RICHTEK

RT3674AE

Triple Channel PWM Controller for AMD SVI3 CPU/GPU Core

Power Supply

General Description

The RT3674AE is a synchronous buck controller which
supports triple output rails and can fully meet AMD SVI3
requirements. The RT3674AE adopts G-NAVP™
(Green Native AVP), which is Richtek’s proprietary
topology derived from finite DC gain of EA amplifier with
current mode control, making it easy to set the droop to
meet all AMD CPU/GPU requirements of AVP (Adaptive
Voltage Positioning). Based on the G-NAVP ™ topology,
the RT3674AE features a new generation of quick
response mechanism (Adaptive Quick Response, AQR)
to optimize AVP performance during load transient and
reduce output capacitors. The RT3674AE integrates a
high accuracy ADC for reporting and a non-volatile
memory (NVM) to store custom configurations, such as
output current scale, auto phase add/drop threshold,
switching frequency, over-current threshold or AQR
trigger level. It also features complete fault protection
functions including over-voltage (OV), under-voltage
(UV), over-current (OC) and under-voltage lockout
(UVLO). The RT3674AE provides independent enable,
power good and temperature sense for each output rail.
It also supports several functions which can be set by
12C interface.

Applications

e SVI3 AMD Core Supply

o Desktop and Notebook Computer
e AVP Step-Down Converter

Features
e AMD SVI3 Compatible
e 4/3/2/1 Phase (Rail A) +1 Phase (Rail B) +1 Phase
(Rail C) PWM Controller
e G-NAVP™ (Green Native Adaptive Voltage
Positioning) Topology
e 0.5% DAC Accuracy
o Differential Remote Voltage Sensing
e Built-in ADC for Reporting
e Accurate Current Balance
e Diode Emulation Mode (DEM) at Light Load
e Fast Transient Response Adaptive Quick
Response (AQR)
e OVP, OCP and UVP with Flag
e Switching Frequency Setting
e Auto Phase Add/Drop with DEM for Excellent
Efficiency
e Voltage on the Fly (VOTF) Enhancement
e Acoustic Noise Suppression
e Zero Load-line
o Standard 12C Protocol Interface
» Internal Non-Volatile Memory (NVM) to Store
Custom Configurations
» Current Balance Gain Adjustment for Thermal
Balance
» Dynamic Load-line Setting
» Voltage Offset Setting
» Fixed VID Setting
» Protection Report and Protection Disable
» Output Voltage / Output Current / Temperature /
Input Power Monitoring
e Soldering Good Detection
e Small 60-Lead WQFN Package

RT3674AE
0— PWRGD_A PWM1_A| RT9610C MOSFET
To Sys‘em{o— PWRGD_B
o— PWRGD_C
- PWM2_A— RT9610C — MOSFET Voser

From System o— RESET_L

PWM3_A{— RT9610C — MOSFET

HH

o—{svc

o—]|svp
e E=t
o— OCP_L v
vl oocr soc
L pwwm1_s|— RT9s10c || MOSFET o
Ve

TosmBus{ 3| S5A I

"~ Vooe sr
To Driver o— DRVEN PWM1_C(— RT9610C — MOSFET o

I

RT3674AE
0— PWRGD_A

To System{of PWRGD_B
o—|{ PWRGD_C

From System o—{ RESET_L

o—{svc

o—{svD
To CPU{ o] avro

o— ocP_L

SvTI €
L PWML_B|—| Dr.MOS °

Tosmeus{ S| 3ok l

Vooce sk
To Dr.MOS o— DRVEN_F PWM1_C|

Copyright © 2022 Richtek Technology Corporation. All rights reserved. RICHTEK

is a registered trademark of Richtek Technology Corporation.

DS3674AE-02  October 2022

Downloaded from AFFOW.Com.

www.richtek.com
1


http://www.arrow.com

RT3674AE

RICHTEK

Ordering Information

RT3674AED] 'i

Note :

The configuration code identifier
for the register setting stored in
the internal NVM

Package Type

QW : WQFN-60L 7x7 (W-Type)

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

Richtek products are :

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

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

Marking Information

RT3674AE
GQW
YMDNN

RT3674AEGQW : Product Code
YMDNN : Date Code
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Functional Pin Description

Pin No. Pin Name Pin Function
1 VSEN A Positive differential voltage sense input for rail A. Connect to positive remote
- sensing point and should be routed with RGND_A as a differential pair.
5 RGND A Nega_ltlve d!fferennal voltage sense input for rail A. Connect to negative remote
- sensing point.

3 COMP_A Error amplifier output of rail A.

4 FB_A Error amplifier voltage feedback of rail A.

5 ISEN4AN_A | Phase #4 current sense inputs of rail A. The ISEN4N_A and ISEN4P_A pins are
used to differentially sense the corresponding channel current. Connecting

6 ISEN4P_A | ISEN4P_A to VCC programs 3-phase operation.

7 ISEN2N_A | Phase #2 current sense inputs of rail A. The ISEN2N_A and ISEN2P_A pins are
used to differentially sense the corresponding channel current. Connecting

8 ISEN2P_A | ISEN2P_A to VCC programs 1-phase operation.

9 ISEN1IN A | Phase #1 current sense inputs of rail A. The ISEN1N_A and ISEN1P_A pins are

— used to differentially sense the corresponding channel current. Connecting

10 ISNEIP_A | |SEN1P_A to VCC if rail A is not used.

11 ISNE3N_A | Phase #3 current sense inputs of rail A. The ISEN3N_A and ISEN3P_A pins are
used to differentially sense the corresponding channel current. Connecting

12 ISEN3P_A | ISEN3P_Ato VCC programs 2-phase operation.
Acoustic Noise Suppression function setting. When the pin is pulled to VCC, this

13 ANS_EN . L .

- function can be enabled. This pin is not allowed to be floating.

14 VIN VIN input pin. Connect a low-pass filter to this pin to set on-time.

15 PSYS System input power monitor. Place the PSYS resistor as close to the IC as
possible. Pulling this pin to VCC can disable PSYS function.
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Pin No. Pin Name Pin Function
Phase #4 rail A PWM output. This signal is used to drive the PWM input of the
FET diver IC. Unused PWM pins should be left unconnected. The PWM tri-state
16 PWM4_A windows can be selected by NVM. One is 1.6V to 2.2V and the other is 1.4V to
2.1V. The PWM output high level is pulled up to VCC (5V) and low level is pulled
down to GND.
17 PWM2_A Phase #2 rail A PWM output. Refer to PWM4_A description.
18 PWM1_A Phase #1 rail A PWM output. Refer to PWM4_A description.
19 PWM3_A Phase #3 rail A PWM output. Refer to PWM4_A description.
20 RESET L Input pin of SVI3 interface. Active low signal causes all SVI3 state machines and
- SVI3 define registers to reset to default states.
External driver mode control. The PS_A/PS_B pin can be configured as rail A or
rail B by NVM. This pin can work with RT9637 to drive two power stages with
21 PS_A/PS_B |single PWM signal. As PSI0 command is received, this pin is in low state. As
PSI1 and PSI2 command are received and phase count is 1, this pin is in floating
state. As PSI3 and PSI6 command are received, this pin is in high state.
29 PWREN A Active high output enable input pin for rail A. Faults are cleared when PWREN_A
- is toggled but no effect on the sticky FAULT_STATUS bits.
23 PWREN C Active high output enable input pin for rail C. Faults are cleared when PWREN_C
- is toggled but no effect on the sticky FAULT_STATUS bits.
24 PWREN B Active high output enable input pin for rail B. Faults are cleared when PWREN_B
- is toggled but no effect on the sticky FAULT_STATUS bits.
25 SDA 12C data signal.
26 SCL 1°C clock signal.
7 DRVEN External driver mode control. As PSI6 command is received, this pin is in low
state. The output high level is VCC.
External driver mode control. As PSI6 command is received, this pin is in floating
28 DRVEN_F state. The output high level is VCC.
29 PWM1 B Phase #1 Rail B PWM output. Refer to PWM4_A description.
30 PWRGD B Power Good indicator for rail B. This open-drain output requires an external pull-
- up resistor. PWRGD_B is pulled low when a shutdown fault occurs.
31 ISEN1P B |Phase #1 current sense inputs of rail B. The ISEN1N_B and ISEN1P_B pins are
— used to differentially sense the corresponding channel current. Connect
32 ISENIN_B | |SEN1P B to VCC if rail B is not used.
33 VSEN B Positive differential voltage sense input for rail B. Connect to positive remote
- sensing point and should be routed with RGND_B as a differential pair.
34 RGND B Nega_mve d!fferenual voltage sense input for rail B. Connect to negative remote
- sensing point.
35 COMP_B Error amplifier output of rail B.
36 FB_B Error amplifier voltage feedback of rail B.
Output pin of SVI3 interface. This open-drain output requires an external pull-up
37 OCP_L resistor. Asserted when output current is greater than OCP threshold or OCP
warning threshold. The three rails of the controller share one OCP_L pin.
38 PWM1_C Phase #1 rail C PWM output. Refer to PWM4_A description.
39 PWRGD C Power Good indicator for rail C. This open-drain output requires an external pull-
- up resistor. PWRGD_C is pulled low when a shutdown fault occurs.
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Pin No. Pin Name Pin Function
40 ISEN1P_C | Phase #1 current sense inputs of rail C. The ISEN1IN_C and ISEN1P_C pins are
used to differentially sense the corresponding channel current. Connect
41 ISENIN_C ||SEN1P_C to VCC if rail C is not used.
42 VSEN C Positive differential voltage sense input for rail C. Connect to positive remote
- sensing point and should be routed with RGND_C as a differential pair.
43 RGND C Nega_mve d!fferentlal voltage sense input for rail C. Connect to negative remote
- sensing point.
44 COMP_C Error amplifier output of rail C.
45 FB C Error amplifier voltage feedback of rail C.
46 TSEN_B Rail B external temperature measurement input pin.
47 TSEN_C Rail C external temperature measurement input pin.
Controller power supply. Connect this pin to 5V and place an RC filter, R = 2.2Q
48 VCC and C = 4.7uF. The decoupling capacitor should be placed as close to PWM
controller as possible. The recommended size of Rvcc is 0603.
49 VDDIO Supply voltage input of SVI3 interface. This pin serves as the reference for SVC,
SVD, SVTI and SVTO.
Serial VID Data input. This pin is a push-pull signal which transmits commands
50 SVD
from the master to the slaves.
51 SVC Serial VID Clock input. This pin is a push-pull signal which acts as a clock for
SVD, SVTIl and SVTO.
Serial VID Telemetry input. This pin is driven by the next-furthest slave on the
52 SVTI . :
telemetry daisy-chain.
53 SVTO Serial VID Telemetry output. This pin is a push-pull output.
54 IMON B Rail B VR current monitor output. This pin outputs a current proportional to the
- output current.
55 IMON C Rail C VR current monitor output. This pin outputs a current proportional to the
- output current.
Fixed 0.6V output reference voltage. This voltage is used to offset the output
56 VREFO06 voltage of all IMON pins. While controller shuts down or sets all rails in PSI6,
voltage source shuts down. An exact 0.47uF decoupling capacitor and a 3.9Q
resistor must be placed between this pin and GND.
57 IMON A A rail VR current monitor output. This pin outputs a current proportional to the
- output current.
NVM configuration selection pin to select the stored custom configurations. For
58 CONFIG soldering check, connect the CONFIG pin to 5V and pull the PWREN high. If the
soldering is good, the output is 0.9V for rail A, 1V for rail B and 1.1V for rail C.
59 PWRGD A Power Good indicator for rail A. This open-drain output requires an external pull-
- up resistor. PWRGD_A is pulled low when a shutdown fault occurs.
60 TSEN_A Rail A external temperature measurement input pin.
61 GND Ground. The exposed pad must be soldered to a large PCB and connected to

(Exposed Pad)

GND with enough via numbers for maximum power dissipation.
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Functional Block Diagram
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Operation

G-NAVP™ Control Mode

The RT3674AE adopts G-NAVP™ (Green Native
AVP), which is Richtek's proprietary topology. It is
derived from current mode constant on-time control
with finite DC gain of error amplifier and DC offset
cancellation. The topology can achieve easy load-line
design and provide high DC accuracy and fast
transient response. When the sensed current signal
reaches the sensed voltage signal, the RT3674AE
generates a PWM pulse to achieve loop modulation.
Figure 1 shows the basic G-NAVP™  behavior

Steady State

waveforms. The COMP signal is the sensed voltage
inverted and amplified signal of the output voltage
while current loading increases. The COMP rises due
to output voltage droop. Then, rising COMP forces
PWM to turn on earlier and closely. While inductor
loading current, COMP enters
another steady state of higher voltage and the
corresponding output voltage is in the steady state of
lower voltage. The load-line, output voltage drooping
proportional to loading current, is achieved.

Load Transient
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Figure 1. G-NAVP™ Behavior Waveform
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SVI3 and I1°C Interface/Control Logic/Configuration
Registers

SVI3 Interface receives or transmits SVI3 signal from/to
CPU/GPU. The I2C Interface receives or transmits 1°C
signal from/to SMBus. Control Logic executes
command (Read/Write/Reset registers, VID/Address
packets, Change Power State and Telemetry Request)
and sends related signals to control VR. Configuration
Registers include function setting registers and
CPU/GPU required registers.

IMON Filter
IMON Filter is used to average current signal by an
analog low-pass filter. It outputs IMON_AAvG,

IMON_BAvG and IMON_Cava to the MUX of ADC for
current reporting.

MUX and ADC

The MUX supports the inputs for TSEN_A, TSEN_B,
TSEN_C, PSYS, IMON_AavG, IMON_Bavc and
IMON_CavG. The ADC converts these analog signals
to digital codes for reporting or function settings.

UVLO

The UVLO detects the VCC voltage. As VCC exceeds
threshold, controller issues POR = high and waits
PWREN. After both POR and PWREN are ready, then
controller is enabled.

Loop Control/Protection Logic

It controls power-on/off sequence, protections, power
state transition and PWM sequence.

DAC

The DAC generates a reference VID voltage according
to the VID code sent by Control Logic. According to VID
packets command, Control Logic dynamically changes
VID voltage to the target voltage with required slew rate.

ERROR AMP
The ERROR AMP inverts and amplifies the difference

between output voltage and VID with externally set finite
DC gain. The output signal is COMP for PWM trigger.

PER CSGM

The PER CSGM senses per-phase inductor current.
The outputs are used for loop response, current balance,
zero current detection, current reporting and over-
current protection.

SUM CSGM

The SUM CSGM senses total inductor current with
RIMON gain adjustment. SUM CSGM output current
ratio can also be set by NVM. It helps wide application
range of DCR and load-line. SUM CSGM output is used
for PWM trigger.

RAMP
The RAMP helps loop stability and transient response.

PWM CMP

The PWM comparator compares COMP signal with sum
current signal based on RAMP to trigger PWM.

Offset Cancellation

The offset cancellation is based on VID, COMP voltage
and current signal from SUM CSGM to control output
voltage accurately.

Current Balance

Per-phase current sense signal is compared with
sensed average current. The comparison result adjusts
each phase PWM width to optimize current and thermal
balance.

Zero Current Detection

Detects whether each phase current crosses zero
current. The result is used for DEM power saving and
overshoot reduction (anti-overshoot function).

AQR/ANTIOVS

The AQR is a new generation of quick response
mechanism (Adaptive Quick Response, AQR) which
detects loading rising edge and allows all PWMs to turn
on. The PWM pulse width triggered by AQR is adaptive
to loading level. The AQR trigger level can be set by
NVM. ANTIOVS can help overshoot reduction which
detects loading falling edge and forces all PWMs in tri-
state until the zero current is detected.

TONGEN/Driver Interface

The PWM comparator output signal triggers TONGEN
to generate PWM pulse. The PWM sequence is
controlled by Loop Control. The PWM pulse width is
determined by frequency setting, current balance output
and Adaptive Quick Response (AQR) settings. Once
AQR is triggered, VR allows all PWM to turn on at the
same time. Driver interface provides high/low/tri-state to
drive external driver. In power saving mode, driver
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interface force PWM in tri-state to turn off high-side and
low-side power MOSFETs according to zero current
detection output. In addition, the PWM state is
controlled by protection logic. Different protections force
required PWM state.

OVP/UVP/OCP
Over-voltage protection/ under-voltage protection/ over-
current protection.
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Absolute Maximum Ratings (Note 1)

e VIN to GND -0.3V to 28V
e VCC to GND -0.3Vto 6.5V
e RGND to GND -0.3Vto 0.3V
e Other Pins -0.3V t0 6.8V
e Lead Temperature (Soldering, 10 sec.) 260°C

¢ Junction Temperature 150°C

e Storage Temperature Range —65°C to 150°C
ESD Ratings (Note 2)

¢ HBM (Human Body Model) 2kvV
Recommended Operating Conditions  (Note 3)

e VIN to GND 4.5V to 24V

e Supply Input Voltage, VCC

¢ Junction Temperature Range

Thermal Information (Note 4)

4.75V to 5.25V
—40°C to 125°C

o WQFN-60L 7x7, 0A

25.5°C/W

o WQFN-60L 7x7, 3C(Top)

Electrical Characteristics

12.9°C/W

(Vce = 5V, Vvppio = 1.8V, typical values are referenced to TJ = 25°C, Min. and Max. values are referenced to Ty from —10°C to

105°C, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max Unit
Supply Input
Supply Voltage Vce 4.75 -- 5.25
VCC Power-ON Reset VCC_POR R 425 | 435 | 4.45
(POR) AVcCc_POR_F_HYS -- 200 -- mV
VCC Power-ON Reset for | YCC_POR_NVM_R - 3.66 | 3.99 v
NVM (POR_NVM) VCC_POR_NVM_F 274 | 3.45 -
Supply Current Ivee VCC =5V, PWREN = H, - - 40 mA
no switching
VCC =5V, PWREN = H,
Supply Current at PSI6 Ivcc_psie all rails in PSI6 - - 180 pA
Shutdown Current ISHDN VCC =5V, PWREN =L -- -- 180 LA
Slew Rate
Measure VFB from 20%
VOTE Slew | Up UP_SR target VID to 80% target -10% - 10%
Rate VID, AVOTF2100mV mV/us
Down DN_SR Default equals to UP_SR -10% - 10%
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Parameter Symbol Test Conditions Min Typ Max Unit
EA Amplifier
Current Sensing Amplifier
Recommend Input Voltage
Y : - -
CS Input Voltage CSIN Range for High Accuracy 10 80 mV
Current Sense Gain Error | GAIN_PCS 1.2125 | 1.25 | 1.2875 AJA
TON Setting
. VIN =19V, VID = 0.9V,
Rail A KToN = 1.2 -- 79 -- ns
On-Time . VIN =19V, VID = 0.9V,
Setting Rail B toN KTON = 1.27 -- 111 -- ns
. VIN =19V, VID = 0.9V,
Rail C KTON = 1.27 -- 111 -- ns
Rail A -- 70 -- ns
Minimum On- . _
Time Rail B tON(min) -- 50 -- ns
Rail C -- 50 - ns
Protections
Over-Voltage Protection Vov Default threshold 315 350 385 mv
Threshold
De-bounce Time of OVP DTovp -- 0.8 -- us
Under-Voltage Protection Vv Default threshold 315 350 385 mv
Threshold
De-bounce Time of UVP DTuvp - 3.3 - us
Over-Current Protection
V _ - 0
Threshold ocP 3 3 %
Over-Current Warning
V _ - 0
Threshold OC_WARN 3 3 o
Over-Temperature
. T - - °
Protection Threshold otP 125 c
VRHOT Warning Threshold | TVRHOT -- 100 -- °C
PWREN, PWRGD and OCP_L
Logic-High | VIH_PWREN 1.17 -- --
PWREN \Y,
Logic-Low | VIL_PWREN -- -- 0.63
Leakage Current of
PWREN ILEAK_PWREN -1 -- 1 A
PWRGD, OCP_L Pull Low
! - V = 8mA - -
Voltage PWRGD/OCP_L IPWRGD 0.2 Vv
VREF
VREFO06 Voltage ‘ VVREF06 Normal operation ‘ 0.59 | 0.6 ‘ 0.61 | \%
Acoustic Noise Suppression (ANS)
L Vce -
Logic-High VIH_ANS_EN -- --
ANS_EN giemg i 0.7
Logic-Low VIL_ANS_EN -- -- 1
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Parameter Symbol Test Conditions Min Typ Max Unit
SVI3 Interface
Logic-High | VIH 0.65x - - \Y;
SVC, SVD, VVDDIO
SVTI
Logic-Low ViL -- -- 0.35x Y
VVDDIO
| = -8mA \ngZ'g - . v
SVTO Output High Voltage | VoH v :
_ VDDIO _ _
| = —-4mA 022 Y,
| =8mA 0.45 Y,
SVTO Output Low Voltage | VoL
| =4mA 0.22 \Y,
Logic-High | VIH_RESET_L 1.17 -- --
RESET_L Vv
Logic-Low VIL_RESET_L -- -- 0.63
Leakage Current of
SVC,SVD,SVTI,SVTO ILEAK_Svia -0 -] 10 KA
I°C interface
Logic-High | VIH_I2C 1 -- --
SCL, SDA \Y,
Logic-Low ViL_I2C -- -- 0.6
Standard/Fast Mode
Standard mode -- -- 100
SCL Clock Rate fscL kHz
Fast mode -- -- 400
Hold Time (Repeated) Start
Condition. After this Period, tHD:STA 06 _ _ s
the First Clock Pulse is ’ ' M
Generated
Low Period Of the SCL tLow 13 _ _ S
Clock ' H
High Period Of the SCL
Clock tHIGH 0.6 -- - us
Set-Up Time for a Repeated _
START Condition (SUiSTA 0.6 - - HS
) Standard mode 0 -- --
Data Hold Time tHD;DAT us
Fast mode 0 -- 0.9
) Standard mode 250 -- --
Data Set-Up Time tSuU;DAT ns
Fast mode 100 -- --
Set-Up Time for STOP .
Condition tsu;sTO 0.6 -- -- us
Bus Free Time Between a
STOP and START tBUF 13 -- -- us
Condition
Rising Time of Both SDA | _ Standard mode - - 300 s
and SCL Signals Fast mode 20 - 300
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RT3674AE RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
Falling Time of Both SDA Standard mode - - 300
and SCL signals 4 Fast mode 20 - 300 "
(S:Br’?egt“tp“t Low Sink loL SDA voltage = 0.4V 2 - - mA
ADC
ADC Resolution -- 10 -- bits
ADC reference voltage -- 3.2 -- Y
PWM Driving Capability
PWM Source Resistance RPWM_SRC - 30 -- Q
PWM Sink Resistance RPWM_SNK -- 10 -- Q
ITSEN
TSEN Source Current ITSEN VTSEN = 1.6V | 792 | 80 | 808 | uA
PSYS and DIMON
Digital PSYS Reporting Dpsys Vpsys = 1.6V -- 1023 -- Decimal
Digital IMON_A set DviMON_A VIMON_A — VVREF06 = 0.4V -- 1023 -- Decimal
Digital IMON_B set DvIMON_B VIMON_B — VVREF06 = 0.4V -- 1023 -- Decimal
Digital IMON_C set DviMON_c VIMON_C — VVREF06 = 0.4V -- 1023 -- Decimal
Telemetry
géjéﬂl:;;;oltage Reporting 2520500 t00.995TA=0to 75 B 75 mv
(10-bit Telemetry; 1LSB = | VOUTTE: 1.000 to 2.800 TA = 0 to
5mV) 85°C -0.75 - 0.75 %
Temperature Reporting
(100t Tolemety: 1LsB = | TEMPTEL Between 50°Ct0125°C | -5 | - | 5 °C
1°C)
;Zr:geerature Reporting TEMP 40 _ 150 oC

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

Note 2. Devices are ESD sensitive. Handling precautions are recommended.
Note 3. The device is not guaranteed to function outside its operating conditions.
Note 4. For more information about thermal parameters, see the Application and Definition of Thermal Resistances report, ANO61.

Copyright © 2022 Richtek Technology Corporation. All rights reserved. RICHTEMK s a registered trademark of Richtek Technology Corporation.

www.richtek.com DS3674AE-02 October 2022
12

Downloaded from AFFOW.Com.



https://www.richtek.com/Design%20Support/Technical%20Document/AN061?sc_lang=en
http://www.arrow.com

RICHTEK RT3674AE
Typical Application Circuit

Platform: FP7-45W

RT3674AE
14 R30

PSYs VIN TW—OV\N
c25 2.2
IO.ZZuF

Optional
Enable_A
= PWREN A22 Bfable
sv 48| \cc PWREN_B 24 Enable_B
2.2 Enable_C
c2 PWREN_C 23 nable_(

s5v
EJY\A’_*T TSEN_A
p f ?_—vcc
= 1ok N c c26 BooT

Rreizioon 5=
wciidois AzsallonF EPGND UGATE|

Ro = PH,
m 48] rsen_B PwM1_AHE PWM =
= 10 —GwW ca DRVEN o-EN  LGATE|
Rnez-ioou -+ T 10nF RT9610C
R8 =
2
TSEN_C ISEN1P_A 10
L Loyt Tos e
RNTCa:mok/j:AzsoI 10nF ISENIN_A T o=
- 0.14F
58 | conFiG l H
R9 o
309 —_—
%vcc BOOTFAMA
= 56 c33
Vrer O VREFO06 IiPGND UGATE] L
= YN
Ri0 IMON_A pwmz_a 7 pwm PHASE 0.150H
3.9 ~ R38 R39 c38
: o DRVEN 0—EN LGATE% i
: 10k/5=3380 RT9610C 13K 13k
o6 R14 T
0ATLE AMA IMON_B v
I' H 14.3k ISEN2P. 8 DDCR_CPU_SENSE_L
- ; - VDDCR_CPU_SENSE
R16 ISEN2N_A[L T .
IMON_C
- TowF R51 0
= | 0
v Optional VDDCR
R4l C4l
vce —'\/\/v—l 54 |+ C55 1 cse
h BooTY 01| @ oL LOAD
10F |pgnp UGATE] I
PWRGD_A 19 = PHASE ! ~ = = =
PWRGD_B PWM3_A PWM Q6 Ra Cia paa oY 470uFx4  22UFx26
PWRGD_C DRVEN o—{EN  LGATE|— i
- RT9610C {CA4 13 13K
ocP_L :
SVD
12
To CPU or From CPU: > svc ISEN3P_A .
SVTI ISEN3N_A T
SVTO Tour
VDDIO =
From System » RESET_L v nds Ca8

1
VSEN_A i—vcc BOOTFAM—
c10 c11 c47 ooty o1uF| Q7

| EluF PGND UGATE L4
560pF |  68pF L ! P
optional | R22 R3 |, Pwma_AHLE pwm PHASE Q8 RAT o RS
VDDCR_CPU_SENSE O =y P COMP_A DRVEN 0—EN LGATE% i
L - iCs1
4o A RT9610C C51 13K 1.3k
Optional 2
VDDCR_CPU_SENSE_L © p, cia RGND_A ISEN4P_A-S
ISENAN_A|-2 T
331vseN B Towr
C16 = VDDCR_SOC_SENSE_L
Vin VDDCR_SOC_SENSE
68pF 5v
R25 | 35 ? R53 C58 c59 R59
VbDCR_SOC_SENSE O 365k CoMP_B Cs7|VCC  BOOT] 22 o h Q I R58 0
- 36 10F -2 0.1p = » 0
FB_B 7%“ PGND UGATE M~ L5 Optional VDDCR_SOC
29 PHASE I .
Optional 34 PWM1 B PWM Q10 0.22uH _L
VDDCR_SOC_SENSE_L ! RGND_B — C60 62 |4 C63 Cé4
o - DRVEN 0—EN LGATE% NIV 1 —L LOAD
RT9610C 169K L6%K |  o'1uF I
42 = R56 R57| = = — —
0 caL VSEN_C 3300F  22uFx10
31 2.49k | 6.49k
ISEN1P_B - -
o ?2223': ISENIN_B-32 + res | 10K/6=3380
Optional 44 - c6l
VDDCR_SOC_SENSE  ©—*— COMP_C 0.1uF
C2: 243k 4o I VDDCR_SR_SENSE_L
FB_C - Vin VDDCR_SR_SENSE
Optional 43 sy R60 C66
VDDCR_SOC_SENSE_L RGND_C ce7 R66
e - ilicoa Ces|VeC BOOT"\é\é\/“”’— oL T R65 0
2 0.1pF = 0
TWF lpgnp UGATE M~ L6 Optional VDDCR_SR
38 . PHASE -
PWM1_C PWM Q12 re1 Rea UM ceg 0 1cn
DRVENO—EN  LGATE——«—] 1l LOAD
RT9610C 634 634 OHMF
= R63 " 'R64 = - L
To Platiorm Master{ P oA w© 22uFx14
< > ISEN1P_C 226
v 13 R P /YD1 1510 53050
——p[ANS_EN - 1 Ceo
ov 0.14F
DRVEN 07;73 DRVEN I
DRVEN_F o———=" DRVEN_F GND |81 (Exposed Pad)

o———2L1ps aps B
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RICHTEK

Typical Operating Characteristics

VSEN_A
(300mV/Div)

PWRGD_A |
(2V/Div)

PWM1_A
(5V/Div) »

PWREN A |
(2V/Div) W..

