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A 40 Gbit/s Low Noise Transimpedance Amplifier Based on
40 nm CMOS Process

LIU Yang, QI Nan, LIU Liyuan, LIU Jian, WU Nanjian

(1. State Key Lab. for Superlattices and Microstructures s Institute of Semicond. s Chinese Academy of Sci. s Beijing 100083,P. R. China;
2. College of Materials Sci. and Opto-Electronic Technol . » Univ. of Chinese Academy of Sci s Beijing 100049,P. R. China)

Abstract: Based on a 40 nm CMOS technology. a high speed low noise transimpedance amplifier (TIA) was
designed to operate at a data rate of 40 Gbit/s. In order to consider both noise and bandwidth performance, a multi-
stage series transimpedance amplifier structure was creatively proposed. The input stage used a pseudo-differential
transimpedance amplifier based on the inverter structure. The input current noise was reduced by increasing the
feedback resistance. The forward operational amplifier of the second stage was used to suppress the noise of the
equalizer in the subsequent stage. The continuous time linear equalizer (CTLE) was used for the compensation of
the lack of bandwidth in the previous stage. The latter three-stage limiting amplifier (LLA) further amplified the
voltage signal. Limiting amplifiers used shunt inductor peaking and negative transconductance techniques to increase
bandwidth and gain. The final signal was output off-chip by the output driver (OD). The output driver used T-
COIL technology. Simulation results showed that the entire link could achieve transimpedance gains of 84 dBQ and

63 dBQ, bandwidths of 31 GHz and 34 GHz, respectively. The input current integral noise (rms) was 1. 75 pA.
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A High-PSRR High-Order Temperature Compensation
Bandgap Voltage Reference

ZHOU Qianneng, LI Wenge, PENG Zhigiang, GUAN Jingjing, LI Hongjuan, TANG Zhengwei

(Depart. of Microelec. , College of Optoelec. Engineer. s Chongqing Univ. of Posts and Telecommun . , Chongqing 400065, P. R. China)

Abstract: A high-PSRR high-order temperature compensation bandgap voltage reference (BGR) was designed in
SMIC 0. 18 pm CMOS mixed-signal process. By adopting these technologies of temperature curvature-compensation
and temperature piecewise-compensation, the designed BGR achieved a reference voltage with lower temperature
drift coefficient. By adopting the power supply rejection ratio (PSRR) improvement technology. the designed BGR
achieved the high-PSRR performance. Simulation results showed that the temperature coefficient of the designed

BGR was only 1. 85X 10 °/°C in the temperature range from —50 °C to 125 “C. The designed BGR achieved the

PSRRs of —88 dB, —83.6 dB and —65.8 dB at 100 Hz, 1 kHz and 10 kHz respectively.

Key words: bandgap voltage reference; curvature-compensated circuit; piecewise-compensate circuit; power

supply rejection improvement technology
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A High Input Impedance Operational Amplifier Based on BiFET Process

YU Xiaoquan, FAN Guoliang
(The 24th Research Institute of China Electronics Technology Group Corporation , Chongging 400060, P. R. China)

Abstract: In order to solve the problem of high input voltage offset and poor noise performance of CMOS
operational amplifiers, a high input impedance operational amplifier based on bipolar junction field effect transistor
(BiFET) process was proposed. Using P channel JFET differential pair as input stage. extremely low input bias
current/offset current at pA level and extremely low input noise voltage spectrum density at nV/ v/Hz level were
realized. The common-collector common-emitter gain stage and complementary push-pull output stage composed of

bipolar transistors were used to realize the open-loop gain of 100 dB, the output voltage conversion rate of 10 V/s

and the bandwidth of 10 MHz. The operational amplifier was suitable for weak analog signal acquisition and

amplification system.
Key words:

input noise voltage spectral density
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A New Hysteresis Comparator with High Precision
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Abstract :

source (CCS) was proposed. A compensation current source was generated by the current difference between two

Based on a 0. 18 pm CMOS process, a high precision hysteresis comparator with compensation current

MOS transistors operating in the linear region, and the CCS was applied in the traditional internal hysteresis
comparator to compensate the process and temperature correlation in the hysteresis voltage, so as to obtain the high
precision hysteresis voltage of low temperature drift. The simulation results showed that the hysteresis voltage had

a very low temperature coefficient. When the hysteresis voltage in typical design was 149. 94 mV, the hysteresis

voltage only changed 1.3 mV from —40 °C to 125 °C, and the change ratio was only 0. 87 %.
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A Transient Response Optimization Circuit Applied in
Peak-Current Mode Boost Converter

WANG Chenyang, LUO Ping, ZHOU Xianli, WANG Hao
( State Key Lab. of Elec. Thin Films and Inter. Dev. s Univ. of Elec. Sci. and Technol . of China, Chengdu 610054, P. R. China)

Abstract: A transient response optimization circuit applied in peak-current mode PWM boost converter was
proposed, which could improve the transient response speed. The bandwidth of the traditional peak-current mode
boost converter was limited by the zero point of right half plane, which limited the transient response speed during
the load step. The optimized circuit could output the adaptive transient enhanced current signal according to the
output voltage signal, thus optimizing the transient response characteristics of the converter. The proposed circuit
was simulated and verified in a 0. 18 pm BCD process. The results showed that the load step recovery time was
reduced from 65 ps to 50 ps while the load current changed from 1 A to 200 mA, and the load step recovery time
was reduced from 46 ps to 33 ps while the load current changed from 200 mA to 1 A.

Key words: peak-current mode; boost converter; transient response optimization
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A Low Power Bidirectional Data Telemetry Module Based on ASK/OOK

CHEN Xi', WU Tianbao®*, GONG Yiyu*, CHEN Yifei', CHEN Mingyi'
(1. School of Electronic Information and Electrical Engineering s Shanghai Jiao Tong University, Shanghai 200240, P. R. China;
2. State Grid Sichuan Electric Power Research Institute , Chengdu 610094, P. R. China)

Abstract: In implantable bioelectronic devices, wireless data telemetry module was an important module for data
interaction between internal and external devices. The limited battery size of the device and implantation safety
required minimizing the power consumption of transmission. Amplitude shift keying ( ASK) and On-off keying
(OOK)-based modulation and demodulation scheme was widely used because it has simple architecture, low power
consumption, and easy to implant. A low power bidirectional wireless data telemetry module was proposed in this
paper, and the circuit design and simulation were carried out. The simulation results showed that in the XFAB 0. 18
pm process, when the minimum modulation depth was 3.2% and the minimum input was 1.76 V, the forward
transmission data rate reached 1 Mbit/s, achieving 120 pJ/bit energy efficiency, and the reverse transmission data
rate reached 500 kbit/s, achieving 532. 3 pJ/bit energy efficiency.

Key words: wireless data telemetry module; ASK modulation; VCO; half-duplex
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An Ultra-Low Power Temperature Sensor for Implanted RFID
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Abstract: An ultra-low power temperature sensor was designed for implanted radio frequency identification
(RFID) tags used in animal temperature detection. By using differential delay line structure and differential
voltage-current converter, the change rate of time with temperature was increased, thus improving the resolution
and precision of the temperature sensor. Based on SMIC 0. 18 pm CMOS process, the sensor had been simulated by
Cadence SpectreVerilog Simulator. The results showed that at TT, FF and SS process corner, when the
temperature range was 35 ‘C ~45 “C, the resolution of the temperature sensor was 0. 03 ‘C /LSB. the error was =+
0.2 °C, the power consumption was 600 nW, and the temperature measurement time was 1 ms. The temperature
sensor met the requirements of implantable RFID used in animal temperature detection.

Key words: implanted body temperature measurement; RFID; temperature sensor; time-to-digital converter;
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A Synchronous Maximum Power Point Tracking Circuit for Dual-Source
Energy Harvesting System

LIN Siyu, XU Weilin, WANG Annan, WEI Baolin, DUAN Jihai
(Guangzi Key Lab. of Precision Naviga. Technol. and Applic. » Guilin Univ. of Elec. Technol. , Guilin, Guangxi 541004, P. R. China)

Abstract: To solve the issues that most traditional energy harvesting systems had a single input source, and the
existing multi-source energy harvesting systems had low tracking efficiency and narrow input power range, a dual-
source synchronous maximum power point tracking (DSS-MPPT) circuit was proposed. The maximum power of
dual sources was tracked synchronously by the proposed MPPT circuit. The input energy sources could be properly
switched by the digital control circuit. Thus, only one inductor was needed in the system, thereby reducing the size
of the energy harvesting system and the complexity of the circuit. Simulation verification based on a 0. 18 pm CMOS
process showed that the conversion efficiency of the designed DSS-MPPT could reach 95.37%, and its tracking
efficiency was always higher than 98. 53% in the input power range of 20 pW~1 mW.,

Key words: energy harvesting; dual-source; MPPT circuit; synchronous tracking
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A 2.4 GHz CMOS Power Amplifier with Adaptive Bias Circuit

CHEN Fuzhan'?, LUO Yanbin'*?, GAN Yebing"*?*, LE Jianlian"'**
(1. Institute of Microelectronics » Chinese Academy of Sciences s Beijing 100029, P. R. China; 2. University of Chinese Academy of Sciences ,
Beijing 100049, P. R. China; 3. Hangzhou Zhongke Microelectronics Co. » Ltd. » Hangzhou 310053, P. R. China)

Abstract: A single-port adaptive bias circuit was proposed, which could adjust bias voltage according to the
power level of inputting signal so as to enhance power amplifier(PA)’s back-off efficiency and linearity. To verify
the function of the adaptive bias circuit, a 2. 4 GHz power amplifier was designed based on single-ended three-stage
structure and manufactured in a 0. 18 pum CMOS process. The input and output impedance matching networks of the
PA were both implemented on-chip. Measurement results showed that the PA had gain of 26. 8 dB, with S;; and S,
both less than —10 dB. The output 1 dB compression point of the PA was 23.5 dBm while the back-off 6 dB PAE
and peak PAE of the PA was 14 % and 24% respectively. Therefore, the PA possessed application prospect for 2. 4
GHz applications such as WLAN and ZigBee devices.

