ISSN 1004-3365
CODEN:WEIDFK
CN 50-1090/TN

whHT¥

MICROELECTRONICS
2 WX H O W

2020
ISSN 1004-332; % 50 % g]J
LT mIE* S RTRE 2
Sichuan Institute of Solid-State Circuits

HAFURILE . www.microelec.cn



MR FF

Weidianzixue

6505 H£1H 2020528

JF T 12 L 250 MS/s #.#r3 ADC # 2.5 foF % W
— b 14 AL 100 MS/s B K &M st 4 8

,47}:}:15&1}]%1\\1 %’%%%%*ﬁ?ﬂﬁﬁjﬁﬂﬁg
— A 10 Gbit/s M ALET B L A cor v
— M SiGe BICMOS 140 GHz & 3 2 th ik K % -

H

- BEERFIRIT -

7//,\,

e B B, TR

e HEE, KB,

— AR T B IE TE AR TH B B G BT e e e e e e

— M XA PV AME RS & ok Bkt
A FHEANRER K& E PSRR & K 48 & LDO
— A & W IR M At LDO

/&}Eﬁf}ﬁ\ %'T#T’I‘EWM?’J ’Tﬁﬁ%&f{ﬁfﬁ
MERART R L T ETLEGRBARIERBEIR oo

e &

- ik

MNAEE, EOK

—‘ﬂ’ 2 pm GaAs HBT 1&*5%"%%% A0 O IR TP

ETHBT TZM & FRMMLEF QVCO
— R R R AR M B By ikt

AT B R R E B M A R LA T e e e e e

PECVD % #tat & 4 3 B ok 20 i M09 & oF &2
— A Wk NMOS & 4t F 4 X ) MHVDDSCR

4 SEBEHSTE .

R &, NES,

%ﬂ:{]\}ﬁﬁ}%#ﬂ#& %ﬁ% f){%%{%@%&ﬁﬁ;yf&%}iﬁ%

& E BCD I %4t 1t 3 NLDMOS %4 09 | # % ®

RS -

- RBE, REX, B OR, TR, ATRRAE)
S REH, W, E, AHET6)

e, kOB, REWAD

T #, % M, E %, TEBAEG)

HE W, R OBE, IR E(22)

s Mo E, BLRL R A B B, RBRED
CEUM. REM, & F, REW, 5HEGD
MBMW, XM, § F,KEW, 5HFG6)
HEE, £R4, TELUD

x| A BE,
JB R,
(SN
© Ol EEE,

wmy A,
%,

x

#2
A A,
s &,
FEF,
LEY
FRA

X LA,

# EH(50)
2 AR (55
F HG60
I 465
i 3Lk (72)
ERRY)
A ET(84)
& % (90)

5

¥ E, REk, REM, ZIM, &HFEO5)
) ARE, KOsk, B4R, BEAO0D

s BE R, REE, BREAG)

BER, MMEA, 5¥F, LK1
SRk, ERT, Tiaak (118)

;

COARAEME, T aay, HRAR ., R E—(126)
MR A, B, B R, FEZAD
FRT, BHF, FHAH, 2EKAID

R, A, ERTF (14D

o A A

b i

# . RARAR, FES. RERAN148)

http . // www. microelec. cn

KERERE: Bka



Microelectronics
Vol. 50, No.1 Feb. 2020

Contents

+ Circuit and System Design -

A 2.5 bit Sub-Stage Circuit for 12 bit 250 MS/s Charge Domain ADC
- CHEN Zhenhai » QIAN Hongwen, XUE Yan., HE Ningye, HE Xiaoxiong (1)
A 14 bit 100 MS/s Pipelined ADC  «+ceeveeeeeneeiieneeiieeiianceieeenses WU Tangzheng » WANG Na,» XIE Liang ,» JIN Xiangliang (6)
A Low Power Analog Front-End Circuit for ECG Signal Acquisition =+ +++s+eeeeeeeeees ZOU Xiaolei » ZHANG Ying » SU Manging (11)
A Preamplifier for 10 Gbit/s Optical Receiver
+ HUANG Shanze, HUANG Qijun, HE Jin, CHANG Sheng » WANG Hao, TONG Zhigiang (16)
A Distributed Amplifier Based on Tapped Inductor «++«seeseeesseeceeeeeneieeceseneneees SU Manging » ZHANG Ying » ZOU Xiaolei (22)
A High Figure-of-Merit VCO Using Fully Differential Active Inductor
seeveeeees YANG Xin, ZHANG Wanrong » XI1E Hongyun s JIN Dongyue s, ZHANG Yin , XU Shu s NA Weicong (27)
A 140 GHz SiGe BICMOS High Gain Power Amplifier ««- e« e eerere ettt it it i e it
- WU Kaixiang » ZHAO Junpeng . CAO Jun, CAI Yuncheng » GAO Haijun (32)

A SiGe D-Band High Gain Low Noise Amplifier «----+ ZHAO Junpeng s WU Kaizxiang s CAO Jun, CAI Yuncheng , GAO Haijun (36)
A Stimulator with Hybrid Mode Fast Charge Balancing Method = «+++++++++-« CHEN Mengying » JIANG Hanjun, WANG Zhihua (41)
Design of a Low Power Low Temperature Drift Oscillator -+ LIU Quanwang » ZHANG Bo . ZHEN Shaowei , XUE Weidong (46)

Design of an Output Buffer with PV Compensation
- WANG Wei, ZHAO Yuanyao » TANG Xiaobin, U-Fat CHIO, YUAN Jun, YANG Zhenglin(50)
An External Capacitor-Less LDO with High Power Supply Rejection Ratio for Implantable Biomedical Devices
+ ZHANG Zhang » WEI Lingling » YAN Lin, XIE Guangjun, CHENG Xin, JIN Shuliang (55)
A LDO with High Power Supply Rejection «+seseeeeeeeseeseeeneeciacecenneees XTAQ Haoyang » LUO Ping » YANG Pengbo . LI Bo(60)
Failure Analysis of Column Grid Array Under Temperature Test «=-«=seseeeeeeeeeeceeceececceces SU Dezhi » ZHAO Dan, WANG Cen (65)
A Multi-Mode Wideband Digital Decimation Filter -+:++«seeeeeeseeeceeees GAO Bo s WANG Youhua » LI Ruzhang . CHEN Kairang (72)
Process Study of Electronics Radiation Hardened Assurance for Low Cost and Commercial Satellite «=resrereereeremrneieiiniii...
- LIU Weixin, WANG Bo, MA Lindong » LOU Jianshe , KONG Zebin, ZENG Yinglian , WANG Kunshu (78)
A Wide Dynamic Range and Low Mismatch Charge Pump
- ZHANG Jiumin., DUAN Jihai ,» XU Weilin, WEI Baolin, TANG Hanzue (84)
A 2 pm GaAs HBT Low Phase Noise Wideband VCO
+ CAI Yuncheng . CAO Jun, ZHAO Junpeng » WU Kaizxiang » GAO Haijun (90)
A High Power Low Phase Noise QVCO Based on HBT Process -« e« ee e s eesereur st st aat e i ot st et et e ot s et e e e
+ CAO Jun, CAI Yuncheng » ZHAO Junpeng » WU Kaizxiang » GAO Haijun (95)
Design of a High Precision Current Sensor Circuit -++++++++-+o+ LIU Quanwang » ZHANG Bo, ZHEN Shaowei , XUE Weidong (101)
Simulation and Performance Optimization Design of a New Type of Junction-Less Transistors

- SUN Chuanchuan s GAO Yingke , WANG Nong , LI Shenglong , ZHAO Yunfu, LIANG Xiangeng (106)
+ Features and Review ¢

A Review of Research on the Acoustic Energy HArvester - e« s« e e ettt i ittt e
- YANG Lei, XUE Zhicheng » HE Xingyue » GU Xinfeng » WANG Debo (112)
Research Progress of Pressure Sensors Based on Graphene Piezoresistive Effect =+« -+ -+ LI Fangqging . LI Longfei » WANG Debo (118)

* Semiconductor Device and Technology *

Influence of PECVD Parameters on Etching Characteristics of o-C : H
- ZOU Xiongfeng » DONG Lisong » CHEN Zhigang » WEI Yayi(126)

