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A High Gain Low Noise Amplifier with Distortion Cancellation

FU Zhiyao', JIANG Jinguang', YAN Peihui', LIU Jianghua®
(1. Global Navigation Satellite System Research Center , Wuhan University , Wuhan 430072, P. R. China
2. School of Elec. and Inform. Engineering, Hubei Univ. of Science and Technology ,» Xianning, Hubei 437000, P. R. China)

Abstract: A high gain low noise amplifier (LNA) with distortion cancellation was presented for the applications
of GPS/BD dual-band receivers. The partial source degeneration (PSD) structure was adopted. Compared with
traditional source degeneration structure, higher gain could be achieved with minimum cost. Noise figure (NF) was
optimized by analyzing the noise characteristic of PDS_LNA. The method of optimization and the formula of
corresponding parameters were given. Distortion cancellation technology was used to enhance LNA’s linearity. The
LNA was designed in TSMC 0. 18 pm CMOS process. Simulation result showed that the designed LNA exhibited a
gain of 18 dB, a noise figure of 1. 7 dB and an 1IP3 of —1. 4dBm at GPS/BD band. The total current consumption
was 4. 7 mA at a supply voltage of 1.8 V. Compared with traditional source degeneration structure, the gain and
1IP3 were increased by 2 dB and 6 dBm respectively, while the power consumption was increased only by 15%.

Key words: LNA; distortion cancellation; partial source degeneration
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A Low Power DETFF with Glitch Resistant Capability

HUANG Zhengfeng', YANG Xiao', SUN Fang', LU Yingchun', OUYANG Yiming®,
FANG Xiangsheng®, NI Tianming', QI Haochen', XU Qi
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Abstract: According to the problem that the power consumption of most existing double edge-triggered flip-flops
(DETFF) will increase significantly when there are glitches in the input data, a new type of low power DETFF with
glitch resistant capability was proposed. The new DETFF used the C-elements with the clock-gating technology. On
the one hand, the C-element had the function of filtering input glitches, which could effectively mask the glitches of
the input data and reduce the impact of input glitches on the circuit. On the other hand, the clock-gating technology
could reduce the charge and discharge frequency of the transistor to reduce the power consumption. Compared with
other existing DETFFs, the proposed DETFF only flipped once on the clock edge, which greatly reduced the node
redundancy transitions caused by the glitches and effectively reduced the power consumption overhead. Compared
with the other five kinds of DETFFs, the total power consumption of the proposed one was reduced by 40. 87 % ~
72.60% on average, and the total power consumption with glitches was reduced by 70. 10% ~70. 29% on average,

which only increased the average area overhead by 22. 95% and the average delay overhead by 5. 97 % ~6. 81%.

Key words: double edge-triggered flip-flop; glitch; lower power; clock-gating CMOS; clock tree circuit

S H H9:2019-07-05; %5 H # :2019-08-05

BB :-HXAARFR LS W B H (61874156, 61874157, 61904001, 61904047) 5 % B AT B 2= B B BF A1 BA 5% B 5 H
(YIKT1417TOD) s Z R4 B AR = B4 R B H (1908085QF272)

YEZE B B IEWEA978—) 55 GUIE) W1, 382 A1 A 5 0, CCF i s 5t EZWFSET7 012 SoC itk Fr i@ S &
B Q996 B QMUK A BF T A 32 BB 5T ) Sk T 1 A
EAR 1979, B QU A PEOIR , WF 9 O 1) 9 25 4 vl i i . SR VB, E-mail : 2005800125 @hfut. edu. cn,



B WA AR T 0 B 2 RS P A D G XA T e K 309

0 7 =

LA o AR B I R R R VAR AR I B T
FRSEASB e /IS o H 6 RASEAS T 47 K o A 45 4 LB H
Bl 2 A TG I A B H B R DR IR A H 25 58 . AE (]
BT R RO B H I BT B B R G R
H B RS R RS L B A . b AR T T RE LY
i LB S INAE Y 40 %61 L IR BA T AL il R e
B2 I FEAE L PR B FE T AR KL,
I, 56 TR DI FE = 1 B ik & 25 i WF 9% A L o T2

R PP RS ) i B 2K R RO AR KL
FEMAL K, ARSCR A CMOS A e 2
PP R T A B L AR H BT A Y 7 T H
K, T K B REARThRE M B -

CMOS i AL - 2ok A A 19 s 1 FE i .
g 2 00 Bl A TR 7E BT B R g PR A e
YEF . M TFER IR N,

P=0.5C. Vi fuE. (D

AL Co 1 S B B 25, Vi, O PR R
Sach BRI E Ry JF OGS B P RIS B A
r RSP 2 i o A

ikt 2 4 43 R B VR ik #% (SETEFF) R8I U
filh % #% (DETFF) . AHXF T 50 300 U5 ik % #5% - 0L 7 fih
RSB ) LT T B SRR AR ER . WG
T 2 25 0 AR SRR S WY i R A 2 A5 A
XoF T B b A AT AR TR I R ik
U 50 %6 Ity B 45T 232 gl T S B0 45 AL H I ) RE
S FE R [ ) S B AT 2R R0 ek & 1 B
e U i R AR 2 A5

TEHCT 5 AR B ) B 15 5 % v i H AR AR
KEWEH. BAIGSIEGDIFEMR K, 245 SRR
20% ~70% . A Bk, BHOZE B M AT LA KR I
ke,

SCEHE 1 WAER T = A MR B B0 Y ik kA
552 WK T ARG il R AR . 5 3 I
20 )R T A OB kg L A FE E B A L AR
JRER AR BRI B 55 4 WERG AT 6 FPOBUL T fin
KA IERE . 55 5 WA A

1 IR o Bk ik K %

1.1 MUX B hi5 b % 25
1 FiaR AR MUX B fil % 5%, A

SCFR N MUX-DET-1"", MUX-DET-1 .45 % 4/ i
e MUX 2 A S 4L B By 2 A 877 2
(LA1 fil LA2),

E 1 MUX-DET-1 Hi %

MUX-DET-1 ) i 5 /2 : >4 i A5 5 #7176 K it
ERIET . B B D AE S KA S i, MUX-DET-1 R H]
T2 ABAE RS (LA R LA2) F 1 A Bk 9 % 3% g
MUX., X 2 P8ifE & 53l 7E i 855 CLK Jy
SRR FL O B B A RO . RO R R A MUX K AL T
PRAE A 20 B AT 2 2 (A R A T R R S

MUX-DET-1 ¥ 5502 : 40 T3 BT L i Af
A AR S 23 Wi A 0 A 5 1 A T S ) A i
AR RIUARBAE . L. Y AR S T
Sl b 3 BB 20T 9 Bl A7 28 S Bl B e R
Z W TCA AR o DI 1 0 R % Th €

Bl 2 fr 2 SCHR L1148t i 254 A SCRR
MUX-DET-2, MUX-DET-2 J& i #if7 %% (LAl
LA2) Fcis e B 48 MUX 4 .

K 2 MUX-DET-2 Hi %

£ MUX-DET-2 f#y 2 > 8i£7 a5 09 R i g 42 v s
B AR 1 B S A 3 i A R 1
AR AR K IR AR L RE R R [ R T RE AR A
BMK. 5—JH, MUX-DET-2 f£ 75 & M h R 1)



310 B A A T o L 2 TR A 0K D R X T i 2 e

2020 4

[ i, 24 CLK F1 D ¥ 07w, 45 A &
RSNV R NS 7 A A R L SO B
CLK 1 D ¥25“ 170}, glifr gy LA2 b S A7 F
Mg Ta) B, X F 4 KOE 3G in MUX-DET-2 1
h#E.
1.2 CRTRNBGMESS

Pl 3 it/ S SCHR 13 142 H iy C BT B R Y fish
KWL ASCRR O CE-DET-1, CE-DET-1 {3 & B 4
R AL T].C BIC R R4S . AHXF T MUX #8300
Wil & #% . CE-DET-1 R T WA C o0, T
P I8 1 BT A 670 280 A R AR T R DR

I3

CLK

=
7

--------

3

[

keeper2

'3 CE-DET-1 Hi &

{2, CE-DET-1 il MUX-DET-1 ¢ 7£ [F] £ (1)
BRAL 2 AN R B S 23 BE B A B AR T AR Bk
3,3 H CE-DET-1 8 3 MRAREES X 3 MARas
B 2 A SCAHER L 06 240 F TARARES e S HF 220
FEHLFERE R . XN TR RE U i fih % #4519 B
IAF

H T RS A 5 B 51 R Y B T FE, —
XU fih e 2 A L N BB B AE ds iR A T C HoT, Af
DA BH ZE 5 A B 000 4% 15 1) F B 1) P T Ao 3 R AR
HL I T AR B T AR AR

CHITHAHETHIIRE. Pt A C HITH
HLBE 2 A QN & 4 R BRI 1 fiom., X CH
I A P 1 i ACHR 25 AR ) B, C 80T Y I Al 2 oK A
FAT U 2 C BRIT I AN i AN A R B, C BT Y
R OREE A, Y C BT h — BRI A A B
il o 55 Ah— 6 B A DIE R 00 B R 3R 1 AT X
HARSX C BT iy = A g m ) B R &
BT — L

5 s R SCER 14 48 iy 27 C BTy B
Wil & 4% AR SCFR b CE-DET-2, CE-DET-2 % 4
Ay AR B, DL K F s C Hot. 5 CE-DET-1

AT HY R CE-DET-2 # 2 A~ W # Bl 77 & & i C
TR JBE R e R T VL B DAL T B A A B R 7 2R O
R Y TR R

INl ——d
IN2 —
ouT
-

4 P A C HITHI L5 1Y
1 AEMANCEITMEER

IN1 IN2 OUT

0 0 1

1 1 0

0 1 i

1 0 R
(:LK—[>o—C Kl

i~ C-element3

D ::: i V
Ezjs e | 0
keeper2 | ! . epé ikeeperS

C-element2

K5 CE-DET-2 Hi %

CE-DET-2 iy TAERHL N . HA Y A B ik
SAHFN A QWREA S RAE M Y
M55 D 5ip4p {55 CLK MR B, A 194k DB
(DB 3 D i s A o B R4 b — AR s i B 101 1 310k
J&i s A PR FEFE DB B (R A 2k DB, Br DL i
i Q #ith D,

CE-DET-2 iyt 552 . TTie i 8 {5 5 CLK 5
A& S D nfy B 5%, O/ 15 2% keeperl . keeper2 Fl
keeper3 IFZAb T TAERAE X 7E — & BB B3R
THEKIFE, CE-DET-2 M T C I, ffifd
% 20 3R K
1.3 B XAAME S

6 JT 7 H I A SCHR (16 J48 H Ay ok v =X 0L Y
Jik op fil & %%, A& C # 4 PULSE-DET, PULSE-
DET iy ik b & 25 4% R AE 2% 2. 1% Bk o 2 A= 4



LR

B WA AR T 0 B 2 RS P A D G XA T e K 311

JE— P HE T A ] Y S 2 R AR R b T
T Bt 20 90 7 A — A SRR Bkl . 877 A 7ER
R o o 80 R B B A A" 2 R B 0 S L Al B ) 8 4k
TREFEE, PULSE-DET [f) 45 4 8 4K i 5 {5 i ik
o e g AR I RS R R A B ) SRR 1Y
BK.

