s : O Digitized data by
output 1 L Xa), 21 \_. -/ i r i Sampler 2
! ” ! | ! _.-:; i Estimated data for
; i e & i a0 Sampler 3
Sampler 3 "f‘/ i AN VI / > b Digitized data by
L ! ] , i !
output : i : \4}/ | o ! Sampler 3
B L XJ3)3! i ! !
T |

~
D

Fig. 2-6 Examples of data estimation.
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Table 2-1 Frequency characteristic parameters of each AD converter

used in the simulation.

AD 25 #i &5 I Ay, by
ADO 1.50 1.00 0.00
AD1 1.60 1.00 0.01
AD2 1.30 0.98 -0.015
AD3 1.40 1.00 —0.005

Table 2-2 Comparison of EVM value by each method.

W Tk EVM [%]
AR AD 0.00
ek FiA 0.66
RIS-Method 0.62
R Fik 0.01
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Fig. 2-7 Mismatch characteristic used in the simulation.
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Fig. 2-8 Example of the simulation results.
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Fig. 2-9 State of the generated error in time domain.
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Fig. 2-10 The measured frequency characteristics of each AD

converters.
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Fig. 2-11 An example of the experimental results. CW:90.625 MHz, 0

dBm.
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Fig. 2-12 An example of the experimental results. QPSK:75MHz, 0

dBm, 16 Msymbol/s
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Fig. 2-13 Time variation of the spurious level.
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Z D% AD BHMEBIZ IV T2 MbEnND, TV MESNTEGEZET V2 NVES
WHIZ &L > TSI FEORE R ITOND, Z0HE, IFY 2307 71 7 EEK
WIEAN SN RFESOEEBENNBANSND Z L ERD, T, B S DR
R, IFVCLVANESNE RFESENVANNVICIR L ERE SRR REET
5o ZOXIBREFEFRDOREALRBT 272DICIE, IFV2aLe7 o ZEEKIC
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Fig. 3-1 Configuration of General Frequency Converter.
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Fig. 3-2 Configuration of Frequency interleave Frequency Converter.
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Fig. 3-4 Frequency component of an input RF signal.
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Fig. 3-5 Frequency component of an ideal mixer input signal.
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Fig. 3-6 Frequency component of a digital IF signal.
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B EH DL I 2L — g 0% Table 3-1 IR,

il

Table 3-1 Specification of the multiplexer used in the simulation.

HROC JE R | A R R 7 4 v ZEA
F ¥ R
[MHz] [MHz] Bk wE
1 600 40 INHE T — X 12
2 630 20 INEZ T — A 12
3 650 20 INH T — X 12
4 680 40 INHE T — X 12

Table 3-1 IZ R T X HOWCEHFHEHE L TIX, £F ¥ 2 roHLEAKERZ 600
MHz, 630 MHz, 650 MHz, 680MHz, & iE#&E % 40 MHz, 20 MHz, 20 MHz,
A0MHz, 74 NV Z DR ANT T — R T 4N E THDLIA LT A XaT A <L F T
Y EEEL, MO IaL—varyrE® T ALK LE, Fig. 3-7TICa2 T 4 F
2T A v VF T VLI FROJEHOBEREELZRT, a0 T 4 F 2T X - v LT

FL I Y FROBETHLHLETF v /D 3dB #H N HEH L THEMEL T WS,
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Fig. 3-7 Frequency characteristics of the multiplexer used in the

simulation. .
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Fig. 3-8 Detail frequency characteristics of the multiplexer used in the
simulation.
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Table 3-2 Test signal configurations.
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Fig. 3-9 Test signal.
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Fig. 3-10 The spectrum of the output at multiplexer.
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Fig. 3-11 Simulation result without phase offset control.
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Fig. 3-12 Simulation result with phase offset control.
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Fig. 3-13 Simulation result with phase offset control and

equalization of multiplexer characteristics.
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Fig. 3-14 Photo of the experiment system.



56

W3 E WA LX) =T HIRIC L BB O LA F I v I LV DkE

Table 3-3 Test device configurations.

channel parameter value

Center frequency 890 MHz

1 Bandwidth 20 MHz
Mixing local frequency 840 MHz

Center frequency 910 MHz

2 Bandwidth 20 MHz
Mixing local frequency 860 MHz

Center frequency 940 MHz

3 Bandwidth 40 MHz
Mixing local frequency 890 MHz

342. YILFF—UEFICKHHER

AEBREBEBOREEFERBE L OB ROBFLEIELHRT 720, X7 FVE B3
A 8e (MS2690A-020) 7>5, Table 3-4 I RT~v/LF h—rEHE2REIYE, HKE

PRALER 1% O FFABMEZ MR T D,

Table 3-4 Test signal configurations.

parameter value
Center frequency 910 MHz

Modulation Multi-tone signal
Signal Bandwidth 60 MHz
Frequency spacing 1 MHz

Fig. 3-15 X, &% AD ZMBIC L VG LET =% %, ThENT VX LI XL
TR ZATR W FFT B L 72/ R 2RI LB O TH D, K (a) 1ZTIREFE, (b)
I REMEE R L TR Y, SRR O ER, SR, RIZZhZhoF v %L (CHL,
CH2, CH3) otz Zzh T rL Tn5, 3.24.1Hp X(35)TRLEZIFHD
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RF fllds XL O IF AW KR 2 GO 5T v o XV OBERME B,(Q)-A4,(2+2; )
ZMIEL TW2RWEED, K2 (b) ICARTAMFEEDL, FF ¥ 20T =2 & HIC
RELENALTN D,
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(b)Phase characteristics.

