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Abstract: In order to meet the high-resolution imaging requirements of large ground-based telescopes,
adaptive optics technology needs to be used to correct the wavefront error caused by atmospheric turbu-
lence. The piezoelectric deformable mirror is the key component of an adaptive optics system. Aiming at
the high-voltage and high-speed driving of the thousand-element piezoelectric deformable mirror in a large
ground-based high-resolution imaging telescope, a high-performance piezoelectric ceramic high-voltage am-
plifier was designed. The high-voltage amplifier adopts a two-stage amplification structure based on high-
speed low-voltage operational amplifiers and discrete power devices to realize high-precision and high-pow-
er driving of piezoelectric ceramics. Compared with a driving system composed of integrated operational
amplifier devices, the high-voltage amplifier has the advantages of a stronger driving capability and lower
cost, and it is more suitable for piezoelectric deformable mirror systems with many driving channels. The
experimental results show that the high-voltage amplifier designed in this paper can achieve a 120 V out-

put, the -3 dB bandwidth can reach 5 000 Hz when driving a 0. 33 pF capacitive load, and the output re-
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sponse rise time is less than or equal to 100 ps. The high-voltage amplifier can meet the application re-

quirements of a thousand-element piezoelectric deformable mirror.

Key words: adaptive optics; telescope; piezoelectric deformable mirror; piezoelectric ceramic; high-volt-

age amplifier

1 3 7

FAE NG B R RE S T sh b RS s, 2
SEHL R AR ik B S B R A3 R AR Y G B
AR A AR T2 I AR SRR D AR E A
U2 I g A i R K Bh AR 4 A5 R OR SE R R
Yesh bz . 78 AR IE B b, b T R 2 0K Bl 1Y
JE H A8 T B8 e — AN T LA S 2 T S R el AR Y R
SEotE, — MR R 2 1R IE S o0 BORN PR
i) 7 RE 7, AT AL A I W 8 Y0 I 1) 75 A A 22 1
R HIE N R G K Bh &R 4 32 2 AR
ot e 18 D 1R S CR 88 S5  4 AL L FH LA 5E  H
AR T A v R B T RS IR B0

J H P % 9K 2 7 252 B 1T R L 7S I B () FR R
LR B 5 ) I, A — A e EL B O A I A4 0 X T —
SN N S N A DAY N RO o A AN I
SNRE ST A5 AL A A A T R R AR TR
B RGBT R R . AR T AR R,
o R R A FL B T LA o 4 M Ty i K e B R
TF A TR B o TF 26 3Ty %k K i B
A I FBFER N R IEL I 25 T R K U
AR A o (R K o el B T A Ik e i
#1 (Pulse-width Modulation, PWM) # 47 I % #
RS T A U R B R
FL R 3000 A A, A ) P 2% ) I s o B
FRBE A o A T G 20T 3R H B, 4 M T R i
PR i e R R B T N SR Y N
DX Ta], PRI A S B R R R e PR 4L
T2 /N R R 5 A5 A A — L AR R RS B R
B TR 8 1 e Ok 2 20 ER sk e B A
FEDIRERE i A5OR LLBAR Y [7] A

SCHk[4]5% 1 T PASS & 4 WS i #s 1
BT T — 2 H 8 PR JBOK % % e R A iE
T R TR 38 B 42225 'V, Y L A 200 mA
SCHRL5 1R H PAT9 R 4 12 ik A% 0 3 44 152
T T — FONGH 18 (5 R K i, PAT9 HA BUE JE
i oL AR H A M PR T 3K 350 VI SR

TR 150 mA 3 BB A 28 R A7 AE b R TR AN
PR B KA M 2 mt , s AR RE ) T 2 B . STk
[6 1% FH PA92 i Ji 46 iz it i A O il T — K
1 R BCRA 2% 8 He 48 Bz ik H Gk 31 390 VL Hi
WH AT 4 A, 7EWR B0 0. 35 pF 25 M 1 2% B 5%
ARG H PA92 MR AU K, M e s o SCik
[7]% FH PA8Y & i 4R itia il 78 J& v 34 in ) 52
N A ORI e i W= N L L R N % S
4540 VBB R, K1 AR Hc oK B B A L
HL L o SCHIR [ 8 IR FH R SCRK [ 7 1 2 AL i &5 44 , )
FH PA341 A Ay i R T 4432 T30 38 n Ji5 it 2 2R
KRG IRIG LB 1 3 T 1 2z i f ) 320
KGR 43 e R T BEH S5 4, R 2 sr ot
TSI R A AN AT LA 55 A 1 B B R0, L
AR KA . SCHER L9 R T 4 W 39 722 W %, 1)
Ll 8] - BR 43 42 ] 1E 5% bk 98 0 ] (SPWMD) 523 T
T LR R Ty SR B Bl g b o SCERL 10 2R AR
I8 RN 53 ST Ty R L AR T G 1R 22 R A5
J& G R PR B RN R B Dy A, ST £500 V
() e R, Ll S A A S B S B T
FE K 25 0 o B AR L. D Ah BT R L i
B RGERIT T2 E N ERIKSH AR, U
Tt JE K 55 2R 7 5 % e L BK Bl R G AR BRI RE A Y

