IR E £ (3529)
A Leading Logic NVM
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64Gb
1Gb -
v 4Mb -
=
lo)
N
>
=
%) i
. 512Kb
Q
A
4KDb -

Standalone NAND Flash with MLC+ECC

Standalone NOR Flash

Embedded Flash
Embedded Flash replacement

for program codes update infrequently

OTP MTP

Neo
MTP

EEPROM rgplacement N
for data update frequently = Neo

EE

<10 1K 100K

1M

>

Rewrite(cycles)
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SOC Block Diagram

-
-
el
-
i
p—"|
-
p— |

B Hard IP
B Soft IP

SRAM NVM

Embedded Non Volatile Memory

Source : tsmc
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eFuse Antifuse CMC.)S CMQS Embedded
ROM (OTP) (OTP) Floating | Floating Flash
Gate (OTP)|Gate (MTP)
: . Floating Floating Floating
Cell Structure Transistor | Poly Fuse | Antifuse Gate Gate Gate
Standarq SRR Yes Yes Yes Yes Yes No
Compatible
Bitcell Area <1 50 1 2 4 1
Endurance No No <10 <10 10K-100K | 100-1000K
Density 4Kb-1Mb 256bit-4Kb | 16bit-1Mb | 16Kb-1Mb 1Kb-2M 64Kb-4Mb
Security Low Low High High High High
Additional Steps None None None None None +10 Mask

* ROM not programmable, eFuse cannot scale beyond 16Kb, embedded flash expensive and

cannot scale after 40 nm

+ eMemory’s IPs: OTP (antifuse, floating gate) and MTP (floating gate)

Embedded Wisely, Embedded Widely
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Customer
Product

Generally,
IP size is less than
10% of product size

P

Customers Request
100% IP Reliability
No Mask Adder
Low Testing Cost
On call Service
Acceptable IP Size

a bk wbhE

Embedded Wisely, Embedded Widely
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Nonvolatile Memory IP AR

P Where data
rogram, _
IS stored.
Erase and \
Read Each cross
' 0O X point has a
operation -
control g O memory cell.
g 3 hiemuory
=3 Cell Array
O o
5 5
0
-
=
Power S“pp'ypbyer Y-Path Data input &

for operatlons output

Confidential
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Customers

NeoBit

&oFuse

Time
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® 20005 RL1I - 2002FF—EEF - 2005F YRR - 2011FHE L - HRELIK -
EMIREE - |IRTTHEMN - REMREBRIER100% -

o 2HFRFZKMIogic non volatile Memory IPAE] - 230UE T - 160 AS* -

e RIEHER: 1) EEREBEBNHEEFAE
2) AT IRER

3) #EA=E
ﬁ/%#f"fé‘-’f
=RIIEIEE + RETIREE
A
'
1-2 years
eMemory & foundr;r
development é
Technology License
Revenue Revenue W Continues )
Y
Iz
L = E LR e B E E 7/ dE B K BY
Note*: #Z 2016/09/30
Confidential
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UNC VISﬂ SILTERRA

LS g E @TLFDUNDRIES SHI/[,'
X MagnaChip=® € Maxchip EREF

ehip Electronica

SK hynix $8& pongbu HiTek HEJIAN

2
FUI ITSU () Powerchip 1B 1
' DALtis

IDM

)
FUITsSU oxx  [IEVNE
$o MTsumisH MAXIMN
AF " ELECTRIC

Taiwan | China | Korea | Japan Nort_h Europe | Others Changes for the Better EE
America

Foundry 5 7 3 2 1 1 1 RICOH RENESAS SII @

IDM 0 0 0 8 2 1 0 ‘

Fabless 251 409 59 47 191 107 42 TOSHIBA " ccmeorer @ } {
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http://www.rohm.com.tw/
http://www.onsemi.com/PowerSolutions/home.do
http://www.maxim-ic.com/
http://www.oki.com/en/
http://www.mitsumi.co.jp/index_e.html

Pending 193 204 +11
Issued 355 371 + 16
Total 548 575 + 27
140 -
120 124
120 - 110
100 g7
250 - 80 76
58
200 60
197 199 40
150
20 -
100 - o | I BN N BN
87 NeoBit NeoEE NeoFuse NeoFlash NeoMTP Other
50 -
3 41
0
TW uUs CN JP Europe
Note*: & Z2016/09/30
Confidential
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EpiREE RegEHEES ; F_ERA
F=ERREEFESIWA -  RERES -

