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Survey this year 1/2

Survey of opinions on technology intercepts for HOD and MRAM industry.

* 1. Describe your affiliation ? Survey issued in 2 waves:
*First survey: up to day before conference start.

() HDD Industry Member : .
. *This preview summary

() MRAM Industry Member

eSecond survey: issued Thursday morning of

() Academia
conference.

N

7 Vendor
i &

() Other *Goal: look at change in perspectives due to meeting.

* 2. What is the Maximum Areal Density Capability expected for Perpendicular/Shingled/Two dimensional - magnetic
recording extensions?

e
-

3. What is the expected Year of Technology introduction to HDD Products 7
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Survey this year 2/2

MRAM guestions....

4, What is the expected STAND_ALONE MRAM capacity (Megabits) per chip in 20207
256 Mb F12Mb 1Gh 2Gb 4 Gb

5. What is the expected EMBEDDED MRAM capacity (Megabits) per chip in 2020
236 Mb 312Mb 1Gb 2Gb 4 Gb

6. What is the expected NAND capacity (Gigabits) per chip in 20207
1000 Gb 2000 Gb 3000 Gb 2000 Gb 10,000 Gl



TMRC 2018 _
Part 1: pre conference Survey




Population of respondents up to 08/08/2018 (pre conference)

Describe your affiliation ?

Answered: 69  Skipped: 0

Describe your affiliation ?
HOD Industry . o
P"1E-'n'|bEF Answered: 66 Skipped: 0
HDI

Member

As with 2015/16/17. - |
Dom | nant Academia | -

| 2016
responses from v [ |
HDD members. oo [}

0%  10% 20% 30% 40% 50% G0% T0% B80% 90% 100%

ANSWER CHOICES * RESPONSES
= HDD Industry Member 62.32%

« MRAM Industry Member 5.20%

* Academia 15.94%

= Vendor 5.80%

= Other 10.14%
TOTAL

43

n



Maximum ADC

Median of 1.5Tb/inch”2 +/-0.25, mean of 1.75 Tbh/inch”2

*A few optimistic voters for 2.5 Tb/inch”2, and above.

*Bimodality between Academia and Industry (lower mode for industry)
sPattern very similar to 2016

What is the Maximum Areal Density Capability expected for & What is the Maximum Areal Density
Perpendicular/Shingled/Two dimensional - magnetic recording extensions? Capability expected for
e 55 Smes 0 Perpendicular/Shingled/Two dimensional -

magnetic recording extensions?
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Technology Survey- before conference

What is the expected Year of Technology introduction to HDD Products ?

a .1 2016

What is the expected Year of Technology

introduction to HDD Products ?
HAMR
Anewered: 64 Skipped: 2

L e
MARE

WRBRMEHAMEA)
MAMR Never

0% 10% 0% 309 40%  S0%  &0%  TO%  BO%% 90% 100% TOMR — I
Muitpis
Raadars)
Baox: P B PBxon PBoe Pz Pos Hmwm- _ Never
By P B vever

Te 10%  20% 3% 40% 50%  60% TO%  30% 9% 100%

Anzwered: 68 Skipped:1

Pessimism for MAMR reduced

But reduction first appeared 2017 TMRC. L oommeom s w
BPM/Heated Dot remains pessimistic
Focus in next slide on specific fraction of people that think a technology will not work
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Technology pessimism: Compare 2018 with 2017-2013

