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Megatrend: Wireless Technology Evolution

P 6G - Capacity and data rate
h 3 BG - * Sub-6GHz, mmwave
= = « More CA combinations
= 5G O ‘ « Dual connectivity (EN-DC,
- O NR-DC)
e o -OF Ay - More services
N + GNSS (L2,L5)
- B . Satellite support




System Complexity Drives RFFE Component Technology

« System complexity adds additional requirements for components,
which determines the choice of process technology

PA Multi channel GaAs HBT
Multi band GaAs BI-HEMT
« +3dB linear
LNA DL MIMO RF SOI
Multi channel SiGe BICMOS
Multi band CMOS
« Switch integration
Switch « CA/MIMO RF SOI
More pole/throw CMOS
Tuner * Wide range RF SOI/CMOS
Efficiency MEMS
Linearity
Filter Multi band SAW, TC-SAW, TF-SAW

+ Steep rejection

High sensitivity/Low IL

BAW,FBAR,XBAR
MLCC,IPD
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System Complexity Drives RFFE Modularization

Filter ‘PA LNA Switch  Duplexer Antenna

ASM * B
LFEM * s
56 NR VT .
UHB Tx 5G NR DIFEM * *
G NR Q & ONB DRX/MIMO CEMID . iy iy
PiEB Tu( \'\'\ 1 * * * *
36/46/5G6 BEb = SG/AG/5G S L PAMID
MHB Tx > =~ H L\B\/\I\/IHB DRx \\\ LPAMID * * * * *
3G/4AG/5G iy o e E 3GI4GI5G R . . .
LB Tx [ 8 L M|M4§R\x . mmwWave FEM

Antenna

Managemen E
GPS, WiFi, Bluetooth
Connectivity Dq. ) E

Source: Skyworks

* System-in-Package (SiP) enables the integration of PA, LNA, switch,
and filter, which are typically manufactured with different process
technologies, into one module.
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RF SIP Enables RFFE modularization

Need disruptive innovation

in packaging
4 2G (GSM) | 3cweoma) | 4cwe [ sGsuecH: 5G mm wave
re Antenna outside phone body i Antenna “on phone case” =3 Antenna on flex PCB i ! Antenna in package l :
[ Discrete PA pkg. W ‘ Single-side $iP ‘ [ Double-side SiP } ’ Enhanced double-side SiP

RF SIP development

* RDL/Bumbing/Cu
pillar/TSV

* Flip-chip/Wire-bond
* Molding
* Coreless substrate

PA + Antenna + RFIC+

3-5 FEM 5.7 FEM p— |
No FEM, Lamtaeualr L EERL CLCER) LA A PA + FEM integration | PA + Antenna+ RFIC+ ||  FEM+Modem
Discrete PA | Discrete PA still main integration FEM+ integration | integration
2008 2013 2019 2020 2022 &

beyond Source: Yole

Page 7

PEEDIC

ACCELER ATE YOUR IC DESIGH




.....
JJJJJ

RFFE Design: EDA
eSS Perspective
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RF Front-end Module Design Challenges

Co-simulation and co-design

Component-to-component co-simulation
Die and package co-simulation

———————— iy,

RF System level optimization

Component level insufficient

Multiphysics analysis

Thermal and stress simulation

Unified EDA environment ' S -------

Seamless integration of different tools
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Xpeedic Simulation Toolset for RFFE Designs

IRIS: on-chip EM simulation tool

RFIC ‘@’  Qualified on various process
s technologies including RFSOI,
GaAs,and SiGe BiCMOS.
-7, HERMES: 3D RF module EM simulation tool
ﬂé « Support various WB/FC packages
e« Support IC-package co-simulation

RF Module g
2 Support lumped and wave ports

__ * XDS: RF system level design and simulation platform
?- Schematic circuit-level design and optimization

s « EM-circuit co-simulation
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Technology

@;‘; Mixed rect-tri mesh

N

jdx Fast MoM solver

Instance/net cff.:;) LSF, PBS, SGE

auCdl

auLvs

Symbol
Schematic_npott
Schematic_ckt
Schematic_pz

Multiple views L1 XPEEDIC




IRIS

@ RIS Support Mainstream IC Processes

g
ﬁVMdn

SEMICONDUCTORS

11111

HR Silicon

H

TGV
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HERMES: 3D EM Simulator for RF Module

