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COM in a Nutshell

« THRU and aggressor channels

Tx/Rx : | Grid Sweep ]
Creat . -
Bandwidth FEE & CTLE :BaRe S-parameter representations

filter filter » Package models

Channel « Single bit response (SBR)

Operating  TXFFE: pre- & post- cursor taps
Margin « RX CTLE transfer functions

« DFE and its tap coefficients

« Computation of FOM

* PDF’s of various impairments

Apply
| Bandwidth Sweep FFE Interference

iltar 8;.ICtTLE Signals (t) « Computation of COM
lter

Tx/Rx

« COM margin against DER,
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PAM4 in Brief
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* NRZ: 1symbol =1 bit; 2 levels and 1 eye  Signal PSD for NRZ and PAM4
« PAM4: 1 symbol = 2 bits; 4 levels and 3 eyes * PAM4 requires half the BW

* PAM4 symbol is twice wide
* PAR: Peak to Average Ratio

, 2 2 k \° (1 forNRZ
%=1 L—1/ T |5/9 for PAM4
k=1,3,.L-1

o, = 0.7454
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Data Sampling Time in COM

Tz

—u SBR(1)
S— hO(t;) / RMS (-, = W70+ ) =11 )b(1)
h reqlen*UlI . A ‘

S S

ts

* Mueller-Muller baud-rate phase detector is emulated in COM

» After equalization 1st residual pre-cursor ~ 1st residual post-cursor
« Aslong as b(1) does not limit (default <0.7), R°(t, — T) = 0

 This choice of t, reduces the impact of pre-cursor ISI. However

» [tis usually at the expense of moving the sampling phase left of the SBR peak
« Increased b(1), due to both reduced h°(t,) and increased h°(t, + T})
» The consequence will be discussed in more details later
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DFE Tap Coefficients

0 0
=b_ (1) h )(rs+nTb)/h( )(ts) <=b (1)
bian) = bax(1) h(o)(rs +n Tb)/h(o)(ts) >bp (1) [
0 0 .
h )(ts + nT,,)/h( )(rs) otherwise
Parameter Symbol Value
COM parameter for DFE specified in Decision feedback equalizer (DFE) length Nb 12
CEI-56G-LR-PAM4 Normalized DFE coefficient magnitude limit bmax(1) 0.7
forn =2to Nb bmax(2-Nb) 0.2
o [ couaze enatoenarr |
| | : | iremazedensoenser [l e for 56G and 112G PAM4 most
* Cursor (sample point) i
................................................................... S postoumon I standards specify the raw BER
j R S S T s oo S between le-6 to le-4

o LT (LTI TP O PO PEPEEEE

* The impact of larger DFE tap

: : values, together with multiple

3 VP R NS SO SN DFE taps, on real channel
T performance might be huge 6

seconds
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Treatment of Jitter in COM

* In COM jitter impact is converted to signal amplitude error before SNR is computed

03 ! : 02— !
' : 018 : 5
0.16
0
02 014 h(tS)
A5 0.12 | :
£ 2 04
Q A
>
04 o
" 008
0.05 0.06
00z S pF o ; ‘ : ST
0,05 ol i | I
i | i I
10 3436 3438 344 3442 3444 3446 3448 345
seconds £ 10™

WOt +(n+1/M)T,) - WO, + (n = 1/M)T,)  The equalized SBR slope
2/M for the THRU path

hyn) =

o5 = (Adpp+ O J)G;Z h3(n) The variance of the amplitude
" error due to timing jitter
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TX Output Level Separation Mismatch

* Level separation mismatch ratio, Ry,

* Ry is typically specified > 0.95

g

E The distribution of 4 levels is unknown

. | mnUpVe VT Ty-Ty g S S
t | Omin T 2 -y -,

| | | | I | |
0 20 40 60 80 100 120 140 160
Time (UI)

_ Unequalized SBR
—

* A is the available signal for NRZ
e For PAMA4 it is scaled as below

(betore DFE 15 applec) A =Ry - hO(t) /(L - 1)
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CTLE in COM

* There are two stages of CLTE specified in COM for CEI-56G-LR-PAM4

Gpc

Jof 1020 J
HCTLE(f) =fp2 .(j .

