
!"#$%&'()*+),)-.)/

01.23,)*4252*67))58*+).9*"
:23;2/'*$<<$

&7)*!"#$%&'()*!=>?!/)2@(*231*0!4?!/)2@(*/),)-.)/A*2/)*
2.2-B2CB)*-3*2*@-3-%4=D*(2,E2F)*G5H(I*H/*2*F;BB%J-3F*(2,E2F)*
GCH55H@I9

K)25;/)A

■ !"#$%&"'()*+,-$)*./,0(1($23!,"&,45))$#(14,678)*,
%.9:.4*;
<,=5(7.>)*,'"&,=?@ABC=2D,.%%)(9.7("16

■ E*7.),%.9:.4*;
<,?''*&6,65%*&("&,6F(*)/(14,'"&,F(4F,1"(6*,

(0051(78

■ G).1.&,67&5975&*,'"&,F(4F,&*)(.>()(78

■ ?%*&.7(14,#.H*)*147F,&.14*;
<,IJKL,µ0<IJM,µ0

■ NH.().>)*,(1,- µ0,9"&*,6(14)*$0"/*,'(>*&,"&,
MKJL,µ0,9"&*,05)7(0"/*,'(>*&,%(47.()6

■ O(/*,"%*&.7(14,7*0%*&.75&*,&.14*;,
<,NG2CG3@+,PQR,°S,7",T-L,°S

■ =9F*/5)*/,7",>*,U5.)('(*/,.99"&/(14,7",!"#$%&'()*
!"$+,%#%-(".*V,WX$QM-$S?XA

■ B8%(9.),6*16(7(H(78;
<,NG2+,PYY,/Z0,
<,G3@+,PKQ,/Z0

■ BF*&0(67"&,(1,NG2,H*&6("1

0((B-,25-H3A

■ !"14$&*.9F,"&,0*7&",=?@AB,?S$Q-,.1/,
=2D,=BE$IM+,"&,05)7(/.7.$&.7*,7*)*9"0051(9.$
7("16,.%%)(9.7("16

■ =?@ABC=2D,&*9*(H*&6,.1/,7&.16%"1/*&6

■ !(1*,7*&0(1.),*U5(%0*17

L)3)M-5A

■ S"0%.97,6([*

■ A.6()8,>".&/,0"517*/,
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4)A,/-(5-H3

BF*,GI\K$78%*,&*9*(H*&,9"16(676,"',.,G3@,"&,NG2,9"5$
%)*/,7",.,6(14)*$0"/*,"&,05)7(0"/*,'(>*&,%(47.(),.1/,.,
)(1*.&,%&*.0%)('(*&J,Z"7F,7F*,G3@,.1/,NG2,.&*,&*.&$())5$
0(1.7*/,%).1.&,/("/*,67&5975&*6,#(7F,.,)"#$9.%.9(7.19*,
.97(H*,.&*.,'"&,0.](050,&*6%"16(H(78,.1/,6%**/J

BF(6,/*H(9*,(19"&%"&.7*6,7F*,1*#,!.6*&,KRRR,0.15'.9$
75&(14,%&"9*66,'&"0,7F*,?%7"*)*97&"1(96,G&"/5976,51(7,
"',N4*&*,=867*06,319J,!.6*&,KRRR,(6,.,)"#$9"67,%).7$
'"&0,7F.7,7.&4*76,F(4F$H")50*,0.15'.975&(14,.1/,7(4F7,
%&"/597,/(67&(>57("16,"1,.)),"%7(9.),65>.66*0>)(*6J,BF(6,
%).7'"&0,(19"&%"&.7*6,.1,./H.19*/,"%7(9.),/*6(41,7F.7,
(6,%&"/59*/,"1,N4*&*,=867*06^,F(4F)8,.57"0.7*/,%&"$
/597("1,)(1*6J,BF*,!.6*&,KRRR,%).7'"&0,(6,U5.)('(*/,'"&,
9*17&.),"''(9*,.1/,519"17&"))*/,*1H(&"10*176+,.1/,9.1,
>*,56*/,'"&,.%%)(9.7("16,&*U5(&(14,F(4F,%*&'"&0.19*,
.1/,)"#,9"67J,

