MP2953B

Digital Multi-Phase Controller
with PMBus Interface for VR12.5

The Future of Analog IC Technology =

DESCRIPTION

The MP2953B is a digital multi-phase controller
that provides power for the core of the INTEL
VR12.5 platform. It works with MPS’ Intelli-
Phase products to complete the multi-phase VR
solution with minimal external components. It
can be configured for 1 ~ 6 phase operation.

The MP2953B provides on-chip EEPROM to
store and restore device configurations. Device
configurations and fault parameters are easy to
program or monitor using the PMBus interface.
The MP2953B monitors and reports the output
current through CS output from Intelli-Phasée
products.

The MP2953B is based on a unique. digital
multi-phase, non-linear control to provide fast
transient response to load transient “with
minimal output capacitors. With only.one power
loop control method for both-steady state and
load transient, the power loop compensation is
easily configured.

FEATURES

6-Phase Digital PWM Controller

Intel's VR12.5 Compliant

PMBus Compliant

Serial VID Interface for Programming and
Monitoring

Pin Programmable SVID registers

e Built-Inn., EEPROM to Store Custom

Configurations
e Automatic Loop Compensation
o Less External Components than

Conventional.Analog Controllers

e Phase-Shedding at Light Load fo Provide
High Efficiency

¢ Phase-to-Phase Active Current Balancing

e Input.and Output Voltage,  Current, and
Power Monitoring

e Regulator Temperature Monitoring

¢ Open-Drain FAULT# Signal for Fault
Notification

¢ RVP/OVP/UVP/OCP/OTP/UVLO Protection
with .Options of No Action, Latch, Retry, or
Hiccup

e Adjustable Load-Line Regulation

¢ RoHS Compliant 5Smmx5mm QFN-40

APPLICATIONS

Server Core Voltage

Graphic Card Core Regulators
Telecom and Networking Systems
Base Stations

All MPS parts are lead-free, halogen-free, and adhere to the RoHS
directive. For MPS green status, please visit the MPS website under
Quality Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mps MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

TYPICAL APPLICATION
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Figure a: 6 Phase application
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mps MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5
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Figure b: 4 Phase application
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l'l'll’E MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

ORDERING INFORMATION

Part Number() PACKAGE Top Marking
MP2953BGU-xxxx("") QFN-40 (5mmx5mm) See Below

* For Tape & Reel, add suffix (e.9. MP2953BGU-xxxx(")-Z).

**: "xxxx” is the configuration code identifier for the register settings stored in the EEPROM. For the default case,

“yn

the number will be “0000.” Each “x” could have a hexadecimal value between 0 & F. Please work with the MPS
FAE to create this unique number even if ordering the “0000” code.

TOP MARKING

MPSYYWW
MP2953B
LLLLLLL

MPS: MPS Prefix

YY: Year Code

WW: Week Code
MP2953B: Part Number
LLLLLLL: Lot Number

PACKAGE REFERENCE

#gefcfiiid
SESEEEEEEE
cs5[ 1) (%] scL_P
Ccs4[2 ) (=] spbA P
€s3 [3) (=] ALT_P#
cs2[4) (=7] pGND
Ccst[5) (25| VRRDY
VDIFF [6 ) AGND (%] VRHOT#
VFB[7 ) (4] VRFLT#
VOSEN [8) (=] ALT#
VORTN[9) (=] sbio
CS_SUM [10 D 1] sCcLK
][] fo] ] [ (o] o] ol fo] fo
E z o o z 0o O L o o
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MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

ABSOLUTE MAXIMUM RATINGS
VDD50.......cvmieiciciienicieis -0.3Vto +6.5 V
VDD18....ooicceee -0.3Vto +2.0V
CS1 to CS6, PWM1 to PWM6, FB, VDIFF,
VOSEN, VORTN, SCL_P, SDA P, ALT_P#,

CCM, EN, VDD33........cceerrrnnn —-0.3Vto +3.6 V
All Other Pins........cccooevveeennnneen. -0.3Vto +1.8V
Continuous Power Dissipation (Ta= +25°C) 2)

....................................................... 34 W
Junction Temperature..............cccceeeeene 150°C
Lead Temperature .........ccccccvvvvrvivineeeennnnn. 260°C
Storage Temperature.............. —65°C to +150°C
Recommended Operating Conditions 3)

VDD50. ... e eciieeiie et +5V

Operating Junction Temp. (T,). -10°C to +125°C

Thermal Resistance ™ 6,0 " 8.c
QFN-40 (5mmx5mm).............. 36,4 5. °C/W

Notes:

1) Exceeding these ratings may.damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 8ja, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Po (MAX) = (T,
(MAX)-Ta)/6,a¢ Exceeding the maximum allowable power
dissipation.produces an excessive die temperature, causing
the regulator to go into thermal shutdown. Internal thermal
shutdown cifcuitry  protects the device from permanent
damage.

3) The device is not guaranteed to function outside of its
operating conditions.

4) ‘Measured on JESD51-7; 6-layer. PCB.

MP2953B Rev. 1.02
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mpj MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

ELECTRICAL CHARACTERISTICS
VDD50=5V,EN =1V, VID = 0.50 V to 2.6 V, Current going into pin is positive, T, =-10°C-to0.125°C,
unless otherwise noted.

Parameter | Symbol | Condition | Min | Typ | Max | Units
REMOTE SENSE AMPLIFIER

Bandwidth® GBW rsa) 20 MHz
VORTN Current ——" -70 -400 uA
VOSEN Current lvosen 70 400 LA
OSCILLATOR

Frequency fosc IREF=1.23V; RIREF=61.9kQ | 1/56 MHz
SYSTEM INTERFACE CONTROL INPUTS

EN

Input Low Voltage VILEn) 0.4 Vv
Input High Voltage VIHEN) 0.8 Vv
Enable High Leakage IIHEnN) EN=2V 3.6 MA
Enable Delay Ta EN'High to S8VID Ready 2 5 ms
THERMAL THROTTLING CONTROL

?fpig;fc'éow Output Warors = 20mA| Ta= 25°C 8 12 Q
RO High Leakage VRHOT 1.8V 3 3 uA
IMON OUTPUT

Measured from Ics_sun to

Current Gain Accuracy Imon/lcs_sum ok les sum=1.2mA 1:32 A/A
COMPARATOR (VFB & VREF)
Propagation Delay®) teo 10 ns
Common-Mode Range 0 2.6 Vv
COMPARATOR (VFB & VREF-20mV)
Propagation Delay(® teD 10 ns
Common-Mode Range 0 2.6 V
COMPARATOR (Protection)
Under-Voltage Relative to Reference DAC _
Threshold yorrr (BV) Voltage 300 mv
Relative to Reference DAC 300 mv
Voltage
Over-Voltage Threshold Voirr (OV) - -
Relative to Protection DAC
400 mV
Voltage
MP2953B Rev. 1.02 www.MonolithicPower.com 6
11/11/2019 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2019 MPS. All Rights Reserved.

Greenthread Ex 2019, p. 6 of 31
MPS v. Greenthread
IPR2024-00551



mpj MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

ELECTRICAL CHARACTERISTICS (continued)
VDD50 =5V, EN =1V, VID = 0.50 V to 2.6 V, Current going into pin is positive, T, =-10°C to 125°C,
unless otherwise noted.

