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Ultra-miniature, high performance
Electromagnetically driven laser scanning 
MEMS mirror

S12237-03P

MEMS mirror

1www.hamamatsu.com

Low current operation
Ultra-miniature size
Wide optical deflection angle

Features

Laser scanner unit
Light switch

Applications

Absolute maximum ratings (Tcase=25 °C unless otherwise noted)
Parameter Symbol Condition Value Unit

Drive current Is ±20 mA
Optical defl ection angle*1 θs ±18 degrees
Operating temperature*2 Tcase No dew condensation*3 -40 to +80 °C
Storage temperature Tstg No dew condensation*3 -40 to +85 °C
Soldering conditions - Using a soldering iron*4 260 °C max., within 10 s -
*1: Angle at which the mirror makes contact with the magnet, damaging the mirror
*2:  Case temperature (temperature of the metal frame on back side of case)
*3:  When there is a temperature difference between a product and the surrounding area in high humidity environment, dew condensation 

may occur on the product surface. Dew condensation on the product may cause deterioration in characteristics and reliability.
*4:  The magnetic force of the mirror built into this product degrades if the mirror is exposed to high temperature. Do not use refl ow 

soldering on this product.
Note:  As there is no window material on the S12237-03P, be sure to take measures to prevent dust adhesion and measures against moisture. 

Exceeding the absolute maximum ratings even momentarily may cause a drop in product quality. Always be sure to use the product 
within the absolute maximum ratings.

Structure and principle
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Structure diagramIn a MEMS mirror, a metallic coil is formed on a single-crystal 
silicon, a mirror is formed inside the coil through MEMS pro-
cessing, and a magnet is arranged beneath the mirror. Within 
a magnetic fi eld generated by the magnet, electrical current 
fl owing in the coil surrounding the mirror produces a Lorentz 
force based on Fleming’s rule that drives the mirror tilt angle 
in one dimension. The path of the laser light incident on 
the mirror surface is varied in this way to scan and project. 
Compared to the electrostatic or piezoelectric driven mirrors, 
electromagnetically driven MEMS mirrors are smaller, lower 
voltage driven, and lower power consuming.

The S12237-03P is an electromagnetically driven mirror that incorporates our unique MEMS (micro-electro-mechanical sys-
tems) technology. We achieved an ultra-miniature scale by mounting the magnet beneath the mirror. Within a magnetic fi eld 
generated by the magnet, electrical current fl owing in the coil surrounding the mirror produces a Lorentz force based on 
Fleming’s rule that drives the mirror. Hamamatsu MEMS mirrors offer a wide optical defl ection angle and high mirror refl ectiv-
ity as well as low power consumption.

http://www.hamamatsu.com
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Recommended operating conditions
Parameter Symbol Condition Min. Typ. Max. Unit

Operating temperature*5 Tcase No dew condensation -20 +25 +70 °C
Optical defl ection angle*6 *7 θs -15 - +15 degrees
Drive frequency fs DC*8 - 100 Hz
*5:  Case temperature
*6: The optical defl ection angle is twice the mechanical defl ection angle.
*7: If a drive current is not applied, the optical defl ection angle is defi ned to be 0°.
*8:  Using the mirror with only one side (positive or negative) of the optical defl ection angle is not recommended, as it can shorten the 

service life.

Structure
Parameter Condition Min. Typ. Max. Unit

Mirror size ϕ2.59 ϕ2.60 ϕ2.61 mm
Mirror material Aluminum -
Operation mode Linear mode -

Electrical and optical characteristics (recommended operating conditions unless otherwise noted)
Parameter Symbol Condition Min. Typ. Max. Unit

Drive current Is Tcase=25 °C,
fs=DC

θs=-15° -17 -15 -13 mAθs=+15° +13 +15 +17

Optical defl ection angle 
accuracy*9 dθs Tcase=25 °C

fs≤50 Hz m=1 -0.8 - +0.8

degreesm=3 -0.3 - +0.3

fs≤100 Hz m=1 -1.0 - +1.0
m=3 -0.5 - +0.5

Temperature coeffi cient of 
optical defl ection angle*10 α

Tcase=-20 to +70 °C, θs=±15° - -0.095 -
%/°CTcase=-20 to +25 °C, θs=±15° - -0.085 -