Technology Pessimism - by survey year
w2013
80%
70% w2014
60%
50% m 2015
40%
30% m 2016
20%
° W 2017
10%
0% W 2018
BPM HAMR MAMR TDMR HDMR
From left to right..
*BPM appears stable and poor. _
*HAMR confidence steady improved. Technology HAMR _IMAMR_ITDMR_HDMR
*MAMR hit a bad patch 2014, started recovery 2013 40% 29% 28% 23%
in 2016-2017, and significantly improved this 2014 47% 14% 73% 15%
year. 2015 37% 3% 42% 2% 16%
*TDMR Launched 2017 into product —so 2016 41% 10% 39% 3% 21%
enoved 2018 er than B but still 2017 46% 7%  25% 4%  37%
confidence — higher than ut sti 2018 47% 3% 204 2204

poor and variable.
8 8



Technology Introduction year

Technology HAMR MAMR |(TDMR |HDMR
*Pessimism is high

2013 2022 2018 2018 2017 So confidence on
2014 2022 2018 2018 2017 N/A ntroduction year is
2015 2023* 2018 2020* 2017 2022 poor.
2016 2024* 2018 2020* 2017 2023
2017 2024* 2019 2021* 2018 2023*
2018 2026* 2020 2020 - 2029*

2.1]3»0 BPM & 4 more vs. Technology =fli'::rﬂ

mm MAMR
2028 = HDMR
e BPM/HDMR « BPM continues to drift.

=]
=
P

BPM & 4 more
[
[
et

2020

20718

2016

RS

—_—

2012

I | | I
2013 2014 2015 2016
Techneolegy

|
2017

|
2018 2019

HDMR has taken a push out.
MAMR pulls back.

HAMR starting to push.
TDMR Launched 2017



MRAM questions

What is the expected STAND_ALONE MRAM capacity (Megabits) pe

20207? What is the expected MRAM capacity
Answered: 58 Skippad: 11 {MEHEhItS] per I:hlp in 2020 ?
Anewered; 62 Skipped: 4 201 6
1.61%
N/A [ @
6.45%
{4}

33.48%

14.58%
(22}

1%

Baoerve Beze Bice Bace Bice Bwe 77 58%

(14}
* 956ME T S512ME T 1GE * 2GE * 4GB T NA ~ TOTAL ~ H.2%% /
] B.06%
~ (nolabel) 0.00% 2.82% 25.28% 20.53% 8.62% 36.21% 5}
0 3 15 12 3 o 85

128 M B 256 Me B F12Me | R .EGI:I 430 . A
128 258 S12MEb 1Gh 2Gh 4 G NiA Tatal
Mb ME (3} 4] {5} {8}
{1} {2}

o 181% B545% 14.52% 22.508% B0E% 11.29% 35.48%

labal) 1 4 9 14 5 T 22 a2
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What is the expected NAND capacity (Gigabits) per chip in 20207

Answerad: 57

= (nolabel)

Skipped: 12
[ R
~ 1000GE ™
14.04%
=1

N/A

B zcooce

2000GE ~

15.78%
3

B zo00Ge

3000 GEB T

17.54%
]

W:cooce woococe s
S000GE * 10000GE ~ MWA  ~ TOTAL = WEIGHTED _
AVERAGE
15.78% 0.00% 3E6.54%
3 0 b BT 125G
B 1000 G
1000
&b
{no 820%
labal) 5

11

2016

What is the expected NAND capacity
(Gigabits) per chip in 20207

Answersd: 51 SKipped: 5

B.20%
1=

97.70%
123} ™ 26.23%
(16)
1.64%
1}

9.84%
(€]

16.39%
{10}

000G g i000ch [ S000ch [ 1000050

NIA
2000 3000 5000 10,000 Ty Total Walghiad
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26.23% 15.39% 2.84% 154% ITT0%

8 10 5 1 23 &1
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New MRAM Question this year

What is the expected EMBEDDED MRAM capacity (Megabits) per chip in
2020

Answered: 32 Skipped: 11

N/A

B=crs Beze Bice Bazee Pice Pue

* IMB T S51ZME T 1GE T 2GB T 4GE T HA = TOTAL = WEIGHTED
AVERAGE
* (nolzbel) 3.07% 18.597% 2414% 13.70% 1.72% 36.21%
3 m 12 =] 1 pid| =] 357
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TRMC 2018
Part 2: post conference Survey

Or: “Did we change your mind?”




Reponses vs. time:
Defined 8/8/2018 as pre/post boundary.