Key words: adaptive bias circuit; CMOS; power amplifier; linearity
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An Analog Phase Shifter Based on Composite Right/Left Hand Structure

QIU Zeqi, SU Guodong., LIU Jun
(Key Lab. for RF Circuits and Systems of Ministry of Education, Hangzhou Dianzi University s Hangzhou 310018, P. R. China)

Abstract: A Ku-band tunable analog phase shifter (PS) was designed in a 0. 25 um GaAs pHEMT process. The
composite right/left hand transmission line (CRLH-TL) based on discrete elements was employed to realize the
phase shift network (PSN) for the proposed phase shifter. The varactor was used in the PSN to achieve the phase
tuning. The buffer with cascode amplifier structure was used to increase the isolation of the PSN, and this buffer
was also used to improve the mismatch and loss of the PSN. The PS structure was simplified by adding the same
bias voltage to the varactor. The post-layout simulation results showed that the tuning range of PS was greater than

90° over the whole operating frequency range. The DC power consumption was 63.3 mW at a 1.5 V DC supply.

The average gain was greater than 8.5 dB, and the amplitude fluctuation was less than 5 dB.

Key words: phase shifter; pHEMT process; composite left and right hand transmission line; cascode
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RGBT T #rh Cascode GaN E-HEMT ## Si & MOSFET 8 #4844, 5F A& T X % A 35 4
LM RBAT R EME LTI, MNXEREKN, AR F A 8~90 kHz B, )k F Cascode GaN
E-HEMT #9 i & o R ey 43 £ 900U A LB E %S T 25.3 'C~29.3 CE A, A T Cascode
GaN E-HEMT #9 1% % b, 369 B4R ML T A T Si A MOSFET #9i# £ 3%,
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A Single Phase Inverter Circuit Based on Cascode GaN E-HEMT

LI Haotong, CHEN Leilei, LI Jinxiao, GU Xiaofeng
(Engineering Research Center of IoT Technology Applications (Ministry of Education)  Department of Electronic Engineering . Jiangnan
University s Wuxi » Jiangsu 214122, P. R. China)

Abstract: Firstly, the output and transfer characteristics of gallium nitride enhanced mode high electron mobility
transistors (GaN E-HEMT) with the cascode structure were measured, and important electrical parameters
influencing the switching characteristics, such as on-resistance and input capacitance, were analyzed based on the
testing results. Secondly, the topology of single phase inverter circuit was analyzed. Studies had shown that the
volumes of output filter capacitors and inductors were greatly reduced by using GaN E-HEMT. Finally, the
electrical parameters affecting the energy loss of the cascode GaN E-HEMT and Si-based MOSFET were compared,
and two single phase inverter circuits were constructed based on the GaN E-HEMT and Si-based MOSFET,
respectively. The testing results showed that the conversion efficiency of the inverter circuit based on cascode GaN
E-HEMT was above 90% , and the temperature was maintained at 25. 3 ‘C ~29. 3 “C while the switching frequency
was in the range of 8~90 kHz. The overall performance of the inverter circuit based on cascode GaN E-HEMT was

better than the inverter circuit based on Si-based MOSFET.

Key words: GaN E-HEMT; cascode; single phase inverter; power loss; conversion efficiency
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Abstract ;

of Si-based selective Ge epitaxial layer were described, and the overall structure and fabrication process of the Ge

A silicon contact lateral PIN-type Ge waveguide photodetector was fabricated. The fabrication process

waveguide photodetector were introduced. The response, dark current, bandwidth and other parameters of the Ge

waveguide photodetector had been tested.
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A Subthreshold 10T SRAM Cell Based on Bit-Interleaving Architecture

WU Xiaoqing, LU Jiaxun, HUANG Maohang, HE Yajuan
(State Key Lab. of Elec. Thin Films and Inter. Dev. , Univ. of Elec. Sci. and Technol . of China s Chengdu 610054, P. R. China)

Abstract ; A subthreshold 10T SRAM cell based on bit-interleaving architecture was proposed, which could
work stably under ultra-low voltage and reduce circuit power consumption. The built-in read assist scheme
eliminated the read disturb issue and effectively improved the read stability under low voltage. The write ability was
greatly improved by using the write assist technique which weakened the feedback loop of the cell. The 10T SRAM
cell could eliminate the half-select disturb and improve the soft error immunity of the bit-interleaving architecture.

The circuit was simulated in a 40 nm standard CMOS process. The results indicated that the 10T SRAM cell had

high read stability and excellent write ability under low voltage. At 0.4 V supply voltage, the write margin of the

10T SRAM cell was 14. 55 times larger than that of the conventional 6T cell.
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A Driving Circuit with on-Chip High Precision Hall Sensor

RANJianqiao, XU Rui, PAN Jun

(The 24th Research Institute of China Electronics Technology Group Corporation , Chongging 400060, P. R. China)

Abstract: Based on the 0.18 pm BCD process, a driving circuit with on-chip high precision Hall sensor was
designed and implemented. The driving circuit used on-chip Hall sensor to convert magnetic signal into electrical
signal, and the PWM drive signal with output frequency of 100 kHz and duty ratio of 83% were realized by the
internal amplification, imbalance elimination and logic control technology. The driving circuit had strong anti-

interference ability and high detection accuracy. It reached a lowest magnetic field detection intensity of 3.5 mT.

Key words: Hall sensor; offset elimination; high precision; PWM drive
Tla] it AR T R IR AR AR AE RAUE
0 3 = 55 5 K U U 5 o 5 5 e 2 i 1 e

B IR AR AN R — b T R RONE L R AR e
W ) R AL SR ) T A s B
) F U D AR AR R A T TR A A
Ge s IR A IR 5 4 ) R R Bl R R A A AL Y
R TRIE S BN 5 15 S8 IR AR IR 15 4 ol R g
IR KIS KE AN o DRGSR R b AR U IR AR R
o F0 0K ) FL B B AL R DR T SR L IR L AR R
TR R | P 2 A1 D) R A5 T TR S I R

ARSCHR T — Fof B AR o A R R A AR Y
IR 2y FiL g% R R AL R AR T Ak B IR 2 F g A

Y75 B #3:2020-08-30; E 78 H #8:2020-10-15

DM I/ 1 SR By L g B PR R L R K gl R B S T T
BLLHL T T3 TR KU 25 L AR

1 BBEMRTIERE

AR SR HH 0 R L B e R R AR TR Y UK B
P S A SRR R PR B LA S A/ A P
IR 2y L 2 A AP 1 T

T R A e o TN, B) ) 0 37 i PR B A5 R O R
AINHLRAR 5 X B AR 5 205 5 Ab B A 9 BR G
P HOR IR U IS AR KB E A He R . A

EETB AL e i R 0 S0 00 = 3 4 W B H (9140C090113150C09043)
EE A A (1964—) , 5 GRUED L PU I BT FE N - 85 2 TR Ul A S ASE 3004 A e 6 80 3 F 9 T4



6 M

PR AT . — ol L 4 R R B R R A S ) K Sl v 845

o A0 e A L P R T £ 5 5 B A T B A 1
S8R BB BE T I Ak A LB A e . LR AR O
WG o T Ak P A B 3K Sl v B P 20 O Bl
e 1 0 K B BE ) O B R A B B AR S . X 3K B
FEL S T T 4 o R IR s AL S e R S T RE
e A 1 PR B A R A SRS AR RO O L [ I
PSR QN N A R A [ = Ml R T S
B,

i VREFH I
[ 25— |
] AzEnas|
fiign | k55 | ®
Q&HALL e i | [55)
7 Mlhih

FL LA ]
By AR R R A S Y IR Bl B A
1.1 ERERST
AR SO T A B R AR R A ) T I A A 2 B
AR T N BRX B SR T T TR
& 1/ MR MO 5 B9 SR TR K L 7R N PR TR A
—ZIRER PR,

Iﬁllﬁl|

TP | N ] [e]

NBFX

PHHIS

Bl 2 R AR IR i

PR IR AR S AR TP A b R Y R R AR A
B WP A 3 R

Lete e tatetatetetetets! B
RIS
piatoteteletetatetetetet

DI
jelsletateletete!
258

3 IR AR A R

2 AC J7 [a) A7 LI I % 37 77 1) i 4R 1 HL 1)
. e, B IR SR AE BD W s B BN HL TR Vg
H
nqls

.G RILMBIER T 8.

G=1-—5.026 7X

VH:G

I..B (D

‘9H x(14+2W/L)
e 2
tan 81[

S R RE RS N T sn DR 300 TR 5 g B
(LA 3 2o R B2 R B PR YA RS
1.2 fRR=RESKNSE

e AR B 05 5 A6 I 5 4k P R g% e 2 A 9 B3R A
PR3 HA o HL B PR P 4 s

(2

1=

=

Bl 4 A I 15 5 Ao I 5 4 20 B %

MO HAFACI7EE BT d IR b S
iR L B 4 T 4K TR 1) DY, B R AR a o T g 1)
S FHL R

Vo=Vu (3)

3L R AR AMPL UK G - 32 HlC i 3 v 1) HL R
SRRV, MV, dlad iR o 1T,
O, H1LF R 17 LA C BB 1 BB .

Q.=C,V. D

Q.=C,V. (5)

O L 2R3 TE S Vs T L TR B2 % O 1] 5
M Vo A, )

Q.=C,(V,+V.0) (6)

Q.=cv.Q.=C,V. D)

M DHLFE 17 H M a S A L c SR
IR il 7 e AR T ] N BB R AR F b T v A Rk A
LI

Va=Vy (8)

L R AF AMPL UK G - 32 Hl i 3 v 1) HL R
SR VR V. il iR o E R 17,
HLP 917, Co BRI 1 B A 8

Q. =C,V, 9



846 PR AT . — ol L 4 R R B R R A S ) K Sl v

2020 4F

Q=0GV, 10

ICEE, R R R A Ve s RIHHB R S % F
] 5 L Vg, [l L )

Qi=Cy(V,;+V,p an

Q,=C\V, 12

2 E RS AR R R e U TR ] @,
SO IR FL A b A E AT K B R A VA
Vo Byt 3R — ook, )

Q. +Q,=2V.,C, (13)
H .

Co(V,+V)+C,V,=2V,C, (14)
SHBUR NI

V. +Vut+V,=2V, (15)
[Fi] AT 45 .

VitV t+V.=2V, (16)

TGk L B B A G Bk VLRV, B 2 4
N8
V=V, Vi=V,_

X (3 R (8) H R (17) WA, 5 I B E B
1.3 IRZhEEBE

WS A 5 Frs
J5 3 TR AL

% B SR ] H AR AKX Bh

VDD
P1 P2
DRIVER_A DRIVER_B|
N1 N2
GND %

-

K 5 BRBhH

BIFE MOS & % B B8 50 mA B, K
&R 50 mV,MOS %) F@ L BH R .

