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I 1. Introduction

Simulation

Il History

» Qver 10 years, delivering the finest SI/PI solutions, ensuring trust and satisfaction among our clients.

System Diagram

NI Huwin-D: High-Level SI Analysis Wizard
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I 1. Introduction : Advanced Silicon/Package/PCB S| Technical Issues

Simulation

B Tech. Issues : Advanced Package

Tech. Issues :

— S—parameters

- Impulse Response
- Jitter

- X-talks

— Return path

- RL, TDT

- IL

— Skin Effects

- PAM4

— Hardware Security
— Full Ch. Auto verification
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* Source : SLIDES_Track04_Finite element modelling of copper_Wittmann.pdf , DesignCon2023

3 [Huwing




. . “1: . Simulation
I 1. Introduction : Advanced Silicon/Package/PCB S| Technical Issues

B Tech. Issues : Advanced Package

» Huwin ACVS Basic Sl (FEXT) and Eye/BER report results correlation example for Jitter analysis
Tech. Issues : _

Eye density : Output Point ' BER
— S—parameters

- Impulse Response o s - | | ‘

- Jitter S E> = | )
- X-talks e - j f (

— Return path | . ‘ [ '
- RL,TOT e

- |L ACVS Basic report example of Good ch, ACVS EYE/BER report example of Good ch,

— SKin Effects mﬂhﬁ:‘;E)ﬂ' imit{far end cross—tak 1Mth less Jitter noise

- PAM4

— Hardware Security

— Full Ch. Auto verification FEXT

Eye density : Output Point ‘ BER

TONT o
4 E & 2 .

ovg Mo

ACYS Basic report example of Bad ch, Over ACYS EYE/BER report example of Bad ch,
the FEXT mit { far end cross-tak summation) With more Jitler noise caused by FEXT
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Simulation

I 1. Introduction : Advanced Silicon/Package/PCB S| Technical Issues

B Tech. Issues : Advanced Package

Transient Solver for Advanced Package HBM Eye-diagram/BER analysis
: ACVS Transient solver (SimNX) development for HBM
-> enhanced solver for the HBM channel and model

HBM3 Capacitive
IBIS model Load
) ®
Tx Rx
) o —
Table 80 — Transmit Driver Current Specification Output Timing Reference Load
Nominal (mA) Min (mA) Max (mA) Notes.

50 64 3
100 50 120
120 96 a4
140 nz 165 12

NOTE 1 lmplemeatation optianal for devices pot supparting 6.4 Ghps
i st driver current is based en wessurement 0f0 5 x VDDOL

uo»:L /
T -0.2=

NOTE €= Croras - Cio: where Crotas, = 2.50 pF

T T T ]'Zl T T T l'zﬂ T T T T 4] T T T T 5',] B T T (\)I

Improved ACVS Transient solver (SimNX) results

027 > Resolve the divergence problem
02.4
92 0.700 E
01.8 S5q
0.600 ™
— 015 P
N 0.500
< 01.2 .
8’- 0.400 -
8 00.9 r; :
S = 0.300
2 006 °
00.3 % 0.200
S 0.100
B 0100
00.0 =
-00.3 0.000
-00.6 -1 -0.100
0 0.02 004 006 008 0.1 0.12 014 0.16 0.18 02 022 024 026 0.28 03 -0.200 -0.
Time [ns] -0.300 1

HBM3 Driver strength 14 mA examp|e 0 002 004 006 008 01 012 014 016 018 02 022 024 026 028 03
-> Solver divergence and solving time issue Time [ns]

HBM3 test example (ACVS)
» Tx 14 mA, Rx capacitive load condition (6.4 Gbps)
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I 2. SImMNX: Introduction

Simulation

Bl SI/PI analysis specialized solver framework
» Including frequency/time domain circuit solvers (SPICE like), 2D FEM, and post-processor
» Goal: Higher accuracy, efficiency and flexibility

Efficient processing ‘r;'f
for large-size S-parameter matrix

: Connecting, combination, termination...

(enabling GDDR®6, PCle Genb5, etc.)