Post-
First: 330208  Zoom: TIZ2018 to 8M10/218 P
o re-conference
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Note: Conference ran 8/8-8/10
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Distribution of voters

Post-conference

Describe your affiliation ?

Answered: 83 Skipped: 0

HDD Industry
Member
MRAM Industry
Mamber

ANSWER CHOICES

* HDD Industry Member
* MARAM Industry Member
» Acadsmia

* endor

= Other

TOTAL

RESPOMSES

553.323%
3.08%
1.54%
815%
13.85%

PRE -conference

Describe your affiliation ?

Answered: 6%  Skipped: 0
HDD Industry
Member
MRAM Industry
Member

Academia

Vendor

Q0%  10% 20% 30% 40% 50% &0%

Similar HDD Industry heavy weighting of response.
But we do have enough responses from Academia that we can contrast with HDD

Which leads to some interesting (unexpected) observations...



Maximum ADC- Pre/Post

Median of 1.5Tb/inch”2 +/-0.25, mean of 1.75 Tbh/inch”2
*A few optimistic voters for 2.5 Tb/inch”2, and above.
*Bimodality between Academia and Industry (lower mode for industry)- stays...

Anzswered: 83 Skipped: 0

0.75 ToPi

1 Thpi

1.25 Thpi

1.5 Thpi

175 Thpi
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TOTAL

Post-conference

0% S0% 100%

~  RESPOMSES
2.08%
0.00%
13.85%
33.38%
10.77%
27.89%
0.00%
3.08%
8.13%

=1 .
S I R S X

B el @

What is the Maximum Areal Density Capability expected for

Perpendicular/Shingled/Two dimensional - magnetic recording extensions?

swered: 82 Skipped: O

- Pre-conference

1 Thpi
1.75 Topi .
2.25 Thpi
2.5 Thpi .
2.75 Thpi .
0% 0% 0% 30%: +0% a0 0% ToRE 807

ANSWER CHOICES * RESPONSES
» O73ThPi 1458
= 1Tbpi 0.00%
» 1.253Tbpi N.74%
* 1.3 Tbpi 28 99%
» 175 Tbpi 8.70%
» 2.0 Tbpi 26.09%
» 2.23 Thpi 0.00%
* 2.3Thpi 5.80%
» 275 Thpi 7.25%
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»
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Projected ADC — by Group

What is the Maximum Areal Density Capability expected for
Perpendicular/Shingled/Two dimensional - magnetic recording extensions?

Answered: 102 Skipped: O

a0 Academia tends
oo to lean to 2
. TBPSI.

Q1: HOD Industry Member Q1 Academiz Iowe r

Bosri Witos B2sTepi ETopi 75 Tooi
B-omesi Ezoetosi B 25Toei R 275 Thei

= 075 1TBRl . 125 13 1.73 2.0 2035 2.5 275 TOTAL =
TBRI = (2 TBFI = TBM ™~ TBRM ~ TBPM =~ TBPI = TBPFlI = TBR =~
n 3 “ {3 {&] n {2 =0
= - HDD 1.30% 0.00% 22.08% 36.36% 11.85% 22.08% 0.00% 1.30% 519% 754599
Industry 1 a 17 8 - 7 0 1 4 7
Member
= J: Academis 4.00% 0.00% 12.00% 40.00% 3.00% 32.00% 0.00% 4.00% 0.00% 24.51%
1 a 3 10 2 2] a 1 a 2B
= Total S a 20 3R n 25 a P 4 102
Respondents



Technology Survey- pre vs. post

What is the expected Year of Technology introduction to HDD Products ?

ippect 1 Post-conference Pre-conference

N
- [

AR(EPM+HAMR]) |

0% 10=% 04 30 L0E0 aiAL 809 TO%% B0% ooRL 100°%: o 10% 205 30% 400, 505 GO % B0%% S0t 100%
=2ms Bz Bz Wzon ooz Bz oo Ba: Bao: Won Woy Boz Bz Bos
2027 [l z025 e By Bz Bies

Pessimism post conference for BPM and Sister HDMR (BPM+HAMR)
continues to grow, otherwise small changes on MAMR/HAMR.

