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Appendix A Components

1 FPD5WI1KS

FPD5WIKS InGaAs Avalanche
Photodiode

FEATURES

* Multi-mode fiber pigtalil

* 30dB Optical Return Loss (ORL)

+ 30 Micron Active Area APD

* High reliability planar structure with
a guard ring based on advanced InGaAs/Inp
material technolegy

* High cut-off frequency, 2.5GHz

* Low dark current

* Low multiplied dark current

* Low excess noise factor

APPLICATIONS

* 2.4 Gb/s optical transmission systems

DESCRIPTION

The FPDSW1KS is a wids bandwidth, high sensitivity InGaAs avalanche photodiode (APD)
optimized for operation at 1550nm. This APD is designed for use in optical transmission systems
operating at a giga-bit-rate, above 2.4Gb/s, and for long transmission distances. The APD chip

has a photosensitivity area diameter of 30um. Fujitsu's advanced InGaAs/InP material technology
realizes a high reliability planar structure device with wide bandwidth {large gain-bandwidth product)
as well as low noise characteristics. A multi-mode fiber is aligned to a hermetically sealed APD
through a lens. The opticat coupling alignment system is highly stable.
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Appendix B Preliminary experiment

1 Bias

VE=1,0

Vv

Gate=1s

Samplesize=10

Bias Countl |g [Count2 |g
22,5 562| 24 567| 46
22,7 592| 31 605/ 39
22,9 551| 44 543 34
23,1 566| 29 587| 28
23,3 590 25 579 22
23,5 571| 43 587| 21
23,7 605 28 611| 28
23,9 591 27 600| 38

24 574 31 602| 16

24,1 758 25 761 37
24,2 844| 34 872| 48
24,3 841| 44 812| 25
24,4 1715| 50 1733 50
24,5 21617 321| 22717(209
24,6/ 81188| 191| 81018|205

VE=1,5

Vv

Gate=1s

Samplesize=10

Bias Countl |g [Count2 |g
22,5 9233| 370 9051|467
22,7 8448| 244 8306|417
22,9 7032| 271 6856|178
23,1 6127 231 6206| 215
23,3 5448| 186 5612|191
23,5 6082| 356 6265| 259
23,7 5793| 278 5724|132
23,9 6586 258 6436|215

24 6175| 268 6146| 301

24,1 9227| 331 9256 394
24,2 5961| 168 5978|215
24,3 5746| 274 5672|178
24,4 7605| 229 7492|192
24,5 37688| 426 38568(304
24,6] 97330 86| 97167|102

VE=2,0




\%

Gate=1s

Samplesize=10

Bias Countl |g [Count2 |g
22,5 53872|1630[ 53523(1570
22,7| 51026|1410[ 57127(1070
22,9| 474481050 47618(1670
23,1 44589|1460( 46056(1080
23,3| 41206|1760[ 41734 890
23,5/ 36058| 800[ 36869 869
23,7 33849|1120| 33844| 781
23,9] 30357| 988 31179(1130

24| 29845| 699 29876(1270

24,1 29413|1010[ 29559| 762
24,2| 29551|1200f 29168 853
24,3| 28948| 745 28413 903
24,4 53750| 683 53977(1310
24,5 109756| 259 110294 139
24,6




2 Rep.rate

VE=1,5

V

VR=23,7

tg=10n

Gate=0.

1s

Samplesize=500

kHz Countl |g |Count2 |g
100 183| 28 185 26
200 613| 83 625| 86
300| 19096|807| 19395|140

0

500 40195|738| 40798|740

VE=1,5

V

VR=23,7

tg=20n

Gate=0.

1s

Samplesize=500

kHz Countl |g |Count2 |g
100 1123|126 1125|125
200 17677|349| 17602|340
300 30633 96/ 30558| 95
500| 53320 61| 53313109




3 Gate width

VE=1,0

\%

VR=23,7

frep=100kHz

Gate=0.

1s

Samplesize=500

ns Countl |g |Count2 |g
5 48| 7 471 7
10 100| 13 99| 12
15 181 21 176| 20
20 247 27 246| 28
25 432| 76 471| 46
30 734| 82 738| 70
35 1187|167 1223|106
50 4723|252 4676|241

VE=1,0

\%

VR=23,7

frep=200kHz

Gate=0.

