RICHTEK

RT5190C

System Power Management Solution

General Description

The RT5190C integrates 1 channel buck controller, 3
channels high efficiency synchronous buck converters, 1
LDO, I2C Control interface and peripheral logical control.

The RT5190C supports mute, AC OFF depop sound and
quick setting storage while input power is removed. The
RT5190C is available in a WQFN-40L 5x5 package.

Ordering Information

RT5190C Ii

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

Lead Plating System
G : Green (Halogen Free and Pb Free)
Note :
Richtek products are :
» RoHS compliant and compatible with the current require-
ments of IPC/JEDEC J-STD-020.

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

Marking Information

RT5190CGQW : Product Code
RT5190C YMDNN : Date Code
GQW
YMDNN
(]

Features

« BUCK1
» 24V High VIN Range
» 5V Power Controller
» External MOSFET
» High Efficiency at Light Load (PSK)
o BUCK2
» 3.5A Converter with PSK Mode
» DVS with 10mV/Step
» Programmable Output Voltage by I°C, from 0.6V
to 1.4V
o BUCK3
» 6A Converter with PSK Mode
» Support up to 6A with External Low Side MOSFET
» DVS with 10mV/Step
» Programmable Output Voltage by I°C, from 0.6V
to 1.4V
 BUCK4
» 3A Converter with PSK Mode
» Programmable Output Voltage
e LDO
» Sourcing up to 0.6A
» Programmable Output Voltage
e UV Protection : Latch or Hiccup Mode
e OV Protection : Only Latch Mode
o Power Up SOC Reset

Applications

e Wi-Fi System
e TV System

Simplified Application Circuit
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RT5190C

RICHTEK

Pin Configuration

(TOP VIEW)
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WQFN-40L 5x5

Functional Pin Description

Pin No. Pin Name Pin Function
1 MUTE_OUT# | Output signal for mute and depop function.
2 MUTE_IN Input signal for mute function.
3 FB4 BUCK4 feedback.
4 FB LDO LDO feedback.
5 VLDO LDO output.
6,7 LX4 Phase node for BUCK4 converter. Connect to inductor.
Input voltage for BUCK4 converter. Place input capacitors as close as possible
8 VIN4 ;
to VIN4 pin.
Input voltage for BUCK2 converter. Place input capacitors as close as possible
9 VIN2 ;
to VINZ2 pin.
10, 11 LX2 Phase node for BUCK2 converter. Connect to inductor.
12 VIN1_OK Power OK of input voltage. It is an open-drain output.
Remote voltage sense for BUCK2 converter. Connect to the positive side of
13 VSEN2 .
the load for remote sensing.
Remote ground sense for BUCK2 converter. Connect to the negative side of
14 RGND2 ;
the load for remote sensing.
Remote voltage sense for BUCK3 converter. Connect to the positive side of
15 VSEN3 .
the load for remote sensing.
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RICHTEK

RT5190C

Pin No. Pin Name Pin Function
Interrupt output. System information (Thermal, OVP, UVP and PGOOD).
Pin is pulled low if an interrupt bit is set. The output goes high after the bit
16 INT# causing the interrupt in register INT has been read and written a 1b to clear
the corresponding interrupt bit. The interrupt sources can be masked in
register INT, so no interrupt is generated when the corresponding interrupt bit
is set.
17 LG3 Low-side driver output. Connect directly to the low-side MOSFET gate for
BUCKS3 Converter. The MOSFET Ciss needs to be above 500pF.
18, 19, 20, 21 LX3 Phase node for BUCK3 converter. Connect to inductor.
22 NC Not connected.
2324 VIN3 Input_ voltage for.BUCKS converter. Place input capacitors as close as
possible to VIN3 pin.
o5 LGATE1 Low-side driver output. Connect directly to the low-side MOSFET gate for
BUCK1 controller.
26 PHASE1 High-side driver return path. Connect to the high-side MOSFET source for
BUCK1 controller.
27 UGATE1 High-side driver output. Connect to high-side MOSFET gate for BUCK1
controller.
8 BOOT1 High-side driver supply. This pin supplies the high-side floating driver for
BUCK1 controller. Connect through the CBOOT capacitor to the PHASE1 pin.
29 VIN1 Input voltage for internal LDO.
30 FB1 BUCK1 feedback.
BUCK1 enable and current-limit setting (CS) input. Connect a resistor to GND
to set the threshold for BUCK1 synchronous Rps(on) sense. The GND to
31 ENTRIP PHASE1 current-limit threshold is 1/12th the voltage seen at CS over a
0.515V to 3V range. Leave CS floating or drive it above 4.5V to shutdown
BUCK1.
Voltage detection for depop function. Connect to Input Power or Standby
32 VDET ;
Power Ratio Voltage.
33 Vole Device Power Supply. Internal LDO Supply from VIN1 or External Power
Supply. With 4.7uF MLCC to AGND, as close as possible to VCC pin.
34 AGND Analog ground.
Connect to capacitor. Hold up capacitors to keep enough energy to supply
35 VCAP : ) .
control logic when remove input power for depop function.
36 EN CTRL Enable control. The power on of rails when this pin is pulled high, vice versa.
- The rails alive or turn-off in sleep mode (DC OFF) can be set by register 0x08.
37 SOC_REST | Reset signal for SOC.
38 SCL Clock input for the I2C interface.
39 SDA Data line for the I2C interface.
40 VIN_LDO Power input for LDO. Input Capacitors as close as possible to VIN_LDO pin.
41 (Exposed Pad) | PGND Power ground. Connect to GND.
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Functional Block Diagram
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Absolute Maximum Ratings (Note 1)

e Supply Input Voltage, VIN1 to GND
o Supply Input Voltage, VIN2,VIN3, VIN4, VIN_LDO, VCC to GND
¢« BOOT1 to PHASE1

e PHASE1 to GND
DC

< 100ns

e UGATE1 to PHASE1
DC

< 100ns
¢ LGATE1 to GND
DC

< 100ns
¢ UGATE1 to GND
DC

< 100ns
o Switch Node Voltage, LX2, LX3, LX4 to GND
DC

< 50ns

¢ Other Pins

o Power Dissipation, Pp @ Ta = 25°C
WQFN-40L 5x5

o Package Thermal Resistance (Note 2)
WQFN-40L 5x5, 6,a

WQFN-40L 5x5, 6,c
e Lead Temperature (Soldering, 10 sec.)

¢ Junction Temperature

» Storage Temperature Range
o ESD Susceptibility (Note 3)

HBM (Human Body Model)

Recommended Operating Conditions (Note 4)

e Supply Input Voltage, VIN1
e Supply Input Voltage, VIN3, VIN4

e Supply Input Voltage, VCC

o Supply Input Voltage, VIN2
o Supply Input Voltage, VIN_LDO

¢ Junction Temperature Range

-0.3V to 29V
—0.3V to 6.5V
-0.3V to 6.5V

—0.3V to 29V
-2V to 36V

—-0.3V to 6.5V
-2V to 7.5V

—-0.3V to 6.5V
-2V to 7.5V

(VPHASE1 — 0.3V) to VeooT1 + 0.3V)
(VPHase1 — 2V) to VeooT1 + 0.3V)

—-0.3V to 6.5V
-2V to 9.5V
-0.3V to 6.5V

3.63W

27.5°C/W
6°C/W

260°C

150°C

—65°C to 150°C

2kV

8V to 27V
4.5V to 5.5V
3V to 5.5V
2.7V to 5.5V
2.7V to 3.6V
-40°C to 125°C
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Electrical Characteristics
(Vin1 = 12V, Vce = 5V, Ta = 25°C, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max | Unit
Supply Voltage
Supply Voltage VIN1 8 -- 27 \%
Supply Current

