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1.  Introduction

Si scanner chip

v MEMS Scanner의 용도 및 특징 (Semiconductor in Motion)

Packaged scanners

§ 스캐너에 전압을 가하면 미러가 회전되어 입사 레이저의 방향 조절 가능

§ Si wafer에 MEMS(움직이는 반도체) 구조를 제작하여 초소형 LBS (Laser Beam Scanner) 구현

§ 소형화를 통한 성능 혁신 (고속화, 저전력) 및 대량 생산에서의 저가격화 실현

§ 3D vision (LiDAR), AR display, biomedical imaging용의 LBS 기술 응용

§ 스캐너에 전압을 가하면 미러가 회전되어 입사 레이저의 방향 조절 가능

§ Si wafer에 MEMS(움직이는 반도체) 구조를 제작하여 초소형 LBS (Laser Beam Scanner) 구현

§ 소형화를 통한 성능 혁신 (고속화, 저전력) 및 대량 생산에서의 저가격화 실현

§ 3D vision (LiDAR), AR display, biomedical imaging용의 LBS 기술 응용

Schematic of laser beam scanning (3D LiDAR)

Laser Beam 
Scanner 
(LBS)

Laser Detector

* MEMS: MicroElectroMechanical Systems)

4/382025

https://www.etsi.org/technologies/5g

Human to 
Human

Human to 
Machine

Machine to 
Machine

1G (1980~): analogue voice comm.
2G (1990~): digital voice comm.
3G (2000~): mobile internet comm.
4G (2010~): LTE mobile comm. 

- 20G bps, 10 ms/280mm
5G (2020~): 
- high speed: 50-fold, 1T bps
- low latency: 1/40, 0.25ms/7mm 
- super-connected: 10-fold, 106/km2

6G ? 

- Qualcomm expects the 5G 
related products & service market  
to reach 14 T$ and to create new 
22 million job openings by 2035.

- 48 B$ by 2030 in Korea

Human to 
Human

Public Safety

v How Does a Laser Scanner Relate to 5G Network?

1.  Introduction
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v LiDAR: 장거리 3D Ranging

detector
Autonomous driving

Laser
driver

3D LiDAR image

MEMS scanner
(fast axis) 

Signal 
processing

Measurement 
target

Au mirror

anchor
substrate

oxide

Drive 
electrode

Fixed 
electrode

Leaf 
spring

• LiDAR: Light Detection And Ranging
• MEMS: MicroElectroMechanical System

§ 스캐너에 전압을 가하면 미러가 회전되어 입사 레이저의 방향 조절 가능

§ 2차원 스캔 후 반사광을 신호처리하여 3차원 이미지를 얻는 자율주행 LiDAR의 핵심 엔진

§ 스캐너에 전압을 가하면 미러가 회전되어 입사 레이저의 방향 조절 가능

§ 2차원 스캔 후 반사광을 신호처리하여 3차원 이미지를 얻는 자율주행 LiDAR의 핵심 엔진

1.  Introduction
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v Applications: Our Micro Solutions. Your Mega Innovations

Automobile
- Autonomous
- AR HUD

Drone
- Autonomous
- Avoidance

§ Module

§ System

§ Platform

3D Vision
- High speed (kHz)
- High resolution

AR Display
- Compact 
- Outdoor use

LiDAR
- High resolution
- Low power

MEMS Scanner
* MEMS : MicroElectroMechanical Systems

LiDAR : Light Detection and Ranging
AR : Artificial Intelligence
HUD : Head-Up Display

- Small
- High-speed
- Low power

1.  Introduction
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v Global Ecosystem of Automotive LiDAR (2021~)
§ LiDAR 전문 전시회인 Automotive LiDAR의 Global 생태계에 포함 (알파벳 순)

§ 2022년 WeMEMS 스캐너 제품 발표

§ LiDAR 전문 전시회인 Automotive LiDAR의 Global 생태계에 포함 (알파벳 순)