Parameter Symbol Condition Min Typ Max Units
Relative to RTN, VDIFF is
: 0 mV
Reverse Voltage v Falling
Detection Threshold® OSENED T Relative to RTN, VDIFF is
o ’ 30 mV
Rising
CCM OUTPUT
Output Low Voltage VoL lcemsing = 400 pA 10 500 mV
Output High Voltage Vo lcemsource) = -400 pA 3 vg%:;& V
PWM OUTPUTS
Output Low Voltage VoL pwm) Ipwmsing = 400 pA 10 200 mV
Output High Voltage VoH (pwwm) Irwmsource) = -400 pA 3.15 Vlg%?éS_ "
Rise and Fall Time® C =910pF 10 ns
PWM Tri-State Leakage PWM'= 1.5V; EN = 0V 1 1 MA
SUPPLY
Supply Voltage Range VDD50 4.5 5 5.5 \Y,

EN=High. Both the SVID
Bus and-the Internal ID Bus

Supply Current Ivooso are Idle. No-Load Condition. 16 mA
6-Phase Configuration.

UVLO Threshold Voltage VDDuvio VDD50 is Rising 413 4.5 V

UVLO Hysteresis®) VDDuvio | VDD50 is Falling 180 mV

1.8V REGUEATOR

1.8V Regulator Output _

Voltage VDD18 Ivopis = OMA 1.8 \Y,

1.8V Rggulator Load Woots  |VOL = VOD18- 40mV 30 mA

Capability

3.3V REGULATOR

3.3V Regulator Output _

Voltage VDD33 Ivopaz = OmA 3.3 \%

3.3V Regulator Load lvopss /| VOL = VDD33 - 40mV 30 mA

Capability

MP2953B Rev. 1.02 www.MonolithicPower.com 7
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mpj MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

ELECTRICAL CHARACTERISTICS (continued)
VDD50 =5V, EN =1V, VID = 0.50 V to 2.6 V, Current going into pin is positive, T, =-10°C to 125°C,
unless otherwise noted.

Parameter | Symbol |Condition | Min | Typ | Max | Units

SVID Interface®

CPU Interface Volt Vi Logic Low 0.45 v

nterface Voltage —

(SDIO, SCLK) ViH Logic High 0.65 \Y;
Vhyst | Hysteresis 50 mv

Termination Resistance

(SDIO, SCLK, ALT#)®) Reu 50 55 TBD 0

Leakage Current

(SDIO, SCLK, ALT#) L | OVtoVTT -10 10 uA

Pad Capacitance

(SDIO, SCLK, ALT#) Ceap 4 oF

Pin Capacitance

(SDIO, SCLK, ALT#)® Cen 5 oF

Buffer On Resistance Ron . \ o

(SDIO, SCLK, ALT#)®
Maximum voltage

Transient Voltage including

(SDIO, SCLK, ALT#) Vuax | Ringing 0.3 21 v
Slew Rate

(SDIO, SCLK, ALT#)®) 2nH, 4pF Load 0.5 2 V/ns
VR Clock to Data Delay® 4 8.3 ns
Setup Time 7 ns
Hold Time 14 ns
DAC (Reference Voltage)

Range 2.88 v
Resolution per'l.SB 10 mV
Output Voltage' Slew'Rate(®) 100 mV/us
DAC (Vout Calibration)

Range 350 mV
Resolution 8 bit
DAC (Protection)

Range Adjustable via the PMBus 0.97~3.54 v
Resolution 10 mV
MP2953B Rev. 1.02 www.MonolithicPower.com 8
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mpj MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

ELECTRICAL CHARACTERISTICS (continued)
VDD50 =5V, EN =1V, VID = 0.50 V to 2.6 V, Current going into pin is positive, T, =-10°C to 125°C,
unless otherwise noted.

Parameter | Symbol | Condition | Min | Typ | Max I Units
Power Management Features
VIN JVLO Turn-On Adjustable via the PMBus 102 v
\T/L'\r'egt\]/(';ldo Turn-Off Adjustable via the PMBus 9 Vv
Thermal Protection
Threshold DBh = 961Eh 150 °C
E;gtr;"rjs": rotection DBh = 961Eh 30 °C
PMBus DC Characteristics (ALT_P, SDA_P, SCL_P)
Input High Voltage \ SCL_P, SDA_P 24 V
Input Low Voltage Vi SCL_P, SDA_P 08 \
Input Leakage Current SCL_P, SDA_P,ALT_P -10 10 MA
Output Low Voltage VoL ALT_P Sinks 2mA 400 mV
Maximum Voltage Vivax Eﬁgﬁ:‘;m Voltage  including,._ 5 3.3 5% v
Pin Capacitance(®) Cein 10 pF
PMBus Timing characteristics®
Dperating Frequency Range 10 400 kHz
Bus Free Time Perioq_between Stop and Start 4% us
Condition
Holding Time 4.0 us
Repeatgd Start < Condition 47 us
Setup Time
Stop Condition Setup Time 4.0 us
Data Hold Time 300 ns
DataSetup Time 250 ns
Clock Low Time Out 25 35 ms
Clock Low Period 4.7 us
Clock High Period 4.0 50 us
Clock/Data Fall Time 300 us
Clock/Data Rise Time 1000 us
Notes:

5)  Guaranteed by design or characterization data, not tested in production.
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mps MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

TYPICAL PERFORMANCE CHARACTERISTICS

Steady State Steady State Steady State

V|N= 12V, VOUT= 1.8V, L= 150nH, V|N= 12V, VOUT= 1.8V, L= 150nH, V|N= 12V, VOUT= 1.8V, L= 150nH,

Cout = 40x47pF+20x22)F, Fgy = 500kHz,  Coyt = 40x47uF+20x220F, Fgyy = 500kHz,  Cout = 40x47PF+20X22F, Fgyy = 500kHz,
lOUT = 160A, PS0O IOUT = 20A, PS1 |OUT = 5A, PS2

Vout(AC)
10mV/div.

Vout(AC)
10mV/div.

VouTt(AC) i
10mV/div. i

ey 2 b e s

Vewm1

3V/div. |

Vewmz
3V/div.

Veom
3V/div. |

2us/div. 2us/div 2us/div.

Enable On Enable Off Transient

V|N= 12V, VOUT: 1.8V, L= 150nH, V|N= 12V, VOUT= 1.8V, L= 150I’IH, VIN: 12V, VOUT: 1.8V, L= 150nH,

CouT = 40x47uF+20x22uF, Fgyy = 500kHz  Cout = 40x47uF+20x22uF, Foyy = 500kHZ  Cout = 40x47F+20x22F, Fgyy = 500kHz,
|OUT =30 to181A

Vour
500mV/div. I

Vewm1
3V/div.

Vour§
500mV/div.

Vout
60m\V/div. 8
(Offset=1.8V)

VENABLE
5V/div.

500ps/div. 500ps/div. 8us/div.

