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Considerations
1. Purpose is to survey existing specs and explore one way to merge 

them for broad market potential. Not intended to be TF discussion.
2. Existing specifications
1. 32GFC (28.05Gbps over 10km) ‐ already suggested
2. CWDM4 (4WDM of 25.8Gbps/lane over 2km) – this presentation
1. Link budget of 8dB almost enough for 10km (9.3dB)
2. Start with CWDM4 Tx and revise Rx for additional 1.3dB link budget

3. Interoperability application
1. PSM4 breakout (see lewis_01_022416_25gsmf.pdf, tamura_160302_10km_25GSMF_adhoc.pdf)
1. Wavelength range (match PSM4)
2. Power levels (OMA, Pavg)
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Existing 25G/Lane Specifications With FEC
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25GbE‐10km Illustrative Link Power Budget

Parameter Units 32GFC CWDM4 PSM4 Possible 25GbE‐
10km Spec

Power budget (for max TDP) dB 9.04 8 6.2 9.3

Operating distance km 10 2 0.5 10

Channel insertion loss dB 6.34 a 5 3.3 6.3 b

Maximum discrete 
reflectance

dB ‐ ‐26 ‐35 ‐26

Allocation for penalties (for 
max TDP)

dB 2.7 3 2.9 3

Additional insertion loss 
allowed

dB 0 0 0 0

a For 32GFC at 10km and 2.0dB connection loss
b Same as 100GBASE‐LR4. Fiber loss of 4.3dB + connection loss of 2dB. 
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Fiber Attenuation
Ref: “IEEE Standard For 
Ethernet – Section 6” 
Clause 88

Ref: Appendix I of ITU‐T 
G.695 Optical Interfaces 
For Course Wavelength 
Division Multiplexing 
Applications Highest loss at 1295nm. Interpolate 

attenuation at 1295nm of 0.43dB/km

Channel loss:
‐ Fiber:  4.3dB (10x0.43) 
‐ Connectors:  2dB
‐ Total:  6.3dB
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100GBASE‐LR4/ER4

25GbE‐10km proposal:
• 1295‐1325 nm

Ref: “IEEE Standard For 
Ethernet – Section 6” 
Clause 88: 100GBASE‐
LR4, ER4
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25GbE‐10km Transmit Characteristics

Description Units 32GFC CWDM4 PSM4 Possible 25GbE‐
10km Spec

Operating range (max) km 10 2 0.5 10

Signaling rate Gbps 28.05 25.78125 25.78125 25.78125

Operating BER 1.0x10‐6 5.0x10‐5 5.0x10‐5 5.0x10‐5

Wavelength (max) nm 1325 1337.5 1325 1325

Wavelength (min) nm 1295 1264.5 1295 1295

Average launch power (max) dBm 2 2.5 2 2.5

Average launch power (min) dBm ‐5 ‐6.5 ‐9.4 ‐6.5

OMA (max) dBm ‐ 2.5 2.2 2.5

OMA (min) dBm ‐2 ‐4 ‐ ‐4

Launch power in OMA minus 
TDP (min)

dBm ‐5 ‐5 ‐7.25 (center) a
‐3.4 (edge)a

‐5

Transmitter and dispersion 
penalty (max)

dB 2.7 3 2.9 3

Extinction ratio (min) dB 4 3.5 3.5 3.5

Transmitter eye mask {X1,X2,X3,
Y1,Y2,Y3}

{0.22, 0.4, 0.45, 
0.31, 0.33, 0.5}

{0.31, 0.4, 0.45, 
0.34, 0.38, 0.4}

{0.31, 0.4, 0.45, 
0.34, 0.38, 0.4}

{0.31, 0.4, 0.45, 
0.34, 0.38, 0.4}

a At TDP MAX of 0.8‐2.9dB.
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Tx Eye Mask Comparison: 32GFC and CWDM4/PSM4

Parameter 32GFC 
(UI)

CWDM4/ 
PSM4
(UI)

X1 0.22 0.31

X2 0.40 0.40

X3 0.45 0.45

Y1 0.31 0.34

Y2 0.33 0.38

Y3 0.50 0.40

32GFC
CWDM4/PSM4

CWDM4/PSM4 eye mask better for low cost
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TDP for 10km DML (Example)

• DML TOSA + PIN ROSA at edges of CWDM4 wavelength band.
• Suggests TDP of 3dB can be reduced.

