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Low Profile Quad 31.25A or Single 125A uModule
Regulator with Digital Power Systemn Management

FEATURES

= (Quad Digitally Adjustable Analog Loops with Digital
Interface for Control and Monitoring

= Wide Input Voltage Range: 4.5V to 16V

= Qutput Voltage Range: 0.7V to 1.35V

® +0.5% DC Output Accuracy at 0.75V

® +4.5% Current Readback Accuracy: 0°C to 125°C

= (Optimized for Low Qutput Voltage Ranges

= 400kHz PMBus-Compliant 12C Serial Interface

= Supporis Telemetry Polling Rates Up to 125Hz

= Integrated 16-Bit AX ADC

= Parallel and Current Share Multiple Modules

® 15mm x 22mm x 5.71mm BGA Package

Readable Data

® |nput and Output Voltages, Currents, and Temperatures

® Running Peak Values, Uptime, Faults and Warnings

® Onboard EEPROM Fault Log Record

Writable Data and Configurable Parameters

= Qutput Voltage, Voltage Sequencing and Margining

® Digital Soft-Start/Stop Ramp, Program Analog Loop

= (QV/UV/OT, UVLO, Frequency and Phasing

APPLICATIONS

® Multi-Rail Processor Power, Configurable Core Power

DESCRIPTION

The LTM®4682 is a quad 31.25A or single 125A step-down
power pModule® (power micromodule) DC/DC regulator
featuring remote configurability and telemetry monitor-
ing of power management parameters over PMBus. The
LTM4682 is comprised of digitally programmable analog
control loops, and is optimized for higher bandwidth and
transient response.

The LTM4682’s 2-wire serial interface allows outputs
to be margined, tuned, and ramped up and down at
programmable slew rates with sequencing delay times.
True input current sense, output currents, output voltages,
output power, temperatures, uptime, and peak values are
readable. Custom configuration of the EEPROM contents
is not required. At start-up, output voltages, switching
frequency, and channel phase angle assignments can be
set by pin-strapping resistors. The LTpowerPlay® graphical
user interface (GUI), the DC1613A USB-to-PMBus con-
verter, and evaluation kits are available.

The LTM4682 is offered in @ 15mm x 22mm x 5.71mm
BGA package available with an SnPb or a RoHS-compliant
terminal finish.

All registered trademarks and trademarks are the property of their respective owners.
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ABSOLUTE MAXIMUM RATINGS

(Note 1)
Terminal Voltages
Vinpn (Note 4), SVin_nn, in_nn®s IN_nn

Vin vBIAS, RUNP .o, -0.3Vto 18V
(SVIN_nn=Iin_nn)s (N ™ =TI ) oo -0.3Vto 0.3V
SWh .o, -1V to 18V, -5V to 18V Transient
INTVGG ams VBIAS v, -0.3Vto 6V
VOUTR ceeeeerrerermemieieieee e -0.3Vto 2.0V
VOGNS vverererererererereeiee e -0.3Vto 2.0V
VOGNS «eerrrrrrrerrrrmmmnrernrnreieienseereeesesenenenas -0.3Vto 0.3V

RUNn, SDA_nn, SCL_nn, ALERT nn......... —-0.3Vt0 5.5V
FSWPH_nn_CFG, VOUTn_CFG,

VTRIMn_CFG, ASEL_nn.....ooveeeeeeee -0.3Vto 2.75V
FAULTn, SYNC_nn, SHARE_CLK_nn,

WP_nn, PGOODA ... -0.3V 10 3.6V
COMPna, COMPAD .....c.veeeeeeeeeeeeeen -0.3Vto 2.7V
TSNS e -0.3V10 0.8V

n=0,1,2,3and nn=01, 23
Vpp33_nnand Vppos pp Are Outputs Not to Be Driven.

Temperatures

Internal Operating Temperature Range

(Notes 2,15, 16) ..o, -40°C to 125°C
Storage Temperature Range .................. -55°C to 125°C

Peak Solder Reflow Package Body Temperature... 245°C

PIN CONFIGURATION
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BGA PACKAGE
330-PIN (15mm x 22mm x 5.71mm)
Tumax = 125°C, 8yctop = 2.8°C/W, Bchottom = 1.4°C/W, 6yp = 4.4°C/W
0 VALUES ARE DETERMINED BY SIMULATION PER JESD51 CONDITIONS, WEIGHT = 6.4g (TYR).
6,5 VALUE IS OBTAINED WITH DEMO BOARD.
SEE THE APPLICATIONS INFORMATION SECTION FOR LAB MEASUREMENT AND DERATING INFORMATION.

ORDER INFORMATION

PAD OR BALL PART MARKING PACKAGE MSL | TEMPERATURE RANGE
PART NUMBER FINISH* DEVICE FINISH CODE TYPE RATING | (SEE NOTE 2)
LTM4682EY #PBF SAC305 (RoHS) LTM4682Y e1 BGA 4 —40°C t0 125°C
LTM46821Y#PBF SAC305 (RoHS) LTM4682Y el BGA 4 —40°C t0 125°C
LTM46821Y SnPb (63/37) LTM4682Y 60 BGA 4 —40°C to 125°C

* (ontact the factory for parts specified with wider operating temperature
ranges. *Pad or ball finish code is per IPC/JEDEC J-STD-609.

* Recommended LGA and BGA PCB Assembly and Manufacturing
Procedures

e LGA and BGA Package and Tray Drawings
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GLGCT“'C“L CHHRHCTGRBTKS The e denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ty = 25°C, V;y =12V, RUNn=3.3V,
RUNP =12V, FREQUENCY_SWITCH = 575kHz and Vgyr, commanded to 0.75V unless otherwise noted. Configured with factory-default
EEPROM settings and per Test Circuit 1, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP  MAX | UNITS
ViNnn Input DC Voltage Test Circuit 1 ®| 575 16 V
Test Gircuit 2, VIN_OFF < VIN_ON = 4V ®| 45 5.75 v
Voutn Range of Output Voltage Regulation | Vour, Differentially Sensed on Vosnsq"/Vosnss~ Pin-Pair, [ @ | 0.7 1.35 v
for Each Channel Commanded by Serial Bus or with Resistors Present at V
Start-Up on Vours_crg
Voutn(ne) Output Voltage, Total Variation with | Digital Servo Engaged (MFR_PWM_MODEn[6] = 1b) ® | 0.745 0.750 0.755 v
Line and Load for Each Channel Digital Servo Disengaged (MFR_PWM_MODEn[6] = 0b) 0.742 0.750 0.758 v
Vouts Commanded to 0.75V, Vgyr, Low Range (MFR_
PWM_MODERn[1] = 1b) (Notes 5, 6)
Vuvio Undervoltage Lockout Threshold, VinTvee_nn Falling 3.55 V
When Vjy < 4.3V VinTvee_nn Rising 3.90 V
Input Specifications
lINRUSH(VINAR) Input Inrush Current at Start-Up Test Gircuit 1, Voutp=0.75V, Vi = 12V; No Load Besides 200 mA
Capacitors; TON_RISEn= 3ms
la(svinan) Input Supply Bias Current Forced Continuous Mode, MFR_PWM_MODEn[0] = 1b
RUNn=RUNP = 3.3V 40 mA
Shutdown, RUNn= RUNP = OV 25 mA
IS(viNAn,PSM) Input Supply Current in Pulse- Pulse-Skipping Mode, MFR_PWM_MODERn[0] = Ob, 10 mA
Skipping Mode Operation loutn = 100mA
S(viNAn,FoMm) Input Supply Current in Forced- Forced Continuous Mode, MFR_PWM_MODEn[0] = 1b
Continuous Mode Operation 12V 10 0.75V, lgyty = 31.25A, Vpjag = Off 2.3 A
Isvinan,SHUTDOWN) | Input Supply Current in Shutdown Shutdown, RUNn = 0V, RUNP = QV, Vgjas = Off 300 HA
Output Specifications
louTn Output Continuous Current Range (Note 6) Utilizing MFR_PWM_MODE[7] = 1 and Using 0 31.25 A
Each Channel ~lgyt = 42A for IOUT_OC_FAULT_LIMIT, See the IOUT_
OC_FAULT_LIMIT in the PMBus Command Details Section
AVourtn(Ling) Line Regulation Accuracy Each Digital Servo Engaged (MFR_PWM_MODER[6] = 1b) 0.03 %N
BV Channel Digital Servo Disengaged (MFR_PWM_MODEn[6] = 0b) | @ 0.03 0.2 %N
OuTa SVy and V|, Electrically Shorted Together and INTV¢g
Open Circuit, lgyty=0A, 5.75V < Vi < 16V, Vout Low Range
(MFR_PWM_MODERN[1] = 1b), FREQUENCY_SWITCH =
575kHz (Note 5)
AVoutn(LoaD) Load Regulation Accuracy Each Digital Servo Engaged (MFR_PWM_MODERn[6] = 1b) 0.03 %
Vo, Channel Digital Servo Disengaged (MFR_PWM_MODEn[6] = 0b) | ® 0.2 0.5 %
OUTn 0A < loyTy < 31.25A, gyt Low Range, (MFR_PWM_
MODERn[1] = 1b) (Notes 5, 6)
Vouts(ac) Output Voltage Ripple 10 mVp.p
fg (Each Channel) | Vout, Ripple Frequency FREQUENCY_SWITCH Set to 575kHz (0x023F) ®| 535 575 605 kHz
AVourn(starT) Turn-On Overshoot TON_RISEn = 3ms (Note 12) 8 mV
tsTART Turn-On Start-Up Time Time from Vy Toggling from OV to 12V to Rising Edge ° 35 ms
PGOODn. TON_DELAYn = 0ms, TON_RISEn = 3ms
toELAY(Oms) Turn-On Delay Time Time from First Rising Edge of RUNn to Rising Edge of 275 33 3.8 ms
PGOODn. TON_DELAYn=0ms, TON_RISEn=3ms,
Vi Having Been Established for at Least 70ms
AVourn(Ls) Peak Output Voltage Deviation for Load: 0A to 10A and 10A to 0A at 10A/ps, 35 mV
Dynamic Load Step Voutn=0.75V, Vy = 12V (Note 12) See Transient Graph
Rev. A
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GLGCT“'C“L CHHRHCTGRBTKS The e denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ty = 25°C, V;y =12V, RUNn=3.3V,
RUNP =12V, FREQUENCY_SWITCH = 575kHz and Vgyr, commanded to 0.75V unless otherwise noted. Configured with factory-default
EEPROM settings and per Test Circuit 1, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP  MAX | UNITS
tSETTLE Settling Time for Dynamic Load Step | Load: OA to 10A and 10A to 0A at 10A/ps, 30 us
per Channel Voutn=0.75V, Vi = 12V (Note 12) See the Transient
Graphs in the Typical Performance Characteristics section.
louTn(OCL_PK) Output Current Limit, Peak High Cycle-by-Cycle Inductor Peak Current Limit Inception, 45 A
Range per Channel Utilizing MFR_PWM_MODE[7] = 1, Using ~lgyT = 42A
for IOUT_OC_FAULT_LIMIT, See the IOUT_OC_FAULT_
LIMIT in the PMBus Command Details Section
louTn(oCL_AVG) Output Current Limit, Time Averaged | Time-Averaged Output Inductor Current Limit Inception 40 A
per Channel Threshold, Commanded by I0UT_OC_FAULT_LIMITn See the lgyT-RB-ACC
(Note 12) Utilizing MFR_PWM_MODE[7] = 1, Using ~lgyt Specification (Output
=42A, See the IOUT_OC_FAULT_LIMIT in the PMBus Current Readback
Command Details Section Accuracy)
Control Section
Vesomn Channel 0 to Channel 3 Feedback Vosnsq Valid Input Range (Referred to SGND) e 0.1 0.3 v
Input Common Mode Range Vosnsst Valid Input Range (Referred to SGND) ° 2.0 v
VouT-RNGL Full-Scale Command Voltage, Range | Voyt, Commanded to 2.750V, MFR_PWM_MODEn[1] = 1b 2.75 v
Low (0.7V to 2.75V) per Channel Set Point Accuracy -0.5 +0.5 %
(Note 14) Resolution 12 Bits
LSB Step Size 0.688 mV
Rvsnsn* Vosnsnt Impedance to SGND 0.5V < Vyosnsn™ = Vsgnp € 1.5V 50 kQ
tongmin Minimum On-Time (Note 8 ) per Channel 85 ns
Rcompn Resolution MFR_PWM_CONFIG[4:0] = 0 to 31 (See Figure 1, in the 5 Bits
Compensation Resistor Rryax) Note Section) 62 kQ
Compensation Resistor Rrymin) 0 kQ
Omn Resolution Veowmpn = 1.35V, MFR_PWM_CONFIG[7:5] =0to 7 3 Bits
Error Amplifier gm(vax) 5.76 mmho
Error Amplifier gmvin) 1 mmho
LSB Step Size 0.68 mmho

Analog OV/UV (Overvoltage/Undervoltage) Output Voltage

Supervisor Comparators (VOUT_OV/UV_FAULT_LIMIT and VOUT_OV/UV_WARN_LIMIT Monitors)

Nov/uv_comp Resolution, Qutput Voltage (Notes 13, 14) 9 Bits
Supervisors
Vov-RNG Output OV Comparator Threshold High Range Scale, Not Needed, Output Limited to 1.35V
Detection Range Low Range Scale, MFR_PWM_MODEn[1] = 1b (Note 14) 0.7 2.7 Y
VousTp Output OV and UV Comparator (Note 14)
Threshold Programming LSB Step Size | Low Range Scale, MFR_PWM_MODEn[1] = 1b 5.6 mV
Vov-aAcc-n Output OV Comparator Threshold 0.7V <Wosns it —Wosnsq < 1.35V, MFR_PWM_MODE[1]=1b | @ +3 %
Accuracy Channel 0 to Channel 3
(Note 13)
VUv-RNG Output UV Comparator Threshold High Range Scale, Not Needed, Output Limited to 1.35V v
Detection Range Low Range Scale, MFR_PWM_MODEn[1] = 1b 0.7 2.7 v
Vuv-accn Output UV Comparator Threshold 0.7V <Vyosnsit —Vwosnss < 1.35V, MFR_PWM_MODE[1]=1b | ® +3 %
Accuracy Channel 0 to Channel 3
(Note 13)
tpROP-OV Output OV Comparator Overdrive to 10% Above Programmed Threshold 100 Hs
Response Times
tPROP-UV Output UV Comparator Underdrive to 10% Below Programmed Threshold 100 Hs
Response Times
Rev. A
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ELGCTGICHL CHHRHCTGBETKS The e denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ty = 25°C, Vjy =12V, RUNn=3.3V,
RUNP =12V, FREQUENCY_SWITCH = 575kHz and Vgyr, commanded to 0.75V unless otherwise noted. Configured with factory-default
EEPROM settings and per Test Circuit 1, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP  MAX | UNITS
Analog OV/UV SV|y_pp Input Voltage Supervisor Comparators (Threshold Detectors for VIN_ON and VIN_OFF)
Nsvin-ovuv-comp | SVin_mn OV/UV Comparator (Note 14) 9 Bits
Threshold-Programming Resolution
SVIN-0U-RANGE SViy_nn OV/UV Comparator Limited to Abs Max = 18V @ 45 18 V
Threshold-Programming Range
SVin-ou-sTP SVin_nn OV/UV Comparator Threshold- | (Note 14) 76 mV
Programming LSB Step Size
SVin-ou-acc SViN_nn OV/UV Comparator 9V < SVy <16V ° +3 %
Threshold Accuracy 45V <SVy<9v ° +270 mV
tPROP-SVIN-HIGH-VIN | SVIN_nn OV/UV Comparator Test Gircuit 1, and:
Response Time, High V) Operating VIN_ON =9V, SV Driven from 8.775V to 9.225V ° 100 Hs
Configuration VIN_OFF = 9V, SV Driven from 9.225V to 8.775V ° 100 us
tprRoP-svIN-LOW-VIN | SVIN_nn OV/UV Comparator Test Gircuit 2, and:
Response Time, Low Vy Operating VIN_ON = 4.5V, SV Driven from 4.225V to 4.725V ° 100 us
Configuration VIN_OFF = 4.5V, SVy Driven from 4.725V to 4.225V ° 100 Hs
Channeln Output Voltage Readback (READ_VOUTn)
Nvo-rs Output Voltage Readback Resolution | (Note 14) 16 Bits
and LSB Step Size 244 pv
Vo-r/s Output Voltage Full-Scale VRunn = OV (Note 14), Limited to 1.35V Max Operating 8 V
Digitizable Range
Vo-RB-ACC Output Voltage Readback Accuracy | Channel : 0.7V < Vygsns™ — Vyosns™ < 1.35V e -7 7 mV
{CONVERT-VO-RB Output Voltage Readback MFR_ADGC_CONTROL = 0x00 (Notes 9, 14) 90 ms
Update Rate MFR_ADC_CONTROL = 0x01 through 0x0C (Notes 9, 14) 8 ms
MFR_ADG_CONTROL Section ms
Input Voltage (SV\y_sp ) Readback (READ_VIN)
Nsvin-RB Input Voltage Readback Resolution | (Notes 10, 14) Limited to Abs Max = 18V 10 Bits
and LSB Step Size 15.625 mV
SVin-Fs Input Voltage Full-Scale (Notes 11, 14) Limited to 16V Operating 43 V
Digitizable Range
SVIn-RB-ACC Input Voltage Readback Accuracy READ_VIN, 4.5V < SV < 16V ) Within +2% of Reading
tconverT-svin-re | Input Voltage Readback Update Rate | MFR_ADC_CONTROL = 0x00 (Notes 9, 14) 90 ms
MFR_ADC_CONTROL = 0x01 (Notes 9, 14) 8 ms
Channeln Output Current (READ_IOUTn), Duty Cycle (READ_DUTY_CYCLE ), and Computed Input Current (MFR_READ _IIN1) Readback
Nio-rB Output Current Readback Resolution | (Notes 10, 14) 10 Bits
and LSB Step Size 341 mA
loutF/s Output Current Full-Scale (Note 14) Utilizing MFR_PWM_MODE[7] = 1, Using 54 A
Digitizable Range IOUT_OC_FAULT_LIMIT = 61A, See the IOUT_OC_
FAULT_LIMIT in the PMBus Command Details Section
louT-RB-ACC Output Current, Readback Accuracy | READ_IOUTn, Channel 0 to Channel 3, 0 < lgyt, < 25A, | @ Within 1.5A of Reading

Forced Continuous Mode, MFR_PWM_MODER[0] = 1b
See Histograms in Typical Performance Characteristics
Section, (Note 12)

loUT-RB(31.25A) Full Load Output Current Readback | (Note 12), See Histograms in Typical Performance 31.25 A
Characteristics
{CONVERT-10-RB Output Current Readback Update MFR_ADC_CONTROL = 0x00 (Notes 9, 14) 90 ms
Rate MFR_ADC_CONTROL = 0x06 (GHO,2 lgyr) or 0x0A (CH1,3 Ioyt) 8 ms
(Notes 9, 14) See MFR_ADC_CONTROL SECTION
Rev. A
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GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ty = 25°C, V;y =12V, RUNn=3.3V,
RUNP =12V, FREQUENCY_SWITCH = 575kHz and Vgyr, commanded to 0.75V unless otherwise noted. Configured with factory-default
EEPROM settings and per Test Circuit 1, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP  MAX [ UNITS
Input Current Readback
N Resolution (Note 10) 10 Bits
VinsTP LSB Step Size Full-Scale Range = 16mV | Gain = 8, OV < |Vjy* = Vv < 5mV 15.26 pv
LSB Step Size Full-Scale Range = 32mV | Gain = 4, OV < |Vjy* = Vv < 20mV 30.52 pv
LSB Step Size Full-Scale Range = 64mV | Gain = 2, 0V < [Vt = V7] < 50mV 61 pv
IN_TUE Total Unadjusted Error Gain =8, 2.5mV < |Vt = Vyiv7| (Note 7) 2 %
Gain = 4, 4mV < |V||N+— VIIN_l (Note 7) 1.3 %
Gain =2, 6mV < |Vyn* - Viiv | (Note 7) 1.2 %
Vos Zero-Code Offset Voltage (Note 14) +50 pv
tcoNVERT Update Rate (Notes 9,15), See MFR_ADC_CONTROL Section for 90 ms
Faster Update Rates
Supply Current Readback (Note 15)
N Resolution (Note 10) 10 Bits
VicHIPSTP LSB Step Size Full-Scale Range = Onboard 1€ Resistor 244 pv
256mV
IcHIP_RB Ichip Readback SViy_nn Current 50 mA
tconverT Update Rate (Notes 9,14), See MFR_ADC_CONTROL Section for 90 ms
Faster Update Rates
Temperature Readback (T0, T1)
TRES-RB Temperature Readback Resolution | Channel n, and Controller (Note 14) 0.25 °C
TO_TUE External Temperature Total Supporting Only AVge Sensing 2.5 °C
Unadjusted Readback Error
T1_TUE Internal TSNS TUE VRrunn = 0.0, fsyng = OkHz (Note 7) +1 °C
tcONVERT Update Rate (Note 9) 90 ms
MFR_ADC_CONTROL = 0x04, 0x0c, or 0x08 (Notes 9, 14) 8 ms
INTV¢g pn Regulator/Vpas
VINTvee nn Internal V¢ Voltage No Load 6V < SViy_pp< 16V 525 55 5.75 V
VLDOJNT INTVc Load Regulation Igc = 0mA to 20mA, 6V < SVIann <16V 0.5 +2 %
VIN_VBIAS Input Range for VIN_VBIAS 45 16 v
RUNP Vpias Enable RUNP Rising 08 085 v
VBias 5.5V Internal Regulator 7V < VIN_VBIAS <16V, VSVIN_nn > 7V 5.25 55 5.75 V
SVIN?THR VSVIN,nn Threshold to Enable Vpag SVIN?nn Rising 7 7.5 v
Switchover
SVIN?THF VSVIN,nn Threshold to Disable Vgjag SVIN?nn Falling 6.5 v
Switchover
V[)|333Jm Regulator
V\vbD3snn Internal Vppas Voltage VinTvee_nn> 4.5V 3.2 3.3 3.4 v
lLim Vppas Current Limit Vpp33_an=GND, Viy_pn = INTVe pp= 4.5V 100 mA
Vypp33_ov Vppas Overvoltage Threshold (Note 14) 3.5 v
Vypp3s_uv Vbpas Undervoltage Threshold (Note 14) 3.1 v
Rev. A
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ELECTGICHL CHHRHCTGBETKS The e denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ty = 25°C, Vjy =12V, RUNn=3.3V,
RUNP =12V, FREQUENCY_SWITCH = 575kHz and Vgyr, commanded to 0.75V unless otherwise noted. Configured with factory-default
EEPROM settings and per Test Circuit 1, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP  MAX [ UNITS
VDDZS,nn Regulator
VbD25an Internal Vppos Voltage 2.5 v
ILm Vppos Current Limit Vppas_nn=GND, Viy_pn = INTVge_pp = 4.5V 80 mA
Oscillator and Phase-Locked Loop (PLL)
fRANGE PLL SYNC Range Synchronized with Falling Edge of SYNC 250 1000 kHz
fosc Oscillator Frequency Accuracy Frequency Switch = 250kHz to 1000kHz (Note 14) ° +7.5 %
VTH(SYNC_nn) SYNC Input Threshold (Note 14) Vgync Falling 1 v
Vsync Rising 1.5 v
VoL(syne_nn) SYNC Low Output Voltage [Loap = 3mA (Note 14) 0.2 0.4 v
|LEAK(SYNC_nn) SYNC Leakage Current in Subordinate | OV < Vsyng_pp < 3.6V +5 HA
Mode
0SYNC-60, -62 | SYNC to ChO, Ch2 Phase MFR_PWM_CONFIG[2:0] = 0,2 0 Deg
Relationship Based on the Falling MFR_PWM_CONFIG[2:0] = 5 60 Deg
Edge of Sync and Rising Edge of MFR_PWM_CONFIG[2:0] = 1 90 Deg
SWo, Sw2 MFR_PWM_CONFIG[2:0]= 4,6 120 Deg
0SYNC-61,-63 | SYNC to Ch1, Ch3 Phase MFR_PWM_CONFIG[2:0] = 120 Deg
Relationship Based on the Falling MFR_PWM_CONFIG[2:0] = 0 180 Deg
Edge of Sync and Rising Edge of MFR_PWM_CONFIG[2:0] =2,4,5 240 Deg
SWi1, SW3 MFR_PWM_CONFIG[2:0] = 1 270 Deg
MFR_PWM_CONFIG[2:0] = 6 300 Deg
EEPROM Characteristics
Endurance (Note 15) 0°C < T, < 85°C During EEPROM Write Operations @ 10,000 Cycles
Retention (Note 15) Ty<125°C e 10 Years
Mass_Write Mass Write Operation Time STORE_USER_ALL, 0°C < Ty < 85°C 440 4100 ms
During EEPROM Write Operation

Leakage Current SDA_nn, SCL_nn, ALERT_nn, RUNn

loL | Input Leakage Current | OV <Vpy 5.5V | () | +5 | HA

Leakage Current FAULTn, PGOODR

loL | Input Leakage Current | OV < Vpy < 3.6V o] 2 | A

Digital Inputs SCL_nn, SDA_nn, RUNn

ViH Input High Threshold Voltage ) 1.35 V

ViL Input Low Threshold Voltage e 08 v

Vhyst Input Hysteresis SCL, SDA 0.08 V

Cpin Input Capacitance 10 pF

Digital Input WP_nn (Note 14) (Note 14)

lpuwp | Input Pull-Up Current |wp | | 10 | A

Open-Drain Outputs SCL_nn, SDA_nn, FAULTn, ALERT_nn, RUNn, SHARE_CLK_nn, PGOODn

VoL | Output Low Voltage | s = 3mA | | 04 | v

Digital Inputs SHARE_CLK_nn, WP_nn (Note 14)

\m Input High Threshold Voltage o 1.5 1.8 V

Vi Input Low Threshold Voltage e 06 1 v
Rev. A
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GLGCT“'C“L CHHRHCTGRBTKS The e denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ty = 25°C, V;y =12V, RUNn=3.3V,
RUNP =12V, FREQUENCY_SWITCH = 575kHz and Vgyr, commanded to 0.75V unless otherwise noted. Configured with factory-default

EEPROM settings and per Test Circuit 1, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP  MAX [ UNITS
Digital Filtering of FAULTn (Note 14)
- | Input Digital Filtering FAULT | | | 3 | bs
Digital Filtering of PGOODn (Note 14)
lrire | Output Digital Filtering PGO0DA | | | 100 | s
Digital Filtering of RUNn (Note 14)
lri7g | Input Digital Filtering RUN | | | 10 | bs
PMBus Interface Timing Characteristics (Note 14)
fsoL Serial Bus Operating Frequency e 10 400 kHz
taur Bus Free Time Between Stop and e 13 Hs
Start
tho(sTa) Hold Time After Repeated Start ®| 06 HS
Condition After This Period, the First
Clock is Generated
tsu(sta) Repeated Start Condition Setup Time e 06 10000 us
tsu(sto) Stop Condition Setup Time ®| 06 Hs
tHp(DAT) Date Hold Time
Receiving Data e 0 0.9 ls
Transmitting Data e 03 us
tsu(pam Data Setup Time
Receiving Data 0.1 us
tTiMEOUT_SmB Stuck PMBus Timer Non-Block Reads | Measured from the Last PMBus Start Event 32 ms
Stuck PMBus Timer Block Reads 255
tLow Serial Clock Low Period o 13 10000 us
tHIGH Serial Clock High Period e 06 Hs

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any absolute
maximum rating condition for extended periods may affect device
reliability and lifetime.
Note 2: The LTM4682 is tested under pulsed-load conditions such that
Ty = Ta. The LTM4682E is guaranteed to meet performance specifications
over the 0°C to 125°C internal operating temperature range. Specifications
over the —-40°C to 125°C internal operating temperature range are assured
by design, characterization and correlation with statistical process
controls. The LTM4682I is guaranteed to meet specifications over the full
-40°C to 125°C internal operating temperature range. The Ty is calculated
from the ambient temperature T, and the power dissipation Pp according
to the formula:

Ty=Ta+ (Ppe0ya)
Note that the maximum ambient temperature consistent with these
specifications is determined by specific operating conditions in
conjunction with the board layout, the rated package thermal resistance,
and other environmental factors.