¥1 [ohm]

0010

Z11:VvDD2

—DDRO
——DDR1
DDR2
DDR3

0001

1.00E-01 1.00E+00 1.00E+01 100E+02
Freq. [MHz]

DoRO | ooos | ooto | pass | oods | odco | pass Im peda nce
DDR1 | oos | oo | pass | ooso | oo | pass i

ooRz | oos | ooto [ pass [ ooso | oico | Pass I

DDR2 0008 0010 PASS 0043 0100 PASS ana ySIS

AMI
Tx

Algorithmic
model
-Static:
h(t)*TxEQ(t)
-Dynamic

: TX{h(t)*bit(t)}

Irx(t)=TxModel{V,,(t)}

[s]

Causal impulse responses
14
hy(t)
ha(t)

)

Rising/falling
response

Tex(t)=TxMode{Vou(t)}

Analog
(Non-LTI)

TD solver

AMI
Rx

Algorithmic
model
-Static:
hox(ty*RxEQ(t)
-Dynamic
T RX{TX(t)}

Eye density : Output Point

BER

Voltage [V]
g 5 & 8 2. 8 B

Log10(8ER)
&
2
]

28R COF

-10000

-12000

-14000

16000

Time [ns]

Qo0 005 Q10 Q15 020 025 Q30 035 Q40 045 0S0

Eye-diagram, BER analysis
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Simulation

I 2. SImMNX: Causal and Accurate Impulse Responses

B Extrapolation for extracting causal time response
» Low/high frequency range extension
» Ensuring low frequency accuracy and causality of time response

Direct IFFT, 1991

Vector fitting, 1999

Conventional

extrapolation, 2008

SimNX
extrapolation, 2018

....................................................................................................................................................... »
Accurac Low High High High
Y (non-causal) (fine fitting) (step resolution) (LSE)
Causality X @) (@] (@)
Low Freq. data Required Required Required Extrapolation
Propagation delay Not required Required Required Delay estimation
Efficiency of High Mid Low High
the method (IFFT only) (iterative fitting) (iterative search) (non-iterative)
. . . . Huwin
Applied solutions - Solution 2 Solution 1 ACVS, SnpView
Extrapolation of the band-limited S-parameter Causal timeresponse
A | | 4
1 1
1 1
1 1
1 1
1 1 “-' '-..
/\-’*‘ ‘0 -
0..': i # Delay-causal
Q@runs "‘ 1 1 >
i i 0 :
1 1 H
1 1 :
1 1 o g
0 fuL fun f l i >
0 T, t;
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I 2. SIMNX: Time domain Solver

Simulation

B Improved accuracy, efficiency, and stability for signal integrity analysis
» Support: Full transient, channel Sim. with AMI model (single, diff), TDR, TDT, etc.

3D EM simulation

(FEM, MoM, etc.)

L

Voltage

Results of TD solver

f—l-"

Freq. to time

domain transform

Fre?su_ency response "»
parameter)

Sll S 12 S13 S 14

S2l S22 S21 S24

S31 S32 S33 S24

_S41 S42 S43 S44 i

ay-causal > h,,,(t.)

Np

Precise IR

Voltage

t
Sl ) Eye-diagram
analysis

TDR
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. . cgs Simulation
I 2. SImMNX: Verified Accuracy #1

B Case study: TDR
» Full band S-parameters (up to 500GHz) -> ACVS TD solver -> Reference results
» Truncated S-parameters (up to 10GHz) -> ACVS TD solver -> Results for the accuracy test

s

I ACVS n

60
;
1| Reference Z2t V\~‘

¥

(1] [2,]
[ 4] -
[
e
O of
o
oo
A_L_'
o
o o
oo
o &
oo
e
oo
o ]
oo
S
oo
bty
oo
mr
o]
oo
x
S
YN
[=]

50—
48 . &0 T T
] 1 Solution 2
A6 \ U R A 58—
0.0 01 02 03 04 05 06 07 08 09 10 A

o0 01 02 03 04 05 06 07 08 08 10
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I 2. SimNX: Verified Accuracy #2

Simulation

B Case study: TDR
» TDR meter vs SImNX and other solutions with the truncated S-parameters
» Accuracy: TDR meter = SimNX >> Other solutions

80

75

70

65

45 -

—— TDR meter .

