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xfab

Setting the benchmark
In Design Support

Through our comprehensive design and prototyping support, we enable first-time-right
designs not only for digital, but also for analog mixed-signal designs.

> Feature-rich, proven design kits: The solid > Unique X-FAB tools to solve design
basis for your designs with full access to all challenges, accelerate the design process and
process features enable first-time-right design

> Support for multiple EDA vendors: Choose > Expert support when needed, from idea to
the flow which fits best to your needs design, tape-out, prototyping and production

> Largest foundry IP offering: Reduce design
risk and improve time-to-market

Company Confidential



PNAware XSUB

parasitic substrate netlist extraction tool for HV/-CMQOS
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Motivation:
Re-designs due to substrate coupling

xfab

> A Re-design root cause in Smart Power ICs, like motor drivers
* some customers are affected by Re-designs due to unwanted substrate coupling

* today these problems are handled by hand, Trial & Error by very experienced designers after measured silicon: time
consuming!

 Substrate coupling is an active and distributed large signal problem

* not locally concentrated

* AC simplifications do not work

HV Circuits LV Circuits

NMOS PMOS VDD

Emitter

N+

DN-Well
/D’SﬁT)Stral:\_

IC substrate

Substrate BJTs Parasitics!

Company Confidential



Motivation: )(fCl b

Re-designs due to substrate coupling (2)
> EMC, e.g. DPI Tests (=Direct Power Injection, P<=36dBm=4W)

* significant portion of DPI problems is accounted to substrate coupling in HV-CMOS

> Motor driver guardring concept insufficient
* Most critical situation: Drain below ground (after LS transistor switched off)

« Minority carriers (Electrons) can travel several mm in the substrate to any N-type Well

VDD

« Severe disturbance of sensitive circuits

like Bandgaps, ADCs, Pre-drivers...

> Such Re-designs are expensive

full mask re-designs

Company Confidential



Parasitic Elements in HV-CMOS processes XfCIb
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> Metal interconnect and substrate diodes extraction for noise coupling
simulations

» Lateral NPN and vertical PNP bipolar transistors. If activated, they generate
substrate currents!

> Challenges in control, design and causes failures!
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A solution exists xfab

Aware AwareRC

Extraction of substrate lateral bipolar transistors in | Extraction of substrate passive RC network

with junction-isolated technologies

LDNMOS LDPMOS LDNMOS LDPMOS
D B G D

(Lon Y L
p-well
|1—welI p

p-zub
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PNAware - Substrate Model Approach XfOb

PNP

NDMOS — " ——~  PDMOS
NPN }
Lateral
Substrate Model is based on: PN Diode
a) Detection of parasitic pn-junctions in substrate —{>+
b)Description of parasitic current propagation in the substrate PNWr

c) Description of doping discontinuities at p-p+ or n-n+ substrate contacts 7 Homo-Junction

Parasitic bipolar transistors are automatically detected from layout
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PNAware - 3D Substrate Model XfClb

Introduction of three devices with four terminals:

> top terminals carry substrate voltages and currents

> bottom terminals carry equivalent voltages and currents which are proportional to excess minority carrier concentration and their gradient.

Ttot

Diode Veq.1 g9
Ttot

V1
Resistor veq1 2
ltot
V1 —p—

Homo-Junction ., s

C. Stefanucci, P. Buccella, M. Kayal, J.M. Sallese, Spice-compatible modeling of high injection and propagation of minority carriers in the
substrate of Smart Power ICs, Solid-State Electronics 705, 2015.
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PNAware Operation '
Core + Extractor + Model XfClb

1. MESHING CORE 2. EXTRACTOR 3. MODELCARD
SUBSTRATE EXTRACTION
LAYOUT ANALYSIS POST-LAYOUT
AND MESHING NETLIST SIMULATION
: - |

model resstance
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PNAware XSUB: How to use it? XfCl b

> To run PNAware: 1. LVS clean design. 2. Add recognition layer SUBEXT in layout over regions of

interest
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Electron Injection test with LDMOS transistor + Bandgap XfCIb

Drain of NDMOS is pulled below substrate potential and injects electrons

-> no N-type-Well guardring around the LDMOS
-> electrons collected in Bandgap at all NWell connections (pmos, resistors, bipolars)

extracted substrate netlist:
, 900 pndiode
2876 pnhomojunction

9276 pnresistor

0.5

VBGP - bandgap output voltage

e \/BGP_meas

e \/BGP_sim_sub_ext

VBGP [V]

/\ === \/BGP_sim_schematic

05 first time that this behavior can be

predicted by netlist simulations!

VDrain [V]
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PNAware RC

parasitic substrate netlist extraction tool for SOl
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motivation: XfCI b

Re-designs due to substrate coupling
» Re-design root cause in automotive ICs, like CAN-FD-TRX: parasitic Substrate Couplings
« Even very experienced customers are affected by Re-designs due to unwanted substrate coupling

 today these problems are handled by hand, Trial & Error by very experienced designers after measured silicon: time
consuming!

