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A Continuous-Time Sigma-Delta Modulator with 10 MHz Bandwidth
and 70 dB Dynamic Range

CHEN Kairang' , WANG Youhua', ZHAO Shuangye’ , HUANG Xingfa' , LIU Jianwei', LU Taojing®
(1. Science and Technology on Analog Integrated Circuit Laboratory, Chongging 400060, P. R. China;
2. Chongqing Giga Chip Technology Co. s Ltd. , Chongqing 401334, P. R. China)

Abstract: A detailed top to down design progress of a fourth-order feedback mode continuous-time sigma-delta
modulator was introduced. The digital shuffling method was used to eliminate the effect on the output spurious
caused by the mismatch. Due to the calibration, the harmonic generated by the mismatch was transformed to noise
and shaped to the out of the signal band. Aiming to further improve the SNR in the signal bandwidth, the resonator
was embedded into the modulator. A power efficiency modulator was obtained by using the three-stage feed-forward
amplifier. Finally, the modulator was designed and fabricated in a 65 nm CMOS process. The measurement results
showed that the modulator achieved a peak SNDR of 70.1 dB at 10 MHz bandwidth with a sampling frequency of
614. 4 MHz while obtaining a dynamic range up to 70 dB. The power consumption was 77 mW. The core area of the
modulator chip was 4. 50 mm?.

Key words: continuous-time sigma-delta modulator; digital shuffling; feed-forward amplifier; resonator

Y5 B #8:2019-09-30; Ef5 H#A:2019-11-27
EETE : BUUIE ol 3% 5 0 S 00 % 56 4 W Bl H (61428020106)
TEE BN BRILIE (1986 55 (WU 1 W 5% O ) A B DL B 2 3 e i 1)



460 PRELIESE . — P 10 MHz 37 58 70 dB 33530 B 1% 22 0 i) Sigma-Delta 8 i #%

2020 4

0 7 =

W & 04k {5 L 50 2 R A 7 ) R R iR R
GEAWT/INEIAY . BECHLAE 25 R JCRGE 15 R GE 1 ¢
SRR | T R A R R . AR A 2
WML 3 T DA A8 380 e 114 5 A 3 40 8 g A e, o
FH R b 1 AR AR e S0 B0 4 46 Ak . B B Y B EE R A
PEUHL A A 1 ARSI AR 1A 1 I B AR A 1
AR Bt CADC) ™ 8 8 5 B B30 K K b o il
PRUSCHL 4 4 A B AT fE . H X R B2 UL AT ADC
19T RE Bk B i ADC 7 B4 1k PR 2 08 Dk 1Y
Ife. 181 Pipeline, Flash, SAR % &5 ¥ % T &
ADC #5978 548 PR B U8 0 D RE- 2 18 4 A~
UL I R R 5 SR

42 I ] Sigma-Delta 3 il 88 (CTSDM) [H H
BT TE S U U R P Bk O TR A S A g R A Ak
BT B U AT R /N Tt T AR, SE B R 4
By /NELAL, B R A, CTSDM & %t 43 J5 1 15 5
HEATRAE AT 3 B2 % 21 A R0HE S i
R T I8 T e TR AR L I R R AR D AR L A KR
F A

ASCE T CTSDM M THUZ 3% 2 19 3 48 % 11
AR LVEB T R, 5T 65 nm CMOS T2 #E17i
R ST — Fp A 55 (BW) S 10 MHz, 2h 2 36
(DR) A 70 dB [y 3% 21} [A] Sigma-Delta 1 il £ .

1 4 B CTSDM % 4% #i% it

Sigma-Delta 7] il & i Ji 22 X 5 1k 1 75 F1 4
FEUE B o {7 A T ] 2 5 B S A1 3 X M R
YRR . Al PN R B R & g A L R R N A
ME L, TR A 4 By CTSDM @i 1 iRt .
BB AR IR I 1(R; .G R, . Co) VIR i 2 (Rs .
Ci R, CoH) KK B ¥ ADC, 2 B B 98 (DAC, ~
DAC) FMz 2 R #1.58 (DAC gip) o

R M JE A G N R U R SR T TR
T A U BE L A A IR BT b £ E R
T H R IR /AN o DD R P R — A Y DB U R B
%, CTSDM 52 3%t 4t b Wt 75 8 O X {5 5 08 %
B . R . AR5 A BE G B I U8 5 5 R R
R,

-R, -R,

B 1 4By CTSDM [y 454

FH Matlab §1 Sigma-Delta T. EH45 15 B, 3515

4 By CTSDM 7£ 10 MHz % 58 T 1 R (OSR) H
32 B B B DR A% 38 R HER IR

—1.2345* —0. 916 85* —0. 4225—0. 094 18

Le(s)= s* 0. 008 9765 —+9. 399X 10 ¢

(D
U8 W BRI G I 15 5 A% 3 BR R (STE) i g
FAL B R A (NTE) By Fe et e i® 2 s, Al LA
A N RS B B T A AN A NS S O IO Bk
IR o T P AL T BE X o 68 AR IS 38 4 A 30 7 A
Ab . X R E B = T R B TR R L.

20

e
-
Red

=1
H
|
o))
=
~.

o

0.05 0.10 0.15 0.20 0.25
[ R S

B 2 {55 1 i R BRI R 75 12 3ot BRI 5 RA R 1 ol 2k

AR AT 2 iR B9 4% i RE I . 1% CTSDM (1) 21
U8 P AL 3 R B 5 a0 (D) L, 4 T A5 9%
CTSDM Y i 8 5 oK%K -

—A S —A, s — A s—A,

L(;J(.\‘): S1+(B1+B2)SZ+BIB2 (2)
H,
A =k XL

! ‘TR.C

N SRS
A=k X E “R.C
Ag_kszZCZXRngXR4C4,
A L : ! 1

TR AR RGO R.G CR.C,



5 4 WRilibaE . —Fh 10 MHz 47 9 70 dB gl & Hl % Zei ] Sigma-Delta 34 il 4% 461
[ B Gy MH2H R 3K T 40 dB. I8 T2 f i I
1 s D2

" C,GR.R, C,C.R,R,

Kby ks ks ok R DAC, ~DAC, B IH—1k
HLJE A . Bi o B, AR 318 PR 5 10 3 IR 000 %, X b
(D 22 A= (3), ] 75 4% H BH(E L 25 H 25 {E Al
DAC (LB . 35, Ry 77 2258 i #4875 353 4k
A i A ity P BEL 1 AR e 7 TG R o R
9 1/2 LSB.iHE AR N

Vi

64K T fy » 3 22N T

APV o AG S IR K PR %% 25
BT RATI2REE fo G E S H 5N Ny
G NM AR, B VL 0.3V, [ A 10
MHz.N H 12 i, a4 . n] 5.

R,<1.35 kQ (5)

FESBR T R C S 500 3 BOA 2 5% IR R
Sy AR, MR SRR BRAS ., &
TR A3 A 0 B R e AR AR R Dk Ok HL
PRI . 77 AR 3 (3) . A B2 I 4% B2 28 10 2 8
1 DAC, ~DAC, 1 HL 3 W {E - e 28, A B0 8% il 2
D) B B 43 2% 09§ 8 AE & 9 oY R
HL JE 4R 7

DAC g I HLTE Cos ) T 22 AR 48 52 B H B 1) 42 3R
KM o T HL B U7 EC AR AT IR B AE R L AR AE R 5K
A5 0 I 6 0 ke o B 8 0 R IR 2 T i P R
R B8 BT 1 2 66 008 0 o B, I 45 5 2R (3D, F BT IR AR
) R.C Z%0f1 DAC, ~DAC, iy ifl. 7E4i%
e B AR %R 614. 4 MHz, (BB IER 1@
0. 2 /> IS B JE1 3, B ER B 48R O 325.5 ps. R4 3C
BRLS A 4t 3 0k R, AT A5 #1092 48 3R R B 09 36 I U U

Lea(®=

R, << 4

—1.4265° —1.003 15" —0. 440 845s—0.094 18
s' 0. 008 9765* 49. 399 X10~°

(6)
FERF M DAC pop I IH— L LN
K;=0.265 705 7)
B2 RIE 6) ORI (4) L IR IR IR I
BSEUAE.

2 W Bi&It

2.1 HMK=
FSLH 70 dB ALk L U BEORMOR 4% A 10

LR E R, T W 10 dB DL E A 5 25 a8
], PR, BT B 25 S M 4 GHz 1Y)
R

f£ 65 nm CMOS T.Z&F , 45 R 36 F %5 ) #b
AR Z PR A% I RERCR . T AR T AR TR
FHAT B AME O & &l 3 R .

