RICHTEK

RT6191A

36V Buck Controller with 12C Interface for USB-PD

General Description

The RT6191A is a Buck controller designed for USB
power delivery (USB PD). It operates with wide input
voltage range from 4.5V to 36V, and the output voltage
is programmable from 3V to 36V. The RT6191A
implements peak current mode control mechanism with
the programmable constant voltage (CV) and constant
current (CC) output to support USB-PD 3.0 SPR mode
and 28V of USB-PD 3.1 EPR mode. It also has built-in
charge pumps for driving external low-cost N-MOSFETs
to control the power path. With an 12c compatible
interface, the RT6191A supports many programmable
functions including CV/CC output, switching frequency,
and cable voltage drop compensation. Moreover, the
RT6191A integrates full protections including input
UVLO, over/under-voltage protection, cycle-by-cycle
current limit, short protection, and over-temperature
protection. The RT6191A is available in a WQFN-40L
5x5 package.

Applications

e Monitor

e USB Power Delivery
e Power Bank

Features
e Support USB-PD 3.0 SPR Mode and 28V of USB-
PD 3.1 EPR Mode
¢ Integrated Buck Controller :
» Wide Input Voltage Range : 4.5V to 36V
» Wide Output Voltage Range : 3V to 36V
» Peak Current Mode Control
» Programmable Switching Frequency
(250kHz to 1MHz)
» Power Saving Mode Enables Higher Light Load
Efficiency
. AnyPowerT"’I for Constant Voltage (12.5mV/step,
Typ.) and Constant Current (in 9-Bit Resolution)
Output Settings
o Embedded 2nd OCP Function
e Bypass Mode
« 12C Compatible Interface
o Adjustable Soft-Start Time
e Programmable Cable Voltage Drop Compensation
o Built-in Bleeders for Quick VBUS Discharge
e Power Good Indicator
o Full Protection with UVLO, OVP, UVP, OCP, Cycle-
by-Cycle Current Limit and OTP
o WQFN-40L 5x5 Package
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Ordering Information

RT6191A () Ii
Package Type
QW : WQFN-40L 5x5 (W-Type)

Lead Plating System
G : Green (Halogen Free and Pb Free)

Protection Type
None : Latch Mode
H : Hiccup Mode

Note :
Richtek products are :

» RoHS compliant and compatible with the current
requirements of IPC/JEDEC J-STD-020.

» Suitable for use in SnPb or Pb-free soldering processes.

Marking Information

RT6191AGQW
RT6191AGQW : Product Code
RT6191A YMDNN : Date Code
GQW
YMDNN
[
RT6191AHGQW
RT6191AHGQW : Product Code
RT6191AH YMDNN : Date Code
GQW
YMDNN
[

Pin Configuration
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Functional Pin Description

Pin No. Pin Name Pin Function
1 VDDP Bias voltage input pin for internal gate drivers. It is recommended to connect
an external 4.7uF capacitor from this pin to GND.
5 LDRVA Buck mode low-side gate driver output for Q2. Connect to gate of low-side N-
MOSFET Q2.
3, 39, Ground. Exposed pad. The exposed pad must be soldered to a large PCB
GND : ST
41 (Exposed Pad) copper area for maximum power dissipation.
Buck mode bootstrap supply for high-side N-MOSFET Q1. It is recommended
4 BOOT1 to connect a 0.1uF capacitor from this pin to SW1 pin. The bootstrap diode is
integrated internally between VDDP pin and this pin.
5 HDRV1 Buck mode high-side gate driver output for Q1. Connect to gate of high-side
N-MOSFET Q1.
6 SW1 Buck mode switch node. Connect to power inductor.
Supply voltage input.
7 VIN Input peak current sense positive input. Connect to the current sense resistor
R29 for input peak current sense.
Input peak current sense negative input. Connect to the current sense resistor
8 PSINN )
R29 for input peak current sense.
Current sense negative input for input constant current control. Connect to the
9 CSINN current sense resistor R29 directly. It is recommended to use 10mQ for the
current sense resistor R29.
Current sense positive input for input constant current control. Connect to the
10 CSINP current sense resistor R29 directly. It is recommended to use 10mQ for the
current sense resistor R29.
1 EN Enable control input. A logic-high enables the converter; a logic-low forces the
device into shutdown mode. "Do Not" leave this pin floating.
12 23% i% 37, NC No internal connection. Please keep these pins floating.
13 SCL Clock input for I12C interface. Connect this pin to AGND if I°C interface is not
used. "Do Not" leave this pin floating.
Data line for I12C interface. Connect this pin to AGND if 12C interface is not
14 SDA " . L )
used. "Do Not" leave this pin floating.
Active low open-drain output. Connect this pin to 1.8V or 3.3V for normal
15 ALERT operation. It will be pulled low if this chip is under the conditions of protection,
EN shutdown, or after the end of soft-start.
2 . . . .
16 ADDRESS I“C slave a_tddr_ess selection pin. Connect this pin to VDD to select 0x2D, and
connect this pin to AGND to select 0x2C.
Soft-start time control pin. Connect a capacitor between this pin and AGND to
17 SS .
set the soft-start time.
Constant voltage (CV) loop compensation. Connect an external RC network
18 COMPV from this pin to AGND for CV loop compensation. "Do Not" leave this pin
floating.
Constant current (CC) loop compensation. Connect an external RC network
19 COMPI from this pin to AGND for CC loop compensation. "Do Not" leave this pin
floating.
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Pin No. Pin Name Pin Function
20 IC Internal connection. Connect this pin to AGND.
21 AGND Analog ground.
Thermal sense input. This pin is used for external over-temperature protection
22 TSEN via an external NTC network circuit. Connect this pin to VDD if thermal sense
function is not used. “Do Not” leave this pin floating.
23 VDD Internal LDO output. It is recommended to connect an external 4.7uF capacitor
from this pin to GND. This pin is also used for internal analog circuit.
Optional supply input from external 5V. Connect to external 5V voltage for
24 VBYP . -
VDD to increase converter efficiency.
Power good indicator open-drain output. This pin is pulled high when the
25 PGOOD output voltage is within the target range. It will be pulled to ground if this chip
is under the conditions of protection, EN shutdown, or during soft-start.
27 VBUSA Voltage sense input for monitoring VBUSA OVP and UVP.
8 GPA Charge-pump gate driver output for VBUSA. This pin drives external power N-
MOSFETs to turn on or off the power path between VouT and VVBUSA.
29 VBUSC Voltage sense input for monitoring VBUSC OVP and UVP.
30 GPC Charge-pump gate driver output for VBUSC. This pin drives external power N-
MOSFETs to turn on or off the power path between VouT and VvBuUSC.
Input pin for output discharge. Connect an external resistor between this pin
31 DIS and converter output to discharge energy of output capacitors through internal
pull-low N-MOSFET.
Current sense negative input for output constant current control. Connect to
32 CSOUTN the current sense resistor R30 directly. It is recommended to use 10mQ for the
current sense resistor R30.
Current sense positive input for output constant current control. Connect to
33 CSOUTP the current sense resistor R30 directly. It is recommended to use 10mQ for the
current sense resistor R30.
34 PSOUTN Voltage sense input for internal constant current control loop.
35 VOUT Voltage sense input for monitoring VOUT OVP and UVP.
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Functional Block Diagram
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Operation

The RT6191A is a Buck controller to support USB-PD
3.0 SPR mode and 28V of USB-PD 3.1 EPR mode. The
input voltage range is from 4.5V to 36V, and the output
range is from 3V to 36V. The RT6191A utilizes peak
current mode control to obtain fixed switching frequency
from 250kHz to 1MHz. This control topology is also
used for constant voltage (AnyVolt™) regulation and
constant current (AnyCurrent™) regulation. The
RT6191A also provides DVS function to set the output
voltage dynamically with different rising and falling slew
rates. By status change detecting function, the host can
quickly and easily understand what types of warning or
fault events occur from the external ALERT pin of
RT6191A.

The RT6191A integrates an internal gate driver to
control external power path MOSFETs for USB-C and
USB-A (1C1A) VBUS terminals when Vout = 5V. The
RT6191A also provides the flexibility for using N-
MOSFETs or P-MOSFETs as external power path
MOSFETSs. With the cable voltage drop compensation
function, the output voltage can be adjusted in heavy
load condition for different equivalent series resistance
(ESR) of USB cables.

The RT6191A implements full protections including
input under-voltage lockout (UVLO), input and output
over/under-voltage protection (OVP/UVP), output over-
current protection (OCP), input cycle-by-cycle
peak/average current limit and OTP. It is recommended
to use 10mQ/1206 with 1W power dissipation as current
sense resister for over-current condition.

UVLO, Enable Control and Soft-Start

The RT6191A implements under-voltage lockout
(UVLO) protection to prevent insufficient input voltage
by monitoring VIN, VDD and VDDP pins. When the
input voltage of these pins are lower than UVLO
threshold, the IC stops switching and resets all digital
functions.

The RT6191A provides an EN pin to enable or disable
the device externally. When EN pin voltage falls below
a logic-low threshold voltage (VENL), the RT6191A will
enter to shutdown mode and reset all digital functions
even if the input voltage of relative pins are above each

UVLO threshold (VuvLo). In shutdown mode, the supply
current can be reduced to IsHDN (typically 15uA). Once
the EN pin voltage rises above a logic-high threshold
voltage (VENH) and VIN is higher than its UVLO
threshold, the VDD pin voltage will be regulated at 5V
for internal digital circuits and VDDP for internal
MOSFET gate drivers. After VDD and VDDP are higher
than UVLO threshold voltage, the VOUT starts to ramp
up with 50us (typ.) delay time. In addition, EN pin can
be connected to VIN pin directly to save power rail of
system for normal operation.

The RT6191A provides adjustable soft-start function by
connecting a capacitor from SS pin to AGND to prevent
large inrush current during start-up. The soft-start time
can be calculated by the equation below :

Css(nNF)x0.9V

tss(ms) = —— sS(A)

Figure 1 shows the start-up sequence with enable
control by software. When VIN is above UVLO threshold
voltage and EN is higher than a logic-high threshold
voltage, the internal digital circuit will be enabled after
VDD and VDDP rise above each UVLO threshold. If
software EN (0xOE[7]) changes to “1”, the VOUT starts
to ramp up when SS voltage is higher than 0.7V. After
SS voltage reaches to 2.3V, PGOOD will change to high
level with 512us (typ.) delay time.

For power-off condition, RT6191A can be disabled by
internal software EN (OxOE[7]) and external EN pin.
When RT6191A is disabled by software, the discharge
resistor can be controlled to be on or off by register
OxOE[4]. Once the RT6191A is disabled by external EN
pin, the output voltage will ramp down with default
discharge resistor on. In both software and hardware
disabled operation, PGOOD will go low after 16us (typ.)
delay time after SS pin voltage is pulled low by the
internal discharging current. The power-off sequence is
shown in Figure 2 and Figure 3.
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VN = 12V
VIN Vyyio -
VEn = 3.3V
EN v
__ VENHTFY Vvpp / Vvppp = 5V
V -
VDD / UVLO
VDDP
Software
EN
SS :j?éﬂf’zav
0.7V
VOUT
PGOOD
- > »>
EN Delay Tss PG Delay
Time 50us Time 512us

Figure 1. Start-up Sequence by Software

VN = 12V
VIN
VEn = 3.3V
EN
Vvpp / Vvppp = 5V
VDD /
VDDP
Software
EN
SS
VOUT \ . o
Discharge resistor off
Discharge resistor on
PGOOD

e
16pus

Figure 2. Power-off Sequence by Software

ViN = 12V
VIN
EN
Ven = 3.3V
VDD /
VDDP
Vvpp / Vvppp = 5V
SS
VOUT Discharge resistor
/ default on
PGOOD
PES
16ps

Figure 3. Power-off Sequence by External EN Pin

Dynamic Voltage Scaling (DVS)

The RT6191A provides DVS function with wide voltage
range for setting output voltage dynamically. Based on
the voltage ratio setting of register 0x11[5], the output
voltage can be set with different resolution by using
register 0x01 and 0x02. The RT6191A also supports
DVS rising and falling slew rate selection by using
register 0x0D[6:3], the default factory setting of
0x0D[6:3] is “1111” for DVS rising and falling slew rate
= AVOUT / 32ps.

The ALERT_PG bit, 0x1F[6], will change to “1” when the
output voltage reaches to the target voltage, and then
the external ALERT pin will go low immediately. The
RT6191A also supports Mask function by register
0x21[6] to make the external ALERT pin not go low after
DVS operation end. In addition, register 0x37[2] and
0x38[2] shows 275ms timeout indication if output
voltage do not reach to target level within 275ms, and
this mechanism also has Mask function by register
0x39[2].

AnyVoItT'VI Constant Voltage (CV) Regulation

The RT6191A utilizes peak current mode control
topology as main control loop for output constant
voltage (CV) regulation. The output voltage is used to
compare with the internal reference voltage to obtain an
error signal by sensing VOUT pin voltage. This error
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signal is externally compensated on COMPV pin to
compare with the inductor current sensed on the output
current sense resistor. As the signal relative inductor
current falls below the compensated error signal, the
HDRV1 will be turned on with a time interval to make
inductor current ramp up. As the inductor current
reaches to peak current threshold (0x09[5:0]), the
HDRVL1 is turned off and LDRV1 will be turned on until
an internal oscillator initializes next switching cycle.

tT™

AnyCurren Constant Current (CC) Regulation

The RT6191A also implements average current control
loop by sensing the voltage across output current sense
resistor R30 for output constant current (CC) regulation.
The voltage across output current sense resistor is used
to compare with the output CC level as register
0x03/0x04 to obtain an error signal, and then this error
signal is externally compensated on COMPI pin. When
the voltage across output current sense resistor is
higher than output CC level, the COMPI pin voltage will
fall below COMPV pin voltage to limit and keep the
output current as output CC level. As the output current
becomes higher than output CC level, RT6191A will
limit the output current, and then the output voltage will
be lower than regulation point until UVP happens. In
addition, it is recommended to use 10m/1206 with 1W
power dissipation as current sense resister for correct
operation.

Bypass Mode

RT6191A implements a Bypass mode operation to
enhance system efficiency when the output voltage
becomes very close to the input voltage. After setting
the output voltage to be at least 0.3V higher than the
input voltage, the RT6191A will enter the Bypass mode
immediately, then external N-MOSFET Q1 is fully
turned on and Q2 is fully turned off. In Bypass mode,
the external ALERT pin can also be asserted if any
status is changed or protection is triggered. When the
output voltage is lower than the input voltage, the
RT6191A will return to Buck mode automatically to
maintain normal output voltage regulation. Therefore,
the RT6191A is more flexible for system firmware
design by operation mode transition between Buck and
Bypass modes without setting any register through 12c
interface.

Mode Selection

The RT6191A provides operation mode selection for
light load Power Saving Mode (PSM) and Forced-CCM
Mode (FCCM) by using register Ox0D[7]. The default
factory setting of operation mode is light load PSM.

Power Saving Mode

When 0x0D[7] = 0, RT6191A operates in PSM and
automatically reduces switching frequency at light-load
conditions to maintain high efficiency. The internal zero
current detection (ZCD) circuitry will be enabled to
sense the inductor current by utilizing Rps(on) of the Q2
N-MOSFET in typical application circuit. As the inductor
current drops to zero and becomes negative, both
HDRV1 and LDRV1 are turned off with the output
capacitor supplying the load current until the output
voltage falls below the internal reference voltage. In
reverse, when the output current increases from light
load to heavy load, the switching frequency will increase
to 250kHz (default factory setting) as the inductor

current reaches the continuous conduction condition.

FCCM Mode

When 0x0D[7] = 1, the internal ZCD circuitry is disabled
and the RT6191A operates in FCCM with typically
250kHz (default factory setting) at any load condition.
This mode trades off reduced light load efficiency for low
output voltage ripple, tight output voltage regulation,
and constant switching frequency.

ADC Reporting

The RT6191A provides ADC function to report
input/output voltage and current, VBUSC voltage and
TSEN pin voltage by utilizing register 0x12 to 0x1B and
0x33 to 0x34 with 11-bit resolution. Register 0x10[1]
and 0x32[1] are the enable control bits for ADC function,
and 0x10[7:6] is the average times of ADC function. The
default factory setting of 0x10 is 82h and 0x32 is 00h for
ADC function default enable with average 8 times
except VBUSC voltage reporting. Please see the I12C
register map for detailed description of register 0x12 to
0x1B.
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Power Path Control

The RT6191A integrates an internal gate driver to
control external power path MOSFETs for USB-C and
USB-A (1C1A) VBUS terminals when VBus = 5V. The
GPC/VBUSC pins are used for USB-C terminal, and
GPA/VBUSA pins are used for USB-A terminal.
Register 0x29[3:2] selects the external MOSFETS type
of N-MOSFETs and P-MOSFETSs for USB-C and USB-
A terminals, and register 0x29[1:0] are the enable
control bit for each power path MOSFETSs. All power
path MOSFETs will be turned off when protection
happens with the default factory setting of register
0x29[7:4], and it can be set after internal digital circuit
enabled for different applications. In addition, the default
factory setting of register 0x29[1:0] is 00 for power path
function not used.