OoCP SCP@ Enable On OVP
Vin = 12V, Vour = 1.8V, L= 1500H,
Cour = 40x47F+20x220F, Fgyy = 500kHz

Vour
500mV/div. ||

2V/div.
10ms/div. 400ps/div. 20ps/div.
MP2953B Rev. 1.02 www.MonolithicPower.com 10
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MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

UVP
VN =12V, VoyT = 1.8V, L = 150nH,
CouT = 40x47pF+20x22pF, Fgyy = 500kHz,

Vour

Vout
500mV/div. '}

Vest
600m\V/div. AR

100ps/div.

700mV/div. |

VN =12V, VoyT = 1.8V, L = 150nH,
CouTt = 40x47pF+20x22uF, Fgyy = 500kHz,

1s/div.

MP2953B Rev. 1.02
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MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

PIN FUNCTIONS

Pin # Name I/0 |Description
1 CS5 | Phase 5 Current Sense Input. Connect CS of the unused phase to. CS. SUM pin.
2 Cs4 | Phase 4 Current Sense Input. Connect CS of the unused phase to/CS_SUM pin.
3 CS3 | Phase 3 Current Sense Input. Connect CS of the unused phaseto CS_SUM pin.
4 CS2 | Phase 2 Current Sense Input. Connect CS of the unused phase to CS_SUM pin.
5 CS1 | Phase 1 Current Sense Input.
6 VDIFF O |Differential Remote Sense Amplifier Output.
Feedback. FB sources a current proportional. to the sensed output current
7 FB o) (Idroop). This current flows through the resistor between FB and VDIFF to create a
voltage drop proportional to the load-current. Ensure the resistor between VDIFF
and FB has a value that will set ajproperload line.
8 VOSEN | Positive Remote Voltage Sense Input. VOSEN is connécted directly tosthe VR
output voltage at the load and should be routed differentially with VORTN.
9 VORTN | Remote Voltage Sensing Return input. VORTN.is connected directly to ground
at the load and should be routed differentially. with. VOSEN.
Total Phase Curréent, which Monitors AVP. Connect the active phase CS signal
10 CS_SuUM | .
to CS_SUM through current-sense resistars.
11 VBOOT /O |Boot Voltage Setting.
Analog Total Load Current Signal:"IMON sources-a current proportional to the
12 IMON 1/0 |sensed total load current from CS_SUM. Connect-an external resistor from IMON
to GND to program the gain.
Analog Signal from the VR to the VID Controller to Indicate the Power Stage
13 TEMP | Temperature. The/MP2953B "only supports temperature sensing from Intelli-
Phase. Connect all.of Intelli-Phase’s~VVTEMP pins together to produce the
maximum junction temperature and then connect to TEMP.
14 VFS I/O| Switching Frequency Setting.
15 VINSEN | Inp_ut Vo_Itgge Sensing. Connect VINSEN to the system input voltage through a
resistor divider.
16 ADDR_P /O |PMBus'Address Setting.
17 ADDR. S I/O | SVID Address Setting.
18 IREF | Internal Bias Current..Connect an 61.9kQ resistor from IREF to GND.
1o \VDD18 o 1.8V LDO Output for Current Sense. Connect a 1yF bypass capacitor to digital
ground.
20 VDD50 | 5V Analog Power Supply. Connect a 10uF bypass capacitor to digital ground.
Source Synchronous Clock from the CPU. Frequency range from 10MHz to
21 SCLK
| 26MHz.
22 SDIO /0 |Data Signal between the CPU and VID Controller.
23 Alert. ALT# is an open-drain output. It is the alert signal from the VID controller to
ALT# O |the CPU.

MP2953B Rev. 1.02
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PIN FUNCTIONS

MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

Pin # Name 1/0 |Description

24 VRFLT# o VR Fault. VRFLT# is an open-drain output. When Vin or Vout OVP occurs,
VRFLT# is asserted to shut down the input power supply.
Voltage Regulator Thermal Throttling Logic Output. VRHOT# s an open-drain

25 VRHOT# O |output. VRHOT# pulls low actively if the monitored. temperature exceeds the
programmed VRHOT# temperature threshold.
VR Ready Output. VRRDY is an open-drain‘output that signals when the output
voltage is outside of the proper operating range. A VTT rail is expected for pull

26 VRRDY O . ] .
up; however, some systems may pull up to a maximum voltage of 3.3V with an
external pull-up circuit.

27 DGND I/O |Digital Ground.

28 ALT_P# O |Open-Drain Output that Asserts Low when a Warning has Occurred.

29 SDA_P I/O | Data Signal between the PMBus Controller and the'VID Controller.

30 SCL_P | Source Synchronous Clock from'the PMBus Controller.

31 CCM o Forced CCM Operations Enable. CCM stays high in power state 0'and 1. It pulls
low actively during PS2/3 to enable DCM operation.

32 PWM6 O

33 PWM5 O |Tri-State Logic-Level PWM Outputs. Each output is connected to the input of
Intelli-Phase’s PWM pin.

34 PWM4 o
The logic levels are 0V for low logic and 3.3V for high logic.

35 PWM3 O |The output. is set to tri-state (High-Z) to shut down béth the high-side MOSFET

36 PWM2 O |andthe low-side MOSFET of Intelli-Phase.

37 PWMA1 O
3.3V.LDO Output for the Internal Digital Power Supply. Connect a 1uF bypass

38 VDD33 (0] - "
capacitor to digital ground.

39 EN | Enable Control for the Controller.

40 CS6 | Phase.6 Current Sense Inputs. Connect CS of the unused phase to CS_SUM
pin.

PAD AGND I/0 | Analog Ground.

MP2953B Rev. 1.02

11/11/2019
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MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

OPERATION

The MP2953B is a digital multi-phase VR12.5
compliant controller for Intel microprocessors. It
operates in 1-, 2-, 3-, 4-, 5-, or 6-phase. It
contains blocks of precision DAC and ADC,
differential remote voltage sense amplifier, fast
comparators, current sense amplifiers, internal

PMBus interface, SVID interface, and EEPROM
for custom configuration.

Fault protection features include under-voltage
lockout (Vin-UVLO), over-current protection
(OCP), over-voltage protection”(OVP), under-
voltage protection (UVP), over-temperature

loop compensation, load-line setting, protection (OTP), and reverse-voltage
VR_Ready monitor, temperature monitor, protection (RVP).
VDD50 VDD33 AGND DGND VvDD18 EN

N

Power Vcc
& Oscillator
SCL_P
- PMBus Interface 123V— ] _IREF
SDA_P & Register
ALT_P# laor & 1:8
aroop
SCLK MEMORY ] Cs_sum
SDIO (EEPROM) ©
ALT# SVID Interface 132
VRRDY & Register
VRHOT# J moN
W:—»‘;a ” vr_settle ADDR_S
L,[ > >
ADDR_P
VRFLT# [ VBOOT
VFS
TEMP
Sensing VINSEN
& Monitor «..7 MUX cs1
cs2
cs3
Protection & cs4
FAULT Monitor cs5
cs6
Current Balancing
& Vout DC Calibration
Vac_trim laroop
DAC) =
7 $
n & T S {]FB
PWWM Generator ib .
& Phase Interleaving VDIFF
& Power State VID
N VOSEN
— @ Ond VORTN
Reference Generator &
Internal Loop Compensation _} Vae im

LAMd
ZNMd
E€INMd
YINMd
SWMd
9NMd

[l kele}

FIGURE 1. System Functional Block
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MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

EEPROM Operation

The MP2953B provides EEPROM for storing
application configuration parameters. The default
values are pre-programmed at the factory. The
data can be programmed again using
STORE_USER_ALL command via the PMBus.

