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WE AXRHT HET=REHETFALRAFED HETHZEREEFEE5N A& BEIRES
PR =R ANF CEKEGRBEAETE, AR GEAERNERN ZHALEZREEFETHMER
Bl SR iEFEEARTE BRONT Z KRG I B AT AP ORKZ RELETEETRAK
RN EEFHEEN AR LhP, LETERR T LEFRNE (UTC-PD) K KB %, £ 130~170 GHz
P T B (ENR) > 35 dB. FHEMRE £25dB W D HEEXRKEFF 5.

XA RERAESR, BREEF, KTRM, g, FHE
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1 3|

BETEE N 110~170 GHz 1) D BRI, BATP 58  KAEAE & 1 38/ H, T 2 ke
HORA BT K, RAK B5G/6G TEBANE(E MBEEME N, MEEFL . &, 2. &
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Sk e RAEAF I IR v B, e PIXERSONL R BREE 71, 43 B #0000 25 PR 3 g 57 81, 00 K 25 e
FEREO bR imat v B0 RIS F AT P AE ) (Y S SR R KR S )RR i B AR M S R
A g PERE R R AR IR, WAESRTT D W B BEHLE R GE I RE A5 U7 TR 5E A ) Bk (0 A (0.

S i A K e P R AR BRI BOR T RS RN, — R 3 T i AR T, D AR TBOR
e GARBAE N PR H MBS MR (Schottky) AR 121310 WAR fmy M B RS 3 S A
(metamorphic high-electron-mobility transistor, MHEMT) [14:15] | S i £ J{{ 444 (heterojunction bipolar
transistor, HBT) 00 % A% 757 A UMM S 00T 608 11 B0 el THEAD, SRR To% F I

S| IVERE, F, =4, 5. 130~170 GHz “PHERFERB BG5S 2ARAR. HEREE: 588, 2022, 52: 2155-2162, doi:
10.1360/SSI-2021-0433
Sun Y H, Guo Y, Wang Y C, et al. Generation of 130-170 GHz flat millimeter-wave noise signal (in Chinese). Sci Sin
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BIIE, ML (excess noise ratio, ENR) — AT 20 dB. #idiZ VAR MES ] D I BOESF
MEFE. AP TO T RIINE, FER AT CIRROGHE - Sk m i O¢ R 07 15 B m ol
FLRIN 2% 77 AR oK Y R S WS TG AF UK AR (erbium-doped fiber amplifier, EDFA). - FAR G U ES
(semiconductor optical amplifier, SOA)\ HFEF K IEHE (super luminescent diode, SLD) . FEAHT
FeIRFZ A RCR B K 4R (amplified spontaneous emission, ASE) M7 (1] )61 28 56 AT 1K 30~40 nm, X
JSLPR T B 5 Vi B T8 3~5 THz.

FHECT T, e T OniEBA v 724 D BTS2 3 S P i) v iy 7 g 7S (AL, Rk,
L HERAZ 7 TH IR AL 46 52 0. 2009 4, H A Nagatsuma %5 18] 7E 22K 8 R 40 ASE YL B
A AT HIR T O AR ES (uni-travelling-carrier photodetector, UTC-PD), F=4 T 90~140 GHz #i
B oKy e . 2020 4F, Vidal 1) ¥ — 2R %8 1 nm ) ASE 624 EDFA JBUKJE# & %5 20 GHz
FR 6 FELER TN 2545 2 0B e 7. ELREN ARAH 6RO FUFE 45 3 10 LM S DRI, ok 2 Th R W
SREL = B A AT 547 €. 2008 4F, Song 55 200 $& I H FEF1 3 56 (arrayed waveguide grating,
AWG) X e ASE SRS AT 3 2 A R B A I P AN 5 63, 0 f-& MO il i UTC-PD
et 295~395 GHz HIHLEFS . 5 B AR OGIEIRIIAREL, teJ7 S8 AR ME 75 Th 8 T1 15~17 dB.
AR ZAAET, NTYMHe AWG JEBETE T 3OCIEAS B IESL-F-HH e S 88 A U 25 75 R 280
AT 2K B e 75 N 5 B 7S R B ARG FE FRAIG ). 2021 4K, Sun %5 21 R ZANA K ASE
IR, L3 E T 50 GHz “THH 2 K (5 5