N
LI Q
i CKP
)

V Pulse generator

6 PULSE-DET i j
2 AAMABRRENGE

A KT Hspice BAE R SCHT IR () 802 T fi
KA AT T E . I E B . R 45 nm PTM
TEM VR H R 1 VLR E AR 25 °C i 4
ok 250 MHz, i 4h JE 814 4 ns,

B 7 Fr xS MUX-DET-1 HL % 5 15 B 3% B .
CLK NEHEE5.D A AGS. Q M {E 5. A
B oy BB AE A RIS 4% B s B (. 7R
BRSSO RAIG H S S RD L X B A 5 D Rt
HEA 8T, MG EE R AKE,. MUX-DET-1 Af
PASEEE A T i & Th . BRI S G B B4 A
MR B ih L 728 A FIBIAERS B P24 0 AT Bk
Ap . XTE—ERE LT MUX-DET-1 ) #E.
1.0
0.51

o
1.01
0.51

o
1.0
0.51

ol
1.0

0.57

0
1.0 ]

0.5 Ql L

0

VIV

t/ns
Bl 7 MUX-DET-1 o ¥ 10} 213 %
K 8 Fr/x i CE-DET-2 Hi % Y {5 B . He
L CLK AT D4 51 7 69 CLK A1 D A lH . MK

Hn] DU B A S SRS S A R A 1 BT
CE-DET-2 W] DL S RCH I fil & T Rg . 76 B B0 1 Uy
Z [, CE-DET-2 B 2 A8 5 A Fl B iR
BAEHER A TR LA Z KRB, HE,AMB
M 5> 25— HBAATE 2 DORFFA S . B 4E
L3N

K 9 fr 7~ A PULSE-DET H B i 07 5 % T .
15 B4R FF— 30, CLK F1 D A #F — 3, CKP &
Jikc i & A A 7 AR B K R S N B 2 YR
&.o PULSE-DET 1 [/ #¢ B A B i il & D1 6E .

L1
-

e —
e
L]

0.5
0!
1.04
0.5 A
0<

VIV

Jiteh
1
1.0
ol ||
A
6 8 0 12

1.04 [7
4
t/ns

0.5 Q]
0_\ T
0

K8 CE-DET-2 i i i {5 2% B

2

VIV

0 2 4 6 8 0 12
t/ns

K9 PULSE-DET M i (i K it

3 AU By Xk R A

3.1 HEEREMMIERE
3.1.1 wR4EH

M T SR BRAT KU fih % B i L AR SO
BEF 6 0 BH 2E D A I T RE XU WY il & A% CE-
DET-3, H i 4544 an & 10 fif k. CE-DET-3 %



312 B A A T o L 2 TR A 0K D R X T i 2 e

2020 4

WHRBAE S LALB Fifi il C o0, X 3 DB
HBE T C BT R S5 [ B A . R A AR R pl S A
#r INVL A INV2 4 . I F 7 4 8 80 5 5 CK1
M CK2,

CK1 CK2

10 A SCHE Y X2 U fk % #% CE-DET-3

3.1.2 ITHRm®

CE-DET-3 iy TAE R B 4n &l 11 s . £ i) b
N Z AL AR S D & A s i), CE-DET-3 (1%
HES Q IRIFAE.

CLK
b kLS
<—>
A SRS
B e A B
: |

Kl 11 CE-DET-3 T{E B ¥ IE Kl

Bl 11 e CLK B 58 — A BRI AeE — 4> 1
THEZ 8] 76 D B Z 00 A REFIEIRE“L”. B b F
g P  e I i Q S 17 D R A R LA D AR FE
FE“17 BARFEAE07 . g C BTl B i Q KSR h
“17, MEAES D REEAZN . 8 E S T
i Efe 55 Q # A= #i. 78 CLK 9% —
AT Z AT D AN A ¥125%07, B AR T R BHAS i i
Q #“07:7E CLK 55 A MW Z 5. D ff$540”
ANAZ S BEIE B O 17, A LR T R LA S Q IR
FERe0”, HALMM BNk E Q5 D AR,
i QA= B3 D,

FETT /LA M B A 2= AH — RS B RN
DAL T D Y s 2 R R b — RS s b T
FHLAS . P i BRI A AL T DA 8 2 B A
B DL AR B gRZS B E Y DR 25 Q B

RS AT DL IR BNBUL U il & R8Ok . e @&
WL 25 o A 2 A IO B0 A7 i A T AL RS RO AN &
M CE-DET-3 1 # &5 E. X2 R T #h 4%
CMOS $AR T35 3 59858 w2 T R % 19 O0 R Bk
AR EAR T LB A .

F 2NN ABM QM HER. QL%
Q Y A RS PRI A AR Q PRAF B — I b
RS- IR ) A BRSPS AR BT i b T AR AR
. EBUT Ay LA MBL74 LB . B AfG S D [
NN B i AAG 52— B DL i {5 5
CLK dnfar by, 15 xi A 1 B i i RS =2 A
— e TR A C oo rl g d il C
TCH— AN AR 5 40 T R BELAS I AN 203 i HL i iR
A BEmH i C BOTHY AL TR ERRE . R
Bifrdw LA A LB Y fa IR ZS A [F . CE-DET-3 9
i R EA S AR S A

F2 PTEADBMQWREREER

A B Q
0 0 0
0 1 TR AR
1 0 PR AR
1 1 1
o B 25 1 PRAFAAZ
o B2 0 TREFFA A
1 = BLAS PRFFA A
0 SRS PRAFAAE

BifEdE LA B4 LB M C sy il i it
[l 2% A4 B, S A [m] i ) i3 3 A A 4 A AR AE S
B HCRZS T AR 5 CE-DET-3 4 # 75 551 . #4 iL
J A5 B 1) AR AL R B AE AR LA R P2 5 N3
OB LB iy PS5 N6 48, DL Ry C Bt
i PS.P10.N8.N10 48, XLy {RE % T C H
JCHY E R R RLRE ) L A5 R A C BT B SE R
BT AT o DA 3 — 20 R AP R v I 1 1 i A 08
3.2 CE-DET-3 {iELER

AL EE T Hspice 3, % CE-DET-3 i# 17 {jj
B BRI S58 2 0 — 2 18 B 05 BB
e 12 fros, Hf, CLK fit D i BA5 R 55 2
TR — 2, eSS CLK A LA Wi i 4
BIA D)~ (T, AR5 T B 30 1 Z 00 43 50 A
SROEEY



LR

B WA AR T 0 B 2 RS P A D G XA T e K 313

LA ] CE-DET-3 g 1E i 52 BLSU U filk %
TIRE. AT LA AR B iy Z )L i s A S
D nfer B5% . BiA7 48 LA 80 LB 95 RS = 2 WAE
— W ASZ W B H . A 5 A 7E B R
I XN 20 BAF A% LA R LB ™ A KRR 20 . i
7€ 4 ns 55 6 ns Z ] GiA7dw LB 8177 1R H il
Fe—U M & LA RBTPIRES — BIRFFAE.

() (2) (3) (4 (5 (6) (7)
1.0

0.5 oLk N

Iite
1.0 : 2l

b T L]

1.0
051

t/ns

& 12 CE-DET-3 H §& i E I e

XYL CE-DET-3 #1147 BILZE BRI fE 7 - d A MR
5 DAFEM BRIA 2 HER AR 2 A FB P A ER
T P A T IR A 2 i P T
MBITCA B AR T FRL B PR R B M R L GA
R A P S DA 1 H A

4 IR R AT

ACHET 45 nm PTM T8, % AH 56 Wik 7 fik
KA IEAT Hspice 4 B, 159 2 1Y 92 56 25 2 51 T 3% 3.
R R 1V, B8l % Oy 250 MHz, |l
25 °C,

3P . TREMEEHE, CTP QKW Bh R
G, TP ALK S IFE . D AR 855 CLK 24 i
F'9 Q MAER . PDP QR M B M T FE L R B, G2/1
FRERAE— > B b J 397 vh A A B I 50 T Y A T
FE. G4/ 1 ARFRAE — A~ B 5 5 401 oA DU A B S 20
M TIAE . E QR B T 0 st SRR AE — i)
] PN 4 A 5 G U RS I b ek % T B B2 L
B o AR 2 A 2 W0 A4 i fih VR S S AT
MU —IK . Average FRIRHIT TR0 XU W fil & 4 45 T
PERERY M8 . A F27x CE-DET-3 (% 4% 3 1 G AH %
T Average ¥§ NI H 43 LE

MF 3 0 %1, MUX-DET-2 5 PULSE-DET #J
BB DI FE R K . 72 MUX-DET-2 1, iy T ] # 11
K I BB BRI A5 5 B A AR I R AR A O
ISP DO A6 K . 7E PULSE-DET v, iy ik #h & 4
i I B R B AR SR AN R 5 TR 2 (45
I Bp A DI FE R K . 1 CE-DET-3 R A T C BT, i
T B R A AR T BT B RS TR L A X T 2 e
P DIFE L FEAR T 80. 76 %

R3 CTARMERSHILE

DETFF ~ MUX-DET-1 MUX-DET-2 CEDET-1 CEDET-2 PULSEDET Average CE-DET-3 A
£of T 26 22 26 28 20 24. 40 30 22.95%
CTP(E..)/pW  2.04 39. 26 1.85 1. 90 3. 54 9.72 1.87  —80.76%
TP(E,. ) /uW 2. 46 8.13 2.33 2.42 3. 60 3.79 2.24  —40.87%
TP(E,;)/pW 2.93 41. 05 3. 64 3. 87 3.98 11. 09 3.04  —72.60%
TP(E) /W 3.93 30. 92 5. 24 5. 62 4.35 10. 01 3.97  —60.35%
D(E,.1)/ps 39. 49 40. 62 115. 14 116. 79 48. 66 72.14  76.45 5.97%
D(E,.:)/ps 39. 05 40. 39 115.17 117. 07 48.79 72.09  76.52 6.14%
D(E,)/ps 38.93 40. 26 113. 69 117. 08 48.71 71.73  76.62 6.81%
PDP(E, /Il 97.14 330. 24 268. 27 282. 63 175.17  230.69  171.24  —25.77%
PDP(E,)/f]  114.41 1680. 17 419. 21 453. 06 194.18  572.21  232.62  —59.35%
PDP(E,)/f] 152. 99 1244. 83 595. 73 657. 98 211.88  572.68  304.18  —46.89%
(G2/1) /W 3.93 37.55 4.51 4.43 4.09 10. 90 3.26  —70.10%
(G4/1) /uW 4.76 37.02 5. 22 4.78 4.10 11.18 332 —70.29%
Bl T S G S PO R il e A G TIRE L SO A B T I RS0 T ik & 4 - CE-DET-3 7



314 B A A T o L 2 TR A 0K D R X T i 2 e

2020 4

SREOGE SR SRR /N, Horp, CE-DET-3
PRk 20 A 7R EHE JF O 3E st Dy 0.1 1 dge /) s MUX-
DET-2 i) S D FETE 45 B8 I 5IG sh MEAE 00 T B de ok
1M H MUX-DET-2 1A [6] £ 4t 1 5 1% 2 1% i 1) 2 #8
SRS R TAAAE LT e s . AT T A D
#6.CE-DET-3 [/ S Ih#EFRA% T 40. 87% ~72.60%.,

#* 3 1, MUX-DET-1 (¥ #E iR f /)», CE-DET-1
il CE-DET-2 [ 438 %% k. X & A iy CE-DET-1 fiI
CE-DET-2 it # R 1 C $1oc., CE-DET-3 &
SRRHT C Hot. (B ZE R A X CE-DET-1 #l CE-
DET-2 ki k1 £. X &K CE-DET-3 #ii ff
S5 At [ i o T R B R 5t [ 38 ) S 4 ol A A (P2 UN3
P5.N6.P8 . P10 N8 N1 /it T C B ICIY i A0
THLRE ST A R R RSF R C BOoTH L A
X ] B C BRI EIR A, A X T8
#E3R ,CE-DET-3 fy%ER HIEJn 7 5. 97 % ~6. 81%.

