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ABSOLUTE MAXIMUM RATINGS

BATT to GND
CHG to GND
LXto PGND............
GND to PGND

FB, AE, LCE, SEL1, SEL2, REG,
PCKP to GND.....ooviviiiiiii

CHG Continuous Current

(limited by power dissipation of package)

-0.3V to +0.3V

MAX17710
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Continuous Power Dissipation (Tp = +70°C)

12-Pin UTDFN (derate 15mW/°C above +70°C) ....... 1200mW
Operating Temperature Range...........c..ccccoo... -40°C to +85°C
Junction Temperature .........ccccooiiiiiiiiiiii
Storage Temperature Range...............ccceeeennnn.
Lead Temperature (soldering, 10s)
Lead Temperature (reflow).........cccocviiiiiiiiiiiiie

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VcHg = +4.3V, Figure 1, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
CHG Input Maximum Voltage Limited by shunt regulator (Note 2) 4.875 5.3 5.7 vV
CHG Enable Threshold Vce 4.07 4.15 4.21 \Y
CHG Quiescent Current lacHg | VoHg = 4.0V rising, VeaTT = 4.0V 625 1300 nA
CHG Shunt Delay 25 us
CHG Input Shunt Limit (Note 2) 50 mA
CHG Maximum Input Current R’Eﬁj’;‘g“;g&gt limited by Absolute 50 100 mA
VceHg = 4.0V, IcHg = 1WA 45
CHG-to-BATT Dropout Voltage Vot = 4.0V, lgary = -6mA 5 mv
Vong = 4.0V, IgaTT = -20mMA 65
Vong = 4.0V, IgaTT = -40mA 100
BATT REG
BATT Regulator Voltage 4.065 4125 4.160 V
BATT Regulation Delay Vong = 4.2V, starting at 4V 30 ys
Regulator in dropout;
VCiG =415V, VpBATT =412V 450 1030
Harvest standby (AE pulse low) 1 165
) Veoug = 0V, VgatT = 2.1V 10 4.0V
BATT Quiescent Current lQBATT
AE regulator on, boost off; . 705 1650 nA
Venag = 0V, VeaTtT = 4.0V, AE high
o e e
MAXIMN Maxim Integrated Products 2




ELECTRICAL CHARACTERISTICS (continued)
(Voug = +4.3V, Figure 1, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)
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PARAMETER | sYmBoL | CONDITIONS MIN TYP  MAX | UNITS
LINEAR LDO REGULATOR
Vpckp = 4.0V, Ireg = 50pA, SEL1 = open 3.22 3.3 3.37
REG Voltage Vpckp = 4.0V, IReg = 50pA, SEL1 = GND 2.25 2.3 2.375 \Y
Vpckp = 4.0V, IrReg = 50pA, SEL1 = BATT 1.75 1.8 1.9
Vpckp = 4.0V, Ireg = 50pA, SEL1 = open 2.9 3.3 3.7
(R,\Ilio(tiev:;))ltage, LCE Mode Vpckp = 4.0V, Igeg = 50uA, SEL1 = GND 2.1 2.3 25 y
Vpckp = 4.0V, IrReg = 50pA, SEL1 = BATT 1.6 1.8 2.05
VReg = 2.15V, Vpckp = 3.8V, AE high 75 mA
REG Current Limit VREG = 2.15V, Vpckp = 3.8V, LCE mode
(Note 3) %0 HA
REG Startup Time Vpckp = 4.0V, AE rising, Creg = 10F 53 ms
SEL1 = open 2175
LCE Threshold High (Note 4) ViH-Lce | SEL1 = GND 1.575 \%
SEL1 =BATT 1.30
SEL1 = open 0.9
LCE Threshold Low (Note 5) ViL.Lce | SEL1 = GND 0.6 V
SEL1 =BATT 0.5
PCKP REGULATOR
AE Threshold High VIH-AE 1.13 V
AE Threshold Low VIL-AE 0.15 V
AE Low Input Current Vag = OV, persists < Tps 4 2 bA
VaE = 0V, persists > 1us 1 nA
AE High Input Current VA = 3.6V 1 nA
PCKP Enable Threshold REG enabled 3.62 3.7 3.78 V
PCKP Charge Current Vpckp = OV, VpaTT = 2.2V 100 mA
PCKP Impedance Ramp Rate an POKE from nigh impedance 1050 i ms
BATT Undervoltage Lockout VLA VBaTT = 2.15V, AE high, first ramp of 5 S
(UVLO) Delay PCKP
BATT UVLO Delay tUVLO2 VeaTT = 2.15V, AE high, not first PCKP 05 ms
ramp
AE regulator active, LCE regulator inactive 1.990 215 2.30
BATT UVLO Threshold . - - \Y
LCE regulator active, AE regulator inactive 3

