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LTC3305

X ERAE

(Note 1)
2B (VA GND) oot 68V
JINYTFUBE, V4SS VS, V3MNE V2, V2 s Vi,

VIS GND e -0.3V~20V
B tEJVEE. AUXP DS AUXN ..o -0.3V~20V
VREGEEIE ..ot -0.3V~6V
VH VLEE........... —0.3V ~ (6V F7cl& (VReg+0.3V) DIELNF)
UVFLT. OVFLT. PTCFLT. BAL. DONE. BATX.

BATY BB .ot —0.3V~6V

EN1. EN2. MODE. TERM1. TERM2 &£
....................... 0.3V~ (6V ZF7zld (VReg + 0.3V) DKWL)
NGATE1. NGATE2. NGATE3. NGATE4. NGATE8. NGATE9 &£
........................ -0.3V ~ (68V E£7=l& (V4 +0.3V) DIEWLEA)
NGATES5. NGATEG. NGATE7 &£
(-0.3V £7zIE£B0O0ST-68V DRK=WLA) ~

(BOOST+0.3V)*

UVFLT. OVFLT. PTCFLT. BAL. DONE. BATX.

BATY BB e, 10mA
LSET BB ettt ettt ettt 1mA
CPy OV BB T e 50mA
EMEEASENREZE (Note 20 3) e —40°C~125°C
RIEREEER ..o, -65°C~150°C
U—REE GERMF A0 300°C

*BOOST B EIFLTC3305 [ L > THRAEL. VALDIREETBAVE L.

E2ECE
TOP VIEW
BOOST [1] [38] CM
va [2] 37] cP
v3 [3] [36] NC
AUXP [4] [35] MODE
AUXN [5] N [34] EN1
v2 [6] | | [33] ENn2
vi [7] | I [32] TERM1
neaTel [8] | I [31] TERM2
neaTe2 [9] | i 30] Vieg
NGaTE3 [10] | 39 | [29] Iser
NeaTe4 [11] | GND | 28] vy
NeaTEs [12] | : 27] v,
NeaTes [13] | I [26] CTBAT
NeaTeE? [14] | _E [25] CTON
NGATES [15] ~ ~~ [24] CcTOFF
NGATE9 [16] 23] PTCFLT
BATX [17] [22] DONE
BATY [18] [21] BAC
OVFIT [19) [20] OVFT
FE PACKAGE

38-LEAD PLASTIC TSSOP

64a = 28°C/W

EXPOSED PAD (PIN 39) IS GND, MUST BE SOLDERED TO PCB

NC = No Connect

FoEIFHR

M7 — T=77VRY=-I Rav—%07* Nyor—y im B EE
LTC3305EFE#PBF LTC3305EFE#TRPBF LTC3305 FE 38-Lead Plastic TSSOP -40°C~125°C
LTC3305IFE#PBF LTC3305IFE#TRPBF LTC3305 FE 38-Lead Plastic TSSOP -40°C~125°C
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o IR EBFIZSIEEHEE TORBEZTET Do T UM S Ta=25C TOIE,
(Note 2)V1 =13.2V, V2 = 26.4V, V3 = 39.6V. V4 = 52.8V, AUXP - AUXN = 13.2V, RiseT = 12.1kQ

