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ABSTRACT

This special project was fabricated pyranometers is a device which measures
the light intensity by using siliconphotodiode 6 instead. thermopile. Contained within
the packaging, Teflon serves diffuse light. The collected data'is the voltage throughout
the day by automatic storage (Data. Logger) for 1.7 days and calibration data by the
mathematical program (MATLAB) to the calibration equation of each photodiode of
daily averages. This equation can be used by voltase from a storage instead of into
the calibration averages equation, it was the lisht intensity as pyranometer standard
second class without going through the program. From the experiment that the
percentage difference of the photodiode ‘model VTB8440 is higher than the other
models is 35.989%, while other models are also considered in the acceptable. So we
can create pyranometers itself. The cost of our invention, it is considered very low

compared to the pyranometer standard second class is imported from overseas.

Keywords : The calibration tool, Siliconphotodiode, Pyraonmeter
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U7 3.13 Twswediwe inuszneviuaioauysol
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Tulassutiisladeniginidlalen 5 vtavazinldlalonnldlulaseenuiindundiy

Aosandesdu 6 vlinfeo BPW21R, S1223, VTB8440BH, VTB5041BH, S5973, OSD15-

5T Ineis198A1u9AT Signal to noise ratio (SNR) 61 SNR ff1unnuansInfdayay1od

suNuIstaslaadinsAuIUAEe LT

aTedl 3.2 ugnsandayavesiWldlalonusazyin

Type Sensitive Area Responsivity NEP (W/ HzY?) | Price (BTH)
(mm?) (A/W)
BPW21R 75 0.32 NGx 1014 350
51223 6.6 0.6 9.4x101 840
VTB8440BH 5.16 0.2 1.1x10% 95.70
VTB5041BH 5.16 0.23 1.3x101 812
55973 0.12 0.52 1.5x10™"° 1151
OSD15-5T 15 0.21 5.5x10 803
3.2.1 Signal
lepwzir = (1000 w/m?) x (7.5-x 105m?) x (0.32 A/W). =24 x10° A
[ = (1000 w/m? x (6.6 x 10 m?) x (0.6 A/W) =396 x 10° A
| yresaaosy = (1000 w/m?) x(5:16 %109 m?) x (0.2 AW)  =1.032 x 10° A

lvresoaey = (1000 w/m?) x (5.16 x 10° m?) x (0.23 AW) = 1.1868 x 102 A
lss973 = (1000 w/m?) x (0.12 x 10° m?) x (0.52 AW) = 6.24 x 10° A

losoissr = (1000 w/m?) x (15 x 108 m?) x (0.21 AW) = 3.15x 10° A
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3.2.2 Noise
ik = (032 W) x (7.5x10" A/ HzY?) = 24 x 10" A
ls1223 = (0.6 W) x (9.4x10° A/ HZY)) = 564 x 10" A
i = (02AW) x (LIx10B AV HZYY) = 22x10" A
P = (0.23 W) x (1.3x10™ A/ HZY?) = 299 x 105 A
— = (052 AW) x (1.5x10° A/ HZ?) = 78x 10 A
i = A0.21 AW) x (5.5%10%° A/ Hz"?) =+.1.155 x 10 A

3.2.3 Signal to Noise Ratio

SNR Upwain) =1-(2,0:,107) /(2.4 x 10 = o=t x 104
SNR (lsy223) = (396 x10%) /(564 x10%%) = 7.02x 10"
SNR (vregagoers) = (1.032 x 107) /(2.2 x 1071~ = - 469 x 10"
SNR (lyresoarss)- = (1.1868 x 1073) / (2.99 x 10%°) = 3,97 x 10"
SNR (Issg73) = (624 x 10®) /(7.8 x 107%) = Q> g0
SNR (losps.c7) %/ 43.15 x 107) / [1.155 w10\ ° 7/ 2.72 x 10"

911n17AUINAT SNRL319iiula 3 iWldlalongu $1223 , VIBS041BH uas
OSD15-5T 9siidygyrusuniufoud1arnuin Jed1 SNR ivsmuanidunanmegudifie
no1sananuhlunisnsvavssouatveslaleawiiu weldiluladslunisiansundensa

afulaiminvananinysegndliiludinsinivuamesinsueiines
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3.4 gunInin1snnaasiIsnimaass
3.4.1 gunsalitlélunimaase
3.4.1.1 Yamaulnldlalon

Fareullalalonavidenldviaonun 6 Juieiuldun

- BPW21R
JUR 3.16 Banaulnlalalon fu BPW21R
- 5§1223
\"
5U 3.17 #aneululslalen fu $1223
- VTB8440BH

/

¢

JUf 3.18 BaneuTnliflalen u VTB8A40BH
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JUi 3.19 Baneulnldlalen u VTB50418H

- S8973

5Uf 3.20 Baneulvlslalen fu 55973

- OSD15-5T

JUN 3.21 Baneulwlilalen qu OSD15-5T
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3.4.1.2 lwsweliwesnldlunsiisudiou

5U1 3.22 Insuefweiflilunnieuiiou

3.4.1.3 yagunsaiiiudaya (Data Logger)

3UT 3.23 ymaunsnifiudaya Data Logger
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< - e a 3
JUT 3.24 Insuelineiiussivgiues

