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FEATURES APPLICATIONS

4 Bandwidth DC to 1.4 GHz ¢ Fast pulse and transient
4 Si PIN photodiode, @ 0.2 mm for "No Slow Tail" (NST) option measurement

¢ InGaAs photodiode, @ 0.1 mm for "Near Infrared” (NIR) option ¢ Optical front-end for

¢ Spectral response range A = 320 to 1000 nm (NST) oscilloscopes

4 Spectral response range A= 800 to 1800 nm (NIR)

¢ Amplifier transimpedance (gain) 3.125 V/mA

4 Max. conversion gain 1.25 V/mW @ 700 nm (NST)

4 Max. conversion gain 3.25V/mW @ 1500 nm (NIR)
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DESCRIPTION

The iC-Haus Highspeed Photoreceiver iC212 has
been developed for optical high speed measurement.
With its bandwidth ranging from DC up to 1.4 GHz
it detects photo signals from constant light to high
speed with rise times down to 200ps. The iC212
Highspeed Photoreceiver also features offset adjust-
ment to compensate DC levels of the input signal.

The photodiode used with the standard "no slow tail"
(NST, blue label) version covers a spectral range from
320 to 1000 nm with an active area diameter of about
@ 0.2 mm, which is increased by a @ 4.6 mm lens, re-

sulting in an effective usable area of typical 12.5 mm?.
The Highspeed Photoreceiver is able to detect power
levels in the sub mW range at GHz speed.

The "Near Infrared" (NIR, orange label) version covers
a spectral range from 800 to 1800 nm.

The iC212 Highspeed Photoreceiver comes with M6
mounting holes for integration in optical bench sys-
tems and an optional fiber-optic input adapter for opti-
cal fiber coupling.

ABSOLUTE MAXIMUM RATINGS

Beyond these values damage may occur; device operation is not guaranteed.

Item |Symbol Parameter Conditions Unit
No. Min. Max.

G001 |Pmax Optical Input Power 10 mwW
G002 |Vs Power Supply Voltage +20 \%

‘ ELECTRICAL CHARACTERISTICS

Test Conditions: Vs = +15 V, Ta = 25 °C*, System Impedace 50 Q

Item |Symbol Parameter

Conditions Unit
No. Min. ‘ Typ. ‘ Max.
Gain
101 |A Amplifier 50 Q load; 3.125 VImA
TransimpedanceConversion Gain |[NST: A= 700 nm 1.25 VimwW
NIR: A= 1500nm 3.25 Vimw
Frequency Response
201 |fmax Upper Cut-Off Frequency -3dB 1.4 Ghz
202 |AA Gain Flatness +1 dB
203 |tr Rise Time 10 to 90% 280 ps
204 |tpd Propagation Delay optical in => electrical out, 50% to 50% 750 ps
Detector
301 |d Active Area Diameter NST 0.2 mm
NIR 0.1 mm
302 |Aeff Effective Active Area 4.6 mm lens 125 mm?
303 (A Spectral Range NST 320 1000 nm
NIR 800 1800 nm
304 |Pmax Max. Optical Input Power NST: average 10 mw
NST: linear amplification @ 700 nm 770 W
NIR: linear amplification @ 1500 nm 320 uw
305 [NEP Noise equivalent power including amplifier noise, f = 1 GHz 115 pW/
(see Fig. 23) VHz
Output
401 |Rout Output Impedance 50 Q
402 [Vout Output Voltage Swing 50 Q load, for linear amplification -0.3 1.0 \Y
403 |Vos Offset Voltage (adjustable)’ DC offset cancellation -1.25 0.15 \Y
404 |Pos Offset (adjustable)’ equivalent optical power -92 750 W
405 |twu Warm-Up Time stable offset voltage 30 min
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‘ ELECTRICAL CHARACTERISTICS

Test Conditions: Vs = +15 V, Ta = 25 °C*, System Impedace 50 Q

Item |Symbol Parameter Conditions Unit
No. H Min. ‘ Typ. ‘ Max. H
Power Supply
501 |Vs Supply Voltage +15 \Y
502 |Is Supply Current +150 mA

