@ Eﬁl;oelectronics ET59 1 7 1

7-Channel LDO PMIC for Camera Applications

General Description

The ET59171 is CMOS-based low-dropout, low-power linear regulator. It's a 7-channel integrated LDOs for
camera applications. Two channels offering max 1500mA with NMOS pass transistor, five channels offering
max 600mA with PMOS pass transistor. ET59171 include 1000kHz high speed I2C interface, the function
setting is flexible such as power sequence, output voltage, output discharge, current limit per channel. The
ET59171 also integrates the fault monitoring features with interrupt indication.

The ET59171 is available in WLCSP20(1.8mm x 1.544mm, 0.35mm pitch), Wafer-Level Chip-Scale Package.

Features

e LDO1 andLDO2
-- VIN12 Input Voltage Range: 0.6V to 2.0V
-- LDO1/2 Output: 0.496V~1.8V@8mV/Step
-- Max 1500mA Output Current Capability
-- Ultra Low Dropout: Typ.100mV at 1500mA, 1.2V Output
e LDO3~LDO7
-- VIN34/VIN5/VING/VIN7 Input Voltage Range: 1.8V to 5.5V
-- LDO3~LDO7 Output: 1.380V~3.412V@ 8mV/Step
-- Max 600mA Output Current Capability
-- Less Than 10uV(typ) Noise
-- Ultra Low Dropout: Typ.110mV at 600mA, 2.8V Output
e Very Low Input Quiescent Current of Typ. 120pA
e Operation Guaranteed with Battery Voltage Down to 2.7V
e Programmable Power Start-Up/Down Sequencing
e Built-in Thermal Global Shutdown Protection (OTP)
e Built-in Under Voltage Protection(UVP)
e Built-in Over Current Protection(OCP) and Auto-discharging Circuit
e Built-in Under Voltage Lockout (UVLO)
e |?C Serial Control to Program Output Voltage and Features
e Support Dynamic Voltage Adjustment Function
e Part No. and Package Information

Part No. Package MSL
ET59171 WLCSP20 (1.8mmx1.544mm,0.35mm pitch) 1
Applications

e Constant-voltage power supply for battery-powered device
e Constant-voltage power supply for smartphones, tablets
e Constant-voltage power supply for cameras, DVRs, STB and camcorders
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Pin Configuration
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Pin Function

Pin No. Pin Name Pin Function

A1 VING Input Power Pin for LDOG6.

A2 LDO6 LDOG6 Regulator Output

A3 LDO4 LDO4 Regulator Output

Ad LDO3 LDO3 Regulator Output

B1 VIN7 Input Power Pin for LDO?7.
Interface Pin for Interrupts. Open-drain or Push-pull Mode; The Output

B2 INTN Voltage of Push-pull Can Be Selected to 1.2V Or 1.8V. This Pin Returns to
Low When all I2C Interrupt

B3 AGND Ground Pin.

B4 VIN34 Input Power Pin for LDO3 And LDOA4.

C1 LDO7 LDO7 Regulator Output

C2 SDA I2C Data Pin. Node Should Be Tied High Through a Pull Up Resistor.

C3 AGND Ground Pin.

C4 VSYS System Power Pin. Route Trace from System to This Pin.

D1 LDO2 LDO2 Regulator Output

D2 SCL I2C Clock Pin. Node Should Be Tied High Through a Pull Up Resistor.
RESET N Pin Is Used to Enable Basic Circuits Necessary for Controlling the

D3 RESET_N PMIC And Reset All the Digital Block. The RESET_N Pin Has an Internal
Pull-Down and Should Always Be Connected to a Logic High or Low.

D4 VINS Input Power Pin for LDOS5.

E1 VIN12 Input Power Pin for LDO1 And LDO2.

E2 LDO1 LDO1 Regulator Output

E3 VREE Reference Bypass Pin. If Used, Connect A 100nf Capacitor Between This Pin
and Analog Ground.

E4 LDO5 LDOS5 Regulator Output
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Block Diagram

VIN12 l *

l LDO1

197 T !
Ido1 uv
= Ido1_ref
vin12 Tef Ido12_uvlo Ido1_vref -
- FB Control Ido1_en
Ido1_en orldo2_en Ido1_ocp "
Ido1_en Ido1_ilimt
Ido1_en
1¥] ¢ () m LDO2
Id02_uvp
Ido2_vref Ido2_ref
FB Control Ido2_en
Ido2_ocp -
Ido2_en Ido2_ilimt
Ido2_en
VIN34 = *® T3 [ *® ) m LDO3
Ido3, uv
- l Ido3_ref
vin37 Tef Ido347uv|o Ido3_vref -
- FB Control Ido3_en
Ido3_en orldo4_en Ido3_ocp -
Ido3_en Ido3_ilimt
Ido3_en N LDO4
°
n
I3[
Ido47uvp
Ido4_vref ldo4_ref
FB Control Id047en
Ido4_ocp -
Ido4_en Ido4_ilimt
Ido4_en
VINS = *® T3 [ *® {} m LDO5
p Ido5_uvlo 1do5 vref Ido5_uvp li Ido5_ref
vin37_ref FB Control Ido5_en é
Ido5_en Ido5,
- y 05_0cp 1do5._ilimt
o5_en
Ido5_en
p 1do6_uvlo B i 1do6_ref
vin37_ref FB Control Ido6_en
Ido6_en Ido6_ocp
Ido6_en
VIN7 0 LDO7
| | L4 ® n
I3[
P Ido7_uvlo |do7 vref 1do7_uvp i Ido7_ref
vin37_ref FB Control Ido7_en
Ido7_en Ido7_ocp -
Ido7_en Ido7_ilimt
Ido7_en
Ido12_uvlo—— Ido1_en
Ido34 _uvio— Ido2_en
VSYS m ® |do5_uvlo Ido3_en
Ido6_uvlo —— Ido4_en
Ido7_uvlo — Ido5_en
Core Analog Ido1_uvp Ido6_en
| Ido2_uvp — Ido7_en
vsys_ref VSYS_WI0 | peference :ggi—ﬂzg
Ido5_uvp
:gg%ﬂxz Digital Control
VREF & Ido1_ocp
Ido2_ocp
Ido3_ocp RESET_N
Ido4_ocp—— SCL
. Ido5_ocp
Thermal tsd_in Ido6_ocp SDA
Protection | ___tsd_wm_in V'g;z—s’\zz INTN
tsd_in
tsd_wm_in——

i L
AGND AGND

Rev 1.1




ET59171

Functional Description

ET59171 has 7 LDO regulators. LDO1/2 are using NMOS pass transistor for output voltage regulation. The
others LDOs are using PMOS pass transistor for output voltage regulation. The ET59171 LDO1 and LDO2
output voltages can be programmed via 12C from 0.496V to 1.8V in 8mV steps and LDO3-LDO7 can
programmed from 1.380V to 3.412V in 8mV steps using the associated I2C registers. The voltage transition
going from a lower to a higher voltage is a single step with transition time dependent on output current and
output capacitance. The output current drives the voltage slew rate from higher to lower voltage transitions.

The device is in reset when the RESET_N is low and will power up the device's main control circuits when
RESET N is pulled high.

If LDOx_EN bits are set to 1 prior to VSYS_EN bit being asserted to 1, the LDOs will power up a short time
after VSYS_EN is set to 1. When the VSYS EN bit is set to 0, all LDOs will be shut off, and
SUSD_STAU(0x1b) register will be cleared. Additionally, all fault counters will reset to 0.

When RESET_N is pulled high and SYS_EN bit is set to 1, each LDO can be accomplished using 12C register
LDOx_EN bit in register 0x03 or the LDOs can be powered up/down sequentially using the Sequence State
Machine, settable using the register bits in registers 0xOB to OxOF. The device is also designed to support
multiple start-up or shut-down sequences for multiple module loads.

The current limit and deglitch timer of each LDO can be programmed to optimize the LDO performance for the
application. The device monitors each power input pin and each LDO output. If any of these below a threshold
a status and interrupt bit are set.

RESET_N pin, VSYS_EN Bit and ENABLE BITS
The tables below provide the states of the LDOs based on the combination of the RESET_N pin, register bit
VSYS_EN and enable register bits.

SEQ_CONTROL
RESET_N VSYS_EN LDOX_SEQ LDOX_EN On/Off
- - - - Dependent

0 Reset to 0 Reset to 0 Reset to 0 No Off
1 0 000 0 No Off
1 1 000 0 No Off
1 0 >000 0 No Off
1 1 >000 0 Yes CNTL
1 0 000 1 No Off
1 1 000 1 No ON
1 0 >000 1 No Off
1 1 >000 1 Yes CNTL

Note: CNTL indicates that the state of the output will be dependent on the setting of the seq_ctrl[1:0] bits.
When RESET_PIN is high and vsys_en bit is set to 1, seq_ctrl[1:0] = 2’b01 will enable any outputs based on
their LDOX_SEQ > 000.
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Power Up/down Sequence Control

The recommended power on sequence of ET59171 is to power on VSYS first, then power on input power
VINXx, then set RESET N to high level, and then enable LDOXx. The corresponding power off sequence is to
turn off LDOx first, then set RESET_N to low level, then power off input power VINXx, and finally power off
VSYS.

VSYS

VINX

RESET_N

Enable LDO Disable LDO

Figure 1. Power up/down sequence control

The ET59171 LDO's can be enabled two ways using the 12C register bits if RESET_N is high.

1. Setting LDOX_SEQ=000 in 0x0B(LDO12_SEQ) or 0x0C(LDO34_SEQ) or 0x0D(LDOS6_SEQ) or
OxOE(LDO7_SEQ) and the LDOX_EN assigned to the LDO in register 0x03, ENABLE to 1.

2. Setting LDOX_SEQ>000 in registers 0xOB/C/D/E and then set seq_ctrl[1:0] = 2’b01 in the OxOF, SEQ_CTR
register.

ET59171 LDOs have internal soft-start which limits the battery current to the setting LDOX_ILIM in register
0x02. If an LDO output fails to reach 90% of the programmed voltage at start-up, a UVP fault is declared. See
the output UVP section for description of LDO.

Power-up and shut down of each regulator can be controlled by an I2C register. It can be set at the registers
Idox_seq[2:0] (x = 1 to 7) respectively. I[dox_en is an internal signal to enable one of regulators, if [dox_seq[2:0]
set to ‘000, that LDOX channel can be controlled directly by a bit specified in register LDO_EN.
LDOX_VSET]7:0] can set output voltage of each channel.

3. Automatic power up/down sequence control.
ET59171 has seven SLOTSs to which each regulator can be assigned.

They are started by seq_ctrl[1:0] signal. when seq_ctrl[1:0] is set ‘01’. Internal counter seq_cnt[2:0] starts
increments from 0 (“000”) to 7 (“111”). When seq_ctrl[1:0] is set ‘“10°, seq_cnt[2:0] decrements from 7 (“111”)
to 0 (“000”). Regulators assigned to one of SLOTSs starts power-up or power-down.

The seq_cnt[2:0] matches the SLOT number, when seq_cnt[2:0] = 000, it indicates that sequencing has
completed or not started.

Internal logic signal seq_on = 1 indicates that sequencing is executing and somewhere between the start of
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slot 1 and the end of slot 7, seq_on=0, it indicates that has completed or not started.

seq_ctrl[1:0]< 01 00 10 00

swaon_ | | | .
S 00000000 000000 -
LDO2Q ‘
LDO3 % ‘

LDO4 ‘ ‘

LDO5 ‘ ‘

LDO6 ‘ ‘

LDO7 ‘ ‘

Example of Power-upinthe caseof LDO1 — LDO7 Example of Shutdown inthe case of LDO1 — LDO7
are assignedto SLOT1 — SLOT7 respectively are assigned to SLOT1 — SLOTY7 respectively.
Figure 2.

Sequence Timing and Control
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State Description:

1. vsys_en is set to 1 and the band gap and internal clock are started. A minimum time of 100us needs to be
allowed between vsys_en being asserted high and seq_ctrl[1:0] changed to 01 in order for the device to
transition from shutdown to Sleep mode where the Bandgap and digital circuitry are enabled.

2. Upon seq_ctrl[1:0] being set to 01, LDOS5 is started in slot 1 (Ido5_seq[2:0] = 001). seq_ctri[1:0] bits are
cleared immediately after the sequence is initiated. LDO1 and LDO3 are started in the associated slot given to
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their Idox_seq value.
3. The Ido5_seq[2:0] is set to 000, disabling the LDO.

4. |[do2_seq[2:0] and Ido4_seq[2:0] are set and a new sequence is started when seq_ctrl[1:0] is set to 01
again. The state of any other LDO is not changed.

5. vsys_enis setto 0 and all LDOs are disabled.

6. vsys_en is set to 1 enabling the IC.

7.1do5 enis setto 1 and LDO5 is enable.

8. seq_ctrl[1:0] is set to 10, starting a shutdown sequence

9. Asynchronous to the shutdown sequence LDO5 is disabled when Ido5_en=0.

If an LDO faults during a start-up sequence, the other LDOs will still be started in their assigned time slot. The
I[dox_seq[2:0] bits for the faulted LDO will remain set to the assigned slot. The system can then attempt to
start the faulted LDO in another sequence by setting the seq_ctrl[1:0] bits to 01 or by clearing the
Idox_seq[2:0] bits to 000 and then writing a "1" to the Idox_en Enable bit.

Shutdown

To disable the ET59171 LDO(s), set the I2C register bit, Idox_en assigned to the LDO in register 0x03 to 0 or if
register, OxOF, SEQ_CTR bits [5:4], seq_ctrl[1:0] is set to "10" and Idox_seq[2:0]>000, the LDO(s) will be
disabled in the Reserved order of time slot they are assigned. To do a global shutdown of all LDOs set the
RESET_N pin low.

Multiple Fault Shutdown

To prevent repetitive starting and faulting of an LDO, detection of 3 failures will result in a complete shutdown
of the LDO. If for instance LDO1 where to have a qualifying UVP condition and the LDO was disabled, LDO1
will be restarted 20ms later. If LDO1 where disable three times due to any faults (UVP, OCP or Short Circuit),
LDO1 would be permanently shutdown until it is re-enabled by I2C commands. When LDO1 is shutdown
under such a condition, the LDO1_EN bit is set to 0 and the Ido1_seq[2:0] is set to 000. This shutdown
behavior applies to all of the ET59171 LDOs.

