RICHTEK

RT5090F

TV System Power Management Solution

General Description

The RT5090F integrates 1 channel buck controller, 3
channels high efficiency synchronous buck converters, 1
LDO, I2C Control interface and peripheral logical control.

The RT5090F support mute, AC OFF depop sound and
quick setting storage while input power remove. The
RT5090F is for 12V to 24V single input system or 12V to
24V + 3.3V standby system. The RT5090F is available in
a WQFN-40L 5x5 package.

Ordering Information

RT5090F li

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.
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Features

e BUCK1
» 5V Power Controller
» External MOSFET
» High Efficiency at Light Load (PSK)
e BUCK?2
» 3.5A Converter with PSK Mode
» DVS with 10mV/Step
» Programmable Output Voltage by I°C, from 0.7V
to 1.5V
e 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 0.7V
to 1.5V
e 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
e Power Up SOC Reset

Applications
e TV System

Marking Information

RT5090FGQW : Product Number
RT5090F YMDNN : Date Code
GQW
YMDNN
)
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Typical Application Circuit
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Figure 1. For 24V Single Input Power System
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Figure 2. For 12V + 3.3V Standby System
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RT5090F RICHTEK

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. Input capacitors as close as possible to
8 VIN4 .
VIN4 pin.
Input voltage for BUCK2 converter. Input capacitors as close as possible to
9 VIN2 .
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 X
the load for remote sensing.
15 VSEN3 Remote voltage sense for BUCK3 converter. Connect to the positive side of

the load for remote sensing.

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.

Low-side driver output. Connect directly to the low-side MOSFET gate for

17 LG3 BUCK3 Converter. The MOSFET Ciss need to 500pF above.
18, 19, 20, 21 LX3 Phase node for BUCKS3 converter. Connect to inductor.
22 NC Not connected.
23, 24 VIN3 Input vpltage for BUCK3 converter. Input Capacitors as close as possible to

VIN3 pin.

o5 LGATE1L Low-side driver output. Connect directly to the low-side MOSFET gate for
BUCKZ1 controller.

26 PHASE1 High-side driver return path. Connect to the high-side MOSFET source for
BUCKZ1 controller.

27 UGATEL High-side driver output. Connect to high-side MOSFET gate for BUCK1
controller.

o8 BOOT1 High-side driver supply. This pin supplies the high-side floating driver for
BUCKZ1 controller. Connect through the CgooT capacitor to the PHASEL1 pin.

29 VIN1 Input voltage for internal LDO.

30 FB1 BUCK1 feedback.
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Pin No. Pin Name Pin Function
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
31 ENTRIP to PHASEL1 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 VCC 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.
Enable control. The power on of rails when this pin be pulled high, vice
versa.
36 EN_CTRL The rails alive or turn-off in sleep mode (DC OFF) can by register 0x08
setting.
37 SOC_REST Reset signal for SOC.
38 SCL Clock input for the I1°C interface.
39 SDA Data line for the 12C 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
e Supply Input Voltage, VIN2,VIN3, VIN4, VIN_LDO, VCC to GND
¢« BOOT1 to PHASE1

¢ PHASE1 to GND
DC

< 100ns

e UGATEL to PHASE1
DC

< 100ns

¢ LGATE1 to GND
DC

< 100ns

e UGATE1toGND
DC

< 100ns

o Switch Node Voltage, LX2, LX3, LX4 to GND
DC

< 50ns

e Other Pins

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

e Package Thermal Resistance (Note 2)

WQFN-40L 5x5, 03a
WQFN-40L 5x5, 0;c

e Lead Temperature (Soldering, 10 sec.)

¢ Junction Temperature

¢ Storage Temperature Range
e ESD Susceptibility (Note 3)

HBM (Human Body Model)

Recommended Operating Conditions (Note 4)

o Supply Input Voltage, VIN1

o Supply Input Voltage, VIN3, VIN4

o Supply Input Voltage, VCC
o Supply Input Voltage, VIN2

o Supply Input Voltage, VIN_LDO

¢ Junction Temperature Range

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

—0.3V to 29V
-2V to 36V

-0.3Vto 6.5V
-2V to 7.5V

-0.3V t0 6.5V
-2V to 7.5V

(VpHAse1— 0.3V) to Veoot1+ 0.3V)
(VpHaser — 2V) to Veoor1 + 0.3V)

—0.3V t0 6.5V
-2V 10 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°Cto 125°C
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RT5090F

Electrical Characteristics
(Vinz = 12V, Vee = 5V, Ta = 25°C, unless otherwise specified)

RICHTEK

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
I(VIN1)

UVLO
VCC_UVLO Rising Threshold |VuvLo R VCC rising - 2.75 2.9 \Y,
VCC_UVLO Falling Threshold |VuvLo F VCC falling 2.45 2.6 -- \Y,
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 nA
VIN1_POR Rising Threshold | VviN1_POR R VINL1 rising -- 7.8 -- \%
VIN1_POR Falling Threshold | VviN1_POR_F VINL1 falling -- 7.6 -- Y
VIN1_OK Pull Down Capability | RON_VINL_OK SA%e;FdEr?igDrgzif)“re pullow 10 . o
SOC_R.EST Pull Down RON SOC REST Open drain, measure pull low| 10 B )
Capability = MOSFET RDS(ON)
INT# Pull Down Capability RON_INT# 3%eSanEr$ig£:i,S)ure pulllow) 10 - Q
VDET Threshold 0.98 1 1.02 \%
Thermal Hot Die
Thermal HD Threshold THD -- 120 - °C
Thermal Shutdown Threshold | Tsp -- 150 - °C
MUTE Function
MUTE_IN Input High Voltage | VMUTE_IN_H Measure VMUTE_IN_H rising 1.2 -- -- \%
MUTE_IN Input Low Voltage | VMUTE_IN_L Measure VMUTE_IN_L falling - -- 0.4
MUTE_OUT# RoN_MUTE %eSanEr?irF]{Drgéi.s)we pulltow) 10 - Q

