
Server/NIC Chip-to-Chip Channels 
& Reference Receiver Analysis
Howard Heck, Intel
Femi Akinwale, Intel
Kent Lusted, Intel

IEEE P802.3dj March 2024



Contents
• Objective
• Server/NIC Channels
• Reference Rx Analysis

─Options considered
─Results

• Recommendations
• Next Steps

IEEE P802.3dj March 2024 2



Objectives
1. Provide a set of AUI C2C channels to represent common server/NIC 

configurations.
─ PCB trace range: 2 inches to 14 inches with 1 inch step size
─ Die-die insertion loss range: 9.4 dB to 34.4 dB

2. Provide 1st cut AUI C2C reference RX recommendations.
─ # RXFFE fixed postcursor taps: 4, 8, 12, 16, 20, 24

─ 𝜂𝜂0: 4 × 10−9, 8 × 10−9, 1 × 10−8, 1.25 × 10−8 �𝑉𝑉2
𝐺𝐺𝐺𝐺𝐺𝐺

─ TXFFE precursor taps: 3, 2, 1
─ 𝑅𝑅𝑑𝑑: 40Ω to 60Ω

Initial recommendations are based only upon the channels provided in this 
contribution.
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Channels
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Physical Channel Description (Simulated)
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• Number of Aggressors: 3 FEXT and 4 NEXT 
• BGA escape model 

• BGA ball not included, 5 mils stub
• Via Drill Depth: 

• Tx 10 mils, Rx 20 mils
• Host PCB impedance

• 93 Ω
• 1.5dB/in @53.125GHz

• Does NOT include package or silicon structures 

SOC Tx Retimer Rx



Channel Response
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Insertion Loss, Differential, 𝒁𝒁𝒓𝒓𝒓𝒓𝒓𝒓 =100 Ω Return Loss (Tx Side), Differential, 𝒁𝒁𝒓𝒓𝒓𝒓𝒓𝒓 =100 Ω Return Loss (Rx Side), Differential, 𝒁𝒁𝒓𝒓𝒓𝒓𝒓𝒓 =100 Ω

Power Sum FEXT, Differential, 𝒁𝒁𝒓𝒓𝒓𝒓𝒓𝒓 =100 Ω Power Sum NEXT, Differential, 𝒁𝒁𝒓𝒓𝒓𝒓𝒓𝒓 =100 Ω



Channel Insertion Loss & PCB Trace Lengths
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Ball-Ball Insertion Loss vs PCB Length Die-Die Insertion Loss vs PCB Length

Analysis considers 9.4-34.4 dB die-die insertion loss range.
We would like to support at least 10-inch PCB trace length (12 would be better).
• 10-inch length needs ~28dB die-die insertion loss (𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼) for the channels in this 

contribution with Type A packages @ the lengths we considered.
• 12-inch length requires ~31dB



Analysis
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Parameters Studied
• PCB Trace Length: 2 inches to 14 inches  in 1 inch steps
• Package: Class A w/ die model from lim_3dj_01_2401 slide 8

1. Tx = 8mm, Rx = 4mm
2. Tx = 24mm, Rx = 8mm
3. Tx = 30mm, Rx = 12mm

• RxFFE: fixed taps, MMSE, no MLSD
─ 6 precursor
─ 4/8/12/16/20/24 post-cursor

• 𝑅𝑅𝑑𝑑: 40 Ω to 60 Ω
• TxFFE: 2 pre-cursor, 1 post-cursor

─ Not swept - no COM run resulted in any setting besides [ 0 0 1 0 ].
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Analysis performed with COM 4.3 @ 0.67e-5 DER in host to retimer direction.



# RXFFE Postcursor Tap Count Sensitivity
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Parameter Value

TxFFE 2 pre/1 post

η0 1.25×10-8 V2/GHz

Pkg class A

DER 0.67×10-5

Rd 50 Ω



RXFFE Postcursor Tap Count Sensitivity
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Passing COM

Fit Model

Sixteen postcursor FFE taps support 10-inch PCB route.



Sweep Results: η0
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Parameter Value

# TxFFE 3 pre/1 post

# RXFFe Post taps 24

Pkg class A

DER 0.67e-5

𝑅𝑅𝑑𝑑 50 Ω



η0 Impact on Reach
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LTxpkg=24mm/LRxpkg=8mm LTxpkg=30mm/LRxpkg=12mmLTxpkg=8mm/LRxpkg=4mm

• Reducing 𝜂𝜂0 from 1.25 × 10−8 ⁄𝑉𝑉2 𝐺𝐺𝐺𝐺𝐺𝐺 to 4 ×
10−9 ⁄𝑉𝑉2 𝐺𝐺𝐺𝐺𝐺𝐺 improves COM by ~0.3dB @ max loss 
corner.

