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XINJI TECHNOLOGY

FEATURES

XPA5991

16-V Input, 50-A, TmQ Rops on, Hot-Swap Efuse

4V to 16V Operating Input Range
Maximum 50A Output Current

Maximum 60A Output Current with Air Flow
Integrated Power FET with 1mQ Rps_on
Built-In MOSFET Driver

+1% Current Monitor Accuracy

Integrated Current Sense with Sense Output
Adjustable Over-current Limit

Adjustable Short-circuit Current Limit

3.3V LDO Output

Built-In Insertion Delay

External adjustable Soft Start (SS)

Output Short-circuit Protection (SCP)
Thermal Protection (OTP)

Efuse Health Reporting

Fault Signal Output (GOK)

Fault Type Indication (FLT_TYPE)

Supports Parallel Operation for High-Current Applications

Integrated Intelli-Fuse Temperature Sense
Available in LGA-32 (5mmx5mm) Package

APPLICATIONS

Servers

Hot Swap
Laptops
Disk Drives
Networking

DESCRIPTION

The XPA5991 is a powerfet-integrated hot-swap/Efuse device designed to protect its load circuitry from input transients.
It also prevents the input from unwanted shorts and transients coming from the output. It can supply high to 50A
continuous output current at room temperature, and up to 60A with air flow.

You can parallel multiple XPA5991 parts to get extreme large output current. The current balance loop could balance
the inrush current at softstart.

The gate of the power device is driven by a built-in charge pump, enabling a very low RDS_ON of 1mQ.

Full protection features include current limit (OCP), short-circuit protection (SCP), thermal shutdown (TSD), damaged
MOSFET detection, over-voltage protection (OVP), and under-voltage lockout (UVLO).

XPA5991 is available in LGA-32 (5mmx5mm) package.



imit W i 1

XINJI TECHNOLOGY

FUNCTIONAL BLOCK DIAGRAM

XPA5991

16-V Input, 50-A, TmQ Rops on, Hot-Swap Efuse
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Fig.1 Functional Block Diagram
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REVISION HISTORY

Release Rev Changes Date

Released 1.0 First release 2025.01

ORDERING INFORMATION

Part Number Output Current (A) VOUT (V) Top Marking MPQ

XPA5991G32R 50 E-fuse A5991 3,000

MPQ = Minimum Packaging Quantity.
For production orders greater than MPQ, the order must be a multiple of MPQ per package size above.
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PIN CONFIGURATION AND DESCRIPTION

TOP VIEW

2 {| VOUT
VOUT
VOouT
VOUT
VOUT
VOUT
VOUT
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FLT_TYPE Ss
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VIN
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VIN
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VIN
VIN
VIN

Pin Description

Pin Number Pin Name Description
1,2,
25 26. 27 Output voltage. VOUT is the output voltage controlled by XPA5991. A Schottky
) ' ) T VOUT | diode should be placed between VOUT and GND to absorb potential negative
8, 29, 30, voltage spikes.
31,32
Over-current indication digital output. The D_OC pin is an open-drain output.
3 D OC D_OC is pulled low when the CS voltage (VCS) exceeds 85% of the OCREF
- voltage (VOCREF) in standalone mode, and VCS exceeds the OCWREF voltage
(VOCWREF) in slave mode.
4 ON MOSFET on/off control. Pull the ON above 1.4V to turn the power MOSFET on,
and below 1.2V to turn power MOSFET off. Do not float ON pin.
Intelli-Fuse fault reporting output. The GOK pin is an open-drain output. GOK is
5 GOK pulled low and latches once there is a fault detected. The following faults can pull
low GOK: an input over-voltage (OV) fault, an output over-current (OC) fault, a
short circuit (SC) fault, an over-temperature (OT) fault, or a MOSFET health fault.
6 FLT_TYP | Intelli-Fuse fault type indication output. The FLT_TYPE pin indicates a voltage
E level based on the fault detected.
7 NC Not connected. Float the NC pin.
8 MODE Mode selection. Connect different resistors between the MODE and GND pins to
select the different operation modes (latch-off mode, hiccup mode or slave mode).
%10, 11, S i ly. The VIN pin i d to the drain of th
ystem input power supply. The pin is connected to the drain of the
12, 13, 14, VIN MOSFET.
15, 16, 33
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17

SCREF_
OCWREF

Multifunctional (short-circuit current limit and over-current warning
reference in slave mode). The SCREF_OCWREF pin is a multifunctional pin.
Connect different resistors between SCREF_OCWREF and GND pins to select
different short-circuit current limits (40A, 60A, 80A, 100A or 120A). In slave mode,
SCREF_OCWREEF is used as the OC warning reference.

18

VTEMP

Junction temperature sense output. Place a <1nF capacitor and a >10kQ
resistor in parallel on the VTEMP pin.

19

SS

Soft-start time setting. Connect an external capacitor between SS and GND pins
to sets the soft-start time (tSS). The internal circuitry controls the output voltage
(VOUT) slew rate during start-up.

20

GND

Signal ground.

21

VDD33

Internal 3.3V LDO output. Place a =1uF decoupling capacitor close to the
VDD33 and GND pins.

22

IMON

Output current monitor. The IMON pin reports the current flowing through the
power device. Connect a resistor between the IMON and GND pins to generate
the IMON voltage (VIMON). Place a 2.2nF to 100nF capacitor in parallel to reduce
noise and maintain a smooth voltage.

