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B Rubycon \\natis Conductive Polymer Al-Capacitor?

RUBYCON CORPORATION

“Conductive Polymer” Electrolyte instead of Liquid Electrolyte.

Conductive Polymer Capacitor

(100% Solid Type)

Polythiophene based Conductive
Polymer (PEDOT/PSS) is dispersed into
capacitor element.

Basic Structure is same as
. SO3H 3 3 3 3
conventional Al E-Cap. T e '

Conductive Sealing

1 1 Anode Cathode Sealing Rubber Polymer 2ubbe.
Foil - Foll ﬁ

Separator Separator  Anode Cathode
Paper Paper Foil Foil

—

Element |
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Category of Electrolytes

“Conductive Polymer” has very high conductivity (1=100 S/cm) and
realize super low ESR Capacitor.

Conductivity D i
[S/cm] Electrolyte Category ecomposition Capacitor Category
1000 Temperature
100 Z\ Conductive Polymer Conductive Polymer
o * Polythiophene based Over 300°C Aluminum Capacitor
T * Polypyrrole based PZ-Cap
. _ Organic Semiconductor
Organic Semiconductor o ) . .
200~240°C Solid Aluminum Capacitor
* TCNQ based
0.1 Example) OS-CON
i Solid Electrolytic Capacitor
Inorganic EI.ecjcronte Over 500°C y Y .
0.01 * Manganese dioxide based Example) Tantalum Capacitor
Liquid Electrolyte Alumi | v
. EG based uml-num E ec-tro ytic
0.005 Capacitor (Liquid Type)
* GBL based
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Characteristics of Conductive Polymer Capacitor
(100% Solid Type)

I

“Conductive Polymer Capacitor” offers much lower ESR and 6= _
higher Ripple current than conventional Al E-CAP. .ﬁ
Rated Voltage 63V, Size 10X12.5
Series PZA ZL) ZLH ZL
Conductive N

Electrolyte Polymer Liquid Electrolyte

Impedance/ESR
0.029 0.11 0.15 0.15

(Q@100kHz)

Ripple Current
2600 990 725 685

(mArms@100kHz)

Lower ESR / Higher Ripple Current
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Positive and Negative Comparison

Positive

Negative

Aluminum
(Liquid Type)

Electrolytic Capacitor

* Higher Withstanding Voltage
* Open Failure Mode

* Low Leakage Current

* Higher Capacitance

* Low Cost

* Higher ESR
* Non-Stable Temperature Characteristics

* Characteristics change over time
by Dry-Up mechanism

Conductive Polymer Capacitor
(100% Solid Type)

* Lower ESR

* Stable temperature
characteristics

- Stable Lifetime characteristics

(Small characteristics change over
time)

* Higher Temperature

* Lower Withstanding Voltage
* Higher Leakage Current

* Lower Capacitance

* Expensive

. 3

Mixture of Positive feature

=> “ Hybrid Type”
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RUBYCON CORPORATION

What is Hybrid Type 7

Added “Functional Liquid” (Rubycon Technology) in Conductive Polymer Element

Conductive Po|ymer Functional LIQUId Hybrld Type

SNy <y 8 * Stable reforming ability

* Lower ESR to oxide film * Higher Voltage
. . * Inhibition of higher * Open Failure Mode
* Higher Ripple . ]
e Stable Temperature |eakage current igher 'apa.crtance
* Inhibition of Polymer * Longer Lifetime

Characteristics .
degradation

Combination of Conductive Polymer and Functional Liquid
realizes higher performance and higher reliability.
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Comparison of Al E-Caps

Conductive Polymer Capacitor
(Hybrid Type)

Conductive Polymer Capacitor
(100% Solid Type)

Al Electrolytic Capacitor
(Liquid Type)

35 PJV 330 M 10X10.5

35 PCV 56 M 10X12

35 TGV 220 M 10X10.5

Category Temperature -55°C~+125°C -55°C~+125°C -40°C~+125°C
Size (ODXL) 10X10.5 10X12 10X10.5
Rated Voltage 35V 35V 35V
Capacitance 330uF 56uF 220uF
e = -
Rated Ripple Current (100kHz) 2800mA 2000mA 550mA
ESR(100kHz - 20°C) 20mQ 31mQ 120mQ
Lifetime (125°C) 4000 Hrs 3000 Hrs 3000 Hrs

B Hybrid Type (PJV series)offers much higher capacitance and lower leakage current
than 100% solid type (PCV series).

B Hybrid Type (PJV series) offers higher capacitance(x1.5), much lower ESR (1/6)
and much higher ripple current (x5).
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QRUBYCON ORPORATION Temperature Characteristics (Hybrid vs Liquid E-Cap)

ESR vs Temperature (25V 330uF ¢ 10x10.5L)

10.000 ‘ ‘ ‘
e TGV (Liquid E-Cap)
== PF\/ (Hybrid Type)

1.000
0.100

ESR [Q] at 100kHz

0.010 ;

0.001

-60 -40 -20 0 20 40 60 80 100 120 140

Temp. [°C]

Hybrid Type has very stable ESR characteristics from low to high temperature.
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\%W Rubycon Hybrid Type PZ-CAP Merit (1)

Replacement from Al E-Cap(Liquid Type)