Cable Voltage Drop Compensation

The RT6191A implements cable voltage drop
compensation to adjust the output voltage in heavy load
condition for different equivalent series resistance (ESR)
of USB cables. Register OxOE[2:0] can set different
compensation, and the default factory setting of
0xOE[2:0] is 000 for cable voltage drop compensation
function default disabled. Besides, this function is
inactive when RT6191A operates in Bypass mode.

Power Good Indication

The RT6191A provides a power good indication with
open-drain output capability to show the output voltage
status. When output voltage is between 90% and 120%
(typically OVP trip threshold of default factory setting) of
reference voltage, the external PGOOD pin keeps as
high level and internal PGOOD bit changes to “1” in
register Ox1D[6] and Ox1F[6]. Register Ox1F[6] also
shows the output voltage status for DVS operation,
0x1F[6] will change to “1” if the output voltage reaches
to the target voltage whether in DVS up or down
operation.

External Thermal Sense

The RT6191A provides an external thermal sense
function temperature of external
components such as inductor or MOSFETs by
connecting a negative temperature coefficient (NTC)

to sense the

thermistor from TSEN pin to AGND and a resistor from
VDD to TSEN pin. Register 0x1A/0x1B can report the
TSEN pin voltage from 0V to 2V with 1mV resolution
while ADC function is enabled (0x10[1] = 1).

Spread-Spectrum Operation

Due to periodicity of the switching signals, the energy
concentrates in one particular frequency and in its
harmonics. These levels of energy will be radiated to
induce potential EMI issues. The RT6191A provides
spread-spectrum function by register 0x11[7] for
simplifying in compliance with the CISPR and EMI
requirements.

After the soft-start ends, the spread-spectrum can be
enabled with a pseudo random sequence and used
+8% spread of the switching frequency. This function is
default disabled.

Timerl and Watchdog Function

The RT6191A implements a Timerl function to detect
Host status if system hang occurs without any
protection detected. Register 0x30[6:4] selects different
Timerl timeout, and the default factory setting value of
0x30[6:4] is 000 for Timerl disabled. Timerl will begin
to count if 0x30[6:4] # 000, and ALERT pin keeps high
level if Timerl is still counting. After Timerl timeout
completes, external ALERT pin will go to low level.

The RT6191A also implements a watchdog function to
reset IC to factory default setting after watchdog timeout
completes if ALERT pin keeps at low level. Register
0x30[2:0] selects different watchdog timeout, and the
default factory setting value of 0x30[2:0] is 000 for
watchdog disabled.

Status Change Detection and ALERT Pin

The RT6191A implements a status change detection to
alert the host when a warning or fault event occurs by
using the external ALERT pin with push-pull output
capability for active low behavior. The warning events
are input UVLO, Timerl and PGOOD, and the fault
events are the conditions of over-voltage, under-voltage,
over-current and over-temperature. In addition,
PGOOD event indicates output voltage status for
normal and DVS operation.

Register 0x1C, 0x1D, Ox1E and 0x1F can help the host
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to know what type of warning of fault events happens.
0x1C and 0x1D will be cleared to default setting “0” if
the event is removed, but Ox1E and Ox1F will be cleared
to default setting “0” by writing this bit to "1" after the
events is removed only. The RT6191A also supports

ik

UVLO
Event Flag OVLO
Mask
Timerl
Event Flag T~
Mask
PGOOD
Event Flag PGOOD ﬁ
Mask
oV
Event Flag oV j
Mask
uv
Event Flag Ov j
Mask
ocC
Event Flag oc ﬁ
Mask
oT
Event Flag oT ﬁ
Mask

mask function to mask or pass the internal event flag
output to external ALERT pin by using 0x20, and 0x21
registers. The overall detection function is shown in
Figure 4.

D%To ALERT

Yo

Figure 4. Overall Detection Function Block Diagram

Protection

The RT6191A implements full protective mechanism
including over/under-voltage protection (OVP/UVP) for
each VOUT/VBUSC/VBUSA pin, output over-current
protection (OCP), input cycle-by-cycle peak/average
current limit, over-temperature protection (OTP) and
input OVP/UVP. The protection type of RT6191A is
latched-off operation, and RT6191AH is hiccup
operation.

Output Over-Voltage Protection (OVP)

The RT6191A provides output over-voltage protection
(OVP) by constantly monitoring output voltage for
VOUT/VBUSC/VBUSA pins. If VOUT is larger than the
OVP trip threshold (typically 120%) with relative OVP
delay time, HDRV1 will stop switching and LDRV1 will
fully turn on to discharge energy of the inductor
immediately untii ZCD is triggered. When
VBUSC/VBUSA OVP is triggered, GPC/GPA will turn
off but HDRV1/LDRV1 will keep in original state. In

addition, the default factory setting of VBUSC/VBUSA
OVP is disabled for correct operation if power path is
not used. Register 0x0BJ[5:0] can select different OVP
trip thresholds and OVP delay time, and OVP trip
threshold can also be adjustable by register 0x2B[4] and
0x36.

In latched-off operation, RT6191A will return to normal
operating unless resetting IC by OxOE[7] after OVP
happens. For hiccup behavior, RT6191AH will return to
the last state before OVP happens and the output
voltage will go back to regulation point after OVP is
released.

Output Under-Voltage Protection (UVP)

The RT6191A provides output under-voltage protection
(UVP) against over-load or short-circuit condition by
constantly monitoring output voltage for
VOUT/VBUSC/VBUSA pins. If VOUT drops below the
UVP trip threshold (typically 70%) with relative UVP
delay time, HDRV1 will stop switching and LDRV1 will
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fully turn on to discharge energy of the inductor
immediately untii  ZCD is triggered. When
VBUSC/VBUSA UVP is triggered, GPC/GPA will turn off
but HDRV1/LDRV1 will keep in original state. In addition,
the default factory setting of VBUSC/VBUSA UVP is
disabled for correct operation if power path is not used.
Register 0x0C[5:0] can select different UVP trip
thresholds and UVP delay time, and UVP trip threshold
can also be adjustable by register 0x2B[5] and 0x35.

In latched-off operation, RT6191A will return to normal
operating unless resetting the IC by OxOE[7] after UVP
happens. For hiccup behavior, both HDRV1 and LDRV1
of RT6191AH will keep in low state in 65ms and then
the IC starts to switch. If the output voltage is not greater
than UVP trip threshold after internal soft-start end
signal is triggered, both HDRV1 and LDRV1 will still
keep in low state again for next cycle.

Output Over-Current Protection (OCP) and Input
Peak/Average Current Limit

The RT6191A provides over-current protection (OCP)
and cycle-by-cycle current limit to prevent the IC from
the catastrophic damage in output short-circuit, over-
current or inductor saturation conditions. For OCP
function, RT6191A monitors the voltage across output
current sense resistor R30 for OCP1/OCP2/0OCP3
detection, and R30/R29 for OCP4 detection. If OCPx is
triggered with relative OCP delay time, HDRV1 will stop
switching and LDRV1 will fully turn on to discharge
energy of the inductor immediately until ZCD is
triggered. Register 0x22 to 0x27 and 0x28[3:0] can
select the OCP trip threshold and delay time, and
0x28[7:4] are the control bits for OCPx enable. It is
recommended to use the same current sense gain of
input and output for correct OCP4 function.

In latched-off operation, RT6191A will return to normal
operating unless resetting the IC by OxOE[7] after OCPx
happens. For hiccup behavior, RT6191AH will return to
the last state before OCPx happens and the output
voltage will go back to the regulation point after OCPx
is released.

The RT6191A also monitors the voltage across input
current sense resistor R29 for cycle-by-cycle peak and
average current-limit function. When peak or average
current limit is triggered, RT6191A will limit the output
current and then the output voltage will be lower than

regulation point until UVP happens. Register Ox0A can
set the input peak current-limit threshold, and register
0x06/0x07 can set the input average current-limit
threshold.

Input Over/Under-Voltage Protection (OVP/UVP)

The RT6191A also provides OVP and UVP by
constantly monitoring input voltage for VIN pin. Register
0x0C[7] is used to enable or disable input OVP, and the
default factory setting of input OVP is disabled. If input
voltage is larger than the OVP trip threshold (default
factory setting is 27V), HDRV1 will stop switching and
LDRV1 will fully turn on to discharge energy of the
inductor immediately until ZCD is triggered.

In addition, register 0x05 can be used to set the
minimum input voltage level in FCCM operation. When
the input voltage is lower than minimum input voltage
level, COMPYV will be pulled low to make output voltage
lower than the regulation point until output UVP is
triggered.

Output Over-Temperature Protection (OTP)

The RT6191A includes an over-temperature protection
(OTP) circuitry to prevent overheating condition. When
the junction temperature exceeds a thermal shutdown
threshold Tsp with latched-off operation, the RT6191A
will stop switching and resume normal operation unless
resetting the IC by OxOE[7] after the junction
temperature is lower than thermal shutdown hysteresis
(ATsD). For hiccup operation, the RT6191AH will return
to the last state and resume normal operation
immediately once the junction temperature cools down
by ATsp.
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RT6191A

RICHTEK

Absolute Maximum Ratings (Note 1)

e VIN, PSINN, CSINP, CSINN, VOUT, PSOUTN, CSOUTP, CSOUTN to GND ------------------- -0.3V to 40V
e VIN to PSINN, CSINP to CSINN, VOUT to PSOUTN, CSOUTP to CSOUTN ------------------—- -5V to 5V
e EN, DIS, VBUSC, VBUSA to GND -0.3V to 40V
e GPC, GPA to GND -0.3V to 50V
e BOOT1to SW1 -0.3Vto 6V
DC -0.3Vto 6V
<100ns -5V to 7.5V
e HDRV1 to SW1
DC -0.3Vto 6V
<100ns -5V to 7.5V
e SW1to GND
DC -0.3V to 40V
<100ns -5V to 45V
e LDRV1to GND
DC -0.3Vto 6V
<100ns -2.5V 1o 7.5V
o Other Pins -0.3V to 6V
e Lead Temperature (Soldering, 10 sec.) 260°C
¢ Junction Temperature 150°C

e Storage Temperature Range

ESD Ratings
e ESD Susceptibility  (Note 2)

HBM (Human Body Model)

Recommended Operating Conditions  (Note 3)

e Supply Input Voltage
e Output Voltage

e VDDP Supply Voltage

e VBYP Supply Voltage

¢ Junction Temperature Range

Thermal Information  (Note 4)
¢ WQFN-40L 5x5, 0JA

e WQFN-40L 5x5, 63c(Top)

—65°C to 150°C

2kV

4.5V to 36V

3V to 36V

4.5V to 5.5V
4.5V to 5.5V
—40°C to 125°C

27.5°C/W
6°C/W

Copyright © 2022 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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RICHTEK

RT6191A

Electrical Characteristics

(VviN = 12V, Vvpb = Vvppp = 5V, Ta = 25°C, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max Unit
Input and Output Voltage Range
:2 put Voltage VINPUT WWIN 4.5 -- 36 \Y,

ange
Output Voltage
Range VouTtput VvBUSC 3 36 \Y,
Input UVLO
Threshold VuvLO VVIN 2.7 3 3.4 \Y,
Input UVI.‘O AVuvLO VVIN -- 200 -- mV
Hysteresis
VDD Supply Voltage and Enable
VDD Output IvbD = 0 to 60mA,
Voltage VvDD VVIN = 12V 4.8 5 5.2 v
VDD Short-Circuit
Current vDD_sc N 120 N mA
VDD UVLO -
Threshold VVDD_UVLO VDD rising 2.7 3 3.4 \Y,
VDD UVLO
Hysteresis AVWVDD_ UVLO -- 200 -- mV
VDDP UVLO -
Threshold VvDDP_UVLO | VVDDP rising 3.7 4 4.3 \%
VDDP U\/LO AVVDDP_ _ 200 _ mv
Hysteresis UVLO
VENH EN rising 1.35 -- 36
EN Threshold \%
VENL EN falling -- -- 0.85

VBYP Switchover VBYP rising - 4.5 - v
Threshold VBYP falling - 230 - mV
VBYP Switchover _ 3 _ 0
On-Resistance
VIN Operating Current
Input Current in o . o
Normal Mode la EN = High. In PSM without switching -- 3 5 mA
Input Current in _
Standby Mode ISHDN EN = Low -- 15 30 pA
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RT6191A

RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
Switching Frequency
200 250 300
260 325 390
320 400 480
itchi 400 500 600
Switching fow Programmable by 0x0D[2:0] KHz
Frequency 492 615 738
584 730 876
676 845 1014
768 960 1152
Soft-Start
Soft-Start Charge Iss 5 6 7 vA
Current
Constant-Voltage (CV) and Constant-Current (CC) Output Levels
CSOUTP and
CSOUTN
Operating Voltage 3 N 36 v
Range
11-bit DAC, VOUT Ratio = 0.08V/V, 3 _ 256
CV Regulated 12.5mV/step :
Voltage Range at | VREG_vouTt - - \Y,
VOUT Pin 11-bit DAC, VOUT Ratio = 005V/V, 3 _ 36
20mV/step
CV Regulated
Voltage Accuracy VREG_VOUT = 5V/9V/12V/15V/20V -1.5 -- 1.5 %
at VOUT Pin
CSOUTP to
CSOUTN Built-in -- 1.5 -- mV
Offset Voltage
CSINP to CSINN
Built-in Offset -- 4.5 -- mV
Voltage
VcsouTtp and VcsouTN > 3V,
Output CC with GAIN_OCS = 10x,
Regulated VREF_CC_OUT | AVREF_cC_ouT = 0.24mV/step, 3 -- 58 mV
Voltage Range and R30 = 10mQ for
IREF_CC_ouT = 24mA/step
Output CC VcsouTp and VCSOUTN > 3V,
Regulated VREF_cc_ouT = 10mV/30mV/50mV, -1 -- 1 mV
Voltage Accuracy GAIN_OCS = 10x, R30 = 10mQ
VcsINP and VCSINN > 3V,
Input CC with GAIN_ICS = 10x,
Regulated VREF_CC_IN AVREF_ccC_IN = 0.24mV/step, 3 -- 58 mV
Voltage Range and R29 = 10mQ for
IREF_CC_IN = 24mA/step
Copyright © 2022 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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RICHTEK

RT6191A

Parameter

Symbol

Test Conditions

Min

Typ

Max Unit

Input CC
Regulated
Voltage Accuracy

VcsINP and VCSINN > 3V,
VREF_CC_IN = 10mV/30mV/50mV,
GAIN_ICS = 10x, R29 = 10mQ

3 mV

Minimum
Regulated
Voltage Range at
VIN Pin

VREG_VIN

6-bit DAC, VIN Ratio = 0.08V/V,
350mV/step

4.55

22.05

6-bit DAC, VIN Ratio = 0.05V/V,
560mV/step

7.28

35.28

Constant-Voltage

(CV) and Constant-Current (CC) Error Amplifiers

Trans-
conductance of
COMPV Error
Amplifier

Gmv

Icompv = £20pA

382

550

718 | ANV

Maximum
Sink/Source
Current of
COMPYV Error
Amplifier

54

Trans-
conductance of
COMPI Error
Amplifier

IcompI = £20pA

382

550

718 | pANV

Maximum
Sink/Source
Current of COMPI
Error Amplifier

54

On-Time Timer Control and ZCD

Minimum On-
Time

tON_MIN

200

230 ns

Minimum Off-
Time

toFF_MIN

200

230 ns

Q2 ZCD Voltage
Threshold

Vzchp

ZC Mask Time

tzCcb_Mask

250

Gate Drivers

HDRV1 Pull-Up
Resistance

RHDRV1_SRC

VBOOT1 — Vsw1 = 5V,
VBOOT1 — VHDRV1 = 0.1V

HDRV1 Pull-
Down Resistance

RHDRV1_SNK

VHDRV1 — Vsw1 = 0.1V

0.7

LDRV1 Pull-Up
Resistance

RLDRV1_SRC

VvDDP — VLDRV1 = 0.1V

LDRV1 Pull-
Down Resistance

RLDRV1_SNK

VLDRV1 = 0.1V

0.4

Dead Time

DT

Programmable by Ox0F[7:6]

