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A CMOS Voltage Reference with Second-Order Temperature
Compensation Based on 65 nm CMOS Process

YANG Han, HOU Chenchen, ZHONG Ze, XIE Jiazhi, LIAO Shudan
(The 24th Research Institute of China Electronics Technology Group Corp. , Chongging 400060, P. R. China)

Abstract: Based on a 65 nm CMOS process, a subthreshold MOSFET voltage reference with second-order
temperature compensation was designed. The reference generator utilized gate-source voltage difference for CTAT
voltage between two NMOS transistors, which both operated in subthreshold region to achieve second-order
temperature characteristics. The second-order temperature characteristics of CTAT voltage was opposite to the
second-order temperature characteristics of PTAT voltage. By using current mirror technology, the gate-source
voltage difference that was complementary to absolute temperature was added to the output of the voltage reference.
Simulation results showed that a temperature coefficient of 5.9 X107%/C at 1.2 V was achieved from —55 C to
160 'C. The reference generator operated under supply voltage ranging from 1.1 V to 1. 5 V with an output voltage
of 273.5 mV and a power consumption of 10 pW.

Key words: 65 nm CMOS process; subthreshold region; current mirror technology; second-order

temperature compensation
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A Programmable Capacitance-Voltage Converter

ZHU Zilan, LI Wenchang, YANG Wenxuan, LIU Jian
(1. University of Chinese Academy of Sciences, Beijing 100049, P. R. China;
2. Institute of Semiconductors , Chinese Academy of Sciences, Beijing 100083, P. R. China)

Abstract ;

presented. This circuit was composed of balance capacitor arrays, capacitance transimpedance amplifiers, sample/

A programmable capacitance-voltage converter circuit for detecting small capacitance signal was

hold circuits, low pass filters and buffers. The capacitance detection method of modulation and demodulation was
used to realize capacitance-voltage conversion. The simulation results showed that the capacitance resolution was
1. 70 aF/ v/Hz, the output voltage signal was proportional to the capacitance difference, and the determination
coefficient R* was 0. 999 99. The integral capacitance value, amplification gain, balance capacitance and bandwidth

of the circuit could be set flexibly by programming. The capacitance-voltage converter could be used for MEMS and

other capacitive sensors.
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A Short-Circuit Protection Circuit Applied in High-Side Power Switch
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Abstract ;

included output short-circuit detecting circuit, delay signal generating circuit and gate-source voltage limiting circuit.

A short-circuit protection circuit applied in intelligent high side power switch was presented. It

NMOS transistors were used as the power transistors, so the circuit was still in the safe operating area when the
circuit was short, and the reliability of high side power switch were improved. The short-circuit protection circuit

was simulated in 0. 6 pm HYV SOI process. The simulation results showed that the power transistors were keeping

in the safe operating area under the condition of hard switch fault and load short-circuit.
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A Single-Inductor Bipolar-Output DC-DC Converter for Neural Stimulator

SUN Lei, ZHANG Yuwei, ZHANG Milin, LI Dongmei
(Department of Electronic Engineering » Tsinghua University, Beijing 100084, P. R. China)

Abstract: A single-inductor bipolar-output (SIBO) DC-DC converter was designed for the application of neural
stimulation was proposed, featuring with high light-load efficiency and low design complexity. The proposed SIBO
system generated both positive and negative voltages in the same time by using only one inductor and two-phase
control rhythm, which greatly reduced the complexity of the control logic, and improved the efficiency. Constant
on-time (COT) control was applied to improve light-load efficiency. The proposed SIBO system was powered by a
single-cell lithium battery with an input voltage range of 3 V to 4. 2 V. The output voltage of £16 V, =12 V, +38
V, or £4 V were enabled in different modes. Output voltage ripples of 4.5 mV of Vop and 3.4 mV of Vy were
achieved with a =216 V output voltage and a 1 mA load current according to post simulation. A maximum power
efficiency of 94. 8% was achieved with a 1. 3 mA load current. The circuit featured high efficiency, small output

voltage ripple and low design complexity.

Key words: single-inductor; bipolar-output; DC-DC converter; neural stimulator
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A High Frequency Stability Buck Converter with Single Cycle Output
Voltage Prediction Technology

ZHANG Yufei, ZHEN Shaowei, YANG Mingyu, LUO Pan, YI Zihao, Fang Zhou,

LUO Ping, ZHANG Bo
( State Key Lab. of Elec. Thin Films and Inter. Dev. . Univ. of Elec. Sci. and Technol . of China, Chengdu 610054, P. R. China )

Abstract: An AOT-control buck converter with Single Cycle Output Voltage Prediction (SCOVP) technique was
proposed. Quasi-constant frequency operation with the input/output voltage and load variation was achieved.
Furthermore, the switching frequency was set by off-chip resistor with improved accuracy. The switching frequency
variation of the traditional AOT-controlled buck converter was analyzed, and an One-Shot Timer(OST) circuit with
SCOVP technique was adopted. By predicting the output voltage through single duty cycle and load current, the
operational frequency was stabilized. The converter was designed with in a 0.18 pm BCD process. Simulation
results showed that only 13 kHz variation was realized with load current from 1 A to 5 A when the switching
frequency was set as 2 MHz. Meanwhile, the switching frequency accuracy was enhanced from 88% to 99.35%

with proposed SCOVP technique.

Key words: adaptive constant on time control; buck converter; single cycle output voltage prediction
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A Level Shifter for Half-Bridge GaN Driver

CHENG Songlin, XIANG Qianyin, FENG Quanyuan

(Institute of Microelectronics, Southwest Jiaotong University » Chengdu 611756, P. R. China)

Abstract: GaN half-bridge output voltage is negative during deadtime, and it brings a challenge to the signal
communication of gate drive circuit of GaN power device. A novel level shifter with false eliminating circuit and zero
quiescent current was designed through studying the mutual effects between the state of the level shift latch circuit,
half bridge output voltage jumping and its negative pressure in deadtime. The circuit was designed in a 100 V BCD
0. 18 pum process, and the layout was post-simulated in a GaN half-bridge converter with input voltage of 100 V and

switching frequency of 5 MHz. The simulation showed that the delay was 4.5 ns and 1. 5 ns when the half-bridge

output voltage was —3 V and 100 V, respectively.
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A High Precision Constant Current LED Driving Circuit
with Hysteresis Control
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Abstract :

hysteresis control mode, a new type of adaptive off-time control loop was adopted in this circuit instead of valley

A high precision constant current LED driver based on buck topology was presented. Based on the

detection feedback loop, which indirectly achieved accurate control of the inductor valley current. Therefore, the
error caused by direct sampling of the valley current was avoided, and the constant current accuracy of the system
was improved. The low-side sampling was adopted to this loop to reduce the loss on the sampling resistor which
improved the conversion efficiency of the system. The LED driving circuit had been designed and simulated in
TSMC 0. 18 pm 70 V BCD process. The simulation results showed that the maximum constant current error was

not more than 0. 8% within the range of 20~125 mA load current. The average current change rate was less than

1% within the range of 20~100 V output voltage.
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Design of a Multi-Phase DC-DC Digital Controller

WU Xin, ZHEN Shaowei, CHEN Siyuan, BAI Zhengyang, HU Huaizhi, LUO Ping, ZHANG Bo
(State Key Lab. of Elec. Thin Films and Inter. Dev. , Univ. of. FElec. Sci. and Technol. of China . Chengdu 610054, P. R. China)

Abstract ;

condition of the digital multi-phase DC-DC converter were analyzed. A digital current sharing technology based on

The small-signal dynamic characteristics of the current sharing loop and the limit-cycle oscillation

average current was proposed, and a multi-phase DC-DC digital controller was designed. A current sharing control
circuit and a digital pulse width modulator (DPWM) based on the synchronous design were presented to achieve
current balancing and interleave operation. The multi-phase DC-DC digital controller chip was designed in a 0. 18um
CMOS process. The simulation results showed that under 10 A~ 20 A load transient, the overshoot/undershoot
voltage was within 20 mV, the switching frequency was adjustable from 0.5 MHz to 2 MHz, and the current

sharing error was reduced from 20. 8% to less than 5%.
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A Fast Compensation Driving Method of the Second Order Load
with Small Damping Coefficient

PAN Gao, ZHANG Bo

(State Key Lab. of Elec. Thin Films and Integr. Dev. s Univ. of Elec.

Abstract :

Science and Technology of China s Chengdu 610054, P. R. China)

A fast compensation driving method of the second order load with small damping coefficient was

presented. According to the transfer function of the second order system, the driving signal of the second order load

with small damping coefficient was transformed, and the positive and negative step response with the same damping

oscillation period were added with different time to compensate the damping oscillation amplitude of a single step

response, so as to achieve the fast and stable driving response of the second order load with small damping

coefficient. Applied in this compensation driving method, an open loop controlled voice coil motor driver chip was

designed and tape-out in a 0. 18 pm CMOS technology. The results showed that the displacement amplitude of voice

coil motor corresponding to the optimal driving current was only 0. 925% , and the establishment time was only 7. 8

ms under the condition of the resonant period of 10 ms.
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Design of a Novel Multivalued Reference Voltage Output Buffer

HU Min, FENG Quanyuan

(Institute of Microelectronics, Southwest Jiaotong University » Chengdu 611756, P. R. China)

Abstract: The traditional multivalued reference voltage output buffers with different structures were compared
and analyzed, and a novel one with low power consumption and easy compensation was proposed. The PMOS
output structure and the low output impedance structure were used in the novel circuit to obtain both the higher
output voltage swing and the faster transient response speed. The proposed circuit was simulated and verified in a
0.15 pm standard CMOS process with the Hspice. The simulation results showed that when the power supply
voltage was 5 V and the temperature was 25 C, the output voltage upper limit could reach 4. 82 V. When the value
of the compensation capacitor was 3 pF, the phase margin was 86°. Under the conditions of 1.2 V input voltage,
4.5 V output voltage and 100 nA output current disturbance variation, the transient response time was 4 ps. The
quiescent current was only 7 pA.

Key words: reference voltage output buffer; multivalued reference voltage; output voltage upper limit; transient
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A High-Order Active N-Path Bandpass Filter with Harmonic-Rejecting

LI Jie, WEI Baolin, YUE Hongwei, WEI Xueming, XU Weilin, DUAN ]Jihai
(Guangxi Key Lab. of Precision Naviga. Technol. and Applic. s Guilin Univ. of Elec. Technol. , Guilin, Guangzi 541004, P. R. China)

Abstract: A high-order active N-path bandpass filter with harmonic rejection was designed using a three-stage
second-order N-path filter unit. By inserting a negative resistance and a gyrator between the second and third
stages, the Q factor, bandwidth and linearity of the filter were improved. Two clock signal with T,/6 phase offset
were used to control the second-order N-path filter unit in the final stage, which could effectively reject the third-
order harmonics. The filter was designed in a 0.18-pm CMOS process. Simulation results showed that the
maximum gain of the filter was 20. 12 dB, the center frequency could be adjusted between 0.1 to 1 GHz, the out-of-
band rejection was up to 50. 2 dB@700 MHz, the third harmonic rejection was greater than 40 dB, the noise figure
was in the rage of 4. 71 dB to 6. 9 dB. and the out-of-band input third-order intermodulation point (I1IP3) was 16. 3
dBm@50 MHz.

Key words: bandpass filter; N-path filter; harmonic rejection; tunable

5G HAR Y H B2 (5% Sl £ B 5 7 2 SCRF B

0 5 = Bok B . S g e A BN BE 4 6 LA S
FDTE 2 IR WA . 5G BRI B AR 1 B KR8

W5 F% Sl f5 B f 7 BT I M SRR B 22, SR ABURI S T R 8 B A R R R . B R RS Bl il
SOOI R i A o B TR I SR 2 R B, U IR /NI AL L SO AT i R B I 1] 4 4R Y O

%8 H #1:2020-02-28; E %8 H #5:2020-05-08

ESWE - HEAAR-EIESEITH (61861009 5 I Pi A 85 F A B A 5 M H 41 52 8 % % B I H (DH201807) 5 B Ak s 75}
PRV A BT B 0 B (2018YJCX26)

EER N2 FEA994—) o (DU )7 PG B AR WL B 55 4R, =2 20 DA 42 Al v 8 A 5% A
FARMAI74—) B CHF 7 PE Mg A L 802 E N F U BT 9 TAE . 8 A5 1 &  E-mail: guilinwxb@

163. com,



58 S

FEAE . FL A B 00 R B A IR N B A 3 O D A

2021 4

R

R S 450 o PR B P W IR R ER A SAW
UEP AR LC B AR G -C JE P 48 . 155 SAW
e 25 ELAT 3 1 0 B R AR BR E R TTT AS RE 4E
AR ] 2 TS 38 T 08 4 m R A . LC U8 4%
AL RAE b AR RS B A R L Q (ARG H R
2R B G AR KT . SR Q B 9 R W $E R Uk
W Q A, H & 5 804 M BE e 7 ke A 22
Go-C UE U A8 AN5 FJER FAE B (A R 8 2 . 7
LA IR A H

fr 1960 4, L. E. Franks f1 I. W. Sandberg
S5 OB AR SR R PR S 45 i RC TG IR M 45 11
W4 N BEIE . XA 3 T ¢
HLZS M N BEAR IR 2% BA Q (8 & L I 1 98 . 4k
PR B AP A5 5 05, HL 5 14 A BB TG A2 AR JE R B AL
SRR oty P AT RS IR T oK . N R AR 1 R
OB R A ER O 1 B B B R e O MR B T
AR

N [ U8 B 2% A7 78 — Se 5. CMOS JF &1
53 FELBHL 25 1) 55 BEL A 40 46 BB T s e B A R
R o T 1) 25 5 BOTT 6 L 25 R FE R R A R 25
TF 5% H 6 0 R FE AR 2 5 Al S O sk B L 5 B
SR T LA TR f R (E S
1b . SCHR L4 DR BE T T 4138 Il A0 kL D8 D 2%
HH 3 7 HR S AR AR 70 dB Y IR U B A EL L H 2 A A1
1P3 A 8 dBm, SCHRLS I7E N (4% U8 I #5 wir H BX
BRI AS T LNA, v S 54 dB Y =Kl
P A BE 7. AR Fh 25 44 B AIK T #E WOHL I 4 AP Ze ik
FE. SCERL6 8t T — R 7E 42 5 5 51 AMH AL 22
T 25 I B 258 1 3%« A AR AIR T = U B Y o %
BN o AHLAP BT 1 R 4 22, rp O B R T R YE Bk 20
~560 MHz, W7 FI D FEHRR L AE K. F = B 8 O 2%
FRIE AT, 5 AR U8 D A A B R R N, R B T U
i AT B U e 25 A B8 4 19 A R o I TR A B 8 A
WA BERE SR I

ARSCHE I —FP LT NI U U R 0 = B AR
U HL B 1 H AT T S g K T A 3
P8 U HLA AR R A L Q L A e L AR A
B B0 1 = U e A i R . B s 0.1
~1 GHz. & M T H ®r W H # 7~ # LTE700,
GSMS850 il GSM900 %3 {5 £ 45 .