Note 3: All currents into device pins are positive; all currents out of
device pins are negative. All voltages are referenced to ground unless
otherwise specified.

Note 4: The two power inputs—Vyo1 and Viyo3—and their respective
power outputs—Voyro 1 and Voyrz,3—are tested independently in
production. A shorthand notation is used in this document that allows
these parameters to be referred to by Viy,, and Voytp, where n is
permitted to take on a value of 0 to 3. This italicized n notation and
convention is extended to encompass all such pin names, as well as
register names with channel-specific, i.e., paged data. For example,
VOUT_COMMAND~ refers to the VOUT_COMMAND command code data
located in Pages 0 and 1, which in turn relate to Channel 0,2 (Vouyro 2)
and Channel 1,3 (Voyty 3). Registers containing non-page-specific data,
i.e., whose data is global to the module, or applies to all of the module’s
channels lack the italicized n, e.g., FREQUENCY_SWITCH.
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ELECTRICAL CHARACTERISTICS

Note 5: Vout, (DC) and line and load regulation tests are performed in
production with digital servo disengaged (MFR_PWM_MODEn[6] = Ob),
and low Voyr, range selected MFR_PWM_MODEn[1] = 1b. The digital
servo control loop is exercised in production (setting MFR_PWM_
MODEn[6] = 1b). However, the convergence of the output voltage to its
final settling value is not necessarily observed in the final test—due to
potentially long-time constants involved—and is instead guaranteed

by the output voltage readback accuracy specification. Evaluation

in application demonstrates capability; see the Typical Performance
Characteristics section.

Note 6: See the Thermal Considerations and Output Current Derating
section for Vv, Vour, and T, located in the Applications
Information section.

Note 7: Part tested with PWM disabled. Evaluation in application
demonstrates capability. The TUE(%) = ADC Gain Error (%) + 100 (zero-
code offset + ADC Linearity Error)/Actual Value.

Note 8: Minimum on-time is tested at wafer sort.

Note 9: The data conversion is done by default in a round-robin fashion.
All input signals are continuously converted for a typical latency of 90ms.
Setting MFR_ADC_CONTRL value to be 0 to 12, LTM4682 can do fast
data conversion with only 8ms to 10ms. See the PMBus Command
Summary section for details.

Note 10: The following telemetry parameters are formatted in PMBus-
defined Linear Data Format, in which each register contains a word
comprised of 5 most significant bits—representing a signed exponent, to
be raised to the power of 2—and 11 least significant bits—representing

a signed mantissa: input voltage (on SV|y_nn), accessed through the
READ_VIN command code; output currents (Igytp), accessed through the
READ_IOUTn command codes; module input current (lyiy_pn+ lvin_nn +
Isvin_nn), accessed through the READ_IIN command code; channel input
currents (lyin_nn + 1/2 ® lsyin_nn), accessed through the MFR_READ_IINn
command codes; and duty cycles of Channel 0 and Channel 1 switching
power stages, accessed through the READ_DUTY_CYCLEn command
codes. This data format limits the resolution of telemetry readback data to
10 bits even though the internal ADC is 16 bits and the LTM4682’s internal
calculations use 32-bit words.

Note 11: The absolute maximum rating for the SVy_p, pin is 18V. The
input voltage telemetry (READ_VIN) is obtained by digitizing a voltage
scaled down from the SV|y_, pin.

Note 12: These typical parameters are based on bench measurements and
are not production tested.

Note 13: Channel 0 to Channel 3 OV/UV comparator threshold accuracy
for 0.7V to 1.35V are 3%.

Note 14: Tested at IC-level ATE.

Note 15: The LTM4682’s EEPROM temperature range for valid write
commands is 0°C to 85°C. To achieve guaranteed EEPROM data retention,
execution of the STORE_USER_ALL command—i.e., uploading RAM
contents to NVM—outside this temperature range is not recommended.
However, as long as the LTM4682’s EEPROM temperature is less than
130°C, the LTM4682 will obey the STORE_USER_ALL command. Only
when EEPROM temperature exceeds 130°C, the LTM4682 will not act
on any STORE_USER_ALL transactions; instead, the LTM4682 NACKs
the serial command and asserts its relevant CML (communications,
memory, logic) fault bits. The EEPROM temperature can be queried
before commanding STORE_USER_ALL; see the Applications
Information section.

Note 16: The LTM4682 includes overtemperature protection that is
intended to protect the device during momentary overload conditions. The
junction temperature will exceed 125°C when overtemperature protection
is active. Continuous operation above the specified maximum operating
junction temperature may impair device reliability.

62
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Figure 1. Programmable Rgompy
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TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGHISTICS Tp = 25°C, unless otherwise noted.

EFFICIENCY (%)

EFFICIENCY (%)

Single Channel Efficiency, 5V)y,
Vin=SViy = INTVec =5V,

RUNP =0V,
Continuous-Conduction Mode
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Single Channel Efficiency, 12V)y,
Vin = SVjy = Vin_ygias = RUNP =12V,
Continuous-Conduction Mode
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Quad Channel Single Output Efficiency
Vin = SVjy = Vin_ygias = RUNP =12V,
Continuous-Conduction Mode
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TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGHISTICS Tp = 25°C, unless otherwise noted.

Vout
20mV/DIV

lout
5A/DIV

Single Channel Load Transient
Response (0A) to (10A) Load Step,
10A/ps, 12V to 0.7Vqyr,

fgw = 575kHz

Vout
20mV/DIV

lout
5A/DIV

100ps/DIV sz es
FIGURE 48 CIRCUIT
Cour = 470pF x3 POSCAR 100y x4 CERAMIC
Rcomp = 15k, EA-gm = 3.02mS
COMPna = 2.2nF, COMPnb = 150pF
L RANGE HIGH, Vou RANGE LOW

Single Channel Load Transient
Response (0A) to (10A) Load Step,

10A/ps, 12V to 1.2Vqyr,

Single Channel Load Transient
Response (0A) to (10A) Load Step,
10A/ps, 12V to 0.85Vqyr,

fgw = 650kHz

4682 G06

100ps/DIV

FIGURE 48 CIRCUIT

Cout = 470pF x3 POSCAP, 100pF x4 CERAMIC
Rcomp = 15k, EA-gy, = 3.02mS

COMPna = 2.2nF;, COMPnb = 150pF

ILim RANGE HIGH, Voyt RANGE LOW

Vout

20mV/DIV

lout
5A/DIV

Single Channel Load Transient
Response (0A) to (10A) Load Step,
10A/ps, 12V to 1Vqyr,

fsw = 650kHz

100ps/DIV sz er
FIGURE 48 CIRCUIT
Cour = 4704F x3 POSCAP 1004F x4 CERAMIC
Rcomp = 15k, EA-gm = 3.02mS
COMPna = 2.2nF;, COMPnb = 150pF
ILim RANGE HIGH, Voyt RANGE LOW

Single Channel Load Transient

Response (0A) to (10A) Load Step,

10A/ps, 12V to 1.35Vqyr,

fgw = 650kHz fgw = 750kHz
Vout Vout
20mVv/DIV 20mV/DIV
lout loyt
5A/DIV 5A/DIV
100ps/DIV ooz 100p/DIV prev

FIGURE 48 CIRCUIT

Cout = 470F x3 POSCAR 1004F x4 CERAMIC

Rcomp = 15k, EA-gm = 3.02mS
COMPna = 2.2nF;, COMPnb = 150pF
ILjm RANGE HIGH, Voyt RANGE LOW

FIGURE 48 CIRCUIT

Cour = 4704F x3 POSCAR 100F x4 CERAMIC

Rcomp = 15k, EA-gy, = 3.02mS
COMPna = 2.2nF, COMPnb = 150pF
ILim RANGE HIGH, Voyt RANGE LOW
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TVPICHL PEBFOﬂmﬂﬂCG CHHRHCTGGISTICS Tp = 25°C, unless otherwise noted.

Quad Output Concurrent Rail, Quad Output Concurrent Rail,
Start-Up, Prehias Shutdown, Prebias
— Voyrz=1.35V — Voyr3=1.35V
— Voure =1V — Voure=1V
— Vour1 = 0.85V [~ "7 — Vour1 =085V
— Vouto=0.7V — Voutp=0.7V
250mV/DIV
250mV/DIV
5ms/DIV sz 5ms/DIV oo
FIGURE 48 CIRCUIT, 12V, 30A ON Voyro FIGURE 48 CIRCUIT, 12V, 30A ON Vouto
NO LOAD ON OTHER OUTPUTS AND 400mV NO LOAD ON OTHER OUTPUTS AND 400mV
PREBIAS ON Vour+ PREBIAS ON Voyr1
Single Phase Single Qutput Single Phase Single Output
12V to 0.75V, No Load Short- 12V to 0.75V, 31.25A Load Short-
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PACKAGE ROW AND COLUMN LABELING MAY VARY
AMONG pModule PRODUCTS. REVIEW EACH PACKAGE
LAYOUT CAREFULLY.

GND (A1-A4, A7, A12, B1-B4, B7, B12, C3-C4, C7,
C12, D3-D4, D7, D12, E3-E4, E7, E12, F1-F4, F7,
F12, G3-G4, G7, G12, H3-H4, H7, H12, J3-J4, J7,
J12, K1-K4, K7-K12, L1-L15, M1-M15, N1-N4, N7-N8,
N12, P3-P4, P7, P12, R3-R4, R7, R12, T3-T4, T7, T12,
U1-u4, U7, U12, V3-V4, V7, V12, W3-W4, W7, W12,
Y3-Y4, Y7, Y12, AA1-AA4, AA7, AA12, AB1-AB4, AB7,
AB12): Power Ground of the LTM4682. Power return for
Vino1 Vings Vouro,1 and Voyrz 3. Return input and output
capacitors to this point.

Vinot1 (A5-A6, B5-B6, C5-C6, D5-D6, E5-E6, F5-F6,
G5-G6, H5-H6, J5-J6, K5-K6): Positive Power Input to
Channels 0 and 1 Switching Stages. Provide sufficient
decoupling capacitance in the form of multilayer ceramic
capacitors (MLCCs) and low ESR electrolytic (or equiva-
lent) to handle reflected input current ripple from the step-
down switching stage. The MLCCs capacitors should be
placed as close to the LTM4682 as physically possible. See
the Layout Checklist/Example section in the Applications
Information section.

VOUTO_CFG (A8): Output Voltage Select Pin for Vouro,
Coarse Setting. If the VOUTO_CFG and VTRIMO_CFG pins
are both left open—or, if the LTM4682 is configured to
ignore pin-strap (Rgonrig) resistors, i.e., MFR_CONFIG_
ALL[6] = Tb—then the LTM4682s target Vgt output
voltage setting (VOUT_COMMANDO) and associated
power-good and OV/UV warning and fault thresholds are
dictated at SV|y_o¢ power-up according to the LTM4682’s
nonvolatile (NVM) contents. A resistor divider connected
to 2.5V and to SGND (see Table 1)—in combination with
resistor pin settings on VTRIMO_CFG, and using the
factory-default NVM setting of MFR_CONFIG_ALLI[6] =
0Ob—can be used to configure the LTM4682’s Channel
0 output to power-up to a VOUT_COMMAND value (and
associated output voltage monitoring and protection/
fault-detection thresholds) different from those of NVM
contents. (See the Applications Information section.)
Connecting resistor(s) from VOUTO_CFG to SGND and,
or VTRIMO_CFG to SGND allows a convenient way to

configure multiple LTM4682s with identical NVM con-
tents for different output voltage settings all without
graphical user interface (GUI) intervention or the need
to custom-preprogram module NVM contents. Minimize
capacitance especially when the pin is left open, to ensure
accurate detection of the pin state. Note that the use of
Rconrigs on VOUTO_CFG/VTRIMO_CFG can affect the
Vouto range setting (MFR_PWM_MODEOQ[1]) and loop
gain. For addressed ASEL_01, Page 0x00 corresponds
to Channel 0 and Page 0x01 corresponds to Channel 1.
See PAGE description section.

FSWPH_01_CFG (A9): Switching Frequency, Channel
Phase-Interleaving Angle and Phase Relationship to SYNC
Configuration Pin for Channels 0 and 1. If this pin is left
open—or, if the LTM4682 is configured to ignore pin-
strap (Rgonrig) resistors, i.e., MFR_CONFIG_ALL[6] =
1b—then LTM4682’s switching frequency (FREQUENCY _
SWITCH) and channel phase relationships (with respect
to the SYNC clock; MFR_PWM_CONFIG[2:0]) are dictated
at SViy_o1 power-up according to the LTM4682’s NVM
contents for Channels 0 and 1. Default factory values are:
575kHz operation; Channel 0 at 0°; and Channel 1 at 180°C
(convention throughout this document: a phase angle of
0° means the channel’s switch node rises coincident with
the falling edge of the SYNC pulse). Connecting a resis-
tor divider from 2.5V to SGND (and using the factory-
default NVM setting of MFR_CONFIG_ALL[6] = Ob) allows
a convenient way to configure multiple LTM4682s with
identical NVM contents for different switching frequen-
cies of operation and phase interleaving angle settings of
intra- and extra-module-paralleled channels—all, with-
out GUI intervention or the need to custom pre-program
module NVM contents. See the Applications Information
section. Minimize capacitance—especially when the pin
is left open—to ensure accurate detection of the pin state.

FAULTO, FAULT1, FAULT2, FAULT3 (A11, A10, V10,
W10): Digital Programmable FAULT Inputs and Outputs.
Open-drain output. A pull-up resistor to 3.3V is required
in the application.

Vouro (A13-A15, B13-B15, C13-C15, D13-D15, E13-
E15): Channel 0 Output Voltage. Place the recommended
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output capacitors from this shape to GND. See the Layout
Checklist/Example section.

VOUT2_CFG (AA8): Output Voltage Select Pin for Voyro,
Coarse Setting. If the VOUT2_CFG and VTRIM2_CFG pins
are both left open—or, if the LTM4682 is configured to
ignore pin-strap (Rgonrig) resistors, i.e., MFR_CONFIG_
ALL[6] = Tb—then the LTM4682s target Vgyto output
voltage setting (VOUT_COMMAND2) and associated
power-good and OV/UV warning and fault thresholds are
dictated at SV|y_o3 power-up according to the LTM4682’s
NVM contents. A resistor divider connected to 2.5V and
to SGND to this pin—in combination with resistor pin
settings on VTRIM2_CFG, and using the factory-default
NVM setting of MFR_CONFIG_ALL[6] = Ob—can be
used to configure the LTM4682’s Channel 2 output to
power-up to a VOUT_COMMAND value (and associated
output voltage monitoring and protection/fault-detection
thresholds) different from those of NVM contents. See the
Applications Information section. Connecting resistor(s)
from VOUT2_CFG to SGND and/or VTRIM2_CFG to SGND
in this manner allows a convenient way to configure mul-
tiple LTM4682s with identical NVM contents for different
output voltage settings all without GUI intervention or
the need to custom-preprogram module NVM contents.
Minimize capacitance especially when the pin is left open
to ensure accurate detection of the pin state. Note that
the use of Rgonpigs on VOUT2_CFG/VTRIM2_CFG can
affect the Vgyro range setting (MFR_PWM_MODEO[1])
and loop gain. For addressed ASEL_23, Page 0x00 cor-
responds to Channel 2 and Page 0x01 corresponds to
Channel 3. See PAGE description section.

FSWPH_23_CFG (AA9): Switching Frequency, Channel
Phase-Interleaving Angle and Phase Relationship to SYNC
Configuration Pin for Channels 2 and 3. If this pin is left
open—or, if the LTM4682 is configured to ignore pin-
strap (Rconrig) resistors, i.e., MFR_CONFIG_ALL[6] =
1b—then LTM4682’s switching frequency (FREQUENCY_
SWITCH) and channel phase relationships (with respect
to the SYNC clock; MFR_PWM_CONFIG[2:0]) are dictated
at SV)y_o3 power-up according to the LTM4682’s NVM
contents for Channels 2 and 3. Default factory values
are 575kHz operation; Channel 2 at 0°; and Channel 3 at

180°C (convention throughout this document: a phase
angle of 0° means the channel’s switch node rises coinci-
dent with the falling edge of the SYNC pulse). Connecting a
resistor divider from 2.5V to SGND (and using the factory-
default NVM setting of MFR_CONFIG_ALL[6] = Ob) allows
a convenient way to configure multiple LTM4682s with
identical NVM contents for different switching frequen-
cies of operation and phase interleaving angle settings of
intra- and extra-module-paralleled channels—all, with-
out GUI intervention or the need to custom pre-program
module NVM contents. See the Applications Information
section. Minimize capacitance, especially, when the pin
is left open, to ensure accurate detection of the pin state.

ASEL_23 (AA10): Serial Bus Address Configuration Pin
for Channels 2 and 3 Controller. On any given 12C/SMBus
serial bus segment, every device must have its unique
subordinate address. If this pin is left open, the LTM4682
powers up to its default subordinate address of 0x4F
(hexadecimal), i.e., 1001111b (industry-standard conven-
tion is used throughout this document: 7-bit subordinate
addressing). The lower 4 bits of the LTM4682’s subordi-
nate address can be altered from this default value by con-
necting a resistor from this pin to SGND. Minimize capaci-
tance—especially when the pin is left open—to ensure
accurate detection of the pin state. It is recommended to
use a resistor to set the address. The ASEL_23 address
will be used to address Channels 2 and 3, and a differ-
ent ASEL_01 address will be used to address Channels 0
and 1. For addressed ASEL_23, Page 0x00 corresponds to
Channel 2 and Page 0x01 corresponds to Channel 3. See
PAGE description section. The GUI will represent Channel
2 as U1:B0 and Channel 3 as U1:B1. See the LTpowerPlay
Screen Shot (Figure 31).

VOUT3_CFG (AB8): Output Voltage Select Pin for Voyrs,
Coarse Setting. If the VOUT3_CFG and VTRIM3_CFG pins
are both left open—or, if the LTM4682 is configured to
ignore pin-strap (Rgonrig) resistors, i.e., MFR_CONFIG_
ALL[6] = 1b, then the LTM4682s target Vgyrs output
voltage setting (VOUT_COMMAND3) and associated
power-good and OV/UV warning and fault thresholds are
dictated at SV _o3 power-up according to the LTM4682’s
NVM contents. A resistor divider connected to 2.5V and
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to SGND to this pin—in combination with resistor pin
settings on VTRIM3_CFG, and using the factory-default
NVM setting of MFR_CONFIG_ALL[6] = Ob—can be
used to configure the LTM4682’s Channel 3 output to
power-up to a VOUT_COMMAND value (and associated
output voltage monitoring and protection/fault-detection
thresholds) different from those of NVM contents. See the
Applications Information section. Connecting resistor(s)
from VOUT3_CFG to SGND and/or VTRIM3_CFG to SGND
in this manner allows a convenient way to configure mul-
tiple LTM4682s with identical NVM contents for different
output voltage settings all without GUI intervention or
the need to custom-preprogram module NVM contents.
Minimize capacitance especially when the pin is left open
to ensure accurate detection of the pin state. Note that
the use of Rgonpigs on VOUT3_CFG/VTRIM3_CFG can
affect the Voyrs range setting (MFR_PWM_MODE1[1])
and loop gain. For addressed ASEL_23, Page 0x00 cor-
responds to Channel 2 and Page 0x01 corresponds to
Channel 3. See PAGE description section.

VTRIM3_CFG (AB9): Output Voltage Select Pin for Voyrs,
Fine Setting. Works in combination with VOUT3_CFG to
affect the VOUT_COMMAND (and associated output volt-
age monitoring and protection/fault-detection thresholds)
of Channel 3, at SV 23 power-up. See VOUT3_CFG and
the Applications Information section. A resistor divider
from 2.5V to SGND connected to the pin will set the TRIM
value (see Table 2). Minimize capacitance especially when
the pin is left open to ensure accurate detection of the
pin state. Note that the use of Rgonrigs on VOUT3_CFG/
VTRIM3_CFG can affect the Vgyt3 range setting (MFR_
PWM_MODEQ[1]) and loop gain. For addressed ASEL_23,
Page 0x00 corresponds to Channel 2 and Page 0x01 cor-
responds to Channel 3. See PAGE description section.

VTRIM2_CFG (AB10): Output Voltage Select Pin for Vgyro,
Fine Setting. Works in combination with VOUT2_CFG to
affect the VOUT_COMMAND (and associated output volt-
age monitoring and protection/fault-detection thresholds)
of Channel 2, at SV |y 3 power-up. See VOUT2_CFG and
the Applications Information section. A resistor divider
from 2.5V to SGND connected to the pin will set the TRIM
value. See Table 2. Minimize capacitance especially when

the pin is left open to ensure accurate detection of the
pin state. Note that the use of Rgonrigs on VOUT2_CFG/
VTRIM2_CFG can affect the Vgyto range setting (MFR_
PWM_MODEQ[1]) and loop gain. For addressed ASEL_23,
Page 0x00 corresponds to Channel 2 and Page 0x01 cor-
responds to Channel 3. See PAGE description section.

Vppzs 23 (AB11): Internally Generated 2.5V Power Supply
Output Pin for Channels 2 and 3 Circuits. Do not load this
pin with external current. This pin is used strictly to bias
internal logic and provides current for the internal pull-up
resistors connected to the configuration-programming
pins. No external decoupling is required.

VOUT1_CFG (B8): Output Voltage Select Pin for Voyry,
Coarse Setting. If the VOUT1_CFG and VTRIM1_CFG pins
are both left open—or, if the LTM4682 is configured to ignore
pin-strap (Rgonrig) resistors, i.e., MFR_CONFIG_ALL[6] =
1b—then the LTM4682s target Voyr1 output voltage set-
ting (VOUT_COMMAND1) and associated power-good and
OV/UV warning and fault thresholds are dictated at SV|y o1
power-up according to the LTM4682’s NVM contents. A
resistor divider connected to 2.5V and to SGND to this pin—
in combination with resistor pin settings on VTRIM1_CFG,
and using the factory-default NVM setting of MFR_CONFIG_
ALL[6] = Ob—can be used to configure the LTM4682’s
Channel 1 output to power-up to a VOUT_COMMAND value
(and associated output voltage monitoring and protection/
fault-detection thresholds) different from those of NVIM con-
tents. See the Applications Information section. Connecting
resistor(s) from VOUT1_CFG to SGND and/or VTRIM1_CFG
to SGND in this manner allows a convenient way to con-
figure multiple LTM4682s with identical NVM contents for
different output voltage settings all without GUI intervention
or the need to custom-preprogram module NVM contents.
Minimize capacitance especially when the pin is left open
to ensure accurate detection of the pin state. Note that the
use of Rgonrigs on VOUT1_CFG/VTRIM1_CFG can affect
the Vgyr¢ range setting (MFR_PWM_MODE1[1]) and loop
gain. For addressed ASEL_01, Page 0x00 corresponds to
Channel 0 and Page 0x01 corresponds to Channel 1. See
PAGE description section.

ASEL_01 (B9): Serial Bus Address Configuration Pin for
Channels 0 and 1 Controller. On any given 12C/SMBus
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serial bus segment, every device must have its unique
subordinate address. If this pin is left open, the LTM4682
powers up to its default subordinate address of Ox4E
(hexadecimal), i.e., 1001110b (industry-standard conven-
tion is used throughout this document: 7-bit subordinate
addressing). The lower 4 bits of the LTM4682’s subor-
dinate address can be altered from this default value by
connecting a resistor from this pin to SGND. Minimize
capacitance—especially when the pin is left open—to
ensure accurate detection of the pin state. It is recom-
mended to use a resistor to set the address. The ASEL_01
address will be used to address Channels 0 and 1, and
a different ASEL_23 address will be used to address
Channels 2 and 3. For addressed ASEL_01, Page 0x00
corresponds to Channel 0 and Page 0x01 corresponds
to Channel 1. See PAGE description section. The GUI will
represent Channel 0 as UO:A0 and Channel 1 as UO:A1.
See the LTpowerPlay Screen Shot (Figure 31).

RUNO, RUN1 (B10, B11 Respectively): Enable Run Input
for Channels 0 and 1, Respectively. Open-drain input and
output. The logic high on these pins enables the respec-
tive outputs of the LTM4682. These open-drain output
pins hold the pin low until the LTM4682 is out of reset
and SV o1 is detected to exceed Viy_on. A pull-up resis-
tor to 3.3V is required in the application. The LTM4682
pulls RUNO and/or RUN1 low, as appropriate, when a
global fault and/or channel-specific fault occurs whose
fault response is configured to latch off and cease regula-
tion; issuing a CLEAR_FAULTS command through I2C or
power-cycling SV|y o1 is necessary to restart the module,
in such cases. Do not pull RUN logic high with a low
impedance source. The INTV is active when SVIN_01 is
above UVLO. This provides power to the Vpps3 and Vppos
to allow programming the EEPROM.

SW0(C1-C2, D1-D2, E1-E2): Switching Node of Channel 0
Step-Down Converter Stage. Used for test purposes or
EMI-snubbing. It may be routed a short distance to a local
test point to monitor the switching action of Channel 0,
if desired, but do not route near any sensitive signals.
Otherwise, leave electrically isolated (open).

Vppzs o1 (C8): Internally Generated 2.5V Power Supply
Output Pin for Channels 0 and 1 Circuits. Do not load this

pin with external current; it is used strictly to bias internal
logic and provides current for the internal pull-up resis-
tors connected to the configuration-programming pins.
No external decoupling is required.

VTRIM1_CFG (C9): Output Voltage Select Pin for Voyr1,
Fine Setting. Works in combination with VOUT1_CFG to
affect the VOUT_COMMAND (and associated output volt-
age monitoring and protection/fault-detection thresholds)
of Channel 1, at SVjy o1 power-up. See VOUT1_CFG and
the Applications Information section. A resistor divider
from 2.5V to SGND connected to the pin will set the TRIM
value. See Table 2. Minimize capacitance especially when
the pin is left open to ensure accurate detection of the
pin state. Note that the use of Rgonrigs on VOUT1_CFG/
VTRIM1_CFG can affect the Vgyt1 range setting (MFR_
PWM_MODE1[1]) and loop gain. For addressed ASEL_01,
Page 0x00 corresponds to Channel 0 and Page 0x01 cor-
responds to Channel 1. See PAGE description section.