Rail A Power On from PWREN

Vi =19V, No Load,

“Default Voltage =0.7V 7

Time (20us/Div)

Rail A OCP
L B L B L B L UL UL LI B L
S OCPTH—184A
s S _|OUT__SCAL_E—2_56A_:
VSEN_A I ]
(500mV/Div) ]
1-»
IMON_A S
(500mV/Div)> I
P A IHIHHIHII!HIHIIM :
(5V/Diy) - es—ienala : 3
PWRGD_A s . E
(QVJ"DIU)R N P P BT S PR P R P
Time (10us/Div)
Rail A OVP
T T U B UL SRR IS
- h : Viy =19V, VID = 0.9V ]
VSEN A |
(500mV/Div) |
i i

PWM2_A
(5V/Div) =

PWM1_A

(5V/Div) >
PWRGD A |

(2V/Div)

Time (50ps,-'D|v)

Rail A Power Off from PWREN

VSEN_A
(300mV/Div) [

4

PWRGD_A |

V|N = 19V No Load
De_fauﬂ _Vorlage = Q.?V'_

(2V/Div)

PWM1_A

(5V/Div) > MMWMMM

PWREN_A

VD) Bt

Time (20us/Div)

Rail A UVP

V|N = 19v VID 09v

VSEN A |
(500mV/Div), }

PWM2_A
(5V/Div)

PWM1_A
(5V/Div) »

PWRGD_A
(2V/Div)

Time (20us/Div)

Rail A VOTF Up

VSEN_A
(100mV/Div)

V|N = 19V VID 06Vto OQV
-Slew Rate = 20meps

SVD

(VDI E

Time (5us/Div)
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VSEN_A
(100mV/Div)

SVD
(2V/Div)->

Rail A VOTF Down

L

Rail A VOTF Slow Down

V|N = 19V VID OQVto OGV
T Slew Rate = 20meps—

V|N —_19V VID 0 QV to OGV
B Slew Rate = 5meps

1 VSEN_A
L (100mV/Div)

SVD I
(@VIDiv) >

SVC
(2V/Div)

Time (10us/Div)

Rail A PSIO Test

Time (20us/Div)

Rail A PSI1 Test

VSEN_A
(200mV/Div)

RS R RS R
V|N:19V,
- VID = 0.25V to 1V,

- Slew Rate = 20mV/us 1/

.....i.....j.....j“...j/

L

-~ VID = 0.25V to 1V,
- Slew Rate = 20mV/us

PWM3_A
(5V/Div) 3

L

PWM2_A

(5V/Div)

PWM1_A
(5V/Div)

L]

I}

Time (20us/Div)

Rail A PSI3 Test

o VSEN_A : : : :/ : : : C
o] (200MV/DIV) ekttt

PWM3_A
(8vDiv) 3f
I PWH2A e i
v OVIDM) o L
worea I RENARINII

Time (20us/Div)

Rail A PSI7 Test

VSEN_A
(200mV/Div)

Frrepereepe
VlN = 19V,
- VID = 0.25V to 1V,

- Slew Rate = 20mV/us.

7T BRI BRI B LI SR I RIS R SIS RS BRI I

: | Ele:19V| ] :
- FVID =025V to 1V, TS
b Slew Rate = 20mV/us ]

VSEN_A

PWM3_A

(5V/Div) 3
PWM2_A

(5V/Div)

PWM1_A

VOV X

GVIDV) B ee——— L]

b (200mV/Div) &
; PWM3_A
o (5V/IDw) 3t S : : ]
S pwm2 A £l N e
: 1 (5V/Div) N : : : : : : ]
= P A ] s TR

Time (20us/Div)

Time (20us/Div)
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SVD

PWM1_A
(5V/Div)

Rail A PSI6 Exit Time Test

e
V|N:19V,
- VID =0V to 1V,

- Slew Rate =20mV/us 1

 —

Time (20us/Div)

Rail B Power On

from PWREN

VSEN_B
(300mV/Div)

LN AR IR LR IR AL IR IR WARLLN LAY
Viy =19V, No Load, ] :
- Default Voltage =08V T

PWRGD_B

(2V/Div)

PWM1_B
(5V/Div) »

PWREN_B

(2V/Div) D o d
Time (20us/

VSEN_B
(500mV/Div)

1-»

IMON_B
(500mV/Div)->

PWM1_B

Rail B

Div)

OCP

(5V/Div) .
PWRGD_B

(viov) g . .

T T ocP TH = 32.3A,
- 1 |OUT_SCA!_E = _32A_;
T :

Time (10

us/Div)

0.40

0.05

0.00

VSEN_B
(300mV/Div)

4

0 16

AVimon_a Vs. Load Current

lout_scaLe = 128A

L 1 L

32 48 64

80 96 112 128

Load Current (A)

Rail B Power Off from PWREN

PWRGD_B

U L B BB R AL R

TryrrTTyTTTTTTTTTTTTT )
Viy =19V, No Load, ]
Default Voltage = 0.8V

(2V/Div)

PWM1_B
(5V/Div)

PWREN_B
(2V/Div)

VSEN_B
(500mV/Div)>

PWM1_B

(5V/Div) >k

PWRGD_B
(2V/Div)

-

>

MTITETE IS A A AT

Time (20

Rail B

us/Div)

UVP

::ﬁ: :ﬁ:; ﬁ:éfff;\é:ﬂ
AL

Time (20us/Div)
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Rail B OVP
RS ARR RN RARAE LARAE LA
Vi =19V, VID = 0.9V ]
VSEN_B
(500mV/Div)
3'>:
PWM1B
(5V/DiV)
PWRGD_B B f S
(2V/Div) : % S
AR R R R R Y

Time (50us/Div)

Rail B VOTF Down

x|||1|||1|.||-|||

V|N = 19V VID OQVtD OGV

VSEN_B
(100mV/Div)

SVD S
@uDvPE

Slew Rate = 20m\ﬁps—

Time (10us/Div)

Rail B PSI0 Test

Rail B VOTF Up

Viy =19V, VID = 0.6V fo 09V
Slew Rate = 20m\ﬁps )

Time (5us/Div)

Rail B VOTF Slow Down

R ARARREREE
V|N—19V VID OQVtD OGV

VSENB [ = . Slew Rate = 5mV!ps

(100mV/Div) |

SVD
(2V/Div) >

Time (20us/Div)

Rail B PS1 Test

(' I I I I T PRI I I R III'I""I"L"I""I""_'III I RN PR
FVin =19V, ] S Vi =19V, I A
FVID = 0.25V to 1V, 1 B - VID =0.25V to 1V, 1/ : : o
[ Slew Rate = 20mV/us = ] ] - Slew Rate = 20mV/us ] U E
VSEN_B VSEN_B :
(200mV/Div) ! (200mV/Div)
PII1 B | ewnrts || 1] [[]{ []1]]
(5V/Div) . (5V/Div) . . .
T DU TUE FU P P PIUE T T T T TR SUUIN PO TN TR BT
Time (20us/Div) Time (20ps/Div)
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Rail B PSI3 Test Rail B PSI7 Test
AR RS RS LS LS RS P AL RN R RN RARES RS AR RS LA ; L ]
Vi =19V, 1 1 Vi =19V, . ;
CVID =025V to 1V, i oy - VID =0.25V o 1V, E
- Slew Rate = 20mV/us 3 o o3 . Slew Rate = 20mV/ps E
VSEN_B o T VSEN_B S et es et
(200mV/Div) ! ARAREARAAEARRAE AR (200mV/Div) ! " : : ' IARRAS
B S R RRRE R o o pol i A 3
L et . 2
PWM1_B " : PWM1_B
(5V/Div) %‘ R . (5V/Div)
T T TR TUTEE ST TR TR ST T TR TR TR U SUUUE TR TR P
Time (20us/Div) Time (20us/Div)
Rail B PSI6 Exit Time Test AVimon_g vs. Load Current
Y S 0.40
VlN :19V,
2 0.35
VID =0V to 1V, ; : T
 Slew Rate =20mVius  } - 4 ] 0.30
................... pt
VSEN_B z' /
(300mV/Div), 9 0.20
SVD =
0.15
(2V/Div) > < /
SvVC 0.10
(2V/Div)~ :
S 0.05
PWMI_B | . o o 1 lout_scaLe = 32A
(SVIDw)Ii : : : 0.00 : .
e — 0 4 8 12 16 20 24 28 32
Time (20ps/Div) Load Current (A)
Rail C Power On from PWREN Rail C Power Off from PWREN
'"'I'"'I"L"I"I"I""""I""I""""""' LRI NN NN LU A S B B DL BN
Viy =19V, No Load, ] : - VSEN_C ; : : \ Viy =19V, No Load, ]
- Default Voltage = 0.8V 7 (300mV/Div) [ o . Default Voltage = 0.8V 7
VSEN.C | \ :
(300MV/Div) , hsmmnumsmsmnmasmes 2 3
PWRGD C [ . . PWRGD_C 1 it oeed NN
(2V/Div) (2V/Div) ; ; ; S ]
P C . gl g :
(SVIDi\.r) - . + ; ; ..: = — ¥ - ]
_ s - PWRENC_'”:"": --------- —:— —j
PWREN_C : : N S = : : :
OVIDN) Bttt @VDV) B ——
Time (20ps/Div) Time (20us/Div)
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Rail C OCP

VSEN_C

(500mV/Div) |

4>

RARASRARES ERARN RAREA
© OCP_TH = 6.3A, |
" louT_scaLe = 32A7

IMON_C

(500mV/Div)>F

PWM1_C
(5V/Div) -

PWRGD_C

(voiv) &8 . .

Time (10us/Div)

Rail C OVP

VSEN_C

(500mV/Div) &

3>
PWM1_C
(5V/Div) -

unm_mummmmuuuw.uw —

ARAS RAREN LALAN LA RARES
Viy =19V, VID = 0.9V 1

PWRGD_C

(2V/Div) ﬁ

Time (50us/Div)

Rail C VOTF Down

VSEN_C

(100mV/Div) [

SVD
(2V/Div) *

SVC
(2V/Div)

I

V|N = 19V VID OQVtD OGV

. Slew Rate = QOmeps—

Time (10us/Div)

Rail C UVP
S
Viy =19V, VID = 0.9V §
VSEN_C S — 1
(SOOmVJ{DiV)->_ ....... - P : P . e __
PWM1_C mmmﬂﬂlm] :
(5V/Div) - _ ]
PWRGD_C
ooy B SERREEEE I
TR T PO SO ST T T SO B
Time (20us/Div)
RaiICVOTFUp
r IRARES RRRRS
V|N:19V VID OGVtoOQV :
[ Slew Rate = 20m\ﬁps
VSEN.C [
(100mV/Div) m_'_ T N ST T T T
svD [ :
(2V/Div)>F

| IFEFEFES P AP A

Time (5us/Div)

Rail C VOTF

Slow Down

.”||-'”||-”||-x

V|N = 19V VID = 0.9V to 0.6V,

.”||-”||-'”||-”||-x

L Slew Rate = 5mV!ps R

VSEN_C s : : ]

(100mV/Div) - o - _:

Ll } T
SVvD : |
(2V/Div)> E
SVvC

(2V/Div).,

Time (20us/Div)
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Rail C PSIO Test

R RTERREE
VlN = 19V,
- VID =0.25V to 1V,

. Slew Rate =20mV/ps

VSEN C : : : ] : : : : ]

(QoomV}'Di\ﬂi_"':"":"":”":””

e 111111111

(5V/Div) -

Time (20us/Div)

M IS AP

Rail C PSI3 Test

LI L L A L LI L

s
VlN = 19V,

- VID =0.25V to 1V,

. Slew Rate = 20mV/ps

VSEN_C . : : : : : : . b
200mV/Div),f S

PWM1_C

(5V/DiV) _
Time (20us/Div)
Rail C PSI6 Exit Time Test

VlN = 19V,
- VID =0V to 1V,
- Slew Rate = 20mV/ps

SVD .
(@VIDivPPF

SVC
(2V/Div)”|

PWM1_C s
(5V/Div) f

Pl NI A | 1

Time (20us/Div)

Rail C PSI1 Test
UARRE RARRE RARLLNRRRLS LR LR ALY LR WA LIALN R,
V|N:19V, ]
- VID =0.25V to 1V, 1
- Slew Rate =20mV/us 1

VSEN_C : : : C : : : ]
(QOOMVIDIV),

L

PWM1_C
(5V/Div)

Time (20us/Div)

Rail C PSI7 Test

RS REEES RS
V|N:19V,
- VID = 0.25V to 1V,

VSEN.C |
(200mV/Div)>

PWM1_C

(5Vwa)%

Time (20us/Div)

AV|yuon ¢ vs. Load Current
0.05 =

0.04 yd

vd

=
o
%]

AVion_c (V)
. o
o
(]

d

0.01 v

lout_scaLe = 32A

0.00

0 05 1 15 2 25 3 35 4
Load Current (A)
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Application Information

The RT3674AE includes three voltage rails: a 4/3/2/1
phase synchronous buck controller, the rail A ; a single
phase synchronous buck controller, the rail B ; and
single phase synchronous buck controller, the rail C.

The RT3674AE is designed to meet AMD SVI3
compatible CPUs specification. The controller builts-in
non-volatile memory (NVM) and 1°C interface to store
customized configuration. The RT3674AE is ideal for
notebook computers or desktop computers.

Power-ON Sequence

To ensure sufficient power supply for proper operation,
the VR triggers UVLO if VCC voltage drops below 4.2V
(max). UVLO protection shuts down the controller and
forces high-side MOSFET and low-side MOSFET off.
Figure 2 shows the typical timing of controller power-on.
When VCC> VCC_POR_NVM, RT3674AE begins to

PVCC

download data to registers from NVM. When VCC >
VCC_POR, RT3674AE starts
includes internal circuit offset correction and function
settings. The maximum time from VCC exceeds
VCC_POR threshold to initialization done is 7.6ms.
Accordingly, the Tvcc-EN is recommended to be larger
than 8ms. When initialization is done, the controller is in
ultra-low power mode. It will ramp up to default voltage
with default slew rate when PWREN is high. PWRGD is
asserted within 5us after the output voltage is within
tolerance and start-up ramping is complete. Users can
set multi-functions through NVM by 12C interface when
initialization is done.

initialization  which

Driver power (PVCC) is strongly suggested to be ready
after VCC. This can prevent current flowing back to
VCC from PVCC through PWMx pin or
DRVEN/DRVEN_F pin.

vee ‘ VCC_POR
VCC_POR_NVM }

|
I
I
PWREN }
I
T

|
|
|
|
1
|

NVM

STATE Download

Initialization

Max: 7.6ms

Default Voltage

VSEN

PWRGD

—

|
|
|
|
|
|
Il
|
|
|
|
|
|
t

Figure 2. Typical Timing of Controller Power-ON

12C Address Setting

The RT3674AE provide multiple 1°C address to support
multiple devices used in 12C interface. To properly set
the 1°C address (7-bit and 8-bit format), resistors with
1% tolerance must be connected from CONFIG pin to
ground and resistor value described in Table 1.

Table 1. 12C Address (7-bit and 8-bit format) (HEX)

CONFIG I2C Address | I12C Address
Max. Min. (7-bit) (8-bit)
325Q 301Q 20 40
975Q 901Q 21 42
1.625kQ | 1.501kQ 22 44
2.275kQ | 2.101kQ 23 46
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Maximum Active Phases Number Setting

The number of active phases is determined by ISENxP
voltages. The detection is only active and latched at
initialization state. While voltage at ISENxP > (VCC
—0.5V), maximum active phase number is (x-1). For
example, pulling ISEN4P_A to VCC programs a 3-
phase operation, while pulling ISEN3P_A to VCC

programs a 2-phase operation. The unused ISENXN
pins are recommended to connect to VCC and the
unused PWMx pins can be floating. Figure 3 is a 3-
phase operation example. For smart power stage (SPS)
application, the unused ISENxN pins must be floating.

RT3674AE vy
Y R41 C38 1 cao lscao
%vcc BOOT
1Cf:7 2.2 o.1pF| @} I i
UGATE = =
}PGND = Optional L3
= ¢ * Y M
PWM3_A 12 pwm PHASE Q€ 1SR rs raa a2
DRVEN o—EN LGATE4|t |
cal
RT9610C 01F
== R45
ISEN3P_A |12 AAN—
R2 .
5v AA A 48 VCC ISEN3N_A 11 Optional
I ca3
2.2 c2 16
T4 PWM4 ALS TO-wF
= ISEN4P_A R50
5
ISEN4N_A 10K
Figure 3. 3-Phases Operation Setting (For DCR Current Sense Application)
Rail Disable vibrating MLCC produces acoustic noise if the vibrating

Pulling ISEN1P_A to VCC disables A rail. The unused
ISENXN_A pins are recommended to connect to VCC
and the unused PWMx_A, VSEN_A, FB_A, COMP_A,
IMON_A, TSEN_A, PWRGD_A and PWREN_A pins
can be floating. Pulling ISEN1P_B to VCC disables B
rail. The unused ISEN1N_B pin are recommended to
connect to VCC and the unused PWM1 B, VSEN_B,
FB_B, COMP_B, IMON_B, TSEN_B, PWRGD_B and
PWREN_B pins can be floating. Pulling ISEN1P_C to
VCC disables C rail. The unused ISEN1IN_C pin are
recommended to connect to VCC and the unused
PWM1_C, VSEN_C, FB_C, COMP_C, IMON_C,
TSEN_C, PWRGD_C and PWREN_C pins can be
floating.

Acoustic Noise Suppression

The RT3674AE supports acoustic noise suppression
function for reducing acoustic noise
piezoelectric effect from MLCC. As output voltage
transition occurs, especially in dynamic VID, the

induced by

frequency falls into audible band, and the noise level is
related to the output voltage transition amplitude AV.
Therefore, the RT3674AE adopts acoustic noise
suppression function which is enabled by pulling
ANS_EN pin to VCC to reduce AV when Negative VID
transitions.

NVM Configuration Mechanism

The RT3674AE provides multiple parameters for
platform setting and BOM optimization. These
parameters can be set through NVM by 12c protocol
interface. Richtek provides a Microsoft Excel-based
design tool for user configuration. All setting functions
are summarized in Table 2. Table 3 shows the functions
that can’t support on-line tuning.
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Table 2. Summary of Setting Functions (Page 02) (Group 1)

Register Map (Page 02)

Copyright © 2022 Richtek Technology Corporation. All rights reserved.

Register Address NAME Type PAGED Default Value NVM
00h PWM_TRI_SLAVE_SEQ RW Yes 0x09 Yes(GP1)
01h SSOCP_RATIO R/W Yes 0x04 Yes(GP1)
02h DEFAULT_VOLTAGE_SR_A R/W Yes 0x38 Yes(GP1)
03h OCP_TH_A R/W Yes 0x5C Yes(GP1)
04h OCP_WARN_TH_A R/W Yes 0x5C Yes(GP1)
05h OCP_MIN_PULSE_DELAY_A R/W Yes 0x37 Yes(GP1)
06h AQR_INC_A RW Yes OX4A Yes(GP1)
07h EN_OLL_SSOCP_ANTIOVS_A RW Yes 0x40 Yes(GP1)
08h DBLR_Ai_A RW Yes 0x30 Yes(GP1)
09h LPF_LIMIT_A RW Yes 0x23 Yes(GP1)
OAh KTON_A RW Yes 0x05 Yes(GP1)
0Bh SPM_DROP_HYS_TH RW Yes 0X0A Yes(GP1)
0Ch SPM_4PH_TH R/W Yes 0x24 Yes(GP1)
ODh SPM_3PH_TH R/W Yes Ox1A Yes(GP1)
OEh SPM_2PH_TH R/W Yes 0x12 Yes(GP1)
OFh DEFAULT_VOLTAGE_SR_B R/W Yes 0x48 Yes(GP1)
10h OCP_TH_B R/W Yes 0x81 Yes(GP1)
11h OCP_WARN_TH_B R/W Yes 0x81 Yes(GP1)
12h OCP_MIN_PULSE_DELAY_B RW Yes 0x37 Yes(GP1)
13h LPF_LIMIT_FLRAMP_B RW Yes 0x23 Yes(GP1)
14h Ai_ANTIOVS_B RW Yes 0x00 Yes(GP1)
15h AQR_TH_B RW Yes 0x02 Yes(GP1)
16h SRKTON_KTON_B RW Yes 0x37 Yes(GP1)
17h DEFAULT_VOLTAGE_SR_C RW Yes 0x48 Yes(GP1)
18h OCP_TH_C R/W Yes 0x19 Yes(GP1)
19h OCP_WARN_TH_C R/W Yes 0x19 Yes(GP1)
1Ah OCP_MIN_PULSE_DELAY_C R/W Yes 0x37 Yes(GP1)
1Bh LPF_LIMIT_FLRAMP_C R/W Yes 0x43 Yes(GP1)
1Ch Ai_ANTIOVS_C R/W Yes 0x12 Yes(GP1)
1Dh AQR_TH_ C RW Yes 0x12 Yes(GP1)
1Eh SRKTON_KTON_C RW Yes 0x37 Yes(GP1)
1Fh TSEN_SPS RW Yes 0x00 Yes(GP1)
20h PSYS R/W Yes 0x02 Yes(GP1)
21h |_ OUT_SCALE RW Yes 0x54 Yes(GP1)
22h SLL_RATIO_ZCD_A RW Yes 0x02 Yes(GP1)
23h Reserved R/W Yes OxE1 Yes(GP1)
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Register Address NAME Type PAGED Default Value NVM
25h AQR_TH_A R/W Yes 0x23 Yes(GP1)
26h Reserved R/W Yes 0x70 Yes(GP1)
28h INC_TON_TH_A R/W Yes 0x20 Yes(GP1)
29h AR_AQR_1PH_A R/W Yes Ox1F Yes(GP1)
2Ch QR_WD_1PH_A R/W Yes 0xB1 Yes(GP1)
2Dh VOTF_LIFT_TH_A RW Yes 0x01 Yes(GP1)
2Eh SLL_RATIO_ZCD_B R/W Yes 0x14 Yes(GP1)
2Fh Reserved R/W Yes 0x71 Yes(GP1)
30h AR_TH_B R/W Yes 0x52 Yes(GP1)
31h INC_TON_B R/W Yes 0x00 Yes(GP1)
32h VOTF_LIFT_TH_B R/W Yes 0x00 Yes(GP1)
33h QR_WD_B R/W Yes 0x21 Yes(GP1)
34h EN_OLL_DBLR_SSOCP_AEAGM_B | RIW Yes 0x20 Yes(GP1)
35h SLL_RATIO_zCD_C R/W Yes 0x24 Yes(GP1)
36h Reserved R/W Yes 0x71 Yes(GP1)
37h AR_TH_C R/W Yes 0x42 Yes(GP1)
38h INC_TON_C R/W Yes 0x1B Yes(GP1)
39h VOTF_LIFT_TH_C R/W Yes 0x13 Yes(GP1)
3Ah QR_WD_C R/W Yes 0x21 Yes(GP1)
3Bh EN_OLL_DBLR_SSOCP_AEAGM_C | RIW Yes O0xAO0 Yes(GP1)
3Ch Reserved R/W Yes 0x11 Yes(GP1)
3Dh Reserved R/W Yes 0x11 Yes(GP1)
3Eh IOUT_TELEMETRY_OFFSET_A R/W Yes 0x00 Yes(GP1)
3Fh IOUT_TELEMETRY_OFFSET_B R/W Yes 0x00 Yes(GP1)
40h IOUT_TELEMETRY_OFFSET_C R/W Yes 0x00 Yes(GP1)
41h CODE_VERSION_LSB R/W Yes 0x00 Yes(GP1)
42h CODE_VERSION_MSB RW Yes 0x00 Yes(GP1)
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Register
Address

Bits

Symbol

Description

0x00

[7:5]

RESERVED

Reserved bit

(4]

PWM TRI-STATE LEVEL

Set PWM tri-state level within DrMOS tri-state window.
[4] = 0: PWM tri-state level is 1.6V to 2.2V.
[4] = 1: PWM tri-state level is 1.4V to 2.1V.

[3:0]

SLAVE SEQUENCE

Set slavel, slave2 and slave3 sequence.

[3:0] =1001: A-B-C, [3:0] = 1010: A-C-B,

[3:0] =1011: B-A-C, [3:0] = 1100: B-C-A,

[3:0] =1101: C-A-B, [3:0] = 1110: C-B-A.

[3:0] = 0000 to 1000 and 1111: Reserved, All other combinations are
not defined.