If UVP, OCP occurs when flt_sd b is set to 1, the LDO(s) is not disabled and the fault counter is not
incremented, but the interrupt and status bits indicate the fault occurred. flt_sd_b=1 doesn't prevent shutdown
of LDOs when VIN12, VIN34, VIN5, VIN6 or VIN7 are in a UVLO condition, but the fault counter is not
incremented.
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LDO FAULTS(VINX_UVLO or LDOX_OCP or LDOX_UVP)

LDOX Converter(s) =
OE/

‘¥
fit_sd_b=0? N

VINX_UVLO or
LDOX_OCP/UVP

VINX_UVLO
Good?

Fault Disable LDOX and
20ms later restart

Y

l et ldo Bﬁus —stau Clear IdoX_susd_stau
LDOX di bit
LDOX Faults
arrive 3 Times?
Clear LDOX_EN and
LDOX_SEQ
L VINX—means VIN12/VIN34/VIN5/VIN6/VIN7

LDOX—means LDO1/2/3/4/5/6/7
IdoX—mean Ido1/2/3/4/5/6/7

_susd_s
N and clear all the interrupt
bits

User Set LDOX_EN or
LDOX_SEQ Again

L Y

Clear IdoX_susd_stau bit N

User Set LDOX_EN or
LDOX_SEQ Again

Figure 4.

When flt_sd_b=0, if there are any combination of four VSYS_UVLO and/or Thermal Shutdown faults
(shutdown and after 20ms restart again for 4 times), the device will permanently shutdown and the
chip_susd_stau bit will be set until RESET_N has been set to low and is set to high again; When flt_sd_b=1, if
there is VSYS_UVLO or Thermal Shutdown faults, the device will shutdown and restart until the faults are
released.
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System Faults (VSYS_UVLO or TSD)

SYS UVLO or
SD Produced 2

Set chip_susd_stau
Suspend all Converters

fit_sd_b=0
?

Y

Wait 20ms

4TH TSD and/or
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?

Reset all Idox_seq[2:0] bits
Reset all Idox_en bits
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Suspend all converters

I

Figure 5.
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fault_cnt[1:0]
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Figure 6.
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State Description

1. A timer starts at the beginning of a UVP event and the UVP condition remains for the timer length(>50us),
the converter is disabled for the first time.

2. The converter Idox_uvp_stau is set and 50us later the Ido_uvp_int bit is set and the INTN pin is pulled
down(open-drain output mode). The converter is disabled and the Ido_uvp_stau bit is blanked, the Idox_susd
bit is set while the conveter is suspended until the next start. The fault_cnt[1:0] is incremented upon
shutdown.

3. The converter fails to reach UVP_Rising(90% Vtarget) within 1ms of restart-up. Since the flt_sd_b=0, a
second UVP failure is counted.

4. At the restart, the interrupt bit remains a 1until read. The Idox_susd bit is reset by the restart action. The
converter successfully reaches a voltage above UVP_Rising within 1ms and runs. Meanwhile the flt sd b
and Idox_seq[2:0] are set to 1 and >000 respectively.

5. With flt_sd_b set to 1 when the fault occurs, the converter remains on, but the interrupt bit is set to one and
INTN pin is pulled down. The Idox_susd bit remains a “0” since the converter remains enabled.

6. The Ido_uvp_stau is set when the fault occurs, but clears when the converter is >90% of the target voltage.

7. When the converter is shutdown for the third time, the Idox_en is set to 0; Idox_seq is set to 000; The
I[dox_uvp_stau bit is set to 0. The fault_cnt[1:0] keep three and Idox_susd keep high level.

8. When RESET N is set to high, the fault_cnt[1:0] is cleared to 0 and Idox_susd is cleared to 0. At the same
time, ldox_uvp_int is cleared to 0. Another way to clear fault_cnt[1:0] and Idox_susd bits is reset the Idox_en
or l[dox_seq bit, and LDOx will restart again.

UVLO Rising

All LDOs use VSYS to power their analog and control circuitry. For proper operation the VSYS input is
monitored for under voltage conditions. LDO1 and LDOZ2 use VIN12, LDO3 and LDO4 use VIN34, LDOS5 uses
VIN5, LDOG6 uses VING and LDO7 uses VIN7 to power their outputs.

If VSYS is greater than the POR threshold (~2.0V), but did not reach VSYS_UVLO_RISE when RESET_EN is
high, a UVLO interrupt vsys_uvlo_int bit and the status bit sys_uvlo_stau are set and the INTN pin is asserted
low. When the LDO(s) are commanded to start or are running when VSYS falls below the UVLO threshold,
but above VPOR, a re-start of the LDO(s) will be attempted again for the longer of 20ms (flt_sd_b=0) or when
the VSYS rises above the VSYS_UVLO_RISE threshold. While in this state, the chip_susd_stau bit is set.
The status bit remains set to "1" only while VSYS>VSYS_UVLO_RISE. The Interrupt bit will be cleared when
read.

LDO1 and LDO2 may temporarily start if one or both VIN12 and VSYS have not reached VIN12_UVLO
THRESHOLD RISING or VSYS_UVLO_RISE level respectively prior to the LDO being enabled. If VSYS is
good, but VIN12 is not when LDO1 and/or LDO2 are enabled, the interrupt bit Ido12_uvlo_int and status bit,
[do12_uvlo_stau are set and the INTN pin will be pulled low. Additionally, Ido1_susd and/or Ido2_susd will be
set to "1" the longer of 20ms(flt_sd_b=0) or until VIN12 is greater than VIN12_UVLO_RISE. At which time the
SUSD bits will be cleared and the LDO(s) started. The Ido12_uvlo_stau, status bit remains set as long as
VIN12 < VIN_UVLO_RISE. Similarly UVLO for VSYS, the LDO will not be restarted for a minimum of 20ms
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and until VIN12 is greater than VIN12_UVLO_RISE. When the set output is low and the input voltage is less
than 1.0V, the state of VIN12_UVLO should be ignored.

UVLO for LDO3 and LDO4 are identical to that described above for LDO1 and LDO2. The UVLO threshold for
LDO3 and LDO4 are VIN34_UVLO_RISE. Behavior for LDO5, LDO6 and LDO7 are similar relative to VIN5,
VING and VIN7 as that discussed for LDO1.

Notes:
- Status bits may not be reliable until VSYS has reached a level of ~2.0V (VPORmax).
- The power on speed of VSYS should be faster than 2.7v/ms, otherwise it will be interrupted due to UVLO.

UVLO Falling

If VSYS falls below its VSYS_UVLO_FALL, falling threshold while one or more of the LDOs are enabled, a
UVLO interrupt in 0x17, vsys_uvlo_int is set and the INTN pin is pulled low. A status bit in register Ox1A,
vsys_uvlo_stau is also set while the rail remains below the rising UVLO threshold. Likewise, if VIN12, VIN34,
VIN5, VING or VINY fall below their falling threshold while the respective LDO is enabled, the associated input
TSD_UVLO_STAU register bits will be momentarily set, the bits in TSD_UVLO _INT will be set and the INTN
pin is pulled low. Then the LDOs will be disabled, the status bit reset and the associated Idox_susd bit in 0x1B,
SUSD_STAU set to indicate the supply has been suspended.

PMIC Operation in VSYS UVLO

VSYS State RESET_N | VSYS_EN Results
VSYS < VPOR Low 1 Device in Shutdown, I2C Registers Not Reliable
VPOR<VSYS<UVLO Low 1 Device in Shutdown, I°C Registers Not Reliable

VSYS > UVLO Low 1 Device in Shutdown, I°C Registers Not Reliable

VSYS < VPOR High 1 Device in Shutdown, I°C Registers Not Reliable

VPOR < VSYS High 1 Band Gap On, I?C Registers Readable. It Will Report
<UVLO the VSYS UVLO Fault.

VPOR < VSYS High 0 Band Gap Off, I2C Registers Readable. It Will Report
<UVLO the VSYS UVLO Fault.

VSYS > UVLO High 1 Band Gap On. Device Can Enable by I°C.

When an over-temperature or a VSYS UVLO event occurs, all ET59171 LDOs are disabled for a minimum of
20ms(flt_sd_b = 0). For UVLO on the LDO inputs, the individual LDO's will be disabled for a minimum of
20ms(flt_sd_b = 0) and until the voltage rises above UVLO_VSYS RISE.

Current Limit Protection

For each channel, when output current of LDO output pin is higher than current limit threshold or the output
pin is direct short to GND, the current limit protection will be triggered and clamp the output current at a
predesigned level to prevent over-current and thermal damage. Set related bits to select Current limit
threshold register.

The LDO output current is short-circuit protected and the short-circuit current level can be programmed using
the settings in register 0x02, LDO_ILIMT. When a short occurs(VLDO1/2 < 35%VSET, VLDO3~7 < 0.5V) on
the LDOXx output, the current is automatically limited to the programmed current limit and Vout may drop,
depending on the difference between the input and target output voltage. The resultant VOUT is the product
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of current limit setting in register 0x02 LDO_ILIMT and the load impedance. When current limit is detected,
the associated OCP status bit in 0x19, OCP_STAU is set to "1", If the LDOx remains in current limit for
1ms(default value), an interrupt bit in register 0x16, OCP_INT is generated and the INTN pin is pulled low.
Then the LDOx is disabled, the status bit in 0x16 OCP_STAU register is reset to 0 and the associated
suspend bit in the 0x1B SUSD_STAU register is set to "1".

The LDOx will attempt a restart 20ms later(flt_sd_b = 0) and the associated suspend will be reset to "0". If the
associated interrupt bit was not read while the output was suspended, the interrupt will remain a 1 after restart
and INTN (if not masked) will remain low.

Note: The OCP deglitch timer can be programmed to one of four periods by setting Reg. 0x11, bits [2:1].

Inrush Current Limit

After enable the LDOs, the inrush current limit circuit is in operation, LDO1~2 inrush time is approximately
2ms, and LDO3~7 inrush time is approximately 700us. Therefore, the load current should be drawn after the
output voltage reached the preset value.

If the load current is drawn during the start-up, it should be within the following values:

loutx € 2/3 * Normal current limit

VIN

ENABLE LDO

| |
| I

VOUT | | :— — —=> Normal
|

Inrush time:
| LDO1~2: 2ms(typ);
1 LDO3~7:700us(typ) =
CU I'I'ent Ilmlt I Inrush current limit: | Normal current limit:

Figure 7.

Thermal Shutdown Protection

When the die temperature rises to a nominal 125°C, a thermal warning interrupt occurs setting the
tsd_wrn_int bit to "1" and INTN pin is pulled low. The tsd_wrn_stau register bit will be set to "1" and remain set
until the die temperature drops to a nominal value of 100°C.

If the die temperature continues to rise above the thermal warning level, a Thermal Shutdown event is
activated at a nominally 145°C. When the Thermal Shutdown level is reached, all power outputs are disabled
without shutdown sequencing, but I2C communications remain. The device remains in thermal shutdown until
the die temperature falls to approximately +120°C.

At the time a Thermal Shutdown detection occurs, the tsd_int, interrupt bit is set and the INTN pin is pulled low
to notify the system of the event. The tsd_stau, register bit is also set and will remain set as long as the device
is above TWRN°C. The C_SUSD bit is set while the device is shutdown due to the overtemp condition.
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After the die temperature has fallen below the TWRN threshold following a Thermal Shutdown event, the
state of the I12C control registers will remain as they were prior to shutdown, the tsd_wrn_stau and tsd_stau
bits will clear and the device will return to the operating conditions prior to the thermal shutdown event.

Thermal Warning System Faults (VSYS_UVLO or TSD)

Converter(s) ON

4TH TS

UVLO Fault
?

Set vsys_uvlo_stau
& vsys_uvlo_int
Suspend all Converters

Set tsd_stau & tsd_int Reset all Idox_seq[2:0] bits
Suspend all Converters Reset all Idox_en bits

Reset
tsd_wrn_stau
Set chip_susd_stau and

Suspend all converters
a |
N
POR N
Y ?

fit_sd_b=0
?

Reset vsys_uvlo_stau
or/and tsd_stau

Converter(s) ON

Reset
chip_susd_stau

i

’ Wait 20ms ‘

N
User Set LDOX_EN or
LDOX_SEQ Again
Converter(s) ON

Figure 8.

Output UVP (Under Voltage Protection)

If the LDO is enable and the output voltage falls approximately 20%(10% for LDO1/2) below the programmed
voltage, the associated UVP Status bit in register 0x18, UVP_STAU will be set to "1". If the fault persists for
more than 50us the UVP Interrupt bit in register 0x15, UVP_INT will be set to "1" and the INTN pin will be
pulled low. The LDO will then be disabled, the associated Status bit set back to "0" and Suspend bit in Ox1B,
SUSD_STAU set to a "1". The interrupt bit will be cleared upon a read of the bit.

The LDO will be restarted 20ms (providing it is not the third fault) after it was shutdown by a UVP event and
the suspend bit in SUSD_STAU reset to "0". If the associated UVP interrupt bit is not read while the output
was suspended, the interrupt (if not masked) will remain a "1" after restart and INTN will remain low.

In order to make the UVP of LDO 3 ~ 7 work normally, the input voltage of LDO should be greater than the
output voltage, and the voltage of VSYS should be greater than the output voltage of LDO.

UVP Timing
The timing diagram below represents the general way each LDO's under-voltage circuitry behave. The names
shown in the diagram are general descriptions.
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In the first UVP detection case, the Idox_uvp_stau bit is set when the fault is detected and after a 50us wait
period, the Idox_uvp_int bit is set and the INTN pin is pulled low. The LDO output is disabled, the Status bit is
reset and then the associated Idox_susd bitin SUSD_STAU register is set. After 20ms(flt_sd_b=0) the LDO is
restarted and the SUSD_STAU bit is cleared. Shown in the graph is a read of the interrupt bit register before
the 20ms expires. This clears the interrupt bit and the INTN pin is released and rises high.

In the second case, the output is not in the UVP condition for the qualifying time (UVP_TMR) and
Idox_uvp_stau bit returns to 0.

For the third case, the output falls for longer than UVP_TMR and the interrupt bit is set, the LDO is disabled,
the Status bit reset and the Idox_susd, suspend bit is set. Since the interrupt is masked by Idox_uvp_mask,
the INTN pin is not pulled low until the Mask bit is set back to "0". When the LDO is re-enabled after
20ms(flt_sd_b = 0), the Idox_uvp_int remains a "1" as the register bit was not read.