30

50

70

ns

90
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RT6191A RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
SW1 Pull-Down
Period for
Charging -- 250 -- ns
Bootstrap
Capacitor
Operating
Frequency of
Internal Charge - 10 - MHz
Pump for BOOT1
Protections : Over-Voltage, Under-Voltage, Over-Current and External Over-Temperature Protections
(OVP, UVP, OCP, OTP)
Input OVP Trip _
Threshold VOVP_INPUT 0x0C[7] =1 -- 27 -- \Y,
-- 115 --
Output OVP Trip ) o
Threshold Vovp Programmable by 0x0BJ[1:0] -- 120 -- Yo
-- 125 --
Output OVP
Recovery VovP_R Hiccup mode of protection type -- 500 -- mV
Threshold
Output OVP _ 8 ~
Delay Time at _ - 16 -
VBUSC and tovpP_EXT Programmable by 0x0B[3:2] N 32 N us
VBUSA Pins _ 64 _
- 96 -
Output OVP - 192 -
Delay Time at tOVP_INT Programmable by 0x0B[5:4] us
VOUT Pin - 288 -
-- 386 --
- 50 -
Output UVP Trip 1y, o Programmable by 0x0C[1:0] — %0 — %
Threshold ) - 70 -
e 80 e
Output UVP
Recovery VUVP_R Hiccup mode of protection type -- 500 -- mV
Threshold
Output UVP ~ 32 ~
Delay Time at _ - 64 -
VBUSC and tuvpP_EXT Programmable by 0x0C[3:2] N 128 N us
VBUSA Pins _ 256 _
-- 256 --
OUtpUt UVvP - 512 .
Delay Time at tUVP_INT Programmable by 0x0C[5:4] us
VOUT Pin - 768 -
-- 1024 --
Peak Current IPocp R29 = 10mQ, 0x0A = 24h - 13.2 - A
Protection

Copyright © 2022 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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RICHTEK

RT6191A

Parameter Symbol Test Conditions Min Typ Max Unit
Thermal
Shutdown Tsb - 150 -
Thermal °C
Shutdown ATSD -- 25 --
Hysteresis
Power Good and DIS
. o
VTH_ PG Vour rising f(?r % of Vout, PGOOD _ % _
Power Good from low to high Y
Threshold i 0 °
AVTH PG Vourt falllng for % of Vout, PGOOD _ 5 _
from high to low
Power Good
Output Low VPG L ISINK = TmA -- -- 04 V
Voltage
Discharge
Resistor at DIS Rbpis Vpis = 0.5V -- 6 -- Q
Pin
ADC Reporting
Input \/pltage VVIN -2.5 -- 2.5 %
Reporting
Output Voltage Vvout <5V -2.5 - 2.5 o
. 0
Reporting Vvourt > 5V -2 - 2
VBUSC Voltage VvBusc = 0.8V -40 -- 40 mV
Reporting VVBUSC > 5V -2 - 2 %
TSEN YOItage 30 _ 30 mv
Reporting
VCSINP - VCSINN = 40mV, 25 _ 25
VcsouTP - VCSOUTN = 40mV ’ )
VCSINP - VCSINN = 20mV, 4 _ 4
Input and Output VCsouTP - VCSOUTN = 20mV o
. 0
Current Reporting VCSINP - VCSINN = 10mV, 7 B 7
VcsouTP - VCSOUTN = 10mV
VCSINP - VCSINN = 5mV, 15 B 15
VCSOUTP - VCSOUTN = 5mV
Charge-Pump Gate Drivers (GPC and GPA)
VvBusc | VvBusc | VVBUSC
Maximum GPC VGpeC Vourt = 20V, +2Xx +2Xx +2X Vv
Voltage RGPC-to-GND 2 2MQ VvbD - | VvDD - | VVDD -
5v 3V 1V
VVBUSA | VVBUSA | VVBUSA
Maximum GPA VGPA VVBUSA = 12V, +2Xx +2Xx +2Xx Vv
Voltage RGPA-to-GND 2 2MQ VvDD - | VvDD - | VDD -
5V 3V 1V
On-Resistance of
the GPC/A Pull- -- 250 350 Q
Low MOSFET
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RT6191A

RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
I2C Interface (Note 6)
SCL, SDA Input VIH Rising 1.2 -- -- v
Voltage ViL Falling - - 0.4
Fast mode -- 400 -- kHz
SCL Clock Rate | fscL Fast plus mode -- 1 -~ MHz
High speed mode, load 100pF max. -- -- 34 MHz
Hold Time
(Repeated) Fast mode 0.6 - -
Start Condition.
After this Period, |tHD;STA us
the F|r§t Clock Fast plus mode 0.26 -- --
Pulse is
Generated
Low Period of the |, Fast mode 13 - - s
SCL Clock Fast plus mode 0.5 - -
High Period of the Fast mode 0.6 - -
L Clock tHIGH us
SC Fast plus mode 0.26 -- --
Set-Up Time for a Fast mode 0.6 - -
Repeated START | tsu;STA us
Condition Fast plus mode 0.26 -- -
) Fast mode 0 - -
Data Hold Time tHD;DAT us
Fast plus mode 0 -- --
Fast mode 100 -- --
Data Set-Up Time | tSu;DAT ns
Fast plus mode 50 -- --
Set-Up Timefor |, Fast mode 0.6 ~ ~ us
STOP Condition ’ Fast plus mode 0.26 - -
Bus Free Time Fast mode 1.3 - -
between a STOP {BUF us
and START Fast plus mode 0.5 - -
Condition
Rising Time of Fast mode 20 - 300
both SDA and R ns
SCL Signals
Fast plus mode -- -- 120
Falling Time of Fast mode 20 - 300
both SDA and tF ns
SCL Signals
Fast plus mode -- -- 120
SDA Output Low _
Sink Current loL SDA voltage = 0.4V 2 -- -- mA
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RICHTEK RT6191A

Note 1. Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in
the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may affect
device reliability.

Note 2. Devices are ESD sensitive. Handling precautions are recommended.
Note 3. The device is not guaranteed to function outside its operating conditions.
Note 4. For more information about thermal parameter, see the Application and Definition of Thermal Resistances report, AN061.

Note 5. Guaranteed by design.
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RT6191A RICHTEK
Typical Application Circuit

Normal Application Circuit

R29 R
10mQ 10312) V%UT Qcl Qc2
VN, AN AN " : o Vusc
4.5V to 36VCSYSJ_ R1 _LCOUTJ-iJ- _LCl4 D3 J.il
I 0Q Q|1_} :'_: Ilpp
— H_ - —_
] L Ir—Rzz R21
. ~ R22 1kQ
Q2 R5* I cis
0 T
—’\N\/—| T 1snF R23
c1* = o
= 2a%Y%
= VDDP L ci6 L c17
T wF Tar
Dls RT6191A " oo
00
41 BoOTL o Vausa
c3 Lil Tcisgp,Ltl
TOWFE 6] gy I T wr
2| | pRVL ~6 5(25
5! HDRV1 JQ
= 8/ pSINN  PSOUTN |34 = 1 cio
1.5nF
100 9 33 100 :IT: R26
W CSINN  CSOUTP ﬁ’\/w— 20
C5 R10 R12 c6 _L AN
100 100 1
s 10| conp  csouTn [32— AR 1 LF fpz,f I(l:szl
33V 7 viN VouT |32 - = =
2Vio 36V o—2H EN el 2200
.
External 5V0—23{ VBYP epc 120
15
ALERT
13 vBUSC 22
scL
14 GPA [ 28
SDA VBUSA 27

25

PGOOD R19
75kQ

PGOOD O
R14 231 oD COMPV 18T’W\/—_L
100kQ R15 c9 C10

,\}\f}\, 1 voop 1.8pF 3.9nF
Lc7 Lcs 20 g
47uF | 47uF
:|=: . :|=: H 19 1.8kQ
R16 COMPI
TSEN 15nF
RnTC
10kQ ss 17
-~ GND 13:39.41
| R17 L6 20
FAAM : ADDRESS IC —1 c13
I
| R18 | AGND 21‘17 4 $33nF
I I —_
L__ M __ I

Note :

D I2C slave address is 0x2C when R17 = NC, R18 = 100kQ.
I°C slave address is 0x2D when R17 = 100kQ, R18 = NC.

(2) Support 1C1A when VouT = 5V.

(3) *:Optional components R5 and C1 are used for Snubber.
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RICHTEK

RT6191A

RT6191A + MCU (with CC Logic) for Monitor

R29 R30
10mQ oma QT Qcl Qc2
ViN A AN : . 0 Vausc
4.5V to 36VC|N_L R1 _LC 131 _LC14 D3 I3l
T 0Q QL} T TwF
— H_ - e
YV R21
L R22 1KQ
R2 A
oo Q2h SRS Lcis
A TusF .
c1+ = o
= VDDP I c16 L ci17
T wF T aF
D1, RT6191A
00 4
BOOTL
c3
TOo1F SWi
2| | DRVL
5! HDRV1
8] pPSINN  PSOUTN B4
R9 R11
100 100
W CSINN  CSOUTP 33ﬁ'\N\/—
C5 R10 R12 C6
100 100
- 1k 10| cinp  csouTn |32 ARR— L LF
33v LARVIV vouT 32
1 R13
2Vito36v o—LiL EN - 2200
. o DIS AV
External 5Vo—=— VBYP 30
15) ALERT ePe
vBUSC |22
13 SCL 28
14 GPA }FI ti
joatin
SDA VBUSA 27 o 9
PGOOD o 25 pGOOD R19
R14 23! vbp compy 184 ARR
MCUIEC RS
100kQ R15 C9 C10
,\}\f}\, 1l voop 1.8pF | 3.9nF
Lc7 7 Lcs
T awF T 4amF R20
= R16 compr 22— ARK
RI6 " Y
ANA, TSEN 15nF
RnTC
10kQ s 117
P A onp 133041
| R17 16 20
FAM : ADDRESS Ic ] c13
|
| R18| AGND 21¢ < $33nF
| | =
L__ N __ |
Note :
D I2C slave address is 0x2C when R17 = NC, R18 = 100kQ.

I2C slave address is 0x2D when R17 = 100k, R18 = NC.

)
®3)

VBUSA and GPA can be floating if VBUSC used only.
* . Optional components R5 and C1 are used for Snubber.
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RT6191A RICHTEK

RT6191A + TCPC IC (RT1718S) for Monitor

R29 R30
10mQ 10mQ V?i,UT Qc1 Qc2
No VW YWy t O Vygusc
asvioseve L R1 L ot Lcus
T — & g E=
L
N R31*
gg Q2 R5* VW
T asnF
. L R23
ctL 32
= VDDP Lcis 1 c17
Twr Twr
RT6191A
BOOTL R32*
TOWF 6f gun
2 RT1718S
LORVL R33* g 28
51 HpRVL Vin VDC GPA ca7
= 8] PSINN  PSOUTN |34 — R34 ToonF
100 9 33 10Q =
csin . csoutp (32— v\ — 6 29
WY1 R0 | riz 1 SYS_5Vo—3—5f VCONN cs
100 100
W ARR10) conp csoutn 32— ARR T LF 1:1“56 ?;510
3v
33 ZARYN vouT k38 SYS_3.3Vo—¢—3 VCC 20
" R13 T VBUS VBUS
2Vto36v o—Ll EN s e 2200 ooy = 1u:4
RspaSRscL SRALERT _. 15
10 ST S10@ | External svo—24 vevp Gpe 130 33viLev® Lcas| VCCP ADDRY e
15) ALERT 29 T1uF SRCDET TypeC
| 13 VBUSC T R36< R37 or
scL VBIAS
14 GPA Lo} Cloat 25 0Q & 309k
DA oatin 17
25 ° veusa 21 ? _,_719 ool ca s ccl
peooD PGOOD R L cas Lcas_Ccas| VPPP =3
R14 231 \pp compy 18 To1rLiFLiF , =L-330pF
100kQ R15 c9 C10 ' T CC2 1 c3o ce
1 1.8pF ] 3.9nF T a500F
VDDP L 330p
Lc7 " Lcs MCU/EC 17 scL s
IAJpF I4.7uF 10 lF;Zk% 20| |rg oD (2
1%1kg COMPI WClZ o—23| GPIO1 GPB Lo
AAA, 22} TN IlSnF Floating { 0—2& GPIO2 RPD_CC1[3—0 » Floating
RnTC o—21 Gpio3 RPD_cc2 A—o
10kQ ss 17 31 1
DP_HOST DP_CON DP
3,39, 41 - 5
Ormz7~""7 " GND - < DM_HOST DM_CON DM
stem
W | ADDRESS Ic , c13 4 - seu —2Y sBu1_HOST sBu1_con |2 SBU1
I ng: AGND P13 $33"F | Mux |18 spys HosT sBU2 CoN P2 SBU2
| ]
L__ N __ I
i USB High Speed MUX |7 TXIRX

Note :
D I2C slave address is 0x2C when R17 = NC, R18 = 100kQ.
12C slave address is 0x2D when R17 = 100kQ, R18 = NC.
(2) VBUSA and GPA can be floating if VBUSC used only.
(83) *: Optional components
v R5 and C1 are used for Snubber.
v R31 =00, R32 = NC, QC1 and QC2 controlled by RT6191A.
R31 = NC, R32 = 0Q, QC1 and QC2 controlled by RT17188S.
v' Refer to RT1718S datasheet to set R33 and R34 for VDC pin.
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RICHTEK

RT6191A

Table 1. Recommended BOM

Reference Qty Part Number Description Package Manufacture
U1 1 RT6191A DC-DC Controller WQFN-40L 5x5 RICHTEK
1 AMPI1770ED4R7MT 4.7uH 17.0x17.0 X 7.0 ARLITECH
WOURTH
L1 1 7443551470 4.7uH 128x128x62 | ot
1 CMMB135T4R7MS 4.7uH 13.45x12.6 x 4.8 CYNTEC
1 350ARHA101MO8X8 100uF/35V/23mQ EC-2P_8 3-5MM APAQ
CiN
4 GRM31CR61H106KA12 10uF/50V C-1206 MURATA
1 350ARHA101MO08X8 100uF/35V/23mQ EC-2P_8 3-5MM APAQ
Cout
4 GRM31CR61H106KA12 10uF/50V C-1206 MURATA
R29, R30 2 RLM-1632-6F-R010-FNH Current Sense Resistor R-1206 CYNTEC
1 SMA4514NHKP 30V High-Side N-MOSFET for DFN5x6-8 SINOPOWER
o USB-PD 3.0 SPR Mode
1 SMA4037NHKP 40V High-Side N-MOSFET for DFN5x6-8 SINOPOWER
28V of USB-PD 3.1 EPR Mode
1 SM4512NHKP 30V Low-Side N-MOSFET for DFN5x6-8 SINOPOWER
USB-PD 3.0 SPR Mode
Q2
40V Low-Side N-MOSFET for
1 SM4035NHKP DFN5x6-8 SINOPOWER
28V of USB-PD 3.1 EPR Mode
4 SM3425NHQA 30V Power Path N-MOSFETfor | 5 505 5 4 SINOPOWER
USB-PD 3.0 SPR Mode
QC1, QC2
QA1, QA2 )
4 SM3430NHQA 40V Power Path N-MOSFETfor| - o\ 2 5038 SINOPOWER
28V of USB-PD 3.1 EPR Mode
D1, D3, D4 3 1N4148WS Diode SOD-323 PANJIT
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Typical Operating Characteristics

Efficiency vs. Output Current Efficiency vs. Output Current
100 100
95 95 — —
90 / = 90 / Viy =12V
= Vin = 19V
X 85 Vi =12V 3 85 M
< - R VN = 24V
> VlN =19V ‘;:
2 80 Vi = 24V & 80
iy s I
g 75 8 75
“ o Ul i
70 70
I Vour =5V, fsw = 250kHz, Vout = 9V, few = 250kHz,
65 L = 4.7uH (AMPI1770ED4R7MT) ] 65 L =4.7uH (AMPI1770ED4R7MT) |
60 ‘ R29 = R30 = 10mQ 60 R29 =R30 = 10mQ
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Output Current (A) Output Current (A)
Efficiency vs. Output Current Efficiency vs. Output Current
100 100
I __——'—’________.-
95 //”' 95 =
90 Vin =19V % / / xw -:2149\>/
= / Vi = 24V / IN~
R 85 / 3 8 / /
g <
% 80 S 80
il -l
E 75 s 75
5 £ "l
70 70
, Vour = 12V, fgy = 250kHz, ‘ Vout = 19V, fgyw = 250kHz,
65 L =4.7uH (AMPI1770ED4R7MT) | 65 L = 4.7uH (AMPI1770ED4R7MT) |
50 I R29 =R30 = 10mQ o0 I R29 = R30 = 10mQ
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Output Current (A) Output Current (A)
Efficiency vs. Output Current Output Voltage vs. Output Current
100 5.05
L —T
95 5.04
5.03
90
/ S 5.02
s ® I g 501
> 80 % 5.00
EE ————
o o499 [
s 7 3 Viy =12V
i S 498 [—V =19V
70 O ,g7 |_Vin=24v
le = 24\/, VOUT = 20\/, fSW = 250kHZ, -
65 L =4.70H (AMPI1770ED4R7MT) 1 4.96 |
R29 = R30 = 10mQ F.CCM} VOUT = 5\/|, fSW‘= 259kHz
60 495
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Output Current (A) Output Current (A)

Copyright © 2022 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
www.richtek.com DS6191A-00 December 2022
24




RICHTEK

RT6191A

Output Voltage vs. |
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Power On from 12C
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Application Information

A general RT6191A application circuit is shown in
Typical Application Circuit section. External component
selection is largely driven by the load requirement and
begins with the operating frequency from setting
register 0xOD[2:0]. Then the inductor (L), the input
capacitor (CIN), and the output capacitor (CouT) can be
determined in this section. In addition, other external
components such as the internal regulator capacitor of
VDD and VDDP pins, resistor and capacitor of the
bootstrap network circuit, and the gate driver resistors
for external power N-MOSMET will also be introduced.
Finally, the discharge resistor from DIS pin to the output
capacitor can be calculated to meet the USB power
delivery specification.

