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Executive Summary

In deliverable D1.2 two topics are discussed and illustrated. The essential capabilities of the
More than Moore pilot line members as well as pilot line development activities for new
capabilities required for the ADMONT project are presented. Furthermore a roadmap how to
implement a key performance indicator (KPIl) management process is described.

In contrast to classical manufacturing data, the establishment of a numeric reporting like key
performance indicator reporting is not useful for the essential capabilities. However, the
presentation and communication of new and existing essential capabilities is mandatory in
order to be able to market the pilot line accordingly. Chapter 2 offers a detailed summary of
existing essential capabilities, of the individual line members. Beside this summary of
available capabilities already on-going capability improvement actions are described. If
possible a cross-reference to related ADMONT work packages and demonstrators is
provided.

Thematic priority of this deliverable is the key performance indicator process. It is described
in Chapter 3 and introduced with a short description regarding the purpose of KPI and the
creation of suitable KPIl. A description of the heterogeneity of KPI approaches of the
individual members is starting point for the subsequent illustration of the pilot line KPI draft.
Four key performance indicators were selected which can be used both i for the overall pilot
line, for interfaces and for the individual line members. The initial calculation cycle was
determined quarterly due to the low sample size. A target setting will be done after a learning
cycle of three reporting intervals.

On top of the KPI tracking a suitable improvement cycle is required to initiate actions for KPI
improvement. This improvement cycle is described in Chapter 3.4. Based on this cycle
further actions will be tracked and illustrated.

Beside the technical improvement cycle, the focus of this KPI and improvement cycle is to
form a common perspective and understanding of all pilot line members. The technical key
challenge is the amount of available data within the ADMONT project runtime. The social
challenge is to form a team which takes responsibility for the pilot line as a whole.

In conclusion the presented draft of KPI matrix and the subsequent improvement cycle is a
suitable basis to generate standardized capability reports in the future and an additional
factor to generate a common basis in the More than Moore pilot line.

ADMONT D1.2 Page I
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Chapter 1 Introduction

The overall goal and strategy of ADMONT is to implement a distributed More-than-Moore
pilot line. The strategy to provide products and services based on a wide-ranging set of
technologies or essential capability modules (ECM) which are not available within one
manufacturing facility has been described in detail in deliverable D1.1.

The distributed More-than-Moore pilot line offers four distinct essential capability modules
(ECM) on its four locations: CMOS capabilities, sensor actuator capabilities, organic
capabilities and silicon system integration. The ADMONT pilot line is working as an open
platform where customers can select and use single processes or technology modules or
combinations of it from all capabilities for smart system integration.

The attractiveness of this pilot line is decisively influenced by two factors. On the one hand
the essential capabilities offered by the pilot line. A wide range of different capabilities offers
customers the possibility to develop new applications. Hence the continuous development of
further capabilities is part of the business process as well as the preparation of products with
existing technologies.

On the other hand the capability to deliver demonstrator and product devices is another key
challenge to keep customers who have been engaged before and to convince new
customers. Key performance indicators are used to describe the capability and performance
in numeric values and to show a temporal development. The integration of these two topics
in the work package 1 is illustrated in Figure 1.

WP1

Figure 1: lllustration of WP1 tasks and sub tasks

The development of a KPI matrix suitable for all members is challenging because of the
different background of the individual line members. While one member follows a classical
foundry business model with a high volume standardized production, familiar with KPI, the
other members are research institutes, generating revenue by developing IP especially,
customized technologies, process modules and silicon-based smart system solutions of
integrated circuits, sensors, actuators and MEMS elements. Manufacturing is limited to small
and medium product series. The KPI approach is only partially suitable in this case. The goal
is to find a common denominator which is suitable to monitor the pilotline.

ADMONT D1.2 1
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Chapter 2 Pilot Line Capabilities

Chapter 2 provides a brief progress and outlook regarding development of further essential
capabilities. To give new interested parties the opportunity and to illustrate the context of the
improvement, the existing essential capabilities are briefly put forward again.

The chapter is completed with information of the ADMONT consortium contact information
how to get access to the pilot line members.

2.1 ADMONT Pilot Line members and essential capability

The pilot line is organized along the value chain from CMOS wafer processing with More
than Moore 0.35um high and ultrahigh voltage and integrated sensor technologies at X-FAB
Dresden, sensor processing and sensor material development at FhG-IPMS Dresden,
organic semiconductor materials and OLED processing at FhG-FEP and 2.5/3D silicon-
system integration at FhnG-ASSID. The ADMONT Pilot Line members are located in Germany
(Saxony) and belong to one of the biggest microelectronic clusters worldwide.

