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Phase Redundancy Power Supervisor

General Description

The MAX5973 protects individual slave phases of a
phase redundant DC-DC converter. The power protec-
tion functions comprise an electronic circuit-breaker
controller driving an external n-channel MOSFET at the
step-down power input, and an internal 3.3V switch for
the slave phase-controller power. To protect the out-
put bus, an “ideal diode” controller drives an external
n-channel MOSFET at the slave phase output. Serial data
to and from the slave phase is buffered by the MAX5973
to prevent a failure of one phase from interrupting com-
munication to the remaining phases. Similarly, the dif-
ferential analog error signals for the phase controller are
also buffered.

An overvoltage comparator and switched-node monitor-
ing function allows the MAX5973 to disable a phase that
has a shorted (or latched-on) high-side MOSFET.

A fault-status output and a FAULTIN input allow a master
device to monitor and control each MAX5973 device.

The MAX5973 is offered in a 5mm x 5mm, 40-pin TQFN
package and is fully specified from -40°C to +85°C.

Applications
Phase Redundant DC-DC Converters
Step-Down Power Supplies

MAXIN

Features

4 9V to 14V Operating Range

¢ Electronic Circuit-Breaker Controller Drives
External n-Channel MOSFET

Internal, 350mA MOSFET for 3.3V Power

Open-Drain Ideal Diode Controller Drives External
n-Channel MOSFET

Serial Data Bus Loop/Bypass Function
Serial Data Clock Buffer

Dual Analog Error-Signal Buffer Amplifiers
Active-Low FAULTIN Input

Output Overvoltage and High-Side Switch Failure
Protection

4 Input and Output Undervoltage Lockout Functions

L R 4

* & & o o

Ordering Information

PART TEMP RANGE PIN-PACKAGE

MAX5973ETL+ -40°C to +85°C 40 TQFN-EP*

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

Maxim Integrated Products 1

EL6SXVIN

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-¥¥%.BataShegt4U.com

or visit Maxim’s website at www.maxim-ic.com.
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Phase Redundancy Power Supervisor

ABSOLUTE MAXIMUM RATINGS

PWR, CBSET, CBP, CBM, DOR, SOR, Input/Output Current (all other PINS) ..o 20mA
GOR O GND ..o -0.3V to +24V Continuous Power Dissipation (Ta = +70°C)
GPSto GND ..o, Capacitive Connection Only 40-Pin TQFN, Single-Layer Board
FAULTIN 10 GND ..o -0.3V to (VsTBY + 0.3V) (derate 22.2mW/°C above +70°C) .......cccocevvvrrennn. 1777.8mW
BYP, REFOUT t0 GND .....cooiiiiiiiiiic -0.3V to +6V 40-Pin TQFN, Multilayer Board
CMPINto GND................. -0.3V to +4.5V (derate 35.7mW/°C above +70°C)...........cccc.oo... 2857.1mW
LXIN, AUXOV 10 GND ......ooooviiiiiiiieiccieee -0.3V to +4V Junction-to-Ambient Thermal Resistance (Note 1)
GPS ... (GND - 0.3V) to (Vcep + 9V) (internally clamped) 0JA, Single-Layer Board ............cccooiiiiiiii 45°C/W
STBY, AUXIN, AUXOUT, OVIN, OVREF to GND.....-0.3V to +6V 0JA, Multilayer Board.............ccooooviiiiiiiiiiiic 35.7°C/W
ERRINA, ERRINB, ERROUTA, Junction-to-Case Thermal Resistance (Note 1)
ERROUTB 10 GND ... -0.3V to +6V 6Jc, Single-Layer and Multilayer Board........................ 2°C/W
CMPOUT, FAULTOUT, CLKIN, CLKOUT, BUSIN, BUSOUT, Operating Temperature Range ...........ccccccoeene. -40°C to +85°C
LOOPIN, LOOPOUT to GND -0.3V to (VsTBY + 0.3V) Junction Temperature ..o +150°C

PGND, AGND t0 GND......ooovoiviiiiiiiiiccc, -0.3V to +0.3V Storage Temperature Range................. ...-65°C to +150°C
DOR 10 SOR ...ttt -1V to +6V Lead Temperature (soldering, 10S) .......ccccceevviiiiiiinnnn +300°C
GMOUT t0 GND ..o -0.3V to +6V Soldering Temperature (reflow) ........ccccooviiiiiiiiiiis +260°C
FAULTOUT CUITeNt...cooiiiiiiei e +25mA

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.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

(VsTBY = 3.3V, VAUXIN = 3.3V, VPWR = 9V to 14V, Ty = -40°C to +85°C, unless otherwise noted. Typical values are at VsTBY = 3.3V,
VPWR = 12V, VAUXIN = 3.3V, and Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

PWR Operating Voltage

Range VPWR 9 14 Vv

Supply Current IPWR VPWR = 14V 3.75 6.5 mA

PWR Undervoltage Lockout VPWR,UV VPWR rising 8.25 9 Vv

PWR Undervoltage Lockout .