RICHTEK isa registered trademark of Richtek Technology Corporation.
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Parameter Symbol Test Conditions Min Typ Max Unit
BUCK1
Supply Current
. VIN1>VIN1_UVLO, no
Supply Current (Quiescent) switching -- 250 -- pA
Reference and Soft-Start
Output Feedback Voltage VEB 1.188 | 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 I L
Switching Frequency and Minimum Off Timer
L Controlled by 1°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 toveDLY - 5 - us
UVP Trip Threshold Vuvpe -- 60 -- %
UVP Propagation Delay tuvPDLY - 5 - us
Zero Current Detection
Zero Current Crossing
Threshold VPHASE_zC -4 N 4 mv
Discharge Resistor
2 A1 =
Discharge Resistance RpiscHG gfrr:trolled by I°C 0x09[1:0] = -- 100 -- Q
Driver On-Resistor
UGATEZ1 Driver Source RuGATEL sr | VBOOT1 - VPHASEL = 5V -~ 3 6 Q
UGATEL Driver Sink RucaTel sk | VBOOT1 - VPHASEL = 5V -- 1 2 Q
LGATEZ1 Driver Source RieaTeLl sr | LGATEL, high state -- 3 6 Q
LGATEL1 Driver Sink RiLeaTEL sk | LGATEL, low state - 0.7 15 Q
From LGATEL falling to
, b1 LU UGATEL rising - 30 - ns
Dead Time -
i From UGATEL1 falling to _ 20 B ns
b1 UL LGATEL rising
Internal Boost Diode VCC to BOOT1,
Resistance Reoot IsooT1 = 10mA h 40 80 Q
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RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
BUCK2
Supply Voltage
Supply Voltage VIN2 ‘ 2.7 ‘ -- ‘ 55 | Vv
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 chgjigll(;d by #c 0.7 -- 1.5 \%
Output Voltage VouT2 0x04[6:0] = 0Ah, CCM 0.792 | 0.8 | 0.808 \%
grco;:'r[r?rlﬁa\l{)cl)eltz?:p VSTEP B 10 B mv
Soft-Star Time tss VouT?2 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 - 15 - MHz
Minimum Off-Time toFF - 120 -- ns
Protections
OVP Trip Threshold VOVP_TH -- 120 -- %
OVP Timer Latch tovpPDLY -- 10 -- us
UVP Trip Threshold VUuvP_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
BUCK3
Supply Voltage
Supply Voltage VIN3 | 4.5 ‘ 5 ‘ 55 | \%
Supply Current
Shutdown Supply Current VEN = OV - - 3 pA
Quiescent Supply Current Enable, no switching -- 200 -- pA
Reference and Soft-Start
Output Voltage Scaling VouTs OC:;;Eglloe]d by #c 0.7 -- 15 \%
Output Voltage VouT3 0x05[6:0] = 0Ah, CCM 0.792 | 0.8 | 0.808
Ercf);;;?rl::a\t/)(l)eltz?eep VSTEP B 10 B mv
Soft-Star Time tss VouT3 Soft-start time -- 1 -- ms
Driver On-Resistor
LGATES Driver Source RLGATE3 sr | LGATES, high state -- 3 6 Q
LGATE3 Driver Sink RLGATE3 sk | LGATES, low state -- 15 3 Q

tD3 UL From UGATEs 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
E:Eu;tr:rr:]tall_lg\tv Side MOSFET) loc_ExT IMAX = B6A, peak current sense -- 9 -- A
DVS Slew Rate -- 10 -- mV/us
Switching Frequency
Switching Frequency fsw_eA 6A application -- 1 -- MHz
Protections
OVP Trip Threshold VOVP_TH -- 120 -- %
OVP Timer Latch tovpPDLY -- 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
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Parameter Symbol Test Conditions Min Typ Max Unit
BUCK4
Supply Voltage
Supply Voltage VIN4 ‘ 4.5 ‘ 5 ‘ 55 | \%
Supply Current
Shutdown Supply Current VEN = 0V -- -- 3 pA
Quiescent Supply Current Enable, no switching -- 200 -- pA
Reference and Soft-Start
Output Voltage Scaling VouT4 0.8 -- 3.3 Vv
Output Feedback Voltage VFB4 CCM 0.588 | 0.6 | 0.612 \%
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 VOovP_TH -- 120 -- %
OVP Timer Latch tovPDLY -~ 10 -- us
UVP Trip Threshold VUuvP_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

Copyright ©2020 Richtek Technology Corporation. All rights reserved.

RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com
12

DS5090F-01 July 2020



RICHTEK

RT5090F

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 pA
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 \%
Soft-Star Time tss VouT_vLDO soft-start time -- 1 -- ms
Dropout Voltage
Dropout Voltage VDROP louT = 600mMA, VIN_LDO =5V -- 300 -- mV
Current Limit
Current Limit loc -- 1 -- A
Protections
OVP Trip Threshold VOVP_TH - 120 - %
OVP Timer Latch tovpPDLY -- 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 RoiscHe | -- 10 ‘ -- | Q
SOC_REST

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

1°C
SDA, SCL High-Level 1.2 -- -- Vv
Input Voltage | Low-Level - - 0.4 %
Fast Mode
SCL Clock Rate fscL - - 400 kHz
Hold Time (Repeated) Start
Cond_ition. After this P_eriod, {HD:STA 06 _ __ us
the First Clock Pulse is
Generated
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RT5090F 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 | tyigH 0.6 -- -- us
Set-Up Time fgr a Repeated taU-sTA 06 _ B us
START Condition '

Data Hold Time tHD:DAT 0 -- 0.9 us
Data Set-Up Time tsu:DAT 100 -- -- ns
g(;tr;(LjJig;:me for STOP tsuSTO 06 _ B us

Bus Free Time between a

STOP and START Condition | BUF 13 - - us
gléz:_ngs i;mles of both SDA and tr 20 _ 300 ns
gzél:i_nsgig'l;]ig;: of both SDA and te 20 _ 300 ns
ggﬁegt“tp“t 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 precaution is recommended.