Vce =5V, all rail turn on and
Sleep Supply Current o] buck no switching, measure -- 1 -- mA
[(VIN1)

uvLo
VCC_UVLO Rising Threshold |VuvLo R VCC rising -- 2.75 29 \%
VCC_UVLO Falling Threshold | VuvLo F VCC falling 2.45 26 -- \%
Logic Threshold
EN_CTRL input High Voltage | VEN_H Measure EN_CTRL rising 1.2 -- -- \%
EN_CTRL input Low Voltage | VEN L Measure EN_CTRL falling -- -- 0.4 \%
EN_CTRL Input Current IEN_CTRL VEN_CTRL = 2V - 1 5 JIVAN
VIN1_POR Rising Threshold | VvIN1_POR R VIN1 rising -- 7.8 -- \%
VIN1_POR Falling Threshold | VVIN1_POR_F VIN1 falling - 7.6 - vV
VIN1_OK Pull Down Capability | RON_VIN1 0K SA%GS”F";EDZ‘;?“@ pull low —_ 10 - 0
SOC_I.?.EST Pull Down RON SOC REST Open drain, measure pull low _ 10 _ )
Capability = MOSFET RDs(ON)
INT# Pull Down Capability RON_INT# ,(\)A%engEr?EDn;gaNs)ure pulltow) 10 - Q
VDET Threshold 0.98 1 1.02 \Y
Thermal Hot Die
Thermal HD Threshold THD -- 120 -- °C
Thermal Shutdown Threshold | Tsb -- 150 - °C
MUTE Function
MUTE_IN Input High Voltage | VMUTE_IN_H Measure VMUTE_IN_H rising 1.2 -- -- \Y
MUTE_IN Input Low Voltage | VMUTE_IN_L Measure VMUTE_IN_L falling -- -- 0.4
MUTE_OUT# RON_MUTE 3%?;;?%52285)“@ pulllow 10 - Q
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Parameter Symbol Test Conditions Min | Typ Max Unit
BUCK1
Supply Current
. VIN1>VIN1_UVLO, no
Supply Current (Quiescent) switching -- 250 -- uA
Reference and Soft-Start
Output Feedback Voltage VFB 1188 | 1.2 1.212 \%
Soft-Star Time tss VOUT soft-start time -- 1 -- ms
Current-Limit
Current-Limit Setting Current | Ics 45 50 55 pA
Current-Limit Temperature o
Coefficient B 4700 - | ppm/°C
Switching Frequency and Minimum Off Timer
_— Controlled by I°C
Switching Frequency fsw 0x03[2:1] = 01h -- 450 -- kHz
Minimum Off-Time toFF 150 400 500 ns
Minimum On-Time toN -- 350 -- ns
Protections
OVP Trip Threshold Vovp -- 120 -- %
OVP Propagation Delay tovPDLY -- 5 -- us
UVP Trip Threshold VuvpP -- 60 -- %
UVP Propagation Delay tuvPDLY -- 5 -- us
Zero Current Detection
Zero Current Crossing
Threshold VPHASE_zC -4 -- 4 mV
Discharge Resistor
2 0] =
Discharge Resistance RDISCHG 0C10 r? trolled by 1°C 0x09[1:0] -- 100 -- Q
Driver On-Resistor
UGATE1 Driver Source RUGATE1_sr | VBOOT1 - VPHASE1 = 5V -- 3 6 Q
UGATE"1 Driver Sink RUGATE1_sk | VBOOT1 - VPHASE1 = 5V -- 1 2 Q
LGATE1 Driver Source RLGATE1 sr | LGATE1, high state -- 3 6 Q
LGATE1 Driver Sink RLGATE1 sk | LGATEA1, low state -- 0.7 1.5 Q
From LGATE(1 falling to
_ o1 UGATE rising I ns
Dead Time
D1 UL From UGATE1 falling to _ 20 _ ns
- LGATE1 rising
Internal Boost Diode VCC to BOOT1,
Resistance ReooT IBOOT1 = 10mA h 40 80 Q
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RT5190C RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
BUCK2
Supply Voltage
Supply Voltage VIN2 ‘ 2.7 ‘ -- | 5.5 ‘ \%
Supply Current
Shutdown Supply Current VEN = 0V -- -- 3 pA
Quiescent Supply Current Enable, no switching -- 200 -- pA
Reference and Soft-Start
Output Voltage Scaling VouT2 gfgﬂg!'oe]d by I°C 06 | - 1.4 Vv
Output Voltage Vour2 0x04[6:0] = 19h, CCM 0.8415| 0.85 |0.8585 \
gg;zas#:a\é?;tz?jp VSTEP B 10 B mv
Soft-Star Time tss VouT2 soft-start time -- 1 -- ms
RDS(ON)
Switch On-Resistance RDs(ON)_H VIN2 = 5V -- 70 -- mQ
Switch On-Resistance RDs(ON)_L VIN2 = 5V -- 55 -- mQ
Current Limit
Current Limit loc Valley current sense 3.7 4.5 -- A
DVS Slew Rate -- 10 -- mV/us
Switching Frequency and Minimum Off Timer
Switching Frequency fsw -- 1.5 -- MHz
Minimum Off-Time toFF -- 120 -- ns
Protections
OVP Trip Threshold VoVP_TH -- 120 -- %
OVP Timer Latch tovPDLY -- 10 -- us
UVP Trip Threshold VUVP_TH -- 60 -- %
UVP Timer Latch tuvPDLY -- 10 -- us
Regulation
Line Regulation -- 0.5 -- %
Load Regulation CCM -- 0.5 -- %
Discharge Resistor
Discharge Resistance RbiscHe -- 10 -- Q
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Parameter Symbol Test Conditions Min Typ Max Unit
BUCK3
Supply Voltage
Supply Voltage VINg | a5 | 5 [ 55 | v
Supply Current
Shutdown Supply Current VEN = 0V -- -- 3 pA
Quiescent Supply Current Enable, no switching -- 200 -- pA
Reference and Soft-Start
Output Voltage Scaling VouTs g;;g{g!'oeld by I2C 06 | - | 14| v
Output Voltage VourTs 0x05[6:0] = 19h, CCM 0.8415| 0.85 |0.8585 \
ng?;ﬁﬁa\éﬂtz?;p VSTEP B 10 N mv
Soft-Star Time tss VouT3 Soft-start time -- 1 -- ms
Driver On-Resistor
LGATES3 Driver Source RLGATE3 sr | LGATES, high state -- 3 6 Q
LGATES3 Driver Sink RLGATE3 sk |LGATES, low state -- 1.5 3 Q

D3 UL From UGATEB falling to _ 20 _ ns
- LGATES rising

RDs(ON)
Switch On-Resistance RDS(ON)_H VIN3 = 5V -- 50 -- mQ
Switch On-Resistance RDs(ON)_L VIN3 = 5V -- 45 -- mQ
Current Limit
(CEu;tr:rTall_iIT)i\tv Side MOSFET) loc_EXT IMAX = 6A, peak current sense -- 9 -- A
DVS Slew Rate -- 10 -- mV/us
Switching Frequency
Switching Frequency fsw_sA 6A application - 1 - MHz
Protections
OVP Trip Threshold VOVP_TH -- 120 -- %
OVP Timer Latch tovPDLY -- 10 -- us
UVP Trip Threshold VUvP_TH -- 60 -- %
UVP Timer Latch tuvPDLY -- 10 -- us
Regulation
Line Regulation -- 0.5 -- %
Load Regulation CCM -- 0.5 -- %
Discharge Resistor
Discharge Resistance RDISCHG ‘ -- | 10 | -- ‘ Q

