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Abstract: Terahertz noise sources are critical tools for noise figure measurement and performance evaluation of high-frequency devices.
Traditional solid-state noise sources based on electronics face challenges in achieving high excess noise ratio (ENR) and flat power
spectral characteristics due to the bandwidth limitations of electronic components, restricting their application in higher frequency bands.
To address this issue, this study developed a prototype terahertz noise source using photonic methods. By utilizing two beams of
incoherent light for photo-mixing in a high-speed photodetector, the system generates terahertz noise with a frequency range of 140 ~
220 GHz, a maximum ENR of 47 dB, and a flatness better than +2. 0 dB. The ENR can also be tuned by adjusting the optical power.
Stability tests show that the prototype maintains an ENR stability of 0.35 dB over 12 hours of continuous operation and an output
repeatability of 0. 39 dB over 10 power cycles. Additionally, the noise figure of a mixer module was measured using the noise source,
with the measurement uncertainty being less than 0.48 dB. The development of this photonic terahertz noise source has increased the
maximum operating frequency of noise sources in China, providing essential testing instruments for the design and optimization of
terahertz devices.
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Fig. 1 Design and implementation of photon terahertz noise source
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Table 1 Repeatability test of power on/off
FFHAL ANTRIB SRR I L/ dB R M L B RO
WAL 140 GHz 150 GHz 160 GHz 170 GHz 180 GHz 190 GHz 200 GHz 210 GHz 220 GHz Joy aR
1 46.75 47. 14 48.07 47.61 46. 58 47.52 47.19 46. 86 47.98 148.5 GHz  49.27 dB
2 46. 86 47.41 48.07 47.93 46. 68 47.62 47.18 47.02 48. 15 148.5 GHz  49.36 dB
3 46.92 47.38 48. 08 47.86 46.61 47.60 47.30 46. 85 48.05 148.5 GHz 49.35dB
4 47.01 47.51 48.23 47.80 46.70 47.73 47.21 46.92 48.01 148.5 GHz  49.35 dB
5 46. 99 47.39 48. 06 47.90 46.70 47.73 47.25 46.74 48.16 148.5 GHz 49.40 dB
6 46. 87 47.40 48.17 47.93 46. 84 47.67 47.15 46.73 48.10 148.5 GHz 49.37 dB
7 46. 88 47.51 48.24 47.79 46. 63 47.63 47.27 46. 82 47.95 148.5 GHz 49.23 dB
8 46. 85 47.29 47.93 47.65 46. 60 47.36 47.05 46.73 47.92 148.5 GHz 49.38 dB
9 46.76 47.23 48. 05 47.61 46. 56 47.57 47. 14 46.78 47.85 148.5 GHz  49.25 dB
10 46.78 47.29 47.94 47. 56 46.76 47.51 46.98 46.71 47.77 148.5 GHz 49.29 dB
teZ=/dB 0.26 0.37 0. 31 0. 37 0.28 0.37 0.32 0.31 0.39 — 0.17
F2 KEEBEENX
Table 2 Long term stability testing

W/ EKE/dB ByME/AB SFRIE/AB ARiEZE/dB W2e/dB || IFEl/h BRKAE/dB e/ ME/dB FRIE/ B FrifkZE/dB 2%/ dB
0.5 47. 44 47.37 47. 40 0.03 0.07 6.5 47.49 47.31 47.41 0.04 0.18
1 47.43 47.15 47. 34 0.09 0.28 7 47.50 47.35 47.42 0.03 0.15
1.5 47.42 47.31 47.37 0.03 0.11 7.5 47.48 47.33 47.41 0.04 0.15
2 47.42 47.29 47.36 0.04 0.13 8 47.46 47.36 47.41 0.03 0.10
2.5 47.48 47.36 47.42 0. 04 0.12 8.5 47.47 47.38 47.42 0.03 0.09
3 47.31 47.16 47.21 0. 05 0.15 9 47.45 47.37 47. 41 0.03 0. 08
3.5 47.47 47.22 47.33 0. 08 0.25 9.5 47.44 47.39 47.42 0.02 0.05
4 47. 46 47.32 47.39 0. 04 0.14 10 47.44 47.27 47.39 0. 06 0.17
4.5 47. 42 47.33 47.37 0.03 0.09 10.5 47.41 47.37 47.39 0.02 0.04
5 47.50 47.33 47.41 0. 05 0.17 11 47.48 47.32 47. 41 0. 06 0.16
5.5 47.48 47.34 47.40 0.04 0.14 11.5 47.42 47.31 47.38 0.05 0.11
6 47.45 47.30 47.38 0.05 0.15 12 47.43 47.34 47.39 0.03 0.09
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Table 3 Uncertainty U calculation result

3%/ GHz 3NF,,/dB 3NF,/dB 3G,/ dB F, Fi, G U
170 0.12 0.14 0.13 20. 31 1.94 20. 64 2.56 0. 38
180 0.18 0.18 0.18 21.00 1. 89 21.32 2.05 0.40
190 0.15 0.16 0.12 19. 50 1.90 19. 94 2.11 0.39
200 0.22 0.22 0.18 20. 42 1. 90 20.73 1.95 0.48
210 0.21 0.21 0.16 18.71 1.95 19. 10 2. 15 0.42
220 0.17 0.17 0.16 23.56 1.94 23.96 1. 86 0.40
A BT T R R 2% M 7S JEAE AL, #E 140 ~ 220 GHz A5
3% i S0 Bl P 7 A S AR [ 47 B SEERE 2.0 dB (K

ARSCRE R A T 18 25 5 0 b A0 9 32 B A g 3 A
IR AL AR T — Al TG T B i P RE A 2%
FRRSEBLT S8 . Tl P AR O R DG AR 25
PEATIRA, B2 71 1 W P 5 AR R L A T A e

R 2R o DT IR 2% MR A A T A o S AT | v 1 e
WP (5 B AR IR Bt T T B A D T 56 BT T R R
PRI i TARSIR Ry i S BB 2% 45 R IO BIE
SRt 1 B AR S
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