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Feasibility of 100Gb/s per lane electrical backplane
transmission by channel simulation for “TBD"” dB and
“TBD"” GHz numbers in objectives.

COM PKG model feasibility are studied.

* Cp and Rx FFE post-tap number are swept.
* Cp value between COM PKG and real PKG.

Some device parameters are studied.
* Cd value
* CTLE bandwidth, device noise
* LF-CTLE pole and zero

* Rx FFE pre-tap, post-tap
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If PAM4 modulation is selected, 30dB (ball-to-ball) insertion loss at
Nyquist frequency (26.5625GHz) is an appropriate target.
=> Studied if this is appropriate.
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2. Channel simulation
2.1 Simulation Conditions

sakai_100GEL_01 0318 5 socilonext



eye

No mop\ Itor

é victim : : Rd
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i ! i ! : H, . (f)
1 L (tp) /\ L Rx
: HFFE(f) | S i | i HCTLE (f)
: cd T : : victim : | Cd T
! : : | :  victim Rx die
L-I:X_ C-l I-e ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ! | : PI(G g
e : i _ . samplin
i aggressor ' i . St'v) Zrj (Rx) cI(i)ock ’
i ' PKG i
5 Rd : / crosstalk ! | symbol description
; Hepe(F) ' Stw) : i |Av, Afe, Ane | Tx output amplitude : victim, FEXT, NEXT
: -|- i : channel : Rd single ended termination resistor
- : T ' Cd single ended device capacitance
l Cd |
' I die : HFFE(f) Tx FFE transfer function
Lo e e ! S(to), S() PKG model Tx/Rx, Also COM model is used.

v The simulation Config uration is SO, Sk channel under test, 2m(B) cabled BP model

the same as previous Hru(f) Rx noise filter
P resentation. Here() Rx CTLE transfer function
(http://www.ieee802.0rg/3/100GEL/  [no one-sided noise spec
public/18_01l/sakai 100GEL 0lb 0  |Add Dual-Dirac jitter, peak to peak
- - - - Tx : before FFE, Rx : considered as eye margin
118.pdf) : .
arj random jitter, RMS
Tx : before FFE, Rx : considered as eye margin
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v’ Static Channel Model Simulation

v’ Behavior model using MatLab

v PAM4 at 58.0Gbd to see margin and other
applications. (conservative)

v’ Jitter, noise and crosstalk are considered.

v Tx jitter, (DJ, RJ) included : Basically RJ is the
same as 50G-PAM4 (conservative).

v Rx/CDR jitter (DJ, RJ) are considered as eye
opening margin. (EW4, EH4)

v crosstalk noise in channel S-parameter

v Device noise (eta0) is swept.

v’ Device capacitance (Cd) is swept

v Impedance are nominal : 50-ohm single ended

v  T-spaced FFE

v Rx FFE parameters are set to minimize ISI.

v Rx FFE pre/post-tap are swept
v CTLE coefficients are optimized for each
channel. (See backup slides “C”.)
v PKG model is based on current design (27mm)
and a COM PKG model (30mm) for 50G-KR.
v Cp is swept.

item value sweep unit
pattern PRBS13Q
DJ_Tx 60 muUl
RJ_Tx 10 muUl
EOJ_Tx 0 ul
SNR_Tx 32.5 dB
Rt_Tx 50 ohm
Cd_Tx/Rx 160 100 fF
Cp Tx/Rx 110 60/30/0 fF
Rx FFE 54/5 post : 106/5 tap/pre
54/5 32/5 24/5
18/5
pre : 33/6 32/5
31/4 30/3 29/2
28/1 27/0
Rx fr 3/8 fb 3/4 b
Av 0.8 Vppd
AVX 1.2 Vppd
BER 1.0E-4
1.64E-08 8.2E-09 V2/GHz
NO etao 2.3E-09
DJ_Rx 0 ul
Rt_RXx 50 ohm
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2. Channel simulation
2.2 Channel for Simulation
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HSI-PR0093-000

2.2.1 Channel Characteristics (cabled backplane)

channel : 2m (B)

28GHz

29.6dB @28GHz

) Y

SDD22

1
N

S-parameter [dB]
A
(=)

X
=

f ‘n”“ ! ' .
i “ﬂv ‘fﬁ l’

HH"“?WMHI I ,HWM.

0

2m (B) FEXT1 = -69.2dB

'0

300mm 34AWG

at f = 28GHz FEXT2 = -65.4dB Freq uency [GHZ] 2000mm 28AWG
SDD21= -29.6dB FEXT3 = -56.0dB

SDD22=-152dB  NEXT1 = -75.3dB 300mm 34AWG
SDD11= -15.1dB NEXT2 = -59.6dB v' The channel is the same as cabled BP in previous presentation.

PSXT =-53.8dB NEXT3 = -71.2dB

(http://www.ieee802.0rg/3/100GEL/public/18 01/sakai_100GEL_01b_0118.pdf)
NEXT4 = -75.9dB

http://www.ieee802.org/3/ad hoc/ngrates/public/17 05/mellitz nea 03 0517.zip
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HSI-PR0093-000

2.2.1 Channel Characteristics

SDD21 (IL)
/ ‘\ | 1m-cabled (TE, 30AWG)
! I

0 =20 |t o .25.47dB. @28GHz . . -

© ‘\,” :

5 2m-cabled (Samtec, 28AWG)

© 40l /29.6dB@28GHz

& - ‘

@© ;

(qv]

> *W ; "\ AN

h -60

| Orthogonal (TE)
PsXT (Xta' k) 24.37dB @28GHz
-80 - - »
0 10 20 30 40 50

2m-cable BP (Samtec) has Freq uen Cy [GHZ]
worse IL and similar PSXT
compared to Orthogonal BP (TE) http://www.ieee802.0rg/3/100GEL/public/18 01/tracy 100GEL 03 0118.pdf
or Im-cabled BP (TE). http://www.ieee802.0org/3/ad_hoc/ngrates/public/17_05/mellitz_nea_01a_0517.pdf
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Simulated PKG model and “COM” PKG model are used.