Quantity Reduction and Cost Saving

Al E-Cap (Liquid Type) PZ Cap
25TGV330M10X10.5 25PFV330M10X10.5

ESR

Ripple
Current

0.55A/pc. - 2.2A/6pcs




\Qm Rubycon Hybrid Type PZ-CAP Merit (2)

Replacement from Al E-Cap(Liquid Type)

Space and Cost Saving

Al E-Cap (Liquid Type) PZ Cap
25 HRX 5100 M 18X25 25 PZH 330 M 10X9
>
Volume (cm3) 6.36cm?3 (-90%) 0.71cm?3
ESR >
(100kHz, 20°C) 32mi} (Lower ESR) 20m¢)
|
| —
JIIVE 3620mA = 3600mA
(125°C, 100kHz)
%“:D 3000hrs 4000hrs
(125°C)

— A




RUBYCON CORPORATION RUbycon Hybrld Type (PZ-CAP)

Rubycon Hybrid Type : Combination of Conductive Polymer and Functional Liquid

Conductive Polymer contributes to superior Electric characteristics and Functional
Liquid to higher reliability.

Rubycon Other Suppliers
Endurancg _ . Conductive Polymer
Characteristics change, Conductive Polymer 2 Liguid Electrolvte
Ripple current 9 y
ESR ducti | Conductive Polymer
Temperature/Frequency Conductive Po ymer & |_IC]UId Electrolyte
Characteristics
Healing of Oxide Film Functional Liquid Liquid Electrolyte
. Open
Failure Mode ( o ?pedn _ | 3 (Deterioration of Conductive Polymer)
Deterioration of Conductive Polymer (Dry-up of Liquid Electrolyte)
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FUBYCON CORPORATION Comparison ( ESR vs Temperature)

Other Suppliers vs Rubycon Hybrid Type (PZ-CAP)
Other Suppliers Rubycon

100 T 100
\ i [
A\N
\ |
T\ : T
A NN\ z
o N — =
Z \  — Z
a | \\ | ———— c
E | S~ £
‘E’ [ — - — - -Il 'E'
A 35WV-270 (¢10) | | % 35WV-270 ($10)
i
63WV-56 ($10) 63WV-56 ($10)
25WV-220 (¢8) 25WV-220 (¢8)
SOWV-68 (¢8) 63WV-33 ($8)
10 1 1 1 1 10
-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140
Temperature [°C] Temperature [°C]

Much Higher ESR at lower temp@ 10kHz
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RUBYCON CORPORATION Com Pa riSON  (capacitance vs Frequency/Temperature )
Other Suppliers vs Rubycon Hybrid(PZ-CAP)

Other Suppliers Rubycon

| |
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Rubycon PZ-CAP offers much smaller decrease

of capacitance at lower temperature.
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WG Rubycon  comparison (Life Characteristics)

RUBYCON CORPORATION

Rubycon PZ-CAP offers very stable characteristics over lifetime.

125CDC Load Life Test Sampe : PFV series, 35V 68uF ¢ 6.3X8L
10 ™ capchange I 300 M ESR/10kHz I
0 I |
}| PZCap (PFV) 200 X
T / c
g -10 1 E
—~ o
S £ 100 l
-20
3 . I I
Competitor 1
_30 1 1 1 I 1 O L 1 1 I l
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Time [hours] Time [hours]
020 H D.E. I 100 A Esr/100kHz I
[ ]
0.15 I 80 1
= I T 60 I
0.10 1 E I
: i =
@ 40 I
0.05 I 20 i
OOO 1 1 1 I 1 O 1 1 1 I| 1
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000
Time [hours]




W Rubycon  comparison (vs High Ripple Current)

RUBYCON CORPORATION

PZ-CAP shows high withstanding capability against high ripple and high
internal temperature rise.

Test Condition : Sample : 5OV 120uF 610X105L
Ripple Current 8Arms/100kHz at 85T

200 Competitor B
Competitor A Thermal Runaway
Th IR
180 N atshorttmo
&
E‘ 160
é 10 | AzCe Element Core Temp135TC
— Z. L | 4
—
D] —-——:— ! . o
S 120 ATi=50C
1= Superior Withstanding
GE) 100 - Capability
O / Ambient Temperature v . .
N e — L~ | Ambient Temp 85C
0 500 1000 1500

Time [Hours]
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RUBYCON CORPORATION

SMD Type
\High Capacitance \High Ripple
10000h
Radial Type
PZE Higher Temgp igher Temp
105°C
10000h
\High Capacitance \High Ripple
G ¢ - &=
Br
&’

u 10000h
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Added Higher Capacitance

Schedule of Added Values
Sample: Available
SOP:  September, 2021

ESR[mQ,100kHz@20°C], Ripple[mA/100kHz, 105°C]

Specification
-Category Temperature Range : —55 ~+105°C PEV
-Endurance : 10,000hours at 105deg.C 105°C
_ o 5 10000h
-Biased Humidity : 2,000hours at 85" C85%RH
Volt Cap Size ESR Ripple Volt Cap Size ESR Ripple
vid | A | IR 2 | ma || vaa | A | o B o) | (mal
56 6.3x6.1 — 50 1,300 22 6.3x6.1 — 80 1,100
100 6.3x8 — 30 2,000 33 6.3x8 — 40 1,600
25 220 8x10.5 8x9 27 2,300 50 68 8x10.5 8x9 30 1,300
330 | 10x10.5 10x 9 20 2,500 100 | 10x10.5 10x 9 28 2,000
820 - 10 x 20 10 3,700 270 - 10 x 20 12 3,100
47 6.3x6.1 — 60 1,300 10 6.3x6.1 — 120 1,000
68 6.3x8 — 35 2,000 22 6.3x8 — 80 1,500
35 150 8x10.5 8x9 27 2,300 63 33 8x10.5 8x9 40 1,700
270 | 10x10.5 10x 9 20 2,500 56 10x 10.5 10x 9 30 1,800
680 - 10 x 20 10 3,700 150 - 10 x 20 14 2,700
22 8x10.5 8x9 45 1,600
80 39 10 x 10.5 10x 9 35 1,700
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Added Higher Capacitance