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

VIN
(10V/Div)>

EN_CTRL,

AC ON Sequence 1

(3V/Div)

VBuck1
(2VIDiv).»

AC ON Sequence 2

Time (5ms/Div)

AC ON Sequence 3
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(3V/DiV) Y ] Foooi Tt .
VBuUCK3 . . . / f

(500|’nv/Div)_>'"'!''"{'“*1!""!‘:::i::::!::::l::::!::::l:::‘j
VBUCKY B ictrrstratrmmmomrtromitesetetrrttimtomrrint L -+« o E
(2V/D|v)n 5
SOC_REST* ................ _
(2Vibw) : : - Vin= 19V, No Load ]
el b b b Ty TR TN

Time (5ms/Div)

DC ON/ OFF 2
AR AR RN AR AR SR UL S B L
EN_CTRL | 1 E

3V/Div) |

VBuck2

(500mV/Div)

R B B B B S B R I I
ENCTRL [ [T 7
(BVIDV) _, ol T E
b / ;

(500mV/Div) , i ; ; ey ammas | 1 1
VBucks : / E -

(500mV/Div)_> i { _ E

VBuck4 Z ]
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: : Vin= 19V, No Load J
............ Lo b T b b b b v aadl
Time (5ms/Div)
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T T R R I I L
M ................................. —
EN_CTRL [ EN_CTRL 1
(3V/Div) L : .
Veuers E y N
(500MV/DIV) b A
V
VBUCK4E BUCK4
(2VIDiv)"F 5
SOC—REST .................................. -

SOC_REST ] ]

(2VIDiV) »F -
[ : VIN = 19V No Load
| il i TR A Loyl v laas

Time (20ms/D|v)

BUCK1 Load Transient

VBuck1
(50mV/D|v)

ViN= 19V, Load = 0.8A t0 8A, f = 450kHz, & 1
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VLbo : : : : [
(2V/Div)'>—---:----:----:----: ..... i

Time (20ms/Div)

Time (200us/Div)
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BUCK2 Load Transient BUCKS3 Load Transient
Vin = 5V(from BUCK1_VOUT), Load = 0.1A to 3A, ] Vin = 5V (from BUCKL_VOUT), Load = 0.1A to 6A,
_L=Q.68uH,CouT:22uFX2 ...... with Ext. MOS, L = 0.47uH, - - j- o0 3
VBuck2 3 Cout = 22uF x 6 : : ]
(20mV/Div) EEEEEEERE T 3

lour
(3A/DIv)”}
IIIIIIIIIII\‘\\\\‘\\\\\\\\‘\\IIIIIIIIIIIIIIIII: :\\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\\\\
Time (200us/Div) Time (200us/Div)
BUCK4 Load Transient LDO Load Transient
“Vin = 5V (from BUCKL_VOUT), Load = 0.1A to 3A, ] F'Vin = 5V (from BUCKL VouT), T
FL=1pH, CouT=22UF X251 ] :_Load=0._lAto_0.6A3CouT=4._7uF cte
VBuck4 i _ S S o
(40mV/Div) N R S R P _
Vioo I E
(20mV/Div)
lour b SRR B S SR
(2A/Div) "t _ . . S L
F : : : : : 3 lout :
E S . . ] (300mA/Div) : T =
Time (200us/Div) Time (200us/Div)
BUCK1 Efficiency vs. Load Current BUCK2 Efficiency vs. Load Current
100 r | | | 100
Vout = 5V, Auto Mode, L = 3.3uH, f = 450kHz, VIN = 5V, Vout L 0.8V, L = 0.68uH, Cout = 22uF x 2
Cout=22uF x 4
‘ 95
95 ‘ \
= S 90
é ViN = 12V /: é
3 5
2 90 /ﬁ\ S 85 -
() (0]
‘© VIN = 19V k)
b o 80 -
85 | Vin=24V
/ 75
80 70
0.010 0.100 1.000 10.000 0.010 0.100 1.000 10.000
Load Current (A) Load Current (A)
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BUCKS Efficiency vs. Load Current

[Vin = 5V, Vout = 0.8V, L = 0.47uH, Cout = 22uF X 6,
with Ext. MOS

85 -

90

Q\O/
< 80 |
(8]
<
ko
S 75 /\/
(i}
70
65
0.010 0.100 1.000 10.000

Load Current (A)

BUCK2 Output Voltage vs. Input Voltage
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=}
o
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45 47 49 5.1 53 55
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BUCKS3 Output Voltage vs. Input Voltage
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BUCK4 Efficiency vs. Load Current
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S e S
>
Q 950 |-
Q@
8
=
Ll
92.5 \
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Output Voltage (V)

Output Voltage (V)

3.34
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252

251

2.50

249

2.48

BUCK4 Output Voltage vs. Input Voltage

L = 1uH, Cout = 22uF x 2
/—\/_‘_/\/\
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[ lout = 2A
lout = 1A
45 47 4.9 5.1 5.3 55
Input Voltage (V)
LDO Output Voltage vs. Input Voltage
|Cour = 4.7uF
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0.0

L= 1uH, Cout = 22uF x 2
ViN = 5V
VIN = 4.5V
VIN = 5.5V
05 1.0 15 2.0 25 3.0
Load Current (A)
LDO Output Voltage vs. Load Current
[Cout = 4.7uF
___———Vn-s5v
J VIN =3V
VIN = 4.5V
0.1 0.2 0.3 0.4 0.5 0.6

Load Current (A)

Copyright ©2020 Richtek Technology Corporation. All rights reserved.

RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com

18

DS5090F-01 July 2020



RICHTEK RT5090F

12C Interface
The default I°C slave address = 7' b1100100 (0x64).

This 12C does not have a stretch function.

I2C interface support 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

v v
ISIII|||||0|A|||||||||A|Sr||||||||1|A|||||||||A}—‘
R/WJ Assume Address = m Data for Address = m
LMSB Data 2 LSB M?B Data N LSB
LT L TA— [ L =)
Data for Address=m + 1 Data for Address=m+N-1

Write N bytes to PMIC
Slave Address Register Address MSB Data 1 LSB MSB Data 2 LSB

A4 \ S | A 4
ISI||||||_|0|A|||||||||A|||||||||A|||||||||A}—‘

R/\NJ Assume Address = m Data for Address = m Data for Address=m + 1

MSB Data N LSB
v v
L CITTTITT[AF

Data for Address=m+N-1

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

> / >< >< / >< A\ /L J\
L A AN [
fLow
tF [ | > [ tr 4 |tsupaT = |+—tr — |‘_tHD,STA “—tsp tR =¥ tguF
g
SCL
L N 1 T
—> | [*—typsTA —’| b [ tsu,sTA -« tsu,sTO A
IS tHD,DAT tHIGH S, p IS
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RT5090F RICHTEK
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 Ox0A

0x05 BUCK3_SEL_REG RW Ox0A

0x06 DCDCTRLO_REG RW 0x00

0x07 ENABLE_REG RW 0x00

0x08 DCDCTRL1_REG RW 0x04

0x09 DISCHARGE RW 0x1D

O0x0A PROTECTION MODE RW Ox3E

0x0B MUTE CONTROL RW 0x01

OxOF PGOOD Status RO 0x00

0X10 OV_INT RW 0x00

0X11 UV_INT RW 0x00

0X12 PGOOD_INT RW 0x00

0X13 HOT_DIE_INT RW Ox0E

0X14 OV_MASK RW 0x00

0X15 UV_MASK RW 0x00

0X16 PGOOD_MASK RW Ox3E

0Xx17 HOT_DIE_MASK RW 0x00

0x2A VIN1_OK_CTRL_Rail RW 0x01
Address : 0x00
Description : Manufacturer ID number register.
Bits Btz | Bit6 Bts | Bit4 | Bit3 | B2 | Bitt | 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 Btz | Bit6 Bits | Bit4 | Bit3 | B2 | Bitl | Bit0
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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Address : 0x02
Description : Revision number register.

Bits Btz | Bit6 Bt | Bit4 | Bit3 | Bir BitL | Bit0
Name REVISON_NUMBER
Rest Value 0x00
Read/Write R | R R | R | rR | 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 Bitz | Bit6 Bits | Bit4 | Bit3 | Bir BitL | Bit0
Name BUCK1_REG
Rest Value 0x02
Read/Write R | R R | R | R | Rw Rw | R
Bits Name Description
[7:3] Reserved Reserved bits
FREQ[2:1] = 00, 300kHz
FREQI2:1] = 01, 450kHz (Default
[2:1] FREQ FRES{M} = 10, 600kHz ( )
FREQI[2:1] = 11, 750kHz
[0] Reserved Reserved bit
Address : 0x04
Description : Output Voltage setting register for BUCK2 controller.
Bits BitZ |  Bit6 Bits | Bit4 | Bit3 [ Bit2 BitL | Bit0
Name BUCK2 SEL_REG
Rest Value O0x0A
Read/Write R | Rw Rw | Rw | Rw | Rw RW | Rw
Bits Name Description
[7] Reserved Reserved bit
SEL_VID[6:0]=0b000 0000 : 0.7V (Min.)
[6:0] SEL_VID SEL_VID[6:0]=0b101 0000 : 1.50V (Max.)
(10mV/step) VOUT2 = SEL_VID[6:0] x 0.01V + 0.7V

Address : 0x05

Description : Output Voltage setting register for BUCK3 controller.

Bits Btz | Bit6 Bits | Bit4 | Bit3 | Bir BitL | Bit0
Name BUCK3 SEL_REG
Rest Value O0x0A
Read/Write R | RwW RW | RW | RW | RW RW | Rw
Bits Name Description
[7] Reserved Reserved bit
SEL_VID[6:0]=0b000 0000 : 0.7V (Min.)
[6:0] SEL_VID SEL_VID[6:0]=0b101 0000 : 1.50V (Max.)
(10mVi/step) VOUT3 = SEL_VID[6:0] x 0.01V + 0.7V
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Address : 0x06
Description : DC-DC Auto/FPWM mode control register.
Bits Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl 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]= O: Auto mode
[1] Buckl_PWM [1]= 1: Forced PWM mode
[0] Reserved Reserved bit
Address : 0x07
Description : DC-DC enable/disable mode control register.
Bits Bit7 |  Bit6 Bitb | Bit4 | Bit3 | B2 | Bitl | Bit0
Name ENABLE_REG
Rest Value 0x00
Read/Write R | R Rw | RwW | RW | RW | Rw | R
Bits Name Description
[7:6] Reserved Reserved bits
After each channel soft-start, then value is setting to 1.
[5] LDO_EN [5]= O : Disable
[5]=1: Enable
After each channel soft-start, then value is setting to 1.
[4] BUCK4_EN [4]= 0 : Disable
[4]=1: Enable
After each channel soft-start, then value is setting to 1.
[3] BUCK 3_EN [3]= 0: Disable
[3]=1: Enable
After each channel soft-start, then value is setting to 1.
[2] BUCK 2_EN [2]= 0 : Disable
[2]= 1: Enable
After each channel soft-start, then value is setting to 1.
[1] BUCK 1_EN [1]= 0 : Disable
[1]=1: Enable
[0] Reserved Reserved bit
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Address : 0x08
Description : Sleep mode control for DC OFF state register.

