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Advanced Power Management Unit

FEATURES

e Three Step-Down DC/DC Converters

e Four Low-Dropout Linear Regulators

e ’C™ Serial Interface

e Advanced Enable/Disable Sequencing Controller
e Minimal External Components

¢ Tiny 4x4mm TQFN44-32 Package
—0.75mm Package Height
— Pb-Free and RoHS Compliant

GENERAL DESCRIPTION

The ACT8892 is a complete, cost effective, highly-
efficient ActivePMU™ power management solution
that is ideal for a wide range of high performance
portable handheld applications such as tablet or pad
devices.

This device features three step-down DC/DC
converters and four low-noise, low-dropout linear
regulators.

The three DC/DC converters utilize a high-
efficiency, fixed-frequency (2MHz), current-mode
PWM control architecture that requires a minimum
number of external components. Two DC/DCs are
capable of supplying up to 1150mA of output
current, while the third supports up to 1300mA. All
four low-dropout linear regulators are high-
performance, low-noise, regulators that supply up to
320mA.

The ACT8892 is available in a compact, Pb-Free
and RoHS-compliant TQFN44-32 package.

TYPICAL APPLICATION DIAGRAM

Battery > » VSYS
REG1
Step-Down » OUT1
DCIDC 0.6V to 3.9V
Up to 1150mA
PWRHLD ==ty @=——=t Step-Down p OUT2
DC/DC 0.6V to 3.9V
PWREN =fp Up to 1150mA
VSEL ety System REG3 oUTS
nPBSTAT < Control ! Step-Down > O6Vios.ov
SCL =il | Up to 1300mA
SDA <ty REG4 OUT4
| o LDO > 0.6V to 3.9V
nliRQ <
RSTO <€ Up to 320mA
n REG5 ouT5
| gumn LDO > D609V
Up to 320mA
¢—  RECS » OUT6
LDO 0.6V t0 3.9V
Up to 320mA
ACT8892 REG7 it
» OUT7
LDO 0.6V t0 3.9V
Up to 320mA

Innovative Power™
ActivePMU™ is a trademark of Active-Semi.
12C™ is a trademark of NXP.

www.active-semi.com
Copyright © 2015-2017 Active-Semi, Inc.



GClNS e ACT8892

Rev 2, 01-Jul-15

TABLE OF CONTENTS

(1= a1cT = 1M [l (o] g 0 =1 o o I SRR PRSRP p. 01
[ [ aTex o] =1 =T Yot G I =T |- o 4 PSPPIt p. 03
(@ (o =T gTaTo T 1) (o Ty s F=11To] o S PUPPRS p. 04
e T OFoT o1 iTe 0] =1 (o] o PP PPPPTP p. 04
T I L= T o) 4o ) RS p. 05
Absolute Maximum RatINGS .......veiei bbbt e e s b e e s s bt e e e e s bt e e e e eanreeeeaans p. 07
I°C Interface EIECtriCal ChArACEIISHICS ...........cvoveveeieeeeeeeeeeeeee e eeeeeeee s eeeee e eeee s s ee e eeeeeeens p. 08
(€] (o] oF= 1l aT=To [ 153 (T g1 = o PP p. 09
Register and Bit DESCIIPLIONS ........viiiiiiiiiiieiiieiee ettt eeeeeeeeeaeeeeeeessaeeeeaesessssssessssssnsesssssssnsssssnssnnsnnnnns p. 10
System Control Electrical CharaCteriStiCS.........cccuuviiiiiii i e e p. 14
Step-Down DC/DC Electrical CharacteristiCs ...........ouiiiiiiiiiiiiiiiie et p. 15
Low-Noise LDO Electrical CharaCteriStiCs..........ouuuiiiiiiiiiiiie e p. 16
Typical Performance CharacCteriStiCS.........c.oiiiiiii it e e et e e e p. 17
System control INFOrMALION ... e e e e e e e p. 22
1070] o1 o] IS 1o | 0 F=1 L3PPSO p. 22
PUSh-BUON CONIIOL.......ooeee e e e e et e e e e e e e e aaareeeeaaeeas p. 23
1070] g1 fo] IST=To [UT=Y o oY PO PR p. 24
[Tl aTexile] g =T B =TT el 4] o i o] o W PP PPPP p. 27
T2  INEEITACE ..ottt et ettt et ettt n e e en e e p. 27
Voltage Monitor and INTEITUPL..........ooi e e e p. 27
Thermal SNULAOWN ..ot e et e e e nb e e e anee e e e ennees p. 27
Step-Down DC/DC REQUIALOTS .........c..uiiiiiieie ettt e et e e e e e e et e e e e e e e e s et e raeeeeeeeeeannsrnnees p. 28
GENEral DESCIIPLION ... .t e e e e e e e e e e e e e e e e et b e eeeeeeeeeesnsraaeeeaeeeaaannes p. 28
100% Duty CYClIe OPEratioN ..........eeiiiiiiiee ettt et e e e b e e e ebre e e e ennes p. 28
SyNchronous ReCHTICAtION ........oo e e e e e e p. 28
SO Start p. 28
LO70] 0] 01T aTS= 111 o [F PSP p. 28
Configuration OPLIONS .......eiiiiiiii ittt e et e e e e e e e e ettt e e e e e e e e e annneeeeeeaeeeaaannes p. 28
OK[]and Output Fault Interrupt..........coooo i p. 29
PCB Layout ConSIAErationsS ...........ocuueiiiiiiiiee ettt e e s et e e s anneeee s p. 29
Low-Noise, Low-Dropout Linear REQUIALOTS.........c..oo i p. 30
General DesCriplion ... p. 30
OUPUL CUITENT LIMt....eeei et et e e et e e e e bt e e e e nnre e e e enneas p. 30
CoMPENSALION ..o p. 30
Configuration OPLIONS .......eiiiiiiii ettt e et e e e e e e e ettt e e e e e e e e e annseeeeeeaeeeaaannes p. 30
OK[ ] and Output Fault INTEITUPL ... e p. 30
PCB Layout Considerations ..........ccoiie et e e e e e e e e e e e e e e ennreeeeas p. 31
TQFN44-32 Package Outline and DIMENSIONS ........ooiiiiiiiiiiiiiie e p. 32
Innovative Power™ -2- www.active-semi.com
ActivePMU™ is a trademark of Active-Semi. Copyright © 2015-2017 Active-Semi, Inc.

