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Week 4 Lecture 1
Summary

o Section notes

— Slides 3-9 — Types of capacitore

— Slides 10-16- Capacitor ESR’s and
construction

— Slides 17-23 - Electrolytic capacitors

— Slides 24-33 - Comparison of capacitor types
— Slides 34-48 - Non-ideal capacitor behaviors
— Slides 49-55 — Super-capacitors

— Slides 56-65 — Super-capacitor applications
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Capacitor Technologies
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AEROSPACE/DEFENSE POWER SUPPLY

OIL/MINING
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The application is specific.
So is the capacitor.
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! Capacitor size codes m

The capacitor sizes are specified either in the EIA su mao ice )
specifications, such as 0201, 3216 or the EMBB%WW as
ize A, B, C et ically used for Tantalum capacito 8). The SMD specifications is a
B8t O S, digits and each specilying size in mils (one thousandths of
an inch). So, a 1208 component would be 120 mils by 60 mils. Note that there is a

metric version (EIAJ or JIS) of this spec where 1220 would mean 1.2 mm by 2.0 mm.
Beware!




+ The EIA capacitor codes (e.g A,B,C etc) are outlined in the below table.(source:
Kemet). The numeric dimensions are in mm and the number after the "-" signifies

the maximum height.
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Low ESR Elﬂp Capacitors

The S-Series line of low
ESR, high Q, high frequency
multilayer ceramic capadi-
tors is made with a propni-
etary combination of low logs
dielectric and a highly cont
ductive electrode system)
This process lowers thein
equivalent series resistance.
They are offered in 0201,

0402, D603, and 0805 sizes, |

and in capacitance values
from 0.2 pF to 220 pF.
Johanson Technology Inc.,
Carmarilla, Calif

Circle 315

I Tantalum Chip Capacitor

The organic polymer KO-
CAP (T520B) offers high ca-
pacitance Ill_j_;mﬂﬂ'l‘.'l' fool-

__ptmt_/.Uﬁ_dF as a :lrﬁp-111 re-

placément for a 1210 high-

~.Capacitance ceramig) it can

save space as a replace-
ment for C- and D-sized tan-

talum chips. With reduced
ESR (70mf2), there is en-
hanced capacitance retention
in higher frequencies as com-
pared to a standard MnO . It

is offered in the “B” case sige———

in 47puF rated at 6.3V, 68pF
al 4V, and 100pF at 3V,
KEMET Electromics,
Greenville, 5.

Cirde 317
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Fig.3.A growing trend with passive components is the migration to
small case sizes. AVX's TACmicrochip series of tantalum chip capacitors
' deliver up to 10 w.F in an 0402 case,




4 Tantalum

B Small size vs C

® High capacitance

® Low ESR (30-150mohm)
B Use caution on input

® Being replaced bv niobium
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# Following picture illusitrates the distributed
Tantalum capacitor, leading to higher ESR,
A | Tq - Ta,0 - MnO,

Tantalum
Wire Coating
(+ Anode) (- Cathode) |

# Although the ESL is nagligible in most capacitors, some of the same factors that
affect ESR, also affect ESL:

hitpiwww.ontional.com/ AT desipn/oourses/253/dis04/D8dis04 him 10/13/2006
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Tanta um . 3 have a capacitance per unit volume almost 3 times better than
Aluminum Electrolytics. Howaver

gTruirmrwruhwculyEmaw

¥ Even that rating is "nebulous", since 50% derating of the max voltage rating may
need to be applied.

‘meuﬁmmmmwrmmwhanﬂummmahm

inrush current --- like the input cap of all topologies, and also the output cap of t
boost topology. So for example, m may then be usable only u
hM1W.Wi:MWI’W




Surface-mount aly-
minum electrolytic ca-
paciters are emorg-
ing as an alternative
for tanalum chip oa-
pacitors. NIC Compe-
nents’ caps (left) aim
at PC, telocom, con-
sumer and industrial

applications.
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Vew Organic Semiconductor
Electrolytic Capacitors

the operating temperature AFD and AFX Series Gapachors
TaNge difler in capacitance ranges
covered. They are in stock, for
* Ripple currents up to mwmm
10.1A rm= mmhm,mm:y.






