RENESAS Application Note

Introduction to SLG5100x Protection Features
SLG5100x

This application note describes the protection features available in Renesas SLG5100x devices which feature
high performance LDOs in addition to integrated GreenPAK resources for use in advance sensor systems and
other small multi-rail applications. These devices have start-up and functional current limits, under-voltage
lockout (UVLO), thermal shutdown, and configurable temperature alerts. I°C is implemented in these devices
which allow the user to read various states of the device such as the state of current limits, VOUT_OK,
temperature sensor (on the GPIO), and other various registers.
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Introduction to SLG5100x Protection Features

1. Types of Protection in SLG5100x

SLG5100x devices have a variety of protection features that help protect the PMIC itself and other components
in the circuit. These protection features allow the device to be safely turned off, while also notifying other
microcircuits of the problem, such as a connected microcontroller.

Below is a brief description of the protection blocks that are available in SLG5100x devices:

Type

Description

Trigger

Programmability

Under-voltage Lockout
(UVLO)

When the UVLO trigger event occurs, the
device turns off the LDOs and GPIOs in the
specified power down sequence. LDOs will
therefore not be turned off randomly or
simultaneously in order to help prevent
damage to the ICs powered by PMIC.

An internal UVLO monitor with a
programmable threshold
monitors the Vpp input voltage
and shuts down the system if
the voltage drops below the
threshold.

2.215V -2.658 V
(step = 24.6 mV)

Thermal Shutdown

The device turns off the LDOs and GPIOs in
the specified power down sequence. After
the device cools down to a preset nominal
operating temperature, it will turn on again.
After restoring the operation of the device,
the FAULT logs are available to be read.

Thermal shutdown or over-
temperature protection activates
when the temperature of the
device has reached 140 °C

The shutdown
temperature is set to 140
°C.

Configurable
Temperature Alerts

The temperature sensor (TEMP SENSOR)
reads the temperature sensitive node of the
bandgap. The temperature threshold
warning is programmable within 5 °C
accuracy. The temperature warning flag can
be accessed through I2C or through a
connected GPIO pin.

Temperature warning flag is
triggered at temperatures above
the set threshold

Temp Warning =90/
100/110/120°C

Debounce time

Voltage Output OK flag
for each LDO

For each of the LDOs, a VOUT_OK flag
event indicates that the LDO has started up.
If VOUT_OK is not raised, it means that the
LDO has not reached the target value. It is
debounced on the positive edge, with the
debounce time controlled for each LDO. It is
possible to read this register and then output
this signal to a connected GPIO, or with the
help of internal combinatorics, the
VOUT_OK signals can be combined and
connected to a single GPIO.

When Vour reaches 90% of its
target value

Debounce time

Current Limit flag for
each LDO

A current limit flag event can be used to
detect a current limit in each LDO. This
event is debounced on the falling edge only
to allow any current limit detection to be
captured. The device has two different
current limit settings, startup current limit
and functional current limit.

Current limitation detected

Functional and startup
current limits

Debounce time

Device Interrupt

Device interrupt request is the logic OR of

LDOs Current limits

Event sensitivity

Request the unmasked event register signal (Faults |« power-on reset
and IRQ Eveqts). E_ach IRQ event reglster « System reset
has an associated interrupt mask register . Power ncer crash
(IRQ_<x>), which controls whether the event ower sequencer cras
register signal contributes to the device = Over-temperature
interrupt request via the logic OR. = Matrix event (input)
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2. Flexibility of Protection Systems in SLG5100x devices

SLG5100x devices have internal programmable logic and can be programmed individually. It is possible to
create a custom design file in the GUI which is then written to the device. Also, a custom sequence of turning
LDOs on and off can be specified and then this sequence can be enabled via I2C, GPIO, or simply turning on the
device.

Signals such as VOUT_OK, overcurrent limit events, and temperature warning can each be outputted to
separate GPIOs or combined internally and then output to a single GPIO.

2.1 Combining Signals with LDOs

In Figure 1 below, an example design project for an SLG5100x device is shown. The VOUT_OK flag from each
of the LDOs is connected to a logic AND gate. The output of the logic AND is connected to GPIO1, which will be
high when LDOs 1, 2, and 3 are enabled. If any of LDO1, LDO2, or LDO3’s output has not reached its nominal
voltage value, GPIO1’s output will be low. Figure 2 features a similar example but shows an example for the
current limit flag. If one of these flags is raised, then GPIO1 will be high.

