RICHTEK RT5074A

Power Management Units for INTEL APL Platform

General Description Features
The RT5074A is a Power Management Integrated Circuit e 3-CHBuck Controller
(PMIC) which integrates 3 buck controllers (VNN, VCCGI, e 3-CHBuck Converters

VDDQ), 3 buck converters (VCCRAM, V1P8A, V1P24A), e 1-CH Switch
1 Switch (V1P8U/V1P8S) and 1 LDO (VTT) to make it a ¢ 1-CHVTTLDO

cost effective solution for Intel Apollolake (APL) platiorm. e I°C Slave Controller
Interrupt Controller

Internal Soft-Start to Reduce Inrush Current
Integrated Sequencing Control for Apollolake

o Fast Transient Response

e Pure MLCC Cap Stable

e OVP, UVP, OCP for Buck Converter/Controller

e Support LPDDR3, DDR3L and LPDDR4

e Support S0iX State for Win8 Connected Standby
Package Type or Android Mobile System

QW : WQFN-52L 6x6 (W-Type) o Cost Effective 52-Lead WQFN Package

The RT5074A s available in a WQFN-52L 6x6 small foot
print package.

Applications

e Chrome Book and Tablet Computer

Ordering Information
RT5074A E

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

Note : RT5074AGQW : Product Number
Richtek products are : RT5074A YMDNN : Date Code
» RoHS compliant and compatible with the current require- GQW
YMDNN
ments of IPC/JEDEC J-STD-020.
» Suitable for use in SnPb or Pb-free soldering processes. o
Simplified Application Circuit
< — | »SCL RT5074A
[ SPA PWMX1 Buck > VNN
To EC/SOC{ —f/——» PMIC_EN, DDR_SEL... gggg DRV_ENX— L " \ecal
—#——> SLP_S0, SLP_S3... BUCK6  \ouTx $ VDDQ
<+—f/——~1—PCH_PWROK,
RSMRST...
BUCK3 LX Yy ‘——_r» VCCRAM
BUCK4 V1P8A
BUCK5 VOUTX g V1P24A
V1P8U/V1P8S « T V1P8_SW VTT T > \VTT
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RT5074A

RICHTEK

Pin Configuration
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Functional Pin Description

Pin No. Pin Name Pin Function

1 VTT_SNS VTT feedback sense pin.

2 VTT VTT output.

3 VDDQ _LDO_IN |VTT (VDDQ/2) input.

4 VOUT6 Buck6 (VDDQ) output feedback pin.

5 VIN_CT On time setting pin. Connected this pin to VBATA.

6 VSYS System voltage detection. Connected this pin to Veara.

7 AGND Analog ground.

8 VCC VCC pin.

9 SLP_SO Power state pin.

10 SLP_S3 Power state pin.

1 SLP_S4 Power state pin.

12 OCSET1 Buckl over—_cu_rrent setting pin. Connect a.resistor from this pin to GND to
set current limit threshold. Tie to VCC to disable buck 1.

13 OCSET?2 Buck?2 over-current setting pin. Connect a.resistor from this pin to GND to
set current limit threshold. Tie to VCC to disable buck 2.

14 OCSET6 Buck6 over-current setting pin. Connect a_resistor from this pin to GND to
set current limit threshold. Tie to VCC to disable buck 6.

15 VOUT3 Buck3 output voltage feedback pin.
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RICHTEK RT5074A
Pin No. Pin Name Pin Function
16 VOUT5 Buck5 output voltage feedback pin.
17 VIN_1P8 SW Switch V1P8 input.
18 VO _1P8 SW Switch V1P8 output.
19 VINS Buck5 power input.
20 LX5 Switch node for buck5 converter.
21 DDR_SEL DDR voltage select pin.
22 THERMTRIP Thermal shutdown control input pin from SoC.
23, 24 LX3 Switch node for buck3 converter.
25, 26 VIN3 Buck3 power input.
27 VSSSENSE2 Remote GND of buck2.
28 ISENSEN2 Negative input pin of current sense of buck2.
29 ISENSEP2 Positive input pin of current sense of buck2.
30 RSMRST Always on rail power good signal.(Open Drain)
31 PWM2 PWM output of buck2 for external driver.
32 PHASE?2 Switch node sense pin for buck2 controller.
33 DRV_EN2 Enable signal of buck?2 for external driver.
34, 35 LX4 Switch node for buck4 converter.
36 VIN4 Buck4 (V1P8A) power input.
37 VOUT4 Buck4 (V1P8A) output feedback pin.
38 PCH_PWROK |Power good signal for all rail except buck2. (Open Drain)
39 I2C_SCL 12C clock pin.
40 12C_SDA 1°C data pin.
41 IRQ Interrupt pin. (Active low)
42 VOUT2 Buck2 (VCCGI) output voltage feedback pin.
43 FB2 Feedback pin of buck2.
44 COMP2 Comp pin of buck?2.
45 PMIC_EN Enable pin.
46 VOUT1 Buck1 output voltage feedback.
a7 DRV_EN1 Enable signal of buckl for external driver.
48 PHASE1 Switch node sense pin for buckl controller.
49 PWM1 PWM output of buckl for external driver.
50 DRV_ENG6 Enable signal of buck6 for external driver.
51 PHASEG Switch node sense pin for buck6 controller.
52 PWM6 PWM output of bucké6 for external driver.
53 90501 Pa) | G0 e o st b e o e B
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RT5074A

RICHTEK

Functional Block Diagram
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RICHTEK

RT5074A

Operation

The RT5074Ais a PMIC (Power Management Integrated
Circuit) and is an integral part of the Apollo Lake Platform
focused on power solution integration to minimize system
board area. It includes three DC to DC buck converters,
three DC to DC buck controllers, one Linear Dropout
regulators and one power switches.

Buck Converter

The three synchronous step-down buck converters with
all integrated a P-channel high side MOSFET and a N-
channel low-side MOSFET. The control scheme is based
on current mode Constant-On-Time (COT) architecture,
which has fast transient response and minimizes external
components. The buck converters have a full set of
protection (OCP / UVP / OVP).

Buck Controller

The three synchronous step-down buck controllers are
pure controller without integrating driver of MOSFET. The
buckl and buck6 control scheme is based on Advanced
Constant-On-Time (ACOT™) architecture, the buck2 is
COMPCOT control scheme. which has fast transient
response and minimizes external components. The buck
controllers have a full set of protection (OCP / UVP / OVP).

Linear Dropout Regulator

The RT5074Aincludes one high performance linear dropout
(LDO) regulators. The peak current rating is designed for
short period current, not for thermal design current. The
LDO contains an independent current-limit and under-
voltage protection circuit to prevent unexpected
applications. When the path current is over the current
limit, the current limit circuit fixes the gate voltage to limit
the output current. And if the output voltage is less than
60% of VOUT, the UVP circuit will shutdown all rails and
latched. The way to cancel the latched behavior is to re-
enable the RT5074A or re-give VCC power of the RT5074A.

Power Switch

There are one power switches :

V1P8U are N-channel power switch MOSFET. The power
switch apply current-limit protection and under-voltage
protection function. The current limit circuit prevents
damage to the power switch MOSFET and backend device
but can deliver load current up to the current limit threshold.
And if the output voltage is less than the under-voltage
threshold, the RT5074A will shutdowns all rails and
latched. The way to cancel the latched behavior is to re-
enable the RT5074A or re-give VCC power of the RT5074A.

Over-Temperature Protection

If the temperature of the RT5074A is over 150°C, the OTP
circuit acts and makes all power rails shutdown and
latched. The way to cancel the latched behavior is to re-
enable the RT5074A or re-give VCC power of the RT5074A.
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RTS074A RICHTEK
Absolute Maximum Ratings (Note 1)
o Supply Input Voltage, VIN_CT , VSYS —-0.3Vto 24V
¢ Supply Input Voltage , VCC to GND -0.3Vto 6V
o AGNDto GND -0.3V1t0 0.3V
e LXPIN,LX3,LX4,LX5
DC -0.3Vto 6.3V
<50ns —2.5V to 9V
o PHASE PIN , PHASE1 , PHASE2 , PHASEG
DC —0.3Vto 24.3V
<100ns -5V to 36V
e Others -0.3Vto 6V
o Power Dissipation, Pp @ Ta =25°C
WQFN-52L 6x6 3.77W
o Package Thermal Resistance (Note 2)
WQFN-52L 6x6 , 654 26.5°C/W
WQFN-52L 6x6 , 03¢ 6.5°C/W
¢ Junction Temperature 150°C
o Lead Temperature (Soldering, 10 sec.) 260°C
o Storage Temperature Range —65°Cto 150°C
o ESD Susceptibility (Note 3)
HBM (Human Body Model) 2kV
Recommended Operating Conditions (Note 4)
e Supply Input Voltage, VCC 4.5V to 5.5V