Hysteresis VPWR,UV-HYS | VPWR falling 1 \

Internal Regulator VBYP 5.25 \

STBY Operating Voltage

Range VsTBY 275 55 Vv

STBY Undervoltage Lockout VSTBY,UV VSTBY rising 2.15 2.45 2.75 vV

STBY Undervoltage Lockout )

Hysteresis VSTBY,UV-HYS |VsTBY falling 100 mv

STBY Current ISTBY VsTBY = 5.5V 25 5 mA

PRECISION CONTROL INPUT (FAULTIN)

Leakage Current [FAULTIN VSTBY = VFAULTIN = 5.5V 1 pA

- VFAULTIN < V V -V =2V

FAULTIN Low Delay tSD FAULTIN < VIL to VGPS - VCBP = 2V, 750 1500 ns
Caps = 12nF

Startup Fault Blanking Time tsu FAULTIN low > VAUXIN > VAUXINUV 9 10 11.25 ms
to VFAULTOUT < VOL_FAULTOUT

UNCOMMITTED COMPARATOR (CMPIN)

Comparator Reference VCMP,REF VCMPIN rising 1.18 1.23 1.28 V

Leakage Current ICMPIN VCMPIN = 2V 1 pA

2 AKX
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Phase Redundancy Power Supervisor

ELECTRICAL CHARACTERISTICS (continued)

(VsTBY = 3.3V, VAUXIN = 3.3V, VPWR = 9V to 14V, Ty = -40°C to +85°C, unless otherwise noted. Typical values are at VsTBY = 3.3V,
VPWR = 12V, VAUXIN = 3.3V, and Ta = +25°C.) (Note 2)

www.DataSheet4U.com

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Hysteresis VCMP,HYS VcwmpiN falling 25 mV
POWER SWITCH DRIVER (GPS, CBSET, CBP, CBM)

VPWR > 10V, FAULTIN high, relative 7 s 10
GPS High Voltage VGPS HI to CBP Vv
VPWR < 10V 55 7.5 9.0
GPS High Comparator
Threshold VGPS, TH VGPS - VCBM 4.5 5 55 \%
GPS Pullup Current IGPS,UP VGPS = VGPSHI - 2V 17 20 23 pA
GPS Pulldown Current IGPS,DN VGPS - VcBp = 2V 500 mA
GPS Pulldown Resistance RGPS,DN IGgPs = 400mA 15 Q
CBSET Voltage Range VPWR - VCBSET 10 80 mV
Circuit-Breaker Offset Voltage VCBSET - VCBM -2 +2 mV
CBSET Current ICBSET 19.5 20 20.5 pA
— (Veep - VeBwm) = (VCBP - VCBSET) +
Qrcun Breaker Response fCB 10mV to Vaps - Veap = 2V, 005 375 ns
Time
CaPs = 12nF
INTERNAL POWER SWITCH (AUXIN, AUXOUT, AUXOV)
AUXIN, AUXOUT Operating
Range VAUX 2.6 55 \
AUX On-Resistance RoN AUXIN to AUXOUT, IauxouT = 75mA 350 500 mQ
AUX Circuit-Breaker Threshold IAUX,CB 300 350 400 mA
AUXIN Undervoltage Lockout VAUXIN,UV VAUXIN rising 2.30 2.45 2.6 V
AUXIN Undervoltage Lockout .
Hysteresis VAUXIN,UV-HYS | VAUXIN falling 100 mv
AUXOUT Undervoltage -
Lockout VAUXOUT,UV | VAUXOUT rising 2.0 2.15 2.3 V
AUXOUT Undervoltage VAUXOUT, .
Lockout Hysteresis UV-HYS Vauxour falling 100 mv
Overvoltage Protection
Threshold VAUXOV,TH 690 700 710 mv
AUXOUT Startup dV/dt SRauxout CAUXIN = 10pF, CAUXOUT = 1uF 7.5 11.5 17 kV/s
AUXQV Leakage Current IAUXOV VAUXoV = 700mV -1 +1 pA
IDEAL DIODE DRIVER (GOR, SOR, DOR)
SOR, DOR Common-Mode Relative to GND 0.050 6.0 v
Range
SOR Input Resistance to _
Ground RSOR VSOR = 5V 0.5 1 2 MQ
N AXI/V 3

EL6SXVIN
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Phase Redundancy Power Supervisor

ELECTRICAL CHARACTERISTICS (continued)