23

(ON)

Current-sense output. Connect a resistor between the CS and GND pins to
generate VCS which is compared to VOCREF to determine the OC limit. The CS
pin is also used to assert D_OC. The D_OC is pulled low If VCS exceeds 85% of
VOCREEF in standalone mode, and VCS exceeds VOCWREEF in slave mode.

24

OCREF

Current-limit reference voltage input. Connect a 1nF to 10nF capacitor between
the OCREF and GND pins to reduce noise and maintain a smooth voltage.
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ABSOLUTE MAXIMUM RATINGS

DC -0.3V ~ +20V
VIN lus +24V
25ns +29V
VOUT -0.3V ~ +20V
All other pins -0.3V ~ +6V
Continuous power dissipation (Ta=25°C) ? 8.23W
Junction temperature Ty —40°C to 150°C
Storage temperature Tstg —65°C to 155°C
Lead soldering temperature Ts(10s) 280°C
Junction-to-ambient thermal resistance CH 14.58°C/W
Junction-to-case thermal resistance Bic 5.33°C/W
ESD HBM 2kV
ESD CDM 2kV
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
VIN Input voltage 2.7 16 \%
Ts Operating junction temperature -40 125 °C
Notes

(1) Stress beyond those listed under absolute maximum ratings may cause permanent damage to the device.

(2) The max allowable continuous power dissipation at any ambient temperature is defined by Po (MAX) = (Ts (MAX)-

Ta)/0ia.

Excessive die temperature will cause the device to go into thermal shutdown, hence protects it from permanent damage.

(3) The device is not guaranteed to function outside of its operating conditions.
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ELECTRICAL SPECIFICATIONS

VIN = 12V, Rcs = 2kQ, Rimon = 2kQ, Ta = 25°C, unless otherwise noted

Parameters Symbol | Condition Min Typ Max Unit
s
Supply Current
EN = high, no load 2.5 2.9 mA
Fault latch off 2.3 2.7 mA
Quiescent current lo EN=0,Vin=12V 2.3 2.7 mA
EN=0, V=16V 2.3 2.7 mA
Power FET
TJ = 25°C, lout=2A, 1 1.25
On resistance Robs_on mQ
TJ = 125°C, lout=2A TBD TBD
VDD33 Regulator and Under-Voltage Protection (UVLO)
IvDD33=0mA 3.2 3.3 3.4 \Y,
VDD33 regulator output voltage VDD33 |IvDD33=25mA 3.17 | 3.27 3.37 \Y,
IvDD33=40mA 3.16 3.26 3.36 \Y,
VDD33 UVLO threshold, rising VDHD§3VT 255 27 285 Y
VDD33 UVLO threshold, falling VDHD§3VT 2.15 23 2.45 Y
VDD33 UVLO threshold, hysteresis VDDS33HY 400 mV
Thermal Shutdown
Shutdown temperature @) ‘ Tso ‘ ‘ ‘ 145 ‘ ‘ °C

VIN Under-Voltage Protection (UVLO) and Over-Voltage Protection (OVP)

VIN UVLO threshold, rising VINvTH_R 3.05 3.2 3.35 \Y

VIN UVLO threshold, falling VINvTH_F 2.55 2.7 2.95 Y

Over-voltage protection Vovp 17 18.5 20 \%

OVP hysteresis Vovp_Hys [Auto-retry 1 Vv

MOSFET On/Off Control (ON)

Internal ON current lon 3.2 4.2 5.2 UA

ON input rising threshold Von_Rising [Mon iS rising 1.3 1.4 15

ON input falling threshold Von_Faling [Von is falling 11 1.2 1.3 Y

MOSFET turn-on hysteresis Von_HYs 200 mV

MOSFET turn-on insertion delay time | ton peLay \Vopas > Voo w0 misne, 0.8 1.3 1.8 ms
IViN > VIN_uvLo_RISING

ON blanking time ton_sLank  [Von recycling 0.7 1 15 ms

Current-Sense Output (CS)

Current-sense gain Acs Ics / lour, lout > 4A 9.6 10 10.4 | pA/A

7
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Current-sense gain offset lout > 4A -1 1 MA
Current Monitor Output (IMON)
IMON sense gain Amon | Imon/ lour, lout > 4A 9.9 10 10.1 | pA/A
IMON sense offset loutr > 4A -0.6 0.6 MA
Over-Current (OC) Limit Reference (OCREF)
Internal OCREF current locrer Standalone mode i 10 - s
Slave mode 0 HA
Current limit at normal operation loc nor  |RiseT = 12k -6% 25 +6% A
}I_/Jss:_czl_gngz:at Vout < 80%Vn, 570 635 699 mv
OCREF clamp voltage Vfi\ff:— VSS:CLAmz at Vout < 80%V, 340 440 570 mv
T, =125°C
\Vout = 80%Vin 1.9 2 2.1 \%
OCREF operating voltage ¥ Vocrer 0.3 1.8 \Y;
OCREF OC regulation timer foc_rec xzz;; iog{%“’ 220 us
Short-Circuit Current Limit Reference (SCREF)
Standalone mode,
= o5eC 9 10 11 LA
Standalone mode,
Internal SCREF current Iscrer 10 10 125°C 9 10 11 uA
Slave mode 0 A
lumiT_sc = 40A 0 0.16 V
IlLmiT_sc = 60A 0.24 0.3 0.36 \%
SCREF clamp voltage Vscrer  [lumit_sc = 80A 0.48 0.6 0.72 \Y,
ILmim_sc = 120A 0.96 1.2 1.44 \%
lumim_sc = 100A 1.68 \Y
Short-circuit current limit(4) lumr_sc  Vscrer > 1.6V 100 A
t\?rf;c;r(a-)circuit protection response tec 200 ns
Vour < 1/8 Vi,
Short-circuit start-up protection timer tsc_TIMER Ieer is regulated by Vs cLave 21 3.2 ms
Temperature Sense (VTEMP)
Temperature sense gain® 8.7 mv/°C
Temperature sense output @ T, =25°C 370 mv
Thermal Shutdown (TSD)
Thermal Shutdown rising Threshold® 148 °C
Thermal Shutdown falling Threshold® 100 °C
Soft Start (SS)