o Switch Input Voltage, VIN_1P8_SW

1.6V to (Vcc - 2)V

e VTT Input Voltage, VDD_LDO_IN 1Vto 1.5V
o Supply Input Voltage, VIN_CT , VSYS 5V to 23V
¢ Junction Temperature Range —40°Cto 125°C
o Ambient Temperature Range —40°Cto 85°C
Electrical Characteristics
(Vcec =5V, Vsys = 7.4V, Ta = 25°C, unless otherwise specified)
Parameter Symbol Test Conditions Min Typ Max Unit
PMIC
Supply Voltage VCC
Supply Voltage Vce 4.5 5 5.5 Y,
ISHDN PMIC_EN = 0V - 5 - nA
Supply Current vee PMIC_EN = 2V, no switching B 0.65 B mA
SLP_Sx =0V '
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Parameter Symbol Test Conditions Min Typ Max | Unit
VCC POR/UVLO Threshold
POR Threshold Vce PoOR 3.85 4.1 4.35 Y
UVLO Threshold Vce uvlo 3.55 3.8 4.05 \%
Logic Threshold
PMIC_EN/SLP_S4/SLP_S3/
SLP_SO/THERMTRIP Input | VEN_H 1 -- -- \%
High Voltage
PMIC_EN/SLP_S4/SLP_S3/
SLP_SO/THERMTRIP Input | VEN_L - - 0.4 Y,
Low Voltage
PMIC_EN/SLP_S4/SLP_S3/ VEN = 2V -1 0 1 pA
SLP_SO0 Input Leakage IEN_H
Current VEN = OV -1 0 1 A
DDR_SEL Input High Level |VDDR_SEL H 25 - - \Y
Voltage Low Level |VDDR SEL L - - 0.4 Y
DDR_SEL Input Floating Level | Vbpr_SeL_Hi-z | Vcc = 5V 1.3 -- 1.9 \%
- Min. delay from V1P8 ramp up
II\D/Iér:;mum VDDQ Turn on tvDDQ_RDY to VDDQ start ramp up, 2.6 3.2 - ms
y DDR_SEL = Low or Floating
Delay time from SLP_S4 B
V1P8 Turn off Delay Time tipg_FDY go low to V1P8 turn off, 33 40 58 ms
DDR_SEL = Low or Floating
VSYS UVLO
UVLO Threshold Vsys uvLo - 25 -
VSYS POR Threshold Vsys_POR - 2.7 -
Vsys =19V, Vcc = 5V - 2 - pA
Input Current Ivsys Vsys = 8.4V, Vcc =5V -- 0.9 -- pA
VCC <VCC_UVLO - 0 - pA
Thermal Shutdown
Thermal Shutdown Threshold | Tsp -- 150 -- °C
Thermal Shutdown Hysteresis | Tsp_Hys - 25 -- °C
Power Good Indicator
RSMRST Go High Delay trRsMrsT_RDY | All of "A" rail ready to 12 16 B ms
RSMRST high
RSMRST Pull Low Voltage VRSMRST_Low | [RSMRST_Low = 10mA -- -- 0.13 \Y
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RT5074A RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
PCH_PWROK Go High Delay | trwrok_RDY_ | Typical PCH_PWROK go high 80 100 120 ms
Default Value DFT Delay
PCH_PWROK Pull Low _

Voltage VPWROK_LOW | IPwROK_Low = 10mA - -~ 0.3 \Y
IRQ Pull Low Voltage VIRQ_Low IPWROK LOW = 10mA - - 0.3 \

Buck3 --- VCCRAM (1.05V, Imax = 3A)

Supply Voltage

Supply Voltage VIN3 3 - 55 Y

Reference and Soft-Start

Output Voltage Scaling 1.0395| 1.05 | 1.0605 \%
Soft-Start Time tss VCCRAM from 10% to 90% - 0.85 -- ms
Rbs(on)

Switch On Resistance RDs(ON)_H - 90 - mQ
Switch On Resistance Rps(on)_L - 60 - mQ

Current Limit

Current Limit ILim 4 5 -- A

Switching Frequency and Minimum Off Timer

Switching Frequency fsw - 1.2 - MHz

Minimum Off-Time toFF_MIN - 80 - ns

Protections

OVP Trip Threshold Vovp OVP detect -- 135 -- %
OVP Propagation Delay tovPDLY -- 5 -- us
UVP Trip Threshold Vuvp UVP detect - 60 - %
UVP Propagation Delay tuvpPDLY -- 5 -- us
BUCK3_DIS[1:0] = 00, Hi-Z 1.5 - - kQ
BUCK3_DIS[1:0] = 01 - 100 -
Discharge Resistance Rpis
BUCK3_DIS[1:0] = 10 -- 200 --
BUCK3_DIS[1:0] = 11 - 500 -
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RICHTEK RT5074A

Parameter Symbol Test Conditions Min Typ Max Unit

Buck4 ---V1P8A (1.8V, Iyax = 1.5A)

Supply Voltage

Supply Voltage VIN4 3 - 55 Y

Reference and Soft-Start

Output Voltage Default Vout 1.782 1.8 1.818 Vv

Soft-Start Time tss V1P8A from 10% to 90% - 0.75 -- ms
Rps(on)

Switch On Resistance Rps(oN)_H - 90 -- mQ
Switch On Resistance Rps(oN)_L - 60 -- mQ

Current Limit

Current Limit ILim 4 5 -- A

Switching Frequency and Minimum Off Timer

Switching Frequency fsw - 1.2 - MHz

Minimum Off-Time tOFF_MIN - 80 -- ns

Protections

OVP Trip Threshold Vovp OVP detect - 135 - %
OVP Propagation Delay tovpPDLY -- 5 -- us
UVP Trip Threshold Vuvp UVP detect -- 60 -- %
UVP Propagation Delay tuvpPDLY -- 5 -- us
BUCK4_DIS[1:0] = 00, Hi-Z 1.5 - - kQ
BUCK4_DIS[1:0] =01 -- 100 -- Q
Discharge Resistance Rpis
BUCK4_DIS[1:0] = 10 -- 200 -- Q
BUCK4 DIS[1:0] = 11 - 500 - Q

Buck5 V1P24A (1.24V, Iuax = 1.5A)

Supply Voltage

Supply Voltage VIN5 3 - 5.5 Y
Reference and Soft-Start

Output Voltage Default VouTt 1.2276 | 1.24 | 1.2524 \%
Soft-Start Time tss V1P24A from 10% to 90% - 1 - ms
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RT5074A RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
Rbs(on)
Switch On Resistance Rps(oN),H -- 120 - mQ
Switch On Resistance Rps(on),L -- 80 - mQ

Current Limit

Current Limit LM 2 3 -- A

Switching Frequency and Minimum Off Timer

Switching Frequency fsw - 1.2 - MHz

Minimum Off-Time toFF_MIN - 80 - ns

Protections

OVP Trip Threshold Vovp OVP detect -- 135 -- %
OVP Propagation Delay tovPDLY - 5 - us
UVP Trip Threshold Vuvp UVP detect - 60 - %
UVP Propagation Delay tuvpPDLY - 5 - us
Discharge Resistance
BUCK5_DIS[1:0] = 00, Hi-Z 1.5 - - kQ
Discharge Resistance Rbis BUCKS _DISI10] = 01 - 100 - 2
BUCK5_DIS[1:0] = 10 - 200 - Q
BUCK5_DIS[1:0] = 11 - 500 - Q
GATEL ---V1P8_SW (1.8V, Iyax = 500mA)
Supply Voltage
Supply Voltage 1.6 1.8 ch:\c/— \Y
ON-State Resistance and Soft-Start
ON-State Resistance Rps(on) VIN = 1.8V, louT = 300mA - 60 -- mQ
Soft-Start Time tss - 0.3 - ms
Dropout Voltage
Dropout Voltage VDROP lout = 300mA -- 18 -- mV
Current Limit
Current limit ILim 0.7 1.2 - A
Protections
UVP Trip Threshold Vuvp UVP detect - 60 - %
UVP Propagation Delay tuvPDLY -- 5 -- us

Copyright ©2017 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com DS5074A-00 July 2017
10