ARCHH — Pl AR ORI I8 5 mnE UTC-PD A4S SR8 D 3 B = Kk e =
ORI E X B ASE JGUR B IR A B ) =S T (Gaussian) B ASE JGRHLKE
K5 UEBOGIE 58 R, PR = AOCHE G O S TR A= 4 18 LB IR~ 3 22 oK e 7 A5 5.l S A
THE 5 SE5G, XA RIS 06 FE 1 =R AR B D I B2 K I e 75 T 38 1 30 B2 AT X6 LG 3
ESZE T KHE UTC-PD #ALI K TAE 98, 78 130~170 GHz 774 1ML > 35 dB. “FHEEKE
+2.5 dB 1) D JBE KB E 5. AT7 R B ] g ARG IR R AR X Bty ASE JGURBEAT IR BOL T, Al
PR AR FEAE 5 B AR B 5~ E RS R AT 4%, S AROR B S, SR B L B P I 2K R R (S
S AERA HESENME.

2 EAK[FIE

B 1 N ARRF OB =R E R ASE SGIR A AR i SBCER K IR 5 5  JR EEs R A
Bk, T ASE JEIRZ B IR H =AW 8 A, Ae, As BRI ASE Ot KK
MRS A5 S ABL N ERAR fu B (c/ M — ¢/ Xo) BRE, T EIRAER fu BURT (c/A —c/As3), i, ¢
IR, L PR T, R = HOURE A RO A 1E mod O RN G TR, PR fL ~ fa SRV
P R R 7 55

ZARDEBOLE TE AR F R T ASE JeAh & 5 HOGE H L Sase(v) ARy B

3 2
Sase(v) = @ 3 exp (_(v — Ug) > 7 (1)

202
k=1

Horb, v DGR (v = ¢/X); Sasp,o FIGHE IR KRGS EIEER L o s fbsdi %, 5
JEP UL TESE (full-width at half-maximum, FWHM) A 158 R N

A =2vIndo. (2)

2156



HEBYEERE B2 B 1M

I/—‘\| ‘N

! \
e O
oc / /

g /
Waveshaper ! /
D / PD \; Electrical path

Optical path

ASE source

2 v
Ji=clh,=¢clh,, fi=clA—c/A,

N, A mk K

o 4
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Figure 1 (Color online) Schematic diagram of millimeter-wave (mmWAVE) noise signal generation by photonic mixing
of three Gaussian-shaped ASE wavelength-sliced light

ARAAE R R P AT i N e 7 U R IR O R (20-22) T R Sl LR AS B ) HRLER 7R T A T S, ()
RN

2 2 —’U—Ulz —’U2—’012
o f)_mgajgw {1exp (_[f ) >+:1))exp (_[f () )

1 [f = (v3 — v2)]? f?
+§ exp < 430_2 > + exp (40_2> } ) (3)

o, b NECRIIFAA R EG Ro ARG R(f) HTCHEIRN AR R EG PN 5.

2 (3) HRABIER 3, 4 TG HIRE B AN g 5 v AR 2E AR AT FL IR 75 2 4 e A0
B i ma g, Rk, dia (3) WIHE S ARG EIE [f, fu] PEIMEFS DRI H)TIHEE 4,
B T 2 i e KA 5 /M 2 R A B MR A (R T FREAR, HARIE 5

2kRoR?(f)P? [1 +exp (_(v3*02)2>}

o 402
1 =10log;, 92\22 e (%,vg )2
2. B exp (4‘;2 )

i (vs — )’ (2ag2)”
=10logo |1 + exp vyl B 10logo |2 - exp ez | 4)

¥ (2) A (1) 7TH5

8In2 - (v3 — vg)* 2102 - (v3 — v9)?
1+ exp <— iA‘"’z 2) )] — 10log;, [2-exp (- AEA?; 2) )] (5)