(VsTBY = 3.3V, VAUXIN = 3.3V, VPWR = 9V to 14V, Ty = -40°C to +85°C, unless otherwise noted. Typical values are at VsTBY = 3.3V,
VPWR = 12V, VAUXIN = 3.3V, and Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
DOR Input Resistance to
Ground IDOR VDOR = 5V 0.5 1 2 MQ
GOR Input Current IGOR,DN VGOR = VSOR + 2V 2 A
GOR Input Resistance RGOR,DN IGOR = 400mA 2 Q
GOR Input Resistance to
Ground IGORHI VGOR = 12V 0.5 1 2 MQ
Reverse-Current Blocking -
Threshold VRCBLK VDOR - VSOR rising 3 5 7 mV
Reverse-Current Blocking .
Hysteresis VRCHYS VDOR - VsOR falling 3.3 10 mV

VDOR - VSOR = VRCBLK + 10mV to
tRCBLK VGOR = VSOR + 2V with CGOR = 250 400 ns
6.5nF, RGoRr = 1kQ

Reverse-Current Blocking
Response Time

SWITCH NODE MONITOR (LXIN)

LXIN Overvoltage Threshold VLXIN, TH VLXIN rising 690 700 710 mV
LXIN Overvoltage Hysteresis VLXIN,HYS VLXIN falling 25 mV
LXIN Overvoltage Response VLXIN - VLXIN,TH = 50mV to VGPS -
Time XN VCBP = 2V, CGPS = 12nF 250 400 ns
Leakage Current ILXIN VLXIN = 700mV 1 pA
ERROR SIGNAL BUFFER AMPLIFIER (ERRINA, ERRINB, ERROUTA, ERROUTB)
Input Offset Voltage Vos -8 0 +8 mV
Common-Mode Voltage vem Relative to GND 0.1 3.3 v
Range
ERRIN_ Bias Current IERRIN_ VERRIN_ = 0.1V t0 3.3V 200 nA
; VERRIN_ = 0.2V to 3.3V,
Gain AV - 0.995 1.000 1.005 VIV
ERRIN IERROUT = 100pA !
— . To PWR at f = 10kHz 85
Power-Supply Rejection Ratio PSRR dB
To PWR at f = 1MHz 50
-3dB Bandwidth BW 8 MHz
Slew Rate SR 5 V/us
Sourcing at 10mV error,
750
VERRIN_ = 3.3V
N Sinking at 10mV error
Output Short-C tC t I ' 350 A
utput Short-Circuit Curren ERROUT_SC VERRIN_ = 1.0V H
Sinking at 10mV error, 70
VERRIN_ = 100mV
4 N AXIW
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Phase Redundancy Power Supervisor

ELECTRICAL CHARACTERISTICS (continued)

(VsTBY = 3.3V, VAUXIN = 3.3V, VPWR = 9V to 14V, Ty = -40°C to +85°C, unless otherwise noted. Typical values are at VsTBY = 3.3V,

VPWR = 12V, VAUXIN = 3.3V, and Ta = +25°C.) (Note 2)

www.DataSheet4U.com

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
SERIAL BUS LOOP/BYPASS (BUSIN, LOOPOUT, LOOPIN, BUSOUT, CLKIN, CLKOUT, FAULTIN)
Input Logic-Low (BUSIN, ViL 0.25 x v
LOOPIN, CLKIN, FAULTIN) - VSTBRY
Input Logic-High (BUSIN, Vin 0.7 x v
LOOPIN, CLKIN, FAULTIN) - VSTBY
gatsp&?%itgﬁ%oopow' VoL_ Sinking 3mA 200 mv
Output Logic-High 09 x
(LOOPOUT, BUSOUT, VOH_ Sourcing 3mA VsTRY V
CLKOUT)
BUSIN Leakage Current IBUSIN VBUSIN = VSTBY = 5.5V 1 pA
LOOPIN Leakage Current ILOOPIN VLOOPIN = VSTBY = 5.5V 1 pA
CLKIN Leakage Current ICLKIN VCLKIN = VSTBY = 5.5V 1 pA
BUSIN to LOOPOUT 20
Propagation Delay tPD_BUS LOOFIN to BUSOUT 20 ns
- BUSIN to BUSOUT 20
CLKIN to CLKOUT 20
OPEN-DRAIN OUTPUT (FAULTIN, CMPOUT)
Output Logic-Low VOL_FAULTOUT |IFAULTOUT = 5mA, IcMPOUT = 5mA 04 v
. —___ |VFAULTOUT = VSTBY = 5.5V,
Open-Drain Leakage Current | ILKG_FAULTOUT VOMPOUT = 5.5V 1 PA
REFOUT
Reference Voltage | VREFOUT ||REFOUT =1mA 690 700 710 mV
CURRENT-AMPLIFIER OUTPUT (GMOUT)
Transconductance VcBp - Veam = 10mV to 80mV 9 10 11 mA/NV
Veep - Veam = 10mV,
Input Offset Voltage VcBep - VeBM IGMOUT = 100pA -2 +2 mV
Transconductance \Y - Vi =80mV, Ta = +25°C
Temperature Variation Tamout toCEES"CCBM g 85 ppm/*C
Input Range for Vcap - VCBM 80 mV
Input Bias Current lCBP VCap = VeBM = 12V ! +! HA
IcBM Vcep = VeBMm = 12V -1 +1
Maximum Output Voltage 3 V
Output Resistance VeBp - VeBM = 80mV 350 kQ

