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Introduction

Basic structure of a serial data link:

Source

Serial data transmission with embedded clock
How to determine which bit is sent?

Solution: Clock and Data Recovery Circuit
— Extract the clock signal and align it to data
— Resample the noisy analog data signal

Challenges:
— Extremely fast locking time compared to conservative CDR

__ — Sufficient jitter performance
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Clock and Data Recovery PLL 1

First approach: Phase-Locked Loop (PLL)

Data

stream Phase

Detector >

—>

Charge Pump
&
Low-Pass Filter

VCO > Recovered
clock

Phase Detector:

Charge-Pump:
L ow-Pass Filter:

Generates an output signal in relation to the
phase difference of both inputs

Output pulses of PD are converted to current

Integrates the output of the charge pump and
produces the control voltage

Voltage Controlled Oscillator: Generates a periodic output whose
frequency depends on the
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Clock and Data Recovery PLLII

Hogge Phase Detector (Linear PD):
e Path Y produces proportional pulses in relation to phase difference
« Path X produces T _/2 wide reference pulses

e Under locked condition Y & X show pulses with equal width
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Clock and Data Recovery PLL III

Hogge Phase Detector (Linear PD):
» Benefits:

» Linear dependence between output and
phase difference / Vop/2

 Wide frequency acquisition range « / %o

 Linear behaviour enables loop
parameters calculation

 Drawback:

x
» “Triwaves” are produced, resulting in a &
noise on oscillator line 1_[
 Clock skew due to internal delays C_L ] s ‘ 7] A ‘
Data, D Q D Q
T T
DEUSISS"EBNU R G NOKIA




Clock and Data Recovery PLL1V

DUISBURG

Alexander Phase Detector (Bang-Bang PD):

« Data is sampled at 3 equidistant points A, B and C
« XOR gates combine nodes A, B ad C:

X=AxorBandY =B xorC

» Performs an early-late detection

Clock is early:

Y = Low

d X = High T

Clock is late:

Data

Clock

Y = High X =Low

Clock early Clock late




Clock and Data Recovery PLLV

Alexander Phase Detector (Bang-Bang PD):

Clock early Clock late ”
e | L o L CTJ
CLK Jmur\_,_\_,— CLK Jmu’_\_,_\_,— ¢ T7 T“
c | | c I patao— D ;F\IQ » D ;F\EQ -
A | A | |_ Cky
: | : | A LVl e
N e I _
e Benefit: | |
* In steady state clock is aligned in the middle i
of the data eye « .
e Drawback: -

- Small frequency capture range
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Oversampling (DR

Second approach: Oversampling CDR
1. Sample data at equidistant points

2. Detect data transition

»| Sampler

Transition
Detector

.
>
UUUUU
N
>
USE @2
. Phase
>
UUUUU

a

Sampled
Data

Generated
Clock

occurrence

3. Select clock phase to S W
resample the data Pl el

* Benefits:

* Digital implementation

Multiplexer
.
»
UUUUU
.
>
SSSSS
.
>
UUUUU
& A A A A A

g Very fast achiSition Recf% Multiphase

VCO / PLL

e Drawbacks:

» Design complexity increases with frequency and jitter requirements
* Additional multiphase VCO/PLL needed
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Simulation Environment

* Implementation of appropriate models for first comparison of
Hogge PD and Alexander PD

 SKILL code generates data stream: —
1.25 Gb/s (1Ul = 800ps) K
Pseudo-random JF- A N N T B
Adjustable Jitter % \ ﬁ
8B10B-coding 4

« Verilog-A models: | /—\
Charge-Pump T R RS QP PR IORRE
Voltage Controlled Oscillator
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Simulation Environment

* Implementation of appropriate models for first comparison of
Hogge PD and Alexander PD

 SKILL code generates data stream:

1.25 Gb/s (1Ul = 800ps)
Pseudo-random
Adjustable Jitter
8B10B-coding

* Verilog-A models:
Charge-Pump
Voltage Controlled Oscillator

> Phase Charge Pump

Data Detector Model
stream

IFH

(]
[o¥)

IIIIIIIII AT

D 1 B R
EUS SSE Nu ¢

_LPF NOKIA

L




P T— : B

-

Hogge PD vs. Alexander PD I

Hogge PD simulation results: q
* Pro: HH

» Wide frequency
acquisition range |

frequency (GHz)

» Linear behaviour

- Fast locking time of R
500 ns (625 Ul) | a8,

/
o .50 1.0 1.5 - |z
« Contra: wibe [
. / |
/
WTE 12y WTEmetl

- Triwaves on the
oscillator line fe e —

- Systematic clock skew of | T - f{
150 ps (0.18 Ul) e it

— 1 |
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Hogge PD vs. Alexander PD I

