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ABSOLUTE MAXIMUM RATINGS
PWR, SENSE, IN, FCOMP, SCOMP,

GATE, SOURCE, CALSENSE to GND ............... -0.3V to +28V
PG, CAL, BIAS, UV, OV, FAULT, CSOUT to GND..-0.3V to +6V
REG 10 GND ..o -0.3V to +4V
GATE to SOURCE -0.3V to +6V
IN to FCOMP, IN to SCOMP, IN to SENSE,

INto CALSENSE ... -0.3Vto +1V
GND to AGND.............. -0.3V to +0.3V
FAULT, PG Current -1mA to +50mA
GATE, SOURCE, GND Current .........cc.cooeeeeeieiiiiii 750mA
Input/Output Current (all other PINS) .....cccoviiiiiiiin 20mA

Continuous Power Dissipation (Ta = +70°C)
20-Pin TQFN, Single-Layer Board
(derate 16.9mW/°C above +70°C)..........cc..ccceen... 1355.9mW

20-Pin TQFN, Multilayer Board

(derate 25.6mW/°C above +70°C)......ccccccevirrinnnn. 2051.3mW
Junction-to-Ambient Thermal Resistance (Note 1)

0JA, Single-Layer Board

0JA, Multilayer Board ...........ccoccooooviiiiii
Junction-to-Case Thermal Resistance (Note 1)

0Jc, Single-Layer and Multilayer Board...................... +6°C/W
Operating Temperature Range
Junction Temperature ...............
Storage Temperature Range..................
Lead Temperature (soldering, 10s)
Soldering Temperature (reflow) ...,

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to china.maxim-ic.com/thermal-tutorial.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation 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

(VPWR = VIN = 12V, RSENSE = 4mQ, RFcomp = Rscomp = 2kQ, RGATE = 1kQ, CGATE = 330nF, CREG = 1uF, unless otherwise noted.
Typical Values at VPwR = VIN = 3.3V, TA = +25°C, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Voltage Range VPWR 2.7 3.3 16 V
Undervoltage Lockout VUVLO Minimum rising voltage on PWR 2.69 V
Undervoltage-Lockout Hysteresis | VUVLOHYS 100 mV
Supply Current IPWR 0.734 4 mA
Internal LDO Output Voltage VREG 2.7V < VpwR < 16V, 0 to 5mA 2.49 2.6 V
CURRENT-MONITORING FUNCTION
IN Input Range Common-mode range 1 16 Vv
SCOMP Input Range 1 16 V
FCOMP Input Range 1 16 \
IN Input Current 135 pA
SENSE Input Current VIN = VSENSE = 1V to 16V 6 pA
Circuit-Breaker Current (Slow B
Comparator) Iscomp |Vscomp = 1V to 16V 24.0 25 26.0 pA
Circuit-Breaker Current (Fast _

Comparator) IFcomP | VFcomp = 1V to 16V 48.1 50 51.4 pA
Elr(r)c\;\; Current-Limit Threshold VSENSE - VSCOMP = 50mV 20 o1 mv
Fast Current-Limit Threshold Error VSENSE - VFcomp = 100mV 2.2 +1.4 mV
Slow-Comparator Response Time t 1mV overdrive ! ms

P P SCb 50mV overdrive 130 us

' 10mV overdrive, from overload condition,

Fast-Comparator Response Time tFSD VPWR = 12V 200 ns
2 N AXIW
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ELECTRICAL CHARACTERISTICS (continued)

(VPWR = VIN = 12V, RSENSE = 4mQ, RFcompP = Rscomp = 2kQ, RGATE = 1kQ, CGATE = 330nF, CReG = 1uF, unless otherwise noted.

