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1. Introduction

The Versatile Link project [1] aims to provide a multi-gigabit per second optical physical data transmission layer for the readout and control of High Luminosity LHC (HL-LHC) experiments. A point-to-point bidirectional system architecture is proposed for which components are currently being assessed and developed, as shown in Figure 1. 
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Figure 1: A point-to-point radiation hard optical link for HL-LHC

The link components consist of electro-optical transceivers, fiber cables and other passive components such as connectors and splitters. The versatile transceiver (VTRx) is placed on detector, at the front-end. The standard transceiver (TRx) is placed off detector, at the back-end. The nominal form factor of the transceivers is SFP+ (enhanced small form pluggable module) [2]. 

The VTRx modules contain the following custom developed or qualified parts: a laser diode inside an optical sub-assembly and a radiation tolerant laser driver (i.e., GBLD developed by the CERN GBT project) on the transmit side; a PIN diode with a radiation tolerant trans-impedance amplifier and limiting amplifier (i.e., GBTIA also supplied by GBT project) inside an optical sub-assembly on the receive side. 

The TRx modules are commercial devices compliant to 10Gbps standards. When used in the Versatile Link, both VTRx and TRx are operated at the 4.8Gbps nominal data rate. 

The link supports single-mode (SM) operation with a center-wavelength of 1310nm as well as multi-mode (MM) operation with a center-wavelength of 850nm. There are two variants of the VTRx and TRx modules corresponding to the SM and MM operations. The fiber cables are commercial SM and laser optimized MM fibers (OM3/OM4 fibers) correspondingly.  

The link is naturally bi-directional. But matching the number of front-end to back-end (uplink) and back-end to front-end (downlink) transmissions is not a requirement. More data will likely transit from front-end to back-end. It is therefore possible to have multi-channel transmitters or receivers in the system. 

2. nomenclaure
The Versatile Link system can be decomposed into four general link variants as shown in Figure 2.1.  Transmission characteristics and device families of each are listed in Table 2.1. 
Table 2.1 Versatile Link characteristics and device families

	
	Link Variants
	Transmission
	Note
	VTRx
	TRx1

	2.1.1
	MM_VTx_Rx
	MM uplink
	850nm, 
MMF

OM3/OM4
	GBLD+850VCSEL
	10GBASE-SR
40GBASE-SR4

100GBASE-SR10

Enhanced SNAP12

Opto Engine

	2.1.2
	MM_Tx_VRx
	MM downlink
	
	GBTIA+GaAs PIN
GBTIA+InGaAs PIN
	

	2.1.3
	SM_VTx_Rx
	SM uplink
	1310nm,
SMF


	GBLD+1310FP
GBLD+1310VCSEL
	10GBASE-LR
40GBASE-LR4

Enhanced SNAP12
Opto Engine

	2.1.4
	SM_Tx_VRx
	SM downlink
	
	GBTIA+InGaAs PIN

	


Note 1: The SM array TRx and embedded TRx such as 40GBASE-LR4 and opto engines will be evaluted as they become commercially available (within 6 -12 months). 
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Figure 2.1 The four variants of Versatile Link with regard to system specifications

3. general Specifications
Table 3.1 Versatile Link general specification

	
	Parameter
	Symbol
	Min
	Typ
	Max
	Units

	3.1.1
	Bit Rate
	BR
	
	4.8
	
	Gbps

	3.1.2
	Bit Error Ratio1
	BER
	
	
	10-12
	

	3.1.3
	Max. link length
	LMAX
	150
	
	
	meter


Note 1: Test pattern for the BER measurement should be reasonably stressful. Thus PRBS23-1 pattern or longer record length are preferred. 
4. Environmental Specifications
4.1 Radiation Field

For each variant of the Versatile Link there are multiple technology choices, all of which may not be able to meet the strictest environmental requirements of the SLHC applications.   To balance cost, reliability and performance, the Versatile Link is developed in two radiation-tolerance classes. Table 4.1.1 shows the corresponding requirements. Radiation environment predictions at SLHC and irradiation guidelines are given in reference [3].
Table 4.1.1 Versatile link environmental requirements