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

DS5190C-00T00 September 2022

www.richtek.com

9



RT5190C
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Parameter Symbol Test Conditions Min | Typ Max Unit
BUCK4
Supply Voltage
Supply Voltage VIN4 ‘ 4.5 | 5 ‘ 5.5 | \Y,
Supply Current
Shutdown Supply Current VEN = 0V -- -- 3 A
Quiescent Supply Current Enable, no switching -- 200 -- pA
Reference and Soft-Start
Output Voltage Scaling VouT4 0.8 -- 3.3 \Y,
Output Feedback Voltage VFB4 CCM 0.588 | 0.6 | 0.612 V
Soft-Star Time tss VouT4 soft-start time - 1 -- ms
RDS(ON)
Switch On-Resistance RDS(ON)_H ViNg = 5V -- 70 -- mQ
Switch On-Resistance RDS(ON)_L VINg = 5V -- 55 -- mQ
Current Limit
Current Limit loc Valley current sense 3 3.6 -- A
Switching Frequency and Minimum Off Timer
Switching Frequency fsw -- 1 -- MHz
Minimum Off-time toFF - 120 -- ns
Protections
OVP Trip Threshold VOVP_TH -- 120 -- %
OVP Timer Latch tovpDLY -- 10 -- us
UVP Trip Threshold VUVP_TH - 60 - %
UVP Timer Latch tuvPDLY - 10 -- us
Regulation
Line Regulation -- 0.5 -- %
Load Regulation CCM -- 0.5 -- %
Discharge Resistor
Discharge Resistance RoiscHe -- | 10 ’ -- | Q
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Parameter Symbol Test Conditions Min Typ Max Unit
LDO
Supply Voltage
Supply Voltage | 27 | 33 | 36 | Vv
Supply Current
Shutdown Supply Current VEN = 0V -- -- 3 A
Quiescent Supply Current Enable -- 100 -- pA
Reference and Soft-Start
Output Voltage Scaling VOUT VLDO 0.8 -- 2.5 \%
Output Feedback Voltage VFB_LDO 0.792 | 0.8 | 0.808 Vv
Soft-Star Time tss VouT_VLDO soft-start time - 1 -- ms
Dropout Voltage
Dropout Voltage VDROP lout = 600mA, VIN_LDO = 5V - 300 -- mV
Current Limit
Current Limit loc -- 1 -- A
Protections
OVP Trip Threshold VOVP_TH -- 120 -- %
OVP Timer Latch tovPDLY -- 10 -- us
UVP Trip Threshold VUVP_TH -- 60 -- %
UVP Timer Latch tuvPDLY - 10 -- us
Regulation
Line Regulation -- 1 -- %
Load Regulation -- 1 -- %
Discharge Resistor
Discharge Resistance RbiscHe | -- ‘ 10 ‘ -- | Q
SOC_REST

All rails power good to
SOC_REST Lead Time tLeap SOC_REST rising edge lead 5 6 -- ms
time

1’c
SDA, SCL High-Level 1.2 -- -- Y
Input Voltage | Low-Level - - 0.4 v
Fast Mode
SCL Clock Rate fscL -- -- 400 kHz
Hold Time (Repeated) Start
Cond.ition. After this Reriod, tHD:STA 06 _ _ us
the First Clock Pulse is
Generated
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RT5190C RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit

Low Period of the SCL Clock |t ow 1.3 -- -- us
High Period of the SCL Clock | tHigH 0.6 -- -- us
Set-Up Time fqr a Repeated taU-STA 06 _ _ us
START Condition '

Data Hold Time tHD:DAT 0 -- 0.9 us
Data Set-Up Time tsu:pDAT 100 -- - ns
gtca)tr;(LjJiE[)io'lr':me for STOP tsusTO 06 _ _ us

Bus Free Time between a

STOP and START Condition | BYF 13 - - s
glgll_ng i;ir:;?s of both SDA and tr 20 ~ 300 o
gaclllinsgig'l;]i;: of both SDA and te 20 ~ 300 o
gEﬁe(r?tutput Low Sink loL SDA voltage = 0.4V 2 -- - mA

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. 6,a is measured under natural convection (still air) at Ta = 25°C with the component mounted on a high effective-
thermal-conductivity four-layer test board on a JEDEC 51-7 thermal measurement standard. 6,c is measured at the
exposed pad of the package.

Note 3. Devices are ESD sensitive. Handling precautions are recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.
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Typical Application Circuit
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Typical Operating Characteristics

AC ON Sequence 1

T T T T R RAREa Ry
VBuckt |
(2V/Div)>_ el Lo SERREEEE 3
EN_CTRL, bl ] T
(2V/Div) [ gt : :
VBuck2 | : / [ fr—— ]
(500mV/Div)>? — T S S S S 3
VBuck3 [ 1 ]
(500mV/Bv) | ‘ Vin= 19V; No Load
Time (5ms/Div)

AC ON Sequence 3

EN_CTRL

(2V/DIV) [ - |- T T E
VBuck4 MMM RAAME IAAARARRE ! AR !

(1V/Div), I .
Vipo ] i
(2V/Div)> B
SOC REST ________ ]
(2v/Div) S - ViN= 19V, No Load ]
sl b b by T s b b by Ly 0

Time (10ms/Div)

DC ON / OFF 2
ERERREN R I SN RN,
EN CTRL ..................................... _i
— EN_CTRL : : ]
(2V/Div) ,F - N
: ]

[ VBucka
VBuck4 :
(1VIDIV) [
VLDO _fumemn
(2V/Div)”F Vipo
SOC RESTsy .. .:.
(2V/Div) :
1l

“Vin= 19V, No Load

Time (20ms/Div)

AC ON Sequence 2
"""" LR RS AR SRR AL AR AR N
EN_CTRL | 3 ]
VDY) pd ] L ]
- // _____ Frr :
(500mMV/Div)-5 prmmteticdor e Frerreee

VBucks [
(1V/Div)> 1
Vibo |
(2V/Div)% : ]
: : : : ViN= 19V, No Load ]
v b b b by ey T b b by by vy
Time (5ms/Div)
DC ON / OFF 1
IAARARAARARERE IR IR SUMILN I I IR IR
; : Vin= 19V, No Load""""":""""?
eNcTRLE R SR R _
(2V/IDiv) 5L . ... : g g e e i . 3
EVBUCKY -« - e e eis _i_ .................... _i
VBucki1 V! o ]
(2V/Div), [ PP O |
VBuck2 : ]
(500mV/Div) > Vecis - Mommsemsriem
Veucks I \ R
(soomvpiv)® e

Time (20ms/Div)

BUCK1 Load Transient

VBuckt
(50mV/Div)

Vin= 19V, Load = 0.8A to 8A, f = 450kHz,
'L = 3.3uH, Cout = 22uF x 4

lout
(5A/Div)

Time (200us/Div)
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RT5190C RICHTEK

I2C Interface
The default 1°C slave address = 7 b1100100 (0x64).

This I2C does not have a stretch function.

