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700 YEARS m s

Company History KE[V]E];:J%
KEMET
Laboratories Simpsonville
(Union Carbide) SC USA China EPCOS Ta Niotan TOKIN

1919 1963 2002 2006 2012 2017

1959 1968 (2003 2007 2015 2018

Ta Capacitors Mexico & FELCO & Arcotronics & IntelliData Fort Lauderdale
Ce Capacitors SIERRA KD Evox Rifa FL USA
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0\ S REGlON/!fEngr &
KEIWEl'f $1.4b PRESENCE &8

REVENUE Resources in
it aad 1 00 + each sales region

.. Pos O
Jusr | rocus. 29:000  +180,000 Y

unique customers served

OV E R $70 0 Leading in the digital
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MILLION IN POS platform space
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‘ Revenue at a Glance KEMET

FY19

ESTABLISHED 1919 e

41% 27%

Polymer/ )
Tantalum Ceramic
+14% YIY +35% YIY
Americas EMEA APAC Japan
+30% Y/IY +13.5% YIY | +11 YIY & Korea
+7% YIY

. &

17% 15%

® Y ot Magnetics, Film &
Sensors Aluminum
& Actuators Electrolytics
+60/0 Y/Y +2% Y/Y
Revenue by Region | | Revenue by Product Group

© KEMET Electronics. All Rights Reserved.
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Tan-BG Auto Grade Product (T591/8/9)

Kevin Lee
June. 2019
KEMET Proprietary Information

revi0



100..... /==
Polymer KEIWEVJ L
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Automotive
T491 T598 125°C
| T495 Low [ | 1000h
\ ESR ) 85°C/85%RH/Vr
> T591
o r— — T498 150°C — 500h
‘Ia m i ) 85°C/85%RH/Vr
E © : \ T599 150°C
— T499 175°C ] 1000h
o o 85°C/85%RH/Vr
- O

=4 KOCAP
-
» =~ 1stto Market!
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Polymer Capacitors KEIET ~—
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2000: T520 — Standard 105° C
2002: T530 — Multi Anode, 125°C Rated (ultra low ESR

up to 4mOhm)

« 2006: DSCC Drawing Release

2008: T521 — 1st High Voltage (25V)

» 2010: mF Caps — Maximum Capacitance

« 2011: T540/541 — 125°C Polymer High Reliabiility Military
COTS

« 2014: T591 Released to Market

« 2015: T598 Polymer Capacitors with full AECQ200

Non Automotive Grade

I Conductive
Polymers

=
Q
S
4!
=
2
s
|
3
=
O
Q

qualification
* Begining 2018:T 599 — 1stto market 150°C Automotive
Grade




Polymer Capacitors
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Polymer vs MnO2 KEMIET —
ESTABLISHED 1919
Tantalum KOCAP AOdEH’)
Ta-MnO2 Ta-Polymer
Anode (+) Tantalum Tantalum
Dielectric Ta205 Ta205 l
A
MnO2 Polymer Dielectric t
Cathode(-) Carbon Carbon
Silver Silver I

The only difference is first layer of cathode A
(MnO2 vs Polymer) Cathode(-) C =KX r
But this only difference creates many
advantage of polymer against MnO2



Structure

frH : Ta20s, BHEE @ Ta, Pith: SHESYWR _HALE
FrARRA . HPIRHE AR - REWRR A S RN

Lead Frame

Mold Epoxy

anode
Cathode : outer
—

veans ==\
KEMVIET -

ESTABLISHED 1919

Ta Wire + Ta powder
(anode) +—9

Ta205
(dielectrics)

(#)

Lead Frame
Anode : Ta Wire

Cathode : Pellet

s Y
£ s
\\..ﬂ-ff

Cathode : Inner

C

Porous structure to increase surface area

= Ta metal (+)

Ta wire (+)

I

Schematic structure of Tantalum Capacitor

Cathode &::?12:2!
ﬁ
(=)
Silver
(cathode)
+ Silver (-)
* Carbon (-)
* Polymer or MnO; (-)
Polymer (cathode)
* Ta;0s Schematic of Polymer Tantalum Capacitor Device
Ta (+)
Ta; 05
(dielectrics)
Outer

Carbon/Ag (-)

Polymer or MnO; (-)



Polymer Tan- Cap s Lineup KEIWE;/

"""" - B = ESTABLISHED 1919
T L1 e T o e S e R e N
mer Capacitors
Bt .Jﬂr.-‘-:';':;-:f.n. | T 75 jy P M N T I'-
— )