MAXIN
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ELECTRICAL CHARACTERISTICS (continued)
(VcHg = +4.3V, Figure 1, Tp = -40°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 1)

MAX17710
W S e L AR PR AS

PARAMETER | sYMBOL | CONDITIONS MIN TYP MAX | UNITS

BOOST REGULATOR

CHG Regulation Voltage VBaTT = 4.125V 4.3 4.5 4.7 \Y

Frequency VBATT = 3.9V, Vopg = 3.95V 0.73 1 1.27 MHz

Boost Turn-On Time tBoosT-0N | Design guidance, typical only 850 ns
FB Rising (enable 0.485 0.75 1.0

FB Threshold on 9 (enable) v
FBorr | Falling (disable), VoHg = 3.8V 022 025 027

FB Input Current Low Veg = GND, momentary 600 nA

_ ILx = 20mA, VBaTT = 3.8V, SEL2 = GND 0275 05 0.7
LX nMOS On-Resistance Rps-onN Q
ILx = 10mA, VpaTT = 3.8V, SEL2 = open 4 8 12

Note 1: Specifications are 100% production tested at Tp = +25°C. Limits over the operating temperature range are guaranteed by
design and characterization.

Note 2: Since the CHG shunt regulator has a 25us delay, the user must limit the voltage to the Absolute Maximum Rating until the
internal CHG shunt provides the voltage limit at the pin in response to 50mA input. Larger currents must be shunted with
an external clamp to protect the CHG pin from damage.

Note 3: LCE mode is entered by pulsing AE high, then pulsing AE low.

Note 4: For logic-high, connect LCE to the REG output. Do not connect to the BATT or PCKP pins.

Note 5: Since LCE is compared to the REG pin voltage for operation, the low-power regulator cannot be switched off under condi-
tions where the REG output is shorted to GND.

MAXIN
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F1. HABSHERE TEEHRNEXRILE
laBaTT | lacHe TOTAL QUIESCENT
NAME MODE CONDITIONS (nA) (nA) CURRENT (nA)
Cell Connection: Cell connected to circuit
Standby Regulator outputs off, . 1 — 1 (from cell)
during assembly
no charger present
Shutdown gZLSact)(;rsgﬁttdL?t\gr;ff VA falls below 2.15V 1 — 1 (from cell)
9 P ' or AE and LCE pulsed low
no charger present
Charger Present: Vonag =4V, 626 (from energy-harvesting
Full Charge Regulator outputs off, VCHG > VBATT, 1 625 cell); can harvest down to
cell charging AE pulsed low 1uWw
Dropout ggaL?;rc;rnolatrOEtosugﬁ Vorg = 415V,
P g buts of, VBaTT = 4.12V, 450 — | 450 (from cell)
Charge charger present, but
; AE pulsed low
below regulation voltage
AE Regulator On:
AE Active Boost off, no charge AE pulsed high 725 — 725 (from cell)
source present
AE and LCE | AB@nd LCE Regulators . o oo high after AE
) On: Boost off, no charge : 875 — 875 (from cell)
Active pulsed high
source present
LCE Regulator On: AE pulsed high, then LCE
LCE Active Boost off, no charge pulsed high, then AE pulsed 150 — 150 (from cell)
source present low
MNAXIV Maxim Integrated Products 5
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(Ta = +25°C, unless otherwise noted.)