 Substrate coupling in Bulk-CMOS is in most cases a distributed multi-collector lateral bipolar problem

 Substrate coupling in SOI is in most cases a passive RC coupling problem

Measurement results under DPI stress on CANL/H
- T TR AR e PNAwareXSUB for substrate netlist
L[Ii[ e extraction in HV-Bulk CMOS

S = i T 4 I I = - I 2 2
oo N e 1" i A\

: ot ... PNAwareRC for substrate netlist
e B et g —- = .. extraction in SOI.
= I L !illll

1 M)

Picture taken from Technology Conference 2022, Dirk Nuernbergk
Dip of the bandgap voltage (VBG and VBG_TC) at low frequencies in between 1 .. 20MHz
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A solution exists xfab

Aware AwareRC

Extraction of substrate lateral bipolar transistors in | Extraction of substrate passive RC network

with junction-isolated technologies

LDNMOS LDPMOS LDNMOS LDPMOS
D B G D

(Lon Y L
p-well
|1—welI p

p-zub
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PNAwareRC: SOI process

> Even in SOI technologies, the isolation
is not perfect, as passive R and C
couplings are still present

> In SOI, PNAwareRC extracts a passive RC
network including lateral and vertical
coupling paths resulting from DTl and BOX
isolations
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PNAware RC: How to use it? XfCIb

> To run PNAwareRC: 1. LVS clean design. 2. Add recognition layer SUBEXT in layout over regions
of interest
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PNAwareRC: useful extraction options XfCIb

-— Run PNAwareRC 1v0 oS
> Launch PNAwareRC -> Run XSUB_RC :
Library TEST_KLAUS Cell wvta_phvta_inv Layout layout
AUXLIB Utils XT018 Utils Pvs EOAVB [H'LUE == Help
--------------------- Library |[EINALUS Cell vtaphvtainv  Schematic schematic | Browse,
B & & &l Run XSUB_RC
Sel(0):1 [X 220.650 » | Sele Show Lo R) Substrate extracted view: sub_extractec 1
show Results ¥ Technology:  XT018 o] simulator:  Spectre |3 LVS: Assura |3
User Guide =
= Custom RSF Include Browse
Backside L Substrate Contact Node
oupled C-only _ Ref Node
o Substrate RC Couplings: RC Wafer Thinning
® | ==
A ‘ Thickness 725 B8 um
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° ackKside contac
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. . ’/
* Wafer thinning / 3% F<@ Default | Close | Help

* include parasitic metal caps (Coupled C-only)
* RC Coupling modes

* Customer specific RSF include file (if LVS switches are needed to get a clean LVS)
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Simulation results vs. measurement (bandgap voltage) -new BGP fob

> Re-design: Shielding of Diff-Pair by GND connection of substrate and other topology changes

> Good fit of measurement and simulation

Pinj [dbm] VBG mean [V]
40.0 T 1.25
35.0 el 1.20
et o S AR " -~ -~
30.0 | — —
< 1.15
\‘\ -
Measurement = ., =] = +
St 1.10
new BGP 1
20.0 — :
] = = = Power (CW)[dBm] 121 105
20 J BB_noCLK_VBG mean_SEL_VSREG=1 =4=]
Measurement . S
10.0 1 Measurement new BGP. VBG -1
Ol d BG P : e Simulation newBGP_trim, VBG with BOX-Cap- : :
4 Adaption 11 005
5.0 -
0.0 1 090
1.00 10.00 100.00 1000.00

f [MHz]
Picture taken from X-FAB Technology Conference 2022, Dirk Nuernbergk
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Summary )(f(]b I

v PNAware AwareRC: reduce the risk of re-designs

v Post-layout parasitic extraction Tools = post-layout substrate netlist including all relevant active
and passive elements in the substrate

v" Enable designers
 to evaluate substrate problems by means of circuit simulation
« to assess potential substrate coupling problems before the 1st Tape-Out

 to evaluate circuit and guarding concepts with better immunity to substrate coupling

20
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PNAware XSUB and PNAware RC: Integration in XFAB PDKs )(fOb

> PNAware XSUB available for HV-CMOS:

* XHO018 Cadence PDK WZ/ ngb Process Selection Design Prototyping Lot Tracking & Reports

« XP018 Cadence PDK

PNAware

> PNAware RC available for SOI:

Available Filters Reset all X
+ XT018 Cadence PDK
v Scope v 0 . xt011-pnsolutions-PNAware RC - 1.1.3
v EDA Fil x .
- XT011 Cadence PDK - s
> Process Type
xt018-pnsolutions-PNAware RC - 1.2.1
> Process = . EDA Files
> Design Kit Packages
xp018-pnsolutions-PNAware_XSUB - 1.6.0
> Utilities = . EDA Files
v EDA Vendors v )
~ PN Solutions X o . xh018-pnsolutlons-PNAware_XSUB -1.4.0
EDA Files

> Release Date
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