1 NBERRRHRES N

NS U5 s Xk A 408 00 R ) 0 % T B B AT

ARSI, B 1Ca) [/ 1(h) R 4 5 ok BB L 3F
BCIF 56 N AR IE P g g5 =

(a) BIRFF R N BEURH A (b) IFIEIF & N BEAR S & KX
A3 RLC BERY
B 1 HREBCRFIRTT 5 N BRAS I8 I 4544 1

FFRBERES So~Sst 4 B R 2591
BEBhE S A xR fE Y RIEXLEW. YE 1
(a) I L IF & Sy~ S; T Spo ~ Sps {5 5 i i1 114 531
SRR 7 T I AR ] B P81 Ca) FI 1 Ch) AN FR B 52
I TREA ] . & 1 Ca) i, A7 76 i T S 4L, /)
T HASFE RN T A A B H AL &
Bl P AR N AR EE . B 1 Ch) R A G
fEo el X HB A, F5 GRS R %
BT AR RCARGE JE W . B F 28I KL
23R 25 Vo BB AE S HE . B S ~ S B BUOR 3E
YT R -ADERMESR, BIEREHREXR
P B SR R A A0 AT A0 A RS 1 AR L DR S Y
15 5 4 1k J B A8 0 B F S A R AR, T 1 (b)) i
fr e LO A 4k w] DL At = B BE DA B 3 9l A
S AT B 1 Ca) HpH Y BB R . N K U8 D A
oy BB R

Zin(f):ZSW + N X 2 ‘OL/J‘ZZBB(JC*}CJ[L())

k= o

(D
R, Zsw Fom JF 56 T3 LB, Zon R FEAF BT » s
N 1/N 528 HB B (8 5 g8
RN A U U #4810 5 I0K T T S AR 2 b
BIFEEE RLC 18R (B 1(b) BF ) . B (g i
Uk U g M G A Ak RLC BB AT fy ¥ 2% 4 5 15
UL BB B 5 S HE D fE B SR L T
AHE A — 4 1/N B 52 . R RLC
IR AR A N % 4R T 56 28 8 B 25 00 4 9 A IR )
RLC ¥R Z8 B9 Ry » Cu ML (B 7T DA IR 75 %5 18] 43
B s
RB%ND—COS(ZTCD) JRs+27 D[ Rs (1—N * D) +2Rgy |

27 D—N [1—cos(@rD) ]
(2)



Bl Z

FEAE . FL A D 00 B AR N B AT S A 59

_ NDx’ C (3)
8N sin’(xD) +x*D(1—ND) ™

N S
CMNZKfQZ

Cli

Ly 4

2 BWMAIR N B4EW E KR

2.1 BHiEKAREE

RS TCIR 2 B N B AR08 B AR 4P B i . fH
SEENTRA — R Bl A B B DX 40 R R R
BRHITE — 20 dB/ dec. 3 {8 75 108 404 B 3T 149 490 25 i)
W25 s HAS He g = U Do il B8 F7 . i B I8 D 4%
FUARR 7318 904 i 15 i 5 A5 A0 e 4 00 2 BE I AR A
TEBELHT A S0 A T 08 AT IR o 5 T 30 5 4 o Y
2 197 9 I F % 3 2o 2 R 114 T i S B v B AT R B
AT LR v 8 I B e R

AT A8 TR 114 208 9 e A AT LAGE i 2k RLC i 4R
PR S L R XM BETT D A HE) T B N AR R U A
FEAEPIABE . B B 5 N AR il
U8 U5 o 1) 2 i ek B mT Bl O R LC IR ER
2 AR AL B BT N B AR AU IR B iR R
B AH H A B B RCT A LC BB A N B
RUEPASEE . BB A PR . N BRI A T
SR TR i A CLPTV) 7 T S i £ B4 20 06
] PR IR 1Y) N % A 208 5 A K 3 BT 6 L 4 Z [ 1Y
AR CELAE (R ff 352

o5 B TC U U A I AN 1 2 iR o LC ER IR
3R FRL B (L A Co) AT 3o P A BT 9672 4 (A T 46
oK IF I LC I IR L B e e 3 200 BT AR &
AT L 2o A Y (6] e i o S B A U] A 4% RT LA R
FEL S R AR TE B0 TR R P S B BB £ e K Y
AN SR TROR A 9 A i -5 AT PR B i 58 SUAH 4
o AR B — A [l L (ELER — 2 [l A % b i B
5 S 2 R R PR 5t B A i L S EOE D AR
M R AR RO S Al s R 2 — A [l e A T B o
BB S as MO A o X RE T DA A MR = A A
P 8 300 908 e D TR B 50 Dy AR B D A 5 OB A
U8 U 9 ZRIBC L B RE Ui/ D I A A MR A R R, SLRE
FEAR DI FE -

RS RN Y O Nk E /) O
g I dy LB B i 3 R A A 1 Y g K
AL T . [ 2 Tk R R LC IR AT
KA 1 () Fras (9 N i 42 08 B # 1 5% B¢ BC &
ES:p

! :, I
| | |
| | |
L !

|
| | A:
| | |
. '
| |

P2 I TG R O O e 2

2.2 BHMBERENBETEBRESNSNSIEIT

WAL X E 2 L F G 588000 N BE ORI 8 2E 4T
DAl AR SCHE M7 — ol 5 3 O 0 ) 2 BB 1 B A
JR N BRAR T 0 U8 A% . I UR AR AT LA R R =
YOI, BT MR BRI S R, H B R4
BELAF 4 I RE ) .

EL AR DA A T RE 114 R I T U I 2 1Y) 45 R HE
FIUNE 3 s o HAZ O AL = A ot B 2 A8 [R] 9 4
i 4k #% (BPF1, BPF2, BPF3) #l #§ 4~ #§ & ¥ oC
(Gt vz ~&ms ) o T B4 300 U8 I 24 47 98 32 22 Hhy
AT AV B IR R A A A B (GGl Cy)
RIE .

PR KA g AU B T BPF1 f1 BPF2, [
i 7 WA~ BPF i 25 22 0] 9 AH B 52 W, foff 7 6 8
T o T I VR I R R AT AR R A R R T
H 4508 B B BRI T B K L R 1 £5 . BPF2 X
2t i BPF1 % 5 5 iF — 20 ab #1575 58 A3t s
A TG T A e o R A g ) BEL A R . o A
BPF2 5 BPF3 Z [A] &S I PR A~ He 52 AH & i 5 i £ H
BH g » AT LA 1 208 D52 5 P9 38 15 6 19 BELE H - L 42
o T IR A 18 0 T PR B g 1 gy ZH ) [T 5 5 1T
FHT 32 m U8 e & A JE FNZRPEE . BB Qoo v Qs
8 g 1A 1 O IR A T T R R R A 8 KL HL )
FERMEFS R BCRE Z 35 m . X P & B B A, AR
WY gue = 19.4 mS, g,s =4 mS, [ 3 H
BPF1 1 BPF2 77 il i 4 &% W &l 4 Ca) fif 7, J& — F
243 DU B A2k U 4% . BPF3 (1 L B 45/ W 4 (b)
JIE7R . B EH PR 25 4 R DR T O 0 DY i AR R U A 41
A% . Th fiE & 4 ) BPF1 #0 BPF2 #5155 19 =k
.



60 2 . BB ms i s B a I N B AR O 8 B AR 2021 4F
™ I
D 8o 2m2 - a
I/ l/ F=T-"-T™ .flﬂ
)l
1 1
nput é’&%ﬂj g’%ﬁ _s _i - Output
& 1 \
) \
D— lh b / \ —a
| A L i )
f l 0 f Lo II —| \
1 — \
BPF1 BPF2 — Buffers
| ] = [T 1]
/4 : CLK2

Buffers
_ TT

B3 ASCU T Y R I D A R A

B 3 T 7 22 43 25 K4 T LT B 9T A A B 1) 30 D
BUONE 5 AHL 25 43 5 1 R BE T B A7 BB 13 0 40 . B
AT 543 0038 3k 9 4L P B 4 4 R I L 5 A 5 A A
1725 10 U8 I 2% 5 PR AT & 0. LA T BR A SR i
Pt HER NI AR U U 4 R T A R T
OB A A B B 2 5 ) H B DR D T
Al (H AR 25 B AR A0 PIAL T G, BEAR 4 b s o vl 25
M TSI . Ik = B 0 I 4% P 9 BPE3 i ] AR BK
TF 56 U8 U0 25 40 REAR 4 b 0 7 = U I8

TEE 4 (b)) Jr 7 1) 52 3K 5 Y % 448 08 U % b s
Sy~ SRk 5 il BPF3_1 wh iy th JF 56, Lo ~ Ly 4K
WA BPF3_2 w4 7 5, 5 il Bk 8k Lo ~ L 4y
A AR So ~ SsHi fE 60 BE. ik BPF3_1 1
el R B2 Hy (MX £ . i1 T BPF3_1 [t BPF3_2
rh ) L T OGS /3. Ik BPF3_2 4% fa ek I
H,(MX f) Xe "™ U] BPF3 {4 H 4555 K

HMX f)=H,(MX f,)+

H, (MX f)Xe % (5)
Ko M EoR OB ERE, 4 M=3 i, H, (M X
£ =0, 205 1 1% iy bR B3 B L A SCHE M 1 o B
P AR = A Ve A AR AT A R . A SCH SR
FE Y B RE TN B IINEE R« B BE T R A8 U U L SCRE X =
YR A AR 1 1

DU % 4% U Bk 8 op g NMOS JF 56 i 25 Heoh
25001 4 B OK 2l . U8 A 04 BELA 0 1 R ) AT
DG Y 38 P BELE B B2 B 38 KT 56 RS AT B 1K
S HLBH B2 5 TF A R B (R, B R T 56 RF
TR TR A AR LA, 43 R R BT L AR AN U D
i B 3 25 o T FE T 22 I T SR 3K B G , BB ¢
BT W B % . U8 AT R

NMOS B L8 I REM K I W/L=125 pm/
180 nm, JLAERLHYIF S A 9 Q. B 4 . H
%? Cl=40 pF9CZ:10 pFanZSO pFo

|
A

C(C)
R o
|

(a) BPF1 il BPF2

o BPFRL l—T— |
10 10 S
:gll-JJ_L————-I—{
2
c S,_ll—L_’__\I:t:
s, T =5 go,_(_\__,_,
== =
. 2
T LS S |1 i‘:j_—"_\:ﬂ
T;/()" T—l
TS, I TS, DV,
: ===
_1 2o J_[o oV
| TSZ ]—: TLZ T:lz
1 1
i _LS; LIt
i
|
|
| Ts, 1 TL,
|BPF3_2
(b) BPF3

Kl 4 BPF1.BPF2.BPF3 Hi &

e A {545 2 A= e 1 TR AL HE L B T 5 Cad JE 7R



Bl Z

FEAE . FL A D 00 B AR N B AT S A 61

B ANDIRRIE A 7S F N0 D ik &
TR LE I X i fih 2 B T LA TV A A O AR, H R E
PEEAT . 83 s 55—~ D il & 5 014 %t o v R
PR E R Vi, B 3 A4 D il & &5 1 4 th
U S HIANE . BJE .4 D D R BRI Q A s
Hoh 1/4 09 4 MR E S B E 5, i i T an &
5(b) ff7x. CLK1 F1 CLK2 4 i 4h J5 39 A0 6], B
CLK2 K CLK1 %E3R =/3,

(CLK2)
CLK1

WS

NN~ LU

%
=
=
o
55
LR

() W3fE o REHR (b)) EHITREE 5 M
B S WSS R A AR 5 IR

3 HEHER

K TSMC 0. 18 pm CMOS T. 2% Fik s
Ry 38 U8 U 5 A A B A A & AR A%, 38 i Cadence
Spectre RF # 47 0/ EL 43 B . U8 I 2 19 Ha 50 TR
1.8 V,Ih#EH 39.51 mW,

&l 6 JIT 7 1 R 45 IR ) X8 I A% 48 1A 050 A O TR
i (No HR) ) 6 B G U5 U8 I #5% 45 #4 Fn A SC ikt
() HL A5 U 30 ] (with HR) THAERY N I8 4% 47 i &
WA =PRI RE . WTLE B ARSI A
508 I A A I ) = U B BT A 19. 5 dB By 40
Tl BB 7 5 1A SR 1 B A U5 0 e A% 76 B B 5 5 1 =
YO IE I T B4 m ik 52.7 dB WMl AE Sy, X &
HIT S SR B 1) 28 43 R 1k o8 2 ] T A U L AE T
DA A 1) BT U AR U I B I R A A 14 A R i
P

BRTE 0. 1~1 GHz JE [ P L 200 MHz [y 4
VAR I 5 I U O g ) AR M it 2 an 1] 7 BT OR .
ATLLE L IR g B R s R TR R ) B g KT
16.2 dB.3 dB#i%5 h 17 ~18 MHz, 3o I 45 7 B¢ 2}
% 27.5 dB / 100 MHz,

A SCUE I 0 A BT IS BC 0 U A5 R an il 8 By
Ao 1E0.1~1 GHz JWiEE Bl N, S, S8 /N T
—15 dB, M7 R B UE U AR R = OO ik A
(HRR3) 58 R R WME 9 i, ol LA H.

0.1~1 GHz &5 Bl N, B A R 4.71 ~
6.9 dB, 7£ 0.2~1 GHz $i# . HRR3 44 &5 T
40 dB, £ 0.5~ 1 GHz #i 4 M. HRR3 & i 75
50 dBPfF T, HA B4 B = U B I RE T .

145/ dB

0 0.5 1.0 1.5 2.0 2.5

f1GHz
B 6 %500 B A TR I8 U A R AR SO U A I = U Dk A
RE 1 X e

201g(V,/V)

f/GHz

P 7 7S S 0 08 90 i 11 M S P b £

S, /dB

. ; ; ; ;
0 0.2 0.4 0.6 0.8 1.0

f1GHz

B8 SuifyEa R



62 A5 BEAE . FLA TR U 00 B A R N I A G U D B 2021 4F
A UE P A B A 11 PR, AR R 1. 04
m’, Y f,=500 MHz i}, AR T2/ T 3B A1
e W AR PE I an ] 12 s . W DAR s AR SCUE R
= HIHE %R N R T 4 dB, H =0 B A AR ) A OR T
Ejé 50 dB, A &0 il = UG U
=
Ewm B
4
RN ii% ™
/\ - TIER =
B SRR N M —, ik e =
Y I A N EE: EEFE z
= | | o ' 23 E l
e | | | | . ':Egg =
£ 29 o
‘ ‘ ‘ ‘ n ..Fu
‘ 1 1 1 E =- nunz O
40 | E S R S S e 25 ||
| | | | - E e E u E
; ; ; 3 = II 23 WE w
0.2 0.4 0.6 0.8 1.0 '"““' =
£/ GHz -I.

11 /E< A 12 ey
B9 W ZH HRR3 5 LO 5% 2 [ 106 & ] 7 VB A 05 B AT DR IN B AR A 0 D e

R T AR A R I ARG {5 S 20
A 3 B 22 L (TIP3) HEAT 015 L 25 R AN & 10 B . 10
24 £=500 MHz 5} (B 50 MHz #fif) , 77 4 1IP3 iy 0
16. 33 dBm,
% -10
""""""""""""" o .\l ?‘Eﬁ -20
,,,,,,,,,,,,,,,,,,,,,,,,, /////_ 30
| | -40
=}
Ewl /. ]
E -50 Il Il Il
g 0 0.5 1.0 1.5 2.0
- -/ T o i f1GHz
S A A ] B 12 ORI T AT U A 1
| 5 2% 35 H b SR v I 2 1 S0 e 1B
75 100 TN e A VIR H AR SCUE I A B A B I I TR R R PR
Af/MHz UGB I ) R 7 T B LA T A e
& 10 TIP3 fjj B 45 5 T A ISR W DO RE SE B T 3¢ i i 18 2%
1 AXSHMTHPIERENS BT
B8 SCRR[1] ScEk[10]  Sc@k(13] sck(14]  Sck(15] SCiR(16] A
T.7;/nm 65 65 65 45 180 65 180
A 20 JE VU Bl /GHz 0.1~1  0.6~0.85 0.2~1 0.9~1.1 0.05~0.4 0.5~1.1 0.1~1
3% 25 /dB —2 —4.7~—6.2 36 - 8.4~10.2 —4.6~—5.2 16.2~20.12
%EE%;«’J‘&U(%/dB@IOO MHz - 43 80 20 - 15 27.5

—3 dB#7 %5 /MHz 35 9~15 2 12~25 15~22 30 17~18




514 4 RS AW BCMGI S A U N AR I8 A 63
g%
S ekl seikl1o]  scik[13] semk(14]  sc#k(15] SCHkL16] A3
AN /dB 15 - 23 >10 >25 36. 8~52
HR3/dB 10 - >51 - <5 - >40
TIP3 05 /dBm - 17.5 - 10 26 16. 3
75 Z 4/ dB 3~5 8.6 5. 4~5  2.97~4.08  2.8~5.8 4.71~6.9
hke/ mW 2~20 75 26~32 6.18  52.2~248.4 15~25 39.5
WM E WA i [T B 50k, 2020, 42(6):
4 % ® 743-746.

ALHET 0.18 pm CMOS T2, it T —Ff A
A 1 VIR AT 1 v B AT IR N B A i A S 0 B
A PLAE 0.1 ~ 1 GHz 5 B W 8%, 7 W 2
LTE700,GSMS850 F1 GSM900 %5 5 {3 47 # 1) B3k ,
T N BRUEH RS R SRS M as BT
S A 3 A IR RN A 4R M BE L A #I) 36,8 ~
52 ABMBHAT PO . AR SO T B U U A B
1TV B fE g AE B S M A b HRR3E i 40
dB. % UE U a8 M RECH 4. 71~6. 9 dB, #L R
%4 16.2~20. 12 dB,

S & X Wk

(1] &, BRE. WIRESma iy EmEas . &
Bk, 2020, 42(1): 12-15.

[2] FRANKS L E, SANDBERG I W. An alternative
approach to the realization of network transfer
functions: the N-path filter [J]. Bell Syst Tech J,
1960, 39(5): 1321-1350.

[3] DARVISHI M, RONAN V D Z, NAUTA B. Design
of active N-path filters [J]. IEEE ] Sol Sta Circ,
2013, 48(12) . 2962-2976.