T L J& 1 T #E 4 3R 1 (PDP) J7 i » MUX-DET-1
%) PDP £k, MUX-DET-2 () PDP & K. % T
SEHTHEE SE R B, CE-DET-3 [t B #E 46 R FU RS T
25.77%~59.35%.,

A A BR B, MUX-DET-1 32 5 Hi| () 5 i
K. MEHIYG 2, g SR ) R bE 2 W
Ko P A TR 2 5] & B & B 3 308k
i 38 B I A iR FE R K, CE-DET-2 i1 T C
BTG, BHLZE T 4 A i 76 00 R PN B A 2 T 1 B AR
i T A2 BRI 2 A K, {H & . CE-DET-2 f7
A 3 A REES T B I B A S M AE S
e f .3 3 A PR KR AR 4 &4 T TARRAS 2L
CE-DET-2 fy Th #8 4 K. CE-DET-3 R T % =
CMOS A 3l 1 b i TR B2 AR T 1
B R IR T FE . B 3 AT, CE-DET-3 7£ G2/1 A0
G4/1 TE 00T 1 D FEHR & Fe /NI o AR T A7 76 B
INF R, 4 60 S 2 5 S #E , CE-DET-3 #9 B I AE R AR T
70.10%~70.29%,

B &S A BRI B3 %2, CE-DET-3 i ShdE & 1t
oAt JURP B U filh & 2 ARAS 2. B, BIE AR f A
B RERZ BN, CE-DET-3 KA HA
BTG B B B A D AR AN D AE

5 % #
T A AR AR U3 T fioh K 4 1 T RE A SCHR

TR T i B ZE S P A A I AR XU U fl &% %% CE-
DET-3, CE-DET-3 g /b 1 i 4h 11 2%, o] LA &% [

RIS DIFE , I B2 & T B CMOS HoAR, il b
T L ST B AR L HE— 5 AR T I 1 R A
DIFE. 5 LLHT 002 i fik & 4% A1 L . CE-DET-3 1&
AR DG Gk D FE L 3 R DL K BH S B i B U7 U Il
PIRARKI S I RAF LG 1ERE.

2 % 3

[1] DAI'Y Y, SHEN J Z. An explicit-pulsed double-edge
triggered JK flip-flop [C] // Int Conf Wireless Commun
&. Signal Process. Nanjing, China. 2009; 1-4.

[2] ZHAO P, MCNEELY J, GOLCONDA P, et al.
Low-power clock branch sharing double-edge triggered
flip-flop [J]. IEEE Trans VLSI Syst, 2007, 15(3).
338-345.

[3] KIM C, KANG S M. A low-swing clock double-edge
triggered flip-flop [J]. TEEE J Sol Sta Circ, 2007, 37
(5): 648-652.

[4] WANG X, ROBINSOM W H. Asynchronous data
sampling within clock-gated double edge-triggered flip-
flops [J]. IEEE Trans Circ Syst I. Regu Pap, 2013,
60(9): 2401-2411.

[5] WANG X, ROBINSON W H. A low-power double
edge-triggered flip-flop with transmission gates and
clock gating [C] // 53rd IEEE Int Midwest Symp Circ
&. Syst. Seattle, WA, USA. 2010; 205-208.

[6] LANG T, MUSOLL E, CORTADELLA J. Individual
flip-flops with gated clocks for low power datapaths
[J]. IEEE Trans Circ Syst II. Anal & Digi Signal
Process, 1997, 44(6): 507-516.

[7] TIWARISC, SINGH K, GUPTA M. A low power
high density double edge triggered flip flop for low
voltage systems [ C] // Int Conf Advan Recent
Technol Commun &. Comput. Kottayam, India.
2010, 377-380.

[8] NEDOVIC N, OKLOBDZIJA V G.
triggered storage elements and clocking strategy for
low-power systems [J]. IEEE Trans VLSI Syst,
2005, 13(5): 577-590.

[9] YU C C. Low-power double edge-triggered flip-flop

Dual-edge

circuit design [C] // 3rd Innovat Comput Inform &
Control Int Conf. Dalian, China. 2008: 566.

[10] KIM S, KIM J, HWANG S Y. New path balancing
algorithm for glitch power reduction [J]. IEEE
Proceed Circ Dev &. Syst, 2001, 148(3). 151-156.

[11] PEDRAM M, WU Q. WU X. A new design of double
edge triggered flip-flops [C] // Asian & South Pacific
Des Autom Conf. Yokohama, Japan. 1998 417-421.

(F 45 320 30)



%5085 % 3 M Mo T Vol. 50, No. 3
2020 4F 6 H Microelectronics Jun. 2020

— MR ESIRESE GRS

IR AFN . F o', s K2 2R A
(Lo TR R 7 WA 4 B 1 [ 5 T AL S B 5 AR 6100545
2. URBE B TR RS Gl A TR B . LR 610225)

W OE: RAET—HHEARKAIE GRILTFEBER, ZEREF S VAL EHES 10V

W e R, ORGSO FHSRIBRTHRTGRE, RABSKHREN ke P55

Z WS AR TERER R T ERBEN, BANBENERTKRET R L EH
A BAINTHEDE KR TRIHE, Jikﬂmz 0.35 um BCD ¥ 4 % 5 V LDMOS @ /& £ # , 3

Ze PG eEAES MHz AR THATRIE, ZREKA.HEHHEA 24.8 pA, EFEa ik B

LA 12.7 ns, FHLea Bk EIA 22.8 ns, H BB LA TENRS . HHEKGKE S,

KW v BAWER; 585 K

hESFES . TN433 NERFRIRAS A MEHS.1004-3365(2020)03-0315-06

DOI:10.13911/j.cnki.1004-3365.190374

A Low Power and High Stability Level Shifter

WANG Jiani', ZHOU Zekun', LI Song', SHI Yue’, WANG Zhuo', ZHANG Bo'
(1. State Key Lab. of Elec. Thin Films and Integr. Dev. . Univ. of Elec. Sci. & Technol. of China, Chengdu 610054, P. R. China;
2. College of Communication Engineering » Chengdu University of Information Technology » Chengdu 610225, P. R. China)

Abstract: A novel low power and high stability level shifter was proposed. The circuit could convert an input
voltage of 5 V to an output voltage of 10 V, while maintaining high stability during both the initial state and the
voltage conversion process. A transient enhancement structure was used to accelerate the conversion between level
signals, effectively reduce the transmission delay and improve the stability of the circuit. The transient enhancement
structure did not work in the stable state, which decreased the static power consumption and achieved low power
consumption. Based on the standard 0.35 pm BCD process and multi-5 V. LDMOS high voltage devices, the
proposed level shift circuit was verified at 5 MHz frequency. The results showed that the dynamic power
consumption was only 24. 8 A, the response speed at the rising edge was only 12. 7 ns, and the response speed at
the falling edge was only 22. 8 ns. This circuit had the advantages of high reliability and low power consumption.

Key words: level shifter; transient enhancement; high stability; low power
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Design of a Fast Transient Response Buck Converter

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

Abstract ;

had the characteristics of fast transient response. It was analyzed that the traditional ACOT-controlled buck

A buck converter based on phase-locked loop frequency-locked ACOT control was introduced, which

converter was limited by the minimum off-time and the speed of the phase-locked loop during the load step, and
couldn’t fully exploit the advantage of fast transient response. A buck converter was proposed, which could
adaptively adjust the loop parameters according to the set switching frequency. The proposed converter had fast
transient response characteristics at a wide switching frequency. The buck converter was simulated and verified by a
0.18 pm BCD process. The results showed that, when the load current changed from 1 A to 5 A, the output

voltage undershoot recovery time was reduced to 1. 68 ps.
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A Picowatt Ultra-Low Power Consumption Voltage Reference

WANG Yangi, WANG Yao, QUAN Zhi

(School of Information Engineering s Zhengzhou University s Zhengzhou 450001, P. R. China)

Abstract: A new type of voltage reference structure with ultra-low power consumption at the level of pW was
proposed. To obtain a reference voltage with good temperature characteristics at different process corners, the gate-
to-source voltage difference of different types of MOSFETSs was used by the proposed circuit , which was operated in
the subthreshold region. By using the trimming circuit, the influence of the process deviation could be reduced. The
circuit was designed and simulated in a 0. 18 pm CMOS technology. The simulation results showed that the linear
sensitivity of the voltage reference was 0. 13 %/V in a supply voltage rage of 0. 6~2 V. At the conditions of TT
process corner and supply voltage of 0. 6 V, the power consumption was 130 pW. After trimming, the temperature
coefficient ranged from 2. 04X107°/°C to 9. 38X10°/°C within the range of —40 °C to 110 °C. The circuit could
be used in an ultra-low power system on chip such as radio frequency identifier, wireless sensor, medical implant
chip and so on.
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A Voltage Feedforward Neural Network Circuit Based on
Multiple Resistance States Memristor
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Abstract: A hardware implementation method of neural network circuit based on multiple resistance states
memristor was proposed. A 2° bit HP memristor model was used to construct a dual memristor stable structure
with storage weight. Thanks to combining with low power rail-to-rail operational amplifier technology and register
technology, on the one hand, an absolute value circuit with modulus and polarity separation was designed. On the
other hand, a weighted network matrix circuit using the memristor as its core which could perform positive and
negative floating point arithmetic was also developed. The feedforward neural network based on multiple resistance
states memristor was realized due to the activation unit was written by Verilog-A. This circuit using parallel input
and analog signal processing was simple to control and no intermediate data buffer was needed. The results showed
that the proposed method effectively improved the stability and efficiency of the artificial neural network with the
memristor as its core,
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A Low Power Squelch Detector for High Speed Serial Transceiver

SONG Xinyu, YU Zhiguo, LIU Yanhang, ZHAO Linna, WANG Tian, GU Xiaofeng

(Engineering Research Center of Internet of Things Technology Applications of Ministry of Education, Department of
Electronic Engineering s Jiangnan University s Wuxi s Jiangsu 214122, P. R. China)

Abstract: A low power squelch detector based on a 0.13 um CMOS process was presented, which could be
applied to serial high speed data links such as Universal Serial Bus (USB). The proposed architecture consisted of
three major parts: level shifter, comparator and output detector. The reference current source and current mirror
were introduced into the level shifter, and the power supply voltage was reduced by more than 20% compared with
the conventional circuit. The simulation results showed that in the range of 1. 35 ~ 1. 65 V power supply voltage
and 0 'C ~ 70 ‘C temperature, at 480 Mbit /s input data rate, the maximum and minimum values of the threshold

voltage of noise detection were 140 mV and 106 mV respectively. The circuit area was 0. 036 mm?, and the power

consumption was only 3.7 mW @ 1.5 V.