EEPROM is read automatically during the power-
on sequence or by receiving the
RESTORE_USER_ALL command from the
PMBus. The state machine of the MP2953B is
shown in Fig. 2.

EEPROM operation is accomplished easily with
MPS GUI software.

EEPROM is subject to more than 100,000
erase/write cycles.

POR

EEPROM

Data Invalid FAULTS

Waiting
Fault Clear

Command on

Data is CK
Command
off

Command
off

Protect =1 Protect =1

Protect=1

Command off Protect =0

FIGURE 2. System State Machine

System Configuration

The MP2953B provides a differential output
voltage sense, an input voltage sense, and an
output enable function. Working with. the Intelli-
Phase (MPS Driver MOS), the MP2953B senses
the per-phase current and _the maximum
temperature among the power MOSFETs with
minimal external components. The PWM of the
MP2953B outputs. 3.3V compatible tri-state
signals before‘outputting power to the load.

The bootvoltage, per-phase switching frequency,
SVID address, and PMBus slave address can be
set using pin configurations or using the registers
via the PMBus.

The MP2953B can‘be configured as a 3~6phase
operation application via the PMBus (see Table

1)
TABLE 1. Phase Configuration and Active PWM

Pins

MFR_VR.CONFIG Phase Active PWM
[14:12] Number Pins
3'b100 2 1,3
3'b011 3 1,2,3
3’100 4 1,2,3,4
3’b101 5 1,2,3,4,5
3'b110 6 1,2,3,4,5,6

An unused PWM enters tri-state, and the active
phase becomes interleaving automatically.

Power-On Configuration

The MP2953B is supplied by +5V voltage, its
internal LDOs produce +3.3V voltage for the
analog circuit and +1.8V voltage for the digital
circuit. The system is re-set by the internal
power-on re-set signal (POR). After the system
exits POR, the data in the EEPROM loads to the
registers to configure the VR operation. If the
setting is loaded from pins, then resistors with
1% tolerance must be connected from VBOOT,
VFS, ADDR_S, and ADDR_P to ground in order
to set the parameters of the controller. The
initialization process takes 700ys.

MP2953B Rev. 1.02
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EEPROM Fault and Wait State

If the data in the EEPROM is invalid, the system
enters the EEPROM FAULT state and waits for
the error to clear. The data in the EEPROM is
ignored if the system detects an EEPROM fault.
The following 3 actions clear the EEPROM fault
in order to re-set with the default value in the
register:

1. Clear the EERPOM FAUTL via the PMBus;

2. Store the register data into the EEPROM via
the PMBus and re-start again;

3. Receive the SetVID command and run the
VR with default values in the registers.

Once the registers are loaded from the EEPROM,
the MP2953B enters a soft-start state. If any of
the conditions below occur, the system <will
remain in the waiting state until the conditions.are
removed:

1. Protection is triggered (i.e. the Sense input
voltage is under the VIN_ON threshold), or
the sensed temperature is wabove the
OTP_LIMI, OVP1. Thessystem. enters the
WAIT2 state until the protection signal is_re-
set.

2. The internal enable command is ‘off, the
system enters the “WAIT1 state. until the
enable command is on; the EEPROMwill be
read again.

Soft-Start (SS)

Before entering the power-active state, ~the
MP2953B executes the  soft-start process to
charge the output capacitor with ‘the
SetVID_Slow slew rate (until the' reference
reaches the boot voltage).

Fig. 3 shows the soft-start process with a pre-
bias function. The CCM signal is.low:to‘turn off all
phases until the reference. voltage. rises above
the output voltage.

Once the pre-bias is over, the controller sets
PWM1 high (with a narrow minimum on pulse).
The controller increases the on-time according to
the VID and sensed input voltage. In next cycle,
the controller triggers phase 2 to turn on and exit
tri-state. All other phases will exit tri-state in this
manner.

s s cai s,

FIGURE 3. Soft-Start with Pre-Bias

If“boot voltage is nonzero, the output voltage
ramps up to the boot voltage ‘and “asserts
ALERT#. ALERT# de-asserts after the STATUS1
register is read. When receiving. a new SetVID
command, ‘the «controller framps 40" the target
voltage with the rate of SVID_Fastor SVID_Slow.

If the boot voltage or the/ICC max is set initially
to+0,“the PWM is kept in tri-state until a valid
SVID voltage isreceived, and the ICC max is set
above 0. The controller then ramps the voltage to
the target value and,asserts ALERT#.

After the controller completes the soft-start
process, it is<ready to output power to the load
and assert VR_READY.

Power Active

The MP2953B applies a digital, non-linear control
to provide fast transient response and easy loop
compensation. The duty cycle of each phase’s
PWM updates in real-time, according to the input
voltage and reference voltage. Figure 4(a) shows
the steady-state performance with load current at
160A.

MP2953B Rev. 1.02
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Vout(AC)

R ™ P Y W A e P e A i A A s Pt

FIGURE 4(a). Steady State with Load @160A

Load transient performance is illustrated in
Figures 4(b)—(d). The MP2953B adaptively
changes the switching frequency of ¢each
individual phase during load transient to achieve
fast closed-loop speed. Only one set of. loop
compensation is needed, so it is very easy.to set
the loop parameter.

Fig. 4(b) shows no ring-back when the load steps
up from 36A to 180A. Fig: 4(c) shows that the
overshoot of the output-volitage is small during
load release. Fig. 4(d) shows the high-load
transient rate; the-output voltage is stable. The
MP2953B meets Intel VR12.5 standards with a
minimum number of output capacitors.

FIGURE 4(b). Load Step Up @ 1kHz

FIGURE 4(d). Load Step @1MHz

Power State Change

The SVID bus changes the VR into different
power states to achieve high efficiency during
light-load conditions. These states are entered by
programming the power-state register using
SVID’s SetPS command. The VR optimizes its
power loss to flatten the efficiency curve over the
operating current range with the power-state
commands issued by the CPU.

In PSO mode, all phases run in CCM. In PS1
mode (<20A load, typically), only one phase runs
with synchronous switching; the other phases are
in tri-state. In PS2 mode (<5A load, typically),
only one phase runs in the diode emulation mode;
the switching frequency decreases automatically
due to the light-load condition.

MP2953B Rev. 1.02
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During the dynamic VID transition issued by the
SVID commands of either SetVID Fast or
SetVID_Slow, the power state is changed to PS0
by default and runs in full-phase PWM mode.
Once the output is well regulated to the new
target voltage, the power state stays in PSO until
the CPU sends a new command to change the
power state.

The MP2953B implements the PSI function in the
following ways:

1) Tri-state of PWM: When the VR receives the
SetPS1 command, it sets PWM2~6 outputs to tri-
state (High-Z) or the third level;

2) CCM Control: When the VR receives the
SetPS2 command, phase 1 must enter DCM.
The VR will set PWM2~6 outputs to tri-state and
pull CCM low (which is connected to SYNC- of
Intelli-Phase). Then phase 1 will enter diode
emulation mode. Figures 5(a) and 5(b) show the
phase-shedding and phase-adding process when
the VR receives the SetPS command.

