EVALUATION KIT AVAILABLE

MAX15068

General Description

The MAX15068 offers ORing function and hot-swap
features for two input-supply-rail applications requiring the
safe insertion and removal of circuit line cards from a live
backplane. The device integrates dual ORing MOSFET
controllers, a single hot-swap controller, electronic circuit-
breaker protection, and power monitoring in a single
package. The device is designed to operate from 3.7V to
18V supply voltages.

The device regulates the forward voltage drop across the
ORing MOSFETSs to ensure smooth current transfer from
one supply to the other without oscillation. The ORing
MOSFET turns on quickly to reduce the load voltage droop
during supply switchover. If the input supply fails or is short-
ed, a fast turn-off minimizes reverse-current transients.

The device implements a foldback current limit during hot-
swap startup in order to control inrush current, thereby
lowering di/dt and keeping the operation of the hot-swap
MOSFET under safe operating area (SOA). An internal
70ms timer starts counting when the device enters the
hot-swap startup phase. After the hot-swap startup cycle
is completed, on-chip comparators provide active current-
limit protection against short-circuit and overcurrent faults.
The load is disconnected from the input quickly in the
event of a fault condition.

The device provides current monitoring from 3A to 10A
(VIN = 12V, Tpa = +25°C with Rgense = 3mQ) with £0.6%
accuracy. A voltage proportional to the input current
delivered to the system could be read directly at the
IPMON pin.

The device is factory-calibrated to deliver accurate
overcurrent protection with +5% accuracy. During an
overcurrent-fault condition, the device enters an autoretry
mode. The device features an adjustable slew-rate control
during startup. Additional features include power-good
and fault-indicator outputs.

The MAX15068 is available in a 20-pin, (4mm x 5mm)
TQFN package and is specified from a -40°C to +125°C
operating temperature range.
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Dual ORing, Single Hot-Swap Controller with

Accurate Current Monitoring

Features and Benefits

e 3.7V to 18V Operating Voltage Range (ORing and
Hot Swap)

e 4.8V to 18V Operating Voltage Range (Current
Monitor)

e Seamless Power Transition of Redundant Supplies
e Controls N-Channel MOSFETs

e < 0.5us Turn-On and Reverse Turn-Off Time

e Current Monitoring (+0.6% Accuracy Typ)

e Programmable Slew-Rate Control

e Adjustable Current-Limit Fault Delay

e Programmable Circuit-Breaker Current Threshold

e Inrush Current Regulated at Startup with
Programmable SOA Control

e Programmable Undervoltage Lockout
e Small (4mm x 5mm) TQFN Package

Applications

Baseband Station

Redundant Power Supplies
Supply Holdup

Computer Systems and Servers
Telecom Networks

Storage Bridge Bay

Ordering Information appears at end of data sheet.

For related parts and recommended products to use with this part, refer
to www.maximintegrated.com/MAX15068.related.
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MAX15068 Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Absolute Maximum Ratings

INT, IN2t0 GND ... -1V to +24V CP2 O IN2. .o -0.3V to +14V
PG, EN, FAULT, CSN t0 GND .....oovooovvcerrre, -0.3V to +24V (o LcT I (ViN1 - 0.3V) to (Vepq + 0.3V)
CSP 10 GND oo -0.3Vto (Vjy +0.6V) (o172 (Vinz - 0.3V) to (Vepy + 0.3V)
Vg 10 GND ..o -0.3V to +6V Current into EN, PG, FAULT ........cccoeveveeeeececeeeeeeeeee s 20mA
ON, PC, IPMON, CB, CDLY to GND .......... -0.3V to (Vg + 0.3V) Continuous Power Dissipation (Tp = +70°C)

CSP t0 CSN ..o -0.3V to +0.3V 20-TQFN (derate 30mW/°C above +70°C)................... 2400mwW
OUT to GND....... ....-0.3V to +24V Operating Temperature Range............cc.........

GATE to GND ....-0.3V to +36V Junction TeMPerature .............coveveeeeveeeeeeeeeeeeeeneeeens

GATE to OUT ....=0.3V to +20V Storage Temperature Range...............

CPTIOGND ...t -0.3V to +36V Lead Temperature (So|dering’ 103)

CPA O INT e -0.3V to +14V So'dering Temperature (reﬂow) _________________________________

CP21t0 GND ..o -0.3V to +36V

Package Thermal Characteristics (Note 1)

TQFN

Junction-to-Ambient Thermal Resistance (844) ...... 33.5°C/W

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 www.maximintegrated.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
(VIN1 =VIN2 = 12V, Cinq = Cin2 = Cys = 1uF, Ta =-40°C to +125°C. Typical values are at Tp = +25°C, unless otherwise noted.) (Note 2)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS

SUPPLY VOLTAGE
Hot swap and ORing 3.7 18

et ViN Current monitor 4.8 18 v

Input Supply Current N 4 mA

Internal LDO Output Voltage Vs 4.8 5 5.25 \Y

Vg Undervoltage Lockout VuvLo Vg rising 25 2.65 2.8 \Y%

Vs Undervoltage-Lockout

Hysteresis VuvLo_Hys 0.07 v
Vcsp rising 24 2.49 2.58

CSP Undervoltage Lockout VcsP UVLO v al 525 235 a2 \Y

- csp falling . . .