RESET_N J Disabled Enabled Disabled Enabled
- 20ms > . 20ms -
90% VOUT- | N /.
80% VOUT
vout / UVP_TMR
(~50u3) >UVP_TMR
> - -4—p<UVP_TMR - L .
Cleared Upon Cleared Upon
Idox_uvp_stau <hutdown ™ shutdown
nterrupt
Idox_uvp_int ‘ Read
Idox_susd
- py
ldox_uvp_mask “47 Written “0” Written
INTN
Figure 9.

Auto Discharging

For each channel, when shut down the output, the Auto-Discharging circuit will be turned on to discharge the
electric charge on output capacitor, and decrease the voltage of output pin in very short time. The
Auto-Discharging function is optional. Set related bits to select output discharge function for Discharge
Resistor (LDO_DIS Register), “1”: Enable. “0”: Disable.

Input and output Capacitor

The LDO1/2 are designed to be stable for ceramic output capacitors with Effective capacitance in the range
from 3.3pF to 22 yF. The LDO3~LDO7 are designed to be stable for ceramic output capacitors with Effective
capacitance in the range from 1 yF to 10 pF.

The device is also stable with multiple capacitors in parallel, having the total effective capacitance in the
specified range. In applications where no low input supplies impedance available, the recommended Cvsys,
Cvinzs4, Cvins, Cvine, Cvinz, Capacitance =2 0.68uF and Cvini2 = 3.3uF.
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Serial Port Interface (12C)

Bus Interface

Baseband Processor can transmit data with ET59171 each other through SDA and SCL port. SDA and SCL
composite bus interface, and a pull-up resistor to the power supply should be connected.

Data Validity

When the SCL signal is HIGH, the data of SDA port is valid and stable. Only when the SCL signal is low, the
level on the SDA port can be changed.

Start (Re-start) and Stop Working Conditions

When the SCL signal is high, SDA signal from high to low represents start or re-start working conditions, while
the SCL signal is high, SDA signal from low to high represents stop working conditions.

Byte format

Each byte of data line contains 8 bits, which contains an acknowledge bit. The first data is transmitted MSB.

Acknowledge

During the writing mode, ET59171 will send a low-level response signal with one period width to the SDA port.
During the reading mode, ET59171 will not send response signal and the host will send a high response
signal one period width to the SDA.

SDA ——|
>< >< ACK /

MSB

SCL

SorRS 1 2 3 6 7 8 9 RS or P

Start or Rep R/W ACK T
tart or Repeat start Stop or Repeat start

Figure 10. 12C write mode

e ACK=Acknowledge

e MSB=Most Significant Bit

e S=Start Conditions RS=Restart Conditions P=Stop Conditions
e Fastest Transmission Speed =1000KBITS/S

e Restart: SDA-level turnover as expressed by the dashed line waveform

I2C Slave Address

The default 7bit 12C slave address is 1100001b(0x61), and 8bit address for the writing register mode is
11000010b(0xC2), the reading register mode is 11000011b(0xC3). The I2C address can also be changed by
setting the 2 bits in register 0x12, i2c_adr_sel[1:0] register bits reflects the default options available for
request. The Address register will be cleared back to default setting anytime a power-on-reset POR or when a
software reset is implemented in the SOFT_RESET register.
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I2C Writing Command Register Interface Protocol (continuous):

| Chip write address(C2H) | | Write Reg start address(00-27H) |

FLTeloelo[ o) GLTele[eleTs] | i
)
Start Chip Address ack cmdadr ack cmd0 ack cmd1 ack [ e ack cmdn ack Stop/Rs
Figure 11. I2C Writing Command Register(continuous)
e Start=Start Conditions
e Chip address=Write register address =1100001+0(w)b
e ack=Acknowledge from ET59171
e Write Reg start address byte = cmdadr(xx + REG’s address)
e ack=Acknowledge from ET59171
e Reg data 0 = cmd0(Command data0)
e ack=Acknowledge from ET59171
® s
e Reg data n =cmdn(Command datan)
e ack=Acknowledge from ET59171
e Stop/Rs=Stop Condition/Restart Condition
I2C Writing Command Register Interface Protocol (single):
| Chip Write address(C2H) ||  Write Reg start address(00-27H) |
w
[t[1]ofofofo]1fof [x[x[afd]d]rfe]s] | Reabeta
*
Start Chip Address ack cmdadr ack cmd ack Stop/Rs

Figure 12. I2C Writing Command Register(single)

e Start=Start Conditions

e Chip address =Write register address=1100001+0(w)b

e ack=Acknowledge from ET59171

e Write Reg start address byte = cmdadr(xx + REG’s address)
e ack=Acknowledge from ET59171

e Reg data= cmd(Command data)

e ack=Acknowledge from ET59171

e Stop/Rs=Stop Condition/Restart Condition
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I2C Reading Command Register Interface Protocol(continuous)

l Chip write address(C2H) ‘ l Write Reg start address(00-27H) ‘ l Chip write address(C3H) ‘

(TEREDTT) FEEREFER (TASTSeToTTr) [Febamowas [ Reg Data Ouputnt | [ Reg Data Outputn_|
1 f 1 1 1 1

=

Chip Address

Restart

Dataout0

ack cmdadr ack Chip Address ack ack | e | Dataout(n-1)

Dataoutn

ack nack | Stop/Rs

Figure 13. I2C Reading Command Register(continuous)

e Start=Start Conditions

e Chip address =Write register address=1100001+0(w)b

e ack=Acknowledge from ET59171

e Write Reg start address byte = cmdadr(xx + REG’s address)
e ack=Acknowledge from ET59171

e Restart=Restart condition

e Chip address Read register address=1100001+1(r)b

e ack=Acknowledge from ET59171

e DataoutO=Register data output 0

e ack=Acknowledge from Host

e Dataoutn=Register data output n
e nack=No Acknowledge from Host
e Stop/Rs=Stop Condition/Restart Condition

I2C Reading Command Register Interface Protocol(single)

| Chip write address(C2H) | | Write Reg start address(00-27H) | | Chip write address(C3H) |
w r
[1l1]ofofofofr]o] [x[x[adf[d[r[e[s] [T ol ol o] o 1] ] [ Reg dsta Outpu
Start Chip Address ack cmdadr ack Restart Chip Address ack Dataout nack Stop/Rs

Figure 14. I2C Reading Command Register(single)

e Start=Start Conditions

e Chip address =Write register address=1100001+0(w)b
e ack=Acknowledge from ET59171

e Write Reg start address byte = cmdadr(xx + REG’s address)
e ack=Acknowledge from ET59171

e Restart=Restart condition

e Chip address Read register address=1100001+1(r)b

e ack=Acknowledge from ET59171

e Dataout=Register data output

e nack=No Acknowledge from Host

e Stop/Rs=Stop Condition/Restart Condition

17 Rev 1.1




ET59171

Register Map

Addr Name RST Bit7 Bit6 Bit5 ‘ Bit4 ‘ Bit3 Bit2 Bit1 Bit0
0X00 CHIPID 0X91 100100 chip_id[1:0]
0x01 VERID 0x00 000000 ver_id[1:0]
0x02 | LDO_ILIMIT | Ox7F 0 Ido7_ilimt Ido6_ilimt Ido5_ilimt Ido4_ilimt | Ido3_ilimt Ido2_ilimt Ido1_ilimt
0x03 LDO_EN 0x80 | vsys_en Ido7_en Ido6_en Ido5_en Ido4_en Ido3_en Ido2_en Ido1_en
0x04 | LDO1_VSET | 0x95 Ido1_vset[7:0]
0x05 | LDO2_VSET | 0x95 Ido2_vset[7:0]
0x06 | LDO3_VSET | 0xB3 Ido3_vset[7:0]
0x07 | LDO4_VSET | 0xB3 Ido4_vset[7:0]
0x08 | LDO5_VSET | 0xB3 Ido5_vset[7:0]
0x09 | LDO6_VSET | 0xB3 Ido6_vset[7:0]
0x0A | LDO7_VSET | 0xB3 Ido7_vset[7:0]
0x0B | LDO12_SEQ | 0x00 00 ldo2_seq[2:0] ldo1_seq[2:0]
0x0C | LDO34_SEQ | 0x00 00 Ido4_seq[2:0] Ido3_seq[2:0]
0x0D | LDO56_SEQ | 0x00 00 Ido6_seq[2:0] Ido5_seq[2:0]
0xOE | LDO7_SEQ | 0x00 00000 |do7_seq[2:0]
0xOF | SEQ_CTR | 0x00 seq_speed[1:0] seq_ctrl[1:0] seq_on seq_cnt[2:0]
0x10 LDO_DIS | Ox7F 0 ‘ Ido7_dis |do6_dis ‘ Ido5_dis |do4_dis |do3_dis ‘ |do2_dis Ido1_dis
0x11 RESET 0x07 soft_reset[3:0] 0 ocp_time[1:0] flt sd b
0x12 | I1)C_ADDR | 0xC1 int_IeveI_seI‘int_mode_sel int_trig_sel ‘ 000 12C_addr_sel[1:0]
0x13 Reserved | 0x00
0x14 Reserved | 0x00
0x15 UVP_INT | 0x00 0 Ldo7_uvp_int|Ido6_uvp_int | Ido5_uvp_int |[do4_uvp_int{ldo3_uvp_int|ldo2_uvp_int|Ido1_uvp_int
0x16 OCP_INT | 0x00 0 Ido7_ocp_int|ldo6_ocp_int| Ido5_ocp_int |Ido4_ocp_int|{ldo3_ocp_int{Ido2_ocp_int|Ido1_ocp_int
TSD_UVLO vsys_uvlo Ido7_uvlo Ido6_uvlo | 1do5_uvlo | 1do34_uvlo | Ido12_uvlo
0x17 0x00 tsd_int tsd_wrn_int
_INT _int _int _int _int _int _int
Ido7_uvp Ido6_uvp Ido5_uvp Ido4_uvp Ido3_uvp I[do2_uvp Ido1_uvp
0x18 | UVP_STAU | 0x00 0
_stau _stau _stau _stau _stau _stau _stau
Ido7_ocp Ido6_ocp Ido5_ocp Ido4_ocp Ido3_ocp Ido2_ocp Ido1_ocp
0x19 | OCP_STAU | 0x00 0
_stau _stau _stau _stau _stau _stau _stau
TSD_UVLO tsd_wrn vsys_uvlo Ido7_uvlo Ido6_uvlo | Ido5_uvlo | Ido34_uvlo | Ido12_uvlo
0x1A 0x00 | tsd_stau
_STAU _stau _stau _stau _stau _stau _stau _stau
chip_susd | Ido7_susd | Ido6_susd Ido5_susd | Ido4_susd | Ido3_susd | Ido2_susd | Ido1_susd
0x1B | SUSD_STAU | 0x00
_stau _stau _stau _stau _stau _stau _stau _stau
Ido7_uvp Ido6_uvp Ido5_uvp Ido4_uvp Ido3_uvp Ido2_uvp Ido1_uvp
0x1C | UVP_INTMA | 0x00 0
_mask _mask _mask _mask _mask _mask _mask
Ido7_ocp Ido6_ocp Ido5_ocp Ido4_ocp Ido3_ocp Ido2_ocp Ido1_ocp
0x1D | OCP_INTMA | 0x00 0
_mask _mask _ mask _mask _mask _mask _mask
TSD_UVLO tsd_wrn vsys_uvlo Ido7_uvlo Ido6_uvlo | Ido5 uvlo | Ido34_uvlo | Ido12_uvlo
Ox1E 0x00 | tsd_mask
_INTMA _mask _mask _mask _mask _mask _mask _mask
0x20 |LDO1_EN_BK]| 0x00 |Ido1_en_bk 0 0 0 0 0 0 0
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0x21 [LDO2_EN_BK| 0x00 |Ido2_en_bk 0 0 0 0 0 0 0
0x22 [LDO3_EN_BK| 0x00 |Ido3_en_bk 0 0 0 0 0 0 0
0x23 [LDO4_EN_BK| 0x00 |Ido4_en_bk 0 0 0 0 0 0 0
0x24 [LDO5_EN_BK| 0x00 |Ido5_en_bk 0 0 0 0 0 0 0
0x25 |LDO6_EN_BK| 0x00 |Ido6_en_bk 0 0 0 0 0 0 0
0x26 |LDO7_EN_BK| 0x00 |Ido7_en_bk 0 0 0 0 0 0 0
Ldo7_fit Ldo6_fit Ldo5_fit Ldo4_fit Ldo3_fit Ldo2_fit Ldo1_fit
0x27 [LDO_FLT_MA| 0x00 0
_mask _mask _mask _mask _mask _mask _mask
= 0x00 CHIPID Register---- Indicates the Product ID with Revision. Default=0x91 Type: Read Only
chip_id[1:0] Indicates the product ID with revision. Read only.
= 0x01 VERID Register---- Indicates the Device ID with Revision. Default = 0x00 Type: Read Only
ver_id[1:0] Indicates the device ID with revision. Read only.
» 0x02 LDO_ILIMIT Register ----LDO Current Limit Selection. Default = 0x7F
The detail current limit threshold value is shown in the table as below:
Bit Name Default | Type Description
7 Rev. 0 R Reserved
LDO7 Current Limit Threshold Value:
6 Ido7_ilimt 1 R/W | Ob: current limit~750mA  short current limit~ 70mA
1b: current limit~950mA  short current limit~ 95mA
LDOG6 Current Limit Threshold Value:
5 Ido6_ilimt 1 R/W | Ob: current limit~750mA  short current limit~ 70mA
1b: current limit~950mA  short current limit~ 95mA
LDOS5 Current Limit Threshold Value:
4 Ido5_ilimt 1 R/W | Ob: current limit~750mA  short current limit~ 70mA
1b: current limit~950mA  short current limit~ 95mA
LDO4 Current Limit Threshold Value:
3 Ido4_ilimt 1 R/W | Ob: current limit~750mA  short current limit~ 70mA
1b: current limit~950mA  short current limit~ 95mA
LDO3 Current Limit Threshold Value:
2 I[do3_ilimt 1 R/W | Ob: current limit~750mA  short current limit~ 70mA
1b: current limit~950mA  short current limit~ 95mA
LDO2 Current Limit Threshold Value:
1 Ido2_ilimt 1 R/W | Ob: current limit~1900mA  short current limit~ 430mA
1b: current [imit~2500mA  short current limit~ 550mA
LDO1 Current Limit Threshold Value:
0 Ido1_ilimt 1 R/W | Ob: current limit~1900mA  short current limit~ 430mA
1b: current [imit~2500mA  short current limit~ 550mA
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= 0x03 LDO_EN Register ----LDOs Chip Enable Control Register. Default = 0x80

LDO enable control register by I12C while the register value of Idox_seq[2:0] are set to be default “000”.