Fig. 3-15 Frequency characteristics without equalizer.
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Fig. 3-16 1%, % AD AHBICIVIRGLET — ¥ %, 3.2.4.1 T X(3-5)THRL

cXF% ¥ D RF Ml X IF A EEFEEZ ZOLET v o XV DORERME B, (Q)-

A(R+Q ) ZHIET DA 2T A FITI VA LIZFHEREZ FFT T L2 b0TH D,
Fig. 3-15 & FHRIC (a) X IRMEEEME, (b) XML EZ R L TB Y, SHtEh o R,
MR, BRITENENOTF ¥ R AVORMEZ R L TS, (a) OIRERMETIE, &K
FRICIRIBRAEDN 7 7 v PCRD KOS HF v v RNVDOT—ZBMESNTWD,
Fig. 3-15 TIERE S EHNLTWIALHBEEL, 1 274 FICIVMESAMERY =
TICHBELTWD, 2L, £F v 205 RE % (30 MHz, 50 MHz) (281
HEFT ¥ U XRNVONMMIE, MESNTWReWeDIZ, MHEENRECLLEETH D,
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Fig. 3-16 Frequency characteristics with equalizer.
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Fig. 3-17 1%, Fig.3-16 TR LA a2 74 P UHEOEKE T v o X7 —% (CH1~
CH3) #, £#F v U X NAHOAMHBEEZMEETICAEKLT, TVXNLVIF 5 & LT
BELEHRZRILTWD, MH (a) FRERME, (b) IMMHEFEZTRLTEBY,
P (a) FOERITERREOREML, FE (b) FOER, 8K, BRI ZTHhOT
¥ 3/ (CH1, CH2, CH3) OFftEZ "L TW5d, (b) ORIV SN X
SN, BT ¥ U X NVHOMBEENHEIN TN RWEYD, (a) IKRTHAELLET VX
NV IF R 5 OIRIEFFMEL, &F v > r v O5ERE R (30 MHz, 50 MHz) 2B\ T
TAYTBNELLERRLRSTWVD, ZOREBHAEEOILNIE, &F v R LB ONMM
WKLo TENT DD, ITFA I THRICERRZSTE/ERER D,
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(b)Phase characteristics.

Fig. 3-17 Frequency characteristics without phase offset between each

channels.
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Fig. 3-18 1%, Fig. 3-16 [Z /R L7c A a2 T A PREBEOKF v F VT —ZIZXH LT,
HF X NVHOMMEEMERCARL, TSNV IFESEBELEERTH S,
Fig. 3-17 [k (a) (FIRUEFIE, (b) 1T FFEMEZ R L TR0, Ftk (a) BRI
QRO R, B () RO ER, B, EHRIZTATAOF ¥ v R OB E R
LTWo, #F v v FAMOMBELHES 52 & T, () IORTIRIBEIEN, &7
XU FLOERBAERICBOTKERT 4 v 7RNAELDZ EARL, 0.5dB O#ENT
75y MIHESRTND,
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(b)Phase characteristics.

Fig. 3-18 Frequency characteristics with phase offset between each

channels.
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343. ZHRESICL HHER

KT ¥ X OREME GRIERE, CAHFENE) 28, 4 2740 QB XY sl
ESf, ERAEIZENT, £#F ¥ U2 AMOMMBEA 72y NEMIET D2 & T, K
ERLKTVENIFEENHAEASND Z 2R Lz, KETIX, EVMM@ric kv %
DRz MR T D,

N7 ME SR AR (MS2690A-020) 75, Table 3-5 2" L72T7 A MEHFEHAE
S, BEEICLV DEAEEEZEOBHAGEZICTX L TEMLIE LTV EVM T 21772 -
7=

Table 3-5 Test signal configurations.

parameter value
Center frequency 910 MHz
Modulation QPSK
Symbol Rate 40 MSymbol/s
Roll Off Factor 0.5

Fig. 3-19, Fig. 3-20 I EBRERZ 77, 2 h (a) FEAKEE A7 FZ A, (b)
Ta v 2F L —varE LTS, Fig. 3-19 6 bn b L o118, KF v v kLD
DALFHENMIE S L TR WEEIZIE, BEROBEEAZ M7 H121%, ERICK
ERI/WOBEDHIABP LI, ZOXIBRGEITITELLESZMITTE RV,

Fig.3-20 1%, £#F v XNV OMONMIEZEE THIE SN, FEBERPEERC FAS
NTWDHED, TR THI AL AF L= a VBN Y RVOEFEEZ S NI
LTW2Z e, ZORKO EVM BT RIE, K 1.1%Thbol, 25 L LT,

MR ESRIC IV EE L7 EVM fEiE, £ 2.0 % ThYH, ZoZ b blliEswms L
THARBEECTEWRESNFEESNTVEZ ERbMD
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(a) Frequency spectrum.

(b)Frequency spectrum.

Fig. 3-19 Experimental result without phase offset between each

channels.
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Fig. 3-20 Experimental result with phase offset between each channels.
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Fig. 3-21 1%, B H L F v » VB OAMAHAE L, BAME 0 26 ERMIZE/ILSH,

EVMEDOZAZBH LD THDH, EVMEZFRZE 10 % THMN T 558 121%, it

MIEEA2+0.01l rad OFEACTHIE T 2L ERNH D LEZRLTWVD,

or 1 ofF 1 O .
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Fig. 3-21 Effectiveness of phase offset between each channels.
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344. FAFTITVvILUDDHER

ST HZEICLY, 1 DOIF Y TCRUBET LIS, Hxe 0 I FHITIE0HEK
Bom pETREREZFENEANT LD ENARBERD, LIRS T, XA F I v 7
LY iE10-logM) dB elET HZ & &b, RKHTIE, EFEROLHFE S HWT, HE
BICEOVIATIv I LU PORRBEITY ., ERIL, HERETICIFrorxroIFx
VEIEICLVOET B, TUAEEEEERBICLY, SEBEOESEZERD
IFXFVEBICEIVAETIEAICONT, TLEIOEGTRGLEESTZ LKL,
BAFI v I LY OREERZHERT D,

EF, H—0IXFHERICIVAET 56, BLIOT L ALEERERTZOSE
ZNZENRICBVT, EIFTOANLR_NARNELLI R L91C, BV LV ERET
Do ZHICKYD, HEIFHICLVAEALDIBEBEFELDOLALNE—IZRD K ICHE
Shd, ZOFR, TUVALEBEERBZICANINDESZTLVLIE, B—0 I F ¥ H
BIZANTEDANVLNALD M fFE72%,

JEH R IF 1355 & L CA# Ak 60 MHz @ OFDM Z #1553 % H v, OFDM Z#1E
FOEBIZEE LEWMNME T L XVLOAT Y T AERTE, TOUENOLEMEITE W THE
WL, 2 ¥a B MO RE R T 5,

Fig. 3-22 1%, 7AMEBZBU L 2BEOFKETH DL, WP, WBITH—O IF ¥
KV EAT R T BROBRKIE CH Y, FEHRIIT U AALE BB Z LR L 2 8L
BThod, BlEN2 OFDMAERESZOE LN LIZELLHEELLAL, Bl h
5 OFDMZHREZ V<NV %27 77 ET—8T2L9, MIEREZKELRBL, 27
TAREBELZAEK 85 MHz (T2 AR L TAHD L, B— I IC TR LEERIC
e, T oAb R BE RS IS T LR D ) A AL 5~8dB IR 2o T
BO, AT Iv I Ly IPRRELTVDLIERHERTEDL, Lo b EXT
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Fig. 3-22 Experimental result with phase offset between each channels.

