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XDPE132G5D Digital Multi-phase Controller
16-phase Dual Loop PWM Voltage Regulator
Quality Requirement Category: Industrial

Features

e 16-phase single or up to 8+8 dual loop configurable PWM Controller

e |2C and PMBus Rev 1.3 with AVSBus for output voltage control and telemetry

e 0.625 mV VID step via PMBUS VOUT_COMMAND

e AMD SVI2 Rev 1.09 compliant with Peak Current Control (PCC) and IOUT telemetry support up to 1023 A
e nVIDIA PWMVID compliant

e Phase Fault Protection and Flag with auto-compensation

e Digitally Progammable Load Line - No external components

e Min/Max Telemetry registers and real-time monitoring via PMBus and AVSBus (lout, Vour, Temp)
e Phase current sense gain and offset calibration

e Cycle-by-cycle phase current limit

e Analog “IMON” for output current reporting

e Two IOUT_WARN pins to flag an output OC condition on both loops

e Input Over Power flag

e Catastophic Fault Output (CAT_FLT) pin

e Dual Enable Pins

o Adaptive Transient Algorithm (ATA) minimizes output bulk capacitors and system cost

o Efficiency Shaping Features using Dynamic Phase Control and Diode Emulation

e Protections: OVP, UVP, OC Warn, OCP, OT Warn, OTP, cycle-by-cycle per phase current limit
e Multiple Time Programming (MTP) with up to 25 writes for USER Section

e Compatible with 3.3 V tri-state Drivers

e 200 kHz to 2 MHz switching frequency per phase

e +3.3Vsupply voltage; -40 °C to 120 °C Ambient

e Pb-Free, Halogen Free, RoHS, 7x7 mm, 56-pin, 0.4 mm pitch QFN

Applications

e AMD SVI2 GPU and CPU Processors

¢ nVIDIA GPU Processors

e High Performance ASIC Processors with AVSBus.

o High performance Ethernet Switching and Routing ASSPs

Description

The XDPE132G5D is a digital multi-phase buck controller that can be configured in either a single loop or dual

loop mode with a feature set optimized to support high performance processors that require AVSBus, AMD SVI2,
or nVIDIA PWMVID. It can support up to 16 phases and allows flexible phase assignment between the two loops.
The controller allows system voltage set point programming and margining through PMBus or dynamic voltage
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scaling through AVSBus. The output voltage set point can also be controlled through the SVI2 bus or the nVIDIA
PWM_VID.

The XDPE132G5D includes Efficiency Shaping Technology to deliver exceptional efficiency at minimum cost
across the entire load range. Dynamic Phase Control adds/drops phases based upon load current. The
XDPE132G5D can be configured to enter 1- or 2-phase operation and active diode emulation mode automatically
or by command (through PMBus, AVSBus, or SVI2 commands).

The XDPE132G5D offers digitally programmable load line thereby eliminating the need for any external load line
setting components. The controller is designed to work with internal current sense OptiMOS™ Power Stages and
provides accurate input and output current reporting.

A unique Adaptive Transient Algorithm (ATA), based on proprietary non-linear control algorithms provides
excellent transient response with reduced output capacitance. The controller also supports programmable
cycle-by-cycle per phase current limit for superior dynamic current limiting.

The 12C/PMBus interface can communicate with up to 127 XDPE132G5D-based controllers. Device configuration
and fault parameters are easily defined using the OpenPower GUI and stored in on-chip memory.

The XDPE132G5D’s extensive fault protection includes output OV, UV and OC protection, with 2 OT protection
inputs with an OT Warning VRHOT signal output, and two output over-current warning flags.

Note: “Infineon strongly recommends pairing Infineon’s OptiMOS™ Power Stages with our Digital XDP™ family of
controllers to ensure correct interoperability. Interoperability when pairing with other vendor power stages/
discrete power components cannot be guaranteed by Infineon and requires thorough evaluation and
characterization by the power stage/ discrete power component vendor.”
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Ordering Information
1 Ordermg Information
Base Part Number Package Type Standard Pack Orderable Part Number
Form and Qty
XDPE132G5D QFN7mmx7mm Tape and Reel 3000 XDPE132G5D-Gxxx!
XDPE132G5D QFN7mmx 7 mm Tape and Reel 3000 XDPE132G5D-G000
Note: 1) Customer Specific Configuration File, where xxx = Customer Configuration File (Codes assigned by IFX Marketing).
X
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Functional Block Diagram

2 Functional Block Diagram
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3 Typical Application Diagram
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4 Pin Descriptions

Tablel PinDescriptions

Pin# | Pin Name Type | PinDescription
1 PWM14/ D[O] |LooplPWM14/Loop2 PWM3 Output. PWM signal pin which is connected
PWM3_L2 to the input of an external MOSFET gate driver for Phase 14 or Phase 3 of

Loop 2. The power-up state is high-impedance until ENABLE goes active.
Float if not used.

2 PWM13/ D[O] |LooplPWM13/Loop2 PWM4 Output. PWM signal pin which is connected
PWM4_L2 to the input of an external MOSFET gate driver for Phase 13 or Phase 4 of
Loop 2. The power-up state is high-impedance until ENABLE goes active.
Float if not used.

3 PWM12/ D[O] |LooplPWM12/Loop2 PWM5 Output. PWM signal pin which is connected
PWM5_L2 to the input of an external MOSFET gate driver for Phase 12 or Phase 5 of
Loop 2. The power-up state is high-impedance until ENABLE goes active.
Float if not used.