An Anti-Latch MHVDDSCR with Embedded NMOS
- CHEN Lei, LIU Zhiwei s L1U Junjie » CHEN Ruibo, YANG Bo, LI Haoliang (132)
Study on Characteristics of Thermoelectric Microwave Power Sensor Based on Media Embedded Layer =+« «ceeeeeeeeceiieinrinn
- HU Jiayang . LI Longfei, GU Xinfeng , JI Xincun, WANG Debo (137)
Effect of High Voltage BCD Process Optimization on NLDMOS Performance -+-+++=-+=++=++=« DAI Gang . NIU Jian, JI Zhuoyu(142)

* Product and Reliability -

Study on Single Event Latchup and Maintenance Current Characteristics of L) ««« s s eeseeetreue st tettesiie ittt et ettt e e
- XIA Peng s YANG Shaohua » WU Fugen , LEI Zhifeng , ZHANG Zhangang (148)



508 % 1M S = Vol. 50, No.
2020 4F 2 A Microelectronics Feb. 2020

- 8 %85 4% %%t -
AT 12 i1 250 MS/s B farid ADC B
2.5 AL F 2R

BT R BB, ATT R, TR
(1. FET K% AR5 A TR B, &1L 230009; 2. T EEFRLERAR HHTABRI, T
Jo#h 2140355 3. WINAERE {5 A TSR, 2R Bl 2450415 4. BB EARA A, 28 il 245600)

B OE: RETAAT 1242 250 MS/s AT A K EBHEH B E(ADCO W 2.5 2 F R &%,
RN ZA TR ER, AR fR T, 85T HEAKE ADC F 8 5 i
AL, REBHBART ADCW 4, Z 2.0 TR R BB T —F 12 42 250 MS/s & 77 3R R K &
ADC ¥, 3 %8 0.18 pm CMOS T # 3L, MK 2R KW, £ 250 MS/s K4 % .20.1 MHz #hr A
ME T, ADC #9 SNR 4 65. 3 dBFS,

KW : B BatE; TAE%

FESES:TN432; TN79 2 X HERARIRAD : A XEHS :1004-3365(2020)01-0001-05
DOI:10.13911/j. cnki. 1004-3365.190213

A 2.5 bit Sub-Stage Circuit for 12 bit 250 MS/s Charge Domain ADC

CHEN Zhenhai" > **, QIAN Hongwen’, XUE Yan’, HE Ningye* ?, HE Xiaoxiong'
(1. School of Electrical Engineering and Automation , Hefei University of Technology , Hefei 230009, P. R. China;
2. No. 58 Research Institute , China Electronic Technology Group Corporation, Wuxi s Jiangsu 214035, P. R. China;

3. School of Information Engineering s Huangshan University s Huangshan, Anhui 245041, P. R. China;
4. Huangshan Electrical Appliance Co. s Ltd. s Huangshan, Anhui 245600, P. R. China)

Abstract: A 2. 5-bit sub-stage circuit for 12-bit 250 MS/s charge domain pipelined ADCs was presented. Charge
transfer and residue charge calculation were realized with boosted charge transfer (BCT) circuit in the proposed
2. 5-bit sub-stage. Therefore, the high performance opamps in traditional pipelined ADCs were eliminated, and the
power consumption could be reduced remarkably. The proposed 2. 5-bit sub-stage circuit had been used in a 12-bit
250 MS/s charge domain pipelined ADC and realized in a 0. 18 pm CMOS technology. Measurement results showed
that the ADC achieved a signal-to-noise ratio (SNR) of 65. 3 dBFS under a sampling frequency of 250 MHz with a
sinusoid input frequency of 20. 1 MHz.

Key words: charge domain; charge transfer; sub-stage circuit
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Abstract ;

A 14 bit 100 MS/s pipelined analog-to-digital converter (ADC) was designed. The opamp was shared

by the sample-hold circuit and the 2.5 bit first stage multiplying digital-to-analog converter (MDAC1) to reduce

power consumption. An improved dual-input switched opamp with variable transconductance was proposed to meet

the different requirements of the sample-hold and MDACI1. Also, memory effect and crosstalk were eliminated by

the improved switched opamp scheme. A five stage 1.5 bit opamp-sharing structure was adopted in the rest of

pipeline stages. Based on a 0. 18 pm CMOS process, the proposed ADC core circuit occupied an area of 1.4 mm®.
The post simulation results showed that an SNR of 82. 6 dB, an SNDR of 78. 7 dB, an SFDR of 84. 1 dB, a THD of
—81.0 dB and an ENOB of 12. 78 bit could be achieved with a sampling rate of 100 MS/s and an input signal

frequency of 46 MHz. The overall power consumption of the ADC was 116 mW at 1. 8 V power supply.
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Abstract ;

channel multiplexing technology. The designed AFE circuit consisted of a multi-path data selection circuit, a

A low power analog front-end (AFE) circuit for ECG signal acquisition was presented by adopting

preamplifier, a buffer and a G,,-C low-pass filter. The switch in the multi-path data selection circuit adopted a gate-
voltage bootstrap type switch structure to improve the linearity. The circuit was designed and simulated in a 0. 18
pm CMOS process . The simulation results showed that the circuit only consumed 5 pA quiescent current and gave a
46 dB gain in the band from 39 mHz to 19 kHz with the switching frequency of the switch was 10 kHz. It could

realize the acquisition of multi-lead ECG signals.

Key words: ECG signal acquisition; multi-channel data selection circuit; preamplifier
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A Preamplifier for 10 Gbit/s Optical Receiver

HUANG Shanze' , HUANG Qijun', HE Jin', CHANG Sheng' , WANG Hao', TONG Zhigiang®

(1. School of Physics and Technology s Wuhan University s Wuhan 430072, P. R. China;
2. Wuhan Fisilink Microelectronic Technology Ltd. , Wuhan 43020, P. R. China)

Abstract: Based on a 0. 18 um BiCMOS technology. a preamplifier circuit of optical receiver for 10 Gbit/s optical

fiber

communication was designed. The circuit consisted of a transimpedance amplifier, a two-stage variable gain

amplifier, a buffer, a DC offset cancellation circuit. a peak detector and an automatic gain control loop. The

transimpedance amplifier adopted a shunt-shunt feedback structure to ensure low noise performance while meeting

the requirements of gain and bandwidth. In order to obtain a wide input dynamic range, variable gain control was

introduced in the post amplifier, and capacitance degeneration technique was utilized to increase the bandwidth. Post

layout simulation showed that with the small input photocurrent signal, the differential transimpedance gain of the

amplifier was 10. 7 kQ with a —3 dB bandwidth of 7. 4 GHz and an averaged input-referred current noise density of

16.9 pA/ ~/Hz. The adjustable gain range of pre-amplifier was from 25.2 to 80.6 dBQ, and the input dynamic
range exceeded 40 dB. The whole chip had an area of 764 pm x540 pm and consumed 166 mW from 3.3 V power
supply.

Key words: optical receiver; automatic gain control; VGA; wide dynamic range
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A Distributed Amplifier Based on Tapped Inductor
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Abstract ;

process. 3-port inductors were used in the proposed DA to reduce the number of on-chip inductors, therefore the

A four-stage distributed amplifier (DA) based on tapped inductors was designed in a 0. 18 pum CMOS

area of the circuit was reduced. The gain of the DA was improved while maintaining good impedance matching

characteristics. The simulation results showed that the proposed DA achieved a 8. 6 dB gain from 1. 48 GHz to 15. 5 GHz

with the fluctuation of 4=1. 25 dB. The layout area was (0.59 X1.1) mm?*.
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THEENBEERBRBSMHE VCO
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M E: RET-HIERESGEMEAEEKRGZSVCO), RALZ45H RE &, LR T %%
AU BEERR RTIRBEGEE, RATELCEEI o F X EES BT KT K%M E 0 TR
CE, X T AR E, RARSA AL AR AL, BRT AR S migs, AT
TSMC 0. 13 pm CMOS T %, 4 ADS T A xi% VCO #47 7 ik, R AW .VCO #3k %M %
JEE A 0.31~5.13 GHz, A ¥ £ FH3#& 177.7% ., £ 1 MHz ¥R &, 48152k & R AL H —125.3
dBc/Hz, B # A 63 mW, 444 —201. 3 dBc/Hz, 42 &M AL 847,
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FE 43S TN432; TN752 X HERARIRED : A X EHS:1004-3365(2020)01-0027-05
DOI:10.13911/j. cnki. 1004-3365.190161

