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Design of high power piezoelectric ceramic digital drive power based on FPGA

Kang Yukuang',Zheng Hanlin?, Huang Qiao*, Shen Wei®

(1.City College , Southwest University of Science and Technology , Mianyang 621000 , China ;
2.School of Information Engineering, Southwest University of Science and Technology , Mianyang 621000 , China)

Abstract: At present, the stacked piezoelectric ceramics can generate a thrust of up to 70 kN, and have nanometer—level precision
positioning. In order to improve the output performance and accuracy of piezoelectric ceramic drive power, a design of high—power
and high —precision piezoelectric ceramic digital drive power based on FPGA is proposed, which has a fixed output gain of 100 times.
The driving power supply uses FPGA as the control core, adopts a half—bridge inverter circuit topology, and introduces closed—loop
control to adjust the output voltage. Under a piezoelectric ceramic load with an equivalent capacitance of 5 wF, the input bandwidth
of the drive power supply is 10 Hz~800 Hz, the output power can reach 1 kW, the voltage ripple is less than 30 mV, and the out-
put accuracy is as high as 99.3% . The experimental results show that the driving power supply can be used in the application
fields of stacked piezoelectric ceramics such as vibrating table and hexapod control platform, and has good driving performance.

Key words: piezoelectric ceramics ; driving power supply ; FPGA ; high power ; high precision

[4]

i FPGA N N

) (FPGA) , 18

o A/D 10 Hz~800 Hz . 0~5V
131

) 2022 48 4 —39

http://www.chinaaet.com



METFHEA

Microelectronic Technology

http://www.chinaaet.com

AC-DC o |
wig [ sk W
0=~10V MOSFET _
3l e R R
AD e AD
i b —+ FPGAF45 Je— [
1
, PID
PWM ,
MOSFET ,
. AC-DC
2
2.1
2 B} Vl VZ
MOSFET MOSFET,
£ 100 kHz SPWM ,
SPWM . AC-DC Ve
, L
C 161
E lrl
MOSFET L ! I
Ve | wiahse CJ_ : .Jz-.“a
o V: o ]
2
2.2
IH(A) =L (1)
1+CAY
C LN A
1
=10lg—————=10lg(1+C\* 2
(2) N
lea
N=-82_ 3
Y (3)

40 —www.ChinaAET.com

,a=
10 Hz~
800 Hz, £, 800 Hz, a,
3dB, s 5 000 Hz
, , £,
5 000 Hz, a, 30dB, (3)
N 1.88,
20
2
LPF L,=1.41421 H,C,=1.414 21 F,
’_ K-L
=KL 4)
i C
C UK (5)
M
,K
o (4) (5) L,
3000 wH, ¢, 0.2uF,
2.3 MOSFET
[91’
tor UCC21520A
19 ns, ,
100 V/ns,
PWM RC
PCB o
MOSFET ,
2.4
) 100
’ 4 o Rl
R, |
100,

http://www.chinaaet.com



http://www.chinaaet.com

M EFHEAR

RS6 1SO15_HA
510
PWM_ HA 0805R _ 6s0sc ! s 1
—'l 52 T —L o805C ﬁwn
Cs s
33 pFi25 V vees v ” Ill'GND 330 ns50 v| 0K Cs4
| 0805C | HSA  ==1206C
10 PF/50 V
56?2 — U1l C56 D10
cPwM LA OROR T S Yy 1 P
— —Vear  vssAfz .
33 pr')CSSE' —{—] 2 gINS[:\BLE :E z ISO15. LA =
33 ososc:E | = ot vpDB[ 1L o 1 GND HA
= |k || wNc  oum—LOA
oD 3 veel VSSB C60 ket
VCC 5V UCC21520 Ta303C (TO80SR | IC;}ZGC
DISABIE-A ] 10 pF/S0 V
—L_ c66 E‘gﬁsc oggg(‘ ZSD'IZP()\\?ER IND
- kQ ) oA i
—Fooﬁg_fsz% v : —|Z2 nF/25 v —FpFr'h VT sy
- - -
GND GND LA
3 MOSFET
Vin [
A S B B R
Vane - L |
— PIDGT 5T 125 b
ADOLS | PRt |
r
=L 100 kHefFh - FH?
4
Y
10 Hz~800 Hz, R; G, y
, HHSPWMEERITS |
: ADI AD215 : —
+10V s , 1 kHz
-80 dB . 18 P A ve(i)
. ._ F AD,-AD
A/D AD215 Ve ( eli)=tr-ADSAD) p
FPGA .
3 FPGA FPGA SPWM M S
AD, o
21 PID (131
’ R 100 kHz , PID
5 . FPGAI™! 18 A/D T, ’
AD] ADZ s ’ '
FPGA PID , ,
) ’ 4
’ PID Simulink
D ) Tl ) D ’
MOSFET , T, . ’ ’
D ’ '
FOAD 1 kW, 10 Hz~800 Hz .
—Pele(i) e (e ce(ie L. ADy
D=P-le(i)-e(i-1)]+I-e(i)+ TR (6) 100 ) 5 uF
) 2022 48 4 — 4