	
	Tolerance level
	Dose and 

fluence1(1Mev neutron equivalent)

	4.1.1.1
	Calorimeter 
	10 kGy 
5 x 1014 n/cm2 

	4.1.1.2
	Tracker
	500 kGy 
2 x 1015 n/cm2
1 x 1015 h/cm2


Note 1: The fluence level requirement depends on the particle type and energy. A scaling factor should be established if using different particles and energies for testing. For example, the tracker grade fluence test level would be  6 x 1015 n/cm2 for 20MeV neutron. 
4.2 Temperature Range

Front-end components, i.e., VTRx and the first meters of the fiber cable plant should meet the extended limit to as low as -30°C. Back-end component only need to comply with commercial standard for indoor operation. No special storage temperature and relative humidity specifications are foreseen and are therefore set to the lower limits of the constituting components. The link power and jitter margins shall be maintained throughout the temperature range. 

Table 4.2.1 Component operation temperature range

	
	component
	Min
	Typ
	Max
	units

	4.2.1.1
	VTRx
	-30
	
	60
	°C

	4.2.1.2
	Passives
	-30
	
	70
	°C

	4.2.1.3
	backend
	0
	
	70
	°C


4.3 Magnetic Field

4.3.1 - Magnetic field at front-end: 4T  

Use of non-magnetic materials is mandatory for VTRx and front-end passive components.
4.4 EMI

4.4.1 - EMI requirement for VTRx: TBD.

4.4.2 - EMI requirement for back end: FCC class 2. 
5. Power budget
Power budgets for tracker-grade and calorimeter-grade Versatile Links are shown in table 5.1 and 5.2.  All power levels are specified to meet target performance of bit error ratio better than 10-12. 

Table 5.1 Tracker-grade Versatile Link power budget 
	
	MM_VTx_Rx
	MM_Tx_VRx
	SM_VTx_Rx
	SM_Tx_VRx

	Min. Tx OMA
	-5.2 dBm
	-1.6 dBm
	-5.2 dBm
	-3.6 dBm

	Max. Rx sensitivity
	-11.1 dBm
	-13.1 dBm
	-12.6 dBm
	-15.4 dBm

	Power budget
	5.9 dB
	11.5 dB
	7.4 dB
	11.8 dB

	Fiber attenuation
	0.6 dB
	0.6 dB
	0.1 dB
	0.1 dB

	Insertion loss
	1.5 dB
	1.5 dB
	2.0 dB
	2.0 dB

	Link penalties
	1.0 dB
	1.0 dB
	1.5 dB
	1.5 dB

	Tx radiation penalty
	0 dB
	-
	0 dB
	-

	Rx radiation penalty
	-
	5.4  dB
	-
	5.4 dB

	Fiber radiation penalty
	1.0 dB
	1.0 dB
	1.0 dB
	1.0 dB

	Margin1
	1.8 dB
	2.0 dB
	2.8 dB
	1.8 dB


Note 1: Error coding scheme, for example, the GBT coding can result in in an additional 2-3 dB gain in margin.

Table 5.2 Calorimeter-grade Versatile Link power budget 
	
	MM_VTx_Rx
	MM_Tx_VRx
	SM_VTx_Rx
	SM_Tx_VRx

	Min. Tx OMA
	-5.2 dBm
	-3.2 dBm
	-5.2 dBm
	-5.2 dBm

	Max. Rx sensitivity
	-11.1 dBm
	-13.1 dBm
	-12.6 dBm
	-15.4 dBm

	Power budget
	5.9 dB
	9.9 dB
	7.4 dB
	10.2 dB

	Fiber attenuation
	0.6 dB
	0.6 dB
	0.1 dB
	0.1 dB

	Insertion loss
	1.5 dB
	1.5 dB
	2.0 dB
	2.0 dB

	Link penalties
	1.0 dB
	1.0 dB
	1.5 dB
	1.5 dB

	Tx radiation penalty
	0 dB
	-
	0 dB
	-

	Rx radiation penalty
	-
	2.5 dB
	-
	2.5 dB

	Fiber radiation penalty
	0.1 dB
	0.1 dB
	0 dB
	0 dB

	Margin1
	2.7 dB
	4.2 dB
	3.8 dB
	4.1 dB


Note 1: Error coding scheme, for example, the GBT coding can result in in an additional 2-3 dB gain in margin.