. USB Type-C fixture
— Solution 1

. 1~¥50GHz S-parameters
e Solution 2
——— ACVSSImNX | T \

(TD solver with low/high extrapolated S-parameters)

40

1.2 1.4 1.6 1.8

10
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. . Simulation
I 3. Current Challenges in SI/PIl Analysis

B Key Requirements for recent channel systems (ex. HBM, UCle, DDR, and PCle)
» Enhanced accuracy and speed through fully automated simulations
» Time and cost reduction with improved accuracy and reliability in SI/PI analysis

Higher simulation integrity

ACVS
Higher . | Higher accuracy Higher speed Automation
simulation integrity ° . o - SI/PI dedicated - SI/PI dedicated - Channel
= |- 2 o circuit solver circuit solver configurations
: - (time/freq. domain) (time/freq. domain)
New generation of - Analysis setup
SI/PI solution for - Precise & causal - Handling large
. o, ] -PCle Gen5~,DDR5, impulse responses S-parameters - Reporting
“©: @: Seriptbased GphRe, HBM (>10 GB)
In-house tool |5 = 1 in recent Al chip
3
Overcome
General-purp Limited accuracy Lower speed Complexity
Circuit sim - Conventional - Conventional - Configuration
circuit solver circuit solver - Analysis setup
(general purpose) (general purpose) - Measurement
- Causality of - Inefficiency in - Reporting
S-parameters large s-parameters
Simulation integrity of ACVS with higher simulation integrity

each solution
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I 4. ACVS: Introduction

Simulation

- High-Precision, High-Speed, and Reliable Sl/Pl Analysis

EM simulation

> ANSYS Slwave,
HFSS, etc.

~

ACVS: Channel simulation/reporting

SAMSUNG

I
SK"ﬁynix

@ LG

WOGAONCHIPS Qualitas Telechips

StepSystem CoColink (Vimeritech [5] SEMIFIVE

KAIST

tomation

,,,,,,,,,,,,

rameters| -

nnnnnnnnnnnnnnnnn

@ =
st spachation pw
o <
™ e || apes

Dram i
G |
V] v
Group Manag
uuuuuuuuu
-
o oas gl
o

Report

Report

» Automation of system simulation
with SImNX® engine.

» Reporting: charts and measurement.

» Applications: DDR4/5~, HBM3+, PCle,

UCle, C-PHY, etc.

/

S-parameters with 1000+ ports,
100GB+ file size

| Expanding automation coverage for recent applications I

\> Customized report /

12
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I 4. ACVS: Modules

Simulation

VV VYV VYV YVYYVY

Basic-SI: SI/PI essential analysis module in freq./time domain. Standard free
SerDes: AMI channel sim. (ex. PCle, UFS)

Memory: Transient, AMI channel sim. (ex. (LP)DDR4/5~, HBM3, UCle)
C-PHY: Transient with Tx EQ, Rx CTLE, Jitter
S-Tools

Power integrity Basic-SI Memory

EM automation
Transient
DDR reporter
Single AMI
: DDR5, HBM,
UCle

Freq.
: IL/RL/Xtalk,
VTF, RLC, Z,

1]

EM Pl SerDes
Automation
) wal Impedance Differential AMI
e Loop A L
\‘\: N /)’
S-Tools C-PHY

(el

Line-FEM Pro
S-Designer
S-Correction
PerfectCal Pro

Tx/Rx EQ,
Jitter

13

Accuracy/Time
guaranteed

Simulation results
(ex. voltage waveform)

~ ~

DDR
Reporter

: ANSYS Designer,
HSPCIE

Support list
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I 5. Basic-SI: Introduction

Simulation

B Basic-SI: Quick and easy verification for essential Sl analysis

> 'One click' -> 'All essential SI charts'

[Frequency domain] IL/RL/X-talk, Group delay, RLC extraction, Z, VTF, etc.

>
> [Time domain] TDR, TDT, Skew etc.
>

Exporting single S-parameter file of the combined channel.

-------------

S-parameters Waveform v

One click !

All essential S/ charts!!

A 4
Channel.s#p
'Advanced channel connection method'

for preserving all frequency points
of each .s#p files

)

Worst Net @2133MHz

=)

Accuracy/Time
guaranteed

CHO_Byte0

TDT Delay (ps)

TDT Slew Rate (V/ns)

Delay

Owi0_| 00O_| DQI_ | DQ2_ | 0G3_ | DO_ | DQ5_ | DQS_ | 0G7_
AT AT AT AT a7 a

a7 a a
elay | 35,650 54.500 45,850 56,650 | 45.200 | 54.750 | 47.950 42,950 50.500

Net name.