4 PWM11/ D[O] |LooplPWM11l/Loop2 PWM6 Output. PWM signal pin which is connected
PWM6_L2 to the input of an external MOSFET gate driver for Phase 11 or Phase 6 of
Loop 2. The power-up state is high-impedance until ENABLE goes active.
Float if not used.

5 PWM10/ D[O] |LooplPWM10/Loop2 PWM7 Output. PWM signal pin which is connected
PWM7_L2 to the input of an external MOSFET gate driver for Phase 10 or Phase 7 of
Loop 2. The power-up state is high-impedance until ENABLE goes active.
Float if not used.

6 PWM9/ D[O] |LooplPWM9/Loop2 PWM8 Output. PWM signal pin which is connected to
PWMS8_L2 the input of an external MOSFET gate driver for Phase 9 or Phase 8 of Loop
2. The power-up state is high-impedance until ENABLE goes active. Float if
not used.
7 PWM8 D[O] |LooplPWMS8.PWM signal pin which is connected to the input of an

external MOSFET gate driver for Phase 8. The power-up state is high-
impedance until ENABLE goes active. Float if not used.

8 PWM7 D[O] |Loopl PWM7 Output. PWM signal pin which is connected to the input of

an external MOSFET gate driver for Phase 7. The power-up state is high-
impedance until ENABLE goes active. Float if not used.

9 PWM6 D [O] Loopl PWM6 Output. PWM signal pin which is connected to the input of
an external MOSFET gate driver for Phase 6. The power-up state is high-
impedance until ENABLE goes active. Float if not used.

10 PWM5 D[O] |Loopl PWMS Output. PWM signal pin which is connected to the input of
an external MOSFET gate driver for Phase 5. The power-up state is high-
impedance until ENABLE goes active. Float if not used.

11 PWM4 D[O] |Loopl PWM4 Output. PWM signal pin which is connected to the input of
an external MOSFET gate driver for Phase 4. The power-up state is high-
impedance until ENABLE goes active. Float if not used.

12 PWM3 D[O] |LooplPWM3 Output. PWM signal pin which is connected to the input of
an external MOSFET gate driver for Phase 3. The power-up state is high-
impedance until ENABLE goes active. Float if not used.

13 PWM2 D[O] |LooplPWM2 Output. PWM signal pin which is connected to the input of
an external MOSFET gate driver for Phase 2. The power-up state is high-
Datasheet 9 Rev 1.0
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Pin# | Pin Name Type | Pin Description
impedance until ENABLE goes active. Float if not used.
14 PWM1 D[O] |LooplPWM1 Output. PWM signal pin which is connected to the input of

an external MOSFET gate driver for Phase 1. The power-up state is high-
impedance until ENABLE goes active.

15 SM_DIO D [I0] | Serial DataLine 1/0.12C/SMBus/PMBus bi-directional serial data line.
Requires a pull-up resistor.

16 SM_CLK D[] Serial Clock Line Input. I2C/SMBus/PMBus clock input. The interface is
rated to 3.4 MHz. Requires a pull-up resistor.

17 SM_ALERT# D[O] |SMBus/PMBus Alert Line. Open-drain active low alert pin to indicate that

the regulator status has changed. Requires a pull-up. Float if not used.

18 PWRGOOD_L1 D[O] |Voltage Regulator Ready Output (Loop #1). Open-drain output that
asserts high when the VR has completed soft-start to Loop #1 boot voltage.
Pull up to an external voltage through a resistor.

19 PWRGOOD_L2 |D[O] |Voltage Regulator Ready Output (Loop #2). Open-drain output that
asserts high when the VR has completed soft-start to Loop #2 boot voltage.
Pull up to an external voltage through a resistor.

20 VRHOT_ICRIT# |D[O] |VRHOT# and ICRIT# Output. Active low alert pin that can be programmed
to assert if temperature exceeds a user-definable threshold or if the output
current exceeds a user-definable theshold. Pull up to an external voltage
through a resistor.

21 IMON A[O] | Current Monitor Output for Loop#1. This pin outputs an analog voltage
corresponding to the average output current of Loop #1.The IMON output
can be scaled to accommodate the maximum output current. The IMON
output willbe 0V=0A102.55V=1024 A or 512 A based on the set IMON
scale factor. The maximum current on this pin is +/-100 pA. No output
capacitor on this pin is required, but should be limited to 1 nF maximum if
one is used.

IOUT_WARN#2 |D[O] |Warning Output2. Open-drain active low alert pin that can be configured
to indicate an; 1) Output Over-current Warning for Loop 1, 2) Output Over-
current Warning for Loop 2, 3) Output Over-current Warning for Loop 1 and
Loop2, or 4) Loop2 input over-power warning

22 CAT_FLT D[O] | Catastrophic Fault Output Pin. This pin may be used as a Catastrophic
Fault CMOS Output Pin that is driven to VCC under output OVP, NVM CRC
errors or a TSENx fault input.

IOUT_WARN#1 |D[O] |WarningOutput 1. Open-drain active low alert pin that can be configured
to indicate an; 1) Output Over-current Warning for Loop 1, 2) Output Over-
current Warning for Loop 2, 3) Output Over-current Warning for Loop 1 and
Loop2, or 4) Loop 1 input over-power warning

23 AVS_SDAT D[O] |AVS Slave Data. Bus line that is driven by an AVSBus Slave (VR Controller)
and carries data to the master (ASIC, FPGA, or Processor). Float if not used.
SVT D[O] |SVITelemetry Output (AMD). Telemetry and VOTF information output.
Float if not used.
V_STANDBY D [l] nVIDIA PWM standby control input. Digital control input of nVIDIA
standby voltage. High =V _STANDBY
24 AVS_CLK D [l] AVS Bus Clock. Bus clock that is driven by the master and clocks data for

both the AVS_MDAT and AVS_SDAT lines. Float if not used.
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Pin Descriptions

Pin# | Pin Name Type | Pin Description

SsvC D [I] SVI Clock Input (AMD). Clock input driven by the CPU/GPU Master. Float if
not used.