T521 High
£T520 Polymer} -+ [ Voltage 196\/_ J

L:u,,. II||

2V-16V 75\
@ 150°C
AEC-Q200

Miniature

Hi-Temp Hi-Rel COTS High Energy Low ESL Size Automotive

SNl T540 125°C T545 High T528 T527
- Energy W ASTE 3216-10 Size
=) gEvyr High T548 High -~
Cap Energy

1599

T591
High Humidity

¥

1529
3216-10 &

FD T598

AEC Q-200

2012-10 Size

1543 105°C

© KEMET Electronics. All Rights Reserved.
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‘ Size

LW(mm) LW(Inch) H(mm)

2012

0805 |1.0

Case Code

P

Auto Grade
Y(2020, Q1)

3216

1206

1.0/1.2/1.8

1/S/A

Y(2020, Q1)

3528

1210

1.2/1.5/2.0

T/M/B

Y

6032

2412

1.5/2.8

u/C

7343

2917

1.2/1.5/2.0/3.1/4.0/4.3

Q/W/V/D/Y/X

7360

2924

1.5/2.0/4.3

J/H/O

N
Y
N

CATHODE (-) END VIEW SIDE VIEW ANODE (+) END VIEW BOTTOM VIEW
—_——— A
= o -t
] \ l ? " Gluspad F
shape/design at
ﬁ KEMET's option
‘ \ . l L T — Termination cutou | | P —}-
| KEMET s option, _._l J_-_ * |
ﬁ lﬂ_-L"'S"—| ["'S"' = either end R L
Case Size Component Dimensions Hypecal
Weight
| F 0.1 S+0.3 B #0.15 X P R T A
REMEE) Bt E o H o 4(0.004) £(0.012) (Ref) £0.006 (Ref)  (Ref) (Ref) (Ref) (Minimum) (™9
3.5:0.2 2.810.2 19102 2.2 0.8 0.10+0.10 0.5 10 0.13 11
B |3528-21 ) 438 10.008)| (0.110 +0.008) | (0.075+0.008)| (0.087) | (0.031) | %4(0918) 4 50410.004) (0.020) | (0.039) | (0.005) | (0.043) 95
7.310.3 43103 28103 24 13 010+0.10 09 10 0.13 38
D | 7343-31 |5 587 +0.012)| (0.169 +0.012) | (0.1100.012)| (0.094) | (0os1) | ©50020 004 +0.004) (0.035) | (0.039) | (0.005) | (0.150) =
7.3:0.3 43103 19201 24 13 0.05 . 013 38 38
V| 734320 |4 287 +0.012) | (0.169 +0.012) |(0.075 +0.004)| (0.094) | (0.051) ol o002y | NA | 0oos) | (0150) | (0.150) 274
7.310.3 43103 40203 24 13 0.10+0.10 17 013 36 38
X 7343-43 | 287 +0.012) | (0.169 £0.012) | (0.157¢0.012) | (0.094) | (0.051) | 9500200 04 s0.004) (0.067) | (0.005) | (0142) | (0150) 534
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Why Polymer? 100.... /=
YEARS f:\
Polymer is the successor of Tantalum MnO, Capacitors KHWW

ESTABLISHED 1919 —_—

 PEDT as cathode counter electrode material

* Low oxygen index - no ignition failure mode
 Single digit ESR in mili-Q range - less self heating!

» Cost saving potential

* 150°C samples with double digit uF (22pF and 33puF)

Stable Capacitance Behavior Long Life
(" Polymer Provides Stable Capacitance ) / \
(No Dry out, Bias, AC Ripple or Aging Effect) E
— ) = el Hen leaHen
e == EElEEEE E ==
=
|} = = [ | = E‘ —/ [ ]
o BEEEE608E868 |
(&)
@SE_% j@- = = _eej o
1808888 BE BEEE |=
2 — — — Fee]
<m00 000 B0 BB AE
< = [Tempd F T) . 4 Ti
Ti Volt Ri F
L ime emp o ipple req) \ ime /
Want 100uF? — Get 100uF! No Dry Out! — No Aging Effect!

SAEM (KHD)
I_ﬁé'.E (umr— H-J']E’] %E%B%E’ﬂﬂ)

© KEMET Electronics. All Rights Reserved.