=l

3.4.1.5 delWeiiaidn (VCT)

U 3,25 aelnaladds

3.4.1.6 \aniinas

3Ufi 3.26 Lavidlne
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4.1 HaN1INAADY

UNN 4

NAN13398LLazN15AUS18NE

4.1.1 MUN 1 NISUIAMUFUNUSVRIEUNISIUSBULBU

noefF

D06+

Voltage (V)
=
2

o
=
]

% 2 Clags
o 05D1548T

i - N ;
18 1
3!
00F T — : =
xf’ﬂ ;a)gf
& 1800 b o
£ " g
z "W
> 1000} ‘ '
2
T2
@
£ sof _..rh*ﬁ
ol
ol
0 /‘w 1 1 L 1 1
0 0008 001 0015 002 0025
Voltage (V)

0.005 0.01 D05 002 0025

Intensity (Wim?)

Voltage (V)
T T q T
y= 20013 484x + 173 6188 / y
M*K
& & -4
(-
o !
il
0.005 0.01 0.615 D.02 0oz
Voltage (V)

JUT 4.1 psnwkansrnduiusssniraussiulwihiuieudunawe sinsueiines

NASFINTUN2

n3UH 4.1(n) WumsiTeuideudeyausesiulrihfonarsgvninlnsueimes

wmspuiulwsueiveifiuszhustues

U7 4.1(9) 1519godusssulnihamiuaullinisneuaues (sensitivity) vaslw
sweilwesinasgrudeliiiniu 12,60 x 10° W/m'V wldidudvesmnuduuas wasile
ismdennsmszninaadunastuus sl unngaunsidunsseenufadudiiiiu

AD Y = MsX + Cs law Y = amudiuuas Ms = anuduresaunisiniadinsueiitnosinnsgiu

Wadu X = Ausesduliih G = Amasfiveaniaalnsueiiinosuinsgiuddiuil 2 seunfioz

dayausadiulwivedlnsuefimesMisvhTunuvuadlus X 2898013 Y = MeX + Cs f

sglavonulududun uazagldaumsidunsadivudisuaanundu Y = MX + Cp



32

Aaxngy 4.1(A) VIIN1IMIAIENNTT Ratio laatitsmstue Cs, Cp, Ms Uag Mp 90

aunisis liudaludnedy thansmavanunuluaunis
Slope ratio (SR) = Ms / Mp
Constant ratio (CR) = C5 / Cp

1A SR waw CR Aruiadlduumuluannis Y = MX + Ce agldnnistmiidu
Y = (SRIMsX + (CR)Cs ﬂwnﬁuﬁwﬁwLLiaﬁ’u“LWﬁwmLvﬁ'a&lmmaﬁma%ﬁﬂisawﬁumLmu‘L‘u
aums Y = (SAMX + (CRIGs a¢ldaumsidunsaluidemunusuannisidunsawadingue
fiwesunsguLansdsgy 4.1(a)

gATNELTIREMAN offset ANANNT Offset = dUNSIAUATIWINTFIU - ANAIEURTY
Wisuiley uagiha offset Aldinuanidluluauns Y =(SRMX + (CRICs + offset azld
Funssasadundauiviuneinagy ¢.1() druaunisiieglugdiiuAsaunisusuiieu
anunsathaidalalunendanumuastuasnisldiaalngldsndudemnlvsunsudn us
ieannisimsiiudeyavatefu afeshaunisuSuiieviemmann furniadsagldw:

miwﬁ 4.1~4.6



= = i ]
A19199 4.1 udnsmImanmsaeuiieunaesvesnlilalansu S5973

AunsAB UL

y=118332.962x - 132.3938

y=121202.2884x - 104.2407

y=116140.2827x - 136.1429

y=114154.9267x + 3.2596

y=123600.772x-.110.3702

y=116970.8071x - 156.0818

y=119657.7188x - 76.6236

y=158082.4158x + 717.9172

y=114176.6079x + 7.4112

y=112398.9852% --101.5293

y=113305.7173x - 131.6344

y=121232.5214x - 102.8482

y=117214.8127x - 105.4445

y=158314.27x + 469.6392

y=159927.8139% + 1517.9186

y=162009.381x + 345.9851

17

y=158849.5296x + 698.1207

ALRAY

y=129739.5184x + 153.11427

aunsasufisuiadvuaslnlilalonsu S5973 fla y=129739.5184x + 153.11427

a3



AN 4.2 waasmamaunisasuiisuedsvasinldlalengu 51223

AUNSADUWIE Y

1 y=36155.8067x + 156.0709
2 y=35084.6719x + 111.453
3 y=36712.2365x + 152.0868
e y=37682.9798x + 1.3206

