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Analog Devices Company Overview

Market Cap $21B 2015 revenue $3.4B \
@3 Global Leader
in signal processing ' e
2015
Dedicated to _
Breakthrough Innovations The Market Leader in
to give you a competitive edge Sensing, Measuring and
Interpreting Real World
Signals
%5 High-Value Solutions Partner
for today’s complex ecosystems ‘
FY1965 ......|||I|||“|“|
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Global Sites

& Limerick, o)Tiller, Monway
and Ottawa Nashua, MH - Ireland ,  Slasgow, Scotland
CanAtA L 1o msford . ma @ EdinpurghiScotiand
Bellevue, WA @8 Wimingtan, MA  Cork ef %NEWDU'\?’EUHHWSWHUQE. England
®Eeavertan, OR . Camhridge, WA Ireland QML LS THATTY :
®)C|Lj-Mapoca, Romania
Sansoge 8 aiiLTEY, UT l’?D!:nerhégFNﬁJDdIMA (WHE) BeiiNG eore 5
_ ®) | oramaont DS OI . &) alencia, | elistanbul, Turkey [T ™
San Diego, §) and.%uluradu SRR aleigh, NC Spain Wuhan' »” %) 4 Tokyo
CA, Springs, CO 0 Greenshoro, NG ®jrew Maadi, Chengdu e L % Shanghai
Caira, Egypt Shenzhen @) §)Tanvan
Bangalore @) N
yhialaysia -Ph|llpp|nes
SiNQaporey
Melbourne @)
@ 2pplication Engineering, Oesigh, Development, Technology Combined Design, Developrment, Technology aMe Manufacturng
@ Field Applications Enginegring Manufacturing, Assembly, Test{includes 3rd-party facilities)
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40 Years of Innovation in Limerick, Ireland
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Unique Capabilities of ADI Wafer Fabs enabling New
Generation Products and Systems.

Limerick Wafer Fabrication

“More than Moore” Adds Unique Value

= |ntegration of analog, digital, RF, yW, photonics, MEMS, power, etc.

i b » Leverages process, package and test innovations

Sensors / >

Analog/RF Passives > HV Power> P Biochips >

6 Connecting the Real World
More M039n£1e to the Digital World

= Sense
= Monitor
= Control

1
= Shrinking

lithography  gonm

65nm

45nm

32nm

28nm

16nm

1970’s
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Materials

4” — 2um 6" — 0.6um 8" — 0.35um
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Silicon T_EOS

Poly-Si TIN

Si02 Tungsten Polyimide
B, P, As, Sb FSG
Platinum

AlISICu,

SiCr, TiW

SOG, Si3N4
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Analog Devices International Limerick Ireland

Established in 1976 as ADI’'s CMOS Facility: 40 Year Milestone in 2016
1,100 Employees in the Limerick Campus

» State-of-the-art 200mm Wafer Fabrication facility
“More than Moore” 200mm fab with unique isolation
technologies

New EU R&D Building opened in July 2015 :
= Major investment by ADI in this 14,000m?2 building

Campus with six different Business units

New Product development and R&D : >100 new products / annum
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8” BICMOS FAB

Class Class 1

Geometries 0.18um

Proprietary Processes

ICMOS, L2CMOS,iDMOS, iPolar, Thin Film

Cartificate of Registration

Arvog Devions

4 :
Fully Isolated Lines
Separate Air Handling
Separate Water Handling
Processing for non CMOS

kcompatible materials

Probe

Area 13k sqfeet
Class 10,000
#Tools 70
Proprietary Processes
Laser Trim 1053nm
High Voltage / Temperature
High Frequency

Membrane / Cantilever / Vertical

IPD + KGD FAB

Geometry Vertical to 50um

Proprietary Processes

iCoupler, iPassives, RF Inductors, MEMS Switch
KGD Tested to 100% Data sheet Specs Targeting
Zero ppm
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Innovative Technologies