A High Figure-of-Merit VCO Using Fully Differential Active Inductor

YANG Xin, ZHANG Wanrong, XIE Hongyun, JIN Dongyue, ZHANG Yin,
XU Shu, NA Weicong

(College of Microelectronics s Faculty of Information Technology s Beijing University of Technology s Beijing 100124, P. R. China)

Abstract: A highly integrated and high figure-of-merit (FOM) VCO was proposed. A fully differential active
inductor was adopted to overcome the disadvantage of traditional spiral inductor, such as large area and untunablity.
A variable capacitor array and a switched capacitor array were also employed. On the one hand, the adjustable range
of oscillation frequency of VCO was extended. On the other hand, the phase noise of the VCO was reduced.
Meanwhile, the improved current-reusing negative resistance structure was adopted to reduce DC power
consumption and phase noise. Based on TSMC 0. 13 pum COMS process, the VCO was verified by ADS. The results
showed that the oscillation frequency range was 0. 31~5. 13 GHz, the tuning range of oscillation frequency was up
to 177. 7%, the smallest phase noise was —125. 3 dBc/Hz at 1 MHz offset, the total power consumption was 63
mW, and the FOM value was —201. 3 dBc/Hz. All the results indicated that the VCO had good comprehensive
performance.

Key words: voltage controlled oscillator; fully differential active inductor; tuning range; phase noise; FOM
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A 140 GHz SiGe BiCMOS High Gain Power Amplifier

WU Kaixiang, ZHAO Junpeng, CAO Jun, CAI Yuncheng, GAO Haijun
(Key Lab. for RF Circ. and Syst. of Ministry of Education s, Hangzhou Dianzi University , Hangzhou 310018, P. R. China)

Abstract ;

SiGe BICMOS technology. The amplifier consisted of two driver stages and one output power stage, and the input,

A three-stage cascode power amplifier with 140 GHz center frequency was designed in the IHP 130 nm

output and inter-stage matching were all realized by microstrip line. In the design of the power stage, the HBTs
with the best size was designed to obtain the best bias current and the best bias voltage through analysis, so as to
obtain the maximum voltage swing to improve the output power. The simulation results showed that in 120~160

GHz working frequency band, the G.. was 28 dB, the P, was 16.2 dBm. the PAE was 20.5% ., and the power

Vol. 50, No. 1
Feb. 2020

consumption was 220 mW.,
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power amplifier; high output power; D-band; high gain
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A SiGe D-Band High Gain Low Noise Amplifier

ZHAOQO Junpeng, WU Kaixiang, CAO Jun, CAI Yuncheng, GAO Haijun
(Key Lab. for RF Circuits and Systems of Ministry of Education s Hangzhou Dianzi University s Hangzhou 310018, P. R. China)

Abstract ;

The LNA consisted of two stages of cascode structure and one stage of common-emitter structure. Emitter

A D-band high gain low noise amplifier was designed in the IHP 0. 13 um SiGe BiCMOS technology.

degeneration inductors were used for noise suppression and power matching. Microstrip lines were utilized for
input, output and inter-stage matching. The gain-boosting technique was utilized to improve the gain of the first two
stages of the cascode structure. The results showed that the proposed circuit achieved 32 dB gain in the center
frequency of 140 GHz. The gain was above 30 dB from 125 GHz to 148 GHz. and the noise figure was below 6 dB
at the same frequency range. The amplifier only consumed 26 mW DC power and occupied a chip area of 610 pm X

340 pm. The amplifier had the characteristics of low noise and high gain.

Key words: SiGe; low noise amplifier; millimeter wave; gain-boosting
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A Stimulator with Hybrid Mode Fast Charge Balancing Method

CHEN Mengying, JIANG Hanjun, WANG Zhihua

(Institute o f Microelectronics s Tsinghua University ., Beijing 100084, P. R. China)

Abstract: A multi-channel stimulator circuit with large stimulation current was designed and implemented,
which could be used in spinal cord stimulation. At system level, two charge balancing approaches, electrode
shortening and pulse insertion, were combined to one system to achieve charge balancing in shorter time with a large
current. At schematic level. a kickback noise cancelling technique was used to improve the performance of dynamic
comparator and to keep the residual voltage on electrodes in a safer region. The circuit was designed and
implemented in CSMC 0. 25 pm BCD process. Results showed that this 16-channel, 15-V stimulator was able to

keep the residual voltage on the electrodes within =50 mV when a 4 mA monophasic and maximum stimulation

current was applied with 60 ps stimulation duration and 750 ps stimulation period.
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Design of a Low Power Low Temperature Drift Oscillator
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Abstract ;

A low power oscillator with a low frequency-temperature drift was designed in a 0. 15 pm BCD IC
process. The ring oscillator’s temperature drift characteristics of oscillating frequency were analyzed. By adopting
flip level optimization technique and short circuit current control technique, an oscillating frequency with a low
temperature drift was obtained while a low current consumption was required. The proposed oscillator was
integrated in a Li-ion/polymer battery protection and monitor IC. Test results showed that, under the conditions of
— 40 C ~100 C temperature range, 32 kHz output frequency and 5 V power supply, the variation range of

oscillating frequency with the temperature was less than 3. 3%, and the current consumption was only 170 nA.

Key words: ring oscillator; low power; high precision; low temperature drift
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Design of an Output Buffer with PV Compensation

WANG Wei, ZHAO Yuanyao, TANG Xiaobin, U-Fat CHIO, YUAN Jun, YANG Zhenglin
(College of Elec. Engineer. / Int. Semicond. College, Chongging Univ. of Posts and Telecommun . » Chongging 400065, P. R. China)

Abstract: An output buffer circuit was designed to reduce the effects of the process and voltage (PV) variations
on the slew rate of the output signal. All corners were detected by connecting the non-gate to four MOS transistors
with the same size. The output of PV detectors was compared with the corresponding bias voltage to realize
compensation logic combination. The bandgap reference circuit was used for generating the bias voltage to avoid
error code compensation in the supply voltage detection circuit. This circuit was designed in the SMIC 90 nm CMOS
process, and the circuit area was 0. 018 mm?*. The simulation results showed that under the conditions of all corners
and 20 pF load. the maximum transmission frequency was 650/500 MHz. After compensation, the difference
between the rise and fall slew rate of the output signal were reduced by 30. 1% and 31. 8% respectively when Vppio

=1.2 V, and were reduced by 27. 6% and 29. 3% respectively when Vppo=2.5 V.

Key words: mixed-voltage output buffer; PV detect encode; slew rate compensation
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An External Capacitor-Less LDO with High Power Supply Rejection

Ratio for Implantable Biomedical Devices

ZHANG Zhang', WEI Lingling', YAN Lin', XIE Guangjun', CHENG Xin', JIN Shuliang®
(1. School of Electronic Science & Applied Physics, Hefei University of Technology » Hefei 230009, P. R. China;
2. China Xian Satellite Control Center , Xi’an 714000, P. R. China)

Abstract:  An external capacitor-less low-dropout regulator (LDO) with high power supply rejection ratio
(PSRR) for implantable biomedical devices (IBD) was presented. The proposed LDO generated the dynamic
feedforward ripple via adaptive load current tracking feedforward ripple cancellation techniques, which ameliorated
its PSRR under different load currents. Furthermore, super-source-follower and Miller compensation circuit were
applied to ensure the stability, which only needed 1.2 pF on-chip capacitance. The circuit was designed and
simulated in TSMC 0. 18 pm CMOS process. From the simulation results, it had been observed that when the load
current was 1 mA, the PSRR of LDO was —56.7 dB at 1 MHz and —45 dB at 10 MHz, which was improved by
24 dB and 30 dB respectively. Moreover, when the load current was 10 mA, the PSRR of LDO was —55. 6 dB at
1 MHz and —43 dB at 10 MHz, which was improved by 20 dB and 28 dB respectively.