Ref:  T. Nakajima et al., OFC 2015, Th1G.6

5x10‐5 5x10‐5

TDP = 0dB TDP < 0.5dB
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25GbE‐10km Receive Characteristics

Description Units 32GFC CWDM4 PSM4 Possible 25GbE‐
10km Spec

Signaling rate Gbps 28.05 25.78125 25.78125 25.78125

Operating BER 1.0x10‐6 5.0x10‐5 5.0x10‐5 5.0x10‐5

Receiver reflectance (max) dB ‐26 ‐26 ‐26 ‐26

Avg. received power (max) dBm 2.0 2.5 2.0 2.5

Receiver sensitivity (OMA, 
max)

dBm ‐11.4 ‐10 ‐11.35 (center)
‐9.6 (edge)

‐11.3

Stressed receiver 
sensitivity (OMA, max)

dBm ‐9.2 ‐7.3 ‐8.79 (center)
‐7.04 (edge)

TBD

Conditions of stressed
receiver sensitivity test

VEP
J2:
J4:

‐ 1.9
0.33 UI
0.48 UI

1.9
0.27 UI
0.39 UI

TBD

SRS eye mask definition {X1,X2,X3,
Y1,Y2,Y3}

‐ {0.39, 0.5, 0.5,
0.39, 0.39, 0.4}

{0.24, 0.5, 0.5,
0.24, 0.24, 0.4}

TBD
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PSM4 Transmit & Receive Characteristics

Transmitter Minimum OMA

Rx Sensitivty
OMA

Min
(dBm)

Max
(dBm)

‐11.35 ‐9.6

TDP
(dB)

Tx OMA‐TDP min 
(dBm)

Tx OMA‐TDP max
(dBm)

0.8 ‐7.25 ‐5.5
2.9 ‐5.15 ‐3.4

Receiver Sensitivity

Ref: “100G PSM4 Specification V2.0” from www.psm4.org
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25GbE‐10km Interoperation With PSM4
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Result

Tx OMA ‐ TDP (min) ‐5 3.3 ‐8.3 ≥ ‐9.6 OK

Average Power (max) 2.5 0 2.5 ≤ 2 Rx overload

Tx: PSM4
Rx: 25GbE‐10km

PSM4 Tx Out
(dBm)

PSM4 
Channel Loss

(dB)

25GbE SMF 
Rx In
(dBm)

25GbE SMF 
Rx Spec 
(dBm)

Result

Tx OMA ‐ TDP (min) ‐7.25 3.3 ‐10.55 ≥ ‐11.3 OK

Average Power (max) 2 0 2 ≤ 2.5 OK

• Maximum power exceeds PSM4 Rx by 0.5 dBm. 
• Otherwise, not compliant, but interoperable.

Compare worst‐case Tx to worst‐case Rx.
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1. For 25GbE SMF specification, a possible approach is to adopt Tx
characteristics of one lane of CWDM4.

1. OMUX loss contribution becomes margin
2. Need Rx characteristics consistent with 10km link power budget (9.3dB = 

6.3dB (channel loss) + 3dB (TDP)).
2. Interoperability with PSM4 only limited by Rx Pavg MAX.
3. Purpose was only to survey and illustrate approach. Detailed 

discussion should be deferred to task force.
4. Would be good to explore:
1. TDP
2. ER
3. Tx eye mask
4. SRS

Summary


