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MAX15301

InTune Automatically Compensated Digital PoL

Controller with Driver and PMBus Telemetry

General Description

The MAX15301 is a full-featured, highly efficient, digital
point-of-load (PoL) controller with advanced power man-
agement and telemetry features. Unlike PID-based digital
power regulators, the MAX15301 uses Maxim’s patented
InTune™ automatically compensated, state-space control
algorithm. The InTune control law is valid for both the
small- and large-signal response and accounts for duty-
cycle saturation effects. These capabilities result in fast
loop transient response and reduce the number of output
capacitors compared to competing digital controllers.

The MAX15301 includes multiple features to optimize
efficiency. An internal switch BabyBuck™ regulator gen-
erates the gate drive and the internal bias supplies for
the controller with low power loss. An advanced, high-
efficiency MOSFET gate driver has adjustable nonoverlap
timing and load-variable gate-drive voltage to minimize
switching losses over the full range of voltage, current,
and temperature.

The MAX15301 was designed for end-customer’s design
environment. An on-board PMBus™-compliant serial bus
interface enables communication with a supervisory con-
troller for monitoring and fault management. A full suite
of power management features eliminates the need for
complicated and expensive sequencing and monitoring
ICs. Basic DC-DC conversion operation can be set up
via pin strapping and does not require user configura-
tion firmware. This allows for rapid development of the
power-supply subsystem before board-level systems
engineering is completed. Maxim provides support hard-
ware and software for configuring the MAX15301.

The MAX15301 is available in a 32-lead, 5mm x 5mm
TQFN package and operates over the -40°C to +85°C
temperature range.

InTune and BabyBuck are trademarks of Maxim Integrated
Products, Inc.

PMBus is a trademark of SMIF, Inc.

Maxim patents apply: 7498781, 7880454, 7696736, 7746048,
7466254, 798613, 7498781, 8,120,401, 8,014,879.

This product is subject to a license from Power-One, Inc., relat-
ed to digital power technology patents owned by Power-One,
Inc. This license does not extend to merchant market stand-
alone power-supply products.

19-6267; Rev 4; 11/13

Features

e InTune Automatic Compensation Ensures Stability
While Optimizing Transient Performance

e State-Space Compensation Results in Fast Transient
Response with Reduced Output Capacitance

e Differential Remote Voltage Sensing Enables +1%
VouT Accuracy over Temperature (-40°C to +85°C)

e PMBus Interface for Configuration, Control, and
Monitoring

e Supports Voltage Positioning
e High Output 2A/4A MOSFET Driver
» Adjustable Nonoverlap Timing
» Variable Gate-Drive Voltage
e Wide Input Range of 4.5V to 14V
e Efficient On-Chip BabyBuck Regulator for Self-Bias
e Output Voltage Range from 0.5V to 5.25V
e Startup into a Prebiased Output
e Configurable Soft-Start and Soft-Stop Time
e Fixed-Frequency Operation and Synchronization
e Flexible Sequencing and Fault Management

e Pin-Strappable Configuration

» Output Voltage, SMBus Address, Switching
Frequency, Current Limit

e Out-of-the-Box Operation Enables Fast Prototyping

Applications

e Servers

Storage Systems
Routers/Switches
Base-Station Equipment
Power Modules

Ordering Information and Typical Operating Circuit appear
at end of data sheet.

For related parts and recommended products to use with this part, refer
to www.maximintegrated.com/MAX15301.related.

maxim
integrated.




MAX15301 InTune Automatically Compensated Digital PoL
Controller with Driver and PMBus Telemetry

