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Agenda

* Q3D in 3D Layout : Pros & Cons
* TSV array simulation & automation

* Microbump thermal simulation
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Q3D in 3D Layout :

Pros & Cons




MCAD Q3D vs. 3DL Q3D
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MCAD Q3D Q3D in 3D Layout

- Conventional Full 3D modeling - PCB/PKG only with Net & Layer
based on Parasolid 3D modeler based on ECAD viewer
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STEP 1 : Q3D in General Mode Setup (Beta)
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STEP 2 : HFSS 3D Layout - Q3D Setup =7}
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STEP 3 : Q3D net (source/sink) 273 in HFSS 3D Layout
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STEP 4 : Automatic Source/Sink Assign & modifying
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STEP 5 : RLGC Result
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Q3D in HFSS 3D Layout 2| &
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MCAD Q3D vs. 3DL Q3D : Detail Comparison

Result/Terminal

GUI rendering
Intersection check
Finding net process

tand + Conductivity Setup
Automation script
Accuracy

Simulation Speed

MCAD Q3D

RLC extraction only
based on 2D source/sink

Slow (Full 3D)

Yes (can be minimized)
Yes (can be ignored)
Possible
100% support
Golden Standard

3DL Q3D

RLC extraction &
HFSS/Slwave sim
based on port

Super-fast (ECAD)
No need
No need
No
80% support
To be correlated

About 10~50% faster

3DL Workaround

tand compensation

Hard coding
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Silicon is semiconductor..

MCAD Q3D 3DL Q3D

Material Name Material Name

Isilicon isilicon_3DL]
Properties of the Material Properties of the Material
Name ‘ Type ‘ Value ‘ Units Name | Type Value Units
Relative Permittivity Simple 119 __|Relative Permittivity Simple 11.9
] Relative Permeability Simple 1 Relative Permeability Simple 1
| |Bulk Conductivity Simple 15 ]iemensrm Bulk Conductivity Simple 0 siemensim
Dielectric Loss Tangent Simple 0 Dielectric Loss Tangent Simple 10i{2=pixfreq)

e eff=¢—j(e-tan 0 + o/w)

« User can set Dielectric property and conductivity at the same time in MCAD Q3D
« Conductivity works as a loss term and effects to G(Transconductance) value

« User can set loss tangent with conductivity in the 3DL Q3D \nsys
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Key Summary : MCAD Q3D vs. 3DL Q3D

13

/MCAD Q3D

Golden Standard

Set loss tangent + conductivity : possible
Stable automation (IPY script, PyAEDT)
Long finding net / intersection check time
Slow GUI rendering

©2026. Proprietary. Do Not Share.

Aiiiii:h

Q3D In3DL

ayout

“l‘

To be correlated to MCAD Q3D result

Set loss tangent + conductivity : Work around
beta automation (PyEDB) : Work around

No finding net / intersection check

Super fast GUI rendering

\Nsys

patof SYNOPSYS'




3DL Q3D : Super-fast GUI
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HBM TSV array simulation




TSV in HBM4

Logic Die

Memory Cell

12 stacks

1 stack
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TSV(Through Silicon Via)

Barrier/Seed Layer
(Depletion/Oxide)

s |\/]icrO Bump

Substrat =y

e
(Silicon)

Conductive Filling

/ (Copper)

s |\/licro Bump

Insulation Layer
(Silicon Nitride or Oxide)
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HBM SI sign-off with RLC parasitic

SYNOPSYs

HSPICE®

.

Schematic/Netlist
Circuit
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All Synopsys Products

Synopsys StarRC

2.5D Die Layout
RLC parasitic

Ansys Q3D Extractor
Multiphysics Parasitic Extraction &
Analysis

3D TSV

\RLC parasiticj

DDR EYE sign-off
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3Dblox 2.0 for Synopsys 3DIC compiler

* 3DFabric : CoWoS, InFO, SolC brand name of TSMC
e 3Dblox 2.0 : HBM Design Rule Set for Sigh off (a.k.a Integra)
e 3Dblox 2.0 consists of 5 Parts.

