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XDP710 Hot-swap Controller

Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

Features

«  Compatible with Infineon’s OptiMOS™

«  Compatible with Infineon’s Linear FET

+  Wide input voltage range: 5.5V to 80 V

«  Transient withstand: up to 100 V for 500 ms

+ Dedicated current and voltage ADCs: 12-bit

+  Programmable and pre-set FET active SOA protection

+ Integrated gate driver and charge pump for external N-Channel MOSFET
«  Configurable fast FET's shut down: two step turn-off or 1.5 A pull-down current
+  PMBusinterface: 1 MHz

+  Precision input and output voltage monitoring and reporting: <1%

+  Precision FET's current monitoring and reporting: < 1%

+  Precision input power monitoring and reporting: < 2%

+  Energy monitoring and reporting

«  Programmable input and output OV and UV protections

«  Support for external temperature sensor and OT protection

«  Sequential turn-on capability

+  29-lead (6 mm x 6 mm) VQFN package

+  -40°Cto 125°C junction temperature

Potential applications

« Server and datacenter

+ 24V-48VIndustrial systems
«  Power distribution systems

+ Intelligent e-fuse

«  Network router and switches

Description

XDP710 is a wide input voltage Hot Swap and System monitoring Controller IC that drives a single or multiple
parallel N-Channel MOSFETs. In addition to a controlled turn ON, XDP710 provides continuous system health
monitoring and communication to the main MCU via PMBus interface. The high speed communication through
PMBus allows system designers to disable the downstream sub-systems fully or partially.

It incorporates an extensive variety of system protections for safety operation and generates various protection
responses depending on the severity of the incident. Latch off, reset, system shutdown and retry are some
examples of response types. Its SOA protection effectively ensures that the system FET always operates under
safe condition.
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1 Block Diagram
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o = H
w oW u = 5
= = =]
3] 3] 5 3 =
(—1 I ——— O—

50C Fast Gate Driver *

Volage h Comparator | 15A
sense ADC L

Current
Sense ADC

)

I
|
|
|
|
|
|
|
|
|
|
I

— RMS
vpo_vin [ Power & Calculator
Energy
PIL Calculator
VREG [J— Configuration, I

d Volkage
Sense ADC

FB
504 and Gate Control,
TSNS P
UW/EM J:.?— i Temp Sense -
i — FET Health Monitor,
1.064 = ADC TSNS_|N
Protection (Faults and Warnings)
o Internal
111 j Telemetry /w Temp 3ense
|
_g Decoder : I5T
BT (FOM/
PWRGD [ ~0T and T30 AADM) | MODED
| 10008 @— MODEL
Address
Decoder
FAULT [ PMBuUs Interface
- ‘L l l ! 100 ] GnD
L L L
= ™ (L] - [ - = —
=] =L
e ¢ §E 9 g 3 B P
= v = =
Figure 2 XDP710 Block diagram
Datasheet 5 Rev. 2.0

2022-11-22



o~ _.
XDP710 Hot-swap Controller In f| neon
Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

2 Pin Configuration and Package

2 Pin Configuration and Package
Table1 XDP710 pinout
Pin Name 1/0 Type Description Connection
# if unused
1 VDD_VIN [ Power Supply pin VDD_VIN
2 GND G Ground reference, to be connected to GND
system ground

3 UV/EN A Under Voltage Detection/Enable input. VREG

Avoltage lower than lower threshold on
this pin turns off the FET

4 ov A Over Voltage Detection input. A GND
voltage higher than upper threshold on
this pin turns off the FET

5 GND G Ground reference, to be connected to GND
system ground

6 VREG P VREG (internal 5V regulator) output. Connect a
Connect a 1uF capacitor from this pin 1uF

to GND capacitor

from this

pinto GND
7 PWRGD 0 D Power Good open drain output. Pin Open

is asserted when VOUT has reached its
final level and steady state, FET is fully
enhanced and no faults are detected. Its
polarity is configurable

8 GPOO/ 0 D General-Purpose Digital Output 0. Pin Open
FAULT configuration is programmable.

Fault open drain output if
configured. The pin asserts High/Low
(programmable) when a fault occurs.

The faults that can trigger the pin to be

configured
9 GPO1/ 0 D General-Purpose Digital Output 1. Pin Open
WARN configuration is programmable.

Warning open drain output if
configured. The pin asserts High/Low
(programmable) when a warning
occurs. The warnings that can trigger
the pin to be configured

10 GPO2 0 D General-Purpose Digital Output 2. Pin Open
configuration is programmable
11 GPO3 0 D General-Purpose Digital Output 3. Pin Open

configuration is programmable

(table continues...)
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2 Pin Configuration and Package

infineon

Table1 (continued) XDP710 pinout
12 SCL I D PMBus Clock input. The interface is Open
rated to 1MHz
13 SDAO 0 D PMBus Data Output. Open drain pin. Pull-up to
The serial data is splitinto aninputand | VREG or
an output for easy use with isolators external
source
14 SDAI D PMBus Data Input. The serial data is Pull-up to
splitinto an input and an output for VREG or
easy use with isolators external
source
15 ADDRO I Device Address Configuration 0 and Open
16 ADDRL | 1inputs. These pins can be tied to
GND, left open or tied to GND through
a resistor for a total of 16 unique PMBus
device addresses
17 MODEO I Mode of Operation 0 and 1 inputs. Open
18 MODE1 | These_pms can be tied to GND,.left open
or tied to GND through a resistor to
select between Fully Digital Mode and
Analog Assisted Digital Mode.
Leave both pins open to select Fully
Digital Mode
19 IST A Start-up Current setting input. A Open
resistor to GND on this pin limits the
maximum current allowed at start-up
phase
20 FB A Output Voltage Feedback input. Atap | VREG (ACM),
on the voltage divider placed from Open (DCM)
VOUT to GND is connected to this pin
and sets the Output Under Voltage
level. A voltage level lower than lower
threshold will trigger the Output Under
Voltage fault
21 TSNS_N 10 A Temperature Sense Negative terminal. GND
Tie this pin to the emitter of an
external NPN BJT to sense the FET’s
temperature. Connect a 1nF capacitor
from this pin to TSNS_P.
If unused, this pin must be connected to
GND.
(table continues...)
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2 Pin Configuration and Package

Table1 (continued) XDP710 pinout

22 TSNS_P 10 A Temperature Sense Positive terminal. GND
Tie this pin to the base and collector of
an external NPN BJT to sense the FET’s
temperature. Connect a 1nF capacitor

from this pin to TSNS_N.

If unused, this pin must be connected to

GND.

23 GND G Ground reference, to be connected to GND
system ground

24 VOUT I A Output Voltage Sense input VOUT

25 SOURCE 10 A Source terminal, single or multiple SOURCE
parallel external N channel FETs return
path. Pin is directly connected to the
source of the FET/FETs. The GATE pin is
referenced from this pin and pull-down
currents flow through this pin

26 GATE 0 A Gate Driver output of single or multiple GATE
parallel external N channel FETs,
referenced to SOURCE. It uses a charge
pump to provide a pull-up current to
charge the FET gate/gates. The FET/
FETs is/are regulated to a maximum
load current by regulating the GATE pin
voltage. GATE is pulled down when the
supply is not within UV and OV or fault
occurs

27 DNC Do not connect pin (to provide isolation Open
between high and low voltage signals)

28 ISNS_N I A Current Sense Negative input ISNS_N

29 ISNS_P I A Current Sense Positive input ISNS_P

EP GND G Ground reference. The exposed pad to GND
be connected to system ground

Datasheet 8 Rev. 2.0
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2 Pin Configuration and Package
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2 Pin Configuration and Package
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3 General Product Characteristics

3 General Product Characteristics
3.1 Absolute maximum ratings
Table 2 Absolute maximum ratings

The following operating conditions must not be exceeded in order to ensure correct operation and reliability
of the device. All voltage parameters are referenced to GND unless otherwise specified, positive currents are
flowing into the pin, Tp = 25°C.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Supply voltage |VDD_VINpc |-0.3 80 v

at VDD_VIN pin

Supply voltage |VDD_VINyc 100 |V For 500ms max

transients at

VDD_VIN pin

Voltage slew VDD_VINgg 80 V/us The RC filter (i.e. 10Q / 100nF, or 100Q2 / 10nF,
rate at etc.) on the pin is recommended, especially for
VDD_VIN pin high voltage (i.e. 48V) applications

Voltage slew | Visns p_srs 80 V/us The resistor (i.e.10Q) in series to each pin is
rate at ISNS_P | Visns N sr recommended if an excessive dV/dt may occur
and ISNS_N in the application

pins

Voltage slew | Vsource sk, 80 V/us An output cap (10uF min) limits a slew rate on
rate at SOURCE | VOUTgR the pins

and VOUT pins

Voltage at VSOURCE_DC -0.3 80 Vv

SOURCE pin

Voltage VSOURCE_AC 100 |V For 500ms max

transients at

SOURCE pin

Output voltage | Veare pe -0.3 92 v

at GATE pin

Voltage VGATE AC 100 |V For 500ms max

transients at

GATE pin

GATE to VGATE. -0.3 12 |V

SOURCE SOURCE_DC

voltage

GATE to VGATE- 15 v For 500ms max

SOURCE SOURCE_AC

voltage

transients

Output voltage | Vyreg -0.3 6 v

at VREG pin

(table continues...)
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3 General Product Characteristics

Table 2 (continued) Absolute maximum ratings

The following operating conditions must not be exceeded in order to ensure correct operation and reliability
of the device. All voltage parameters are referenced to GND unless otherwise specified, positive currents are
flowing into the pin, T = 25°C.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Dlgltal pins VPWRGD’ -0.3 6 \"
output voltage |Veaurt,

(PWRGD, VwarNs

FAULT, WARN, | Vgpox, Vspao

GPOx, SDAO)

Input voltage |VOUTpc -0.3 80 v
at VOUT pin

Input voltage |VOUT,c 100 |V For 500ms max
transients at

VOUT pin

Input voltage |Visns p pe, |03 80 \Y
at |SNS_P, VISNS_N_DC

ISNS_N pins

Input voltage | Visns p ac, V 100 |V For 500ms max
transients at ISNS_N_AC

ISNS_P,

ISNS_N pins

Current Sense | Vaisns -0.8 0.8 v
input voltage

(ISNS_P -

ISNS_N)

Analog pins Vuv_ens Vo, [-0.3 6 vV

input voltage | Vappry
(UV/EN, OV, Vmopexs VisT,
ADDRY, VEg, V1sns_ N
MODEX, IST, FB,
TSNS_N)

Input voltage | Vysys p -0.3 2.5 v
at TSNS_P pin

Digital pins Vscr, Vspar |-0.3 6 \Y
input voltage
(SCL, SDAI)

Junction T, -40 150 |°C
Temperature
range

Storage Ts -55 150 |°C
Temperature
range

Datasheet 12 Rev. 2.0
2022-11-22



XDP710 Hot-swap Controller

Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

afineon

3 General Product Characteristics

3.2 Functional range
Table 3 Functional and performance ranges description
Absolute Voltage Range | Communication FET Gate VREG
at VDD_VIN (V) Interface
0<Vin<55 off Off (passive pull-down) off
5.5<Vin<9 On Limited operation: 4.5V (min)
- Off (active pull-down);
- limited SOA regulation
depending on gate driver
supply;
- On/enhancement is not
guaranteed (but = 4.5V)
9<Vin<80 Full operation: - Off 5.0V (typ)
(active pull-down); - full
SOA regulation; - On/
enhancement (typ 10.5V)
Table 4 Functional range

The following operating conditions must not be exceeded in order to ensure correct operation and reliability
of the device. All voltage parameters are referenced to GND unless otherwise specified, positive currents are
flowing into the pin, T, = 25°C.

Parameter

Symbol Values

Min. | Typ.

Max.

Unit Note or condition

Supply voltage
at VDD_VIN pin

VDD_VIN 5.5 12,

24,48

80

Supply voltage
at VDD_VIN pin
to enable all
features

VDD_VIN 9
EN

Vv See
Table 3

ISNS_P sense
pin input
voltage

Visns_p 5.5

80

VOUT sense
pininput
voltage

VOUTS 0 -

80

Current Sense
input voltage
(ISNS_P -
ISNS_N)

Vaisns -0.4

0.4

Minimum
overcurrent
setting

loc_miIN 5 -

A Minimum |oc (IOC = VSNS_CS / RSNS’ see Settlng

loc) for optimum stability.

(table continues...)
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3 General Product Characteristics

Table 4 (continued) Functional range

The following operating conditions must not be exceeded in order to ensure correct operation and reliability
of the device. All voltage parameters are referenced to GND unless otherwise specified, positive currents are
flowing into the pin, T = 25°C.

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Analog pins Vuv_en> Vovs |0 - 5.5 v
input voltage | Vappry
(UV/EN, OV, VMobexs VisTs
ADDRX, VFB
MODEXx, IST,
FB)
Analog pins V1sns_p/N 0 - 1 v Recommended range for best accuracy.
input voltage
TSNS_P/N
Dlgltal pins VSCL! VSDAI 0 - 55 Vv
input voltage
(SCL, SDAI)
Output voltage | Vyreg 4.5 5 5.5 v At 10 mA max external load.
at VREG pin
Dlgltal pins VPWRGDa 0 - 5.5 \"
output voltage |Veaurt,
(PWRGD, ViwarN
FAULT, WARN, | Vgpox, Vspao
GPOx, SDAO)
Junction T, -40 - 125 |°C
temperature
range
3.3 Thermal characteristics
Table 5 Thermal characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Thermal ReJc_Bot - 5 - K/W PCB simulation setup as described in Table 6.
resistance
Junction-to-
case (bottom)
Thermal Reuc_Top - 30 - K/W PCB simulation setup as described in Table 6.
resistance
Junction-to-
case (top)

(table continues...)
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3 General Product Characteristics

Table 5 (continued) Thermal characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Thermal Reua - 33 - K/W PCB simulation setup as described in Table 6.
resistance
Junction-to-
Ambient
Package power | Ppak - - 0.8 W
dissipation
Table 6 PCB characteristics for thermal simulation

Atherm [W/m-K]
Metalization JEDEC 2s2p (JESD 51-7, JESD 51-5) 388

Cooling Area [mm?] none 388

Note: Thermal performance is directly linked to printed circuit board (PCB) design and operating environment.
Careful attention to PCB thermal design is required.

3.4 Current consumption
Table 7 Current consumption
Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Current Ivop - 7 10 mA VDD_VIN supply current:
Consumption

FET is fully ON, telemetry in ON.