ORING

ORing MOSFET Forward

Regulation Voltage VEWD_REG 7.5 10 12.5 mV

(VIN_- Vcsp)

ORing MOSFET Reverse Bias VIN - Vcsp, Vesp rising

Turn-Off Voltage VREV_OFF (Vesp > VIN ), VoG goes low 12:5 10 75 mv

. . VIN - Vesp, Vesp falling

ORing MOSFET Reverse Bias -

Tum_%n Voltage VREV_ON (VIN_>Vcsp ), Vog_goes to +8.5 +10 +13.5 mV
forward regulation

ORing MOSFET Reverse Bias

Hystegresis Voltage VREV_HYS | VREV_OFF - VREV_ON 20 mV
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MAX15068 Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Electrical Characteristics (continued)
(ViN1 =Vinz2 = 12V, Cin1 = Cn2 = Cys = 1uF, Ta =-40°C to +125°C. Typical values are at Tp = +25°C, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Turn-Off Switch Resistance Rps_oFF VIN_- Vesp =-50mV, | = 50mA 0.8 Q
Turn-On Switch Resistance Rps_oN VIN - Vesp =120mV, | = 70mA 2 Q
ORing MOSFET Gate Drive
V 3.75V <V|y <18V 6 1 12 \Y
(Vo -Vin) e N
ORing MOSFET Fast Turn-On -
Thresghold VFwWD_ON VIN_- Vcgp rising 80 mV
. ] VIN_- Vesp falling, Vog_ goes to
ORing MOSFET Fast Turn-Off VEWD_OFF forward regulation 40 mV
8;':5 MOSFET Turn-On ton 06 | CGATE = 10nF, Vi\_- Vcsp = +0.05V 150 ns
ORing MOSFET Turn-Off Ceate = 10nF, V|N_ - Vcgp =-0.05V,
Delay 'OFF_0G_ |y =0.1x (Vep - Vin ) 200 300 ns
PC to OG2 Delay tLH_pLY Vpc falling edge to Vog2 going high 40 65 [V
HOT SWAP
Veog =0V 329 35 371
Circuit-Breaker Accuracy VB _TH Vcsp - Vesn Vcg = Hi-Z 47.5 50 52.5 mV
Veog = Vs 61.1 65 68.9
Active Current-Limit Sense Vv 1.3 x mv
Voltage ACL VcB TH
3 X
Fast Comparator Threshold V| V -V mV
FC_TH csP - VesN VB, TH
Fast Comparator Response Vcsp - Vesn = 300mV, Ceate = 10nF
Time FCOLY | (Note 3) 200 ns
VEN high to V low 20 40
GATE Off Delay tOFF GATE EN GATE us
- Von low to VgaTE low 10 20
GATE Propagation Delay ton_GATE_PD | VON = step 0.8V to 2V 10 20 VI
GATE Drive Voltage
V 3.7V <V)y <18V 6 1 \Y
(VGATE - Vour) CATE IN
GATE Pullup Current IGATE_ON VgaTE - VouTt = 0V -13 -10 -7 MA
GATE Pulldown Current
(Timeout) lcaTE_OFF | VouT =12V, VGaTE = Vourt * 5V 350 500 650 HA
GATE Fast Pulldown Current 'GATE—FFFAST— Vour = 12V, Vgare = Vour + 5V 75 200 260 mA
HOT-SWAP FOLDBACK
- %
Minimum CB Voltage V V -V =12V 3 8.33 15
g c_FBMAX | (Vcsp - VesN) Ve TH
Minimum FB Voltage VEBMIN Vesp - Vour, at Ves = Ve FBMAX 1 2 3.2 \Y
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MAX15068

Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Electrical Characteristics (continued)
(ViN1 =Vinz2 = 12V, Cin1 = Cn2 = Cys = 1uF, Ta =-40°C to +125°C. Typical values are at Tp = +25°C, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Maximum FB Voltage VEBMAX Vesp - VouT at Ve = Ve TH 9 10 1 \Y
CURRENT-SENSING INPUT
CSP Input Current Icsp Vesp = 12V 0.5 1.0 mA
CSN Input Current lcsN Vesn = 12V 100 200 400 pA
cbLYy
CDLY Upper Threshold VebLy u Vcpuy rising 1.1 1.2 1.3 \Y
g?s"t:r:z;’;’er Threshold Veply L | Vepy falling 0.2 v
CDLY Pullup Current lcpLy_up -132 -100 -70 MA
CDLY Pulldown Current lcpLy_bowN 1.2 2 2.8 MA
CDLY Ratio lcoLY RATIO 1.4 2 3.2 %
POWER-GOOD (PG)

PG Threshold OUT VFG_ouT | VeaTE > (BV + Vour) 0.9 x Vcgp v

PG Threshold GATE VPG GATE | VGATE - VouTt 42 %

PG Detection Timeout tPG_STARTUP 55 70 85 ms
PG Assertion Delay tPG DELAY 13 16 19 ms
OUTPUTS (FAULT, PG) )