Inductor Selection

The inductor selection trades off among size, cost,
power conversion efficiency, and transient response
requirements. Generally, three key inductor parameters
are specified for operation of the device: inductor value
(L), inductor saturation current (IsaT), and DC
resistance (DCR). A good compromise between
inductor size and power loss is from a 30% to 50%
peak-to-peak ripple current to the IC rated current. The
switching frequency, input voltage, output voltage, and
selected inductor ripple current determines the inductor
value as follows :

_ (V'N ‘VOUT) « Vourt
Al xfsw VIN

Larger inductance values result in lower output ripple
voltage and higher efficiency, but a slightly degraded
load transient response. This result in additional phase
lag in the loop and reduce the crossover frequency. As
the ratio of the slope compensation ramp to the sensed
current ramp increases, the current-mode system tilts
towards voltage-mode control. Lower inductance values
allow for smaller case size, but the increased ripple
current lowers the effective input peak current-limit
threshold and increases the AC losses in the inductor.
To enhance the power conversion efficiency, choose a
low-loss inductor with the lowest possible DC resistance
that fits in the allotted dimensions. The inductor value
determines not only the ripple current but also the load-

current value at which DCM/CCM switchover occurs.
The selected inductor should have a saturation current
rating greater than the peak current limit setting by
RT6191A, and the core must be large enough not to
saturate at the peak inductor current (IL_PEAK) :

VIN — V.
AL = (Vin OUT)XVOUT
L xfsw VIN

1
I_PEAK = louT_max + 5xAlL

The current flowing through the inductor is the inductor
ripple current plus the output current. During power up,
faults or transient load conditions, the inductor current
can increase above the peak inductor current level
calculated above. In load transient conditions, the
inductor current can increase up to the input peak
current limit setting by RT6191A. For this reason, the
most conservative approach is to specify an inductor
with a saturation current rating equal to or greater than
the input peak current limit rather than the peak inductor
current.

Input Capacitor Selection

Since the input current is discontinuous conduction in
Buck mode, the input capacitor (CiN) is needed to filter
the pulsating current at the drain terminal of an external
power N-MOSFET Q1. CiNn should be sized to do this
without causing a large variation in input voltage. By
using solid or electrolytic capacitors as the input bulk
capacitor, the peak-to-peak voltage ripple on input
capacitor can be estimated by the equation below :

Dx(1-D)

—F +1 xESR
Cin x faw ouT CIN

AVCIN = louT x

where D = VouT / VIN, and ESRcIN is the equivalent
series resistance of the input capacitor.

Then, the minimum value of effective input capacitance

can be estimated with ESR by the equation below :
Dx(1-D)

AVciN_MAaX —louT_max xESRciINn )xfsw

CIN_MIN = louTmAXx ><(

assume AVcIN_MAX = 200mV for typical application.

Figure 5 shows the CIN ripple current flowing through
the input capacitors and the resulting voltage ripple
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across the input capacitors.

. AVCIN
Cin Ripple Voltage Y
Vesr = louTXx ESR
(1-D) x lout
Cin Ripple Current
D x lout

D X tsw (1-D) x téw
Figure 5. CIN Ripple Voltage and Ripple Current

In addition, the input capacitor needs to have a low ESR
and must be rated to handle the worst-case RMS input
current. The RMS input ripple current (Icin_rwms) of the
regulator can be determined by the input voltage (VIN),
output voltage (VouT), and maximum output current
(lout_MmaX) as the following equation :

loiN_RMs = lout_max x [Dx(1-D)

The worst condition occurs when duty cycle = 50%, then
VIN = 2 X VouT and maximum RMS input ripple current
will be 0.5 x louT_max. Note that ripple current ratings
from capacitor manufacturers are often based on 2000
hours life cycle only, which makes it advisable to further
de-rate the capacitor, or choose a capacitor with higher
temperature rating than required.

The input capacitor should be placed as close as
possible to the input current sense resistor R29, and
with a low inductance connection from negative side of
the input capacitor to S terminal of an external power N-
MOSFET Q2. The larger input capacitance is required
for high power application by the combination of larger
bulk capacitor and 2 to 4 ceramic capacitors of 10uF
with 1206 in size.

In addition, the combination of bulk and ceramic
capacitors can provide high ripple current capacity,
reduce the output voltage ripple and minimize transient
effects during output load change. For filtering high
frequency noise, additional small capacitor 1uF with
0603 in size should be placed close to the part. It is
recommended to use ceramic capacitors with X7R type
and voltage rating up to 50V for best performance
across temperature and input voltage variations.

Output Capacitor Selection

The output capacitor (Cour) is determined to satisfy the
requirements for output voltage ripple and the load
transient response, and the peak-to-peak voltage ripple
on output capacitor can be calculated by the equation
below :

1

+
8xCourt xfsw ESRcour

AVcout = AlL x
where AlL is the peak-to-peak inductor ripple current,
and ESRcour is the equivalent series resistance of the
output capacitor.

Since the AlL increases with larger input voltage, the
output voltage ripple in steady-state will be largest in the
condition of maximum input voltage. For the output
voltage variation in load transient response condition,
the output sag/soar can be calculated by the equation
below :

Alout
2x 7 xCourt xfc

VsaG = VsSoAR =

where fc is the crossover frequency factor of PWM.

In order to meet the requirement of high power
application, the larger output capacitance is required by
the combination of larger bulk capacitor and several
ceramic capacitors due to the advantages of high ripple
current capacity, reducing the output voltage ripple and
minimizing transient effects during output load change.
The solid capacitors are in common use as output bulk
capacitor for larger RMS current requirement, but the
ripple current ratings from capacitor manufacturers are
often based on 2000 hours life cycle only, which makes
it advisable to further de-rate the capacitor, or choose a
capacitor with higher temperature rating than required.
The ceramic capacitor has very low equivalent series
resistance (ESR) and provides the best ripple
performance, but the temperature, DC bias voltage and
switching frequency will have influence on the variation
of the capacitance value. It means that the capacitance
value decreases as the DC bias voltage across the
capacitor increases. In most cases, the ceramic
capacitors will lose 50% or more of their rated value
when DC bias voltage across the capacitor is near their
rated voltage. Thus, it is important that users should be
careful to choose the value and case size of ceramic
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capacitors by considering the voltage coefficient.

The output capacitor should be placed as close as
possible to the output current sense resistor R30 to
minimize loop impedance. For filtering high frequency
noise, additional small capacitor 1uF with 0603 in size
should be placed close to the part. It is recommended
to use ceramic capacitors with X7R type and voltage
rating up to 50V for best performance across
temperature and input voltage variations.

Loop Compensation Design

In real condition, the undercompensated system may
result in unstable operations such as audible noise from
the magnetic components or capacitors, larger jitter rate
of the switching waveforms, output voltage oscillation,
overheating of external power N-MOSFETs and so on.
In order to check loop response of the compensated
system, the Bode plot can be ideally measured with a
network analyzer such as Bode 100. However, the
measurements will be incorrect due to parasitic
parameters from PCB layout and components
nonlinearity such as the ESR variations of output
capacitors, linearity of inductors and capacitors, etc. In
addition, the limited measurement accuracy of the
instrument will also have an influence on measured
results.

The RT6191A provides two control loops by connecting
relative network circuit from COMPYV or COMPI pins to
AGND. The COMPV pin is used for main control loop to
ensure loop stability and load transient response
requirements, and COMPI pin is used for output
constant current function setting by register 0x03/0x04.
In addition, the input constant voltage (Register 0x05)
function will also have an influence on main control loop.
By using peak current mode control topology, the
RT6191A will operate in Buck mode. The used method
below can easily calculate the component value for
compensation by ignoring the effects of the slope
compensation due to its internal to the RT6191A.
Since the RT6191A operates in Buck mode only, the
COMPV compensation components can be calculated
easily as the following steps :

(1) Assume the parameters for normal operation below :

v Input voltage VIN = 24V for output voltage Vout =
20V in Buck mode

v' Maximum output current lout = 5A

v Switching frequency = 250kHz

v Inductor L =4.7pH

v Output capacitor Cout = 140puF with RESR =
TmQ

(2) Power stage pole and zero location :

1
Cout xRouT BuUCK

fp BUCK = iX( ] = 284Hz
- 27

fz = ix( 1

— | =1.14MHz
2z \ Court XRESR)

where RouTt_Buck = 4Q when VouTt = 20V and
max. louT = 5A

(3) Set the crossover frequency fc to be less than
one-tenth of the switching frequency.

(4) R19 as the typical application circuit can be
calculated as :

R19 = 27 xCout xfc x Acs xRcsi X 1

Gmv VOUT_RATIO

where Acs = 16, Gmv = 550uA/V, Rcsl = R29 =
10mQ, VOUT_RATIO default factory setting is
0.08 and can be adjustable by register 0x11[5]
when Ox0E[7] = 0.

(5) C10 as the typical application circuit can be
calculated as :

Cout xRouT_BucK

Cl0 = R19

(6) C9 as the typical application circuit can be
calculated as :

_ Court xResRr
€9 = R19

Based on the equation above, the final compensation
components of COMPV can be selected as R19 = 75kQ,
C10 = 3.9nF and C9 = 1.8pF.

Since the loop response of output constant current
function will be slower than main control loop, and there
is no right-half-plane zero in Buck mode, the crossover
frequency fc can be set to be less than one-tenth of the
switching frequency. The COMPI compensation values
can be calculated as below :

Acs X Resi XLXZH'XCOUT

R20 = GAIN OCs=<Gmi“Rcso * Vin

2
xfc xRouTt_BuUCk
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c1p = NCOUTXL

R20

where Acs = 16, Gmi = 550pA/V, Rcsi = R29 = 10mQ,
Rcso = R30 = 10mQ, GAIN_OCS = 10 and can be
adjustable by register OxOF[1:0] after RT6191A is
powered on.

Based on the equation above, the final compensation
components can be selected as R20 = 1.8kQ and C12
= 15nF.

Output Discharge Time Setting

The RT6191A provides output discharge function to
discharge output capacitor quickly by connecting
external discharge resistor from DIS pin to the positive
side of output capacitor. Register OXOE[4] is the enable
control bit of output discharge function, and the default
factory setting of OxOE[4] = 1 for default output
discharge function enable.

When RT6191A operates in power off conditions or
DVS down operation, the internal N-MOSFET of DIS pin
will be turned on to discharge output capacitor by
internal N-MOSFET Rbs(N) (Typically 6Q) and
external discharge resistor. The power off conditions
include external EN pin off where output discharge
function is default on, and 12C EN_PWM (Ox0E[7]) off
where output discharge function is controlled by OxOE[4].
If RT6191A operates in DVS down operation, the output
discharge function is enabled only for DVS falling time
plus an additional 100ms for correct operation in PSM
condition, and this time interval can be calculated by the
equation below :

VouTt1-VouT2
DVS Down Slew Rate

tpiIs_EN = +100ms

where VourT1 is the initial output voltage before DVS
down operation, and Vour2 is the final output voltage
after DVS down operation, DVS down slew rate is
referred to 0x0D[4:3].

For example, tbis_EN is equal to 138.4ms when DVS
down from 20V to 5V with 0x11[5] = 0 and 0x0DJ[4:3] =
11.

The output voltage is discharged by the external
discharge resistance and output capacitance, and
discharge time can be calculated by the equation below :

VouT_INI
tpis = (RDS(ON) + R13)><CQUT xln[ OUT_| j

VoUT_FINAL

where RDps(oN) is the on-resistance of internal N-
MOSFET for DIS pin, R13 is the external discharge
resistor which is referred to the application circuit, Cout
is the total capacitance of the PWM output, VouT_INI is
the initial output voltage before discharging, and
VouT_FINAL is the final output voltage after discharging.

Note that VOUT over-voltage protection will be triggered
if RT6191A operates in DVS down operation with PSM
and tpis is longer than tpis_EN.

Internal Regulator

The RT6191A integrates a 5V linear regulator (VDD)
that is supplied from VIN pin to provide power to the
internal circuitry. For internal MOSFET gate drivers, it is
necessary to connect an R-C filter from VDD pin to
VDDP pin. The VDD can be used as PGOOD pull-up
supply, but it is “NOT” allowed to power other device or
circuitry. It is recommended to use 4.7uF/X5R with 0603
in size and rated voltage higher than 10V as bypass
capacitors for VDD and VDDP, and it needs to be
placed as close as possible to the VDD and VDDP pins.

Bootstrap Driver Supply

The external bootstrap capacitor (C3) between BOOT1
and SW1 pins are used to create a voltage rail above
the applied input voltage to turn on external power N-
MOSFET (Q1). Once the external power N-MOSFET
(Q2) are turned on, the external bootstrap capacitors
can be charged through an internal diode to a voltage
equal to approximately VDD each time. It is
recommended to use 0.1uF/X5R with 0603 in size and
rated voltage higher than 10V as bootstrap capacitors,
and it needs to be placed as close as possible to
BOOTL1 and SW1 pins.

External Bootstrap Diode

It is recommended to add an external bootstrap
Schottky diode between an external 5V voltage supply
and BOOT1 pin to improve enhancement of the external
power N-MOSFET (Q1) and improve efficiency for high
power application. Refer to D1 of Application Circuit for
correct connection. The external bootstrap Schottky

diode can be 1N4148 or BAT54 for low-cost
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consideration and the external 5V can be a fixed 5V
voltage supply from the system, or a VDDP pin voltage
for saving power rail. Note that the VBooT1-sw1 must
be lower than 5.5V for correct operation.

External Bootstrap Resistor (Optional)

The external bootstrap resistor (R7) between BOOT1
pin and external bootstrap capacitor (C3) are reserved
to reduce the voltage spike at switch node (SW1). The
potential EMI issues will also be minimized due to
smaller di/dt noise caused by slow rising slew rate of
external power N-MOSFET (Q1). The external
bootstrap resistor selection trades off voltage spike at
switch node, potential EMI issues and power conversion
efficiency. Therefore, the usual range of external
bootstrap resistor is from 0Q to 10Q with 0603 in size,
and it is recommended to use 0Q for initial setting. Refer
to Application Circuit for correct connection of bootstrap
network circuit.

Gate Driver Resistor for External Power N-MOSFET
(Optional)

The gate driver resistors (R1/R2) are placed optionally
between HDRV1/LDRV1 pins and external power N-
MOSFET (Q1/Q2). Different from the function of
external bootstrap resistor, the rising and falling slew
rates of an external power N-MOSFET will be both slow.
The gate driver resistor (R1) for the external power N-
MOSFET (Q1) is also used to reduce the voltage spike
at switch node (SW1) to minimize potential EMI issues,
but the gate driver resistor (R2) for the external power
N-MOSFET (Q2) are only used to add series resistance
to avoid LDRV1 being turned on rapidly. The gate driver
resistor selection also trades off voltage spike at switch
node, potential EMI issues and power conversion
efficiency. Therefore, the usual range of gate driver
resistor is from 0Q to 10Q with 0603 in size, and it is
recommended to use 0Q for initial setting. Refer to
Application Circuit for correct connection.

RC Snubber Components (Optional)

The RC snubber (R5/C1l) components are placed
optionally in parallel with an external power N-MOSFET
(Q2) to avoid larger voltage spike appeared between D
and S terminals of an external power N-MOSFET (Q2).
These components are also used to minimize the

potential EMI issues due to smaller voltage spike at
switch node (SW1). The RC snubber components
selection also trades off voltage spike between D and S
terminals of an external power N-MOSFET (Q2),
potential EMI issues and power conversion efficiency.
Therefore, the usual range of snubber resistor (R5) is
from 0Q to 10Q, and snubber capacitor (C1) is from
100pF to 1nF. To avoid larger power dissipation on
snubber resistor (R5), it is recommended to use 1206 in
size when larger snubber capacitor (C1) is selected.
Refer to Application Circuit for correct connection.

Thermal Considerations

The junction temperature should never exceed the
absolute maximum junction temperature TJ(MAX), listed
under Absolute Maximum Ratings, to avoid the
permanent damage to the device. The maximum
allowable power dissipation depends on the thermal
resistance of the IC package, the PCB layout, the rate
of surrounding airflow, and the difference between the
junction and ambient temperatures. The maximum
power dissipation can be calculated by the following
formula :

Pbax) = (Tavax) — TA) / 63A
where TJ(MAX) is the maximum junction temperature; TA

is the ambient temperature; and 6Ja is the junction-to-
ambient thermal resistance.