Key words: squelch detector; low power; level shifter; USB
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A Temperature-Compensated Vector-Matrix Multiplier

Based on Flash Memory
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(1. Department of Electronic Science and Technology » Univ. of Science and Technology of China, Hefei 230027, P. R. China;

2. Information Science and Practice Center, Univ. of Science and Technology of China ., Hefei 230027, P. R. China)

Abstract ;

Based on XMC FG 65 nm process, a vector-matrix multiplier (VMM) using flash with processing in

memory (PIM) architecture was designed. The flash cells worked in the linear region. By storing one weight in two

flash cells differentially, the variation of different weight's temperature coefficient (TC) could be reduced while

increasing the calculation linearity. The current subtractor and buffer were designed to obtain the multiply

accumulate (MAC) results accurately, and good temperature compensation was achieved by a negative impedance

parallelled flash load. The analog calculation accuracy was 4 bit.

The simulation results showed that the

temperature coefficient of the stored weights was less than 0.1%/°C from —40 ‘C to 85 ‘C and was less than

0.25%/ °C from 85°C to 130 °C.
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Fault Tolerant Design of TSV Honeycomb Structure Based on
Time Division Multiple Access in 3D-ICs

YANG Zhao', LIANG Huaguo', SHU Yue', ZUO Xiaohan', NI Tianming’, HUANG Zhengfeng'
(1. School of Electronic Science and Applied Physics, Hefei University of Technology » Hefei 230000, P. R. China;
2. College of Electrical Engineering . Anhui Polytechnic University ,» Wuhu, Anhui 241000, P. R. China)

Abstract: In order to keep Moore’s law moving forward, through-silicon-via (TSV) is used to complete the
vertical interconnection in the 3-D chips. However, defects are easily to appear in the process of manufacturing and
binding. Redundant TSV is used as one of the effective ways to solve this problem while TSV has large area and
manufacturing cost. A fault tolerant design scheme of TSV cellular structure based on time division multiple access
(TDMA) which reused TSV based on time slice was proposed. The experimental results showed that the cellular
TDMA structure improved the fault coverage by 30% compared with the one-dimensional chain TDMA structure,

and the fault coverage continued to increase with the expansion of cellular arrays. In 64TSV arrays, the area cost of

cellular topology was 10. 4% lower than that of one-dimensional TDMA structure.

Key words: 3D-IC; TSV; fault tolerant design; TDMA; honeycomb structure
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Abstract ;

CMOS process. The circuit realized quantization based on VCO, and could directly output digital signals, which

A capacitive MEMS accelerometer interface circuit based on VCO quantization was designed in a 18 pm

overcame the non-linear problem of traditional analog force feedback. ADC or additional comparator circuit did not

be required, which greatly reduced the complexity of the circuit. Simulation results showed that the interface circuit

system had a noise floor of 18 pg « Hz™

V2| a maximum non-linear error of 0.57%. The circuit power consumption

was 6. 7 mW. The input bandwidth and detection range were 2.5 kHz and + 1.0 g, respectively. The interface

circuit achieved a better performance.
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A Temperature Sensor for Wireless Power Supply
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Abstract :

feedback loop was used to optimize the signal accuracy. The temperature sensing loop were designed using voltage

A temperature sensor for wireless power supply was proposed. A voltage controlled oscillator based

controlled oscillators and current sources feedback approach to achieve better power supply rejection without an
internal regulator. The circuit was designed and simulated in a 0. 18 pm standard CMOS process. The simulation

results showed that the power consumption of the proposed sensor was only 3.5 nW at room temperature under 1 V

ik BT 2 Vol. 50, No. 3

power supply. The temperature error was
system’s power supply rejection ratio (PSRR) reached
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Abstract .
based on ESIstream protocol, a new transceiver interface for 12~ 14 bit ADC/DAC was proposed. The 14B/16B

To solve the problem of complicated protocol and low data efficiency in high speed serial interfaces,

encoding and decoding algorithm was adopted to reduce the complexity of digital circuit design and increase the
effective data rate to 87.5%. In addition, the LFSR in the scrambler was designed in parallel with Fibonacci

structure and polynomial X' + X® + 1, which reduced the working clock frequency of LFSR. The designed

transceiver circuit was verified by Modelsim software.

Based on the Design Compiler platform, the circuit was

synthesized in TSMC 65 nm process library. The results showed that the transmission speed in single channel of the

transceiver could reach 6.4 Gbit/s.
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Study on a Fast Settling AGC Amplifier

LIU Dengxue, PANG Youbing, YANG Fan, YANG Chao
(The 24th Research Institute of China Electronics Technology Group Corporation . Chongging 400060, P. R. China)

Abstract: A fast settling AGC amplifier was designed. The circuit was designed with a novel topology. A
logarithmic detector circuit was used to detect the input signal, and a control voltage for VGA was produced. The
filter that followed the detector was removed, and the settling time was greatly reduced. The whole circuit was
fabricated in a SMT process. The circuit featured a fast settling time (1. 685 ps), a wide dynamic range of input
signal (70 dB), a small error of output amplitude (< 1.0dB), a high gain (66.12 dB), and an excellent
consistency. It could be widely used in radar systems, sonar systems, communication systems, electronic
countermeasure systems and so on.

Key words: AGC amplifier; settling time; dynamic range
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S-Shaped Activation Function Hardware Acceleration of
the Unbalanced Table-Driven Linear Fitting

DAI Zhongdong' ?, ZHANG Shi', ZHANG Yao'
(1. Institute of VLSI Design ., Zhejiang Univesity , Hangzhou 310027, P. R. China;
2. Shanghai Fudan-Holding Hualong Microsystem Technology Co. , Ltd. , Shanghai 200439, P. R. China)

Abstract: With the rise of deep learning, the demand for computation was further intensified, and the nonlinear
activation function in the long short-term memory unit of the recurrent neural network was the focus of hardware
acceleration. The hardware overhead of traditional look-up table, Taylor series expansion and piecewise linear fitting
were relatively large. Based on the hardware acceleration of table-driven linear fitting, a step-by-step analysis and
mathematical derivation was made in this paper. The hardware acceleration of the S-shaped activation function of the
unbalanced parametric table-driven linear fitting was proposed. By moving the center of the line, the unilateral error
was reduced. The number of linear intervals with larger error was increased and the error was further reduced by
differentiating the intervals with larger and smaller errors. The experimental results of high-level synthesis on
FPGA showed that the non-balanced table-driven linear fitting method could achieve less error optimization without
increasing hardware resource overhead and reducing performance, while the parameterization further improved the

reusability of hardware and the flexibility of application selection.

Key words: deep learning; recurrent neural network; hardware acceleration; table-driven linear fitting;

FPGA; parameterization
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Abstract :

Power VDMOS for aerospace is one of the key devices used for power conversion in spacecraft power

systems. In view of the development demand of the power VDMOS devices, based on the summary of domestic and

foreign aerospace power VDMOS device products and technology development status, the main differences in

technology level, products series, long-term reliability and system application of the devices were compared and

analyzed. The main tasks for China’s aerospace power VDMOS devices were prospected.
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Progress of New Computing Chips in the More Than Moore’s Era

WU Jungi, LAI Fan

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

Abstract: The development of information processing systems had been severely challenged due to the bottleneck
of its basic semiconductor technology caused by the end of " Moore's law" and the shortcomings of the current
computing architecture (Von Neumann). To overcome these constraints, on the one hand, integrated circuits began
to develop along the trend driven by technology’s endogenous power and applications, that is, "beyond Moore's law"
and "beyond CMOS", including the development of monolithic 3D systems (3D SoC) and research on emerging
computing chip technologies such as carbon nanotube field effect transistor (CNTFET) chips. On the other hand,
the change of computing paradigm had promoted the rapid development of chips using non-Von Neumann
architecture, such as "neuromorphic computing”" brain chips. This article studied the context of the development of
new computing chip technology in the post-Moore era from the above two aspects, and analyzed the new
development of emerging computing chip technologies such as digital computing chips, analog computing chips, and
neuromorphic computing chips.

Key words: Moores law; beyond Moore's law; beyond CMOS; computing chip; 3D SoC; carbon nanotube field
effect transistor ( CNTFET); Von Neumann architecture; neuromorphic computing; quantum computing;

edge computing
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Research Progress of Photoelectric Detector Based on Graphene
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Abstract :

responsivity, large detection band range and high accuracy. The research of several photodetectors were reviewed.

Compared with other photodetectors, graphene-based photodetectors had the advantages of high

Firstly, the detectors were divided into ultraviolet band, visible band and infrared band according to different
detection wavelengths. After classification, seven typical graphene-based photodetectors were listed. Their basic
structure. the working principle and the responsivity were introduced. Then, seven kinds of photoelectric detectors
were compared, and the prospect of the future development of graphene-based photoelectric detector was proposed.