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VBAT Individual Battery Voltage ® 4 16 V
V4 Voltage at the Top of the Battery Stack ® 12 64 V
VReG Regulator Output Voltage IvReg = 200pA L 24 2.5 2.6 v
VREG,UV Regulator Undervoltage Threshold Regulator Voltage Falling L] 1.7 2.1 V
Hysteresis 125 mV
Maximum Guaranteed Load Current VREG > VREG UV L] 3 mA
Regulator Short Circuit Current Limit VReg= 0V 8 15 22 mA
Shutdown Current Measured at V4, BOOST-V4 = OV 16 33 50 pA
Measured at V3, V2, V1, AUXP, BOOST ® 0 1 HA
Supply Current While Balancing Battery 1 Measured at V4 900 1350 pA
(Notes 4, 5) Measured at V3 0 1 HA
Measured at V2 0 1 A
Measured at V1 150 225 HA
Supply Current While Balancing Battery 2 Measured at V4 900 1350 pA
(Notes 4, 5) Measured at V3 0 1 pA
Measured at V2 150 225 pA
Measured at V1 -70 -45 pA
Supply Current While Balancing Battery 3 Measured at V4 900 1350 pA
(Notes 4, 5) Measured at V3 150 225 HA
Measured at V2 -70 -45 HA
Measured at V1 0 1 HA
Supply Current While Balancing Battery 4 Measured at V4 1050 1575 pA
(Notes 4, 5) Measured at V3 -70 -45 HA
Measured at V2 0 1 A
Measured at V1 0 1 A
Supply Current While Balancing any Battery Measured at AUXP 165 245 pA
Measured at AUXN -195 -130 pA
Supply Current in OFF State (MODE = 0) Measured at 4, BOOST-V4 = 0V 100 150 pA
Measured at V3, V2, V1, AUXP, BOOST 0 1 pA
Boost Pin Current While Balancing any Battery 220 330 HA
(Notes 4, 5)
ViseT IseT Servo Voltage 50pA< liseT< 150pA ® 1.18 1.2 1.22 V
lvh, ve Current Out of Vi and VL Pins liseT = 100pA L 31.3 333 353 pA
INGATE Current For External NMOS Turn On (Note 5) NGATES Current, liseT = 100pA ® 2.0 2.2 24 mA
All Other NGATE Currents, liseT = 100pA ® 1.0 1.1 1.2 mA
Leakage Current in Shutdown EN1=EN2=0 ® -2 2 pA
Current Programmable Range NGATES3 Current ® 1 3 mA
All Other NGATE Currents ® 0.5 15 mA
VBAT,UV Undervoltage Falling Battery Threshold (Note 6) | Vi = 0.4V ® 3.9 4 441 v
V=16V ® 156 16 16.4 v
Undervoltage Hysteresis 120 mV
Undervoltage Falling Programmable Range ® 4 16 V
VBaT,0v Overvoltage Rising Battery Threshold (Note 6) V=04V ® 3.9 4 441 v
Vy=1.6V ® 156 16 16.4 v
Overvoltage Hysteresis 150 mV
Overvoltage Rising Programmable Range ® 4 16 V
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o IR EBFIZSIREHEE TORBEZTERT Do ThUMNE Ta=25C TDIE,
(Note 2)V1 =13.2V, V2 = 26.4V, V3 = 39.6V. V4 = 52.8V, AUXP - AUXN = 13.2V, RiseT = 12.1kQ

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
PTC Fault Threshold |BAT-AUXP| Falling 0.8 1 1.2 V
Hysteresis 100 mV
VTermiNATE | |BAT-AUXP| for Which Balancing Is Terminated | TERM2 = 0, TERM1 =0 ® 5.0 12.5 20.0 mV
TERM2 = 0, TERM1 =1 ® | 175 25 32.5 mV
TERM2 =1, TERM1 =0 ® 40 50 60 mV
TERM2 =1, TERM1 =1 ® 85 100 115 mV
Minimum (BOOST-V4) Voltage for Operation ® 6.7 6.95 7.2 v
Hysteresis 180 mV
Maximum (BOOST-V4) Voltage Regulated ® 8.45 8.75 V
Hysteresis 200 mV
Rnmos Charge Pump NMOS Switch ON Resistance Measured at 10mA 20 Q
Remos Charge Pump PMOS Switch ON Resistance Measured at 10mA 55 Q
tBAT Maximum Time a Single Battery Stays CTBAT = 10nF 45 5 55 Sec
Connected to the Auxiliary Battery
ton ¥aximum Stack Balancing Termination MODE =0, CTON = 10nF 0.43 0.48 0.53 hrs
ime
torr Off Time After Stack Balance Termination MODE = 0, DONE = 0, CTOFF = 10nF 0.43 0.48 0.53 hrs
ViH Digital Input High Voltage EN1, EN2, MODE, TERM1, TERM2 Pins ® 1.2 v
ViL Digital Input Low Voltage EN1, EN2, MODE, TERM1, TERM2 Pins ® 0.4 V
I, i Leakage Current EtNF1’ EN2, MODE, TERM1, TERM2 Pins; 2.5V | @ -1 1 A
at Pin
VoL Output Low Voltage BATX, BATY, BAL, DONE, ® 27.5 150 mV
UVFLT, OVFLT, PTCFLT Pins; 3mA Into Pin
loH Output High Leakage Current BATX, BATY, BAL, DONE, 1 HA
UVFLT, QVFLT, PTCFLT Pins; 6V at Pin
Thermal Shutdown Threshold (Note 7) Rising Temperature 155 °
Thermal Shutdown Hysteresis 10 C