S

B3 3 WAk 28 45 4 1)
R A% M s A2 i o A4 A% 8k R R
[AAAAALA, <1+j YA, <1+w—5><1+i

[

Vour

Vi a+Sa+5a+5)

(8)

HH A= g 701 As = G Tz s Ay = G T s Ay =

oo Pl | 700 sy s ron vy e S0 R — R S

G R BEL . MR C8) T 3k T AR 0 B T LA i

SN 22 2 T CLHP) 2 K 25 A4 4 2 I 17

Bl im A — A RS T CE AR . % ik

I VAT e G R) 180850 A 73R R 2 IR AN K 7%
(10 B0 38 25 7 9 L REZEFR KT AE

3 YR BRI R AR AN 4 FrRT . M5 4 N

1% 55 2 RARMERT IR AN M8 45 55 2 9.5 3 %)

PR AME

Vi Vi

Vit 4 j‘_‘i(m MaB:j Vst

MBA TR, MSA Vi Vingbd2a M2BJ#V,, VigfoMsB Vi af- s

1 M7A >—| M4A >—| |—< M1 |—< M4B |—< M7B
M10 |+ _ ¢ _ ¢ $ $ i

4 3 GHETBOR A

HTF 65 nm CMOS T2 #Ei745 5,3 % ka8




462 PRELIESE . — P 10 MHz 37 58 70 dB 33530 B 1% 22 0 i) Sigma-Delta 8 i #%

2020 4

38 4 DL SCH 5 B 2k I 5 s W RLAE
TEE AL AN 0.2 pF T AHALHE R 857, AL 45
MWyeh 6.7 GHz,

50 <
40 “\
\

30 \ \ 40
=20 : -60
s - \ =
2 10 RN -80 =

0 \ /\ =

o ~100
7 \

-10 \ -120
20 -140
10° 100 10 10°  10° 100 10
Jis% [ Hz,

K15 3 GO % BB #5 K AR A 0y Tt 46

2.2 DAC

R DAC H T Z B L5 155
PAGREA NS ARk Fr R N e 7
FERANEBE % NMOS i it DACCInE 6 fir7R)
FHF R B34 # o DAC 8t

AH LT BoAb L 3 AE DAC, NMOS HL i fit DAC
W T PMOS H 3 . 2R i 22 v i — 2 B
oL RWE B R TR . B &, NMOS H 3 fig B
DAC BB AR, 2 5 NMOS H 3 i 09 2o 3K
HL B 242 5 DAC fay A B v He L B AR T
HME S S O T Rk e R 2k BE L NMOS B 3 TR R
FH L Y5 L 235, 398 0K T i B

[ 6

NMOS i i fit DAC

2.3 BEBEBILHFRE

EZ ks CTSDM i,y Fifil i T2 T2
R DAC A [R] BRG] 23 77 AR 2R BC . H I /DN 2R
T B 5 7™ o AR Y N AT AR AR 2 I T B e
A ORG FE REAG . Ry B 1K 2R TRE 19 5% s XF DAC 11y
g A K7 HEAT B0 B L (Shuffling) , B X 30715 5
HEAT 1 B A T . A A R DU R OC R e e 4
WL 7T TR . R W e B b i B R TR Y T
FEEAF TR AN IERES RIREZMNE,
M BR T DAC P &6 2K B ™ A= 1 SR 22, #ig
FLREAERE R A S BN, X
JiH8 e % T LLJE DAC 3ot ] DLJ& F A8 48 1
EE i

Bl 7 JURBEH ek

Xt DAC fii A% 7 047 #UAM B ELAR 2R, 2 38 R
RS YR 1] e P A S IR B R IR AR B . D
SEAE B RS B RS
FedE 47 oG B AL » 8 Pt T 7 AR AL S S
BEX DAC AN FEILNACR. % IEEL
DTN 8 J 7R o ATT IR AE AN B N S SR 1Y 2K
IR E AR RO

Vio—"— Vio—"— Vip—"—

Ver | Vio__~_| Ves |
Vea~_| VR4J4 Vio_~_|

Vs _| Vi | Vis |

Via— | Vie—”_| Vio—” |
Vis—~_| Vis— | Vig |
ERGJ4 IKR&J% I‘;R4J4

rR7—" | Rs — ] rRo—" |
Vis—"—1 b DO Viio—"— b D1 --- VR5J4D15
Vio—"—H Com0O Vin—"—B ~ Vi —
Vio—r” | i Coml1 Vs —~ | Coml5
Ven—"— ho—" —| Vs —
Viin—"— Ria—" — rio—" —|
Viias—"— Ven—"— ris—" —
Via—"— Viis—"— Vein—"—]
Viis—"— Ves—"— Vea—"-

K8 ZHUEEI L

FEA H B AR 1955 L FT AT 16 B 0K B

B P LR I 2 5 WU AR IR 7 TR 1 U5 ok
Vet TR AR5 i I B 18 B A R i A 2 e o 4
TSR B AN 237 LR A B R B AE R . [
Hi T FCERAS 2 25 A T BB L LA 2R A A 1 il
B T L) 42 b e e 0 W 7 A i 4 P RE AT 21
’eTt.
2.4 hEEE

s & 7 ADC J& — 47 17 A~ AL g5 [



Bal

Mok, —Fp 10 MHz 47 58 70 dB 1%

110 [l % £ 1) 8] Sigma-Delta 1 & 463

Flash ADC.fu & 16 A ey . % 8 2 48 38 X 3R %
R R 1 52 R 5 1 S AT B IR BE 5 A 04 BRI R
AL R AR 9 BT RN FE R OIS
(CLK=0)F,M, & T, M, 5 M, 44— g7
R 8 W AAS 5 HEAT RAE RO BRAR T L3 4%
() B ] . 7E B ADIR A (CLK=1) F . 78 IR i i
M, 8 TAETELAE X, 78 F A TF A8 I 460t A Viowea
Vous ARG MR IE Vg 3G K T M, B IR A s
Vs » BEAR T 847 25 1) 2 8 il (0] 5 250 NI B AIK T B
AR A ],

Vdd Vdd

Vrer

3 MR E &

iZ 4 B CTSDM #£ 65 nm CMOS(1P8M) T. %
THASHNZRSE N 2.96 mmX1.52 mm, #¥
AR R CQFPASF 4%, N MR A an ¥ 10
F s

ww get|

K 10 4 [y CTSDM py#% 8}

HEH L RN 1.3 VL REESR A 614, 4 MHz, ]
T A fE B4R K 5. 288 MHz, R FE A4 16 384
Ao BUFR I TF A RIS B9 S 1 R
A LA 78 07 B RLAS IR TF R S I e R R
W& . fE # %5 % 10 MHz F. SNDR 4 70.12 dB,
SFDR 3 83. 63 dB, il #f N A ik 11. 36 1, I
FEN 77 mW, AS[EHAAE 5% T SNR/SNDR 11
MR g5 A B 12 froR. T RLAE S B A Tk
70 dB,

/ dBFS

N

ﬁ{_loo‘.... [

= X il 08441+07
Y 10 6

_150 Lo . : N N b Lo
10* 10 10° 107 108 10°

—50+

Bf / ABFS

~100%-.... X‘:]‘.()Se+07
: ' Y:—1

Mgt

-150 i i it : P it
10°* 10° 10° 10 10°
P He,

P11 OB 4G

80

60L i A

40}

SNDR, SNR/dB

W / dBFS
Bl 12 ATl A E BE T SNDR/SNR (1) 3 45
4 & %

ARSCEE T AT IR IRIERY 4 By CTSDM MTZ



464 PRELIESE . — P 10 MHz 37 58 70 dB 33530 B 1% 22 0 i) Sigma-Delta 8 i #%

2020 4

FURZ R PR BT B 40 T A5 D RE G Y HE
B, PR A S O PERE R T B B AL EOR
FIRT B B R &% o % il 45 £E 65 nm T 2R i -
FFHIE . A5RE WL % A8 RE S B 70 dB (9 3h &5
T FEL I LA 5K

2 % X Wk

[1] CHALVATZIS T, GAGNON E, REPETA M, et al.
A low-noise 40 GS/s continuous-time bandpass AS
centered at 2 GHz for direct sampling receivers [J].
IEEE J Sol Sta Circ, 2007, 42(5): 1065-1075.

[2] LUC Y, SILVA-RIVAS J F, KODE P, et al. A

MHz IF bandpass sigma-delta

68 dB SNDR in 10 MHz
bandwidth [J]. TEEE ] Sol Sta Circ, 2010, 45(6);
1122-1136.

[3] CHAE H, JEONG J, MANGANARO G, et al. A 12

sixth-order 200

modulator with over

mW low power continuous-time bandpass AZ,
modulator with 58 dB SNDR and 24 MHz bandwidth at
200 MHz IF [C] // IEEE Int Sol Sta Circ Conf. San
Francisco, CA, USA. 2012, 45(6): 148-149.

[4] LEWIS S H.

Optimizing the stage resolution in
pipelined, multistage, analog to digital converters for
video-rate applications [ J]. IEEE Trans Circ Syst II;
Expr Bri, 1992, 39(8): 516-523.

[5] HASHEMIS, RAZAVIB. A 7.1 mW 1 GS/s ADC
with 48 dB SNDR at Nyquist rate [J]. IEEE ] Sol Sta

Circ, 2014, 49(8): 1739-1750.

