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The purpose of this study is to estimate the internal condition changing of satellite-borne batteries
with House Keeping data (HK data) such as voltage, current and temperature. For the satellite-borne
batteries, detection of the internal condition is very important to realize long term operations in orbits.
However, it is difficult to estimate deterioration of the battery just by monitoring the HK data so that
the internal degradation can directly be detected. Thus, it is necessary to estimate the deterioration of
the batteries by analyzing the HK data in some sophisticated manners. Furthermore, it is important
for the long term operations to detect signs of internal short circuits, which prevent continuation of the
operation. In recent years, ‘passivation’ becomes to be required for the satellite-borne batteries. The
passivation means that we have to assure safety of the satellite-borne batteries even after the operation
is over. However, it is an issue that there is no indicator to judge whether the batteries after the end of
operation are safe or not. Therefore, we have to solve two subjects for the long term operation. One is
to establish a method to estimate the internal condition of the satellite-borne batteries. Another is to
understand the internal condition changing of the battery through AC impedance to detect the condition
of the satellite-borne batteries. To understand the internal condition of the batteries, we focus on AC
impedance. The AC impedance is defined as the frequency domain ratio of the voltage to the current.
We calculate the AC impedance at a low frequency area using the HK data because the sampling time
of the satellite is very slow. To calculate the AC impedance at low frequency, we focus on a method with
load current changing or with differential capacitance. The differential capacitance is defined as the
ratio of the differential capacity [Ah] to differential voltage [V]. We have found that the differential
capacitance is associated with the AC impedance at extremely low frequency in each state of charge
(SOQ). For this reason, the differential capacitance reflect diffusion of lithium-ion at each electrode.
Since it is considered to reflect the diffusion condition in active materials especially, we can understand
not only the true SOC but also the internal condition of the battery cells with the differential
capacitance.

We try to understand the internal condition changing of the batteries of ‘REIMETI satellite, which
was developed by JAXA and was successfully launched in 2005. Ten years has passed after the launch
of REIMEI, and the batteries experienced 55,000 cycles for charge and discharge. To estimate the
changing of the internal condition, DC resistance is calculated from the HK data in general. The
calculation is carried out using the data at the timing of switching between charging and discharging.
However, the DC resistance has no remarkable change though the batteries are operating over 10 years
in the orbits. Then, we try to calculate the AC impedance data from the HK data. The AC impedance is
normally measured using an impedance analyzer within a frequency range of 10 kHz to 10 mHz. On
the other hand, the sampling time of satellite is very slow; in the case of REIMEI, the sampling time is
1/8 Hz. It is of course impossible to calculate the impedance beyond the sampling time. Thus, we
calculate the AC impedance at low frequency, such as 10 mHz, using the data when the discharge
current is changed. By comparing with the impedance of the cells which were stored on the ground, it
is found that the AC impedance can be calculated successfully from the HK data. Furthermore, the AC
impedance increases constantly after ten years of the operation even though the DC resistance is not
changed. Therefore, we found not only a method to estimate the state of satellite-borne battery, but also

have found that the AC impedance is useful to estimate the internal condition even in the low frequency.
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In the current spacecrafts sampling frequency for HK data are like 1 Hz or so.

Thus, the AC impedance can be similarly calculated for other satellites as well in the same method,
since the AC impedance could be calculated even for REIMEI satellite which the sampling frequency is
very low. To understand the characteristics changing of the AC impedance, we execute some
experiments on the ground. They are charge and discharge cycling tests with several temperature
conditions. Especially, we tried to predict the internal short circuit through the AC impedance. It is
agreed that high rate charge at low temperature accelerates the internal short-circuit caused by lithium
plating on negative electrodes. The exclusive force among the Li-ion causes the electrochemical
deposition onto the surface of the negative active materials which is so called ‘lithium-plating’ to the
negatives. The lithium plating usually takes place when a Li-ion cell is charged at low temperatures
with a high current, these conditions affect the charge transfer reactions between the electroactive
materials and the solid electrolyte interphase (SEI) and favors the deposition of metallic lithium on
graphite. Many efforts have been made to understand the formation of the lithium plating. However,
most of the studies have been carried out by charging the Li-ion cells at temperatures below -10 °C, and
such low temperatures are not practical. Due to the potential hazard that the lithium plating represents,
its detection is very important to assure the safety of Li-ion cells when these are operated at practical
temperature ranges.

We used commercial LiFePO4/C type Li-ion secondly cells for the tests because the cells can charge
with high current rate at low temperature like 10°C in safety. The AC impedance measurement is used
as the method to defect the formation of the lithium plating when a Li-ion cell is charged at relatively
low temperature and relatively high current, 10°C and 1.05C. It is known that LiFePO4 electroactive
material exhibit a flat charge/discharge behavior and possess a high tolerance against degradation in
comparison to other positive electroactive materials, this enables to exclude contributions from the
positive electro material with respect to lithium plating on the surface of graphite electroactive material.

Therefore, we tested the cells at 10°C, 15°C and 23°C with several charge and discharge
conditions for the better understanding of the characteristics changing about lithium plaiting. To
understand the characteristics changing of the cells, the AC impedance of the cells was periodically
measured with an impedance analyzer and we got impedance transition data through charge and
discharge cycles. The charge and discharge cycling tests were repeated with a charge and discharge
test system.

The capacity of the cells is checked according to the following protocol. The Li-ion cells are first
discharged to 2.0 V with 1.0C in a constant current (CC) mode. Then, the cells are charged with a
current of 1.0C and voltage of 3.6 V for 2.5 h in a constant current-constant voltage (CC-CV) mode.
Next, the cells are discharged again to 2.0 V with 1.0C in a CC mode. After the charging and discharging,
the cells are allowed to rest for 30 min in open-circuit mode. The charge/discharge cycle is repeated two
times. The temperature of the cells is controlled at 23°C. The 100% SOC is then defined as the condition
that the cells are fully charged to 3.6 V. After the capacity check, the SOC is controlled at 50% following
a CC charging based on the discharge capacity in the second discharging. The cells are held for 2 h in
an open-circuit mode to stabilize their internal state. The AC impedance was measured within the
frequency range of 10 kHz to 10 mHz at 23°C three times to eliminate measurement instability. The
cells were first fully charged to 3.6 V in a CC-CV mode for 2.5 h and then were charged and discharged

cyclically according to two different conditions: Case A and Case B. In Case A, the cells were discharged
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with 1.05C for 30 min in a CC mode and charged with 1.05C for 35 min in a CC-CV mode. In Case B,
the cells were discharged with 1.05C for 30 min in a CC mode and charged in a CC-CV mode at 0.52 C
for 65 min. To examine the change in DC resistance, the load current was periodically changed at the
middle and end of each cycle. Then, the discharge current was changed from 1.05C to 1.15C. The
temperature of the cells was controlled at 10°C in all cases.

As a result, the lithium plaiting had occurred and we could detect the internal condition changing
through the AC impedance. Commercially available LiFePO4/C type Li-ion secondary cells were tested
at 10°C this time. The cells were charged and discharged according two cases. In Case A, the cells were
charged and discharged at 1.05C, which was slightly higher than the current recommended by the
manufacturer of the cells. In Case B, the cells were charged at 0.52C, which is within the recommended
current. The AC impedance measurements revealed a gradual decrease in charge transfer resistance
in all cases, even when charge cycling caused capacity fading. Furthermore, the charge transfer
resistance of the cells in Case A (charging and discharging at 1.05C and 10°C) continually decreased.
Moreover, the test results showed the same trend regardless of storage period. This finding suggests
that there was a change in the balance of capacity between the positive and negative electrodes.

This experiment showed that a decrease in the charge transfer resistance of the AC impedance
suggested lithium plating within the cells. This decrease in the charge transfer resistance might be
reflected in the increased SOC of the negative electrode. This phenomenon was ultimately concluded
to be lithium plating on the active material of the negative electrode. Observation of the trend in AC
impedance could be a highly effective means of identifying instability in Li-ion cells. Furthermore, the
changing in the AC impedance occurred in the low frequency area, under 1 Hz. Thus, this means that
we can detect lithium plating with the House Keeping data. Furthermore, by calculating the
differential capacitance of the cells, only the differential capacitance of the cells that were led to
lithium plating shifted to the high SOC than the others, similarly to the results of AC impedance
measurements. This changes seems to be occurred by the shift of SOC in negative electrode. In other
words, we found that the peak shift of differential capacitance means the shift of the area for charging
and discharging. Therefore, we can predict the internal-short circuit also by calculating differential
capacitance.

As the results, we can understand the mechanism of the internal-short circuit through the AC
impedance and differential capacitance changing. Furthermore, we can detect the sign of internal-short
circuit by calculating the AC impedance and the differential capacitance with the HK data.
Furthermore, we find that the AC impedance and the differential capacitance can be an indicator for

the safe operations.
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122 B HOREM

TH, B 5FICENTY F UL, F L ZREMIIFIHINATEY, 4
BITEXEBHSON 2O, THEABD & LT, NUIRERBRELE LT 55
BFICBWT, 4% b S OLICFHAPED bND LEX HNAH[15]. LW H DI, i
KOBHNLEARTY F U LA A BHITETINAX—BETH LD, HHW
DYAT L/ R EAT D 2 ENATREE R DD TE. %ﬁ%ﬁﬁi¢kowf
iUN%%@PULﬂ%%iL%&LT %k@ﬁ FIZL o ThiERE I T
DN, FIMEEBEY KT Z LI XV EMIIHT D720, NvT U EERHTS
LTy T U OREVEIZ OV THERR '?“6 CITEELZ D, HZ21X, Arora H &
I & LT, Vetter HX° Broussely &3t /LOPEREE(LCHFm Il BE T 541k
DONWTEZELTEY, ZOHTA U E—F U ARLKEILTORKIZONTE LD
Tw5l[16] [17] [18].