REGULATOR STARTUP BOOST STARTUP LCE AND AE AND SEL1 = GND
6 5 6 \ g 10 g
H LX £ 9 g
£ 5 h | L
5 = - A = 8 [ -
. 4 . 7
- [ Ta = +85°C
= AE v = SOLAR oGl 2 6
2 3 f 2 3 = <
] S - 2 Tp = +25°
e N / e = | ] 4 A=+25°C
2 /\ 2 3
2
1 PCKP 1 1 Ta=-40°C
0 5 10 0 2 4 6 8 35 40
TIME (ms) TIME (ps) Vet (V)
Ipp vs. VBaTtT OVERTEMPERATURE Ipp vs. VBaTtT OVERTEMPERATURE MEC101 CELL CHARGE PROFILE
LCE = VREG, AE, AND SEL1 = GND AE = BATT, LCE, AND SEL1 = GND 2.5mW CHARGE SOURCE
- 825 - 41 5 MAX17710 toc06
190 < — : 1] i
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. . w 4.00 // |
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575 J
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90 525 375
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VBATT (V) VBarT (V) TIME (Minutes)
BOOST CIRCUIT BREAK-EVEN
THRESHOLD vs. CELL VOLTAGE
(STANDARD APPLICATION CIRCUIT) AE LOAD REGULATION LCE LOAD REGULATION
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Ipp vs. VBaTT OVERTEMPERATURE
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JRIEHE[E
BATT PCKP _ UNREGULATED
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W TH T FICEEE REHAREESTERE, 20
B2, KT NBIEA1.0VE 5K B Hboost B B 89 T4

T, N FITEEENT1.0VF02.0VZ 8 Bboost % & &8

5 = e B, EEENETTH, EAEEESEBLESTS
BCHGRERAIAASY, BHERRUERSHEERE T P o0 . FEERIES B
LOAD Vpp
THINERGY BATT REG T‘,
MEC101 1
SEL2 H
T ] L
- — seL
EVENT
CHG DETECTOR
0.1pF AE
INAXIV MECHANICAL,
ZLLS410TA RF, PIEZO,
HIGH-SPEED WMAxiz710 OR OTHER
SCHOTTKY
150H LOAD Vpp
LX
SOLAR CELL 2 T
SOLAR CELL 1 B LCE MICROCONTROLLER
GND EP PGND PCKP
|_‘ - 10uF Jr_
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CHGHEZ BRKERS = (4.125V)7/(0.485V)" x CHGE &
CHGSIB 8 B8 RITFFEO. IUFRNVE, MRBRERBH  wo ThmERHnB/ME, BEATZENEERKEDS,

K, BERASEREREN, FEED022uFBEE, M
WRIHRBREEREI®E,

LXFB /2
XASERBREEN, THELXSIHOMFHE, TR
ER, WEKXRERRN0.GSUHAI B R, ME71EBITLX3 M
B KEE Bito /NEBRETHOT .
LX® R = VFB_0oN X tBoOST-ON/LXiMaX = 1.0V x
850ns/1A = 0.85uH

Boost—RE
BoostZHh B4 MRXRB =R HHFEZME, flwDiodes
Incorporated’/A 5] 9ZLLS410TA, LXIXFNES £ A, —#k
BERESE, BLXSIHEERHBNAECOVHER, WRBT
EABE, WEHIALXSIH,

