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X B R TEAR

(Note 1)
IN. CLN. 11D, CSP. CSN. BAT ...coviviiiieeeeeeee -0.3V~62V BIAS ... —0.3V~Min (6V, Vin)
IN-CLN. CSP-CSN.....oeeeeeeeeeeeeeeeeeeeeeee e —1V~1V [BMON ..o -0.3V~Min(Vgias, Vcsp)
OFB. BFB. FBG ... -0.3V~62V 11 I -0.3V~6V
FBG .. —1TmA~2mA CHRG. FLT RST e -0.3V~62V
[GATE ... Max (Viip, Vesp)— 10V~ Max (Viip, Vesp) CHRG. FLTa RST e -TmA~2mA
BGATE......ocoee.. Max (VBaT, Vosn)— 10V~ Max (Vpat, Vosn) — ENfEESESRESEH
ENC. CX< NTCL VM e —0.3V ~Vp|as (NOTB 2) oottt 125°C
[L. CL. TMB. HMONL CC .. —0.3V~Vpias (RTEBEEE ..o —65°C~150°C
EVEE
TOP VIEW
_ TOP VIEW Enc [1] 28] IL
Zza8EQ IBMON [2] 27] 1IMON
1281127|126|{25|{24|{23] cox [3] 26] RST
wii 2 e o 5 w
RST _2_J: i i l_1__ OFB ™R [5] 24] GND
IIMON _:s_JI : : :ng_ CSP aND [6] 23] IN
ILy4; 29 9] CSN T [7 22| GLN
ecfs! | e | g BGATE E 7] 22
= = CHRG [ 8] [21] cc
IBMON|6! | I 117] BAT
= | [ BIAS [9] [20] ITH
CX\7, _______1 \.6]BFB
o[5 ] rse NTC [10] [19] 11D
T9 101 1T1{1217131{141 FaG [T 1] I6ATE
sopbE2e BrB [12] [17] oFB
Foe BB = BAT [13] 16] csp
UFD PACKAGE 14 N
28-LEAD (4mm x 5mm) PLASTIC QFN BGATE [14] 18] s
Tomax = 125°C. 6ya = 43°C/W. 8yc = 4°C/W GN PACKAGE
FH/CY R (E>29) (£ GND. PCBICHMH I T 2ENHD 28-LEAD PLASTIC SSOP
Tumax = 125°C, 64a = 80°C/W, Byc = 25°C/W
TR
|7 — i T=77YRU=) BRY—¥vJ* NRoior—=y i
LTC4000EUFD#PBF LTC4000EUFD#TRPBF 4000 28-Lead (4mm x 5mm) Plastic QFN -40°C t0 125°C
LTC4000IUFD#PBF LTC4000IUFD#TRPBF 4000 28-Lead (4mm x 5mm) Plastic QFN -40°C t0 125°C
LTC4000EGN#PBF LTC4000EGN#TRPBF LTC4000GN 28-Lead Plastic SSOP -40°C to 125°C
LTC4000IGN#PBF LTC4000IGN#TRPBF LTC4000GN 28-Lead Plastic SSOP -40°C to 125°C
SSICEVEEREHE TRESND T/ RCDOWTIE, B F - B REEICBENA D ELES N, “BEY L —REEFEOIYFFOSNILTHIIShET,
FZEDIMN—Z R OBBDFHEMICDOVWTIE, B EFEHRIBECBEWEDELIZE 0,
AT — RO BT —F T DFMIC DL TIE, hitp://www.linear-tech.co.jp/leadfree/ & ZE 2L\,
F—=7T7 > RU—)LOERRDEEMICDULVTIL, hitp://www.linear-tech.co.jp/tapeandreel/ = ZEL 2L\,
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LTC4000