9 y=34459.1258x + 108.258
6

s

8

9

y=36428.8186x + 49.2123
y=35213,3831x +116.4095
y=23113.6700x - 4113.26
y=37262.9301x + 15.1767
10 | y=38770.7844% +120.3215
11 y=36830.1976x + 53,9857
12 | |y=35687.3055x +113.7425
13 | |y=35619.7895x + 1458373
14| y=28109.0781x + 1172.8721
15 | y=27775.6392x + 1965.4019
16 | | y=28312.4853x + 1167.9287
17 | y=28099.1124x + 1425.2993
Aaae- | y=33607.1771% + 162.477

aunsasuiiuindeveslilalalons S1223 fe y=33607.1771x + 162.477



P a = i
AN5197 4.3 uanamsmaunsaeuisundsvasiidlalengu VTB8440

U
AuNISED UL

Fuil
f y=207717.2982x - 464.4182
2 y=209611.5779x - 325.349
3 y=195522.7525x% - 426.4023
4 y=183450.0589x% - 202.3665
D y=218426.9892x - 318.6021
6 y=186681.7766x - 281.2117
i y=197106.7025% - 232.315
8 y=169329.405x + 1162.2508
9 y=185565.6874x% - 212.0737
10 y=157885.3214x - 224.9338
11 y=175060.6608x% - 225.32
12 y=192029.0481x - 230.30
13 y=190908.0566x - 317.7153
14 y=170947.443% - 311.6192
15 y=169229.0055x + 1529.8286
16 y=171622.1098x + 561.8151
v y=172106.2606x + 1129.7883

AnlaAe- | y=185482,362 + 60.8943

aumsaeuiisuiaagvasWinlalangu VIBSA40 fa v=185482.362 + 60.8943



AT 4.4 wannsmaunisasuiisudevedlnldlalongu VIB5041

U
aunsaauLiey
Fudi

1 | y=118346.9901x - 138.0336

2 | y=121395.060dx - 108.6467

3 | y=116122.094x - 138.9077

4 | y=113920.7183x +5.5806

5 |y=120321.3066% =120.2248

6| y=116248.2020x - 41.653

7 | y=120206/8952x - 91,8115

8 'y=160241,2223 + 601.5492

9 | y=1143953719x + 1.6005

10 | y=113026.2705% - 112.6791

11| y£114912.8628x - 33.5923

12 \|'y=120911.6537% ~105/8392

13 | y=117368:8495% . 113.4854

16" |y=161591.5192x + 170.677

15| y=160337.0162x + 1190.9385

16 1 | y=162096.1069x + 2564937

17 | y=159567.5627x + 5649263
Analie | y=123592.3167% + 105.111

aunsasuiiisuiaagvesnlsilalaniu VIB5041 Ao y=123592.3167x + 105.111



A5 4.5 uansmsnaunsaeuiisuiadevesinldlalonsu OSD15-5T

U
aunSaRULEU
Sudi

1 y=20300.4283x + 188.4228

2 | y=19387.1722x + 130.68

3 | y=20913.484x + 173.6188

4 | y=21283.8769x - 8.9429

5 |'y=18946.6784x +123.9344

6 |y=20674.7953x + 40.1832

7 1 y=10715.7341% +128.9693

8 /| y=14656.5814x - 293.2718

9 | y=012395259x - 9.2587

10 ~ || y=20164.5276% - 71,9879

117 | y=20569.6319x 4+ 586.0503

12 |y=20194.1601x +119.8549

13| | y=20229.6213x +-161.5738

14| y=20848 6748 - 961.0568

15 | y=13844.237x + 11064171

16 | | y=13776.5657x + 586.801

17 | y=102255466x + 3505478
fade | y=19115.9554% + 108.1424

aunsaeufivuaagveslnlalalaniu OSD15-5T fay=19115.9550x + 108.1424



ANSNN 4.6 uanINIIaNNITaRUWisuRAsadlnlslalansu BPW21R

U
AUNSAB UL
Fuil

1 | y=103374.3474x - 80.2855
2 | y=104763.7585x - 55.6489
3 |y=101816.3145x - 75.9312
4 |y=101898.7591x + 8.4993
5 |y=105999.3245% = 69.62
6 | y=101618.1738x + 119:5882
7| y=102411/964x - 41.6596
8 | y=117656.8069x + 841.1619
0 | y=101604.2083% + 11.5225
10 |'y=21929.5266x% +144.6833
11| y=102279.5985% ~15.622
12 |y=105282.8906x ~59.1147
13 |y=102419.1723% ~58.5676
10| y=118272.2784x + 452.2507
157, | y=109015.6792x + 1772.537
16 | | y=118419.6209% + 538.0131
17 ¥=119252.211% + 8603151

Aiaae | y=102236,1549% + 2524777

aunnsasuiiisuiaagvednlalalansu BPW21R Aa y=102236.1549x + 252.4777
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AMANUIN U

¥ at

lumsaseidayaddavinldldlusunsa MATLAB Tumsuszunanasiieg

‘\ MATLAB

- Code fM#lun1suszanananazadransw

clear;

clei

a = xlsread('DAY 22
Qg C { Qg9 Q9 6 > o

D g
ERREREELBTLHY ¥ 37 AT
step = 1:6:1length(a);
stand = a(step;8) - min(atstep,8));
diy = al(step,7) - min(a(step,7));
time = a(step,1)
tt = '"BPE2JHS ;
EERR393ERFAE LY senstBRvity NPTY i ¥ OSS%s |
s = 12,70%102=%;
3521359 89 S Ca B gttiian Pyl £ B3 A “Has
[m c] = 1s normal (stand,stand./s);
vl = m*stand + c;
[ml cl] = ls normal(stand,diy./s):
y2 = ml¥stand &%t
slop = m/ml;
cons = c/cl;
cal = slop* (m*diy) + (cons*g);
[m2 c2] = 1ls-normal(stand,cal);
y3 = m2*stand-+c2;
offset = mean(yl - y3);
call = ((slopEm¥xdiy)—t Y (cans*c) + ofifset);
[m3 c3] = 1ls normal (stand,call);
y4 = m3*stand + €3;
29%%28%%232%2 %7%, Blot g§raph
figure (1)
subplot (2,2, 1)
box on
hold on
plot(time, stand, 'x")
plot(time,diy, 'ro")
hold on
%xlabel ('Time (Hr)")
ylabel ("Voltage (V)')
legend('2”"n"d Class',tt)
if max (stand) > max(diy)

y _axis = max(stand);
else

y_axis = max(diy);
end
axis([6 18 0 max(y axis)])