Key words: 1DO; high PSRR; adaptive load current tracking; feedforward ripple cancellation; external capacitor-less
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A LDO with High Power Supply Rejection

XIAO Haoyang, LUO Ping, YANG Pengbo, LI Bo
(State Key Lab. of Elec. Thin Films and Integr. Dev. s Univ. of Elec. Sci. and Technol . of China, Chengdu 610054, P. R. China)

Abstract :

power supply rejection (PSR) of conventional LDOs working at high frequencies and heavy loads were analyzed. A

A low drop-out (LDO) regulator circuit was designed in a 0. 18 pum CMOS process. The drawbacks of

LDO with multi-stage buffer for enhancing the PSR was proposed. The innovative PSR enhancing structure made its
PSR enhancing effect weakly relate to the load current, which ensured an excellent high frequency PSR enhancement
of LDO over a wide load range. The simulation results showed that when the load current reached 300 mA, the PSR
was —68 dB at low frequency, and —50 dB at 10 MHz.

Key words: low drop-out regulator; power supply rejection; wide load range; high frequency
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Abstract: Ceramic columnar grid array (CCGA) is the derivative technology of ceramic ball grid array (CBGA) ,
which can effectively solve the failure problem due to thermal mismatch for CBGA. By modeling the material and
structure of CCGA1140, the stress-strain distribution and weak links of solder joints were emphatically discussed

under welding process and thermal environment. The results showed that the solder joints in the outermost corners

of cylindrical grid array were the weakest position of CCGA package under welding process and thermal

environment.
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A Multi-Mode Wideband Digital Decimation Filter
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Abstract :

was proposed. The decimation filter adopted cascade structures with different types of filter, and reasonably

A multi-mode wideband digital decimation filter used in continuous-time (CT) sigma-delta converter

allocated down-sampling factors between different stages. By this way, the complexity of circuit implementation
was effectively simplified, and the area and power consumption of the circuit were reduced as well. Furthermore,
the multi-bandwidth and multi-mode functions of the filter were realized through cooperation of inter-stage filters.
Finally, the designed filter was implemented in a 65 nm CMOS process. The simulation results indicated that the

operating bandwidth range of the filter was from 20 MHz up to 50 MHz. With a bandwidth of 20 MHz, the

corresponding ENOB was 10. 64 bit. When operating in the 50 MHz mode, the corresponding ENOB was

10. 48 bit.
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Process Study of Electronics Radiation Hardened Assurance for

Low Cost and Commercial Satellite
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Abstract: In order to meet the demand of cost control for low cost satellite and commercial satellite, using
industrial class devices, military class devices and even COTS devices is one of the effective method to reduce the
research cost and shorten the development period. The contradiction between development cost and adaptation in
space radiation environment is the main problem for low class and COTS device which were used for low cost
satellites and commercial satellites. Based on the space radiation environment calculation for low cost satellites and
commercial satellites, evaluation process for low class devices in NASA and ESA was analyzed, and the process of
electronics radiation hardened assurance(RHA) for low cost satellites and commercial satellites was studied. This

RHA process could support the subsequent device quality assurance systems and outlines for low cost satellites and

commercial satellites.
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A Wide Dynamic Range and Low Mismatch Charge Pump

ZHANG Jiumin, DUAN Jihai, XU Weilin, WEI Baolin, TANG Hanxue
(Guangaxi Key Lab. of Precision Naviga. Technol. and Applic. s Guilin Univ. of Elec. lechnol. s Guilin, Guangxi 541004, P. R. China)

Abstract: A wide dynamic range and low mismatch charge pump circuit for low spur phase-locked loop (PLL)
applied in global navigation satellite system (GNSS) receivers was designed in the TSMC 0. 18 pm mixed-signal
CMOS process. By analyzing the effects of charge pump non-ideal factors and voltage-controlled oscillator (VCO)
tuning gain on the reference spur. It was found that improving the charge pump current matching accuracy and
reducing the VCO tuning gain could effectively suppress the PLL reference spur. The source-switched charge pump
with negative feedback was used to achieve accurate matching of charge pump current. At the same time, the charge
pump output voltage was used to control the different output branches of the operational amplifier to widen the
output voltage dynamic range of the charge pump, and reduce the requirement of PLL output {frequency range for
the VCO tuning gain. The simulation results indicated that the charge and discharge currents could be accurately
matched when the power supply voltage was 1. 8 V and the charge pump current was 100 pA. The output voltage
ranged from 0.02 V to 1. 78 V with the reference spur equalled to —66. 3 dBc.

Key words: PLL; charge pump; mismatch; spur; analog integrated circuit
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— 1 2 um GaAs HBT {RHEIE = VCO

iz, & F,REM, ZUM, 55F
CHCM TR K2 “I A B 5 R A" E W E A L=, S 310018)

B OE., BHT—#2umGaAs HBT T ¥ KA R F EXEKSH E(VCO), 5 CMOS =¥ 4
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% Colpitts 2 #), 3 B R B 4TS ML, 4.1 GHz &, K B8k & 269 % Jf B A 21,
FIT BAMKG AR, A RETAREAEAEI . EFATREGHABCR, AAMNKLERE
B, VCO A& E 4 3.370~4. 147 GHz, m K#r s 2 £ 5 —16. 13 dBm, AR #£ A 43 mW, £
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A 2 pm GaAs HBT Low Phase Noise Wideband VCO

CAI Yuncheng, CAO Jun, ZHAO Junpeng, WU Kaixiang, GAO Haijun
(Key Lab. for RF Circuits and Systems of Ministry of Education, Hangzhou Dianzi University s Hangzhou 310018, P. R. China)

Abstract: A low phase noise wideband voltage controlled oscillator based on 2 pm GaAs HBT process was
proposed. Compared with that of CMOS technology, the HBT technology based VCO had better phase noise,
larger current amplification and transconductance. The circuit used differential Colpitts structure, and was
structurally optimized for passive components. The quality factor of the on-chip spiral inductor reached 21 or higher
at 4. 1 GHz, achieving lower phase noise. A variable array was formed by diodes to achieve a wide tuning range
under this process. It was taped out and tested. The tested results showed that the tuning range of VCO was 3. 370
GHz to 4. 147 GHz. The maximum output power was — 16. 13 dBm, and the DC power consumption was 43 mW.
At an oscillation frequency of 4. 1 GHz, the phase noise was —125. 2 dBc/Hz@1 MHz. The VCO achieved lower
phase noise over a relatively wide tuning range.

Key words: voltage controlled oscillator; varactor array; Colpitts structure; phase noise; wideband
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EFHBT TZHSIRKRMBEMES QVCO

& R, REm, REM, NM, HEE
CHUN L TR R S 5 R G 2 E M E SR % . B 310018)

8 E. AT Sanan 2 pm GaAs HBT T % .38 T —#F £ 5 Colpitts & ¥4 3 o FIKA0 152k &
EREEERGEZEQVCO), # QVCO KM w RARH ke —E ., @it = Rk L AR4E A ik
EEGERERER, % QVCO MEREF KRB A TS LR LA LG4 d o) &4 L4048
fivkF, AL R A, Z QVCO #9iA#E A A 12.98~14.05 GHz, % % F 4 13.51 GHz
BF L4 42 5 2 F o 12,557 dBm, AB4E%E F A —117. 795 dBe/Hz @1 MHz,

EEIE: FALEVMARE; EXERKRGE; 9 F; KA1 F

HE 43S TN431; TN752 X ERARIRAD : A XEHS :1004-3365(2020)01-0095-06
DOI:10.13911/j. cnki. 1004-3365.190162

A High Power Low Phase Noise QVCO Based on HBT Process

CAO Jun, CAI Yuncheng, ZHAQO Junpeng, WU Kaixiang, GAO Haijun

(Key Lab. for RF Circuits and Systems of Ministry of Education, Hangzhou Dianzi University , Hangzhou 310018, P. R. China)

Abstract: A high power and low phase noise QVCO with a differential Colpitts structure was designed in San’an
2 pm GaAs HBT process.. The circuit was coupled with four ring-connected diodes, and the fundamental wave of
the VCO was orthogonalized by the second harmonic inversion. Compared with the traditional series-parallel
transistor coupling method, the proposed circuit had a higher output power and a lower phase noise. The simulation

results showed that the QVCO tuning range was 12. 98 GHz~ 14. 05 GHz. When the oscillation frequency was
13.51 GHz, the output signal power was 12. 557 dBm., and the phase noise was —117. 795 dBc/Hz @1 MHz.

