QOrvo ACTB 760

Advanced PMIC with 7 Bucks, 6 LDOs

BENEFITS and FEATURES

e Wide input voltage range
e Vin=27V1t05.5V

e Complete integrated power solution

e 3x 4A DC/DC Step-Down (Buck) Regulators GENERAL DESCRIPTION

* 2x 3A DC/DC Step-Down (Buck) Regulators The ACT88760 PMIC is an integrated ActiveCiPS™
* 2x 2A DC/DC Step-Down (Buck) Regulators power management integrated circuit. It powers a wide
* Parallelable Bucks for higher current range of processors, including, video processors,
e 2x 800mA High PSRR LDOs FPGA'’s, wearables, peripherals, and microcontrollers.
e 4x 400mA General Purpose LDOs The ACT88760 is highly flexible and can be reconfig-
e LDO Load Switch Mode ured via I12C for multiple applications without the need

for PCB changes. The low external component count
and high configurability significantly speeds time to mar-
ket. Examples of configurable options include output
voltage, startup time, slew rate, system level sequenc-
ing, switching frequency, sleep modes, operating

e Space Savings

Fully integrated

High Fsw = 1.125MHz to 2.25MHz
Optimized for 0.47pH Inductor

* Integrated sequencing _ modes etc. ACT88760 is programmed at the factory
e Integrated Constant Current LED Sinks with a default configuration. These settings can be opti-
o Easy system level design mized for a specific design through the I°C interface.

The ACT88760 is available in several default configura-
tion. Contact the factory for specific default configura-
tions.

¢ Configurable Sequencing

o Multiple Wake up Triggers with GPIOs

e Seamless Sequencing of External Supplies
e 11 Programmable GPIOs The ACT88760 integrates seven high efficiency switch-
ing regulators, six linear regulators, and eleven GPIOs.
Two LDOs can be configured as load switches. The
eleven GPIOs pins are configurable and used for a va-
riety of system functions.

e Highly configurable
e UP interface for status reporting and controllability
Programmable Reset and Power Good GPIO’s

Flexible Sequencing Options
Multiple Sleep Modes The ACT88760 is designed to work with a single lithium

Integrated DVS ion or lithium polymer batteries with an input voltage up
to 5.5V. It works with input voltages as low as 2.6V.

e I2C Interface — 1MHz o
The seven switching converters are peak current mode,

fixed frequency DC-DC step down converters. Buck1/2
APPLICATIONS and Buck3/4 can be paralleled for 8A or 6A of output
o Video processor and core supply voltage. current. The high switching frequencies allow small in-
ductors which reduce solution size and optimize load
o transient response. The converters are internally com-
AR/ VR Applications. pensated for small ceramic output capacitors.

Connected H.ome Applications. Two LDOs are high PSRR with > 70dB. The other for
Portable devices. are general purpose LDOs. LDO5/6 can be configured
as load switches with less than 256mQ RDSON.

The ACT88760 PMIC is available in a 3.85mm x
3.85mm 81 ball WLCSP package.

e Computer Vision.
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FUNCTIONAL BLOCK DIAGRAM
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Advanced PMIC with 7 Bucks, 6 LDOs
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QoNrvo ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

ORDERING INFORMATION

PART NUMBER VIN VB”,;T]“Z UL Veucks | Veucka | Veucks | Vaucks VBuck?
ase
0.8V 0.8v 1.2v 1.1V 3.3V 0.8v
ACT88760-101T Vipo1 Viboz VLpos Vibos VLpos VLpos
0.8v 0.6V 1.8V 3.0V LSW LSW
VIN VBUSEZSZU al VBuck3 VBucka VBucks VBucké VBuck?
3.3-5V 0.8V 1.0v 1.8V 1.2V 3.3V 3.3V
ACT88760-102.E2T
VLpo1 Vipoz VLpos Vipos VLpos VLpos
1.8V 1.2v 3.3V 3.3V LSW LSW
VIN VBUE)IEL/;;ZU al VBuck3 VBuck4 VBuckS VBuck6 VBuck7
5V 0.8V 1.8V 1.1V 1.2V 1.2v 3.3V
ACT88760-104T
VLbo1 Viboz VLbos Viboa VLpos VLbos
0.8V 1.8V 2.8V 2.8V 2.8V 1.8V

ACT88760-xxx

Product Number |—

Option Code j——
Tape and Reel |7

Note 1: Standard product options are identified in this table. Contact factory for custom options, minimum order quantity required.

Note 2: “xxx” represents the CMI (Code Matrix Index) option. The CMI identifies the IC’s default register settings.
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ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

PIN CONFIGURATION — WLCSP - 81

3.85mm
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Figure 1: Pin Configuration — Top View (bumps down) — WLCSP- 81
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PIN DESCRIPTIONS

ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

Ball (CSP) NAME DESCRIPTION
Al LDO6 Output of LDO6 / LSW6
A2 VINL6 Input to LDO6 / LSW6
A3 LDO4 Output of LDO4
A4 VINL4 Input to LDO4
A5 AGND Analog Ground. Kelvin connect to the other ground pins on the IC.
A6 VINL3 Input to LDO3
A7 LDO3 Output of LDO3
A8 VINL5 Input to LDOS / LSW5
A9 LDO5 Output of LDO5 / LSW5
B1, B2, B3 PGND1 Power GND for Buck1
B4 FB_B1 Feedback for Buckl. Connect to the Buckl output capacitor.
B5 GPI103 GPI03
B6 AVIN Analog Power Input Pin — Main Power Input to the PMIC.
B7 GPIO4 GPI104 Pin
B8, B9 PGND3 Dedicated Power GND for Buck3
C1,C2,C3 SW_B1 Switch Pin for Buckl (connect to inductor)
ca GPIO7 GPIO7 Pin (Can Configure as PWREN, PWRON or nPB Input Pins)
C5 REFBYP Reference Bypass Pin. Must connect a 100nF between REFBYP and AGND.
(¢3) GP101 GPIO1
Cc7 FB_B3 Feedback for Buck3. Connect to the Buck3 output capacitor.
C8, C9 SW_B3 Switch Pin for Buck1 (connect to inductor)
D1, D2, D3 VIN_B1 Dedicated Input Voltage to Buckl
D4 GP108 GP108
D5 VIO Input / Output Voltage Reference Level for GP10s
D6 SCL I2C Clock Pin
D7 GPIO5 GPIO5
D8, D9 VIN_B3 Dedicated Input Voltage to Buck3
E1, E2, E3 VIN_B2 Dedicated Input Voltage to Buck2
E4 GPIO9 GPIO9 Pin
E5 GP102 GP102 Pin
E6 SDA I>C Data Pin
E7 GPIO6 GPIO6 Pin (Can Configure as PWREN, PWRON or nPB Input Pins)
E8, E9 VIN_B4 Dedicated Input Voltage to Buck4
F1,F2,F3 SW_B2 Switch Pin for Buck2 (connect to inductor)
F4 GPIO10 GP1010 Pin
F5 FB_B7 Feedback for Buck7. Connect to the Buck7 output capacitor.
F6 GPIO11 GPIO11 (Can Configure as PWREN or PWRON Input Pins)
F7 FB_B4 Feedback for Buck4. Connect to the Buck4 output capacitor.
F8, F9 SW_B4 Switch Pin for Buck4 (connect to inductor)
G1,G2,G3 PGND2 Dedicated Power GND for Buck2
G4 FB_B2 Feedback for Buck2. Connect to the Buck2 output capacitor.
G5, H5, I5 VIN_B7 Dedicated Input Voltage to Buck7
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ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

G6, H6, 16 SW_B7 Switch Pin for Buck7 (connect to inductor)
G7,H7,17 PGND7 Dedicated Power GND for Buck?7
G8, G9 PGND4 Dedicated Power GND for Buck4
H1 PGND5 Dedicated Power GND for Buck5
H2 FB_B5 Feedback for Buck5. Connect to the Buck5 output capacitor.
H3 VINL2 Input to LDO2
H4 LDO2 Output of LDO2
H8 FB_B6 Feedback for Buck6. Connect to the Buck6 output capacitor.
H9 PGND6 Dedicated Power GND for Buck6
11 SW_BS Switch Pin for Buck5 (connect to inductor)
12 VIN_B5 Dedicated Input Voltage to Buck5
13 VINL1 Dedicated Input Voltage to LDO1
14 LDO1 Output of LDO1
18 VIN_B6 Dedicated Input Voltage to Buck6
19 SW_B6 Switch Pin for Bucké (connect to inductor)
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QoNrvo ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

ABSOLUTE MAXIMUM RATINGS (NOTE1)

PARAMETER VALUE UNIT
All Pins to AGND unless stated otherwise below -0.3t0 6.0 \Y,
PGNDx,x=1,2,3,4,5, 6, 7to AGND -0.3to +0.3 \%
AVIN to AGND -0.3t06.0 \%
VIO to AGND -0.3 to Min (6.0 or AVIN + |V
0.3V)
REFBYP to AGND -0.3t0 6.0 \%
VIN_Bx,x=1, 2, 3,4,5,6,7to AGND (VIN_Bx = AVIN is required) -0.3t06.0 \%
FB_Bx,x=1,2,3,4,5,6, 7to AGND -0.3t06.0 \%
SW_Bx,x=1, 2, 3,4,5,6,7to PGND -1.0to VIN_Bx + 1.0 \%
VINLX, x =1, 2, 3, 4,5, 6 to AGND -0.3t06.0 \%
LDOx,x=1, 2, 3,4, 5, 6 to AGND -0.3to \%
Min (6.0 or VINLx + 0.3V)
GPIOXx, x=1, 2, 3,4,6, 7,8, 11 to AGND -0.3to \%
Min (6.0 or AVIN + 0.3V)
GPIOx, x =5, 9, 10 to AGND -0.3t0 6.0V
nPB, PWREN, PWRON to AGND -0.3 to Min (6.0 or AVIN + |V
0.3V)
SDA, SCL to AGND -0.3to \
Min (6.0 or AVIN + 0.3V)
Junction to Ambient Thermal Resistance (Note 2) 23 °C/wW
Operating Junction Temperature -40 to 150 °C
Storage Temperature -55 to 150 °C
HBM ESD 2000 \%
MSL Rating 1

Notel: Do not exceed these limits to prevent damage to the device. Exposure to absolute maximum rating conditions for long periods may affect
device reliability.
Note2: Measured on Qorvo Evaluation Kit
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ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

RECOMMENDED OPERATING CONDITIONS

PARAMETER VALUE UNIT
All Pins to AGND unless stated otherwise below 0to5.5 \Y,
AVIN to AGND 2.6t05.5 \%
VIO to AGND 1.62V to 1.8V \%
VIN_Bx, x=1, 2, 3,4,5,6, 7to AGND (VIN_Bx = AVIN is required) 26t05.5 \%
VINLX, x =1, 2 to AGND 1.08t05.5 \%
VINLX, x = 3, 4, 5, 6, to AGND 2.6t05.5 \%
GPIOXx,x=1,2,3,4,5,6,7,8,9, 10, 11 to AGND 0to5.5 \%
nPB, PWREN, PWRON to AGND 0to 5.5 \%
SDA, SCL to AGND 0to 5.5 \%
Operating Junction Temperature -40to 125 °C

Notel: AVIN must always be the highest input voltage to the IC.
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Advanced PMIC with 7 Bucks, 6 LDOs

DIGITAL I/O ELECTRICAL CHARACTERISTICS

(AVIN = 3.8V, VIO = 1.8V, T; = -40°C to +125°C, unless otherwise specified.)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
GPIO Pins
VIO, GPIO Reference Voltage Operating Voltage Range 1.62 1.8 AVIN \%
VIL, GPIOX, x = 1-8, 11 Input Low GPIO power from AVIN. AVIN= 2.7V - 5.0V, In- 0.3 v
put mode
VIL, GPIOx, x = 1-8, 11 Input Low | GPIO power from VIO. VIO = 1.8V Input mode 0.26 \Y
VIH, GPIOX, x = 1-8, 11 Input High GPIO power from AVIN. AVIN= 2.7V - 5.0V, In- 10 v
put mode
VIH, GPIOx, x = 1-8, 11 Input High | GPIO power from VIO. VIO = 1.8V Input mode 1.1 \%
VIL, GPIOx, x = 9-10 Input Low VIO = 1.8V Input mode 0.4 \Y
VIH GPIOx, x = 9-10 Input High VIO = 1.8V Input mode 1.35 \%
GPIOXx, x = 1-11 Input Deglitch
Time (falling) 30 us
G_PIOx,_x_ = 1-11 Input Deglitch 30 us
Time (rising)
GPIOxDly [1:0] = 00 0
1. . GPIOxDly [1:0] = 01 1
GPIOx, x = 1-8, 11 Delay time GPIOXDIy [1:0] = 10 > ms
GPIOxDly [1:0] = 11 4
VOHPP, GPIOX, x = 1-8, 11 Output | AVIN = 5.0V, VIO = 1.8V, lon = 0.1mA, GPIO 16 Vv
High (Not GPIO5) configured as push-pull output type. '
VOHPP, GPIOx, x = 1-8, 11 Output | AVIN = 5.0V, VIO = 3.3V, lon = 0.1mA, GPIO 31 Vv
High (Not GPIO5) configured as push-pull output type. '
VOLPP, GPIOXx, x = 1-8, 11 Output |AVIN = 5.0V, VIO = 1.8V, loL = 0.1mA, GPIO 0.3 Vv
Low (Not GPIO5) configured as push-pull output type. )
VOLPP, GPIOx, x = 1-8, 11 Output [AVIN = 5.0V, VIO = 3.3V, loL = 0.1mA, GPIO 0.2 Vv
Low (Not GPIO5) configured as push-pull output type. )
100D, GPIOx, x = 1-10 Open Drain | VO = AVIN = 5.0V, VIO = 1.8 — 5.0V. Output 1 LA
Output High Leakage Current, Ty = 25°C
VOLOD, GPIOX, x=1-100pen 1, _ 3\ AVIN = 5.0V, VIO = 1.8 — 5.0V 0.2 Y,
Drain Output Low
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ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

LED Current Sink Programming

(Analog GPIO Pin Only — See GPIO table for Analog GPIO Pin List)

ISINK range GPIOx_ILED [2:0] 0 3.0 6 mA
GPIOX_ILED = 000 (LED disabled) 0 mA
GPIOx_ILED = 001 0.5 mA
GPIOx_ILED = 010 1 mA
GPIOx_ILED = 011 1.5 mA

ISINK, LED Current Sink Settings
GPIOx_ILED = 100 2 mA
GPIOx_ILED = 101 3 mA
GPIOx_ILED =110 4 mA
GPIOx_ILED1, 2 = 111 6 mA

nPB — Push Button Pin Characteristics

(Applicable when IC is configured for Push Button Function, nPB pin)

nPB De-bounce Time Push button presses shorter than this time are 50 ms
ignored.
EN_PWROFF =1

. EN_PWROFF TIME [1:0] = 00 1<t<4

?di?azgw?;riﬁczg]siful turn-off) EN_PWROFF TIME [1.0] = 01 4<t<8 s
EN_PWROFF TIME [1:0] = 10 8
EN_PWROFF TIME [1:0] = 11 12
EN_PB_CYCLE =1
PWRCYCTIME [1:0] = 00 1<t<4

nPB Power Cycle with Push Button | PWRCYCTIME [1:0] = 01 4<t<8 S
PWRCYCTIME [1:0] = 10 8
PWRCYCTIME [1:0] = 11 12

PWREN — Power Enable Pin Characteristics

(Applicable when IC is configured for Power Enable Function, PWREN pin)

PWREN Input Low GPIO power from AVIN. AVIN = 2.7V - 5.0V 0.3 \%

PWREN Input High GPIO power from AVIN. AVIN = 2.7V — 5.0V 1 \%

PWREN Input Low AVIN > 2.7V, VIO = 1.8V (VIO used for 1/0O) 0.26 \%

PWREN Input High AVIN > 2.7V, VIO = 1.8V (VIO used for I/O) 11 \%

PWREN, EXT_PG Deglitch Time ps

; 1 30
(falling)
PWREN, EXT_PG Deglitch Time us
L 1 30
(rising)
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Advanced PMIC with 7 Bucks, 6 LDOs

SYSTEM CONTROL ELECTRICAL CHARACTERISTICS

(VIN_Bx =3.8V, VIO = 1.8V, T; = -40°C to +125°C, unless otherwise specified.)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

AVIN Operating Voltage Range 2.7 5.5 \

VIO Operating Voltage Range 1.62 1.8 AVIN \
VIN_LVL=0 2.5 2.6 2.7 \%

UVLO Threshold Falling (Note 1)
VIN_LVL=1 3.35 3.50 3.65 \Y,

Rising threshold higher than falling

UVLO Hysteresis (Note 1) threshold 50 mV
UV Detection deglitch time

UV Deglitch Time Falling — Enter UV condition 5 ps
Rising — Exit UV condition 100
QV Detection deglitch time

OV Deglitch Time Falling — Enter OV condition 5 us
Rising — Exit OV condition 200

(R?V Rising Threshold Programmable Programmable in 0.3V steps 37 5.8 Vv

ange

OV Threshold Accuracy (Note 1) -3 3 %

OV Hysteresis (Note 1) 80 200 320 mV

System Monitor (SYSMON) Rising .

Threshold Programmable Range Programmable in 100mV steps 2.6 4.7 \%

System Monitor (SYSMON) Accuracy -3 SET 3 %

POINT

System Monitor (SYMON) Hysteresis 100 mV

System Warning (SYSWARN) Rising .