Three sets of registers are provided to set the
loop compensation of the. power state.
Customers can use the MPS GUI to set these
registers automatically. Customers only need to
select the fast transient performance loop or the
steady-state performance loop.

Initial @1.81V load = 5A.
PS0

,|vrw‘\|g\-1:\]-‘e-!‘-uy“f | u‘\‘ :y“\ ’:‘ln“\‘\

[ ——
I '

FIGURE 5(a). 1-Phase CCM >6-Phase ->1-Phase
CcCM

v

Initial @1.81V load = 5A.
PS0

FIGURE 5(b). 1-Phase DCM -> 6-Phase > 1-Phase
DCM

Shutdown

The MP2953B.enters shutdown mode in the
following ways:

1. When EN pulls low,.the VR .begins High-Z
shutdown.

2.. When the operation command is set to soft
off, the VR will soft shut down with the rate of
SVID_Slow.

3. When~the operation command is set to
immediate off, all PWM signals will enter tri-
state to turn off all phases.

4. UVP, VIN_UVLO, OCP, and OTP turn off all
phases immediately by forcing all PWM
signals to enter tri-state.

5. OVP1/2 forces all PWM signals low to turn off
all high-side MOSFETs and turn on all low-
side MOSFETs to discharge the voltage in
the output capacitor.

If the VR is shut off by the enable signal, it enters
the WAIT1 state after shutdown. The VR can be
re-started by setting the enable signal to high.
When enable is high, the system will read
EEPROM again.

If the VR is shut off by the protection signal, it
enters the WAIT2 state after shutdown. The VR
can be re-started by re-setting the protection
signals. Once the protection signals are re-set, it
takes 12.5ms before the soft-start begins. This
state occurs when the protection mode is set to
hiccup mode or retry mode.

MP2953B Rev. 1.02
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If the VR is in the WAIT2 state and the enable
signal is pulled low, the VR enters the WAIT1
state to wait for the system to re-start. This state
occurs if the protection mode is set to latch mode
or retry mode.

Output Voltage Sense

The output voltage is remote sensed with the
differential amplifier. The sensed output voltage
is used for loop compensation, over-voltage
protection, under-voltage  protection, and
monitoring via the PMBus.

The output voltage with the load-line regulation
component is compared with the reference
voltage from the VID-DAC. The error is converted
to a series of high-speed digital signals by the
special ADC.

The factory trimmed bandgap voltage reference
and differential remote sense amplifier ensures
precise setpoint and output voltage accuracy.

Input Voltage Sense

The 12V supply voltage on VINSEN is sampled
and wused for Vin_UVLO,.. Vin_OVP fault
protection, and monitoring via the PMBus.

A 16:1 attenuation network is/ connected. to
VINSEN (see Fig. 6). Recommended values for.a
12V system are Ryin 1= 15kQ and Ryin 2 = 1kQ,
with a 1% tolerance or better. Usually, Cyinsen is
not required..or ‘maybe populated up to a
maximum of 10nF for'noise suppression.

VIN =12V

VINSEN

Rvin_2

vin_sense

:|: Cvinsen

FIGURE 6. VIN Resistor Divider Network
Total Current Sense

The total current is sensed from CS_SUM; a
proportional current comes from IMON. Place a
resistor from IMON to ground to generate a
voltage proportional to the output current. The
IMON voltage is sampled and

converted by ADC and then converted to the
direct format or lccmax format for the current
report. The Rivon is calculated with equation (1).

5120
R0y =——(kQ) (1)

CCMAX

Where a 1 by default. (which can be used to
increase the current report.resolution).

The current report for the CPU is used to avoid
exceeding <the . thermal design point and
maximum’ current capability of the system. Also,
the current report is used for total current fault
protection.

The MP2953B containsa user-programmable
scaling factor and a programmable current/offset.
The programmable parameters allow_users: to
match the IMON scaling to the design’s voltage
regulator tolerance 'band (VRTOB). calculation.
This provides the ' most accurate current reporting
across the entire load range and maximizes the
performance of Intel turbo.

Inductor Current Sense

The MP2953B.works with MPS Intelli-Phase to
sense the phase inductor current and the total
current (see Fig. 7). The cycle-by-cycle current
information is used for phase-current balancing,
over-current protection, and active voltage
positioning:(output-voltage droop).

The current sense gain is 10puA/A for Intelli-
Phase products. The resistor Rcs is connected
from CS to CS_SUM. CS SUM is a 1.23V
constant voltage, and it is capable of sinking
small current to provide voltage shifts that meet
the operating voltage range of CS.

Different Intelli-Phase products have different
operating voltage ranges of CS, Vc¢s min, and
Vcs wax. Refer to each Intelli-Phase’s datasheet
to determine the minimum and maximum
operating voltage range. Use equation (2) to
determine a proper Rcs value:

VCS_MIN <legRes +1.23V < VCS_MAX
les = |, x10x107°

(2)

Paired with Intelli-Phase, the MP2953B does
NOT need temperature  compensation

MP2953B Rev. 1.02
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and impendence matching to achieve accurate
current sense.

+5V VIN

MP2953

_’_“‘:E;E‘ Intelli -Phase

FIGURE 7. Current Sense with Intelli-Phase
Temperature Sense

The MP2953B measures the external
temperature by connecting all the Intelli-Phase
VTEMP (see Fig. 8). The sensed temperature’is
used for over-temperature fault protection; and
the assert VRHOT# signal is used for the CPU.

+5V VIN

MP2953

TEMP [

Intelli -Phase

FIGURE 8. External Temperature Sense

VTEMP of Intelli-Phase ‘is 7a voltage output
proportional to the junction ‘temperature. The
junction temperature can be calculated from
equation (3):
Vigwe +100mV

10mV/°C (3)
for T nerion >10°C

T

JUNCTION —

For example, if the VTEMP voltage is 700mV, the
junction temperature of that Intelli-Phase is 80°C.
VTEMP can NOT go below 0V, so. it will.read 0V
for junction temperature lower-than 10°C.

Dynamic Voltage Identification (DVID)

The MP2953B supports Dynamic VID change
through three SVID commands: SetVID Fast,
SetVID_Slow, and:SetVID Decay. By default, the
slew rate for SetVID Fast is 20mV/us; the slew
rate for SetVID_Slow./is 5mV/us; the slew rate for
SetVID_Decay is déetermined by the load current
and output capacitor bank.

If the VR receives a SetVID_Fast/Slow command
in‘a low-power state (PS1/2/3), the VR will enter
PS0O .then change voltage, so it will always
operate in fullkphase. PWM mode _during a
voltage change by SetVID_Fast/Slow.

During dynamic VID, OVP2' (which is VID
+300mV) ‘is. temporarily / disabled: However,
OVP1*(which is VOUT-MAX +#400mV) remains
enabled.

The “MP2953B applies. an advanced digital
control method..to improve the output voltage
pefformance during. SetVID_Fast/Slow voltage
changes.

