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f. fiv AnwAMsaInd (Switching Frequency)

p=lm T, = DT, 27
S
o D fie migSnsmdhii (Duty Cycle)
T, -
p=tw L lu_y p T, =(1-D)T; (2.8)
Ty Ty

2.2.2 33 msauguaing

1. auguanundvesiad (939 7, ) Taesanwd (£, ) Iamanidonms

9
AUV IINTNBYMANINNTIIRAT (Pulse-width Modulation; PWM)

a ' 2 -t A =

2. alasusanud (£, ) Gonmsnuguuuuiai MInegianANd (Frequency
Modulation; FM)

3. mugulagdsa 1 uas 2 wieuiu msnrugulavifuldouainaud idlu
At a T Y 1 d'dy ' =®
F5ms liten 1dan msizmsesnuuua9esgenn luiiisznandunmznmsaiugualy

y o d e
AINUDINBTINIUU

VConIro/ Ao 4 . 2
YUIUAIUANAINY

Toye 10081989 Coy
411
Fryaai81984
V(.'nnlml /
H Tr)n Y;ﬂ"
: : FyaanIuguaing o
T

M 2.9 minuguanunaiad



13

nnnwdl 2.9 Faananaugueiad i@nnmathausedu v, afeudioudy
Fyanadedsiidunmiluidos Sawtooth)

8 Vo > Sawtooth v lddygnaniuguaiadiiuun

8 Vg < Sawtooth vz lidayanaintuguaiadiiiugud

idyananuguadaglUteldtuvuinaveswemvs aunsaniuquanun e
fiad 18 TnumsiAoussduus e 7,

Conirol

r9vsulasiu IWasadhe e se vzvienlu 2 uuu33s (Mode) Ao
1. NIRNTZUAADINDY (Continuous Current Mode)
2. NIMNTIE "l.iJ'Gi ’r)!.ﬁ@\‘] (Discontinuous Current Mode)

o ] ad a Y wa 1 A [ 3 A g a o
m'smmuimmammmﬁ i)zmﬂwﬂmﬁwmwﬂwmmuﬂu (mmﬂmammmﬂu)
4
o I=4

o o o o3| 9 a v o A
Wiumsfinmguauiivesssuasiu iasuilulas e sedpsnsandunansdinssue

1A = Ty A
ﬂammuazﬂﬁmﬂmm"hmmum

2.2.3 1innoUIB 1A (Buck Converter)

a I 1Y (Y @ o’/’ o s '
'Uﬂﬂ'f)un'l’]ﬁﬁ@ﬂﬂu?\'ﬁ]iﬁﬂﬁzﬂﬂlﬁﬂﬂu ﬂquuui\jﬂumqﬁ‘WWﬂZﬁﬂ]ﬂ']ﬂ'ﬂ

UFIAUBUWA ANYULIDITIUAAININING 2.3

v,
, e R e
oo . —> +

V&C; v, /\D e VO§R

f1, 31995119
|4
e e

0O ~C VO§R

U, 29950045 T,



14

7 ~C VO§R

A. 251in e 7,

a @ o Jd J
NN 2.10 AUTUUAUNADULIBIINDT

299517n158n0UA 2 d9u Ap 29959eUiles (Chopper) B93589 295 F01
wefsyaeudruuemmaiunzlaTen Taoveamaimihfiduaind laleadumsimves
ATEUE i, ValzuRENARA199T dauesnsauTuaeTNTeMUUATINAAINIY (Low-pass
Filter)

vaizueaaneIsUs Iy 7, =7, laToangathnszuaiiosnn 1@y luues
foundy vazyeamladanses lalemhnszumiumaesuvesnssua i, Mldusedu 7, =0
dnumzidhigdaduussiu v, uaasdenmil 23 v, aunsuWiEeseaTIRY ¥, Usenoudan
dauiidiulnas mierumnie Tavilwihiy 7, (AmAsvoussiuening ) dauflidumen
IWadulsznovdisasuetinfinnudimeaind ( £,) uasanunnud 2f, 3/, 45, ..