3.5. HEMNE

T VAR ERBOEARFH CTH L HEART VT ) X ADOERFE %, X
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4.2. ORTLER
Fig. 4-1 ICAEBOKIET 0 v 7 ME R,

BRMEBRES 1—)L ($1~#6)
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e . : A/D L | mamEs
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Fig. 4-1 Function block diagram of High dynamic range spectrum

measurement system.
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Fig. 4-2 High dynamic range spectrum measurement system.
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Fig. 4-3 Functional block diagram of the frequency conversion

module.

Table 4-1 Configuration of the frequency conversion modules.

JEW AR E Y 2 — v #) | RF 55 AT B B VAR 5 8 K

1 798 MHz~ 832 MHz 935 MHz
2 832 MHz~ 866 MHz 969 MHz
3 866 MHz~900 MHz 1003MHz
4 900 MHz~934 MHz 1037 MHz
5 934 MHz~968 MHz 1071 MHz
6 968 MHz~ 1002 MHz 1105 MHz
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Fig. 4-4 Appearance of the frequency conversion module.
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Fig. 4-5 IM3 mesurement result. f1=820 MHz f2 =821 MHz.
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Fig. 4-6 Measurement result. RF port is terminated.
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Fig. 4-7 Measurement result. CW: 817.5 MHz, —10 dBm.
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Fig. 4-8 Dynamic rage chart of the frequency conversion module.
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Fig. 4-9 Signal regeneration flow of wideband signal processing units.
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Table 4-2 Configuration of the test signal.

NTA—H fE
FE5EN Py 0 dBm
*v U T A f 900 MHz
Fy VT 8
ER VAVl = 5 MHz
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Table 4-3 Configuration of the OFDM signal.
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7 0% Raised cosine Filter

o — )L 7R

0.35

Fig. 4-10 T M ERE 5D ER 7T v v 7 2 RT,

EB R igse ";jﬂf)f EI;;,’;;" 4 %8(30dB)
MS2691A-020 | /o= 900 MHz| ZHL2010+S 10EZ2900/ A50-S 7155-30-0.900

3NF-500/1000-S

Po =0 dBm
PSpur =—80 dBm

EEHRLESR
MG3642A

i o

0 Ty
|

anp

=970 MHz

Fig. 4-10 Block diagram of the Test signal generation.
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RSN Svectrum Analyzer W& 2/21/2011 182332
@RBW  1MHz [@ATT  12dB | Spectrum Anabeer @
VBW  1MHz | SWT  5ms (Amplitde
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R FRRA 74 NS5l
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Fig. 4-11 Spectrum of the test signal. (OFDM: 0 dBm Spurious: —80
dBm)
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Fig. 4-12 Measured Spectrum by High dynamic range spectrum

measurement system.
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Table 4-4 Commercial spectrum analyzers used in comparison.

% Rkt
MS2691A 7Y R
N9030A Rohde & Schwarz.
FSQ8 Agilent Technologies.
(81) Keysight Technologies.
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Fig. 4-13 Measured multicarrier spectrum using MS2691A.
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Fig. 4-14 Measured multicarrier spectrum using N9030A.
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Fig. 4-15 Measured multicarrier spectrum using FSQS8.
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Fig. 4-17 Comparison of measured OFDM spectrum. Detector mode is

Log Average.




B4 B EmAATIv I LY URANY R T MRS

4.4. /‘\—X I\Zjlj TZEEO\]%%%

AE T, 5 AW K E 40 MHz © OFDM AR &, = 0L oM (70
MHz #f i 7 JE 3% 0 BHE T2 RER T L LT, it
KGFAAXT T AT F T 4% &0l &R F I

WHEHE I 7Z/N—Z F OFDM

UH

DWTIART,

4.41. HAEES

ERIHER LI ER ZIC oW TR, BIERS L LT, 5 FEEHEE 40
MHz © OFDM Z#i{z 5 &, A 8 EE S iE 20 MHz 08— 2 N E O R 5 2 FH
DNR—Z2 K~ OFDMZF#EESZHFH LT, A7V 7 ABHEREIT-o7-, TNLZENLDE

X, 7TV VEUEERIE AR Y — L (IQProducer™) (2 X W AER L7 — AN K
FHE, AXI VT LT F74% (MS2691A) OROTLERERAMER LV, L&
WIEHRARBICIVETRAEASEEINLENZEA®ICEI VAR IETHEM L, Table
4-5~Table 4-7 (2 A L 7= 4l & O 15 556t &2 =1,

Table 4-5Configuration of OFDM mail signal. Occupied bandwidth is

40MHz.
INT A —H i
58] Popyr -80 dBm
X U7 E K 900 MHz
X v U7 A KT R 35.625 kHz
FFT KA >~ k 256
*x U T 114
H—FKE 32
7 U TERSEA 64QAM
CURNT BT Gray Code
T =% PN14
AP I Raised cosine Filter
o — L7 0.35
F—=R=P 7V T 2




4.4

RNR—=R M ATV T AEHFEER

93

Table 4-6 Configuration of OFDM (A) signal. Occupied bandwidth is

20MHz, Burst length is long.

INT A—H i
B 58N Pspur —-80 dBm
X v U7 B 970 MHz
X v U7 A R R 16.5625 kHz
FFT A4 > b 64
Fy UTH 52
H—FE -
Y7 U7 ARG 64QAM
DAV s b 4 Gray Code
T =X PN10
ON Ik fi 172 ps
OFF HF ] 144 ps
iz oz Raised cosine Filter
0— LA 7R 0.35
= N—=H T T 2

Table 4-7 Configuration of OFDM (B) signal. Occupied bandwidth is

20MHz, Burst length is short.