HERMES

« Support arbitrary 3D structures with solve frequency up to THz

« Support multiple port types: wave port, regular lumped port,
irregular lumped port, coaxial port

Connector




‘ HERMES: support IC/package assembly

HERMES Solver setting

olysis Settings o x
Genersl | Mesh | Advanced
Layer Model Cireuitd_ NewAssembly
Conductor Madel: £ Layer Name Conductor  Via  NumofDiv Inteface MeshSize  Line Via
Via Modek E) 11| Clircutz_PrG1_PDKT 30 1 Nane
Circuit2 PKG1 138 1 [ 100 oFF
Mesh Size
Cirewit2 PKG1 PDK2 3D 1 Nene
Frequency-based Assembly assemblyl 30 3
* Use max frequency: 15 GHz Circuit!_DIE1_L39 0 - 1 None
Use the frequency: GHr - Cireuiti_DIET 143 ) 3
Cells per wavelength: |20 0 1 None
Calculated mesh size(um) o 3 0 OFF
y Circuitl DIE1L41 3D 1 Nane
7] Fixed Size
1DIEI e 3D 1 None
Fioed Sizes 10 EE . Circuit?_ DIET 1441 £ 3
7] Edge Mesh
® Edge mesh percent. |10 %
Edge mesh size: m -
Other Option
Arc Sagment: ]
Tunneling Ratic:(1-10) 6
Select XHPC Remoter |local - | Run Mesh | | Run Soiver oK Cancel

= Ports(0]

7 Analysis

1S Results
ireuit3
reuitd
& NewAssembly
% -@ 20vi
& 3DView
Models Material Stackup
- . Ports(2l
Assembly Name: | assembly! Upper Medel: Circuit2 PXG1 | (1 Fip || Cand Materist | Copper - Partl
Assarnbly Type: | Bump Lower Model Circult DIET | [ Fip || (2] Die anach Thickness: 6,65 Ois Matesial Port:
GND_Port!
Bump GND_Pori2
* 0L Analysis
Template: template1 Na ] H (2 Results
B b
F QE] e o
ti HiRnE Upper Model -
Lower Model 1
Assemiy
Name Vslue

292902
1788

X 6135

EEDIC
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HERMES for RFFE Module Examples

¥peedic R Plot0 Xpeedic 0 Plot1
- Y N
—_ o
o =
Iz .204 @
2 3 204
2 =
£ g
> £
= -30-
-40-
4“ T T T T T T T
50 T T r T r r r 0 075 150 225 3.00 375 4.50 525 6.00
0 075 150 225 300 375 450 525 6.00 Freq(GHz)
Freq(GHz)
s 000000000 Xpeedic & SDD12
-10.0-
& -20.0- &
g 30.0- §

O Excellent correlation
O 10x speedup with competitor
500 ‘ I I I | S H 3 3 : 3 ¢ 7 : 3 1o

RFFEM in BGA package AL AL AL T B &
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XDs

& XDS: Design and Analysis of RF IC Circuits

eeeeeee

=A 2E PLA v(node0)
[=r— ——{nodel)
‘ P— . OscillatorAnalysis hbd
[
“ne L (b * 04
. a

i s Nonlinear
e JL Sl (e simulation

Magnitude(dB)

H“H A

Sweeping and
- Optimization

0.0
Fraq(GHz)




= XDS Support Circuit Optimization

XDs

i tewup Optimization: OptimizationSetup1 ¥ x

original optimized

Varlsbie  Overide Statvalue  Unlt  Lewer  Unit  Upper Uit Enabled

Varl.C1 Y 038862 a1 H
Varl .2 4 QASH000 01 5

Varl {3 ¢ QAdGa02 04 H

Vari.Cd ¢l 400000 i §

Varl LS ? Q1G4 a1 L

War1.L8 ¥ 2300000 123 3
|| Setup Optnization: OptienzatonSetus]

Varables  Goals l:lpﬁum

Optimizer:  Gradient = et

Cost Furcticens

Rnblyile  Domain Esleulation CaleRunge  Conditiar

FreqDomainAnaly.. Sweep  dB{S[Portd Pomtl)) Freglist(d.3GHz..  *=

FreqDomainAnaly.., Sweep  dB{S[Portl Portl)) Freqlist3.3GHz.. % .