FAULT, PG Output Voltage Low VoL IpG = IFAULT = 1TMA 0.4 v

FAULT, PG Output Voltage High VoH IG = IFAULT = 1HA Vg-1 Vg-06 v

FAULT, PG Leakage Current loH VpG = VEAULT = 18V -1 +20 pA
FAULT, PG Pullup Current Ipy Vpg = VEaULT = 1.5V -13 -10 -7 pA
INPUTS

ON, PC, EN Turn-On Threshold VON_TH Vons Vpe » VEN rising 1.1 1.22 1.32 Y

%tls’tepri;ii"‘ Turn-On Threshold Von Hys | Von. VpG . Ve falling 70 123 180 mv
Sg:t:::" Reset Threshold VoN_ReseT | Von falling 05 06 07 v

ON, PC Input Leakage Current ILEAK Von, Vpe =0to 2.5V -1 +1 pA
ON, PC Clamp Voltage IsiNK = THA 3 v

ON, PC Clamp Sink Vons Vpe =5V 350 pA
EN Pullup Current Ipu VEN = 0V -13 -10 -7 pA
CB THREE-STATE INPUT

CB Input Low Current IIN_Low Vcg = 0.4V -75 MA
CB Input High Current lIN_HIGH Ve =Vs-0.2V +75 MA
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MAX15068 Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Electrical Characteristics (continued)
(ViN1 =Vinz2 = 12V, Cin1 = Cn2 = Cys = 1uF, Ta =-40°C to +125°C. Typical values are at Tp = +25°C, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Force +4pA into unconnected CB pin; then
CB Input Open-Current Voltage VcB_OPEN measure voltage on the CB pin 1.0 Vg-1 \
CB Low Voltage VL Vg rising 0.4 \
CB High Voltage ViH Vg falling, relative to Vg Vg-0.2 \Y%
CURRENT MONITORING
Current Monitor vs. Undervoltage | Vg rising 4.1 4.16 4.23 Y
Lockout MON_UVLO Hysteresis 0.1
Ta=+25°C -80 +80
Vesp = 12V Tp =-40°C to +85°C -200 +200
IMON Offset (Note 3) IMON_os Tp =-40°C to +125°C -240 -240 pv
Vcsp = 4.8V = a0 o
to 18V Ta =-40°C to +125°C 300 +300
Ta=+25°C 2.991 3.009
Vesp = 12V
) Tp =-40°C to +125°C 2.9595 3.0405
IMON Gain (Note 3) Gim v Y mS
csp=4. = 40° .
to 18V Tp =-40°C to +125°C 2.955 3.045
Vesp = 12V, Rsense = 3mQ, I oap = 1A,
(Vcsp - VCSN) =3mV, Tp = +25°C, 3 +3
IMON_AccURACY = ((IIMON - 9HA)/OUA) x
100
Vesp = 12V, RsensE = 3mQ, I oap = 5A,
Current Monitoring Total IMON (Vesp - Vesn) = 15mV, T = +25°C, 0.9 +0.9 0
- - -0. : %
Accuracy (Note 4) ACCURACY | IMON_ACCURACY = ((lIMON - 45HA)/451A)
x 100
Vesp = 12V, RsensE = 3mQ, I oap =
10A, (Vcsp - VCSN) =30mV, Ta = +25°C, 0.6 +06
IMON_ACCURACY = ((liMoN - 90pA)/90pA) ' ’
x 100
CMRR (Note 5) IMON CMRR | Vesp = 4.8V to 18V 102 dB
Input Voltage Range (VCSI'\’AA;/(CSN) Vegp = 4.8V to 18V, -40°C < Tp < +125°C 30 mv
Output Voltage Range VIMONpmax | Vosp = 4.8V to 18V, -40°C < Tp < +125°C 1.8 \
Vesp - Vesn 2 36mV, Vegp = 4.8V to 18V,
IMON Voltage Clamp VIMON_CLMP L40°C S TA S +125°C 2.25 24 25 \Y

Note 2: All devices are 100% production tested at Tp = +25°C. Limits over temperature are guaranteed by design.
Note 3: Gain and offset are defined as IMON4 = IMON with Vi1 = (Vgsp - Vesn) = 3mV, IMON» = IMON with Vio = (Vesp - Vesn)
=30mV, GIM = (|MON2 - |MON1)/(Vi2 - Vi1), IMON 0SS = |MON1 - GIM X Vi1.
Note 4: Accuracy over the entire operating range can be determined combining the specified value of the related offset and gain in
the range.
Note 5: CMRR is calculated as:
IRer = IMON with Vggp - Vogn = 3mV at VRer = Vegp = 12V
ICM = IMON with Vcgp - Vogn = 3mV at 4.8V < Viegp < 18V
CMRR =20 x LOG(ABS((VREF - Vcsp)/(IRer - ICM)) x Gim)
where Gy is the differential gain defined in the EC table.
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MAX15068 Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Typical Operating Characteristics
(ViN1 = ViN2 = 12V, Cing = Cin2 = Cys = 1uF, Rgense = 3mQ, unless otherwise noted.)

