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LP873220 Dual High-Current Buck Converter and Dual Linear Regulator

1 Features

» Device operating temperature range: —40°C to
+125°C ambient temperature

* Input voltage: 2.8 Vt0 5.5V

» Two high-efficiency step-down DC/DC converters:
— Output voltage: 0.7 V t0 3.36 V
— Maximum output current 2 A
— Programmable output-voltage slew rate from

0.5 mV/us to 10 mV/us
— 2-MHz switching frequency
— Spread-spectrum mode and phase interleaving
for EMI reduction

* Two linear regulators:
— Input voltage: 2.5V1to 5.5V
— Output voltage: 0.8 V10 3.3V
— Maximum output current 300 mA

» Configurable general-purpose output signals
(GPO, GPO2)

* Interrupt function with programmable masking

* Programmable power-good signal (PGOOD)

» Output short-circuit and overload protection

» Overtemperature warning and protection

» Overvoltage protection (OVP) and undervoltage
lockout (UVLO)

*  28-pin, 5-mm x 5-mm VQFN package with
wettable flanks
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Simplified Schematic

2 Applications
* Industrial applications
3 Description

The LP873220 is designed to meet the power
management requirements of the latest processors
and platforms in industrial applications. The device
has two step-down DC/DC converters, two linear
regulators, and two general-purpose digital-output
signals. The device is controlled by an I2C-compatible
serial interface and by an enable signal.

The automatic PWM/PFM (AUTO mode) operation
gives high efficiency over a wide output-current range.
The LP873220 supports remote voltage sensing to
compensate IR drop between the regulator output and
the point-of-load (POL), thus improving the accuracy
of the output voltage. In addition, the switching clock
can be forced to PWM mode and also synchronized to
an external clock to minimize the disturbances.

The LP873220 device supports load-current
measurement without the addition of external current-
sense resistors. The LP873220 device also supports
programmable start-up and shutdown delays and
sequences including GPO signals synchronized to
the enable signal. A second GPO signal is available
with pin multiplexing of CLKIN pin, if external clock
is not needed. During start-up and voltage change,
the device controls the output slew rate to minimize
output voltage overshoot and the in-rush current.

Device Information(")
PACKAGE BODY SIZE (NOM)
VQFN (28) 5.00 mm x 5.00 mm

PART NUMBER
LP873220

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions
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Figure 5-1. RHD Package 28-Pin VQFN With Thermal Pad Top View

Table 5-1. Pin Functions

PIN
TYPE(") DESCRIPTION
NUMBER NAME
1 VOUT_LDOO0 P/O LDOO output. If the LDOO is not used, leave the pin floating.
2 FB_BO A Output voltage feedback (positive) for Buck 0.
3 FB_B1 A Output voltage feedback (positive) for Buck 1
4 AGND G Ground.
5 VANA P/ Supply voltage for analog and digital blocks. Must be connected to same node with VIN_Bx.
6 EN DIl Programmable enable signal for regulators and GPOs. If the pin is not used, leave the pin
floating.
7 VOUT_LDO1 P/O LDO1 output. If LDO1 is not used, leave the pin floating.
VIN_LDO1 P/l Power input for LDO1. If LDO1 is not used, connect the pin to VANA.
nINT D/O Open-drain interrupt output. Active LOW. If the pin is not used, connect the pin to ground.
10 CLKIN DO External clock input. Altema_tlve function is general-purpose digital output (GPOZ2). If the pin is
not used, leave the pin floating.
1. 12 VIN B1 P/l Input for Buck 1. The separate power pins VIN_Bx are not connected together internally -
’ - VIN_Bx pins must be connected together in the application and be locally bypassed.
13, 14 SW_B1 P/O Buck 1 switch node. If the Buck 1 is not used, leave the pin floating.
15, 16 PGND_B1 P/G Power ground for Buck 1.
Serial interface clock input for 12C access. Connect a pullup resistor. If the I2C interface is not
17 SCL D/l )
used, connect the pin to Ground.
Serial interface data input and output for 12C access. Connect a pullup resistor. If the I2C
18 SDA D/I/O |; : .
interface is not used, connect the pin to Ground.
19 SGND G Ground.
20, 21 PGND_BO P/G Power ground for Buck 0.
22,23 SW_BO P/O Buck 0 switch node. If the Buck 0 is not used, leave the pin floating.
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Table 5-1. Pin Functions (continued)

PIN
TYPE(") DESCRIPTION
NUMBER NAME
24 25 VIN BO P/l Input for Buck 0. The separate power pins VIN_Bx are not connected together internally -
’ - VIN_Bx pins must be connected together in the application and be locally bypassed.
26 GPO D/O General-purpose digital output. If the pin is not used, leave the pin floating.
27 PGOOD D/O Power-good indication signal. If the pin is not used, leave the pin floating.
28 VIN_LDOO P/ Power input for LDOO. If the LDOO is not used, connect the pin to VANA.
Thermal . . .
Pad — — Connect to PCB ground plane using multiple vias for good thermal performance.

(1)  A: Analog Pin, D: Digital Pin, G: Ground Pin, P: Power Pin, I: Input Pin, and O: Output Pin.
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6 Specifications
6.1 Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted)() (2

MIN MAX| UNIT
VIN Bx, VANA yoltage on power connections (must use the same 03 6 v
- input supply)
VIN_LDOx Voltage on power connections -0.3 6 \Y
SW_Bx Voltage on buck switch nodes -0.3 (VIN_Bx+03V) W't.h 6-v \Y
maximum
FB_Bx Voltage on buck voltage sense nodes -0.3 (VANA +0.3V) Wlt.h 6-v \Y
maximum
VOUT_LDOx Voltage on LDO output 0.3 (VIN_LDOX+0.3 V) with 6|,
maximum
SDA, SCL, nINT, EN Voltage on logic pins (input or output pins) -0.3 6 \Y
PGOOD, GPO, CLKIN o . (VANA + 0.3 V) with 6-V
(GPO2) Voltage on logic pins (input or output pins) -0.3 maximum \
Tymax Junction temperature -40 150
Tstg Storage temperature -65 150 °C
Maximum lead temperature (soldering, 10 seconds) 260

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Section 6.3.
Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to network ground.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM) +2000
V(Esp) Electrostatic discharge . All pins 500 \%
Charged-device model (CDM) Corner pins (1, 7, 8, 14, +750
15, 21, 22, 28)
6.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)
MIN MAX| UNIT
INPUT VOLTAGE
VIN_Bx, VANA Voltage on power connections (must use the same input 28 55 v
supply)
VIN_LDOx Voltage on LDO inputs 2.5 5.5 \%
EN, nINT Voltage on logic pins (input or output pins) 0 5.5 \%
CLKIN Voltage on logic pins (input pin) 0 VANA with 5.5-V v
maximum
PGOOD, GPO, GPO2 Voltage on logic pins (output pins) 0 VANA \%
Voltage on 12C interface, Standard (100 kHz), Fast (400 0 195 v
SCL SDA kHz), Fast+ (1 MHz), and High-Speed (3.4 MHz) Modes '
' Voltage on 12C interface, Standard (100 kHz), Fast (400 0 VANA with 3.6-V Vv
kHz), and Fast+ (1 MHz) Modes maximum
TEMPERATURE
T, Junction temperature -40 140 °C
Ta Ambient temperature -40 125 °C
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback
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6.4 Thermal Information

LP873220
THERMAL METRIC(") RHD (VQFN) UNIT
28 PINS
Resa Junction-to-ambient thermal resistance 36.7 °C/W
Reauctop Junction-to-case (top) thermal resistance 26.6 °C/W
Reys Junction-to-board thermal resistance 8.9 °C/W
Wyt Junction-to-top characterization parameter 0.4 °C/W
Wis Junction-to-board characterization parameter 8.8 °C/W
Rgycbot Junction-to-case (bottom) thermal resistance 2.2 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

note.