[4] LIEMPD B V, BORREMANS J, CHA S, et al. 1IP2
and HR
recombination receiver in 28 nm [ C] // Proceed IEEE
CICC. San Jose, CA, USA. 2013: 1-4.

[5] GUO Y, SHEN L, YANG F, et al. A 0.5-2 GHz
high frequency selectivity RF front-end with series N-
path filter [C] // IEEE ISCAS. Lisbon, Portugal.
2015 2217-2220.

[6] EWHF. A TCL byl p8 4% 1940 i 5 & it
[DI]. Byl . #i k2%, 2015.

(71 sKME, XIB, SRV, 5 F % &R R 48 LI 5 1 = 40

calibration for an 8-phase harmonic

[8] HASAN M N, GU Q J. LIU X. Tunable blocker-
tolerant on-chip radio-frequency front-end filter with
dual adaptive transmission zeros for software-defined
radio applications [J]. IEEE Trans Microwave Theory
Tech, 2016, 64(12) . 4419-4433.

[9] HASAN M N, NAFE M, LIU X L. Design of all
passive blocker-tolerant reconfigurable RF f{ront-end
filter [C] // IEEE 18th WAMICON. Cocoa Beach,
FL, USA. 2017 1-4.

[10] REISKARIMIAN N, KRISHNASWAMY H. Design
of all-passive higher-order CMOS N-path filters [ C]
// IEEE RFIC. Phoenix, AZ, USA. 2015. 83-86.

[11] k¥, Mopk. BEBLRL T HOARIEGRE LMD, Jbat. AR
2 AL, 2010.

[12] GHAFFARI A, KLUMPERINK E A M, NAUTA B.
Tunable N-path notch filters for blocker suppression:
modeling and verification [ J]. IEEE J Sol Sta Circ,
2013, 48(6): 1370-1382.

[13] XU Y, ZHU J, KINGET P R. A blocker-tolerant RF
front end with harmonic-rejecting N-path filter [J].
IEEE J Sol Sta Circ, 2018, 53(2): 327-339.

[14] ALSHAMMARY H, HILL C, HAMZA A, et al.
Code-pass and code-reject filters for simultaneous
transmit and receive in 45-nm CMOS SOI [J]. IEEE
Trans Microwave Theory Tech, 2019, 67 (7).
2730-2740.

[15] BADIYARI K, NALLAM N, CHATTERJEE S. An
N-path band-pass filter with parametric gain-boosting
[J]. IEEE Trans Circ and Syst I: Regu Pap, 2019, 66
(10): 3700-3712.

[16] CHEN R, HASHEMI H. Passive coupled-switched -
resonator-based reconfigurable RF front-end filters and
duplexers [ C] // IEEE RFIC. San Francisco, CA,
USA. 2016 138-141.



051 % 1 W [ = Vol. 51, No.

2021 4F 2 H Microelectronics Feb. 2021

—WE TiaHENRBHZERREA

F . SEM, KA, B AR
. VHEE KRS FEERE S AR YR, RE 6117565 2. V4R K5 M FAF5 T, ME 611756)

i E: MAELANEREMARAG YEXTHAAHANERGAERAAL P E, RET —HR
THRBAEGEFAENGCER MBE LR ARG HIMEFTERSGOMERR, R A THEME X
HEAZEBANZHIHELRESEXRIORBERR . AEMEHRME, FREG T ELAT
SMIC 180 nm T & #vw % 1%t A SMIC 55 nm T & 8-k T 1T1& I #ATH A, K T Synopsys
# ICC TR MERMLE R, BB FEE XN EL FHEISY. ERBH TR 22U EEEK
Y548 5Y0 WHLA AR &R & 2 4F .

KB kA wEKE; AA; WE; AR BAKXFAE

FESEE . TN929. 5 XEFRERG A XEHS:1004-3365(2021)01-0064-04
DOI:10.13911/j. cnki. 1004-3365.200087

An Overflow-Based Local Congestion Elimination Technique
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(1. The School of Information Science and Technology » Southwest Jiaotong University , Chengdu 611756, P. R. China;
2. Institute of Microelectronics » Southwest Jiaotong University, Chengdu 611756, P. R. China)

Abstract: With a significant increase in chip’s integration, congestion in the placement stage of physical design
had become growingly severe. Therefore, an overflow-based local congestion elimination technique was designed.
Firstly, the congestion region with the highest congestion density was selected according to the overflow value.
Then keepout margins of appropriate size were set for the high-pin cells in that region on the basis of simulated
annealing algorithm to alleviate local congestion. The method was applied to a 40 000-gate design of the SMIC 180
nm process, and a 7 000-gate design of the SMIC 55 nm process. Compared with the optimization results of

Synopsys’s ICC software, the proposed method could reduce design rule violations by 48% , shorts by 52% and

total wire length by 5%. It also achieved better routing quality than existing literatures.

Key words: design automation; physical design; placement; congestion; overflow; heuristic algorithm
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Design of a Parallel DC-DC Converter Without Current Sharing Loop

XI Dengdi, DAI Guoding, WU Qiang, CHEN Yufeng. YAO Ruxue
(Key Laboratory of High-Speed Circuit and EMC of Ministry of Education, Xidian University, Xi’an 710071, P. R. China)

Abstract ;

A parallel DC-DC converter without current sharing outer loop was designed. The average current
mode was adopted to control the maximum programmed inductor current to achieve accurate current sharing of the
parallel converter. The small signal model was used to analyze the current-sharing error and stability of the parallel
converter. The circuit had stable current characteristics and fast transient response. An excellent load current
regulation ability were achieved. The simulation results showed that the current sharing error was below 8 %;. The

current-sharing balance could be restored in 1. 5 ms when the parallel converter had a load jump between heavy and
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light load. and could be re-established in 0. 7 ms if a new converter was inserted.

Key words:

0 3 =

Wt A e 1A A T L A B R AL R R A
e SRR O T B i e 0 R T B A
o PEAT IR BCER A . 150 AL B 119 ¢ B R RUAE T A
H R 23 R BE S O IR R G ARUE L T o
L.

A LI I T A AR R R R LR
BEED AR . EEEE S R

s HH#1:2020-03-09; E f5 H #1 : 2020-05-09
ELWB :HEARRF=EL T H (61871453)

DC-DC converter; current sharing; paralleled

PG853 BT L 3 L i o A B o L BT - E
1] 1] S A L I D D5 ) A 5 R P SRR AT A S B AR
SE B RLIL R o A% 0 B0 1 X FL I R o 2 A 3
Ohy A AR A S L B B AR [ R L 8] P =
FAOARLBN . S HEHEL I RELE R
PR 2R PR B 2 R AR R R R IR
L

ARSI A B4 - 249 V3L 3 O 7 i » o A
HL T S B o A A R R R AR . T
SR PSP 249 v G R4 1l L X I IS e 4 1 - 4

EE RN AR (1994—) . 55 QWU » = B M A AL BT 50 A AT 58 05 1) b O 9% W R 4 o i i
FRUBE RE (1969—) » 55 (DU « BR VU AR AR ) B3 - 0 A= 3 00 AR 5 07 1) Oy BORE R S v B s



Bl

WA —FhIE R AN I DC-DC ZZ 445 1 Be it 69

TR G AR AR 5 HEAT P A 8 AR B R R A
YRR, BT S8 e A R o o TR X O R AR
Hede KR 2 MBS E PEBEAT 70 . $RHIIT R EA
P UROR JRE R A AT PR | ik 5 o RO BR LA R 97 2R O 9
TRE TSR AL

1 JFECR #8545 M it

TCFIPANIR ) FHIRAL AR S A AN 1 R . W
PSRRI ARG DL P L . DR )
AT FLER A A P A R IR 22 R
#r CAVHERIRZETOR 4% EAPWM AL LA 02 4
) LS o R Ay L A AR L 5 ARG 0 L TR R A
Lo Oy 2 58 VR JR P U & 2 L JEE VL O ) - 3 {EL (R T
B S FRL D) 5 Vo O 2 R LR R A ) PR 5 T M
B R A L SRR U 5 R e i P JEEC L L 42 W LB

P 1 JCHTRANER 1 I AL A 4540

R IR Vo F2 1) i K 200 5 L TR O i SRR
BBt JE 7 A Vi S BB R VG A . 2 EACR
Ja PE R BLE A Lo B9 R /N o AR IR B O R U A
oA

Lot = Tivax = Lk (D

B OE AR RS CA P g AR 45 T
DA 3 FL R i - 4 i 2 e X
LR

R,

B E Ven R ROBI AT 25 72 A AR 3 2
fH . IR P S (RS T . NS R R AR
e JF I (AT A 5 N AR HL IR I T 2 R/
By o DUPE L A S R AS A O 51 R v T B I

Iy (2

[Fi) — B 45t L IS [) Bf 32 43 31 A R 0716 3 o T LI BR
FL IR AN ER 51 Y F T 2R T

2 FEREBLBEM AT

AL WeAs 1 /MG S HE B AN 2 B, B A8
e A LR SR IR AT AL A B o SR P 4 A A 4
i EA T R R A BBt PR T AR AT A IR A9 5 4 4
o JOTH FIUR AN IRAT LS BORS B 20

K 2 v, Z, O vt B AR FR oK AL 5 I 0 T 26 s BEL
YU G TP L Ve B i R 2 At LSRRI Tovax Y
23 BR VK G D i 1 F TS 30 i A L T Y A% 3 R R
G525 FE B i b T 9 4% 3 BRI G Ol s |
1) e R U 1Y A% 338 oK K L D R R A 9 4% 3 R KR
G 29 WL TR TR 6 114 4% 338 BRKI G 9 R 22 K i
(85 . Ho, O R SR 30 19 S 5t 28 8, H Oy F IR A
SRAF: R B0 1 326 PR KL

B2 JFBRAS e ) /ME S HE

2.1 HRIRESH
XTI 2 R I HRAS A MG SRR A

. Uo1
Zol —

Lol

3

. Vo2
ZOQ —

BCHRL I PN FR R TR AP ER 2 A I RELA
Z(‘vl 5[5]] chZ 9%‘ :
Za

4

ZCV1:1+T\,] (5)
_ ZolZ
Lo = I, (6)

AT, B RS 45, T B A I 25 . 1R
Pl 2 A
T, =G Fo.GuH, D)



70 WEM . —Fh I AR IF B DC-DC 72 e 4% Y Be it

2021 4

GreaRuve Gea Frn G H,
1+ T,

W& IR Z W LIRR R

Ny iy —ip U, 1 1

‘Z*@+@*ZL@u+ﬁg*1ﬂkH;J

(9

AL, IR R G0 1Y 18 I 1R 22 5 H s A B AR
LG o 2GR A [R] A 728 4 5 B B iR 220 S T2
WM FESEOREA L, Y2 FESHRE
2.2 BREMSH

1 I 150 A8 4 2% R FH P 227 W U0 8 4 o B O K
A AR 2 (B 1) 25 R I B 2= A S B R
S 3K A AR 25 S AT 200 . R G0 AR E I 3R i R
AN AR B R e e Pt R e, R AR E A AR
e gs I FRE MR AT RUE IR IR R R e . WA 1
JIER sV X5 Tovax #EA7 800 25 249 38 (8 6 5 B o Ve

bEZ W 5 Ho/ME 5 R Ve U AT 22008 AT, B
A7 i g B A HL U DA B R R T SD FR A BR B L BT T
IS 20 25T DR IE T 1 B0 B 1) A R 1
2.2.1 WIRFHHAEE M

FEL AL B B ol e A P O OR 22 R AR (CAD
R W 3 P9 HRL T X2 P L 9 2 P L P o o L R
HLBHL i R4 S ) HL T A3 S B LR AL . A
W B o3 Y R R Rl CA TR I A
5 PWM LCES & A i 09 = A P AT LU 8. e 7
o LRI Y T R AR R TR R T
PR . CA fay i RO B G = A B BT
BR.

(Vo/LOR.Gea<<V,, £ (10)

A0 PERE T I SRA AR Ab HL I A 9 Fp 530 4%
gt b B DI G2 R YA e T ARE

FRL I TR A i A i ) e RN

wve Vi /L
URS VoRs

X,V 8 PWM $ii A S = 1 I B 0 06 {8, V., Ol B
W, £ TF R L S HRE . R, TAEAE
TFIRMH 2R [, CA S 3 25 1 K /N AS g 3 X
(11 BRI
2.2.2 R E M

B 3 Fif 7R hy B A B 1 /M S AE

H, S A 6 38 5 ) R0 O

GueaRu Gea FunGua H,
1+ G FoGaH;

T,= &

GCAmax - ( 1 1 )

T.= (12)

3 HR IR 1/ i A
4 72 W LUK Y AT A v BEL AT H 2 Y A 2 L B

Gu Ml G H -
14+ R, C
Gid(s):%# (13)
145 = +5$’LC
R,
. B 1
Gu(s)=V,—————— (14)

Lo
1+5R1,+5 LC

o, Ry R B0 38 A B, B 28 (13) A1 (14 R AR
A2) ALfFEE -

_ Grea R Gea Fr Vi H,
T = ; -
2 == N A A . —°17
SLC+s ( i UG RV H ) + (H—G \Fu g H )
(15)

QGRS (g

ZLN/M
=5 R.LC

(Rlill +C,uGen F. V. H, )

(16)

C> 1 R s A A R 1 A b A R A5 G S M

nd s R Y A 4R v S B AH 22 B0 L TR AR B AT 1A

SEROCN — A B FR ST AT DA B A i B
MAMEEEH AT 4 PR

F

IC,

B4 R 2 2 4
DU F S A 2 M 2 3R R
GmEAane FmVi,, HU GM(*ARO\“ ( 1 + SR(. C(. )
s
(1+p, ) (1+35R, C)

A, p R AR S5 RO AT Guea 8 CA Y BS 52
R CA By % AT, CoAME LA RO AME
BH . CA FIRAT 8 25 AR A W 42 45 K 1 4 I 34 2%
SR B R R RME R AT — AN T

T,=

an



Bl

WA —FhIE R AN I DC-DC ZZ 445 1 Be it 71

1/ (R.COMF R ARTH SR a5 e RIS 7 A — A
(T 1/ (Row Co A RAIR A5, o 11 D 3P 3 B ) 20 o
PRI HEL I 20 35 119 F A0 i AN 25 FROE (L. 5 2L
B RA Co (3R AR IR E

3 ERIE

% Matlab/Simmulink X} & 1 Bf 7~ B9 JG ¥ 3%
HNIRIE IR AR e 2 AT 0 LB IE  H % 2 BB B R
1w,

*x1 FEGEANERSH

28 Hfe ZH K
Viu/V 10 i/ A 10

V.,/V 2.5 R./Q 0.01
L/pH 2.2 R../Q 3 000
Cou/pF 250 f+/kHz 450

e 1B AR LD L W] 45 30 0K % 19 B
R IR £ o 39. 6. 73 il BEE T 45 0 40 A
3013 B HAE AR 5 FE 6 Frs. MK
R 3 45 B i FLELN L VO B TR RS = A
Ve HHAE SR V(5 SR B IR AR E . 4
/I FEL ARG i P R B I PO B B AR E

V.

e
0.8
06}
= ;
0.4+ b
//
/
0.2} = 1
) o
-
oH
87715 87720 87725 87730 87735
t/ ms

B 5 R g Ol 40 IR Y 56 AR REOE

1.0

0.8}

0.6

VIV

0.4+

0.2

oF

87940 87950

t/ ms

B 6 A 35 N 30 B A & G AR DL

87720 87930 8.796 0

BN  fh gi AN [A] G 28 I FRL TS B B 114 90 4 PR A [
TR GEIEIRTE LA B 5 A I N AA 2
% WA LA JE L I PR B AR AE

Bode Diagram

30 1 - =i, A
. — T,
20 ~NN. i 3A
= 10 \\\7\ = ‘%ZZIA
glg OF \\

1 _10 NN\
=20 \
-30 :

0 =y

~ 4 N

~ 90 T ——

5 o —

=135 =

=
-180 A . : .
10! 10? 10° 10° 10°
f/Hz

F7 TR SR BT A v T 3R B B

FHHRAS e e 19 )0 S BTE K 8 Fra . it A I
N5 VL 10 AL BN EHAR I 5 Al
=4.996 A,iy,=>5.004 A, FICAS e 2% 1 B KR
2N 8% i i AE 2 ms NEESL R E .