Typical Values at VPwR = VIN = 3.3V, Ta = +25°C, unless otherwise noted.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
CURRENT-SENSE AMPLIFIER
Input Common-Mode Range VIN - VSENSE 1.5 \
Input Offset Error 0.1 mV
10mV < (VIN - VSENSE) < 50mV,
. 40°C < Ta < +85°C 2457 2500 2537
Transconductance Gain am oMV < (Vin - V. )< 50mV uS
mV = (VIN - VSENSE) = oUmV,
0°C < TA < +25°C 2467 2500 2532
Set VIN - VSENSE = 50mV, measure ICSOUT,
VcsouT = 25mV (-40°C < Ta < +85°C) 122.2 125 128
Set VIN - VSENSE = 50mV, measure ICSOUT,
123.5 125 126.5
Combined Gain and Offset VCsouT = 25mV (0° < Ta < +25°C) A
Accuracy Set VIN - VSENSE = 10mV, measure ICSOUT, 205 o5 276 H
VCsSouT = 25mV (-40°C < Ta < +85°C) ‘ ‘
Set VIN - VSENSE = 10mV, measure ICSOUT,
VCsouT = 25mV (0° < Ta < +25°C) 247 25 253
2mV < (VIN - VSENSE) < 10mV
(-40°C < Ta < +85°C), 10 +10
% error = (ICSOUT - (VIN - VSENSE) x % of
0.0025)/(10mV x 0.0025) 10mvV
2mV < (VIN - VSENSE) < 10mV Full-Scale
(0°C < TA < +25°C), 6 e Output
% error = (ICSOUT - (VIN - VSENSE) X ' '
0.0025)/(10mV x 0.0025)
2mV < (VIN - VSENSE) < 25mV
(-40°C < TaA < +85°C), a4 e
% error = (IcSOUT - (VIN - VSENSE) x ' ' % of
0.0025)/(25mV x 0.0025
Total Full-Scale Error A ) 25mV
2mV < (VIN - VSENSE) < 25mV Full-Scale
(0°C < Ta < +25°C), 09 0.9 Output
% error = (IcsouT - (VIN - VSENSE) X ' '
0.0025)/(25mV x 0.0025)
2mV < (VIN - VSENSE) < 50mV
(-40°C < Ta < +85°C),
2.3 2.3
% error = (ICSOUT - (VIN - VSENSE) X ’ % of
0.0025)/(50mV x 0.0025) 50mvV
2mV < (VIN - VSENSE) < 50mV Full-Scale
(0°C < TA < +25°C), 09 0.9 Output
% error = (IcSouT - (VIN - VSENSE) X ’ )
0.0025)/(50mV x 0.0025)
Output Common-Mode Range CSOUT voltage range 0 2.5 V
POWER-GOOD
PG Delay tdPG 50 ms
PG Threshold Rising VTHRPG | VIN - VSOURCE falling 100 mV
PG Threshold Hysteresis 100 mV

MAXIN
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ELECTRICAL CHARACTERISTICS (continued)

(VPWR = VIN = 12V, RSENSE = 4mQ, RFcompP = Rscomp = 2kQ, RGATE = 1kQ, CGATE = 330nF, CReG = 1uF, unless otherwise noted.
Typical Values at VPWR = VIN = 3.3V, Ta = +25°C, unless otherwise noted.) (Note 2)

