SerDes ,x $vig /i
2 4P R B G AIE 3T

WEE AT
National Taiwan University
6/5/2023

1 of 37



Introduction

Parallel & Serial Interface
SerDes 5 /i

Line Coding

DC & AC coupling
8b/10b encoding

SerDes & & 41 %

y 21
W

N

2R
NI P

Outline

2 of 37



g ‘ )
S e BT A PS/2 BEBEIEE
’ ‘ G. ) ' “‘ L M ===
PCIE2.0 BT FiEE ~ U= L S/PDIF Z/{I=2]
6 JE ,,
! = i
T
0 o | 5 P
g u 2 USB2.0
' e
o) i
= - P 5 (Z)ESATA(#)USB2.0
B Bk 1
USB2.0 % Hkst & Lears
(H)USB2.0 REMAENE
i sABEERBEL
3. 1o
¥ | DDR3 RRMEE
S EARBEE R B fBSBIS0E R
Ao E AR GEST #1 R 4 JLEHO90S 1 3
SATA3.0(6GB)

& AR BasusE f Xk E5%: AMD AM3+ M5A99FX PRO 2.0

3 of 37



OPCH - iy T fAR /g !

« TR gt (DataBus)
o {ytEnE (Address Bus)
o Fr4lwing (Control Bus)

B vt (Local Bus)
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Parallel v.s. Serial Interface

Parallel interface example

Transmitter (TX) Receiver (RX) Serial interface example
D, 1 5 Do Transmitter (TX) Receiver (RX)
D, 1 > D,
D, 0 > D;
D, 1 > U3
D. 0 > D, D, D D D, D; D, D, D,
D, 0 > Ds 0o 1 0 0 1 0 1 1
D 1 > =6 Do..7 > Do..7
D, 0 > 7

Parallel: Serial:

Multiple connections between chips Single connection pair
Power consumption 1 Power consumption |
Complex packages, bigger IC Fewer pins, compact IC
Susceptible to EM interference Robust EM performance
Challenging skew balancing requirements Clock can be recovered from data
Lower latency Higher latency
DDR SerDes
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® Source Synchronous:
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BB

® Protocal layer: Rule of communication

— Encoding, procedure, etc.

® Physical layer: Electrical spec. |

— Eye mask, jitter tolerance, etc.

-

Physical Logical
Layer Sub-block

Specification
(Chapter4 & 8

of base spec) \

Physical
Sub-block

L

% e

—

N

To higher link,
f transaction layers

Media Access Layer
(MAC)

State machines for

Link Training and Status State Machine (LTSSM)
lane-lane deskew

Scrambling/Descrambling

8b/10b or 128b/130b encode/decode (SerDes PIPE)
Elastic buffer (SerDes PIPE)

PHY/MAC Interface

Physical Coding
Sublayer
(PCS)

e

iy =

Physical Media
Attachment Layer
(PMA)

TR
Rx T l Tx
L N7

%[_}

Channel

8b/10b or 128b/130b encode/decode (Original PIPE)
elastic buffer (Original PIPE)

Rx detection

Power sequencing

Analog buffers
SERDES
10-bit interface
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i+ m-&_SerDes?

Serdes
K .
Serialize Deserialize
N-bit input "‘ N-to-1 I >|l-to-N I: N-bit output
T 7 One-bit .
.~ communication ™.
3 "Q
> Transmitterl . »‘ Receiver I >
Low Speed - High Speed Low Speed
Digital Mixed Analog Mixed Digital
signal signal
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Line Coding

® Unipolar Encoding

® Polar Encoding

® Bipolar Encoding

® Manchester Encoding

® Differential Manchester Encoding
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Line Coding Examples

| TR A
Unipolar [ 1 [ ' ] ‘ 1:vDD
NRZ: Non Return to Zero nipolar ; ; 0:GND
—

ShL:

NRZ

Polar NRZ : I

NRZ-inverted
(differential [
encoding)

Bipolar | ] [ ]
encoding 1

Manchester [} 1
encoding : : —

Differential
Manchester ! . |
encoding
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AC & DC Coupling

® DC coupling (Direct coupling):
— 2EL S $ACZ DC= A
— DC= &~ 7 ¢ X I EMRC low-pass# 5 » £ E # i

— M B
— High-definition video, e.g. HDMI.
® AC coupling:

— TX =8 B % > high-pass?c & Jg - (47 = &
— i} DC offset

— 4% M TXIRX¥ 12 %% e voltage level

- FEBE G
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8b/10b encoding

® 1983 d IBM:= Al Widmer £7 Peter Franaszek #73#& 11 » % 7 sk g e

@ 5L a20~ M1, chipde T0, chiplicch L B 4282 B
® ;27 b "1, & M0,
® 8 =~ —fp > 10F =~ 5 7

+2 +0 -2
A "0, > 6ffl "1, | 5@ "0, 5 "1, |6 "0, - 4F "1,
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D.00
D.01
D.02
D.03
D.04
D.05
D.06
D.07
D.08
D.09
D10
D.11
D12
D13
D.14
D15

