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Background
COM Settings for Analysis

Whole Link Analysis

* DFE
Sensitivity to PTH length & on-die impedance

 DFE without 15t tap
* DFE with floating-tap

TP1a to Whole Link Correlation
Summary
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Performance fluctuates a lot for different host trace
lengths, which were disclosed in

 |i 3ck 02a 0519, dudek 3ck 01 0719

Jane Lim provided four Host-to-Module (H2m) channels
for analysis
* |lim 3ck adhoc 01 073119

Some analysis of ‘short channel issue’” were included in

* sun 3ck adhoc 01 081419 — Phil proposed to avoid this
issue by adding package/host trace design constraints?

e akinwale 3ck adhoc 0la 08282019 — Femi analyzed this
issue by Intel’s H2M channels



http://www.ieee802.org/3/ck/public/19_05/li_3ck_02a_0519.pdf
http://www.ieee802.org/3/ck/public/19_07/dudek_3ck_01_0719.pdf
http://www.ieee802.org/3/ck/public/adhoc/aug14_19/lim_3ck_adhoc_01_073119.pdf
http://www.ieee802.org/3/ck/public/adhoc/aug14_19/sun_3ck_adhoc_01_081419.pdf
http://www.ieee802.org/3/ck/public/adhoc/aug28_19/akinwale_3ck_adhoc_01a_08282019.pdf

Analysis and Conclusions

We addressed

 Whole-link & TP1a analysis for Jane’s channels

- host trace length from 5 to 36 mm
- total 4 * 29 = 116 CH+PKG test cases

e 3 different RX with sweeping tap number
- DFE
- DFE without 15t post tap
- DFE with floating-tap

Observations
* Root cause is ‘reflection’” due to host+module package

* ‘Floating-tap’ is efficient to conquer the issue

- Achieve 3 dB for all cases by 2-tap DFE plus 2-tap floating-tap spanned to 12-
tap

- Comparatively, it requires 9-tap DFE to achieve 3 dB
Next steps
e Verify on more H2M short channels
* Adopt DFE with floating-tap as module-side referenced RX
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Analyzed H2M Channels & RX
lim 3ck adhoc 01 073119 for | (dB) | (mV) | (dB)*1 | (dB)*1 | (dB)

analysis 5a=2”  5.67 3.52 1404 11.07 0.16
e PCB traces: 2”,3”,4”,9” 5b=3" 694 3.05 1538 11.92 0.15
* Ingeneral, 9” is with best Sc=4” 822 265 1651 12.68 0.14

performance due to

- Lower crosstalk & higher ERL 5d=9" 14.55 1.35 20.50 15.07 0.13

Sweep host trace length, z_p1(TX) 1* z_p1(TX) = 10mm, z_p2(TX) = 1.8mm
e z p1(TX)=[5:0.5:10 11:1:20
22:2:36]

Total 4 * 29 = 116 CH+PKG cases

Three different RXs -m-m—

« DFE [3:1:6 89 10
« DFE1: DFE without 1%t tap (set 14]
b_max[1] = 0) DFE1 [3:1:6810 - - -
* DFEf: DFE with floating (with N_bg, 14]
N_bf, N_f settings) DFEf  [1234] 1 [123] [6:10 12 15 20]

m IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force 6


http://www.ieee802.org/3/ck/public/adhoc/aug14_19/lim_3ck_adhoc_01_073119.pdf

COM Parameter Settings

Table 1

COM 2.70 Spec_| [Host, Module] _| Unit _

Whole link: TX PKG + H2M Channels

c_d 1.2e-4 0.85e-4 F
+ RX PKG -4 [1.2e-4085 1
. L_s [0.12 0.12] nH
* On-die Cb [0.3e-4 0.3e-4] F
* Host [healey 3ck adhoc 01 061219] - Sen.oe n
- Module: Table 1 R_d [50 50] Ohm
e PKG Cp [0.87 0.87] nF
- Host [baseline] z_p(RX) [80] Ohm

- Module: Table 1
e g DC=[-14:1:0] dB
e g DC_HP=[-3:1:0] dB
TP1a: TX PKG + H2M Channels