K-F;/)*"9*!"#$!*!=>?!/)2@(*6,7)@25-,*G&H(*N-)JI

K-F;/)*$9*!"#$0*0!4?!/)2@(*G&H(*N-)JI

_, !"4(9,F(4F,#F*1,)(4F7,(6,"1J
` BF*&0(67"&,(1,NG2,H*&6("1a,9.6*,4&"51/,(1,G3@,H*&6("1
b !"4(9,)"#,#F*1,)(4F7,(6,"1J

4 3 2 1

5 6
2NBN

7 8
cSSW@2 W@2

2NBN cG2W@2 W@2

&2CB)*"9*!"#$%&'()*!=>?!/)2@(*231*0!4?!/)2@(*
!-3*4)A,/-(5-H3A

!-3*>;@C)/ 4)A,/-(5-H3

I GF"7"/("/*,Z(.6
K S.6*,W&"51/
Y 2NBN_
Q S.6*,W&"51/
L BF*&0(67"&CS.6*,W&"51/`

M 2NBNb

\ S.6*,W&"51/
- cSS

I$dRKefgJ9

4 3 2 1

5 6 7 8

2NBN

2NBN cSSBDAXE3=B?X

W@2 cG2W@2

W@2

0CAHB;5)*O2P-@;@*+25-3FA

=7&*66*6,(1,*]9*66,"',7F*,.>6")57*,0.](050,&.7(146,9.1,9.56*,%*&0.1*17,/.0.4*,7",7F*,/*H(9*J,BF*6*,.&*,.>6"$
)57*,67&*66,&.7(146,"1)8J,f5197("1.),"%*&.7("1,"',7F*,/*H(9*,(6,1"7,(0%)(*/,.7,7F*6*,"&,.18,"7F*&,9"1/(7("16,(1,*]9*66,
"',7F"6*,4(H*1,(1,7F*,"%*&.7("1.),6*97("16,"',7F*,/.7.,6F**7J,A]%"65&*,7",.>6")57*,0.](050,&.7(146,'"&,*]7*1/*/,
%*&("/6,9.1,./H*&6*)8,.''*97,/*H(9*,&*)(.>()(78J

!2/2@)5)/ 6'@CHB O-3 O2P Q3-5
G"6(7(H*,=5%%)8,c")7.4* cSS PRJL QJR c
?%7(9.),31%57,G"#*&;

NG2
G3@

G3@

G3@

<
<

R
-JR

/Z0
/Z0

?%*&.7(14,S.6*,B*0%*&.75&*,X.14*;
NG2CG3@ BS PQR -L °S

=7"&.4*,B*0%*&.75&*,X.14* B674 PQR -L °S
!*./,=")/*&(14,B*0%*&.75&* < < KLR °S
!*./,=")/*&(14,B(0* < < IR 6

I$dRKefgJ>
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RB),5/-,2B*S72/2,5)/-A5-,A

E(1(050,.1/,0.](050,H.)5*6,6%*9('(*/,"H*&,"%*&.7(14,9.6*,7*0%*&.75&*,&.14*,.1/,*1/,"',)('*,eA?!g+,.1/,78%(9.),
H.)5*6,.&*,'"&,KL,°S,.1/,>*4(11(14,"',)('*,eZ?!g+,51)*66,"7F*&#(6*,6%*9('(*/

_,BF*,&*6(67.19*,"',7F*,7F*&0(67"&,(6,(1H*&6*)8,%&"%"&7("1.),7",7F*,7*0%*&.75&*J,BF*,7*0%*&.75&*,9.1,>*,9.)95).7*/,'&"0,7F*,&*6(67.19*,H.)5*,
56(14,7F*,=7*(1F.&7$D.&7,*U5.7("1;,ICB,h,N,T,Z,)1eXg,T,S,)1eXgYa,#F*&*,N+,Z+,.1/,S,.&*,9"167.176;,N,h,IJRKM\,],IRPY+,Z,h,KJLML,],IRPQ+
S,h,PQJLQKI,],IRP-J