TDT MidV Time (ps)

Slew Rate

2,000 — —

ss00 | / I \—/ |

8,500 | i
==

s L e |

8200

‘Slew Rate [v/ns]

OMI0 | 0CO_ | DQI_ | DQZ_ | DQ3_ | DQ4_ | DOS_ | DAG_ | DAT_
A | a7l AT T AT AT a7 AT

ewRate| 5573 | 8955 | 5509 nas | 54ea | a7 | Bes as st

Mot name

TDT Skew (ps)

MidV Time

AAAAAAAA

| |Min MidV Time : 71.85 ps (OMIO_A)
| |Max midv Time : 91.5 ps Q2 A)

TDT Skew : 19.65 ps

_Byte0

ZO by sweep (chm) @1GHz

TDR

201y 1 lohm]
PEUEBEES
gggggges

Z0 by LC

Z0 by sweep

EEEEE

IEEEEEE

"Nt

nnnnnnn

14
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I 5. Basic-SI: VTF analysis

Simulation

B Comprehensive environment for UCle VTF Analysis
» Bi-directional analysis configuration support

» UCle 2.0 standard Tx/Rx RLC and limit line settings

» Automated report generation feature

Verification Items Select

Set as default

Channel Loss
Channel Setting

NetGroup  Byte v
RLC preset = Default

R(Q) L(nH) C(pF) Set All

TDR/TDT

X-talk Option

Limit Line

import || Export | 'O

VTF

Enable

C(pF) L(nH) R(Q)

0.2‘ 0

1e9 ‘

25 ‘ 0 ‘ 0.25 ‘ Left [S] port name » Right [S] port name

25 | 0 | 025 » 02| 0 | 1e9
25 0 | 025 » 02 | 0 | 1e9
25 | 0 |025 » 02 | 0 | le9
25 0 |0.25 » 02 | 0 | 1e9
25 | 0 | 025 » 02| 0 | 1e9
25 | 0 | 025 » 02| 0 | le9
25 | 0 | 025 » 02| 0 | le9
25 | o |o02s <:| 02| 0 | 1e9
25 | 0 | 025 <:| 02| 0 | le9
25 | 0 | 025 <:| 02| 0 | le9
25 | 0 |0.25 || CHO_RDQSO_T_B_Dram_PKG <:| CHO_RDQSO_T_B_Controller || 0.2 = 0 | 1e9
25 | o |02s <:| 02| 0 | 1e9

CHO_RDQS0_C_B_Dram_PKG

CHO_RDQSO0_C_B_Controller

‘ Basic-Sl (Channel loss/TDR/TDT) v ‘ ‘ Memory analysis (Eye/BER) ‘
‘ SerDes analysis (Eye/BER) v ‘
VTF Results
VTF Loss VTF Crosstalk
10w oo
2l
g T I e T e
T e W rmrnenn | ] AR TR o
E W ———— CH0_DOWTE €. DIE22.T1 § e ———— CH0_LOUTO.C_DIE 83 T1
oo y £
—— Cloome TDE 17 11 250000 ot 10K 1 11
non CHe. DN, C DIE 108 71 o Cho i CDIE 18 T
o |
™ a0 0 1500 0m a0 s00 0 1500 00
Freq. [GHz] Freq. [GHz]
VTF Channel Setting
R (Q) L(nH) | C(ph Left [$] port name Right [S] port name C (ph) L (nH) R (Q)
25 0 0.25|CH0_DOUTO_T_BGA_P16_T1_Serial_ PKG |CHO_DOUTO_T_BGA_P16_T1_PCB_Borad 0.2 0] 1.00E+09
25 0 0.25|CHO0_DOUTO_C_BGA_P15_T1_Serial_PKG |CHO_ . C_BGA_P15_T1_PCB_Borad 0.2 0| 1.00E+09
1.00E+09| 0 0.2|CHO_DINO_T_BGA_M16_T1_Serial PKG  |CHO_DINO_T_BGA_M16_T1_PCB_Borad 0.25 0] 25
1.00E+09 0] 0.2|CHO_DINO_C_BGA_M15_T1_Serial_PKG  |CHO_DINO_C_BGA_M15_T1_PCB_Borad 0.25 0 25
VTF X-talk Option
- VTF Crosstalk Option : Aggressor@Rx -> Victim@Tx (UCle standard)
- VTF Crosstalk Calculation : 10log(sum(|x-talks|*2))