• Translates to ~0.7 inch length increase.
• For 24 postcursor FFE taps

𝜂𝜂0 𝜂𝜂0 𝜂𝜂0



Sweep Results: 𝑅𝑅𝑑𝑑
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• Analysis shown for 24 FFE postcursor taps.
• Trend: lower 𝑅𝑅𝑑𝑑 gives better COM.
• Analysis to be repeated with fewer FFE taps.

Parameter Value

# TxFFE 3 pre/1 post

# RXFFe Post taps 24

Pkg class A

DER 0.67e-5

𝜂𝜂0 1.25 × 10−8 ⁄𝑉𝑉2 𝐺𝐺𝐺𝐺𝐺𝐺



Preliminary Conclusions
• RxFFE with 16 fixed postcursor taps can support 10+ inch PCB route:

─ Class A package: 30mm max host length, 12mm max retimer length
─ 𝜂𝜂0 = 1.25 × 10−8 ⁄𝑉𝑉2 𝐺𝐺𝐺𝐺𝐺𝐺
─ no need for floating taps or MLSD for AUI C2C
─ for the server/NIC-based channels that we are contributing

• Reducing 𝜂𝜂0 provides modest increase in PCB routing length. 
─ ~0.7in increase w/ 24 RXFFE postcursor taps @ max loss corner for >3-fold reduction 

in 𝜂𝜂0.
─ Not recommending to reduce from 1.25 × 10−8 ⁄𝑉𝑉2 𝐺𝐺𝐺𝐺𝐺𝐺.

• Reducing 𝑅𝑅𝑑𝑑 provides benefit but may not be needed.
─ Expect that to depend on the # of RXFFE taps that we choose.

• TxFFE is unused across all channels studied (post-training).
─ for any of the RxFFE and 𝜂𝜂0cases analyzed

• Worst case Tx/Rx package condition
─ tends to favor 30 mm length @ Tx (Host) and 4 mm @ Rx (retimer)
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Next Steps
Further analysis:
• Re-examine 𝜂𝜂0 & 𝑅𝑅𝑑𝑑sensitivity with varying # of RXFFE postcursor 

taps.
─ Propose to consider 12, 16, & 20 taps.

• Vary package trace lengths independently.
─ Verify worst case & develop a more comprehensive statistical model.

• Include PCB 𝑍𝑍0 variation.
• Include prior channel contributions.

─ mellitz_3dj_03_elec_230504.zip
─ mellitz_3dj_04_2303.zip
─ mellitz_3df_02_2207.zip

• Cover retimer-to-host direction.
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Additional Info
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COM Template
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Channel Naming Convention
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Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 Channel 7 Channel 8

Tx_2in_Rx_thru1.s4p Tx_3in_Rx_thru1.s4p Tx_4in_Rx_thru1.s4p Tx_5in_Rx_thru1.s4p Tx_6in_Rx_thru1.s4p Tx_7in_Rx_thru1.s4p Tx_8in_Rx_thru1.s4p Tx_9in_Rx_thru1.s4p

Tx_2in_Rx_xtalk1_Fext.s4p Tx_3in_Rx_xtalk1_Fext.s4p Tx_4in_Rx_xtalk1_Fext.s4p Tx_5in_Rx_xtalk1_Fext.s4p Tx_6in_Rx_xtalk1_Fext.s4p Tx_7in_Rx_xtalk1_Fext.s4p Tx_8in_Rx_xtalk1_Fext.s4p Tx_9in_Rx_xtalk1_Fext.s4p

Tx_2in_Rx_xtalk2_Fext.s4p Tx_3in_Rx_xtalk2_Fext.s4p Tx_4in_Rx_xtalk2_Fext.s4p Tx_5in_Rx_xtalk2_Fext.s4p Tx_6in_Rx_xtalk2_Fext.s4p Tx_7in_Rx_xtalk2_Fext.s4p Tx_8in_Rx_xtalk2_Fext.s4p Tx_9in_Rx_xtalk2_Fext.s4p

Tx_2in_Rx_xtalk3_Fext.s4p Tx_3in_Rx_xtalk3_Fext.s4p Tx_4in_Rx_xtalk3_Fext.s4p Tx_5in_Rx_xtalk3_Fext.s4p Tx_6in_Rx_xtalk3_Fext.s4p Tx_7in_Rx_xtalk3_Fext.s4p Tx_8in_Rx_xtalk3_Fext.s4p Tx_9in_Rx_xtalk3_Fext.s4p