T A — 4 (&
1558 Pspur -80 dBm
X U7 R 970 MHz

X v U 7 A R BR 16.5625 kHz
FFT KA > b 64
Fx¥ VT 52
H— K& -
Y7 x X VT ARG 64QAM
VU BT Gray Code
T =X PN10
ON B i 16 ps
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OFF % i 300 ps
Hr7 40 v Raised cosine Filter
0 — )Lt 7R 0.35
A A 2

EERERAEMBE LV AKL, HALEESIX, EERERLEEEDR S/ 4 XD
WBE, NURRRTZ4NAVZIZIVEESELZ LT, WERD /A X7 a7 RELHI
TELLEHICLTVWD, RURARRT 4N EZBDESL, TEREREBRNLDES
EREOIICEIVARESELZLICEY, BRGESZAEKL T\ 5, Fig. 4-18 ICERRIC
EHLEHAERGESFOER T 7y 7 2R .73 250 OFDM 18 75 @ J& I £ [ R 1%,
Fig. 4-19 12" T, Fry xR EZ S L0, FZMRBE O F LA HMEEZ 70 MHz
EIRLUFEBRZIT o 12,

(R R H e Regide #aBos) | MARES
MS2691A-020 - ZHL-2010+S 7155-30-0.900
fc=900 MHz 10EZ3-900/A50-S Po=0dBm
PSpur =—80 dBm
EERMRES
MSG3700A | 7= 970 MHz

Fig. 4-18 Block diagram of the Test signal generation.
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Fig. 4-19 Frequency mapping of IEEE 802.11a,n.
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Table 4-8 Commercial spectrum analyzers used in comparison.

% B AL
MS2691A 7 U YRt
N9030A Rohde & Schwarz.

FSQ8 Agilent Technologies.

=

AREBRICI T 2 KW ORE L, AT HEIE 200 MHz, 2 fREHIRiIE S K Oty 7 4
WHIE 4% 1MHz & L CABELEBICREL, M HETAB CRESNDMEE L,
F72 ATT OREEEFHEE AT Y 7 ABIMER CHEH LR EMEE 4 EOERT
HEEH L2,

EARFEFE IC X 5 E KR % Fig. 4-20~TFig. 4-22 1277, £ (a) BLW (b) 1F
OFDME 5 AZHWRR, £ (¢) HXLV (d) 1T OFDMES BZEZH W/ RT
bbb, %K (a), (¢) 1T, TN ETNURHAICENT D5 AT MV EZBHT 257290
REMEE = REFRCHELME LAY bV THDL, 4K (b)), (d) X
Yy AR— NV FEREEZHVWT, REFESATY LRV EBALEFRTD D,

WTHOBBEICE N THE—7RIKEFRICKDBETIEZ, AT MRS E]
R OREIC L > THEK (a) , (¢) RT XD REBHRAXRTZ PriloTED,
AKRDART PV EIFEoTLS RRSTZHERMB LR > TLE I NFITHK (c) TiE
N—A NMEH O ON B3 A O 5%IEE L FH N2 0ICEK (a) £V b2 OEENH
FICHNALTWD

£/, &K (b) , (d) TiE, &K (a) , () DEIRPEEI T DD, vv 7 A
A=V FERBEAMEHLME LR THLN, Z0HFATHE, WTFAoEEITB W T
HRFMMICENT DEZORRANAY — 28T 52 LTk ERn b0
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(c) Detector mode is Positive peak (d) Detector mode is Maxhold
Fig. 4-20 Measured spectrum using MS2691A. (a),(b) OFDM main

signal and OFDM(A) signal. (¢)(d) OFDM main signal and OFDM(B)

signal.



4.4

N—=R M ATV T AEHFEER

T’ Agilent Spectrum Analyzer - Swept SA

T Agilent Spectrum Analyzer - Swept SA

“(I | Senseext DETY R —
nput 3 Trig: Free Run m pu o Trig:
P aitow  #Atten: 16 dB EEIPNNNNN swee?(;l;iﬂ: P o #htten: 16 B =il NRNEN Select Trace, |
Auto " Man Trace1
710dBidiv Ref 0.00 dBm 10dB/div. Ref 0.00 dBm
Log Log
Sweep Setup»| - ey it Clear Write]
& T
| Trace Average|
Max Hold|
) 0
| | | |
" st . Min Hold|
i Ll o[ Brhs h
il m”vh} | i 1;\"4‘“ 0
AL ] L Gate | . View/Blank |
1 [Off.LO] Trace On
Points More
Center 900.0 MHz Span 200.0 MHz 1001 Center 900.0 MHz Span 200.0 MHz 10f3
#Res BW 1.0 MHz #VBW 1.0 MHz Sweep 1.00 ms (1001 pts) #Res BW 1.0 MHz #VBW 1.0 MHz Sweep 1.00 ms (1001 pts)
s @ smas sc.

@sms

(a) Detector mode is Positive peak

T Agilent Spectrum Analyzer - Swept SA

SENSEEXT

10 dBJdiv
Log

(b)Detector mode is Maxhold

usc

05 A SENSEEXT ALIGNAUTO [11:33'57 AMMar 13, 2011
] Avg Type: Log-Pur Marker Avg Type: Log-Pur ‘—’—m.cg I TracelDet
Input: RF_ PNO: F: Trig: Free Run Input: RE_PNO: Fas Trig: i
e Fosiniow . #Atten: 18 B 2o LLLLE SelectMarker, e Fainitow * #htten: 18 4B oerlP NNNAN SelectTrace |
1 Trace 1
Ref 0.00 dBm WL%gBldw Ref 0.00 dBm
‘ ; Normal 0l Clear Write|
| ITRAE i
| qv“w‘t«‘ A
I f ’1‘ 1 200 i
Delta | Trace Average|
l\ Fixed! Max Hold|
0
| PR
| 0
T off Iy n Min Hold|
ey pdistirenl¥ ot
T el T 1 T ' [
I ‘}, ﬁ’“mu‘hw I -
‘ sl lale Properties»| 0 VlewlBIank'
I P Trace On
More| More
Center 900.0 MHz Span 200.0 MHz 10f2] Center 900.0 MHz Span 200.0 MHz 10f3]
#Res BW 1.0 MHz VBW 1.0 MHz Sweep 1.00 ms (1001 pts) #Res BW 1.0 MHz VBW 50 MHz Sweep 1.00 ms (1001 pts)
@smms = @smarus

(c) Detector mode is Positive peak

(d) Detector

mode 1s Maxhold

Fig. 4-21 Measured spectrum using N9030A. (a),(b) OFDM main signal

and OFDM(A) signal. (¢)(d) OFDM main signal and OFDM(B) signal.
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Fig. 4-22 Measured spectrum using FSQS8. (a),(b) OFDM main signal
and OFDM(A) signal. (¢c)(d) OFDM main signal and OFDM(B) signal.
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Fig. 4-23 Measured spectrum using MS2691A. (a),(b) OFDM main
signal and OFDM(A) signal. (c)(d) OFDM main signal and OFDM(B)

signal.
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Fig. 4-24 Measured spectrum using N9030A. (a),(b) OFDM main signal

and OFDM(A) signal. (¢)(d) OFDM main signal and OFDM(B) signal.
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Fig. 4-25 Measured spectrum using High dynamic range spectrum

measurement system.(a),(b) OFDM main signal and OFDM(A) signal.
(c)(d) OFDM main signal and OFDM(B) signal.
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Fig. 4-26 Measured spectrum using High dynamic range spectrum
measurement system.(a),(b) OFDM main signal and OFDM(A) signal.
(¢c)(d) OFDM main signal and OFDM(B) signal.
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Millimeter-wave Microwave
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Fig. 5-1 Block diagram of 140 GHz Fundamental Mixing Test System.
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Table 5-1 S-Parameter and Reflection Coefficient of Measurement