B : a%fFx

E8E

I=Q:-T=] =

EEMNERERE

=VanmEREFNERERRES ;

250,000
225,341 229,494 220.858
' 212,651
197,330 201,860
190 7')7 193 311
200,000 TOT T 183,266
168,696 172,450 172,773
156,652
150,000 135,829
100,000
66,58 64,583
0,000 53, 56,644 51,673 3.556 9.992 2157234 56,240
50, .
L7 5 25 69 38,609 31,54 2554 21014 23,926
13.87 13,30
'5\0“5"\9@‘? o PP & & 'Do(‘b‘)o‘?'oQ & & R "’*0 ,3"0‘58 R f§‘é° '5‘Q "’Q‘é\)" o‘?’eQ s
é\‘bs X o ,;50,:5‘\.;5 \b‘s\‘;z @\uv @ o5 W u & \“o\ue o .@5 \@:2 \@é’&v \‘)\& R % g .3>° \6’\& '&o &s&« \bé@v&é\bs R ¥ \Qo
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F=FREZU

Bl : hEa®iFT

Q32016 | Q22016| QoQ |Q32015

BES 86,712 77,715 11.58% 38,167 127.19% 250,403 198,205 26.34%
EXE 222,655 202,304 10.06% 213,648 4.22% 658,829 592,537 11.19%
= 309,367 280,019 10.48% 251,815 22.85% 909,232 790,742 14.98%

B : 58

Q3 2016 Q2 2016 2015 2014
i ISR 6 14 28 21
e NRE 18 14 57 82
RiEH @ 81 94 349 363

Confidential
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(B3 &% 1T TT) Q3 2016 Q22016 | % change | Q32015 | % change

=X 309,367 280,019 10.5% 251,815 22.9%

EXEEMR 100% 100% - 100% -

=XEH 173,605 163,276 6.3% 143,776 20.7%

S e P 43.9% 41.7% 2.2ppts 42.9% 1.0ppts
130,299 106,245 22.6% 106,301 22.6%
42.1% 37.9% 4.2ppts 42.2% -0.1ppts

1.72 1.40 22.9% 1.40 22.9%
28.9% 24.5% 4.4ppts 24.5% 4.4ppts
Confidential
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XigEES A

2013 2014 2015 Q1-Q3 2016
License number 19 21 28 33
i BB ERETNEITIEESOFEMNRITREREESHSNATME - Bi5FEHHEZE -
350 -
300 -

R FERZEBREFAH
250 - EFEERBTAZEHETEH

33
28
21
19
i 12
200 20
4
150 - 0
28
o b3 253
100 - 28 181 201
24 3 141
i 11
50 - 19 -
42
0 __-]'-‘—5- T T I T T T T T T T T T

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Q1-Q3
2016

Confidential
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® Total (As of Sep.) : 111

® 20 for NeoBit, 46 for NeoFuse, 22 for NeoEE, and

23 for NeoMTP.

NeoBit

NeoFuse

NeoFlash

NeoEE

NeoMTP

7/10nm | 14/16nm | 28nm | 40nm | 55/65nm| 80/90nm | Ot~ | O-45= 2025
0.13um | 0.18um um

6 14

2 3 o | 6 12 4 6 4

1 4 17

2 2 6 13

Embedded Wisely, Embedded Widely
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Hel[EEZBRRiREFS

12" Fabs

7/10nm

14/16nm
28nm

40nm
55/65nm
80/90nm
0.13/0.11um
0.18um

8" Fabs

0.13/0.11um

0.18/0.16/0.152um

0.25um
0.35um

Production | Development NVM Type Process Type
0 2 OoTP FF
1 3 OTP FF+
) 9 OoTP LP/HPM, HLP/HPM, LPS
4 6 OTP, MTP HV-DDI, LP
12 14 OTP, MTP, Flash | LP, HV-DDI, HV-OLED, DRAM, CIS
6 7 OTP, MTP HV-DDI, HV-OLED, LP
6 3 OTP, Flash HV-DDI, BCD, Generic
1 0 OoTP BCD
Development NVM Type Process Type

19 OTP, MTP, Flash | HV-DDI, BCD, LP, RF, CIS, LL

48 OTP, MTP Generic, LP, LL, MR, HV, Green, BCD
0 OTP, MTP BCD

0 OTP UHV

Note*:# ZE 2016/09/30

Embedded Wisely, Embedded Widely
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§E§ -Fél--l- TM* E’XI(NGW Tape Out)