1s

Samplesize=500

ns Countl |g |Count2 |g
5 111 13 110| 14
10 394| 40 355| 37
15 708| 60 686| 60
20 2071|170 1982|165
25 5360| 347 5290| 306
30 9966| 370| 10322|466
35| 14460|276( 14353289
50| 18997| 45| 18977| 45




Appendix C Experiment

1 Dark and photo counts

VB= 24,1 VB= 24,1
temp= -198 temp= -198
VE= 1 VE= 2
VR= 23,6 VR= 23,6
Average number of photons per pulse Average number of photons per pulse
Rep.rate 0 gl 0,05 o 0,1 o 0 o 0,05 o 0,1 o
50 46 10 378 20 785 25 138 7 880 26| 1757 36
100 92 7 775 29| 1526 49 303 14 2032 55| 3987 85
200 199 11| 1808 45| 3726 47 744 24 5450 84| 10892 157
300 307 17| 3329 107| 6541 108 1516 57| 11030 308 20938 193
500 605 28 6000 104| 12000 107 6064 344 40465 640| 67834 627
800( 1311 51) 12978 196| 27189 326 14793 3150(240456 1420(27948 1120
2 9
VR= 23,8 VR= 23,8
Average number of photons per pulse Average number of photons per pulse
Rep.rate 0 a|l 0,05 o] 0,1 o 0 gl 0,05 o] 0,1 o
50 41 7 428 16 938 23 151 11 887 25| 1728 27
100 85 9 911 17| 1967 33 323 6] 2016 62| 4041 36
200 188 17| 2072 51| 4364 77 881 35| 5432 62| 10789 142
300 296 19 3352 81| 6916 112 1864 78| 12341 244| 22556 325
500 549 27| 5454 132| 11909 163 10318 467| 53069 563| 85562 1300
800 1244 59| 14569 191| 29449 406 25271 2690|311930 1690(34021 801
9 5
VR= 24 VR= 24
Average number of photons per pulse Average number of photons per pulse
Rep.rate 0 a|l 0,05 g 0,1 o 0 a|l 0,05 g 0,1 g
50 52 4 478 15 999 38 228 16 1047 24| 2059 56
100 103 11| 1101 38| 2152 72 529 22| 2647 65| 5161 77
200 239 19| 2330 76| 4894 60 1863 158| 9527 198| 17848 270
300 392 41 3566 53| 7445 121 6459 226( 30040 527| 49991 396
500 786 47| 7691 230| 16474 203 13619 268|188418 138|20933 992
1 1
800 2062 126| 18837 302| 36106 382 55334 906|545302 508(55591 783
7 6

C-l



VB= 24,7 VB= 24,7
temp= -188 temp= -188
VE= 1 VE= 2
VR= 24 VR= 24
Average number of photons per pulse Average number of photons per pulse
Rep.rate 0 a|l 0,05 g 0,1 o 0 gl 0,05 g 0,1 (9]
50 71 4 483 13 969 37 169 13 894 30 1694 33
100 146 8| 1062 35| 2188 50 382 30| 2046 47| 3961 68
200 335 19 2468 61| 5004 89 1010 48| 5645 75| 11076 221
300 544 34| 4044 52 8062 146 2242 86| 12737 162 23685 275
500 1109 49| 8609 154| 17197 174 11962 381| 59941 515| 92912 1070
800 2939 178| 22356 345| 43502 542 29791 931|361847 1770(39123 1440
5 7
VE= 24,2 VR= 24,2
Average number of photons per pulse Average number of photons per pulse
Rep.rate 0 o 0,05 o 0,1 o 0 o 0,05 o 0,1 o
50 61 8 431 25 872 31 194 14 878 27| 1662 25
100 114 16 909 31| 1892 61 438 22| 2090 58 4073 68
200 266 19| 2064 53 4199 47 1241 64| 6549 161| 11826 172
300 428 27| 3303 60[ 6899 69 2636 121( 13223 197| 25368 357
500 848 32| 6994 135| 14574 224 20343 890| 76680 908/10883 1460
0
800[ 2088 64| 15672 227| 29686 336 34830 1830|393780 1540(41543 896
8 0
VR= 24,6 VR= 24,6
Average number of photons per pulse Average number of photons per pulse
Rep.rate 0 o 0,05 o 0,1 o 0 o 0,05 o 0,1 o
50 78 6 499 26 970 32 276 16| 1032 37| 1995 52
100 153 10| 1044 25| 2156 41 686 39| 2888 81| 4987 96
200 336 27| 2455 58] 5123 75 2434  75( 11025 203| 18909 252
300 529 25| 4416 71| 9280 160 8604 299( 29747 879| 49648 635
500 1249 66| 9443 166| 19266 139 14145 2730|173619 218021410 1790
1 4
800 3949 189| 26679 427| 49260 933 54750 639|556429 1000(56534 860
5 3
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2 Histograms

The number of the plot isrefered at the handwritten text in the corner of every
histogram.

plotl VE=2 frep=50k VR=23,6
plot2 VE=2 frep=300k  VR=23,6
plot3 VE=2 frep=800k  VR=23,6
plot4 VE=1 frep=200k  VR=23,6
plot5 VE=2 frep=800k = VR=23,8
plot6 VE=2 frep=50k VR=24,0
plot7 VE=1 frep=100k  VR=24,0
plot8 VE=1 frep=800k = VR=24,2
plot9 VE=2 frep=100k VR=24,4
plotl0 VE=2 frep=500k  VR=24,4
plotll VE=1 frep=800k = VR=244
plotl2 VE=2 frep=500k = VR=24,6
plotl3 VE=1 frep=200k  VR=24,6
plotl4 VE=1 frep=500k = VR=24,6
plotl5 VE=1 frep=800k  VR=24,6
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