6.5 Electrical Characteristics

Limits apply over the junction temperature range —40°C < T, < +140°C, specified Vyana, VVIN_BXf VVlN_LDOXl VVOUT_BX’
VvouT Lbox and oyt range, unless otherwise noted. Typical values are at T; = 25°C, Vyana = Vvin_Bx = VviN_Lpbox = 3.7V,
and Vout = 1V, unless otherwise noted(" (@),

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
EXTERNAL COMPONENTS
Input filtering . .
. Effective capacitance, connected from VIN_Bx
CiN_Buck capacitance for buck to PGND Bx 1.9 10 uF
regulators -
Output filtering
Cout_Buck capacitance for buck Effective capacitance 10 22 500 uF
regulators
Point-of-load (POL)
CpoL_Buck capacitance for buck Optional POL capacitance 22 uF
regulators
Court- Buck output capacitance, .
TOTAL BUCK total (local and POL) Total output capacitance 500 uF
Input filtering Effective capacitance, connected from
CiN_Lpo capacitance for LDO VIN_LDOx to AGND. Cjy_po must be at least 0.6 2.2 uF
regulators two times larger than Coyt 1 po
Output filtering
Cout_Lpo capacitance for LDO Effective capacitance 0.4 1 2.7 uF
regulators
Input and output
ESR¢ capacitor ESR [1-10] MHz 2 10| mQ
0.47
L Inductor Inductance of the inductor uH
-30% 30%
DCR_ Inductor DCR 25 mQ
BUCK REGULATORS
V(VIN_Bx)» Input voltage range VIN_Bx and VAN/_-\ pins must be connected to 28 37 55 Vv
V(vana) the same supply line
Programmable voltage range 0.7 1 3.36 \%
Step size, 0.7V < Vour <0.73 V 10
VOUT Bx Output VOItage -
- Step size, 0.73V <Vgoyr <14V 5 mV
Step size, 1.4V < Voyur<3.36 V 20
louT Bx Output current Output current 203) A
Input and Output voltage | Minimum voltage between V(yn_gy) and 0.8 v
difference Vour to fulfill the electrical characteristics ’
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6.5 Electrical Characteristics (continued)

Limits apply over the junction temperature range —40°C < T, < +140°C, specified Vyana, VviN_Bx: VVIN_LDOx: VVvouT Bxs
VvouT Lbox and oyt range, unless otherwise noted. Typical values are at T; = 25°C, Vyana = Vvin_Bx = VviN_Lpbox = 3.7 V,
and Vout = 1V, unless otherwise noted(" (@),

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Force PWM mode, Voyr <1V -20 20 mV
DC output voltage Force PWM mode, Voyr 2 1V 2% 2%
accuracy, includes
VouT Bx DC voltage reference, DC PFM mode, V_Ol_JT <1V, the average output -20 40 my
- load and line regulations, | Voltage level is increased by max. 20 mV
process and temperature | PFM mode, Vour 2 1V, the average output _ou 2% + 20
voltage level is increased by max. 20 mV ° mV
) PWM mode 10
Ripple voltage mVp.p
PFM mode, loyt = 10 mA 25
DCnRr DC line regulation louT=1A +0.05 %IV
DC load regulation in
DCior PWM modg Vout_gx =1V, loyt from 0 to loyr(max) 0.3%
T Transient load step louT=0.1Ato 2 A, Tgr = T = 400 ns, PWM +55 mV
LDSR response mode
TLNSR Transient line response V(V'N—BX)_Steppmg 3Ve35V, Tr=TF=10 +10 mV
s, lout = louT(max)
Programmable range 1.5 3
| Ft(:rwar(d curkr?nt limit per Step size 05 A
phase (peak for every
HM WD switching cycle) Accuracy, Vi s 2 3 V, Iy = 3 A —5% 75%  20%
Accuracy, 28V < V(VlN_BX) <3 V, ILlM =3A —20% 7.5% 20%
Negative current limit per
LM NEG ph§se P 16 2.0 30 A
On-resistance, high-side |Each phase, between VIN_Bx and SW_Bx
RDS(ON) HS FET FET pins (l =1 A) 50 110 mQ
On-resistance, low-side |Each phase, between SW_Bx and PGND_Bx
Ros(on)LsFET | FpT pins (1= 1 A) 45 90| mQ
fsw Switching frequency PWM mode 1.8 2 22| MHz
Start-up time (soft start) From ENx t_o Vout Bx = 0.35 V (slew-rate 120 us
control begins)
SLEW_RATEX[Z:O] =010, COUT—TOTAL BUCK <
— 10
80 uF
SLEW_RATEX[Z:O] =011, COUT—TOTAL BUCK <
— 7.5
130 pF
SLEW_RATEX[ZO] =100, COUT—TOTAL BUCK <
250 uF B 38
Out%t voltage slew- _15% 15%| mVius
rate SLEW_RATEX[ZO] =101 , COUT—TOTAL_BUCK 1.9
<500 pF ’
SLEW_RATEX[ZO] = 110, COUT—TOTAL BUCK
= 0.94
<500 pF
SLEW_RATEX([2:0] = 111, Cout-TOTAL_BUCK 0.47
<500 pF ’
PFM-to-PWM - current
IpEM-PWM threshold® 550 mA
PWM-to-PFM - current
lpv-pm threshold®) 290 mA
Rois Bx Output pulidown Regulator disabled 150 250 30| 0
— resistance
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6.5 Electrical Characteristics (continued)

Limits apply over the junction temperature range —40°C < T, < +140°C, specified Vyana, VviN_Bx: VVIN_LDOx: VVvouT Bxs
VvouT Lbox and oyt range, unless otherwise noted. Typical values are at T; = 25°C, Vyana = Vvin_Bx = VviN_Lpbox = 3.7 V,
and Vout = 1V, unless otherwise noted(" (@),