For continuous operation, the maximum operating
junction temperature indicated under Recommended
Operating Conditions is 125°C. The junction-to-ambient
thermal resistance, 0Ja, is highly package dependent.
For a WQFN-40L 5x5 package, the thermal resistance,
0Ja, is 27.5°C/W on a standard JEDEC 51-7 high
effective-thermal-conductivity four-layer test board.
The maximum power dissipation at Ta = 25°C can be
calculated as below :

Pbmax) = (125°C — 25°C) / (27.5°C/W) = 3.63W for a
WQFN-40L 5x5 package.

The maximum power dissipation depends on the
operating ambient temperature for the fixed TJmax) and
the thermal resistance, 6JA. The derating curves in
Figure 6 allows the designer to see the effect of rising
ambient temperature on the maximum power
dissipation.
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Figure 6. Derating Curve of Maximum Power
Dissipation
Layout Considerations
When laying out the printed circuit board, the following

checklist should be used to ensure proper operation of >
the RT6191A :

» Four-layer or six-layer PCB with maximum ground

plane is strongly recommended for good thermal

performance.

» Keep the traces of the main current paths wide and >
short.

» Place input capacitors, external power N-MOSFETs >
Q1 and Q2, and input current sense resistor R29 as >

close together as possible to minimize loop
impedance of input switching current.

» Place output capacitors, and output current sense

and improve thermal performance.

Place C7 and C8 as close to VDD and VDDP pins as
possible.

Place bootstrap capacitor C3 as close to the IC as
possible, and connect directly between BOOT1 and
SW1 pins.

Route the trace with 30mil width for BOOT1, SW1,
HDRV1, LDRV1 pins, and 20mil for VDD, VDDP,
VBUSC, GPC, VBUSA, GPA pins.

The high frequency switching nodes, BOOT1 and
SW1, should be as small as possible, and reduce the
area size of SW1 exposed copper to minimize the
electrically coupling from this voltage. Keep analog
components away from the BOOT1 and SW1 nodes.
Minimize current sense voltage errors by using Kelvin
connection for PCB routing. R29, CSINP/CSINN and
VIN/PSINN pins for input current sense, R3O0,
CSOUTP/CSOUTN and VOUT/PSOUTN for output
current sense.

Place the compensation components R19/C9/C10
and R20/C11/C12 near the IC.

Place the soft-start capacitor C13 near the IC.
Separate AGND and GND planes to avoid noise
couple on SS pins and network circuit of COMPV and
COMPI pins.

Figure 7. and Figure 8. are the layout example that uses

resistor R30 as close together as possible to four-layer PCB in size of 132mm x 90mm with 1oz

minimize loop impedance. copper thickness.

» Place multiple vias near the negative side of the input
and output capacitor, and the s terminal of external

power N-MOSFETs to reduce parasitic inductance
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Figure 7. PCB Layout in Top Layer
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Figure 8. PCB Layout in Bottom Layer
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I2C Interface

The RT6191A I°C slave address can be determined by ADDRESS pin. Connect ADDRESS pin to VDD to select
0x2D, and connect ADDRESS pin to AGND to select 0x2C. The RT6191A supports fast mode (bit rate up to 400kb/s),
and the read or write bit stream (N = 1) is shown in Figure 9.

Read N bytes from RT6191A

Slave Address Register Address Slave Address MSB Datal L?B
ISI|||||||0|A|||||||IIAISrII||||||1|AI||||||||A}—‘
rRW— Assume Address =m Datafor Address =m
LMSB Data 2 LSB MSB DataN LSB
RN NEEEEERNDE
Data for Address=m + 1 Datafor Address=m+N -1

Write N bytes to RT6191A

Slave Address Register Address M?B Data 1 LSB MfB Data 2 LsB
ISI|||||||0|A|||||||||A|||||||||A||||||||IA}—‘
RI\T/J Assume Address =m Data for Address =m Data for Address=m + 1
MSB DataN LSB
LLT T T LT [ale]

Datafor Address=m +N -1

D Driven by Master, |:| Driven by RT6191A, IE Stop, Start, Repeat Start

i L. - ¢ [T I
>t / x >< \ / X A
fLow |
te M [T [ T 1t tsu,DAT —>| [+ t¢ —p |‘_tHD,STA +—tsp tR e g e
g
SCL
L N | 1 T
—>| | [4— typ,sTA - A [ tsu,sTA A tsu,sTO A
S tHD,DAT tHIGH S P S

Figure 9. I2C Read/Write Bit Stream and Timing Diagram
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Table 2. IC Register Summary

Register | Register | gy 4 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit0 | Default
Address Name

0X00 zﬂra?gfacwr MANUFACTURER_ID 0x82
0x01 OUT_CV[7:0] 0x90

Output_CV
0x02 Reserved OUT_CVJ[10:8] 0x01
0x03 OUT_CCJ[7:0] 0X59

Output_CC
0x04 Reserved OUE—S—]CC 0x01
0x05 Input_CV Reserved IN_CV 0x00
0x06 IN_CC[7:0] OxFF

Input_CC
0x07 Reserved IN_CC[8] | 0x01
0x08 Vref_SC Reserved VREF_SC 0x12
0x09 | Vref PSM GAIN_VCOMP VREF_PSM OX6E
OXOA | Vref POCP Reserved VREF_POCP 0x24
0x0B | OVP Reserved OVP_DELAY_INT_ | OVP_DELAY_EXT_ OVP_LEVEL 0x12

SET SET -
EN_IN_ UVP_DELAY_INT_ | UVP_DELAY_EXT_
0x0C UVP ovpP Reserved SET SET UVP_LEVEL 0x12
0XxOD | Settingl F_CCM SLEWRATE_R SLEWRATE_F FSW 0x78
EN
_ EN_ DIS_ DIS_ -
Ox0E Setting2 PWM INCV INCC DISCHA |Reserved IR_COMPR 0x10
RGE
OXxOF | Setting3 DT_SEL GM_EA GAIN_ICS GAIN_OCS 0x10
DRIVER
. 12C_ OCP4_TI
0x10 Setting4 ADC_AVG_SEL SPEED | ME_X10 Reserved EN_ADC ECHARG 0x82
VIN_ VOUT_

0x11 |RATIO SSP_EN | om0 |raig |Reserved CHIP_VERSION
012 | oot OUT_VOLTAGE[7:0] 0x00
ox13 | Voltage Reserved OUT_VOLTAGEJ10:8] 0x00
014 | oy OUT_CURRENTI[7:0] 0x00
ox1s | Current Reserved OUT_CURRENT[10:8] 0x00
016 |00 IN_VOLTAGE[7:0] 0x00
ox17 | Voltage Reserved IN_VOLTAGE[10:8] 0X00
018 |0 IN_CURRENTI[7:0] 0x00
oxtg | Current Reserved IN_CURRENT[10:8] 0x00

Copyright © 2022 Richtek Technology Corporation. All rights reserved.

RICHTEK

is a registered trademark of Richtek Technology Corporation.

www.richtek.com
38

DS6191A-00

December

2022




RICHTEK RT6191A

Register | Register | g Bit6 | Bit5 Bit4 | Bit3 Bit 2 Bit 1 Bit0 | Default
Address Name
Ox1A TEMPERATURE[7:0] 0x00
Temperature
0x1B Reserved TEMPERATURE[10:8] 0x00
EXT EXT EXT EXT
OTP INT_UVP | INT_OVP - - - - 0x00
0x1C Statusl IN_OVP _ _ UVP_C OVP.C |uvP A OVP_A X
0x1D | Status2 Reserved PG Reserved | CV_CC OCP4 OCP3 OCP2 OCP1 0x10
ALERT_ | ALERT_ |ALERT_ |ALERT_ |ALERT_ |ALERT_
OX1E |Alertl ﬁ\ILEORJF; g'}im— INT_ INT_ EXT_ EXT_ EXT_ EXT_ 0x00
- UVP OVP UVP._C |[OVP_C |UVP_A |OVP_A
ALERT
OXLE Alert2 ALERT _ RAMP_ ALERT_ | ALERT_ |ALERT_ | ALERT_ |ALERT_ | ALERT_ 0x00
OTP_R PG - | TM1 WDT OCP4 OCP3 OCP2 OCP1
M_ALER |\ cr |M_ALER |M_ALER \M_ALER |M_ALER |M_ALER |M_ALER
0x20 | Maskl TIN_ Tomp |TINT_ |TNT_ T EXT_ |T EXT_ |T_EXT_ |T_EXT_ OXFF
OVP - uvpP OVP UVP_C |OVP.C |[UVP.A |OVP A
ool | Maske g—OA'T‘ER QA—:'A‘EF; M_ALER |M_ALER |[M_ALER |M_ALER |M_ALER |M_ALER |
R_ - I;G T TM1 T _WDT |[T_OCP4 |T_OCP3 |T_OCP2 | T_OCP1
0x22 OCF_)l— OCP1_SETTING 0x51
Setting -
0x23 OCF.)Z— OCP2_SETTING 0x64
Setting
0x24 OCF.)S— OCP3_SETTING OXFF
Setting
0x25 OCF.)A— OCP4_SETTING OxFF
Setting -
OCP1_
oxes | OCPIDeRY | e OCP1_TIMING 0X0D
Time - -
LSB
ocP2_
oxe7 | OCP2DelY | e OCP2_TIMING 0X00
Time - -
LSB
OCP4_ |OCP3_ |OCP2_ |OCP1_
0x28 OCP Enable EN EN EN EN OCP4_TIMING OCP3_TIMING 0x30
. PROTEC | PROTEC | PROTEC | PATH_ PATH C | PATH A POWER | POWER
0x29 | Setting5 T_PATH | T_PATH | T_PATH | FLOATI |'Z = TYpE | -PATH_ |_PATH_ | 0x00
_C _A 1 NG - - GC GA
Power Path DIS_EXT | DIS_EXT [DIS_EXT | DIS_EXT
O2A | Gvpuve Reserved “uwvpc | owc|uwa | owpal| ¥F
DIS_ALA | DIS_ALA | UVP_ OVP_
0x2B PPS RM_LO | RM_HI PPS PPS Reserved 0xCO
ox2Cc | VBUSC ALARM_HI[7:0] OxFF
Alarm High
0x2D Threshold Reserved ALARM_HI[10:8] 0x07
Ox2E | VBUSC ALARM_LO[7:0] 0x00
Alarm Low
Ox2F Threshold Reserved ALARM_LOJ[10:8] 0x00
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Register | Register | g Bit6 | Bit5 Bit4 | Bit3 Bit 2 Bit 1 Bit0 | Default
Address Name
0x30 Watchdog Reserved TIMER1_SEL Reserved WATCHDOG_SEL 0x00
VBUSC_ VBUSC
0x32 Voltage ADC Reserved ADC Reserved 0x00
033 | \pysc_ VBUSC_VOLTAGE[7:0] 0x00
ox3a | Voltage Reserved VBUSC_VOLTAGE[10:8] 0X00
0x35 UVP_ UVP_REF 0x21
Reference -
0x36 OVP_ OVP_REF 0oxDC
Reference
ALARM_ [ALARM_ | TO_
0x37 Status3 Reserved LO HI 275MS IN_UVLO 0x00
ALERT_ |ALERT_ |ALERT_ |ALERT_ |ALERT_
0x38 | Alert3 Reserved ALARM_ |ALARM_ |TO_ IN_UVL |IN_UVL 0x00
LO HI 275MS O_F O_R
M_ALER |M_ALER |M_ALER | M_ALER | M_ALER
0x39 | Mask3 Reserved T_ALAR |T_ALAR |T_TO_ |T_IN_UV|T_IN_UV| Ox00
M_LO  |M_HI 275MS  |LO_F LO_R
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Table 3. I2C Register Map

Register Register
Address 0x00 Name Manufacturer_ID
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 0 0 0 0 0 1 0
Read/Write R R R R R R R R
Bits Name Description
Bit 7 to Bit 0 MANUFACTURE_ID MANUFACTURE_ID
Register Register
Address 0x01 Name Output_CV
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 0 0 1 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW
Bits Name Description
Lower 8 bits of 11-bit OUT_CV[10:0] for output constant voltage (CV) setting.
VOUT_CV = OUT_CV[10:0](Decimal) x AV
(1) When 0x11[5] = 0, VOUT ratio = 0.08V/V :
Range = 3V (0x0F0) to 21V (0x690) with AV = 12.5mV/step.
Bit 7 to Bit 0 OUT_CVI[7:0] (2) When 0x11[5] = 1, VOUT ratio = 0.05V/V :
Range = 3V (0x096) to 32V (0x640) with AV = 20mV/step.
(3) Default value = 0x190 with VOUT ratio = 0.08V/V for default VOUT = 5V.
Note: The RT6191A will enter bypass mode when the output voltage is set to be
higher than input voltage.
Register Register
Address 0x02 Name Output_CV
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 1
Read/Write R R R R R RW RW RW
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits
. . . Upper 3 bits of 11-bit OUT_CV[10:0] for output constant voltage (CV) setting.
Bit2to Bit0 OUT_CV[10:8] Refer to 0x01 register for detailed description.
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Register Register
Address 0x03 Name Output_CC
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 1 0 1 1 0 0 1
Read/Write RwW RW RW RwW RW RwW RW RwW
Bits Name Description
Lower 8 bits of 9-bit OUT_CCJ8:0] for output constant current (CC) setting. With
output sense resistor R30 = 10mQ, the output CC can be set as:
IOUT_CC =-0.15A + {OUT_CCJ8:0](Decimal) x Al}
(1) When 0x0F[1:0] = 00 (GAIN_OCS =10x) :
Range = 0.306A (0x013) to 12.114A (0x1FF) with Al = 24mA/step.
(2) When 0x0F[1:0] = 01 (GAIN_OCS = 20x) :
Bit 7 to Bit 0 OUT_CC[7:0] Range = 0.306A (0x026) to 5.982A (0x1FF) with Al = 12mA/step.
(3) When 0x0F[1:0] = 10 (GAIN_OCS = 30x) :
Range = 0.306A (0x039) to 3.938A (0x1FF) with Al = 8mA/step.
(4) When 0xOF[1:0] = 11 (GAIN_OCS = 40x) :
Range = 0.306A (0x04C) to 2.916A (0x1FF) with Al = 6mA/step.
(5) Default value = 0x159 with 0xOF[1:0] = 00 (GAIN_OCS = 10x) for default
output CC = 8.13A.
Register Register
Address 0x04 Name Output_CC
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 1
Read/Write R R R R R R R RW
Bits Name Description
Bit 7 to Bit 1 Reserved Reserved bits
Bit 0 OUT cCl8] Upper 1 blt_of 9-bit OUT__CC[8:0] .for. output constant current (CC) setting. Refer
to 0x03 register for detailed description.
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Register Register
Address 0x05 Name Input_CV
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R RW RW RW RW RW RW
Bits Name Description
Bit 7 to Bit 6 Reserved Reserved bits
Minimum input constant voltage (CV) setting.
VIN_CV = IN_CV[5:0](Decimal) x AV
(1) When 0x11[6] = 0, VIN ratio = 0.08V/V :
Bit 5 to Bit 0 IN_CV Range = 0V (0x00) to 22.05V (0x3F) with AV = 350mV/step.
(2) When 0x11[6] = 1, VIN ratio = 0.05V/V :
Range = 0V (0x00) to 35.28V (0x3F) with AV = 560mV/step.
(3) Default value = 0x00 with VIN ratio = 0.08V/V for default input CV = 0V.
Register Register
Address 0x06 Name Input_CC
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 1 1 1 1 1 1 1
Read/Write RwW RW RwW RW RwW RW RwW RW
Bits Name Description
Lower 8 bits of 9-bit IN_CCJ8:0] for input constant current (CC) setting. With input
sense resistor R29 = 10mq, the input CC can be set as:
IIN_CC =-0.45A + {IN_CC[8:0](Decimal) x Al}
(1) When OxOF[3:2] = 00 (GAIN_ICS = 10x) :
Range = 0.318A (0x020) to 11.814A (0x1FF) with Al = 24mA/step
(2) When Ox0F[3:2] = 01 (GAIN_ICS = 20x) :
Bit 7 to Bit 0 IN_CCJ[7:0] Range = 0.318A (0x040) to 5.682A (0x1FF) with Al = 12mA/step.
(3) When OxOF[3:2] = 10 (GAIN_ICS = 30x) :
Range = 0.318A (0x060) to 3.638A (0x1FF) with Al = 8mA/step.
(4) When OxOF[3:2] = 11 (GAIN_ICS = 40x) :
Range = 0.318A (0x080) to 2.616A (0x1FF) with Al = 6mA/step.
(5) Default value = Ox1FF with OxOF[3:2] = 00 (GAIN_ICS = 10x) for default
input CC = 11.814A.
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Adaress 007 “Nams nput_CC
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 1
Read/Write R R R R R R R RW
Bits Name Description
Bit 7 to Bit 1 Reserved Reserved bits
Bit 0 IN_CC[8] Upper 1 .bit of 9-bit Il\.l_CC[8:0].fo.r input constant current (CC) setting. Refer to
0x06 register for detailed description.

Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 1 0 0 1 0
Read/Write R R RW RW RW RW RW RW
Bits Name Description

Bit 7 to Bit 6 Reserved Reserved bits
Bit 5 to Bit 0 VREF_SC Slope compensation ramp setting for internal use.

Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 1 1 0 1 1 1 0
Read/Write RW RW RW RW RW RW RW RW

Bits Name Description
Bit 7 to Bit 6 GAIN_VCOMP Vcomp gain setting for internal use.
Bit 5 to Bit 0 VREF_PSM Minimum peak current setting of TON in PSM for internal use.
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Register Register
Address 0x0A Name Vref_POCP
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 1 0 0 1 0 0
Read/Write R R RW RwW RW RwW RW RwW
Bits Name Description
Bit 7 to Bit 6 Reserved Reserved bits
Input peak current-limit setting. With input sense resistor R29 = 10mQ, the input
peak current limit can be set as :
Bit 5 to Bit 0 VREF_POCP Ipocp = [OX0A[5:0](Decimal) x 0.4A] - 1.169A.
(1) Range = 5.231A (0x10) to 24.031A (0x3F).
(2) Default value = 0x24 for default Ipocp =13.231A.
Register Register
Address 0x0B Name OvP
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 1 0 0 1 0
Read/Write R R RW RwW RW RwW RW RwW
Bits Name Description
Bit 7 to Bit 6 Reserved Reserved bits
OVP delay time setting for VOUT pin.
Bit 5 to Bit 4 OVP_DELAY_INT_SET |00 : 96us 10 : 288us
01 : 192us (Default) 11 : 386us
OVP delay time setting for VBUSC and VBUSA pins.
Bit 3 to Bit 2 OVP_DELAY_EXT_SET |00 : 8us (Default) 10 : 32us
01: 16ps 11 : 64ps
OVP threshold setting.
Bit 1 to Bit 0 OVP_LEVEL 00 : Reserved 10 : 120% (Default)
01: 115% 11 : 125%
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RT6191A RICHTEK

Register Register
Address oxoc Name uve
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 1 0 0 1 0
Read/Write RwW R RwW RwW RW RwW RW RwW
Bits Name Description
. Enable or disable input OVP function. (Trip level = 27V):
Bit 7 EN_IN_OVP 0 : Disable 1 : Enable
Bit 6 Reserved Reserved bits
UVP delay time setting for VOUT pin.
Bit 5 to Bit 4 UVP_DELAY_INT_SET |00 : 256us 10 : 768us
01 : 512ps (Default) 11 : 1024ps
UVP delay time setting for VBUSC and VBUSA pins.
Bit 3 to Bit 2 UVP_DELAY_EXT_SET | 00 : 32us (Default) 10 : 128us
01 : 64us 11 : 256us
UVP threshold setting.
Bit 1 to Bit 0 UVP_LEVEL 00 : 50% 10 : 70% (Default)
01 : 60% 11 : 80%
Register Register .
Address 0x0D Name Settingl
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 1 1 1 1 0 0 0
Read/Write RwW RW RwW RW RW RwW RW RW
Bits Name Description
Operation mode setting.
Bit 7 F_CCM 0 : Light load PSM
1: Force CCM
Rising slew rate setting for DVS up.
(1) For Ox11[5] = 0, VOUT ratio = 0.08V/V, AVOUT = 12.5mV/step.
Bit 6 to Bit 5 SLEWRATE_R (2) For Ox11[5] = 1, VOUT ratio = 0.05V/V, AVOUT = 20mV/step.
00 : Slew rate = AVOUT/4pus 10 : Slew rate = AVOUT/16us
01 : Slew rate = AVOUT/8us 11 : Slew rate = AVOUT/32us (Default)
Falling slew rate setting for DVS down.
(1) For 0x11[5] = 0, VOUT ratio = 0.08V/V, AVOUT = 12.5mV/step.
Bit 4 to Bit 3 SLEWRATE_F (2) For 0x11[5] = 1, VOUT ratio = 0.05V/V, AVOUT = 20mV/step.
00 : Slew rate = AVOUT/4us 10 : Slew rate = AVOUT/16us
01 : Slew rate = AVOUT/8us 11 : Slew rate = AVOUT/32us (Default)
Switching frequency setting.
000 : 250kHz (Default) 100 : 615kHz
Bit 2 to Bit 0 FSW 001 : 325kHz 101 : 730kHz
010 : 400kHz 110 : 845kHz
011 : 500kHz 111 : 960kHz
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Register Register .
Address OxOE Name Setting2
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 1 0 0 0 0
Read/Write Rw RwW Rw RwW R RwW RwW RwW
Bits Name Description
. Enable or disable RT6191A.
Bit7 EN_PWM 0 : Disable 1: Enable
. Enable or disable input CV loop to ignore IN_CV setting.
Bit6 DIS_INCV 0 : Enable 1 : Disable
. Enable or disable input CC loop to ignore IN_CC setting.
Bit S DIS_INCC 0 : Enable 1 : Disable
Enable or disable the output discharge resistor when turn off by 12C or in DVS
Bit 4 EN_DISCHARGE down operation.
0 : Disable 1: Enable
Bit 3 Reserved Reserved bits
Cable voltage drop compensation setting:
000 : Disable (Default) 100 : 80mQ
Bit 2 to Bit 0 IR_COMPR 001 : 10mQ 101 : 120mQ
010 : 20mQ 110 : 160mQ
011 : 40mQ 111 : 200mQ
Register Register .
Address OxOF Name Setting3
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 1 0 0 0 0
Read/Write RwW RwW RwW RwW Rw RwW RwW RwW
Bits Name Description
Dead time setting.
Bit 7 to Bit 6 DT_SEL 00 : 30ns (Default) 10 : 70ns
01 : 50ns 11 : 90ns
Error amplifier gain setting.
Bit 5 to Bit 4 GM_EA 00 : 275pAIV 10 : 825uANV
01 : 550pA/V (Default) 11 : 1100pA/V
Input average current sense gain setting.
Bit 3 to Bit 2 GAIN_ICS 00 : 10x (Default) 10 : 30x
01 : 20x 11 : 40x
Output average current sense gain setting.
Bit 1 to Bit 0 GAIN_OCS 00 : 10x (Default) 10 : 30x
01 : 20x 11 : 40x
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Register Register .
Address 0x10 Name Setting4
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 0 0 0 0 0 1 0
Read/Write Rw RwW Rw RwW R R RwW RwW
Bits Name Description
Average times of ADC function.
Bit 7 to Bit 6 ADC_AVG_SEL 00 : 2 times 10 : 8 times (Default)
01 : 4 times 11 : 16 times
I12C speed selection.
Bit 5 I2C_SPEED 0 : Bit rate = 300kHz.
1 : Bit rate = 1MHz/3.4MHz.
OCP4 delay time ratio.
Bit 4 OCP4_TIME_X10 0:x1
1:x10
Bit 3 to Bit 2 Reserved Reserved bits
Bit 1 EN ADC Enab]e or disable ADC function for 0x12 to Ox1B registers.
- 0 : Disable 1 : Enable
. Enable or disable driver charge function.
Bit0 DRIVER_CHARGE 0 : Disable 1 : Enable
Register Register
Address Ox11 Name RATIO
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 -- -- -- --
Read/Write RwW RwW RwW R R R R R
Bits Name Description
. Enable or disable spread spectrum function.
Bit7 SSP_EN 0 : Disable 1: Enable
VIN ratio selection for input voltage setting range.
Bit 6 VIN_RATIO 0 : 0.08V/V 1:0.05VIV
Note: This register "Only" can be set when OxOE[7] = 0.
VOUT ratio selection for output voltage setting range.
Bit 5 VOUT_RATIO 0 : 0.08V/IV 1:0.05VIV
Note: This register "Only” can be set when Ox0OE[7] = 0.
Bit 4 Reserved Reserved bits
Bit 3to Bit 0 CHIP_VERSION CHIP_VERSION
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Register Register
Address 0x12 Name Output_Voltage
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Lower 8 bits of 11-bit OUT_VOLTAGE[10:0] for output voltage reporting.
VOUT Reporting = OUT_VOLTAGE[10:0](Decimal) x AV
. . . (1) When 0x11[5] = 0, VOUT ratio = 0.08V/V :
Bit 710 Bit 0 OUT_VOLTAGEI[7:0] Range = 3V (0xOF0) to 25.5875V (0x7FF) with AV = 12.5mV/step.
(2) When 0x11[5] = 1, VOUT ratio = 0.05V/V :
Range = 3V (0x096) to 36V (0x708) with AV = 20mV/step.
Register Register
Address 0x13 Name Output_Voltage
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits
Bit 2 to Bit 0 OUT VOLTAGE[10:8] Upper 3 bits of 11.-b|t OUT_VQLTAGI.E[1.0:O] for output voltage reporting.
Refer to 0x12 register for detail description.
Register Register
Address 0x14 Name Output_Current
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Lower 8 bits of 11-bit OUT_CURRENT[10:0] for output average current
reporting. With output sense resistor R30 = 10mQ, the output average current
can be read as below:
IOUT Reporting = -0.15A + {OUT_CURRENTI[10:0](Decimal) x Al}
(1) When 0x0F[1:0] = 00 (GAIN_OCS = 10x):
Bit 7 to Bit 0 OUT CURRENT[7:0] Range = 0.0036A (0x00F) to 20.811A (0x7FF) with Al = 10.24mA/step

(2) When 0x0F[1:0] = 01 (GAIN_OCS = 20x):

Range = 0.0036A (0x01E) to 10.33A (0x7FF) with Al = 5.12mA/step
(3) When 0x0F[1:0] = 10 (GAIN_OCS = 30x):

Range = 0.0036A (0x02D) to 6.837A (0x7FF) with Al = 3.413mA/step
(4) When 0x0F[1:0] = 11 (GAIN_OCS = 40x):

Range = 0.0036A (0x03C) to 5.09A (0x7FF) with Al = 2.56mA/step
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Eggirsetsesr 0x15 R’(\elzi;teer Output_Current
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits

Eggi::; 0x16 R;iiniteer Input_Voltage
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description

Lower 8 bits of 11-bit IN_VOLTAGE[10:0] for input voltage reporting.
VIN Reporting = IN_VOLTAGE[10:0](Decimal) x AV
. . ) (1) When 0x11[6] = 0, VIN ratio = 0.08V/V :
Bit 710 Bit 0 IN_VOLTAGE[7:0] Range = 3V (0xOF0) to 25.5875V (0x7FF) with AV = 12.5mVistep.
(2) When 0x11[6] = 1, VIN ratio = 0.05V/V :

Range = 3V (0x096) to 36V (0x708) with AV = 20mV/step.

Eggirzt:; 0x17 R:\algains;t:r Input_Voltage
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits
Bit 2 to Bit 0 IN_VOLTAGE[10:8] Upper 3 bits of 11-bit IN_VOLTAGE[10:0] for input voltage reporting.

Refer to 0x16 register for detailed description.
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Register Register
Address 0x18 Name Input_Current
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Lower 8 bits of 11-bit IN_CURRENT][10:0] for input average current reporting.
With input sense resistor R29 = 10mQ, the input average current can be read
as below:
[IN Reporting = -0.45A + {IN_CURRENT[10:0](Decimal) x Al}
(1) When 0x0F[3:2] = 00 (GAIN_ICS = 10x):
. . . Range = 0.0108A (0x02D) to 20.511A (0Ox7FF) with Al = 10.24mA/step
Bit 7to Bit 0 IN_CURRENTIZ:0] | 5y \When 0xOF[3:2] = 01 (GAIN_ICS = 20x):
Range = 0.0108A (0x05A) to 10.03A (0x7FF) with Al = 5.12mA/step
(3) When Ox0F[3:2] = 10 (GAIN_ICS = 30x):
Range = 0.0108A (0x087) to 6.537A (0x7FF) with Al = 3.413mA/step
(4) When 0x0F[3:2] = 11 (GAIN_ICS = 40x):
Range = 0.0108A (0x0B4) to 4.79A (0x7FF) with Al = 2.56mA/step
Register Register
Address 0x19 Name Input_Current
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits
Bit 2 to Bit 0 IN_CURRENT[10:] Upper 3 bits of 11_-b|t IN_CURRENT[lO:Q] _for input average current reporting.
Refer to 0x18 register for detailed description.
Register Register
Address Ox1A Name Temperature
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Lower 8 bits of 11-bit TEMPERATURE[10:0] for temperature reporting.
. . ) The 11-bit TEMPERATURE[10:0] is used for external thermal sense by recording
Bit 710 Bit 0 TEMPERATURE7:0] TSEN pin voltage. The temperature reporting range is from 0V to 2V with
1mV/step.
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Register Register
Address 0x1B Name Temperature
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits
Bit 2 to Bit 0 TEMPERATURE[7:0] Upper 3 hits of 11.-b|t TEMPERATURE[lIO:.O] for temperature reporting.
Refer to 0x1A register for detailed description.
Register Register
Address 0x1C Name Statusl
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
. OVP indicator for VIN pin.
Bit 7 IN_OVP 0 : No fault 1 : Fault
. OTP indicator.
Bit6 oTP 0 : No fault 1 : Fault
. UVP indicator for VOUT pin.
Bt S INT_UVP 0 : No fault 1 : Fault
. OVP indicator for VOUT pin.
Bit4 INT_OVP 0 : No fault 1 : Fault
. UVP indicator for VBUSC pin.
Bit 3 EXT_UVP_C 0 : No fault 1 : Fault
. OVP indicator for VBUSC pin.
Bit 2 EXT_OVP_C 0 : No fault 1 : Fault
. UVP indicator for VBUSA pin.
Bit 1 EXT_UVP_A
t ~UVP 0 : No fault 1 : Fault
. OVP indicator for VBUSA pin.
B EXT_OVP_A
ito —OVP_ 0 : No fault 1: Fault
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Register
Address

0ox1D

Register

Status2
Name S

Bits

Bit 7

Bit 6

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Default

0 1 0 0 0 0

Read/Write

R R R R R R

Bits

Name

Description

Bit 7, Bit 5

Reserved

Reserved bits

Bit 6

PG

Power good status indicator.
0 : VOUT Pin Voltage < 85% of setting or = OVP trip threshold.
1 : OVP trip threshold > VOUT Pin Voltage = 90% of setting.

Bit 4

Cv_cc

Indicator for constant voltage (CV) and constant current (CC).
0 : CV mode. 1 : CC mode.
Note: This bit will be active when Ox0E[7] = 1.

Bit 3

OCP4

OCP4 indicator.

0 : No fault 1 : Fault

This bit will be changed to 1 only when:

(1) ADC function is enabled (0x10[1] = 1).

(2) {IN_CURRENT[10:3] (Register 0x18/0x19) - OUT_CURRENT[10:3]
(Register 0x14/0x15)} > OCP4_SETTING[7:0] (Register 0x25) with OCP4
Delay Time (Register 0x28[3:2]).

Bit 2

OCP3

OCP3 indicator.

0 : No fault 1 : Fault

This bit will be changed to 1 only when:

(1) ADC function is enabled (0x10[1] = 1).

(2) OUT_CURRENT[10:3] (Register 0x14/0x15) > OCP3_SETTING[7:0]
(Register 0x24) with OCP3 Delay Time (Register 0x28[1:0]).

Bit 1

OCP2

OCP2 indicator.

0 : No fault 1 : Fault

This bit will be changed to 1 only when:

(1) ADC function is enabled (0x10[1] = 1).

(2) OUT_CURRENT[10:3] (Register 0x14/0x15) > OCP2_SETTINGJ[7:0]
(Register 0x23) with OCP2 Delay Time (Register 0x27).

Bit 0

OCP1

OCP1 indicator.

0 : No fault 1 : Fault

This bit will be changed to 1 only when:

(1) ADC function is enabled (0x10[1] = 1).