Key words: HBT; QVCO; high power; low phase noise
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Design of a High Precision Current Sensor Circuit

LIU Quanwang'?, ZHANG Bo', ZHEN Shaowei', XUE Weidong®
(1. State key Laboratory of Electronic Thin Films and Integrated Devices s University of Electronic Science and Technology of China »
Chengdu 610054, P. R. China; 2. O2 Micro Co. Ltd, Chengdu 610041, P. R. China)

Abstract: A high precision current sensor was designed in a 0.18 pm BCD IC process. The effect of offset
voltage on the precision of sampling current was analyzed. By adopting chopper differential difference amplifier
(DDA) circuit and cross-sampling technique, a proper common-mode voltage setting was obtained. Through time-
interleaved sampling method, the current sensor output was sampled and then converted by SAR ADC. The ADC
results were summed and then averaged in digital circuits. It eliminated the offset voltage significantly, and got high
precision. The proposed current sensor circuit was integrated in a Li-ion or Li-polymer battery protection and
monitor chip. Test results showed that when the input voltage was in the range of — 10 mV ~ 10 mV, the
measurement error was less than 30 ¢V. When the input voltage was in the range of —170 mV~70 mV, the error
was less than 70 pV.

Key words: differential difference amplifier; SAR ADC; cross-sampling; analog IC
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Junction-Less Transistors
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(Beijing Institute of Control Engineering , Beijing 100190, P. R. China)

Abstract ;

face many challenges.

With the feature size of transistors reducing down to sub-10 nm nodes, traditional Si-based MOSFETs
So new channel materials and device structures are promising to further improve the
performance of transistors. Due to the simple fabrication process and excellent electric characteristics, Germanium
on insulator-based junctionless transistors (GOI-JLTs) are promising for future space applications. The electric
characteristics of GOI-JLT were investigated by Sentaurus 3D device simulator. Then a method to optimize the
performance of GOI-JLT by modulating their channel doping profile was proposed. The simulation results showed

that using Gaussian-function doping profile could greatly reduce I« (reduced by three orders of magnitude) , increase

I,./ I ratio (increased by three orders of magnitude) and suppress the short channel effects.
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Abstract ;

acoustic energy has become a current research hot issue. The system structure and related optimization schemes of

Acoustic energy is ubiquitous as a form of energy in the environment. How to collect and apply
Helmholtz resonator, acoustic crystal resonator, quarter-wave resonator and other non-cavity structure acoustic
energy harvester were introduced. The experimental results showed that higher energy harvesting efficiency could be
achieved by the use of acoustic crystal resonators rather than Helmholtz resonators with the same size. Compared
with the Helmholtz resonator, the advantage of a quarter-wave resonator was that it could collect the same sound
energy in a smaller volume. The efficiency of energy harvesting had also been improved by the structural
optimization and coupling design. In addition, many non-cavity structures had also a good application prospect.

Key words:

acoustic energy collection; Helmholtz resonator; acoustic crystal; quarter-wave resonator; non-

cavity structure

JZ . EVRTROPL AL A Y BE A 2y S BT Ak

0o 3 =

WS 5 WAL P, g A AROHE 8 00 T 1) s 52 A 19 A W
JEE LA™ ity FOB RO AG A0 A4 R o ok A

W fa HHE:2019-03-17; Ef5 B 83 :2019-05-24

AL . 7R A R R Al A R ARG
A PR EE ) AR B RE RO S B T A
RARBRUIN PRI T RO i A5 A R i R 4 R
X 2% b A1 2 G B L 1 2 15 2 AR X P A B A

E€TH :HEAAR ST EREEFIIE (61704086) 5 8 ¢ 1 1 )5 £ 4 ¥t B T H (2017M621692) 5 YLIR 4 19 -+ J5 5 4 ¥ B 30

EE B 4
LAY 1983 I3 (DU AR HT 28N Bl i, Wh 52 07 17 9 MEMS [E R BERIRAE R 4L . (5 1F# , E-mail: wdb@

H (1701131B) ; VL9548 W 58 A BH B G B 1FJa 9% Bh 301 H (STK'Y19_0816, SJKY19_0267)
F(1996—) , 5B (DU L T IR L AR+, WFSE 7 16 M L R 45 IR Shfig f e 4

njupt. edu. cn,



o514 A ]

Al A R 1Y DT 4R 113

RFERZ — BH AP TIE

AE TR WA i O 2 BT R R BRI i B g
LR EAE KB RE LA BESE . RS AE HAE (e L IR
I A S B B AR B . IR B R S IR R K
A AR I 4 2 i 4 A A AR R AT R e A
ARES . KIHBERI N % & B A R IR, &5 %
ISP F AR RS ML Z N R RS )
CATAE  HUINAE 5 B o () s A B8 114 B o e 4
O IF AR AR R I e s S T A & T
T2 14 O JH 5 38 R I T B

A T WA B AR 10 e L B T AT L RO
CiR 7 ARSI QO RS = € K Y S VAR IN A NG i G VAR 3
FEr R B fE R Y AF B A 5 MEMS T 25 PR 4r
Oy FRORAL i DR e S L B IR 2 fiE
R AR TS A IA R AR SO AR P RE A
450 EECR S B4

[ Rt g

AT, 75 fe 3 B o AR I . IR R A
18 2 W 8 2V B s L RO R L D A 2 —
PR s AR SR R AR AR AR T R L A
Tlb v R 75 A 8 Wi S5 Ok HE AT R R K
KU, EWER T INA— NS EZA TR R, TR
TACTE 7P RS 91 A1 238 Kb e A SR DR K S OB I D R
FLRIONE T L S D S R F F AR 1Y B J8 L 5 AT LA Ab
JNBE AR AR A B UCAE . T T B A 413X JL RN Rg
SR 25 By L AR AR A TT 5
1.1 ZBEZIEKRE

2 2L WS IR I 32 B ph S R M A 2 A ]
1Rt 7R e WS 0 I R AR AR 1 I
A e PZT He A R A, O 78 vl B (%) G A i
He oM g,

o ¥"

| I

/
HR HR *
Neck

Cavity

y Y
V

Circular

Piezoelectric ring

diaphragm
B 1 ZIE LRI
U 25 R I 1 T2 AR O A A R

P ARIES . BT AR R AE L Y
B2 S AL ] N A S R R
i AR 38 O s i B 7 A T e 0 AR [ >
B2 AT B 2 B A 7 B, R 08
e 9 R < £ 7 e 1 S R W PO 1)
AL I, 23 (B N R D7 T B s R R AR R )
AR TE IR R Ak T, e H RS Y iR 35 A B
1o P HL IO 7 A L FA, DT 7 A i e

A T AR TEAL AL AR L o 1 i 4t 20O de KAk L i
R A s R b 35 I8t v o 2 B ) 0 2R /L
P R AT 2%, A R A R R Y 4 B A
5 1o M ok e A P A g L A AL BRI 4R 5 R A AR R
R AR 5 DT AR A5 5 R A HR T 32000

FERLS X T 55— AR IR — OB B A5 SR
SR B N RS A SR Dy S AT R AR R
BN . DG AE S — R AR BE ST A5 AL AT 45 4Ch T i
SR JE R GE , B AT 38 ) 4 B S 5O Rk i AT
ST BAR AR

M.u () +Eu () +Ku() +aV, (1) =F() (1)

KO HLES LD 4 S8 B FE &,
PR (o3 LSS E R 0 5 0 F (o R
TR

R T U Z IR 2% TR AR Y BE B R FL
Khan 58 AN MJEARZE R 1 &, it T —FhHE IR JiE AR 45
F B E 2 sttt gead g ik, 78 R A 4
PR S A LG T2 58 09 1R 22 068 2% 08 i s 4 TR 22 1
BB 25 VS P i T R b o R R AT R, 3R AR B H
JFE g Y D R4y 4R T 33. 33 %0 F1 76. 26 %610,

Neck

Piezoelectric

Plate Block

Circular

Pl 2 TR 22 A 2K O I
X. Peng S8 NI 7 — R U A0 46 2% 38 Uk
JE B P RE MO 2% L IR 4R v T A REMCAR AR L B
NP 3 iRt SR X A e R o LR



114 ¥ A

FRE B AR A8 O DT 7L 25 54

2020 4F

AL BBRE 7 DL 5 25 18 5 2% 1 28 AL =2 TR] A 75
B TAERET M50 /e T rg ki 4 38 1
S — AL B e AR R — EB 4 5 — A I R
FEAE T A R AR A R 1 [ Rl R e 3 iR
2y, DT 7 HEJE 28 1 7™ AR L TR L 0 ZERT AR SR AN R
PRz Bl 38 ad PR B A B IR BRI s il e o
TEFAERBUR A L T8 58 10 2 IR 228 IR 18 1 45
FA 7= A f TR B T 400 %0, i 3 R Oh TR Y
16 .