AL
o =e

VIV, I/A
o
IR

1 2 3 4 5 6
t/ ms
K8 JRHRAS 4 & 10 I8 S P
2 AF 10 A B EIE WK 9 fros, I
BEARGAE 1. 1 ms JG IR H AR . gkl 10 A
F 2 AW IR N 10 B IR R SGEAE 1.5 ms
Je PRS2 58 i 34 AR A

51 | 71 | — iy
4l \
< 3}
=
2.
IV
0.
3 4 5 6 7 8 9
t/ ms

Ko fsid 2 A 10 A BRI



72 WEM . —Fh I AR IF B DC-DC 72 e 4% Y Be it

2021 4

S - | — L
4
< 3
= .|
| ,
0}
3 4 5 6 7 8 9
t/ ms
K10 fadieh 10 A% 2 A fyBkAs e

A S A5 B I S e R A B 11 R . A
FFBRATHAR 5 9 A DU fE 4 ms I 230 AR =4
AR AR 0.7 ms I 2] = A~ 748 4 257 2 73 00 48 38 2
TR ERES .

ol

I1/A
o

I1/A

I/A

S = W
!

25 30 35 40 45 50 55 6.0 65 7.0 75

t/ ms

PI1 B A AL e g 1) B 25 W) 1o

4% ®

ARSCHE T — B JCE I A 36 I B DC-DC A2 i
o R RGEIY PR 22 M B AE MR /ME S 2T 0
A » P 1R 25 5 L TR BP0 i AR L L Y SR T A ]
AR AR IR L PR 22 A 5 AR A A S e 2
AR LU IR B RS 2R 1R A O 22 TOK i v
B A /N T W AL 5 P e B 6 1) A Al e 3 i — 3
W AT IR AME LB . A I IR e i HE AT 05
FLL IR T8 46 25 DA B0 % 09 B TR 25 1 O B AL fe
for T ASCBUR 2 B L AE B N MRS E . XTI R 4
1824 0K T 1R » S B A AR F I A 0 L L

S & 3 Wk

[1]

[2]

(3]

7]

[8]

[9]

[10]

(11]

IRVING B T, JOVANOVIC M M. Analysis, design
and performance evaluation of droop current- sharing
method [ C] // IEEE APEC. LA,
USA. 2000. 235-241.

YAO W, CHEN M, MATASET J, et al. Design and

New Orleans,

analysis of the droop control method for parallel

impact of the complex

IEEE Trans

inverters considering the
impedance on the power sharing [J].
Indust Elec, 2011, 58(2) . 576-588.
RAJAGOPALAN J, XING K, GUO Y, et al
Modeling and dynamic analysis of paralleled dc/dc
converter with master-slave current sharing control
[C] // IEEE APEC. San Jose, CA, USA. 1996
678-684.

Ko, Wkar A, SRATRE. KT R BB AT Y
¥ L] " FH0OR, 2011, 45(3): 73-75.
RV, BN, PR, S5 I SRR HOR B I R
GERIBESE [T]. WIREOAR, 2011, 35(2) . 210-212.
FREE . B0, KIE. PR DC/DC 28 #e
B il 7y [J]. R4k, 2003, 43(3):
337-340.

CHENY K, WU Y E, WU T F, et al. ACSS for
with DSP-based
robust controls [J]. TEEE Trans Aerospace Elec Syst,
2003, 39(3): 1002-1015.

XIAO W, ZHANG B, QIU D. Analysis and design of

paralleled multi-inverter systems

an automatic—current—sharing control based on average-
current mode for parallel boost converters [C] //
CES/IEEE IPEMC. Shanghai, China. 2006 1-5.
PANOV Y, JOVANOVICM M. Loop gain
measurement of paralleled DC-DC converters with
[J]. IEEE Trans
Power Elec, 2008, 23(6) . 2942-2948.

BERBEL N, GUERRERO J, MATAS ],

average-current-sharing control

et al.
Feedback linearization control with average current

sharing for multiphase synchronous buck converter

[C] // Europ Conf Power Elec Appl. Dresden,
Germany. 2005; 11-14.
CHENG P, DING G. SONG C, et al. Stability

analysis of identical paralleled DC-DC converters with
average current sharing [ C] // IEEE APEEC.
Chengdu, China. 2019. 60-64.



95 51 & 45 1 4 o 7o Vol. 51, No. 1
2021 4F 2 H Microelectronics Feb. 2021

—MEFBCD TZHEE-EEREREHEBE

AR ORI, X Etk, B OF
(1. ERHEESHMAER ISR HE S LG E, L 710065;
2. pEMLE TR A F RN T AR B, PEE 710065)

B OE: R T—AATBCDIZWEE- TR ALELS, AN LS Habmeyizii
HEZILHmB e s a2 L AR ERRENLET, o h b B EF®, XTS5 LR
FAEMENAEL BE A H M E, AR \E%Tiﬁfﬁ%%ﬁf’d&éﬁ%;ﬁ%iﬁo ST HEBT=
MEFALMREAE, BT FmAMEE RETALELALESZBTHATH, BALAELT
0.35 um BCD T & &, ALREAN, ﬁes 5~36 Vo Rw E,—55 C~125 CH. .4k EiAd
250 pAVBE R EA 9.3X10 "/ C, 2w RERFHGLRATMNE DT 62 nA,

KEER: wARAE; F Ebw; FE; B EAME

th & 422 . TN432 XEkARERD A XEHS:1004-3365(2021)01-0073-06
DOI:10.13911/j.cnki.1004-3365.200117

A Wide Voltage-Wide Temperature Range Current Reference Circuit Based on
BCD Process

SHAO Gang, LIU Minxia, TIAN Ze

(1. Awiation Key Laboratory of Science and Technology on Integrated Circuit and Micro-System Design, Xi’an 710065, P. R. China;
2. AVIC Xian Aeronautics Com puting Technique Research Institute , Xi’an 710065, P. R. China)

Abstract: This paper presented a current reference in wide voltage and temperature range based on BCD
technology. Based on the feature that the TC of the on-chip poly-silicon resistor was process-insensitive, the on-chip
resistor was set as the reference current defining element. First, the temperature characteristic of the on-chip
resistor was analyzed, and a reference voltage whose TC was equal to the resistor’s was designed and applied on the
resistor. Then. a reference current with a very low TC could be achieved. The leakage phenomenon of the parasitic
element of the triode under high temperature was analyzed, and the stability of the reference current under high
temperature was improved by adding a compensation transistor. This CS was based on 0.35 um BCD process.
Simulation results showed that the output current was 250 pA and the TC was 9.3X 10 °/C within 6.5~36 V
supply voltage and —55 C ~ 125 C. The amount of current change caused by the power supply was less than

62 nA.

Key words: current reference; on-chip resistor; wide voltage range; leakage compensation
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Design of a Low-Latency Polar Code Successive Cancellation Decoder

WANG Xiaolei, LIN Qing, DAI Wujun
(IC Design Web-Cooperation Research Center of MOE . Institute of VLSI Design, Hefei Univ. of Technol ., Hefei 230601, P. R. China)

Abstract: In order to overcome the problems of high latency, high computational complexity and high hardware
structure complexity of successive cancellation (SC) decoding algorithm in 5G mobile communication systems, the
freezing bit design pattern was proposed based on frozen bit, frozen bit pair and frozen interval. The design pattern
included the analysis method of decoding latency and calculation complexity. The SC decoding tree was further
simplified by preferentially pruning frozen bit nodes, thereby speeding up the search decoding tree. An improved
pipelined tree SC decoder with N = 1 024 was implemented based on the FPGA platform. Experimental results
showed that the decoding latency was 2. 35 pus and the data throughput was 435 Mbit/s. Compared with the existing

decoder, the decoding latency and data throughput of the decoder were optimized by 9.6% and 10.4%,

respectively.

Key words: polar code; successive cancellation; frozen bit; low latency

0 7 =

e A5 2 ik 15 T A Ak 500 T 488 8 1B — (5
B Y, EHE L, R A B B IC S
1 (B-DMO) ™ 19 # Ak 5 38 8 uF B AT LA 6 31 4 4 ik
RO EAR AR RS A 3 5 32 0 A B R4 T L ] B IS
PR A R A R — R AR SR M . 3

75 B 89 :2020-03-11; EF5 B #9:2020-05-22

FR LD 7E B2 s W Al 1) ) s B8 %) [R) s 2 o T HR AT IR
T (SO M A, SC 55 ¥ i 5 17 13 % 77 75 1E
W TR R S O T AR AR Y
IS T HARE R 5G 8 3l 38 {5 N A IR RE R 1Y
SC PRI B L AT 2 B W5 7 1]

ik —25 T Ak SC A% 5k L B F R 45 R
FERPE  SCHERL6 46t 1 7 4k i 5 AT HR I (SSO) 1%
k. SSC S0 LAk il SC 3 i, & L T

BEETWE . EHEE AN A T E (2018 YFB2202604) 5 42 8 i5 # Hh Al 815 1 B (GXXT-2019-030)
EER A LW (1978, & (U » LR A ME N, Bl 4% DA 3 45 Bl Al 3% 3% 11 FEE BT 58



80 FRETE A — IR IR A A B ER AT R RS A B

2021 4

PERDAR b 45 05 A R VR A L AR 25 B R rate0 45
ST A RS B R 25 U ratel 455
FEPERD A8 2200 7 v 38 21 3 9 b 45 5 i RT3 OR
i ) e ) o AR TR A B I R . 4
SC P05 i R T WMETE PEAD 25 #4185 B T 1 22 10 9% R IR
B AT IR PR T B 1 R I R A T 32
B SCBRC2 1R FH A SR R0 i v T B 4G A
177 2 4 M TR K SR TR A S5 A K R 25 4 1
PRI 2(IN— D A4 E N—1 4>, SCHk[3 ]
LA T SC 35 53k 5 T K 4 R PR 45
B W/ TR R . SCERCAJER T (E B R 5 R
45 R sS i (TFED 73 DA 2 45 /0 130 5 1 i 17 AR
YR AT T B R 1A L AT ] B L Sk 3 10
DT Y 1/3, SCHRE3-4 JHRJE NS TR 45 LU AR B TR
b SC PRSI 1 52 2% FE 3 LA A1 1 12605 SR 30 L A
T 2B IR

R T 20 R A R 2 LR AR I R A S 3R T
AR T 4 SCBE T BN VR 25 LU AR VR 25 LU AR X R 45
DR B A T VR 45 L AR BT B X, R T R
ARSCAET DU AE TAE : 1) 3k F 9 45 t ke xf (FBP)
P T REAR S AT R Y vk BRI T T SC
PRRGSRVE M VR 45 LU R B S X5 2) ¥ TR 45 Lh R ik it
B W K W BRI 254, B T FPGA P &
Bk I S 3T A7 Ak i I ZE B I K A SC i
EE T

1 M foa B AR R 32

AT A ZAAR AR 1 AR R 40 45 1 T8 A%
FAEONE AR AL A 3 1 AT S PR AL T L 4 i B A SC 3%
E=R7RBL N
1.1 fEERA R

AR AL A e Rl SCRRC L 4R . AR AR AR
SN N AN 54 M ) Y <7 ok X R A B TG
CAZ M58 (B-DMO) &3 3 1732 550 fff N S5 i A2 4
AR I A A 2R — 4G, M
w b N—>coif, B BUE B 8 2SR . — &84
WA G RE R 1, ) —r E AR 0. fFiER
AT 23 Ry A 38 A 3 A 8 4 A B B

N=2 B & I Ak fEE W, WE 1 iR, N=4
B A IR AL FIE W, s 2 iR, EENEK N W
BIWALEE Wy WK 3 Fis.

N THE R IHEE Wy P8 55 A v 5 2
]I 56 22 R B T i Rn (5 oy R i L e

WAL WO 195 R R
WO GVl luy = D) TLWNv<y¥|u?'> (1)

W exN
Mol NS e
\k/ 4
i, % | W Y2
WZ

K1 N=2m &I fsiE

Uy L I NN | i
N 1
Uy vy 2w Y2
L=
< w,
oM Bl NSy ]
N 1
u, | ] Y4
L=
R, W,
W,
Bl 2 N=4 B #E 3 ERbE
uy S vy N
Uy \‘r 5 Uy Y2
: - Wyn .
Unp-y N SNn-l Unpp-1 Ynp-g
Uyp * Snn Unp Yar
Ut S Ry VNl Ynna
Unpao \‘r SN2 Unps2 Y
: W, :
: N2 :
Uy_y  Sh-1 Un-1 V-1
uy T s vy Yy

Wy
K3 EEHK NKaIFRAFEE

1.2 RUBEFTEEMGT
B2 805 15 % T b il ) B £ 3 (BEC)
AR A5 3 B P FEPEAG . BRSEER R fEE W
ekt fre KR (ML) RS A IR R A9 157 . 4% B-
DMC 538, B IR 2 805 f 18 A ik B 0OMTSGk, #7
ZOW)~0, U IW) 154 ZW)a~1, U [(W)~0,
o REE R B RSB 2 R 0
ZWRTH=2Z(WY ) —Z(WiH? (2)
ZWS) =ZWy)? (3)
#r4E BEC B9 MBRBER N e W02 iy 55
JEE» BRI HR 1 IRIE AR e
1.3 HBEE
A A it 4y A% 0 R AEURE £ T A A B 3 fF



Bl

EWETEE . — AR AE IR AR AL B AT R PR A0 & e 81

HEHGEIE D RPAG B N AR FE W
AW T 8 U AR L 23 T ) TR A R TV
D] i) P A A 3 23

(EB T T R W BP0 K & A RN U I 18 9 ey
HEFF AT SRR S K A E 8 T T AL s S
HoAtyal SEPEAR A N — K A {5 38 W T % i R 45t
Fio PG £ 8 3k v 5 1 G 42 Wi 14 191 0 B 7 5 %
RN R=K/N. HERHEE Gy S WA & 1 8o
T R0 23K L 0 HE A B e 20 % 1) AL S B Gy =

, 1 0
F, ,ﬁ\EP,F@’%J%EI@F{I JE‘JHKJT%EB’V\]

L2
PR R Gy I ZS R I &L 4 iRt o T8 R
T WAL 2 B 1 S5 A AR BT 5 B
A 2 A 50

' =u) "Gy (4

8i0 &, &in 8

w

1
1
1
1
1

S—= O =O
D
S—= OO0

B4 RS

R U— & > X
u——>| 25 > x,
: Win 1
> > >
Unp-| ——p AD > Xyp
A
e ——p > Xy
izt ——— LG
H Wi
— >
L R > Xy

P 5 TG LA T A A T ) i T 45 4

1.4 SCEWBEZ®

WAL RS SR H AR B i’ i A B A 3 ) 0
538 SEHRAE A5 20 R 3% LURE 7 51 ol AT LR T )
Y, BIAMALTS R (N K Avua ) [E B R
GIEGN AR R RIIESG R A, W BT
R AR O ERISA(E (LLR) I E AR
Wi Y sui '10)
Wi Y sui D
A Y e DFRBIR BN G S . RGBT R

LY (Y sui™") =log, (5

P AR ) % 1 L AR e R
A 0, if LYY i D
u;, = (6)

1, otherwise

2R e AL R A HURR O A5 R EE AR R (6D
HEAT PN e a0 2R i€ AL By FI e L E VR &5 LL A, T
B AR A

AT (NS KD, W AT A4 # e KR BE
logs, N IR — SURY - PR AR 1 B 2 45 0500 5 19 1K
N No=2%, Hrp,do Ry b 257 a5 S m)
TRBE . WAL RS Y SC RS ANl 6 B

u, u, i, U u, Us g i

K6 AT (8,4) 1 SC A R

X T A (AT B4 A o, B e VLA AR
B N B9 LLR [t o, V52 U 6 2
BEA N,/2 19 LLR [a] 4 o B H 291 4% T 45 5 v,
a‘ E/‘J'H“;%‘rfcjﬂ
o i fali)ali + 5 = sign (iDsiem (oli + D

minC|a[]] sa[i + %1) N

M55 v BEUCE vy 3R R AN T E R A A 4
FEN N./2 (i Bt 4505 o ML 4EE R N, /2
) LLR i o EHAANNE TS v, . o HITHE
ﬁjj:

) . N,
a’[z]:g(a[l],a[z+7]):

(1= 2p (i Dalil+ali+ "] (%)