Threshold. Programmable Range Programmable in 100mV steps 2.6 4.7 \%

System Warning (SYSWARN) Accuracy -3 SET 3 %

POINT
§3s/stem Warning (SYSWARN) Hystere- 100 mv
) . SYSMON Falling threshold

tSh):ztsehrglgll)onltor Shutdown (Falling SETTING 0 25 26 57 Vv
SETTING 1 3.35 35 3.65

Operating Supply Current (AVIN) All Regulators Disabled 10 20 HA

All Regulators Enabled but no load, All
Operating Supply Current (AVIN) Buck LPM = 1. All LDO in LDO mode, 700 MA
charge pump disabled

All Buck Regulators Enabled but no load.
ALL LDOs are off. ULPM = 1 for all buck
regulators, PMIC in SLEEP/DPSLP
mode. Fast clock off

Operating Supply Current (AVIN) 230 HA

Single Buck Regulator Enabled but no
load. ALL LDOs are off. ULPM =1 for all
buck regulator, PMIC in SLEEP/DPSLP
mode

Operating Supply Current (AVIN) 170 MA
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ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

Single LDO Regulator Enabled but no

Operating Supply Current (AVIN) load. ALL BUCKs are off. PMIC in 65 HA
SLEEP/DPSLP mode. Fast clock off
TWARNO Register Bit, TWARN = 00 TWARNL| TWARNI- | TWARNL-| - o
-30 20 10
TWARNL1 Register Bit, TWARN = 01 TvvggNz TW’;gNz' TW‘;gNZ' °C
Thermal Warning Threshold
TWARN?2 Register Bit, TWARN = 10 TWARNS | TWARNS- | TWARNS- °C
-30 20 10
TWARNS3 Register Bit, TWARN = 11 TSD-35 TSD-25 TSD-15 °C
TSD, Thermal Shutdown Temperature rising 145 165 185 °C
Thermal Shutdown Hysteresis 30 °C
Time from AVIN > UVLO threshold to
start of first regula_ltor turning On. (Oms 620 750 us
turn on delay setting)
o nSavelgMstr=1
Startup Delay after initial AVIN
Time from AVIN > UVLO threshold to
start of first regula_tor turning On. (Oms 920 1150 us
turn on delay setting)
nSavelgMstr=0
Transition time from Deep Sleep Time from GPIOx pin transition to time
(DPSLP) State to Active State whe_n the first regulator turng ON Wlth 1 ms
minimum turn on delay configuration.
Time from 12C command to exit sleep
Transition time from Sleep State mode to time when the first regulator 200 S
(SLEEP) to Active State starts to turn ON with minimum turn on W
delay configuration.
. ) . Time from turn-off event to when the first
Time to first power rail turn off when en- ower rail turns off with minimum off de- 200 S
tering SLEEP / DPSLP an W
Startup Delay Programmable Range ONDLY= 0000 0
(ONDLY’s MSB = 0) ONDLY= 0001 500
(Note that the ONDLY’s MSB bit is a ONDLY= 0010 1000
factory bit and cannot be changed by ONDLY= 0011 2000 S
the user) ONDLY= 0100 4000 W
ONDLY= 0101 (Note 2) 8000
ONDLY= 0110 (Note 2) 16000
ONDLY= 0111 (Note 2) 32000
Startup Delay Programmable Range ONDLY= 1000 28.5
(ONDLY's MSB =1 ONDLY= 1001 28.5
(Note that the ONDLY’s MSB bit is a ONDLY= 1010 114
factory bit and cannot be changed by ONDLY=1011 228 S
the user) ONDLY= 1100 456 W
ONDLY= 1101 912
ONDLY= 1110 1824
ONDLY=1111 3648
Turn Off Delay Programmable Range OFFDLY = 0000 0
(OFFDLY’s MSB = 0) OFFDLY = 0001 500
(Note that the OFFDLY’s MSB hitisa |OFFDLY = 0010 1000
factory bit and cannot be changed by OFFDLY = 0011 2000 S
the user) OFFDLY = 0100 4000 W
OFFDLY = 0101 8000
OFFDLY = 0110 16000
OFFDLY = 0111 32000
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Advanced PMIC with 7 Bucks, 6 LDOs

Turn Off Delay Programmable Range OFFDLY = 1000 N/A
(OFFDLY’'s MSB = 1) OFFDLY = 1001 28.5
(Note that the OFFDLY’s MSB bitisa |OFFDLY = 1010 114
factory bit and cannot be changed by OFFDLY = 1011 228
the user) OFFDLY = 1100 456 Hs
OFFDLY =1101 912
OFFDLY =1110 1824
OFFDLY =1111 3648
nRST [1:0] = 000 5
nRST [1:0] = 001 10
nRST [1:0] = 010 20
nRST [1:0] = 011 40
nRESET Programmable Delay NRST [1:0] = 100 05 ms
nRST [1:0] = 101 1.0
nRST [1:0] = 110 25
nRST [1:0] = 111 100.0

Notel: All Under-voltage Lockout, Overvoltage measurements are referenced between AVIN and AGND pin.

Note2: These ONDLY settings are not allowed when UV_FLTMSK = 0
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BUCK1 & BUCK2 & BUCK7 ELECTRICAL CHARACTERISTICS, REGULATOR:

(VIN_B1/2 = 3.8V, T; = -40°C to +125°C, unless otherwise specified.)

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

Current Limit Warning Threshold.

PARAMETER CONDITIONS MIN TYP MAX UNIT
Operating Voltage Range 2.6 AVIN \%
Configurable in 5mV steps, RANGE =0 0.5 1.135
Output Voltage Range Configurable in 25mV steps, RANGE = 1 0.5 3.675 v
Vout = 1.0V, lout = 2000mA (continuous PWM 1% Vion 1% Vv
mode)
Vour = 1.0V, lour = 10mA (discontinuous mode o o
Ves_gx, Output Voltage Accuracy operation), Buck LPM = 1 -1% VoM 1% \%
(Note2)
Vout = 1.0V, 10mA (discontinuous mode opera-
tion) Buck ULPM = 1 (Ultra Low Power Mode Ena-| -3% VoM 3% \%
bled)
Vout = 1.0V, lout = 2000mA (continuous PWM 1.5% Vion 1.5% Vv
mode)
Vour = 1.0V, lour = 10mA (discontinuous mode 1 ko o
Ves_gx, Output Voltage Accuracy operation), Buck LPM =1 1.5% Viow 1.5% v
Vout = 1.0V, 10mA (discontinuous mode opera-
tion) Buck ULPM = 1 (Ultra Low Power Mode Ena-| -3.5% VNom 3.5% \%
bled)
Maximum Operation Duty Cycle 99 %
Regulator Disabled, (Note2) 0.1 1 HA
Shutdown Current
Regulator Disabled 0.1 4.5 uA
Standby Supply Current, Buck Low | Regulator Enabled, No Load, Buck LPM =1 & 50 A
Power Mode Enabled Fixed On-Time Disabled. H
Standby Supply Current, Buck Ultra | Regulator Enabled, No Load, Buck ULPM =1 & 10 A
Low Power Mode Enabled Fixed On-Time Enabled. H
Load Regulation Vout = Default CMI Setting PWM mode. 0.05 %/A
Line Regulation ViN = 3.2V to 5.5V 0.05 %/
Pcoop, Power Good Threshold Vout Rising 89 92 95 %
Power Good Hysteresis Vour Falling 3 %
OVFLt, Overvoltage Threshold Vour Rising 109 112 115 %
Overvoltage Hysteresis Vourt Falling 3 %
FREQ_SET [1:0] = Ox 2.25
Switching Frequency FREQ_SET [1:0] =10 15 MHz
FREQ_SET [1:0] =11 1.125
10% to 90% ramp time of Vout
Tss, Soft-Start Period SST=1 0.25 ms
SST=0 0.5
ILIM, Internal High Side Peak Cur- |ILIMSET=0 3.8 A
rent Limit (Cycle-by-Cycle) ILIMSET=1 5.0
Internal High Side Peak Current At Default Set Point -20 20 o
Limit (Cycle-by-Cycle) Tolerance All Other Set Points -25 25 0
IWARN, Internal High Side Peak Warning threshold as % of ILIM threshold -37 -22.5 -8 %
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QoNrvo ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

Low Side Peak Current Limit (Cy- | ILIMSET=0 4.2 A
cle-by-Cycle) (Note3) ILIMSET=1 5.5
Low Side On-Resistance, NMOS Isw = 1A, Vin = 3.8V 12 mQ
High Side On-Resistance, PMOS Isw = 1A, Vin = 3.8V 30 mQ
ViNn =5V, Vsw = 5V (Note2) 1 HA
SW Leakage Current — NMOS
ViN =5V, Vsw = 5V 1 HA
Vin = 5V, Vsw = 0V (Note2) 1 HA
SW Leakage Current — PMOS
Vin =5V, Vsw = 0V 4.5 HA
Output Pull Down Resistance Enabled when regulator disabled, Vour=0.1V 3.6 Q
Vout_range =0
+ DVS_SET[] =00 11.2
+ DVS_SET[]=01 5 6
+ DVS_SET[] =10 2.8
. . +DVS_SET[[=11 '
Dynamic Voltage Scaling Rate Vout_range = 1 1.4 mV/ us
+ DVS_SET[] =00 56
+DVS_SET[[=01 o8
+DVS_SET[] =10 14
+DVS_SET[|=11 7
Coutmin, Minimum Output Cap Min output capacitance with voltage de-rating 20 uF
Notel: There are three balls for VIN, Buck1/2/7, and SW. Buck1/2/7 are rated for 6A average lifetime rating at 105 deg C junction.
Note2: To = +25°C
Note3: LSILIM is used for current run-away protection.
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BUCK3 & BUCK4 ELECTRICAL CHARACTERISTICS, REGULATORS:

(VIN_B3/4 = 3.8V, Tj = -40°C to +125°C, unless otherwise specified.)

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

PARAMETER CONDITIONS MIN TYP MAX UNIT
Operating Voltage Range 2.6 AVIN \%
Configurable in 5mV steps, RANGE =0 0.5 1.135
Output Voltage Range Configurable in 25mV steps, RANGE =1 0.5 3.675 v
Vout = 1.0V, lout = 2000mA (continuous PWM 1% Vion 1% Vv
mode)
Vour = 1.0V, lour = 10mA (discontinuous mode o o
Output Voltage Accuracy operation), Buck LPM = 1 -1% VoM 1% \%
(Note2)
Vout = 1.0V, 10mA (discontinuous mode opera-
tion) Buck ULPM = 1 (Ultra Low Power Mode En- -3% VoM 3% \%
abled)
VOUT = 1.0V, IOUT = 2000mA (continuous o o
PWM mode) -1.5% VNom 1.5% Vv
VOUT = 1.0V, IOUT = 10mA (discontinuous 1 ko o
VFB_BX, Output Voltage Accuracy |mode operation), Buck LPM =1 1.5% Viow 1.5% v
VOUT = 1.0V, 10mA (discontinuous mode opera-
tion) Buck ULPM = 1 (Ultra Low Power Mode En- -3.5% VNom 3.5% \%
abled)
Maximum Operation Duty Cycle 99 %
Regulator Disabled (Note2) 0.1 1 HA
Shutdown Current
Regulator Disabled 0.1 3 UuA
Standby Supply Current, Low _
Power Mode Enabled Regulator Enabled, No Load, Buck LPM =1 50 HA
Standby Supply Current, Buck Ultra _
Low Power Mode Enabled Regulator Enabled, No Load, Buck ULPM =1 10 HA
Load Regulation VOUT = Default CMI Setting PWM mode. 0.05 %/A
Line Regulation VIN = 3.2V to 5.5V 0.05 %IV
Pcoob, Power Good Threshold VOUT Rising, 89 92 95 %
Power Good Hysteresis VOUT Falling 3 %
OVFLT, Overvoltage Threshold VOUT Rising, 109 112 115 %
Overvoltage Hysteresis VOUT Falling 3 %
FREQ_SET[1:0] = 0x 21'255
Switching Frequency FREQ_SET[1:0] =10 1 1'25 MHz
FREQ_SET[1:0] =11 )
10% to 90% ramp time of VOUT
TSS, Soft-Start Period SST=1 0.25 ms
SST=0 0.5
ILIM, Internal High Side Peak Cur- |ILIMSET=0 3.5 A
rent Limit (Cycle-by-Cycle) ILIMSET=1 4.5
Internal High Side Peak Current At Default Set Point -20 20 %
Limit (Cycle-by-Cycle) Tolerance All Other Set Points -25 25
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ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

IWARN, Internal High Side Peak : o i i ) 0
Current Limit Warning Threshold. Warning threshold as % of ILIM threshold 37 225 8 %
Low Side Peak Current Limit (Cy- | ILIMSET=0 3.7 A
cle-by-Cycle) (Note3) ILIMSET=1 4.7
Low Side On-Resistance, NMOS Isw = 1A, Vin = 3.8V 25 mQ
High Side On-Resistance, PMOS Isw = 1A, Vin = 3.8V 50 mQ
Vin =5V, Vsw = 5V (Note2) 1 HA
SW Leakage Current — NMOS
Vin =5V, Vsw = 5V 1 UA
ViNn =5V, Vsw = 0V (Note2) 1 HA
SW Leakage Current — PMOS
ViN =5V, Vsw = 0V 3 UA
Output Pull Down Resistance Enabled when regulator disabled, Vour=0.1V 3.6 Q
- Vout_range =0
+DVS_SET[| = 00 151'62
+ DVS_SET[]=01 2'8
+ DVS_SET[] =10 1' 4
Dynamic Voltage Scaling Rate - DVS—SE-ED =11 mV/ us
- Vout_range = 1 56
+ DVS_SET[] =00 o8
+ DVS_SET[] =01 14
+ DVS_SET[] =10 7
+DVS_SET[ =11
Coutmin, Minimum Output Cap Min output capacitance with voltage de-rating 12 uF

Notel: There are two balls for VIN, Buck3/4, and SW. Buck3/4 are rated for 4A average lifetime rating at 105 deg C junction.

Note2: Ta = 25°C

Note3: LSILIM is used for current run-away protection.
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BUCKS5 & BUCK6 ELECTRICAL CHARACTERISTICS, REGULATORS:

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

(VIN_B5/6 = 3.8, Tj = -40°C to +125°C, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNIT
Operating Voltage Range 2.6 AVIN \%
Output Voltage Range Configurable in 25mV steps, RANGE =0 0.5 3.675 \%

Vour = 1.0V, lout = 2000mA (continuous 10 o
PWM mode) 1% VoM 1% \%
Vourt = 1.0V, lout = 10mA (discontinuous 10 o
Ves_gx, Output Voltage Accuracy mode operation), Buck LPM = 1 1% VoM 1% \%
(Note2)
Vout = 1.0V, 10mA (discontinuous mode op-
eration) Buck ULPM = 1 (Ultra Low Power -3% VoM 3% \%
Mode Enabled)
Vourt = 1.0V, lour = 2000mA (continuous o o
PWM mode) -1.5% VNom 1.5% \Y,
Vout = 1.0V, lout = 10mA (discontinuous 1 Eo o
Ves_gx, Output Voltage Accuracy mode operation), Buck LPM =1 1.5% Vivow 1.5% v
Vout = 1.0V, 10mA (discontinuous mode op-
eration) Buck ULPM = 1 (Ultra Low Power -3.5% Vnom 3.5% \%
Mode Enabled)
Maximum Operation Duty Cycle 99 %
Regulator Disabled (Note2) 0.1 1 HA
Shutdown Current
Regulator Disabled 0.1 25 HA
Standby Supply Current, Low Regulator Enabled, No Load, Buck LPM =1 50 A
Power Mode Enabled & Fixed On-Time Disabled. H
Standby Supply Current, Ultra Low | Regulator Enabled, No Load, Buck ULPM = 10 A
Power Mode Enabled 1 & Fixed On-Time Enabled. H
Load Regulation Vout = Default CMI Setting PWM mode. 0.05 %/A
Line Regulation Vin = 3.2V to 5.5V 0.05 %IV
Pcoop, Power Good Threshold Vour Rising, 89 92 95 %
Power Good Hysteresis Vour Falling 3 %
OVFLT, Overvoltage Threshold Vourt Rising, 109 112 115 %
Overvoltage Hysterisis Vourt Falling 3 %
FREQ_SET [1:0] = Ox 2.25
Switching Frequency FREQ_SET [1:0] =10 15 MHz
FREQ_SET [1:0] = 11 1.125
10% to 90% ramp time of Vout
Tss, Soft-Start Period SST=1 0.25 ms
SST=0 0.5
ILIM, Internal High Side Peak Cur- |ILIMSET=0 2.0 A
rent Limit (Cycle-by-Cycle) ILIMSET=1 3.0
Internal High Side Peak Current At Default Set Point -20 20 %
Limit (Cycle-by-Cycle) Tolerance All Other Set Points -25 25 0
IWARN, Internal High Side Peak : o o
Current Limit Warning Threshold. Warning threshold as % of ILIM threshold -37 -22.5 -8 )
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ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

Low Side Peak Current Limit (Cy- | ILIMSET=0 2.6 A

cle-by-Cycle) (Note3) ILIMSET=1 3.8

Low Side On-Resistance, NMOS Isw=0.5A, Vin = 3.8V, T; = 25°C 35 mQ

High Side On-Resistance, PMOS Isw = 0.5A, Vin = 3.8V, T3 = 25°C 80 mQ

SW Leakage Current — NMOS Vin =5V, Vsw =5V, Ty =25°C 1 HA

SW Leakage Current — PMOS Vin =5V, Vsw =0V, Ty =25°C 1 HA

Output Pull Down Resistance Enabled when regulator disabled, Vour=0.1V 6.7 Q
DVS_SET[] = 00 56

Dynamic Voltage Scaling Rate Bx§:§E$H : % ig mV/ us
DVS_SET[] = 11 7

Coutmin, Minimum Output Cap Min output capacitance with voltage de-rating 12 uF

Notel: There are two balls for VIN, Buck5/6, and SW. Buck5/6 are rated for 4A average lifetime rating at 105 deg C junction.