HR HR
Cavity 1

Cavity 2
a,

) Piston
Circular brass plate

I3 B2 I 2R 4 R I

1.2 FERfiEiRE

7 AR TS IR I R 7S BE A A R LR R B, 2
BER S ERBA R I R I . TR IR SE R L S B 2
IAE e 1 75 R A T A% B — AR AR T 7 AR Y A5 A
WE 4 PRt DL B RE R b 1 R B 0 R S 7 T
R AT Ak 1 75 U T DA E LRI IR N . R B
A T 7 A PN D 1 SRy A RO N R R 1 T

S QAN
00000
00000

FEker O \PV IQﬁlmO RL[] Oscilloscope
-—NOOOOO
unction O O O O O

Generator
B4 7 R IR

L. Y. Wu % AR PMMA £ R #1 K, I 8%
40 cm K PMMA [5] £ {4 [ & 78 % fL /) PMMA
M b A R SE BB , 7E 5 X5 L5 R RL T, ] L T
VA 7 R I TR R s L AR R AR R iR R s 7 T
PRATRAL R R T 4. 94 £ IR E T 24. 4
£ MTE 6 X7 L5 R A v, R A5 B8 A s 9 T ik

FEAH 6] 3 4R A0 R L B B R 5 X5 B
1. 447 £%,

J TR R IR ROR L AL Yang A
P TRE A IR S5 M P BE S A R I AL R
i CFr 22 S F W ) 0 A Tl I 7 AR TR B T 1 o
L 5 fERte

MM LIS IR A 5 R S R 45 F B A A
Iv) (RS IR A0 S B, B T 2 TR A P I R AR S A . M
FE T A TR HIR I 25 4 L R S 285 0 7 s N O S A 7 i
HEAT T 5 A5 AN A L PRI LA S K R R R A B
FERR G W AR 25 4 v, L3R 75 R A, L B2 S e R
SRS R R BE R R ORI R . S8R
GEUL R L A5 R Y B KRR U RO R AR
PRI 23 % R Z WA 2 IR I 1 262 4% .

174 Resonant

4 Cavity, Top View
qg%ﬁya
PMMA IQC% O

Cylinder z

Local View

T Electrodes |
Vr'fpl
= —— -
PZT Plate

Piezoelectric
Composite

Cavity Walls

2 Cavity

=

32 mm

Diaph
EMHR Orifice FeNi plate raphragm

(e)

Acoustic
Waves y

Proposed Acoustic

Coupled Res e
oupled Resonance Energy Harvester

Structure

B 7B A, X, B, Cui 42 15 —Fh O
285 480 1 75 AR IR 28 L 25 R R 6 TR, A
S 3 4 JE e A A L 4 JE T ARCRT R B M R
B 4 JE R A SEHIPRE AR I BT A A e A 4 R
AR 22 ] A AR o DT 7™ 2 e 7R O 4 J Al
Pesh, &)@y e PZT JE oA ekl B
JE HL B K B sl 7= A ) BILAR BE 5 46 Oy v BB, DT 7
A H



B @S AR RUE SR RIT R R IR 115

Y Incident Acoustic Wave
]—‘X

K6 FEOLHAS

S 25 R R TR ISR A R AL, PR aE b 1 R KR
JIRAG G 75 0 40 £ B B3 0 5 R R AL
I HUAT DATE S H AR B R A5 mV i g0
FL TR 6 L A TR R 1 1 R VR (I h oK T LAGE o R

W S ZE R S BOR HE— A0 O AR R AR R Ol
I e A R G e R
1.3 Mo Z—EKIERE

R T BEARASAE A5 22 0BG 0K L L 7 R =
W2 IR A B, IRy Kk, 221t/ AL ik
HEIE RS T B A K IR 2

— PR R Y U 22— KO R A 0 B A
it 7 F)?TW i 1/2 B F R 0 R ik R
Bt VE D MR, A F 0 —am T L 0 — s AL B K
BTNz — . R R R TR T .
BEA TR HL 2 A P B 4T 4k B R S AE AN PZT JEH
J2 e (DRG] B o T A F AR 372 32 28] 2 A ) A, vl i) 4R
e, S R — AR RE R MR S
B, 30 o AT R S E T AR AT A 2 R AR A R
5 AR R AR [R] . 3XRE AT D S I  O i
55 HUB I R A, DT AR A5 w5 1 i 1 2%

-

Closed end

Quarter wavelength
tube resonator

(a)

Open inlet

PZT plates  Polycarbonate tube PZT plate
(b) (e)

K7 1oz — iR
SEH AR R L A fe K TR R AR B 1A 1T
H R I F%*ﬂﬂﬁﬁrﬁﬂmﬁﬂ%ﬁ I 1) 4 5 9 AR S
7 103 3 W /N o 3K S AR AR AR DN R T R R AR N T

—HE,

N T R EZEH R RE R AOR L B Li 5 AR
ENHCE T 2 R R, IF 5 IS O S
LU LR R %?mwrﬁﬂﬁﬁﬁﬁfmt%t
U R DR D S RS 30 R A 2 2 5 1S 7 AR Y Bl
AR N TR 2 MU R e (R I  E B I R 2y
T U2 =OBE 9 HL A8 07 17 149328 3l DA T g A 7 3 4R
F&J3,B. Li S AR T SRt I HES 454 A HE T3 5%
HEZ Ak 2 HE S 45 0 BT B 22 1 =5 7K as Bl T
2 REARAG TR 4 LR A A XSRS 45 S
1A T HES 45 4 4 X LE IO an &l 8 BT R

E

=
F250
HZOO

. L
=T OTEIOT>

o = 150
...'l-: :128 R

123456789105 012?45678910

Number of piezo beams Number of piezo beams
(h) = (c)
. 5250
] '-<: 2200
..“' E Elig $150 ‘ Il
.I-.- 2100} [
Z 50 _—~——

iéﬁﬁ%%ﬁ%@ﬁg Oiéilﬁ%ﬁﬁTﬁb

Number of piezo beams Number of piezo beams

(d) (e) (f)
B8 X545 4 5 4 15 T 445 44 B i b X b Bk diE

COOoO00
=W LN

Output voltage / V

N
-
-
]

=
- O = O >
o

Output voltage / V
oogeg

— o
Scoocoo
=W UNDN

2 FEEEME kRS

B T B R AR S5 AL, AR T T — 2B 7 g
W AR 25 H . A EE T s A 5 4 L 3 2 5 0 R KR E 1) I
MY GAE S BLH.