[6]

7]

(8]

[9]

[10]

[11]

[12]

ZHANG D, BHIDE A, ALVANDPOUR A. A 53-nW
9. I-ENOB 1-kS/s SAR ADC in 0.13 pm CMOS for
medical implant devices [ J]. IEEE ] Sol Sta Circ,
2012, 47(7) . 1585-1593.

PAVAN S, SCHREIER R. GABOR C.
Understanding delta-sigma data converters [ M]. New
York: IEEE Press, 2017 231-232.
ORTMANNS M, GERFERS F. Continuous-time
sigma - delta A/D conversion [ M]. New York:
Springer, 2006; 178-179.

CALDWELL T, ALLDRED D, LI Z. A
reconfigurable AS ADC
bandwidth using flash reference shuffling [J]. IEEE
Trans Circ Syst I: Reg Pap. 2014, 61(8); 2263-2271,

THANDRI B K, MARTINEZ J S. A

with up to 100 MHz

robust

feedforward compensation scheme for multistage
operational transconductance amplifiers with no miller
capacitors [J]. TEEE J Sol Sta Circ, 2003, 38(2):
237-243.

DORRER L, KUTTNER F, WIESBAUER A, et al.
A 10-bit, 3 mW continuous-time sigma-delta ADC for
UMTS in a 0. 12 pum CMOS process [C] // IEEE Proc
Europ Sol Sta Circ Conf. Estoril, Portugal. 2003.
245-248.

SHIBATA H, SCHREIER R, YANG W H. A DC-to-
1 GHz tunable RF A3, ADC achieving DR=74 dB and
BW=150 MHz at f, =450 MHz using 550 mW []].

IEEE ] Sol Sta Circ, 2012, 47(12) . 2888-2897.



9050 4 WMo T Vol. 50, No. 4
2020 4F 8 H Microelectronics Aug. 2020

—Fh 13. 22 £] 12 {52 200 MS/s B35 i DAC

Koo, REW, BAH
CIEIRIBIE R B 7 L B 5 R GE T 5B, L1 20024 1)

@ E: KA55nmCMOS T¥,&#+ T —/A 1242874 DAC, # 3% Matlab AL R, #2 &
#Ae DAC RA“6+3+3789 9 B &5 4, X AP 45 B 25 M A A7 R B & AR Aw ik 4 3F 21 (DNL) 3 &0
2R ML RA RS T WIR IR I R AT T XM P a9 MOS & Z s T 455 Bl 2 6y
B 5 WA RMIR AR ENEERETRARNGBELE, ATALFS . EARAHEFDS
REFRRAGE LT . ik DAC R 2] 8 IF a9 ik d5 47, B AR A, RAE A 200 MS/s 4
AAEFIAEA 1.07 MHz 8, £ 25 'C . TT T2 A T .3z DAC 8 £ £ #% 3 &7 B (SFDR) 4 78. 62
dB,DNL #4 0.5 LSB, &2 45dE& M (INL) 4 0.8 LSB, #Z®iA DACW R R e 24 1.2 V, &£ A
18.43 mW,FOM 3 13.22 {],

KR wiRM DAC; ZREME AR RAEKSDESEEA; FOM

HESEE TN 2 XHRARIRED : A X EHS:1004-3365(2020)04-0465-05
DOI:10.13911/j. cnki. 1004-3365.190502

A 13. 22-f] 12-bit 200-MS/s Current Steering DAC

ZHANG Shuai, ZHANG Runxi, SHI Chunaqi

(Institute of Microelectronic Circuits and Systems, East China Normal University , Shanghai 200241, P. R. China)

Abstract: Based on a 55 nm CMOS technology, a 12-bit current steering digital-to-analog converter (DAC) was
designed. According to the results of the Matlab modeling, the current steering DAC was doubly-segmented “6+3
+3” architecture, which had small area and DNL. The cascode current source provided high output impedance.
The MOS used as capacitance in the switch and current source cell could reduce the signal feedthrough effect. The
capacitance connected to the gate of the current source MOS could keep the bias voltage stable. With these features,
the current steering DAC had obtained high performance without static and dynamic calibration techniques. The
post-simulation results showed that the intrinsic accuracy DAC provided 78. 62 dB spurious free dynamic range
(SFDR) with 1. 07 MHz input signal at 200 MHz sampling clock frequency, TT corner and 25 “‘C. The integral
non-linearity (INL) and the differential non-linearity (DNL) were 0.8 and 0.5 least significant bit (LSB),
respectively. The 1. 2 V power supply was used by the proposed DAC. The total power consumption was 18. 43 mW.

The figure of merit (FOM) of the proposed DAC was 13. 22-{].

Key words: current steering DAC; cascode current source; SFDR; FOM
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An Overload-Free X-A Modulator Based on Orthogonal Design

GUO Angiang" ?, QI Min" ?, LIU Dong" ?, QIAO Donghai', BAI Chunfeng’
(1. Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, P. R. China;
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Abstract: An overload-free MASH 2-2 S-A modulator based on orthogonal design was proposed. In the stage of
the behavior simulation, the orthogonal method was introduced to arrange experiments for selecting and optimizing
the 3-A modulator’s parameters efficiently. It was dedicated to suppressing the background noise and harmonic

distortion in the signal bandwidth. Meanwhile, it contributed to avoiding overload. Finally, the proposed modulator

was fabricated in a 0.5 pm CMOS process. An oversampling rate of 64 and the 1 MHz system clock were selected

for the modulator, which led to a signal bandwidth of 7. 8 kHz. The 5 V single supply voltage was utilized, and the

total power consumption was 12. 56 mW. The measurement results showed that the modulator achieved an efficient

resolution (ER) of 19. 7 bit and a dynamic range (DR) of 100 dB without overload.

Key words: S-A modulator; orthogonal method; multi-parameter optimization; overload
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A Low Power and High PSRR CMOS Voltage Reference

FU Zhengyu, DUAN Jihai, WEI Jiacer, KONG Lingbao, CUI Peng
(Guangxi Key Lab. of Precision Naviga. Technol. and Applic. » Guilin Univ. of Elec. Technol. , Guilin, Guangxi 541004, P. R. China )

Abstract: A high performance voltage reference with a novel negative temperature coefficient current source
compensation structure was presented. The output voltage variation due to temperature was minimized by using the
relationship between the drain current of a transistor working in linear region and the gate-source voltage difference
of two transistors working in sub-threshold region. Instead of the large resistance in traditional circuits, the negative
temperature current source structure was used to reduce significantly the chip area with low power consumption. A
cascode current mirror was used to increase the power supply rejection ratio (PSRR). The voltage reference was
designed and simulated in TSMC 0.18 pm CMOS process. The simulation results demonstrated that the
temperature coefficient of the voltage was 8.3 X 10 °/°C at the temperarture range of —35 °C to 150 C. The line
sensitivity was 0. 21% at the supply voltage range of 1.3 to 3.3 V, and the PSRR was —81. 2 dB at 100 Hz. The

power consumption was only 184. 7 nW, and the chip area was 0. 006 mm?.

Key words: low power dissipation; temperature coefficient; current mode; PSRR
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A Novel Bootstrapped Sampling Switch

ZHOU Qianneng, GAO Chang, LI Hongjuan, TANG Zhengwei

(Department of Microelec. , Chongqing Univ. of Posts and Telecom munications » Chongqing 400065, P. R. China)

Abstract: A novel bootstrapped sampling switch was designed in SMIC 0. 18 ym CMOS process. A “mirror”

architecture was used to increase the bootstrap capacitance. Clocked-inverters were used to reduce the parasitic
capacitance at the gate node of MOS sampling switch transistor. By adopting these techniques, the charge-sharing
effect was effectively suppressed, the linearity was improved, and the on speed or off speed of the bootstrapped
sampling switch were increased. Simulation results showed that the designed bootstrapped sampling switch achieved
a spurious free dynamic range (SFDR) of 111. 3 dBc and a signal-to-noise-distortion ratio (SNDR) of 108. 9 dB when
the input sinusoidal signal had a frequency of 6.25 MHz and a peak-peak voltage of 0.8 V, and the sampling

frequency was 100 MHz.
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A PGA Applied in Accelerometer Interface Circuit

ZHAO Wenbo, LIU Yuntao, GUO Shuhong, YANG Lu

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

Abstract: Based on the traditional switched capacitor programmable amplifiers, a novel programmable gain
amplifier was designed through adopting time division multiplexing and time division output. Compared with the
traditional switched capacitor programmable amplifiers, the new amplifier could realize not only continuous signal
output but also fully differential structure, which could effectively suppress the common mode noise. The correlated
double sampling technique was used to eliminate the circuit’s offset and low frequency noise. Different scales were
achieved by adopting program-controlled switching capacitor arrays. The proposed amplifier was designed in a 0. 18

pm CMOS process, and the power supply was biased at 3.3 V. The simulation results showed that the new

amplifier could achieve approximately 0. 05 dB step, 0~17. 5 dB gain variation range, and 1 024 kinds of adjustable
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gains. In addition, the output noise was 42. 68 nV/Hz '* at 1 kHz.
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A Start-Up Circuit for Low Voltage Bandgap Reference