&2CB)*$9*RB),5/-,2B*S72/2,5)/-A5-,

!2/2@)5)/ 6'@CHB O-3 &'( O2P Q3-5
/9,G"#*&,=5%%)8,c")7.4*6;

G"6(7(H*,=5%%)8
NG2,?%*&.7(14,Z(.6,c")7.4*
NG2,?%*&.7(14,c")7.4*,B*0%*&.75&*,S"*''(9(*17
G3@,?%*&.7(14,Z(.6,c")7.4*

cSS

c?G

<
c?G

YJIL
QL

RJR\
YJR

YJY
<
<
LJR

YJQL
\R

RJIQ
IL

c
c

cC°S
c

/9,G"#*&,=5%%)8,S5&&*176;
G"6(7(H*,=5%%)8
NG2,Z(.6,=5%%)8,.7,c?G
G3@,Z(.6,=5%%)8,.7,c?G

3SS

3NG2

3G3@

<
<
<

LL
<
<

IRI
Q
Q

0N
0N
0N

/9,G"#*&,2(66(%.7("1 G23== < KRR YLR 0O
=0.)),=(41.),eiIR,µNg,B&.16(0%*/.19* B[ IJ\ KJL YJI :Ω
31%57,@"(6*,S5&&*17,eIRR,:D[<K,WD[g @&06 < YKK QMM 1N&06
?57%57,X*75&1,!"66,eIYR,ED[<L,WD[g =KK < PIL Pd /Z
Y,/Z,Z.1/#(/7F 'S IJ\ KJR < WD[
BF*&0(67"&,&*6(67.19*,.7,KL,°S_ XBD dJL IR IRJL :Ω
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T(5-,2B*S72/2,5)/-A5-,A

E(1(050,.1/,0.](050,H.)5*6,6%*9('(*/,"H*&,"%*&.7(14,9.6*,7*0%*&.75&*,&.14*,.1/,*1/,"',)('*,eA?!g+,.1/,78%(9.),
H.)5*6,.&*,'"&,KL,°S,.1/,>*4(11(14,"',)('*,eZ?!g+,51)*66,"7F*&#(6*,6%*9('(*/J

_,=*16(7(H(78,6%*9('(9.7("16,.&*,0*.65&*/,.7,7&.160(77*&,>*4(11(14$"'$)('*,9"1/(7("1,eIK,/Z,*]7(197("1,&.7("gJ,N7,7&.160(77*&,*1/$"'$)('*,9"1/(7"1
e-JK,/Z,*]7(197("1,&.7("g+,I,/Z,6*16(7(H(78,/*4&./.7("1,'&"0,Z?!,9"1/(7("1,(6,*]%*97*/J

&2CB)*U9*T(5-,2B*S72/2,5)/-A5-,A

!2/2@)5)/ 6'@CHB O-3 &'( O2P Q3-5
?%7(9.),O.H*)*147F,'"&,X.7*/,=*16(7(H(78 λ IJKL < IJM µ0
X*6%"16(H(78,e.7,IYIR,10+,cZ3N=,h,c?Gg;

NG2,.7,PYR,/Z0+,KL,°S
NG2,.7,PYR,/Z0+,PQR,°S,7",T-L,°S
G3@,.7,PKR,/Z0+,KL,°S
G3@,.7,PKR,/Z0+,PQR,°S,7",T-L,°S

X
dJR
-JM
RJ-I
RJ\R

<
<
<
<

<
<
<
<

NCO
NCO
NCO
NCO

=*16(7(H(78,eKJL,W>(76C6+,KKY,P,I,GXZ=+,I,],IRPIR,ZAX+,
IYIR,10+,cZ3N=,h,c?Gg_;

NG2,c*&6("1;
N7,KL,°S
N7,PQR,°S,7",T-L,°S

G3@,c*&6("1;
N7,KL,°S
N7,PQR,°S,7",T-L,°S

GXE3@

<
<

<
<

PYY
PYK

PKQ
PKY

PYK
PYI

PKY
PKK

/Z0
/Z0

/Z0
/Z0

?H*&)"./,eKJL,W>(76C6+,KKY,P,I,GXZ=+,I,],IRPIR,ZAX+,
ILLR,10+,cZ3N=,h,c?Gg;