3.5 ESD robustness

Table 8 ESD robustness

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

ESD VESD_HEM +2000 |V

Robustness

HBM

ESD VESD_coM +500 |V

Robustness

CDM

Datasheet 15 Rev. 2.0
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3 General Product Characteristics

3.6 Electrical characteristics
Table 9 Electrical characteristics
VDD_VIN - GND =48 V, VlSNS_P = VDD_V'N, VAISNS = (VISNS_P - VISNS_N) =0 V, TJ: -40°Cto +125°C, unless otherwise
noted.
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
UV/EN, OV and FB in AADM
Input upper Voven_uth,  |1.09 111 113 |V
threshold VOV_UTH, VFB
_UTH
Input lower VUVEN_LTH: 1.04 1.06 1.08 \"
threshold VOV_LTH»
VEB_LTH
TSNS_P, TSNS_N
TSNS_P Vrsns_p 025 |- 1 Vv
operating
voltage
TSNS_N Vrsns_ N - 0 - Vv
operating
voltage range
ISNS_P, ISNS_N
Minimum Vsns_ MIN - - mV Between ISNS_P and ISNS_N pins.
detectable 0.01
dlflferenflal | *Vens
voltage leve s
Currentsense | Vsns_ cs - 125 |- mV Set by CS_RNG[1:0] bits: CS_RNG[1:0] =00
differential
voltage range
Currentsense | Vgsns_ cs - 25 mV Set by CS_RNG[1:0] bits: CS_RNG[1:0] =01
differential
voltage range
Currentsense | Vsns_ cs - 50 - mV Set by CS_RNG[1:0] bits: CS_RNG[1:0] = 10
differential
voltage range
Currentsense | Vgsns cs - 100 |- mV Set by CS_RNG[1:0] bits: CS_RNG[1:0] =11
differential
voltage range
soc Vsns_soc 95 |125 |155 |mV Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] =000 and CS_RNG[1:0] =
00or01
(table continues...)
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3 General Product Characteristics

Table 9 (continued) Electrical characteristics
VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Sele Vsns soc | 15.75 |18.75 [21.75 |mV Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] =001 and CS_RNG[1:0] =
00or01
soc Vens.soc |22 |25 |28 |mV Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] =010 and CS_RNG[1:0]
=00 or 01; or SOC_FAULT_LIMIT[2:0] =000 and
CS_RNG[1:0]=100r11
soc Vens soc 345 |37.5 405 |mv Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] =011 and CS_RNGJ[1:0]
=00 or 01; or SOC_FAULT_LIMIT[2:0] =
001 and CS_RNG[1:0]=100r11
Sele Vsns.soc |47 |50 |53 |mv Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] = 100 and CS_RNG[1:0]
=00 or01; or SOC_FAULT_LIMIT[2:0] =010
and CS_RNG[1:0]=10o0r11
soc Vens.soc |71 |75 |79 |mv Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] = 101 and CS_RNG[1:0]
=00 or 01; or SOC_FAULT_LIMIT[2:0] =
011 and CS_RNG[1:0]=100r11
soc Vsns soc |96 100 104 |mV Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] = 110 and CS_RNGJ[1:0]
=00 o0r01; or SOC_FAULT_LIMIT[2:0] =100
and CS_RNGJ[1:0]=10o0r11
Sele Vsns soc 145|150 |155 |mV Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] = 111 and CS_RNG[1:0]
=00 or 01; or SOC_FAULT_LIMIT[2:0] =
101 and CS_RNGJ[1:0]=100r 11
SOC Vsns_soc 193 200 207 mV Set by SOC_FAULT_LIMIT[2:0] and CS_RNGJ[1:0]
Differential bits:
voltage level SOC_FAULT_LIMIT[2:0] =110 and CS_RNG[1:0] =
10or11

(table continues...)
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XDP710 Hot-swap Controller
Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

3 General Product Characteristics

Table 9 (continued) Electrical characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise

noted.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

ole Vsns.soc 290 300|310 |mv Set by SOC_FAULT_LIMIT[2:0] and CS_RNG[1:0]

Differential bits:

voltage level SOC_FAULT_LIMIT[2:0] = 111 and CS_RNG[1:0] =
10o0r11

Current sense - 12 - bits

ADC resolution

Max allowed INEG_MAX - 240 |- mA To trigger INEG warning.

negative Vons cs=12.5mV, Rsns=1mQ.

current N

Max allowed INEG._ MAX - 520 |- mA To trigger INEG warning.

negative Vons cs =25 mV, Rsns =1 mQ.

current N

Max allowed INEG_ MAX - 1100 |- mA To trigger INEG warning.

negative VSNS cS— 50 mV, Rsns =1 mQ.

current -

Max allowed INEG_MAX - 2200 |- mA To trigger INEG warning.

negative VSNS cs = 100 mV, Rsns =1 mQ.

current -

GATE

Gatevoltage |V 85 |105 |12.0 |V 9V<VDD_VIN<80V, lgate<5uA, FET is fully ON

GATE
Gate voltage V 4.0 v 5.5V=VDD_VIN<9V, lgate<5uA
GATE

PU“-Up current IGATE_PU 200 250 300 }JA At VGATE =5V

Fast pull-down |lgate fpp | 0.825 |15 [2.175 |A Set by GATE_FAST_PD[0]: GATE_FAST_PD[0] =0

current

GATE pintwo | Reate 257 Fa |156 200 [244 | Q Set by GATE_FAST_PD[0]: GATE_FAST_PD[0] = 1

step turn-off ST_PD

fast pull-down

Slow pull- lGATE_sPD 200 (250 [300 |pA Set by GATE_SLOW_PD[1:0]

down current bits: GATE_SLOW_PDJ[1:0] =00
Used for both regular/slow pull-down and
second phase of the two-step turn-off.

Slow pU“' IGATE_SPD 400 500 600 IJA Set by GATE_SLOW_PD[].O]

down current bits: GATE_SLOW_PDJ[1:0] =01
Used for both regular/slow pull-down and
second phase of the two-step turn-off.

(table continues...)
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Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC
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3 General Product Characteristics

Table 9 (continued) Electrical characteristics
VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Slow pull- loate spp~ |600 |750 1900 | pA Set by GATE_SLOW_PDI[1:0]
down current bits: GATE_SLOW_PD[1:0]=10
Used for both regular/slow pull-down and
second phase of the two-step turn-off.
Slow pull- loate_ spp | 1000 |1250 1500 |pA Set by GATE_SLOW_PD[1:0]
down current bits: GATE_SLOW_PDJ[1:0] =11
Used for both regular/slow pull-down and
second phase of the two-step turn-off.
VDD_VIN
On-chipinput |OViy yty |- 70 |- v Set by OVIN_FAULT_LIMIT[1:0]
over voltage bits: OVIN_FAULT_LIMIT[1:0] =00
upper
threshold for
on-chip input
overvoltage
fault assertion
On-chip input | OV|y_yrtH - 75 - v Set by OVIN_FAULT_LIMIT[1:0]
over voltage bits: OVIN_FAULT_LIMIT[1:0] =01
upper
threshold for
on-chip input
overvoltage
fault assertion
On-chip input | OV|y_ytH - 80 - v Set by OVIN_FAULT_LIMIT[1:0]
over voltage bits: OVIN_FAULT_LIMIT[1:0] =10
upper
threshold for
on-chip input
overvoltage
fault assertion
On-chip input | OV|y_ytH - 85 - v Set by OVIN_FAULT_LIMIT[1:0]
over voltage bits: OVIN_FAULT_LIMIT[1:0] =11
upper
threshold for
on-chip input
overvoltage
fault assertion
(table continues...)
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XDP710 Hot-swap Controller
Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

3 General Product Characteristics

Table 9 (continued) Electrical characteristics
VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
On-chip input | OV)y 1 - OVin_ |- v For on-chip input overvoltage fault release.
over voltage UTH —
lower 5V
threshold for
on-chip input
overvoltage
fault release
VOUT
Input current | lyout - 15 pA At48V
Telemetry
Monitored Vrim 22 - 88 Y Set by VTLM_RNG[1:0] bits:
voltage range «  2'b00:88V
(input and . 2'b01:44V
output .
voltages) . 2'b10:22V
« 2'bll:n.a.
Input voltage -1.0 |- 1.0 % At ISNS_P vs GND: ISNS_P=40Vto80V,20Vto
measurement 40V or 10V to 20 V depending on corresponding
accuracy programmed range V.
Output voltage -1.0 |- 1.0 % At VOUT vs GND: VOUT = (40 V to 80 V)/(20 V to
measurement 40V)/(10 Vto 20 V) depending on corresponding
accuracy programmed range V.
Current -1.0 |- 1.0 % Between ISNS_P & ISNS_N pins. Vpsns = 50
measurement mV or 100 mV depending on corresponding
accuracy programmed range Vsys cs.
Current 20 |- 2.0 % Between ISNS_P & ISNS_N pins. Vpsns =
measurement 12.5 mV /25 mV depending on corresponding
accuracy programmed range Vsys cs,
Calculated 20 |- 2.0 % Input voltage: ISNS_P =(40Vto 80V)/(20V to
input power 40V)/(10 V to 20 V) depending on corresponding
accuracy programmed range Vy .
Current sensing: Vsns =50 mV or 100
mV depending on corresponding programmed
range Vsns_cs
Calculated -5.0 |- 5.0 % Input voltage: ISNS_P =(40Vto 80 V)/(20V to
energy 40V)/(10 V to 20 V) depending on corresponding
accuracy programmed range Vi u.
Current sensing: Vsns =50 mV or 100
mV depending on corresponding programmed
range Vsns_cs.
(table continues...)
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Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

3 General Product Characteristics

Table 9 (continued) Electrical characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
On-chip -40 - 150 |°C
temperature
monitored
range
On-chip -5 - 5 °C
temperature
measurement
accuracy
Temperature - +4.0 |£12.5 |°C Sourcing currents in TSNS_P pin.
measurements Sense the voltage between TSNS_P & TSNS_N
accuracy pins.
External transistor is: MMBT3904.
VREG
Output voltage | Vreg 4.7 5.0 5.3 v 9V<=VDD_VIN=80V.
Cvre = 1 MF.
Internal load + external load.
Package maximum power dissipation limit
(Ppak) must not be violated.
Output voltage | Vpeg 45 |- - Vv 5.5V<VDD_VIN<9V.
Cvrec = 1 k.
Internal load + external load.
Package maximum power dissipation limit
(Ppak) must not be violated.
Current IREG - - 10 mA
capability to
supply external
load
PWRGD, GPOx, FAULT, WARN
Output low - - 0.4 Y At10 mA
voltage
Leakage - - 5 HA At 5.5V, output is HiZ.
current
Current sink - - 10 mA
capability
SDAI, SDAO, SCL
Input high 2.0 - - v
voltage

(table continues...)
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Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

3 General Product Characteristics

Table 9 (continued) Electrical characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Input low - - 0.8 v
voltage

Output low - - 0.4 v At 20 mA
voltage

Input leakage - - 5.0 pA At5.5V
current

Nominalbus | Vgys 3.0 3.30r|5.5 v
voltage 5.0

Capacitive load - - 400 |pF
per bus

segment
Pin - 5 10 pF
capacitance

ADDRX

Pin sense lADDR - 100 |- MA
current

Programmabili - 0.8 - v See Table 13 for more info.
ty voltage step

MODEX

MODEX pins IMoDE - 100 |- pA
sense current

Programmabili - 0.8 - v See Table 12 for more info.
ty voltage step

IST

Pin sense lisT - 100 |- MA
current

Programmabili See v
ty voltage step Table
19

On-chip thermal shut-down

Protection Trs_utH 130 |- 145 |°C Set by ONCHIP_TSD_FAULT_LIMIT[1:0] bits:
trigger upper « 2'b00:130°C
threshold

+ 2'b01:135°C
+  2'b10: 140°C
+ 2'b11:145°C

(table continues...)
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Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

3 General Product Characteristics

Table 9 (continued) Electrical characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Protection TTS_LTH - TTS_U - °C
trigger lower TH -

threshold 10

On-chip TSDWyrtH 125 °C

thermal shut-
down warning
upper limit

On-chip TSDW 115 °C
thermal shut- |14
down warning

lower

threshold

3.7 Timing characteristics
Table 10 Timing characteristics

VDD_VIN - GND =48 V, VISNS_P = VDD_V'N, VAISNS = (VISNS_P - VISNS_N) =0 V, TJ: -40°Cto +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

UV/EN

UV/EN input tuveN DG 6.5 10 135 |us Input filter before processing the signal.
fixed deglitch

time

UV/EN deglitch | tyven on 0 - 256 |ms Defined by bits EN_DG[2:0] :

time on rising «  3'b000: 0 ms

edge before

start the FET + 3'b001:4ms

+ 3'b010:8ms

« 3'b011:16ms
« 3'b100:32ms
« 3'b101:64ms
+ 3'b110:128 ms
« 3'bl11:256 ms

ov

OVinput fixed |toy pe 6.5 10 135 |ps Input filter before processing the signal.
deglitch time

(table continues...)
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3 General Product Characteristics

Table 10

noted.

(continued) Timing characteristics
VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note or condition

FB

FB input fixed
deglitch time

FB_DG

6.5

10

13.5

gs

Input filter before processing the signal.

PWRGD

Power good
assertion
deglitch time

tpG_pGR

15

ms

Configurable by means
of PWRGD_DG_TMR[3:0] bits.

Power good
assertion
deglitch time
programming
step

tpG_DGR_sTP

0.9

1.0

11

ms

Power good
deassertion
deglitch time

tpc_pGF

15

ms

Configurable by means
of PWRGDN_DG_TMR[3:0] bits.

Power good
deassertion
deglitch time
programming
step

tpG_DGF_sTP

0.9

1.0

11

ms

ADC

Conversion
rate of current
and voltage
measurements

tapc_iv

102.4

ys

Faults, warnings and timers

Time for any
gate discharge
in fault state

trLT_PD_GATE

10

11

ms

In FAULT state, when any gate pull down/
discharge method is activated, a timer starts
simultaneously.

If FET's Vg does not go below 1.04 V before this
timer expires, SGD fault will be triggered.

Fault strong
pull down
activation time
for fast gate
discharge

trLT_PD_FAST

13.5

15

16.5

us

When strong/fast gate pull down is configured,
the 1.5 A switch is activated for this time.

(table continues...)
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XDP710 Hot-swap Controller
Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

3 General Product Characteristics

Table 10 (continued) Timing characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Fault reaction | tr1 Gate OFF |- 0.3 1.0 us Response time from fault triggered to activation
time of gate pin turn-off.
In the case of timer dependent faults, fault
triggered means "after timer has expired".
Hot swap retry 0 - 64 s Defined by bits COOLD_TMR[2:0]:
cool down . 3'b000: 0 s
period . 3'b00L:1s
« 3'b010:2s
« 3'b011:4s
« 3'b100:8s
« 3'bl01:16s
« 3'b110:32s
+ 3'blll:64s
Retry OK 0 - 8 s Defined by bits RETD_TMR[2:0]:
deglitch timer «  3'b000:0s
« 3'b000:0.5s
+ 3'b000:1s
« 3'b000:2s
+ 3'b000:3s
« 3'b000:4s
+ 3'b000:6s
« 3'b000:8s
First step 0 - 6375 |ns Set by GATE_PD_TMR([7:0]
ppwer—down Configurable in 25 ns steps.
timer
UV timer tuy 0 - 1000 |ms Set by bits UV_TMR[2:0]:
« 3'b000:0ms
+ 3'b001:1ms
« 3'b010:5ms
+ 3'b011:10ms
+ 3'b100:50 ms
+ 3'b101:100 ms
« 3'b110:500 ms
+ 3'b111:1000 ms
(table continues...)
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Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

3 General Product Characteristics

Table 10 (continued) Timing characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

OV timer tov 0 - 1000 |ms set by OV_TMR([2:0] bits:
+ 3'b000:0ms

« 3'b001:1ms

+ 3'b010:5ms

« 3'b011:10ms

+ 3'b100:50 ms

« 3'b101:100 ms

+ 3'b110:500 ms

« 3'b111:1000ms

OVin detection | Toyin pet - - 20 |ps

time

OVin deglitch | toy peiren |0 - 1000 |ps Set by OVIN_TMR[2:0] bits:
timer «  3'b000: 0 s

+ 3'b001:10us

«  3'b010:20 s

+ 3'b011:50 s

+ 3'b100: 100 ps

« 3'b101:200 us

+ 3'b110:500 pus

+ 3'b111:1000 s
OUV timer touv 0 - 1000 |ms Set by OUV_TMR[2:0] bits:
« 3'b000:0ms

« 3'b001:1ms

« 3'b010:5ms

+  3'b011:10 ms

« 3'pb100:50 ms

+ 3'b101:100 ms
« 3'pb110:500 ms
+ 3'b111:1000 ms

(table continues...)