Link penalties, radiation degradation, fibre attenuation and insertion loss are detailed in the following sections. 
5.1 Link penalties

The 10GbE link model [5], a physical layer power calculation model developed by the IEEE 802 standard working group, is adopted to specify the Versatile Link penalties [6]. Appendix 11.1 illustrates the worksheets with input and output of MM and SM link penalty simulations. Principal link parameters are summarized in table 5.1.1.  The maximum link penalties are 1.0 dB for MM operation and 1.5 dB for SM operation. 

Table 5.1.1 Key characteristics in support of Versatile Link model simulation
	
	Parameter
	MM_VL
	SM_VL

	
	Data rate (Gbps)
	5
	5

	
	Link length (m)
	150
	150

	
	Center wavelength (nm)
	850
	1310

	5.1.1.1
	RMS spectral width (nm)
	0.65
	4.0

	5.1.1.2
	Optical rise/fall time (ps)
	751
	751

	
	Relative intensity noise (dB/Hz)
	-130
	-130

	
	Mode partition noise coefficient
	0.3
	0

	
	Reflection coefficient
	0
	0.62

	5.1.1.3
	Link penalty (dB)
	1.0
	1.5


Note 1. In both MM and SM links, power penalties are sensitive to the optical rise/fall time. The value of 75 ps used in simulation is larger than component specification to ensure a conservative estimation. 

Note 2. The same reflection coefficient is set for DFB based TRx and FP based VTRx.  
5.2 RadiatioN degradation

While operating in the radiation environment described in section 4, link components situated at the front-end (i.e., VTRx and fiber) shall maintain the target bit error rate performance through the designed life cycle of the detectors.  Power penalties allocated to the cumulative degradations are listed in table 5.2.1. Appendix 11.2 describes the derivations of the maximum values induced by radiation.

Table 5.2.1. Power penalties allocated to cumulative radiation degradation
	
	Component
	Radiation degradation in

Tracker-grade environment (dB)
	Radiation degradation in

Calorimeter-grade environment (dB)

	5.2.1.1
	MM_VTx1
	0
	0

	5.2.1.2
	SM_VTx1
	0
	0

	5.2.1.3
	MM/SM_VRx2
	5.4
	2.5

	5.2.1.4
	MMF3
	1.0
	0.1

	5.2.1.5
	SMF
	1.0
	04


 Note 1. Transmitter output power shall not decrease with radiation. Adequate drive current shall be provided to compensate radiation degradations that include raised threshold and reduced slope efficiency of laser.

Note 2. Receiver penalty includes the effect of reduced responsivity and increased dark current of the PIN diode.
Note 3. Radiation induced attenuation in multi-mode fibers shall represent the maximum allowed value for highest dose rate and lowest temperature. 

Note 4. Radiation induced attenuation in single-mode fibers used in calorimeter applications is negligible (<0.05dB) compared to other degradations and losses. 

5.3 Transceiver customization
VTRx transceiver power levels shall comply with table 5.3.1. Power requirements of TRx transceiver for calorimeter applications are compatible with commercial standards, while power levels of  tracker TRx transmitters are higher than that of the commercial standards. Vendors who provide these customized parts shall comply with table 5.3.1. 
Table 5.3.1 Transceiver power levels
	
	Component
	Tx_OMA_min   (dBm)
	Rx_sensitivity_max (dBm)

	5.3.1.1
	Tracker_MM_VTRx
	-5.2
	-13.1

	5.3.1.2
	Tracker_SM_VTRx
	-5.2
	-15.4

	5.3.1.3
	Calorimeter_MM_VTRx
	-5.2
	-13.1

	5.3.1.4
	Calorimeter_SM_VTRx
	-5.2
	-15.4

	5.3.1.5
	Tracker_MM_TRx
	-1.6
	-11.1

	5.3.1.6
	Tracker_SM_TRx
	-3.6
	-12.6

	5.3.1.7
	Calorimeter_MM_TRx
	-3.2
	-11.1

	5.3.1.8
	Calorimeter_SM_TRx
	-5.2
	-12.6


5.4 Attenuation and insertion loss

5.4.1 - The fibre attenuation is based on the maximum link distance of 150 meters. 0.6 dB is allocated to MMF with 3.5 dB/km of attenuation, and 0.1 dB is allocated to SMF with 0.4 dB/km of attenuation. 