Mk b o FHURE] v, 3R A T R AR L 4
A NL/2 Wyl B BT, g5 5 5 | A 3 b 4
MR 4ERE S N, iy B itk
Jﬂl[i]@ pLil. i i<
ﬁ[l]_l 9

otherwise

e No
I}[l 2 :Iv

2 REWREITERX

AT A GRS HO R BERC L 4 BT SR METE 7



82 FRETE A — IR IR A A B ER AT R RS A B

2021 4

T 48 445 P TRV E 7K 2 R TR ) 45 4 1) 9 5 4% B RN R
fith S 3R (14 52 0]
2.1 FEHRBHXNELRERE

YEIE 2 DUREE R o Moo o TR B 2 1)
PEEDRE , (LB R (24,20 F 1) 0 2 R4S s
FROMZRES LR X (FBP) . il ad 55 1 45 40 M o] 0, o
A~ FBP A] LA/ 3 > 1305 J5 1 3l 2 4% 14 i o 25 41
48 FBP 8%, 58 Ik 55 T VR 4h AR PR i) v (] 45
TR 22, 3 FE AT 15 48 K 0 T B8 45 A5 e/ 2R 0 S
W BRI A A . A APTE TR 2 8L R4 LR AL
BRI R L2 AL, e 22T G D — 1R
X JE (kR AAREO 45 287 G4 1D <IN, W% X | Ky
28 ANESEAHAR FBP I ke i 10 7 45 X ]

ALK (8, 3) BEIE RS I 45 Fg I 1l 7 s &

Us

Ug

u,

7 AR (8, 3) BB SC i %

Bl wg 3R UR 4k e, o rfrad 2 AH 46 19 A4~
FPB, W R 4E BE ol 2 MR &5 X (). T A ) v 835 4y
FORANTT EU R R VRS LU R R RS BR AR . R4S N ER
78— U3 VA S B AE — A B B R P 8 R A .
TE 25 4 [ v ) i € 88 43 2 5 VR4S LURR 1Y) e 26 1) ke 45
A o DRI 3 838 43 11 328 1 38 B30 2 1T LA W T

B 28 ASEELEAHAR FBP 0 LA /b i 3 2 15 5 %k
HlGe+2)2""", £ I, g THA S IT I B0
AR k128 [ (k43> 2" 543 51 2 (e+3) 2" Fl (k+
D2k, WM R I R R Dy 20 — 1. BB 45
19 SC i 2546 (1 B8 I 2(N — D it
JE4 Nlog, N, UL R ALBEIE 2544 1) SC 115 25 11
HWH R R Qu FHEIE I EN T, 53518 -

Oue =Nlog(N) — DT (k42) « 28" e q, (10)
k=0

Ty =2(N—1) — D> 2" —1) e a,—p (1D

k=0

K, n=log, Nsa, 3[R 4k BT R 45 X (8] 19 %%
i (RS X (0] DA S R4 B2 o AN 5 [a] — 4 B2 T 1Y
T X)) s p FRoRBAVREE LR B . FTAL R 45
PREV e NIE R g e AR e TR RN = R A = 2 T |
PR R £ .
2.2 WAKEWEIFMIEFLEN

QB 8 Fran o 1 AR AE R B R I AR L AT 3E ok
WIR LS f 8585 ¢ Bl A I N — 4 PEY 5
AR RS Y BL A F PE 1 K 4 B RS 2544

R

N
>:|
==t
n

A
b &
adder
5w4 - GO
Al VI V]
CylipicratCo-1 o it tull| Co[T-bit ful]_ !
< <« !
adder 5 adder adder '
S S I ot

B 8 PEit#&¥T

SCHRL3 0% it 2 E — 25 0 Ak o o 50 Sl 30 3
— RN, BB N=28 iy SC i /K 4 B AL 1315 25 40
B9 TR s R T i K W) AL IR 2 25 10 5 VR 45 1L
Fr AR 25 A e 3. B 10 FT 7R k3 43 A
(PSG) T B 2544 .

[e——Stage2 | Stage | ! Stage(: |

0 PE

! PE

ly;

Upipy

PE

PE

9230 m,
Partial Sum Generation
(PSG)

O K N=8 ik L it B 5 25
i N=8 i, il /K QA L SC R 5 (9 198 1 Ui
RN 1 B 4 AR 8 B i e B 3k 2 Bt s
RN SEORT AR W35 3 PR




EWETEE . — AR AE IR AR AL B AT R PR A0 & e 83

511
R So0=t0 51‘0:’20® &1 Yary Sz,r):&o@) f‘l('BlAlz@ {‘3
Uy ~ X ~ ~
N P e /TN $2,=0, Dy
" =" (NP
A Soa=ta N ] 52,71,y
Uy = MR
a i e T
3 = . =
. So27y N S 127D g /T
Uy " T WV v
5 1= N
oo STl N =
Ug * =1
fly =} =

10 B4 1150 5 25 4

F1 BRKN=SHRKEMEFEFNFLRRE

Clock cycle Stage?2 Stagel Stage0 ”
1 4PE - - -
2 - 2PE - -
3 . - PE ;,5
4 - . PE W
5 - 2PE - -
6 - - PE W
7 - - PE a

F2 BRK N=8pIERRERERE

State m, m u;
State0 0 0 ul
Statel - 1 u
State2 1 - ]
State3 - 1 ul

®3 WK N=8 WM EFHRRE

n

T,=(N—D—>7@" =D «a (12)

Hy 3 (12 R T, VR 45 DX 8] A 4 3 ok B4R i
Z T R BRI D W . IR AR RS (8. 3) Y
T KR BUZE R 1) SC 3RS 88 1], a3k 4 iR L 3%
TR B sk b 2 T, =7— (27 — 1) =435k 5
s AR S BB A 2 A FEARIS R AL
WS 26 AT - FBP B KR B 2 198 B B R 1Y e iR o
2.

R4 ORLE(8,3)MWiRKEREFHRNIFH/RE

Clock cycle Stage?2 Stagel Stage0 u;
1 4PE - - -
2 - 2PE - -
3 - - PE s
4 - - PE ul

RS ORI MEFARERERE

State ms m u;
State0 1 - us
Statel - 1 ul

3 BHBHAELIAEERIMN

WAEHS (1 024, 385) L K R 7Y SC 45 &3 /Y
REPEZRAG AN 11 B s . F 2 A4S PE 35 k25 38
Gy RN P ) A A E 08 5 S LLRs RAM 4F
Bk

State S S,
State0 Si.o Sia -
Statel - S2.052.1 S22 Sos

State2 Si2 Sis -

S b PR S BT A AT R R TR T A
JAW K N =8 B R i SC R A 25 I 75 22 14
ANVERS R IRV . A A ER K NI K £
R SC 31 4% /9 BSRS89  N—1,PE #g
ok N— 1,84 PE BLOTTHE 3 A 170 i b £
(251725 UL, B A7 2R 10 BB A 3N — 1) . HHAP
AT AAT H S dos oo S R 09 . FE R 3
T rb e 28 O UK 4 W TR A 2% B R R R R L 8 )
FBP i 0] DL B #2 k4, B £ 1 #% 1k 28 11 i3 A
B R

B Pl -

I I o
] [ g
=] |
T | o

PE TR "

BT At /K 2 A SC 0t 45 i B 1 22 4

P Tl 45 38 Ao R A Bk e S B T JH Al A e o 4 o
BEAS PR ST L 1 o138 AR 2 L 4 ) A R i
Py R AL SR =1/ my oy e m,y o HoHR
m; PSS @ B BORIT R N PE BB o A



84 FRETE A — IR IR A A B ER AT R RS A B

2021 4

THE RS NCREA F RS T A e RS 45 R e,
woier RN TT B 2 5 1 PR B 45 2R Bt = PE 3T 5
WA . PE 315 [ 28 B i {5 3 LLRs 5
I S R A S A5 2 2R & 5 i 2 T 4 R A Y 2
s HRAE . P R AR B 52 UR  PE A0 4
HETA R B EL R A THE .

TERR ACHD A 385 2% P SEA QR FE AR Y O T A
SCO5 15 AT ARG S A% 395 A1 R 0] . 350 SCRR AY
GG T A0 128 B 5 A 3R ) X FL AN 6 B . AR S0
TR TR LR B SC % 4 2 T Xlinx Artix-7 -
G, W SCHA FPGA Z5 & B IR 6 A ik 45
IR B RS EL AN 7 BN .

6 EBSY ST IR (8 AT IR MO XY Lt

25 SCHRE3]  Semk[4])  SC#ikES ] A 3L

f& B i /kbit 512 408 512 385
PE it 1023 682 1022 1023
FEIR (JE ) 866 511 511 395

®7 WO XEE FPGA GRERIFERAFIFWEERA XL

ZH XHRL5] A Ak fE

A7 HE 86 619 49152 43.3%

LUT % H 283841 257 442 9.3%
Smae/MHz 200 168 —16%

P LR / s 2.6 2.35 9.6%
B E/ (Mbit « s™1) 394 435 10. 4%

A LLE A T SRS ] AR SOOI 0 A AE A
THAERRAC T 43. 3% . LUT AR T 9. 3% . A
D7 A B AR B Ak R A IR TE T 9. 606 Al
10. 4% . ARSCH LI LR S HEIR T8 R, X
FEW] AR SCH 1 R 45 LR R T X 5 I K A T R
T ZE AR S B 0 77k SE B T IR A 38 1 SRR AIR

4% ®

ARSCEE RS SC A% B35 A7 A 1 JE 8 Al 1 5

BRI 2% JRE vy S5 () AL 4 M T R LR BRI e
PRRES FURR BT 8 5015 i K 2k W B R 4% A 45
TEREPE BB TRAE IR 19 SC i & . e SRIEN AL
PR RERY AT I T 5 DA B de A B A SO
r 1 R A R B A kR AR R T T 9. 600
10. 420 FF G BB A BT I 25 28

2 % 3 Wk

[1] ARIKAN E. Channel polarization: a method for
constructing capacity-achieving codes for symmetric
binary-input memoryless channels [J]. IEEE Trans
Inform Theo, 2009, 55(7): 3051-3073.

[2] LEROUX C, TAL L, VARDY A. et al. Hardware
architectures for successive cancellation decoding of
polar codes [C] // IEEE ICASSP. Prague, Czech
Republic. 2011: 1665-1668.

(3] ZHANG C. PARHI K K. Latency analysis and
architecture design of simplified SC polar decoders
[J]. IEEE TCAS-I, 2014, 61(2): 115-119.

[4] PIAO Z Y, KIM Y J, CHUNG J G. Efficient
successive cancellation decoder for polar codes based on
frozen bits [ C] // IEEE APCCAS. Jeju, South
Korea. 2016. 585-587.

[5] BIAN X, DAI J C, NIU K, et al. A low-latency SC
polar decoder based on the sequential logic optimization
[C] // IEEE ISWCS. Lisbon, Portugal. 2018: 1-5.

[6] ALAMDAR-YAZDI A, KSCHISCHANG F R. A
simplified successive-cancellation decoder for polar
codes [J]. IEEE Commun Lett, 2011, 15 (12):
1378-1380.

[7] YUAN B, PARHI K. Successive cancellation decoding
of polar codes using stochastic computing [C] // IEEE
ISCAS. Lisbon, Portugal. 2015. 3040-3043.

[8] BERHAULT G, LEROUX C. Partial sums

computation in polar codes decoding [ C] // IEEE

ISCAS. Lisbon, Portugal. 2015. 826-829.



95 51 & 45 1 4 o 7o Vol. 51, No. 1
2021 4F 2 H Microelectronics Feb. 2021

ETEZSHmABEAR 12.5 Gbit/s HiF
SerDes % 81 #1

BEES. REE.HER. T — o w
QL. Mtk s T RSB, B 4000655 2. m;u%ﬁzwl@auﬁ B 400060)

W OE: AR T AT ESHAE AN 12.5 Gbit/s Zik SerDes Z A, % & % b i

PR Y KT B e IS A AR . KA R AL AT HFRTEM. SR K

G ANTALEGEIRAFHGR N ZRAESEMEGERIER, §RREEFFHBE P AN Z 5

Y B, B0 R R Ty B VARIE R B E R A AL B E XTI TR E S BB, B A
HREN, i%ﬁuﬁcﬁ—%éﬂuﬁ £ 3] 12.5 Gbit/s, SBF X HAEARA ALY 39 mW, sk B H 3 4

0.05 Ul,i& s F JESD204B #7 4 B 2 £ ¢4 0. 3 Ul,

TER: EZ20%A; ik SerDes; AT HFRIT; X F &K

hE 4SS TN432 AR E RS A X EHE:1004-3365(2021)01-0085-06

DOI: 10.13911/j. cnki. 1004-3365. 200059

A 12.5 Gbit/s High Speed SerDes Transmitter Based on
Differential Encoding Technology

PENG Jiahao'?, LI Ruzhang®, FU Dongbing®., DING Yi*, YANG Hong'
(1. College of Optoelectronic Engineering , Chongging University of Posts and Telecommunications , Chongqing 400065, P. R. China;
2. Science and Technology on Analog Integrated Circuit Laboratory, Chongqing 400060, P. R. China)

Abstract: A 12.5 Gbit/s high speed SerDes transmitter based on differential encoding technology was researched
and designed. This circuit was mainly composed of a parallel-serial conversion module, a de-emphasis control
module and a drive module. The driving module adopted a current mode logic XOR gate structure. and the addition
of dynamic load could reduce the power consumption and achieve impedance matching with the transmission line. In
order to ensure the original code output, a solution for adding a differential encoding circuit to the parallel-serial
conversion module was proposed for the first time, so that the process of differential encoding and decoding with the
data could be completed in the transmitter. The post simulation results showed that the data transmission speed of
the transmitter reached 12.5 Gbit/s. Meanwhile, the overall power consumption of the transmitter was 39 mW,

and the total output jitter was 0. 05 UI, which was far less than the 0. 3 Ul required by the JESD204B standard.

Key words: differential encoding; high speed SerDes; current mode logic XOR gate; dynamic load
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Abstract ;

Quantum chip is the basis of constructing practical computer based on the basic principle of quantum
mechanics. Through the excellent research work in recent years, research teams of various countries had developed
the Si based qubit chip technology into one of the core directions of quantum computing. In this paper, the main
types of Si spin qubits were summarized, and the key technologies of high fidelity, long-range coupling and other

indexes required for reliable quantum computing were analyzed. Research of these technologies showed that Si was a

feasible platform for the development of comprehensive quantum computing.
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A Novel Silicon Carbide DSRD with Variable Doping in Base Region

QIAO Bin, CHEN Wanjun, GAO Wuhao, XIA Yun, ZHANG Kenan, SUN Ruize
(State Key Lab. of Elec. Thin Films and Integr. Dev. » Univ. of Elec. Sci. and Technol. of China » Chengdu 610054, P. R. China)

Abstract: Drift step recovery diodes (DSRD) are generally used in ultra-wideband pulse signal sources, which
can reverse nanosecond-level high-voltage pulse to the load. However, DSRD have high requirements for the rising
front edge of the output pulse. A novel wide band gap material step recovery diode with variable doping in the base
region was proposed in this paper, in which the doping of the traditional base region would be changed into a
stepwise concentration distribution. Built-in electric field was formed by concentration gradient in base region,
which would adjust the carrier distribution during the reverse pumping phase of the DSRD discharge circuit and
accelerate the carrier extraction. The joint simulation of the device-circuit was performed by Sentaurus TCAD. The
results showed that the maximum structure hole velocity at the end of forward injection was increased by 29 %
compared with the traditional structure, and the voltage rise rate was 19. 7 kV/ns, which was 25% higher than the
traditional structure (15.8 kV/ns). The proposed structure reduced the time of the reverse pumping stage, and the
voltage rise rate of the rising front edge of the output voltage pulse was larger, while the time was shorter. As for
the process, only the gas dose of the epitaxial process needed to be changed, which could be realized.

