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Automated measurement and control system for terahertz band
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(School of Electronic Science and Engineering, University of Electronic Science and Technology of China,
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Abstract: Terahertz Radio Frequency(RF) devices and communication systems typically exhibit
operating bandwidths ranging from several GHz to tens of GHz, with substantial variations in operating
characteristics across the band, presenting numerous challenges for performance testing. To address this,
this paper proposes an automated measurement method for the terahertz band and designs a versatile
automated test system capable of meeting diverse testing requirements, including terahertz RF device
and link testing, signal processing algorithm testing, long—distance terahertz channel measurement, and
terahertz antenna far—field testing. Measurement results demonstrate that the system can efficiently and
accurately complete these various terahertz band testing tasks, not only improving testing efficiency but
also providing reliable data support for related research and applications.

Keywords: terahertz radio frequency device; automated measurement; terahertz communication

system; testbed

Bl A I AR HOR Y R, 5G . IR I ST 26 AE HOR I 24, X SRR 1 AR G 0 1 R R Ok B
T R AV I R K A B, I R AE KR 229 B (100 GHz LA B, S99 15 & (0 1 e 3k i i 3 2 Pk AR . Kbl 2%
SRR A AR AF MGEAE R g e B A A GHz 2801 GHz (9 AR 8™, BT RBR 22 B, RO 2% S & 78 52 i 1A%
B BE S K, S BT AR P S 2 BORe PR B 3l RO SN & i e AR B 2, HO s MRS Ty R, R
B MR AR A 5 1R 25 W B R 5 b, X ORBR 2% S R A AE A ORI e
5 A 3R A T TR ) I 6 I A A A e B 3 Y R R

S, AR SCRR D ] O RR 4% 4B A S AR B S R O, B T R R I 2 2 A ik S P4k i
TR B AL B sl 5 R G ARG RGN A S0 & AT R A 2 A R AR, 25 G P g
B AF S MBS, BRAE = R 58 R 2% S A 1 A 2R Gt LA B AR T A5 & ST 55 .

Wi HHER: 2024-08-22; fEEHH: 2024-12-10

E2TH: FRHARBAIEESRBITH (619310065 62101111; 820719405 61921002; 623011125 62305051; 62331015)

Sl A T OE, W — NS, i R G B B Bh A ) R SR KRR 2R T E B 2E A, 2026,24(1):13-18. DOI:10.11805/
TKYDA2024509.

Citation format: WANG Zheng,CAO Haoyi, WANG Weipeng,et al. Automated measurement and control system for terahertz band[J]. Journal of
Terahertz Science and Electroince Information Technolgy, 2026,24(1):13-18. DOI:10.11805/TKYDA20245009.



14 AHZMESEFRERFR %24 %

1 B3N E5EHRES
1.1 ik

Ay T I R I X G DS A s 4 1) A AR B P 3 2R 2R G ) S A i BT S IR T R, R AR
oF- 5 R N A AR S H AE P s A, T 2 s A 0 B R S B R B R TR R B F 5 3k F Matlab
FEEH KL, EIMGES S . BERE SR R T S G ST RE .

A sh Ak & 5 ¥ R So A 35 s [ Ak AT A B s A s AR 2R A, R 1 BTOR .

i i - - twork
sw1tch//se{al BULYEL ‘ switch/serial server |<;':I_l—e:\_y_(l£—:_’;| switch/serial server |
PC upper controllers
<:> > serial devices)] ZAN T
" RF domain testunit ) |2  { digital domain test unit} | RE | g z | RF
i I { > domain =] S| <> | domain <
) [ 3 I
| Dommrsome Jomp B[ roa ] | | Lt [T g g st |
| = S s =1 TTTESETTY
| S I I I i = = digital !
[ kel ] | | e P e 2y | domam |
I el ! | test unit | o < | computer S <:>: test unit
P [ vNa K | Dso ' . | : | I
| b R P s E ,
|
| Doovermer o= | | vsa ] | | |]
1 ; | 1 - 1
L g ) N o E )
T—»{ DUT kj
RF test signals digital test signals
(a) desktop automated measurement (b) remote automated measurement