MAXIN
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Phase Redundancy Power Supervisor

ELECTRICAL CHARACTERISTICS (continued)

(VsTBY = 3.3V, VAUXIN = 3.3V, VPWR = 9V to 14V, Ty = -40°C to +85°C, unless otherwise noted. Typical values are at VsTBY = 3.3V,
VPWR = 12V, VAUXIN = 3.3V, and Ta = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
OVERVOLTAGE COMPARATOR (OVREF, OVIN)
OVIN Voltage Range VOVREF > VLCKOUT 0.425 2 \
OVREF Voltage Range VLCKOUT 2 V
VOVREF rising,
OVREF Lockout Voltage VLKCOUT VOVREF < VLckouT disables OVREF 425 450 475 mV
comparator
OVREF Lockout Voltage
Hysteresis VOVREF,HYS 375 mv
OVIN Input Offset Error VOVREF = 700mV -5 0 +5 mV
OVIN Comparator Hysteresis VOVIN,HYS 50 mV
OVIN, OVREF Input Leakage _
Current ILKG_OVIN  [VOVIN = 700mV 1 HA
i VOVIN - VOVREF = 50mV to VGPS -
Propagation Delay tPD_OVIN VeBP = 2V, CGPS = 12nF 325 500 ns
THERMAL CHARACTERISTICS
Thermal Shutdown TJ rising +150 °C
Thermal Shutdown Hysteresis Ty falling 20 °C
Note 2: All devices 100% production tested at TA = +25°C and Ta = +85°C. Limits over the temperature range are guaranteed by
design.
6 N AXIW
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Phase Redundancy Power Supervisor

Typical Operating Characteristics
(VsTBY = 3.3V, VAUXIN = 3.3V, VPWR = 12V, CGps = 12nF, and Ta = +25°C, unless otherwise noted.)

IPwR vs. VPWR

VRerout vs. TEMPERATURE

Igmout ERROR vs. VcBp - VecBM

EL6SXVIN
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Phase Redundancy Power Supervisor

Typical Operating Characteristics (continued)
(VsTBY = 3.3V, VAUXIN = 3.3V, VPWR = 12V, CGps = 12nF, and Ta = +25°C, unless otherwise noted.)

OVIN TO GPS LOW AND FAULTOUT FAULTIN TO GPS LOW AND FAULTOUT
LOW-RESPONSE TIME LOW-RESPONSE TIME

MAX5973

MAX5973 toc08 MAX5973 toc09
T——— REaaamanay

. d

u : :
. 800nv . : : . . : VFAULTIN
VovIN EEPEE TR Ll d Lol ot 2V/div
200mV/div : Do o
oV
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Vaps
Vaps 10V/div
10V/div
R e I ov
: Coto )i Voo VFAULTOUT
: i S 2V/div 2V/div
oV ov
200ns/div
IpwR AND IsTBY vS. TEMPERATURE Veps - VcBp vs. VPWR Igps,up vs. VGps - VcBP
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Phase Redundancy Power Supervisor

Pin Configuration

=3 = % =3 g =2
TPVEW 2 2238 S 3532 E &
1301129} 128} 12711261125} {24} 123} {22} 21
CMPIN | 31 20 e,
CMPOUT|32! 119 | errOUTB
FAUTIN| 330 i 118 | erroUTA
FAULTOUT( 34} | | 17 | oveer
aoutfs L amam | 16 Jovin
rouT|s6] 0 MASS b g oog
sev|arl | 14 | som
o8l P 113 | com
v 29} D 12 [ panp
NC.[40} + il BU
(1ii2iisiiaiisiieiiviigiioiio;
TEEREEFEE
*CONNECT TO AGND.
Pin Description
PIN NAME FUNCTION
’ PWR Power-Supply Input. Nominally 12V, with 9V UVLO. Connect to the 12V supply through a 10Q to 100Q
resistor and bypass with a 1uF capacitor.
5 CBSET 12\( Circuit-Breaker Threshold Voltage Set Inplut. QBSET is drliven by a 20pA current sink. Connect a
resistor between CBSET and CBP to set the circuit-breaker trip threshold.
3 CBP 12V Current-Sense Positive Inpyt. Connect to the high side of an external sense resistor at the source of
the 12V n-channel MOSFET switch.
4 CBM 12V Current-Sense Negative Input. Connect to the low side of an external sense resistor at the drain of
the 12V n-channel MOSFET switch.
5 GPS Gate Drive For External 12V Input-Power n-Channel MOSFET Switch
6 I.C. Internal Connection. Connect to GND.
7 AUXIN  |Auxiliary 3.3V Power Switch Input
8 AUXOUT |Auxiliary 3.3V Power Switch Output. Connect to the 3.3V power input of the phase regulator.
9 AUXOV |Auxiliary 3.3V Power Switch Overvoltage Protection Input
13% i% N.C. No Connection. Not internally connected.
High-Side Switch Failure Detection Input. If LXIN rises above the failure detection threshold voltage, the
11 LXIN input switches will turn off to prevent a shorted high-side switch from causing an overvoltage condition.
Connect to the phase converter’s LX node through an RC divider-filter circuit.
12 PGND  |Power Ground
/X1 9