Note2: To = +25°C

Note3: LSILIM is used for current run-away protection
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QoNrvo ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

LDO1 & LDO2 ELECTRICAL CHARACTERISTICS

(VIN_LDO1/2 = 3.8V, T; = -40°C to +125°C, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNIT
Vinx, Operating Input Voltage 1.08 AVIN \%
Configurable in 12.5mV steps, RANGE =0 0.5 1.2875
Vipox, Output Voltage Range Configurable in 12.5mV steps, RANGE = 1 1.2 1.9875 v
Output Voltage Accuracy (Notel) At Default CMI Output Setting -1 VNom 1 %
Output Voltage Accuracy At Default CMI Output Setting -15 VoM 15 %
Line Regulation Vinx — Vibox > 400mV AVIN > 3.3V, lout = 0.25 %/ \V
10mA
Vinex — Vipbox > 400mV AVIN > 3.3V, lout = 0.7 %/ A
10mA to 500mA, VOUTSET = 0.8V ' 0
Load Regulation
VinLx — Vipbox > 400mV AVIN > 3.3V, lout = 13 %/ A
10mA to 500mA, VOUTSET = 0.6V ' °
Regulator Enabled, VOUT > 1.0V, No Load, A
lo1, Supply Current Charge pump enabled 190
Regulator Enabled, VOUT < 1.0V, No Load, HA
lo1, Supply Current Charge pump disabled 52
Isp, Shut Down Current Regulator Disabled 1 HA
lour Maximum Output Current 800 mA
ILim, Output Current Limit 810 1100 mA
IsHorT, Shorted Output Foldback 30 %
Current
ILIM = 0, lout = 150mA, AVIN — VourL > 2.0V 150 mV
Vpo, Drop Out Voltage
ILIM =1, lout = 300mA, AVIN — VourL > 2.0V 300 mV
SST_LDO=0, Default Vourt, 10% to 90% 320 500 Us
Soft-Start Period
SST_LDO=1, Default VourL, 10% to 90% 160 250 S
Power Good Threshold VLDO Rising, % of Vnom 89 92 95 %
Power Good Hysteresis VLDO Falling, % of Vnowm 3 %
Overvoltage Fault Threshold VLDO Rising, % of Vnowm 109 112 115 %
Overvoltage Fault Hysteresis VLDO Falling, % of Vnom 3 %
f = 1kHz, lout = 10mA,
VoutL = 0.8V, VinL = 1.2V 75 dB
f = 10kHz, lout = 10mA, 65 dB
PSRR, Power Supply Rejection Vour. = 0.8V, Vin = 1.2V
Ratio f = 100kHz, lout = 10MA
VoutL = 0.8V, VinL = 1.2V 55 dB
f = 2000kHz, lout = 10mA,
Vout. = 0.8V, VinL = 1.2V 40 dB
ViTr, Transient Response (Notel) I:O;T71\9mA t0 250mA in 10us, VourL = 1.8V, VinL 1 %
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ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

On when regulator disabled, VOUT = 0.1V
Discharge Resistance DisChrgOptLx =0 9.4 Q
DisChrgOptLx = 1 18.8
Output Capacitance Range Effective capacitance including tolerance and 15 29 10 uF
voltage derating
Notel: To = 25°C
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ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

LDOS3, LDO4, LDOS5, & LDO6 ELECTRICAL CHARACTERISTICS

(LDO5 & LDO6 IN LSW MODE = 0)

(VIN_LDOx = 3.8V, T; = -40°C to +125°C, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNIT
Vinx, Operating Input Voltage 1.62 AVIN \%
Configurable in 12.5mV steps, RANGE =0 0.5 1.2875
Vioox, Output Voltage Range Configurable in 50mV steps, RANGE = 1 1.2 36 v
Output Voltage Accuracy At Default CMI Output Setting (Notel) -1 VoM 1 %
Output Voltage Accuracy At Default CMI Output Setting -15 VNom 15 %
Line Regulation Vinx — Vipbox > 400mV AVIN > 3.3V, lout = 10mA 0.25 % /V
Vinwx — Vipox > 400mV AVIN > 3.3V, lout = 10mA 05 % /A
to 500mA, VOUTSET = 1.8V ' 0
. Vinx — Vipbox > 400mV AVIN > 3.3V, lout = 10mA o
Load Regulation to 500mA, VOUTSET = 3.0V 03 H 1A
Vinwx — Vipox > 400mV AVIN > 3.3V, lout = 10mA 0.2 %/ A
to 500mA, VOUTSET = 4.15V ' 0
lo1, Supply Current Regulator Enabled, Normal Mode, RANGE =0 15 30 HA
lq1, Supply Current Regulator Enabled, Normal Mode, RANGE = 1 20 40 HA
Isp, LDO3 & LDO4 Shut Down LDO3 & LDO4 Disabled 1 LA
Current
Isp, LDO3 & LDO4 Shut Down LDO5 & LDO6 Disabled 3 HA
Current
'CSD' LDOS & LDOG Shut Down LDOS & LDO6 Disabled (Notel) 1 KA
urrent
loutr Maximum Output Current VIN_LDO1 = 1.62V to 5.5V, LDO1_ILIM=1 0.39 A
Range =0, 2.7V < VINLX, LDO_ILIM =1
LDO3 & LDO4 mA
- 380 500
ILim, Output Current Limit LDO5 & LDO6 340 500
Range =0, 1.62V < VINLX < 2.7V 490 mA
IsHorT, Shorted Output Foldback 30 %
Current
lout = 150mA, VinL > 2.7V
LDO3 & LDO4 150 mV
LDOS5 & LDO6 160
Voo, Drop Out Voltage
lout = 300mA, VinL > 2.7V
LDO3 & LDO4 300 mV
LDOS5 & LDO6 320
SST_LDO=0, Default VoutL, 10% to 90% 320 500 us
Soft-Start Period
SST_LDO =1, Default VoutL, 10% to 90% 160 250 us
Power Good Threshold VLDO Rising, % of Vnom 89 92 95 %
Power Good Hysteresis VLDO Falling, % of Vnowm 3 %
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Advanced PMIC with 7 Bucks, 6 LDOs

Overvoltage Fault Threshold VLDO Rising, % of Vowm 109 112 115 %
Overvoltage Fault Hysteresis VLDO Falling, % of Vnom 3 %
f = 1kHz, lout = 10mA,
Vourt = 0.8V, Vinu1 = 2.7V, LPM=0 70 dB
f = 10kHz, lout = 10mA, 60 dB
PSRR, Power Supply Rejection Ra- | Vour. = 0.8V, Vi = 2.7V, LPM=0
tio f = 100kHz, lour = 10mA, 40 dB
VoutL= 0.8V, VinL = 2.7V, LPM=0
f = 2000kHz, lout = 10mA, 20 dB
VoutL = 0.8V, VinL = 2.7V, LPM=0
Vire, Transient Response IZOLéT?JiE)mA to 250mA in 10us, VoutL = 1.8V, VinL 27 %
Discharge Resistance On When regulator disabled, VOUT = 0.1V 18.8 0
Output Capacitance Range Effective capaatance including tolerance and 0.8 1.0 10 =
voltage derating
Notel: To = 25°C
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Advanced PMIC with 7 Bucks, 6 LDOs

LSW5 & 6 ELECTRICAL CHARACTERISTICS (LDO5 & 6 CONFIGURED AS LOAD SWITCH)

(VIN_LDO = 3.3V, T; = -40°C to +125°C, unless otherwise specified.)

PARAMETER TEST CONDITIONS MIN TYP | MAX | UNIT
VinLx, Operating Input Voltage r;tg\\;vv I\'\:gg: 10_'652 A?GlsN \%
Output Current Capability Vibox < Vinx — 0.25V, Notel 1.8
Current Limit Shutdown 2 3
Current Limit Shutdown deglitch time | Minimum time for current limit signal to be valid 10 ps
On Resistance (T; = 25°C) Vinex = 1.2V, lisx = 250mA, AVIN=3.8V to 5.0V 12 25 mQ
On Resistance Vinx = 1.2V, lusx = 250mA, AVIN=3.8V to 5.0V 12 25 mQ
On Resistance (TJ = 25°C) Vinex = 3.3V, lusx = 250mA, AVIN=3.8V to 5.0V 22 35 mQ
On Resistance Vinex = 3.3V, lsx = 250mA, AVIN=3.8V to 5.0V 22 38 mQ
Soft start time Vinsx = 1.2V, AVIN = 3.8V, VoutLsx 10 — 90% 100 ps
Output Discharge Resistance AVIN = 3.6V, Vours1= 0.1V. 25 Q

AVIN=3.8V, Vine=1.2V, Isys+lvinis: with no load current,

lo1, Total Current Condition 1 Current Limit Enabled, LPM = 0

65 100 HA

Load Switch Disabled, T; = 25°C 1 HA
Isp, Disable Current

Load Switch Disabled 3 HA
PGOOD Rising Delay (Load Switch 0 S
Mode Only, not LDO mode) W
PGOOD Falling Delay (Load Switch 5 us

Mode Only, not LDO mode)

Note 1: Full current capability only available if VINLx is in normal range and soft start is complete.

Note 2: Load Switch is not robust to faults on output when Current Limit is disabled.
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QoNrvo ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

I2C INTERFACE ELECTRICAL CHARACTERISTICS

(AVIN = 3.3V, T; = -40°C to +125°C, unless otherwise specified.)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Register can be updated and I2C interface is only
12C Protection operational when VIN> VIN_UV. 12C communica-
tion is unavailable in RESET state.
SCL, SDA Input Low AVIN = 5.0V 0.6 \%
SCL, SDA Input High AVIN = 5.0V 1.08 \%
SCL, SDA Input Low VIO = 1.8V, Independent of AVIN 0.6
SCL, SDA Input High VIO = 1.8V, Independent of AVIN 1.08
SDA Leakage Current SDA= AVIN 1 MA
SDA Output Low loL = 5mA 0.35 \%
SCL Clock Frequency, fscL 0 1000 kHz
SCL Low Period, tLow 0.5 ps
SCL High Period, thichH 0.26 us
SDA Data Setup Time, tsu 50 ns
SDA Data Hold Time, tup See Note 1 0 ns
Start Setup Time, tst For Start Condition 260 ns
Start Setup Time, tst For Start Condition 260 ns

Notel: Comply to I°C timings for 1MHz operation - “Fast Mode Plus”.

Note2: No internal timeout for I2C operations.
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Figure 2: 1°C Data Transfer
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SYSTEM CONTROL INFORMATION

General

The ACT88760 is a highly integrated PMIC that is de-
signed to be flexible and work with many system con-
trollers and processors. It combines seven switching
regulators and a combination of six linear regulators
(LDO) and load switches (LSW) into a small form factor
package. The switching regulators’ high frequency min-
imizes the inductor size and reduces the overall solution
size. The PMIC also integrates a master controller that
provides startup sequencing to both the integrated
power supplies and external regulators. The master
controller manages startup and power off sequencing,
timing, voltages, slew rates, sleep states (Low Power
Modes or LPM), and fault conditions. 12C configurability
allows system level changes without the need for costly
PCB changes.

The ACT88760 contains seven buck regulators. Three
switching regulators can support 4A, two support 3A,
and two support 2A of output current. The ACT88760
switching regulators are optimized to work with 0.47puH
inductors. The regulators are designed for high effi-
ciency and high current for microprocessor core supply
voltages that are typically below 1.0V. The regulators
are fully compensated internally and require just the in-
ductor and output capacitor for operation. Buck1/2 can
be operated in parallel to supply an 8A load, and
Buck3/4 can be operated in parallel to supply a 6A load.

LDO1 and LDO2 are 800mA LDOs with high PSRR.
LDO3 and LDO4 are general purpose LDOs that sup-
port up to 400mA of output current. LDO5 and LDOG6 are
specialized 400mA LDOs that can be configured as
1.2A low Ron load switches.

The ACT88760 has eleven integrated GPIO pins. The
GPIO pins are highly configurable and typically can be
configured either as an input or output pin. The GPIO
output drive, open drain or push-pull, and voltage level
are configurable. Each GPIO can be configured for sev-
eral different functions such as power good signals, in-
terrupt requests, fault monitoring, sequencing, and con-
trolling external regulators, LED drivers, Dynamic volt-
age scaling, Low Power Modes LPM entry and exit etc.

Many of the ACT88760s functions are configurable. The
IC’s default functionality is defined by the default CMI
(Code Matrix Index), but much of this functionality can
be changed via I12C. The first part of the datasheet de-
scribes basic IC functionality and default pin functions.
The end of the datasheet provides the configuration and
functionality specific to each CMI version. Contact
sales@gorvo.com for additional information about other
configurations.

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

I°’C Serial Interface

To ensure compatibility with a wide range of systems,
the ACT88760 uses standard I°C commands. The
ACT88760 always operates as a slave device and is ad-
dressed using a 7-bit slave address followed by an
eighth bit, which indicates whether the transaction is a
read-operation or a write-operation. Refer to each spe-
cific CMI for the IC’s slave address.

The IC contains two sets of configurable I°C addresses.
Buck7 and LDO1-6 operate from one I°C address and
the rest of the regulators along with the master control
(such as GPIOs, system monitoring, over temperature
thresholds) have a different 12C address.

There is no timeout function in the I12C packet pro-
cessing state machine, however, any time the I°C state
machine receives a start bit command, it immediately
resets the packet processing, even if it is in the middle
of a valid packet.

I2C commands are communicated using the SCL and
SDA pins. SCL is the I2C serial clock input. SDA is the
data input and output. SDA is open drain and must have
a pullup resistor. Signals on these pins must meet tim-
ing requirements in the Electrical Characteristics Table.

Table 1: ACT88760 I2C Addresses

7-Bit Slave Address 8-Bit Write 8-Bit Read
(Master, GPIOs, Buck1-6) Address Address
0x25h 010 0101b 0x4Ah 0x4Bh
0x27h 010 0111b 0x4Eh 0x4Fh
0x67h 110 0111b 0xCEh 0xCFh
0x6Bh 110 1011b 0xD6h 0xD7h
7-Bit Slave Address 8-Bit Write 8-Bit Read
(Buck7, LDO 1-6) Address Address
0x26h 010 0110b 0x4Ch 0x4Dh
0x28h 010 1000b 0x50h 0x51h
0x68h 110 1000b 0xDOh 0xD1h
0x6Ch 110 1100b 0xD8h 0xD9h

I2C Registers

The ACT88760 has an array of internal registers that
contain the IC’s basic instructions for setting up the IC
configuration, output voltages, switching frequency,
fault thresholds, fault masks, etc. These registers give
the IC its operating flexibility. The two types of registers
are described below.

Basic Volatile — These are R/W (Read and Write) and
RO (Read only). After the IC is powered, the user can
modify the R/W register values to change IC functional-
ity. Changes in functionality include things like masking
certain faults. The RO registers communicate IC status
such as fault conditions. Any changes to these registers
are lost when power is recycled. The default values are
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fixed and cannot be changed by the factory or the end
user.

Basic Non-Volatile — These are R/W and RO. After the
IC is powered, the user can modify the R/W register val-
ues to change IC functionality. Changes in functionality
include things like output voltage settings, startup delay
time, and current limit thresholds. Any changes to these
registers are lost when power is recycled. The default
values can be modified at the factory to optimize IC
functionality for specific applications. Please contact

Qorvo for custom options and minimum order quantities.

When modifying only certain bits within a register, take
care to not inadvertently change other bits. Inadvert-
ently changing register contents can lead to unexpected
device behavior.

State Machine

The ACT88760 contains three independent state ma-
chines. Each state machine includes startup, low power
modes, operating, and fault modes. One of the key fea-
tures is the SLEEP and DPSLP states which are two
configurable states that allow the user to optimize their
system for low power modes. The output voltages can
be adjusted or turned off to achieve the lowest system
level power consumption. These states can be entered
and exited with GPIOs and I°C commands. Each of the
three state machines is defined by the factory config-
ured CMI and can not be changed by the user.

The ACT88760 can be configured to operate in either
the PWREN, PWRON, or Push Button state machines.
Only one mode of operation is allowed. Only one of the
three modes of operation is allowed in any IC. The de-
tails of the PWREN mode, the PWRON mode of opera-
tion and the Push Button mode of operation can be seen
in the separate state diagrams illustrated below. The
state diagrams show the different states possible within
each mode of operation.

PWREN State Machine

The PWREN state machine allows the IC to automati-
cally startup when input power is applied. After the out-
puts are turned on per the programmed startup se-
guence, either an 1°C command or the PWREN pin can
be used to move the IC to the DPSLP state.

PWRON State Machine

The PWRON state machine is very similar to PWREN
with two main differences. The outputs do not automat-
ically turn on unless the PWRON pin is pulled high. The
PWRON pin is used as an enable input in the PWRON
state machine. Also, the PWRON pin cannot be used to

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

move the state machine into the DPSLP state, but an-
other GPIO or an I)C command can be used to enter
and exit DPSLP mode.

Push Button State Machine

The Push Button state machine uses the nPB pin to
control the outputs turn on and turn off. The nPB input
pin is a unique, multi-function push button input. Refer
to the nPB pin functionality for more details.

RESET State

In the RESET, or “cold” state, the ACT88760 is waiting
for the input voltage on AVIN to be within a valid range
defined by the AVIN_UV and AVIN_OV thresholds. All
volatile registers are reset to defaults and Non-Volatile
registers are reset to programmed defaults. The IC tran-
sitions from RESET to the VROFF (PWRON configura-
tion) or POWER SEQUENCE START (PWREN config-
uration) state when the input voltage is in the correct
operating range.

The IC transitions from any other state to RESET if the
input voltage drops below the UVLO threshold voltage.
It is important to note any transition to RESET returns
all volatile and non-volatile registers to their default
states.

VROFF State

The VROFF state is only used in the PWRON configu-
ration. The IC enters VROFF from RESET when VIN
rises above UVLO or falls below OVLO. This is a stable
state (not transitional state) where the IC waits for a
GPIO input trigger to start sequencing on the output.
When it receives this trigger, it transitions to the
POWER SEQUENCE START state. The IC returns to
this state to turn off all the regulators if the control input
trigger is de-asserted at any time during operation. The
IC then turns of all the regulators in proper order and
waits in the VROFF state for the trigger to restart. If the
input voltage drops below the UV threshold or goes over
the OV threshold, the IC moves to the RESET state
from this state. I12C is active in this state.

POWER SEQUENCE START State

The POWER SEQUENCE START state is a transitional
state while the regulators are starting. The outputs are
enabled and are starting up in this state. Depending on
the IC’s configuration and GPIO inputs, it immediately
transitions to the POWER ON, SLEEP, or DPSLP states
states when the regulators go into regulation.

The ACT88760 fault mask bits ILIM_FLTMSK,
ILIM_WARN_FLTMSK, OV_FLTMSK and UV_FLT-
MSK default to 1 at startup, so if one regulator has a
fault at startup, all other regulators still turn on.
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POWER ON (Active) State

The ACTIVE state is the normal operating state when
the input voltage is within the allowable range, all out-
puts are turned on, and no faults are present. The IC
only enters the ACTIVE State from the POWER SE-
QUENCE START State with the PWREN and nPB con-
figurations. It enters from the VROFF State in the
PWRON configuration.

SLEEP State

The SLEEP state is a configurable low power state.
Based on the system’s low power operational require-
ments, the user can configure the SLEEP state by de-
fining which internal and external regulators are kept on
or turned off during the SLEEP state. Buck1/2/7 can be
programmed to be either ON or OFF. Buck3/4/5/6 can
be programmed to be either ON, OFF, or regulate to
one of its two VSETX register values. The VSETX regis-
ters effectively provide a dynamic voltage scaling (DVS)
function. The LDOs can be programmed to be either ON
or OFF. The regulators follow their programmed se-
guencing delay times when turning on or off as they exit
or enter the SLEEP state.

The IC can enter SLEEP state via the I1°C register
SLEEP bit or by a GPIO input. Figure 3 shows how the
NVM SLEEP_MODE factory bit sets the 1°C and GPIO
requirements to enter and exit the SLEEP state.

When the 12C bit SLEEP_MODE = 0, the IC enters
SLEEP State with the logical AND of the I°C SLEEP bit
and the GPIOs. If more than one GPIO is configured as
a SLEEP State input, then all the GPIOs must be as-
serted. If no GPIOs are configured to control the SLEEP
State, then only the SLEEP bit controls SLEEP State
entry and exit. The IC immediately exits the SLEEP
State when the SLEEP bit or a GPIO is de-asserted.

When the 1°C bit SLEEP_MODE = 1, the IC enters
SLEEP State with the logical OR of the I°C SLEEP bit
and the GPIOs. If no GPIOs are configured to control
the SLEEP state, then only the SLEEP bit controls the
SLEEP State. The IC exits SLEEP State when both I°C
and GPIO are de-asserted.

ACT88760
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SLEEP State Conditions with
SLEEP_MODE =0

ENTER the
SLEEP State

SLEEP State Conditions with
SLEEP_MODE =1

SLEEP
GPIOX SLEEp Stan
GPIOX ate

DPSLP State Conditions with
DPSLP_MODE =0

ENTER the
DPSLP State

DPSLP State Conditions with
DPSLP_MODE =1

DPSLP
e
GPIOX ate

Figure 3. SLEEP and DPSLP State Truth Tables

SLEEP
GPIOx
GPIOx

DPSLP
GPIOx
GPIOx

DPSLP State

The DPSLP State is another low power operating mode
for the operating system. It is intended to be used in a
lower power configuration than the SLEEP state. It is
identical to the SLEEP state, but DPSLP uses slightly
different configurations to enter and exit this mode.
Buck1/2/7 can be programmed to be either ON or OFF.
Buck3/4/5/6 can be programmed to be ON, OFF, or reg-
ulate to one of its VSETx register voltages (the DVS
function). The LDOs can be programmed to be either
ON or OFF.

