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MAX4370

DualSpeed/Bilevel

ABSOLUTE MAXIMUM RATINGS

VINTO GND o +15V
STAT to GND -0.3Vto +14V
GATEtO GND ..o -0.3Vto (VIN + 8.5V)
ONto GND (NOte 1) oo -1V to +14V
CSPDto GND............. -0.3V to the lower of (VIN + 0.3V) or +12V
VSEN, CTIMto GND ........ooooiiiiiiiiiice -0.3Vto (VIN + 0.3V)
Current into ON.ooviiiicc e +2mA

Current into Any Other Pin........occoooiiiiiiie +50mA
Continuous Power Dissipation (Ta = +70°C)

SO (derate 5.9mW/°C above +70°C)......ccccovvveieneann. 471mW
Operating Temperature Range ...........ccccccoeenn. -40°C to +85°C
Storage Temperature Range ................ -65°C to +150°C

Lead Temperature (soldering, 10S€C) ........cocevvviiiirinnnn +300°C

Note 1: ON can be pulled below ground. Limiting the current to 2mA ensures that this pin is never lower than about -0.8V.

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

(VIN = +2.7V to +13.2V, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at V|N = +5V and Ta = +25°C.) (Note 2)

PARAMETER | sYmBOL | CONDITIONS MIN  TYP  MAX | UNITS |
POWER SUPPLIES
Input Voltage Range VIN 2.7 13.2 \
Supply Current o) ON = V|N 0.6 1 mA
CURRENT CONTROL
Slow Comparator Ta = +25°C 45 50 55
\Y VIN -V mV
Threshold SC.TH | VN~ VSEN TA = TMIN 10 TMAX 435 56
Slow Comparator Response . CSPD = floating 10 20 40 Hs
Time 100nF on CSPD to GND 10 20 40 ms
Fast Comparator Threshold VFC,TH | VIN - VSEN 180 200 220 mV
Fast Comparator Response 10mV overdrive, from overload condition to GATE
) tFCD . ) 460 ns
Time discharging
VSEN Input Bias Current IB,vSEN | VSEN = VN 0.2 10 uA
MOSFET DRIVER
Start-Up Period . 100nF on CTIM 21 31 41 ms
(Note 3) START "CTIM = floating 55 us
Gate Charge Current IGATE VGATE = VIN (Note 4) 100 uA
Time from current overload to VGATE < 0.1V,
Turn-Off Time toFF CgATE = 1000pF to GND (triggered by the fast 60 us
comparator during normal operation)
During start-up (current regulation provided by 80
fast comparator)
Gate Discharge Current IGATE,DIS HA
During turn-off, triggered by a fault in normal
' : 75 225 550
operation or ON falling edge
Maximum Gate Voltage Measured with rgspgot .to V.'N; voltage at which 6.7 7.5 \
internal clamp circuitry is triggered
Minimum Gate Drive Volt ! 8.50A d above Vi M=V > v
inimum Gate Drive Voltage =8. , measured above
g GATE H IN VNS 2.7V 57
Gate Overvoltage Threshold S;zlatretl-guep is initiated only if VGATE is less than this 01 v
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DualSpeed/BilLevel

ELECTRICAL CHARACTERISTICS (continued)
(VIN = +2.7V to +13.2V, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at VIN = +5V and Ta = +25°C.) (Note 2)

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX ’ UNITS
ON COMPARATOR
Threshold Voltage VTH,ON VIN = 5V, rising threshold 0.575 0.6 0.625 V
Hysteresis VHYST 3 mV
Power-Supply Rejection PSRR | 27VsVins13.2V 0.1 1| muv
Ratio
Propagation Delay tD,COMP 10mV overdrive 10 us
Input can be driven to the absolute maximum
Input Voltage Range Von limit without false output inversion 01 132 v
Input Bias Current IB,ON 0.001 1 pA
ON Pulse Width Low tRESTART To restart after a fault 20 us
DIGITAL OUTPUT (STAT)
Output Leakage Current VSTAT < +13.2V 1 pA
Output Voltage Low VoL ISINK = TmA 0.4 Vv
ViN UNDERVOLTAGE LOCKOUT
Start-up is initiated when this threshold is
Threshold VuvLo reached at VN 2.25 2.67 \
Hysteresis VUVLO,HYST 100 mV
Time which input voltage must exceed under-
UVLO to Start-Up Delay D.UVLO voltage lockout before start-up is initiated 100 150 200 ms

Note 2: All devices are 100% tested at Ta = +25°C. All temperature limits are guaranteed by design.