EL6SXVIN
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Phase Redundancy Power Supervisor

Pin Description (continued)

PIN NAME FUNCTION

13 GOR Gate Drive For External Output ORing n-Channel MOSFET Switch. This is an open-drain
output with strong pulldown capability.

14 SOR Source ORing Sense Connection. Connect SOR to the source of the external ORing n-channel MOSFET.

15 DOR Drain ORing Sense Connection. Connect DOR to the drain of the external ORing n-channel MOSFET.

16 OVIN Overvoltage Comparator Input. Connect to the output of the combined slave phases through a resistive
divider.

17 OVREF Overvoltage Comparator Reference Input. Connect to an overvoltage threshold reference that varies
with the output-voltage set point.

18 ERROUTA [Channel A Analog Error Signal Unity-Gain Buffer Output

19 ERROUTB [Channel B Analog Error Signal Unity-Gain Buffer Output

21 ERRINB [Channel B Analog Error Signal Unity-Gain Buffer Input

22 ERRINA [Channel A Analog Error Signal Unity-Gain Buffer Input

23 AGND  |Analog Signal Ground

24 CLKOUT |Clock Buffer Output. Connect to the slave phase data-clock input.

25 CLKIN  |Clock Buffer Input. Connect to the master data-clock signal.

26 LOOPOUT |Serial Bus Loop Output. Serial bus loop output to the phase regulator.

o7 LOOPIN Serial Bus Loop Input. Serial bus loop input from the phase regulator. This input is normally connected
to BUSOUT, but is disconnected and ignored in the event of a fault.
Serial Bus Loop/Bypass Output. This output is connected to the LOOPIN input during normal operation,

28 BUSOUT |and connected to BUSIN in the event of a fault. Connect to the BUSIN input on the next phase, or return
to the master data input if there are no more phases.
Serial Bus Loop/Bypass Input. This input is connected to LOOPOUT during normal

29 BUSIN  |operation, and internally connected to BUSOUT in the event of a fault. Connect to the bus master data
output or BUSOUT of the previous phase.

31 CMPIN  |Uncommitted Comparator Negative Input

32 CMPOUT |Uncommitted Comparator Open-Drain Output

33 FAULTIN |External Enable Control Input. Pull this input to ground to disable the associated phase regulator.

34 FAULTOUT |Open-Drain Fault Output. FAULTOUT asserts low if there is a failure of the associated phase controller.
Transconductance Current-Sense Amplifier Output. Connect all phases’ GMOUT pins to a single resis-

35 GMOUT . . .
tor to sum the input currents for all phases in a domain.

36 REFOUT |Reference Output

37 STBY Standby Power Input. Power to this input must be cycled to unlatch the device after a fault condition.

38 GND Ground

39 BYP Internal Regulator Bypass Connection. Connect to ground through a 1uF capacitor.

o Ep Exposed Pad. Internally connected to AGND. Connect this thermal pad to the ground plane and use

multiple vias to a solid copper pour on the bottom layer of the PCB.

10
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Phase Redundancy Power Supervisor

Functional Diagram
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MAX5973

Phase Redundancy Power Supervisor

Detailed Description

The MAX5973 phase redundancy power supervisor
monitors and protects an individual slave phase in phase
redundant DC-DC converters.

The device features an external power switch and an
“ideal diode” ORing controller that isolates an indi-
vidual slave from the multiphase DC-DC converter
combined input and output when a fault is present.
The programmable circuit breaker sets the current
limit of the slave phase and generates a fault response
when it is exceeded. An integrated transconductance
current-sense amplifier continuously monitors the cur-
rent flowing through the external power switch during
normal operation. To provide true phase-redundancy,
the ORing diode controller drives an n-channel reverse-
current blocking MOSFET at the output of the slave.
An internal auxiliary power switch allows the MAX5973
to monitor and protect the 3.3V supply powering the
slave phase controller against undervoltage, overvolt-
age, and overcurrent conditions. A comparator input
monitors the switching node of the slave phase for

Table 1. Fault Conditions

EVENTS THAT CAUSE A LATCHED FAULT

TYPE OF FAULT DESCRIPTION

FAULTIN input is pulled below the VL

high-side switch failure detection, and an overvoltage
comparator input monitors the combined multiphase
DC-DC converter output for overvoltage conditions.