Schedule of Added Values
Sample: Available
SOP:  September, 2021

Specification
-Category Temperature Range : —55 ~+125°C
-Endurance : 4,000hours at 125deg.C 105°C
_Biased Humidity : 2,000hours at 85°C85%RH 100000
Volt Cap Size ESR Ripple Volt Cap Size ESR Ripple
[Vdc] [uF] DxL [mQ] [mA] [Vdc] [WF] DxL [mQ] [mA]
56 6.3x6.1 — 50 900 22 6.3x6.1 — 80 750
100 6.3x8 — 30 1,400 33 6.3x8 — 40 1,100
220 8x10.5 8x9 27 1,600 68 8x10.5 8x9 30 1,250
25 330 | 10x105 | 10x9 20 2,000 50 100 | 10x10.5 | 10x9 28 1,600
470 | 10x12.5 | 10x11 14 2,600 150 | 10x12.5 | 10x11 18 2,000
560 | 10x16.5 | 10x15 11 2,900 180 | 10x16.5 | 10x15 13 2,600
820 - 10 x 20 10 3,000 270 - 10 x 20 12 2,500
47 6.3x6.1 — 60 900 10 6.3x6.1 — 120 700
68 6.3x8 — 35 1,400 22 6.3x8 — 80 900
150 8x10.5 8x9 27 1,600 33 8x10.5 8x9 40 1,100
35 270 | 10x105 | 10x9 20 2,000 63 56 10x10.5 | 10x9 30 1,400
330 | 10x125 | 10x11 14 2,600 68 10x125 | 10x11 19 1,800
470 | 10x16.5 | 10x15 11 2,900 100 | 10x16.5 | 10x15 15 2,500
680 - 10 x 20 10 3,000 150 - 10 x 20 14 2,200
ESR[MQ, 100kHz@20°C], Ripple[mA/100kHz, 125°C] 80 22 8x10.5 8x9 45 1,100
39 10x10.5 | 10x9 35 1,200
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RUBYCON CORPORATION

Schedule of Added Values
Sample: Available
SOP: September, 2021

Specification
-Category Temperature Range : —55 ~+125°C
-Endurance : 4,000hours at 125deg.C
-Biased Humidity : 2,000hours at 85°C85%RH Higher
Capacitance
Volt Cap Size ESR [mQ] Ripple Volt Cap Size ESR [mQ] Ripple
vdl | i | o B o (mAl || vdd | wF |V ox ST o [mA]
68 6.3x6.1 — 50 1,080 82 8x10.5 | 8x9 30 1,700
150 6.3x8 — 30 1,680 50 150 | 10x10.5 | 10x9 28 2,200
. 270 8x10.5 | 8x9 25 1,920 180 | 10x12.5 |10x11 18 2,800
470 | 10x10.5 | 10x9 20 2,800 220 | 10x16.5 | 10x15 13 3,700
560 | 10x12.5 |10x11 14 3,200 47 8x10.5 | 8x9 40 1,500
820 | 10x16.5 | 10x15 11 4,000 62 82 10x10.5 | 10x9 30 1,900
56 6.3x6.1 — 50 1,080 100 | 10x12.5 |10x11 19 2,500
100 6.3x8 — 30 1,680 150 | 10x16.5 | 10x 15 15 3,500
180 8x10.5 8x9 25 1,920
3 330 | 10x10.5 | 10x9 20 2,800
390 | 10x12.5 [10x11 14 3,200
560 | 10x16.5 | 10x 15 11 4,000

ESR[MQ,100kHz@20°C]
Ripple [mA/100kHz, 125°C]
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Added Higher Capacitance

