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Abstract:

A signal conditioning circuit based on TLE 2064 CDR is designed to solve the problem of the

output charge signal of a piezoelectric MEMS vibration sensor with lithium niobate single crystal film

being weak and difficult to collect. The circuit is composed of a charge-voltage conversion circuit (Q-V),

a voltage amplification circuit, a pre-low-pass filter circuit and a post-high-pass filter circuit for the acquisi-

tion of weak signals. In addition, the piezoelectric MEMS vibration sensor is tested by the standard
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charge amplifier and the signal conditioning circuit designed in this paper. The test results show that the

within ==1. 6 pC, which has a good consistency

designed signal conditioning circuit has a good agreement with the output of the standard charge amplifier,
5~20 g, the linearity between the output charge and the input acceleration is good. When the input accel~

331
and can meet the wide input charge acquisition from 5~130 pC. When the loading acceleration range is

0

il

eration is 5 g and the operating frequency range is 50~2 000 Hz, the output charge deviation is controlled

integration and good sensitivity, and has a good application prospect in weak signal acquisition
charge amplifier

In summary, the circuit has the characteristics of high
Key words: piezoelectric MEMS vibration sensor; conditioning circuit; filter design; signal amplification;

1 REEMEKIZIT
]
FE H 2 AR B A5 AR o TR R L AR
TR R TR R SR L T
PEAT AR S, 2 F RO R EIHL . RS
S ML 25 S0 Ak 0 3

PRI PR ER HLAT R AR L P (TLE 2064
CDR ARG ) | Fi e I8 I8 I f g (MAX 7400 48
. LR
R :
o SRR R K
?F%ﬂﬁ h%Am%mﬁ%%ﬁﬁ%hﬁ,
LW & LS

JRGE R | RLRBOR FRLIG | i e D L B o
\O I‘__ll )
T R A B A A B R, AT
%ﬂﬁkﬂﬂ%@%%%ﬁﬁhﬁ@

=EEY
L E, S R e YR 4 El [ (LML 78105 B 1t B 4H
SRZER T HE R A& 1 FR .
EL
| o I@L;@}:;{&é&&};;@@%&l """" ;gk&ﬁ
JEH SRS RS TR B E S . 5% ;
BRI | (0T SR S L e B, T — ﬁ
P H B R AP Fad A, BRSO T AD
820 A% O BT R L%, % 1 Hz LA B A5 i, fip
{55 HEATHOR 5 sk iE S T T3 T ADA 4817
K, YERE

() R ey R BRI AN, ST X K iR A S
gizi
ST

AT A 250 HU T RO 2 5 AT 55 1
it

LI

& 1

Fig.1
ST T L LMC 6081 A 420 1 HeL i il A 7%

5 I B A ]
The signal conditioning circuit block diagram
oy 2 WHRZE
RN Ul BTG S ¢ B e = R AT D
#—60dB, ST X fE S HOR
FA L TR g8 T i R s A% s, B TP iR it

2.1 HTMASEERERN
e i P2 A L B (Q- V) S
B A L MEMS 4 3 (508 , R IR b o X
P FE AR . 8 I 0 R T — b A ELRA R
fy Ak oL L — Pk R O BL B R H s R
FET AR IR B 1Y T L MEMS ik 314l B AT
i RE T

BEAF R B
Ry, n] LS B e ey ) R A A, R v B
PR R Ao i A 4 IR BT P L TR i o P 2 0

(LR ON TR Gl o
FRAREARE R B A
HERRAH I F, MEMS #1885 848 19 15

o TXT
BAREAZ . R T XA AR R B MEMS $z: 3
2 S B A8 55 H A 4 5 0

&
I
Jﬂ@% '
R4 0 ) Jde IR G LR
RS, T — q
FhIL FAE BN B TLE 2064 CDR [#413 2 8 B i 1%
Frix it 015

Il
e
1= MM
;L

R 5 s o L AT O
Ry AT B A — B, P RAH 2 5~130 pC 58
i A LA )R £R

B2 e AR 5 R
Fig.2 Equivalent circuit of charge amplifier

J LR Bl % B 1) AR R D o, K i P
R U, N



332 il

[EVE S S NI S

2024 455 3 1)