12C™ is a trademark of NXP.



active-semi’

Solutions for Sustainability

ACT8892

Rev 2, 01-Jul-15

ORDERING INFORMATION®®

V A/
PART NUMBER | ™5 S™8IV o yra/Vstay2|Voura/Vstays|Vours| Vours|Vours| Vours| PACKAGE [PINS TEM;EEQEU RE
IACT8892Q41134-T| 1.8V/1.6V | 3.0V/3.0V [1.2V/0.95V 2.8V | 3.3V |3.0V|1.5V [TQFN44-32| 32 | -40°C to +85°C
IACT8892Q41185-T 1.1V 2.5V 3.3V 1.5V |1.2V|1.8V|3.3V|[TQFN44-32] 32 | -40°C to +85°C

®: All Active-Semi components are RoHS Compliant and with Pb-free plating unless specified differently. The term Pb-free means
semiconductor products that are in compliance with current RoHS (Restriction of Hazardous Substances) standards.

@: Standard product options are identified in this table. Contact factory for custom options, minimum order quantity is 12,000 units.

®: To select Vsreyx @s a output regulation voltage of REGx, drive VSEL to a logic high. The Vgrayx can be set by software via 1°C
interface, refer to appropriate sections of this datasheet for Vsrgyx setting.
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FUNCTIONAL BLOCK DIAGRAM
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PIN DESCRIPTIONS

PIN NAME DESCRIPTION
1 OUT1 Output Feedback Sense for REG1. Connect this pin directly to the output node to connect the
internal feedback network to the output voltage.
Analog Ground. Connect GA directly to a quiet ground node. Connect GA, GP1,GP2 and GP3
2 GA : - -
together at a single point as close to the IC as possible.
Output Voltage for REG4. Capable of delivering up to 320mA of output current. Connect a 3.3pF
3 ouT4 ceramic capacitor from OUT4 to GA. The output is discharged to GA with 1.5kQ resistor when
disabled.
Output Voltage for REG5. Capable of delivering up to 320mA of output current. Connect a 3.3uF
4 ouT5 ceramic capacitor from OUT5 to GA. The output is discharged to GA with 1.5kQ resistor when
disabled.
5 INL45 Power Input for REG4 and REGS5. Bypass to GA with a high quality ceramic capacitor placed as
close to the IC as possible.
Power Input for REG6 and REG7. Bypass to GA with a high quality ceramic capacitor placed as
6 INL67 :
close to the IC as possible.
Output Voltage for REG6. Capable of delivering up to 320mA of output current. Connect a 3.3uF
7 ouT6 ceramic capacitor from OUT6 to GA. The output is discharged to GA with 1.5kQ resistor when
disabled.
Output Voltage for REG7. Capable of delivering up to 320mA of output current. Connect a 3.3pF
8 ouT7 ceramic capacitor from OUT7 to GA. The output is discharged to GA with 1.5kQ resistor when
disabled.
Master Enable Input. Drive nPBIN to GA through a 50kQ resistor to enable the IC, drive nPBIN
9 nPBIN directly to GA to assert a manual reset condition. Refer to the nPBIN Multi-Function Input section
for more information. nPBIN is internally pulled up to Vypprer through a 35kQ resistor.
10 PWRHLD | Power Hold Input. Refer to the Control Sequences section for more information.
11 NRSTO | Active Low Reset Output. See the nRSTO Output section for more information.
12 nIRQ Open-Drain Interrupt Output. nIRQ asserts any time an unmasked fault condition exists or an
interrupt occurs. See the nIRQ Output section for more information.
13 nPBSTAT Active-Low Open-Drain Push-Button Status Output. nPBSTAT is asserted low whenever the
nPBIN is pushed, and is high-Z otherwise. See the nPBSTAT Output section for more information.
Power Ground for REG3. Connect GA, GP1, GP2, and GP3 together at a single point as close to
14 GP3 .
the IC as possible.
15 SW3 Switching Node Output for REG3. Connect this pin to the switching end of the inductor.
16 VP3 Power Input for REG3. Bypass to GP3 with a high quality ceramic capacitor placed as close to the
IC as possible.
17 PWREN | Power Enable Input. Refer to the Control Sequences section for more information.
18 NC1 Not Connected. Not internally connected.
19 OoUT3 Output Feedback Sense for REG3. Connect this pin directly to the output node to connect the
internal feedback network to the output voltage.
Step-Down DC/DCs Output Voltage Selection. Drive to logic low to select default output voltage.
20 VSEL Drive to logic high to select secondary output voltage. See the Output Voltage Programming
section for more information.
21 SCL Clock Input for I°C Serial Interface.
22 SDA Data Input for I°C Serial Interface. Data is read on the rising edge of SCL.
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PIN DESCRIPTIONS CONT’D

PIN NAME DESCRIPTION
Power supply for the internal reference. Connect this pin directly to the system power supply.
23 VDDREF |Bypass VDDREF to GA with a 1uF capacitor placed as close to the IC as possible. Star
connection with VP1, VP2 and VP3 preferred.
24 OUT2 Output Feedback Sense for REG2. Connect this pin directly to the output node to connect the
internal feedback network to the output voltage.
25 NC2 Not Connected. Not internally connected.
Power Input for REG2 and System Control. Bypass to GP2 with a high quality ceramic capacitor
26 VP2 :
placed as close to the IC as possible.
27 Sw2 Switching Node Output for REG2. Connect this pin to the switching end of the inductor.
Power Ground for REG2. Connect GA, GP1,GP2 and GP3 together at a single point as close to
28 GP2 .
the IC as possible.
Power Ground for REG1. Connect GA, GP1,GP2 and GP3 together at a single point as close to
29 GP1 .
the IC as possible.
30 SWi1 Switching Node Output for REG1. Connect this pin to the switching end of the inductor.
31 VP1 Power Input for REG1. Bypass to GP1 with a high quality ceramic capacitor placed as close to
the IC as possible.
32 REFBP Reference Bypass. Connect a 0.047uF ceramic capacitor from REFBP to GA. This pin is
discharged to GA in shutdown.
EP EP Exposed Pad. Must be soldered to ground on PCB.
Innovative Power™ -6- www.active-semi.com
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ABSOLUTE MAXIMUM RATINGS®

