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1.ECEN720 from Sam Palermo, TAMU, ”High speed wireline links circuit design”

2.ECE 546 from Jose E. Schutt-Aine, UIUC, “High-Speed Links”

3.Other internet info
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Sound, Optical, Electricity, Cable, Magnetism, …
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Dual In-line Package
双列直插式封装

Quad Flat Package 
(QFP 2.0-3.6mm/LQFP 1.4mm/ 

TQFP 1.0mm) 四方扁平式封装

Land Grid Array
栅格阵列封装

金属触点，可拆卸

Ball Grid Array
球栅阵列封装

更小焊点，焊死

Conventional Package 

Quad Flat No-leads Package
方形扁平无引脚封装

Small Outline Package
SOP/TSOP/SSOP/VSOP

小引出线封装
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Conventional Package 

• Separate chips 

• Different packages: BGA, QFN, DIP… 

• Long path: PCB trace, cable, wireless…

• Diverse standards: HDMI, USB Type-C, LVDS, SerDes…
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• Area  → Cost!
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• Total data=data_1line*Nchannel

• Example: DDR4 is parallel link 
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• TX skew 50ps, channel skew 50ps, clock jitter ±50ps, RX sample 200ps

• Max clock frequency limit 2.5G(DDR), 1.25G(SDR)

1. Higher clock rate?
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2. More traces？

• Large area (IO PAD/ESD/package/cable)→ cost!

• Simultaneous switching output (SSO) noise

• Crosstalk 
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2. More traces？

• Large area→ cost!

• Simultaneous switching output (SSO) noise→ differential traces?

→ small inductance?
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SERializer/DESerializer
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SERializer/DESerializer

Parallel link

• Off-chip traces→ expensive 

• Clock rate limit 

SerDes

• On-chip traces → convenient ☺

• No clock line (CDR) ☺

• Differential link

• Equalization 
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• Advanced Package （<=2mm）

• High density，Low latency

• High bandwidth，High efficiency

• Low BER，Universal
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• Universal Chiplet Interconnect Express

• Open specification for die-to-die interconnect and serial bus 
between Chiplets. 

UCIe 1.0 on March 2, 2022
UCIe 1.1 on August 8, 2023
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FDI: Flit aware D2D interface

CRC: Cyclic redundancy check

RDI: Raw Die-to-Die interface

AFE: Analog front-end
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Multi-protocol to one adapter 

D2D adapter
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No lane repair

Sideband:
1. Out of channel for 

link training and 
interface;

2. Access of registers
3. Link management 

packets 
4. Parameter exchanges 
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1 redundant for Valid
1 redundant for Clock and Track
4 redundant for 64 Data line
(2 redundant for 32 Data line)
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1. TX byte framing (data valid); 2. Clock gating (fast response or idle)

Valid 
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Runtime clock retimer in RX 

Track
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Runtime clock retimer in RX 

Track
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Advanced package→small bump pitch→ low frequency, low power, 
small area, high density

Advanced 
package
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Latency includes the latency of the Adapter and the Physical Layer (FDI to bump delay) on Tx and Rx
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FEC: Forward Error Correction 
CRC: Cyclic Redundancy Check 
Low BER but large latency
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Non-return to zero (NRZ) and pulse-amplitude modulation (PAM)
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UCIe D2D link is Parallel or Serial?



01 What is different of D2D link? 
FUDAN UNIVERSITY

JUNE 12th

Hybrid: A Parallel link with Serialized on-chip bus! 
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[芯砺D2D接口]
Serdes connection Chiplet D2D 

connection
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• What is high-speed link for Chiplet?
A Parallel link with Serialized on-chip bus

• What is the advanced features?
High density, Low latency, High bandwidth, High efficiency, 

Low BER, Universal

• Why does we need it? 
Chiplet is a new application differ from the conventional 

Parallel and Serial Links 
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Max 100 layers
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50-150um

≥2Gbps need Backdrill
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ρ: Resistivity
ε0≈ 8.85×10^-12 F/m
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• Reduce impedance: silver/gold-plating