This work had certain guiding significance for the practical application and promotion of graphene-based
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photoelectric detectors.
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Abstract: Based on bibliometric, national and international research output within 2000 ~ 2018 of the third
generation of semiconductor material SiC and GaN was collected. Analysis and studies were made in the region of
time distribution, research forces and research hotspots. The general international development tendency and
scientific research level in China were also discussed. Meanwhile, study directions clustering and burst key words
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3 )2z 1 ] PR AE 9 A I 2% Lok 43 A 2000 ~
2018 A5 =R 2P SR b B SR I oY B S . [E
P 2000~2018 45 [ BiF 5% #4501 2% T8 T 1 4 BT
WAL 528 B 8 3 4 O O B ) (key word) SR I i
/N B (MSP) #4781 %1 U0 W 4% (pruning sliced
network) (43 BT . 45 5 A K/ Feom BB R
[i] £ 32 4k 3% 7 5 LAt DG B8 1) 7 A G B2

\ *; dh sic +

postet - y

/ *t‘u | al s

J R +Zh.

ol . +ocvd' ¥

Hed b S
g #
lgan/gan hemt

flgan/gan

4 [N 2000-2018 4F [ FFE B A 0 45 [

XTI 4 FEAT R R T R B e
PR 8 B (E B 50, 3L45 5] 20 41 o] #L45
R X AT R A BN A T R A O B I
43R GaN | SiC., 5 i 4% . mocvd | KK 4 % fil . LED |
AH-SIC ARG TS e R i 2 i R 3R 2
FR o BRIGZ b, 0 N F PR R E . W 4
AT LA R I g o PR A1 A5 0. 30 S DA 1) Hl s 2IAIG
381 moevd , LED, ZnO, & ffi 45 . B ZnO 4, H
RPN Z . BRI R S
AR TR AE SC R ORE T T L 3 S8 b R R A R F T Y

FEA R 2 X HEWEN.
Fz2 2000~2018 FEINMARAMAREL
Pian K CRPN T ARG
GaN 691 0.51 2000
SiC 421 0.31 2000
L 166 0.33 2004
mocvd 120 0.77 2000
Al 422 fis 88 0.26 2002
LED 84 0.39 2000
4H-SiC 83 0.06 2006
R 81 0.12 2005
"R 77 0. 14 2001
it ZE 72 0. 10 2011

MR ] S SRR 7 o 431 3 O B 1] 72 2000 ~
2004 4[] A7 4K B3 BL L (HA =S G B IR 2005 4R LA
Ja A BLAY Xl 2 e s B BT SR AE 2011 AR A5

— AR . X BEWIAEWT 5 5 18] b AR B F 5
PO IEAT TR B R R AT BT ST
TEZ ST 1

PR 2000 ~ 2018 45 i AF 73 #4945 [ 4 5] 5
Jis. P S BEAT R BRI . Oy TS R AR 5
PR R BE O 350, 2L 3 12 41 a] #1
T Lo O T 2% [ T AT UL LA B e LR o
7 K/N(Node Size) 34 1,77 s RN
PSS At BRI G 1 ¢

A {1evice
Aalgan/gan hemt
silicon-carbide - -
St
L = 8 qnl'r o .transistor
- . hete %Eﬁﬁ‘@ mobility transistor
field effect transistor ¥ *

~pemt
B 5 E PR 2000-2018 4F (B 5% 44 0 N 2% &
HESRE I 0 43 B0 % 03 T 30 1 5% 3 4 30
GaN HEMT ({5 L F 12 % 2 fi ik 8D L AlGaN/GaN
HEMT., field effect transistor (37 & W & & &) .
device, transistor ( i 4& &) | performance (¥4 fE) .

mosfet,silicon carbide (SiC) ., heterostructure ( 7 Ji&

45 . 3 PR,

&3 2000~2018 FEMRARBAREMN

PSS At T4 oL AR
GaN 1667 0.08 2000
HEMT 1176 0.07 2000
AlGaN/GaN HEMT 1 061 0. 07 2001
field effect transistor 826 0. 05 2000
device 707 0.09 2000
transistor 602 0. 06 2000
performance 584 0.08 2000
mosfet 469 0.11 2000
SiC 423 0. 15 2000
heterostructure 405 0.07 2000

S EMAHAL GaN 4K IH 25 —BF 5 #i, Hix
IR B ) B A YRR i 9 o T H A DG B R] . SIC Y
HEAE 28 AL, BT AR Z 1 B S 58 % 4 & HEMT
Ph K AlGaN/GaN HEMT, T [E ;N % T 1% 45 58 1
WA IR A T 9 9 B B, 5% 8 1) HB 3 Ik £/ F 50,
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AEXT 1 BRATE S P 8 3 v e B v 49 0% B el 1 v
OPER AR 0. 30 B PATF ) o 3xX 3R W], 78 12 40 B
SMEETE S AU L T 55 B R (GaNL SiC) L a8 il
s i AR G RIOR A=Y N f o R P DA E I R P (N 2
1R G B R AE 2000 AF L BE. X R W AE [ BR
b B R 9T OB TR . AT DL R
A BEFET5 18 7840 DO R REAS B ) 5 6l BF 5 5 B
Xf B g B B AR A

HH EE T R IR BT L 5 T J i U T 5% A 9
PP [¥1) 658 6 o LG 4 0K 5 A 8 BE 4 R 24 AE GaN L 7 e
AT DT VY BT R R AETE GaN R AT )
FL i R 5 T L B B R LR R R e R T i 5 R
PHENK T 72 L ) f 45 1 D7 10 3 BORS: T 3 9
o G R TR
2.2.2 FMRFE@EE

T AFR) A ERER AR SRR R A [R] B B
AT T 1o+ S B0 HG PN T AL o 40 A R A Sk
15387 . I J R i (] £ ] (timeline view) . &35,
R FXFECRIAR 3 2 (LLRO) 43 A 1 S 5, IFfim 44
HATE A1 AR, T A8 I R W R 2R 36 10 4,
W 6 s . 9 RN IR R I m BT | SR 5 i
AR TR DR RIS, BRI 2% A
FER(QE=0. 3, KA FEFE R (SH{H>0.5, KW
ML PR EBOR R DR B

Kl 6 2000~2018 4 3CHk I 9l 51w ) £k ]

fdi 1 Carrot2 B4 X 45 B 1 R 2K b 17 4b 7E. 42
BOSCHR A A O B TR A L AR S AR AR R O AN TR
REL AT 2 B B RN SR 2 15 2048 = ARF KM
BRI PR M R R E S SRy R BB
HARUF .

B2 EEUBA £0, 21 4K, FRRE
M) > 8E 5] A : gan hemt; theoretical investigation,
study;
current collapse £¢, %4 X Hk & F T 2002~2018
AELH AR Z I Z b e S0 FEM RN A WAE
Wz, Kbl k2 m)— /K 3CE &R T 2009
L, FEM R T — B s IR R A/ AL
moshemt. 7547 G i BE | HL U2 B R O 1 v S )19 0

trigatesurface passivation; comparative

T H I B, B T X A moshemt 7E = 4l
T LYER ARSI

RS W T 5 = AR AR SR 5T
[a] )56 — B B, AR T e — A G O X b R
A FEAI A PESEAT 0B . B B SR S 2 A A g
FRLHER R B B Y & 2R o i 2 51 S Al
A

WK EELUMA 2. 83, 56 HRE. $#
B 3 i) 56 £ R] 45 : access resistance; high-frequency
performance; low frequency, gan heterostructures;
interlayer; optical properties; AIN buffer, gan
hemts; dynamic r-on; lateral charge distribution;
recovery 5§, %41 CHR T B AE gan hemts [ i fi}
b i LS B P v 8 B Y AT ) T 4k 4k
St LED BB J7 1 547 58 )2 AR I Zh F0
PN 0 DEE e R T

PRI W T 5 = AR S AR SR 5T
[ PR 5F B B s T AR S SR R A B — AR 4
PR IE T — M & A e [ B — v 4 3 A 6 Ak 4 1 Y F
FEECN A LG o B B IS B 2 Tl A 1
FH ) 9 b B » HWF 58 UG A B A R b AL A

B EBUMA #4856, 27 HNNE.
BB 1Y 5% B 96] A : design; implementation; sic-jfet
inverters;integrated common mode capacitors, gan
hemts; dynamic r-on; lateral charge distribution;
recovery high  breakdown; substrate-transfer
technology;current blocking layer %%, Z4H CHRE
T - E A R AR 1 T S BRSO 7 A
it BRI T SiC-Jfet inverters, DU/ # ARAE " .

R IAL e T 5 = AR AR U 5 T
T 1) 55 = B BB, 3 g B BB v 3 94 [ RO
et — L oAl 1B BE R BUR . B Bog
PR R At ) Tl A N Y v R o B, ST R B
T AR B 25 RE A BN T B S PR AR IS

B EELIBEA # 9, £ 10 K, RIH
i) > 8 i8] A : gan hemt; trap-related dispersion;
physical large signal model; analytical mobility
model, gan high electron mobility transistors;
botulinum toxin detection; low detection limit;
simulation % . %41 SCHR N A 3 24045 78 R AL fiE Bl
A e i 3 148 AL 5 Pk SR L TR B R 5 T B 5
ek .

173 £ R A SR N p SRR R S
Toi] P9 565 O B B s 3 A0 455 0% B B 2 b B A0 9 Y R —
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oA Rk S o 1 P 8 B P B AL 38 5 Bk R . % B B
| SCHR B B R A, B R A AR — B B
P Be— b i w5 | SCRR RS SR ). AT L B B
N — B B W Oy PR AR S R B TR
A TFMER.
2.2.3  kk# E

XoF B 3 R BE 5 B e R A 45 ) AT 5 g X
L PN 2 K B I L S Y R Y G ] AT R N ke 52
M. AR H] citespace B 1Y 28 & 1 K I (Burst
Detection) Dy fg , 51 % >R 4 £ 14 5 3] , A5 ) 8 3 B
FEI 1] N 1) TR 3 R 2 L A5 3] TOP25 1) 5 28 B ¢ 4
il H AT e AT 5 AR R, W 7 R

Top 25 Terms with the Strongest Citation Bursts

Terms Year Strength Begin End 2000 - 2018
extrinsic transconductance 2000 15.7231 2000 2012
x-ray diffraction 2000 5.2167 2000 2003
gate length 2000 11.8403 2000 2005
gan heterostructure 2000  4.9573 2000 2002
sapphire substrates 2000 26.4767 2000 2006
channel mobility 2000 14.7827 2000 2008
room temperature 2000 16.9048 2000 2005
device structure 2000 10.1309 2000 2004
high temperature 2000  3.7568 2000 2002

elevated temperatures 2000  8.5958 2000 2005

blocking voltages 2000  5.1622 2000 2002
field-effect transistor 2000  13.875 2000 2008
silicon carbide 2000  3.9932 2000 2002
blocking voltage 2000 16.5459 2000 2005
conduction band 2000  4.1202 2001 2005
sapphire substrate 2000  23.563 2001 2006

field-effect transistors 2000  9.5725 2002 2006

specific on-resistance 2000 17.6197 2002 2005

power-added efficiency 2000 3.2038 2003 2004

surface states 2000  6.6875 2003 2007
drain bias 2000  11.505 2004 2009
maximum drain 2000  6.8563 2004 2008
gan heterostructures 2000 4.6766 2004 2005
4h-sic mosfets 2000  7.0327 2004 2005
current collapse 2000  4.4609 2004 2007

K7 2000~2018 428 P 56 gt i)

FRAE & 7. 7T LUK 4 BR 5 = AR S AR bR 58
T 4% BB (RS 2328 = A B Be
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P S Y U Z f — BB [ A B SR 0 T 7 ).