18 18



Breakdown between Academia and Industry

e HOMR{EPM+HAMR]
it 1005
s0% 0%
E0% 0
405 g
Lt
0%
09
Q1: HDD industry Membsr Q% Academiz 8%
Q1: HOD Industry Membar Q% Academia
B Bz Booxe Bz oo Bz P oos
W Wos B B Bz Booze B ooz Bz P
- By B P reer
100%%
HMAMR
100%%:
B0%
G0%%
60%
B0%
405
405
Rk
20
09
J1: HDD industry Membar Q% Academia 0

Q1: HDD Industry Member Q% Aczdemia
Bz W ooz Bz Mooz Wzozz ooz
B B Pres Bz B Weooze oo ooz o oo
Boor Bz Prze
« BPM/HDMR: HDD industry vote is extremely negative.
 HAMR Industry/Academia closely aligned
« MAMR: Disconnect between academia and industry, compared to industry —

academia is more pessimistic in timing.
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Revised: Technology pessimism: Compare 2018 (pre+post)
with 2017-2013

Technology Pessimism - by survey year Y2015
80%
70% w2014
60%
50% m 2015
40%
20% Deployed W 2016
20%
° l m 2017
10%
0% m 2018
BPM HAMR MAMR TDMR HDMR
From left to right..
*BPM now degrading
*HAMR confidence steady improved. Technology HAMR |IMAMR |[TDMR |HDMR
*MAMR hit a bad patch 2014, started recovery 2013 40% 29% 28% 2304
|yne§£)16-2017, and significantly improved this 2014 47% 14% 2304 15%
*TDMR Launched 2017 into product — so 2015 37% 3% 42% 2% 16%
removed 2018. 2016 41% 10% 39% 3% 21%
*HDMR confidence — higher than BPM but 2017 46% 7% 25% 4% 37%

degraded last 2 years. 2018 55% 2% 9% 39%



Technology Introduction year (pre and Post)

Graph Builder
5030 BPM & 4 more vs. Technology :BHT&R *Pessimism is hlgh
==MaMR - So confidence on
2028 BPM/HDMR* :L%MMF; . : :
iIntroduction year is
2026 poor'
S 2024-
i
= 2022-
2018 -
—— ¢  TDMR Ia|unched
2016

| I I | | I |
2012 2013 2014 2015 2016 2017 2018 2019
Technology

 BPM continues to drift.

« HDMR has taken a push out.
« MAMR pulls back.

« HAMR starting to push.

« TDMR Launched 2017
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MRAM questions: Stand Alone capacity

What is the expected STAND_ALONE MRAM capacity (Megabits) per chipin

20207
POSt_Confe rence Answered: 38 Skipped: 11 Pre_Confe rence
N/A
Waerve Bezie Wice WMzece Wice WBve
~ 956ME T SI2ME T 1GB ~ 2GB v 4GE T HNjA ~ TOTAL ~ WEIGHTED
AVERAGE
» (nolabel) 0.00% 2.62% 25 36% 2069% 8.62% I6.71%
0 H 1= 12 B 7 =3 445

Baerve leeve lice z2ce Bace s

Even breakdown between 1Gb and 2 Gb by 2020.
Main fractional change is reduction in N/A
(was this influenced by Roadmaps shared in the meeting ?)