8
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Vss= 12V, ISS is dependent
SS pull-up current Iss on Vin, Res= 1.6MQ) 6.5 7.5 8.5 MA
SS is pull low internally via
SS low voltage Vss Low Rss, lsnk=10mA 0.2 \%
SS leakage current liko_ss I\gog; 0V, Vss=3.3V, MOSFET 1 uA
GOK Output and Comparator
Output low voltage Veok_Low |lsink =10mA 0.3 \Y
GOK leakage current @ like cok | Veok = 3.3V 1 MA
GOK internal pull-up resistor Reok 370 kQ
) Veok_
GOK comparator falling threshold ALLING Fault status 1.05 1.16 1.3 ms
GOK comparator hysteresis VGok_Hys 900 mV
GOK fault delay time 1 3 5 Ms
D_OC Output
Output low voltage Vb_oc_tow |lsink =10mA 0.3 \Y
D_OC leakage current ke b oc |Vb oc =3.3V 1 MA
Standalone mode, Vour=> Ves /
_ 90%Vi, 0.3V < Vocrer < 0.8 0.85 09 | o
D_OC high to low threshold (OC 1.8V OCREF
warning) Voocm | =
Slave mode, Vour = 90%V, Ves /
0.95 1 1.05
0.3V < Vocrer < 1.8V VocwREF
MOSFET Short Detection
MOSFET drain-to-source short Measured at Vour during start- o
entry threshold VDSTH_ENT up 85 90 95 % of VIN
MOSFET drain-to-source short Measured at Vour during o
recovery threshold VosTH ext start-up 65 70 75 | %OfVIN
MOSFET Gate-to-source short v v oy
protection delay time Tos_st ss > Vbpas3-0. 200 250 300 ms
Fault Type Indication Output (FLT_TYPE) (6 Indication Types)
short-circuit FLT_TYPE voltage ® Vrrrvee | SCP 15 \Y
SC
OC fault FLT_TYPE voltage Verrvee | OCP during SS or normal 116 | 12 | 1.24 v
oc operation
OT/OV fault FLT_TYPE voltage VF;/—;:PE VIN OVP and OTP 0.865 | 0.9 | 0.935 \Y
MOSFET DS/GS short fault VELT TYPE
FLT TYPE voltage . MOSFET DS/GS short 0.57 0.6 0.63 \Y
GOK fault FLT_TYPE voltage VFLGTlePE GOK fault 0275 | 0.3 | 0.325 \Y
FLT_.'I?YPE voltage for other VELT_TYPE 0.08 01 0.12 v
conditions OTHER
Mode Selection (MODE)

9
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MODE current ImopE 9 10 11 MA

Hiccup mode with 250ms Rwmope = 30kQ, tretry =

auto-retry delay VMopE1 250ms 0.24 0.3 0.36 \Y,

Hiccup mode with 500ms Rwmope = 0kQ, tretry =

auto-retry delay Viwooe2 | 500ms 0 0.16 v

Hiccup mode with 1s auto-retry delay Vmopez | Rmope = 60kQ, tretry = 1S 0.48 0.6 0.72 Vv

slave mode Vwmopes | Rmope = 120kQ 0.96 1.2 1.44 \%
MODE is pulled up to

latch-off mode VMoDES VDD33 1.68 Vv

Notes:

(4) Guaranteed by design.

10
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TYPICAL PERFORMANCE AND OPERATING CHARACTERISTICS

Vin= 12V, Rcs = Rimon=2kQ , TA= 25°C, unless otherwise noted.

Quiescent Current vs.
Temperature
VIN =12V, ON is low

Quiescent Current vs.
Temperature
VIN = 12V, ON is high

INPUT VOLTAGE (V)
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L
5 100.0 5 2000
o (o4
0.0 0.0
40 -20 0 20 40 60 80 100 120 140 40 20 0 20 40 60 80 100 120 140
Ambient Temperature(°C) Ambient Temperature(°C)
Quiescent Current vs. Input Voltage Quiescent Current vs. Input Voltage
ON is low ON is high
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INPUT VOLTAGE (V)
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VDD33 Load Regulation ON Threshold vs. Temperature
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OCREF Clamp Voltage vs. OCP Reguation Time vs.
Temperature Temperature
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FUNCTIONAL DESCRIPTION

The XPA5991 is a monolithic Intelli-Fuse device with 1mQ Rops(on) internal power MOSFET, compatible with
multi-fuse hot-swap applications. The XPA5991 can operate alone or can be controlled via a hot-swap controller
for multi-fuse operation. It can drive up to 50A of continuous output current (lout) per device at room
temperature, and up to 60A of continuous lout with air flow.

The device limits the backplane voltage drop by limiting the inrush current to the load while a circuit card is
inserted into a live backplane power source. It also provides an integrated current mirror to monitor loyt and the
integrated on-die temperature sense. This eliminates the need for an external current-sense power resistor,
power MOSFET, and temperature-sense device.