2) 2005~2010 43X — B Boif B0 s 45 — 52 3
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AR BRI B B 0 B 92 %6 92 02 A 5 — B B R il 1
F 4" e IR I I Iy T fin ) 2 5L A 1 2 18
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R XTSI 10 G0 7 45 2R A AL sy o B AS BN
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B i 2 19 777 160 5 A6 BE 0 )2 T8 0 HE D AR L 1R fE
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B OE: FEMRFEACMP)Z LI 65 nm BAFTHAT &% EMALERBAR TG E
—THEIL, oM AR T A5 MM IR E AOLERREEZXTEZNHER.
ASM TR ERAGKAFNAEALECMP L2 P AR K.ERLAT RE FTIRALKS
FNGVERIIE oMW TEHEEHNEEEAANGEZER . ELETEAEAGELREASL,

XEF: L& FARTEL; S5 BRAR; MRk g

th [ 43 % 2 . TN405. 97 TR FRIR D A X EH S :1004-3365(2020)03-0403-07
DOI:10.13911/j.cnki. 1004-3365.190468

Research Progress on Complexing Agent for Copper Interconnect
CMP Process

SUN Xiaoqin, TAN Baimei, GAO Baohong, NIU Xinhuan, LIU Mengrui,
GAO Pengcheng, LIU Yuling
(1. School of Electronics and Information Engineering , Hebei University of Technology s Tianjin 300130, P. R. China;
2. Tianjin Key Laboratory of Electronic Materials and Devices s Tianjin 300130, P. R. China)

Abstract:  Chemical mechanical planarization (CMP) is the uniquely reliable technique to achieve global
planarization of multilayer copper interconnection surfaces in IC manufacturing below 65 nm technology node. As
the main component of CMP slurry, complexing agent plays an important role in improving the removal rate of
materials and surface performance. Based on the characteristics of copper removal rate, the surface morphology and
selectivity of different layers of CMP, the application and research status of complexing agents of different functional

groups in CMP of copper interconnection were comprehensively analyzed. The mechanism of complexing agents was

investigated, and the compatibility and development trend of complexing agents and other reagents were analyzed.

Key words:

0 5 =

A 2RI LAl /N L 3 LR AP S AE A BAS S 38
O UL A B RN AR . 65 nm LR HOR
Y 1C 3 PR IR TR O R EE SR
CMP J2 3 3 fho 2 95 il FHL AR 25 B ok 52 B A
B R A A R P AL ) B TR . A RO

75 B H#9:2019-08-05; EF5 B #1:2019-08-15

copper interconnection; CMP; complexing agent; functional group; material removal rate
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P9 2 S ] 90 2 B ' YRR R R B R il i
FEEBERL A R AN A TR A
CMP T2, i 3% it 4 8 AL 57 S AL - T2 B H 4 4 3
e 5355 1) 22 AL SR AR W AL I . 7R D6 SR BB R
TIN el A R Ty WK i T 5 B . B A LG
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AN W o W 5 O W e R . AR
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(61704046) s b4 B AR = KL W B I H (F2018202174)

YEE B A MBS (1997 ) 2o QUG - IV R AL WF 58 A BF 58 7 1] S s B R 540K
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BlALJE L DO T RGBT T . 45550 RE 6 B S B
A R B S 1 B Lk T TR Il 2 R b
PHIR AL+ (41 013 0 AR 35 1 5 R PR K F

WIOETZAH =8 FH—L BT Z . LBk
REZ R ZBRHE AR BN 500 nm/min, 5
B BRI T L R BRI AR MR KA AE B R . AR
=L RO TZ KBk 30~40 nm J5 1 B
J2 HE SRR AL R A AR A B R
(7] PR o 0 25 25 BRI » i AR OGS T A ] F) #4
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UTAF R AT AR TR S5 AT HLIR 45 5 I AL CMP
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o AN [ B 508 SUA7 7 T 55 4 88 11 AR T 7
P28 A1 34N T 4 CMP ) 2% Bk 380 % , B 0 47 44
il 51 5 B = Y e LE
1.1 AfEFE

SCERCTT IO 5E 7 RATLAS 7R (B2 25 U™ 2 AR
AT EEACHD S 4545 R B CMP il 6 Y 46 4 PERE
TARFTIRS A A A ZEA SN HLEL AN 1 s .

OH 0
HO HO
OH LoH > OH+H,0
0} O
OH OH

B 1 TAEFRRS OH [ 2k ny o ALt

AR A FIR S kAT 4 G OO 5 2R A H
B LA A AR B B . fE pH = 7 B,
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i 25 BR AR FR € T 560. 73 nm/ min, #2485 il 2
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L AT Ik B CMP i T2 B0k,
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FAG R B IR BT AT AT B R Y 25 B

R E RS b R AR B . AT IRAE N 4 S
A R th R AR B 7 5 8 B 145 5 Tk E
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B TAATE T WD . HR A, -
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Cu*"+H,X=H,XCu" (2)
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2CuO-+4H" +2H,X =2(H,XCu")+2H,0
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W OE. @4 BSIMCMG #A L A s (NOERE, #MET NC-FinFET #4, L Firgx
8 NC-FinFET #3554 7T L F 8w 54842, AR Hspice xf NC-FinFET 6 25 4 45 4 # 17
TEGHAE M, 4R %W.5 FinFET 4856 . NC-FinFET /2 24 LA # o 26945, T
BIAAER F K, WAL, o T B M A6 B T T B AL W AR R KRG Hm, AR Ak E
JExF NC-FIinFET Hf69 % v, A £ NC-FinFET W B AK 25 470 3 ) 4 £ 2w 3L T 22 34 9 Ao
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XKiHE: NCFinFET; fi w5 LHEEIER; BSIMCMG # A ; 4446 2 5

FESHE S TN432 XERFRIRAGS A XEHS:1004-3365(2020)03-0410-06
DOI:10.13911/j.cnki. 1004-3365.190367

Simulation Research on NC-FinFET Device

YANG Ronggiang', QIAN Yaqgian', SU Yajuan"?, WANG Yinggian®, CHEN Rui' ?,
CHEN Ying" ?, GE Tianyang" ?, GUO Cheng" ?, QU Tong"?, WEI Yayi'"*
(1. Univ. of Chinese Academy of Sciences, Beijing 100049, P. R. China; 2. Institute of Microelec. , Chinese Academy of Sciences ,
Beijing 100029, P. R. Chinas 3. Semiconductor Manufacturing Tnternational Corporation » Shanghai 201203, P.R. China)

Abstract: The NC-FinFET model was constructed by combining the BSIMCMG model with the negative
capacitance ( NC) model. Based on the established NC-FinFET model, the equivalent capacitance model was
analyzed. The device characteristics of NC-FinFET were simulated and analyzed by Hspice. The results showed that
NC-FinFET had obvious advantages of characteristics compared with FinFET, and its subthreshold swing was
lower. In addition, the influence of the thickness of ferroelectric material on subthreshold swing and gate voltage
amplification was analyzed, and the influence of substrate-source voltage on the performance of NC-FinFET was
analyzed, which provided a theoretical basis and solution for NC-FinFET to reduce power consumption and suppress
parasitic effects.

Key words: NC-FinFET; negative capacitance; subthreshold swing; BSIMCMG model; substrate-biased effect
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TEEUL T . fe 48 MOSFET f I B 421 (SS) G A% (NEMFET) ™ Fil iy %5 i (A4 NCFET™

W HHEA:2019-06-21; EFa HH#8:2019-07-25
VEEZ A A ZE MR (1994—) , B (UG , St A B WF 58 4 WF 98 7 18] 9 SRAM P fig 5 0] $EERF5T .
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DRl 2K i A R A1 2 BCAH 24 B 2, NCFET o, 5
SR FH 0 4 H b R} O 45 Bk 7 4k B0 B B (Perovskite
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Research on SEB Induced SEGR Effect of Power VDMOS Device

ZHANG Xiaolin', YAN Xiaojie’, TANG Zhaohuan®
(1. Chongging Jonser Electronics Co. » Ltd. » Chongging 400060, P. R. Chinas
2. No.58 Research Institute . China Electronics Technology Group Corp. » Wuxi+ Jiangsu 214072, P. R. China;
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Abstract: Power VDMOS is one of the key devices in spacecraft power supply systems. Under the radiation of

heavy particles, single event burnout (SEB) and single event gate-rupture (SEGR) effects will occur, which have a

serious impact on the safe operation of spacecraft in orbit. Based on the deep analysis of the single event damage

mechanism and micro process, it was discovered that there was a SEBIGR effect in power VDMOS under heavy

particle radiation, which was verified by TCAD software and '"*' Ta particle radiation test. The physical mechanism

of the effect was that the temperature of the silicon lattice was increased by the instantaneous large current generated

by the heavy particles triggering the parasitic bipolar transistor, and the intrinsic breakdown voltage of the gate

dielectric layer was reduced by the high temperature, then the SEGR effect was triggered. The discovery of SEBIGR

effect layed a theoretical foundation for the further analysis of the single particle radiation effect of power

MOSFETs.
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words: power VDMOS; single event burnout; single event gate-rupture; SEBIGR effect
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Silicon Thinning Wet Etching Process for Back-Illuminated
CMOS Image Sensor
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(1. Chinese Academy of Telecommunication Technology , Beijing 100191, P. R. China;

2. Semiconductor Manufacturing International Corporation , Beijing 100176, P. R. China )

Abstract: A wet etching method for thinning the back logic wafer of back-illuminated CMOS image sensor was
proposed by using tetramethyl ammonium hydroxide (TMAH) for the experiment. The whole process of silicon
thinning was analyzed and the wet etching process after chemical mechanical grinding was tested by adjusting the
reaction time, silicon rotation speed and nozzle swing speed, so the optimal etching parameters were obtained. The
target thickness could be reached. and the flatness could be controlled within a certain range. In the wet etching
process, the surface morphology of the silicon wafer was modified firstly. Then the whole silicon wafer was etched
to achieve the target thickness. Finally the backside wafer was obtained by thinning. The image quality of the image
sensor was improved by using this silicon chip.

Key words: backside-illumination; wet etching process; CMOS image sensor; thickness mean value;

silicon thinning
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A Reverse Conducting SOI-LIGBT Based on Schottky Diode

WU Jiayu, YI Bo, CHEN Xingbi
(State Key Lab. of Elec. Thin Films and Integr. Dev. , Univ. of Elec. Sci. and Technol . of China, Chengdu 610054, P. R. China)

Abstract ;

(SOD) was proposed. By connecting an anti-parallel Schottky diode with the emitter junction (P-anode/N-buffer) of

A reverse conducting (RC) lateral insulated gate bipolar transistor (LIGBT) on silicon-on-insulator

the LIGBT, the snapback effect of the conventional anode-short RC-LIGBT during the forward conduction was
eliminated without increasing the on-state voltage drop of the LIGBT. The steady-state and transient electrical
characteristics of the device were analyzed by two-dimensional TCAD simulator, and compared with the
conventional SOI-LIGBT combining with freewheeling diode. Simulation results showed that the breakdown voltage
(BV) of the proposed RC-LIGBT was not only improved but also unaffected by the P-anode doping concentration.

In addition, the reverse recovery charge of the proposed device was reduced by 15.2%, and the soft factor was

increased by more than one time.