- Total 282 NTO as of Q1-Q3 2016( 406@2015,445@2014, 393@2013, 303@2012)
140

120 12

33 15 9

22 14

100

80

60

40

20

Q4 | Q1 1 Q2 | Q3 | Q4 | Q1 | Q2 | Q3 | Q4 Q2

2012 2013 2014 2015 2016
NRE 7 15 10 10 7 14 18 12 33 12 22 15 21 17 10 9 12 14 18

mUsage| 62 68 63 68 73 69 88 | 112 | 90 86 88 99 82 87 76 | 104 | 63 94 81
Note*: EFEZX LMAEZMCU NTOEEEEASE - MLEEEEGreen processN TRMBEEER FHEE X FER Hilicense IP cell

AT, BN TRIEHERETIRBEAES - E/tape out BUEZ - (BIEHERIP cell BY& R ZTHEEFE. 3AMCURINTORIEBAREER
2 BEEHENREELNENSWABRZHEE -

Q3

Confidential
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i g *E EI’J AX |:|'|' fl:m *‘EE %’XT

900 A
- - . 7’
Cumulative design licenses > 3,437 824 o”
800 - _— /
| |
700 Design licenses in the corresponding year
I Cumulative design licenses
== Royalty
600 -
= 563 4
o
= 500 |
=
&+
Z 400 |
2
S 300
O
x
200 | 2304 2729 30
296
100
. / = 17a 1054
0 vy 0D R D Y Y Y Y Y Y
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Q1-Q3
H1L2009FAERFERNZR/RE BENEFEREIS% - 2016
2. 20NEE010FE—EFFEMEFNE - EM2010FEMKR67% - 20NFEFRIE6.3% -

13. 2009-2013FEFNEFEESMEERR30%

Sasua2l] ubisag aAne|NwND

Embedded Wisely, Embedded Widely
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Wafer Volume

900,000
800,000
700,000
600,000
500,000
400,000
300,000
200,000
100,000
0
2010 | 2011 | | | | | 2016 |
embedded eMemory IP in T Company ($revenue); * % of Process node in T company total revenue in Q3 2016
Process node *p of T Q316 Q216 2015 2014
8” 0.25/0.35 3% 26.44% 18.44% 33.49% 30.5%
0.15/0.18 9% 13.07% 12.32% 8.73% 11.9%
0.11/0.13 3% 40.96% 43.90% 29% 20.8%
12” 90nm 5% *3.83% 11.33% 19.85% 16.3%
65nm 11% 3.85% 3.76% 0.55% 0%
40/45nm 13% 0 0% 0% 0%
28nm 24% 0.61% 0.41% 0.05% 0%
16/20nm 31% 0% 0%
Total 100% 3.95% 3.92% 4.76% 4.5%
*0S EFEFEMIIEREE2017Q1 -
Confidential
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® |_ogic NVM portfolio offers one-stop-shop solution.

> Compatible to any process > Competitive macro sizes
> Robust structure > Easy integration
> Low process cost > Easy porting

eMemory’s NVM MTP

Technology NeoBit NeoFuse NeoFlash NeoEE NeoMTP

Product Type OoTP OTP Flash EEPROM MTP
Endurance (Cycles) 10 10 1K~10K 10K~100K 1K~10K
Additional Mask Steps 0 0 2-3 0 0
Technology Floating gate Anti-Fuse SONOS Floating gate Floating gate
Scalability Simple Simple Simple Simple Simple
Memory Density gﬁ;fiémj <4Mb < 2Mb < 4Kb <512Kb
Confidential
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71 IPBYFEFH
15N
7/nm | 10nm | 16nm | 28nm | 40nm |55/65nm 80/90nm {110/130nm (160/180nm| 250nm | 350nm

Confidential
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eMemory Inside today
A

000

Royalty
§/©)

Opportunity

>

$4,000-8,000
(40nm-16nm)

$400-700 $750-1,000 $1,000-4,000
(0.5um-0.25um) (0.18um-0.11um) (90nm-55nm)

Average Selling Price of Wafer
Note: 2.2 million 8” equivalent wafers with eMemory IP were shipped in 2013. (~5% of WW foundry shipment)

Confidential
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- Ambient Sensor Neo