_V_0.05_

Ru=7=gg2=1.0 0 (18)
TAETE L X B, MOS % 558 Hi BH K

R, — 1 (19

M COX‘IE (Vgs 7Vth )

KA Coe Vi T2 PDK HE . MR

BOR, TAERE R A 2.5~5.5 V., PMOS % 74
HEKHN 0.6 pm,NMOS EHIHELK N 0.5 pm,
I, TR PMOS 8 19 % K H ol 11 000/0. 6, T) 5
NMOS &1 5 ol 2 400/0. 5,

2 EREHR

T 0.18 pm BCD L2, AR XK A Spectre fjj
FLACPR T 5K 2y e, B EAT TSRO B0 R
Wk B 5N 3.5 mT. PWM K 50 & 3 45 R
100 kHz, 25 ol 83% . BN TR S 4F 1 i B% Y
i EEE KA 6 P,

11, LN RS
50l
= 10
-3
A s FEes
= il . = =
~ 0.7 \\\ - 2 \\\\
= 03 == =
4 P e
Z 20 EHW\W ‘ | };’
“dl L
QA L

02 0304 050607 0809 1.0 1.1 1.2 1.3 14

Time / ms

6 AL I 0 B4

B B AR E N 1 mV I B3R E N
LomT., MWIE 6 Al LA & M, M #35 E KT
3.5 mT, %F W7 B i A HL R I R F 3.5 mV, LR
R B o PG A 3K Bl T B e PWM
W55 A5 SWAR A 100 kHz, 25 LR 83% ., X
FOO7 25 R R e bR . 5 IR E L B 1Y 52 PR R
FHPRSE 6 T8 R B A5 A o 64T T P A 5 L
SR RS PVT KN, 05 FLE5 AT SR W 2 1%
B

3 MBI

A SCI Fr b AR R IR AR IR i 1Y BIK Bl H B B T
0. 18 pm BCD T 20 #0058 1 1 A& it . IR
5P 820 pm X 890 pm, % HL B 1Y AR AL /N, LA
%, BN, S TR IE RS TTARRE T,
W B IR AL IR I T R0 o D JE 4B S AR S AR
P B, NPT 30 R oA A P B L K B R
B AL s B R a0 18] 7 B



PR AT . — ol L 4 R R B R R A S ) K Sl v 847

T A U IR A A B SR Sl e R R B ]

4 MR B

XEBETF B R b G B IR A S UK Bl v s R AT U
Fio JERSRE i R B0 2 B AT K (25 °C TR D
FHESHANER 1 PR,

Rl AXRFELERERERFHNEIEESH

S8 I3 25 R
P/ mA 5.0
PWM J& gl ] /ms 160
PWM #ii % /kHz 100
PWM (575 1/ % 83
TE v 2 7 46 I 58 B/ m T 3.6
S 16) 8 3 K 0 3R B/ m T 3.0
W35 U R i/ m' T 6.6

A DU AR SCH 6 1) T 1) o {1 i 3 A T i
ik 3.6 mT, [ [ fe ARG 37 6 U 58 B2 3K 3.0 mT,
Wi VIR #E N 6.6 mT, filh PMW K31 {5 5 4
F R 100 kHz, d7 45 bk 83 %0 B b il /2 7 % 3t
& b7 .

AR SORG R IR AR R AR T Ak B UK Sl L e T

(Al — AN s B T — R A e G R R R AR IR
o B SRSl FL B o A RS A G HL B T K Sl H B LA
SR DN B R BT A AR i A B/ AR O AR E
TFOL T TR TR WU LA

2 % X Wk

[1] HENRY P B,
semiconductor magnetic field sensors [J]. IEEE
Proceed, 1986, 74(8): 1107-1132.

[2] RADIVOJE S P. Hall effect devices [M]. 2nd Ed

Institute of Physics Publishing, 2004

RADIVOJE S P. Integrated

Bristol:
101-106.

[3] RAMSDEN E. Hall effect sensors [ M]. 2nd Ed
Oxford: Elsevier, 2006: 61-81.

[4] PAUNM A, SALLESE ] M, KAYAL M, et al. Hall
effect sensors design, integration and behavior analysis
[J]. J Sensor & Actuator Network, 2013, 2(1):
85-97.

[5] CHENG D X, PAN M C, LUO F L. High accuracy
magnetic field measurement methods based on Hall
sensor [ J]. ] Transducer Technol, 2004, 23 (2):
61-63.

[6] ZHANG D X, LIU G. Research on the temperature
drift compensation of the GaAs Hall sensor and its
magnifier [J]. Instrum Technol & Sensor, 1997, 11
35-37.

[7] MIAOH]J, L1J, LU S L. Temperature dependence
of output voltage of InSb Hall sensor [J]. Phys
Experim, 2001, 21(8): 46-48.

[8] LIU J G, SANLI A, WANG Y X, et al. Error
compensation of closed loop Hall effect current sensors
[C] // IEEE Int Workshop AMPS. Aachen,
Germany. 2012.: 26-28.

(9] ZEME, R, X, S —Fh il & i K & 9K 3l
B AME T s [T B8 5706, 2019, 41(5);
666-669.

[10] QIU J H,LIU J G, ZHANG Q. et al. Simulation and
optimization of conductor structural parameters of free-
space Hall effect current sensor [ C] // IEEE Int
Workshop AMPS. Aachen, Germany. 2014: 1-6.

[11] XU Y, PAN H B. An improved equivalent simulation
model for CMOS integrated Hall plates [J]. Sensor,
2011, 11(6): 6284-6296.



5% 50 % 4 6 1) (O Vol. 50, No. 6
2020 4F 12 H Microelectronics Dec. 2020

- B E5H -

HiEIZ £ IGBT &R B S HIR BN PN AR

FEAAL, 2@, ) &g
(1. WERR W TA0F 500, dEat 1000845 2. THHEKR ¥ BEERORNIFEBE, Lot 100084)

B OE: AT FFAREHGSPICEEAAXRR . BET —HEGLERR, L2 B4
AR FZEAT AR AHME T 8 SPICE 47 A, K13 & FF R B 69 & 45 o 2, 5 R AR R HLAL 89
HBEE, FBEMNXFRT A E XA AE, N E HAE B A T AP Ay SR A A 3
HEEF REBRGBER, AEL RER AL G H T, T4 IGBT AR, @ E 4 LK
34515 k A3 AL kNN HikAe S u @ )aksbml X XM R eyl X347 7 A3, &R
W, Z A ke KB AR, ARG S, B EAMR ST B RS R

RAET A HMINR,
X WEHE; ZIELE; KNNFEE; Z2om)a
&4 %S . TN307 X EkERIRAD : A X ERS:1004-3365(2020)06-0848-05

DOI:10.13911/j.cnki. 1004-3365.200270

Application Study on Data Mining in Parameter Extraction of IGBT Model

YAN Liren', LIU Daoguang®, LIU Zhihong'
(1. Institute of Microelectronics, Tsinghua University, Beijing 100084, P. R. China;
2. Institute of Nuclear and New Energy Technology s Tsinghua University, Beijing 100084, P. R. China)

Abstract: A forward processing method for extracting SPICE model parameters of semiconductor devices was
proposed. SPICE simulations under different model parameters were performed on the selected devices and models
to obtain various electrical characteristics curves and formed a very large data set. If the real test data was obtained
through the test, the most matching curve item in the data set was obtained through data mining and data processing
algorithm in artificial intelligence, and the estimation values of model parameters were directly given. In this paper,
about 15 k data were obtained through batch simulation for IGBT model, and the parameters of test set composed of
test curve were extracted by kNN algorithm and multivariate regression method. The results showed that this
method could get the model parameters of the device quickly and had the advantages of robustness. This method
provided researchers with a useful understanding of device model characteristics.

Key words: batch simulation; data mining; kNN algorithm; multivariate regression
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Research Progress on Circuit Model of System-Level ESD Generators

HU Yi', WANG Yubo', WANG Yize’, WANG Yuan®
(1. Beijing Smart-Chip Microelectronics Technology Co. s Ltd. s Beijing 100192, P. R. China;
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Abstract: Co-design for electrostatic discharge (ESD) protection between component-level and system-level can
effectively deal with system-level ESD event risk for electric equipment. It is necessary to model the whole ESD
protection network, especially to establish an accurate system-level ESD generator model. The principles, modeling
and simulation methods of two well-known system-level ESD generator, ESD gun and surge. were elaborated.

Shortcomings and challenges of the existing models were analyzed. Finally, the development trends of system-level

ESD generators were summarized.
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Abstract: In recent years, lon-sensitive field-effect transistors(ISFET) biosensors received widespread attention
because of their high sensitivity, fast speed, no labeling, small volume and low cost, It was applied for the detection
of biometrics such as DNA, proteins, enzymes, cells, ions. ISFET biosensors were developed on the basis of metal
oxide semiconductor field effect transistors (MOSFET), which has generated charge transfer between through
solution and sensing lays to form interfacial potentials that alter FET currents. This paper reviewed the working
principle of ISFET based biosensors, classifies device types, analyzed the characteristics of various device
structures, and enumerated the latest application progress. It played an important role for realizing a high

performance, miniaturization and mass production ISFET biosensor in the future.
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(9 T A B 6 88 28 B AT T 4028, 40 BT 1 45 Rl 2
PR 2548 A R O 91 28 G e i 7 FH 0 g

1 BT HR R & R TR R

ISFET i % #k  pH &8s . T I 4 8 W
B T (H 8 OH ). ISFET J& — i i {7
e, TAE I LT & 8 J ik 1k
BN fh M 8 ( Metal-Oxide-Semiconductor Field
Effect Transistor, MOSFET) .