5.4.2 - The insertion loss is specified for a number of connections and splices. For example, 1.5dB is allocated to MM link in support of three connector pairs or splices, with an insertion loss of 0.5 dB each. 2.0 dB is allocated to SM link in support of three connections of insertion loss of 0.65 dB each. 

6. jitter budget
6.1 Test points

Jitter allocation is specified at test points (interoperability points) along a complete data link. There are four test points defined in the Versatile Link, as illustrated in figure 6.1.1. The up- and down-stream serializing and deserializing ICs interfacing with the Versatile Link are likely implemented in FPGAs and ASICs such as GBTX. The rest of this specification assumes that the output requirement of up-stream IC and the input requirement of down-stream IC comply with industrial standards [8][9]. The following specification also assumes that the measurement of the jitter content at all test points complies with stressed signal conditioning and reference receiver requirements as stated in reference [9]. Only jitter output and link component contributions are specified in the following. Jitter tolerance requirements will be addressed in future additions. 
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Figure 6.1.1 Test points in Versatile Link for jitter specification

6.2 jitter outputs and jitter contributions

The output jitter specification along the link test points is listed in table 6.2.1, where total jitter (TJ) is broken down into deterministic jitter (DJ) and random jitter (RJ).
DJ is measured as peak to peak value and RJ is measured as RMS value (one σ of a Gaussian distribution. At target BER of 10-12, the confidence interval required is 14.1 σ). 

TJ = DJ + RJ = DJ + 14.1* RJrms

In addition, we derive the Versatile Link components jitter contributions in the following equations. 

DJoutput = DJinput + DJcontribution
RJoutput = SQRT ( RJinput ^2 + RJcontribution ^2)

Table 6.2.1. Jitter budget and component contribution
	
	 
	TJ (UI)
	DJ (UI)

Peak-peak
	RJ (UI)

14.1σ
	Comment

	6.2.1.1
	TP1
	0.26
	0.14
	0.12
	PLL, serdes

	6.2.1.2
	 

 
	 

 
	0.12
	0.13
	OE transmitter contribution

At 4.8 Gbps, the OE transmitter contributed jitter is under 25 ps DJp-p, 1.9 ps RJrms

	6.2.1.3
	TP2
	0.44
	0.26
	0.18
	 

	
	 
	 
	0.02
	0.09
	Fiber contribution

	6.2.1.4
	TP3
	0.48
	0.28
	0.20
	 

	6.2.1.5
	 

 
	 

 
	0.14
	0.20
	EO receiver contribution

At 4.8 Gbps, the EO transmitter contributed jitter is under 29 ps DJp-p, 2.9 ps RJrms

	6.2.1.6
	TP4
	0.70
	0.42
	0.28
	 

	
	 
	 
	0.13
	0.12
	Serdes, CDR 

	
	 
	 
	0.15
	 
	tolerance margin

	
	Total
	1.00
	0.70
	0.30
	 


7. electrical and optical eye masks

In addition to the amplitude, jitter and sensitive parameter requirements listed in section 5 and 6, the input and output electrical/optical waveforms at the link test points shall also comply with the eye mask specifications to assure target BER performance. 
The following shows the eye mask specifications for VTRx and TRx modules. Testing conditions are similar to those stated in reference [8].
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Figure 7.1 Electrical input mask 
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Figure 7.2 Optical output mask 
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Figure 7.3 Electrical output mask 

Table 7.1. Electrical and optical eye mask for VTRx and TRx
	7.1.1
	VTRx Elec. Input Mask
	X1
	X2
	X3
	Y1
	Y2
	Y3