* Caution! Even during regular operation, the aluminum case of the photoreceiver may heat up to 40 °C max.
T The output is clipped to -0.5 V, if the offset voltage is less than 0.5 V and no DC light is present.
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CONTENTS

The purchased parts package includes
+ Highspeed Photoreceiver iC212

(picture shows standard NST option)
* Power adapter (230 VAC)

» Coaxial cable with SMA plugs
* SMA to BNC adapter

* Fiber adapter

Figure 1: Box contents
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| DIMENSIONS

UNS 1/4°x36
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| CONNECTORS
Input Optical, with microbench adapter o
(9 25 mm) and SMA fiber adaption ‘
Output SMA Connector N
Power Supply Hirose series HR10-7R-6P, 6-Pin 600
Pin1,2: +Vs W
Pin 3,6: GND {
Pin4,5: -Vs
N |

SMA 905 Series
UNS 1/4-36

12.700.2 |

bop

Table 1: Connectors Figure 3: SMA Fiber Adapter

Germany & Other Countries
Laser Components GmbH
Tel:  +49 8142 2864 -0
Fax: +49 8142 2864 - 11
info@lasercomponents.com
www.lasercomponents.com

France

Laser Components S.A.S.
Tel: +33 139595225
Fax: +33 1 39 59 53 50
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom

Laser Components (UK Lid.

Tel:  +44 1245 491 499

Fax: +44 1245 491 801

info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries

Laser Components Nordic AB
Tel: +46 317037173
Fax: +46 31 703 71 01
info@lasercomponents.se
www.lasercomponents.se



Germany & Other Countries
Laser Components GmbH
Tel:  +49 8142 2864 -0
Fax: +49 8142 2864 - 11
info@lasercomponents.com
www.lasercomponents.com

LASER
COMPONENTS

iC212
HIGHSPEED PHOTORECEIVER

Rev B1, Page 7/16

RESPONSE
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Standard "No Slow Tail" (NST) option
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Figure 4: Spectral response (NST)
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Figure 5: Pulse response (NST)
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Figure 6: Spectral response (NIR)
APPLICATION NOTES
These application notes are meant to demonstrate 2. Adjust lens, for maximum amplitude at the output
some typical measurement tasks, carried out with the of iC212 (Fig. 7)
iC212 and verified with a standard optical power meter.
R dege e : im0 T

Mesurement of total optical output power Pq;

1. Put laser in pulse mode

Figure 7: The laser light focused with a collecting
lens onto the sensor
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Figure 8: Oscilloscope reading

3. Read amplitude: U= 0.803V (Fig. 8)
Calculation: A= 635nm, spectral response taken
from Figure 6: S(@635nm)=1.34V/mW

Popt(iC212) = y_o8mv

= =0.60 miW
S 1340
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4. Put laser in CW mode

5. Put Newport sensor into laser beam and read the
power: Popt(Newport) = 0.641 mW (Fig. 9)

tive area (Item No. 302: Aeff= 0.75 mm?)

E(iC212) = S+ A,
The results match within 7%. = % =0.071 m—WZ
1.42% % 0.75 mm? mm

Figure 9: Total optical output power with 1cm? sen-
sor (Newport)

Measurement of Irradiance E Figure 11: Homogeneously illuminated area of ca.

4cmx4cm

5. Put Newport sensor into laser beam and read the
power: Pqpi(Newport) = 6.441 mW (Fig. 14)

6. With a sensor area of 100 mm? this results in
E(Newport) = 0.0644 mW/mm?

The results match within 10%.