Note 1: I BRARERICEBSNIABEERB DAL RIGT/\A RITKEENIEGE 5250
BEMED B B0 REBICDIC> TN BRREREZMICRT L. T/ ROEBEEEFHICETLE
E525BnhH 5.

Note 2: LTC3305 [ Ty A TAICIEFEL W ULRBERRMAETT A NSNS, LTC3305E 1£0°C ~
85°C DEEATDREEHE THRMRICEA T 2 EMMRIESN TS, -40°C ~ 125°C DENE
ESMREEETOMRIE. Rt BRSO ENLT7OER - JvhO—)LED
HE THER SN TS, LTC3305! ($-40°C~ 125°C DENE S B R EHE TREES N TL

%o INSOURERBICTRARBFEREL BERLAZUM NvT—YDOEEHRAVE—S

VABLVOMORIBEREBBEUIREDBERMFICE > TREDCEITER, HAERE
MCONRBERETACO)ELVENEBRPo W) MSRKICH-TEHES NS,
Ty=Ta+(Ppe6ya). ZT T Oua (BAL:C/W) I/ Sy T —JDEA Y E—F Y,

Note 3: REShicREEBEEZESIREEZBIIHMENMET 2L, T/\1RDH{LE T
WEEDE U 2BNDH 2,

Note 4:NGATE > DEFRIZZ DHEIEICEFNAE W,

Note 5 : NGATE5. NGATE6, NGATE7 E> D EFiIEB00ST EV NSN3 tDETDNGATEL
Y DEFIEVE EYH SN D, NGATE E> DEiIL, V4 &£ BOOST I 2 Eiflciiib %,
Note 6:VHEV &V EVICTI OV ZASNICBEERFBEZEB T K\ TUDEEELEWME
EBBEBEULEVMEERET Do

Note 7: ZO7/\1 RF GBI DBAFHIRED B T/\1 R E(RE T DO DBEREMLEEE
BATW\D, ZOBEMREREENBEL WD L ED, REBESTEEZBZIZEALH 2.
BEShBEBFERTREEBIACRETEREZRIT2E. T/\1R0OLLEIFH
EHELCDEENHLH D,
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RN REYF 1

FERDEVRD, Ta=25°Co
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RN REYF 1

INGATE (MA)

BATTERY VOLTAGE (V)

BATTERY VOLTAGE (V)

FERCHEVERD, Ta =25°Co

INGATE & liSET INGATE &iRFE
18 1.20
17 | ALL NGATE PIN CURRENTS 15 | ALL NGATE PIN CURRENTS
1.6 | AND NGATE3 CURRENT yd ' ANDNG+TE30URRENT ]
2 A 116 —
8 |va = 5280, vyoure = 0v 7 1 |V 5280, Vigare = OV, Rer = 12602
13 ) o
12 z 12
1.1 IRl —
<< |
1.0 2 108
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0.6 //
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T E
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IZAERYMEREEFE  sempmuED. Ta= 25%C,

weovn7assIvIE PTC7AILFDUEVMEERE
103 1200 V1 =13.2V, AUXN = GND
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3305G13 3305 G14
PTC 7 AL MREEDRK/INy T
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EEMNMEEEIFE  smssump. =25,
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£ ks
BOOST (Ev1) : Fv—Y Ry 7D, I0uFa> 7 v 4%
fHoTVaNT Ay TV LET,

