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Purpose

* Present a baseline specification proposal for CDAUI-8
c2m electrical interface in support the 400 GbE to
fulfill its objective of:

Support optional 400 Gb/s Attachment Unit Interfaces for chip-to-chip and
chip-to-module applications

QIEEE

P802.3bs San Antonio — Nov 2014



CDAUI-8 Chip-to-Module Link

CAUI-4 (83E.3.1 TP1a) VSR 56G (15.3.2, TP1a)  |CDAUI-8 Chip-Module Potential
Modulation NRZ PAM4 (Gray coded) PAMA4 (Gray coded)
Nominal Signaling Rate  25.78125Gb/s +/- 100 ppm ~ 19.6 <fb <30 GBd 25.78125 GBd +/- 100 ppm,
(each lane) 28.1 GBd®
Unit Interval 38.787879 ps 33.33 ps-51ps 38.78789 ps,
35.65 ps®
Loss Budget, max” 10dB 10.8 dB* 10.8dB
Uncorrected BER <le-15 <le-6 <le-6
Corrected BER n/a n/a << le-13

® Two operating signaling rates, with choice of higher rate pending PMA FEC selection.
b At 1/2 symbol rate, comprising host PCB trace, module PCB trace, AC-coupling capacitors and one connector.

¢ Informative.

Host Module
Host insertion loss up to 7.9 dB Module msertion loss up to 1.6 dB
Transmitter > | F———" Receiver
CDAUI-8 8 CDAUI-8
chip-to-module chip-to-module
component component
Receiver (4 y 4——|—— Transmitter
8

Connector insertion loss up to 1.3 dB <>

Chip-to-module insertion loss budget at 14 GHz
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Target IL curve TBD, pending results of 56Gb/s channel modeling and
measurements (all are compatible with PAM4 signaling at 28GBd)
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CDAUI-8 Host Transmitter

Differential peak-to-peak output voltage
(max) with Tx enabled
AC common-mode output voltage (max)

Differential peak-to-peak output voltage
(max) with Tx disabled
Differential termination mismatch (max)

Differential output return loss (min)

Common-mode to differential output
return loss (min)

Common-mode output return loss (min)

DC common-mode output voltage (max)
DC common-mode output voltage (min)
Eye Width (min)

Output total jitter (max)

Signal-to-noise-and-distortion ratio

Eye Height (min)

Transition time (min, 20/80%)

CAUI-4 (83E.3.1TP1a)
900 mV

17.5 mVrms
35mV
10 %

>9.5-0.37f, 0.01<f<8 GHz
> 4.75-7.410g,0(f/14), 8<f<19 GHz

> 22-(20/25.78)f, 0.01<f<12.89 GHz
> 15-(6/25.78)f, 12.89<f<19 GHz

2.8V

-0.3V
0.46 Ul at 1e-15

TJ: 0.54Ulpp @ 1le-15
Measured using CTLE

95 mV at 1le-15

10 ps

VSR 56G (15.3.2, TP1a)
900 mV

17.5 mVrms

10%

>11, 0.05<f<fb/7 GHz

> 6-9.2l0g,0(2f/fb), fb/7<f<fb GHz
> 22-14f/fb, 0.05sf<fb/2 GHz

> 18-6f/fb, fb/2<f<fb GHz

2dB

2.8V

-0.3V
0.25 Ul at 1e-6
applicable to all three PAM4 eyes

TJ: 0.75Ulpp @ 1le-6
Measured using CTLE

50 mV at 1e-6
applicable to all three PAMA4 eyes

CDAUI-8 Chip-Module Potential
900 mV

17.5 mVrms
35mV
10%

>9.5-0.37f, 0.01<f<8 GHz

> 4.75-7.410g,0(f/14), 8<f<19 GHz
> 22-(20/25.78)f, 0.01<f<12.89 GHz
> 15-(6/25.78)f, 12.89<f<19 GHz
2dB

2.8V

-0.3V
0.25 Ul at 1le-6
applicable to all three PAM4 eyes

TJ: 0.75Ulpp @ 1le-6
Measured using CTLE

50 mV at 1e-6
applicable to all three PAM4 eyes
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CDAUI-8 Module Receiver