Absolute Maximum Ratings

INSNS t0 SGND ......ooiiiiiiiiiiieeee e -0.3V to +14V BST t0 GDRV ...t -0.3V to +26V
LXSNS t0 SGND .....oiiiiiiiiiieiiee e -2V to +14V TP8 10 DGND ..o -0.3V to +2.2V
LXSNS (pulse < 10ns) t0 SGND .......ccccceierrieienne -2V to +20V ClO, SET, PG, ADDRO, ADDR1, SYNC, TEMPX,
OUTP, OUTN, DCRP, DCRN to SGND ...-0.3V to +5.5V SALRT t0 DGND.... oot -0.3V to +4V
PWR t0 PGND.......coiiiiiiiiieeeee e -0.3V to +18V EN, SCL, SDAt0 DGND .....coociiiiiiiiiiieiicieeieeiene -0.3V to +4V
HLD t0 SGND.......oiiiiieiiieiieeeee e -0.3V to +4V PGND to SGND......eeiiiiiiiiie e -0.3V to +0.3V
3P3 10 SGND.....ccceiiiiiieieee -0.3V to the minimum of +4V DGND t0 SGND .....cooiiiiiiiieeicee e -0.3V to +0.3V
or (Vgpry * 0.3V) Electrostatic Discharge (ESD) Rating
GDRV t0 SGND......ccveiieiieinne. -0.3V to the minimum of +12V Human Body Model (HBM) ........cccooiiiiiiiiiiic +3500V
or (Vpywr + 0.3V) Machine Model ... +200V
LX to PGND........ -2V to the minimum of +26V or (VggT + 0.3V) Junction Temperature..........ccoccvvveiiiiiee e +125°C
DL 1O PGND ... -0.3V to (VgpRry * 0.3V) Operating Temperature Range............ccccceeeueee.. -40°C to +85°C
LBIt0o PGND.......cooiiiiiiiiciiceeee -0.3V to (VpwR + 0.3V) Continuous Power Dissipation (Tp = +70°C)
LBO to PGND.......cccceeiieiieens (Vap3 - 0.3V) to (Vgpry + 0.3V) TQFN (derate 34.5mW/°C above +70°C).................. 2758mwW
DH to PGND (Vix - 0.3V) to (VgsT + 0.3V) Storage Temperature Range...........cccocccvveeenes -65°C to +150°C
BST 10 LX i -0.3V to +12V Lead Temperature (soldering, 10S) ......ccoevvivieeeiiiieeennnns +300°C
BST t0 PGND ....eoiiiiiiiiiieeeecceeeee e -0.3V to +26V Soldering Temperature (reflow)...........ccoovveveiiieiicneennes +260°C

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

Package Thermal Characteristics (Note 1)
TQFN
Junction-to-Ambient Thermal Resistance (64) -......... 29°C/W Junction-to-Case Thermal Resistance (8c).......cccevven... 1.7°C/W

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

Electrical Characteristics

(All settings = factory default, Vpywr = Vinsns = 12V, VseND = VbenD = VeanD = OV, VouT = 1.2V, fgyw = 600kHz. Specifications are
for Tp =Ty =-40°C to +85°C, typical values are at Tp = T = +25°C. See the Typical Operating Circuit, unless otherwise noted.)(Note 2)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS
INPUT SUPPLY
Input Voltage Range VpwR 4.5 14 Vv
BabyBuck bias supply, driver not 10
switching
Input Supply Current IPWR mA
Linear mode bias supply, driver not
o 24 50
switching
Input Overvoltage Lockout -
Threshold VovLopPwr) | Input rising 14.3 15.2 16.0 \%
Input Undervoltage Lockout v Rising edge 3.8 4.1 4.4 Vv
VLO(PWR
Threshold UVLO( ) Hysteresis 0.24
BIAS REGULATORS
3P3 Output Voltage V3p3 ILoAD(3P3) = OMA 3.3 Vv
1P8 Output Voltage Vips ILoAD(1P8) = OMA 1.80 Vv

www.maximintegrated.com Maxim Integrated | 2



MAX15301 InTune Automatically Compensated Digital PoL

Controller with Driver and PMBus Telemetry

Electrical Characteristics (continued)