(2) OUT_CURRENT[10:3] (Register 0x14/0x15) > OCP1_SETTING[7:0]
(Register 0x22) with OCP1 Delay Time (Register 0x26).
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Register Register
Address Ox1E Name Alertl
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write Rw RwW Rw RwW RwW RwW RwW RwW
Bits Name Description
Internal flag to detect OVP for VIN pin voltage.
0 : No fault. ALERT pin keeps high level.
Bit 7 ALERT_IN_OVP 1 : Fault. ALERT pin goes to low level.
Note: When input OVP fault condition is removed, this bit can be changed to
default setting "0" by writing this bit to "1" only.
Internal flag to detect OTP.
0 : No fault. ALERT pin keeps high level.
Bit 6 ALERT_OTP 1 : Fault. ALERT pin goes to low level.
Note: After OTP fault condition is detected, this bit can be changed to default
setting "0" by writing this bit to "1" only.
Internal flag to detect UVP for VOUT pin voltage.
0 : No fault. ALERT pin keeps high level.
Bit 5 ALERT_INT_UVP 1 : Fault. ALERT pin goes to low level.
Note: When output UVP fault condition is removed, this bit can be changed to
default setting "0" by writing this bit to "1" only.
Internal flag to detect OVP for VOUT pin voltage.
0 : No fault. ALERT pin keeps high level.
Bit 4 ALERT_INT_OVP 1 : Fault. ALERT pin goes to low level.
Note: When output OVP fault condition is removed, this bit can be changed to
default setting "0" by writing this bit to "1" only.
Internal flag to detect VBUSC UVP.
0 : No fault. ALERT pin keeps high level.
Bit 3 ALERT_EXT_UVP_C |1 : Fault. ALERT pin goes to low level.
Note: When VBUSC UVP fault condition is removed, this bit can be changed to
default setting "0" by writing this bit to "1" only.
Internal flag to detect VBUSC OVP.
0 : No fault. ALERT pin keeps high level.
Bit 2 ALERT_EXT_OVP_C |1 : Fault. ALERT pin goes to low level.
Note: When VBUSC OVP fault condition is removed, this bit can be changed to
default setting "0" by writing this bit to "1" only.
Internal flag to detect VBUSA UVP.
0 : No fault. ALERT pin keeps high level.
Bit 1 ALERT_EXT_UVP_A |1 : Fault. ALERT pin goes to low level.
Note: When VBUSA UVP fault condition is removed, this bit can be changed to
default setting "0" by writing this bit to "1" only.
Internal flag to detect VBUSA OVP.
0 : No fault. ALERT pin keeps high level.
Bit O ALERT_EXT_OVP_A |1 : Fault. ALERT pin goes to low level.
Note: When VBUSA OVP fault condition is removed, this bit can be changed to
default setting "0" by writing this bit to "1" only.
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Register
Address

Ox1F

Register

Alert2
Name er

Bits

Bit 7 Bit 6

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Default

0 0 0 0 0 0

Read/Write

RwW RwW

RwW RwW RwW RwW RwW RwW

Bits

Name

Description

Bit 7

ALERT_OTP_R

Internal flag to detect OTP recovery after OTP happened.

0 : OTP not recovery. ALERT pin keeps low level.

1 : OTP recovery. ALERT pin goes to high level.

Note: After OTP recovery condition is detected, this bit can be changed to default
setting "0" by writing this bit to "1" only.

Bit 6

ALERT _RAMP_PG

Internal flag to detect VOUT pin voltage status.

0 : ALERT pin keeps high level.

(1) Power off: Output Voltage < 85% of setting.

(2) Normal: OVP trip threshold > Output Voltage = 90% of setting.

(3) DVS: Output Voltage not reach to target level.

1 : ALERT pin becomes low level.

(1) Power on: After OXOE[7] from O to 1, Output Voltage = 90% of setting.
(2) Normal: Output Voltage < 85% of setting or = OVP trip threshold.

(3) DVS: Output Voltage reach to target level.

Note: After this bit = 1, this bit can be changed to default setting "0" by writing
this bit to "1" only.

Bit 5

ALERT_TM1

Internal flag to detect Timer1 status.
0 : Timerl is disabled and ALERT pin keeps high level.
Timer1 will begin to count if 0x30[6:4] # 000, and ALERT pin keeps high
level if Timerl is still counting.
1 : Timerl timeout completed. ALERT pin goes to low level.
Note: After Timerl finished counting, this bit can be changed to default setting
"0" by writing this bit to "1" only.

Bit 4

ALERT_WDT

Internal flag to detect watchdog timer status.
0 : Watchdog is disabled and ALERT pin keeps high level.
Watchdog will begin to count if 0x30[2:0] # 000, and ALERT pin goes to low
level.
1 : Watchdog timeout completed.
ALERT will keep low level and RT6191A will be reset to default setting
including all I12C registers except 0x1F[4] and 0x30.
Note: After watchdog timer finished counting, this bit can be changed to default
setting "0" by writing this bit to "1" only.

Bit 3

ALERT_OCP4

Internal flag to detect OCP4.

0 : No fault. ALERT pin keeps high level.

1 : Fault. ALERT pin goes to low level.

This bit will be changed to 1 only when:

(1) ADC function is enabled (0x10[1] = 1).

(2) {IN_CURRENTJ[10:3] (Register 0x18/0x19) - OUT_CURRENT[10:3]
(Register 0x14/0x15)} > OCP4_SETTING[7:0] (Register 0x25) with OCP4
Delay Time (Register 0x28[3:2]).

Note: When OCP4 fault condition is removed, this bit can be changed to default

setting "0" by writing this bit to "1" only.
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Bits

Name

Description

Bit 2

ALERT_OCP3

Internal flag to detect OCP3.

0 : No fault. ALERT pin keeps high level.

1 : Fault. ALERT pin goes to low level.

This bit will be changed to 1 only when:

(1) ADC function is enabled (0x10[1] = 1).

(2) OUT_CURRENT[10:3] (Register 0x14/0x15) > OCP3_SETTING[7:0]
(Register 0x24) with OCP3 Delay Time (Register 0x28[1:0]).

Note: When OCP3 fault condition is removed, this bit can be changed to default

setting "0" by writing this bit to "1" only.

Bit 1

ALERT_OCP2

Internal flag to detect OCP2.

0 : No fault. ALERT pin keeps high level.

1 : Fault. ALERT pin goes to low level.

This bit will be changed to 1 only when:

(1) ADC function is enabled (0x10[1] = 1).

(2) OUT_CURRENT[10:3] (Register 0x14/0x15) > OCP2_SETTINGJ[7:0]
(Register 0x23) with OCP2 Delay Time (Register 0x27).

Note: When OCP2 fault condition is removed, this bit can be changed to default

setting "0" by writing this bit to "1" only.

Bit0

ALERT_OCP1

Internal flag to detect OCP1.

0 : No fault. ALERT pin keeps high level.

1 : Fault. ALERT pin goes to low level.

This bit will be changed to 1 only when:

(1) ADC function is enabled (0x10[1] = 1).

(2) OUT_CURRENT[10:3] (Register 0x14/0x15) > OCP1_SETTING[7:0]
(Register 0x22) with OCP1 Delay Time (Register 0x26).

Note: When OCP1 fault condition is removed, this bit can be changed to default

setting "0" by writing this bit to "1" only.
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Register Register
Address 0x20 Name Maskl
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 1 1 1 1 1 1 1
Read/Write RW RW RW RwW RW RwW RW RwW
Bits Name Description
Bit 7 M ALERT IN OVP Mésk internal flag output of OVP for VIN pin voltage to ALERT pin.
- - = 0 : Mask 1 : Not mask
. Mask internal flag output of OTP to ALERT pin.
Bit 6 M_ALERT_OTP 0 : Mask 1 : Not mask
Bit 5 M ALERT INT UVP Mésk internal flag output of UVP for VOUT pin voltage to ALERT pin.
- - - 0 : Mask 1 : Not mask
Bit 4 M ALERT INT OVP Mask internal flag output of OVP for VOUT pin voltage to ALERT pin.
- - - 0 : Mask 1 : Not mask
Bit 3 M_ALERT_EXT_ Mask internal flag output of VBUSC UVP to ALERT pin.
UVP_C 0 : Mask 1 : Not mask
Bit 2 M_ALERT_EXT_ Mask internal flag output of VBUSC OVP to ALERT pin.
OVP_C 0 : Mask 1 : Not mask
Bit 1 M_ALERT_EXT_ Mask internal flag output of VBUSA UVP to ALERT pin.
UVP_A 0 : Mask 1 : Not mask
Bit 0 M_ALERT_EXT_ Mask internal flag output of VBUSA OVP to ALERT pin.
OVP_A 0 : Mask 1 : Not mask
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Register Register
Address Ox21 Name Mask2
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 1 1 1 1 1 1 1
Read/Write RW RW RW RwW RW RwW RW RwW
Bits Name Description
Bit 7 M ALERT OTP R Mask internal flag output of OTP recovery to ALERT pin.
- - - 0 : Mask 1 : Not mask
Bit 6 M_ALERT RAMP_PG Mésk internal flag output of VOUT pin voltage status to ALERT pin.
0 : Mask 1 : Not mask
. Mask internal flag output of Timerl to ALERT pin.
BitS M_ALERT_TM1 0 : Mask 1 : Not mask
Bit 4 M ALERT WDT Mask internal flag output of watchdog timer to ALERT pin.
- - 0 : Mask 1 : Not mask
Bit 3 M_ALERT OCP4 M:flsk internal flag outpyt of OCP4 to ALERT pin.
0 : Mask 1 : Not mask
Bit 2 M ALERT OCP3 Mask internal flag output of OCP3 to ALERT pin.
- - 0 : Mask 1 : Not mask
Bit 1 M ALERT OCP2 Mask internal flag output of OCP2 to ALERT pin.
- - 0 : Mask 1 : Not mask
Bit 0 M ALERT OCP1 Mask internal flag output of OCP1 to ALERT pin.
- - 0 : Mask 1 : Not mask
Register Register .
Address 0x22 Name OCP1_Setting
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 1 0 1 0 0 0 1
Read/Write RwW RW RwW RwW RW RwW RW RW
Bits Name Description
With output sense resistor R30 = 10mQ, the OCP1 can be set as below:
OCP1 =-0.15A + OCP1_SETTING[7:0](Decimal) x Al
(1) When 0x0F[1:0] = 00 (GAIN_OCS = 10x):
Range = 0.3415A (0x06) to 20.7396A (0xFF) with Al = 81.92mA/step.
(2) When 0x0F[1:0] = 01 (GAIN_OCS = 20x):
. . Range = 0.3415A (0x0C) to 10.2948A (0OxFF) with Al = 40.96mA/step.
Bit7to B P1_SETTIN
It7toBitO OCP1_S S | (3) When OXOF[1:0] = 10 (GAIN_OCS = 30x):
Range = 0.3415A (0x12) to 6.8132A (0xFF) with Al = 27.307mA/step.
(4) When 0x0F[1:0] = 11 (GAIN_OCS = 40x):
Range = 0.3415A (0x18) to 5.0724A (OxFF) with Al = 20.48mA/step.
(5) Default value = 0x51 with OxOF[1:0] = 00 (GAIN_OCS = 10x) for default
OCP1 = 6.4855A.
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Address 0x23 Name OCP2_Setting
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 1 1 0 0 1 0 0
Read/Write RW RW RW RwW RW RwW RW RW
Bits Name Description
With output sense resistor R30 = 10mQ, the OCP2 can be set as below:
OCP2 =-0.15A + OCP2_SETTINGJ7:0](Decimal) x Al
(1) When 0xOF[1:0] = 00 (GAIN_OCS = 10x):
Range = 0.3415A (0x06) to 20.7396A (OxFF) with Al = 81.92mA/step.
(2) When 0xOF[1:0] = 01 (GAIN_OCS = 20x):
. ) Range = 0.3415A (0x0C) to 10.2948A (0xFF) with Al = 40.96mA/step.
Bit 710 Bit 0 OCP2_SETTING 1 3) When OXOF[1:0] = 10 (GAIN_OCS = 30x):
Range = 0.3415A (0x12) to 6.8132A (0xFF) with Al = 27.307mA/step.
(4) When 0xOF[1:0] = 11 (GAIN_OCS = 40x):
Range = 0.3415A (0x18) to 5.0724A (0xFF) with Al = 20.48mA/step.
(5) Default value = 0x64 with OXOF[1:0] = 00 (GAIN_OCS = 10x) for default
OCP2 = 8.042A.
Register Register .
Address 0x24 Name OCP3_Setting
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 1 1 1 1 1 1 1
Read/Write RW RW RW RwW RW RwW RW RW
Bits Name Description
With output sense resistor R30 = 10mQ, the OCP3 can be set as below:
OCP3 = -0.15A + OCP3_SETTING][7:0](Decimal) x Al
(1) When 0xOF[1:0] = 00 (GAIN_OCS = 10x):
Range = 0.3415A (0x06) to 20.7396A (0xFF) with Al = 81.92mA/step.
(2) When 0xOF[1:0] = 01 (GAIN_OCS = 20x):
. . Range = 0.3415A (0x0C) to 10.2948A (0xFF) with Al = 40.96mA/step.
Bit 710 Bit 0 OCP3_SETTING 1 3) When OXOF[1:0] = 10 (GAIN_OCS = 30x):
Range = 0.3415A (0x12) to 6.8132A (0xFF) with Al = 27.307mA/step.
(4) When 0xOF[1:0] = 11 (GAIN_OCS = 40x):
Range = 0.3415A (0x18) to 5.0724A (0xFF) with Al = 20.48mA/step.
(5) Default value = OxFF with OXOF[1:0] = 00 (GAIN_OCS = 10x) for default
OCP3 = 20.7396A.
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Esgiset:; 0x25 R;ii:]t:r OCP4_Setting
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW
Bits Name Description

Short output sense resistor and with input sense resistor R29 = 10mQ, the OCP4
can be set as below:
OCP4 = -0.3A + {OCP4_SETTING[7:0](Decimal) + 1} x Al
(1) When 0x0F[3:2] = 00 (GAIN_ICS = 10x):

Range = 0.3554A (0x07) to 20.6715A (OxFF) with Al = 81.92mA/step.
(2) When 0x0F[3:2] = 01 (GAIN_ICS = 20x):
Bit 7 to Bit O OCP4_SETTING Range = 0.3554A (0x0F) to 10.1858A (OxFF) with Al = 40.96mA/step.
(3) When 0x0F[3:2] = 10 (GAIN_ICS = 30x):

Range = 0.3554A (0x17) to 6.6905A (OxFF) with Al = 27.307mA/step.
(4) When 0x0F[3:2] = 11 (GAIN_ICS = 40x):

Range = 0.3554A (0x1F) to 4.9429A (OxFF) with Al = 20.48mA/step.
(5) Default value = OxFF with OXOF[3:2] = 00 (GAIN_ICS = 10x) for default

OCP4 =20.6715A.

iggirset:; 0x26 Rﬁéﬁfr OCP1 Delay Time
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 1 1 0 1
Read/Write RW RW RW RW RW RW RW RW
Bits Name Description
Bit 7 OCP1_TIME_LSB Time step selection for OCP1 delay time:

0:8ms 1:32ms

With 0x26[7], OCP1 delay time can be set as below:
OCP1 Delay Time = OCP1_TIMING[6:0](Decimal) x At
(1) When 0x26[7] =0 :
Bit 6 to Bit 0 OCP1_TIMING Range = Oms (0x00) to 1.016s (0x7F) with At = 8ms/step.
(2) When 0x26[7] =1 :

Range = Oms (0x80) to 4.064s (OxFF) with At = 32ms/step.
(3) Default value = Ox0OD for default OCP1 delay time = 104ms.
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Register Register )
Address 0x27 Name OCP2 Delay Time
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write RW RW RW RwW RW RwW RW RW
Bits Name Description
Bit 7 OCP2 TIME LSB Tlme step selection for QCPZ delay time:
- - 0:8ms 1:32ms
With 0x27[7], OCP2 delay time can be set as below:
OCP2 Delay Time = OCP2_TIMINGJ[6:0](Decimal) x At
(1) When 0x27[7] =0 :
Bit 6 to Bit 0 OCP2_TIMING Range = Oms (0x00) to 1.016s (0x7F) with At = 8ms/step.
(2) When Ox27[7] =1 :
Range = Oms (0x80) to 4.064s (OxFF) with At = 32ms/step.
(3) Default value = 0x00 for default OCP2 delay time = Oms.
Register Register
Address 0x28 Name OCP Enable
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 1 1 0 0 0 0
Read/Write RW RW RW RwW RW RW RW RW
Bits Name Description
. Enable or disable OCP4.
Bit 7 OCP4_EN 0 : Disable 1 : Enable
. Enable or disable OCP3.
Bit6 OCP3_EN 0 : Disable 1 : Enable
. Enable or disable OCP2.
BitS OCP2Z_EN 0 : Disable 1 : Enable
. Enable or disable OCP1.
Bit 4 OCPL_EN 0 : Disable 1 : Enable
. . OCP4 delay time setting:
Bit 3 to Bit 2 OCP4_TIMING 00:50ms  O1:100ms  10:200ms 11 :400ms
. . OCP3 delay time setting:
Bit1to BitO OCP3_TIMING 00 : Oms 01 : 5ms 10 : 10ms 11 : 20ms
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Register Register .
Address 0x29 Name Setting5
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write RW RW RW RwW RW RwW RW RwW
Bits Name Description
Power path C status when fault happens on power path A.
Bit 7 PROTECT_PATH_C 0 : Turn off power path C by GPC.
1 : Remain original status of power path C.
Power path A status when fault happens on power path C.
Bit 6 PROTECT_PATH_A 0 : Turn off power path A by GPA.
1 : Remain original status of power path A.
All power path status when fault happens.
Bit 5 PROTECT_PATH_1 0 : Turn off each power path by GPC and GPA.
1 : Remain original status of each power path.
All power path status.
Bit 4 PATH_FLOATING 0 : Keep original status.
1 : Floating all power path by making GPC and GPA to tri-state.
. External MOS type for power path C.
Bit 3 PATH_C_TYPE 0 : N-MOS 1: P-MOS
. External MOS type for power path A.
Bit 2 PATH_A TYPE 0 : N-MOS 1: P-MOS
. Enable or disable GPC pin.
Bit 1 POWER_PATH_GC 0 : Disable 1 : Enable
. Enable or disable GPA pin.
Bit 0 POWER_PATH_GA 0 : Disable 1 : Enable
Register 0x2A Register Power Path OVP/UVP
Address Name
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 1 1 1 1
Read/Write R R R R RW RwW RW RW
Bits Name Description
Bit 7 to Bit 4 Reserved Reserved bits
. Disable VBUSC UVP.
Bit 3 DIS_EXT_UVP_C 0 : Enable 1 : Disable
. Disable VBUSC OVP.
Bit 2 DIS_EXT_OVP_C 0 : Enable 1 : Disable
. Disable VBUSA UVP.
Bit1 DIS_EXT_UVP_A 0 : Enable 1 : Disable
. Disable VBUSA OVP.
Bit0 DIS_EXT_OVP_A 0 : Enable 1 : Disable
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Register Register
Address 0x2B Name PPS
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 1 0 0 0 0 0 0
Read/Write RW RW RW RwW R R R R
Bits Name Description
. Disable VBUSC alarm low detection.
Bit 7 DIS_ALARM_LO 0 : Enable 1 : Disable
. Disable VBUSC alarm high detection.
Bit6 DIS_ALARM_HI 0 : Enable 1 : Disable
UVP threshold control bit.
Bit 5 UVP_PPS 0 : Keep UVP_LEVEL (0x0CJ[1:0]) setting.
1 : Follow UVP_REF (0x35[7:0]) setting.
OVP threshold control bit.
Bit 4 OVP_PPS 0 : Keep OVP_LEVEL (0x0B[1:0]) setting.
1 : Follow OVP_REF (0x36[7:0]) setting.
Bit 3 to Bit 0 Reserved Reserved bits
Register ox2C Register VBUSC Alarm High Threshold
Address Name
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW
Bits Name Description
Lower 8 bits of 11-bit ALARM_HI[10:0] for VBUSC Alarm High threshold setting.
VBUSC Alarm Hi = ALARM_HI[10:0](Decimal) x AV
(1) When 0x11[5] = 0, VOUT ratio = 0.08V/V :
Bit 7 to Bit 0 ALARM_HI[7:0] Range = 3V (0x0F0) to 25.5875V (0x7FF) with AV = 12.5mV/step.