22 22



MRAM questions: Stand Alone capacity
(Pre and Post- due to high “N/A" counts)

ino label)
1005

0%

B0%

40%%

095
Q1: HDD Industry Q0 Academia
Member

Q1: wendar

Becrs PBeove Bice Bece Bice Pus

MRAM favors 1 Gb, but low counts

= {(1:HDD
Industry
Member

- Q1:

Academia
= {1:Vendor

= {1: Ocher

= Ql: MRAM
Industry
Member

236ME T SIZME T 1GB

28488
2

0.00%:
Q.00%
7.69%

]
Q.00

N.76%
B

17.39%
12.50%
]

0.000%

0.000%

25.00%
17

26.09%
8
12.50%

b

ZB4e0
B

30.000
3

Q: Other
2GB * 4GB =
23.533% 24905

18 3
26.09% 17.39%
z 4
0.008%: 750
O 3
769% 769%
1 1
33.33% 16.6T%
2 1

| l .l . o l

Q0 MRAM |'1-::|u=|:"'
Member

MN/A ¥ TOTAL ~ WEIGHTED .
ANERAGE
32.35% 3763%
22 =2} 422
13.04% 19.49%
2 23 4,
27.500%% 8.78%
3 B EQQ
ZB4e0 T.02%
B 13 432
0.000% 5.08%
0 8 4487



New MRAM Question this year

What is the expected EMBEDDED MRAM capacity (Megabits) per chip in
2020

Brswares 61 Sippec Post-conference

N/A

Pre-conference
Bzcre PBeeve Bice Bzece Bsce Pus

T 236ME T SIIMB * 1GB * 2GB * 4GB T MSA T TOTAL = WEIGHTED _
AVERAGE

* {nolabel) B.200: 24.59% 71.31% 16.39% B.20%% 21.31%
b 16 13 10 E 13 El 358

N/A

Between 512 Mb and 1 Gb is
the favored response.

B Bezdae Wice Bzece Wi Bre

* 2MBE T S12ME T 1GE * 2GB * 4GB T N/A ¥ TOTAL ~ WEIGHTED
AVERAGE

= (nolabel) 517% 18.97% 2413% 12.79% 172% I5.N%
3 Bl 14 g 1 a BS 357



MRAM guestions: Embedded Capacity
(Pre and Post due to high “N/A” counts)

{no label)
100%
E0%
0%
S0
20k I
| il
Q1: HDD Industry O Acaderniz
Member
e Me [ 52 1c6 Wzee e

MRAM favors 512 Mb Clearly

Q1: Vandar

e

(no label)

* I36MB ¥ SI2MB -

* (1:HDD
Industry
Member

= O
Academia

= (1:Vendor

= (1: Other

= (Ol: MRAM
Industry
Mamber

5.88%

2.70%

0.00%

TEI%

16.67%

20.53%
14

21.74%%
B
25.00%:

TEI%
1

BE.ETW:

Q1: Other

1GB

1912%

26.09%
25.00%
3B.46%

16.67%

> 2GB

16.13%

17.39%

12.50%

TEI%

0.008:

Q1: MRAM Industry

Member

* 4GB T  N/A
5.88% 32.35%
2.70% 17.35%
0.00%: 37.50%
0.00%: 3B.45%
[ B

0008

0.00%

¥ TOTAL

5763%
=)

19.49%

e
23

6.78%
B

TLO2%
13

5.08%

¥  WEIGHTED
AVERAGE
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NAND capacity per chip

What is the expected NAND capacity (Gigabits) per chip in 20207

Answered: 80 Skipped: 5

N/A

Post-conference

xpected NAND capacity (Gigabits) per chip in 20207
B wooce [ zococe M sococe sooces ogooce e 1z Pre-CO nfe rence

* 1000GE = 2000GBE * 3000GE ™ SOOOGE * 10,000GB = N/A * TOTAL -

= (naolabel) 10.00% 8.33% 23.33% 10.008% B.6TH 16T
g B g - i

14

ED

N/A

Small difference in pre-post
Conference responses Boococe Wzooce Maoocce @@scooce Mwoococe ERwe
MaJOI’Ity Oplnlon = 3000 Gb * 0DDGE * Z2000GE ~* 3000GE * SO0OGE ~  10000GE T MN/A v TOTAL ~

= (nolabel) 14.04% 15.78% 17.54% 13.73% 0.00% 36.84%
g 9 10 2 ¥] il E7



Caveat: (After George Box)

All models are wrong All surveys are wrong,
but some are useful but some are useful
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Than You
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