MOSFET H 4/ 20 B, B O A A i
G800 it A 0 A A F S 4 o A 0 e A 2 ) 1) F
DLV BN . FR AL AR AL R T 7 B AR B H
7R HL 3 H 37 5 BRI R IR U 22 T Y 3 G N AR
T AR BURECGRE IS, 5 R A T T B s b, AT
FEOR I Z W A S 4k, ISFET B 451 5 0K
WE 1 R, 5 MOSFET AS[A] #4942, ISFET (4 4l
Wk 2 0 BT | A VR R 2 L R R BOAR TR it o
LR VR AR AT B Wt . S AE S s e T
[P 5 R (LB R AR O T A T A B Uk B DL O [

F18 32 49 P JE Aol 15 A 268 5 )22 b7 AR O[] g B T e
AR TR bt i 1B AT 3 — 25 51 R Ve
R B3 1 73 A LR R T EE R B A

PG 0sC

PRI

Bl 1 ISFET 1945+ B A 7 2
2 BYEHRGEMNGREEFELXAR
H ) R OBL A

5455858 12 M i 7 i A L L ISFET B3
FHT OB B I B 2R 5, B B 3 B i 0 1 i A
H, HAUK RS 280 B LR T BLOK L AT B AR
S AT R B R A A BT R AR AR IR O A
IR AN BePE, T ISFET E A7 M4 i o 2% F A
Wy e DRI )02 FH T A A s 4 G AT 5
M4 B 45 A 9 A [R]  ISFET 1] 43 S 3k T 4% S5 pil 2%
T ISFET FlHE T4 JE M 45 #4) B4 ) ISFET
2.1 BEFHEMEEN ISFET R# &R

e TAE G W 25 K9 1 ISFET 75 3 35007 i 1 4 1%
T IE b R A R S R L S o R )
3o G2 IR ) B R R AR A T R T Y T A 4R
T KB AR A . T LR FH R[] B B by 78 1B
WA F . e ISFET 23 PP maks k>, H
HIR T 48 A% B 2% 1 R B0, W5 N B0 SR 4 A
BRI K 2k %5 b4 R} 5 ISFET! 0] ok 30l
S AR T e bRl SR 03 TRk
24 K 2% (Silicon Nanowire,Si NW) ) ISFET A= ¥11&
JREE
2.1.1 AT =446 E MWy ISFET 4 & %

A1 SR LA VF 22 R 1 A BN A A b
BN 7E = T BA RS 107 em®y s A R AR
TFAERE R BRI 2 TR B L DL R R AT i b 2 R e
Mo ST A B 1 AL IR R A SRR Y L R
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i R A SRR E 5 U 2020 4F

B 5 m ok A AR SRR 1 L B A AR 0 Y H R
FIKHT v 5 25 B B VS W P 85— 00 1 0 T e R
A1 SR 0 EL A e R Y R R A B A A Ay e R 1Y
ML RN 25 B BOA B S it 35 A e, LR 2
A1 S0 ELA W Y T Bl PR RNR AR Y A MR, i
H A 380 7 OB e R R AR R S 0 A A A 7
A ) AT B AT R AT B 0 L 6 T T AT R
W W B AE S ISFET A9 % J8 i 18 F0 AL I8 3% 1
Al S A YA IR

H58 92 B BB b A T A B s g, R L 7R AL 2%
PRI PRI, B, R B R R S Re
A1 55 0 D) R b, A AR A A 55 0 3R BN A B R i)
JEST L BRANT HH EUCE E  D) RE Ak B AR 1 o AR 0 L
A B I 2 R N F 23 B IR A AR R A Y Ak 2
LSBT RTE TR, W, Fu 58 Al H 2R Bk
A SRR AN T RE AL L K A BRI O SRR R R A M R A
FILREE, HARAS TS M RBUE™S 08B 3R &
Wi J5 WA A& 4 ISFET @9 pH ma W a0 & 2 frs . %
TFF 2 R P — ol 35 - 9602 Bk 19 37 1) Dy e Ak O 624 0
TA pH IEHERE (O FE A 2K 8 (1935 & 0 F «
S5 LA S A BN A R B pH R . B
FEAR L R 4> FAE M 0 4 B8 0% FET KRB IE L
PERY pH M, X4 pH K T 8 B, Al LB K T
49 mV/pH B HUR M, 8 F 0 & pH B LA LW
(810, AL, O, \HIO, 58 E Jy 3R 1H 1) ik 2 ISFET 1Y
W N, AN SR 05 B O3 FAE M OR 4 T A1 AR 06 Y
B FERB R, S X HEFEBES NN 1770
cm’v s UHl 2 020 em®v s !, EEAERE (SOD) e E
R REEE ISFET B8R m it 20— NN .

H T A s X R E B B IO IR BF YN
FOBE IR A IETE 5578 A1 BB ISFET 36 1 > 52 B A0 1
BRI ORI T B AL . . Kim
NN T A B/ BT 22 LB ISFET H 5%
FRERR I, R 3 FIE 4 TR, IZRESE R AL
SAMUORE (CVD) A WA B0, R FH 3R 0T 75 6
B A BRI AL B H bR AR . R I R
S FELBEAR (MIP) & B PR S5 T kR
RE UL TE 2 BRBARG ST AR B A R E T,
MR B B . A BUS 3 B R R e U
e N AE AR BRI R L (R AR AT R A I R B
B AT A% A, 45 SR R BT, MIP R A 28 0
HEEA T LGRS B R AFr e 8. i T B+
Bk

—pH3
600 /é‘ _5H4 16
9 ==pH5 12
J wepHO6
400 _{;gg .
L 2001 —m |4 2
L —pH10 e
< 0 T (U
—pH4 b
“ 600 —EHg H16 —
wpH -
400 —po 120
L8
200 4 L4
0 . . 0
-0.2 0 0.2 0.4
V!V
160 (O phenol
] fluorobenzene
1204
-
£
< 804
404
0/

4]

pH
2 SR M RAE S B A 85 ISFET /9 pH Wi L

(a) ISFET 45 MR BB (b) BR £ M IR AL R 7 14
3 {1 ISFET

(a)
< 1

1.Cross-linking monomers

+ EGDMA
2.Pre-polymerization
Complex

+ N-allylthiourea

+ Phenyl phosphoric acid
3.Initiator

+ 1.1-azobis
cyclohexanecarbonitrile

DMF )

Ca) 3 P I L 1 2 S 5 () 5 1 0 3 I 00
(0) BN AL s (d) BB R [X 36 119 ) 25 P 1%
B4 R A

BT MIP JiE, B 2 M (PVC) FE Y it m] LA
PR . ). Kim 48 ATE 5 — TF 55 T4E 0k
PV C B 3E B B 5 A0 B8 0 AH 25 G L SR 4G I K v il
AR a5 TR 15T S A I Ak e
SRR Shoke kK e R R 1 & L A %G
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AR CVD 7 il % A 820, R 5 5 % 8] B Ax
B b, BEREPERE R A R A, 5 — R
G302 PVC, BRI T2 b i ). 58 R i o 2
Gy F R R RR BB . SR e — A R B AR
Y. ¥ M EUMR G R IR th A A
M IR AR PR . 45 R R, PVC L ALA
BRIGAHZS G AT DR R B R B, T
T AL

1

)
(-7
EpL

“‘NPUE“ y m Nitrate

selective
}\T(ﬁ)l 1rph yl
05| (]i <<<<<
9»

Reference @ NO;

electrodes @ CI”
0802
®po;-

p
membrane ’/ Graphene

() i T2 A o 49 P D e ]

(b) 1% Jg s 1Y 1% S ML 2R
Bl 5 A gAY ) o 5 LR

2.1.2 A F Si NW #) ISFET 4# & %

KL BA LRI AUR A Y IR A4 R U
o SRR L A] R LR A R U R 90 OK £ ISFET A
WAL S P TR P B 4r F CDNA B0 5 F B i 55

AR BRI . HH RE AN OK 2R 7 R0 R (Si
NW-FET) 4 Y 15 845 5 42 iU i T 2 A3 45,
by R U T A TN A R S T = B
R R R SiNW SRR I A A
HL ff 52 A% AR A5 H A5 5 o DTS2 3R A 05 5 i A
ELA o 7 PR L BB R S M R L JC bR I R A
i LA AT DR R [ A St NW il 4 T2, DLSe B
AR I

A. Tarasov % A T HE 3 Si NW £ B &
B4 (HIO,) FAE AL ES (AL O4) 3 I %F ISFET #% 14
PERERYSEIATY . BT Si NW (% ISFET &8 28 4 &1
6 T . e A R FR SO 20 AT ik 2 ik B R AE
Y2k b SO FLE Bl #5 1 Si NWL AR5 5k 5
JFUCRAE St NW B4 B Gt T 10 ~ 20 nm )
AL O, 8¢ HIO, MREA/E ML IRZ . FREM . ALO,
BTG St NW 51 F IR W B E A2 IR SS 294
100 mV/dec, 7 56 mV/pH i) pH &R, Xt
Tom A K. WF 9T 8 oy M T H AL L
Sk FE R I B BH T B S R S R S A TR
N ERMe 34 i e T T R N T e A 1T 2 X VA

D. Rani 55 AR 805 09 94 0K e BD T 2007 vk
Heifil % Si NW 51 ISFET , LA 7 —A4N&E A T JoAr
S AR W R I fY) L RT RS RN S B0 L g R
YK R B G2 BOAR R4 ) SRR AL A 2 R R . 7R

£ 100 mm P B4 kY SOT @[/ Lz b il 2 496
HRYPRLL I A 78 A>3 T St NW 51 19 1% J& 4%
Mg, i m iR AL T2, 76 Si NW 3 I B B 20
8 nmE M SiO, V5 R 5t )2, S8 5 7F 3% 1 i A7 Ak

YAk, e Jn il FH A I m TE SRS A . TR A
Si NW ISFET E. B 41 pH m i, pH # R N

4343 mV/pH, FNIREAT %,

(a) 10 mm

(b) nanolSFET-array based sensor chips on 4" SOI wafer

T —

(a) S A P

(b) s
K6 JT Si NW i ISFET {4 &%

Q. Z. Zhang SR AMUERH AL § % 1 Si NW
AL g [ 2] o 51 B i R AEORE L S5 P ARG 0 48 i 58 3% T
Ca”" it sh > an el 7 R 8 Firs .

v € &

(d)