Y. Zhu SN T —FXA R S
e 2% A B R AN P 9 iR ™Y . BN i e B
Sy o Ay HlEE B8 A B, A
i HL R T AR H 25 R 3T iR g O A B R HL U
S, WAL I TAERE % g F R A P
) 2 — 2 IS PR 2 19 2 %,

A. G. Fowler % NFEBLIAE L in LY & . &t
T AR A B B RIS RS A
I R AR S P Il R R . — A ER B R R AR AR
(25 PR AL Q1] 10 BT 7R o K S5 et B i A 3 A 11
s 3l i B R AE &,y J7 6] 133 3 03 B R 3R A5 F
T WA R Bl . [ Bt 38 sk 8 ekt v oo 85 4 o ) 3 — A~
BUNH)F B B IR — 4R GOR A i, S R
A FL AT A 1 4 L AT 1 — ik B 45 4, 1 R SR 40
HRARAG — AT IS = LI R . LT A
F R TR A TR A e T 0S-SR 43 () A R B



116 ¥

FAF P RE R IR AR O DT T 25 54

2020 4

spring % *: i; Cy
Frame Y $
spring
% Frame X c
C

(O O)
Selsmic Mgss
(a) 45ty (b) AL
B9 XA S RB I AR e 4 A A T

In-plane variable
capacitors

(@)

Out-of-plane variable
capacitors

F10 =1 R A RE AR i 4 A

VU A AR AR = R Y b A —
AT AMSE = B HE AL . B iR AL S =
7 1) & 8L 75 2dik A PO R SR A A N L [ S8
B L 14 5 B B T 8 L 455 - T S ) e
AR S5 R AT B S8 B o5 = Bl B A LR XL
R L HR DU R B AT BROTBEALLAN ] 11 BR

Modal Displacement X [ Modal Displacement Y

W8.SE-01 bm MB8.5E-01 hm
6.4E-01 6.4E-01

42601 3 42601 -
TE-01 TE-01

.0.0E+()0 “‘f':’*“\‘ -0»0“"001;;\0

COVENTOR

24901.2 Hz COVENTOR]| 24 852.7 Hz
(a) His— (b) #E=

Modal Displacement
W12E+00 Bm
9.0E-01
| 6.0E-01
3.0E-01
0 0E+00

X
23 537 Hz

COVENTOR]| 24 769.6 Hz
(¢) BiE=

B 11 P E R

COVENTOR
(d) Hizsm

HE W 5 45 19 0 B A8 25

VU A R AE SR A SR VR AEAT AR T 1 B A R
RVt S S 7 B S A5 AT 5 AR B X ST L
23 R TAR ORI N R 3O AR A B4 1Y H fiE
PR AR L T — R PO 5

A. Denisov 48 A\ $ i — R HLBCHE & 4544, B 7t
ZAAE T UK Bl B R SR s Ay A 2
LAY RGN 12 R, EEAFERT .
PR BB SRR T REAE 9 4R, R T SOT
T2 AT HIAE G 20 o 1T Y — S A S B S
& Z 18] B HLARR 5

acoustic waves

oscillator body l‘

supportting
_7 beams

coupling
elements

membrane

support

impact ;
impac ﬂn; (‘substrate )
/ coupling beam
oscillator 0 300
motion — — pm

P12 RS OR Sl A AL & 454

i 2o S0 A B % A R AT L S B Xk T O R Y
BUBCR B 7 A A ZE LRz Bh YA B 28
I 3 A A TR AT LR AT B 22 B R e, TR
4 S8 AL 2 AT LR B 5 G g LRI R L 3 O R A AL
AL TR S W 7 W AR G 4 M A R R AT AR
AR AEAT o I Bl A BB AL i B . X
RER i AR GE W o H 23 5 BOW A 0 L3R i 78 52 P 1
F it B IR X SE R

J. Jeon 55 ARt — Ff AL W 2 & B K LR
B i o A O A o AR VRS G D BT LA & A
B 22 T ey FL L) S A 7 R R e LR
B T AR B AN P 13 B 7R . iz B ol A 5 A
JZ 9 TS FhL AR L R Al HL AR T R R 2 MR B 3
oA < T YR 2L TS A S R AR 2 18] A
i - P ) P 0T G 08 e R i A e T 2
F17EE 5 TOUHS 7= Az 4 S, JHC 43 fk 1 BB P 9 R/
AR . SRR M 25 51 R A DL R R i A AR AR 4K
H 2857 A i R U

R R YR A < e YR ) ot AT A g 119 S R P E D
TBRAEIEPERE . CAF 22 W . S8 Kk B . e Kl
H R AL R AR TR R AR R AL L 5 < T R A RRUSCE L
i RS A TRUR TR B U L o BT A
< Ja A v R TR B BT — R 1R L



1 L7 T

FRE B AR A8 O DT 7L 25 54 117

7\
Acoustic wave

P13 < Jm T A e A i A AR D

25 - BB S5 R AR HCRE 2 0 A ORI  1 O%
E. FRERME P2 A B TR — i aE
IR QAR ST SR I R K — BB AR IO 2 IS A AR R
TEF REWCAE T, B e iz W R AR A Al . T A =
Folt AR 5 ) v T L T 25 RUOST 1) 22 0 2% 1 i 4, P
s I IR A48 BE A T i B9 BE R WA ORI,
Z 1) AR 5 R L B — i R A 45 R A e Y T AR
BOR . M T Z W82 R A U0 2 — B IR
v BE LS /N (9 R 4R [R) R 14 75 RE L 3K o FE 7 4
M EEF Ry 29 7 25 8], S g 2 2R R L R Ah i 4R
(1 JLART 235 A 25 B T R 1 A A ) T B o i e 6t
We SRR L BRI =2 A A 4 A A S W B B A
XEEEER R E T ONATT B4 SR B I EL AT LA e S PR
FH AR E 7] AL

W TR A A 11 T e R L 45 T R 2 A 1Y
FREMCAR SR b X AW L . EANTR S BLA 454
(1 BE Al b AW e AL . BE MR AR K 2 B D
AUAL G L it L 3l 2o B M SR R R 55 7 R i 2R
T 28 T T Sk 1) R B B 4 ) AL 9 0 RO AL AR GE B
KB e 2

2 % X Wk

[1] TWIEFEL J, WESTERMANN H.
broadband techniques for vibration energy harvesting
[J1. J Intelli Mater Syst & Struc, 2013, 24 (11):
1291-1302.

(2] Xpide, mEe, BRI, % IREAE MRS AR
FIRE R B [T R&HEEAR, 2013012).
43-47.

[3] CORKISH R, GREEN M A, PUZZER T. Solar
energy collection by antennas [ J]. Solar Energy,
2002, 73(6): 395-401.

[4] FANG L H, HASSAN STS, RAHIM R B A, et al.

Survey on

A review of techniques design acoustic energy
harvesting [C] // IEEE SCOReD. Kuala Lumpur,
Malaysia. 2015: 37-42.

[5] SUZUKIY. Recent progress in MEMS electret
generator for energy harvesting [ J]. IEEJ Trans
Electri & Electro Engineer, 2011, 6(2): 101-111.

[6] BEEBY SP, TUDOR M J, WHITE N M. Energy
harvesting
applications [J]. Measure Sci & Technol, 2006, 17
(12): R175-R195.

[7] WANG L, YUAN F G. Vibration energy harvesting
by magnetostrictive material [J]. Smart Mater &
Struc, 2008, 17(4) . 1-14.

[8] ANTON SR, SODANO H A. A review of power
harvesting using piezoelectric materials (2003 — 2006)
[J]. Smart Mater & Struc, 2007, 16(3): R1-R21.

[9] MONTEIRO M, MARTI A C, VOGT P, et al

response of Helmholtz
resonators [ J]. Phys Teach, 2015, 53(4): 247-249.

[10] WUL Y, CHEN L W, LIU C M. Acoustic energy
harvesting using resonant cavity of a sonic crystal [J].
Appl Phys Lett, 2009, 95(1): 013506-1 - 013506-3.

[11] LIB, LAVIAGE A J, YOU J H, et al. Harvesting

low-frequency

vibration sources for microsystems

Measuring the acoustic

acoustic  energy using  quarter-
wavelength straight-tube acoustic resonator [J]. Appl
Acous, 2013, 74(11). 1271-1278.

[12] MOORES B A, SLETTEN L R, VIENNOT ] J, et
al. Cavity quantum acoustic device in the multimode
strong coupling regime [J]. Phys Rev Lett, 2018, 120
(22) . 227701.

[13] HOROWITZ S B, SHEPLAK M, CATTAFESTA L,
et al. A MEMS acoustic energy harvester [ J]. J
Micromech &. Microengineer, 2006, 16 (9 );
S174-S181.

[14] COX TJ, D> ANTONIO P. Acoustic absorbers and
diffusers: theory, design and application [ M]. Boca
Raton, USA: CRC Press, 2016.

[15] YUAN M, CAO Z, LUO J, et al. An efficient low-
frequency acoustic energy harvester [ J]. Sensors &
Actuat A: Phys, 2017, 264. 84-89.

[16] KHAN F, IZHAR. Piezoelectric type acoustic energy
harvester with a tapered Helmholtz cavity for improved
performance [J]. ] Renew & Sustain Energy, 2016, 8
(5): 054701.