The XPA5991 monitors the current and temperature to feedback information to the processor or controller. It
limits the internal MOSFET current (Iret) by controlling the gate voltage (Veate) via the current limit (Iumit)
reference input and soft-start ramp

MOSFET On/Off Control (ON)

The ON pin controls the power MOSFET to turn on and off while system input power supply exists. Pull ON above
1.4V to turn on the MOSFET and below 1.2V to turn it off. There is a fixed ton_peLay (1.3ms) that starts when ON
is pulled above 1.4V and the MOSFET remains off within the ton_pecay. If there is no fault, ON pin above 1.4V can
turn on the MOSFET after 1.3ms. Figure 2 shows the MOSFET on/off control when GOK is pulled up to VDD33.

A

Vin/ |

VDD:]S

=14V
. >Ims
Voo On = On
i Off Off
MOSFET -
e > o
ton_pelay ton_peLay

Fig.2 MOSFET On/Off Control

If any fault detected, the GOK is pulled low and MOSFET is turned off. Regardless of whether the fault is
removed, pull low ON can clear the fault states and allow GOK being pulled high. There is blanking time
ton_sLank (IMS) starts when ON is pulled low and ON above 1.4V is valid until the blanking time is finished. If the
fault is removed when ON is low, pull ON above 1.4V after the 1ms can turn on the MOSFET once ton_petay iS
finished. Figure 3 shows the MOSFET on/off control if a fault occurs.

14
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Vind { | Fault Event
\V/ H H
DD33 i

Fault
Event >14V!

" 1.

Vook || P

MOSFET Off
- e [ = ] PR .
’ 4 7 \
ton_pELay ton_sank ton_pelay ton siank  ton_pelay

Fig.3 MOSFET On/Off Control if a Fault Occurs

In standalone mode, a capacitor connected between ON and GND pins (Con) can be charged by the internal pull-
up constant current source (4.2pA) for automatic start-up. If the XPA5991 is paired with an Intelli-Fuse master or
a controller, then ON is controlled via the master or controller.

Soft start (SS)

When ON is pulled high and tON_DELAY ends, a constant-current source proportional to the input voltage
charges up the capacitor connected to the SS pin, which determines the soft- start time. The output voltage rises
at a similar slew rate to the SS voltage. The SS capacitor value can be calculated with Equation (1):

Css (nF) = 18 x %S’S”S) 1)

Where tss is the soft-start time, and Rss is 1.6MQ.

For example, a 100nF capacitor gives a soft-start time of 8.9ms. If the load capacitance is extremely large, the
current required to maintain the preset soft-start time exceed the current limit (Iumit). In this case, the rise time is
controlled by the load capacitor and the current limit. A 12uA current source pulls up the gate of the power
MOSFET, and the gate charge current controls the output voltage rise time, and in this case, tss is minimum soft
start time, which is about 1.5ms.

When multiple XPA5991s are operating in parallel, their SS pins should be connected together, so all of devices
can be controlled the soft-start slew rate during soft start.

Start-Up Sequence

Veate should be pulled low during Vin plug-in with high dv/dt when Vy rises immediately in hot-swap applications.
The XPA5991 has two operation modes: standalone mode and slave mode.

Standalone Mode

In standalone mode, ON can be pulled high via the internal current source (4.2pA) charges Con once the VDD33
voltage (Vbpssz) exceeds its UVLO rising threshold or pulled up to VDD33 externally. The OCREF determines the
over current limit (Ilumt_oc) level via the Vocrer generated by the OCREF current (10pA) through the OCREF
resistor (Rocrer). The SCREF determines the short-circuit current limit (Iumr_sc) level via the Vscrer generated
by the SCREF current (10pA) through the SCREF resistor (Rscrer).

The gate of power MOSFET is charged by the internal charge pump (12pA) after ON above 1.4V and ton_peLay
finished. Once the gate-to-source voltage (Ves) exceeds its threshold (Ves_tH), the MOSFET turns on and Vour
starts rise. During start-up, the actual current-limit reference is clamped internally at Vss cLampe (@bout 635mV with
15



imit W i 1 XPA5991

16-V Input, 50-A, TmQ Ros on, Hot-Swap Efuse

a negative temperature coefficient) if Vocrer exceeds the Vss ciamp, While the current-limit reference is
determined by Vocrer if the external Vocrer is below VOCREF_CLAMP (VOCREF_CLAMP equals VSS_CLAMP when Vour is
below 80% of V). Figure 4 indicates the start-up in standalone mode.

#~ vDD33 UVLO

f1.4V

VDDEB

1"'lllf_'lN

Vscrer

OCWRET ; (e.g. 1.4V)

: : T
; ; Vas_came  §
R i i

t Vep = 3.3V
7 80% of Viy

— i :
tom_pELaY

Ve

Viour

Veox 4/{

Fig.4 start-up in standalone mode

Slave Mode

XPA5991 is configured to operate in slave mode when it is controlled by a hot-swap master or controller. In slave
mode, Vocrer, Vscrer and the OCWREF voltage (Vocwrer) are configured via the controller.

The gate of power MOSFET is charged by internal charge pump once Von is pulled high and ton_peay finished.
The MOSFET is on when Vgs exceeds Ves_tH and Vour rises, which is shown in Figure 5.

If ILoap is high during soft start, the CS voltage (Vcs) is clamped at Vss_ciamp. The XPA5991 can also be turned
on or off via the VIN pin when ON signal from the hot-swap controller keeps high.