Datasheet 26 Rev. 2.0
2022-11-22



o~ _.
XDP710 Hot-swap Controller In f| neon
Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

3 General Product Characteristics

Table 10 (continued) Timing characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Watchdog twatchpos |0 - 10000 | ms Set by WATCHDOG(2:0] bits:
timer . 3'b000:0ms

« 3'b001:20 ms

+ 3'b010:50 ms

« 3'b011:100 ms

+ 3'b100:200 ms

« 3'b101:500 ms

+ 3'b110:1000 ms

« 3'b111:10000 ms

OC/SOA tsoap 0 - 10 ms Set by SOAD_TMR[1:0] bits:
deglitch timer . 2'b00: 0 ms

o« 2'b01:0.1ms

o 2'b10:1ms

o+ 2'b11:10ms
OC/SOA tsoar 0 - 1000 |ms Set by SOAR_TMR([2:0] bits:
regulation . 3'b000:0 ms
timer

+ 3'b001:1ms

« 3'b010:5ms

+ 3'b011:10ms

« 3'b100:50 ms

+ 3'b101:100 ms
« 3'b110:500 ms
+ 3'b111:1000 ms

FAULT pin hold | Teauit 20 - - us Hold time of the FAULT signal when it is set

time Open-drain output: At C;=50 pF; External pull-
up resistor of 10 kQ.

RMS current 1.64 |- 838.8 |ms Set by RMS_SAMPLE_TMR[1:0] bits:

calculator 6 «  2'b00: 1.64 ms (16 samples)

Integration

« 2'b01:13.11 ms (128 samples)
« 2'b10:104.86 ms (1024 samples)
« 2'b11:838.86 ms (8192 samples)

time

(table continues...)
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3 General Product Characteristics

Table 10 (continued) Timing characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

SOC fault 0 - 1000 |ms Set by SOC_TMR([2:0] bits:
digital deglitch «  3'b000: 0 ms
timer

« 3'b001:0.01 ms
+ 3'b010:0.1 ms

« 3'b011:1ms

+ 3'b100:10 ms

« 3'b101:100 ms
+ 3'b110:500 ms
« 3'b111:1000 ms

SOC fault 0 - 1000 |ns Set by SOC_DG_TMR[1:0] bits:
analog deglitch «  2'b00:0ns
timer

e 2'b01:200ns
. 2'b10: 500 ns
e 2'b11:1000 ns

Boost mode
Boost pulse 0.1 - 1 ms Set by BOOSTMODE_TMR[0]:
timer « 1'0:0.1ms
« 1'bl: 1.0ms
Boost mode 2 - 20 % Set by BOOSTMODE_DC[1:0] bits:
duty cycle « 2'b00:2%
« 2'b01:5%
« 2'b10:10%
« 2'b11:20%
PMBus
Clock fscL 10 |- 1000 | KHz
frequency
Detect clock tTiMEOUT 25 - 35 ms
low timeout
Bus freetime | tgyr 0.5 - - ps See Figure 13
between STOP
and START
Condition
Hold time after | typ.sTA 026 |- - us After this period, the first clock is generated.
(REPEATED) See Figure 13
START
Condition

(table continues...)
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3 General Product Characteristics

Table 10 (continued) Timing characteristics

VDD_VIN - GND =48 Vv, VISNS_P =VDD_VIN, VAISNS = (VISNS_P - VISNS_N) =0V, TJ: -40°C to +125°C, unless otherwise
noted.

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
REPEATED tsu.sTA 0.26 |- - ps See Figure 13
START
condition
setup time
STOP tsu:sto 0.26 |- - ys See Figure 13
condition
setup time
Data hold time | typ.pat 0 - - ns See Figure 13
Data setup tsu:paT 50 - - ns See Figure 13
time
Clock low tLlow 0.5 - - us See Figure 13
period
Clock high thHicH 0.26 |- 50 us See Figure 13
period
Clock/data fall |t¢ - - 120 |ns The fall time measurement limits are defined as
time follows:
Fall time limits: (VIH,MIN +0.15 V) to (VIL,MAX -0.15
V)
See Figure 13
Clock/datarise |tg - - 120 |ns The rise time measurement limits are defined as
time follows:
Rise time limits: (VIL,MAX -0.15 V) to (VIH,MIN +0.15
V)
See Figure 13
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4 Product Features

4 Product Features

4.1 Functional Description

4.1.1 Modes of Operation

Fully Digital Mode (FDM)

This mode is recognized by keeping MODEO and 1 pins open. In this mode, FET to be used can be selected by
means of the FET_SELECT bits in the MODE PMBus command or a FET SOA can be programmed accurately in
the SOA PMBus command so that controller effectively protects FET from going out of SOA.

If desired, analog comparators at the OV, FB and UV/EN pins, which have a faster response than digital
comparators, can be used for OV and UV protection. This is specified by clearing the MODE bit in the MODE
PMBus command, which selects the analog comparators mode (ACM).

Digital comparators can be used by leaving the MODE bit to its default (digital comparators mode, DCM). All
other XDP710 features like voltage and current faults and warnings limits and timers can be programmed
digitally too, including the IST limit, which is set in the START_ILIM bits in the |_SNS_CFG PMBus command. This
reduces the amount of external components, as shown in Figure 30. If the MODE bit is left to its default value of
1, UV/EN pin does not have a UV fault functionality, but it’s only used to enable or disable the device.

The PMBus address shall be set at ADDR1 and ADDRO (see Table 13) pins by keeping them open or tying to GND
directly or via external resistors.

Analog Assisted Digital Mode (AADM)

Use simple analog programming at MODEO and 1 pins for selecting the pre-programmed configurations for
controlled FETs. FET can be selected by tying these pins through a resistor to GND.

There are two different SOA options to select from in pre-programmed FETs: DC line and 10 ms line. If second
oneis chosen, application has to be designed so that output capacitor is charged within this time and
watchdog has to be programmed also to this time for protection. FET SOA DC line is programmed by default.
This SOA line will be used for both INIT_SOA_REG and I_REG regulation described in Operational States. Other
lines can be selected or programmed manually if desired by means of the OTP memory.

MODE bit in MODE command is ignored in AADM. In this case, OV, OUV and UV faults limits are set via

voltage dividers at the OV, FB and UV/EN pins respectively. Voltages are sensed via analog comparators at the
corresponding pins. Warnings are disabled by default, unless they are enabled and programmed digitally.
The OC range and IST limit can be set by means of a resistor at the IST pin.

The PMBus address shall be set at ADDR1 and ADDRO (see Table 13) pins by keeping them open or tying to GND
directly or via external resistors.

Table 11 Modes of operation
Mode of MODEX pins MODE bit Device FET selection ov/uv IST
operation address detection
FDM Open 1 Set by means | Selected by Digital Set by means
of ADDRx pins means of Comparators | of START_ILIM
or FET_SELECT | Mode (DCM) bits
0 PM BUS_CZG bits Analog
comman Comparators
Mode (ACM)
(table continues...)
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Table 11 (continued) Modes of operation
Mode of MODEX pins MODE bit Device FET selection ov/uv IST
operation address detection
AADM Resistor to X Set by means | Selected by Analog Set by means
GND of ADDRXx pins means of Comparators of IST pin
or MODEx pins | Mode (ACM)
PMBUS_CFG
command

Configuration of MODE1/0 Pins

Setting the voltage level (between 0.8V and 2.4 V) at MODE1 and MODEO pins shall be done using external
resistors (see Setting the voltage at MODE1/0 pins in AADM).

Table 12 Configuration of MODE1/0 pins
MODEL1 pin voltage, V MODEO pin voltage, V FET selection

MODE1 < 0.8 (GND) MODEO < 0.8 (GND) BSC027N10NS5ATMA1L
MODE1 < 0.8 (GND) 0.8<MODEO<1.6 BSCO35N10NS5ATMAL
MODE1 < 0.8 (GND) 1.6<MODE0<2.4 Reserved
MODE1 < 0.8 (GND) MODEO = 2.4 (Open) IPTO15N10N5ATMAL
0.8<MODE1<1.6 MODEO < 0.8 (GND) IPBO17N10N5ATMAL
0.8<MODE1<1.6 0.8<MODEO<1.6 IPBO17N10N5LFATMAL
0.8<MODE1<1.6 1.6<MODE0<2.4 IPBO20N10N5ATMA1L
0.8<MODE1<1.6 MODEO = 2.4 (Open) IPBO20N10N5LFATMAL
1.6=<MODE1<2.4 MODEO < 0.8 (GND) IPBO27N10N5ATMA1L
1.6<MODE1<2.4 0.8<MODEO<1.6 IPBO32N10N5ATMAL
1.6<MODE1<2.4 1.6 <MODE0<2.4 IPBO33N10N5LFATMAL
1.6=<MODE1<2.4 MODEOQ = 2.4 (Open) Reserved
MODEL1 = 2.4 (Open) MODEO < 0.8 (GND) IPBO72N15N3
MODE1 = 2.4 (Open) 0.8<MODEO<1.6 IPB042N10
MODEL1 = 2.4 (Open) 1.6<MODE0<2.4 IPTO16N1ONMSLF
MODE1 = 2.4 (Open) MODEO = 2.4 (Open) FET_SELECT

(ROM or OTP)

Configuration of ADDR1/0 Pins

These pins can be tied to GND, left floating or tied low through a resistor for a total of 16 unique PMBus device
addresses according to Table 13.

Setting the voltage level (between 0.8 V and 2.4 V) at ADDR1 and ADDRO pins shall be done using external
resistors (see Setting the voltage at ADDR1/0 pins).
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Table 13 Configuration of ADDR1/0 pins
ADDRL1 pin voltage, V ADDRO pin voltage, V Base address field [6:4] | Device address field [3:0]
ADDR1 < 0.8 (GND) ADDRO < 0.8 (GND) As configured in 0000
ADDRI < 0.8 (GND) 0.8 <ADDRO<1.6 PMBUDnggEﬁfOrg;“a”d' 0001
ADDR1 < 0.8 (GND) 1.6=<ADDR0<2.4 0010
ADDR1 < 0.8 (GND) ADDRO = 2.4 (Open) 0011
0.8<ADDR1<1.6 ADDR0 <0.8 (GND) 0100
0.8<ADDR1<1.6 0.8<ADDR0O<1.6 0101
0.8<ADDR1<1.6 1.6<ADDR0<2.4 0110
0.8<ADDR1<1.6 ADDRO = 2.4 (Open) 0111
1.6<ADDR1<2.4 ADDRO0 < 0.8 (GND) 1000
1.6<ADDR1<2.4 0.8<ADDR0O<1.6 1001
1.6<ADDR1<2.4 1.6<ADDR0<2.4 1010
1.6<ADDR1<2.4 ADDRO = 2.4 (Open) 1011
ADDR1 = 2.4 (Open) ADDRO < 0.8 (GND) 1100
ADDR1 = 2.4 (Open) 0.8<ADDR0O<1.6 1101
ADDR1 = 2.4 (Open) 1.6=<ADDR0<2.4 1110
ADDR1 = 2.4 (Open) ADDRO = 2.4 (Open) Programin OTP
(PMBUS_CFG)
4.1.2 Operational states
Table 14 Operational states
State Name Description Next state Next state
No fault fault
0 POR_INIT Internal circuitry is initialized as | READ_CFG NA
soonasVDD_VIN>5.5V.
1 READ_CFG POR and initialization CHK_FET NA
complete. OTP and external
Initialization E)f:?ss;;r::.guranon are read at
(table continues...)
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Table 14

(continued) Operational states
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State

Name

Description

Next state
No fault

Next state
fault

CHK_FET

Controller checks FET for drain
to source or gate to drain
shorts.

STANDBY

FAULT

Power-up
procedure

STANDBY

Controller checks that
VDD_VIN is within a valid
range (within UV and

V), device temperature is

in appropriate range and

EN signal is deasserted

or ON bit in OPERATION
command is cleared. Before
going out of STANDBY and
into INIT_SOA_REG state,
XDP710 checks the input
voltage level according to OV,
UV and OVin limits. If it's out of
range, it will go to FAULT state.

INIT_SOA_REG

FAULT

INIT_SOA_REG

EN signal is asserted and ON bit
in OPERATION command is set.
Turn-on Watchdog timer starts
running. SOA regulation phase:
Controller regulates the current
according to the programmed
SOA (see section Current Limit
During Operation for more
info), depending on VDS value
in order to charge the output
capacitor. INIT_SOA_REG phase
stops when FET Vpg < 1.0
V,Vgs> 7.8V and no

faults are detected during

this procedure. Due to the
current regulation nature of the
Power-up algorithm, start-up
time depends on the output
capacitance.

ON

FAULT

(table continues...)
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Table 14 (continued) Operational states
State Name Description Next state Next state
No fault fault
5 ON Normal operation phase starts. |ON FAULT
FET is fully enhanced. Current | or| REG
regulation can start again if
OC s detected or FET SOA
is violated. Turn-on watchdog
reset procedure starts at this
point.
6 I_REG If Ioc level is exceeded or ON FAULT
Normal programmed FET SOA limits
operation are violated, SOAD_TMR timer
will start. If condition persists
after SOAD_TMR timer expires,
the SOA regulation timer
SOAR_TMR starts and FET’s
current will be regulated at I
or FET SOA level by lowering
FET VGS.
7 FAULT Fault that turns off the FET has |CHK_FET/ NA
occurred. System will stay idle | STANDBY
in FAULT state until: or LATCH_OFF
a) Fault conditions are cleared
in the case of non-retry
dependent faults.
b) Cool down timer expires in
the case of retry dependent
faults.
If retry counter has expired,
system will go to LATCH_OFF
state directly after FAULT.
Idle 8 LATCH_OFF If the maximum number of POR_INIT NA
retries has been reached, (power
system will latch off until faults | cycling)
are cleared and restart has or CHK_FET
been issued (power cyclingor | (PMBus
PMBus command). command)
or LATCH_OFF
9 MEM_FAULT If an OTP read or write error POR_INIT NA
is detected, XDP710 will go (power
to FAULT and consecutively cycling)
MEM_FAULT state, which
initiates controller's latch-off. A
power cycle is required in order
to go out of MEM_FAULT.
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Figure 6 XDP710 State machine
4.1.3 Enable and disable

The PMBus interface communication and controller's programmability is functional at minimum operative

VDD_VIN.