	
	Value
	0.13
	0.4
	
	50
	600
	

	
	Unit
	UI
	UI
	
	mV
	mV
	

	7.1.2
	VTRx Opto. Output Mask
	X1
	X2
	X3
	Y1
	Y2
	Y3

	
	Value
	0.25
	0.4
	0.45
	0.25
	0.28
	0.4

	
	Unit
	UI
	UI
	UI
	
	
	Y1

	7.1.3
	VTRx Elec. Output Mask
	X1
	X2
	X3
	Y1
	Y2
	Y3

	
	Value
	0.35
	0.5
	
	125.5
	250
	

	
	Unit
	UI
	UI
	
	mV
	mV
	

	7.1.4
	TRx Elec. Input Mask
	X1
	X2
	X3
	Y1
	Y2
	Y3

	
	Value
	0.13
	0.4
	
	325
	800
	

	
	Unit
	UI
	UI
	
	mV
	mV
	

	7.1.5
	TRx Opto. Output Mask
	X1
	X2
	X3
	Y1
	Y2
	Y3

	
	Value
	0.25
	0.4
	0.45
	0.25
	0.28
	0.4

	
	Unit
	UI
	UI
	UI
	
	
	Y1

	7.1.6
	TRx Elec. Output Mask
	X1
	X2
	X3
	Y1
	Y2
	Y3

	
	Value
	0.35
	0.5
	
	150
	425
	

	
	Unit
	UI
	UI
	
	mV
	mV
	


8. Reliability Guideline
Reliability must be demonstrated against targeted environmental stresses. These include internally and externally induced effects on optical coupling, thermal path and mechanical strain. An example system failure rate budget is assigned as follows: 

Table 8.1. Example system failure rate allocation.
	
	Component
	Type
	FIT1

	8.1.1
	VTRx
	On detector transceiver

laser with driver/PIN with amplifier

both 850nm and 1310nm
	2503

	8.1.2
	TRx
	Off detector transceiver module

Both 850nm and 1310nm
	2002

	8.1.3
	Other components
	Connector

Fiber cable
	25

25

	8.1.4
	Link
	duplex
	5004


Note 1: Failure is defined as link BER exceeding 10-12. FIT is one failure in billion (109) device-hours.

Note 2: TRx FIT of 200 is allocated after Telcordia (SR-332, issue 2, 2006) . 
Note 3: VTRx FIT is allocated assuming similar sub-device reliability, reduced part count, and extra margin for customized assembly. 
Note 4: For 10 years of detector operation, 500 FIT is equivalent to 5% channel failure. Some of which (the front-end portion) are not accessible. 
9. Glossary
VTRx – Front-end optical transceiver module, installed on detector

TRx – Back-end optical transceiver module, installed in counting room

MM – multi-mode operation

MMF – multi-mode fibre
SM – single-mode operation

SMF – single-mode fibre
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11. Appendix
11.1 power penalty model 
Link model spread sheet download link in reference [5]
11.1.1. Link penalty calculation of MM_VL
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Pisi P Eye P_DJ P_DJ Preflection Pcross Ptotal <Ptotal LP Pen OMA

L   Patt Ch IL D1.L D2.L BWcd effBWm Te Tc centralcornerscentralcornerscentral Beta SDmpnPmpn Prin central centralcorners central Margin central

(km) (dB) (dB) ps/nmps/nm (MHz) (MHz) (ps) (ps)

J=0, dB

(dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB)  (dB)  (dB) (dB) (dBm)

0.002 0.01 1.51 -0.23 0.00 1E+06 ###### 114 121 0.36 0.17 0.00 0.00 -2E-03 0.00 0.00 0.03 0.70 0.87 0.7 5.1 -8.9

0.10 0.35 1.85 -11.3 0.01 25,556 20,000 118 124 0.42 0.18 0.00 0.00 0 -0.12 0.00 0.00 0.09 0.05 1.2 1.4 0.9 4.6 -9.3

0.11 0.39 1.89 -12.4 0.01 23,233 18,182 119 125 0.43 0.18 0.00 0.00 0 -0.13 0.00 0.00 0.09 0.05 1.2 1.4 0.9 4.6 -9.4