0x01

[7]

RESERVED

Reserved bit

[6:4]

SSOCP_RATIO_A

Soft-start over current protection ratio of rail A.
SSOCP_TH_A =1 _OUT_SCALE_AxSSOCP_RATIO_A
[6:4] = 000: SSOCP_RATIO_A =1.25,

[6:4] = 001: SSOCP_RATIO_A = 1.875,

[6:4] = 010: SSOCP_RATIO_A = 2.1875,

[6:4] = 011: SSOCP_RATIO_A = 2.5,

[6:4] = 100: SSOCP_RATIO_A = 3.125,

[6:4] = 101: SSOCP_RATIO_A = 3.75,

[6:4] = 110: SSOCP_RATIO_A = 4.375,

[6:4] = 111: SSOCP_RATIO_A =5.

[3:2]

SSOCP_RATIO_B

Soft-start over current protection ratio of rail B.
SSOCP_TH_B =1 _OUT_SCALE_BxSSOCP_RATIO_B
[3:2] = 00: SSOCP_RATIO_B =1.25,

[3:2] = 01: SSOCP_RATIO_B = 2.5,

[3:2] = 10: SSOCP_RATIO_B =5,

[3:2] = 11: SSOCP_RATIO_B = 6.

[1:0]

SSOCP_RATIO_C

Soft-start over current protection ratio of rail C.
SSOCP_TH_C =I_OUT_SCALE_CxSSOCP_RATIO_C
[1:0] = 00: SSOCP_RATIO_C =1.25,

[1:0] = 01: SSOCP_RATIO_C = 2.5,

[1:0] = 10: SSOCP_RATIO_C =5,

[1:0] = 11: SSOCP_RATIO_C = 6.

0x02

[7:4]

VID_DEFAULT_VOLTAGE_A

Default voltage setting of rail A. SVI3 register 0x08[3:0].
[7:4] = 0000: VBOOT = 0V, [7:4] = 0001: VBOOT = 0.5V,

[7:4] =0010: VBOOT = 0.6V, [7:4] = 0011: VBOOT = 0.7V,
[7:4] =0100: VBOOT = 0.8V, [7:4] = 0101: VBOOT = 0.9V,
[7:4] =0110: VBOOT = 1.0V, [7:4] = 0111: VBOOT = 1.1V,
[7:4] =1000: VBOOT = 1.2V, [7:4] = 1001: VBOOT = 1.3V,
[7:4] =1010: VBOOT = 1.4V, [7:4] = 1011: VBOOT = 1.5V,
[7:4] =1100: VBOOT = 1.8V, [7:4] = 1101: VBOOT = 2.0V,
[7:4] =1110: VBOOT = 2.5V, [7:4] = 1111: VBOOT = 2.8V.

[3:2]

DEFAULT_SLEW_RATE_A

Default slew rate setting of rail A. SVI3 register 0x08[5:4].
[3:2] =00: SR = 2.5mV/us,
[3:2] =01: SR = 10mV/us,
[3:2] =10: SR = 20mV/us,
[3:2] =11: SR = 40mV/ps.

[1:0]

RESERVED

Reserved bit

0x03

[7:0]

OCP_THRESH_A

Over current protection threshold level of rail A. SVI3 register
0x27[7:0].

[7:0] = 00h: Disabled(no OCP)

OCP_THRESH(A) = [7:0]x4xMAX_CURRENT /512

Note: MAX_CURRENT = 3FFh of selected output current scale
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Egg'rsetsesr Bits Symbol Description
Over current warning threshold level of rail A. SVI3 register
0x28[7:0].
0x04 [7:0] |OCP_WARN_THRESH_A [7:0] = 00h: Disabled
OCP_WARN_THRESH(A) = [7:0]x4xMAX_CURRENT/512
Note: MAX_CURRENT = 3FFh of selected output current scale
Minimum asserted pulse width of OCP_WARN signal of rail A.
[7:3] |OCP_WARN_MIN_PULSE_A |SVI3register 0x29[7:3].
Minimum pulse(ns) = [7:3]x500
0x05 Set continuous time that current must exceed OCP_THRESH_A
[2:0] |OCP_FAULT DELAY A before triggering fault. SVI3 register 0x29[2:0]
[2:0] = 000: Instantaneous fault.
OCP Fault delay(us) = [2:0]x5
Enable/Disable Extend Ton width of rail A.
[71 |EN_EXTEND_TON_A [7] = O: Disable,
[7] = 1: Enable.
Selection kind of QR in multi-phase of rail A.
[6] |ADPTV_FIX_QR_A [6] = O: Fixed QR
[6] = 1: Adaptive-QR(AQR).
0x06 [5:4] |RESERVED Reserved bit
Selection extend Ton width of rail A
[3:2] |SEL_EXTD_TON_WD_A [3:2] = 00: 1.625 x Ton, [3:2] =01: 1.5 x Ton,
[3:2] =10: 1.375 x Ton, [3:2] =11: 1.25 x Ton
Setting fixed QR width in multi-phase of rail A.
[1:0] |QR_WD_A [1:0] = 00: 0.5xTon, [1:0] = 01: 0.75%Ton,
[1:0] = 10: 1.0xTon, [1:0] = 11: 1.25%XTon.
Enable zero load-line of rail A.
[71 |EN_OLL_A [7] = O: Disable OLL.
[7] = 1: Enable OLL.
Enable/Disable SSOCP function of rail A.
[6] |EN_SSOCP_A [6] = O: Disable,
[6] = 1: Enable
[5] |RESERVED Reserved bit
Enable/Disable ANTIOVS function when VOTF of rail A.
0x07 [4] |EN_VOTF_ANTIOVS_A [4] = O: Disable,
[4] = 1: Enable
[3] |RESERVED Reserved bit
ANTIOVS for reduction of overshoot at loading falling edge. Set
trigger level of rail A.
. [2:0] = 000: 120mV, [2:0] = 001: 180mV,
[2:0] | ANTIOVS_TH_A [2:0] = 010: 240mV, [2:0] = 011: 300mV,
[2:0] = 100: 360mV, [2:0] = 101: 420mV,
[2:0] =110: 480mV, [2:0] = 111: Disable.
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Register

Address Bits

Symbol

Description

[7]

RESERVED

Reserved bit

(6]

EN_DBLR_A

Enable/Disable rail A phase double function.
[6] = O: Disable,
[6] = 1: Enable.

[5:4]
0x08

SET_DBLR_PH_A

Phase number selection of rail A when EN_DBLR_A is enabled.
[5:4] = 00: Phase = 5-phase extension,
[5:4] =01: Phase = 6-phase extension,
[5:4] = 10: Phase = 7-phase extension,
[5:4] =11: Phase = 6/8 phase doubler.

(3]

RESERVED

Reserved bit

[2:0]

Ai_ A

Current gain setting of rail A.

[2:0] = 000: 0.25, [2:0] = 001: 0.50,
[2:0] = 010: 0.75, [2:0] = 011: 1.00,
[2:0] = 100: 0.125, [2:0] = 101: 0.375,
[2:0] = 110: 0.625, [2:0] = 111: 0.875.

[7:4]

0x09

LPF_LIMIT_MPH_A

High-frequency-ACLL voltage compensation threshold in
multi-phase operation of rail A
LPF_LIMIT = 100mV+[7:4]x20mV

[3:0]

LPF_LIMIT_1PH_A

High-frequency-ACLL voltage compensation threshold in
1-phase operation of rail A
LPF_LIMIT = 50mV+[3:0]x10mV

[7:5]

RESERVED

Reserved bit

Ox0A
[4:0]

KTON_A

On-time (Ton) K Factor Setting of rail A.
While Reg. Addr 0x0A[4] =0,

KTON = 0.5+[3:0]x0.1

While Reg. Addr Ox0A[4] =1,

KTON = 1.2+[3:0]x0.1

0x0B [6:0]

SPM_DROP_HYS_TH

Set Smart Phase Management (SPM) drop hysteresis of rail A.
1LSB = |_OUT_SCALE/192 A

0x0C [7:0]

SPM_4PH_TH

Set Smart Phase Management (SPM) 3-phase to 4-phase
threshold.
1LSB = |_OUT_SCALE/192 A

0x0D [7:0]

SPM_3PH_TH

Set Smart Phase Management (SPM) 2-phase to 3-phase
threshold.
1LSB = 1_OUT_SCALE/192 A

Ox0E [7:0]

SPM_2PH_TH

Set Smart Phase Management (SPM) 1-phase to 2-phase
threshold.
1LSB = |_OUT_SCALE/192 A
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Address

Bits

Symbol

Description

OxOF

[7:4]

VID_DEFAULT_VOLTAGE_B

Default voltage setting of rail B. SVI3 register 0x08[3:0].
[7:4] = 0000: VBOOT = 0.0V, [7:4] = 0001: VBOOT = 0.5V,
[7:4] =0010: VBOOT = 0.6V, [7:4] = 0011: VBOOT = 0.7V,
[7:4] =0100: VBOOT = 0.8V, [7:4] = 0101: VBOOT = 0.9V,
[7:4] =0110: VBOOT = 1.0V, [7:4] = 0111: VBOOT = 1.1V,
[7:4] =1000: VBOOT = 1.2V, [7:4] = 1001: VBOOT = 1.3V,
[7:4] =1010: VBOOT = 1.4V, [7:4] = 1011: VBOOT = 1.5V,
[7:4] =1100: VBOOT = 1.8V, [7:4] = 1101: VBOOT = 2.0V,
[7:4] =1110: VBOOT = 2.5V, [7:4] = 1111: VBOOT = 2.8V.

[3:2]

DEFAULT_SLEW_RATE_B

Default slew rate setting of rail B. SVI3 register 0x08[5:4].
[3:2] = 00: SR = 2.5mV/us,
[3:2] = 01: SR = 10mV/us,
[3:2] = 10: SR = 20mV/us,
[3:2] = 11: SR = 40mV/us.

[1:0]

RESERVED

Reserved bit

0x10

[7:0]

OCP_THRESH_B

Over current protection threshold level of rail B. SVI3 register
0x27[7:0].

[7:0] = 00h: Disabled(no OCP)

OCP_THRESH(A) = [7:0]x4xMAX_CURRENT /512

Note: MAX_CURRENT = 3FFh of selected output current scale

0x11

[7:0]

OCP_WARN_THRESH_B

Over current warning threshold level of rail B. SVI3 register
0x28[7:0].

[7:0] = 00h: Disabled

OCP_WARN_THRESH(A) = [7:0]x4xMAX_CURRENT /512
Note: MAX_CURRENT = 3FFh of selected output current scale

0x12

[7:3]

OCP_WARN_MIN_PULSE_B

Minimum asserted pulse width of OCP_WARN signal of rail B.
SVI3 register 0x29[7:3].
Minimum pulse(ns) = [7:3]x500

[2:0]

OCP_FAULT DELAY B

Set continuous time that current must exceed OCP_THRESH_B
before triggering fault. SVI3 register 0x29[2:0]

[2:0] = 000: Instantaneous fault.

OCP Fault delay(us) = [2:0]x5

0x13

[7]

RESERVED

Reserved bit

[6:4]

LPF_LIMIT B

High-frequency-ACLL voltage compensation threshold of rail B.
[6:4] = 000: Disable, [6:4] = 001: 100mV,
[6:4] = 010: 125mV, [6:4] = 011: 150mV,
[6:4] = 100: 175mV, [6:4] = 101: 200mV,
[6:4] = 110: 225mV, [6:4] = 111: 250mV.

(3]

RESERVED

Reserved bit

[2:0]

FLRAMP_TH_B

Select floating ramp threshold of rail B.
[2:0] = 000: 25mV, [2:0] = 001: 75mV,
[2:0] =010: 125mV, [2:0] = 011: Disable,
[2:0] = 100: 50mV, [2:0] = 101: 100mV,
[2:0] =110: 150mV, [2:0] = 111: Disable.
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[7]

RESERVED

Reserved bit

[6:4]

Ai_ B

Current gain setting of rail B.
Ai_B = 0.125+[6:4]x0.125

(3]

RESERVED

Reserved bit

0x14

[2:0]

ANTIOVS_TH_B

ANTIOVS for reduction of overshoot at loading falling edge. Set
trigger level of rail B.

[2:0] = 000: 90mV, [2:0] = 001: 120mV,

[2:0] = 010: 150mV, [2:0] = 011: 180mV,

[2:0] = 100: 210mV, [2:0] = 101: 240mV,

[2:0] = 110: Disable, [2:0] = 111: Disable.

[7:5]

RESERVED

Reserved bit

0x15
[4:0]

AQR_TH B

AQR starting trigger threshold of rail B.
[4:0] = 00h: 240mV, [4:0] = 01h: 320mV,
[4:0] = 02h: 400mV, [4:0] = 03h: 480mV,
[4:0] = 04h: 560mV, [4:0] = 05h: 640mV,
[4:0] = 06h: 720mV, [4:0] = 07h: 800mV,
[4:0] = 08h: 880mV, [4:0] = 09h: 960mV,
[4:0] = 0Ah: 1040mV, [4:0] = 0Bh: 1120mV,
[4:0] = OCh: 1200mV, [4:0] = ODh: 1280mV,
[4:0] = OEh: Disable, [4:0] = OFh: Disable,
[4:0] = 10h: 720mV, [4:0] = 11h: 800mV,
[4:0] = 12h: 880mV, [4:0] = 13h: 960mV,
[4:0] = 14h: 1040mV, [4:0] = 15h: 1120mV,
[4:0] = 16h: 1200mV, [4:0] = 17h: 1280mV,
[4:0] = 18h: 1360mV, [4:0] = 19h: 1440mV,
[4:0] = 1Ah: 1520mV, [4:0] = 1Bh: 1600mV,
[4:0] = 1Ch: 1680mV, [4:0] = 1Dh: 1760mV,
[4:0] = 1Eh: Disable, [4:0] = 1Fh: Disable.

[7:6]

RESERVED

[7:6] = 00. All other combinations are not defined.

[5:4]

SRKTON_PSI3_B

Shrink Ton in PSI3 of rail B.
[5:4] = 00: 85%, [5:4] = 01: 75%,
[5:4] = 10: 66%, [5:4] = 11: 100%(Disable).

0x16

[3:0]

KTON_B

On-time (Ton) K Factor Setting of rail B.
[3:0] = 0000: 0.73, [3:0] = 0001: 0.82,
[3:0] = 0010: 0.91, [3:0] = 0011: 1.00,
[3:0] = 0100: 1.09, [3:0] = 0101: 1.18,
[3:0] =0110: 1.27,[3:0] = 0111: 1.36,
[3:0] =1000: 1.55, [3:0] = 1001: 1.64,
[3:0] = 1010: 1.73, [3:0] = 1011: 1.82,
[3:0] = 1100: 2.00, [3:0] = 1101: 2.18,
[3:0] =1110: 2.36, [3:0] = 1111: 2.55.
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[7:4]

VID_DEFAULT_VOLTAGE_C

Default voltage setting of rail C. SVI3 register 0x08[3:0].
[7:4] = 0000: VBOOT = 0.0V, [7:4] = 0001: VBOOT = 0.5V,
[7:4] =0010: VBOOT = 0.6V, [7:4] = 0011: VBOOT = 0.7V,
[7:4] =0100: VBOOT = 0.8V, [7:4] = 0101: VBOOT = 0.9V,
[7:4] =0110: VBOOT = 1.0V, [7:4] = 0111: VBOOT = 1.1V,
[7:4] =1000: VBOOT = 1.2V, [7:4] = 1001: VBOOT = 1.3V,
[7:4] =1010: VBOOT = 1.4V, [7:4] = 1011: VBOOT = 1.5V,
[7:4] =1100: VBOOT = 1.8V, [7:4] = 1101: VBOOT = 2.0V,
[7:4] =1110: VBOOT = 2.5V, [7:4] = 1111: VBOOT = 2.8V.

[3:2]

DEFAULT_SLEW_RATE_C

Default slew rate setting of rail C. SVI3 register 0x08[5:4].
[3:2] = 00: SR = 2.5mV/us,
[3:2] = 01: SR = 10mV/us,
[3:2] = 10: SR = 20mV/us,
[3:2] = 11: SR = 40mV/us.

[1:0]

RESERVED

Reserved bit

0x18

[7:0]

OCP_THRESH_C

Over current protection threshold level of rail C. SVI3 register
0x27[7:0].

[7:0] = 00h: Disabled(no OCP)

OCP_THRESH(A) = [7:0]x4xMAX_CURRENT /512

Note: MAX_CURRENT = 3FFh of selected output current scale

0x19

[7:0]

OCP_WARN_THRESH_C

Over current warning threshold level of rail C. SVI3 register
0x28[7:0].

[7:0] = 00h: Disabled

OCP_WARN_THRESH(A) = [7:0]x4xMAX_CURRENT /512
Note: MAX_CURRENT = 3FFh of selected output current scale

Ox1A

[7:3]

OCP_WARN_MIN_PULSE_C

Minimum asserted pulse width of OCP_WARN signal of rail C.
SVI3 register 0x29[7:3].
Minimum pulse(ns) = [7:3]x500

[2:0]

OCP_FAULT_DELAY_C

Set continuous time that current must exceed OCP_THRESH_C
before triggering fault. SVI3 register 0x29[2:0]

[2:0] = 000: Instantaneous fault.

OCP Fault delay(us) = [2:0]x5

0x1B

[7]

RESERVED

Reserved bit

[6:4]

LPF_LIMIT_C

High-frequency-ACLL voltage compensation threshold of rail C.
[6:4] = 000: Disable, [6:4] = 001: 100mV,
[6:4] = 010: 125mV, [6:4] = 011: 150mV,
[6:4] =100: 175mV, [6:4] = 101: 200mV,
[6:4] = 110: 225mV, [6:4] = 111: 250mV.

(3]

RESERVED

Reserved bit

[2:0]

FLRAMP_TH_C

Select floating ramp threshold of rail C.
[2:0] = 000: 25mV, [2:0] = 001: 75mV,
[2:0] =010: 125mV, [2:0] = 011: Disable,
[2:0] = 100: 50mV, [2:0] = 101: 100mV,
[2:0] =110: 150mV, [2:0] = 111: Disable.
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[71 |RESERVED Reserved bit
6l A C Current gain setting of rail C.
[6:4] AL Ai_C = 0.125+[6:4]x0.125
[3] |RESERVED Reserved bit
0x1C ANTIOVS for reduction of overshoot at loading falling edge. Set
trigger level of rail C.
) [2:0] = 000: 90mV, [2:0] = 001: 120mV,
[2:0] |ANTIOVS_TH_C [2:0] = 010: 150mV, [2:0] = 011: 180mV,
[2:0] = 100: 210mV, [2:0] = 101: 240mV,
[2:0] = 110: Disable, [2:0] = 111: Disable.
[7:5] |RESERVED Reserved bit
AQR starting trigger threshold of rail C.
[4:0] = 00h: 240mV, [4:0] = 01h: 320mV,
[4:0] = 02h: 400mV, [4:0] = 03h: 480mV,
[4:0] = 04h: 560mV, [4:0] = 05h: 640mV,
[4:0] = 06h: 720mV, [4:0] = 07h: 800mV,
[4:0] = 08h: 880mV, [4:0] = 09h: 960mV,
[4:0] = OAh: 1040mV, [4:0] = 0Bh: 1120mV,
Ox1D [4:0] = OCh: 1200mV, [4:0] = ODh: 1280mV,
[4:0] |[AQR_TH_C [4:0] = OEh: Disable, [4:0] = OFh: Disable,
[4:0] = 10h: 720mV, [4:0] = 11h: 800mV,
[4:0] = 12h: 880mV, [4:0] = 13h: 960mV,
[4:0] = 14h: 1040mV, [4:0] = 15h: 1120mV,
[4:0] = 16h: 1200mV, [4:0] = 17h: 1280mV,
[4:0] = 18h: 1360mV, [4:0] = 19h: 1440mV,
[4:0] = 1Ah: 1520mV, [4:0] = 1Bh: 1600mV,
[4:0] = 1Ch: 1680mV, [4:0] = 1Dh: 1760mV,
[4:0] = 1Eh: Disable, [4:0] = 1Fh: Disable.
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[7:6] |RESERVED

[7:6] = 00. All other combinations are not defined.

[5:4] |SRKTON_PSI3_C

Shrink Ton in PSI3 of rail C.
[5:4] = 00: 85%, [5:4] = 01: 75%,
[5:4] = 10: 66%, [5:4] = 11: 100%(Disable).

Ox1E

[3:0] |KTON_C

On-time (Ton) K Factor Setting of rail C.
[3:0] = 0000: 0.73, [3:0] = 0001: 0.82,
[3:0] = 0010: 0.91, [3:0] = 0011: 1.00,
[3:0] = 0100: 1.09, [3:0] = 0101: 1.18,
[3:0] =0110: 1.27,[3:0] = 0111: 1.36,
[3:0] =1000: 1.55, [3:0] = 1001: 1.64,
[3:0] = 1010: 1.73, [3:0] = 1011: 1.82,
[3:0] = 1100: 2.00, [3:0] = 1101: 2.18,
[3:0] = 1110: 2.36, [3:0] = 1111: 2.55.

[7:6] |RESERVED

Reserved bit

[5] |TSEN_C

Temperature source selection for rail C.

[5] = 0: External NTC thermistor(NTC is 100kQ/Beta = 4250),

[5] = 1: Smart Power Stage(SPS) temperature sensor. (+8mV/0°C
with an offset of 0.6V at 0°C.

[4] |EN_SPS C

Enable/Disable rail C SPS function. If using the Smart Power
Stage (SPS) modules, this bit needs to be set as 1'b.

[4] = O: Disable (DCR or Rshunt),

[4] = 1: Enable (SPS).

[38] |TSEN_B
Ox1F

Temperature source selection for rail B.

[3] = 0: External NTC thermistor(NTC is 100kQ/Beta = 4250),

[3] = 1: Smart Power Stage(SPS) temperature sensor. (+8mV/0°C
with an offset of 0.6V at 0°C.

[2] |EN_SPS B

Enable/Disable rail B SPS function. If using the Smart Power
Stage (SPS) modules, this bit needs to be set as 1'b.

[2] = O: Disable(DCR or Rshunt),

[2] = 1: Enable (SPS).

[1] |TSEN_A

Temperature source selection for rail A.

[1] = 0: External NTC thermistor(NTC is 100kQ/Beta = 4250),

[1] = 1: Smart Power Stage(SPS) temperature sensor. (+8mV/0 °C
with an offset of 0.6V at 0°C.

[0] |EN_SPS_A

Enable/Disable rail A SPS function. If using the Smart Power
Stage (SPS) modules, this bit needs to be set as 1'b.

[0] = O: Disable(DCR or Rshunt),

[0] = 1: Enable (SPS).

[7:5] |RESERVED

Reserved bit

[4] |P_SYS_MAX_ Voltage

PSYS voltage range selection.
[4]=0: 1.6V,
[4] = 1:3.2V.

[3] |RESERVED

Reserved bit

0x20

[2:0] |P_SYS_SCALE

System power scale. SVI3 register 0x0C[2:0].
[2:0] = 000: Custom Scale(Reserved),

[2:0] = 001: Scale 1, [2:0] = 010: Scale 2,

[2:0] = 011: Scale 3, [2:0] = 100: Scale 4,

[2:0] = 101: Scale 5, [2:0] = 110: Scale 6,

[2:0] =111: Scale 7.
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[7:6]

|_OUT_SCALE_C

Output current scale setting of rail C. SVI3 register 0x09[5:3].
[7:6] = 00: Custom Scale, [7:6] = 01: Scalel,
[7:6] = 10: Scale2, [7:6] = 11: Scale3.

[5:4]

|_OUT_SCALE_B

Output current scale setting of rail B. SVI3 register 0x09[5:3].
[5:4] = 00: Custom Scale, [5:4] = 01: Scalel,
[5:4] = 10: Scale2, [5:4] = 11: Scale3.

0x21

(3]

RESERVED

Reserved bit

[2:0]

|_OUT_SCALE_A

Output current scale setting of rail A. SVI3 register
0x09[5:3].

[2:0] = 000: Custom Scale, [2:0] = 001: Scalel,

[2:0] = 010: Scale2, [2:0] = 011: Scale3,

[2:0] = 100: Scale4, [2:0] = 101: Scale5,

[2:0] = 110: Scale6, [2:0] = 111: Scale?.

[7:6]

SLL_RATIO_A

Short-term voltage target ratio of rail A for AC transient.
Short_term_voltage_target = VID-Al ;xR XSLL_RATIO_A
[7:6] = 00: 100%(Normal), [7:6] = 01: 95%,

[7:6] = 10: 90%, [7:6] = 11: 50%.

0x22

[5:0]

ZCD_TH_A

Detect whether each phase current crosses zero current of
rail A. Set trigger level.

[5]: sign bit, O is positive.

[4:0]: 0.2083mV/step

Ex.

[5:0] = 01h, ZCD_TH_A = 0.2083mV.

[5:0] = 00h or 20h, ZCD_TH_A = 0mV.

[5:0] = 21h, ZCD_TH_A = -0.2083mV.

0x23

[7:0]

RESERVED

[7:0] = E1h. All other combinations are not defined.

[7:5]

RESERVED

[7:5] = 001. All other combinations are not defined.

0x25

[4:0]

AQR_TH_A

AQR starting trigger threshold in multi-phase operation of
rail A.

[4:0] = 1Fh: Disabled

AQR_TH = 240mV+[4:0]x80mV

0x26

[7:0]

RESERVED

[7:0] = 70h. All other combinations are not defined.

0x28

[7:6]

INC_TON_TH_A

Setting increase Ton threshold of rail A.
[7:6] = 00: 2.4V + 150mV, [7:6] = 01: 2.4V + 200mV,
[7:6] = 10: 2.4V + 250mV, [7:6] = 11: 2.4V + 300mV.

[5:0]

RESERVED

[5:0] = 20h. All other combinations are not defined.

0x29

[7:5]

AR_TH_1PH_A

Adaptive ramp trigger threshold in 1-phase of rail A.
[7:5] = 000: 125mV, [7:5] = 001: 150mV,
[7:5] = 010: 175mV, [7:5] = 011: Disable,
[7:5] = 100: 200mV, [7:5] = 101: 225mV,
[7:5] = 110: 250mV, [7:5] = 111: Disable,

[4:0]

AQR_TH_1PH_A

AQR starting trigger threshold in 1-phase operation of rail
A.

[4:0] = 1Fh: Disabled

AQR_TH = 40mV+[4:0]x40mV

Copyright © 2022 Richtek Technology Corporation. All rights reserved.

RICHTEK i, registered trademark of Richtek Technology Corporation.

DS3674AE-02

October 2022

Downloaded from AFFOW.Com.

www.richtek.com
33


http://www.arrow.com

RT3674AE

RICHTEK

Register
Address

Bits

Symbol

Description

0x2C

[7:6]

QR_WD_1PH_A

Setting fixed QR width in 1-phase of rail A.
[7:6] = 00: 0.5XTon, [7:6] = 01: 0.75XTon,
[7:6] = 10: 1.0xTon, [7:6] = 11: 1.25 X Ton.

