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= The overall performance of a point-to-point optical communication link is normally defined based on
the minimum average optical power, measured at the input to the optical receiver, that is required to
achieve a given BER. Known as optical receiver sensitivity, this key parameter can be used to
compare different receiver configurations in order to determine the right design components for an
application.

=  For direct detection intensity modulated (IMDD) systems the optical receiver will usually consist of a
PIN photodetector (to convert the optical field to current), followed by a transimpedance amplifier (TIA)
which amplifies and converts the current to a voltage, and then a limiting amplifier which conditions
(limits) the voltage waveform for processing by a decision circuit (using a voltage decision threshold).

= In this application note we will present an optical receiver sensitivity calculation model for an optical
receiver system that includes a PIN-TIA and PIN-TIA-LA configuration. The noise models for these
configurations are based on application notes from Maxim Integrated ™ [1, 2]

= The reference file for this application note is: PIN_TIA LA Analysis Version 1_0.0sd

REF 1: "Accurately Estimating Optical Receiver Sensitivity", Application Note HFAN-3.0.0 (Rev. 1; 04/08), Maxim Integrated,
www.maximintegrated.com

REF 2: "Optical receiver performance evaluation”, Application Note 1938 HFAN-03.0.2, Maxim Integrated,
www.maximintegrated.com
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PIN-TIA configuration (1)

=  This example demonstrates a directly modulated 10 Gb/s system with a PIN-TIA receiver configuration. It is assumed that
the total noise impact on the system performance results from the input referred noise current of the TIA (thus the thermal
noise current of the PIN is assumed to be zero). It is also assumed that the shot noise from the PIN is negligible for this
analysis.
. For this design the noise current is assumed to be 0.4 uA RMS, Responsivity = 0.5, Tx ER = 9 dB, and the target BER is 1e-
12 (Ref 1)
. Based on these settings the minimum required Optical Modulation Amplitude is set to 11.2 uWpp (Q=7) and the associated
Receiver sensitivity = 7.25 uW. The formulas (based on Ref 2) can be found in the Component Script of the TIA component
(see next slide)
REF 1: "Accurately Estimating Optical Receiver Sensitivity", Application Note HFAN-3.0.0 (Rev. 1; 04/08), Maxim Integrated,
www.maximintegrated.com
REF 2: "Optical receiver performance evaluation”, Application Note 1938 HFAN-03.0.2, Maxim Integrated, www.maximintegrated.com

Layout: PIN-TIA Rx Analysis
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The TIA's input referred noiss current is included in the TIA's Component Results and is calculated
from the Input noise densily (User-defined) or the Effective input impedance and NF (Calculated).
In either case the noise densily (or variance) is integrated over the Eguivalent noise bandwidth

of the TIA fo determine the RMS value of the current in the time domain (see the TIA Component

Help for further details)
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MNRZ Pulse Generator 1
Maogimum = (OMA1{1/ERWWI00D a.u.
Minimum = {OMANER-1)}/ 1000 a.u.
Rize time = 0.05 bit

Fall time = 0.05 bit

The OMA and ER are set from the

global parameters "OMA”" and "ER"

Linewidth = 40 MHz
1

Frequency 3 850 nm
Slope efficiancy = 1 WA

4

PIN Photodicde

=

Responsivity = FDResponsivity AW
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Optical Power Meter

IF—. BER at User De

izgram Anshzer

st User Defined Decision [nstant = 70333827
= on Instant = 1.008141501

An Eye Diagram Analyzer is used to estimate
the Q factor based on statistical noise analysis
of Logic 1 and 0 signals.

H i i ;
o : Global parameter settings for direct OMA SO i
Seeeai1| modulation link with PIN-TIA receiver ER _ i
x “ PDResponsivity 0.3 A0
TIAGain 1000 Ohm
OMAdBm TiANoiseCurrent 0.4iuA
The OMA and ER of the transmitter are confirmed with the "OTDWV" a 7

(using the Componsnt Resuits for ER and OMA)
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PIN-TIA configuration (2)

The VBScript below is associated with the TIA Component (Layout: PIN-TIA Rx Analysis)

This part of the TIA component script is used
to access the global parameter settings

Dim LayoutMgr

Set LayoutMgr = Document.GetLayvoutMgr
Dim Layout

Set Layout = LayoutMgr.GetCurrentLayout
Dim PmMgr

Set PmMgr = Layout.GetParameterMgr

Dim ER

Set ER = PmMgr.GetlbhjectByName ("ER™)

ERValue = ER.GetValue (1)

Dim R
Set R PmMgr.GetCbhbjectEByName ("PDResponsivity™)
RValue = R.GetWValue(l)

Dim TIAGain
Set TIAGain
TIAGainValus

PmMgr.GetChjectByName ("TIAGain™)
TIAaGain.GetValue (1)

Dim QFactor
Set QFactor PoMgr.GetCbhjectByNames ("Q")
(QFactorValue = QFactor.GetWValue(l)

Calculations are performed here to determine:

OMA Minimum = |,,.*2*Q/Responsivity
where |, is the input referred noise current of the TIA

Din ThisComponent
Set ThisComponent = GetThisComponent ()

Function LoglO (X)
Logld = Log(X) / Log(ld)
[End Function

MTIA = ThisComponent.GetResultWValue |

(CMAMin [NTIL=2*QFactoxValue) / RValue
(CpticalSensitivity = (OMAMin/2) ( (ERValue+l)/ (ERValues-1)
IOpticalSensitivitydB = 10%LoglO( OpticalSensitivity/1000 )

*

"Input referred noise current

Optical Sensitivity = (OMA/2) x (ER+1)/(ER-1)
where ER is the extinction ratio setting of transmitted
optical waveform

(R} ™ )

The calculation results are exported to the TIA
Component Results panel using the SetResultValue
operation. These values are displayed after completion
of the simulation.