(All settings = factory default, Vpywr = VinsNs = 12V, VseND = VbenD = VeanD = OV, VouT = 1.2V, fgyw = 600kHz. Specifications are
for Ta =Ty =-40°C to +85°C, typical values are at Tp = Tj = +25°C. See the Typical Operating Circuit, unless otherwise noted.)(Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
STARTUP/SHUTDOWN TIMING
Firmware Initialization tq z::;:l(ﬁi;u\g\ﬁgomwm’ until ready to 25 ms
Minimum toN_DELAY to (Figure 2, Note 4) 1 ms
Turn-On Rise Time t3 (Figure 2, Note 4) 1 ms
. . ) From VoyTt = VoyT command to assertion
Adaptive Tuning Time tq of power good (PG) (Figure 2) 12 ms
OUTPUT VOLTAGE
Output Voltage Range VouT ?:I\I(Zezzzrjcirf]rgrg)OUTP to OUTN 0.5 5.25 Vv
LX Bias Current ILx Not switching, current out of device pin 200 MA
Duty-Cycle Range (Notes 3 and 4) 5 95 %
Regulation Set-Point Ta = +25°C, loyt < 20A (Notes 4, 8, 9) -0.5 +0.5 o
(o]
Accuracy -40°C < Tp < +85°C (Notes 4, 8, 9) -1 +1
louTp Current flowing into OUTP 50 MA
VouT Sense Bias Current -
louTN Current flowing out of OUTN 35 MA
|DCRP inai 120 nA
DCR Sense Bias Current Current flowing m_to DCR,
IDCRN VbcRP - VDCRN = 150mV 4 HA
PWM CLOCK (Note 4)
Switching Frequency Range fsw 300 1000 kHz
Switching Frequency Set- e -5 +5 .
Point Accuracy Ta=+25°C -10 +10 o
External Clock to SYNC
Frequency Range fsyne 300 1000 kHz
External Clock to SYNC Dut
Cydle Y| Dexteik 40 60 | %
SYNC Frequency Drift From nominal lock frequency (Note 6) -10 +10 %
Tolerance
PROTECTION (Note 4)
Current-Sense Common-
Mode Voltage Visp: VisN 01 55 v
Overcurrent Fault Threshold Ta = +25°C, exclusive of sensor error 13 %
Accuracy
Output Overvoltage Fault - %
Threshold Output rising 115 Vout
Output Undervoltage Fault . %
Threshold Output falling 85 Vout

www.maximintegrated.com
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MAX15301 InTune Automatically Compensated Digital PoL
Controller with Driver and PMBus Telemetry

Electrical Characteristics (continued)

(All settings = factory default, Vpywr = VinsNs = 12V, VseND = VbenD = VeanD = OV, VouT = 1.2V, fgyw = 600kHz. Specifications are
for Ta =Ty =-40°C to +85°C, typical values are at Tp = Tj = +25°C. See the Typical Operating Circuit, unless otherwise noted.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Thermal Shutdown Threshold +20 °c
Accuracy
Thermal Shutdown 20 °c
Hysteresis
Vv rising 90 0

Power-Good Threshold ouT &
Vour falling 85 Vout

POWER MANAGEMENT (Note 4)

STARTUP/SHUTDOWN TIMING

Firmware Initialization t4 From V'N.> VUVLOPWR), until ready to 25 ms
enable (Figure 2)

TON DELAY. TOFF DELAY Minimum delay (Figure 2, Note 4) 1

- ’ - to ms

Range Maximum delay (Figure 2, Note 4) 145

TON_DELAY, TOFF DELAY - .

. Delay timing step size 0.6 ms
Resolution
TON_DELAY, TOFF DELAY Command value sent vs. readback 0.3 ms
Command Accuracy
TON_DELAY, TOFF DELAY Command readback value vs. actual delay +0.8 ms
Timing Accuracy time -

TON_RISE, TOFF_FALL . Minimum (Figure 2, Note 4) 1
- - ms
Range 3 Maximum (Figure 2, Note 4) 255 X tRr
TON_RISE, TOFF_FALL t Ramp timing step size (varies with VOUT _ 04-10 ms
Resolution RR COMMAND) o
TON_RISE, TOFF_FALL Command value sent vs. readback 0.5 ms
Command Accuracy
TON_RISE, TOFF_FALL Command readback value vs. actual ramp
. . +10 us
Timing Accuracy duration
From end of soft-start ramp to PG assertion
Adaptive Tuning Time tyq (varies with FREQUENCY_SWITCH 12 ms
(Figure 2)
Tracking Error 200mV <Viy < (Vout_seT - 200mV) -100 +100
(Note 7)
Temperature Measurement External 5 oG
Accuracy Internal +5
DIGITAL I/O
Power-Good Logic-High Open-drain output mode, open-drain 10 A
Leakage Current connected to 5.5V, V3p3 = 3.3V H
Output Logic-High CMOS mode, Isoyrce = 4mA Vap3 - 0.4 V3p3 Vv

www.maximintegrated.com Maxim Integrated | 4



MAX15301 InTune Automatically Compensated Digital PoL
Controller with Driver and PMBus Telemetry