Tcase=25 to 70 °C, θs=±15° - -0.105 -
Resonant frequency fS-R Tcase=25 °C, Is=0.6 mAp-p 500 530 560 Hz
Quality factor Q Tcase=25 °C, Is=0.6 mAp-p, 1 atm 30 34 38 -
Coil resistance Rs Tcase=25 °C, Is=0.1 mA 135 165 195 Ω
*9: Deviation between specifi ed optical defl ection angle θc(t) and actual optical defl ection angle θs(Is(t)) [equation (1)]

dθs= θs(Is(t)) - θc(t) . . . (1)
θc(t): optical defl ection angle of sine wave for drive frequency fs and amplitude Ac [equation (2)]
θs(Is(t)): actual optical defl ection angle for drive current Is(t) calculated from equation (3)

θc(t)=Ac · sin(2πfs · t) . . . (2)

AcIs(t)= a(m,n) ·
m
∑
n=0

n
sin(2πfs · t + ɸ)1 -

2fs
fS-R  . . . (3)

a(m, n): correction factor, where m is the order. The correction factor is indicated on the fi nal inspection sheet.
ϕ: Phase deviation [equation (4)]

ɸ=tan-1 ·
1 -

2fs
fS-R

fs
fS-R1

Q
 . . . (4)

*10: Temperature dependency of optical defl ection angle when the drive current is constant [equation (5)]

× 100α= θs(Is, T2) - θs(Is, T1)
T2 - T1

 . . . (5)

T1, T2: Any temperature in the operating temperature range
θs(I, T): optical defl ection angle for drive current I and temperature T
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Optical deflection angle vs. drive  current Frequency response
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(Typ. Tcase=25 °C)
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Range shown with 
broken line: not usable
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Optical deflection angle

8° 
(Optical deflection
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Resonant frequency vs. case temperature

Case temperature (°C)
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Reflectivity vs. wavelength
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Drive current vs. case temperature Coil resistance vs. case temperature

Case temperature (°C)

D
riv

e 
cu

rr
en

t 
(m

A)

-20 -10 0 10 40 50 60 7020 30

14

15

16

17
(Typ. θ=+15°)

13

Case temperature (°C)

Co
il 

re
si

st
an

ce
 (

Ω
)

-20 -10 0 10 40 50 60 7020 30

140

160

180

200

150

170

190

(Typ. Is=0.1 mA)

130



MEMS mirror S12237-03P

5

KOTHA0004EE

Dimensional outline (unit: mm)
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Quality factor vs. case temperature Temperature characteristics of optical deflection angle
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Test result (reference)
(1) Operating conditions: Input waveform: sine, optical defl ection angle: ±15 degrees, continuous operation
(2) Ambient environment: Temperature: 23 °C, humidity: 45%, clean room cleanliness: class 10000

For (1) and (2), it has been confi rmed that characteristics do not change after 12,000,000,000 operations. Note that this data is for ref-
erence. It does not guarantee the reliability.

Precautions
 Handling
∙  MEMS mirrors (hereafter called “the product”) are unsealed products. Use the product in an environment where dust and blemish do not 
adhere to it. The inside of the product is prone to damage. As such, do not apply air blower or wipe the product even if dust or blemish 
adheres to it.
∙  A powerful magnet is inside the product. Do not bring metallic items (screws, screwdrivers, etc.) near the product. Doing so may damage 
the mirror area.
∙  Do not use the product in a strong magnetic fi eld environment. The operating characteristics of the product may degrade due to the 
magnetic fi eld.
∙  When carrying several products together, prevent each product from making contact with each other due to the attraction force of 
magnets, such as by fi xing the products in place with space between them inside the container.
∙ Bringing the product near a person with electronic medical equipment (e.g., pacemaker) is dangerous. Never do so.
∙  Do not bring the product near magnetic tapes, prepaid cards, and the like. They may become unusable, or the magnetic recording 
may be corrupted.
∙  Bringing the product near electronic control equipment may affect instrument boards or control boards and may lead to failures or ac-
cidents. If you want to use the product with electronic control equipment, check that the equipment does not fail or cause accidents due 
to the magnet inside the product.
∙  The product may fail due to the damage that it receives when it is mounted. Be sure to inspect the product after mounting, and check 
that the product is working properly.