PARAMETER VALUE UNIT
VP1 to GP1, VP2 to GP2, VP3 to GP3 -0.3to+6 \Y
INL, VDDREF to GA -0.3to+6
nPBIN, SCL, SDA, REFBP, PWRHLD, PWREN, VSEL to GA -0.3 to (Vvpprer *+ 0.3) \Y
nRSTO, nIRQ, nPBSTAT to GA -0.3to+6 \Y
SW1, OUT1 to GP1 -0.3 to (Vypq + 0.3) \Y
SW2, OUT2 to GP2 -0.3 to (Vypz + 0.3) \
SW3, OUT3 to GP3 -0.3 to (Vyp3 + 0.3) \Y
OUT4, OUT5, OUT6, OUT7 to GA -0.3to (Vin + 0.3) \Y
GP1, GP2, GP3 to GA -0.3to+0.3 \Y
Junction to Ambient Thermal Resistance (6,a) 27.5 °C/W
Operating Ambient Temperature -40 to 85 °C
Maximum Junction Temperature 125 °C
Storage Temperature -65 to 150 °C
Lead Temperature (Soldering, 10 sec) 300 °C

®: Do not exceed these limits to prevent damage to the device. Exposure to absolute maximum rating conditions for long periods may

affect device reliability.
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I°’C INTERFACE ELECTRICAL CHARACTERISTICS

(Mve1 = Vyp2 = Vyps = 3.6V, Ta = 25°C, unless otherwise specified.)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SCL, SDA Input Low Vvoprer = 3.1V to 5.5V, T = -40°C to 85°C 0.35 \Y
SCL, SDA Input High Vvoprer = 3.1V to 5.5V, Ta = -40°C to 85°C | 1.55 \
SDA Leakage Current 1 uA
SCL Leakage Current 1 2 MA
SDA Output Low loL = 5mA 0.35 \Y
SCL Clock Period, tsc, 1.5 us
SDA Data Setup Time, tsu 100 ns
SDA Data Hold Time, tip 300 ns
Start Setup Time, tst For Start Condition 100 ns
Stop Setup Time, tsp For Stop Condition 100 ns

Figure 1:
I’C Compatible Serial Bus Timing
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GLOBAL REGISTER MAP
OUTPUT|ADDRESS BITS
D7 D6 D5 D4 D3 D2 D1 DO
NAME | TRST |nSYSMODE|nSYSLEVMSK| nSYSSTAT | SYSLEV[3] |SYSLEV(2]| SYSLEV[1] | SYSLEV[O]
SYS | 000 rem T o 1 0 R 0 1 1 1
NAME Reserved | FRC_ON1 Reserved Reserved | SCRATCH |SCRATCH| HBRDY |SCRATCH
SYS | 001 P o 0 0 0 0 0 0 0
251 | 020 | _NAME | Reseved | Reserved | VSETI[S| | VSET([4] | VSETi[3] | VSET12] | VSETI[T] | VSETI[]
DEFAULT® 0 0 1 0 0 1 0 0
201 | 021 | _NAME | Reserved | Reserved | VSETZ[S| | VSET24] | VSET2[3] | VSET22] | VSET2[T] | VSET2[)
DEFAULT® 0 0 1 0 0 0 0 0
NAME ON PHASE MODE | DELAY[Z] | DELAY[T] | DELAY[Q] | nFLTMSK | OK
REGT | 022 roem | o 0 0 0 0 1 0 R
NAME | Reserved | Reserved | VSETAB] | VSETAMA] | VSETA[3] | VSETIZ] | VSETIT] | VSETI[0]
REG2 | O30 roem 0 o 0 1 1 0 1 1 0
NAME | Reserved | Reserved | VSET2[5] | VSET2[4] | VSET2[3] | VSET22] | VSET21] | VSET2[0]
REG2 | 031 om0 o 0 1 1 0 1 1 0
NAME ON PHASE MODE | DELAY[2] | DELAY[T] | DELAY[O] | nFLTMSK | OK
REG2 | 032 roem | o 0 0 0 1 0 0 R
203 | 0xa0 | _NAME | Reseved | Reserved | VSETI[S| | VSET([4] | VSETI[3] | VSETf2] | VSETI[T] | VSETI[]
DEFAULT® 0 0 0 1 1 0 0 0
203 | oxa1 | _NAME | Reserved | Reserved | VSETZS| | VSET24] | VSET2[3] | VSET22] | VSETA[T] | VSET2[)
DEFAULT® 0 0 0 0 1 1 1 0
NAME ON |PWRSTAT| MODE | DELAY[Z] | DELAY[] | DELAY[O] | nFLTMSK | OK
REG3 | 042 oo o 0 0 0 1 1 0 R
NAME | Reserved | Reserved | VSET[S] | VSET[] | VSET[3] | VSETZ] | VSET[] | VSET[]
REG4 | 050 roem o o 0 1 1 0 1 0 0
NAME ON DIS LOWIQ | DELAY[Z] | DELAY[T] | DELAY[O] | nFLTMSK | OK
REG4 | 01 e 0| o 1 0 0 1 0 0 R
205 | oxos | _NAVE | Reseved | Reserved | VSET[S | VSETM] | VSET[S] | VSET2l | VSETN | VSET[)
DEFAULT® | 0 0 1 1 1 0 0 1
NAME ON DIS LOWIQ | DELAY[Z] | DELAY[T] | DELAY[]] | nFLTMSK | OK
REGS | 055 roem | o 1 0 0 1 0 0 R
NAME | Reserved | Reserved | VSET[S] | VSET[4] | VSET[] | VSETZ] | VSET[] | VSET[O]
REG6 | 060 roec o o 0 1 1 0 1 1 0
NAME ON DIS LOWIQ | DELAY[Z] | DELAY[T] | DELAY[O] | nFLTMSK | OK
REGE | 061 oo™ o 1 0 0 1 0 0 R
207 | oxos | _NAVE | Reseved | Reserved | VSET[S | VSETM] | VSET[S] | VSET2l | VSETN | VSET[)
DEFAULT®| 0 0 0 1 1 1 1 0
NAME ON DIS LOWIQ | DELAY[Z] | DELAY[T] | DELAY[]] | nFLTMSK | OK
REG7 | 065 oo o 1 0 0 1 0 0 R

@: Default values of ACT8892Q41134-T.