Bits Bit7 |  Bit6 Bitb | Bit4 | B3 | B2 | Bitl | Bit0
Name DCDCCTRL1_REG
Rest Value 0x04
Read/Write R | RwW RW | RW | RW | RW | RW | RW
Bits Name Description
[7] Reserved Reserved bit
. [6] = 0 : When Sleep, LDO turn off

[6] LDO_Alive [6] =1 : When Sleep, LDO alive

. [5] = 0 : When Sleep, BUCKA4 turn off
[5] BUCK4_Alive [5] = 1: When Sleep, BUCK4 alive

. [4] = 0 : When Sleep, BUCK3 turn off
[4] BUCK3_Alive [4] = 1 : When Sleep, BUCK3 alive

. [3] = 0 : When Sleep, BUCK2 turn off
[3] BUCK2_Alive [3] = 1: When Sleep, BUCK2 alive

. [2] = 0 : When Sleep, BUCK1 turn off
[21 BUCK1_Alive [2] = 1 : When Sleep, BUCK1 alive

[1] = O: Exit sleep mode if SLEEP_CTRL =0
[1 SLEEP_CTRL(software) | 1% 1. Enter sleep mode if SLEEP_CTRL = 1
[0] = 0: Sleep mode by EN_CTRL (low active) (default)

[l SLEEP_MODE [0] = 1: Sleep mode by software SLEEP register (high active)

Address : 0x09
Description : Discharge register.

Bits Bit7 |  Bit6 Bitb | Bit4 | B3 | Bit2 | BitL | Bit0
Name DISCHARGE
Rest Value 0x1D
Read/Write R | R RW | Rw | RW | Rw | RW | RwW
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 0 : Discharge path disabled
[5] LDO_DIS [5] = 1 : Discharge path enabled
[4] = 0 : Discharge path disabled
[4l BUCK4_DIS [4] = 1 : Discharge path enabled
[3] = 0: Discharge path disabled
[3l BUCK3_DIS [3] = 1 : Discharge path enabled
[2] = 0 : Discharge path disabled
[2l BUCK2_DIS [1] = 1 : Discharge path enabled
[1:0] = 00 : Hi-Z
. [1:0] = 01 : 100Q2 (default)
[1:0] BUCK1_DIS [1:0] = 10 : 2000
[1:0] = 11 : 500Q
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Address : 0x0A
Description : UV protection behavior register.
Bits Bit7 |  Bit6 Bitb | Bit4 | B3 | B2 | Bitl | Bit0
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 - Hiccup(default
[3] = 0: Latch-up
[3] BUCK3_ PROTECTION [3] = 1 - Hiccup(default)
[2] = 0 : Latch-up
[2] BUCK2_ PROTECTION [2] = 1 - Hiccup(default
[1] = 0: Latch-up
[1] BUCK1_PROTECTION ] = 1 - Hiccup(default
[0] Reserved Reserved bit
Address : 0x0B
Description : Mute control register.
Bits Bit7 | BIt6 Bits | Bit4 | Bit3 | Bit2 | Bitl | BitO
Name MUTE CONTROL
Rest Value 0x01
Read/Write R | R R | R | R | R | R | RwW
Bits Name Description
[7:1] Reserved Reserved bits
[0]= 0: Enable mute
[0} MUTE CONTROL [0] = 1 : Disable mute
Address : OxOF
Description : Power good status register.
Bits Bit7 Bite | Bits | Bit4 [ B3 | Bit2 | BitL [ BitO
Name PGOQD 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] Buck4_ PG_ Status

Not Power Good
Power Good

[4]=0:
[4] =1

[3] Buck3_ PG _ Status

[3]=0:
[3]=1:

Not Power Good
Power Good

[2] Buck2_ PG _ Status

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

Not Power Good
Power Good

[1] Buckl_ PG _ Status

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

Reserved

0]

Reserved bit
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Address : 0x10

Description : Over voltage event interrupt register.
Bits Bit7 Bit6 Bt | Bit4 | Bit3 | Bit2 | Bit1 | Bito
Name OV_INT
Rest Value 0x00
Read/Write R ] R Rw | Rw | Rw | RWw | 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

[4] BUCK4_OV_INT

Interrupt for BUCK4 over voltage event

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

[4] = 0: Not Over Voltage

[4] = 1: Over Voltage

[3] BUCK3_OV_INT

Interrupt for BUCK3 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 BUCKL1 over voltage event

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

[1] = O: Not Over Voltage

[1] = 1: Over Voltage

Reserved

[0]

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

Bits BitZ |  Bit6 Bits | B4 | Bit3 | Bit2 [ BitL | 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] = 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] = 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

[1] = 1: Under Voltage

[0]

Reserved

Reserved bits
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Address : 0x12

(1]

BUCK1_PGOOD_INT

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

Description : Power good event interrupt register.
Bits Bit7 Bit6 Bt | Bit4 | Bit3 | Bit2 | Bit1 | Bito
Name PGOOD_INT
Rest Value 0x00
Read/Write R ] R Rw | Rw | Rw | RWw | Rw | R
Bits Name Description
[7:6] Reserved Reserved bits

Interrupt for LDO power good event

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

[5] = 0: Power Good

[5] = 1: Not Power Good

Interrupt for BUCK4 power good event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
[4] BUCK4_PGOOD_INT clearing.