PARAMETER | sYMBOL | CONDITIONS | MIN TYP MAX | UNITS
CHARGE PUMP (GATE)
Charge-Pump Output Voltage VOHGATE |Relative to VSOURCE 4.5 5 55 V
Charge-Pump Output Source VGATE = VSOURCE = OV 4 5 6
IGATEPU HA
Current VIN - VSOURCE < 100mV 8 10 12
Charge-Pump Pulldown Current IGATEPD | VGATE = 2V, VSOURCE = 0 to 16V 500 mA
OUTPUTS (FAULT, PG)
VOLFAULT/
Output Voltage Low | = 3.2mA 0.4 Vv
p g VOLPG SINK
Output Leakage (Open Drain) “‘ﬁ?ﬁéw Tested at OV and 5.2V 1 pA
UV/OV COMPARATOR INPUTS
UV/OV Threshold Vuv/ovr | UV, OV rising input voltage threshold 580 590 600 mV
UV/OV Threshold Hysteresis Vuv/OvHYS | UV, OV falling input hysteresis 4 %
UV/OV Input Current Iti%\\/// Vuv = Vov = 0V and 5.5V -100 +100 | nA
CALIBRATION MODE
CAL Low-Voltage Input VILCAL 0.4 V
CAL High-Voltage Input VIHCAL 14 V
VcaL = 2.5V, the CAL input pulls low if left
CAL Input Current lIHCAL unconnected 20 pA
CALSENSE Input Current +300 pA
FAULT RESPONSE
Retry Timeout Period tRETRY | MAX5977B 175 | ms
Note 2: All devices 100% tested at TA = +25°C. Limits over temperature guaranteed by design.
BRI TERFME
(VPWR = VIN = 3.3V, Ta = +25°C, RFcoMP = Rscomp = 2kQ, RGATE = 1kQ, CGATE = 330nF, CReG = 1uF, unless otherwise noted.)
TRANSCONDUCTANCE
IPwR vs. VPwR VN - VSENSE vs. lcsout vs. TEMPERATURE
0.73 5 125 8 2550 T T T T 2
S S | Vin=VpwR=12V =
072 g 5 240 17y - Vaense = 10mV AND 50mV g
071 : 100 2530 :
0.70 / 2520
E 069 % 75 @ 2510 —
= 068 3 E 2500
a A [&]
— 067 / = 50 2490
0.66 // 2480
0.65 / 25 2470
ViN=Vpwr =12V
0.64 V4 Resout = 10kQ 2460
0.63 0 ‘ 2450
0 5 10 15 20 0 10 20 30 40 50 50 <25 0 25 50 75 100

VIN - VSENSE (mV)

TEMPERATURE (°C)

MAXI N




1VE16V. RiEE. AfkiZFEE,
te S EE R el

HITIERFIE (4)

(VPWR = VIN = 3.3V, Ta = +25°C, RFcompP = Rscomp = 2kQ, RGATE = 1kQ, CGATE = 330nF, CReG = 1uF, unless otherwise noted.)

I_comp vs. TEMPERATURE VGATE vs. VIN
55 lg 525 2
50 X S 5.20 S
45 E e
IFcomp 515
4 5.10
z 35 = 505
g ¥ £ 500
S 5 N = 1%
20 » : g
15 Scomp 490
10 485
5 480
0 475
50 25 0 25 50 75 100 0 5 10 15 20
TEMPERATURE (°C) Vin (V)
CURRENT OUTPUT ERROR
vs. VIN - VSENSE tscp vs. OVERDRIVE VOLTAGE
1.0 T T g 1000 s
08 \ Vin=Vpwr=12V_|2 E
’ \ Resour=10kQ |2 3
g 0.6 \ Z
S 04 N
oc
5 02 A _ N\
5 £ N
g0 2 NG
= 02 @ N
=
& ) \
5 - ~
oD \
© 06 ~_
038 ™~
-1.0 100
0 10 20 30 40 50 0 5 10 15 20 25 30 35 40 45 50
VIN - VSENSE (mV) OVERDRIVE VOLTAGE (mV)
SLOW-COMPARATOR RESPONSE TIME SLOW-COMPARATOR RESPONSE TIME
(50mV OVERDRIVE) (50mV OVERDRIVE)
MAX5997 toc08 MAX5977 toc09
AR TR AAARERERRERRAAE RRAMS v LARAAL RAMAR RA MRS
IR we— woesta .4 ViN- Vsense e ot -+ | VIN - VSENSE
: Lo Cooro o 450mV/div Lo oo 2 100mv/div
.._J ..... W v ..,J .......... oV
TREINEINEIWEITON MOOE MU SR -7 Venre
A S T Sv/div s Coe 5V/div
T T D— oV o N oV
N y o N " N B ottty o . - . o .
SUUPETOUUDUUUE PP PRNS. SOUUSSUPPS TSRO PPP VSOURCE L i Vsouree
A : L ©o ] 2vdiv oo A ¥ 2V/div
L e e oV oV
RSENSE = 4mQ o RsgNsE = 4mQ - 5

20ps/div

MAXIN 5
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(VPWR = VIN = 3.3V, Ta = +25°C, RFcompP = Rscomp = 2kQ, RGATE = 1kQ, CGATE = 330nF, CREG = 1uF, unless otherwise noted.)