ZD XD T, B I8TICHEH L7e Ny 7 VT 2 ERRFHAN B 72 [21].
ZDOZENG, NyT UELEEZ “EHTL FIECOW TS HICETHZ b
MIEFICEERRE L > TE WD, F, TEFEHIFIZBWTYH, ERZ
WOED X RIRRE TR T T D&MD, L) 8y v R_— 3 IO T DR
WEEANATONTEY, & TR THBTIZ DWW T OISO BN A S FhFE 4T
wal11] [12] [18]. F7=, #ic ﬁ%%T%@A/T)@@%% CRL TR
ShTna14] [15]. FiEEEZEEVIRT Z L2k Y, Bz 2 EHIS b
L, WEHEROBMARLEREOIR FA5 & Z # _@m , MG 7R SR L — b
%ﬁﬁ SIRE AR KT Z L, REIMAREL#HVIRTZ LR LICkY, ElN

ICHRENECDZENHD. NEIC Téﬁ%ngVCi,ﬁﬁi:lﬁ??A
#ﬁﬁ?é_k (2 K D NEELREC, Bt 2 AT DM BT DIEME O H I
DEENRADLZENFETOND. ZHDRFITEMDINHEI S DOLRFHEICL Y I%
Sz rircsEd, RYERICH T T, ERB®HRD 26 0B 2 Failcmm
TEXDLZEMNIERFICEEL D,

DX REROFT T, VFULT L—TF 4 U TIZONTOERDNEANATD
NHEIToTE. ARIZBWT, VFULATL—T ¢ v 7 IXEMREMICY
%?AﬂﬁﬁﬁMLt% EARTHOLT D, BUIZOWTOHE— Ridkkx

WZHDHPT, VFULTV—T 4 V7 ITEMNEHTELLEICL > TEL LS
ETHY, VFILTVL—T 4 I NEUTRECTHBE LM D &, &R
WZIZNEEASICE D ATEEE N S Y, ZeITEAT 5 ETHLZFOBSBMRIIIEF I
HETHD.

IDXEINRYEND, VFULTL—TF 4 7 EEET 5L, KRICBT 5
PACIZOWTHEE LFgE b ITE 2 T 5. 728 20E, Petzl HIZKIRICKIT
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HVFULTL—T 4 TIZONWT, HillRD 26650 RO/ EFIH L CTHRLE
T—ABLOA L E—F U REOBEN LTV —T 4 VTR D ETOE{L
2OV T LTV a[21]. & 512, Zinth B $-20°C & KRR BREE T CHAE % #
DiR$T LT, VFuLTL—F 7 %4% 1L &4, Neutron Diffraction
Experiment (Z XV, =D& & DEMIREZEL 2R L T\ 5 ([22].
LU s, AP Oy 7 U b S ERE R A LTWHB@M‘O;U
VFOLTVL—T 4 T hTHT5ZE13EETETCELT, FHEAEZ 2T
M LKET D72 DT RS EERFEE 2> T 5.

15



123 5REREM

ARWFFETIE, mEeiRElm s LTERSA T A Y B RIoE s JOA 4 i)

REMIZER LTI ZITo 7=, MEROMEIZ SO\ TLLFRT.

1.2.3.1 1 v RIE

LRI TELEmE L OEFER SN TWD D) LiFePO4 Z1EME U724
Ve rEmAH L. ZOEMOIEMm X 10nm FREORL £ TSN kY, £
Nz BRFE B L OWNE~D Li A 4> OFHOEE & EFDIEHRENm EL TR
D, Bl — N CTOFRMEEREN ENFRETH D, Fio, WERLAERHEIC
Ko TEEMHRENETCICS < 72>TEY, NCR XDV F U LA A B E A
HE, IhelIhTnalsl.

P

17952

E 1 IR T KD ICHRMERFOBLEOEEBEA/ NS N & RERFHETH
D, ZOTDIZWERITBEIZ L > TORFHTE T HERELELEOHR TOR
HIZEEL <, ZOFEFGEOMRFNRLEL SN TND

45 3 45 - 3
5OLIB V g, OBATV
4 A OLIB71 425 4 - c E * BATﬁI 4 25
35 | ‘ , 35 big \ )
Z 5 Fsmall” g Z o, a
) ; 158 s 155
'_'; 25 | H : ‘_‘; 25 - %
. ! h ~
d Drastically e g Slo:;ge 1 >
2 [ change A 2 Y
1.5 A 0.5 15 0.5
0 60 120 180 240 300 0 60 120 180 240 300

Time / minutes Time / minutes

Olivine type Normal type

1 AV e REMmE NCRARY F U LA A “IREMOEET —Z DLk
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1.2.3.2 A F U WRIKEH

A A R BRI TR D O R RO BMIE ZFIH LTV 5D 2 L BFHOE
Thd. AT REZERRE UCRIAT 2 L AMTA A RIER G L TLE D &
WO RREN B o 723, BAVE RSN 2006 FIZ 2 OFFBEE MR LT Z Sl L o TEMAF

i & 7o 7= [6].

Z OBRITHER D 2B RV, BZEREIZ o728 LTHAEkOEM & 2
70, BRI ORI X DB O - S A Z LB SN D. 20
T DPERDEM TIIME L SN TELBIBIC KONy T4 v 7R EFARE L 25, )
FULAFEROEALYKT D OZR VX —FEEITENE OO, FHEHERE LT
EV 2=k T DL, BIROR YT 4 TR EOTCOIZENT EOZ RV F—FEED
KT b, Ko T, A AV RIEEMAFIAT 2 2 L TRERBEMEZR D
ZLNHIFTED.

l2%%@&@kaio4ﬁ/w%%m BZE M
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124 REDTHICEITAEMDIREHER AL . 1 VE—F U RBIE
1.2.4.1 ACA B —& ZAOMEE

AC A v E—F LV AQLLF, A VE—H LA X AC A Y E—F U AD T & &R
) EFEREBEOBILE L BIROLLTRINDIETTHY, ZOFR O IEME
TEMONTZWINATRE L 72D Z LM HITHFEL L OMRENRA L E— X v AE
WaEFH L CEROREZN 21T 5 L LTwab[21] [22] [28]. 4 v —F 2
ERET DDA = R EPET D 72O OFHOMEE & @A T
L. LU FHBICHAREBEZBNT 5 2 EIXTORE SXLEIOHIK L
WEETH Y, 1 ETHLMIITON TS A E—F L ZAORIEF L E1TR2 5
FENVELERD.

BEPREI IV TIE, A —20ERIL W EED V, EXEHN Roc DIEIEEICE
it Iy s ERA(D)TREND.

V =Ry | (1)

FREIZ, ZZREIEIZIW T 6 AZHGT Z OEKIZK L CTRIREEER AV, 52

MERERATEZRNDZ L TENLOBMRIZQA L RFTZENTEXS.
7 AV
Al

TDIZN—RICACA v E—=F R LFEEN TS,

RIS N DA v B —F 2 AOHIE TIE, BREAEE L RT v
a A4y NOMAEDORIZLY, RRDEEBROERD D VIXEMEBZ 5 %,
ZDIEARY MVERETHEFESHNLNATWS. ZOROEE & &
MoA L E—=F o AZF L, EMORLETFITEN T2 2 LD STV
5.

# 1ITA = X EEMBIEORBRRALZTT. £ 1ITRTEO1C, &%
AN SRR BRI LT RIS H 2 EBARETH Y, 4 L E—F 2 2%
ELIRERND, 74 9T 47 5TH 2 ETEBFOMEHEL L, BihoRhE
W 5.

e
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£ 1 A E—F R LEMEIFK OB

Component Equivalent | Relational expression | Nyquist
circuit diagram
Resistor S
W Z=R -
Re [Q]
Capacitor %
1 =]
S
jwC
Re [OQ]
Resistor - g
Capacitor AA A | 1 =
(series) I— Z=R+ jwC
Re [Q]
Resistor - g
Capacitor R £
(pararel) — Z= 1+ jwRC m
Re [Q]
1.2.4.2 AC A v E—& v 2 HE

A= AREEE O A X 3I1TRT. AFZETIE, NF [EIEEREH(ER)
#1:#% Electrochemical Analyzer (As-510-ECA) } UF SERVO Analyzer FRA5104 % f#
L7, AFETHEA L AC A > B—X U AREERE CTIX, »2 B TE
MERI LIEBEOBELZMET HZE TACA U E—F A EHNT 5.

4 ICHERERZRT. 2D AC A B —F 2 A F 10 kHz 75 10 mHz O#i
PHCHIE S 41, # VIR TSR 2R L CERONEIREZ X 51277 &
IITHEEL, 6 DEIITACA E—F U AAERM B LT HZ LT, &%
HFOEEZHEEL, EMONEIRELZHEST 2208 TES.

3 AC A > b—4 L AR EEE
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1.2.4.3 HEEBEIK SRV ACA B —F o REH

AR T, BB 2 R COEBEXILTEFEZ 7 — U = A#IZ LY
JE BRI S A U, ST ORI A 15D T LT X0 ROSEERE TR
FRPEREREA 72 & %47 0 FIENIE SN TV D, ZOFETIE, xR ETA
v T U OAMEREZ LB S CTEEDIGEZ LD Z L12 ko ThEx B EIC
B E—F U REREBFT D ENARRICR D, TICRBEZSEDH L
IZLY, TNETIERETH > = FEHEH TICH 2 BHONHIRIEIC )5 H %
G TE DM 2 5.