System.
parameter value
T, 0.11
T, 0.14
Loer 0.03
Lees 0.04
Su2 0.50

Fig. 53 |2, 140GHz AW I F L V VEREFEICHEHA L7 2 oOKEARE I XD
JEWBERBROMEMS EE2 T, FXIE, LO EKEEORLRL 2 DDA I X4
DEWEEBRBLOBER RE R L TWVD, T LO A Hix, 104 GHz, 116
GHz Th 5, FEBMEBLREKRHEIT, MEROARELSICLI2EELEELTYH, I¥x
VORI ERBIN 10 dBUL T THD Z L NERTE S, £z, LO FHH O R
HZIFXFVEHFEHL TS, 121 GHz~127 GHz 2B W T, 1 1dB BEE DA ik

WTE T,
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T gl fL=104GHz/\,\\/\_\/\- _
=, M\/\
- | f=116GH _
o 6 L z

4 ] ] ] ] ] ] ]
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Fig. 5-3 Conversion Loss Measurement Result.
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(b)Measurement Result using 140GHz measurement system.

Fig. 5-5 IM3 measurement result. f,=108.9 GHz f,=109.1 GHz RBW 3

kHz, Span 2 GHz
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Fig. 5-6 IM3 measurement result. f,=122.9 GHz f,=123.1 GHz, RBW
3 kHz, Span 2 GHz
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Fig. 5-7 IM3 measurement result. f;=138.9 GHz f,=139.1 GHz, RBW
3 kHz, Span 2 GHz
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VIVHETO 80 GHz ORI M ENH T 55, £/, 120 GHz # TIix, mEMIEE
MRk %2 HBY & L7 Field Pickup Unit (FPU) A4 Ticdbm A4V v vy 7 TR
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HAA=VREDOTLDDO TV LI ZENB LA T AT F T A4 PIXEEHEE
SNTELT, WEDEIZIX, Block Down Converter & L < X458 I &2 fc L,
MEZEITRY 2B Th sl6-11[6-2], ZDHE, ARkDANEEEIITIT 22D
AA—VEFLEHESGEESFOHINETCH 720, Fii—F=v 27 I XA
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AELTEDOTHRET D,

6.2. 140 GHz S UK ARSI FSLTFS4H

AEE L, 110 GHz~140 GHz O OE 520 R L LI AT P T AT F 74 %
Tbh D,

Fig. 6-1 I ARZEE OBl %, Fig. 6-2 ICAREE DO T vy 7 MERT, KEEIL, WR-
08 DB WE NN EFHORHE (Head), TR AXZ N7 A7 F 7 4% (Spectrum
Analyzer), v —#/L{Z 5 I (Optical LO Signal Generator) b & 5,
i, FFATEEZR 7Y v L2 % (Pre-selector) & A I &4 (Mixer), Jtr —
HVAE B & BRAE FICL#HT 5 UTC-PD (Uni-Traveling-Carrier Photodiode) [6-3]
MO S, FurarAN—=2L LTHETDS, #vrar "= rFR05E, 2
YT, HADIFRES fip (&, SFH O LOEKK fo LIXFHITALENS RF
JEBE frp ECEEDEBOI I U TN EK I 6-4], 2D, RF A
R OB P FEET DL ERETIEERVWIF VU IR GOFEELETZ DT
W, AXT NITLATFIAFEFZT VLI ZENEL TS, LML 100GHz % 8 2
DM T, ME YA 7 n TSNS YTF (YIG Tuned Filter) @ X 9 7
Fa—F TN T 4 VERNEFLEHFIEL RN,

ZIZTARARZ FT AT FTIAF T, BERENCHERLEY 77 ) N —LiRE
AWM 2 —=v 32507 o x6-5]1%, 7V RL X ELTHRATSZ
LT, HRTHOTT VB LI X EHRBLIZAXT VT AT FI7A4AF LB LT,
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RF Input!

Waveguide :
110 G to 140 GHz!

Fig. 6-1 140GHz mm-wave spectrum analyzer.
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Fig. 6-2 Block diagram of 140 GHz mm-wave spectrum analyzer.
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ABANRYT NI AT FIA4APFICERH LTV LY 213, HIERELAHET 22
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CWXY, FREEE frung ETETDHZERNTELZIVHFa—F TN T 4 LET

» D,

Fig. 63 127V kL7 #0448 LREXNZ T, Fig. 6-3 1273 L 212, FITHWK
ENoRL27 42 L BEENOLIRBEREG T 57 7 Faxz— 2oL TW
Do T/ Fax—FF, BEFENIHERINTZT7y 7 )Xo —WLIRBEMHERT 51—
TIT7—xO -G xE LEIRSFR L AHEHT 5,
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Fig. 6-4 IR TF VLV 7 X DfniERtEO —flZ 3, Fig. 6-4 (a) , (b) 1TZNE
n, HIEHSEL%Z 1.30 mm ([ZHE LZBOMBERME S21 278 L CT\»W5, Fig. 6-4 &
D) 124.9 GHz ITHB W T EEBRIRELZFFORMELZ R L TWD Z L3R CT&, Fig.
6-4 (a) £V, 3dB#HIE BWsas (4 400 MHz, Fig. 6-4 (b) X v, 0 JEH %k
55 GHz BN 72 A HIC B T 2 ERIZN 30dB THDH Z L AR TE D,

Fig. 6-5 127 VL7 ¥ OB Z /R, Fig. 6-51%, FMREKE fryve & 7
ELEBRORERE S21 0K KIEZ 7y FLEHETHD, K7V L7 ZITiTM
MOREIZXVFEEOBER CHABRKIENENT2ENH Y Fig. 6-5 (a) 27T X
JIW12TGHz IC 2dBRREDOEDLIALNH LN, ThaBELTH7 VL7 22X
L4 AMREDOH{ILITE6IBLLT TH 5,
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(b)Figure of the principle

Fig. 6-3 mm-wave pre-selector
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Fig. 6-4 Measured frequency responses of mm-Wave pre-selector (L