I°C interface supports standard slave mode(100 kbps), and
fast mode (400kbps). The write or read bit stream (N>1)
is shown below :

Read N bytes from PMIC

Slave Address Register Address Slave Address MSB Data 1 LSB
ISIII|||||°|A|||||||||A|Sr||||||||1|A|||||||||A}—‘
R/V_V—* Assume Address =m Data for Address = m
LM%B Data 2 LSB MSB Data N LSB
LILLT L[] [afer LI T[] [Afr]
Data for Address=m + 1 Data for Address=m+ N - 1
Write N bytes to PMIC
Slave Address Register Address MfB Data 1 L%B MSB Data 2 L%B
ISI|||||||°|A|||||||||A|||||||||A|||||||||A}—‘
R/\I_VJ Assume Address = m Data for Address = m Data for Address = m + 1

MSB Data N LSB
v v
L [TTITILI[Ar

Data for Address=m + N - 1

|:| Driven by Master, |:| Driven by Slave (PMIC), |E| Stop, Start, Repeat Start

— |4 O R I |

> / >< >< / >< A\ J\
tLow
tp P [ < ow_, g Al tsu,DAT —>| [+ tF —p |<— tHD,STA “—tsp tR ¥ e tuE"
g
st J J\ ‘/]‘ \
—> | = thpsTA —’| b [ tsu,sTA N tsu,sTo —
S tHD,DAT tHIGH S, P S
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RICHTEK RT5190C
Register Map
Address Offset NAME TYPE Register Reset

0x00 MANUFACTURE_ID RO 0x00

0x01 PRODUCT_ID RO 0x00

0x02 REVISON_NUMBER RO 0x00

0x03 BUCK1_REG RW 0x02

0x04 BUCK2_SEL_REG RW 0x19

0x05 BUCK3_SEL_REG RW 0x19

0x06 DCDCTRLO_REG RW 0x00

0x07 ENABLE_REG RW 0x00

0x08 DCDCTRL1_REG RwW 0x04

0x09 DISCHARGE RwW 0x3D

O0x0A PROTECTION MODE RW Ox3E

0x0B MUTE CONTROL RwW 0x01

OxOF PGOOD Status RO 0x00

0X10 OV_INT RwW 0x00

0X11 UV_INT RwW 0x00

0X12 PGOOD_INT RwW 0x00

0X13 HOT_DIE_INT RwW O0xO0E

0X14 OV_MASK RwW 0x00

0X15 UV_MASK RwW 0x00

0X16 PGOOD_MASK RwW Ox3E

0X17 HOT_DIE_MASK RwW 0x00

0x2A VIN1_OK_CTRL_Rail RwW 0x01
Address : 0x00
Description : Manufacturer ID number register.
Bits BitZ |  Bit6 Bt5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name MANUFACTURE_ID
Rest Value 0x00
Read/Write R | R R | R | R | R | R | R
Bits Name Description
[7:0] MANUFACTURE_ID Return the MANUFACTURE_ID number : 0x00
Address : 0x01
Description : Product ID number register.
Bits BitZ |  Bit6 Bit5 | Bit4 | Bit3 | Bit2 [ Bit1 [ Bito
Name PRODUCT_ID
Rest Value 0x00
Read/Write R | R R | R | R | R | R | R
Bits Name Description
[7:0] PRODUCT_ID Return the PRODUCT_ID number : 0x00
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RT5190C RICHTEK
Address : 0x02

Description : Revision number register.

Bits Bit7 Bit6 Bit5 | B4 | Bit3 | B2 | Bit1 | Bito
Name REVISON_NUMBER

Rest Value 0x00

Read/Write R ] R R | R | R | R | R | R
Bits Name Description

[7:0] REVISON_NUMBER Return the REVISON_NUMBER number : 0x00

Address : 0x03

Description : Switch frequency register for BUCK1 controller.

Bits Bit7 Bit6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name BUCK1_REG
Rest Value 0x02
Read/Write R | R R | R | R | rRw | RW | R
Bits Name Description
[7:3] Reserved Reserved bits
FREQI2:1] = 00, 300kHz
FREQI[2:1] = 01, 450kHz (Default
[2:1] FREQ FREQ{2:1% =10, 600kHz( :
FREQ[2:1] = 11, 750kHz
[0] Reserved Reserved bit
Address : 0x04
Description : Output Voltage setting register for BUCK2 controller.
Bits Bitz | Bit6 Bit5 | B4 | Bit3 | Bit2 | Bit1 | Bito
Name BUCK2 SEL_REG
Rest Value 0x19
Read/Write R | Rw Rw | RwW | RW | RwWw | RW | RW
Bits Name Description
[7] Reserved Reserved bit
SEL_VID[6:0]1=0b000 0000 : 0.6V (Min.)
[6:0] SEL_VID SEL_VID[6:0]1=0b101 0000 : 1.4V (Max.)
(10mV/step) VOUT2 = SEL_VID[6:0] x 0.01V + 0.6V
Address : 0x05
Description : Output Voltage setting register for BUCK3 controller.
Bits Bit7 Bit6 Bit5 | Bit4 | Bit3 | Bit2 [ Bit1 [ Bito
Name BUCK3 SEL_REG
Rest Value 0x19
Read/Write R | Rw Rw [ rRw | RWw | Rw | RW | RW
Bits Name Description
[7] Reserved Reserved bit
SEL_VID[6:0]1=0b000 0000 : 0.6V (Min.)
[6:0] SEL_VID SEL_VID[6:0]=0b101 0000 : 1.4V (Max.)
(10mV/step) VOUT3 = SEL_VID[6:0] x 0.01V + 0.6V
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RICHTEK

RT5190C

Address : 0x06

Description : DC-DC Auto/FPWM mode control register.

Bits Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Name DCDCCTRLO_REG
Rest Value 0x00
Read/Write R R R RW R R RW R
Bits Name Description
[7:5] Reserved Reserved bits
[4]= 0: Auto mode
[4] Buckd_PWM [4]= 1: Forced PWM mode
[2:3] Reserved Reserved bit
[1]= 0: Auto mode
[ Buck1_PWM [1]= 1: Forced PWM mode
[0] Reserved Reserved bit
Address : 0x07
Description : DC-DC enable/disable mode control register.
Bits Bitz | Bit6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Name ENABLE_REG
Rest Value 0x00
Read/Write R | R Rw | RW | RW | RW | RW | R
Bits Name Description
[7:6] Reserved Reserved bits
After each channel soft-starts, then value is set to 1.
[5] LDO_EN [5]= 0 : Disable
[5]= 1 : Enable
After each channel soft-starts, then value is set to 1.
[4] BUCK4 _EN [4]= 0 : Disable
[4]= 1 : Enable
After each channel soft-starts, then value is set to 1.
[3] BUCK 3_EN [3]= 0 : Disable
[3]= 1: Enable
After each channel soft-starts, then value is set to 1.
[2] BUCK 2_EN [2]= 0 : Disable
[2]= 1 : Enable
After each channel soft-starts, then value is set to 1.
[1 BUCK 1_EN [1]= 0 : Disable
[1]= 1: Enable
[0] Reserved Reserved bit
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aAddress : 0x08
Description : Sleep mode control for DC OFF state register.
Bits Bit7 Bit6 Bit5 | B4 | Bit3 | Bit2 | Bit1 | Bit0
Name DCDCCTRL1_REG
Rest Value 0x04
Read/Write R | Rw Rw | Rw | Rw | Rw | RW | RwW
Bits Name Description
[7] Reserved Reserved bit
. [6] =0 : When Sleep, LDO turns off
[6] LDO_Alive [6] = 1 : When Sleep, LDO alive
. [5] = 0 : When Sleep, BUCK4 turns off
5] BUCK4_Alive [5] = 1 : When Sleep, BUCK4 alive
. [4] = 0 : When Sleep, BUCKS turns off
41 BUCK3_Alive [4] = 1 : When Sleep, BUCK3 alive
. [3] = 0 : When Sleep, BUCK2 turns off
31 BUCKZ_Alive [3] = 1 : When Sleep, BUCK2 alive
. [2] = 0 : When Sleep, BUCK1 turns off
[l BUCK1_Alive [2] = 1 : When Sleep, BUCK1 alive
[1] = 0: Exit sleep mode if SLEEP_CTRL =0
[ SLEEP_CTRL(software) | 14"'_ 1. Enter sleep mode if SLEEP_CTRL = 1
[0] = O0: Sleep mode by EN_CTRL (low active) (default)
[0l SLEEP_MODE [0] = 1: Sleep mode by software SLEEP register (high active)
Address : 0x09
Description : Discharge register.
Bits Bit7 Bit6 Bts | B4 | Bitd3 | Bit2 | Bit1 | Bit0
Name DISCHARGE
Rest Value 0x3D
Read/Write R | R RWw | RW | RwW | RW | RwW | Rw
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 0 : Discharge path disabled
[l LDO_DIS [5] = 1 : Discharge path enabled
[4] = 0 : Discharge path disabled
41 BUCK4_DIS [4] = 1 : Discharge path enabled
[3] = 0 : Discharge path disabled
3] BUCK3_DIS [3] = 1 : Discharge path enabled
[2] = 0 : Discharge path disabled
[2] BUCK2_DIS [1]1 = 1 : Discharge path enabled
[1:01=00: Hi-Z
) [1:0] = 01 : 100Q2 (default)
[1:0] BUCK1_DIS [1:0] = 10 2000
[1:0]1 =11 : 500Q
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Address : 0x0A
Description : UV protection behavior register.