Ramping Up

When thewoutput voltage is ramping up, the
inductor current becomes higher to charge the
output capacitors. This current introduces a large
positive droop voltage and lowers the output
voltage. Once ramping ends, the output voltage
may be smaller than the minimum regulation
tolerance budget (5us after Alert#), which is
unacceptable.

Ramping Down

When the output voltage is ramping down, the
inductor current becomes smaller to discharge
the output capacitors (which will continue to
discharge the output capacitors when ramping
ends and may lead to an output-voltage
undershoot.

The MP2953B applies a low-pass filter for the
VID-DAC to smooth out the reference voltage
when the output voltage is ramping down.

MP2953B Rev. 1.02
11/11/2019

www.MonolithicPower.com 20
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2019 MPS. All Rights Reserved.

Greenthread Ex 2019, p. 20 of 31
MPS v. Greenthread
IPR2024-00551



mes

MP2953B — DIGITAL PWM CONTROLLER WITH PMBUS FOR VR12.5

Fig. 9 shows the output voltage of SetVID Fast
upward following the completion of the previous
SetVID_Fast downward (SR = 20mV/us).

i PWIM

FIGURE 9. SetVID_Fast Downward - SetVID_Fast
Upward

If the controller receives a SetPS command while
the output voltage is ramping from the previous
SetVID command (except for the SetVID Decay
command), then the controllerwill'send a reject
response (see Fig. 11(b)) to the SetPS command
as an indication that it.cannot. carry out the
command.

Figures 10(a) and10(b).show different categories
of decay preemption. The dynamic VID process
is very smooth as there is no undershoot or
ringback of the output voltage during the
transient.

FIGURE 10(a). Decay (Interrupted)—>SetVID_Fast
(Interrupted)—>SetVID_Fast (Finished)

fast

_ Setvid_fast

FIGURE 10(b). SetVID_Fast (Interrupted) = Decay
(Interrupted) > SetVID: Fast (Finished) >
SetVID Fast (Finished)

PMBus & SVID.Communication

The MP2953B supports real-time monitoring for
the VR operation parameters and_status with the
PNBusand" SVID interface. ‘Table 2 lists the
monitored parameters.

TABLE 2. PMBus & SVID Monitored Parameters

Parameter PMBus SVID
Output Voltage X X
Output Current X X

Output Power X X
Temperature X X
Input Voltage X X
Phase1~6 current X
POWERGOOD X X
(0)Y] X
oC X X
uv X
oT X X
CML X

Fault Monitoring and Protection Features

The MP2953B supports fault monitoring and the
following protection features:

® Vin UVLO:

a) The VR shuts off immediately if the input
voltage is below VIN_OFF, and it re-
starts when the input voltage is above
VIN_ON.

MP2953B Rev. 1.02
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b) The VR latches if the input voltage is
above VIN_OV_FAULT_LIMIT.

c) The VR is warned if the input voltage is
below VIN_UV_WARNING_LIMIT.

® Under Voltage: When the output voltage is
below VID — 300mV for a pre-set time, the VR
either latches off or re-starts depending on
the user selection via the PMBus.

® Over Voltage:

a) When the output voltage is above VID +
300mV for a pre-set time, the VR latches
off (with all the low-side MOSFETs
turned on). It can be programmed to re-
start after the fault condition clears.

b) When the output voltage is above
Vout_Max + 400mV for another pre-set
time, the VR latches off (with all the low-
side MOSFETSs turned on).

® Reverse Voltage: All the low-side MOSEETs
turn off if the output voltage is below 30mV.

® Over Current: When the total current is
above the OCP level for a pre-set time, the
VR latches off or re-starts.

® Over-Temperature Indicator (VRHOT#,
Active Low): When-the temperature is above

OTP_LIMIT, the’ VR «latches until the
temperature <falls. below  OTP_LIMIT-
OTP_HYS.

® Fault# Signal (CFP): When Vin_is above
VIN_OV_FAULT LIMIT or'the 0utput voltage
is .above Vout Max +400mV, then Fault#
pulls low actively.

CML: The PMBus communication fault.

EEPROM Fault: The data in the EEPROM is
invalid.

All fault conditions can be monitéred.via the
PMBus.

OVP, OCP, and UVP modes-have options of no
action, latch, retry, or hiccup mode. After the fault
condition clears, the MP2953B waits12.5ms
before attempting to re-start again. A 12.5ms
delay ensures a sufficiently low duty-cycle stress
rate to prevent regulator components from being
damaged by power cycling.

For latched protection ~mode, external
intervention is required to clear the latch before
the VR can re-start again. External intervention
includes the enable signal.toggle, controller
power-supply recycle, or /input-voltage supply
toggle.

The fault status is record<in the registers. Once
triggered, the fault registers report faults even if
the fault condition. no longer exists. Fault
registers may‘be cleared manually by issuing a
fault clear’ command, controller power-supply
cycle, orithe enable signal toggle (either by EN or
command enablée toggle).

The following is a brief'description of each fault:
Over-Voltage Protection (OVP)

The OVP circuit monitors the output voltage for
an over-voltage condition. The. over-voltage
signal generationis shown in Fig. 11.

VOUT_MAX:+400mV.
»1DAC
VDIFF

300mV ——»@

VID, e

ov1

COM

\ 2 J

ov2
COM

Yy

/

uv

COM

VOSEN ———»F RV
30MV ———

FIGURE 11. OV, UV, and RV Signal Generation
There are two levels of over-voltage protection:
1. OVP2 (VID+300mV) and
2. OVP1 (VOUT_MAX + 400mV).

The OVP2 signal is blanked during the soft-start
and soft-shut down process to avoid a false
trigger by a pre-bias condition. Also, the OVP2
monitor is disabled during a VID decay transition.
It re-activates after finishing the VR settle re-
assertion transition.

[]
[e]
=
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Fig. 12 summarizes the blanking conditions for
OVP2 monitor. The OVP1 monitor is active when
the controller is enabled, regardless of fault
conditions. This ensures that the load is
protected against high-side MOSFET leakage
while the MOSFETSs are turned off. In the event
of an OVP condition, the PWMs are latched low

A Soft-Start

with CCM=1. This turns off the high-side
MOSFETs and turns on the low-sidet MOSFETs
to crowbar the output voltage. The OVP.latch can
be re-set only by the enable.toggle, the VCC
toggle, or reverse-voltage protection (RVP). Fig.
13 shows the OVP fault latch for both levels.

SetVID_Fast/ SetVID_Decay

SetVIDSlow.
EN I
GETReg [ [A4f p, setvip | pay |2 ¢ GETReg [ [B 4 o, sevin [ Pay |66 GETReg | |88 o,
SVID Bus e el ror Lfoauo oy HEEL | SAt e o s o et S el
Vboot
ovP DAuLimit
VID+300mV
VID { _____ K & _ ¥ Ll_ o N ___ . D N
VID+300my | ST - T ESoTefemo o ; \
m /, N
Vout ,/ -------
\L; 4
_______________ S VID

CCMm

PWM1 "
PWM2~6

Y y .
VR Settle d
VRRDY 1:00u:s
H H

During start-up, OVP2 is blanked until
the soft-start is over

OVP2 is blanked for 100us during
the SetVID_Fast/SetVID_Slow
VID transient

OVP2 is blanked during the
SetVID_Decay VID transient

FIGURE 12. OVP Protection Blanking Conditions
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A
Recycle EN
EN
Retry
Reset I_
4
GETReg | |AA| P GETReg | [AA| P
SVID Bus status Mol -2 saws Hoof P2 |
Packet | |10 oa Packet | |10 oa
Vboot Vboot
L 1 [
VID
: t |
QVPDA_Limit
MFR_OVP_SET DELAYTIME x0.1us
<> OVP1is
VID+300mV always active
Vout /
omv O L Note:ingase the HE @
kS n will
it P y
CCM
i HS off and LS
A off tri-state  y
1l v W
PWM | |
HS off and'LS on
v v HS off and LS on Y
VR Ready v
OVP2 RVP OVP1 RVP
FIGURE 13. OVP and RVP Fault Protection
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Over-Current Protection (OCP)

The MP2953B utilizes the valley point over-
current limit method to limit each phase current.

