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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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.
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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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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru
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