SDA_01, SDA_23 (C10, V8): Serial Bus Data Open-Drain
Input and Output. A pull-up resistor to 3.3V is required in
the application. The SDA_01 is for Channels 0 and 1, and
SDA_23 is for Channels 2 and 3.

ALERT_01, ALERT_23 (C11, W8): Open-Drain Digital
Output. A pull-up resistor to 3.3V is required in the appli-
cation only if SMBALERT interrupt detection is imple-
mented in one’s SMBus system.

SHARE_CLK_01, SHARE_CLK_23 (D8, AA11): Share
Clock, Bidirectional Open-Drain Clock Sharing Pin.
Nominally 100kHz. Used for synchronizing the time
base between multiple LTM4682s (and any other Analog
Devices ICs with a SHARE_CLK pin)—to realize well-
defined rail sequencing and rail tracking. Connect the
SHARE_CLK pins of all such devices together. All devices
with a SHARE_CLK pin will synchronize to the fastest
clock. A pull-up resistor to 3.3V is only required when
synchronizing the time base between devices.

VTRIMO_CFG (D9): Output Voltage Select Pin for Voyro,
Fine Setting. Works in combination with VOUTO_CFG to
affect the VOUT_COMMAND (and associated output volt-
age monitoring and protection/fault-detection thresholds)
of Channel 0, at SViy o1 power-up. See VOUTO_CFG and
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the Applications Information section. A resistor divider
from 2.5V to SGND connected to the pin will set the
TRIM value. See Table 2. Minimize capacitance especially
when the pin is left open to ensure accurate detection of
the pin state. Note that the use of Rgonrigs on VOUTO_
CFG/VTRIMO_CFG can affect the Vgyro range setting
(MFR_PWM_MODEQ[1]) and loop gain. For addressed
ASEL_01, Page 0x00 corresponds to Channel 0 and
Page 0x01 corresponds to Channel 1. See PAGE com-
mand description section.

SCL_01, SCL_23 (D10, W9): Serial Bus Clock Open-Drain
Input (Can Be an Input and Output, if Clock Stretching
is Enabled). A pull-up resistor to 3.3V is required in the
application for digital communication to the SMBus main
device(s) that nominally drive this clock. The LTM4682
will never encounter scenarios where it would need to
engage clock stretching unless SCL communication
speeds exceed 100kHz—and even then, LTM4682 will
not clock stretch unless clock stretching is enabled using
setting MFR_CONFIG_ALL[1] = 1b. The factory-default
NVM configuration setting has MFR_CONFIG_ALL[1] =
0b: clock stretching disabled. If communication on the
bus at clock speeds above 100kHz is required, the user’s
SMBus main device(s) need to implement clock stretch-
ing support to ensure solid serial bus communications,
and only then should MFR_CONFIG_ALL[1] be set to 1b.
When clock stretching is enabled, SCL becomes a bidi-
rectional, open-drain output pin on the LTM4682.

SYNC_01, SYNC_23 (D11,V9): External Clock
Synchronization Input and Open-Drain Output Pin. If an
external clock is present at this pin, the switching fre-
quency will be synchronized to the external clock. If the
main clock mode is enabled, this pin will pull low at the
switching frequency with a 500ns pulse to the ground. A
resistor pull-up to 3.3V is required in the application if the
LTM4682 is the main device.

Vpp33_ o1 (E8): Internally Generated 3.3V Power Supply
Output Pin for Channels 0 and 1 Gircuits. This pin should
only be used to provide external current for the pull-up
resistors required for FAULTn, SHARE_CLK_nn, and
SYNC_nn, and may be used to provide external current for

pull-up resistors on RUNn, SDA_nn, SCL_nn, ALERT _nn
and PGOODn. Where nnis either 0,1 or 2,3 channels, and
nis the actual channel. No external decoupling is required.
Vb33 o1 is powered from Vgjag and programming RUNn
improves efficiency.

WP_01, WP_23 (E9, Y11): Write Protect Pin, Active High.
An internal 10pA current source pulls this pin to Vppss. If
WP is open circuit or logic high, only 12C writes to PAGE,
OPERATION, CLEAR_FAULTS, MFR_CLEAR_PEAKS and
MFR_EE_UNLOCK are supported. Additionally, Individual
faults can be cleared by writing 1b’s to bits of interest in
registers prefixed with STATUS. If WP is low, I2C writes
are unrestricted. Vognso™ (H11): Channel 0 negative dif-
ferential voltage sense input. See Vosnso®.

TSNSO, TSNS1, TSNS2, TSNS3 (E11, E10, U8, U9):
Power Stage Temperature Monitors for the 4 Channels.
See the Applications Information section.

Vosnsi™ (F8): Channel 1 Negative Differential Voltage
Sense Input. See Vosns1™.

SGNDO1, SGND23 (F10-F11, U10-U11): SGND is the sig-
nal ground return path of the LTM4682 internal control-
lers. SGND is not internally connected to GND. Connect
SGND to GND local to the LTM4682. See the Layout
Checklist/Example section.

Vourt1 (F13-F15, G13-G15, H13-H15, J13-J15, K13-
K15): Channel 1 Output Voltage. Place the recommended
output capacitors from this shape to GND. See the Layout
Checklist/Example section.

SW1 (G1-G2, H1-H2, J1-J2): Switching Node of Channel 1
Step-Down Converter Stage. Used for test purposes or
EMI-snubbing. It may be routed a short distance to a local
test point to monitor the switching action of Channel 1,
if desired, but do not route near any sensitive signals.
Otherwise, leave it open.

Vosns1® (G8): Channel 1 Positive Differential Voltage
Sense Input. Together, Vogns1™ and Vognsi™ Serve to
Kelvin-sense the Vgyrt¢ output voltage at Voyry’s point
of load (POL) and provide the differential feedback signal
directly to Channel 1’s feedback loop. Command Voyt1's
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target regulation voltage by serial bus. Its initial command
value at SVy_o1 power-up is dictated by NVM contents
(factory default: 0.75V)—or, optionally, may be set by
configuration resistors; see VOUT1_CFG, VTRIM1_CFG
and the Applications Information section.

COMPOb, COMP1h, COMP2h, COMP3b (G10, F9, T9,
W11): Current Control Threshold and Error Amplifier
Compensation Nodes. Each associated channel’s current
comparator tripping threshold increases with its compen-
sation voltage. Each channel has a 22pF to SGND.

COMPOa, COMP1a, COMP2a, COMP3a (G11, G9, T8,
V11): Loop Compensation Nodes. The internal PWM
loop compensation resistors Rgompps Of the LTM4682
can be adjusted using bit[4:0] of the MFR_PWM_COMP
command. The transconductance of the LTM4682 PWM
error amplifier can be adjusted using bit[7:5] of the MFR_
PWM_COMP command. These two loop compensation
parameters can be programmed when the device is in
operation. See the Programmable Loop Compensation
subsection in the Applications Information section for
further details. See Figure 1.

PGOODO, PGOOD1, PGOOD2, PGOOD3 (H9, H8, R10,
T10): Power Good Indicator Outputs. The open-drain logic
output is pulled to the ground when the output exceeds
the UV and OV regulation window. The output is de-
glitched by an internal 100ys filter. A pull-up resistor to
3.3V is required in the application.

Iin_o1* (H10): Positive Current Sense Amplifier Input.
If the input current sense amplifier is not used, this pin
must be shorted to the Iy o1~ and SV)y o1 pin. See the
Applications Information section for more details about
the input current sensing.

Vosnso~ (H11): Channel 0 Negative Differential Voltage
Sense Input. See Vognso™

SVin_ o1 (8): Input Supply for LTM4682’s Internal Control
IC for Channels 0 and 1. In most applications, SV|y o1
connects to Vino1. SViy_o1 can be operated from an aux-
iliary supply separate from Vyg1 for powering the Vyo1
from a lower supply like 6V. The SVIN_01 pin requires
1Q and 1pF decoupling capacitor to measure the actual
control chip current. The 1€ resistor is used to measure

the actual control chip current. See MFR_READ_ICHIP
and MFR_ADC_CONTROL COMMAND section. When
operating from 4.5V to 5.75V with no auxiliary bias sup-
ply, then the main input supply should connect to SViy o1
and INTV¢g o5 See Test Circuit 2 for an example. In this
configuration, the ICHIP current will not be relevant since
INTV¢c g1 is connected to SViy o1

INTVgc o1 (49): Internal Regulator, 5.5V Output. When
operating the LTM4682 from 5.75V < SV|y g1 < 16V, an
internal LDO generates INTVgg o1 from SViy o1 to bias
internal control circuits and the MOSFET drivers of the
LTM4682’s Channels 0 and 1. An external 4.7uF ceramic
decoupling capacitor is required. The INTVg g1 is on
regulated regardless of the RUNn pin state. When operat-
ing the LTM4682 with 4.5V < SV|y o1 <5.75V, INTV¢¢ o4
must be electrically shorted to SV|y o4, and the RUNP pin
must be pulled to GND. The Vpag takes over after startup
when the input voltage is greater than 7V.

Iiv_o01~ (J10): Negative Current Sense Amplifier Input. If
the input current sense amplifier is not used, this pin
must be shorted to the Iy 01" and SVjy_g1 pin. See the
Applications Information section for more details about
the input current sensing.

Vosnso® (J11): Channel 0 Positive Differential Voltage
Sense Input. Together, Vgsnso™ and Vognso™ serve to
Kelvin-sense the Voyrto output voltage at Voyto's point
of load (POL) and provide the differential feedback signal
directly to Channel 0’s feedback loop. Command Vqyg's
target regulation voltage by serial bus. Its initial command
value at SViy o1 power-up is dictated by NVM contents
(factory default: 0.75V)—or, optionally, may be set by
configuration resistors; see VOUTO_CFG, VTRIMO_CFG
and the Applications Information section.

Vin23 (N5-N6, P5-P6, R5-R6, T5-T6, U5-U6, V5-V6,
W5-W6, Y5-Y6, AA5-AA6, AB5-AB6): Positive Power
Input to Channels 2 and 3 Switching Stages. Provide suf-
ficient decoupling capacitance in the form of MLCCs and
low ESR electrolytic (or equivalent) to handle reflected
input current ripple from the step-down switching stage.
The MLCCs should be placed as close to the LTM4682
as physically possible. See the Layout Checklist/Example
section in the Applications Information section.
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PIN FUNCTIONS

Vin_veias (N9): Input pin to the internal step down regula-
tor that produces 5.5V (Vgjag pin) to power both internal
controllers to reduce power dissipation after power up.
Each internal controller has an INTV¢g g1 or INTVge 23
regulator that is powered from SV|y o1 or SV|y 23. To
eliminate this power loss through these linear regulators,
the Vgias powers both at very high efficiency.

Vgias (N10): A 5.5V step down output that powers both
internal controllers to reduce power loss. It provides
a 22uF ceramic bypass capacitor on this pin to GND.
SV|y_ o1 and SV o3 must be higher than 7V for this
VBias 1o supply the controllers. When the input voltage
is between 4.5V to 5.75V, pull the RUNP pin to GND, and
connect SViy o1 and SViy 230 INTVgg o1 and INTVgg 23,
respectively. Powering up the Vgjag regulator with the
SVin_o1 and SV)y o3 greater than 7V will power the
INTV¢e_o1, INTVge_o2, the Vppas o1, Vbpas_23, Vbps_ot,
and Vppos_ o3 from Vpjas. Otherwise, these sources will
get their power from SV|y_g¢ and SVy_o3. This will allow
the programming each internal controller's EEPROM with
the power regulator channels in the off position.

RUNP (N11): This pin enables the Internal 5.5V Vgjas step
down regulator. Pulling this pin above 0.85V will enable
the Internal regulator. The pin is rated to Vy, so connect
to V| to enable, and connect to GND to disable. When the
input voltage is between 4.5V t0 5.75V, pull the RUNP pin
to GND, and connect SV|y o1 and SVy 23 to INTVg o
and INTV¢c 23, respectively.

Vout2 (N13-N15, P13-P15, R13-R15, T13-T15, U13-
U15): Channel 2 Output Voltage. Place the recommended
output capacitors from this shape to GND. See the Layout
Checklist/Example section.

SW2 (P1-P2, R1-R2, T1-T2): Switching Node of Channel 2
Step-Down Converter Stage. Used for test purposes or
EMI-snubbing. It may be routed a short distance to a
local test point to monitor switching action of Channel 2,
if desired, but do not route near any sensitive signals.
Otherwise, leave it open.

Vosns2® (P8): Channel 2 Positive Differential Voltage
Sense Input. Together, Vognso™ and Vognso™ Serve to
Kelvin-sense the Vyto Output voltage at Voyro’'s POL and
provide the differential feedback signal directly to Channel
2’s feedback loop. Command Vgyto's target regulation
voltage by serial bus. Its initial command value at SVjy 23
power-up is dictated by NVM contents (factory default:
0.75V)—or, optionally, may be set by configuration resis-
tors; see VOUT2_CFG, VTRIM2_CFG and the Applications
Information section.

Iin_23~ (P9): Negative Current Sense Amplifier Input. If
the input current sense amplifier is not used, this pin
must be shorted to the Ijy 23* and SV, 23 pin. See the
Applications Information section for more details about
the input current sensing.

INTV¢c 23 (P10): Internal Regulator, 5.5V Output. When
operating the LTM4682 from 5.75V < SV p3 < 16V, an
internal LDO generates INTV¢g o3 from SV)y o3 to bias
internal control circuits and the MOSFET drivers of the
LTM4682’s Channels 2 and 3. An external 4.7pF ceramic
decoupling i capacitor s required. INTV¢g o3 is on regu-
lated regardless of the RUNn pin state. When operating
the LTM4682 with 4.5V < SV|y 23 < 5.75V, INTV¢g 23
must be electrically shorted to SV 23, and the RUNP
pin must be pulled to GND. Vg)as takes over after startup
when the input voltage is greater than 7V.

SVin 23 (P11): Input Supply for LTM4682’s Internal
Control IC for Channels 2 and 3. In most applications,
SV|y_23 connects to Viy 3. SViy 23 can be operated
from an auxiliary supply separate from V,yo3 for power-
ing the Vyo3 from a lower supply like 6V. The SVIN_23
pin requires 1Q and 1pF decoupling capacitor to measure
the actual control chip current. The 1Q resistor is used
to measure the actual control chip current. See MFR_

READ_ICHIP and MFR_ADG_CONTROL COMMAND sec-
tion. When operating from 4.5V to 5.75V with no auxiliary
bias supply, then the main input supply should connect to
SV 2z and INTVcg o3. See Test Circuit 2 for an example.
In this configuration, the Igyp current will not be relevant
since INTVgg o3 is connected to SV o3.
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PIN FUNCTIONS

Vosns2~ (R8): Channel 2 Negative Differential Voltage
Sense Input. See Vognso™

Iin_23* (R9): Positive Current Sense Amplifier Input. If
the input current sense amplifier is not used, this pin
must be shorted to the I;y 23~ and SV)y_»3 pin. See the
Applications Information section for more details about
the input current sensing.

Vosnsst (R11): Channel 3 Positive Differential Voltage
Sense Input. Together, Vgsnss™ and Vogyss™ serve to
Kelvin-sense the Vgyrs output voltage at Voyts's POL
and provide the differential feedback signal directly to
Channel 3’s feedback loop. Command Vqyts's target
regulation voltage by serial bus. Its initial command value
at SViy_o3 power-up is dictated by NVM contents (factory
default: 0.75V)—or, optionally, may be set by configu-
ration resistors; see VOUT3_CFG, VTRIM3_CFG and the
Applications Information section.

Vosnss~ (T11): Channel 3 Negative Differential Voltage
Sense Input. See Vognss™

SW3 (V1-V2, W1-W2, Y1-Y2): Switching Node of
Channel 3 Step-Down Converter Stage. Used for test
purposes or EMI-snubbing. It may be routed a short dis-
tance to a local test point to monitor switching action of
Channel 3, if desired, but do not route near any sensitive
signals. Otherwise, leave it open.

Vours (V13-V15, W13-W15, Y13-Y15, AA13-AA15,
AB13-AB15): Channel 3 Output Voltage. Place the rec-
ommended output capacitors from this shape to GND See
the Layout Checklist/Example section.

RUN2, RUN3 (Y9, Y8): Enable Run Input for Channels 2
and 3, respectively. Open-drain input and output. The logic
high on these pins enables the respective outputs of the
LTM4682. These open-drain output pins hold the pin low
until the LTM4682 is out of reset and SV o3 is detected
to exceed Viy_on. A pull-up resistor to 3.3V is required in
the application. The LTM4682 pulls RUN2 and/or RUN3
low, as appropriate, when a global fault and/or channel-
specific fault occurs whose fault response is configured to
latch off and cease regulation; issuing a CLEAR_FAULTS
command through I2C or power-cycling SV|y_23is neces-
sary to restart the module, in such cases. Do not pull RUN
logic high with a low impedance source. INTV¢ is active
when SVIN_23 is above UVLO. This provides power to
the Vppas and Vppos to allow programming the EEPROM.

Vpp33_23 (Y10): Internally Generated 3.3V Power Supply
Output Pin for Channels 2 and 3 Circuits. This pin should
only be used to provide external current for the pull-up
resistors required for FAULT_nn, SHARE_CLK_nn, and
SYNC_nn, and may be used to provide external current for
pull-up resistors on RUNn, SDA_nn, SCL_nn, ALERT _nn
and PGOODn. Where nnis either 0,1 or 2,3 channels, and
nis the actual channel. No external decoupling is required.
Vpp33_ 23 can be powered from Vp)as, such that this con-
troller 2 can be programmed with RUNn low.
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Figure 2. Simplified LTM4682 Block Diagram of the 1/2 Function

DECOUPLI"G REQUIBGITIEI'ITS Tp =25°C. Using Figure 2 configuration.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
CiNH External High Frequency Input Capacitor Requirement | lgytg = 31.25A 100 uF
(5.75V < Vi £ 16V, Voyt, Commanded to 0.75V). lout1 = 31.25A 100 uF

Coutn External High Frequency Output Capacitor Requirement | lgyto = 31.25A 800 uF
(5.75V < Vi £ 16V, Vout, Commanded to 0.75V). lout1 = 31.25A 800 uF
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Figure 3. Functional LTM4682 Block Diagram
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TEST CIRCUITS
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Rev. A

For more information www.analog.com 2 5



https://www.analog.com/LTM4682?doc=LTM4682.pdf
https://www.analog.com

LTMA682
TEST CIRCUITS

Vi 5 & 5 &
DD33_01 g g g 9 22)F
12C/SMBus I/F WITH PMBus COMMAND Stk Sagok Ssook Sagok Sa09k £ 8 85
SET TO/FROM IPMI OR OTHER BOARD S SHFH SATIC ST SE
MANAGEMENT CONTROLLER | | | | [ 1] |
VIN_ON, VIN_OFF, VIN_OV, VIN_UV L5 I 5 g g & 5 & 53 & 5 & 2 2 5 D DB
ARE ADJUSTED FORLOW Vi OPERATION | 1 ! & & &/ &l & & ) J &' o' 3 8 5 5 8 g s 2z 2z SWO = 0.75V AT 31.25A
T E 2323333 = = 838 8358 ¢z = ee e R ADJUSTABLE TO 1.35V
2 4 J 2 & > > = = = = Vouto
T < - - & —L 100pF
Vi, 4.5V T0 5.75V < £ Vosnso I
+ IN_01* s » L0AD| =
o _L22uF b3 - -
150pF 6 < 1mQ Vosnso
T T 3 IN_01 L
- - < -
oV Vinot SW1 — .75V AT 31.25A
MO 1SV of ADJUSTABLE T0 1.35V
W = - Vout
e Vosnst*
Vin
IN_23* Vosns1™
< 1mQ
S IN_23~
b3 = SW2 f[— .75V AT 31.25A
Vings ADJUSTABLE TO 1.35V
SVin_23 Vour2
- SViN_23 et
WF—— — Vin_vaias LTM4682 osNis2
Vppas_o1 = ALY -
X v,
; = RUNO OSNS2
310k F RUNA
RUN2 SW3 [ 0.75V AT 31.25A
ON_OFF_CONFIG |_| RIE y ADJUSTABLE TO 1.35V
< . 0ouT3
310k FAULTO Vosnss"™
FAULT1
FAULT2 Vosnss™
FAULT INTERRUPTS Lma osss
Sok PGOODO GND
PGOOD1 SGND_23
PGOOD2 © @ SGND 01
POWER GOOD L] pooons @ @ s o 5 5
(25 o (25 o (2] o (2] o | |
o S o S o S o S Q =
s o < o ~ o < o & o & = S o S o ! ! b=y B
£ & L& 8 & 28 (=] = = = = = ) = = = | |
= = = = = = = = =) = =) = =) = =) = = = o o
88 88 88 88 e £ £ E £ E £ &5 B B2 2 2 —
| | | [T T T rrr o111 1 &,
4700pF 4700pF 4700pF 4700pF
| | 22.6k
_l_1UOpF _1_100pF T100pF _|_100pF
ﬁ . X . CONFIG RESISTORS ARE
TO BE 1%, 50PPM
MFR_CONFIG_ALL[4] =0
FOR 0,1 DEVICE
SUBORDINATE ADDRESS: 100_1111_R/W
FOR 2,3 DEVICE
SUBORDINATE ADDRESS: 100_1110_R/W
Test Circuit 2.
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OPERATION
POWER MODULE INTRODUCTION

The LTM4682 is a highly configurable quad 31.25A output
standalone nonisolated switching mode step-down DC/
DC power supply with built-in EEPROM NVM with error
correction coding (ECC) and 12C-based PMBus/SMBus
2-wire serial communication interface capable of 400kHz
SCL bus speed. Four output voltages can be regulated
(Vouto, VouTi, Voute, and Vyrs) with a few external input
and output capacitors and pull-up resistors. Readback
telemetry data of input and output voltages and input and
output currents, and module temperatures are continually
digitized cyclically by an integrated 16-bit analog-to-digi-
tal converter (ADC). Many fault thresholds and responses
are customizable. Data can be autonomously saved to
EEPROM when a fault occurs, and the resulting fault log
can be retrieved over I2C later, for analysis. See Figure 2
and Figure 3 for the Block Diagrams. One controller for
Channels 0 and 1, and second controller for Channels 2
and 3.

POWER MODULE OVERVIEW, MAJOR FEATURES
Major Features Include:

® Dedicated Power Good Indicators

® Direct Input and Chip Current Sensing

® Programmable Loop Compensation Parameters
® Ty Start-Up Time: 30ms

® PWM Synchronization Circuit, (See the Switching
Frequency and Phase Section for More Details)

= MFR_ADC_CONTROL for Fast ADG Sampling of One
Parameter (as Fast as 8ms) (See the PMBus Command
Details Section)

® Fully Differential Output Sensing for All Four Channels;
VOUTO’ VOUT1’ VOUTZ’ and VOUTS- All Programmable Up
to 1.2V

= Power-Up and Program EEPROM with Vgjas
® |nput Voltage Up to 16V
= AVge Temperature Sensing

® SYNC Contention Circuit (See the Switching Frequency
and Phase Section for More Details)

Fault Logging
® Programmable Output Voltage

® Programmable Input Voltage On and Off
Threshold Voltage

® Programmable Current Limit

® Programmable Switching Frequency

® Programmable OV and UV Threshold Voltage
® Programmable ON and Off Delay Times

® Programmable Output Rise/Fall Times

® Phase-Locked Loop for Synchronous PolyPhase®
Operation (2, 3, 4 or 6 Phases)

= Nonvolatile Memory Configuration with ECC

® QOptional External Configuration Resistors for Key
Operating Parameters

m (ptional Time Base Interconnect for Synchronization
Between Multiple Controllers

= \WP Pin to Protect Internal Configuration
m Stand Along Operation After User Factory Configuration
® PMBus, Version 1.2, 400kHz-Compliant Interface

The PMBus interface provides access to important power
management data during system operation including:

Internal Controller Temperature

Internal Power Channel Temperature

Average Output Current

Average Output Voltage

Average Input Voltage

Average Input Current

Average Chip Input Current from Vyy

Configurable, Latched and Unlatched Individual Fault
and Warning Status

Individual channels are accessed through the PMBus
using the PAGE command, i.e., PAGE 0 or 1.

Fault reporting and shutdown behavior are fully con-
figurable. Four individual FAULTO, FAULT1, FAULT2,
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and FAULT3, outputs are provided. Each FAULTn can be
masked independently.

Six dedicated pins for ALERT_01, ALERT_23, PGOODO,
PGOOD1, PGOOD2, and PGOOD3 functions are provided.
The shutdown operation also allows all faults to be indi-
vidually masked and can be operated in either unlatched
(hiccup) or latched modes.

Individual status commands enable fault reporting over
the serial bus to identify the specific fault event. Fault or
warning detection includes the following:

= Qutput Undervoltage/Overvoltage

= |nput Undervoltage/Overvoltage

® |nput and Output Overcurrent

® |nternal Overtemperature

® Communication, Memory or Logic (CML) Fault

EEPROM WITH ECC

The LTM4682 contains internal EEPROM with ECC to
store user configuration settings and fault log information
for Channels 0 and 1, and Channels 2 and 3. The EEPROM
endurance retention and mass write operation time are
specified in the Electrical Characteristics and Absolute
Maximum Ratings sections. Write operations above T =
85°C are possible although the Electrical Characteristics
are not guaranteed and the EEPROM will be degraded.
Read operations performed at temperatures between
-40°C and 125°C will not degrade the EEPROM. Writing
to the EEPROM above 85°C will result in degrading reten-
tion characteristics. The fault logging function, which is
useful in debugging system problems that may occur
at high temperatures, only writes to fault log EEPROM
locations. If occasional writes to these registers occur
above 85°C, the slight degradation in the data retention
characteristics of the fault log will not take away from the
usefulness of the function.

It is recommended that the EEPROM not be written when
the die temperature is greater than 85°C. If the die tem-
perature exceeds 130°C, the LTM4682 will disable all
EEPROM write operations. All EEPROM write operations
will be re-enabled when the die temperature drops below

125°C. The controller will also disable all the switching
when the die temperature exceeds the internal overtem-
perature fault limit 160°C with a 10°C hysteresis.

The degradation in EEPROM retention for temperatures
>125°C can be approximated by calculating the dimen-
sionless acceleration factor using the following equation:

(N ters o)
AF:e k TUSE+273 TSTRESS+273

where:

AF = acceleration factor

E, = activation energy = 1.4eV
k=8.617+10gV/K

Tyse = 125°C specified junction temperature
TstRess = actual junction temperature in °C

Example: Calculate the effect on retention when operating
at a junction temperature of 130°C for 10 hours.

TstRess = 130°C

Tuse = 125°C,
AF = ([(1.4/8.617 +1075) « (1/398 - 1/403)] ) _ { 65

The equivalent operating time at 125°C = 16.6 hours.