16
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UIN —
A= VDD33 UVLO
Vooas The on delay is determined
by the controller >1.4V
/o, '
VDN VS/C-R.EF
1|_ VDC,WREF
Vscrer_ /
OCWREF (eg 14V)
/ Vas cLawe ;
r'.:.:.:.:-:-:“'u...................................
Vocrer = Ves Vep =33V
Vs
VCIUT
VGDK —/}
= t

—
tom_pELay

Fig.5 start-up in slave mode

Current-sense Output (CS)

The CS pin can provide a current which is proportional to the current flowing through the power transistor (lour).
The voltage Vcs is produced by current-sense resistor (Rss) that can be used as OC limiting, OC warning, and
devices operate in parallel with start-up current balancing. When the MOSFET is on fully, the current-sense gain
is about 10pA/A. The current of CS pin (Ics) can be calculated with Equation (2):

Ies = Ipyr x 10pA/A (2)
Then Vs can be calculated with Equation (3):
Ves = Ies X Res )

Once Vcs exceeds the OCREF Iumit threshold, the internal circuity regulates gate of power transistor to maintain
a constant lger.

The insertion delay timer starts once the device is enabled. Upon the end of the insertion delay time, an internal
24pA current source starts charging up the power FET’s Ves, and it takes around 1ms for Ves to reach its threshold.
The output voltage then rises following the slew rate controlled by SS.

Current Monitor Output (IMON)

The XPA5991 provides a high-precise power MOSFET current monitor output (Iuon) whose gain is 10pA/A. A
resistor (Rimon), between the IMON pin and ground, generate the IMON voltage (Vivon), the voltage range is 0V
to 1.8V to keep the IMON current (Iimon) linearly proportional to Ier. The IMON current IMON can be calculated
with Equation (4):

Iimon = loyr X 10uA/A 4)
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Then VIMON can be calculated with Equation (5):

Vimon = Iimon X Rimon 5)

The IMON pin can accurately monitor the loyr by the master or controller. Place a 2.2nF to 100nF capacitor
between the IMON pin and ground to reduce the noise and keep a smooth indicator voltage.

Current Balance for Parallel Operation

In higher-current applications, Multiple XPA5991s can operate in parallel. Connect the IMON pins of all devices,
so the current balance loop balances the start-up current for each active channel.

The sensed current from each active IMON pin can be summed together, and then divided by the different active
channels. The resulting average I.oap provides a measure of the total I oap. By comparing the sensed CS current
(Ics) in each device, then internal circuity can regulate appropriate gate voltage (Vcate), SO each intelli-Fuse can
achieve current balance during start-up. The equivalent average RIMON (RIMON_AVG) can be calculated with
Equation (6):

Rimon_ave = Res / N (6)
Where N is the number of devices.

It is essential for start-up current balancing to improve thermal performance during parallel operation. Good
current sharing reduces power loss by dissipating it across the devices and across a larger area.

Over-Current Limit Reference (OCREF)

The lumir_oc is determined by Vocrer and the external Rcs. There is an internal amplifier regulating Veare via
comparing Vcs to Vocrer, Which prevents the current through the power MOSFET from exceeding luwt set. The
internal OCREF current locrer flows through the Rocrer to generate Vocrer and it can be calculated as equation

(7):
VOCREF = IOCREF X ROCREF (7)
Where locrer is 10pA.

For protecting XPA5991 from overheating, there is an internal clamp voltage (Vocrer_cLamp), Which is related to
Vin and Vour, to set the actual current-limit reference during start-up. Figure 6 illustrates the OCREF clamp voltage.

v oo

Vss camp | Vocrer cLamp

ov

[
[
|
[
[
[ 80% of Viy
[
[
[

ov

Fig.6 OCREF Clamp Voltage
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VOCREF_CLAMP is equal to Vss_(;LAMp when Vour is below 80% of V\y while it is 2V if Vout exceeds 80% of Vin. The
current-limit reference voltage is determined by Vocrer if Vocrer is below Vocrer cLame, and it is determined by
Vocrer_cLamp When Vocrer exceeds Vocrer cLaMP.

The expected Iumit oc is a function of Vocrer, Rcs and the current sense gain (gcs), and it can be calculated as
Equation (8):

Vv
OCREF (8)

I =
LIMIT dcs X Res

IlLmit_oc can exceed the maximum load current (ILoap max) during normal operation to allow for tolerances in the
current-sense value.

Over-Current Protection (OCP) during Start-Up

Veate is regulated to maintain the current through power MOSFET (lret) constant once Vs exceeds Vocrer during
soft start. If Vcs exceeds Vss_cavp When Vour is below 1/8 of Vi, Iret is regulated for 2.1ms, then the MOSFET
latches off and GOK is pulled low (depicted in figure 7).

[} >1.4V

Von

|
Ves J\‘

i I Vour<1/8 x Vin

Vour — 7

Viok

2.1ms t

Fig.7 Failed Start-Up with Output Hard Short

OCP during Normal Operation

When Vour exceeds 80% of Vin, then Vocrer cLawve is pulled to 2V and Veare is close to the internal charge pump
voltage (Vcp). Once soft start is complete, the XPA5991 works in normal operation.

In normal operation, Vearte is regulated to keep IreT constant once Vcs exceeds Vocrer. The response
time is about 22us and leer may have a small overshoot during this response time.

Once lrer exceeds lumit oc, an internal OCP fault timer (220us) starts. The power MOSFET resumes normal
operation, and the fault timer stops with clearing the count If Ieet drops below Iumir_oc within 220us, while it latches
off and GOK is pulled low when Irer exceeds lumit_oc for 220ps.