[4] = 0 : Power Good

[4] = 1 : Not Power Good

Interrupt for BUCK3 power good event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
[3] BUCK3_PGOOD_INT clearing.

[3] = 0: Power Good

[3] =1 : Not Power Good

Interrupt for BUCK2 power good event

Write a 1b to clear the corresponding interrupt bit. This bit is self-
[2] BUCK2_PGOOD_INT clearing.

[2] = 0 : Power Good

[2] = 1 : Not Power Good

Interrupt for BUCK1 power good event

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

[0]

Reserved

Reserved bit
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Address : 0x13
Description : Thermal shutdown event interrupt register.
Bits Bit7 Bit6 Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito
Name HOT_DIE_INT
Rest Value O0x0E
Read/Write R ] R Rw | Rw | 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] HOT_DIE_INT [4] = 0 : Hot die threshold is not reached
[4] = 1 : Hot die threshold is reached
[3:2] =00: 90°C
[3:2] THERM_HDSEL [3:2] = 01 - 100°C

[3:2] =10: 110°C
[3:2] = 11 : 120°C (default)

(1]

HOT _DIE _EN

[1] = 0 : Thermal shutdown module is disable
[1] = 1 : Thermal shutdown module is enable

[0]

Reserved

Reserved bit

Address: 0x14

Description: Mask over voltage event register.

Bits Bit7 |  Bit6 Bits | Bit4 | Bit3 | Bit2 | Bitl | 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]

BUCK4_OV_MASK

[4] = O: Interrupt generation enabled.
[4] = 1: Interrupt generation disabled.

(3]

BUCK3_OV_MASK

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

(2]

BUCK2_OV_MASK

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

(1]

BUCK1_OV_MASK

[1] = O: Interrupt generation enabled.
[1] = 1: Interrupt generation disabled.

[0]

Reserved

Reserved bit
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Address : 0x15

Description : Mask under voltage event register.

Bits Bit7 Bt | Bit4 | Bit3 | Bit2 | Bit1 | Bito
Name UV_MASK
Rest Value 0x00
Read/Write R ] Rw | Rw | Rw | RWw | 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.
[21 BUCK2_UV _MASK [2] = 1 : Interrupt generation disabled.
[1] = O : Interrupt generation enabled.
(4 BUCKL_UV _MASK [1] = 1 : Interrupt generation disabled.
[0] Reserved Reserved bit
Address : 0x16
Description : Mask power good event register.
Bits Bit7 | Bitb | Bit4 | B3 | B2 | Bitl | Bit0
Name PGOOD_MASK
Rest Value 0x3E
Read/Write R | RW | Rw | RwW | RWw | Rw | R
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 0 : Interrupt generation enabled.
[5] LDO_PGOOD_MASK [5] = 1: Interrupt generation disabled.
[4] = O : Interrupt generation enabled.
[4] BUCK4_PGOOD_MASK [4] = 1 : Interrupt generation disabled.
[3] = 0: Interrupt generation enabled.
[3l BUCK3_PGOOD_MASK [3] = 1: Interrupt generation disabled.
[2] = 0 : Interrupt generation enabled.
- - =1 : Interrupt generation disabled.
[2] BUCK2_PGOOD_MASK =11 ion disabled
[1] = O : Interrupt generation enabled.
[1 BUCK1_PGOOD_MASK [1] = 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 | BitO
Name HOT_DIE_MASK

Rest Value 0x00

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

[7:3] Reserved Reserved bits

(2]

THERM_OT_MASK

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

(1]

HOT_DIE_MASK

[1 1= 0 : Interrupt generation enabled.
[1] = 1 : 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 Bitl 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] = 0 : When VIN1_OK go low, LDO turn off

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

. [3] = 0: When VIN1_OK go low, Buck4 turn off
[3l Bucka_Alive [3] = 1: When VINL_OK go low, Buck4 alive

. [2] = 0 : When VIN1_OK go low, Buck3 turn off
[21 Bucks_Alive [2] = 1 : When VIN1_OK go low, Buck3 alive

. [1] = 0 : When VIN1_OK go low, Buck2 turn off
4 Buck2_Alive [1] = 1 : When VIN1_OK go low, Buck? alive
[0] Buckl Alive [0] = 0 : When VIN1_OK go low, Buckl turn off

[0] = 1: When VIN1_OK go low, Buckl alive
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Application Information

Power Sequence

The RT5090F 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 for single input
power system. 3.3V standby power is supplied to VCC
pin and 12V power is supplied to VIN1 pin and BUCK1
input and then EN_CTRL pin is pulled high for system is
12V + 3.3V standby power.

ACON

Sleep Mode Control

The sleep mode control 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 for setting each rails alive or turn off
state for sleep mode (DC OFF).

SOC_REST Output

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

DC OFF DC ON

VIN1

VCC

BUCK1

SOC_REST

k—————————————+V

|
EN_CTRL :
)

LDO

|
| 5ms :

BUCK2

. |
)
:2ms///1 I

BUCK3

| 1
1 |
1 | |2m5L//4
= 1 |
| 1 |2
: ms 1

BUCK4

— — — — —

Figure 3. Power ON Sequence
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BUCK1

Current Limit Setting (ENTRIP)

The BUCKL1 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 PHASEL1 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.

I
A

/ /\lL, peak
\/ \/ ILoad

ILm

» t

0

Figure 4. “Valley” Current Limit

Vout 55
60%VouT—— —

—_———de 1L

UGATEL || || || """ |
|
LGATEL || || ||~ """
«
|

The BUCK1 uses the on resistance of the synchronous
rectifier as the current sense element and supports
temperature compensated MOSFET Rps(on) sensing. The
RiLim resistor between the ENTRIP pin and GND sets the
current limit threshold. The resistor Ry m is connected to
a current source from ENTRIP pin, which is typically 50pA
atroom 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 u resistor.