=1.30 mm).
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Fig. 6-5 Frequency Characteristics of mm-Wave Pre-selector as a

Function of Tuned Frequency 110 GHz to 140 GHz.
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6.2.2. O —HILIES

AEOEBETIE, LOGHFICELOGEF2BEMHLE, X LOGEEOERKIZIE, =& —
Ly b T ERWE I U EESRETA6-7]6-8]2H AL TW5,

I, ab—VL 2 P TFHICEID2IVKEFEESFRNITOWTHIHHAT S,

/

JRESHEEAR

1

6.2.21. aE—LYrFHIZTELS
JeE MW IV ERERAEDFEL LTE, FAEEEBRAFTEO I U &R CE RIS
HE M2 0D EEN Sy B FF o T O 2-tone 15 5 & f, fr) &, M
ANTHZETEBEEZALDIVERTFZELIZENTE S, ZON 2-tone (575
DAERRIZIEINWLS 22O FERD Y, kb v v 77 kX Fig. 6-6 12777 2 2O IR

(LD1,LD2) #h 7 TAKRTDHHIETH D,

fi Afm=f2- f1
o o= A
LD1
2 @ " .
AAA e 774N IURES
LD2 h7> Ferrige

Fig. 6-6 Principle of millimeter-wave signal generation by using

Optical interference.

LrL, ZoFRIE, WENPNHR I LML TET 272028 S 2k LY
FErlLTrMErHD, 2T, ZOMBICXIET %72 9IC Mach-Zehnder %
LiNbO3 % (LLF LN Zfi#) ZH T 2tone B &2 4T 25, 20 HFRIT &
D, 120K FEZHBELTHEHLTHWLITEDOEENZ(LL THEBKIZ—-EL RS,

Fig. 6-7 12 LN ZF#IC L2 2 BEI VYV EBERBELZ T, LN ZHFHEFICB W TH
OFWHEMEFMBL, Fx VTR ZMELCmMANESEEREZITWESZERT D
Z&T, T RFES ( f,) O 2F0EHEHEWE ( 2f, ) D)t 2-tone 15 5 & £k
THIENTEDL, 20N 2tone G a BMIEBICAN LEBEBRGETICELMTL2L T
Ak 2f, DIV EEENEET D, L, BH—0 LN ZHE77 & DC Y Ot
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s 30dBREE DD, WMMANEAEIMEINIZX Y U TS Dy, EHBELRRLE
DHBETI0H dAB LIRS 2> TLEY, MKERICAELRE— PR BNIEAL, EfER
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Mz M T 22L& 7T, RERSVIVIMEINTN 2-tone EHFEREIE D,

i Af
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%77 AN SURES
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Fig. 6-7 Principle of millimeter-wave signal generation.

ZOFROF ST, RELREHEPEROBEBR A LB L THLRn &, #HfFLE
BEEXT 7 ANRNTEELIVHICERT H-DE5OIY B LAKEROEREICX
HZHDEHBLTES THLIZERNHIT NS,
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Fig. 6-8 Block diagram of optical local signal generator.
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Fig. 6-9 Plots of Sub—harmonic Distortion versus Output Frequency

Fig. 6-8lcatbt—L o b TFHE2HAVWEXe—I AV ESFRO T v 7 (ERd, Ko
—ANEFEIL, EEREENBELLEZEEE f, © 4 F072EEE (Difference
Frequency) # ff2Jt 2-tone 1§ 5 % Ak 3 % [6-8], i TIL, UTC-PD TZ=J& K
xS LR LOGBHFICEMLEMN T2, AFRXICLY, BHICEWEEREDIY
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WEEEART D EBRRE L RS T,
Fig. 6-9 a2t —VL >y b F# IV EIESIEA, Passive REK N 4 HREE, Active
BN 4 WA K DEFEE L L DR REO KR 2R, B GE
W72 AT, mRKT-3dBe BE DKM 2 HAET LN, 2 —Lbr FFHIZLD
I UBPREALTATIE, -60 dBec FREDKHBE LrREAEL RV, — KR T 4 VX O
FiAEZ 40dB BRELRETLLE, KX M TFLATFIAYFTHEML TWDEKEK
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L ATV T ABREDTEDDO 7 4 V2 1ERUE, MEOGWEZE2HLZ LR T
D, ZTANVZOBERELEBEETDE, TV RV X 2R L BB O/ - K
FEINMLICKRESEHEBRL TV D,

6.2.3. [&#A il {H = 32

W, 7V RV A ERNBELERSIRKOASNZ VT AT FT7A4HE, IF¥ 0 LO
FEE L 7V kv ZE2RBRGET DAL Twv 5 I[6-4],

100 GHz ##8 2 2 2B\ T, LO M 2ol 4 2 G5k, LO{E 5 DEMRTT
B, TANSOBEPNEREICRD, T TAREBECTIE, FUrary_"—4if A —
VEBORAEEMA LTV RV 2 2GRN &R LT, 7L XD
FEWEEE, TRAXZ VT AT FI7A4A VOB LEEREZFRMIE T, 110
GHz~140 GHz O #iH Z 0% L TRl 4 5, oEFSI T 2B 0 8 BB IEL, 4 Rk
MLV eL 7 2 0REHFBMELY 0.1 GHz & LT 5[6-101,

6.3. FFMM#ER

KAXRYT NT LT FITAFOMRM, BIOHEHKLEZTY L7 & DMl %
T2 51T, WERME 2 s E g (NICT) o BERG EEERIC LK
ESNNRT = A—=FIZ L —AFT 57, F¥ VT Lb—vavlelllaFEmL, =
Dk, LT OHEB O A FEh L 72,

6.3.1. LRNJILAEIERE

Fig. 6-10 2% v V 7 L —v g v #%offis L~V ERE 274, Fig. 6-10 1%, A
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NV~ =20dBm ANBEO VNV RHEREEZ R LEMERTH D, VARV RITERZE D
Bl p, BLXOFEERZE c k0D LZNEH, -0.073dBm & 0.113 dBm TH -
oo FHENR~AFTAFHOMBERLTHWDERE LTI, VL7 ZOHEHFH
MREZ OGNS, Fig. 6-10 LW Xy V7L —2 a kAR VI AT F T4 H
CEXHOEFRHEEERICN L — R I N VAVRIE R AR & R o T,

N

Pin = -20dBm

N
&)
L)

I

Absolute Amplitude Error [dB]
o |
()
I 4
s"
[ ]
%

05F 1
1t 4
15} -
'%10 120 130 140
Frequency [GHZ]

Fig. 6-10 Plots of Absolute Amplitude Error for Input Frequency.

