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600 dpi 마스터 에프세타 렌즈 설계와 시뮬레이션에 관한 연구

A Study on the Design and Simulation of a 600 dpi Master F-Theta Lens
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This study is about the design and simulation of an f-theta lens, one of the main components used in laser printers and

laser scanning systems. To design an f-theta lens, the optical paths of the components of the laser scanning unit, the f-

theta lens, the cylinder lens, and the collimator lens must be identified. Simulations were performed on the performance of

aspherical and beam size optical systems while considering the f-theta lens optical design and optical properties. And while

considering the optical design and optical characteristics of the f-theta lens, simulation was conducted on the performance

of the optical system for aspherical surface and ray aberrations by location, point spread function, spot diameter, and beam

size. Optical system simulation was implemented by applying the collimator lens, polygon mirror, and cylinder lens to the

design formula of an f-theta lens using the Code-V and design verification was performed with these results.
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1. Introduction

The laser multifunction device transfers the digital signal of the

computer to the laser scanning unit and converts the digital data

into light information. The core components of the laser scanning

unit include an f-theta lens, a polygon mirror, a cylinder lens, a

collimator lens, a laser diode, a laser control circuit board and a

case. The most important task of the laser scanning unit is to

transmit the light dot emitted from the laser diode to the drum via

an accurate optical path. A collimator lens is used to prevent

scattering of the diffused beam coming out of the laser diode and to

make it a parallel beam. Then, the light coming out of the cylinder

lens is combined with the parallel beam coming out of the

collimator and delivered to the polygon mirror surface where it is

reflected to the f-theta lens. The f-theta lens is called such because

it spreads the beam on to the drum according to the value of

tangent of the polygon mirror angular focal length f. Thus, the f-

theta lens is one of the most important parts of the laser scanning

unit. Therefore, numerous researchers have worked on improving

the performance and characteristics of this key component. These

include; Nor et al. has conducted a study on system design for laser

scanning unit using A3,1 You et al. has conducted a study on

injection molding of a laser scanning unit optical system,2 Robert E

et al. has conducted a research on optical scanning research,3 Park

et al. has conducted a study on numerical analysis for the injection

molding of an aspheric lens for a photo pick-up device,4 Rim’s

conducted a study on the effect analysis of birefringence of plastic

f-theta lens on the beam diameter,5 Sakuma’s conducted a study on
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aspherical surface in the laser writing optics,6 Carmina et al. has

conducted a study on athermalization of a single-component lens

with diffractive optics,7 Kazuo et al. has conducted a study on

historical review and future trends of scanning optical systems for

laser beam printers,8 and Donald et al. has conducted a study on

diffractive optics(Design, Fabrication, and Test).9 Research on this

important topic is ongoing. In the presented work, we have studied

the design and simulation of a master f-theta lens as a pre-stage of

injection molding for mass production of f-theta lenses.

2. Optical Design

2.1 Optical Design of Laser Scanning Unit

Fig. 1 shows the configuration of the laser scanning unit system.

The polarity of the data that has passed through the laser scanning

unit is inverted unto the surface of the photosensitive drum (Opc

Drum) by the corona discharge phenomenon and is combined with

the polarity of the toner. Fig. 1 describes the mechanism by which

optical data is transmitted by the laser scanning unit to the roller on

which the toner is deposited to form characters and pictures that

are then transferred to the paper by polar attraction. Finally, these

are printed using a heated roller.

Table 1 summarizes the basic specifications for designing a laser

scanning unit. Fig. 2(a) shows the 2D design and designed

positions in the laser scanning unit of the f-theta lens, cylinder lens,

collimator lens, polygon mirror, laser diode, etc. Fig. 2(b) shows

the system plan of the laser scanning unit in 3D using the Code-V

optical design software. The beam emitted from the laser diode

passes through each lens and the beam size appears on the image

plane. As a result, it is possible to know which beam of the f-theta

lens passes through each location. Through such a simulation, it is

possible to uncover the problems in a specific portion of the f-theta

lens. The optical design data presented in Table 2 was derived

based on these optical equations.

Eqs. (1) and (2) show the optical equation of the aspherical lens.

