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Introduction to RFSIP

A Complete System or Sub-System in a Single Package

Integration of Multiple IC’s (bare die) and Discrete Devices (SMD & Embedded) into One Package rather than One IC (SoC)

>
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Introduction to RFSIP
- Why SIP for RF Design?

 RF IC’s Typically Take 3-5 Mfr. Passes.
— Mask Sets Cost About 3-5 Million Dollars nductor W\s@;
— 6 Month Impact to Schedule | - i, Y?a«,.

e LTCC (Low Temp. Co-fired Ceramic) Modules. P
— Total Cost Less Than 500K for 3-5 Passes. S’

— 6 Week Impact to Schedule
 Mixed Technology Support.

— Not Limited by Homogeneous Semiconduct
GaAs, SiGe all on One Substrate

— Flexible Design Partitioning
— Embedded passives — metal structures

cadence
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(RF-)SIP Simulations

Complexity and Traditional Approaches

Thomas Brandtner
Infineon Technologies Austria AG

(infineon

Never stop thinking



RF-SIP Example 1 -
Power Amplifier with Matching Network iy

. VBatt
PADie Integrated Passives
T o
VBatt I-
_.,{>_+ Power | Directional}s
Combiner Coupler

k. T

- Power |e
Detector

Embedded Passives

B Main SiP simulation challenge:
,Ccodesign“ of PA together with the matching network
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SIP Example 2 —
) . i Infineon
Wireline Transceiver L/
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B Main SiP simulation challenge:
Isolation between digital output signals and sensitive differential
analog input signals up to 10 MHz

B SiP simulation flow required for low and high frequencies!
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Complexity in (RF-)SIP Simulations (lnfineon.

It's more than just ,,common® (RF-)IC simulation:

B The design is multitude of die(s) and package (and PCB)
B Multiple process technologies

B 3D package interconnects

B Passive integration
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Complexity in (RF-)SIP Simulations e
The design is multitude of die(s) and package (@lineon

B Different design teams for the different dies and the package
L1 at different sites
L1 in different design environments
(digital vs analog, Unix vs Windows)

B Simple and efficient data exchange is crucial for a smooth
cooperation between the teams

B Models at various level of abstractions
Simulator needs to have ability to handle HDL, S-params,
transmission lines and transistor level models

B Non-availability of models for all the devices

B Complete design simulation fails to converge

B It takes too long to simulate the complete design.

B Debugging and tuning a portion of design requires partial
design simulations
Simulation of the “critical parts”
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Complexity in (RF-)SIP Simulations
Multiple process technologies

(infineon

B Different process nodes for different die(s)
L1 CMOS of different features sizes
1 BICMOS or bipolar for analog front-end (LNA, Mixer, PA)
[ Dies with passives structures (C, L, transformer, ...)

B Simulation environment has to support different technologies
for different blocks in one netlist

B Name space collisions in model files, e.q.
[0 BSIM models of the same name
[1 Parameters of the same name

I 'v"T"" I

1

Circuit block of die 1
CMOS 0.13u

Embedded passives
Package technology

Circuit block of die 2
BIiCMOS 0.35u
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Complexity in (RF-)SIiP Simulations -
3D package interconnects (1) (nfineon,

B SiP layout traces

B Wirebond or flipchip connections
B Vias (through power planes)

B Power planes (resonance modes)

B Simple 2.5D RC parasitic extraction is not sufficient any longer
[0 3D modeling of package interconnects become important
(wirebond loop shape, ...) Bonding Wire

.T.

¥

=4y Die

(=2, ¥d
Substrate Ry

[0 3D quasi-static solvers for lower frequency issues
- lumped RLCK models T T T
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Complexity in (RF-)SIP Simulations —
3D package interconnects (2) (nfineon,

B Simple 2.5D RC parasitic extraction is not sufficient any longer
0 In RF-SIiP: Extraction of transmission line effects with full-wave
EM solvers for interconnects as well as embedded passives

- S-parameter models
- broadband behavioural models in SPICE for increased transient

simulation speed

[0 Large range of feature sizes (nm, um in dies; mm in packages;
cm on PCB)

[ Extraction across different domains (wafer-level packaging:
coupling from package interconnect to die structures)

Page 14
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Complexity in RF-SIP Simulations -
. _ f
Passive Integration (Infineon.

