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| Si APD (Avalanche Photodiodes) |

HAMAMATSU Si APD

The APD is a highly sensitive photodiode that operates at high speeds
and high gain by applying a reverse bias. It has higher S/N than PIN
photodiodes and is widely used in optical rangefinders, spatial light
transmission, scintillation detectors, etc.

HAMAMATSU also provides compact APD modul
APD, a low-noise amplifier and a bias power supply.
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TE-cooled type I\,ig\fr)sensmvnxtmgjq\iqw@ﬁt%\/el detection. Offers greatly improved stability by thermoelectric cooling.
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ctron-hole pairs generated in the depletion layer of an APD with a reverse bias voltage is applied to the PN

junction, the N* side while the holes drift towards the P* side due to the electric field developed across the PN junction.
The drift speed of these carriers depends on the electric field strength. However, when the electric field is increased, the

carriers are more likely to collide with the crystal lattice
and scatter, saturating their speed at a certain level. If
the reverse voltage is increased even further, some of
the carriers which escaped collision with the crystal lat-
tice will have a great deal of energy. When these carri-
ers collide with the crystal lattice, new electron-hole
pairs are generated (ionization).
pairs then create additional electron-hole pairs in a pro-
cess like a chain reaction. This is a phenomenon refer-
red to as avalanche multiplication.

u Operating principle of APD
O
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Generated carriers produce new electron-

electric field. [Tonization
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These electron-hole

HIGH

VOLTAGE

Gain proportional to the applied reverse
bias voltage can be obtained.

hole pairs while being accelerated by high

Newly generated carriers are also accelerated
to produce further electron-hole pairs, and this

P7 process repeats itself. | Avalanche multiplication

KAPDCOO006EC

For detailed information and data on the products listed in this catalogue, see the datasheets that are
available from our web site www.hamamatsu.com




u Spectral response (Si APD)
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Short wavelength type Si APD

These short-wavelength APDs are optimized for detection of UV to visible light. High gain and high sensitivity
can be obtained in short wavelength regions, making these APDs suitable for low-light-level measurements such
as in analytical instruments.

Low bias operatio

Effective*!| Spectral |Breakdown| —Temp. Cut-off*2|  Rise*? )
: Iltage |coefficient of : Terminal*2 q
active | response | VO frequency | time ! Gain
EE e area range |D='\fgg'pA brf,*gﬁgg;" " 'RL=50Q | RL=50 Q capacitance| ) —geg nm Package
(mm) (hm) V) Vo) | (MHz) (ns) (pF) /N
S9073 0.2 900 0.4 3 C E
1
S9074 .5 400 0.9 7 %-18 E
ar
S5343 ¢1.0 250 > 15 E
QM_$
200 to 1000 200 0.14
S9075 ¢L5 /\\V ) Eg
PN "
TO-
O | @
S5344 @.0 25 14 g\‘\g
di
q AL
S5345 @.0 8 Q X 320 TO-8 @
(7 A »
*1: Active area in which a typical gain be obtained \/

*2: Measured under conditions that the gevice is operat
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Low terminal capacitance

Effective*!| Spectral |Breakdown| —Temp. Cut-off*2|  Rise*2 )

(mm) (hm) () (V/°C) (MHz) (ns) (pF)
S8664-02K .2 700 0.5 0.8
S8664-05K @.5 680 0.52 1.6 a
S8664-10K @1.0 530 0.66 4 o

S8664-20K @®@.0 280 1.3 1 Q @

S8664-30K ¢3.0 140 25 22 C ﬁ
©) I

58664-50K .0 320101000 500 078 60 6 }5/ 50

58664-55 5x5 40 9 80 .

ramic

S8664-1010 10x 10 11 /\ 70 é .
| 4 x 8 element array @

Effective*'| Spectral | Breakdo h‘Qn\ Cufoff *2
active response voltage, fre uen%vﬂf
Wipe e area range \ENS < RL~50 FEE R
(mm) om | W) (MRR\
1.6x1.6 .
S8550 (x 32 elements) 201 (per 1 element) 50 Ceramic
\

*2: Measured under conditions that t| iceNs operated at the gai cification table
u Spectral respons EQu tu@ efficiency vs. wavelength B Gain vs. reverse voltage
m M=5Q al\20 ni (Typ. Ta=25 "C) (Typ. A=420 nm)
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Near infrared type Si APD

Low bias operation

These near infrared APDs are designed to be operated at low voltages. High gain can be obtained with bias voltages
below 200 V, making these APDs suitable for spatial light transmission, laser radar and optical fiber communications.