(2) When 0x11[5] = 1, VOUT ratio = 0.05V/V :
Range = 3V (0x096) to 36V (0x708) with AV = 20mV/step.

(3) Default value = Ox7FF with VOUT ratio = 0.08V/V for default VBUSC Alarm

High threshold = 25.5875V.
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Register Register .
Address 0x2D Name VBUSC Alarm High Threshold
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 1 1 1
Read/Write R R R R R RW RW RW
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits
. . . Upper 3 bits of 11-bit ALARM_HI[10:0] for VBUSC Alarm High threshold setting.
Bit2 to Bit0 ALARM_HI[10:8] Refer to 0x2C register for detailed description.
Register O0X2E Register VBUSC Alarm Low Threshold
Address Name
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW
Bits Name Description
Lower 8 bits of 11-bit ALARM_LOJ[10:0] for VBUSC Alarm Low threshold setting.
VBUSC Alarm Lo = ALARM_LO[10:0](Decimal) x AV
(1) When 0x11[5] = 0, VOUT ratio = 0.08V/V :
. . . Range = 3V (0x0F0) to 25.5875V (0x7FF) with AV = 12.5mV/step.
Bit 710 Bit 0 ALARM_LOI7:01 | 5y When 0x11[5] = 1, VOUT ratio = 0.05V/V :
Range = 3V (0x096) to 36V (0x708) with AV = 20mV/step.
(3) Default value = 0x000 with VOUT ratio = 0.08V/V for default VBUSC Alarm
Low threshold = OV.
Register OX2F Register VBUSC Alarm Low Threshold
Address Name
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R RW RW RW
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits
. . ) Upper 3 bits of 11-bit ALARM_LOJ[10:0] for VBUSC Alarm Low threshold setting.
Bit2to Bit0 ALARM_LO[10:8] Refer to Ox2E register for detailed description.
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Address 0x30 Name Watchdog
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R RW RW RW R RW RW RW
Bits Name Description
Bit 7, Bit 3 Reserved Reserved bits
Timerl timeout setting.
The ALERT pin will go low when Timer1 finishes counting.
. . 000 : Disable (Default) 100 : 3s
Bit 6 to Bit 4 TIMER1_SEL 001 : 0.5s 101 : 4s
010 : 1s 110 : 6s
011: 2s 111 : 8s
Watchdog timeout setting.
Watchdog timer will start counting if ALERT pin goes low, and it will be reset by
I2C access.
Bit 2 to Bit 0 WATCHDOG_SEL 000 : Disable (Default) 100 : 3s
001 : 0.5s 101 : 4s
010 : 1s 110 : 6s
011 : 2s 111 : 8s
Register Register
Address 0x32 Name VBUSC_Voltage ADC
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R RW R
Bits Name Description
Bit 7 t.o Bit 2 Reserved Reserved bits
BitO
. Enable ADC function for VBUSC Voltage.
Bit 1 VBUSC ADC 0 : Disable 1: Enable
Register Register
Address 0x33 Name VBUSC_Voltage
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Lower 8 bits of 11-bit VBUSC_VOLTAGE[10:0] for VBUSC voltage reporting.
VBUSC Reporting = VBUSC_VOLTAGE[10:0](Decimal) x AV
Bit 7 to Bit 0 VBUSC_VOLTAGE[7:0] (1) When 0x11[5] = 0, VOUT ratio = 0.08V/V :

(2) When 0x11[5] = 1, VOUT ratio = 0.05V/V :
Range = 3V (0x096) to 36V (0x708) with AV = 20mV/step.

Range = 3V (0xOF0) to 25.5875V (0x7FF) with AV = 12.5mV/step.
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Register Register
Address 0x34 Name VBUSC_Voltage
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 1
Read/Write R R R R R RW RW RW
Bits Name Description
Bit 7 to Bit 3 Reserved Reserved bits
Bit 2 to Bit 0 VBUSC_VOLTAGE Upper 3 bits of 11-bit VBUSC_VOLTAGE[10:0] for VBUSC voltage reporting.
[10:8] Refer to 0x33 register for detailed description.
Register Register
Address 0x35 Name UVP_Reference
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 1 0 0 0 0 1
Read/Write RwW RW RwW RwW RwW RW RwW RW
Bits Name Description
When 0x2B[5] = 1, UVP threshold can be adjusted independent as below:
UVP = UVP_REF[7:0](Decimal) x AV
(1) When 0x11[5] = 0, VOUT ratio = 0.08V/V :
Bit 7 to Bit 0 UVP_REF Range = 0V (0x00) to 25.5V (0xFF) with AV = 0.1V/step.
(2) When 0x11[5] = 1, VOUT ratio = 0.05V/V :
Range = 0V (0x00) to 36V (OxE1) with AV = 0.16V/step.
(3) Default value = 0x21 with VOUT ratio = 0.08V/V for UVP_REF = 3.3V.
Register Register
Address 0x36 Name OVP_Reference
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 1 1 0 1 1 1 0 0
Read/Write RwW RW RwW RwW RwW RW RW RW
Bits Name Description
When 0x2B[4] = 1, OVP threshold can be adjusted independent as below:
OVP = OVP_REF[7:0](Decimal) x AV
(1) When 0x11[5] = 0, VOUT ratio = 0.08V/V :
Bit 7 to Bit 0 OVP_REF Range = 0V (0x00) to 25.5V (0xFF) with AV = 0.1V/step.
(2) When 0x11[5] = 1, VOUT ratio = 0.05V/V :
Range = 0V (0x00) to 36V (OxE1) with AV = 0.16V/step.
(3) Default value = 0xDC with VOUT ratio = 0.08V/V for OVP_REF = 22V.
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Address 0x37 Name Status3
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Bits Name Description
Bit 7 to Bit 5 Reserved Reserved bits
VBUSC alarm low indicator when VBUSC alarm low detection is enabled
. (0x2B[7] = 0).
ALARM LO
Bit 4 - 0 : VBUSC_VOLTAGE[10:0] > ALARM_LOJ[10:0]
1: VBUSC_VOLTAGE[10:0] < ALARM_LOJ[10:0]
VBUSC alarm high indicator when VBUSC alarm high detection is enabled
. (0x2B[6] = 0).
ALARM_HI
Bit 3 - 0 : VBUSC_VOLTAGEJ[10:0] < ALARM_HI[10:0]
1: VBUSC_VOLTAGE[10:0] > ALARM_HI[10:0]
275ms timeout indicator for DVS operation.
Bit 2 TO_275MS 0 : 275ms timer is counting after OUT_CV[10:0] is changed for DVS operation.
1 : Timeout completed when ALERT not go low after 275ms.
VIN pin UVLO indicator.
Bit 1 . ;
IN_UVLO 00 : VIN pin voltage < 2.7V (typ.)
01/10 : Reserved
Bit O 11 : VIN pin voltage > 3V (typ.)
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Register
Address

0x38

Register

Alert3
Name er

Bits

Bit 7 Bit 6

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Default

0 0 0 0 0 0

Read/Write

R RwW RwW RwW RwW RwW

Bits

Name

Description

Bit 7 to Bit 5

Reserved

Reserved bits

Bit 4

ALERT_ALARM_LO

Internal flag to detect VBUSC status when VBUSC alarm low detection is
enabled (0x2B[7] = 0).

0 : VBUSC_VOLTAGE[10:0] > ALARM_LOJ[10:0]

1: VBUSC_VOLTAGE[10:0] < ALARM_LO[10:0]

Note: After VBUSC_VOLTAGE[10:0] < ALARM_LO[10:0], this bit can be
changed to "0" by writing this bit to "1" only.

Bit 3

ALERT_ALARM_HI

Internal flag to detect VBUSC status when VBUSC alarm high detection is
enabled (Ox2B[6] = 0).

0 : VBUSC_VOLTAGE[10:0] < ALARM_HI[10:0]

1 : VBUSC_VOLTAGE[10:0] > ALARM_HI[10:0]

Note: After VBUSC_VOLTAGE[10:0] > ALARM_HI[10:0], this bit can be changed
to "0" by writing this bit to "1" only.

Bit 2

ALERT_TO_275MS

Internal flag to detect 275ms timeout for DVS operation.

0 : 275ms timer is counting after OUT_CV[10:0] is changed for DVS operation.
1 : Timeout completed when ALERT not go low after 275ms.

Note: When 275ms timeout condition is removed, this bit can be changed to "0"
by writing this bit to "1" only.

Bit 1

ALERT_IN_UVLO_F

Internal flag to detect VIN pin UVLO falling.

0 : VIN pin voltage > 2.7V (typ.)

1 : VIN pin voltage < 2.7V (typ.)

Note: After VIN pin voltage < 2.7V, this bit can be changed to "0" by writing this
bit to "1" only.

Bit 0

ALERT_IN_UVLO_R

Internal flag to detect VIN pin UVLO rising.

0 : VIN pin voltage < 3V (typ.)

1 : VIN pin voltage > 3V (typ.)

Note: After VIN pin voltage > 3V, this bit can be changed to "0" by writing this bit
to "1" only.
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Register Register
Address 0x39 Name Mask3
Bits Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default 0 0 0 0 0 0 0 0
Read/Write R R R RW RW RW RW RW
Bits Name Description
Bit 7 to Bit 5 Reserved Reserved bits
Mask internal flag output of VBUSC status when VBUSC alarm low detection is
Bit 4 M_ALERT_ALARM_LO | enabled (0x2B[7] = 0) to ALERT pin.
0 : Mask 1 : Not mask
Mask internal flag output of VBUSC status when VBUSC alarm high detection is
Bit 3 M_ALERT_ALARM_HI | enabled (0x2B[6] = 0) to ALERT pin.
0 : Mask 1 : Not mask
Bit 2 M_ALERT TO_275MS Mask internal flag output of 275ms timeout for DVS operation to ALERT pin.
0 : Mask 1 : Not mask
Bit 1 M ALERT IN UVLO F Mask internal flag output of VIN pin UVLO falling to ALERT pin.
- - - — |0: Mask 1 : Not mask
Bit 0 M ALERT IN UVLO R Mask internal flag output of VIN pin UVLO rising to ALERT pin.
- - - — |0 : Mask 1 : Not mask
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Outline Dimension
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.ﬁ.]; i Pin #1 10 and Tie Bar Mark Options
*‘_r Mote - The configuration of the Pin #1 identifier is optional,
but must be located within the zone indicated.
Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
A 0.700 0.800 0.028 0.031
A1 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
b 0.150 0.250 0.006 0.010
D 4.950 5.050 0.195 0.199
D2 3.250 3.500 0.128 0.138
E 4.950 5.050 0.195 0.199
E2 3.250 3.500 0.128 0.138
e 0.400 0.016
L 0.350 0.450 0.014 0.018

W-Type 40L QFN 5x5 Package
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RICHTEK

RT6191A

Footprint Information

A

000001

Jobubopod

- ()

Number of Footprint Dimension (mm)
Package ) Tolerance
Pin P AX Ay Bx By C D SX Sy
VIW/U/XQFN5*5-40 40 0.40 | 5.80 | 580 | 410 | 410 | 0.85 | 0.20 | 3.40 | 3.40 +0.05
Copyright © 2022 Richtek Technology Corporation. All rights reserved. RICHTEM s a registered trademark of Richtek Technology Corporation.
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RT6191A

RICHTEK

Packing Informati

Tape and Reel Data

ion

SR 7N
P N i AT Y m
- - | | ! o Y \ L
/0|0 O[O0 O O\NO O Al L& |
I\ - 5 - III ||. " s .'I
\l ‘ . “ “ . . ‘ - l\ W1 II\. - J"“’
[ fi ] -
Feed Direction > - w0 -
arrier Tape
END Round Sprocket Holes START
R R e ) E R R Kk R s
- r
aunaui nuganysunaninn
!~_ @ —f — & ﬁ— -+ ¢ { -l— &
L,L,u I_J._w I_i__l L—L_.l .L Lr.L_.u L__L_J
Trailer Leader
~—160 mm minimum, ——=~—Components—=~——600 mm Minimum, ——
Tape Size | Pocket Pitch | Reel Size (A) Units Trailer | Leader | Reel Width (W2)
Package Type
FIPE L wiym) | @mm) | T | perReel | (MM (M) in Max. (mm)
QF?)/(ES)FN 12 8 180 7 1,500 160 600 12.4/14.4
. - -eB’—M C, D and K are determined by component size.
o o T o WY o S o o N I oY L -
f ¥ ¥ ¥ ¥ ¥ aa o The clearance between the components and
Wi T ~ ~ ~ ~ the cavity is as follows:
c o & o o O
‘ - For 12mm carrier tape: 0.5mm max.
Fi | |
e I3
W1 P B F aJ H
Tape Size
Max. Min. Max. Min. Max. Min. Max. Min. Max. Max.
12mm 12.3mm | 7.9mm | 8.1mm | 1.65mm | 1.85mm | 3.9mm | 4.1mm | 1.5mm | 1.6mm 0.6mm
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RICHTEK

Tape and Reel Packing

RT6191A

Step Photo / Description Step Photo / Description
: —
A3 :g :
(RRRe
ig T

1 4 3 =
Reel 77 3 reels per inner box Box A
f . iu\o'; o
E & =
< TR

é I*‘n‘i‘ & \%‘KX = i

2 5 4 AR ‘ ) 1

HIC & Desiccant (1 Unit) inside 12 inner boxes per outer box
»
3 p : 6
A ,
Caution label is on backside of Al bag Outer box Carton A
Container Reel Box Carton
FRLEEE Size |Units | Item Size(cm) | Weight(Kg) | Reels | Units Item Size(cm) Boxes Unit
BoxA| 18.3*18.3*8.0 0.1 3 |4,500| CartonA | 38.3*27.2*38.3 12 54,000
QFN/DFN 5x5 | 7 [1,500
Box E| 18.6*18.6*3.5 0.03 1 1,500 For Combined or Un-full Reel.
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RT6191A RICHTEK

Packing Material Anti-ESD Property

Su_rface Aluminum Bag Reel Cover tape Carrier tape Tube Protection Band
Resistance
Q/cm? 10*~10" | 10*~10" | 10*~10" | 10*~10" | 10%~10" 10% ~ 1011

Richtek Technology Corporation
14F, No. 8, Tai Yuen 13! Street, Chupei City
Hsinchu, Taiwan, R.O.C.
Tel: (8863)5526789
RICHTEK

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and reliable.
However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.
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RICHTEK RT6191A

Datasheet Revision History

Version Date Description Item

General Description on P1

Features on P1

Operation on P6, P8, P10, P11

Recommended BOM on P23

Application Information on P31, P33, P34, P36, P38
I2C Register on P38, P48

00 2022/12/19 Final & Modify
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