Hogge PD simulation results:

* Pro: |
- Wide frequency 2
acquisition range
- Linear behaviour / B e
- Fast locking time of / sequence sequence
500 ns (625 Ul) |
» Contra:

T Data’) — WT Clock?
e

« Triwaves on the
oscillator line

W

» Systematic clock skew of
150 ps (0.18 Ul)

0.0 ; .
3340 9345
F o o33a45ns 4ge.lamy ¥ 334.697ns 45%5.13my
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ESSEN

555555555
ddddddddddddddd

NOKIA




Hogge PD vs. Alexander PD II

t Alexander PD simulation results:

. Pro: Trahzient Response
» Successful phase lock ™
e Contra: AL
» Higher noise on 5 /
oscillator line e i1
- Frequency ER|
acquisition range 1 ms i
<100 MHz! ;
" _200.0] ‘raining Data
- Additional frequency ! sequence sequence
detection required
0 1.0 , %.l:ﬂus:l 3.0 4.1
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Circuit Selection

* Hogge PD:
* Wide frequency acquisition range
* Fast acquisition time
* Acceptable output clock jitter
* Triwaves and clock skew
* Alexander PD:
* Successful lock
* Narrow frequency acquisition range requires frequency detection
* Oversampling CDR approach:
* Very fast acquisition time
* High design efforts

* More than 6 phases required for reasonable jitter performance
nEuslss;EBNu RG NDKIA




Circuit Selection

-

* Hogge PD:
* Wide frequency acquisition range
* Fast acquisition time
* Acceptable output clock jitter

* Triwaves and clock skew

» Implementation of CDR-PLL using:
— Hogge PD
— Charge pump and LPF
— Voltage Controlled Oscillator
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Generic Engineering Model (GEM)

Benefits:
Reusable circuit generators

Generator parameters
allow fast modification of
implemented circuit

Technology independent

Adaptable on common
CAD systems
(e.g. Mentor, Cadence)
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C-like description generates schematic, layout and testbench
Variables define technology dependent design rules
Create instances, wires and contacts using functions

Generator Variables

Technology Technology

independent dependent

GEM
Environment
t=
)
-
[
o
‘S CELLS
U‘—] Schematic
A Symbol
< Layout
O
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CDR-PLL Building Blocks 1

Modifications on Hogge PD:
» Correct clock skew using first delay
 Eliminate Triwaves using second delay
Modifications on LPF:
« Capacitances C1 =100 fF

400 ps oY
Delay 2
d X

130 ps II W
DDDDD 1
FF1 FF2
Data, D Q l » D Q

C2=1.9pF

» Resistor R1 = 8.3 kOhms
» Loop transfer function:
 Bandwidth f, g = 50.5 MHz

 Phase margin PM =65 °
 Overshoot =1.29 dB

oooooo
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CDR-PLL Building Blocks I

Modifications on Hogge PD: o ¥

Delay 2
i j
Q

Modifications on LPF: A e

- Capacitances C1 =100 fF ko
C2=1.9pF

» Resistor R1 = 8.3 kOhms el | s

nnnnn

- Loop transfer function: o e e — o

000000

- Bandwidth f,,g=50.5 MHz | - oo

. Phase margin PM=65°
* Overshoot =1.29 dB

» Correct clock skew using first delay

 Eliminate Triwaves using second delay

[w]
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CDR-PLL Building Blocks II

» Current-Starved Voltage Controlled Oscillator:
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. 1=0.180 E\ . 0,090
[ 16t 86 m=2 net62 2 n net34 m=2
=tE7gnfing:1 et65gnfing:1 =t30gnfing:1
net20] nfing:1 b )
N 1P PP BF
etsMa=0.258 et M w=0.250 w=0.25D hetztMe=p.320
q net6s, '_“: 1=6.180  netss E =0.180 1=0.180 netd4, E 1=6.850
Moplle—oo .y e GND b,y RCY
ING =1 INTgm=1 m=1 BN1gm=1
et5aT ring:1 nel4g nfing:1 nfing:1 GNDT niing:1
IN IN BINT
w=0.780 w=2.800011g w=0.380| net5A w=0.308 netadlw=0.300 nets P w=0.300 neteMw=0.168
1-0.180 1=0.188 nets3, 1=0.120 | | nets3 1=2.180  netS3 =0.180 1=0.180 n 1=0.050
(GND (GND Moplle—oo M5l le—so M GND GND
m:1 m=2 CN1gm=2 CN2 gm=2 CN3gm=2 m
nfing:1 niing:1 GNDT ning: T GNDT nfing:1 GND nfing:1 niing: 1
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Current mirrors