0.12 0.42 1.92 -13.5 0.01 21,297 16,667 120 126 0.44 0.18 0.00 0.00 0 -0.14 0.00 0.00 0.08 0.05 1.3 1.5 0.9 4.5 -9.4

0.13 0.46 1.96 -14.6 0.01 19,659 15,385 121 127 0.46 0.19 0.00 0.00 0 -0.15 0.00 0.00 0.08 0.05 1.3 1.5 0.9 4.5 -9.4

0.14 0.49 1.99 -15.8 0.01 18,254 14,286 122 128 0.48 0.19 0.00 0.00 0 -0.17 0.01 0.00 0.08 0.05 1.4 1.6 0.9 4.4 -9.5

0.15 0.53 2.03 -16.9 0.01 17,037 13,333 123 129 0.50 0.19 0.00 0.00 0 -0.18 0.01 0.00 0.08 0.05 1.4 1.6 0.9 4.4 -9.5

0.16 0.56 2.06 -18.0 0.01 15,973 12,500 124 130 0.52 0.19 0.00 0.00 0 -0.19 0.01 0.01 0.07 0.05 1.5 1.7 0.9 4.3 -9.5

0.17 0.60 2.10 -19.1 0.01 15,033 11,765 125 131 0.54 0.19 0.00 0.00 0 -0.20 0.01 0.01 0.07 0.05 1.6 1.8 1.0 4.2 -9.6

0.18 0.63 2.13 -20.3 0.01 14,198 11,111 126 133 0.56 0.20 0.00 0.00 0 -0.21 0.01 0.01 0.07 0.05 1.6 1.8 1.0 4.2 -9.6

0.19 0.67 2.17 -21.4 0.01 13,451 10,526 128 134 0.59 0.20 0.00 0.00 0 -0.23 0.01 0.01 0.07 0.05 1.7 1.9 1.0 4.1 -9.6

0.20 0.70 2.20 -22.5 0.01 12,778 10,000 129 135 0.61 0.20 0.00 0.00 0 -0.24 0.01 0.01 0.07 0.05 1.7 1.9 1.0 4.1 -9.7

0.21 0.74 2.24 -23.6 0.01 12,170 9,524 131 137 0.64 0.20 0.00 0.00 0 -0.25 0.01 0.02 0.07 0.06 1.8 2.0 1.1 4.0 -9.7

0.22 0.77 2.27 -24.8 0.01 11,616 9,091 132 138 0.67 0.20 0.00 0.00 0 -0.26 0.01 0.02 0.06 0.06 1.9 2.1 1.1 3.9 -9.7

0.23 0.81 2.31 -25.9 0.01 11,111 8,696 134 140 0.70 0.21 0.00 0.00 0 -0.27 0.02 0.02 0.06 0.06 2.0 2.2 1.2 3.8 -9.8

0.24 0.84 2.34 -27.0 0.01 10,648 8,333 135 141 0.74 0.21 0.00 0.00 0 -0.28 0.02 0.03 0.06 0.06 2.0 2.2 1.2 3.8 -9.8

0.25 0.88 2.38 -28.1 0.01 10,222 8,000 137 143 0.77 0.21 0.00 0.00 0 -0.30 0.02 0.03 0.06 0.07 2.1 2.3 1.2 3.7 -9.9

0.26 0.91 2.41 -29.3 0.01 9,829 7,692 139 144 0.81 0.21 0.00 0.00 0 -0.31 0.02 0.04 0.06 0.07 2.2 2.4 1.3 3.6 -9.9

0.27 0.95 2.45 -30.4 0.01 9,465 7,407 140 146 0.85 0.21 0.00 0.00 0 -0.32 0.02 0.05 0.06 0.07 2.3 2.5 1.3 3.5 -9.9

0.28 0.98 2.48 -31.5 0.01 9,127 7,143 142 148 0.89 0.21 0.00 0.00 0 -0.33 0.02 0.05 0.06 0.08 2.4 2.6 1.4 3.4 -10.0

0.29 1.02 2.52 -32.6 0.01 8,812 6,897 144 150 0.93 0.22 0.00 0.00 0 -0.34 0.02 0.06 0.06 0.08 2.4 2.7 1.4 3.4 -10.0