Bits Bitz | Bit6 Bit5 | B4 | Bit3 | B2 | Bit1 | Bito
Name PROTECTION MODE
Rest Value 0x3E
Read/Write R | R Rw | Rw | Rw | Rw | Rw | R
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 0 : Latch-up
[5] LDO_PROTECTION [5] = 1 : Hiccup (default)
[4] = 0 : Latch-up
[4] BUCK4_ PROTECTION [4] = 1 - Hiceup (default)
[3] = 0 : Latch-up
[3] BUCK3_ PROTECTION [3] = 1 - Hiccup (default)
[2] = 0 : Latch-up
[2] BUCK2_ PROTECTION [2] = 1 - Hiceup (default)
[1] = 0 : Latch-up
[1] BUCK1_ PROTECTION [1] = 1 : Hiceup (default)
[0] Reserved Reserved bit
Address : 0x0B
Description : Mute control register.
Bits Btz | Bit6 Bit5 | Bit4 | Bit3 | B2 | Bit1 | Bit0
Name MUTE CONTROL
Rest Value 0x01
Read/Write R | R R | R | R | R | R | RW
Bits Name Description
[7:1] Reserved Reserved bits
[0]= 0 : Enable mute
[0l MUTE CONTROL [0] = 1 : Disable mute
Address : 0xOF
Description : Power good status register.
Bits Btz | Bit6 | Bit5 | B4 | Bi3 Bit2 Bit!1 | Bit0
Name PGOOD Status
Rest Value 0x00
Read/Write R | R R | R | R R R | R
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 0: Not Power Good
[5] LDO_PG_ Status [5] = 1: Power Good
[4] = 0: Not Power Good
[4] Buck4_ PG_ Status [4] = 1: Power Good
[3] = 0: Not Power Good
[3] Buck3 PG _ Status [3] = 1: Power Good
[2] = 0: Not Power Good
[2] Buck2_ PG _ Status [2] = 1: Power Good
[1] = 0: Not Power Good
[1 Buck1_ PG _ Status [1] = 1: Power Good
[0] Reserved Reserved bit
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Address : 0x10

Description : Over voltage event interrupt register.
Bits Bit7 Bit6 Bit5 | B4 | Bit3 | Bit2 | Bit1 | Bito
Name OV_INT
Rest Value 0x00
Read/Write R | R RW | Rw | Rw | Rw | RW | R
Bits Name Description
[7:6] Reserved Reserved bits

Interrupt for LDO over-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
[5] LDO_OV_INT clearing.

[5] = 0: Not Over Voltage

[5] = 1: Over Voltage

Interrupt for BUCK4 over-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
[4] BUCK4_OV_INT clearing.

[4] = 0: Not Over Voltage
[4] = 1: Over Voltage

[3]

BUCK3_OV_INT

Interrupt for BUCKS3 over-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
clearing.

[3] = 0: Not Over Voltage

[3] = 1: Over Voltage

2]

BUCK2_OV_INT

Interrupt for BUCK2 over-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
clearing.

[2] = 0: Not Over Voltage

[2] = 1: Over Voltage

[1]

BUCK1_OV_INT

Interrupt for BUCK1 over-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
clearing.

[1] = 0: Not Over Voltage

[1]1 = 1: Over Voltage

[0]

Reserved

Reserved bits
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Address : 0x11
Description : Under-voltage event interrupt register.

Bits Btz | Bit6 Bit5 | B4 | Bit3 | B2 | Bit1 | Bito
Name UV_INT
Rest Value 0x00
Read/Write R | R RW | Rw | Rw | Rw | RW | R
Bits Name Description
[7:6] Reserved Reserved bits

Interrupt for LDO under-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
[5] LDO_UV_INT clearing.

[5] = 0 : Not Under Voltage
[5] = 1 : Under Voltage

[4]

BUCK4_ UV _INT

Interrupt for BUCK4 under-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
clearing.

[4]1 = 0 : Not Under Voltage

[4] =1 : Under Voltage

[3]

BUCK3_ UV _INT

Interrupt for BUCK3 under-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
clearing.

[3]1 =0 : Not Under Voltage

[3] =1 : Under Voltage

(2]

BUCK2_ UV _INT

Interrupt for BUCK2 under-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
clearing.

[2] = 0 : Not Under Voltage

[2] = 1 : Under Voltage

(1]

BUCK1_ UV _INT

Interrupt for BUCK1 under-voltage event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
clearing.

[1] = 0 : Not Under Voltage

[11=1: Under Voltage

[0]

Reserved

Reserved bits
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Address : 0x12
Description : Power good event interrupt register.

Bits

Bitz |  Bit6

Bitb | Bit4 | Bit3

| B2 | Bit1 | Bit0

Name

PGOOD_INT

Rest Value

0x00

Read/Write

RW | RW | Rw

| RW | RWw | R

Bits

Name

Description

[7:6]

Reserved

Reserved bits

(3]

LDO_PGOOD_INT

Interrupt for LDO power good event
Write a 1b to clear the corresponding interrupt bit.

clearing.
[5] = 0 : Power Good
[5] = 1 : Not Power Good

This bit is self-

(4]

BUCK4_PGOOD_INT

Interrupt for BUCK4 power good event

Write a 1b to clear the corresponding interrupt bit.

clearing.
[4] = 0 : Power Good
[4] = 1 : Not Power Good

This bit is self-

(3]

BUCK3_PGOOD_INT

Interrupt for BUCK3 power good event

Write a 1b to clear the corresponding interrupt bit.

clearing.
[3] = 0 : Power Good
[3] = 1 : Not Power Good

This bit is self-

(2]

BUCK2_PGOOD_INT

Interrupt for BUCK2 power good event

Write a 1b to clear the corresponding interrupt bit.

clearing.
[2] = 0 : Power Good
[2] = 1 : Not Power Good

This bit is self-

(1]

BUCK1_PGOOD_INT

Interrupt for BUCK1 power good event

Write a 1b to clear the corresponding interrupt bit.

clearing.
[1]1= 0 : Power Good
[1]1 =1 : Not Power Good

This bit is self-

[0]

Reserved

Reserved bit
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RICHTEK RT5190C

Address : 0x13
Description : Thermal shutdown event interrupt register.