Electrical Characteristics (continued)

(All settings = factory default, Vpywr = VinsNs = 12V, VseND = VbenD = VeanD = OV, VouT = 1.2V, fgyw = 600kHz. Specifications are
for Ta =Ty =-40°C to +85°C, typical values are at Tp = Tj = +25°C. See the Typical Operating Circuit, unless otherwise noted.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX
Output Logic-Low IsiNnk = 4mA 0.4 \%
Input Bias Current -1 +1 MA
Rise/Fall Slew Rate CLoaD = 15pF 2 ns
\IE/(’)\II;aSgZNC Input-Logic Low Input voltage falling 0.8 v
\IE/(’)\II{aSgZNC Input-Logic High Input voltage rising 2 v
(E:tl':rz\](tNC Input Leakage -10 +10 UA
SMBus (Note 4)
\S/Sf;’giCL Input Logic-Low Input voltage falling 0.8 \%
\S/Bf;’giCL Input Logic-High Input voltage rising 2 \Y;
SPA, SCL, SALRT Logic- VscL, Vspa = 0V, and Vga RT tested at 10 uA
High Leakage Current 0V and 3.3V
glag,UtS\C/)lc;l,t:é’-(\aLRT Logic-Low lsink = 4mA 04 Vv
PMBus Operating Frequency fsvB 400 kHz
Bus Free Time tBUF 13 us
(STOP - START)
START Condition Hold Time tHD.STA 06 us
from SCL
START Condition Setup Time tSUISTA 06 us
from SCL
STOP Condition Setup Time tSU:STO 06 us
from SCL
SDA Hold Time from SCL tHD:DAT 300 ns
SDA Setup Time from SCL tsu-DAT 100 ns
SCL Low Period tLow 1.3 ps
SCL High Period tHIGH 0.6 us
DRIVER BIAS REGULATOR

GCTRLDAC =0 5.2

GDRYV Output Voltage Range VGDRV GCTRLDAG = 15 57 \%
GDRYV Undervoltage Lockout | VgprvuvLo | GDRV falling, 200mV (typ) hysteresis 3.5 3.75 Vv
LBI, LBO Current Limit 0.7 A

www.maximintegrated.com Maxim Integrated | 5



MAX15301

InTune Automatically Compensated Digital PoL
Controller with Driver and PMBus Telemetry

Electrical Characteristics (continued)

(All settings = factory default, Vpywr = VinsNs = 12V, VseND = VbenD = VeanD = OV, VouT = 1.2V, fgyw = 600kHz. Specifications are
for Ta =Ty =-40°C to +85°C, typical values are at Tp = Tj = +25°C. See the Typical Operating Circuit, unless otherwise noted.)(Note 2)