IN_SUPPLY CURRENT vs. VOLTAGE Vg LOAD REGULATION CHARGE-PUMP VOLTAGE vs. CURRENT
6 toc01 6 ‘ ‘ toc02 12 toc0:
Vi =12V or 18V .
5 ¥ 10 \\
Ing ﬂ v - Vi =12V
4 ! 4 Vi =5v | — [ |
— 17 - S 8 PN
E . B ‘
= ) < L =
= > Vp =37V o 6
[ > ?\ \
2 2 . LN N
Vy =37V N\ \
1 2 _ \
0 0 0 \
o 38 vwg(v> veonon 0 2 4 6 8 10 0 20 40 60 8 100 120 140
) how (MA) lice_ (WA)
CHARGE-PUMP VOLTAGE ) HOT-SWAP MOSFET GATE VOLTAGE
vs. INPUT VOLTAGE ORing GATE VOLTAGE vs. CURRENT vs. CURRENT
14 tocO: 12 tocO! 15 toc06
‘ Vour =V, !
_\\ Vi =12V ourm V=12V or 18V
12 10 3
T\ l 12 -
10 . Vy =18V ?
= / g’ = Y 2
>%>‘ 8 = >§ j\"\\
I&‘ 6 '
6 = T\ \ 56 Vi =37V
‘ [N N >
4 Vpy =37V N \
’ A\ 2
2 \
0 0 0

3 5 s 12 5 18 0 2 40 60 80 100 120 140 0 5 10 15
Vi V) licp_ (MA) loare (MA)
CIRCUIT-BREAKER TRIP VOLTAGE ACTIVE CURRENT-LIMIT SENSE VOLTAGE
vs. TEMPERATURE vs. TEMPERATURE
80 ‘ ‘ toc07 ; 100 ‘ ‘ tocO:
CB=Vg £ CB=Vs

£ v ] ¢
w <]
5] ‘ ‘ >
g 00 CB=HiZ w80
% |y g CB=Hi-Z
= N S
= CB=GND =
< 40 ' Z 60
] ¥ i
2 & CB=GND
3 3
2 5

20 < 40

40 15 10 35 60 8 110 125 40 15 10 35 60 8 110 125
TEMPERATURE (°C) TEMPERATURE (°C)
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MAX15068

Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Typical Operating Characteristics (continued)
(ViN1 = ViN2 = 12V, Cing = Cin2 = Cys = 1uF, Rgense = 3mQ, unless otherwise noted.)

ACTIVE CURRENT-LIMIT DELAY
vs. SENSE VOLTAGE
100 toc09 50
= = 40
210 == CB=HiZ E
% : 8
Z i;’ T § 30
= -
% ) | \‘«— CB=V, %
z K 2
o 4 — =z
o
=1 T =
S0 E ca-=anD 3
w - o —
> 10
S
<<
001 0
0 5 100 150 200 250 300
SENSE VOLTAGE (Vgsp - Vegy) (V)
GATE PULLUP CURRENT
vs. TEMPERATURE
20 toc1. 5
— = 0
z g
= 5}
o g
[ 3
3 10 E
o e,
E g 10
2 3
E 5 z
3 2 s
0 20
4 15 10 35 60 8 110 125
TEMPERATURE (°C)
IMON OUTPUT ACCURACY
(T, = +85°C)
5 toc1
I T T
Vi =45V Viy_=12Vor 18V
0 DA

Vs
Vi =12V

~

v
Vy =45V

IMON OUTPUT ACCURACY (%)

-20

CURRENT (A)

www.maximintegrated.com

PG, FAULT OUTPUT LOW VOLTAGE

vs. CURRENT
toc10
/ f
/ I
0 2 4 6 8 10
CURRENT (mA)
IMON OUTPUT ACCURACY
(T, =-40°C) oot
T T T
/V\N, =45V Vy =12V
\ ‘ V=18V >T\
— v,y =18V ;
V=45V —

0 2 4 6 8 10 12

CURRENT (A)

IMON OUTPUT ACCURACY (%)

-20

CDLY PULLUP CURRENT
vs. TEMPERATURE

140 toc1
_ 120
<3 L—
= ]
2 100
x L—
2
|)
o
3 8
2
%
3 60

40

40 15 10 35 60 85 110 125
TEMPERATURE (°C)
IMON OUTPUT ACCURACY
5 (T = +25°C) toctd
T T T
V=45V Viy_=12Vor 18V

g 0 [
S \
N
s IR )
g 5 ’ V=12V
o | .
E ~ Vo =18V Vi =45V \
% -10
o
8
=15

-20

0 2 4 6 8 10 12
CURRENT (A)
IMON OUTPUT ACCURACY
(Ty = +125°C) oot
I T T
Vi =45V Viy_=12Vor 18V
P
Vi =18V \
\
Vi =45V
~
Vyy =12V

CURRENT (A)
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MAX15068 Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Typical Operating Characteristics (continued)
(ViN1 = ViN2 = 12V, Cing = Cin2 = Cys = 1uF, Rgense = 3mQ, unless otherwise noted.)