http://www.chinaaet.com



M EFRAR

http://www.chinaaet.com

4.1 540
' 520
6 ’ 500le ° . . . . . —e
’ ’ .. 480
7 ° T 460
SINE_mod LIMIT1 440
« WM_DC E ._| Y
~ Twm — AMPL=0.45 Mot 20
][t R GRS U
R | g v WM_?UTa FFT_Probe1 380
TATO0uF e ]‘® = 260
c) Ei 3000uH | ,F e 0 100 200 300 400 500 600 700 800
. *c5 R4Z
e e WF m1é‘) 1ohm . /Hz
470uF ;91 .-- c2
o SuF Tek (£1E I = |
MOS2 v L
P2 HE ¢D2 [ . . . R .
= - .f\\ : ;’d‘\f N \/“\ /\\ /’\ ,"/\ /f\
A IO RS VAN SN N
6 VAR VIRVERV, VAR VIRV
\ \ ,I /\ /'\\ /r\ Fai
‘\_ ;"ﬁ \ i \\ / / \ I.r'J A /
\ ff ‘ / \ "f A, / \ / |
N \_/ 4 N4 N4 T.00ms iE‘UMEJ‘_.-"ﬂ z u{l
3 [ E FHE  BLE  BAE  WEE
. s V /‘
/ \ \ 9 800 Hz
\/ k/ \\/
! - I E— R 4957V,
. , N N ,
E,=500 V,MOSI  MOS2 800 Hz FFT ,
, 100 kHz, 2.5V 800 Hz ., 5V
SPWM s 100 ns, , 10 s
L,=3 000 pH, €,=0.2 pF, 800 Hz 100% , 800 Hz
5 uF R 246, THD ( ) 2.36%, s
s 0~5V. 800 Hz 800 Hz ,
) 7 ) : . Fundame’ll:al im!_ =I245 .THD=’2.35%
, s 498 V, 100 -
100 20-
4.2 8-
:AC-DC 500V, f 0
0~5V , , g o
10 Hz~800 Hz 9 A
? 40 -
5 =
8 30
10 Hz~800 Hz , 500 V il
10
, R 500 1000 1 SWqun:CD;:]HZ 2500 3000 3500 4 000
9 800 HZ 10 FFT

42 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

W HE A

Microelectronic Technology

0, o [J]. ,2008(5): 80-82.
1 C.=5 pF, 0~5 V .800 Hz (3] , .
R , [J]. ,2020(5):75-78.
7 7 [4] ) FPGA
99 , : CN201910400243.7[P].2019-08-06.
, , [5] . [J].
,2020,42(1):15-17,11.
[6] , 1.
1 ,2013,15(1):72-75.
v IV /v /mV (7] ;
100 99.2 0.8 99.2 23 [J1. ( ),2021,43(3):276-281.
200 198.7 1.7 99.35 25 [8] , , .
300 298.2 1.8 99.4 22 [J1. ,2016(24):251.
400 397.4 2.6 99.35 30 [9] , , .. MOSFET
500 495.7 4.3 99.14 31 [J]. ,2016,51(1):22-25.
[10] , , . SiC MOSFET
5 9. ,2021,51(16):21-26.
FPGA [11] , , .
, [J]. ,2016,16(7) : 60-64 , 99.
, FPGA PID [12] s , )
, . . (7. ,2019,34(16) : 3386-3395.
[13] , . [J].
(1) , ,2020,42(1):71-76.
10 Hz~800 Hz [14] ) , ;- ARM  FPGA
5 uF , [J]. ,
) 2018, 18(7):59-64.
(2) FFT , [15] , , .Buck
J1. ,2021(17):16-19.
( :2021-09-11)
(1] . (1989-), . ,
[1]. ,2012,31(21): 146-151. ’ : » E-mail
2] 1173021032@qq. com ,

e so e e a0 e sn s so a0 e a0 o s0 e sn e a0 om0 a0 e o0 a0 s0 10— 0 s0 a0 ss 20— 20— an e s0 20— a0 —p— 0 —— 20— 20— a0 —— 20— s0—p— 20— 20— 20— s0 20—+

(1974-), s

[]. ,2021,34(1):57-63.

[13] , , .
[J1. ,2022,48(3):220-228.

(1999 -), , ,

( :2021-05-12)

) 2022

http://www.chinaaet.com

48

— 43



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