A E—F AR O IEIE TEMONTZ BN AT & 72D 2 &b
2 DMFRENRA v ©—F o A F@REFHA L CEOREBZM 2175 & LT
Wb, A E=F U AEETH0120E, A = ABRET D20 DK
RMOBRAER Z@EEIIFAT 5. ERETITPRL WS L) R BEE TELE
P9 A EREEICB W CIIEEICHE CX 272 DICHEAEEAFIH L CHIET 5
ZEEBRWLS, BERICHEE SN TV AEROA = R ERET DH LI
COFETIHIEFICRETH D, 22T, BEEIRREND A > B —F 2 A& il
BB T 5 HIENTE T b TV 5 [24] [25] [26] [27] [28] [29]. L L722s
BAEATONTWAIIETIL 1kHz & &7 ) v 7 HE CEIMOEE & B s
HIE L, B EBROMESMELIEFICEHL, BRBEEICE D RKNEZE L [F
FRICBHRAR DAL D720, <2 RBEEMARICEHT 52 L3 L.

Z T, THEOIIIZRONTER LG LNV AT AOLAIZIE, R
SN AEH D ERMOREBEZHER T 2 HM R ME L 2 5. FIZIE, A re—F
AR R DHE B LI2GE, ) 7 1 &5 RS MER A 8ET 5 2
&, ZOEMEIFICR T ER A I EOBELEOREZHET D Z ENH
ECTHDH. WUIREMEIEEZREL, TAXFA Moy hOFBBHANRTE 255
1%, BHOBXILFORNTIREL HRECX 5.

IAEOMIZETIER 7 IR TE91E, Ny T VICk L TARMEEETLZ L1
£ o THE2 B RRIE 2 FF OB SV AZFIINL, ZOBOEMONEEZ 77— =
BRI L > T T2 Lo T, M 8 IRTEIICAyT UDIRELEHETE
T HRADITONTND., L L7enb, it s SOCHnITNsZ LizkdA
VE—H LV ADELI OB L DA = ADEATO DY 53T D
TLIRIEFICHLL, £, A RADZNT LA N —F — X UKLFE LT &
R B D FHEICEIGT DI ITER L.
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1.3 KEEXDHERK

AFa SCTILEE B CIEROFHEMGEH 1k & 2 OfE AL 28T, & =5 CIIFH
BEIZ B W TEMO NERIREEHEE 217 5 FIEIZOW TR 5. HUETIE, A%
THROLIUT HLEERNH D BREREL L THEALTWD YT UAT L—T ¢
VT RS DT, O NERIRREZ L A Rl 5 7o ok 0 IR L 72 Fe i dE R
BROFERZ T, 61T, FEHETIZIVFULTL—T 4 T DAN=ALB L
OIS 2 EEE DO FMET — 2 OB 2 TIEICHOW TR RS . %I, 5
REIZTRMLEE LD D.
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F2E TFTHRBHELOKEER

BEMDORBAEREDEE

VAT KIEH SN TV HEMO FEEIRRESOC @ State Of Charge) i FEIEE
(DOD : Depth OfDlscharge)é”"fiTéi{f ELTIRSFHAIN TV D HIEITRE
2V HD. KMEROBLIZE > TEHEZTLHIEL, BEROBRZHA
T 52 & TRIKEDOEREIC iofﬁﬁﬁ‘éﬁ{ffﬁé Z 2T, SOC (LEHN
T 5N AR BIREICB T DRI LT, [M%DFEEDOIRFEIZH D50 Z T FEEE
Toh Y, DOD |ZEMDEAREIREND, (M%DKERDIREIZH D 0% RT R
Tho. WABKELIL, A—IRRETL2H e 7is L<IL, SEOFTRESRM
WZHh> TRABELIZEORREICLVHESND. RIFEICEB W T, BIEDORIE
KR > CTRBKE LD, HEREICIVHRERELHET 2 & & L.

JIRSATON TW D EETEMO RHEREZ BT 5 7ETIE, L0 ERKEICE
MmBELEEZE=FT5Z BRI TWS[12I8]. BEORIEREE BEN ENS
Tl ZELTIN~Y T ANEREZFHAL T/ A XORELYRT 52 & T, it
KOETLENN o 5 EMEEHRICEIRTHZ LI THL. LrL, EFETHERE
JERF OBEEEEB /NS WE S TS ICHEYD, BEREN B2 LT, 4
(ERIREEIC L > THRIERMEN D 2 B O FTEEIREZRHEICERT 5 2 &1
HELW.

B RIC L > TREREZEHT 5 FIETIE, KaZlx i /mﬁ’bé’)%ﬁﬁﬁ%{ﬁ'
EL, FHEE T2 LIC Lo THRMERFOERELHEH L, SO FAEIRE
BHLTWSMA] LrLanbiicbx CERMBEREET D Z & iﬁ?UTﬁMﬂéﬂ/
Ea—HIZEoTIIREREH LR, LS 2FETORMEERNLEND.

T, EFREEBIONEREREOAR T, EEELEZREMS 528 T
BN EREZFIHT 2 REMAGRITIER E 2R LI2fTiE bR ST 5
6. 70, A L —F U RAEFRME T —F20OHEHL, HlLRELZET LI Z L%
HiE L7ewizesolel, TCidA v =X o AMEILE Z B AT LA~ HEHT 5
& THBIREEEEMICRZET A Z LA BB LIt B 2 bihvTn A [7].

FHECTIE, EEICEAIRMEBEHEN TR E > TR, FCKERELOHE
BOMERE G, EMOSLIRELZ R L T\ 5.
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22 FHEEHEOLOE=-_F1EH

ANTHRMTY 7Y o TR, MBICETH 00, BFLTWELT—4
HK 7% & 59)E LTUTEE, BREBED 3 DONRTA—ERNETHDH. A
T VBT 5 Z LR TERWFEHETIL, 9ITRENDH LI 7 HK 7 —#
MORRZIZEL DNy TV OREAEZHWIL, x5 LaRkdbN5I[8].

— R TFEBOLGA X, V7Y T RMITERO S DIZOWTIE 1 Hz 12,
BWEAICIT 01 Hz BBEL S, £72, T—HOHMREICOVTHEHRO L DI
DWNTIL 12 bit FREED H DAL,

ZI T, AR TIE1IHz BREDOT — X H 7Y 7T 12bit BRE DT — X /3 fif
RBZ AT H2FHEICHBWT, EHEMONEIREZNZ T 5 L I8E L.
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2.3 FHEBHEMDERGE

(AW,

ek CHEERITBIE, BIREIEED 3 SO /RT A —Z N BAHHE L Tirbh T
Tl ZO3DDNRNTA=FDOHTHEMTLHZ LN TETWEDIL, I ET Ny T
U DOFMRT — X & TORS L TW=Z b b, FEN KR DICKEED /Ny
TV EBEH LN OEWVWREBRE TR E b GEHATETW2dTHS. Lx
LN SITEDOHE/NULDRNIC L > T, X T L LERICABREFF T2y T
EEHCTEDRTIERLS Lo TETCWD. TD, Ny T U OREEZIE L < Ik
THZENEELLRY, HMT2EEL LAV E—X U RCERH L. A E—
Ko AEREGDH T ENTENL, Ny T UNHOESEFREBEELET S 2
ENTE, FEIEIC Ny T UNTRORIEZ T 5 Z LN TE 8T & LTRAD
BCHIHEHINTWD., HERER#EEOEM X, EFMICHE T —X 2 FEi S+
LI EDEREIToTHEY, ZOEFEHATHEONDERN DA LV E—F U A2 H
32 2 ERTEIUR, IEROERTIAT /N7 U ORREZHIWTT 5 7= D DR %
BHZEHAREE D,

ARFZETIL, FHEO RIERIZ T TS & 72 5 NERIRIER KO & ¢
XN EaRG L LT, HK 7T —# btk E TOERICK T 2 REMRIZIN X
T, WICFHEER Ay 7V ONEIRIEZHEE L, ZRICEH 2/l T 5 FEICo
WTRRRT L7z,

Z LT, WEMEEIC KD BB RERK T 2T 572012, VFULTL—T ¢
YT DTIREFRBET — oML, EAK THR A ERICERTELZ L%
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ZRFDE F@ﬁmﬂgocﬁ#®WM%kwt Ac4/t~ﬁyxi#47w
Zl LTS L L 0D, DC HEHLIZ O W TR 72 2 b I3 ss &
o T-.
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a4t @ ] ]
32 ] ]
> 3-0: 1 > ]
228 - ]
S — S
> 26 [ 1 > B
2.4 ¢ ] 4+ ]
L|——0cycle ] ‘| —0cycle : ]
2.2 [ 100 cyle i ] 2.2 [ = 100 cycle ]
'| —=1500 cycle ] [| —=500 cycle ]
2.07”Hm‘H\H"\“H\HH\HH\HH’ 2.07””\””\”H\HH\HH\‘H;\HH’
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time / min. Time / min.
3.6
oo
3a] (i) 1
3.2\ ]
> 30} ]
£28| ]
© [
> 26 7 ! ]
241 W
| —0Ocycle
29 [|== 100 cycle ]
[| —=500 cycle i ]
20 7\ oo b e b b b b et b
0 10 20 30 40 50 60 70
Time / min
47 0, 100, 500 ¥+ 7 )V BIZEIT 5 23 CTIHE L 7= A &ML F O E BT D

21k
Q) 10 CCTHEMEY A 7 V5V IR LB, ()23 CI0OCTHRLET A 7 NV EHY
KL=/, G4 CIOCTHRILEY A 7 NV EEBO LI LDOTF—2 2 ZNEFN
R

FEIZ, 10CIZCHEFEIZ AC A B — X U ADOEMBEHRELA N 230 it 2MEm
DELINTWeToD, SRR bRz I0CTHRICHME LMV KL, BT
BEHEIID TR ZBRE L L D & Lz, BIEZEEY KT Z LI X DHHE]
IR RE DARIFT) 70 ZAGITE WIS E Bl & AC A L E— X U AIEEITH Z
LXVERTHZ L E L.
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4.4 FFEL— FIZEDAEPRE~DEE

Fe IR X D B NERR RB ORI 722 2841 2 AL FHICHERR 3~ 2 72 012, Bk
BV A 7 VB EBEICTEL, ACA v E—F U ABLIOEREARELNIE L.

