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System bandwidths growing to multiples of Terabits per second
= need for I/P devices with optical signaling close to the processor
Mid-board optical module (MBOM)
Cost and complexity of these systems makes simulations critical for system design decisions

Is modeling these busses with IBIS-AMI useful for important architectural decisions?
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Generation of IBIS-AMI models:

» Modeling of linear and non-linear components

Description of test setup:
= Measurements

=  Simulations

Measurement and simulation correlation:

» FDR (14.625 Gbps)
» EDR (25.78125 Gbps)

» Varying temperature

Conclusions
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MID-BOARD OPTICAL MODULE
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Highly non-linear and complex device to model
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MID-BOARD OPTICAL MODULE

| CONNECTOR TE 28Gbs MODULE PLATFORM

Optical Tx portion of MBOM
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MID-BOARD OPTICAL MODULE
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MID-BOARD OPTICAL MODULE

CONNECTOR TE 28Gbs MODULE PLATFORM

i

S 1L
™R 1r
LU il v
50/125um MMF /ﬂ
QUM DRIVER IC (4 CHANNELS)
RESET_L - TTRT
LPLMOOE 1™ w"ml :nlnl - | mmonmon
INT L'L H [ osx asee
= | 12C $DA L] PRISM & MOU
R MONITOR (4TH-ANULL-4RX)
Hm"l' * | X INT
n MBO
RCSOA -+ vy DUAL TURNING MIRROR
QUAD RECIEVER IC (4 CHANNELS) @x12)

OC BLOCING e

R o P —— ~ Re-timer/Re-driver 2

JIVDCRN ) OPTICAL ENGINE 4xN CHANNELS) PIN
- QSFP(N=1) , MBO(N=3)

£3
= =
R
H
:
g
NN

GND

Breakdown of component model
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MBOM IBIS-AMI MODEL
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GENERATION OF IBIS-AMI MODELS

= Linear components modeled using step responses obtained from

transistor level design
= Range of MBOM settings that can be selected in model
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GENERATION OF IBIS-AMI MODELS

» VCSEL (Vertical cavity surface emitting laser) modeled linearly
= Although highly non-linear, in our range of operation a small-signal model

captures several important features
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GENERATION OF IBIS-AMI MODELS

CDR modeled using SystemVue
|dealized model that doesn’t demonstrate problems in real hardware
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TEST SETUP AT FDR AND EDR
» FDR =14.0625 Gbps. CDRs disabled on MBOM

Processor board

- switch board

-

= EDR =25.78125 Gbps
= Tx CDR enabled on MBOM eval board

MBOM
Pattern
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SIMULATION SETUP

| @ | ChannelSim I

L nes 1
ChannetSim 1
NumberOrgits= 500000

ToleranceModesAuto
EnforcePassMty=yes
Modes BR-oy-bit
S ) EveDar_Probe

S =] Eve_Probe gfééu_‘om

= o) Retimer2

cye_Froos
Retimer!

ol ]

> o C

L] l ) | o 3
4 ”“> ’.m> '
2= 5 2 = i ==
ReTimer. AMI ReTmer AM P $
54 = af = ; = = | Rx_AM
Tx AM - - ReTimer_AMI ReTimer_AMI2 SNP4 ~
J SNPS SNP3 = . = » S4AF Rx_AMI1
« | EvwDr Probe File="MBOM_S_param_Rx_sige s4p* SiF = -
DCAMIE Flles*sat2moom 34p*  Flie="MBOM_S_param_Tx_sige 34p" - et rom s | EyeDer_Prods =P _Fo P oNEe
= « Retmer2_out File="snen_t_tuB52_short sdp"

Simulating entire link allows us to see effect of jitter at input to MBOM at FDR where there are no CDRs.

We can correlate our measurements at a variety of points along the channel
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MEASUREMENT SIMULATION CORRELATION OF PASSIVE
COMPONENTS
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MEASUREMENT SIMULATION CORRELATION OF PASSIVE
COMPONENTS
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MEASUREMENT SIMULATION CORRELATION OF PASSIVE
COMPONENTS
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MEASUREMENT SIMULATION CORRELATION AT FDR
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B itchboard

Evaluation

- 1m board Realti
eal-time
\
T X 02 T T
: : — simulated : : : —simulated
015_ _____________________ ____________ _measured 015 ...... e ............ ........... ....... - measured

01 llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 01 ..................................................
005- AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 005 NS T
> > 0
0_. ...........................................................................
0.05},
0.05
-041
0 1 ............................................................................ _015
i : : _0% i i i i i
4 4.2 44 46 48 5 251 252 253 254 255 258
] T_ime {(ns) . Time (ns)
Electrical input to MBOM Electrical output of MBOM
Clock pattern measurements match to a first order but show differences in details
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MEASUREMENT SIMULATION CORRELATION AT FDR

PRBS31 stimulus
Much more jitter present in measurement. None added in simulation

Simulated (left) vs measured (right)
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MEASUREMENT SIMULATION CORRELATION AT EDR

Clock pattern slowed by 16x
Minimum pre-emphasis setting

» Model has faster rise-time than real hardware at this setting
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CORRELATION OVER DIFFERENT MBOM SETTINGS AT EDR
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EFFECT OF VARYING DRIVER FIR SETTINGS AT EDR
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Drastic changes in pattern before MBOM Tx do not affect MBOM electrical output at EDR as long as

signal at input to MBOM is not degraded
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OPTICAL MEASUREMENT SIMULATION CORRELATION AT
EDR
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Optical measurement and simulation results provide an easy path for tuning the Tx portion of the link.

Similar to electrical results, match is good to a first order but not agreeing in details

5

\/ 2016 JANUARY 19-21,2016 /
THE BOARD 22 Wincis V)



MEASUREMENT SIMULATION ACROSS TEMPERATURE AT
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* |BIS-AMI modeling useful for first-order approximation of
responses of electro-optical channels

= Without real hardware, we cannot rely on simulations for
final tuning settings and other details

* Very important to know how model settings relate to real
hardware
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Thank you!

QUESTIONS?
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