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Compact Pattern Projector toward Profilometry

Kazuyoshi HIROSE, Hiroki KAMEI and Yoshitaka KUROSAKA

Hamamatsu Photonics K.K., 5000 Hirakuchi, Hamana-ku, Hamamatsu, Shizuoka 434-8601

Pattern projection is fascinating technology widely utilized in the fields such as display, measurement,
and mobile phone. Among them, projectors, and combination of the diffractive optical element (DOE)
and laser source have been typically utilized as the light source, while projector occupies space, and the
latter requires precise alignment. For the context, we have developed compact pattern projector in which
pattern is directly projected from the on-chip size less than 1 mm square, based on the technologies of
the photonic-crystal surface-emitting lasers (PCSELs) and the holography. We named our projector as
“integrable Phase Modulating Surface Emitting Lasers” (iPMSELs). Here, we reported development of
beam pattern of the iPMSELs toward low noise fringe pattern for structured illumination and introduced
examples of mount of the monolithic array chip for practical use.

Key words: laser diode, photonic crystal, holography, 2D beam pattern, 3D point could, structured illu-
mination, monolithic array, surface mount
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N-GaAs substrate
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Emission region
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Fig. 1 Schematic of the iPMSEL.
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Fig. 2 Positional shift of the iPMSEL. (a) Circular shift, and
(b) axial shift.

1%, Fig. 2 IZm$ &9, EAETORTRO ZHRLET
A ECHE T 2 By 7 b RS, 18 T-R% o 2 il
LEBEHT 20 L7 P AP H S, Uk o THILT
AU B RWEHOBELS LT iy 7 R &, BEAA
WHININAVPHEZ AR 777 4 v JICERT 52 LT
TEOBEEE =LY =242 2N TE S, AN E

(a)

Emission region / /
(Top view)

A -\ e <Y
N > N

Wavefront

/ / N

/ / A\ \ \\
[ —Y

2 W Walh
D Cross section of
\ \\\ \ - / p;[mtonic crystal

74 b=y 2fEREE, fLES 7 b LA TE o i
M7 %E Fig. 3SR, 74 M=y ZE5E Tl
fii o 7 FHEESHIIr S N iz LT, sy 7 + LA
AT TIEWRARZKHZBRT 2 2 LN TE, Fuy
FLDTHEICE > THERE— LRy —v 2R T B L
MWTEL, BB, "M FV—Fns 7502 OO
MEZY 7 P2 EELIE, FEETHL L —F—N%E
Yl o s % £ 2 A%, iPMSEL T3 PCSEL O 4% fL
DhiiEEDL TP 7 P& DT ETL—Y —FIR &£
EHRZFRFI T ZEWTE LD, UHIEHERDF v
TNDOERBEBTHREE 2%, 22T74 b=y 73V FH
W0 OBIE TR T 2 L, HEAWZ EI1Z, iPMSEL Tk
Far 774y 7 B EREZT) I EITkoT, E—LN
Gy — v B RERRT BB OB SIS IS T B I
74 =y 7NV EBEREINTED, IN6DFE—D
R THIHCFHEIRT 2 2 LT, E—o89 —VIHIET 5
TRTOFFANIRED D9 & 9 R FIRIREDTEL S 1T
u)azm.
2.2 iPMSEL ZRFND{ER T2

RIZ, iPMSEL FF-DFHl 7 02 2122 WCHiHHT 5.
LI, GRS ESHEYER (MOCVD: metal organic
chemical vapor deposition) %% H\>C, N-GaAs FE# [-ic
N 277y P, E&EE SHZHREZSSRET 5, 20
%, Yy —=v T NI4Ty F Ik, MHEHE
W RICIEA T DB T st LT, B9 2 Mk oA
> ThiEZ > 7 P LEALETBRT 5. 22T, (A
I W7 LT T, IRBEIEA KT O T ER a 1&
202nm, fLD7 4 Vv 77 775 — (BiE T Ok

(b)

Beam pattern

Emission region
(Top view)

O R
z ( (& W /N
( Ij 4 |
D ‘
T—» \ |/ X] D
T-X \ Mo\ /)( N\ A
Positional Shift of holes
by holography

Fig. 3 Diffraction wave front in (a) photonic crystal, and (b) phase modulating layer.
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Fig. 4 OHS mounting.