8” BICMOS FAB 8” IPD + KGD FAB

0.18um DUV lithography, CMOS, DMOS, C-Bipolar, More than Moore: MEMS, sensors, actuators, novel
Precision TF resistors materials

iCMOS

INBESIRIAL

30V BIiCMOS

AD5761 30V 16Bit
Bipolar DAC

iCoupler
Digital Isolators

iDMOS

INRUETRIAL

12V-205V DMOS WAD5535 zoév
32 channel 14 bit DAC

7.8 PP
| High Temperature In-Amp
Guaranteed 210°C

iPOLAR

INERETHIAL

Probe

Laser Trim, High Voltage
High Temperature

; AD8229 36V
36-100V Bipolar brecision KGD for
InAmp Automotive
High Temperature High Pin Count Protl)vlee'rl'r:agrhannoelogy
(_gg?gbllygc) e Cantilever, Vertical S'E‘IGLCOEg
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BICMOS/BCDMOS Process Evolution

2000 2004 4 : 2012 2014 2016

AD5686R — 16 bhit untrimmed,
uncalibrated 5V DAC w/
onboard reference

AD5761 — smallest
untrimmed bipolar 30V
DAC. 16 bit, 1LSB

AD5535 — 32 channel,
14 bit, 200V DAC

ADATE320
with TFT
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Device Characterisation & Modelling

Agilent 4156“

LS Gy

Agilent 13.5GHz PNA y 57 ————’__‘—T—

-

Agilent B1505A 1.5kV

‘ a

Caécade 12K series with
ThermoChuck & AttoGuard
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High Power Measurement setup
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High Power Measurement setup
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Pulse IV /| Gate Biased TLP

1 [
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IPolar Platform (Production) — HV C-Bipolar Processes

Concept/Market Opportunity

e 36V Complimentary BiPolar
Process

¢ 36V C-BiPolar Precision TFR

36-100V Bipolar

Diverse Products and Markets

I1&I Instrumentation Precision Amplifiers
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SPLITs

Gain versus IFO
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AD

Characterisation
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HV Bipolar Process

T T TTITIT: T T TTITIT: T T T TTTIT EXtI’aCtedfTCUI‘VGfOI’ ngh
Voltage Bipolar Device

TTTT1
w

Vce bias from low to 5V Vce

fT (GHz)
| L

fT increasing as one would
expect in most Processes

lc_meas [LOG]

== Measurements — extracted fT
at various Vce
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fT (GHz)

High Voltage Bipolar Process

lc_meas [LOG]

== Measurements — extracted fT
at various Vce

== Simulations — extracted model

Extracted fT curve for High
Voltage Bipolar Device

Vce bias from low to 5V Vce

fT increasing as one would
expect in most Processes

Extracted model fits well as
one should expect!
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High Voltage Bipolar Process

L L L L DL Extracted fT curve for High
Voltage Bipolar Device

Vce bias from low to 30V Vce

fT (GHz)
LI

fT at high Vce deviates from
‘normal’ expectations

lc_meas [LOG]

== Measurements — extracted fT
at various Vce
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fT (GHz)

High Voltage Bipolar Process

1 III'[‘: I rrrrrir: I rirrrirni

lc_meas [LOG]

== Measurements — extracted fT
at various Vce

== Simulations — extracted model

Extracted fT curve for High
Voltage Bipolar Device

Vce bias from low to 30V Vce

fT at high Vce deviates from
‘normal’ expectations

Extracted model does not fit
well at high Vce bias
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Analog Devices & ADICE models

» GP Original model and SPICE Gummel Poon basis

» H. K. Gummel and R. C. Poon, "An integral charge control model of bipolar transistors", Bell
Syst. Tech. J., vol. 49, pp. 827-852, May—June 1970

» EGP — Extended Gummel Poon
= GP + Kull-Nagel model + Weak Avalanche + Early Voltage + self-heating formulation

» VBIC — Vertical Bipolar Intercompany Model

= C. McAndrew, Derek Bowers, Michael Schroter et al., "VBIC95: An Improved Vertical, Inter-
Company Bipolar Transistor Model," Proc. IEEE Bipolar Circuits and Technology Meeting,
1995

» |ndustry Standard; public domain

» Mextram — Most Exquisite Transistor Model from Philips Semiconductors

» R.v.d. Toorn, J. C. J. Paasschens, and W. J. Kloosterman, "The Mextram Bipolar Transistor
Model," level 504.11.0, Delft University of Technology, the Netherlands, revised December
2012

