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1 Introduction

The purpose of this document is to define the purchasing strategy for optical link components for users identified
to date: LHCb, CMS HCAL, and CMS Pixel phase 1 upgrade. An overview of a typical optical link is given in
1. This document gives an overview of the items to be procured and how these will be matched to the CERN
purchasing procedures. Three types of CERN purchasing procedure are available:

• Market Survey, Call for Tender, and contract placement

• Price Enquiry and contract placement

• Gré-à-gré purchase order

Use of the different procedures is dictated by the total value of CERN funds used to pay for the supply. It is
therefore instructive to review the total quantities and costs as estimated at present, which are given in Table 1.
We note that the majority of the funding for the purchase of these items is likely to come from the experiments’
common funds.
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Figure 1: Overview of the two optical link variants showing the various components and sub-components: (top)
bidirectional link with a VTRx and TRx (SFP+) module; and (bottom) uni-directional link with VTTx and DRx12.

2 Purchasing Strategy

The supply of all items will be broken down as indicated in Table 1. The details of each of the procedures in
approximate time order (see Section 3) are given below:

Gré-à-gré 1 Supply of Single-mode (SM) TOSAs, manufacturer to supply objects meeting our technical specifi-
cation. Justification:

• Excellent candidate already identified - significantly more rad-hard than others.
• Previous good experience with supplier in context of CMS Tracker optical links.
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Design Status

3

Variant Laser Driver TOSA ROSA Picture

Single-mode VTRx GBLD v4.1 Edge Emitter 
Laser

InGaAs
GBTIA v2

Multi-mode VTRx GBLD v4.1 850 nm VCSEL GaAs 
GBTIA v2

Multi-mode VTTx GBLD v4.1 850 nm VCSEL -

Rad-soft VTTx ONET8501V 850 nm VCSEL

● Performance demonstrated at TWEPP 2012
● Final circuit board layout now complete
● Prototypes available 
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Comparison to an SFP
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Latch

● MM latch design (VTRx & VTTx) complete
● To be produced by injection moulding by PEP Ltd, UK
● Ultem 1000 material (rad hard)

● First prototypes being evaluated these days
● Functionality proven
● Metrology ongoing

● SM latch design being prototyped now
● CERN rapid prototyping facility

● Production method TBD

5
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Performance: MM VTRx GBTIA v.2

● Very good Rx performance
● 2nd source identified

● Specifications easily met

6
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GBLD performance

● Verified performance of GBLD v4.1 to operate over 
specified operating temperature range.

7
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3.4.3 Pseudo-Random Bit Sequence

Results with a PRBS pattern (Figure 20) are also in line with the earlier results: v5 is more
sensitive to temperature variations and has higher rise and fall times and more jitter than
v4.1. Rise times are shorter with small bias and modulation currents (4 mA), when v5 even
meets the rise time specification of 70 ps, but at the same time fall times are still above the
specifications. Also the eye height is more reduced in the case of v5 at high temperatures:
using a bias and modulation current of 6 mA the eye height decreases 40% (from 335 mW to
195 mW) when the temperature is increased from 10 to 70�C, whereas with v4.1 the same
decrement in eye height is only 18% (from 470 mW to 385 mW). Example plots showing the
rise and fall times are in Figure 22 and the jitter values in Figure 23.
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Figure 20: Example eye diagrams at 10 and 70�C using PRBS7. All examples are
taken with 600 mV input voltage swing, 2.5 V supply voltage, and 6 mA
bias and modulation current. Pre bias and input gain are set to zero.
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Figure 23: Total and deterministic jitter as a function of bias current using 600 mV
input swing and PRBS7. The specified limits for a VTRx are 50 ps for
total jitter and 24 ps for deterministic jitter at 5 Gbps.
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Figure 22: Rise and fall times as a function of bias current using 600 mV input swing
and PRBS7. For rise and fall times the specified limit is 70 ps.