This register can be written to enable or disable the corresponding LDO regulator.

Bit Name Default | Type Description
Enable Bit for System. The system bias will be getting ready for
7 VSys_en 1 R/W | enabling individual LDO if bit7 = 1 and RESET_N is pulled high
Please ensure individual LDO in the off state before bit7 = 0
LDO7 Enable Control:
6 Ido7 _en 0 R/W )
Ob: Disable 1b: Enable
LDOG6 Enable Control:
5 Ido6_en 0 R/W i
- 0Ob: Disable 1b: Enable
LDO5 Enable Control:
4 Ido5 _en 0 R/W .
- Ob: Disable  1b: Enable
LDO4 Enable Control:
3 Ido4 _en 0 R/W )
Ob: Disable  1b: Enable
LDO3 Enable Control:
2 Ido3_en 0 R/W )
- 0Ob: Disable  1b: Enable
LDO2 Enable Control:
1 Ido2_en 0 R/W )
- Ob: Disable  1b: Enable
LDO1 Enable Control:
0 Ido1_en 0 R/W )
- Ob: Disable  1b: Enable

= 0x04 LDO1 Register ---- LDO1 Output Voltage Setting Register. Default = 0x95 Type: RIW
= 0x05 LDO2 Register ---- LDO2 Output Voltage Setting Register. Default = 0x95 Type: RIW

The register LDO1/2_VSETI[7:0] set the voltage of LDO1/ LDOZ2, it have about 200 steps, shown as below
table, the formula is VOUT=0.496V+(d-61)*0.008V;

Output Voltage set by LDO1/2_VSET[7:0]

Dec Binary Output Voltage(V)
0 00000000 Reserved
1 00000001 Reserved
2~60 - Reserved
61 00111101 0.496
62 00111110 0.504
63 00111111 0.512
64~148 |
149 10010101 (Default) 1.200
150 10010110 1.208
151 10010111 1.216
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162~222 | L
223 11011111 1.792
224 11100000 1.8

225~255 11100001~11111111 Reserved

= 0x06~0x0A LDO3~7 Register ---- LDO3~7 Output Voltage Setting Register. Default = 0xB3

Type: RIW

The registers LDO3~7_VSET[7:0] set the voltage of LDO3~LDO7, each voltage have 256 steps, shown as
below table, the formula is Vour=1.372V+d*0.008V.

Output Voltage set by LDO3~7_VSET[7:0]

Dec Binary Output Voltage(V)
0 00000000 1.372
1 00000001 1.380
2 00000010 1.388
3~14
15 00001111 1.492
16 00010000 1.500
17 00010001 1.508
18 00010010 1.516
19 00010011 1.524
179 10110011 (Default) 2.804V
180 10110100 2.812
181 10110101 2.820
255 11111111 3.412

=« 0x0B~0x0E LDO12/34/56/7_SEQ Register ---- Power Sequence Setting Register. Default =

0x00

Power sequence setting register. there are 7 time slots defined as following table. The power-up sequence is

start from slot1 to slot7, and shut down start from slot7 to slot1. Power-up and shut down of each LDO

regulator can be set at any one of the slots.

Idox_seq[2:0]

VOUTX

000 Controlled by I2C Register Idox_en
001 Slot1
010 Slot2
011 Slot3
100 Slot4
101 Slot5
110 Slot6
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1M1

Slot7

= 0xOF SEQ_CTR Register ---- Power Sequence Setting and Status Register. Default = 0x00

Bit

Name

Default

Type

Description

7:6

seq_speed[1:0]

00

R/W

Define the Slot Period as Following:

Register Value Slot Period(ms)

00 0.5

01 1.0

10 1.5

11 2.0

54

seq_ctrl[1:0]

00

wiC

Enables Power-up or Shut down of SEQ:

Register Value Description

00 Default

01 Starts an LDO power up sequence

10 Starts an LDO shutdown sequence

11 Bit configuration is ignored

Note: The bits will always clear immediately when written to and
always read back 00.

seq_on

Indicates the Activation Signal of SEQ.

Ob: Indicates that the sequencing is not in process

1b: Indicates that the sequencing is executing and somewhere
between the start of slot 1 and the end of slot 7. The bit remains
a 1 until slot 7 has completed at start-up or slot 1 has finished at
shutdown, regardless of what slots are used.

2:0

seq_cnt[2:0]

Indicates the Slot Number of SEQ at the Moment:
Register Value SEQ Counter

000 Sequencing has completed or not started

001 Indicates was in slot 1 during register read

010 Indicates was in slot 2 during register read

011 Indicates was in slot 3 during register read

100 Indicates was in slot 4 during register read

101 Indicates was in slot 5 during register read

110 Indicates was in slot 6 during register read

111 Indicates was in slot 7 during register read
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= 0x10 LDO_DIS Register ----Discharge Resistor Selection. Default = 0x7F

Each LDO regulators output discharge resistor enable control.

Bit

Name

Default

Type

Description

Rev.

0

R

Reserved

Ido7_dis

R/W

LDO7 Discharge Enabled/Disabled Control:

Ob: Disable

Pull down will not be activated when LDOY is disabled by any event,
leakage current is about 9UA.

1b: Enable

Pull down will be activated when LDO?7 is disabled by RESET_N going
low or Ido7_en = 0 or a Sequenced shutdown or Ido7_susd_stau =1
(VIN7_UVLO/LDO7_OCP/LDO7_UVP event) or chip_susd_stau = 1
(TSD or VSYS_UVLO event)

Ido6_dis

R/W

LDOG6 Discharge Enabled/Disabled Control:

Ob: Disable

Pull down will not be activated when LDOG is disabled by any event,
leakage current is about QuA.

1b: Enable

Pull down will be activated when LDOG is disabled by RESET_N going
low or Ido6_en = 0 or a Sequenced shutdown or Ido6_susd_stau =1
(VIN6_UVLO/LDO6_OCP/LDO6_UVP event) or chip_susd_stau = 1
(TSD or VSYS_UVLO event)

Ido5_dis

R/W

LDOS5 Discharge Enabled/Disabled Control:

Ob: Disable

Pull down will not be activated when LDOS is disabled by any event,
leakage current is about UA.

1b: Enable

Pull down will be activated when LDOS5 is disabled by RESET_N going
low or Ido5_en = 0 or a Sequenced shutdown or Ido5_susd_stau =1
(VIN5_UVLO/LDO5S_OCP/LDO5_UVP event) or chip_susd_stau = 1
(TSD or VSYS_UVLO event)

Ido4_dis

R/W

LDO4 Discharge Enabled/Disabled Control:

Ob: Disable

Pull down will not be activated when LDO4 is disabled by any event,
leakage current is about 9UA.

1b: Enable

Pull down will be activated when LDO4 is disabled by RESET_N going
low or Ido4_en = 0 or a Sequenced shutdown or Ido4_susd_stau =1
(VIN4_UVLO/LDO4_OCP/LDO4_UVP event) or chip_susd_stau = 1
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(TSD or VSYS_UVLO event)

LDO3 Discharge Enabled/Disabled Control:

Ob: Disable

Pull down will not be activated when LDO3 is disabled by any event,
leakage current is about 9UA.

2 Ido3_dis R/W | 1b: Enable
Pull down will be activated when LDO3 is disabled by RESET_N going
low or Ido3_en = 0 or a Sequenced shutdown or Ido3_susd_stau =1
(VIN3_UVLO/LDO3_OCP/LDO3_UVP event) or chip_susd_stau = 1
(TSD or VSYS_UVLO event)
LDO2 Discharge Enabled/Disabled Control:
Ob: Disable
Pull down will not be activated when LDO?2 is disabled by any event,
the resistance is about 180KQ.
1 Ido2_dis R/W | 1b: Enable
Pull down will be activated when LDO2 is disabled by RESET_N going
low or Ido2_en = 0 or a Sequenced shutdown or Ido2_susd_stau = 1
(VIN12_UVLO/LDO2_OCP/LDO2_UVP event) or chip_susd_stau =1
(TSD or VSYS_UVLO event)
LDO1 Discharge Enabled/Disabled Control:
Ob: Disable
Pull down will not be activated when LDO1 is disabled by any event,
the resistance is about 180KQ.
0 Ido1_dis R/W | 1b: Enable
Pull down will be activated when LDO1 is disabled by RESET_N going
low or Ido1_en = 0 or a Sequenced shutdown or Ido1_susd_stau = 1
(VIN12_UVLO/LDO1_OCP/LDO1_UVP event) or chip_susd_stau =1
(TSD or VSYS_UVLO event)
= 0x11 RESET Register ----LDOs Reset Control Register. Default = 0x07
Bit Name Default | Type Description
Writing a "1011" begins a soft reset of the device I2C registers to
7:4 | soft_reset[3:0] 0000 W/C | their default values. This bit is cleared upon execution of the
Reset function. Any other value than "1011" will be ignored.
3 Rev. 0 R Reserved.
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2:1

ocp_time[1:0]

11

R/W

Option bits to control the length of the deglitch timer for current
limit on all LDOs before a fault is triggered:

Register Value Slot Period(us)
00 125
01 250
10 500
11 1000

fit_sd_b

R/W

Prevents Shutdown When a Fault Occurs:

Ob: LDO is shutdown if a UVP or OCP event occurs or if the
LDO's input VIN12, VIN34, VIN5, VING or VIN7 have a UVLO
event. Each shutdown time is about 20ms, then restart again,
when the times of shutdown are arrived to three, the according
register bit ldox_en will be cleared.

All LDO(s) are shutdown if a VSYS UVLO or TSD event occurs.
Each shutdown time is about 20ms, then restart again, when the
times of shutdown are arrived to four, the according register bit
Idox_en will be cleared.

Note: If this bit function is desired, flt_sd_b should be set to "0"
prior to enabling any LDOs after a Power-On-Reset.

1b: LDO is not shutdown if a UVP or OCP event occurs. If the
LDO's input VIN12, VIN34, VIN5, VING or VIN7 have a UVLO
event, the associated LDO will be shutdown until the supply
returns, but the fault will not be counted.

If a VSYS UVLO or TSD event occurs, All LDO(s) will be
shutdown until the VSYS supply returns and TSD is released,
but the fault will not be counted.

»0x12 ADDR Register ---- I>)C Address Select Register. Default = 0xC1

Bit

Name

Default

Type

Description

int_level_sel

R/W

INTN Output High Level Select in PUSH-PULL Mode
Ob: Output 1.8 V when INTN high
1b: Output 1.2 V when INTN high

int_outmode_sel

R/W

INTN Output Mode Select:
0b: Using PUSH-PULL for output
1b: Using OPEN-DRAIN for output

int_trig_sel

R/W

INTN Output Level When Interrupt is Triggered
0b: INTN output low when interrupt is triggered
1b: INTN output high when interrupt is triggered

4:2

Rev.

000

Reserved.
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1:0

i2c_addr_sel[1:0]

01

[2C address:

Tunnel bits to change value for customer to select a different

Register Value

I2C Address Settings

R/wW 00 0x20

01 0x61

10 0x35

11 0x72

= 0x15 UVP_INT Register ---- LDO UVP Interrupt Register. Default = 0x00

Bit

Name

Default

Type

Description

Rev.

0

R

Reserved

Ido7_uvp_int

R/C

LDO7 UVP Interrupt:
Ob: Clear
It can be cleared by reading this register

1b: Under-Voltage event detected on the LDO7 output.

Ido6_uvp_int

R/C

LDO6 UVP Interrupt:
Ob: Clear
It can be cleared by reading this register

1b: Under-Voltage event detected on the LDOG6 output.

Ido5_uvp_int

R/C

LDO5 UVP Interrupt:
Ob: Clear
It can be cleared by reading this register

1b: Under-Voltage event detected on the LDO5 output.

Ido4_uvp_int

R/C

LDO4 UVP Interrupt:
Ob: Clear
It can be cleared by reading this register

1b: Under-Voltage event detected on the LDO4 output.

Ido3_uvp_int

R/C

LDO3 UVP Interrupt:
Ob: Clear
It can be cleared by reading this register

1b: Under-Voltage event detected on the LDOS3 output.

Ido2_uvp_int

R/C

LDO2 UVP Interrupt:
Ob: Clear
It can be cleared by reading this register

1b: Under-Voltage event detected on the LDO2 output.