L_PERF# D [I] nVIDIA low performance indicator. Digital control input; low indicates
one or more 12 V sources are not connected. The VR will operate with only
one phase in low performance mode.

25 AVS_MDAT D[l AVS Master Data. A serial data bus line that is driven by the AVSBus Master
(ASIC, FPGA, or Processor) and carries data to the slave (VR Controller).
Float if not used.

SVD D[N SVI Data In (AMD). A serial data bus line over which the CPU/GPU Master
issues commands to the slave (VR Controller). Float if not used.

PWM-VID D [I] PWMVID Input. VID control input for nVIDIA PWMVID. Connect to ground
with 10 kQ resistor

26 vVDDIO Alll 10 Voltage for AVS Bus. Common voltage for the master and slave I/O
circuitry. Float if not used.

27 VSEN_L1 Alll Remote Voltage Sense Input Loop 1. This pin is connected directly to the
VR output voltage of Loop 1 at the load and should be routed differentially
with VRTN_L1.

28 VRTN_L1 Alll Remote Voltage Sense Return Input Loop 1. This pin is connected
directly to Loop 1 ground at the load and should be routed differentially
with VSEN_L1.

29 ISEN1 Alll Loop 1 Phase 1 Current Sense Input. Phase 1 sensed current input. Float
or connect to CFLT if not used.

30 ISEN2 Al Loop 1 Phase 2 Current Sense Input. Phase 2 sensed current input. Float
or connect to CFLT if not used.

31 ISEN3 Alll Loop 1 Phase 3 Current Sense Input. Phase 3 sensed current input. Float
or connect to CFLT if not used.

32 ISEN4 Alll Loop 1 Phase 4 Current Sense Input. Phase 4 sensed current input. Float
or connect to CFLT if not used.

33 ISEN5S Alll Loop 1 Phase 5 Current Sense Input. Phase 5 sensed current input. Float
or connect to CFLT if not used.

34 ISEN6 Alll Loop 1 Phase 6 Current Sense Input. Phase 6 sensed current input. Float
or connect to CFLT if not used.

35 ISEN7 All] Loop 1 Phase 7 Current Sense Input. Phase 7 sensed current input. Float
or connect to CFLT if not used.

36 ISEN8 Al Loop 1 Phase 8 Current Sense Input. Phase 8 sensed current input. Float
or connect to CFLT if not used.

37 ISEN9/ All] Loop 1 Phase 9/ Loop 2 Phase 8 Current Sense Input. Phase 9 or Phase 8

ISENS_L2 of Loop 2 sensed current input. Float or connect to CFLT if not used.

38 ISEN10/ All] Loop 1 Phase 10/ Loop 2 Phase 7 Current Sense Input. Phase 10 or Phase

ISEN7_L2 7 of Loop 2 sensed current input. Float or connect to CFLT if not used.

39 ISEN11/ Alll Loop 1 Phase 11/ Loop 2 Phase 6 Current Sense Input. Phase 11 or Phase

ISEN6_L2 6 of Loop 2 sensed current input. Float or connect to CFLT if not used.

40 ISEN12/ All] Loop 1 Phase 12/ Loop 2 Phase 5 Current Sense Input. Phase 12 or Phase

ISEN5_L2 5 of Loop 2 sensed current input. Float or connect to CFLT if not used.
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41 ISEN13/ Alll Loop 1 Phase 13/ Loop 2 Phase 4 Current Sense Input. Phase 13 or Phase
ISEN4_L2 4 of Loop 2 sensed current input. Float or connect to CFLT if not used.

42 ISEN14/ Alll Loop 1 Phase 14/ Loop 2 Phase 3 Current Sense Input. Phase 14 or Phase
ISEN3_L2 3 of Loop 2 sensed current input. Float or connect to CFLT if not used.

43 ISEN15/ Alll Loop 1 Phase 15/ Loop 2 Phase 2 Current Sense Input. Phase 15 or Phase
ISEN2_L2 2 of Loop 2 sensed current input. Float or connect to CFLT if not used.

44 ISEN16/ Al Loop 1 Phase 16/ Loop 2 Phase 1 Current Sense Input. Phase 16 or Phase
ISEN1_L2 1 of Loop 2 sensed current input. Float or connect to CFLT if not used.

45 VRTN_L2 Alll Remote Voltage Sense Return Input Loop 2. This pin is connected

directly to Loop 2 ground at the load and should be routed differentially
with VSEN_L2. Ground is not used.

46 | VSEN_L2 All] Remote Voltage Sense Input Loop 2. This pin is connected directly to the
VR output voltage of Loop 2 at the load and should be routed differentially
with VRTN_L2. It is also used to switch in the local voltage into the
feedback path during an OV event and as a monitoring point for telemetry
reporting of the local voltage. Ground if not used.

47 EN_L2 D[l VR Enable Input (Loop 2). ENABLE is used to power-on the regulator,
provided Vin and Vcc are present. ENABLE is not pulled up inside the
controller. When the controller is disabled, the controller de-asserts
PWRGOOD_L2 and shuts down the regulator. ENABLE pin cannot be left
floating and must be pulled high or low.