15

Support UCle VTF
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I 6. SerDes Module (AMI Simulation): Key Advantages

Simulation

B Supports all X-talk effects in SerDes AMI simulation

X-talk

» Fully automated in SerDes AMI simulation including all X-talks. + Basic-SI

-1l

AMI
Tx

Insertion

Crosstalk

- Channels

eres oGl
<2 1%

FIRST & ONLY

0 001 002 003 004 005 006 007 008 009 01 011 012 013 014
Time [ns]

SerDes AMI Analysis (cifczrir"c ztierﬂfﬁ;t:)r) (cicr::)t?tp;g:g lra’for) ?S:I“:(l)rl‘ult\gas)
wi?éngrlgsii:ralk Not Supported Support Support
Fwtihca\por;{tl;al\li(rs Not Supported Not Supported Support
Report Automation Not Supported Not Supported Support
Support all

16

([ Huwinj




. . . . . Simulation
I 6. SerDes Module (AMI Simulation): Performance Highlights

Il Case study: PCle Gen5 (32 Gbps, IBIS-AMI, 16 diff. pairs, including all X-talks)

No difference
ut f3

- °=Mt
— ’7S€hemat*€§manuat i E:,:: y - , < hw:r

Competitors ACVS

Tx/Rx AMI models + Channel S-parameters Solution: ANSYS Ch. modeling + ACVS SI/PI analysis
PRBS: total 2,270,000 bits Etet bbb e e

(=ignore bits: 2,240,000+ input bits: 30000, PRBS15) e === T == -\""\:“ﬁ\ﬁ\‘\ = | ===