WANG Tian, YU Zhiguo, SONG Xinyu, WU Jiang, GU Xiaofeng
( Engineering Research Center of Internet of Things Technology Applications (Ministry of Education) , Department of

Electronic Engineering , Jiangnan University , Wuxi s Jiangsu 214122, P. R. China)

Abstract: The current mode bandgap reference ( CMBGR) has been widely used in low supply voltage
applications, but its start-up behavior deserves more attention. The CMBGR without a robust start-up circuit may
lead to the chip failure and low yield. After analyzing the issues of start-up and multiple operating points of the
CMBGR, a new type of CMBGR with only two stable operating points was proposed. The degenerate point problem
could be solved by monitoring the circuit state and controlling the charging of the start-up circuit. The circuit was

designed in a 0. 13 pm CMOS process. The simulation results showed that the proposed circuit generated a reference

voltage less than 1. 25 V. It had a temperature coefficient of 4. 7X10 °/°C from —25 °C to 125 “C, and exhibited a

robust start-up behavior.
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A 2 700 MHz High Precision True Logarithmic 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 high frequency high precision true logarithmic amplifier was presented. Based on the SMT process,
a structure using logarithmic amplification signal to adjust the limiting signal was designed. The results showed that
the maximum operating frequency of the logarithmic amplifier reached 2 700 MHz, the bandwidth range was 170~
2 700 MHz, the input signal wide-dynamic range was more than 60 dB, the logarithmic accuracy was less than =+

1.0 dB, and the power consumption was less than 0.5 W. The logarithmic amplifier could be applied in the

applications such as radar, sonar, communication or electronic countermeasure.
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A 0.15 pm GaAs pHEMT High Efficiency Power Amplifier

MAO Xiaoging, HE Yongchang, CHEN Zhiwei, YU Qing, GAO Haijun
(Key Lab. for RF Circ. and Syst. of Ministry of Education, Hangzhou Dianzi Univ. . Hangzhou 310018, P. R. China)

Abstract: Based on the 0. 15 pm GaAs (D-Mode) pHEMT process, a multi-stage cascade method was used to
design a high efficiency power amplifier with a center frequency of 2.4 GHz. A two-stage cascade amplification
structure was adopted, and a common source structure was used for the driving stage, which improved output
power and linearity. The power stage used a self-biased cascode structure, which improved gain and efficiency. The
working mode was Class A and Class AB, respectively. The layout area was 1.45 mm?®. The simulation results
showed that under the condition that the driver stage circuit worked at 5 V, the power stage circuit worked at 10 V
and the frequency was 2.4 GHz, the 1 dB compression point power was 31. 99 dBm., the maximum output power
was 32. 01 dBm, the small signal gain was 30.51 dB, and the power added efficiency was 40. 74 %. When the input
power was 1.48 dBm, in the 1.94-2.82GHz band, the output power was 30.29-32. 07dBm, the power added

efficiency was 30%-41. 9%, the small signal gain peak was 31. 97 dB, and the 3 dB bandwidth was 880 MHz.

Key words: power amplifier; maximum output power; self-biasing technique; gain peak
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A Gate Driver for High-Side N-Type Switching Transistor

ZHANG Jinhe, LLI Wenjun
(Key Laboratory of RF Circuit And System of Education Ministry s, Hangzhou Dianzi University , Hangzhou 310018, P. R. China)

Abstract :

characteristics of low cost, fast driving speed and strong driving ability, and could meet the driving requirements of

An integrated gate driver circuit for high-side N-type switching transistor was presented. It had the

large size high-side N-type switching transistor. The continuously operating charge pump built in this scheme could
drive the high-side N-type switching transistor to be constantly turned on. And the problem that the output voltage
of the high-side switching transistor was unstable when the low-side switch transistor was not working in the
conventional bootstrap circuit was solved. An external bootstrap capacitor was eliminated in this solution, reducing
the using cost and packaging cost of the gate driver. The driver was designed and taped out in a 0. 18 pm BCD
process. The actual chip test results showed that the gate driving circuit could drive a high-side N-type switching

transistor with an area of 0. 5 mm?, and the circuit’s reliability was high.

Key words: bootstrap circuit; gate driver; charge pump
— A Y R AR RIS A M X A e
0 3 = P25 17 75 P A A ARIE P B O T 1SR 4

2% R g ] LA e N R O S A 1Y AR A 9 B
HL R ARG — B T A 9 8 e o T BT T T
BRI Er L S (SRS NS SLEN % 5 % N P e

I Fs EER:2019-08-25; EF A #A:2019-11-28
BEEWA LA NEEERES I H (LR17F040001)

B A5 1 I 5 8 1 SR U DG A E E Sl B A
T S48 1 3K 2l H, 2 il A INF [] 99 BT T % B
KT HCEAR IR S AR 00 R AR E T,

S. T. Li % AR A Active Bootstrap %514, fi#

PEE B A KRBV (1989—) . 55 (BURR I JL PR E N B0 R 5 A B 58 5 1) o A5 4UL 4R Al B B3
BB A9TT—) 5 GBUED A8 L B e 2 S BT 5 5 1) Dy S 00 B e 5 0 3k 0 B T A



504 AR . — BT T N BT G B A A K B

2020 4

BTG T KA N T A B R B E )
B, R, Active Bootstrap 45 F KSR 7 Z A8 T A
2 HLAE N ) T R A K Bl & Y B T A . X, Ming
22N —Fh Advanced Bootstrap 2544, F] F By 5
FLFE X 246 28 0 L AR R IR B L R B, X
Foft B AR T DA g 4 7 v M0 O G 78 4 2 5 I <7 2 Oy
e 0 BIK 2y e g AR L PR IE R 0 3R Bl i AN T B fEOR
BEARIE R I N U 648 TARTE LRk X . 3 T %%
SRS HEITE N

A SCBAT T — RO B A NS OC AE  AR
W, T B 5 B2 WK i, A SO
ZIH AL AN E B 28 B4 e TR OB A
AR B g 0 O O 48 R S B E 1Y () A, [ IR
T N TR O A B A SR Bl £ Y A AR R B
A

1 EomeM NATFXEIR %

feGEry Ml N BT S bk B sl 7 S an il 1 iy
R A 2R L 1 R Ve —
Vs B9 IR 26 K F ML A B {E AL IR I NOB T e A8
Ml A e, 5o HA Ve — VR EZE KT
M1 4 B e L s irF s M1 A TARE R IX . JF %
BRA TTAE T IX . A AE 52 B e/ 1Y 5 45 A
DRI > S 1 e AR g 00 O S 78 ) o 45 6 » i ) N 78
TFRAE AR IR S L Ve T R THIE B E Vv,

;Jin\

Con=

VCC < VI%
Ll
I) BOOT l

Control
Logi
ogic Vee

¥
=
S}
1

@

F1 AR m i N B 548 3K 3 AR R

TG i B 28 L B UK ) I R AR . 2R — B B, i
AR 2 AT OT M2 AL G ML AL Vs [N
0 Vol IR Veedliid Z % Dioor A HLA Croor 7T
B2 Cooor IETA AL IS 220 Viee o 55 —Bir BL. il
Bk 2 A W M2 L TF ML R, Vs B

TR Vi s 1T Croor P 3 HL R 22 A RERRAL L i LA Vg
BE VintVee Ve BV Thi . B8l M1 A 5l . H
TAEFLIERX ., 5 =0 B, Ak i 2 | 1T JF M2
B ORI ML A HL P B 4 r S T g 320 K Bl R B 4
Vi 55 Vs AHAF 8 M T 56 48 5C W A % [0] 31 55 — By
B X Cooor SEHL .

KR 2 R B I 2l T S A5 A AT L T SR I I
JEPR L 7~ 17 B 2l A AT O B U AR S R AR BTz
o ABAEX B TT S Cooor — MU ZIL A oF , YT
eI T3 A O B 8 H i A R T K Sl fL A K
i DU NI DG A8 3 I T AR AL A ] A
S SR TR Vi FEAR . B ARE BT @ I T 5G4 T R
— B 6] )5 s AT TR AN JT 5G4 X Cooor HEAT FEHL.
DR P 5 2 A REOE RO N RO R A A
10026 (5 %5 [ 3l .

2 HwAHMEMNAFXERFTF

A% SCBET A L s N TR S A A 5K Bl
FEANE 2 s o AN SOR H A 2 AT LSRR A e g
PR FEN AR RE T i N R IF A5 76 10096 (5 25 1
.