VOUT OK forLDO1,2,3

GPIO1

NOR
Current Limit for LDO1,2,3

HO o—e—e—TGpi01

Figure 2: Current limit flag signal for three LDOs through the logic AND gate to GPIO1

Figure 3 shows an example of using a temperature sensor along with current limit and VOUT_OK flags. This
solution monitors if the device works as expected using GPIO1. When any one of these three possible events is
triggered for any one of the LDOs (LDO Vour was not raised, current limit, or temperature sensor), then GP101
will assert low.
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Current limit OK
(NOR)

3-L0 -
OK_Flag

VOUT OK ~
(AND) . GPIO1

3-L3

120 C

Temp
sensor

Figure 3: VOUT_OK, current limit, and temp sensor signals for LDOs through the 3-bit LUT to GPIO1

2.2 “Device Interrupt Request Block” Details

The device has a functional block that helps to save internal logic elements. Each IRQ event register has an
associated interrupt mask register, which controls whether the event register signal contributes to the device
interrupt request via the logical OR.

It includes the following events:

* LDOL1 Current limit
* LDO2 Current limit
* LDO3 Current limit
* LDO4 Current limit
* LDOS5 Current limit
* LDOG6 Current limit
e LDO7 Current limit
* Power-on reset

* System reset

* Power sequencer crash
* Qver-temperature
* Matrix event (input)

When any of the described conditions above occurs, the device interrupt request output signal will be asserted
high and latched high until the device is reset (CS de-asserted). This signal can be routed to the GPIO, or it can
be used to turn off the device, in which case, conveniently acts as a crash sequence indicator.

External reset chip
rem— High level
GPIO1

Warning
Device
interrupt . d GFIOZ2
request

-
b LDO1Currentlimic |
b LDOSCurrent limit

Figure 4: Device Interrupt Request Block
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2.3

Signal Flag Output in SLG5100x

If any one of the following events such as UVLO detection, over-temperature detection, or CS de-assertion is
triggered, the device is powered down according to the programmed power sequencer.

It is possible to read the SLG5100x error registers via I°C. Below are the following status and event registers that

can be read:
Parameter Status (1°C) Event (I°C) GPIOs (output)

POR No Yes No
RESET No Yes No
Over-temperature No Yes No

High temperature Yes Yes Yes

LDO voltage output flag Yes Yes Yes

LDO current limits flag Yes Yes Yes
Device interrupt request No No Yes

3. Typical Application Use Case for the SLG51000

Figure 5 shows a typical use case for the SLG51000 featuring its multiple protection modes. This device has four
GPIOs for general use and two GPIOs (SDA and SCL) for I?C. If necessary, these GPIOs can be disconnected
from 12C and can be used in the design for other functions. The device has several separate VINs and seven

integrated LDOs.

1.8v 1.8V

The LDO output voltages, current limits, internal power sequencer, and device operation scenarios can be

i

1.8V 1.8V

VIN1
VIN2
VIN3

(" concar 1 )
Sensor 1

\VIN4 /

VIN1
VIN2

fli

SLG51000
3.8V o— + VDD VIN7
1.8V o == cs VOUT1
erior VOUT2
GPIO2 VOUT3
EENTITER
MCU GPIO3 VOUT4
GPIO1 GPIO4 VOUTS
GPIO2
VOUT6
GPIO3 SDA
GPlO4 SCL VOUT7
L 1VIN3 GND
SDA
SeL L 1vINg
1.2Vo——VIN5_6
AN J

Figure 5: Typical use case using the SLG51000

quickly configured in the GreenPAK Designer software which has a user-friendly GUI. Information about
VOUT _OK, current limit, and high temperature can be routed to GPIOs or used for other purposes. Figure 6

(" Sensor2 )

VIN3
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shows the design of the device configuration file in the GUI, which demonstrates some of the device’s protection
features.

Delay = 10ms
Power sequencer

Resource 0

Resource 1

Resource 2

GPIO3
Resource 3

Ext. Reset

GP104 n:l-l!' Resource 4

Resource 5

Logic1 Logic0

E E Idle
.

1.5V
Segup
VINS/6
Crash sequence

.
b 1003 Currentimit ) Timer expired
) L0D04 Currentlimit

) D05 Currentiimic. SGAAS

b LD06 Currentiimit I kasbiag

T o [eQuest

~VOUT 0K

GPIO1

Bmp
sensor

Figure 6: General view of the design in the GUI for the SLG51000

In this Figure 6 example, GPIO3 is configured as an input and triggers the power sequence. The LDOs are
turned ON/OFF one by one.

The power sequencer is configured for a delay of 10 ms between turning ON each of the LDOs and 30 ms
between turning OFF each of the LDOs once GPIO3 is toggled low-to-high. Additionally, the power sequencer is
configured to turn OFF the LDOs with a delay of 10 ms, if the "Crash sequence" event occurs.