29950509 LC 1I120958UADT 2 Taenuafa (Cut-off Frequency) Hannsiii
1
JosT—= 2.9)
W TC

wesnsesiimihinseuneuiidlu Iaduvesussiu 7,
3 1 E4 ]
(Won30InNUD fy, 2f5, 3 f5, ... ) autulumsesnuuuisasazdelinnudde
A g ' A a o
Y0INTNTRITMAMINTIANUEAMIAITING £ << f,
msnseissulasiyihnssuaas i smnualddufimlsgy () fim
d' ° Y o I8 = P
qanenazilfussueiyalinine
2.2.3.1 guaudAvednInsdinszuadeliios nsdinszuadeiiloanued s

1 Y ~ ° L A d ~ e ' I o a & A
nszier tnarudamiionh (i) Taufluoandivsdfior ldanaudugud wzfaduile



15

1 U-D)R (2.10)
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~
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224 gﬁﬂaunaﬁﬂaé (Boost Converter)
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2. Digital Input/Output control controls
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Normal Mode Uoveri= = =  Scaling™ LineFiltim NULL:=  YOKOGAWA L 4
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Normal Mode Uover:m m m  Scaling'™ LineFiltim NULL:= YOKOGAWS 4
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Seriel Number Capacitance (F) Resistance ESR
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DATASHEET
K2 SERIES 650F - 3,000F ULTRACAPACITORS

FEATURES AND BENEFITS
w27 v operating voltage )

. ,nghest poy 'performance avallable
'e‘::Lowest RC.tlme onstant '

‘»Q; Propnetary matenal science. and packaglng technology
B Threaded termlnal or weldable post ver5|ons :
Ultra-low |nternal resnstance '

PRODUCT SPECIFICATIONS

TYPlCAL APPLICATIONS

Automotive: subsystems
» -Back-up power AL
* Grid stabilization ~ "
. Hybrid drive trains- . =
: Rail system power = .
. Transportation
« Utility'vehicles

Nominal capacitance 1,200 F

1,500 F 2,000F 3,006 F

650 F

Tolerance capacnance -0% / +20% -0% / +20% -0% / +20% -0% / +20% 0% / +20%
_':_Voltage o e ' L 7

Rated voltage 2.7V DC 2.7V DC 2.7V DC 2.7V DC 2.7VDC
-»,Res:stance ' ; DI

ESR, DC

(max, room temperature) 0.8 mQ 0.58 mQ) 0.47 mQ2 0.35mQ 0.29 mQ
ESR, AC 0.6 MO 0.44 mQ) 035 mQ) 0.26 mQ 024 mQ
{max., room temperature, 1kHz)

Current ' ;

Maximum continuous current

(20°C temperature rise) 62 A 81 A 97 A 123 A 147 A
Maximum peak current, 1 sec. 577 A 955 A 1190 A 1590 A 2170 A
Leakage cusrent

(After 72 hours at 25°C. Initial leakage 1.5mA 2.7 mA 3 mA 4.2 mA- 5.2 mA

current can be higher)

Operating temperature range
(Cell case temperature)

-40°C to +65°C

-40°C to +65°C

-40°C to +65°C -40°C to +65°C -40°C to +65°C

Storage temperature range
(Stored uncharged)

-40°C to +70°C

-40°C to +70°C

-40°C to +70°C -40°C to +70°C ~40°C to +70°C

5,800 W/kg

6,600 W/kg 6,900 W/kg

Usable power density, Pd 6,800 W/kg 5,900 W/kg
Usable power 1,090 W 1,510W 1,860 W 2,500W 3,020 W
impedance match power, Pmax 14,200 W/kg 12,700 W/kg 13,800 W/kg 14,500 W/kg 12,300 W/kg
Gravimetric energy density, Emax 4.11 Whtkg 4,67 Wh/kg 5.42 Wh/kg 5.63 Wh/kg 5.96 Wh/kg
Energy available 0.66 Wh 1.22 Wh 1.52Wh 2.03Wh 3.04Wh

Page 1 » Document number: 1015370.1



DATASHEET

K2 SERIES 650F - 3,000F ULTRACAPACITORS

PRODUCT SPECIFICATIONS (cont.)

