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Agenda

* RJ (Random lJitter) Impact on C-PHY Eye Diagram

*  Tx Impairment Budget Case Study

*  MIPI PHY Simulation Solution in ADS (Advance Design System)
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C-PHY Physical Layer Overview

Hioh 3 (HS) Mod Minimum configuration:
igh Speed ( . S) .0 € ¢ 1lane (trio)
*  Signaling
. 3-phase signal T A -
. 3-wire group CPHY .
*  Clocking I
*  Embedded clock g Gt
* Datarate T
Tx_Cphy SnP
Short reference channel Standard reference channel  Long reference channel Bl SHE
d 2.5 Gsps . 1.7 Gsps . 1.3 Gsps
. 4.5 Gsps with TXEQ . 3.5 Gsps with TXEQ . 2.3 Gsps with TXEQ The channel may consist of several
. 8 Gsps with RXEQ . 6 Gsps with RXEQ . 4 Gsps with RXEQ cascaded transmission line
segments, such as, PCB, flex-foils,
*  Channel compensation and cable connections, that might
. Advanced TxEQ (Tx Equlization) also include vias and connectors.
. Rx CTLE (Continuous Time Linear Equalizer)
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MIPI ALgANCE
DEVELOPERS
KEYSIGHT CONFERENCE
TECHNOLOGIES TAIPEI

18 OCTOBER 2019
© 2019 MIPI Alliance, Inc. MIPI.ORG/DEVCON | 2019 3



AT TR SRR il 1 ca ey o ocvcon

Jitter Types in a C-PHY Channel

* Random lJitter (RJ)

* Deterministic Jitter (DJ)
— Encoding Jitter
— Inter-symbol Interference (ISI)
— Periodic Jitter (PJ)
— Clock Duty Cycle Distortion (DCD)

— etc.
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Trigger and Non-Triggered Eye with No RJ

*  We first look at RJ on two transitions
—  Strong 0 -> Weak 1 -> Strong 0
—  Strong 1 -> Weak 0 -> Strong 1

Non-triggered and triggered eye diagrams without RJ
Speed = 6 Gsps
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Trigger and Non-Triggered Eye with RJ = 2ps

Non-triggered and triggered eye diagrams with RJ (o = 2 ps)
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RJ Tolerance: Trigger and Non-Triggered Eye

1 W 1 1 W 1
I: :' L i
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1 1 W]_ 1 1?<_>12 Wz
1 > : |

«—> «—> B ——

7.0340, 7.0340, 7 0340’2

*  RJ Impairment on non-triggered eye

*  RJ Impairment on triggered eye

e C-PHY triggered eye width has better tolerance on RJ
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Combined PDF for RJ + Encoding litter

Encoding Jitter PDF RJ PDF Combined Jitter PDF
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Combined PDF for RJ + Encoding Jitter + ISI + Rx CTLE

Jitter PDF RJ PDF Combined Jitter PDF
(Encoding Jitter + ISI + Rx CTLE)
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Simulation Results (Short Channel)

ADS (Advanced Design System) (1M Bits)

RJ Non-triggered Eye Triggered Eye
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Simulation Results (Standard Ch)

ADS (Advanced Design System) (1M Bits)
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Simulation Results (Long Ch)

ADS (Advanced Design System) (1M Bits)
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Agenda

* RJ (Random lJitter) Impact on C-PHY Eye Diagram
*  Tx Impairment Budget Case Study
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TX Impairment for Short Channel + RJ

Speed = 8 Gsps

Conory = 1.5 pF ADS (Advanced Design System) (1M Bits)
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TX Impairment for Short Channel + RJ + 0.05 Ul DCD

DCD=0.05 Ul
Speed = 8 Gsps
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TX Impairment for Short Channel + RJ + 0.1 Ul DCD

DCD=0.1 Ul
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TX Impairment for Standard Channel + RJ

Speed = 6 Gsps
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TX Impairment for Standard Channel + RJ + 0.05 Ul DCD

DCD =0.05 Ul
Speed = 6 Gsps . .
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TX Impairment for Standard Channel + RJ + 0.1 Ul DCD

DCD =0.1 Ul
Speed = 6 Gsps

Conorx = 1.5 pF ADS (Advanced Design System) (1M Bits)
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TX Impairment for Long Channel + RJ