The crash sequence transitions the device to the “Reset” state and can be caused by:

* CS de-assertion

* Over-temperature detection

* Software Reset Request

* UVLO detection

* Crash detection - the output of the block "Device interrupt request” connected to it.

The design in Figure 6 includes a “Device Interrupt Request” block, which is connected to the “Power
Sequencer” block. The “Power Sequencer” block has a crash sequence mode - which disables the LDOs
through the programmed power sequence, and the device will go into it's Reset state (more information about
the State Machine can be found in the datasheet).

GPIO4 is connected to this block as an input with a debounce filter. If a logic high level is applied to GPIO4, the
output of the device interrupt request block will also go high and the LDOs will be disabled, resulting in the
device being reset. The device will remain in this state until CS is de-asserted.

GPIOL1 is configured as an output which outputs the ON status of all LDOs through a logic AND gate. When all
LDOs are enabled, GPIO1 will be low Otherwise if at least one LDO is not turned on, GPIO1 will remain high. If
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there is no VIN for any of the LDOs, or if any of the LDOs did not turn on for any reason, then GPIO1 will stay
high.

The value of the over-temperature event is routed to GP102, which is configured as an inverted output. If the
temperature rises above 120 °C, the temperature sensor will go high and the GPIO2 output will go from a high
level to a low level.

Figure 7 shows the operation of the Power Sequencer block as a part of the SLG51000 chip. After raising GPIO3
(EN), which has a 5 ms debounce, the LDOs start turning ON one by one. Once all LDOs are turned ON, and a
current limit event has not been detected, GPIO1 (VOUT OK) goes to a low level. In other words, this means that
all LDOs have a voltage at the output, and the current limit protection has not been triggered.

oo CS

GPIO3 EN

ps GP1O4 Ext. Reset

4

o1 GPIO1 ~VOUT OK

pz- GPIO2 ~OVER Temp

05 LDO1

oe LDO2

o7 LDO3
pg LDO4
ps LDO5
LDO6
o1 LDO7
\?Eu_hs 0.0 100 200 300 40.0 50.0 60.0 700
Figure 7: Power-up sequence via GPIO3 (EN)
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Figure 8 shows the operation of the Power Sequencer block as a part the SLG51000. Once GPIO3 (EN) is
toggled from high-to-low, the LDOs begin to turn OFF one by one. After the first LDO is turned OFF, GPIO1
(VOUT OK) goes high.

€S

GPIO3EN

04 GPIO4 Ext. Reset

01 GPIO1~VOUT OK ‘

02 GPIO2 ~OVER Temp

05 LDO1

06 LDO2

07 LDO3

o LDO4

o9 LDOS

010 LDO6

o1 LDO7
ﬁﬁ\m 0.0 100 200 30.0 40.0 50.0 60.0 70.0
Figure 8: Power DOWN Sequence via GPIO3: EN
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Figure 9 shows the operation of the Power Sequencer block with the Device Interrupt Request block as a part of
the SLG51000. After GP10O4 (External Reset) goes high, which is connected to the input of the Device Interrupt
Request block, the LDOs begin to turn OFF one by one. Once the first LDO is disabled, GPIO1 (VOUT OK) goes
high.

cs

GPIO3 EN

04 GP1O4 Ext. Reset l

01 GPIO1 ~VOUT OK ‘

02.GPIO2 ~OVER Temp

051LDO1

0s LDO2

071D03

08 LDO4

09 LDOS

p10 LDO6

011:.LDO7Y
[100ms 0.0 10.0 20.0 30.0 40.0 50.0 60.0 700
Figure 9: Crash Sequence via GPIO4: External Reset
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Figure 10 shows the behavior of the device when CS is de-asserted. In this case all LDOs will be turned off in
order of the programmed power sequence. The behavior of the device will be the same for each of the following
error conditions: over-temperature detection, UVLO detection, and software reset request.

ES

GPIO3 EN

04 GP1O4 Ext. Reset

01 GPIO1 ~VOUT OK

02 GPIO2 ~OVER Temp

05 LDO1

5 LDO2

071D0O3

08 LDO4

03 LDOS

LDO6

011 LDO7

-10.0ms 0.0 10.0 200 30.0 400 50.0 60.0 70.0

Figure 10: CS de-assertion sequence

4. Conclusion

The SLG5100x devices have a variety of protection features that can detect issues in time and turn off the
device in the correct sequence in order to avoid critical damage to the device and other connected components.
Furthermore, the device’s flexibility allows customers to use it for numerous project applications and still be able
to meet their different respective requirements. Users can modify the accompanying design file used in this
example to customize it for different needs.
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