EMTHREBRAANER(< 1I0UW) THFEBHER, BFFE
B, ZEASRSERBERBELERROBERM, #
FRXEALTUF,

27 T boostE# B SN THE, &/\BAFBEKE

ARBHEEETETHRRER, RAREFHES. B8
EEDTRERERBRE, METHENRERENHA
AWHBERE, TEUTHERTR/NMESSTHEE,

FB#[E#%
THEEENFI1.0VAI20VZEN, NAFTEAEIE, B
X T fboost B H MK KR, R—HBETF, K&K
#HT, FEMNBHESRMKFBSIMBEEI, FEIE
B8], R1FIR24E AL & 53 K 28 2 YFFBS| B & & FEFBonFD
FBorrI PR Z &S &1k, R2ITEHAWT .
VHARVEST-ON = FBon x (R1 + R2)/R1

BEEWERE
HEWERRNEDLCHGEI B AKT0E, NEERE R2 = (VHARVEST-ON — 1.0V) x 500k0
TEEGTRABSIMRERAZERTBBE. H P, VHarvesT-oNA R EEIRBI TIEBE,
F<2. Boostir iz ISR TT4HE
APPLICATION CHG MINIMUM LX RECOMMENDED MINIMUM RECOMMENDED
CHARGE SOURCE CAPACITOR INDUCTOR LX INDUCTOR HARVEST SOURCE HARVEST SOURCE
(MF) (uH) (uH) CAPACITOR (uF) CAPACITOR (uF)
High voltage 0.22 N/A N/A N/A N/A
Low voltage < 10puW 0.1 0.85 15 7.0 47
Low voltage > 10pW 0.1 0.85 15 7.0 7.0
High voltage and low
voltage < 10uW 0.22 0.85 1.5 154 47
High voltage and low 0.22 0.85 15 15.4 15.4
voltage > 10pW
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ClINFEFENBERR, SHEBNEBIHBENHRS
EBENMNE, &/NBEEXA:

VHARVEST-OFF ~= VHARVEST-ON — (FBoN — FBOFF)

VHARVEST-OFF ~= VHARVEST-ON — 0.5V (#2ZU{A)

HAd, VHARVEST-OFF N REEWREEREHEHEHNRKE
£,

HTFAERMTFBSIM, LXSIMBRERNBESTHER
B, BEENHSERNNN, UEBELXSIHBIRRS

LX# & = VHARVEST-ON X tB00ST-ON/LXiMAX =
VHARVEST-ON X (8.5 x 10~7)

RREAEFERETH,
FEEWET FiRIT
BRI UEBRERGE =T TR LMWK, boostl
SHHEANKRIRE(MPPT), REBWENBD, ERBX
BEERT NEXN B BIEE X, WENEIEERE,
SSRBERFEN EBKE(MARZRE), IEWESRY
ABFHR, WTEHMUENTR, BT HENBRSHAE
N, BBFEESRK, X TboostiE T &, FEMF
HR—REIVA;, EAMPPTREE AR X WE AT E N
B, ENTTHEMEARSHESBER, THEE

RRE, MPPTRGAIUN B R ELEE, BEHEEHE
WE, FEHRSERNRE, IHLENNEFEFHS

RRAMER, /LA, BAMTAEBERERRS
REBROXR L,

LDO%i i T1E
SBEBYIDORERIBEREGS MM BE, RESEME KR
HEHE, RESTEE N33V, 2.3VEH1.8VaEH, LDO
FHEHSETIMANRAH ERKBRER), BHE, TXHA
R RER SRR MBS RN, WREMHRAT
e, UWIOBRBRITZ FRERSHHERESERLE
B E K,
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CHG

1 auseon

MNAXI/
MAX17710

1.0vT0 2.0V
CHARGE
SOURCE

LX

FB

B3 7B EJESF1.0VHI2.0VZ 8, BTiEboost T 1E4E
BYFB A E B 5%

MPPT
(MAX POWER
TRACKING)

BOOST HARVEST

P

/\
LINEAR

HARVEST

BREAK-EVEN
THRESHOLDS

CHARGE EFFICIENCY

\/

POWER FROM HARVEST SOURCE

4. EERERET BHEHXF M 4
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HAES|HBCT RS R IFAEZES BRI LR, LDO
B, EBHARIREERESRME L, SBHEEEWPCKPY
SNEREE AT, HPCKPHEEAZI. VI FrERER M,
BT KERER, BHEMPCKPEHELDOS B(MIEEEM
B ), IFEATSRGFIRFERARARNES IR PN
MHIRRBEIR, MENTEAEEREW KRR ERR.