RICHTEK RTS074A
Parameter Symbol Test Conditions Min Typ Max Unit
VTT LDO --- Iyax = 500mA
LiviLavidvivr=oa | | < | @ |
VTT Output Tolerance VVTTTOL \1/.'31'3/?;2\\//?1'33"5'3\(21'\'/\'; — 05A -30 -- 30 mV
\1/|313/?1_2\\//?1D§f\(/3_|u; = 1A S0 - 30 my
Current Limit
VTT Source Current limit T Lmsr | VTT =0V -- 1.6 -- A
VTT Sink Current limit vt Lmsk | VTT =VDDQ -- 1.6 -- A
Leakage Current
VTT Leakage Current IVTTLK \?_::_'I?;S(f/ \TD?DISYZ,) SLP_S3=0V,| ., i 10 WA
VTTSNS Leakage Current IvTTsNsLk | Isink = ImA -1 -- 1 pA
Discharge Resistance
Discharge Resistance Rpis SLP_S4=0V, SLP_S3=0V - 15 - Q
Buck6 ---VDDQ (1.1V, 1.2V, 1.35V Controller)
DDR_SEL = high 1.3365| 1.35 | 1.3635
Output Voltage Vout DDR_SEL = low 1.188 1.2 1.212 Vv
DDR_SEL = floating 1.089 1.1 1.111
Soft-Start Time tss VDDQ 10% to 90% -- 0.8 -- ms
Current Limit
Current Limit Setting Current locseT 45 50 55 A
Current Limit Setting Voltage VocseT locseT x Rocset 0.4 -- \%
Current Limit GND - PHASE = VocseT / 12 -6 0 6 mV
gz;rfef:irgel_r:imt Temperature -- 4700 -- ppm/°C
Switching Frequency and Minimum Off Timer
Switching Frequency Accuracy | fsw 510 600 690 kHz
Minimum Off-Time toFF_MIN - 400 - ns
Minimum On-Time toN_MIN - 50 -- ns
Protections
OVP Trip Threshold Vovp OVP detect - 135 - %
OVP Propagation Delay tovpPDLY -- 5 -- us
UVP Trip Threshold Vuvp - 60 -- %
UVP Propagation Delay tuvpPDLY -- 5 -- us
?ﬁ:gsiglr(rjent Crossing VPHASE 2C 2 _ 4 mv
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RT5074A RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
Discharge Resistance
BUCK®6_DIS[1:0] = 00, Hi-Z 15 - - kQ
BUCK®6_DIS[1:0] = 01 - 100 - Q
Discharge Resistance Rpis
BUCK®6_DIS[1:0] = 10 - 200 - Q
BUCK®6_DIS[1:0] = 11 - 500 - Q
PWM Driving Capability
PWM Source Resistor RpwMsr - 30 -
PWM Sink Resistor RpwMsk - 10 -
1°C Interface
SDA, SCL Input High - 1.2
Y
Voltage Low 0.6 - -
SDA, SCL Operate _ _ 12 MHz
Frequency
Buckl ---VNN (0.5V to 1.45V, Controller)
Output Voltage Default Vourt 1.0395| 1.05 | 1.0605 \%
0,
VID = 0.75V to 1.45V -1% - 1% \/ng
Output Voltage Accuracy Vout
VID = 0.5V to 0.74V -9 - 9 mV
DC Output Voltage
Programmable Step VsTeP 10 mv
Dynamic Voltage Scale Slew SRovs 25 3125 B mV/s
Rate
Current Limit
Current Limit Setting Current | locseT 42.5 50 57.5 pA
Current Limit Setting Voltage | VocseT locseT x RocseTr 0.4 -- 3 \%
Current Limit GND - PHASE = VocseT / 12 -6 0 6 mvV
Current Limit Temperature o
Coefficient N 4700 = |ppm/eC
Switching Frequency _ B B
Accuracy fsw VBuck1 viD = 1V 750 kHz
Minimum Off-Time toFF_MIN - 400 - ns
Minimum On-Time toN_MIN - 50 - ns
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Parameter Symbol Test Conditions Min Typ Max Unit
Protections
) VID > 0.8V - 135 - %
OVP Trip Threshold Vovp
VID < 0.8V - 1.65 - Y
OVP Propagation Delay tovePDLY - 5 - us
UVP Trip Threshold Vuvp For VID from 0.5V to 1.45V - 60 - %
UVP Propagation Delay tuvPDLY -- 5 - us
Zero Current Crossing
Threshold VPHASE zC - B 4 mv
Discharge Resistance
BUCKZ1 _DIS[1:0] = 00, Hi-Z 15 - - kQ
) ) BUCK1 DIS[1:0]=01 - 100 - Q
Discharge Resistance Rpis
BUCK1 DIS[1:0]= 10 - 200 - Q
BUCK1_DIS[1:0] = 11 - 500 - Q
PWM Driving Capability
PWM Source Resistor RpwMsr - 30 - Q
PWM Sink Resistor RpPwMsk -- 10 -- Q
Buck2 ---VCCGI (0.5V to 1.45V, Controller
Output Voltage Default Vourt 0.99 1 1.01 \%
0
VID = 0.75V to 1.45V -1% - 1% \/;lgf
Output Voltage Accuracy VouT
VID = 0.5V to 0.74V -9 - 9 mV
DC Output Voltage
Programmable Step VsTep N 10 N mv
Dynamic Voltage Scale Slew SRovS o5 3195 B mV/us
Rate
Current Limit
Current Limit Setting Current | locseT 42.5 50 57.5 pA
Current Limit Setting Voltage | VocseT locseT x Rocset 0.4 -- 3 Vv
Current Limit GND - PHASE = VocseT / 12 —6 0 6 mV
Current Limit Temperature o
Coefficient - 4700 - |pPemiC
Switching Frequency _ _ _
Accuracy fsw V _Bucki_viD=1V 750 kHz
Minimum Off-Time toFF_MIN - 400 - ns
Minimum On-Time toN_MIN - 50 -- ns
Protections
i VID > 0.8V - 135 - %
OVP Trip Threshold Vovp
VID < 0.8V - 1.65 - \Y
OVP Propagation Delay tovePDLY -- 5 - us
UVP Trip Threshold Vuvp UVP detect -- 60 -- %
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RT5074A RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
UVP Propagation Delay tuvpPDLY -- 5 -- us
?E:Zsiglr(rjent Crossing VPHASE 2C 4 _ 4 my
Discharge Resistance
BUCK2_DIS[1:0] = 00, Hi-Z 15 - -- kQ
Discharge Resistance Rbis BUCK2 DIS|1.0] = 01 — 100 - o
BUCK2_DIS[1:0] = 10 - 200 - Q
BUCK2_DIS[1:0] = 11 - 500 - Q
PWM Driving Capability
PWM Source Resistor RpwMsr - - 30 Q
PWM Sink Resistor RpwMsk -- -- 10 Q
Pin Disable Threshold (For Buck 3/4/5)
VOUT Pin Disable Threshold | Vo pis_th Vce =5V 3.9 4.2 - \Y
Pin Disable Threshold (For Buck 1/2/6)
%'izgfol g OCSETX Pin | VocseT_pis_th | Vee =5V 39 | 42 | - v

Note 1. Stresses beyond those listed “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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RICHTEK RT5074A
Typical Application Circuit

VBATA VBATA
5VA
14k
6
VSYS
RT5074A L
22 T 27k
8 =3
T vce 0.1p/25V == 22
T 5
= VIN_CT
- L 06/0.1W/25V
X : for BUCKL/BUCK6 VBaTA T
Q 25, 26 =
VIN3 T o 5V
s i o RT9610C 2.2 T 10uF x3
= | P H—AA—— UGATE vee e =
: 1uH
. ! In—| BOOT T Ix323.24 A
VNN:056uH | RAAS L 1 o VCCRAM
VDDQ:0.47pH  § T 0.1pF 47 50 vouTs 12 | T 22uF x 7
VNN/VDDQ o M, ; PHASE EN >~ DRV_ENx —
VNN : 224F x 12 « Ly
VDDQ - ZZﬁF %15 RI%S I LGATE PWM 49,52} pywix 36
: I i SND VIN4 1 o 5V
= [ c1* _|CsD87381P T T 10pF x 3
N - = 48,51 =
*: Optional PHASEX 14
4,46
VOUTx Lxa 2435 T 0 VIPSA
vouTa |37 T 2Fx3
for BUCK2 Veata 5VA 1 -
VIN5 1 o 5V
RT9610C 2.2 I 10pF x 3
10pF x 3 I Ly 0 . —
= I~ AA— UGATE vee e =
SiRA14DP 0 a 20 2.2pH
0.22H [V BooT I LX5 N L o VIP24A
(DCR = 3.65mQ) T 0.1pF - vouTs [-16 T 22UF X 5
VCCGIo J_ AN ’ PHASE EN DRV_EN2 =
0.1uF "
T 2.74k A%Fez _‘i LGATE PWM 31| bz VIN_1P8_sw |17 1T o VIPSA
VSS_VCCGI o{ _[siracsop GND T 22
= 523 270 ICZ 1 T =
VCCGI : 224F x 20 - = 2 18
W *: Optional 32| pHasE2 VO_1P8_SW I, o VO_1P8_SW
29 2
ISENSEP2 T
6.8k (NTC)/R = 3930 28 =
ISENSEN2 VDDQ_LDO_IN |3 o VDDQ
= NC
T 42|\ ouTe T owF
43 =
FB2 2
9.1k 22pF VTT T o VTT
veegl o—f—A—+——| 1 T 10wk
680pF inF |44 VTT_SEN =
585 P 10k 1N COMP2 = =
27 5VA
VSS_VCCGlI 0——=- VSSSENSE2 Ne
100k
DDR_SEL |2
Buckl : I oad = 1.5A to 5A, SR = 3.5A/1us 3.3v V1P8A OCSET1 |12 15k
Buck2 : I oad = 1A t0 21A, SR = 20A/1ps 24.3k
Load m oCsET2 -3
Buck3 : I pad = 0.9A to 3A, SR = 2.5A/1us
14 20k
Buck4 : I oad = 0.45A to 1.5A, SR = 2.5A/1ps 10k < 10k < 10k OCSET6
Buck : I oad = 0.45A to 1.5A, SR = 2.5A/1ps RO o 41| TRG
. - - 38 39 =
s Lozt Sz Moo nesa 2
* lLoad = ©- 0 0.94, SR'=2.5A/1us ‘RSMRST © RSMRST 12¢ spa 140 o
GATEL : I gad = 0.15A to 0.5A, SR = 2.5A/1ps 5 —
PMIC ENo—— I pyic_EN
Slpso0—— 9I5p 50 AGND |-
[ 10| =————
SIP S30 SLP_ 53 GND 53 (Exposed Pad)
i 1lss= L
SiP 54 0—22 SLP_s4 =
THERMTRIP 0——————— == THERMTRIP
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RT5074A

