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Introduction

The MIPI I3C Improved Inter-Integrated Circuit interface is first introduced in a server
application for the DDR5 DIMM Serial Presence Detect (SPD) function.

Its implementation exceeds by far the bus capacitance/loading specification, which was
defined for low capacitance Mobile/loT applications.

This presentation covers the interoperability challenges of the dynamic push-pulland
open-drain operating modes on I13C BASIC server applications.

Covering an in-depth analysis of the implications of long PCB traces, multiple DIMM routing branches,
several loads, to the electrical and timing parameters.
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I3C Communication Bus specification was released by MIPI Alliancein 2016, as an
improved communication protocol comparedto its predecessor 12C, but

the implementation of I3C, in a Data Center (Server) application was materialized until
2020.

The main enhancementsin I3C adopted by the DDR SPD function are:

Higher bit rate: up to 12.5MHz, compared to 100KHz-1MHz 12C SPD in prior DDR generations
(125x to 12.5x higher bit rate).

Better 10 electrical interface: Push-pull driver vs Open Drain only.

In-band interrupts (IBI) support — Not supported in DDR5 now, but looking for support in the
future (or in other Server use cases).

In band Common Command Codes (CCCs) — Direct or Broadcast.
Reduced interface power (1.0V 10s).
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Introduction cont'd

The DDR5 SPD interface transitioned from 12C to MIPI I3C based on the following
requirements for the next generation DDR DIMM technology:
Lower 10 operating Voltage (as low as 1V aligned to advanced process node)
DDR4 SPD 10 voltage was 2.5V

Higher interface hit rate (400KHz to 8-12.5MHz in real applications) due to the increased
number of devices per DIMM to be managed

DDR4 had two devices per DIMM vs five devices in DDR5
Considering 8 DIMMSs per SPD segment, this is 16 vs 40 devices

Higher bit rate to reduce boot time (diminishing Memory Reference code execution time)
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DDR4 VS DDR5 SPD DIMM Connectivity
DDR4SPD
i | | S
Tenpng‘?'lsnr RED
12C Platform Controller 12C Platform Interface
12C Pltform 1oV 3.3V I 2.5V,
Cortroller | ( il ] > SL:; + ( :
(CPU ar BMC) 1 J
DDR5SPD
flost sd= Loca| Side Regizeri Power Temperature || Ti Erswre
nterface SPDI3C HuB | Irterface C:fjcl:rrvr: Management Sr;:snr#:l z‘:‘snrﬂ
(Reo) 1€ (PMaC) (rs1) (w2}
13C Platform Interface
13C Platform (1.0v) . . . ..
Cortroller Providesisolation and transparent communication
EUSLEEY from the Host to the Local devices (5pf per device)
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DDR4 vs DDR5 SPD DIMM Connectivity
+  DDR4SPD
SPD Memory -
[Tern:gsnr gh?;?;lrg
=) o)
12C Platform Controller 12C Platform Interface
12 Plstform (1.0V or3.3v) [_] (2.5v)
Controller [« il » 3|;1Ei1::r <
{CPU or BM ) ;J
+  DDRS5SPD : :
Hn?t:n};i: Local Sd= Regisering Power Tempersture || Temperawre
SPDISC HUB | Imerfacs Clock Driver Management Sensor#1 Sensor #2
(RCD) IC (PMIC) s1) 1s2)
13C Platform Inte rface
13C Platform (L.0v) i .
Controlr [« X Introduces a time delay (12ns round trip) between
SO Hostand Local Devices

MIPI.ORG/DEVCON M@BILE & BEYGND @ 2021 MIPI Alliance, Inc. 9

Juan Orozco: JERE/STURITRELTERS, SPD HUB EIEMEER\GRAPHIKFRIIEE, FRREHIZRER

*E E%@ﬁ 12 &, ERERHIESVWEIBIM R, TN HzeisFis, MyEEE
ZSFPEY . BEETARES Nestor 445:R08.