Thus the overall retention of the EEPROM was degraded
by 6.6 hours as a result of operating at a junction tempera-
ture of 130°C for 10 hours. The effect of the overstress is
negligible when compared to the overall EEPROM reten-
tion rating of 87,600 hours at a maximum junction tem-
perature of 125°C.

The integrity of the entire onboard EEPROM is checked with
a CRC calculation each time its data is to be read, such as
after a power-on reset or execution of a RESTORE_USER_
ALL command. If a CRC error occurs, the CML bit is set in
the STATUS_BYTE and STATUS_WORD commands, the
EEPROM CRC Error bit in the STATUS_MFR_SPECIFIC
command is set, and the ALERT and RUN pins pulled
low (PWM channels off). At that point the device will only
respond at a special address 0x7C, which is activated
only after an invalid CRC has been detected. The chip
will also respond at the global addresses 0x5A and 0x5B,
but using these addresses when attempting to recover
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from a CRC issue is not recommended. All power sup-
ply rails associated with either PWM channel of a device
reporting an invalid CRC should remain disabled until the
issue is resolved. See the Applications Information sec-
tion or contact the factory for more details on efficient in-
system EEPROM programming, including bulk EEPROM
Programming, which the LTM4682 also supports.

The LTM4682 contains two dual internal constant fre-
quency current mode control buck regulators (Channel 0
and Channel 1, and Channel 2 and Channel 3) and whose
power MOSFETs are capable of fast switching speed.
Reference to the signal pins will be Name_nn, where nis
either 01 or 23, or with namen when referring to signal pins
that are related to the actual channel. The factory NVM-
default switching frequency clocks SYNC_nnat 575kHz, to
which the regulators synchronize their switching frequency.
The default phase-interleaving angle between the channels
is 180°. A pin-strapping resistor on FSWPH_nn_CFG con-
figures the frequency of the SYNC_nn clock (switching
frequency) and the channel phase relationship of the chan-
nels to each other and for the falling edge of the SYNC_nn
signal. (Most possible combinations of the switching fre-
quency and the phase-angle assignments are settleable
by the resistor pin programming; see Table 3. Configure
the LTM4682’s NVM to implement settings unavailable
by resistor-pin strapping.) When a FSWPH_nn_CFG pin-
strap resistor sets the channel phase relationship of the
LTM4682’s channels, the SYNC_nn clock is not driven by
the module. Instead, SYNC_nn becomes strictly a high
impedance input, and the channel switching frequency is
then synchronized to SYNC_nn provided by an externally-
generated clock or sibling LTM4682 with a pull-up resistor
to Vppas_np- Switching frequency and phase relationship
can be altered through the I2C interface, but only when the
switching action is off, i.e., when the module is not regulat-
ing the outputs. See the Applications Information section
for more details.

Programmable analog feedback loop compensation for
Channel 0 to Channel 3 is accomplished with a capaci-
tor connection from COMPna to SGND, and a capacitor
from COMPnb to SGND.) The COMPnb pin is for the
high frequency gain roll-off and is the g, amplifier out-
put that has a programmable range, and the COMPna
pin has the programmable resistor range, along with a

capacitor to SGND that sets the frequency compensa-
tion. See the Programmable Loop Compensation section.
The LTM4682 module has sufficient stability margins and
good transient performance with a wide range of output
capacitors—even all-ceramic MLCCs. Table 13 provides
guidance on input and output capacitors recommended
for many common operating conditions, along with
the programmable compensation settings. The Analog
Devices LTpowerCAD® tool is available for transient and
stability analysis, and experienced users who prefer to
adjust the module’s feedback loop compensation param-
eters can use this tool.

POWER-UP AND INITIALIZATION

The LTM4682 is designed to provide standalone supply
sequencing and controlled turn-on and turn-off operation.
It operates from a single input supply (4.5V to 16V) while
three on-chip linear regulators generate internal 2.5V,
3.3V, and 5.5V per controller. If the V,y,, does not exceed
5.75V, and the Vgjag pin is turned off, the INTV¢c, Vingn
and SViy_pn pins must be connected together. The con-
troller configuration is initialized by an internal threshold-
based UVLO where Vy,, must be approximately 4V, and
the 5.5V, 3.3V, and 2.5V linear regulators must be within
approximately 20% of the regulated values. In addition
to the power supply, a PMBus RESTORE_USER_ALL or
MFR_RESET command can initialize the part, too.

The Vgjag pin is the output of an internal 5.5V buck regula-
tor to improve the efficiency of the circuit and minimize
power loss on the LTM4682. The Vgjas pin must exceed
approximately 4.8V, and Vi must exceed 7V before the
INTV¢c LDO operates from the Vgjag pin. The Vpjas regu-
lator is powered from Vy ypias and enabled with RUNP

During initialization, the external configuration resistors
are identified and/or contents of the NVM are read into the
controller's commands, and the power train is held off. The
RUNn, FAULTn, and PGOODn are held low. The LTM4682
will use the contents of Table 1 through Table 5 to determine
the resistor-defined parameters. See the Rggnrig (Resistor
Configuration) Pins section for more details. The resistor
configuration pins only control some of the preset values
of the controller. The remaining values are programmed in
NVM either at the factory or by the user.
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If the configuration resistors are not inserted or if
the ignore RCONFIG bit is asserted (bit 6 of the MFR_
CONFIG_ALL configuration command), the LTM4682 will
use only the contents of NVM to determine the DC/DC
characteristics. The ASEL_nn value read at power-up
or reset is always respected unless the pin is open. The
ASEL_nn will set the bottom 4LSBs, and the MSBs are
set by NVM. See the Applications Information section for
more details.

After the part has initialized, an additional comparator
monitors Viy through the SViy_p, pins. The VIN_ON
threshold must be exceeded before the output power
sequencing can begin. After V)y is initially applied, the
part will typically require 30ms to initialize and begin the
TON_DELAY timer. The readback of voltages and currents
may require an additional Oms to 90ms.

SOFT-START

The method of start-up sequencing described in this
section is time-based. The part must enter the run state
before soft-start. The RUN pins are released by the
LTM4682 after the part is initialized and SV|y_,, exceeds
the VIN_ON threshold. If multiple LTM4682s are used in
an application, they all hold their respective RUN pins low
until all devices are initialized, and SV)y_p,, exceeds the
VIN_ON threshold for every device. The SHARE_CLK_nn
pin assures all the devices connected to the signal use
the same time base. The SHARE_CLK_nn pin is held low
until the part has been initialized after V,y is applied. The
LTM4682 can be set to turn-off (or remain off) if SHARE_
CLK_nn'is low (set bit 2 of MFR_CHAN_CONFIG to 1).
This allows the user to ensure synchronization across
numerous Analog Devices ICs even if the RUNn pins can-
not be connected together due to board constraints. In
general, if the user cares about synchronization between
chips, it is best not only to connect all the respective
RUN~ pins together but also to connect all the respective
SHARE_CLK_nn pins together and pulled up to Vpp33_nn
with a 10k resistor. This assures all chips begin sequenc-
ing simultaneously and use the same time base.

After the RUNn pins release and before entering a constant
output voltage regulation state, the LTM4682 performs a
monotonic initial ramp or soft-start. Soft-start is performed

by actively regulating the load voltage while digitally ramp-
ing the target voltage from OV to the commanded voltage
set-point. Once the LTM4682 is commanded to turn on
(after power up and initialization), the controller waits for
the user specified turn-on delay (TON_DELAY) before initi-
ating this output voltage ramp. The rise time of the voltage
ramp can be programmed using the TON_RISE command
to minimize inrush currents associated with the start-up
voltage ramp. The soft-start feature is disabled by setting
the value of TON_RISE to any value less than 0.25ms. The
LTM4682 PWM always uses discontinuous mode during
the TON_RISE operation. In discontinuous mode, the bot-
tom MOSFET is turned off as soon as reverse current is
detected in the inductor. This will allow the regulator to start
up into a pre-biased load. When the TON_MAX_FAULT_
LIMIT is reached, the part transitions to continuous mode, if
so programmed. If TON_MAX_FAULT_LIMIT is set to zero,
there is no time limit, and the part transitions to the desired
conduction mode after TON_RISE completes and Voyt,
has exceeded the VOUT_UV_FAULT_LIMIT and IOUT_OC
is not present. However, setting TON_MAX_FAULT_LIMIT
to a value of 0 is not recommended.

TIME-BASED SEQUENCING

The default mode for sequencing the outputs on and off is
time-based. Each output is enabled after waiting a TON_
DELAY amount of time following either a RUN pin going
high, a PMBus command to turn on or the V) rising above
a preprogrammed voltage. Off-sequencing is handled
similarly. To ensure proper sequencing, make sure all ICs
connect the SHARE_CLK_nn pin together and RUN# pins
together. If the RUNn pins cannot be connected together
for some reasons, set bit 2 of MFR_CHAN_CONFIG to 1.
This bit requires the SHARE_CLK_nn pin to be clocking
before the power supply output can start. When the RUNn
pinis pulled low, the LTM4682 will hold the pin low for the
MFR_RESTART_DELAY. The minimum MFR_RESTART_
DELAY is TOFF_DELAY + TOFF_FALL + 136ms. This delay
assures proper sequencing of all rails. The LTM4682 cal-
culates this delay internally and will not process a shorter
delay. However, a longer commanded MFR_RESTART_
DELAY can be used by the part. The maximum allowed
value is 65.52 seconds.
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VOLTAGE-BASED SEQUENCING

The sequence can also be voltage-based. As shown
in Figure 4, The PGOOD~ pin is asserted when the UV
threshold is exceeded for each output. It is possible to
feed the PGOODn pin from one LTM4682 channel into the
RUN~ pin of the next LTM4682 channel in the sequence,
especially across multiple LTM4682s. The PGOOD~# has
a 100us filter. If the Vgyt,, voltage bounces around the UV
threshold for a long period of time, it is possible for the
PGOOD~n output to toggle more than once. To minimize
this problem, set the TON_RISE time under 100ms.

If a fault in the string of rails is detected, only the faulted
rail and downstream rails will fault off. The rails in the
string of devices in front of the faulted rail will remain on
unless commanded off.

RUNQ =——>|

> PGOODO
START LTM4682

172

RUN2 r

LTM4682

» PGOOD1

» PGOOD2
172

RUN3—L $—» PGOOD3
IAsszma

TO NEXT CHANNEL
IN THE SEQUENCE

Figure 4. Event (Voltage) Based Sequencing

SHUTDOWN

The LTM4682 supports two shutdown modes. The first
mode is a closed-loop shutdown response, with a user-
defined turn-off delay (TOFF_DELAY) and ramp down
rate (TOFF_FALL). The controller will maintain the mode
of operation for TOFF_FALL. The second mode is the
discontinuous conduction mode, the controller will not
draw current from the load and the fall time will be set
by the output capacitance, and load current, instead of
TOFF_FALL.

The shutdown occurs in response to a fault condition or
loss of SHARE_CLK_nn (if bit 2 of MFR_CHAN_CONFIG
is settoa 1), or Viyup, falling below the VIN_OFF thresh-
old, or FAULT pulled low externally (if the MFR_FAULT _
RESPONSE is set to inhibit). Under these conditions, the

power stage is disabled in order to stop the transfer of
energy to the load as quickly as possible. The shutdown
state can be entered from the soft-start or active regula-
tion states or through user intervention.

There are two ways to respond to faults; retry mode and
latched-off mode. In retry mode, the controller responds
to a fault by shutting down and entering the inactive state
for a programmable delay time (MFR_RETRY_DELAY).
This delay minimizes the duty cycle associated with
autonomous retries if the fault that causes the shutdown
disappears once the output is disabled. The retry delay
time is determined by the longer of the MFR_RETRY_
DELAY command or the time required for the regulated
output to decay below 12.5% of the programmed value.
If multiple outputs are controlled by the same FAULTn
pin, the decay time of the faulted output determines the
retry delay. If the natural decay time of the output is too
long, it is possible to remove the voltage requirement of
the MFR_RETRY_DELAY command by asserting bit 0
of MFR_CHAN_CONFIG. Alternatively, latched-off mode
means the controller remains latched-off following a fault,
and clearing requires user intervention, such as toggling
RUNn or commanding the part OFF and then ON.

LIGHT-LOAD CURRENT OPERATION

The LTM4682 has two modes of operation: high effi-
ciency discontinuous conduction mode or forced con-
tinuous conduction mode. Mode selection is done using
the MFR_PWM_MODE command (discontinuous conduc-
tion is always the start-up mode, and forced continuous
is the default running mode).

If a controller is enabled for discontinuous operation, the
inductor current is not allowed to reverse. The reverse
current comparator’s output turns off the bottom MOSFET
just before the inductor current reaches zero, preventing
it from reversing and going negative.

In forced continuous operation, the inductor current
is allowed to reverse at light loads or under large tran-
sient conditions. The peak inductor current is determined
solely by the voltage on the COMPn pins. In this mode,
the efficiency at light loads is lower than in discontinu-
ous mode operation. However, continuous mode exhibits

Rev. A

For more information www.analog.com

31


https://www.analog.com/LTM4682?doc=LTM4682.pdf
https://www.analog.com

LTMA682

OPERATION

lower output ripple and less interference with audio cir-
cuitry, but may result in a reverse inductor current, which
can cause the input supply to boost. The VIN_OV_FAULT_
LIMIT can detect this and turn off the offending channel.
However, this fault is based on an ADC read and can take up
to toonyerT t0 detect. If there is a concern about the input
supply boosting, keep the part in discontinuous conduc-
tion mode.

If the part is set to discontinuous mode operation, as
the inductor average current increases, the controller will
automatically modify the operation from discontinuous
mode to continuous mode.

SWITCHING FREQUENCY AND PHASE

The switching frequency of the PWM can be established
with an internal oscillator or an external time base. The
internal phase-locked loop (PLL) synchronizes the PWM
control to this timing reference with proper phase rela-
tion, whether the clock is provided internally or externally.
The device can also be configured to provide the main
device clock to other devices through the PMBus com-
mand, NVM setting, or external configuration resistors,
as outlined in Table 3.

As a main clock, the LTM4682 will drive its open-drain
SYNC_nn pin at the selected rate with a pulse width of
500ns. An external pull-up resistor between SYNC_nn
and Vpps3 nn is required in this case. Only one device
connected to SYNC_nn should be designated to drive the
pin. The LTM4682 will automatically revert to an external
SYNC_nn input, disabling its SYNC_nn, as long as the
external SYNC_nn frequency is greater than 80% of the
programmed SYNC_nn frequency. The external SYNC
input shall have a duty cycle between 20% and 80%.

Whether configured to drive SYNC_nn or not, the
LTM4682 can continue PWM operation using its internal
oscillator if an external clock signal is subsequently lost.

The device can also be programmed to always require an
external oscillator for PWM operation by setting bit 4 of
MFR_CONFIG_ALL. The status of the SYNC driver circuit
is indicated by bit 10 of MFR_PADS.

The MFR_PWM_CONFIG command can be used to con-
figure the phase of each channel. The desired phase can

also be set from EEPROM or external configuration resis-
tors, as outlined in Table 3. The designated phase is the
relationship between the falling edge of SYNC and the
internal clock edge that sets the PWM latch to turn on the
top power switch. Additional small propagation delays to
the PWM control pins will also apply. Both channels must
be off before the FREQUENCY_SWITCH and MFR_PWM_
CONFIG commands can be written to the LTM4682.

The phase relationships and frequency options provide for
numerous application options. Multiple LTM4682 mod-
ules can be synchronized to realize a PolyPhase array.
In this case, the phases should be separated by 360/n
degrees, where nis the number of phases driving the
output voltage rail.

PWM LOOP COMPENSATION

The internal PIWM loop compensation resistors Rgompra
of the LTM4682 can be adjusted using bit[4:0] of the
MFR_PWM_COMP command for each controller.

The transconductance (gm) of the LTM4682 PWM error
amplifier can be adjusted using bit[7:5] of the MFR_
PWM_COMP command. These two loop compensation
parameters can be programmed when the device is in
operation. See the Programmable Loop Compensation
subsection in the Applications Information section for
further details.

OUTPUT VOLTAGE SENSING

All four channels in LTM4682 have differential amplifi-
ers, which allow the remote sensing of the load voltage
between V* and V™ pins. The telemetry ADC is also fully
differential and makes measurements between Vogns,®
and Vosns,~ voltages for both channels at the V* and V™
pins, respectively. The maximum allowed is 1.5V, but the
LTM4682 design is limited to 1.35V.

INTV¢/Vgias POWER

Power for the internal top and bottom MOSFET drivers and
most other internal circuitry is derived from the INTV¢g
pin. When the RUNP pin is shorted to GND and the Vgjas
is off, an internal 5.5V linear regulator supplies INTV¢g
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power from SViy . When enabling Vpas at 5.5V out-
put and SV exceeds 7.0V, an internal switch turned on
to source power from Vpjag instead of INTVqg regulator.
Using the Vpjag allows the INTVgg power to be derived
from a high efficiency internal source. Vgjag can provide
power to the internal 3.3V linear regulators when Vyy is
present, which allows the LTM4682 controllers to be ini-
tialized and programmed even with channels off.

The INTV¢¢_ppregulator is powered from the SViy_qp pin;
the power through the IC is equal to SViy_pn ® iNTveen-
The gate charge current is dependent on the operating fre-
quency. The typical INTV¢c_ppcurrent for the LTM4682 is
~o0mA. A 12V input voltage would equate to a difference
of 7V per controller drop across the internal controller,
when multiplied by 50mA equals a 350mW power loss.
This loss can be eliminated by utilizing the Vgjag regulator.

Do not connect INTV¢¢_p,0n the LTM4682 to an external
supply because INTVeg p, Will attempt to pull the external
supply high and hit the current limit, significantly increas-
ing the die temperature.

For applications where Vyy is 5V, connect the SV|y_p,and
INTV¢c_pn pins together to the 5V input through a 1Q
resistor, as shown in Test Circuit 2.

OUTPUT CURRENT SENSING AND SUB MILLIOHM
DCR CURRENT SENSING

The LTM4682 uses a unique sub-milliohm inductor cur-
rent sensing technique that provides a high level signal-
to-noise ratio while sensing very low signals in current
mode operation. This enables higher conversion efficien-
cies using the internal sub-milliohm inductors in heavy
load applications. The current limit threshold can be accu-
rately set with the MFR_PWM_MODE[7] for the high and
low range (see IOUT_OC_FAULT_LIMIT).

The internal DCR sensing network, thus, the current limit is
calculated based on the DCR of the inductor at room tem-
perature. The DCR of the inductor has a large temperature
coefficient, approximately 3900ppm/°C. The temperature
coefficient of the inductor is written to the MFR_IOUT_
CAL_GAIN_TC register. The external temperature is sensed
near the inductor and used to modify the internal current
limit circuit to maintain an essentially constant current

limit with temperature. The current sensed is then digitized
by the LTM4682’s telemetry ADC with an input range of
+128mV, a noise floor of 7uVRrms, and a peak-peak noise of
approximately 46.5pV. The LTM4682 computes the induc-
tor current using the DCR value stored in the IOUT_CAL_
GAIN command and the temperature coefficient stored in
the MFR_IOUT_CAL_GAIN_TC command. The resulting
current value is returned by the READ_IOUT command.

INPUT CURRENT SENSING

To sense the total input current consumed by the
LTM4682’s power stages, a sense resistor is placed
between the supply voltage and the drain of the top
N-channel MOSFET. The Ijy_pp* and liy_nq pins are con-
nected to the sense resistor. The filtered voltage is ampli-
fied by the internal high-side current sense amplifier and
digitized by the LTM4682’s telemetry ADC. The input cur-
rent sense amplifier has three gain settings of 2x, 4x, and
8x set by the bit[6:5] of the MFR_PWM_CONFIG com-
mand. The maximum input sense voltage for the three
gain settings is 50mV, 25mV, and 10mV, respectively. The
LTM4682 computes the input current using the internal
Rsense value stored in the IIN_CAL_GAIN command. The
resulting measured power stage current is returned by
the READ_IIN command. ljy g1*, ljy_ o1~ for controller 1
(Channels 0 and 1), and Iy 23*, )y 23~ for controller 2
(Channels 2 and 3).

The LTM4682 uses a 1Q resistor to measure the SViy_ps
pin supply current being consumed by each LTM4682
internal controller. This value is returned by the MFR_
READ_ICHIP command. The chip current is calculated by
using the 1Q value stored in the MFR_ICHIP_CAL_GAIN
command. See the subsection titled Input Current Sense
Amplifier in the Applications Information section for fur-
ther details.

PolyPhase LOAD SHARING

Multiple LTM4682s can be arrayed to provide a balanced
load-share solution by bussing the necessary pins.
Figure 50 illustrates an 8-phase design sharing connec-
tions required for load sharing.
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If an external oscillator is not provided, the SYNC_nn pins
should only be enabled on one of the LTM4682s con-
trollers. The other(s) should be programmed to disable
SYNC_nncontrollers using bit 4 of MFR_CONFIG_ALL. If
an external oscillator is present, the chip with the SYNC_
nn pin enabled will detect the presence of the external
clock and disable its output.

Multiple channels need to connect all the Vognsn® pins
together, and all the Vognsn™ pins together, Comppa and
Compnb Pins together as well. Do not assert bit[4] of MFR_
CONFIG_ALL except in a PolyPhase application.

The user must share the SYNC_nn, SHARE_CLK_nn,
FAULTn, and ALERTn pins of these parts. Use the pull-
up resistors on SYNC_nn, FAULTn, SHARE_CLK_nn and
ALERTn. See the Typical Application section.

INTERNAL TEMPERATURE SENSE

Temperature is measured using the internal diode-con-
nected PNP transistors, and the outputs are connected to
TSNSO to TSNS3 pins corresponding to Channels 0 to 3.
These outputs are used for testing. Two different currents
are applied to the diode (nominally 2pA and 32pA), and
the temperature is calculated from a AVgg measurement
made with the internal 16-bit monitor ADC (see Figure 2
Block Diagram).

The LTM4682 will only implement AVgg temperature sens-
ing. Therefore the MFR_PWM_MODE bit[5] is reserved.

Rconric (RESISTOR CONFIGURATION) PINS

There are twelve input pins utilizing 1% resistors between
these pins to select key operating parameters. The pins
are ASEL_01, ASEL_23, FSWPH_01_CFG, FSWPH_23_
CFG, VOUTO_CFG, VOUT1_CFG, VOUT2_CFG, VOUT3_
CFG, VTRIMO_CFG, VTRIM1_CFG, VTRIM2_CFG, and
VTRIM3_CFG. If pins are floated, the value stored in the
corresponding NVM command is used. If bit 6 of the
MFR_CONFIG_ALL configuration command is asserted in
NVM, the resistor input is ignored upon power-up except
for ASEL, which is always respected. The resistor con-
figuration pins are only measured during a power-up reset
or aftera MFR_RESET, or after an RESTORE_USER_ALL
command is executed.

The VOUTn_CFG pin settings are described in Table 1.
These pins set the LTM4682 V1o to Voyts output voltage
coarse settings. If the pin is open, the VOUT_COMMAND
command is loaded from NVM to determine the output
voltage. The VTRIMn_CFG pins in Table 2 are used to set
the output voltage fine adjustment setting. Both combine
to offer several distinct output voltages.

The following parameters are set as a percentage of the
output voltage if the Reonrig pins are used to determine
the output voltage:

® VOUT_OV_FAULT_LIMIT .o +10%
® VOUT_OV_WARN_LIMIT oo +7.5%
B VOUT_MAX oo +7.5%
® VOUT_MARGIN_HIGH ......cooiiiiiiiiccine +5%
® VOUT_MARGIN_LOW. ..o, -5%
B VOUT_UV_FAULT_LIMIT oo 1%

The FSWPH_CFG_nn pin settings are described in Table 3.
This pin selects the switching frequency and phase of each
channel. The phase relationships between the two chan-
nels and the SYNC_nn pin are determined in Table 3. To
synchronize to an external clock, the part should be put
into external clock mode (SYNC_nn output disabled but
frequency set to the nominal value). If no external clock is
supplied, the part will clock at the programmed frequency.
If the application is multiphase and the SYNGC_nn signal
between chips is lost, the parts will not operate at the
designed phase, even if they are programmed and trimmed
to the same frequency.

This may increase the ripple voltage on the output, possibly
producing undesirable operation. If the external SYNG_nn
signal is being generated internally and external SYNC_nn
is not selected, bit 10 of MFR_PADS will be asserted. If
no frequency is selected and the external SYNC_nn fre-
quency is not present, a PLL_FAULT will occur. If the user
does not wish to see the ALERT from a PLL_FAULT, even
if there is not a valid synchronization signal at power-up,
the ALERT mask for PLL_FAULT must be written. See the
description on SMBALERT_MASK for more details. If the
SYNC_nn pin is connected between multiple ICs, only one
of the ICs should have the SYNC_nn pin enabled using the
MFR_CONFIG_ALL[4] =1, and all other ICs should be con-
figured to have the SYNC pin disabled with MFR_CONFIG_
ALL[4] = 0.
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The ASEL_nn pin settings are described in Table 4. ASEL_
nn selects the subordinate address for the LTM4682 inter-
nal controller. See Table 5.

Note: Per the PMBus specification, pin-programmed
parameters can be overridden by commands from the
digital interface, with the exception of ASEL_nn, which is
always honored. Do not set any part address to 0x5A or
0x5B because these are global addresses, and all parts
will respond to them.

Table 1. VOUTn_CFG Pin Strapping Look-Up Table for the
LTM4682’s Output Voltage, Goarse Setting (Not Applicable if
MFR_CONFIG_ALL[6] = 1b) Top Resistor = 14.3k

Rvoutn_cre* Vouta (V) MFR_PWM_MODEn[1]
(kQ) SETTING COARSE BIT
Open NVM NVM
324 NVM NVM
3.24 1.3 1
2.43 1.1 1
1.65 0.9 1
0.787 0.7 1
0 05 1

*Rvoutn_cra value indicated is nominal. Select Ryoyty crg from a resistor
vendor such that its value is always within 3% of the value indicated in the table.
Consider resistor initial tolerance, TC.R. and resistor operating temperatures,
soldering heat/IR reflow, and endurance of the resistor over its lifetime. Thermal
shock/cycling, moisture (humidity), and other effects (depending on one’s specific
application) could also affect Ryoury crg’s value over time. All such effects must
be considered for resistor pin strapping to yield the expected result at every SV
power-up and/or every execution of MFR_RESET or RESTORE_USER_ALL, over
the lifetime of one’s product. Rygp = 14.3k is external to the part.
Example:

VbD25_nn

Rrop
14.3k

Voutn_CFG
Rvoutn_CFG

SGND_nn

Table 2. VTRIMn_CFG Pin Strapping Look-Up Table for the
LTM4682’s Output Voltage, Fine Adjustment Setting (Not
Applicable if MFR_CONFIG_ALLI[6] = 1b) Top Resistor = 14.3k

RyTRIMn_CFG* V1gim (mV) FINE ADJUSTMENT TO Vgyt, SETTING
(kQ) WHEN RESPECTIVE
Open 0
32.4 99
22.6 86.625
18.0 74.25
15.4 61.875
12.7 49.5
10.7 37.125
9.09 24.75
7.68 12.375
6.34 -12.375
5.23 -24.75
4.22 -37.125
3.24 -49.5
2.43 -61.875
1.65 -74.25
0.787 -86.625

0 -99

*RvTRiMn_cFg value indicated is nominal. Select Rytrimn crg from a
resistor vendor such that its value is always within 3% of the value
indicated in the table. Consider resistor initial tolerance, T.C.R. and resistor
operating temperatures, soldering heat/IR reflow, and endurance of the
resistor over its lifetime. Thermal shock/cycling, moisture (humidity)

and other effects (depending on one’s specific application) could also
affect Rytrimn_crg’s value over time. All such effects must be considered
for resistor pin strapping to yield the expected result at every SViy_sp
power-up and/or every execution of MFR_RESET, or RESTORE_USER_ALL
over the lifetime of one’s product. Rygp = 14.3k is external to the part.