Where is ADMONT?

ADMONT Partner States

Microelectronic Companies

. — )
>X<FAB ~ Fraunhofer
ADMONT Pilot Line

~_ |Z Fraunhofer Z Fraunhofer
T IPMS 'y

Figure 2: Where is ADMONT Pilot Line

i

The advantages for customers collaborating with the ADMONT Pilot Line are:

- On-stop-shop from ASIC design support to wafer manufacturing and silicon system
integration

- Established material and design flow between partners and their pilot lines (clean
rooms are located closely together)

ADMONT D1.2 2
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- Monitoring of manufacturing status, in-line parameter, PCM parameter and quality
parameter across all partners

- Easy access to standard CMOS processes and highly specialized sensor, actuator,
organic semiconductor materials processes and modules

- Wafer level packaging and 3D silicon system integration together with thin wafer
handling and processing

All Line members provide their own specific essential capabilities. Some details are provided
within the following paragraphs.

2.1.1 X-FAB Dresden

The X-FAB Dresden specific essential capabilities as of today are:

Manufacturing Processes:

0.35um ultra-high-voltage CMOS process (XU035)

0.35um HV and analog/mixed-signal CMOS (XH035)

0.35u integrated Thermopile in CMOS (XT035)

0.6um HV and analog/mixed-signal CMOS

customer specific 0.6 and 0.35um analog/mixed-signal/HV CMOS processes

customer specific process and module development and integration

= == =4 -4 -4 -8 -

first class design support (PDK, IP, simulation) and automotive quality
Capacity:

1 8,000 wafer starts per month

1 Wafer size 8" (200mm)

I Clean Room ISO Class 3

ADMONT D1.2 3
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Admont

Service Offering

N7,
X FAB
> Comprehensive design support

i Hotline service & 24/7 online access to full technical documentation
i PDKs for all major EDA vendors
i Optimized analog and digital libraries; statistical models; simulation

> Flexible & low cost prototyping options
T MPW & MLM service

> Manufacturing excellence
i High reliability (zero ppm support)
i Process longevity to support long lifetime products
T Full online reporting for efficient supply chain management
i Second source capabilities for major technologies

Design Support Engineering Service Marnsfacturing Service

29 Seplember 2015 12

Analog / High -Voltage

> Best-in-class analog characterization & design support

> Covering voltages up to 40V, 60V, 100V, 200V & 700V
for CMOS and SOl solutions

> Combination of high -voltage and NVM options with
lowest mask count in industry for advanced
analog/mixed -signal process nodes
i NVM options include  eFlash, EEPROM, OTP

> Supported applications include:
Power management ICs
DC/DC converter

AC/DC

AC LED

Precision analog

White Light LED driver

BLDC controller

29 September 2015 15

XFAB

Opto Sensors in CMOS

. . L )
Prowdln.g technologies VYIth integrated 0.35um (XH035)
CMOS image sensors in XHO35

dw
> Wide range of characterized photo diodes on y ". i

multiple process platforms — =
i High sensitivity diw
T Adjustable spectral range

> Lowest 1/f noise level and excellent matching
behavior for high  -performance signal
conditioning  applications

> Supported applications include:
i Ambient light sensor

i CMOS image sensors for industrial & medical dpinb

applications

i Microphone amplifier : —

29 September 2015 7

X FAB

Best -in - Class Design Support

> Most comprehensive design support in foundry industry

> PDKs support 3 Sigma consumer applications; up to
6 Sigma for automotive applications in temperature
range from -40°Cupto175 °C
i Support of all major EDA platforms (Cadence, Mentor,
Synopsys, Tanner)
i Digital libraries developed for dedicated mixed
needs (low power, low noise, junction isolated)
i Model accuracy and design flow which support first
time right for analog and mixed -signal designs
i Design kit trainings, design reviews and ESD consultancy
on request

-signal

> Wide range of embedded non
eFlash, EEPROM, OTP

-volatile memory IP:

> 24 hour Hotline service available

29 September 2015 13

Automotive

> Foundry offering meeting automotive requirements:
T Reliability (0 ppm approach)
i Robustness
T High temperature / High voltage -
T Long product lifetime support
i Production Part Approval Process (PPAP)

> Quality systems:
i 1SO TS 16949 certification for all sites
i Technologies qualified according to AEC -Q100
i Audited and approved by major OEMs

> Process & design kit development and quality systems all are geared
towards meeting or exceeding the stringent automotive standards

> At X -FAB - We think automotive.

