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The study and application of D-band radiometer front-end
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Abstract：A D-band（110~170 GHz）direct detection radiometer front-end which consists of detector module，
low noise amplifier module and standard gain horn antenna. The D-band detector is designed and fabricated based
on zero-bias Schottky barrier diode HSCH-9161 and the measurement shows that the voltage sensitivity is larger
than 400 mV/mW between 110~140 GHz，larger than 120 mV/mW in D-band and the maximal value reaches
about 1 600 mV/mW@110 GHz. The D-band LNA module is packaged with self-designed MMIC and the module
measurement shows the peak gain is 10. 8 dB@139 GHz，the gain higher than 7. 8 dB from 137 GHz to 144 GHz，
the measured input return loss（S11）and output return loss（S22）are better than -5 dB and 8. 5 dB in operating
frequencies，respectively. Finally，the imaging experiments based on this front-end are carried out.
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D波段辐射计前端的设计与应用

刘 军， 何 伟， 乔海东， 于伟华*， 吕 昕
（北京理工大学 毫米波与太赫兹技术北京市重点实验室，北京 100081）

摘要：设计了D波段直接检波式辐射计前端，主要包括D波段检波器模块、D波段低噪声放大器模块和D波段

标准增益喇叭天线 .基于商用零偏二极管HSCH-9161研制出D波段检波器，测试结果显示在D波段内，最高

灵敏度接近 1 600 mV/mW，当频率小于 140 GHz时，灵敏度大于 400 mV/mW，在大于 140 GHz频段内，灵敏度

优于 120 mV/mW.基于自研D波段低噪声放大器芯片研制出D波段低噪放模块，测试结果显示最大增益为

10.8 dB@139 GHz，在 137~144 GHz频率范围内，增益大于 7.8 dB，输入端回波损耗优于 5 dB，输出端回波损耗

优于8.5 dB.最终搭建D波段直接检波式辐射计前端进行成像实验验证 .
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Introduction
The millimeter-wave covers the frequency from 30GHz to 300 GHz with the properties of relatively smallwavelength and low-loss propagation in different frequen⁃cy windows［1-2］. The passive imaging systems at millime⁃ter-wave frequencies have excellent potential for high-res⁃olution detection without requiring electronic or mechani⁃cal switching or local oscillator（LO） signal distribu⁃tion［3-4］. The radiometer is attractive for applicationssuch as imaging systems，passive surveillance sensors，concealed weapon detection，high-speed wireless com⁃munication，atmospheric sensing and high-resolution im⁃

aging［5-10］. The atmospheric propagation window at 94，
140 and 220 GHz allow propagation through fog，dust，
and clothing and，therefore，these frequencies are espe⁃
cially appealing for security screening and low-visibility
navigation systems［1，11］. Nowadays W-band imaging sys⁃
tems have already available and commercial. Compared
with W-band imaging systems，D-band systems have a
high potential for better spatial resolution and more com⁃
pact size［12］.

A D-band direct detection radiometer front-end is
designed and carried out imaging verification in this pa⁃
per. The radiometer front-end is built on detector mod⁃
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ule，low noise amplifier module and standard gain hornantenna. The D-band detector module is designed andfabricated based on zero-bias Schottky barrier diodeHSCH-9161 and the D-band low noise amplifier（LNA）module is packaged with self-designed InP-based LNAMMIC. Finally， imaging experiments is carried outbased on this radiometer front-end and have a good re⁃sult，which lay a solid foundation for the practical appli⁃cation of the terahertz radiometer.
1 Low noise amplifier module

For improving the sensitivity and achieving good sig⁃nal-to-noise ratio（SNR），a low noise amplifier is an es⁃sential need of every radiometer system. The better thatnoise performance is the weaker signals can be receivedand analyzed which correlates directly with the sensitivityor range of imaging systems. Improving the noise perfor⁃mance of a receiver is main job of a LNA. The amplifiercircuit has been manufactured using 100-nm gate lengthInP HEMT technology in Ref. 13. In this paper，the se⁃lected amplifier has been assembled in an E-plan split-block waveguide package. The package design mainly in⁃cludes transitions from microstrip to rectangular wave⁃guide. The outer dimensions of the block are 30 mm×20mm×25 mm and the LNA chips and chip capacitors areattached to the block with conductive epoxy glue. Figure1 shows the photograph of the split-block module withMMIC，waveguide to microstrip transitions.