5B/6B code

RD=-1 RD=+1
abcdei
100111 | 011000
011101 | 100010
101101 | 010010
110001
110101 | 001010
101001
011001
111000 | 000111
111001 | 000110
100101
010101
110100
001101
101100
011100

010111 | 101000

input
EDCBA
D16 | 10000
D17 | 10001
D.18 | 10010
D19 | 10011
D20 | 10100
D21 | 10101
D22 | 10110
D231 | 10111
D24 | 11000
D25 | 11001
D26 | 11010
D271 | 11011
D28 | 11100
D291 | 11101
D30t 11110
D.31 11111
K28 | 11100

RD=-1 RD=+1
abcdei
011011 | 100100
100011
010011
110010
001011
101010
011010
111010 | 000101
110011 | 001100
100110
010110
110110 | 001001
001110

101110 | 010001

011110 | 100001
101011 | 010100
001111 | 110000

Previous RD | Disparity of 6 or 4 Bit Code | Disparity chosen | Next RD

input

D.x.0
D.xA1
Dx2
Dx3
Dx4
Dx5
D.x6
DxP7 T
DxAT T

-1
=
+1

+1

HGF
000
001
010
011
100
101
110
111
111

FHEEEHITRA
0
+2
0
+2
Jb/4b code
RD=-1 RD=+1 input
fghj
1011 0100 Kx0
1001 Kx1Z1
0101 Kx21t
1100 0011 Kx.3
1101 0010 Kx4
1010 Kx51
0110 Kx6 1
1110 0001
0111 1000 Kx7tt

0
+2
0
-2

HGF
000
001
010
011
100
101
110

111

]
+1
+1
-1

RD=-1 RD=+1

fghj
1011
0110
1010
1100
1101
0101
1001

011

0100
1001
0101
0011
0010
1010
0110

1000
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A%

% 2 Z(Link Management)
bR & p A4 e3té (DLLPETLP)

BixaB4BE s TR

EEHIFF3% ( Control symbols )
input RD =-1 RD = +1
HGF EDCBA abcdei fghj abcdei fghj

K.28.0 000 11100 | 001111 0100 110000 1011
K.28.1+ 00111100 | 001111 1001 110000 0110
K.28.2 01011100 | 001111 0101 110000 1010
K.28.3 011 11100 | 001111 0011 110000 1100
K.28.4 100 11100 | 001111 0010 110000 1101
K.285t1 10111100 | 001111 1010 110000 0101
K.28.6 110 11100 | 001111 0110 110000 1001
K.28.7% 11111100 | 001111 1000 110000 0111
K.23.7 11110111 | 111010 1000 000101 0111
K.27.7 111 11011 | 110110 1000 001001 0111
K.29.7 111 11101 | 101110 1000 010001 0111
K.30.7 111 11110 | 011110 1000 100001 0111
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8b/10b encoding

® i -
« PCI Express 1.x and 2.x
DisplayPort 1.x
Serial ATA
SD UHS-II
USB 3.0
* Thunderbolt 1.x and 2.x

@i’ 7k
o R4 20%2F T A @%‘7
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128b/130b encoding

® i -
« PCI Express 3.0/4.0
 DisplayPort 2.0
« USB3.2 GEN2
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Version

1.0
2.0
3.0
4.0
5.0

6.0

7.0

Intro-
duced

2003
2007
2010
2017
2019

2022

2025
(planned)

Line code
8b/10b
NRZ
128b/130b
PAM- 1b/1b
4 242B/256B
FEC FLIT

PCI-E

PCI Express link performanc

Transfer

rate
per
lanelllli]
25GT/s
5.0GT/s
8.0 GT/s
16.0 GT/s
32.0 GT/s

64.0 GT/s
32.0 GBd

128.0 GT/s
64.0 GBd

x1

0.250 GB/s
0.500 GB/s
0.985 GB/s
1.969 GB/s
3.938 GB/s

7.563 GB/s

15.125 GB/s

el471[48]

x2

0.500 GB/s
1.000 GB/s
1.969 GB/s
3.938 GB/s
7.877 GB/s

15.125 GB/s

30.250 GB/s

Th roughput[i][i”]

x4

1.000 GB/s
2.000 GB/s
3.938 GB/s
7.877 GB/s
15.754 GB/s

30.250 GB/s

60.500 GB/s

x8

2.000 GB/s
4.000 GB/s
7.877 GB/s
15.754 GB/s
31.508 GB/s

60.500 GB/s

121.000 GB/s

x16

4.000 GB/s
8.000 GB/s
15.754 GB/s
31.508 GB/s
63.015 GB/s

121.000 GB/s

242.000 GB/s
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NRZ & PAM4

Eye Diagram

PAM2-NRZ

00 o|1 1|o\1 1[0_\1 1 1|o n\ /

PAM4

1 1 1 1
1 0
0 1 0 1 .
00 0 0
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SerDes @ B