B

'f'l'fpl)‘(j’f"'fpz)

Gpcz

Jof + fip-10 20

dB
L
o

\\‘}\:\‘\‘\‘\ kf::\::: REEES (S i SR R S SRR B S P

H ( ) = .
CTLEZf fpz (If_|_f )]f_|_f 12
LF p2 N
A6 e /
Parameter Symbol Value Units =AY
Continuous time filter, DC gain gbc i »
Mlnlmum value _20 JdB 208 T : HHE ] % i i
Maximum value 0 dB 10 10° 10' 10° 1 10° 10'
Step size 1 dB Frequency (GHz) Frequency (GHz)

Continuous time filter, DC gain2 gbcz H F Stage LF Stage

Minimum value -6 dB
Maximum value 0 dB
Step size 1 dB

Continuous time filter, scaled zero frequency fz fp/2.5 GHz When the peaking iS exceSSive, the
design becomes practically very

Continuous time filter, pole frequencies ol fp12.5 GHz . .

h oHz challenging in one stage, thus more

g:rr;tinuous time filter, low frequency pole/scaled  |fz f, /40 GHz paraSItIC poles ShOUId be added 9
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COM Margin

 FOM is firstly computed to decide the optimal equalization settings

2
As
FOM = lﬁlugu{ ; > TS 3

) 0), 2. ~SNRy/10 _ _ _
Oy = [h )(13)] 10w * COM is computed based on the optimal settings
02 B 0_2 th (1) * The best FOM is not always equal to the best COM
- IS
i - * A, isthe total peak noise at DER,
2 2 2 | 2 2
Gy = (App + Cry)ox 2 M) COM = 20- loglo(AS/Ani)

”n

2 2 y 2
(6] = oy 2 (m/M+mT,)]"  « |n cOMK = 1/2 for NRZ and PAM4
* For PAMA4 it should be k = 3/8

2 K-1_ (k)2
Ototal

03 = Mo | [ DH AN DER, = k- erfe(— 22

10
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DFE Error Propagation Impact

e 1-tap DFE error propagation model

e Burst error definition

1000...000101011101...01011000...0001
L J N8 J

~—
= N, Burst error length = N,

e 1-tap DFE error propagation probability * Average burst error length for 1-tap DFE

08

0.8

11
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KP4 FEC Fundamentals

« The KP4 FEC, RS(544, 514, T=15, M=10)

In a codeword, 514 FEC symbols are
encoded to form 544 FEC symbols

Each FEC symbol contains M (=10) bits

The FEC can correct up to T (=15)
symbol errors within each codeword,
regardless of number of bit errors

This implies that

e At its most effective, KP4-FEC can
correct as many as 150 bit errors
in a codeword

* The other extreme, it can correct
no more than 15 bit errors

FEC coding gain is the reduction in the
required SNR that can be accommodated
while still achieving the desired BER

* Under typical conditions, tests from
system houses showed that KP4 FEC
can achieve up to 8 dB in CG

The exact CG value is a function of BER
and error signature

1E-1; 7 9 1 13 15
1E-3 ——BER uncoded
1E-5 ——BER coded
1E-7
1E-9

1E-11 BER

1E-13 \
1E-15 12
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DFE EP and FEC Correction Example

e 12-tap DFE setting for a case study * Observations

* Settings comply fully with CEI-56G-LR-PAM4 * The SER increase after DFE is not alarmingly
large; the raw BER is still better than specs

08 "‘-\‘ e ::rr: E?,:tﬁsgil?r:ﬁoo“r",s * The “average burst error length” is larger
TN than the “SER ratio with EP” in the DFE case.
. The RS(544, 514) KP4 FEC fails completely
£ o2 ' even with limited sample size in the example

e Error signature is more relevant than BER
itself in assessing FEC correction capability

02 e Without DFE EP the FEC can correct all the

o] 1 2 3 4 5 6 7 8 9 10 1 12

DFE tap position errors even though SER is two orders worse

,,,,,,

SER ratio Max burst Average burst Max KP4 FEC

Base SER

after EP error length error length symbol errors

1.0324e-6 3.3779%e-6 3.2719 81 4.2757 17 (>15)

1.0050e-4 n/a n/a 2 2 6 (<16) 13
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Summary and Future Work

* COM is a great tool for qualifying a high speed serial link channels
* Focused on the COM for PAM4 signaling. We particularly analyzed

* The potential impact from the sampling time and the DFE coefficient
limits; both could lead to severe error propagations

KP4 FEC is discussed to provide a basic idea of error correction

* An example of DFE EP is provided to show that even DFE tap coefficients
are well within the COM limits, the FEC can become dysfunctional

* Running COM to get the SNR margin does not guarantee the system to
meet the desired performance

* Future work includes the following
* DFE error propagation in a PAM4 link with multiple DFE taps
* Error signature and its impact on FEC coding gain analysis

* Precoding effect in terms of burst error removal y
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Thank you!
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