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(VIN_BX) and V(VANA) fixed 3.7 V
Overvoltage threshold (compared to DC output
OUtpUt VOItage voltage level, VVOUT Bx DC) 39 50 64
monitoring for PGOOD — mV
pin and for power-good | Undervoltage threshold (compared to DC _53 _40 _o9
Interrupt output voltage level, Vyout Bx DC)
Deglitch time during operation and after
4 15 us
voltage change
Gating time for PGOOD
signal after regulator PGOOD_MODE =0 800 us
enable or voltage change
LDO REGULATORS
Input voltage range for .
ViN_LDOX Lgo powef inputg Vin_Lpox can be higher or lower than Vyana) 25 3.7 55 Vv
Programmable voltage range 0.8 3.3
Vout Lpbox Output voltage - \Y
- Step size 0.1
louT LDOX Output current 300 mA
VviN_Lbox) = V(vouT_Lbox) louT = louT(max)s
Dropout voltage Programmed output voltage is higher than 200 mV
V(VIN_LDOx)
DC output voltage Vour <1V -20 20 mV
accuracy, includes
Vout Lbo pc | Vvoltage reference, DC
load and line regulations, | Youtr 21V 2% 2%
process, temperature
DCnR DC line regulation loutr =1 mA 0.1 %IV
DC\pr DC load regulation lout = 1 MA to loyT(max) 0.8%
Transient load step _ -
TLDSR response IOUT =1 mA to 300 mA, TR = TF =1 us -50/+40 mV
TiNsR Transient line response V(V'N—LDO_X) stepping 3V <> 3.5V, Tp = T = 10 +7 mvV
s, lout = louT(max)
Power supply ripple _ _
PSRR rejection f =10 kHZ, IOUT = IOUT(max) 53 dB
Noise 10 Hz < F < 100 kHz, IOUT = IOUT(max) 82 uVrmS
ISHORT(LDOX) LDO current limit VOUT =0V 400 500 600 mA
Start-up time From enable to valid output voltage 300 us
Slew rate during start-up 15 mV/us
Output pulldown .
Rpis_Lbox resistance Regulator disabled 150 250 350 Q
Overvoltage monitoring, voltage rising
(compared to DC output voltage level, 106% 108% 110%
Vout Lbo_pc)
H 1 H 0, 0, 0,
Output voltage Overvoltage monitoring, hysteresis 3% 3.5% 4%
monitoring for PGOOD | Undervoltage monitoring, voltage falling
pin and for power-good | (compared to DC output voltage level, 90% 92% 94%
interrupt Vout _Lpo_pc)
Undervoltage monitoring, hysteresis 3% 3.5% 4%
Deglitch time during operation and after 4 15 us
voltage change
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6.5 Electrical Characteristics (continued)

Limits apply over the junction temperature range —40°C < T, < +140°C, specified Vyana, VviN_Bx: VVIN_LDOx: VVvouT Bxs
VvouT Lbox and oyt range, unless otherwise noted. Typical values are at T; = 25°C, Vyana = Vvin_Bx = VviN_Lpbox = 3.7 V,
and Vout = 1V, unless otherwise noted(" (@),

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Gating time for PGOOD
signal after regulator PGOOD_MODE =0 800 us
enable or voltage change
EXTERNAL CLOCK AND PLL
Nominal frequency 1 24
MHz
fexT cLk External input clock(®) Nominal frequency step size 1
Required accuracy from nominal frequency -30% 10%
Delay for missing clock detection 1.8
External clock detection us
Delay and debounce for clock detection 20
Clock change delay Delay from valid clock detection to use of
: 600 us
(internal to external) external clock
PLL output clock jitter Cycle to cycle 300 ps, p-p
PROTECTION FUNCTIONS
Temperature rising, TDIE_WARN_LEVEL =0 115 125 135
Thermal warning Temperature rising, TDIE_WARN_LEVEL = 1 127 137 147 °C
Hysteresis 20
Temperature rising 140 150 160
Thermal shutdown °C
Hysteresis 20
Voltage rising 5.6 5.8 6.1 v
VANAovp VANA overvoltage Voltage falling 5.45 5.73 5.96
Hysteresis 40 mV
Voltage rising 2.51 2.63 2.75
VANAGVLO VANA undervoltage . v
lockout Voltage falling 25 26 2.7
Buck short-circuit Threshold 280 360 440| mv
detection
LDO short-circuit Threshold 190 300 450| mv
detection
LOAD CURRENT MEASUREMENT FOR BUCK REGULATORS
Current measurement Maximum code 10.22 A
range
Resolution LSB 20 mA
Measurement accuracy |loyt>1A <10%
PFM mode (automatically changing to PWM 45
Measurement time mode for the measurement) s
PWM mode 4
CURRENT CONSUMPTION
Standby current
consumption, regulators 9 uA
disabled
Active current
consumption, one buck
regulator enabled in _ .
auto mode, internal lout_Bx = 0 MA, not switching 58 uA
RC oscillator, PGOOD
monitoring enabled
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 9
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6.5 Electrical Characteristics (continued)

Limits apply over the junction temperature range —40°C < T, < +140°C, specified Vyana, VviN_Bx: VVIN_LDOx: VVvouT Bxs
VvouT Lbox and oyt range, unless otherwise noted. Typical values are at T; = 25°C, Vyana = Vvin_Bx = VviN_Lpbox = 3.7 V,
and Vout = 1V, unless otherwise noted(" (@),

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Active current
consumption, two buck
regulators enabled in
auto mode, internal
RC oscillator, PGOOD
monitoring enabled

lout_Bx = 0 MA, not switching 100 uA

Active current
consumption during
PWM operation, one
buck regulator enabled

IOUT_BX =0mA 15 mA

Active current
consumption during
PWM operation, two
buck regulators enabled

lout Bx =0 MA 30 mA

Additional current consumption per LDO,
louT_Lpox = 0 MA

PLL and clock detector | fext cLk = 1 MHz, Additional current
current consumption consumption when enabled

DIGITAL INPUT SIGNALS EN, SCL, SDA, CLKIN

Vi Input low level 0.4

LDO regulator enabled 86 uA

Viy Input high level 1.2

Hysteresis of Schmitt
Trigger inputs

EN/CLKIN pulldown
resistance

DIGITAL OUTPUT SIGNALS nINT, SDA

Vhys 10 80 200 mVv

EN_PD/CLKIN_PD =1 500 kQ

nINT: Isource = 2 mA 0.4 \%
SDA: Isource =20 mA 0.4 Vv

VoL Output low level

External pullup resistor
for nINT

DIGITAL OUTPUT SIGNALS PGOOD, GPO, GPO2
VOL OUtpUt low level ISOURCE =2mA 0.4 \

Rp To VIO Supply 10 kQ

Output high level,

configured to push-pull | 'SINK = 2 MA Vvana — 0.4 Vvana| V

Von

Supply voltage for
Vpy external pullup resistor, Vuana| Vv
configured to open-drain

External pullup resistor,

configured to open-drain 10 kQ

Reu

ALL DIGITAL INPUTS

ILEAK Input current All logic inputs over pin voltage range -1 1 uA

(1)  All voltage values are with respect to network ground.

(2)  Minimum (MIN) and Maximum (MAX) limits are specified by design, test, or statistical analysis. Typical (TYP) numbers are not verified,
but do represent the most likely norm.

(3) The maximum output current can be limited by the forward current limit Iy pwp- The power dissipation inside the die increases the
junction temperature and limits the maximum current depending of the length of the current pulse, efficiency, board and ambient
temperature.

(4) The slew-rate can be limited by the current limit (forward or negative current limit), output capacitance and load current.

(5) The final PFM-to-PWM and PWM-to-PFM switchover current varies slightly and is dependent on the output voltage, input voltage and
the inductor current level.

(6) The external clock frequency must be selected so that buck switching frequency is above 1.7 MHz.
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6.6 I2C Serial Bus Timing Parameters

These specifications are ensured by design. Unless otherwise noted, Viy gx = 3.7 V (see (1)). See Figure 6-1 for details about

the 12C-Compatible Timing diagram.