1. Power & Thermal Reliability
2. Physical & Logical Connectivity
3. SI/PI

- IR drop, Thermal-aware PI

- Extraction : RLC extraction from TSV, Micro-bump, RDL

- Insertion loss & Return loss
4. Static Timing Analysis
5. Structural Integrity & ESD

\nsys
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3Dblox official site in IEEE (https://sagroups.ieee.org/)

A IEEE.org | IEEE Xplore® | IEEE Standards | IEEE Spectrum | More Sites QIEEE

IEEE SA | 3Dblox-- Chiplet Connectivity and Physical Properties

STANDARDS

Ao Description Language

Meetings Members Subscribe

Title: Standard for 3Dblox-Chiplet Connectivity and Physical Properties Description Language

WG Officers
Scope: This standard defines a modular hierarchical language syntax, rules, and usage model to represent a
high-level description of the components and connectivity between various components (including chiplets,
interposers, substrates, etc.) in 2.5D/3D advanced packaging technologies. This description language enhances ﬁair \
the 3Dblox description language. For each component, a high-level description includes size, orientation, Sandeep Kumar Goel, skgoel@tsmc.com
interface, thickness, interconnect regions, interconnect structures, and other physical properties required for
integration in a 2.5D/3D stack. The features of this description language are designed to serve chiplet makers, Vice Chairs
2.5D/3D packagers, and end users. Abhijeet Chakraborty,

abhijeet.chakraborty@synopsys.com

Satish K Surana, satish.k.surana@intel.com

:> G;:)ca::?;yey, aparna@cadence.com ) \ n sys
partof SYTIOPSYS'




Challenges : TSV design for HBM

Too many TSVs

- HBM4 has over 8000 TSV with 12stacks

- Budden of modeling, slow GUI rendering
- Too long analysis time

- slow and time-consuming post-process.

Optimum TSV assignment
- What is optimum assignment of Signal, Power, GND ?
- How to optimize TSV assighment ?

What is the Key performance ?
- EYE & timing margin
- SSN
- TSV inductance
\nsys
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HBM4 TSV : Power noise (SSN) Issue

TSv12 Cicuitt ANSYS
2025 R2

22
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Level 6

Level 1

Signal In/Out
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2025 R2
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Power Noise Girewt_ 13 ANSYS
- 025 R2

14 mVpp

7 mVpp

3 mVpp

High level node of TSV shows worse performance (DQ timing margin, SSN)

due to increased total inductance through TSV path.
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SSN test with 12stack TSV

Power Noise Cicuit 33 ANSYS
2 e

Time fns)

1_Simgle 3TEV1 1 Simgle 3TEV1 1 Simgle 3TEV1 1 Simgle 3TSV 1 Simgle 3TEV 1 _Simgle 3TEVH 1 _Simgle 3TEV1 1 Simgle 3TEV1 1 Simgle_3TEVI

WIS

TSV1 Circuit_3x3 ANSYS Tsv12 Ciruit 3x3 ANSYS

= 2025 R2 2025 R2

150 5 — W

NexximTransient NexximTransient
125
1.00 4
075

=
> 050
025 -
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T T T T T T
025 T T T T T T T 50 75 100 125 150 175 20
25 50 75 100 125 150 175 20 Time [ps

Time [ps]

- Level 12

1 \Nsys
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Result

SSN test with 12stack TSV

2025 R2

Ansys

A
Vv ¢

)

0.07 (mm)

Ansys
2025 R2

IR,

AT
N @

)

0.07 (mm)]

Unit : mVpp

S-G-P

P-S-G

S-P-G

1.9
4.5

3.5

3.5
14.5

Level 1 Power ripple

14.7

Level 12 Power ripple

\Nsys

partof SYNOPSYS

©2026. Proprietary. Do Not Share.

24



Optimum Pin Array (Example)

Minimum PDN S-G-P Ground guard
o000 000000 o000 O0OQGOOOSO EFENENNNN NN
X XXX EXEX) o000 0000O0OES® YR EENERX)
0000000 00 B E EEEEEEY ) 0000000 0O
000000000 S EEEEEY 'EEEENEEEEX)
[ B BN BN BN B BN B BN N 000000O0CGOOES R EEEEEYYY
o000 000000 0006060606000 6 000000006060
tiasssenes
0000 O0OOOOS
seseseil: cecececscs
NN NENN NN N 00006060 OCOGSS
* P/G :10% of total * P/G :15% of total * P/G:20% of total

@ signal @ rower @ Ground

* All Pin(TSV or Microbump) would be extracted as signal in Q3D

* Signal/Power/GND could be assigned to each TSV at circuit analysis to optimize it

\Nsys
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Needs for automation

* Non-GUI process
- Slow rendering due to complex 3D model like as 1000 TSVs
- From pre-processing to analyze & post-processing