3 1 Q200
SUDODDTRHDOE0DO0DTEBRLEO

subplot (2,2,2)
box on
hold ‘on



plot (stand,stand./s, "x")
plot (stand, yl,"-x"')
plot(stand, y2, 'or')
plot (stand,y2,"'-.x"}
hold on
xlabel ("Voltage (V) ")
ylabel ('Intensity (W/m"2)")
if max(stand./s) > max(y2)
y axis = max(stand./s);
else
y_axis = max(y2);
end
axis ([0 max(stand) 0 max(y axis)])
subplot (2,2, 3)
box on
hold on
plot (stand,stand./s, "x")
plot(stand, yl, "-x")
plot (stand, v3, '-op*)
rlot (stand, y3, "# )
hold on
xlabel ('Voltage (V™)
ylabel ('Intensity (W/m>27
if max(stand./s) > max(y3)
y axis = max{stand.”/s);

)

else
y _axis = max(y3);
end
ax1s([O max(stand) 0 max(y axis) 1)
\\\\ % o R % % SR8 sLELES 45 L f cl*?w ARG RN Al
subplot(2,2,4}
box on
hold on

plot (stand, stand. /sy ")
plot (stand,ylé y-x")
plot (stand,y4,40r")
plot (stand, ¥ 'S¢\ )
held on
xlabel ('Voltage (V7.9
ylabel ("Intensity W(W/m&2) ')
if max (stand./s) > max(y4d)
y_axis = max(stand.+/s);
else
y axis = max(y4);
end
mt = slop*m;
ct = cons*s + offset;
axis ([0 max(stand) 0 max(y axis)])
text (0.001,1200,'y = ")
text (0.0022,1200, num2str (mt) )
text {(0.0055,1200,'sx +")
text(O 0066 1200 num25tr(ctﬂ

""' Q. ¢ Q. ¢ P
. 000 ,,3L)'r'w.L.'

per dlff - (mean{abs(2 *((stand /s - call ./ (stand./s +
call))),1)*100)-0.9

norm _stand = ((stand./s)/1360)*1000;

norm diy = (({(call)/1360)*1000;

figure(2)

box on

hold| on
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plot(time,norm stand, '*"')

plot{time,norm diy, 'ro")

xlabel ('Time (Hr)')

ylabel ('Intensity (W/m"s)")

legend('2”*n"d Class', tt)

if max({norm_stand) > max(norm diy)
y_axis = max(norm stand);

else B
y_axis

end

axis([6 18 0 max(y axis)])

text (6.3,800,'4Difference ="')

text (7.3,800,num2str {per diff))

text (8.2,800,'%") n

hold off

i

max (norm_diy) ;

dy 1 dl Y o L 24 dl = 1 5 1 Y o ¥ ¢ Y 1%
wnanstluenashanulidmiunislidnuienisfinewin eugrelnhluldusslovdmunisin

Lidnsdllas visdu Bnnsnudlidaudailen uagsesanedsisdvesenarsynasandnisluly
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PHOTODIODE

Si PIN photodiode

S5971, S5972, S5973 series

High-speed photodiodes (S5973 series: 1 GHz)

ii

29

L

85971, S5972 and 85973 series are high-speed Si PIN photordiodes designed for visible to near infrared light detection. These photodiodes
provide wideband characteristics at a low bias, making them suitable for optical communications and other high-speed photometry. S5973 series
includes a mini-lens type (85973-01) that can be efficiently coupled to an optical fiber and a violet sensitivity enhanced type (55973-02) ideal for

violet laser detection.

Features

@ High-speed response
55971 1100 MHz (VR=10V)
S5972 : 500 MHz (VR=10 V)
S5973 series: 1 GHz (VR=3.3 V)
® Low price
@® High sensitivity
5§5973-02: 0.3 A/W, QE=91 % (A=410 nm)
@ High reliability

® Optical fiber communications
@ High-speed photometry
@ Violet laser detection (S5973-02)

