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Increasing Bandwidth is Challenging 
 
• Bandwidth of system components increases with data rate, keeping  

increasing bandwidth is very challenging in next generation high-speed 

serial interconnection. 
 

• Current research on the 224 Gbps high-speed serial links has revealed 

that PAM4 modulation is still a good option due to its backward 

compatibility and better SNR performance.  
 

• 2x bandwidth from 112 Gbps: Bandwidth requirement is over 80GHz in 

accordance with the evaluation of 112 Gbps links when modulation 

scheme is PAM4. 
 

•  Whether the bandwidth needs to exceed 80GHz? 

• We may pay a huge price to meet this strict requirements. 

• Is it really necessary from the perspective of system  

performance? 
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 Whole Analog Channel Matters 

• The bandwidth of the system not only refers to the bandwidth of the  

system components , but also includes the bandwidth of analog front end 

at transceiver.  

 

• When we design 224G system, it's  not just about silicon performance, 

but also components, such as package, PCB, connector and cable, all of 

them have to improve dramatically. 

 

• We define channel “bandwidth” as : At the specific frequency,  signal 

amplitude is rapidly decreased at a roll-off rate higher than the normal 

loss (conductor loss or dielectric loss).      
 
 
 

SDD21 of PKG&ODT Receiver filter ~67 GHz SDD21 of whole system 
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Channel description  

 

 

BGA footprint  + PCB trace +NPC footprint + NPC connector + CABLE 
 +OD cable connector  

+CABLE + NPC connector + NPC footprint + PCB trace+BGA footprint  

TX 
TP0 

RX 
TP5 

Cable: 
AWG: 30 
length:30inch 
Z0: 92ohm 
 

Cable: 
AWG: 30 
Length:25inch 
Z0: 92ohm 

TP0 

TP5 
• Not include package 

• BGA/NPC Connector Via:  

     Length: ~3.6mm; Stub: ~4mil 

• PCB Trace/Cable:   

     Stripline: width:6.4mil 

      PCB length: 2in; PCB trace loss: 

~0.85dB/in@56GHz 

      Cable loss: ~0.27dB/in@56GHz 

• 224G NPC/OD Cable Connector  
     

 
 
 

NPC:Near 
Package  
Connector 

OD(Orthogonal Direct) Cable Connector 
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Channel Characteristics Analysis 

Tp0-Tp5 IL: ~23dB @ 53.125GHz 

pkg&die IL:~5dB @30mm 

                    ~2dB @12mm 

Roll-off Frequency@ x GHz, 

marked as 60, 65, 70, 73, 80 GHz. 

 

Reference Die and Package Models  

refer to IEEE802.3df 

mli_3df_02a_220316.pdf 

Roll-off Frequency@ x GHz, 

marked as 60, 70, 75, 80 GHz. 

 

SDD21 of channel Tp0-Tp5 SDD21 of die&pkg 
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Tx Equalizer  

 

 

• Tx FIR has 3 pre, 1 post. Tx FIR effects in time domain 
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Rx Equalizer  

• CTLE is modeled by Poles and Zeros, Receiver bandwidth ranges 

from 60 GHz to 80 GHz, marked as 60, 70, 75, 80 GHz. 

• Rx FIR has 5-pre and 24-post. 

• DFE has 1 tap. 

     
 
 
 

CTLE and RX FIR effect in frequency domain DFE effect in time domain 
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Simulation Results 

• Based on the previous slides, now we have: 

• Different channel models: they have basically the same loss, but  

different roll-off frequency, marked as 60, 65, 70, 73, 80 GHz. 

• AFE models: they have different roll-off frequency, marked as 60, 70, 

75, 80 GHz. 