Schedule of Added Values
N Sample: Available
2\ 4} SOP: September, 2021

PZH series

Specification
-Category Temperature Range : —55 ~+135°C
-Endurance : 4,000hours at 135/125deg.C %1 High Temp
-Biased Humidity : 2,000hours at 85°C85%RH High Ripple
- Over Temperature Proof : 300hours at 150deg.C ->.<2‘ x1.6~1.8 Higher Ripple vs PFV series
Volt | Cap Size ESR [mQ] Ripple [mA] Volt | Cap Size ESR [mQ] Ripple [mA]
[vdc]| [uF] mm 20°C 135°c | 125°¢ | |[Vdc]| [KF] mm 20°C 135°C | 125°C
56 | 6.3x6.1 — 50 900 | 1,400 68 | 8x10.5 | 8x9 30 1,250 | 2,300
100 | 6.3x8 — 30 1,400 | 2,200 100 | 10x10.5 | 10x9 28 1,600 | 2,900
220| 8x105 | 8x9 22 1,600 | 2,900 || 50 | 150 [ 10x12.5 [10x11 18 2,000 | 3,500
25 [330| 10x105 | 10x9 20 2,000 | 3,600 270 - 10 x 20 12 2,500 | 4,500
470 | 10x12.5 |10x11 14 2,300 | 4,100
820 - 10 x 20 10 3,000 | 5,400 33 | 8x105 | 8x9 40 1,100 | 2,100
56 | 10x10.5 | 10x9 30 1,400 | 2,600
47 | 63x6.1 — 50 900 | 1,400 || 63 | 68 | 10x12.5 [10x11 19 1,800 | 3,200
68 6.3x8 — 30 1,400 | 2,200 150 - 10 x 20 14 2,200 | 4,000
150 | 8x10.5 | 8x9 22 1,600 | 2,900
35 270 10 x 10.5 10x9 20 2,000 3,600 ESR[mQ,lOOkHz@ZOOC]
330 | 10x12.5 | 10x11 14 2,300 | 4,100 Ripple[mA/100kHz, 135°C], Ripple[mA/100kHz, 125°C]
680 - 10 x 20 10 3,000 | 5,400 1 Endurance: 6.3 2,000 hours
2 Over Temperature Proof : $6.3 150hours
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RUBYCON CORPORATION

) . :
For Extreme High Temperature Environment!

Specification :

-Category Temperature Range : —55 ~+150°C
-Endurance : 1,000hours at 150deg.C

-Biased Humidity : 2,000hours at 85°C85%RH

Volt Cap Size ESR[MQ] Ripple
[Vdc] [uF] DxL 20°C, 100kHz -40°C, 10kHz [mArms/150°C, 100kHz]
150 8x10.5 25 38 1,400
22 270 10x10.5 20 30 1,800
100 8x10.5 25 38 1,400
3 150 10x10.5 20 30 1,800
68 8x10.5 35 53 1,000
>0 100 10x10.5 28 42 1,300
- 33 8x10.5 40 60 900
56 10x10.5 30 45 1,100
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> Superior Ripple Current Performance

> Specified ESR after Endurance Test

Specification
-Category Temperature Range : —55 ~+135°C C H: ¢
-Endurance : 3,000hours at 135deg.C | b
-Biased Humidity : 2,000hours at 85°C85%RH
- Over Temperature Proof : 300hours at 150deg.C
ESR[MQ]
[let(] f:ﬁ g)z(ﬁ [mAFrlrnpsr;:gS"C, — Initial Value — 2 :)z:er Endurance Tisotoc
100kHz]
10kHz 100kHz 10kHz 100kHz 10kHz 100kHz 10kHz 100kHz
220 8x10.5 2,400 26 17 21 14 33 22 27 18
23 330 10x10.5 3,000 24 16 20 13 30 20 26 17
150 8x10.5 2,400 26 17 21 14 33 22 27 18
35 270 10x10.5 3,000 24 16 20 13 30 20 26 17
68 8x10.5 1,870 36 24 30 20 45 30 39 26
>0 100 10x10.5 2,400 33 22 27 18 42 28 36 24
33 8x10.5 1,650 45 30 36 24 60 40 48 32
03 56 10x10.5 2,100 42 28 34 23 55 37 45 30
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Series Comparison 35V, 270 uF, 10x 10.5

PSV series PHV series

Category Temperature -55°C~+135°C (Over Temperature Proof 150°C)
Rated Ripple Current (100kHz) 3,000 mA 2,000 mA

20°C - 100kHz 16 mQ 20 mQ
Initial ESR

-40°C - 100kHz 13 mQ N/A
ESR after 20°C - 100kHz 20 mo 40 mQ
Endurance Test -40°C - 100kHz 17 mQ N/A

@ PSV series realized Highest Ripple Current in the market.
(x1.5 higher vs PHV series)

> Best for Inverter Circuit in various applications for which Ripple Current is Key factor
This PSV series contributes to cost reduction by offering smaller size and reduction of quantity.
Applications) Power Circuit (DC Link; DC-DC Converter Input) = Key Factor : High Ripple Current

Electric Power Steering, Braking System, Cooling Pump, Motor Drive, E-Compressor, Cordless Stick Vacuum etc

@ PSV series realized Lowest ESR in the market.

(ESR after Endurance Test is same level as initial ESR of PHV series.)
> Best for various high rereliablity circuit requiring stable ESR characteristics (Feasible to replace MLCC)
Applications) High Reliability Control Circuit (Power Supply Output, Gate Drive Circuit) = Key Factor: Stable ESR
Various Automotive ECU (for PCU, ADAS etc), Various High Reliable Power Supply (for Base Station etc) 24
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(SMD Type) (Radial Type)
\ ¢ ‘g?:?, \
CEV series 'R CZE series )

Specification :

-Category Temperature Range : —55 ~+105°C
-Endurance : 10,000hours at 105deg.C

-Biased Humidity : 2,000hours at 85°C85%RH

CEV
(CZE)

105°C
10,000h

Size [mm)] _
Volt Cap DxL ESR [mQ] Rated Ripple Current
[Vdc] [LF] 20°C, 100kHz [mArms/105°C, 100kHz]
CEV CZE
- 220 8x10.5 8x9 27 2,300
330 10 x 10.5 10x9 20 2,500
35 150 8 x10.5 8x9 27 2,300
270 10x10.5 10x9 20 2,500
- 68 8x10.5 8x9 30 1,800
100 10x10.5 10x9 28 2,000
63 33 8x10.5 8x9 40 1,700
56 10x 10.5 10x9 30 1,800
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(SMD Type) (Radial Type)
\ ¢ ‘g%?, Y
CFV series 'R CZF series (