—BEHELFRERENR, AESIHUTRFEZESBIENE
BB FFEIRS, MU RFER. RERAESIHREBE
REFZTRINTE, LDOAIRE XWIRE, HF, ®LCE
BoORIREN s RIFEREGSI I EIE, ASIEAES| BBk T IKE)
NRFEZSHRJEBE, FLDOMBE KB RER, FE,
RER AR B RELFEEREDR B RORS,
RERERXT, MBS EREEILGONA, %
REH &R RO H B M A0UA, SAESIB T EXRM, wWR
LCES| M FF B8t ZREG, RESRRIFERN,; KBLCEKE)

MAX17710
REEU S L RN R IP AR

EEZEEBEIRUT, BESEREXUER, ELH
FARESEHRESE,

Bt T EFE(UVLO)
R BMAPCKPE AR EEXF M H M E St B, PCKP®
E¥B A L%, PCKPERE, REAmEESEIETE,
M AFPCKPEEKRE , EMEISRME T, BHEXEX
B EMEHNTERR, PCKPRUX f 7 = T 15 67,
RUBAWREGH H, BRTHN MR ERSEME, BlE®
IS B, REGH H A i, BATTERS HIRMEEINA (81
ElE), —BA4UVLO, BEREHEBREXARS, B
DS UMY FTEEREEERS(Veng > 4.15V), EG6FT
RAUVLORIPHE

WK A 8% B EREGSPCKP, i1 iF B # & # 2 85t
BB TR XM NBSBR, FE4XFRER,

POWER-ON RESET (POR)

By 1k Bt g e
SHUTDOWN _ LCE PULSED LOW
p PRCEKP OFF
G OFF _ AEPULSEDLOW
loBaTT = 1nA (typ) <
AE PULSED HIGH
\
LCE PULSED AE PULSED
STARTUP
STARTUP SUCCESS AE REGULATOR HBH | AEANDLCE Low LCE REGULATOR
PCKP ON Voo » 37V ACTIVE > REGULATORS ACTIVE > ACTIVE
CHARGE REG OFF — > LCE PULSED AE PULSED
DETECTED IoBaTT = PCKP CAPACITOR PCKP ON LOW PCKP ON HIGH PCKP ON
VCHG > VCE CHARGE CURRENT REG ON - REG ON < REG ON
+7250A (typ) lagaTT = 725nA (1yp) IgBaTr = 87504 (typ) lggaTT = 1500A (typ)
STARTUP FAIL | | |
Vpekp < 215V CELL UNDERVOLTAGE
AFTER 55 VpCkp < 2.15V (HIGH-CURRENT MODE)
v Vpekp < 3.0V (LOW-CURRENT MODE)
AFTER 50045
UNDERVOLTAGE | _ |
LOCKOUT < |
— PCKP OFF -
REG OFF <
laBaTT = 1nA (typ)