 Set ‘zero’ to related RX PKG & on-
die settings

COM spread sheets in appendix

Y meouren 4 IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force 7


http://www.ieee802.org/3/ck/public/adhoc/jun12_19/healey_3ck_adhoc_01_061219.pdf

Whole Link COM - 4-tap DFE

COM vs. Host trace lengeh (mm) with 4-tap DFE

~&— ChSa=2n
—o— Chib=3n

COhic =i
—a— ChSd=on

 COM fluctuates largely (> 2 dB) when sweeping host trace lengths
o Multiple valley found (7, 10, 13, & 16 mm) with COM < 3 dB
o Change TX PTH length (z_p2(TX) = 1.8 > 0~ 1.2 mm) change values & positions of valley - still
failed 3 dB [Link]
o Detailed FOM analysis shown ISl is the major source for “fluctuation” due to “reflections”
from package [Link]
0 Q: How to improve it? By increasing DFE tap number
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COM 18] & Pass %0

Whole Link COM - Increasing DFE Taps

35+

25+

15+

05 4

Min of COM & Passing Ratio - Ch5a COM vs. Host trace length - S-tap DFE

——An 5
—— Passiy
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Host smce leng® (mm)

 COM improves by increasing DFE tap number —N_b

o Itrequires 9-tap to achieve 3 dB COM margins for all host trace length

o 9-tap DFE can cancel “valley” up to 10 mm trace length

o Each extra DFE tap can cover reflection caused by extra 1.5 mm trace length
L DFE tap without 1*-tap

o Performance is worse than DFE [Link]
1 Next: COM sensitivity to PTH length & R_d

IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force
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COM (dB)

COM (dB)

Statistics of COM for different PTH length

PTH Length & R_d Exploration — DFE Nb=4

DFE N_b=4

B
451 B - - ®

€1 mMin
35 * Max

3 Mean
- O COM is not sensitive to PTH length
15 " . . = &R d

14 T R . e e P = L = o We can’t adjust R_d to conquer

short channel issue
Statistics of COM for different Rd o PTH depends on package size
DFEN_b=4 and may not be adjusted

45 arbitrarily

4® . J . _ o . O Next: Efficient reflection
35+ L cancellation by “floating-tap”

¢ ‘ Mean
2.5

2.
15M o = s n ] -

PO 0 e A P s S
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DFEf: DFE with Floating-Tap

DFE with floating-tap had been adopted as KR reference receiver in
Vienna meeting [ Motion #4 in minutes 3ck 0719 unapproved]

Applied it to conquer C2M “short channel issue”

3 fixed-tap plus 1 bank with 2-tap in group spanning to 12 Ul can
achieve 3 dB COM [Link]

* It only takes 2 floating taps to achieve 3 dB COM

* Total 5-tap DFE

e Spanning to 12 Ul cover “reflection” due to 16 mm trace length

Whole link analysis of DFE with floating-tap

N_b=3, N_bg=1, N_bf=2, N_f{=12

6
55

5 4 A —@— Ch5a=2in
. 45 ~&— Ch5b=3n
g8 4. Chsc=4in
§ 35 —&— Ch5d=8in

34
25 4
2 : - - . ® o - o
0 5 10 15 20 5 30 35 40

Hosttrace kength (mm)

Y meouren 4 IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force

11


http://www.ieee802.org/3/ck/public/19_07/minutes_3ck_0719_unapproved.pdf

VEO V)

VEC u8)

TP1a vs. Whole Link Correlation

TPlavs. Whole Link COM
N_b=3, N_bg=1, N_bi=2, N_{=20
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- WO . ariis O VEC (dB) is kind of correlated to
6 1 = A . . .
i o T " COM in whole link analysis
55 4 ® et:av, & . . .
L. o Next: requires simulation of
a5 3 o - = 3 more C2M channels
i 1 VEO (mV) is NOT correlated to
TEIRYS. Vi Lk oM COM in whole link analysis
RSN D o More correlated to channel IL
65 .
. o Other receivers shared the same

* " trend
as | oo osd, ko
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Changing RX PKG Parameters

By referring to contributions of Mike Li & Table 2: Module PKG in li_3ck 02a 0519