XDP710's gate pin can be enabled or disabled by means of the UV/EN pin or PMBus command. By default, it
starts up as soon as the necessary conditions are detected: proper voltage level between UV and OV pins. In
order to disable this “enabled by default” feature, the corresponding bit has to be programmed accordingly in

OPERATION PMBus command.
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In DCM, the UV/EN pin has a deglitch timer EN_DG[2:0]. This timer starts running as soon as the voltage at this
pin rises above Vyyen ytH (See Table 9). The system turns on as soon as it expires if voltage is still above this
level.

When UV/EN pin is tied low, FET turns off, but communication circuitry is still available. When device is disabled
butin STANDBY state, VREG and communication via PMBus will still be enabled so that the device can be
programmed and FAULT status bits will keep their latest status.

Also in DCM, it is possible to implement a manual input voltage deglitch by delaying the toggling of the UV/EN
signal. Faults detection starts when UV/EN signal is toggled. In this case, EN_DG can be set to 0.

The UV input (under-voltage monitoring input to support the UV fault) and EN input are combined in one pin.
The UV/EN pin configuration is dependent on mode of operation:

Table 15 UV/EN Input Configuration
Mode of operation UV/EN pin configuration
FDM - DCM (digital comparators for OV and UV faults) EN input
FDM - ACM (analog comparators for OV and UV faults) UV input
AADM UVinput

If the pin is configured as UV input its voltage is sensed by an analog comparator to support UV fault detection
and release. Turn-on and off of the device can still be controlled by toggling the pin high or low respectively.
When pin is toggled low, XDP710 follows the configured UV fault procedure before turning off.

If pin is configured as EN, turn-on and off of the device can be controlled without following UV fault procedure.
The EN input controls the state of the controlled FET together with PMBus OPERATION command:

« EN=Low (voltage levelis < Vyyen_11H) --> FET is OFF;

« EN=High (voltage level is = Vyygy_ytH) --> the FET's state depends on the PMBus OPERATION command.

The EN High-to-Low transition clears any fault (including ones that cause Latch-off) as it is described in
Latch-off. Only the memory OTP (MEM) fault is not affected.

4.1.4 Control of FET's current

XDP710 controls the FET's current according to four different limits:

+ Programmed FET SOA limit: To protect the FET, current flow through the FET is regulated according to its
Vps, following the FET’s SOA line, which is stored in ROM or OTP. Pre-programmed SOA lines correspond
to 65°C or 125°C temperature, this is in order to account for systems that will be working at temperatures
higher than the usual ambient of 25°C. They are selectable between DC and 10 ms in FDM. DC only in AADM.
Care must be taken to program the corresponding SOA fault timers according to the voltage and current
levels so that maximum FET capabilities are not exceeded. If FET temperature monitoring feature (TSNS_x
pins) is used, the SOA line to be used is adjusted automatically according to the sensed temperature.
Below 95°C, the 65°C line is used, and above 95°C, the 125°C line is used. SOA can also be manually
programmed to give the user the flexibility to work with different SOA curves or limit the power allowed;

«  Overcurrent (OC) limit: To protect the load and source, this limit is normally set according to
the maximum allowed current flow through the circuit by means of Ioc. This limit is active during
INIT_SOA_REG, ON and I_REG states. See Setting lo¢ for info about how to set it.

«  FET Start-up current (IST) limit: To reduce voltage overshoots due to the output capacitance by
increasing start-up time, this limit can be set in case SOA and OC limits are too high. This limit is taken into
account during INIT_SOA_REG state only and disregarded as soon as ON state is reached.

«  SOC limit: The severe overcurrent limit provides a fast response in case current reaches critical levels.

4.1.4.1 MOSFET's Power-up - Continuous Safe Operating Area (SOA) Control

During a system initialization, XDP710 provides bias current to turn on the MOSFET in a controlled manner to
avoid any SOA violations, while ensuring that the system is turned on without any inrush event.
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During power-up, the lowest of the three limits:

- FETSOA

+  OC: Programmed overcurrent limit

+  IST: Programmed system startup current limit
defines the system maximum allowed current.

In the following example, the green dotted line indicates the maximum current allowed through the MOSFET
(IPBO20N10ONS5LF) during a startup. The programmed safe operating area (SOA) of the MOSFET is indicated by
the solid blue line. In this example, the maximum current allowed by the controller is limited by IST since it

is the lowest current limit allowed by this specific application.

10°

10 s
/ [T
/|10 ms, 100 us

/ \ |

Programmed SOA N\
10
ocC n

Pl -

IST Lo

grolit

o [A]

Resulting maximum

current \ \‘n
10’

10° !
10" 10° 10' 10? 10°

Vos [V]

Figure 7 Safe operating area

SOA is digitally programmed in the SOA command as a look-up table with 80 values, corresponding to Vpg=1V

to 80 V. Each value represents the current Iy allowed for each voltage point. The following table contains the DC
curve data shown in the previous figure for FET IPB020N10N5LF at 65°C. XDP710 target SOA has a resolution of

0.5 A. The Target SOA Igg, (A) column shows the rounded values:
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Table 16 SOA Table for IPBO20N10N5LF

Vps (V) Ip (A) Target SOA I, (A)
1 120 120
2 120 120
3 104.2 104
4 78.1 78

5 62.5 62.5
6 52.1 52

7 44.6 44.5
8 39.1 39
73 2.5 2.5
74 2.5 2.5
75 2.4 2

76 2.4 2

i 2.3 2

78 2.2 2

79 2.2 2

80 2.1 2

As an example, a typical 48 V input application with the DC line of figure above is taken.

+  Beforethe FET is turned on, there are 48 V at the input (with respect to GND) and 0V at the output, since
the output capacitor is discharged. So Vps =48 V.

« XDPT10 starts charging the output capacitor by regulating the current through the FET according to the
maximum allowed in the SOA. From Figure 7, the DC line allows an Iggy = 4.5 A at 48 V.

+  While the capacitor charges, Vps of the FET will be reduced, allowing current increase according to SOA. For
example, Vps =40V allows a current of Isgp = 6.5 A, so, when Vpg reaches 40 V, XDP710 increases the current
through the FET to 6.5 A.

+  Current keeps increasing while voltage keeps decreasing until output voltage is charged to the desired
level and FET gets fully enhanced. This current limitation delays the charging of the output capacitor,
significantly reducing the inrush current at start-up while keeping the FET safe at all times.

4.1.4.1.1 Control loop

XDP710's control loop consists on a closed loop system that senses the FET current by means of the voltage
drop on the sense resistor and input and output voltages. It calculates the FET's Vpg by substracting Vour - Vin
and regulates the current according to the maximum allowed in the SOA table, depending on the sensed Vps.
This regulation is done by adjusting the FET's Vgs.
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Figure 8 XDP710's Control loop block diagram

4.1.4.1.2 Setting OC and IST levels

In XDP710 FDM the current sense (CS) range and overcurrent (OC) level are set digitally by means of CS_RNG
bits in I_SNS_CFG PMBus command.

Table 17 CS_RNG values

CS_RNG[1:0] OC Level
(mv)

00 12.5

01 25

10 50

11 100

If required, the Non-RMS and RMS OC levels can be trimmed by CS_RNG_TRIM.

The start-up current limit (IST) through the FET is set digitally using dedicated START_ILIM bits in I_SNS_CFG
command:

Table 18 START_ILIM current limit

START_ILIM[2:0] Start-up current limit (IST)

000 100% of OC level (disabled, default)

001 87.5% of OC level

010 75% of OC level

011 62.5% of OC level

100 50% of OC level

(table continues...)
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Table 18 (continued) START_ILIM current limit
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START_ILIM[2:0]

Start-up current limit (IST)

101 37.5% of OC level
110 25% of OC level
111 12.5% of OC level

In AADM, the default OC range and the start-up current limit (IST) through the FET can be set by means of a
voltage on IST pin. If settings different than the ones in Table 19 are desired, they can be configured manually in

the corresponding PMBus commands.

Table 19 IST pin configuration

IST pin voltage, V

OC level, mV

Start-up current limit (IST)

IST >2.8 (Open)

25 Set by START_ILIM bits in

|_SNS_CFG command

2.2<IST<2.8 50% of OC level (25mV)
1.7<IST=<2.2 25% of OC level (25mV)
1.3<IST=<1.7 12.5% of OC level (25mV)
0.9<IST=<1.3 12.5 12.5% of OC level (12.5mV)
0.6<IST=<0.9 25% of OC level (12.5mV)
0.3<IST=0.6 50% of OC level (12.5mV)

IST < 0.3 (GND)

Set by START_ILIM bits in
|_SNS_CFG command

Setting the voltage level (between 0.3V and 2.8 V) at IST pin shall be done using external resistor connected to

GND.

To set the desired voltage level at the pin, choose the resistor by simply dividing desired voltage over sourced

pin current (100 pA £ 7%).

The 1% (or lower) tolerant resistors are recommended in this case. For example:

Table 20 IST pin resistor

Voltage, V IST pin resistor, kQ

2.49 24.9

1.96 19.6

15 15

11 11

0.75 7.5

0.453 4.53
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4.1.4.2 Control of Current during FET's Normal Operation

In normal operation (during ON and I_REG states) the FET's current is limited by OC and FET's SOA limits. If RMS
OC faultis enabled, the FET's current limitation set by OC limit is disregarded, the OCrys event comes from the
digital RMS overcurrent detector.

4.1.5 Boost mode power-up

For high Vg values, the Isg, target is often in low current range, that is, below 1 A. For some FETs it could be
even lower than the target SOA resolution (0.5 A). Running FET's power-up with continuous SOA control under
those conditions may result in FET overstress and failing, especially in the systems with large output capacitors.

There is a programmable option in the XDP710 which pulses ("boosts") the Ip to make use of FET's higher
current capability with shorter pulses and sets a cool down time between boost pulses to keep the FET safe.
MOSFET gate is enhanced in bursts to mimic switching type of operation and allow the output capacitor to
be charged. This ensures the safety of the FET by cooling down in between bursts instead of constant flow. If
this function is enabled by means of the BOOSTMODE_EN bit in the REF_CFG command, XDP710 executes the
following procedure at power-up:

I [
| I
| [
I |
Vas

I |
| [

Isns (1) | : L/ \
P e——TsoosT MA— |
!: TPERIOD> ‘-‘:

Phase NA 2 [ 3 2 E

Figure 9 Boost mode power-up

1. 1st phase: The Vgg starts ramping when INIT_SOA_REG state is entered. The Tpgriop timer, defined by
BOOSTMODE_TMR and BOOSTMODE_DC, activates at start of Vg5 ramp.

2. 2nd phase: The pulse timer Tgoost TMRr (Value setin BOOSTMODE_TMR) starts after the Vgs ramp has

ended. The FET's current target is set to boost target lgogst:

- If Ispa (programmed SOA current at actual Vps) programmed value > 0: Iggost = 4 X Isoa typ.

- If Ispa programmed value = 0: Iggost = 0.5 A typ.

3rd phase: After Tgoost Tmr has expired, the FET current is set to 0 by turning off the FET.

4, After Tperiop has expired, next Vgs ramp starts and system continues from 1st phase until target Isop = 1.5
A

w

5. After target Isoa reaches this point of 1.5 A, FET's power-up will be finalized via continuous SOA.

The duty cycle (BOOSTMODE_DC) of the period can be configured to 2, 5, 10 or 20%. To calculate Tpggiop:

T _ BOOSTMODE_TMR
PERIOD = "BOOSTMODE_DC

Equation1
For example, if BOOSTMODE_TMR = 1ms and BOOSTMODE_DC = 10%:

1ms
TperioD = 7o = 10ms

Equation 2
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Boost Mode Considerations
+ BOOSTMODE_TMR and BOOSTMODE_DC must be configured according to FET max SOA capabilities.

4.1.6 Power good

The power good signal is asserted to indicate when the following conditions are met:

+  Theinput voltage is within the UV and OV/OVin limits, the output voltage is above OUV limit (no any under-
or overvoltage fault is present)

«  FET's and controller's over-temperature protection limits are not violated (no OT or TSD fault is present)
«  FET s fully enhanced after its power-up and no OC or SOA regulation fault is present

+ No any other fault is present

All above means that controllerisin ON or |_REG state.

The power good assertion shall be performed after a programmable power good assertion deglitch time (see
Table 10).

the power good de-assertion shall involve a programmable power good de-assertion deglitch time, which helps
to avoid unnecessary signal's re-toggling due to short voltage or current jumps.

PWRGD signal polarity is configurable (active low or active high) by means of the PWRGD_POLARITY bit in order
to support sequential turn-on capability.

4.1.7 Support of Sequential Turn-On

PWRGD, FAULT and UV/EN pins are used for communication between different devices if sequential turn-on
implementation is desired based on "Master/Slave" approach.

Voltage levels of UV/EN, PWRGD and FAULT pins are compatible so that PWRGD or FAULT pins of a “Master”
device can drive the UV/EN pin of a “Secondary” device and control its turn-on or off.

4.1.8 Support of OR-ing Capability

When PWRGD output pin is configured as active Low, two controllers can be connected to the same output
voltage, so that, when output of the "Master" goes down, the "Secondary" can supply the necessary voltage.
Itis a backup supply scenario. A deglitch period can be configured between "Master" undervoltage and
"Secondary" (backup) enable by means of an UV/EN pin response delay or deglitch period. System has to be
designed so that a capacitor can supply the necessary power during this supply outage. The power-up latency
of the "Secondary" controller has to be taken into account too.

4.1.9 FET power down

Turn-off of the FET can be triggered manually or automatically due to a fault. In general, FET is turned-off by
pulling Igate_spp from its gate, except for the cases of OVin and SOC faults. In these cases, a configurable two
step turn-off has been implemented in order to avoid FET drain-source voltage overshoots.
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Figure 10 FET power down

The first step is configurable to 1.5 A current source or 200 Q resistor through the bit GATE_FAST_PD[0]. If 1.5
Ais selected, this current will be pulled out of the gate of the FET until it is completely turned off, ignoring

the second step. If the 200 Q resistor is selected, it discharges the gate of the FET for a time defined by the
GATE_PD_TMR timer. This timer will start running when the turn-off process starts as soon as fault is detected.
The timer must be calculated depending on the FET gate charge so that the plateau voltage is passed in this
first stage. This “fast” stage avoids the increase of the current by reaching the FET’s linear region as fast as
possible.

Then, the second stage limits the voltage overshoot by slowing down the di/dt of the system. This stage starts
when GATE_PD_TMR expires. When it does, level of current being pulled out of the gate changes according to
what is programmed in GATE_SLOW_PDI[1:0] bits. A lower level of current will keep the FET in linear region for a
longer time, which will, as a result, slow down the di/dt until the threshold voltage of the FET is passed and the
FET is completely off.

If GATE_PD_TMR is 0 and GATE_FAST_PD[0] = 1, gate discharges slowly with GATE_SLOW_PD only, without a
fast pull-down phase. The minimum allowed time to be programmed in GATE_PD_TMR (if it's not 0) is 250ns.