The DPSLP state programming or configuration can be
different and independent from the SLEEP state pro-
gramming. Each output can be programmed to have dif-
ferent functionality between the SLEEP and DPSLP
states. The outputs follow their programmed sequenc-
ing delay times when turning on or off as they enter or
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exit the DPSLP state. The IC can enter DPSLP state via
the 12C register DPSLP bit or by a GPIOs input. Figure
3 shows how the NVM DPSLP factory bit sets the 12C
and GPIO requirements to enter and exit the DPSLP
state.

Any GPIO can be configured to control the DPSLP state
without requiring an 1°C command. This GPIO hardware
function is called PWREN

The PWREN pin activates DPSLP State in one of two
ways. The PWREN function can be configured to be ei-
ther edge triggered or level triggered. The difference be-
tween these configurations only affects DPSLP Mode at
power up.

Level triggered: If PWREN is low at startup, the IC en-
ters DPSLP immediately after VIN goes above the UV
threshold. Pulling PWREN high exits DPSLP.

Edge triggered: If PWREN is low at startup, the IC ig-
nores PWREN and starts up normally. PWREN must be
pulled high and then pulled low to generate a negative
going edge to enter DPSLP Mode. If PWREN is high at
startup, the IC starts up normally and then immediately
enters DPSLP Mode when PWREN is pulled low.

Like the SLEEP state, an NVM factory bit
DPSLP_MODE sets the logic OR or AND logic between
I2C and GPIOs for entering and exiting the DPSLP state.

When DPSLP_MODE = 0, the IC enters DPSLP State
with the logical AND of the I°C DPSLP bit and the
GPIOs. If more than one GPIO is configured as a
DPSLP State input, then all the GPIOs must be as-
serted. If no GPIOs are configured to control the DPSLP
State, then only the DPSLP bit controls DPSLP State
entry and exit. The IC immediately exits the DPSLP
State when the DPSLP bit or a GPIO is de-asserted.

When the I°C bit DPSLP_MODE = 1, the IC enters
DPSLP State with the logical OR of the I1°C DPSLP bit
and the GPIOs. If no GPIOs are configured to control
the DPSLP state, then only the DPSLP bit controls the
DPSLP State. The IC exits DPSLP State when both I12C
and GPIO are de-asserted.

GPIOs can also be programmed to individually turn one
or multiple outputs on and off. This on/off GPIO func-
tionality in addition to the PWREN functionality. It pro-
vides a wide range of configurability for setting different

ACT88760
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DPSLP on/off patterns. Note that the GPIOs have four
delay time options for both the rising and falling edges.
These settings are Oms, 1ms, 2ms, and 4ms.

For example, in SSD applications, the host can use
these GPIOs and PWREN to enter different power save
modes like PS3.5 and PS4.

In video applications, the GPIOs can be connected to
sensor inputs to trigger the IC to exit the DPSLP mode
when a sensor input triggers. The GPIO polarity can be
programmed as active HIGH or LOW. GPIOs also have
a programmable Oms, 1ms, 2ms, and 4ms deglitch
times.

Note that if an OV, UV, or THERMAL fault occurs when
in DPSLP state, the PMIC transitions to the appropriate
fault state and then transitions to the POWER ON state
when the fault clears.

THERMAL State

In the THERMAL state, the IC has exceeded the ther-
mal shutdown temperature. The IC shuts down all reg-
ulators and asserts the nRESET pin low to protect the
IC in this condition. The THERMAL interrupt can be
masked by setting register 0x01h bit 5 (TMSK) = 1. Note
that thermal shutdown fault bit, TWARN, still provides
the thermal status even if TMSK = 1. The THERMAL
state can be disabled by setting register DIS_OTS in
Factory level to 1.

OVUVFLT State

If one of the regulators exceed an OV or UV level at any
time after the soft start ramp has completed, and the
corresponding OV_FLTMSK or UV_FLTMSK volatile
bits are set to low, the IC moves to UVOVFLT state. In
this state, all regulators shutdown and the IC asserts the
NRESET pin. After entering the OVUVFLT state, the IC
stays there for 100ms and then goes back to the AC-
TIVE state. If the OV or UV condition still exists in the
ACTIVE state, the IC returns to the OVUVFLT state.
The cycle continues until the OV or UV fault is removed,
or the input power is removed. The IC does not directly
enter OVUVFLT in an overcurrent condition but does
enter this state due to the resulting UV condition.
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Figure 4: PWREN State Machine
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Figure 5: PWRON State Machine
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Figure 6: Push Button State Machine
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PMIC OPERATION

The following sections describe the available
ACT88760 functionality. Much of this functionality is
configurable and can be mapped to different IC pins
with a different CMI.

Sequencing

The ACT88760 provides the end user with extremely
versatile sequencing capability that can be optimized for
many different applications. Each of the 13 outputs has
five basic sequencing parameters: input trigger, turn-on
delay, turn-off delay, softstart time, and output voltage.
Each of these parameters is controlled via the ICs inter-
nal registers. Contact Qorvo for custom sequencing
configurations. Refer to the Qorvo Application Note de-
scribing the Register Map for full details on I2C function-
ality and programming ranges.

Turn on and Turn off Options. The ACT88760 pro-
vides several options for enabling the IC. These include
automatic power up when input power is applied as well
as power up with a digital input signal to a GPIO. The
GPIO can be configured to latch the IC on with an input
pulse or to be level triggered. Once powered on, the IC
can be turned off with either the GPIO or an I1>’C com-
mand.

Input trigger. The input trigger for a regulator is the
event that turns that regulator on. Each output can have
a separate input trigger. The input trigger can be the in-
ternal power OK (POK) signal from one of the other reg-
ulators, the internal VIN POK signal, or an external sig-
nal applied to the IC’'s nPB/PWREN or GPIO pins. This
flexibility allows a wide range of sequencing possibilities,
including having some of the outputs be sequenced with
another external power supply or a control signal from
the host. As an example, if the LDO1 input trigger is
Buckl, LDO1 will not turn on until Buck1 is in regulation.
Input triggers are defined at the factory and can be
changed with a custom CMI configuration. The GPIOs
can be internally connected to a power supply’s internal
POK signal and used as an output to turn on external
supplies in the overall sequencing scheme. A GPIO
configured as the enable signal to turn on an external
power supply is called the EXT_EN function.

Turn-on Delay. The turn-on delay is the time between
an input trigger going active and the output starting to
turn on. Each output’s turn-on delay is configured via its
IC bit ONDLY[2:0]. Turn-on delays can be changed af-
ter the IC is powered on, but they are volatile and reset
to the factory defaults when power is recycled.

Turn-off Delay. The turn-off delay is the time between
the input trigger for SLEEP or DPSLP Mode being as-

ACT88760
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serted and when each output starts to turn off. Each out-
put's turn-off delay is configured via its I1°C bit
OFFDLY][2:0]. Turn-off delays can be changed after the
IC is powered on, but they are volatile and reset to the
factory defaults when power is recycled.

Softstart Time. The softstart time is the time it takes an
output to ramp from 10% to 90% to its programmed volt-
age. Each output's softstart time is configured sepa-
rately via its 12C softstart bits. Softstart times can be
changed after the IC is powered on, but they are volatile
and reset to the factory defaults when power is recycled.

Output Voltage. Each regulator's voltage is pro-
grammed via its 1°C bits VSETx. The Buck1/2/7 have
four VSETX registers, Buck3/4/5/6 have two VSETx reg-
isters, and the LDOs only have one. Note that in all con-
ditions a buck’s VSETO register must be programmed
to the highest voltage setting of all its VSETx registers.
VSET1/2/3 settings do not have any restrictions other
than they must all be lower than VSETO. A buck con-
verter typically regulates to its VSETO voltage in AC-
TIVE mode, but a GPIO can be configured to have the
regulator regulate to one of its other voltages. The buck
converter can be programmed to DVS to different
VSETx values via a GPIO or by I°C. The LDOs do not
support DVS.

All buck regulators can change between VSETx values
on-the-fly (true DVS). If a system requires two different
voltage options at startup, a GPIO can be programmed
as a Voltage Select function. The Voltage Select input
acts as an individual DVS control input to a buck con-
verter. The Voltage Select input is typically tied high or
low before output voltage is enabled and then does not
change after the output is turned on. However, the
ACT88760's does allow the Voltage Select to be
changed on-the-fly for small output voltage changes
that are less than 25%. For larger voltage changes,
Qorvo recommends changing the voltage via 1°C in
small increments so the output voltage does not trigger
an OV or UV condition.

Each output's Bx_VSETO and Bx_VSET1 voltage can
be changed via I12C after the IC is powered on, but the
new setting is volatile and is reset to the factory defaults
when power is recycled. All bucks and LDO output volt-
ages can be changed on-the-fly by writing a new value
into their 1°C registers. If a large voltage change is
needed, change the output voltage by the multiple
smaller steps. Qorvo recommends minimizing the step
size change to prevent the IC from detecting an instan-
taneous over or under voltage condition due to fault
thresholds being immediately changed, but output volt-
age taking time to respond.
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Dynamic Voltage Scaling

On-the-fly dynamic voltage scaling (DVS) for all Buck
regulators is available via the I°C interface. DVS allows
systems to save power by quickly adjusting the micro-
processor performance level when the workload
changes. Note that DVS is not a different operating
state. The IC operates in the ACTIVE state, but just reg-
ulates the outputs to a different voltage as specified by
VSETx. For fault free operation, the user must ensure
output load conditions plus the current required to
charge the output capacitance during a DVS rising volt-
age condition does not exceed the current limit setting
of the regulator. As with any power supply, changing an
output voltage too fast can require a current higher than
the current limit setting. The user must ensure that the
voltage step, slew rate, and load current conditions do
not result in an instantaneous loading that results in a
current limit condition.

Buck1/2/7 have four DVS settings. Buck3/4/5/6 have
two DVS settings. Buck1/2/7 enter DVS differently from
Buck3/4/5/6. Entering DVS by a GPIO pin, I12C, or when
entering SLEEP/DPSLP are CMI dependent, so contact
Qorvo for details.

Buck1/2/7 enter DVS by using GPIO pins (Table 2) or
via 12C using the BKxDvsI2C[1:0] bits in register 0x44h.
Note that Buck1/2/7 cannot automatically enter DVS
when the IC enters SLEEP or DPSLP mode.

Buck3/4/5/6 enter DVS by using a single GPIO pin or
via I12C using the DVS_FROM_I12C_DBx bits in register
0x02h. They can also be programmed to automatically
enter DVS when the IC enters SLEEP or DPSLP mode.

Table 2: Buck1/2/7 DVS Control

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

Input Voltage Monitoring (SYSMON)

The ACT88760 monitors the input voltage on the AVIN
pin to ensure it is within specified limits for system level
operation. The IC “wakes up” and allows I12C communi-
cation when AVIN rises above the UVLO threshold. The
UVLO falling threshold can be set to either 2.7V or 3.6V
by a factory programmable bit, VIN_LVL. VIN_LVL is
not user adjustable. However, the outputs do not turn
on until AVIN rises above the SYSMON threshold. The
SYSMON rising threshold is programmable between
2.6V and 4.7V with 100mV steps. The SYSMON falling
threshold has 100mV hysteresis.

If AVIN drops below the SYSMON falling threshold, the
ACT88760 operates in one of two modes, which are
programmable via a factory bit. This bit is not user ad-
justable. When SYSMON_SD=0 the outputs continue to
operate normally while AVIN is still above UVLO. A
GPIO can be programmed to output an active low SYS-
MON signal to indicate the SYSMON threshold has
been crossed. The IC also asserts the nIRQ interrupt
when AVIN < SYSMON. The nIRQ interrupt can be
masked by an NVM register bit. The SYSMON signal
output is a real-time signal. The IC also has a real-time
status bit, SYSDAT in register 0x02h that follows the in-
ternal SYSMON signal. Note that the nIRQ output is
latched until the SYSSTAT bit in register 0x00h is read
via I°C.

When SYSMON_SD=1 the outputs immediately turn off
when AVIN drops below the SYSMON falling threshold.
Note that the outputs do not follow their programmed
turn of delay. Figure 7 shows the SYSMON details when
SYSMON_SD=0 (not programmed to turn off the out-
puts). If programmed to turn off the outputs, Figure 8
would show the outputs turning off when AVIN dropped
below SYSMON.

Buckx 12C Buckl/2/7
DVS EN Control Input - Control Input - Voltage
it BKxDvs GPIOx, GPIOy Control
Register
0 XX 00 VSETO
0 XX 01 VSET1
0 XX 10 VSET2
0 XX 11 VSET3
1 00 XX VSETO
1 01 XX VSET1
1 10 XX VSET2
1 11 XX VSET3
Data Sheet Rev. B, June 14, 2022 | Subject to change without notice 34 of 68 www.gorvo.com

© 2021 Qorvo US, Inc. All rights reserved. Confidential


http://www.qorvo.com/

ACT88760

n
(@)
(]
-
©
"
k —
o Lo
=} ©350
@ o S
e T e I R I Ecow
S 58
s 2Z 2z 0 €Y
w \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ m > (@) © o ©
2 s S c &=
(®) ot W+ O
it = e S
M D © w w
a W 2 A
3 35
%) o O
el = z73
e @ e [a )
> et I S
© =g
< L g
v O
Z T
z Y
=Z ©
N 8355
o 3]
|||||||||| T T T T T T T T T T T T I K] >
i I 29 <
, , hx
||||||| S R I B I
| i
e e > T
i 7 c I
C g ©
i i ©
b
i i z 25
i i <@ n
....... T T TTTTTTTTTTTTTTTTTTTT 2 e
3]
, | >
i i S
i i
__ e
i i -
I I m w2
, [ © m m
|||||||||||||||||||||||||||||||||||||||||||||||| - =
i ww
||||||| | To—~__2Z2= c c @
© I i , < o o .2
@) A 5§29 By
T 8 38 2 - = E 5%% ggl
S < < < = © 2 © S 3 < g <=
\ ¢ g 2 S x c O c > w. A n >
g ¢ ¢ < 0 oo @)
£ < £ o— S = S
F FF W (7)) 32
zZ z o0 73 >
[ o =
2 5 ° L4
>
> n
o g

WWW.Jorvo.com

|
l
SYSMON
Generated

SYSMON
Generated when
VIN < SYSMON
35 of 68
© 2021 Qorvo US, Inc. All rights reserved. Confidential

SYSWARN
Generated when

VIN < SYSWARN
Figure 7: SYSMON and SYSWARN Signals when SYSMON_SD=0
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Figure 8: SYSMON and SYSWARN Signals when SYSMON_SD=1

Input Voltage Warning (SYSWARN)

The ACT88760 also has a second level of input voltage
monitoring, SYSWARN. SYSWARN provides another
level of low input voltage warning to the host. The rising
threshold is programmable between 2.6V and 4.7V with
100mV steps by the SYSWARN bits. It should not be
programmed lower than the SYSMON threshold. A
GPIO can be programmed to output an active low SYS-
WARN signal so the host can use it for system control
purposes. In the meantime, the IC asserts the nIRQ in-
terrupt when VIN < SYSWARN. The nIRQ interrupt can

be masked in the NVM register bit. The SYSWARN sig-
nal output is a real-time signal. The IC also has a real-
time status bit, SYSWARN, that follows the internal
SYSWARN signal. Note that the nIRQ output is latched
until the SYSWARN bit in register 0x00h is read via I1>C.

Fault Protection

The ACT88760 contains several levels of fault protec-
tion, including the following:

e System Monitor (SYSMON) — UV and OV de-
tection
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e System Warning (SYSWARN) — UV and OV de-
tection

e Output Overvoltage

e Output Undervoltage

e Output Current Limit and Short Circuit
e 4 lLevels of Thermal Warning

e Thermal Shutdown

There are three types of I1°C register bits associated with
each fault condition: fault flag bits, fault bits, and mask
bits. The fault flag bits display the real-time fault status.
Their status is valid regardless of whether that fault is
masked. The mask bits either block or allow the fault to
affect the fault bit. Each potential fault condition can be
masked via I°C if desired. Any unmasked fault condition
results in the fault bit going high, which asserts the nIRQ
pin. nIRQ is typically active low. The nIRQ pin only de-
asserts after the fault condition is no longer present and
the corresponding fault bit is read via I°C. Note that
masked faults can still be read in the fault flag bit. Refer
to the Qorvo Application Note describing the Register
Map for full details on 1>C functionality and programming
ranges.

Input Voltage UVLO

The ACT88760 monitors its input voltage at the AVIN
pin for a UVLO condition. When the input voltage is be-
low the UVLO threshold, the IC is in the RESET State,
all outputs are turned off, and nRESET is asserted low.
I2C functionality is not enabled until AVIN goes above
the UVLO threshold. When the input voltage goes
above UVLO, the IC transitions to the Power Sequence
Start or the VROFF state. The UVLO threshold can be
set to either 2.7V or 3.6V by a factory programmable bit,
VIN_LVL. VIN_LVL is not user adjustable.

Input Voltage OV

The ACT88760 monitors its input voltage at the AVIN
pin for an OV condition. There are two overvoltage lev-
els, POK_OV and VIN_OV. The first level is set by the
POK_QV register, which is programmable between
3.5V and 5.6V in 300mV steps. When AVIN goes above
the POK_QV threshold, an interrupt is generated on the
nIRQ output, but all outputs stay on. If
VIN_POK_OV_MASK = 0, the VIN_POK_OV register
provides real-time status if. If it = 1, then VIN_POK_OV
register is latched until read by I12C. The second level,
VIN_QV, is programmable between 3.7V and 5.81V.
VIN_OV should be programmed higher than POK_OV.
When the input voltage is above the VIN_OV threshold,
the IC is in the RESET State, all outputs are turned off,

ACT88760
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and nRESET is asserted low. 1°C functionality is still en-
abled while AVIN is above the VIN_OV threshold. When
the input voltage goes below the VIN_OV threshold, the
IC transitions back to the Power Sequence Start State
and starts up normally.

Output Under/Over Voltage

The ACT88760 monitors the output voltages for under
voltage and over voltage conditions. The bucks’ un-
dervoltage bits are POK and the overvoltage bits are OV.
The LDOs’ undervoltage bits are PWRGOOD and the
overvoltage bits are OV. The undervoltage thresholds
are ~92% of the setpoint and the overvoltage thresholds
are ~108% of the setpoint.

If the fault mask bits are set to 1, output UV/OV faults
will not trigger interrupt, and the 1C will not enter UV/OV
shutdown.

If the fault mask bits (UV_FLTMSK and OV_FLTMSK)
are set to 0, output UV/OV faults will trigger interrupt.
And if the bit DisOvUvShdn in register 0x09h is set to 0,
the IC will enter UV/OV shutdown. The IC can be con-
figured to assert the nIRQ pin low when an output goes
UV/QV to interrupt the system processor nIRQ remains
asserted low until either the faulty regulator is turned off
or it goes back into regulation, and the POK [-] bit (for
Bucks) and PWRGOODI-] bit (for LDOSs) has been read
via I°C to clear the interrupt. After the UV/OV condition
is removed, an 12C read is required to clear the interrupt.

When it enters the UV/OV state, it shuts down all out-
puts for 100ms and restarts with the programmed power
up sequence. If an output is in current limit, it is possible
that its voltage can drop below the UV threshold which
also shuts down all outputs. If that behavior is not de-
sired, mask the appropriate fault bit.