Example:
VbD2s_nn
14.3k

VTRIMn_CFG
RTRIM cFg BOT

SGND_nn
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Table 3. FSWPH_nn_CFG Pin Strapping Look-Up Table to Set the LTM4682’s Switching Frequency and Channel Phase-Interleaving
Angle (Not Applicable if MFR_CONFIG_ALL[6] = 1b), nn =01 or 23 Channels, Set Top Resistor to 14.3k

REswpH cF6* SWITCHING BITS [2:0] of BIT [4] of
(kQ) FREQUENCY (kHz) ©SYNC TO 60,2 OSYNC T0 61,3 MFR_PWM_CONFIG MFR_CONFIG_ALL
NVM; LTM4682 NVM; LTM4682 NVM; LTM4682 NVM; LTM4682 NVM; LTM4682
Open Default = 575 Default = 0° Default = 180° Default = 000b Default = 0b
32.4 250 0° 180° 000b 0Ob
22.6 350 0° 180° 000b Ob
18.0 425 0° 180° 000b 0Ob
15.4 575 0° 180° 000b 0Ob
12.7 650 0° 180° 000b 0Ob
10.7 750 0° 180° 000b 0Ob
7.68 500 120° 240° 100b 0b
6.34 500 90° 270° 001b 0Ob
5.23 External** 0° 240° 010b 1b
4.22 External** 0° 120° 011b 1b
3.24 External** 60° 240° 101b 1b
2.43 External™* 120° 300° 110b 1b
1.65 External** 90° 270° 001b 1b
0.787 External** 0° 180° 000b 1b
0 External** 120° 240° 100b 1b

*RrswPH_nn_cra value indicated is nominal. Select ReswpH_nn_crg from a resistor vendor such that its value is always within 3% of the value indicated
in the table. Consider resistor initial tolerance, T.C.R. and resistor operating temperatures, soldering heat/IR reflow, and endurance of the resistor over
its lifetime. Thermal shock/cycling, moisture (humidity), and other effects (depending on one’s specific application) could also affect RrswpH_nn crg'S
value over time. All such effects must be considered for resistor pin-strapping to yield the expected result at every SV power-up and/or every execution of

MFR_RESET or RESTORE_USER_ALL, over the lifetime of one’s product.

**External setting corresponds to FREQUENCY_SWITCH (Register 0x33) value set to 0x0000; the device synchronizes its switching frequency to that of
the clock provided on the SYNC_nn pin, provided MFR_CONFIG_ALL[4] = 1b. Rygp = 14.3k is external to the part.

Example:

Vbp25_nn

14.3k
FSWPH_nn_CFG PIN

ReswpH_crg BOT
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Table 4. ASEL_nn Pin Strapping Look-Up Table to Set the
LTM4682’s Subordinate Address (Applicable Regardless of
MFR_CONFIG_ALLI6] Setting)

RaseL* (kQ) SUBORDINATE ADDRESS
Open 100_1111_R/W
324 100_1111_R/W
226 100_1110_R/W
18.0 100_1101_R/W
15.4 100_1100_RW
127 100_1011_R/W
10.7 100_1010_R/W
9.09 100_1001_RW
7.68 100_1000_R/W
6.34 100_0111_R/W
5.23 100_0110_R/W
4.22 100_0101_RW
3.24 100_0100_R/W
2.43 100_0011_R/W
1.65 100_0010_R/W
0.787 100_0001_R/W

0 100_0000_R/W

Where:
R/W = Read/Write bit in the control byte

All PMBus device addresses listed in the specification are 7 bits wide
unless otherwise noted.

Note: The LTM4682 will always respond to subordinate addresses 0x5A
and 0x5B regardless of the NVM or ASEL resistor configuration values.

*Rerg value indicated is nominal. Select Rgrg from a resistor vendor
such that its value is always within 3% of the value indicated in the

table. Consider resistor initial tolerance, T.C.R. and resistor operating
temperatures, soldering heat/IR reflow, and endurance of the resistor over
its lifetime. Thermal shock cycling, moisture (humidity), and other effects
(depending on one’s specific application) could also affect Rgeg’s value
over time. All such effects must be considered for resistor pin-strapping
to yield the expected result at every SVy power-up and/or every execution
of MFR_RESET or RESTORE_USER_ALL, over the lifetime of one’s
product.

Example:

ASEL_nn PIN

§RASEL
SGND_nn

Table 5. LTM4682 MFR_ADDRESS Command Examples
Expressed in 7- and 8-Bit Addressing

HEX DEVICE
ADDRESS BIT
DESCRIPTION | 7-BIT 8BIT [7(6(5(4|3|2|1|{0|RW
Rail* 0x5A 0xB4 |0|1|0[1[1|/0]|1]|0] O
Global 0x5B 0xB6 |[O0|1|0[1[1|0|1|1] O
Default 0x4F Ox9E [0 [1(0|O|1|1|1]1| O
Example 1 0x40 0x80 |0|1)|0({0|0f0|0f0O]| O
Example 2 0x41 0x82 |0[1(0|0|j0O|0Of0Of1] O
Disabled23 110{0({0(0|0]|0|0| O

'This table can be applied to the MFR_RAIL_ADDRESSn commands, but
not the MFR_ADDRESS command.

2A disabled value in one command does not disable the device, nor does
it disable the global address.

3A disabled value in one command does not inhibit the device from
responding to device addresses specified in other commands.

41t is not recommended to write the value 0x00, 0xOC (7-bit), 0X5A
(7-bit), 0x5B (7-bit) or 0x7C(7-bit) to the MFR_CHANNEL_ADDRESSn or
the MFR_RAIL_ADDRESSn commands.

FAULT DETECTION AND HANDLING

A variety of fault and warning reporting and handling
mechanisms are available. Fault and warning detection
capabilities include:

= [nput OV FAULT Protection and UV Warning
® Average Input OC Warn

= Qutput OV/UV Fault and Warn Protection

® Qutput OC Fault and Warn Protection

® |nternal control Die and Internal
Overtemperature Fault and Warn Protection

Module

® |nternal Undertemperature Fault and Warn Protection
® CML Fault (Communication, Memory or Logic)

m External Fault Detection through the Bidirectional
FAULT n Pins

In addition, the LTM4682 can map any combination of
fault indicators to their respective FAULTn pin using the
propagate FAULTn response commands, MFR_FAULT_
PROPAGATE. Typical usage of a FAULTn pin is as a driver
for an external crowbar device, overtemperature alert,
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overvoltage alert or as an interrupt to cause a micro-
controller to poll the fault commands. Alternatively, the
FAULTn pins can be used as inputs to detect external faults
downstream of the controller that requires an immediate
response.

Any fault or warning event will always cause the ALERT_nn
pin to assert low unless the fault or warning is masked by
the SMBALERT_MASK. The pin will remain asserted low
until the CLEAR_FAULTS command is issued, the fault bit
is written to a 1 or, bias power is cycled, oran MFR_RESET
command is issued, or the RUNn pins are toggled OFF/
ON, or the part is commanded OFF/ON through PMBus,
or an alert response address (ARA) command operation
is performed. The MFR_FAULT_PROPAGATE command
determines if the FAULT 1 pins are pulled low when a fault
is detected.

Output and input fault event handling is controlled by the
corresponding fault response byte as specified in Table 17
through Table 21. Shutdown recovery from these types of
faults can either be autonomous or latched. For autono-
mous recovery, the faults are not latched, so if the fault
conditions not present after the retry interval has elapsed,
a new soft-start is attempted.

If the fault persists, the controller will continue to retry.
The retry interval is specified by the MFR_RETRY_DELAY
command and prevents damage to the regulator com-
ponents by repetitive power cycling, assuming the fault
condition itself is not immediately destructive. The MFR_
RETRY_DELAY must be greater than 120ms. It can not
exceed 83.88 seconds.

Status Registers and ALERT Masking

Figure 5 summarizes the internal LTM4682 status regis-
ters accessible by the PMBus command. These contain
indications of various faults, warnings and other impor-
tant operating conditions. As shown, the STATUS_BYTE
and STATUS_WORD commands also summarize the con-
tents of other status registers. See the PMBus Command
Details section for specific information.

NONE OF THE ABOVE in the STATUS_BYTE indicates that
one or more of the bits in the most-significant nibble of
STATUS_WORD are also set.

In general, any asserted bit in a STATUS_x register also
pulls the ALERT_nn pin low. Once set, ALERT_nn pin will
remain low until one of the following occurs.

® ACLEAR_FAULTS or MFR_RESET Command Is Issued

® The Related Status Bit Is Written to a One

® The Faulted Channel Is Properly Commanded Off and
Back On

® The LTM4682 Successfully Transmits Its Address
During a PMBus ARA

® Bias Power Is Cycled

With some exceptions, the SMBALERT_MASK command
can be used to prevent the LTM4682 from asserting
ALERT_nnfor bits in these registers on a bit-by-bit basis.
These mask settings are promoted to STATUS_WORD
and STATUS_BYTE in the same fashion as the status
bits themselves. For example, if ALERT_nn is masked
for all bits in channel n STATUS_VOUT, then ALERT _nn
is effectively masked for the Vgyr bit in STATUS_WORD
for PAGEn. The BUSY bit in STATUS_BYTE also asserts
ALERT_nnlow and cannot be masked. This bit can be set
as a result of various internal interactions with PMBus
communication. This fault occurs when a command
is received that cannot be safely executed with one or
both channels enabled. As discussed in the Application
Information, BUSY faults can be avoided by polling MFR_
COMMON before executing some commands.

If masked faults occur immediately after power up,
ALERT_nn may still be pulled low because there has not
been time to retrieve all of the programmed masking
information from EEPROM.

Status information contained in MFR_COMMON and
MFR_PADS can be used to further debug or clarify the
contents of STATUS_BYTE or STATUS_WORD as shown,
but the contents of these registers do not affect the state
of the ALERT_nn pin and may not directly influence bits
in STATUS_BYTE or STATUS_WORD.
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STATUS_WORD
STATUS_VOUT* »|15|Vour ]
7 |VOUT_OV Fault = »14| lout
6 | VOUT_OV Warning 13| INPUT < STATUS_INPUT
5 [VOUT_UV Warning 12| MFR_SPECIFIC < 7 TVIN_OV Faut
4 [VOUT_UV Fault 11| POWER_GOOD# » 1 6 | (reads 0)
3 [ VOUT_MAX Warning 10] (reads 0) : 5 | VIN_UV Warning
2 [ TON_MAX Fault 9 | (reads 0) | 4 | (reads 0)
1 | TOFF_MAX Warning 8 [ (reads 0) : 3 | Unit Off for Insuffcient Viy
0 [ (reads 0) STATUS_BYTE | 2 |(reads 0)
| (PAGED) 7 | BUSY “+--= I 1 |1IN_OC Warning
6 | OFF | : 0 | (reads 0)
» 5 |VOUT OV : :
STATUS_lOUT I—» 4 [10UT_OC [
7 |10UT_OC Fault - 3 [ (reads 0) : : STATUS_MFR_SPECIFIC
6 | (reads 0) »| 2 | TEMPERATURE [ 7 | Internal Temperature Fault ]
5 [10UT_OC Warning > 1 |CML : : 6 |Internal Temperature Warning
4 [(reads 0) 0 | NONE OF THE ABOVE [ 5 [EEPROM CRG Error
3 | (reads 0) | (PAGED) I : 4 | Internal PLL Unlocked
2 | (reads 0) : 1 3 | Fault Log Present
1 (reads 0) i 2 | Vopa UV or OV Faut
0 | (reads 0) MFR_COMMON === 1 1 [ Vgur Short Cycled
l (PAGED) 7 | Chip Not Driving ALERT Low | 0 | FAULT Pulled Low By External Device
6 | Chip Not Busy I | (PAGED)
STATUS_TEMPERATURE 5 | Internal Calculations Not Pending :
7 10T Fault B 4 [ Output Not In Transition | —— MFR_PADS
6 | OT Warning 3 [EEPROM Initialized 15] Vppas OV Fault
5 | (reads 0) 2 | (reads 0) 14 Vppa3 UV Fault
4 [UT Fault J |shibdsle (¢ OGS 13 (reads 0)
3 [ (reads 0) 0 | WP Pin High 12 (reads 0)
2 | (reads 0) 11 [ Invalid ADC Result(s)
1 [ (reads 0) 10| SYNC Clocked by External Source
0 [(reads 0) MFR_INFO 9 [Channel 1 is POWER_GOOD
| (PAGED) 15| Reserved 8 | Channel 0 is POWER_GOOD
14| Reserved 7 | LTM4682 Forcing RUN1 Low
STATUS_CML 13| Reserved 6 [ LTM4682 Forcing RUNO Low
7 | Invalid/Unsupported Command 1? Szzzng 2 gldx:] E': z;aie
6 [ Invalid/Unsupported Data 10 Resarved : LTM468|2 Fo:lcien —
5 | Packet Error Check Failed 5 [Reserved T viaces For ing -
4 | Memory Fault Detected 8 TResarved - Vaboc roreing 0
3 | Processor Fault Detected 1 [FAULTn Pin State
2 (reads 0) (75 geserveg 0 [FAULT# Pin State
1 | Other Communication Fault s R:zz:de e8RS
0 | Other Memory or Logic Fault 4 [EEPROM ECC Stalus
3 | Reserved
2 | Reserved
1 | Reserved
0 [Reserved
DESCRIPTION MASKABLE | GENERATES ALERT | BIT CLEARABLE
General Fault or Warning Event Yes Yes Yes
General Non-Maskable Event No Yes Yes
Dynamic No No No
Status Derived from Other Bits No Not Directly No

Figure 5. LTM4682 Status Register Summary per Controller
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Mapping Faults to FAULTn Pins

Channel-to-channel fault (including channels from multiple
LTM4682s) dependencies can be created by connecting
FAULT n pins together. In the event of an internal fault, one or
more of the channels is configured to pull the bussed FAULT n
pins low. The other channels are then configured to shut
down when the FAULT n pins are pulled low. For autonomous
group retry, the faulted channel is configured to let go of the
FAULTn pin(s) after a retry interval, assuming the original
fault has cleared. All the channels in the group then begin a
soft-start sequence. If the fault response is LATCH_OFF, the
FAULTn pin remains asserted low until either the RUN# pin
is toggled OFF/ON or the part is commanded OFF/ON. The
toggling of the RUNn either by the pin or OFF/ON command
will clear faults associated with the channel. If it is desired to
have all faults cleared when either the RUNn, pin is toggled
or, set bit 0 of MFR_CONFIG_ALLtoa 1.

The status of all faults and warnings is summarized in the
STATUS_WORD and STATUS_BYTE commands.

Additional fault detection and handling capabilities includ-
ing power good pins and CRC protection.

Power Good Pins

The PGOODn pins of the LTM4682 are connected to the
open drains of internal MOSFETs. The MOSFETSs turn on and
pull the PGOOD~ pins low when the channel output volt-
age is not within the channel’s UV and OV voltage thresh-
olds. During TON_DELAY and TON_RISE sequencing, the
PGOOD~n pin is held low. The PGOODn pin is also pulled
low when the respective RUNn pin is low. The PGOODn pin
response is deglitched by an internal 100ps digital filter. The
PGOODn pin and PGOOD status may be different at times
due to communication latency of up to 10ps.

CRC Protection

The integrity of the NVM memory is checked after a
power on reset. A CRC error will prevent the controller
from leaving the inactive state. If a CRC error occurs, the
CML bit is set in the STATUS_BYTE and STATUS_WORD
commands, the appropriate bit is set in the STATUS_
MFR_SPECIFIC command, and the ALERT_nn pin will
be pulled low. NVM repair can be attempted by writing

the desired configuration to the controller and executing
a STORE_USER_ALL command followed by a CLEAR_
FAULTS command.

The LTM4682 manufacturing section of the NVM is mir-
rored. If both copies are corrupted, the NVM CRC Fault
in the STATUS_MFR_SPECIFIC command is set. If this
bit remains set after being cleared by issuing a CLEAR_
FAULTS or writing a 1 to this bit, an irrecoverable internal
fault has occurred. The user is cautioned to disable both
output power supply rails associated with this specific
part. There are no provisions for field repair of NVM faults
in the manufacturing section.

SERIAL INTERFACE

The LTM4682 serial interface is a PMBus-compliant
subordinate device and can operate at any frequency
between 10kHz and 400kHz. The address is configurable
using either the NVM or an external resistor. In addition,
the LTM4682 always responds to the global broadcast
address of 0x5A (7-bit) or 0x5B (7-bit).

The serial interface supports the following protocols
defined in the PMBus specifications: 1) send command,
2) write byte, 3) write word, 4) group, 5) read hyte, 6) read
word, 7) read block and 8) write block. All read opera-
tions will return a valid PEC if the PMBus main device
requests it. If the PEC_REQUIRED bit is set in the MFR_
CONFIG_ALL command, the PMBus write operations will
not be acted upon until a valid PEC has been received by
the LTM4682.

Communication Protection

PEC write errors (if PEC_REQUIRED is active), attempts
to access unsupported commands, or writing invalid data
to supported commands will result in a CML fault. The
CML bit is set in the STATUS_BYTE and STATUS_WORD
commands, the appropriate bit is set in the STATUS_CML
command, and the ALERT pin is pulled low.

DEVICE ADDRESSING

The LTM4682 offers four different types of addressing
over the PMBus interface, specifically: 1) global, 2) device,
3) rail addressing and 4) alert response address (ARA).
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Global addressing provides a means for the PMBus main
device to address all LTM4682 devices on the bus. The
LTM4682 global address is fixed 0x5A (7-bit) or 0xB4
(8-bit) and cannot be disabled. Commands sent to
the global address act the same as if PAGE is set to a
value of OxFF Commands sent are written to both chan-
nels simultaneously. Global command 0x5B (7-hbit) or
0xB6 (8-bit) is paged and allows channel-specific com-
mand of all LTM4682 devices on the bus. Other Analog
Devices IC types may respond at one or both of these
global addresses. Reading from global addresses is
strongly discouraged.

Device addressing provides the standard means of the
PMBus main device communicating with a single instance
of an LTM4682. The value of the device address is set by
a combination of the ASEL_nn configuration pin and the
MFR_ADDRESS command. When this addressing means
is used, the PAGE command determines the channel being
acted upon. Device addressing can be disabled by writing
a value of 0x80 to the MFR_ADDRESS.

Rail addressing provides a means for the bus main
device to communicate simultaneously with all channels
connected together to produce a single output voltage
(PolyPhase). While similar to global addressing, the rail
address can be dynamically assigned with the paged
MFR_RAIL_ADDRESS command, allowing for any logi-
cal grouping of channels that might be required for reli-
able system control. Reading from rail addresses is also
strongly discouraged.

All four means of PMBus addressing require the user to
employ disciplined planning to avoid addressing conflicts.
Communication to LTM4682 devices at global and rail
addresses should be limited to command write operations.

RESPONSES TO Vgyr AND Iyy/loyt FAULTS

Voyt OV and UV conditions are monitored by com-
parators. The OV and UV limits are set in the following
three ways.

m As a Percentage of the Vgyr if Using the Resistor
Configuration Pins

= |nNVM, if Either Programmed at the Factory or Through
the GUI

= By PMBus Command

The Iy and lgyt overcurrent monitors are performed by
ADC readings and calculations. Thus, these values are
based on average currents and can have a time latency
of up to tgonvert. The lgyt calculation accounts for the
DCR and their temperature coefficient. The input current
equals to the voltage measured across the Rgensg, resis-
tor divided by the resistor value as set with the MFR_
[IN_CAL_GAIN command. If this calculated input current
exceeds the IN_OC_WARN_LIMIT, the ALERT_nn pin is
pulled low, and the IIN_OC_WARN bit is asserted in the
STATUS_INPUT command.

The digital processor within the LTM4682 provides the
ability to ignore the fault, shut down and latch off or shut
down and retry indefinitely (hiccup). The retry interval
is set in MFR_RETRY_DELAY and can be from 120ms
to 83.88 seconds in 10ps increments. The shutdown for
OV/UV and OC can be done immediately or after a user-
selectable deglitch time.

Output Overvoltage Fault Response

A programmable overvoltage comparator (0V) guards
against transient overshoots and long-term overvoltages
at the output. In such cases, the top MOSFET is turned off,
and the bottom MOSFET is turned on. However, the reverse
output current is monitored while the device is in OV fault.
When it reaches the limit, both top and bottom MOSFETs
are turned off. The top and bottom MOSFETSs will keep their
state until the overvoltage condition is cleared, regardless
of the PMBus VOUT_QOV_FAULT_RESPONSE command
byte value. This hardware-level fault response delay is typ-
ically 2us from the overvoltage condition to BG asserted
high. Using the VOUT_OV_FAULT_RESPONSE command,
the user can select any of the following behaviors.

® OV Pull-Down Only (OV Cannot Be Ignored)
® Shut Down (Stop Switching) Immediately—Latch Off

® Shut Down Immediately—Retry Indefinitely at the Time
Interval Specified in MFR_RETRY_DELAY

Either the Latch Off or Retry fault responses can be de-
glitched in increments of (0-7)  10ps. See Table 17.
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Output Undervoltage Response

The response to an undervoltage comparator output can
be the following:

® |gnore
® Shut Down Immediately—Latch Off

® Shut Down Immediately—Retry Indefinitely at the Time
Interval Specified in MFR_RETRY_DELAY.

The UV responses can be deglitched. See Table 18.

Peak Output Overcurrent Fault Response

Due to the current mode control algorithm, peak output cur-
rent across the inductor is always limited on a cycle-by-cycle
basis. The value of the peak current limit is specified in the
Electrical Characteristics table. The current limit circuit oper-
ates by limiting the COMPn maximum voltage. Since internal
DCR sensing is used, the COMPn maximum voltage has a
temperature dependency directly proportional to the TC of
the DCR of the inductor. The LTM4682 automatically monitors
the external temperature sensors and modifies the maximum
allowed COMPnto compensate for this term. The IOUT_OC_
FAULT_LIMIT section provides data points for loyt Limiting,
see [OUT_OC_FAULT_LIMIT.

The overcurrent fault processing circuitry can execute the
following behaviors.

® Current Limit Indefinitely
® Shut Down Immediately—Latch Off

= Shut Down Immediately—Retry Indefinitely at the Time
Interval Specified in MFR_RETRY_DELAY.

The overcurrent responses can be deglitched in incre-
ments of (0-7) » 16ms. See Table 19.

RESPONSES TO TIMING FAULTS

TON_MAX_FAULT_LIMIT is the time allowed for Voyr
to rise and settle at start-up. The TON_MAX_FAULT_

LIMIT condition is predicated upon detecting the
VOUT_UV_FAULT_LIMIT as the output is undergoing a
SOFT_START sequence. The TON_MAX_FAULT_LIMIT
time is started after TON_DELAY has been reached and
a SOFT_START sequence is started. The resolution of

the TON_MAX_FAULT_LIMIT is 10ps. If the VOUT_
UV_FAULT_LIMIT is not reached within the TON_MAX_
FAULT_LIMIT time, the response of this fault is determined
by the value of the TON_MAX_FAULT_RESPONSE com-
mand value. This response may be one of the following.

® |gnore
® Shut Down (Stop Switching) Immediately—Latch Off

® Shut Down Immediately—Retry Indefinitely at the Time
Interval Specified in MFR_RETRY_DELAY.

This fault response is not deglitched. A value of 0 in
TON_MAX_FAULT_LIMIT means the fault is ignored.
The TON_MAX_FAULT_LIMIT should be set longer than
the TON_RISE time. It is recommended that TON_MAX_

FAULT_LIMIT always be set to a non-zero value, other-
wise the output may never come up, and no flag will be
set to the user. See Table 21.

RESPONSES TO V,y OV FAULTS

V| overvoltage is measured with the ADC. The response
is naturally deglitched by the 100ms typical response time
of the ADC. The fault responses include the following.

= |gnore
® Shut Down Immediately—Latch Off

® Shut Down Immediately—Retry Indefinitely at the
Time Interval Specified in MFR_RETRY_DELAY. See
Table 21.

RESPONSES TO OT/UT FAULTS

Internal Overtemperature Fault Response

Aninternal temperature sensor protects against NVM dam-
age. Above 85°C, no writes to NVM are recommended.
Above 130°C, the internal overtemperature warns thresh-
old is exceeded and the part disables the NVM, and does
not re-enable until the temperature has dropped to 125°C.
When the die temperature exceeds 160°C, the internal
temperature fault response is enabled, and the PWM is
disabled until the die temperature drops below 150°C.
Temperature is measured by the ADC. Internal tempera-
ture faults cannot be ignored. Internal temperature limits
cannot be adjusted by the user. See Table 20.
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Overtemperature and Undertemperature
Fault Response

Four internal temperature sensors are used to sense the tem-
perature of critical circuit elements like inductors and power
MOSFETs on each channel. The OT_FAULT_RESPONSE and
UT_FAULT_RESPONSE commands are used to determine
the appropriate response to an overtemperature and under
temperature conditions, respectively. If no external sense
elements are used (not recommended), set the UT_FAULT _
RESPONSE to ignore—and set the UT_FAULT_LIMIT to
275°C. The fault responses are:

® |gnore

® Shut Down Immediately—Latch Off

® Shut Down Immediately—Retry Indefinitely at the Time
Interval Specified in MFR_RETRY_DELAY. See Table 21.

RESPONSES TO INPUT OVERCURRENT AND OUTPUT
UNDERCURRENT FAULTS

Input overcurrent and output undercurrent are measured
with the ADC. The fault responses are:

= |gnore
® Shut Down Immediately—Latch Off

® Shut Down Immediately—Retry Indefinitely at the Time
Interval Specified in MFR_RETRY_DELAY.

RESPONSES TO EXTERNAL FAULTS

When either FAULT 1 pin is pulled low, the OTHER bit is
set in the STATUS_WORD command, the appropriate bit
is set in the STATUS_MFR_SPECIFIC command, and the
ALERT_nnpinis pulled low. Responses are not deglitched.
Each channel can be configured to ignore or shut down
then retry in response to its FAULTn pin going low by
modifying the MFR_FAULT_RESPONSE command. To
avoid the ALERT_nn pin asserting low when FAULT# is
pulled low, assert bit 1 of MFR_CHAN_CONFIG, or mask
the ALERT using the SMBALERT_MASK command.