Ido1_uvp_int

R/C

LDO1 UVP Interrupt:
Ob: Clear
It can be cleared by reading this register

1b: Under-Voltage event detected on the LDO1 output.
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= 0x16 OCP_INT Register ---- LDO OCP Interrupt Register. Default = 0x00

Bit Name Default | Type Description

7 Rev. 0 R Reserved
LDO7 OCP Interrupt:

6 | Ido7 ocp_int | 0 ric | 0: Clear o
It can be cleared by reading this register
1b: Over current event detected on the LDO7 output.
LDOG6 OCP Interrupt:
Ob: Clear

5 | ldo6_ocp_int | 0 RIC | it can be cleared by reading this register
1b: Over current event detected on the LDOG6 output.
LDO5 OCP Interrupt:
Ob: Clear

4 | ldo5_ocp_int | 0 RIC | It can be cleared by reading this register
1b: Over current event detected on the LDOS5 output.
LDO4 OCP Interrupt:
Ob: Clear

3 | Ido4_ocp_int | 0 RIC | It can be cleared by reading this register
1b: Over current event detected on the LDO4 output.
LDO3 OCP Interrupt:
Ob: Clear

2 | Ido3_ocp_int | 0 R/C | It can be cleared by reading this register
1b: Over current event detected on the LDO3 output.
LDO2 OCP Interrupt:
Ob: Clear

1 | ldo2_ocp_int | O R/C | It can be cleared by reading this register
1b: Over current event detected on the LDO2 output.
LDO1 OCP Interrupt:
Ob: Clear

0 |Ido1 _ocp int| O R/C

It can be cleared by reading this register

1b: Over current event detected on the LDO1 output.
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»0x17 TSD_UVLO_INT Register ---- TSD and UVLO Interrupt Register. Default = 0x00

Bit

Name

Default

Type

Description

tsd_int

R/C

Thermal Shutdown Interrupt:

Ob: Clear

It can be cleared by reading this register

1b: A Thermal Shutdown event detected or that the temperature has
fallen below the hysteresis level.

tsd_wrn_int

R/C

Thermal Warning Interrupt:

Ob: Clear

It can be cleared by reading this register

1b: Thermal Shutdown Warning threshold was surpassed or that the
temperature has fallen below the hysteresis level.

vsys_uvlo_int

R/C

VSYS Under-Voltage-Lock-Out Interrupt:

Ob: Normal operation

It can be cleared by reading this register

1b: Indicates that the VSYS power fell below the UVLO input
threshold or that the supplies have risen above the rising thresholds
after a UVLO fault

Ido7 _uvlo_int

R/C

VIN7 Under-Voltage-Lock-Out Interrupt:

Ob: Normal operation

It can be cleared by reading this register

1b: Indicates that the VIN7 power fell below the UVLO input
threshold or that the supplies have risen above the rising thresholds
after a UVLO fault

Ido6_uvlo_int

R/C

VING6 Under-Voltage-Lock-Out Interrupt:

Ob: Normal operation

It can be cleared by reading this register

1b: Indicates that the VING power fell below the UVLO input
threshold or that the supplies have risen above the rising thresholds
after a UVLO fault

Ido5_uvlo_int

R/C

VIN5 Under-Voltage-Lock-Out Interrupt:

0b: Normal operation

It can be cleared by reading this register

1b: Indicates that the VIN5 power fell below the UVLO input
threshold or that the supplies have risen above the rising thresholds
after a UVLO fault
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[do34 uvlo_int

R/C

VIN34 Under-Voltage-Lock-Out Interrupt:

0b: Normal operation

It can be cleared by reading this register

1b: Indicates that the VIN34 power fell below the UVLO input
threshold or that the supplies have risen above the rising thresholds
after a UVLO fault

[do12_uvlo_int

R/C

VIN12 Under-Voltage-Lock-Out Interrupt:

0b: Normal operation

It can be cleared by reading this register

1b: Indicates that the VIN12 power fell below the UVLO input
threshold or that the supplies have risen above the rising thresholds
after a UVLO fault

= 0x18 UVP_STAU Register ---- LDO UVP Status Register. Default = 0x00

Bit

Name

Default

Type

Description

Reuv.

0

R

Reserved

Ido7_uvp_stau

LDO7 UVP Status:

Ob: Clear

1b: Under-Voltage event occurred on LDO7 output while LDO7 is
been commanded to be enabled.

[do6_uvp_stau

LDO6 UVP Status:

Ob: Clear

1b: Under-Voltage event occurred on LDOG6 output while LDO6 is
been commanded to be enabled.

Ido5_uvp_stau

LDOS UVP Status:

Ob: Clear

1b: Under-Voltage event occurred on LDO5 output while LDOS is
been commanded to be enabled.

Ido4_uvp_stau

LDO4 UVP Status:

Ob: Clear

1b: Under-Voltage event occurred on LDO4 output while LDO4 is
been commanded to be enabled.

Ido3_uvp_stau

LDO3 UVP Status:

Ob: Clear

1b: Under-Voltage event occurred on LDO3 output while LDO3 is
been commanded to be enabled.

29 Rev 1.1




ET59171

LDO2 UVP Status:
Ob: Clear

1 | ldo2_uvp_stau 0 R i )
1b: Under-Voltage event occurred on LDO2 output while LDO2 is
been commanded to be enabled.

LDO1 UVP Status:
Ob: Clear
0 | Ido1 _uvp_stau 0 R

1b: Under-Voltage event occurred on LDO1 output while LDO1 is
been commanded to be enabled.

= 0x19 OCP_STAU Register ---- LDO OCP Status Register. Default = 0x00

Bit Name Default | Type Description

7 Rev. 0 R Reserved

LDO7 OCP Status:

Ob: Clear

1b: Over current event detected on the LDO7 output while LDO7
is been commanded to be enabled.

6 | Ido7_ocp_stau 0 R

LDO6 OCP Status:

Ob: Clear

1b: Over current event detected on the LDOG6 output while LDO7
is been commanded to be enabled.

5 | Ido6_ocp_stau 0 R

LDOS5S OCP Status:

Ob: Clear

1b: Over current event detected on the LDO5 output while LDO5
is been commanded to be enabled.

4 | Ido5 ocp_stau 0 R

LDO4 OCP Status:

Ob: Clear

1b: Over current event detected on the LDO4 output while LDO4
is been commanded to be enabled.

3 | Ido4_ocp_stau 0 R

LDO3 OCP Status:

Ob: Clear

1b: Over current event detected on the LDO3 output while LDO3
is been commanded to be enabled.

2 | ldo3_ocp_stau 0 R

LDO2 OCP Status:

Ob: Clear

1b: Over current event detected on the LDO2 output while LDO2
is been commanded to be enabled.

1 Ido2_ocp_stau 0 R

LDO1 OCP Status:

Ob: Clear

1b: Over current event detected on the LDO1 output while LDO1
is been commanded to be enabled.

0 | ldo1_ocp_stau 0 R
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=« 0x1A TSD_UVLO_STAU Register ---- TSD and UVLO Status Register. Default = 0x00

Bit Name Default | Type Description

Thermal Shutdown Status:
7 tsd_stau 0 R 0b: Normal operation
1b: A Thermal Shutdown event detected

Thermal Warning Status:
Ob: Normal operation

6 tsd_wrn_stau 0 R . ]
- = 1b: The temperature is above the thermal Warning threshold

and shutdown is impending.

VSYS Under-Voltage-Lock-Out Status:

Ob: Normal operation

1b: Indicates that the VSYS power fell below the UVLO input
threshold.

5 vsys_uvlo_stau 0 R

VIN7 Under-Voltage-Lock-Out Status:

Ob: Normal operation

1b: Indicates that the VIN7 power fell below the UVLO input
threshold while LDO?7 is been commanded to be enabled.

4 Ido7_uvlo_stau 0 R

VING6 Under-Voltage-Lock-Out Status:

Ob: Normal operation

1b: Indicates that the VING power fell below the UVLO input
threshold while LDOG6 is been commanded to be enabled.

3 Ido6_uvlo_stau 0 R

VIN5 Under-Voltage-Lock-Out Status:

Ob: Normal operation

1b: Indicates that the VINS power fell below the UVLO input
threshold while LDO5 is been commanded to be enabled.

2 [do5_uvlo_stau 0 R

VIN34 Under-Voltage-Lock-Out Status:

Ob: Normal operation

1 | Ido34_uvlo_stau 0 R 1b: Indicates that the VIN34 power fell below the UVLO input
threshold while LDO3 or LDO4 is been commanded to be
enabled.

VIN12 Under-Voltage-Lock-Out Status:

0b: Normal operation

0 | Ido12_uvlo_stau 0 R 1b: Indicates that the VIN12 power fell below the UVLO input
threshold while LDO1 or LDOZ2 is been commanded to be
enabled.

= 0x1B SUSD_STAU Register ---- LDO Suspend Status Register. Default = 0x00

Bit Name Default | Type Description

Chip Suspension:

) Ob: Chip normal state
7 chip_susd_stau 0 R i ]
1b: The entire chip has been suspended due to a global fault

condition
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Ido7_susd_stau

LDO7 Output Suspended:
Ob: LDOY7 in normal state.
1b: LDO7 has been suspended due to a fault condition.

Ido6 _susd_stau

LDO6 Output Suspended:
0b: LDOG6 in normal state.
1b: LDOG6 has been suspended due to a fault condition.

Ido5 susd_stau

LDO5 Output Suspended:
Ob: LDOS5 in normal state.
1b: LDO5 has been suspended due to a fault condition.

ldo4_susd_stau

LDO4 Output Suspended:
Ob: LDO4 in normal state.
1b: LDO4 has been suspended due to a fault condition.

[do3_susd_stau

LDO3 Output Suspended:
Ob: LDO3 in normal state.
1b: LDO3 has been suspended due to a fault condition.

Ido2_susd_stau

LDO2 Output Suspended:
Ob: LDO2 in normal state.
1b: LDO2 has been suspended due to a fault condition.

Ido1_susd_stau

LDO1 Output Suspended:
Ob: LDO1 in normal state.
1b: LDO1 has been suspended due to a fault condition.

=« 0x1C UVP_INTMA Register ---- LDO UVP Interrupt MASK Register. Default = 0x00

Bit

Name

Default

Type

Description

Rev.

0

R

Reserved

[do7_uvp_mask

R/W

LDO7 UVP Mask:

Ob: No masking of interrupt.

1b: INTN pin will not change states when LDO7 Under Voltage
interrupt occurs

[do6_uvp_mask

R/W

LDO6 UVP Mask:

Ob: No masking of interrupt.

1b: INTN pin will not change states when LDO6 Under Voltage
interrupt occurs

[do5 _uvp_mask

R/W

LDO5 UVP Mask:

Ob: No masking of interrupt.

1b: INTN pin will not change states when LDO5 Under Voltage
interrupt occurs

32 Rev 1.1




ET59171

Ido4 uvp_mask

R/W

LDO4 UVP Mask:

0b: No masking of interrupt.

1b: INTN pin will not change states when LDO4 Under Voltage
interrupt occurs

[do3_uvp_mask

R/W

LDO3 UVP Mask:

Ob: No masking of interrupt.

1b: INTN pin will not change states when LDO3 Under Voltage
interrupt occurs.

I[do2_uvp_mask

R/W

LDO2 UVP Mask:

0b: No masking of interrupt.

1b: INTN pin will not change states when LDO2 Under Voltage
interrupt occurs

I[do1_uvp_mask

R/W

LDO1 UVP Mask:

0b: No masking of interrupt.

1b: INTN pin will not change states when LDO1 Under Voltage
interrupt occurs

= 0x1D OCP_INTMA Register ---- LDO OCP Interrupt MASK Register. Default = 0x00

Bit

Name

Default

Type

Description

Rev.

0

R

Reserved

Ido7_ocp_mask

R/W

LDO7 OCP Mask:

0Ob: No masking of interrupt.

1b: INTN pin will not change states when LDO7 Over-Current
interrupt occurs.

[do6_ocp_mask

R/W

LDO6 OCP Mask:

0Ob: No masking of interrupt.

1b: INTN pin will not change states when LDOG6 Over-Current
interrupt occurs.

Ido5_ocp_mask

R/W

LDO5 OCP Mask:

Ob: No masking of interrupt.

1b: INTN pin will not change states when LDO5 Over-Current
interrupt occurs.

Ido4_ocp_mask

R/W

LDO4 OCP Mask:

0b: No masking of interrupt.

1b: INTN pin will not change states when LDO4 Over-Current
interrupt occurs.

33 Rev 1.1




ET59171

LDO3 OCP Mask:

0b: No masking of interrupt.

2 | ldo3_ocp_mask 0 R/W | 1b: INTN pin will not change states when LDO3 Over-Current
interrupt occurs.

LDO2 OCP Mask:
0b: No masking of interrupt.
1| ldo2_ocp_mask 0 RW | 1b: INTN pin will not change states when LDO2 Over-Current

interrupt occurs.

LDO1 OCP Mask:

0b: No masking of interrupt.

0 | Ido1_ocp_mask 0 R/W | 1b: INTN pin will not change states when LDO1 Over-Current
interrupt occurs.

=« 0x1E TSD_UVLO_INTMA Register ---- TSD and UVLO Interrupt MASK Register. Default = 0x00

Bit Name Default | Type Description

Thermal Shutdown Mask:

Ob: No masking of interrupt.
7 tsd_mask 0 R/W o
- 1b: INTN pin will not change states when a Thermal Shutdown

interrupt occurs.

Thermal Warning Mask:

0Ob: No masking of interrupt.
6 tsd_wrn_mask 0 R/W T
1b: INTN pin will not change states when a Thermal Shutdown

Warning interrupt occurs.

VSYS Under-Voltage-Lock-Out Mask:
Ob: No masking of interrupt

5 | vsys_uvlo_mask 0 R/W o
1b: INTN pin will not change states when VSYS Input Power

Under Voltage interrupt occurs.

VIN7 Under-Voltage-Lock-Out Mask:
Ob: No masking of interrupt
4 | ldo7_uvio_mask 0 RIW 1b: INTN pin will not change states when VIN7 Input Power

Under Voltage interrupt occurs.

VING6 Under-Voltage-Lock-Out Mask:
0Ob: No masking of interrupt
3 | Ido6_uvio_mask 0 RIW 1b: INTN pin will not change states when VING Input Power

Under Voltage interrupt occurs.