o [ILENMFIES T EEHE DR REZERT 5. TSI Ta = 25°C TODIE, SEZZHEEVBRD. Vi = Ve = 3V~ 60V (Note 2. 3),
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin Input Supply Operating Range ] 3 60 V
[N Input Quiescent Operating Current 0.4 mA
[BAT Battery Pin Operating Current Vin = 3V, Vesn = Vesp = Vpar ® 50 100 A
Battery Only Quiescent Current Vin =0V, Vesn = Vesp < Veat ® 10 20 pA
IryNTIY
ENC Input Voltage Low ® 0.4
ENC Input Voltage High ® 1.5
ENC Pull-Up Current VEng = 0V -4 -2 -05 HA
ENC Open Circuit Voltage Venc = Open ® 15 2.5 v
EELFal—y3y
VBFB_REG Battery Feedback Voltage 1.133 1.136 1.139 V
® | 1120 1.136 1.147 Vv
BFB Input Current Verg=1.2V +0.1 pA
VorB_REG Output Feedback Voltage ® | 1176 1.193 1.204 v
OFB Input Current Vorg = 1.2V +0.1 LA
Rraa Ground Return Feedback Resistance ® 100 400 Q
VRECHRG(RISE) Rising Recharge Battery Threshold Voltage % of VBrB_REG [ 96.9 97.6 98.3 %
VRECHRG(HYS) Recharge Battery Threshold Voltage Hysteresis | % of Varg ReG 0.5 %
VoUuT(INST_ON) Instant-On Battery Voltage Threshold % of VVBrB_REG ° 82 86 90 %
VLOBAT Falling Low Battery Threshold Voltage % of VBrB_REG L 65 68 14 %
VLOBAT(HYS) Low Battery Threshold Voltage Hysteresis % of VBrB_REG 3 %
EmL¥al—yay
Ratio of Monitored-Current Voltage to Sense Vin,cLn < 50mV, Vimon/Vin,cLn ® 18.5 20 21 VNV
Voltage Vesp,csn < 50mV, Vigmon/Vesp,csn
Vos Sense Voltage Offset Vesp,csn < 50mV, Vesp = 60V or
Vin,cLn < 50mV, Vi = 60V (Note 4) -300 300 1%
CLN, CSP, CSN Common Mode Range (Note 4) ® 3 60 v
GLN Pin Current +1 pA
CSP Pin Current Vigate = Open, Viip = 0V 90 HA
GSN Pin Current VBGATE = Open, Vpar = 0V 45 pA
I Pull-Up Current for the Input Current Limit ® -b5 =50 -45 HA
Programming Pin
loL Pull-Up Current for the Charge Current Limit ® -55 -50 -45 HA
Programming Pin
lcL_TRKL Pull-Up Current for the Charge Current Limit /B8 < VL0BAT (] -55 -5.0 -4.5 HA
Programming Pin in Trickle Charge Mode
Input Current Monitor Resistance to GND 40 90 140 kQ
Charge Current Monitor Resistance to GND 40 90 140 kQ
A4, A5 Error Amp Offset for the Current Loops | VeL = 0.8V, V)L = 0.8V ] -10 0 10 mV
(See Figure 1)
Maximum Programmable Current Limit Voltage ® | (0985 1.0 1.015 V