Shutdown Threshold

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
HIGH-SIDE DRIVER
Driver Source Current IDH_Source | VpwR = 12V, Vpy = 0V, 3.0nF load 2 A
Driver Sink Current IDH_SINK VpwRr = 12V, Vpy = 0V, 3.0nF load 4 A
DH Driver On-Resistance _
(Sourcing) RoN(DH) Vpwr = 12V, VgsT - V| x forced to 5V 1 Q
DH Driver On-Resistance _
(Sinking) RoN(DH) Vpwr = 12V, VgsT - VX forced to 5V 0.4 Q
LOW-SIDE DRIVER
Driver Source Current IpL_source | VpwRr = 12V, Vp = 0V, 5.0nF load 2 A
Driver Sink Current IDL_SINK VpwRr = 12V, VpL =5V, 5.0nF load 4 A
DL Driver On-Resistance _
(Sourcing) RoN(bL) Vpwr = 12V, V| x - Vpgnp forced to 5V 1 Q
DL Driver On-Resistance _
(Sinking) RoN(bL) VpwRr = 12V, V| x - Vpgnp forced to 5V 0.4 Q
DRIVER TIMING AND RESISTANCE
DL Transition Time tF DL Falling, 5.0nF load, VgpRry = 5V 10 s
tR DL Rising, 5.0nF load, VgpRry = 5V 15
f Falling, 3.0nF load, V, =5V 8
DH Transition Time F_DH 9 GBRV ns
tR_DH Rising, 3.0nF load, VgpRry = 5V 10
DH Driver Pulldown o _
Resistance Rpp(DH) Not switching, VEn = OV 100 300 kQ
DL Driver Pulldown oo _
Resistance Rpp(DL) Not switching, Vgn = OV 100 300 kQ
: VGDRv =5V, VpH = Vi.x = VPGND
Boost On-Resistance RonsT) (pulldown state), IgsT = 10mA 1.5 Q
THERMAL PROTECTION
Gate-Driver Thermal TSHDN Hysteresis = 20°C 150 °C

Note 2: Limits are 100% production tested at Tp = +25°C. Maximum and minimum limits over temperature are guaranteed through
correlation using statistical quality control (SQC) methods. Typical values are expressed as factory-default values also for
configurable specifications within a range.

Note 3: Can go to 100% during a transient.

Note 4: Design guaranteed by bench characterization. Limits are not production tested.

Note 5: The settable output voltage range is 0.6V to 5.0V. This range expands to 0.5V to 5.25V when the voltage margining
function is enabled.

Note 6: Once the MAX15301 locks onto an external synchronizing clock, the tolerance on the capture range is £10%.

Note 7: See the Voltage Tracking section.

Note 8: Excluding tracking mode.

Note 9: Voltage regulation accuracy is power-stage dependent; adherence to all data sheet design recommendations is required to
achieve specified accuracy.

www.maximintegrated.com
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MAX15301

Typical Operating Characteristics
(Ta = +25°C, VN = 12V, VouT = 1.2V, fgyy = 600kHz, unless otherwise noted. See the Typical Operating Circuit and Application 1 in

Table 8).
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InTune Automatically Compensated Digital PoL
Controller with Driver and PMBus Telemetry
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MAX15301 InTune Automatically Compensated Digital PoL
Controller with Driver and PMBus Telemetry

Pin Configuration
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Pin Description
PIN NAME FUNCTION

External Switching Frequency Synchronization Input. Connect a resistor between SYNC and SGND to
1 SYNC set the switching frequency of the DC-DC converter (see Table 2). The MAX15301 can also synchronize
with an external clock applied at SYNC.

2 ADDRO SMBus Address Select Input 0. Used with ADDR1 to assign a unique SMBus address to the device.
Output Voltage Set Input. Connect a resistor between SET and SGND to set the output voltage. Shorting
3 SET C .
this pin to ground selects tracking mode (see Table 1).
4 ADDR1 SMBus Address Select Input 1. Used with ADDRO to assign a unique SMBus address to the device and
set the current limit for MAX15301.
5 DGND Digital Ground. Connect to DGND and PGND using short, wide PCB traces.
Internal 1.8V Regulator Output. 1P8 is the supply rail for the internal digital circuitry. Bypass 1P8 to
6 1P8 DGND with a 10puF ceramic capacitor. This pin may not be used to power any circuitry external to the

MAX15301.

Connection for the External Temperature Sensor. Connect an npn transistor junction from TEMPX to
7 TEMPX SGND to measure the temperature at any point on the PCB. Place a 100pF ceramic capacitor in parallel
with the temperature sense junction.