Note 3: The start-up period (tSTART) is the time during which the slow comparator is ignored and the device acts as a current limiter

by regulating the sense current with the fast comparator. It is measured from ON rising above 0.6V to STAT rising.
Note 4: The current available at GATE is a function of VGATE (see Typical Operating Characteristics.)
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MAX4370

DualSpeed/Bilevel

(Circuit of Figure 7, VIN = 5V, RSENSE = 100mQ, M1 = FDS6670A, CBOARD = 470uF, CGATE =0, Rs = 0, Ta = +25°C, unless other-
wise noted.)

SUPPLY CURRENT (mA)

tospp (us)

SUPPLY CURRENT vs. INPUT VOLTAGE

SUPPLY CURRENT vs. TEMPERATURE

SLOW COMPARATOR THRESHOLD
vs. INPUT VOLTAGE

10 - 10 - 5 51.0 3
5 ON=Viy |E ] :
09 g 09 g 508 Tp=425°C g
08 ON =V : 08 Vin=12v E 506 Ta=-40°C —1
0 IGATE = 10uA Z o7 Vin=5V, \ 504 /\ \
. - =) - .
| —] = -——'—A‘ = //
06 = 06 Z 502 L >
05 / % 05 =500 /‘/ —
— : [T
04 / |t 5 04 e ; 2 498 /,/ f
_ Ta=+85°C
03 ON = GND 3 03 =3V 496 -
02 I 02 494
01 0.1 49.2
0 490
0 2 4 6 8 10 12 14 40 -5 10 35 60 85 0 2 4 6 8 10 12 14
Vi (V) TEMPERATURE (°C) Vin (V)
SLOW COMPARATOR FAST COMPARATOR THRESHOLD FAST COMPARATOR RESPONSE TIME
RESPONSE TIME vs. INPUT VOLTAGE vs. INPUT VOLTAGE vs. OVERDRIVE VOLTAGE
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108 g e
g 600 g
23 23 z z
CSPD = 110nF 206 RN - \
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@ = o —
]‘ EE® [ [Ta=s25C B 40 Vi =12V
21 21 2 = 200 5 \ Vin=5v |
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18 18 190 0
2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 1 10 100 1000
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FAST COMPARATOR RESPONSE TIME START-UP TIME
vs. TEMPERATURE vs. INPUT VOLTAGE
500 = 350 MAX4370 toc09 35
490 § Crim = 100nF
480 - = 330 TIME IN ms 33
Vin=12V
470 ey DR P R S N S
z 460 | ViN=5V 4 g 310 7%?? | g
S 450 Z £ E
= ’//\ e 290 Crim=InF 29 5
Y Vv TIME IN us
74
40 270 27
410 Vop=10mV 7]
400 L 250 2%
40 20 0 20 40 60 80 100 0 2 4 6 8 10 12 14
TEMPERATURE (°C) Vin (V)
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DualSpeed/BilLevel

C )

(Circuit of Figure 7, VIN = 5V, RSENSE = 100mQ, M1 = FDS6670A, CBOARD = 470uF, CGATE =0, Rs = 0, Ta = +25°C, unless other-

wise noted.)
GATE CHARGE CURRENT
vs. GATE VOLTAGE
120 — -
Vin=12V E
100 \ %
. \ \
< Vin =30V Vin=5.0V \
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Vour
(@V/dv)
ov

