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Abstract： In this paper， a wide band cascode power amplifier working at 33~170 GHz is designed， based on the 
500 nm InP dual-heterojunction bipolar transistor （DHBT） process.  Two pairs of parallel input and output stub 
lines can effectively expand the working bandwidth.  The output coupling line compensates the high frequency 
transmission.  The measured results show that the maximum gain of the amplifier is 11. 98 dB at 115 GHz， the rel⁃
ative bandwidth is 134. 98 %， the gain flatness is ±2 dB， the gain is better than 10 dB and the output power is bet⁃
ter than 1 dBm in the operating bandwidth.
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摘要：基于 500 nm 磷化铟双异质结双极晶体管（InP DHBT）工艺，设计了一种工作在 33~170 GHz频段的超宽

带共源共栅功率放大器。输入端和输出端的平行短截线起到变换阻抗和拓展带宽的作用，输出端紧密相邻

的耦合传输线补偿了一部分高频传输损耗。测试结果表明，该放大器的最大增益在 115 GHz达到 11.98 dB，
相对带宽为134.98%，增益平坦度为±2 dB，工作频段内增益均好于10 dB， 输出功率均好于1 dBm。
关 键 词：磷化铟双异质结双极晶体管（InP DHBT）；单片微波集成电路（MMIC）；共源共栅放大器；宽带

Introduction
With the increasing demand for high data rate and high resolution， it is foreseeable that millimeter wave ra⁃dar， imaging and communication systems will become are widely applied ［1-3］ .  But at higher frequencies， the achievable gain of tunable amplifiers is low， while dis⁃tributed amplifiers inherently have wider bandwidths.  Therefore the distributed topology is an important way to realize the wide band amplifier.  In addition， the cascode amplifier structure also has wide band characteristics and 

can be used as a basic unit to form a distributed amplifi⁃
er.  The reported cascode amplifiers cover the DC-110 
GHz［4］， 110~170 GHz［5-6］， and 140~250 GHz［7］ frequen⁃
cy bands， however， designers always have to make a 
trade-off between bandwidth and gain.

In this paper， an ultra-wideband cascode amplifier 
operating at 33~170 GHz is demonstrated.  The proposed 
amplifier can achieve 134. 98% relative bandwidth and 
maintain a gain flatness of ±2 dB， with the small signal 
gain better than 10 dB and the output power better than 1 
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dBm over the operating bandwidth.
1 InP DHBT technology 

The monolithic microwave integrated circuit 
（MMIC） was fabricated based on 500-nm dual-hetero⁃junction bipolar transistor （DHBT） process on 3 inch semi-insulating InP substrate using molecular-beam epi⁃taxy （MBE） manufactured by Nanjing Electronic Devic⁃es Institute.  An InGaAsP composite collector was used to eliminate the current blocking effect caused by the B-C heterojunction conduction band spike［8］.  The composite collector area consist of an InGaAs layer， a step-graded InGaAsP layer， and a δ-doping layer， all the layer struc⁃tures are listed in Table I［9-10］.  The width of emitter con⁃tact is 500 nm， and two 300 nm wide base contacts at its both side.  A transit frequency of 300 GHz and a maxi⁃mum oscillation frequency above 400 GHz are extracted， as shown in Fig.  1.  The process provides three wiring metal layers and compact interconnect vias between them.  The MIM capacitor with 0. 26 fF/μm2 capacitance density and 25 Ω/square TaN TFR are also available［11］.

The schematic diagram of the multilayer integrated circuit process used in this paper is shown in Fig.  2.  The thickness of the metal layer and corresponding BCB layer are all on the order of 1μm［12］.  Each layer of metal can be used as a signal line or a common ground layer.  How⁃ever， when M2 or M3 is used as the ground， the intercon⁃nection structures are more complicated and will bring more parasitic mode effects.  Therefore， M1 is used as the common ground， in which case only the windows around the series capacitors are opened that will greatly reduce the leak area［13］.  Thin-film micro-strip lines 
（TFMLs） can be realized with M1 as ground and M3 for signal line shown in Fig.  2（b）.  The effective dielectric thickness is only a few micro-meters， and for a 50 ohm TFML， its line width is almost 12 μm in the band of 1~300 GHz［14］.
2 Circuit design 

Figure 3 shows the block diagram of a typical cas⁃code amplifier.  The common-emitter （CE） HBT produc⁃

es the controlled output current， this controlled current flows into the common-base （CB） HBT and is buffered by the （CB） HBT.  The buffer effect reduces the output resistance of （CE） HBT and reduce the voltage gain of 
（CE） HBT， which in turn reduces the Miller effect.  Such structure has the benefits of better gain while main⁃taining good linearity and reverse isolation.