Bits Btz | Bte | Bits | B4 | Bitda | Bit2 | Bit1 | Bit0
Name HOT_DIE_INT

Rest Value Ox0E

Read/Write R ] R Rw | rRw | Rw | Rw | Rw | R
Bits Name Description

[7:6] Reserved Reserved bits

Interrupt for thermal shutdown event (CH2 CH3 CH4 OT Function)
Write a 1b to clear the corresponding interrupt bit. This bit is self-
[5] THERM_OT_INT clearing.

[5] = 0 : The thermal shutdown threshold is not reached.

[5] = 1 : The thermal shutdown threshold is reached.

Write a 1b to clear the corresponding interrupt bit. This bit is self-
clearing.

[4] = 0 : Hot die threshold is not reached.

[4] = 1 : Hot die threshold is reached.

[4] HOT_DIE_INT

[3:2] = 00 : 90°C

[3:2] = 01 : 100°C

[3:2] = 10 : 110°C

[3:2] = 11 : 120°C (default)

[3:2] THERM_HDSEL

[1] = 0 : Thermal shutdown module is disabled.

[ HOT_DIE _EN [1]1 = 1 : Thermal shutdown module is enabled.

[0] Reserved Reserved bit

Address: 0x14
Description: Mask over voltage event register.

Bits Bitz | Bit6 Bit5 | Bit4 | Bit3 | B2 | Bit1 | Bit0
Name OV_MASK

Rest Value 0x00

Read/Write R | R Rw | Rw | Rw | Rw | RW | R
Bits Name Description

[7:6] Reserved Reserved bits

[5] LDO_OV_MASK [5] = O: Interrupt generation enabled.

[5] = 1: Interrupt generation disabled.

[4] = O: Interrupt generation enabled.

[4] BUCK4_OV_MASK [4] = 1: Interrupt generation disabled.
3 BUCK3_OV_MASK 151 1:Intorupt generation disabled.
2 BUCK2_OV_MASK 21 1: Inerrupt generation disebled
g BUCK1_OV_MASK 111 1: Interrupt generation disabled
[0] Reserved Reserved bit
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Address : 0x15
Description : Mask under voltage event register.
Bits Bitz |  Bit6 Bt | Bit4 | Bit3 | Bit2 | Bit1 | Bito
Name UV_MASK
Rest Value 0x00
Read/Write R ] R Rw | Rw | Rw | Rw | RW | R
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 0 : Interrupt generation enabled.
[l LDO_UV_MASK [5] = 1 : Interrupt generation disabled.
[4] = 0 : Interrupt generation enabled.
[4] BUCK4_ UV _MASK [4] = 1 : Interrupt generation disabled.
[3] = 0 : Interrupt generation enabled.
[3] BUCK3_UV_MASK [3] = 1 : Interrupt generation disabled.
[2] = 0 : Interrupt generation enabled.
[2] BUCK2_ UV _MASK [2] = 1 : Interrupt generation disabled.
[1] = 0 : Interrupt generation enabled.
(1l BUCK1_UV_MASK [11 =1 : Interrupt generation disabled.
[0] Reserved Reserved bit
Address : 0x16
Description : Mask power good event register.
Bits Bit7 | Bit6 Bit5 | Bit4 | Bit3 | Bit2 | Bit! | Bit0
Name PGOOD_MASK
Rest Value 0x3E
Read/Write R | R RW | RwW | RW | RW | RW | R
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 0 : Interrupt generation enabled.
[l LDO_PGOOD_MASK [5] = 1 : Interrupt generation disabled.
[4] BUCK4_PGOOD_MASK [4] = 0 : Interrupt generation enabled.

[4] = 1 : Interrupt generation disabled.

(3]

BUCK3_PGOOD_MASK

[3] = 0 : Interrupt generation enabled.
[3] = 1 : Interrupt generation disabled.

(2]

BUCK2_PGOOD_MASK

[2] = 0 : Interrupt generation enabled.
[2] = 1 : Interrupt generation disabled.

(1]

BUCK1_PGOOD_MASK

[1] = 0 : Interrupt generation enabled.
[11 =1 : Interrupt generation disabled.

[0]

Reserved

Reserved bit
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Address : 0x17
Description : Mask thermal shutdown and hot die event register.

Bits Bit7 Bit6 Bitb | Bit4 | Bit3 | Bit2 | Bitl Bit0
Name HOT_DIE_MASK

Rest Value 0x00

Read/Write R R R | R | R | RV | RW R
Bits Name Description

[7:3] Reserved Reserved bits

[2]

THERM_OT_MASK

[2]1=0
[2]=1:

: Interrupt generation enabled.
Interrupt generation disabled.

[1]

HOT_DIE_MASK

[1]=0:
[M]=1:

Interrupt generation enabled.
Interrupt generation disabled.

[0]

Reserved

Reserved bit

Address : 0x2A
Description : Control rails alive and turn off when VIN1_OK go low register. If rail setting to turn off, the rail can
re-power on when VIN1_OK and EN_CTRL be pulled high.

Bits Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Name VIN1_OK_CTRL_Rail
Rest Value 0x01
Read/Write R R R RW RW RW RW RW
Bits Name Description
[7:5] Reserved Reserved bits
. [4]1=0:When VIN1_OK goes low, LDO turns off

[41 LDO_Alive [4] = 1 : When VIN1_OK goes low, LDO alive

. [3] = 0 : When VIN1_OK goes low, Buck4 turns off
3] Buckd_ Alive [3] = 1: When VIN1_OK goes low, Buck4 alive

. [2] = 0 : When VIN1_OK goes low, Buck3 turns off
[ Buck3_ Alive [2] = 1: When VIN1_OK goes low, Buck3 alive

. [1]1=0: When VIN1_OK goes low, Buck2 turns off
[ Buck2_ Alive [1] = 1: When VIN1_OK goes low, Buck2 alive

. [0] = 0: When VIN1_OK goes low, Buck1 turns off
[0l Buck1_ Alive [0] = 1: When VIN1_OK goes low, Buck1 alive
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Application Information

Power Sequence

The RT5190C will automatically start power-up-sequence
after a valid power is supplied to VIN1 pin and BUCK1

input and then EN_CTRL pin is pulled high.

Sleep Mode Control

SOC_REST Output

All rails are in power good state, and then SOC_REST
pin is pulled high.

The sleep mode is controlled by EN_CTRL pin. Enter sleep
mode (DC OFF) when EN_CTRL pin is pulled low, exit
sleep mode (DC ON) when EN_CTRL pin is pulled high.
I2C register 0x08h is for setting each rails alive or turn off
state for sleep mode (DC OFF).

VIN1

VcC

BUCK1

SOC_REST

AC ON

DC OFF

&

DC ON

12ms /

EN_CTRL

BUCK2

BUCK3

2ms |
—

BUCK4

2ms
—

LDO

19ms :

TToEr T es o eET T

19ms '

Figure 3. Power-ON Sequence
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BUCK1

Current-Limit Setting (ENTRIP)

The BUCK1 has a cycle-by-cycle current-limit control. The
current-limit circuit employs an unique “Valley” current
sensing algorithm. If the magnitude of the current sense
signal at PHASE1 is above the current-limit threshold,
the PWM is not allowed to initiate a new cycle (Figure 4).
The actual peak current is greater than the current-limit
threshold by an amount equal to the inductor ripple current.
Therefore, the exact current-limit characteristic and
maximum load capability are functions of the sense
resistance, inductor value, input power and output voltage.