Speed =4 Gsps

Conorx = 1.5 PF ADS (Advanced Design System) (1M Bits)
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TX Impairment for Long Channel + RJ + 0.05 Ul DCD

DCD = 0.05 UI
Speed =4 Gsps
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TX Impairment for Long Channel + RJ + 0.1 Ul DCD

DCD =0.1 Ul
Speed =4 Gsps

Conorx = 1.5 PF ADS (Advanced Design System) (1M Bits)

Cpaprx = 1 pF
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Agenda

* RJ (Random lJitter) Impact on C-PHY Eye Diagram
*  Tx Impairment Budget Case Study

* MIPI PHY Simulation Solution in ADS (Advance Design System)
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C-PHY Physical Layer Simulation Challenges

*  Complicated transmitter and receiver modeling process including equalizations
—  Need simple transmitter and receiver models
*  No single platform solution but using multiple tools such as Verilog-A, meaning lots of
customization required
—  Need just simple one platform solution
*  Limited jitter analysis
—  Need full support of RJ, PJ (Periodic Jitter) and DCD (Duty Cycle Distortion)
*  SPICE-alike simulations result in long simulation time and limit number of bits that can
be simulated
— Need channel simulation technology for faster simulation with millions of bits

*  Non-triggered eye plot
—  Need triggered eye plot to support MIPI C-PHY specification
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C-PHY Simulation Solution in ADS Before

*  Dedicated C-PHY transmitter, receiver,
and eye probe with triggered eye

After

*  Supports both transient and channel
simulation technologies

|Q§I ChannelSim l @lTRANSTENT ]

ChannelSim
ChannelSim1

C-PHY Eye Probe

CphyEye_Probe
Triggered_Cphy_Eye

*  Supports Tx equalization, Rx CTLE
(Continuous Time Linear Equalizer), and
jitter models such as RJ, PJ, and clock

T N o

CRHY

Him C, b 4

Tx_Cphy SnP
SnP1

DCD it Roc oy
C-PHY Tx C-PHY Rx
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C-PHY Simulation Solution in ADS

Details on C-PHY Tx:

*  PRBS (Pseudo Random Bit Sequence) generation
— Maximal length LFSR, User defined LFSR, etc.

*  C-PHY encoding and mapping : | - =
*  Waveform parameters adjustment - ——
—  Vhighy Vmid» Viow rise/fall time, edge shape, delay, etc. — e
*  Advanced TxEQ o S e T | =
* litters o s —
— Random jitter, periodic jitter, Clock DCD, etc. e e e — -
*  Qutput resistance adjustment oo ——= =
= il ot e MIPI ALérAnc:
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C-PHY Simulation Solution in ADS

[ Edit CTLE Parameters:1 =

@ Preset () Custom

C-PHY Rx supports: vy A et
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* Input resistance adjustment = CT—
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; Frequency Response
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C-PHY Simulation Solution in ADS

[ CphyEye_Probe:2 X |

ads_sin =
| Trigge| @ CphyEye_Probe:2 G ‘

C-PHY Eye Probe supports: P |

Parameters Measurements Display

*  C-PHY eye mask
* Triggered/non-triggered eye diagram

- Eye height/width
¢ Uljitter, average Ul, minimum Ul

ClockSignal
Waveform
Density
>> Add >> EyeOpeningHeight
EyeOpeningWidth
<! | CheckMaskViolation
JitterAndUI
CheckCphyMaskViolation

*  Mask violation

Add All Remove All

*  Recovered clock e s g

" | Measures the maximum distance
between the zero crossing time
in the eye opening.
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MIPI D-PHY*M Simulation Solution in ADS

*  Features in ADS to support MIPI D-PHY signal integrity simulations
—  Smart eye probe with triggered eye function, multi-lane, single ended and differential signal support
—  8B9B encoder, EQ (de-emphasis), jitter (Random jitter, periodic jitter, DCD) in Tx

Smart Eye Probe

e
Clock Lane ol
Data Lanes 8
= MIPI ALLIANCE
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Summary

*  C-PHY triggered eye diagram has good tolerance on random jitter

*  The Impact of RJ on triggered eye width tends to reduce when combined with encoding
jitter and ISI

* The 0.15 Ul Tx impairment budget could be reduced
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