[5:2]

RESERVED

[5:2] = 1100. All other combinations are not defined.

[1:0]

Reset LPF_TH_A

Setting reset LPF threshold of rail A.
[1:0] = 00: 0.5pA, [1:0] = 01: 1.0pA,
[1:0] = 10: 1.5pA, [1:0] = 11: 2.0pA.

0x2D

(7]

VOTF_LIFT_TH_A

Voltage on the Fly (VOTF) compensation during VOTF ramp up
of Rail A. Refer to Reg. Addr 0x2D[3:0]

[6:4]

RESERVED

Reserved bit

[3:0]

VOTF_LIFT_TH_A

Voltage on the Fly (VOTF) compensation during VOTF ramp
up of rail A.

While Reg. Addr 0x2D[7] = 0,

[3:0] = 0000: Disable, [3:0] = 0001: 2uA,
[3:0] = 0010: 3pA, [3:0] = 0011: 4uA,
[3:0] = 0100: 5uA, [3:0] = 0101: 6uA,
[3:0] = 0110: 7uA, [3:0] = 0111: 8uA,
[3:0] = 1000: 9uA, [3:0] = 1001: 10uA,
[3:0] = 1010: 12pA, [3:0] = 1011: 14pA,
[3:0] = 1100: 16pA, [3:0] = 1101: 18pA,
[3:0] = 1110: 20pA, [3:0] = 1111: 24pA,
While Reg. Addr 0x2D[7] =1,

[3:0] = 0000: Disable, [3:0] = 0001: 1A,
[3:0] = 0010: 1.5pA, [3:0] = 0011: 2pA,
[3:0] =0100: 2.5uA, [3:0] = 0101: 3uA,
[3:0] = 0110: 3.5pA, [3:0] = 0111: 4pA,
[3:0] = 1000: 4.5uA, [3:0] = 1001: 5uA,
[3:0] = 1010: 6pA, [3:0] = 1011: 7uA,
[3:0] = 1100: 8uA, [3:0] = 1101: 9uA,
[3:0] = 1110: 10pA, [3:0] = 1111: 12uA,

O0x2E

[7:6]

SLL_RATIO_B

Short-term voltage target ratio of rail B at AC transient .
Short_term_voltage_target = VID-Al xR XSLL_RATIO_B
[7:6] = 00: 100%(Normal), [7:6] = 01: 84%,

[7:6] = 10: 76%, [7:6] = 11: 60%.

[5:0]

ZCD_TH B

Detect whether each phase current crosses zero current of
rail B. Set trigger level.

ZCD_TH = -4mV+[5:0]x0.125mV

Ex.

[5:0] = 00h, ZCD_TH = -4mV

[5:0] = 20h, ZCD_TH = 0mV

[5:0] = 3Fh, ZCD_TH = 3.875mV

Ox2F

[7:0]

RESERVED

[7:0] = 71h. All other combinations are not defined.

0x30

[7]

RESERVED

Reserved bit

[6:4]

AR_TH_B

Adaptive ramp trigger threshold of rail B.
[6:4] = 000: Disable, [6:4] = 001: 100mV,
[6:4] = 010: 125mV, [6:4] = 011: 150mV,
[6:4] = 100: 175mV, [6:4] = 101: 200mV,
[6:4] = 110: 225mV, [6:4] = 111: 250mV.

[3:0]

RESERVED

[3:0] = 2h. All other combinations are not defined.
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[7:5]

RESERVED

[7:5] = 000. All other combinations are not defined.

(4]

EN_EXTEND_TON_B

Enable/Disable Extend Ton width of rail B.
[4] = O: Disable,
[4] = 1: Enable.

0x31

[3:2]

INC_TON_TH_B

Setting increase Ton threshold of rail B.
[3:2] =00: 2.4V + 150mV, [3:2] = 01: 2.4V + 200mV,
[3:2] = 10: 2.4V + 250mV, [3:2] = 11: 2.4V + 300mV.

[1:0]

SEL_EXTD _TON_WD_B

Selection extend Ton width of rail B
[1:0] = 00: 2.66 x Ton, [1:0] = 01: 2.00 x Ton,
[1:0] = 10:1.60 x Ton, [1:0] =11: 1.33 x ToN

[7:6]

RESERVED

Reserved bit

[5:4]

VOTF_LIFT_TH_B

of rail A. Refer to Reg. Addr 0x32[2:0]

Voltage on the Fly (VOTF) compensation during VOTF ramp up

(3]

RESERVED

Reserved bit

0x32

[2:0]

VOTF_LIFT_TH_B

up of rail B.

While Reg. Addr 0x32[5:4] = 00,

[2:0] = 000: Disable, [2:0] = 001: 0.125pA,
[2:0] = 010: 0.25pA, [2:0] = 011: 0.375uA,
[2:0] = 100: 0.5pA, [2:0] = 101: 0.625pA,
[2:0] = 110: 0.875pA, [2:0] = 111: 1.25pA.
While Reg. Addr 0x32[5:4] = 01,

[2:0] = 000: Disable, [2:0] = 001: 0.25pA,
[2:0] = 010: 0.50uA, [2:0] = 011: 0.75pA,
[2:0] = 100: 1.00pA, [2:0] = 101: 1.25pA,
[2:0] = 110: 1.75pA, [2:0] = 111: 2.50pA.
While Reg. Addr 0x32[5:4] = 10,

[2:0] = 000: Disable, [2:0] = 001: 0.3125uA,
[2:0] = 010: 0.625uA, [2:0] = 011: 0.9375uA,
[2:0] = 100: 1.25pA, [2:0] = 101: 1.5625uA,
[2:0] = 110: 2.1875uA, [2:0] = 111: 3.125uA.
While Reg. Addr 0x32[5:4] = 11,

[2:0] = 000: Disable, [2:0] = 001: 0.625uA,
[2:0] = 010: 1.25pA, [2:0] = 011: 1.875uA,
[2:0] = 100: 2.50uA, [2:0] = 101: 3.125uA,
[2:0] = 110: 4.375pA, [2:0] = 111: 6.25uA.

Voltage on the Fly (VOTF) compensation during VOTF ramp

[7:2]

RESERVED

[7:2] = 001000. All other combinations are not defined.

0x33

[1:0]

QR_WD_B

Setting QR width of rail B.
[1:0] = 00: 0.4xTon, [1:0] = 01: 0.55%Ton,
[1:0] = 10: 0.75xTon, [1:0] = 11: 0.92xTon.
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Enable zero load-line of rail B.

[7] |EN_OLL_B [7] = O: Disable OLL.

[7]1 = 1: Enable OLL.

Enable/Disable rail B phase double function.
[6] |EN_DBLR_B [6] = O: Disable,

[6] = 1: Enable.

0x34 Enable/Disable SSOCP function of rail B.
[5] |[EN_SSOCP_B [5] = O: Disable,

[5] = 1: Enable

AEAGM gain setting of rail B.

[4] |AEAGM_B [4] = 0: 2/3.

[4] = 1: 1.

[3:0] |RESERVED Reserved bit

Short-term voltage target ratio of rail C at AC transient .
Short_term_voltage_target = VID-Al xR XSLL_RATIO_C
[7:6] = 00: 100%(Normal), [7:6] = 01: 84%,

[7:6] = 10: 76%, [7:6] = 11: 60%.

Detect whether each phase current crosses zero current of
rail C. Set trigger level.

ZCD_TH = —4mV + [5:0] x 0.125mV

Ex.

[5:0] = 00h, ZCD_TH = -4mV

[5:0] = 20h, ZCD_TH = 0mV

[5:0] = 24h, ZCD_TH = 0.5mV

[5:0] = 3Fh, ZCD_TH = 3.875mV

0x36 [7:0] |RESERVED [7:0] = 71h. All other combinations are not defined.

[7:6] |SLL_RATIO_C

0x35

[5:0] |ZCD_TH_C

[71 |RESERVED Reserved bit

Adaptive ramp trigger threshold of rail C.
[6:4] = 000: Disable, [6:4] = 001: 100mV,
0x37 [6:4] |AR_TH_C [6:4] = 010: 125mV, [6:4] = 011: 150mV,
[6:4] =100: 175mV, [6:4] = 101: 200mV,
[6:4] = 110: 225mV, [6:4] = 111: 250mV.

[3:0] |RESERVED [3:0] = 2h. All other combinations are not defined.
[7:5] |RESERVED [7:5] = 000. All other combinations are not defined.
Enable/Disable Extend Ton width of rail C.
[4] |EN_EXTEND_TON_C [4] = O: Disable,
[4] = 1: Enable.
0x38 Setting increase Ton threshold of rail C.
[3:2] [INC_TON_TH_C [3:2] =00: 2.4V + 150mV, [3:2] = 01: 2.4V + 200mV,

[3:2] =10: 2.4V + 250mV, [3:2] = 11: 2.4V + 300mV.
Selection extend Ton width of rail C

[1:0] |SEL_EXTD _TON_WD_C [1:0] = 00: 2.66 x Ton, [1:0] = 01: 2.00 x Ton,

[1:0] =10: 1.60 x Ton, [1:0] = 11: 1.33 x ToN
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Register . _—
Address Bits Symbol Description
[7:6] |RESERVED Reserved bit
. Voltage on the Fly (VOTF) compensation during VOTF ramp up
[5:4] |VOTF_LIFT_TH_C of rail C. Refer to Reg. Addr 0x39[2:0]
[3] |RESERVED Reserved bit
Voltage on the Fly (VOTF) compensation during VOTF ramp
up of rail C.
While Reg. Addr 0x39[5:4] = 00,
[2:0] = 000: Disable, [2:0] = 001: 0.125pA,
[2:0] = 010: 0.25pA, [2:0] = 011: 0.375uA,
[2:0] = 100: 0.5pA, [2:0] = 101: 0.625pA,
[2:0] = 110: 0.875pA, [2:0] = 111: 1.25uA.
While Reg. Addr 0x39[5:4] =01,
0x39 [2:0] = 000: Disable, [2:0] = 001: 0.25uA,
[2:0] = 010: 0.50pA, [2:0] = 011: 0.75pA,
. [2:0] = 100: 1.00pA, [2:0] = 101: 1.25pA,
[2:0] \VOTF_LIFT_TH_C [2:0] = 110: 1.75pA, [2:0] = 111: 2.50pA.
While Reg. Addr 0x39[5:4] = 10,
[2:0] = 000: Disable, [2:0] = 001: 0.3125uA,
[2:0] = 010: 0.625uA, [2:0] = 011: 0.9375pA,
[2:0] = 100: 1.25pA, [2:0] = 101: 1.5625uA,
[2:0] = 110: 2.1875pA, [2:0] = 111: 3.125pA.
While Reg. Addr 0x39[5:4] = 11,
[2:0] = 000: Disable, [2:0] = 001: 0.625pA,
[2:0] = 010: 1.25pA, [2:0] =011: 1.875uA,
[2:0] = 100: 2.50pA, [2:0] = 101: 3.125uA,
[2:0] = 110: 4.375pA, [2:0] = 111: 6.25uA.
[7:2] |RESERVED [7:2] = 001000h. All other combinations are not defined.
0x3A Setting QR width of rail C.
[1:0] |QR_WD_C [5:4] = 00: 0.4xTon, [5:4] = 01: 0.55%Ton,
[5:4] = 10: 0.75xTon, [5:4] = 11: 0.92xTon.
Enable zero load-line of rail C.
[71 |EN_OLL_C [7] = O: Disable OLL.
[7]1 = 1: Enable OLL.
[6] RESERVED Reserved bit
Enable/Disable SSOCP function of rail C.
0x3B [5] |EN_SSOCP_C [5] = O: Disable,
[5] = 1: Enable
AEAGM gain setting of rail C.
[4] |AEAGM_C [4]1=0: 2/3.
[4]=1:1.
[3:0] |RESERVED Reserved bit
0x3C [7:0] |RESERVED Reserved bit
0x3D [7:0] |RESERVED Reserved bit
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Register
Address

Bits Symbol Description

Set IOUT telemetry offset of rail A.

[71: sign bit, O is positive. (as part of two's complement)
[6:0]: 1LSB = MAX_CURRENT/1023

IOUT_TELEMETRY = IMONppc-IOUT_TELEMTERY_OFFSET
Note: MAX_CURRENT = 3FFh of selected output current scale
le.g]

0lh=+1LSB

FFh=-1LSB

7Fh = +127 LSB

80h =-128 LSB

Set IOUT telemetry offset of rail B.

[7]: sign bit, O is positive. (as part of two's complement)
[6:0]: 1LSB = MAX_CURRENT/1023

IOUT_TELEMETRY = IMONppc-lIOUT_TELEMTERY_OFFSET
Note: MAX_CURRENT = 3FFh of selected output current scale
le.g]

0lh=+1LSB

FFh=-1LSB

7Fh = +127 LSB

80h =-128 LSB

Set IOUT telemetry offset of rail C.

[71: sign bit, O is positive. (as part of two's complement)
[6:0]: 1LSB = MAX_CURRENT/1023

IOUT_TELEMETRY = IMONppc-lIOUT_TELEMTERY_OFFSET
Note: MAX_CURRENT = 3FFh of selected output current scale
le.g]

0lh=+1LSB

FFh=-1LSB

7Fh = +127 LSB

80h =-128 LSB

It is used to provide the unique code identifier assigned by the
vendor for different customers and different projects.

It is used to provide the unique code identifier assigned by the
vendor for different customers and different projects.

Ox3E [7:0] |IOUT_TELEMETRY_OFFSET_A

O0x3F [7:0] [IOUT_TELEMETRY_OFFSET_B

0x40 [7:0] |IOUT_TELEMETRY_OFFSET_C

0x41 [7:0] |CODE_VERSION_LSB

0x42 [7:0] |CODE_VERSION_MSB
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Table 3. Functions that can’t Support On-line Tuning (Group 1)

Register Address

Function

Support On-line

Tunning
0x00[3:0] SLAVE SEQUENCE No
VID_DEFAULT_VOLTAGE_A/B/C
0x02,0x0F,0x17 DEFAULT_SLEW_RATE_A/B/C No
0x03,0x10,0x18 OCP_THRESH_A/B/C No
0x04,0x11,0x19 OCP_WARN_THRESH_A/B/C No
OCP_WARN_MIN_PULSE_A/B/C
0x05,0x12,0x1A OCP_FAULT_DELAY_A/B/C No
_ EN_DBLR_A/B/C
0x08[6:4],0x34[6],0x3B[6] SET DBLR. PH A No
0x08[2:0],0x14[6:4],0x1C[6:4] Ai_A/B/C No
O0XOA[7:5],0x15[7:5],0x1D[7:5] SVI3_I2C_OVP_DELTA_A/B/C No
0x1F[0],0xLF[2],0x 1F[4] EN_SPS_A/B/C No
ox21 IOUT_SCALE No
0x34[4], 0x3B[4] AEAGM_B/C No
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Thermal Monitoring and Indicator

TSEN pin is available to process thermal monitoring by
either NTC thermistor or temperature monitor of the
smart power stage and it can be set by NVM.

When NTC thermistor is used as thermal monitoring,
TSEN pin voltage = 80uA x (R1L/RNTC+R2), defined as
Thermal Voltage, the NTC thermistor network to sense
temperature as shown in Figure 4. NTC thermistor is
recommended to be placed near the MOSFET, the
hottest area in the PCB.

The controller processes the TSEN pin voltage to report
temperature telemetry. When the TSEN pin voltage is
less than voltage of VRHOT_THRESH, the controller
asserts the VR_HOT bit in the temperature telemetry
packet to indicate thermal alert. The VRHOT_THRESH
can be changed through SVI3 register.

Temperature Register data is updated every 700us and
the averaging interval is 5.6ms. The resistance
accuracy of TSEN network is recommended to be less
than 1% error. NTC thermistor is 100k/Beta = 4250 and
accuracy is 1%.

When thermal monitoring is implemented by TMON of
smart power stage (SPS), the NVM registers of TSEN
need to select SPS temperature sensor and the TSEN
pin operates as an input terminal to receive the TMON
output from SPS. The RT3674AE offers the thermal
register of 0.6 V at 0°C and 1.4 V at 100°C with 8 mV /
°C typical slope.

Vmon-0.6V
Temp. (°C) = —T;Ar:\’\;PC

80uA

Tempgrature L o TSEN
Register

_I_ C1 R1 Rnte
_/ “TL0nFS 27 4k

- R2

Temp 1/Warn = 10k
[9] = VRHOT +—o0 VRHOT_THRESH L

Figure 4. Multi-Function Pin Setting Mechanism for
TSEN

System Input Power Monitoring (PSYS)

The RT3674AE provides PSYS function to monitor total
system power and report to the CPU via SVI3 interface.

The PSYS function is illustrated in Figure 5. PSYS
meter measures system input current and outputs a
proportional current signal Ipsys. Rpsys is designed for
the Psys voltage = 1.6V or 3.2V with maximum Ipsys
for 100% system input power. The full scale voltage of
PSYS can be set by NVM.

System power telemetry consists of a 10-bit encoding
that is mapped to eight user-selectable scales. The
user-selectable scales can be set by NVM. Pull PSYS
pin to VCC can disable PSYS function.

Input Power » PSYS "Meter"
Source
Analog Current Signal
l Ipsys (Indicates system total
RT3674AE power)
CRU <SI3> PSYS Vpsys

Rpsys

Figure 5. PSYS Function Block Diagram

Zero Load-line

The RT3674AE also supports enable zero load-line
function. When zero load-line function is enabled, the
output voltage is determined only by VID and does not
vary with the loading current like load-line system
The RT3674AE adopts AC-droop to
effectively suppress load transient ring-back and control
overshoot for zero load-line application. Figure 6 shows
the condition without AC-droop control. The output
voltage without AC-droop control has extra ring-back
AV2 due to C area charge. Figure 7 shows the condition
with AC-droop control. While loading occurs, the
controller changes VID target to short-term voltage
target temporarily. Short-term voltage target is related
to transient loading current Alcc and can be
represented as the following:

behavior.

Short_Term_Voltage_Target = VID-Alcc %R |

The way to set RLL is the same as load-line system. The
short-term voltage target reverts to VID target slowly
after a period of time. The short-term voltage target can
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help inductor current not to exceed loading current too
much and then the ring-back AV2 can be suppressed.
The overshoot amplitude is reduced to only AV3.

B C
AN Inductor
A current
Loading Current Alcc
D
[N
AV3
Output Voltage AV2
/ \Y4
VID Target
AV1
Figure 6. Zero Load-line without AC-droop Control
Inductor
current
N /\ /\ /\
~ N AN Inductor
A current
Loading Current Alcc
NN °
I ~ N Load
Output Voltage AV3
7 \4 2 e
AV1 VID Target
Short-term voltage target

Figure 7. Zero Load-line with AC-droop Control
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The current sense lines must be routed as differential

Rail AVR pair from the inductor to the controller on the same
layer.
Current Sense 4
VSEN_A
RT3674AE supports two different current sense L,

L DCR

mechanisms, one is DCR current sensing and the other
is Smart Power Stage (SPS) current sensing.

DCR Current Sense

ISENXP_A X2

Option

To achieve higher efficiency, the RT3674AE adopts
inductor DCR current sensing to get each phase
Ivonx

current signal, as illustrated in Figure 8. An external ICBX
1ZDx

ISENXN_A

low-pass filter Rx1 and Cx reconstruct the current
signal. The low-pass filter time constant Rx1 x Cx Figure 8. Inductor DCR Current Sensing Method
should match time constant fLR of inductance and

DCR. It's necessary to fine tune Rx1 and Cx for \

transient performance and current telemetry. If RC VSEN )
network time constant matched inductor time constant, RxxCx = oo Algyt X R
an ideal load transient waveform can be designed. If

RC network time constant is larger than inductor time
constant ——, VSEN waveform has a sluggish droop v Alour
during Ioad tranS|ent If RC network is smaller than MON
inductor time constant , VSEN waveform sags to

create an undershootlng to fail the specification and

mis-trigger over-current protections (sum OCP). Figure

9 shows the output waveforms according to the RC VSEN
network time constant. The Rxu is highly recommended

as two 0603 size resistors in series to enhance the a8
output current telemetry accuracy. The Cx is suggested — }

Ideal load transient waveform

RxxCx <

DCR Aloyt X R

Aloyt

to be 0.1uF X7R/0603 for low de-rating value at high
frequency.

ViMON

Undershoot created in VCORE
Vegiy 1LXDCR
ICS,PERX = =

RCS. RCS. }

The Rx2 is optional to prevent VcsiN exceeding current VSEN )

sense amplifier input range. The time constant of RxxCx > DCR Aloyt X Ry
(Rx1//Rx2) x Cx should match ﬁ.

| _ Vesin _ |L>‘DCR>< Rx2 }AIOUT
CS,PERX RCS. RCS. RX1+Rx2 VIMON

Sluggish droop
The current signal Ics,PERx is mirrored for load-line

control/current reporting, current balance and zero Figure 9. All Kinds of RC Network Time Constant
current. The mirrored current to IMONX pin is 1.25 time

of Ics,PER

Iimonx = AMIRRORX|CS,PEva Awmirror = 1.25
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To compensate DCR positive temperature coefficient,
conventional current sense method needs an NTC
resistor for per phase current loop. The RT3674AE
adopts a patented total current sense method that

requires

only one

NTC

resistor

for

thermal

compensation. The NTC resistor is designed within
IMON resistor network on IMON pin. It is suggested to
be placed near the inductor of the first phase.

All phase current signals are gathered to IMON pin and
converted to a voltage signal VIMON_A by RIMON,EQ
based on VREF pin. The VREF pin provides 0.6V
voltage source (as presented as VVREF) during normal
operation. The relationship between ViMON_A and
inductor current ILx is :

VIMON_A'VVREF

= (IiHlo+lgHl)x

1KQ

VIMON_A

RimMoN,EQ

VVREF

XAmirroR X RiMoN,EQ

VIMON_A — VWVREF is proportional to output current.
VIMON_A — VVREF is used for output current telemetry
and load-line loop-control
protection. For the telemetry, VIMON_ A — VVREF is
averaged by analog low-pass filter and then coded by
10-bit ADC and mapped to user selectable
|_ OUT_SCALE_A.Thel OUT_SCALE_A can be set by
NVM. The RimoN, EQ should be designed according to
Max. current of |_OUT_SCALE_A value, that is VIMON_A
- VVREF = 0.4V while (IL1+IL2+IL3+IL4) = Max. current of
|_OUT_SCALE_A. The maximum current sense gain
error by controller is £2%.

and sum over-current

For load-line loop control, VIMON_A — VVREF is scaled by
Ai, and it can be selected by register Ai_A. The detailed
application is described in the Load-line Setting section.

| VSEN_A
L o
L DCR
»
R C
3
ISEN1IP_A |_‘
m? ISENIN_A
IMON_A S =
< Ics,PERL
liIMoN1 |
L2
L DCR
J
R C
y
ISEN2P_A |_‘
R A
NTC Gm%_ ISEN2N_A
4 5
< Ics,PER2
liImoN2 |
L3
VREF L DCR
»
R C
»
ISEN3P_A |_‘
-
m%_ ISEN3N_A
1 ‘ —
L <« Ics,PER3
= limons |
L4
L DCR
»
R C
ISEN4P_A —t
-
m%_ ISEN4AN_A
—
< Ics,PER4
liImoNa

Figure 10. Total DCR Current Sense Method
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Smart Power Stage (SPS) Current Sense

As SPS current sense is used, the register of
EN_SPS A needs to be enabled and ISEN1IN_A
operates as the output terminals which offer the
reference voltage of 1.3V for the reference inputs of
SPS. The ISENXN_A of each phase is connected by
internal and a capacitor of 0.22uF to 1uF is suggested
to be connected between ISEN1IN_A to GND. Figure 11

shows the implementation of SPS current sensing
report. The VimoN and current reporting from SPS can
be calculated as :

VIMON_A'VVREF

= (lout_spsitlout sps2tlout spsatlout spsa)

f zSENSE
x XA xR
1KQ MIRROR IMON,EQ

ISEN1IP_A IOUT_SPS1
VIMON_AO\ g m$+ ISENIN A SPS
| | RsENSE
IMON_A REFIN (Current Type)
limoN1 c1
To22uF
1.3v =
Rimon.EQ ISEN2P_A IOUT_SPS2
RnTc A
é Gm#_ ISEN2N_A SENSE SPS
REFIN (Current Type)
¢ ISENIN_A
limon2
VREF
VVREF
ISEN3P_A IOUT_SPS3
H
m#_ ISEN3N_A RsensE c SPST
I { REFIN (Current Type)
— ¢ ISENIN_A
= limoN3
ISEN4P_A IOUT_SPS4
H
Gm%_ ISENAN_A RSENSE SPS
REEIN (Current Type)
<« ISENIN_A
limoN4

Figure 11. SPS Current Sense

Load-line Setting (RLL)

An output voltage load-line (Adaptive Voltage
Positioning) is specified in CPU VR for power saving
and output capacitance reduction. The characteristic of
load-line is that the output voltage decreases by an
amount proportional to the increasing loading current.
The slope between output voltage and loading current
(RLL) is shown in Figure 12. Figure 13 shows the voltage
and current loop circuits of the RT3674AE for the load-
line control. The detailed equation is described as

below :

_ Current Loop Gain
" Voltage Loop Gain

DCR
1KQ XApmirror *RiMon,EQ %

LL

x3

Rea2
Rea1

, Where Ai is current gain and % is ERROR AMP
EAL

gain and suggested as 2~4.5 for better transient
response. RLL can be programmed by Ai and %. Al

EAL1
can be

selected by the registers of Ai_A[2:0], which is listed in
Table 4.

Copyright © 2022 Richtek Technology Corporation. Al rights reserved. RICHTEK

is a registered trademark of Richtek Technology Corporation.

www.richtek.com
44

Downloaded from AFFOW.Com.

DS3674AE-02  October 2022


http://www.arrow.com

RICHTEK RT3674AE

VSEN

VID - de:
Load-line=-R |
Ry L x IOUT

. Loading
" Current
10UT
Figure 12. Load-line (Droop)
Voltage Loop 1]
VSEI(\I)_A I
REA PWM
ANN—— = CMP TON
Rea1 + + SI‘EN/
ERROR = rver
VID AMP Interface
ILi~lLa
4—
DCR Lx
L
Ai_A
RX —
1»—”—1 + -
Cx
ISENXP_A R
ISENXN_A ”}e IMON.EQ
IMON_A VREF

(sum of Ics pERx)

Current Loop —

Figure 13. Voltage Loop and Current Loop for Load-line

Table 4. Setting of Ai_A[2:0]

Ai_A[2:0]| Current Gain Setting

000 0.25
001 0.5

010 0.75
011 1.00
100 0.125
101 0.375
110 0.625
111 0.875
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Voltage-on- the Fly(VOTF) Compensation

During VOTF transition, an extra current is required to
charge output capacitors for increasing voltage. The
charging current approximates to the product of the
VOTF slew rate and output capacitance. For droop
system, the extra charging current induces extra voltage
droop so that the output voltage cannot reach the target
within the specified time. The extra voltage drop
approximates to VOTF Slew Rate x Output Capacitance
X RLL (RLL is the load-line slope, mQ). This
phenomenon is called droop effect. How charging
current affects loop is illustrated in Figure 14. The
RT3674AE provides one VOTF compensation function
as shown in Figure 15. An internal current IVOTF_LIFT
sinks internally from FB pin to generate VOTF
compensation, Ipyip et X Rear - IVOTF_LIFT for fast
VOTF SR <can be set from registers of
VOTF_LIFT_TH_A. For different scales of VOTF SR,
IvOoTF_LIFT is internally adjusted.