Choose a current limit resistor by following equation :
Vium = (Rium x50uA)/12 =1y xRps(on)

Riuim = (huim xRps(ony) x12/50uA

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

The current limit behavior as Figure 5.

v/_ discharge

((
T

((
T

I(d
AT

P2

|
|
INT# 4§ 0
I
|

((
2

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

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

The OVP behavior as Figure 6.

120%Voyr — —————

((
P

Vout

5

UGATE1 || ([ || """~

discharge
-

((

T

((

LGATEL [ [| || """

INT#

T

((

T

((

Figure 6. OVP Behavior

Under-Voltage Protection (UVP)
The UVP circuit is monitors the output voltage via FB1
pin. When the FB1 voltage drops below the UVP threshold
60%, UVP is triggered and turns off both the high-side
and low-side MOSFET. The condition is hiccup, selection
protection behavior by 1°C setting.

The UVP behavior as Figure 7.

((
P
60%Vour ———————— ==

Vout

|
1
1
|
1
1
uGAaTEL || || || - :
Il
|
]
LGATEL || || || ---- | |

INT#

Sus

v/- discharge

R

((

2

{(

2

T

((

Figure 7. UVP Behavior
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Output Voltage Setting (FB1)
Connect a resistor voltage divider at the FB1 pin between
Vourt1 and GND to adjust the respective output voltage.
For example, choose R2 to be approximately 10kQ, and
solve for R1 using the equation:

VouTi=VFB1X |1+ (Ej
R2

where Vggy is 1.2V.

Vour1
R1
FB1
RT5090F R2
GND

Figure 8. Output Voltage Setting

BUCK2

Over-Voltage Protection (OVP)

The OVP circuit is monitors the output voltage via VSEN2
pin. When the VSEN2 voltage exceeds the OVP threshold
120%, OVP is triggered and turns off both the high-side
and low-side MOSFET. The condition is latched and other
BUCKXx & LDO is disabled, cycle POR to recover.

The OVP behavior as Figure 9.

|
| |
120%Vour ———>F ———1——=c——
Voyr — ! (- discharge

10ps
k—

oo T L

INT# 5

Figure 9. OVP Behavior

Under-Voltage Protection (UVP)

The UVP circuit is monitors the output voltage via VSEN2
pin. When the VSEN2 voltage drops below the UVP
threshold 60%, UVP is triggered and turns off both the
high-side and low-side MOSFET. The condition is hiccup,
selection protection behavior by 1°C setting.

The UVP behavior as Figure 10.

Vour ————— S —————_ ; Salsl :
60%Vout : | discharge
10us
k——=3 ——
|

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 as Figure 11.

Figure 11. Current Limit Behavior

Copyright ©2020 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com
34

DS5090F-01 July 2020



RICHTEK

RT5090F

BUCK3

The BUCKS3 with an external low-side MOSFET can
support to 6A application. The external MOSFET Ciss
need to 500pF above.

Over-Voltage Protection (OVP)

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

The OVP behavior as Figure 12.

120%Vour === € ———q——>c—-—

Vour K s discharge

10ups
Ly

oo LU

I

T

INT# « !
d 1

I

1

Figure 12. OVP Behavior

Under-Voltage Protection (UVP)

The UVP circuit is monitors the output voltage via VSEN3
pin. When the VSEN3 voltage drops below the UVP
threshold 60%, UVP is triggered and turns off both the
high-side and low-side MOSFET. The condition is hiccup,
selection protection behavior by 1°C setting.

The UVP behavior as Figure 13.

Vour
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 as Figure 14.

Vour ———
60%Vour—

Im=——

Figure 14. Current Limit Behavior

BUCK4

Over-Voltage Protection (OVP)

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

The OVP behavior as Figure 15.

Vour e discharge

oo LU

INT#

Figure 15. OVP Behavior

Copyright ©2020 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.

DS5090F-01 July 2020

www.richtek.com
35



RT5090F

RICHTEK

Under-Voltage Protection (UVP)

The UVP circuit is monitors the output voltage via FB4
pin. When the FB4 voltage drops below the UVP threshold
60%, UVP is triggered and turns off both the high-side
and low-side MOSFET. The condition is hiccup, selection
protection behavior by 1°C setting.

The UVP behavior as Figure 16.

Vour ———— I :
T ——— _
60%Vout | discharge
! 10ps ;
I ! —
|
; 5t
I I
5 |

! b 5

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 as Figure 17.

Vout
60%Vour— —F——

Figure 17. Current Limit Behavior

Output Voltage Setting (FB4)

Connect a resistor voltage divider at the FB4 pin between
Vouta 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+ (ﬂj
R2

where Vegs is 0.6V.

Vouta
R1
FB4
RT5090F R2
GND

Figure 18. Output Voltage Setting

LDO

Over-Voltage Protection (OVP)

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

The OVP behavior as Figure 19.

120%Vour ———fF ———q4——>c——
Vout

10us

INT# 5

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

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

The UVP behavior as Figure 20.

I I
INT# i : i
I F

Figure 20. UVP Behavior

Output Voltage Setting (FB_LDO)

Connect a resistor voltage divider at the FB_LDO pin
between Vypo 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 + [Ej
R2

where VFB_LDO is 0.8V.