Configurable Input/Output Pin. This is a voltage-tracking input when SET is connected to SGND to select

8 clo tracking mode. ClIO must be grounded when not in tracking mode.

www.maximintegrated.com Maxim Integrated | 8



MAX15301

InTune Automatically Compensated Digital PoL
Controller with Driver and PMBus Telemetry

Pin Description (continued)

PIN NAME FUNCTION

9 SALRT SMBus Alert. Interrupt to the SMBus master. Open-drain output that pulls low when SMBus interaction is
required.

10 SCL SMBus Clock Input

1" SDA SMBus Data Input/Output
Enable Input. Do not leave unconnected. By default, driving EN high enables output regulation, and

12 EN - : )
driving EN low disables output regulation.
Powertrain Input Rail Sense. Monitors the input supply of the DC-DC converter. Connect a series 2kQ

13 INSNS ) . . .
resistor between input rail and INSNS pin.

14 LXSNS Switching Node Sense Input. Connect a series 2kQ resistor between switching node and LXSNS pin.

15 DH High-Side MOSFET Gate Drive

16 LX Switching Node. Connect directly to the high-side of the output inductor.

17 BST Bootstrap Capacitor Connection. Connect a 0.22uF ceramic capacitor between BST and the switching
node.

18 GDRV Gate-Driver Supply. Bypass GDRV to PGND with a 2.2uF ceramic capacitor.

19 DL Low-Side MOSFET Gate Drive

20 PGND Power Ground. Connect to SGND and DGND using short wide PCB traces.

21 LBI BabyBuck Switching Node 1. See the BabyBuck Regulator section for configurations.

22 PWR Power-Supply Input. Connect to a power-supply input. Bypass to ground with a 1uF ceramic capacitor.

23 LBO BabyBuck Switching Node 2. See the BabyBuck Regulator section for configurations.
Internal 3.3V Regulator Output. 3P3 is the supply rail for the internal analog circuitry. Bypass 3P3 to

24,25 3P3 SGND with a 4.7uF ceramic capacitor. This pin may not be used to power any circuitry external to the

MAX15301.

26 OUTN Output Voltage Differential Sense Negative Input. Connect to ground at the load.

27 OUTP Output Voltage Differential Sense Positive Input. Connect to the output at the load.

28,29 I.C. Internally Connected. Connect directly to ground near the MAX15301.

Output Current Differential Sense Positive Input. Connect to the inductor or current-sense element

30 DCRP o . . i
positive side through an appropriate filter network.

31 DCRN Output Current Differential Sense Negative Input. Connect to the inductor or current-sense element
negative side.

32 PG Open-Drain Power-Good Indicator. PG asserts high when soft-start is complete, the voltage has reached
regulation, after a successful InTune calibration is completed.
Exposed Pad and Analog Ground. The EP serves two purposes: it is both the analog ground of

EP SGND the device and a conduit for heat transfer. Connect to a large ground plane to maximize thermal
performance. See the PCB Layout Guidelines section.

www.maximintegrated.com
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MAX15301 InTune Automatically Compensated Digital PoL

Controller with Driver and PMBus Telemetry

Functional Diagram
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Detailed Description

The MAX15301 is an innovative, PMBus-compliant,
mixed-signal power management IC with a built-in
high-performance digital PWM controller for POL appli-
cations. The MAX15301 is based on Maxim’s InTune
automatically compensated digital PWM control loop.
The MAX15301 has optimal partitioning of the digital
power management and the digital power conversion
domains to minimize startup times and reduce bias
current. The MAX15301 supports over 80 standard and
manufacturer-specific PMBus commands.

The MAX15301 uses adaptive compensation techniques
to handle a broad range of timing, voltage, current, tem-
perature, and external component parameter variations.
Efficiency optimization techniques further enhance the
performance of the MAX15301, including adjustable
nonoverlap timing, load-variable gate-drive voltage, and
switch-mode BabyBuck bias regulators for biasing the
internal circuit blocks and the MOSFET gate drive.

www.maximintegrated.com

The MAX15301 features integrated power conversion to
self-bias its digital, analog, and driver blocks from a single
input supply (Vpwr). The MAX15301 relies on mixed-
signal design techniques to control the power system
efficiently and precisely. It does not require any software
to configure or initialize the device. In addition, functions
can be monitored and configured through the SMBus
interface using standard PMBus commands resulting in
ease of design and flexibility.

The control loop is separated from the housekeeping,
power monitoring, and fault management blocks. Control
loop parameters are stored in an on-chip nonvolatile flash
memory. An internal microcontroller enables monitoring
operating conditions using the SMBus interface. The
DPWM control loop is implemented using dedicated state
machines, there is no DSP or MCU in the control loop.
This partition allows for architecture that minimizes power
consumption while optimizing performance.