§ 2022년 WeMEMS 스캐너 제품 발표

* in alphabetical order

1.  Introduction
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§ 반도체 공정으로 Si 웨이퍼 위에 미세구조를 제작하여 LBS (움직이는 반도체) 구현

§ 소형화를 통한 성능 혁신 (고속화, 고감도) 및 대량 생산에서의 저가격화 가능

§ 자동차/스마트폰용 센서/actuator에서 LiDAR, AR, biomedical용 Optics on a chip 으로 발전

§ 반도체 공정으로 Si 웨이퍼 위에 미세구조를 제작하여 LBS (움직이는 반도체) 구현

§ 소형화를 통한 성능 혁신 (고속화, 고감도) 및 대량 생산에서의 저가격화 가능

§ 자동차/스마트폰용 센서/actuator에서 LiDAR, AR, biomedical용 Optics on a chip 으로 발전

Laser, 3 Fresnel lens, beam splitter, 45° mirror

< MEMS fabrication based micro/nano process > < Optical system on a chip >

• MEMS: MicroElectroMechanical System

Optical table

Si MEMS

Si substrateSi MEMS mirror chip

v MEMS 공정기술

Packaged 
optical chip

2.  MEMS Technology
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https://neighborwebsj.com/uncategorized/2282155/global-automotive-mems-sensors-market-2020-by-key-players-growth-industry-trends-analysis-and-forecast-to-2026/

MEMS scanner for 
autonomous LiDAR 

v MEMS Sensors & Actuators for Automotive

2.  MEMS Technology

10/382025

• Antenna switching
• Silicon timing for  XO / TCXO / 32kHz clock
• Touchscreen
• More microphones 
• Microspeaker
• Auto-focus
• 9-axis combo 

(accelerometers, gyroscopes)
• Pressure + Humidity +Temp combo
• Gas / biochemical sensors 
• IR / UV sensors
• LiDAR
• Ultrasonic sensor
• Radiation sensor 

• MEMS mirrors (pico projector)
• Energy harvesting

https://www.slideshare.net/Yole_Developpement/yole-mems-formobilejune2013reportsample

v MEMS in Smartphones

2.  MEMS Technology
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v Analog vs. Digital (continuous vs. discrete)

3.  Fundamentals of Laser Beam Scanners

12/382025

positioning
(vector scan)

scanning

micro scanner 
for display & LiDAR
(2-axis)

digital micromirror
for projection display

discrete positioning
tilt micromirror for OXC
(2-axis)

micro scanner
barcode reader
(1-axis)

v Positioning vs. Scanning

3.  Fundamentals of Laser Beam Scanners
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1)  Peak value ( r = 1 )

2) Roll off ( r = 1, z = 1 )

3)  Decay ( r >>1 ) 20 log10 (r -2) = -40 log10 (10/1) = -40 [dB]
20 log10 (1/2) = 20  x (-0.301)   = -6 [dB]

Xpeak = 1 / 2z

r = w/wn

z =   = /
Quasi-
static 

Resonant

v Resonant vs. Quasi-static

3.  Fundamentals of Laser Beam Scanners

14/382025

gimbal

[GIST] [Mirrorcle]

GIST

16th IEEE Int. MEMS Conf. (2003) 

v Gimbaled vs. Gimbal-less

3.  Fundamentals of Laser Beam Scanners
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- quasi-static (geometrical)
- dynamic

The 13th Int. Conf. on Solid-state Sensors, Actuators 
and Microsystems, Seoul, Korea (2005)

16th IEEE Int. MEMS Conf. (2003) 

2002 Optical MEMS

Oscillation with two DOFs

v Amplification vs. Non-amplification

3.  Fundamentals of Laser Beam Scanners

16/382025

- large deflection (calculated)
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v Linear vs. Non-linear (stiffness/damping)

3.  Fundamentals of Laser Beam Scanners

- parametric oscillation
(simulated)
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Methodologies
- Optical
- Capacitive 
- Piezoelectric
- Piezoresistive
.
.
.