RICHTEK

Typical Operating Characteristics

Power On from PMIC_EN to S4/S5

PMIC_EN | " Vevs = 12V, Ve = 5V, NO LOAD, ]
(5viDIV) °F PMIC_EN = low to high E
WNN
(AV/IDIV)
VIPBA |
@voiv)
V1P24A% _
(1V/DI\/) \|||||||||||||||||||||||:7|||\‘\\\\‘ll |;|
Time (500us/Div)
Power On from S4/S5 to S3
SLP_S4 Vsys = 12V, Ve = 5V, NO LOAD, ]
(5v/IDIV)> SLP_S4 = low to high g

V1P8U

VDDQ

(1V/DIV)'>-'~'§N—J . ]

(1V/DIV)%’ s
Time (1ms/Div)
Power On from S3 to SO
SLP_S3 sts = 12\7, Vcc=5V, NO .LOAD, ]
(5V/IDIV)* SLP_S0 = high, SLP_S3 = low to high]
VTT :
(1V/DIV)> : : 1 i : .
vipes [ L _;
(1VIDIV) | I L a
VCCRAM / _
(1V/DIV) Lo ]
MENENEE BN AT AN E T AN | | | 1l |

Time (1ms/Div)

Power On from PMIC_EN to S4/S5

U I R L S L I I I
PMIC_EN | © Vsvs = 12V, Vce = 5V, NO LOAD, |
(5VIDIV) f " PMIC_EN = low to high E
VIP24A | 3 3 ]
(AV/DIV)*f .
RSMRST : R S I -
(3V/DIV)% : : : 1

co b b b b s T v b v b v v v v

Time (5ms/Div)

Power On from S3 to SO

[ T T T T T I B
SLP_S3 sts = 12V: Vcc.= 5V,. NO LOAIj, ]
(5VIDIV)[ *“SLP_S0 = high, SLP_S3 = low to high]

VIT L | : L :
(1V/DIV)> SEan R e ifasasnons
VCCRAM | /i E
@vov) PE T 3
PCH_PWROKg: R E
(5VIDIV) C : ]
il | sl by b b

Time (2ms/Div)

VNN Load Transient Response

VouT1
(30mV/DIV)

louT1

@ADIV)”

I
PHASEL1 |
(QVIDIV)

- lLoap = 1.5A to 5A, Slew rate = 3.5A/us ]
PN PRIV IVEFIVETN EPATT RIS S 3

- ViN = 7.4V, Vout1 = 1.05V, Vcc = 5V,

Time (20us/Div)
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RICHTEK RT5074A

VCCGI Load Transient Response VDDQ Load Transient Response
Vours AR AR RS SRR RN AR R RS v|N-74vaum-12v””""'!"!""!"";
: : , FVcec =5V, ltoap = 2.1At0 7A, . 1oyt ]
(S0mV/DIV) ! ViN=7.4V | AL VouTs Slew rate = 2.5A/us My
Vourz =1V - |- (30mV/DIV) '
: Vee =5V 1 [ S
? } ' ' I } | ] louTs : : t : 1 : - "
louT2 : : o] 1
. ILoap = 1A to 21A, - . 4 AA/DI s R EERERER
(16A/DIV)” : Slew rate = 20A/us : ] ( V) : : : : b : : : ]
PHASE2 PHASES | i . !
(10V/DIV) (9VIDIV) >} L 1
”i””HH‘””i””””i””i””H”i””_ T PR PR TR SRR 1 1
Time (50us/Div) Time (20us/Div)
VCCRAM Load Transient Response V1P8A Load Transient Response
—Vcc—5V, ||_0AD—0.9AtO 3A, - s _VCC—5V |LOAD—045At0 15A,.. ... -
VouTs Slew rate = 2.5A/us : : {\ : ] VouTa Slew rate = 2..5A/ps. : ]
(30mV/DIV) w \/,- """ epmm et (30mV/DIV)
louTs : : : i : : : : louTs
@D, E T h T AD) F
LX3 LX4
(9V/DIV) (7viDIV)> _
A I ||||\\\\\\||||i||| | |
Time (20us/Div) Time (20us/Div)
V1P24A Load Transient Response VNN Over-Voltage Protection
Vin =BV, Vours = 2ay, T
_VCC—5V,|LOAD—O.45AtO1.5A,...:....:....:..._: B . A F : : : .
Vours pSlewrate =254s A - 1 pch_pwWROK {ViN =5V Vec =5V, ]
(30mVv/DIV) : : V. — ; v imae- (3V/DIV) ->:—NO LOAQ, VooTl :.1'05\_{' o . -
|OUT5 .................... _:_ r ,-
(AADIN) b oo ] 2 RTINS | RN ]
J PHASE1 0l S
LX5 I i ; S S
Vo B i e

(300mV/DIV)

Time (20us/Div) Time (10us/Div)
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RT5074A

RICHTEK

VCCGI Over-Voltage Protection
S A A S A AR AR A
PCH_PWROK | Vi = 12V, Vcc = 5V,
(3V/DIV) ?INO LOAD, Vourz = 1V 7]
PHASEZ_ ...................
(TVIDIV) | frmmmetrmmmsisrererreeeens
Vout2 ; :
(300mV/DIV) e
Time (10us/Div)
VCCRAM Over-Voltage Protection
REARRRR AR AR AR AR AR R
PCH_PWROK | vy = 5V, Ve = 5V,

(BV/IDIV)  >FNO LOAD, Vouts = 1.05V - - ks

Vours : S : ]
(300mV/DIV) HI?HH}HHIHHIHHHH?HH}HH?HHIHI'
Lx3 [ i
(3V/D|V))_...: .............. [ R
L TR T L |
Time (10us/Div)
V1P24A Over-Voltage Protection
R e L B B I S A N A
PCH_PWROK [Vin = 5V, Vcc = 5V,

(3Vv/DIV)  ~>NO LOAD, Vourts =

Vourts

1.24v

(300mV/DIV) A LA R N O B e o O RA RSN

LX5

(3V/DIV)->

Time (10us/Div)

VDDQ Over- Voltage Protection

: V|N—12V Vcc—5V ]
L. JNO LOAD, Vours = 1.2V ]

PCH_PWROK
@vDIvV) b
Vouts R ]
oomviDvyE 3
PHASES : =
(8V/DIV) :
| il Lo b o T by as
Time (10us/Div)
V1P8A Over-Voltage Protection
S S A AR AN A ARRR AMR AR
PCH_PWROK [ Vin = 5V, Vcc = 5V, ]
(3Vv/IDIV) >[NO LOAD, Vours = 1.8V - —
VouTa __,_ T ] -
(500mV/DIV) ‘ ‘ ; ; ;
X i g
@vDIvysE ] _ E
i I....I.......;...I |
Time (10us/Div)
VNN Over-Current Limit
MERRALNASERRARGE SNSRIV AP EVR VAR AP0
CH PWROK F . PCHPWROK ¥ f o 5
P || . . 4
(3V/DIV) b Vour e S 3
b 5 E
I | ; :
@apiv) M O,
VouT1 PHASE1
(ZOOmV/DIV)) H
i |
PHASEl’ ul.!mwmmwmwwwumnwwmuwuwu.um!i!mnw
(3V/DIV)

Time (20us/Div)
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RICHTEK

RT5074A

VCCGI Over-

Current Limit

PC(":',;;I\D/Y\'?)OK PCH_ PWROK “Vin = 12V, Vee = 5V
Vourz | ] :
(400mV/DIV) T ]
IL2 ; .--... i i i ;
(20A/DIVY’ :/* f -
.o PHASE2 ..\ 1
PHASE?2 | I
(20V/DIV) 1
v by b b by T b by b v
Time (50us/Div)
VCCRAM Over-Current Limit
R B R R I L I I
PC';V%\I/ ROK¢E ; : : VN 5v ch 5v
( V) - PCH_PWROK +
VouTs — : :
(B00mVIDIV) i oy T _
| _ ;ILé .............................. ]
(2A/L|;|V) T T ]
LX3 : ]
I X X
U i
o MDY =
(3vVIDIV)™ : SE ;
Time (10us/Div)
V1P24A Over-Current Limit
TTRCHPWROK T Uz 5y, \}c'é'_'s;\'/'
PCH_PWROK
(3V/D|V) o A
VouTs T _

(500mV/DIV)

Time (10us/Div)

VDDQ Over-Current Limit

A SRR SRR RRARE RS R
PCH_PWROK :