F is an optical design value of the incident surface, K is a material

(Topas or Zeonex) constant, and A, B, C, D are aspherical

coefficients of the lens in the direction of the shareholder. After

calculating the value of the entrance surface F, the optical design

Fig. 1 Laser scanning unit system

Fig. 2 Layout of the laser scanning unit

Table 1 Specifications of the laser scanning unit

No. Spec.

Resolution 600 dpi

Beam size (Main) 80 +15/-10 µm

Beam size (Sub) 85 +20/-10 µm

LD.
Wave length 785 +10/-15 µm

Power 0.3 0.02 mW

F-Theta 

lens

Mag. error Max. 0.7%

Part mag. error Max. 1.5%

Pitch 

error

Near Max. 10 µm

All Max. 20

Jitter
Lf Max. 0.025%

Rf Max. 0.012%

Scan line 

property

Bow Max. 1 mm

Skew Max. 1 mm

Polygon 

motor

Voltage 24 V DC10%

Driving method PWM

Direction of rotation CCW

No. mirror 6 facets

Mirror thickness 2 mm

Mirror size 12.99 ± 0.05 mm
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value of the exit surface can be represented as Z. From these

equations, K = 467.5639, A = -1.44508 × 10-7, B = -5.51473 × 10-12,

C = 3.51711 × 10-14, and D = -9.93642 × 10-18 can be calculated.

(1)

(2)

2.2 Optical Design of F-Theta Lens

The design of the optical system of the laser scanning unit is

mainly aimed at increasing the design flexibility by improving the

light focusing ability for high resolution applications and allowing

the use of various lens materials with high processing

characteristics. The f-theta lens was designed to increase the

workability based on the design and verification data of the optical

system under consideration. Table 3 shows the specifications of the
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Table 2 Optical design data

Surface Type
Y 

radius

X 

radius
T Y aperture X aperture

Object Sphere Infinity Infinity 1 0 0

1 Sphere Infinity Infinity 0.29 0.5 0.5

2 Sphere Infinity Infinity 12.291 0.5 0.5

3 Asphere 63.4367 63.4367 2.5 3 3

4 Asphere -8.5035 -8.5035 5.55 4 4

Stop Sphere Infinity Infinity 20 1.58 1.3718

6 Sphere Infinity Infinity -10 1.9925 1.9925

7 Cylinder Infinity -31.32 -3 5 5

8 Sphere Infinity Infinity -57.8194 1.591 1.591

9 Sphere Infinity Infinity -9.568 1.5896 1.5896

10 Sphere Infinity Infinity 0 10.4774 10.4774

11 Sphere Infinity Infinity 12.99 19.771 19.771

12 Sphere Infinity Infinity -12.99 7.1751 7.1751

13 Sphere Infinity Infinity 0 19.827 19.827

14 Sphere Infinity Infinity 11.191 13.08 13.08

15 Sphere Infinity Infinity 0 3.5834 3.5834

16 Sphere Infinity Infinity 40.4978 3.5834 3.5834

17 Y toroid -1195.1096 -66.939 22 40 5

18 X toroid -70.6552 -18.0636 142.6932 48 5

Image Cylinder Infinity 50 0 108.0056 108.0056

Table 3 Specifications of the f-theta lens

No Spec.

Effective scan width A3(297 mm)

Lens number 1 Pcs

Focal length A3 type 210 mm

Polygon mirror 30 mm, 6 facets

Beam dia. (Main) 75 µm (+ 15/-10)↓

Bean dia. (Sub) 80 µm (+ 20/-10)↓

Laser wavelength 785 nm (+ 15/-10) Fig. 3 2D Layout of the f-theta lens using Code-V

Fig. 4 2D Design of the f-theta lens using Code-V
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f-theta lens. Fig. 3 shows a 2D drawing of the aspheric coefficient

of the f-theta lens design using the Code-V optical design software.

Eqs. (1) and (2) is an aspherical optical design equation. Where

R1Y (Incident Surface) = Ytoric, R1Y = -1195.109605323, R1X =

-66.939041504, R2Y (Exit Surface) = Xtoric, Add R2Y =

-70.655168579, R2X = -18.063663928, Using this data, we have

designed the f-theta lens shown in Fig. 4.

