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About Qualitas

Connect the World through High-Speed Interconnection

Qualitas Semiconductor is a leading semiconductor design company in the IP and IC
market based in Korea. Renowned for our expertise in high-speed interfaces globally, we
focus on crafting interconnect PHYs that seamlessly integrate analog and digital signals.
As a fabless company, we specialize in providing comprehensive high-speed interconnect
solutions required for complex and massive data computations in various fields, including

Al, autonomous driving, data centers, AR and VR.

“We provide High-speed Interconnect Total Solution”

= & B

High Speed Low Power Low Latency

Lt

Al & Data Center Driving innovation
in theautomotive field
A hyper-camnectedrerathrough
IoT techmblogy 5G Beyond 3G & LTE

2017

Established

Global
Partnership

Key Interface
IP Partner for Samsung
Foundry.

186%

3-year CAGR of Revenues
(2020-2022)

Experience

Rich experience in Advanced
Technology: 28, 14, 8, 5, 4,
3nm GAAFET
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Top-Class
Technology

7t Global Firm with 100G
SERDES Circuit Design
Technology

176+

Korea’s Largest |P Vendor
comprised of 84%R&D
Workforce

60+

Number of
IP Licensing Agreement

KOSDAQ Listed in 2023
(432720)
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About Qualitas — Key Solutions

Qualitas specializes in providing SERDES, PCle, MIPI, Display IP and Chipletsolutions

* Leading the High-speed interface IP Market as a key partner of Samsung Electronics
Foundry

* Robust Design capabilities for the FINFET process
- Rich experience with advanced nodes (28, 14, 8, 5, 4nm in Samsung Foundry)
- Early access to new processes (IP design for 3anm/2nm GAAFET planned in 2025)

Quaiitas

Key Technology
in Semiconductor IP

» Our IP solutions offer optimized performance and lower power consumption resulting
in more efficient processing and cost savings

(S IP by Application )
A, Edge Computing

ADAS SoC

Infrastructure technology
for the commercialization
of semiconductor IP

Mobile AP Al-Accelerator

PCle
CPHY
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About Qualitas — Key Solutions Cont’

Hardmacro IP
SoftmacroIP
providing fastand reliable performancewith predictable quality

L Hardmacro IP )

* Blocks that are generated using a full custom design methodology and
imported into the physical design database
Interface Controller
I-Cache D-Cache
USB MIPI

HDMI
eDP

i\ Softmacro IP )

Highspeed » Asubunit of a chip and are high-level abstractions defined at the RTL or gate
SERDES level, which are not tied to a specific technology or process

ANA1RUUOI-193U)
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Key takeaways

Provider

IBIS-AMI Channel
Simulation

Provider

“Reduce Time with Accuracy”
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What are IBIS(Input/Output Buffer Information Specification) models?

C_comp 0.4pF 0.39pF 0.41pF
PI‘IIIP Pmcm RV curves of power clamging dode
Reference Reference = [Pullup]
_T_ N — Pullup Power Clamp I |Voltage I(typ) I(min) T (max)
On-Die Reference Reference
. ] = -1 ) -0.8V 20mA  20mA  20mA
- . e ot _ o -0.4V 10mA 10mA  10mA
ey \.M” -, — ov 0.0mA 0.0m& 0.0mA
PAD < 0.4v ~10mA -10m& -10mA
. . 1 m— 10 Pin 1 > g - 0.5V -20mA  -20mA  -20mA
I t 1 )
lmam GND_Clamp E , ‘Imm GND Clamp [ [Rising Waveform] )
' |time Vi(typ) V(min) V(max)
L _L\ 3| 0.0ps 0.533v 0.507V 0.56V
i [ = 1 —— | Pusdomn Ground Clamp [~ o 50.0ps 0.533V 0.507V 0.56V
Pulldown Ground Clamp Gnd Gnd Reference Reference T 150.0ps 1.20V 1.14v 1.26V
Reference Reforonce e 160.0ps 1.20v 1.14v 1.26v

IBIS output -V Curve V-T table
model
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How are IBIS models used?

» Used for SI(Signal Integrity) simulation
due to channel loss

. Transmitter
Pros. IBIS Model

CHANNEL £—  Receiver

IBIS Model

Accurate modelbased on full circuit
simulation with model parameter

Faster than SPICE simulation
* Cons.