PCH_PWROK L=
@VDIV) >

ILe
(4AIDIV) [
VouTs PHASE6
(300mV/DIV)
PHASEG
3V/DI
( V) Time (20us/Div)
V1P8A Over-Current L|m|t
PCH_PWROK:HH“”'!””!””!HH III VlN—5VVCC—5V
(3V/DIV) R
VouTa
(400mV/DIV) _
ILa : : : ]
(ZAIDIV)in HH.HH.HH.HH ::::IH‘: HH.HH.IHF
Lx4 1
(3V/DIV) HHER
L | I....I.......i.\\ | |
Time (10us/Div)
VNN DVID Up
||||||||‘|||||\\\‘\
Vin = 5V, Ve = 5V, NO LOAD,
VNN = 0.5V to 1.05V 1
Vout1 : : : 1 : : :
(300mV/DIV)>5 1 ot { + f L } i
oA | mﬂj B
(aviDIv) | :
PHASE1
(3VIDIV) Co : L
sl by by T by by b ban

Time (50us/Div)
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VNN DVID Down VCCGI DVID Up

n T T T I"“""""'j LR I DL N UL R B [rerrprrrTrTTTTy
, I , o :-"'"' _
;_Vmi SV Ve s s NO L : : — ””V'm':__iz'\'/,'\/'c'c' .:”5.\/.,.NO LOAb,_}
i_VNN=1.05VtoO.5V Lol ] L., ......VCCGI=0.5Vto 1V 4
Vout1 Eoo : : : : : C Vour2 : : : : : 1
(300mV/DIV)>L | | ! | { J | ] (300MV/DIV)> bt e e e ]
son T e T T
@vpoivy T S (4V/DIV) ]
PHASEL F PHASE2 '. E
(3V/DIV) (7VIDIV)
ol b by v T v b v by by oy ..i.u‘H‘.i....i........i....i....HH\...
Time (50us/Div) Time (50us/Div)
VCCGI DVID Down VNN Efficiency vs. Output Current
ARRARARRRARES SARME RARRERRREARARERARES 100
e 90 r e~
[ 4
80 | ﬁ””—_/,h——
b 70 A VIN = 7.4V
g ;{9 Vin = 12.6V
Vout2 a 60 - Vin = 20V
(300mMV/DIV)” izt s mRasSRnEA 5 50 -
sbA L. jldcoor o 2 40
(4viDIv) | S i S w .y
;_ iiii .......... _: 0
PHASE2 __. i i
> _ . : ; . e 10 |
(7VIDV) : : : : : : ] Vce = 5V, VNN = 1.05V
sl b b s by | | IS NS N 0 L L L
Time (50us/Div) 0.001 0.01 0.1 1 10
Output Current (A)
VCCGI Efficiency vs. Output Current VDDQ Efficiency vs. Output Current
90 - 100
|
:‘_'___‘_,/ 90 L
80 ﬁ_'_’«/\ =N
Vin = 7.4V 80 =y
0 VIN = 12.6V / VIN = 7.4V
= Vin = 20V ’\g Vin = 12.6V
S 60 S ViN = 20V
> 3
g ° 3
o) 3]
5 5
30
20
Vce = 5V, VCCGI = 1V Vce = 5V, VDDQ = 1.1V
10 1 [ I L 0 L L L L !
0.001 0.01 0.1 1 10 100 0.001 0.01 01 1 10
Output Current (A) Output Current (A)
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VCCRAM Efficiency vs. Output Current

95
Wg
e 5V
S 3.3V
>
o
c
2L 70 -
3]
o 65
60
55 |
Vce = 5V, VCCRAM = 1.05V
50 1 1 1 1 |
0.001 0.01 0.1 1 10
Output Current (A)
V1P24A Efficiency vs. Output Current
100
95 |
90 ?@W
’\/v—-\/\‘\—/\ \
. 85 ViN = 5V @R\
XX VIN = 3.
S g0 N = 3.3V
g \
c 75
Q
(8] L
E 70
65 |
60 |
55
Vce = 5V, VIP24A = 1.24V
50 L L L L J
0.001 0.01 0.1 1 10
Output Current (A)
VCCGI Output Voltage vs. Output Current
1.02 |
Vce = 5V, VCCGI = 1V,
1.00 Loadline = 5.5mQ to 6.5mQ
__ 098
b Min LL Slop
o 0.96
(2]
% 094 | MaxLL Slop
2 092 |
2
£ 0.90 ik
O
088 | ViN = 7.4V, VID = 1V
086 |
0.84

0 3 6 9 12 15 18 21

Output Current (A)

100
95
90
85
80
75
70
65
60
55
50

Efficiency (%)

0.001

1.075

1.070

1.065

1.060

1.055

Output Voltage (V)

1.050

1.045

1.380

1.375

1.370

Output Voltage (V)
= =
& 5
o (53]

1.355

1.350

1.345

V1P8A Efficiency vs. Output Current

w——v\/ﬂ
- —
ZVIN =5V

Vin = 3.3V

Vce =5V, VIP8A = 1.8V
1 Il

0.01 0.1 1 10
Output Current (A)

VNN Output Voltage vs. Output Current

Vcec =5V, VNN = 1.05V

0 1 2 3 4 5
Output Current (A)

VDDQ Output Voltage vs. Output Current

Vcc = 5V, VDDQ = 1.35V

VIN = 20V
ViN = 12V
VIN = 7.4V
VIN = 5V

1 2 3 4 5 6 7
Output Current (A)

Copyright ©2017 Richtek Technology Corporation. All rights reserved.

RICHTEK isa registered trademark of Richtek Technology Corporation.

DS5074A-00 July 2017

www.richtek.com
21



RT5074A

RICHTEK

Output Voltage (V)

Output Voltage (V)

VCCRAM Output Voltage vs. Output Current

1.0565
1.0560
1.0555
1.0550
1.0545
1.0540
1.0535
1.0530
1.0525
1.0520
1.0515

| Vce = 5V, VCCRAM = 1.05V
ViN = 5V
Vin = 3.3V

0 0.5 1 1.5 2 25 3

Output Current (A)

V1P24A Output Voltage vs. Output Current

1.2445
1.2440
1.2435
1.2430
1.2425
1.2420
1.2415
1.2410

1.2405

Vce = 5V, VIP24A = 1.24V

ViN = 5V
ViN = 3.3V

0 0.3 0.6 0.9 12 15

Output Current (A)

1.809
1.808
1.807
1.806
1.805
1.804

1.803

Output Voltage (V)

1.802
1.801

1.800

0.6090

0.6085

o
[e2]
o
[e5]
o

0.6075

Output Voltage (V)
o o
[o)] [o)]
o o
[o)] ~
ol o

0.6060

0.6055

0.6050

V1P8A Output Voltage vs. Output Current

Vcec = 5V, VIP8A = 1.8V

ViN = 5V
Vin = 3.3V

LA

0 0.3 0.6 0.9 12 15
Outout Current (A)

VTT Output Voltage vs. Output Current

Ve = 5V, VDDQ_LDO_IN = 1.2V

1 -08 -06 04 -02 0 02 04 06 08 1

Output Current (A)
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RICHTEK RT5074A

VID Register Table

Table 1. VID Table

0000000 = 0.00V

0100000 = 0.81V

1000000 = 1.13V

1100000 = 1.45V

0000001 = 0.50V

0100001 = 0.82V

1000001 = 1.14V

1100001 = RSVD

0000010 = 0.51V

0100010 = 0.83V

1000010 = 1.15V

1100010 = RSVD

0000011 = 0.52v

0100011 = 0.84V

1000011 =1.16V

1100011 = RSVD

0000100 = 0.53Vv

0100100 = 0.85Vv

1000100 =1.17V

1100100 = RSVD

0000101 = 0.54V

0100101 = 0.86V

1000101 =1.18V

1100101 = RSVD

0000110 = 0.55V

0100110 = 0.87V

1000110 =1.19V

1100110 = RSVD

0000111 = 0.56V

0100111 = 0.88V

1000111 = 1.20V

1100111 = RSVD

0001000 = 0.57V

0101000 = 0.89V

1001000 =1.21V

1101000 = RSVD

0001001 = 0.58V

0101001 = 0.90V

1001001 =1.22V

1101001 = RSVD

0001010 = 0.59V

0101010 = 0.91VvV

1001010 =1.23V

1101010 = RSVD

0001011 = 0.60V

0101011 =0.92v

1001011 = 1.24V

1101011 = RSVD

0001100 = 0.61V

0101100 = 0.93Vv

1001100 = 1.25V

1101100 = RSVD

0001101 = 0.62V

0101101 = 0.94V

1001101 = 1.26V

1101101 = RSVD

0001110 = 0.63V

0101110 = 0.95V

1001110 =1.27V

1101110 = RSVD

0001111 = 0.64V

0101111 = 0.96V

1001111 =1.28V

1101111 = RSVD

0010000 = 0.65V

0110000 = 0.97V

1010000 = 1.29V

1110000 = RSVD

0010001 = 0.66V

0110001 = 0.98V

1010001 = 1.30V

1110001 = RSVD

0010010 = 0.67V

0110010 = 0.99V

1010010 =1.31V

1110010 = RSVD

0010011 = 0.68V

0110011 = 1.00V

1010011 =1.32V

1110011 = RSVD

0010100 = 0.69V

0110100 = 1.01V

1010100 = 1.33V

1110100 = RSVD

0010101 = 0.70V

0110101 =1.02V

1010101 = 1.34V

1110101 = RSVD

0010110 =0.71V

0110110 =1.03V

1010110 = 1.35V

1110110 = RSVD

0010111 =0.72V

0110111 =1.04V

1010111 = 1.36V

1110111 = RSVD

0011000 = 0.73V

0111000 = 1.05V

1011000 = 1.37V

1111000 = RSVD

0011001 = 0.74V

0111001 =1.06V

1011001 = 1.38V

1111001 = RSVD

0011010 =0.75V

0111010 =1.07V

1011010 = 1.39V

1111010 = RSVD

0011011 =0.76V

0111011 =1.08V

1011011 = 1.40V

1111011 = RSVD

0011100 =0.77V

0111100 = 1.09V

1011100 = 1.41V

1111100 = RSVD

0011101 =0.78V

0111101 =1.10V

1011101 = 1.42V

1111101 = RSVD

0011110 =0.79V

0111110 =1.11V

1011110 = 1.43V

1111110 = RSVD

0011111 = 0.80V

0111111 =1.12V

1011111 = 1.44V

1111111 = RSVD
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RT5074A RICHTEK

Application Information

The RT5074A is a PMIC (Power Management Integrated Circuit) of the APL Platform focused on power solution
integration to minimize system board area.