LEA VL Loy AR SCR T T R B A T B v TR
W ARG, H TR ITTEZ WK 55 5 B0
RN RGBSR B wm L >R IR T 40 S0 T4 i
Ty 2K 2y i %, 1% F B TR 45 R AT R B Bl RE ) A
Prag A b B TR

2 KEDBAH S RL DR
HiE AT A%
WA 2 157 5T B0 96 28 3 7 B A PR

AR 0N
0~1.22)/D, (1)



5 23 1 AP

5¢, 5% T HA T A 1 N TR L AR I

B i R AR T 2997

Ho AWK, DM EEGE R, h TR
A B A o HER T B — A R S 1
T AR A i 8 23 88 6 D82 %) A7 R N S & 2
A O R R R, B BT 1 AR T R A
# R AT DL ) I R A
7R ) S 2 R I R, 8 O I A 6 A R B B2
FE AR T
BARY Y YOG R G RS R
iﬁmﬁﬁ%qﬁmﬁﬂ%ﬂkﬁﬂmﬂ%%#%ﬁ
AR, B LR . Horb s Ik 3l R 4 R X
INE Y HTASE TE e A T BT U (1) 22 3 T AR B 4
AR OR8N . AR R R
FH T S i 50000 2 25 e A R 25 o Ik A R g 32
R 5 I8 I JE 2 ) e A B ) B R 25, £ 4
iz B3I U WA IE R R . R K Bk
FR G0 F22 WSO T A T A L O PR e s o o 28 0 B
R Bt A R R R it P R BR BN A 5 VR T U
AU IE 4% o U8 A1 A2 1E 4% 52 3 R B0CK 2% 9K sl 17
U AR AE , T A% 2% 25 A0k 252 1 A )t T 408 22 5 I AR
I, 5 28 58 B P R s o
FEAR T 5 T8, O3S O 27 2R G0 00 458 1 35 %
B2 s o MR 455 ] 2R B AE 18], B 3& NG R 4T
1) B 42 il 4 B, L 1% 2 T Al 9 . P A
W TE S TT AR N

P T O R G SRS

Fig.1 Basic structure of typical adaptive optics system
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Fig.2 Control loop block diagram of adaptive optics system

Dy — T, RAME TR EERGE T H & NG
REW TR, Bl NG RGN LR H
TCHCS TR IE £ BT A% T O Y L B

N=(D/r,), (3)
Herg A RAMETRKE., WREZENORE
F 4 m,ro 2 10 em, 3 H RS IE 4% B9 AT BT ECE
NEZ 160057, 24 15 em, P HI KL 1F & B9 S04 T 500
B2y 710, I, 4 moOHL B e B R S

A I8 IR SR T Hos i 4
s v 728 B8 1 A IE AT A s 2 B R B

mﬁﬁﬁﬁkLE%%F%W@$%E§%
G= Y= NTTR: L)) (NS O 0= U o I
X R R B A SR A KB RE ) . AR
G I FH s v B 8 1) S5 RO ME 29 0.3 pF , f RN
AR N 120 V., A iy T A B it AT i
JFH A T HL B 8 TR



2998 b

030 %

3 mEAKREZEITS S

3.1 REERSHEEKIEIT
H A A 3G N Ot 2% 2R G0 F R L AR TR 58 I 225K,
i R K AR TR an
(D& U, :0~120 V;
(2) 4 iy A AT 5 0] i 0 1E 5% 45 5 A DA
T
(3) %t 1E 5% 45 5 0 £ — 3 dB i % =5 000
Hz;
(4) 8 A B 1 THIF R 7,100 ps.
X F R A MR C, H I i 5 K R R A
N U, MR I IESZES V()= U, sin (2xnft),
UUJ P S J 1 R A
dQ . dvi(r)
T YTa
CL M L P 8 ) S RS E 2955 T 0. 3 pF L 4%
W FE bR 2Rk 1 Se TS s 3 5 000 Hz (19 1E
SZAw 5 B R B 1 A R RO
i, = nfC .U, =
1 X 5000 X 0.3 107X 120~ 0. 57 A.
(5)
THIA 2 G e B B BR AR 5 B, R R A R R R
By
.G, 0.3X10 °X 120
YT T 100x 10

I(¢) =C\.2xnfU, cos(2nft ). (4)

2~ 0. 36 A.

(6)

HL TR 42 R Ro BRI R Gy 2 D) 300 98, AR
it e KAF 5 990 28 F B K i i v RT3 R 8 TR 4R
%i‘j:

Rs==nfU, =~

7 X 5000 X 120 X 10 *~ 1. 88 V/us. (7)

P 3 J A SCR B0 2 S 00K v % L 1% W B 2
B4 N is R IE GO B R KRR PR oy . 1B 5
FIE G Tl — e AR IR T as B R A
R, B 2R K G 3 R U T A R R
Ao SR A A BH R A R, I, ER Y K
M F=1+ R/R;.

AN SR NN (S P Y (YA N
i A S o TR R A i R ARG T R ) A i
PRI Bl 7 20 r T AR T 39 o, s B OR
A IR AR QL TRAR D R LA
O B i, AR Q3 , AR Dok, R

P 3 IO e AR H g
Fig.3 Basic circuit of high voltage amplifier
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