POK][/PWRGOOD]] are real-time status bits while OV[]
is a latching status bit. POK[]/PWRGOOD]] are setto 1
when VOUT is over the POK/PWRGOOD levels and re-
set to 0 when VOUT is under POK/PWRGOOD level.
Note that these bits are valid even if the UV/OV faults
are masked. Masking an OV/UV fault just prevents the
fault from being reported via the nIRQ pin. They still pro-
vide real-time UV/OV fault status via its fault flag, even
if the fault is masked.

OV][] is set to 1 when VOUT is over the OV level and
stays latched at 1 until readback by I12C OV[] and the
output voltage has dropped below the OV threshold.

A UV/OV fault condition pulls the nRESET pin low. Note
that nRESET output is configurable via CMI settings.
Note that when the IC enters the UV/OV state due to an
output UV/QV condition, all other outputs also turn off,
even if their UV and OV faults are masked.
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Output Current Limit

The ACT88760 incorporates a three-level overcurrent
protection scheme for the buck converters and a single
level scheme for the LDOs. For the buck converters, the
overcurrent current threshold refers to the peak switch
current. The first protection level is when a buck con-
verter's peak switch current reaches 77.5% of the Cy-
cle-by-Cycle current limit threshold for greater than 17
continuous switching cycles. Under this condition, the
IC reports the fault via the appropriate fault flag bit. If the
fault is unmasked, it asserts the nIRQ pin. This does not
turn off that output or other outputs. The next level is
when the current increases to the Cycle-by-Cycle
threshold. The buck converter limits the peak switch
current in each switching cycle. This reduces the effec-
tive duty cycle and causes the output voltage to drop,
potentially creating an undervoltage condition. When
the overcurrent condition results in an UV condition, and
UV is not masked, the IC turns off all supplies off for
100ms and restarts. The third level is when the peak
switch current reaches 122.5% of the Cycle-by-Cycle
current limit threshold for five continuous switching cy-
cles. This immediately shuts down the regulator and
waits 14ms before restarting. The IC also has LS cur-
rent limit for protection from current run-away. If the LS
current limit is reached for nine continuous switching cy-
cles, the IC may or may not turn off shutdown the regu-
lator and wait 14ms before restarting depending on the
specific CMI.

If the buck regulator current limit fault causes a UV fault
which is reported back to the master controller (un-
masked), the PMIC may shutdown for 100ms by enter-
ing the OV/UV state, and the behavior of the PMIC in
this case is similar to the behavior in the OV/UV state.

For LDOs, the overcurrent thresholds are set by each
LDO’s Output Current Limit setting. When the output
current reaches the Current Limit threshold, the LDO
limits the output current. This reduces the output volt-
age, creating an undervoltage condition, causing all
supplies to turn off for 100ms before restarting.

The overcurrent fault limits for each output are adjusta-
ble via I2C. Overcurrent fault reporting can be masked
via I>C, but the overcurrent limits are always active and
will shut down the IC when exceeded.

Thermal Warning and Thermal Shutdown

The ACT88760 monitors its internal die temperature
and reports a warning via the nIRQ interrupt pin when
the temperature rises above the Thermal Interrupt
Warning Threshold of typically 125°C. The ACT88760
contains four levels of thermal warning. The thermal
warning status bits can be individually read from their
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corresponding register bits. One of the four thresholds
can be mapped to generate an interrupt on the nIRQ pin.

The IC can report report a fault when the temperature
rises above the Thermal Shutdown Temperature of typ-
ically 165°C. An over-temperature condition moves the
state machine to the THERMAL FAULT state and shuts
down all outputs unless the fault is masked. Both the
fault and the warning conditions can be masked via I°C.
The temperature warning and fault flags still provide
real-time status even if the faults are masked. Masking
just prevents the faults from being reported via the nIRQ
pin and prevents the PMIC from automatically reacting
to the condition.

PWREN

PWREN is one of the three operating modes. See the
State Machine section for more information. The
PWREN functionality is controlled by the PWREN pin,
which can only be assigned to GPIO6. The PWREN
functionality is only available when the IC is configured
for PWREN.

PWRON

PWRON is one of the three operating modes. See the
State Machine section for more information. The
PWRON functionality is controlled by the PWRON pin,
which can only be assigned to GPIO6. The PWRON
functionality is only available when the IC is configured
for PWRON.

Push Button

Push Button is one of the three operating modes. See
the State Machine section for more information. The
Push Button functionality is controlled by the nPB pin,
which can only be assigned to GP1O6. The Push Button
functionality is only available when the IC is configured
for Push Button.

The nPB provides multiple system level functions which
depend on both the length of time that nPB is asserted
low and the I°C register settings. Table 12 summarizes
the available options.

Power On: When nPB is pressed for longer than its
50ms debounce time, the IC always enters the ACTIVE
state from any previous state, including SLEEP/DPSLP,
UV/OV/OC protection, and POWER OFF states, and it
resets the SLEEP/DPSLP bits to “0". If the press time is
less than 50ms, the debounce timer resets and the IC
stays in its current state.

Power Off: nPB can be used to turn the outputs off and
put the IC into the POWER OFF state. Enable this func-
tionality by setting EN_PWROFF=1. Asserting nPB for
longer than the time defined by PB_OFF_TIMER turns
the outputs off with the programmed turn off sequencing.
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Note that the IC first enters the ACTIVE state after the
50ms debounce time. For the 1s<4s and 4s<8s settings,
the IC turns off when nPB is deasserted. For the 8s and
12s settings, the IC turns the outputs off after nPB is
pressed for either 8s or 12s. nPB does no need to be
released to turn the outputs off. The four timing options
are below:

00: 1s < Tpress < 4s, trigger at release
01: 4s < Tpress < 8s, trigger at release
10: Tpress = 8s, trigger at exactly 8s

11: Tpress = 12s, trigger at exactly 12s

For the 1s<4s and 4s<8s timing, if NPB is deasserted
before the programmed time, the IC goes to the ACTIVE
state after the 50ms debounce time and stays in the AC-
TIVE state. When the timing is programmed for 8s or
12s, the IC immediately turn the outputs off when nPB
is held for longer than the 8s or 12 programmed time.

Power Cycle: The IC also contains a Power Cycle func-
tion. Enable this function by setting EN_PWRCYS=1.
This function turns all outputs off with their programmed
power down sequencing and then automatically restarts
them with their startup sequencing.

Asserting nPB for longer than the time defined by
PB_CYCLE_TIMER turns the outputs off with the pro-
grammed turn off sequencing. Note that the IC first en-
ters the ACTIVE state after the 50ms debounce time.
For the 1s<4s and 4s<8s setting, the IC starts the power
cycle when nPB is deasserted. For the 8s and 12s set-
tings, the IC starts the power cycle without the need to
deassert nPB. The four timing options are below:

00: 1s < Tpress < 4s, trigger at release
01: 4s < Tpress < 8s, trigger at release
10: Tpress = 8s, trigger at exactly 8s
1: Tpress = 12s, trigger at exactly 12s

For the 1s<4s and 4s<8s timing, if NPB is deasserted
before the programmed time the IC goes to the ACTIVE
state after the 50ms debounce time and stays in the AC-
TIVE state. When the timing is programmed for 8s or
12s, the IC immediately starts the power sequence
when nPB is held for longer than the 8s or 12 pro-
grammed time.

Note that the IC can perform both settings by program-
ming PB_OFF_TIMER and PB_CYCLE_TIMER to dif-
ferent values. If both settings are programmed to the
same setting PB_OFF takes priority.

Generate Pulse: One GPIO can be configured as a
PB_Pulse function to generate a 100ms pulse when
push-button is asserted for > 50ms.

ACT88760
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Table 12 describes the available nPB functions.

nPB FUNCTION SUMMARY

Function nPB Time | nPB TIME Configuration nPB Configuration

EN_PWROFF =0
Power On t>50ms EN_PWRCYS = 0
Generate
Pulse on t>50ms EN_PB_PULSE=1
GPIO
Is<t<4s PB_OFF_TIMER =00
4s<t<8s PB_OFF_TIMER =01
Power Off EN_PWROFF =1
t=8s PB_OFF_TIMER = 10
t=12s PB_OFF_TIMER =11

1s<t<4s | PB_CYCLE_TIMER =00

Power Cy- | 4s<t<8s PB_CYCLE_TIMER =01

cle t=8s

EN_PWRCYS =1
PB_CYCLE_TIMER = 10

t=12s PB_CYCLE_TIMER =11

Table 12: Summary of nPB Functions

nIRQ

The ACT88760 interrupt pin informs the host of any un-
masked IC faults. In general, anything with a status
change indicator can assert the nIRQ pin. The status
changes can be masked by set the corresponding reg-
ister bits. Note that all interrupts are masked by default
and must be unmasked as needed. If interrupt bit is set,
the fault must be read before it clears the interrupt bit.
nIRQ stays asserted until both the fault clears and the
interrupt bit is cleared by an I1°C read. If the fault remains
after the I°C read, the interrupt bit remains set.

The following status changes assert nIRQ:

Input over-voltage, under-voltage

Input voltage drops below SYSMON

Input voltage drops below SYSWARN

Thermal warning, thermal shutdown

Buck operation faults

Buck under-voltage shutdown

Any buck regulator exceeding peak current limit

for 17 cycles after soft start or a UV/OV

condition.

e Any regulator exceeding current limit for more
than 20us after soft start or a UV/OV condition.

e Watch Dog timer expiring.

e GPIOs wake up mode high to low transition

NRESET

The nRESET pin is an open drain 5V compatible output
used to issue the main reset to the system’s CPU/con-
troller. The output monitors the input voltage and valid
regulator outputs to trigger a reset if the input voltage or
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regulator output voltages are not valid. The nRESET de-
lay time is controlled by the TRST_DLY control bits. The
delay time is programmable from 5ms to 100ms. nRE-
SET is essentially the same as a Power Good (PG)
function but with a fixed delay after all the supply rails
go into regulation.

The nRESET output signal is typically tied to all regula-
tors outputs that are necessary for the system controller
and 1/Os to function properly. Each regulator has a reg-
ister bit, RST, that determines if that regulator's POK
signal is used as an input to the nRESET output signal.
In general, the behavior of the nRESET output is such
that the nRESET output is low if any one of the Power
Okay (POK) signals from the controlling regulators is
low. In other words, if any one of the controlling regula-
tor outputs is not okay, the nRESET output will be as-
serted low.

The POK signal for any regulator can only be low when
the regulator is enabled and the output is not regulating
at normal levels. When a regulator’'s RSTI_by POK bit
= 0, the disabled regulator does not affect the nRESET
signal even if its POK signal were configured to control
the nRESET output. When a regulator’'s RSTI_by POK
bit = 1, then the disabled regulator does assert nRESET
low. Note that RSTI_by POK bit is a factory bit and can
not be changed by a user.

In most applications, RSTI_by POK bit = 0 so that a
disabled regulator’'s POK bit stays high. The POK bits
only go low (not ok) when the regulator is enabled but
the output is not at the target regulation voltage. When
a regulator is enabled, its internal POK immediately
goes low until the output voltage goes above 90% of its
programmed voltage.

Note that if a regulator’'s POK is configured as one of
the input triggers to the nRESET function and that
regulator turns off, the nRESET pin gets momentarily
asserted low. The regulator could be turned off due to a
GPIO input or going into SLEEP or DPSLP modes.
When the regulator turn off due to a GPIO input or
existing SLEEP or DPSLP modes, its POK output
momentarily goes low, which also asserts nRESET low.
If this is not desired, that individual regulator can be
reconfigured to not be a RESET trigger input. Another
option is to use the PGOOD function as a RESET to the
system microprocessor.

PGOOD

The PGOOD output is similar to nRESET, but with some
key differences. At power up the RESET function drives
the PGOOD output, and PGOOD is asserted high at the
same time that nRESET is deasserted high. The key
difference is that PGOOD does not momentarily deas-
sert low when a regulator enters or exits SLEEP or
DPSLP states or when it is enabled or disabled with a
GPIO. The regulator's POK signal does not force the

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

PGOOD output low. The PGOOD output is only de-as-
serted when a fault occurs on any of the regulators after
its soft start time. PGOOD is also deasserted low when
all regulators on the IC are turned off or when the mas-
ter UVLO (MUVLO) signal triggers. The master UVLO
is a signal that is triggered when the input voltage (AVIN
Input) is removed or when it drops below the UVLO
threshold to reset the IC. A factory bit (ILIM-
FLT _PG_MASK][]) controls whether or not an output's
current fault deasserts PGOOD. If ILIMFLT_PG_MASK
= 0, any output’s current limit fault deasserts PGOOD.
If ILIMFLT_PG_MASK =1, then current faults do not af-
fect PGOOD.

EXT_EN

The EXT_EN is a GPIO output function that is used to
enable an external power supply. This function is useful
for incorporating external power supplies into the overall
system level startup sequencing. The EXT_EN output
can be triggered by one of the regulator’'s POK signals.
It can be programmed with a 0, 1, 2, or 4ms delay time.

EXT_PG

The EXT_PG is a GPIO input function that is used to
indicate that an external power supply has turned on
and its output voltage is in regulation. This function is
useful for incorporating external power supplies into the
overall system level startup sequencing. The EXT_PG
output can be used as an input trigger to turn on one of
the ACT88760 regulators.

POK

Any regulator’s internal POK bit can be connected to a
GPIO to provide an external POK signal. The POK func-
tion indicates that a regulator’s output voltage is in reg-
ulation.

GPIO Wake up Mode

All GPIOs can be configured to force the IC into and out
of DPSLP mode. Any number of GPIOs can be config-
ured for this functionality. Please see the DPSLP State
section for details. In addition, there are interrupt trig-
gers that can be set up for GPIOs 1-11. The input status
of the GPIOs can be read from the GPIOx_STAT bits,
register 0x03h, 0x2Bh. Only the bits associated with the
GPIOs that are configured as inputs are valid. The other
bits are undefined and return a random value when read.
For GPIOs configured as inputs, except PWRON, an in-
put status change (1 to 0 or 0 to 1) can be configured to
assert the nIRQ pin. For the PWRON input, a status
change from 0 to 1 can be configured to assert the nIRQ
pin, but a status change from 1 to 0 cannot. When the
PWRON status changes from 1 to O, all volatile and
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non-volatile registers are reloaded to their default set-
tings, which masks the status change. The status
change function is masked by default and must be un-
masked to enable the function, except GPIO8 which is
unmasked by default.

LED Driver

GPI09/10 can be configured as LED sinks. They sink a
constant current that is programmed by the
GPIOx_ILED bits. The programmable sink currents are
0,0.5,1,1.5,2,3,4, and 6mA. OmA effectively turns the
LED sink off.

Discharge Function
The discharge function is used to quickly discharge a

regulator’s output voltage when the regulator is disabled.

A GPIO can be configured as an open drain output and
connected to the regulator’'s output through a resistor.
When the output is turned off, all residual output capac-
itor energy is quickly discharged through the resistor to
ground. The maximum discharge current is set by the
discharge resistance and the output voltage. The dis-
charge function is intended to quickly discharge the reg-
ulator’s output voltage, but not to continuously sink cur-
rent from an externally supplied voltage.

PIN DESCRIPTIONS

The ACT88760 input and output pins are configurable
via CMI configurations. The following descriptions refer
to the basic pin functions and capabilities. Refer to the
CMI Options section in the back of the datasheet for
specific pin functionality for each CMI.

AVIN Input Pin

AVIN is the PMIC bias power input. AVIN provides bias
power to the master controller, the control circuits for all
the regulators, the voltage monitors and fault compara-
tors for UV, OV, SYSMON, Current limits etc. AVIN
must be connected to the same voltage source as the
VIN_Bx pins. It requires a 10 pF bypass capacitor to
AGND.

VIO Pin

The VIO output pin is a regulated voltage that can be
set to 1.2V, 1.8V, 2.4V, or 3.3V. This voltage is used
internally to power all GPIOs, and it sets the GPIO
output voltage level when they are configured as push-
pull outputs. The output voltage is powered from an
integrated low quiescent current LDO. VIO requires a 1
pF capacitor to AGND. It can supply up to 20 mA of
current to external circuity.

ACT88760
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PWREN / PWRON / nPB Pin

This pin can be configured to only one of these three
different functions. The pin’s configuration is set by the
ICs specific CMI. See the State Machine section of the
datasheet for details on how this pin functions in each
of the three available states: PWREN, PWRON, and
Push Button.

SCL, SDA

These are the IC’s IC clock and data pins. They have
standard I1?C functionality. The SCL and SDA pins have
dedicated functionality and cannot be used for other
functionality. If 1°C is not needed, these pins should be
tied to either ground or to AVIN. See the System Control
section for the IC’s available slave addresses. SCL and
SDA can be configured as true open drain, or as open
drain with internal 5kQ pullup resistors. The pullup volt-
age can be configured to either VIO or AVIN.

PGNDx

The PGNDXx pins are the buck converter power ground
pins. They connect directly to the buck converters’ low
side FETs. Bypass VIN_Bx to PGNDx and place the by-
pass capacitors close to the IC with minimal trace dis-
tance and maximum trace width to minimize parasitic
inductance.

VIN_BX

VIN_Bx pins are the dedicated input power pins to the
buck converters. All VIN_Bx pins must be connected to
the same voltage input. Each buck converter's VIN_Bx
pin must be bypassed directly to its PGNDx pin on the
top PCB layer with high-quality ceramic capacitors. Re-
fer to the Step-down DC/DC Converters section for
more details on the capacitor requirements.

SW_Bx

SW_Bx are the buck converter switch nodes. They con-
nect directly to each buck’s inductor on the top layer.

FB_Bx

These are the feedback pins for each buck converter.
They should be kelvin connected to the buck output ca-
pacitors.

VINLX

These are the dedicated LDOXx input power pins. Each
VINLX pin can be connected to a different input voltage
to optimize system level efficiency. Each pin must be
bypassed directly to AGND on the top PCB layer with a
1pF or greater ceramic capacitor.
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LDOx

These are the LDO output pins. Each LDO output must
be bypassed to AGND with an appropriate capacitor.
See the LDO section for capacitor requirements.
GPIOx

The ACT88760 has 11 GPIO pins. The GPIOs allow a
variety of functions to be implemented. They can be
used as inputs, open-drain outputs, or push-pull outputs.
Their polarity can also be changed. These options allow
implementation of a variety of system functions plus
flexibility of functions tied to each pin. GPIOs can be
configured for the following:

Reset output - nRESET

Power Good output - PG

Interrupt output — nIRQ

Power OK output — POK

External Regulator Enable output — EXT_EN

ACT88760
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External Regulator Power Good input — EXT_PG
SLEEP Control input - SLEEP

DPSLP Control input - PWREN

Dynamic Voltage Scaling input — DVS

System Monitor output — SYSMON

System Warning output — SYSWARN

LED Driver input — LED

Not all GPIOs can support all available functions. The
default GPIO configuration is defined by the IC’s CMI.
Some GPIOs can be reconfigured on-the-fly.

Some GPIOs that are configured as open drain outputs
can be internally pulled up to either VIO or AVIN through
an 86kQ resistor. All GPIOs are 5V compliant and can
be pulled to 5V regardless of their bias supply.