VA(E>2) Ny TV 4D T2 ZOENCEHE L E T, /Ny
TV4IEVAEVIDRICEHESNLE T, I0uF 3> 7 v %&{lio
TV3INTAY TV 7 LET,

V3(E3) i Ny 7Y 3Dk 2 IOEVICE L E T, 2Ny
TYU3IEVIEV2ORICERESILE T, I0uF 3> 7 v 3 %&{lio
TV2AT Ay TV 7 LET,

AUXP (E>4) - iV DI T2 ZOE TR LT,
10uF 2> 7Y 3 %2> TAUXN AT Ay 7V 7 LET,
AUXN(E>5) 4l VOG- %2 ZOE R L E T,

V2(E>6) : Ny TV 2D1EF2 ZDOE N LET, Ny
TYV21EV2EVIDENCERINET, 10uF 2> 732 {fio
TVINThAY TV LET,

VI(EVT) Ny TV 1DIETFZ2 ZDOENERLET, Ny
7Y 1IEVI EGNDDEICEER SN E T, IouF 2> 73 %
HSTGND AT Ay 7Y 7 LET,

NGATE1(E>8) :NMOS1%7 — FHFHITNMOS A A F D /7 —
M ICEEREL £,

NGATE2(E>/9) :NMOS2%7 — FMFHITNMOS AA 7 F D /7 —
M I L 7,

NGATE3 (E>10) : NMOS3 % — M4 17 NMOS 2 A v F D
il N e 5 7 B

NGATE4 (E>11) : NMOS4 77— M 1P NMOS A4 v F D
il N o Sl 77 i D= S

NGATE5 (E>12) : NMOS5 77 — M4 1 NMOS A A v F D
g —um IR L E T,

NGATE6 (E>13) : NMOS6%7 — M+ 17 NMOS 2 A v F D
B — TR LT

NGATE7 (E>14) : NMOS777 — M-S 1F NMOS A4 v F D
il N e Sl 77 i D=

NGATE8 (E>/15) : NMOS8 % — M+ 17 NMOS A A v F D
g —bum IR L E T,

NGATE9 (E> 16) : NMOS9 %7 — M4 17 NMOS 2 A v F D
77— MR L £ T,

BATX (E>17) i BATY £ EBICZDEVIZ, AT Y 7D ED
Ny T U TR N7 A ThitTE D, 74V
HBETUTHIGL TR 5% R LET, A—=7 v FLA i),

BATY (E>18) :BATX £ EBICZDEVIZ, AT Y 7D ED
2Ny T U TR N7 A ThitTE ), 74V
HBETUTHIGL TR 5% R L ET, A=V FLA ],

OVFLT(E>19) : 8EBE 74N FZOE L, Ny FYICHEE
JE7 4V MIREDSHH SN AL, ‘LIz Ed, A—7 v FL
A,

UVFLT (B> 20) : (KEBHE 7 4L b, ZOEVIE, Ny TFIICE
BIE7 AV MRESHEIENSE, LI ET, A—7 VK
LA v HTT,

BAL(E>21) : NSRS —F ZDENE, TV
AFEEENED T O TR BBIL TR D, TNAL ADIT A A
I—7NENTWVED, FETNNALABA) —TIRED & &
EAVE=Y Y RZBNET, A=V LAV,

DONE(E>22) i 5E TA VP r =2 ZDEVIE, AY v 7D
ETDONYTYBNTVAFREIND LU IR ET, 2o
YT Xy R VRRICIREA v E— Y RARBEIC D 7,
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CTON(E>25): 2DV H> 6 GND Nt L7z a7 o k
D, FA4=<+ E—FTONT v AFEEIEDO IR KR A7 1 7
FLZNFET, MODE = 1 D403, GNDIZHER L 7,
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VL(E>27) (KB E7 4V DL EWH, ZDOE V55 GND
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Bt T 2R ML« ALy FDONI ENIODSIRWNCA Y LET, 4F
FFDONMOS AA v F% 74> 57280, FHHF NMOS D7r'—
MR E N/ NGATEE Y DEIRY — A4 L, #—b-
Y — 2B EPA IO E L 9,
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9
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NGATE4
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6
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n
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>
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NGATET N
N9 — BAT1
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n
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1. 4 DNy TIDING Y ARAET TV r—23 >0
NI Ry F OB E