Note: Due to the benefits of the two-step turn-off, it is recommended to always use it after OVin and SOC faults.

4.2 Faults

XDP710 incorporates many protections that ensure safe operation for the FET, source and load in different
scenarios.

Faults are events that could stop system operation or even potentially damage some part of the circuit, so
protective actions are taken in response to this kind of events.

For this purpose, different FET gate pull-down mechanisms are incorporated as described in FET power down:
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+  Regular/slow pull-down: In case of a fault event that is not dangerous for the system, FET is turned off by
pulling a typical current of 250 uA / 500 uA / 750 A / 1.25 mA (programmable by means of GATE_SLOW_PD
bits in TURN_OFF_CTRL PMBus command) from its gate.

+  Strong/fast pull-down: In case of an emergency fault,
- 1) atypical current of 1.5 A are pulled from the FET’s gate for extremely fast turn-off or

- 2) atwo step FET's turn-off is applied to keep FET's Vps below avalanche breakdown. Method 1) or
2) has to be selected by means of GATE_FAST_PD bits in TURN_OFF_CTRL command depending on
the system setup and requirements.

There are two ways in which XDP710 reports when a fault has occurred:

+  Read Fault Status commands via PMBus interface: Each one of the faults has a corresponding bit in the
STATUS_FAULTS command which is set after a fault has occurred.

«  Via GPOO/FAULT NMOS open drain pin (output polarity is programmable): The status bits can be reflected
on the FAULT pin to alert the processor/MCU that any of these events has happened. Mask command is
provided for the user to select which faults are to be reflected on the FAULT pin.

As a result of the fault, PWRGD pin is also deasserted.

Faults can be disabled by clearing their enable bits, which means they are not detected nor reported.
The fault status bits will remain set until they are cleared:

« by means of the CLEAR_FAULTS PMBus command

+ orbyacontroller restart (toggling EN pin) or a power cycle

The FAULT pin alerts the processor/MCU that any of fault has happened, it reflects the state of the internal fault
signals (detected fault conditions), not the fault status bits. This pin's state is an OR of all unmasked faults,
leading to the possibility that if a masked higher priority fault is processed with the pin correctly in inactive
state, a lower priority unmasked fault might cause the pin to be driven active.

To service the faults properly, CLEAR_FAULTS command and EN pin toggling are ignored in fault state and until
fault process has finished and XDP710 has gone to LATCH_OFF state, or, in case of automatic restart, STANDBY
or ON. Once the controller has left FAULT state, faults can be cleared (if fault conditions are not present
anymore) and device can be restarted. LATCH_OFF state can be monitored by reading the STATUS_LATCH_OFF
bit in STATUS_MFR_SPECIFIC command.

Note: For a correct functionality of the faults and in order to avoid enabling/disabling them while any fault
conditions are actually present, all faults must only be enabled or disabled while controller is in STANDBY state.

Faults are divided in priority groups. In case a second fault with higher priority comes while servicing another
fault, the first one is put on hold until the higher priority is served. When finished serving the high priority fault,
system resumes servicing the fault that was put on hold. If the fault being serviced has same or higher priority
than the second fault, system will act in a first-come, first-served fashion.

Priority groups are:

Group 1: MEM, SDS, SGD, SGS, UR.
Group 2: SOC.

Group 3: OT, TSD.

Group 4: UV, OV, OVin.

Group 5: OUV.

Group 6: WD, OC, SOAR.

The table below shows when particular faults detection and processing is active:

Table 21 Faults during operation states

Activation (X) of FAULT's detection during operation states

(table continues...)
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Table 21 (continued) Faults during operation states

FAULT NAME State of controller

(prio) POR_INI| READ_CF | CHK_FE | STANDB | INIT_SOA_RE | ON | I_REG | FAULT | MEM_FAU
T G T Y G LT/

LATCH_OF

uv
oV (4
OVin (4) -- -- --
ouV (5) - - - - -
WD (6) - - - - X
OC (6) -- -- -- - -

SOAR (6) - - ~ - - X X - -

X

X

(4) - - - X
) X
X

X | X | X | X | X | X | X

>
>
1
i

Notes:
*1): Right at the point when watchdog timer expires.

*2): The UR fault can occur only in FAULT state when retry counter expires after any of the retry fault events
(SOC, OUV, WD, OC, SOAR).

4.2.1 Memory fault

Memory OTP (MEM) Fault

If an OTP read or write error is detected during READ_CFG state, XDP710 switches to FAULT and consecutively
to the MEM_FAULT state, which initiates controller's latch-off. FET is switched off and PWRGD signal are not be
asserted. This fault can be cleared by means of a power cycle only, in which case the system restarts from the
POR_INIT state.

4.2.2 Damaged FET faults

There is a FET healthy check phase after READ_CFG state and until STANDBY phase has finished.

The drain-source and gate-drain low voltage checks start as soon as the READ_CFG phase is over at first plug-in
or just before starting any retry attempt.

As a consequence of any of these faults, XDP710 switches to FAULT state and then pass directly to the
LATCH_OFF state.
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Shorted FET Drain-Source (SDS) Fault

If current above SDS limit (see table below) through the sense resistor is detected in CHK_FET, STANDBY or
FAULT states, and Vs of the FET is lower than 1V while gate pin is weakly driven low, an SDS fault is issued.

The following table shows the corresponding typical current limit in Amp at Rgys = 1 mQ.

Table 22 SDS limit
VSNS_CS (mV) 12.5 25 50 100
SDS limit (A) 0.24 0.52 1.1 22

Shorted FET Gate-Drain (SGD) Fault

SGD fault is triggered in the CHK_FET, FAULT or STANDBY states:
+  In CHK_FET state: If the FET's Vg5 goes above 1 V.

+  When controller enters the FAULT or STANDBY state and activates any gate pull down. If the FET's VGS does
not go below 1V within 10 ms.

+ In FAULT and STANDBY state: If, after FET's Vg5 goes below 1 V within 10 ms when FET's gate is weakly
driven low (regular/slow gate pull down), the FET's Vg goes back above 1 V.

Shorted FET Gate-Source (SGS) Fault

If no power good is achieved in power-up procedure when the watchdog timer expires and Vg5 < 1V at this
point, SGS fault will be issued.

Note: WATCHDOG timer is used for this fault even if watchdog fault is disabled. If a specific timer value is
desired to cover SGS in this case, the timer must be configured accordingly.

4.2.3 Input voltage faults

System Input Undervoltage (UV) Fault

In FDM mode, if MODE bit = 1 (DCM), the UV fault limit is set digitally by VIN_UV_FAULT_LIMIT.
In AADM mode or FDM mode, if MODE bit = 0 (ACM), the limit Vyyey_11H is set by means of external components
(see Setting OV, UV and OUV in ACM).

If the input voltage reaches or falls below the corresponding limit, UV_TMR[2:0] starts running. If voltage
raises above VIN_UV_FAULT_LIMIT or Vyyen_ytH before the timer expires, system stays in ON state. Otherwise, if
voltage is still low when timer expires, fault will be triggered and FET is turned off with a regular pull-down.

XDP710 waits until FET is completely turned-off, then keeps monitoring the input voltage and stay idle in FAULT
state until it raises above VIN_UV_FAULT_LIMIT plus a hysteresis of 0x60 (DCM mode) or Vyyen_utH (ACM mode).
In this case, the power-up sequence is initiated.

Hysteresis of 0x60 corresponds to the following voltages, depending on the V1 gryg Setting:

Table 23 Voltage hysteresis

Vrim_rne (V) 88 44 22

Voltage (V) 2.06 1.03 0.52
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System Input Overvoltage (OV) Fault

In FDM mode, if MODE bit = 1 (DCM), OV fault limit is set digitally by VIN_OV_FAULT_LIMIT.

In AADM mode or FDM mode, if MODE bit = 0 (ACM), the limit Voy yry is set by means of external components
(see Setting OV, UV and OUV in ACM).

If the input voltage reaches or raises above the corresponding limit, OV_TMR[2:0] starts running. If the voltage
falls below VIN_OV_FAULT_LIMIT or Vgy |14 before the timer expires, the system stays in ON state. Otherwise, if
the voltage is still high when timer expires, a fault is triggered and FET is turned off with a regular pull-down.

XDP710 waits until FET is completely turned-off, then keep monitoring the input voltage and stay idle in
the FAULT state until it falls below VIN_OV_FAULT_LIMIT minus a hysteresis of 0x60 (DCM mode, see Table
23) or Voy 114 (ACM mode). In this case, the power-up sequence is initiated.

On-chip Input Overvoltage (OVin) Fault

If, during STANDBY, INIT_SOA_REG, normal operation or FAULT state, the input voltage goes above the limit set
by OVIN_FAULT_LIMIT bits in V_SNS_CFG PMBus command, OVIN_TMR starts running. When it expires, a fault
is triggered and FET is immediately turned-off with a fast or two-step pull-down (depending on configuration).
XDP710 waits until FET is completely turned-off, then stays idle in FAULT state until input voltage goes below
the lower OVin threshold of OVIN_FAULT_LIMIT minus a hysteresis of 5 V. Then power-up sequence is initiated.

4.2.4 Output voltage faults

Output Undervoltage (OUV) Fault

If, during normal operation, the output voltage falls below the OUV threshold set by a voltage divider at the FB
pin (ACM mode) or the limit set by VOUT_UV_FAULT_LIMIT (DCM mode), OUV_TMR[2:0] timer starts running. If
voltage goes back up before timer expires, the system continues normal operation. If OUV condition persists
when timer expires, a fault is issued and FET is turned-off with a regular pull-down.

The system will retry to power-up after a cool-down period according to the RETRY command settings.
It is recommended to set OUV to a level lower than UV. This is because OUV sends the device to LATCH_OFF

state, while UV sends it to FAULT. If both of them are set to the same level or if OUV is set to a level above UV, the
device will be sent to LATCH_OFF state, instead of FAULT due to UV.

4.2.5 Current and temperature faults

Overcurrent (OC) Fault

An OC condition is detected if, during normal operation, FET current reaches its programmed level of Igc. If
this condition occurs, the SOAD_TMR[1:0] timer starts. If the FET current goes below Ioc before timer expires,
the system continues normal operation. If the OC condition persists when the timer expires, XDP710 starts the
OC/SOA regulation timer (SOAR_TMR[2:0]) and current regulation at I level (I_REG state) by lowering FET's
Vs voltage. If I_REG state ends (FET is fully enhanced again) before this second timer expires, the system goes
back to normal. Otherwise an OC fault is triggered and FET is turned off with a regular pull-down.

The system will retry power-up after cool down period according to RETRY command settings.

The SOA regulation timer configurable steps are compliant with common SOA lines so that the protection can
be implemented according to the maximum allowed timer for a specific Vpg vs Ipg scenario.

Note: For safety reasons during |_REG state, if current through the FET goes below 1 A, the regulation will stop,
FET is turned off and a SOAR fault is declared.
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Severe Overcurrent (SOC) Fault

An SOC event is detected when, during INIT_SOA_REG or normal operation, FET's Ipg current reaches the

level which creates a voltage drop over the sense resistor exceeding programmable level of Vgys_soc. The
detection is done by means of an analog comparator for a faster reaction. This comparator has a programmable
SOC_DG_TMR deglitch time for detection.

If Vsns_soc level of current is detected, SOC_TMR will start running. If the SOC conditions are cleared before
timer expires and no other fault conditions are present, the system goes back to normal. Otherwise a fault is
triggered and FET is opened with a fast or two-step pull-down (depending on configuration) as soon as this
timer expires.

The system will retry a power-up after a cool down period according to RETRY command setting. The FAULT pin
is automatically deasserted when fault conditions are cleared and PWRGD asserted after a successful retry.
SOC fault configuration is done by means of the SOC_FAULT_LIMIT bits, and it depends on CS_RNG
configuration, according to the following table:

Table 24 Configuration of SOC levels (in mV)
I_SNS_CFG.CS_RNGJ1:0]
00 01 10 11
I_SNS_CFG.SOC_ 000 12,5 25
]FAULT_LIMIT[Z:O 001 18.75 375
010 25 50
011 37.5 75
100 50 100
101 75 150
110 100 200
111 150 300
RMS Current (RMS)

OC protection can be configured to react at RMS current calculation limit instead of instantaneous
measurements.

RMS_EN bitin REG_CFG command enables or disabled the RMS calculation function of the OC protection. If
enabled, the protection level is based on RMS calculation. Since RMS is a sub-function of OC, OC must be
enabled (by means of the OC bit in ENABLE_FAULTS command) if the RMS function is desired.

RMS does not have mask and status bits, but OC corresponding mask and status bits are used instead.
RMS_SAMPLE_TMR specifies the integration time for the RMS current protection calculation.

If the RMS_EN bit is set (RMS function is enabled), the CS_RNG_TRIM bits specifies the RMS current level (as a
proportion of Vgys ¢s) at which the OC fault is triggered. If this RMS current level is exceeded, FET is turned off
immediately with a regular pull-down, skipping the regulation phase configured in the SOAR_TMR[2:0] bits.

SOA Regulation (SOAR) Fault

After ON state is reached and FET is fully enhanced, there could be different possible scenarios in which FET
SOA limits are violated. For example:
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+ Input voltage suddenly increases generating a certain Vpg meanwhile the output cap is charged up to the
new voltage level

*  Rpsonistoo high

+ During I_REG state after an OC event, Vpg has to increase too much in order to keep the current at an
appropriate level

In this scenario, the SOAD_TMR[1:0] deglitch timer starts. If FET Vpgs and Ips go back within the SOA limits before

the timer expires, the system continues normal operation in ON state. Otherwise the SOAR_TMR[2:0] regulation

timer starts while the system continues to regulate the current to stay within the SOA limits. If SOAR condition

is cleared before this second timer expires, system goes back to ON state. If it persists, a SOA regulation fault is

triggered and FET is opened with a regular pull-down.

If the regulated current through the FET goes below a level of 1 A, regulation stops, FET is turned off and a SOAR
faultis declared.

The system will retry power-up after a cool down period according to RETRY command settings.

Note: The SOAR fault disabling means that a fault is never triggered and FET is never turned off in case of a SOA
limits violation. It is recommended to keep the SOAR fault enabled for safety reasons.

Overtemperature (OT) Fault

If, during STANDBY, INIT_SOA_REG, normal operation or FAULT, the temperature measured between the TSNS_P
and TSNS_N pins raises above the OT_FAULT_LIMIT value, a fault is triggered and FET is opened with a regular
pull-down.

XDP710 waits until FET is completely turned off, then keeps monitoring the FET temperature and stays in the

FAULT state until it drops below OT_FAULT_LIMIT - 12°C. In this case, the power-up sequence initiates, FAULT pin
deasserts and PWRGD pin asserts as soon as the necessary conditions are met.

On-chip Thermal Shut-down (TSD) Fault

XDP710 has an on-chip temperature sensor with a programmable fault limit of Trs_yry. If die temperature
exceeds this value, a fault is triggered and FET is opened with a regular pull-down. XDP710 waits until FET is
completely turned-off, then remains idle in the FAULT state until the temperature drops below Trs 14 (which is
equivalent to Tyg_yty - 10°C), at which point the power-up procedure is started.