3. Optical Simulation and Discussion

3.1 Simulation of Laser Scanning Unit

For the design of the optical system of the laser scanning unit,

the layout containing the f-theta lens, cylinder lens, collimator lens,

polygon mirror, and laser diode was set according to the

specifications for 600 dpi output. Here, a standard for simulating a

laser scanning unit system by implementing 2D and 3D shapes in

the Code-V optical software was established. The beam aberration

of the laser scanning unit was injected at 785 nm and the height

expressed in the range of -148 to +148 mm was confirmed. The

laser scanning unit's laser diode was designed so that the size of the

beam passing through the cylinder lens and collimator lens was

spread out to the f-theta lens via the polygon mirror. 

Fig. 5 shows the 3D model of the effective surface of the f-theta

lens designed using the Code-V optical design software. Table 4

shows the optical values of the effective surface of the designed f-

theta lens.

Beam tracing was performed in each section with the beam size

represented by the spot diameter. While doing this, the shape of the

actual beam passing through the imaging plane was simulated, and

the optical system of the laser scanning unit was verified. Using

this process we were able to know the parts of the f-theta lens

Fig. 5 3D Model of the f-theta lens designed using Code-V

Table 4 Effective surface optical values of the designed f-theta lens

Part R1 R2

Rad. 119.5.110 CC 70.655 CX

Rad.tol  0.0.25  0.0.25

Pow./Irr. 5.0/1.0 5.0/1.0

C.A.D 80 96

Edge dia. 100.19

Dia. tol. 0.

Thi. 22

Thi. tol.  0.0.25

Wedge  0.0.25 T.L.R

Fig. 6 Ray aberrations by location (785 nanometer)
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through which the beam would pass. Fig. 6 shows the beam

aberration of the laser scanning unit injected at 785 nm and

expressed for each position (-148 to +148 mm). Fig. 7 shows the

point spread function of the beam size. The aim of this research is

to design the beam so that each section has a constant size. Using

this process we are able to determine the parts of the f-theta lens

through which the beam has passed. This is necessary to determine

the problems in a specific part of the f-theta lens and the verify of

the optical design data of the laser scanning unit using the optical

tolerance simulation.

3.2 Simulation of F-Theta Lens

The design of the optical system of the laser scanning unit is an

important factor in increasing the performance of the system by

increasing its degree of freedom through the improvement of its

light condensing ability for high resolution using various lens

materials with high processing characteristics.

The optical system was designed with the aim of increasing its

workability. The f-theta lens was designed based on the verification

Fig. 7 Point spread function of beam size

Fig. 8 Spot size of the beam

Fig. 9 Tolerance verification simulation
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data. Optical designs of the 2D and 3D shapes of the aspheric

coefficients for the 600 dpi f-theta lens were implemented using

the Code-V software and the entrance and exit surfaces were

implemented using an aspheric optical design function. The

designed f-theta lens was simulated in the range from -2 to +2 mm

from the focal plane, separately for the main beam and sub beam

directions from the image plane. Fig. 8 shows the spot size of the

beam. Verification of the design of the optical system of the laser

scanning unit was performed through ray tracing for each section,

where the actual beam verified the passing shape on the image

plane. Fig. 9 shows the verification of the optical design data of the

laser scanning unit using the optical tolerance simulation.

Fig. 10 shows the depth of focus of the f-theta lens imaging

plane in the sub-scanning direction with respect to each beam.

The simulation generated good results in the range from -2 to

+2 mm.

Fig. 10 Simulation result of f-theta lens image plane
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4. Conclusion

In this study, we confirmed the optical characteristics of the f-

theta lens by designing and simulating the 600 dpi master f-theta

lens of the laser scanning unit. Based on this data we fabricated the

master f-theta lens and verified the performance of the optical

system. 

(1) The design data of the optical system of the laser scanning

unit was converted into a light beam and the discrimination

between -148 and +148 mm was simulated and the optical path

difference was confirmed to be good.

(2) The point spread function of the optical system of the laser

scanning unit and the beam size are shown in the figure and the

beam size is checked from -148 to +148 mm to confirm whether or

not the required shape and size appear.

(3) The beam size of the laser scanning optical system was

confirmed using simulated ray tracing of the section and the shape

of the beam passing through the imaging plane. It was found to

form the shape of a point in the range from -148 to +148 mm.

(4) Based on the design data of the optical system of the laser

scanning unit, the position of the focal point on the imaging plane

of the master f-theta lens was verified in the sub-scanning direction

with the beams from -2 to +2 mm.
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