27mm PKG (FCBGA, actual design) COM-30mm PKG (Cp=110fF)
SDD21: -4.81dB @28GHz, -4.95dB @29GHz SDD21: -4.35dB @29GHz
SDD22: -13.9dB @28GHz SDD22: -7.70dB @29GHz
- This was used in previous simulation. - COM PKG is also used this time.
0 0 —— | i ' ' ' i i
—_ sy AR | I SDD22 SDD21
— : .. o <
o, S,
- | = 20, /VWV\WW\/\/V\M/\N\AM/W\/\
QE)-ZO T SDDZi GE) SDD11
c ©
s |l - S§-40
nN-40 smulated ) COM PKG
| 14GHz| 28GHz 29GHz 30mm-trace
- -60
500 20 40 60 80 100 o0 20 40 60 80 100

Frequency [GHZ] Frequency [GHZ]

note : No xtalk is considered in PKG model.
- Cd is not included, since it is a device capacitance.
- COM PKG (Cp=110fF) has worse SDD22 than actual designed PKG.
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2. Channel simulation

2.3 Simulation Results

- 2.3.1 Rx FFE post-taps, COM PKG Cp
- 2.3.1.1 COM PKG Cp
- 2.3.2 Rx FFE post-taps
- 2.3.3 Rx FFE pre-taps
-2.34
- 2.3.4.1 LF-CTLE pole/zero
-2.3.4.2 Cd
- 2.3.4.3 CTLE parameters, fr, eta0, pole/zero frequency
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HSI-PR0093-000

2.3.1 Rx FFE post-taps, COM PKG Cp (1/2)

- Rx FFE post-taps, PKG Cp (COM PKG, 30mm)

item unit | #41 | #42 | #43 | #44 | #48 | #49 | #50 | #51 | #52 | #53 | #54 | #55 | #56 | #57 | #58 | #59
baud rate Gbd 58
type | cabled BP 2m(B)
channel IL no PKG| dB 30.5
w/PKG| dB 39.2 38.1 | 37.7 37.6
FFE tap/pre 1/0
Tx RJrms muUl 10
SNR dB 32.5
PKG | trace | mm 30 (COM PKG)
Tx/Rx | Cd fF 160
Cp fF 110 60 | 30 0
CTLE |HF/LF 2p-1z/1p-1z7
eta0 V?/GHz 1.64E-8
Ry fr x fbo | GHz 3/8
FFE | tap/pre |54/5|32/5(24/5]18/5]54/5|32/5 | 24/5] 18/5 | 54/5 [ 32/5 | 24/5 | 18/5 | 54/5 | 32/5 | 2415 | 18/5
DFE | tap 1
RJrms muUl 10
_ upp
Vé'\(/jvt: mid | mUl
low
eye
_ upp
hEIngt mid | mV
low

criteria : EW4>100muUl, EH4>20mV

- PKG IL (Tx + RX, @58Gbd=29GHz) : 9.6dB(27mm), 8.7dB(30mm,COM, Cp=110fF)
sakai_100GEL_01 0318 13 S O C I D r—] e X t




EW4 [mUI]

120 EW4 vs Rx FFE post-taps 50 EH4 vs Rx FFE post-taps

Cp = OfF criteria : EW4>100muUl

100

30 Cp = 30fF Cp = 30fF
;30
60 Cp = 60fF £ Cp = 60fF |
— criteria : EH4>20mV
<20
40 e
10
20 p = 110 Cp = 1101F,
0 0
0 20 40 60 0 20 40 60
Rx FFE post-taps (pre = 5) Rx FFE post-taps (pre =5)
- COM-PKG 30mm v" Reduction of Cp helps eye opening, especially
- Cd = 160fF fewer Rx FFE tap cases.
- DFE : 1-tap - This is due to smaller reflection between bump-ball and/or
- TX-FFE : 1-tap ball-connector. (See next page)
- 58Gbd
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HSI-PR0093-000

2.3.1.1 COM PKG Cp (summary)

- Rx FFE post-taps , PKG Cp (COM) / S-param

item unit | #48 | #49 | #50 | #51 | #10 | #16 | #60 | #61 | #52 | #53 | #54 | #55
baud rate Gbd 58
type | cabled BP 2m(B)
channel L no PKG| dB 30.5
w/PKG| dB 38.1 40.4 37.7
FFE tap/pre 1/0
TX RJrms muUl 10
SNR dB 32.5
PKG | trace | mm 30 (COM PKG) | 27 | 30 (COMPKG)
TX/RX Cd fF 160
Cp fF 60 |  no Cp (S-param) | 30
CTLE [HF/LF 2p-1z/1p-1z
eta0 V?IGHz 1.64E-8
Ry fr | xfb [GHz 3/8
FEE tap/pre [ 54/5|32/5| 24/5 | 18/5 | 54/5 | 32/5 [ 24/5 | 18/5 | 54/5 | 32/5 | 24/5 | 18/5
DFE | tap 1
RJrms muUl 10
_ upp
Vé'\(/jvtr mid | mUI
671 93| 01| 80 | 79 204/ 08| 00 | 89
_ upp
héﬁzt mid | mV
low

criteria : EW4>100muUl, EH4>20mV

- PKG IL (Tx + RX, @58Gbd=29GHz) : 9.6dB(27mm), 8.7dB(30mm,COM, Cp=110fF)

sakai_100GEL_01_0318
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Rx FFE coefficient vs tap

Rx FFE coefficient vs tap (zoomed)

3.0 0.3
a #41: Cp = 110fF

2.5 4 #41 : Cp=110fF 0.2 #48 : Cp = 60fF

2.0 #48:Cp = 60fF '/ —e—#52: Cp = 30fF
. —e—#52 : Cp = 30fF / —e—#56 : Cp = OfF
) + 0.1
S o
5 &
3 T 0.0
= 3 (1 N A N S 15 25 30 35 40 45
- [
E <-0.1
< ol 5 15T RIS T 358" 45 T
e \\ P o 2 t

(1) bump-ball (2) ball-connector = ﬁ
: (1) bump-ball (2) ball-connector
-0.3 4 -
x-axis : Rx FFE tap# x-axis : Rx FFE tap#
RX- PKG Line Card
Bump Ball Connector

- COM-PKG 30mm ¥ Reduction of Cp (PKG 180 ps 350 ps.