The MAX5973 also features a serial bus loop/bypass,

clock buffer, error signal buffers, an uncommitted com-
parator, and thermal shutdown protection.

Fault Output
The FAULTOUT output is an open-drain output that is
driven low whenever a fault condition has occurred. The

FAULTOUT output latches low in the event of any of the

following conditions:

When any of the fault conditions listed in Table 1 occur,
the part will trigger a fault condition and the events in
Table 2 will occur.

Once a fault condition has occurred, the only way to
clear the fault condition is by cycling the STBY voltage
below its undervoltage threshold.

Fault Input
The FAULTIN input is a logic-level input. After a power-
up is initiated, the MAX5973 will wait for approximately
10ms after AUXOUT has risen above its undervoltage
lockout threshold. At this time, the device will check the
status of the FAULTIN input. If the voltage at FAULTIN
is below VL, the MAX5973 will initiate a fault which will
pull the GPS and GOR gate-drive outputs low and shut
down the internal power switch between AUXOUT and
AUXIN. In addition, any time after a normal power-up, the

FAULTIN Low threshold after power-up

| Fault GPS pulled low because of CBP/CBM

MAIN circuit-breaker trip
GPS output below VGgps TH for longer than
tsu (when commanded high on power-up)

VGPs Fault or AUXOUT below its undervoltage lock-
out threshold after tsy (when commanded
high on power-up)

Iaux Fault AUXIN/AUXOUT circuit-breaker trip

Vaux Fault AUXQOV input above 700mV threshold

Output overvoltage fault (OVIN above
OVREF and OVREF above VL.ckoUT)
combined with GOR commanded high
(i.e., slave forcing overvoltage)

Overvoltage Fault

Failed high-side switch or excessive duty

LXIN Fault
cycle

Slave Startup
Failed

FAULTIN was not high by tsy = 10ms
after UVLOAUXOUT satisfied

GPS goes below VGps,TH for 10ms any

Vaps Failure time after the part has powered up

Thermal Shutdown | Thermal shutdown circuit has activated

FAULTIN input can be driven low by the user to cause
the GPS and GOR outputs to pull down and the internal
power switch to shut down.

Table 2. Fault Response
FAULT RESPONSE
DESCRIPTION

The MUX that drives the BUSOUT sig-
nal will allow the BUSIN signal to pass
directly to BUSOUT

CLKOUT will be driven low

GOR will be pulled low by the
IGOR,DN current (2A typ)

GPS will be pulled low by the IGpPS,DN
current (500mA typ)

ACTION

BUSIN routed to
BUSOUT

CLKOUT pulled low

GOR pulled low

GPS pulled low

AUXIN to AUXOUT The gate of the switch connecting

switch opened AUXIN to AUXOUT will be pulled low

FAULTOUT pulled An open-drain driver will pull
low FAULTOUT low

12
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External Power Switch Controller
The MAX5973 includes an electronic circuit-breaker con-
troller for an external high-side n-channel switch. This
switch allows or blocks +12V input power to the slave
DC-DC controller. The GPS output drives the gate of the
external MOSFET to +8V above the voltage present at CBP.

An external sense resistor placed at the drain of the
external MOSFET is used to detect overcurrent events.
The CBP and CBM inputs are connected across this
resistor to measure the input current.

A precision current sink drives the CBSET input; a resis-
tor connected between CBP and CBSET establishes a
circuit-breaker threshold. If the voltage across the sense
resistor (CBP to CBM) exceeds the voltage across the
set resistor (CBP to CBSET), the GPS output pulls the
gate of the external MOSFET to CBP, and eventually to
ground, blocking the flow of current to a shorted phase.

The GPS output is also pulled low if FAULTIN is low, or in
the event of an overvoltage fault (confirmed by the ideal-
diode controller) or the switched-node monitor. A circuit-
breaker shutdown of the internal power switch will also
cause GPS to pull down with a 500mA (typ) current sink.

Transconductance Current-Sense Amplifier
The MAX5973 includes a precision transconductance
amplifier that senses the voltage between CBP and
CBM, and outputs a current signal at GMOUT. This
signal can be combined in parallel with the GMOUT sig-
nals from other MAX5973 devices to provide a summed
current-sense signal for all phases in a redundant-phase
converter.

The GMOUT pins of all MAX5973 devices in a multi-
phase converter should be connected to a single resistor
to ground. The voltage across this resistor is proportional
to the combined input current of all phases. Appropriate
selection of the resistor value allows the voltage gain of
the current-sense signals to be tailored to the require-
ments of an analog-to-digital converter.

To generate an accurate average current signal, the
external current-sense resistor should be separated from
the high-side switch of the step-down phase by an LC
filter. Otherwise, large step current pulses at the input
of the phase will cause inaccurate current-sense output.