HaC (5) WA, ERHTAY ASE SERIBCRME ATIR T, H AR T B 22 K e A5 ) Dh 314
JE5 PR OGS TE LA 9%, W LA I R WS SR BOE NS TERE A 42 ] LR A R AE

N TARIC D BBUEA PR S S T HERE , MRS 785 P v TG AN 5% T Sl (3t Ay die K AR 9 L 18
AT Wi P 5 AT G ARG E B A BB I 23R (0.1 nm), BEBIL T AFBEBOCIE TEEE A
(0.1~0.3 nm) FIIEAERKIMEFS Dh AP REAR A 5. b, wyidt e LRI 23 A3 A DG Zh R E N
10 dBm, WARIFE R BEN 0.35 A/W, w6 f 0K E Y Ay = 1550 nm, Ay = 1551.04 nm,

p = 10logy,
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Figure 2 (Color online) Numerical results for the variation of the RF spectrum flatness with respect to the FWHM of
optical spectra in the frequency range of 130~170 GHz. (a) Simulation of RF spectrum; (b) variation of the RF spectrum
flatness with respect to the FWHM
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ASE: amplified spontaneous emission; WaveShaper: programmable optical processor; OC: optical coupler;
EDFA: erbium-doped fiber amplifier; OSA: optical spectrum ananlyzer; UTC-PD: uni-traveling-carrier photodiode;
Mixer: harmonic mixer; LO: local oscillator signal; IF: intermediate-frequency signal; ESA: electrical spectrum analyzer

B 3 (MEMFE) IFETF LRI EEREEAE SRR RER

Figure 3 (Color online) Experimental setup for mmWave noise singal generation using multiple incoherent light mixing

Az = 1551.36 nm, MR (1) 5 (3), K DHEEEF fr, = 130 GHz, fu = 170 GHz. WK 2(a) Fiw, BEEE
BOCUETERE A BOXGIN, B~ AR e S SEIN-FAE. JRRE No, Ag, 7EI] 2(a) B LAY B I3 HIFEE) £0.05 nm,
XRL fr, fu 290 6.25 GHz, 3@ (5) THE DRI EE 1, 258K 2(b). ATLAEH, 78 A Bh
B, g BIARHEZEROR, R BAZAEOL T B4 B 52 A O K B S M 1 7= AR R R AR e BIP 38 (E /s
7E A = 0.3 nm Zb3R7E, HARHEZE RN, RIFTHRIE-FHH AR, ZH 0 KEmE N, 2 A ka8
KZE 0.4 nm B, SFHEEEBER g, Hoh, iz (3) AT A1, WS D)3 EEEO6 1% 58 B 1 I R . 4%
b, BT AR =GR AT AR SRRV 130~170 GHz () D R BT HH 2K e i i ft v, o
BB PEBEIE SR Y 0.3 nm, FRARYE SERRIN & 45 A £0.05 nm Y0 B A& 2 TR OB Ao, s

3 SLWRESHR

dt ==

3.1 TWKRE

SEIGEEE i 3 Frow, AR T e E R A% (Finisar, Waveshaper 4000A) %F£E %54 40 nm
() ASE SGUREE T UER:, it = A RO 5E REAR A . i KA R TR ASE O, KT
AIBIE AR TOUREE, N T iem A D @ B IORES (EDFA) MG 5 BOGTIZ MR 2
10 dBm. #xJifE UTC-PD (NTT, IOD-PMD-14001, 130~170 GHz, ® = 0.35A/W) T E e #He, 7=
A2 130~170 GHz “F4HI D 3 B KM A (55
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Figure 4 (Color online) RF spectrum of mmWave noise in the frequency range of 130~170 GHz using three Gaussian-
shaped ASE wavelength-sliced light mixing with different FWHM. (a) FWHM = 0.1 nm; (b) FWHM = 0.2 nm; (c) FWHM
= 0.3 nm

SEIR T AR D BB K e A (5 S8 UTC-PD IS (WR-6.0) #h&EIR %S (Mixer,
VDI-731, 110-170 GHz) FIHI AT (WR-6.5) HEAT ARSI 46, BRI AT 20 A AR 43 (intermediate-
frequency, TF) %1 N i X T AR5 46t J R 2 oK I M 75 5 - S 0