6.3.2. HEZERIRA A2 —ET rRa4 2+ (TOD BIFE

TOI (Third-Order Intercept point) XA X7 N T AT F T A4 VD EHRVEREZ T
OO E 2L LTHWS LD [6-11], @ TOI I% 2-tone 18 5 A KD 3 AR A
17 # (Third-order Intermodulation distortion:IMD3) &y Z M E+ 25 Z L2 kY
HWEST DN, 7V VLI E2HERTIEEOEA, 7V RV Z7XO@EEHKE, BER
[P ORI LY EAMRPERDZ ZENTREIND, T04, BEREEKZ,
7L XD 3 dB #EK 400 MHz (Fig. 6-4) &%k L+ 28 BEGR JE I % 10

MHz &, JAWEEFAE 2 500 MHz @ 2 FiHIZ T, YU RV 27 2O REREBEDE
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IR VERE O FEA & £ L 7=, Fig. 6-11 (2 TOI @ # & #5 R 2 =1,

40 ' ® Diff. 10MHz,Lower IMD w/.
¢ Diff. 10MHz,Upper IMD w/.
35} o Diff. 500MHz,Lower IMD w/. -
< Diff. 500MHz,Upper IMD wy/.
= 30k Q39<> % S i
Q
R S TR g N
= 257 ® Oﬁo%%b%% ]
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2 98%2ee%e P
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15F PL Pu . ‘“ .“'
1 _IJ_|_|_ I P, ,Pu: -20dBm
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Frequency of the two tones [GHZ]

Fig. 6-11 TOI Frequency Characteristics for Difference Frequency of

Two-tones with Pre—selector.

Fig. 6-11 (X BfE#H & & ¥ 10 MHz & 500 MHz iI2B 522 d TOI #tk &k L
TWo, HEFRBEEEBIC X FRBEBEEHHICHB VW T+15 dBm Z8 X DMEENGE L
oo & BT, HEFR)E % 500 MHz ([Z&1F %5 TOI 28 10 MHz (231) 5 TOLIZ%f L 10
dBRBRESWEZ /R L, ZOBEMEEERICE S TOIOZLIZT I L7 Z DR &
Erabhd, TOMREHRT DO, BREHE»L TV v L7 224 Lok, HE
Fr U7 lb—varaEmL, HE TOIWMEEZITR->7, Fig. 6-12 17V L 7 4

RE# N O TOI F k% =3,



130 ¥ 6 %= 100GHz B 7V v LI ZPEH AT VT LT FI7A4Y

40 PL,Py : -20dBm ® Diff. 10MHz,Lower IMD w/o.
¢ Diff. 10MHz,Upper IMD w/o.
35F P Pu o Diff. 500MHz,Lower IMD w/o.7
| | ¢ Diff. 500MHz,Upper IMD w/o.
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Fig. 6-12 TOI Frequency Characteristics for Difference Frequency of

Two-tones without Pre—selector.

Fig. 6-12 L0 7 U kv L 7 Z RO TOI M ix, & B &IV T+10 dBm
~+15dBm D fEiZ =~ L, BERE R EIC X 5 TOI 0 Z{LIZ R &2 h» 7=, Fig. 6-11,
Fig. 6-12 OfE 5 L v, B E K %2 500 MHz @ TOI H: otk #lX, 7V kL 7 ZIiZ
EH5b0THEZEBEZOND, THIE, BERBEENS TV L7 XD 3 dB #ikiC
LTINS, 2-tone B I 7V B L7 A OAEBICELPTRERBICTY LY X
ZABBLTLEI> D ThD, WICT VL7 ZHEEED, BEHEREICHT 5 TOI
D FENFRITHOWNT, 2-tone 1§ 5O H LA f=115 GHz 23\ THIE & Fhi L
Bt & 177 o 72, Fig. 6-13 127U & L 7 2 854 oo BEFH & B £z x4 2 TOI ¢t %
N
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Fig. 6-13 Plots of TOI versus Difference Frequency of Two-tones.

Fig. 6-13 1X, 2-tone [ 5 D% L )L Pr,Pu%—-11dBm |[Zi% & L, BfE#HE K% 10
kHz~2.0GHz £ TE X 7N H TOI ZWE L7=F R TH 5, Fig. 6-13 K 0 B 77 & 3 £
100 MHz 75 TOI Ok #EN A 5L, 500 MHz £ T3 Bl 8 i 50 IS U C #2018
MRS 7=, £7-BEME % 500 MHz 705 2 GHz £ Tldck 20 B8 — &l ic Wi+
DRFMENTEFE SN2, ZHIE TOI ZMET DB, MIEMNFZDOELR LNV ) A XL
MWL XL 22, ELSERALVLRILZRETCE RO EZZND, L
MLRBRPLZOREZZELTSH, SHFH LWL TV L7 ZIZLY 20dB U L
D TOIWHFERERNGOND Z LR DND,

6.3.3. EFHRTHET L ~J)L (DANL) BIE

DANLIZAXRZY b T AT FTA4AH O 4 AMREEZRTHEEOO LS LTHVLR
% 6-12], i@ DANL X A S #EMEED 7 o 7SR S 1ZIEE LWEZ R T2, K
BAEOFEHMEE L THESND D, 7 7 HEEEREICK LK-2.5 dB KW HE % R

4 [6-13], Fig. 6-14 (& DANL @ | & #& & & =4,
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Fig. 6-14 Plots of DANL versus Input Frequency.

DANL /% 110 GHz~140 GHz O J& B #iPH (2 35 T—-145 dBm/Hz LA T, 2JE K
HPHIZB W T-140 dBm/Hz L FOR R B FHF SN, £72, 120 GHz 2 52128 i E
L CEALT DMERGEONTE, Zhbid, IXTOLMBIRREEE I %
O IF ERIZE T H2EHBBREFENERL TWVWDEEZLND,

6.3.4. BIE¥A1F+Ivo LD

AR RNT AT FITAFICTV BV ZEBERH LGS, R LAVEA L HEL
TOL 13k #ET 52, DANLIZZ VL7 O ABESZTELT L, TOD, A
NI RNTATFITAYFOMREIZ, TOI, DANL »bHHLAEZMEL A T I v s Ly
Fx—bEHV, EBRRERLY AT I v LY THRRET S6-12],

Fig. 6-13 ICHH LM EL AT I v 7 Lo VF v — &7, Fig. 6-13 (38 H
AB &L L, WEREE =115 GHz, 4 fEHKIE RBW=1 MHz ® & {fi2B W
THHELEMETHD, Fig. 6-13 L0, YUt L 7 Zickbv IMD3 2 20 dB £ E &
BLIEAER, MEXA T I v 7L PN T0dB LK 85dBICtk®E L7 2 &L BN ER
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Fig. 6-15 Simulated Dynamic Range Chart.