Power Path

The RT5074A s an integrated power solution for the APL platform. It includes three DC-DC Buck Controllers, three DC-
DC Buck converters, one Linear Dropout regulators and one power switch. Expect System 3V/5V power, the RT5074A
package the rest power paths into one.

VBATA
f PMIC h ( BXT-P h a Board Devices h
( Buckl ) » VNN
VBaTA
( Buck2 )} »  VCCGI

I

»( VCCRAM

»  VIP8A

U

> VIP24A

VBaTA

) 0

( Buck6 } »(  VDDQ

»( vDDQ )

VTT »> VTT
VO_1P8_SW ‘i V1P8U /)
V1P8A — GATE 1 " vipss
RSMRST R
PMIC_EN —»
) SLP 54
) SLP 53
VSYS —» ) _
SLP_S0
PCH_PWROK
DDR_SEL —| B THERMTRIP
) 1’C/IRQ
N J- "\ J N y

Figure 1. Simplified PMIC Power Map
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Buck Regulators

The RT5074A s a highly integrated multi-channel power
management solution, including 3 step-down controllers
and 3 step-down converters.

Buck 1 and Buck 6 of the RT5074A are high-performance
controllers, the control scheme is based on an Advanced
Constant On-Time (ACOT™) control architecture that
provides stable operation for ceramic output capacitors
without complicated external compensation, among other
benefits. In ACOT™ architecture, it measures real
switching frequency from phase pin and modifies on-time
through a feedback loop to keep switching frequency
constant. Furthermore, in order to get good stability with
using low-ESR multi-layer ceramic capacitors (MLCC),
internal circuitry creates a virtual inductor current ramp
(work at switching frequency) to replace traditional ramp
sensed from ESR resistance of output capacitor. So, it
could improve stability and reduce jitter and variation with
ACOT™ topology.

VCCGI Regulator

COMPCOT Control Scheme

The Buck2 adopt COMPCOT control scheme, whichis a
Flexible Constant On Time (F-COT™) with TYPE I
compensator. It is a fixed frequency constant on time

topology.

For stability when using pure MLCC in output capacitor,
ramp compensation is necessary. In order to obtain further
excellent noise immunity for jitter, increase the slope of
ramp but it will bring about double poles with high Q(Quality
factor) in low frequency and that is bound to attack load
transient performance(with ring back and poor undershoot).
So a TYPE Ill compensator is adopted to improve load
transient performance.

Figure 2 is the COMPCOT control scheme.In order to
strengthen load transient response, the COMPCOT
scheme comparison Vcompe and Vion to determine on time.

The Figure 3 shows the COMPCOT behavior in load
transient.

Figure 3(a) shows the behavior of COMPCOT control
scheme. In steady state, when Vcowmp is reached Vour,
that will generates PWM begin, and the end of PWM is
depending on Vion reached Vcome. When load step up,
Vcowmp Will thrown up, Vion reach Vcomp delayed that will
bring about PWM on time larger to improve undershoot.
Figure 3(b) shows load step down behavior. When load
step down, the PWM on time will smaller to improved
overshoot. With the control scheme will improved greatly
load transient performance.

VouTt2
n}'vx by
RT5074A
VOUT2
To driver
< i
Veomp I VREF
ton
— g
VioNn

Figure 2. COMPCOT Control Scheme Circuit
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Vour2

N\

Vcomp ——

Vion

Load Current

o —> «<— | e e e e e
IMEOFF
Figure 3(a). COMPCOT Behavior Waveforms in Load Step Up
Vour2
Vcomp ———» \\ / \ /\/
Voo L0 0 7 T~ — s e

Load Current

PWM

tMIN_ON

Figure3 (b). COMPCOT Behavior Waveforms in Load Step Down
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TYPE Ill Compensator

Due to one pair of double pole local at low frequency, a
TYPE Ill compensator is adopted. The TYPE Il
compensator can bring 2 zeros, 3poles that can
compensate loop gain. The TYPE Ill compensator is
shown as Figure 4.

For TYPE Il compensator calculation, Richtek provide
design tool for customer in order to simplify design.

c2 g [ I'_
A e Iro

*—O Vcowmp
VREF—>

Figure 4. TYPE Ill Compensator

VouT2 o—e—AN

Droop Setting and Thermal Compensation

The Buck? also provide droop setting via DCR network as
Figure 5.

But due to the cooper wire of inductor has a positive
temperature coefficient.

And hence, temperature compensation is necessary for
the lossless inductor current sense. For thermal
compensation, an NTC Thermistor is put in the current
sense network and it can be used to compensation DCR
variation due to temperature is changed.

The DCR network equation is as follows :

L
+ S

1
REQ DCR

VISENSEP2-ISENSEN2 = IL xDCRx R
X + REQ

Rx + REQ

Rp xRNTC
Let REQ =Rg + ———=—"
Q Rp +RNTC
According to current sense network, the corresponding
equation is represented as follows :
L _ RxxRgpxC
DCR Ry +RgQ '

R
then ViISENSEP2-ISENSEN2 = IL XDCRXR;EQL
X +REQ
If DCR network time constant matches inductor time
constant, L/DCR, an expected load transient waveform

can be designed.

Rx xRgQ xC
1+ DXXREQX Yo

The droop set equation as follows :

|LXDCRXLEL}8

VDROOP = [ Rx + REQ

RpcLL = YDROOP _ peg, REQ g
I Rx + REQ
Where, 8 is internal parameter of the RT5074A.

For detail DCR network calculation, Richtek provide design
for customer in order to simplify design.

VCCGI
IL o
—_—
RT5074A L DCR
C
ISENSEP2 Rx i1
)
GM % t
— Rs RNTC
ISENSEN2 Re

Figure 5. DCR Sense Circuit and Thermal Compensation

For Buck3, Buck4 and Buck5 of the RT5074A, the control
scheme is based on current mode constant-on-time (COT)
architecture, which has fast transient response and
minimizes external components. Based on the internal
current ramp information, it also can used multi-layer
ceramic capacitors as the output capacitors without high-
ESR bulk or virtual ESR network required for the loop
stability.

With I12C interface, Buck regulators can program output
voltage, change the discharge resistance, VID slew down
or decay down and control the on/off state. Even PWM
can switch to forced PWM mode or auto pulse skip mode.

All the Buck controllers and converters of the RT5074A
applies Power-Saving feature by automatic enabling diode
emulation mode (DEM) as load decrease.

Buck Enable and Disable

Buckl to Buck6 can be enabled or disabled through pin
strapping. At PMIC_ENT rising edge, the RT5074A detects
whether the voltages of OCSETX pins for Buckl, 2 and 6
and VOUTX pins for Buck 3, 4 and 5 are higher than “VCC
—0.8V” respectively to decide which buck should be active.
For example, by connecting OCSET1 pin and VOUT4 pin
to VCC, the buckl and Buck4 are disabled. When the
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bucks are disabled, the power good of the bucks are
masked (high) and the system sequences as expected.

Buck6 (VDDQ) Voltage Selection

The output voltage of Buck6 can be set by DDR_SEL pin
at the rising edge of PMIC_EN. IfDDR_SEL pin is pulled
below 0.4V, the output voltage of Buck6 will set to be
1.2V.IfDDR_SEL pinis pulled up > 2.5V, the output voltage
of Buck6 will set to be 1.35V. If the DDR_SEL pin is
floating, the output voltage of Buck 6 will set to be 1.1V.
In order to specification VOUT6, a 10kQ resistance is
connected from internal FB to GND. So we can’t use
VOUTS® to resistor divider.

Table 2. Buck6 Voltage selection

DDR_SEL Buck6 Nominal DDR
Pin State Output Voltage Technology
H 1.35V DDR3L
Floating 1.1v LPDDRA4
L 1.2v LPDDR3

Buck Over-Current Limit

The OCP is implemented using a cycle-by-cycle “valley”
current detected control circuit, Figure 6 The switch current
is monitored by measuring the low-side voltage between
the LX/PHASE pin and GND. The voltage is proportional
to the switch current and the on-resistance of the low-
side MOSFET.