UO -

—JwAQ

(1+ma%1hm+
R

K. AN ECRAR I 255 Q MHfE S
Wil E; CONRUBRHEA s RV BHFH; C., R.H
T HL IR 2 A% B AS 1 SF AL P S RS OB Co
B R, CONBRROR AR A B B AN f A
%o R, RAFIRARK, WK &% 0 fa il B R w] 3R
~H
U — —jwAQ _
¢ w1+ A)CH jw(C,+ C.+C)
—AQ
(1+A)CHC,+C.+C°
T A R 10~10° 8%, HTFA+A>
C,ACAC, Frelzt it
—AQ Q
YTarac o )
i X (3D AT A5, H far 5K HEL B A e o H R U,
S BT Q A EE, AHOC R B R 2 A5t B 2 R A5
B, 5 AR 4 o SR TE O

@)

2.2 Q-Vigit

ik FEAR R A I FE, MEMS % S A% 8% s i 4 i i
R pC %, A T PRIE L faf 5 5 BE S B R 4R
G| I ViE € S B N 1 I V= e AR NG )
DTN A TN SR i WA SO = X TN S B U e
Mo ETUERERERNE &, ACEHIFET i A
K AEREZ L TLE 2064 CDR, HHEA 0.9 mV fik#Hi
ARV | 4 pA B A B HLU L 102 QUL k-
1) A FLBHL AN 2 MIHz 9 B Yl . SR 15 VU

U1
—2IIN  com -

6
GND|||—3GND VDD BV b

B V7 ISHDN 08

R,

wn o = =

, (W
+%+WWﬁQ+Q)

RIS AT RER, 3 0 Q-V R ALK

=

o

+

<

& Rz N
REC —— 3 ¥ UIA
1

9, 2] :

LT TLE2064
= CDR

-

)

n

Ri—

G|
Il

B3 Q-V e %

Fig.3 Charge-voltage switching circuit

WRIEA K f=1/C2rRC) , i HLZ C(C) Fl
25t HL B R (R ) TR AE T H Aaf 0K HiL 6 1 T BRI
WA, B HLBE RN HRLZS C AR RE A% Ph 35 Ha 6 1 11K
AT N o (RS R R, B [E] OB R, S it FL 2
() TR AR S PR B A TE RTINS R
Cr, HENOATAL, H i B E/N . 2R 658, X
TR LB 200 pF, 05t HL B R, 2686 GQ 2,
R, N2 GQ. HHH Q-V HLEE T FRE S
}0.4Hzo Z2FWIERECIEAHMHIE+2.5V,

2.3 IRIEFNEREM KB

25t Q-V i B IR AR S iR H DR BRIA S P 1Y
W5 OC R, 28 H I TR i e 7 2 2
HKAEAT R R S . PEB A BB 4 P

GND C

(;ND|||—£| 81Kk OUT G I
MAX7400

REC

P 4 B R E T O H

Fig.4 Filter and voltage amplifier circuit

A HETF 50~2 000 Hz 09 TAE S s Xy 45
SRR T R AR S ALk OJT 6 B A UE I Ay

MAX 7400 A] L3281\ B A0 28 14 150 7Y 3% 5% T 6k
TE I B (CLKO AMZ— AN 25, il okt A N Y



CREE 165 WD

J 1 MEMS # 3 £ i 18 B, i 15 52 0 (RIS 55) 333

A A IR 2 H S ) EL B A L R AR AR AR S
Frkl, MAX 7400 FO3E 248555 K

f;:{gg, (4)
fo (ki) — B0 (5)
Co (pF)

I, CLKAMA 2N A 180 pF. ¥EHL C,
430 pF, Cy o150 pF, 5 2I# IEAR K 2. 1 kHz,

T 2 0] L B AT — GO AT e A R LR A
FRRAE, WIH T R RS, A T2 A L
B ia RO, A LIS 2] 10435 Al il R 25

ST UEBR 50 Hz DL ARSI 19 T4, R &
J F S U A B U B U R B T PR Lk
WOR B Z C, G R, R, &ITAT
o L B B v BEL T /N5 1 P 22 D0 8 s oL % 1)
PLTeE 1. A EER, 51 Q, RN 56 kQ,
Ry 4 110 kQ, Ry, 24 100 kQ, Cy, C,}0.1 pF, K
b, e 3 R R B )l A R 25 R 1

2.4 HyH R RRFNER R AR AR R

KN E SR HL R £ 15 Vi R PR IIE
PR IE R TAE, (B2 MAX 7400 A B ds 5 (+5 VO ik
HOt A, PR, @2l AR R AR 15 V I B
HL A +5 VA i f . LM 78105
VB —Fh = um e e l R 8 2%, B INH A s
A4, IF ELRERS IS, TAE , AR ZEAMmEBRM:,
B E A A AR P T RE AT FL R IR I DO RE . SRR
AR A S 51 Q4 @ BHLH AL . TLE
2064 CDR Ay 2oL +2.5 V T +5 V B &
ST EARE] . S A S AR A A DR, 4 i A
Pl EE S, R IR E R

3 WEEXIMSNK
3.1 HEREFERNK

ST B UERE R AT AT, (S S
KSRGS AT A, A R AR R A
LR R B A i LR

XFQ-V L B HEAT I, H A /=200 Hz, Q=
5~130 pC, M i 715 e i R B B 4o v TR ) B0 90, 445
R 5 Fin . Hi B AR 40~700 mV 3 FEl N AR
&, i t H R B A FL 0 3 5 T A DG
P, IFEABAFINAIER R (R°=0.99).