6.3.5. CWESICKDHRTYT7RARE

AREFEICHER L (110 GHz~140 GHz) WO CWESEZ AL, TOBEICEI s
ATV TAVARZADUVR_VEMEST S LT, REBOFHMEZHER LT,
Fig. 6-16 IC CWE B I L2 ATV T AJEZRT v vy 7 MERT, (5 5HKAELE (SG)
B OIEEEEE A, s (Multiplier) (X0 8 L, FAEEERGLLGET%
N RPN T7 4% (BPF), AIEHE=E# (VATT) 20 L CARKEBEBICANT 2, FEBR
IBF S5~y FANSEO AT L)L Pin &, AAMEZSRT-10 dBm (2722 X 5 %
L, ZOHEEOARY FF LEME, ZOAXT T AEFFKERELS, AN LR
THATIVT ALV ZRMETST D, ok, WHERZHOAT I T AL b2 MET
D720, WEBBEBIZIECTAY RRAT 4V ZERY RPN ONEZEH L7,
Fig. 6-1TICANFEWEE fin IZB T H ATV T ALV OREMPEERT,
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Fig. 6-16 Measurement Setup for Continuous Wave Signal.
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Fig. 6-17 Effect of Pre-selector on Spurious Measurement. (b), (c) are

CW Spectrum Results. Resolution Bandwidth = 1 MHz, Detection =

Positive Peak.

Fig. 6-17 (a) WO FEBRITI TV v L7 XN HEHIHE, ERII7 )V L 7 XN EWNGE

DATYT AL~ )LERLTWD, Fig. 6-17 (b) , (¢) 1X, AJJE % fin 28 115 GHz

RED AT T AEFTFEREZRL TS, Fig. 6-17 (b) IR T X7V L7 &0

|G A2,

B—=ANVESEANEEZICKDMAEZEREOR BB ABR ST

W5, L2L Fig. 6-17 (¢) T 7V VL7 XBRELIHAICE, 5 ERKSILE
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HMENRW, Zokoc, ZUVEBLZENREVWES, ANNEBSICIIAREELZRWE
BRANBI S, ELWEBHEZITR ) 2 ENRELEL RS,

6.3.6. AHEHERESICEDIART FFTLAE

TAMHOIRHEHEW I VIKEMET2ERL, WETDHZ LT, REEOHLMEZ M
BT L, IKBEHIVELEREEOERIZIT e — DI NVEZTOAERKRLEFRE, b —1 v
N EHWEI Y ERAETEH W,

6.3.6.1. Lt ASK ZERHEBRIC K HHEER

Fig. 6-18 |2 )5 # 1, ASK (Amplitude Shift Keying) ZiHE 5k 2 27 F T A
MER7v vy 7KErd, teue—[E 5 (Optical LO Signal Generator) 734k
L7228 ¥ 4-f, DIt 2-tone {575 %, LN L& (LN Modulator) Z M\ TAH L,
UTC-PD T U ¥fE 5 IcE# L7 5(6-14],[6-15], LN Zdi# CHEH T 2 LG
FWRIE, AR -T2 xL—% (PPG) AL, EOT — X RNF — 2 &3
EIHEDL,ZOLDITHERTH T L TUTC-PD » b ki & 4. £, LAk ASK

BIE T EZRSITERTE D,
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LO Signal dul | UTC-PD | el  [\]egsurement
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Fig. 6-18 Measurement Setup for Modulated Wave Signal with PPG.
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/A /[\'a
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(a) Fundamental mixing
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[AWAvg 50 5

Trigger/Gate

(b)Harmonic mixing

Fig. 6-19 Comparison between fundamental mixing and harmonic
mixing. Observed signal: 100 Mbps ASK modulated signal, SPA setting
Center frequency: 125 GHz, Span: 1 GHz, RBW: 1 MHz
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Center 126.000 0GHz Span 10.000 000 000GHz
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(a) Fundamental mixing
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(b)Harmonic mixing

Fig. 6-20 Comparison between fundamental mixing and harmonic
mixing. Observed signal: 1 Gbps ASK modulated signal, SPA setting
Center frequency: 125 GHz, Span: 10 GHz, RBW: 1 MHz
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Fig. 6-21 [Z A QPSK AFHGEFIC LD AR P T AHER T v vy 7 R ERT,

4-fm
A 4fm A 4-fm
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Optical 2-tone Signal Modulated Opt. 2-tone Signal Modulated mm-Wave Signal
Optical LN Waveguide [mm-Wave Spectrum
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Generator Fiber odulator|  fiper bin System
[
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[ ‘—‘—
fiF f
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Fig. 6-21 Measurement Setup for Modulated Wave Signal with AWG.

Fig. 6-18 {Z/” L2 JR il ASK ZFE SAMICHWEZRER 7 v v 7 K & 5T 82
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O 4-f, OWIXHE (Carrier) &, JAWE 4 f,+ fip (CWAIER (DSB) %
SEFEHDEEZZENARETH D, Fig. 6-22 1F AWG 6D HIEE A7 b

L, Fig. 623 I LN AERBNH DL OHINEZF AT N T AERT,
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Fig. 6-23 Modulated optical 2-tones signal.

Fig. 6-24 12, 7 A PMHIEWH I VEEREZDOAXT b7 L MEMKRZ T, Fig.
6-24 1%, AWG 2> 5 b @ 12.5 GHz, ¥ > AR/ L — b 10 Gsym/s, 17—/ /L4 7R
0.3 QPSKZFW # R AEIHHMWE L BEOKRTH 5, Fig. 6-24 (a) 1T, 7V kL
B L AREBEBICLDWER R TH D, WEREEREGEHICH DMK L, LAl
HH (USB) WIELKBE SN TWDONMER TE 5, Fig. 6-24 (b) 1%, 7V kL7
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Fig. 6-24 Measured mm-Wave Spectrum for Modulated Wave Signal.

Resolution Bandwidth = 1 MHz, Detection = Positive Peak, and

Average Number = 10.
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Fig. A-1 Block diagram of frequency converter.
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Fig. A-2  Mixer frequency spectrum. This set is adequate for

analysis of conversion efficiency and port impedances.
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Fig. A-3 Input/ Output power curves for linear and 3rd order

intermodulation components.
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