A J}M“ JMIQ JMZ()
M4 | Level 4E

ﬁM%llz D2Y

Vc\fi M23

»l
p s
. D3 ﬂ}g} DR4

=C,
JJMZZ

D

R, SW

;;;;;

M1 p

HIN|

GND

P2 B N BT S48 R R 3K 8y SR A [

2.1 #HESMNEFXEMRIRETERE
HE 2 AT UL, B T OF A M23, 5 T A A K Bl
LS LU AT RE AL 1) H B R, i
D1 451 M1~ M4 45 241 Ji . R e s T 7 e F % 42
LI M fh PR Hs PR Hb R R S M7 M8 M2 AE it
L5 2) e Fs H P 2 4o H B KA TR I VR 4R
A5 e 4 o i IR S S R M9,
M20. . M22 & ) TAERAS;3) M ff A, i M21
. R/ \R,.C,.DI~D3 AW KoK Ve #6THH
L IR BT G AE M23 TAEEL X . DI~D2 &Y



Bal

TR A . — T N BT G A A A K B 505

VERIZ B 1E Ve X F 5 F R (3008 . B 8 v ) N L
A WA B B T 4 kg LR A AR AR
2.1.1 FMNAFXEFBIESH

AR SO ZE UK S O N T 56 T S o A T
Y M UATF AR

RE— BBV . 4 HIN fif A&
HLFB L HIN (545 28500 i R O R 4 B e 2, ¢ 1]
M22 &, FF g M19 5 M20 45, B 5 FE 2 M19 &5
M20 48X M23 45 1 B i v 25 78 . S A HL 25
FEIH AT A

Ve=Vi—Vp, (D

K Vi & TR D2 Y IE [0 3 . Ut
B Vs = Vo » M23 8 T /E 7640 fi X
I . M23 45 (1) i S L R D

Vs =V — Vi, — Vs (2)

X T AE 724 X (9 MOS 28448, Vs 5 i
T To MXERN:

/21
Visimzs = Vornes + /Q/W(}L (3

$e X GIRAR (), 1T 15

[ 21
Viemes = Voo = Ve = Vi — /e/W(}L €Y)

H1 3 () AT RT M 23 45 i i v Hi e 5 D2 4 OE 1]
Sl A R M23 A B E R L e TR A R . T
AR T MO R TR B . M23 AR Yl A AR
R

R A AR TR WK — Frid . M19 4
AR XA C Bl . Co B IEARAR A R

Ve =V =V (5)
Ci W SRR L A
Ve =Vaw =V (6)

), Ve W2 (D R, LR, C 19 1E 7
WA L 22 (L -

/21
AV =Visowzs = Vi 1 k/W(}L D)

2 HIN {47 @& P i, CLK {7 5 45 i M21
. 2 CLK 2w P, M21 47, k. Co 1y
EAR AR B AR B AN L Co 1 SRR AR L 2

_ R,
V(‘,l* _VSW ><R1 +R2

XA (6) 52 (8), Cr /Y fa M Al s I A2 1k
oF

AV =Vay X

(8

b

R,

R IR, (9

H T G B IER AR R R 5 AL C) BT, 58
FEL P4 HL A A

Qc=C, XVgy X R,

R, R,

QO I, 7 C WRB A RS C .
Vsw Ri\R: A%,

RE =R, EERE L, CLK 1 &
H S AR AR - R . M21 8 6L C Y B M el TR
T E] Vew. T2 IE 7R AR 9 7 AS R R
A5, Co 9 IE MR AR A Hs B B AR A R S 38 T e 4R
Tt HIE % AR 28 b i 5 000 B A8 b R AE R . B
Cy 1) IE AR AR L R AR

Ve =V =V +Vew X

(10)

R,
Rl _'_Rz

M D3 B HLE Ve — Ve >V, , D3 A IE
6 Sl . C, TR AR . C) BT BRI Hi i 42 0 5% B
) M23 B M L 2 Coses - Ve B#iIRR . 7E C
SEARCALE - T G 1E SR Y B F 22 (8 3B
22 (7D B R 900 G AR 2 Co B804 v e 455 D) 4
KXAD R,

ARZS Y - i MIF 248 TAREE ALMEX . th G i
FL, T BB 1) L A o 2 e B B s » Vi HELR 2 T
B A

Quis C, R,
AVo="F—"7"—= XVsw X
‘ Cosavzs Cosoves S R, +R;

L AR 2 LA CLK R e e . Ve 2
Hrda e . HEL Voot Vienowes » BUEF . M23 8 i 18
FIDCHE AL X . e 2 i M T 5G4 58 42 Rl View $2
A H R TR

ARSI R MIT R4 AR EERME X . 1R Viw
PRAFASAZ I FiL 250 S0 R P AT HEORF R 315 1 i
B 102 .

Qc=C, XV X

(1D

(12)

R,
R, +R,

I 2 WA Cosans T8 TEHL - 15, C0 A X
Cosoves STHL LM EZHAEE WM Ry B T R,
FOHARR/ N R ) W A EAR /N AR 5 B8R K
B A

S EHADAREG A Ve BREFAZ,
Vsaves WERTE AL I35

V(} = Vl)l) - VI)] +Vl)l) ><

(13

R,

m_vm (14)
1 2

R,

Vismzs = Vipp X m

*Vm *Vm (15



506 i kB 55

— R T R O B DG A o MR B gl

2020 4

MOS LM X G ST AR

o 1
Ro = W) Ve Vo) (16

HHE 2 CL6) W] AT, Ry T AR 56 48 S BHLT  BR
THIRIFREN T, 0] LS 3 & B Vs »
B M23 Bk IR e tE X . i 20 (15) Bl 78
B B LT s Voo Vo Vi ZEAR R FF AR S, 0] Ll

TSP R 5 R, B L] S Vs IR, e 2
Vg v O P O A ) TR RE R PR X
2.1.2 &M N &£ 58 XA 2o

HIN % AAK AL P s, — J5 10, HIN Gl e B
PR 1R e M19 5 M20 45, UIlixt Ve 19
(e S % . 5 — 5 i, HIN 264 CLK X%t M21 4% 1
Pl A5 1k AT B SR . B . HIN GE 5 & K
RO RGBT 2 $T0F M22 45 % M23 45 1t 5
PR o 45 o X Copoes EAT AL M23 85 B SC W7, L
FH R, A2 2 BRI Cosoves HCHL LU B AE T By 1B ik L
FEL 3 A R T X MI23 A5 A 1 R A

W 2. 1.1 WM 2. 1.2 W4, 4 e T A&
e 0 E 2 L B Bl U7 22 AR SCHR A T R i N
RIS IR S T B AWML T
SRE AL Cooors WA T RGEMHBA2) X
TR S &t M S . A T Ve 5l LR T
B A
22 BMNBEAXEEESEEESN

e O O A8 28 1o i I i A AR S, R
KEME S AL ZHE TR A 1007 025 il
PWM il {5 5 % B F Bl 2, HIN K AR5 18 1 =
FLT RS s CLK B e ri, I 44 o) Pl i 258 38 2 AN 7
TAE. RS R Ve B A5 VR U R W7 Y H e it
NS PBRIE Ve i AR E B  JE O Fr ) N 74T
AR i

ARSCTT R MRA itk 7 A% 58 3 2% L BK Sl T
2 TR AR T G A8 AN AR I 3 O 6 A8 i o e S AN AR
JE B[], SE T AR AR I N AR T 5G4 1H E T
HL % T fig

B N G A5 AR 5K By 22 4 ) BRI
WE 3 7R o A2 WA AR 3R 3 v 365 A 000 Sy v ) N 26
FERAE . AT F K B I O AL 0. 48 mm®, fij
WA 3K 5l H, 6 A TG AR R 0.1 mm® g g AT O L AR
ST R RS RE T AR R R

800 wm

B3 Hr A N TR 56 45 M AR B Bl 7 10 R PR S PR
3 R

3.1 HEMRESNATENHEER

TR A A K B0 R B D RE L AR S
KA 0.18 pm BCD T.Z5, F| f§ Cadence Spectre %
PEX B AT O B IE . DF B &R Vi =12 V,
A 1.5 AL R MITTSCAE IS S B i 15 B 45
RE 4 PR,

15.0
12.5 A T=90 ns
=100
=75
=50
25
I
13.5 eV
Z 95
755
15
1.100 0 1.100 1 1.1002 1.100 3

t/ ms

Ca) AR 38 )y It Sl i 1) 4 B4

150 V=132V
125
=100
~ 715 AT=1 ps
=750
25
> ‘
135 4
= —
9.5
< Vey=11.95 V
755
15
1.1000 11005 171010

t/ ms
(b) AR B8 3l 25 #F A 26 P DX i 47 E 45 2R
&l 4 B AL ) N TR T G A5 B A UK gl s 1 L 45 R

HII& 4 AT OL JF A R shad fe e ad T =B Be.
BB A, TR YR 2 R S e
90 ns, e T 54 TARAEM AN DX oy th i i 10V,
5 B B AT AT IR AR B ARG Ve, B 4(b)



Bal

Ve RN B FE PRI T H A 5 X A A R R
. B EGBEE Ve e E 13.3 V.,
Vi J2 00 5 O JF S48 F AR PE X, IR 048 7T 0 4T
FEL B 4 Cb) ey 5G4 iE N e M X I JE]
1 s, JFREHHAIEN 11.8 V.,

B LA E A BES R AT DA 4598 D 78 m T ¢
HoaaItaa PR R A 0.2 VL, ] I
TE OGS 1 T 38 BT AR /)y - R W 3 M DG 48 3, JF T
PEFELME X 5 2) (5 FLER I & M F S g i i
2.1 1 TR IT g AR — 80 UGB AR SO R
SR SIS R hE AP Ve
AT DL o AR SC O 52 AT LA S B4R 4 00 O O B e
FESE Y DI fE .