3.2 LR

Bl 4 B sRae gl FONAS R I8 B 6 1% 55 B 1 = TR AT 21 i e s DR ] gm A e PR I A s i =
E AL ASE JE A0 K A = 1550 nm, Ay = 1551.04 nm, A\s = 1551.36 nm, LA 0.1, 0.2, 0.3 nm [
FEBE UG Ve FEHEAT 3 SIS, XTELE 4(a)~(c) TTS, ANIRIUE GG T8 BE 1 e TR AT T 7= AR AR S
130~170 GHz HJZ KM FE(E 5, 1 H A5 B0 4 Sl 3 — 55, RBOG I 56 238 I, nge 75 ~1- 48 FE
ik SeobAh R R, JEBOGIE %N 0.3 nm I 75 3 [ 5 Sh R P HE 208 5.2 dB.

FRAE BEARHE 3 SEUERI AT, £S5 TP ORFRIEBOGIE SE AN 0.3 nm IHTER R, X Ao, As MK
B 4 P a7 £0.05 nm BRI, 3F— AR Dy 28k (1)~ . XTI 5(a)~(c), ]
BT 5 B R FE AR, ALY Ao, g (TR, 243 0 5 T AR 8 () P H B R AR s SRR ST
SR 75 Th 2l AR BT R O KB A — e 5, R AL T, UTC-PD (15 sm B fh 28 I
e 5)—8 231, Btk Ab, MR %, QAT (A By 3B (0 e 75 | 2= B A5 A0 % T v i 30 52, TRATIES ) &
FIFRFE 2k 2 S EUE T AR, 1P R 26t 2 0k v A2 Kk Mgt 75 1 T S5 0 N B 45 SR = AR R G
K 5(c) Fiar, MG O K AR, 724 130~170 GHz (1) D B K M 75 T R 3 1 30 B IR 4
N 3.9 dB.

AN LG (ENR) A& MR R I — AN B B0 AR, 25 WS D)3l % i oS R T RR A

ENR = 10log,, (ThT_OTC> = Sa(f) = So(f), (6)

Horb, T, T 53 0O AR TAE 5 OC FRARAS N B9 58 80k e A IR B2, To AR HE= TR (290 K), S.(f),
So(f) 3l e Y TAE 5 G PRAS TR I Dh 2 ik %

Bl 5(c) Bnt BIAEERELL WK 6 Fis, OB 08 A = 1550 nm, Ay = 1551.06 nm, A3 =
1551.34 nm, JEEICIE T A = 0.3 nm BSFAFT, I =0 S RME 130~170 GHz F=4E 7 EL
> 35dB, “FHEMKE £2.5 dB M2 KIS G5, WMBRATHTA, XK B R AR IE S N 1 fr
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Figure 5 (Color online) RF spectrum of mmWave noise in the frequency range of 130~170 GHz with fine-tune A2, A3
(FWHM A = 0.3 nm). (a) Central wavelength are 1550, 1551.09, and 1551.36 nm; (b) central wavelength are 1550, 1551.04,
and 1551.41 nm; (c) central wavelength are 1550, 1551.06, 1551.34 nm.
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Figure 6 (Color online) ENR of mmWave noise in the frequency range of 130~170 GHz
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Generation of 130-170 GHz flat millimeter-wave noise signal
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Abstract Three incoherent light-mixing method of the D-band flat millimeter-wave (mmWave) noise signal
generation is proposed. The frequency ranges and RF spectrum flatness are effectively controlled concurrently by
the center wavelengths and the 3-dB bandwidths of three light beams for the photonic mmWave noise signal gen-
eration using a high-speed photodetector. The relationship between the RF spectrum flatness, central wavelength
difference, and 3-dB bandwidth of Gaussian-type incoherent light is theoretically analyzed. The experimental
results show that the D-band (130-170 GHz) mmWAVE noise signal with excess noise ratio >35 dB and flatness
as low as £2.5 dB is generated with a uni-traveling-carrier photodetector as the photomixer.

Keywords noise generator, millimeter-wave noise, photonic mixing, excess noise ratio, flatness
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