Key words:

0 7 =

T SOL M B 1 45 2 XU B G 1k 4
CLIGBT) I8 6 ELAT B 7 1 89 A 1 A0 B 1 o
B 737 W0 o IR FE 0 B % 1C o)
5 LIGBT th S = 5 o 76 H R 574010 39 51

W s B :2019-06-28 ; & % B #3:2019-07-10
EETE :HEARB AR RS
(KFJJ201708)

SOI-LIGBT; Schottky diode; snapback free; reverse conducting; reverse recovery

Hh T SRS S I SR I AR L X BRI TR A
AR SCRAM ST SRR . il ad7E LIGBT
FHAR AN 5T N X 55 BH B <5 I AH i /9 07 3% - W] fi
LIGBT BA S [ il 1 fE 77 - {5 2 - 75 1E 1] 5 18
SRR IR SCHRL6-7 T4 — L ]
J 47 818502 ) I 05 o AEL 22 39 R 19 I 1] 5 30 TR %
SCHRC8-9 T3 ook 78 BH AR AU 51 A B e A FL 4 T B 1 v

AR T H (61804021) s Wy 7 IR 55 46 A 1 B R EE R SE R S 0T i 2 & W I A

YEE 8 A1 i 1 (1989—) » 55 (U AL 3K K 10N W W5 A W5 07 ol O ) 38 435 1 5 80 RE D) A0 B PR 8

W 2 95 (1931
R B

2019) 5 GBUBRDY » RN S 085+ 18 e 2 0 o [ Bk 2 g e L » R 5 1) by B 2R A 15 28 HE D) AR AR



5503 RAEHE . —F T8 Fr3k A 103 3 4 SOI-LIGBT 429

JE A7 151 200 o EL 5K 5l Hi, 6 11 52 e A B S i T

HT FIRWEIE A SR T —Fh Al DL B R
181 %% b B RC (Reverse-Conducting) # LIGBT,
1% LIGBT AN S 7E vy T 37 [l %00 Fl 45 44 1 1] 5 il
JEREZ [ A7 P v, & B S 47 0 5 Il A R M
SCEYS LT AR A AR AR R A 2 X
P B R AT T o i it 28 3 4 i 4k .

1 Brdgms TENLE

1.1 BHsH
ASCHE R S8 SO-LIGBT (1 3] 1 125 5%
MBS 1 R .

Schottky ? A
diode ~

N-drift ( N-epi )

Buried Oxide ( BOX )

P-substrate

(a) #1m E

G

R\ +Ry

I
—
K O——&ify

(b) &35 v B
B 1 A3c RC-LIGBT [ 3 i 125 % i %

% RC-LIGBT 1 ¢ i J2& 16 B A% Ml & 5 &5 (P-
anode/N-buffer) 2Z [i] Jz [ I B — 1~ B F5E 2 AR 45
W R S I PH A 5 LIGBT % N-anode #H3% . B
W5 LIGBT # P-anode fHi% . % M ¥¢ 5 81
IVE A I8 . b7 Sl i 75 LIGBT AR 037 48 L jE
AL P AN S &= RN R Z S U o
HEAE N+ X, LB LIGBT R N+
X F A 9 N-anode [A] 26 #E47 .

Schottky

diode

1.2 T1EMIE

M LIGBT 7 F o 14 5 3k 0% 4 Ak F I D iR
Ao BT H R R R R K, RS
LIGBT 7&K FE B A% X B/ R L O . R UL, LIGBT
AN FL O T3l e A A 8 1 RS R A
LIGBT fy N-anode, BUHF, 5 JE A4 1 5l
FEA/NTF 0.7 V,LIGBT FH#% ] P-anode/N-buffer
L5149 1F 10 P S W) /N T+ 0. 7 V, P-anode/N-buffer 4%
B . A 3C LIGBT @y e ALl 5 LDMOS #f
] A e L4 LIGBT 1 JF 36 X PNP 25 #4 1 Tiif F HL
il . Sf&4 LIGBT #H b, A& 3¢ LIGBT f# i % i e
B Bl 20 H IR AN 32 P-anode 48 22V BE Y 520

16 LIGBT IE [0 il B 1 FR 5L AR R A b T
B AR A AR o B2 A I LU 32 /N F LIGBT (1) 1F [
SR R P AR A R R R K 0.7 V.,
Bl P-anode/N-buffer 4% (19 1F ] ffg [ ==0. 7 V, 23 /¢
A LLIEH A LIGBT K4, [ itk % 1 LIGBT 78
TF [ 3 BSF ) R R AT [0 58500

M LIGBT J [ S 38 B 14 47 2 =0 1 .
LIGBT {4 P4 i) f2 ) 53 i 3t 38 3 N-anode Jii ) . Ff
ZOEmA R R R A . O RS
TR T IS R A BT LA AR SC LIGBT f9 % 1) &
i B AN L A% G2 2 i — AR A

2 RERGW®

FIH] Sentaurus ffj B4 PF X A3 LIGBT B4z
A BRI REAT O B . 5 EE T TR g R 3
it 1 PR,

x1 HEFAMNSZGHRITSH

ZH A3 e 4t 4t
LIGBT  LIGBT k%
A R)R B/ pm 3 3 3
SOI R B fF/pm 6 6 6
R B/ pm 41 41 41
EBXKE/ pm 27 27 27
N-drift KIBZeWEE/ cm ™ 2X10°  2X10°  2X10%
N-buffer [X 524 2X107  2X107  2X107
WelE/ cm?
A AR A A 1X10"7
XABRUE (N /em ™
R A 4.5

I YRR/ eV




430 RFEHSE. —F T 3t R 1 2 8 SOL-LIGBT

2020 4

TELL LIGBT 2 Dy 22 85 14 19 # g oy % IC 22
T EEE MR TR SR B FIEEL S
BRI T84 LIGBT (40 40 % 432 1 22 7 — /s
A LIGBT, A A7 % b . 2237 — 45 TR B R
BT SOT fyf 1) 25 44, SOT 2 58 7 | T R X K JiF 4%
SR 5 LIGBT MR, fiE P ImAT MRk 2
Wk 2 AR 5 R R A A AR AL L DL B R 0 Y
k.

ASC LIGBT #ifE 48 LIGBT il # i % v JE
Y P-anode $B24 M B (N O I R A& 2 TR
AIRLE A 3C LIGBT (il i 28 i o 368 'V,
HAEARZ N AR 520 . D R B A A 1 4 2k —
W I LK R T8 5 LIGBT (R NI X
4 T FEL T

370 : :
365 i
—o— A LIGBT
—s— fE5EH LIGBT
= 360 F i
]ﬁ
B
s 355 | -
=
350 + i
345 | .
1E18 1E19
N,/em™
K 2 A3 LIGBT fifs 4 LIGBT il A K-S Na 19
PN IE

A LIGBT Il 5 15 2 ik R oy BH A 0 A e, 37 2%
A 3 R .

Schottky

3 ASC LIGBT i 5 i 2 4 P B AR M0 1) v 3 2 4 A1

T LAE L e H U 3 2 i N-anode i A, P-
anode/N-buffer £59% 1 55 3 & M %, LT & FH

25X 38 4 P-anode i APERS X, N L. £ 58
LIGBT 4 P 1 HL 3L T80 A 3880 0L 7 AR 25 1) PP 0A 250
. miE 2 L T AL 4 LIGBT, iR Na (938
TN 5 485 T AR AL R A T 3 X PNP AL ) 52
LU NP 7 VA 3 A

ENEEZ RV NGNS SRR S U S
R AR ARE A RE DR IC s L B R S
LIGBT 52 — 8 mymi BUEL O 4 ¢ 1, i B
1 omm® ., 5 # 0k m BT T 0T 5D 1L R ) HL I
€. A3CLIGBT i i 1 mm*,

200 . . .
—o— A ALIGBT
150 F —a— (L5 ILIGRT
Sein —meE
100 F

wn
=]

=

IR /(A + em™)
|
W
(=)

-100 E
V=0V
-150F E

-200 1 1 1 1 1 1
-20 -15 -1.0 -05 0 0.5 1.0 1.5 2.0

V!V
4 AR P R S R i 2

FE A A IE 1) 5 B ply R 3 R R D
U FEL A /N T 9 2 0 I 1) S FL O L AR S LIGBT %A
LR R0 . H T 94 T 22 i 4 i e AL, A
3C LIGBT (4 1E ) 558 R AIK T4 58 LIGBT, fEH
T E R 100 A/em® B, A 30 LIGBT 5 % 48
LIGBT {y SB ERA M 1. 40 V 5 1. 47 V,

FEAS A R ) S R AR S LIGBT & A0 1
Fedk T ) 5 LIGBT SR Bk, B b, R R 1) %
WML G i E R E. FERREEN
100 A/em® B}, AL LIGBT 585 “ 45 1) 53 &
M4y k1,26 V 5 1.09 V.,

A LIGBT 5545 G A% 45 1 B2 1) 1k 52 4 1 LA
KAl Ep B A& 5 iR . FEHLTR DN 100 A/em’
I g R AR M K A 3 R . Vius =50 V., Liga =
1.5 mH,L,.,=10 nH,R;=10 Q. A LFEH, 5%
G5 AR AR L. A SC LIGBT 19 5 6] 4% 55 F, 07 e {5
LEAG R g Q880 AR E 7 S(1,/
tOM 3. 12 FEFEHT 6. 76, K—F5 LA b, BRI,
FE 1M A 3 R v AR S 1 R R R A AL T IR A
RZS T HE R E R4 P-anode, 5 B £ 1925 7




5 3 10 RIS — R0 IR T M R T 3 B SOI-LIGBT 431
AU ASIK . 2 ORI AR R RS I T BER . AT BUA A0 LIGBT §91E 74
IR NTE S R P FEMUSCEL I ST ) A 3 R A B IE

- . I, 27457 0 7R ML N-anode £ 2R 4 55
e g e BB . R AE R WD T R BB

SIS Q,=12.5 pClem?

-50F
-100 L L L
0 100 200 300 400 500
IFE] / ns
K5 ASC LIGBT 5% 48 iR & 1Y B il % 52 45 P i 2 2L K%
7 FUH
MR T Y R T R R R X B R

(N O X B 1) 3 38 T R 9 5 i an 18] 6 R . T L&
L BB < D ek R S R TR R T R
Fe3 R ASC LIGBT (¥ Sz 1) 38 J R B 2 3 . B
A ONLIIER R R IR A X R B 2
1 B 1] 3 30 T A /)

(EAS TR A2 BE AT <5 2 ek S0 D) » 1 R 2
TR A T R R X 2 AR SC LIGBT fGE 1)
SEAEE . PP EATR RN e R R BN T AT
4.4 eV i ASC LIGBT fE IF [ 5 3l i i 30 e 47
[0 RN T 4 J DI PR BCR T35 T 4.5 eV I B
BT B0 . 53 Ah s N BY3E L 22 38 K 1 5 2 — A%
BRI IS B B R D e B L & N Y
{EL AT A 4 7 B AT W T BT 0] R0 B R B2 R L AT
52N B ] A 0 S

1.5F —a—N=5x10"cm™

—e— N =8x10'"* cm™

14 —4—N=1x10"7cm™

> —v— N=3x10"7 cm™
¥ o3t .
Ja
]
1
11F J
1-0 1 1 1 1 1
43 4.4 45 46 47
SIRTIREL eV

6 i ol B KORT N S 1) i o £ 8
A3 LIGBT 51448 LIGBT ¥ ik ] 5 7 4 1

Bt78 9C M P-anode B9 $5 22 1 A, 1E 1] ¢ W o
BT

160 F
a0l —— o ASURAY LIGBT 4200
—=— --o - {41 LIGBT
N‘; 120
) @)@—OE—OD—-O@—OE—ODO—(}{{E;—-Q}—c)..lso
* 100| D¢ .
< -
~ 80 L =) >
! 100 g
= 40 ; 150
E]l
20 o
P
Olbecec-mo ‘ . L . 0
2095 30.00 30.05 30.10 30.15 3020 30.25