QQ

(g) cells

spacers

I’ (i) NW arrays( i) HfO,

1Si -SN

. o -SiEEA SiO,
PR WERAu
HIO,

v

v

(k) (1) (m) (n)
7 Si NW FESAY i 4 i E

Bl 8 (a) Y £ €5 i Sk TR W Ca® Y .
K I S8 % o 11 7 3ol 4 B A/ RS R K L 3
MRS St NW 51, Hom 298 30 nm, 58 29N
25 nm, FIRNEA & E0) HIO, 1E 83
SRR T4 R A Y R FL AR R B R
MR PR SRR e k. MRS AR T
FE 0T A0 (MSCs) B 1 3l i SR W, 5 %) R
LA LE L TE IS B ) IS L i MSCs 1Y #8844
HL U 38 KO AR R . e RS T LA S s ARG U 44
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A& R A BT BE— 25 BE AT 20 Mt K AL R A

T -
40 nt (a) @ cells
: ®
<
=20n | @ 1
0 " : n A "
500 1000 1500 2000 2500 3000 35
40nt (b) @
Z20n} l I
<
OM\{\_M \\ N
810 320 330 340 350 860 370
40nf (¢) @ |
f 20 nt, ’ | | ‘ ‘ ’
0
30n 1700 ] ] 1750 ]
d Comparison
20nl (d) I
z |
~10n [
0 A P
0 500 1000
Time / s

(a) Si NW {3458 X 20 Ja 3 2 i 1< Aisf 8] 1 5%
(b) . Co) L LR 195 DX IR Ay R T 5 (D 7 95 A WD 7 J55 40 M
% Wh RN B O K 45

Kl 8 AT Si NW A: 4% B A% 10 7% 18] 78 B3 + 40 Jifd

BrEIifEY

S. H. Lin F AR Z 621 (PL il % T BHA
B RAUE Y Si NW ISFET A= 95 4% B . FH oK 46 ik
W REPRIR Y, S IR T T B W - . DA PR R 11 il
& I & B A AR A R R R 8 R ORI Ak S i
W & DR R v B2 1) T e T3 22, LG AT LA St NW
ISFET % 84 >k A6 I 5 IR 8 Wk B AH OC 19 pH {42
B sE s PLOATZ I T 208 B St NW A s H
e o BETHIT SR FH Al U 8 380 T8 R A7 s R . P A
fRIRAF A pH RBUE N 42 mV/pH, 7E IR R ik
JEJEH 3~8 mg/dL AT BAF 1 4Pk B R A
LM R*=0.99, REUEZ K 60 mV/mM, Wi i ] 1]
/NTF 300 s, ATRTIINMR AR 2 2.4 me/dL B IRIR . 3
AR w5 ARG R R e BE (= % Ju [l 3. 6~8.3
mg/dL) " B IR B 5N, S L A A AR I
H PR RERTT T T A,
2.2 ETERMEHEN ISFET £S5

TG E5 A %) ISFET #8048 B =24 & R AUE 1)
FEMEAS B2 A AF 5 AN H HE 3 e 2 ZE A
I AR AR IR R X A B (] 2 R R K H R 5T
23 N5 e 1 2R T A SO R AR A2 B Tl S B L R B
TR RN RS A 22, W 7R KO 3 1 2 Sl A

B FariR k. T R SE B HE R E R T
o e M o = Y AE R A 3 R8O & R 4 (Extended-Gate
Field-Effect Transistor , EGFET) #5. % #sfF 32
[ R S 3 s 2§ P L W7 @ AT R N
(MOSFET) i 2 3 4 5 M Al 3% 426 10 SE e Wi pl . 3%
HLA R O B A W B T/ TR U R
EGFET 4% &ML F1 ISFET JL-F A [A], {5 EGFET
U S Ji A 2 ik 30 L AR N S R A
fik, T Sl S LR AL I DR S B . BT 2R
D, T A% % F A 4 AT el A, | R [ el R
il B985 W] LU TR IR 09 42 8800 F 5%

el 2 B H BHL 3R 2 e A2 SRR PE I GBI R 2
—21 0 Ti0, AL O, . Si0, . Si;NO, #l Ta, O, 21k
HL SR S 2 T i 5 AL Gl 45 4 ISFET % 8%
JZHERE Y H A T H % EGFET & B2 i), 23 14
TR AR AR T4 2R e e R AR
Tl 2 i, T 4 52 8 B e i R . P D,
Batista 58 A\ #4288 & AL B B (FTO) /£y EGFET
(AL IR T S WS 7 I A% A = R FH 8 25
PR TE R PR RAE B 2 oe RV AL Ge i ™ e 3
B B TR 10X 1 em? R R E AN
15 pmiy FTO M, W2 A 2 s, HRmA
A —ARLBE (0 S . T AR AL R AR ZE pH (E S [
2~ 12N M Zet pH B0 B2 A HR Ul 2 B2 43 0 29
50 mV/pH Ml 51. 73 pA/pH, HA &4 0w N B
2GR E W FTO M4 E LS I TO)
1 EGFET S b |25 — )2 B R AL IR E 58 — 2
A Ti0, VAL Oy . ZnO NiO 2% i B R A L 9
THEREAE S A% B2 A1 T A5 A% 8 2% BLA T AL 5= i A%
JERAFE

J. C. Fernandes % A R F Mt 25 # g DT BB R 7
FTO F1 ITO &% Ffil & 7B AR A& 71 ZnO
WL W B T A pH A% A% EGFET #3141y 5 sk
ZH 0 R A BLETO $4 B ZnO PERE 5 15 2%
Fr RN AL RS TR R [ S AR O 1TO B, %
JEES TR ETF. AE FTO % ERAE pH AL &2
AW ZnO: ALY , R R E R 29 mV/pH,
MR K 0.99, KT ITO JEW, ZnO: ALC10%) 1 5
TR REUE 4 K 30 mV/pHL LM K 0,99, T
S. Palit % A 7E Z2 Pk b R R — W iR 20— W iR
(PED) 3 1T — Fh il FH - 4204k B (InZnxOy) £ Ji&
JE BT A RO% SRS (EGFET) 1% 8% 2% 3k #4717
B TCAREE (RS Y 22 L e R I 0 A g i R
B IS5 MRSV T RS T 4% InZnxOy EGFET f%
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SRS pH U 8 Nernst # FR &y 61. 53 mV/pH,
125 CF L B e KAE R H 2 59 mV/pH" , 2tk
FER0.995, /NEY I LR R 3 mV L. 7F pH="7 B
R 3.52 mV/h, WFFEFRI AL b IR A A A Y 1 5
PR T B T A AR P A S5 5 i R, DA A5 3
Nernst W hy i RELE . SR)G P58 F A& RS 52 1A 4-
DR BL T 2 ) B Ak 2 T WA Y £ B e SRR Ry
10. 69 mV/log, 7EZ e B 4 1 IM~1 nM {1 il N
LR MERE A 0,998, K HE R R 0. 523 M, 1 HL X £ 4 ik
AR e Bt . A 30 % I BRI IfiL V7 R 45
SEREAR HEAT 22 B e R L 4 SR R R ORS i, R 25 <
0. 4% 3%y FLHEER I 22 B4 e A5 A WU REAS B9 T Sl

B TSR LL AR A AR A ) I A B T
WX, F. Lin 5 AR T E T NiO # KW
EGFET #il& 1. Z gt ik, 3F B T pH L&, R
FHUTVE % T A AL B (NIO) 94 K 1+, NiO 7
W A BESREEVURAE FTO B3R EM F. AF9E T
AREIVLEF NaOH F1 NH, OH. i J2 % B b2 iR
S £ A5 X NTO S8 BE M R AN 2% 1 pHL (i 15 bk
RERIREM . R NaOH fi7 42 A9 NiO g8 HA
TN bR RS A EOR Y NIO R 7S, L B A
AL R AR . B 5T AT B B AR W R Al R
I NaOH 3 W U0 3€ . 1k 2 808 10, BB IR B2
400 °C, FFi#l45 1 EGFET i) pH {E7E 2~ 12 7 [
W REE N 53,40 mV/pHL L HEE Ty 0,998
9, [mEHL RN 6.3 mV LM BE B4,

B T 38 AL B I LA, 2 B g oK g K AR R AR
EZ WA R T )z 5. P. Sharma % A7E Si/
Si0, /Pt Bt F TR T 94 2K 25 1 S8 b BF A% T N e
Hil e EGFET M+ pH &, #F 58 R A AL
T2 7efE EVIRURIEZ) 1 pm DIAE N %% R)5
T 5 v AR R B O 20/200 nm B9 Ti/Pt. B X 2
Ti/Pt AE 2 % J2 s R FH 56 000 D0 539 32 1 4 7 IR
k350 nm A2 AT R4 5T 1 SEUA B A K 2 R
PRSPk pH (EAE A~12 S B N B B
HORE .o 31,81 mV/pH, X R LUREE N LK AY
EGFET & AT T S 4

A. K. Mishra 2 Affi ] CuO 41K (NWs) 14
JEE AL EGFET MT pH (M 454 1L 00, 18
ST R TR R GR K O 3K A KR Cu fA
1 CuCOHD, 45 fh b, % 4 pl 28 A 7 CuO g4k
. Wil& M EGFET BA R4/ pH BURE, 208
48.34 mV/pH, LMk 99. 8400 . 1fE 2~12 h N
M pH K FEARIFMWEEE. EBER 2.5

mV/h, B RN 2.5 mV, AL, BF 5508 B IKAE
AT By A An] I 5 A 0] A7 ML AZ AR A% B0 T 4 4 0
e, BRI, M4 )R S A 5 8 A0k A
A I T = W A - - W = W L
(CuOOH) RA R E, 77— R AN W), S H
F, P I A 6 2 WA B8 1 T v R o o AR T A 1
AL TR AE W FE Y 1~12 mM NAFAE R0
LMERBE R 3.3 mV/mM, 1 HAE % T AR
B4 75 25 B K SE M 3.6 mM B 6.6 mM, b 4 45 B 7E
VES VBRI N AR I Y £ S R A TR A T R
2.3 FhBYGERME ISFET % B 2%

58 EGFET i WA 73 B 0 F8 AR 2H 1, X 25
SR AT T, A 08 A A o 7™ 4 T I A2 B AR
BRI . WF9E N 5K % Gt ISFET M4 48 EGFET
AZE S, 15— P 8 ) EGFETSY ¥ 4% G il
e SIE Ji 1 L A AIE JRe A 1 7 5 A2 TR R R
BRLM EGFET 456 7T WA 45 W ik #, 5% %
EGFET M I, A CMOS T. L F 25t M 4 1% e
Sy % B RS £ 7 AT sk G Ak 2 JE il RS 05 R A