0.3

~~~~~~ e e B R R e e B e
(Ignore Bits (Usage Info) (Type Integer) (Default 2240000) i 1 LLETR ====| i - S | - ==

e T , i —— iy
et b | (TP == TR
Solution type Conditions Analysis time HW-H " HMW ""' —

-manual setting . e
Competitor-2 | (over ~1h) 1%‘;'0:‘ {GF;E:‘" E T ===

-without reporting T == |l ===

I —

-Semi-automated 15h / pair EE——=
configuration Total = 240h |

Competitor-3

I = | D=

-auto setting S'Hf e B N Er
ACVS -auto reporting 3h40m Qk Basic-Sl: 38m AMI: 3h 40m

- (Huwinj




Simulation

I 7. Memory module: Performance Highlights #1 INext/X]

B Cases study: LPDDR5x (Transient simulation) 1160-ports Ch. model
v' 6.4Gbps, step->UI/32, sim. Hawk-eye Fast option setting
v Tx/Rx IBIS models: Non-linear model (Rising/falling waveform, pull-up/pull-down 1/V data)

v Simulation environment: AMD Ryzen 32-Cores, 512GB RAM | -

W Net Connection Editor — O X

__ Logs

B33 (BasicSl) 20250302093523_ACVS_Eval_v2025.1.2.2.PCPro.Beta.xlsx

Channel CH1 v
I@ (Memory-IBIS) 20250302093523_ACYS Eval_v2025.1.2.2.PCPro.Beta.xlsx
Group Net Type Channel_PCB
2] A !@ (Memaory-1BIS) 20250302093523_ACVS_Eval_v2025.1.2.2.PCPro.Beta_Full.xdsx
DQ M_A_CPUO_SA_DQO_J1A_T M_A_CPUO_SA_DQO_XU1_H89 E E - - - -
Byte0SA DQ M_A_CPUO_SA_DQ1_J1A_9 M_A_CPUO_SA_DQ1_XU1_F8T ﬁ D PC B—c H_sam pl E_1 595511 60p é B
Byte0SA DQ M_A_CPUO_SA_DQ2_J1A_152 M_A_CPUO_SA_DQ2_XU1_G88 ACVS—HESU |t5_2ﬂ25ﬂ3ﬁ2ﬂ93523 henx
Byte0SA DQ M_A_CPU0_SA_DQ3_J1A_154 M_A_CPUO_SA_DQ3_XU1_D&T
ByteDSA DQ M_A_CPUO_SA_DQ4_J1A_14 M_A_CPUO_SA_DQ4_XU1_E84 B P FD'FI | E_ACVS_HESU |t5_2ﬂ25ﬂ3ﬂ2m3-523 1l
Byte0SA DQ M_A_CPUO_SA_DQ5_J1A_16 M_A_CPUO_SA_DQ5_XU1 C82
Byte0SA DQ M_A_CPUQ_SA_DQ6_J1A_159 M_A_CPUO_SA_DQ6_XU1 D83
Byte0SA DQ M_A_CPUQ_SA_DQ7_J1A_161 M_A_CPUO_SA_DQ7_XU1 B81 eee cee
Byte0SA_Diff DQS M_A_CPUD_SA_DQS_DNO_J1A 12 M_A_CPUO_SA_DQS_DNO_XU1_BST
Byte0SA_Diff DQS M_A_CPUD_SA_DQS_DP0_JIA 11 M_A_CPUO_SA_DQS_DP0_XU1 C86
Byte0SB DQ M_A_CPUO_SB_DQO_J1A_100 M_A_CPUO_SB_DQO_XU1_F32 T T
Byte0SB DQ M_A_CPUO_SB_DQ1_J1A_102 M_A_CPU0_SB_DQ1_XU1_D32 T : o "" S,
e ."\-\._\_
Byte0SB DQ M_A_CPUO_SB_DQ2_J1A 245 M_A_CPU0_SB_DQ2_XU1_G31 Dran — Channel_FCB [ Sot -~
Byte0SB DQ M_A_CPUO_SB_DQ3_J1A_247 M_A_CPU0_SB_DQ3_XU1_C31 -
Byte0SB DQ M_A_CPUO_SB_DQ4_J1A_107 M_A_CPU0_SB_DQ4_XU1_C29 it =
Byte0SB DQ M_A_CPUO_SB_DQ5_J1A 109 M_A_CPUD_SB_DQ5_XU1_F28 LA W |IXE W
Byte0SB DQ M_A_CPUO_SB_DQ6_J1A 252 M_A_CPUO_SB_DQ6_XU1_D28 | i n n i i n An | i i m
Byte0sB DQ M_A_CPUO_SB_DQT_J1A 254 M_A_CPUO_SB_DQ7_XU1_G29 1 1 60 pO rtS S = pa ra m ete rS SO Ut 0 type Co d t ons a ys s t €
Byte0SB_Diff DQS M_A_CPU0_SB_DQS_DNO_J1A_105 M_A_CPU0_SB_DQS_DN0_XU1_B30
Byte0SB_Diff DQs M_A_CPU0_SB_DQS_DPO_J1A_104 M_A_CPUO_SB_DQS_DPO_XU1_D30
BytelSA DQ M_A_CPUO_SA_DQ8_J1A_18 M_A_CPUO_SA_DQ8_XU1_G80 C om p et | to rs Ca nn Ot h an d | e th e N A
BytelSA DQ M_A_CPUO_SA_DQ9_J1A_20 M_A_CPUO_SA_DQI_XU1_E80 | a rg e C h . Mm Od e |
BytelSA DQ M_A_CPUD_SA_DQ10_J1A_163 M_A_CPUO_SA_DQ10_XU1_HT3
BytelSA DQ M_A_CPUD_SA_DQL1_J1A_165 M_A_CPUO_SA_DQ11_XU1_DT3 . .
BytelSA DQ M_A_CPUO_SA_DQ12_J1A_25 M_A_CPUO_SA_DQ12_XU1_DT7 ACVS -au tO Settl n g B asic S I . 6 h
LPDDR5x CH1/2/3/4 (s1160p) -auto reporting Memory IBIS : 2h. 2m.

(File Size : 111.5GB)

Transient simulation comparison

18
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I 7. Memory module: Performance Highlights #2

Simulation

Bl Cases study: User specific manual bit patterns (Transient simulation)

> ACVS < 6 min
» Competitor < 6 hour X@@ ﬁr

Error (%, Ul)

10

9 [ J

: No difference

6

i but fast

4

3 max diff. = 2%

i avg. diff.=058% 7 '
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 013579111315171921232527293133

* The predetermined bit pattern had been applied.

19
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I 7. Memory module: Single-ended AMI

Simulation

B Support single-ended AMI (ex. DDR, GDDR, UCle)
» Precise impulse responses (w. full X-talk): Higher accuracy
» The dedicated memory AMI solver structure: Higher speed
(Automation for processing multi-edge responses, DC offset, Forward clocking)

¥ ACVS (Advanced Channel Verification System) v2.1.7

Channel madel

IBIS analysis
Mode setup

Mode

NetType  IBISFile

HetType  IBISFile

Model Import b Rty g rification Module

Component  Signal Hame  Selector
. ocddifi -
* OCD_DQ_CA_40p_40n@[PU_Z:37.15,

- ocd

Process Complete

2 ==

AMI mode
=
PRES setup
Writs v Analysis engine Hawk-eye v | option Fast v
18IS Phg (®) 115 () Load Analysis Case
Component  SignalMame  Selector £ v comer
DQ_PIN * OCDOFF_ODT120@[GC:inf, PC:-118.88] input typ -~
. DQPIN - OCDOFF_ODTI20@[GCAN, PC-11888] Input  typ -
I R - DQPIN - OCDOFF_ODTI20®[GC:Inf,PC:-118.88] put  typ
1BIS Pkg Netdelay | ®

a3 - em o pyp e

7.15, PD_2:
PD_Z33I9,FT < D typ -
33.19,07> e

Signe-ended AMI option

| for DDR5, GDDR6 analysis

Accuracy/Time
guaranteed

Eye density : Output Point

BER

Voitage [V]

—_—