[17] PENG X, WEN Y, LI P. et al. Enhanced
acoustoelectric coupling in acoustic energy harvester
using dual Helmholtz resonators [J]. IEEE Trans
Ultrason, Ferroelec, & Freq Control, 2013, 60(10);
2121-2128.

(F#% 125 ®)



B 50% % 1M S = Vol. 50, No. 1
2020 4 2 H Microelectronics Feb. 2020

ETAERERMNAENERESFSHARER

ExdE, BEAR, Tk
(R B0 HL 2 HL T 502 TR 2 Bt A 24 B, 50 210023)

H E:, LS54 EMAEIRAR BEAERAERAEMR,. 2EHENERELANERZHK
EZH MELEREZ &, U EHENERBOMAERERITEZE, RENEZ LY
TR KBEHENERESALER e S B, RFEFHRKER, IR RENHHE I ED SR
BHARFEETREANEZEE AN HEFER, RESAFGEHRENER SO ER,F
FNEEALE ZERNLEHENERBZORR TEHBRA L AR, 43220 R S 2R G 2H
HERB SANRBRGERGTATE SR ERRBROERERASET LA — 2693 FE L,
XBE. BEWN; ErMigrE; EAFERE

F B 425 TN389 X HkFRIZAD : A X EHS:1004-3365(2020)01-0118-08
DOI:10.13911/j. cnki. 1004-3365.190152

Research Progress of Pressure Sensors Based on Graphene
Piezoresistive Effect

LI Fangqing, LI Longfei, WANG Debo
(College of Elec. and Optical Engineer. & College of Microelec. s Nanjing Univ. of Posts and Telecommun . Nanjing 210023, P. R. China)

Abstract: Compared with traditional silicon resistive pressure sensors and ceramic pressure sensors, graphene
pressure sensors have the advantages of improved measurement sensitivity and extended dynamic range. The
research progress of several graphene pressure sensors was reviewed. Firstly, the graphene pressure sensors were
categorized into single layer and multilayer types according to the different fabrication process. On this basis, six
kinds of graphene pressure sensors were listed, and the characteristics including basic fabrication process, working
range and detection sensitivity were presented. Then. according to the comparison results of six graphene pressure
sensors, different working characteristics and application environments of single-layer and multi-layer graphene
pressure sensors were obtained. In addition, a feasible scheme was proposed respectively to improve the
performance of single-layer and multi-layer graphene sensors, which had certain guiding significance for the practical
application and promotion of such sensors.

Key words: graphene; piezoresistive effect; pressure sensor
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Influence of PECVD Parameters on Etching Characteristics of a-C : H

ZOU Xiongfeng', DONG Lisong”, CHEN Zhigang®, WEI Yayi'**
(1. School of Microelectronics s University of Chinese Academy of Sciences, Beijing 100029, P.R. China;
2. Inmstitute of Microelectronics s Chinese Academy of Sciences, Beijing 100029, P. R. China;

3. Semiconductor Manufacturing International Corporation s Shanghai 201203, P. R. China)

Abstract: The influence of RF plasma enhanced chemical vapor deposition (RFPECVD) parameters on the
etching characteristics of hydrogenated amorphous carbon (a-C : H) was revealed. Firstly. experiments about the
correlation between process parameters (RF power, propylene flow, chamber pressure and plate spacing) and
etching characteristics of this film was performed, and the experimental matrix was generated by definitive screening
design method. Then, RFPECVD was adopted to deposit «-C : H on silicon wafer. Finally, the etch rate and the
uniformity of etched o«-C : H were studied by multivariate regression analysis. Results showed that the variation of
deposition process parameters did not affect the uniformity of the etched o-C : H. However, all of this deposition
process parameters had impact on etching rate of «-C : H. The study of the influence of deposition process
parameters on the etch rate had great significance for controlling and optimizing the CVD process parameters.

Key words: oC : H; definitive screening design; multivariate regression analysis; etch rate
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An Anti-Latch MHVDDSCR with Embedded NMOS

CHEN Lei', LIU Zhiwei*, LIU Junjie' , CHEN Ruibo', YANG Bo', LI Haoliang'
(1. School of Information Engineering s Zhengzhou University s Zhengzhou 450000, P. R. China;

2. School of Microelec. and Sol-Sta Elec. » Univ. of Electronic Science and Technology of China s Chengdu 610000, P. R. China)

Abstract: In view of the fact that the dual-direction silicion controlled rectifier (DDSCR) was prone to latching
effect, a novel DDSCR (MHVDDSCR) with multi-channel high holding voltage was proposed. By adding two
NMOS transistors in both side of the device, current paths were formed to extract the holes and electrons in the well
to enhance the electric field in the reverse bias PN junction, which improved the holding voltage of the device. This
novel structure was simulated and verified by Sentaurus TCAD. The experimental results showed that compared
with the traditional LT _DDSCR device, the trigger voltage of MHVDDSCR was reduced by 0.61 V while the
holding voltage was increased from 2. 10 V to 7. 13 V, which was suitable for bidirectional ESD protection of analog
ICs in narrow ESD design windows.

Key words: latching effect; DDSCR; MHVDDSCR; ESD; holding voltage
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Abstract: In order to improve the electro-thermal-electrical conversion efficiency of thermoelectric MEMS
microwave power sensors, a novel media embedded layer structure was proposed. Two sample structures were
made of conventional material Si; N, and new material graphene as the media layer respectively. The thermal model
of media embedded layer structure was established and its thermal characteristics were simulated by Ansys
software. It had been found that the temperature for the hot end of thermocouple increased by 12 K when the
graphene was used as the media embedded layer, and the heat transfer efficiency and the temperature difference of
the thermopile had been effectively improved. The electromagnetic model of media embedded layer structure was
established and its microwave performance was simulated by Hfss software. The simulation results showed that the
S parameter was about at —18 dB range from 8 GHz to 12 GHz frequency, and the sensor still had good microwave
matching impedance. Therefore, the proposed structure of media embedded layer had certain reference value and

guiding significance for the research of thermoelectric MEMS microwave power sensor.
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% E: ATSMICO0.18 um HVBCD T ¥ . BH%R T 3 B, AESMHGEHAIN, TG
R # MOS % (NLDMOS) #47 T oA K . 3% NLDMOS it 7 & M et A4 3%, 2R B &
FoE BV, WSi@ e R, AT T M KA 54, %R EW,BV, 53] 59.2 V,R,, % 50.5 mQ -
mm’, 5RA 4 HVBCD T ¥ 69% AR EF—%, % NLDMOS &9 MM &t EALK 3] 40 V., B B B
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Effect of High Voltage BCD Process Optimization on
NLDMOS Performance

DAT Gang', NIU Jian®*, JI Zhuoyu'
(1. School of Microelectronics , University of Chinese Academy of Sciences, Beijing 100029, P. R. China;

2. Semiconductor Manufacturing International Corporation s Tianjin 300385, P. R. China)

Abstract: Based on the SMIC 0. 18 um high voltage bipolar-CMOS-DMOS(HVBCD) process, three masks were
removed. By adjusting the structure parameters of the device. the N-lateral double diffused metal oxide
semiconductor (NLDMOS) was fabricated in batches. The NLDMOS passed the wafer acceptance test (WAT).
The source-drain breakdown voltage(BVy ) and specific on-resistance (R,,) were tested and analyzed. The results

showed that BV, was 59.2 V and R,, was 50.5 m{ * mm?*. It was consistent with the electrical parameters of the

original HVBCD process. The gate withstand voltage of the NLDMOS was enhanced to 40 V, which had reduced

the cost and shortened the production cycle.
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Study on Single Event Latchup and Maintenance Current
Characteristics of LDO
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Abstract :

experimental results showed that the SEL current range was 850~950 mA when the input voltage was 1.8 V, and

Single event latch-up (SEL) effects of a LDO ttriggered by Cl and Ge irradiation were studied. The

the SEL current range was 6.2~ 6.4 mA when the input voltage was 3.3 V. As the limit current value was
increased, the time to exit the SEL gradually increased and eventually could not be exited. The holding current
range of the LDO device's SEL. was 350~400 mA. A suitable limiting current value could be selected based on the

device's normal operating current demand and the allowable interrupt time.
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