@: All bits are automatically cleared to default values when the input power is removed or falls below the system UVLO.
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REGISTER AND BIT DESCRIPTIONS

Table 1:
Global Register Map
OUTPUT|ADDRESS| BIT NAME ACCESS DESCRIPTION
sYS 0x00 7] TRST RIW Reset Timer Setting. Defines the reset timeout threshold. See

nRSTO Output section for more information.

SYSLEV Mode Select. Defines the response to the SYSLEV
voltage detector, 1: Generate an interrupt when Vypprer falls
SYS 0x00 [6] | nSYSMODE R/W [ below the programmed SYSLEYV threshold, 0: automatic
shutdown when Vyppger falls below the programmed SYSLEV
threshold.

System Voltage Level Interrupt Mask. Disabled interrupt by
SYS 0x00 [5] INSYSLEVMSK| R/W [default, set to 1 to enable this interrupt. See the Programmable
System Voltage Monitor section for more information

System Voltage Status. Value is 1 when Vypprer is lower than the
SYS 0x00 [4] | nSYSSTAT R SYSLEYV voltage threshold, value is 0 when Vyppger is higher
than the system voltage detection threshold.

System Voltage Detect Threshold. Defines the SYSLEV voltage
SYS 0x00 [3:0] SYSLEV R/W | threshold. See the Programmable System Voltage Monitor
section for more information.

SYS 0x01 [7] - R Reserved.

Force-On bit for REG1. Set bit to 1 before entering Hibernate
SYS 0x01 [6] FRC_ON1 R/W [ mode to keep REG1 ON during Hibernate. Clear bit to 0 after
waking from Hibernate mode.

SYS 0x01 [5:4] - R Reserved.

Scratchpad Bits. Non-functional bits, maybe be used by user to
SYS 0x01 [3:2]| SCRATCH R/W [ store system status information. Volatile bits, which are cleared
upon system shutdown.

Hibernate Ready Flag. Set bit to 1 before entering Hibernate
mode, then read this bit during enable sequence to identify
SYS 0x01 [1] HBRDY R/W | system status: if bit value is 1 the system is waking from
Hibernate mode, if bit value is 0 the system is waking from a
disabled state.

Scratchpad Bits. Non-functional bits, maybe be used by user to
SYS 0x01 [0] | SCRATCH R/W [ store system status information. Volatile bits, which are cleared
upon system shutdown.

REG1 0x20 [7:6] - R Reserved.
Primary Output Voltage Selection. Valid when VSEL is driven
REG1 0x20 [5:0] VSET1 R/W [low. See the Output Voltage Programming section for more
information.
REG1 0x21 [7:6] - R Reserved.
Secondary Output Voltage Selection. Valid when VSEL is driven
REG1 0x21 [5:0] VSET2 R/W | high. See the Output Voltage Programming section for more
information.
REG1 0x22 7] ON RIW Regulator Enable Bit. Set bit to 1 to enable the regulator, clear bit

to 0 to disable the regulator.

Regulator Phase Control. Set bit to 1 for regulator to operate
REG1 0x22 [6] PHASE R/W [ 180° out of phase with the oscillator, clear bit to O for regulator to
operate in phase with the oscillator.

Regulator Mode Select. Set bit to 1 for fixed-frequency PWM
REG1 0x22 [5] MODE R/W | under all load conditions, clear bit to 0 to transit to power-savings
mode under light-load conditions.

Regulator Turn-On Delay Control. See the REG1, REG2, REG3
Turn-on Delay section for more information.

REG1 0x22 [4:2] DELAY RW

Regulator Fault Mask Control. Set bit to 1 enable to fault-

REG1 0x22 (1 nFLTMSK RIW interrupts, clear bit to 0 to disable fault-interrupts.

Innovative Power™ -10 - www.active-semi.com
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REGISTER AND BIT DESCRIPTIONS CONT’D

OUTPUT | ADDRESS | BIT NAME ACCESS DESCRIPTION
Regulator Power-OK Status. Value is 1 when output voltage
REGH 0x22 [0] OK RW exceeds the power-OK threshold, value is 0 otherwise.
REG2 0x30 [7:6] - R Reserved.
Primary Output Voltage Selection. Valid when VSEL is driven
REG2 0x30 [5:0] VSET1 R/W  |low. See the Output Voltage Programming section for more
information.
REG2 0x31 [7:6] - R Reserved.
Secondary Output Voltage Selection. Valid when VSEL is
REG2 0x31 [5:0] VSET2 R/W  |driven high. See the Output Voltage Programming section for
more information.
Regulator Enable Bit. Set bit to 1 to enable the regulator, clear
REG2 0x32 [7] ON RIW bit to 0 to disable the regulator.
Regulator Phase Control. Set bit to 1 for regulator to operate
REG2 0x32 [6] PHASE R/W  ]180° out of phase with the oscillator, clear bit to 0 for regulator
to operate in phase with the oscillator.
Regulator Mode Select. Set bit to 1 for fixed-frequency PWM
REG2 0x32 [5] MODE R/W  |under all load conditions, clear bit to 0 to transit to power-
savings mode under light-load conditions.
. Regulator Turn-On Delay Control. See the REG1, REG2,
REG2 0x32 [4:2] DELAY RW REGS3 Turn-on Delay section for more information.
Regulator Fault Mask Control. Set bit to 1 enable to fault-
REG2 0x32 [1] | nFLTMSK RIW interrupts, clear bit to 0 to disable fault-interrupts.
Regulator Power-OK Status. Value is 1 when output voltage
REG2 0x32 [0] OK RIW exceeds the power-OK threshold, value is 0 otherwise.
REG3 0x40 [7:6] - R Reserved.
Primary Output Voltage Selection. Valid when VSEL is driven
REG3 0x40 [5:0] VSET1 R/W  |low. See the Output Voltage Programming section for more
information.
REG3 0x41 [7:6] - R Reserved.
Secondary Output Voltage Selection. Valid when VSEL is
REG3 0x41 [5:0] VSET2 R/W  |driven high. See the Output Voltage Programming section for
more information.
Regulator Enable Bit. Set bit to 1 to enable the regulator, clear
REG3 0xd2 [7] ON RIW bit to 0 to disable the regulator.
Configures regulator behavior with respect to the nPBIN input.
REG3 0x42 [6] | PWRSTAT RW Set bit to 0 to enable regulator when nPBIN is asserted.
Regulator Mode Select. Set bit to 1 for fixed-frequency PWM
REG3 0x42 [5] MODE R/W  Junder all load conditions, clear bit to 0 to transition to power-
savings mode under light-load conditions.
. Regulator Turn-On Delay Control. See the REG1, REG2,
REG3 0x42 [4:2] DELAY RW REG3 Turn-on Delay section for more information.
Regulator Fault Mask Control. Set bit to 1 enable to fault-
REG3 0x42 [11 | nFLTMSK RIW interrupts, clear bit to 0 to disable fault-interrupts.
Regulator Power-OK Status. Value is 1 when output voltage
REG3 0x42 [0] OK RIW exceeds the power-OK threshold, value is 0 otherwise.
REG4 0x50 [7:6] - R Reserved.
. Output Voltage Selection. See the Output Voltage
REG4 0x50 [5:0] VSET RW Programming section for more information.
Regulator Enable Bit. Set bit to 1 to enable the regulator, clear
REG4 0x51 [7] ON RIW bit to 0 to disable the regulator.
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REGISTER AND BIT DESCRIPTIONS CONT’D