Effective*!| Spectral |Breakdown| —Temp. Cut-off *2 .
. Terminal *2 .
active response | Voltage coefficient of| g0, ency b Gain
Type No. e range ID:I\“/Igé(.uA br‘c;zgll:gg;vn RL=50 O |ca@pacitance| , gon Package
(mm) (nm) () (V/°C) (MHz2) (pF)
S2381 @.2 1000 1.5

5§2382 C

S5139 ©.5 900 3

TO-18

S8611 100

$2383 400 to 1000 200

600 6 QS S

S2383-10 *3

<

A TO-5

S3884 915 Q
S2384 @0 2

40 95 40 TO-8

T 4 z
@/)mﬁ//g\
&
#li@:@ = 1. B :

\
N

N\)

Effective*!| Spectral | Breakdown Temp. Cut-off *2 -
" ici Terminal *2 .
active response voltage |coefficient of | o0 ency b Gain
Type No — range Max. brsghgg;vn RL=50 O capacitance A=800 nm Package
(mm) (nm) ) (V/°C) (MHz) (pF)
r .
S9717-02K @.2 1000 1.5 )
P
S9717-05K 400 to 1000 200 0.65 100 Ceramic hm J
©.5 900 3
.IF‘-
S9717-05L * ‘ - Ir’

*1: Active area in which a typical gain can be obtained

*2: Measured under conditions that the device is operated at the gain listed in the specification table

*3: This is a variant of S2383 in which the device chip is light-shielded by aluminum coating except for the active area.
*4: Lens glass window



B spectral response
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Low temperature coefficient

S6045 series are Si APDs optimized for near infrared detection. Because their bias voltage exhibits a low
temperature coefficient, a stable gain can be obtained over a wide temperature range. Common applications
include spatial light transmission, laser radars and optical fiber communications.

Active! | Spectral |Breakdown | Temp. Cut-off *2 .
voltage |coefficient of Terminal *2 @l
Type No. area response Max. Brear frequency b ain Fealene
yp size range . 86( LA r\?gltag;m RL=50 O capacitance| »_gng nm (¢]
(mm) (nm) v) (V7°C) (MHz) (pF)
-
S6045-01 0.2 1000 1.5

S

< ﬂ
S6045-02 0.5 900 3 -1

100

S6045-03 @1.0 600 6

400 to 1000 300 0.4

S6045-04 @1.5 /39\
T

&%
Lu_-:'l

$6045-05 ¢3.0 x S @
$6045-06 6.0 35 1 &(5 4> TO-8 ﬂ

RN
I\
i Nabl

*1: Active area in which a typical gain can be obtained
*2: Measured under conditions that the device is operated e gainlistedNnXhe spe@ca%
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Near infrared type Si APD

For 900 nm laser

S9251 series is used for laser radars. Its gain versus reverse voltage curve is less sharp, so stable operation

can be maintained.

Active*! | Spectral Breallt(down If?ff_lp-t . Cut-off *2 Terminal*2
area response voltage coerticient of| frequency L Gain
Type No. size range |D=I\‘:Ig())(.|JA brsg:;gggn RL=50 O |capacitance| »_g00 nm Package
(mm) (nm) ) (V7°C) (MHz) (pF)
=
!
$9251-02 0.2 0.4 =
400 O (e o
$9251-05 @.5 0.7 C ‘o
440 to 1100 350 1.85 100
Lo ]
S9251-10 ¢1.0 380 1.9 f
TO-5
>
S9251-15 o1.5 350 3.6
For YAG laser \)
$8890 series is ideal for detecting YAG lasers at 1.06 um (\\)) @
R Breakdown Tem
A:rt:ée igegggé voltage coeff|C|ent Termln | G
Type No. A p Max. breakdown capa Package
size range Ib=100 pA oltage A 0 nm
(mm) (nm) VR ARF
=7
$8890-02 0.2 < 230 \
|
%
s’
S8890-05 @.5 0.5
TO-5 ;I
S8890-10 ¢1.0 I¢ JOO % }230 1.5 100
|
N © &
S8890-15 1.5 > 220 2.5
/ 3 § 1
-
<@mo\ @3)0 \ 220 8.0 TO-8 3
*1: Acti ea in whjch a typical gain can be obtained
*2: Measu ndey/cgnditions that the device is operated at the gain listed in the specification table
u Spectral ponse (M=100) B Gain vs. reverse voltage
70 (Typ. Ta=25 °C, A=800 nm) ; N
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APD modules