B RF SiP designs extensively use passive integration
[J to miniaturize systems and reduce costs.
[0 Performance matching, tuning, filtering, and biasing.

B Two passive integration techniques that are
commonly used in RF SiP designs are
[0 Integrated passive devices
— thin-film solutions of resistor and capacitor arrays
— dies of special process technology with passives structures only
[0 Embedded passives
— directly integrated in the package substrate
— analyzed carefully for high-order effects, such as dispersion and
radiation (not only a simple RLCK parasitic extraction!)

B Exploration of design space:
[1 capability to synthesize passives
[0 generate models with various levels of accuracy.
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Agenda (infineon
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B Traditional (RF-)SIiP simulation flow

B Using RFSIP for accelerating simulations at various stages of
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Traditional (RF-)SIP Design Flow —
Electrical Design Entry and Simulation (nfineon)

Electrical Design Entry

Difficult ' Difficult
e AN Feasibility Study

Design space exporation

Manua”y Simulation of “Critical Parts”

System-Level-Simulation

Schematics
Schematic Symbols

!

Physical Design Entry

B Electrical design entry:
Old-fashioned Excel ,,netlists” replaced
by schematic entry
[d Nice graphical overview
[0 Automated link to system-level simulation
(Verilog, VHDL netlists); but still difficult
due to simulation complexity

B In parallel, introduction of table-based entry
with SCM for ,digital” oriented designers
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Traditional (RF-)SIP Design Flow

; : =~ Tnfineon
Simulation of Critical Parts (afineon
“"‘_ Vaatt
CFc’)?nWEi}lger_ D(i:rgﬁt[i)?enral T : > ‘ i
T
o+ ? |
- Power |e o
Detector Flattened schematic with critical parts only
+ around

B Copy the required blocks or components from the master design
to new test design.
B The blocks or components are manually connected in the new test design.
B Manually rename models across the different technology nodes to enable
multi-technology simulation
B Add test-bench components (voltage and current sources, load resistors, ...)

B Hope that connectivity in new test design still match with the ,,real world“ in
the master design.
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Traditional (RF-)SiP Design Flow —
Manual Extraction and Insertion of Parasitics (afineon

Physical Design Entry

- . /_\
Parasitic Extraction
Simulation Including
Parasitic Behaviour A 4
Model Entry to Model Repository

Schematics Die SiP ) ~ Manua"y
Schematic Symbols Layout Layout

< Backannotation to SiP Schematic
Manua”y Parasitic
- _Backannotation to “Critical Parts” Schematic Model

Repository

B Model extraction in a 3rd party full-wave solver (HFSS, Microwave Studio):
[0 Take only parts of SiP layout to reduce complexity
[0 Run extraction, hand over S-parameter Touchstone file to circuit designer
B Create schematic symbol for S-parameter model manually
B “Manual backannotation” of test design:
O Rip up nets
O Insert new symbols which represent parasitic models
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Traditional (RF-)SIP Design Flow

Updating the Master Design (infineon
VBatt
VBatt T
Power | _IDirectional 4.

‘ Combiner Coupler

ﬁ) —>—> =

o Power
Dy

B Simulate the test-bench design and tune the design parameters
for optimal results.

B Manual change in master design to reflect the updated parameters
[0 Instance values (R/L/C) of SMD or die components
[0 Physical parameters of embedded passives
[0 Constraints on nets for length of traces

B Export the master design to SiP Layout
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RFSiP 15.7
RFSiP 16.0

' - ‘ Hierarchy Simulation
Package libraries and Com_poser Design Entry for Partial desigrl Editor :
simulation models RFSip top module asr Bl | gnglne IS:;I)\/IS,