T2 FLOMREH) 1% 28%, fLEEHT 25K I% 200 um £
ELl7. F7, ZZTRMALEY 7 FARZMG, KFR
PHDY 7 bE i 0.08a IEE L7, MAHETEICLE
MR L%, P27y R, Pav¥ 2 bE#% MOCVD i
THRES® 5. MHEHRETIE, P77y FEZHDIA
BBRICTHR S 172 FLD N ERTIEAMER I HE TG =
VL D720, FLOWNIICEITEEZD KE VWELAL
(air hole) MBI E 1122, fiv> T GaAs HEHK o FHi{Hl 23
ST & 722 2 720, FENREmE I KNP IERZ B L, ©—
L8 — v DOHERBICBIN & % %) - NEMEZ BT 5.
Z LRI OMAHZHE O Bl PEMAE KT 5 2
ET, TN AREDIER I NG, DL —HF—FKTFL
L CEMT 2841%, Fg. 4 IKBEAXKZ R T X 9 2k

WEN A =T v e—1r> v (OHS) Sy /r =9k
THILEMWTE S,

2.3 PULARTFEEERY

1 mm LU T OBUNEE D & E# Y — v 2 HITE S
EVIHIYA XXy PERIEHT 01, €/ VY7
TLUALDBEEE 2%, 22T, BEWEICEN TO-8
Ry r =2 ENAEIcEN S AKXy (U, #5
IR) B EA~DIPMSEL &/ Vs vy 7 7 LA EFDEN
FENZDOWTIHRR S,

TO-8 3y r —YHDO 7 LA FEF#%#Fig.5lamd. ok
E DAL FRTRLL 22 i CHHL 728D Th 223,
FHD S PN B2 5720, PLAEFT LAY %
R L CTEMSEE 2T T\Wwa, &, R Y &8
BDAZ 2RV EX 9IS, XY OMIEECIZHRBRIEZ K L 7.
ZITiR2mm ADTICAX4 EFRERLLTED, &
A HIF 240 um f & LT A 2 &S o Rz A E % 3%
EL, FAYIE300 um FIFETERIEL 72, %7, TO-8X—
A & DD T2 12 4 mm A DEFRIER I~ > & THLD £
w3, TO-8ICHEEL KB DE E% Fig. 6 12777,
F v TIFERICEL T A X, TO-8HLFOOSIZTHES
P A4 XT, WEMEICEN Ry r—Y LD,

—JIORMEED T L A FT% Fig. 7 (a) 1R, Kifi
FED O RHTP, NBMEBRT 20680355, 20
728, MAHZHE O P 320 um %L TN 27 7 v RE

Fig. 5 TO-8 mounting. (a) Frontside (N-electrode side), (b) backside (p-elec-
trode side), and (c) array of the iPMSELs mounted on wiring substrate for TO-8.

122 (38)



.o

Y

-

Foen

Fig. 6 Picture of the iPMSEL in TO-8 package.
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Fig. 7 Array of the iPMSEL for glass epoxy substrate. (a)
Backside (electrodes side), and (b) frontside (beam emis-
sion side).

Fig. 8 Picture of array of the iPMSEL on glass epoxy substrate.
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Fig. 9 Phase design of fringe pattern by direct focusing one-
dimensional (1D) multi-dot pattern in the wavenumber space,
(b) phase of (a), (c) fringe pattern in the wavenumber
space by using 1D direct focusing, and (d) phase of (c).
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(a)

Fig. 10 (a) Schematics of the dot line pattern near the surface normal. (b) Continuous dot line
with the ideal beam divergence Dq in wave number space, and (b) that having pitch of 2 pixels.