Itis not applicable for complex SerDes
systemusing FFE, DFE, CTLE, CDR etc.
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What are IBIS-AMI (Algorithmic Modeling Interface) models?

Analog Channel ;

X ¥ G RX
* IBIS-AMI was developed and O — \ -
e e | 3 & 4 \
was |n|t|aIIy approy_ed ?‘S part of ; —,  Iransmit [ s g’ System g,! .1, Receive . Data _j
the IBIS 5.0 Specification i Equalization /o/_ 8 — Interconnect 1 Equalization _ Recovery

speed serial link's performance
with an eye diagram and BER

- §
4] L

Clock [‘

/ Recovery

* AMI model is useful for a high- ' Algorithmic Model /
Algorithmic Model |

'Analog Model 'Analog Model |
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Why using IBIS-AMI model? (1/2)

Y | SserDes Architect / IBIS-AMI Modeler Signal Integrity Engineer @

«» Top-down design of the equalization algorithms Channel model Define the specs of the channel u
» Use system/circuit simulation k—‘ Verify post-layout performance and standard compliance

» IBIS-AMI model development IBIS-AMI model Use channel simulators, EM and Pl tools

Consumes and validatesar;lodels (HSPICE, Sparams, IBIS-AMI)

» SerDes and Sl Design and
verification workflow

Layout guidanc
PCB layout

cC
g'.g

~
= (1]
= 2
SH &
[(}]
ol ©
A5

)

IC Designers: Digital, AMS PCB Designer / Layout Engineer

; : Design the schematic and the layout
RTL, transistor level design Check design rules (DRC)

Use tools like Cadence, HSPICE, Simulink Use PCB design tools (Aliegro, Expedition, Zuken)
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Why using IBIS-AMI model? (2/2)

* Fast end-to-end channel
simulations with good accuracy

* With IBIS-AMI models and
channel simulator, millions of
bits can be simulated

Effects of ISI
Jitter (RJ, DJ)

Cross-channel interference and
more

MATLAB BXPPO

End to End Channel

TX1

Analog Channel

Passive Channel

DIE_P BRD...
DIE_N BRD...

51
s_sample_pkg

1
3

4
2

RXH

oo~ DE X

S3
s_channel

S2
s_sample_pkg
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IBIS-AMI model : AMI_Init vs. AMI_GetWave

Statistical

Called once at beginning of simulation ‘l — AMI_Init —"\

Called (Simulation Length/Block Size) times Time Domain | ’

— AMI_GetWave

Block Size

12
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IBIS-AMI model : Statistical vs. Time Domain (1/2)

Statistical
Eye

Statistical
Analysis

Analog - _L _L —
Channel ﬁ E:> - Transmit E> Receive |:> |:> <
Pulse }Equalization |  Equalization - . -
Response S = —
RX AMI File
Parameters Ii‘> /\ Clock PDF

TX Init RX Init

Analog Channel
Impulse Response

—
< Persistent
Il [ [ —_—
Transmit Receive ‘
Stimulus HHHH E> Equalization ’:> Sonvole E> Equalization QMI:C /\ Clock PDF

TX GetWave RX GetWave
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IBIS-AMI model : Statistical vs. Time Domain

* Time Domain (Bit-by-Bit)
simulation

BER extrapolation typically used
below 10°(-5)

 Statistical Simulation

Used when TX/RX AMI models
are LTI

The entire system s represented
by its impulse response

Convenient for a quick analysis,
but most practical systems have
an RX modelthat is NLTV

(2/2)

Traditional IBIS flow: IBIS-AMI flow: IBIS-AMI flow:
Time Domain (Bit-by-bit) Statistical Simulation
SPICE/Transient Simulation Simulats
Nodal analysis of Kirchoff's current laws | Superposition of single-be response | Calculabons based on impulse
Technology response
BER floor in one minute ~107 -10 ~10 "% or lower
simulation
Analog & channel : NLTV
Applicasbilty & Aseumplion| 1, /Rx - NLTV TxRx : NLTV
NLTV = non-linear and/or time varying LTI = linear and time invariant
—sm Simulation Speed Faster =——————
— Harder Setup Easier mem—
S Full Non-linearity Limited s—