1ms/div

CpoarD = 470uF, Rsenst = 100mQ,

CeATE = 22nF,
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GATE VOLTAGE vs. INPUT VOLTAGE
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TURN-OFF TIME (Ceoarp = 470uF)
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DualSpeed/Bilevel

h (Circuit of Figure 7, VIN = 5V, RSENSE = 100mQ, M1 = FDS6670A, CBOARD = 470uF, CGATE =0, Rs = 0, Ta = +25°C, unless other-
n wise noted.)
" TURN-OFF TIME TIME TO CHARGE GATE
* TURN-OFF TIME (Cgoarp = 0) (EXTERNAL CgaTE = 22nF, Cpoarp = 470uF) vs. CgatE
MAX4370-19 MAX4370-20 1000 —
< [ N [ oN NO EXTERNAL MOSFET
E VGATE low  VGATE oAb & 100
(2V/div) (1A/div) (2V/div) (Adiv) E
Eo10
0A 0A 3
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1
Vour (ZV\;gug =
2V/div iv o
(2/ai) 2 01
=
=
oV oV 0.01
0.001
50us/div 200us/div
CBoarp =0, Rsense = 100m2, CpoARD = 470uF, Rsenst = 100mE, Cearte (nF)
CgatE=0,Rg=0 CgATE = 22nF, Rg=0
TIME TO DISCHARGE GATE ON COMPARATOR THRESHOLD ON COMPARATOR THRESHOLD
vs. CGATE vs. INPUT VOLTAGE vs. TEMPERATURE
1000 o 0.605 o 0.6100 -
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7 I i = Z
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) =] — | =) V=12V
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CeaTe (nF) Vin (V) TEMPERATURE (°C)
UVLO THRESHOLD VOLTAGE
vs. TEMPERATURE UVLO DELAY vs. TEMPERATURE
2.60 g 160 .
2.55 z Z
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5240 | —— =
145
2.35
2.30 140
40 15 10 35 60 85 40 -5 10 35 60 85
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DualSpeed/BilLevel

1 VIN 2.7V 13.2V
2 VSEN Rsense VN VSEN
3 GATE N MOSFET
4 GND
5 CSPD CSPD GND
6 CTIM CTIM GND
7 STAT ( ) 1
ON MOSFET
8 ON VTH,ON = 0.6V
ON 20ps
Cspp
'lH l_ CSPD
o Vin
MAXI ‘<: )M
MAX4370 \ Vsc, TH
245V 1 BuA S0my
| SLOW COMPARATOR L~ !
|i| b RsEnse
I FC, TH
INPUT 200mV
UvLO FAST COMPARATOR 7
150ms U
DELAY —® VSEN
ON y v
VIN RISING GATE
DRIVE M1
STAT |_> DISCHARGE I N
T LOGIC ENABLE CHARGE GATE
— CONTROL PUMP
ViN
0.4V
GATE
A OVLO
CTIM
* ON
Crim f 3 = ON COMPARATOR
— 0.6V
v
J_ v ouT
— GND
1.

MAXIMN

OLEVPXVIN



MAX4370

DualSpeed/BilLevel

C
MAX4370 . S
IC STAT («
| [START———————
3 T S———— Ve
MAX4370 NIN
3 ‘ 5 Vour
N MOSFET VeTe 3 IVTH 3
2 Vour : 3
1 | Caommo=LARGE
* Ieast, SET= == 4------ 0K
| Cgoarn =0
3 / [
ILoAD -~ S
( -« foN——]
Electrical Characteristic
2.
)
2
CTIM STAT
ViN (ON Vi
) ON _
ViN 150ms (DualSpeed/BilLevel)
( ( )
) MOSFET
DualSpeed/
2 BiLevel
2
1) MOSFET
1)
2 (20us )
50mV
IC MAX4370
MOSFET
2)
200mVv
100pA
( ) MOSFET
MAX4370 MOSFET
s (STAT) MAX4370

(RsensE)

3

MAXI N




DualSpeed/BilLevel

STAT
]

VgaTE y

Vour

—

tq -—

IUM——

ILoAD
——{OFF——

3.
MOSFET
(CgoARD)
( )
200pA
MOSFET
50mV
20us(CSPD
)
CSPD
( 8)
20yus
( )
CSPD
6LA
CSPD 6uA
CSPD 1.2V
50% (
50% )

MAXIMN

STAT
GATE
GATE

(Vec,tTH=200mV)
80UA

20%
GATE GND
CgoARD

MOSFET

GATE 200pA
MOSFET

1000pF
MOSFET 60us

12v

GATE GND

MAX4370 MOSFET
ON

ON 20ps(min)