Specification :
-Category Temperature Range : —55 ~+125°C
-Endurance : 4,000hours at 125deg.C (Endurance 1)
3,000hours at 125deg.C (Endurance 2)
-Biased Humidity : 2,000hours at 85°C85%RH

Size [mm] Rated Ripple Current
vl Cals DxL £l 2] [mArms/125°C, 100kHz]
[Vdc] [UF] 20°C, 100kHz
CFV CZF Endurance 1 Endurance 2
- 220 8x10.5 8x9 27 1,600 1,900
330 10x 10.5 10x9 20 2,000 2,900
35 150 8 x10.5 8x9 27 1,600 1,900
270 10x 10.5 10x9 20 2,000 2,900
- 68 8x10.5 8x9 30 1,250 -
100 10x10.5 10x9 28 1,600 -
= 33 8x10.5 8x9 40 1,100 -
56 10x10.5 10x9 30 1,400 -
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RUBYCON CORPORATION

T max+ATo— Tj

L=L,6 %2 10

L : Life expectancy under operated condition

Lb : Specified lifetime
Tmax : Category upper temperature
ATo : Temperature rise by rated ripple current applied
PSV series : ATo = 12K
PHV series : ATo=5K (135°C) , ATo=16K (125°C)
PFV, PZF, CFV, CZF series : ATo = 6K
PJV, PZJ, PEV, PZE, CEV, CZE series : ATo= 10K
XCFV,CZF: For Endurance 1

Tc : Case surface temperature under operated condition
(In case of Tj=40°C, Tj=40°C)

Key:
* Arrhenius Law

* Core Temperature (Tj) Based Calculation
(factoring in temperature rise by ripple current)
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RUBYCON CORPORATION

Test Condition Specification
[Fixture & Direction)
- ~ Standard Anti-Vibration
YA X
(D x L)
6.3x6.1 .
6.3x8 30G MAX Coming soon
[ Condition]) 8X10.5 20G MAX 30G MAX
Sine wave vibration
Frequency 10 & 2,000Hz 10X10.5 20G MAX 30G MAX
Cycle 15 minutes
Direction X-Y-Z
Duration Each 4 hours/Axis
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RUBYCON CORPORATION Appllcatlons
A High Rpple, Low ESR, Stable Temperature Characteristics,
f — e ~n Hich Relobiiy
Y

ECUs \

‘ LED Lightina
//

(59

Cordless Stick Vacuum

!
< B P
« Inverter ngh Reliability Telecom/5G
| i Power Supply II»

Power Circuit
- \.
« ]
\ £
Industrial applications

Power Tool

Display WaII
Digital Signage
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RUBYCON CORPORATION

Requirement:
High Permissible Ripple Current, High temperature and Stable Temperature Characteristics

Automotive Applications (1)

LV Inverter, DC/DC Converter Input E-Compressor

High side Gate Drive

Smaller & Lower éoSt Solutlon

Q*vﬁ‘

than Co émw{ E-cap, Film-and MLCC

Electric Brakmg System Low side Gate D‘K ﬁ)l

a— -
P‘-CEF' P = -Ca~ Electric Fuel Pump

Electric Water Pump Cooling Fan EIectrlc Oil Pump b




~

" Automotive Application (2)

Requirement

High Temperature, Stable Temperature Characteristics and Stable ESR over lifetime

—

Power Supply Filter Circuit, Gate Drive

Gate Drive Circuit

r
TR WL e -ca~
HEV Syst TN BT ™ — ADAS
yotem CE Y MEE D PRL-CEP  Sensor
Power Control Unit 5V
(PCU)

) Smaller & Lower Cost Solution
#% than Conventional Al E-cap and MLCC

DC-DC Converter
Stop-Start System

Battery Management
System (BMS)

LED Headlamp
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Technical Consulting Support
RUBYCON CORPORATION

Key Point to Select Best Capacitor (Step 1)

1. Quality Required for Automotive Grade Capacitor

ZERO DEFECTS!

2. Design Process Chart and Necessary Information

Design Process

amental Design

Mithstanding Voltage, Mechanical

Impedance Design

—+Study Capacitance, ESR, ESL

Thermal Design
—+Estimate Temperature Rise, Check Permissible
Temperature Limit

Lifetime Design

+ Estimate Lifetime, Study Lifetime Consumption

step5s v

Robustness Design

—+ Estimate Failure, Study the limit

Terminal/Packaging Design

Optimize Specification

Mecessary Information

® Application, Circult to be used

® Development Schedule, Start of Production, Estimated
Annual Usage

®Required Standard, Regulation etc. to be applied,
environmental requirement et

—[ Load Dump

—[ Switching Surge Voltage

—[Required ESR by temperature, ESL

|
)
J
)
—[ Minimum Required Capacitance ]
]
]
|

*Miigion Profil; nformation Speclyig the ogeraional condition
§ Arbiim TemperatuseTal, Ripele Current (Frecusncy ) . Esimated
Time ek, induding Mon Sperailon Time, Shar Time Load)

Ta [Tl Narms| thl
1 m n 1]
2 T 2 [ "]

n " In tn

Vibration Conditicn, Mechanical Shock CmdrtimJ

Heat Shock, Temperature Cycle Condition ]

