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Readout method of terahertz photothermoelectric detectors

ZHANG Jinduo™”, CHEN Meng", LIU Ruifeng™’, WANG Yingxin™"
(a.Department of Engineering Physics ; b.National Engineering Research Center of Dangerous Articles and Explosives Detection Technologies ,

Tsinghua University , Beijing 100084 , China)

Abstract: Terahertz photothermoelectric detectors are based on the principle of thermogenerated
carriers migrating under the influence of a temperature gradient to achieve terahertz wave detection.
They have advantages such as fast response, ultra—wideband, self-powered, room temperature operation,
and simple structure, which have attracted widespread attention. Currently, the readout of detectors
mainly adopts a modulation—demodulation method, realized by cascading a current amplifier with a lock—
in amplifier for measurement, which has low integration, high cost, and is difficult to achieve array
readout. To meet the application requirements of speciral measurement and imaging perception, this
paper studies the readout method of the photothermoelectric array detector unit. Starting from the
detector mechanism, the output signal is modeled and analyzed; based on this, a board-level dedicated
readout circuit is designed to achieve front—end amplification and lock—in amplification functions. Tests
show that this method can achieve high—precision readout of terahertz photothermoelectric detectors in a
strong noise background environment, with a gain of 140.7 dB, and the signal-to—noise ratio is improved
by 38.3 dB.

Keywords: readout circuit; photothermoelectric effect; terahertz wave; lock—in amplifier; long—

wavelength photonics
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Fig.2 Micrograph of the terahertz photothermoelectric detector studied in this paper
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Fig.3 Module diagram of the current readout method and the proposed readout circuit of the detector
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Fig.6 Common architectures of the preamplifier for the terahertz photoelectric detector
6 SLH RIS T B IS5
BIAR R R S ER R BOR D A S IE DR R A R, LSRN 7 R o AR EOR AR 2 2 B, HA D)
ASTE B R, XA [ A e B A R OR G A5 S Ry nT R AT AR B s 5 T, IR uE A O R S AT g, LU
F R A MR P R OKS: D % T AR ADLORe 1 A8 B T OGP R, 2 )y AL R v i S ER O O S B AR
Ho 52 HE MM INEE . BUTRIE & B A K

R B 10 B R S B B, LA Biflio
SPEST, WRCR O BT, A SRR A | —
W 7 0 5 SRR DG 5 T K AT AR 28 4 1 S ot s
RUEF, Bl BAEA L RO AR R \
SET BT A S DR R OK 96

VE N BB OR G i) B AL H I 56 B AR 8 Uk 28 Fig.7 Architecture of the lock—in amplifier
7 BUEBOCR S



410 ] KEFE: KBFEATRBRNFHLTE 1069

VB R BAH ORGP R BEAEH , B TH e) AR 2% ' #A H B0 28 1) e 2 352 L B
33 BMIEM KR
T 0 HG B GG o PO A S B, B B A T 8 rR o

terahertz
photo
thermodelectric
detector

[/01

GND

__________

Fig.8 Circuit structure of the preamplifier stage
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Fig.13 Experiment conditions of the test system
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