ON
MOSFET
ON 20ps
(min)
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MAX4370

DualSpeed/BilLevel

ViN ()() T
o .
1) - 12v J|
2) (  =GND) ov S
3) LR
| CONDITION
4) A GRON
STAT STAT oy »_
( 1) 4 STAT NO FAULT CONDITIONS
PRESENT
/ 4. (STAT)
Vin
(2.25V min)
150ms MAX4370 MOSFET
MOSFET MAXIMN R
SENSE
150ms MAX4370
Vin ViN —
UVLO
GATE DRIVE
CHARGE PUMP
Vgate 0.1V
MAX4370 +
I CBoaRD
5.
MOSFET (Vas)
+8V MOSFET
MAX4370 GATE . GND
\Y +7.5V
(Veb) (1)
Veb
1.
PART IN LATCHED-OFF MODE
PART IN OVERCURRENT STAT PIN
ON PIN DUE TO OVERCURRENT
START-UP CONDITION ON V|y CONDITION (STATUS)
Yes X X X Low
No Low X X Low
No High Yes X Low
No High No Yes Low
No High No No High
X =
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DualSpeed/BilLevel

CTIM tsTART
5.5pus
(
N MOSFET ) 6
N MOSFET
MOSFET tstarT(Ms) = 0.31  Cym(nF)
MOSFET  Rps(on) tsTART MOSFET
Rps(on)
2
A dv/dt
MOSFET
B
( MOSFET )
MOSFET MOSFET
dv/dt 1000
MOSFET 2 100
10
£
E 1
50mV 5
0.1
50mV
1.2 001
1.5 0.001
200mV 001 01 1 10 100 1000
a CAPACITANCE (nF)
6. Crim
) 3. RsENSE
P = (I 2 R
sense = (loverLoap)”  Rsense OVERLOAD FAULT CURRENT
(Crnn) Rsense | THRESHOLD SET BY | THRESHOLD SET BY
TIM (mQ) | SLOW COMPARATOR | FAST COMPARATOR
(tstart)  CTIM (A) (A)
MOSFET 10 5 20
50 1
100 0.5
2.
COMPONENT MANUFACTURER PHONE INTERNET
] Dale-Vishay 402-564-3131 www.vishay.com
Sense Resistors
IRC 704-264-8861 www.irctt.co
Fairchild 888-522-5372 www.fairchildsemi.com
MOSFETs International Rectifier 310-322-3331 www.irf.com
Motorola 602-244-3576 www.mot-sps.com/ppd/
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MAX4370

DualSpeed/BilLevel

A ( ) RseNsE
(Vec,TH=200mV)
MOSFET 2 CBOARD
1) (CeoarD)
ton = CeoarD  VIN/IFAST,SET
2) GATE MOSFET lrasT,seET= VFc, TH/RSENSE
2
(ton) MOSFET
( CgoarD = 470uF
dv/dt )
GATE GND GATE
(7
) MOSFET (ta)
( 3
4 GATE y Rsense M Vour
MOSFET N
o
BOARD
2 3 . T
( CgoarD=0 : =
CoATE PULL-UP .
) Vi VSN GATE | T Cate
STAT —
MAX4370 Mmaxam
o MAX4370
Rs Rs CeaTE
CBoARD MOSFET CSPD CTIM
GND
Cspp l Crim
s ( ) T 1 T
Vout (CoarD) -~ B B
*OPTIONAL (SEE TEXT)
7.
4. MOSFET ( )
(CeoarD = O 2A )
DEVICE CGATE MOSFET TURN-ON (ton) MOSFET TURN-OFF (toFF)
(nF) VIN = 3V VIN = 5V VIN = 12V VIN = 3V VIN = 5V VIN = 12V
0 220 160 190 70 130 145
Fairchild FDS6670A HS HS Hs ks ks bs
22 2.3ms 2ms 3.2ms 540us 1.1ms 1.95ms
International Rectifier 0 175us 130us 160us 75ps 130ps 160ps
IRF7401 22 1.9ms 1.8ms 3.5ms 540us 1.1ms 2ms
Motorola 0 101us 74us 73us 33us 67us 85us
MMSF5SNO3HD 22 2ms 1.8ms 3.2ms 470us ims 1.95ms

