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Constant exposure dose control for laser direct writing of mesh
in a deep concave spherical substrate
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Abstract: For the purpose of fabricating high-quality mesh in a deep concave spherical substrate by laser
direct writing technique, the constant exposure dose control must be realized during the whole scanning
process. Firstly, the principle of the equipment for fabricating mesh in a deep concave spherical substrate
via laser direct writing technique was introduced. Then scanning motion states for writing arbitrary line of
latitude were analyzed, and the formulas that expresses the mathematical relationships between the
dimensions of the substrate, parameters of mesh and the scanning velocity were deduced. The
mathematical model of scanning with constant exposure dose was built, and the servo control system
including software and hardware was developed according to the mathematical model. The servo control
system could tune the scanning angular velocity precisely according to the latitude of lines to maintain the
linear velocity invariantly, so as to keep the exposure dose constant and improve the quality of lines. So
far, constant exposure dose control was realized finally. Mesh with 500 um gridding period was fabricated
in a deep concave spherical substrate with a rise-span ratio of 0.31. Lines on the substrate have good
uniformity, steep and straight side walls parallel to each other after development, and errors of line width
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and gridding period are within +1% and +5%, respectively.

Key words: constant exposure;

0 5] &

WO ES SRS — M THoR, edadit
FAALERHOC HE B &, SRR R AEOLREE TR
BOCZI R IR b, A0 E O B LS AR
B, WA Z L= A Bl BB W, a3 €
5 IR PRI 1 A5 e S Ak BT R R DR B RS 2
R L0 BWOLES SORBY TS EAR T, il &
Riftdesfontr e AR A T A | i S8 (6 AR T RE T
WECE T 4

AR &5 % ST el N G SR N IE R R
FRAE , SE BN H AR B ATHRIES , RAT SRLLAM R B
FOARTE LT SR AN A 5 Bt H AR 19 B fiE
AW R R B, B 2L MR G B
KRB K, XFLLoME DR AR B PR dR T
IRE Y ERE, RO B S B ATt
bl — ZBERE M OB A L1 AN, SCRE 5 R I8 UK
4 5 WA, BERE 7R A2 R B B % HARZL MR Y
[, A 20458 RCS, S AT 4 09 R ik e B

LIEEQITN R G NERE RS - 3114 Z AN E RS RZ S
BOGZ Y MBS AR | R
5 BRI 25 AR 7R I 3K T A 3R T ) A5 4 R A
(ELIE B A SR MU ERTHT TR A I A A | AAR Rk 15
FEAL T — BV HIN KRB L R R 5B R 2 L, SR
YRR BE , Je fy ek SN TAT SH BE R P A 280, — R 15 L /s
T 0.2 F oyt T 0.2 FROMBEHRE . SOPORE RS L
KT 0.2 B MR AR A TR MR, 0P I 358 4 £ 5
QAT EC AR A TR MR T G2 B 10 S A A EE
T P R A A A O, o T 5 AR e
FELEHA Fe A s B, JCUE ARG N R 5 < s IO

G SR B TRV A R /N A SR fit e I
IR TR, HLBR O % X 9K sl &R e R B i T 9E R
AR Z NI W, OF BIGEw 2 — 1A I
155 J539) o PRk, SCrb R e R TR I R 1 SE Bk L e —
E FAIE R T 2K 10 AR X BR B IR SCHE S R i Tk
23 ] R TR R T A AR R ) B BT, R
s BT AR R PR S AR B SR, I T

concave spherical substrate;

mesh; laser direct writing; servo control

X R S A5 A B 413 128 Bl RO RN T 9 3¢
PEEERGE ST AR E RO R s Sl B Y
TF R B B REAE ) R 48, S BUTR IM 8K T ) 4 5 g
SO H S RSO R A

1 RMkE N ES FE

MR IO B B WA 1 s, MR T A
il R B AE e & L, TAFR s oo o8 5
A2l DR A Al A F e B RO 2 6 A A 5 L, e B
POl [e] S5 R AR O O R G, AL TS5 A
WOt Az m R ET TAFNRIY, 5 ACKPIIhE
7T TR T A, R S, O PR T A TR

B s TR iess . MR 3R 3h 5 AL
JHE e P ks Joi S0 Xk IO A A 2, F 5 A G BREE 6 B 5 —
SREBLGR K ITITROL T 5% G 8 TR LA BTE 2
HRE KA S — 2R SR T, SE RISC PO T
BRI AGL N 56 S MM ER L 55 5
AJCREE AL T8 AR ER 2 A, JFOG R T], DUE &
2 R B 5 ) 45 4 58 R AR A RO, RIS
------ MRIE A, 58— 07 1) A S AR A . AR
J K UL R T A e e 90° R I T IO S ) —
ANT7 T TR AR 2R PN 1 S 3 £ AR S A
TE R T QP 2 Fir s 9 Ik omg O, [MTBR i S Y R
W B AT IE T7 IR | A G A S 22300

iAzimuth axis

;“:Workpiece
E’ icenter shaft /li/

75
. Pitching} [}
: 1|
«Q:)SS b‘l
.......... ek

1

Rotary table

1 MR OL B S v
Fig.1 Sketch of the equipment of laser direct writing mesh

on a deep concave spherical substrate
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Fig.2 Sketch of mesh on a concave spherical substrate
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Fig.3 State of laser direct writing of no.i latitude line in a deep

concave spherical substrate
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Fig.5 Mesh of the deep concave spherical substrate
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