Key words: drift step recovery diode; pump circuit; silicon carbide; built-in electric field; variable doping
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A PD SOI Device for Anti-Total Dose Irradiation

LI Mengyao, LIU Yuntao, JIANG Zhonglin

(The School of Information and Communication Engineering , Harbin Engineering University ,» Harbin 150001, P. R. China)

Abstract: A new gate type silicon on insulator (SOI) device with a laminated embedded oxygen layer was
proposed. In the anti-total ionization dose (TID) reinforcement scheme for SOI devices, the buried oxygen scheme
for buried oxide (BOX), and the special S-gate scheme for STI layer were adopted. Based on Sentaurus TCAD
software and Insulator Fixed Charge model, the fixed charge density was set. Base on a 0.18 pm CMOS process,
the TID effect simulation of the PD SOI NMOS was proposed, and three kinds of PD SOI NMOS simulation models
of strip-gate, H-gate and S-gate was established. By comparing the transfer characteristic curves, the threshold
voltage drift and the transconductance degradation before and after irradiation of three devices, the anti-TID
irradiation performance of the device were verified. The simulation results showed that the device with S-gate could

resist kink effect,and anti-TID radiation dose of the PD SOI NMOS devices could reach 5 kGy.
Key words: STI; PD SOI NMOS; total dose irradiation; S-gate contact; kink effect

R 44 T BB/ AT 52 4 0 R A 48 14 o 1 25 2 1

0o 3 = SR » 7 BT R TR BT R 3O B A I

SO S i FLAT T REAR L JE 75 A1 205

SOT MOS B8R T &N BRI Iy MR T 4 D58 T A S R S 0 38 2 1 R

PN G B0 56 7 0 26 T U P 0 7 B S K LI SOT 38R o 45 08 38 6 3L 76 5t TID 45 B8 [ Jy
N B, A T 3O L R R B A BERS T L MOS A R,

7S H HA 1 2020-03-06 ; 55 H # :2020-04-24
ELTE B RILA ARFIEILEEBWH (JJ2018ZR1021)
YEE B 2 27 (1996 & (DU - INAR BT A 8 BF 55 A= BF 52 007 1) oA 7k S5 A 400 2 i R I8 18231
Xz % (1980—) » 53 (WU » B R VI MG RN S -, @I 3082 R 52 1) A A 4L/ 0T 45 4 B Pl 5 1 1T



102 EHGE . —MPURF R B H R PD SOI #14

2021 4

TID 0007 A0 S P 28 1 1 454 2 LB 7 4 AL 4
HE A W Bk R T T T A T O R
EALH 5k SOk b R AL 1O TE RO L S B
L PR A L P TR S R SOT 4%
P4 A AR L STT 21 BOX 245 5102 15k 26 4 A
JR— R F¥4% TID RN . 7 0.25 um
BB AT R MR BN T 10 nm, 4 4
B, T8 B i 9 2 R AR /AN TID 45 W 5040
J22 W I B, 05 6 R 1 B 0 T 220 R T
STIJZ A BOX J2 J5 1 4 WA BR Al 7 28 4% TID
TR GE AL TR

A SOT 28 1 ity BOX 2. STT R # 7 T
i TID 4 BN [E L35 T — Fh B B 2 B0 U2 10
W (xS i SOT NMOS 28, % S M8 #l
FoEE A TID 55 06 58 6 1 98 K He B BR B (f5
SEER AL | R I TR e CEL A 25t . 2%
fli H# A Sentaurus TCAD XfF 0. 18 pm CMOS
T LA 4 M TS M= Fh PD SOT 2% {4 47 7
TID A0 47 20, % e T 46 BRI 5 B0 e 5 0 2 1 T
H .S A9 B0 TID 48 HE WL AR B T AiE T S 28
PRI kink 200 PERE .

1 BHGRE

i@ f Synopsys Sentaurus TCAD 28 {41 B %
fF K 3D W B FUAS RS . 2% 1 L Y ) 3T
SR 1R,

Rl BHEBEENHESH

S8 Hufi
Mt H S #
V58K / pm 0.18 0.18 0.18
V418 TE B / pm 0. 36 0. 36 0. 36
% iR/ pm 0.1 0.1 0.1
Bt AR/ pm 0. 005 0. 005 0. 005
Tk 58S / pm 0.16 0.16 0.16
G )22 JEL 8/ pom - 0.01 0.01
BOX RJZJF/pm 0. 06 0. 06 0. 06
/B2 Mk B /em®  1X10%° 1X10% 1X10%
BB I E /cm®  4X107  4X 10" 4X 10"

=R S S RO R B0 EH L TR
f14 4y BEASE TRUAT - 280 000 1 3k 2 A R A L AR TR L oy 3™
A=A A RN RO O B AR Y | A A A RN A
T o G PR [ vl A AR o ) 4 5% I [ ol £ A
T, SR P FL Ao 285 B2 1) 7 3R AEL TID 208 £ SO1

NMOS #8482 H #iE. S #iF SO
NMOS [ 3D g545 43 3 1.2 #1 3 fiw.

B 1 %M SOI NMOS [ 3D 4 #y

B 2 H i SOI NMOS iy 3D 2544

Kl 3 St SOI NMOS i 3D £ #4

2 GRERS AN

H4 3D Py HAL A v M4 )2 L STT 2 \BOX 258
XK Sentaurus TCAD 71 f“Oxide” #1 #}, W v %5 2
SR [ v Ao B N T SRR )2 S 2 S A R A T
Ab . S BIBEE 8 A AN [ Y I [ 5 H for 25 Q Sk A
WP E 0~5 kGy YR I . & LA 1~8 X
1 Q{E 4N MK 3.5X10",0.5X10"%,1.0X10%,1.5
X10,2.0%X10"%,2.5xX10",3.0X10',3.5xX10"
em Yo S 1SR TIOR3, 26 X 10" em ?
XFRL A Q fE %5 Wl F 5 kGy Ryt JH . Ky 7
U HB3E B 7 % PD SOT NMOS #8 {4 19 4t TID 5 #]
R L (5 FLUT B Y e e AE [ 52 F fer 2 R 3.5 X
10" em ™2, Bp &4 8.,



Bl

BHEGE: —FHLEF R IB AR PD SOL 43 F 103

2.1 BOX EmE

BEXS BOX JZ2R & JZ 814U [ 77 52 RIAE 3 4R
JZ 5 RERE R Z 183 — A E . BOX 2 Y i [
ZERINIAL 4 B . RS CASEEE N2 A R
TR A, B AT] 5 R RS Y HESEUR A [E E I R e A
HARTE L T N Y (R R A L O T
I LA 3 i/ T O A e R O K BT TID O
i H

REBLR

FALRERIE)Z

BOXJZ

FHIRSZE

4 BOX JZ 8y fm #4544

5B M @8I STI 1 45 M SOI NMOS3D ##&
AR EMEZERE N S5 nm, 38 7EA R A BB
AN [m] B [8 5 H A 2% B2, DAL TID ny 5 BRAE T . TG
STI iy 45 SOT NMOS % 5 5 J5 19 ¢ P 5% % it 2
g 5 R .

LA L TS R B i AR
WA, G, AT DL Z g TID 500 xf #4202
BOX Z 5% Wi, 17 32 22 2% 1§ TID 20 % STT 2 1)
AR
2.2 STI jnE

g AU BT Y S MY bR BRI RE L B T A%
4t H #f SOl NMOS & EXT I . ik KN 5V,
HHAR g B L —1~5 V,

1E-3
1E-4
1E-5
1E-6

—=— ()=3.5¢12 cm™

}E; —e— (=3.0e12 em™
= 1E9 —a— (0=25¢12 em™
~ 1E-10 —v— ()=2.0e12 cm™

M1 —<—(Q=1.5e12 cm™
1E-12 .
1E-13 —>—()=1.0e12 cm
1E-14 —e— (=0 .5¢12 cm™
TE-15 e (=35el2 cm™
1E-16 A A A ‘ ‘ ,
-1 0 1 2 3 4 5
A
B 5 JG6 STIAYZME SOT NMOS 8 5 6 Jo A0 8 B 4% o il 2%
2.2.1 R oA

AN [] [ 52 H fef % B R 4 4F SOT NMOS 15 5%

Rt & & 6 pros. AT LLE ), &M SOT NMOS
F18y 2 285 T P, I i [T A L T 28 R ) 3 KT L 4 K
e I BTG R IL TS TS B R . XUl
B L It 5 R B 1 K B 48 45 SOT NMOS K g
SEA ], B A A k. TEAS T O B A
i 85 BE RIS KA A BT R, TID %00 X 1% 48
Mt SOT NMOS s B 7 I 52 48K .

—=—()=3.5¢12 cm™

1E-7 —e—(=3.0e12 cm™
< %Ezg —a(=2.5e12 cm™
~ 1E-10 —v—(=2.0e12 cm™
1E-11 —«—(Q=1.5e12 cm™
{E% s (Q=1.0e12 cm™
1}5:14 —e— (=0 .5¢e12 em™?
1E-15 — e (=3.5e12 cm™
1E-16 s x s s s s
-1 0 1 2 3 4 5
VIV

6 7 [a] [ E H i 2
Hi £&

T 4 SO NMOS [ 55 # 45 4

AT [ L fr 2 R HOAlE SOT NMOS 195 5%
PR 7 s . T LAE H L H i SO NMOS
M B R i LT A BIE S 8 B, 475 % A %t
TR AR TR A R T B R, R
K2, H #iF SOI NMOS i 751 A T #5456
STT 553 H 4% 56 4 B B, A A 5 IX[R] 7 el o L g
R A 4R 2 O A . PR, i e R R AR R A BT
TID HRE .

1E-3
1E-4
IE-5
1E-6 —a— ()=3.5¢12 cm™
1E-7 —e— (=3.0e12 cm™
~ 1E8 —a— ()=2.5¢12 em™
= B9 —v— (=2.0¢12 cm™
1E-10 R
1E-11 —<— ()=1.5el2 cm"~
1E-12 —>— ()=1.0el2 em™?
1E-13 —&— (=0 .5¢12 cm™
1E-14 —e— ()=3.5¢12 cm™

1 0 1 2 3 4 5
v,V
B 7 AT T H A SOT NMOS /% % 45 4
fify £&

S TR) [ 5 H fef 35 B R S iF SOT NMOS () #4 7%
FrbEdh & an &l 8 fras .



104 B SE

— LR R AR AR A95RT L PD SOT g7

2021 4

2.2.2 BEE R A5 F 00 R B o A

1E-3
}Ei FH] Synopsys Sentaurus TCAD 1 [ Inspect
}Eg : gjg:izzz TH 4356 =Ff SOT NMOS LA [a] [ 7 H, i % B2
- }Eg +Q;ﬁ:5§12}m-2 TFHRIT BIE RS R, AR AS [R] [ E A
= 1E-10 v 0=2012 cm™ 5 FE T 4 BT S Y 1 r R R AR L B R RS
1 e BEE 2 L B SR B B SR B 4 LA 9 2
}Eﬁii . (();0‘.5/612(*,m’2 2~FK 5 im.
1512 e | +‘Q=3-5‘*1‘2“m’2 | AT LA o Bl T A2 T H ey 2 R s A, =
oo 1 vz/v 3 4 5 T2 00 1 B PR R RN B85 S 3 R B RS . FE SR A 8

B 8 A[E [ E % B S M SOT NMOS By % 8 45
i £&

A LLE H LS HF SOT NMOS 78 % F 8 i 9 26 25
IeHL A T TR SRR A A, XK, S
Wt SOT NMOS #] 35 2| 41 TID 5 5 & R5 kGy,
XFECIE 7 FIE 8 TS M SOI NMOS fig#it TID %%
N BE I AL S H M5, 2 H i SOT NMOS () Ji
Bl FR R . Bk, A AE 4 BRBRBE R L S i SOT
NMOS BA B 4f iyt TID PERE .

BF, a0 R EB EERE®E LN
70.925% .5 R 4 ol 50. 467 %0, 1R 22K
HA 3 4 00 B0 H R A% i 43 Ll 0,010, B
SRR E N 7,395 %0 iR 22 B /5 S MR
B ME R S AL 9.423% . S E R R LN
7453 %0 RZEAR /N, X KB, TID &40 %% 5t 4% il
1 1 B R P L ) R AR R, 6 HOBIE S R A
S MR 1R B B B (R R L B S A R AR /N .
SHit SOT NMOS & 4 i it TID %8 B it fig 1 by
5 kGy,

K2 AREBEERAZEETERWNENHERERBE

28k 2 g B FL RS R/ V
&M 1 &1 2 HAES FAEA IS A6 i HAF 8
Mt PD SOI 1.135 0. 959 0.763 0.559 0.510 0.422 0.379 0. 330
H #if PD SOI 1. 179 1.177 1.173 1.172 1.171 1. 168 1. 167 1. 167
S i PD SOI 1.178 1. 109 1. 107 1. 105 1. 102 1. 100 1.090 1. 067
®3 AREEREEETERRIGHHERERBETI L
(oL I L FL S RS 0 G/
FIF 1 &2 &3 FAEA IS A6 i I8
%l PD SOI 0 15. 507 32.778 50. 749 55. 066 62. 819 66. 607 70. 925
H #if PD SOI 0 0. 001 0. 005 0. 006 0. 006 0. 009 0.010 0.010
S #if PD SOI 0 5. 857 6. 027 6.197 6. 452 6. 621 7.470 9. 423
®4 FTREERHEETERINENESEBE
e PEEE B5 T EAS it/mS
&1 kM2 &M 3 x4 &M 5 &1 6 &M T xM 8
%4 PD SOI  0.000 535 0.000 417 0.000 292 0.000 288  0.000 284  0.000 282  0.000 270 0. 000 265
H i PD SO 0.000 311 0.000 304  0.000 301 ~ 0.000 300  0.000 298  0.000 297 ~ 0.000 292 0. 000 288
SHEPD SOT  0.000 322 0.000 314  0.000 308  0.000 307  0.000 307  0.000 306  0.000 300  0.000 298
®5 TREERHEETERINENESEBERSIL
Ll B P EBR A/ %
&1 A 2 &3 &4 &M 5 &1 6 RAET xM 8
%Hit PD SOI 0 22.056 45. 420 46.168 16. 916 47. 290 49.533 50. 467
H #l} PD SOI 0 2. 251 3.215 3.537 4.180 4.502 6. 109 7.395
S i PD SOI 0 2. 484 4.348 4.658 4.658 4.968 6. 832 7.453




551 25 25 4 . — I R R B B PD SOT 2444 105
2.3 kink {5 F AT 5
A SCHT R AR () YR SE e Bl 4 X107 em ™, Pa—
AR Bk R R X A B B R 0.05 pmu AR SCER T '
SOT B4 R4 #E /R (PD)SOI %44, PD SOIT 5844 (1] g8, SR, SREM. 5. S5 E SO A

TE M A Bof 2 B 1,V il 4R R i il B4 B
kink 0, 5 80w 855 e R I 4G R DA R IR
A5 PEH I g PEYERE . S MR SE A I8 B AR 5] Y
(1 p DX o R ER S AR Y S ORTE AR X
FRETT B A5 | i 5 | A RO BR T kink 800

V,=2 V i} SOl NMOS 284764 TG S it i
IVl & 9 FiR. T LE . RS 25 1
B T R o ) A R B 4 S kink RN L 1T S
AR 225 2 WA A i T kink ARG .

0.16 BV

0.14}F A fil
0.12}

<
Z 010t \

= 0.08) Fek iz fh
0.06]-

0.04

0.02 . . . . )
0 1 2 3 4 5

VaIv

B 9 SOI NMOS 74 Tt SMET Y 1a-Va 14k
3 &

AR T —F A S 2 EZ PR =R
FE N S #F PD SOT NMOS #244, 7£ BOX J2 55k
JR 2 22 1R 2 R 22 R P A e 2 7 AR Y AR A IR
T4 BOX JZ2 7™ A4 i [ 5 1 L far » 35 200 [ 9 B i s A
FH S I A 8 9 M0 4R )2 B B ST 2 54 5 XL 52 B xt
STLJZM NN, 251 %W, BASZHAZ1 S
PD SOI NMOS i@ it %} STI 2 F1 BOX J2 11 i [# %
T A 30 Y L (R R S R I RS R Y
R/ BT TID %6 BN & A B8 073k 5 kGy. S #i
w5 H MR AR e T TID S8 BRI RE RS 55 . (1
S5 S M 1 1 R T R /DN B8 F BE K EL I BT R
Z PR HAEA S0 ] kink 2% . P, A SCHY S M
PD SOI NMOS [ #ufa F M ae 8 R . A R4 (1% 6

(2]

(3]

[4]

(5]

L6]

[7]

[8]

(9]

[10]

[11]

MA OO [T]. |55 5%, 2019, 19(1):
43-45.

SIMOEN E, GAILLARDIN M, PAILLET P, et al.
Radiation effects in advanced multiple gate and silicon-
on-insulator transistors [ J]. IEEE Trans Nucl Sci,
2013, 60(3): 1970-1991.

SCHRL BEBAR, SR, SF. FEHOK NI MOS ik
B EGR B R L] BUH T oE. 2015, 45 (5):
666-669.

ROH Y T, LEE H C. Layout modification of a PD-
SOI n-MOSFET for total ionizing dose effect hardening
[J]. IEEE Trans Elec Dev, 2019, 66(1): 308-315.
L1 C, MIKHAILOV M M, NESHCHIMENKO V V.
Radiation stability of SiO, micro-and nanopowders
under electron and proton exposure [ J]. Nucl Instrum
& Method Phys Res Sect B: Beam Interact Mater &
Atom, 2014, 319(15). 123-127.

ESQUEDA IS, BARNABY HJ, HOLBERT K E, et
al. Modeling of ionizing radiation-induced degradation
in multiple gate field effect transistors [ J]. IEEE
Trans Nucl Sci, 2011, 58(2): 499-505.

BARNABY H J. Total-ionizing-dose effects in modern
CMOS technologies [ J]. IEEE Trans Nucl Sci, 2006,
53(6): 3103-3121.