- Cd = 160fF capacitance) leads smaller Rx ) (1 /

- Rx-DFE : 1-tap FFE coefficient for (2) (1)

- Rx- FFE : 54-taps tap-22 (bump-ball) and tap-38 360 ps(20.9 UI)

- TX-FFE : 1-tap (ball-connector). 700 ps(40.6 UI)

- 58Gbd v' So, reduction of Cp will help to

reduce number of Rx FFE taps 1000ps (615U
and power.

sakai_100GEL_01_0318 16 soclonexkt:



EW4 vs Rx FFE post-taps EH4 vs Rx FFE post-taps

120 50
criteria : EW4>100muUl
100 e —8--
= 40
Cp= 302!3__/ Cp = 30fF o
— 80 27mm 27mm .—/
- — 30
.g. 60 Cp = 60fF E
< — Cp = 60fF
S i - e
w40 L
criteria : EH4>20mV
20 10
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Rx FFE post-taps (pre = 5) Rx FFE post-taps (pre = 5)

- COM-PKG 30mm

/ actual PKG 27mm*(simulated)
- Cd = 160fF

- Rx DFE : 1-tap

- TX-FFE : 1-tap

- 58Gbd

sakai_100GEL_01_0318

Considering SDD22 and channel simulation results,
Cp = 55fF (x1/2 of 50G COM) is a reasonable number.

v" Rx FFE taps can be 24 (18-post) or 18 (12-post), considering
better channel (lower IL, xtalk, RL) , better PKG (lower IL, Cp)
and Cd reduction (device).

- Fewer Rx FFE taps will help device power and area reduction.

17 socCclonext



S-parameter [dB]

SDD21

NCYLoan N
SDD21 : -4.35dB @29GHz
SDD22 : -7.70dB @29GHz

20 L ALY

0

S-parameter [dB]
)

220 -
0

Frequency |

Cp = 110fF

SDD%{\/\?{

fVV\A/A )
SDlilll

0 10 20 30 40 50

GHz]

SDD21: -3.79dB @29GHz
SDD22 : -12.57dB @29GHz

Frequency [G

aBRRANANNAAANAN]

Cp = 60fF

\

BN

50
Hz]

-10

S-parameter [dB]

-10

S-parameter [dB]

-20
0

note : No xtalk is considered in PKG model.
- Cd is not included, since it is a device capacitance. =~ COM PKG : 30mm-trace

Cp = 30fF

SDD21: -3.61dB @29GHz
SDD22 : -18.34dB @29GHz

YV TAAA (MY

10 20 30 40 50
Frequency [GHZ]

Cp = OfF
-\

SDD21 :|-3.56dB @29GHz
SDD22 :|-23.73dB @29GHz

10 20 30 40 50
Frequency [GHZ]

sakai_100GEL_01_0318
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2.3.1.1 COM PKG Cp (SDD22)

*:-13.9dB is a SDD22 value for

0 R actual PKG (27mm trace).
> ——-SDD22
-10 _COMPKG e

- 30mm-trace

-5 \ y = -0.0006x2 + 0.212x - 23.587

20 -13.9dB* @Cp=54fF

SDD22 [dB]

0 20 40 60 80 100 120
Cp [fF]

- COM Cp value (50G-KR) 110fF seems too large.
- Considering SDD22 and channel simulation results,
Cp = 55fF (x1/2 of 50G COM) is a reasonable value.
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2 . 3 . 2 Rx FFE post_ta pS HSI-PR0093-000

- Rx FFE post-taps

item unit | #11 | #10 | #16 | #60 | #61 100 (2) ball-connector
baud rate Ghd 58
type | cabled BP 2m(B)
channel L [no PKG| dB 30.5 —.90 I (3) bump-connector
w/PKG| dB 40.4 > |
FFE tap/pre 1/0 E
Tx RJrms muUl 10 E (1) bump-ball
SNR dB 32.5 i go y
PKG | trace [ mm 27
Tx/Rx | Cd fF 160 - Main contribution of eye degradation
Cp fF no Cp (S-param) comes from reflections.
CTLE [HF/LF 2p-1z/1p-1z 70
eta0 V2/GHz 1.64E-8 10 30 50 70 90 110
Rx fr xfb | GHz 3/8 Rx FFE post-taps (pre = 5)
FEE tap/pre  [106/5| 54/5 | 32/5 | 24/5 | 18/5 50
DFE | tap 1
RJrms muUl 10 - To reduce this, reduction of Cd
| upp will be helpful. \
width mid | mUl =40
EwW4 >
low E
eye <
. [uep 5 \
height mid | mV 30 . .
EH4 - To reduce this, reduction of Cp and Cd
low will be helpful.
criteria : EW4>100muUl, EH4>20mV 20
# Considering power and area, too many Rx 10 30 50 70 90 110
FFE taps are not practical. Rx FFE post-taps (pre = 5)
sakai_100GEL_01_0318 20 soclonexkt:



HSI-PR0093-000

2.3.2 Rx FFE post-tap coefficient

3.0

—e—100-post
—e—48-post
2.0
= —o—26-post
c
L% 18-post —e—18-post
3) }
=10 12-post 26-post 48-post ~ *lepost 100-post
(O]
S O J
o
= Rx FFE tap
" -10 70 80 90 100 number
I 1.0
">"< o (1) bump-ball (2) ball-connector (3) bump-connector
e reflection reflection reflection
RX- PKG Line Card
-2.0 Bump  Bal Connector
180 ps 350 ps /
-3.0
post- bump- ball- bump-
taps ball conn conn T 360ps(209 UhA )
100 v v v 700 ps(40.6 Ul) > )
\J
48 v v X 1060 ps (61.5 Ul) C
26 v x x ] _
- If connector is located “further” in other channels, 48-post tap may
18 X X X not be enough.
12 % % % - So, concentrate FFE compensation for “bump-ball” reflection is
practical.
v" Rx FFE can compensate - Channel improvement is also helpful for reduction of ball/bump-

x Rx FFE can NOT compensate connector reflection, together with device (ball/bump) improvement.
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HSI-PR0093-000

2.3.3 Rx FFE pre-taps

- Rx FFE pre-taps

item Unit | #18 | #16 | #19 | #20 | #21 | #22 | #23 100
baud rate Gbd 58 90
type | cabled BP 2m(B) 80
Ch;”” | |noPKG [ dB 30.5 70
w/PKG | dB 40.4 S5 60
FFE tap/pre 1/0 £ 0
Tx Rirms | muUl 10 <
SNR dB 32.5 = 40
PKG | trace [ mm 27 30
TX/RX Cd fF 160 20
Cp fF no Cp (S-parameter) 10
CTLE | HF/LF 2p-1z/1p-1z 0
eta0 V?IGHz 1.64E-8 0 5 4 6
fr x fb | GHz 3/8
RX I"EFE | taplpre | 33/6]32/5]31/4]30/3| 2972 | 28/1] 27/0 40 Rx FFE pre-taps (post = 26)
DFE tap 1
RJrms mUl 10 35
it upp 0 30
ey low 191868470 E
o |Lupp 3
height . w 15
mid | mV
EH4 10
low
5
criteria : EW4>100muUl, EH4>20mV 0
0 2 4 6