24 of 27 EDMS 1259343

Evaluation of GBLD v4.1 and v5 Technical Report Versatile Link Project

70605040302010
Temperature [°C]

160

140

120

100

80

60

40
R

is
e 

Ti
m

e 
[p

s]

864
Bias Current [mA]

GBLD v4.1: Vdd = 2.5 V, Vin = 200 mV

Imod = 4 mA

160

140

120

100

80

60

40

R
is

e 
Ti

m
e 

[p
s]

864
Bias Current [mA]

GBLD v5: Vdd = 2.5 V, Vin = 200 mV

Imod = 4 mA
Pre Bias 0
Input Gain  0  2

160

140

120

100

80

60

40

Fa
ll 

Ti
m

e 
[p

s]

864
Bias Current [mA]

GBLD v4.1: Vdd = 2.5 V, Vin = 200 mV

Imod = 4 mA

160

140

120

100

80

60

40

Fa
ll 

Ti
m

e 
[p

s]
864

Bias Current [mA]

GBLD v5: Vdd = 2.5 V, Vin = 200 mV

Imod = 4 mA
Pre Bias 0
Input Gain  0  2
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LHCb System-level testing (1)
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LHCb System-level testing (2)
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Versatile Link Procurement
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1 Introduction

The purpose of this document is to define the purchasing strategy for optical link components for users identified
to date: LHCb, CMS HCAL, and CMS Pixel phase 1 upgrade. An overview of a typical optical link is given in
1. This document gives an overview of the items to be procured and how these will be matched to the CERN
purchasing procedures. Three types of CERN purchasing procedure are available:

• Market Survey, Call for Tender, and contract placement

• Price Enquiry and contract placement

• Gré-à-gré purchase order

Use of the different procedures is dictated by the total value of CERN funds used to pay for the supply. It is
therefore instructive to review the total quantities and costs as estimated at present, which are given in Table 1.
We note that the majority of the funding for the purchase of these items is likely to come from the experiments’
common funds.

PCB

Laser Diode

PIN + GBTIA

GBLD

ed
ge

-
co

nn
ec

to
r

I2C

TOSA

ROSA

VTRx TRx (SFP+)

On-Detector
Radiation zone

O!-Detector
Radiation-free zone

Optical Fibre
and Connectors

50-150m

PCB

Laser Diode

Laser Diode

GBLD

ed
ge

-
co

nn
ec

to
r

I2C

TOSA

TOSA

VTTx DRx12

50-150m

GBLD

Figure 1: Overview of the two optical link variants showing the various components and sub-components: (top)
bidirectional link with a VTRx and TRx (SFP+) module; and (bottom) uni-directional link with VTTx and DRx12.

2 Purchasing Strategy

The supply of all items will be broken down as indicated in Table 1. The details of each of the procedures in
approximate time order (see Section 3) are given below:

Gré-à-gré 1 Supply of Single-mode (SM) TOSAs, manufacturer to supply objects meeting our technical specifi-
cation. Justification:

• Excellent candidate already identified - significantly more rad-hard than others.
• Previous good experience with supplier in context of CMS Tracker optical links.
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Procurement quantities

● Pledges so far
● ALICE is now also showing interest, likely to represent a large 

(30-50%) extra number of links

● We procure on your behalf
● Need funding for parts as well as final modules
● Need to take funding profiles into account?

11

Versatile Link Project Discussion Document Optical Link Procurement Strategy

Table 1: Overview of required quantities. Estimated costs in CHF from VL cost book. Quantities are subject to
change. ASICs to be sourced via existing foundry contract

Radn Grade TOSA ROSA Latch VTRx VTTx

& User SM MM SM MM SM MM SM MM MM

Cal LHCb 16900 2900 9900 2900 7000
Cal HCAL 200 4400 200 400 200 2400 200 400 2000
Tk PIXph1 3000
Cal ATLAS SmWh 1850 650 1250 650 600
Cal ATLAS LArg 150 150 150 150

Totals 3200 23300 200 4100 200 13700 200 4100 9600

Market Survey and Invitation to Tender 1 Supply of Multi-mode (MM) TOSAs, manufacturer to supply objects
meeting our technical specification. Additional requirements:

• Reserve the right to split the supply (or award all to single bidder).
• Retain lowest one or two conforming bids for MM TOSAs.
• Samples to be provided by suppliers with answer to MS.
• Suppliers will be selected based on performance of samples in functional and environmental (radia-

tion) testing.
• Pre-series will be required.

Gré-à-gré 2 Supply of ROSAs of all types, manufacturers are to supply photodiode die integrated into a hermet-
ically sealed ROSA with the CERN-supplied GBTIA ASIC. Additional requirements:

• We currently have only one supplier with proven capability in this area and must go through a step of
qualifying the work of other suppliers which does not seem to be possible in the framework of a price
enquiry, while the overall cost seems too low for a full Market Survey.