XoF 108 I R R R L B R AT I R, A

Q=20 pC, /=200 Hz, il i/~ % 25 K IE W )5
% e, g5 SR 6 iR, Kl 6Ca, b4l
Sk UE W HT S R O, T LUE SRS
HR R R IR L T B W AL {5 0 I R S
b R ELA ARG R R AR

800

600 1

1 E/mV
o
=)
S

200

0 30 60 % 120
L /pC
&5 gy - AR A i £R 1A

Fig.5 Charge-voltage curve

2.56 -

252

ZENEAY

248 +

2441

-0.02 -0.01 0 0.01 0.02
i) /s
Ca) PEIE AT 19 IE

32

2.8

HLE/V

20F

-0.02 —().IOI (:) O.I()l 0.02
i [a)/s
(b JEP i
6 A e
Fig. 6 Output waveform before and after filtering
X EE A5 5 B A e R AT DK, A =
200 Hz, Q=5~130 pC, il 78 B 4% R A5 Al
B A AR, AR 7 R o B R YE



334 il

[EVE S S NI S

2024 455 3 1)

H0.3~6.4 'V, fy i HL Hs Bl A H 17 5 00T 2
T, A BRI 25 0 49. 24, HEUBSTIORAS
(500 25 5 BRI TR T oods L bR E Shr
PRAEAETE M 22 DA S B BB iR, HLAE AR i
HA B LA (R=0.99) .

0 30 60 90 120
L faf/pC
7 i R

Fig. 7  Circuit output waveform
3.2 IRBAINETIREBEENRL

i F ACT 2000 Hr e i 8l 5 it Jin A [m) 43 2 11
AN TR hn B BE B 4R B A5 S, 6 RE R R AR R
MEMS # 8l {4 8% SR FH 1 23 L 5 54 5 003

ZRGHIREN G (5T KA TR .
TR | R SR R R H AL B A R AR B (B
Y HL af JEOR A8 AR BT (0 A5 8 B R O 2 i
WL F 5 & A 48 AR IR 5L, R DR R A%
WKEhiREN A RSN . ¥ % H MEMS 4R s A% 8% s [ &
RS E L, MR &R R R o 5 57
TR AR b, A0 FH s A A S0l R S s o FL AT TSR
A ANAR BT IR B A A S AT X . PR
HMESRERG WK 8 Fimn.

L =
_ A ME= A
Tﬁg JEHMEMS m
e TR AT %
P e

\ 4 SS——

TR o
WOk Ll

K8 IRIfETRERG
Fig.8 Vibration signal acquisition system
&9 AR AR T A9 55 VA B H SR S Y F
i {5, Hh 4R 30 & 0 A S ACC=5 g,
9 (a) Mg AR =50 Hz I, SRAE 1% H H 1o
15 5 W I B 2 30 pC; B 9 (b ki A M R /=
1 000 Hz B, R 4 (9 % 3 m for 45 5 e 0 Ry

26.8 pC; B 9Ce) M AMIER /=2 000 Hz I, R4
() i H R o 1 5 A (A 14 pCo AN [R] 38l A %
T, RS R AT R R R, TR
L MR DR SR ICEN 4 AR S e sK L R
SPIE LW B, ERESAAERE, TR
M T LB P AFAE 2.5 V B B LR S EUY . S5 R
B R B B A B R BE T % L Ml SR AR T HL X
MEMS {85 i) i far i HH 545

70

60

FAL faf /pC.
N
3

40

30 . . .
-0.10 -0.05 0 0.05 0.10

Fsfa)/s
(a) MR 50 Hz

70

60 F

L7 /pC
wn
S

40t

30
-0.004

-0.002  -0.001 0
A 8] /s
(b) MERATR 1 000 Hz

-0.003

60

55

FALfuf /pC.
wn
=)

45

-0.002  -0.001 0
Hsf 18] /s
(o) MM 2 000 Hz

B9 i s fmr e

Fig.9 Output charge waveform

40 L
-0.004 -0.003



CREE 165 WD

J 1 MEMS # 3 £ i 18 B, i 15 52 0 (RIS 55) 335

WAL, MR35 5307 5~20 g 3 Bl N iy PR
BET B, SRR T bR B faf R AR A 5 R 3 e
TS [R) A% T 1) e LA AR 5 e i, a4
SN 10 Fros, ARSI (A% Y i gy 2 SO
XL o L, Sy bR o g R A5 ) R A SRR
S, RAF 5 VR P B 1 F iy R B

150

W RO
o ARULTTHIE 5 IR B L

100

FL 17 /pC.