0.30 1.05 2.55 -33.8 0.02 8,519 6,667 146 151 0.97 0.22 0.00 0.00 0 -0.36 0.03 0.07 0.06 0.09 2.5 2.8 1.5 3.3 -10.1
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11.1.2. Link penalty calculation of SM_VL
[image: image8.emf]Spreadsheet by Del Hanson, David Cunningham, Piers Dawe, David Dolfi  Agilent Technologies Rev. 3.2/3 This file of

Basics

Input= Bold Ts(20-80) 75ps Case: Attenuation= 0.4dB/km Model/format rev3.1.16a of

Q= 7.04 Ts(10-90) 114ps TargetTarget reach 10.00km Fiber at 1310nm

NomSens OMA

-12.59dBm Margin 0.00dB at

Base Rate= 5000MBd RIN(OMA) -130

dB/Hz

and L_start= 0.1km C_att= 0.27

Receiver

Refl Rx -12dB Answer! 10 km

Transmitter RIN at MinER -137.3dB/Hzgraph L_inc= 0.01km Attenuation= 0.40dB/km Rec_BW= 7,725MHz

Test Rx BW 7500MHz

Wavelength  Uc 1310nm RIN_Coef= 0.70 Power Budget P= 9.39dB at 1310nm c_rx 329

ns.MHz

Uw (see notes) 0.20nm Det.Jitter 6.0

ps inc. DCD Connections C

2dB Disp. min. Uo= 1324nm T_rx(10-90) 42.6ps Test Source ER=

Tx pwr OMA= -3.20dBm DCD_DJ= 6ps TP3

Pwr.Bud.-Conn.Loss

7.39dB Disp.  So= 0.093ps/nm^2*km

TP4 Eye

40ps Test Tx 6dB

Min. Ext Ratio= 4.00dB Effect. DJ= 0.00(UI) ex DCD C1= 480ns.MHz Disp.  D1= -1.32ps/(nm.km)

Opening (=Tx eye)TestERpen.

2.23dBo

"Worst"ave.TxPwr

-2.55dBm MPN k(OMA) 0

Reflection Noise factor

0.6 no units

RMS Baseline wander SD

0.025

fraction of 1/2 eye

Ext. ratio penalty 3.66dBo Tx eye height 81.1%

Effective Rate

5155MBd

PolMD DGDmax

10

ps at target 10km

V.E.C.P. #### dBo

Tx maskX1= 0.3UI Refl Tx -12dB Tb_eff= 194ps BWm= 1E+06

MHz*kmP_BLW(no ISI)

0.07dB

Stressed

X2= 0.4UI

ModalNoisePen

0dB Effective Rec Eye 0.21UI Eff. BWm=######MHz*km P_BLW 0.07dB

Rx sens

Y1= 0.25 Tx mask top 0.2UI

Pisi P Eye P_DJ P_DJ Preflection Pcross Ptotal <Ptotal LP Pen OMA

L   Patt Ch IL D1.L D2.L BWcd effBWm Te Tc centralcornerscentralcornerscentral Beta SDmpnPmpn Prin central centralcorners central Margin central

(km) (dB) (dB) ps/nmps/nm (MHz) (MHz) (ps) (ps)

J=0, dB

(dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB)  (dB)  (dB) (dB) (dBm)

0.002 0.00 2.00 0.00 0.00 4E+08 1.7E+08 114 122 0.37 0.18 0.00 0.00 -9E-06 0.00 0.00 0.02 0.39 0.57 0.4 7.0 -5.2

0.10 0.04 2.04 -0.1 0.00 7,066,818 3,333,333 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 6.0 -6.2

0.11 0.04 2.04 -0.1 0.00 6,424,380 3,030,303 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 6.0 -6.2

0.12 0.05 2.05 -0.2 0.00 5,889,015 2,777,778 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 6.0 -6.2

0.13 0.05 2.05 -0.2 0.00 5,436,014 2,564,103 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 6.0 -6.2

0.14 0.06 2.06 -0.2 0.00 5,047,727 2,380,952 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 6.0 -6.2

0.15 0.06 2.06 -0.2 0.00 4,711,212 2,222,222 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 6.0 -6.2