NG2,c*&6("1,
G3@,c*&6("1

GXENj

PM
R

PY
I

<
<

/Z0
/Z0

?%7(9.),X*75&1,!"66;
=(14)*$0"/*,f(>*&
E5)7(0"/*,f(>*&

<
<

<
<

<
<

PK\
PIQ

/Z
/Z
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T;5B-3)*4-2F/2@A

!"#$%&'()*&7/H;F7%VHB)*!2,E2F)

2(0*16("16,.&*,(1,(19F*6,.1/,e0())(0*7*&6gJ

RJI\R
eQJYKg

S?@@ASB?X

f3ZAX

RJdRR,k0
ZA@2,!3E3BAX

RJd\Q
eKQJ\Qg
E3@J

RJRIR
eRJKLg

RJIdQ
eQJdYg

!AN2,BX3E
RJRIM,eRJQIg,-,G!NSA=

RJILL
eYJdQg

=BN@2?ff
RJRIR,eRJKLg,ENjRJR\d

eKJRIg

RJQYI
eIRJdLg

Y-Jd-,l,YJIL,eddR,l,-Rg

RJRIR
eRJKLg

RJYRR
e\JMKg

-,G!NSA=
RJIRR
eKJLQg

E3@

RJYIL
e-JRRg Q Y K I

L M \ -

RJRQL,eIJIQg
@?=A,WA?EABXm

RJLML
eIQJYLg

RJIQQ
eYJMMg

I$IRL\f
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T;5B-3)*4-2F/2@A*e9"17(15*/g

!"#$%&'()*W;BB%X-3F*!2,E2F)

2(0*16("16,.&*,(1,(19F*6,.1/,e0())(0*7*&6gJ*

RJI\R
eQJYKg

RJYIL
e-JRRg

Q Y K I

L M \ -

RJRQL,eIJIQg
@?=A,WA?EABXm

S?@@ASB?X

f3ZAX

RJdRR,,,E
ZA@2,!3E3BAX

RJd\Q
eKQJ\Qg
E3@J

RJLML
eIQJYLg

RJIQQ
eYJMMg

RJRIR
eRJKLg

RJIdQ
eQJdYg

RJRIM,eRJQIg,-,G!NSA=

RJILL
eYJdQg

=BN@2?ff
RJRIReRJKLg,ENjRJR\d

eKJRIg

RJQYI
eIRJdLg

Y-Jd-,l,YJIL,eddR,l,-Rg

RJRQ\,± RJRR-
eIJId,± RJKRg

RJIRR
eKJLQg

E3@

RJRKR,± RJRRL
eRJLI,± 0.13g

!AN2,BX3E

µ

I$IRL\fJ.
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Y;2B-M-,25-H3*=3MH/@25-H3

BF*,GI\K$78%*,&*9*(H*&,(6,69F*/5)*/,7",9"0%)*7*,7F*,'"))"#(14,U5.)('(9.7("1,7*676,.1/,0**7,7F*,(17*17,"'*!"#$%&'()*
!"$+,%#%-(".*WX$QM-$S?XAJ,

&2CB)*Z9*!"#$&'()*Y;2B-M-,25-H3*=3MH/@25-H3

&)A5 +)M)/)3,) SH31-5-H3A 62@(B)*6-[) !2AA?K2-B*S/-5)/-2

E*9F.1(9.),=F"9:,
.1/,c(>&.7("1

!"#$%&'()*!"$+,%#%-(".,
WX$QM-$S?XA+,
=*97("1,-JYJK

LRR,4+,RJL,06
S"1/(7("1,N+,KR,4+,
KR,D[,7",KRRR,D[+,

Q,0(1JC989)*+,
Q,989)*6

II IRn,X*6%"16(H(78,
SF.14*,N'7*&,S"0%)*7("1,

"',Z"7F,B*676

BF*&0.),=F"9: E3!$=B2$--Y
E*7F"/,IRII

0°C to 100 °C,
20 cycles

II GF86(9.),N77&(>57*6,.1/,
!*.:,SF*9:

!*./,317*4&(78 E3!$=B2$--Y,
E*7F"/,KRRQ

S"1/(7("1,N B",Z*,G&"H(/*/,>8,
7F*,=5%%)(*&

<

=")/*&.>()(78 E3!$=B2$--Y,
E*7F"/,KRRY

< B",Z*,G&"H(/*/,>8,
7F*,=5%%)(*&

<

!"#,B*0%*&.75&*,
=7"&.4*

< �40 °C storage 
2000 hours

II IRn,X*6%"16(H(78,
SF.14*,N'7*&,S"0%)*7("1,

"',B*67

D(4F,B*0%*&.75&*,
=7"&.4*

< 85°C storage 
2000 hours

II IRn,X*6%"16(H(78,
SF.14*,N'7*&,S"0%)*7("1,

"',B*67

B*0%*&.75&*,
S89)(14

!"#$%&'()*!"$+,%#%-(".,
WX$QM-$S?XA+,

=*97("1,LJKR

�40 °C to +85 °C, 
500 cycles

II IRn,X*6%"16(H(78,
SF.14*,N'7*&,S"0%)*7("1,

"',B*67

2.0%,D*.7 E3!$=B2$--Y,
E*7F"/,IRY

85 °C/85% RH 
1000 hours

II IRn,X*6%"16(H(78,
SF.14*,N'7*&,S"0%)*7("1,

"',B*67

S89)(9,E"(675&*,
X*6(67.19*,

!"#$%&'()*!"$+,%#%-(".,
WX$QM-$S?XA+,

=*97("1,LJKY

< II IRn,X*6%"16(H(78,
SF.14*,N'7*&,S"0%)*7("1,

"',B*67

A=2,BF&*6F")/ !"#$%&'()*!"$+,%#%-(".,
WX$QM-$S?XA+,

=*97("1,LJKK

< M !"#$%&'(),X*U5(&*0*17

317*&1.),E"(675&* E3!$=B2$--Y,
E*7F"/,IRI-

< II,G(*9*6,N'7*&,
BF*&0.),=F"9:,

B*67

E.],LRRR,%%0,O.7*&,
c.%"&,N'7*&,?7F*&,B*67,

S*))6



01.23,)*4252*67))58*+).9*"
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N4*&*,=867*06,319J,&*6*&H*6,7F*,&(4F7,7",0.:*,9F.14*6,7",7F*,%&"/597e6g,"&,(1'"&0.7("1,9"17.(1*/,F*&*(1,#(7F"57,1"7(9*J,@",)(.>()(78,(6,.6650*/,.6,.,&*65)7,"',7F*(&,56*,"&,.%%)(9.7("1J

S"%8&(4F7,o,KRRK,N4*&*,=867*06,319J
N)),X(4F76,X*6*&H*/

p.15.&8,KRRK
2=RI$K-Y?GB?$I,eX*%).9*62=RI$K-Y?GB?g

f"&,.//(7("1.),(1'"&0.7("1+,9"17.97,8"5&,N4*&*,=867*06,N99"517,E.1.4*&,"&,7F*,'"))"#(14;
3@BAX@AB; 755(\??JJJ92F)/)9,H@
A$EN3!; 1H,@2A5)/]2F)/)9,H@
@J,NEAX3SN; N4*&*,=867*06,319J+,LLL,q1("1,Z"5)*H.&/+,X""0,YR!$ILG$ZN+,N))*17"#1+,GN,I-IRd$YK-M

"%^<<%U#$%$ZZ#+,fNj,MIR$\IK$QIRM,e31,SN@N2N;,"%^<<%__U%$ZZ^+,fNj,MIR$\IK$QIRMg
N=3N; N4*&*,=867*06,D"14,r"14,!7/J+,=5(7*6,YKRI,s,YKIR$IK+,YKCf+,B"#*&,K+,BF*,W.7*#.8+,D.&>"5&,S(78+,r"#)""1