W, HAAE. KRR % ST TCAD M4 4 (K I
fil e 10 BT B AR BE S [T, T 2 3R
2019, 47(8): 1755-1761.
LEE M S, LEE H C. Dummy gate-assisted n-

MOSFET layout for a radiation-tolerant integrated

circuit [ J]. IEEE Trans Nucl Sci, 2014, 60 (4):
3084-3091.
XISC, AL, WA —FFP AR AR A SOT #5174

B HAil 172 [P, CN101859783A, 2012-05-30.
WANG Q Q. LIU H X , WANG S L, et al. Total
ionizing dose effect of gamma rays on H-gate PDSOI
MOS devices at different dose rates [J]. Nucl Sci &
Techniq, 2017, 28(10): 151-155.



51 % 81 [ S = Vol. 51, No. 1
2021 4F 2 H Microelectronics Feb. 2021

EF RF MEMS F X iEB AT 1]k
1A SR Bg X T

SEEAEL S, R AER N, T, EmAR L, A AN
(1. pdb R FEE BECHLB AT Be . VLJ5 i@ 2260005 2. b k2 AUA8 5 7% B, KI5 0300515
3. Hdb K R s R E RS BE . KR 0300515 4. Al R ARG MR 0, KIE 030051 ;
5. bR #ZE R, KJE 0300515 6. b K4 {5 A 5 LRE%E, K& 030051

W OE: AT HEBEET /RS AF RN AN ERTRKR TR FH . Ld ks F
ZFEAKFHIM MEMS F XA R Tk 54 M P, 8id MEMS w3 F Xt LA
FR PSR A RIEAHFRE . FAE 6~14 GHz AW AR E N HIRE T ki, A A HFSS
W, B AT BB AR R R Ok 5 AR AT AR B AT R L R A WA T M E AT, > A A
1. 26 dB @6. 86 GHz.1.03 dB @9. 16 GHz.1.23dB @11. 78 GHz.1. 07 dB @12. 26 GHz, ¥4k &
RN T.95 mm’, HHETIHRIERBAAL. Z TR ERBZHF MEMS A X5 XA %k
BEME —R, AAKES DRI EHEREFRE,

KEH: MANELRATX; TWHRIEXS; WA BKRE; TEELRS

hE 4SS TN713. 5 XERFR ARG : A XEHS:1004-3365(2021)01-0106-06
DOI:10.13911/j. cnki. 1004-3365. 200228

Design of an Interdigital Switchable Bandpass Filter Based on
RF MEMS Switch

HAN Lulu"#**, WU Qiannan'*"", WANG Shanshan"?***, FAN Lina'*"®, LI Mengwei'"**"
(1. Nantong Institute of Intelligent Opto-Mechatronics s North Univ. of China s Nantong, Jiangsu 226000, P. R. China; 2. School of Instrum. and
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Abstract: In order to effectively solve the problems of large size, high signal loss and poor switching efficiency of
microwave test instruments such as signal or spectrum analyzer, RF MEMS switches were applied to optimize the
structure of MEMS interdigital switchable filter. The interdigital resonators with different center frequencies were
selected through MEMS four-throw switches to realize the switching of four frequencies in the range of 6 to 14 GHz.
The insertion loss of the four switchable frequencies obtained by optimizing calculation which used to calculate the
geomemtric parameters of the filtering structure through HFSS were 1. 26 dB @6. 86 GHz, 1. 03 dB @9. 16 GHz,
1.23 dB @11. 78 GHz and 1. 07 dB @12. 26 GHz respectively. The overall area was about 7. 95 mm?®. Compared
with other switchable filters. this filter integrated MEMS four-throw switches with interdigital resonators, and had
the advantages of low insertion loss, small size, and high integration.

Key words: MEMS switch; switchable filter; interdigital resonator; bandpass filter

5 E 89 :2020-05-24 ; & %8 A #1:2020-06-17

ELWB:- HERAAFFILEEWB I A (61705200 ; 7 & 30 H (2018NW0026) 5 Hh db K 2 4 % R 47 sk A % By B
(QX201905) ; X H L Z M &% W5 H (JCKY2018408B006)

YE& B v 86 BE K (1995 Lo (UG T AU A KB W B 5% 2F 5 DA 5 001 8 0 3 o1 R0 R 1 58 T4
AR Z975—) B QUIB) BRTGTE & N B 42, FE G MEMS HARS5 05 H o8 TAE, EBEEH.



551 i e 25 . LT RF MEMS FF 36 (1 58 15 750 0] 5 445 380 0 i 28 3% 31 107
P&, MEMS U8 T 56 1) 45 #4) & fn HESS {5 B fh £k
0 5 = mE 2 i,

A 38 U A% (BPE) J& — 28 A BT 5 T it 15 5 38
SR (1B R o W R STV 1 N (< i1
WS HEAR TR . MEEG RS
R R R A% G0 A DR I A O AN BB N 2 B B
FIAE R ORYY L AT YD g AR AT
e IR A B EOE HHE 5 1 R IE AR 7 R GRS
S5 S T 2R U 2 R,

NS RTIE: S8 I o R N R 81
#2 Y  MEMS w] )4y P A AR . (LG8 P e g
P AR RGO GT J  EAF AR 25 H R KL 4
P52 20 AOURE I B R AR A B . SCHRL7 J48 i —
Ff /N 36 F MEMS £ AR (19 B b 4 80T 56 98 % 7
AU % 1 AT 4 0 AR 43 R 7,00 GHz,
8.00 GHz.9. 00 GHz . {H R~} 8 K 48 B B I L 476
Ko SCHERLOIWFHI T —Fh 3 T 5445 MEMS JF 56 1 -
I AI AT P 4 0 5 4 5 AT V1A A5 B 43 A 7. 81 GHaz,
8.35 GHz fH R TR Af i K.

BRI K R K ) B, AR SC T T — A A
FEUIN A 45140 178 T 170 Joe 7 30 308 O 8

1 2345 AL ) 48 48 it

1.1 MEMS M#FF %i%it

A SCBETT Y R U4 8 4% 8 MEMS g 5 %
OS2 B 0 B U 4. MEMS Y 85 JF %
MEMS 3¢ . Hy sr a4 . A 3¢ MEMS 4§ 7F ¢
SR FH R 422 frh 20 MEMS JF 560, A5 00 B G 1] 1
B o Zow ML IS (CPW) 25 Bl 3T . R, N IT X
G I R BE . C, O I S W7 T I B 2 5 CPW {7
SLIL G A

(a) HERE (b) Wik
B1 RRiEE = MEMS JT 26 () 45 550 %

K FH B AR ZEF AR MEMS PO 85T 56 1 B 42
HACREE R AL E R SN TR, AT
i B AR Ak J2 R /N MEMS DU 5 JF 56 /4 5 3 H
He AEBBER B TA TRIGL. ASCRARER )
oyt MEMS JFSC4E5 & 1975 1% - 56 Bl 155 1Y i

Port2
Port3

Port4
Port5 F-50

0 10 20 30 40
W2 | GHz
(b) HFSS fjj EL45 5

Kl 2 MEMS PU$ I 56 14 25 14 [ F i 2 it 2k
1.2 ZIERERSIEIT

15 9 BR BEL BT 15 9% 2 (STRO 17 ] 3] 52 45 750 385 4% #%
P R 3T MEMS JF 36 1) 58 48 78 ] 5] 46 8 U5k 245 1)
PRI, SIR 246 Bl )4 I8 i 2% 19 HESS fjj &
Mk an &l 3 fros .

04

—40 4

—~60 4
T v T v T v T
0 5 10 15

f/GHz
B 3 SIR &5 BiE 4R 4 1 HESS ff :h £k

S, /dB




108 WS . 55T RE MEMS HF 56 i 32 38 20 nl U 7 18 38 3% 2% 5231 2021 4

SIR 53 H A, /4 BL 2, /2 B 2, B, ARSCHEFE A, /4 Wo W), W, W "
B SIR, & HA BN @ oo T 3 54kt T T
BORR R . A /4 A SIR H FF % oy 5 6 % oty 18 3 BHL T
[ BR 435 A ThI AR TE 4 A F 386 s 25 S B BT 5 SR K
FE IR Z0 .0 . 58 I i 55 R BH P 5 AE A KR B I L R N -

1 ]
WK Z, .0, . A./4 B SIR (5 F & 4 R,
L L | L, i
Z,,0, 22:6, jr: _ :=E o :?E

<} - >

0
/S // SIS IS
/ / S

g g 7, 7 // S/ gHIIAIIIISS
7/ gl /Y 7/ g
%%“”%%%%/%%&%%%4%27 ‘

/

SIS ISS :/ / /) /
0000 7|

B4 a,/4 B SIR (4546 7R R

ZW PR 45 0 2 R A B A BHBT N
— iy Z,tan 0, +Z,tan 0,
i ) Z,—Z,tan 0, tan 0,

BWSNY =1/Z=0,00]155] A, /4 A SIR ¥
PR

tan@l tan@z :% (2)

AHGEIREN S 0.0, N Z,/Z, K, A4
T SIR [ B 2Ky .

§T‘4:01+92:91+3rcmn(2 till 0 ) )
2 1

55 2 ST BT IR B O 8% i 5 2 5 L 0% S 5 56
FHAE) B HLAC BE (/2 AH 1L 5 STR A I — 113 4 4% 1<

BEL,=2 0&
n

SEHE TR IR # 0 Oy 2 i T % N 28 o S g X
SEHE BT IR e A2 oh P 2l R A i 0 iR % 28 HE A
LR IR R A TSR R 50 Q 1% i
AR IR IR AR A i E T . SR B IR A
M I 5 s . W, AR AR ST L, L
RS TR, S RERIE IR 1Y
LARES 1 WA IRZ B A, =0, 1, m.
X T A AL TR B IR AR 55 1 BN m RIS IR IR
WEIRAR S 0 WA m 1 WHYSZHR 5 A B AT
Bt R BT AL B L AN R I IR A

ARICR MG S 2B RBE R R LS R
TR AR L SE AR RS IR AR 19T B m H

In zp —arcosh [
m= ) &“>+1 (4

arcosh{ 17w }

Z

oy

14+ w?

5 s2HE A kAt s 2 A

iﬁqﬂ,p=101‘s”2°;qzm;wl =tan(xf,/
(2f)) 3w, =tan(xf./(2f,)) s Lo R BHHE 2 AR ; L,
AT SO fo IR AR 0 IR £ Sk Rk
AR 5 f o SRy T T BELHY T AT %6

Wi m 5@ ERERANER T Ho. b
HLR (19 BRI G o R B K AN Q (Y .

BW
Ki,iJrl:‘i’ i:1927""7n (5)
f<> V Oi0 i+1
_folfodl _fodmtfm+1
Qel_ BW 9Qem_ BW (6)
A, BW Jydiafi oy 9e

I SCHERC19 130 o145 31 52 4 1 56 B W7 R 38 4

BB S7 . scfe A B LW
,_Ao__ ¢

TS
a0 MUK se AR HL 28K,
1.3 ATYIHRIR K AR

AL R A R R AT U M gk B A 2 A
MEMS PU$F 3 1 4 A AS [8] 55 47 1) 28 35 70 % P 2%
SN, RG] MEMS PUBE I 56 oYk i Rk 24, SE B
TR T AR A e 8RB R AN 1] 6 s

D

Pl 6 BT MEMS JT 3¢ B9 28 i 20 AT D) 46 i 06 e Jit L A

248 B W] Y14 U8 0 4% ok Ff MEMS T 204K . i
o IV <6 Je 25 R 2L o 2% AT VD A D IR A SR T A T
FIE AT IR 5 B AL 5 A L o Y R E BHL
Lol 50 Q.G ME 7 s, WA 3848 B R 4
B RS B AT AL L AR AR A AN 8] AR5 B i i



Bl

i PK PE A5 . HE T RF MEMS JF 3¢ Y 32 48 B AJ D) ey 3 38 I 2 e i 109

Wik o ASCEIH L Lis Lig Ly 4300 EREE — .
B UHS AR DU Y A R I R A P e B ST K
o b T TR AL K B ST R TR v BB S
KESSHHMEF—8. 3T MEMS Jf X% %2 34
RURT YJ 40 U8 D 38 W 25 M S50 3 1 B .

Kl 7 AT MEMS JT 5% 19 32 4 BT U 46 0 O 45 44
®1 EFMEMSHAXMXIERAMBRB[NEMSE

ZH wtE | 2% kitE | 2% dotE

L,/pm 2710 | Wy/pm 408 Wo/pm 30

L,/pm 1000 [|W,/pm 433 | L/pm 3600

Ilg/lJ,m 1 000 Wg/ym 415 W/;Lm 4 400

Li/pm 1340 |W,/pm 366 a/pm 40
L;/pm 45 W5 /pm 206 b/pm 25
Ls/pm 20 Ws/pm 34 S, /pm 10
Lys/pm 30 W;/pm 30 S, /pm 13
Li/pm 369 Wy /pm 312 S;/pm 20

2 EL Y R R B % AR M AT

AR SO 37 A2 A YA 3 T U 6 D8 G A R 2 R A
B F ] HFSS w1 6 015 B X 2 808 A7 4148 . 1
B DA TERE . AT ADS FAFH 30 11 R Ak BT
50 QW) CPW RF iP5 SRS a 2 40 pm.
SHRGHANEFE 0 25 pm. O T BRHPEREIL B
14 5 i 28 AT U 40 I A X S 4 R AT U 46 g 4 Y
HESHGHATIAL . LUF A @0 IR R 32 1 50
AR K F LSRR
2.1 FFRRAF X % By M R B 2 0

Xt 5 — il TE ] D) 8 B AR AN R AR AR X
TR Soy B SZ M A& 8 Bin . AT LAE s A IS A
P HE 5 R R A T XHE AR A K.
B AR /NI A X L ) e TR A A 3 33 2 i L A e

JEE Csilicon, A HL 28R 0 11, 9) VAL 8 (AL O, . M
STHLZAZ N 9. 8) (I FE (glass, FHNFHL AR N 5.5)
e O A B 3 (BF33, AH XS HL 25 460 4. 6) . — S Ak fik
(SO, AHXFHLZE R R 4) o AT, 4 JES A RE A AH X L
R AR IN L UE A A ISR BE Z N . B U R B
Tl AR 8 JEC S BB A i M R LM R BT ER

04
~10-
=)
=
~ 204 !
o !
!
30 !
B «{ =-==--silicon
17 ====5i0,
—40

/! GHz
[ 8 ASTRI A} JEEAA B KT Say 15 i)

2.2 ZIBHE ¥R R A 0

ZAGE L my X Soy 1952 G LI EL 9 PR .
A LA oy X0 B33l A0 ] 5 e A R L )
ABFEM 5/, RS EBORE, Y m,
M 13 AR E] 23 B, O SR BEAK . 5546, my YR
LW AEKR . A SCESE my = 21, LB A9 0
RS N1 2 127 B NG Ao 1

—40 4

-50 4

f/GHz

9 AARELEXT Sou 5

2.3 AR BE x4 e Rz Y 2 0

SAFRPE LR So U2 AN 10 Pros . 2521
WL B Ly X IR R R AR A . A
R SR K S IR NS sl . REFHA SR



110 HRIE A SE . JET RE MEMS JT5C #4328 B AT U] i 18 % Dl 4% vt

2021 4

AAE M Lo 320 pm DL 15 pm 25 3E 3 i & 380
pem B DB B AR . A SCBEHE Ly, =365 pm, i
R 98 3B PR BB AR S A P AT

0
-104
/m
=
~ =201
A
-==L,=335pm
. s [ =350 m
=-=--L1,=365 pm
————— L,,=380 pm
~40 4
T v ) i I
0 3 6 9 12

f/GHz

10 ek R S 103
3 WM E G oM

FIH] HESS & 45 B 1% 3 7 551 0 47 05 5t
AL B — VB BRI G AR e R AT P 8 Dk A
B S SR B RINE 11 i, " LLE B, U4 E
ER O RSy W 6,86 GHz,9.16 GHz,11. 78
GHz.12. 26 GHz, 3 A$RFES Bk 1. 26 dB @6. 86
GHz.1.03 dB @9. 16 GHz.1. 23 dB @11. 78 GHz,
1.07 dB @12. 26 GHz. [al s $iEE4r 3k 22. 2 dB @
6.86 GHz.24.1 dB @9.16 GHz.,20.1 dB @11. 78
GHz.22.8 dB @12. 26 GHz,

3 2 Jv 7R g AR S A SR bR D) 4 38 I 2 1
SR . 5 A STERAR L A SO MEMS ¢
1) 52 45 AU W] ) 46 0 U A B i AR/ U 4
B T8 R /N AR BB s A R

O -4
~10-
m =204 )
o |
1o ; I
0] I B
304§ [
i ’_;ﬁ 1* channel
40 5{ = = = 2" channel
,, J— 3»1 nhannel
=-=+=4* channel
—50 T T T T T L]
0 3 6 9 12 15
£/ GHz
(a) Szl

0 —
~10- ]
@ i
= i
-
"3
204 =—— 1" channel v )
= = = 2% channel s %
STR— 3>‘ channel
= ="4" channel
-30 4
L] T T T L] L]
0 3 6 9 12 15
f/GHz
(b) SM

F 11 SEEMESR

R2 ANFEMXHPTRIRBRFHSHLER

SCHk DAES dEAR M AT R/
#/GHz #&/dB  #&/dB | mm®

SCHk[8]  0.90 3. 00 PIN — 44 3 104

2.35  3.00

SCHR[10] 8. 00 5. 00 10 MEMS J & 900
9.00  5.00
10.0 5. 00

SCERC9] 781 3.40 >16 MEMSJF% 425
8.35  3.40

SCHk(7] 7.00 3. 30 - PIN % 156

8. 00 3.30
9. 00 4. 60

SCHERC13] 0.90 1. 40 - Ea | 2 800
1. 08 1. 30

VNG 6. 86 1. 26 22  MEMS H£ 15.84

9.16 1.03 24
11.78 1.23 20
12. 26 1.07 23

4 % ®

ARSCo AT T AT U4 U8 AR 145 H 5 AR R
BOIT 1 — B A BN AR AR L AT U0 40 1 5 Y R T
MEMS JF ¢ 1 58 45 2 n] Y14 i P 4 . 3% vl D) 4 8
P PSS [R] JE R 52 4 B8 U 45 23931 5 0 48 0
SR HE S IR 2L B AN TR AR Y 52 i TR T IR 45 X L
AT 4 F A R R P T S 42 o I i 2 TR A L 52
PSR . P HEREW L AE 6~14 GHz TAEM



i PK PE A5 . HE T RF MEMS JF 3¢ Y 32 48 B AJ D) ey 3 38 I 2 e i

111

RN LW AERE R 1T,
U A] Y] 7 18

HF MEMS FF Xy 548
eV AR AT N T 2 A ﬁh%a,

255 DA TE £ BRI BT 22 8 3 0 1R 45 5
T H A B E .

2 % X W

[1] RSP W R, W AR ) I R T, JE

[2]

(3]

[4]

(6]

7]

(8]

[9]

HL 57 9%, 2020, 42(1); 12-15.
WA W, frtEm, F AT AT OEHER
0 B W BE AR ()], FEE5 6, 2020, 42(3);
390-393.

