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Abstract

In this study, we studied the effects of transfer gate on the photocurrent characteristics of gate/body-tied (GBT) metal-oxide semi-

conductor field-effect transistor (MOSFET)-type photodetector. The GBT MOSFET-type photodetector has high sensitivity owing to

the amplifying characteristic of the photocurrent generated by light. The transfer gate controls the flow of photocurrent by controlling

the barrier to holes, thereby varying the sensitivity of the photodetector. The presented GBT MOSFET-type photodetector using a built-

in transfer gate was designed and fabricated via a 0.18-µm standard complementary metal-oxide-semiconductor (CMOS) process. Using

a laser diode, the photocurrent was measured according to the wavelength of the incident light by adjusting the voltage of the transfer

gate. Variable sensitivity of the presented GBT MOSFET-type photodetector was experimentally confirmed by adjusting the transfer

gate voltage in the range of 405 nm to 980 nm.
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1. INTRODUCTION

The image sensor is a semiconductor sensor that obtains image

information by using the photoelectric effect of light coming

through an optical lens. Recently, owing to the advantages of unit

pixel size, image resolution, and low power consumption, CMOS

image sensors are being used in various fields, and related

research is being actively conducted [1-7]. The important

characteristics of the image sensor are sensitivity and dynamic

range. Sensitivity is the amount of electrical signal generated by

the sensor in proportion to the amount of light incident on the

image sensor. The dynamic range refers to the ratio of the

minimum illuminance and the ratio of the maximum illuminance

at which the image sensor can express image information.

Accordingly, a photodetector with high sensitivity and a wide

dynamic range is being actively studied [8-11].

In this study, we have presented a GBT MOSFET-type

photodetector using a built-in transfer gate having a small pixel

area and high sensitivity. The GBT MOSFET-type photodetector

exhibits high sensitivity, due to its inherent amplifying

characteristics [12-15]. Transfer gate could be used to control the

flow of photocurrent in the GBT MOSFET-type photodetector

according to a voltage applied to the transfer gate, thereby varying

the sensitivity of the photodetector.

In this study, we also studied the effects of the transfer gate on

the photocurrent characteristics of the GBT MOSFET-type

photodetector. The transfer gate controls the flow of photocurrent

by controlling the barrier to holes [16]. A GBT MOSFET-type

photodetector using a built-in transfer gate was designed and

fabricated via a 0.18-μm standard CMOS process. In the presented

GBT MOSFET-type photodetector, we measured the photocurrent

according to the wavelength of the incident light by controlling the

transfer gate voltage in the range of 405 nm - 980 nm.

2. PRINCIPLE OF OPERATION

Fig. 1 (a) depicts a cross-section of the GBT MOSFET-type

photodetector using a built-in transfer gate. Although the structure

is similar to that of the conventional GBT MOSFET-type

photodetector, the presented photodetector has another transfer

gate that can control the generated photocurrent. In the presented

GBT MOSFET-type photodetector using a built-in transfer gate,

the area except the gate of the conventional GBT MOSFET-type
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photodetector is shielded using a metal wire. The gate consists of

a polysilicon. As a result, light strikes only the gate region of the

conventional GBT MOSFET-type photodetector. Some photons

with short wavelengths are absorbed in the polysilicon gate,

further reducing the sensitivity, whereas photons with long

wavelengths are mostly absorbed by the substrate. The incident

light forms electron-hole pairs in the depletion region between the

N-well and the P substrate and in the depletion region between the

drain and source regions of a conventional GBT MOSFET-type

photodetector. Electron-hole pairs are formed in the depletion

region between the N-well and P substrate, electrons migrate to

the N-well and holes migrate to the P substrate. The electrons

generated by the incident light are accumulated in the N-well, the

voltage of the N-well is lowered by the accumulated electrons,

and the voltage of the gate physically tied to the N-well is also

reduced. In addition, the electrons among the electron-hole pairs

generated in the depletion region between the P+ region and the

N-well of the conventional GBT MOSFET-type photodetector

move to the N-well and accumulate. Holes drift toward the

channel of a conventional GBT MOSFET-type photodetector with

a low potential barrier to holes. The transfer gate controls the flow

of photocurrent by controlling the barrier to holes. By adjusting

the voltage of this transfer gate, the sensitivity of the GBT

MOSFET-type photodetector can be controlled. Fig. 1 (b) depicts

the symbol of the GBT MOSFET-type photodetector using a

built-in transfer gate. The drain of the conventional GBT

MOSFET-type photodetector and the source of the transfer gate

are connected, and the body is also tied together.