~~~~~

5 010 Q15 020 025 30 035 040 Q45 050

Time [ns]

10 015 020 025 Q30 035 040

Support

emory AMI

20

|(Huwinj




. . . Simulation
I 7. Memory module: Performance Highlights #3

B Case study: Al Chip Ch. Verification Example
» Al Chip Complexity : PCle Gen5(32Gbps x 32ch.), GDDR6(16Gbps, > 300 I/O nets), HBM3(6.4Gbps, 1024 1/O nets)
» Full Ch. X-talk sum, TDR, BER/Eye Verification needed
> Schematic base manual verification is difficult (time and human error issues)

CHO1_Byte0
TDR
:: N —:cum o —:eml
sn [} e - [
Lo J‘\ —— i ° [
'~ Rl v —
‘ o Tinole‘[ 51 : tGD"‘ ime (ns] : iGDD'
CHO1_Byte0
RL IL

—_ TRl L[ —
— S~ = —
e SO — o
- . it ——
—— I
e o oo:l[fm]sm 0 300 00 : x
oy . o e
o s 50 5 e 0 T

Basic-Sl: 2h. 40m (GDDR6 8 Bytes)
i Byte01 CA
Total analysis time <& lO h O u r )
AMI analysis: 6h.30m (GDDR6 8 Bytes)
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I 8. S-Tools: S-Designer | Line-FEM Pro

Simulation

B S-Designer: Rapid S-parameters generation for the given IL/RL/X-talk conditions.
Line-FEM Pro: High-precision transmission line design tool utilizing 2D FEM.
(Exports S-parameters, W-elements files)

W ACVS2024.4.4.0

ACVS

Line-FEM Pro

Single net Diff. net

Select export folder

C:\UsershDesktop\SDesigner_Test

[Target Specification]
Point 1
Frequency : 5MHz
Insertion loss : 0 dB
Return loss 20 dB
PSNEXT 20 dB
PSFEXT -20 dB
Point 2
Frequency 20e9 Hz
Insertion loss -5 dB
Return loss -5 dB
PSNEXT -5 dB
PSFEXT 5 dB
Point 3
Frequency 50e9 Hz
Insertion loss : .10 dB
Return loss -5 dB
PSNEXT 5 dB
PSFEXT -5 dB
Run Combined channel

(Single+Diff.)

rrection

Browser

Insertion loss

o 0 n 2 o 50
Frequency (GHz)
PSNEXT
o —
20 et |
w0
60
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100
120
0
160

o 0 0 0 0 £
Frequency (GHz)

S-Designer

Scheduler
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B
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e e
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180
0 » » 0 % st
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Single net

LlnE FEM Pro

Select export folder

C:\Users\bruno\Desktop\LineFEM_Test

Target Spec | Parameters Optim
Linetype : Strip v
2 v
24 3
5
v JWidth, _ Space | conguctiviy ”
Line thick Z
% 3
a
&
HL Loss tangent.
£ ¥ v
2
B
Line
Width (m) 60e-6
Thick (m) 15e-6
Space (m) 100e-6
H1 100e-6
Run

| s

Line number: 3

Line-FEM Pro
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I 8. S-Tools: S-Correction | PerfectCall Pro

Simulation

B S-Correction: Resolves causality and passivity issues in S-parameters.