FAULT LOGGING

The LTM4682 has the fault logging capability. Data is logged
into memory in the order shown in Table 23. The data is
stored in a continuously updated buffer in RAM. When a
fault event occurs, the fault log buffer is copied from the
RAM buffer into the NVM. Fault logging is allowed at tem-
peratures above 85°C; however, retention of 10 years is
not guaranteed. When the die temperature exceeds 130°C,
the fault logging is delayed until the die temperature drops
below 125°C. The fault log data remains in NVM until a
MFR_FAULT_LOG_CLEAR command is issued. Issuing
this command re-enables the fault log feature. Before re-
enabling the fault log, be sure no faults are present, and a
CLEAR_FAULTS command has been issued.

When the LTM4682 powers-up or exits its reset state, it
checks the NVM for a valid fault log. If a valid fault log
exists in NVM, the Valid Fault Log bit in the STATUS_
MFR SPECIFIC command will be set, and an ALERT event
will be generated. Also, fault logging will be blocked until
the LTM4682 has received a MFR_FAULT_LOG_CLEAR
command before fault logging will be re-enabled.

The information is stored in EEPROM in the event of
any fault that disables the controller on either channel. A
FAULT n being externally pulled low will not trigger a fault
logging event.

BUS TIMEOUT PROTECTION

The LTM4682 implements a timeout feature to avoid persis-
tent faults on the serial interface. The data packet timer begins
at the first START event before the device address write byte.
Data packet information must be completed within 30ms, or
the LTM4682 will three-state the bus and ignore the given
data packet. If more time is required, assert bit 3 of MFR_
CONFIG_ALL to allow typical bus timeouts of 255ms. Data
packet information includes the device address byte write,
command byte, repeat start event (if a read operation), device
address byte read (if a read operation), all data bytes and the
PEC byte if applicable.

The LTM4682 allows longer PMBus timeouts for block-
read data packets. This timeout is proportional to the
length of the block read. The additional block read timeout
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applies primarily to the MFR_FAULT_LOG command. The
timeout period defaults to 32ms.

The user is encouraged to use as high a clock rate as
possible to maintain efficient data packet transfer between
all devices sharing the serial bus interface. The LTM4682
supports the full PMBus frequency range from 10kHz
to 400kHz.

SIMILARITY BETWEEN PMBus, SMBus AND I12C
2-WIRE INTERFACE

The PMBus 2-wire interface is an incremental extension of
the SMBus. The SMBus is built upon 12C with some minor
differences in timing, DC parameters, and protocol. The
PMBus/SMBus protocols are more robust than simple 12C
byte commands because PMBus/SMBus provide time-
outs to prevent persistent bus errors and optional packet
error checking (PEC) to ensure data integrity. In general,
a main device that can be configured for 12C communica-
tion can be used for PMBus communication with little or
no change to hardware or firmware. Repeat start (restart)
is not supported by all 12C controllers but is required for
SMBus/PMBus reads. If a general-purpose I2C controller
is used, check that repeat start is supported.

The LTM4682 supports the maximum SMBus clock
speed of 100kHz and is compatible with the higher speed
PMBus specification (between 100kHz and 400kHz) if
MFR_COMMON polling or clock stretching is enabled. For
robust communication and operation see the Note section
in the PMBus Command Summary section. Clock stretch-
ing is enabled by asserting bit 1 of MFR_CONFIG_ALL.

For a description of the minor extensions and exceptions
PMBus makes to SMBus, refer to PMBus Specification
Part 1 Revision 1.2: Paragraph 5: Transport. To describe
the differences between SMBus and 12C, refer to System
Management Bus (SMBus) Specification Version 2.0:
Appendix B—Differences Between SMBus and 12C.

PMBus SERIAL DIGITAL INTERFACE

The LTM4682 communicates with a host (main device)
using the standard PMBus serial bus interface. The
PMBus Timing Diagram, Figure 6, shows the timing rela-
tionship of the signals on the bus. The two-bus lines,

SDA and SCL, must be high when the bus is not in use.
External pull-up resistors or current sources are required
on these lines. The LTM4682 is a subordinate device. The
main device can communicate with the LTM4682 using
the following formats.

® Main Transmitter, Subordinate Receiver

® ain Receiver, Subordinate Transmitter

The following PMBus protocols are supported.

= \Vrite Byte, Write Word, Send Byte

® Read Byte, Read Word, Block Read, Block Write
® Alert Response Address

Figure 7 to Figure 24 illustrate the aforementioned PMBus
protocols. All transactions support PEC and GCP (group
command protocol). The Block Read supports 255 bytes
of returned data. For this reason, the PMBus timeout may
be extended when reading the fault log.

Figure 7 is the key to the protocol diagrams in this section.
PEC is optional. A value shown below a field in Figure 7 to
Figure 24 is a mandatory value for that field.

The data formats implemented by PMBus are:

® \Main transmitter transmits to an subordinate receiver.
The transfer direction, in this case, has not been
changed.

= Main device reads the subordinate immediately after
the first byte. At the moment of the first acknowledge-
ment (provided by the subordinate receiver), the main
transmitter becomes a main receiver, and the subordi-
nate receiver becomes the subordinate transmitter.

= Combined format. During a change of direction within
a transfer, the main device repeats both a start condi-
tion and the subordinate address but with the R/W bit
reversed. In this case, the main receiver terminates the
transfer by generating a NACK on the last byte of the
transfer and a STOP condition.

See Figure 7 for a legend.

Handshaking features are included to ensure robust sys-
tem communication. See the PMBus Communication and
Command Processing subsection of the Applications
Information section for further details.

Rev. A

44

For more information www.analog.com


https://www.analog.com/LTM4682?doc=LTM4682.pdf
https://www.analog.com

LTMA682

! o
| |
SDA ! ! N
‘ L
L el L_>ISU(DAT)
t—pml [ty gy > > =t
——
|
|
SCL i |
\ . ‘
| } < tHD(STA) ‘<—> >
L thp(DAT) tHiGH L
START REPEATED START
CONDITION CONDITION

Figure 6. PMBus Timing Diagram

Table 6. Abbreviations of Supported Data Formats

__ _lagsaros

START

CONDITION ~ CONDITION

PMBus
SPECIFICATION ADI
TERMINOLOGY | REFERENCE | TERMINOLOGY | DEFINITION EXAMPLE
L11 | Linear Part 11 7.1 Linear_5s_11s | Floating point 16-bit data: value = Y 2N, b[15:0] = 0x9807 = 10011_000_0000_0111
where N =b[15:11] and Y = b[10:0], both | valug = 7 + 2713 = 854F6
two’s compliment binary integers.
L16 | Linear Part 11 18.2 Linear_16u | Floating point 16-bit data: value = Y » 2712, | b[15:0] = 0x4C00 = 0100_1100_0000_0000
VOUT_MODE where Y = b[15:0], an unsigned integer. value = 19456 ¢ 2712 =475
CF DIRECT Part 11 7.2 Varies 16-bit data with a custom format defined in | Often an unsigned or two’s compliment integer.
the PMBus Command Details section.
Reg |Register Bits Part 11 110.3 Reg Per-bit meaning defined in the PMBus PMBus STATUS_BYTE command.
Command Details section.
ASC | Text Characters | Part Il 922.2.1 ASCII ISO/IEC 8859-1 [A05] LTC (0x4C5443)
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FIGURE 7 TO FIGURE 24 PMBus PROTOCOLS

S START CONDITION

Sr REPEATED START CONDITION
Rd  READ (BIT VALUE OF 1)

Wr WRITE (BIT VALUE OF 0)

A ACKNOWLEDGE (THIS BIT POSITION MAY BE 0
FOR AN ACK OR 1 FOR A NACK)

P STOP CONDITION
PEC PACKET ERROR CODE
[ ] MAIN TO SUBORDINATE

I:, SUBORDINATE TO MAIN
- CONTINUATION OF PROTOCOL 4682 F07

Figure 7. PMBus Packet Protocol Diagram Element Key

1 7 111
[ s | suBORDINATE ADDRESS | Rawr [ A | P |

4682 F08

Figure 8. Quick Command Protocol

1 7 11 8 11
[ s | SuBORDINATE ADDRESS |wr| A | commaND CoDE| A | P |

4682 FO9

Figure 9. Send Byte Protocol

1 7 11 8 1 8 11
[ s | suBoRDINATE ADDRESS [wr| A | commanD cobE[ A|  Pec  [A]P]

4682 F10

Figure 10. Send Byte Protocol with PEC

1 7 11 8 1 8 11
[ s | suBORDINATE ADDRESS |wr| A | coMmAND CODE| A |  DATABYTE [A| P |

4682 F11

Figure 11. Write Byte Protocol

1 7 11 8 1 8 1 8 11
[ s | suBORDINATE ADDRESS |wr| A |commaND CODE| A | DATABYTE [A|  PEc  [A[P|

4682 F12

Figure 12. Write Byte Protocol with PEC

1 7 11 8 1 8 1 8 11
[ s | SUBORDINATE ADDRESS [Wr| A | COMMAND CODE | A | DATABYTE LOW | A | DATABYTE HIGH [ A | P |

4682 F13

Figure 13. Write Word Protocol

1 7 11 8 1 8 1 8 1 8 11
[ s | SuBORDINATE ADDRESS [Wr| A | comMMAND CODE| A | DATABYTELOW | A | DATABYTEHIGH [A| P [A]P]

4682 F14

Figure 14. Write Word Protocol with PEC
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1 7 11 8 11 7 11 8 11
[ s | SUBORDINATE ADDRESS |Wr | A | COMMAND CODE| A | St | SUBORDINATE ADDRESS [Rd| A| DATABYTE | A | P |

4682 F15

Figure 15. Read Byte Protocol

1 7 11 8 11 7 11 8 1 11
[ s | SUBORDINATE ADDRESS |Wr| A | COMMAND CODE| A | Sr | SUBORDINATE ADDRESS [Rd| A |  DATABYTE | A | PEC  [A]P]

4682 F16

Figure 16. Read Byte Protocol with PEC

1 7 11 8 11 7 11 8 1 8 11
[ s | SUBORDINATE ADDRESS |Wr | A | COMMAND CODE| A | Sr | SUBORDINATE ADDRESS |Rd| A | DATABYTE LOW | A | DATABYTE HIGH| A | P |

4682 F17

Figure 17. Read Word Protocol

1 7 11 8 11 7 11 8 1 8 1 8 11
[ s | SUBORDINATE ADDRESS [Wr| A | COMMAND CODE | A | Sr| SUBORDINATE ADDRESS [Rd | A | DATA BYTE LOW | A | DATA BYTE HIGH| A | PEC  |A|P]

4682 F18

Figure 18. Read Word Protocol with PEC

1 7 11 8 11 7 11 8 1
[ s | SUBORDINATE ADDRESS [Wr| A | COMMAND CODE| A | Sr | SUBORDINATE ADDRESS [Rd | A | BYTE COUNT=N| A | ...

8 1 8 1. 8 11
| DaTABYTEY [ A| DATABYTE2 [A[..| DATABYIEN [A|P]|

4682 F19

Figure 19. Block Read Protocol

1 7 11 8 11 7 11 8 1
[ s | SUBORDINATE ADDRESS |Wr | A | COMMAND CODE| A | Sr | SUBORDINATE ADDRESS [Rd | A | BYTE COUNT=N| A | ...

8 1 8 1. 8 1 8 11
[ pataBvTE1 | A | DATABYTE2 [A|..| DATABYEN [A] PEC  [a]r]

4682 F20

Figure 20. Block Read Protocol with PEC
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1 7 11 8 1 8 1 8 1
[ s | SuBORDINATE ADDRESS [Wr| A | COMMAND CODE | A | BYTE COUNT=M| A | DATABYTE1 [A] ...

8 1 8 1
[ paagvre2 [A]..| patasyiem [a]...

1 7 11 8 1 8 11
[ sr| SUBORDINATEADDRESS |Rd| A | BYTECOUNT=N| A | DATABYTET [A] ...

8 1. 8 11
[ patagvie2 [A]..| pataBvien [A|P]|

4682 F21

Figure 21. Block Write — Block Read Process Call

1 7 11 8 1 8 1 8 1
[ s | suBORDINATE ADDRESS |Wr | A | COMMAND CODE | A | BYTE COUNT=M| A | DATABYTE1 [A] ...

8 1 8 1
[ oarasvte2 [A|..| oatasytEm [A]..

1 7 11 8 1 8 11
[ sr| SUBORDINATE ADDRESS |Rd | A | BYTECOUNT=N| A | DATABYTE1 [A] ...

8 1. 8 1 8 11
[ oataBvie2 [a|..] pamsvien [A]  pPec  [a]r]

4682 F22

Figure 22. Block Write — Block Read Process Call with PEC

1 7 11 8 11
ALERT RESPONSE
S ADDRESS Rd| A [DEVICE ADDRESS| A | P

4682 F23

Figure 23. Alert Response Address Protocol

1 7 11 8 1 8 11
ALERT RESPONSE
S ADDRESS Rd| A [DEVICE ADDRESS| A PEC AP

4682 F24

Figure 24. Alert Response Address Protocol with PEC
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PMBus COMMAND SUMMARY
PMBus COMMANDS

Table 7 lists supported PMBus commands and manufac-
turer-specific commands. A complete description of these
commands can be found in the PMBus Power System
Management Protocol Specification — Part || — Revision
1.2. Users are encouraged to reference this specification.
Exceptions or manufacturer-specific implementations
are listed in Table 7. Floating point values listed in the
DEFAULT VALUE column are either Linear 16-bit Signed
(PMBus Section 8.3.1) or Linear_5s_11s (PMBus Section
7.1) format, whichever is appropriate for the command. All
commands from 0xDO0 through OxFF not listed in Table 7
are implicitly reserved by the manufacturer. Users should
avoid blind writes within this range of commands to avoid
the undesired operation of the part. All commands from
0x00 through 0xCF not listed in Table 7 are implicitly not

supported by the manufacturer. Attempting to access non-
supported or reserved commands may result in a CML
command fault event. All output voltage settings and mea-
surements are based on the VOUT_MODE setting of 0x14.
This translates to an exponent of 2712,

If PMBus commands are received faster than they are
being processed, the part may become too busy to handle
new commands. In these circumstances, the part follows
the protocols defined in the PMBus Specification v1.2,
Part Il, Section 10.8.7, to communicate that it is busy.
The partincludes handshaking features to eliminate busy
errors and simplify error-handling software while ensur-
ing robust communication and system behavior. See the
subsection titled PMBus Communication and Command
Processing in the Applications Information section for
further details.

Table 7. PMBus Commands Summary (Note: The Data Format Abbreviations Are Detailed in Table 8)

CMD DATA DEFAULT

COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE |PAGE

PAGE 0x00 | Provides integration with multi-page R/W Byte N Reg 0x00 81
PMBus devices.

OPERATION 0x01 | Operating mode control. On/off, margin R/W Byte Y Reg Y 0x80 85
high and margin low.

ON_OFF_CONFIG 0x02 | RUN pin and PMBus bus on/off command | R/W Byte Y Reg Y Ox1E 85
configuration.

CLEAR_FAULTS 0x03 | Clear any fault bits that have been set. Send Byte N NA 110

PAGE_PLUS_WRITE 0x05 | Write a command directly to a W Block N 81
specified page.

PAGE_PLUS_READ 0x06 |Read a command directly from a Block R/W N 81
specified page.

WRITE_PROTECT 0x10 | Level of protection provided by the device | R/W Byte N Reg Y 0x00 82
against accidental changes.

STORE_USER_ALL 0x15 | Store user operating memory to EEPROM. | Send Byte NA 120

RESTORE_USER_ALL 0x16 | Restore user operating memory from Send Byte NA 120
EEPROM.

CAPABILITY 0x19 | Summary of PMBus optional communication R Byte N Reg 0xBO 109
protocols supported by this device.

SMBALERT_MASK 0x1B | Mask ALERT activity. Block R/W Y Reg Y | SeeCMD | 110

VOUT_MODE 0x20 | Output voltage format and exponent (27'2). | R Byte Y Reg 2712 91

0x14
VOUT_COMMAND 0x21 | Nominal output voltage set point. R/W Word Y L16 \ Y 0.75 92
0x0C00

VOUT_MAX 0x24 | The upper limit on the commanded output | R/W Word Y L16 \ Y 15 91

voltage, including VOUT_MARGIN_HI. 0x1800
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CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE |PAGE
VOUT_MARGIN_HIGH 0x25 | Margin high output voltage set point. It R/W Word Y L16 v Y 0.80 92
must be greater than VOUT_COMMAND. 0x0CCD
VOUT_MARGIN_LOW 0x26 | Margin low output voltage set point. It R/W Word Y L16 v Y 0.70 92
must be less than VOUT_COMMAND. 0x0B33
VOUT_TRANSITION_RATE 0x27 | Rate the output changes when Vour is R/W Word Y L11 Vims | Y 0.25 98
commanded to a new value. 0xD010
FREQUENCY_SWITCH 0x33 | Switching frequency of the controller. R/W Word N L11 kHz Y 575kHz 89
0x023F
VIN_ON (SVIN_XX) 0x35 | Input voltage at which the unit should start | R/W Word N L11 v Y 4.75 90
power conversion. 0xD130
VIN_OFF (SVIN_XX) 0x36 | Input voltage at which the unit should stop | R/W Word N L11 v Y 45 90
power conversion. 0xD120
VOUT_QV_FAULT_LIMIT 0x40 | Output overvoltage fault limit. R/W Word Y L16 v Y 0.85 91
0x0D9A
VOUT_QOV_FAULT_ 0x41 | Action is to be taken by the device whenan | R/W Byte Y Reg Y 0xB8 100
RESPONSE output overvoltage fault is detected.
VOUT_OV_WARN_LIMIT 0x42 | Output overvoltage warning limit. R/W Word Y L16 V Y 0.825 91
0xD33
VOUT_UV_WARN_LIMIT 0x43 | Output undervoltage warning limit. R/W Word Y L16 Y Y 0.675 92
0x0ACD
VOUT_UV_FAULT_LIMIT 0x44 | Output undervoltage fault limit. R/W Word Y L16 v Y 0.65 92
0x0AG6
VOUT_UV_FAULT_ 0x45 | Action is to be taken by the device when an | R/W Byte Y Reg Y 0xB8 101
RESPONSE output undervoltage fault is detected.
[IOUT_OC_FAULT_LIMIT 0x46 | Output overcurrent fault limit. R/W Word Y L11 A Y 42.00 94
0xE2A0
IOUT_OC_FAULT_RESPONSE | 0x47 |Action is to be taken by the device when an | R/W Byte Y Reg Y 0x00 103
output overcurrent fault is detected.
IOUT_OC_WARN_LIMIT 0x4A | Output overcurrent warning limit. R/W Word Y L11 A Y 35.0 95
0xE918
OT_FAULT_LIMIT 0x4F | External overtemperature fault limit. R/W Word Y L11 C Y 128.0 96
0xF200
OT_FAULT_RESPONSE 0x50 |Action is to be taken by the device when an | R/W Byte Y Reg Y 0xB8 105
external overtemperature fault is detected.
OT_WARN_LIMIT 0x51 | External overtemperature warning limit. R/W Word Y L11 C Y 125.0 96
OXEBE8
UT_FAULT_LIMIT 0x53 | External undertemperature fault limit. R/W Word Y L11 C Y -45.0 97
0xE530
UT_FAULT_RESPONSE 0x54 | Action is to be taken by the device when R/W Byte Y Reg Y 0xB8 105
an external undertemperature fault is
detected.
VIN_OV_FAULT_LIMIT 0x55 | Input supply overvoltage fault limit. R/W Word N L11 v Y 16.8 89
0xDA1A
VIN_OV_FAULT_RESPONSE | 0x56 |Action is to be taken by the device when an | R/W Byte Y Reg Y 0x80 100
input overvoltage fault is detected.
VIN_UV_WARN_LIMIT 0x58 | Input supply undervoltage warning limit. R/W Word N L11 v Y 4.65 90
0xD12A
[IN_OC_WARN_LIMIT 0x5D | Input supply overcurrent warning limit. R/W Word N L11 A Y 10.0 95
0xD280
Rev. A
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CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE |PAGE
TON_DELAY 0x60 | Time from RUN and/or Operation on to R/W Word Y L11 ms Y 0.0 97
output rail turn-on. 0x8000
TON_RISE 0x61 | Time from when the output starts to rise R/W Word Y L11 ms Y 3.0 97
until the output voltage reaches the Voyrt 0xC300
commanded value.
TON_MAX_FAULT_LIMIT 0x62 | Maximum time from the start of R/W Word Y L11 ms Y 5.0 98
TON_RISE for Vgyr to cross the 0xCA80
VOUT_UV_FAULT_LIMIT.
TON_MAX_FAULT_ 0x63 | Action is to be taken by the device whena | R/W Byte Y Reg Y 0xB8 103
RESPONSE TON_MAX_FAULT event is detected.
TOFF_DELAY 0x64 | Time from RUN and/or Operation off to the | R/W Word Y L11 ms Y 0.0 98
start of TOFF_FALL ramp. 0x8000
TOFF_FALL 0x65 | Time from when the output starts to fall R/W Word Y L11 ms Y 3.0 98
until the output reaches zero volts. 0xC300
TOFF_MAX_WARN_LIMIT 0x66 | Maximum allowed time, after TOFF_FALL | R/W Word Y L11 ms Y 0 99
is completed, for the unit to decay below 0x8000
12.5%.
STATUS_BYTE 0x78 | One byte summary of the unit’s fault R/W Byte Y Reg NA 111
condition.
STATUS_WORD 0x79 | Two byte summary of the unit’s fault R/W Word Y Reg NA 112
condition.
STATUS_VOUT 0x7A | Output voltage fault and warning status. R/W Byte Y Reg NA 112
STATUS_IOUT 0x7B | Output current fault and warning status. R/W Byte Y Reg NA 113
STATUS_INPUT 0x7C | Input supply fault and warning status. R/W Byte N Reg NA 113
STATUS_TEMPERATURE 0x7D | External temperature fault and warning R/W Byte Y Reg NA 114
status for READ_TEMERATURE_1.
STATUS_CML 0x7E | Communication and memory fault and R/W Byte N Reg NA 114
warning status.
STATUS_MFR_SPECIFIC 0x80 | Manufacturer-specific fault and state R/W Byte Y Reg NA 115
information.
READ_VIN 0x88 | Measured input supply voltage. R Word N L11 \ NA 117
READ_IIN 0x89 | Measured input supply current. R Word N L11 A NA 117
READ_VOUT 0x8B | Measured output voltage. R Word Y L16 \ NA 117
READ_IOUT 0x8C | Measured output current. R Word Y L11 A NA 117
READ_TEMPERATURE_1 0x8D | External temperature sensor temperature. R Word Y L11 C NA 117
This is the value used for all temperature-
related processing, including
[OUT_CAL_GAIN.
READ_TEMPERATURE_2 0x8E | Internal die junction temperature. Does not | R Word N L11 C NA 117
affect any other commands.
READ_FREQUENCY 0x95 | Measured PWM switching frequency. R Word Y L11 Hz NA 117
READ_POUT 0x96 | Measured output power R Word Y L11 W N/A 117
READ_PIN 0x97 | Calculated input power R Word Y L11 W N/A 118
PMBus_REVISION 0x98 | PMBus revision is supported by this R Byte N Reg 0x22 109
device. The current revision is 1.2.
MFR_ID 0x99 | The manufacturer ID of the LTM4682 in R String N ASC LTC 109
ASCII.
MFR_MODEL 0x9A | Manufacturer part number is in ASCII. R String N ASC 109
Rev. A
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CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE |PAGE
MFR_VOUT_MAX 0xA5 | Maximum allowed output voltage including | R Word Y L16 V 1.5 93
VOUT_OV_FAULT_LIMIT. 0x1800
MFR_PIN_ACCURACY 0xAC | Returns the accuracy of the READ_PIN R Byte N % 5.0% 118
command.
USER_DATA_00 0xBO | OEM RESERVED. Typically used for part R/W Word N Reg Y NA 109
serialization.
USER_DATA_01 0xB1 | Manufacturer reserved for LTpowerPlay. R/W Word Y Reg Y NA 109
USER_DATA_02 0xB2 | OEM RESERVED. Typically used for part R/W Word N Reg Y NA 109
serialization
USER_DATA_03 0xB3 | An NVM word is available for the user. R/W Word Y Reg Y 0x0000 109
USER_DATA_04 0xB4 | An NVM word is available for the user. R/W Word N Reg Y 0x0000 109
MFR_EE_UNLOCK 0xBD | Contact factory. 125
MFR_EE_ERASE 0xBE | Contact factory. 125
MFR_EE_DATA 0xBF | Contact factory. 125
MFR_CHAN_CONFIG 0xDO | Configuration bits that are channel-specific. | R/W Byte Y Reg Y 0x1D 83
MFR_CONFIG_ALL 0xD1 | General configuration bits. R/W Byte N Reg Y 0x21 84
MFR_FAULT_PROPAGATE 0xD2 | Configuration that determines which faults | R/W Word Y Reg Y 0x6993 106
are propagated to the FAULT pin.
MFR_PWM_COMP 0xD3 | PWM loop compensation configuration R/W Byte Y Reg Y 0x76 87
MFR_PWM_MODE 0xD4 | Configuration for the PWM engine. R/W Byte Y Reg Y 0xC7 86
MFR_FAULT_RESPONSE 0xD5 | Action is to be taken by the device when R/W Byte Y Reg Y 0xCO 108
the FAULT pin is externally asserted low.
MFR_OT_FAULT_RESPONSE | 0xD6 |Action is to be taken by the device whenan | R Byte N Reg 0xCo 104
internal overtemperature fault is detected.
MFR_IOUT_PEAK 0xD7 | Report the maximum measured R Word Y L11 A NA 118
value of READ_IOUT since the last
MFR_CLEAR_PEAKS.
MFR_ADG_CONTROL 0xD8 | ADC telemetry parameter selected for R/W Byte N Reg 0x00 119
repeated fast ADC read back.
MFR_RETRY_DELAY 0xDB | Retry interval during FAULT retry mode. R/W Word Y L11 ms Y 250.0 99
OxF3E8
MFR_RESTART_DELAY 0xDC | The minimum time the RUN pin is held low | R/W Word Y L11 ms Y 150.0 99
by the LTM4682. 0xF258
MFR_VOUT_PEAK 0xDD | The maximum measured value of READ_ R Word Y L16 v NA 118
VOUT since the last MFR_CLEAR_PEAKS.
MFR_VIN_PEAK 0xDE | The maximum measured value of READ_ R Word N L11 v NA 118
VIN since the last MFR_CLEAR_PEAKS.
MFR_TEMPERATURE_1_PEAK | OxDF | The maximum measured value of external R Word Y L11 C NA 118
Temperature (READ_TEMPERATURE_1)
since the last MFR_CLEAR_PEAKS.
MFR_READ_IIN_PEAK OxE1 | The maximum measured value of R Word N L11 A NA 118
READ_IIN command since the last
MFR_CLEAR_PEAKS.
MFR_CLEAR_PEAKS 0xE3 | Clears all peak values. Send Byte NA 111
MFR_READ_ICHIP 0xE4 | Measured supply current of the SV pin. R Word L11 A NA 119
MFR_PADS OxE5 | Digital status of the 1/0 pads. R Word Reg NA 115
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CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE |PAGE
MFR_ADDRESS 0XE6 | Sets the 7-bit 12C address byte, Ch 0.and 1. | R/W Byte N Reg Y Ox4F 83
MFR_ADDRESS OXE6 | Sets the 7-bit 12C address byte, Ch 2 and 3.| R/W Byte N Reg Y 0x4E 83
MFR_SPECIAL_ID OxE7 | Manufacturer code representing the R Word N Reg 0x418X 109
LTM4682 and revision.
MFR_IIN_CAL_GAIN OXE8 | The resistance value of the input current R/W Word N L11 mQ Y 2.0 95
sense element in mQ. 0xG200
MFR_FAULT_LOG_STORE OXEA | Command a transfer of the fault log from Send Byte N NA 121
RAM to EEPROM.
MFR_INFO 0x | Contact factory. 125
MFR_IOUT_CAL_GAIN 0xDA | SET AT FACTORY. Typical 0.36mq. R Word Y L11 mQ 0.360 93
Typical
0xD017
MFR_FAULT_LOG_CLEAR OxEC | Initialize the EEPROM block reserved for Send Byte N NA 125
fault logging.
MFR_FAULT_LOG OxEE | Fault log data bytes. R Block N Reg Y NA 121
MFR_COMMON OxEF | Manufacturer status bits that are common R Byte N Reg NA 116
across multiple ADI chips.
MFR_COMPARE_USER_ALL | OxFO | Compares current command contents Send Byte N NA 120
with NVM.
MFR_TEMPERATURE_2_PEAK | OxF4 | Peak internal die temperature since the last | R Word N L11 C NA 119
MFR_CLEAR_PEAKS.
MFR_PWM_CONFIG 0xF5 | Set numerous parameters for the DC/DC R/W Byte N Reg Y 0x10 88
controller, including phasing.
MFR_IOUT_CAL_GAIN_TC 0xF6 | Temperature coefficient of the current R/W Word Y CF ppm/ | Y 3900 93
sensing element. C 0x0F3C
MFR_RVIN_CAL_GAIN 0xF7 | The resistance value of the Vyy pin filter R/W Word N L11 mQ Y 1000 90
element in mQ. 0x03E8
MFR_TEMP_1_GAIN 0xF8 | Sets the slope of the external temperature | R/W Word Y CF Y 0.995 96
Sensor. Ox3FAE
MFR_TEMP_1_OFFSET 0xF9 | Sets the offset of the external temperature | R/W Word Y L11 C Y 0.0 96
sensor with respect to —273.1°C 0x8000
MFR_RAIL_ADDRESS 0xFA | Common address for PolyPhase outputs to | R/W Byte Y Reg Y 0x80 83
adjust common parameters.
MFR_REAL_TIME OxFB | 48-bit share-clock counter value. R Block N CF NA 122
MFR_RESET 0xFD | Commanded reset without requiring a Send Byte N NA 85
power down.