Table below shows each GPIO’s available functionality

PULL

Assigned | vin_pok | ANY ANY | gipep/ Input Status| EXTREGEN [ | input Output Mode Output Modef - invert Internal
GPIO # . . INTERNAL |INTERNAL] DPSLP NRESET niRQ | LED Drive (USE INTERNAL | (DISCHG . Delay

Function |(Warning)| peg pok| REG EN (Interrupt) Mode (cmos) (Open Drain) | (In/Out) Pull up

= = LONTRO. REG FN /POK) | FXT RFG)
GPIO1 niRQ Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 100K (VIO)
GPIO2 NRESET Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 100K (VIO)
GPI03 Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 100K (VIO)
GPIO4 Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 100K (VIO)
GPIO5 EXTEN1 Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes No Yes Yes Yes No
nPB/PWREN

GPIO6 Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 100K (VIO})

/PWRON
GPIO7 EXTPG1 Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 100K (VIO)
GPIO8 Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 100K (VIO)
GPI109 LED1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes No No
GP1010 LED2 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes No No
GPIO11 Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 100K (VIO)

SCL SCL No No MNo No No No No No MNo No Yes No No No No | 10K{VIO)/SK{AVIN)
SDA SDA No No MNo No No No No No MNo No Yes No Yes No Mo | 10K(VIO)/SK{AVIN)
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Step-down DC/DC Converters

General Description

The ACT88760 contains seven fully integrated step-
down converters.

All buck converters are fixed frequency, current mode
controlled, synchronous PWM converters with peak ef-
ficiencies up to 96.5%. They switch at 1.125Mhz,
1.5MHz, or 2.25Mhz, and are internally compensated,
requiring only three small external components (Cin,
Cout, and L) for operation. They ship with default output
voltages that can be modified via I12C for systems that
require advanced power management functions.

Buck1/2/7 support output currents up to 4A. Buck3/4
support output currents up to 3A. Buck5/6 support
output currents up to 2A.

Buckl1/2 can be configured to operate in parallel to
provide a 2-phase operation with 8A (10A peak)
currents. Buck3/4 can also be operated in parallel to
provide 6A (8A peak). Buck5/6/7 do not support 2-phase
operation.

Each buck converter has a dedicated input pin and
power ground pin. Each buck converter must have a
dedicated input capacitor that is optimally placed to min-
imize its power routing loops. Note that even though
each buck converter has separate inputs, all buck con-
verter inputs must be connected to the same voltage
potential.

All ACT88760 buck regulators are highly configurable
and can be quickly and easily reconfigured via I2C. This
allows them to support changes in hardware require-
ments without the need for PCB changes. Examples of
I2C functionality are given below:

Real-time power good, OV, and current limit status
Ability to mask individual faults

Dynamically change output voltage

On/Off control

Softstart ramp

DVS Slew rate control

Switching delay and phase control

Low power mode

Overcurrent thresholds

Refer to Qorvo’s Register Map Definition application
note for full details on I°C functionality and programming
ranges.

ACT88760
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Operating Mode

By default, Buckl-7 operate in fixed-frequency PWM
mode at medium to heavy loads, then transition to a pro-
prietary power-saving Low Power Mode, LPM, at light
loads to save power. LPM mode reduces conduction
losses by preventing the inductor current from going
negative. Each buck converter's LPM can be inde-
pendently enabled or disabled via its DISLPM I°C bit.
Setting DISLPM = 0 enables LPM while setting DISLPM
= 1 disables LPM. Operating in LPM saves power and
reduces the quiescent current by working in a fixed on-
time hysteretic mode and by disabling unneeded IC
functions when the LPM mode skips pulses. Disabling
LPM mode reduces light load efficiency but improves
load transient response during a light to heavy load tran-
sition.

LPM minimizes quiescent current in between switching
cycles. This reduces input current to approximately
50pA in LPM mode. Light load output voltage ripple in-
creases from approximately 5mV to 10mV when in LPM
mode. Light load voltage droop when going from light
load to heavier loads is only increased by 2-3mV when
in LPM mode. LPM allows the customer to test the IC in
their use case and optimize the balance between power
consumption, voltage ripple, and transient response in
their system. Setting DISLPM = 0 enables LPM while
setting DISLPM = 1 disables LPM.

Many customers will program the buck converters to
LPM mode (LPM=1) after entering their system level
low power mode and then program the IC back to PWM
mode (LPM=0) just before leaving their system level low
power mode. This provides the best load transient re-
sponse while still taking advantage of reduced power
dissipation in light load conditions. Note that when
Vin=5V and operating in LPM mode, the output inductor
should be 1uH.

ULPM (Ultra Low Power Mode)

The ACT88760 incorporates an ultra-low power mode,
ULPM, that provides significant efficiency improve-
ments at very light loads. This improvement can be as
much as 8% with a 2mA load. ULPM mode reduces the
buck converters quiescent current from ~50pA to ~10pA.
The IC does this by turning off unused circuity and keep-
ing only critical functionality enabled. Because ULPM is
only used with extremely light loads, overcurrent protec-
tion is disabled to save quiescent current. ULPM mode
helps systems like SSDs achieve very low power loss
at extremely light loads, which is a requirement in their
standby modes. ULPM mode regulates the output volt-
age between 99% to 101% of the setpoint. When the
output voltage increases to 101%, the buck converter
shuts down to save quiescent current until the output
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voltage drops to 99%. It then turns back on and in-
creases the output voltage to 101% again. ULPM mode
should only be used when the load current is less than
15mA. With higher load currents, the output voltage
drop can trigger UVLO before the converter can react.
Using it with greater than 15mA results in much lower

efficiencies than standard PWM or LPM mode operation.

If DVS mode is not needed when going into and out of
DPSLP mode, program ULPM mode to automatically
turn on when the IC enters SLEEP/DPSLP mode. If
DVS is needed when going into and out of
SLEEP/DPSLP mode, ULPM mode must be manually
enabled after entering SLEEP/DPSLP mode and disa-
bled before leaving SLEEP/DPSLP mode.

Synchronous Rectification

All bucks feature integrated synchronous rectifiers (or
LS FETSs) to maximize efficiency and minimize the total
solution size and cost by eliminating the need for exter-
nal rectifiers.

Enable / Disable Control

When power is applied to the IC, all converters automat-
ically turn on according to a pre-programmed sequence.
Once in normal operation (ACTIVE state), each con-
verter can be independently disabled via I°C. Each CMI
version requires a different set of command to disable a
converter, so contact the factory for specific instructions
if needed. Each converter contains an optional inte-
grated discharge resistor that actively discharges the
output capacitor when the regulator is disabled. The dis-
charge function is enabled via the 1>C bit Dis_Pulldown.

Soft-Start

Each buck regulator contains a softstart circuit that lim-
its the rate of change of the output voltage, minimizing
input inrush current and ensuring that the outputs power
up monotonically. This circuitry is effective any time the
regulator is enabled, as well as after responding to a
short circuit or other fault condition. Each regulator’s
softstart time is independently adjustable to either
250us or 500ys via its I°C SST register.

Output Voltage Setting

Buck1-7 regulate to the voltage defined by I>C register
VSETO in normal operation. Buck1/2/7 have an addi-
tional three DVS settings defined by VSET1, VSET2,
and VSETS3. Buck3/4/5/6 have one additional DVS set-
ting, VSET1.

Bucks 1/2/3/4/7 have an Output-High and an Output-
Low programming range. Buck5/6 only have an Output-
High range.

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

Mode Range Step Bucks
Output-Low | 0.5V-1.135V 5mV 1/2/3/417

Output-High | 0.5V-3.675V 25mVv 1/2/3/4/5/617

The Output-Low programming range is 0.5V to 1.135V
in 5mV steps.

VBUCKx = 0.5V + VSETx * 0.005V

Where VSETX is the decimal equivalent of the value in
I2C VSETx register. The VSETX registers contain an un-
signed 7-bit binary value.

The Output-High programming range is 0.5V to 3.675V
in 25mV steps.

VBUCKx = 0.5V + VSETx * 0.025V

Where VSETX is the decimal equivalent of the value in
I2C VSETx register. The VSETX registers contain an un-
signed 7-bit binary value. As an example, with Buckl in
the Output-Low setting and its VSET register contains
0111100b (60 decimal), the output voltage is 0.8V.

Qorvo recommends that a buck converter’'s output volt-
age be kept within +/- 25% of the default output voltage
to maintain accuracy. Voltage changes larger than +/-
25% may require different factory trim settings (new
CMI) to maintain accuracy.

100% Duty Cycle Operation

All buck regulators support 100% duty cycle operation.
This allows operating conditions where the output volt-
age is very close to the input voltage. During 100% duty
cycle operation, the P-ch high-side power MOSFET is
turned on continuously, providing a direct connection
from the input to the output (through the inductor), en-
suring the lowest possible dropout voltage in battery
powered applications.

As the input voltage drops, the converters have a tran-
sition between normal operation and 100% duty cycle
mode. During normal switching, the minimum off-time is
40ns. If the operating conditions require < 40ns off-time,
the switcher turns off for 40ns and then may skip the
next switching cycle if the output voltage has not
dropped to the point where the internal error amp com-
mands another switching cycle. The output voltage is
well regulated in this mode even though the IC skips
pulses.

Dynamic Voltage Scaling

Each buck converter supports Dynamic Voltage Scaling
(DVS). DVS allows the user to optimize the processor’s
energy to complete tasks by lowering the processor’s
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operating frequency and input voltage when lower per-
formance is acceptable. In normal operation, all buck
regulators regulate to the voltage programmed in the
I2C register Bx_VSETO. During automatic DVS initiated
by SLEEP / DPSLP states, Buck3/4/5/6 regulate to
Bx_VSET1. A GPIO can also be configured to change
an output's voltage between VSETO and VSETL.
Buck1/2/7 contain two additional VSETx registers,
VSET2 and VSET3, to provide two additional DVS set-
tings. When transitioning between VSETX settings, the
control loop steps the output voltage through each step.
The timing between steps is determined by the regula-
tor's 12C SLEW bits. When going from a higher VSETx
to a lower VSETx setting, the maximum output voltage
transition rate may be limited by the rate determined by
the output capacitance and the load current. When tran-
sitioning between a lower VSETx to a higher VSETx set-
ting, the output transitions at the programmed slew rate.

VSETO must always be programmed equal to or greater
than the VSET1/2/3 setting. There is no programming
limitations for VSET1/2/3 other than they must be pro-
grammed equal to or lower than VSETO.

During the transition between VSETXx settings, the reg-
ulator's UV threshold is ignored to prevent incorrect fault
triggering. The OV threshold is always relative to
VSETO

For fault free operation, the user must ensure output
load conditions plus the current required to charge the
output capacitance during a DVS rising voltage condi-
tion does not exceed the current limit setting of the reg-
ulator. As with any power supply, changing an output
voltage too fast can require a current higher than the
current limit setting. The user must ensure that the volt-
age step, slew rate, and load current conditions do not
result in an instantaneous loading that results in a cur-
rent limit condition.

Qorvo recommends that a buck converter’s output volt-
age be kept within +/- 25% of the default output
voltage to maintain accuracy. Voltage changes larger
than +/- 25% may require different factory trim settings
(new CMI) to maintain accuracy.

Optimizing Noise

Each ACT88760 buck converter contains several fea-
tures available via I°C to further optimize functionality.
The top P-MOSFET's turn-on timing can be shifted
100ns from the master clock edge via the PHASE 12C
bit. It can also be aligned to the rising or falling clock
edge via the PHASE I2C bit. The internal FET rise and
fall times can be optimized to minimize switching noise
at the cost of lower efficiency via the DRVADJ I2C hit.

ACT88760
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Overcurrent and Short Circuit Protection

Each buck converter provides overcurrent and short cir-
cuit protection. Overcurrent protection is achieved with
cycle-by-cycle current limiting. The peak current thresh-
old is set by the ILIM_SET I2C bits.

If the peak switch current reaches the programmed
threshold (77.5% of ILIM_SET) for 17 consecutive
switching cycles, the IC asserts that converter's
ILIM_WARN bit and pulls nIRQ low. When
DISOVUVShutdown = 0, a short circuit condition that
results in a UV condition shuts down all supplies and
then restarts the system in 100ms.

If the peak switch current exceeds 122.5% of the value
set by ILIM_SET for five consecutive switching cycles,
it only shuts down the regulator with the fault and then
restarts it after 14ms.

If a buck converter reaches overcurrent or short circuit
protection, the status is reported in that regulator's
ILIM_REGx register. The contents of these registers are
latched until read via I2C. Overcurrent and short circuit
conditions can be masked via the 12C bit Bx_ILIM_FLT-
MSK. Note that ILIM_FLTMSK, ILIM_WARN_FLTMSK,
OV_FLTMSK and UV_FLTMSK default to 1 (masked)
at power up. The user can un-mask faults by setting
these bits to 0 via I°C.

Compensation

The buck converters utilize a proprietary internal com-
pensation scheme to simultaneously simplify external
component selection and optimize transient perfor-
mance over their full operating range. No compensation
design is required; simply follow a few simple guidelines
described below when choosing external components.

Minimum On-Time

The ACT88760 Buck regulators have a minimum on-
time of 85ns. If the calculated on-time is less than the
allowable minimum, then the user must configure the
converter to switch at a lower frequency. The following
equation calculates the on-time.

Vour

Toy =——m—
oN Vin * Fsw

Where Vout is the output voltage, Vi is the input voltage,
and Fsw is the switching frequency. The available
switching frequencies are 1.125MHz, 1.5MHz, and
2.25MHz. The registers that set the switching frequency
are in factory registers and are not user accessible.

Input Capacitor Selection

Each regulator requires a high quality, low-ESR,
ceramic input capacitor. Note that even though each
buck converter has separate input pins, all input pins
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must be connected to the same voltage potential. 10uF
capacitors are typically suitable, but this value can
be increased without limit. Smaller capacitor values
can be used with lighter output loads. Choose the input
capacitor value to keep the input voltage ripple less
than 50mV.

Vout | ( _ Vout)
Vin Vin
Fsw * Cin

Vripple = Jout *

Be sure to consider the capacitor’'s DC bias effects and
maximum ripple current rating when using capacitors
smaller than 0805.

A capacitor’'s actual capacitance is strongly affected by
its DC bias characteristics. The input capacitor is
typically an X5R, X7R, or similar dielectric. Use of Y5U,
Z5U, or similar dielectrics is not recommended. Input
capacitor placement is critical for proper operation.
Each buck’s input capacitor must be placed as close to
the IC as possible. The traces from VIN_Bx to the
capacitor and from the capacitor to PGNDx should as
short and wide as possible.

Inductor Selection

The ACT88760 buck converters are optimized for oper-
ation with 0.47uH to 1uH inductors. Choose an inductor
with a low DC resistance and avoid inductor saturation
by choosing inductors with DC ratings that exceed the
maximum output current by at least 30%. The following
equation calculates the inductor ripple current.

_VOUT
. (1=55) * Vour
L Fow * L

Where Vour is the output voltage, VIN is the input volt-
age, Fsw is the switching frequency, and L is the induc-
tor value. Note that when Vin=5V and operating in LPM
mode, the output inductor should be 1pH.

Output Capacitor Selection

The ACT88760 is designed to use small, low ESR,
ceramic output capacitors. Buck1/2/7 typically require
2x 22uF output capacitors while Buck3/4/5/6 typically
requires a 22pF capacitor. To ensure stability, the actual
Buck1/2/7 capacitance must be greater than 20uF while
Buck3/4/5/6 must be greater than 12uF. There is no
maximum output capacitance limitation. Design for an
output ripple voltage less than 1% of the output voltage.
The following equation calculates the output voltage rip-
ple as a function of output capacitance.

AlL

VRIPPLE = ——————
8 * Foy * Coyr

ACT88760
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Where AlL is the inductor ripple current, Fsw is the
switching frequency, and Cour is the output capacitance
after taking DC bias into account.

Be sure to consider the capacitor’'s DC bias effects and
maximum ripple current rating when using capacitors
smaller than 0805.

A capacitor’'s actual capacitance is strongly affected
by its DC bias characteristics. The output capacitor is
typically an X5R, X7R, or similar dielectric. Use of Y5U,
Z5U, or similar dielectrics are not recommended due to
their wide variation in capacitance over temperature and
voltage ranges.

Unused Buck Outputs

If a buck converter is not used, connect the VIN_Bx pin
to the other VIN_Bx pins. Connect FB_Bx to AGND.
Leave SWx open. The input and output capacitors are
not needed.
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LDO CONVERTERS

General Description

ACT88760 features six low drop out linear regulators
(LDO). The six LDOs are separated into three sets of
two LDOs, each with unique features that allow system
level optimization. Each LDO also has a dedicated input
voltage pin for system optimization.

LDO1 and LDO2

LDO1/2 are 800mA, high PSRR LDOs. They are opti-
mized for high-PSRR. LDO1/2 feature a low power
mode (LPM) that reduces quiescent current at light load
conditions. LPM is enabled when bit DISCP is set to 1.
DISCP is a factory bit that cannot be changed by the
user. When LPM is disabled (DISCP = 0), the LDOs can
support 800mA, but the Ig increases to 190pA. Note that
when VOUT is less than 1V, LPM can be enabled to
reduce Ig and the LDO can still provide 800mA of output
current. When LPM is enabled, Iq is reduced to 52pA.

LDO3 and LDO4

LDO3/4 are 300mA, general purpose LDOs. They are
optimized for a low dropout voltage. LDO3/4 do not
have a programmable LPM

LDO3 and LDO4 in Load Switch Mode (LSW)

LDO3/4 can be configured for a P-ch FET for load
switch mode. The bits that control this are
LDO3_MODE_SEL and LDO4_MODE_SEL, which are
factory bits, control if the outputs act as LDOs or load
switches.

LDO5 and LDO6

LDO5/6 are 250mA general purpose LDOs. They do not
have a programmable LPM. LDO5/6 can also be con-
figured as a 2A load switch (LSW)

LDOS5 and LDOG6 in Load Switch Mode (LSW)

LDO5/6 can be independently configured for LSW mode.

This option is only accessible via factory I1>C bits and
requires a custom CMI. When in load switch mode,
LDO5/6 still retain overcurrent protection. However,
overvoltage and undervoltage protection are disabled.
In load switch mode, LDO5/6 have two operating op-
tions: NLSW and PLSW modes. In NLSW mode, the
load switch is an n-ch FET. NLSW mode is used with an
input voltage between 0.5V and 3.3V. Due to the lower
n-ch FET Rdson, NLSW mode can operate with up to
2A of bypass current while maintaining a low voltage
drop. In PLSW mode, the load switch is a p-ch FET. It
can operate with an input voltage between 1.62V and
AVIN. The PLSW current limit is set to 0.33A or 0.48A
by the ILIM_SCL_LDO5/6 I12C bit. NLSW and PLSW

ACT88760
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modes can only be fixed at the factory. NLSW mode has
a fixed 100us softstart time. PLSW mode relies on the
current limit setting for softstart. The LDO5/6 POK are
functional in Load Switch mode. The POK signal is as-
serted when the switch is enabled and is not in current
limit. The LSW configuration bits are in factory memory
and are not user accessible.