The LNA module was measured using Rohde &Schwarz ZVA50 network analyzer with Rohde & SchwarzZC170（110~170 GHz）frequency extenders. The mea⁃surement results for the packaged LNA are shown in Fig.2. The LNA module exhibits maximum gain of 10. 8 dBat 145 GHz and 3 dB bandwidth is about 7 GHz from 137GHz to 144 GHz. The measured input return loss S11better than 5 dB and output return loss S22 better than8. 5 dB in the frequency from 125 GHz to 155 GHz. Dueto the waveguide flange is not suitable，between the out⁃put port and test equipment have a split，the fluctuate ofS22 is greatly with frequency. Another reason may be thewire-bonding at output port causes the matching perfor⁃mance changed. As shown in Fig. 2，the tendency ofpackaged S21 curve is same as the on-chip measured andits value is worse than the on-chip measurement about 5dB. Due to the pad size is limited，a 25-µm bonding

wire was used for connection is the main reason of the de⁃terioration of the LNA module performance. The noisefigure is about 5 dB and the DC power consumption isabout 32. 4 mW with a drain voltage of Vds=1. 2 V.

2 Detector module
The millimeter wave detectors play an important rolein many millimeter wave systems such as power detectiondevices，direct detection receivers and imaging system.With the development of millimeter wave technologies，there is pressing need of compact and highly sensitive de⁃tector that operated at room temperature. Schottky diodeswith the properties of low parasitic capacitance and seriesresistance provides an efficient solution for millimeterwave detection under room temperature［14］.A D-band detector was designed based on zero-biasSchottky barrier diode HSCH-9161 and Fig. 3 shows theschematic diagram of the detector. Figure 4 shows smallsignal linear model of the HSCH-9161 that include junc⁃tion resistance Rj，junction capacitance Cj，series resis⁃tance Rs，parasitic capacitance Cs and parasitic induc⁃tance Ls.

All passive networks including waveguide to mi⁃

Fig. 1 （a）The split-block module with MMIC，（b）the photo
of the LNA module
图1 （a）内部装配图，（b）低噪声放大器模块照片

Fig. 2 LNA packaged measured S-parameters，on-chip S21
图2 LNA封装S参数与在片S21对比

Fig. 3 Schematic diagram of D-band detector
图3 D波段检波器原理图

Fig. 4 Small signal linear model of HSCH-9161
图4 HSCH-9161小信号线性模型
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crostrip，matching network and low pass filter of the de⁃
tectors are analyzed and designed by HFSS and fabricat⁃
ed on 50-µm quartz substrate. The simulation model and
simulated result of input waveguide to microstrip transi⁃
tion is shown in Fig. 5. As shown in Fig. 5（b），the trans⁃
mission loss below 0. 15 dB and the return loss above 20
dB from 118 to 172 GHz. For isolating the detector sig⁃
nal（DC or low frequency signal）from RF signal，a low
pass filter（LPF） is designed as indicated in Fig. 6.
From the simulated result of the LPF that presented in
Fig. 6（b），the rejection above 20 dB in full D-band and
the transmission loss is below 0. 15 dB in low frequency.

Finally，the quartz substrate was mounted to the
waveguide block with conductive epoxy glue. The outer
dimensions of the block are 20 mm×19 mm×15 mm and
Fig. 7 shows the photo of the detector.

The diagram of voltage sensitivity measurement set⁃
up for the detector is shown in Fig. 8. A CETC-41 micro⁃
wave source AV1464C with AV82406B（110~170 GHz）
frequency extenders were employed to provide the D-
band power，which was measured by Erickson power me⁃
ter. An attenuator was adopted for ensuring the detector
was operating in the square– law region that to keep the
input power under -12 dBm. Finally，the output voltage
was detected by digital multimeter.

The voltage sensitivity（Rv）of the detector can be
calculated by

Fig. 5 （a）Simulation model of input waveguide to microstrip，
and（b）the simulated result
图5 （a）输入波导-微带探针过渡仿真模型，（b）仿真结果

Fig. 6 （a）Simulation model of low pass filter，and（b）the sim‐
ulated result
图6 （a）低通滤波器仿真模型，（b）仿真结果

Fig. 7 Photo of the detector
图7 检波器实物图

Fig. 8 Diagram of sensitivity measurement setup for detector
图8 检波器测试系统框图

Fig. 9 The measured sensitivity of the detector
图9 检波器响应率测试图
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Rv = Vout