Ideal ORing Diode Controller
The MAX5973 controls an external n-channel MOSFET
at the output of the redundant phase to prevent reverse
current flow, while still allowing forward current to flow
with low resistive loss and voltage drop.

MAXIN

During normal operation, the open-drain GOR output is
high impedance to allow an external pullup resistor to
drive the gate of this external n-channel switch above
the potential at SOR. If the differential voltage between
the DOR and SOR inputs exceeds 5mV, the GOR output
pulls down with a 2A (typ) current sink to SOR, blocking
reverse current. When DOR falls to 1.7mV or less above
SOR, the GOR output goes high impedance again to
allow forward current flow from the phase.

The state of the GOR output is used in conjunction with
the overvoltage comparator to determine if the associ-
ated phase is driving an overvoltage condition.

Auxiliary 3.3V Power Switch
An internal MOSFET and current-sense circuit is used
to control 3.3V power to the slave phase controller.
During normal operation, 3.3V power flows through the
MAX5973 from AUXIN to AUXOUT and to the redundant
phase controller.

If the current exceeds the internal 350mA (typ) |AUX,CB
circuit-breaker threshold, the internal switch is disabled
and the MAX5973 shuts down the phase. In addition, the
GPS output will pull down and block 12V power as well.

An undervoltage lockout feature prevents power from
flowing through the internal switch below the VAUXIN,UV
threshold.

A programmable overvoltage protection function is
implemented by connecting a resistor-divider from
AUXOUT to AUXQV to ground. If the AUXOV input rises
above its 700mV threshold, a fault condition is detected
and the MAX5973 shuts down all switches and pulls the

FAULTOUT output low.

If the internal power switch will not be used, AUXIN
should be connected to STBY, AUXOUT should be
left unconnected, and AUXOV should be connected to
ground.

Switched-Node Monitor
The LXIN input is connected through an RC filter to
the high side of the inductor of the associated DC-DC
phase. This input is monitored by an overvoltage com-
parator. If the voltage at LXIN rises above V[ XIN,TH, the
MAX5973 concludes that the high-side converter switch
has failed. Under this condition, the MAX5973 pulls
down and latches the GPS and GOR gate-drive outputs
to isolate the failed phase and prevent an overvoltage
condition at the load.
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The RC filter between the inductor and LXIN should be
designed so that switching at normal duty cycle does
not cause LXIN to rise above VLXIN,TH. A small Schottky
diode can be used to discharge the RC filter when the
rectifier is conducting, allowing cycle-by-cycle protection.

Overvoltage Comparator
The OVIN input is connected to the load voltage (com-
bined output of all phases) and is compared to the
OVREF input voltage. If OVIN rises above OVREF while
the GOR output is low because reverse current is pres-
ent, the MAX5973 will take no action and will wait for
OVIN to fall below OVREF. However, if OVIN is above
OVREF and the GOR output is also high, the MAX5973
has detected a failure in its associated phase controller
(itis driving the overvoltage condition) and will pull down
and latch the GPS and GOR outputs.

Thermal Shutdown
The MAX5973 features thermal shutdown. When the
junction temperature of the device exceeds +150°C
(typ), a fault response disables the slave phase of the
device. The fault condition remains until the junction tem-
perature drops by 20°C (typ) and the voltage at STBY is
cycled below its UVLO threshold.

Serial Bus Loop/Bypass and Clock Buffer
The MAX5973 incorporates logic that normally routes
and buffers digital serial data from BUSIN to LOOPOUT,
and from LOOPIN to BUSOUT. However, if a fault condi-
tion is detected and the MAX5973 must disable its slave
phase, then BUSIN is connected directly to BUSOUT
and the signal at LOOPIN is ignored. See Figure 1.

A logic buffer (CLKIN to CLKOUT) is included in the
MAX5973 to pass the switching frequency synchroniza-
tion clock signal from the master to the slave. In the event
of a slave failure, the buffer prevents the master clock
signal from being corrupted. The clock signal output
(CLKOUT) to a disabled slave goes low if the MAX5973
detects a fault condition.

14

BUSIN, LOOPIN, and CLKIN are CMOS inputs referred
to the STBY input voltage. The BUSOUT, LOOPOUT,
and CLKOUT output are CMOS outputs powered by the
STBY voltage.

If the loop/bypass circuit and clock buffer are not used,
BUSIN, LOOPIN, and CLKIN should be connected to
ground, and BUSOUT, LOOPOUT, and CLKOUT should
be left unconnected.

Error Signal Buffers
The MAX5973 includes two unity-gain buffer amplifiers
for the analog differential error signals that are sent in
parallel to each phase. The buffer amplifiers prevent a
failed phase controller from collapsing or distorting the
analog error signals. The signals are received at ERRINA
and ERRINB, and the buffered signals are output at
ERROUTA and ERROUTB, respectively.