BTECHNOLOGIES

Endurance

(at-rated voltage and temperature) 1:»'5»0iQ hours 1'560 hours 1,500 hoirs . 1,500 hours:-
av aw  aw  am a0
E/f I?n(c::‘ezrs‘eg f?om rated value) <60% <60% <60% <60% <60%
“Life Test - T i' - i O : "'
(at rated voltage and 25°C) 10 years 10 years 10 years 1 years,_w”'_ Pt
220 s < oo
f;:'f‘n‘c‘f':a's‘gffom redvaue <100% <100% <100% <100% <100%
Eiﬂﬁlfﬁcwmg 1 million 1 million 1 million Tmillion - “Lmillion~
(c"/?g:cc::::ec;:o?r’:?:tggvalue) <20% <20% =20% =20% <20%
o e e <100% <100% <100% <100%. £100%
Shelf Life S , o
{Starage- uncharged Upito; maxnmum. _ 2years 2 years 2 years 2years
storage tenperature). i L e
Capacitance change
(% change from rated value) 10% 10% 10% 10%
ESR change 50% 50% 50% 50% 50%

(% change from rated value)

Power output terminals

Threaded (K04) or Weldable (K05)

Dimensions

See drawings

Weight

0.16 kg

0.26 kg

0.28 kg

0.36 kg™ 0.51 kg

Short circuit current
(Current possible with short circuit

from rated voltage. Do not use as an 3,400 A 4700 A 5700 A 7,700 A 9,300 A
operating current.)

Certifications RoHS RoHS RoHS RoHS UL810a, RoHS
Surge voltage

{voltage above this level can cause 2.8V DC 2.8V DC 2.8V DC 2.8V DC 28VDC
catastrophic failure)

Isolation voltage N/A N/A N/A N/A N/A

Page 2 » Document number: 1015370,1



DATASHEET
K2 SERIES 650F - 3,000F ULTRACAPACITORS

BMTCCHNOLOGIES

TYPICAL CHARACTERISTRICS

Thermal resistance

5° 3° 45°C/W 3.8°C/W 3.2°C
(Rth, case to ambient) 6.5°C/W 33°C/W / / W
180% w2 Capacitance
e DC ESR
170% —-—+-—-— e e o
160% - - - - -
(&)
q
% 150%
i3
2
2 140%
£
2
o 130% | e e - -
o
o
2
S 120% f—— e - - S —
v
o
8
S 110%
v
@
a
100% 55 e o oy
90%
80% . 4 - . : :
-60 -40 -20 0 20 40 60 80

Temperature (°C)

ADDITIONAL TECHNICAL INFORMATION

Capacitance and ESR, DC measured per document no. 1007239 available at www.maxwell.com.
Unless specified, all specifications are at 25°C.

. V,
Short circuit current (Isc = ——
(Is9) ESR(DC)
Emax = ___1/.2_9/1_
3,600 x mass
VZ
p =
max 4 x ESR(DC) x mass
Pd - 0.12V?
ESR(DC)x mass
h CV

Maximum peak current (1 sec)

CxESR(DC) + 1
MOUNTING RECOMMENDATIONS

Do not reverse polarity. Maximum torque for M12 screw terminals is 14Nm. Cells are designed to be connected into series or parallel
strings. Clean terminals before mounting..