Rx FFE pre-taps (post = 26)

sakai_100GEL_01_0318 22 soclonNne X t




HSI-PR0093-000

2.3.3 Rx FFE pre-taps

"
-

3 fmmmmmmommmm———eor —e—33/6 32/5
i | i —e—33/6 © 32/5 2.0 —o—31/4 —e—30/3
1 1
% 2 i | —o—31/4 ——30/3 % 1.5 —o—29/2 —o—28/1
— i i @ —e—27/0
o i i —e—29/2 —o—28/1 3 1.0
= i i —e—27/0 =
v 1 ! ] <5}
o) i i o 0.5
© i i ©
o | i o
i 10 10 20 30 [L-0.5 5 $ ?
L ! Rx FFE tap THES | Rx FFE tap
-1 : %.1.0 |
-1. | number
. ! number T \l
i -105 \“:‘\“
-2 :
I I -2.0 {
3 T 25

- Increasing FFE pre-taps helps to improve eye opening.
- However, considering real Si implementation, too many taps will cause
lots of issues, power, area and timings.
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HS)PROO93—OOO

2.3.4 others (LF-pole/zero, Cd, Rx fr, eta0, CTLE

- others
item unit | #10 | #41 | #45 | #46 | #47 | #13 | #10 | #14 | #15 | #16 | #17
baud rate Ghd 58
type cabled BP 2m(B)
channel IL no PKG | dB 30.5
w/PKG | dB | 40.4 | 39.2 | 40.4
FFE tap/pre 1/0
TX RJrms muUl 10
SNR dB 32.5
PKG | trace | mm [ 27 | 30 (COM PKG) | 27
TX/Rx Cd fF 160 | 100 | 160
Cp fF — | 110 | ---: no Cp (S-param)
HE 2plz
CTLE LF 1p-1z 2p2z | 1plz | Op0z | 2p2z | 1plz | Op/0z
eta0 VZ/GHz 1.64E-8 8.2E-9|2.3E-9 1.64E-8
RX fr xfb | GHz 3/8 3/4 3/8
FFE tap/pre 54/5 54/5 | 32/5
DFE tap
RJrms mUl
_ upp 93
VEMWT mid muUl m
E 66 87
height s
eig .
EH4 mid mV
low

criteria : EW4>100mUl, EH4>20mV
- PKG IL (Tx + Rx, @58Gbd=29GHz) : 9.6dB(27mm), 8.7dB(30mm,COM, Cp=110fF)

sakai_100GEL_01_0318
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EW4 [mUI]

100
95 2:/';“
-pre o
85 Rx FFE
32/5-pre
80

Op/0z 1p/1z 2p/2z

- With fewer Rx FFE post-taps, LF-
CTLE is effective.

- 2p/2z LF-CTLE helps some,
however, effect is limited,

EH4 [mV]

50
45
40
35
30
25
20

LF-CTLE : 1-pole/1-zero

Rx FFE
54/5-pre

/

S 4

Rx FFE
32/5-pre

Op/0z 1p/1z 2p/2z

considering LF-CTLE

LF-pole : 0.46GHz
LF-zero : 0.33GHz

HF-pole : 29GHz, 11.6GHz

HF-zero : 1.7GHz

implementation including _
stability. o
-> 1p/1z LF-CTLE will be good S 30
(@)

enough. _27mm PKG 3 40

- Cd = 160fF 50

- DFE : 1-tap -60

- TX-FFE : 1-tap 01

- 58Gbd

0.5

frequency [GHz]

1

5

10

50

s LF-CTLE : 2-pole/2-zero

2m cabled BP

LF-pole : 1.22GHz, 0.24GHz
.40!| LF-zero:0.91GHz,0.19GHz
HF-pole : 29GHz, 11.6GHz
HF-zero : 2.12GHz

SDD21 [dB]
. P

0.1 0.5 1 5 10
frequency [GHz]

50

sakai_100GEL_01_0318
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HSI-PR0093-000

2.3.4.2 Cd (COM model) value

150

item unit | #41 | #45
140 EW4-M PKG trace mm (30 (COM PKG)
130 \~\\_, Tx/Rx Cd fF 160 [ 100
g Cp fF 110
- widt .
E 110 —e—EW4-L EWA4 mid mUl 03
low
W 100 - T eye
P ——— upp
90 criteria: EW4>100mUl EWA4-U/-L height :
mid mV
30 EH4
80 100 120 140 160 180 low
Cd [fF]
Reducing Cd from 160fF to 100fF
50 iImproves eye opening.
45 EH4-M - EW4 +9mUl, EH4 +4mV (in this case)
40 %.
S EH4-U/-L
.§. 35 —@—EH4-U
< 30 —e—EH4-M
E S e - 58Gbd, 2m cable BP
25 criteria : EH4>20mV -IL 30.5dB (no PKG), 39.2dB (w/ PKG)
20 lo - COM-PKG 30mm Cp 110fF
- TX-FFE : 1-tap
15 - Tx RJrms : 10mUI, Tx SNR 32.5dB
80 100 120 140 160 180 - RX-CTLE 2p1z(HF) 1p1z (LF)
- Rx-FFE : 54/5-pre, DFE : 1-tap
Cd [fF] -Rx RJrms : 10mUl
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HSI-PR0093-000

2.3.4.3 CTLE parameters (fr, etaO, pole/zero)

160

NEW4U EEWAM HEWA4L item [unit | #41 | #46 | #47
2 - - -
140 %2 CTLE BW e'?’;lo X}/b/GHE;HZ 1%4;5 8|8.2E 2/2.3E 9
120 X1/7 eta0
HF fpl 0.5 1 1
100 X2 CTLE BW Rx | pole fp2 «ib 0.2 0.4 0.4
LF fLF 0.008 [0.008]0.008
30 etal GHz
Jero HF fz 0.033 [0.038]0.038
60 LF fLF 0.005 [0.005]0.005
, upp
40 width -
EW4 Imld muUl
20 eye uopvg
0 height -
EH4 mid mV
low
- Simply increase CTLE BW (band width)
>0 MEHAU NEH4AM mEH4L decrease eye opening. . .
- It is necessary to reduce device noise
40 x2 CTLE BW to utilize higher CTLE BW.
- Higher CTLE BW will help to reduce
ADC ENOB requirement.
30
- 58Gbd, 2m cable BP
20 -IL 30.5dB (no PKG), 39.2dB (w/ PKG)
- COM-PKG 30mm Cd 160fF, Cp 110fF
10 - TX-FFE : 1-tap
- TXx RIJrms : 10mUlI, Tx SNR 32.5dB
o - RX-CTLE 2p1z(HF) 1p1z (LF)