4.2.6 Power-up faults

Unsuccessful Power-up (Watchdog, WD) Fault

The watchdog timer can be configured from 10 ms to 10000 ms by means of the WATCHDOG[2:0] bits. Its
configurable steps are compliant with common SOA lines so that protection can be implemented according to
the maximum allowed timer for a specific Vps vs Ipg scenario. It starts running as soon as power-up procedure
starts in the INIT_SOA_REG state. If FET is not fully enhanced (Vps < 1.0V and Vg > 7.8 V) before the timer
expires, a WD fault is triggered and FET is turned-off with a regular pull-down.

A power-up is retried according to the RETRY command settings, in which case, the FAULT pin is cleared when
leaving FAULT state before any retry attempt. The corresponding status bit remains set until it is manually
cleared or device is restarted or power cycled.

Unsuccessful Retry (UR) Fault

The UR fault can only occur in FAULT state when the retry counter expires after one of the retry fault events
(SOC, OUV, WD, OC, SOAR). The retry counter decrements on each retry event. If it reaches a value of zero
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(maximum number of programmed retries has been reached), a UR fault is triggered and the system goes to
and remains in LATCH_OFF state.

4.2.7 Internal protection fault
VREG Fault

If, at any point of operation, voltage at VREG pin goes below 4.15V, FET will be turned off. This fault is not
signaled at the FAULT pin, nor does it have a bit in the STATUS_FAULTS PMBus command. Instead of going to
FAULT state, this fault puts the device in STANDBY state.

4.3 Retry

XDP710 can be configured to automatically retry FET's power-up after FET shut down due to the following
faults: OUV, Watchdog, OC, SOAR, SOC.

Retry mask bits are provided so that retry function can be turned on or off for any of these faults.

The number of retries can be configured from 0 (system latches off after first fault event) to 32 by setting the
corresponding number in the RETRY_COUNTER[2:0] bits in the RETRY PMBus command.

The retry counter can also be disabled, which means the system will keep retrying an infinite number of times
until it is turned off or reset.

The controller waits for a cool down period configurable from 0 to 64 seconds (COOLD_TMR[2:0] bits in
RETRY PMBus command) before every retry attempt. During this period, the controller remains in FAULT state
and CLEAR_FAULTS command and EN pin toggling will be ignored.

If a successful FET's power-up is achieved during a retry attempt, the retry OK deglitch timer (RETD_TMR[2:0]
bits in RETRY PMBus command) starts running as soon as ON state is reached.

If no fault has occurred when this timer expires, the retry counter is set to its initial state.

If the maximum number of retries is reached without success, an unsuccessful retry fault, which initiates
Latch-off, is issued.

If the retry feature is used to avoid long start-up times due to the fault that caused the retry, it is recommended
to enable the watchdog (WD) fault and its corresponding watchdog retry mask in MASK_FAULTS PMBus
command.

Gate Voltage Fast Recovery

The gate voltage fast recovery is turning FET on as fast as possible avoiding FET's regulation during
retry attempts after an SOC fault.

When the feature is enabled by setting the GATE_REC_EN bit in the RETRY command, the cool down period
before retry is ignored after an SOC fault.

For all cases when GATE_REC_EN='1" and entering INIT_SOA_REG, if the control loop recognizes NO regulation
conditions (FET's Vpg is low enough), the gate strong pull-up with typically 10 mA current capability is activated
for a fast FET turn-on within a time of 100 ps. System retries with fast recovery as many times as configured

by the RETRY_COUNTER. If recovery is not successful before RETRY_COUNTER expires, system goes to latch-off
state.

4.4 Latch-off

LATCH_OFF and MEM_FAULT are latch-off states. In case of a latch-off fault, the controller's FAULT state is
followed by the LATCH_OFF or MEM_FAULT state and controller:

+  Keeps FET off and remains in LATCH_OFF or MEM_FAULT state

+ Latches the state of all status commands including fault and warning ones

« Latches the state of status pins (PWRGD, FAULT, WARN)

+  Keeps service blocks (including VREG), communication PMBus interface and necessary digital running to
support data communication
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Latch-off isimmediately triggered by the following faults:
«  Memory OTP fault

«  FET's Drain-source short fault

«  FET's Gate-drain short fault

« FET's Gate-source short fault

Latch-off is triggered if during the following faults the max number of retries has been reached without
successful recovery from fault (Unsuccessful retry (UR) fault occurs):

+  Output undervoltage (OUV) fault

+  Unsuccessful power-up (watchdog) fault

«  Overcurrent (OC) fault

+  SOAregulation fault

« Severe overcurrent (SOC) fault

If the retry counter set to zero the Latch-off is triggered right after any fault listed above occurs.

XDP710 can go out of LATCH_OFF or MEM_FAULT states by means of a power cycle. In which case, it starts
operation from POR_INIT state.

Alternative ways to go out of LATCH_OFF (not applicable to MEM_FAULT) are the PMBus CLEAR_FAULTS
command or the external EN signal High-to-Low transition (if the pin is configured as EN, see Enable and
Disable). If either of these methods is used, the following actions take place:

«  De-assert/release status pins (PWRGD, FAULT, WARN)
+  Clearthe FAULT and WARNING status commands
«  Continue operation from CHK_FET state

4.5 Warnings
Warnings are defined as alerts that do not turn off the FET. They are alerted through the WARN pin to the
processor/MCU so that it can decide if any action is needed in response.

Each one of the warnings has a corresponding bit in the STATUS_WARNS command that is set when a warning
has occurred.

These bits can be reflected in the WARN pin to alert the processor/MCU that any of these events has happened.
A mask command is provided for the user to select which warnings are to be reflected on the WARN pin.

Warnings can be disabled by clearing their enable bits, which means they are not detected and are
not reported.

Each one of the warnings descriptions below specifies when the "warning is cleared". This means the WARN pin
is de-asserted automatically when the conditions that generate one or more warnings are cleared.

The warning status bits remain set until they are cleared:
« by means of the CLEAR_FAULTS PMBus command
« orbya controller restart or a power cycle

Note: Due to the nature of the COM warning, there are some exceptions on the way it is reported through the
WARN pin and the way it is cleared. See details in Communication warning.

The table below shows when particular warning's processing is active.

Table 25 Warnings during operation states

Activation (X) of WARNING's processing during operation states

(table continues...)
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Table 25 (continued) Warnings during operation states

WARNING State of controller
NAME | por READ_ | CHK_ |STANDBY INIT_ ON _REG | FAULT | MEM_FA

INIT CFG FET SOA_RE uLt/
G LATCH_O
FF

VGSL - - - - -
oT - - - X
TSD - - - X
uv - - - X
X

X

oV - - -
oov - - -
ouv - - - - -
SOAR - - - - -
ouc - - - - -
00C - - - - -

X | X | X | X | X
i

INeg - - - - -
oP - - - - X
COM - - - X X

X | X | X | X | X | X | X | X |X|X|X|X|X
X | X | X | X | X | X | X|X|X|X|X|X

The following figure shows flow of all warnings.
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WARNING Limits (Registers) WARNING Subsystem
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STATUS_CML:INVALID_CMD,
INVALID_DATA, PEC_FAIL, OTHER
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Figure 11 Warnings flow

4.5.1 Damaged FET warning

Gate-Source Low Voltage (VGSL) Warning

If, during ON state, Vg of the FET goes below 7.8 V, a VGSL warning is triggered indicating that there might be
gate-source or gate-drain issues over life time. The warning is cleared as soon as Vs of the FET raises above the

same limit.

4.5.2
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Input Undervoltage (UV) Warning

If the input voltage reaches or falls below VIN_UV_WARN_LIMIT, a warning is triggered. If the voltage raises
above this limit plus a hysteresis of 0x60 (see Table 23), the warning is cleared.

Input Overvoltage (OV) Warning

If the input voltage reaches or raises above VIN_OV_WARN_LIMIT, a warning is triggered. If the voltage falls
below this limit minus a hysteresis of 0x60 (see Table 23), the warning is cleared.

Input Overpower (OP) Warning

If the input power (as a product of VIN * IOUT) goes above the programmed PIN_OP_WARN_LIMIT, the
system generates an OP warning. If the input power goes below the limit minus a digital hysteresis of 0x100
(which corresponds to typically 0.4% of the maximum power), the warning is cleared. Averaging of power for
this warning is done by the same setting as telemetry: P_TELEMETRY_AVG bits in TELEMETRY_AVG PMBus
command.

4.5.3 Output voltage warnings

Output Undervoltage (OUV) Warning

If the output voltage reaches or falls below VOUT_UV_WARN_LIMIT, a warning is triggered. If the voltage raises
above this limit plus a hysteresis of 0x60 (see Table 23), the warning is cleared.

Output overvoltage

This warning bit will be set if, during Power-up Procedure, Normal Operation or FAULT state, the output voltage
exceeds the limit set by VOUT_OV_WARN_LIMIT PMBus command.

4.5.4 Current and temperature warnings

Output Overcurrent (00C) Warning

An O0C warning is detected if the load current sensed by the voltage drop in the sense resistor exceeds the
limit set by the IOUT_OC_WARN_LIMIT PMBus command. The warning is cleared if the current goes below the
IOUT_OC_WARN_LIMIT minus a digital hysteresis of 0x80 (see Table 26).

Output Undercurrent (OUC) Warning

If, during normal operation, the FET Ipg current is less than a programmable value of the IOUT_UC_WARN_LIMIT
PMBus command, an undercurrent event is triggered. The warning is cleared as soon as the current goes back
above the IOUT_UC_WARN_LIMIT value plus a digital hysteresis of 0x80, which corresponds to the following
current levels, depending on the Vsys_rng Setting and assuming a 1 mQ sense resistor:

Table 26 Current hysteresis

VSNS_CS (mV) 12.5 25 50 100

Current (A) 0.55 1.11 2.2 4.4
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SOA Regulation (SOAR) Warning

A warning is issued when the controller enters the |_REG state due to OC or SOA conditions violation if
SOAR_TMR[2:0] is not programmed to 0. The warning remains set until the controller leaves the |_REG state.

Negative Current (INeg) Warning

If negative current through the FET over Iygs_uax level is detected, an Iy, warning is triggered. The warning is
cleared when the FET/load current sample returns to positive level (= 0 A%.

Overtemperature (OT) Warning

If temperature raises above OT_WARN_LIMIT, an OT warning is issued. The WARN pin remains asserted until the
temperature falls below OT_WARN_LIMIT minus a hysteresis of 12°C.

On-chip Thermal Shut-Down (TSD) Warning

XDP710 has an on-chip temperature sensor. If, during power-up procedure, normal operation or FAULT state,
temperature exceeds an upper threshold of 125°C, a warning is triggered. The warning is cleared when the
temperature falls below 115°C.

4,5.5 Communication warning

PMBus Interface Communication (COM) Warning

This warning is triggered if the PMBus communication (read or write) is detected with fails. COM is the only
warning that is enabled during LATCH_OFF state. Since the WARN pin status is latched during this state, the
warning is not reported through the pin. The only way to detect this warning during LATCH_OFF is to read the
STATUS_WARNS command.

Due to the nature of this warning, it is not cleared automatically. To clear its status bits and the WARN pin after
this warning has been set, a CLEAR_FAULTS command must be issued.

4.6 Telemetry

XDP710 provides real time accurate measurement and calculation data for:
+ Inputvoltage
+  Outputvoltage

+  Load/FET current (by means of voltage drop over external shunt resistor), including its squared RMS value
(if enabled)

* Input power

« Energy

«  External FET temperature

+  On-chip temperature

All information is provided through the PMBus interface by issuing the corresponding commands.
The figure below shows the telemetry flow:
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Figure 12

4.6.1

Telemetry flow

Telemetry summary table

The following table shows the sensing points of the different telemetry features and the commands to be used
for configuration and to get the data read.

Table 27 Telemetry summary

Parameter Sensing Averaging Instantaneous/ | Peak Valley
configuration |averaged

Input voltage ISNS_P pin V_TELEMETRY_A |READ_VIN READ_VIN_PEAK | READ_VIN_VALL
VG EY

Load/FET current |ISNS_P/ISNS_N |I_TELEMETRY_A |READ_IOUT READ_IOUT_PEA | READ_IOUT_VAL

pins VG K LEY

RMS Load/FET ISNS_P/ISNS_N READ_IOUT_RM

current pins S

Output voltage VOUT pin V_TELEMETRY_A |READ_VOUT READ_VOUT_PE |READ_VOUT_VAL
VG AK LEY

(table continues...)
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Table 27 (continued) Telemetry summary
Parameter Sensing Averaging Instantaneous/ |Peak Valley
configuration averaged
Input power (16 |Inputvoltagex |P_TELEMETRY_A |READ_PIN
bits) Load/FET VG
Input power (24 | YNt READ_PIN_EXT | READ_PIN_PEAK
bits)
Energy Input power READ_EIN
accumulated
over time

External FET TSNS_P/TSNS_N READ_TEMPERA |READ_TEMP_1_ |READ_TEMP_1_V
temperature pins TURE_1 PEAK ALLEY
On-Chip On-chip READ_TEMPERA
temperature temperature TURE_2
sensor
4.6.2 Averaged and instantaneous telemetry
4.6.2.1 Averaging telemetry data

Input voltage and power and output voltage and current measurements can be averaged by means of their
corresponding bit fields: V_TELEMETRY_AVG[2:0], |_TELEMETRY_AVG[2:0] and P_TELEMETRY_AVGJ[2:0]. Each
one consisting in 3 bits.

Table 28

Telemetry averaging

Bits settings

Averaged amount of samples

000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128
4.6.2.2 Instantaneous telemetry data

Instantaneous measurements can be obtained by setting the corresponding x_TELEMETRY_AVG[2:0] bits to 000,
so that only one sample is taken.

4.6.3

last time the command was cleared.

Peaks and valleys

X_PEAK and x_VALLEY commands report the maximum and minimum values (respectively) measured since the

Peaks apply for the following parameters:

+ Inputvoltage
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+  Outputvoltage

«  Load/FET current

* Input power

«  External FET temperature

Valleys apply for the following parameters:
+ Inputvoltage

+  Outputvoltage

«  Load/FET current

«  External FET temperature

The x_PEAK and x_VALLEY commands are cleared after reading their contents or by means of a power on reset.
After reset, the first value read is compared to 0x000 (peaks) or OXFFF (valleys) and it becomes a new peak or
valley respectively.

4.6.4 Telemetry via PMBus

The following formula converts from PMBus direct format to "real world" values:

X =*(v*107%—b)

Equation 3

Where:

X = Calculated "real world" value in the appropriate units (A, V, °C, etc)
m = Slope coefficient, is a two byte, two’s complement integer

Y = Two byte two’s complement integer received from the PMBus device
b = Offset, is a two byte, two’s complement integer

R = Exponent, is a one byte, two’s complement integer

To convert from "real world" values to PMBus direct format, use the following formula:

Y = (mX +b)* 10

Equation 4

Where:

Y = two byte two’s complement integer to be sent to the unit

m = Slope coefficient, is the two byte, two’s complement integer

X ="“real world” value, in units such as Amperes or Volts, to be converted for transmission
b = Offset, is the two byte, two’s complement integer

R = Exponent, is the decimal value equivalent to the one byte, two’s complement integer.