ZARBRIC L DA OB IZN 48 IRV THER L7=. & OfERITAR
BRCH A I NEKRZD T EIZE M LT, 2B, MR TRKELEYIET=DIC) F
DAT V=T 4 IR LERENR DD LB X, REWROT-O, FHFEAE
MZRET D LD, BBREZFWE L CWEEERH L. ORI, MEYA 7 KT
#%(SOCE0% )ik BRE il L, 23 C T2 ETDHZ L L LT

.

Capacity Check N SOC Adjustment in 100 %
Remaining Power Check Charge : 1.1A, CC-CV(2hour), CV=3.6V, 23°C
Discharge : 1.1 A, CC, 2.0Vcut-off ¢
i i i Cycling tests
Capacity Check : 2 times Depends on each test condition
Charge : 1.1 A, CC-CV(2.5hour), CV =3.6V, 23°C

Rest time : 30 min. |
Discharge : 1.1 A, CC, 2.0V cut-off, 23°C
Rest time : 30 min.

v

SOC Adjustment in 50 %
Charge: Discharge capacity / time, CC, 30min., 23°C

Impedance Check

Initial Check
Temp: 23°C
Amplitude :0.1A
Frequency :10kHz - 1 Hz
v
Main Check
Temp : 23°C
Amplitude :0.1A
Frequency :10kHz - 0.01 Hz
Back-up Check
Temp: 23°C
Amplitude :0.1A
Frequency :10kHz - 1 Hz

48 FERSENE DAL

4.3HIZBWNWTAC A B —F U RTHERZALNR BN 10C THRITE 2V K
FTZET, BLOBERILENFEN EO X S ICE LT 2R L. BroERIL
FHRFHEO X, EMIPICREE ACA Y E— X U AR ETDH 2 & TR L7z,

A EMEE, 23 CITHIE L 72 EiEAM 2 FH L TiTo72. 1.1A T2.0V £ THRE L
7%, WMARE L SEANES 2B KT Z L TELVOREITME L-. 23CIE
T CC-CV (Constant Current-Constant Voltage) £— KT 1.1A (2T 3.6V £ T
2.5 FEHFEdE L 7o g ARk L ER L2, 28CIZB W T CCE—RT L1 A
12T 2.0V £ CHE LIRBESEANEREL ER Lz, 2 B IR LIZFREED
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2 HOKEREEBADET HREELE LT, SOC (State Of Charge) 100% & &
L7z,

HREMRRIC, BV OBEBXICFZ2NEREZHE T 27201, ACA rv—4
Y AEPE LT, REME TH O 2 [BIH OEREE DR TO 100%% &
LB L, ZORED 0% HEYZEEMICEIVFEELZ. HlXX, 0427 LVED
HEREIL 1060.1 mAh TH-o72HAE, 1CL—hELT1.0601 AEHEL,
23CIZT2.0V~11A THEL#%, 1C T30 0RETHZ L TSOC % 50%4H
BT LT, 20%, BVORMELEN—EEE 2D, FHERRE L 725 £ T 20
MIRREE LV ERE LTI, ACA LV E—H U AEHIE LT,

2ﬁﬁuLtW®%%ﬁ%ﬁ—7Vﬁ%kb,twm%%%ﬁﬁ~ﬁf:iﬁé
DuEFEFSTIND ACA L E—F U AZHE LTz, A EERIRIEICH 5 2 & 2R
TH720, ACA L E—X L AT 3MMPELZ. ZOBEDANXT METF A F AR
7'vy MZTHERL, R—O MO AT SARELNTWD Z & E2HERTH 2
L L7, BT LT23CTOIADIRIEZ 5252 LT, ACA vy E—H X
ERE L. TAXFA N7 vy MZBWTHE—OFMIBA AR hLe LTHELR
5HZ L aEER L.

AC A = 2 IE LI-#%IZIE, fEiREZ 10CIcHI L7z, 1.1 AT
2.5 W] 3.6V E£TCC-CVRHEETDHZ &f{%i‘ﬁﬁ REL L7z, LT, 27 —AD
FIRERMETRBRZIT 72, 1 DAD7—ATlE, 1.1A T304 CCE— RIZTHh
BL, .L1AT36VETCCCVE—RIZT3oMAEET DL LE2MYIKLT.
Zh#% CaseA £ 45. 2OHD 7 —ATiE, 1.1A T304 CCE— RIZTHEL
0565 AT36VECTCCCVE—RIZT6S R ETHI EEMBEVIRLT. J}’L
% CaseB 9 5.

A= INHHEREI N TV D FEEEFIL, 10°CAH TIL0.63 ALLF, 10°CLLET
1.05ALLTFTHD. D=, CaseA TIIHELIHFHAZ X CHREL TEY, CaseB

TIIHEREHFHANTHREL TV DH. 22T AN D 54 28 COBRE T T SOC50%
WCCRE LT LRBRICER L7 L %2 Lot A O& /L, BEABERZICRERICHEH L7
/% Lot BDO&/NLET S, CaseA Tl LotA & LotB O&v/LAEFIH L7z, FFiZ,
INBDOENEZIEI Testl, Test2 & LLF TIEMFRT 5. CaseB T% LotA &
LotB O&®/LEFIH L72hs, BRIVFEICKRE 2ENE U oTclod, LA TR
FFIZ LotA OE/MZHOWTOLEmT 52 & &L, Testd &R 5.

X5 Huy MIBTDFMABIKIE & O

10degC 23degC
Lot A Lot B Lot A LotB
1.05 C (Case A) @ (Testl) | @*(Test2) @ o
0.5C (CaseB) @ (Test3) O @

*FEHIANC DC HBPLO LA Z MRS D720 YA 7 VI AT A B & i
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FILE A 7 VST DL ORI e NERIRIEZ (L A2 fe 3§ 5 7- 912, DC
EHOE L EMRT HZ LI Lz, DCHHZH T 57201, BEK TR, 1.1
A T30 E LT, ﬁ%%m%llAﬂ%lmAVﬁzé LTI RITED
ARAB A 5 2 7. REREIIERBREMEITR> T, TA 7 VFDREE AT L
TV, DCEHLTEY A 7 VRS, REY A 7 1 Ok b ERIZRE T L

- BIZIE, 100 A 7 A FME L IRTEGAICIE, 50 Y1 7 LH & 100 A
7 VRICAMZEE L, DCHPiZ%E M Lz, DCIPUIAMEZZLZH L THD5H 10 B
HBOBIET—Z1H DCEPIAHH L. ¥ 491 DCHEHZBEE LB E/LD
FHCERHEDOF ZRT. K 49 T, 30 ICAMEEB L TRV, AMEEEKOE
JE & ARAE) 10 % OEE~E & EREOZ(LZFH L TDCHEAZ R L T\ D,
I o —

34 e e a I_J_,

32

Voltage / V

o]

oo 8]

T T

< e .
[=2% (o]

V /uaLny)

26 104
24 102
1 ]
22 1 | 1 . 0
0 10 20 30 40 50 60
Time / min.

49 DC PR HEF O HeE R

EHHNCAEHERE AC A E—F U Z2ADRERTHT-DIC, TIHEFA 7 1%
T L7z, A 7 V&R ICIIAR BRI 28 CICHEMZ R L. K&

e AC A v E— X U ADRE Z AN E D T2 HIEIZ > TITo 1o, BREfER L
AC A v B —% o ZHIEE, Testl IZOWTIEX 0, 150, 250, 350, 580 ¥ 27 /LA
WIZEBWT, Test2 (ZOWTIE 0, 150 Y1 7 VHIZBWT, £ LT Test3 (22T
£ 0, 100, 180, 260, 410, 500 % 7 L HIZEBWTHElE L7-.

Fio, FRBRICBNT, BEMADTZOICTKMEY A 7 V& Fl LT 5 HIE A
FET 5. ZENENOELORBRIEEZM 500), (), GDIZART. Testl Tl 150
WA 7 NAET %, Test2 TiL 100 VA 7 AL THZITKI—0H, Test3 (2o Tld 200
A I NETHICK P ARBREZ PR LD, RABRZFE LD, Bl
SOC50%DIREET 23°CIC TIRE SN T-.
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#£ 6 HBEMSAE (CaseA)

Charge Discharge
Item value item value
Capacity  Charge mode  CC-CV Discharge mode CC
Check Charge time 2h30m Max discharge 2h30m
time
Charge 1C(1.1A Charge current 1 C(1.1A)
current
Temperature 23 C Temperature 23 C
End trigger Time End trigger Cut voltage
(2.0V)
Cycle Charge mode CC-CV Discharge mode CC
Test* Charge time 35m Max discharge 30m
time
Charge 1.05 C (1.1 A) Charge current 1.05 C (1.1
current A)
Temperature 10,23 C Temperature 10,23 C
End trigger Time End trigger Time or 2.0
\Y

*Cycle Test 1123 5 I TAMAER 2 L2/ B W TORHR, EHMICTERK TH#
1.1IA T30 E L7z, 1.21AICHEBREZZELL, 10 2HMEL TV,

#£ 7 HBEMmSAM (CaseB)