Q. Zhang % AN H B K M/ T F 28 0% R
(PANI/DNNSA) X #5817 i 3 2% 0 &b 14 45
(ISFGFET) 1Y 4 Jig 77 i % J% = (AL Oy) #E 47 R 11 )
figfb , FRAG I pH (B FBOR 2 401k 4 B (HRP) 4
R T s F /AR JE ) T . PANT/DNNSA
ISFGFET &8 KE 9 fron. T PANI/DNNSA
J2 5 K W ST R R R A AR Ak R B0 A B OR R
[ FL A, TS ) MOS 45 /) BIE LR Ve, TR
.24 pH {7 B, DNNSA 2R &5 &k 4 i
T AL R 2% 2 B Nernst Wi 1, H R 8UE R
106 mV/pH. 7E £ I i i 1k 52 B B, Ve 7E 5 min
WRFT 250 mV L, B RZERE/NTF 20 mV,h
£ CMOS FE45 0 A Pk oF- & b k47 8 R e iz
1R IR B8 E T Bl

&yp -nre

Substrate+H,0,

REF / 9(}

Vee
Buffer

solution_ -
N

ANI/DNNSA
xide(Al,05)

—Metal(Al)

Floatin
gate

s W o
9 PANI/DNNSA ISFGFET #$ 4y 2K

J. R. Zhang % AWFSE T —Fp =49 & 4 )8 it
B RO 50% R4S (3SD-EMG-ISFETs) J T4 1l
pHEMZE T (Na™ ,K",Ca®> )P, K 10 fis,
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Horb B 10Co MBCR B R T 4% 8 1 T3 4
JBZE Al K H RBRIE W ALO, 2/ JF [,
MOSFET By Mt = 4 () 3 9 e 3 R4 8 )2,
W& E L Vias F1 SiO, HiE MR IZERN &R
] A2 5 TLD i F 1 25 7 1ok 2 b 3, R 4T JF 4 F
T4 8 2z b B Ak 2 (SIN, Fil Si0)P, R 7R
HMRTIES 4 R AL B R ALY U AL O, FHAE 15 I8
JZ. #ER B Tk B (ISMD SE R T fig 1k, Hp
ISM J& — i fb 4 1% IR T e 4k 7 v, 3l i 7 PVC 3
FRE P N — iR R B B8 A2 R B AT ke S 3AH
B IEEEE . B ST T A A O WK RO AR R
fie, pH HURSE N 56.8 mV/pH, I.,/I4~ 10°, 17 [H
IR} 85. 3 mV/dec, XF Na™ & —58 mV/
dec, X KT 84 8 —49. 5 mV/dec, ¥ Ca®t ff K
PR —21.9 mV/dec, 38 UM R 4F . i H &4
ISFET #4584 45 B 55 22 vh 35 W b 6 A7 R, v iy
P NT 5 s mE ML BTV R R
0.67 mV/h, S8 3 b H A& e i ) CMOS ISFET
BEAR T — R 2.

(a) (h)

ALO i
! ENE ¥ Si;N,

I Post-processing

w6 Al
Via6 + Photolithography
M5 Via5 openings
M4 Viad

+ He/C, K reactive
Via3 ion etching

Via2
—>

IMD (SiO,)
=
W

Vial

p-substrate

* ALO; over Al

* Si;N, over Al

{
— 100 pm

(a) 3D-EMG-ISFET W #ifi~ ERE (b)) EE T L4 %
(o) it 2= RS
E 10 3D-EMG-ISFETs

ARICLER T BT ISFET 28 W) 45 S8 i T4
J 3 AR AR 5 1 S5 A AN TR K ISFET 43 2k 56 4% S
591 ISFET KL T 4E et 25 449 &L i) ISFET, 43 #r
TR AR R . TP R S Y ISFET B

A REE S 5 THALRMEES CMOS T. 234
FER AR TR A S B R M 22
friR AL 1% 48 EGFET A2 € PR BT, T ik 4 o 1A 45 11
A2 JE ik S5 45005 (H R A 0 8 3 43 4 S B iR
R M T A fb fn i 7=, B8y EGFET ki
gEA W E NS . 515% EGFET M L. fE5 CMOS
TR R NE A S SRR 7 8 AT
A VA b 2 T Tl R A5 . %o A ke S R P |
i TeAR I R R Ak T < ISFET B 1%
AR HAEEE L,

S % 3 ok
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Abstract ;

The total ionizing dose (TID) effects of Fin field effect transistor (FinFET) were fully analyzed,

including the effects of bias condition during irradiation, process parameters, special process to boost driver ability

of devices, and the doping condition of source/drain on the TID effects of FinFETs. For small size devices, SOI

FinFETs exhibited greater TID tolerance than bulk FinFETs. which were more suitable for high-speed radiation-

hardened ICs design. Moreover, some new gate dielectric and channel materials, such as HfO, and Ge, would

further enhance the hardness of FinFETs,
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technological development routes of research institutes such as IMEC, Intel, and BAE Systems, the development
trend of optical interconnect SiP technology was discussed.

Key words: optical interconnect; silicon photon; InP; optical 1/Oj; integrated circuit; system-in-package

7 SR B P A2 3 Y S (CPU AR 5078 ) [
il = B0t i 20 Y BRI T A LA Y AT T B RE A R
AOBR . BEAE 2 G0 A% B30, AL 16 B A PR RE T
HFFSRT T ARG ERE. By B2y U R RN TR AR R . BAR RS
G R AR G T O AT BEAT I R L Al L AR A
FE I JC A% i AFL A5 5 78 D6 1 Wi A A5 A58 R A 4 0 P

Z ) A% 2 7 A R T, B R BR ) T R T RE

Y75 B #3:2020-04-28 ; EF8 H #A:2020-08-14
EETNB AL Bl 3% R iR S0 80 2= 3 4 W Bh 100 H (614280204030317)
TEZE B A R & (1978—) , 58 (WU , T PR IJT M, TR U, A S A 40 42 il e, B 0 AL R B 9 T4



886 PGS MR DL L R B BORATHTAT Y

2020 4F

i 2R3 A i AX — I BT Y OC B R IR AR R <
T TR A L% R GG ARG 1)
e N AR EE 20 e A B N ER T CHID A O B 3% A A
TS am mE 0" . W R AR g0 I %
B Al LLik 3] 1 Pbit/s(1 024 Thit/s) & 2% A8 1%
o R B AT A R R T B AR KT

1 EEHRAR

O O R G BRI O i M AR O 2R
AN/ (/O HR 5 EDE b #1550 (GPU) V3L
Al g FE I TRES] (FPGA) L % FHAR B 6 CASIO) %558
HEAR B B (TO) 72 3 e AT SR B U SE B = K H
Fr: 1) BACTIREN SiP, e Tris i T 280
R AN B S50, SE R RS 7 IR A7 b 3, D)
FEARR W) R G LB R O T 5 A/ . 52
100 Thit/s BVl 9 JREFE N 1 pl/bit 1Y IC %,
A 2025 4ETFERRHI N 100 WY 75 28 48 % i
T ER, 2) KRBT F 2. 581
Pbit/s 7 %657 /O £ AR, FF K REFE N 0. 1 pl/bit
F1%) i 2] 3ty L[] 4 6 oG R . 3) HLEZE M, HF & O
B HOR , DR 3E AR SR TE R G b i ] B 3 900
F 1O IR KRE . B 1 BrR ik B a] i 46
TFREERNHRRERY

UNCIE SRR TR

A i l“l ; ¢ ‘
=/ F i ay
f y - &
r—
%ﬁc;f
gy 2.5DAE K,
st AT

LB T B T
2 FEMREHA

2.1 RFEREEFEHAR

H i 6T 4 BT 5 4R 3 B4 RE O T4 AR
F InP W BURAEMR . L FH AR T rEM
BLAHEA CMOS T2 1f5 Seam I & 54
BB — AR AR A 2 L A B A R R
By 58 RN Ty 2 B 04 T A 28 B RE T . AT LA B AR K

A BT R B A H RS R =2 TR Y A R 8
DL K i v AT JT 420 (1 X 10'%) H 54 68 7 1 v, 8% b
5 [ B =2 T A AR R . R e
RGP TE SIP AR R G T CHLRR Ry gl ok
HF ) ECFEMBIUTCAF . REAE A BT £ 194 IS B
TIE B LA f b 04 R sl 4 P R 22 b L H T RE O
i AR AT 4 A S K

InP S % 14 Kl 6 v e Al R, b R R SH ] LA
KF 100 mm., i InP & WF G 7 RIS 3] H H 3%
M B 3% B /N RS R B A B R IRAR £
FE I I £ T B 5 TR s (IMEC) BF & 10 48 i i D 1
T 1SIPP50G 347 i P BE G AL B (50 Gbit/s S LA
R SEAR AR R L 8 ) el i 1IC A Y
Oy FAREIN 25 MBI 2% | s X8 TR 45 4508 48 B A A
REG TS A&t
2.2 WEBXTFHEEXRERR

BB WURE I T2 1 J T T JR SRy ik A 6 2 HE 4R it
T LSS BT B SR A A Y T AR AR H Y Ak
WEWRHEE. 5 2D kM. 2. 5D Ml 3D 4£ i
TR ARG 1/O 45 9850, 3k 2 B O 9K 3l i 2 4
FIG 2 2 1R 22 ) 0 328 2 b AE — 4 IX 38l S 2 — 4 X
B AN R BN R0 Rt AT DA B L R
T B AR R A . R B A B U S R T
KH 12,5 pm M4, T RAARAS 25 pm (14 ) FE 5 26
HRCRT, SCERL7 )R T B 10 pm (6] B ARG 5 %
JE Co-Cu il f, BEEERFFEMAIEER R T/0
BN T 250 £, IMEC FIH8 % 75 2 54K By
A R Al (GlobalFoundries) B & {78 T f# F 50 um
V) P o™ B 1 2 4 3D A AR R, o i
1 Thit/(s * mm*),

FF ORI 2 (MRR) 188 1AL 2511 & T 100
Gbit/s B a7 56 RE G 7 B % 2% 15 o 32 1t B v 0 i
T v B MR AR A T RES . MRR WAl 4T £
TiUH % DIRE 2 6 F 2R G0 R OC AL A B, B T AR
A TR R 2§ O I O B JG IR R R Dl K e R B D B
WE 2 frR, Y e KRR AE 200 Gbit/s #] 800
Gbit/s X [a] B, 38 i Tk 2R T i B 25 19 4 B0 R T
AW B D RE RS 2 ARG