29 September 2015 16

XFAB

top-metal spikesiparticles
top-metal raughness

Sensor Interfaces fluidic Lab on Chip

OLED (or planar metal) -CMOS Interface and Target

Specification

pixel edgel passivation

oxide OLED - Metal

OLED

Parameter Target  Unit
Total step on top metal surface (edge height incl. oxide edge) <65 | nm
Surface roughness (RMS) within pixel area <6| nm
Surface roughness (Z-range) within pixel area, incl. Via dimple <50 | nm
Max. protrusion height (fispikeso ) within pixel area <50 | nm
Maximum depth of defects within pixel area 0.-50 | nm

OLED metal with Via dimple
> RMS<6nm: CMP, IMO -CVD, Etch, Metal -PVD

29 September 2015 18

Table 1: Representative selection of ECs for X-FAB Dresden

ADMONT D1.2
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2.1.2 FhG IPMS

The specific essential capabilities of Fraunhofer IPMS as of today 1 covering the full value
chain from applied R&D up to low volume / pilot manufacturing i are:

Manufacturing Processes:

1 Surface MEMS Technology (e.g. Spatial Light Modulators, Capacitive Micromachined
Ultrasonic Transducers - CMUT)

1 Bulk MEMS Technology (e.g. Micro Scanning Devices, pressure Sensors)
1 Integration technologies (SoC, e.g. Spatial Light Modulators)
1 Backend-of-line technology for leading edge CMOS
Capacity:
1 1,000 wafer starts per month
f M(O)EMS:  1.500m2ISO 4 (class 10)
1 Nano-Tech: 800m?2 ISO 6 (class 1000)
Fraunhofer IPMS plans to develop the following new capabilities within ADMONT:
Thermopiles with new thermo-couple materials for improved sensor parameters
Improved technology for monolithically integrated thermopile sensor arrays

1

1

1 CMUT for airborne applications

1 SoC and SiP solutions for integrated CMUT systems
1

IP core development for transponder solutions

ADMONT D1.2 5
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Admont

Our business model: From R&D to Pilot-Fabrication

Consultingservice
Feasibility tests

Simulation

Device and system development

Complete processdevelopment

Demonstrators and Prototypes

Characterization & Test

Pilot-Fabrication

Foundry Services

B

ZZ Fraunhofer

Surface MEMS technology at Fraunhofer IPMS

MEMS on CMOS integration (5iC)
= SLM: Spatial Light Modulator
= CMUT: Capacitive Micromachined Ultrasound Transducer

surface

oo ENG/FAE | (72073 de § 22 Fraunhofer
e

Barcode reading systems
based on micro scanning
mirrors

Micro mirror arrays as
programmable mask

ﬁt MYCRONIC

, S saFRaN
Valeo

oo~ ENG/FAS 2 S Z Fraunhofer
s

Piezo resistive pressure
sensors for automotive
applications

Technology toolset @ Fraunhofer IPMS

MEMS / MOEMS

Surface MEMS Technology | Bulk MEMS Technology Integration technologies
[¢

ENG/FAE | 072015 | sideS 2 Fraunhofer

Bulk MEMS technology at Fraunhofer IPMS

= MEMS scanning mirrors at Fraunhofer IPMS
= Pressure sensor
= Precision Silicon Components

Fabrication of sensors &
actors out of the wafers
material (bulk) itself
B = 2 Fraunhofer
s
Summary

MEMS Technologies at
Fraunhofer IPMS
* Bulk micromachining

* Surface micromachining

F fer IPMS i model
Full value chain from R&D to pilot
fabrication

Customers have one partner for

* Research

* Development

* Manufacturing

o~ ENG/FAR 2015 de 12 Z Fraunhofer
s

Table 2: Representative selection of ECs for Fraunhofer IPMS

ADMONT D1.2
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2.1.3 FhG FEP
The specific essential capabilities of Fraunhofer FEP as of today are:
Manufacturing Processes:

1 Deposition and structuring of polymer and small molecule organic multilayer for
organic light emitting diodes and photodiodes

1 Deposition of oxides, nitrides, fluorides as well as standard and uncommon metals
(Al, Ca, Ag, Au) as electrodes and functional layer

1 Encapsulation of devices against oxygen and water by using a multilayer thin film
encapsulation or a glass wafer

1 1:1 Lithography of standard and orthogonal resists to structure organic devices below
10 pm