Standard type

APD modules are designed for easy use of Si APD. Each module consists of a Si APD, an amplifier and a
bias power supply, assembled in a compact configuration. The APD modules operate from a +5 V power supply,
and can be used for various applications of light detection in a frequency range up to 100 MHz.

I Near infrared type

@ Peak sensitivity wavelength: 800 nm
@ Available with optical fiber connector

Applications

@ APD evaluation
@ Spatial light transmission

® Wide bandwidth @ Optical rangefinders
@ Optical communications
@ Laser radars
Effective * Cut-off frequency | photoelectric sensitivity Temperature
active Built-i stability of gain Supply
Type No. W built-in APD voltage
area APD Low band | High band | =30, A=800 n 25+10°C
(mm) (v/w) (%) V)
©5331 @5 S3884 -4.65 x 103\
C5331-01 0.2 $2381 <780 x 10
100 MHz 3
©5331-02 .5 $2382 ’W‘* » Q}
4 kHz 25 +5
C5331-03 01.0 $2383 /2/)5 x%\/ X
C5331-04 .0 52384 80 MHz 32,30 x 10% &\Qat\y
C5331-05 @5.0 $2385 M -0.83 x 104 5
| Short wavelength ty @ $
L Features App|l(‘atl '15 3
@ Peak sensitivity wavelen 8 m rs
@ Available with optic Q onitors
® Wide bandwidth &
@ PN
ive \\/ Qut uercy Photoelectric sensitivity| Minimum detection limit Temperature Supply
Type No. ilt-in : built-in APD built-in APD il e voltage
< APD 0o\ p Highband | M=30, A=620 nm | M=30, A=620 nm 25+10°C
(V/W) (nW rms) (%) v)
N
5331-11 $5343 \\> 100 MHz -2.46 x 104 5
0}3&\\% ) @.0 S5344 4 KkHz 40 MHz 1.26 x 10* 9 25 +5
C5331-13 @.0 S5345 20 MHz -0.69 x 10* 8
* Active area in which a typical gain can be obtained
l FC connector coupling type
Type No. Feature
C5331-30 C5331 + FC connector

C5331-31

C5331-01 + FC connector with lens




High sensitivity type

C5460 series are high gain APD modules suited for low-light-level detection including DC light.

@ Low-light-level detection
@ DC light detection

Applications

@ Barcode readers
@ Fluorescence measurement

@ High gain @ Particle counters
Effective * Cut-off frequency Photoelectric sensitivity
active Built-i Supply
Type No. UTIAT : built-in APD voltage
area APD Low band | High band | M=30, A=800 nm
(mm) (V/W) V)
C5460 ¢1.5 S3884 10 MHz 1.50 x 108 800
DC +2.5 +12
C5460-01 @3.0 S2384 100 kHz -1.50 x 1{ 5

* Active area in which a typical gain can be obtained

@\
Attachment adapters for FC ;t/r)dsﬁ\(lx\qonhéctors@cﬁ@&s}eparately)

An FC connector or SMA connector can be attached to t ol iNg pre cts o C5 5460 series APD modules
by using a dedicated adapter. ~ S
APD module C adapter N SMA adapter
C5331-01 & XQ\N{?JB A g? A8424-18
C5331-02 Q & \QBW < O\\ w_/ A8424-18
C5331-03 W?J 8 \W A8424-18
C5331-04 \\ v8407@©%\\ A8424-05A
C5331-05 ( ( AS&@\ \\\) —
C5331-11 \\ “ A8 &q%\ A8424-18
C5331-12 \j ) QW A8424-05A
©5331-13 N wg —
0546@ ) PR AB424-05

C5460-01 VA8407-05A A8424-05A

FT



APD modules

High-speed type

This APD module is designed for light detection in a wideband frequency range (up to 1 GHz).