Figure 4 shows the circuit topology for the designed cascode amplifier.  In order to obtain wide bandwidth， two pair parallel open-ended stubs were respectively add⁃

Table 1　Layer structure of the InGaAs/InP DHBT
表1　InGaAs/InP基DHBT外延材料结构

Layer
Emitter contact

Emitter
Base

Setback layer
Step-graded

δ-doping
Collector

Collector contact
Sub-collector
InP substrate

Material
InGaAs

InP
InGaAs
InGaAs

InGaAsP
InP
InP

InGaAs
InP

100 μm

Thickness/nm
200
200
35
30
50
5

150
50

200

Dopant
Si
Si
C
Si
Si
Si
Si
Si
Si

S. I.

Fig.  1　The fT and fmax of the transistor
图1　器件的 fT 和 fmax

Fig. 2　Schematic cross-sectional view of (a) multilayer intercon‐
nect, and (b) thin-film microstrip lines
图2　(a)多层互联结构和,(b)薄膜微带线示意图

Fig.  3　Block diagram of the typical cascode amplifier
图3　典型共源共栅放大器结构示意图
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ed to the input matching networks of the first stage （CE） HBT and the output matching networks of the second stage （CB） HBT.  One pair of stubs is designed at the higher frequency band， and the other pair is designed at the lower frequency band.  Figure 5 shows the amplifier’s optimum power input and output impedance matching network schematics.  This makes a trade-off between bandwidth and gain of the amplifier.  The folded coupling lines act as parts of matching network while compensat⁃ing some high frequency transmission loss.  An imped⁃ance matching line with a width of 20 μm and a length of 250 μm was introduced between the two HBT devices.  Since both （CE） HBT and （CB） HBT are supplied by 
Vc， then the stability of the cascode amplifier is sensitive to the current （the controlled CE output current） passing through the inter-stage matching line.  Figure 6 shows this chip photograph of the cascode amplifier MMIC.  The size is 1. 0 mm × 0. 8 mm.

3 On-wafer measurement 
Characterization of the MMIC cascode amplifiers were obtained by on-wafer measurements.  The measured results are shown in Fig.  7 and Fig.  8.  The S-parameter 

measurements were performed using a Keysight PNA-X N5247B network analyzer with Keysight N5293AX01 （1~110 GHz） frequency extenders， and Rohde & Schwarz ZVA50 network analyzer with Rohde & Schwarz ZC170 
（110~170 GHz） frequency extenders.

The measured results show that the maximum gain 

Fig.  4　Circuit topology for the wide band cascode amplifier
图4　宽带共源共栅放大器电路拓扑结构

Fig. 5　 Impedance matching Smith chart and the network sche‐
matic
图5　Smith chart匹配和拓扑结构

Fig.  6　Chip photograph of the cascode amplifier MMIC.  Size： 
1. 0 mm × 0. 8 mm
图6　放大器照片，整体尺寸：1. 0 mm × 0. 8 mm

Fig.  7　Measured and simulated S-parameters of the broadband 
amplifier MMIC On-wafer bias： Vb1=1. 5 V， Vb2/Vc=2. 5 V
图 7　仿真与测试S参数对比，在片测试偏置：Vb1=1. 5 V， Vb2/Vc

=2. 5 V。

Fig.  8　Output power measured results
图8　输出功率测试结果
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of the amplifier at 115 GHz is 11. 98 dB， and the 3 dB bandwidth is 33 to 170 GHz （134. 98%）.  Figure 7 also shows the simulation results of no stub or matched imped⁃ance line.  Through comparison， it can be found that these stubs and matching lines can effectively increase the amplifier bandwidth.  Signal fluctuations in the range of 65~85 GHz and 100~110 GHz are large， which is caused by overheating of the frequency extender modules for a long time.  The spectrum spurs can be reduced by turning off the system and cooling， but it cannot be com⁃pletely eliminated.  The saturated output power of the de⁃vice is 1. 8 dBm at 117 GHz， when the input power is -5 dBm.  The output power is better than 1 dBm in the range of 35~134 GHz， and greater than 0 dBm in the range of 41~170 GHz， as shown in Fig.  7.  Accordingly， the out⁃put collector current is 5 mA at 2. 5V supply and the peak power added efficiency （PAE） is 8. 8%.Table 2 shows the performance comparison of sever⁃al wide band amplifiers.  We noticed that this design pro⁃vides the considerable gain， output power and bandwidth characteristics.
4 Conclusion 

In this paper， a wide band amplifier is presented， which exhibits a good operating bandwidth （better than 1 dBm in the range of 35~134 GHz）.  The high 134. 98% relative bandwidth completely covers the Q， V， W and D bands， which makes it a suitable option for measurement and spectroscopic systems.  In the future， the cascode amplifier shown in this paper can be used as a cell to achieve greater output power through power combining.
References

［1］Shivan T，  Hossain M，  Stoppel I D， et al. An ultra-broadband low-noise distributed amplifier in InP DHBT technology［C］. In 2018 48th European Microwave Conference （EuMC）， 2018， pp. 1209-1212.
［2］YANG Fei， ZHAO Heng-Fei， LIU Jiang-Tao， et al. Solid-state power amplifiers for space： going to extremely high frequency［J］. J. 