PWROK D[l Power OK Input (AMD). An input that when low indicates to return to the
Boot voltage and when high indicates to use the SVI2 bus VID for VOUT.
48 EN D[l VR Enable Input (Loop 1 or loopl and 2 if EN_L2 is disabled). ENABLE is

used to power-on the regulator, provided Vin and Vcc are present. ENABLE
is not pulled up inside the controller. When the controller is disabled, the
controller de-asserts PWRGOOD_Lx and shuts down the regulator. ENABLE
pin cannot be left floating and must be pulled high or low.

49 PROG All] Bus Address Offset. A resistor to ground on this pin sets an offset to the
register value 12C/PMBus address if configured to do so.

Configuration Selection. A resistor to ground on this pin selects one of
multiple configurations saved in MTP if configured to do so.

50 VAUXSEN Alll Auxiliary Voltage Sense Input. This pin can be used to sense an auxiliary
input voltage. Itis typically used to monitor the 5V driver voltage and
inhibit startup if the driver voltage is not above, or drops below, the
programmed voltage thresholds. In this mode the sense point controls
operation of both Loop #1 and Loop #2. Ground if not used.

TSEN2 Alll Temperature Sense Input Loop 2. The temperature reporting output
from an IFX OptiMOS™ Power Stage (TOUT) can be connected to this pin to
measure temperature for VRHOT and OTP shutdown for Loop 2. Ground if
not used.

51 TSEN1 Alll Temperature Sense Input Loop 1. The temperature reporting output
from an IFX OptiMOS™ Power Stage (TOUT) can be connected to this pin to
measure temperature for VRHOT and OTP shutdown loor Loop 1. If TSEN2
is disabled, connect TOUT from Loop 1 and Loop 2 to this input.

52 VINSEN Alll Voltage Sense Input. This is used to detect and measure a valid input
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supply voltage (typically 4.5 V-13.2 V) to the VR.
53 CFLT A[O] |1.8VDecoupling. A1l uF capacitor on this pin provides decoupling for the
internal 1.8 V supply.
54 |VCC A[P] Input Supply Voltage. 3.3V supply to power the device.
55 PWM16/ D[O] |LooplPWM16/Loop2 PWM1 Output. PWM signal pin which is connected
PWM1_L2 to the input of an external MOSFET gate driver for Phase 16 or Phase 1 of

Loop 2. The power-up state is high-impedance until ENABLE goes active.
Float if not used.

56 PWM15/ D[O] |LooplPWM15/Loop2 PWM2 Output. PWM signal pin which is connected
PWM2_L2 to the input of an external MOSFET gate driver for Phase 15 or Phase 2 of
Loop 2. The power-up state is high-impedance until ENABLE goes active.
Float if not used.

57 GND A[P] Ground. Ground reference for the IC. The large metal pad on the bottom
must be connected to Ground.

A-Analog; D - Digital; [I] - Input; [O] - Output; [P] - Power
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5 Absolute Maximum Ratings

Subjecting the controller to stresses above those listed in Table 2 may cause permanent damage to the device.
These are absolute stress ratings only and operation of the device is not implied or recommended at these or
any other conditions in excess of those given in the operational section of this specification. Exposure to the
absolute maximum ratings for extended periods may adversely affect the operation and reliability of the device.

Table2 Absolute Maximum Ratings

Supply Voltage (VCC) GND-0.3V to 4.0V
CFLT, VINSEN GND-0.2V to 2.2V
ISENX, VSENX, VRTNx, VDDIO GND-0.3V to VCC+0.3V
AVS_MDAT/SVD, AVS_SDAT/SVT, AVS_CLK/SVC, PWRGOOD_Lx,

VRHOT_ICRIT#, IOUT_WARN#x, EN, EN_L2/PWROK, TSEN1, GND-0.3V to VCC
TSEN2/VAUXSEN, PROG, PWMx

SM_DIO, SM_CLK, SM_ALERT# GND-0.3V to 5.5V
Maximum Operating Junction Temperature -40°C&125°C
Maximum Storage Temperature Range -65°C & 150°C
Maximum Lead Temperature (Soldering 10s) 300°C

Attention: 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 are not
implied.
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6 Electrical Characteristics
Table3 Recommended Operating Conditions
Parameter Symbol | Conditions Min Typ Max Unit
Supply Voltage Ve 2.90 3.3 3.6 v
Ambient Temperature! Ta -40 25 120 °C

Note: !assumes the PCB temperature at the XDPE132G5D is no higher than 124 °C
Table4 Temperature Information
Symbol Description 7mm x 7mm QFN

0.0 Junction-to-ambient thermal resistance at 0 [fm 27.1°C/W

0a0200" Junction-to-ambient thermal resistance at 200 Ifm 23.1°C/W

0.a00)" Junction-to-ambient thermal resistance at 500 Ifm 21.7°C/W

B.c Junction-to-case thermal resistance 2.8°C/W

Note: 10,4 is measured with the component mounted on a highly effective thermal conductivity test board in

free air.

Unless otherwise specified, the Electrical Characteristics table lists the spread of values that can occur within the
recommended operating conditions. Typical values represent the median values, which are related to 25 °C.