VIN5 Under-Voltage-Lock-Out Mask:
0Ob: No masking of interrupt

2 | ldo5_uvlo_mask 0 R/W T
- - 1b: INTN pin will not change states when VINS Input Power

Under Voltage interrupt occurs.
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VIN34 Under-Voltage-Lock-Out Mask:

1 Ido34 _uvlo 0 RIW 0b: No masking of interrupt
_mask 1b: INTN pin will not change states when VIN34 Input Power
Under Voltage interrupt occurs.
VIN12 Under-Voltage-Lock-Out Mask:
0 Ido12_uvlo 0 RIW 0b: No masking of interrupt
_mask 1b: INTN pin will not change states when VIN12 Input Power
Under Voltage interrupt occurs.
= 0x20 LDO1_EN_BK Register ---- LDO1 BAKUP Enable Register. Default = 0x00
Bit Name Default | Type Description
LDO1 Backup Enable Control Signal
7 Ido1_en_bk 0 R/W | Ob: Disable LDO1 Output.
1b: Enable LDO1 Output.
6:0 - 00h R -
»0x21 LDO2_EN_BK Register ---- LDO2 BAKUP Enable Register. Default = 0x00
Bit Name Default | Type Description
LDO2 Backup Enable Control Signal
7 Ido2_en_bk 0 R/W | Ob: Disable LDO2 Output.
1b: Enable LDO2 Output.
6:0 - 00h R -
= 0x22 LDO3_EN_BK Register ---- LDO3 BAKUP Enable Register. Default = 0x00
Bit Name Default | Type Description
LDO3 Backup Enable Control Signal
7 Ido3_en_bk 0 R/W | Ob: Disable LDO3 Output.
1b: Enable LDO3 Output.
6:0 - 00h R -
»0x23 LDO4_EN_BK Register ---- LDO4 BAKUP Enable Register. Default = 0x00
Bit Name Default | Type Description
LDO4 Backup Enable Control Signal
7 Ido4_en_bk 0 R/W | Ob: Disable LDO4 Output.
1b: Enable LDO4 Output.
6:0 - 00h R -
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= 0x24 LDO5_EN_BK Register ---- LDO5 BAKUP Enable Register. Default = 0x00

Bit Name Default | Type Description
LDOS5 Backup Enable Control Signal
7 Ido5 _en_bk 0 R/W | Ob: Disable LDO5 Output.
1b: Enable LDOS5 Output.
6:0 - 00h R -
= 0x25 LDOX_EN_BK Register ---- LDO6 BAKUP Enable Register. Default = 0x00
Bit Name Default | Type Description
LDO6Backup Enable Control Signal
7 Ido6_en_bk 0 R/W | Ob: Disable LDO6 Output.
1b: Enable LDOG6 Output.
6:0 - 00h R -
»0x26 LDO7_EN_BK Register ---- LDO7 BAKUP Enable Register. Default = 0x00
Bit Name Default | Type Description
LDO7 Backup Enable Control Signal
7 Ido7_en_bk 0 R/W | Ob: Disable LDO7 Output.
1b: Enable LDO7 Output.
6:0 - 00h R -

Note: Idox_en_bak and Idox_en(x=1~7) are OR relation, such as when Ido1_en or Ido1_en_bak set to
high, then LDO1 will be enable, when Ido1_en and Ido1_en_bak set to low, then LDO1 will be disable.
Other six LDOs enable signal relation is the similar with LDO1. Recommend using only one control

method to control LDO.

s 0x27 LDO_FLT_MASK Register ----LDO Filter Capacitor Mask Control Register. Default =

0x00

Each LDO Filter Capacitor Mask enable control.

Bit Name Default | Type Description

7 Rev. 0 R
LDO?7 Filter Capacitor Mask Enabled/Disabled Control:
Ob: Disable

6 Ldo7_flt_mask 0 R/W | Don’t mask LDOY filter capacitor

1b: Enable
Mask LDOY filter capacitor, it will accelerate the response speed
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of dynamic voltage regulation

5 Ldo6_flt_mask

R/W

LDOG Filter Capacitor Mask Enabled/Disabled Control:

Ob: Disable

Don’'t mask LDOG filter capacitor

1b: Enable

Mask LDOE6 filter capacitor, it will accelerate the response
speed of dynamic voltage regulation

4 Ldo5 flt_mask

R/W

LDOS Filter Capacitor Mask Enabled/Disabled Control:

Ob: Disable

Don’'t mask LDOS filter capacitor

1b: Enable

Mask LDOS filter capacitor, it will accelerate the response
speed of dynamic voltage regulation

3 Ldo4 flt_mask

R/W

LDO4 Filter Capacitor Mask Enabled/Disabled Control:

Ob: Disable

Don’'t mask LDOA4 filter capacitor

1b: Enable

Mask LDOA4 filter capacitor, it will accelerate the response
speed of dynamic voltage regulation

2 Ldo3 flt_mask

R/W

LDO3 Filter Capacitor Mask Enabled/Disabled Control:

Ob: Disable

Don’t mask LDOS filter capacitor

1b: Enable

Mask LDOS filter capacitor, it will accelerate the response
speed of dynamic voltage regulation

1 Ldo2_flt mask

R/W

LDO2 Filter Capacitor Mask Enabled/Disabled Control:

Ob: Disable

Don’'t mask LDO2 filter capacitor

1b: Enable

Mask LDO2 filter capacitor, it will accelerate the response
speed of dynamic voltage regulation

0 Ldo1_flt mask

R/W

LDO1 Filter Capacitor Mask Enabled/Disabled Control:

Ob: Disable

Don’t mask LDO1 filter capacitor

1b: Enable

Mask LDO1 filter capacitor, it will accelerate the response
speed of dynamic voltage regulation

When using the dynamic voltage adjustment function, the filter needs to be disabled. After the voltage

adjustment is completed, the filter should be enabled. When V\y is greater than Vour target max + 1.2V, the
voltage adjustment speed can get faster.
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Absolute Maximum Ratings

Symbol Parameters (Items) Value Unit
Vsvs, Vintz, Vinsa, Vins, Vine, Vin7
VPower . -0.3to 6
POWER IN Pins Voltage V
Vipo1~7 POWER OUT Pins Voltage -0.3to (Vin+0.3)<6
VconTrOL SDA, SCL and RESET_N Pins Voltage -0.3to 6 V
VINTN INTN Pin Voltage -0.3t0o 6 \%
Ppo(1@ Maximum Power Consumption, Ta=25°C 1500 mwW
Resa™ Thermal Resistance, Junction-to—Ambient, Ta=25°C 67 °C/W
Ty Operating Junction Temperature -40 to 150 °C
Tste Storage Temperature -65 to 150 °C
TsLop Lead Temperature (Soldering, 10 sec) 300 °C
HBM +2000 V
Vesp®
CDM +500 V

Note1: PD and Reya are measured under natural convection (still air) at Ta = 25°C with the component

mounted on 101.5*114.5mm FR-4, 4layer, Top and Bottom layer 1.50z, both two inner layer 10z.
Meet JEDEC (JESD51-9) standard.

Note2: Recommended operating conditions are only used to limit the reasonable use range of the single
condition of the product, and the circuit use must comply with other instructions in the manual. For
parameter performance indicators, please refer to the EC table and the test condition specification in
the table.

1.8

15

1.2

0.9

Power Dissipation Po (W)

25 50 75 85 100 125 150

Ambient Temperature (°C)

Power Dissipation

O 95
1145 o

74,20 rm -

Measurement Board Pattern

Note3: This device series incorporates ESD protection and is tested by the following methods:

HBM tested per JEDEC JS-001

CDM tested per JEDEC JS-002
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Recommended Operating Conditions

Symbol Parameters Rating Unit
Vvsys Supply Input Voltage 2.7105.5 \%
VViN12 Supply Input Voltage 0.6t0 2.0 \%
VViN34 Supply Input Voltage 1.810 5.5 & <Vsvs \%
VviNs Supply Input Voltage 1.8105.5 & <Vsys \%
VviNe Supply Input Voltage 1.810 5.5 & <Vsys V
Vvin7 Supply Input Voltage 1.8105.5 & <Vsys V
ILDo3~7 Output Current(600mA LDO) 0 to 600 mA
ILoo1r2 Output Current(1500mA LDO) 0 to 1500 mA

Ta Operating Ambient Temperature -40 to 85 °C
Cvin12 Effective Input Ceramic Capacitor Value 4.7 to 47 uF
Cvsvs/Cvinaa/
VOVSIVING Effective Input Ceramic Capacitor Value 0.68 to 10 uF
Cvins/Cvine/Cving
CvRrEF Effective Bypass Ceramic Capacitor Value Oto1 uF
Effective Output Ceramic Capacitor Value
Cipo12 4.7 to 22 uF
(1500mA LDO)
Effective Output Ceramic Capacitor Value
C Lpos-7 11010 uF
(600mA LDO)
Input and Output Capacitor Equivalent Series
ESR 5to0 100 mQ

Resistance (ESR)
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Electrical Characteristics

(Unless otherwise noted, Vviniz = Vipo12 + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =

1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Croo1 = CLpooz2= 10uF, Cipoos = CLbo4 = CLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

Symbol Parameters Conditions Min Typ Max Unit
VIN12 Input Voltage
Vvini2 Vvint2 > (Vipo1/2 + VDRoP_LDO1/2) 0.6 2.0 \Y
Range
Vyings®,
Vet VIN34, VIN5, VING,
Vvins®,
VIN7 Input Voltage 1.8 5.5 \%
Vvine™, R
ange
Vviny® 9
Vvsys® VSYS Voltage Range Vipotz + 1.6V, Vvsys = 2.7V 27 5.5 \Y
VSYS Under-voltage Rising, Ta=25 °C 21 2.3 2.7 \%
V uvLo_ vsys )
Lock-out Falling, Ta=25 °C 1.9 2.1 2.3 \%
VIN12 Under-voltage Rising 0.4 0.5 0.6 \%
V uvLo vIN12 )
Lock-out Falling 0.3 0.4 0.5 \Y
VuvLo_ViN34, Rising 1.55 1.7 1.85 \%
VIN34, VIN5, VING,
V uvLO_VINS,
VIN7 Under-voltage )
V uvLOo_VING, Falling 1.5 1.6 1.75 V
Lock-out
V uvLo_VIN?
VVREF Reference Voltage VRreseT_N = High 1.12 1.22 1.32 \%
Vvsys Current When | Vreser n = High and enable all LDO
la_on®) 80 120 180 MA
all LDO Enabled by I2C, no load
Vvsys Current When
all LDO Disabled and
lo_orr®® VRreser N= OV 0.01 1.5 3 pA
VRESET_N=0V
(System Shutdown)
Vvsys Current When
. VRreser_N = Vvsys and
lo_st8® © all LDO Disabled . 10 15 45 MA
disable all LDO by I12C
(System Standby)
RESET_N Pull Down
IRESET N N VRreseT N= 5.5V, Vvsys = 5.5V 0.01 0.3 1 MA
Current
RESET_N Input
VRESET_NH ) 0.9 V
Voltage High
RESET_N Input
VRESET_NL 04 V
Voltage Low
SCL/SDA
VizcH . 0.9 V
Input Voltage High
SCL/SDA
VizeL 04 \%
Input Voltage Low
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Electrical Characteristics (Continued)
(Unless otherwise noted, Vviniz = Vipo1z + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =

1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Cioo1 = CLpooz2= 10uF, Cipoos = CLpo4 = CrLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

Symbol Parameters Conditions Min Typ Max Unit
SDA Logic .
VoL 3mA Sink 0.4 \%
Low Output
INTN Output .
VoL INTN 10mA Sink 0.3 \
Low Voltage
INTN Output
VOH_INTN . lout = 10mA 1.0 1.2 \%
High Voltage
Thermal Shutdown N
Trsp® T, rising 130 145 165 °C
Threshold
Thermal Shutdown i
Trys_Tsp® , T, falling from shutdown 25 °C
Hysteresis
Thermal Warning o
Trsa® T, rising 125 °C
Threshold
Thermal Warning . .
Thys_Tss® , T, falling from warning 25 °C
Hysteresis
1500mA LDO1/2
Symbol Parameters Conditions Min Typ Max | Unit
Vourirz Output range 0.496 1.8 V
lout = 1MA~1500mA, Ta= 25°C,
T A 1.0 10 | %
Vour> 0.8V
loutr= 10mA, Ta=-40°C~85°C,
Vipo1s2 Output Voltage -1.5 1.5 %
Vour> 0.8V
loutr= 10mA, Ta=-40°C~85°C,
ot A 12 12 | mv
Vout < 0.8V
Vsys > 3V, lout = 500mA, Vour = 1.2V 30 50
Vorop_Lpo1/2" Dropout Voltage mV
Vsvs > 3V, lout = 1500mA, Vout = 1.2V 100 180
Vvsys Current
Only LDO1 or LDO2 on, no load.
IQLpo12_vsys | When Only LDO1 50 90 uA
Current on VSYS
or LDO2 Enabled
Vvini2 Current
Only LDO1 or LDO2 on, no load.
IQLoo1/2_viN When Only LDO1 10 20 uA
Current on VIN12
or LDO2 Enabled
Vvini2 Current
Vvsys = 3.8V, Vvini2= 1.45V,
la_oFF_LDo1/2 When LDO1 and 0.1 1 uA
i Vreser N = OV or Shutdown by 12C
LDO2 Disabled
lout_Lbo1/2 Output Current 1500 mA
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Electrical Characteristics (Continued)

(Unless otherwise noted, Vviniz = Vipo12 + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =

1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Croo1 = CLpooz2= 10uF, Cipoos = CLbo4 = CLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

Symbol Parameters Conditions Min Typ Max Unit
o Default llimit Register Value,
lum_Loot2M Current Limit 1600 | 2500 | 3500 mA
Ta=25°C
Short Current Default llimit Register Value
ISHORT LDO1/2 o 350 550 750 mA
Limit Vipoiz2= 0V, Ta= 25°C
OUTPUT Under Falling, Vour= 1.2V 87.5 | 90 %
UVPLpo1r2 Voltage
Protection Rising, Vour= 1.2V 95 | 975 | Viterget
LDO1/2 Vout = 1.2V, Time Between V
TMRoo12 e o Tl 50 | 90 | 150 | us
Protection Timer | Forced to 0.9V and INIT Going Low
RegLoab_Lbotz | Load Regulation 1Ma < lout < 1500mA 0.002 | 0.005 | %/mA
V Line V + 0.25V < Vyin1252V
VIN12 . LDO1/2 VIN12 0.01 0.5 oy
Regulation (lout=1mA)
ReguiNe_LDo172 . 2.7V or (Vioo1z + 1.6V) Whichever
Vvsys Line
) Greater < Vysys < 5.5V, 0.01 0.2 %IV
Regulation
Vvini2 = Vipoiz + 0.25V, lout= 1mA
Vin to Vour, f = 100Hz, Ripple
0.2Vp-p, lout= 30mA, Vout = 1.2V, 85
Vvsys = 3.8V
Vin to Vour, f = 1kHz, Ripple
0.2Vp-p, lout= 30mA, Vout = 1.2V, 80
Vvsys = 3.8V
Ripple Vin to Vour, f = 10kHz, Ripple
Rejection 0.2Vp-p, lout= 30mA, Vout = 1.2V, 60
(Vvin12 to VouTir) Vvsys = 3.8V
Vin to Vour, f = 100kHz, Ripple
PSRR_1po1/2® 0.2Vp-p, loutr= 30mA, Vout = 1.2V, 40 dB
Vvsys = 3.8V
Vin to Vour, f = 1MHz, Ripple
0.2Vp-p, loutr= 30mA, Vout = 1.2V, 42
Vvsys = 3.8V
Vvsys to Vipoire, f = 1kHz, Ripple
) 0.2Vp-p, loutr= 30mA, Vout = 1.2V, 85
Ripple
I Vvsys = 3.8V
Rejection -
Vvsys to Vipoirz, f = TMHz, Ripple
(Vvsys to Voutir)
0.2Vp-p, loutr= 30mA, Vout = 1.2V, 40