T B AEAR SO R A A R AT 6 AR S H B
AR T AT R, 2585 TE 1, TUESH,
ZANF AR O B9 w5 I S B TR 5 EA
2R X s [l 2 A8 A AR AR AT & 3K 3 5 0t
Z ATy AT LA 2 SE PR Al A R

R1 HEMREHIAREFARIIZATHHESR

FRPEBTAE . —Ab R T N B O AE Y HA 3K 3h 2% 507
g 0w 2 suv [ TO00us/_306ms L F 1 10V L%
StF E]
F3

X
3.060638000ms

Q)
3.061740000ms

o

1.102000us

] | e
e . 907 44kHz

1.0000v

-9.7500V

BYIBX:
-8.84755MV/s

[xi] [x2]
(a) AL DX o) 3 25 2R
FS i m O IN T G A AR K By 52 A

T B B AT HE R L R R AT s AR
BMNAE RS TR 20 SR 2 B/l 2,
TF 5 4 28 T I3 B [ e A2 DX ] 9 22 16 7S
A 2000  PERE S HUL T2 M 0 45 R4 — 8k,
B G B AR S S A PRI AT E .

R2 HEMRESNFSAFSHREMNLER

T2 Tsrarr/ns Trinear/ps
FF 60 0.4
TT 90 1.0
SS 150 1.7

R/ C Tsrart/ns Tiinear/ ps
—40 90 1.3
27 70 1.1
125 56 0.9

3.2 FEMRERIAROSHBIELER

A R AL i N AR O A5 M AR 3K Bh O S R
MR 2 R & 5 FrR. MR &N V=12 V,
AR F N 1.5 A, HE 5 A WL, @& N BT 56
T BT R 100 ns, @250 FF 5 45 5 i R
10 V., 25 i i 52 1 50 H AR T s i N R0 G A8
ANLRPEX BB 11 s g M0 F G 87 i s F R oy
11.8 V., SEPRiRZE R 5 3.1 Wi g R A A — 2.,

1 500v 2 500V/ 4 2000ns/  3.061ms 23 F 1 102v £

b B

=]

[ F

X
3.060638000ms
X20)
3.060708000ms
ax

70.000ns.

118X

14.286MHz

Y1Q)
/ 97500V
{ Y20)

& v

AY/BX
-125.000MV/s

1.0000V

-8.7500V

i)

() W1 TT )3 B B 45

AT ST PWM JF R4/ F 500 kHz
AR S P 1 SRk ) 2 B K B R B . 55 A i 18] 5 (b))
AT AR S5 S8 AT DA SE B i v 0 N BT SC A8 E
S ) S RE L A2 B OO S AR e o R RN AR E
MBLA

1% ®

AR SO — T B e U N TR O O A 1 A A 9
B R R T ARG R N AL SC A 3R 3l Y B 28 3K
S L R TEAR AN T OC 48 A TAE RS il N BT 5C 45 4
B I R, AN SOT7 R TC G A0 A
LA AR T AR G800 A - HoAT 5 T 4 Al i
PR B Sl BE 7 58 A5 R R AT DU O NORLT 5G4 Y
PR B I R G o X BEAT I B IE . B 2 I
IRE R R A ST S UK Bl R RE AR AE AT FETE .
P il ad 71 000 /N HTOL 38 . AT LARIE
10 45 0l 1 7 i

S £ T Wk

[1] ZHOU Z. RONG J. CAO J. et al. A fully integrated



TREBAE . — b T T U N BT G A A A AR K B0

2020 4

[2]

[3]

[4]

floating gate driver with adaptive gate drive technique
for high-voltage applications [ C] // IEEE 61st Int
MWSCAS. Windsor, ON, Canada. 2018. 109-112.
LIU Z, LIN C, LEE H. Design of on-chip gate drivers
with power-efficient high-speed level shifting and
dynamic timing control for high-voltage synchronous
switching power converters [ J]. IEEE J Sol Sta Circ,
2015, 50(6): 1463-1477.

SHARMA G, JOSHI B, ORUGNTI R. A double
bootstrap gate driving scheme for HERIC topology
[C] // IEEE Int Conf PEDES. Chennai, India. 201:
1-6.

LEE Y, KIM J. Analysis of bootstrap circuit operation
with an inverted PWM drive scheme for a three-phase
inverter for a brushless DC motor drive [ ]J]. Canadian
J Electri & Comput Engineer, 2019, 42(1): 58-65.
LIST, WANG P Y, CHEN CJ, et al. A 10 MHz
GaN driver with gate ringing suppression and active

bootstrap control [C] // IEEE WiPDA Asia. Taipei,
China. 2019 1-4.

[6]

(8]

[10]

[11]

An advanced

high

MING X, FAN Z W, XIN Y L, et al.

bootstrap circuit for high frequency, area-
efficiency and low EMI buck converter [J]. TEEE
Trans Circ & Syst II: Expr Bri. 2019, 66 (5):
858-862.

Ximdy . Hai, o, . TR BUCK
Bl iy B2 BB [T, BOR 725, 2014, 44(5)
592-596.

HYV floating MOS-gate driver ICs [ EB/OL]. http://
hotstreamer. deanostoybox. com/temp/Old2001Files/
2001-04/an-978. pdf, 2010.

CHEN J. HE L.
shifts and drivers for buck converters [C] // IEEE
APCCAS. Chengdu, China. 2018, 489-492.

DOUTRELOIGNE J. Power efficiency optimization of

Fully integrated high-voltage level

fully integrated Dickson charge pumps [C] // Proceed
9th WSEAS Int Conf Microelec, Nanoelec, Optoelec.
2010. 80-87.

BAKER R J. CMOS £ s L % B3t F 4 (M. kA
A3 dbat: ARGIBH AL, 2014,

SR SR SR SR GA GRS SR SR GA G GA GR GA GRS GA GA GA QA GA GA QA GA G QA G QA QA QA QA G QA QR QA QR A QA QA QA QA QA QR QA GA GA GA G g

(E#EF 502 ®)

[4]

[5]

[6]

7]

M. —Ff 2. 4 GHz CMOS JF550 T 5C FI 2 F AR 19
it [D]. Fgat: ARmg K, 2016.

A, IS BRSSPI RO AR E Y 4
Fr5ueit [I1. Bl 52 53 EHL, 2018, 35(10):
72-74.

CHANG W, SU J, MENG C, et al. V-band flip-chip
pHEMT balanced power amplifier with CPWGMS-
CPW- G topology and CPWG Lange couplers [C] //
IEEE RFIC. Honolulu, HI, USA. 2017. 19-22.
BESSEMOULIN A, MAHON S, DADELLO A, et

(8]

[9]

al. Compact and broadband microstrip power amplifier
MMIC with 400-mW output power using 0.15-pm
GaAs PHEMTs [C] // Europ GAAS. Paris, France.
2005 41-44.

9 ~ 15 GHz GaAs E-
PHEMT &t RE LT kA [T 2k FAREA,
2017(7) . 489-492.

R, BRBEE. T GaAs T2 A8 SE47 1R & 5 L
Rk & L] ol 72# 538 0L, 2018, 35(12):
65-69.



£50 %6 % 4 M Mo T Vol. 50, No. 4
2020 4F 8 H Microelectronics Aug. 2020

—MET FVF S K RES M LDO &t

jl] ’>"\La ﬁﬂ %“(Yria —U‘Vﬂkﬂiv Z"J&"}}év ;—QJ H&e /—%i#é]v /%H}%#EI
U B ol TR A B 7 FE 5 M2 F 8 SE 06 % L 000 1 B A S e = L Je st 1001925
Je B R o TR BR A R AL 5T R ) i T AR PR AR R B SO LR AR B SE HG  dEat 100192)

H OE: RET—HEBRSAE EMALELA LA LEGKEZZERAESZ(LDO, B
AT EiEMCUY R T4 Flash b, ZARESE THRERRMEE M, & BIZ B A E M
Ao RABEAEH XN Bs iREA, SE—F RS L, B AM UMC 55 nm T L&+ %
I, 4% A Spectre HAFHAT T 45 AIriE, 4 AL RKY . S f E 2Rk 10 ps 98 R H B /£ 0~10 mA
SCEREALE B R R K A TS A A 109 mV. 153 mV, EWMAYE2~3.6 ViLHE
N EERAEERGRAZLESANA2.6mV eV 'F#20.5mVesmA ",

KEH: LA EE LDO; FVE; theik & p; R EELE; MCU

hE 4% S:TN432 XEKFRIRAG : A X EHS :1004-3365(2020)04-0509-05
DOI:10.13911/j.cnki. 1004-3365.190532

Design of a Fast Transient Response LDO Based on FVF Structure

LIU Xing,HU Yi, MA Yongwang, LI Zhenguo, FENG Xi, FENG Wennan, TANG Xiaoke
(State Grid Key Lab. of Power Industrial Chip Design and Analysis Technol . . Beijing Smart-Chip Microelec. Technol. Co. . Ltd. .
Beijing 100192, P. R. China; Beijing Engineer. Research Center of High-Reliab. IC with Power Industrial Grade ,
Beijing Smart-Chip Microelec. Technol. Co. , Lid. . Beijing 100192, P. R. China)

Abstract :

A capless LDO with fast transient response and wide input voltage range was proposed, which was
used to power the flash in MCU chips. The voltage regulator was based on the stucture of super source follower
(FVF), and it consisted of two channels, fast and slow. At the same time, the capacitance coupling technology was
used to sense the load change and further enhance the transient response. The LDO circuit was designed in UMC 55
nm process and simulated by Spectre software. The simulation results showed that when the load current changed in
the range of 0~10 mA with the jump edge of 10 ps, the overshoot and undershoot values of the output voltage were
109 mV and 153 mV, respectively. Within the input voltage of 2~3. 6 V, the line regulation and load regulation
was 2.6 mV ¢« V' and 0.5 mV « mA ™!