The gate driver circuit for the NMOS switch is ramped
to control the soft start time for the output. For PLSW
mode, softstart is controlled by limiting the starting cur-
rent to the current limit setting. Once the switch is fully
turned on, the driver circuit consumes lower current dur-
ing operation.

Enable / Disable Control

When power is applied to the IC, all LDOs automatically
turn on according to a pre-programmed sequence.
Once in normal operation (ACTIVE state), each con-
verter can be independently disabled via 1°C or GPIO.
Each CMI version requires a different set of commands
to disable a converter, so contact the factory for specific
instructions if needed.

Each converter contains an optional integrated dis-
charge resistor that actively discharges the output ca-
pacitor when the regulator is disabled. Each LDO’s dis-
charge function is enabled via I°C by setting the
DIS_PULLDOWN_Lx = 0.

Soft-Start

Each LDO contains a softstart circuit that limits the rate
of change of the output voltage, minimizing input inrush
current and ensuring that the outputs power up mono-
tonically. This circuitry is effective any time the LDO is
enabled, as well as after responding to a short circuit or
other fault condition. Each LDQ’s softstart time is ad-
justable to either 160ps or 320us via its 1?C bits
SST_LDOx. LDO1/5/6 softstart registers are user ac-
cessible. LDO2/3/4 softstart registers are in factory reg-
isters and are not user accessible.

Output Voltage Setting

Each LDO regulates to the voltage defined by their
VSET I?C register. The LDOs do not have additional
VSETX registers.

Each LDO has an Output-High and an Output-Low pro-
gramming range. The following tables define LDO volt-
age ranges and steps for each setting

Mode Range Step LDO
Output-Low 0.5Vv-1.2875V 12.5mV 1/2/3/4/5/6
Output-High 1.2V-1.9875V 12.5mV 1/2
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Output-High 1.0v-4.15V 50mVv 3/4/516

For all LDOs, the Output-Low programming range is
0.5V to 1.2875V in 12.5mV steps.

VLDOx = 0.5V + VSET * 0.0125V

Where VSET is the decimal equivalent of the value in
I2C VSET register. The VSET registers contain an un-
signed 6-bit binary value.

For LDO1/2, the Output-High programming range is
1.2V to 1.9875V in 12.5mV steps.

VLDOx = 1.2V + VSET * 0.0125V

For LDO3/4/5/6, the Output-High programming range is
1.0V to 4.15V in 50mV steps.

VLDOx = 1.0V + VSET * 0.05V

As an example, with LDOL1 in the Output-Low setting
and its VSET register contains 111000b (56 decimal),
the output voltage is 1.2V.

Qorvo recommends that an LDO’s output voltage be
kept within +/- 25% of the default output voltage to main-
tain accuracy. Voltage changes larger than +/- 25% may
require different factory trim settings (new CMI) to main-
tain accuracy.

Overcurrent and Short Circuit Protection

Each LDO provides overcurrent and short circuit protec-
tion. The overcurrent threshold is set by the LDOx_ILIM
I2C bits. In both an overload and a short circuit condition,
the LDO limits the output current which causes the out-
put voltage to drop. This can result in an undervoltage
fault in addition to the current limit fault. If an LDO
reaches current limit protection, the status is reported in
the ILIM_REG]IX] I?°C registers. The contents of these
registers are latched until read via I12C. When the cur-
rent limiting results in a drop-in output voltage that trig-
gers an undervoltage condition, the IC shuts down all
power supplies, asserts nlIRQ low, and enters the
UVLOFLT state. The IC restarts in 100ms and starts up
with default sequencing. Overcurrent and short circuit
conditions can be masked via the I°C bits
LDOx_ILIM_FLTMSK and LDOx_UV_FLTMSK.

The LDO contains current-limit circuitry featuring a
current-limit fold-back function. During normal operation
and moderate overload conditions, the regulator can
support more than its rated output current. During
sustained extreme overload conditions when current
limit is triggered however, the current limit is reduced by
approximately 30%, reducing power dissipation within
the IC. The current limit has a fold back behavior in this
regard where the triggering condition is higher than the
regulated current value during overload.

ACT88760
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Input Capacitor Selection

Each LDO requires a high quality, low-ESR, ceramic
input capacitor. A 1uF is typically suitable, but this value
can be increased without limit. Connect the input capac-
itor between the LDO input pin and AGND. The input
capacitor should be a X5R, X7R, or similar dielectric.

Output Capacitor Selection

Each LDO requires a high quality, low-ESR, ceramic
output capacitor.

LDO1/2 output capacitance is typically 2.2uF with a
1.5uF minimum capacitance value and a 10uF maxi-
mum capacitance value.

LDO3/4/5/6 output capacitance is typically 1uF with a
0.8uF minimum capacitance value and a 10uF maxi-
mum capacitance value.

Connect the output capacitor between the LDO output
pin and AGND. A capacitor's actual capacitance is
strongly affected by its DC bias characteristics. The out-
put capacitor is typically an X5R, X7R, or similar dielec-
tric. Use of Y5U, Z5U, or similar dielectrics are not rec-
ommended due to their wide variation in capacitance
over temperature and voltage ranges.

Unused LDO Outputs

If an LDO is not used, connect the VINLX pin to either
GND or AVIN. Connect the LDOx output to AGND. The
input and output capacitors are not needed.
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PC Board Layout Guidance 5. Connect the PGNDx ground pins and the
. AGND ground pin directly to the PGND under
Proper parts placement and PCB layout are critical to the IC. The AGND ground plane should be

the operation of switching power supplies. Follow the
following layout guidelines when designing the
ACT88760 PCB. Refer to the Qorvo ACT88760
Evaluation Kits for layout examples

routed separately from the other ground planes
and only connect to the main ground plane un-
der the IC at the AGND pin.

6. Connect the VIN input capacitor to the AGND

1. Place the buck input capacitors as close as ground pin.
possible to the IC. Connect the capacitors di- .
rectly to the corresponding VIN_Bx input pin 7. Remember that all open drain outputs need
and PGNDx power ground pin on the same pullup resistors.
PCB layer as the IC. Avoid using vias. 8. Connect the PGND directly to the top layer
2. Minimize the switch node trace length between ground plane. Connect the top layer ground
each SW_Bx pin and the inductor. Avoid routing plane to both internal ground planes and the
sensitive analog signals near these high fre- PCB_backside ground pla_ne with the_rmal vias.
quency, high dV/dt traces. Provide ground plane routing on multiple layers
that allows the IC’'s heat to flow into the PCB
3. Place the LDO input capacitors close to their in- and then spread radially from the IC. Avoid cut-
put pins. Connect their ground pins into the ting the ground planes and adding vias that re-
ground plane that connects the IC’s PGNDx strict the radial flow of heat of operating condi-
pins. tions and are relatively insensitive to layout con-
4. The input capacitor and output capacitor siderations.

grounds should be connected as close together
as possible, with short, direct, and wide traces.
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TYPICAL OPERATING CHARACTERISTICS

CMI 102 CMI 102
Startup Sequencing Startup Sequencing
U 5V 1 div [ 5V 1 div
| 1 i 4
Vy [ rmessminga s i o s |5V [ iy Vy [
/!
LDO3 |- ¢ . WV 1 div
AT 5V [ div /
LDO4 R ——— ..p," / [ div Buck3
e 2V | dliv
Buckd /...___...._ V1 div /
Buck1/2 1V 1 div Bucks _
/ Jrrmmemen] 21/ | di
Buck3 4 /
rovemereecd 5V [ cliv
Bucké Buck6 /
1ms / div 1ms | div
CMI 102 CMI 102
Startup Sequencing Startup Sequencing
¥ 5V / div - 5V / div
[ 4 7 4
vy [ Viy
1V / div
/---—~ 1V / div .
Buck? (B0 SR ———
v rdv B S AL
/ GPIOT_ I
LDO1 nIRQ
' e 2V | div
/] iy GPIO2
LDO2 nRESET :
1ms / div 4ms / div
CMI 102 CMI 102
Power down Sequence - DPSLP Power down Sequence - DPSLP
ﬁ ] 4
PWREN |« 2V div PWREN [+ . - 2V div
Buck1/2 |« - 1V / div Bucks |+ ——— 2V [ div
Buck3 |« N 1V div LDO1 |« 2V div
SRS,
Buck4 |« - 2V / div LDO? |« 2V [ div
1ms / div 1ms / div
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CMI 102
Enter SLEEP State by 12C
Y 5V 1 div
SDA |« I
Buek1/2 = o WV div
Buckd |« - N/ div
Bucks |+ T 2V / div
1ms / div
CMI 102
Buck1 Output Voltage Ripple - PWM

u

Buckt m mv / div

- - (-
4§
SW1 ! : e 5V/ 1 div
200ns / div
CMI 102
Buck3 Output Voltage Ripple - PWM
E

BUCKS [N ™A 510 /iy

SW3 |

el SV [ dliv

200ns / div

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

CMI 102
Enter SLEEP State by |12C
. 5V /div
SDAj+ _l
LDo1 Je \ - 2v 1 div
LDO2 |« 2V/ div
1ms / div
CMI 102
Buck1 Output Voltage Ripple - PFM

u

S OGN

swWi [¥ f 1 v 1 |5V 1 div
20us / div
CMmI 102
Buck3 Output Voltage Ripple - PFM
u

SV [ div

SW3 [«

20us [ div
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CMI 102 CMI 102
BuckS Output Voltage Ripple - PWM Buck35 Output Voltage Ripple - PFM

u u

Bucks \/ﬁ\/ﬂh\/ﬁ“\/ﬂ"\vﬂ 2mv/ div Buck \\\\\\’\N\\\\\\\\\\\\ 10mV / div

! H# 5V 1 div

SW5 |« - e e — o 5V div SW5 |«
200ns | div 20us / div
CMI 102 CMI 102
Buck1/2 Output Voltage Ripple - Paralleled - PWM Buck1/2 Output Voltage Ripple - Paralleled - PFM
v ey — —_—
Buck1/2 ﬁw IV [ div Buck1/2 }\;\J\N\:\ 10mV / div

e i fosvam { | 1 |
SW ; . el 5V / div SW1 [ ’ ' ; e OV dv
sw2 |- Ao - | . i R YT Swo f : PR b o s . " " 5V /div

200ns | div 20us / div
CMI 102 CMI 102
Buck3/4 Output Voltage Ripple - Paralleled - PWM Buck3/4 Output Voltage Ripple - Paralleled - PFM
u ] U
[ / ] ] I ! f /
Buck3/4 m - Buck3/4 i\l\f\'\l\'\i\!\ 10mV/ / div
smV /div \; | f ( i I | |
‘e '\mn- pomenan
sw3 ! | el 5V 1 div SW3 [ e peremsa e 5V | div
[S1T.17 ) U PR I - | 5V / div SW4 [ |5V [ div
200ns / div 10us / div
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CMI 102 CMI 102
Buck1 Overcurrent Buck1 Short Circuit
v v
| ‘ |+ +
Buck! | . : 500mV / div Bucki [«
e —
lo_Buck1 f« SA / div lo_Buck? Je— 5A 1 div
20ms / div 4ms / div
CMI 102 CMI 102
Buck3 Overcurrent Buck3 Short Circuit
U U
— s S00mV / div
Buck3 |« ; - 500mV / div Buck3 e
——-—w'__'—"“—_
lo_Buck3 j= 5A [ div lo_Buck3 Jr— A div
20ms / div 4ms [ div
CMI 102 CMI 102
Buck5 Overcurrent Buck5 Short Circuit
] u
F— el 21 [ dliv
Buck5 e v 1 div BuckS |« !
e T
lo_Buck5 |+ 24 div l0_BuckS feer 5A / div
20ms / div 4ms | div
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CMI 102 CMI 102
Buck7 Overcurrent Buck? Short Circuit
v v
e e 500V / div
i ¢ +
Buck7 |+ ettt —{ 500mV / div Buck? |«
_,-—n-d—""'—r_—‘-—‘-‘_-'-
lo Buck? |+ 5A div lo_Buck? f=— 5A 1 div
20ms / div 4ms [ div
CMI 102 CMI 102
Buck1/2 Overcurrent - Paralleled Buck1/2 Short Circuit - Paralleled
u M T
. S e 500V / v
|
+ f 4
Buck1/2 |+ 500mV / div Buck1/2 |« : /
lo_Buck1/2 |+ 10A / div lo_Buck1/2 |’ 10A / div
20ms [ div 4ms / div
CMI 102 CMI 102
Buck3/4 Overcurrent - Paralleled Buck3/4 Short Circuit - Paralleled
U u
~ —— el 500MV / dliv
+
+

500mV / div Buck3/4 [+

Buckd/4 |+

lo_Buck3/d fre 10A / div

5A [ div

lo_Buckd/4 |«
4ms / div

20ms / div

WWW.Jorvo.com

54 of 68

Data Sheet Rev. B, June 14, 2022 | Subject to change without notice
© 2021 Qorvo US, Inc. All rights reserved. Confidential


http://www.qorvo.com/

Qorvo

ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

CMI 102 CMI 102
Buck1 Load Transient Buck2 Load Transient
u ]
A 4 . Buck2 |\ A : ;
Buck1 / / 50mV / div \f \ 50mV / div
24 [ div e 2A [ div
[ — (WS —— [ —— i
lo_Buck1 lo_Buck? |«
200us / div 200us / div
CMI 102 CMI 102
Buck3 Load Transient Buck4 Load Transient
: :
\ A ‘ ' .
Buck3 / | / ol 50mVY / div Buckd4 m——.—q/_-d\-—-—v——é%mw div
e e el 17, | it L N Permmmersesemmed 1A | iy
lo_Buck3 lo_Buck4 |«
200us / div 200us / div
CMI 102 CMI 102
Buck5 Load Transient Buck6 Load Transient
U u
Bucks ’ Ao ! S0mV / div BuckG | e ™ A \ ! 50mv | div
e Pssmmnssnne] 1A [ diV sttt N 1, f cliy
lo Bucks lo_Bucks |+
200us / div 200us / div
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CMI 102 CMI 102
Buck7 Load Transient Buck1/2 Load Tranisent - Paralleled
v — Saa - d
Buck7 [\ / A ' & 50mV  div Buckt2 [\ y \ / 4 50mV / iy
f I
UEI— 241 div
e ————— i ————
lo_Buck? |« L — | S—
lo_Buck1/2 j+
200us / div 200us / div
CMI 102 Buck3 Load R lati
Buck3/4 Load Tranisent - Paralleled uc oad Regulation
v VIN=3.3V, VOUT=1.2V
v 0.6
Buckad N \ A 4 50mV 1 div 04
v V
0.2
.......... g I
5 o0
B — premssmrmasnt| 21, | iy =
} 02
lo_Buck3/4 |« 04
- 06
200us / div 00 05 10 15 20 25 30 35 40
lout(A)
Buck5 Load Regulation Buck7 Load Regulation
VIN=3.3V, VOUT=2.5V VIN=3.3V, VOUT=0.8V
0.6 0.6
04 04
0.2 0.2
s 0O s 0
By B
02 02
0.4 0.4
0.6 -0.6
0.0 0.5 1.0 15 2.0 00 05 10 15 20 25 30 35 40
lout(A) lout(A)
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Buck1/2 Paralled Load Regulation Buck3/4 Paralled Load Regulation
VIN=3.3V, VOUT=0.8V VIN=3.3V, VOUT=1.8V

0.6 0.6

0.4 0.4

0.2 0.2
s O 5 o
& &

0.2 -0.2

0.4 04

0.6 0.6

00 05 10 15 20 25 30 35 40 00 05 10 15 20 25 30 35 40
lout{A) lout(A)
Buck3 Efficiency,VIN = 3.3V Buck3 Efficiency, VIN = 5V

%0
80
70
- B0
3 £
- -
& o
£ g %0
o] s
£ &
40
-Vout=0.6V,F=1.125MHz ——Vout=0.8V, F=1.125MHz
30 / ——Vout=0.8V,F=1.125MHz 30 —Vout=1.2V,F=1.125MHz
; ——Vout=0.8V,F=2.25MHz VOu=1:2V,F=2.25MHz
20 Vout=1.2V,F=1.125MHz 20 Vout=1.8V,F=1.125MHz
Voutet 2y F2 25 ——Vout=1.8V,F=2.2MHz
OUETE2V E2 25 MbL —— Vout=2.5V,F=2.25MHz
10 ——Vout=1.8V,F=2.25MHz 0 ——Vout=3.3V,F=2.25MHz
——Vout=2.5V,F=2.25MHz ——Vout=3.6V,F=2.2MHz
o o
0.00 0.00 001 0.10 1.00 10.00 0.00 0.00 001 0.10 1.00 10.00
Qutput Current (A) Output Current (A)
Inductor:Wurth 0.47uH,DCRtyp=30m(2,744383240047 Inductor:Wurth 0.47uH,DCRtyp=30m(),744383240047
Bucks5 Efficiency, VIN = 3.3V BuckS Efficiency, VIN = 5V
100 100
90
2
80
80
- 70
£
= & 70
Z g 70
8 S
S 60 2
= o
- o i
——Vout=2.5V,F=2,25MHz £a = VeUt=d B F=2 25Mhz
» i ) ~Vout=3.3V,F=2.25MHz
= ——Vout=1.8V,f=2.25MHz
——Vout=2.5V,F=2.25MHz
Vout=1.2V,F=2.25MHz
i 50 ——Vout=1.8V,F=2.25MHz
4 Vout=1.2V,F=1.125MHz
——Vout=18V,F=1.125MHz
—Vout=0.8V,f=2.25MHz i Vout=1.2V,F=2.25MHz
e —— Vout=0.8V,F=1.125MHz ——Vout=1.2V,F=1.125MHz
——Vout=0.6V,F=1.125MHz Vout=0,8V,F=1.125MHz
20 30
000 0.00 oo 0.10 100 10.00 000 0.00 001 010 1.00 10.00
Output Current (A) Output Current (A)
Inductor:Wurth 0.47uH,DCRtyp=30mQ, 744383240047 Inductor:Wurth 0.47uH,DCRtyp=30m0, 744383240047
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Buck7 Efficiency, VIN = 5V