Polypropylene
Film Dielectric

Metal Foll

Double-Sided Metallized
Polyester Carrier Film

Polypropylene
Film Dielectric







il capacitors oez e (5.5 pm) slominem foil electrode.
o ahe cxrended foils on eliber g of the capicilor sestion
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Metallized Polymar
Capacitor Construction

Omee che foull Hhesrared in Fig. ¥ has been clearsd, the capacieor
will somting: 42 fanction with the only measurable damage being a small loys
of capacitance,



B Specialty Polymer Aluminum
® Very Low ESR (10-50mohm)
® High capacitance
B Small size

B Limited suppliers
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Metal Film Chyaciters
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Low

il

HLaramctey S — T ST
pacitance value (original) N z > = -
Capacitance value fm =1 =~ [ 54wF g
Configuration 48 caps, 24 in // x 2 n series | 3 units in parallel
Nominal de voltage 480V x 2 (800V) 1000V
~# r.m.s. current e
Max. thermal rating 1 456A () at50°C
Max. operating temperature | 50°C N T
~# Overall volume _ 86.4 lilres 24.5 litres 'E‘b__fh_‘:HT r
Inductance I ~20nH for 3 ynits in paralle
ESR (total) 2. 1m0 0ime 420 __m;,ﬁ'ﬁ-
Surge voltage ¢ | LlxUn 2% Un
Price comparison (caps only) 95% of electrolytic solution




Ceramic Capacitor




Elactroda/Terminatian
Interface

Elestrodes Eara?mi:

T interface

Fig.3. The addition of a conductive polymer

termination layer improves the mechanical

flexibility of a ceramic capacitor.
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Fig. 1. A multilayer ceramic capacitor exhibits cracking.



| 4 Ceramic

® X5R or X7R best temperature coefficient
| ® Lowest ESR (1-1 Omohm)
® Can generate audible noise in some agplicatiuns

® DC Bias reduces capacitance

» Small size | nw rnct
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+5V boost with
i3

ceramic capacitor

I +5V boost with
& postcap capacitor




n L]
Mechnics) ?rofﬁhms

Fig.4. EIAJ RC3402 specifies the above setup (a) to measure a QW
[flaxing. If deflection produces a capacitance shift, the capacitor fails. A 1-mm Is used
as an acceptance level for no failures (b).






Dielectric/

Typical dielectric

Typical aging

capacitor type constant rate (%)
Ceramic NPO 65 None
Ceramic X7R 2000 1.5t02.5
Ceramic BX 4000 3to4
Ceramic Z5U 8000 4105
Ceramic Y5V 10,000 6to7
Ceramic (BP) +21* (-2.5 to -4 per
capacitors H; 3‘9" v & decade hour)
Ceramic (BP)
capacitors € Uﬂ_ 1251021
— | Tantalum (CSR)
capacitors % =10

Table. Aging rates of various dielectric types. *MIL-HDBK-1547A is con-
sidered overly pessimistic,

(T=A

\
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Typical Curve of Aging Rate
X7R
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0
g -15
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1 10 100 1000 10,000 100,000
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Characteristic Max. Aging Rate %/Decade
COG (NPQ) None
X7R, X5R 2
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Fig. 6. The choice of dielectric material influences rhe loss of capacitance over time In ceramic
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Capacitance vs Temperalure Page | of 2

A

i

Capacitance vs Temperature C (' ) m

Dielectrics vary in their response to the temperature and vollage. EIA created
classifications of matarial calied Class | and Class Il and further nomenclature for the
amount of variation in the Class Il dielectrics. Due to the inherant ESR. the capaciio
i n raising its lemperatlfE™The capaian. e o
ba n cation must include this potential change
Frt
* The yagiation in e Clagg | matérials Is specified in ppm (parts per million). It is
typically less than 3000ppm (< 0.2%), so it will be ignored in this discussion EIA
standard EIA-188-D specifies a 3digit code lo name class| and class!| materials.
See the netlink for the details of classl naming. One particular noteworthy classl
typeisGUG{Gsmndufnru,ﬂnﬁ-numﬁ.m“hunrﬂhnmpliudﬂmdﬁ
stands for +/- 30ppm). This type is also cal iti
meaning zero change for either positive GT%IMWW]. ElA

standard The tabla bslow lists codes used for Class || materials, more commonly
saan,

over the tnm.
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acitance vs Voltage Page 1 of 3

Capacitance vs Voltage m

Classl| dielectric materials also change their i value o e and with
appl| e, AC voltage. over time is called aging and tends 16
Mnm. The application of DC voltage tends to lower the capacitance,
whereas the application of AC voltage (within a small signal range) tends to increase
the capacitance.

. L e {V')
(_L-B!c.) o same as C LRE
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Capacitor Changa (%)

0 20 40 60 80 100
DG Bias ()

— MLP — X7R

Fig.7.A multilayer ceramic capacitor loses capacitance as the dc bias voltage increases, while a
multilayer polymer capacitor maintains a constant value.
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Cap. Change vs.@ Volts_>
X7R =
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e
12.5 25 37.5 50

Volts AC at 1.0 KHz



Aluminum Aluminum ‘ P
_ ml;l::nl-:'vu;i!re fine-wire bonding Gate driver IC  Ground Chip capacitor/resistar a
bonding  Power IGBT (bare chip) bonding  / Copper foil pattern e
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Fig. 5. Cross-section of the PlugNDrive™ insulated metal substrate techgalagy (IMST).