) . Bit

Neo Capacitive Neo Neo Neo Proximity sensor i

Flash Touch Panel Fuse EE Bit
Controller
PMIC/PMU
- Accel.-sensor

- Mag.-sensor Neo

- Gyro-sensor Bit

- Base Band
NFC
Neo
Fuse
Neo b
- Application
EE
Processor
(2
Camera Module Neo
LCD Driver Flash
Connector 2 idlEEe
- Neo Neo \
Neo Neo Neo EE Fuse M?r%
Fuse MTP Bit gieto
Source: eMemory Marketing
Confidential
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Benefits from Using eMemory IPs

Package/FT level

1. Trim : SPEC shift

2. Parameter Setting : cross chip optimization
3. Identification Setting : manufacturer resume
4. Function Selection : setting for target market

Design-in for

1. Trimming

2. Parameter Setting
3. Code Storage

4. Identification Setting P Test Pack ET System
5. Encryption es ackage -

6. Function Selection J Assemblmg

IC Design

CP level
1. Trim : output voltage or current
. 2. Parameter Setting : default value System Assembling
3. Code Storage : default F/W code 1. Parameter Setting : cross chip optimization

NVMIP 2. Code Storage : F/W code modification

3. Identification Setting : manufacturer resume
4. Encryption : Security algorithm or key storage

Confidential
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SEEZEENZERE

®* Provide “Invisible Hardware Key” for invisible storage
® Prevent reverse-engineering to detect content of security key
® Protect firmware and hardware of ICs from pirating

* Extend & protect customer’s business

eFuse Key: Data is easily observed Invisible Hardware Key : Data is hard to be detected

Floating Control
Gate Gate
[ N
[N N N ]
— —
s/D soe—] s/D s/D s/D
Well Well
Floating Gate Anti-Fuse

Confidential
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Authorized Product Fake Product

reverse re-produce

copy —

without protection

reverse Ire-produce

COopy

with protection

Security IP/Code by Can NOT Work w/o
Authorized Use Security IP/Code

Confidential
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OTPHEMZE FEFER

Private OTP/Fuses

!

HW Constraints OTP Wrapper

Interrupt(s)
CryptoManager

| CPU  le—s ‘ I

Reset, clock BIST
General I/F  powerdown
(AMBA, APB,
or similar)

Extractor

Feature activation
Configuration

— Personalization
(SoC Consumers)

Direct key delivery

(SoC Crypto Cores)
— Ex/ SD encryption,
HDCP, DTCP, DRM,

VPN, Payments,

Password Mgr.

Source : Rambus crypto manager platform

Confidential

Embedded Wisely, Embedded Widely 32



N EMSIEERZEEER

Security for System Service Neo Neo
Fuse Bit

HW-SW/FW Lock

Cloud

(-~ Processing { HW Key

=

ID & Authentication
Data Integrity
Access Control

‘ Security Lock

FW (OS) with
(__ security key

Neo Neo Neo
EE Bit Fuse

HW Protection

Invisible Key for [] =8
Anti-Cloning g“‘*

Neo  [|Neo N Security IP/Code by
Authorized Use

Confidential
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FloTHR ZNVM IP E3K

All Smart Systems

I
I
Basic
Technology
~ Accelerometer .~ mMCcu
ICTypes  mpressurenn _
-
NVM IP Encryption/Security Function Selection Trimming/Calibration
Function F/W code storage Parameter Setting ID Setting
Confidential
Embedded Wisely, Embedded Widely a4 Lj ﬂ«‘ V} ;"’?"}""Q_-g 3 (L :




Autotronics with eMemory IPs

Infotainment system Sensor system
Intelligent drive
Distronic system

Auto parking system

Neo Neo
Bit Fuse B -
eo eo
Bit Fuse

Blind Spot Warning System
Cockpit System

N N Neo Neo
eo eo i
Neo Neo Bit Fuse Neo Neo Bit Fuse

Bit Fuse Bit EE

Confidential

Embedded Wisely, Embedded Widely 35


http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.autoliv.com/ProductsAndInnovations/PassiveSafetySystems/Pages/Seatbelts&ei=unXtVMKWOcHbmAWDjoLwAQ&psig=AFQjCNHltLUxwW1ES4QMQcWV0zbeVLg1Bg&ust=1424934711324646
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://mpt1st.deviantart.com/art/Car-Seat-198296419&ei=bnbtVJ7LGaaumAWHhoH4CA&psig=AFQjCNGmyGsg1KqNNaV3sNTE7-_SfXgLPA&ust=1424934883816555

Imager Module with eMemory IPs

Lens

Image Sensor

Neo Neo
Fuse Bit

Neo
Fuse

Neo
EE

Neo
Bit

Neo
MTP

IR Cut Filter

AF/OIS Controller
(VCM Diriver)

Neo
Fuse

Neo
EE

Neo
Bit

Neo
MTP

Confidentia
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FoiE R mmEARIEE & /

Process Technology : 0.11um HV/80nm HV/55nm HV

Display Power

LED Backlightin
I/E S

(LVDS, MIPL....)