50

$,=6.124 pCle
$,=6.28 pClg

5 10 15 20
ﬁﬂﬁfﬁ/g
(a) F AR A 100 Hz

| WARIERL TR
@ AR5 R 2 R

S,=4.204 pClg
5,=4.368 pClg

5 10 15 20
T R /g
(b) Hi AR 500 Hz

R RS
100F o i i S el e

5,=4.808 pC/g
5,=4.764 pClg

5 10 15 20
i /g
(o) F SN 1 000 Hz
P10 it e gy R B8
Fig. 10  Output charge sensitivity
SITHUR T A5« SREDHIR =100 Habd , 4R
T FEL AT RS I 5 8 B L 8% ) i ey 2R AORE 25
b —0.156 pC/g; #R =500 Hz i}, i B 47 i
R a FOAE 5 0 B A gAY e R OBE 22

1 —0. 164 pC/g; MR f=1000 Hz i, 5 HLfaf il
KA FAE S 08 B B Y R e RO R
0.044 pC/g. HERFEH], (55 W B ShrfErR
o R #8 14) FEL A 8 AR HLA ARG — Bk, Hofa
HF FL i R AT B AT AR A I R A DG

RS & L= 5 g MR, AF9(5 5 I HL
B X T AR BT N %) B e R T SR SRR T, I
T M FEL ARr R AR A 360 LR LT X Bl o AR H AN ]
BRI L fr i 250, S5 3R 1 iR, Q hbs
T FEL Ao B R A I T L, QoM R S R B R I
() By LT A o AR AE 50~2 000 Hz B}, {55 1
R B 1) i AR S A L AT BRI i R
WG, S IAE [R] A8 fe i . B A i B
ACC=5 gh, il B ff w22 = il 72 £ 1. 6 pC N,
BRI —20rE, w7 LA 2 5~130 pC i Se ki A
Hiff R . 28 BT LUE Y, 155 8 2 H 6 R b
YHE H A7 R B AR — B, X TR MEMS $R %
A R IIRAE 5 R AR A R AP R AN (B

F 1 ACC=5 g PEREMIK %
Tab.1 Performance test sheet at ACC=5g

f/Hz Q\/pC Q./pC Q,—Q,/pC
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2000 15.2 14 1.2
A
4 % it

AR SO A PR R AR B AR R L MEMS $iR 3l 1%
TR i H AT R B IR, BT T B (R SR
TR AU UL T AE 015 S VR B A %, JFRE S5 AR vfE
HAL o7 R A O R AR PR RE AT X L . 25 R BoR, 4
5 50 5 0 AN BE S R 5~20 g, WA Ry
50~2 000 Hz I}, it FL iy 55 A DI 2 AP AR 4 f
ML B (R7=0.99) , {55 14 380 F % 55 4 o L fir
TR 4 %) v A R R B ARG i — B . S A
R 5 g i, i H g e 2= I ZE 1.6 pC Iy,
HA R B —h:, 7TLA L 5~130 pC B e A
ML R . 28 DRTIR, PR 5 IR 3 vl %



336 I 5 2 NI SR 4 2024 455 3 1)
W ERefa e, HEAERES . REEL . s electronic Technology, 2022, 59 (7) : 665-671. (in
T AFRE A, TE R R 15 5 R AR S A T 5 L Chinese)

A7 N R [ 91 #H 0, FLmith, Begl, % . 2SS 5 5 5B HR
PR BEITLT]. MR =4, 2023, 37(3): 253-259.
S 23K DONG Fangxu, FAN Limei, DUAN Jian, et al.

[1]1JUM, DOU Z, L1J W, et al. Piezoelectric materials
and sensors for structural health monitoring: fundamen-
tal aspects, current status, and future perspectives[J].
Sensors, 2023, 23: 543.