M General ratings / Absolute maximum ratings
Brkensier ) ‘ 4 Absolute maximum rqtin s
ot e Padkbin Actlv_e area Effective Reverse _Pc_awer Operating | Storage
Type No. : 9 size active area voltage  |dissipation [temperature [temperature
Window
g VR Max. P Topr Tstg
(mm) (mm) (mm?) ) (mW) Q) ()
55971 91.2 1.1
55972 MK $0.8 0.5
S$5973 TO-18 20 50 -40 to +100}-55 to +125
S5973-01 @IL 0.4 0.12
§5973-02 AK
B Electrical and optical characteristics
Photo sensitivity Short Temp.
Spectral | Peak 5 circuit Dark coefficient| Cut-off | Terminal
response| sensitivity (AW) current|  current of frequency|capacitance NEP
Type No. range |wavelength Isc Ib Ip fc Ct VR=10 V
A Ap 660 | 780 | 830 | 100 X Tcio f=1 MHz
Ap
nm | nm [ nm Typ. | Max.
(nm) | (nm) (HA) | (nA) | (nA) [(times/°C)| (GHz) (pF) (W/Hz'™)
320to 03| 4 %3 3 -15
S5971 1060 900 |[0.64 0.55 0.6 | 1.0 (0.07%} 1 0.1 34 7.4 %10
S5972 800 |0.57|0.44 0.55| 0.42 |0.01*%0.5*® 115 0.5* 3.1 x107¢
S5973 320 to 0.09 '
$5973-01 1000 760 0.52 il il 0.42 [0.001*f0.1 * 1% 1.6* 1.5 % 10"
S5973-02 0.45]0.3*?| 0.42 | 0.37 | 0.09
*1: Window material K: borosilicate glass, L: lens type borosilicate glass
*2: A=410 nm
*3: VR=10 V
*4:VR=3.3 V
s os?ﬁb.f;h"qﬁf onN
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M Spectral response

PHOTQ SENSITIVITY (A/W)

Typ. Ta=25"C
- (Typ. Ta : )
$5971

- par ll

4
0.5 4 —\\ \
04 sssr500 /f \\\\ \
A=A\
L L] e A
N4 X
| N

0
200 400 600 800 1000

WAVELENGTH (nm)

KPINBD15TEA

M Frequency response

RELATIVE OUTPUT (dB)

(Typ. Ta=26 “C, =830 nm, RL=50

+10
55973 SERIES
(VR=33V) 7
0
"\ NN
3 b b
)
$5971 \
(Vr=10 V) \ /
-10 (AW |
55972
(VR=10'V)
|
20 | ‘
1 MHz 10MHz 100 MHz  1GHz 10 GHz
FREQUENCY

HPINBIMSSER

B Photo sensitivity temperature characteristics

Si PIN photodiode 95971, S5972, S5973 series

1.5 (Typ.)
e 55971
£ NS
E  +0
w
3]
i 5972
] S5973 SERIES |
O  +05 .
©
w
@
=1
= /
é RS el

0

L
o
=
w
-

-0.5

200 400 600 800 1000
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B Cut-off frequency vs. reverse voltage

(Typ. Ta=25 'C, x=830 nm, RL=50 )

10 GHz
55973 SERIES
5 | ‘
Z 16Hz - ”‘
o 5972 =
1w
F b2
P70
1100 MHz B o501
=
(&)
"
10 MHz
1 10 100
REVERSE VOLTAGE (V)
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M Dark current vs. reverse voltage

Si PIN photodiode S5971, S5972, S5973 series

B Terminal capacitance vs. reverse voltage

SHIFT FROM LENS CENTER X, Y (mm)

HPINBODBREA

(Typ. Ta=25 'C) (Typ. Ta=25 "C, f=1 MHz)
100 pA = 100 pF u
.
| A w
L~ >
bl P
E 10 pA E
cr 2
z e o ~ $5971
o <86972 (17 S -
}ﬁ >
4 LT z S5072 N
< ot = S ST \
o 1pA : s
- O ﬁ --,.-..=-- :.‘
~. 55973 SERIES =
.-_7'—-—1__
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Si PIN photodiode S5971, S5972, S5973 series

B Dimensional outlines (unit: mm)
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PHOTODIODE

Si PIN photodiode
S1223 series

For visible to IR, precision photometry

® High sensitivity @ Optical measurement equipment
@ High reliability ® Analytical equipment, etc.
® High-speed response
S$1223: fc=30 MHz
S$1223-01: fc=20 MHz
@ Low capacitance

M General ratings
Parameter Symbol

$1223-01

Window material - borosilicate glass -
Package - TO-5 -
Active area size A 24 x28 3.6 x 3.6 mm
Effective active area = SR niiaan 13 mm?

M Absolute maximum ratings

Parameter Symbol 7 S1223-01
Reverse voltage VR Max. 30 V
Power dissipation p 100 mwW
Operating temperature | Topr =40 to +100 °C
Storage temperature Tstg -65.to +125 g &
M Electrical and optical characteristics (Ta=25 °C
Pa ete 0 3 % 0
D D cl
Spectral response range A = 320to 1100 - & 320 to 1100 . nm
Peak sensitivity wavelength Ap - 960 o B 960 W nm
A=AD - 0.6 = - 0.6 =
e A=660 nm - 0.45 - - 0.45 -
Photo sensitivity S =780 nm - 052 - - 0.52 - AW
A=830 nm - 0.54 - - 0.54 -
Short circuit current Isc  [100 Ix 5 6.3 - 10 13 - HA
Dark current ID VR=20 V - 0.1 10 - 0.2 10 nA
Temp. coefficient of ID Tcip - 1.15 - - 145 - times/°C
Cut-off frequency fc VR=20V, -3 dB - 30 - - 20 - MHz
Terminal capacitance Ct |VR=20V, =1 MHz - 10 - - 20 - pF
Noise equivalent power| NEP |Vr=20V, A=Ap - 9.4 x 107" - - 1.3x10™ - WiHz""?
SO D .o