If the present phase current is higher than the
setting valley point, then this phase will not turn
on until its current falls below the setting level. If
the present phase is blocked for 150ns, then
the next phase will turn on instead so as to
regulate the output voltage at the set point.

The valley point over-current level can be
programmed via the PMBus to limit the per-
phase current.

The total current protection is triggered if the
sensed average total current is higher than the
OC threshold.

Since this protection averages the output
current over many switching cycles, «the
average current OCP threshold can be set very.
close to the expected maximum output load.for
accurate over-current protection.

Fig. 14 shows the OCP process for total current
protection. The total current™ protection is
disabled during the soft-start process, and it is
enabled when soft start-has finished.

Total_OCP_LIM
lout \
Phase_OCP_LIM
Iphase \
500us
Vout \k
oc
CCM
PWM " —
VRRDY OCP

FIGURE 14. OC Protection for Total Current

Fig. 15 shows the process when the output is
shorted to ground. During this process, per-
phase OCP limits the phase current. After

a pre-set time, the VR is shut off by the total
current OCP.

FIGURE 15. OCP with Output.Dead Short

Under-Voltage Protection (UVP)

If the outputvoltage is below VID —300mV for a
given _time, the system triggers UVP and
immediately shuts“down by turning off all
phases.

Fig. 16 shows the UVP process.

Normally, UVP is:triggered when PWM signals
are blocked by the OC signals (when the per-
phase current limit is reached) as shown in Fig.
17.

VID |

MFR_UVP_SET_DELAYTIME X 20us

N\

Vout VID-300mV

uv

ccm

e [T TI—

VRRDY { UVP

OCP may occur during this
period practically

FIGURE 16. Under-Voltage Protection
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FIGURE17. UVP Triggered when Per-Phase
Current is Limited

Reverse -Voltage Protection (RVP)

A large reverse inductor current may cause
negative output voltages, which harm the CRPU
and other output components. The-MP2953B
provides RVP without additional system costs.

VOSEN monitors the output voltage«(see Fig.
10). Any time the VOSEN .voltage falls below
30mV, the MP2953B triggers RVP by latching
all PWM outputs to High-Z state: The reverse
inductor current can| re-set’ quickly to .0OA by
dissipating the energy.in the inductor to the
input DC voltage source through a. forward-
biased body diede of the high-side MOSFETSs.

Occasionally, /OVP- results in negative output
voltage because turning.on. all" low-side
MOSFETs leads to a..very. large reverse
inductor. current. The VR controller's <RVP
monitoring function remains, active even after
OVP latch-off to prevent damage to the load by
negative voltage.

The RVP latch can only be re-set'by toggling
enable, power cycling VCC, or when OVP
occurs (see Fig. 13).

Catastrophic Failure Protection (CFP)

The MP2953B has a dedicated CFP output
which triggers in the event of OVP1 or input
voltage above VIN_OV_FAULT_LIMIT.

In server computer systems, this signal is used
commonly to shut down immediately the input
supply (by firing a shunting SCR .in.order to
blow a fuse or by turning off the AC power
supply). This feature is active during the power-
on sequence in case a computer shuts down,
and the user just recycles the power supply’s
AC input.

VR_HOT#

The VR_HOT# fault is asserted when the
sensed < external. < temperature exceeds the
temperature’s maximum threshold. It is used for
fault reporting only and it can NOT shut down
the, system. Also, VR_HOT# has a fixed 3°C
hysteresis and is_enabled after the initialization
state. VR_HOT# is. initialized in High-Z state
upon device power=up.

EEPROM Fault

If the data.in the EEPROM'is checked as invalid,
the-system enters the EEPROM FAULT state
and waits for the error to clear! It is reported in
the fault register.

Communication Failure

A data transmission fault occurs when
information.is not properly transferred between
the devices. Several data transmission faults
are'listed below:

Sending too few data

Reading too few data

Host sends too many bytes

Reading too many bytes

Improperly set read bit in the address byte
Unsupported command code

VVVVVYY

The data transmission faults assert ALT_P#.
The CLEAR _FAULTS command de-asserts
ALT _P#; however, if the faults still exist,
ALT_P# asserts again.

Active Voltage Positioning (AVP)

The MP2953B supports AVP by connecting
Rareop between Ves and Vorr. An  internal
current-sense circuit produces the lgoop current
source (which is 1/8 of the total current signal)
from CS_SUM. lgroop injects to Raroop from VFB
to produce the feedback
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voltage with droop voltage for regulation with
the reference voltage.

Given the application’s need for RLL load-line
regulation, Rareop Can be calculated according to
equation (4):

8R
RDROOP = K = (4)
cs

Where Kcs is the current sense gain of Intelli-
Phase.

Phase Current Balancing

The per-phase current is sensed and compared
with the average phase current. Each phase’s
PWM on time is adjusted individually to balance
the currents.

The MP2953B applies 2-A Modulation and
delay line loop in the current balance
modulation so as to increase the resolution of
the current balance modulation and«.greatly
reduce the jitter of ton. The resolution of the
time modulation of the digital system is 5ns. By
applying Z-A modulation, the “digital” ton
resolution can be increased to"0.08ns.

Figures 18(a) and 18(b) show phase current

balance results with and without 2-A modulation.
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FIGURE 18 (a). Phase Current Balance without Z-
A Modulation
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FIGURE 18(b). Phase Current Balance with Z-A
Modulation
Test Mode

The MP2953B: provides test mode for users to
test the chip.with open-loop operation. In order
to avoid the chip being protected, OVP1/2, UVP,
OTP,.OCP, and Vin_UVLO=should be disabled
via the PMBus.

SVID Interface

To support multiple VR devices used on the
same SVID bus, the registers
MFR_ADDR_SVID.. or ADDR_S are used to
program the SVID,address for each VR.

The SVID address is a 4-bit code. There are 14
addresses for up to 14 voltage regulator
controllers or voltage rails. The final addresses
OEh and OFh are “All Call” addresses and all
the VR controllers respond to these addresses.

The “All Call’ address is used only with SetVID
or SetPS commands. It can NOT be used with
GET, SetRegADR, or SetRegDAT commands.
The VR will NAK those commands with an “All
Call” address. The VR acknowledges an “All
Call” address in the same manner as a single
address. To get more accuracy value from the
pin configuration, place a 1% tolerance resistor
(Rrop) from the pin to 3.3V and a resistor
(Reottom) from the pin to ground. Table 3 shows
resistor values for different SVID addresses.
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TABLE 3. SVID Address by ADDR_S Pin

VBOOT Setup

The boot voltage of the MP2953B can be set
using either the pin or the register via the
PMBus.