OUTPUT | ADDRESS | BIT NAME ACCESS DESCRIPTION
Output Discharge Control. When activated, discharges LDO
output to GA through 1.5kQ when in shutdown. Set bit to 1 to
REG4 0x51 [6] DIS RW enable output voltage discharge in shutdown, clear bit to 0 to
disable this function.
LDO Low-IQ Mode Control. Set bit to 1 for low-power
REG4 0x51 [] LowiQ RW operating mode, clear bit to 0 for normal mode.
. Regulator Turn-On Delay Control. See the REG4, REGS,
REG4 0x51 [4:2] DELAY RAW REG6, REG7 Turn-on Delay section for more information.
Regulator Fault Mask Control. Set bit to 1 enable to fault-
REG4 0x51 (1] nFLTMSK RIW interrupts, clear bit to 0 to disable fault-interrupts.
Regulator Power-OK Status. Value is 1 when output voltage
REG4 0x51 [l OK RW exceeds the power-OK threshold, value is 0 otherwise.
REG5 0x54 [7:6] - R Reserved.
. Output Voltage Selection. See the Output Voltage
REGS5 0x54 [5:0] VSET RIW Programming section for more information.
Regulator Enable Bit. Set bit to 1 to enable the regulator,
REGS 0x55 [7] ON RW clear bit to 0 to disable the regulator.
Output Discharge Control. When activated, discharges LDO
output to GA through 1.5kQ when in shutdown. Set bit to 1 to
REGS 0x55 [6] DIS RIW enable output voltage discharge in shutdown, clear bit to 0 to
disable this function.
LDO Low-IQ Mode Control. Set bit to 1 for low-power
REGS5 0x55 [5] LOWIQ RIW operating mode, clear bit to 0 for normal mode.
. Regulator Turn-On Delay Control. See the REG4, REGS,
REGS 0x55 [4:2] DELAY RW REG6, REG7 Turn-on Delay section for more information.
Regulator Fault Mask Control. Set bit to 1 enable to fault-
REG5 0x55 (1] nFLTMSK RW interrupts, clear bit to 0 to disable fault-interrupts.
Regulator Power-OK Status. Value is 1 when output voltage
REGS5 0x55 [0] OK RIW exceeds the power-OK threshold, value is 0 otherwise.
REG6 0x60 [7:6] - R Reserved.
. Output Voltage Selection. See the Output Voltage
REG6 0x60 [5:0] VSET RW Programming section for more information.
Regulator Enable Bit. Set bit to 1 to enable the regulator,
REG6 0x61 7] ON RW clear bit to O to disable the regulator.
Output Discharge Control. When activated, discharges LDO
output to GA through 1.5kQ when in shutdown. Set bit to 1 to
REG6 0x61 [6] DIS RIW enable output voltage discharge in shutdown, clear bit to 0 to
disable this function.
LDO Low-IQ Mode Control. Set bit to 1 for low-power
REG6 0x61 [5] LowiQ RIW operating mode, clear bit to 0 for normal mode.
. Regulator Turn-On Delay Control. See the REG4, REGS5,
REG6 0x61 [4:2] DELAY RW REG6, REG7 Turn-on Delay section for more information.
Regulator Fault Mask Control. Set bit to 1 enable to fault-
REG6 0x61 (1] nFLTMSK RIW interrupts, clear bit to 0 to disable fault-interrupts.
Regulator Power-OK Status. Value is 1 when output voltage
REG6 0x61 [0] OK RIW exceeds the power-OK threshold, value is 0 otherwise.
REG?7 0x64 [7:6] - R Reserved.
REG7 Ox64 [5:0] VSET RIW Output Voltage Selection. See the Output Voltage
) Programming section for more information.
Regulator Enable Bit. Set bit to 1 to enable the regulator,
REG7 0x65 [7] ON RW clear bit to O to disable the regulator.
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REGISTER AND BIT DESCRIPTIONS CONT’D

OUTPUT | ADDRESS | BIT NAME ACCESS DESCRIPTION

Output Discharge Control. When activated, discharges LDO
output to GA through 1.5kQ when in shutdown. Set bit to 1 to

REG7 0x65 [6] DIS RW enable output voltage discharge in shutdown, clear bit to 0 to
disable this function.
LDO Low-IQ Mode Control. Set bit to 1 for low-power

REG7 0x65 [5] LowiQ RIW operating mode, clear bit to 0 for normal mode.