10Pin 10
，（1）

where Vout is the voltage measured by digital multimeterand Pin is the incident RF power presented by Ericksonpower meter. The sensitivity of the detector is estimatedby this method and the result is shown in Fig. 9. Themeasurement shows that the voltage sensitivity is largerthan 400 mV/mW between 110~140 GHz，larger than120 mV/mW in D-band and the maximal value reachesabout 1600 mV/mW@110 GHz.When the detector is working，the effective detec⁃tion current mainly refers to the current through the junc⁃tion resistance Rj. Due to the junction capacitance Cj and
Rj are in parallel，it plays a certain bypass function，re⁃sulting in a decrease in sensitivity. Also，the series resis⁃tance Rs divides the valid voltage. The operate frequencyf of the diode can be defined as

f = 1
2πC j R jRs

. （2）
As the frequency increases，the value of Rj decreas⁃es. Because the diode selected in this paper is suitablefor W-band，as the frequency increases，the Rj will dropsharply，and the cut-off frequency is close to the D-band，so that most of the signal energy received by the di⁃ode is applied to Rs，which decreases Rj. The diode non⁃linearity basically disappears，eventually causing its per⁃formance to be severely degraded.

3 Imaging experiments

An imaging system that based on LNA module，de⁃tector module and standard horn antenna has been de⁃signed to demonstrate the imaging performance of our ra⁃diometer front-end. Based on the above module，theschematic diagram of imaging experiment and the mea⁃surement setup are shown in Figs. 10-11. As shown inFig. 11，the imaging system is composed by D-bandsource，imaging object and the radiometer front-end.

The D-band source is comprised by self-designed ×12multiplication chains，providing a continuous output of8mW at room temperature. The source is amplitude mod⁃ulated with a modulation frequency of 10 kHz and an am⁃plitude modulation depth of 100% and the RF signal isradiated through the standard horn antenna. The imagingobject is a 15 cm×15 cm metal square with T shape hole，which moves with the 2D guide screw to achieve scan⁃ning. The receiving antenna is separated from the objectby 15 cm，which means the resolution is 1. 5 cm×1. 5cm. When transmitted through the T-shape area，the RFsignal is detected by radiometer front-end and then readout by the spectrometer with a high potential，in other ar⁃eas of the square structure，the signal is reflected andoutputs low potential. The recorded potential in spec⁃trometer will be numerically mapping to a grey scale forimaging.First，we perform the imaging experiments only usedetector and antenna and the imaging result is shown inFig. 12. Compared with the real object，the Fig. 12 canclearly show the different characteristics of the T-shapeand the outlines are basically same with the T-shape. Atthe same time，due to the metal edge cannot completelyisolate the radiated signal，so some fuzzy points appearedin the T-shape edge area.

Then the imaging experiments are performed withLNA module and detector module and the imaging resultis shown in Fig. 13. Compared Fig. 12 with Fig. 13，af⁃ter adding the LNA module to the front-end of the radi⁃ometer，there are still some edge blur points，increas⁃ing the signal reception intensity and detection outputlevel，improving the signal-to-noise ratio. The contrastto the image is improved，and the imaging result is bet⁃ter. The noise equivalent temperature difference（NETD）is an important figure of merit for determining radiometersensitivity. NETD is related to the thermal responsibilityof the system and can be defined using system parametersas
NETD = TS + TR

Bτ
，（3）

where τ is the integration time，B is the RF bandwidth，

Fig. 12 Imaging result of the radiometer front-end without LNA
图12 未加低噪声放大器的成像结果

Fig. 10 Principle of imaging experimental
图10 成像实验原理

Fig. 11 Photo of the measurement setup
图11 成像测试链路图
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TS is the scene temperature and TR is the receiver noisetemperature. Due to the bandwidth of LNA module isabout 20 GHz，according to Eq. 3，when τ = 1 ms and
B = 20 GHz，the ideal NETD of the system are estimatedto be about 0. 2 K. For better image quality，increasingthe bandwidth and decreasing the noise figure of LNAand choosing a diode that suitable for D-band for improv⁃ing the voltage sensitivity is necessary.
4 Conclusion

In this paper，a D-band direct detection radiometerfront-end which consists detector module，low noise am⁃plifier module and standard gain horn antenna is de⁃signed and the imaging experiments have been carriedout. The D-band detector module is designed and fabri⁃cated based on zero-bias Schottky barrier diode HSCH-9161 and the D-band LNA module is packaged with self-designed InP-based LNA MMIC. The imaging experi⁃ments are carried out based on this radiometer front-endand the results are compared with or without LNA mod⁃ule. After adding the LNA module the contrast to the im⁃age is improved，and the imaging result is better. Thisradiometer front-end lays a solid foundation for the practi⁃cal application of the terahertz radiometer.
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Fig. 13 Imaging result of the radiometer front-end with LNA
图13 加入低噪声放大器之后辐射计前端的成像结果
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