FAST-COMPARATOR RESPONSE TIME FAULT RETRY TIME
(10mV OVERDRIVE) (MAX5977B ONLY)
MAX5977 toc 1 MAX5977 toc11
AMMRERMENT 25 T ARARE RARSY T LARAAS RRARE ARAL MM
. . . " . N . N : N . N
LT VIN - VSENSE g ] Vi Vsense
100mV/div C A : o n Y somvdiv
o Scenteacan: s as LU
VGATE VGATE
5V/div 5V/div
ov ov
VSOURCE 4 Vsource
Lo R 2V/div S : : P 2V/div
----- e —— () et SEEEEER S
RSENSE = 4mQ oo RSENSE = 4mQ : Lo
2us/div 40ms/div
Icsout SMALL-SIGNAL Icsout LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
MAX5977 toc1 MAX5977 toct
: ARARS SARLY AL I A T T
A VIN - VSENSE VIN - VSENSE
: 5mV/div N Lo 20mV/div
2 o S s [
: T e
S E ©oo i Vesour : VesouT
PP Y 15 PP, AP PPN P 100mV/div - ] 500mV/div
Rosout = 10kQ2 T Rosou = 10k - 5
20ps/div 20us/div

6 MAXI N
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TOP VIEW % = g 3
ERTREIRIR
FAULT |16} y-o-ooooooooomeop (10 | CALSENSE
CAL 17 Maxiam | 8| SEEE
o |t 1 MAXS9TZA L g |
T MAxegre i T
Ic {19 {17 |scomp
EP*!
BAS[20}) e | 6 | FComp
* i1iieii3iialis
258353
THIN QFN
*CONNECT TO AGND.
5| it RA
ElL: EA Ih&E
1 REG RS, B —MuFEBEAZEREG,
2 PWR RN, BT — 0Pl E KA ENBERSHEPWR.
3 AGND I
4 uv BEFEEY. BREFBEAN. WHATHB/XEEE, &EMAXEDE IR,
5 oV REBFEN. BREFBEN. OVETHE/FIEE, REM NI EME IR,
6 FCOMP IR RE BELL FR B I N A FEE TEFCOMPE INFYFEBRIR B IR 1 firh /2 W% 231 TR,
7 SCOMP RIRIFTEL 2R LL 2 BRI N ) P4 7E SCOMP Z IN B BB PR IR B3R fih /% 25 221 1 PR
8 IN PFR B RN
9 SENSE FE TG BB R N o 1883 INR SENSE 22 [B] SNE 6 it Fi8 BEL PR i ) B J U £ S R 37 o
10 CALSENSE | RUfEEBEHIN.
11 PG EETEYEBRHE TR T
12 CSOUT PSS AR MR B4 . CSOUT#HE FE AT 2 SENSE A INZ [ U & B JE S B S48 35 (2500pS,  #4AIE )Y
FeRo
13 GND Hh.
14 GATE MRIEE o 15 GATE EHE 2 IMNEBnAIE MOSFET I = A o
15 SOURCE MOSFET /RS JEHI N o 5 SOURCE S 2 2= 43R nAE MOSFE T HI TR
16 FAULT BB R AESEm L. &S, FAULTRIR.
17 CAL KRB TR BN
18, 19 I.C. WE &R, EEE,
20 BIAS REBN, EEBIASSREG.
— EP BIEHE, EEZEAGND.
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ThEEHEE

IN A
CS AMPLIFIER csSouT
SENSE 0
CALSENSE S| Mux - |
1 g
. CHARGE
CAL ? WM AXI VI PUMP
MAX5977A 7y
- OVERDRIVE MAX59778 GD 5uA
DELAY
2MHz GATE
+ OSCILLATOR
SCOMP * - y ﬁ > GATE SOURCE
- 0D DELAY/ PULLDOWN
CB TIMER T
= + =
IN
FCOMP _ h
sTC PG
50pA FAST CB + \i
50ms
= + PG TIMER
IN - 100mV
uv h
uvp
0,59V -
quUA 10pA
FAULT
ov A
ovP - |
|
0,59V -
S Q _
POR 4T\ GND
> VL0 ® R f_
A ’ﬁ'—/ —
PWR
REF/ AGND
LDO > 0.6V AUTORETRY ENABLE =
te oS MAX59778 -
RETRY TIMER
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Wik 2R RIS E B RN IhEE. ATRER R ER
P INREFE R B AR IE B 25 B ANEB NS AIEMOSFET < 8, 3
B R HITET.
VariableSpeed/Bilevel i fE & H BTSN GRERIZE, 1
B RFA R W B 22 R IPThRE. BS S A K 2RAE T
REESENEBEEREREN, HREESNNRERT.