* Array based on X,Y coordination data
- Microbump/TSVs should be located at arbitrary/proper position

* RLC/SPICE reduction & export
- Huge size of SPICE/RLC from the bunch of terminal
- Needs for RLC threshold control / reduce order

\Nsys
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Automatic TSV modeling with variable

% TSV Modeler Through-Sil

{3 PARAMETERS

Ansys
2025 R2

TSV CORE

TSV.r
Ox_r
Inv_r

Dep._r
SUBSTRATE & UBM
Si_z

Sub_x

h
Sub_y

Ni_z

BUMP & MUF
Bump_r
MUF1_z
MUF2...
MUF3...
ADVANCED
Pad_d

KOZ
STACKING

Tiers

@ MATERIALS

X

® TSV_Cu copper 0
® TSV.Ox B SiO2

0.09 {mm)

\Nnsys
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® TSV Dep B silicon_depletion

e Generate fully parameterized TSV model



Key Automation : TSV/uBump array based on X,Y coordinate data

Uniform

= ;| i by * Rectangular & uniform spacing
EEER RN
bpdpdpdgd
=
bpbgdpbpdidgdgd
Manual bpbpdbabpdgbgdpdgd
. HERERERR RN
duplicate bpbpipipigd
1 ERERER
e B
| 425 * Arbitrary shape & spacing
Arbitrary g 1 b
> /Y lﬂgg‘” it’s nearly impossible by
L g |
N !““ ALY | | | manual due to..
v coordinate data | LUi{{An uglt |- toomanyTss
' = = I““m = b slow GUI rendering
: ‘| - extremely time consuming

\Nsys
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Algorithm for pin array based on X,Y coordinate

/ MCAD Q3D \

* 1000 pins case example Way 1 [ Duplicate each pin to each coordinate ]
one by one using PYyAEDT

( )

1hour
Base model
~ N 4 N

\ (TSV// ubump) y Duplicate all pins with Move each pin to each
p . Way 2 uniform space at once j—] coordinate

X.Y coordinate N using PyAEDT y _using AEDT parsing y

data k 15 minutes 5 seconds

. J

d Q3D in 3D Layout R

Way 3 Genergte all pir_1$ based on
coordinate using PyEDB

\_ 1 minutes ) \nsys
partof SYTIOPSYS




Automation : MCAD Q3D vs. Q3D in 3D Layout

Main API
Automation speed
Net/terminal name change
SPICE/RLC reduction
Assign Source/sink

Reduce matrix

MCAD Q3D

PYAEDT

Slow (1~8hr)

easy

Use Internal function

Easy & Simple

Full function

Q3D in 3D Layout
PyEDB
Super fast ( < 2m)
Complex
Need for hard coding
Depends on port property

Limited function

\Nsys
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Tip for Q3D in 3D Layout : single circuit port Source & Sink

/ Source : Port_0

+ terminal
1 | ‘
Properties *+ 0 Xx
Name | Value | Unit [Evalu
! |Port port_0
Boundary Type Port
) | Impedance 50 50
Magnitude 0 Y o
Port_O o Phase 0 deg  Odeg
p Renormalize r
Renarmalize .., 50 ohm  50chn
DeembedPar,., r
HFSS Type Circuit
Layer &lignm,.. Upper l
geleng
- terminal

T Sink : Port_O#ref

31 ©2026. Proprietary. Do Not Share.
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=i Analysis
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- Optimetrics
- [¥] Results I-—
Xy Field Overl
.5 Radiation
i-(L] Definitions

Delete Delete

Properties...

Disable Setup

Add Frequency Sweep...

Assign Mesh Operation >

Validate

erties

Q3D Net Settings...

B | Q3D Net Settings

Filter Nets

Filter | 1 :II

B3
- @ port0
P port_0=ref

El--%. netl
Q@ port_t

P E' port_1#ref
-3, net2
8. net3
o8, netd
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3DL Q3D Automation Test (8000 ea with X,Y coordinate)

L
\ . z,'
3 4

Duplicate using EDB : 2 minutes

open aedb : 3 minutes
. AEDT fiel with aedb folder : 100MB \nsys
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Partial modeling of 2.5D package

NVLink 6
v R ) :
o - 7 <4 el
O A \ g
O ¢

Rubin GPUs

lnterposer

Simulation Model =2
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HBM4 bump information