Table5 Electrical Characteristics
Parameter Symbol | Conditions Min Typ Max Unit

Supply VCC, CFLT, GND

Supply Voltage Vec 2.90 33 3.6 \'

Supply Current lvee no PWMx activity - 67 - mA

3.3V UVLO Turn-on Threshold - 2.80 2.9 Vv

3.3V UVLO Turn-off Threshold | Vccyvo 2.6 2.65 - Vv

3.3V Rise Time! Trise 1 msec

1.8V Supply CFLT - 1.8 -

1.8V Supply Current? lcrur 20 50 80 mA
Input voltage Sense Input VINSEN

Input Impedance - 1 - MQ

Input Range! 0 0.857 1.1 \

lé;/rl;(g)el'urn-on Programmable i 0-15.25 i v

LRJ;/II;;)eTurn-off Programmable Vitus With 14:1 divider i 0-15.25 i v

OVP Threshold (if enabled)* Vinoy - 0-15.25 - v

LRJZEgeTum-on Programmable With 22:1 divider - | 0-2425 | - v
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2020-06-01



Preliminary o _.
XDPE132G5D Digital Multi-phase Controller Infineon
16-phase Dual Loop PWM Voltage Regulator

Electrical Characteristics

Parameter Symbol | Conditions Min Typ Max Unit
l;;/rl;gel'u rn-off Programmable Vit i 0-24.95 i Y
OVP Threshold (if enabled)* Vinoy - 0-24.25 - '
Auxiliary Voltage Sense VAUXSEN
Input
Input Impedance - 1 - MQ
Input Range! Vaux \G/ZU)l( Z&;:rw'th external 0 0.781 1.1 v
Turn-on Threshold* VAUX Voltage - 3.3-7.0 - \
UVLO Threshold* With external 6.4:1 divider - 3.3-7.0 - \
Reference Voltage and DAC
DAC Resolution DAC - 0.625 - mV
xgﬁ:tgea;gn?:? US/AVSBUS 1y - |020-255 | - v
0°Cto 85°C Temp Range
DAC=2.005V-2.55V -1.1 - 1.1 %VID
DAC=1.805V-2.00V -0.75 0.75 %VID
DAC=1.600V-1.800V -0.6 0.6 %VID
DAC=1.0V-1.595V -0.5 - 0.5 %VID
DAC=0.8V-0.995V -5 - 5 mV
Voltage Accuracy*
AVS/PMBus/nVIDIA PWM Vour DAC=0.25V-0.795V -8 - 8 mV
-40°Cto 0°C, 85°Cto 125 °C Temp Range
DAC=2.005V-2.55V -1.65 - 1.65 %VID
DAC=1.655V-2.0V -1.0 - 1.0 %VID
DAC=1.0V-1.65V -0.75 - 0.75 %VID
DAC=0.8V-0.995V -1.5 - 7.5 mV
DAC=0.25V-0.795V -12 - 12 mV
0°Cto 85°C Temp Range
DAC=1.20625V-1.55V -0.75 - 0.75 %VID
DAC=0.8V-1.2V -0.5 - 0.5 %VID
DAC=0.55V-0.79375V -4 - 4 mV
Voltage Accuracy! Vour DAC=0.25V-0.54375V -8 - 8 mV
AMD -40°Cto 0°C, 85°Cto 125 °C Temp Range
DAC=1.20625V-1.55V -1 - 1 %VID
DAC=0.8V-1.2V -0.75 - 0.75 %VID
DAC=0.55V-0.79375V -6 - 6 mV
DAC=0.25V-0.54375V -12 - 12 mV
DAC Slew Rate! 0.25 mV/ps resolution 322757; mV/us
Oscillator and PWM Generator
Internal Oscillator - 48 - MHz
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Parameter Symbol | Conditions Min Typ Max Unit
Frequency Accuracy
0°Cto 85°C Temp Range -3 - 3 %
Ttomlg R(; n;; 85°C-125°C | ] 5 "
200 to
PWM Frequency Range?! - 2000 - kHz
PWM Resolution? - 163 - ps
Temperature Sense Input - TSENx
TOUT
Input Voltage For TSENx=0to 1.8V - 8 - mV/°C
Offset Voltage - 0.6 - \Y
Digital Inputs - Low Vth Type | EN,EN_L2,SM_CLK, SM_DIO
1
Input High Voltage EN, EN_L2 0.725 - - \Y
Input Low Voltage EN, EN_L2 - - 0.35 Vv
Input High Voltage SM_CLK, SM_DIO 1.1 - - Vv
Input Low Voltage SM_CLK, SM_DIO - - 0.6 \"
Input Leakage Vpad=0t03.6V - - 5 MA
Digital Inputs - LVTTL EN, EN_L2, SM_CLK, SM_DIO
Input High Voltage 2.1 - - v
Input Low Voltage - - 0.8 \Y
Input Leakage Vpad=0to03.6V - - *1 MA
Digital Inputs - VDDIO AVS_MDAT/SVD, AVS_CLK/SVC
Period 40 - 200 ns
Input High Voltage opteaton | . | oanose | - |
AMD SVI2 0.78 \'
Input Low Voltage optcaton | . | omoss | - | VY
AMD SVI2 0.63 v
Input Leakage Current Vpad=0t03.6V - - £5 MA
Remote Voltage Sense Inputs | VSEN_Lx, VRTN_Lx
VSEN Input Current VSEN=0.5Vto2.55V - -25to +100 - MA
VRTN Input Current - -50 - MA
g;f;egreelntial Input Voltage VRTN = £100 mV - 0to2.55 - \
VRTN Input CM Voltage! - -100 to 100 - mV
Phase Current Sense Inputs ISENX
CFLT-0.15
Voltage Range! - to - \
CFLT+0.6
High Current Range Input ISNSx to CFLT 10 15 20 KQ
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Parameter Symbol | Conditions Min Typ Max Unit
Resistance
High Current Range Input
Attgenuation Factfr i 65.5 66.25 67.0 %
Output Current Monitor IMON
Voltage Range - 0to2.55 - v
Voltage Accuracy®
0°Cto 85°C Temp Range
IMON=1.1V-2.56V -0.8 - 0.8 %
IMON =0.8V-1.095V -8.5 - 8.5 mV
IMON =0.5V-0.795V -10 - 10 mV
IMON = 0.005 V-0.495 V -12.5 - 12.5 mV
-40°C-0°C,85°C-125°C
Temp Range
IMON =1.0V-2.56V -1.75 - 1.75 %
IMON=0.5V-0.995V -20 - 20 mV
IMON =0.005V-0.495V -25 - 25 mV
Resolution - 5 - mV
Output Impedance - 210 - Q
Open-drain Outputs - 4mA PWRGOOD_Lx, SM_DIO*, SM_ALERT#
Drive
Output Low Voltage 4 mA - - 0.3 v
Output Leakage Vpad=0to 3.6V - - 15 pA
Open-drain Outputs - 20mA | VRHOT_ICRIT#, IOUT_ WARN#x
Drive
Output Low Voltage =20 mA - - 0.26 \'
On Resistance 1=20 mA 4 9 13 Q
Output Leakage Vpad=0t03.6V - - 5 MA
CMOS Output - VDDIO AVS_SDAT/SVT
Period! 40 - 200 ns
Output Low Voltage lol=+20 mA - 20% VDDIO - v
Output High Voltage loh=-10 mA, VDDIO<1.2V - 80% VDDIO - \'
Output Leakage Vpad=0t03.6V - - +5 MA
CMOS Output - VCC CAT_FLT
Output Low Voltage lol=+4mA - - 0.4 Y
VCC-
Output High Voltage loh=-4 mA 0.4 - - \Y
PWM Outputs PWMx
Output Low Voltage I=+4 mA - - 0.4 \'
Output High Voltage I=-4mA 2.9 - - v
Tri-State Leakage Vpad =0 to Vcc - - +2 MA
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XDPE132G5D Digital Multi-phase Controller
16-phase Dual Loop PWM Voltage Regulator