Compensating magnitude can also be adjusted by Rga;.
When DAC output reaches the target, inductor current
is still high and needs a time to settle down to the DC
loading current. In the settling time, the falling down
keeps charging output capacitor (The
magnitude is related with inductor, capacitance and
VID). Thus, VOTF compensation can be less than
VOTF Slew Rate x Output Capacitance (capacitance
deration should be considered). If output capacitance is
so large that VOTF compensation cannot cover, adding
a resistor and capacitor from FB to GND also can
provide The ERROR AMP
compensation (resistance and capacitance network
among VSEN, FB and COMP) also affects VOTF
behavior. The final setting should be based on actual
measurement.

current

similar  function.

Charging
Inductor Current Current
for DVID

VSEN
VID

Droop Effect

Figure 14. Droop Effect in VID Transition

Charging
= Inductor Current Current
for DVID

DCR  Lx
Ql—r 02 '—(i:)l(— RX Co1 _|Co2
Gate
Driver RESR
= |Current N
Sense
TON
GEN/
Driver
Interface PWM
CMP

Improved VSEN
VID

DVID Compensation

- Optional for extra large
-::- output capacitance

Figure 15. VOTF Compensation
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Compensator Design

The compensator of the RT3674AE doesn't need a
complex type lll compensator to optimize control loop
performance. It can adopt a simple type Il compensator
(one pole, one zero) in the G-NAVP™ topology to fine
tune ACLL performance. The one pole and one zero
compensator is shown in Figure 16. For SVI3 transient
specification, it is recommended to adjust compensator
according to load transient ring-back level. Refer to the
design tool for default compensator values.

Cc2
||
1
ReA2 C1
]
REA1
- AAAY VSEN

coMp —+<EA| FB

VID
Figure 16. Type Il Compensator

Differential Remote Sense Setting

The VR provides differential remote-sense inputs to
eliminate the effects of voltage drops along the PC
board traces, CPU internal power routes and socket
contacts. The CPU contains on-die sense pins, VSENSE
and Vss_seNse. The related connection is shown in
Figure 17. The VID voltage (DAC) is referenced to
RGND to provide accurate voltage at remote CPU side.
While CPU is not mounted on the system, two resistors
of typical 100Q are required to provide output voltage
feedback.

c1 VSEN
||
1
EB EA1 100
EA+ %Cpﬂi/ccisENSE
C
VID CPU @ :l: ouT
RGNDL : ,.‘ECPU Vss_SENSE
LJ v v VN
100 _L

Figure 17. Remote Sensing Circuit

Switching Frequency Setting

The G-NAVP™ (Green Native AVP) topology is one
kind of current-mode constant on-time control. It
generates an adaptive Ton (PWM) with input voltage
(VIN) for better line regulation. The Ton is also adaptive
to VID voltage to achieve constant frequency. The
constant switching frequency operation makes the
thermal estimation easy. The RT3674AE provides a
parameter setting of KToN to design ToNn width. KToN is
set by NVM register of KTON_A. The related setting
table is listed in Table 5.

The equations of Ton are listed as below:

VID>0.9V,
Ton = 2ux L
Kron'(VIN)
VID<0.9V,
Ton = 2ux L
Kron'(VIN)
Table 5. Setting of KTON_A[4:0]
KTON_A[4] KTON
0 KTON = 0.5 + [3:0] x 0.1
1 KTON = 1.2 +[3:0] x 0.1
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The switching frequency can be derived from Ton as shown below. The losses in the power stage and driver
characteristics are considered.

R
VID+ lec X(DCR"’ M'NXRLL)
N NLs
Freq =

Icc RONLS,max RONHS,max Icc RONLS,max
[VIN+_N x( N R— X(TON'TD+TON,VAR)+_N X — ===XTp
LS HS s

VID: VID voltage

VIN: input voltage

Icc: loading current

N: total phase number

RoN s, max: maximum equivalent high-side Rps(oN)
nys: humber of high-side MOSFETSs

RON_ s max- maximum equivalent low-side RDS(ON)
n_s: number of low-side MOSFETSs.

Tp: summation of the high-side MOSFET delay time and rising time
Ton, var: On-time variation value

DCR: inductor DCR

R_.: load-line setting (Q2)
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Adaptive Quick Response (AQR) and Fixed Quick
Response (Fixed QR)

The RT3674AE adopts Adaptive Quick Response (AQR)
and Fixed Quick Response (Fixed QR) to optimize
transient response. Figure 18 shows the mechanism for
AQR and Fixed QR. Under AQR mechanism, the
controller detects output voltage drop slew rate. When
the slew rate exceeds the AQR trigger threshold, all
PWMs turn on until output voltage slew rate significantly
slows down. AQR PWM width is adaptive to variable
loading step. Under Fixed QR mechanism, the
controller detects output voltage drop slew rate. While
the slew rate exceeds the AQR trigger threshold, all
PMWs turn on and PWM width can be selected through
NVM registers of QR_WD_A in multi-phase operation
and QR_WD_1PH_A in single-phase operation.

The AQR trigger threshold can be selected through
NVM registers of AQR_TH_A in multi-phase operation
and AQR_TH_1PH_A in single-phase operation.

The following equation can initially decide the AQR and
Fixed QR starting trigger threshold. Note that the
threshold should be larger than steady-state output
voltage ripple falling slew rate and also the overshoot

falling slew rate to avoid mis-triggering.
dVSEN

Starting Trigger Threshold = -4ux

VSEN

lout

AQR Threshold
Vdiff Q I

> QR_WD

AQR_TRIG

PWM_QR

(a) Quick Response Mechanism

VBIAS O——— + Vdiff

VSEN 0— - +

AQR_TRIG

QR

AQR Threshold Generation | 3 pywM_QR

VBIAS

QR_WD_A —

(b) Quick Response Block Diagram

Figure 18. Adaptive Quick Response and Fixed Quick

Response Mechanism

Anti-overshoot (ANTI-OVS)

The RT3674AE provides anti-overshoot function to
suppress output voltage overshoot. The controller
detects overshoot by signals related to output voltage.
The overshoot trigger level can be adjusted by NVM
register of ANTIOVS_TH_A. The main detecting signal
comes from COMP. However, COMP characteristic
varies with compensation. Initial trigger level setting is
based on the following equation :

R 4
EAZ «— > Anti-OVS threshold

4

ACOMPx = = AVSENX
3 EAl

The final setting should be determined according to

actual Error AMP compensator design and

measurement.

When overshoot exceeds the set trigger level, all PWMs
keep in tri-state until the zero current is detected or
VSEN returns to normal level. Turning off LGs forces
positive current flow through body diode to cause diode
forward voltage drop. The extra forward voltage can
speed up inductor current discharge and decrease
overshoot.
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ACLL Performance Enhancement

The RT3674AE provides undershoot suppression
function to improve undershoot by applying a positive
offset at loading edge. The controller detects the COMP
signal and compares it with steady state. When Vcomp
variation exceeds a threshold, an additional positive
offset is added to the output voltage. The undershoot
suppression threshold can be selected through NVM
register of AR_TH_1PH_A.

Load

The smaller index indicates that the detection is
triggered Figure 19 undershoot
suppression behavior in single phase. For different
platforms, the optimized settings are different. The final
setting must be based on the actual measurement.

easily. shows

Trigger UD

=

PWM with UDS |_|

[T _T1 [ N
PWM w/o UDS J_| |_| |_|

[ [1 [

Figure 19. Undershoot Suppression Behavior in Single Phase
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Smart Phase Management (SPM)

Automated phase shedding function is required in SVI3
protocol. The RT3674AE provides smart phase
management to meet the spec and improve light load
efficiency. When CPU sends PSI7 command to the VR,
the VR will enter SPM mode. It can always enable and
disable through 12C register (FORCE_PSI7 and
IGNORE_PSI7). The SVI3 Register PSI state follows
SVI3 command and ACK PSI change command when
forcel/ignore PSI7. The IMON pin voltage (VIMON)
represents the total current. The controller compares
ViMoN  with  SPM_2PH_TH, SPM_3PH_TH and

SPM_4PH_TH to decide the number of operating phase.

There is no delay during up phase. The hysteresis

SPM_DROP_HYS_TH

SPM_DROP_HYS_TH

SPM_DROP_HYS_TH

(SPM_DROP_HYS_TH) and delay time exist during a
down phase decision. When ViMON is lower than
(SPM_2PH_TH-SPM_DROP_HYS_TH),

(SPM_3PH_TH-SPM_DROP_HYS_TH) or
(SPM_4PH_TH-SPM_DROP_HYS_TH), the controller
goes to phase operation and
automatically enters to diode emulation mode (DEM)
when the inductor current is lower than zero current
detector threshold. In addition to the output current
comparison, the RT3674AE provides four events to
operate in full phase immediately. One is VOTF up,
another is VOTF down without enabling decay mode,
another is triggering the AQR/Fixed QR function and the
other is enabling Force_PSIO through the 12C register.
Figure 20 shows smart phase management mechanism.

lower number

<« SPM_4PH_TH

< SPM_3PH_TH

<« SPM_2PH_TH

4 1 Phase CCM
< ZCD_TH
1Phase DEM
(a) Smart Phase Management 4 Phase Operator Phase Diagram
—)I l{— Delay time
SPM_DROP_HYS_TH
Z — JAVAVAVAVAN <« SPM_2PH_TH

Load

(b) Smart Phase Management Up and Down Phase Diagram

Figure 20. Smart Phase Management Mechanism
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Rail B/C VR

Current Sense

RT3674AE supports two different current sense
mechanisms, one is DCR current sensing and the
other is Smart Power Stage (SPS) current sensing.

DCR Current Sense

To achieve higher efficiency, the RT3674AE adopts
inductor DCR current sensing to get per-phase current
signal, as illustrated in Figure 21. An external low-pass
filter (Rx1//ReQ) and Cx reconstruct the current signal.
The low-pass filter time constant (Rx1/REQ)xCy
should match time constant fLR of inductance and

DCR. It's necessary to fine tune (Rx1//ReqQ) and Cx for
transient performance and current telemetry. If RC
network time constant matched inductor time constant,
an ideal load transient waveform can be designed. If
RC network time constant is larger than inductor time

constant —— VSEN waveform has a sluggish droop

during Ioad tranS|ent If RC network is smaller than
inductor time constant VSEN waveform sags to

create an undershootlng to fail the specification and
mis-trigger over-current protections (sum OCP). Figure
22 shows the output waveforms according to the RC
network time constant. The Rx1 is highly recommended
as two 0603 size resistors in series to enhance the
output current telemetry accuracy. The Cx is suggested
to be 0.1uF X7R/0603 for low de-rating value at high
frequency.

s pen = Vesin _ IL><DCR>< Reo

' Res. Res.  RxatRgq

The current signal Ics,pPER is mirrored for load-line

control/current reporting and zero current. The

mirrored current to IMON_X pin is 1.25 time of Ics,PER

|IMON_X = AMIRROR X |CS,PER’ Awmirror = 1.25

The current sense lines must be routed as differential
pair from the inductor to the controller on the same
layer.

VSEN_X
[o]

ISEN1P_X

|~ [ISENIN_X

Figure 21. Inductor DCR Current Sensing Method

VSEN
RXxCX = Aloyt X Ry
DCR
Aloyr
ViMON
Ideal load transient waveform
VSEN
RxxCx < Aloyt X R
b
N
Aloyt
ViMoN
Undershoot created in VCORE
VSEN
Rx xCx > Aloyt X Ry
XX 7 ber
} Aloyt
ViMON

Sluggish droop

Figure 22. All Kinds of RC Network Time Constant
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To compensate DCR positive temperature coefficient,
conventional current sense method needs an NTC
resistor for per phase current loop. The NTC resistor is
designed within DCR current sense network. It is
suggested to be placed near the inductor of the first
phase.

The current signal are gathered to IMON_X pin and
converted to a voltage signal ViMoN_Xx by RIMON_X
based on VREF pin. The VREF pin provides 0.6V
voltage source (as presented as VVREF) during normal
operation. The relationship between ViMoN_x and
inductor current IL is :
Vimon_x-VVRer = |LXEX£XAM|RRORXR|MON X
— 1KQ Rx1+Rgq —~

VIMON_X — VVREF is proportional to output current.
VIMON_x — VWVREF is used for output current telemetry

and load-line loop-control and sum over-current
protection. For the telemetry, VIMON_X — VVREF is
averaged by analog low-pass filter and then coded by
10-bit ADC and mapped to user selectable
|_ OUT_SCALE_BandI|_OUT_SCALE_C for Rail B and
Rail C respectively. The | _OUT_SCALE B and
|_OUT_SCALE_C can be set by NVM.

The Rimon_x should be designed according to Max.
current of |_ OUT_SCALE value, that is VIMON_X —
VVREF = 0.4V while IL = Max. current of |_OUT_SCALE.
The maximum current sense gain error by controller is
+2%.

For load-line loop control, VIMON_X — VVREF is scaled by
Ai, and it can be selected by registers of Ai_B and Ai_C
for Raill B and Rail C respectively. The detailed
application is described in the Load-line Setting section.

| VSEN_X
B N o)
L DCR
— MV
Lo, 5
REQ”
ISEN2P X| [T ‘
VIMON_X d |
Gm#_ ISENIN_X ;
IMON_X | RaTC |
«— —>
limoN_x Ics,PER

RimoN_x é

1

Figure 23. Total DCR Current Sense Method

Smart Power Stage (SPS) Current Sense

As SPS current sense is used, the registers of
EN_SPS Band EN_SPS_C need to be enabled for Ralil
B and Rail C respectively and ISEN1N operates as the
output terminals which offer the reference voltage of
1.3V for the reference inputs of SPS. A capacitor of

0.22uF to 1uF is suggested to be connected between
ISEN1IN to GND. Figure 24 shows the implementation
of SPS current sensing report. The ViMoN_x and current
reporting from SPS can be calculated as :

Rsense
Vimon_x-Vvrer = |OUT_SPSX—1KQ XAmIRROR X RiMON_x
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v ISEN1P_X IOUT_SPS
IMON_X ¥ .
&3’ ISENIN_X RSENSE SPS
IMON_X_ REFIN|  (CurrentType)
C——
lIMON_x IOC212uF
] .
IMON_X 1.3v =

VREE_—
_ 0.6V

VVREF

A

Figure 24. SPS Current Sense

Load-line Setting (RLL)

An output voltage load-line (Adaptive Voltage
Positioning) is specified in CPU VR for power saving
and output capacitance reduction. The characteristic of
load-line is that the output voltage decreases by an
amount proportional to the increasing loading current.
The slope between output voltage and loading current
(RLL) is shown in Figure 25. Figure 26 shows the voltage
and current loop circuits of the RT3674AE for the load-
line control. The detailed equation is described as
below :

VSEN_X

Current Loop Gain

~ Voltage Loop Gain _

LL

DCR Reg 20k A
X X X
1KQ Rx1t*Req AEAGM Renz

Rea1

, where Aiis current gain, AEAGM is error amp GM ratio
and 2E2 js ERROR AMP gain and suggested 1~4 for
betterEtﬁemsient response. RLL can be programmed by
Ai, AEAGM and %. Ai can be selected by the
registers of Ai_B[6:4] and Ai_C[6:4], which is listed in
Table 6. AEAGM can be selected by the registers of
AEAGM_B[4] and AEAGM_CJ4], which is listed in Table

7.

VID - de:
Load-line=-R |
Ry x IOUT

. Loading

" Current
10UT

Figure 25. Load-line (Droop)
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Voltage Loop 1
VSEI}I)_X I
—”—0—;\/;(;,—0 PWM
ANNN\N—— — CMP TON
Rea1 + + GEN/
- Driver
ERROR
VID AMP Interface
I
4—
DCR Lx
q
Cx Ai_X
Rx1 —
q + -
’R_EQ”_“
'w\/\m} ISEN1P_X
1 | ISENIN_X +%e

Current Loop

Figure 26. Voltage Loop and Current Loop for Load-line

Table 6. Setting of Ai_B[6:4] and Ai_C[6:4]

Ai_B[6:4] _ )
Al C[6:4] Current Gain Setting

000 0.125

001 0.250

010 0.375

011 0.500

100 0.625

101 0.750

110 0.875

111 1.000

Table 7. Setting of AEAGM_B[4]and AEAGM_C[4]

AEAGM_BJ[4] )
AEAGM Ratio
AEAGM_C[4]
0 2/3
1 1
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Voltage-on- the Fly(VOTF) Compensation

During VOTF transition, an extra current is required to
charge output capacitors for increasing voltage. The
charging current approximates to the product of the
VOTF slew rate and output capacitance. For droop
system, the extra charging current induces extra voltage
droop so that the output voltage cannot reach the target
within the specified time. The extra voltage drop
approximates to VOTF Slew Rate x Output Capacitance
X RLL (RLL is the load-line slope, mQ). This
phenomenon is called droop effect. How charging
current affects loop is illustrated in Figure 27. The
RT3674AE provides one VOTF compensation function
as shown in Figure 28. An internal current IVOTF_LIFT
sinks internally from FB pin to generate VOTF
compensation, lpyip (FT¥Rear - IVOTF_LIFT for fast
VOTF SR <can be set from registers of
VOTF_LIFT_TH_B/C. For different scales of VOTF SR,
IvOoTF_LIFT is internally adjusted.

Compensating magnitude can also be adjusted by Rga;.
When DAC output reaches the target, inductor current
is still high and needs a period of time to settle down to
the DC loading current. In the settling time, the falling
down current keeps charging output capacitor (The
magnitude is related with inductor, capacitance and
VID). Thus, VOTF compensation can be less than
VOTF Slew Rate x Output Capacitance (capacitance
deration should be considered). If output capacitance is
so large that VOTF compensation cannot cover, adding
a resistor and capacitor from FB to GND also can
provide ERROR AMP
compensation (resistance and capacitance network
among VSEN, FB and COMP) also affects VOTF
behavior. The final setting should be based on actual
measurement.

similar  function. The

Charging
Inductor Current Current
for DVID

VSEN
VID

Droop Effect

Figure 27. Droop Effect in VID Transition

Charging
Inductor Current Current
for DVID

e DCR Lx
Vino 141
Ql—r Cx RX Co1 _|Co2
Q2| ¢
Gate
Driver RESR
= |current N N
Sense c2
TON
GEN/
Driver
Interface PWM
CMP

Improved VSEN
VID

DVID Compensation

- Optional for extra large
-:#:- output capacitance

Figure 28. VOTF Compensation
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Compensator Design

The compensator of the RT3674AE doesn't need a
complex type lll compensator to optimize control loop
performance. It can adopt a simple type Il compensator
(one pole, one zero) in the G-NAVP™ topology to fine
tune ACLL performance. The one pole and one zero
compensator is shown in Figure 29. For SVI3 transient
specification, it is recommended to adjust compensator
according to load transient ring-back level. Refer to the
design tool for default compensator values.

Cc2
||
1
ReA2 C1
]
REA1
- AAAY VSEN

coMp —+<EA| FB

VID
Figure 29. Type Il Compensator

Differential Remote Sense Setting

The VR provides differential remote-sense inputs to
eliminate the effects of voltage drops along the PC
board traces, CPU internal power routes and socket
contacts. The CPU contains on-die sense pins, VSENSE
and Vss_seNse. The related connection is shown in
Figure 30. The VID voltage (DAC) is referenced to
RGND to provide accurate voltage at remote CPU side.
While CPU is not mounted on the system, two resistors
of typical 100Q are required to provide output voltage
feedback.

c1 VSEN
||
1
EB EA1 100
EA+ % CF’TCQSENSE
C
VID CPU @ :l: ouT
RGNDL : ,\%CPU Vss_SENSE
LJ v v VN
100 _L

Figure 30. Remote Sensing Circuit

Switching Frequency Setting

The G-NAVP™ (Green Native AVP) topology is one
kind of current-mode constant on-time control. It
generates an adaptive Ton (PWM) with input voltage
(VIN) for better line regulation. The Ton is also adaptive

to VID voltage to achieve constant frequency concept.
The constant switching frequency operation makes the
thermal estimation easy. The RT3674AE provides a
parameter setting of KTonN to design Ton width. KToN is
set by NVM register of KTON_B and KTON_C for rail B
and C correspondingly. The related setting table is listed
in Table 8.

The equations of Ton are listed as below:
VID=0.9V,

VID

Ton = 2.206ux W

+15ns

0.3V<VID<0.9V,

Ton =1.9854ux +15ns

KTON (VIN'VID)

VID<0.3V,

Ton = 1.9854ux +15ns

1
KTON (VIN'03)

Table 8. Setting of KTON_B[3:0] and

KTON_C[3:0]
oA o
0000 0.73
0001 0.82
0010 0.91
0011 1.00
0100 1.09
0101 1.18
0110 1.27
0111 1.36
1000 1.55
1001 1.64
1010 1.73
1011 1.82
1100 2.00
1101 2.18
1110 2.36
1111 2.55
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The switching frequency can be derived from Ton as shown below. The losses in the power stage and driver
characteristics are considered.

R
VID+ lec X(DCR"’ M'NXRLL)
N NLs
Freq =

Icc RONLS,max RONHS,max Icc RONLS,max
[VIN+_N x( N R— X(TON'TD+TON,VAR)+_N X — ===XTp
LS HS s

VID: VID voltage

VIN: input voltage

Icc: loading current

N: total phase number

RoN s, max: maximum equivalent high-side Rps(oN)
nys: humber of high-side MOSFETSs

RON_ s max- maximum equivalent low-side RDS(ON)
n_s: number of low-side MOSFETSs.

Tp: summation of the high-side MOSFET delay time and rising time
Ton, var: On-time variation value

DCR: inductor DCR

R_.: load-line setting (Q2)
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Adaptive Quick Response (AQR)

The RT3674AE adopts Adaptive Quick Response (AQR)
to optimize transient response. Figure 31 shows the
mechanism concept for AQR and Fixed QR. Under
AQR mechanism, the controller detects output voltage
drop slew rate. When the slew rate exceeds the AQR
trigger threshold, all PWMs turn on until output voltage
slew rate significantly slows down. AQR PWM width is
adaptive to variable loading step. Under Fixed QR
mechanism, the controller detects output voltage drop
slew rate. While the slew rate exceeds the AQR trigger
threshold, all PMWs turn on and PWM width can be
selected through NVM registers of QR_WD_B and
QR_WD_C.

The AQR trigger threshold can be selected through
NVM registers of AQR_TH_B and AQR_TH_C.

The following equation can initially decide the AQR and
Fixed QR starting trigger threshold. Note that the
threshold should be larger than steady-state output
voltage ripple falling slew rate and also the overshoot

falling slew rate to avoid miss trigger.
dVSEN

Starting Trigger Threshold = -4ux "

VSEN

lout

AQR Threshold
Vdiff Q I

> QR_WD

AQR_TRIG

PWM_QR

(a) Quick Response Mechanism

VBIAS O——— + Vdiff

VSEN 0— - +

AQR_TRIG

QR

AQR Threshold Generation | 3 pywM_QR

VBIAS

QR_WD_A —

(b) Quick Response Block Diagram

Figure 31. Adaptive Quick Response and Fixed Quick

Response Mechanism

Anti-overshoot (ANTI-OVS)

The RT3674AE provides anti-overshoot function to
suppress output voltage overshoot. The controller
detects overshoot by signals related to output voltage.
The overshoot trigger level can be adjusted by NVM
register of ANTIOVS_TH_B and ANTIOVS_TH_C. The
main detecting signal comes from COMP. However,
COMP characteristic varies with compensation. Initial
trigger level setting is based on the following equation:

R 4
EAZ «— > Anti-OVS threshold

4

ACOMPx = = AVSENX
3 EAl

The final setting should be determined according to

actual Error AMP compensator design and

measurement.

When overshoot exceeds the set trigger level, all PWMs
keep in tri-state until the zero current is detected or
VSEN returns to normal level. Turning off LGs forces
positive current flow through body diode to cause diode
forward voltage drop. The extra forward voltage can
speed up inductor current discharge and decrease
overshoot.
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ACLL Performance Enhancement

The RT3674AE provides undershoot suppression
function to improve undershoot by applying a positive
offset at loading edge. The controller detects the COMP
signal and compares it with steady state. When Vcomp
variation exceeds a threshold, an additional positive
offset is added to the output voltage. The undershoot
suppression threshold can be selected through NVM
register of AR_TH_B and AR_TH_C.

Load

The smaller index indicates that the detection is
triggered easily. Figure 32 shows undershoot
suppression behavior in single phase. For different
platforms, the optimized settings are different. The final
setting must be based on the actual measurement.

Trigger UD

won | [

[T T [ [

W/ZVXJ'\S J_| |_| |_|

[ [ [

Figure 32. Undershoot Suppression Behavior in Single Phase
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Over-Current Protection (OCP)

The RT3674AE supports two-level over-current
protection for all rails, OCP fault and OCP warning. The
first level is OCP warning. Set minimum pulse and
threshold via OCP_WARN_THRESH Reg0x28[7:0]
with a period of time OCP_WARN_MIN_PULSE
Reg0x29[7:3] for assertion OCP_L. OCP_WARN bit is
sticky in the TEMP1/WARN telemetry packet and
FAULT_STATUS Reg0x10[4]. During a warning

condition, the controller behavior will be unaffected.

The first level, the threshold of OCP warning for PSx is

defined as:

IsuM_ocC_PsIo0, 1,2, 3,7
= OCP_WARN_THRESH Reg0x28[7:0] x 4 / 512

The second level is OCP fault. When inductor current

Mask OCP \

exceeds the OCP_THRESH Reg0x27[7:0] continuously
with a period of time OCP_FAULT_DELAY
Reg0x29[2:0], and the controller shall latch the
assertion OCP_L and FAULT_STATUS RegOx10[0].
Only when the OCP fault is cleared, through
PWR_ENABLE toggling or VCC power cycling, will the
OCP_L pin de-assert.

The second level, the threshold of sum OCP for PSx is

defined as:

|SUM_OC_PSIO, 1,2,3,7
= OCP_THRESH Reg0x27[7:0]x4/512xO_PH/N;

where O_PH = operation phase number; N = phase
number in PSI0O OCP is masked during VOTF period
plus 80us after VID settles. It's also masked when VID
=0V condition.