L Features Applications
@ High-speed response ® OTDR m-..

@ Optical communications

& N

Effective *! Cut-off frequency Photoelectric sensitivity | Minimum detection limj Temperal Supply
Type No. active | Builtin _ i AETD ; bitat gain e
APD Low band | High band | M=100, A=800 nm 10°C
(mm) (V/W) %) V)
C5658 @.5 S2382 50 kHz 1 GHz 2.50 x 10° 16 +5.0 +12

TE-cooled type (\((\

CA4777 series is high sensitivity APD module for Io | detegtion.
w App'iuation
@ Highly stable photometry ® Low-lig . ével detection
@ Wide bandwidth (C4777) cientific maeasurements
@ DC light detection (C4777-01) !1'-
@ High sensitivity (C4777-01) é\y &
Effective *! \C‘lt'Off ?re\quénby |t|V|ty Minimum detection limit Temperature S
Type No active Q |It- PD stability of gain v;:’%}é
: area Lo Igh ban< =800 nm et 25+15°C
(mm) NN /W) (%) V)
caTTT .5 %z 103\& \_/2,50 %105 2 0.8 W rms *2
+3.0 +15
C4777-01 DC HR -1.25 x 109 *3 0.2 pW rms *3 =

*1: Active area in whieh

2 b@n obtaine w



Line-up
of
Opto-semiconductors

Photosensors

Si photodiodes

=

o
WX
Line-up of Si photodiodes for

UV to near IR, radiation

Image sensors

Aquires real-time digital
X-ray images

Excellent position resolution in
a fast, highly reliable sensor

<

ophisticated sensors integrated with

photosensitive element and signal
processing circuit

Infrared detectors

-
=]
(=]

A wide range of high performance
sensors for infrared detection

10
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LED

Wide variations of Light Emitting Diodes
to match various applications

Automotive devices

Optical communication devices

Application-specific circuits and
modules used with opto-semiconductors

Integrating optical system,
image sensor and circuit
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alP not be responsible for the customer's improper selection of a product for a particular application
are in any way altered or modified after delivery by HAMAMATSU or for any intentional misuse or
A\ should be followed when incorporating these products into devices that could potentially cause bodily

party for any consequential, incidental or indirect damages, including but not limited to loss of profits, revenues, sales, data, business, goodwill or use,
even if the company has been advised of the possibility of such loss or damage. The limitation of liability set forth herein applies both to products and
services purchased or otherwise provided hereunder. This warranty is limited to repair or replacement, at the sole option of HAMAMATSU, of any
product which is defective in workmanship or materials used in manufacture. All warranty claims must be made within 1 year from the date of purchase or
provision of the products or services.

Products that are amenable to repair shall be done so either under warranty or pursuant to a separate repair agreement. Some products cannot be repaired
either because of the nature or age of the product, the unavailability of spare parts, or the extent of the damage is too great. Please contact your local
HAMAMATSU office for more details.

@ The products described in this catalogue should be used by persons who are accustomed to the properties of photoelectronics devices, and have expertise
in handling and operating them. They should not be used by persons who are not experienced or trained in the necessary precautions surrounding their use.

@ The information in this catalogue is subject to change without prior notice
@ Information furnished by HAMAMATSU is believed to be reliable. However, no responsibility is assumed for possible inaccuracies or omissions.

@ No patent rights are granted to any of the circuits described herein.




HAMAMATSU

HAMAMATSU PHOTONICS K.K., Solid State Division
1126-1, Ichino-cho, Higashi-ku, Hamamatsu City, 435-8558, Japan
Telephone: (81)53-434-3311, Fax: (81)53-434-5184

www.hamamatsu.com

Sales Offices

JAPAN:

HAMAMATSU PHOTONICS K.K.

325-6, Sunayama-cho, Naka-ku,

Hamamatsu City, 430-8587, Japan

Telephone: (81)53-452-2141, Fax: (81)53-456-7889

Main Products
Si photodiodes

APD

Photo IC

Image sensors

X-ray flat panel sensors

U.S.A.:
PSD HAMAMATSU CORPORATION
Main Office
Infrared detectors 360 Foothill Road, P.O. BOX 6910,
LED Bridgewater, N.J. 08807-0910, U.S.A.