Electrical Characteristics
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Parameter Symbol | Conditions Min Typ Max Unit
AMD SVI2 BUS svC
Tperiod (SVC Period)* 47.6 10,000 ns
SVI2 SVC Frequency* 0.1 20.0 21.0 MHz
Address Offset/ PROG
Config Selection
Output Current Vpad=0to 1.2V 97 100 103 HA
12C/PMBus & Telemetry
Normal - 100 - kHz
Bus Speed! Fast - 400 - kHz
Maximum - 3400 - kHz
e e |
lout, Vout, Temp, and Vin Selectable
Filter Rate* (Selected Frequency 2106 Hz
applies to all parameters) t0 2695
Temperature Filter Rate’ 4.6 kHz
lin, Pin and Pout Filter Rate! 2 kHz
e | m |
Vout Update Rate! - 48 - MHz
legé\;::)é:tlcll Temperature i 100 i KHz
Vin Range Reporting’ With 14:1 divider - 0to 16.8 - v
Vin Accuracy Reporting With 1% resistors -3 - +3 %
Vin Resolution Reporting* - 31.25 - mV
Vout Range Reporting! - - 2.55 v
Vout Accuracy Reporting* No load-line +0.5 %
Vout Resolution Reporting® - - mV
:;)eul;coPrfirnI;t\ase Range Low 1 A Resolution - -20to +80 - A
:;eugopr;rn';?ase Range High | 1.5AResolution - |-30to+120 | - A
Maximum load, all phases
e e | < | = ||
phases)
Loopl lout Resolution lout<255.75A 0.25
Reporting? 256 <lout<511.5A - 0.5 - A
lout>512 A 1
Loop2 lout Resolution lout<255.75 A 0.25
Reporting’ lout > 256 A ] 0.5 ) A
Il;zgz:tlirglfesolutlon i 62.5 i mA
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XDPE132G5D Digital Multi-phase Controller
16-phase Dual Loop PWM Voltage Regulator

Electrical Characteristics
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Parameter Symbol | Conditions Min Typ Max Unit
Loop2 !ln Il?esolutlon i 31.25 i mA
Reporting
P_in Resolution Reporting-
PMBUS! ] 0-3 ] W
P_out Resolution Reporting-
PMBUS! ] 03 ] W
Temperatlljre Range 256 i 255 °C
Reporting
Temper atll.|re Accuracy With TOUT signal -5 - 5 °C
Reporting
Temperature Resolution o
o - 1 - C
Reporting
AVSBus & Telemetry
Bus Speed! 5t025 MHz
lout Update Rate! - 12 - MHz
lout Filter Rate? Selectable - 2'5’65(’)7'5’ - kHz
Temperature Update Rate! - 100 - kHz
Temperature Filter Rate’ - 4.6 - kHz
Fault Protections
. 1.2,1.275,
Fixed OVP Threshold Selectable - 1.35,2.5 v
H 1
OVP Operating Threshold Relative to VID - | s50-400 | - mV
(programmable)
OVP/UVP Filter Delay* - 160 - ns
1
Output UVP Threshold Relative to VID - | s50-400 | - mV
(programmable)
Fast OCP Range? - 4-1023 - A
Fast OCP Filter Bandwidth! LL_BW kHz
VRHOT# range* 64 to 255 °C
OTP range! 64 to 255 °C
Delay from summed inductor
1
JOUT_WARNix delay current exceeding threshold ! HS
Dynamic Phase Control
Current Filter Bandwidth* For Phase Add 60 kHz
Current Filter Bandwidth® For Phase drop - 7.5 - kHz
Timing Information (See Figure 8)
Automatic Configuration 3.3Vready to end of trim
1 -t . . - - 1 ms
from MTP configuration
Automatic Trim Time! Tats - - 4 ms
Configure USER Registers® Ts-ta 1 ms
Note: ! Verified and approved by design community.
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XDPE132G5D Digital Multi-phase Controller Infineon
16-phase Dual Loop PWM Voltage Regulator

General Description

7 General Description

The XDPE132G5D is a flexible, dual loop, digital, multiphase PWM buck controller optimized to convert a 12 V or
20 Vinput supply to a voltage level required by high performance microprocessors and DDR memory. It is easily
configurable for 1 to 16 phases of operation on Loop 1 and 0 to 8 phase operation on Loop 2 provided that the
total number of phases is limited to 16. The unique partitioning of analog and digital circuits within the
XDPE132G5D provides the user with easy configuration capability while maintaining the required accuracy and
performance. Access to on-chip Multiple Time Programming memory (MTP) to store the XDPE132G5D
configuration parameters enables power supply designers to optimize their designs without changing external
components.