MT 201, ZRFLEET 5 2 Lol d 2 s 1
DAHHANC T LTSy = IC /A R = %L B
1OTHZY, ZOE—LRY— v RMT7—Y) TEHRT 2
C & T, MR TOMMIT oo 23K E 5. FEERDHIAH
a7 7 LDFGH T3 Gerchberg-Saxton (GS) 7 &
Rz v 2 290 ek, BEETL 20 M EAY R
WCIE, HAMCECY S 7 o R E T L [E L A 3
5F7dDY 7 b RT FVIC KBRS oanlx, ¥) =
(n/a)(na+na) ZMA 5. ZI2Tal3ETER x y/ilfl
D n, 0, IR IEGEFOF ST ICNIGT 5. ZONH
A, 77—V &0 > 7 b NSRS L CHE NG N E
TP D LT ) &2 TR E T IS AT S & 2 RE L 72 5,
ZDEEDEFNRY — L, MiHDM% Fig. 9 (b) IR T
kI, =RIuNRRY—v b, —HT, TD%EI
DUNCTESL T 2 AN EUE L TR Y — 12T 2400
W2, Z2DIHONNY—v 25 AT AN > TH
FEBE 0.2 mm O 1M MHZ BB T 2. 2 oIk
or(%, y) = —my*/(Af) TEBE NG, DL EOMHZEET
52 L THINY — v DREIE @ = @pot Qs @ S5 11
2%, ZONHDARITRE T % R DI T exp (1p) &2
I, INE7—Y LT DL THEREEROLE—2L%
F—vPRoNns, mENICE N NS — v % Fig. 9
(c) 1, 2D L ZDMAMIA @ 2 Fig. 9 (d) 1237, Sl
DFEITIE, M8y — IR TR ER o IGbE
T 2n/a THUEAL L 72 Bk BT fiE 0.1, #5£0.15 D
JRH3D 2 b 00, ZHUIENEMRZES v, yli b TldE X Z
fiE+30°, BEE45° DIADSD AISHIET 5. BSOS
& — PR E MG IC R B K ) ICRGE Lt o,
BRI iSRS s Ay — v Lo TR Y, il
ATV =v L7 FIZEIANEEICDBAEEL 58
F—r 39 LU, EERICN L TE30 BEDM

124 (40)

ETRHRNE > T Chffiny—v e LT 2 L
TE 22,

T, BERILAD T T LTIE AR L 24585 %
FlEMUE L 7Ry — v 2w 500>, DUNICH 2 3
9%, 1ZU I Fig. 10 (a) D & 9 %% w8y — 2 5%% 2,
B3 2 00 m Lo AEREE E—DADBD AEEZLL, ¥
ek CEHLEG) OB L OB GRIE 7 57 v
F=77—=Bick>T7 =) ZEBOMGRERD, W
PR FEERN T T 2 720, mEE R0 » S % 5
WEZECH 2 D3 H 5. B D BRI XA AR I
B2 1 mREFE de e L, FEGHEEE Licx LT
de=1/Lt% 2%, W k=1/2Th 2o, HEHEE
5 DB BE f o A FEIEIE 86, 1 86, = sin (/L) & 72 5.
—JiC, OO ORETIC X 28050 fi1 A6 13 A0 =
2tan ' (A/L) L7 %, PR 940 nm, FEEHHIKE 200 um £
TLEOAXTEZ 2 L, WIEE ST TR OB RO AL
b 80,13 0.27°, E—LJADID A A0 12054 L&D, il
Bz omEREO 2 SRE L %2, Z20ko, HifERIc
A A 7205 T Fig. 10 (b) 1SR & 9 BB & Tz
BTk, ZoTWwz#T 5 720121E, Fig 10 (c) @
A EL 1 RTOMEIWTRIET 205035 %
EWbhb, BEL—Y—0OY—LWE M BRIz 1M
Lofie szt %#EZ DL, KDY AlE MBI LT
BMT 20T, X TFEBEEPRT RS, kB, M=1
AN A 7 v E=LICRINT 5. 22T, A
ROE =288 =R LT, BHELHESS E MG
BRI % FE L 7w 1 EP R % Fig. 11 THEE T 2. =S
)L A ENE T, BXE)E I 500 mA, 28V A0E 50 ns, T a2 —
T4 — 1% THEI L T\ 5, Fig. 11128V, (a) (KN
oA, (b) 13F = v A —F— FIRICHIE] o 7 B,
() Fx, y HIAE HIT THFETOMEI BRI E 4 5,



5°

500 mA, 50 ns/1%@25 ° C ’..‘ 500 mA, 50 ns/1%@25 ° C
StdDev/Mean=30.6% 0o StdDev/Mean=21.8%

2 500 mA, 50 ns/1%@25° C
2 StdDev/Mean=24.3%

5°

Fig. 11 Far field pattern of square wave pattern with (a) continuous dot, (b) checkerboard-
like dot, and (c) dot having pitch of 2 pixels in x and y axis. Schematics of dot alignments

are also depicted.

SN\

Fig. 12 Fringe pattern using 1D direct focusing.
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(b)

Fig. 13 Projection of fringe pattern on flat screen. (a)
Pictures of the fringe pattern by 4 phase shifting, and (b)
result of the phase analysis.
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Fig. 14 Picture of fringe pattern by using direct focusing.
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Fig. 15 Projection of fringe pattern by glass epoxy package.
(a) Overview of setup, (b) picture of fringe pattern on screen,
and (c) enlarged picture of (b).
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