, respectively.

Key words:

capless LDO; FVF; fast transient response; wide power supply voltage range; MCU
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A Linear Equalization Circuit for High Speed Serial Signal

LAN Yujiao', HOU Lingli*, YUE Hongwei', WEI Xueming'

(1. Guangxi Key Laboratory of Wireless Broadband Communication and Signal Processing , Guilin, Guangxi 541004, P. R. China;
2. Chengdu SINO Microelectronics Technology Co. . Ltd. s Chengdu 610041, P. R. China)

Abstract: A continuous-time linear equalizer for high speed serial signal was designed on the basis of active
inductance load structure. The equalizer was complemented by the mixing technology of high frequency signal
branch and full frequency signal branch. It featured small area and low power consumption, and was easy to
integrate on one chip. The equalizer was designed in a 65 nm CMOS technology with 1.2 V power supply, and it
could provide 6. 24 dB @10. 96 GHz attenuation compensation for transmission signals which transmitted up to 14
Gbit/s in 80 cm attenuation channel. Observed from the output signal eye diagram, the equalizer’s output jitter at
horizontal direction was reduced to 0. 25UI, the ratio of power dissipation and data rate was as low as 0. 399 mW -

s/Gbit, and the corresponding layout area was 0. 09 mm?*.

Key words: active inductor load; high speed serial signal; linear equalizer; channel equalization; eye diagram
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A 0.6 V Low Voltage Time-to-Digital Converter with Two Stage Structure
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Abstract: Time to digital converter (TDC) is the key module of ultra-low power all digital phase locked loop
(ADPLL). The principle of TDC under the near threshold power voltage was investigated, and a near threshold
voltage time converter circuit was introduced. The two stage quantized TDC structure and time amplification was
adopted in the circuit, which could enlarge the quantization margin and realize the second quantization. To solve the
problem of power consumption and speed of TDC in low voltage, a gain scalable time amplifier was implemented to
improve the time resolution of TDC. The TDC was simulated in a 130 nm CMOS process. The simulation results
indicated that the optimized TDC could realize a resolution of 2. 5 ps. The dynamic range was 640 ps, the maximum

value of differential non-linearity (DNL) was 0.9 LSB, and the maximum value of integral non-linearity (INL) was

2.3 LSB. The gain error of quadruple time amplifier was 8. 2%.
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A Low Power OOK/DBPSK UWB-IR Transmitter

DIAO Shengxi, LIN Fujiang
(Micro-Nano Electronic System Integration Center s Univ. of Science and Technology of China , Hefei 230026, P. R. China)

Abstract
phase shift keying (DBPSK) ultra wide-band impulse radio (UWDB-IR) transmitter was presented. By using a simple

Based on the GF 0. 18 um CMOS process, a novel low power on-off keying (OOK) /differential bi-

structure, the energy consumption was greatly reduced. The results showed that the transmitter consumed an ultra-
low average power of 270 W over 3~5 GHz at 2 Mbit/s, which could support a maximum data rate of 30 Mbit/s.
The transmitter could deliver a large differential output swing of 1~3.3 V to a 100 Q load at certain data rates range

of 2~30 Mbit/s. It was suitable for WPAN application with localization and positioning capabilities.

Vol. 50, No. 4
Aug. 2020

Key words: DBPSK; UWB; transmitter; low power
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A Current Limiting and Short Circuit Protection Circuit
Based on HIC Technology
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(The 24th Research Institute of China Electronics Technology Group Corporation, Chongqing 400060, P. R. China)

Abstract: The circuit and process characteristics of the hybrid integrated DC/DC converter were analyzed.
Combined with the design and application requirements of high reliable hybrid integrated DC/DC converter, a
current limiting and short circuit protection circuit for high reliability hybrid integrated DC/DC converter was
proposed. The design method of current limiting and short circuit protection was described in principle, and the

specific circuit and simulation data were given. Based on the actual circuit test data, the improvement measures of

similar circuit design were proposed.
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Timing Failure Mechanism of CMOS Digital Circuits Under
Radio Frequency Interference on the Supply

NONG Shanshan, YANG Simei, SU Tao

(School of Electronics and Information Technology » Sun Yat-Sen University , Guangzhou 510006, P. R. China)

Abstract: At present, the design process of CMOS digital chip lacked the test of circuit electromagnetic
immunity. However, the reason of circuit failure and the relationship between circuit failure and interference
parameters such as amplitude and frequency were not clear. In order to solve this problem, the working state of
CMOS digital circuit under the source RF interference was studied in detail. By giving the basic theory of the
relationship between failure and interference parameters, the failure reason of CMOS digital circuit in the case of
being disturbed was obtained. The results showed that timing error was the main cause of CMOS circuit failure
caused by large electromagnetic interference. The circuit failure could be explained by the shift and jitter of the
circuit path delay. There was a specific relationship between the shift and jitter and the amplitude and frequency of
electromagnetic interference, so the timing failure was predictable. The failure rule described in the basic theory
could be used as the principle of EDA tool to test the circuit immunity in the early stage of chip design.
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Study on Static Mechanical Model of MEMS Cantilever Beam

XIE Jiacheng, ZUO Wen, ZHANG Congchun, WANG Debo
(College of Elec. and Optical Engineer. & College of Microelec. , Nanjing Univ. of Posts and Telecommun . , Nanjing 210023, P. R. China)

Abstract: The static mechanical characteristics of the MEMS cantilever was studied and analyzed. The lumped
static model and the pivotal static model were compared. For the lumped static model, the pull-in displacement of
the MEMS cantilever beam was assumed to be equal everywhere as a common capacitive electrode plate, and the
pull-in displacement and the pull-in voltage of cantilever beam were obtained. For the pivotal static model, the
MEMS cantilever beam was assumed to be a rotating shaft with unequal pull-in displacements. With the equivalent
stress point of the cantilever beam during the pull-in process, the pull-in displacement and the pull-in voltage were
obtained. The relative errors of the pull-in displacement and the pull-in voltage were compared for the two models.
The results showed that the error of the lumped static model was 20. 5%, and the error of the pivotal static model
was only 5. 3%. This showed that the characteristics of the pivotal static model were better than that of the lumped
static model.

Key words: MEMS; cantilever beam; mechanical model; pivot model
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Abstract ;

In the fifty years since Moore's law was proposed, the integration and assembly of electronic systems

are constantly improved, and the power consumption and heat flux are increasing. Micro-thermal management

technology has been becoming important research target for the design and manufacturing of high-density electronic

systems (including components, chips, modules and systems themselves). The development background of micro-

thermal control technology was analyzed in this paper.

basic thermal control systems., such as micro channel.

Then, the typical structure and working principle of three

micro heat pipe and micro injection were described. At last,

the development status and achievements of micro-thermal control technology in recent years were introduced.

Key words:

heat pipe; micro injection
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Abstract :

Transient electronic device is a new class of advanced electronic devices which run stably during the

service stage and trigger automatic destruction or degradation under specific conditions. As the basis of building

green electronic and biomedical devices, transient electronic technology has attracted more and more attention in

recent years. In this paper, the material, processing technology. trigger mechanism and important transient devices

of transient electronic devices were introduced. The future development trend of transient electronic devices was

prospected.
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Study on Multilayer MoS, Transistors with La-Doped HfO,
High-k Gate Dielectric

ZOU Jiyue', WANG Lisheng?
(1. School of Information Engineering s Wuhan University of Technology » Wuhan 430070, P. R. China;
2. School of Science » Wuhan University of Technology » Wuhan 430070, P. R. China)

Abstract: Multilayer two-dimensional molybdenum disulfide (MoS,) field effect transistors with pure HfO, or
La-doped HfO, (HfLLaO) as gate dielectrics were studied comparatively. Compared with the MoS, transistor with
HfO, gate dielectric, the MoS, transistor with HfLLaO gate dielectric exhibited much more excellent electrical
characteristics, such as an on-off ratio of 1X10%, a subthreshold swing of 76 mV/dec, a low interface-trap density
of 1.1X10" em * « eV ', and a high field effect mobility of 1X10° em® « V™! « s7'. All these performance
enhancement should be attributed to low trap-charge density and small surface roughness of HfLLaO film due to La
doped into HfO,, thus resulting in superior interface quality between the HfLLaO gate dielectric and MoS, active
channel, and suppressing the coulomb scattering and the interface roughness scattering. Ultimately, increased field
effect mobility and improved subthreshold characteristics had been achieved for the multilayer MoS, field effect
transistors with HfLaO high-£ gate dielectric.