Figure 10: Laser 659 nm, 150 mW with two mi-
crolens arrays for homogenisation

1. Putlaser in CW mode

2. Homogenisation of laser light with microlens ar-
rays (Fig. 11)

3. Put iC212 into the center of the homogenised
laser light (Fig. 12)

4. Read oscilloscope: U=76mV (Fig. 13)
Calculation: A= 659 nm, spectral response taken

Figure 12: iC212 in the center of the homogenised
from Figure 6: S(@659 nm)= 1.42 V/mW, effec- laser light
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Figure 13: Oscilloscope reading

Measuring time of flight
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Figure 14: Newport sensor in the center of the ho-
mogenised laser light

Figure 15: Laser, pole filter, beam expander, beam
splitter and two iC212

ke 8 TS
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Figure 16: No propagation time difference at same
distance from beam splitter
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Figure 17: One iC212 positioned 30 cm closer to
the beam splitter
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Figure 18: 30 cm distance difference means 1ns
propagation time difference
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Fiber-optic input

Figure 19: Laser, SMA fiber collimator, fiber, iC212
fiber adapter, iC212

Figure 20: iC212 fiber adapter

Noise Equivalent Power (NEP)

NEP specifies the lowest light power (Pmin) that can
be detected by the sensor. In that case the signal to
noise ratio (S/N) would be 1, which means the signal to
be measured is of the same magnitude as the noise.

Prin(\) = if&) « NEP « VBW

Pmin(A) - minimum detectable power, which can be
distinguished from noise (only white noise,
1/f-noise ignored)

S(\) - photo sensitivity at wavelength A

Smax - maximum photo sensitivity

NEP - NEP at maximum photo sensitivity

BW - bandwidth
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Figure 22: Fiber transmitted light pulse

Example

Blue LED with A\ =473 nm, square wave modulated f=
1MHz (T = 1 us), bandwidth of measuring circuit BW =
93 MHz.

Sax =1.625V/mW (Figure 6)
NEP =115 pW/+/Hz (Item No. 305)

S(A=473nm)= 0.67 V/mW (Figure 6)

Pmin(A =473 nm) =

1.625 %
557 " 115ﬁ * V93 MHz

=27 MWRMS

This calculation is only valid, if the input noise is fre-
quency independent. Figure 23 shows the input noise
(INV = Input Noise Voltage) of the photo amplifier.
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Figure 23: Input Noise Voltage as a function of the
frequency - with lower frequencies there
is higher noise

For frequencies around 93MHz an input noise of
215nV/v/Hz can be estimated.

NEP()) = INV(f) * 1/S())

NEP(A= 473 nm)= INV(93 MHz) / S(A\ = 473 nm)

NEP(A=473nm)=215nV/vHz * 1mW / 0.67V
= 320 pW/v/Hz

Noise(BW) = NEP(\=473nm) * vVBW

Noise(93 MHz) =320 pW/v/Hz * v/93 MHz
=3.09 “WRMS

As to be expected this value is slightly higher than in
the first estimation.

Mesurement of minimum optical power Pyn())

1. Homogenisation of the blue LED light with mi-
crolens arrays (Figure 24)

2. LED modulation with 1 MHz

3. Change distance between iC212 and LED un-
til signal is barely distinguishable from noise
(method imprecise but rather simple to get a basic
estimation)

4. Put Newport sensor at same distance as iC212
into the LED beam and read the power: PM=
126 uyW (Figure 26)

Because of the duty cycle (50%), the measured power
has to be multiplied by 2. The Newport sensor is com-
pletely illuminated (100 mm?). Hence the irradiance can
be calculated to

126 uW  _ uW

100 mm? T mm?

E(Newport) =2 x

With the effective area of the iC212 sensor (Item No.
302, Aerr = 0.75 mm?) this yield a total power of

France

Laser Components S.A.S.
Tel: +33 139595225
Fax: +33 1 39 59 53 50
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom

Laser Components (UK Ltd.

Tel:  +44 1245 491 499

Fax: +44 1245 491 801

info@lasercomponents.co.uk
www.lasercomponents.co.uk

Rev B1, Page 12/16

w
Pmin(\ = 473, measured) = 2.52 £m2 # 0.75 mm?

=1.9uW

This matches the calculated value reasonably well.

Output noise without signal:

Noise(BW) = INV(f) « VBW
V. Vo3MHz

Hz
=2.07 mVRMS

Noise(93 MHz) = 215

A slightly higher value of y=3mVgys has been mea-
sured though.