7.1 Operating Modes

The XDPE132G5D can be used for AVSBus Processor designs, AMD SVI2 CPU and GPU designs, nVIDIA PWM-VID
designs, DDR Memory, and stand-alone voltage rails without significant changes to the Bill of Materials (BOM).
The required mode is selected in MTP and the pin-out, output voltage, and other relevant functions are
automatically configured. This greatly reduces time-to-market and eliminates the need to manage and inventory
different PWM controllers.

7.2 Digital Controller and PWM

A linear Proportional-Integral-Derivative (PID) digital controller provides the loop compensation for system
regulation. The digitized error voltage from the high-speed voltage error ADC is processed by the digital
compensator. The digital PWM generator uses the outputs of the PID and the phase current balance control
signals to determine the pulse width for each phase on each loop. The PWM generator has enough resolution to
ensure that there are no limit cycles. The compensator coefficients are user-configurable to optimize the system
response. The compensation algorithm uses a PID with two additional programmable poles. This provides the
digital equivalent of a Type lll analog compensator.

7.3 Adaptive Transient Algorithm (ATA)

Dynamic load step-up and load step-down transients require fast system response to maintain the output
voltage within specification limits. This is achieved by a unique adaptive non-linear digital transient control loop
based on a proprietary algorithm.

7.4 Multiple Time Programming Memory

The multiple time programming memory (MTP) stores the device configuration. At power-up, MTP contents are
transferred to operating registers for access during device operation. MTP allows customization during both
design and high-volume manufacturing. MTP integrity is verified by Cyclic Redundancy Code (CRC) checking on
each power up. The controller will not start up in the event of a CRC error.

The XDPE132G5D offers up to 25 writes to configure basic device parameters such as frequency, fault operation
characteristics, and boot voltage. This represents a significant size and component saving compared to
traditional analog methods. In addition to this, the XDPE132G5D also allows loading of multiple user
configuration files (up to 16, based on the resistor on-board at the PROG pin. See Table 39) and allows loading of
a specific configuration file corresponding to a specific application automatically (this is especially valuable in
mother-boards with multiple XDPE132G5D controllers).
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General Description

7.5 Internal Oscillator

The XDPE132G5D has a single 48 MHz internal oscillator that generates all the internal system clock frequencies
required for proper device function. The oscillator frequency is factory-trimmed for precision, and has extremely
low jitter (Figure 4) even in light-load mode (Figure 5). The single internal oscillator is used to set the same
switching frequency on each loop.

25| PWM 1 sebsionsismiusimts

(@ 25.0mvey @ 2.00V & \|400ns 5 00GS/s H T 1,64\’"
0-+v0.00000s 100k 100k points )

1’23 Mar 2018"‘
|15:52:08 |

Figure4 Persistence plot of a 5¢, 100 A system

(@D 25.0mveosm ) |400ns J (5.00GS/s I ‘ S 1.64 V]

»v0.00000s | {100k points|

"23 Mar 2013"‘
15:54:11 |

Figure5 Persistence plotin 1®, No Load

Datasheet 22 Rev 1.0
2020-06-01



Preliminary o _ .
XDPE132G5D Digital Multi-phase Controller Infineon
16-phase Dual Loop PWM Voltage Regulator

General Description

7.6 High-precision Voltage Reference

The internal high-precision voltage reference supplies the required reference voltages to the VID DACs, ADCs and
other analog circuits. This factory-trimmed reference is guaranteed over temperature and manufacturing
variations.

7.7 Output Voltage Sense

An error voltage is generated from the difference between the target voltage, defined by the VID and the
differentially sensed output voltage (remote sense). For each loop, the error voltage is digitized by a high-speed,
high-precision ADC. An anti-alias filter provides the necessary high frequency noise rejection. The gain and offset
of the voltage sense circuitry for each loop is factory-trimmed to deliver the required accuracy.

7.8 Output Current Sense

The XDPE132G5D supports RDson current sensing OptiMOS™ Power Stages. In case of RDson based current
sensing, the controller is designed to handle a signal with fixed gain of 5 mV/A. No external component is
required for thermal compensation as it is implemented inside the RDson sensing OptiMOS™ Power Stage, thus
reducing the component count.

The controller is designed to handle phase currents from -20 A to 80 A with configuration option for extended
high current range of -30 Ato +120 A.

7.9 MOSFET Driver and Power Stage Compatibility

The output PWM signals of the XDPE132G5D are designed for compatibility with industry standard +3.3 V Tri-
State MOSFET drivers.

7.10 12C and PMBus Interface

An 12C or PMBus interface is used to communicate with the XDPE132G5D. This two-wire serial interface consists
of clock and data signals, and operates as fast as 3.4 MHz. The bus provides read & write access to the internal
registers for configuration, and for monitoring of operating parameters. The bus is also used to program on-chip
non-volatile memory (MTP) to store operating parameters.

To ensure operation with multiple devices on the bus, an exclusive address for the XDPE132G5D is programmed
into MTP.