HAMAMATSU 1
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Si PIN photodiode S1223 series

M Spectral response B Photo sensitivity temperature characteristic
(Typ. Ta=25"C 3
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VTB Process Photodiode

VTB8440H, 8441H

PACKAGE DIMENSIONS inch (mm)

142 .070 (1.78) |_._..Z'vH) (7.87)

(3.50) "OM- 080 (1.52) ] MINIMUM ]
—foey |
(8.00) :
.197 .315 (8.00 197
{5.00) "OM- 305 (7.75) {5.00) "M
b 1S i |
\__/
.236 (6.00) .020 .018
TT.226 (5.74) T N T T
CASE21 8mmCERAMIC
CHIP ACTIVE AREA: .008 in? (5.16 mm?)
PRODUCT DESCRIPTION ABSOLUTE MAXIMUM RATINGS
Planar silicon photodiode in‘a recessed ceramic Storage Temperature: -20°C to 75°C
package. Chip is coated with a protective layer = Operating Temperature: 20°Cto 75°C
of epoxy. These diodes have very high shunt
resistance and have good blue response.
RoHS Compliant
ELECTRO-OPTICAL CHARACTERISTICS @ 25°C (See also VTB curves, pages 21-22)
VTB8440H VIB8441H
SYMBOL CHARACTERISTIC TEST CONDITIONS UNITS
Min. Typ: Max. Min. Typ. Max.
lse Short Circult Current H =100 fc, 2850 K 35 45 35 45 HA
TClsc  |lsc Temperalure Coefficient 2850 K A2 23 12 23 %/°C
Voc Open Circuit Voltage H'=100 fc, 2850 K 490 490 mv
TCVgce  |Voc Temperalure Coefficient 2850 K -2.0 -2.0 mv/°C
In Dark Current H=0,VR=20V 2000 100 pA
Roy Shunt Resistance H=0V=10mV .07 1.4 G
TCRgy [Rsy Temperature Coefficient H=0V=10mV -8.0 -8.0 %l°C
Cy Junction Capacitance H=0,V=0 1.0 1.0 nF
Sg Sensifivity 365 nm 10 10 AW
Mange | Speciral Application Range 320 1100 320 1100 nm
Ay Speclral Response - Peak 920 920 nm
Ver Breakdown Voltage 2 40 2 40 v
81 Angular Resp. - 50% Resp. Pt. +50 +50 Degrees
NEP  |Noise Equivalent Power 5.9 x10™ (Typ) 1.3x10™ (Typ) W/./Hz
D" Specific Detectivity 3.9 x10 " (Typ) 1.7%10 " (Typ) cmyHz/W

PerkinElmer Optoelectronics, 22001 Dumberry, Vaudreuil, Canada J7V 8P7 Phone: 877-734-6786 Fax: 450-424-3413 www.perkinelmer.com/opto

| Bg

Perkinizime:

precisely.

41



VTB Process Photodiodes

VTB5040d, 5041J

E 6 & 6 VACTEC T-(-5 |

PACKAGE DIMENSIONS inch (mm)

182 {4.82) 1.00 (25.4)

72 (4.37) NIRINUS
010 l._ 040 034
{o.25) " 'I foo "™ | s

HOM,
(245 (6.22) 2585 (9.27)
235 (3.97) e 355 {9.02)
) ]

.330 (8.3B) 017 200

ST 043 VA NOM. LT DIAL NON,

PRODUCT DESCRIPTION

Planar silicon photodiode in a *flat'
window, three lead TO-5 package.
Chip is isolated from the case. The
third lead allows the case to be
grounded. These dicdes have very
high shunt resistance and good blue
response.

CASE14A  TO-5 HERMETIC
CHIP ACTIVE AREA: 008 in (5.16 mm?)

ABSOLUTE MAXIMUM RATINGS
Storage Temperature: -40°C to 110°C
Operating Temperature: -40°C to 110°C

ELECTRO-OPTICAL CHARACTERISTICS @ 25°C (See also VTB curves, peges 12-13)

SYMBOL|  CHARAGTERISTIC | TESTCONDITIONS | VTooused | VTBSG41d UNITS
Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max.
Short Gircuit Curent H=1001c, 2850K | 35 | 45 35 | 45 A
Isc Temp. Costiicient 2850 K 12].23 12| 23 %/°C
Open Circult Voltage H = 100 fc, 2850K 490 430 my
Vo Temp. Cosfilclent | 2850K 20 20 my/ ¢
o9 Dark Current H=0,Va=20V 2000 100 pA
it | Shunt Resistance H=0,V=10mv 07 14 GR
Rt Temp. Coaflicient -~ | H =0,V = 10 mV -80 80 %/°C
Juniction Capacitance H=0V=0 1.0 10 F
Sensitivity 365 nm 0.1 01 AW
Spectral Application Range 320 1100| 320 1100 nm
Spectral Response - Peak 920 820 nm
Breakdown Vokags 2 |40 2 |40 v
Ang. Resp. - 50% Resp. Pt. ' +45 =45 Degrees
! Nolsa Equivalent Power 59x 10 (yp) [ 13x107 (Typ) Wi
Specific Detectivity 39%10% (yp) | 1.7x10" (Typ,) con/Fz W

27



Silicon Photodetector

BLUE SENSITIVE FOR BIASED OR
UNBIASED OPERATION

The Centronic Series 5T detectors offer high blue
sensitivity coupled with high shunt resistance and low
dark leakage current. They are particularly suited to
low light level applications from 430-900 nm where the
highest signal to noise ratio is important. They may be
operated photovoltaically or with a reverse bias of up
to 12V where lower capacitance is needed. The 5T
range provides the most economic solution for all
applications where high speed of response above 800
nm is not critical.