When an OC fault detected, the GOK and SS pins are pulled low, and FLT_TYPE pin outputs 1.2V to indicate
the OC fault.
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In latch-off mode, cycle the power on VIN, VDD33, or ON to reset FLT_TYPE to 0.1V. This initiates a soft start,
and then MOSFET turns on.

In hiccup mode, the device attempts to initiate a new soft start automatically, and GOK is pulled high after a retry
delay time (tretry). FLT_TYPE continues to indicate an OC fault during tretry and is reset to 0.1V after tretry.

Short-Circuit Current Limit (SCREF)

If ILoap increases rapidly because of short circuit, the current exceeds lumit_oc significantly before the hot-swap
control loop can respond. In this case, the Iret reaches the short-circuit current limit (ILIMIT_SC) and a fast turn-
off circuit in the Intelli-Fuse can turn the MOSFET off. The total short-circuit response time is about 200ns. GOK
is pulled low when IreT exceeds IumiT_sc.

Once the ON voltage (Von) exceeds its rising threshold during the ton peray, the XPA5991 samples the SCREF
voltage (Vscrer) to determine Iumit_sc (Showed in Figure 8).

A

| Vscrer is sampled and luur_sc

/ is held during the tow pevay.

/ ton_ oAy

|4

Von I — R

.
-

Fig.8 SCREF Voltage Sampling to Determine the Short-Circuit Current Limit

lLmiT_sc is held once ton_peLav is finished. Modifying Vscrer after ton_peLay does not change lumit_sc. Cycle the
power on VIN, VDD33, or ON to enter another ton pecay and set a new Iumir_sc.

The XPA5991 provides five types of short-circuit current levels that can be selected via the SCREF pin. Table 1
shows the selectable short-circuit current limits for different SCREF voltages in standalone mode.

Table 1: Short-Circuit Current Limit Selection for Different VSCREF in Standalone Mode

Vscrer (V) Rscrer lLimim_sc (A)
<0.16 Pulled to GND 40
0.24t0 0.36 30kQ 60
0.481t00.72 60kQ 80
0.96to 1.44 120kQ 120
>1.68 200kQ 100
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In latch-off mode, cycle the power on VIN, VDD33, or ON to reset FLT_TYPE to 0.1V and GOK is pulled high.
This initiates a soft start, and then MOSET turns on.

In hiccup mode, the device attempts to retry automatically, and GOK is pulled high after tretry. FLT_TYPE
continues to indicate an SC fault during tretry. After tretry, FLT_TYPE is reset to 0.1V.

Temperature-Sense Output (VTEMP)

The VTEMP pin reports the junction temperature (T;) while there is no thermal gradient on the IC. After Vppss
exceeds its UVLO rising threshold, the VTEMP voltage (Vtemp) is 8.7mV/C, and has a 152.5mV offset, which is
also proportional to T;. VTEMP can be calculated with Equation (9):

For example, if T;is 100°C, then Vrempe is 1.022V. Vtemp can indicate the temperature accurately low to 10°C.

When multiple Intelli-Fuses operate in parallel, the VTEMP pins of each device can be connected to the
controller’'s temperature monitor pin. VTEMP pin connects a <<1nF capacitor and a =10kQ resistor in parallel.
The temperature sense function during multi-fuse parallel operation shows in the Figure 9.

VIN O—yq VIN

Controller % VTEMP OUT
= GND

Temperalune VTEM‘j[ =
ADC

calin

= VTEMP OUT
._[_._ GND

Fig.9 Temperature Sense during Multi-Fuse Parallel Operation

Mode Selection (MODE)

The XPA5991 provides both latch-off mode and hiccup mode for the following protections: input over-voltage
protection (OVP), output over-current protection (OCP), short-circuit protection (SCP), over-temperature
protection (OTP) and MOSFET GS short protection. Connect a resistor with different resistance to the MODE pin
can selects either latch-off mode or hiccup mode with tretry. MODE also determines whether the XPA5991
operates in slave mode.

In slave mode, the part operates with the following conditions:

o Vocrer and Vscrer are determined by the controller. The internal locrer (104A) and Iscrer (LOpA) are disabled.
e Vocrer_cLamp remains active. Vss_cLavp controls the soft-start current-limit threshold.

e  Von is determined by the controller and the internal current (4.24A) charging ON is disabled.

e D OC is pulled low when Vcs exceeds Vocwrer, and remains high if Vcs exceeds 85% of Vocree.

e Latch-off mode and hiccup mode with treTry are selected by the controller.
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The device detects the voltage of MODE pin to select mode when Vppss or Viy exceed their UVLO rising threshold.
After selecting the mode, it is held until the power on VDD33 or VIN is cycled again.

Table 2 shows the mode selection and treTry With corresponding resistor values.
Table 2: Mode Selection

Rwmobpe Protection Mode Retry Delay Time
Pulled to GND Hiccup mode 500ms
30kQ Hiccup mode 250ms
60kQ Hiccup mode 1s
120kQ Slave mode
Pulled to VDD33 or floating Latch-off mode

GOK Reporting

The GOK pin is an open-drain with an internal weak pull-up, active-low signal that reports Intelli-Fuse faults. GOK
is pulled low when a fault occurs, Pull GOK up to the VDD33 via a 10kQ to 100kQ resistor. During start-up, the
GOK voltage (Vcok) rises according to VDD33.

The MOSFET also can be controlled by a comparator on GOK pin in internal circuity. If Veok falls below 1.16V,
the device can detect this as a fault, then the MOSFET turns off.

Fault Type Indication (FLT_TYPE)

It indicates that the fault type for XPA5991 via a Voltage on the FLT_TYPE pin. Table 3 shows each fault condition
of different FLT_TYPE voltage.