Multi-tech pectre
—
.
- 7
=7}
o2 Back-annotation / LVS
5 @ . First order back-annotation of parameters
o 3 : . Equivalent schematics for transmission lines
g & NG cc?rres onding to SiP routes
2 5 RF IC Layout A
a -E . Higher order parasitic models (s-parameter ,
5= I= spice) annotation for clines, package,
92 > = .
= = aQ embedded passives
23 5
= Vi
Parameterized Cells
for Embedded Cadence Module Layout

passives

L

Cadence Module Analysis
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24

Using Cadence RFS
- Passive Structure

Composer Symbol Views

IP Solution

NI\ I1 oL
1 - | I Property Viewer - | “I31” 29
.3 nmlen!/ Woefraut] List Part, Show Layer Properties Help
Analyze & c file MICRONS
Property Hame Property Value Property Type Annotate Description
spC 10 microns Physical Tes space
RT 50 microns Physical Yes Inner Radius
W 20m Physical Tes width
b 4 Physical Tes Number of Turns
M 1.2 Physical Tes Relative permea. .
¥ 1tha Electrical Yes Frequency
Temp 40 Similation o Temperature
APILAVER & TOP_COND layer Tes Metallic Lager
APDLAVER_B DIE1 Layer Tes Dielectric Layer
PCELL_VERSION V1.0 Similation Yes Version
i 4.503065e+02 nE  Electrical o Inductance Value
of 4.321982e-00 F Electrical No Capacitance Value
— Property Viewer - "3 ==
OK | Cancel | Modify Property| Set Default| List Part Show Layer Properties Help
Analyze gy file MICRONS
Property Hame Property Value Property Type Annotate Description
Physical Length
w z Physical Tes Humber of plate —_—
F 16he Electrical Tes Frequency
Temp 40 Sinulation No Temperature
PCELL_VERSTON wl.0 Simulation Tes Version e
PDLAVER] COND_LAVERL Llayer No Metallic Layer
APILAVERDTEL DIE_LAYERL layer Ho Tielectric Laye
BPDLAYERZ COND_LAYERZ layer Ho Metallic Layer S —
APOLAVERDIEZ DIE_LAYER2 layer No Dielectric Laye
APILAVER3 GONT_LAVERS layer Ho Metallic Layer
——
APOLAVERDIES DIE_LAYER3 Llayer No Dielectric Laye
APILAVERA GONT_LAVERA layer Ho Metallic Layer
HPTITAVERNTRA NTR TAYRRA Tawer tin Tirlarkric Lave ———
— Property Viewer - 131" =N
OK  Cancel Modify Property Set Default List Part Show Layer Properties Help
Analyze file MICRONS
Property Name Property Value Property Type Annotate Description
W 200 Physical Yes Finger width
b 40 Physical Tes Nunber of fingers
[ 200 Physical Tes Spacing betwsen
i 100u Physical Yes Length of overl.
w 100 microns Physical Tes Inter-connect W.
¥ 16ha Physical Yes Frequency
Rs 4 Physical Tes Resistance (ohns
Tenp a0 Simulation No Tenperature
APILAYER & TOP_CONT layer Ho Hetallic Layer
APILAYER B DIEL layer o Dielectric Layer
PCELL_VERSION vi.0 Simulation Tes Version
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Using Cadence RFSIP Solution
- 1st order annotation through tline abutment

kukall's Home

Cadence SiP BF ol GXL: rl_modil ip.sip P Cu{ni fmadial il ical
File Edit View Add Display Setup Shape Logle Place Route Apalyze Manofactre Rep

L] SIS S]] e Ol le ] | ] Bl

SIS | [0]* ]| o|i|s %] lalgle] #lo]

fis l ; f

o

demao,_sl E o e e e
Sel:0 3

Design Window Edil Add Check Sheet Oplions  Migrate

3y
niced viewabdiy,

[

3900, ARG 00 |
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Using Cadence RFSIP Solution
- Critical portion of design extracted automatically

 Components selected by user for critical path simulation

3iP

Assign Project
Edit Project

Constraints...

Export Physical

Invoke cdnsip

Import Physical

Import Package Connectivity

Place Tline Component.
Edit PCell Properties
Show 3iP Technology File
Import Model

Assign Model

Extract Test Bench

Lumped Models

Hierarchical Save

Archiver
Design Difference...
Packager Utilities...