Charge Discharge
Item value item Value
Capacity  Charge mode  CC-CV Discharge mode CC
Check Charge time 2h30m Max discharge 2h30m
time
Charge 1C((1.1A Charge current 1 C (1.1 A)
current
Temperature 23 C Temperature 23 C
End trigger Time End trigger Cut voltage
(2.0V)
Cycle Charge mode CC-CV Discharge mode CC
Test* Charge time  1h5m Max discharge 30m
time
Charge 0.52 C Charge current 1.05C
current (0.55 A) (1.1A)
Temperature 10,23 C Temperature 10,23 C
End trigger Time End trigger 20V

*Cycle Test 25 5 I TAMEENZEM L2 VICEB N TOR, EHMICTEK T H#
1.1A T30 E L%, 121 AICIEERREZELE L, 10 7HMEL TWD.
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Num. of cycle

Num. of cycle

700 ST 300
o) ] (ii)
600 - A 250 |
: /! ] [
L [ ] r
500 ¢ (! ] 200 [ I
[ | 1 @ b |
[ | o t
400 f | . & i |
i I S 150 i
! | : I .
300 | / ] £ i |I
[ " ] zZ L
r I| 1 lOOj !
200? | — L |
o J [
o 50 - \
lOOjll b [ I
:ll r I
0 | T TR 0L
2015/12/1 2016/1/10 2016/2/19 2016/7/1 2016/8/1
Day
r s |’
L (fi1) P
L I|
400 L
!
i
L |I
300 - ! ]
o
[
I !
200 - A 1
t )
i
!
L A
00 - I 8
Lo
o
|
o
L
O l\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
2015/12/1 2016/1/10 2016/2/19
Day
50 £l iR FE i i

(1) CaseA, LotA O/ L(Testl) DR FEHG
(i) CaseA, LotB ® & /L (Test2) DikEr ik
(iii) CaseB, LotA ® ¥ /L (Test3) D5k 24k
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4.5 HERER

FEY A 7 VIRBROFIRIT, BE, A 0 —F U AREOMIZ, EH P OFH
WD bHEONDIERTH D, A 7 AHIZEBNT CV REICET D £ TOREH,
DF VX CC BRI DOEA, FHELVEZRED IRET O, BIOHER
WEEOHBOBLEND E L.

CC FERIL, BHONHIETO LASCHMELZ T 5 SOC BT 5811
CV REICET HIFHICZAENAE L 72D, TOERILEHRT H-OILT — 4 %
F LDl IRBETIZONTH CC FBEM & [FEkIC, PHERREERZ LT D BRI
NERIT O 2T 27201, 202 bxiER L. £, MERMEEICONTH
BN TOLLIRREZ MR T HZ LN TE L7201, FA 7V T LR L.

69



IV
i

AA:—‘—»E
AR

451 BEDHD
IXFEHE 2 ETHOER L TEY, 2EBEICHONT-IK
LT TR EOHRBCA B —& o ZHIER D SOC

R
THREE L THERY,
BIIABEMRICBIT S 2B AMEAEOH LA L.
Lot A DR THRT-FEOHRE ZIX 5112, Lot B ORER CH-REOHR %X
2 1ZRT.
Lot A Tix, WA 7 VBAGETNICHIE L7z 0 -4 7 L BIZH 1T 5 4 &1 1060 mAh
BELWTROBMIBW T Hii> T\, FREEKGET 2 2 LT, 28 C TRk
L7ice b TIRE—EREOHMPHERE S NT2n, ZO®%BA Lz, oM
F72, 1I0CTHRBELMEY K L2 BT

Y I
MiXm b — hOBALDOLFNEE TH-T-.

RENHD Ui DM D3RR S vz,
Lot B TiZ, WINORBRSEMGDOEMIZHOWNWTEH, A 7L ERD Z L TEEMN

BWTL, &

B> Uil % 81 23 iR S iz
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1080

< N
:
~ I - \\. |
2 1040 ¢ 1
(&) L \\
O i
| ® 1.05C_23degC
1020 1 052C23degC| .
| ™ 1.05C_10degC [N
© 0.52C_10degC
00 4————t+———tr—
0 200 400 600 800
Cycles
51 LotA:10C, 23 CTHRMEZ#Y X L7/ DOREREDHR

1080 ———

1070 X

Capacity / mAh
=
(@]
o

1050

| & 1.05C_23degC
A 1.05C 10degC
® (0.52C 10degC

1040 -

0 100 200 300 400
Cycles
52 Lot B: 10°C, 23 CCTHRME LV ik L7= /L ORER BEOHER

*0.52C_10degC D/ DIHY A 7 LI ARAEENC K 5 DC HHAAL ORERR 2 Ffi L T
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452 LIREICKDERELFHENEL

AR FBEETIC, BIRT12ARE LIREICK T2, 2882 & 0REH
BIZ X D RBEOHEB 2K 53 17T, ZORBERNOIL, BRETTICELEZH
HORRE TR T2 Z L 21T C, BAOERITIIM LT 52 LR3Dho7-. 2D
EDD, 4.5 1 HIZHBWT, Lot A TEREN—EIML TS Z LT, BLORER
MR EL 5 X TWHARBMENE X biLd. Fiz, Lot A BT ¥k DK &EIC
DWTIE, Lot B 28T 5 ¥4 7 ABRIARTOAETHS 1070 mAh & [FFEETH
D, JRROFEIZITES2NS DO, EMREMEOIEMLR SICX Y, —RFaIZE
BEORHIMLUTWD AR H D EEZ HND.

EERZ, K 54 1ZRT LI, BREIZEY AC A > B — X ADEMBEMRIUX
—HEICRE LS R D Z ENHER SN TS, L LARRE, FMEY A 7 /L% Fb
THZELIZEY, AC A E—X U R IH|ER/INT 5 Z ERHERINL TS, Lo
T, REPIMIC L 2NEIREBE DR EL ) 72 T720I1Z, ACA L E—F A
OB Z AL T 2 R D 12 FEREILINICE T SE5 2 & & L.
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1080 [

1.05C_23degC
0.52C_23degC
1.05C_10degC 2
0.52C_10degC

1075

no» D

1040
0 5 10 15 20 25 30
Days
53 EBAREICE DMEBREDOE
40 L e L
I Im 0
30 L | & Im_lweek o]
o 2 0 ]
(=
= I ]
.§ 10 | ]
ol ]
-10 b e
10 50 60

Re/mQ

54 EBIREIZEL D AC A v B —& L 2D

73



4.53 TMERMEDOEILE

REMEROBRTIL, FHESL T % OMKELEDRED 13/ ONERRIE L
THIOIT, FEEK TRICENZIVRIERIZ 30 /y#% 7=, BIREEIE, Tk
B TRIS, BV EBRBREE L LTIZBROBMEEOHER N —EE & 2o 2RO EE
ERT L LT D LTICIEARBREMICE T D, BERMES X OIRIEREE
LNV OBEEOZE A R

WO R Yy MZEWTS, YA 7 VERDZ & T, MEREICKRE 2EITAT
TWRWH OO, BIMEEIIKLS 2o7z. 2 OMAITFHCIKR - m L — h CHRE
ZFEM LIV THEICA LN, B, BREZ#EVIRL THELIZELITON
TUE, WEHRHIO R T 2 7o OICHERFBIE XKL, Z L CREEICHFET2 )T
DA F L OEPED T2 DITEIFEEIIRL 2 572 5 OB @E THDH. Ll
N5, Lot ADEMIOWNT, 1.05C, 10CTHRMEEBREY K LI-EMZONTD
-, PABGEREN 560 Y1 7 L HIZBWT LA L.
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Voltage / V
NG . -
0]

> ] A o :
g 2.8 o st | i Tp e ]
o “ - j 2 2 j
3 r i, [ 5 5
S 26 > 1> 261 T ]
1 0 cycle 1 ] ; 0 cycle 40 ]
24 1| - 150cycle s 1 24| + 103cycle . ]
| = 254cycle . ] P o 249cycle : ]
221 4 ; 1 920 | - 393cycle : 1
t| - 560 cycle . ] [ | - 537cycle " ]
2.07‘ P T - N R B 2.07‘ P S SRR
0 20 40 60 80 0 20 40 60 80
Time / min. Time / min.
36§ 36—
- (id) 1  Gv)
34| 1 34f ]
32 \% |
>0 | > 3
|- Oqj o 4
;:fv 281 S EAAW*, %2
S > M 13
> 26 r A’SD 7 > 2.6 r
; 0 cycle < ] (| < Ocycle oy ]
24 | » 150cycle " 1 24F| - 103cycle g ]
L | = 254cycle . ] L] ° 249 cycle s ]
22| * 560cycle . 1 22F| - 393cycle ¢ 1
] [l - 537cycle ° ]
2.0 S S EO R B 2.07 P T E S T
0 20 40 60 80 0 20 40 60 80
Time / min. Time / min.

X 55 LotA\lisi}5, 23°C, 1.05 C TARMERR % i L7-BRo b BT
(1) 23°C, 1.05C THRIKEBEEMEV K L7I=B/LOIERE
(ii)  23C, 0.52C THREEEZMEV K LB OKERE
(iii)  10°C, 1.05 C THMKHEZ MY IR L7 /L ORERE
(iv)  10C, 0.52 C THKE LMY K L7t/ OB RE
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3.6

(1)
3.2 g
> I
%2.8 ]
= I
> L
24 | | —O0cycle |
| | =142 cycle
| | ——315cycle
2.0 n n n 1 n n n 1 n n n 1 n n n 1 n n n
0 20 40 60 80 100

Time / min.

3.6

Voltage / V

CGi)

|| —0cycle
| |——142 cycle

2.0

0

20

40 60 80 100
Time / min.