Electrical characteristics as specified by the manufacturer’s data sheet:
FDS6670A: Ciss = 3200pF, QT(mAX) = 50nC, Rps(oN) = 8.2mQ
IRF7401: Ciss = 1600pF, QT(MAX) = 48nC, RDS(ON) = 22mQ
MMSF5NO3HD: Ciss = 1200pF, QT(MAX) = 21nC, RDS(ON) = 40mQ
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DualSpeed/BilLevel

I — VRer
iy i 1
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REMOVABLE
A B BACKPLANE ! CARD
—te E N
Ve oo 10k
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| gilapiagecy
5 T
(CspPp) olile i VSEN GATE | =
50mV o' e MAXI
CSPD o'l MAX4370
! N
( 8) :
: T
20ps(typ) 5
CSPD (100pF ) SE— K
@ | ' | @
RESET "
ON
10.
MAX4370 ON/OFF ON
( 9
ON
0.6V 3mV(typ) MAX4370
N V
© (Von) MAX4370
MOSFET
ON MAX4370
ON STAT Vv
IN MAX4370 CTIM
14V
Vin
ON
10 tSTART

MAXIMN
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MAX4370

DualSpeed/BilLevel

REMOVABLE CARD
CTIM BACKPLANE . WITH NO HOT-INSERTION
; " pROTECTION
START —
®| L 4 A\
VIN—l—(D—’VV\/—o—_\ EL——. e ° >
T . L
CgoARD < tstarT IFAST,SET/VIN Vi VSEN  GATE i T Feoie
MAXIM I —
MAX4370 oli|e
VIN J__ CTIM ON : E :
UVLO T :
Ves<VTH
MOSFET e lolt|%
UVLO —
MAX4370 E
11. MAX4370
(';’!/%fFET Pp,max() =Vin  lrauLT
: Re 1a=Rg ja(t) /rg 5a(1) Re 1A
MOSFET
MOSFET
Rps(on)
Pb=(ILoap)? Rps(on) MAX4370
2
(10mm
1) )
( 12)
2) MOSFET
MOSFET
(rg 3a(®) re uc(t))
2
(d =tsTART/tRETRY) 2

Rg ja() = (T3, max - TA)/Pp max(®
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DualSpeed/BilLevel

HIGH-CURRENT PATH

SENSE RESISTOR
o
°
MAXIM
MAX4370
12.
TOP VIEW
viv [1] 8] on
VSEN [2 | ZMAXIAM [ 7] sTaT
E MAX4370 :I
GATE [ 3] 5] crm
GND [4 ] 5] cspp
SO

TRANSISTOR COUNT: 1792
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DualSpeed/Bilevel

H H
N

H BHHH 1
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O
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EH

WRA#
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Al

SOICN.EPS

0°-g°

H

INCHES  [MILLIMETERS INCHES  [MILLIMETERS

MIN |[MAX | MIN | MAX MIN [MAX | MIN | MAX | N [MSoRR
A10.053[0.069] 1.35]1.75 D]0.189 |0.197 ] 4.80/5.00 |8 | A
A10.004 [0.010 | 0.10 |0.25 D]0.337]0.344] 855/8.75|14| B
B|0.014 [0.019 | 0.35/0.49 D]0.386/0.394] 9.80/10.00[16] C
C|0.007 [0.010 | 015 |0.25
e 0.050 127 NOTES:
E 0150 0157 380 400 1. D&E DO NOT INCLUDE MOLD FLASH
H|0.228[0.244] 5.806.20 B O ExCEED 18mm CanEs. o NOT
h 0‘010 O‘OEO 0‘85 0‘50 3, LEADS TO BE COPLANAR WITHIN
L [0.016 [0.050] 0.40[1.27 102mn (040

4. CONTROLLING DIMENSION: MILLIMETER

5. MEETS JEDEC MS012-XX AS SHOWN
IN ABOVE TABLE

6. N = NUMBER OF PINS
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