AN A,
AN/

ILm

I
A

0 >t

Figure 4. “Valley” Current Limit

|
Vout 35 1
60%Voyr———"4————=

UGATET || || || ---- |
I
LGATET || || ||-----
((
|

INT# {5

The BUCK1 uses the on-resistance of the synchronous
rectifier as the current sense element and supports
temperature compensated MOSFET Rps(on) sensing. The
RiLimresistor between the ENTRIP pin and GND sets the
current-limit threshold. The resistor Ri_m is connected to
a current source from ENTRIP pin, which is typically 50uA
at room temperature. The current source has a 4700ppm/
°C temperature slope to compensate the temperature
dependency of the Rps(on). When the voltage drop across
the sense resistor or low-side MOSFET equals 1/12 the
voltage across the R resistor, positive current limit will
be activated. The high-side MOSFET will not be turned
on until the voltage drop across the MOSFET falls below
1/12 the voltage across the Ry resistor.

Choose a current-limit resistor by following equation :
Vium = (Rium x50uA)12 =y xRps(on)

RiLim = (huim xRps(ony ) x 12/ 50uA

Carefully observe the PC board layout guidelines to ensure
that noise and DC errors do not corrupt the current sense
signal at PHASE1 and GND. Mount or place the low-side
MOSEFET close to the IC.

The current-limit behavior is shown in Figure 5.

v/_ discharge

((
T

((
T

I(d
AT

P2

((
2

Figure 5. Current-Limit Behavior
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Over-Voltage Protection (OVP)

The OVP circuit monitors the output voltage via FB1 pin.
When the FB1 voltage exceeds the 120% of the OVP
threshold, OVP is triggered, the high-side MOSFET is
turned off, and the low-side MOSFET is turned on. The
condition is latched, cycle POR to recover.

The OVP behavior is shown in Figure 6.

120%Vour ——————

((
Vout )

discharge
«

((
P

5

veater || || |-+
Leater || || [|-----

| |
INT# : !
' |
| (
| |

((
T

((
T

Figure 6. OVP Behavior

Under-Voltage Protection (UVP)

The UVP circuit monitors the output voltage via FB1 pin.
When the FB1 voltage drops below the 60% of the UVP
threshold, UVP is triggered and both the high-side and
low-side MOSFETs are turned off. The condition is hiccup,
and the protection behavior is set by I°C.

The UVP behavior is shown in Figure 7.

((
P
60%Vour ———————— ==

Vout

v/— discharge
Sps

((
2

|

1

[

|

1

|

UGATET || || || ----- :
I ((
P

|

]

oA - —|J_|_|_|_|_|_|_|_|_|_|_|_|—|J_|_|_|_|_|_|_m
H H H ((

T

| |

| |

I

!

| (
| I

INT#

P2

Figure 7. UVP Behavior
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Output Voltage Setting (FB1)
Connect a resistor voltage divider at the FB1 pin between
VouTt1 and GND to adjust the respective output voltage.
For example, choose R2 to be approximately 10k, and
solve for R1 using the equation:

VouT1 =VFB1 X |1+ (R—1j
R2

where Vg1 is 1.2V.

VouT1
R1
FB1
RT5190C R2
GND

Figure 8. Output Voltage Setting

BUCK2

Over-Voltage Protection (OVP)

The OVP circuit monitors the output voltage via VSEN2
pin. When the VSENZ2 voltage exceeds120% of the OVP
threshold, OVP is triggered and both the high-side and
low-side MOSFETs are turned off. The condition is latched
and other BUCKx & LDO are disabled, cycle POR to
recover.

The OVP behavior is shown in Figure 9.

|

| |
120%Vour === o = — =g —— D¢ ——
[ v/-discharge

Vout

10ps
 —

oo T L

INT# 55

Figure 9. OVP Behavior

Under-Voltage Protection (UVP)

The UVP circuit monitors the output voltage via VSEN2
pin. When the VSEN2 voltage drops below 60% of the
UVP threshold, UVP is triggered and both the high-side
and low-side MOSFETs are turned off. The condition is
hiccup, the protection behavior is set by I°C.

The UVP behavior is shown in Figure 10.

Vout I :
—50 ______ —_
60%Vout : | discharge
10us
k——— ——
|

Figure 10. UVP Behavior

Current Limit

The current limit is a cycle-by-cycle “valley” type,
measuring the inductor current through the synchronous
rectifier during the off-time while the inductor current ramps
down. If the output current exceeds the available inductor
current (controlled by the current-limit mechanism), the
output voltage will drop. If it drops below the output under-
voltage protection level, the IC will stop switching to avoid
excessive heat.

The current-limit behavior is shown in Figure 11.

Vout

| l,_10ps discharge
| ﬁ————————ﬁ g

Figure 11. Current-Limit Behavior

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

DS5190C-00T00 September 2022

www.richtek.com
33



RT5190C

RICHTEK

BUCK3
The BUCK3 with an external low-side MOSFET supports

6A applications. The external MOSFET Ciss needs to be
above 500pF.

Over-Voltage Protection (OVP)

The OVP circuit monitors the output voltage via VSEN3
pin. When the VSENS voltage exceeds 120% of the OVP
threshold, OVP is triggered and both the high-side and
low-side MOSFETs are turned off. The condition is latched
and other BUCKx & LDO are disabled, cycle POR to
recover.

The OVP behavior is shown in Figure 12.

|
| |
120%Vour ——— F ———F——>c——
Vour — |

discharge
‘S

10ps
Ly

oo L L

|
]
INT# 4 :
|
)

Figure 12. OVP Behavior

Under-Voltage Protection (UVP)

The UVP circuit monitors the output voltage via VSEN3
pin. When the VSEN3 voltage drops below 60% of the
UVP threshold, UVP is triggered and both the high-side
and low-side MOSFETSs are turned off. The condition is
hiccup, the protection behavior is set by I°C.

The UVP behavior is shown in Figure 13.

Vout

discharge

Figure 13. UVP Behavior

Current Limit

The current limit is a cycle-by-cycle “peak” type,
measuring the inductor current through the synchronous
rectifier during the on-time while the inductor current ramps
down. If the output current exceeds the available inductor
current (controlled by the current-limit mechanism), the
output voltage will drop. If it drops below the output under-
voltage protection level, the IC will stop switching to avoid
excessive heat.

The current-limit behavior is shown in Figure 14.

VOUT —_—
60%Vour—

Ium——

Figure 14. Current-Limit Behavior

BUCK4

Over-Voltage Protection (OVP)

The OVP circuit monitors the output voltage via FB4 pin.
When the FB4 voltage exceeds 120% of the OVP
threshold, OVP is triggered and both the high-side and
low-side MOSFETs are turned off. The condition is latched
and other BUCKx & LDO are disabled, cycle POR to
recover.

The OVP behavior is shown in Figure 15.

I
I
120%Vour = ——>F ———q——>c——

Vour - discharge

o LU

INT#

Figure 15. OVP Behavior
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Under-Voltage Protection (UVP)

The UVP circuit monitors the output voltage via FB4 pin.
When the FB4 voltage drops below 60% of the UVP
threshold, UVP is triggered and both the high-side and
low-side MOSFETs are turned off. The condition is hiccup,
the protection behavior is set by 1°C.

The UVP behavior is shown in Figure 16.

| |
Vour S )
60%VouT |
| | discharge
10us
K——
| P

Figure 16. UVP Behavior

Current Limit

The current limit is a cycle-by-cycle “valley” type,
measuring the inductor current through the synchronous
rectifier during the on-time while the inductor current ramps
down. If the output current exceeds the available inductor
current (controlled by the current-limit mechanism), the
output voltage will drop. If it drops below the output under-
voltage protection level, the IC will stop switching to avoid
excessive heat.

The current-limit behavior is shown in Figure 17.

60%VouT

( discharge

Figure 17. Current Limit Behavior

Output Voltage Setting (FB4)

Connect a resistor voltage divider at the FB4 pin between
VouTt4 and GND to adjust the respective output voltage.
For example, choose R2 to be approximately 10kQ, and
solve for R1 using the equation :

VouT4 = VFB4 x |1+ (R—1)
R2

where Vggyg is 0.6V.