3 TR HE A
52— 0 il S 0 0 5 B B

Bl 3 7R At R R B B IR AR A
i LR Iy RO = B g — R P T L A



% 6 1 R R 0 O R S AR B B 5 887
i ) EE R Pk A PIE[3E 2% (Flip-Chip) 8 8 7E SiPho £ v |, 58
3.1 IMEC Byt B & B £ BINRRT 5 mW BBOLEAE S 2] SiPho &5 7 E#Y

IMEC J2& 44 K iy, 7 AT BRI e i) SIN b,
WE & FAH L . IMEC 7EH 200 mm CMOS K= s
LIt R T iR SeE DG T iSIPPSOG - 5, Al il i
290 B @ (MPW) i 45 L e % 1 T A58 17 X A1 AR - 20 o 74 %
T.OIMECHIFLT —FIETRILEIOLTRRTY - T
5 BioPIX 4 76 & K dft ik MPW., IMEC JF & H F = -...-" TR
357 B 7 EO0 T 0 SO T4 A B (PIC) L R —— 12 E
QLR W5 173 AR 52 B0 B v B A 0 4% 5 g
B3] DRAM ¥ 82 69 5O %M 1 Thit/ (s + mm) =0 o
1 100 Thit/(s * mm) B £ 1 Pbit/(s « mm) X &, 0 7.0

R . 200 400 600 800

%1 BER A IMEC % 5 06 7 30 R B2k 110 R ) i

2020 4E 2 A ,IMEC 7£ iSiPP & F R Ihd LT C

W B (1 530~1 565 nm)InP-DFB 5658 , % L 55 K 2 MRR ¥ HS5MAL

N VALY VAN AN
et A (Vo) - 25
VO M AEREE L S .
5 N . LV 2R R (IMEC
100 Thps/im uﬁﬂﬁ] [5.5& A - B2 ] SuRii3 ( )
T [10 km+] f
et . e S HETEU MR AR L%
= er LeT % EABDEL(MME) H,T

o BdEH [5 m~10 kms+ |
100 G~400 G~1.6 T+

o JEHE [05-3m]
8~16~32+ x 50 G~100 G

& L A [5~50 em]
200 Gbps+/mm

o B[] em~10 cm]
1 Thps+/mm

ZBOLLFMMF) 40 G
106G

1 Gbps

p— p——{ >
1 mm I'm 1 km 1 Mm
B P
Bl 3 HEBARIE w3 RO B T & R ORIE . IMEC)
#£1 IMECHAEERARBEEZE
IR NG 2016 2018 2020 2022 2024 2026
CMOS 95 /5 /nm 28 nm 20 nm 14 nm 10 nm 7 nm 5 nm
BROER /O TE/ 1.6 3.2 6.4 12.8 25. 6 51.2
(Thits s 1)
B KPR/ 25 35 50 709 1007 1407
(Gbit + s71)
5~500 m+ InP PIC InP PIC InP PIC SiPh PIC SiPh PIC SiPh PIC
B o W 45 SiPh PIC SiPh PIC SiPh PIC 800 Gbit/s 1. 6 Thit/s 3.2 Thit/s
100 Gbit/s 200 Gbit/s 400 Gbit/s SMF SMF SMF
SMF SMF SMF




888 WRES. BEE L E R ERE ARG 2020 4
gx
H#E 5] Ay 2016 2018 2020 2022 2024 2026
0.5~3 m JEMR Cu Cu Cu/VCSEL Cu/VCSEL SiPh PIC SiPh PIC
SiPh PIC SiPh PIC 128X 256 X
64x50 Gbit/s 128x50 Gbit/s 100 Gbit/s 100 Gbit/s
5 cm~50 cm Cu Cu Cu Cu/VCSEL/SiPh SiPh PIC SiPh PIC
(] I A A =100 Gbit/ =200 Gbit/ =400 Gbit/
(s * mm) (s * mm) (s * mm)
1 mm~5 mm Cu Cu Cu Cu Cu/SiPh PIC Cu/SiPh PIC
ARG Y >5 Thit/ >10 Thit/
(s * mm) (s * mm)

1 SIPh— 6 T s SMF—HUBLGEF 5“7 R/ m M AN E &

3.2 Intel NI E SF BT EK

AR R ARG TR EE S Intel 2
AR Ak O % 4 AR S B o 4R L T A
THE MBI 7 % . Intel 16 2019 4F & A HOE
Ttk AL AR B B, B X 400 Gbit/s T i B
il 1 400 Gbit/s QSFP-DD DR4 W & #% ., JF i i B
25.6 Thit/s 8% 51. 2 Thit/s sHHLis i A5 IR A B3
SR

Intel 2 HAE 300 mm fif & B &S T InP
JEUE L 1T TR OGRS OB RCR AR B CRESL L
A i B TR RO AR RS2 R L IRk g
FAVEVR 25 S e, Intel 23 W) i P 07 22 00 45 A 2 )
PLHEAT RBUBE T2 A0 38 . [k T ] 4 B3 25 L 8 4l
A P 28 55 2007 RIE A — R 3, I 7T A ik
o 2l e g 1 JE R TR FERE e SE R B
A,

Intel SR A9 3 Fl ot i b 4 SO 25 19 O
T BN BRI R 588 bl ASIC IRA #2 . Intel &
A1 (9 WS i B ) 2 B Y B R s AR a3k 2
N. BIANEEH B, Intel FIEEIKEE Ayar B 27
SERE RS T % 1/O 5 R PFGA 808 % 6
Ayar iy TeraPHY St I & 4% /Nt i 52k H AIB
2 OUFN Intel EMIB BEFF 2604 Intel FPGA 32 7
—R I 4 B, Z R AT LLAE] 2 Thit/s 1
BT S AL B IR R 0T s 2 ke, 17 A% i D) RE R
il 5 pJ/bit,
3.3 BAE R&GR A ARGEERE

BAE R4/A®lE CMOS AR 7 i s 7 8 %
B %8 FIZE CMOS FRH38 N 7 2 21613
Al i G T #0F SC B R RE RE 4 4 A o o 4

PIREEFE S . BAE RGN A FAE 2006 4R R4 T
5 [ [ By &6 & A 58 1 R R (DARPA) B FDEF
LA (EPIO) T H 45 — B Be g wF o8 T4, =
HIZ /A RITE EPIC 5 — M Bc 2 & 9F & T CMOS 3
R IR B A B AR T RE RE IR R IR 2% B AT
T A RN R TR B DU B A O A U R L RE
UGG 24 2019 4FE bR DARPA “h 528
R R B RO SE 45 709 O B P 2F B AR R B 5
(PIPES) "3 H , i F 25 H .

R2 MNPEBINHZERERHBARIER (RE : Intel)

25 Thit/s ~ 50

-
IR Thit/s ft

=

L C
. 25 Gbit/s £ ol
v Ghit/s £ K ’

i SesDes 0”
SesDes::

o M b H I

cEYE 1/O IR N ) ¥ F ot
. Al fig W & 100
I B % R 48 ) 1t SesDes
Gbit/s

« e ML Z 8]

* Sk R ek - g w
B B ( SFP/

. 4 P il
QSFP i3
< IR W B

- * BIAM BT v 1
RN

LN
W A
A




PGS MR DL L R B BORATHTAT Y 889

TeraPHY FIFPGA[a] (Y EMIB

[ 4 EMIBZE#:# TeraPHY 5 FPGA
4 HRIE

e O B TR G0 R R R O i S ] A
RS0 1 S B R R L BT IE N R G L H AR O B )
BARRGH BNR POE . B G E G B AT D
R H5 T 38 75 2 9, DT K 42 T 2R 4 A B B
B DR 2% 1] F 206 B 4 6 AT A R 9 5 i)
P e H AT .

B YO ARG 8] DARPA B 5 B,
DARPA 7£ 2018 4= 11 H 1 H HF & 2% (ERD
55 B Bestsr 7 PIPES T H M0 J0K v O %
HE ) 52

AR Y R J a3 2y B0 A L HR BT KOG AR
SRR BRI & AT AR O IOKR 7% L JF A SR
I3t 1 7 Ge B3 (SiP) 2R T e i (0 2
BEFNEASH T A 7 5 BT AT AL B R e v SR %
3G T U1 =T Y QG O = QB o R 11 N (=52 N
A% TS oMb ] B 5 P 1 22 8 2 0 B R B K
HETE R,

2 % X Wk

(1] W, R EER., SRS —H AR B
AkhR (10, HEHLR, 2012, 39(11A): 320-326.
[2] SCHLANSKER M, TAN M, TOURRILHES J. et al

Configurable optical interconnects for scalable datacenters

[3]

[4]

(5]

L6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[C]// OFC/NFOEC. Anaheim, CA, USA. 2013.
B, SESPERERMOHTE M THEFALR
[EB/OLJ. https://www. chainnews. com., 2018.
DARPA  PIPES developing integrated optical
transceiver capabilities into multi-chip modules for high
throughput parallel processing [ EB/OL ]. https://
idstch. com, 2018.

QUACK N, SATTARI H, TAKABAYASHI A Y, et
al. MEMS-enabled silicon photonic integrated devices
and circuits [ J]. IEEE Quantum Elec, 2020, 56(1):
1-10.

JOYNER J W, ZARKESH-HA P,
Global design
system-on-a- chip [J]. IEEE Trans VLSI Syst, 2004,
12(4) . 367-372.

Hesse GmbH. Wire bonder Bondjet BJ653 benefits and

[ EB/OL 1.

MEINDL ] D.

interconnect in a three-dimensional

features https://www. hesse-
mechatronics. com/ en/products/heavy-wire-bonder/
bj653. 2014.

RAKOWSKI M. BAN Y. DE HEYN P, et al.
Hybrid 14 nm FinFET - silicon photonics technology
for low-power Tb/s/mm?® optical I/O [C] // IEEE
Symp VLSI Technol. Honolulu, HI, USA. 2018.
221-222.

SHEN Y W, MENG X, CHENG Q X, et al. Silicon
photonics for extreme scale systems [J]. ] Lightwave
Technology. 2019, 37(2) . 245-259.