AT FE R JEFIL R
HUVIR B ESTF590mV. OVimeB EMXF590mVEs, ]
PRAE X EANL R R IP B R G R BE PR IR B 8. (R RERIAIR
BiEE, WROVIRE/EBIIS90mVIIRIE, AiHKIEE
T3 < A o

R IR hET
SOV BAER AR AHMRIESI R e, REBELER
TIER e BB SN AEEMOSFET. GATE3IHIAISpA (82
BME ) BB AN N AIEMOSFET M -IRER R Z 1B TR,
R E AN T SOURCEMINHIRREAZ|SV (HE1E).

AT YR A [RIE A % FORE 1
R T TR RS

EABRBENES TELHT, BRI ST INFD
SENSE 2 [8] 9 5B 46 7% #8 P (Rspnse) 7 3 A9 B8 & 5 INAT
FCOMP. INFISCOMP z (815N B3 57 b 2% 22 1 TBR 1% E FE BR.
iR AT EFEATXEE, DU B R . R AFCOMPAI
SCOMP ¥t N\ 3k B9 S48 FE R AL IR IR B i 2211 PR
4N SR 46 7t EB PR R i B B T AP T ok a5 ik A AR R o fo 2 3 R W
BERIIR, GATEmH B AFAEBEY. MRHFIREE
SHEBEEBIEE—NIRE,. GATEMENIEITI500mA
M E8 7% TR Z SOURCE, FAULT MIPGHIH B AT,
B _E B bR T B 88 T PR I, SRS 7E200ns
(B8 AUE ) A (8] 9 = W SN EBMOSFE T

MAXIN
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O B E BT =R AR )R LR, NETER [T
AiTHTe A0SR AGI R EELL B HURM IR R IR, ™mER
SRS (AR R T ER R B, SRS RESMEMOSFET.
NSRRI LA I BR ImV, {732 W7 2% 25 T P 28 1%
ims (HEVE)AFFRITH,; MRBIS50mV, ER=RNE
130ps (S22UE) AFFIATTRT.

Bt M A RS
EESBENARIRE 10mV Z50mVENEBEEEA
BRRERTIXNSHEENE, AT REBRETHEE
Mo R+ TE INFISENSE 22 [8] B9 HNER AL 7T B BEL 90 s B9 A€ N
B RS ARRHIE S8 5 (2500uS, #2E), AMFE
CSOUTHIRR A4t »

BER
LRERNEFBACALATRTH, SENRERAS
S BESHASREAN, NEINSCALSENSEZ BRI E.
XA RTE P PR B &0 RO A R AR P 2 R U A I A A 25 480
N, ZBENRNTKRFRAHEERRQN B E. RERT, B
e A RE R &IN5 CALSENSE < B IRUfERE Ko
REEXNTERE, APl R RRE —B
PENRERIC, FECALMANZ AEBTFZR, A& IER
o XAFATAEREE T, BEEMNES MUERENZ D
BT

A= it
R AEAREREL R IE LA AR PR R Y, FAULT 3 ¥
MAXSOTTAEMEEA TR=AM, REEIHMA L8
SR SHUVALZ590mV NN E# & (088 7 BE M 58 7 31
7o
MAX5977BEBE S EINE AR 175ms/a, EHTEER
WwikEL, MRSEEMERARBEBHNFZNE, FAULT
KA EERT.
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R &
BHEFEE NIRRT S HPGR T8 R~ A B R 5t 2
RS MRMNEEFE BT EFLEEZR. V) -
Vsource & F 100mVHEBVGATE - Vsource AT 4V, Ea
FPGERER. 50ms PGERHRBIGE. PGEAGEF.