» Industry Standard; public domain 2001
= CMC adopted standard 2004

» HICuM — High Current Model
= M. Schroter “HiCuM — A scalable physics-based compact bipolar transistor model”
Description of model Version 2.1 Dec 2000
» |ndustry Standard

= CMC adopted standard 2004
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fT (GHz)

Mextram — High Voltage Bipolar

1 III'[‘: I rrrrrir: I rirrrirni

lc_meas [LOG]

== Measurements — extracted fT
at various Vce

== Simulations — extracted model

fT at high Vce deviates from
‘normal’ expectations

Additional extraction steps

Input from Mextram
Developer Guofu Niu

NDA & CMC
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Mextram — High Voltage Bipolar

L L L L L L L fT at high Vce closer to results

MEXTRAM has some
capability but needs further
Investigation & extraction

fT (GHz)

lc_meas [LOG]

== Measurements — extracted fT
at various Vce

== Simulations — extracted model
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fT (GHz)

HiICuM - High Voltage Bipolar

1 III|T: I T rrrrr; I Ffrrrrrl

== Measurements — extracted fT
at various Vce

== Simulations — extracted model

fT at high Vce matches results

f. (GHz)

Input from HICuM Developer
Michael Schroter & Andreas
Pawlak

NDA & CMC
IEEE BCTM 2016 publication:

“A HICUM/L2 Model for High-
Voltage BJTs”, A.Pawlak,
B.OhAnnaidh, M.Schroter,

o 03V
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ICMOS/IDMOS Platform (Production) — 5V -> 205V C-DMOS

Concept/Market Opportunity Innovative & Unique Technology
e 5-205V BCDMOS (Bipolar , CMOS, e Full High Voltage
DMOS process ) Safe Operating Area .

-\g=s0v

e Reliable High voltage -
operation (HTRB)

¢ Extendable

- Vg=a. 0V

¢ SOI & deep trench (Latch up robust)
¢ 5V -205V C-DMOS, 5V CMOS,

—Vg=3.0v

~=Vg=2.0v
V=10V
V=00V

¢ 5V C-BiPolar, precision TFR, technology to higher l" |
¢ QLM (0.18um features) voltages 0 " >
o Robust ESD cells for multiple voltages

Competitive Advantage Diverse Products and Markets
I&I Instrumentation Automotive
* Low Ron MOS e ADGI1412F e AD8417/18

Architecture with e 80V Fault protected switch e 30V Current sense amplifier

Layout Extended Drain

Medical Ultrasound

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™



LDMOS Models

Models for LDMOS

* BSIM3 based (+ Rdrift)

n- dri‘

* MM20 (+ Rdrift)

« Desirables * HISImHV

— High breakdown/Avalanche CMC
— Scalable channel region modelling

— Scalable drift region modelling

— Mobility reduction

— Velocity Saturation

— Quasi-Saturation

— Impact lonisation/substrate
modelling

— Thermal modelling and self-heating
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LDMOS Models

Models for LDMOS

= Thiose a0 [visimiv.
v v v

Channel
Vel. Sat. v v v
 Desirables SHE v v v
— High breakdown/Avalanche Quasi Sat. X v v
— Scalable channel region modellin__
— Scalable drift region modelling Felil X v v
— Mobility reduction Imp. lon. X X v
— Veloci i
e oc_lty Satur_aﬂon JE—— X X v
— Quasi-Saturation
— Impact lonisation/substrate E.Seebacher MOS-AK

modelling
— Thermal modelling and self-heating

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™



HV DMOS capacitances

- Issues with HISImHV
- Need for internal subcircuit

modelling
Cgd1,Cgd2 = f(vd)
Cgd to 200V
300 g T T T T T T T T T T T T T
‘? 250
w,
g 200
T 3
w -
2| E
g |15 :
8| E
S |"FS In-house Cgd
a| E
I 50f==
0: L L L L | L L L L | L L L L | L L L L i
0 50 100 150 200

Vd [E+0]
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DMOQOS DC IV Vs model Vs PIV

[————— = [e—m———— = — p—————+ == pe———— =+ — pe————- —p— pe—————-  —

e |
ST
y/ 2 meas moduet
Y
=~
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