• Reduce trace path and area

• Multi-small traces paralleling
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RS
RT

RL

TX RX

Reflection coefficient(from A to B):

[-1,1]
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[-1,1]
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[V20=0.111+0.111*0.846=0.2051]

[V11=0.111+0.094*(1+0.778)]
=0.278

[0.094=0.111*0.846]

[0.0731=0.094*0.778]

[V21=0.2051+0.073（1+0.846）
=0.3398]

[0.061758=0.073*0.846]

[V12=0.278+0.062*(1+0.778)]
=0.38823

[0.04824=0.062*0.778]

[0.0408=0.04824*0.846] [V22=0.3398+0.048（1+0.846）
=0.4284][V13=0.38823+0.041*(1+0.77

8)]=0.4611

[V11=0.111]

[V23=…
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Reflection coefficient(from A to B):

[-1,1]

源端负反射
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• Overshoot and Ringing

• Vtermination=VS

• RLC resonance 
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RS=10 RT=50
td=1ns RL=  

TX RXRD=40
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Lumped Parameter Electrical Circuit (集总参数) → Z/Y-parameter 

Physical dimensions (d)<< signal wavelength (λ)
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Distributed Parameter Electrical Circuit （分布参数）→ S-parameter

Physical dimensions (d) not << signal wavelength (λ)
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Two port network: specific reference port impedance (50ohm)
S11: input port voltage reflection coefficient (return loss)
S21: forward voltage gain (insertion loss)
S12: reverse voltage gain (insertion loss)
S22: output port voltage reflection coefficient (return loss) 
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Simulation:
Cadence: Allegro PCB SI 
Agilent : Advanced Design 
System (ADS)
Measurement:
Network analyzer

Two port network:
S11: (b1/a1)|a2=0 smaller→ better
S12: (b1/a2)|a1=0 approaching 0dB→ better
S21: (b2/a1)|a2=0 (gain) approaching 0dB→ better
S22: (b2/a2)|a1=0 smaller→ better
Passive network S12=S21
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Ceramic capacitor:

S11=-23dB@100Hz, Mag(S11)=0.0708
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Four port network:
S11/S22/S33/S44: return loss
S12/S21/S34/S43: insertion loss
S13/S31/S24/S42: near-end crosstalk (NEXT)
S14/S41/S23/S32: far-end crosstalk (FEXT)

Port 2

Port 4

Port 1

Port 3
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Eye diagrams are a layered view of every bit transition combination
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Noise: voltage detection error 

[Keysight]
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Noise: voltage detection error 

[Anritsu]
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Jitter: 

⚫ The deviation of the significant instances of a signal from their ideal locations in time

⚫ Random Jitter (unbounded, rms jitter) /Deterministic Jitter(Bounded, Peak-to-Peak jitter)

[Keysight]



03 Deterministic Jitter
FUDAN UNIVERSITY

JUNE 12th

Deterministic Jitter:
predictable and repeatable behavior

[Keysight]
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Random Jitter → Gaussian distribution
Thermal noise, flicker noise or shot noise

[Keysight]
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ρT is the logic transition density (i.e., the ratio of the number of transitions to the number of bits)

QBER is a constant 

[Tektronix]
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• Driving/Equalization/Termination

• Techniques: 

• Swing enhancement techniques, 

• Impedance control

• Pad bandwidth extension

• Slew-rate control 
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Track the history bits and predict the current condition then subtraction 
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pre and main cursors with tap coefficients to emphasis the main cursor
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pre and main cursors with tap coefficients to emphasis the main cursor
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Emphasis: 预加重(pre-emphasis)和去加重(de-emphasis)

pre-emphasis: compensate the high-frequency loss

de-emphasis: reduce mid-low frequency swing
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Use more de-emphasis: reduce amplitude, saving power, reduce Electromagnetic Interference

No decision, compensation with the signal amplitude 
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w/o TX FFE

High pass filter in TX

w/ TX FFE
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