• There are 20 combinations of different AFE models and channel models, 

we can get SNR through simulation. 
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Simulation Results 

SNR（dB） AFE Bandwidth 

ChannelBand
width 

60GHz 70GHz 75GHz 80GHz 

60GHz 11.08 11.37 11.49 10.8 

65GHz 11.72 10.42 15.85 15.83 

70GHz 12.39 15.89 18.54 19.01 

73GHz 15.68 18.94 19.61 19.78 

80GHz 16.28 18.83 19.02 19.14 

• Both AFE Bandwidth and channel 

bandwidth seriously affect channel 

performance. 

• When the bandwidth continues to 

increase, the improvement of  SNR is 

not obvious. 
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Simulation Results 

• Based on COM 4.0. 

• COM configuration  in 

appendix 

• The fit curves of 70 

GHz,73 GHz and 80 

GHz are nearly overlap. 

 

Channel name IL(dB) IL_die_to_die(dB) 
（case1/case） 

ERL 
/dB 

FOM_ILD
/dB 

COM  

60G_15IN_30IN 18.97 28.31/35.69 19.53 3.00 2.08/0.25 

65G_15IN_30IN 18.66 26.81/34.23 22.03 1.43 3.45/1.22 

70G_15IN_30IN 18.23 27.18/34.57 21.08 0.72 3.73/1.89 

73G_15IN_30IN 18.16 27.19/34.55 20.40 0.10 4.02/2.21 

80G_15IN_30IN 17.99 25.26/32.69 22.06 0.04 4.65/2.82 

60G_15IN_35IN 21.68 31.04/38.43 19.53 3.02 1.53/-1.06 

65G_15IN_35IN 21.38 29.53/36.95 22.05 1.44 2.69/0.043 

70G_15IN_35IN 20.94 29.87/37.26 21.08 0.72 3.12/0.54 

73G_15IN_35IN 20.87 29.89/37.26 20.42 0.10 3.40/0.88 

80G_15IN_35IN 20.72 27.97/35.42 22.07 0.04 3.76/1.52 

60G_20IN_30IN 20.57 29.91/37.29 19.45 3.01 1.90/-0.57 

65G_20IN_30IN 20.26 28.41/35.83 21.92 1.43 3.12/0.63 

70G_20IN_30IN 19.86 28.87/36.26 21.06 0.72 3.45/1.17 

73G_20IN_30IN 19.79 28.95/36.30 20.35 0.10 3.65/1.54 

80G_20IN_30IN 19.60 26.74/34.20 22.00 0.04 4.15/2.11 

60G_20IN_35IN 23.29 32.61/40.00 19.45 3.01 0.84/-1.58 

65G_20IN_35IN 23.01 31.15/38.56 21.95 1.44 2.06/-0.84 

70G_20IN_35IN 22.57 31.61/39.01 21.07 0.72 2.54/-0.16 

73G_20IN_35IN 22.53 31.68/39.04 20.34 0.10 2.85/0.17 

80G_20IN_35IN 22.38 29.50/36.94 21.98 0.04 3.34/0.77 
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Summary&Conclusion 

• Both passive channels and analog front end of transceivers have a strong 

impact on system performance. 

 

• We conduct passive channels with different bandwidth based on 

simulation models of all components in the system under next-generation 

technical conditions. We also build various models of analog front end in 

time-domain simulation. 

 

• We  use  the time-domain simulation tool and COM to investigate the 

impact of bandwidth on performance. 

 

• The bandwidth of the transceiver and channel should be higher than the 

Nyquist frequency for PAM4. However, it does not need to be 1.5 times 

Nyquist frequency. Based on simulation results, a bandwidth higher than 

70 GHz would be a good option. 
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Appendix 

  Need to increase bandwidth, but there is a limit 

        - System bandwidth needs to go higher to meet data rate, but simulation results  

do not get better when bandwidth increases beyond a specific value. 

 

 Background noise matters 

       -There is an inflection point at certain frequency which is related with background  

noise. Noise energy may increase more than the signal energy under specific background  

noise. 

 

  Need end-to-end evaluation 

       -Next generation high-speed serial interconnection system faces a huge challenge  

and requires cooperation of  different vendors as soon as possible. 
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• Thank you！ 