STAR'{\l/JP:\g\;/‘E)FORM STARTsP !V;QZVVEFORM STARTUP WAVEFORM
N toc17 (Vi =12V) toc18 (Viy=18V) toc19
i 5V/div
2Vidiv 10V/div
i ¢
v v * Y
Nt Nt SVidiv IN1 10V/div
5Vidiv
Voer . Voot 10Vidiv
Svidiv 10V/div
Voer
VGATE VGATE VGATE
40ms/div 40ms/div 40ms/div
OVERCURRENT-FAULT WAVEFORM OVERCURRENT-FAULT WAVEFORM OVERCURRENT-FAULT WAVEFORM
(CB = GND) toc20 (CB = Hi-Z) toc21 (CB=Vs) toc22
u

10V/div 10V/div

10V/div
Vit Vi Vint

pi
“ : “

i 20V/d i
Vasre 20V/div Voare v 20V/div

VG)\TE

Vour \ i 10vidiv Vour W\“"'W 10Vl Vour -w.‘\wmw” 1oV
' i -..——r“-‘. 20A/div f i
lour \ 20A/div lout o ot \ 20A/div

200ps/div 200ps/div 200ps/div

OUT SHORT-CIRCUIT RESPONSE

toc23 AUTORETY WAVEFORM oozt
oc:
! 10V/div
Vi ] Vi 10V/div
Vyre [y 20Vidiv
1 + .
Vour 10Vidiv Voure 20vidiv
10V/div
VDUT
It ; 10A/div lour WMJ 20A/div
40ps/div 200ms/div
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MAX15068

Pin Configuration

Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

TOP VIEW w
& a £ 5
(@] [&) (O] o
3‘203 19‘ 118: 17‘
+ ST =\
esN| 1 . 16cB
csp| 20 | © (150N
MAX15068 o
IV IER o 4|EN
AN - ooy
GNDf 5 S
m2| 6 (11 | FAULT
' EP
7 ls el i)
a
TQFN
(4mm x 5mm)
Pin Description
PIN NAME FUNCTION
1 CSN Input Current Sense Negative Input
2 CSP Input Current Sense Positive Input
3 IN1 Positive Supply 1 Input and MOSFET Gate Drive Return
4 Vg Internal Regulator Output. Bypass Vg to GND with a 1uF capacitor.
5 GND Ground
6 IN2 Positive Supply 2 Input and MOSFET Gate Drive Return
ORing MOSFET 2 Gate Control Output. Connect this pin to the gate of an external n-channel MOSFET
7 0G2 for ideal diode control. The gate voltage is limited to approximately 11V above and a diode voltage
below IN2. During fast turn-on, a 1A pullup switch charges OG2 from CP2. During fast turn-off, a 3A
pulldown switch discharges OG2 to IN2.
Charge Pump 2 Output. Connect a capacitor from CP2 to IN2 pin. The value of this capacitor should
8 CP2 be approximately 10x the gate capacitance (CISS) of the external MOSFET for ORing diode control.
The charge stored on this capacitor is used to pull up the gate during a fast turn-on.
9 IPMON Analog Current Monitor Output Signal. Connect a resistor from IPMON to GND to set the monitor gain.

www.maximintegrated.com
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MAX15068

Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Pin Description (continued)

PIN

NAME

FUNCTION

10

Power Status Output. Open-drain output that is normally pulled high by a 10pA current source to a
diode below Vg. PG can be pulled above Vg using an external pullup. PG pulls low when the MOSFET
gate drive between GATE and OUT exceeds the gate-to-source voltage of 4.2V and Voyr is greater
than 90% of Vcgp. Leave PG unconnected if unused.

11

FAULT

Fault Status Output. Open-drain output that is normally pulled high by a 10uA current source to a diode
below Vg. FAULT can be pulled above Vg using an external pullup. FAULT pulls low when the circuit
breaker is tripped after an overcurrent fault timeout. Leave FAULT unconnected if unused.

12

Priority Control Input. When low, it enables the external ideal diode MOSFET in the IN2 supply path
and a high turns it off. Connect PC to an external resistive divider from IN1 to make IN1 the higher
priority input supply when IN1 and IN2 are equal. Connect PC to GND if not used.

13

CDLY

Timer Capacitor Terminal. Connect a capacitor between CDLY and GND to set 12ms/uF duration for
current limit before the external hot-swap MOSFET is turned off. The duration of the off-time is 600ms/
uF, resulting in a 2% duty cycle.

14

Enable Input. Connect EN to GND to enable hot-swap control. If EN is pulled high, the hot-swap
MOSFET is not allowed to turn on. A 10uA current source pulls up EN to a diode below Vg. Upon EN
going low when ON is high, an internal timer provides a 100ms startup delay for debounce, after which
the fault is cleared.

15

ON

On Control Input. When above 1.2V, it turns on the external hot-swap MOSFET and when below
1.1V, it turns it off. Connect ON to an external resistive divider from CSP to monitor the supply
undervoltage condition. Pulling voltage of ON pin below 0.6V resets the electronic circuit
breaker.

16

CB

Current-Limit Threshold Setting. Connect the CB pin to Vg, GND, or leave CB unconnected to set the
circuit-breaker threshold. See Table 1 for details.

17

ouT

Load Output. Connect OUT to the source of the external hot-swap MOSFET.

18

GATE

Hot-Swap MOSFET Gate Drive Output. Connect this pin to the gate of the external n-channel
MOSFET for hot-swap control. An internal 10uA current source charges the MOSFET gate. An internal
clamp limits the gate voltage to 11V above OUT and a diode voltage below OUT. During turn-off, a
500pA pulldown current discharges GATE to ground. During an output short to ground, a fast 200mA
pulldown current discharges GATE to OUT.