Phil Sun — Cd = 100fF
* Table?2
. Table3 — Cp=65fF
Test for another PKG case — Length: 2mm ~ 5Smm T-line + Omm PTH
* PKG1: Table 1a
* PKG2:Table 1b Table 3: Module PKG in sun_3ck 01 0719
Changes from 1a to 1b , 0.85¢.4 nF
«  C_p(RX) = 87fF > 65fF c, 0.75e-4 nF
* z p(RX)=8mm = 5mm Package trace length Z, 2-8 mm
Package PTH 0 mm
Table 1a: PKG1 Table 1b: PKG2
oottt ur s T wosseun
[1.2e-4 0.85e-4 [1.2e-4 0.85¢-4
L_s [0.12 0.12] nH Ls [0.120.12] nH
C_b [0.3e-40.3e-4] nF C_b [0.3e-4 0.3e-4] nF
R_d [50 50] Ohm R_d (50 50] Ohm
Cp [0.87 0.87] nF Cp [0.87 8:87 = 0.65] nF
z_p(RX)  [80] Ohm z p(RX)  [8>50] Ohm

Y meouren 4 IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force
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http://www.ieee802.org/3/ck/public/19_07/sun_3ck_01_0719.pdf
http://www.ieee802.org/3/ck/public/19_05/li_3ck_02a_0519.pdf

hadamacd wie |

Sweeping Host Trace Length

PKG1: C_p(RX)=87fF, zp_1(RX)=8mm Ch5a: 2”
COM wa. Host tamce g manl) with 4-ap DFE PKG1 vs, PKG2
2 105
1 :
49 O% |
08 4
o g 0854 8- PKGL
, o Oabtn § osq ~4- PKG2
0754
i 0'7A
0854
18 06 +~ Y T T T Y T .
2 4 6 8 10 12 14 16
lu 10 1 » n x » . N Db
COMvs. Host trace length (mm) with 4-tap DFE PKG2
‘T ’ O Location of valley
554 4
.l o Slightly shift due to 8mm vs.
as ] 5mm
N “ea= 0 COM values of valley
3 ——Chsd=on o Slightly improve around 0.3 dB
*1 O It still requires 9-tap DFE to pass 3
gl dB for all host trace lengths
‘(;' 2 = 2 = z . = Py al Interfaces Task Force 14
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Min of COM & Pass Ratio, Floating — Ch5a

PKG1: C p(RX)=87fF, zp 1(RX)=8mm

PKG1 PKG1
4 105
xE 1 » > > > >
. " 0955 —5—" [S .
3 " a— . n 09 -
n 085
g 25 - g O
k- " - Min § 08 > —»—Pass¥%
§ 28 " 8 075+
15 0.7
065 - >
1 R— ‘ . T — . — — vy .
(1,2) (2.1) 23) (3.2) 4.1) 43) (12) 21) 23) 3.2) (4.1) 43)
(11) (1.3) 2.2) (3.1) (3.3) (42) (L1) (13) (2.2) (31) (33) 4.2)
(N_b,N_bi) (N_b,N_bf)

PKG2: C p(RX)=65fF, zp 1(RX)=5mm

s Q It still requires total 4-tap (2-fixed
] | + 2-float) DFE to pass 3 dB for all
1 =
i d host trace lengths under PKG2
;3 :: o o PKG1 requires total 5-tap
° u¥
34
29 + - - . v
(22) (32)
(N_ b N_Bb9
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Performance of host to module link with short channel
is sensitive to Host trace length

 Can’t be conquered by adding design constraints on host
trace length

* Can’t be conquered by adjusting PTH length or R_d
* Could be conquered by floating-tap

Total 5-tap DFE (3-fixed + 2-float) can make Jane’s Channel
5a-5d pass 3 dB for 5 to 36 mm host trace length

e 4-tap DFE (2-fixed + 2-float) by reducing module PKG
settings

Next
* Need to check the results of other C2M channels

IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force
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Changing z_p2(TX)

- RX = DFE 4-tap, COM (dB) vs. host trace length (mm)

= TZP2=0
Ta2P2=18 TxZp2=08
6 )
5 ' 5
A

4. 4 &~ ChSa=2n
o Ch=3n

39 3 Chic=dn
e Chid=Bin

24 2

14 1

0 0 -

s ¥ 5 » % » % & 0 S5 W ® M X D B O 0 5 10 15 2 % ™ B

Statistics of COM for different PTH length Safistioe of OOM Kr dTMrert FTH g

Ch5a, DFE N_b=4 Ch5a, DFEN_b=4

—p—Passih

COM [8) & Pass Rato
COM iB) & Pass Raso

] 0z 04 0.‘6 08 1 12 14 16 18 2

PTH leng® gnm)
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FOM Analysis of Each Source