Vvsys = 3.8V
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Electrical Characteristics (Continued)

(Unless otherwise noted, Vviniz = Vipo12 + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =

1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Croo1 = CLpooz2= 10uF, Cipoos = CLbo4 = CLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

Symbol Parameters Conditions Min Typ Max Unit
Vvini2 = 1.45V, Vout = 1.2V,
en_Lpo1.2(®) Output Noise Vvsys = 3.8V, lout = 30mA, 30 100 | PVRws
f=10Hz to 100kHz
Output Auto
. VReseT N = 0V, or Shutdown by I2C,
Discharge
RLow_Lbo1r2 ] lout=10mA, Ta= 25°C, Vsys = 3.8V, 20 50 80 Q
Resistance at Off
Viniz = 1.5V
State
Vvin12 = Vipbo1z + 0.3V to
L Vipoiz + 1.5V £ 2V in 10us, 5 10
ne
) lout= 1mA, Ta= 25°C
Transient v v T 15V1
= . (0]
(Vvin1z2 to VouTir) ViNtz = Loon .
v © Vipbo12+ 0.3V <2V in 10us, 5 10 Y
TREN-LDOTZ lour= 1MA, Ta= 25°C
) Vsys = Vour+ 1.6 or 2.7V to
Line . 5 10
) Vsys + 1V, in 10us, Ta=25°C
Transient v Veve + 1V 10 Vour +1.6
= (0] B6or
(Vvsys to Vout112) ove STS our 5 10
2.7V, in 10us, Ta= 25°C
lout= TmA to 1500mA in 10us
Vvin12 = Vipoiz + 0.5V < 2V, 50 100
Load Ta=25°C
VTRLD_+LD01/2®) . . mV
Transient lour= 1500mA to TmAin 10us
Vvin12 = Vipotz + 0.5V < 2V, 50 100
Ta=25°C
Vour= 0.8V
ton_Lpo1/2(8M10) Turn-On Time From assertion of enable to 250 | 900 us
Vout = 95%VLpo12(Nom)
600mA LDO3/LDO4
Symbol Parameters Conditions Min Typ Max Unit
Voursa Output Range 1.380 3.412 \Y,
loutr= 600mMA, Vipozs= 1.5V 220 350
loutr= 600mMA, Vipozs= 1.8V 170 280
loutr= 600mMA, Viposzs = 2.2V 140 230
Vbrop_Lpo34!" Dropout Voltage mV
loutr = 600mA, Vipoas = 2.8V 110 180
lour = 600mMA, Viposs= 3.3V 100 180
loutr = 600mMA, Viposs= 3.412V 100 180

43

Rev 1.1




ET59171

Electrical Characteristics (Continued)

(Unless otherwise noted, Vviniz = Vipo12 + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =
1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Croo1 = CLpooz2= 10uF, Cipoos = CLbo4 = CLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

Symbol Parameters Conditions Min | Typ | Max | Unit
Regulated Output lout = 1TMA~600mA, Ta= 25°C -2 2
Vipos/4 %
Voltage loutr= 1mA, Ta =-40°C~85°C -2 2
Viposa= 2.8V 3.3V £ Vvinzs £ 5.5V,
Output Voltage
RegLiNe_LDo3/4 ) . lout=10mA 0.01 0.2 %IV
Line Regulation
(AVLpo34/ AVviN34a/VLDO3/4)
Output Voltage lout from 1mA to 600mA 0.00 | 0.00 | %/m
RegLoap_Lpos .
Load Regulation AVipos4 2 5 A

Viposa = 2.8V, lout= 1mA,
Vvinza = 3.8V to 5.5V in 10us, Ta= 25°C
Line Transient
Viposa = 2.8V, lout= 1mA,

(The Absolute ) 5 20
Vvinza = 5.5V to 3.8V in 10us, Ta= 25°C

Value of the [ 1TmA, V Vout+ 1to 5.5V at
=1mA, = 05.5Va
Output Change) our vinss —RouT 5 35
10us/V, Ta=25°C
© (Vvinss to VouTaia)
VTRLN_LDO3/4 lout = 1mA, Vvinza = 5.5V to Vout + 1 at 5 35 mV
10us/V, Ta=25°C
Line Transient lout= 1TMA, Vsys = 3.8V t0 4.8V in 5 10
(The Absolute 10us, Ta=25°C

Value of the

loutr= 1mA, Vsys=4.8V to 3.8V in
Output Change) our SYe 5 10

10us, Ta=25°C
(Vvsys to Voutss)

Load Transient Vipo3zis = 2.8V, Vvinas = 3.8V, lout from

50 100
(The Absolute 1mA to 600mA in 10us, Ta= 25°C
V1RrLD_LD034(®) mvV
Value of the Vo34 = 2.8V, Vvinsa = 3.8V, lout from 30 60

Output Change) 600mA to 1TmA in 10us, Ta= 25°C

Vvsys Current
Only LDO3 or LDO4 on, no load.
IQLposia_vsys | When Only LDO3 20 60 uA
Current on VSYS
or LDO4 Enabled

Vvinas Current
Only LDO3 or LDO4 on, no load.
IQLDO3/4_VIN When Only LDO3 16 30 uA

Current on VIN34
or LDO4 Enabled

Vvinss Current
Vvsys = Vvinzia = 3.8V, Vreser n= 0V
la_oFF LDO3/4 When LDO3 and 0.1 1 uA

) or Shutdown by I12C
LDO4 Disabled

louT_Lbo3/a Output Current 600 mA

o Default llimit register value,
ILMT_LDO3/4 Over Current Limit 650 950 | 1500 | mA
Vvin3s = Vipox vset+1V, Ta= 25°C
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Electrical Characteristics (Continued)

(Unless otherwise noted, Vviniz = Vipo12 + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =

1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Croo1 = CLpooz2= 10uF, Cipoos = CLbo4 = CLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

Symbol Parameters Conditions Min Typ Max Unit
| Short Current Default llimit register value, 60 95 150 A
m
SHORT_LDO3 Limit Viposi = OV, Ta= 25°C
Falling, Vour= 2.8V %
OUTPUT Under 77 80
@Vvsys- Vour> 1.1V Vtarget
UVPLbo34 Voltage Rising. v Yy ”
ising, =2.
Protection g, Vour 9 | 93 °
@Vvsys- Vour> 1.1V Vtarget
LDO3/4 Vout=2.8V, Time between Vour
TMRLpo3/4 ) i i 50 90 150 us
Protection Timer forced to 2.2V and INIT going low
10Hz to 100kHz,
lout=30mMA, V =2.8V,
en® Output Noise o oo 10 | 100 | pVews
Vvsys = Vvinas = 3.8V,
Ciposz~s = 2.2uF, Ta=25°C
f=1kHz, CLpo3s = 2.2F,
lour = 100mA, 90
Vvsys = Vipox vser + 1V, Ta= 25°C
f=10kHz, CLpos/s = 2.2F,
loutr = 100mA, 80
Power Supply
o i Vvsys = Vipbox vser + 1V, Ta= 25°C
Rejection Ratio f = 100Ktz C 2 9UF
= Z, = R y
(Vvinss to VouTaia) Lo H
loutr= 100mA, 60
Vvsys = Vipbox vser + 1V, Ta= 25°C
PSRR_1003/4(6) dB
f = 1MHz, CLposis = 2.2uF,
loutr= 100mA, 45
Vvsys = Vipbox vser + 1V, Ta= 25°C
Vvsys to Viposss, f = 1kHz,
Crposi = 2.2uF, lout = 100mA 105
Power Supply
o i Vvsys = Vipbox vser + 1V, Ta= 25°C
Rejection Ratio
Vvsys to Viposu, f = TMHz,
(Vvsys to Voutss)
Crposi = 2.2uF, lout = 100mA, 60
Vvsys = Vipbox vser + 1V, Ta= 25°C
Output
) Vsys = Vin3s = 3.8V, Vreser n= 0V,
Resistance of
RLow_Lpoa/4 . or Shutdown by I2C, loutr= 10mA, 20 50 80 Q
Auto Discharge at
Ta=25°C
Off State
Output Turn-on From enable to Vour = 95% of
ton Lpow4®110 putTu W 160 | 900 | us
Delay Time Vout(NOM)
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Electrical Characteristics (Continued)

(Unless otherwise noted, Vviniz = Vipo12 + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =

1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Croo1 = CLpooz2= 10uF, Cipoos = CLbo4 = CLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

600mA LDO5~LDO7
Symbol Parameters Conditions Min Typ Max Unit
Vouts-7 Output range 1.380 3.412 \%
lout = 600mA, Viposs= 1.5V 220 350
lout = 600mMA, Vipo3zs= 1.8V 170 280
lout= 600mA, Viposzis= 2.2V 140 230
Vbrop_Lpos-7{") | Dropout Voltage mV
loutr = 600mMA, Vipozus = 2.8V 110 180
lout= 600mA, Viposis = 3.3V 100 180
lout = 600mMA, Viposs = 3.412V 100 180
Regulated lout= TMA~B600mA,Ta= 25°C -2 2
Vipos-~7 %
Output Voltage | lour= 1mA~600mA, Ta=-40°C~85°C -2 2
Vipos~7= 2.8V 3.3V < Vvins~7 < 5.5V,
Output Voltage
RegLINE_LDO5~7 . . lour= 10mA 0.01 0.2 %IV
Line Regulation
( AVipos~7/AVvinx/VLpos~7)
Output Voltage lout from 1mA to 600mA
RegLoap_Lpos~7 ) 0.002 | 0.005 | %/mA
Load Regulation AVipos-7
Vipos-7 = 2.8V, lout= 1TmA,
Vvins-7 = 3.8V to 5.5V in 10us, 5 20
Ta=25°C
Line Transient Vipos-7 = 2.8V, lout = 1mA,
(The Absolute Vins~7 = 5.5V to 3.8V in 10us, 5 20
Value of the Ta=25°C
h
OUtF\)/Ut c atnge) lour= 1TmA, Vvins-7 = Vout+ 1 to 5.5V 5 35
(Veis-7 1o at 10us/V, Ta= 25°C
Vourts-7)
VTRLN_LD05~7®) mV
loutr= 1TMA, Vuins~7 = 5.5V to
5 35
Vout+ 1 at 10us/V, Ta= 25°C
Line Transient | | 1= 1mA, Vsvs = 3.8V to 4.8V in ; "
(The Absolute 10us, Ta= 25°C
Value of the
Output Change) | | _ 1mA, Vevs= 4.8V to 3.8V in ; i
(Vvsvs to 10us, Ta= 25°C
Vours-7)
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Electrical Characteristics (Continued)

(Unless otherwise noted, Vviniz = Vipo12 + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =

1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Croo1 = CLpooz2= 10uF, Cipoos = CLbo4 = CLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

Symbol Parameters Conditions Min | Typ | Max Unit
Load Transient Vipos~7 = 2.8V, Vvsys = 3.8V, lout from 50 100
(The Absolute 1mA to 600mA in 10us, Ta=25°C
V1RLD_LD05~7(®) mV
Value of the Vipos~-7 = 2.8V, Vvsys = 3.8V, lout from 30 60
Output Change) 600mA to 1TmA in 10us, Ta= 25°C
Vvsys Current
When Only LDO5 | Only LDO5 or LDO6 or LDO7 on, no
IQLpo=5~7_vsys 20 60 uA
or LDOG6 or LDO7 load. Current on VSYS
Enabled
Vvins-7 Current
When Only LDO5 | Only LDO5 or LDO6 or LDO7 on, no
IQLbo=5~7 vIN 16 30 uA
or LDOG6 or LDO7 load. Current on VIN5/VING/VIN7
Enabled
Vvins-7 Current
When LDO5 and Vvsys = Vvins~7 = 3.8V, Vreser N = OV
lo_oFF_LDOs~7 0.1 1 uA
LDO6 and LDO7 or Shutdown by I°C
Disabled
louT_Lbo5~7 Output Current 600 mA
Over Current Default llimit register value,
ILMT LDO5~7 L 650 | 950 | 1500 mA
Limit Vvinser7 = Vipbox vser + 1V, Ta= 25°C
Short Current Default llimit register value,
ISHORT_LDO5~7 L 60 95 150 mA
Limit Vipos~7 = OV, Ta= 25°C
Falling, Vour= 2.8V 77 80 %
OUTPUT Under @Vvsys - Vour> 1.1V V target
UVP Lpos~7 Voltage
- _ o
Protection Rising, Vour = 2.8V 90 93 Yo
@Vvsys- Vour> 1.1V V target
LDO5~7 ]
] Vout = 2.8V, Time between Vour forced
TMR Lpos-~7 Protection ) 50 90 150 us
i to 2.2V and INIT going low
Timer
10Hz to 100kHz, lout = 30mA,
ent® Output Noise Vipos-~7 = 2.8V, Vvsys = Vvins-7 = 3.8V, 10 100 MVRms
Crpos~7 = 2.2uF, Ta= 25°C
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Electrical Characteristics (Continued)

(Unless otherwise noted, Vviniz = Vipo12 + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =
1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Croo1 = CLpooz2= 10uF, Cipoos = CLbo4 = CLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

Symbol Parameters Conditions Min Typ Max Unit
f=1kHz, CrLpos~7 = 2.2uF,
loutr =1 00mMA, 90

Vvsys = Vipbox vseT + 1V, Ta= 25°C
f = 10kHz, CLpos~7 = 2.2F,

Power Supply lour= 100mA, 80
Rejection Ratio Vvsys = Vipbox_vseT+ 1V, Ta=2 5°C
(Vvins~7 to f =100kHz, CLpbos~7 = 2.2pF,
Vourts-7) lout=100mA, 60
PSRR_ (00579 Vvsys=Vipox vseTr+1V, Ta= 25°C 4B
f = 1MHz, CLpos~7 = 2.2F,
lout=100mMA, 45

Vvsys = Vipox vser + 1V, Ta= 25°C
Vvsys to Vipos-~7, f = 1kHz,
Crpos~7 = 2.2uF, lout = 100mA 105
Vvsys=Vipox vseT + 1V, Ta= 25°C
Vvsys to Vipos-7, f = 1MHz,
Crpos~7 = 2.2uF, lout = 100mA 60
Vvsys = Vipox vser + 1V, Ta= 25°C

Power Supply

Rejection Ratio
(Vvsys to Vours-7)

Output
] Vsys = Vins~7 = 3.8V, Vreser n= 0V,
Resistance of
RLow_Lpos-~7 ] or Shutdown by I2C, lout= 10mA, 20 50 80 Q
Auto Discharge
Ta=25°C
at Off State
Output Turn-on From enable to Vour = 95% of
ton_Lpos-~7(®)10) P ) 160 900 us
Delay Time Voutr(NOM)

Note4: Here Vvinx means internal circuit can work normal. If Vving < Vipox, Output voltage follows Vvinx
(lout = 1mA), circuit is safety.