N CERE ST\ 5 35ms DIRILEDH . w2 L iliiiDE
JEEBATI DFEED K T av L =2z koTHii S n
%7,

itV L BAT1 O DOEE 2B RINIAL TEELD /DN
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fliBh)L & BAT1 DDA DNEIRIN M TEELD K
Wk PTCH—3IRA¥ %/ LTCBATI D 1L 2 #ilh Ny 7
VDIESRTICHERE T 5 by 7' NMOS A4 FDN2 & N7 H3HF
YLET, WEBTHRE ZN7235ms D2 B HDBEIED ., KT
it a oL — g 23l e LVl DI LNy 7 DD
=Y ZHMLET, Ny T VIE, BHEZD VierMINATE £ T
AT B0, Fl3tgar YA LT I DR L B FTHER I
FFETT (tgar I Ny TV R VICE i SN £/ £ 5
RAEETHY . CTBATE YD avyFrick->T7a s 54
émm“) CDIA = ZMBI VDR DSy FIOITEHE S 1
5=y bENET,

DRI TRTDAALYF AT L, AY Y ITHNDRDINY T
VDB VISR I NE T, AA v T34 7 L7, WD
40ms DIBIEIC LD 7L — 27 4T A— 7035 2 64,

ZOH. Rbb 2L FEZHNLTAZ Y ZHDRD/Ny T ) D
BT oMl VOB TR SN E T, b Ny T Y -

AZ VKGR DK /Ny TV i T 5DIEHINS Yy 7L
BRRLADALyFZRK2UTRLET, Kb ALy F I A
LTWBEE, b7 A4 FDRTA I A — 25, bl
LNy TV DB DOEEREED H Y £, il LNy T
VOBEHEAENIAA—RF2HOBEERE T LRI 0E, p@%

JERREE 2 WS> TR N E T, ZOERIZPTC HKPLIC
THIREE T,
RK2. MY TRAyFERM L RI1YF DB E
BATTERY BEING BOTTOM
EN1, EN2 BALANCED TOP SWITCHES|  SWITCHES
11 Battery 1 N2, N7 N1, N9
(4 Bat App) Battery 2 N3, N6 N2, N8
Battery 3 N4, N7 N3, N9
Battery 4 N5, N6 N4, N8
10 Battery 1 N2, N7 N1, N8
(3 Bat App) Battery 2 N4, N6 N2, N9
Battery 3 N5, N7 N4, N8
0,1 Battery 1 N7 N9
(2 Bat App) Battery 2 N5 N8

ZDEINILT, Ay 7HDE Ny T VI VI S
N AY Y INDO NN T VIEINT ATEEINET,

NGV ATEEI NG Ny T LV ORIDOEHEZEDI 1V X
DREVE, NERZ 7 7RIS LTC3305 2 R34 L £ 7, 7
WI32VDEE, 77 71IE4T50A DERIENE T, 7—
AN T —=ADTF VA TR, i ERY TYDRIZ 16V D
DB R HD 9, 2T F VAT, 600uA DE
WDNER 7 F v 7S£ 7,

Ly 7 ERPLADE ST DALy F 034 LTOHBIREETIE, NF
VATEEZ N DNy T RV DEBE ANV LD KE
&L PTCELT E Y 23“LIc 0 9, N T v A fErhic &
JEZAEDI IV A2 725 &, PICELT EV XA vy E—4 v A0k
BIZEDE T,