Maxim Integrated | 10



MAX15301

InTune Automatically Compensated Digital PoL

Controller with Driver and PMBus Telemetry

The Functional Diagram shows the controller implemen-
tation using a digital state space compensator (model
predictive) controller, a microcontroller unit (MCU), a digi-
tal pulse-width modulator (DPWM), a PLL-based master
timing generator, and a PMBus serial communication port.

State-Space Controller and DPWM

The MAX15301 uses a digital pulse-width modulation
(DPWM) control scheme to regulate the output voltage.
Traditional PWM regulators (both analog and digital) use
classical control methods for DC-DC converters based
on linear models of a discrete time nature and root locus,
Bode and Nyquist plots. These linear time-invariant
approximations work well for small signals. However,
when large transients cause duty-cycle saturation, the
performance of the closed loop can be degraded (larger
overshoots) and the output transients will be “slower”
(large settling times). Tighter regulation performance dur-
ing these disturbances is becoming a requirement. The
MAX15301 addresses the issue by using model-predic-
tive-based feedback design to compensate the DPWM.

The MAX15301 automatically constructs a state-space
model (state estimator) of the control plant (Figure 1). The
internal model gives access to state control variables that
are otherwise unavailable. The state control variables are
used to set the proper control values. For a given input
to output step-down ratio and PWM switching frequency
the MAX15301 sets the compensation coefficients for
that application. Upon output enable, or in response to a

PMBus command, the MAX15301 will perform the InTune
calibration. During this calibration several powertrain
parameter values are measured and the extracted param-
eters are used to create the internal model to optimize the
bandwidth and transient response of the converter.

The state-space compensator block generates the duty-
cycle command for the DPWM block. The DPWM block
generates the required PWM outputs for the driver. The
state-space controller block also contains a digital-to-
analog converter that adjusts the gate-drive voltage. The
gate-drive voltage can be set using a PMBus command
(manufacturer specific) to a value between 5V and 8.5V
to improve the power-supply efficiency.

BabyBuck Regulator

The MAX15301 has an internal BabyBuck bias regula-
tor circuit to generate both the gate-drive voltage supply
and the internal digital supply to power the controller.
The BabyBuck bias regulator is an internal two output
switching regulator that uses a small (1008-size), low-
cost inductor. If the user is not concerned with optimizing
operating efficiency, the inductor can be omitted from the
designs (connect the LBI pin to the PWR pin through a
100kQ resistor). In this configuration, the bias regulator
operates as a linear regulator (LDO). If an external gate-
drive voltage is available, the LBI pin can be connected
to V|N through a 2kQ resistor and the GDRV pin can be
connected to the external source.

1/x

COMPENSATOR
A A A

DPWM DRIVER

i

B

STATE ESTIMATOR

_

ST

LOAD

A

A/ID

A A

A

Figure 1. State-Space Controller Concept
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External Temperature Sense

A temperature sensor input pin (TEMPX) automatically
performs a temperature measurement using the base-
emitter junction of a standard 2N3904 transistor. When
this device is connected to the TEMPX pin, the MAX15301
uses the external temperature information for temperature
fault and current measurement temperature compensa-
tion (tempco). If the external temperature measurement
feature is not required, connect TEMPX to ground. In this
case, the MAX15301 ignores the invalid external reading
and uses the internal signal for temperature compensa-
tion and thermal fault protection.

The temperature measurements can be read using
the PMBus commands READ_TEMPERATURE_1 and
READ_TEMPERATURE_2 for internal and external tem-
perature, respectively.

Regulation and Monitoring Functions

The MAX15301 improves the reliability of the system it
powers with multiple circuits that protect the regulator and
the load from unexpected system faults. The MAX15301
continuously monitors the input voltage, output voltage
and current, internal and external temperatures. The
MAX15301 can be configured to provide alerts for specific
conditions of the monitored parameters. The thresholds
and responses for these parameters have factory-default
values but can also be configured through the PMBus
interface. The status of the power supply can be queried
any time by a PMBus master.