© 2021 MIPI Alliance 9 MIPI DevCon 2021



28-29
mipr
DEVCON SEPTEMBER

MIP! ALLIANCE DEVELOPERS CONFERENCE : ! O : ! ]

DDR5 SPD Bus Characteristics

MIPI.ORG/DEVCON © 2021 MIPI Alliance, Inc

Nestor Hernandez: %] Juan BH1E, EFRNEE SPD EiHHSE,

© 2021 MIPI Alliance 10 MIPI DevCon 2021



mipi DEVCON
DDRS SPD Platform Connectivity - B iam -

BMC
Host side Server PCB routing { [
— Total length could exceed 50” I
Server motherboards are BIG: upto 16”x19” [ 1
*  BMC controller is located at the North -
side R
* DIMMs are located at the South side
8x DIMM s 19"

*  CPU to DIMM SPD routing has lower
priority than high speed 10 routing
(DDRS, PCle G4/G5, etc.)
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Routing length and capacitance

DimviM 1 Divim 2 DIvIM 3

B 5O
HUEB

Controller
1.0V 10V

Rewan! Ry s

.
L e (e p— A e

* Host side Total Capacitance

*  Hostside Server PCB routing — Each device apports 5pF

— From Controller to DIMMs (L;,+L,+L,,): ~25” + 1CPU+8HUBs=45pF
—  DIMM routing (Lg;ym): 3-5”/DIMM, 28” 8x DIMMs — PCBroutingis ~3pF/in
— Total PCB trace length: ~53” = 53" *3pF=~159pF
— Totaling:
+ Dev(45pF)+PCB (53pF)=~204pF
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*  There are three operating modes supported by the I13C protocol:
— 12Cmode with Open-Drain(OD) buffer class.
— 13Cmode with Open-Drain buffer class.
— 13Cmode with Push-Pull(PP) buffer class.

*  The OD class requires a pullup to set a stable “Logic-high”.
* The pullup is set accordingly with the total capacitance on the bus.
* High capacitance busses requires a “Strong pullup”

—  Strong pullup guarantees rise time specification to pass.

*  The PP class requires a High-Keeper pullup.

low period.

—  Weak pull-up lessens the voltage levels disturbances

12C and MIPI I13C Retro-compatibility Challenges

— A “Weak pullup” is required to the target device with low current can pull SDA signal low within a minimum

mipiDEVCON

MIPI I13C Basic Spec requires Dynamic pull-up control to switch between “strong pull-up” and
“weak pull-up” to optimize open-drain and push-pull timing requirements.

MIPI.ORG/DEVCON M@BILE & BEY@GND
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Non- Dynamlc PuIIup impact in a 204pF bus

Rise Time Clock
<Push-Pull Open-Drain—>
B i The Highest the PU
E Rise timeincreases
F 53 — VIH never reached with pull-up higher than 80082
58 *  Limit max operating frequency
1000 2000 3000 4000
Pull-up Resistor (Ohms)
2 Fall Time Clock
e * On-Board PU can guarantee an OD max operating
% e Fall time decreases frequency.
E - — A parallel equivalent Rpy_uk | [Rpy_gpof 333.30
o * Risetime=75.3ns
1. . . . .
. . - oo - A pullup 2 550Q negatively affects both rise time
Pull-up Resistor [Ohms] and operating frequency
Voltage Output Low [VOL)
006 L]
. W, decreases
g.:..:a A trade-off among pull-up value, rise time
2 and Vg, is required to meet the highest
1oan 200 300 ama operati ng freq uency
Pull-up Resistor {Ohms)
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Rise Time Clock 0D

W
Rise timeincreases
160

T ax

E a0

& C
n ®®

200.0 300.0 400.0 500.0

1204

600.0 700.0 800.0

Pullup (Ohms)
0 Fall Time
Fall time decreases
L
S [Teege,
= a ..
g
& s
7 \
200.0 400.0 600.0 200.0
Pullup (Ohms)