MIN MAX| UNIT
Standard mode 100
Fast mode 400 Kz
fscL Serial clock frequency Fast mode+ 1
High-speed mode, C,, = 100 pF 34 MHz
High-speed mode, Cy, = 400 pF 1.7
Standard mode 4.7
Fast mode 1.3
tLow SCL low time Fast mode+ 0.5 us
High-speed mode, C,, = 100 pF 0.16
High-speed mode, Cy, = 400 pF 0.32
Standard mode 4
Fast mode 0.6
tHiGH SCL high time Fast mode+ 0.26 us
High-speed mode, Cy, = 100 pF 0.06
High-speed mode, Cy, = 400 pF 0.12
Standard mode 250
) Fast mode 100
tsu:pAT Data setup time Fast moder 50 ns
High-speed mode 10
Standard mode 10 3450
Fast mode 10 900
tHp:pAT Data hold time Fast mode+ 10 ns
High-speed mode, C, = 100 pF 10 70
High-speed mode, C,, = 400 pF 10 150
Standard mode 4.7
Setup time for a start Fast mode 0.6
tsu:sTa 2;ra‘1dri§gﬁated start Fast mode+ 0.26 Hs
High-speed mode 0.16
Standard mode 4
tpesTA Hold time for a start. ora Fast mode 0.6 us
' repeated start condition | Fast mode+ 0.26
High-speed mode 0.16
Standard mode 4.7
tour Bus free time betwe_gn @ [East mode 13 us
stop and start condition
Fast mode + 0.5
Standard mode 4
tsusTo Setup time for a stop Fast mode 0.6 us
' condition Fast mode+ 0.26
High-speed mode 0.16
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6.6 12C Serial Bus Timing Parameters (continued)

These specifications are ensured by design. Unless otherwise noted, VN gx = 3.7 V (see ™). See Figure 6-1 for details about
the I2C-Compatible Timing diagram.

MIN MAX| UNIT
Standard mode 1000
Fast mode 20 300
toA Rise time of SDA signal |Fast mode+ 120 ns
High-speed mode, C,, = 100 pF 10 80
High-speed mode, C,, = 400 pF 20 160
Standard mode 300
Fast mode 20 (Vpp /5.5 300
V)
tioa Fall time of SDA signal Fast mode+ 20 x (Vpp / 5V£; 120 ns
High-speed mode, Cy, = 100 pF 10 80
High-speed mode, Cy, = 400 pF 30 160
Standard mode 1000
Fast mode 20 300
treL Rise time of SCL signal |Fast mode+ 120 ns
High-speed mode, Cy, = 100 pF 10 40
High-speed mode, Cy, = 400 pF 20 80
Rise time of SCL signal |High-speed mode, C,, = 100 pF 10 80
after a repeated start
beLs dition and after an i - ns
condit High-speed mode, Cy, = 400 pF 20 160
acknowledge bit
Standard mode 300
Fast mode 20> (Vop /55 300
V)
ticL Fall time of a SCL signal Fast mode+ 20 x (Vpp / 5V5) 120 ns
High-speed mode, C,, = 10 — 100 pF 10 40
High-speed mode, C,, = 400 pF 20 80
Capacitive load for each
Co bus line (SCL and SDA) 400|  pF
Pulse width of spike Standard mode, fast mode, and fast mode+ 50
suppressed (SCL and
tsp SDA spikes that are less | ns
then the indicated width | High-speed mode 10
are suppressed)
(1) Gy refers to the capacitance of one bus line.
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SDA
SCL
START REPEATED STOP START
START
Figure 6-1. 12C-Compatible Timing
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6.7 Typical Characteristics

Unless otherwise specified: V(VIN_BX) = V(VIN_LDOX) = V(VANA) =3.7V, VOUT_BX =1V, VOUT_LDO =1V, TA =25°C,L =047 HH
(TOKO DFE252012PD-R47M), COUT_BUCK =22 }JF , CPOL_BUCK =22 LJF, and COUT_LDO =1 }JF

Input Current (nA)
>

9

8 —

7f—"

6

5

25 3 3.5 4 4.5 5 5.5
Input Voltage (V)

Regulators disabled

Figure 6-2. Standby Current Consumption vs Input Voltage

70
68
66
64
62
60
58
56 =
54
52

50
25 3 3.5 4 45 5 5.5
Input Voltage (V)

Load =0 mA

Input Current (uA)

Vout Bx =1V

Figure 6-3. Active State Current Consumption vs Input Voltage,
One Buck Regulator Enabled in PFM Mode

24
22
20
< 18
£
= 16
5 ~ /
£ 14
3
= 12
a
£ 10
8
6
4
25 3 3.5 45 5 55

4
Input Voltage (V)
VOUT_BX =1V Load =0 mA

Figure 6-4. Active State Current Consumption vs Input Voltage,
One Buck Regulator Enabled in Forced PWM Mode

100
98
96
94
92
90

88

Input Current (nA)

84
82

80
25 3 3.5

4 45 5 5.5
Input Voltage (V)
VOUT_LDOX =1V Load =0 mA

Figure 6-5. Active State Current Consumption vs Input Voltage,
One LDO Regulator Enabled
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7 Detailed Description
7.1 Overview

The LP873220 is a high-efficiency, high-performance flexible power supply device with two step-down DC/DC
converter cores (BuckO and Buck1) and two low-dropout (LDO) linear regulators (LDOO and LDO1) for industrial
applications. Table 7-1 lists the output characteristics of the regulators.

Table 7-1. Supply Specification

OUTPUT
SUPPLY
Vout RANGE (V) RESOLUTION (mV) Imax MAXIMUM OUTPUT CURRENT (mA)
10 (0.7 V 10 0.73 V)
Buck0 0.7 to 3.36 5(0.73Vto 1.4 V) 2000
20 (1.4 V 10 3.36 V)
10 (0.7 V10 0.73 V)
Buck1 0.7 to 3.36 5(0.73Vto 1.4 V) 2000
20 (1.4 V 10 3.36 V)
LDOO 0.8103.3 100 300
LDO1 0.8103.3 100 300

The LP873220 also supports switching clock synchronization to an external clock (CLKIN pin). The nominal
frequency of the external clock can be from 1 MHz to 24 MHz with 1-MHz steps.

Additional features include:

» Soft-start

* Input voltage protection:
— Undervoltage lockout
— Overvoltage protection

« Output voltage monitoring and protection:
— Overvoltage monitoring
— Undervoltage monitoring
— Overload protection

* Thermal warning

* Thermal shutdown

The LP873220 has one dedicated general purpose digital output (GPO) signal. The CLKIN pin can be
programmed as a second GPO signal (GPO2), if the external clock is not needed. The output type (open-drain
or push-pull) is programmable for the GPOs.
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7.2 Functional Block Diagram

VANA
|_____' —_—— — — — — —
nINT | |
K
| Interrupts j| F— |
ILIM Det |
| Enable Pwrgood Det
EN and Disable, ngrga[;jefnd |
Delay
GPO | Control lload ADC |
Slew-Rate
| —i————1| GControl le'|
! ILIM Det
SDA | l —l Pwrgood Det
SCL l 12C Overload and |
| | SC Det
| lload ADC |
| | Registers ] oTP
9 é— EPROM LDOO |
PGOOD. |
| ! LIV Det
| Ve e
| l Logie Thermal and SC Det
l gyo Monitor |
| 1
[ __>| LDO1 | |
| | ILIM Det
| SW Ref & Oscillator Pwrgood Det |
Reset Bias Overload
| : | and SC Det |
GLKIN (GBOE)-I--‘ _____________ N |
-

Copyright © 2016, Texas Instruments Incorporated

7.3 Feature Description
7.3.1 DC/DC Converters
7.3.1.1 Overview

The LP873220 includes two step-down DC/DC converter cores. The cores are designed for flexibility; most of
the functions are programmable, thus giving a possibility to optimize the regulator operation for each application.
The buck regulators deliver 0.7-V to 3.36-V regulated voltage rails from a 2.8-V to 5.5-V supply voltage.