Differential peak-to-peak input voltage
tolerance (min)
Single-ended voltage tolerance range (min)

DC common-mode input voltage (max)
DC common-mode input voltage (min)
Differential termination mismatch (max)
Differential input return loss (min)

Differential to common mode input return
loss (min)

Module stressed input test

CAUI-4 (83E.3.1TP1) VSR 56G (15.3.2, TP1)
900 mV 900 mV

-0.4to 3.3V =

2.85V 2.85V

-0.35V -0.35V

10 % 10 %

>9.5-0.37f, 0.01<f<8 GHz >11, 0.05<f<fb/7 GHz

>4.75-7.4l0g,,(f/14), 8<f<19GHz > 6-9.2log,,(2f/fb), fb/7<f<fb GHz

>22-(20/25.78)f, 0.01<f<12.89 GHz > 22-14f/fb, 0.05<f<fb/2 GHz
>15-(6/25.78)f, 12.89<f<19 GHz > 18-6f/fb, fb/2<f<fb GHz

83E.3.4.1 15.3.10.2.1

CDAUI-8 Chip-Module Potential
900 mV

2.85V

-0.35V

10%

>9.5-0.37f, 0.01<f<8 GHz
>4.75-7.410g,,(f/14), 8<f<19 GHz

> 22-(20/25.78)f, 0.01<f<12.89 GHz
> 15-(6/25.78)f, 12.89<f<19 GHz

Same as VSR
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CDAUI-8 Module Transmitter

Differential peak-to-peak output voltage
(max) with Tx enabled

AC common-mode output voltage (max)
Differential termination mismatch (max)

[ |cAUI-4(83E.3.2TP4) VSR 56G (15.3.3, TP4) |CDAUI-8 Chip-Module Potential
900 mV 900 mV 900 mV
17.5 mVrms 17.5 mVrms 17.5 mVrms
10% 10% 10%
> 9.5-0.37f, 0.01<f<8 GHz > 11, 0.05f<fb/7 GHz > 9.5-0.37f, 0.01<f<8 GHz

Differential output return loss (min)

Common-mode to differential mode
output return loss (min)

Common-mode output return loss (min)
DC common-mode output voltage (max)
DC common-mode output voltage (min)
Eye Width (min)

Output total jitter (max)

Signal-to-noise-and-distortion ratio (min)

Eye Height (min)

Transition time (min, 20/80%)

>4.75-7.410g,,(f/14), 8<f<19 GHz

> 22-(20/25.78)f, 0.01<f<12.89 GHz
> 15-(6/25.78)f, 12.89<f<19 GHz

2.85V
-0.35V
0.57 Ul at 1e-15

TJ:0.43Ulpp @ 1e-15
Measured using CTLE

228 mV at 1le-15

12 ps

> 6-9.2l0g;,(2f/fb), fb/7<f<fb GHz

> 22-14f/fb, 0.05<f<fb/2 GHz
> 18-6f/fb, fb/2<f<fb GHz

2dB

2.85V

-0.35V

0.4 Ul at 1e-6

applicable to all three PAM4 eyes

TJ): 0.6Ulpp @ 1e-6
Measured using CTLE

120 mV at 1e-6
applicable to all three PAM4 eyes

>4.75-7.410g,,(f/14), 8<f<19 GHz

> 22-(20/25.78)f, 0.01<f<12.89 GHz
> 15-(6/25.78)f, 12.89<f<19 GHz

2dB

2.85V

-0.35V

0.4 Ul at 1e-6

applicable to all three PAM4 eyes

TJ: 0.6Ulpp @ le-6
Measured using CTLE

120 mV at 1e-6
applicable to all three PAM4 eyes
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CDAUI-8 Host Receiver

Differential peak-to-peak
input voltage tolerance (min)

DC common-mode input
voltage (max)

DC common-mode input
voltage (min)

Differential termination
mismatch (max)

Differential input return loss
(min)

Differential to common-
mode input return loss (min)