VID 5>

80us

OCP fault threshold

OCP warn threshold

Inductor Current

PWRGD

M
A N N
AN AN

MIN_PULSE OCP Delay time

I

OCP_L

L |

Figure 33. OC Protection Mechanism
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Over-Voltage Protection (OVP)

The OVP threshold is linked with VID. The classification
table is illustrated in Table 9. While VID = 0V, OVP is
masked. When VID ramps up from VID = 0V till the first
PWM after VID settles, OVP threshold is VID_MAX +
OVP_DELTA + VOUT_OFFSET +
I2C_VOUT_OFFSET to allow not-fully-discharged
VSEN. However, the OVP threshold (select via
OVP_DELTA Reg0x2CJ[6:4]) is combined by the VID or
VID_MAX (select via OVP_REF Reg0x2C[7]). Those
parameters can be programmable through SVI3
command.

The OV protection mechanism is illustrated in Figure 34
and Figure 35. When OVP is triggered with 0.8us filter
time, the controller de-asserts PWRGD and forces all
PWMs low to turn on low-side power MOSFETs. PWM
remains low until the output voltage is pulled down to
below new VID target for VOTF up from 0OV and below
VID for other conditions. After 60us from OVP trigger,
VID starts to ramp down to OV with slow slew rate.
During the period, PWM is not allowed to turn on. The
controller controls PWM to be low or in tri-state to pull
down the output voltage along with VID.
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Table 9. Summary of Over-Voltage Protection

VID Condition OVP Threshold Protection Action Protection
Reset
VID=0 OVP is masked.
PWRGD de-assertion.
OVP_TH = VID_MAX + OVP_DELTA + | The output voltage is pulled down
VOUT_OFFSET + to new VID target = VID_MAX +
12C_VOUT_OFFSET VOUT_OFFSET +
12C_VOUT_OFFSET. After 60us
1. VID_MAX + VOUT_OFFSET + from OVP trigger, VID starts to
VOTF period + 80us from | 12C_VOUT_OFFSET ramp down to OV with slow slew
zero / non-zero VID <MAX_VOUT_SUPPORTED. rate.
2. If VID_MAX =0V,
MAX_VOUT_SUPPORTED is used to | 1. New VID target
calculate OVP threshold. OVP_TH = <MAX_VOUT_SUPPORTED
MAX_VOUT_SUPPORTED + 2. If VID_MAX = 0V, the new VID
OVP_DELTA. target be updated. New VID target
= MAX_VOUT_SUPPORTED.
. 0x2C[7] = Ob: VID
VID or VID_MAX (select via 0x2C[7]) PWRGD de-assertion. The output
0x2C[7] = Ob: VID voItage_ls pulled down to new VID
OVP_TH = VID + OVP_DELTA + target = VID + VOUT_OFFSET + 1)\ reN
I2C_VOUT_OFFSET. After 60us
VOUT_OFFSET + from OVP trigger, VID starts to Toggle
12C_VOUT_OFFSET ramp down to O\/ with slow slew
(VID + VOUT_OFFSET + cate.
12C_VOUT_OFFSET (New VID target
<MAX_VOUT_SUPPORTED) <MAX_VOUT SUPPORTED)
0x2C[7] = 1b: VID_MAX 0x2CI71 = 1b: VID MAX
VID#0 OVP_TH = VID_MAX + OVP_DELTA + PWRE;‘-I]D de-asserti_on. The output
?;?:U\-ZB?JITI'F%I;::L;ET voltage is pulled down to new
- - target = VID_MAX +
1. VID_MAX +VOUT_OFFSET + VOUT_OFFSET +
I2C_VOUT_OFFSET. After 60us
12C_VOUT_OFFSET from OVP trigger, VID starts to
<MAX_VOUT_SUPPORTED ramp down to 0\/ with slow slew
2. IfVID_MAX =0V, ate.
MAX_VOUT_SUPPORTED is
used_to caIcJIate OVP threshold. 1. New VID target
OVP TH = <MAX_VOUT_SUPPORTED.
MAX_VOUT SUPPORTED + 2. If VID_MAX = 0V, the new VID
OVP DELTA. target be updated. New VID target
- = MAX_VOUT_SUPPORTED.
PWRGD de-assertion. The output
VOTF period + 80us from | (12C VFIX Mode) VFIX_EN = 1b: voltage is pulled down to
zero / non-zero VID in Enable VFIX_MAX. After 60us from OVP
VFIX mode OVP_TH = VFIX_MAX + OVP_DELTA | trigger, VID starts to ramp down to
0V with slow slew rate.
PWRGD de-assertion. The output
voltage is pulled down to
. (12C VFIX Mode) VFIX_EN = 1b: VFIX?MA)F(). After 60us from OVP
VID#0 in VFIX mode Enable trigger, VID starts to ramp down to
OVP_TH = VFIX + OVP_DELTA )
- - 0V with slow slew rate.
VFIX < VFIX_MAX
continued...
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VID Condition OVP Threshold Protection Action Protection
Reset
PWRGD de-assertion. The output
voltage is pulled down to new VID
target. After 60us from OVP trigger,
VID starts to ramp down to OV with
slow slew rate.
Previous OVP_TH < New OVP_TH
Change new OVP_TH immediately. New VID Target
. 1. VIDIVID_MAX +
Sgilgseazgiggu‘i““ng Previous OVP_TH > New OVP_TH | VOUT_OFFSET + \T/Ci;iWREN
Remain Previous OVP_TH during 12C_VOUT_OFFSET
VOTF period + 80us, and then change | 2. VFIX/VFIX_MAX
new OVP_TH. (New VID target
<MAX_VOUT_SUPPORTED)
(If VID_MAX = 0V, the new VID
target be updated. New VID target
= MAX_VOUT_SUPPORTED.)
(VFIX < VFIX_MAX)
OVP Threshold
New VID Target
7
7
VSEN id
Ve
ov
VID
PWRGD
VID Down (Slow Slew rate)
Indicator 60us D —

PWM | |

Figure 34. Over-Voltage Protection Mechanism for VOTF up from 0V

T

Jurudiududy

Copyright © 2022 Richtek Technology Corporation. All rights reserved.

RICHTEK

is a registered trademark of Richtek Technology Corporation.

www.richtek.com
64

Downloaded from AFFOW.Com.

DS3674AE-02

October 2022



http://www.arrow.com

RICHTEK

RT3674AE

OVP Threshold

VSEN - A A A A A A

New VID Target

vib / V V V V V V¥

ov

PWRGD

VID Down (Slow Slew rate)
Indicator

—»  60ps

o [ULUDUUTHIT_—innnnnnnn—

Figure 35. Over-Voltage Protection Mechanism

Under-Voltage Protection

The UVP threshold is linked with VID. The classification
table is illustrated in Table 10. The UVP threshold
(select via UVP_DELTA Reg0x2C[2:0]) is combined by
the VID or VID_MIN (select via UVP_REF Reg0x2C[3]).
Those parameters can be programmable through SVI3

VSEN
VID
UVP Threshold

command. When the output voltage is lower than UVP
threshold with 3.3us filter time, UVP is triggered and
PWRGD is de-asserted and all PWMs are in tri-state to
turn off high-side and low-side power MOSFETs. UVP
is masked during VOTF period and 80us after VID
settles. The mechanism is illustrated in Figure 36.

PWM

PWRGD

Figure 36. Under-Voltage Protection Mechanism

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

DS3674AE-02  October 2022

Downloaded from AFFOW.Com.

www.richtek.com
65


http://www.arrow.com

RT3674AE RICHTEK

Table 10. Summary of UVP Protection

VID Condition OVP Threshold Protection Action Prgtssc:ton

VID=0 UVP is masked.
(VOTF period) UVP is masked

0x2C[3] =0b: VID

UVP_TH =VID - UVP_DELTA +
VOUT_OFFSET + [2C_VOUT_OFFSET
(MIN_VOUT_SUPPORTED < VID +
VOUT_OFFSET + [2C_VOUT_OFFSET)

VOTF period from zero/ | 0x2C[3] = 1b: VID_MIN

non-zero VID UVP_TH = VID_MIN - UVP_DELTA +
VOUT_OFFSET + 12C_VOUT_OFFSET
(MIN_VOUT_SUPPORTED < VID_MIN +
VOUT_OFFSET + I12C_VOUT_OFFSET)
(If VID_MIN = 0V,
MIN_VOUT_SUPPORTED is used to
calculate UVP threshold. UVP_th =
MIN_VOUT_SUPPORTED -
UVP_DELTA)

VID or VID_MAX(select via 0x2C[3])

0x2C[3] =0b: VID

UVP_TH =VID - UVP_DELTA +
VOUT_OFFSET +
I2C_VOUT_OFFSET
(MIN_VOUT_SUPPORTED < VID +
VOUT_OFFSET +
12C_VOUT_OFFSET)

PWRGD de-assertion. all PWMs | VCC/PWREN
are in tri-state to turn off high-side | T099le
and low-side power MOSFETS.

0x2C[3] = 1b: VID_MIN

UVP_TH = VID_MIN - UVP_DELTA +
VOUT_OFFSET +
12C_VOUT_OFFSET
(MIN_VOUT_SUPPORTED < VID_MIN +
VOUT_OFFSET +
12C_VOUT_OFFSET)

(If VID_MIN = 0V,
MIN_VOUT_SUPPORTED is used to
calculate UVP threshold. UVP_th =
MIN_VOUT_SUPPORTED -
UVP_DELTA)

VID#0

(VOTF period) UVP is masked
(I2C VFIX Mode) VFIX_EN = 1b:
Enable

UVP_TH = VFIX - UVP_DELTA

(12C VFIX Mode) VFIX_EN = 1b:
VID#0 in VFIX mode Enable

UVP_TH = VFIX - UVP_DELTA

VOTF period from zero /
non-zero VID in VFIX
mode
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I°C Interface
The I12C slave address = 0x20, 0x21, 0x22 or 0x23 by CONFIG pin set.

This 1°C does not have a stretch function.
The I2C interface supports standard slave mode (100 kbps), and fast mode (400 kbps). The write or read bit stream
(N>1) is shown below:

Read N bytes from VR

Slave Address Register Address Slave Address MSB Data 1 LSB
ISII||||||0|A|||||||IIAISrI|||||||1|AI|||||||m—‘
rRW— Assume Address = m Data for Address = m
MSB Data 2 LSB MSB Data N LSB
v v v __
LIT T TTTT [af LI TP T T T [Afe]
Data for Address =m + 1 Data for Address=m + N -1
Write N bytes to VR
Slave Address Register Address MfB Data 1 L%B M%B Data 2 LSB
ISI|||||||0|A|||||||||A|||||||||A|||||||||A}—‘
rRW—2 Assume Address = m Data for Address = m Data for Address=m + 1

MSB Data N LSB
v v
Lo (LTI IIAF]

Data for Address=m+ N -1

D Driven by Master, D Driven by Slave (VR), E Stop, Start, Repeat Start

-1l s sm il

fLow

||

A 4

tr [

g ||tsupaT ¢t — |‘_ tHD,STA <+ tsp tR > g e
n N
sct 4‘ \ J \
tsu,sTA tsu,sTO

—>1 = typ,sTA —’| <+ D
S tHD,DAT tHiGH S,

ot
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Register Map

Register Address NAME Type PAGED Default Value NVM
DFh WDR R/W No 0x03 Yes(GP1)
ECh NVM_PROGRAM_STATUS R No Current status No
EDh STORE_RESTORE_CFG w No 0x00 No
EFh PAGE R/W No 0x03 No
FBh PRODUCT_ID R No 0x74 No
FCh MODEL_ID R No 0x00 No

Register Address: DFh

Description: Watchdog-reset status, enable/disable watchdog function and setting watchdog-reset period.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitt | Bit0
Name WDR

Default Value 0x03

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

[7]

WATCHDOG_STATUS

Watchdog-Reset Status

[7] = 0: Normal SMBus transmission

[7] = 1: SMBus transmission hanging exceeds watchdog-reset
period

[6:2]

Reserved

Reserved bits

[1]

EN_WATCHDOG_RESET

Enable/Disable watchdog function

[1] = 0: Disable Watchdog-Reset (If SMBus transition hanging
exceeds 30ms, VR I°C interface state machine is reset but all
registers keep the latest value.)

[1] = 1: Enable Watchdog-Reset (Watchdog period is based on
WATCHDOG_RESET_PERIOD[0] setting. When  SMBus
transmission hanging exceeds the setting, all 1°C registers reset to
the default value. (Default) The default value can be set by NVM.

[0]

WATCHDOG_RESET_PERIOD

Watchdog-Reset period

[0] = 0: 800ms

[0] = 1: 1600ms (Default)

The default value can be set by NVM.

Register Address: ECh
Description: NVM status indicator.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name NVM_PROGRAM_STATUS
Default Value Current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7] RESTORE_FLAG [7] = 1: Restore done.
[6] STORE_FLAG [6] = 1: Store done.
[5] STORE_ALLOW [5] = 1: Allow to store.
[4] RESTORE_BUSY [4] = 1: NVM restore busy.
[3] STORE_BUSY [3] = 1: NVM store busy.
[2] CRC_GROUP_O0 [2] = 1: GROUP_O (Page 03, 04 and 05) check fails.
[1] CRC_GROUP_1 [1] = 1: GROUP_1 (Page 02) check fails.
[0] CRC_GP0O_GP1 [0] = 1: Group 0 or group 1 check fails.
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Register Address: EDh
Description: Store command instructs the device to copy the entire contents of the Operating Memory to the
matching locations in the non-volatile User Store memory. Restore command instructs the device to copy the entire
contents of the non-volatile User Store memory to the matching locations in the Operating Memory. This command
should only be used while all outputs are disabled.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name STORE_RESTORE_CFG
Default Value 0x00
Read/Write w | w | w | w | w [ w | w | w
Bits Name Description
[7:0] = 66h: Restore all storable register settings from NVM.
[7:0] STORE_RESTORE_CFG [7:0] = AAh: Store all current storable register settings into NVM as
new defaults.
All other combinations are not defined.

Register Address: EFh
Description: The PAGE command provides the ability to configure, control and monitor multiple PWM channels
through only one physical address. Each PAGE contains the operating commands for one PWM channel.

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | BitL | Bit0
Name PAGE
Default Value 0x03
Read/Write R | R | R | R | R | Rw | RW | Rw
Bits Name Description
[7:0] = 02h: All rail setting functions (Page 02).
[7:0] = 03h: rail A (Page 03).
[7:0] Channel [7:0] = 04h: rail B (Page 04).
[7:0] = 05h: rail C (Page 05).
All other combinations are not defined.
Register Address: FBh
Description: The Product ID command indicates the device code is 74 - code identifier for RT3674.
Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | BitO
Name Product_ID
Default Value 0x74
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:0] Product_ID [7:0] = 74h
Register Address: FCh
Description: Unique model code defined by manufacturer. (Same as SVI3 Reg. 03h.)
Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name MODEL_ID
Default Value 0x00
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:0] MODEL_ID [7:0] = 00h
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Register Map Rail A (Page 03)

Register Address NAME Type PAGED Default Value NVM
74h CBG1 A R/W Yes 0x04 Yes(GP1)
75h CBG2_A R/W Yes 0x04 Yes(GP1)
76h CBG3_A R/W Yes 0x04 Yes(GP1)
77h CBG4_A R/W Yes 0x04 Yes(GP1)
80h [2C_VOUT_OFS_A R/W Yes 0x00 Yes(GP1)
81h EN_VFIX_A R/W Yes 0x00 No
82h VFIX_LSB_A R/W Yes 0x83 No
83h VFIX_MSB_A R/W Yes 0x00 No
84h FORCE_PSIO_A R/W Yes 0x00 No
85h EN_PRT_A R/W Yes Ox7F No
86h LL SEL_A R/W Yes 0x0A No
87h IOUT_RPT_MSB_A R Yes Current status No
88h IOUT_RPT_LSB A R Yes Current status No
89h IOUT_RPT_RATIO_A R/W Yes 0x00 No
8Ah TEMP_RPT_A R Yes Current status No
8Bh VOUT_RPT_MSB_A R Yes Current status No
8Ch VOUT_RPT_LSB_A R Yes Current status No
8Dh PRT_FLAG_A R/W Yes Current status No
8Eh SVI3_NACK_STATUS_A R Yes Current status No
A2h VFIX_MAX_LSB A R/W Yes OxFF No
A3h VFIX_MAX_MSB_A R/W Yes 0x01 No
A4dh OCP_WARN_HYS_A R/W Yes 0x00 Yes(GP1)
A5h MISC_A R/W Yes 0x00 Yes(GP1)
A6h VRHOT_TH_A R/W Yes 0x8C Yes(GP1)
A7h OTP_TH_A R/W Yes OxA5 Yes(GP1)
A9h PSYS RPT_MSB R Yes Current status No
AAh PSYS RPT_LSB R Yes Current status No

Register Address: 74h

Description: Adjustment phasel current balance gain of rail A.

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 Bit2 | Bitl | Bit0

Name CBG1_A

Default Value 0x04

Read/Write R | R | R | R | R RW | Rw | Rw

Bits Name Description

[7:3] Reserved Reserved bits

[2:0] = 000: 69.2%, [2:0] = 001: 76.9%,
[2:0] = 010: 84.6%, [2:0] = 011: 92.3%,
[2:0] CBG [2:0] = 100: 100% (default), [2:0] = 101: 107.69%,
[2:0] = 110: 115.38%, [2:0] = 111: 123.08%
The default value can be set by NVM. (Page 03).
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Register Address: 75h

Description: Adjustment phase2 current balance gain of rail A.

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitt | Bit0
Name CBG2_A
Default Value 0x04
Read/Write R | R | R | R | R | Rw | RW | Rw
Bits Name Description
[7:3] Reserved Reserved bits
[2:0] = 000: 69.2%, [2:0] = 001: 76.9%,
[2:0] = 010: 84.6%, [2:0] = 011: 92.3%,
[2:0] CBG [2:0] = 100: 100% (default), [2:0] = 101: 107.69%,
[2:0] = 110: 115.38%, [2:0] = 111: 123.08%
The default value can be set by NVM. (Page 03).
Register Address: 76h
Description: Adjustment phase3 current balance gain of rail A.
Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | BitL | Bit0
Name CBG3 A
Default Value 0x04
Read/Write R | R | R | R | R | Rw | RW | Rw
Bits Name Description
[7:3] Reserved Reserved bits
[2:0] = 000: 69.2%, [2:0] = 001: 76.9%,
[2:0] = 010: 84.6%, [2:0] = 011: 92.3%,
[2:0] CBG [2:0] = 100: 100% (default), [2:0] = 101: 107.69%,
[2:0] = 110: 115.38%, [2:0] = 111: 123.08%
The default value can be set by NVM. (Page 03).
Register Address: 77h
Description: Adjustment phase4 current balance gain of rail A.
Bits Btz | Bit6 | Bit5s | Bit4 | B3 | Bit2 | BitL | B0
Name CBG4_A
Default Value 0x04
Read/Write R | R | R | R | R | RW [ RW | Rw
Bits Name Description
[7:3] Reserved Reserved bits
[2:0] = 000: 69.2%, [2:0] = 001: 76.9%,
[2:0] = 010: 84.6%, [2:0] = 011: 92.3%,
[2:0] CBG [2:0] = 100: 100% (default), [2:0] = 101: 107.69%,
[2:0] = 110: 115.38%, [2:0] = 111: 123.08%
The default value can be set by NVM. (Page 03).
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Register Address: 80h
Description: Setting VOUT offset of rail A. The capability of controller is 0.25V~2.8V. (i.e. 0.25V < VID setting *
SVI3 VOUT_OFFSET % 12C VOUT_OFFSET < 2.8V). The offset slew rate is 1/4 of SVI3 UP_SLEW_RATE. The
minimum slew rate is 2.5 mV/us. The VR begins ramping up and return to PSIO when setting VOUT offset. PSI
state returns to the original state after the output voltage is within tolerance and start-up ramping is complete. If
CPU sends change PSI command, the controller follows change PSI command and VOUT offset still exists. When
CPU sends VID off command, the output voltage is OV.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name 12C_VOUT_OFS_A
Default Value 0x00
Read/Write Rw | Rw | Rw | Rw | Rw | RW | Rw | Rw
Bits Name Description
[7:0] = 00h: no offset
[7]: sign bit (as part of two's complement)
[6:0]: 5mV/step
e.g.
[7:0] OFS E)oggoom = current VID + (1 x VID step)
00000011 = current VID + (3 x VID steps)
11111111 = current VID - (1 x VID step)
The default value can be set by NVM.(Page 03)
Register Address: 81h
Description: Enable/Disable fixed VID mode of rail A.
Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name EN_VFIX_A
Default Value 0x00
Read/Write R | R | R | R | R | R | R | Rw
Bits Name Description
[7:1] Reserved Reserved bits
0] = 0: Disable fixed VID mode
[0l EN_VFIX {O} = 1: Enable fixed VID mode

Register Address: 82h
Description: 9-bit fixed VID (Reg. 0x82h + Reg. 0x83h). Set voltage in fixed VID mode of rail A. In fixed VID mode,
VR skips VID packet and changes PSI commands. While fixed VID is enabled, VR does not act for 12C
VOUT_OFFSET as well. After disabling fixed VID mode, VID returns to the last VID packet target and last power
state. When entering/exiting fixed VID mode, the slew rate is 1/4 of SVI3 UP_SLEW RATE.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VFIX_LSB_A
Default Value 0x83
Read/Write Rw | Rw | Rw | Rw | Rw | RW | Rw | Rw
Bits Name Description
VFIX[8:0] = VFIX_MSB[0]+VFIX_LSB[7:0]
Voltage of fixed VID mode = 0.0V when receives an off code
[7:0] VFIX_LSB (VFIX[8:0] = 000h)
Voltage of fixed VID mode = 0.245V+VFIX[8:0]x5mV, voltage
ranges from 0.25V to 2.8V.
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Register Address: 83h

Description: 9-bit fixed VID (Reg. 0x82h + Reg. 0x83h). Set voltage in fixed VID mode of rail A. In fixed VID mode,
VR skips VID packet and changes PSI commands. While Fixed VID is enable, VR does not act for 12C
VOUT_OFFSET as well. After disabling fixed VID mode, VID returns to the last VID packet target and last power
state. When entering/exiting fixed VID mode, the slew rate is 1/4 of SVI3 UP_SLEW_RATE.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VFIX_MSB_A
Default Value 0x00
Read/Write R | R | R | R | R | R | R | Rw
Bits Name Description
[7:1] Reserved Reserved bits
VFIX[8:0] = VFIX_MSB[0]+VFIX_LSB[7:0]
Voltage of fixed VID mode = 0.0V when receives an off code
[0] VFIX_MSB (VFIX[8:0] = 000h)
Voltage of fixed VID mode = 0.245V+VFIX[8:0]x5mV, voltage
ranges from 0.25V to 2.8V.

Ignore VFIX_LSB Cmd
(VFIX_LSBJ[7:0] keep old data)

|
>

@SB[?:O] Cmd

Received
VFIX_LSB[7:0] Cmd

)

Receive Other Cmd
(Not VFIX_MSB[0])

Received
VFIX_MSB[0] Cmd

&MSB[O] Ccmd
A

Update VFIX_MSB[0] and
VFIX_LSB_LSB[7:0] register

Execute VFIX[8:0] and
VID ramp up
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Register Address: 84h
Description: Enable/Disable FORCE_PSIO function of rail A, and the controller still operates in PSIO when change
PSI command is received. The PSI status follow SVI3.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name Force_PSIO_A
Default Value 0x00
Read/Write R | R | R | R | R | R | R | Rw
Bits Name Description
[7:1] Reserved Reserved bits
[0] = O: Follow SVI3 power states (default)
[0] FORCE_PSIO [0] = 1: Fixed in PSIO and ignore other PSIx command. VR always

operates full phase count. The SVI3 Register PSI state follows SVI3
command and ACK PSI change command.

Register Address: 85h
Description: Enable/Disable protection function of rail A.

Bits Btz | Bit6 | Bit5s | Bit4 | B3 | Bit2 | Bitl | B0
Name EN_PRT_A
Default Value Ox7F
Read/Write R | rRw | RW | RW | RW | RW | RW | Rw
Bits Name Description
[7] Reserved Reserved bit
[6] = O: Disable VRHOT function
[6] EN_VRHOT [6] = 1: Enable VRHOT function (default)
[5] EN_OTP [5] = O: Disable OT protection

[5] = 1: Enable OT protection (default)

[4]

EN_OCP_WARN

[4] = 0: Disable Templ OC Warning function
[4] = 1: Enable Templ OC Warning function
The default value can be set by NVM. (Page 02).