19

CP1

Charge Pump 1 Output. Connect a capacitor from CP1 to IN1 pin. The value of this capacitor should
be 10x or greater than the gate capacitance of the external MOSFET for ideal diode control. The
charge stored on this capacitor is used to pull up the gate during a fast turn-on.

20

0G1

ORing MOSFET 1 Gate Control Output. Connect OG1 to the gate of an external n-channel MOSFET
for ideal diode control. The gate voltage is set to approximately 11V above and a diode voltage below
IN1. During fast turn-on, a 1A pullup switch charges OG1 from CP1. During fast turn-off, a 3A pulldown
switch discharges OG1 to IN1.

EP

Exposed Pad. Connect EP to the ground plane to provide a low thermal resistance path from the IC
junction to the PCB. Do not use EP as an electrical connection to GND.
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MAX15068

Functional Diagram

Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring

Nt |CSP  |CSN IN2
MAX15068 /VE"\ MAX15068 - CURRENT MONITOR IPMON
N
2 1.3xVes _ _ GATE
T
- +
O—!>-‘ GATE
™ DRIVER
T ) out
Ve 10pA
CHARGE e
PUMP 3
cP1 CHARGE | v
PUMP 2 CHARGE CP2
PUMP 1
061 ] + W‘\ 0G2
O o>
A A
10mv Yy v ¥ 10mV
v,
12V | REFERENCE = 0o
" 41 GENERATOR REGULATOR
uv2
— GATE
249V ==
uv1 GATE_OK PG
———
T
2.65V 0.9 x Vesp
o CIRCUIT BREAKER g — FAULT
N OVERCURRENT |
GATE ON >
ON ) LOGIC CONTROL EN
[ >\ FAULT RESET CARD PRESENT
e
—1 N _
+06V 120 i
Vs -
100pA - __|_
12V 12V
: CcB
Ves iy O
coLY o
2uh > " 65mV 50mV 35mv
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Detailed Description
Startup

When input voltage is applied to IN_, CSP comes up to
one diode below the higher of IN1 or IN2. The internal
LDO regulator powers Vg from the higher of two inputs as
well. When both Vg and CSP reach their respective UVLO
thresholds, the internal charge pumps (CP1 or CP2)
for the ORing controller start operating. An internal time
starts when both ON is above its threshold and EN is
below its threshold. After the timer counts 85ms, the
ORing control (OG1 or OG2) begins operating. After an-
other 15ms have elapsed, the hot-swap control (GATE)
also starts operating.

ORing Control

ORing Control in Startup

During a normal power-up, the ORing MOSFETs turn
on first. As soon as the internally generated supply, Vs,
rises above its undervoltage lockout threshold, the inter-
nal charge pump is allowed to charge up the CP_ pins.
Because the ideal diode MOSFETs are connected in par-
allel as a diode-OR, the CSP pin voltage selects the high-
est of the supplies at the IN1 and IN2 pins. The MOSFET
associated with the lower input supply voltage is turned
off by the corresponding gate drive ampilifier.

At power-up the CP_ and OG_ pin voltages are at the
IN_ voltage level. CP_ starts ramping up after VS clears
its undervoltage lockout level. Afterward, OG_ ramps up
with CP_.

The gate drive amplifier monitors the voltage between the
IN and CSP pins and drives the respective OG_ pin.

If the amplifier senses a forward voltage drop greater than
80mV between IN and CSP then the OG_ pin is pulled to
CP to quickly turn on the MOSFET. If the amplifier senses
a reverse voltage drop greater than 10mV between CSP
and IN_, then the OG_pin is pulled to IN_ to quickly turn
off the MOSFET. With the ideal diode MOSFETs acting as
an input supply diode-OR, the CSP pin voltage rises to the
highest of the supplies at the IN1 and IN2 pins. The stored
charge in an external capacitor connected between the
CP_ and IN_ pins provides the charge needed to quickly
turn on and off the ideal diode MOSFET. An internal charge
pump charges the external capacitors at the CP pins. The
OG_ pin sources current from the CP_ pin and sinks cur-
rent into the IN_ and GND pins.

ORing MOSFET Regulation Mode

When the ideal diode MOSFET is turned on, the gate
drive amplifier controls OG_ to servo the forward voltage
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drop (VIN - Vcsp) across the MOSFET to 10mV. If the
load current causes more than 10mV of voltage drop,
across the FET, then the OG voltage rises to enhance the
MOSFET. For large output currents, the MOSFET's gate
is driven fully on and the voltage drop is equal to I paD X
Rps(on) of the MOSFET.

Hot-Swap Control

Hot-Swap in Startup

Once the output is enabled, the device provides controlled
application of power to the load. The voltage at OUT
begins to rise until the internal selected final maximum
current limit is reached, which is programmed through the
CB pin (Table 1). The low limit is approximately 1/12th of
the upper limit as shown in Figure 1. Once the power-
good threshold is achieved, the normalized hot-swap
electronic circuit-breaker (ECB) threshold goes to its full
value.

An external capacitor connected to the GATE pin allows
the user to program the slew rate to a value lower than the
default. During startup, a foldback current limit is active to
protect the external hot-swap MOSFET to operate within
the SOA (Figure 1).