Humidity Resistance, Mixed Environmertal
Condition

Terminal Spec, Packaging Reguirement ]

Design for a Highly Reliable, Compact
and Cost Competitive product

<Load Dump>

Voltage Profile below shows general Load Dump Surge Voltage. Considering the
dependency of withstanding voltage of capacitor on temperature, it is very
important to understand at which temperature range the transient voltage is
applied. Please refer this example data on temperature dependency of anode foil
withstanding voltage of Aluminum Electrolytic Capacitor on temperature.
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— =
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<In-Rush Current>

Robustness against Instantaneous high current depends on robustness of the
electrical connection area inside capacitor. This connection point operatesin a
similar fashion to a single use fuse. It’s important to estimate the peak in-rush
current to assess if the connection area inside the capacitor can withstand it. The
circuit diagram below demonstrates that it is necessary to simulate by considering
line impedance since peak of in-rush current heavily depends on the impedance
and residence factor.

Rin - Y
AN el -
1
19 e
s .
A8 e .
Line Impedance Ta
4700 - s
el e 12 s
(:)m.npuuw 0.001u 1141 om . =
u u
Raer=0.001m L # "
el i,
o - -
Capacitor's 2 . L osu
=~ Equivalent I 4 H H i i H i -
- - £dm 2 bdm [1°1) A fra A tima 1t A s
L Circuit

Peak Current Value largely varies depending on Line Inductance.




L — e —

) Rubycon

RUBYCON CORPORATION
Key Point to Select Best Capacitor (Step 2)

Technical Consulting Support

<Capacitance> <ESL>

When selecting an aluminum electrolytic capacitor for a DC Link application, Film Capacitor is often used as smoothing capacitor or snubber capacitor in
the internal temperature rise due to ripple current and capacitors base life hybrid and electric vehicles. Inductance (ESL) of this capacitor should be low
are required in order to confirm if a customers specification life can be met. to protect the switching device chopping high voltage/high current from a
The capacitance of selected capacitor is often higher than the required short circuit incident. To achieve this, Rubycon is optimizing the design
minimum capacitance. However, conductive polymer capacitors such as based on a finite element method.

Rubycon’s PZ-CAPs can offer very high ripple current with extremely small

package size. This allow for designs that avoid unnecessary higher ® Inhibit semiconductor breakdown by surge voltage

capacitance than required. Therefore, minimum required capacitance for Y

R : ) Snubber less
the circuit is important information to share at the early development stage.

@® Inhibit capacitor’s heat generation (Optimization inside

Al.Cap. PZ-CAP electric circuit)

Permissible Ripple current : 60A/10kHz } Permissible Ripple current : 60A/10kHz 100 ~— 450HVC307KL
~——— 450HVC507KL
Total Capacitance : 3,000uF

Total Capacitance : 900uF
Total volume : 72cm? Total volume : 10cm?

PZ-CAP Capacitance vs Temperature

ESL [nH]
s

Electromagnetic Analysis
L 10 100 1000 oo | | ower than 10nH@ 1MHz possible
Frequency(kHz) . e .
depending on specification

Capacitance vs Temperature < 35PFV270M10X10 >
300

Turn-off voltage of MOS FET (Example)
250 T STEP UP Turn-off voltage of MOSFET
// ——mapwwa_Rated voltage(conventional type) CONVERTER i I

200 | T 1 Vos800v . [Pt s I
s ‘ Po=30kW \ ‘I‘—
:% 150 Rated voltage(Low ESL type) f5=60KHz '\ l
v v

+low noise b\
100 §
=Muiniturization -ID
50 e 10k HZ
0
60 -40 -20 0 20 40 60 80 100 120 140

Temperature(°C)

33

Very stable capacitance for wide temperature range even at 10kHz
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RUBYCON CORPORATION
Key Point to Select Best Capacitor (Step 3)

<Heat Generation Calculation> <Thermal Analysis and Thermal Equivalent Circuit>

The amount of current a capacitor can withstand is specified by maximum The capacitors internal temperature is the most important factor to evaluate its
temperature of the capacitor element(core) or the permissible internal performance (Life and maximum ripple current). It is important to correctly
temperature rise. The applied ripple current has to be estimated in such case. estimate the capacitors temperature under the true operating condition to
Generally, DC Link capacitors are used in parallel connections with same type of avoid unnecessary over spec, while ensuring minimal reliability. Rubycon is
capacitor technology. However, there are situations where a combination of doing thermal conductive analysis based on finite element method. We can
capacitor technologies are used in parallel such as conventional aluminum offer precise thermal equivalent circuit model(TECM) by utilizing this thermal
electrolytic combined with conductive polymer type (Rubycon PZ-CAP). In this conductive analysis result and experimental test data. We offer such data for
case, the calculation of the current applied on each capacitor and the losses aluminum electrolytic and PZ-CAP hybrid polymer capacitors used for 12V/24V
need to be calculated via a circuit simulator. Rubycon is calculating with 15 line of Automotive applications.

Element Model shown below.