Sensor-embedded 
MEMS Scanner

[ WeMEMS, 2024 ]

Usage
- Start / end signal
- Monitoring
- Feedback control

v Position Sensing of Scanning Mirrors

3.  Fundamentals of Laser Beam Scanners

Parameters
- Accuracy (stability)
- Fabrication
- Circuitry

18/382025

v LiDAR Ranging Methods

4.  Scanning Configuration in LiDAR
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v Scanning Mechanism and Resulting Pattern

4.  Scanning Configuration in LiDAR

20/382025

§ Image acquisition is performed 
by scanning the whole system, 
or a part thereof, 
or by using an array of sensors. 

rangefinders in construction 
speedometers for law enforcement 

an array of lasers is 
sequentially activated

Kerr effect 
(reported in academia)

recently used

passing through a prism
(deflection angle changes) 

v Categorization of LiDAR Components

4.  Scanning Configuration in LiDAR
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Gap-closing

Comb-drive

Gimbaled

Gimbal-less

Electrostatic

Magnetic / 
Thermal

Piezoelectric

Autonomous /
robot / security

OCT, biopsy

Entertainment
(AR mdisplay)

MethodologyConfigurationFunctional

SVC

SOI / Island

Process/Control

AVC

DSOI

SOI : silicon on insulator
DSOI : double silicon on insulator
AVC : angular vertical comb
SVC : staggered vertical comb
OCT : optical Coherence Tomography

Open control

1. Applications1. Applications 3D perception
(LiDAR, 3D vision)

3D perception
(LiDAR, 3D vision)

Micro displayMicro display

1-axis scan1-axis scan

2-axis scan2-axis scan

Voltage driveVoltage drive

Current driveCurrent drive

Optic 

PZE, PZR, 
Capacitive

Direct Direct 

IndirectIndirect

Resonant / QS

Quasi-static (QS)

2.1 Scan axis2.1 Scan axis

2.2 Actuation2.2 Actuation

3.1 Sensing3.1 Sensing

3.2 Driving3.2 Driving Lissajous / Raster 
scan

Lissajous / Raster 
scan

Vector scanVector scan

Medical imageMedical image

Closed control

v Technology Tree of MEMS Scanning Mirrors

4.  Scanning Configuration in LiDAR

22/382025

Single laser
2D scan(MEMS)

single detector

Single laser
2D scan(MEMS hybrid)

1D detector

Single laser
No scan (Flash)

2D detector

1D MEMS scanner

Multi-laser
1D scan(MEMS)

2D detector
(1D.v cyl. lens)

v Laser Beam Scanning Solution for LiDAR

1D MEMS scanner

2D MEMS 
scanner

laser 
(or array)

4.  Scanning Configuration in LiDAR
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* OPA can be combined 
with a MEMS discrete mirror 
for 2D scanning 

v Schematic of optical phased array (OPA)

Step motion of a MEMS mirror (WeMEMS 2025)

Phase-delay for beam steering Beam profiles of OPA

4.  Scanning Configuration in LiDAR

24/382025

v 산업화에서 MEMS Scanner 기술 우위: 기존 기술 비교

Grading +5 +9 +7 +4

Performance parameters

Mirror size

Speed(freq)

Scan angle

Cost

Power

Stability(T/V)

Lifetime

Safety

Sensor

Market 
requirements

Patent

4.  Scanning Configuration in LiDAR
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v LiDAR 성능 및 스캐너의 규격
§ MEMS scanner가 담당하는 고속 구동의 vertical 축에 대한 구동각 규격은 30도가 일반적임§ MEMS scanner가 담당하는 고속 구동의 vertical 축에 대한 구동각 규격은 30도가 일반적임

5.  Performance of MEMS Scanners

26/382025
Adapted from LIDAR Conf. Detroit USA

2022
Logistics

$3.5B
$3,500

2027
Mobility

$11B
$500

2024
Autonom.

$6B
$1,200

Updated from Yole

§ 기존 모터를 사용한 큰 LiDAR는 차량 지붕에 설치 (2020년 체적 £ 1200 cm3 : 산업화 제약)

§ Si MEMS 기반의 소형 LiDAR를 내부에 설치 (2023년 체적 £ 125 cm3)

§ 자율주행 응용의 산업화를 위한 저가격화 (2027년 가격 £ $500)

§ 기존 모터를 사용한 큰 LiDAR는 차량 지붕에 설치 (2020년 체적 £ 1200 cm3 : 산업화 제약)