FreqDramaindnaly.. Sweep  dB{SPart] Portd)) FreqList100M... =N " H

H
FreqDomainAnaly... weep  dB{S[Portl PonZ) Freqlist{5GHz - - i o
s PP i i " ol
oot e -
0 T 7 1 [ T i ¥ 1 i E v H ¥ " ' 1
Pl vtk

Optimization option
HAPEEDIC
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}R= XDS Support SAW/BAW Design

« SAW device |
 Single SAW resonator Dﬂd ﬁHF oy
. RL SH Ray e|g
Double Mode SAW (DMS) | Single SAW Resonator
« BAW mBVD / Mason model Reflector 'IDT Reflector SAW
« Waves types o "y
* Rayleigh waves 4 onts
 SH waves MS
e
- Topology l—ﬁ?j?kder ] e
* Ladder - SN IsaATEn. e . 2
e |Lattice D|ff] Ladder.. Lt ’4 e
. . ) - _4]@ oo
Mixed ladder-lattice Latice e e
° i _Cl .||:||I||]|.d|]y. i o
device and package co-sim -
Mixed
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IPD for RFFE Module
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IPD for RFFE Integration and Miniaturization

* Integrated Passive Device (IPD) advantages over discrete

Discrete m

I {3\, 9390
* Discrete R, L,C  Multiple R, L, C
* Bulky « Small size, low profile
» Poor tolerance control » High performance

« Consistency
 High integration

()



IPD Evolution for RF Front-end

‘IPD 3.0

 Hybrid
’lPD 2.0 IPD+Acoustic
e TGV

High Resistivity Silicon
(HRSI)

.IPD1.5

oo (19 08

Through Glass Via
(TGV)

IPD 1.0
* HRS;i

i |
Page 21




TGV vs. HRSI for N77 Filter

Xpeedic . TGV 1005 vs 2D 1005

-10+

TGV 1005 " HRSI 1005

20% better IL while 10% better Rejection
TGV 1005

TGV 1005 vs. 2D 1005

)
e

Magnitude (dB)

IL(dB) 3300 4200 1.3 TO 3
RL(dB) 3300~4200 20 20 301
1710~1850 42 45 T3
2400~2500 30 32 12
2620~2690 33 35 12 401
RJ. (dB) 5150~5850 27 29 12
5850~5925 30 35 15
6600~8400 32 33 ™ 50, 5 p . a o 5 13
9900~12600 31 35 14 Freq(GHz)




Summary e

* Wireless technology continues evolving, which poses great

challenges to RFFE designs;

« Xpeedic provides a series of powerful tools to ensure first-pass
RFFE designs;

* |PD provides viable solution to achieve RFFE integration and

miniaturization.

XWEEDIC



ALWPEEVIC

ACCELERATE YOUR IC DESIGN




	Slide 1
	Slide 2
	Slide 3
	Slide 4: Megatrend: Wireless Technology Evolution
	Slide 5: System Complexity Drives RFFE Component Technology
	Slide 6: System Complexity Drives RFFE Modularization
	Slide 7: RF SiP Enables RFFE modularization
	Slide 8
	Slide 9: RF Front-end Module Design Challenges
	Slide 10: Xpeedic Simulation Toolset for RFFE Designs
	Slide 11: IRIS: On-chip EM Simulation Tool
	Slide 12: IRIS Support Mainstream IC Processes 
	Slide 13:  HERMES:  3D EM Simulator for RF Module
	Slide 14: HERMES: support IC/package assembly
	Slide 15: HERMES for RFFE Module Examples
	Slide 16
	Slide 17: XDS Support Circuit Optimization
	Slide 18
	Slide 19
	Slide 20: IPD for RFFE Integration and Miniaturization
	Slide 21: IPD Evolution for RF Front-end
	Slide 22: TGV vs. HRSi for N77 Filter
	Slide 23
	Slide 24