5. FES R EE

MAKXIN
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MAX17710

peEWEFTBEEFMRIPEE
eELIEE s THIRTP S
41y I
41y BATT 215V . S
BATT 215V T U
o 1 1
41y ; }
v o POKP
PCKP : oV : i
ov i i
VOH-AE VOH-AE j‘ ‘
AE AE ' '
VoL-Ae VoL-AE ! 1
33V ‘
REG UVLO 3
ov ov : o ‘
i >1yvLot > ]
‘ (5s typ)
a. NORMAL REGULATOR QUTPUT ENABLE SEQUENCE b. REGULATOR QUTPUT ENABLE FAIL DUE TO UVLO TIMEOUT
41V
BATT 215V resszze
oV : .
: : 4V
' ' T {
44V i | BATT  30v 1
POKP 215V — PP v
w — 1
3.3V ‘
3.3V :L i REG \\
REG \”\1\ ov ;
ov : y 3
>tUvL02 ‘ : ;
Goosyp) 0T
A UVLO
UVLO ov
ov
¢. HIGH-CURRENT MODE REGULATOR OUTPUT DISABLED DUE TO UVLO TIMEQUT d. LOW-CURRENT MODE REGULATOR OUTPUT DISABLED DUE TO UVLO DETECTION

E6. UVLORIFE =
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FEEREHE EE1E
SEL1S| B T ZEREGTE B K, J5SELTE # EBATT,
w818V, SELTA=AE, #WH 433V, BSEL1#ERE
ZGNDH, W A2.3V, &, FRRASTHEIEFEREE
BE, NTEXBREHL, XMXHNBEER, REEHE
Eb; /91%30

PCKP?/W%@J&?%
ApEf Bt HNREATS, FE—ENRSE, %Uﬁfl
PCKP f 8 FF X A8 IR DA% & 32 37 3% SMED B8 78 o A By 1E IX
BERERAE
o EERIHAE, BF RS AHABITEMRBER.

o HWANTRIEN (H120-40°C), BT BMEREKX, £5
BB AN R FF R E BT,

s AGERNOHBNS T BMWIRIARIHBIR,

3. TR R EIRE

MAX17710
REEW R TR AN RIPER

SBHBIRFBATTEPCKPH B, RIEBMBETEE
EE216VILT, MRt B RERP. RT BE KR
5N, PCKPFF X Eﬁﬁﬂﬂﬁ%lxi'flﬁﬁms;:%—aﬂ_ EIBZY: RPN

B, f% ﬁiil FUHTHEBBERS, TR
ETXERPIE, BUAEPCKPSIMRERBR, BT

X R E'%E"]j(EEﬁHz?)EF, M X FIRIT K F Bt RS
EH I WO kOt T B BB

of PR BB KHPCKPE R, RIFEEMEE EERANBER
e EpoR e, FAEBEMOTEY THEEENBT
XHEERH, BRRAIANTRAEEELS.
Cpckp = Itask x tTask/(3.7 = VmIN)
.

lTaSk BB TR EN BN, trask I RITES N5
B, VMINARER/NEE,

ZAEEBATTHENR S, TRIFRIE B,

SEL1 PIN CONNECTION

REG PIN OUTPUT VOLTAGE (V)

Connect to BATT 1.8
Open circuit 3.3
Connect to GND 2.3
F4. FEM ARPCKPS| IR AE
VMIN trask (ms) lrask (mA) Cpckp (HF)*
3.0 5 8 100
3.0 5 4 50
2.8 5 5 28
2.8 5 2.5 14
2.3 5 5 18
2.3 5 10 36
*EEEEHREE,
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MAX17710
REEW R TR AN RIPER

e l5.8 ElE 82
8 N %%ﬂhﬁ?‘ﬁﬁ S EH), E=EEchina. i
maxim-ic.com/packages, & &, 3 %Rt L. "# PART TEMP RANGE PIN-PACKAGE
H - NETROHSAE, HEEBDTEOESTIRUER TS, MAX17710G+U -40°C to +85°C 12 UTDFN-EP*
EBHEERISHEFX, SERoOHSKAEEL X, MAX17710G+T -40°C to +85°C 12 UTDFN-EP*
i#?ﬁ%“eﬂ ﬁ%‘égﬁﬁg MRS Eﬁ?ﬁﬁfﬁ% +Z:€7‘;;47_Ef;(;?)/’kaROHsz/EWij%O
= i e U w1,
12 UTDFN-EP | V1233N+1 21-0451 90-0339 = HFHEELE,
*EP = #IEH,
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