The LP873220 has the following features:

» DVS support with programmable slew rate

» Automatic mode control based on the loading (PFM or PWM mode)
* Forced PWM mode option

» Optional external clock input to minimize crosstalk

* Optional spread-spectrum technique to reduce EMI

» Phase control for optimized EMI

» Synchronous rectification

* Current mode loop with Pl compensator

» Soft start

* Power Good flag with maskable interrupt

*  Power Good signal (PGOOD) with selectable sources

» Average output current sensing (for PFM entry and load current measurement)

The following parameters can be programmed through the registers, the default values are set by OTP bits:
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* Output voltage

» Forced PWM operation

» Switch current limit

« Output voltage slew rate

« Enable and disable delays

There are two modes of operation for the buck converter, depending on the output current required: pulse-width
modulation (PWM) and pulse-frequency modulation (PFM). The converter operates in PWM mode at high load
currents of approximately 600 mA or higher. Lighter output current loads cause the converter to automatically
switch into PFM mode for reduced current consumption when forced PWM mode is disabled. The forced PWM
mode can be selected to maintain fixed switching frequency at all load current levels.

A block diagram of a single core is shown in Figure 7-1.

HS FET
CURRENT

_ | SENSE
e M
CURRENT
RAMP LIMIT
GENERATOR
I
B GATE
= CONTROL
LoOP 1
VOLTAGE COMP NEG
SETTING __| CURRENT
SLEW RATE LIMIT
CONTROL
PROGRAMMABLE MASTER o Cbﬁ;ELT cé(E)Fég
PARAMETERS INTERFACE
CONTROL SENSE | DETECT
—

BLOCK
SLAVE < |
INTERFACE — > IADC GND

Copyright © 2016, Texas Instruments Incorporated

Figure 7-1. Detailed Block Diagram Showing One Core

7.3.1.2 Transition Between PWM and PFM Modes

The PWM mode operation optimizes efficiency at mid to full load at the expense of light-load efficiency. The
LP873220 converter operates in the PWM mode at load current of about 600 mA or higher. At lighter load
current levels the device automatically switches into the PFM mode for reduced current consumption when
forced PWM mode is disabled (AUTO mode operation). By combining the PFM and the PWM modes, a high
efficiency is achieved over a wide output-load current range.

7.3.1.3 Buck Converter Load Current Measurement

The buck load current can be monitored through I2C registers. The monitored buck converter is selected with
the LOAD_CURRENT_BUCK_SELECT bit in the SEL_I_LOAD register. A write to this selection register starts a
current measurement sequence. The regulator is automatically forced to the PWM mode for the measurement
period. The measurement sequence is 50 ys long, maximum.

The LP873220 device can be configured to give out an interrupt (the |_MEAS_INT bit in the INT_TOP_1
register) after the load current measurement sequence is finished. The load current measurement interrupt can
be masked with the | MEAS_MASK bit (TOP_MASK 1 register). The measurement result can be read from
the registers I_LOAD_1 and |_LOAD_2. The register |_LOAD_1 bits BUCK_LOAD_CURRENT][7:0] gives out the
LSB bits, and the register |_LOAD_2 bit BUCK_LOAD_CURRENT[8] gives out the MSB bit. The measurement
result BUCK LOAD CURRENT[8:0] LSB is 20 mA, and the maximum code value of the measurement
corresponds to 10.22 A.

7.3.1.4 Spread-Spectrum Mode

Systems with periodic switching signals may generate a large amount of switching noise in a set of narrowband
frequencies (the switching frequency and its harmonics). The usual solution to reduce noise coupling is to add
EMI-filters and shields to the boards. The LP873220 has a register-selectable spread-spectrum mode which
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minimizes the need for output filters, ferrite beads, or chokes. In spread spectrum mode, the switching frequency
varies around the center frequency, reducing the EMI emissions radiated by the converter and associated
passive components and PCB traces (see Figure 7-2). Spread-spectrum mode is only available when an internal
RC oscillator is used (EN_PLL bit is 0 in PLL_CTRL register), it is enabled with the EN_SPREAD_SPEC bit in
the CONFIG register, and it affects both buck cores.

'3
=R
S 3
23
5
@

a2
0 c©
o

°
[
20
O =
o
%)

Radiated Energy

Frequency —p

Where a fixed frequency converter exhibits large amounts of spectral energy at the switching frequency, the spread spectrum
architecture of the LP873220 spreads that energy over a large bandwidth.

Figure 7-2. Spread-Spectrum Modulation

7.3.2 Sync Clock Functionality

The LP873220 device contains a CLKIN input to synchronize the switching clock of the buck regulators with
the external clock. The block diagram of the clocking and PLL module is shown in Figure 7-3. Depending on
the EN_PLL bit in the PLL_CTRL register and the external clock availability, the external clock is selected and
interrupt is generated as shown in Table 7-2. The interrupt can be masked with the SYNC_CLK MASK bit in
the TOP_MASK 1 register. The nominal frequency of the external input clock is set by the EXT_CLK_FREQ[4:0]
bits in the PLL_CTRL register, and it can be from 1 MHz to 24 MHz with 1-MHz steps. The external clock must
be inside accuracy limits (—30%/+10%) of the selected frequency for valid clock detection.

The SYNC_CLK_INT interrupt in the INT_TOP_1 register is also generated in cases where the external clock
is expected but is not available. These cases occur when EN_PLL is 1 during start-up (read OTP-to-standby
transition) and during Buck regulator enable (standby-to-active transition).

24 MHz
RC —eo
Oscillator
Internal
24 MHz
> CLKIN clock
> Detector
Divider 1 MHz Clock Select
CLKIN "EXT_CLK [—e—P 24 MHz Logic
_FREQ’ PLL [—9
>
"EN_PLL”
1 MHz|  Divider
24
Figure 7-3. Clock and PLL Module
18 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: LP873220


https://www.ti.com/product/LP873220
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSAU7A&partnum=LP873220
https://www.ti.com/product/lp873220?qgpn=lp873220

13 TEXAS

INSTRUMENTS LP873220
www.ti.com SNVSAU7A - NOVEMBER 2017 — REVISED JUNE 2021
Table 7-2. PLL Operation
DEVICE PLL AND CLOCK INTERRUPT FOR
OPERATION MoDE | EN-PLL DETECTOR STATE EXTERNAL CLOCK cLock
STANDBY Disabled No Internal RC
ACTIVE Disabled No Internal RC
STANDBY Enabled When exter_nal clock Automatic change tc_J external
appears or disappears clock when available
ACTIVE Enabled When exter_nal clock Automatic change t(_) external
appears or disappears clock when available

7.3.3 Low-Dropout Linear Regulators (LDOs)

The LP873220 device includes two identical linear regulators, LDOO and LDO1, which target analog loads with
low noise requirements. The LDO regulators deliver 0.8-V to 3.3-V regulated voltage rails from a 2.5-V to 5.5-V
input voltage. Both regulators have dedicated inputs which can be higher or lower than the device system

voltage V(yana) to minimize the power dissipation.
7.3.4 Power-Up
The power-up sequence for the LP873220 is as follows:

The VANA and VIN_Bx reach minimum recommended levels (Vyana > VANAyyLo). This initiates power-on-
reset (POR), OTP reading, and enables the system 1/O interface. The I2C host should allow at least 1.2 ms
before writing or reading data to the LP873220.

The device enters standby mode.

The host can change the default register setting by I2C if needed.
The regulators can be enabled and disabled.
The GPO signals can be controlled by the EN pin and the I12C interface.