FFIE] / s
Bl 7 Z3C LIGBT 51%4 LIGBT (9 1E [a] ¢ Wi 2 il £

ASCLIGBT W EE T2 M 8 fiis. i
Je.7F SOI #fiE i | 58 i N-buffer, P-well, P-bury
MITEAFHESS I A A KA A AR . 4 L it
112 ik D B 18 A LB 6 20 kL O I 22 i e R
T2 e AR R IR X . B L NOBL e g
THEAE M LIGBT 9 N+ X 5 H %72k A8 /Y B
Weo BJgGEA P RIS RS 1. 58 A 1F 4 s R
MIAE . A SC LIGBT Wi /E L2 ae8chy 5 LA
SOI Tk,

P-substrate P-substrate

(a) (h)

B-implantation

Hllllllll

P

P-implantation

mmmu

N-drift (N-epi) N-drift (N- epl)

Buried oxide(BOX)
P-substrate

(e) (d)

B8 A LIGBT FE T LRk

Buried oxide(BOX)
P-substrate

ARSCHE I oM T — TP R T 1 R AR A BB



432 RFEHSE. —F T 3t R 1 2 8 SOL-LIGBT

2020 4

A RC A SOI-LIGBT, #1453 — % 48 I 1m) 9 B
1 LIGBT B P-anode X5 N-anode X Z [6], 1E & T
fir P AE T 1) 5 38 B ) H R AT IR, . R I R
AR A T P UG 5K 1) R s 8 BB 3 110 4 T A R KA
R W B Ll e 1 B S s i o 20 vl S PR Y O
WO B . A A R O T S R e R
KU U T e A 0 S ) Tl R R . S AR S S I R
B M, A ¢ LIGBT 1y & 1) 9k 52 H fir 3/ 1
15. 2% R E Wi R —f5 2L |

2 & X Wk

[1] DISNEY D. LETAVIC T. TRAJKOVIC T. et al.
High-voltage integrated circuits: history, state of the
art, and future prospects [J]. IEEE Trans Elec Dev,
2017, 64(3) 659-673.

[2] QIAN Q. LIU S, SUN W, et al. A robust W-shape-
buffer LIGBT device with large current capability [J].
IEEE Trans Power Elec, 2014, 29(9): 4466-4469.

[3] TAKAHASHI S, NAKAGAWA A, ASHIDA Y, et
al. Carrier-storage
lateral IGBT (E*LIGBT): a super-high speed and low
on-state voltage LIGBT superior to LDMOSFET [C]
// TEEE ISPSD. Bruges, Belgium. 2012: 393-396.

[4] GOUGH P A, SIMPSON M R, RUMENNIK V. Fast
switching lateral insulated gate transistor [C] // IEEE
IEDM. Los Angeles, CA, USA. 1986. 218-221.

[5] SINJ K O, MUKHERJEE S. Lateral insulated-gate

effect and extraction-enhanced

bipolar transistor (LIGBT) with a segmented anode

structure [ J ]. IEEE Elec Dev Lett, 1991, 12 (2):
45-47.

[6] ZHOU K, SUN T, LIU Q, et al. A snapback-free

shorted-anode SOI LIGHT with multi-segment anode

7]

(8]

[9]

[10]

[11]

[12]

[13]

[C] // IEEE ISPSD. Sapporo, Japan. 2017: 315-318.
UDUGAMPOLA N K, MCMAHON R A, UDREA
F, et al. Analysis and design of the dual-gate inversion
layer emitter transistor [ J|. IEEE Trans Elec Dev,
2005, 52(1): 99-105.

UDREA F, UDUGAMPOLA N K, TRAJKOVIC T,
et al. Reverse conducting double gate lateral insulated
gate bipolar transistor in SOI based technology [C] //
IEEE ISPSD. 2007 .
221-224.

WU J, KONG M, YI B, et al. An ultralow turn-off
SOLLIGBT with a high-voltage
integrated on field oxide [J]. IEEE Trans Elec Dev,
2019, 66(4). 1831-1836.

SHAH R R. HOLLINGSWORTH D R, DEJONG G
A, et al

Jeju Island, South Korea.

loss p-i-n  diode

P-N junction and Schottky barrier diode
fabrication in laser recrystallized polysilicon on SiO,
[J]. IEEE Elec Dev Lett, 1981, 2(7): 159-161.
NAKAGAWA A, FUNAKI H, YAMAGUCHI Y, et
al. Improvement in lateral IGBT design for 500 V 3 A
one chip inverter ICs [C] // IEEE ISPSD. Toronto,
1999. 321-324.

RAHIMO M, SCHLAPBACH U, SCHNELL R, et

Canada.

al. Realization of higher output power capability with
the bi-mode insulated gate transistor (BIGT) [C] //
13th Europ Conf Power Elec & Applic. Barcelona,
Spain. 2009. 1-10.

ZHANG L, ZHU J, SUN W, et al. A high current
density SOI-FLIGBT with segmented trenches in the
anode region for suppressing negative differential
resistance regime [ C] // IEEE ISPSD. Hongkong,

China. 2015 49-52.



%5085 % 3 M Mo T Vol. 50, No. 3
2020 4F 6 H Microelectronics Jun. 2020

EAEXBMKNZERRNZAZHNRBEFEAR

ERT, WA, FFE, TiEK
(R 5THE I R 2 | T 5 902 TR B ol 724 B . B9 50 210023)

W OE: ATHRSVEXMESDELMNAKY LSRR, AAESLT MEMS &4 26 1 53 4
BAHRT MEMS 8 ZE# S A5 BB EGER THEHIAE, FELT ZHE G M
A, FRERAN EAHRAEITEZEFRETEMMOMBRAE EREKEY ., A P.2THAES
RIBERAARX KX R . S RMKEREMRX KR, £ 34~36 GHz ¢ Ka s L A, #E’u}%jy i A
Fo RHERA, REE GG AER S A 4.4 [F/W @34 GHz.4. 1 [F/W @35 GHz.3. 7 {F/W @
36 GHz, £3mX 4 R 5 4 4 5.0 {F/W @34 GHz.4.5 {fF/W @35 GHz.4.0 fF/W @36 GHz,

RBENGAZEREMNAXERLR DS X RELEXBEDEENRANGEZSRELA —4
#4385 F X

KA MEMS, BEE hFak REE: MATEAR

hE S %S THR9; TN62; TP212. 1 XERFRINED : A XEHS:1004-3365(2020)03-0433-06

DOI:10.13911/j.cnki. 1004-3365.190393

Research on Sensitivity Characteristics of Capacitive Microwave
Power Detection System

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

Abstract: In order to improve the overall performance of the capacitive microwave power detection system, the
mechanical analytical model of MEMS cantilever beam was firstly established to study the motion law of MEMS
cantilever beam. Then, an analytical sensitivity model of system was established based on the mechanical analytical
model. The results showed that the sensitivity was mainly affected by the initial spacing of the cantilever beam to
the pull-down plate and the length of the beam plate. Among them, the sensitivity and the spacing were inversely
related to each other, and there was a positive correlation between the sensitivity and the length of the cantilever
beam. The simulation results showed that the sensitivity obtained was 4. 4 fF/W @34 GHz, 4.1 fF/W @35 GHz
and 3.7 fF/W @36 GHz in the range of 34-36 GHz according to the mechanical analytical model and the sensitivity
model. The experimental results showed that the sensitivity obtained was 5.0 fF/W @ 34 GHz, 4.5 {fF/W @ 35
GHz, 4.0 {fF/W @36 GHz, respectively. The simulation results of the sensitivity were in good agreement with the
measured results, which had a guiding significance for improving the overall performance of the capacitive

microwave power detection systems.

Key words: MEMS; cantilever beam; mechanical property; sensitivity; analytical model
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Application Research on BSOB Wire Bonding Interconnection
of Thick Film Hybrid Circuit

YAN Zipeng, QIN Wenlong, HE Congyong
(The 24th Research Institute of China Electronics Technology Group Corp. s Chongging 400060, P. R. China)

Abstract: Due to the glass frit remained on the uneven bonding surfaces of the thick film hybrid integrated
circuits (HIC) substrate, together with the contamination introduced during the assembly of the HIC, non-sticking
on the substrate and short tail frequently occurred, when conventional BBOS wire bonding technique was used for
the interconnections of the dies and substrate. In this paper, BSOB bonding technique was used to eliminate the
bonding process problems. The reliability of the BSOB and BBOS was compared. Also the abrasion of the capillary
on the effect of the bonding reliability was studied. The results indicated that both the wire pull and the process
capability index (Cpk) . of the initial and after 300 °C /24 h, were obviously higher than the specified values, and
showing no evident variations after 400 000 bonds. BSOB technique was compliant with the GJB548 for a compound
bond, where one bond was placed on top of another bond.

Key words: hybrid integrated circuit; Au wire bonding; bond stitch on ball bonding; bond ball on stitch bonding
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Research of Online Internal Resistance Test Technology on Battery

SU Liangyong, CHEN Lei, YUAN Lin, CHEN Gang
(Chongqing Southwest Integrated Circuit Design Co. , Ltd. s Chongging 401332, P. R. China)

Abstract ;

and the internal resistance of battery was discussed. According to the circuit principle of battery self-powered on-line

Through the analysis of the principle of battery, the relationship between the deterioration of battery

tester, a digitization scheme for weak signal isolating, noise reducing, amplifying, sampling and processing was
proposed. A practical circuit was used to verify the function of the design scheme. The measurement results showed
that the internal resistance test circuit had met the design and precision requirements. Meanwhile, the circuit design

could greatly simplify the circuit layout and reduce the amounts of components. The scheme provided a design

reference and theoretical basis for single chip integration and ASIC design in the future.

Key words: battery deterioration; AC
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Research on Utility of Close Loop to Improve Product Reliability
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Abstract ;

With the escalating of severe degree of the use of aerospace products in China, the demand for the
quality grade and service life of components is also getting higher and higher. In order to improve the inherent
reliability of products, and to meet the high reliability requirements of aerospace products, this paper expounded the
requirements and detailed contents of product quality’s close loop method, and took two accidental failure examples
in long-term reliability test and using process. By the close loop method. the primary causes of the problems which
affected the long-term reliability of the device and its solution measures were found. The results were helpful for

improving the capabilities of design and process platform, continuously improving the product’s quality, and

promoting the inherent reliability of products.
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Discussion on the Method of Reliability Evaluation
for Imported Devices and Elements
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Abstract: The current using situation and characteristics of the imported components were introduced, and the
main factors affecting the using reliability of components were analyzed. On the basis of the analysis, the general
ideas, principles and methods of formulating the technical evaluation scheme for the reliability of imported

components were summarized according to engineering practices. Treatment opinions were given for the different

evaluation results. These methods and principles were also applicable to the development experiment and application

reliability evaluation of domestic components.
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