[ 2 ] EXRPE, s, ik, 5. PraLmt s i IEPE

R o R B AL IR AR BT AR T [T ], AR IRE AR 3k,
2023, 36(1): 9-14.
WANG Tianzi, ZHANG Jianwen, ZHANG Lei, et
al. Design and research of IEPE piezoelectric vibration
sensors with anti-electromagnetic interference and
wide frequency response [J]. Chinese Journal of Sen-
sors and Actuators, 2023, 36(1): 9-14. (in Chinese)

[ 3 JJIANG X, KIM K, ZHANG S, et al. High-temperature
piezoelectric sensing [J]. Sensors, 2013, 14 (1) :
144-169.

C4 TR, B, k7B . 36T CTGS A e i sk

B AL AR BT [T]. e 50, 2021, 43(3) -
320-323.
ZENG Hongchuan, PENG Bin, ZHANG Wanl.
Research on high temperature piezoelectric acceleration
sensor based on CTGS[J]. Piezoelectrics &. Acous-
tooptics, 2021, 43(3): 320-323. (in Chinese)

(5 1R . T ) I 52 W)ty 22 P s e, o A JRe s e 3
SEMID]. V2 PEL i TR, 2022,

[ 6 ] skt , FIRE, XUARMR, 5. il H T i 453 48 18

4 FL A R BEOOR AR B [T ] Z0AMER, 2022, 44
(8): 792-797.
ZHANG Binting, YAN Baojun, LIU Shulin, et al.
Design of charge-sensitive amplifiers for electron multi-
pliers [J]. Infrared Technology, 2022, 44 (8) : 792-
797. (in Chinese)

(7 RS0, 5K, B — R B iy {5 5 10 o 2
RSO ], ORI S, 2019(3): 86-90.
REN Yongfeng, WEI Yiqing, JIA Xingzhong. Design
of weak charge signal conditioning circuit [J]. Instru-
ment Technique and Sensor, 2019 (3) : 86-90. (in
Chinese)

[8 I BTy, Baks, WO, 55 . Pe e il o i = ot
MEMS #i 3y f% A% B PERE [T]. i 78R,
2022, 59(7): 665-671.

WEI Huifen, MU lJiliang, GENG Wenping, et al.
Performances of MEMS vibration sensor based on

LiNbOj single-crystal cantilever-beam[J]. Micronano-

Design of air-coupled ultrasonic signal conditioning cir-
cuit [J]. Journal of Test and Measurement Technol-
ogy, 2023, 37(3): 253-259. (in Chinese)
(10] 324, TR FEH s B AL Bl B i B A e [T, T
ML, 2015, 37(2): 354-356.
LIANG Xin, XU Hui. The design of the measurement
circuit of piezoelectric accelerometer[J]. Piezoelectrics &.
Acoustooptics, 2015, 37(2): 354-356. (in Chinese)
(117 #ERE, Aabrint, B4 . bl A0 400 25 VA 38 Pl 155 199 1
A it (7). B A I AR, 2022, 41(9) .
128-134.
DONG Kang, JIAO Xinquan, JIA Xingzhong. Perfor-
mance optimization design of shock converter condition-
ing circuit[J]. Foreign Electronic Measurement Tech-
nology, 2022, 41(9): 128-134. (in Chinese)
ﬁﬁﬁ SRAR, R AR, A5 . WIMS iR 2 iR
TR SR B [T ], MAE AR 24, 2023, 37
(3): 214-220.
YAN Jiawei, ZHANG Pizhuang, NI Peidong, et al.

Design of harmonic signal lock-in amplifier for tempera-

[12

[}

ture measurement in WMS temperature [J]. Journal of
Test and Measurement Technology, 2023, 37 (3) :
214-220. (in Chinese)

(13] HA 3. —Fhfi A7 (R4 i i ) B A T L JR A 3
[D]. V4% Va2t TRHER Y, 2011.

(14] BREF ML . JET PZT T At AL SRS 60 il 35 s D00 2 8 F 50
[D]. KIJE .« bk, 2022.

(15T XUME & LC I R gy i o s
K - bR, 2011,

(16] Z=fafe, FOFR, B, — b v o B £ g ]

o g 7). BOGREAR 5 6 AR, 2017 (10D
10-13.
LI Zhaohua, JIAO Xinquan, JIA Xingzhong. Design
of piezoelectric acceleration sensor conditioning circuit
[J]. Instrument Technique and Sensor, 2017 (10) :
10-13. (in Chinese)

(17] Z=5i7K, Ml B 5k . QUG IRk AR m s shiR o &
R IR A K B F 7 (D). BRI R, 2021, 39(4) -
11-15.

LI Zhangcheng, YANG Can, HE Huiyong. Research on

improving low frequency acquisition accuracy of electric

JEAL AR AT D].

shaking table by dual-sensor method[J]. Environmental
Technology, 2021, 39(4): 11-15. (in Chinese)