 Soldering
∙  Do not use refl ow soldering on this product. Exceeding the absolute maximum temperature rating will cause the product’s characteris-
tics to change.

KOTHC0071EC

Mechanical deflection direction of mirror due to drive current
The direction of the mirror’s mechanical defl ection varies depending on the direction of the drive current fl owing through Coil1 and Coil2.

Applies negative current to Coil1

Applies positive current to Coil1

No drive current

Coil2 Coil1
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HAMAMATSU PHOTONICS K.K., Solid State Division
1126-1 Ichino-cho, Higashi-ku, Hamamatsu City, 435-8558 Japan, Telephone: (81)53-434-3311, Fax: (81)53-434-5184
U.S.A.: Hamamatsu Corporation: 360 Foothill Road, Bridgewater, N.J. 08807, U.S.A., Telephone: (1)908-231-0960, Fax: (1)908-231-1218, E-mail: usa@hamamatsu.com
Germany: Hamamatsu Photonics Deutschland GmbH: Arzbergerstr. 10, D-82211 Herrsching am Ammersee, Germany, Telephone: (49)8152-375-0, Fax: (49)8152-265-8, E-mail: info@hamamatsu.de
France: Hamamatsu Photonics France S.A.R.L.: 19, Rue du Saule Trapu, Parc du Moulin de Massy, 91882 Massy Cedex, France, Telephone: (33)1 69 53 71 00, Fax: (33)1 69 53 71 10, E-mail: infos@hamamatsu.fr
United Kingdom: Hamamatsu Photonics UK Limited: 2 Howard Court, 10 Tewin Road, Welwyn Garden City, Hertfordshire  AL7 1BW, United Kingdom, Telephone: (44)1707-294888, Fax: (44)1707-325777, E-mail: info@hamamatsu.co.uk
North Europe: Hamamatsu Photonics Norden AB: Torshamnsgatan 35 16440 Kista, Sweden, Telephone: (46)8-509 031 00,  Fax: (46)8-509 031 01, E-mail: info@hamamatsu.se
Italy: Hamamatsu Photonics Italia S.r.l.: Strada della Moia, 1 int. 6, 20020 Arese (Milano), Italy, Telephone: (39)02-93 58 17 33,  Fax: (39)02-93 58 17 41, E-mail: info@hamamatsu.it
China: Hamamatsu Photonics (China) Co., Ltd.: B1201, Jiaming Center, No.27 Dongsanhuan Beilu, Chaoyang District, 100020 Beijing, P.R.China, Telephone: (86)10-6586-6006, Fax: (86)10-6586-2866, E-mail: hpc@hamamatsu.com.cn
Taiwan: Hamamatsu Photonics Taiwan Co., Ltd.: 8F-3, No. 158, Section2, Gongdao 5th Road, East District, Hsinchu, 300, Taiwan R.O.C. Telephone: (886)3-659-0080, Fax: (886)3-659-0081, E-mail: info@hamamatsu.com.tw

Product specifications are subject to change without prior notice due to improvements or other reasons. This document has been carefully prepared and the 
information contained is believed to be accurate. In rare cases, however, there may be inaccuracies such as text errors. Before using these products, always 
contact us for the delivery specification sheet to check the latest specifications.
The product warranty is valid for one year after delivery and is limited to product repair or replacement for defects discovered and reported to us within that 
one year period. However, even if within the warranty period we accept absolutely no liability for any loss caused by natural disasters or improper product use.
Copying or reprinting the contents described in this material in whole or in part is prohibited without our prior permission.

Information described in this material is current as of February 2019. 

Related information
www.hamamatsu.com/sp/ssd/doc_en.html

 Precautions
∙ Disclaimer
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