Show Outputs
About SIP

o Selected Components get
extracted into a test-bench

schematic for simulation

© 2007 Cadence Design Systems, Inc. All rights reserved worldwide.

Bl Root demo_complete rf module_sip_th
: DEMO_COMPONENTS Transceiver pkg

rfmd_components mlinsip
rfmd_components mlinsip

T omponents

rfmd_components
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Using Cadence RFSIP Solution
- Simulating Design for trials and tuning

SiP

|assign Project
Edit Project

Constraints...
Export. Physical
Invoke cdnsip

«Setup SIP Substrate mpar Package Conctiviy

Flace Tline Component

parameters for simulations e e moperses

Show BiP Technology File
Import. Model

Assign Model

Extract Test Bench

oK

3 Giob:

Cancel Help

Lumped Models

Wirty
iz Sel: 0

matic Editing: dem starnt test_bench_rf_module s Hierarchical Save

Archiver

Tools Design Window Edit Add Check Sheet Options Migrate SiP

A & §

DN E L

T=E

L
]

([ & '

Design Difference...
Packager Utilities...

Show Outputs
Ahout SIP

0K Cancel

Views To Descend Fir TLINE Components
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RF Stack Signal Laner Groumd Fiana 1 Groumd Flane £ Deglecing Constant nedactne L
FFstrip_L K2 518 Wl_SI0 K3 510 9800000 0, 0035
Sirip M2 =18 Y g 0. DO
Lines M3_SIG M 0. 0035
M_SI0 ¥ £
o NE_SID XT_ 0.003%
X ME_S10 1A 0. 003
RF Stack Signal Layar Ground Fana 1 Disdactnc Corstant Dealectne Lo
RFM1croscrip,_ 1 ¥1_s10 WZ_ST0 5. E00000 0 0035
> Micrn Step | FFNicroStrip 2 BOTTIN u8_S10 8. BODO00D 00035
Lines
Adil MicTo 51rp Layer Dedele MicroStrp Layer
L o

*Create lumped models for
tlines and embedded passives

*Hook up stimuli

«Simulate with SpectreRF
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Using Cadence RFSIP Solution
- Automatic Parasitic annotation to test-benches

] ¥ IR AT S FTETTRAATE AR

ITHR CARTRITRLY: RIETIIRY, SIARE T TTRFHRTE, ST, Pl d STIR S ITETTAN0 - L
Tz Morve ELH

Topks Desigh ‘Window Edil Add Check Sheel Oplions Migrale SiP H

™

sImport Model &

. 3iP
i S p I Ce Assign Project
Edit Project
Constraints...

eS-parameter  |epor mysica
Invoke cdnsip

. Import Physical
.ASS I g n M Od e | Import Package Connectivity
Flace Tline Component

: Edit PCell Properties

.S I n g Ie n et Show SiP Technology File
Import Model
Assign Model

.Coupled Nets Extract Test Bench

Lumped Models

*Net(s) abutted and [

Archiver

model inserted T
automatically CED CITE

cadence
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Using Cadence RFSIP Solution
- Verifying design post-layout: xtor, HDL, tlines, s-param

DR B -~ 860 ExE

Top Cell

Library: twlanSipLib Cell: |FE_T}{_R}{_TEI

Glohal Bindings

Viewr |schematic

Open |

Librany List: twlanSipLib wilanFficLib

Yiew List: |spectre crmos_sch crios.sch spfile paksi schemsatic weriloga ahdl

Stop List: |5pe cire

setforth at FAR 12582 227-19 or its egquivalent.
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e Aandra smandala