Tx_2in_Rx_xtalk4_Next.s4p Tx_3in_Rx_xtalk4_Next.s4p Tx_4in_Rx_xtalk4_Next.s4p Tx_5in_Rx_xtalk4_Next.s4p Tx_6in_Rx_xtalk4_Next.s4p Tx_7in_Rx_xtalk4_Next.s4p Tx_8in_Rx_xtalk4_Next.s4p Tx_9in_Rx_xtalk4_Next.s4p

Tx_2in_Rx_xtalk5_Next.s4p Tx_3in_Rx_xtalk5_Next.s4p Tx_4in_Rx_xtalk5_Next.s4p Tx_5in_Rx_xtalk5_Next.s4p Tx_6in_Rx_xtalk5_Next.s4p Tx_7in_Rx_xtalk5_Next.s4p Tx_8in_Rx_xtalk5_Next.s4p Tx_9in_Rx_xtalk5_Next.s4p

Tx_2in_Rx_xtalk6_Next.s4p Tx_3in_Rx_xtalk6_Next.s4p Tx_4in_Rx_xtalk6_Next.s4p Tx_5in_Rx_xtalk6_Next.s4p Tx_6in_Rx_xtalk6_Next.s4p Tx_7in_Rx_xtalk6_Next.s4p Tx_8in_Rx_xtalk6_Next.s4p Tx_9in_Rx_xtalk6_Next.s4p

Tx_2in_Rx_xtalk7_Next.s4p Tx_3in_Rx_xtalk7_Next.s4p Tx_4in_Rx_xtalk7_Next.s4p Tx_5in_Rx_xtalk7_Next.s4p Tx_6in_Rx_xtalk7_Next.s4p Tx_7in_Rx_xtalk7_Next.s4p Tx_8in_Rx_xtalk7_Next.s4p Tx_9in_Rx_xtalk7_Next.s4p



Channel Naming Convention
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Channel 9 Channel 10 Channel 11 Channel 12 Channel 13

Tx_10in_Rx_thru1.s4p Tx_11in_Rx_thru1.s4p Tx_12in_Rx_thru1.s4p Tx_13in_Rx_thru1.s4p Tx_14in_Rx_thru1.s4p

Tx_10in_Rx_xtalk1_Fext.s4p Tx_11in_Rx_xtalk1_Fext.s4p Tx_12in_Rx_xtalk1_Fext.s4p Tx_13in_Rx_xtalk1_Fext.s4p Tx_14in_Rx_xtalk1_Fext.s4p

Tx_10in_Rx_xtalk2_Fext.s4p Tx_11in_Rx_xtalk2_Fext.s4p Tx_12in_Rx_xtalk2_Fext.s4p Tx_13in_Rx_xtalk2_Fext.s4p Tx_14in_Rx_xtalk2_Fext.s4p

Tx_10in_Rx_xtalk3_Fext.s4p Tx_11in_Rx_xtalk3_Fext.s4p Tx_12in_Rx_xtalk3_Fext.s4p Tx_13in_Rx_xtalk3_Fext.s4p Tx_14in_Rx_xtalk3_Fext.s4p

Tx_10in_Rx_xtalk4_Next.s4p Tx_11in_Rx_xtalk4_Next.s4p Tx_12in_Rx_xtalk4_Next.s4p Tx_13in_Rx_xtalk4_Next.s4p Tx_14in_Rx_xtalk4_Next.s4p

Tx_10in_Rx_xtalk5_Next.s4p Tx_11in_Rx_xtalk5_Next.s4p Tx_12in_Rx_xtalk5_Next.s4p Tx_13in_Rx_xtalk5_Next.s4p Tx_14in_Rx_xtalk5_Next.s4p

Tx_10in_Rx_xtalk6_Next.s4p Tx_11in_Rx_xtalk6_Next.s4p Tx_12in_Rx_xtalk6_Next.s4p Tx_13in_Rx_xtalk6_Next.s4p Tx_14in_Rx_xtalk6_Next.s4p

Tx_10in_Rx_xtalk7_Next.s4p Tx_11in_Rx_xtalk7_Next.s4p Tx_12in_Rx_xtalk7_Next.s4p Tx_13in_Rx_xtalk7_Next.s4p Tx_14in_Rx_xtalk7_Next.s4p



Response Surface Model Fit for RXFFE Postcursor Tap Sweep
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Response Surface Model Fit for Eta0 Sweep
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Response Surface Model Fit for Rd Sweep
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