MARKINGS

Products are marked with the following information: Rated capacitance, rated v'bltage, product number, name of manufacturer,
positive and negative terminal, warning marking, serial number,

Page 3 « Document number; 1015370.1



DATASHEET
K2 SERIES 650F - 3,000F ULTRACAPACITORS

TECHNOLOG!ES
DIMENSIONS

[ l

D2 MI2X1.75-6g MI2X1.75-6g DI

|

:

BCAP0650 P270 K04 02 0.211 515 60.4 60.7 15
BCAP1200 P270 K04 02 0.294 74 60.4 60.7 15
BCAP1500 P270 K04 02 0.325 85 60.4 60.7 15
BCAP2000 P270 K04 02 0373 102 604 60.7 15
BCAP3000 P270 K04 02 0.475 138 60.4 60.7 15

<)

| ]Ljr m

BCAP0650 P270 K05 02 0.15 5.1%5 60.4 60.7 15
BCAP1200 P270 K05 02 0.133 74 60.4 60,7 15
BCAP1500 P270 K05 02 0.264 85 60.4 60.7 15
BCAP2000 P270 K05 02 0312 102 60.4 60.7 15
BCAP3000 P270 K05 02 0.414 138 60.4 60.7 15

Product dimensions are for reference only unless otherwise identified, Product dimensions and specifications may change without notice.
Please contact Maxwell Technologies directly for any technical specifications critical to application.

=) Maxwell Technologies, Inc. @ Maxwell Technologies SA @\ Maxwell Technologles, GmbH Maxwell Technologies, Inc.

= Worldwide Headquarters %<7 C-1728 Rossens ““~ Brucker Strasse 21 Shanghai Representative Office
9244 Balhoa Avenue Switzerland D-82205 Gilching 13E, CRTimes Square
San Diego, CA 92123 Tel: +41(0)26 4118500 Germany 500 Zhangyang Road, Purlong
USA Fax: +41(0)26 411 8505 Tel: +49(0)8105241610 Shanghai 200122, PR, China
Tel: +1 858 503 3300 Fax: +49(0)810524 1619 Tel: +86 2158368780
Fax: 1858 503 3301 Fax: -+86 21 5836 8790

Online: www.maxwell,com « Email: info@maxwell.com
Page 4 « Document number: 1015370.1



USER MANUAL

Integration Kit
* BKIT — MCINT
= BKIT — MCIHT

Integration Kit for:

« Maxwell Technologies® MC Series BOOSTCAP®
Ultracapacitor Cells

© 2007 Maxwell Technologies; Inc. ® 1011158.4



1. Introduction

This integration kit is intended to provide all the necessary hardware and instructions to
interconnect 2, 4 or 6 series connected ultracapacitors. This kit includes printed circuit
boards (PCBs) with voltage management circuitry, buss bars, washers and retaining nuts. For
optimal implementation, we recommend to use an even number of cells with this kit.

Each individual cell voltage is monitored by the voltage management circuitry, which protects
each cell from entering an over voltage condition. If any cell does experience an over
voltage condition, an LED will illuminate and the active circuitry will begin to discharge that
cell. Once the cell is back within nominal operation voltage limits, the LED will extinguish.

This manual is current at time of printing. Please visit www.maxwell.com for the latest
product updates and information.

For illustrative purposes the integration kit with active PCBA is shown throughout this
document.

2. Unpacking

The integration kit contains the following items.

BKIT-MCINT (P/N 106927) BKIT-MCIHT (P/N 108320)
Integration Kit with active PCBA Integration Kit with passive PCBA
Part No. Description Qty Part No. Description Qty
106610 Active PCBA 3 106826 Passive PCBA 3
106517 Buss bar 5 106517 Buss bar " 5
105385 Washers 12 105385 Washers 12
103996 M12-1.75 nuts 12 103996 M12-1.75 nuts 12
105003 Rivets 3 105003 Rivets 3

3. Installation
3.1Preparing buss bar connection

3.1.1 Apply joint compound to capacitor surfaces that will come in contact with the buss bar. Use
a highly conductive aluminum-aluminum antioxidant. For example, Noalox® Anti-Oxidant
Compound available from IDEAL is a viable choice. There are many other vendors that
supply equivalent compounds.