Coefficients for these formulas are specified in the following table:
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Table 29 PMBus coefficients

Command VTLM_RNG |[VSNS_CS m b r

VOUT_OV_WARN_LIMIT, 88 - 4653 0 -2

VOUT_UV_WARN_LIMIT, 44 9307 0 D)

VOUT_UV_FAULT_LIMIT, 22 18614 0 2

VIN_OV_FAULT_LIMIT,

VIN_OV_WARN_LIMIT,

VIN_UV_FAULT_LIMIT,

READ_VIN,

READ_VIN_PEAK,

READ_VIN_VALLEY,

READ_VOUT,

READ_VOUT_PEAK,

READ_VOUT_VALLEY

IOUT_OC_WARN_LIMIT, - 12.5 23165 0 2

IOUT_UC_WARN_LIMIT, 25 11582 0 2

READ_IOUT, 50 5791 0 2

READ_IOUT_PEAK,

READ_IOUT_VALLEY 100 28956 0 3

READ_IOUT_RMS - 12.5 20808 0 -2
25 5202 0 -2
50 13005 0 -3
100 32513 0 -4

READ_PIN_EXT, 88 12.5 10780 0 0

READ_PIN_PEAK 25 5390 0 0
50 26949 0 -1
100 13474 0 -1

44 12.5 21559 0 0
25 10780 0 0
50 5390 0 0
100 26949 0 -1
22 12.5 4312 0 1

25 21559 0 0
50 10780 0 0
100 5390 0 0

(table continues...)
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Table 29 (continued) PMBus coefficients

Command VTLM_RNG |[VSNS_CS m b r

PIN_OP_WARN_LIMIT, 88 12.5 4211 0 -2

READ_PIN, 25 21054 0 -3

READ_EIN 50 10527 0 3
100 5263 0 -3

44 12.5 8422 0 -2
25 4211 0 -2
50 21054 0 -3
100 10527 0 -3
22 12.5 16843 0 -2

25 8422 0 -2
50 4211 0 -2
100 21054 0 -3

OT_FAULT_LIMIT, - - 52 14321 -1

OT_WARN_LIMIT,

READ_TEMPERATURE_1,

READ_TEMP_1_PEAK,

READ_TEMP_1_VALLEY

READ_TEMPERATURE_2 - - 23 6225 -1

Note: Current and power coefficients are normalized to a 1 mQ sense resistor. See Calculating PMBus direct
format limits from "real world" values and vice-versa for examples on how to calculate current and power.

4.6.5 RMS current calculation

RMS current is calculated by integrating the current measurements over a specific period of time set by
RMS_SAMPLE_TMR[1:0] bits in the SOA_TMR command.

4.6.6 Input power calculation

Input power is a multiplication of the load/FET current and the input voltage values.

Each time a current measurement is performed, a power calculation is performed, multiplying the recent
values of load/FET current and the input voltage together before their corresponding averaging. Input power
can be reported in 16 bits format (READ_PIN) or an extended 24 bits format (READ_PIN_EXT).

4.6.7 Energy calculation

Energy is the input power accumulated over time.

The calculated input power value is added to a power accumulator command that may increment a rollover
counter if the value exceeds the maximum accumulator value. The power accumulator command also
increments a power sample counter. The power accumulator and power sample counter are read using the
same READ_EIN command to ensure that the accumulated value and sample count are from the same point in
time.

The MCU reading the data assigns a time stamp when the data is read. By calculating the time difference
between consecutive uses of READ_EIN and determining the delta in power consumed, it is possible for the
MCU to determine the total energy consumed over that period.
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4.7 Communication Interfaces

4.7.1 PMBus

The power management bus (PMBus) is an open-standard digital power management protocol: simple,
standard, flexible, extensible, and easy to program. The PMBus command language enables communication
between components of a power system: CPUs, power supplies, power converters, and more.

XDP710 supported features and commands are based on the PMBus Specification Rev 1.3.1 parts I, Il and IIl.

Communication via PMBus is possible right after internal circuitry initialization, which takes around 2 ms after
input voltage is applied.

SMBCLK oy,
VIII.MIN + D.15I“f.............. e e R £ T ——
Vs - 0L15V +

SMEBDAT tupsta  thppar -"I [ A tsupat | P o
Vipan + 015V | / >< —_———— | _ X—\
Vi - 0.15V | . | L

Jtnur
P 5 3 P
Figure 13 PMBus timing diagram
4.7.1.1 Supported functions

The PMBus is specified to cover a lot of different applications in the realm of power management. For a
hot-swap application, only a subset of commands is used.

4,7.1.1.1 Addressing

The device has a slave address controlled by PMBUS_CFG command or by address pins. There are 16 different
addresses available for external resistor setting. See Table 13.

4,7.1.1.2 Protocol violations

XDP710 supports the following protocol violations:
+ Command not valid

+ Command too short

« Datanotvalid

«  Error at repeated start
+  Extra Byte in command
+ Pagenotvalid

+ Read bit set in address
+ Readtoo few bits

+ Read too many bytes

+  Send too few bits

+  Sendtoo many bytes

4,7.1.1.3 Timeout

If a device is holding onto the bus then the bus may freeze. If the microcontroller sees such an issue it may stop
the clock for t1)ygouT- This may also happen if another slave holds the bus incorrectly. This causes all slaves to
reset their PMBus interfaces and be ready for a new start command.
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4,7.1.2 Protocol
7 1 1 a8 1 8 1
5 Address Wr| A Command Code A Diata Byte Al P
Figure 14 Write Byte protocol
7 1 1 8
5 Address Wr| A Command Code A
a8 1 2 1
Data Byte Low A Data Byte High A P
Figure 15 Write Word protocol
7 1 1 8
5 Address Wr| A Command Code A
2 1 2 1
Data Byte A PEC Byte aler
Figure 16 Write Byte protocol with PEC
7 1 1 8 1
5 Address Wr| A Command Code A
2 1 a8 1 8 1
Data Byte Low A Data Byte High A PEC Byte A P
Figure 17 Write Word protocol with PEC
7 1 1 8 1
5 Address wr| A Command Code A
7 1 1 8 1
Sr Address Rd | A Diata Byte M P
Figure 18 Read Byte protocol
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7 1 a8 1
5 Address Wr| A Command Code A
7 1 1 a8 1 a8
Sr Address Rd | A Diata Byte A PEC Byte 2
Figure 19 Read Byte protocol with PEC
7 1 a8 1
5 Address Wr| A Command Code A
7 1 1 a8 1 a8
Sr Address Rd | & Data Byte Low A Diata Byte High P
Figure 20 Read Word protocol
7 1 8
5 Address Wr| A Command Code A
7 1 1 8 1
5r Address Rd | A Data Byte Low A
a8 1 8 1
Data Byte High A PEC Byte M| P
Figure 21 Read Word protocol with PEC
T 1 1 8 1
5 Address Wr| A Diata Byte A
Figure 22 Send Byte protocol
7 1 1 8 1 8
5 Address Wr| A Data Byte A PEC Byte P
Figure 23 Send Byte protocol with PEC
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7 1 1 8 8
5 Address Wr| A Command Code Byte Count=MN
8 1 8 1 8
Data Byte 1 A Data Byte 2 A Data Byte M
Figure 24 Block Write
7 1 8 8
5 Address Wr| A Command Code Byte Count =N
8 1 8 1
Data Byte 1 A Data Byte 2 A
8 1 8 1
Data Byte N A PEC Byte A P
Figure 25 Block Write with PEC
7 1 1 8
S Address Wr| A Command Code
7 1 1 28
Sr Address Rd | A Block Count =N
a8 1 8 1 8
Data Byte 1 A Data Byte 2 A Data Byte N
Figure 26 Block Read
Datasheet 64




o _.
XDP710 Hot-swap Controller In f| neon
Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

4 Product Features

7 1 1 8 1
5 Address Wr| A Command Code A
7 1 1 8 1 8
Sr Address Rd | & Block Count =N A Data Byte 1 A
8 1 B 1 8 1
Data Byte 2 A Data Byte N A PEC Byte M P
Figure 27 Block Read with PEC
7 1 1 8 1 8 1 8 1
‘ S ‘ Device 1 Address |Wr A | Command Code 1 | A ‘ Low Data Byte | A | ‘ High Data Byte | A |
7 1 1 8 1 8 1 8 1
Sr | Device 2 Address | Wr| A | Command Code 2 A Low Data Byte A ‘ High Data Byte | A |
7 1 1 8 1 8 1 8 1
Sr Device M Address ‘ Wr| A ‘ Command Code N | A | Low Data Byte | A | ‘ High Data Byte Al P ‘
Figure 28 Group Command protocol
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7 1 1 8 1 8
5 Device 1 Address Wr| A Command Code 1 A Low Data Byte A
8 1 8
High Data Byte A PEC 1 A
7 1 1 8 1 8
&r Device 2 Address Wr| A Command Code 2 A Low Data Byte A
8 1 8
High Data Byte 3 PEC 2 A
7 1 1 8 1 8
&r Device N Address Wr| A Command Code N A Low Data Byte A
8 1 8
High Data Byte A PECHM A P
Figure 29 Group Command protocol with PEC
4.8 Memory

XDP710 has three types of memory for programmability:
«  Volatile memory

+  Onetime programmable (OTP)

«  Multiple time programmable (MTP)

The one time programmable (OTP) memory can be used to fix and save specific command settings. At
power-up, during READ_CFG state, all the settings saved in the OTP memory are copied into volatile memory.

XDP710 contains 10 pages of MTP for a multiple time programmability. When the number of reprogramming
reaches 10 (indicated by MTP_FULL bit in STATUS_MEM command), the circuit keeps the latest programmed
values. The command contained in this memory section is I_SNS_CFG, which contains the following
configuration bits: CS_RNG, CS_RNG_TRIM, SOC_FAULT_LIMIT and START_ILIM.

To program the desired settings in internal commands or OTP at power-up, the following steps must be
followed:

+  Apply a voltage at the VDD_VIN pin:

- =5.5Vto program commands

- =20Vto program OTP or MTP memory
+  Keep the UV/EN pin at chip GND potential

+  Communication via PMBus is possible as soon as STANDBY state is entered. At this point, commands, OTP
or MTP memory can be programmed.

+  For asuccessful programming, internal temperature of the device must stay below 125°C at all times.
To program OTP or MTP sections:
1. Program the commands in volatile memory as desired.
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2. Select the section to be programmed by means of the SEL_SEC bits in WRITE_OTP command.
3. Set the WRITE_OTP bit.

4, The command configuration is automatically copied to the selected section.

If the MTP section is selected, XDP710 automatically locates the latest available page and program it.

PROG_BLOCK and OTP_FAIL indicate the status of the OTP and MTP memory programming according to the
following table:

Table 30 OTP programming status

PROG_BLOCK OTP_FAIL Meaning

0 0 OTP programming has succeeded.

0 1 OTP programming started but
failed during programming because
of OTP issue. Part must be
discarded.

1 0 OTP programming must not be
started since temperature or VIN
are out of range.

1 1 OTP programming started but
failed during programming because
temperature or voltage going out
of range during programming. Part
must be discarded.

Once programmed, OTP_USER bit indicates that the OTP memory has been programmed successfully
and MTP_USER bits indicates that MTP memory is in use.

Before programming, PROG_BLOCK must be checked in order to determine if temperature and VIN are in

range and programming is allowed. PROG_BLOCK indicates the temperature and voltage status in real time.

If, after checking PROG_BLOCK, but before programming starts, any of these conditions goes out of range,
programming will be blocked, PROG_BLOCK will be set and OTP_FAIL will remain 0. It is possible that, after a
blocked attempt of programming, temperature and voltage go back in range, so PROG_BLOCK will read 0 again.
Due to this, it isimportant to bear in mind that, as long as OTP_USER and OTP_FAIL are 0, it is still possible to
program OTP.

If temperature and voltage conditions go out of range during programming, OTP_FAIL will indicate an
unsuccessful programming after the operation. If temperature and voltage go back in range, PROG_BLOCK
will read 0 again and it is only OTP_FAIL that indicates the programming failed.
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5 Application Information

5.1 Typical application schematics
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» To Load
T Optional
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Figure 31 Fully digital mode ACM (MODE:MODE=0x0) application schematic
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Figure 32 Analog assisted digital mode application schematic
5.2 Setting loc

The overcurrent (loc) limit is set by means of programming the maximum allowed voltage drop between the
ISNS_P and ISNS_N pins Vsys _cs. This voltage can be programmed to 12.5 mV, 25 mV, 50 mV or 100 mV.

Lower voltages are more convenient for high current applications and vice-versa. Lower voltages also give the
advantage of reducing the power dissipation over the resistor. Higher voltages help improve the accuracy of the
measurement due to the ADC resolution.

To select the current sense shunt resistor Rgys calculate:

Vsns cs(mV)
R mQ - 7
SNS( ) Toc(A)

Equation 5

where I is the maximum desired/allowed constant OC current in Amperes.

Once the resistor is calculated, its value must be chosen from the list provided in the description of the
RSNS[5:0] bits of the REG_CFG command. Its value must be set accordingly in these bits. To reduce the
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power dissipation and for an optimum regulation performance, a sense resistor value between 0.25 mQ and
10 mQ is mandatory. In addition to the Vsys cs level, the current limit can be trimmed by means of the
CS_RNG_TRIM(7:0] bits, according to the following formula:

LIMIT = Ioc™ Rsns™180. 31
Vsns_cs

Equation 6

Where LIMIT is the decimal value to be programmed in the command, I is the desired current limit value in
Amperes, Rsys is the value of the chosen current sense resistor in mQ and Vgys_cs is the programmed OC value
inmV.

Note: For an optimum stability operation, Ioc must be = Ioc_ . If @ current limit lower than this is
needed, it can be trimmed by means of the CS_RNG_TRIM[7:0] bits. The following table shows minimum
and maximum recommended sense resistor values for each one of the Vgys s settings:

Table 31 Minimum and maximum recommended sense resistor values
VSNS_CS Min Rgys (MQ) Equivalent Ioc with | Max Rgys (MQ) Equivalent Io¢c with
Min RSNS (A) Max RSNS (A)
12.5 0.25 50 2.5 5
25 0.3 83.3 5 5
50 0.6 83.3 10 5
100 1.2 83.3 10 10
5.3 Setting OV, UV and OUV in ACM
OV and UV values are set with a three resistor voltage divider, as shown in the following figure:
—l
- VDD_VIN
T R1 1
UV/EN
R2
ov
R3
Figure 33 Setting OV and UV in ACM

Calculate the resistors values according to the application specific parameters using the following formulas:
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_ Rrorar*OVger
R3 = V_oVv

Equation 7

_ Rrorar* UVggr
R2 = VOV —R3

Equation 8

Rl = RTOTAL - R2 - R3

Equation 9

Where V_OV and V_UV are desired OV and UV levels respectively, OVger = Voy_uTH, UVRer = Vuven_tth @nd Rroray is
calculated after the desired current flow (typically hundreds of uA).