- RX-FFE : 54/5-pre, DFE : 1-tap
-Rx RJrms : 10mUl

#41

sakai_100GEL_01_0318 27 soclonNnex t



HSI-PR0093-000

soclonext

tter quality of e

3. Conclusion

sakai_100GEL_01 0318 28 soclonext



1.

5.

With cabled backplane, 100Gb/s transmission with 30dB @29GHz
channel seems feasible.

- For 802.3 100GEL applications (KR, backplane), 30dB
@26.5625GHz will be enough with margin.

- For CR (cable) application, total IL budget is the same as KR.

- Besides IL, crosstalk (XT) reduction is required for channels.

With relaxed device parameters, some improvements are
observed.

PKG affects performance significantly, so COM PKG model has to
be improved to meet IL and reflection requirement in 100Gb/s
transmission.

- As a tentative value, Cp=55fF seems reasonable.

Appropriate equalization (like Rx FFE) is necessary, considering
performance, power and area in real Si implementation.
- It is a trade off issue both channel (including PKG) and SerDes design.

Further investigation needed.
- Device parameters
- PKG parameters - Other Channel models
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B. DFE output eye

C. CTLE parameters
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12

10

140

o

o

8

o

6

o

4

o

2

o

o

mEW4_ U

BEW4A M BEW4 L

item

unit|#

0|#41 |#42|#43 | #44 | #45 | #46 | #47

#48 | #49 [ #50 | #51

#52 | #53 | #54 | #55

#56 | #57 | #58 | #59

#10 | #16 [ #60 | #61

channel| IL w/ PKG

dB

40.4

39.2

38.1

37.7

37.6

40.4

PKG|trace

mm

27

30 (COM PKG)

27

Tx/Rx | Cd

fF

[100|

160

Cp

fF

110

60 |

30

| - (S-param)

eta0

V2IGHz

8.2E-9 | 2.3E-9

Rx fr

x fb |GHz

3/4

FFE| tap/

54/5

18/5(54/5(32/5

upp

Ewalmid

low

eye
Y upp

EH4| Mid

low
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50

45

4

o

3

(9]

3

o

2

U

2

o

1

(9]

1

o

0

MEH4 U MEH4 M MWEH4 L

item

unit|#

0|#41 |#42|#43 | #44 | #45 | #46 | #47

#48 | #49 [ #50 | #51

#52 | #53 | #54 | #55

#56 | #57 | #58 | #59

#10 | #16 [ #60 | #61

channel| IL w/ PKG

dB

40.4

39.2

38.1

37.7

37.6

40.4

PKG|trace

mm

27

30 (COM PKG)

27

Tx/RX Cd

fF

[100|

160

Cp

fF

110

60 |

30

| - (S-param)

eta0

V2IGHz

8.2E-9 | 2.3E-9

Rx fr

x fb |GHz

3/4

FFE| tap/

54/5

18/5(54/5(32/5

upp

Ewalmid

low

eye
Y upp

EH4| Mid

low
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_ “Colors” are corresponding - parameters
(v4 - .
uj to each line BER. item unit | #10 | #41 | #42
‘g ) baud rate Ghd 58
S -3 type 2m(B), cabled BP
4 log;o(BER) | bathtub curve C:: o no PKG | dB 305
-8 -7 -V 5 -4 -3 -2 -1 0 L "wiPkG | dB 40.4| 39.2
. T =1 0 FFE tap/pre 1/0
TX RJrms mUl 10
SNR dB 32.5
Tx/ PKG| trace |mm/| 27 [30(COMPKG)
200 | o Rx Cd fF 160
S T Cp fE | - | 110
= 4 e CTLE| HF/LF 2p-1z/1p-1z
= 0 =) eta0 V2IGHz 1.64E-8
= : (@) R fr xfb  |GHz 3/8
O o * 'FFE [ taplpre 54/5 |32/5
> DFE tap 1
-200 q>) RJrms muUl 10
= upp 93 | 93 | 82
(] EW4 mid | mUl
-400 g 2 eve low | 93 | 93 | 79
- I upp
-1 0 1 = EH4 lm'd mv
time [UI] S =

1Ul = 17.24ps @58Ghd
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0
o item unit _ |#10]#41[#42[#43]#44
o baud rate Ghd 58
g, type 2m(B), cabled BP
o -3 cha
= no PKG| dB 30.5
) log,o(BER) nnell 1L oK G [ dB 40.4] 39.2
8 7 6 5 4 3 -2 -1 0 FFE| tapl/pre 1/0
[ ' 0 TX RJrms  [mUl 10
400 SNR dB 32.5
-1 T/ PKG| trace [mm| 27 | 30 (COM PKG)
Ry Cd fF 160
200 -2 " Cp fE | - | 110
S L] CTLE| HF/LF 2p-1z/1p-1z
3 m etal| V?/GHz 1.64E-8
.§. = Rx fr | xfb |GHz 3/8
= O -4 8’, FFE [tap/pre 54/5 |32/5[24/5]18/5
© S DFE| tap 1
> -5 RIrms _|mUi 10
-200 6 upp 93(93(82|14|14
EW4 mid [muUl 21120
400 ! eye ow | 193193179|3 | 3
-8 upp 4| 4
time [UI] low 11
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0
g item unit| #11 |#10 | #16 | #60 | #61
o baud rate Gbd 58
§, 3 chaltype| cabled BP 2m(B)
= ) nne no PKG | dB 30.5
] log,o(BER) | | " [wirkG [dB 38.1
8 7 6 5 4 -3 -2 1 0 FFE| tapl/pre 1/0
r . 0 TX RJrms mUl 10
400 SNR dB 32.5
-1 PKG|trace| mm 27
Tx/
Ry |_Cd fF 160
200 -2 E Cp fF no Cp (S-param)
S- 3 L CTLE|HF/LF 2p-1z/1p-1z
c ™~ oo etad|  V4GHz 1.64E-8
'E' 0 4 2 |rxlfr | xfb [GHz 3/8
= 8’ FFE| tap/pre |106/5]54/5]32/5]24/5]18/5
§ 5 - DFE| tap 1
200 RJrms mUl 10
- u
° width mﬁg mUl
7 EwW4
400 eye ow
-8 ’ height——
-1 0 1 Er md_jmv
. ow
time [Ul]
sakai_100GEL_01_0318 36 soclonexkt:



HSI-PR0093-000

log1o(BER)

log,o(BER)

‘s 7 6 5 -4 -3

log,o(BER)

time [Ul]

item unit| #13 | #10 | #14 | #15 | #16 [ #17
baud rate Ghd 58
type | cabled BP 2m(B)
chann L |emeldB 30.5
w/ PKG| dB
FFE | tap/pre 1/0
Tx RJrms |mUI 10
SNR dB 32.5
PKG |trace[mm 27
Tx/Rx| Cd fF 160
Cp fF no Cp (S-param)
HF 2plz
CTLEF 2p2z|1p1z|opoz|2p2z|1p1z|opoz
etal | V?/GHz 1.64E-8
Rx | fr | xfb|GHz 3/8
FFE | tap/pre 54/5 | 32/5
DFE | tap 1
RJrms |mUl 10
width 2P
EW4 mid |mUl
eye LTtow] [93loalo1loz[o1[e7]
height upp
EH4 mid | mV
low
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log1o(BER)

log,o(BER)

‘s 7 6 5 -4 -3

log,o(BER)

time [Ul]

item unit| #13 | #10 | #14 | #15 | #16 [ #17
baud rate Ghd 58
type | cabled BP 2m(B)
chann L |emeldB 30.5
w/ PKG| dB
FFE | tap/pre 1/0
Tx RJrms |mUI 10
SNR dB 32.5
PKG |trace[mm 27
Tx/Rx| Cd fF 160
Cp fF no Cp (S-param)
HF 2plz
CTLEF 2p2z|1p1z|opoz|2p2z|1p1z|opoz
etal | V?/GHz 1.64E-8
Rx | fr | xfb|GHz 3/8
FFE | tap/pre 54/5 | 32/5
DFE | tap 1
RJrms |mUl 10
width 2P
EW4 mid |mUl
eye LTtow] [93loalo1loz[o1[e7]
height upp
EH4 mid | mV
low
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log1o(BER)

log,o(BER)

‘s 7 6 5 -4 -3

log,o(BER)

time [Ul]

item unit| #13 | #10 | #14 | #15 | #16 [ #17
baud rate Ghd 58
type | cabled BP 2m(B)
chann L |emeldB 30.5
w/ PKG| dB
FFE | tap/pre 1/0
Tx RJrms |mUI 10
SNR dB 32.5
PKG |trace[mm 27
Tx/Rx| Cd fF 160
Cp fF no Cp (S-param)
HF 2plz
CTLEF 2p2z|1p1z|opoz|2p2z|1p1z|opoz
etal | V?/GHz 1.64E-8
Rx | fr | xfb|GHz 3/8
FFE | tap/pre 54/5 | 32/5
DFE | tap 1
RJrms |mUl 10
width 2P
EW4 mid |mUl
eye LTtow] [93loalo1loz[o1[e7]
height upp
EH4 mid | mV
low
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log1o(BER)

log,o(BER)

‘s 7 6 5 -4 -3

log,o(BER)

time [Ul]

item unit| #13 | #10 | #14 | #15 | #16 [ #17
baud rate Ghd 58
type | cabled BP 2m(B)
chann L |emeldB 30.5
w/ PKG| dB
FFE | tap/pre 1/0
Tx RJrms |mUI 10
SNR dB 32.5
PKG |trace[mm 27
Tx/Rx| Cd fF 160
Cp fF no Cp (S-param)
HF 2plz
CTLEF 2p2z|1p1z|opoz|2p2z|1p1z|opoz
etal | V?/GHz 1.64E-8
Rx | fr | xfb|GHz 3/8
FFE | tap/pre 54/5 | 32/5
DFE | tap 1
RJrms |mUl 10
width 2P
EW4 mid |mUl
eye LTtow] [93loalo1loz[o1[e7]
height upp
EH4 mid | mV
low
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log1o(BER)

log,o(BER)

‘s 7 6 5 -4 -3

log,o(BER)

time [Ul]