3.1.2  Apply joint compound to the buss bar only on the side that will come in contact with the
capacitor, -
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3.1.3 Ensure any excess joint compound does not contact the top of the buss bar or come in
contact with the voltage management circuitry as this may affect the circuitry performance.

3.2  Assembling connections
Notes: For optimal implementation, we only support and recommend the use of an even
number of cells with this kit. These instructions show the assembly of six cells connected in
series,

3.2.1 Place a buss bar over the threaded terminal at
one end of the first pair of cells (Figure 2, A,
B) with antioxidant facing towards capacitor.
Note the polarity of the terminals of each cell,
e.g. in Figure 2, A: positive terminal, B:
negative terminal.

»”

3.2.2 Place a wave washer over each threaded
terminal on top of buss bar. (Figure 3, A, B)
Note: For optimal electrical connection, it is
critical to use the provided washer on every
single cell, per the explanation in step 3.2.6,
below.

3.2.3 Thread a nut onto each threaded terminal and
hand tighten. (Figure 4, A, B)

Figure 4
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3.2.4 Repeat steps 3.2.1 to 3.2.3 on one side of each of the remaining pairs of cells. (Figure
5 A-F)

B C

Figure 5

3.2.5 Turn the cells around so that the threaded terminals opposite to terminals A - F are
facing you. Place buss bars over the middle pairs of threaded terminals (marked H, I, ]
and K in Figure 6), with antioxidant facing towards capacitor.

Figure 6

3.2.6 Place & inch thick lugs attached to power cables (1/0 AWG cables shown in Figure 7)
over the remaining two threaded terminals of the cells at the ends of the' series and a
washer over each lug, (Figure 7, G and L). It is important to use a lug plus an
aluminum washer that together have a minimum combined thickness of Vs inch. This
prevents the voltage management boards (which are attached in the following step)
from being stressed due to uneven stack up of the elements bolted to the cell.

A 8 < o E ¥ -

Figure 7
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3.2.7 Place a voltage management board over each pair of threaded terminals.as shown in
Figure 8, with the printed circuit board components facing away from the capacitor.
Make sure that the buss bar and power cable connections are below the voltage
management board.

Figure 8

3.2.8 Note: The voltage management board is polarized. J1 on the board is positive; J3
is negative. Ensure correct polarities of capacitor terminal and voltage management
board are connected. (Figure 9)

Figure 9
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3.2.9 Place a wave washer over each threaded terminal on top of voltage management
boards. (G — L, Figure 10)

Figure 10
3.2.10 Thread a nut onto each threaded terminals and hand tighten. (G — L, Figure 11)

" A 5 c - D ~E F

Figure 11 .

3.2.11 The 22 AWG wire attached to the voltage management board must be riveted in
place with the provided rivet to the buss bar that spans the same two cells as
the printed circuit board (M, N and O, Figure 12). Those two cells are
protected by that one board. E.g.: the wire on the voltage management board
spanning terminals G and H in Figure 11 is connected to the rivet on the buss bar
spanning terminals A and B.

A

Figure 12 .
3.2.12 Trim the rivets as per standard riveting procedure.
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3.2.13 Torque each connection to 14 Nm.
3.2.14 Wipe off any excess joint compound.

3.2.15 Repeat the steps above, until every cell is serially connected.

4. Accessories

Additional items not included in the integration kit but necessary for installation are:

1) Antioxidant high conductivity joint compound specified for aluminum-aluminum connections
and lead free solder

2) Torque wrench capable applying 14 Nm torque to the nut.

5. Operation

No additional requirements for operation.

6. Safety

Voltage management circuitry does not prevent an individual capacitor or series of capacitors from
over voltage conditions if prolonged charging to a higher than specified voltage persists (2.7V/cell).
Provisions should be made with the system integration to prevent prolonged over voltage
conditions.

7. Maintenance

No maintenance required.

8. Storage

Integration kits should be stored in a non-condensing environment. -

9. Disposal

Buss bars and printed circuit boards should be recycled. The capacitors should be disposed of in
accordance with local regulations.
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