- Motivation o} = L1

3(L-1)
* FOM is defined in Annex 93A to
analyze impact from different

2 —SNR,,/ 10
‘7%,\' = [h(Ov“:)] 10 3

sources okr = o3 i)
= TX, ISI, Jitter, Crosstalk, Noise
- We defined FOM _TX as 3 = (4bo* ooy T

* FOM (dB) with others set to ‘zero’

- We defined FOM ISI, FOM J,
FOM_XT, and FOM_N similarly s ke

Gy = Luk=119; ]
- We found ISI as key source for
‘fluctuation’” of COM

e Details in next slide FOM = 10log,q —

p - " 3
\Orxy T Oyt Gyt Oxr T Oy

5 ] 2
(62 = o} T (WM ((m/a+myTy))
L

ok = Mg j:lﬂ,w}{w{f)fdf

,
A
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FOM Analysis

RX = DFE 4-tap, FOM_x (dB) vs. host trace length (mm)

FOM vs. Host race lengh (mm) - Noise

FOM vs. Host race length (mm) with 4-tap DFE

3 -

37

3s . - OSa=2n
—&- Chia=2m —&— Chib=3n
—ip— Chb=3n 33 O =4

Chc=4in 3 —a— ChEd=an

~—dr— ChSd=0mn

n |

27

25 4

20 25 30 35 a0 0 5 10 15 2 25 30 s 20

Q 1Sl is key contributor to FOM
o Sensitive to host trace length
S o Align to ‘valley’ among all range
Pscsonss o Majorly due to ‘reflections’
small comparing to other sources
o All above 27 dB
o Not key contributors

IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force
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Whole Link Performance — DFE1 F

- RX =DFE without 1t-tap, COM (dB) vs. host trace length (mm)

Nb14
Statistics of COM for all PKG settings - Ch. 5a
7
RX = DFE without 1sttap (DFE1) .
" S5
5 - ChSa=2mn
* * * 4 —&— ChsH=3n
a B @ hd "M Chsc=4ain
* Max 3 —&— Chsd=om
3 Mean 2
2 = ] ‘
X<
1. " 5 . - 0
o+ . — 0 5 10 15 20 25 30 35 40
Nb=4 ND=10
ND=3 Nb=5 ND=8 Nb=14
Statistics of COM for all PKG settings - Ch.5a . .
o U Comparing to DFE, DFE1 is much worse
5 o Around 0.5~ 1.0 dB COM loss
- & - - o Even N_b=14 can’t achieve 3 dB COM
* « *
aé "un
] L ®Max
3 u Mean
2 ll - - 9
1 3
l
0 +—— T T ' T T
Nb=4 Nb=6 Nb=10
Nb=3 ND=5 Nb=8 Nb=14
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COM vs. Host trace length (mm) - Fixed 5-tap DFE

Statistics of COM for DFE floating-tap with N_b=2, N_bg=1, & varying N_f

-
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Efficient Approach to Cancel Reflection

Whole link analysis of DFE with floating-tap

N_b=3, N_bg=1, N_bf=2, N_f=12

55 -

5} —@— Ch5a=2in
. 454 ~&— ChSb=3in
g8 4. Chc=4in
§ 15 —&— Ch5d=3in

3

25 -

2

0 5 10 15 2 .3 30 3 40

Hosttrace kength (mm)

O Just 2 floating-tap can efficiently cancel

“reflection” due to PKG
o Floating-tap spanning to 12 Ul can
cancel “reflection” due to 16 mm host
trace
o COM improves up to 1 dB comparing to
DFE with 5 fixed-tap
 COM sensitivity to floating-tap span (N_f)
o N_f=12isthe sweet point
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COM Settings — Whole Link

PS: Ran for test case 2 only

IEEE 802.3 100 Gb/s, 200 Gb/s, and 400 Gb/s Electrical Interfaces Task Force
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COM Settings — TP1a
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PS: Ran for test case 2 only
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Statistics of COM (dB)

Floating Tap — Mean/Min/Max

Cisco Host2Module Short Channel - Whole Link Analysis

COM Shatistics for Host trace length = [8:0.5:10 11:20] (mm)

5
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RX in Module
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