First Sensor APD Hybrid Series Data Sheet
Part Description AD500-9-400M TO5
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CHIP DIMENSIONS
Features Description Applications RoHS
e (J0.500 mm active area The AD500-9-400M-TOS is an Avalanche Photodiode Amplifier e Lidar 2011/65/EU
e Low noise Hybrid containing a 0.196 mm? active area APD chip integrated e Analytical instruments
e High gain with an internal transimpedance amplifier. Hermetically e Medical equipment
e Long term stability packaged in a TO-5 with a borosilicate glass window cap.
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Symbol Parameter Min Max Unit
Tste Storage Temp -55 +125 °C
Top Operating Temp 0 +60 °C 70
TsoLDERING Soldering Temp - +240 °C
5 €mp 60 "
P Power Dissipation - 360 mwW P
< 50
Ve Single Supply Voltage +3.0 +5.5 vV > // \
E 40
lec Supply Current - 63 mA S
. g 30 ,/ \\
Schematic o pd N\
o 20
P g™ i 10 ’/ \
4 = \
OUT+ 0
PIN1 400 500 600 700 800 900 1000 1100
ADSOO-Q\X\ OouT-
o g PN WAVELENGTH (nm)
CASE/GND
PIN 3

Vs

Electro-optical characteristics @ 23° C (Vcc = single supply +3.3V, RL = 100W unless otherwise specified)

Symbol Characteristic Test conditions Min Typ Max Unit
f-3d8 Frequency Response -3dB @ 905 nm --- 400 --- MHz

S Sensitivity* A =905 nm; M =100 - 145 - mV/uW
[ Supply Current Dark state 34 63 mA

* Sensitivity = APD responsivity (0.58 A/W X 100 gain) x TIA gain (2.5K)

These devices are sensitive to electrostatic discharge. Please use ESD precautions when handling.
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Avalanche photodiode data @ 23 °C

Symbol Characteristic Test conditions Min Typ Max Unit
Ip Dark Current M =100 (see note 1) - 0.8 5.0 nA
C Capacitance M =100 (see note 1) -—- 1.2 - pF
Ver Breakdown Voltage Ip=2 pA 160 -—- 200 \Y
Temperature Coefficient of Ve 1.25 - 1.55 V/K
Responsivity M =100;=0V; A =905 nm 52 58 60 A/W
Afas Bandwidth -3dB - 0.5 - GHz
tr Rise Time M =100 - 0.55 - ns
Optimum Gain 50 60 -
“Excess Noise” factor M =100 --- 2.5 -
“Excess Noise” index M =100 --- 0.2 -
Noise Current M =100 - 1.0 - pA/Hz/2
Max Gain 200 - -
NEP Noise Equivalent Power M = 100; A =905 nm - 2.0X10M - W/HzY2

Note 1: Measurement conditions: Setup of photo current 1 nA at M = 1 and irradiated by a 880 nm, 80 nm bandwidth LED. Increase the photo
current up to 100 nA, (M = 100) by internal multiplication due to an increasing bias voltage.

Transimpedance Amplifier data @ 25 °C
(Vec=+3.0Vto 5.5V, TA=0°C to 70°C, 100Q load between OUT+ and OUT-. Typical values are at TA = 25°C, Vcc=+3.3V)

Parameter Test conditions Min Typ Max Units
Supply Voltage 3 5 5.5 \Y
Supply Current -—- 34 63 mA
Transimpedance Differential, measured with 40 pA p-p signal 2.10 2.75 3.40 kQ
Output impedance Single ended per side 48 50 52 Q
Maximum Differential Output Voltage Input = 2 mA p-p with 100 Q differential termination 220 380 575 mV p-p
AC Input Overload 2 - --- mA p-p
DC Input Overload 1 - --- mA
Input Referred RMS Noise TO-5 package, see note 3 - 490 668 nA
Input Referred Noise Density See note 3 11 pA/Hz?
Small signal bandwidth Source capacitance = 0.85 pF, see note 2 1.525 2.00 GHz
Low Frequency Cutoff -3.dB, input < 20 pA DC - 30 --- kHz
Transimpedance Linear Range Peak to peak 0.95 < linearity < 1.05 40 - --- LA p-p
Power Supply Rejection Ratio (PSRR) Output referred, f < 2 MHz, PSSR =-20 Log (AVout / AVcc) --- 50 - dB

Note 2: Source capacitance for AD500-9-400M-TO5 is the capacitance of APD.
Note 3: Input referred noise is calculated as RMS output noise/ (gain at f = 10 Mhz). Noise density is (input referred noise)/vbandwidth.

Transfer Characteristics

The circuit used is an avalanche photodiode directly coupled to a high speed data handling transimpedance amplifier. The output of the APD (light generated
current) is applied to the input of the amplifier. The amplifier output is in the form of a differential voltage pulsed signal.

The APD responsivity curve is provided in Fig. 2. The term Amps/Watt involves the area of the APD and can be expressed as Amps/mm?/Watts/mm?, where
the numerator applies to the current generated divided by the area of the detector, the denominator refers to the power of the radiant energy present per
unit area. As an example assume a radiant input of 1 microwatt at 905 nm. The APD’s corresponding responsivity is 0.58 A/W.

If energy in = 1 uW, then the current from the APD = (0.58 A/W) x (1x10°W) = 0.58 uA. We can then factor in the typical gain of the APD
of 100, making the input current to the amplifier 58 pA. From Fig. 5 we can see the amplifier output will be approximately 200 mV p-p.

Application notes
The AD500-9-400M-TO5 is a high speed optical data receiver. It incorporates an internal transimpedance amplifier with an avalanche photodiode.

This detector requires +3.5 V to +5.0 V voltage supply for the amplifier and a high voltage supply (100-240 V) for the APD. The internal APD follows the gain
curve published for the AD500-9-TO52-51 avalanche photodiode. The transimpedance amplifier provides differential output signals in the range of 200
millivolts differential.

In order to achieve highest gain, the avalanche photodiode needs a positive bias voltage (Fig. 1). However, a current limiting resistor must be placed in series
with the photodiode bias voltage to limit the current into the transimpedance amplifier. Failure to limit this current may result in permanent failure of the
device. The suggested initial value for this limiting resistor is 390 KOhm.

When using this receiver, good high frequency placement and routing technigues should be followed in order to achieve maximum frequency response. This
includes the use of bypass capacitors, short leads and careful attention to impedance matching. The large gain bandwidth values of this device also demand
that good shielding practices be used to avoid parasitic oscillations and reduce output noise.

Rev. 14/02/2018 subject to change without notice www.first-sensor.com contact@first-sensor.com Page 2/3



http://www.first-sensor.com/
mailto:contact@first-sensor.com

Fig. 1: APD gain vs bias voltage

Fig. 2: APD Spectral response (M = 1)
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Fig. 3: Amplifier output vs temperature

Fig. 4: APD Capacitance vs bias voltage
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Fig. 5: Amplifier transfer function

Fig. 6: Total frequency response
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