Infrared Millim. Waves （杨飞，赵恒飞，刘江涛，等。星载固态功率
放大器：迈向极高频。红外与毫米波学报）， 2021，40（1）：25-32.

［3］ZHONG Ying-Hui， LI Kai-Kai， LI Xin-Jian， et al. A W-band high-gain and low-noise amplifier MMIC using InP-based HEMTs
［J］. J. Infrared Millim. Waves （钟英辉，李凯凯，李新建，等。基于InP基HEMTs的W波段高增益低噪声放大MMIC。红外与毫米波
学报），2015，34（6）：668-672.

［4］Shinghal P， Duff C I， Sloan R， et al. Cascode cell analysis for ultra-broadband GaAs MMIC component design applications［C］. In IEEE MTT-S International Microwave and RF Conference， 2013， pp. 1-4.
［5］Hou D， Xiong Y， Goh W， et al. A D-band cascode amplifier with 24.3 dB gain and 7.7 dBm output power in 0.13 $\mu$m SiGe BiC⁃MOS technology［J］ IEEE Microwave and Wireless Components Let⁃

ters， 2012，  22（4）：191-193.
［6］Petricli I， Lotfi H，  Mazzanti A. Analysis and design of D-Band cas⁃code SiGe BiCMOS amplifiers with gain-bandwidth product en⁃hanced by load reflection［J］.  IEEE Transactions on Microwave Theo⁃

ry and Techniques， 2021， 69（9）：4059-4068.
［7］Amado-Rey B，  Campos-Roca Y，  Friesicke C， et al. A G -band broadband balanced power amplifier module based on cascode mHEMTs［J］. IEEE Microwave and Wireless Components Letters， 2018， 28（10）：924-926.
［8］Cheng W， Jin Z， Su Y B， et al. Composite-collector InGaAs/InP double heterostructure bipolar transistors with current-gain cutoff fre⁃quency of 242 GHz［J］. Chinese Physics Letters， 2009，  26（3）：038502.
［9］CHENG Wei， ZHANG You-Tao， WANG Yuan， et al. 0.5μm InP DHBT technology for 100GHz+ mixed signal integrated circuits［J］. 

J. Infrared Millim. Waves （程 伟 ， 张 有 涛 ， 王 元 ， 等 。 面 向100GHz+数模混合电路的 0.5μm InP DHBT工艺。红外与毫米波
学报）， 2017， 36（2）：167-172.

［10］NIU Bin， CHEN Wei， ZHANG You-Tao， et al. 0.5 μm InP/InGaAs DHBT for ultra high speed digital integrated circuit［J］. J. Infrared 
Millim.Waves（牛斌，程伟，张有涛，等。用于超高速数字集成电路
的 0.5μm InP/InGaAs 双异质结晶体管。红外与毫米波学报）， 2016， 35（3）：263-266.

［11］Li O P， Zhang Y，  Zhang T D， et al. 140 GHz power amplifier based on 0.5 μm composite collector InP DHBT［J］. IEICE Electronics Ex⁃
press， 2017， 14（8）；20170191.

［12］Eriksson K， Gunnarsson S E， Nilsson P， et al. Suppression of para⁃sitic substrate modes in multilayer integrated circuits［J］. IEEE 
Transactions on Electromagnetic Compatibility， 2015， 57（3）： 591-594.

［13］HOU Yan-Fei， WANG Bo-Wu， YU Wei-Hua， et al. Parasitic modes caused by defect ground structure in multilayer integrated cir⁃cuit［J］. Journal of Terahertz Science and Electronic Information Tech⁃
nology （侯彦飞，王伯武，于伟华，等。多层集成电路中缺陷地引
起的寄生基板模式。太赫兹科学与电子信息学报）， 2022， 20
（6）：626-630.

［14］Chen Y P， Zhang Y， Xu Y H， et al. Investigation of terahertz 3D EM simulation on device modeling and a new InP HBT dispersive inter-electrode impedance extraction method［J］. IEEE Access， 2018， 6：. 45772-45781.

Table 2　State-of-the-art of ultra-broadband amplifier
表2　超宽带放大器特性对比

Ref.
［1］

［4］

［5］

［6］

［7］

This work

.  f/GHz
40~185

0~110

123~143

110~170

118~236

33~170

Technology
500 nm InP DHBT

100 nm GaAs pHEMT

130 nm SiGe BiCMOS

SiGe BiCMOS

35 nm GaAs mHEMT
500 nm InP

DHBT

Gain /dB
10

6

24. 3

10. 8

10

10

Gain Flatness/dB
±2

±2. 5

-

±2. 5

-

±2

Topology/ Devices
Distributed

×10
Cascode

×2
Cascode

×10
Cascode

×2
Cascode

×8
Cascode

×2

Chip-size /mm2

0. 8×0. 75

-

0. 7×0. 43

0. 035

1. 5×0. 5

1. 0×0. 8

Pout/dBm
10

-

7. 7

-

10

1. 8
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