B, B, HRH,
SIR 2248 iy 8 U8 e 4% [J].
14-17.

XIFKE, HhEF, A, % —F=
Wes e (1] P k222 4R,
276-280.

LEF. T MEMS (IR #8058 (D). KE. Kt
K, 2013 1-8.

HWANG B M, SANG HL. LIMW T, et al.

G5 — ke MEMS Bk
WO T2, 2017, 47(1)

SR BT 47 30
2019, 40 (3):

A fast
spatial-domain terahertz imaging using block-based
compressed sensing [J]. J Infrar, Millimeter & Tera-
Hertz Wave. 2011, 32(11). 1328-1336.

B35, E£3CE, XM, % R R =EE MEMS
TFRUEPTA [C]// R E M ZEA BB W, b
[€. 2018 876-879.

CHUANG M L, WU M T. Switchable dual-band
filter with common quarter-wavelength resonators [ J].
IEEE Trans Circ & Syst II. Expr Bri, 2015, 62(4);
347-351.

ZHANG N B, MEI L R, WANG C T, et al. A
employing RF MEMS
IEEE Trans

switchable bandpass filter
switches and open-ring resonators [ J].

Elec Dev, 2017, 64(1): 1-7

[10]

[11]

(12]

(13]

[14]

[15]

(16]

[17]

(18]

[19]

SHOJAEIFASANJAN D, MANSOUR R R. The
a switchable RF-MEMS filter design
IEEE

Sky’s the limit.
for wireless avionics intracommunication [J].
Microwave Mag, 2017, 18(1). 100-106.
KUMAR N, KUMAR Y. RF-MEMS-based bandpass
to bandstop switchable single and dual-band filters with
variable FBW and reconfigurable selectivity [J]. IEEE
Trans Microwave Theo & Techniqs 2017, 65 (10)
3824-3837.

CHAN K Y, RAMER R, MANSOUR R R. A
switchable using RF MEMS
switchable planar resonators [J]. IEEE Microwave &
Wireless Compon lett, 2017, 27(1): 34-36.

LU D, YU M, BARKER N S, et al.

iris bandpass filter

A simple and

general method for filtering power divider with

frequency fixed and frequency-tunable fully canonical

filtering response demonstrations [ J|. TEEE Trans
Microwave Theo &. Techniq, 2019, 67 (5):
1812-1825.

LIMW, LIUQH, WU QN, et al. Broadband radio

frequency MEMS switch with low

2019, 25(5):

series contact
insertion loss [J]. Microsys Technol,
1619-1625.

Bl fk & MEMS Gl 0 U I 4% 19 B Bl &
[D]. KJ: bR, 2016: 14-15.

B SCHE B UK AR 1Y B S OFY (D] AR
VUG 3830 K% 2004 14-15.

A, 77 HF. ARG M &m0 5 Rt
[M]. dbat: Bhaz kL, 1973 105-200.

SHENG H J. Microstrip filters for RF/ microwave
applications [M]. New York: Wiley, 2001 235-271.
WONG ] S. Microstrip tapped-line filter design [J].
IEEE Trans Microwave Theo & Techniq, 1979, 27
(1): 44-50.



51 % 81 [ S = Vol. 51, No. 1
2021 4F 2 H Microelectronics Feb. 2021

o FB 17 T ML =K ESD £ AN E NMOS Ip-Vis
Mo AEMEHR

WEE L EAE L EAA, E B
(L E T RECER A S RTSE T, HER 40006052, HEDI4E A HL I [ 58 R S 90 %, HEJR 400060)

W OE. RAKKLESD EALHAET NMOS B4 44, % %Kk ggNMOS ESD B # &,
B AT T A Ak y TLP kX, X4 R AW KRG SE35BE R EHe)H B
WA G HIFE RS, i ESD AAM NMOS # h B R L I LR T RA LA [ 2 —
FrE AR AR EREBME Vs ER 2 L Ves o i A% ., A MOS-Bipolar 5 4
MK T 89 EdZ & & A= Snapback B A @A Ine- Vs R Z R T EASH., ARERT
A T 44 CMOS/BICMOS IC # ESD %3t .

KPR : Moy RM; g & ; MOSBipolar £ 48X ; # & H 5%

hES %S TN386 XERFRERL A NEHS:1004-3365(2021)01-0112-04
DOI:10.13911/j.cnki. 1004-3365.200322

Study on Differential Negative Resistance of Submicron ESD-Implanted
NMOS I,;-V¢s Under High Electric Field

LIU Yukui', YIN Wanjun', TAN Kaizhou' ?, CUI Wei' ?
(1. The 24th Research Institute of China Electronics Technology Group Corporation, Chongging 400060, P. R. China;

2. Science and Technology on Analog Integrated Circuit Laboratory, Chongqging 400060, P. R. China)

Abstract: The structure of NMOS device was improved by optimizing ESD implanted process parameters . The
submicron ggNMOS ESD protection circuit unit was tested by transmission line pulse TLP method. The test results
showed that the uniformity of electrostatic discharge current was improved after the optimization. The study of the
output characteristics of the ESD-implanted NMOS showed that the drain terminal current Ipr was a compound
current, and it exhibited Ip;-Vs differential negative resistance phenomenon under high electric field when gate-
source voltage Vs was more than the threshold value Viso. The theoretical analysis of Ipr-Vis differential negative
resistance phenomenon from impact ionization and snapback effect at MOS-Bipolar hybrid mode were presented.
The research results of this paper could be used to optimize ESD design of CMOS/BiCMOS IC.

Key words: negative differential resistance effect; impact ionization; MOS-Bipolar hybrid mode; ESD
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A New High Voltage SBD with Improved Buried Buffer Doped Structure

GAO Wenhao, SUN Qiming. RAN Qingyue, JIAN Peng, CHEN Wensuo

(State Key Laboratory of Power Transmission Equipment and System Security and New Technology » School of Electrical Engineering ,

Chongqing University , Chongqing 400044, P. R. China)

Abstract: A novel buried buffer doped layer (IBBD) high voltage SBD was presented, and its operating
characteristics were analyzed theoretically and verified by simulation. Compared with the conventional high-voltage
SBD, the IBBD-SBD introduced a buried buffer doping layer above the substrate to transfer the reverse breakdown
point from the PN junction protection ring area of the conventional structure to the Schottky barrier area, which
improved the reverse electrostatic discharge (ESD) ability and anti-reverse surge ability, and improved the reliability
of the device. Compared with the existing surface buffer doped layer (ISBD) high-voltage SBD, IBBD-SBD
reoptimized the longitudinal electric field distribution in the drift zone, and further reduced the reverse leakage
current and the forward guide pass pressure drop while keeping the reverse breakdown point occurring in the
Schottky barrier area, thus reduced the device power consumption. Simulation results showed that the breakdown
voltage of the new device was 118 V. When the reverse bias voltage was 60 V, compared with ISBD-SBD, the
leakage current of the IBBD-SBD was reduced by 52. 2%, and the forward voltage drop was lower.

Key words: Schottky barrier diode; breakdown voltage; leakage current; forward voltage drop
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Abstract :

transistors. The experimental results showed that PMOS transistors had better anti-irradiation capability than

The *Co vy total dose radiation experiments were carried out on deep submicron NMOS and PMOS

NMOS transistors in terms of transfer characteristics, noise and matching characteristics. The radiation damage
mechanism of NMOS transistors and PMOS transistors were analyzed theoretically. The results showed that
different substrate types lead to different radiation effects of PMOS transistors and NMOS transistors. Based on the

experimental and analytical results. some anti-radiation design schemes for deep submicron IC simulation were
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proposed.
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Effects of PBO Structures on CPI Reliability of 28 nm Wafer Level Package

QIN Chong', MAO Haiyang', CHEN Xianfeng®, LI Yi*
(1. University of Chinese Academy of Sciences, Beijing 100049, P. R. China;

2. SMIC Integrated Circuit Manufacturing Co. .

Abstract ;

Lid. (Shanghai) , Shanghai 201203, P. R. China)

Based on a 28 nm wafer level package (WLP) packaging process, the influence of poly-benzoxazole

(PBO) structures on chip-package interaction (CPI) reliability was studied, and the influence of PBO stacking

relationship and edge position selection on CPI reliability was analyzed. The simulation and test results showed that

the changes of stack relation and edge position had a significant influence on the reliability of CPI. The failure

mechanisms of the two factors were different. The use of TCAD tools could effectively predict the impact of

structural changes on CPI reliability, so as to optimize the structural design and improve the CPI reliability of WLP.
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Effects of ESD IMP on ESD Performance of MV/HV GGNMOS

WANG Xinze', MAO Haiyang'?, JIN Haibo’, LONG Kewen'
(1. School of Microelectronics » University of Chinese Academy of Sciences, Beijing 100029, P. R. China; 2. Institute of Microelectronics ,
Chinese Academy of Sciences, Beijing 100029, P. R. China; 3. Semiconductor Manufacturing International Corporation .

Beijing 100176, P. R. China; 4. Foshan Chuandong Magnetic Electronic Co. , Lid. , Foshan, Guangdong 528500, P. R. China)

Abstract: ESD protection has always been one of the main challenges in improving reliability of integrated
circuits. Based on a 55 nm HV CMOS process, the effects of electrostatic implantation (ESD IMP) on the
performance of medium voltage (MV) and high voltage (HV) Gate-Grounded NMOS (GGNMOS) devices were
studied. The results showed that for MV GGNMOS devices, the turn-on voltage (V,) and hold voltage(V}) were
reduced by electrostatic implantation with a limited influence on the secondary breakdown current (I,), and the
effect on device performance of implantation area was limited. For HV GGNMOS devices, the robustness of
electrostatic protection was improved by increasing the electrostatic implantation concentration.

Key words: ESD IMP; electrostatic protection; GGNMOS; MV/HV
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22 nm FD-SOI B iSBEHFHEFA A EETAR

KoOE, z;i B R WU, RN, FAE. WA . A &
. PEBERE ERPFAFGE T, 22 7300005 2. s ERFFERE R, dbat 1000495
3. H BB FERMKMARAR, R 200433)

M E. 4322 nm FD-SOI CMOS T ¥ #% SMMGEZ(SRAM) R T T8 A TAEE & 0
KB RN TR AT BRI n, E3 3N KEE&ATE A2 R T FD-SOI 1314%
ESHAMKIE T FRELK, MNMXEREAN. ARG LA MBEE P THERSHIH 0
B, MEBENQE M, HABRMZIE m, R K TR F 2R E MG T, gwlwi*oS C~
125 CERAMMRBRT, MR E2 CRAARFT KEFEEAZETRKL. LA ERE
3kGy(SOB . BHF#m EF. AL RSL /O B 28 k., FD-SOI SRAM g 4% % %, T
AEAS M AT, B AT 69 B A AT R

KR : AHREGAK LR, HEMNEHES: THERE

FE 4 %K S TN406; TN432 XHRARERD A XEHS:1004-3365(2021)01-0137-05
DOI:10.13911/j.cnki. 1004-3365.200166

Reliability Study of 22 nm FD-SOI Static Random Access Memory

HE Ze" ?, CAI Chang"?, ZHAO Kai’, ZHAO Peixiong" ?, LI Dongqing" ?, LIU Tianqi',
LIU Jie!

(1. Institute of Modern Physics » Chinese Academy of Sciences, Lanzhou 730000, P. R. China; 2. University of Chinese Academy of Sciences ,
Beijing 100049, P. R. China 3. Shanghai Fudan Microelectronics Group Co. , Ltd. s Shanghai 200433, P. R. China)

Abstract: For the 22 nm FD-SOI static-random-access-memory (SRAM), the effects of the process corner,
voltage, temperature, and total dose on the performance of memories were studied. Under various conditions, the
electrical parameters of the devices were extracted by the automatic-test-equipment. The test results showed that
the process corners had less impact on the devices. When the voltage increased, the standby current increased, and
the maximum operating frequency fluctuated. The device was stable within the range of —55 C~125 'C. The high
frequency performance was best at 25 C, and the low voltage performance was best at high temperature. When the
total dose accumulated to 3 kGy(Si), the device function was still normal, and the core current and 1/O current
increased significantly. FD-SOI SRAM had many advantages, good working stability, and had excellent application
prospect.

Key words: fully-depleted SOI; SRAM; reliability
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Study on the Reliability of Au Wire Ball Compound Bond

YAN Zipeng, ZHAO Guanghui, XIE Tingming, ZHOU Chengbin
(The 24th Research Institute of China Electronics Technology Group Corporation . Chongqging 400060, P. R. China)

Abstract ;

well as non-compound ball bond, was comparatively investigated. The results demonstrated that the wire pull force

The reliability of Au wire ball compound bond to aluminum pads with different overlapped areas, as

and the intermetallic compounds coverage formed at the interface showed no obvious variation, while the shear
strength reduced, along with the decrease of the compound bond overlapped area. The high temperature storage
results showed that the wire pull force of compound bond met the GJB2438 reliability requirement. However, there
was an increased tendency of lifting metallization and crater in the compound bond, in that the ultrasonic energy
destroyed the connection between the silicon substrate and the metallization above it, and then forming microcrack at

the interface. As a result. the compound bond parameters should be optimized and sufficiently verified before use,

especially in the application of high reliable circuits.
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Design and Application of a Smart Park Based on
Internet of Things Platforms

HAN Cundi', LIU Angiang' , ZHANG Bichuan', LIU Hang*, LI Xin®, BIAN Shuai*, CHEN ]Ji¢’
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Abstract: Using the internet of things, artificial intelligence, big data, cloud computing, 3D visualization and
other advanced internet technologies and products, the "integrated management and control” integrated smart park
system design technology with the smart park management system as the core were proposed. According to the
construction function of Caojiatan smart park, the design principle requirements were studied, the overall
framework and specific implementation plan of the smart park were proposed, and the unified information resource
support system, information security guarantee system, infrastructure support system and intelligent control
guarantee system were built. The results showed that the scheme could carry out accurate and intelligent
management for the staff in the park, realize the linkage early warning to the park, and solve the problem of
information island caused by the difference of data format and type of subsystems, communication problem caused
by the incompatibility of network protocols between subsystems, and functional redundancy caused by the

overlapping of subsystems.

Key words: smart park; management and control integration; linkage early warning; construction application
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