Regulator Parameters

Key operating parameters in the MAX15301, such as
output voltage, switching frequency, and current-sense
resistence, can be configured using resistors. This pro-
vides flexibility for the user while ensuring that the device
will have a well-defined “out-of-the-box” operational state.
The pin configurations are only sampled when power is
first applied (the MAX15301 ignores changes to resistor
settings after power-up). From this initial operating state,
it is possible for the user to change the parameters using
PMBus commands. These changes can be stored in non-
volatile memory, and the device will subsequently power
up in the newly stored configuration state. However, it
is recommended that the pin-strap or resistor settings
always be applied with values chosen to provide a safe
initial behavior prior to PMBus configuration.

Pin-strap settings are programmed by connecting a resis-
tor from the appropriate MAX15301 pins to SGND. The
MAX15301 reads the resistance at startup and sets com-
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mand parameters per the tables in the following detail sec-
tions. Note that the external parts count can be reduced
in some cases by floating or grounding the configuration
pins.

Output Voltage Selection

The SET pin is used to establish the initial output voltage;
it can be pin strapped high or low, or connected to SGND
through a resistor, to select the output voltage as shown in
Table 1. Note that the SET pin is read once at power-up
and cannot be used to change the output voltage after that
time.

If the desired output voltage is not included in Table 1, use
a resistor to set the initial approximate output voltage, and
then send VOUT_COMMAND to set the exact desired
output voltage.

The output voltage can be set to any voltage between 0.5V
and 5.25V, including margining, provided the input voltage
to the DC-DC converter (VpwR) is higher than the output
voltage by an amount that conforms to the maximum duty
cycle specification.

Table 1. Output Voltage Setting Using Pin-
Resistor Setting

RsgT (kQ) OUTPUT VOLTAGE (V)
0to4.3 Track mode
5t05.2 0.6

6.1t06.3 0.7
7t07.3 0.75

8.1t0 84 0.8

941097 0.85

10.8to 11.2 0.9

125t012.9 0.95

14.5t0 14.9 1

17.6t0 18 1.05

21.2t021.8 1.1

25.81026.4 1.2

31.2t0 32 1.5

37.9t038.7 1.8

43.7t0 44.7 2.5

50.5t0 51.7 3.3

58.4 to 59.6 5

67.4 to Open 0
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Table 2. Interleave Settings

SMBus ADDRESS PHASE DELAY (°)
xxxx000b 0
xxxx001b 60
xxxx010b 120
xxxx011b 180
xxxx100b 240
xxxx101b 300
xxxx110b 90
xxxx111b 270

Setting Switching Frequency

The switching frequency can be adjusted from 300kHz to
1MHz with an external resistor from SYNC to SGND per
Table 3, or by sending the PMBus FREQUENCY_SWITCH
command.

As a guideline, lower frequencies can be used to improve
efficiency, while higher frequencies can be selected to
reduce the physical size and value of the external filter
inductor and capacitors.

External Synchronization

The MAX15301 may be configured to synchronize with
an external clock to eliminate beat noise on the input and
output voltage lines or to minimize input voltage ripple.
Synchronization is achieved by connecting a clock source
to the SYNC pin. The incoming clock signal must be in the
300kHz to 1MHz range and must be stable (see the SYNC
Frequency Drift Tolerance specification in the Electrical
Characteristics table). The MAX15301 synchronizes to the
rising edge of the clock after the IC is enabled. In the event
of aloss of the external clock signal during normal operation
after successful synchronization with the external clock,
the MAX15301 automatically switches at the frequency
programmed into the PMBus command’s FREQUENCY _
SWITCH variable. If an external clock is present at power-
on, the IC writes 300kHz into FREQUENCY_SWITCH.
If the clock is still present at enable, the IC overwrites
FREQUENCY_SWITCH with the actual clock frequency. If
a clock is not present at power-on, the MAX15301 reads
the pinstrap resistor value and writes the frequency into
FREQUENCY_SWITCH per Table 5. If an external clock is
applied to SYNC after power on but before enable, the IC
overwrites FREQUENCY_SWITCH with the external clock
frequency at enable. If an extern