Fig.1 Architecture diagram for automated measurement
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Table 1 Main test instruments

classification of instrument model of the instrument main indicators

signal generator Keysight E§257D range: 100 kHz~20 GHz; resolution: 0.001 Hz

signal generator Rohde& Schwarz SMA100B range: 100 kHz~40 GHz; resolution: 0.001 Hz

signal analyzer Keysight N9030A range: 3 Hz~50 GHz; amplitude accuracy:+0.19 dB

signal analyzer Rohde& Schwarz FSV3044 range: 10 Hz~44 GHz; analysis bandwidth: 200 MHz
power meters VDI Erickson PM5B range: 75 GHz~3 THz; input power range: 1 pW~200 mW

DC power supply RIGOL DP932E programming resolution: 10 mV/10 mA; response time<<50 ps

gimbal ZK-BY020W-G accuracy: 0.01°; scanning range: 0~360°(azimuth), +45°(elevation)

2 HIIMNERGZENASER
2.1 BshkM=ZEMN A

BT Bk eI SR R GE, TT R LT JLE RO 2% 4 B I 1 v H

1) R 2% 565 A3 A 1 i g D00 0 - 30 o P RS S U R AT A DR S, X RO 2 S R O A O
SR g . WS R A, R DR AR AT A SR Rl s SR R S, R T — H 220 GHz B
1) R 2% 1K M 75 K 4% . #F 200~230 GHz #iL B . -30~-8 dBm T/EZF T, il A ah kil Rae, RIMCT Hif4
F10 i A R R RS RS, WP 2 o o R R AR R R SR - R SRR AR, RGESERL T 3 416
ARBES I, A R AUFERT 5 ming

28 g 18
26 3 6
w) -
e 24 E 5
% 22 5 -10 014
£20 g 15f el
18 = -20 9 12
16 £-25 'S
230 § 230 =10
e 10 5 10 = g
= 0 S, 210 i S B
To T 5 g % e B e Pl
4G oY oGOV 200 205 210 215 220 225 230
fIGHz
(a) characterization of gain (b) characterization of input and output (c) noise figure

Fig.2 Automated measurements of a terahertz low—noise amplifier
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Fig.3 Results of automated measurements over long distances for terahertz communication systems
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Fig.4 Automated measurement results of 300 GHz terahertz channel at 1 km distance
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Fig.5 Automated measurements of the directional map of the terahertz Cassegrain antenna
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Table2 Summary of test capabilities for automated measurement systems
test category parameter involved testing equipment description
. . automated measurement of key parameters, obtaining input—output
terahertz RF gain/loss, S-parameter, output power, IIP3, VNA, SA, signal source, L .
. . . characteristics of terahertz component such as mixer,
device test efficiency, 1 dB compressed point, etc. power meter, DC supply .
frequency doubler and amplifier
terahertz RF output power, sensitivity, NF, SNR, SA, signal source, noise cource, testing the cascaded performance of terahertz transmitter links or
link test dynamic range, etc. power meter receiver links and frequency doubler links
terahertz SNR, BLER, sensitivity, dynamic range FPGA, VSG, AWG, DSO, SA, verification of baseband signal processing algorithms and
system test operating frequency, etc. signal source modulation performance, optimization of RF operating range
terahertz path loss, frequency response, gimbal, turntable, VNA, SA, o . . .
. monitoring fading characteristics of terahertz channels indoor or outdoor
channel test delay spread, K—factor, etc. signal source, power meter
terahertz o . gimbal, turntable, SA, evaluation of antenna radiation characteristics, obtaining normalized
gain, directionality, etc. . o .
antenna test signal source directionality coefficients for E and H planes
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