. Regulator Turn-On Delay Control. See the REG4, REGS,

REG7 0x65 [4:2] DELAY RAW REG6, REG7 Turn-on Delay section for more information.
Regulator Fault Mask Control. Set bit to 1 enable to fault-

REG7 0x65 (1] NFLTMSK RIW interrupts, clear bit to 0 to disable fault-interrupts.

REG7 0x65 [0] OK RIW Regulator Power-OK Status. Value is 1 when output voltage

exceeds the power-OK threshold, value is 0 otherwise.
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SYSTEM CONTROL ELECTRICAL CHARACTERISTICS

(Vvp1= Vypz2 = Vyps = 3.6V, Ta = 25°C, unless otherwise specified.)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Input Voltage Range 2.7 5.5 \%
UVLO Threshold Voltage Vvoprer Rising 2.2 2.45 2.65 V
UVLO Hysteresis Vvpprer Falling 200 mV
REG1 Enabled. REG2, RE§3, REG4, 150
REGS5, REG6 and REG7 Disabled
REG], REGR R natld, R o
REG1, REG2, REG3, REG4, REGS5, 420

REG6 and REG7 Enabled

Shutdown Supply Current

All Regulators Disabled

15 3.0 7y

Oscillator Frequency 1.8 2 2.2 MHz
Logic High Input Voltage® 1.4 \Y;
Logic Low Input Voltage 0.4 \%
Leakage Current Vara = Virsto = 4.2V 1 MA
Low Level Output Voltage® Isink = 5mA 0.35 \Y
nRSTO Delay 65° ms
Thermal Shutdown Temperature Temperature rising 160 °C
Thermal Shutdown Hysteresis 20 °C

®: PWRHLD, nHIB, VSEL are logic inputs.

@: nPBSTAT, nIRQ, nRSTO are open drain outputs.

®: Typical value shown. Actual value may vary from 56.3ms to 72.8ms.
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STEP-DOWN DC/DC ELECTRICAL CHARACTERISTICS

(Mvp1 = Vyp2 = Vyps = 3.6V, Ta = 25°C, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNIT

Operating Voltage Range 2.7 5.5 Vv
UVLO Threshold Input Voltage Rising 2.5 2.6 2.7 \%
UVLO Hysteresis Input Voltage Falling 100 mV
Quiescent Supply Current Regulator Enabled 65 90 A
Shutdown Current Vyp = 5.5V, Regulator Disabled 0 1 MA
Output Voltage Accuracy Vour 2 1.2V, lour = 10mA 1% Viow® 1% \Y;

Vour < 1.2V, lour = 10mA -2% Vnom® 2%
Line Regulation Vyp = Max(Vnom® +1, 3.2V) to 5.5V 0.15 %IV
Load Regulation loutr = 10mA to IMAX® 0.0017 %/mA
Power Good Threshold Vour Rising 93 %VNom
Power Good Hysteresis Vour Falling 2 %VNom

Vout 2 20% of Vnom 1.8 2 2.2 MHz
Oscillator Frequency

Vour = 0V 500 kHz
Soft-Start Period 400 us
Minimum On-Time 75 ns
REG1
Maximum Output Current 1.15 A
Current Limit 1.5 1.8 2.1 A
PMOS On-Resistance lsw1 =-100mA 0.16 Q
NMOS On-Resistance Isw1 = 100mA 0.16 Q
SW1 Leakage Current Vypt = 5.5V, Vw1 =0 or 5.5V 1 MA
REG2
Maximum Output Current 1.15 A
Current Limit 15 1.8 21 A
PMOS On-Resistance Isw2 = -100mA 0.16 Q
NMOS On-Resistance Isw2 = 100mA 0.16 Q
SW2 Leakage Current Vyp2 = 5.5V, Vswo =0 or 5.5V 1 WA
REG3
Maximum Output Current 1.30 A
Current Limit 1.7 21 25 A
PMOS On-Resistance Iswz = -100mA 0.16 Q
NMOS On-Resistance Iswz = 100mA 0.16 Q
SW3 Leakage Current Vyps = 5.5V, Vsws = 0 or 5.5V 0 1 MA

®: Vnow refers to the nominal output voltage level for Voyr as defined by the Ordering Information section.

@: IMAX Maximum Output Current.
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LOW-NOISE LDO ELECTRICAL CHARACTERISTICS

(Vine = 3.6V, Cours = Cours = 1.54F, Couts = Courr = 3.3uF, LOWIQ[ ] = [0], Ta = 25°C, unless otherwise specified.)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Operating Voltage Range 25 55 \%
Output Voltage Accuracy Vour 2 1.2V, Ta = 25°C, lour = 10mA 1% Vwou” 2% \%
Vout < 1.2V, Ta = 25°C, loyr = 10mA -2% Viom® 4%
VinL = Max (Vour + 0.5V, 3.6V) to 5.5V 0.05
Line Regulation Vine = Max (Vour + 0.5V, 3.6V) to 5.5V 05 mV/V
LOWIQ[]1=1[1] )
Load Regulation loutr = TMA to IMAX® 0.08 VIA
Power Supply Rejection Ratio F= TkHz, lour = 20mA, Vour =1.2V s dB
f = 10kHz, loutr = 20mA, Vour =1.2V 65
Regulator Enabled, LOWIQ[ ] = [0] 37 60
Supply Current per Output Regulator Enabled, LOWIQ[ ] = [1] 31 52 MA
Regulator Disabled 0 1
Soft-Start Period Vour = 2.9V 140 us
Power Good Threshold Vour Rising 89 %
Power Good Hysteresis Vour Falling 3 %
Output Noise |10LéTV= 20mA, f = 10Hz to 100kHz, Vour = 50 UV ruis
Discharge Resistance LDO Disabled, DIS[] =1 15 kQ
REG4
Dropout Voltage® lour = 160mMA, Vour > 3.1V 90 180 mV
Maximum Output Current 320 mA
Current Limit® Vout = 95% of regulation voltage 400 mA
Stable Cours Range 3.3 20 uF
REG5
Dropout Voltage lour = 160mMA, Vour > 3.1V 140 280 mV
Maximum Output Current 320 mA
Current Limit Vout = 95% of regulation voltage 400 mA
Stable Cours Range 3.3 20 uF
REG6
Dropout Voltage lour = 160mMA, Vour > 3.1V 90 180 mV
Maximum Output Current 320 mA
Current Limit Vout = 95% of regulation voltage 400 mA
Stable Couts Range 3.3 20 uF
REG7
Dropout Voltage lour = 160mMA, Vour > 3.1V 140 280 mV
Maximum Output Current 320 mA
Current Limit Vout = 95% of regulation voltage 400 mA
Stable Cour7s Range 3.3 20 MF

®: Vnow refers to the nominal output voltage level for Voyr as defined by the Ordering Information section.