[3] = 0: Disable sum OC protection

[3] EN_OCP_SUM [3] = 1: Enable sum OC protection
The default value can be set by NVM. (Page 02).
[2] = 0: Disable NV protection

[l EN_NV [2] = 1: Enable NV protection (default)
[1] = O: Disable UV protection

[l EN_UV [1] = 1: Enable UV protection (default)

0] EN OV [0] = 0: Disable QV protection

[0] = 1: Enable OV protection (default)
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Register Address: 86h
Description: Selection load-line of rail A.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name LL_SEL_A

Default Value Ox0A

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

[7]

SVI3_12C_LL_SEL

It is used to set load-line control mode.
[7] = 0: SVI3 (default)
[71=1:12C

[6:5] Reserved Reserved bits
Load-line adjustment relative to nominal initial setting
[4:0] SEL LL Load-line = Reg[4:0] * 10% * Default LL

10101b - 11111b = 200%
[4:0] = 0Ah: 100% (default)

Register Address: 87h
Description: Output current reporting consists of a 10-bit encoding mapped to |_OUT_SCALE_A. IOUT_RPT
should read IOUT_RPT_MSB first and then read IOUT_RPT_LSB. (Reg. 87h+Reg. 88h)

Bits Btz | Bit6 | Bit5s | Bit4 | B3 | Bit2 | BitlL | B0
Name IOUT_RPT_MSB_A
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

IOUT_RPT[9:0] = IOUT_RPT_MSBJ[1:0]+IOUT_RPT_LSB[7:0]
[1:0] IOUT_RPT ILoad(A) = IOUT_RPT[9:0]xMAX_CURRENT /1023

Note: MAX_CURRENT = 3FFh of selected output current scale

egister Address: 88h
Description: Output current reporting consists of a 10-bit encoding mapped to |_OUT_SCALE_A. IOUT_RPT
should read IOUT_RPT_MSB first and then read IOUT_RPT_LSB. (Reg. 87h+Reg. 88h)

Bits Btz | Bit6 | Bit5 | Bit4 | Bi3 Bit2 | BitL | Bit0
Name IOUT_RPT_LSB_A
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

IOUT_RPT[9:0] = IOUT_RPT_MSB[1:0]+IOUT_RPT_LSB[7:0]
[7:0] IOUT_RPT ILoad(A) = IOUT_RPT[9:0]xMAX_CURRENT/1023

Note: MAX_CURRENT = 3FFh of selected output current scale
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Register Address: 89h
Description: Output current reporting ratio adjustment of SVI3 telemetry for rail A.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name IOUT_RPT_RATIO_A
Default Value 0x00
Read/Write R | R | R | R | R | R | rRw | Rw
Bits Name Description
[7:2] Reserved Reserved bits
1:0] = 00: 100% (default), [1:0] = 01: 87.5%,
[1:0] IOUT_RPT_RATIO {1:0} =10: 75%, [(1:0] = 1)1:[5002)
Register Address: 8Ah
Description: Temperature reporting of rail A.
Bits Btz | Bit6 | Bits | B4 | Bit3 | Bit2 | Bit1 | B0
Name TEMP_RPT_A
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:0] TEMP_RPT Temperature(°C) = TEMP_RPT[7:0]-40

Register Address: 8Bh
Description: Output voltage reporting data payloads consist of 10 bits for rail A. VOUT_RPT should read
VOUT_RPT_MSB first and then read VOUT_RPT_LSB. (Reg. 8Bh+Reg. 8Ch)

Bits Btz | Bit6 | Bits | B4 | B3 | Bit2 | BitL | B0
Name VOUT_RPT_MSB_A
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

VOUT_RPT[9:0] = VOUT_RPT_MSBJ[1:0]+VOUT_RPT_LSB[7:0
[1:0] VOUT_RPT VOUTEV)=[\/03JT_RPT[§0]x5FnV o) RPTLSELTO)

Register Address: 8Ch
Description: Output voltage reporting data
VOUT_RPT_MSB first and then read VOUT_RPT_LSB. (Reg. 8Bh+Reg. 8Ch)

payloads consist of 10 bits for rail A. VOUT_RPT should read

Bits Btz | Bit6 | Bits | Bit4 | B3 | Bit2 | Bit1 | B0
Name VOUT_RPT_LSB_A
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

VOUT_RPT[9:0] = VOUT_RPT_MSB[1:0]+VOUT_RPT_LSB[7:0
[7:0] VOUT_RPT VOUTEV)=[\/03JT_RPT[§0]x5FnV o) RPTLSELTO)
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Register Address: 8Dh

Description: Protection indicator of rail A.
Bits Bit7 | Bit6 Bt | Bit4 | Bit3 | Bit2 | Bitl Bit0
Name PRT_FLAG_A
Default Value current status
Read/Write R | Rw Rw | R | R | R | R R
Bits Name Description
[7] Reserved Reserved bit
[6] = 0: No occurrence of VRHOT warning
[6] VRHOT assertion [6] = 1: Occurrence of VRHOT warning
This bit is writeable 1b to clear.
[5] = 0: No occurrence of OCP warning
[5] OCP_WARN assertion [5] = 1: Occurrence of OCP warning
This bit is writeable 1b to clear.
4] = 0: No occurrence of OTP
[4] oTP {4} = 1: Occurrence of OTP
3] = 0: No occurrence of UVP
3] uvpP {3} = 1: Occurrence of UVP
2] = 0: No occurrence of OVP
[l OvP {2} = 1: Occurrence of OVP
1] = 0: No occurrence of OCP
[l OCP H = 1: Occurrence of OCP
0] = 0: No occurrence of SSOCP
[0l SSOCP {O} = 1: Occurrence of SSOCP
Register Address: 8Eh
Description: SVI3 NACKs states of rail A. (Same as SVI3 Reg. 11h.)
Bits Bit7 | Bit6 Bt | Bit4 | Bit3 | Bit2 | Bitl Bit0
Name SVI3_NACK_STATUS_A
Default Value current status
Read/Write R | R R | R | R | R | R R
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 1: Communication Error: Command before ACK
[4] = 1: Communication Error: Framing Error
3] = 1: Communication Error: CRC Error
[5:0] SVIS_NACK_STATUS {2} = 1: Invalid Command: Undefined Register Command
[1] = 1: Invalid Command: Undefined Payload
[0] = 1: Invalid Command: Not Executable / Not Supported
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Register Address: A2h

Description: 9-bit fixed VID (Reg. A2h + Reg. A3h). Set maximum voltage in fixed VID mode of rail A.

Bits Bit7 | Bit6 Bit5 | Bit4 | Bit3 | Bit2 | BitL | Bit0
Name VFIX_MAX_LSB_A
Default Value OXFF
Read/Write RwW | Rw | RW | RW | RWw | RW | RW | Rw
Bits Name Description
VFIX_MAX[8:0] = VFIX_MAX_MSBI[0]+VFIX_MAX_LSB[7:0]
Voltage of fixed VID max mode = 0V when receives an off code
[7:0] VFIX_MAX_LSB (VFIX_MAX[8:0] = 000h)
Voltage of fixed VID max mode = 0.245V+VFIX_MAX[8:0]x5mV,
voltage ranges from 0.25V to 2.8V.

Register Address: A3h

Description: 9-bit fixed VID (Reg. A2h + Reg.

A3h). Set maximum voltage in fixed VID mode of rail A.

Bits Bit7 | Bit6 Bit5 | Bit4 | Bit3 | Bit2 | BitL | Bit0
Name VFIX_MAX_MSB_A

Default Value 0x01

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

[7:1] Reserved Reserved bits

[0] VFIX_MAX_MSB

VFIX_MAX[8:0] = VFIX_MAX_MSBI0]+VFIX_MAX_LSB[7:0]
Voltage of fixed VID max mode = 0V when receives an off code
(VFIX_MAX[8:0] = 000h)

Voltage of fixed VID max mode = 0.245V+VFIX_MAX[8:0]x5mV,
voltage ranges from 0.25V to 2.8V.

Register Address: Adh

Description: It is used to set over-current warning hysteresis of rail A.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name OCP_WARN_HYS_A
Default Value 0x00
Read/Write RW | RW | RW | RW | RW | RW | RW | Rw
Bits Name Description

1LSB = |_OUT_SCALE/384 A
[7:0] OCP_WARN_HYS The default value can be set by NVM. (Page 03).
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Register Address: A5h
Description: Set IGNORE_PSI7, FORCE_PSI7, SVI3 I1°C_VRHOT and SVI3_I°C_OTP.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name MISC_A
Default Value 0x00
Read/Write R | R | R | R | RW | RW | RW | Rw
Bits Name Description
[7:4] Reserved Reserved bits
[3] = 0: Disable, Follow SVI3 power states (default)
[3] = 1: Enable, VR ignores PSI7 command and operates in full
[3] IGNORE_PSI7 phase count when receiving the PSI7 command. The SVI3 Register
PSI state follows SVI3 command and ACK PSI change command.
The default value can be set by NVM. (Page 03).
[2] = O: Disable, Follow SVI3 power states (default)
[2] = 1: Enable, Fixed in PSI7 and ignore other PSIx command. VR
always enable smart phase management function. The SVI3
[2] FORCE_PSI7 Regi)s/ter PSI state follosv SVI3 com?nand and ACK PSI change
command.
The default value can be set by NVM. (Page 03).
It is used to set VRHOT threshold control mode.
1] = 0: SVI3 (default
[1] SVI3_12C_VRHOT H — 1. 12C ( )
The default value can be set by NVM. (Page 03).
It is used to set OTP threshold control mode.
0] = 0: SVI3 (default
[0] SVI3_12C_OTP {0} — 1. 12C ( )
The default value can be set by NVM. (Page 03).
VR Operation mode:
FORCE_PSIO | IGNORE_PSI7 FORCE_PSI7 | VR Operation mode
Disable Disable Disable Follow SVI3 power states.
Disable Disable Enable Force PSI7.
Disable Enable Enable Follow SVI3 power states.
Enable Disable Disable Force PSIO.
Enable Disable Enable Force PSIO.
Enable Enable Disable Force PSIO.
Enable Enable Enable Force PSIO.
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Register Address: A6h
Description: It is used to set VRHOT threshold of rail A.
Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VRHOT_TH_A
Default Value 0x8C
Read/Write Rw | RW | RW | RW | RW | RW | RW | RW
Bits Name Description
Voltage regulator hot warning threshold when control mode is 1°C.
VRHOT Threshold = Reg[7:0]-40°C
[7:0] VRHOT_TH [7:0] = O0h: Disabled
[7:0] = 8Ch: 100°C (default)
The default value can be set by NVM. (Page 03).

Register Address: A7h
Description: It is used to set OTP threshold of rail A.

Bits Btz | Bit6 | Bit5s | Bit4 | B3 | Bit2 | BitL | B0
Name OTP_TH_A
Default Value OxA5
Read/Write RwW | RW | RW | RW | RW | RW | RW | RW
Bits Name Description
Over-temperature protection threshold when control mode is 1°C.
OTP Threshold = Reg[7:0]-40°C
[7:0] OTP_TH [7:0] = O0Oh: Disabled
[7:0] = A5h: 125°C (default)
The default value can be set by NVM. (Page 03).

Register Address: A9h
Description: System power reporting consists of a 10-bit encoding mapped to P_SYS_SCALE. PSYS_RPT should
read PSYS_RPT_MSB first and then read PSYS_RPT_LSB. (Reg. A9h+Reg. AAh)

Bits Btz | Bit6 | Bit5s | Bit4 | Bit3 | Bit2 | BitlL | B0
Name PSYS_RPT_MSB
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

PSYS_RPT[9:0] = PSYS_RPT_MSBJ[1:0]+PSYS_RPT_LSBJ[7:0]
[1:0] PSYS_RPT PSYS(W) = PSYS_RPT[9:0]xMAX_POWER/1023

Note: MAX_POWER = 3FFh of selected system power scale
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Register Address: AAh
Description: System power reporting consists of a 10-bit encoding mapped to P_SYS_SCALE. PSYS_RPT should
read PSYS_RPT_MSB first and then read PSYS_RPT_LSB. (Reg. A9h+Reg. AAh)

Bits Btz | Bit6 | Bits | B4 | B3 | Bit2 | BitL | B0
Name PSYS RPT _LSB
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

PSYS_RPT[9:0] = PSYS_RPT_MSBJ[1:0]+PSYS_RPT_LSB[7:0]
[7:0] PSYS RPT PSYS(W) = PSYS_RPT[9:0]xMAX_POWER/1023

Note: MAX_POWER = 3FFh of selected system power scale
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Register Address NAME Type PAGED Default Value NVM
80h I2C_VOUT_OFS_B R/W Yes 0x00 Yes(GP1)
81h EN_VFIX_B R/W Yes 0x00 No
82h VFIX_LSB_B R/W Yes 0x83 No
83h VFIX_MSB_B R/W Yes 0x00 No
84h FORCE_PSIO_B R/W Yes 0x00 No
85h EN_PRT_B R/W Yes Ox7F No
86h LL SEL_B R/W Yes Ox0A No
87h IOUT_RPT_MSB_B R Yes Current status No
88h IOUT_RPT_LSB_ B R Yes Current status No
89h IOUT_RPT_RATIO_B R/W Yes 0x00 No
8Ah TEMP_RPT_B R Yes Current status No
8Bh VOUT_RPT_MSB_B R Yes Current status No
8Ch VOUT_RPT_LSB B R Yes Current status No
8Dh PRT_FLAG_B R/W Yes Current status No
8Eh SVI3_NACK_STATUS_B R Yes Current status No
9Ch VFIX_MAX_LSB B R/W Yes OxFF No
9Dh VFIX_MAX_MSB_B R/W Yes 0x01 No
9Eh OCP_WARN_HYS_B R/W Yes 0x00 Yes(GP1)
9Fh MISC_B R/W Yes 0x00 Yes(GP1)
Alh VRHOT_TH_B R/W Yes 0x8C Yes(GP1)
A2h OTP_TH_B R/W Yes OxA5 Yes(GP1)
A9h PSYS_RPT_MSB R Yes Current status No
AAh PSYS_RPT_LSB R Yes Current status No

Register Address: 80h
Description: Setting VOUT offset of rail B. The capability of controller is 0.25V~2.8V. (i.e. 0.25V < VID setting +
SVI3 VOUT_OFFSET % 12C VOUT_OFFSET < 2.8V). The offset slew rate is 1/4 of SVI3 UP_SLEW_RATE. The
minimum slew rate is 2.5 mV/us. The VR begins ramping up and returns to PSIO when setting VOUT offset. PSI
state returns to original state after the output voltage is within tolerance and start-up ramping is complete. If CPU
sends change PSI command, the controller follows change PSI command and VOUT offset still exists. When CPU

sends VID off command, the output voltage is OV.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name I2C_VOUT_OFS_B
Default Value 0x00
Read/Write Rw | Rw | Rw | Rw | RWw | RW | Rw | Rw
Bits Name Description

[7:0] = 00h: no offset

[7]: sign bit (as part of two's complement)

[6:0]: 5mV/step

e.g.
[7:0] OFS 5)0830001 = current VID + (1 x VID step)

00000011 = current VID + (3 x VID steps)

11111111 = current VID - (1 x VID step)

The default value can be set by NVM. (Page 04).
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Register Address: 81h
Description: Enable/Disable fixed VID mode of rail B.
Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name EN_VFIX_B
Default Value 0x00
Read/Write R | R | R | R | R | R | R | Rw
Bits Name Description
[7:1] Reserved Reserved bits
0] = 0: Disable fixed VID mode
[0l EN_VFIX {O} = 1: Enable fixed VID mode

Register Address: 82h

Description: 9-bit fixed VID (Reg. 82h + Reg. 83h). Set voltage in fixed VID mode of rail B. In fixed VID mode, VR
skips VID packet and change PSI commands. While fixed VID is enabled, VR does not act for 12C VOUT_OFFSET
as well. After disabling fixed VID mode, VID returns to the last VID packet target and last power state. When
entering/exiting fixed VID mode, the slew rate is 1/4 of SVI3 UP_SLEW_ RATE.

Bits Btz | Bit6 | Bit5 | Bit4 | B3 | Bit2 | Bitl | B0
Name VFIX_LSB_B
Default Value 0x83
Read/Write RW | RW | RW | RW | RW | RW | RW | RW
Bits Name Description
VFIX[8:0] = VFIX_MSB[0]+VFIX_LSB[7:0]
Voltage of fixed VID mode = 0.0V when receiving an off code
[7:0] VFIX_LSB (VFIX[8:0] = 000h)
Voltage of fixed VID mode = 0.245V+VFIX[8:0]x5mV, voltage
ranges from 0.25V to 2.8V.

Register Address: 83h

Description: 9-bit fixed VID (Reg. 82h + Reg. 83h). Set voltage in fixed VID mode of rail B. In fixed VID mode, VR
skips VID packet and change PSI commands. While Fixed VID is enabled, VR does not act for 12C VOUT_OFFSET
as well. After disabling fixed VID mode, VID returns to the last VID packet target and last power state. When
entering/exiting fixed VID mode, the slew rate is 1/4 of SVI3 UP_SLEW_RATE.

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VFIX_MSB_B
Default Value 0x00
Read/Write R | R | R | R | R | R | R | Rw
Bits Name Description
[7:1] Reserved Reserved bits
VFIX[8:0] = VFIX_MSB[0]+VFIX_LSB[7:0]
Voltage of fixed VID mode = 0.0V when receiving an off code
[0] VFIX_MSB (VFIX[8:0] = 000h)
Voltage of fixed VID mode = 0.245V+VFIX[8:0]x5mV, voltage
ranges from 0.25V to 2.8V.
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>®SB[7:O] Cmd
Ignore VFIX_LSB Cmd

(VFIX_LSB[7:0] keep old data) Received
VFIX_LSB[7:0] Cmd

A
Y
Wait VFIX_MSB[0] Cmd
Receive Other Cmd K
(Not VFIX_MSB[0])
Received

VFIX_MSB[0] Cmd

»i
)

Update VFIX_MSB[0] and
VFIX_LSB_LSB[7:0] register

Execute VFIX[8:0] and
VID ramp up
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Register Address: 84h

PSI command is received. The PSI status follows SVI3.

Description: Enable/Disable FORCE_PSIO function of rail B, and the controller still operates in PSIO when change

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | BitL | Bit0
Name Force_PSIO_B
Default Value 0x00
Read/Write R | R | R | R | R | R | R | rRw
Bits Name Description
[7:1] Reserved Reserved bits
[0] = O: Follow SVI3 power states (default)
0] = 1: Fixed in PSIO and ignore other PSIx command. VR always
[l FORCE_PSI0 E)gerates full phase count. T?we SVI3 Register PSI state follows SV>II3
command and ACK PSI change command.

Register Address: 85h
Description: Enable/Disable protection function of rail B.

Bits Btz | Bit6 | Bits | Bit4 | B3 | Bit2 | BitL | Bio
Name EN_PRT_B
Default Value Ox7F
Read/Write R | rRw | Rw | Rw | RW | RW | RW | Rw
Bits Name Description
[7] Reserved Reserved bit
[6] = 0: Disable VRHOT function
[6] EN_VRHOT [6] = 1: Enable VRHOT function (default)
[5] EN_OTP [5] = 0: Disable OT protection

[5] = 1: Enable OT protection (default)

[4]

EN_OCP_WARN

[4] = O: Disable Templ OC Warning function
[4] = 1: Enable Templ OC Warning function
The default value can be set by NVM. (Page 02).

[3] = 0: Disable sum OC protection

[3] EN_OCP_SUM [3] = 1: Enable sum OC protection
The default value can be set by NVM. (Page 02).
[2] = O: Disable NV protection

[l EN_NV [2] = 1: Enable NV protection (default)
[1] = O: Disable UV protection

[ EN_UV [1] = 1: Enable UV protection (default)

[0] EN OV [0] = O: Disable OV protection

[0] = 1: Enable OV protection (default)
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Register Address: 86h
Description: Selection load-line of rail B.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name LL_SEL B
Default Value Ox0A
Read/Write Rw | R | R | Rw | Rw | RW | Rw | Rw
Bits Name Description
It is used to set load-line control mode.
[7] SVI3_I12C_LL_SEL [7] = 0: SVI3 (default)
[7]=1:12C
[6:5] Reserved Reserved bits
Load-line adjustment corresponding to nominal initial setting
Load-line = Reg[4:0] * 10% * Default LL
[4:0] SEL_LL 10101b - 11111%[: 2]00%
[4:0] = 0Ah: 100% (default)

Register Address: 87h
Description: Output current reporting consists of a 10-bit encoding mapped to |_OUT_SCALE_B. IOUT_RPT
should read IOUT_RPT_MSB first and then read IOUT_RPT_LSB. (Reg. 87h+Reg. 88h)

Bits Btz | Bit6 | Bits | Bit4 | B3 | Bit2 | BitL | B0
Name IOUT_RPT_MSB_B
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

IOUT_RPT[9:0] = IOUT_RPT_MSBJ[1:0]+IOUT_RPT_LSB[7:0]
[1:0] IOUT_RPT ILoad(A) = IOUT_RPT[9:0]xMAX_CURRENT /1023

Note: MAX_CURRENT = 3FFh of selected output current scale

Register Address: 88h
Description: Output current reporting consists of a 10-bit encoding mapped to |_OUT_SCALE_B. IOUT_RPT
should read IOUT_RPT_MSB first and then read IOUT_RPT_LSB. (Reg. 87h+Reg. 88h)

Bits Btz | Bit6 | Bits | B4 | B3 | Bit2 | BitL | Bio
Name IOUT_RPT_LSB_B
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

IOUT_RPT[9:0] = IOUT_RPT_MSBJ[1:0]+IOUT_RPT_LSB[7:0]
[7:0] IOUT_RPT ILoad(A) = IOUT_RPT[9:0]xMAX_CURRENT /1023

Note: MAX_CURRENT = 3FFh of selected output current scale
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Register Address: 89h
Description: Output current reporting ratio adjustment of SVI3 telemetry for rail B.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name IOUT_RPT_RATIO_B
Default Value 0x00
Read/Write R | R | R | R | R | R | rRw | Rw
Bits Name Description
[7:2] Reserved Reserved bits
1:0] = 00: 100% (default), [1:0] = 01: 87.5%,
[1:0] IOUT_RPT_RATIO {1:0} =10: 75%, [(1:0] = 1)1:[5002)
Register Address: 8Ah
Description: Temperature reporting of rail B.
Bits Btz | Bit6 | Bits | B4 | Bit3 | Bit2 | Bit1 | B0
Name TEMP_RPT_B
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:0] TEMP_RPT Temperature(°C) = TEMP_RPT[7:0]-40

Register Address: 8Bh
Description: Output voltage reporting data payloads consist of 10 bits for rail B. VOUT_RPT should read
VOUT_RPT_MSB first and then read VOUT_RPT_LSB. (Reg. 8Bh+Reg. 8Ch)

Bits Btz | Bit6 | Bits | B4 | B3 | Bit2 | BitL | B0
Name VOUT_RPT_MSB B
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

VOUT_RPT[9:0] = VOUT_RPT_MSBJ[1:0]+VOUT_RPT_LSBJ7:0
[1:0] VOUT_RPT VOUTEV)=[\/OEJT_RPT[§O]x5FnV ol -RPTLSETol

Register Address: 8Ch
Description: Output voltage reporting data payloads consist of 10 bits for rail B. VOUT_RPT should read
VOUT_RPT_MSB first and then read VOUT_RPT_LSB. (Reg. 8Bh+Reg. 8Ch)

Bits Btz | Bit6 | Bit5s | Bit4 | B3 | Bit2 | BitL | B0
Name VOUT_RPT_LSB_B
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

VOUT_RPT[9:0] = VOUT_RPT_MSB[1:0]+VOUT_RPT_LSB[7:0
[7:0] VOUT_RPT VOUTEV)=[\/03JT_RPT[§0]x5FnV ol -RPTLSELTo)
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Register Address: 8Dh

Description: Protection indicator of rail B.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name PRT_FLAG_B

Default Value current status

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

[7] Reserved Reserved bit

[6]

VRHOT assertion

[6] = 0: No occurrence of VRHOT warning
[6] = 1: Occurrence of VRHOT warning
This bit is writeable 1b to clear.

[5]

OCP_WARN assertion

[5] = 0: No occurrence of OCP warning
[5] = 1: Occurrence of OCP warning
This bit is writeable 1b to clear.

[4] = 0: No occurrence of OTP

[4] oTP [4] = 1. Occurrence of OTP

a ove [81= 1 Ocourrence of VP
[2] OvP % z Cl) ggcicrfg:ceeng? Om:/lc:’)VP

" oc [11= 1 Occrence of OGP
o] ssocp [0] = 0: No occurrence of SSOCP

[0] = 1: Occurrence of SSOCP

Register Address: 8Eh
Description: SVI3 NACKs states of rail B. (Same as SVI3 Reg. 11h.)

Bits Btz | Bit6 | Bits | Bit4 | B3 | Bit2 | BitL | B
Name SVI3_NACK_STATUS B
Default Value current status
Read/Write R | R | R | R | R | R | R |
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 1: Communication Error: Command before ACK
[4] = 1: Communication Error: Framing Error
3] = 1: Communication Error: CRC Error
[5:0] SVIS_NACK_STATUS {2} = 1: Invalid Command: Undefined Register Command
[1] = 1: Invalid Command: Undefined Payload
[0] = 1: Invalid Command: Not Executable / Not Supported
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Register Address: 9Ch

Description: 9-bit fixed VID (Reg. 9Ch + Reg. 9Dh). Set maximum voltage in fixed VID mode of rail B.

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | BitL | Bit0
Name VFIX_MAX_LSB_B
Default Value OXFF
Read/Write RwW | Rw | RW | RW | RWw | RW | RW | Rw
Bits Name Description
VFIX_MAX[8:0] = VFIX_MAX_MSBI[0]+VFIX_MAX_LSB[7:0]
Voltage of fixed VID max mode = 0V when receiving an off code
[7:0] VFIX_MAX_LSB (VFIX_MAX[8:0] = 000h)
Voltage of fixed VID max mode = 0.245V+VFIX_MAX[8:0]x5mV,
voltage ranges from 0.25V to 2.8V.

Register Address: 9Dh

Description: 9-bit fixed VID (Reg. 9Ch + Reg. 9Dh). Set maximum voltage in fixed VID mode of rail B.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VFIX_MAX_MSB_B
Default Value 0x01
Read/Write R | R | R | R | R | R | R | Rw
Bits Name Description
[7:1] Reserved Reserved bits
VFIX_MAX[8:0] = VFIX_MAX_MSBI0]+VFIX_MAX_LSB[7:0]
Voltage of fixed VID max mode = 0V when receiving an off code
[0] VFIX_MAX_MSB (VFIX_MAX[8:0] = 000h)
Voltage of fixed VID max mode = 0.245V+VFIX_MAX[8:0]x5mV,
voltage ranges from 0.25V to 2.8V.

Register Address: 9Eh

Description: It is used to set over-current warning hysteresis of rail B.

Bits Btz | Bit6 | Bits | Bit4 | B3 | Bit2 | BitL | Bio
Name OCP_WARN_HYS_B
Default Value 0x00
Read/Write RwWw | RW | RW | RW | RW | RW | RW | Rw
Bits Name Description

1LSB = |_OUT_SCALE/384 A
[7:0] OCP_WARN_HYS The default value can be set by NVM. (Page 04).
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Register Address: 9Fh
Description: Set IGNORE_PSI7, FORCE_PSI7, SVI3_I°’C_VRHOT and SVI3_I>’C_OTP.
Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name MISC_B
Default Value 0x00
Read/Write R | R | R | R | RW | RW | RW | Rw
Bits Name Description
[7:4] Reserved Reserved bits
[3] = 0: Disable, Follow SVI3 power states (default)
[3] = 1: Enable, VR ignores PSI7 command and operates in full
[3] IGNORE_PSI7 phase count when receiving the PSI7 command. The SVI3 Register
PSI state follows SVI3 command and ACK PSI change command.
The default value can be set by NVM. (Page 04).
[2] = O: Disable, Follow SVI3 power states (default)
[2] = 1: Enable, Fixed in PSI7 and ignore other PSIx command. VR
always enables smart phase management function. The SVI3
[2] FORCE_PSI7 Register PSI state follows SVI3 command and ACK PSI change
command.
The default value can be set by NVM. (Page 04).
Itis used to set VRHOT threshold control mode.
[1] = 0: SVI3 (default)
[1] SVI3_12C_VRHOT [1]=1: 12C
The default value can be set by NVM. (Page 04).
It is used to set OTP threshold control mode.
[0] = 0: SVI3 (default)
[0] SVI3_12C_OTP [0] = 1: I2C
The default value can be set by NVM. (Page 04).
VR Operation Mode :
FORCE_PSIO | IGNORE_PSI7 FORCE_PSI7 | VR Operation mode
Disable Disable Disable Follow SVI3 power states.
Disable Disable Enable Force PSI7.
: . Follow SVI3 power states except PSI7.
Disable Enable Disable Operator in PSIO when received PSI7.
Disable Enable Enable Follow SVI3 power states.
Enable Disable Disable Force PSIO.
Enable Disable Enable Force PSIO.
Enable Enable Disable Force PSIO.
Enable Enable Enable Force PSIO.
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Register Address: Alh
Description: It is used to set VRHOT threshold of rail B.
Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VRHOT _TH_B
Default Value 0x8C
Read/Write Rw | RW | RW | RW | RW | RW | RW | RW
Bits Name Description
Voltage regulator hot warning threshold when control mode is I1°C.
VRHOT Threshold = Reg[7:0]-40°C
[7:0] VRHOT_TH [7:0] = 00h: Disabled
[7:0] = 8Ch: 100°C (default)
The default value can be set by NVM. (Page 04).

