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1. Introduction served by the pulse measurement result showinggin7é.

In this work, we present a lateral avalanche phetod The FWHM of the absorption region width 3.44n is
tector (APD) by standard 0.18 pm CMOS process withabout 270 ps, and fall time is about 456 ps. ArdRWHM
three different absorption region widths (0.43,60.8nd  of APD with absorption region width 0.4 increases to
3.44 pm). The responsivity is 4.63 A/W at reverse bias 726 ps with fall time about 2350 ps. The detailapaeters
11.67 V for the APD with 0.48n absorption region width, are listed in table I.
and the best 3-dB bandwidth is 5.4 GHz at reveia® 1.4 ‘ _ ~ Ground
V for the structure with 3.4gm absorption region width.

2. Device Structure and M easurement Results
Fig. 1 shows the schematic cross-section of prapose \

APD, which was fabricated by Taiwan Semiconductor P implant |

Manufact_urlng Company (T_SMC_) 0.18n CMOS tech- Fig. 1 The schematic cross-section of proposed ARD sepa-

nology without process modificatioff We use metals o ateq absorption and avalanche regions. The alisomggion

p - substrate

distinguish the avalanche region and the absorg(ibr width varies from 0.43m, 0.86pm to 3.44um, while avalanche
mination) region. The avalanche region is formed by region width is kept at 0.86m.
n-implant/p-well junction and the p- substrate ged for

the absorption region. APDs with three differené@iption 10?

region width, 0.431m, 0.86pum and 3.441m, were studied 10° :EEEEE{}
in this report. The size of avalanche region istkaep0.86 10 [ oseum(onato)
pm. The n-implant region is positively biasedgfMo re- e Saamna )
verse bias the p-n diodes and collect the photemgead
carriers. The p-implant region is connected to gtburhe
total active area of APD is 50x50 fnuue to the differ-
ence in the absorption region width, the ratios\dlanche
region to absorption region in this study are 2).25.

Fig. 2 shows the characteristic of dark current pind-
to current of three APDs. The breakdown voltaggxjMs 0 2
slightly decreased as the absorption region widtheiases,
which is 11.67 V for the structure with 0.48n absorption  Fig. 2 Characteristic of the dark current and thetp current with
region width, 11.5 V for the structure with 0.8 absorp- different absorption region width.
tion region width and 11.4 V for the structure w&l4um
absorption region width. Fig. 3 shows the respatysiof
three structures. The responsivity increase duentoe
photocurrent generated from the n-implant (avalanch
gion). The maximum responsivity of the three APD4.63,
2.34, 1.53 A/W. In the mean time, the M-factor xoat
397.96 with quantum efficiency about 675 % for tec-
ture with 0.43um absorption region width, which is show-
ing in Fig. 4 and Fig. 5.

Fig. 6 shows the measured frequency response &é thr
structures. Since more photocurrent generate from t

rm
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n-implant region, more diffusion component carrii- o > 7 6 ) C 0

lected, the 3-dB bandwidth decrease as the avadareh ReverseBias (V)

gion/absorption region ratio increased. The 3-dBdwadth Fig. 3 Responsively of the proposed APDs with déffgrabsorp-
is 5.4 GHz for the APD with 3.44m absorption region tion region width.

width, and decrease to 1.4 GHz for the APD witi3Quéh
absorption region width. This phenomenon also caoly
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4 Avalanche gain of proposed APDs with differabsorption
region width.
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Fig. 5 Quantum efficiency of proposed APDs witHfeliént ab-

sorption region width.
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Fig. 6 Normalized frequency response of proposeD#\Rith

different absorption region width.
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Fig. 7 Pulse response of proposed APDs with diffeadsorption
region width.

Table | Device Characteristics of APDs with threffedent ab-
sorption region width.

Absor ption region width 043 0.86 344
(nm)
Ratio of ava! anche.reg*li)n to 2 1 0.95
absor ption region
Vek (V) 11.67 115 114
R (A/W)™? 4.63 2.34 1.53
M 397.96 116.97 122.17
1(%) 675.4 341.6 223.1
3dB BW (GH2) 1.4 3.3 5.4
FWHM (ps) 726 289 270
Risetime (ps) 119 33 115
Fall time (ps) 2350 496 456

*1 avalanche region width is 0.§6n
*2 Responsivity obtained at dark current @Al

3. Conclusions

We compared the dc and ac characteristics efdht
avalanche photodetectors with three different giigor
region width. The APDs with shorter absorption oegi
width demonstrates higher responsivity due to higha-
lanche region ratio. And we also observed thatudiéin
current dominates the frequency response in lateiPdds
with shorter absorption region width by pulse measent
result. The highest responsivity is 4.63 A/W aterse bias
11.67 V for the APD with 0.4fm absorption region width,
and the best 3-dB bandwidth is 5.4 GHz at reveia® 1l.4
V for the structure with 3.4@m absorption region width.

Acknowledgements
This work was supported by Taiwan National Scie@oencil
under Contract NSC 100-2221-E-008-015-MY2,.

References

[1] Z. Y. Li, et al., Opto-Electronics and Commurtioas Confe-
rence, 2011

[2] W. K. Huang, et al., IEEE Photonics Technolagpters, 2007