Transitions between the operating modes are shown in Section 7.4.1.
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7.3.5 Regulator Control
7.3.5.1 Enabling and Disabling Regulators

The regulators can be enabled when the device is in STANDBY or ACTIVE state. There are two ways to enable

and disable the buck regulators:

* Using the BUCKx_EN bit in the BUCKx_CTRL_1 register (the BUCKx_EN_PIN_CTRL bit is 0 in the
BUCKx_CTRL_1 register).

* Using the EN control pin (the BUCKx_EN bit and the BUCKx_EN_PIN_CTRL bit is 1).

Similarly, there are two ways to enable and disable the LDO regulators:

» Using the LDOx_EN bit in the LDOx_CTRL register (the LDOx_EN_PIN_CTRL bitis 0 in the LDOx_CTRL
register).

» Using the EN control pin (the LDOx_EN bit is 1 and the LDOx_EN_PIN_CTRL bitis 1).

If the EN control pin is used for enable and disable, then the following occurs:

» The delay from the control signal rising edge to start-up is set by the BUCKx_STARTUP_DELAY[3:0] bits in
the BUCKx_DELAY register and the LDOx_STARTUP_DELAY[3:0] bits in the LDOx_DELAY register.

» The delay from the control signal falling edge to shutdown is set by the BUCKx_SHUTDOWN_DELAY[3:0]
bits in the BUCKx_DELAY register and the LDOx_SHUTDOWN_DELAY[3:0] bits in the LDOx_DELAY
register.

The delays are only valid for the EN signal transitions and not for control with 12C writings to the BUCKx_EN and
the LDOx_EN bits.

The control of the regulator (with 0-ms delays) is shown in Table 7-3.

Table 7-3. Regulator Control

BUCKx_EN AND BUCKx_EN_PIN_CTRL AND EN PIN BUCKx OUTPUT VOLTAGE AND
LDOx_EN LDOx_EN_PIN_CTRL LDOx OUTPUT VOLTAGE
Enable and disable control 0 Don't Care Don't Care Disabled
with lhel_%%if’éfgtand the 1 0 Don't Care BUCKx_VSET([7:0] and LDOx_VSET[4:0]
Enable and disable control 1 1 Low Disabled
with the EN pin 1 1 High BUCKx_VSET([7:0] and LDOx_VSET[4:0]

The buck regulator is enabled by the EN pin or by 12C writing as shown in Figure 7-4. The soft-start circuit
limits the in-rush current during start-up. When the output voltage rises to a 0.35-V level, the output voltage
becomes slew-rate controlled. If there is a short circuit at the output, and the output voltage does not increase
above the 0.35-V level in 1 ms or the output voltage drops below 0.35-V level during operation (for minimum
of 1 ms), then the regulator is disabled, and the BUCKx_SC_INT interrupt in the INT_BUCK register is set.
When the output voltage reaches the Power-Good threshold level, the BUCKx _PG_INT interrupt flag in the
INT_BUCK register is set. The Power-Good interrupt flag, when reaching valid output voltage, can be masked
using the BUCKx_PGR_MASK bit in the BUCK_MASK register. The Power-Good interrupt flag can also be
generated when the output voltage becomes invalid. The interrupt mask for invalid output voltage detection is
set by the BUCKx_PGF_MASK bit in the BUCK_MASK register. A BUCKx_PG_STAT bit in the BUCK_STAT
register always shows the validity of the output voltage; 1 means valid and 0 means invalid output voltage.
A PGOOD_WINDOW_BUCK bit in the PGOOD_CTRL _1 register sets the detection method for the valid buck
output voltage, either undervoltage detection or undervoltage and overvoltage detection.
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Voltage decrease because of load

Voltage
A BUCKx_VSET][7:0]
Powergood- — o — — — — — T~
| |
amp
BUCKx_CTRL_Q(E1UCK><_S|_EW_RATE[2:O]):
|
I - 0.6V
0.35V|-—————— :
| . ) )
l————» | | Fast Discharge >Time
|

|
EnabIeJ

BUCK_STAT(BUCKx_STAT) 0 J1

|
|
|
|
|
|
|
| Soft start :
|
|
|
|
T
]
|

BUCK_STAT(BUCKx_PG_STAT) o

—_——lT-—-—1-—-——--————
—_——lT-—-—1-—-——--————

INT_BUCK(BUCKx_PG_INT) 0

nINT

Powergood  Host clears
interrupts interrupts

BUCK_MASK(BUCKx_PGF_MASK) = 0
BUCK_MASK(BUCKx_PGR_MASK) =0

Figure 7-4. Buck Regulator Enable and Disable

The LDO regulator is enabled by the EN pin or by I12C writing, as shown in Figure 7-5. The soft-start circuit
limits the in-rush current during start-up. The output voltage increase rate is less than 100 mV/usec during
soft-start. If there is a short circuit at the output, and the output voltage does not increase above the 0.3-V
level in 1 ms or the output voltage drops below 0.3-V level during operation (for minimum of 1 ms), then the
regulator is disabled, and the LDOx_SC_INT interrupt in the INT_LDO register is set. When the output voltage
reaches the Power-Good threshold level, the LDOx_PG_INT interrupt flag in the INT_LDO register is set. The
Power-Good interrupt flag, when reaching valid output voltage, can be masked using the LDOx_PGR_MASK
bit in the LDO_MASK register. The Power-Good interrupt flag can also be generated when the output voltage
becomes invalid. The interrupt mask for invalid output voltage detection is set by the LDOx_PGF_MASK bit
in the LDO_MASK register. A LDOx_PG_STAT bit in the LDO_STAT register always shows the validity of
the output voltage; 1 means valid, and 0 means invalid output voltage. A PGOOD_WINDOW _LDO bit in the
PGOOD_CTRL_1 register sets the detection method for the valid LDO output voltage, either undervoltage
detection or undervoltage and overvoltage detection.
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Voltage decrease because of load

Voltage
A

LDOx_VSETI[4:0]
Powergood- —

Resistive pull-down
(if enabled)

I
>
: Time

|
EnabIeJ

LDO_STAT(LDOx_STAT) 0 J1

i(

LDO_STAT(LDOx_PG_STAT) 0 1 0

|
|
INT_LDO(LDOx_PG_INT) 0 (i g

nINT J

Powergood  Host clears
interrupts interrupts

LDO_MASK(LDOx_PGF_MASK) =0
LDO_MASK(LDOx_PGR_MASK) =0

Figure 7-5. LDO Regulator Enable and Disable
The EN input pin has an integrated pulldown resistor. The pulldown resistor is controlled with the EN_PD bit in
the CONFIG register.
7.3.5.2 Changing Output Voltage

The output voltage of the regulator can be changed by writing to the BUCKx_VOUT and LDOx_VOUT register.
The voltage change for the buck regulator is always slew-rate controlled, and the slew-rate is defined by the
BUCKx_SLEW_RATE[2:0] bits in the BUCKx_CTRL_2 register. During voltage change, the forced PWM mode
is used automatically. When the programmed output voltage is achieved, the mode becomes the one defined by
the load current, the BUCKx_FPWM bit in the BUCKx_CTRL_1 register.