Register Address: A2h
Description: It is used to set OTP threshold of rail B.

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name OTP_TH_B
Default Value OxA5
Read/Write RwWw | RW | RW | RW | RW | RW | RW | RW
Bits Name Description
Over-temperature protection threshold when control mode is 1°C.
OTP Threshold = Reg[7:0]-40°C
[7:0] OTP_TH [7:0] = 00h: Disabled
[7:0] = A5h: 125°C (default)
The default value can be set by NVM. (Page 04).

Register Address: A9h
Description: System power reporting consists of a 10-bit encoding mapped to P_SYS_SCALE. PSYS_RPT should
read PSYS_RPT_MSB first and then read PSYS_RPT_LSB. (Reg. A9h+Reg. AAh)

Bits Btz | Bit6 | Bit5s | Bit4 | B3 | Bit2 | BitL | B0
Name PSYS_RPT_MSB
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

PSYS_RPT[9:0] = PSYS_RPT_MSBJ[1:0]+PSYS_RPT_LSBJ[7:0]
[1:0] PSYS_RPT PSYS(W) = PSYS_RPT[9:0]xMAX_POWER/1023

Note: MAX_POWER = 3FFh of selected system power scale
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Register Address: AAh
Description: System power reporting consists of a 10-bit encoding mapped to P_SYS_SCALE. PSYS_RPT should
read PSYS_RPT_MSB first and then read PSYS_RPT_LSB. (Reg. A9h+Reg. AAh)
Bits Btz | Bit6 | Bits | Bit4 | B3 | Bit2 | BitL | B0
Name PSYS_RPT_LSB
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

PSYS_RPT[9:0] = PSYS_RPT_MSBJ[1:0]1+PSYS_RPT_LSB[7:0]
[7:0] PSYS_RPT PSYS(W) = PSYS_RPT[9:0]xMAX_POWER/1023

Note: MAX_POWER = 3FFh of selected system power scale
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Register Map Rail C (Page 05)

Register Address NAME Type PAGED Default Value NVM
80h [2C_VOUT_OFS_C R/W Yes 0x00 Yes(GP1)
81h EN_VFIX_C R/W Yes 0x00 No
82h VFIX_LSB_C R/W Yes 0x83 No
83h VFIX_MSB_C R/W Yes 0x00 No
84h FORCE_PSIO_C R/W Yes 0x00 No
85h EN_PRT_C R/W Yes Ox7F No
86h LL SEL_C R/W Yes Ox0A No
87h IOUT_RPT_MSB_C R Yes Current status No
88h IOUT_RPT_LSB C R Yes Current status No
89h IOUT_RPT_RATIO_C RW Yes 0x00 No
8Ah TEMP_RPT_C R Yes Current status No
8Bh VOUT_RPT_MSB_C R Yes Current status No
8Ch VOUT_RPT_LSB C R Yes Current status No
8Dh PRT_FLAG_C R Yes Current status No
8Eh SVI3_NACK_STATUS_C R Yes Current status No
9Ch VFIX_MAX_LSB C R/W Yes OxFF No
9Dh VFIX_MAX_MSB_C R/W Yes 0x01 No
9Eh OCP_WARN_HYS C R/W Yes 0x00 Yes(GP1)
9Fh MISC_C R/W Yes 0x00 Yes(GP1)
Alh VRHOT_TH_C R/W Yes 0x8C Yes(GP1)
A2h OTP_TH_C R/W Yes OxA5 Yes(GP1)
A9h PSYS_RPT_MSB R Yes Current status No
AAh PSYS_RPT_LSB R Yes Current status No

Register Address: 80h
Description: Setting VOUT offset of rail C. The capability of controller is 0.25V to 2.8V. (i.e. 0.25V < VID setting
SVI3 VOUT_OFFSET # 12C VOUT_OFFSET < 2.8V). The offset slew rate is 1/4 of SVI3 UP_SLEW_RATE. The
minimum slew rate is 2.5 mV/us. The VR begins ramping up and returns to PSIO when setting VOUT offset. PSI
state returns to original state after the output voltage is within tolerance and start-up ramping is complete. If CPU
sends change PSI command, the controller follows change PSI command and VOUT offset still exists. When CPU

sends VID off command, the output voltage is OV.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name I2C_VOUT _OFS_C
Default Value 0x00
Read/Write Rw | Rw | Rw | Rw | RWw | RW | Rw | Rw
Bits Name Description

[7:0] = 00h: no offset

[7]: sign bit (as part of two's complement)

[6:0]: 5mV/step

e.g.
[7:0] OFS 5)0830001 = current VID + (1 x VID step)

00000011 = current VID + (3 x VID steps)

11111111 = current VID - (1 x VID step)

The default value can be set by NVM. (Page 05).
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Register Address: 81h
Description: Enable/Disable fixed VID mode of rail C.
Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name EN_VFIX_C
Default Value 0x00
Read/Write R | R | R | R | R | R | R | Rw
Bits Name Description
[7:1] Reserved Reserved bits
0] = 0: Disable fixed VID mode
[0l EN_VFIX {O} = 1: Enable fixed VID mode

Register Address: 82h
Description: 9-bit fixed VID (Reg. 0x82h + Reg. 0x83h). Set voltage in fixed VID mode of rail C. In fixed VID mode,
VR skips VID packet and change PSI commands. While fixed VID is enabled, VR does not act for 12C
VOUT_OFFSET as well. After disabling fixed VID mode, VID returns to the last VID packet target and last power
state. When entering/exiting fixed VID mode, the slew rate is 1/4 of SVI3 UP_SLEW_RATE.

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VFIX_LSB_C
Default Value 0x83
Read/Write Rw | Rw | Rw | Rw | Rw | RW | Rw | Rw
Bits Name Description

VFIX[8:0] = VFIX_MSBJ[0]+VFIX_LSB[7:0]

Voltage of fixed VID mode = 0.0V when receiving an off code
[7:0] VFIX_LSB (VFIX[8:0] = 000h)

Voltage of fixed VID mode = 0.245V+VFIX[8:0]x5mV, voltage
ranges from 0.25V to 2.8V.

Register Address: 83h
Description: 9-bit fixed VID (Reg. 82h + Reg. 83h). Set voltage in fixed VID mode of rail C. In fixed VID mode, VR
skips VID packet and change PSI commands. While Fixed VID is enabled, VR does not act for 12C VOUT_OFFSET
as well. After disabling fixed VID mode, VID returns to the last VID packet target and last power state. When
entering/exiting fixed VID mode, the slew rate is 1/4 of SVI3 UP_SLEW_RATE.

Bits Btz | Bit6 | Bit5s | Bit4 | B3 | Bit2 | BitL | B0
Name VFIX_MSB_C
Default Value 0x00
Read/Write R | R | R | R | R | R | R | Rw
Bits Name Description
[7:1] Reserved Reserved bits
VFIX[8:0] = VFIX_MSBJ[0]+VFIX_LSB[7:0]
Voltage of fixed VID mode = 0.0V when receiving an off code
[0] VFIX_MSB (VFIX[8:0] = 000h)

Voltage of fixed VID mode = 0.245V+VFIX[8:0]x5mV, voltage
ranges from 0.25V to 2.8V.
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>®SB[7:O] Cmd
Ignore VFIX_LSB Cmd

(VFIX_LSB[7:0] keep old data) Received
VFIX_LSB[7:0] Cmd

A
Y
Wait VFIX_MSB[0] Cmd
Receive Other Cmd K
(Not VFIX_MSB[0])
Received

VFIX_MSB[0] Cmd

»i
)

Update VFIX_MSB[0] and
VFIX_LSB_LSB[7:0] register

Execute VFIX[8:0] and
VID ramp up

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

DS3674AE-02 October 2022 www.richtek.com
95

Downloaded from AFFOW.Com.


http://www.arrow.com

RT3674AE

RICHTEK

Register Address: 84h
Description: Enable/Disable FORCE_PSIO function of rail C, and the controller still operates in PSIO when change
PSI command is received. The PSI status follows SVI3.

Bits Btz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | BitL | Bit0
Name Force PSIO_C
Default Value 0x00
Read/Write R | R | R | R | R | R | R | rRw
Bits Name Description
[7:1] Reserved Reserved bits
[0] = O: Follow SVI3 power states (default)
[0] FORCE_PSIO [0] = 1: Fixed in PSIO and ignore other PSIx command. VR always

operates full phase count. The SVI3 Register PSI state follows
SVI3 command and ACK PSI change command.

Register Address: 85h
Description: Enable/Disable protection function of rail C.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name EN_PRT_C
Default Value Ox7F
Read/Write R | rRw | Rw | Rw | RW | RW | RW | Rw
Bits Name Description
[7] Reserved Reserved bit
[6] = O: Disable VRHOT function
[6] EN_VRHOT [6] = 1: Enable VRHOT function (default)
[5] EN_OTP [5] = O: Disable OT protection

[5] = 1: Enable OT protection (default)

[4]

EN_OCP_WARN

[4] = O: Disable Temp1l OC Warning function
[4] = 1: Enable Templ OC Warning function
The default value can be set by NVM. (Page 02).

[3] = 0: Disable sum OC protection

[3] EN_OCP_SUM [3] = 1: Enable sum OC protection
The default value can be set by NVM. (Page 02).
[2] = 0: Disable NV protection

[l EN_NV [2] = 1: Enable NV protection (default)
[1] = 0: Disable UV protection

[l EN_UV [1] = 1: Enable UV protection (default)

0] EN OV [0] = 0: Disable QV protection

[0] = 1: Enable OV protection (default)
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Register Address: 86h
Description: Selection load-line of rail C.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name LL_SEL C
Default Value Ox0A
Read/Write Rw | R | R | Rw | Rw | RW | Rw | Rw
Bits Name Description
It is used to set load-line control mode.
[7] SVI3_I12C_LL_SEL [7] = 0: SVI3 (default)
[7]=1:12C
[6:5] Reserved Reserved bits
Load-line adjustment corresponding to nominal initial setting
Load-line = Reg[4:0] * 10% * Default LL
[4:0] SEL_LL 10101b - 11111%[: 2]00%
[4:0] = 0Ah: 100% (default)

Register Address: 87h
Description: Output current reporting consists of a 10-bit encoding mapped to |_OUT_SCALE_C. IOUT_RPT
should read IOUT_RPT_MSB first and then read IOUT_RPT_LSB. (Reg. 87h+Reg. 88h)

Bits Btz | Bit6 | Bits | B4 | B3 | Bit2 | BitlL | Bio
Name IOUT_RPT_MSB_C
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

IOUT_RPTI[9:0] = IOUT_RPT_MSBJ1:0]+IOUT_RPT_LSBJ[7:0]
[1:0] IOUT_RPT lLoad(A) = IOUT_RPT[9:0]xMAX_CURRENT /1023

Note: MAX_CURRENT = 3FFh of selected output current scale

Register Address: 88h
Description: Output current reporting consists of a 10-bit encoding mapped to | OUT_SCALE_C. IOUT_RPT
should read IOUT_RPT_MSB first and then read IOUT_RPT_LSB. (Reg. 87h+Reg. 88h)

Bits Btz | Bit6 | Bits | Bit4 | B3 | Bit2 | Bit1 | B0
Name IOUT_RPT_LSB_C
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

IOUT_RPT[9:0] = IOUT_RPT_MSBJ[1:0]+IOUT_RPT_LSB[7:0]
[7:0] IOUT_RPT lLoad(A) = IOUT_RPT[9:0]xMAX_CURRENT/1023

Note: MAX_CURRENT = 3FFh of selected output current scale
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Register Address: 89h

Description: Output current reporting ratio adjustment of SVI3 telemetry for rail C.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name IOUT_RPT_RATIO_C
Default Value 0x00
Read/Write R | R | R | R | R | R | rRw | Rw
Bits Name Description
[7:2] Reserved Reserved bits
1:0] = 00: 100% (default), [1:0] = 01: 87.5%,
[1:0] IOUT_RPT_RATIO {1:0} =10: 75%, [(1:0] = 1)1:[5002)
Register Address: 8Ah
Description: Temperature reporting of rail C.
Bits Btz | Bit6 | Bits | B4 | Bit3 | Bit2 | Bit1 | B0
Name TEMP_RPT_C
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:0] TEMP_RPT Temperature(°C) = TEMP_RPT[7:0]-40

Register Address: 8Bh
Description: Output voltage reporting data

VOUT_RPT_MSB first and then read VOUT_RPT_LSB. (Reg. 8Bh+Reg. 8Ch)

payloads consist of 10 bits for rail C. VOUT_RPT should read

Bits Btz | Bit6 | Bits | B4 | B3 | Bit2 | Bit1 | B0
Name VOUT_RPT_MSB_C
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

VOUT_RPT[9:0] = VOUT_RPT_MSB[1:0]+VOUT_RPT_LSB[7:0
[1:0] VOUT_RPT VOUTEV)=[\/OEJT_RPT[§O]x5an ol TSROl

Register Address: 8Ch
Description: Output voltage reporting data

VOUT_RPT_MSB first and then read VOUT_RPT_LSB. (Reg. 8Bh+Reg. 8Ch)

payloads consist of 10 bits for rail C. VOUT_RPT should read

Bits Btz | Bit6 | Bits | Bit4 | B3 | Bit2 | Bt | Bio
Name VOUT_RPT_LSB_C
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

VOUT_RPT[9:0] = VOUT_RPT_MSB[1:0[+VOUT_RPT_LSB[7:0
[7:0] VOUT_RPT VOUTEV)=[\/OEJT_RPT[§O]x5an ol —RPTLSETe)
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Register Address: 8Dh
Description: Protection indicator of rail C.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name PRT_FLAG_C
Default Value current status
Read/Write R | Rw | RW | R | R | R | R | R
Bits Name Description
[7] Reserved Reserved bit
[6] = 0: No occurrence of VRHOT warning
[6] VRHOT assertion [6] = 1: Occurrence of VRHOT warning
This bit is writeable 1b to clear.
[5] = 0: No occurrence of OCP warning
[5] OCP_WARN assertion [5] = 1: Occurrence of OCP warning
This bit is writeable 1b to clear.
[4] = 0: No occurrence of OTP
[4] oTP [4] = 1: Occurrence of OTP
[3] = 0: No occurrence of UVP
3] uvpP [3] = 1: Occurrence of UVP
[2] = 0: No occurrence of OVP
[l OvP [2] = 1: Occurrence of OVP
[1] = 0: No occurrence of OCP
[l OCP [1] = 1: Occurrence of OCP
[0] = 0: No occurrence of SSOCP
[0l SSOCP [0] = 1: Occurrence of SSOCP
Register Address: 8Eh
Description: SVI3 NACKs states of rail C. (Same as SVI3 Reg. 11h.)
Bits Btz | Bit6 | Bit5s | B4 | B3 | Bit2 | BitL | BitO
Name SVI3_NACK_STATUS C
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:6] Reserved Reserved bits
[5] = 1: Communication Error: Command before ACK
[4] = 1: Communication Error: Framing Error
[5:0] SVI3_NACK_STATUS [3] = 1: Communication Error: CRC Error

[2] = 1: Invalid Command: Undefined Register Command
[1] = 1: Invalid Command: Undefined Payload
[0] = 1: Invalid Command: Not Executable / Not Supported
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Register Address: 9Ch
Description: 9 bit fixed VID (Reg. 9Ch + Reg.

9Dh). Set maximum voltage in fixed VID mode of rail C.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | BitL | Bit0
Name VFIX_MAX_LSB_C
Default Value OXFF
Read/Write Rw | Rw | RW | Rw | RW | RW | RW | RwW
Bits Name Description
VFIX_MAX[8:0] = VFIX_MAX_MSBI[0]+VFIX_MAX_LSB[7:0]
Voltage of fixed VID max mode = OV when receiving an off code
[7:0] VFIX_MAX_LSB (VFIX_MAX[8:0] = 000)
Voltage of fixed VID max mode = 0.245V+VFIX_MAX[8:0]x5mV,
voltage ranges from 0.25V to 2.8V.

Register Address: 9Dh
Description: 9 bit fixed VID (Reg. 9Ch + Reg.

9Dh). Set maximum voltage in fixed VID mode of rail C.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VFIX_MAX_MSB_C

Default Value 0x01

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

[7:1] Reserved Reserved bits

[0]

VFIX_MAX_MSB

VFIX_MAX[8:0] = VFIX_MAX_MSBI0]+VFIX_MAX_LSB[7:0]
Voltage of fixed VID max mode = OV when receiving an off code
(VFIX_MAX[8:0] = 000)

Voltage of fixed VID max mode = 0.245V+VFIX_MAX[8:0]x5mV,
voltage ranges from 0.25V to 2.8V.

Register Address: 9Eh
Description: It is used to set over-current warning hysteresis of rail C.

Bits Btz | Bit6 | Bits | B4 | Bit3a | Bit2 | Bit1 | B0
Name OCP_WARN_HYS_C
Default Value 0x00
Read/Write Rw | RW | RW | RW | RW | RW | RW | Rw
Bits Name Description

1LSB =1_OUT_SCALE/384 A
[7:0] OCP_WARN_HYS The default value can be set by NVM. (Page 05).
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Register Address: 9Fh
Description: Set IGNORE_PSI7, FORCE_PSI7, SVI3_I2C_VRHOT and SVI3_I2C_OTP.

Bits Btz | Bit6 | Bits | B4 | B3 | Bit2 | BitL | B0
Name MISC_C
Default Value 0x00
Read/Write R | R | R | R | RW | RW | RW | Rw
Bits Name Description
[7:4] Reserved Reserved bits
[3] = 0: Disable, Follow SVI3 power states (default)
[3] = 1: Enable, VR ignores PSI7 command and operates in full
hase count when receiving the PSI7 command. The SVI3
3] IGNORE_PSI7 FI;egister PSI state follows gVI3 command and ACK PSI change
command.
The default value can be set by NVM. (Page 05).
[2] = O: Disable, Follow SVI3 power states (default)
[2] = 1: Enable, Fixed in PSI7 and ignore other PSIx command. VR
always enables smart phase management function. The SVI3
[l FORCE_PSI7 RegiZter PSI state foIIo?/vs SVI3 cor%mand and ACK PSI change
command.
The default value can be set by NVM. (Page 05).
It is used to set VRHOT threshold control mode.
1] = 0: SVI3 (default
[1] SVI3_I2C_VRHOT H _ 1 12C ( )
The default value can be set by NVM. (Page 05).
It is used to set OTP threshold control mode.
0] = 0: SVI3 (default
[0] SVI3_I2C_OTP {0} — 1. 12C ( )
The default value can be set by NVM. (Page 05).
VR Operation mode:
FORCE_PSIO | IGNORE_PSI7 FORCE_PSI7 | VR Operation mode
Disable Disable Disable Follow SVI3 power states.
Disable Disable Enable Force PSI7.
Disable Enable Enable Follow SVI3 power states.
Enable Disable Disable Force PSIO.
Enable Disable Enable Force PSIO.
Enable Enable Disable Force PSIO.
Enable Enable Enable Force PSIO.
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Register Address: Alh
Description: It is used to set VRHOT threshold of rail C.

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name VRHOT_TH_C
Default Value 0x8C
Read/Write Rw | RW | RW | RW | RW | RW | RW | RW
Bits Name Description
Voltage regulator hot warning threshold when control mode is 1°C.
VRHOT Threshold = Reg[7:0]-40°C
[7:0] VRHOT_TH [7:0] = 00h: Disabled
[7:0] = 8Ch: 100°C (default)
The default value can be set by NVM. (Page 05).

Register Address: A2h
Description: It is used to set OTP threshold of rail C.

Bits Btz | Bit6 | Bits | B4 | B3 | Bit2 | BitL | B0
Name OTP_TH_C
Default Value OxA5
Read/Write Rw | RW | RW | RW | RW | RW | RW | RW
Bits Name Description
Over-temperature protection threshold when control mode is 1°C.
OTP_TH Threshold = Reg[7:0]-40°C
[7:0] OTP_TH [7:0] = O0h: Disabled
[7:0] = A5h: 125°C (default)
The default value can be set by NVM. (Page 05).

Register Address: A9h
Description: System power reporting consists of a 10-bit encoding mapped to P_SYS_SCALE. PSYS_RPT should
read PSYS_RPT_MSB first and then read PSYS_RPT_LSB. (Reg. A9h+Reg. AAh)

Bits Btz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Name PSYS_RPT_MSB
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description
[7:2] Reserved Reserved bits

PSYS_RPT[9:0] = PSYS_RPT_MSBJ1:0]+PSYS_RPT_LSBJ[7:0]
[1:0] PSYS_RPT PSYS(W) = PSYS_RPT[9:0]xMAX_POWER/1023

Note: MAX_POWER = 3FFh of selected system power scale
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Register Address: AAh
Description: System power reporting consists of a 10-bit encoding mapped to P_SYS_SCALE. PSYS_RPT should
read PSYS_RPT_MSB first and then read PSYS_RPT_LSB. (Reg. A9h+Reg. AAh)

Bits Btz | Bit6 | Bit5s | B4 | B3 | Bit2 | BitL | B
Name PSYS_RPT_LSB
Default Value current status
Read/Write R | R | R | R | R | R | R | R
Bits Name Description

PSYS_RPT[9:0] = PSYS_RPT_MSBJ[1:0]+PSYS_RPT_LSBJ[7:0]
[7:0] PSYS_RPT PSYS(W) = PSYS_RPT[9:0]xMAX_POWER/1023

Note: MAX_POWER = 3FFh of selected system power scale
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Thermal Considerations i:z Four_L;yer PCB |
The junction temperature should never exceed the 40

absolute maximum junction temperature TJMAX), listed 35

under Absolute Maximum Ratings, to avoid permanent 30 \

damage to the device. The maximum allowable power 25

2:0 \
15 \

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

Maximum Power Dissipation (W)

1.0

temperatures. The maximum power dissipation can be 05

calculated using the following formula : 0.0

. T A/ 0 25 50 75 100 128
DMAX) = (Tamax) — Ta) / 82a Ambient Temperature (°C)

where TJ(MAXx) is the maximum junction temperature, TA

is the ambient temperature, and 6Ja is the junction-to- Figure 37. Derating Curve of Maximum Power

ambient thermal resistance. Dissipation

For continuous operation, the maximum operating
junction temperature indicated under Recommended
Operating Conditions is 125°C. The junction-to-
ambient thermal resistance, 6Ja, is highly package
dependent. For a WQFN-60L 7x7 package, the thermal
resistance, 0Ja, is 25.5°C/W on a standard JEDEC 51-
7 high effective-thermal-conductivity four-layer test
board. The maximum power dissipation at Ta = 25°C
can be calculated as below:

Ppmax) = (125°C - 25°C) / (25.5°C/W) = 3.92W for a
WQFN-60L 7x7 package.

The maximum power dissipation depends on the
operating ambient temperature for the fixed Tjmax) and
the thermal resistance, 6Ja. The derating curves in
Figure 37 allows the designer to see the effect of rising
ambient temperature on the maximum power
dissipation.
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Outline Dimension
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DETAIL A
Pin #1 10 and Tie Bar Mark Options

Mote - 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

0.150 0.250 0.006 0.010

D 6.900 7.100 0.272 0.280

D2 5.650 5.750 0.222 0.226

E 6.900 7.100 0.272 0.280

E2 5.650 5.750 0.222 0.226
e 0.400 0.016

0.350 0.450 0.014 0.018

H 0.250 0.350 0.010 0.014

W-Type 60L QFN 7x7 Package
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Footprint Information

Ax

B

}ﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂ[

0000000000000z

[I00000000000ot

y By Ay

JJ00000000000TT

el ]

é*l ‘

Number

Footprint Dimension (mm)

Package f Pi Tolerance
orFin P Ax Ay Bx By C D Sx Sy
VIW/UIXQFN7*7-60 60 0.40 | 780 | 7.80 | 6.10 | 6.10 | 0.85 | 0.20 | 5.70 | 5.70 +0.05
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Packing Information

Tape and Reel Data

ft— P —] PIN 1 / \
P \ / e \ L
— - “ ~ .' | " Sl "‘ | e
/0|0 OO0 O 0O\NO Of Al L& ) | B
I\ - 5 - III I'. , rd |'I
\\. O ® O O \ Wi \ / -
'| ‘| \ /
l /
,. 2 L
— e
Feed Direction > - " -
arrier Tape
END Round Sprocket Holes START
R R R R R T A e A
o T r
aianl sulantaunnniing
. L Lo beei o
i |
L‘L_J I_L_.u I_l__l L_L_.l .L !._L_a LJ,.:
Trailer Leader
~—160 mm minimum, —=~—Components —~——600 mm Minimum, ——-
Package Tape Size Pocket Pitch | Reel Size (A) Units Trailer | Leader | Reel Width W2)
Type (W1) (mm) (P) (mm) (mm) | (n) | PerReel (mm) | (MM) | Min/Max. (mm)
QF';‘)/(SFN 16 12 330 13 2,500 160 600 16.4/18.4
F P H ; :
[— — 2. — C, D and K are determined by component size.
B S A v A ] o I i i The clearance between the components and
o o T o4 the cavity is as follows:
* - For 16mm carrier tape: 1.0mm max.
“eNtoltolltoliollo
i | |
e K
. W1 P B F H
Tape Size )
Max. Min. Max. Min. Max. Min. Max. Min. Max. Max.
16mm 16.3mm |11.9mm |12.1mm| 1.65mm | 1.85mm | 3.9mm | 4.1mm | 1.5mm | 1.6mm 0.6mm
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Tape and Reel Packing

Step Photo / Description Step Photo / Description
1 4
Reel 13" 1 reel per inner box Box G
2 5
HIC & Desiccant (2 Unit) inside 6 inner boxes per outer box
3 6
Caution label is on backside of Al bag Outer box Carton A
Container Reel Box Carton
Package Size | Units ltem | Weight(kg) | Reels | Units Item Weight(kg) | Boxes | Units
QFN and DFN 7x7 13" | 2,500 Box G 1.11 1 2,500 | Carton A 7.4 6 15,000
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Packing Material Anti-ESD Property

Sqrface Aluminum Bag Reel Cover tape | Carrier tape Tube Protection Band
Resistance
Q/cm? 10% ~ 101 104 ~10" | 10*~10" | 10%~10' | 10*~10% 10% ~ 101

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 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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