Vaoltage (V]
2 -

Voltage Output Low

V,, decreases

Pullup (Ohms)
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Buffer Ryy value design implications
028 Ron impact on Vg . S Ron impact on Ig,
;-9.2 eeeeceeces@eedl z
2 015 i S - °
gl.:n -Q-QQ.QUQQQQQQOQIQQ E;ooooooooooooooo
o : £
7 os Sl geeeeeneeeeReee
. :
0 10 0 2 0 Y a 10 20
Trace length (inches) Trace length (inches)
Ron=20chms @ Ron=40chms e Ron=100 chms Ron=20 ohms @ Ron=40 ohms @ Ron=100 ohms

The bigger the Rgy, the higher the Vg is:

ncreasing trace length results in higher v,

With the longest trace length, V= 192mV, L ;
Assuming V,=0.3V then the transition marginis 108mVv BV llmltmg Ron into a max
Low transition margin can cause idle states range of 400Q) ensures a
Setting the Ry, at 40Q reduces the Vg, healthy Vg by setting a max
With the longest trace length V= 146mV, lo bigger than 3mA
fVIL=0.3V then the transition margin is 154mV

Notice that at the longest trace length with Vg =146mV
the Iy, is 3.66mA
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TARGET driving to PRIMARY: Setup margin

o ax — ax T ok — T
T
PAMARY. LK wow YT\ PRIMARY SPD HUB TARGET
Tt /i prms R+ &\I — DATA — —

Y

) DATA DATA [ - DATA
PRMARY-HUB_CLK Il Y
Tpa ok Hus & f
HUB CLK \ / \
LK HUB-TARGET
HUB-TARGET_CLK / * f \
M TARGET driving to PRIMARY: Setup margin
TARGET_DATA .
Thit_oata_TaRceT-HU ) T =t - T + T
TARGET-HUB_DATA ~ "-TA “)(\ \ SUmar ='LOW ( mCLKPHMMRY—»HUBm" PdGLKHUE

Tpd paTa HUB 4 + T + T
HUB_DATA - -
- ) ; \ MeLkig.. TARGET 5y CODATATARGET

PRMARY_DATA Tot_ oo rusprosrd,]

+ T + T,
mﬁ'ﬂTATARGET_.HUBn-se PApATAL g

Tou margn % Tou sy

+ Tﬂ!DATAHUBqPFHMARYﬁse) - TSUF’HIMARYm,gX
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Frequency 10 MHz . FLIGHT TIME
Duty cycle 35 % B K
tLOW 65 ns .
tflt_CLK_PRIMARY-HUB_fall 19.1 ns 21 HHREX
tpd_CLK_HUB 6 ns 2 1 N N B N I EELE L
tflt_CLK_HUB-TARGET_fall 47 ns s 6333560056 .
tco_DATA_TARGET 12 ns L e
tflt_DATA_TARGET-HUB_rise 1.972 ns T c 1w 1= wm = m om e
tpd_DATA_HUB 6 ns TRACELENGTH (INCHES)
tflt_DATA_HUB-PRIMARY rise 9.8 ns + 10MHz Tflt_CLK_PRIM ARY-HUE_fall o 10MHz Tfit_CLK_HUB-TARGET_fall
tsu PRIMARY max 3 ns + 10MHz Tftle_DATA_TARGET-HUB_rise = 10MHz Tflt_DATA_HUB-PRIMARY _rise
Setup Margin _ 2.253 ns w0 TIME MARGIN
The longer trace length the biggest flight time o
z
Inner device propagation delay plays a significantrole ¢ ®
in definingthe operating frequency. Foo AlAMAAng