&)B9*G^_$I*U"$`%$<<<+,fNj,e-LKg,YIKd$KRKR
SD3@N;,G^aI*$"%_<Z#%"$"$,e=F.14F.(g+,G^aI*"<%a_$$%__aa,eZ*(t(14g+,G^aI*#__%a`_%#$$Z,e=F*1[F*1g
pNGN@;,G^"I*U%_Z$"%"a<<,eB":8"g+,r?XAN;,G^$I*$%#a#%"^_<,e=*"5)g+,=3@WNG?XA;,Ga_I*##^%^^UU+,BN3ON@;,G^^aI*$%$#$_%_^_^,eB.(%*(g

AqX?GA; &)B9*GZZI*#<<<*a$Za$Z+,fNj,eQQg,IYQQ,Q--,RQL

T/1)/-3F*=3MH/@25-H3

!"#$%&'()*!"$+,%#%-(".,(6,.,7&./*0.&:,"',B*)9"&/(.,B*9F1")"4(*6+,319J

&2CB)*_9*!"#$%&'()*+),)-.)/*T/1)/-3F*=3MH/@25-H3

!/H1;,5*SH1) 4)5),5H/*&'() SH33),5H/*5'() D)21*5'() K-C)/*5'() SH@,H1)

GI\KNZSN NG2 =SCGS BF&"54F,D")* =Ef IR-LMMR\M
GI\KNZSf NG2 fSCGS BF&"54F,D")* =Ef IR-LMMR-Q
GI\KNZS= NG2 !S BF&"54F,D")* =Ef IR--d-RQR
GI\KNZSp NG2 Eq BF&"54F,D")* =Ef IRdIIYKRd
GI\KNSSN NG2 =SCGS W5)),O(14 =Ef IRdIKKYKL
GI\KNSSf NG2 fSCGS W5)),O(14 =Ef IRdIKKYYY
GI\KNSS= NG2 !S W5)),O(14 =Ef IRdIKKYQI
GI\KNSSp NG2 Eq W5)),O(14 =Ef IRdIKKYL-
GI\KGZSN G3@ =SCGS BF&"54F,D")* =Ef IR-LMMIRR
GI\KGZSf G3@ fSCGS BF&"54F,D")* =Ef IR-LMMII-
GI\KGZS= G3@ !S BF&"54F,D")* =Ef IR--d-RL\
GI\KGZSp G3@ Eq BF&"54F,D")* =Ef IRdIIYYR-
GI\KGSSN G3@ =SCGS W5)),O(14 =Ef IRdIIKYMM
GI\KGSSf G3@ fSCGS W5)),O(14 =Ef IRdIKKY\Q
GI\KGSS= G3@ !S W5)),O(14 =Ef IRdIKKY-K
GI\KGSSp G3@ Eq W5)),O(14 =Ef IRdIKKYdR
GI\KGZNN G3@ =SCGS BF&"54F,D")* EEf IRdIIYKMM
GI\KGZNf G3@ fSCGS BF&"54F,D")* EEf IRdIIYK\Q
GI\KGZN= G3@ !S BF&"54F,D")* EEf IRdIIYKdR
GI\KGZNp G3@ Eq BF&"54F,D")* EEf IRdIIYK-K
GI\KGSNN G3@ =SCGS W5)),O(14 EEf IRdIKKK-Y
GI\KGSNf G3@ fSCGS W5)),O(14 EEf IRdIKKKdI
GI\KGSN= G3@ !S W5)),O(14 EEf IRdIKKYRd
GI\KGSNp G3@ Eq W5)),O(14 EEf IRdIKKYI\

&2CB)*a9**+)B25)1*!/H1;,5*=3MH/@25-H3

!/H1;,5*SH1) 4)A,/-(5-H3 4H,;@)35*>;@C)/
XQ-L KJL,W>(76C6,X*9*(H*&,#(7F,S)"9:,X*9"H*&8 2=RI$RRL?GB?
XQ-R KJL,W>(76C6,X*9*(H*&,#(7F,SE!,2.7.,?57%57 2=RI$RII?GB?
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