An internal timer is activated to count for 70ms, which is
the maximum time duration for the startup phase. The
startup phase is completed when the voltage at OUT rises
above the power-good threshold (0.9 x Vcsp typical)
and hot-swap GATE to OUT voltage exceeds 4.2V even
though the 70ms timeout has not yet elapsed.

Programmable Speed Circuit-Breaker

Response on Hot-Swap MOSFET

The device features an adjustable current limit with
circuit-breaker function that protects the external
MOSFETSs against short circuits or excessive load current.
The voltage across the external sense resistor (RSeNSE)
is monitored by an electronic circuit breaker (ECB) and
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Figure 1. Inrush Current vs. Voltage Drop Across the Hot-Swap
Switch During Startup Period
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active current limit amplifier (ACL). The electronic circuit
breaker turns off the hot-swap MOSFET with a 500pA
current from GATE to OUT if the voltage across the sense
resistor exceeds Vcg TH (ECB) for longer than the fault
filter delay configured at the CDLY pin. Active current
limiting begins when the sense voltage exceeds the ACL
threshold VacL (ACL) (which is 1.3X the ECB threshold).
The gate of the hot-swap MOSFET is brought under
control by the ACL amplifier and the output current is
regulated to maintain the ACL threshold across the sense
resistor. At this point, the fault filter starts the timeout with
a 100pA current charging the CDLY pin capacitor. If the
CDLY pin voltage exceeds its threshold (1.2V), the exter-
nal MOSFET is turned off and the FAULT pin pulls low.

After the hot-swap MOSFET turns off, the CDLY pin
capacitor is discharged with a 2pA pulldown current until
it reaches 0.2V. This is followed by a cool-off period of
14 timing cycles at the CDLY pin. For the autoretry part,
the latched fault is cleared automatically at the end of the
cool-off period and the GATE pin restarts charging up the
gate of the MOSFET.

In the event of a severe short-circuit fault on the 12V
output, the output current can surge to tens of amperes.
The device responds within 1us to bring the current under
control by pulling the GATE to OUT voltage down with a
200mA current. Almost immediately, the gate of the hot-
swap MOSFET recovers rapidly due to the RgaTe and
CgATE network, and load current is actively limited until
the electronic circuit breaker times out. Due to parasitic
supply lead inductance, an input supply without any bypass
capacitor may collapse during the high current surge and
then spike upwards when the current is interrupted.

Circuit-Breaker Comparator and Current Limit

The device features a programmable circuit-breaker
threshold. The current limit can be selected by the
connection of the CB pin. During startup, a foldback cur-
rent limit is active to protect the internal MOSFET to oper-
ate within the SOA (Figure 1).

Programmable Circuit-Breaker Current Threshold

The device features a programmable current limit with
circuit-breaker function that protects the external
MOSFETSs against short circuits or excessive load current.
The voltage across the external sense resistor, (RSENSE)
is monitored by an electronic circuit breaker (ECB) and
active current limit (ACL) amplifier. Connect the CB pin to
GND, Vg, or leave unconnected to select the electronics
circuit-breaker threshold (Table 1).

The electronic circuit breaker turns off the hot-swap
MOSFET with a 500pA current from GATE to GND if the
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voltage across the sense resistor exceeds Vcg TH (CB)
(50mV) for longer than the fault filter delay configured at
the CDLY pin.

Timer (CDLY)

An external capacitor connected from the CDLY pin to
GND serves as fault filtering when the supply output is in
active current limit. When the voltage across the sense
resistor exceeds the circuit-breaker trip threshold (50mV),
CDLY pulls up with 100pA. Otherwise, it pulls down
with 2pA. The fault filter times out when the 1.2V CDLY
threshold is exceeded, causing the corresponding FAULT
pin to pull low. The fault filter delay or circuit-breaker time
delay is:

tce = CcpLy x 12[ms/uF]

After the circuit-breaker timeout, the CDLY pin capacitor
pulls down with 2uA from the 1.2V CDLY threshold until
it reaches 0.2V. Then it completes 14 cooling cycles con-
sisting of the CDLY pin capacitor charging to 1.2V with a
100pA current and discharging to 0.2V with a 2uA current.
At that point, the GATE pin voltage is allowed to start up
if the fault has been cleared as described in the Resetting
Faults section. When the latched fault is cleared during
the cool-off period, the corresponding FAULT pin pulls
high. The total cool-off time for the MOSFET after an
overcurrent fault is:

tcooL = CcpLy x 11[s/uF]

ORing/Hot-Swap Response in

Overload Condition

In the case where an overcurrent fault occurs on the out-
put, the current is limited to a programmed current limit set
through the CB pin. After a fault filter delay set by 100pA
current source in to the CDLY pin capacitor, the circuit
breaker trips, pulls the GATE pin low, and turns off the hot-
swap MOSFET. The FAULT output is latched low. During
the fault condition, the ORing MOSFET remains on.