Fig. 2 depicts the layout of the GBT MOSFET-type

photodetector using a built-in transfer gate. Aspect ratio of the

GBT MOSFET-type photodetector is 2 μm/2 μm, whereas that of

the transfer gate is 2 μm/0.35 μm.

3. EXPERIMENTAL RESULTS AND 

DISCUSSIONS

Fig. 3 (a) depicts the fabricated chip and Fig 3 (b) depicts the

experimental environment using probe station for photocurrent

measurement of the photodetector. Seven laser diodes with

wavelengths of 405 nm, 520 nm, 650 nm, 780 nm, 850 nm, 940

nm, and 980 nm were used as incident light source. A collimator

was used to focus the light emitted from the laser diode on the

chip. The chip was fabricated via a 0.18-μm standard CMOS

process.

Fig. 4 depicts the variation of the photocurrent with the source

voltage as a function of the transfer gate voltage (VTX) to optimize

the operating voltage of the transfer gate in the presented GBT

MOSFET-type photodetector. At 780 nm wavelength, the optical

power was 10 μW, and the voltage of the transfer gate was

increased from 0 – 1 V. It was confirmed through measurement

Fig. 1. (a) Cross-section of the GBT MOSFET-type photodetector

using a built-in transfer gate, (b) symbol of the GBT MOS-

FET-type photodetector using a built-in transfer gate.

Fig. 2. Layout of the GBT MOSFET-type photodetector using a

built-in transfer gate.
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that the saturated source voltage of the photocurrent flowing

through the GBT MOSFET-type photodetector using a built-in

transfer gate increases as the voltage of VTX increases.

Fig. 5 depicts the variation of photocurrent with optical power

as a function of transfer gate voltage. VTX was measured from 0

– 1 V, and the source voltage of the presented GBT MOSFET-type

photodetector was set at 1 V to measure the photocurrent. At a

wavelength of 780 nm, the light was emitted with five optical

powers: 0 μW, 1 μW, 2 μW, 5 μW, and 10 μW. It was confirmed

through measurements that the photocurrent of the presented GBT

MOSFET-type photodetector decreased as VTX increased.

Therefore, we can see that the slope of the curve, which is

proportional to the sensitivity of the photodetector, decreases as

VTX increases.

Fig. 6 depicts the variation of photocurrent with wavelength as

a function of transfer gate voltage. VTX was varied from 0 – 1 V,

and the source voltage of the presented GBT MOSFET-type

photodetector was set at 1 V to measure the photocurrent. In

addition, the optical power was set at 10 μW. As VTX decreases,

the photocurrent of the presented GBT MOSFET-type

Fig. 3. (a) The fabricated chip and (b) the experimental environment

using probe station for photocurrent measurement of the pho-

todetector.

Fig. 4. Variation of the photocurrent with the source voltage as a

function of the transfer gate voltage (VTX) .

Fig. 5. Variation of photocurrent with optical power as a function of

the transfer gate voltage (VTX).

Fig. 6. Variation of photocurrent with wavelength as a function of the

transfer gate voltage (VTX).
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photodetector varied at a wavelength of 405 – 980 nm, and we can

see that the photocurrent is the largest at a wavelength of 780 nm.

Below 780 nm, as the wavelength decreases, more photons are

absorbed near the surface, resulting in the decrease of

photocurrent. Above 780 nm, as the wavelength increases,

absorption coefficient decreases, resulting in the decrease of

photocurrent.

4. CONCLUSIONS

In this study, the effects of transfer gate on the photocurrent

characteristics of the GBT MOSFET-type photodetector were

studied. The transfer gate controls the flow of photocurrent by

controlling the barrier to holes, thereby varying the sensitivity of

the photodetector. A GBT MOSFET-type photodetector using a

built-in transfer gate was designed and fabricated using a 0.18-μm

standard CMOS process. Photocurrent characteristics according to

the source voltage of the presented GBT MOSFET-type

photodetector, optical power, and wavelength, were evaluated as a

function of VTX through measurements. As a result, it was

confirmed that the sensitivity decreases as the transfer gate voltage

increases. In addition, it was confirmed that the photocurrent is

largest at a wavelength of 780 nm.
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