FEM Thermal Analysis Example Thermal Equivalent Circuit Example

15 Element Model Frequency Characteristics of
15 Element Model

V(n001)/KV1) V(n002)/1(V2) Relv(n001)/1(v1)) _Relv(n002)/1v2))

10 _i'_E
m" , . " 5 Black:|Z(PFV)| =
R2 R3 R4 RS Green:ESR(PFV) Rec 3
<4_|_ cs_|_ Red: |Z(HRX)| ] Ce
Pink:ESR(HRX) J
3 Q ——*
Rlead 3

Tb

i

PFV : 35V/270uF/10X10 (PZCAP) :
HRX:: 35V/1600uF/18X20 (Al E-cap),

Tj: Element temp. Ce: Element heat capacitance Rca: Rth (Surface to amb.)
Tc: Surface temp.  Cc: Al-case heat capacitance  Rec: Rth (Element to surface)
Tb: PCB temp. Q: Power Loss Rlead: Rth (Element to PCB)
Ta: Ambient temp.

Temperature Distribution of Snubber Aluminum Electrolytic Capacitor- Through Hole Type

Please refer to the Spice Models of PZ-CAP on Rubycon’s web site Film Capacitor
http://www.rubycon.co.jp/tools/simulation data en.aspx

Port2

0.00

T T mERL ™ T T T
100Hz 1KHz 10KHz 100KHz 1MHz

Analysis example of the impact of
IGBT heat generation via terminal



http://www.rubycon.co.jp/tools/simulation_data_en.aspx
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RUBYCON CORPORATION
Key Point to Select Best Capacitor (Step 4)

<Life Expectancy base on Mission Profile> <Anti Vibration>

Mission Profile generally consists of ambient temperature, time and ripple For 10x10mm size and smaller, standard surface mount capacitors

current under your operating condition. (Aluminum Electrolytic Capacitor and PZ-CAP) can withstand 20G at

It is also important to determine the operating, non operating and storage 10Hz~500Hz. In addition, we offer an Anti Vibration Option “VB” which

time. includes an extended base and additional soldering area to enhance

Simulating the transient (peak) conditions which occur less frequently along vibration performance. This option can withstand 30G at 10Hz~1kHz.

with the typical conditions are important considerations. However, when the frequency range contains higher frequency higher
TimeJoAmbient Temperature/Current  Over Current Condition/Heat Generation Change frequency then what is shown below, a resonance may occur which can

bsos 6.25% 18.75% 12 25 cause damage even if the acceleration were smaller. Rubycon can offer the
. (o}

analysis on such vibration phenomenon via a Laser Doppler Vibrometer.

8 i Anti Vibration Type SMD
g 18 Standard Type SMD [ —
16
- Wifee L4 | Anti Vibration Type SMD
a
25% b 12
' g
37.5% 2 5 ] @ 10
2 8
= 40°C = 60°C =85°C =105°C = 125°C 0 6
13 5 7 911131517 19 21 2§ 25 27 29 e B )
Simulate Capacitor’s temperature rise based on Thermal Model. ;ﬁ) 18633 :; 3; 2
Further detailed information like capacitor’s mounting condition, cooling $12 13|49 [45 0
. . . . . - 16 17 6 68
condition (Air, Water cooling) is also necessary for more precise simulation 318 5T Tes 100 200 5°°Frequenlc(;?3ﬂ 2000 5000
Amb'T:;,g L:a;:);:: : 1'::;';0/ cuar::;s C“';e::lmpz Temp";';fc ‘°ms"':p;';" Anti vibration structure shift the resonance frequency to higher range and depress the
. . 0 - 0 . . . . .
50°C | 20000rs. 25% 7Arms T ATTIS 27.2C 21.5% Lifetime magnitude of response function. The key point is the resonance frequency exists out of
85°C | 3000hrs. | 37.75%) 5Arms 5Arms 13.9C 28.9% Consumption usage frequency range.
105°C | 1000hrs. | 12.75% 3Arms 3Arms 5C 8.3% Within 100%: OK
125°C 500hrs. | 6.75% 3Arms 3Arms 5C 16.7% <p12.5~418>
r— <¢8, 10>
8000hrs. 100%) a&t 76.9% L+0.5MAX aito2 L B ALER
. | IBDE ] offoy
Simulate Simulate Lifetime Optimize 2 e | [0 E o g D ; |
Temperature Profile Consumption Capacitor Design H SO I it i D !
¥ & Opfbmol| ° e omm©] .-
» Temperature Profile Simulation : Simulate Capacitor temperature based on Mission Profile and ; puar 7 At . o] DBRT izos 3
oamax | ERAE i —— : e W xos 3
Thermal Model (including cooling condition) mifmm # BEWE

» Life Consumption Simulation : Simulate Life Consumption based on Temperature profile
» Assessment : Determine Best Capacitor Design by communicating with customer the simulation result
and the required condition like lifetime and size of capacitor.
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UBYCON CORPORATION Technical Consulting Support (FEM Thermal Analysis)

Rubycon can realize significant miniaturization and cost reduction by thermal analysis
and design of whole unit in addition to capacitor.