The voltage change and Power-Good interrupts are shown in Figure 7-6.
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Voltage Ramp for Buck

A BUCKx_CTRL2(SLEW_RATEX[2:0])

BUCKx_VSET/|_ _ _ N _

LDOx_VSET
\|_ Powergood
>Time

BUCK_STAT(BUCKx_STAT) /

LDO_STAT(LDOx_STAT)

BUCK_STAT(BUCKx_PG_STAT) / ]

LDO_STAT(LDOx_PG_STAT)
INT_BUCK(BUCKx_PG_INT) / 0

INT_LDO(LDOx_PG_INT)

nINT \ /
Powergood Host clears Powergood Host clears
interrupt interrupt interrupt interrupt

BUCK_MASK(BUCKx_PGF_MASK)=0
BUCK_MASK(BUCKx_PGR_MASK)=0

LDO_MASK(LDOx_PGF_MASK)=0
LDO_MASK(LDOx_PGR_MASK)=0

Figure 7-6. Regulator Output Voltage Change

During an LDO voltage change, the internal reference for the Power-Good detection is also changed. For this
reason when the output voltage is changing, toggling of the Power-Good signal may still indicate a valid output.
This period takes less than 100 ps and after that time the Power-Good gives correct value.

7.3.6 Enable and Disable Sequences

The LP873220 device supports start-up and shutdown sequencing with programmable delays for different

regulator outputs using a single EN control signal. The Buck regulator is selected for delayed control with:

*+ The BUCKx_EN =1 in the BUCKx_CTRL_1 register

* The BUCKx_EN_PIN_CTRL = 1 in the BUCKx_CTRL_1 register

* The BUCKx_VSET][7:0] bits in the BUCKx_VOUT register defines the voltage when the EN pin is high

* The delay from the rising edge of the EN pin to the regulator enable is set by the
BUCKx_STARTUP_DELAY[3:0] bits in the BUCKx_DELAY register.

* The delay from the falling edge of the EN pin to the regulator disable is set by the
BUCKx_SHUTDOWN_DELAY[3:0] bits in the BUCKx_DELAY register.
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In the same way, the LDO regulator is selected for delayed control with:

* The LDOx_EN =1 in the LDOx_CTRL register

* The LDOx_EN_PIN_CTRL = 1 in the LDOx_CTRL register

* The LDOx_VSETI[4:0] bits in the LDOx_VOUT register defines the voltage when the EN pin is high

* The delay from the rising edge of the EN pin to the regulator enable is set by the
LDOx_STARTUP_DELAY(3:0] bits in the LDOx_DELAY register.

* The delay from the falling edge of the EN pin to the regulator disable is set by the
LDOx_SHUTDOWN_DELAY[3:0] bits in the LDOx_DELAY register.

The GPO and GPO2 digital output signals can be also controlled as a part of start-up and shutdown sequencing

with the following settings:

« GPOx_EN =1in GPO_CTRL register

* GPOx_EN PIN_CTRL =1 in GPO_CTRL register

» The delay from the rising edge of the EN pin to the rising edge of the GPO or GPO2 signal is set by the
GPOx_STARTUP_DELAY[3:0] bits in the GPOx_DELAY register.

» The delay from the falling edge of the EN pin to the falling edge of the GPO or GPO2 signal is set by the
GPOx_SHUTDOWN_DELAY[3:0] bits in the GPOx_DELAY register.

An example of the start-up and shutdown sequences for the buck regulators are shown in Figure 7-7. The
start-up and shutdown delays for the BuckO regulator are 1 ms and 4 ms, and for the Buck1 regulator the
start-up and shutdown delays are 3 ms and 1 ms. The delay settings are only used for enable or disable control
with the EN signal.

Typical sequence

EN

|
EN_BUCKO :I 1ms :_ ____Jams
| |
EN_BUCK1 l——— :l 3ms |—>| 1ms

L

Sequence with short EN low and high periods
EN_I M | []
f 1
I [ I |
Startupcntr 0 O X 1l 1 0 naana dIS X 0
|
OOEDOEEEE
|

=

|

[ L —— j4ms
Loy

|

EN_BUCK1 l— — — f{3ms 1 ms

Figure 7-7. Start-Up and Shutdown Sequencing
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7.3.7 Device Reset Scenarios
There are two reset methods implemented on the LP873220:

» Software reset with the SW_RESET bit in the RESET register.
» Undervoltage lockout (UVLO) reset from the VANA supply.

An software reset occurs when 1 is written to the SW_RESET bit. The bit is automatically cleared after writing.
This event disables all the regulators immediately, drives the GPO or GPO2 signals low, resets all the register
bits to the default values, and loads the OTP bits (see Figure 7-13). The |2C interface is not reset during a
software reset.

If the VANA supply voltage falls below the UVLO threshold level, then all the regulators are disabled
immediately, the GPO or GPO2 signals are driven low, and all the register bits are reset to the default values.
When the VANA supply voltage transitions above the UVLO threshold level, an internal POR occurs. The OTP
bits are loaded to the registers and a startup is initiated according to the register settings.

7.3.8 Diagnosis and Protection Features

The LP873220 is capable of providing four levels of protection features:

» Information of valid regulator output voltage, which sets the interrupt or PGOOQOD signal.
» Warnings for diagnosis, which sets the interrupt.

» Protection events, which are disabling the regulators.

» Faults, which are causing the device to shutdown.

The LP873220 sets the flag bits indicating what protection or warning conditions have occurred, and the nINT
pin is pulled low. The nINT is released again after a clear of flags is complete. The nINT signal stays low until all
the pending interrupts are cleared.

When a fault is detected or software requested reset, it is indicated by a RESET_REG_INT interrupt flag in
the INT_TOP_2 register after next start-up. If the RESET_REG_MASK is set to masked in the OTP, then the
interrupt is not generated. The mask bit change with I2C does not affect, because the RESET_REG_MASK bit is
loaded from the OTP during reset sequence.
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Table 7-4. Summary of Interrupt Signals

RECOVERY AND INTERRUPT

below 0.3 V during operation,
1-ms debounce)

EVENT DEVICE RESPONSE INTERRUPT BIT INTERRUPT MASK BIT STATUS BIT CLEAR
Write 1 to the BUCKx_ILIM_INT
Lo BUCK_INT bit.
Buck current limit triggered No effect BUCKx_ILIM_INT BUCKXx_ILIM_MASK BUCKXx_ILIM_STAT Interrupt is not cleared if the
current limit is active
LDO INT Write 1 to the LDOx_ILIM_INT bit
LDO current limit triggered No effect - LDOx_ILIM_MASK LDOx_ILIM_STAT Interrupt is not cleared if the
LDOx_ILIM_INT L A
- - current limit is active
Buck short circuit (Vyout <
0.35V at 1 ms after enable) BUCK INT
or overload (Vyoyt decreasing | Regulator disable = N/A N/A Write 1 to the BUCKx_SC_INT bit
A : BUCKx_SC_INT
below 0.35 V during operation, — =
1-ms debounce)
LDO short circuit (Vyout <
0.3V at 1 ms after enable) LDO INT
or overload (Vyoyt decreasing | Regulator disable LDOX SC INT N/A N/A Write 1 to the LDOx_SC_INT bit

Thermal warning

No effect

TDIE_WARN_INT

TDIE_WARN_MASK

TDIE_WARN_STAT

Write 1 to tge TDIE_WARN_INT
bit

Interrupt is not cleared if the
temperature is above the thermal
warning level

All the regulators are
disabled immediately, and

Write 1 to the TDIE_SD_INT bit
Interrupt is not cleared if the

active to inactive state(!)