item unit| #13 | #10 | #14 | #15 | #16 [ #17
baud rate Ghd 58
type | cabled BP 2m(B)
chann L |emeldB 30.5
w/ PKG| dB
FFE | tap/pre 1/0
Tx RJrms |mUI 10
SNR dB 32.5
PKG |trace[mm 27
Tx/Rx| Cd fF 160
Cp fF no Cp (S-param)
HF 2plz
CTLEF 2p2z|1p1z|opoz|2p2z|1p1z|opoz
etal | V?/GHz 1.64E-8
Rx | fr | xfb|GHz 3/8
FFE | tap/pre 54/5 | 32/5
DFE | tap 1
RJrms |mUl 10
width 2P
EW4 mid |mUl
eye LTtow] [93loalo1loz[o1[e7]
height upp
EH4 mid | mV
low
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0
|- .
L item unit|#18|#16|#19|#20|#21|#22|#23
= -2 baud rate Gbd 58
4 -3 cha type|cabled BP 2m(B)
B B log,4(BER) anel| 1L [okeldB 20.5
8 -7 -6 5 4 3 2 1 0 w/ PKG| dB 40.4
- - - - - - - - FFE| tap/pre 1/0
a00 | | 0 7« |_RIrms__|mui 10
NR dB 32,5
-1 S
Tx/ PKG|trace |mm 27
2 -~ Cd fF 160
200 o | Rx Cp fF no Cp (S-parameter)
S u
= -3 21} CE" HF/LF 2p-1z/1p-1z
Red o
y= O 4 5 eta0| VZ/GHz 1.64E-8
o O |Rx [ fr [ xfb |GHz 3/8
> -5 FFE| tap/pre [33/632/5[31/430/3[29/2]28/1[27/0
-200 DFE| tap 1
-6 RJrms |mul 10
. upp 0
400 -7 Vé'dwtj' mid |mul 0
low| 91/91/86[84|70]
. . 8 eye
B - lupp
_1 0 1 height mid |mv
. EH4
time [UI] low
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0
| -1 .
L item unit|{#18|#16|#19|#20|#21|#22|#23
= K baud rate Ghd 58
4 -3 cha type|cabled BP 2m(B)
B B log,4(BER) anel| 1L [okeldB 20.5
8 -7 -6 5 4 3 .2 1 0 w/ PKG| dB 40.4
- - - - - - - - FFE| tap/pre 1/0
400 | 0 7« |_RIrms__|mui 10
NR dB 325
-1 S
Tx/ PKG|trace |mm 27
2 -~ Cd fF 160
200 o | Rx Cp fF no Cp (S-parameter)
S ]
= -3 21} CE" HF/LF 2p-1z/1p-1z
Red o
y= O 4 5 eta0| V?/GHz 1.64E-8
o O |Rx [ fr [ xfb |GHz 3/8
> -5 FFE| tap/pre [33/632/5[31/430/3[29/2]28/1[27/0
-200 DFE| tap 1
-6 RJrms _|muUl 10
. upp 0
400 -7 Vé'dwtj' mid |mul 0
| low Eﬂ
5 . 8 eye
1 0 1 o8
. EH4
time [Ul] low
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0
| -1 .
L item unit|{#18|#16|#19|#20|#21|#22|#23
= K baud rate Ghd 58
4 -3 cha type|cabled BP 2m(B)
B B log,4(BER) anel| 1L [okeldB 20.5
8 -7 -6 5 4 3 2 1 0 w/ PKG| dB 40.4
- - - - - - - - FFE| tap/pre 1/0
400 | 0 7« |_RIrms__|mui 10
NR dB 325
-1 S
Tx/ PKG|trace [mm 27
2 -~ Cd fF 160
200 o | Rx Cp fF no Cp (S-parameter)
S u
= -3 21} CE" HF/LF 2p-1z/1p-1z
Red o
y= O 4 5 eta0| VZGHz 1.64E-8
o O |Rx [ fr [ xfb |GHz 3/8
> -5 FFE| tap/pre [33/632/5[31/430/3[29/2]28/1[27/0
-200 DFE| tap 1
-6 RJrms _|muUl 10
. upp 0
400 -7 Vé'dwtj' mid |mul 0
| low Eﬂ
5 . 8 eye
) . [upp
-1 0 1 height mid |mv
. EH4
time [Ul] low
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0
| -1 .
L item unit|{#18|#16|#19|#20|#21|#22|#23
= K baud rate Ghd 58
4 -3 cha type|cabled BP 2m(B)
B B log,4(BER) anel| 1L [okeldB 20.5
8 -7 -6 5 4 3 .2 1 0 w/ PKG| dB 40.4
- - - - - - - - FFE| tap/pre 1/0
a00 [ | 0 7« |_RIrms__|mui 10
NR dB 325
-1 S
Tx/ PKG|trace |mm 27
2 -~ Cd fF 160
200 o | Rx Cp fF no Cp (S-parameter)
S ]
= -3 21} CE" HF/LF 2p-1z/1p-1z
Red o
y= O 4 5 eta0| V?/GHz 1.64E-8
o O |Rx [ fr [ xfb |GHz 3/8
> -5 FFE| tap/pre [33/632/5[31/430/3[29/2]28/1[27/0
-200 DFE| tap 1
-6 RJrms _|muUl 10
. upp 0
400 -7 Vé'dwtj' mid |mul 0
low| [91]/91[86[8470]
. . 8 eye
1 0 1 oun{228]
. EH4
time [Ul] low
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0
| -1 .
L item unit|#18|#16|#19|#20|#21|#22|#23
= K baud rate Ghd 58
4 -3 cha type|cabled BP 2m(B)
B B log,4(BER) anel| 1L [okeldB 20.5
8 -7 -6 5 4 3 .2 1 0 w/ PKG| dB 40.4
- - - - - - - - FFE| tap/pre 1/0
a00 [ | 0 7« |_RIrms__|mui 10
NR dB 325
-1 S
Tx/ PKG|trace |mm 27
2 -~ Cd fF 160
200 o | Rx Cp fF no Cp (S-parameter)
S ]
= -3 21} CE" HF/LF 2p-1z/1p-1z
Red o
y= O 4 5 eta0| V?/GHz 1.64E-8
o O |Rx [ fr [ xfb |GHz 3/8
> -5 FFE| tap/pre [33/632/5[31/430/3[29/2]28/1[27/0
-200 DFE| tap 1
-6 RJrms _|muUl 10
. upp 0
400 -7 Vé'dwtj' mid |mul 0
low| [91]/91[86[8470]
. . 8 eye
1 0 1 oun{228]
. EH4
time [Ul] low
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0
|- :
L item unit|#18|#16|#19|#20|#21|#22|#23
=1 -2 baud rate Gbd 58
g cha type|cabled BP 2m(B)
4 log,o(BER) nnel| 1L [ooRed8 305
-8 -7 -6 -5 -4 -3 -2 -1 O w/ PKG dB 404
FFE| tap/pre 1/0
400 | 0 Tx RJrms |muUl 10
1 SNR dB 325
Tx/ PKG|trace [mm 27
2 -~ Cd fF 160
200 o | Rx Cp fF no Cp (S-parameter)
S L
c -3 21} CE" HF/LF 2p-12/1p-1z
o
e O 4 5 etad| VZGHz 1.64E-8
S O [Rx [ fr | xfb |GHz 3/8
> -5 FFE| tap/pre [33/632/5[31/430/3[29/2]28/1[27/0
-200 DFE| tap 1
-6 RJrms _|muUl 10
. upp 0
400 -7 Vé'dwtj' mid |mul 0
_ | 8 leyeloiow] [o1lo1lse]eal7o]
-1 0 1 height ‘r;pig y
. EH4
time [Ul] low
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0
('3
@
SH 3
) log,o(BER)
8 7 6 5 -4 -3 2 -1 0
400 .
200
<
E
= O
S
-200
-400
-1 0 1
time [Ul]

log,o(BER)