To protect customer configuration and information, the 12C interface can be configured for either limited access
or locked with a 16-bit software password. Limited access includes both write and read protection options. In
addition, there is a telemetry-only mode which only allows reads from the telemetry registers.

The XDPE132G5D supports the Packet Error Checking (PEC) protocol and a number of PMBus commands to
monitor voltages and currents. Refer to the PMBus Command Codes in Table 44 for more information.

7.11 IFX OpenPower GUI

The OPENPOWER GUI provides the designer with a comprehensive design environment that includes interactive
tools to calculate VR efficiency and DC error budget, design thermal compensation & feedback loop networks,
generate system loop response (Bode plots) and output impedance plots. The GUI environment is a key utility
for design optimization, debug, and validation of designs that saves the designer significant time and allowing
faster time-to-market (TTM).
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The OPENPOWER GUI allows real-time design optimization and monitoring of key parameters such as output
current and power, input current and power, phase currents, temperature, and faults.

The OPENPOWER GUI also allows access to the system configuration settings for switching frequency, soft start
rate, output voltage setting, power savings settings, loop compensation, transient control system parameters,
input under-voltage, output over-voltage, output under-voltage, output over-current and over-temperature.

7.12 Programming
Once a design is complete, the OPENPOWER GUI produces a complete configuration file.

The configuration file can be re-coded into an 12C/PMBus master (e.g. a Test System) and loaded into the
XDPE132G5D using the bus protocols described on Page 78. The XDPE132G5D has a special in-circuit
programming mode that allows the MTP to be loaded at board test in mass production without powering on the
entire board.

7.13 Real-time Monitoring

The XDPE132G5D can be accessed through the use of PMBus Command codes (described in Table 44), to read
the real time status of the VR system including input voltage, output voltage, input and output current, input and
output power, and temperature. Additionally, output voltage, output current, and temperature can be accessed
through AVSBus commands.

In addition, the IMON pin provides an analog output voltage corresponding to the total average output current
according to Figure 6. This internally generated signal provides the user with additional flexibility in making
decisions based on the reported output current. Care needs to be taken to ensure that this pin is not loaded, as
the source capability of this pin is limited to 100 pA. An output capacitor on this pin is not required but if a
capacitor is used, its value must be limited to a maximum of 1 nF.
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Figure6 IMON Voltage (V) versus Output Current (A)
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Figure7 Response time IMON Voltage (V) versus Output Current (A)

The Maximum IMON Current can be set based on the maximum current of the system. Imon_max_code can be
set to 1024 A or 512 A to use the full-scale of the IMON output.
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Theory of Operation
8 Theory of Operation
8.1 Operating Mode

The XDPE132G5D changes its functionality based on the user-selected operating mode, allowing one device to
be used for multiple applications without significant BOM changes. This greatly reduces the user’s design cycles
and time-to-market (TTM).

The functionality for each operating mode is completely configurable by simple selections in MTP. The mode
configuration is shown in Table 6.

Table6 Mode Selection
Mode Description
PMBus Vboot and Dynamic Voltage controlled through VOUT_COMMAND

Vboot controlled by AVS Voltage Setting (register), dynamic Voltage controlled by AVSBus Voltage
Command.

AMD SVI2 | VBOOT set by SVC/SVD pin state, dynamic voltage controlled by SVI2 command VID code
PWM-VID | VBOOT set with NVM register value, dynamic voltage controlled by PWM-VID duty cycle

AVSBus

8.2 Device Power-on and Initialization

The XDPE132G5D is powered from a 3.3 V DC supply. Figure 8 shows the timing diagram during device
initialization. An internal regulator generates a 1.8 V rail to power the control logic within the device. During
initial startup, the 1.8 V rail follows the rising 3.3 V supply voltage, proportional to an internal resistor tree. The
internal oscillator becomes active at t; as the 1.8 V rail is ramping up. Until soft-start begins, the XDPE132G5D
PWM outputs are disabled in a high impedance state to ensure that the system comes up in a known state.

The controller comes out of power-on reset (POR) at t, (see Figure 8) when the 3.3 V supply is high enough for the
internal bias control to generate 1.8 V. After a delay of (ts-t,), the trims are read and the automatic trim routines
are complete by time t.. Upon completing the loading of trim registers, the user configuration registers will be
initiated at ts and complete by ts. At this time; if enabled in MTP and when the VINSEN voltage is valid, the
controller will initiate soft-start if there is no fault in the system.

Note: The minimum rise time for the 3.3V supply is 1ms.
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Figure8 Controller Startup and Initialization
8.3 Test Mode

Driving the PROG pin high (+3.3 V) engages a special test mode in which the 12C address changes to 0Ah. This
allows individual in-circuit programming of the controller. This is specifically useful in multi-controller systems
that use a single 12C bus. Note that MTP will not load to the working registers while in test mode.

8.4 Supply Voltages

The controller is powered by a 3.3 V supply rail VCC, and has an internal 1.8 V LDO (CFLT) that is used to power
internal circuitry. The power phases in the voltage regulator are powered by VIN while the Power
Stages/MOSFET Drivers that control the VR are supplied by a lower voltage VAUX supply, typically 5 V.

The recommended decoupling for the 3.3 Vis shown in Figure 9. The Vcc pin should have a 0.1 uF and 1 uF X5R-
type ceramic capacitors placed as close as possible to the package.

Vcc

o I
1uF
IHIOHLF

Figure9 VCC3.3V Decoupling

8.4.1 CFLT

The CFLT pin must have a 1 pF, X5R (or better) type decoupling capacitor connected close to the package as
shown in Figure 10.
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