Range
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B
o I LENMFIESHREHEDORREZERT 5. ZNLIH I T = 25°C TOIE, SEZHEVBRD. VN = Ve = 3V~ 60V (Note 2. 3),
SYMBOL | PARAMETER | CONDITIONS | MIN TYP MAX | UNITS
FERT
CX Pin Pull-Up Current Vex = 0.1V -5.5 -5.0 4.5 pA
Vx,IBMON(0S) CX Comparator Offset Voltage, IBMON Falling Vex =01V 0.5 10 25 mV
VX, IBMON(HYS) CX Comparator Hysteresis Voltage 5 mV
TMR Pull-Up Current ViTMR = OV -5.0 pA
TMR Pull-Down Gurrent VMR = 2V 5.0 pA
TMR Pin Frequency Ctmr = 0.01pF 400 500 600 Hz
TMR Threshold for CX Termination 2.1 2.5 v
tr Charge Termination Time Ctmr = 0.1pF 2.3 2.9 35 h
tr/tes Ratio of Charge Terminate Time to Bad Battery | Crmr = 0.1yF 3.95 4 4.05 h/h
Indicator Time
VNTC(coLD) NTC Cold Threshold Ve Rising, % of Vaias 73 75 77 %
VNTC(HOT) NTC Hot Threshold VInte Falling, % of VBias 33 35 37 %
VNTC(HYS) NTC Thresholds Hysteresis % of Vpias 5 %
VNTC(OPEN) NTC Open Circuit Voltage % of Vplas 45 50 55 %
RnTe(0PEN) NTC Open Circuit Input Resistance 300 kQ
BEEE=IHBIVA—TV - RLAVDIREEY
Vum(TH) VM Input Falling Threshold 1.176 1.193 1.204 Vv
VUM(HYS) VM Input Hysteresis 40 mV
VM Input Current Vym =1.2V +0.1 pA
IRST CHRG,FLT(LkG) | Open Drain Status Pins Leakage Current Vpiy = 60V +1 uA
VRST CHRG,FLT(voL) | Open Drain Status Pins Voltage Output Low Ipiy = TmA 0.4 V
AF1® PowerPath i
Input PowerPath Forward Regulation Voltage Viip,csp, 3V < Vesp < 60V 0.1 8 20 mV
Input PowerPath Fast Reverse Turn-Off Viip,csp, 3V < Vesp <60V, -90 =50 =20 mV
Threshold Voltage VigaTe = Vesp — 2.5V,
Aligate/ A Viip,csp = 100pA/mV
Input PowerPath Fast Forward Turn-On Viip,csp, 3V < Vesp <60V, 40 80 130 mV
Threshold Voltage Vigate = Vip = 1.5V,
Aligate/ A Viip,csp = 100pA/mV
Input Gate Turn-Off Current Viip = Vesp, Vigate = Vesp — 1.5V -0.3 A
Input Gate Turn-On Current Vesp = Viip—20mV, 0.3 pA
Vigate = Viip - 1.5V
||GATE(FASTOFF) Input Gate Fast Turn-Off Current Vesp=Vip + 0.1V, 05 mA
Vigate = Vesp — 3V
l|GATE(FASTON) Input Gate Fast Turn-On Current Vesp = Vip—-0.2V, 0.7 mA
Vigate = Vip - 1.5V
VIGATE(ON) Input Gate Clamp Voltage ligaTE = 2pA, Viip = 12V to 60V, 13 15 V
Viesp = Viip— 0.5V, Measure
Viip - VigaTe
Input Gate Off Voltage l|GATE = — 2JA, Vyip = 3V t0 59.9V, 0.45 0.7 V
Viesp = Viip + 0.5V, Measure
Vesp — ViGATE
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o 2 EFIESTREEEEDRIBEZTRT Do TSNS Ta = 25°C TOAE, SEETHE VRO, Vin = Ven = 3V ~ 60V (Note 2, 3),