X 56 LotBzEi}%5, 23°C, 1.056 C TR EMRZ Ei LT-FEoMEETE
(1) 23°C, 1.05 C CHRMEL MY K LT=v/LVOERE

(ii) 10°C, 1.05C THKE

0 R U 7o o R

*315 A 7 VBB DR EMRANZY T U LT L—T 0 7R

-

FAELT-T-012, 142 A 7 VEFEFTOT—F LERL TN
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4.5.4 CC RERMNEIL

LU T, KBRS CC REREHROEIG DL E AT,

FERE LT, #RELAEBMU T CRBELEVE LT WL, 1271
D Z LIS KD RIMERHEOELIFAE T TE LT, KIRIZ2 2 1F ENEIRPIA K
L5702 CC RBRHDOEIGEI/NSL< 72D, DFEVIX CC FERFRHINFLL 72
D, LV BENRESIEORLR DAL TELTNDDOHRE RS> TND.

WS EEM A B A CRIEEELMR VIR LB DOWNTOR, T A 7 &I
CC BN R E <AL

w
(3]

w
o
l

Time of Constant Current Charge / min
&
> »
Time of Constant Current Charge / min
w
o
T
|

[o2}
o
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a1
a
o
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N
o
N
o
T
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[N

o
N
o

T

!
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[
o
T

s 0.52C_23degC B
4+ 0.52C_10degC

(&)

0 100 200 300 400 500 600 700 0 100 200 300 400 500
Cycles Cycles

X 57 LotA ®OvMIBITHYA 7V E D CC RERE DL
/) 1.05C THRLEE#EV IR LT-E/LD CC FERE DAL,
1) 052 C THEBLEA#EV IR LT-E/LD CC BRI DZAL,

o

o

%;mmﬁnnnm$“_h“ é
20; 7

100 :

5F| » 1.05C_23degC ]
| + 1.05C_10degC ]

0 R B
0 50 100 150 200 250 300 350
Cycles

X 58 Lot BDOE&/MZIEITS 1.056 C THREELEMEY K LI=E/LD CC FERMDOE
1t

7

Time of Constant Current Charge / min.
»




455IREXDEEL

B A 7B NT, RELTREOEE & HERGROELED 4, HES TR
BIE L FRERARF OBIED2EZ KD, FHEL Y %2 REOEEAEND DC it 4 K
g 5ETH D IRIBKERDT-.

Lot A D /MZHOWTIE, 142 A 7 VA ICEBHR E FE+T5ETOYA 70
(AT, 2BV A 700 IREBRIVNE LS BRDERANPRADEDOD, Wh
DEIFTBNTY, VA 7 V&R D Z & T DC UK E REKITA L TV,

F72, Lot BOEMZIOWTE, 283CTRMELMEY B LTI ONTE, &
AT NEKRD ZEIZED IRBROBGITHER SN TR, 10°C THRINE %M
DIRLIZEMZOWTIE, A 7V ERD Z & TIRBREPHERL TS Z b,
LD DCHESBHERLTNDEEZLND.

7ok, EHIRICHE L CWeAMAE L Y B L7 DCEFLic W TIE, 17
N L CHEEFLREMITIR SN0 o 72, K7, Testl, Test2, Test3 ® DC #iH1
DAL ZEK 61 1T
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0.30

0.25 -

o

N

o
T

IR drop/V

(i)

0.00 Lot

© Charge to Discharge
+ Discharge to Charge

0

0.30

o
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IRdrop/V
o
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0.25 |

100 200 300 400 500 600 700
Cycles

oo Charge to Discharge 1
4 Discharge to Charge

%
4

0 100 200 300 400 500 600 700

Cycles

ThTNET.

(1) 23C, 1.06C THLELZEV K LIZELDlK
(ii) 23C, 0.52C THREELEV K LT=EILDK

IRdrop/V

0.00

030 ——rr
| ° Charge to Discharge
0.25 7 » Discharge to Charge B
0.20 |- 8
>
S 015} ]
©
x
0.10 - 8
005 - AN SAN AN SRSAA AN AR AV g s |
- (i)
0.00““““‘ S S E S S
0 100 200 300 400 500
Cycles
0.30 e
o Charge to Discharge
0250 * Discharge to Charge ]

E‘(‘i‘v‘)‘ N

[ MM o . . A a0 SS s A

0

100

200

300 400 500

Cycles

4 59 LotA DEMIBITLHA 7 LHOFRKED Y F2KFOE wm
Charge to Discharge IZFEEK THEOEIE & BRI ERF DO BT DSy
Discharge to Charge |/ TRFOEF & REMIAFFOEED 25

R
BRI

(iii)  10C, 1.05C THLEL#V K LI/ DiERE

(iv) 10C, 0.52C THHEBEL VKL=
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- (1) ] - (i) ]
0.25 - ] 0.25 - %ﬁﬁ ]
0.20 - 1 0.20 |- 1
> ] >
-~ - £y ot 4
W B MA
8 015 1 Boas [ T ]
Auduitgng
E : '; muA‘l‘““n.!
- 6T AR LTI -
0.10 - 1 0.10 - .
0.05 t| 2 Charge to Discharge b 0.05 | 2 Charge to Discharge 1
| + Discharge to Charge ] L| & Discharge to Charge ]
OOO oo b e b e b e b e b e b 0.007\\\\\\\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Cycles Cycles

X 60 LotB ®»t/LiZ 75%47»¢@ﬁm$@@ﬁxﬁ@ﬁrwm
Charge to Discharge | i}fﬁfﬁ%ﬁTﬁ%‘r@ﬂ?F L B B hA S D EIE DLy
Discharge to Charge IZEE#& TRFDEIE & L EBIAERFDE r@;/\fz
TnENEKT.

(1) 23°C, 1.05C THRLEEZ MV K L= ol ERE
(ii)  10°C, 1.05 C CTHIKEA MV K L7/ O HERME

020 -
i O Celll|-
E'I 0.18 - o & Cell2 |2
8 o © m Cell3|]
S 015 ]
i I o © ]
o 013 ° © 0 o o o o]
a i EE gE EEEE g
020 [t

0 100 200 300 400 500 600
Cycles
61 Testl, Test2, Test3 DEMZHENL Y HH L7 DCEItOZE1L
Testl : Lot A, 10C, 1.056C THRME LBV IR L&/

Test2 : Lot B, 10°C, 1.056 C CTHIELHEY KL =&/
Test3 : Lot A, 10C, 0.52C THEELXEBV KL=/
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456 RERHEENZEL

UUTFICEBRBREICRBIT 5, £V A 7V TORERMEBILOHSEZRT.
Lot A OEB/MIEIT L5 HERNEBEOHBL A 6212, Lot BOEMIEIT DM
EARMEEOHB A 63 1TR-T.

23°C“C“3‘Eii§(@€%ff§%@ﬂbf:ﬂzﬂ%:ob\“(ﬂ;’c, WFhory MoBWTHEY A 71
kD Z LT K D ERMEE DL (LIT o T

Lot A IZ8W\ T, mCTﬁﬁﬁéﬁ@ R L7220 TE, 254 31 7 VA
BWIEBHERZ ERT 5 £ TIEY A 7 0 hlraitg CRERYEEN LG+ 5
23R 5 TWDH A, 2564 4 7 VHLIEX, 600 A 7 AAREE £ TRE 221 ki
B LTS, 0.52C THRMEZMED K LT/ OWTHRERIZ, BEER
%N L7z 103 YA 7 VHAEIME THRERMEED EABHERESATHDR, £0D
Blx—EHER-> TN D.

F72, Lot BIZBWT, 10CTHRMEAMEY R LIEMIHOWNT, RERMERE
DS L 72 BN R B D0, ZhUT 4.5.4 BilcBWT IRBREFFITIELC,
V.
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R U= OERET
(iii)  10C, 1.05C THRKEEZMV KL=/ OBRERYET
(iv)  10°C, 0.52C THRKEEZHV KL= OMERYET

(ii) 23°C, 0.52 C THMHE
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63 Lot B DE/MIBIT DK YA 7 /L TORER T RFELEOHER

23°C, 1.05C CTHRILELZ Y K LI=vLOEREE
10°C, 1.05 C THMEBEAMD KL= /L OERNEE
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457ACA 2V E—F2RADEIL

A EMERERIC, EANIFH L 72 MEAEICX LT SOC % 50%ZHii 2 7 IRHE T A
VE—H U RAWEE LT — X &ZoxT . JIEICIE NF [ E% G (k) #E 8
Electrochemical Analyzer (As-510-ECA) & " SERVO Analyzer FRA5104 #{#H L 7=.
HE R EFR 8ITRT.

SOC FHHEEAZ LN ERIRRE DS LR AE & 72 > TV W72 (2, SOC FifEN D 2 Iy
[t L7222 A o B = U ZADWEEAT o 7. VKRB L 22> TV D Z & il
THI0I, HAA IV TIZBNTIET S AC A » E—F U ZADREEIT> T
%. 1EH & 3EHOHEIX 10kHz 235 1 Hz F£TITV, 2 B HOHIEIE 10mHz £
TIFoCWh. LT, 3EOBER-RENHHELND MR T 5 Z & &R
LTWs. M 65 1T bR AEEL, HESHh/Z AC A E—F 2 ZDFER
K0, 651 K D ICEMIRHNIT Reo & AT IS R DBURD B BLEAT O
ZEE LI

£ 8 A= AHIESM

e AN 0.1A
I KARE (B ) +50 mV LA
a5 | JE e 10 kHz — 10 mHz
A —F L AHERE | SOC=50%
o IR 23°C
Rsol Recti Rct2 w
\wlD
Cdii Cdi2
— >

64 ARE L7-SihlalEs
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1— 1011z
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Lot AD AC A v B — & U ZDOHIERFA X 66, 67, 68, 69 (2, Lot
B®DACA v E—H U ZADORIEREEK 70, X 718 MEIXE LRy %, #]
HHIFEE S 2R T. WTho'srIZEBNThH, ZOU EOYHN6RE5 7y b
BRHLNTEY, Z6D¥MIE SEl ZEFEPIEAMOEMIKELZ KL TWD. &
JEARIC 7 e > B3 EE & A8 30 D385 & Reor, FIMT KV K& PR % R &
%L, Reo DEACITEMRIBILOZEb 2R L, Ra DZALIL SEI #EIEE D 2 L0 1E Ak

DEMIRFED A A KT .