Key words: multilayer MoS, ; HfLaO; FET; high-£ gate dielectric
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Study on the Effect of Single Interface Trap on Performance of
7 nm P-Type GAAFET

ZHANG Pojing, LI Xiaojin, ZHUO Yue, SUN Yabin, SHI Yanling
(Shanghai Key Laboratory of Multidimensional Information Processing , Department of Electrical Engineering ,
East China Normal University , Shanghai 200241, P. R. China)

Abstract: The DC and AC performance of P-type gate-all-around field effect transistor (GAAFET) at 7-nm node
affected by single interface trap were investigated by 3D TCAD simulation. It was found that the transfer
characteristic curve suffered significant shift due to single trap. When single interface trap located at the middle of
channel and trap energy level was closed to conduction band, the largest variation of off-state current and threshold
voltage was observed. The gate capacitance variation induced by trap was less than one percent. The impact of trap
on device performance was aggravated by the reduction of channel length or nanowire diameter of GAAFET. The
channel energy band bending caused by trap was decreased by spacer with high dielectric constant, so the effect of
trap on device performance was reduced. Both maximizing device performance and minimizing the variations caused

by interface trap should be considered when modulating device structure parameter.

Key words: 7-nm node; gate-all-around nanowire FET; single interface trap; threshold voltage
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Adjusting Profile of Floating Gate Layer in Split Gate Memory
by Wet Etching

GONG Chen'?, WANG Xinze''*, ZHANG Rongji*, LIU Min*, MA Yinan®, LIU Xuan?,
YAN Haitao*, MAO Haiyang'
(1. University of Chinese Academy of Sciences . Beijing 100029, P. R. China;

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

Abstract: With the size of split gate memory device decreasing, the floating gate layer morphology is more and
more uncontrollable. In the actual production process, the void defects in the floating gate layer have been found.
The reasons for the void in the floating gate layer in the fabrication process of 40 nm third-generation split-gate
memory was analyzed in this paper. It was proposed that the voids had been solved by step-by-step etching with
twice partly exchange phosphoric acid. Then, the usage of phosphoric acid and hydrofluoric acid which was required
to obtain the ideal floating gate layer morphology was discussed.

Key words: split-gate flash memory; wet etching; step-by-step etching; phosphoric acid exchange method
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Abstract :

active area loop and its optimization methodologies was presented. The results indicated that the defect was

Based on 28 nm advanced technology platform, mechanism of large particle defect (LPD) formation in

associated with wafer edge bevel shape, and shorter bevel shape caused scratch on wafer backside during CVD
process. The particle produced by scratching would float to the surface of the wafer by air flow during CVD
process. After oxide layer, SiN layer and active area hard mask oxide layer was deposited, and LPD was formed on

the surface of the active area hard mask oxide layer. Bevel shape optimization and NANO spray method were

presented to reduce LPD and enhance product yield.
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A Fast Turn-off SOI-LIGBT Improved by High-k Film

LIN Jingjie, CHEN Weizhen, CHENG Junji, 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: A fast turn-off silicon-on-insulator lateral insulated gate bipolar transistor (SOI-LIGBT) improved by
high-% film was proposed. Due to the high-% film’s attraction effect on the electric displacement lines, the lateral
electric field on the surface of the drift region could be optimized. Therefore, under the same breakdown voltage,
the chip area of the proposed device was reduced and its conductive ability was enhanced compared with that of the
conventional one. In addition, the stored nonequilibrium carriers in the drift region were decreased by using the
high-£ film, so the turn-off time as well as the turn-off loss was reduced. Simulation results showed that, compared
with the conventional 500 V class SOI-LIGBT, the improved device with high-£ film presented the device’s length
shortened by 15% ,the on-state voltage drop reduced by 10% , the turn-off time decreased by 42% and the turn-off
loss reduced by 61%.

Key words: LIGBT; high-k; turn-off loss; power semiconductor device
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Study on Process Stability of Current Gain for Polysilicon

Emitter Transistor

KAN Ling', LIU Jian®
(1. The 24th Research Institute of China Electronics Technology Group Corp. . Chongqing 400060, P. R. China
2. Chongqing SEMI-Chip Electronics Co. Ltd. , Chongging 401332, P. R. China)

Abstract ;

The reason of abnormal current gain fluctuation of polysilicon emitter transistor was analyzed

theoretically. Through the comparison with the correct PCM data, the obvious difference of I, (base current) was

found. A complete DOE (Design of Experiment) was designed, compared and verified. The results showed that the

poor consistency of interfacial oxide layer was the main reason for the abnormal fluctuation of current gain. The

research result provided a valuable reference for solving the similar problems.
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Fabrication and Radiation Effect on Subsurface Lateral PNP Transistor

ZHAO Jie, WANG Qingbo, SUN Youmin, WEN Fugang

(Xi’an Microelectronic Technology Institute, Xi’an 710065, P. R. China)

Abstract ;

mechanism of LPNP during total dose radiation. The manufacture process of subsurface LPNP by using high energy

A radiation hardened subsurface lateral PNP (LPNP) transistor was designed according to the damage

ion implant which was compatible with the normal bipolar process was described in detail. Total dose radiation

experimental results demonstrated that the radiation resistant level of linear regulator LW5101 with this subsurface

Vol. 50, No. 4
Aug. 2020

LPNP was increased markedly compared with that of conventional LPNPs,
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Reliability Evaluation Emerging Problems Research
on 38 nm NAND Flash

ZHENG Xun', HE Wenwen®, GUO Guiliang'*, DING Yulin*, ZOU Chunmei’, SHAQO Lingling®
(1. School of Microelectronics » University of Chinese Academy of Sciences, Beijing 100049, P. R. China;
2. Semiconductor Manufacturing International Corp. . Shanghai 201203, P. R. China;
3. Institute of Microelectronics » Chinese Academy of Sciences, Beijing 100029, P. R. China)

Abstract: Through extracting the threshold voltage shift, the effect of temperature, continuous read operation
and alpha particle radiation on the reliability of 38 nm SLC NAND flash memory products was studied. Results
revealed that the degradation of threshold voltage caused by temperature and alpha particle showed a power law,
while the continuous read operation only caused random fluctuation. The roll-off of activation energy plot in low
temperature (75 ‘C) was derived from the fluorine ions on the tunneling oxide, and the read noise at bit cell
transistor level was greater than that of the chip as a whole. The alpha particle could induce a low level of soft error
rate. The research results provided an important basis for the formulation and improvement of product reliability
plan.

Key words: NAND flash; threshold voltage distribution; lifetime; read noise; soft error; product reliability
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Abstract ;

concentrate on the continuous improvement to get a zero-defect target. This could help the enterprises keep updating

Six-sigma management represented a new management concept and an effective tool, which was

so that they could maintain continuous competitiveness and development momentum. Six-sigma management would
become the trend of enterprise management in the future. This thesis introduced the basic meaning and methods of
six-sigma management. Aiming at the problems existing in the power module test of development process, the

DMAIC module of six-sigma management were used to improve the method of power module test, so the test
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efficiency and quality was improved and the expected goal was achieved.
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An Improved FMECA Method for High Density SMT System
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Abstract ;

method based on fuzzy set and grey correlation theory was proposed. The fuzzy set theory was used to quantitatively

Considering typical failure modes of high density SMT products or systems, an improved FMECA

evaluate the linguistic vagueness of experts’ knowledge in the failure analysis of SMT system. Then non-fuzzy
numbers of three input variables including occurrence, severity and detectivity were obtained. The grey correlation
theory was used to calculate the correlation degree of various failure modes. Then the improving necessity for each
failure mode was ascertained via contrasting to correlation control limits. Compared with the traditional FMECA
risk sequence number method, this improved FMECA method had improved the accuracy and reliability of
applications.
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Abstract: 1In order to ensure the stable operation and safety of the navigation equipment in the navigation station,
a comprehensive operation and maintenance management system for monitoring the operation status and
environmental parameters of the navigation equipment was designed. The system mainly included door magnetism,
water intrusion, smoke, fire alarm, temperature, humidity, air conditioning control, UPS, low-voltage power
distribution, video and PTZ. The system structure was designed in detail, which mainly consisted of hardware
monitoring sensors, video acquisition, dynamic ring acquisition server, distributed database server and customer
monitoring terminal. The database of the system adopted distributed design, which could effectively reduce the
storage pressure of the terminal. The communication part of the system included serial data communication and
video data communication. To be compatible with the monitoring unit, the serial communication scheduling module
was designed, and the general serial communication protocol was formulated. User management, equipment
maintenance, monitoring, alarm, system setting, maps and other functions were designed in the user man-machine
interface.
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