When high-side MOSFET turn-on (ton), the high-side
switch current increases at a linear rate and determines
by Vin, Vour, ton and inductance. And when low-side
MOSFET turn-on (toer), the low-side switch current
decreases linearly. The average value of the switch current
is the output load curre nt. If the sensing voltage of the
low-side MOSFET is above the voltage proportional to the
current limit, the converter keeps the low-side turn on
until the sensing voltage falls below the voltage
proportional to the current limit threshold and start a new
switching cycle.

For Buckl, Buck2 and Buck®6, current limit threshold can
be set by a resistor (Rocser) between OCSETXx pin and
GND. Once VCC exceeds the POR threshold and chip is
enabled, an internal current source locser flows through

Rocset. The voltage across Rocser is the current-limit
protection threshold Vocser. Rocser can be determined
using the following Equation (1).

(RLG,DS(ON) XIVALLEY ) x12
locseT

ANRVANIVA'S
//VV\

Figure 6. Cycle-By-Cycle “Valley” Current Detected
Control

1)

RocseT =

lout

IvALLEY

Where IvaL ey represents the desired inductor limit current
(valley inductor current) and locser is current limit setting
current (50pA) which has a temperature coefficient to
compensate the temperature dependency of the

RiG, bsony.

For Buck3, Buck 4 and Buck5, the low-side MOSFET are
embedded and current limit threshold has defined in
electrical characteristics.

Negative Current Limit

The RT5074A supports cycle-by-cycle negative current
limiting. If negative inductor current is rising to trigger
negative current limit, the low-side MOSFET will be turned
off and the current will flow to input side through the body
diode of the high-side MOSFET. At this time, output voltage
tends to rise or the DVID down slew rate tends to decrease
because this protection limits current to discharge the
output capacitor. In order to prevent shutdown because of
over-voltage protection, the low-side MOSFET is turned
on again 400ns after it is turned off. If the device hits the
negative current limit threshold again before output voltage
is discharged to the target level, the low-side MOSFET is
turned off and process repeats. It ensures maximum
allowable discharge capability when output voltage
continues to rise. On the other hand, if the output is
discharged to the target level before negative current
threshold is reached, the low-side MOSFET is turned off,
the high-side MOSFET is then turned on, and the device
keeps normal operation.
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Buck Under-Voltage Protection

When the over-current limit is active, the output voltage
falls. If the output voltage falls under 60% of the reference
voltage, the UVP comparator signal goes high and an
internal UVP counter start to count. If the counted timing
is over the UVP deglitch time, the high-side and low-side
MOSFET will turn off and latched. The RT5074A s latched
once UVP is triggered and can only be released by toggling
enable or cycling VCC.

Buck Over-Voltage Protection

When the output voltage exceeds 135% of the reference
voltage, the OVP comparator signal goes high and an
internal OVP counter start to count. If the counted timing
is over the OVP deglitch time, the low-side MOSFET will
continue to turn on 10us to discharge the output capacitor
then the high-side and low-side MOSFET will turn off and
latched. The RT5074A is latched once OVP is triggered
and can only be released by toggling enable or cycling
VCC.

Buck Over-Temperature Protection

The over-temperature protection function of the RT5074A
is built inside the PMIC to prevent overheat damage. If the
die temperature is over 150°C, the OTP circuit acts and
makes all power rails of RT5074A shutdown. They recover
back with power-up sequence when the temperature is
low to 125°C.

VTT Regulator

The RT5074A includes one high performance linear dropout
regulators(VTT). The VTT of the RT5074A have soft-start
function. An internal current source charges an internal
capacitor to make the soft-start ramp voltage. When VTT
power up, the output voltage will track the internal ramp
voltage during soft-start interval to prevent inrush current.

When PMIC_EN signals go low to let VTT shutdown mode
occur, or the output under-voltage fault latch is set, the
output discharge mode will be triggered. During discharge
mode, an internal switch creates a path for discharging
the output capacitors' residual charge to GND.

The VTT contains an independent current-limit and under-
voltage protection circuit to prevent unexpected
applications. The current limit circuit monitors the current

of the path from input to output by a current sensing circuit
and controls the path transistor's gate voltage. When the
path current is over the current limit, the current limit circuit
fixes the gate voltage to limit the output current. And if
the output voltage is less than 60% of VOUT, the UVP
circuit will shut down the VTT and latched. Re-enable the
RT5074A device to disable the latched status.

Power Switch

There is also power switch within the RT5074A. SW_V1P8
is a N-Channel power switch MOSFET (60mQ) with an
internal charge pump designed to provide the gate drive.
Power switch of the RT5074A have soft-start function, too.
An internal current source charges an internal capacitor
to make the soft-start ramp voltage. When power switch
turn on, the output voltage will track the internal ramp
voltage during soft-start interval to prevent inrush current.

When PMIC_EN or SLP_SX goes low to let power switch

shutdown mode occur, the output discharge mode will be
triggered. During discharge mode, an internal switch
creates a path for discharging the output capacitors'
residual charge to GND. The switch also apply current-
limit protection and under-voltage protection function. The
current limit circuitry prevents damage to the power switch
MOSFET and the backend device but can deliver load
current up to the current limit threshold.

Interrupt (IRQ pin)

If any interrupt event defined in interrupt status register
occurs, related bits or flags are setto 1 and the RT5074A
will pull IRQ pin low. When master received the Interrupt
byﬁg pin pulled to low, master will perform an I12C read
cycle to read the interrupt status register and figure out
the interrupt event which caused the interrupt and service
it.

These bits or flags are only cleared by software writing a
1 to the appropriate bit locations and the RT5074A will
reset the IRQ to high.

THERMTRIP Emergency Shutdown

PMIC shall support an emergency shutdown sequence at
the assertion of the THERMTRIP (H to L) signal from the
SoC. The PMIC is to take the following actions at the
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assertion of THERMTRIP :
1. Immediately assert RSMRST
2. Immediately de-assert PCH_PWROK

3. Shuts down all regulators and power gates after the
assertion of RSMRST and de-assertion of
PCH_PWROK.

PMIC Sequencing

Power-Up Sequence

During start-up, the RT5074A will detect the voltage input
pins : VCC, VSYS pins. When VCC > 4.1V, VSYS >
2.7V, the RT5074A will recognize the power state of
system to be ready.

The power on sequence will be :
. PMIC_EN signal asserted.
.VNN—1.05V, V1IP8A—>1.8V , V1P24A— 1.24V.
. 18ms delay.

1
2
3
4. RSMRST power good signal goes high.
5. m signal asserted.

6

. If DDR_SEL = Low or Floating, SW_V1P8 — 1.8V,
VDDQ —1.2V or 1.1V

7. SLP_S3 signal asserted, if DDR_SEL = High,
SW_V1P8— 1.8V, VDDQ—1.35V.

8. ST_SO signal asserted.

9. VIT— VDDQ/2, VCCRAM— 1.05V

10. PCH_PWROK power good signals go high.
11. Set VCCGI VID — BOOT VID.

Important Notes :

1. When the PMIC is first enabled, SLP_S4 and SLP_S3
are to be treated as if they are low (actual state of
signal ignored) until the de-assertion of RSMRST. The
PMIC must honor the state of SLP_S4 and SLP_S3
after the de-assertion of RSMRST.

2. When the PMIC is first enabled, SLP_SO0 is to be
treated as if it is high (actual state of signal ignored)
until the first assertion of PCH_PWROK. The PMIC
must honor the state of SLP_SO0 in all power states
after the first assertion of PCH_PWROK.

3. THERMTRIP is to be treated as if it is high (ignored)
until the de-assertion of RSMRST.
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G3 to S4/S5

S4/S5

S3 SO

VSYS, 3.3V/5V

and VCC Ready

PMIC_EN

V1P8A /

] i
VNN / i

I
VIP24A /i
I
RSMRST _’: ->10ms
RN
I 3
[ 1.8V
THERMTRIP
I‘l ------- ’ 3.3V
|
SLP_s4 |
- 3.3V
I
I | ]
SLP_S3 | I
: 3.3V
|
SLP_S0 |
: <=2ms : V1P8S (DDR3L) Loy
V1P8U (LPDDR3, LPDDR4) —’: — : — :
| /
V1P8_SW : /'!_ A Yoo
| T
VDD —»| p/— I'l <=100us
Q ; | — & 2 VDDQ/2
VTT 2.9ms to 4ms :/
: | ' | I 1.05V
_ T
VCCRAM | >, <=5sms /] |
| 1 2.5ms to 100ms
PCH_PWROK ! gl * VID
i | SET VID'\
VCCGI | !
[
1

Figure 7. Power on Sequence
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S0iX Entry and Exit Power Sequences

SLP_S0 to control the voltage rails to meet the power saving requirement of the sleep mode on the APL platform. From
S0 mode to SOiX mode, SLP_SO0 goes low, VTT, VNN VCCRAM and VCCGil rails power off, at the same time, PCHPWROK
is still keep high.