(Enforcement of causality, reciprocity, and passivity of given S-parameters)

PerfectCal Pro: Professional-grade 2xThru fixture de-embedding solution.
(Supports asymmetry, impedance correction; IEEE P370)

"
ACVS 5Tools
S-Designer Line-FEM Pro PerfectCal Pro Scheduler
Load .snp file
Causality error
Ci\Users\Bytelane_A.s20p N -
e — [Ariocessed
EEY
Correction option k]
-
Causality Limiting freq. range £ &0 an 120 150 180
. Frequency (GHz)
Reciprocity - Minfreq. 0| Hz
Max freq 0| Hz Passivity
Passivity . .
v — [ Processed
Results e — @ umit
094
%2
Causality error Mean -3481 dB Max 0.01 dB @5(19,19)
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Total error Mean 3244 dB Max 001 dB @5(19,19) Total error
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o — [ Processed
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10
Frequency (GHz)

S-Correction

W ACVS2024.4.4.0
ACVS
S-Designer
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=
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- . ; : Simulation
I 8. S-Tools: PerfectCal Pro Performance Highlights

Bl Cases study: De-embedding up to 50GHz
» Design: CPWG based 2xThru, 1x Fixture, DUT
» Measurement: Keysight PNA N5225B, T-plus uProbe

i

Isola Tachyon

FR4

Isola Tachyon

Copper 7 : > | . <

Stack up DUT 1x Fixture 1x Fixture 1x Fixture DUT 1x Fixture
(2xThru Fixture)

DUT: CPWG 10mm (Z,: 70 ohm) and 2xThru Fixture

| - Ll -
Measurement Setup @ Huwin Lab
(Keysight PNA N5225B, T-plus uProbe)
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I 8. S-Tools: PerfectCal Pro Performance Highlights

Simulation

B Cases study: De-embedding up to 50GHz

» Design: CPWG based 2xThru, 1x Fixture, DUT
» Measurement: Keysight PNA N5225B, T-plus uProbe
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I 9. SnpView.com

Simulation

B A High-Value, Professional Signal Integrity Simulator—Free to Use Online
» Basic charts: dB/phase, real/img, smith chart, group delay, passivity
» Advanced charts: TDR, TDT, Eye-diagram (w. EQ, Jitter, Noise)

» Advanced functions: PerfectCal® (lite), Snp Heal
» Powered by SimNX
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I Who is the prospect customer of ACVS ? Simulati

B 1) ANSYS EM(HFSS, Slwave), Cadence EM(Clarity, PowerSl) users.

2) HBM3(up to 12Gbps), DDR5(up to 6.4Gbps), LPDDR5(up to 9.6Gbps), GDDR6(up to 20+Gbps)
or faster memory PKG/PCB designer

3) PCle gen5(32Gbps), PCle gen6(64Gbps) PKG/PCB designer

4) Al chiplet Serdes interface (PCle/CXL - C2C Interface, UCle - D2D Interface, NVlink - Nvidia Interface ...)
-> PKG/RDL/Silicon interposer designer

5) Al chiplet memory DRAM interface (GDDR6, HBM3, LPDDR4 ..))
-> PKG/RDL/Silicon interposer designer

6) Who is struggling with the time domain (Eye/BER, TDR/TDT, Jitter) analysis fail problems
using the large size S-parameters (large port numbers/ high frequency bandwidth).

7) Who is struggling with channel configuration, verification and report generation
(talke long times for design revision issues) using the large size S-parameters
(large port numbers/ high frequency bandwidth).

8) Who is struggling with lacking the expertise/experience for the channel verification
and need the consultation service for EM model extraction and verification.
=> Huwin can support the ACVS users by extra consulting service, customer training/supporting.
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