Ordinary printed-
circuit board

integrates cout

Printed-circult board
with integrated
passives

@ Size Matters

Iinteqrating passives can drastically reduce
thie size of an ordinary circult bosrd [Top).
Here, four capacitors and six resistors have
been removed from the surface and put,

ooy o crout Donrd Lhaltoml
S Bre COpper Connecthon points
bridged by a resistive film, and capacitors

afe conductive plates separated by a thin
film of dielectric material.

Afer the board ks laminated, holes are
drilted and plated to form vies that connect
thir integrated companents o other board
wirlng. Mot every value of passive can

be replaced by an inbegraled ong; bwa
remain on the surface. Some commarcial
orocesses would require separate capacitor
and reskstor layers.




away from each other
to avoid crosstalk in
this low-pass filter that
fits between the layers
of a circuit board,
Designed by one of the
authors, and built by

Integral Wave Technolo-

gies (Fayetteville, Ark,)
for NASA's Langley
Research Center, the
thickest part of this
filter is less than & um.
apacitory are made
from a thin-film oxide,
inductors from copper,

Input

O




e Y 6,, Farads smal

Capacitor

Yy T

PLUSES AND MINUSES: An ullracapacitpr
depends on highly porgus carbon. The car-
bon becomes electrically charged when
connected to a battery; pink here means a
positive and light blue indicates a negative
charge. The carbon then attracts oppo-
sitely charged ions from the electrolyte
solution. The ions move through the paper
separator if necessary to get to the appro-
priately charged carbon, and they insinu-
ate themselves into the porous material's
many nooks and crannies. Tho arrange-
ment provides the 1w features needead for
high capacitance: electrodes with huge
surface areas, and charges separated by
very small distances.
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Super Capacitor Theory
KT valves

= |nstead of ratings such as micro-farad, mili-farad, or pico farad, rated
___.—» as kili-farad
m Large Capacitance in small package.

1 5000 Farad, 27 Volts, in Coke bottle oer
m Efficiency 5?,4?;; $2)
I No chemical energy storage Vg 1& < 1
I No die off like batteries o om
Increased Efficiency, resulting in longer Iife,ﬂ(a;

¢ Aa as f#"l'M media

C =3 L m scole



Parous, high-surface-

Separatgr '@ carbon
Matal-foll
slecirodg |




" -«
Super Capacitor Theory

m Key Ingredient
"1 Activated Carbon
1 Large surface area
m Activated carbon is porous
m Positive and Negative ions
"1 Allowed to get extremely close
m Surface area of around 1500 square meters per gram

= A typical electrode weighing 250 grams, the total area
would be 375,000 square meters-or roughly 50 soccer

fields
C= (b3
b Lsul\ P‘ v
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Fig. 1. Power vs. energy characteristics of energy-storage devices.



Peak Power Shaving
Peak Power

Supplied by
Available Power Ultracapacitor

L

“Required Power

Back Up Power Support

Required Power

. Available Power Back Up Power

Supplied by |
l Ultracapacitor




In its V28 line of power tools, Milwaukee Electric Tool is replacing 18-V
NiCd battery packs with slightly lighter 28-V Li-ion packs that deliver
higher power and up to twice the run time of the NiCd packs.
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Super-capacitor Applications
X 4 fﬂl 15
Lorkad & You

aht
= Super-capacitors vs. Batteries ¥ **"“?53 cah

) Batteries absorb ~60% | Rﬂlj‘ AY 1 wlf‘
1 Super-capacitors absorb ~95% pe

(11A2*R losses 0% &‘}""
1 Super-capacitors have a longer lifetime
- Operate over a |grger voltage range

'Much larger Power Density (W/kg)
' Limited Energy Density (W*h/kg)

m Used together battery life increases by about
250%



ENERGY CONTENT

ENERGY DENSITY

TECHNOLOGY (MILLIWATT-HOURS/MILLIGRAM)
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Capacitive

Fig. 5. Discharge profile of an ultracapacitor.
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Ultracapacitors only Ultracapacitors
Voltage = % of energy and 2:1 boost converter

a6V
100%
remains

40V
55%

45% energy used
remains

22-cell ultr
dischcarge curve

Fig.4. Discharge curves for ultracapacitors an --m power
electronics

]2z tha oo anl

dinbemand so Joaee fa 1 .
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Super-capacitor Applications

m Solar Tiles
Batteries last ~1-2 years
Super-capacitors over 10 years

harae in 1 hour stav lit for 12 holrs




"
Super-capacitor Applications
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Fig. 6. A 54-\'1 75-F NESSCAP ulrracapacitar bank madule and 6-kW cycling data for 42-V vehicle application.
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Electrical isolation

Active cell-to-cell

balance circuit vidi
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Aluminum interconnect e wi

were
Fig.3. Packaging.
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Fig. 1. Battery/ultracapacitor/motor arrangement.
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r-capacitor Applications

y example used in Power Distribution
ind Power
ectric Bus Lines
but not on the market
ectric Toothbrushes A
etric Bicycles i ear il
- N .;EH:"J
oke Detectors fagm = LTI 5
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