Control Inputs

ON Input

The device drives the OG_ as soon as the VN1 - VFq
(VF1 is the forward voltage drop of ORing MOSFET
connected to IN1) or V|N2 - VE2 (VE2 is the forward volt-
age drop of the ORing MOSFET connected to IN2) supply
voltage generates a Vo above the threshold voltage. An
external resistive divider from CSP to ON and ground is
used to set the turn-on voltage to any desired voltage from
2.9V to 5.5V. The IC turns on the corresponding ORing
MOSFET and then turns on the hot-swap MOSFET when
VonN > 1.22V.
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The device turns off the output when Vg falls below
Vuv REF (1.22V - VoN HYS)- An external resistive
divider from CSP to ON and ground is used to set
the undervoltage-lockout threshold to any desired level
between VyyLo and 18V. Pulling the ON pin voltage
below 0.6V resets the electronic circuit breaker.

Monitoring
Analog Current Monitor Output

IPMON monitors the current delivered to the system. IP-
MON has a 0 to 1.8V output voltage range. IPMON moni-
tors the system input current. The device does not have a
power monitor.

The voltage at IPMON in this case is proportional to the
input current by the following equation:

VipMON = G X RipmoN X (Vcsp - VesN)
where G| = 0.3mS/V and RjppmoN is the resistor to set the
voltage overall voltage gain for IPMON.

When connected as shown in the Typical Application
Circuit, IPMON monitors the input system current. Leave
IPMON unconnected if the function is not used.

The maximum output of V|pponN should be limited to 1.8V
to get best accuracy using proper RjpponN resistor value.

Output Signals

Fault Status Output (FAULT)

FAULT is an open-drain output that is internally pulled high
by a 10pA current source to a diode below Vg, and can be
pulled above Vg using an external pullup. FAULT asserts
low when the circuit breaker is tripped after an overcurrent
fault timeout. Leave FAULT unconnected if unused.

Power-Good Output (PG)

Internal circuitry monitors the hot-swap MOSFET gate
overdrive between the GATE and OUT pins and the volt-
age at the OUT pin. The power-good status for the supply
is reported by the PG open-drain output. It is normally
pulled high by an external pullup resistor or the internal
10pA pullup. The power-good output asserts low when
the gate overdrive exceeds 4.2V during the GATE startup

Dual ORing, Single Hot-Swap Controller with

Accurate Current Monitoring

and the voltage at the OUT pin exceeds (0.9 x Vcsp). The
PG signal is delayed by 16ms once conditions for power-
good are met.

Fault Management

Autoretry

When an overcurrent fault is latched after tripping the
circuit breaker, the FAULT pin is asserted low. Only the
hot-swap MOSFET is turned off, and the ideal diode
MOSFETs are not affected. The latched fault is reset
automatically after a cool-off timing cycle as described in
the Startup Timer (CDLY) section. At the end of the cool-
off period, the fault latch is cleared and FAULT pulls high.
The GATE pin voltage is allowed to start up and turn on
the hot-swap MOSFET. If the output short persists, the
supply powers up into a short with active current limiting
until the circuit breaker times out and FAULT again pulls
low. A new cool-off cycle begins with CDLY ramping down
with a 2pA current. The whole process repeats itself until
the output short is removed. Since tcg and tcooL are a
function of CDLY capacitance, CcpLy, the autoretry duty
cycle is equal to 0.1%, irrespective of CopLy.

Applications Information

Prioritizing Supplies with PC

Figure 2 shows an ORing application where a resistive
divider connected from IN1 at the PC pin controls the turn-
on of the ORing MOSFET, MD2, in the IN2 supply path.
When the IN1 supply voltage falls below 4.5V, it turns on
the ORing MOSFET, MD2, causing the ORing output to
be switched from the main 5.0V supply at IN1 to the aux-
iliary 5.0V supply at IN2. This configuration permits the
load to be supplied from a lower IN1 supply as compared
to IN2 until IN1 falls below the MD2 turn-on threshold. The
threshold value used should not allow the IN1 supply to
be operated at more than one diode voltage below IN2.
Otherwise, MD2 conducts through the MOSFET’s body
diode. The resistive divider connected from CSP at the
ON pin provides the undervoltage threshold of 2.6V for
the ORing output supply.

Table 1. Electronics Circuit-Breaker Threshold Programming

CB PIN CONNECTION ELECTRONIC CIRCUIT-BREAKER THRESHOLD (Vcsp - Vesn) [mV]
CB =GND 35
CB = Hi-Z (unconnected) 50
CB=Vg 65
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Figure 2. Plug-in Card IN1 Supply Controls the IN2 Supply Turn-On by the PC Pin
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Typical Application Circuit

Dual ORing, Single Hot-Swap Controller with
Accurate Current Monitoring
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Ordering Information
PART OPERATING RANGE FUNCTION TEMP RANGE PIN-PACKAGE
MAX15068ATP+ 3.7V to 18V Autoretry, Current Monitor -40°C to +125°C 20 TQFN-EP*

+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad.

Chip Information
PROCESS: BiICMOS
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Package Information

For the latest package outline information and land patterns
(footprints), go to www.maximintegrated.com/packages. Note
that a “+”, “#”, or “-” in the package code indicates RoHS status
only. Package drawings may show a different suffix character, but
the drawing pertains to the package regardless of RoHS status.

PACKAGE PACKAGE OUTLINE LAND
TYPE CODE NO. PATTERN NO.
20 TQFN T2045+1C 21-0726 —
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Revision History

REVISION REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 12/13 Initial release —
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OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