Thermal shutdown the GPO and GPO2 are TDIE_SD_INT NIA TDIE_SD_STAT temperature is above the thermal
set to low shutdown level
All the regulators are Write 1 to the OVP_INT bit
disabled immediately, and Interrupt is not cleared if the VANA
VANA overvoltage (VANAovp) the GPO and GPO?2 are OVP_INT N/A OVP_STAT voltage is above the VANAgyp
set to low level
Buck power good, output BUCK_INT . .
voltage becomes valid No effect BUCKX_PG_INT BUCKx_PGR_MASK BUCKx_PG_STAT Write 1 to the BUCKx_PG_INT bit
Buck power good, output BUCK_INT . .
voltage becomes invalid No effect BUCKX_PG_INT BUCKx_PGF_MASK BUCKx_PG_STAT Write 1 to the BUCKx_PG_INT bit
LDO Power good, output LDO_INT . )
voltage becomes valid No effect LDOX_PG_INT LDOx_PGR_MASK LDOx_PG_STAT Write 1 to the LDOx_PG_INT bit
LDO power good, output LDO_INT . )
voltage becomes invalid No effect LDOX_PG_INT LDOx_PGF_MASK LDOx_PG_STAT Write 1 to the LDOx_PG_INT bit
PGOOD pin changing from |\ ooy PGOOD_INT PGOOD_MASK PGOOD_STAT Write 1 to the PGOOD_INT bit

External clock appears or
disappears

No effect to regulators

SYNC_CLK_INT®

SYNC_CLK_MASK

SYNC_CLK_STAT

Write 1 to the SYNC_CLK_INT bit

Load current measurement is

the registers are reset to
their default values

ready No effect I_MEAS_INT I_MEAS_MASK N/A Write 1 to the |_MEAS_INT bit
Immediate shutdown and
Supply voltage VANAyvLo the registers reset to N/A N/A N/A N/A
triggered (VANA falling) default values
Startup and the registers
Supply voltage VANAyy 0 reset to default values Write 1 to the RESET_REG_INT
triggered (VANA rising) and the OTP bits are RESET_REG_INT RESET_REG_MASK N/A bit
loaded
Immediate shutdown is
Software requested reset followed by power up and | peopr REG INT RESET_REG_MASK N/A Write 1 to the RESET_REG_INT

bit

(1) The PGOOD_STAT bit is 1 when the PGOOD pin shows valid voltages. The PGOOD_POL bit in the PGOOD_CTRL_1 register affects

only the PGOOD pin polarity, not the Power Good and PGOOD_INT interrupt polarity.

(2) If the clock is not available when the clock detector is enabled, then an interrupt is generated during the clock-dector operation.
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7.3.8.1 Power-Good Information (PGOOD pin)

In addition to the interrupt-based indication of the current limit and the Power-Good level, the LP873220 device
supports monitoring with PGOQOD signal:

* Regulator output voltage

* Input supply overvoltage

* Thermal warning

* Thermal shutdown

The regulator output voltage monitoring (not current limit monitoring) can be selected for the PGOOD indication.
This selection is individual for both buck regulators and LDO regulators, and is set by the EN_PGOOD_BUCKx
bits in the PGOOD_CTRL_1 register and the EN_PGOOD_LDOx bits in the PGOOD_CTRL_1 register. When
a regulator is disabled, the monitoring is automatically masked to prevent it forcing the PGOOD inactive. A
thermal warning can also be selected for the PGOOD indication with the EN_PGOOD_TWARN bit in the
PGOOD_CTRL_2 register. The monitoring from all the output rails, thermal warning (TDIE_WARN_STAT),
input overvoltage interrupt (OVP_INT), and thermal shutdown interrupt (TDIE_SD_INT) are combined, and the
PGOOD pin is active only if all the selected sources shows a valid status.

The type of output voltage monitoring for the PGOOQOD signal is selected by the PGOOD_WINDOW_x bits in the
PGOOD_CTRL_1 register. If the bit is 0, only undervoltage is monitored; if the bit is 1, both undervoltage and
overvoltage are monitored.

The polarity and the output type (push-pull or open-drain) are selected by the PGOOD_POL and PGOOD_OD
bits in the PGOOD_CTRL_1 register.

The PGOOD is only active and asserted when all enabled power resource output voltages are within specified
tolerance for each requested and programmed output voltage.

The PGOOD is inactive and de-asserted if any enabled power resource output voltages is outside specified
tolerance for each requested and programmed output voltage.

The device OTP setting selects either gated (or unusual) or continuous (or invalid) mode of operation.
7.3.8.1.1 PGOOD Pin Gated Mode

The gated (or unusual) mode of operation is selected by setting the PGOOD_MODE bit to 0 in the
PGOOD_CTRL_2 register.

For the gated mode of operation, the PGOOD behaves as follows:

« PGOOD is set to active or asserted state upon exiting the OTP configuration as an initial default state.

+ PGOOD status is suspended or unchanged during an 800-uys gated time period, thereby gating-off the status
indication.

« During normal power-up sequencing and requested voltage changes, the PGOOQOD state is not changed
during an 800-ps gated time period. It typically remains active or asserted for normal conditions.

» During an abnormal power-up sequencing and requested voltage changes, the PGOOD status could change
to inactive or de-asserted after an 800-uys gated time period if any output voltage is outside of regulation
range.

» Using the gated mode of operation could allow the PGOOD signal to initiate an immediate power
shutdown sequence if the PGOOD signal is wired-OR with signal connected to the EN input. This type of
circuit configuration provides a smart PORz function for processor that eliminates the need for additional
components to generate PORz upon start-up and to monitor voltage levels of key voltage domains.

Each detected fault sets the correcting fault bit in the PG_FAULT register to 1. The detected fault must be
cleared to continue the PGOOD monitoring. The overvoltage and thermal shutdown are cleared by writing 1
to the OVP_INT and TDIE_SD_INT interrupt bits in the INT_TOP_1 register. The regulator fault is cleared by
writing 1 to the corresponding register bit in the PG_FAULT register. The interrupts can also be cleared with the
VANA UVLO by toggling the input supply. An example of the PGOOD pin operation in gated mode is shown in
Figure 7-8.
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Figure 7-8. PGOOD Pin Operation in Gated Mode

7.3.8.1.2 PGOOD Pin Continuous Mode

The continuous (or invalid) mode of operation is selected by setting the PGOOD_MODE bit to 1 in the
PGOOD_CTRL_2 register.

For the continuous mode of operation, PGOOD behaves as follows:

* PGOOD is set to active or asserted state upon exiting OTP configuration.

* PGOOD is set to inactive or de-asserted as soon as the regulator is enabled.

* PGOOD status begins indicating output voltage regulation status immediately and continuously.

» During power-up sequencing and requested voltage changes, PGOOD will toggle between inactive or
de-asserted while output voltages are outside of regulation ranges and active or asserted when inside of
regulation ranges.

The PG_FAULT register bits are latched, and maintain the fault information until the host clears the fault bit by
writing 1 to the bit. The PGOOD signal also indicates a thermal shutdown and input overvoltage interrupts, which
are cleared by clearing the interrupt bits.

When the regulator voltage is transitioning from one target voltage to another, the PGOOD signal becomes
inactive.

7.3.8.1.3 PGOOD Pin Inactive Mode

When the PGOOD signal becomes inactive, the source for the fault can be read from the PG_FAULT register.
If the invalid output voltage becomes valid again, then the PGOOD signal becomes active. Thus the PGOOD
signal always shows if the monitored output voltages are valid. The block diagram for this operation is shown in
Figure 7-9 and an example of operation is shown in Figure 7-10.

The PGOOD signal can also be configured so that it maintains an inactive state even when the monitored
outputs are valid, but there are PG_FAULT_x bits in the PG_FAULT register pending clearance. This type of
operation is selected by setting the PGFAULT_GATES_PGOOQOD bit to 1 in the PGOOD_CTRL_2 register.
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