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Why are CDR retimers important?
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Example retimer system, enterprise networking switch

Switch Fabric

Clock and data recovery (CDR) in retimers reduce noise and jitter in data signals, extend system
link reaches and lower achievable bit error rates and enable system compliance to high-speed
standard specifications.

2

wip TEXAS INSTRUMENTS



Nt CDR E

B 9 5 2038

B EEHFEa1x

1

I
LI

\2/
AN

1>

o
—\
il
hml
b
Rl

STHRAERY)

FPGA

57

e

I

‘jﬁg (CDR) ‘f’:: _A:Hj

hehe
A=)

Backplane/
Midplane

1=

ASIC

Retimer

Optical
1RiR
Retimer
>
<

BENRBRATA, BARMEZITHRA

T
=

R DRSS F

A

SRR

ERLSEo

THIREMEED, ERKARGHERES, RIS

wip TEXAS INSTRUMENTS



What function do CDRs perform in retimers?

Decision Circuit
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Input data Output data
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Clock

Simplified diagram of a CDR based retimer
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CDRs 1-

WMIANZUE fig

5 € B 28 H I T T ATHEE?

FREB

P EIEIRE R

/\

=T+ CDRHY

I EHEEE R R

/

wip TEXAS INSTRUMENTS

3



Retimer with CDR Tx output jitter
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Raw data, CDR bypassed Retimed data, CDR enabled

Total jitter = 13.0ps Total jitter = 7.15ps
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Choosing a retimer based on CDR performance

Passive Backplane/ ; I r
Switch Fabric Card Midplane Line Card
ASIC 5 5 ASIC
FPGA S sl 7 FPGA
Backplane system with retimers
Jitter metrics CDR lock behavior
« How much jitter stress can CDR handle « Data rates supported
« How much jitter propagates to its output * Lock consistency and stability over operating

conditions
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CDR lock acquisition in a retimer

Phase-frequency Phase & frequency Low-pass filter Voltage-controlled

detector (PFD) charge pumps oscillator
Vin
fin O—»  PFD Z(s) "N\ o> Vout
oin —p fout
VCO dout

Type Il PLL: phase and frequency detection

When the CDR is in locked condition, it meets the following criteria:

* Input and output phase are synchronized; d¢_ /dt - de, /dt =0 (¢ is phase )
« f. =T, (fis frequency)

+ f,linearly tracks the control voltage (Vcont)

* Average Vout that tracks small changes in input phase -> A¢@
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CDR metric: jitter transfer (JXFR)

Attenuation band

-
Q.
Lo

|
!
|
I
!
Pass band i Stop band
|
:

/ SI Jitter peaking

Jitter Transfer (dB)
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* Output jitter as a function of input jitter frequency
* May be expressed as: JXFR = |Jitterg, (f)/ Jitter;,  (f)]

Parameters of interest
CDR loop bandwidth
Pass band, attenuation band and stop band
« Jitter peaking
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CDR#&%R: Hlopfeta (JXFR)
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CDR metric: jitter generation

Frequency [Hz]
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* Amount of output jitter for jitter free input data, as a function of frequency

» Jitter generation is a result of the CDR device intrinsic noise parameters
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CDR metric: jitter tolerance (JTOL)

litter
tolerance
(U1)
f f2 Fy fa
Jitter frequency
Representation of jitter tolerance mask used by standards Example setup window for data generator with jitter stress

« Amount of input jitter that can be applied to the CDR without increasing bit error rate (BER)
* The higher the JTOL, the more link margin available to the system
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CDR##5: Hoh&E (JTOL)

| BER:0.000

litter
tolerance
(Ul hrtiise | Fragimiee
fi f5 f fa l-s.ununu MHz. Clock Unmodulated
Jitter frequency T
tEERBVE A RIS RR HIRY R RMRIEIN AR B E O

+ AINATF CDR MAREMREE (BER) RVMmAREImI=
- JTOL &=, R%ir ﬁ’]&ﬁ%@%fﬁiiﬁ

9

wip TEXAS INSTRUMENTS




CDR metric: temperature lock range (TLR)
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 TLRis the operating temperature range for which CDR can reliably maintain lock

 The larger the TLR, the more robust and versatile the retimer

10

wip TEXAS INSTRUMENTS



CDR EI:EI'*/T /ME%

* TLRZ CDR

(TLR)

/

>

(Tl

\/¢

!
4

TCIDLD
™)
- T'room
QL
o T
a1 Fyco HOT
e :
O !
O i
> :
:
ﬂVctTI"' E
- -+ |- h-i
A 4 >
VEIT‘I_T?H"]"E V,: trl_mid I"fr:? tri_max

AENZ P] FELEFT B E AV

VCO control voltage

C{Em

SN WA= e IbE]

5 7

)<I¢P

e

dil

N\

10

wip TEXAS INSTRUMENTS



Functional block diagram of a 10Gbps retimer

Eye
Monitor

CTLE

IN I
Signal
Detect

Satus -
Status
and LOCK

. ' | popback OUT Control SMBus

Mux
Faw

Driver

Retimed [ ouT

Polarity DE VOD
PRESS
PRES3
L oopback [N

O
-
A

[ = - -
=
-l."'.l
-

In addition to the CDR, retimers may also implement input equalization, output equalization &

system diagnostic features.
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