Oscillator Core

Switch stage

Buffer stoge
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CDR-PLL Building Blocks III

» VCO specifications:
» Operating point:

— freq VT O=c' "rizing” TxMame “tim

« VCO frequency characteristic:

&' tmade "auta” Ythreshold 0.0 YhiztoDizplay nil Yno0fHistoBing nil)

1.25 GHz at 0.65V

-

g00.0 2000 1000.0

I

Recovered

* Limited linear range |
» Tuning range:
1 . 1 7 GHZ —_ 1 _42 GHZ ; WO Operating point (650,805, 1.251GHz)
» VCO slope: 400 MHz/V 5
« Parameter verification with layout
simulation required °
> bl — — -
Hogge PD X Charge Pump l VCO
|
c2 |
|
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p-MOS source

CDR-PLL Building Blocks IV

» Current steering Charge Pump:

n-MQS swit

i_P

15 | La—CND
SNZ gm=1 m=1
et22 | nfing:1 nfing:1

etz awW=7.800

IBIAS 1=2.680
Ve GND
MN2 gm=3
GND | nfing:1

n-MOS source
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CDR-PLL Building Blocks V
» Charge pump DC characteristic: « Charge pump specifications:
— wup="0"abs (|50 ilter PLUS N —Vup="1";Ea::::'.:’:ijter.fPLUS'?:I ¢ SUitabIe for high Speeds
wod] e - Scalable currents
 Limited linear range
/ \\ * 100 YA at operating point
> bl — — -
Hogge PD ¥ Charge Pump | J_ | VCO - Rlecc):ered
Data o » cloc
str;am | CI % |
- c2 |
| =
o0l 1500 ® € [ NOKIA
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Simulation Results

Locking time:
Input jitter tolerance:

Clock output jitter:

Power consumption:

CDR core dimensions:

95 ns =70 Ul
(up to 10x faster than conservative CDR-PLL)

0.39 Ul at 1.25 GB/s verified
(SATA compliant)

0.26 Ul at 0.39 Ul data jitter
0.615 mW at 1V

100 um x 100 pm
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Thank you for your attention!
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Appendix

VCO layout

UNIVERSITAT

D 1 B R
EUS SSE NU ¢




IIIIIIIII AT

Charge pump layout
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« Oversampling CDR
(input stage):

Appendix

« Oversampling CDR
(transition detection):
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« Oversampling CDR

s
AAP 5 175
—
\ 7
B8P A J—.L .
. JE— (
HS65_LL_AND2X4 ° ﬁ
z
A
o
ccp 8 1e2 _
HS65_LL_AND2X4
\ z
|
DDP A
HS65_LL_NOR2X2
177
AAN B
.
ﬂ z
28 s I.L 181
.
HS65_LL_AND2X4 S _\
z
191 A
CON 5 _
HS65_LL_AND2X4
z
DDN A |

HS85_LL_NOR2X2
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(USEA signal stage).

Appendix

« Oversampling CDR
(USEC signal stage):

HSB5_LL_

167
AAP D
— s & ———
BBP C ﬂ
— s ——
ccp 5 Ly
— & —
182 DDP A )
— |
z USEA HSB5_LL_AND4X3
USEA
HSB5_LL_OR2X9 AAN D 168
— e R ———
BBN
,‘—lciﬁ 7
CCN B
— R
DDN A
— /

AND4X3

HS65_LL_OR2X9
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Appendix

» Oversampling CDR » Oversampling CDR
(SELA signal stage). (phase switching stage).

117

CLKA B
e
» HS65_LL_NOR3X 1 . SELA N
_ SEA A | /
USEA B 4\ XC HS65_LL_AND2X4
. g XA s ke s 119
—_— AN
SELA A 142 f 4 116
HSB5_LL_AND2X4 _ seB A | / D °
- c
134 HS65_LL_AND2X4 S z CLKOUT
& CLKC 5 120 a
_ CKC B
vdd! 5 o _ SELA \ , HS65_LL_OR4X7
SELC A J
4 cp HS65_LL_AND2X4
8 .
USEA .—-—ﬂ o s 153
z HS65_LL_DFPRQX4 - = N\
. .z
A / "
Clkn p————| SELD A
I — /

HS65_LL_AND2X4 HS65_LL_AND2X4
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