High Capacitance
:I - I I - I I l I:

Gl

‘ o ;L'n“
!!!!!!!!! 50V
Tantalum

Higher Application

24v E

Safe Failure Mode

YEARS

KEII/IEF/

ESTABLISHED 1919

Low Profile

35V
Poly

Improved Voltage Derating

Voltage Range

HE

Low ESR

{quh Cap Retention = Reduced Pc Count)

-

Eﬁﬂﬂﬂ%ﬁ%%%%

Tantalum = 30% Derating
Poly = 10-20% Derating

T Y em

Tantalum Poly

Y
- B

Low ES+I,

Replacement for
MLC(: Riezn Nnjse




Polymer Capacitors MnO2’s dielectric

— R R S

* PEDT is a conductive organic polymer
Polymerization reaction with monomer
and oxidant at lower temperature;
‘soft thin film’ — NON-STRESS INTERFACE

Q2222 Y

Conductivity

* MnO, is Manganese Dioxide

Brittle semiconductor material obtained by
thermal decomposition at ~260°C of
manganese nitrate — STRESSED INTERFACE

KEMET Confidential
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Polymer Promotion and Placement Strategy KEWIET —
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150°C 125°C

105°C

Adaptive Cruise
Electronic Stability Control (ACC)

2018 Diesel Engine Control (ESC)
Management Blind Spot Detection

Automotive Cluster 2015

(BSD)

Electric power Rear Cross Traffic
steering systems Alert (RCTA)

Emergency Brake

Gasoline Engine _ Assist (EBA
Management Airbag, occupant (EBA)

detection and alarm Lane Departure
systems Warning (LDW)

Automotive
Infotainment

© KEMB




AUTO
Polymer

New Applications Field — 12V

- Application voltage max 15V
- MLCC X7R 47uF25V vs 33uF35V Polymer (T598X336MO035ATEQ65)

Cap drop in
Temperature &
Voltage - ~31uF

Safety Application

7,3x4,3x4,3
FP 31,39mm?2
H4,3mm

MLCC Stack High
CV component
Replacement

Capacitance and Inductance - T591D336M035ATEO65 @ 125°C with 15 VDC Bias

100YEARS m

KEMIET—

ESTABLISHED 1919 o

No Cap drop in
Temparature &
Voltage - ~37uF

1 mF 10 nH
20 40 ’
'E a \ g 20 100 pF 1nH
= el ETR ) g 5
E -m ~] ke S < 2
@ & -z g 3
2 2
£ - E = z
(] Q0 -0 10 uF 100 pH
(] o
b -aa 8
-&0 M Frequency = 100.000 kHz
W T591D338M035ATEDES(Calculsted Cap) = 37.401 uF:
-3a a0 [l T521D228MO03EATEOESMeasured Csp) = 38,954 pF |
Il T591D338MO35ATEDES(Calculsted ESL) = 2.700 nH
—10a - TE591D326MO35ATEDSS(Measured ESL) = N/A
—100 g 3 e gy %G = -15 -850 -25 4@ 25 Ex] 75 100 125 . o
Terrperature[degc] 100 Hz 1kHz 10 kHz 100 kHz 1 MHz 10 MHz
CC Eias[w] Frequency (Hz)
W O Terp, Cop Change, na b
| M®) 505 o, Gep Sharge, 254eaC, ATASVims B T, o Chanae, na o Controls and Parameters
Multiple Part Numbers Temperature m;vum_ Track Y Values
1591D336M035ATECES 1 MiEzaC Mo el T591D336M035ATEQS(Calculated Cap) ~
126 - 15 =
[ Add Annther Part Number 1 © et Enable Y-Value Tracking

lights Reserved.




AUTO

Pol New Applications Field — 12V r\%\;
P
o ymer Replacement of HI CV MLCC B“Mqo—o
10uF 50V
* No Piezo Noise
* Piece Count Reduction
Rain Sensor

MLCC 10uF50V

Replacement due
to Piezo : . 3 pieces

I * 1206_10uf 50V MLCC

Piece Count
Reduction from 3
to 1 component

T " piece
T598D226M035ATE065
_u_ 7343-31 22uF35V

ights Reserved.




AU TO Replacement of MnO2 Tan-cap EEE— /
POIymer "Ignition” .

