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Abstract 

 
This paper presents a 32-channel Optical Phased 

Array (OPA) driver IC for LiDAR application. The 
OPA, based on Silicon Photonics, offers precise 
beamforming and steering. The driver IC achieves 
5.26⁰ resolution with a fabricated Si Mach-Zehnder 
Interferometer, demonstrating it can be used for 32-
channel OPAs.   
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1. Introduction 
 

Recently, the autonomous driving technology has 
been attracting a significant amount of attention and 
intensive R&D activities are being carried out for 
Light Detection, and Ranging (LiDAR), a key 
sensing element expected to be essential for self-
driving cars. LiDAR takes the advantage of light, 
which has over 1000 times shorter wavelength than 
the electromagnetic waves used RADAR. This 
results in the much higher resolution and the 
directionality. The beamforming and the beam 
steering can be realized with the mechanical rotating 
method, but this approach results in bulky systems 
and reliability issues. In contrast, solid-state Optical 
Phased Array (OPA) based on the Si Photonics 
technology can achieve beam forming by an array of 
light-emitting elements that can be realized with 
grating couplers and beam steering by adjusting the 
phase difference between lightwaves delivered to the 
grating couplers. Moreover, the Si IC fabrication 
technology with which Si Photonic Integrated 
Circuits can be fabricated allows realization of small-
footprint devices with cost effectiveness.  

There are two different methods for achieving 
phase shifting in OPA: Electro-optic (EO) 
modulation and thermo-optic (TO) modulation. EO 
modulation involves changing the effective index by 
applying the voltage signal to an optical phase shifter  
through which the light signal passes. It has the 
advantage of high modulation speed but the 
disadvantage of significant insertion loss. This makes 
it unsuitable for OPA in which the light signal from a 

single source is divided into numerous channels. 
Consequently, in many OPA implementations [1-3], 
the slower but relatively low-loss TO modulation 
method is used, in which the effective index is 
changed by heating the optical phase shifter with on-
chip heaters. These heaters require electronic drivers 
that can supply proper heater voltages in order to 
realize the desired beam steering. In this paper, we 
report a 32-channel DAC(Digital-to-Analog 
Converter)-based OPA driver IC realized with 
180nm CMOS technology.  

 

2. OPA Driver IC  
 

Fig. 1(a) and 1(b) show the microphotograph and 
the block diagram of the fabricated OPA driver IC. 
This IC delivers voltage signals to on-chip metal 
heaters within 32 optical phase shifters through 8-bit 
DAC. Desired DAC output signals levels are 
delivered from an external controller through I2C 
communication. The Chip Select function is built-in 
so that several driver ICs be used for OPAs having 
more than 32 array elements.  

Fig. 1(c) shows the R2R ladder structure used for 
the DAC as well as the driver buffer. The R2R ladder 
structure has excellent linearity because it uses only 
two resistance values, R and 2R, and is widely 
adopted as a binary weighted DAC structure because 
of its simple design. Since the required maximum 
current for the target optical phase shifter in this 
research is quite large (~30mA), an amp and a large-
sized PMOS are employed to build a unity gain 
buffer so that it can drive the metal heater with the 
voltage level identical to the output of the R2R 
ladder DAC. 
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Fig. 1 (a) Microphotograph and (b) Block 
diagram of OPA driver IC. (c) Schematic of R2R 

ladder DAC and buffer. 
 

3.  DAC measurement result 
 

Fig. 2(a) and 2(b) show the measured DNL and 
INL  of the driver IC for all 32 channels. The black 
solid lines in the figures are the simulation results. 
Typically, a good DAC should have both DNL.max 
and INL.max within 0.5 LSB (Least Significant Bit). 
However, in the measurement results, DNL.max is 
0.99 LSB, and INL.max is 6.98 LSB. The larger INL 
values can be attributed to the voltage drop across 
the drain-source of the large-size PMOS and the 
limited operating range of the amplifier in the DAC's 
buffer stage. However, the DAC output is monotonic 
(DNL > -1 LSB) so that it can be used for OPA 
where the linearity of the DAC is relatively less 
critical because the voltage applied to the optical 
phase shifter and the resulting optical phase shift 
have a non-linear relationship in the TO method. 
 
 

Fig. 2 (a) Measured DNL and (b) INL for all 
32 channels of OPA driver IC. 

 

4.  Resolution of phase shifter 
 
In order to demonstrate the fabricated driver IC 

can be used for OPA, a Si Mach-Zehnder 
Interferometer(MZI) is fabricated and its optical 
output is measured with different DAC output signals.   
As shown in Fig. 3(a), when the voltage signal 
provided by the DAC is applied to a resistor 
positioned directly above one of two optical 
waveguides having the nominally equal length, it 
results in increase in the temperature for the 
waveguide, changes its effective index, and causes 
the phase difference between lightwaves propagating 
in two different arms. This phase difference results in 
the output optical intensity change. The designed 
MZI (phase shifter) consumes 97.7mW for 360⁰ 
phase shift. Moreover, the require voltage level is 
3.01V, remaining well within the IC chip's high 
supply voltage(3.3V) range.  
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(b)  
Fig. 3 (a) Thermo-optic phase modulation 

mechanism. (b) Measured phase variation of 
phase shifter. 

 
     Fig. 3(b) shows the phase shift as a function of the 
DAC code. Δϕ exhibits a square dependence on the 
DAC code since Δϕ is linearly related to heater 
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power, which is proportional to V2. The maximum 
phase difference measured for two adjacent DAC 
codes is 5.26⁰. With this, it is expected that beam 
steering with a 32-channel OPA can be achieved. 
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