S0 S0iX S0
3.3V
SLP_s4
3.3V
SLP_S3
SLP_S0 3.3V
1.8V
V1P8_SW
VDD
VDDQ Q
<100ps
—| VDDQ/2
vTT \
1.05V
VNN \ 2.7ms to 4.2ms !
— -
Pt 1.05V
VCCRAM . i .
\ i<=5ms
§ VID
vceal K
3.3V
PCH_PWROK

Figure 8. SO to SOiX to SO Sequence
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S4/S5 to SO Entry and Exit Power Sequences

The RT5074A has three SLP enable signals SLP_SO0, SLP_S3 and SLP_S4 to control the voltage rails respectively to
meet the power saving requirement of the sleep mode on the APL platform. From SO mode to S3 mode, SLP_S3 goes
low from S3 to S4/S5 mode, SLP_S4 go low.

From SO to S3 mode, when SLP_S3 signal goes low, VTT, VNN, VCCRAM and VCCGIl rails power off. Also, if DDR_SEL
=High, V1PS power off. At the same time PCH_PWROK pull low to gnd. VNN, VCCRAM and VCCGI discharge to sleep
voltage set by BUCKx_RDIS register.

From S3 to S4/S5 mode, when SLP_S4 signal goes low, VDDQ power off, And then if DDR_SEL = Low or Floating,
V1P8U decay to zero.

SO S3 S4 | S3 SO

| | 3.3V
SLP S4 | |
| I
! ! ! ! 3.3V
P | |
SLP_s3 I I
I I
T T
! I I I
I I I
| , \ | 3.3v
SLP_SO T I T T
- | 1V1P8S I I
| I I
L P P e
<2ms
V1P8_SW '  30ms to 60ms | < 2ms) ) 1.8v
k / J ! I
| T
| I :
' ! : VDDQ
VDDQ ! ! |
|

I
I
I
i
I
I
I
T I T
25msto
. \_ L sl
I/ ——4ms | <100us
! ! —’: — VDDQ/2
NG ¥4
I Vo 1.05V

VNN :
NG .
T

|
| | 1.05V
VCCRAM | :4_
K | 1< 5ms
PCH_PWROK : : : 33V
! 1] oms | . 2.5ms to
— [ | 100ms VID
I |
| I
1
]

|
VCCGI \

|

|

|

Figure 9. SO to S4/S5 to SO Sequence
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The VR power states and related signals are summarized as the Table 3.
Table 3. PMIC Power States

CasLp Power State G3 S4/S5 s3 S0iX S0
PMIC_EN L H H H H

SLP_S4 L L H H H

SLP_S3 L L L H H

SLP_SO L H H L H
THERMTRIP L H H H H

Voltage Rails G3 S4/S5 S3 S0iX SO
VNN(BUCK1) OFF OFF OFF OFF ON
VCCGI(BUCK2) OFF OFF OFF OFF ON
VCCRAM(BUCKS3) OFF OFF OFF OFF ON
V1P8A(BUCKA4) OFF ON ON ON ON
V1P24A(BUCKS5) OFF ON ON ON ON
VDDQ(BUCKS®6) OFF OFF ON ON ON
VTT OFF OFF OFF OFF ON
GATEL ('?:'IDOF;E‘:’QE)L = Lowor OFF OFF ON ON ON
GATE1, (DDR_SEL = High) OFF OFF OFF ON ON
PGOOD G3 S4/S5 S3 S0iX SO

RSMRST L H H H
PCH_PWROK L L H

Note : The VNN is designed as first power on when cold boot from G3. After enter SO state, the power state of VNN should follow

the table above.
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Power-Off Sequence

There are two conditions can make all power rails of the RT5074A go to off mode. One is using SLP signals and
PMIC_EN signal to disable the RT5074A, all the output signals and power rails will be off sequentially. Figure 10 shows
the normal power off Sequence.

When use PMIC_EN to disable the RT5074A only, all the output signals and power rails will be off at the same time.

SO S3 S4/S5 G3

SLP_SO

SLP_S3

SLP_S4

PMIC_EN

V1P8A

V1P24A

|
|
|
|
|
|
I
|
|
|
|
RSMRST t
|

|
| 30ms to 60ms —
[ !

I Vipsu oms

o

V1P8_SW

VDDQ

\\
™~

_________________7_______L____________________

V1P8S

_________/,______ _____-._________________
I~~~

VTT

VNN

VCCRAM

VCCGI

PCH_PWROK

INaaa

i
!

Ooms

Figure 10. Power Off Sequence
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I2C Interface
An I2C Interface is used to communicate with the RT5074A and the address for the RT5074A is OX5E. Figure 11 shows

the 1°C format employed by the RT5074A.

The bus provides read and write access to the internal performance registers for setting and reading of operating parameters
and operates up to 1MHz. The Operating parameters that can be adjusted through the I°C interface.

Read N bytes from RT5074A

Slave Address Register Address Slave Address MSB Data 1 LSB
ISI||||||IOIAI|||||||IAISrI|||||||1|A|||||||||A}—‘
RIW—4 Assume Address = m Data for Address = m
MSB Data 2 LSB MSB Data N LSB
v v v _
—LIIIIT &L T T ITITIA[]
Data for Address = m+1 Data for Address = m+N-1

Write N bytes to RT5074A
Slave Address Register Address MSB Data 1 LSB MSB Data 2 LSB

L 4 4 v
|S||||||||0|A|||||||||A|||||||||A|||||||||A}—‘

R/V_VJ Assume Address = m Data for Address = m Data for Address = m+1

MSB Data N LSB
v v
L (LTI LA

Data for Address = m+N-1

|:| Driven by Master, |:| Driven by Slave (RT5074A), IE Stop, Start, Repeat Start

Figure 11. I1°C Format
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Thermal Considerations

The junction temperature should never exceed the
absolute maximum junction temperature Timax), 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 :

Pomaxy = (Tamaxy — Ta) / Baa

where Tiwmax) 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, 0sa, is highly package dependent. For a
WQFN-52L 6x6 package, the thermal resistance, 64, is
26.5°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 :

Pomax) = (125°C — 25°C) / (26.5°C/W) = 3.77W for a
WQFN-52L 6x6 package.

The maximum power dissipation depends on the operating
ambient temperature for the fixed Tiwax) and the thermal
resistance, 0;a. The derating curves in Figure 12 allows
the designer to see the effect of rising ambient temperature
on the maximum power dissipation.

4.0

Four-Layer PCB
36

32
28
24
20
16 |
12
0.8 r
04 r

Maximum Power Dissipation (W)

0.0

0 25 50 75 100 125
Ambient Temperature (°C)
Figure 12. Derating Curve of Maximum Power
Dissipation

Layout Considerations

Layout is very important in high frequency switching
converter design. The PCB can radiate excessive noise
and contribute to converter instability with improper layout.

» Power components should be placed on the same side
of board, with power traces routed on the same layer. If
it is necessary to route a power trace to another layer,
choose a trace in low di/dt paths and use multiple vias
for interconnection. When vias are used to connect PCB
layers in the high current loop, multiple vias should be
used to minimize via impedance. Certain points must
be considered before starting a layout using the
RT5074A.

» Make the traces of the main current paths as short and
wide as possible.

» Place input decoupling capacitors as close as possible
as to VIN3 (VCCRAM), VIN4 (V1P8A) and
VIN5(V1P24A) pins. This cap provide the instant current
into this pin when the internal MOSFET switching. Itis
preferable to connect the decoupling capacitors directly
to the pins without using vias.

» Place the inductors close LX3 (LX_VCCRAM), LX4
(LX_1P8A) and LX5 (LX_V1P24A) to minimize the
radiation noise, and the copper area should be
minimized. However, the copper area is provided a heat
sink to the internal MOSFET. Don't make the area of
the node small by using narrow traces, using wide and
short traces instead.

» For feedback signals VOUT1 to VOUT6 and VTT_SEN,
the sensing point which detects the output voltage must
be connected after output capacitor and keep the trace
far away from the switching node or inductor.

» Place the bypass capacitor close to VDDQ_LDO _IN,
VIN_1P8 SW.

» Place the filter capacitor close to place the output
capacitor close to sense point or loading to increase
load transient response performance.

» The GND pin and Exposed Pad should be connected to

a strong ground plane for heat sinking and noise
protection, and the exposed pad should have twelve
0.3mm diameter thermal vias in this pad at least. All the
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vias should be connected to the internal ground plan to
minimize the electrical and thermal impedance.

» An example of PCB layout guide is shown in Figure 13.

for reference.
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Figure 13. PCB Layout Guide
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RT5074A

Outline Dimension
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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
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 5.950 6.050 0.234 0.238
D2 4.650 4.750 0.183 0.187
E 5.950 6.050 0.234 0.238
E2 4.650 4.750 0.183 0.187
e 0.400 0.016
L 0.350 0.450 0.014 0.018
L1 0.300 0.400 0.012 0.016

W-Type 52L QFN 6x6 Package
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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. Customers should obtain the latest relevant information and data sheets before placing orders and should verify
that such information is current and complete. Richtek cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek
product. Information furnished by Richtek is believed to be accurate and reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use;
nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent
or patent rights of Richtek or its subsidiaries.
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