100

80
&
= £
g )
3 g
= 2
& L —— Vaut=0.6Y,F=1.125MHz
= ——Vout=0.6V,F=1.125MHz E! "
: —Vout=1.2V,F= SMHz
— Vout=0.8V,F=1.125MHz e i
—Vout=1.2,F=2.25MHz
——Vout=0.8V,F=2,25MHz
0 ~Vout=1.2V,F=1.125MHz w0 Vout=1.8V,F=1,125MHz
—out=1.8Y,F=2.25MH1
—— Vout=1.2V,F=2.25MHz
——Vout=2.5V,F=1,125MH
——Vout=1.8V,F=1.125MHz Vo2V F=1 1 oMz
40 — =, =
Vout=18V,F=2.25MHz an Vout=2.5V,F=2.25MHz
——Vout=3.3V,F=2.25MHz
Vout=2.5V F=225MHz
——Viout=3.6,F=2,25MHz
30 0
0.00 0400 001 010 100 10.00 a0 0o am 010 100 nm
Output Current (A) Output Current (A]
Inductor:Wurth 0.47uH,DCRtyp=7m0Q,744383560047HT Inductor:Wurth 0.47uH, DCRTyp=7m, 74438356004 THT
Buck1/2 Efficiency - Paralleled, VIN = 3.3V Buck1/2 Efficiency - Paralleled, VIN = 5V
100 100
90 90
ao 80
70 70
g
_. 60 & 60
g ]
z 5
£ 50 g 50
£ —— Vout=0.6V,F=1.125MHz —Vout=0.8V,F=1.5MHz
b ——Vout=1.2V,F=1.125MHz
4 ——Vout=0.8V,F=1.125MHz 40 A s Fh LAk
| ——Vout=0.8V,F=2.25MHz Vout=1.8V,
* Vout=1.2V,F=1.125MHz m —Vout=1.8V,F=2.25MHz
——\Vout=2.5V,
- ——Vout=1.2V,F=2.25MHz . Vout=2.5V,
——Vout=1,8V,F=1.125MHz ——Vout=3.3v,
s Vout=1.8V,F=2.25MHz 10 x"”tzz'g‘
—\out=3.6V,
——Vout=2.5V,F=2.25MHz —Vout=3.6V,F=2.25MHz
i L Ll o 1
0.00 0.00 001 0.10 1.00 10.00 0.00 0.00 0.01 0.10 1.00 10.00
Output Current (A) Output Current {A)
Inductor:Wurth 0.47uH,DCRtyp=7m(1,744383560047HT Inductor:Wurth 0.47uH,DCRtyp=7mqQ, 744383560047 HT
Buck3/4 Efficiency - Paralleled, VIN = 5V
Buck3/4 Efficiency - Paralleled, VIN = 3.3V i
100 —
90
80
70
g
g w z
z g
£ =]
£ w0 &
£ L ——Vout=0.8V,F=1.125MHz
& ——Vout=06V,F=1.125MHz
10 ——Vout=1.2V,F=1.125MHz
——Vout=0.8V,F=1.125MHz
——Vout=12V,F=2,25MHz
w© ——Vout=0.8V,F=2.25MHz
Vout=1.8V F=1.125MHz
Vout=1.2V,F=1.125MHz A
0 ——Vout=1.2V,F=2.25MHz Ve
——\out=1.8V,F=2.25MHz Vout=3.3V,F=2.25MHz
10 10
Vout=2,5V,F=2.25MHz Vout=3.6,F=2.25MHz
0 0
0.00 000 001 0.10 1.00 1000 0.00 0.00 0.01 010 100 10.00
Output Current (A) Output Current (A)
Inductor:Wurth 0.47uH,DCRtyp=30m(),744383240047 Inductor:Wurth 0.47uH,DCRtyp=30mQ,744383240047
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This section provides the basic default configuration settings for each available ACT88760 CMI options. IC functionality
in this section supersedes functionality in the main datasheet. Generating the desired functionality for a custom CMI
sometimes requires reassigning internal resources, resulting in removal of base IC functionality. The following sections
attempt to describe any removed functionality from the base IC functionality. The user is required to fully test all required
functionality to ensure the CMI fully meets their requirements.

CMI 102: ACT88760-102.E2T

CMI 102.E2T is optimized for general IC evaluation. CMI 102. Is intended to be used as a starting point for general IC
evaluation. After evaluating this IC, contact Qorvo for available custom IC options. CMI 102.E2T operates with 5V input
voltage.

The following tables describe the ACT88760-102.E2T IC settings.

Voltage and Currents

- Ac\t/i;’ﬁa'\ggde DVS Voltage | DVS Voltage | DVS Voltage | Sleep Mode | DPSLP Mode | Current Fsw
VSETO (V) VSET1 (V) VSET2 (V) VSET2 (V) Voltage (V) Voltage (V) Limit (A) (kHz)
Bzugﬁ;éi 0.8 0.75 0.7 0.65 OFF OFF 5 1500
Buck3 1 0.9 n/a n/a OFF OFF 4.5 1500
Buck4 18 1.8 n/a n/a OFF OFF 4.5 2250
Buck5 2.7 25 n/a n/a OFF OFF 3 2250
Buck6 3.3 3.3 n/a n/a OFF ON VSETO 3 2250
Buck? 0.8 0.75 0.7 0.65 OFF ON VSETO 5 1500
LDO1 18 n/a n/a n/a OFF OFF 0.81 n/a
LDO2 12 n/a n/a n/a OFF OFF 0.81. n/a
LDO3 33 n/a n/a n/a OFF ON VSETO 0.41 n/a
LDO4 3.3 n/a n/a n/a OFF ON VSETO 0.41 n/a
LDO5 NLSW n/a n/a n/a OFF OFF 0.41 n/a
LDO6 NLSW n/a n/a n/a OFF OFF 0.41 n/a
EXT_EN OFF n/a n/a n/a n/a n/a n/a n/a
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ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

Sequence Sequencing StartUp Soft-Start Shutdown
Rail Order Input Trigger Delay (us) (us) Delay (us)
LDO3 1 UVLO 500 320 0
LDO4 2 UVLO 1000 320 0
Buck4 LDO4 500 500 1000
Buck1/2, 4 LDO4 1000 500 0
2-phase
Buck3 5 LDO4 2000 500 0
Buck5 6 Buck3 500 500 1000
Buck6 7 Buck3 1000 500 0
Buck?7 7 Buck3 1000 500 0
LDO1 8 Buck3 2000 320 2000
LDO2 8 Buck3 2000 320 2000
LDO5/
NLSW 9 GPIO7 0 320 4000
LDO®6/
NLSW 10 GPIO7 1000 320 4000
Voltage Thresholds
. Voltage
n
e Threshold
UVLO 2.7V
SYSMON 3V
SYSWARN 3.1V
POK OV 5.6V
VIN OV 5.8V
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CMI 102 Startup

VIN ——————4//T |
0.5ms
LDO3 / |
ims
LDO4 L '/:

|0.5ms
Buck4 / I

Buck1/2,
2-phase I

Buck3

‘ |
0.5ms
Buck5 / I

Buck6

'y

N

3

n
T

Buck?7

r'Y
A A

2ms

~ "

}
|
LDO1 |
|
|

A
A 4

LDO2

GPIO7

I
LDOS5/ /
NLSW | |

1
LDO6/ f——l/

NLSW

SLEEP Mode
There is no GPIO programmed as SLEEP mode, use 12C can enter SLEEP Mode by setting 0x07h bit6 SLEEP=1.
PWREN/DPSLP

GPIO6 is programmed as the PWREN input, PWREN can be used to control the DPSLP state. Apply power supply to
VIN with GPIO6=High, system startup as the power on sequence, after power on, pull GPIO6=Low, system enter DPSLP
mode, pull GPIO6=high, system exit DPSLP mode.

NRESET

GPIO2 is programmed as nRESET output with 40ms from Buck3 POK. Will have external pull up. Internal pull up to VIO
is okay as VIO is powered by LDOG6 externally.
DVS Mode

GPI03 is programmed as the Buck1/2/7 DVS inputl, GPIO4 is programmed as the Buck1/2/7 DVS input2, together with
GPI03 and GPI04, they can control Buck1/2/7 output DVS from VSETO to VSETS3.

GPIO5 is programmed as the DVS input for Buck3/4/5/6.
LED Driver

GPIO10 is programmed as an output LED driver with default OmA sink current. The sink current can be changed by
0x33h GPIO10_ILEDI[3:0].
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GPIO1 (pin C6) — nIRQ

GPIOL1 is an open drain output for nIRQ.

GPIO2 (pin E5) — NRESET

GPIO2 is an open drain output for NRESET. nRESET gated by the logical AND of all the selected rails with 20ms delay.
GPIO3 (pin B5) — Buck1/2/7 DVS inputl

GPIO3 is programmed as the DVS inputl signal for Buck1/2/7.

GPI0O4 (pin B7) — Buck1/2/7 DVS input2

GPIO4 is programmed as the DVS input2 signal for Buck1/2/7. Together with GPIO3, they can control Buck1/2/7 DVS
from VSETO to VSETS3.

GPIO5 (pin D7) — Buck3/4/5/6 DVS input

GPIO5 is programmed as the DVS input signal for Buck3/4/5/6.
GPIO6 (pin E7) — PWREN

GPIO6 is programmed as the PWREN input, PWREN can be used to control the DPSLP state.
GPIO7 (pin C4) — EXT_PG

GPIO7 is programmed as an EXT_PG for LDO5/6.

GPIO8 (pin D4) — SYSWARN output

GPIO8 is programmed as an open drain output for SYSWARN.
GPIO9 (pin E4) — SYSMON output

GPIO9 is programmed as an open drain output for SYSMON.

GPIO10 (pin F4) — LED Driver

GPIO10 is programmed as a LED driver with OmA default sink current.
GPIO11 (pin F6) — SLEEP

GPIO11 is programmed as the SLEEP Mode input.

I12C Address

The CMI 102 7-bit Slave 12C address (for Master, GP1Os, Buck1-6) is 0x25h. This results in Ox4Ah for a write address
and 0x4Bh for a read address. The CMI 102 7-bit Slave 12C address (for Buck7, LDO1-6) is 0x28h. This results in 0x50h
for a write address and 0x51h for a read address.
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CMI 104: ACT88760-104T

The ACT88760-104T is a joint development between Qorvo and Inuitive. It is directly compatible with Inuitive’s NU4000
Al Video Processor voltages and sequencing requirements. Inuitive uses the ACT88760-104 to power their NU4000 on
their M4.3V reference design. The NU4000C1 SoC is a High-Performance 3D imaging and Vision Processor that's
implemented using the TSMC 12nm process. The NU4000C1 architecture is designed as an integrated platform that
contains enriched sub-systems and provides accelerated image processing features such as, Depth (3D) Imaging,
Objects Recognition and Tracking, and other computer vision algorithms. The ACT88760-104 is optimized for a 5V input
voltage. More details about Inuitive’s NU4000C1 can be found on the Inuitive website.

The following tables describe the ACT88760-104T IC settings.

Voltage and Currents

ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

Active | hyusvolt- | DVS Volt- | DVS Volt- Sleep DPSLP Output
. Mode Current Fsw
Rail Voltage age age age Mode Volt- | Mode Volt- Limit (A) (kHz) Voltage
9 VSET1 (V) | VSET2 (V) | VSET2 (V) age (V) age (V) Range
VSETO (V)
Buck 172, 08 0.8 0.8 0.8 OFF OFF 5 1125 Low
2-phase
Buck3 1.8 1.8 n/a n/a OFF OFF 4.5 2250 High
Buck4 1.1 1.1 n/a n/a OFF OFF 4.5 2250 Low
Buck5 1.2 1.2 n/a n/a OFF OFF 3 2250 High
Buck6 1.2 1.2 n/a n/a OFF OFF 3 2250 High
Buck?7 3.3 3.3 3.3 3.3 OFF OFF 5 2250 High
LDO1 0.8 n/a n/a n/a OFF OFF 0.81 n/a Low
LDO2 1.8 n/a n/a n/a OFF OFF 0.81. n/a High
LDO3 2.8 n/a n/a n/a OFF OFF 0.41 n/a High
LDO4 2.8 n/a n/a n/a OFF OFF 0.41 n/a High
LDO5 2.8 n/a n/a n/a OFF OFF 0.41 n/a High
LDO6 1.8 n/a n/a n/a OFF ON VSETO 0.41 n/a High
EXT_EN OFF n/a n/a n/a n/a n/a n/a n/a n/a
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Startup and Sequencing

Sequence Sequencing StartUp Soft-Start Shutdown
Rail Order Input Trigger Delay (us) (us) Delay (us)
LDO6 1 GPIO7 0 250 0
Buck?7 2 GPIO1 2000 500 8000
LDO3 3 Buck?7 500 250 500
LDO4 3 Buck7 500 250 500
LDO5 3 Buck7 500 250 500
Buck3 4 Buck7 1000 500 2000
Buck1/2, 5 Buck3 500 500 2000
2-phase
LDO1 5 Buck3 500 250 2000
Buck5 6 Buckl 500 500 4000
Buck4 7 Buckl 2000 500 1000
LDO2 7 Buckl 2000 250 1000
Buck6
ISP -OFEF n/a n/a 500 500 0

Voltage Thresholds

. Voltage

ST Threshold

UVLO 2.7V
SYSMON 2.8V

SYSWARN 3V
POK OV 5.6V
VIN OV 5.8V
Data Sheet Rev. B, June 14, 2022 | Subject to change without notice 64 of 68 WwWw.gorvo.com

© 2021 Qorvo US, Inc. All rights reserved. Confidential


http://www.qorvo.com/

QoNrvo ACT88760
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CMI 104 Startup

Buck? i :
| 0.5ms |
LDO3 ;‘_’/
I Bms
LD0D4 I'D_'Vl
|
0.5
LDOS :"—'J“ /
ms |
Buck3 1 :
lo.5ms |
Buck/2, o, A
ZPhase | | |
s, [
LDO I :
|
| 0.5ms
BuCkS i " !
| | o o
L
Buckd | : 1
| | 2rs |
LDO2 : I V
lr= 40ms _l_
nRESET : J
SLEEP Mode

GPIO11 is SLEEP Mode input. Will be pulled up to VIN by external resistor. When GP1011=L, all regulators OFF.
DPSLP Mode

There is no GPIO programmed as DPLSP mode, use 12C can enter DPSLP Mode by setting 0x07h bit4 DPSLP=1.
PWRON

GPIOL1 is programmed as the PWRON input. Pulled low to turn off ALL outputs (except LDO6) based on the OFF
sequence setting. Pulled high to allow all outputs (except LDOB6) to turn on based on the input trigger setting. After power
up the PWRON may be controlled by external host. Note that if the IC is powered by CIPS, the PWRON function is
masked, it can't control regulators on/off.

NRESET

GPI02 is programmed as nRESET output with 40ms delay from Buck3 POK. Will have external pull up. Internal pull up
to VIO is okay as VIO is powered by LDOG6 externally.
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DVS Mode
There is no DVS function in this CMI.
EXT_PG

GPIO7 is programmed as an EXT_PG input to turn on LDO. In normal operation, GPIO7 will always be pulled high and
LDO6 will be "always ON". LDO6 is on when both GPIO7 (EXT_PG) and GPIO11 (SLEEP) are high.

GPIO1 (pin C6) — PWRON

GPIOL1 is the digital input for PWRON.

GPIO2 (pin E5) — nRESET

GPIO2 is an open drain output for nRESET. nRESET gated by Buck3 POK with 40ms delay.
GPIO3 (pin B5) — Not used

GPIO3 is not used. It is programmed as an open drain output and is high impedance.
GPIO4 (pin B7) — nIRQ

GPIO4 is an open drain output for nIRQ.

GPIO5 (pin D7) — Not used

GPIOS5 is not used. It is programmed as an open drain output and is high impedance.
GPIO6 (pin E7) — Not used

GPIO6 is not used. It is programmed as an open drain output and is high impedance.
GPIO7 (pin C4) — EXT_PG

GPIO7 is programmed as an EXT_PG input to turn on LDO. In normal operation, GPIO7 will always be pulled high and
LDOG6 will be "always ON". LDO6 is on when both GPIO7 (EXT_PG) and GPIO11 (SLEEP) are high.

GPIOS8 (pin D4) — Not used

GPIO8 is not used. It is programmed as an open drain output and is high impedance.
GPIO9 (pin E4) — Not used

GPIO9 is not used. It is programmed as an open drain output and is high impedance.
GPIO10 (pin F4) — Not used

GPIO10 is not used. It is programmed as an open drain output and is high impedance.
GPIO11 (pin F6) — SLEEP

GPIO11 is programmed as the SLEEP Mode input.

I2C Address

The CMI 104 7-bit Slave 12C address (for Master, GPIOs, Buck1-6) is 0x25h. This results in 0x4Ah for a write address
and 0x4Bh for a read address. The CMI 104 7-bit Slave 12C address (for Buck7, LDO1-6) is 0x28h. This results in 0x50h
for a write address and 0x51h for a read address.
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PACKAGE OUTLINE AND DIMENSIONS

-— 3.781 +0.030 ———————==] El
[=[o.100[c]

ACT88760
Advanced PMIC with 7 Bucks, 6 LDOs

3.200 BASIC 81X 02.270 £0.050

INDICATOR

P|N1/'. %
O
O

3.781 #0.030 J:
0.400 BASIC

o%oo
obo00
ObO00O0
ODOOOO |
oot
ObO00O|
e]o]e]e]e)e,
OQOO0O|.

- o

o

OO0

O000bOO0OO

T
1
T
W1/

O OO/

72X 0.400 BASIC
TOP VIEW (BUMPS DOWN)

//]o-100[c]

0.025 +0.003
— 0.540 +0.050 -L[ 0.350 +0.025
4 J

0.190 +0.025 ] I
EEEEE SEATING PLANE i

SIDE VIEW

0]

L]
|-—-|— 0.400 BASIC

BOTTOM VIEW (BUMPS UR)

Data Sheet Rev. B, June 14, 2022 | Subject to change without notice 67 of 68

WWW.Jorvo.com

© 2021 Qorvo US, Inc. All rights reserved. Confidential


http://www.qorvo.com/

QoNrvo ACT88760

Advanced PMIC with 7 Bucks, 6 LDOs

Product Compliance

This part complies with RoHS directive 2011/65/EU as amended by (EU) 2015/863.

This part also has the following attributes:

e Lead Free
e Halogen Free (Chlorine, Bromine)

e Antimony Free

e TBBP-A (CisH12Br402) Free
e PFOS Free

e SVHC Free

Contact Information

For the latest specifications, additional product information, worldwide sales and distribution locations:

Web: www.qorvo.com Tel: 1-844-890-8163
Email: customer.support@gorvo.com

For technical questions and application information:

Email: appsupport@gorvo.com

Important Notice

The information contained herein is believed to be reliable; however, Qorvo makes no warranties regarding the information contained
herein and assumes no responsibility or liability whatsoever for the use of the information contained herein. All information contained
herein is subject to change without notice. Customers should obtain and verify the latest relevant information before placing orders
for Qorvo products. The information contained herein or any use of such information does not grant, explicitly or implicitly, to any
party any patent rights, licenses, or any other intellectual property rights, whether with regard to such information itself or anything
described by such information. THIS INFORMATION DOES NOT CONSTITUTE A WARRANTY WITH RESPECT TO THE
PRODUCTS DESCRIBED HEREIN, AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES WITH RESPECT TO
SUCH PRODUCTS WHETHER EXPRESS OR IMPLIED BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE,
USAGE OF TRADE OR OTHERWISE, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE.

Without limiting the generality of the foregoing, Qorvo products are not warranted or authorized for use as critical components in
medical, life-saving, or life-sustaining applications, or other applications where a failure would reasonably be expected to cause
severe personal injury or death.

Copyright 2019 © Qorvo, Inc. | Qorvo®, Active-Semi®, Power Application Controller®, Solutions for Sustainability™, Micro Application
Controller™, Multi-Mode Power Manager™, Configurable Analog Front End™ and Application Specific Power Drivers™ are
trademarks of Qorvo, Inc.

ARM® is a registered trademark and Cortex™ is a trademark of ARM Limited. All referenced brands and trademarks are the property
of their respective owners.
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