SYMBOL | PARAMETER | CONDITIONS | MIN TYP MAX [ UNITS
I8y 7Y D PowerPath 4
Battery Discharge PowerPath Forward Regulation | Vear cs, 2.8V < Vpar < 60V 0.1 8 20 mV
Voltage
Battery PowerPath Fast Reverse Turn-Off VBat,csn, 2.8V < Vpar < 60V, Not -90 -50 -20 mV
Threshold Voltage Charging, VegaTe = Vosn — 2.5V,
Alggate/ AVpar csn = 100pA/mY
Battery PowerPath Fast Forward Turn-On VBAT CSN, 2.8V < Vgsy < 60V, 40 80 130 mV
Threshold Voltage \/BGaATE = VgaT — 1.5V,
Alggate/ A VBat csn = 100pA/mY
Battery Gate Turn-Off Current VBGaTE = Vesn — 1.5V, Vesn = Vear, -0.3 PA
Vors < Vour(nst_on and Charging
in Progress, or Vcsn = Vpat and Not
Charging
Battery Gate Turn-On Current VBgaTE = VBAT — 1.5V, Viesn = Var, 0.3 pA
Vors > Vout(nst_on) and Charging in
Progress, or Vgsn = Vear — 20mV
|BGATE(FASTOFF) Battery Gate Fast Turn-Off Current Viesn = Vpat + 0.1V and Not -0.5 mA
Charging, Vegate = Vosn — 3V
IBGATE(FASTON) Battery Gate Fast Turn-On Current Vs = Vpar - 0.2V, 0.7 mA
VBGATE = VAT — 1.5V
VBGATE(ON) Battery Gate Clamp Voltage IBGATE = 2JIA, VBaT = 12V to 60V, 13 15 V
Viesn = Vpar — 0.5V, Measure
VBAT — VBGATE
Battery Gate Off Voltage IBGATE = — 2JA, VpaT = 2.8V t0 60V, 0.45 0.7 v
Vesn = Vear + 0.5V and not Charging,
Measure Vsn — VBGATE
BIASLFaL—5DHEhELVHIEEY
VBIAs BIAS Output Voltage No Load 24 29 3.5 V
AVpias BIAS Output Voltage Load Regulation Igias = - 0.5mA -0.5 -10 %
BIAS Output Short-Circuit Current VBlas = 0V -12 mA
Transconductance of Error Amp CC=1V 0.5 mAN
Open Loop DC Voltage Gain of Error Amp GC = Open 80 aB
[ITH(PULL_UP) Pull-Up Current on the ITH Pin Viry =0V, CC =0V -6 -5 -4 pA
[ITH(PULL_DOWN) Pull-Down Current on the ITH Pin VitH = 0.4V, CC = Open 0.5 1 mA
Open Loop DC Voltage Gain of ITH Driver ITH = Open 60 dB

Note 1: 8 BRAERICESNIMEZRA DA ML RIEZT/INA XK GBS Z5 257

UM DFRIBER EBE VR EDBEREICE > TRESZEITER HESERE (T)(°C)

BEMEN BB REBICDIC> TN R RERZMHICRT L, T\ ROEBEEEFHICELE
ZE5 X BN BB,

Note 2: LTC4000 (& TyH* TAICIEIFZELLY ULR BRI &M TT A NS5, LTC4000E &, 0°C~
85°C DEAEBE THIRICHAG T 2 ENRILSN TS, —40°C~ 125°C DENFEG TR
EEETOMRIIERE FIEHAS SR FENATAEX - AV ~O—/LEDER THE
ENTW B, LTC40001(E—-40°C~125°C DL S ENRESEE TRIESNTVD, INns
OiERERLTBRRABEEBEE ERLAZIN Ny T—YOERRAVE—TVIBL

(FEELRE (TA(C)) L VEBHIBKR (Pp(W) hSRRICHE>TEHES NS,
Ty=Ta+ (Pp®6yp). ST T, OA(CIW) (F/ Oy T — S DEEIT,

Note 3: JFEEARVRD EVICNADERIFETIZAT, £ TOBEIFGND ZE#E(ICL
TW3,

Note 4: CN5D/VTX—FIFEREHCL > TRAESNTH D 2HTANMITONAL,
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EHEE  (arvsssop)

VM(E1/E>25) : BFEE=S A, ALy 2L Fd31.193V
() DENEE 2L L — Y ~NDEA Y E—F VY AANT
T, ZOEVIZRSTHAOE Y DIREZFHIHIL 9, €= 3
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=897 BAV MOV ICE LT, T4 758

D TERFAL Y > 2V FIZRDEIICEIESINE T,

Ruut +Ruma 41 13y
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ZZT. Rymp i3 VM EY £ GND DEIDO R+ AP T, EIE
TSR L 206, BIASE L X7,

RST(E>2/EV26) : B IEA—7> - FLA DYy M
N VMEY DEED1.193VED FicksE, ZOIREE Y
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=525 TEET, J)t/%@ﬁﬁtmxf X
X GND IZHAE L £7,
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ZDE V% GNDICHHEL T,
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R
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ZA—=TDEFICLET,
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