ABSOLUTE MAXIMUM RATINGS

64
Series 5T

Max. Rating
DC Reverse Voltage 15V
Peak Pulse Current (1 us, 1% duty cycle) 200mA
Peak DC Current 10mA
Storage Temperature Range -45°C to+ 100°C
Except for those listed below: -25°C.to + 80°C
Operating Temperature Range
Except for: LD12, LD16, LD20, LD35, MD25, -25°C to+ 75°C
MD100 and MD144-5T 0°Cto + 75°C
Soldering Temperature for 5 seconds max. 200°C

Series 5T —Typical Spectral Response

0.7 g i : : 1000
~—— 12V BIAS { N
----- v BIAS | ] 500

| | 400

0.6 ; ‘ NP y d

200

|

0.4 | k:

1
1

0 i
200 300 400 500 600 70C 800 800 10Uy {1LW 1260

WAVELENGTH (nm)

WWW: www.centronic.co.uk
CENTRONIC email: . eosales@centranic.co.uk 1

L e—

Series 5T - Typical Capacitance versus

Bias Voltage for a given Detector Area

1l —T———— T

BIAS VOLTAGE

Tel: +44(0)1689 808022
Fax: +44(0)1689 845117

V3



Silicon Photodetector

Electrical / Optical Specifications

65
Series 5T

Characteristics measured at 22°C (+2) ambient, and a reverse bias of 12 volts, unless otherwise stated. Shunt
Resistance measured at + 10mV.

For rise time on Quadrants, Linear and Matrix Arrays take figures for single element diodes having equivalent
active area.

Siﬂgle Elements

Responsivity Shunt
4 Dark Current ¥ C it F .
Type Active Area | (nA) NEP WHz " | ©2Pacitance P | pesistance | Risetime ns i
No. A = 430nm A =436 nm Megohms |, - g2p nm | Package
Vr =0V Vr=0V |Vr=12V R =500
mm’ mm Min. Typ. | Max. | Typ. Typ. Max. Max. |Min.| Typ. Typ.
0OSD1-5T 1 1.13 dia 0.18 0.21 1 0.2 25x 10 35 z 250 | 1000 7 TO18
0SD3-5T 3 216x1.4 | 0.18 0.21 2 0.5 30x10™ 80 20 |100| 700 g TO18
0SD5-5T 252dia | 018 | 021 0.5 azxio™ 130 35 |100]| 600 g TO5
OSD7.55T | 7.5 | 2.75x275| o0.18 0.21 3 1 4.8 x 10 180 40 | 60 | 300 10 TO5
OSD15-5T 15 3.8x3.8 0.18 0.24 5 1 s55x10 M 390 80 50 | 200 12 TOS5
0SD35-5T 35 59x59 | 018 0.21 10 2 2.510 950 200 | 20.{ 100 20 TO8
0SD50-5T 50 7.98 dia 0.18 0.21 15 5 16x107™® | 1300 270~ 5 | 25 26 TO8
0SD6B0-5T 62 7.9x78 0.18 0.21 25 6 23x107% | 1800 310 3 | W 30 TO8
0SD100-5T | 100 | 11.3dia 0.18 0.21 30 8 24%107% | 2500 8201 2 [*15 45 13
0SD300-5T | 300 | 19.54dia | 0.18 021 | 200 30 35x 107 | 7500 | 1500 | 1 5 125 15
Quadrants
(Values given are per element unless otherwise stated)
3 Responsivity % g 5
i Act.ulyet J?rea AW Dark cAurrem NEP WHz Capacifance pF Shu:‘t Re:ls:slance gr:sgsot:lkﬁ
r{g (Total) 2 =436 nm o A=436 nm ggopms M | package
y Sep. V=0V |vr=0V|vr=12V
mm mm | mm |[Min. | Typ. | Max. | Typ. Typ. Max. Max. Min. Typ. _ |Max.| Typ.
QD7-5T 7 | 2.99dial 0.2 |0.18] 0.21 | 8 2 | 2ax10™ | 50 15 80 1200 E{ 4 | TOB
QD50-5T |50 | 7.98 dia| 0.2 |0.18| 021 | 30 3. [ dex10™ 330 80 10 300 5] A1 10
QD100-5T [100 [11.3dia | 0.2 | 045| 048150 5 |.7ox107 650 | 130 5 100 i 11
WWW:  www.centronic.co.uk Tel: +44(0)1689 808022
(cenrronic email:  eosales@centronic.co.uk 2 Fax: —  +44(0)1689 845117

V3
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BPW21R

v www.vishay.com

Vishay Semiconductors

Silicon Photodiode

—'\é

"‘ ¥ 7 84 8394

DESCRIPTION

BPW21R is a planar Silicon PN photodiode in a hermetically
sealed short TO-5 case, especially designed for high
precision linear applications.