Table 3: Fault Type Indication

Fault Tvoes Short OC fault during normal OT faultor Viy | GS/DS GOK Other
yp circuit operation or during SS QV fault short fault statues
Fault Type Voltage 1.5V 1.2v 0.9v 0.6V 0.3V ov

Do not short FLT_TYPE to ground. Vet Tvpe indicates the related to value only while the fault is present and
the MOSFET is off. For example, when device occurs Over-Current fault, the Ve 1 tvpe can output 1.2V after the
fault timer (220us) finishes, and the MOSFET turns off.

A higher Vet type indicates a more serious fault has occurred in the device. When multiple faults occur at the
same time, then FLT_TYPE outputs the highest voltage for the most serious fault. For example, if a SC fault and
an OV fault occur simultaneously, then Vet tvee is 1.5V to indicates the SC fault, which is more serious fault.

In multi-fuse operation, the FLY_TYPE pin of each device should be connected together to indicate the highest-
priority fault in the entire system.

D_OC Reporting

The D_OC pin is an open-drain, active-low output that reports OC warnings while Vour exceeds 90% of Vin. In
standalone mode, D_OC is pulled low when Vcs exceeds 85% of Vocrer While it is pulled high If Vcs drops below
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85% of Vocrer. In slave mode, this threshold is determined by Vocwrer. Pull D_OC up to VDD33 via a 10kQ to
100kQ resistor.

Other Fault Protections
Over-Temperature Protection (OTP)/Thermal Shutdown

The XPA5991 senses the junction temperature (T;) of power MOSFET internally. The device shuts down when
T, exceeds the thermal shutdown threshold (about 145°C), which cause GOK and SS pins to be pulled low and
FLT_TYPE output 0.9V to indicate the over-temperature (OT) fault (if there are no other higher-priority faults).

In latch-off mode, cycle the power on VIN, VDD33, or ON to reset FLT_TYPE to 0.1V. This initiates a soft start,
and then MOSFET turns on.

In hiccup mode, the device attempts to restart automatically when T, is below 100°C, and GOK is pulled high
after tretry. FLT_TYPE keeps indicating an OT fault during tretry and reset to 0.1V after tretry.

VIN Over-Voltage Protection (OVP)

The XPA5991 monitors V|n to detect whether there is the over-voltage (OV) fault. The device shuts down when
VN exceeds 18.5V, which cause GOK and SS pins to be pulled low and FLT_TYPE output 0.9V to indicate the
QV fault (if there are no other higher-priority faults).

In latch-off mode, cycle the power on VIN, VDD33, or ON to reset FLT_TYPE to 0.1V. This initiates a soft start,
and then MOSFET turns on.

In hiccup mode, the device attempts to restart automatically when Vi, is below 17.5V, and GOK is pulled high
after tretry. FLT_TYPE keeps indicating an OV fault during tretry and reset to 0.1V after tretry.

Damaged intelli-fuse MOSFET Detection

The XPA5991 can detect a shorted pass MOSFET during start-up. Once Vppss exceeds its UVLO rising threshold
and Von exceeds its rising threshold (1.4V), the intelli-fuse treat Vour that exceeds 90% of Vi during the ton pecay
as a short, which is called a drain-to-source (DS) short. In this case, GOK is pulled low, and the Vit tvee is 0.9V
to indicates the DS short. The DS short is non-latch fault in all operation mode. Once the device detects that Vour
is below 70% of Vin, then DS short is removed and GOK is pulled high, at this case, FLT_TYPE is reset to 0.1V,
after that, the XPA5991 initiates a soft start and resumes normal operation.

Power MOSFET is Not Fully On

When the device starts up and VOUT starts to ramp up, the following conditions are met, which means the power
MOSFET is not fully on:

o Vss exceeds Vpp3z - 0.7V.

e Vgsis below Vcp - 0.7V.

e No OC faults have occurred.

e No SC faults have occurred.

The XPA5991 stops operating and the device turns off after 250ms. The GOK and SS pins are pilled low, and
FLT_TYPE pin outputs 0.6V to indicate a GS short has occurred (illustrated in figure 10).
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(eg.27V) |
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Ve 1+ LV Below Vge - 0.7V
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T : 1
ton_pELay ' 250ms

Fig.10 Power MOSFET is Not Fully On in Latch-Off Mode

In latch-off mode, cycle the power on VIN, VDD33, or ON to reset Vet type to 0.1V. This initiates a soft start, and
then MOSFET turns on.

In hiccup mode, the device attempts to retry automatically, and GOK is pulled high after tretry €nds. FLT_TYPE
continues to indicate a GS short fault during tretry. VrLT_TYPE reset to 0.1V after tretry.

GOK Fault

The XPA5991 monitors the voltage of GOK (Vgok) to control the power MOSFET. When Vgok drops below 1.16V,
which seems like a fault, the MOSFET is turned off after a fixed delay (10u) and FLT_TYPE outputs 0.3V to
indicate a GOK fault.

GOK fault is a non-latch fault. Once Veok rises and exceeds 2.06V, the device initiates a soft start and resumes
normal operation with FLT_TYPE being reset to 0.1V.

There is an internal pull-up resistor (370kQ) connected with GOK to avoid falsely triggering a GOK fault when no
external pull-up resistor connected in standalone mode.

Under-Voltage Lockout (UVLO) Protection

There are two UVLO protections in XPA5991: VDD33 UVLO with a 2.7V rising threshold, and VIN UVLO with a
3.2V rising threshold. The device starts up when both Vv and Vppss exceed their UVLO rising threshold
respectively, and it shuts down when one of the two UVLO protections is detected. The two UVLO protections
are both non-latch protection.