@: IMAX Maximum Output Current.

®: Dropout Voltage is defined as the differential voltage between input and output when the output voltage drops 100mV below the
regulation voltage (for 3.1V output voltage or higher)

@: LDO current limit is defined as the output current at which the output voltage drops to 95% of the respective regulation voltage.
Under heavy overload conditions the output current limit folds back by 30% (typ)
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TYPICAL PERFORMANCE CHARACTERISTICS

(Vvp1= Vyp2 = Vyps = 3.6V, Ta = 25°C, unless otherwise specified.)

Vger vs. Temperature

CH1: Vypaiv, 5V/div
CH2: Voyrs, 1V/div
CHB3: Vouyr1, 2V/div
CH4: Vouyr, 2V/div

Frequency vs. Temperature
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nPBIN Startup Sequence PWRHLD Startup Sequence
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CH1 3 ‘ 9
2 CH1 | 18
8 P 8
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g i 5
CH2 CH2
I W A %
chs CH3 /
CH4 j
CH4

CH1: Vpwrhip, 5V/div
CH2: Voyrs, 1V/div
CH3: Vouyry, 2V/div
CH4: Voyrs, 2V/div
TIME: 2.5ms/div

TIME: 1ms/div

PWREN Sequence

¥

CH1

G00-2688.L0V

CH2

CH3

CH4

R

CH1: Vpwren, 5V/div
CH2: Voyrs, 2V/div
CH3: Vours, 2V/div
CH4: Vours, 2V/div
CH5: Vourr, 1V/div
TIME: 250us/div

CH5
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TYPICAL PERFORMANCE CHARACTERISTICS CONT’D

(Ta = 25°C, unless otherwise specified.)

Push-Button Response (First Power-Up) Manual Reset Response
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TYPICAL PERFORMANCE CHARACTERISTICS CONT’D

(Ta = 25°C, unless otherwise specified.)

Output Voltage (V)
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TYPICAL PERFORMANCE CHARACTERISTICS CONT’D

(Ta = 25°C, unless otherwise specified.)

REG4, 5, 6 Output Voltage vs. Output Current
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TYPICAL PERFORMANCE CHARACTERISTICS CONT’D

(Ta = 25°C, unless otherwise specified.)

Output Voltage vs. Temperature Region of Stable Coyr ESR vs. Output Current
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SYSTEM CONTROL INFORMATION

Control Signals

Enable Inputs

The ACT8892 features a variety of control inputs,
which are used to enable and disable outputs
depending upon the desired mode of operation.
PWREN, PWRHLD are logic inputs, while nPBIN is
a unique, multi-function input. Refer to Table 2 for a
description of which channels are controlled by
each input.

nPBIN Multi-Function Input

ACT8892 features the nPBIN multi-function pin,
which combines system enable/disable control with
a hardware reset function. Select either of the two
pin functions by asserting this pin, either through a
direct connection to GA, or through a 50kQ resistor
to GA, as shown in Figure 2.

Figure 2:
nPBIN Input

Manual Reset Function

VDDREF Manual
Reset
Detect
50k nPBIN
o PUSH-
Button

Detect

Push-Button Manual
Reset
i ouT2 i
— —

nPBSTAT

™
JﬁI_ACT8892

To CPU

r

The second major function of the nPBIN input is to
provide a manual-reset input for the processor. To
manually-reset the processor, drive nPBIN directly
to GA through a low impedance (less than 2.5kQ).
When this occurs, nRSTO immediately asserts low,
then remains asserted low until the nPBIN input is
de-asserted and the reset time-out period expires.

nPBSTAT Output

nPBSTAT is an open-drain output that reflects the
state of the nPBIN input; nPBSTAT is asserted low
whenever nPBIN is asserted, and is high-Z
otherwise. This output is typically used as an
interrupt signal to the processor, to initiate a
software-programmable routine such as operating
mode selection or to open a menu. Connect
nPBSTAT to an appropriate supply voltage
(typically OUT2) through a 10kQ or greater resistor.

nRSTO Output
nRSTO is an open-drain output which asserts low

upon startup or when manual reset is asserted via
the nPBIN input. When asserted on startup, nRSTO
remains low until reset time-out period expires after
OUT3 reaches its power-OK threshold. When
asserted due to manual-reset, NRSTO immediately
asserts low, then remains asserted low until the
nPBIN input is de-asserted and the reset time-out
period expires.

Connect a 10kQ or greater pull-up resistor from
nRSTO to an appropriate voltage supply (typically
ouT1).

nIRQ Output

nIRQ is an open-drain output that asserts low any
time an interrupt is generated. Connect a 10kQ or
greater pull-up resistor from nIRQ to an appropriate
voltage supply. nIRQ is typically used to drive the
interrupt input of the system processor.

Many of the ACT8892's functions support interrupt-
generation as a result of various conditions. These
are typically masked by default, but may be
unmasked via the I°C interface. For more
information about the available fault conditions,
refer to the appropriate sections of this datasheet.

Note that under some conditions a false interrupt
may be generated upon initial startup. For this
reason, it is recommended that the interrupt service
routine check and validate nSYSLEVMSK[] and
nFLTMSK[ ] bits before processing an interrupt
generated by these bits. These interrupts may be
validated by nSYSSTAT] ], OK[ ] bits.