Host stressed input test
Jitter tolerance

CAUI-4 (83E.3.2 TP4a)
900 mV

2.8V
-0.3V
10 %

>9.5-0.37f, 0.01<f<8 GHz
> 4.75-7.410g,,(f/14), 8<f<19 GHz

> 22-(20/25.78)f, 0.01<f<12.89 GHz
> 15-(6/25.78)f, 12.89<f<19 GHz

83E.3.3.2

VSR 56G (15.3.2, TP4a)
900 mV

2.8V

-0.3V

10%

>11, 0.05<f<fb/7 GHz

> 6-9.2log,o(2f/fb), fb/7<f<fb GHz

> 22-14f/fb, 0.05sf<fb/2 GHz
> 18-6f/fb, fb/2<f<fb GHz

15.3.10.2.1

CDAUI-8 Chip-Module Potential
900 mV

2.8V
-0.3V
10 %

>9,5-0.37f, 0.01<f<8 GHz
> 4.75-7.410g,,(f/14), 8<f<19 GHz

> 22-(20/25.78)f, 0.01<f<12.89 GHz
> 15-(6/25.78)f, 12.89<f<19 GHz

Same as VSR
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CDAUI-8 c2m Tx & Rx Differential Return Loss Spec

-RL (dB)
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CDAUI-8 c2m Tx Common-Mode to Differential
& Rx Differential to Common-Mode Return Loss Specs

-RL (dB)
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=== CE|-56G-VSR SDC11, SCD11
e P802.3bm 83E c2m RLdc, RLcd
e CEI-56G-VSR SDC22, SCD22
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Compliance Boards
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 Same as CR4 (Cl. 92)

— No new compliance boards required
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CDAUI-8 c2m Test Patterns

 CDAUI-8 PMA can reuse test patterns defined in clause 94.2.9
including:

— JPO3A test pattern
— JPO3B test pattern

— Quaternary PRBS13 test pattern (if the termination block
(i.e., 94.2.2.4) is removed, this will need to be changed
accordingly)

— Transmitter linearity test pattern

¥IEEE
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CDAUI-8 c2m PAMA4 Jitter and Eye
Height Parameters

i i e
' ee
. AVmid x
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i‘ :o See Appendix for
measurement procedure

-
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Module Stressed Receiver Test

* Same test configuration as Annex 83E
— Modified for PAM4 testing consistent with 56G-VSR-PAM4

Sinusoidal jitter

v

Random jitter

Pattern
generator |, |

Bounded
uncormrelated
jitter

Termination
and crosstalk

F

calibration

h

Frequency-
dependen Vi

attenuator ‘

—» Amow showing signal flow

—= Amow showing mechanical insertion

TP4a Crosstalk
RS -I:I(-ZES-"- generator
ll-(--l----ll TP'Ia
+ Testsignal calibration
______________ . Reference receiver
[ ]
TP4 & _
T i mmmm - %—' |
Scope CTLE
MCB
""" - Reference
TP1 . CRU
I----------..:
i
.
B oehomm +.
H - Module under test
RS i

Figure 83E-15—Example module stressed input test

Table 15-7. Sinusoidal jitter frequency for TP4 and TP1 testing

Sinuscidal jitter,

Frequency Range (Hz) Peak to peak
(un
F=fh/849600 Not Specified
/849600 < f < fh/B496 5'T0/(84960077)
h/8496 < T < 10xLB 0.05

NOTES:LB = Receiver Loop Bandwidth

P802.3bs
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Host Stressed Receiver Test

* Same test configuration as Annex 83E

Sinusoidal jitter

Y

Pattern
generator

F 3

Random jitter]

Bounded
Uncomrelated
Jitter

Termination

calibration

and crosstalk

TP1a

433—

blocks
or

>

— Modified for PAM4 testing consistent with 56G-VSR-PAM4

| TP4a

VINA

— Amow showing signal flow
—=  Armow showing mechanical insertion
Electrical signals shown single ended for clarity