Due to its extremely high dark resistance, the short circuit
photocurrent is linear over seven decades of illumination
level.

On the other hand, there is a strictly logarithmic correlation
between open circuit voltage and illumination over the same
range.

The device is equipped with a flat glass window with built in
color correction filter, giving an approximation to the
spectral response of the human eye.

FEATURES

e Package type: leaded @

* Package form: TO-5 e

* Dimensions (in mm): @ 8.13

= Radiant sensitive area (in mm2): 7.5

* High photo sensitivity ggﬂg

* Adapted to human eye responsivity

» Angle of half sensitivity: ¢ = + 50°

e Hermetically sealed package

* Cathode connected to package

* Flat glass window

* Low dark current

s High shunt resistance

¢ High linearity

* Compliant -to RoHS Directive 2002/95/EC and in
accordance with WEEE 2002/96/EC

APPLICATIONS
* Sensor in exposure and color measuring purposes

PRODUCT SUMMARY

COMPONENT Ira (A) o (deg) : %o.s (nm)
BPW21R 9 + 60 420 to 675
Note
* Test condition see table “Basic Characteristics”
ORDERING INFORMATION
ORDERING CODE PACKAGING REMARKS PACKAGE FORM
BPW21R Bulk MQOQ: 500 pcs, 500 pes/bulk TO-5

Note
* MOQ: minimum order quantity

ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)

PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Reverse voltage VR 10 v
Power dissipation Tamp <50 °C Py 300 mW
Junction temperature T 125 °C
Operating temperature range Tamb -40to+125 °C
Storage temperature range Teig -40to+ 125 °G
Soldering temperature t<5s Tad 260 °C
Thermal resistance junction/ambient Connected with Cu wire, 0.14 mm? Rinaa 250 KW

Rewv. 1.7, 23-Nov-11

Document Number: 81519

For technical guestions, contact: detectortechsupport@vishay.com

THIS DOGUMENT IS SUBJECT TO CHANGE WITHOUT NOTIGE. THE PRODUGTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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VI-SHAY., BPW21R

v el Vishay Semiconductors
BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Forward voltage Ip=50mA Vr 1.0 1.3 A
Breakdown voltage Ir=20pA E=0 Vier) 10 "
Reverse dark current VR=5V,E=0 {8 2 30 nA
Diode capacitance il Mlsing Co L iy
VR=5V,f=1MHz,E=0 Cp 400 pF
Dark resistance VrR=10mV Rp 38 GQ
Open circuit voltage Ep=1kix Vo 280 450 mV
Temperature coefficient of V,, Ea=1KIx TKvo -2 mVW/K
Short circuit current Ea =1 kix I 4.5 9 pA
Temperature coefficient of Ix Ea=1KIx TKix -0.05 %/K
Reverse light current Ea=1KkIx,Vg=5V lra 4.5 9 HA
Sensitivity VR=5V,Ea=1021t0 10° Ix S 9 nA/lx
Angle of half sensitivity @ +50 deg
Wavelength of peak sensitivity Ay 565 nm
Range of spectral bandwidth ' s 42010 675 nm
Rise time V=0V, R_=1KkQ, & =660 nm t, 3.1 ps
Fall time Vr=0V,R.=1kQ, A=660 nm b ; 3.0 us

BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)

104 13
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=
g £
£ T2
£ 103 ;
f=4 Z
s 8
o /gl W
%€ 2
g 102 o
[=] % =
E Vg=5V %':} Ji
5 1 /| BE el _:t!
e = i T 09
'e VA £ X
— /' E
10 X
20 40 60 80 100 120 0 20 40 60 80 100 120
94 8468 Tamb - Ambient Temperature (°G) 94 8738 T - Ambient Temperature
Fig. 1 - Reverse Dark Gurrent vs. Ambient Temperature Fig. 2 - Relative Reverse Light Current vs, Ambient Temperature
Rewv. 1.7, 23-Nov-11 2 Document Number: 81519

For technical questions, contact: detactortechsuppert@vishay.com
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BPW21R

e
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v ¥ Vishay Semiconductors
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PACKAGE DIMENSIONS in millimeters
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VISHAY., Legal Disclaimer Notice
v www.vishay.com Vis hay

Disclaimer

ALL PRODUGT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay"), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (ii)) any and all implied warranties, including warranties of fithess for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer's responsibility to validate that a particular
product with the properties described in the product specification is suitable for use in a particular application. Parameters
provided in datasheets and/or specifications may vary in different applications and performance may vary over time. All
operating parameters, including typical parameters, must be validated for each customer application by the customer’s
technical experts. Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase,
including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please
contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

Material Category Policy

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the
definitions and restrictions defined under Directive 2011/65/EU of The European Parliament and of the Council
of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment
(EEE) - recast, unless otherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/95/EG. We confirm that
all the products identified as being compliant to Directive 2002/95/EC conform to Directive 2011/65/EU.

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as Halogen-Free follow Halogen-Free
requirements as per JEDEC JS709A standards. Please note that some Vishay documentation may still make reference
to the IEC 61249-2-21 definition. We confirm that all the products identified as being compliant to IEC 61249-2-21
conform to JEDEC JS709A standards.
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