Note5: Here Vvsys > VuvLo_vsys means internal control circuit can work normal. If Vvsys < 2.7V or
Vvsys < Vipbo12+1.6V, some performance parameters cannot be guaranteed.

Note6: Guaranteed by design and characterization. not a FT item.

Note7: Voropr Loox FT test method: test the Vipbox voltage at Vipox vset + Vbropmax with output current.
Guaranteed by design and characterization except Vour = 1.8V and Vour = 2.8V, not FT items.

Note8: Since the power on process of VSYS needs a large current, the BIAS should have a current driving
capacity of more than 100mA.

Note9: Please ensure individual LDO in the off state before vsys_en = 0 (0x03 LDO_EN Register: bit7).

Note10: Ton_Loox timing diagram shown as below(x = 1~7)

Note11: VSYS - VIN12 = 1.2V is need to ensure LDO1/2 current limit function normal.
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Vspa B H
LDO_EN Register Data | |
(Idox_en=1) toon_Lpox
Hi495"/
Voutx °
Figure 15.
Fast Mode 12C Specification
Symbol Parameters Min Max Unit
t1 SCL Clock Period, Recommended 50% Duty. 0.96 us
t2 Data in Set-up Time to SCL High 100 ns
t3 Data Out Stable after SCL Low 100 ns
t4 SDA Low Set-up Time to SCL Low (Start) 100 ns
t5 SDA High Hold Time after SCL High (Stop) 100 ns
Ci SDA and SCL Input Capacitance 10 pF
Co The Max Load Capacitance of SDA and SCL (12C BUS) 100 pF
————
SCL ‘ ’ ~
\ / 5
—p -—t, | ae l—tg
)
SDA_IN .. ! g g * ) \ "
= iy oy }C}R
-
SDA_OUT \
L
ty—

Figure 16. 12C-Compatible Interface Specifications
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Typical Characteristics

(Unless otherwise noted, Vviniz = Vipo1z + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =
1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Cioo1 = CLpooz2= 10uF, Cipoos = CLpo4 = CrLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)
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Typical Characteristics (continued)

(Unless otherwise noted, Vviniz = Vipo1z + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =

1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Cioo1 = CLpooz2= 10uF, Cipoos = CLpo4 = CrLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)
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Typical Characteristics (continued)

(Unless otherwise noted, Vviniz = Vipo1z + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =
1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Cioo1 = CLpooz2= 10uF, Cipoos = CLpo4 = CrLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

1.4 29
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S 08 3 26
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LDO1/2 Output Voltage vs. Output Current LDO3/4/5/6/7 Output Voltage vs. Output Current

I-rfnLngrugjODOdn/nfnooddn

PR 77 Tog vag 30.00 e/ wef 0.000 &
0.

7 vie 7 : 1712 vy 5
' 1 10.000000 Wz -91.774 dB A ' 1 10.000000 W 61.854 de N
2 100.00000 mz 87.066 dB 2 100.00000 uz 86. 1 de
3 1.0000000 knz -80.7 3 1.0000000 knz 207 ds
4 10.000000 knz -61.053 dB 4 10.000000 knz -69.685 do
10. 0% 5 50.000000 kK. 45.758 dB 1 5 50.000000 ki 41. 364 de
6 100.00000 knz -39.865 d8 6 100.00000 knz -33.243 do
7 500.00000 knz -42.427 db 7 500.00000 kmz -41.661 ds
8 800.00000 kHz -44.226 dB 8 800.00000 knz -47.158 d8
9 1.0000000 MHZ -43.617 de »>9 1 » 48.708 ds
0.0
0.0
!
§
0.0 A T s
P P 4 )
4 ¥ )
0.0 s )
t

LDO1/2 PSRR-VIN-30mA LDO1/2 PSRR-SYS-30mA

_ ——————
P T/R Log Mag 10.00 d&/ Ref 0.000 d& P T/R Log Mag 12.00 dB/ Ref 0.000 de . o
T : 2.55 v 0. 000 vde T 2805 v
U.UOO’- 1 50.000000 M; - di ‘ } 1 10.000000 wz -85.524 dB ‘
2 100.00000 Hz -87.182 d8 2 100. 00000 :: 102.95 dB
3 1.0000000 kHz
1 107020000 ke 831338 a8 1 107000000 ks b4 om
10, 5 50.000000 kmz -63.788 ds 12.00 5 0. 000000 knz -72.247 dB
6 100.00000 kMz -54.442 d& 6 100.00000 kHz -63.322 dB
7 500,00000 knz -44.862 d8 ; 500. 00000 E:; o ?2? .
8 800.00000 k -50.058 di 00000
oo >9  1.0000000 I:; 51.624 d: " >9 1.0000000 MHZ -65.657 dB
40. 48. O
~T T B
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0. O

i

/\ ﬂ * \f‘/

-
g
o
$
4

LDO3~7 PSRR-VIN-100mA LDO3~7 PSRR-SYS-100mA
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Typical Characteristics (continued)

(Unless otherwise noted, Vviniz = Vipo1z + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =
1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Cioo1 = CLpooz2= 10uF, Cipoos = CLpo4 = CrLpos =
Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

B 1 s0mv/ S00mV/ 200V/ 10mA/ 200 Ous/ 00s 5 200V L4 B 1 Somv/ 2 S0mV/ 200v1 10N 1000me): 09% L2 200V f
7 g iz 6]
[ - ) B -
S gu(_)
s . ! ’ B . 286 000000 2520000000ms
) 2
| 18.000000us 22 000000 u:
H ax
" ! 2 3 -2 498000000ms
| B 4 / e [ 4 e
:‘/ e 18.75mV o 18.75my
| ] 1| 2@y 7l 2@y
2 1.14376V 2 1.14375V.
8Y: ay
1.02500V 102500V
BY/BX
3.82463kV/s ay/ax AR
LDO1/2 Ton LDO1/2 Toff
[5] 1 0ov/ 1.00V) 2.00v/ 100/ 200 0us/ 00s A 200v i 1 200v/ 1.00v/ 2.00v/ 100/ 200 Ous/ 00s ME? 200V &
T b B M b B
§ [ ‘ S
: 224 000000us e 548 000000U:
i x0) 20y
H I ; 48 BO0000US . il 5 £.000000us
ﬁ“” / -175.200000us E - & -542.000000us
/ H 18X 18X
H 5.7078kHz X 1.5676kHz
/ i @) ] i)
T "I ) I N N ®80my. | e 267 50mV
2p{vout i 2@ 2plv | Y2Q)
266250V ! 266250V
ay. i Y.
237500V { 2.37500V
BY/BX: ! AY/X.
' 13 5559k V/s | 3.69938kV/s
fx2 I 2 (i)
LDO3/4/5/6/7 Ton LDO3/4/5/6/7 Toff
B 1 50mV/ 2 10mV/ 300mA/  50.00us/ 0.0s ME ] 173v [T B 1 500mv 2 10mV/ 300ma/  50.00us/ 00s AH 2 A4 186V Tk
hit HhE 5] m st =]
i 6 L2 I
111 X1@2): X102y
il -5.000000us -5.000000us
. i Q) 1! 20)
" : / i 5.000000us i i\ 5.000000us
Jii ax 1 ax
i 10.000000us 10.000000us
i 178% 1/8%
100.00kHz 100.00kHz
Yi( Y12):
gve = vz Buoure=—= I A e R )
VL»VIN . 1H{VIN o
H 1.000my 7500V
+ N3 aviBx
il 100.000V/s -75.0000V/s
LDO1/2 Line Transient (lout=1mA, LDO1/2 Line Transient (lout=1mA,
V|N12=1 45V to 2V) V|N12=2V to 1.45V)
B 1 v A0t L e F 1 dav Ll = 1 tiow 10mvi 300my_ 8000us’ _ 00s ME 3 1 asnv
s = I =
E=] £
x1@) X162)
f -5.000000us 500000008
i i [ 5.000000us 3 \ e 5020000us
J ax ax
10.000000us 10.020000us
178X 178X
100.00kHz 99,800kHz
Y1) Yig
Bor zv:m S00uV " . 1250V
oov G250V
aY: ay:
1p{vIN -S00uV BVIN 7500V
v Aviex
50 0000V/s 74.8503V/s
56 (53]
LDO3/4/5/6/7 Line Transient (lout=1mA, LDO3/4/5/6/7 Line Transient (lout=1mA,
Vin3~7=3.8V to 5.5V) Vin3-7=5.5V to 3.8V)

53

Rev 1.1




ET59171

Typical Characteristics (continued)
(Unless otherwise noted, Vviniz = Vipo1z + 0.25V, Vysys = (Vibo12 + 1.6V) or 2.7V whichever greater, lout =
1mA, Cvini2= 10uF, Cvsys = Cvinza = Cvins = Cvine = Cving = 1UF, Cioo1 = CLpooz2= 10uF, Cipoos = CLpo4 = CrLpos =

Crpos = CLpo7 = 2.2uF, Cvrer = 0.1uF, Ta=-40°C~85°C. Typical values are at Ta= 25 °C, Vvsys = 3.8V; Vvin12 =
1.45V; Vvinz4, Vvins, Vvine, Vving=3.8V; Vibo12 = 1.2V, Viposusser = 2.8V.)

B 1 500mVY 2 B0mV/ 500mA/ 20 00us/ 00s #LE 838mA N B 1 S00mV/ S0mV/ S00mA/ 50 00us/ 0.0: ik 838BmA N\
E | B 2 8
( F& | @
- e X102)
-5,000000us -5.000000us
20)
5,000000us 5.000000us
H o 8
f — 10.000000us 10.000000us
e i - ax
h ) 100.00kHz 100.00kHz
Y1Q) Y1)
1p{vIn 117875V 1PIVIN 1.20450V
1.21375v 24450V
Ay ay
35 00m\ 40 00mV
ALY/ BY/AX
3 50000k\V/s 4.00000kV/s
4 VOUT [ 3]

LDO1/2 Load Transient (Vin12=1.7V, lout=1mA to LDO1/2 Load Transient (Vin12=1.7V, lout=1.5Ato
1.5A) 1mA)
B 1 100V 50mV/ 300mA/ 20 00us: 00s L I34mA 1 =] 1100V S0mVi 300mA  20.00us/ 00s [ Bama T
£ & e El
T E
e -6.000000us =
Q) X2)
4,000000us 6 000000us
P i ax - Y ax
2 0,7 o ” i 10.000000us
i = 100 00kHz e 100 00kHz
1 Y@y
1p{VIN 5 IHVIN 7500
RS 2.00000kV/s e 1.55000kV/s
1 4x2]

LDO3/4/5/6/7 Load Transient (Vin3~7=3.8V,

|ou‘r=1 mA to O.GA)

|OUT=O.6A to 1 mA)

LDO3/4/5/6/7 Load Transient (Vin3~7=3.8V,
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Application Circuits

O L 4 VIN7
_T_ Cinz
— l Courr
O ® VING 2.2uF
_L Cine —
1uF LDO6 - O
o = l Courts
* VINS 2.2uF
_T_ Cins l
1uF =
LDO5 * O
o i VIN34 l Cours
Cinza 2.2uF
T v ET59171 lt
— LDO4 * O
o * VIN12 l
_T_ Cint2 Coura
10uF 2.2uF
o _T:_ VSYS LDO3 ? O
l?lj;s l Courts
2.2uF
l_i VREF LDO2 + o)
Crer l
0.1uF Courz
l_ T 1owF
RESET_N LDO1 I o
SDA Court
AP SCL 10uF
INTN GND —

Note *:
Resistances (VDD_IO =1.2V, R_PU = 1.8K; VDD_I0O = 1.8V, R_PU = 2.7K) are need to connect from
DC power supply(VDD_IO) to SDA and SCL.
When INTN is Open drain output state, a resistance (1.5KQ~10KQ) is need to connect to DC power
supply(VDD_l10) and the voltage should be less than Vsys.
If need, a resistance (10KQ~1MQ) is need to connect from DC power supply(VDD_IO) to RESET_N.
Note **:
If an LDO is not used, leave the input/output PIN suspended and the software enable bit is disabled.
If INTN PIN is not used, leave the INTN PIN suspended.
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PCB Layout Guide

GND _{ @D oD
Cvin7 _{ }_
CLpo7

_{ }&DOZ
RpPu_INTN
Spir

INTN

oV Lpo7

LD02
{ D1}

Rpu_RESET N CVIN3J4_ J_ J_ J_
—I_—Ia/svs —IEWNS CLpos

GND GND GND SDA SCL

Rpu_spa Rpu_scl:

RESET_N GND

Package Dimension

1.544+0.030 |
|

DOOOE,
D

GO
DOOD -

+
*@ @@ | 0.450%0.048 ?.27510.025
N - t
.
I 0.225+0.020 —‘—M 0-+150_0.020

0.225+0.020

1.800+0.030

0.247 REF
BOTTOM VIEW SIDE VIEW Unit: mm
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Tape Information

+0.1
®1.50 9o

4.00£0.10 2.00£0.05

-o
?ﬂ}@{}GQAéV

—~— 0.20+0.05

il 3.50+0.05
+
? é?l | ° o] ° T 8.00:;’_‘:i

A A 2.00£0.05 L

F —] 0.65+0.05
4.00£0.10 R 0.10REF B “—® 0.50MIN )
Section B-B’

— Feeding direction

_[&»_1.6510.05

Section A-A’ Unit : mm

Marking

597
XXXXX

597 = Part Number
XXXXX = Tracking Number
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Revision History and Checking Table

Function & Spec Package & Tape
Version Date Revision Item Modifier
Checking Checking
1.0 2025-08-19 Version 1.0 Yang Xiao Xu Liu Yi Guo Liu Jia Ying
Add LDO1/2 Current
1.1 2025-10-30 Yang Xiao Xu Liu Yi Guo Liu Jia Ying
Limit Note
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