9 High precision wafer to wafer alignment and various wafer bond processes
9 Electro-optical characterization of organic devices on chip and wafer-level

1 design- and technology support from specification, wafer production till single chip
packaging of integrated circuits

Capacity:
1 Wafer size 8" (200mm)
1 Clean Room 1SO Class 5

Fraunhofer FEP plans to develop the following new capabilities within ADMONT:
1 Light emitting diodes with emission within the ultra violet spectral range

1 Inorganic encapsulation layer for scratch and handling protection of miniaturized
sensor devices

1 Implementation of thinned (<500um thick) CMOS wafer with TSV (through silicon via)
within the organic device process flow and handling processes

ADMONT D1.2 7
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Admont

Fraunhofer FEP services for customers

Device concept and Fabrication and
layout an

Deposition and structuring of
d

Integration technology
for organic devices

Pilot production
of organic devices

Product related R&D

FEP offers complete chip development and
demonstrator manufacturing

IC-Design of CMOS |’ OLED and OPD .
and transfer to development to
wafer fab customers needs

Development of sensor on 8"
wafer production equipment with
state of the art Vitex encapsulation

- Software and interface
development

- Wafer dicing / chip on
PCB

=

Zi Fraunhofer
"

OLED/PLED Microdisplay clean room 4
at FEP

B Process flow - process line for PLED and
OLED microdisplay production within 300m? -\
class 100 clean room

Anode metal deposition
Spin coating of organics

Structuring of organics via etching or
shadow masks

Cathode deposition

thin film encapsulation

200mm wafer level device test
Silicon wafer to color filter lamination

pages

Zi Fraunhofer
e

UV-VIS-NIR-OLEDs on CMOS backplanes

NiR-not visible for standard Only visible without NIR-filter

cameras

350 400 450 500 550 600 650 700 750 800
wavelength [nm]

- Integration of various emission spectra within the visible
range as well as in NIR and UV on CMOS.

- Peak wavelength and efficiency of all emitter can be
optimized by using OLED stacks for every emitter.

UV-OLED

Zi Fraunhofer
e

Organic Photodiodes

100
10—t .
1
% - under ilumination
£ e 01 ~ in the dark
5
8 2 001
B = E3
~ 1e4
1E-5
5 1E6
ol =

41000750 500 250 O 250 §00 750 1000
Vimv

00 400 500
Wavelength (nm]
Spectral sensitivity in dependence

J-V curve of an organic photodiode
on the material composition.

¥ Properties such as spectral sensitivity, capacitance and dark current can be
adjusted

B OPDs show better sensitivity values in blue and UV than Si based photodiodes

Zi Fraunhofer
e

poges

Zi Fraunhofer
e

Thin film encapsulation
Vitex encapsulation

To prevent the contact of the organic material and the cathode to
oxygen and water, a thin film encapsulation can by applied to the
OLED microdisplay (target wvTr: 1076 g/day*m?)

Fraunhofer COMEDD uses a multilayer solution as thin film
encapsulation (TFE) by using organic and inorganic layer
Pinholes in TFE Cracks

} multilayer

Cathode
Pinholes in Cathode

Z Fraunhofer
=4

Table 3: Representative selection of ECs for Fraunhofer FEP

ADMONT D1.2
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2.1.4 FhG ASSID

The specific essential capabilities of Fraunhofer 1IZM-ASSID are:
3D Wafer levels system integration

Through Silicon Via (Cu-TSV) formation

Wafer thinning, thin wafer handling

Wafer bumping (SnAg, Cu Pillar)

TSV Interposer with high-density redistribution layers
Single processes for PVD, CVD, plasma etch, lithography

Electroplating, wet cleaning, CMP

= = =4 =4 -4 -a - -

Wafer grinding (incl. TAIKO) / polish, dicing (blade/laser), temporary bonding /
debonding

]

Flip chip assembly, under filling
9 Die bonding, screen bonding
1 Metrology and test
Capacity:
1 Clean room size: 1100m? ISO Class 5
1 Wafer Size 200mm/300mm

Fraunhofer 1ZM/ASSID plans to develop the following new capabilities within
ADMONT:

1 System-In-Package (SIP) solution, based on an Cu interposer technology for CMOS
and CMUT sensor / actuator integration

1 TSV and silicon interposer technology for OLED on CMOS for medical application

1 TSV interconnect and second level low temperature assembly process to PCB

ADMONT D1.2 9
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Table 3: Representative selection of ECs for Fraunhofer 1ZM-ASSID

ADMONT D1.2 10

















































