Cell Bindings
Library | Cell | View Found Viewto Use | Mmj‘g
WTATTFITC LI LTI _[Jd_TECS SHETTE -
wilanFficLib pom_pa_recd spectre spectre cimos_sch cimos.. ||
wilanRficLib pC_pa_rech spectre spectre crmns_sch cmos. ..
wlanRficLib pcrmn_pa_reck spectre mreetra cenes orhy CIAIDE. ..
wlanSipLib BEOE1 2N2457A201 spiile | et CellView j | snones _sch cmos...
wlanSipLib FE_Tx_R¥_TE schemati  Explain... - sch cmos... | =
wlanSipLib LDB182G4510C-110 =pfile Open... auCdl . sch crnns... o
wilanSipLib Matching_Met Rx spfile Open (Read-Onky)... aulvs . sch crnos... a0
wilanSipLik Matching_Met_Tx schermati - - sch crmos... |
wilanSipLik bwi_Ina_2 paksi g Pl -hsplcﬁ_mudels . schocrmos... |
wilanSipLik ind_pcell schermati R _sch crmos... [
— s —— pgdBindToOpen.. o0 = —
............................................................................. hport_data
Messages
schematic
Lzefreproduction/disclosure is subject to restriction spectre §
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Using Cadence RFSIP Solution
- Simulating multi technology DIE(S)

DIE(s) with different
technologies can be

simulated without the need of
changing model names

Ability to mark blocks as MTS —
blocks

Ability to set model files on a per
block basis B

Ability to set MTS options
(simulator specific) on a per
block basis

Works with Spectre, Ultrasim
and AMS simulators

30
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= Virtloso® Analog Dasign Environment A IR 2 RN SR T T T WU T Sy LSRG R IR b PR e ]
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= ofe O (@ X Q@ 2 % 1
Mulli-Technology Mode a2
[# » & solutions:ampTest1
/ WId Tasl Host Mode & local o remote o distributed
Crpen Dasign in Tab
Add Analysis
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Design . = —
Load Stale @I concel) Defaulls Browse..,  He
Save Stale
= MTS Options o
\ Simulaton/Directory/Host i B
) Show MTS bl —
Lt Besel
Simulation Eiles Call Table | EEUISSSERERE]
Environmant Library | Cill | MTS_BLOCK | mods|Files I inam | scalem | scile |
fun Mode —_— soluthons TEST =
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ode:  Single Run, Netist N solutions ampTest — -
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C MTS Options test blocka i /|30
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tes temp_depend., — —

cadence



Using Cadence RFSIP Solution
- Updating Master design from testbench

*Extracted Schematic can
be compared against
Master Schematic

*Either schematic can be
updated with changes

cadence
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Using Cadence RFSIP Solution
- Summary

e The Cadence RF SIP flow eliminates the need for:

— Capturing designs twice for purposes of simulation and SiP
implementation

— Creating separate testbench designs for analysis and
simulations, followed by manual sync-ups with the master
design

— Manual insertion of parasitic models (obtained from third-party
sources) into the testbench design

— Manual renaming of models for different dies that are on
different technology nodes

— EXxplicit export of layout structures to third-party solvers for
extraction
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Using Cadence RFSIP Solution
- Summary

« The Cadence RF SiP flow promotes:
— Single front-end driven simulation and implementation covering

both
* |C layout
« SIP layout

— Easy analysis of Embedded passives with physical parameters

— Pre-layout simulations with 18t order simulations that are fast and
allow rapid exploration

— Post-layout verification with multitude of DIE technologies and
package parasitics

— Use of integrated solvers for 3-D structures and RF Shapes
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. Tnfineon
Conclusion (infineon,

RFSIP 15.7 design flow used at Infineon for productive designs.

The following features are mainly used:
[0 Schematic entry
O Automated link between Composer and Allegro CDNSIP

Productivity gain of 2-3 man weeks for a RF-SiP design (Example 1) in
comparison to old Excel style

Some RFSIP 16.0 features specified together with Cadence:
[0 Parasitic model import

[0 Automated model backannotation

[0 Automated testbench generation (“critical parts”)

Expected productivity gain due to faster loops between design and simulation
steps and decreased number of manual errors.

RFSIP 16.0 will be offered for productive designs in Infineon’s next internal
chip/package codesign flow release.

Infineon would like to see “one common” SiP flow solution rather than a split

between RFSIP and digital-SiP (SCM, 10P):

[0 Support of SCM or Composer for connectivity entry independent of type of top-level
die design (analog or digital)

[0 One common IO-Planner for both digital and analog designs based on OA database.
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