Push-Button Control

The ACT8892 is designed to initiate a system
enable sequence when the nPBIN multi-function
input is asserted. Once this occurs, a power-on
sequence commences, as described below. The
power-on sequence must complete and the
microprocessor must take control (by asserting
PWREN or PWRHLD) before nPBIN is de-asserted.
If the microprocessor is unable to complete its
power-up routine successfully before the user
releases the push-button, the ACT8892
automatically shuts the system down. This provides
protection against accidental or momentary
assertions of the push-button. If desired, longer
“push-and-hold” times can be implemented by
simply adding an additional time delay before
asserting PWREN or PWRHLD.
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Table 2:
Control Pins
PIN NAME OUTPUT
nPBIN REG1, REG2, REG3
PWRHLD REG1, REG2, REG3
PWREN REG4, REG5, REG6, REG7

Control Sequences

The ACT8892 features a variety of control
sequences that are optimized for supporting system
enable and disable, as well as Sleep mode and
Hibernate mode of some application processors.

Enabling/Disabling Sequence

A typical enable sequence initiates as a result of
asserting nPBIN, and begins by enabling REG3.
When REG3 reaches its power-OK threshold,
nRSTO is asserted low, resetting the
microprocessor. REG1 is enabled after REG3
reaches its power-OK threshold for 2ms®, REG2 is
enabled after REG3 reaches its power-OK
threshold for 4ms®. If REG3 is above its power-OK
threshold when the reset timer expires, nRSTO is
de-asserted, allowing the microprocessor to begin
its boot sequence. REG4, REG5, REG6 and REG7
can be enabled by asserting PWREN.

During the boot sequence, the processor should
read the HBRDY] ] bit; if the value of HBRDY[ ] is O
then the software should proceed with a typical
enable sequence, whereas if the value of HBRDY[ ]
is 1 then the software should proceed with a “wake
from Hibernate Mode” routine. See the Hibernate
Mode Sequence section for more information.
During the boot sequence, the microprocessor must
assert PWRHLD, holding REG1, REG2 and REG3
to ensure that the system remains powered after
nPBIN is released.

Once the power-up routine is completed, the
system remains enabled after the push-button is
released as long as either PWRHLD or PWREN are
asserted high. If the processor does not assert
PWRHLD before the user releases the push-button,
the boot-up sequence is terminated and all
regulators are disabled. This provides protection
against "false-enable", when the push-button is
accidentally depressed, and also ensures that the
system remains enabled only if the processor
successfully completes the boot-up sequence.

As with the enable sequence, a typical disable
sequence is initiated when the user presses the
push-button, which interrupts the processor via the
nPBSTAT output. The actual disable sequence is
completely  software-controlled, but typically
involved initiating various “clean-up” processes
before the processor finally de-asserts PWREN
first, which disables REG4, REG5, REG6 and

REG7, then de-asserts PWRHLD, which disables
REG1, REG2 and REG3 after push-button is
released, hence shuts the system down.

Sleep Mode Sequence

The ACT8892 supports some processors’ Sleep
mode operation. Once a successful power-up
routine has been completed, Sleep mode may be
initiated through a variety of software-controlled
mechanisms.

Sleep mode is typically initiated when the user
presses the push-button during normal operation.
Pressing the push-button asserts the nPBIN input,
which asserts the nPBSTAT output, which
interrupts the processor. In response to this
interrupt the processor should de-assert PWREN,
disabling REG4, REGS5, REG6 and REG?7.
PWRHLD should remain asserted during Sleep
mode so that REG1, REG2 and REG3 remain
enabled. When REG1, REG2 and REG3 standby
voltage are preset to lower voltages for Sleep
mode, the processor could assert VSEL pin when
entering Sleep mode so that REG1, REG2 and
REG3 outputs lower voltages to reduce power
consumption in Sleep mode.

Waking up from Sleep mode is typically initiated
when the user presses the push-button again,
which asserts nPBSTAT. Processors should
respond by asserting PWREN, which turns on
REG4, REG5, REG6 and REG7, and de-assert
VSEL so that REG1, REG2 and REG3 go back to
normal voltages, then normal operation may
resume.

Hibernate Mode Sequence

The ACT8892 supports Hibernate mode of
operation for some processors. Once a successful
power-up routine is completed, Hibernate mode
may be initiated through a variety of software-
controlled mechanisms. Hibernate mode is typically
initiated when the user presses the push-button
during normal operation. Pressing the push-button
asserts the nPBIN input, which asserts the
nPBSTAT output to interrupt the processor. In

@: Typical value shown, actual delay time may vary from (T-1ms) x 88% to T x 112%, where T is the typical delay time setting.
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response to this interrupt the processor should first
set the FRC_ON1[ ] bit to 1, and the HBRDY] ] bit to
1. Then the processor should de-assert PWREN
and PWRHLD, disabling REG2, REG3, REG4,
REGS5, REG6 and REGY.

Waking from Hibernate mode is initiated when the
user presses the push-button again. Asserting
nPBIN enables REG1, REG2, and REG3. When
REG3 reaches its power-OK threshold, nRSTO is
asserted low, resetting the microprocessor. REG2
is enabled after REG3 reaches its power-OK
threshold for 4ms. Once the reset timer period
expires the nRSTO output is de-asserted and the
processor initiates a boot-up sequence, during
which it should determine the system status by
reading the HBRDY] ] bit; if the value of HBRDY] ]
is 0 then the software should proceed with a typical
enable sequence, whereas if the value of HBRDY] ]
is 1 then the software should proceed with a “wake
from Hibernate Mode” routine. To complete the

wake process, the processor should assert
PWRHLD, holding REG1, REG2 and REG3 to
ensure that the system remains enabled after the
push-button is released then set FRC_ON1[ ] and
HBRDY][ ] to 0 to complete a full wake-up routine.

Disable Sequence

As with the enable sequence, a typical disable
sequence is initiated when the user presses the
push-button, which interrupts the processor via the
nPBSTAT output. The actual disable sequence is
completely  software-controlled, but typically
involved initiating various “clean-up” processes
before finally de-assert PWREN and PWRHLD,
disabling all regulators and shutting the system
down. It is important that FRC_ON1[ ] is clear to 0
prior to shutting down the system, otherwise REG1
will remain ON.

Figure 3:
Enable/Disable Sequence for ACT8892Q41134-T
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Figure 4:

Sleep Mode Sequence ACT8892Q41134-T
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Figure 5:
Hibernate Mode Sequence ACT8892Q41134-T
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