The highest the Tpd the bigger the time margin -10 %
reduction. e

5 10 15 20 25 20 35 40
Increasing tLOW provides extra timing margin. TRACE LENGTH (INCHES)
M Hz 10MHz 4 12.5MHz
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Frequency and AC/DC parameters impact
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Duty Cycle impact on Time Margin Duty Cycle impact on Clock High Period Duty Cycle impact on Clock DIG High Period
0 %2 * g e ®
s ®
L] = e © ° 52 e o © ©®
_0%eq, . 40 s ® * _sl o o ° S —
e oy, ° B3 s © ° s o 9 L s & o ¢ °
10 @ L ] - [ 40 4 : L1
E OOOOOOO 0... Eg: P T ) _E36® L]
Fos L] Foawg ® St
T TYY) 20 | 3
o o 0
30 35 40 45 50 35 En 39 41 43 45 E 7 a3 a5
Duty Cycle (3] Duty Cycle (5)

e 41
Duty Cycle [%)

@ BMHz 40 inches @ 10MHz 30 inches ©12.5MHz 2 inches @ BMHz 40 inches @10MHz 25 inches ©12.5MHz 2 inches @8MHz 40 inches @10MHz 25 inches o 12.5MHz 2 inches

Increasing duty cycle reduces tLOW, thus reducing the Time Margin.
When reducing the Duty Cycle the tHIGH and tDIG_HIGH are affected.

- Small Duty Cycle can produce a NOT PASS on tHIGH/tDIG_HIGH.

A correct selection of Duty Cycle provides extra time margin to
complete the setup transaction, granting higher operating frequency.

From MIPI 13C Spec tysy min 24ns, tpis_wien min 32ns

MIPI.ORG/DEVCON M @ B| |_ E & B E \/{:‘,» N D. © 2021 MIPI Alliance, Inc.
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Non-monotonic signal behavior

»  Termination effect on transmission lines
— Non-terminated circuit:

* Signal bounces back and forth
between the driver and the
receiver.

Tx-terminated circuit:
Reduces drive strength
Increases propagation delay
Limits buffer capabilities
Rx-terminated circuit:
Reduces bouncing effect
Increases propagation delay

MIPI.ORG/DEVCON MA@BILE & BEY®GND © 2021 MIPI Alliance, Inc. 23
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Slope reversal capability and timing
improvement
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Slope reversal capability and timing improvement

*  With the non-deterministic loading of an

unterminated bus, there can be reflections on the NonTerminsled 7 =

bus causing slope reversal on the Rx signal. 1| RxTerminated /
Tx-Terminated |

. By sampling at the firstthreshold is possible to Test
filter Non-Monotonicity's; Schmidt triggered

inputs

av=1a578am /.
¥ -

______

i §§

;

— Non-terminated VS Rx-Terminated: .
dX= 6.45662184488n,

|mpr0\."es 2.3ns 1dXm 154, BTITEI5I444M
1 dX=8.8322058512n,
1/d¥= 113.22158738568M

——
i dx= 10.57082855148n,
A 1idX= 96.42431123367M

— Non-terminated VS Tx-Terminated:
Improves 3.92ns

BER

§

Slope reversal capability provides additional ,
time margin that improves operating £ o wan W o ey - e
frequency and prevent false logic states.

L
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Summary

* 13C Applicationsin Server systems (such as DDR5 SPD) are dealing with higher Bus
capacitancethan the max limit assumptions in MIPI spec (for 12.5MHz capable buses).

» Higher Bus capacitance applicationscan be mitigated by using good Buffer Drive
strength, strong open-drain class pull-up, and HUB isolation circuits.

* Adynamicpullup operationallowsto drive the interoperability challenges between the
open-drainand push-pull operating modes; by enablinghigher operating frequencies
on both modes and limiting critical parameters to meet latest specification.

* Strong buffers tend to increase signal energy reflections, specially in complextopologies
resulting with slope reversal conditionsat Devices' Inputs.

* Schmitt trigger capableinputs are required in order to mitigate slope reversal
conditionswhen dealing with high bus capacitance and strong buffers
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