VouT4
R1
FB4
RT5190C R2
GND

Figure 18. Output Voltage Setting

LDO

Over-Voltage Protection (OVP)

The OVP circuit monitors the output voltage via FB_LDO
pin. When the FB_LDO voltage exceeds 120% of the
OVP threshold. The condition is latched and other BUCKx
are disabled, cycle POR to recover.

The OVP behavior is shown in Figure 19.

Vout

INT#

Figure 19. OVP Behavior
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Under-Voltage Protection (UVP)

The UVP circuit monitors the output voltage via FB_LDO
pin. When the FB_LDO voltage drops below the UVP
threshold 60%. The condition is hiccup, the protection
behavior is set by I°C.

The UVP behavior is shown in Figure 20.

| |
V —_—
our 60%Vour ————== ===
: X discharge
1
Ous

I |
INT# 5 : i
I .

Figure 20. UVP Behavior

Output Voltage Setting (FB_LDO)

Connect a resistor voltage divider at the FB_LDO pin
between Vyipo and GND to adjust the respective output
voltage. For example, choose R2 to be approximately
10kQ, and solve for R1 using the equation:

VVLDO = VFB_LDO X | 1 + (E)
R2

where Vg _Lpo is 0.8V.

VvLbo
R1
FB_LDO
RT5190C R2
GND

Figure 21. Output Voltage Setting

Mute Function

The mute circuit of the RT5190C is for anti-pop sound
during AC OFF and mute. The MUTE_OUT# piniis pulled
low when the VDET voltage drops below 1V. Connect a
resistor voltage divider at the VDET pin between VIN1 and
GND to set power detect point. Connect an enough
capacitor at the VCAP pin to provide power for mute control
logic circuit.

Power detect
point

VIN1

VCC

VCAP

MUTE_IN

MUTE_OUT#

-

Figure 22. Mute Sequence when AC OFF in 24V Single
Input Power System

HVLDO

MUTE
Control

vCcC
1
L

VCAP 5V

1
I

MUTE_OUT#| > H : Un-Mute

L : Mute

VIN1
12V to 24Vo 1
L
H : Un-Mute MUTE_IN
L : Mute 1V
__________ |
{12V to 24V VDET
l I
l l
| |
e e —— —————— E_I

Power Detect

Figure 23. Mute Function Block Diagram
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Thermal Considerations

The junction temperature should never exceed the
absolute maximum junction temperature T jmax), listed
under Absolute Maximum Ratings, to avoid 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 using the following formula :

Pomax) = (Tumax)— Ta) / 6ua

where T ymax) is the maximum junction temperature, Tais
the ambient temperature, and 6,4 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, 0,4, is highly package dependent. For a
WQFN-40L 5x5 package, the thermal resistance, 0a, 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 :

Ppmax) = (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 Tywmax) and the thermal
resistance, 6a. The derating curves in Figure 24 allows
the designer to see the effect of rising ambient temperature

on the maximum power dissipation.
5.0

Four-Layer PCB
45

40
35
30
25
20

15
1.0

Maximum Power Dissipation (W)

0.5
0.0

0 25 50 75 100 125
Ambient Temperature (°C)

Figure 24. Derating Curve of Maximum Power Dissipation

Layout Considerations

Layout is very important of good power supply design.
The PCB traces can radiate excessive noise and contribute
to converter instability with improper layout. The following
layout recommendations will help guide you through a
good layout.

» The VINx and VIN_LDO pins should be bypassed to
ground with a low ESR ceramic bypass capacitor. The
optimum placement is closest to the VINx and VIN_LDO
pins of the device.

» The FBx, VSENx and RGND2 pins traces should be
routed away from any potential noise source to avoid
coupling.

» The LXx trace should be kept on the PCB top layer and

free of any vias.

» The PGND should be tied to the PCB ground plane
with multiple vias.

» The VCC pin to AGND with a low ESR ceramic bypass
capacitor, bypass capacitor should be as close as
possible to the VCC pin.

» The AGND pin should not be connected to the PGND
on the PCB top layer.

» Route the VSEN2 and RGND2 line from the output
capacitor bank at the load back to the device pins as a
tightly coupled differential pair.

» Snubber component placement should be on the same
layer as the devices, and be kept as close as possible
to the phase and GND.
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Figure 25. PCB Layout Guide
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Outline Dimension

‘ D

SEE DETAILA
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DETAILA

Pin #1 ID and Tie Bar Mark Options

Note : The configuration of the Pin #1 identifier is optional,
but must be located within the zone indicated.

Symbol Dimensions In Millimeters Dimensions In Inches
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

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

DS5190C-00T00 September 2022

www.richtek.com
39



RT5190C RICHTEK

Footprint Information

Ao

00000001

-

— , —
— ! —
— ! —
— | : _______ SJ_J:l By Ay
— ! —
— : —
— ' | —
[ 1 1
C
1

Junuuot
L

Number of Footprint Dimension (mm)
Package . Tolerance
Pin P | Ax | Ay | Bx | By | ¢ | D | sx | sy

VIW/UIXQFN5*5-40 40 0.40 [ 580 | 580 | 410 | 410 | 0.85 | 0.20 | 3.40 | 3.40 +0.05

—l a1
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Packing Informati
Tape and Reel Data

ion

ot P ] PIN 1 / \
P \ f e \ ||
- - - — ~ Il | ' Sl 1.‘ \ e
/ OO0 0|0 O O\NO O A c =
Ik i 3 'I Illl ", . w ! !
\ ‘. “ ‘ . . ‘ . AN \ o / ]
Feed Direction > =
arrier Tape
END Round Sprocket Holes START
R R i e R cd R A
[ r
T T T
-wﬁ e S A S el
f |
L..L_.l I_1L_.u I__L_J L_L_.l .L L_L_u LJ,_'
Trailer Leader
=—160 mm minimum, —=~—Components —~=——800 mm Minimum, —-
Tape Size Pocket Pitch Reel Size (A) Units Trailer | Leader Reel Width (W2)
Package Type
T wiymm) | @Ymm) | ]y | perReel [ (MM) | (MM in Max. (mm)
QF?)/(IEFN 12 8 180 7 1,500 160 600 12.4/14.4
: -, _$’_¢‘J C, D and K are determined by component size.
Fan) o S o N Y Fant L -
f v v v v o & The clearance between the components and
Wi * ~ ~ ~ PN the cavity is as follows:
c U & o o O
& - For 12mm carrier tape: 0.5mm max.
i | |
- 3
WA 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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Tape and Reel Packing

Step Photo / Description Step Photo / Description
R R i
T :
gl
1 4 dd g 2 i
Reel 7” 3 reels per inner box Box A
2 5
HIC & Desiccant (1 Unit) inside
w
3 p 6
Y ~
Caution label is on backside of Al bag Outer box Carton A
Container Reel Box Carton
Package Size [Units | Item Size(cm) Weight(Kg) |Reels | Units ltem Size(cm) Boxes Unit
Box A| 18.3*18.3*8.0 0.1 3 |4500| CartonA | 38.3*27.2*38.3 12 54,000
QFN/DFN 5x5 77 11,500
Box E| 18.6*18.6*3.5 0.03 1 1,500 For Combined or Un-full Reel.
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Packing Material Anti-ESD Property

Sqrface Aluminum Bag Reel Cover tape Carrier tape Tube Protection Band
Resistance
Q/cm? 104 ~ 10" 104~10"1 | 104 ~10"1 104~10" | 10%~10M 104 ~ 10"
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