ThisComponent.SetResultValue "Q" , Cdbl (QFactorValue)
[ThisComponent.SetResultValue "Resp™ , Cdbl (RValue)
ThisComponent . SetResultValue "ER™ , Cdbl (ERValue)
ThiszComponent.SetResultValue "CMAMin (uW)™ , Cdbl (CHAMin)
[ThisComponent.S3etResultValue "Optical Sensitivity (uW)"™ , Cdb
ThisComponent . SetResultValue "Cptical Sensitiwvity (dBm) "™ ,

Cdbl (OpticalSensitivitydB)

=

1({CpticalSensitivity)
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PIN-TIA-LA configuration (1)

This example demonstrates a directly modulated 10 Gb/s system with a PIN-TIA-LA receiver configuration. It is assumed
that the total noise impact on the system performance is based on the input referred noise current of the TIA (thus the
thermal noise current of the PIN is assumed to be zero) and the input sensitivity of the LA (which is converted to an
equivalent input referred noise).

For this design the TIA gain and noise current is assumed to be 2000 ohm and 0.4 uA RMS, the LA input sensitivity = 10
mV (peak-to-peak), Responsivity = 0.5, Tx ER = 9 dB, and the target BER is 1e-12 (Q=7)

Based on these settings the minimum required Optical Modulation Amplitude is set to 15 uWpp (Q=7) and the associated
Receiver sensitivity = 9.65 uW.

The formulas (based on Ref 2) can be found in the Component Script of the TIA component (see next slide)

The TIA component script is used to calculate the receiver sensitivity (for a given
Q) based on the noise characteristics of the TIA and LA. The input referred noise of

—| Layout: PIN-TIA-LA Rx Analysis

the TIA is set based on the combined noises of the TIA and the LA.
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Limiting Amplifier
Gain = 10 dB

Max. cutput voltage = 0.25 V
Min. output voltage = 0.25 V
Transition time = 0.001 ps
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DML 1 FIN Photodieds

Frequency < 850 nm

Slope efficiancy =1 W/A

Linewidth = 40 MHz
1

=

NRZ Pulse Generator
Maimum = (OMAY 11
Minimum = (OMANER-1})
Rize time = 0.05 kit
Fall time = 0.05 bit

The OMA and ER are set from the

e LT L]

Global parameter settings for direct
modulation link with PIN-TIA-LA receiver

i

RYWI00D a.u.
1000 a.u.

global parameters "OMA" and "ER" (R
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OMA 0.015  mW
ER 8
PODResponsivity 0.5: AW
The OMA and ER of the transmitier are confirmed with the "OTDV" TIAGain 2000 Ohm
{using the Component Results for ER and OMA) TlAHoizseCurrent 0.4:ud
LA Sensitivity 10:mV
Q 7




PIN-TIA-LA configuration (2)

=  The VBScript below is associated with the TIA Component (Layout:

PIN-TIA-LA Rx Analysis)

NLL = (Vth*le-3)/ (2*QFactorValus*RTIL)
Noi=zseReceiver = =2gr( (NTIA*le-6)"2 + NLL"Z )
OMAMin = NoiseReceiwer*2*QFactorValue,/EValues

OpticalSensitivity = les * OMAMin/2 * [ (EEValus+1l), (EEValus-1))
CpticalSensitivitydB = 10*Logl0({ OpticalSensitiwvity,/1000 )

Thi=Component . SetResultValue "QU , Cdebl (QFactorValue)
Thi=Component . SetResultValue "Resp™ , Cdbl (RValue)
ThisComponent . SetResultValuse "ER" , Cdbl (EEValues)

ThisComponent . SetResultValue "LA Sensitivity (mV)" , Cdbl (Vth)

ThisComponent . SetResultValue "CMA Min (uW)"™ , Cdbl (CMAMin®leg)

Calculations are performed here to determine:

Noise current LA (NLA) = (LASensitvity)/(2*Q*TIAGain)

where TIAGain is the gain setting of the TIA and LASensitivity is
the input voltage sensitivity of the TIA (normally included in the
vendor specification sheet)

Total noise current (NoiseReceiver) = |, = sqrt(l .2 + I, 42)
OMA Minimum = |,,,,*2*Q/Responsivity
Optical Sensitivity = (OMA/2) x (ER+1)/(ER-1)

where ER is the extinction ratio setting of transmitted optical
waveform

ThisComponent . SetResultValue "Noise current LA (waA)"™ , Cdbl (HLA*leg)
ThisComponent . SetResultValue "Noise current TIA (uA)"™ , Cdbl (NTIA)
ThisComponent . SetResultValue "Hoise current TIA+LA (ud)"™ , Cdbl (HoiseBReceiver®leg)

ThisComponent . SetResultValue "Optical Sensitiwvity (uW) "™ , Cdbl (CpticalSensitiwvity)
ThisComponent . SetResultValue "Optical Sensitiwvity (dBm)"™ , Cdbl (CpticalSensitivitydB)
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