MATLAB BXPPO
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IBIS-AMI

Text
files

Binary
files

—

model : Files

model.ibs

model.ami

model_x32.dll

model_x64.dll|

model_x32.so

model_x64.s50

}

—

—

Component & analog
model declarations

Control file for
executable models

Executable models
for each supported
0/S & address width

—

One set for each
different AMI
TX or RX model

(IBIS_AMI_Tx
(Description "Generic transmitter model")

)

(Reserved Parameters
(AMI Version (Usage Info) (Type String) (Value "6.0"))
(Ignore Bits (Usage Info) (Type Integer) (Default 4) (Description "lIgnore four bits.")
Integer) (Default 25) (Description "# of aggressors.")
(Init Returns Impulse (Usage Info) (Type Boolean) (Default True)

(Max Init Aggressors (Usage Info) (Type

(Description "Impulse & parameters out

)

MATLAB BXPPO

returned.")

(GetWave Exists (Usage Info) (Type Boolean) (Default True)
(Description "GetWave is well and truly provided.")

)
) | End Reserved Parameters

(Model Specific
(tap filter (Description "Array of transmit

)

(-1 (Usage InOut) (Type Tap) (Range 0
(0 (Usage InOut) (Type Tap) (Range 1
(1 (Usage InOut) (Type Tap) (Range 0
(2 (Usage InOut) (Type Tap) (Range 0
) | End tap filter
| End Model Specific

End IBIS AMI Tx

de-emphasis tap weights.")

.0 -1.0
.0 -1.0
.0 -1.0
+0 =150

1.0) (Description "Pre-cursor tap weight."))
1.0) (Description "Main tap weight."))

1.0) (Description "1st post-cursor tap."))
1.0) (Description "2nd post-cursor tap."))
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* IBIS-AMI model Generation and Compatibility

MATLAB BXPPO
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IBIS-AMI model Generation

* Algorithmic model is a
compiled executable

« AMI model development
requires many skills :

= om = =

Master C/C++ coding skills

Guarantee coding compatibility C++ Custom Models ~ Top Level C++ Model ibs
ami
across platforms dll (50)

Compile and link program both
Windows and Linux

17



IBIS-AMI model Compatibility

IBIS-AMI model Provider

¥ IBIS-AMI model User

MATLAB BXPO

18
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* MATLAB Toolboxes in IBIS-AMI Modeling

Model Generation in SerDes Toolbox

Model Verification in Simulink

MATLAB BXPPO
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IBIS-AMI model Generation and Verification workflow using MATLAB

Floorplan Architectural design

IBIS-AMI model generation

oo WS AMCTE | MR
s settings

Txmodeinare | 3eroes_t

T on# Ry comet percennge

AN Mg Sectings T

IR
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IBIS-AMI model generation (1/3)

- TX to RX Link

- TX/RX with SerDes Toolbox building blocks

 TX & RX with SerDes Toolbox

building blocks

» Exported Simulink model and

channel simulation § Jiz

Design Export

- Exported Simulink model
- Simulink/MATLAB channel simulations

MATLAB BXPPO

21
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IBIS-AMI model generation (2/3)

4 SerDes [BIS-AMI Manager

Export 18IS AMI-Tx AMI - Rx

_Modol Configuration IBIS Settings

(@) Ty and Rx 3 \ % w ”[‘> [_| 5 S?J

Tx model name | serdes_tx

= L™ step Run Step Data Lo.ch Bird's-Eye  Simulation -
.:_1 o . BIS Model Name a_mode! S c serdes 1 | Back = = Forward nspecior Analyzer Scope Manager
() Redriver - SIMULATE REVIEW RESULTS -
1 () Retimer Tx and Rx corner percentage -m x =
VAMI Medel Settings - Tx AMI Medel Settings - Rx -
Wodel Type Wodel Type bes Toolbax model.
(®) Dual madel (W)
() GetWave only () GetWava only
() Init anl () Init ont
» SerDes IBIS-AMI Manager Loy —— .
Bits to ignore 10 Bits i ignore 1000
M H 1.25e-12
configurations o0t ,
Models to export g
. B [ IBIS file PAM4 T
Export GetWave, Init, or ©Bon Teand fa - | Diffeent -
() Txonly . .
- [ Ani filegs) Use List Format for Madulation
BT ¥4 DLL file(s) i
Dual IBIS-AMI models _
Targst directory | CVATLAR | [Browss.. | Eon
|I Export ] -
- ~ OC
| clese |
- D1 D1 ~,
Stimulus WaveQut lopen SerDes IBIS-AMI Manager | Open Slanal Integrity Link Waveln Rx WaveQut »
Cancel Help Apply Eye Diagram