Figure 24: Homogenised blue LED light
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Figure 25: Homogeniously illuminated iC212

Figure 26: Homogeniously illuminated Newport
sensor
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Figure 28: Noise with signal barely detectable
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Ulbricht sphere

Figure 29: 3-port Ulbricht sphere with iC212 and
Newport power meter

Figure 30: HG1M laser controller with 2W CW

laser diode

On the ideal size of an Ulbricht sphere see also "How
to select an integrating sphere for your application" by

Valerie C. Coffey at www.laserfocusworld.com.
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Figure 31: Laser light coupled into the Ulbricht

sphere
W —
-, e e e T )
= (g
Figure 32: Laser pulse with 260 ps rise time (chan-
nel 1)
’ . \:IE.. ::1

Figure 33: Due to size of Ulbricht sphere the pulse

gets distorted (ca. 4 ns rise time)
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Equipment used

Mesuring instruments Accessories

Tektronix: TDS7404B, 4 GHz, 20 GS/s, iC-Haus: iC149, 8-Bit pulse generator ,1 to 64 ns,
4-Channel Digital Phosphor Oscillo- compatibel to LDMxxx series lasers by Omi-
scope cron

Newport: Optical Power Meter Model 840 iC-Haus: iC213, 12-Bit Oszillator, 40 kHz to 500 MHz,

Newport: Sensor 818-ST, Sensor 818-UV, compatibel to LDMxxx series lasers by Omi-
Sensor 818-ST/CM cron

Newport: 819D-SL-3.3, 3-Port 3.3" Spectralon iC-Haus:iC215_6, pulse-width modulator,

640 ps to 10.23 ns, compatibel to LDMxxx
series lasers by Omicron and iC213
iC-Haus: HG1M, control module for high speed, high
power laser diodes

iC-Haus: HV1M, control module for high speed, high
power VCSEL arrays

iC-Haus: HG2D, host adapter for high-speed modules

Ulbricht Sphere
Ocean Optics: USB2000 Fiber-optic Spectrometer
320 - 1100 nm
LDM639.40.500, 40 mW Laser,
fmop > 500 MHz
Femto: HSA-X-S-1G4-SlI, Ultra High Speed
Photoreceiver

Omicron:

iC-Haus: iC212 Highspeed Photoreceiver,
DCto 1.4 GHz

iC-Haus: iC227, Dual Channel 11GHz Sequen-
tial Sampling Oscilloscope

HP: 8590L, Spectrum Analyzer
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iC-Haus expressly reserves the right to change its products and/or specifications. An info letter gives details as to any amendments and additions made to the
relevant current specifications on our internet website www.ichaus.com/infoletter; this letter is generated automatically and shall be sent to registered users by
email.

Copying — even as an excerpt — is only permitted with iC-Haus’ approval in writing and precise reference to source.

iC-Haus does not warrant the accuracy, completeness or timeliness of the specification and does not assume liability for any errors or omissions in these
materials.

The data specified is intended solely for the purpose of product description. No representations or warranties, either express or implied, of merchantability, fitness
for a particular purpose or of any other nature are made hereunder with respect to information/specification or the products to which information refers and no
guarantee with respect to compliance to the intended use is given. In particular, this also applies to the stated possible applications or areas of applications of
the product.

iC-Haus products are not designed for and must not be used in connection with any applications where the failure of such products would reasonably be expected
to result in significant personal injury or death (Safety-Critical Applications) without iC-Haus’ specific written consent. Safety-Critical Applications include, without
limitation, life support devices and systems. iC-Haus products are not designed nor intended for use in military or aerospace applications or environments or in
& automotive applications unless specifically designated for such use by iC-Haus.

iC-Haus conveys no patent, copyright, mask work right or other trade mark right to this product. iC-Haus assumes no liability for any patent and/or other trade
mark rights of a third party resulting from processing or handling of the product and/or any other use of the product.

N * Release Date format: YYYY-MM-DD
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‘ ORDERING INFORMATION
Type | Options | Order Designation
iC212 Standard "No Slow Tail" (NST) iC212

"Near Infrared" (NIR) iC212NIR
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