Lot A DE/MZHONTIE, YA 7 AN TOWTROSRMFIZE N TS AC A
VE—H U AD Ry M 265 A ZNVHE TS L R T AN R . L
LR35, 53 TR LICIREIZ K D REREO L &[RRI, 54 [T R T X

BNV ERBREECRE T D22 LICLD, R IZOWT HIERT 2 MM 23 il
Nz, ZZhs, YINCHRT 254 4 7 )LETAC A LV E—H L AD Ry H/h &
7B, BVREICLDEETHD LB X Zhik, IRBIKOZECHE
KMEBEEDOELLEBEETDHEZYUTHDHEEZD. Ko T, Lot ADE/LIZHONT
1%, 254 4 7 VHLIBRIZEIT S AC A B —X L ZADEALIZOWTHH LTUT

TIEBEEED D.

254 A 7 )V HLBEIZOWTIE, 23°CTHRME AV K L2 MBI T, R &
Ra L2 A 7 1zl L COEITE TR o7z, LML L, 100CTHRER L7k
JAZBWTIE, BREIEOZIE 2N OO, BRBEHEHI/ NS 20T 5
fH A ERE S 7z, FRlZ, 10°C, 1.05C THRLEZMV IR L7z B/MTDONTIE, filt
OWESME L L THE—0 SOC IZH b &, EMBEIEIIN/ NS RoT
W5,

LotB OE/LIT 2\ TIE, 10°C, 1.05C THRME A MR K L 7' /DN TIX0 W
A 7 VEIZET HME AR TEMBEBRIIIN NS 7D 2 LR SN2, fth
DL TIFE N 203> 72, 10C, 1.06C THRIKEZ MY I L= T,
3MAOREEFEMTHENC) F U LT L—T 4 T OMAEZ R L TWEZ &b,
AR AL TR, HEMRIZ2E LG TN,
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66 LotA:1.05C ##/1.05 C i Z 23 CTHVIRLI-ELDA L E—F 2 AD
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1 O Ocycle
A0 142 cycle | |
B 315 cycle
0.015 : : : : : : :
0.015 0.030 0.045
Re/ Q
70 Lot B : 1.05 C #£#/1.05 C fifE% 23 CTHV IR L=k DA v BE—H 0 ZADE
1t
(1,10 kHz, ii,100 Hz, iii, 1 Hz, iv, 100 mHz)
-0.015 - - - |
i A O
/O AQ IV
Q 0
ot . Haed©
9} 0F o 111 |
. 2
O
LA
1 O 0cycle
& 142 cycle
0.015 e
0.015 0.030 0.045
Re / Q)
71 LotB:1.05C 7£7E/1.05 C it % 10CTHV IR LTz DA » E—=F L AD
ZAk

(1,10 kHz, ii,100 Hz, iii, 1 Hz, iv, 100 mHz)
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A58 EENELI-EILDESKRFEDELL

1.05C, 10C THKE L=/ T, fhot/L L1387 287 Z2bn A 5h
2. Ko T, BAF TIXHRRIZ Testl & Test2 ODFRMET —FBLONAC A B —F
AZADEAIZHONTELE DD, Lot A & Lot BILICFEEDZE L ET-E > TV BHT-DIC
LmA@kwT%éﬁm1@?—&%%Tfﬁﬂﬁﬁé.

10°C, 1.05C THRMEBEEZMHE VIR LI-EMZHONTIE, ® 721277 X512, K
B A I NVICBITDEEOFIIIEL ENE L. ZORLEIZONT, KT
ICBHFIZA LTS 5 A ZVEHOT — & %, IEFICHRBMENMTZA WD 147
NEOT =& EFESERY, g LI —2 % 7317, £/, AV A&
iz fé,Eﬁ@%ﬂ%ﬂ@ﬁﬁﬁﬁf;wal74;T¢H

F7=, 75 X T IZFTRERIEICRERNAE L0, 10CITHBITF5 AC A
v E— &/X@/HIJ/EFS'EkotU 23CITBIT D AC A v =& ZDHRIER £ 27
T X 75 IXERBR AW L ERICHE LT ACA v E—H R E, ZORIOT A
JIVTHIEL TV AC A v B —X v ZADRIER AR L TWS, RERPBrE %I
X, BMELITZA TV ELHD,AC A » E—F VAT EFICHETETWVD.
LI L7225, BRE 7%, BRICEIRTACA v E— XV AHEE R RT- L Z 5,
AC A v E—F U ZADMEFRE RN EEREO L O L IXR AR5 ML L TR ST,
LN LRRN D, —DARE LERICEE AC A VB — X > RE % FiE Tl AT &
A, ACA v E—F U ADBMBEEIIZ R TEHNIMNIRE < RoTzb DD, 1E
FRE L RO MM EZ IO TRET S5 Z &M TE
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[ ! [
© 485 cycle
| 2 soon after 1
60 H o After 1 hour y
| ¢ After 1 month ]
40 - i
C: L i
E I
" 20 -
0 L
| | | | |

20 40 60 80 100
Re/Q
75 HEENETT Testl I2BIF 5, 100CTA B —& 0 ZZHE UT-FEE O ik
L

| © 485cycle
After 1 day
60 | © After 1 month

-Im/Q

Re/Q
76 FENETT Testl I2BIF 5, 283CTA B —&F 2 ZZHE LTk RO ik
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4.6 HABRBERDER

LIFCI, FRICREN 722 Bliniz 100C, 1.05C 12 TR A 1T - 7= Testl &
Test2, = L CHERD7=HIZ, [F—IRE T 0.5C THRILE L7 Test3 OF —# & i
TELTD. WTNOr—26 2 8L ORBRL TS, Eiz, A 7z
TAEEZ LY DCHEMOZILZHER L TVD. S5, BHEEHYIRTZ LI
K D EHNERRIE ORI, EHIRICE RERER L AC A B —H U R
EEATHZETHMLEY & LT,

FELEREYIRT Z LIZL DB VOMRE LR T 572012, 10CITBITD
FEIRBY A 7 NV E BRI L, 23°CTRMERREZMHER L. 2[R L
TR BRERICHB W T, 2BIHOEREDY A 7 VISR 228k % X 77 12w
T WMEORBRSGIEEHE LV 055 AICTHEE L T /MiE—RiIc & &0 8N
L7, ZOMEMITBEDOERFER E —E L TWADH[10]. EAMITIZT A 7 V52D
L TRBRIIEAL, LIAICTHRBLEZEALOHA 0.55AICTHE LI/
N THEEOKTRBEETH 7

1080 . . .
S |
. 1060!ﬁ]f“"l"“ﬁ! ------- B :
= P | [ N B
£ O o
— O ®)]
21040 + e ]
2 o
g L
© 1020 | ©Testl 0]
© Test2 o
[| ®™Test3 ]
1000 Lo o

0 100 200 300 400 500 600
Cycles
77 Testl, Test2, Test3 DI EHER
WEMERZIC, TMELEYIET Z LK 5B OBBKALERZRPRIRIEDZE
b ZRT 570, ACA v E—X L ZADMELFEM LT-. HARERTELN
2 A OMEREL X DR R TO 100% A& L 272 L, ZORED 50%FH Y % EHE
WMICEVFELE. ACA L E—F U AF3EMEL, K 6517 L5, F
AFA NI By MTBT D X il & DR (Reo) 3 & UMD ERE(Re) 2345 I E 5 F
IZT—HMLTWD Z e 2R Lo, RalTEMEEIIZ B, 74 VPR EDE
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THARILOFEBNEG TNTIRPECTH S, RITIEMENIIC I 5 BB EHRIT A
Y. WMEOERTIE, VA 7NV ERDZ L TRMELBYIRUIREICZL Y A
725 Rt & R DEALE LT2T201Z, Rso & Ra DZEALIZFFIZEHB L TAC A B —
B ZADEAE R L. 68 L M 7T1IZ11ATHREBELZELDTFAFA b
7uy &Y.