ABSIL P. IMEC’s silicon photonics platform enabling 100
Gb/s OOK optical links [ EB/OL]. https://docplayer.
net/86520403-Imec-s-silicon-photonics-platform-enabling-
100gb-s-ook-optical-links. html, 2017.

WADE M, ANDERSON E. ARDALAN S, et al.
TeraPHY: a chiplet technology for low power, high -
bandwidth in - package optical I/O [J]. IEEE Micro,
2020, 40(2): 63-71.

Theengineer. EPIC award for BAE systems [ EB/
OL]. https://www. theengineer. co. uk/epic-award-
for-bae-systems, 2006.

DARPA. Microsystems technology office broad agency
announcement, photonics in the package for extreme

scalability ( PIPES) [ EB/OL .

tau. ac. il/sites/resauth. tau. ac. il/files/

https://research-
authority.
DARPA-Photonics_ for _ Scalability . HR001119S0004.
pdf, 2018.



5% 50 % 4 6 1) (O Vol. 50, No. 6
2020 4F 12 H Microelectronics Dec. 2020

- X3 ARBHL5LY

MEMS FAXxHREEMMHEER A EMR

5k R, aRE, AHE. FWHE, R &, kA
(TR R B TR S TR 2B, MES 611731

M E., AT HARBREESEAIBEENRKTELEAX . RBE D SHEERARL B T
ZI4R (RIE) T #4724, BFR T 214k 3t 24k ah A 69 om0 10 T R B 24k %) & 55 2] 4k 6t 1)
WMALMHTIFARMEMZER KT EZRIELYE, SHEREAN, BT IS EN Fhi
REWF EME 242 FH 1.3 pm/min, RAKFT LA 2 pm A T H K L H 2 &6 MEMS 7
KR .
B4 25 TN4105

DOI:10.13911/j.cnki. 1004-3365.190710

MEMS J % ; BB ; RO & T 24k 4542 KB %

X EkFRIRAD : A X EHRS:1004-3365(2020)06-0890-04

Study on Polymeric Sacrificial Layer Etching Strategy for MEMS Switch

ZHANG Yi, BAO Jingfu, HUANG Yulin, LI Xinyi, ZHANG Ting, ZHANG Xiaosheng
(School of Electronic Science and Engineering » Univ. of Elec. Sci. and Technol . of China s Chengdu 611731, P. R. China)

Abstract ;

sacrificial layer was removed by using RIE process. The influence of the etching power on etching time was studied,

A MEMS switch with low pull-in voltage was fabricated using polyimide as the sacrificial layer. The

and the structural integrity of the switch beam was tested under different etching power and etching time

combination conditions, so this RIE process was optimized.

Experimental results showed that the polyimide

sacrificial layer removal effect was good, and the lateral etching rate was 1.3 pm/min. Finally a MEMS switch

cantilever beam with sub-2 pm gap and complete structure was obtained.
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A Novel Insulated Ring-on-Channel Gate All Around
MOSFET to Reduce GIDL

TANGYaxin, SUN Yabin, LI Xiaojin, SHI Yanling

( Shanghai Key Lab. of Multidimensional Inform. Processing, Depart. of Elec. Engineer. , School of Communication and

Electronic Engineering , East China Normal Univ. » Shanghai 200241, P. R. China)

Abstract: In order to solve an issue of Gate Induced Drain Leakage (GIDL) effect but improve the analog
performance in Gate All Around (GAA) MOSFET, a novel structure of insulated ring-on-channel GAAFET was
designed. The characteristics of this structure were that the insulated ring was introduced on channel near drain,
which was helpful to suppress longitude band-to-band tunneling for better electrical characteristics. Compared with
conventional GAA MOSFETSs, the results of 3D numerical TCAD simulations exhibited that the off-state current
was significantly reduced but on-state-to-off-state current ratio (Iox/Iorr) was enhanced. Dynamic performance was
still great owing to its high maximum oscillation frequency fuax and the cut off frequency fr. In addition, an
increasing of thickness for the insulated ring could decrease both I'ogr and Ion but improve the Ion/Ioer ratio.

Key words: insulated ring-on-channel; gate induced drain leakage; band to band tunneling; gate all
around MOSFET
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A Novel Latchup-Immune DDSCR for Low Voltage Protection
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Abstract ;

electrostatic discharge (ESD) protection device dual directional silicon controlled rectifier (DDSCR) , a novel DDSCR

To overcome the problems with the low holding voltage characteristics of the traditional on-chip

device structure with embedded multi-MOS was proposed. The core design idea was that the shunting path formed
by multiple MOS could enhance the reverse bias electric field, which improved the anti-latch ability of the device.
The results of TLP test based on TCAD multi-pulse simulation showed that compared with NLVT_DDSCR device,
the holding voltage of the novel DDSCR device could be increased from 3. 50 V to 5. 06 V under the premise that the
trigger voltage remained basically unchanged, and through the extension of the critical dimension D;, the device’s

holding voltage could be further increased to 6. 02 V. Therefore, the novel DDSCR device could be suitable for low
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voltage chip protection with 5 V power rails.
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Study on Channel Temperature Measurement of Lattice-Matched
InAIN/GaN HEMT

JIN Ning', CHEN Leilei', CAO Yanrong”, LIANG Hailian', YAN Dawei', GU Xiaofeng'
(1. Engineering Research Center of IoT Technology Applications (Ministry of Education) s Department of Electronic Engineering »
Jiangnan University s Wuzis Jiangsu 214122, P. R. China; 2. State Key Discipline Laboratory of Wide Band-Gap
Semiconductor Technology » Xidian University, Xi’an 710071, P. R. China)

Abstract: Various experimental methods were used for measuring the channel temperature of lattice-matched
InAIN/GaN high electron mobility transistors ( HEMT), including the DC electrical method, pulse electrical
method and micro-Raman spectroscopy measurement, then the accuracy of each method was evaluated. The results
showed that the temperature obtained by DC electrical method was lower than that by Raman measurement, which
seriously underestimated the channel temperature. The temperature obtained by pulse electrical method had been
improved, but the temperature between source and drain was averaged due to the limitation of horizontal spatial
resolution. The maximum channel temperature could be accurately obtained by micro-Raman spectroscopy.
However, the measurement process was too complex to be applicable to the actual packaging device. Finally, a
micro-light electrical method based on Emission Microscope ( EMMI) technology was proposed. The triangular
distribution of channel temperature was obtained, and the experimental results were consistent with the Raman
spectroscopy method. This evaluation method was suitable for practical production.

Key words: GaN-based HEMT; channel temperature; micro-Raman spectroscopy; EMMI
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Research on SU-8 Photoresist Stripping Process

ZHANG Di, WANG Ying, QU Minni, KONG Luyao, CHENG Xiulan
(Center for Advanced Electronic Materials and Devices, School of Electronic Information and Electrical Engineering , Shanghai Jiao Tong
University s Shanghai 200240, P. R. China)

Abstract: Su-8 photoresist has been widely used in MEMS devices, biomedicine and chip packaging because of its
excellent mechanical durability, polymer watertightness, dielectric properties. biological compatibility and chemical
corrosion resistance. It is still a difficult problem to completely remove and peel su-8 photoresist without damaging
the device. In this paper, a removal method based on O,/CF, plasma etching combined with wet etching had been

studied to achieve effective removal of Su-8 photoresist on silicon substrate, amorphous inorganic non-metallic

material, electroplated metal and other materials.
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Hardware Trojan Detection Method Based on Feature Extraction and SVM

GAO Liangjun, YU Jinxing, CHEN Xin, LU Yingchun, YI Maoxiang
(School of Electronic Science and Applied Physics, Hefei University of Technology s Hefei 230009, P. R. China)

Abstract ;

on machine learning, a hardware Trojan detection method based on feature extraction and support vector machine

Aiming at the problem of low detection rate of the existing hardware Trojan detection methods based

(SVM) was proposed. First, 6 features strongly related to the hardware Trojan were extracted from the nodes in
gate-level netlist and taken as 6-dimensional feature vectors for each node. Then, these feature vectors were divided
into the training set and the test set. Finally, SVM was used to detect hardware Trojan. The method was applied to
15 Thrust-Hub benchmark circuits. Experimental results showed that this method could achieve an average

hardware Trojan detection rate of up to 93% , and the hardware Trojan detection rate of some benchmark circuits

could reach 100%.
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A Hardware Trojan Detection Method Based on Temperature Sensor
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Abstract: Aiming at the problem that the side-channel signal analysis method of hardware Trojan detection
needed golden model and was greatly affected by process variation, a hardware Trojan detection method based on
temperature sensor was proposed. The anti-process variation design was adopted to make the temperature sensor
less affected by the process variation. Temperature sensors were inserted into similar structures (memory units,
modules with same function, etc. ) of the chip to simulate the temperature. Simple outlier analysis and difference
analysis were used to compare the frequency of the temperature sensor between the similar structures to detect
hardware Trojan. This method could effectively overcome the influence of process variation without requiring a
golden model. The frequency of the temperature sensor affected by process variation was 9% at the worst corner.
Based on SMIC 180 nm CMOS process, the hardware Trojan detection of advanced encryption standard ( AES)

circuit was simulated and verified.

Key words: hardware Trojan; temperature sensor; similar structure; process variation
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Reliability Assessment of Thick Film Resistor Based on Degradation Data
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Abstract ;

resistor. Based on the degradation data, it was noticed that the resistance degradation could be described by linear

The storage tests under high temperature stress were designed to evaluate the reliability of thick film
model, and the pseudo-failure lifetime of thick film resistors could be well fitted by log-normal model. The lifetime
of thick film resistors at room temperature was calculated with Arrhenius equation, and the number was about 17. 8

years. Finally the failure mechanism of thick film resister was discussed, and the reliability evaluation under

temperature stress was completed.
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Abstract :

(pHEMT) under high temperature and off-state stress measurement was studied. Poole-Frenkel (PF) emission

The DC characteristics degradation of GaAs pseudomorphic high electron mobility transistors

mechanism dominated the off-state current, causing an increase in leakage current with the increase in temperature,
while the decrease in transconductance was induced by a degradation of carrier mobility. It was observed that the
peak transconductance of GaAs pHEMT exhibited an abnormal increase at 450 K, which was attributed to the sink
effect of gate metal. Off-state stress influence on device was further investigated, resulting in similar gate sink

induced degradation to that observed under high temperature.

Key words: GaAs; pHEMT; high temperature degeneration
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