MAES

R EFITERIF
K EFS ERIPTIBE T =R ECEBPA(RT. R2FIR3) A HY
DESRHFITIZE. EIREMERERNFAREBEERISAKT 5pA.
AEMTBEETERNER, PN Electrical Characteristics
FAEMEEIR(Vovr)s ZEIR(NVyyr) Flid JE i @
(Vovhys) ITEHEEE:

r3 - YOVR
Is
V x V|
R2 = IN,OV X VUVR _1lxR3
Vin,uv % (Vovr - VovHys)

Y
Ri=[-NUV _1]x R2+R3)
VuvR

He, \/|N,U\/*DV|N,Q\/7\]?‘\%¥ﬁ}E¢ﬁ)\%EINﬁﬁgﬁ%E"]TUﬁ
LRI Ro

AT 4 2 1 FI i3 FE 75 BR A1
I & 7E RsensE B -5 SCOMPFIFCOMP 2 [B1H9 B8 BRI
BRI R IR & R FI A N mEAE IR E B R &
IIBR:

ISENSE, scomP X RSENSE
25uA

Rscowmp =

F#H:
ISENSE, FCOMP XRSENSE
50uA
H, Isense, _comp AR R i BB it BR i BT 22 5K BO b 2%
SR

Rrcowmp =

10

V=t

MBHEBEABHMESEG, HEABEASVHM-EBE
BEIN N AEMOSFET xR 518, UHAFRSRIR-
JREE[H. BARAEGATEmREHSuUABRR, EHEHEES
BRERR, WREGATESH Z BIIEMINBRER, PliFE—
SHERERRE, BIkQBASIZERREE, AIBHIEENAISE
FIER AR WA (8] MR EE R IE R JV/dt 5 E BRIk
MEAEERBEINE B ZIRAER.
FAGATE LRI R IgaTePU R AGATE S Z B f9 BB, A
MR Behd BRI dV/dt. SMBMOSFET BRI EE
BEMAR e £ 1k, AL A E B dV/dtSiRdV/dtiEE. R
AR MEdV/AtSREBARNERR. ARERBEV NER)
W dV/at B2 BEhRTE tgy.
WARITIERINMOSFET 88 955% 2 B s A2 B TR FEET
EK, RIBEMREBNIRRABEREAE, MMOSFET
HR-R)EBRSMHBERBAEERIEXE. Fit, I
FEEREA(VIN x RIBBM)/2. FFEERTE Aty B9 Ak /H
R KXEHESE. 55 EMOSFETHIB AR A RMAES 5,
MEBNMIBFHNERABERL, RBERZEAIN BT
EMEEG TR KRER.

SRR AR
07t B8 PR RspnsE D AUE R TE INFASENSE Z (8], BARSIR N
FE BT . Rspnse B ERE SR T2 & FRRB 7R
IR, BE UL NARYE N B RseNsE:

RsENSE X ISENSE,Fs < Vscomp

HA, IsENSEFSEMAAFANHEERIR ., VscompaIRIRE
TRBRHEIIRe N RAF /RN ERE T NS Rsensp B R
INFISENSE .
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%0 BB B RcsouTWA I B i T IS S BB A A U AL K 2 D L
CSOUTEAGNDZ i, M AZREIE S GviBE H2500pS:

Rcsout X Gm x VseNSE, Fs <2.5V

i MOSFET#:#E
ARAE BN AR T/ N AN MOSFE T, REH%
S48 88 (Rps(on) R B EAIMOSFET, WA @254 T
HER S, ATRHIMOSFETHIIIE. MBHFEMH
. BEBHRDs(ON ST ML, TR TR
EEAG AT BHTEHEIER TR EREREER (S
TMOSFETHI£BEE EH5).
MA X597 TAR IS 1 4 88 5 % B BUE T R 5 {E 10
MOSFET. %, MOSFETREWBAZ IS THEMER
B T A B

MOSFET# 4 gEZE
EEE1TR, SNBMOSFETHITNER K. MOSFET 25
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MAX5977A/MAX59778B
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