item unit  |#10|#41|#42|#43|#44
baud rate Gbd 58
cha type 2m(B), cabled BP
mell 1L no PKG| dB 30.5
w/PKG| dB [40.4] 39.2
FFE| tap/pre 1/0
TX RJrms mUl 10
SNR dB 32.5
T/ PKG| trace |mm| 27| .30 (COM PKG)
Rx Cd fF 160
Cp fE | - | 110
CTLE| HF/LF 2p-1z/1p=17
eta0| V?/GHz 1.64E-8
Rx fr x fb |GHz 3/8
FFE [tap/pre 54/5 | |32/5[24/5(18/5
DFE| tap 1
RJrms mUl 10
upp 93/93|82(14|14
EW4 mid [muUl 21120
ow | 193]93|79]3 |3
eye
upp 4|4
EH4 mid |mV 3|3
low 111
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0
o
a
SH 3
] log,o(BER)
8 7 6 5 4 -3 -2 -1 0
400 .
200
~
E
= 0
S
-200
-400
-1 0 1
time [Ul]

log,o(BER)

item unit  |#10|#41|#42|#43|#44
baud rate Ghd 58
cha type 2m(B), cabled BP
mell 1L no PKG| dB 30.5
w/PKG| dB [40.4] 39.2
FFE| tap/pre 1/0
Tx RJrms |mUI 10
SNR dB 32.5
T/ PKG| trace [mm| 27 | 30 (COM PKG)
Rx Cd fF 160
Cp fE | - | 110
CTLE| HF/LF 2p-1z/1p=17
eta0| V?/GHz 1.64E-8
Rx fr | xfb |GHz 3/8
FFE [tap/pre 54/5: |32/5|24/5(18/5
DFE| tap 1
RJrms |mUI 10
upp 93/193(82(14|14
EW4 mid [muUl 21120
ow | [93/93(79|3 |3
eye
upp 4|4
EH4 mid |mV 3|3
low 111
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log1o(BER)

log,o(BER)

‘s 7 6 5 -4 -3

log,o(BER)

time [Ul]

item unit  |#10|#41|#42|#43|#44
baud rate 58
cha type 2m(B), cabled BP
mell 1L no PKG 30.5
w/ PKG 40.4) 39.2
FFE| tap/p 1/0
Tx RJrms muUl 10
SNR 32.5
T/ PKG| trace 27 | 30 (COM PKG)
Ry Cd 160
Cp —- | 110
CTLE| HF/LF 2p-1z/1p=17
etaO| VZGHz 1.64E-8
Rx fr x fb |GHz 3/8
FFE [tap/pre 54/5 |32/5|24/5(18/5
DFE| tap 1
RJrms muUl 10
upp 93(93(82(14|14
EW4 mid [muUl 21120
ow | 193/93|79(3 |3
eye
upp 4|4
EHa|_Mid 3|3
low 111
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0
o
a
SH 3
] log,o(BER)
8 7 6 5 4 -3 -2 -1 0
400
200
~
E
= 0
S
-200
-400
-1 0 1
time [Ul]

log,o(BER)

item unit  |#10|#41|#42|#43|#44
baud rate Ghd 58
cha type 2m(B), cabled BP
mell 1L no PKG| dB 30.5
w/PKG| dB [40.4] 39.2
FFE| tap/pre 1/0
Tx RJrms |mUI 10
SNR dB 32.5
T/ PKG| trace [mm| 27 | 30 (COM PKG)
Rx Cd fF 160
Cp fE | - | 110
CTLE| HF/LF 2p-1z/1p=17
eta0| V?/GHz 1.64E-8
Rx fr x fb |GHz 3/8
FFE [tap/pre 54/5 |32/5[2415[18/5
DFE| tap 1
RJrms |mUI 10
upp 93/193(82(14|14
EW4 mid [muUl 21120
ow | [93/93(79|3 |3
eye
upp 4|4
EH4 mid |mV 3|3
low 111
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0
o item unit | #41 | #45
o baud rate Ghd 58
Shl s | BER Ch:I”n N rtI)C/JpPeKG dB Zm(B)’;oégled -
] 091( ) w/PKG| dB 39.2
-8 -7 6 5 4 -3 -2 -1 0 FFE | taplpre 1/0
j 0 TX RJrms muUl 10
400 SNR dB 32.5
-1 Ty |PKG [trace] mm | 30 (COM PKG)
Ry Cd fF 160 | 100
200 -2 " Cp fF 110
L] CTLE | HFILF 2p-1z/1p-1z
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parameter | freq. | symbol | unit #10 #11 #13 #14 #15 #16 #17 #18 #19 #20 #21 #22 #23
uF fpl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
pole fp2 b 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
0.004 0.004
LF fLF 0.008 | 0.008 0.021 -—- 0.021 0.008 -—= 0.008 | 0.008 | 0.008|0.008|0.008]0.008
HF fz 0.0290.015|0.036]0.019]0.048 1 0.039]0.033|0.040 | 0.032]0.033]10.034]0.030]0.030
zZero fb 0.003 0.003
LF fLF 0.006 | 0.006 0.016 -—- 0.014 0.005 -—- 0.005]10.006 | 0.006| 0.006|0.006 | 0.006
parameter | freq. |symbol | unit #41 #42 #43 #44 #45 #46 #47 #48 #49 #50 #51
- fpl 0.5 0.5 0.5 0.5 0.5 1 1 0.5 0.5 0.5 0.5
pole fp2 fb 0.2 0.2 0.2 0.2 0.2 0.4 0.4 0.2 0.2 0.2 0.2
LF fLF 0.008 (0.008|0.008|0.008]0.008]0.008]0.008|0.008|0.008]0.008]|0.008
HF fz b 0.03310.039]10.039]10.039(0.037|0.038)0.03810.037(0.039]0.039|0.039
zero
LF fLF 0.005(0.005|0.005]0.005]0.006]0.005|0.005|0.006|0.005]0.005|0.005
parameter | freq. |symbol | unit #52 #53 #54 #55 #56 #57 #58 #59 #10 #16 #60 #61
- fpl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
pole fp2 fb 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
LF fLF 0.008 | 0.008 | 0.008 | 0.008|0.008)0.008|0.008|0.008]0.008]0.008|0.008]0.008
HF fz . 0.037|0.039(0.039(0.039(0.027]10.039]0.039|0.039|0.029|0.039]|0.040 ] 0.040
ero
zer LF fLF 0.006 | 0.005] 0.005|0.005|0.006]0.005]0.005(|0.005)0.006]0.005|0.005] 0.005

- Since the parameters are “optimized” at no noise condition,
the parameters are the same for with and no noise.
- The assumption is that noise is random and average is “0".
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