0.16 0.06 2.06 -0.2 0.00 4,416,761 2,083,333 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 5.9 -6.2

0.17 0.07 2.07 -0.2 0.00 4,156,952 1,960,784 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 5.9 -6.2

0.18 0.07 2.07 -0.2 0.00 3,926,010 1,851,852 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.4 1.6 1.4 5.9 -6.2

0.19 0.08 2.08 -0.3 0.00 3,719,378 1,754,386 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.5 1.6 1.4 5.9 -6.3

0.20 0.08 2.08 -0.3 0.00 3,533,409 1,666,667 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.5 1.6 1.4 5.9 -6.3

0.21 0.08 2.08 -0.3 0.00 3,365,151 1,587,302 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.5 1.6 1.4 5.9 -6.3

0.22 0.09 2.09 -0.3 0.00 3,212,190 1,515,152 114 122 0.37 0.18 0.00 0.00 0.80 0.00 0.00 0.00 0.15 0.06 1.5 1.6 1.4 5.9 -6.3

0.23 0.09 2.09 -0.3 0.00 3,072,529 1,449,275 114 122 0.37 0.18 0.00 0.00 0.79 0.00 0.00 0.00 0.15 0.06 1.5 1.6 1.4 5.9 -6.3

0.24 0.10 2.10 -0.3 0.00 2,944,507 1,388,889 114 122 0.37 0.18 0.00 0.00 0.79 0.00 0.00 0.00 0.15 0.06 1.5 1.6 1.4 5.9 -6.3

0.25 0.10 2.10 -0.3 0.00 2,826,727 1,333,333 114 122 0.37 0.18 0.00 0.00 0.79 0.00 0.00 0.00 0.15 0.06 1.5 1.6 1.4 5.9 -6.3

0.26 0.10 2.10 -0.3 0.00 2,718,007 1,282,051 114 122 0.37 0.18 0.00 0.00 0.79 0.00 0.00 0.00 0.15 0.06 1.5 1.6 1.4 5.9 -6.3

0.27 0.11 2.11 -0.4 0.00 2,617,340 1,234,568 114 122 0.37 0.18 0.00 0.00 0.79 0.00 0.00 0.00 0.15 0.06 1.5 1.7 1.4 5.9 -6.3

0.28 0.11 2.11 -0.4 0.00 2,523,863 1,190,476 114 122 0.37 0.18 0.00 0.00 0.79 0.00 0.00 0.00 0.15 0.06 1.5 1.7 1.4 5.9 -6.3

0.29 0.12 2.12 -0.4 0.00 2,436,834 1,149,425 114 122 0.37 0.18 0.00 0.00 0.79 0.00 0.00 0.00 0.15 0.06 1.5 1.7 1.4 5.9 -6.3

0.30 0.12 2.12 -0.4 0.00 2,355,606 1,111,111 114 122 0.37 0.18 0.00 0.00 0.79 0.00 0.00 0.00 0.15 0.06 1.5 1.7 1.4 5.9 -6.3

17-Oct-01 10GEPBud3_1_16a.xls

1310nm serial SMF 31-Oct-01


11.2 components radation degradation

11.2.1. PIN degradation with cumulative radation at a glance

Detail results are discussed in reference [4]

	[image: image9.png][n/mo]

>
3
g
@
8
o
°
2
<}
[5]
4

3

SWET FEET FEET FEUTI FEUTI FUTI FNUTI FRRTE FRNTY AR P

14 15 16
107 Fyence (cm?)10 10 10




	Worst case is for 6×1015 cm-2 neutron fluence (dashed lines). The plot to the left yields the following penalties:
InGaAs: -5.1 dB 

GaAs: -9.6 dB 
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	Worst case is for 6×1015 cm-2 neutron fluence (solid lines).  At this fluence we have around 100 µA leakage current for 1.0 V reverse bias (conservative GBTIA value).  This yields a 0.3 dB penalty to be added due to PIN leakage current.


11.2.2. Fiber degradation with cumulative radiation at a glance

Detail results are discussed in reference [7]
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Fit function to calculate the total RIA
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