Note 1: Commands indicated with Y in the NVM column indicate that these commands are stored and restored using the STORE_USER_ALL and
RESTORE_USER_ALL commands, respectively.

Note 2: Commands with a default value of NA indicate not applicable. Commands with a default value of FS indicate factory set on a per part basis.

Note 3: The LTM4682 contains additional commands not listed in Table 7. Reading these commands is harmless to the operation of the IC; however, the
contents and meaning of these commands can change without notice.

Note 4: Some of the unpublished commands are read-only and will generate a CML bit 6 fault if written.
Note 5: Writing to commands not published in Table 7 is not permitted.

Note 6: The user should not assume compatibility of commands between different parts based upon command names. Always refer to the manufacturer’s
data sheet for each part for a complete definition of a command’s function. Analog Devices strives to keep command functionality compatible between all
Analog Devices devices. Differences may occur to address specific product requirements.
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Table 8. Data Format Abbreviations

L11 Linear_5s_11s PMBus data field b[15:0]

Valug =Y o 2N

where N = b[15:11] is a 5-bit two’s complement integer and Y = b[10:0] is an 11-bit two’s complement integer.
Example:

For b[15:0] = 0x9807 = ‘b10011_000_0000_0111

Valug =7+2713 =854 « 1076

From PMBus Spec Part Il: Paragraph 7.1

L16 Linear_16u PMBus data field b[15:0]

Valug =Y o 2N

where Y = b[15:0] is an unsigned integer and N = VOUT_MODE_PARAMETER is a 5-bit two’s complement exponent that is
hardwired to =12 decimal

Example:

For b[15:0] = 0x4C00 = ‘b0100_1100_0000_0000

Value = 19456 » 2712 = 4.75 From PMBus Spec Part |I: Paragraph 8.2

Reg Register PMBus data field b[15:0] or b[7:0].
Bit field meaning is defined in the PMBus Command Details section.

L16 Integer Word PMBus data field b[15:0]

Valug =Y

where Y = b[15:0] is a 16-bit unsigned integer
Example:

For b[15:0] = 0x9807 = ‘b1001_1000_0000_0111
Value = 38919 (decimal)

CF Custom Format | Value is defined in the PMBus Command Details section.
This is often an unsigned or two’s complement integer scaled by an MFR specific constant.

ASC ASCII Format A variable length string of text characters conforming to ISO/IEC 8859-1 standard.
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Vjy TO Vgyt STEP-DOWN RATIOS

There are restrictions in the maximum Vyy and Voyt Step-
down ratio that can be achieved for a given input voltage.
Each output of the LTM4682 is capable of the 95% duty
cycle at 500kHz, but the V,y to Voyt minimum dropout
is still a function of its load current and will limit output
current capability related to the high duty cycle on the
topside switch.

Minimum on-time tonwiny is another consideration in
operating at a specified duty cycle while operating at a cer-
tain frequency due to the fact that tonwiny < D/fsw, where
D is the duty cycle and fgyy is the switching frequency.
ton(uviny is specified in the electrical parameters as 85ns.
See Note 6 in the Electrical Characteristics section for
output current guidelines.

INPUT CAPACITORS

The LTM4682 module should be connected to a low AC
impedance DC source. For the regulator input, four 22uF
input ceramic capacitors are used to handle the RMS
ripple current. A 47pF to 150pF surface mount aluminum
electrolytic bulk capacitor can be used for more input
bulk capacitance. This bulk input capacitor is only needed
if the input source impedance is compromised by long
inductive leads, traces or not enough source capacitance.
If low impedance power planes are used, then this bulk
capacitor is not needed.

For a buck converter, the switching duty-cycle can be
estimated as:

V
D, = OuTn
! VINn

Without considering the inductor current ripple, for each
output, the RMS current of the input capacitor can be
estimated as:

loutamax)

lein,, (RmS) = T D, *(1-Dp)

In the above equation, n% is the estimated efficiency of the
power module. The bulk capacitor can be a switcher-rated
electrolytic aluminum capacitor, or a polymer capacitor.

Application Note 77 can be utilized to help calculate ripple
current cancellation for multiphase applications.

OUTPUT CAPACITORS

The LTM4682 is designed for low output voltage ripple
noise and good transient response. The bulk output capac-
itors defined as Cqyr are chosen with low enough effective
series resistance (ESR) to meet the output voltage ripple
and transient requirements. The Coyt can be a low ESR
tantalum capacitor, a low ESR polymer or a ceramic capac-
itor. The typical output capacitance range for each output
is from 400pF to 1000pF. Additional output filtering may
be required by the system designer, if further reduction
of output ripple or dynamic transient spikes is required.
Table 13 shows a matrix of different output voltages and
output capacitors to minimize the voltage droop and over-
shoot during a 10A to 20A step, with 10A/ps transient
on each channel. Table 13 optimizes total equivalent ESR
and total bulk capacitance to optimize the transient per-
formance. Stability criteria are considered in the Table 13
matrix, and the LTpowerCAD design tool will be provided
for stability analysis. Multiphase operation reduces effec-
tive output ripple as a function of the number of phases.
Application Note 77 discusses this noise reduction versus
output ripple current cancellation, but the output capaci-
tance should be considered carefully as a function of sta-
bility and transient response. The LTpowerCAD design tool
can calculate the output ripple reduction as the number of
implemented phases increases by N times. A small value
10Q resistor can be placed in series from Voyt, to the
Vosnso® pin to allow for a bode plot analyzer to inject a sig-
nal into the control loop and validate the regulator stability.
The LTM4682’s stability compensation can be adjusted
using two external capacitors (COMPma, COMPnb), and
the MFR_PWM_COMP commands.

LIGHT LOAD CURRENT OPERATION

The LTM4682 has two modes of operation including high
efficiency, discontinuous conduction mode or forced
continuous conduction mode. The mode of operation is
configured by bit 0 of the MFR_PWM_MODEn command
(discontinuous conduction is always the start-up mode,
forced continuous is the default running mode).
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If a channel is enabled for discontinuous mode opera-
tion, the inductor current is not allowed to reverse. The
reverse current comparator, lggy, turns off the bottom
MOSFET (MBn) just before the inductor current reaches
zero, preventing it from reversing and going negative.
Thus, the controller can operate in discontinuous (pulse-
skipping) operation. In forced continuous operation, the
inductor current is allowed to reverse at light loads or
under large transient conditions. The peak inductor cur-
rent is determined solely by the voltage on the COMPn
pin. In this mode, the efficiency at light loads is lower than
in discontinuous mode operation. However, continuous
mode exhibits lower output ripple and less interference
with audio circuitry. Forced continuous conduction mode
may result in reverse inductor current, which can cause
the input supply to boost. The VIN_OV_FAULT_LIMIT
can detect this (if SViy_n, is connected to Viyo1 and/or
Vin2s) and turn off the offending channel. However, this
fault is based on an ADC read and can nominally take up
to 100ms to detect. If there is a concern about the input
supply boosting, keep the part in discontinuous conduc-
tion operation.

SWITCHING FREQUENCY AND PHASE

The switching frequency of the LTM4682’s channels is
established by its analog phase-locked-loop (PLL) locking
on to the clock present at the module’s SYNC_nn pin. The
clock waveform on the SYNC_nn pin can be generated by
the LTM4682’s internal circuitry when an external pull-up
resistor to 3.3V (e.g., Vppas) is provided, in combination
with the LTM4682 control IC’s FREQUENCY_SWITCH
command being set to one of the following supported
values: 250kHz, 350kHz, 425kHz, 500kHz, 575kHz,
650kHz, and 750kHz. In this configuration, the module is
called a sync main device: (using the factory-default set-
ting of MFR_CONFIG_ALL[4] = 0b), SYNC_nn becomes
a bidirectional open-drain pin, and the LTM4682 pulls
SYNC logic low for nominally 500ns at a time, at the pre-
scribed clock rate. The SYNC signal can be bused to other
LTM4682 modules (configured as sync subordinates), for
purposes of synchronizing switching frequencies of mul-
tiple modules within a system—~but only one LTM4682
internal controllers should be configured as a sync main

device the other LTM4682(s) should be configured as
sync subordinates.

The most straightforward way is to set its FREQUENCY_
SWITCH command to 0x0000 and MFR_CONFIG_
ALL[4] = 1b. This can be easily implemented with resis-
tor pin-strap settings on the FSWPH_nn_CFG pin (see
Table 3). Using the MFR_CONFIG_ALL[4] = 1b, the
LTM4682s SYNC pin becomes a high impedance input
only—i.e., it does not drive SYNC low. The module syn-
chronizes its frequency to the clock applied to its SYNC
pin. The only shortcoming of this approach is without
an externally applied clock, the switching frequency of
the module will default to the low end of its frequency-
synchronization capture range (~225kHz).

If fault-tolerance to the loss of an externally applied SYNC
clock is desired, the FREQUENCY_SWITCH command
of a sync subordinate can be left at the nominal target
switching frequency of the application and not 0x0000
However, it is still necessary to configure MFR_CONFIG_
ALL[4] = 1b. With this combination of configurations,
the LTM4682’s SYNC_nn pins becomes a high imped-
ance input and the module synchronizes its frequency
to that of the externally applied clock, provided that the
frequency of the externally applied clock exceeds ~%a.
of the target frequency (FREQUENCY_SWITCH). If the
SYNC clock is absent, the module responds by operating
at its target frequency, indefinitely. If and when the SYNC
clock is restored, the module automatically phase-locks
to the SYNC clock as normal. The only shortcoming of
this approach is that the EEPROM must be configured
per above guidance; resistor pin-strapping options on the
FSWPH_nn_CFG pin alone cannot provide fault-tolerance
to the absence of the SYNC clock.

The FREQUENCY_SWITCH register can be altered through
12C commands, but only when the switching action is
disengaged, i.e., the module’s outputs are turned off. The
FREQUENCY_SWITCH command takes on the value stored
in NVM at SV power-up, but is overridden according to
a resistor pin-strap applied between the FSWPH_nn_CFG
pin and SGND only if the module is configured to respect
resistor pin-strap settings (MFR_CONFIG_ALL[6] = Ob).
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Table 3 highlights the available resistor pin-strap and cor-
responding FREQUENCY_SWITCH settings.

The relative phasing of all active channels in a PolyPhase
rail should be optimally phased. The relative phasing of
each rail is 360°/n, where nis the number of phases in
the rail. MFR_PWM_CONFIG[2:0] configures channel
relative phasing to the SYNC_nn pin. Phase relationship
values are indicated with 0° corresponding to the falling
edge of SYNC being coincident with the turn-on of the
top MOSFETs.

The MFR_PWM_CONFIG command can be altered through
12C commands, but only when the switching action is dis-
engaged, i.e., the module’s outputs are turned off. The
MFR_PWM_CONFIG command takes on the value stored
in NVM at SV, power-up, but is overridden according
to a resistor pin-strap applied between the FSWPH_nn_
CFG pin and SGND only if the module is configured to
respect resistor pin-strap settings (MFR_CONFIG_ALL[6]
= 0b). Table 3 highlights the available resistor pin-strap
and corresponding MFR_PWM_CONFIG[2:0] settings.

Some combinations of FREQUENCY_SWITCH and
MFR_PWM_CONFIG[2:0] are unavailable by resistor pin-
strapping the FSWPH_nn_CFG pin. All combinations of
supported values for FREQUENCY_SWITCH and MFR_

PWM CONFIG[2 0] can be configured by NVM program-

ming—or, 12C transactions, provided switching action is
disengaged, i.e., the module’s outputs are turned off.

Care must be taken to minimize capacitance on SYNC to
ensure that the pull-up resistor versus the capacitor load
has a low enough time constant for the application to form
a clean clock. See Open-Drain Pins, later in this section.

When an LTM4682 is configured as a sync subordi-
nate, it is permissible for external circuitry to drive the
SYNC_nn pin from a current-limited source (less than
10mA), rather than using a pull-up resistor. Any external
circuitry must not drive high with arbitrarily low imped-
ance at SVyy_p, power-up, because the SYNC_nn output
can be low impedance until NVM contents have been
downloaded to RAM.

The recommended LTM4682 switching frequencies for
operation of many common Vy-to-Vgyt applications are
indicated Table 9. When the two channels of an LTM4682

are stepping input voltage(s) down to output voltages
whose recommended switching frequencies in Table 9 are
significantly different, operation at the higher of the two
recommended switching frequencies is preferable, but
minimum on-time must be considered. See the Minimum
On-Time Considerations section.

Table 9. Recommended Switching Frequency for Various Vy-to-
Vgyr Step-Down Scenarios

5V 8V 12Uy
0.7Vour 575kHz 575kHz 575kHz
0.8Vour 650kHz 650kHz 650kHz
0.9Vour 650kHz 650kHz 650kHz
1.0Vour 650kHz 650kHz 650kHz
1.2Vour 650kHz 650kHz 650kHz
1.35Vour 750kHz 750kHz 750kHz

OUTPUT CURRENT LIMIT PROGRAMMING

The cycle-by-cycle current limit (= Visgnsg/DCR) is propor-
tional to COMPnb, which can be programmed from 1.45V
to 2.2V using the PMBus command 10UT_OC_FAULT_
LIMIT. The LTM4682 uses only the sub-milliohm sensing
to detect current levels. See IOUT_OC_FAULT_LIMIT. The
LTM4682 has two ranges of current limit programming.
The value of MFR_PWM_MODE[2] is reserved, and the
MFR_PWM_MODE[7], and IOUT_OC_FAULT_LIMIT are
used to set the current limit level, see the section of the
PMBus commands, the device can regulate output volt-
age with the peak current under the value of IOUT_OC_
FAULT_LIMIT in normal operation. In case output current
exceeds the current limit, a OC fault will be issued. Each
of the IOUT_OC_FAULT_LIMIT ranges will affect the loop
gain, and subsequently affect the loop stability, so setting
the range of current limiting is a part of loop design.

The LTpowerCAD design tool can be used to look at the
loop stability changes if the current limit range is adjusted.
The LTM4682 will automatically update the current limit
as the inductor temperature changes. Keep in mind this
operation is on a cycle-by-cycle basis and is only a func-
tion of the peak inductor current. The average induc-
tor current is monitored by the ADC converter, and can
provide a warning if too much average output current
is detected. The overcurrent fault is detected when the
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COMPnb voltage hits the maximum value. The digital
processor within the LTM4682 provides the ability to
either ignore the fault, shut down and latch off or shut
down and retry indefinitely (hiccup). See the Peak Output
Overcurrent Fault Response in the Operation section for
more details. The Read_POUT can be used to readback
calculated output power.

MINIMUM ON-TIME CONSIDERATIONS

Minimum on-time, ton(win), is the smallest time dura-
tion that the LTM4682 is capable of turning on the top
MOSFET. It is determined by internal timing delays and the
gate charge required to turn on the top MOSFET. Low duty
cycle applications may approach this minimum on-time
limit, and care should be taken to ensure that:

Voutn

tongviny <
N ™ Vi  fosc

If the duty cycle falls below what can be accommodated
by the minimum on-time, the controller will begin to skip
cycles. The output voltage will continue to be regulated,
but the ripple voltage and current will increase.

The minimum on-time for the LTM4682 is 85ns.

VARIABLE DELAY TIME, SOFT-START AND OUTPUT
VOLTAGE RAMPING

The LTM4682 must enter its run state before soft-start.
The RUNn pins are released after the part initializes
and SVy_nn exceeds the VIN_ON threshold. If multiple
LTM4682s are used in an application, they should be con-
figured to share the same RUN# pins. They all hold their
respective RUNn pins low until all devices initialize and
SV exceeds the VIN_ON threshold for all devices. The
SHARE_CLK_nn pin assures all the devices connected to
the signal use the same time base.

After the RUNn pin is released, the controller waits for
the user-specified turn-on delay (TON_DELAYn) before
initiating an output voltage ramp. Multiple LTM4682s and
other Analog Devices parts can be configured to start with
variable delay times. To work correctly, all devices use the
same timing clock (SHARE_CLK), and all devices must
share the RUN# pin.

This allows the relative delay of all parts to be synchro-
nized. The actual variation in the delay will be dependent
on the highest clock rate of the devices connected to the
SHARE_CLK pin (all Analog Devices ICs are configured
to allow the fastest SHARE_CLK signal to control the
timing of all devices). The SHARE_CLK signal can be
+10% in frequency, thus the actual time delays will have
some variance.

Soft-start is performed by actively regulating the load
voltage while digitally ramping the target voltage from
0V to the commanded voltage set point. The rise time of
the voltage ramp can be programmed using the TON_
RISEn command to minimize inrush currents associated
with the start-up voltage ramp. The soft-start feature is
disabled by setting TON_RISEn to any value less than
0.250ms. The LTM4682 performs the necessary math
internally to ensure the voltage ramp are controlled to
the desired slope. However, the voltage slope can not
be any faster than the Voyrt, fundamental limits of the
power stage. The number of tonminy steps in the ramp
is equal to TON_RISE/0.1ms.Therefore, the shorter the
TON_RISEn time setting, the more discrete steps in the
soft-start ramp appear.

The LTM4682 PWM always operates in discontinuous
mode during the TON_RISEn operation. In discontinuous
mode, the bottom MOSFET (MBn) is turned off as soon
as reverse current is detected in the inductor. This allows
the regulator to start up into a pre-biased load.

There is no analog tracking feature in the LTM4682; how-
ever, two outputs can be given the same TON_RISEnand
TON_DELAYn times to achieve ratiometric rail tracking.
Because the RUNn pins are released simultaneously and
both units use the same time base (SHARE_CLK), the
outputs track very closely. If the circuit is in a PolyPhase
configuration, all timing parameters must be the same.

DIGITAL SERVO MODE

For maximum accuracy in the regulated output voltage,
enable the digital servo loop by asserting bit 6 of the
MFR_PWM_MODE command. In digital servo mode, the
LTM4682 will adjust the regulated output voltage based

Rev. A

58

For more information www.analog.com


https://www.analog.com/LTM4682?doc=LTM4682.pdf
https://www.analog.com

LTMA682

APPLICATIONS INFORMATION

on the ADC voltage reading. Every 90ms, the digital servo
loop will step the LSB of the DAC (nominally 1.375mV
or 0.6875mV depending on the voltage range bit) until
the output is at the correct ADC reading. At power-up, this
mode engages after TON_MAX_FAULT_LIMIT unless the
limit is set to O (infinite). If the TON_MAX_FAULT_LIMIT
is set to 0 (infinite), the servo begins after TON_RISE is
complete and Vgt has exceeded the VOUT_UV_FAULT_
LIMIT. This same point in time is when the output changes
from discontinuous to the programmed mode, as indicated
in MFR_PWM_MODE bit 0. See Figure 25 for more details
on the Vgyt waveform under time-based sequencing. If
the TON_MAX_FAULT_LIMIT is set to a value greater than
0 and the TON_MAX_FAULT_RESPONSE is set to ignore
0x00, the servo begins:

1. After the TON_RISE sequence is complete

2. After the TON_MAX_FAULT_LIMIT time is reached:;
and

3. After the VOUT_UV_FAULT_LIMIT has been exceeded
or the IOUT_OC_FAULT_LIMIT is no longer active.

If the TON_MAX_FAULT_LIMIT is set to a value greater
than 0 and the TON_MAX_FAULT_RESPONSE is not set
to ignore 0x00, the servo begins:

1. After the TON_RISE sequence is complete

2. After the TON_MAX_FAULT_LIMIT time has expired
and both VOUT_UV_FAULT and IOUT_OC_FAULT are
not present.

DIGITAL SERVO
MODE ENABLED FINAL OUTPUT

«TON_MAX_FAULT_LIMIT»l l VOLTAGE REACHED

e v
40\/{0LTAGE TIME DELAY OF

Vour ERROR (NOT 200-400ms
T0 SCALE)

))
<—TON_RISE — TIME N 4682 F25
—>| TON_DELAY l=—

Figure 25. Timing Controlled Vgyt Rise

The maximum rise time is limited to 1.3 seconds.

In a PolyPhase configuration it is recommended that
only one of the control loops have the digital servo mode
enabled. This will insure the various loops do not work
against each other due to slight differences in the refer-
ence circuits.

SOFT OFF (SEQUENCED OFF)

In addition to a controlled start-up, the LTM4682 also
supports controlled turn-off. The TOFF_DELAY and TOFF_
FALL functions are shown in Figure 26. TOFF_FALL is
processed when the RUNn pin goes low, or when the
part is commanded off. If the part faults off or FAULTn
is pulled low externally and the part is programmed to
respond to this, the output will be three-state rather than
exhibiting a controlled ramp. The output will decay as a
function of the load. The output voltage will operate as
shown in Figure 26 as long as the part is in forced con-
tinuous mode and the TOFF_FALL time is sufficiently slow
that the power stage can achieve the desired slope. The
TOFF_FALL time can only be met if the power stage and
controller can sink sufficient current to ensure the output
is at zero volts by the end of the fall time interval. If the
TOFF_FALL time is set shorter than the time required to
discharge the load capacitance, the output will not reach
the desired zero-volt state. At the end of TOFF_FALL, the
controller will cease to sink current, and Vot will decay
at the natural rate determined by the load impedance. If
the controller is in discontinuous mode, the controller will

Vout

|<—TOFF_DELAY—>{=<—TOFF_FALL—>| TIME  we2r

Figure 26. TOFF_DELAY and TOFF_FALL
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not pull a negative current, and the output will be pulled
low by the load, not the power stage. The maximum fall
time is limited to 1.3 seconds. The shorter the TOFF_FALL
time is set, the larger the discrete steps in the TOFF_FALL
ramp will appear. The number of steps in the ramp is equal
to TOFF_FALL/0.1ms.

UNDERVOLTAGE LOCKOUT

The LTM4682 is initialized by an internal threshold-based
UVLO where Vy must be approximately 4V and INTV¢g
Vpp33_nn, and Vppos pp must be within approximately
20% of their regulated values. In addition, Vppa3_p, must
be within approximately 7% of the targeted value before
the RUN# pin is released. After the part has initialized, an
additional comparator monitors V,y. The VIN_ON thresh-
old must be exceeded before the power sequencing can
begin. When the V,y drops below the VIN_OFF thresh-
old, the SHARE_CLK_nn pin will be pulled low, and the
Viny must increase above the VIN_ON threshold before
the controller will restart. The normal start-up sequence
will be allowed after the VIN_ON threshold is crossed. If
FAULT nis held low when Vyy is applied, ALERTnn will be
asserted low even if the part is programmed not to assert
ALERTnn when FAULTn is held low. If 12C communica-
tion occurs before the LTM4682 is out of reset and only
a portion of the command is seen by the part, this can
be interpreted as a CML fault. If a CML fault is detected,
ALERTnn s asserted low.

It is possible to program the contents of the NVM in the
application if the Vppss_np Supply is externally driven directly
to Vppas_nn Or through Vpias. This will activate the digital
portion of the LTM4682 without engaging the high-voltage
sections. PMBus communications are valid in this supply
configuration. If the Vy has not been applied to the LTM4682,
bit 3 (NVM Not Initialized) in MFR_COMMON will be asserted
low. If this condition is detected, the part will only respond to
addresses 5A and 5B. To initialize the part, the following set
of commands are used: global address 0x5B command 0xBD
data 0x2B followed by global address 5B command 0xBD and
data 0xC4. The part will now respond to the correct address.
Configure the part as desired, then issue a STORE_USER_
ALL. When Vyy is applied, an MFR_RESET command must

be issued to allow the PWM to be enabled and valid ADC
conversions to be read.

FAULT DETECTION AND HANDLING

The LTM4682 FAULT n pins are configurable to indicate a
variety of faults including, OV, UV, OC, OT, timing faults,
and peak overcurrent faults. In addition, the FAULT n pins
can be pulled low by external sources, indicating a fault
in some other portion of the system. The fault response
is configurable and allows the following options:

= |gnore
® Shut Down Immediately—Latch Off

® Shut Down Immediately—Retry Indefinitely at the Time
Interval Specified in MFR_RETRY_DELAY

See the PMBus PMBus Command Details, and the PMBus
Command Summary sections of this data sheet and the
PMBus specification for more details.

The OV response is automatic. If an OV condition is
detected, TGn goes low, and BGn is asserted.