VvLbo
R1
FB_LDO
RT5090F R2
GND

Figure 21. Output Voltage Setting

Mute Function

The mute circuit of the RT5090F for anti-pop sound during
AC OFF and mute. The MUTE_OUT# pin is pulled low
when the VDET voltage drops below 1V. Connect a resistor
voltage divider at the VDET pin between VIN1 and GND to
setting 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

VIN1

12V to 24Vo

HVLDO

HH

H : Un-Mute MUTE_IN

L : Mute Y

MUTE

vCC
1
L

VCAP 5V

1
L

MUTE_OUT#| ~ > H : Un-Mute

L : Mute

Control
__________ -
{12v to 24V VDET
|
|
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 Tjmax), 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) = (Tamax) — Ta) / 034

where Tjmax) is the maximum junction temperature, Tais
the ambient temperature, and 64 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, 034, is highly package dependent. For a
WQFN-40L 5x5 package, the thermal resistance, 634, 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 :

PD(MAX) = (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, 03a. 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 r

35
30
25
20

15
1.0

0.5

Maximum Power Dissipation (W)

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 pinto 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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Outline Dimension
‘ D ‘ D2 SEE DETAIL A
o - Hnninininnnn/a L
— S
] Lo L
— ]
] ]
E - L] E2
] ]
] ]
] ]
] ]
— ]
L Connnnnnonn Ju 1 Ui
e b ﬂ ﬁ
AL | DETAILA
[ e e e e O e Y Y B s 5 #JB 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 Dimellﬂsions In Millimeters Dirn'ensions In Inches
Min Max Min Max

A 0.700 0.800 0.028 0.031
Al 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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Footprint Information
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1
Number of Footprint Dimension (mm)
Package - Tolerance
Pin P AX Ay Bx By C D Sx Sy

V/W/UIXQFN5*5-40 40 0.40 | 5.80 | 580 | 410 | 410 [ 0.85 | 0.20 | 3.40 | 3.40 +0.05

Richtek Technology Corporation
14F, No. 8, Tai Yuen 1% Street, Chupei City
Hsinchu, Taiwan, R.O.C.

Tel: (8863)5526789

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
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LT4321IUR#TRPBF TC1017-25VLTTR MFS5600AMMAS8ES TEA1716T/2 MC33FS8510D3ESR2 MM PFO100NPAZESR2



https://www.xonelec.com/category/semiconductors/integrated-circuits-ics/power-management-ics/power-management-specialised-pmic
https://www.xonelec.com/manufacturer/richtek
https://www.xonelec.com/mpn/onsemiconductor/fan7710vn
https://www.xonelec.com/mpn/onsemiconductor/la5657hntlme
https://www.xonelec.com/mpn/texasinstruments/lm10692rmyr
https://www.xonelec.com/mpn/silego/slg7nt4081vtr
https://www.xonelec.com/mpn/silego/slg7nt4192vtr
https://www.xonelec.com/mpn/ams/as3729bbwlm
https://www.xonelec.com/mpn/infineon/mb39c831qngefe2
https://www.xonelec.com/mpn/richtek/rt9026gqw
https://www.xonelec.com/mpn/onsemiconductor/lv56841pvdxh
https://www.xonelec.com/mpn/stmicroelectronics/l9781tr
https://www.xonelec.com/mpn/renesas/p91e0i5nhgi
https://www.xonelec.com/mpn/infineon/s6ae102a0dgn1b200
https://www.xonelec.com/mpn/stmicroelectronics/l9916
https://www.xonelec.com/mpn/diodesincorporated/ap4306buktrg1
https://www.xonelec.com/mpn/silego/slg7nt4198v
https://www.xonelec.com/mpn/onsemiconductor/ncp392csfcct1g
https://www.xonelec.com/mpn/lattice/lptm21l1abg100i
https://www.xonelec.com/mpn/renesas/isl99390frztr5935
https://www.xonelec.com/mpn/renesas/isl69234irazt
https://www.xonelec.com/mpn/renesas/isl69259iraz
https://www.xonelec.com/mpn/renesas/isl69228iraz
https://www.xonelec.com/mpn/renesas/isl69269iraz
https://www.xonelec.com/mpn/allwinnertech/axp813
https://www.xonelec.com/mpn/onsemiconductor/fan53870uc00x
https://www.xonelec.com/mpn/onsemiconductor/fdmf5085
https://www.xonelec.com/mpn/onsemiconductor/hpm10w29a100g
https://www.xonelec.com/mpn/onsemiconductor/ncv97311mw50r2g
https://www.xonelec.com/mpn/willsemiconductor/wl2868c20tr
https://www.xonelec.com/mpn/infineon/tle92633bqx
https://www.xonelec.com/mpn/infineon/tle9263qx
https://www.xonelec.com/mpn/nxp/tea2095t1j
https://www.xonelec.com/mpn/nxp/tea2017aat2y
https://www.xonelec.com/mpn/texasinstruments/tps650940a0rskr
https://www.xonelec.com/mpn/texasinstruments/tps65177arhar
https://www.xonelec.com/mpn/analogdevices/ltc4417iuftrpbf
https://www.xonelec.com/mpn/x-powers/axp313a
https://www.xonelec.com/mpn/silergy/sq24806aqsc
https://www.xonelec.com/mpn/rockchip/rk8052
https://www.xonelec.com/mpn/rockchip/rk8092
https://www.xonelec.com/mpn/nxp/mfs2633amba0ad
https://www.xonelec.com/mpn/nxp/mfs2613amda3ad
https://www.xonelec.com/mpn/analogdevices/ad5522jsvuzrl
https://www.xonelec.com/mpn/analogdevices/ltc4352cmstrpbf
https://www.xonelec.com/mpn/analogdevices/ltc4359hdcbtrpbf
https://www.xonelec.com/mpn/analogdevices/lt4321iuftrpbf
https://www.xonelec.com/mpn/microchip/tc101725vlttr
https://www.xonelec.com/mpn/nxp/mfs5600amma8es
https://www.xonelec.com/mpn/nxp/tea1716t2
https://www.xonelec.com/mpn/nxp/mc33fs8510d3esr2
https://www.xonelec.com/mpn/nxp/mmpf0100npazesr2