JESD270-4A Table 111 — HBM4 Device Dimensions

Parameter Syvmbuol Configuration Minimum Nominal Maximum Unit | Notes
P AR Width X 24Gb/die 12.75 12,775 12.8 M 3.4.5
'J;l:: MicroBump array of the DRAM stack employs a staggered pattern as depicted in | > 104 whe: ‘.u 3 IGb.d]c 1:1- I 5 lq 1 ?5 I 42
o -:I("’? Length Y 10.95 10.975 11 i
> \iz Height £ 4-High 750 775 200 pHm 1,2
Y
EE\( & H-Hig]‘i 750 775 200 pm
Figure 184 — StaggrroAJRigeump Patters 12-High 750 775 200 pm
e 16-High 750 775 500 pm
I‘: e E{; _::M_U NOTE 1 The conhiguration refers to the number of memory dies in the stack. The stack may include an additional base
The HBM4 b ap s defined as : i b:p‘ 1: Please refer to MO-362 for device [i]'.l‘l‘L"l'j'—iJlL"L":l IJ]‘:
o ’ - NOTE2 Refer to MO-362 for related package drawings.
NOTE 3 Refer to MO-362 for X and Y dimension min/Max tolerances and related package drawings.
- NOTE4 Refer to Footprint A in JESD271-4 "High Bandwidth Memory (HBM4) DREAM Bump Map Spreadsheet™ for
s’ details on the 24 Gb/die footprint.
Figure 105 — MicroBump Pillar Dismeter NOTE 3 Refer to Footprint B in JESD271-4 "High Bandwidth Memory (HBM4) DRAM Bump Map Spreadsheet” for
detals on the 32 Gb/'die footprint.

Bump pitch: 65um
Bump diameter: 28um

\Nsys

patof SYNOPSYS




HBM4 Package dimensions and bump layout

JESD271-4_HBM4_Ballout

Table 111 — HBEM4 Device Dimensions

Parameter Symbol Configuration Minimum | Nominal | Maximum | Unit | Notes
Width X 24Ghb/die 12.75 12,775 12.8 mm | 3.4.5
32Gh/dic 14.15 14.175 14.2
Length Y 10.95 10.975 11 [T
Height 4-High 750 175 200 pm 1.2
8-High 750 175 200 pum
12-High 750 175 200 pum
16-High 750 175 800 pum
NOTE 1 The configuration refers to the number of memory dies in the stack. The stack may include an additional base

(interface) die.

NOTE 2
NOTE 3
NOTE4

Refer to MO-362 for related package drawings.
Refer to MO-362 for X and Y dimension minMax tolerances and related package drawings.
Refer to Footprint A in JESD271-4 "High Bandwidth Memory (HBM4) DRAM Bump Map Spreadsheet™ for

details on the 24 Gb/die footprint.

NOTE 3

details on the 32 Gb/die footprint.

Refer to Footprint B in JESD271-4 "High Bandwidth Memory (HBM4) DRAM Bump Map Spreadsheet” for

36
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Bump map FootprintA

HBM4 Bump Map (cont’d)
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ECAD import

Bump coordinate
(X, y)

HFSS 3D Layout
or SIWAVE

« ECAD generation

Export ECAD
* (Anf, edb, etc, )

ECAD Import into
Classic Icepak

ECAD import

37 ©2026. Proprietary. Do Not Share.

Metal fraction

\Nsys

partof SYNOPSYS




Temperature contours on GPU and HBM dies

Lumped HBM bump ECAD imported HBM bump
(Real bump array based on coordinate)

GPU HBM
Ansys
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Temperature contours on HBM dies

39

Lumped HBM bump

ECAD imported HBM bump

(Real bump array based on coordinate)

Temperature [C]
74.5332
-: 72.0854

69.6376

Temperature [C]
72.2330
-: 69.7792

67.3255

67.1897

64.7419

62.2941

59.8462

57.3984

54.9506

64.8717

62.4179

59.9641

b7.5104

bb.0566

52.6028
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Temperature contours on HBM dies

Lumped HBM bump

ECAD imported HBM bump
(Real bump array based on coordinate)
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Conclusion

Q3D in 3D Layout can be advanced solution for HBM/3DIC application

TSV parasitic analysis became a very important performance parameter for HBM
design

Need for automation for coordinate based TSV/Microbump design.

Proper TSV/Microbump array should be designed based on coordinate for SI &

Thermal performance

\Nsys
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