§ Si MEMS 기반의 소형 LiDAR를 내부에 설치 (2023년 체적 £ 125 cm3)

§ 자율주행 응용의 산업화를 위한 저가격화 (2027년 가격 £ $500)

Miniaturization
Low
price

v LiDAR의 산업화 요건

5.  Performance of MEMS Scanners
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Actuation Electromagnetic Electrothermal Piezoelectric Electrostatic
Configuration

Mechanism • Lorentz force • Thermal expansion • Piezoelectric effect • Electrostatic force
Electrical source • Current • Current • Voltage • Voltage

Response • Fast • Slow • Fastest • Fast
Scanning angle • Large • Large • Large • Moderate

Actuation voltage • Low • Low • Low • High
Actuation current • High • High • Low • Lowest

Power consumption • High • High • Medium • Lowest
Thermal stability • Low • Low • High • High

Sensor integration • Complex • Complex • Simple • Moderate
Fab complexity • High • Medium • Complex • Simple

J. MM. 16 (2006) 2482–2487
Optics Lett., Vol. 26, 2001

JMM Vol.22 (11) 2012 Nanotechnol. Vol.24 (45) 2013 MEMS/NEMS Handbook (2008)Hamamatsu.com

v Actuation Forces in MEMS

5.  Performance of MEMS Scanners

Proc. of SPIE Vol. 5692, 2005

JMM., Vol. 21, No. 6, 2012

Silicon

28/382025

§ 소형화 및 저가격화는 자율주행 LiDAR의 필수 조건 (기존 스캐너 모듈의 부피 ~ 50%)
§ Si 기반의 압전/정전력 스캐너 기술이 성능/가격에서 유리 (크기, 속도, 전력, 안정성)
§ 소형화 및 저가격화는 자율주행 LiDAR의 필수 조건 (기존 스캐너 모듈의 부피 ~ 50%)
§ Si 기반의 압전/정전력 스캐너 기술이 성능/가격에서 유리 (크기, 속도, 전력, 안정성)

Rotating motor
Assembly (current)

Magnet 
assembly (current)

Piezo/Electrostatic
integrated (voltage)

Size X D O
Speed X O O
Angle O D D
Power consumption X D O
EMI D X O
Mech. shock/lifetime X X O
Stability X D O
Price X D O
Developing cost D X X

v Scanning 기술의 발전 단계

5.  Performance of MEMS Scanners
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VTT (Finland)

WeMEMS (Korea, 2023)
sensor-embedded/integrated

Murata QS (Japan)

Mirrorcle QS (USA)

MicroVision 
(USA)

Hamamatsu 
(Japan)

Maradin 
(Israel)

Magnetic Piezoelectric Electrostatic

WeMEMS QR2 (Korea, 2025)

v Commercial Products: MEMS Scanners

5.  Performance of MEMS Scanners

30/382025
JMEMS, VOL. 23, NO. 2, APRIL 2014

5.  Performance of MEMS Scanners

v Comparison of the Highest Performing Resonant Scanners
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Resonant MEMS scanners 
WeMEMS product (2025)
Model: RS1ELC-35I029

Performance parameters Specifications Data Demo

Features
Axis 1 Ö Ö

Embedded sensor Yes Ö Ö

Performance

Drive frequency  (at 25°C) 2,890 Hz (0.4%) Ö Ö

Scan Angle (optical) ³ 32 deg (±0.5%) Ö Ö

Mirror size (elliptic) 3.5x5.8 mm2 Ö Ö

mirror material Protected Au Ö

wavelength range 870~1550 nm Ö

reflection coeff. (mirror) 97~99%  Ö

warpage (radius) ~ 25 m Ö

AR window Yes Ö Ö

Reliability

Trace to retrace wobble < 1 x10-3 deg Ö Ö
Feedback with mirror sensor Yes Ö Ö
Thermal stability 100 ppm/°C Ö Ö

temperature range -30°C~90°C Ö Ö
vibration Immunity 37~45 dB Ö Ö
shock resistance ³ 1000G Ö

Misc.