Care must be taken to avoid exceeding the maximum voltage level at the OV or UV pins.

Output Under Voltage (OUV) feature monitors the output voltage and detects when it goes down due to FET
gate-to-drain leakage, degraded Rpgoy Or high FET Vg due to current regulation.

The FB pin has an internal comparator with a reference Vggr of 1.11V and a hysteresis of 50mV.

VOUT

R4
FB
R5

Figure 34 Setting OUV in ACM

To set the minimum allowed output voltage, choose R4 around 100KQ, then calculate R5:

_ VREF*R4
RS = Gov = V REF
Equation 10

where OUV is the minimum allowed output voltage.
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5.4 Setting the Voltage at MODE1/0 pins in AADM
To set the desired voltage at the MODE1/0 pins, choose the resistor from corresponding pin to GND by dividing

desired voltage over pin current (100 pA £ 7%).

Due to the wide voltage range, 5% tolerance resistors can be used:

Table 32 Setting MODEX pins voltage

Voltage (V)

MODE1/0 pin resistor (kQ)

12 12
2.0 20
5.5 Setting the Voltage at ADDR1/0 pins

To set the voltage at the ADDR1/0 pins, choose the resistor from corresponding pin to GND by dividing desired

voltage over pin current (100 1A £ 7%).

Due to the wide voltage range, 5% tolerance resistors can be used:

Table 33 Setting ADDRXx pins voltage
Voltage (V) ADDR1/0 pin resistor (kQ)
1.2 12
2.0 20
5.6 Handling external current at VREG pin

An internal LDO provides 5V (typically) supply for the internal circuitry and could also be used as voltage
reference for communication pull-up resistors.

Its current capability to supply external circuitry is 10 mA. Make sure not to exceed the package
maximum power dissipation Ppak.

To calculate the additional power due to external load:

Prec gxt = ABS(VDD_VIN — VREG) * igpe

Equation 11

So, in the case of a-48 Vinput application (where VDD_VIN =48 V with respect to the input voltage), with a 10
mA load on VREG=5V:

Prec gxT = ABS(48V — 5V) *10mA = 430mW

Equation 12

The rest of current consumption comes from controller’s circuitry.

To keep the package power dissipation within the Pppk limit and allow additional consumption due to external
load of LDO, a shunt resistor may be required at the VDD_VIN pin in high input voltage applications. It helps not
to exceed the Pppk limit:
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— '
VBATT — RV _
I 4 VDD VIN —
Internal
LDO Circuitry
Figure 35 Handling external current at VREG pin

To calculate RV:

_ Pror—Ppak _ VBATT _ Virec Xigec + Prak

i2 i i

RV

Equation 13

where:

PTOT - VBATT X l - VREG X iREG

Equation 14

and Ppak=0.8 W, Vreg =5V (typically), irgg is the expected current consumption of the external circuitries
supplied by VREG and i is the expected current consumption of the whole device supplied by VBATT.

So, for an expected maximum internal current consumption (i;c) of 10 mA:

i= i[c + iREG = 10mA + 10mA = 20mA

Equation 15
VREG X i P
Ry = YBATT lRZEG +Prak _ 48V 5V X10mA +20.8W — 2750
i i 20mA (20mA)
Equation 16

The power dissipated by the resistor is:

Pry = X RV = (20mA)> x 275Q = 0. 11W

Equation 17

Note: A negative result in the calculation of the resistance RV means that the total power dissipation of the
package Pppk is not being exceeded. In this case, RV is not needed.

Datasheet 74 Rev. 2.0
2022-11-22



o~ _.
XDP710 Hot-swap Controller In f| neon
Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

5 Application Information

To protect XDP710, if the die temperature goes above 163 +10°C, VREG is turned off. Thus, communication is not
possible and the status of FAULT, WARN, PWRGD and GPOs is not reliable.

5.7 ISNS input filter

In noisy or high dV/dt applications, an input filter from RSNS to ISNS_P and ISNS_N pins is recommended as
shown in the following figure.

100 €1 a2

| .

&

(7]

=

il
Figure 36 ISNS input filter
5.8 FET selection considerations

Due to the increased gate current of Infineon's Linear FET over 125°C, its compatibility with XDP710 is limited
to this temperature level. Make sure that the junction temperature of the Linear FET does not exceed this value
and that the corresponding temperature protections are set accordingly.

When selecting a FET, the following guidelines must be observed:
+ Plateau voltage of the FET must be lower than XDP710 detection level of enhancement (7.8 V typically).

+  SOA of the FET and system input voltage will determine the current with which the output capacitor will be
charged, thus, the start-up time. Wide SOA will translate into faster start-up time. If a specific start-up time
is required, care must be taken to select a FET with an SOA that allows it.

+  Control loop's resolution, or, in other words, minimum current regulation capability is 0.5 A. Any FET's
target Isoa vValues lower than this value will be rounded up. Therefore, if, for example, a specific FET's SOA
specifies a maximum current I of 0.25 A at a Vpg of 48V, the current is regulated to 0.5 A and the SOA is
violated. It is recommended for the FET to withstand a minimum current of 0.5 A at any point of its SOA.
Alternatively, Boost Mode can be used to turn on weak FETSs.

« If multiple FETs in parallel are used, their SOA must not be divided by the number of FETs, but single FET
SOA must be programmed. Paralleling must be considered to reduce Rdson only.

+ IREG feature must be disabled when using Linear FET in the system. In other words, SOAR_TMR must be set
to 0.

« At FET power up, the Vgs control by the loop might be affected by reaching FET's plateau level, but FET's
current continues to be limited as well as SOA target follows FET's Vds. This can be more pronounced with
LinearFETs. For LinearFETs, it is recommended to set start-up current limit IST in the way that Vgs is below
plateau level at the end of regulation phase. It will ensure a smooth start-up behavior. The same is valid for
OC level with standard FETs to ensure proper current regulation.

+  Low Zthjc helps with power dissipation during linear mode.
«  Low zero temperature coefficient (ZTC) point avoids staying in thermal instability region for too long.
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5.9 Calculating PMBus direct format limits from "real world" values
and vice-versa

Voltage

Voltage limits calculations are straight forward using the formulas and coefficients specified in . As an example,
the VIN_OV_FAULT_LIMIT is taken.

System characteristics and configuration:

VTLM_RNG =88V

Based on VTLM_RNG value, from the coefficients table:

m =4653

b=0

R=-2

For a VIN_OV_FAULT_LIMIT of 64V, the following formula is applied:

Y = (mX + b)* 10"

Equation 18

Y = (4653%64 +0)*10

Equation 19

Y = 2978 = 0xBA2

Equation 20

So the value to be programmed in VIN_OV_FAULT_LIMIT is OxBA2.

To convert from PMBus direct format to "real world" value, let's suppose the value from the ADC in the
READ_VIN command is 0x8B9 = 2233 decimal. System characteristics, configuration and coefficients are the
same as above. The following formula is applied:

_L*( x1n—R _ )
X—m Y *10 b

Equation 21

1

X = 1653

x (2233 *10% — 0)

Equation 22

X =48V

Equation 23

Current
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Values in Table 29 are normalized to a 1 mQ resistor. Therefore, to convert to a PMBus direct format value,
result has to be divided over the value of the sense resistor in mQ. And to convert to a "real world" value, the
result must be multiplied. For example, if a value of 42 Ais desired for IOUT_OC_WARN_LIMIT:

System characteristics and configuration:
Rsns=0.5mQ

Vsns_cs = 12.5mV

Based on Vsys ¢s value, the coefficients are:

m =23165
b=0
R=-2

To get the limit value, the following formula is applied:

Y = ((mX + b) * IOR) * Rsns(mﬂ)

Equation 24

Y = ((23165%42 + 0)*107%)*0. 5

Equation 25

Y =9729*%0.5

Equation 26

Y = 4865 = 0x1301

Equation 27

So the value 0x1301 must be programmed in IOUT_OC_WARN_LIMIT.

Similarly, to obtain the "real world" value from the ADC reading in READ_IOUT. Let's suppose the reading is
0x910 = 2320 decimal. The following formula is applied:

=*(Y*107% - b)

X =
Rsns(mQ)
Equation 28
1 *< %102 _ )
5 33165 2320*10° =0
0.5
Equation 29
_ 10 _
X = 05— 20A
Equation 30
READ_IOUT_RMS is a 16 bit field, so coefficients are different:
m =20808
b=0
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R=-2
If the ADC reading is 0x1048 = 4168 decimal, the "real world" value is obtained as follows:

4168%1072 — 0)
0.5

1 *(
x — 20808

Equation 31

X = 2 = 40A°

Equation 32

Power

Input power is the result of multiplying input voltage times the current. Power coefficients are also normalized
to 1 mQ, so itis also necessary to multiply or divide by the sense resistor value in mQ to obtain direct format or
"real world" values respectively.

If a 1100 W value is desired as PIN_OP_WARN_LIMIT:
System characteristics and configuration:
VTLM_RNG =88V

Rsns=0.5 mQ

Vsns_cs = 12.5 mV

Based on these, coefficients are:

m=4211
b=0
R=-2

To obtain the limit, the following formula is applied:

Y= ((mX + b) * 1OR) * Rsns(m_Q)

Equation 33

Y = ((4211*1100 + 0)*107%)*0.5

Equation 34

Y = 23159 = 0x5A77

Equation 35

So the value 0x5A77 must be programmed in PIN_OP_WARN_LIMIT.

The power reading can be 16 bits (READ_PIN) or 24 bits (READ_PIN_EXT). In the case of READ_PIN, coefficients
are the same as specified for PIN_OP_WARN_LIMIT. So, if the reading of READ_PIN is 0xCD9A = 52634 decimal,
the following formula is applied:

Datasheet 78 Rev. 2.0
2022-11-22



o~ _.
XDP710 Hot-swap Controller In f| neon
Wide input voltage range (5.5 V to 80 V) system monitoring and protection IC

5 Application Information

%*(1/*10"e - b)
X =
Rsns(mQ)
Equation 36
— (52634 *102 — 0)
x = 2211
- 0.5
Equation 37
X =2500W
Equation 38

If 24 bits power reading is desired (READ_PIN_EXT), corresponding coefficients based on the system
characteristics and configuration specified above are:

m =10780

b=0

R=0

For an example reading of 0XB4EE53 = 11857491 decimal, the formula becomes:

1 *( %100 _ )
‘o 10780 11857491*10° — 0
o 0.5

Equation 39

X =2200W

Equation 40

Temperature

Temperature calculation is straight forward too and it only requires to apply the coefficients to the formulas. If
an OT_FAULT_LIMIT of 150°C is desired, the corresponding coefficients are:

m =152

b=14321

R=-1

By applying the direct format formula, the following is obtained:

Y = (mX + b)* 10"

Equation 41

Y = (52*150 + 14321)* 107"

Equation 42
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Y = 2212 = 0x8A4

Equation 43
So the value 0x8A4 must be programmed in OT_FAULT_LIMIT.

Note: OT_FAULT_LIMIT can be programmed from -273°C (0x000) to 512°C (OxFFF). Care must be taken to
program it within the FET operating temperature range.

The reading from READ_TEMPERATURE_1 is translated to "real world" by solving the equation for X. If the
reading is 0x7A0 = 1952 decimal:

X =*(v*107*~b)
m

Equation 44

X = % x (1952* 10! — 14321)

Equation 45

X =100°C

Equation 46

Energy

Energy is calculated based on 16 bits power, therefore, the same coefficients shall be used. Two readings of the
READ_EIN register are required. Since energy is power times time, it is also required to know the time between
the samples.

In the following example, system characteristics and configuration are:
VTLM_RNG =88V

Rsns=0.5mQ

Vsns_cs = 12.5 mV

Based on these, from Table 29, coefficients are:

m =4211
b=0
R=-2

The samples read are:

Table 34 Energy read samples
First Sample Second Sample
Hex Dec Hex Dec
SAMPLE_COUNT 1000 4096 3FFF 16383
(table continues...)
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Table 34 (continued) Energy read samples
ROLLOVER_COUNT 10 16 FF 255
ENERGY_COUNT O1FF 511 1FAC 8108

And the time between the samples for this example is 1200ms.

First, the power difference shall be calculated by substracting the ENERGY_COUNT of the first sample from the
second sample. Note that the ENERGY_COUNT is concatenated with the ROLLOVER_COUNT:

Power dif ference = 0OxFF1FAC — 0x1001FF = OxEF1DAD

Equation 47

Next step is to calculate the SAMPLE_COUNT difference by substracting the SAMPLE_COUNT of both samples:

Sample count dif ference = 0x3FFF — 0x1000 = 0x2FFF

Equation 48

Then the average power per sample is calculated by dividing the power difference over the sample count
difference:

OxEF1DAD

02EFE = 0x4FB = 1275d

Average power =

Equation 49

Now X can be determined by using the PMBus direct format formula:

%*(Y*lO_R—b)

X =
Rsns(mQ)

Equation 50

1

* *102 _
_ o (1275 10 0)

0.5

X

Equation 51

X =60.55W

Equation 52
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Finally, energy is determined by multiplying power times time:

E =60.55W*1.2s

Equation 53

E =36.33J

Equation 54

5.10 Layout guidelines

The following guidelines shall be followed when designing an XDP710 PCB:
- Maximum supply current of the XDP710 is 10mA. The traces at supply pin VDD_VIN don’t need to be that thick.

- VREG capacitor must be placed right next to the VREG pin. - 12C traces need a single-ended controlled
impedance of 50 Q. Therefore their width must be adjusted accordingly. - TSNS filter capacitor must be placed
right next to the TSNS pins.

- If used, TSNS BJT shall be placed right next to the FET or to the point to be sensed. It is best to place the
sensor next to the hottest part of the FET package. In the case of our D2PAK FETs, the die is attached to the
drain pad on bottom of the package, so this is the section that will get hotter in case of high power dissipation.

- Keep gate trace as short as possible in order to reduce parasitics. This trace and the source one must be able
to handle 1.5 A current, which is the current that will flow through them in order to discharge the gate of the
FET in case of a fast turn-off event.

- ISNS filter capacitor also has to be placed right next to the ISNS pins. - Exposed pad must have a solid
connection to GND throught many vias.

- The path that will need to handle the highest amount of current goes from the input voltage source, through
the sense resistor, FET and output capacitor to the load, including its corresponding return path to ground.
Make sure this path is robust enough to support the current level required by the system.

- ISNS lines must be connected directly to sense pins of the sense resistor, separately from the power plane. -
Connect SOURCE pin directly to the source of the FET, separate from Vout plane. This can be a thin trace. VOUT
pin can be connected with a thin trace directly to the Vout plane.
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6 Ordering information

Table 35 Ordering information

Basic part number Orderable part number Description

XDP710-001 XDP710001XUMA1 Positive input voltage hot-swap
controller.

XOP7  xx - xx X
0T T
T— 1 A1l Device Version
00 OTP Available for Programming
00 -48VInput Voltage

10 +48VInput Voltage
Hot-5wap Controller Product Family

Figure 37
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7 Revision history
Revision Date Subjects (major changes since
last revision)
2.0 2022-11-22 First release.
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