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Fig.2 Schematic of ion implantation and diffusion
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Table 1 Design scheme of mask opening center and width
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(a) Comparison between one-dimensional simulation (b) Linear distribution diagram after two-dimensional
calculation curve and target curve fitting calculation
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Fig.3 One dimensional and two-dimensional simulation results

06230024



ARV A Tl R N A OB B 4B 2 S I vk B LN T

3 (FEWIE

31 FEEHNKERSHEESSR

15100 pm (9 P BYEERT IR b, IR BT, Bt Ze vk 948 2% o0 A, #8180k %E D 104, AU ] 35 23
P [0 45 A58 14k 2 2 A PELULEE, 45 R 18] 4Ca) o FEBESRTAT 1 o Ak 53] ACIBCAS T 220 P9 88 1) A, JL45 SR 0 LE
mE 4(b) .

35 F ——=12min

10s [

2 sy
Imin =
=

2 3

E 15t

3min g I
Q

g L

O 05}

10min [

0 40 80
X/um
(a) Variation of gradient doped region structure with time (b) Variation of one-dimensional doping distribution

function with time

B4 FE A ZAES KRR
Fig.4 The state of the substrate doping region at different times
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(c) Comparison of one-dimensional doping distribution
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Fig.9 Comparison of transverse doping distribution of gradient doped and uniform doped photodiodes
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Fig.12 Comparison of readout signals with completely depleted collection area

bt g T 2000 3 45 3R 00 B B i 17 B IRD 0 5.2 X107 s, T HL A 66 B 45 2% 43 A 1918 25 52 % B B i) i
I IE] 2R 51X 10" s, B2 A3 B B f) 0 7 38 B2 42 T 17 105 B 17 5 A7 S DR 630 Wi 17 38 88 A, by T 5 M 4 o) B 4 084 45
55 10 A BE AL A R AR TR 8 T 2 MR 3R HAT R 4B 2% o A A5 32 06 iy o 19 40 TR R O 1.82 V7 CH:
i BF A S B AL R T 2006,

B A SCH 1 I I BT I FSTH R R AL IR AR 10 AT RRMERE S 275 SCEREEAT X LE , W36 2 fr s o Hevb SOk
[22 MR Z AR SRR AR R B IR BB R R, TAERRMRE 0.5 V EEI S H A 42 dB, BEHLER =
iK 9.3%40 , Wi B E] 2 50 ms o SCHRL 14 JBE3H AR RTR R TAER RN 1.8 V, 3 &S Fl A A 51 dB, {HEEHLIE
FREARE] T 0120600 SCHRL 13 MR 2 i SO IR SC 30 v R IR S 9 2 B 20 T 280 4T 1R FR . k[ 12]
KA AT-PPD A B RAEML G W 3.3 VI TARMT , sh AW [l w15 69 dB, BEALME T 9 5.500 , B A
SO B IR AR S AV R A2 Y W P S48 AR 2l 5 22 O AL T e i e AR A A 7 32 B O R T

K2 AW FSIEGERB[GERS S E BT L

Table 2 Comparison of FSI image sensor pixels designed in this paper and references

Parameter This paper Ref.[12] Ref.[13] Ref.[14] Ref.[22]
Pixel size /pum 5.0X5.0 5.0X5.0 5.0X5.0 10.0X10.0 4.0X4.0
Pixel type 4T PPD 4T PPD 4T PPD 5T DPS Digital
Pixel voltage /V 3.0 3.3 2.5 1.8 0.5
Full well capacity /e 31 208 15 600 26 000 \ \
Dynamic range /dB 60 69 50 51 42
Random noise / % 3.7 5.5 3.7 0.12 9.3
Response time /ms 5.1 \ 52 50 \
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An Efficient Implementation Method of Arbitrary Gradient Doping and
Its Application
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(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In the past twenty years, research heat and market demand for image sensor technologies have
grown rapidly, and image technologies are undergoing the transition from Charge-Coupled Device (CCD)
to Complementary Metal Oxide Semiconductor (CMOS). Since there are a large number of differences
between the two technical difficulties, a lot of research directions have changed, but improving the
transmission efficiency of charge in pixels has always been one of the most important research directions.
The key point of CMOS Image Sensor (CIS) pixel design is the transfer of photo—generated charge in
photo—diode. Especially in applications requiring large pixels, such as medical imaging and astronomical
imaging, limited signals need to be detected at high speed, which requires high transmission efficiency of
charges in photodiode.Charge transfer is a complex process affected by many factors. It is usually divided
into drift, diffusion and self induced drift.In order to improve the charge transfer speed in CIS pixel, a large
number of solutions have been proposed. Generally, it can be divided into two directions: increasing the
bias electric field externally or generating the potential gradient internally. The method of adding an
external bias electric field, has great scenic limitations. The methods of forming internal potential gradient
in a photo—diode can be roughly divided into two directions: designing the special shape and manufacturing
gradient doping. Designing specific diode shapes, are relatively complex, and the formation of a built-in
electric field is actually the cost of reducing the filling factor, which reduces the space utilization and
virtually increases the cost of actual production. Manufacturing gradient doping are lack complete theoretical
analysis, which will take a lot of time to adjust parameters in practical operation, and there is no rigorous
reference value. Therefore, there is a great need for a complete and relatively refined analysis method to
provide theoretical support for the design and research of gradient doping.Based on Fick’s law and electron
drift theory, this paper deeply analyzed the whole process of ion implantation and diffusion and proposed an
efficient implementation method of arbitrary gradient doping distribution. Taking the manufacturing of
linear-gradient doping distribution as an example, the correctness of this method is verified by simulation
calculation and process simulation. By this method, the process parameters such as ion implantation
energy, implantation dose and the time required for thermal diffusion can be accurately calculated. Then,
according to the target doping distribution, a lithography mask with a specific structure can be designed.
The doping region with an arbitrary distribution function can be fabricated by only one ion implantation.A 5
pm CMOS image sensor pixel with gradient doped photo—diode is designed by this method. A set of control
experiments were set up with a pixel designed by traditional technology. Compared with pixels designed by
traditional technology, the experimental results show that the transmission efficiency of photo—generated
charge in the pixel with gradient doped photo—diode is significantly improved. The method proposed in this
paper can greatly improve the efficiency of researching gradient doping. In addition, this method can also be
used in other fields, such as studying the diffusion coefficient of specific impurities in substrate materials,
determining some physical properties of new materials, etc.
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