" Tx(Serializer) | | Retimer Rx (Deserializer)
| ! . P SR ,
Retimer | | j% D i
N2 — . do | Nl
Serialize L+ _q?d\ D Deserial ™
) A 2 clk0 ﬁ: — L] 2
PRBS } : }D ': el @ L { PR?BS
LHL+ L |
Gen ?d:lk clk180 I _d%- . _[2_ Check ,
| | dok_ILI %1% _?— po |
: dokock(0180) | Preemph 1} cho LI DD
. I I k270 U ek 4 delk '
Ref Clk— Mﬁllt(i);:i(er ckig0 ™ LI L -L Rgclgcvz —» .
i e Ret CIK Y | ak{o-270) |
| J
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Transmitter

Parallel Serial data

Data to channel
Seratzer_

Basic Function:

Serializer: Convert parallel data to serial data
Pre-driver: Serve as a buffer for driver

Driver: Drive output signal with 50Q2 output impedance
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N to 1 Serializer

)
D Q- D Q B Q>
o el D[] 1% b ci | PIO] > Clk | Dour

Load Load Load
CK

+ NCKcycle
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Pre-emphasis & De-emphasis

® ik b 3 I+ ¥ (inter-symbol interference, or ISI)
® }= 4i'channel loss

Channel
X QB (‘1 RX
v v 4
A A
I/ X \' — \
- : L .
f data fd t
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Pre-emphasis & De-emphasis

® : Tx=% it 7 High-pass:t 5 a2
— Pre-emphasis: #j ¢ B 4 = &
— De-emphasis: g~ > MEE = A

Original Data With Deemphasis

K<1 With Preemphasis
K>1
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Pre-emphasis & De-emphasis

RxEQ

1‘1“1 ‘H "\‘

I |
I

RXEQ
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Recelver

Output Data

‘ De-serializer |%

Input Equalizer Phase Loop 5
Data_ | (EQ |7 |Detector| " |Filter[ RiNG

Clock-data Recovery (CDR)

EQ: Compensate the channel loss
CDR: Recover clock; align CKO with the data edge, and
sample the data center by CK180 (full rate)
Deserializer:
Input serial data in high speed and output

parallel data in low speed 7 of 37



Core of Equalizer

I Z*; ZH I
RSIZQZCS

VIPAL g g JHVIN eedfom G

VON o kb o r Z
CLI %RD RD% IlCL CLI %RD
Girin— g, gm (RsCss +1)

] " RsCss+1+g,Rs/2
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Equalizer frequency response
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Compensation of channel loss

AN A AN

Channel —»| Boost1 }—»| Boost2 |—»{ Gain |—»
AC=1 ?

A B C D

BW=3.4GHz
"

O PO

Gain(dB)
o

1105 I T ||||1||]06 T T ||||1167 I I |||I1|Il08 T T |l||11”09 T T 111’11610
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Clock Data Recovery

® CDR
® i F AL ¢ 35 diclockzn 5L
® * clock:® & !5z % endEc iz 5L

: »| Data retiming »
Noisy A Recovered data
Data

> 00

Recovered clock

—» Clock recovery
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Simple CDR Architecture
L D Q LPF VCO CKout
Dino FE_»DDM

Retimer

3 Drawbacks:

¢ Continue to increase or decrease the VCO
control voltage even when no data edge is
present = large jitter.

e | arge skews may cause improper sampling.

¢ Finite capture range (lack of frequency
acquisition loop).
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Alternative CDR Architecture

Retimed

™ Data

—— | PD

_-...

A

LPF

LPF

o |4

Coarse

VCO

Fine

D, o—»{ PD |

Loop |

CP

-

LPF

—» VCO [ ot

Lock
Detector

CP

4

!

Loop Il

PFD

I

fHEF

3 FD loop pushes the oscillation frequency to roughly-right

position.

2 PD loop then takes over to lock the phase.
7 Lock detector is required to shut down the FD upon lock.
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Deserializer

DE -

DO

D38

D6

D4

D2

Do

D1

D3

D5

D7

D9

Clock 0°
Clock 180°
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® SerDes:

@:iF * — M H IR L B & @5 T dichannel loss:
— Line coding: 8b/10b, 128b/130b
— Pre-emphasis/De-demphasis
— Equalizer

® 5 %
— PAM 4/6/8?

PAM-8 Opical Eye RIN=-144 dB/Hz Tr=12ps PJ=D PAM-3 Optical Eye RIN=-144 dBHz Tr=12ps PJ=2 ps PAM-8 Eye RIN=-144 dBHz Tr=12 ps PJ=2ps 630 8B
o Fiin il

9

- - =8

g g s

2 7
b e E

& B X
o, [l i

§ 5

4

P

Time (s} Time s} Time (s)
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Wikipedia_Serial communication
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S AKPLLERTE_SerDesfHEEH S

36 of 37


https://zh.wikipedia.org/zh-tw/8b/10b
https://en.wikipedia.org/wiki/Serial_communication
https://en.wikipedia.org/wiki/SerDes
https://en.wikipedia.org/wiki/Line_code
https://components101.com/article/ac-coupling-vs-dc-coupling-in-reducing-noise-for-signal-measurement
https://zh.wikipedia.org/zh-tw/PCI_Express

Thank you for listening
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