TCON
LCD Display

VCOM Buffer
Neo ‘

Neo
Bit

DDI

1. Accuracy enhancement
Trimming
2. Mismatch cancellation
2K8~4KS8 1 OTP 1. Gamma Correction Table
Code .
2. Timing Control Pattern
Storage
3. Color Engine Enhancement



i€ FH i Basebandi Application Processorfy
BIREERR

Process Technology : Advanced 0.25um BCD/ 0.18um BCD/ 0.13um BCD
Mature 0.18um/0.16um/0.152um Logic

ALY

RSSTson ' E.' | Trimming DC/DC, Bandgap
Processor SR B Parameter Design flexibility &
| ' 2Kb~4Kb OTP Setting Performance optimization

Start-up behavior & smart

Code Storage . i
power saving algorithm

PMIC ]

Confidential
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Process Technology : 0.16um HV/0.11lum G

- TPC

Neo
Flash

MCU

N

Neo
MTP

I/F Circuit

Code Storage F/W code

16K8~32K8 <1000 MTP Customized model
Parameter setting and performance

optimization

Confidential
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Process Technology : 0.11um HV/80nm HV/55nm HV

TDDI IC

A

Neo
MTP

MCU

Display Driver

Neo
Bit

Trimming Accuracy
2K8~4K8 1 OTP

Code Storage Gamma Table

Code Storage Touch F/W Code
16K8~32K8 <1000 MTP . Performance

Parameter setting L

Optimization
Confidential
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Process Technology : 0.11um CIS/90nm CIS/65nm CIS
CIS SoC

Column

Image Sensor
Processor

Row
Select

A

Neo
Fuse

Identification

: Product Code
Setting
2Kb~4Kb 1 OTP ..
Parameter Start-up Initial
Setting Setting
32K8 1 OTP/ROM Code Storage Boot Load
Confidential
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% E R FE(MEMS)
180/160/15x nm HV/Logic for MEMS Controller

- MEMS Chip

MEMS AFE
Element Digital Motion

Processing

m oTP |
-

=

2Kb~4Kb oTP Trimming Factory trimming
Parameter Setting Signal filtering
Code Storage Geometric computation

Confidential
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4

product design & manufacturing by
embedded Flash
Logic Process + 10 Masks

30% more wadfer cost &
cost reduction |testing time

product design & manufacturing by
Embedded Logic NVM (OTP/MTP)
Logic Process

Embedded Wisely, Embedded Widely
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EEPROMFERRMCU

external
EEPROM

One-time

storage for EEPROM for

ID, trimming, user data, parameter
encryption... setting, system

function...

Confidential
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NeoBit + NeoEE

Hybrid NVM solution (NeoBit + NeoEE) with
customized SPEC & optimized size

MCU

*One single IP by integration of
NeoBit & NeoEE
*Help for system size reduction

Confidential

Embedded Wisely, Embedded Widely 45



ICHE %8 7GR

7 oK

0

IC Type Equa to 8-inch wafer (K)
AP 4926
PMU 4508
Smart card controller 3667
Base Band controller 2429
CIS sensor 1975
LCD driver (int with TCON) 1892
Fingerprint 744
Gauge IC 670
Touch panel controller (C) 581
TV controller 579
Connectivity (Combo) 437
STB controller 330
Wifi controller 293
DC-DC/AC-DC 190
LED driver 141
BT controller 132
Light sensor 123
Accelerator sensor controller 114
TAGIC 100
ISP 98
Gyroscope sensor controller 90
MCU (8bhits, pure 5V) 65
P-Gamma 40
MCU (8bits, LV/3.3V) 39
NB CAM controller 36
Pressure sensor controller 21
PC CAM controller 8
TCON (w/o driver) 3 2016 O3 updated
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Growth In
application per
mobile devices

Growth into more
markets

Growth In advanced
technology

Great 10T era

More chip applications per smartphone/tablet
product.

From consumer electronics and mobile
devices to wearable devices.

Adding new NVM product lines further enable
more product applications.

Higher royalty per wafer is contributed from
more advanced technology nodes.

Embedded Logic NVM will be a must.
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