155%

FixedStepDiscrete
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IBIS-AMI model generation (3/3)

* Simulink Coder in MATLAB

For Linux Compatibility,
Simulink Coder is solution

@ /4 Tt2t0|&: untitled/Configuration (&4)@qlt_c7

Q

&4 E}2) MEY4
TIO|E] 2HH 27| |
£ Q14 U COJETY

» ZICt AY: Embedded Coder
scop N
SO0 28 oiof: C++
o 2z
AIB2H01M 2! o10] B2 C89/C90 (ANS)
v IE 4N
328 Ye a2iA
GZE mEI=E
F4 -
e [] 2= % OlEe|HE 17| Y
AHB2t 2|1E 2= E391:  |IBIS-AMI GNU gcec/g++ | gmake (64-bit Linux)
olejmolA
IE AEY
HEA
S HYz| Y EAANF HE
ClOJE & chAy Iy &M
C Compiler -c $(C_STANDARD_OPTS) -fPIC -00
Linker -shared -WiI,-rpath,"$(MATLAB_ARCH_BIN)

Shared Library Linker

C++ Compiler

C++ Linker -shared -WI,-rpath,"$(MATLAB_ARCH_BIN)
C++ Shared Library Linker| -shared -WI,-rpath,"$(MATLAB_ARCH_BIN)

Archiver ruvs

Download

Execute

Make Tool -f $(MAKEFILE)

Y 200 2 #ak: (1]

-shared -WI,-rpath,"$(MATLAB_ARCH_BIN)

- $(CPP_STANDARD_OPTS) -fPIC -O0

"-L"$(MATLAB_ARCH_BIN)"

" -L"$(MATLAB_ARCH_BIN)"

" -L"S(MATLAB_ARCH_BIN)"
" -L"$(MATLAB_ARCH_BIN)" -

-Wi
-Wi

-Wi

-

N1

2101 7).

~no-undefined

--no-undefined

--no-undefined -WI,--wrap=memcpy -static-

--no-undefined

-

[ =] 2% dAL...

TRIENIESS

MATLAB BXPPO
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IBIS-AMI model Verification (1/2)

* MATLAB SI toolbox simulation

2
3

Eye correlation

L |
I ] s —— ._ur 'i_,l

S| toolbox
simulation
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IBIS-AMI model Verification (2/2)

» Spice simulation

. S

Spice
simulation

MATLAB BXPPO
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e Conclusions
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Key Outcomes/Advantages

Installed Matlab and 1BIS-AMI generation Server information

Reduced development time for the IBIS-AMI model by 30-40% using SerDes Toolbox

0s GLIBC ver. | GLIBCXX ver. | CXXAEI ver. GCC ver.
CentQS 7.9.2009 217 3419 1.3.7 48,5
IBIS-AMI verification Server information Simulink Coder IBIS-AMI verification Tool IBIS-AMI verification Results
Before/After .
Server OS GLIBC ver. | GLIBCXX ver. | CXXABI ver. GCC ver. make -f Tx(Rx).mk Hspice(Synopsys) Error Log
CentOS 7.9.2009 217 3.4.19 1.3.7 485 Before O
SIS 12 217 3419 137 485 After 0
Redhat 7.9 217 3.4.19 1.3.7 485 Before O
sanat - 217 3419 137 485 After 0
Cent0S 6.10 2.12 3413 1.3.3 447 Befors X GLIBC_2.14 not found
ST & 212 3413 133 447 After ) _

MATLAB BXPPO

Eliminated Linux compatibility issues, saving about 40% of time needed for model management

Enable designers to collaborate more easily and effectively for Model-Based Design using Simulink

27



Future Opportunities

\ Accuracy vs. Speed - Optimal Accuracy

Reflect silicon behavior across P.V.T

Reduced regression using optimal methodology

MATLAB BXPPO

28



MATLAB EXIPO

JA MathWorks:

© 2024 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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