FITRINTE L9 IS, BATXEVEBATY EVIEAY v 7

NDED Sy T ) DBSEAEHBI VIR ST 502 KR
LET, vy F VI BATXE VY EBATYE VIdEA vV E—

v AIRREICR ) BALEV b EA v E—F v AREERD £,
R 3.BATXEV EBATY EV DIRRE

STATE OF OPERATION BATX BATY

Battery 1 Connected High Z High Z

Battery 2 Connected High Z 0

Battery 3 Connected 0 0

Battery 4 Connected 0 High Z

2Z 9 TINDETD/NY T YDNT L AT XN 5L, DONE
EVBLICRD, BALEYDSEA VY E—F V RIRREIZRD .,
TNA ANEIH EE 8 IO OFFIRREIZ 72 D) 7,

BIBHav AL =825, Rbb - ZAA4vF LT Z2H->TH
Ny T ) BB BT AT A 5 YA LT oT

VTERMINATE Z T % & 4Dy 7V TR I LB A Y v
TIINTG U ATEIN T EALREINET,
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GLET, TNARAZS vy MOV LIEERET, NTUA
FEEEESE T L E T, ikt e — FTIZBALE VIFHIC
“LIZEDET,

2. Y42« E—FTld. RELT L= ETIDsEER S REE
Ty TFUDBEEI NSV AT I N2 2T 2
YRV =IDBBIT B E, 2D T DNT AT EEH)
TEDSHE T LT, M e — N T EMEL £, Hifi
E—FRTIEby 7+ A4 FD3A VL, tgarDIA LTI T
Ko TRINY TVDNT Y ZFHEEEDFE T LET, tear
MYALLT I N TBETHBE VI Ny T YIRS F
DT, AYy VNDRD/Ny T VIZZNDMER SIS H]
WZZDBEEDPEALT ZHREMESH D 3, ZDFER, A8
THIINT AFHEEZI N, DONE EVY 3L o7& A
&y 7 WNOAE A D8y TV MIRDEEE ) LIZ 707 756X
172 VTERMINATE £ D R Z B2 0[REME D3 H ) £97, flibh
ILDEBRBINY TV EDIEENITNECT =AM —2AD
B N7 UVARBEINILE LDy TYDEFEE
L7079 L& 472 VIERMINATE D K2 (5 72 HHE S
LZENHET,

Fr—IRVTOEME

LTC3305 %, /Sy 7 ) Z2Hilhe v ic#i ¢ 2 A4 v F £ LTH
FHFNMOS 734 A% fHivE T, LTC3305 13 F ¥ —Y R 7
ZZTED, SMHINMOS AL v F% 4§ 5D B
FOEEEZEAELET,

X2 1ZR L), 2 D AAFF 2> 7 24 Crry & CBoOST
2D F A4 A —FDI1ED2, BLOEPIRI ER2D3F ¥ —
Ry 7 OEEICHETT, LTC3305 034 2 —7 V&N b L,
Fr =R 71EA VL ET, Cpy 1E, AT A A —F D1,
IR, B X UGND NEHE ST 2 NFHINMOS A A v
FNIZELBRIcug ICE> TR A B INET, Cpy D
105VETREINDE, WiEar L —F23EH NMOS A
A F oA 7NN EEZ ALy F P14 Y LET, Crry 3. 7
A A —F D2, #HIR2, BELUVWNEPMOS A1 v FP1 %/ LT
Cpoost (2t SN F 7, Bt Ipiscuc 1< &> T AT 23 CrLy
76 CoosT B X SN E T, CRy239.5VETIHE TS &
CpoosT 25 UIWi X, FHE 10.5VETHREINTHSHE
CpoosT (2t SN F T, 2D XL T, Cpoost MV & T
D ERLET,
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RENDAYY 7 DA, ENI=08XOEN2=1&LT,
LTC3305% 4 %+ —7 VT 502 H D 7, 3D Ny 7Y
TR INDEAY Y 7 D4, ENl = 1EXUEN2=0&L
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BEIVNS L EIEE O EE ZN RTINS ETIINSL %
DET, PZVLETEDOHEINIIOKTY, Ny TV LHfiiht
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