STBY
q SLAVE
CLIKIN 0 %
CLKOUT | o1 ock i
1
MASTER 5 STV
BUSIN _ I LOOPOUT| | hara
AKX/
N MAX5973
1
NEXT BUSOUT
PHASE 0 LOOPIN | a7 ut
FAULT|  FAULT
LOGIC
Figure 1. Serial Loop/Bypass and Clock Buffer
N /AXI/V
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Applications Information

Power Sequencing

The MAX5973 internal logic is powered from the STBY
input. This supply should be established before the PWR
and AUXIN supplies are brought up. A controlled restart
can be performed by lowering the PWR and AUXIN sup-
plies while STBY remains powered. After a fault condition
has occurred, all supplies must be removed to unlatch
the fault condition in the MAX5973 state machine.

Startup Sequence:

1) Establish VSTRY.

2) Establish VPWR.

3) Establish VAUXIN.

Normal Restart Sequence:

1) Remove VAUXIN.

2) Remove VpwR.

3) Establish VPWR.

4) Establish VAUXIN.

Unlatch from Fault Condition Sequence:
1) Remove VAUXIN.

2) Remove VPWR.

3) Remove VSTBY.

4) Repeat Startup Sequence.

Transconductance

Current-Sense Amplifier

The current-sense resistor, RSENSE, must be connected

between CBP and CBM to sense the average slave input

current. The voltage drop across RSENSE should be

less than or equal to 80mV, therefore RSENSE should be
selected based on the following equation:

RsensE * ISENSE,Fs <80mV

where ISENSE,FS is the full-scale slave input current.
A Kelvin sense connection should be used to connect
RSENSE to CBP and CBM. A capacitor between CBP and
CBM can be used to help smooth the input current wave-
form. An inductive filter between the external FET and the
slave high-side switch may be required to smooth the
actual input current.

An output resistor, RGMOUT, must be connected between
the transconductance current-sense amplifier output
GMOUT and AGND. The transconductance, gwm, is typi-
cally 10mA/V:

MAXIN

RamMouT * 9m * VSeNSE Fs <3V

Circuit-Breaker Protection (CBSET)
The circuit-breaker threshold is programmed by con-
necting the resistor RCBSET between the high-side of
RSENSE and CBSET.

R _ Isensg,cB X RSENSE
CBSET = 2007

where ISENSE,CB is the desired circuit-breaker current
limit. Remember to allow some margin between the maxi-
mum expected input current and the circuit-breaker limit
to allow for normal load transients plus ripple and noise.

Auxiliary Input OV Protection (AUXOV)
The output of a resistive divider supplied by AUXOUT is
connected to AUXOV. An internal comparator compares
the voltage at AUXQV and disables the internal switch and
issues a fault if the voltage exceeds the 700mV threshold.

High-Side Switch Failure (LXIN)
The high-side switch failure detection input LXIN moni-
tors the average voltage at the switching node LX of the
phase controller. The high-side switch failure threshold is
set by an RC circuit and a Schottky diode. The Schottky
diode D1 connected in parallel with RLXIN1 is used to
discharge the filter on every cycle of the DC-DC con-
verter, allowing the MAX5973 to monitor each cycle for a
high-side switch failure.

Begin by selecting a maximum failure detection time
tHIGH that is larger than one switching period. The values
of RLXIN1 and RLxIN2 should be chosen to keep VLXIN
below its absolute maximum rating of 4V even when the
input voltage is applied to LXIN continuously.

R
V|N X[—LXlNZ J <4V
Rixint +Rixing

Diode D1 will discharge CLXIN to the Schottky VF voltage
when Q3 is on. The MAX5973 will shut down the DC-DC
converter when VLXIN = 700mV. During normal opera-
tion, capacitor CLxIN must not rise by 700mV - VF. This
can be achieved by sizing CLxIN and the charging cur-
rent through RLXIN1. The approximate average charging
current with Q2 on and Q3 off is

Vo _[700mV-Ve
N 2 (700mV - Vg)

lcLxin,up = RO -

2x Rixing
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The value of capacitor CLXIN can then be chosen
according to:

lcLxIN,uP % tHIGH
700mV - Ve

Cixin =

The values of RLXIN1 and RLXIN2 should also be chosen
to minimize power dissipation:

Vin®
Poiss = |o—— 55— |*DPava
Ruxint +Ruxing

where DAVG is the average duty cycle.

16

Output Overvoltage Protection (OVIN)
The output of a resistive divider supplied by the com-
bined multiphase output is connected to OVIN. An
internal comparator compares the voltage at OVIN with
either REFOUT or an external reference to determine if
an overvoltage condition is present.

Layout Considerations
Kelvin connections should be used for the nodes con-
necting CBP and CBM to RSENSE, and the nodes con-
necting DOR and SOR to the ORing n-channel MOSFET.
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Typical Application Circuit
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Chip Information

Package Information
PROCESS: BiCMOS For the latest package outline information and land patterns,

go to www.maxim-ic.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.

MAX5973
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