Input and Output Transient Protection

Parasitic inductance in the input circuitry can cause the hot-swap system to experience positive transients on the
input during a hot plug or during rapid shutdown with a high current. To reduce input transients, a transient voltage
suppressor (TVS) diode may be required on the input to limit transient voltages below the absolute maximum
ratings.

Inductance in the output circuitry can cause the output to experience negative transients during rapid turn-off with
a high current. If a transient causes the output to drop further, then the MOSFET may not turn off properly. An
output voltage clamp diode is required on the output to limit negative transients. Select a Schottky diode with a
low forward voltage.
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Parallel Operation

To support higher currents, the XPA5991 is able to work in parallel operation (maximum 20-phase parallel
operation). The following connections and conditions are required to support multi-phase parallel operation:

e Connect the VIN pins to the same input bus.

e  Connect the VOUT pins to the same output bus.

e  Connect the ON pins together for start-up sequence and power MOSFET control.

e Connect the SS pins together for soft-start sequence control.

e Connect the GOK pins together for system fault control.

e Connect the same current-sense resistors (Rcs) to each phase separately.

e Connect the IMON pins together, and design the total system’s IMON resistance to equal Rcs/ N (where N
is the number of phases) for soft-start current-balance control.

e  Connect the OCREF pins together.

e  Select the same mode for all phases.

e Connect the VTEMP pins together to report the highest T; of all the phases.

e Connect the FLT_TYPE pins together to indicate the highest-priority fault.
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Fig. 11 Typical Application Diagram of XPA5991

Selecting the Current-Limit Resistor (Rcs)

The Iuwt oc of XPA5991 is supposed to exceed the normal ILoap max, Which allows for tolerances in the current-
sense value. lumit_oc can be calculated as Equation (10):

Iiir = VORCﬂ x 103 (10)
CS
According to the equation (10), if Rcs is 3kQ and VOCREF is 1.2V, then |LIMIT_OC is 40A. If Rcs is 3kQ and VocREF is
0.3V, then IlLmiT_oc is 10A.
Current-Limit Reference Voltage (OCREF)
The OCREF pin sets the current-limit reference via the hot-swap controller in slave mode or via a resistor

connected to ground in standalone mode. For both two modes, place a 1nF to 10nF capacitor between the
OCREF and GND pins to reduce noise and maintain a smooth indicator voltage.

During normal operation, Vocrer can be set between 0.3V and 1.8V to configure Iwr either low or high while Rcs
is fixed.

Current Monitor Setting (IMON)

The XPA5991 provides a high-precise power MOSFET current monitor output (IMON) whose gain is 10uA/A. A
resistor (Rimon), between the IMON pin and ground, generate the IMON voltage (Vivon) to set the IOUT gain.

If in s single-fuse application, Rivon should be = Rcs. If in a multi-fuse parallel application, each device can
connect the IMON pins together to achieve the start-up current balance.

The equivalent average IMON resistance (Rimon_ave) can be calculated with Equation (6). Figure 12 shows the
IMON and CS connections of multiple XPA5991s in a multi-fuse parallel application.
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Fig.12 IMON and CS Connections in Multi-Fuse Parallel Application
Where Rivon = Rcs, Rimon_ave = Res/N, and N is the number of phases.

Maximum Output Current

The XPA5991 can drive up to 50A of continuous lout per device at room temperature, and up to 60A lout with
air flow.
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PCB LAYOUT

Efficient PCB layout is critical for stable operation. A 4-layer layout is strongly recommended for improved
thermal performance. For the best results, refer to Figure 13 and follow the guidelines below:
1) Place a 1uF capacitor as close to VDD33 as possible.
2) Place a small input capacitor (e.g. 100nF) close to VIN and GND to minimize transients on the input.
3) Place the IC close to the VIN to minimize trace inductance.
4) Route the high-current path and the return path between the input and the load close to each other in
parallel to minimize loop inductance.
5) Place an analog signal ground (AGND) plane locally in the IC.
6) Connect the AGND plane to PGND planes at a single point.
7) Place multiple vias on the board to improve better thermal performance
7.1 Place =9 vias on the bottom of the VIN pad.
7.2 Place =12 vias close to the VIN pads at the edge of the IC.
7.3 Place =9 vias close to VOUT pads.

Figure 13: Recommended PCB Layout
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Traceability Code: Line 2 and Line 3
1. Manufacturing Location Code + Assembly lot#+Year Code+WK code

a) 1st digit: Assembly location code
b) 2nd & 3" digit: Assembly lot number
XX means serial number for traceability, either of the 2 characters can be replaced by “0-9, A-Z, a-z”

c) 4™ digit: Year code.
Year Code 2020-2051

Year Code Year Code Year Code Year Code
2020 0 2028 D 2036 N 2044 Y
2021 1 2029 E 2037 P 2045 Z
2022 2 2030 F 2038 R 2046 b
2023 3 2031 H 2039 S 2047 c
2024 4 2032 I 2040 T 2048 d
2025 5 2033 J 2041 U 2049 h
2026 7 2034 K 2042 \ 2050 i
2027 C 2035 L 2043 X 2051 ]

d)5" & 6™ digit: Week code, 01 means the 1st Work Week based on XinJi’'s calendar.
WKO1 means the 1st Work Week based on XinJi’s calendar.

2.Product Number Code: Line 3

Product Name P/N Code Remark
XPA5991G32R A5991

3. Packing: 3K/Reel
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