Power consumption (driver) 0.12 W Ö Ö

Lifetime ³ 5 years Ö

Packaging (PCB connector) 20 pins (?) Ö Ö

Dimensions:  LxWxH [mm] 20 x 18 x 8.3 Ö Ö

Weight 3.6 g Ö Ö

Delivery 2~3 weeks Ö

v Reliability Data 

5.  Performance of MEMS Scanners

32/382025

Power Spectral Density (rms 2.3 m/s2)

v 진동 내구성이 있는 MEMS 광스캐너

진동이 미러의 구동각에 주는 영향

§ Random 진동 (rms 2.3 m/s2)의 외란이 있는 상태에서 진동 안정성을 측정

§ 외란의 영향은 -45 dB 이하였으며, 구동각 30° 에서 0.15° (해상도)에 해당함

§ Random 진동 (rms 2.3 m/s2)의 외란이 있는 상태에서 진동 안정성을 측정

§ 외란의 영향은 -45 dB 이하였으며, 구동각 30° 에서 0.15° (해상도)에 해당함

- 진동 안정성 : -45 dB = 1/200

- 목표 구동각 : 30°

- 해상도 : 30° x (1/200) = 0.15°

(통상적인 필요 규격: 0.3°)

- 진동 안정성 : -45 dB = 1/200

- 목표 구동각 : 30°

- 해상도 : 30° x (1/200) = 0.15°

(통상적인 필요 규격: 0.3°)

6.  Reliability Evaluation
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v Phase Stability w.r.t Temperature

6.  Reliability Evaluation
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v Temperature Stability: Comparison to Other Companies
Controllability [ Product in competition ] [WeMEMS, 2024]
§ Scan angle : 1.3° @ 3° scan < 0.025° @ 32°
§ Phase : N/A < ±0.09° (eq. 0.025° in angle @ 6°/min

Controllability [ Product in competition ] [WeMEMS, 2024]
§ Scan angle : 1.3° @ 3° scan < 0.025° @ 32°
§ Phase : N/A < ±0.09° (eq. 0.025° in angle @ 6°/min

Test setup for feedback control

6.  Reliability Evaluation
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7.  Applications of MEMS Scanners 

v Two-axis Scanning: Raster vs. Lissajous
Raster scan: (WeMEMS, 2024)

§ Line-by-line two-axis scanning ensuring 
uniform coverage

§ optimized for stable and consistent 
accuracy in motion

Raster scan: (WeMEMS, 2024)

§ Line-by-line two-axis scanning ensuring 
uniform coverage

§ optimized for stable and consistent 
accuracy in motion

Lissajous scan: (WeMEMS, 2025)

§ Dynamic high-frequency sinusoidal 
scanning for high resolution

§ Stability even under challenging 
operational conditions.

Lissajous scan: (WeMEMS, 2025)

§ Dynamic high-frequency sinusoidal 
scanning for high resolution

§ Stability even under challenging 
operational conditions.

36/382025

v 3D Vision: Dynamic binary light source
§ Binary code-based structured light scan (SLS) for high accuracy 3D vision

§ Scanning is based on high-speed MEMS scanners ( > 3 kHz, frame rate > 300 Hz)

§ Applications: product inspection, patient monitoring, dynamic measurement 

§ Binary code-based structured light scan (SLS) for high accuracy 3D vision

§ Scanning is based on high-speed MEMS scanners ( > 3 kHz, frame rate > 300 Hz)

§ Applications: product inspection, patient monitoring, dynamic measurement 

- 3D vision using high-speed MEMS scanner for high accuracy 3D vision
- Binary-code structured light scan (binary bit n=10, WeMEMS 2024)

7.  Applications of MEMS Scanners 
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Real-time 3D images of finger movements (The field of view 
(FoV) depends on the laser power and the red color indicates  
closer distances.)

(Video clip)

v 3D Vision: High frame rate

7.  Applications of MEMS Scanners 

§ 3D Vision System (WeMEMS, 2025)
§ based on high-speed MEMS scanner and camera
§ 3D Vision System (WeMEMS, 2025)
§ based on high-speed MEMS scanner and camera

38/382025

Our Micro Solutions. Your Mega Innovations.