* No Ignition 4 g";ig't‘% ISHED 1919
RAPIDLY P
* Lower ESR e -mall “»
I gnition
« Better filtering 2 Su Bl 3
~ MnO, conversion / % Ongon
Dashboard starts - *«” feeds heated
* Reduced Qty g, generated- Ta
Ta,0,to crystalline Te. T80 0%
MnO2 68uF10V © Reduced Cost
Replacement due
to Ignition
. D pieces
Last Decade’s MnO, Experiences Are Not
This Docatli’s Polifier Reality 1210_68uf_10V MnO2
S
3 pieces
T598B686MO006ATEO070

Electronic Components

CHARGED?



AUTO

YEARS /F/E\\_

POIymer ESTABLISHEqW{éi
CID
MLCC
10uF35V * High reliability in harsh environment
Replacement * No acoustic noise
due to * Downsizing
Noise (| eormmr—————
KEMET PN:
T598D106M050ATE090

T598D336MO35ATE065—12V rail

T598D337MO06ATE040—3.3V
T598D227M010ATE025—5V




Successful Case KO AUTO Replace MLCC

Center Information Display (CID) KEIWW

Capacitor Class Il X7R KOCAP Series X7R AUTO A)g ‘FO /;\rlSJfl)'?)
P MLCC AUTO
AEC-Q200 YES YES Rated Voltage 25v 16V 35V
Acoustic Noise YES NO Capacitance 10uF 10uF 33uF
Cap Loss DC Bias YES NO Capacitance @12V 7uF 5.6uF 33uF
Cap Loss Temperature YES NO Qty 4 6 1
7x4=28uF .6x6=33.6uUF 33x1=33uF
Aging 3~7% /Decade Hrs NO x4=28u 5.6x6=33.6u X u
Acoustic Noise Yes Yes No

oy ." - 25 1=l,_1 @® 11.—.-1 hary V107

1pcs T598D336/35
Replace 4-6pcs X7R
10UF/25V @ 12V

2pcs T598D106/50
Replace 6pcs X7R
10UF/50V @ 30V




Autonomous Driving

NVIDIA DRIVE PX

> KEMET Inside <

Strong Computing Unit

T591V227M2R5ATEOQQ9 3.3/5V
T591V337M2R5ATEO12 17598B107MOOGATEQ70
T591V337M2R5ATEO09(UD) 1598B476MO010ATEOQ70Q
1598D477/M2R5ATEO09 1598B476MOOGATEOQ70
12V

T598D336MO35ATEO6GS



Tejlecom (5G Base Station)

GL1B0O
UL2100
GL900

Temp P/N

150C/2000hrs T999D157MO06ATEOQ25
T599D337M2R5ATE025
T598D477M2R5ATE009
T591V337M2R5ATEO12
T591V337M2R5ATEQ09
T591V107M0O10ATEOQ25

125C/2000hrs T598D337MO0GATE025

T591V686M020ATEO050
T521V107MO020ATEO055
1521V107M0O16ATEO050
T591D157M0O16ATEOGS

FERE )

Size Cap(uf)

7343-28150
7343-28330
7343-28470
7343-19330
7343-19330
7343-19100

7343-28330

7343-1968

7343-19100
7343-19100
7343-28150

1+1%E
SE=URExmE

o SiNs Rk
FEE SR

SHEW
BBUS BN

——E

? ESREERR

Working
voltage

3.3/5V

1V+

5V
3.3/5V

12V

-)

Qualified Life

125C/2000hrs

105C/2000hrs
(BBU)

S
) ! i \ Request to capacitors:

» High reliability, 10yrs Guarantee life
High working temp, 90C+

Low Profile (<2mm prefer)

 High CV (Less is more)

* High robustness to HTHH (85C/85%)

KEMET P/N
T591B476MOO6ATEO70
T591B107MOO6ATEO70
T591B157MO06ATEO70
T591B227MO06ATEQ70
T598B476M0O10ATEO70

T520A107MOO6ATEOQ70
T520B107MOO6ATEO040
T520B157MOOGATEO35
T520B227MO0GATE045

T529P476MO0O6APE150
T520B107MO10ATEOQ70

YEARS

KEII/IEF/

(mm)
3528-21
3528-21
3528-21
3528-21
3528-21

3216-18
3528-21
3528-21
3528-21

2012-10
3528-21

ESTABLISHED 1919

(inch)
1210
1210
1210
1210
1210

1206
1210
1210
1210

‘0805
1210

Cap(uf)
47
100
150
220
47

100
100
150
220

47
100



Mission Critical High-Performance Where Failure is
Electronics Power Management Not an Option

Breakthrough Technology = Unparalleled Borderless Service Smart People

| : KEMET

Innovative Products that . > CHARGED:
Solve Customer Challenges '