P802.3bs

Figure 83E-14—Example host stressed input test

TP1
Crosstalk
se - >+ generator
'
[ ] - . .
' MCB Test signal calibration
[ ]
L . . Reference receiver
[ - ¥
L}
: Ty
IeEEEEEN : Tpd % |
| cope CTLE
HCB 4
[ ]
/ . Reference
. . CRU
-------- a
[ ]
[ ]
[ ]
L}
L}
L}
-
'S
' Host under test
:;" Table 15-7. Sinusoidal jitter frequency for TP4 and TP1 testing
Sinusoidal jitter,
: Frequency Range (Hz) Peak to peak
' (un
: | |f=fb/843600 Not Specified
! | [0/849600 < < /8496 5*10/(849600°7)
| |b/8496 << 10xLB 0.05
NOTES:LB = Receiver Loop Bandwidth
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Host / Module Output Waveform Test

* Same test configuration as Annex 83E
— Modified for PAM4 testing consistent with 56G-VSR-PAMA4

TP1
VINA or —_—
Scope il EEEE L >« Terminations
MCB
Reference receiver ' Crosstalk
] ] EEREER > » calibration
— i
Scope CTLE ord———— Brmmeees i TP4
C talk 2
Reference rossta —
CRU generator : TP1
TPda E"""" il R >« Crosstalk Generator
' '
ot Ahlﬂ """"""" pa~ : McB
1 —» Anowshowng sgnatfiow . ' Host under test . Reference receiver
' —»  Arow showing mechanical insertion iy H > »
' . . - . ' - — : é
 Siecea sinals Shoun snle nded o ey Crosstan : Pa | O —
calibration . Tope CTLE
Figure 83E-9—Example host output test configuration — VINA or
Terminations Scope Reference
CRU
L ]
L ]
L ]
L ]
- yTTTToTrmmm o Sosmrm e TERTTTES '
Module under test : : —» Amowshowngsignalflow :
- |—>—}' ' — Amow showing mechanical insertion '
' 1 Electrical signals shown single ended for clarity |
Figure 83E-11—Example module output test configuration
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Summary

* Baseline proposal using PAM4 signaling for a
CDAUI-8 c2m electrical interface specification:

—Supports CAUI-4 c2m channel

—Reuses test infrastructures and setup in Annex 83E

—Is consistent with CEI-56G-VSR adopted baseline
specification

* Straightforward to extend/modify Annex 83E specification
for PAM4 signaling

¥IEEE_
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Appendix

Extracting PAM4 Eye Width and Height
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e Reuse Annex 83E.4.2 method to:

1. Capture QPRBS13 pattern (> 4 million symbols)

2. Apply reference CTLE « — >
3. Construct CDFs of eye edges I
4. Locate center of Unit Interval

Unit Interval

left edge of
middle eye
right edge of
middle eye

o<
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e Reuse Annex 83E.4.2 method to:

5. Construct CDFs of signal voltages of middle eye at }: Ul
6. Find mean amplitude of middle eye, AVmid, at % Ul

AVmid 1

1Ul

y
. ANV S| —

¥IEEE
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Extract middle eye width (per A83E.4.2)

7. Hmid = 1e-6 inner eye width sliced at center of mean eye height

1Ul

Pl
% >,
1 1
d
N

?'mfhdm.dm : o éi"é’fé
x_____+____°_ Hmid Er _______ .___r}:. _________
; . ; ¢ I AVMid/2
S - i

10 probability --—---
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e Extract middle eye height (per A83E.4.2)

8. Construct new CDFs of signal voltages of middle eye at Hmid/2
9. Vmid = 1e-6 inner height of middle eye at Hmid/2

’ 1 Ul g
" osu
M ;
T
PR R T
P =0 —
5‘: B 3 é :im% |
; ‘ ! P i probability
P i e
X
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e Extract upper and lower eye heights
10. Construct CDFs of signal voltages of upper and lower eyes at Hmid/2
11. Vup = le-6 inner height of upper eye at Hmid/2
12. Vlow = 1e-6 inner height of lower eye at Hmid/2

1 Ul

10
probability

N VuppIZE{
A A '
wop  dummm (1D

'10°%
probability
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Extract upper and lower eye widths

13. Hupp = le-6 inner width of upper eye sliced at Vupp/2
14. Hlow = 1e-6 inner width of lower eye sliced at Vlow/2

Hupp
w* 1
i center pf i :
l ’pﬁgr-é e - t’
E | ugp o !
upp

10 probability -----
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