To set using the pin,»place a 1% tolerance
resistor (Rrop) from<the, pin=to 3.3V and a
resistor (Reorrom) fromithe pin to ground. Table
5 shows 7 resistor values for the 7 boot voltage.

TABLES. Boot Voltage Setting by Pin

AgchIEss Rror (kQ) 1% | Reorrom (kQ) 1%
00H NS 0
01H 332 0.1
02H 332 0.178
03H 332 0.301
04H 332 0.422
05H 332 0.562
06H 332 0.698
o7H 332 0.887
08H 332 11
09H 2.0 0.806
0AH 2.0 0.931
0BH 2.0 107
ocH 2.0 127
O0DH 2.0 165

PMBus Interface

To support multiple VR devices used. with the
same PMBus interface, the ' registers
MFR_ADDR_PMBUS or ADDR_P can be used
to program the PMBus address.

The PMBus address is a 7-bit code; 4MSB bit'is
already fixed to 0100b. The MP2953B supports
8 addresses for up to 8 voltage regulator
controllers or voltage rails by placing a 1%
tolerance resistor (Rrop) from the pin. {03.3V
and a resistor (Reotrom) from the pin‘to ground.
The PMBus “All-Call” addressqs 00h.

Table’4 shows. the resistor values for different
PMBus addresses.

TABLE 4. PMBus Address

Vboot (V) Rror (kQ) 1% Reottom (kQ) 1%
1.75 3.32 2.74
1.70 2 1.15
1.65 2 0.953
1.50 2 0.806
1.35 2 0.681
1.20 2 0.316
0 NS 0

: d"g?::s Rror (kQ) 1% | Reorrom(ke) 1%

20H 3.32 00698

21H NS 0

22H 3.32 0.1

23H 332 0.178

24H 332 0.301

25H 332 0.422

26H 332 0.59

27H 2 0.976

To set using.the PMBus, the boot‘voltage can
support the entire VID table.

Switching Frequency Setup

The switching frequency of MP2953B can be
set using either the pin or the register via the
PMBus.

To set using the pin, a 1% tolerance resistor
should be connected between VFS and ground.
Table 6 shows 9 resistor values for the 9 per-
phase switching frequency.

TABLE 6. Frequency Setting by Pin

Re5|s1t 00/: (kQ) Voltage (V) |Fs (kHz)/phase

0 0 200
4.75 0.095 300
8.45 0.169 400
13.7 0.277 500
19.1 0.378 600
24.0 0.479 700
28.7 0.580 800
34.8 0.703 900

59 1.181 1000

To set using the PMBus, the switching
frequency can be programmed from 200kHz to
1MHz with 10kHz step.
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PMBUS COMMANDS

Co(r;nongznd Command Name Type Bytes Ii;a:lauuelt Data Formats
01h OPERATION r/w 1 80h Direct
03h CLEAR FAULTS send 0 - -
15h STORE USER ALL send 0 - -
16h RESTARE USER ALL send 0 - -
21h VOUT _COMMAND r/w 2 007Eh VID
24h VOUT_MAX r/w 2 00FFh VID
25h VOUT MARGIN HIGH r'w 2 0000h VID
26h VOUT MARGIN LOW r/w 2 0000h VID
35h VIN ON r/w 2 E850h Linear
36h VIN OFF r/w 2 E848h Linear
38h IOUT CAL GAIN r/w 2 88A8h Linear
39h IOUT CAL OFFSET r/w 2 F800h Linear
55h VIN OV _FAULT LIMIT r/w 2 E870h Linear
58h VIN UV WARN LIMIT riw 2 E84Ch Linear
78h STATUS BYTE r 1 00h Direct
79h STATUS WORD r 2 0000h Direct
7Ah STATUS VOUT I 1 00h VID
7Bh STATUS IOUT r 1 00h Direct
7Ch STATUS INPUT r 1 00h Direct
7Dh STATUS TEMPERATURE r 1 00h Direct
7Eh STATUS CML r 1 00h Direct
88h READ..VIN r 2 E800h Linear
89h READ [IN r 2 E000h Linear
8Bh READ_VOUT r 2 0000h VID
8Ch READ 1OUT r 2 FOOOh Linear
8Dh READ TEMPERATURE I 2 0019h Linear
96h READ POUT r 2 0000h Linear
BAh MFR_SLOPE_SLEWRATE PS2 r/w 2 01C1H Direct
BBh MFRSLOPE CNT:PS2 r/w 2 03FOH Direct
DOh MFR VR _CONFIG r/w 2 ECO0h Direct
D1h MFR_TEMPERATURE r/w 2 500Ah Direct
D2h MFR FS SET r/w 1 B2h Direct
D3h MFR=CUR GAIN r/iw 2 0159h Direct
D4h MFR.OCP_SET r/w 2 4525h Direct
D5h MFR_OVP UVP_SET r/w 2 4A54h Direct
D6h MFR OCP TRG r/w 1 2Ah Direct
D8h MFR ADDR PMBUS r/w 1 8Fh Direct
D9h MFR_ADDR SVID r/w 1 10h Direct
DBh MFR_OTP. SET r/w 2 961Eh Direct
DCh MFR<PSI. TRIM r/w 2 0D8Bh Direct
DDh MFR CUR OFFSET r/w 1 3Ah Direct
E8h MFR_BLANK TIME r/w 1 18h Direct
EAh MFR_VBOOT r/w 2 017Eh Direct
EBh MFR ICC MAX r/w 1 FFh Direct
ECh MFR TEMP MAX r/w 1 7Dh Direct
EDh MFR_ SR r/w 2 1405h Direct
EEh MFR_VR_TOLERANCE r/w 1 28h Direct
EFh VENDOR ID VR r/w 1 00h Direct
FOh PRODUCT ID VR r/w 1 00h Direct
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PMBUS COMMANDS (continued)

Cog1°n(1j2nd Command Name Type Bytes Rfaflauu;t Data Formats
F1h PRODUCT_REV_VR riw 1 00h Direct
F2h MFR_CONFIGRATION_ID_LSB riw 1 00h Direct
F3h MFR_CONFIGRATION_ID_MSB riw 1 00h Direct
F4h PROTOCOL_ID_VR riw 1 00h Direct
F5h CAPABILITY_VR riw 1 7Fh Direct
F7h MFR_PLUS_STEP riw 1 22h VID
FAh MFR_SLOPE_SLEWRATE_PSO0 riw 2 00ECh Direct
FBh MFR_SLOPE_CNT_PSO0 riw 1 34h Direct
FCh MFR_SLOPE_CNT_PS1 riw 2 020Eh Direct
FDh MFR_SLOPE_SLEWRATE_PS1 riw 2 01C9%h Direct
FEh MFR_PROTECT _DIS riw 2 3100h Direct
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PACKAGE INFORMATION
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NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee that third

party Intellectual Property rights are not infringed upon when integrating MPS products into any application. MPS will not
assume any legal responsibility for any said applications.
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