• Therefore we place exploratory build orders with several companies beforehand for prototype quanti-
ties.

• We will then select the company which is best able to fulfill our need and place the final order with
them.

Gré-à-gré 3 Supply of machined SM variant of a plastic optical connector latch. Additional requirements:
• We currently have only one supplier with proven capability in this area and must go through a step of

qualifying the work of other suppliers which does not seem to be possible in the framework of a price
enquiry, while the overall cost is low.

• Therefore we place exploratory build orders with several companies beforehand for prototype quanti-
ties.

• We will then select the company which is best able to fulfill our need and place the final order with
them.

Price Enquiry 1 Supply of moulded MM variant of a plastic optical connector latch. Additional requirements:
• Retain lowest bid.
• Pre-series will be required. The pre-series will be subject to functional and environmental (radiation)

testing before giving the go-ahead for full production.

Price Enquiry 2 Supply of assembled Transceivers and Dual Transmitters (item breakdown in Figure 2). The
supplier will supply the PCBs and mount components supplied by themselves and CERN. Additional re-
quirements:

• Reserve the right to split the supply (or award all to single bidder).
• Retain lowest one or two conforming bids.
• Samples to be provided by suppliers with answer to Price Enquiry (tbc).
• Suppliers will be selected based on performance of samples in functional and environmental (radia-

tion) testing.
• Pre-series will be required.

Existing Contract ASICs:
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Gré-à-gré 3 Supply of machined SM variant of a plastic optical connector latch. Additional requirements:
• We currently have only one supplier with proven capability in this area and must go through a step of

qualifying the work of other suppliers which does not seem to be possible in the framework of a price
enquiry, while the overall cost is low.

• Therefore we place exploratory build orders with several companies beforehand for prototype quanti-
ties.

• We will then select the company which is best able to fulfill our need and place the final order with
them.

Price Enquiry 1 Supply of moulded MM variant of a plastic optical connector latch. Additional requirements:
• Retain lowest bid.
• Pre-series will be required. The pre-series will be subject to functional and environmental (radiation)

testing before giving the go-ahead for full production.

Price Enquiry 2 Supply of assembled Transceivers and Dual Transmitters (item breakdown in Figure 2). The
supplier will supply the PCBs and mount components supplied by themselves and CERN. Additional re-
quirements:

• Reserve the right to split the supply (or award all to single bidder).
• Retain lowest one or two conforming bids.
• Samples to be provided by suppliers with answer to Price Enquiry (tbc).
• Suppliers will be selected based on performance of samples in functional and environmental (radia-

tion) testing.
• Pre-series will be required.

Existing Contract ASICs:

4 of 7

Versatile Link Project Discussion Document Optical Link Procurement Strategy

Table 1: Overview of required quantities. Estimated costs in CHF from VL cost book. Quantities are subject to
change. ASICs to be sourced via existing foundry contract

Radn Grade TOSA ROSA Latch VTRx VTTx

& User SM MM SM MM SM MM SM MM MM

Cal LHCb 16900 2900 9900 2900 7000
Cal HCAL 200 4400 200 400 200 2400 200 400 2000
Tk PIXph1 3000
Cal ATLAS SmWh 1850 650 1250 650 600
Cal ATLAS LArg 150 150 150 150

Totals 3200 23300 200 4100 200 13700 200 4100 9600

Market Survey and Invitation to Tender 1 Supply of Multi-mode (MM) TOSAs, manufacturer to supply objects
meeting our technical specification. Additional requirements:

• Reserve the right to split the supply (or award all to single bidder).
• Retain lowest one or two conforming bids for MM TOSAs.
• Samples to be provided by suppliers with answer to MS.
• Suppliers will be selected based on performance of samples in functional and environmental (radia-

tion) testing.
• Pre-series will be required.
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Summary

● Feasibility of Versatile transmitter and transceiver 
modules proven
● Functional and environmental testing
● Final ASIC versions available and ready for production

● Feasibility to transmit over 400m fibre for data-to-
surface application in LHCb proven

● Prototypes are with users
● CMS HCAL, LHCb
● More prototypes for distribution are available

● Procurement process defined and started
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