Thermal model 3D model for FEM 3D CAD DATA
Rth_total ($10X20): 78.5K/W ba\“t@ﬁ@ .
l W Aol |
N2 .
’—CH_E non disclosure

information

JORNE W
Lo

T,: Ambient temperature

C.: Element thermal capacitance ]
T,: PCB temperature | non disclosure

C_: Case thermal capacitance
T.: Surface temperature ¢ P

_ : information
T;: Element temperature Q: Generating heat
R.n: Thermal resistance by convection ]
R..q: Thermal resistance by radiation Rubycon FEM Analysis of Unit
R..: Thermal resistance between element to case => Best Capacitor Solution

Rieaq: Thermal resistance between element to PCB




UBYCON CORPORATION Technical Consulting Support (FEM Thermal Analysis)

non disclosure information

Rubycon can precisely estimate heat generation by simulating thermal circuit

Rth_total : 78.5K/W (Capacitor) '\/A \
- 19.6K/W (Mounted on unit)
under forced cooling condition %eﬂe(
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RUBYCON CORPORATION
(Endurance Test under Cooling Condition)

[Example] Test Circuit
Sample : 25 PFV 330 M 10X10.5 T N ST RS ) SREERESE 3
. . re . :®9!;r%/1 ij).—.ﬂf EE @M :
[ Basic Specification ] i oy O~ S
| =t |
Rated Ripple ° :6:9 %E E—‘ =g %!
Current 2.0Arms/100kHz, 125°C i % O8] E.‘::::::;
Endurance 4,000hours at 125°C E Ea=x(W) D DCA”I?’EE |
| | ’(—}g__’ AEBRED |
- ! wl ‘%‘ f
Test Condition iSO ot ,I

Ripple Load Test under forced cooling condition below

Bias Voltage [V] 14

S Foreed Convection Constant
Ambient Temperature (Ta) [ C] 105 Temperature Bath
Ripple Current[Amrs/100kHz] 14.0 —

O, —

Case Surface Temperature(Tc) [ C] 125 2 A' r
Element Core Temperature (Tj) [°C] 150
Case Temperature Rise(ATc) [K] 20
Core Temperature Rise (ATj) [K] 45 %1

1 : PFV permissible temperature rise(at 105°C)=29.8°C

.

Life Expectancy(reference)= 1,071hours
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RUBYCON CORPORATION

(Endurance Test under Cooling Condition)

Test Result
Test Condition: 105°C, 14.0Arms/100kHz Forced Cooling Condition ATj 45°C
Life Expectancy Result: 1,071hours
10 I I
: Life Exppctancy Resplt: 1,071hdurs ——No.1
— 0 1
S :/ —*—No.2
a
S °8’7-1o - :
O 0O 20 1 After I
Reflow I
1 1
-30 t N
0 500 100§ 1500 20(_)0 2500 3000 3500 4000 4500
I Time [hours] 4,302hours: No.1, Failure
40 i [ g
: —e—No.1 i
T 30 " ——No.2
X
o |
o b
S &= IL —~— — °
g N e L
£, I Failure Mode:
nd 10 I NAat 2 43 C IH Ritlrla AN | IH £
) I DELENOTrdlion O SEdlllTy RUDDUET =7 LOWET SEdllfily PETTOTTTIdNnCe
L I - Deterioration of Polymer - Open Failure
1
0
0 500 1000 1500 2000 2500 3000 3500 4000 4500

. - Time [hours] " .
This test result shows much longer lifetime performance than life'expectancy result under the condition exceeding

29.8deg.C which is PFV series permissible temperature rise.
We continue our study to verify correct operation with high ripple current under forced cooling condition and adequacy of 39/
our method from thermal design to life expectancy.
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Replacement from MLCC to PZ-CAP

Example (1 ¢ « In case of Low frequency
(lower than 400kHz) , replacement to 1pcs

Impedance Analysis based on part number of PZ-CAP is feasible solution.

of MLCC, quantity, applied voltage, oF
operating frequency i 3
=> Best Solution with Rubycon PZ-CAP

@ O -3 pulled Zavuo
w

SIS BN 444 ri
YEOA3IIOHCN

(Impedance Analysis by LTSPICE) | 55 ghass

Example @ ¢ * When higher frequency
characteristics are also important,
replacement to 1pcs of PZ-CAP with
standard MLCC is feasible solution.

Rubycon can help to replace from MLCC to PZ-CAP by Impedance Analysis.
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RUBYCON CORPORATION

Replacement from MLCC to PZ-CAP

[ Simulation Result )

V{out)/I{V1) V{outd)/I(V4)i

Afout] YTV V{out2)/I{V2)

Conducted Emission Test Result :
Good t at LW band(150kHz~)
& AM band (400 ~ 1 .5MH2z)

Feasible to replace and reduce MLCC by PZ-CAP | n

Conducted Emission Test Result -
Good t at LW band(150kHz~),
AM band (400 ~ 1.5MHz) and
SW band (2MHz ~)
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PZ-CAP Development Roadmap

—
“ "CEP Conductive Polymer Aluminum Solid Electrolytic Capacitor

@ Miniaturization
& Higher Capacitance (2 Higher Voltage

7 @ High Temperature,
Is’elrjx «» High Ripple and
Longer Lifetime

o, @ Lower Cost
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RUBYCON CORPORATION

Roadmap for Higher Voltage
Key - High Voltage Withstanding Material

Voltage [V]
500 -
($10 < 10.5L)
PV
400 -
"~ \_ 400V
300 -

Higher Voltage

200 - ’ ﬁ/

100 PFV

2019 2020 2025 [Year]
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PZ-CAP Development Roadmap
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P -Co~

Temperature [°C] PV
200 200°C _

($10%10.5L) » \1000H

Roadmap for Higher Temperature
Key . High Heat Withstanding Material

»  Higher Temperature
170

150
135

135°C Higher Ripple

125

2019 2020 2025 [Year]
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