Reol & Rot DRI 72 281 % & BEAOICHR T 5 72912, 68 & TR
FAXA Ry MK LT 64 ISR T IR EMERRICEY 7 0 v T 1
T EAToT-. LLF, RITEHL, CPEIEXF ¥ /Rv ¥ U X, LixaA L, WIFULT
NTHEERT. WETA 0V ) v H =L ThD I LD, FEKRERIC=
ANV BEL D728, R-L OWHIERR AR E L. EREIETT AT 57
W, Reo ZaxiE L7T2. EAMOIEYENTORII BT 2572912, Ra-CPE,W
[EIEE AR E L72. RollTRFEIN R B b 2R S 2D o 1o DX LT, R (372
EAbER LTET29IZ, T8IZT7 4T 4V ZIZE VRN LT Ra DFERE T
WTFNOE/MZEBWT HIEHE DA & I35 Y RelFIHAD T DA HR SN TE
D, ZOMPITEEDOERFERELE LKL TWDH[10]. £ZOHF T, mL— hTHERIK
TEAMED KL TV Testl & Test2 Tif, RuaZMFRT/NSVWEZRL Tz,

0.030 T T T T T T
O Test1 -
< Test2 !
& B Test3 |
-~
~ 4
0.025 j\ ‘l\
\
N N R
= N “E-gT
S \%
0.020 T O b .
@‘ ______ .__@\H“—\ %
0.015

0 100 200 300 400 500 600 700
Cycles

78 Testl, Test2, Test3 ® R.DHeH
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YD FEAENMERE D LA & BT 5 72012, DC HEPTE L UM R W1 O fk
7B bR Lz, BAREIT D Lk, WERPUIIE KT 5 2 &n—
KANZEI DL TN D, 2072, BARHLLIESEEICIE, DCEitE L OE
MEEICELEND B X T

DC #&Hulg, ¥+ 7 i, FER, L1A T30 HMELLREZIL, LIAND
121 A ICEBMAZ(L ST, TOBROEBEDISENLRE Lz, DC UL, K
BENEZESEDLERAIOT —Z &, BT 5 10 EOISEDZED BRI
L7z, EHLZEREREZK 79107 T. F#ny7e DC HEHLO B ITHERR S e ho
Tz, AREZEBLTHE 10 BHROIGENGHEM Lz DC IRPUEIL, 0.1Hz 28T
5 AC A B—H U ADEEy & BB DO MV OMIHMEIZAHEE T 5 L5
biTng. K 68~K TLITRLIZTAFA Moy hhD 01HZ IZEITF S
AC A v E—X U ZADMixtEZ B L, Wik Lzl 2 A, W7 —# iz —27 i
KL CORFEMIR IR SN2 -T2, DF Y, ACA v E—F 2 ADRFHER
IZZEbT 59T, FMEFA 7 VbR E L DCEfCB VT, £ELV— |
MBI D T LI K DRI R B b 2 MR T2 Z LIETE o7, ThT,
LiFePO4/C-graphite B EE#iLI X AV VBRI CEA AL IER I/ S W22, DC it
WZEENRIUZS W2 TH A AR H V15 5.

0.20 e

i © Testl |1
9: 0.18 | o © Test2 |
§ F S O .Test3 ]
5 ous| |
§ i o O ]
o 0131 © 00 0 0 0]
a Fm——==——m——= gy

010 L . v o

0 100 200 300 400 500 600
Cycles

X 79 DC #bioH

7, B A7 MCBT L IEKTHOBEOHB LX) 62 LIX 63 (7T,
Test3 DIERMIEILITY A 7 V&0 L TREREIT R > 7DIZx LT, Testl
& Test2 DIFERMEITLITE(L Uiz, Testl OERMETIIR &R LR T &
IR AICE L 2> T D, F£72, Testl & Test2 (VA 7 WHARIIRE R E LA
RESELS o TS,

96



ERMEENKE UK o TV DO FRAMEREZ S L, X 80 17
. (a)lE Testl, (b)iX Test2 O FE BRI Z2ZNE IR

Voltage / V

361 (a). 36l . (b)
34 ., 34
P
]
32¢ =327
-
—598 cycle — 131 cycle
3.0 H ——599 cycle 30 —-132cycle
""" 622 cycle -----207 cycle
623 cycle """ 208 cycle
2.8 : : 2.8 ‘ ‘ : '
0 13 26 39 52 65 0 13 26 39 52 65
Time / min. Time / min.

80 Testl & Test2 DKUY A 7 NV HPITHRHEHICZAL L2 FEMFEEE DAL

(@)ZRT Testl (IZOWT, 598 ¥ 7 /L H L TIE—EDFIMEN —7 ZHi T
7=. LLZRnD, 599 %4 7 VEIZBWT, —EBRTHELTWDHIZHLED
53, BEBEIC 100mV BREOERENTZ. Tk, FEEEIIRAICEL,
BRI TR 2 IR 720, 622 A 7 VHIZRT K 9 e SR ERECTLE LT
W Ll 623 A 7 VEIZBW T —EBM CTHEL TWDIZHEDLL T,
622 ¥ 7 VAR THEEEL S 720, NHANZEES 23 281 23 i
RENT. ZOBFBEOZELIEIL 50mV 725 100mV OFEFHICH 5.

[FERE DT (0)IZ/RT Test2 I H AT TV ADH. 1314 7 VE ETIEFELL ik
BBV IEL TWEIZHBEL LT, EATOY A 7V THELNTEREELIZH T
—IERIC TR EEIE D @ < A DR S iz, £ LT 207 %4 7 VBIZRT X

WCHREELEIIRAICE LS, BEBEIIMR2IELS o7z, ZOMmIE Testl & [A)
HCThd., Tk, BREMRABIOCACA v E—X L AMEEFEML, 23CT
SOC50%IZ W\ T— A OREMMNE L. £ L CL0CICE/VRELZREL, [
S CRIKEBEEGEVIRE D ERATEZAH, 208 VA 7 VEILRT LS ICHEE
FEidm<, MEEEIIMEL 2otc. 20%, FBEBLITABANCEL, Testl

ERBRDMEM A EN D EBE SN, WBRE Pl Lz, 2ok, REMRE
L Lo &L Led A, 81 IZRT XD ICHRBEENAHANCZEL L2720
2, REBEFETLZEE L. ZORBAAZRELEOEMES 150 %1 7 /VEIZ
B OREMRFEOREBBIL L ADH L 100mV IZEEL > TEY, FHlEAL
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72 Test2 IZB W T H, Testl EFEIROFERPGELNLTWD EEZT-.

3.60 |

Voltage / V

0 75 150
Capacity / mAh

¢ 81 FEEEEEIZEF A CTZBRD Test2 O FREFFME

Testl B LM Test2 IZHWV T, FRMELMD KT Z & TRICEEN < Eh
LBRNHER SN, BELOEBENRES AL D EWD Z &1L, AROEMIMEL
o TNWDZ EEBEWT D, AMOBMME 225K E LTI, Ao SOC A3

BV CHRMESR Y IBENTVDE 2 L, b LITAMICY 7 28R
LTWDZEnETFOND.

FEIRBEAR Y ST, BIOVA 7 AR TIREBEBENEL 72D LWV )R
IZOWTIE, fFlxiX Hein & Ratz 5238 L TW4. #61E, RFTHIZY FU A
BRVBHTHT 255121, BBOBMNN FRHZ ETEAVEENELS LI L%
VIal—va I RELTWS. ZOBIZ, UF U LEROHIZAMmERE
WZRPTHINCA T, M EiHEEZBEY IR LD bIRA ICEMBRTHHT 52 & T
UFULT V=T 4V TICELZLEWME LTS, £z, Petzl Hi, VF UL
FL—T 4 VT BEAETLRIRE LT, RMEICTET DU FULALFTNRED
ZETIEAMBD AT U ANRT I, AO SOC NEWIREE 2D 2 ERH 1G5 &
WwEL TS,

FVEURIEmOEMmRE LTRSS TWE T 7 4 2 A4 X RT—HR 0,
SOCIZIG U CTHRAR DB AATDH. FME ARV KL TS SOCL100%7)> &
SOC50% DHIFHIZIWNT, 77 7 7 A FiE SOC50%fHETILY F U LSBT L
T100mV FEEOEMEAF L, FE IZ2o2NTT I 774 MDY F T LA
AU OMENMEX DL ZLTOVITESS. 22T, bLLAMIIY F v LR
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Frid L7z aicid, UV F v LRICaT 2BAAEZ OV ICh D7), AMNET

BALITOVICARD. oF0, AWIZY T U LEBIHHE LIZ5HE121E, Al
B4 HENMS, BLVEEITZELS RS,

Testl & Test2 (CBWT, WIFRDOE/LIZHOWNTY, [[AUEATHEEEL T\
WCHEHL LT, NHANCEENEE) Lo A 7 BT 2 EEILERTO SRHE
AT NVTRLNIZEEE T 10mV BESSRoTnD. 2, VF UL
TL—=T 4 T PERIZAEL D Z LI K DBMAENENLVEEEL LTERLTND A
HEMER®H 5. ZOMAIE, Ratz<°Petzl LWL EH—HT D22 &b, Hialt
UF LT V=T 4 2 70 LT BRO S 28 2 EERAIZHE 2 T2 FTREME DN & %
EEZT. EBIT Testl & Test2 WF UKW THREBROBERME SN TND Z &
NE, FEMMOAECEST, 10C, LIAICTRMEZRY RS LIcky,
VFOLT V=T 4 VI REAETDLARENH DL Z 0ol £z, RS T
DOHTTZEVZEBWCYF LT L —FT 4 7 L LEBRBRE LT LI
KU, RPN TRV FET I LV TFULTL—T 4 U ZICERN D Z &R
I

—MRAIS, FEEZ D RS & HITENERD Ry TR T 5. ZOFIKEIC

HEMAIORIBES, EWE ORI, AMRIZISIT S SEI (Solid Electrolyte
Interface) FMEDTERNHET HD. LLARRD, FMEL#Y KT H T Ry
INE L T DAL TIEE Bz,

Ra /NS <228 & LT, Bz, {EWEOIEMALET 2 & LEMIE DR
ENETLZ L, BIZYF AL T UPNERE L TND T ERAREMEE LTET S
NS, LInLBRs, REHIC)FULTL—T 4 U 7IZESTND Z Lnb,
Ret DI X BRIEEN~D Y F 0 LA I OFRE 2 K LTV D ATREMED & 5
LERT.

BN DD Y F U LA F 2 ORBEEE T 5 ED A, BMR~DHFFASIE T
HEFBLY LITVRTWVEEDR TS, 2D, FMELZERED KT H TR
BRHCEBICIFA SN Y F 7 LA F U NERICHBEE, —ENAmOEDE
NICEE o 7= 856, Al SOC R4 IR 2 Z &1/ D. Petzl [4,5]5 b FEBR % i
L CREROWE LTEY, 5 OHEN SRR CRKEEZMK KT Z & T, Tk

IZHGT DV FTLALFUNED L, TEABD AT 23T 5 FTHEM D R
Iz, BAMIZY FULLFUPERET D56, Al SOC BRAICE W T~ v
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