Telephone: (1)908-231-0960, Fax: (1)908-231-1218
E-mail: usa@hamamatsu.com

Optical communication devices
Automotive devices
Mini-spectrometers

High energy particle/X-ray detectors

Opto-semiconductor modules

Western U.S.A. Office:

Suite 110, 2875 Moorpark Avenue
San Jose, CA 95128, U.S.A.
Telephone: (1)408-261-2022, Fax: (1)408-261-2522
E-mail: usa@hamamatsu.com

United Kingdom, South Africa:
HAMAMATSU PHOTONICS UK LI

Hamamatsu also supplies: Main Office

Photoelectric tubes

Imaging tubes

Light sources

Imaging and processing systems

E-mail: info@hamamatsu.co.uk

South Africa office:
PO Box 1112
Buccleuch 2066
Johannesburg, Sou

Fax: (33)15
E-mail: infos®

v

UKAS
QUALITY
MARAGEMENT

: (41)32/625 ¢
001

il: swiss@h

Spanish Office:

Centro de Empresas de Nuevas Tecnologies
Parque Tecnologico del Valles

08290 CERDANYOLA, (Barcelona) Spain
Telephone: (34)93 582 44 30

Fax: (34)93 582 44 31

E-mail: spain@hamamatsu.com

the Quality Management
System Standard.

Germany, Denmark, Netherland, Poland:

HAMAMATSU PHOTONICS DEUTSCHLAND GmbH
Arzbergerstr. 10,

D-82211 Herrsching am Ammersee, Germany
Telephone: (49)8152-375-0, Fax: (49)8152-2658

E-mail: info@hamamatsu.de

Information in this catalogue is
believed to be reliable. However,
no responsibility is assumed for
possible inaccuracies or omissions.
Specifications are subject to
change without notice. No patent
rights are granted to any of the
circuits described herein.

Danish Office:

Skovbrynet 3

DK-5610 Assens, Denmark

Telephone: (45)4346/6333, Fax: (45)4346/6350
E-mail: [koldbaek@hamamatsu.de

© 2007 Hamamatsu Photonics K.K.

Quality, technology, and service
are part of every product.

A

Percentage of Waste Paper Pulp 70%

@Rome Office:
& Viale Cesare Pavese, 435
. y

Netherlands Office:
PO BOX 50.075, 1305 AB
Telephone: (31)36-5
E-mail: |nf@hama

RE, The Netherlands
31)36-5382124

Telephone: (4 8-509-031-00, Fax: (46)8-509-031-01
-mail: info@hamamatsu.se

Russian Office:
Riverside Tow!

r- ephpne: (39)02 935 81 733
39)02-935 81 741
-mail: info@hamamatsu.it

00144 Roma, Ital
Telephone: (39)06-50513454, Fax: (39)06-50513460
E-mail: inforoma@hamamatsu.it

China

HAKUTO ENTERPRISES LTD.
8th Floor World Trade Centre
No. 280 Gloucester Road,
CausewayBay, Hong Kong

Telephone: (86)13760238077

Taiwan:

HAKUTO TAIWAN LTD.

3F-6, No. 188, Section 5, Nanking East Road
Taipei, Taiwan R.O.C.

Telephone: (886)2-2753-0188

Fax: (886)2-2746-5282

KORYO ELECTRONICS CO., LTD.

9F-7, No.79, Hsin Tai Wu Road

Sec.1, Hsi-Chih, Taipei, Taiwan, R.O.C.

Telephone: (886)2-2698-1143, Fax: (886)2-2698-1147

Republic of Korea:

SANGKI TRADING CO., LTD.
Suite 431, World Vision BLDG.
24-2 Yoido-Dong
Youngdeungpo-Ku

Seoul, 150-877

Telephone: (82)2-780-8515
Fax: (82)2-784-6062

Singapore:

HAKUTO SINGAPORE PTE LTD.

Block 2, Kaki Bukit Avenue 1, #04-01 to #04-04
Kaki Bukit Industrial Estate, Singapore 417938
Telephone: (65)67458910, Fax: (65)67418200
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