Fault logging is available on the LTM4682. The fault log-
ging is configurable to automatically store data when a
fault occurs that causes the unit to fault off. The header
portion of the fault logging table contains peak values. It
is possible to read these values at any time. This data will
be useful while troubleshooting the fault.

If the LTM4682 internal temperature is in excess of 85°C,
writes into the NVIM (other than fault logging) is not rec-
ommended. The data will still be held in RAM, unless
the 3.3V supply UVLO threshold is reached. If the die
temperature exceeds 130°C, all NVM communication is
disabled until the die temperature drops below 120°C.

OPEN-DRAIN PINS
The LTM4682 has the following open-drain pins:
3.3V Pins

1. FAULTn

2. SYNC_nn
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3. SHARE_CLK_nn
4. PGOODnN
5V Pins (5V pins operate correctly when pulled to 3.3V.)
1. RUNn
2. ALERT nn
3.SCL_nn
4. SDA_nn

All the open-drain pins have on-chip pull-down transis-
tors that can sink 3mA at 0.4V. The low threshold on the
pins is 0.8V; thus, there is plenty of margin on the digital
signals with 3mA of current. For 3.3V pins, 3mA of cur-
rent is a 1.1k resistor. Unless transient speed issues are
associated with the RC time constant of the resistor pull-
up and parasitic capacitance to the ground, a 10k resistor
or larger is generally recommended.

For high-speed signals such as the SDA, SCL, and SYNC,
a lower-value resistor may be required. The RC time con-
stant should be set to 1/3 to 1/5 of the required rise time
to avoid timing issues. For a 100pF load and a 400kHz
PMBus communication rate, the rise time must be less
than 300ns. The resistor pull-up on the SDA_nnand SCL_
nn pins with the time constant set to 1/3 of the rise time is:

R _ trise
PULLUP = 304 00pF

The closest 1% resistor value is 1k. Be careful to minimize
parasitic capacitance on the SDA and SCL pins to avoid
communication problems. To estimate the loading capaci-
tance, monitor the signal in question and measure how
long it takes for the desired signal to reach approximately
63% of the output value. This is a one-time constant. The
SYNG_nn pin has an on-chip pull-down transistor with the
output held low for nominally 500ns. I the internal oscilla-
tor is set for 500kHz and, the load is 100pF, and a 3x time
constant is required, the resistor calculation is as follows:

2ps—500ns

RpuLLup = 3+100pF =9k

The closest 1% resistor is 4.99k.

If timing errors occur or the SYNC frequency is not as
fast as desired, monitor the waveform and determine if
the RC time constant is too long for the application. If pos-
sible, reduce the parasitic capacitance. If not, reduce the
pull-up resistor sufficiently to ensure proper timing. The
SHARE_CLK_nn pull-up resistor has a similar equation
with a period of 10ps and a pull-down time of 1ps. The RC
time constant should be approximately 3ps or faster.

PHASE-LOCKED LOOP AND FREQUENCY
SYNCHRONIZATION

The LTM4682 has a phase-locked loop (PLL) comprised
of an internal voltage-controlled oscillator (VCO) and a
phase detector. The PLL is locked to the falling edge of the
SYNC_nn pin. The phase relationship between the PWM
controller and the falling edge of SYNC is controlled by
the lower 3 bits of the MFR_PWM_CONFIG command.
For PolyPhase applications, it is recommended that all
the phases be spaced evenly. Thus, for a 2-phase system,
the signals should be 180° out of phase, and a 4-phase
system should be spaced 90°.

The phase detector is an edge-sensitive digital type that
provides a known phase shift between the external and
internal oscillators. This type of phase detector does not
exhibit a false lock to the harmonics of the external clock.

The output of the phase detector is a pair of comple-
mentary current sources that charge or discharge the
internal filter network. The PLL lock range is guaranteed
between 250kHz and 1MHz. Nominal parts will have a
range beyond this; however, the operation to a wider fre-
quency range is not guaranteed.

The PLL has a lock detection circuit. If the PLL should
lose lock during operation, bit 4 of the STATUS_MFR_
SPECIFIC command is asserted, and the ALERT_nn pin
is pulled low. The fault can be cleared by writing a 1 to
the bit. If the user does not wish to see the ALERT_nn
pinassertifa PLL_FAULT occurs, the SMBALERT_MASK
command can be used to prevent the alert.

If the SYNC signal is not clocking in the application, the
nominal programmed frequency will control the PWM
circuitry. However, if multiple parts share the SYNC_nn
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pins and the signal is not clocking, the parts will not be
synchronized, and excess voltage ripple on the output
may be present. Bit 10 of MFR_PADS will be asserted low
if this condition exists.

If the PWM signal appears to be running at too high a
frequency, monitor the SYNC_nn pin. Extra transitions
on the falling edge will result in the PLL trying to lock on
to noise versus the intended signal. Review the routing
of digital control signals and minimize crosstalk to the
SYNC signal to avoid this problem. Multiple LTM4682s
are required to share one SYNC_nn pin in PolyPhase
configurations. For other configurations, connecting the
SYNC_nnpins to form a single SYNC signal is optional. If
the SYNGC_nn pin is shared between LTM4682s, only one
LTM4682 controller can be programmed with frequency
output. All the other LTM4682s should be programmed
to disable the SYNGC_nn output. However, their frequency
should be programmed to the nominal desired value.

INPUT CURRENT SENSE AMPLIFIER

The LTM4682 input current sense amplifier can sense the
supply current into the Vo1 and Vyo3 power stage pins
using an external sense resistor, as shown in Figure 2
Block Diagram. The Rggnsep value can be programmed
using the MFR_IIN_CAL_GAIN command. Kelvin sensing
is recommended across the Rggnse resistor to eliminate
errors. The MFR_PWM_CONFIG [6:5] sets the input cur-
rent sense amplifier gain. See the MFR_PWM_CONFIG
section. The [IN_OC_WARN_LIMIT command sets the
value of the input current measured by the ADC, in
amperes, which causes a warning indicating the input
current is high. The READ_IIN value will determine if this
limit has been exceeded. The READ_IIN command returns
the input current, in Amperes, as measured across the
input current sense resistor.

There is an IR voltage drop from the supply to the SViy_np
pin due to the current flowing into the SV|y_pp pin. To
compensate for this voltage drop, the MFR_RVIN will
be automatically set to the 1€ internal sense resistor in
the Figure 2 Block Diagram. The LTM4682 will multiply
the MFR_READ_ICHIP measurement value by this 1Q
resistor and add this voltage to the measured voltage at

the SViy pp pin. Therefore, READ_VIN = VSVIN_PIN +
(MFR_READ_ICHIP « 1€2). The MFR_READ_ICHIP com-
mand is used to measure the internal controller current.
Using the READ_PIN command allows for reading calcu-
lated input power.

PROGRAMMABLE LOOP COMPENSATION

The LTM4682 offers programmable loop compensation to
optimize the transient response without hardware change.
The error amplifier gain gy, varies from 1.0mS to 5.76mS,
and the compensation resistor Rgompp, varies from 0kQ to
62kQ inside the controller. Two compensation capacitors,
COMPna and COMPnb, are required in the design, and the
typical ratio between COMPna and COMPnb is 10. Also,
see Figure 2 Block Diagram and Figure 27.

By adjusting the gy, and Rgompp Only, the LTM4682 can
provide a flexible Type |l compensation network to opti-
mize the loop over a wide range of output capacitors.
Adjusting the g, will change the compensation’s gain
over the whole frequency range without moving the pole
and zero location, as shown in Figure 28.

________________________________

VREF

FB

Rcompn

—_————————— e

COMPna

4682 F27

CcompL CcompH
T

Figure 27. Programmable Loop Compensation

TYPE Il COMPENSATION

GAIN

INCREASE g

FREQUENCY

4682 F28

Figure 28. Error Amp gy, Adjust
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Adjusting the Rgomp Will change the pole and zero loca-
tion, as shown in Figure 29. It is recommended that the
user determines the appropriate value for the g, and
Rcompn using the LTpowerCAD tool.

TYPE || COMPENSATION

GAIN

INCREASE Rgowmen

FREQUENCY

4682 F29

Figure 29. R¢omp Adjust

CHECKING TRANSIENT RESPONSE

The regulator loop response can be checked by looking at
the load current transient response. Switching regulators
take several cycles to respond to a step in DC (resistive)
load current. When a load step occurs, Vgyr shifts by an
amount equal to Al gap ® ESR, where ESR is the effective
series resistance of Coyt. Al gap also begins to charge or
discharge Coyr, generating the feedback error signal that
forces the regulator to adapt to the current change and
return Voyr to its steady-state value. During this recovery
time, Vgyt can be monitored for excessive overshoot or
ringing, indicating a stability problem. The availability of
the COMP pin not only allows optimization of control loop
behavior but also provides a DC-coupled and AC-filtered
closed-loop response test point. The DC step, rise time,
and settling at this test point truly reflect the closed-loop
response. Assuming a predominantly second-order sys-
tem, phase margin and/or damping factor can be esti-
mated using the percentage of overshoot seen at this
pin. The bandwidth can also be estimated by examining
the rise time at the pin. The COMPna external capaci-
tor shown in the Typical Application circuit section will
provide an adequate starting point for most applications.
The programmable parameters that affect loop gain are
the voltage range, bit[1] of the MFR_PWM_MODE com-
mand, the current range bit[7] of the MFR_PWM_MODE

command, the g, of the PWM channel amplifier bits [7:5]
of MFR_PWM_COMP, and the internal Rggmp compensa-
tion resistor, bits[4:0] of MFR_PWM_COMP. Be sure to
establish these settings before compensation calculation.

The COMPna series internal Rgonmp, and external Coompra
filter sets the dominant pole-zero loop compensation. The
internal Rgomp, value can be modified (from 0€ to 62k)
using bits[4:0] of the MFR_PWM_COMP command. Adjust
the value of Rgomp, to optimize transient response once
the final PCB layout is done and the particular Cgompon
filter capacitor and output capacitor type and value have
been determined. The output capacitors must be selected
because the various types and values determine the loop
gain and phase. An output current pulse of 20% to 80%
of full-load current having a rise time of 1ps to 10ps will
produce output voltage and COMP pin waveforms that will
give a sense of the overall loop stability without break-
ing the feedback loop. Placing a power MOSFET with a
resistor to the ground directly across the output capacitor
and driving the gate with an appropriate signal generator
is a practical way to produce a load step. The MOSFET
+ Rseries Will produce output currents approximately
equal to Vout/Rseries. Rseries values from 0.1Q to 2Q
are valid depending on the current limit settings and the
programmed output voltage. The initial output voltage step
resulting from the step change in output current may not
be within the bandwidth of the feedback loop, so this signal
cannot be used to determine the phase margin. This is why
it is better to look at the COMP pin signal, which is in the
feedback loop and is the filtered and compensated control
loop response. The gain of the loop will be increased by
increasing Reomp, and the bandwidth of the loop will be
increased by decreasing Ccompra- If Rgomp is increased
by the same factor that Cgopp is decreased, the zero fre-
quency will be kept the same, thereby keeping the phase
shift the same in the most critical frequency range of the
feedback loop. The gain of the loop will be proportional to
the transconductance of the error amplifier, g, which is
set using bits[7:5] of the MFR_PWM_COMP command.
The output voltage settling behavior is related to the sta-
bility of the closed-loop system and will demonstrate the
actual overall supply performance. A second, more severe
transient is caused by switching in loads with large (>1pF)
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supply bypass capacitors. The discharged bypass capaci-
tors are effectively put in parallel with Coyt, causing a
rapid drop in Vgut. No regulator can alter its delivery of
current quickly enough to prevent this sudden step change
in output voltage if the load switch resistance is low and
it is driven quickly. If the ratio of C_gap to Coyr is greater
than 1:50, the switch rise time should be controlled so that
the load rise time is limited to approximately 25 ¢ Cj gap.
Thus, a 10pF capacitor would require a 250ps rise time,
limiting the charging current to about 200mA.

PolyPhase Configuration

When configuring a PolyPhase rail with multiple LTM4682s,
the user must share the SYNC, COMP SHARE_CLK, FAULT,
and ALERT pins of these parts. Be sure to use pull-up resis-
tors on FAULT, SHARE_CLK, and ALERT. One of the part’s
SYNC pins must be set to the desired switching frequency,
and all other FREQUENCY_SWITCH commands must be set
to External Clock. If an external oscillator is provided, set the
FREQUENCY_SWITCH command to an external clock for
all parts. The relative phasing of all the channels should be
spaced equally. The MFR_RAIL_ADDRESS of all the devices
should be set to the same value.

Multiple channels need to connect all the Vsensen® pins
together, and all the Vggynse,~ pins together, COMPna and
COMPnb pins together as well. Do not assert bit[4] of
MFR_CONFIG_ALL except in a PolyPhase application. See
the typical application example, Figure 50.

CONNECTING THE USB TO I2C/SMBUS/PMBUS
CONTROLLER TO THE LTM4682 IN SYSTEM

The Analog Devices USB-to-12C/SMBus/PMBus adapter
(DC1613A or equivalent) can be interfaced to the LTM4682
on the user’s board for programming, telemetry, and sys-
tem debug. The adapter, when used in conjunction with
LTpowerPlay, provides a powerful way to debug an entire
power system. Faults are quickly diagnosed using the
telemetry, fault status commands, and the fault log. The
final configuration can be quickly developed and stored in
the LTM4682 EEPROM. Figure 30 illustrates the applica-
tion schematic for powering, programming, and commu-
nication with one or more LTM4682s through the Analog
Devices 12C/SMBus/PMBus adapter, regardless of whether
or not system power is present. If system power is not
present, the dongle will power the LTM4682 through the
Vpp33_nn Supply pin. To initialize the part when Viy,, is

Vin
ADI
CONTROLLER 00K 100"‘, Vinm
HEADER —
ISOLATED — T
3.3V
[ e ? v, v, —
DA Si2365EDS I F DD33_nn DD25_nn
. - LTM4682
o ] SCL 10k = 1/2
- Vv SDA_nn
(] 10k
1 Y, SCL_nn
= WP_nn PGND/SGND_nn
TO ADI DC1613 |__+_
USB TO 1°C/SMBus/PMBus 4
CONTROLLER =
1 ViNnn
TII ¢ Vbpa3 Vbp2s_m [—
Si2365EDS i . = -
- LTM4682
= 1/2
SDA_nn
) —1 SCL_nn
VGS MAX ON THE Si2365EDS IS 8V IF Vjy > 16V =
CHANGE THE RESISTOR DIVIDER ON THE PFET GATE WP_nn_PGND/SGND_nnf .
LTM4682 HAS TWO INTERNAL CONTROLLERS I__+_

Figure 30. Controller Connection
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not applied, and the Vpps3_»p pin is powered, use global
address 0x5B command 0xBD data 0x2B followed by
address 0x5B command 0xBD data 0xC4. The LTM4682
can now communicate with the internal EEPROM and read
the project file. To write the updated project file to the
NVM, issue a STORE_USER_ALL command. When V|y
is applied, an MFR_RESET must be issued to allow the
PWM POWER to be enabled and valid ADCs to be read.

Because of the adapter’s limited current sourcing capabil-
ity, only the LTM4682s, their associated pull-up resistors,
and the I2C pull-up resistors should be powered from the
Vppa3 3.3V supply. In addition, any device sharing the 12C
bus connections with the LTM4682 should not have body
diodes between the SDA/SCL pins and their respective
Vpp node because this will interfere with bus commu-
nication without system power. If the Vy is applied, the
DC1613A will not supply the power to the LTM4682s on
the board. It is recommended that the RUN# pins be held
low, or no voltage configuration resistors be inserted to
avoid providing power to the load until the part is fully
configured.

The LTM4682 is fully isolated from the host PC’s ground
by the DC1613A. The 3.3V from the adapter and the
LTM4682 Vpp33_pnny pin must be driven to each LTM4682
internal controller with a separate PFET. If both V,y and
Vpias are not on, the Vppaz pp pins can be in parallel
because the on-chip LDO is off. The controller's 3.3V
current limit is 100mA, but typical Vppa3_pncurrents are
under 15mA. The Vppa3 p, does backdrive the INTVqc/
Vgias pin. Normally, this is not an issue if the Vyy is open.

LTpowerPlay: AN INTERACTIVE GUI FOR
DIGITAL POWER

The LTpowerPlay (see Figure 31) is a powerful Windows-
based development environment supporting Analog
Devices, digital power system management ICs, and the
LTM4682. The software supports a variety of different
tasks. The LTpowerPlay can evaluate Analog Devices ICs
by connecting to a demo board or the user application.
The LTpowerPlay can also be used in an offline mode (with
no hardware present) to build multiple IC configuration
files that can be saved and reloaded later. The LTpowerPlay

provides unprecedented diagnostic and debug features. It
becomes a valuable diagnostic tool during board bring-
up to program or tweak the power system or to diagnose
power issues when bringing up rails. LTpowerPlay uti-
lizes Analog Devices’s USB-to-12C/SMBus/PMBus adapter
to communicate with one of the many potential targets,
including the DC2924A, DC3082A demo boards, or a
customer target system. The software also provides an
automatic update feature to keep the revisions current
with the latest set of device drivers and documentation.

A great deal of context-sensitive help is available with
LTpowerPlay, along with several tutorial demos.

PMBus COMMUNICATION AND COMMAND
PROCESSING

The LTM4682 internal controllers have a one-deep
buffer to hold the last data written for each supported
command before processing, as shown in Figure 32,
Write Command Data Processing. When the part receives
a new command from the bus, it copies the data into
the Write Command Data Buffer, indicates to the internal
processor that this command data needs to be fetched,
and converts the command to its internal format to be
executed. Two distinct parallel blocks manage command
buffering and command processing (fetch, convert, and
execute) to ensure the last data written to any command
is never lost. Command data buffering handles incoming
PMBus writes by storing the command data to the Write
Command Data Buffer and marking these commands for
future processing. The internal processor runs in parallel
and handles the sometimes slower task of fetching, con-
verting and executing commands marked for processing.
Some computationally intensive commands (e.g., timing
parameters, temperatures, voltages, and currents) have
internal processor execution times that may be long rela-
tive to PMBus timing. If the part is busy processing a
command, and new command(s) arrive, execution may
be delayed or processed in a different order than received.
The part indicates when internal calculations are in the
process through bit 5 of MFR_COMMON (calculations
not pending). When the part is busy calculating, bit 5 is
cleared. When this bit is set, the part is ready for another
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Figure 31. LTpowerPlay Screen Shot
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Figure 32. Write Command Data Processing

[edm? B ] [osui 6oy @[ o 1we Aym B |

Rev. A

00

For more information www.analog.com


https://www.analog.com/LTM4682?doc=LTM4682.pdf
https://www.analog.com

LTMA682

APPLICATIONS INFORMATION

command. An example polling loop is shown in Figure 33,
which ensures that commands are processed in order
while simplifying error-handling routines.

When the part receives a new command while it is busy,
it will communicate this condition using standard PMBus
protocol. Depending on the part configuration it may
either NACK the command or return all ones (0xFF) for
reads. It may also generate a BUSY fault and ALERT noti-
fication, or stretch the SCL clock low. For more informa-
tion, refer to PMBus Specification v1.1, Part Il, Section
10.8.7, and SMBus v2.0, section 4.3.3. Clock stretching
can be enabled by asserting bit 1 of MFR_CONFIG_ALL.
Clock stretching will only occur if enabled, and the bus
communication speed exceeds 100kHz.

// wait until chip is not busy
do

{

mfrCommonValue = PMBUS READ BYTE (OxXEF) ;
partReady = (mfrCommonValue & 0x68) == 0x68;
}while (!partReady)

// now the part is ready to receive the next
command

PMBUS WRITE WORD (0x21, 0x2000); //write VOUT
COMMAND to 2V -

Figure 33. Example of a Command Write of VOUT_COMMAND

The PMBus busy protocols are well-accepted standards,
but can make writing system-level software somewhat
complex. The part provides three hand-shaking status
bits, which reduce complexity while enabling robust sys-
tem-level communication.

The three hand-shaking status bits are in the MFR_
COMMON register. When the part is busy executing an
internal operation, it will clear bit 6 of MFR_COMMON
(chip not busy). When the part is busy specifically because
it is in a transitional Vyt state (margining hi/lo, power
off/on, moving to a new output voltage set point, etc.), it
will clear bit 4 of MFR_COMMON (output not in transi-
tion). When internal calculations are in process, the part
will clear bit 5 of MFR_COMMON (calculations not pend-
ing). These three status bits can be polled with a PMBus
read byte of the MFR_COMMON register until all three bits
are set. Acommand immediately following the status bits
being set will be accepted without NACKing or generat-
ing a BUSY fault/ALERT notification. The part can NACK

commands for other reasons, however, as required by the
PMBus spec (for instance, an invalid command or data).
An example of a robust command write algorithm for the
VOUT_COMMAND register is provided in Figure 33.

It is recommended that all command writes (write byte,
write word, etc.) be preceded with a polling loop to avoid
the extra complexity of dealing with busy behavior and
unwanted ALERT notifications. A simple way to achieve
this is to create a SAFE_WRITE_BYTE() and SAFE_
WRITE_WORD() subroutine. The above polling mecha-
nism allows your software to remain clean and simple
while robustly communicating with the part. For a detailed
discussion of these topics and other special cases,
refer to the Application Note search section feature at
Analog.com.

When communicating using bus speeds at or below
100kHz, the polling mechanism shown here provides a
simple solution that ensures robust communication with-
out clock stretching. At bus speeds in excess of 100kHz,
it is strongly recommended that the part be configured
to enable clock stretching. This requires a PMBus main
device that supports clock stretching. System software
that detects and properly recovers from the standard
PMBus NACK/BUSY faults as described in the PMBus
Specification v1.1, Par Il, Section 10.8.7 is required to
communicate. The LTM4682 is not recommended in
applications with bus speeds in excess of 400kHz.

THERMAL CONSIDERATIONS AND OUTPUT
CURRENT DERATING

The thermal resistances reported in the Pin Configuration
section of this data sheet are consistent with those param-
eters defined by JESD51-12. They are intended for use
with finite element analysis (FEA) software modeling
tools that leverage the outcome of thermal modeling,
simulation, and correlation to hardware evaluation per-
formed on a pModule package mounted to a hardware
test board defined by JESD51-9 (Test Boards for Area
Array Surface Mount Package Thermal Measurements).
The motivation for providing these thermal coefficients is
found in JESD51-12 (Guidelines for Reporting and Using
Electronic Package Thermal Information).
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Many designers may use laboratory equipment
and a test vehicle, such as the demo board, to predict the
UModule regulator’s thermal performance in their appli-
cation at various electrical and environmental operating
conditions to compliment any FEA activities. Without
FEA software, the thermal resistances reported in the
Pin Configuration section are in-and-of themselves not
relevant to providing guidance on thermal performance;
instead, the derating curves provided later in this data sheet
can be used in a manner that yields insight and guidance
pertaining to one’s application-usage, and can be adapted
to correlate thermal performance to one’s own application.

The Pin Configuration section gives four thermal coeffi-
cients explicitly defined in JESD51-12; these coefficients
are quoted or paraphrased below:

1.

0,5, the thermal resistance from junction to ambient, is
the natural convection junction-to-ambient air thermal
resistance measured in one cubic foot sealed enclo-
sure. This environment is sometimes referred to as still
air, although natural convection causes the air to move.
This value is determined with the part mounted to a
JESD51-9 defined test board, which does not reflect
an actual application or viable operating condition.

. Oychottom, the thermal resistance from the junction to

the bottom of the product case, is determined with all
of the component power dissipation flowing through the
bottom of the package. In the typical pModule regulator,
the bulk of the heat flows out the bottom of the pack-
age, but there is always heat flow out into the ambient

JUNCTION-TO-AMBIENT THERMAL RESISTANCE COMPONENTS

environment. As a result, this thermal resistance value
may be useful for comparing packages, but the test
conditions don’t generally match the user’s application.

3. Oyctop, the thermal resistance from the junction to the
top of the product case, is determined with nearly all
of the component power dissipation flowing through
the top of the package. As the electrical connections of
the typical pModule regulator are on the bottom of the
package, it is rare for an application to operate such that
most of the heat flows from the junction to the top of
the part. As in the case of 6 cpottom, this value may be
useful for comparing packages, but the test conditions
don’t generally match the user’s application.

4. 0,g, the thermal resistance from the junction to the
printed circuit board, is the junction-to-board thermal
resistance where almost all of the heat flows through
the bottom of the pModule regulator and into the board,
and is really the sum of the 6 cpottom and the thermal
resistance of the bottom of the part through the solder
joints and through a portion of the board. The board
temperature is measured at a specified distance from
the package, using a two-sided, two-layer board. This
board is described in JESD51-9.

A graphical representation of the aforementioned thermal
resistances is shown in Figure 34; blue resistances are
contained within the pModule regulator, whereas green
resistances are external to the pModule package.

As a practical matter, it should be clear to the reader that
no individual or sub-group of the four thermal resistance

JUNCTION-TO-CASE (TOP)
RESISTANCE

—

CASE (TOP)-TO-AMBIENT
RESISTANCE

JUNCTION-TO-BOARD RESISTANCE

JUNCTION-TO-CASE
(BOTTOM) RESISTANCE

CASE (BOTTOM)-TO-BOARD
RESISTANCE

——@ AVBIENT

BOARD-TO-AMBIENT
RESISTANCE

1
1
1
1
1
1
1
1
1
1
: JUNCTION @
1
1
1
1
1
1
1
1
1

uModule DEVICE

4682 F33

Figure 34. Graphical Representation of JESD51-12 Thermal Coefficients
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parameters defined by JESD51-12 or provided in the Pin
Configuration section replicates or conveys normal oper-
ating conditions of a pModule regulator. For example, in
normal board-mounted applications, never does 100%
of the device’s total power loss (heat) thermally conduct
exclusively through the top or exclusively through the
bottom of the pModule package—as the standard defines
for 6yctop and O chottom, respectively. In practice, power
loss is thermally dissipated in both directions away from
the package—granted, in the absence of a heat sink and
airflow, a majority of the heat flow is into the board.

Within the LTM4682, be aware that there are multiple
power devices and components dissipating power, with
the consequence that the thermal resistances relative to
different junctions of components or die are not exactly
linear to total package power loss. To reconcile this com-
plication without sacrificing modeling simplicity—but
also, not ignoring practical realities—an approach has
been taken using FEA software modeling along with lab-
oratory testing in a controlled-environment chamber to
reasonably define and correlate the thermal resistance
values supplied in this data sheet: (1) Initially, FEA soft-
ware is used to accurately build the mechanical geometry
of the LTM4682 and the specified PCB with all of the cor-
rect material coefficients along with accurate power loss
source definitions; (2) this model simulates a software-
defined JEDEC environment consistent with JESD51-9
and JESD51-12 to predict power loss heat flow and
temperature readings at different interfaces that enable
the calculation of the JEDEC-defined thermal resistance
values; (3) the model and FEA software is used to evalu-
ate the LTM4682 with heat sink, and airflow; (4) having
solved for and analyzed these thermal resistance values
and simulated various operating conditions in the soft-
ware model, a thorough laboratory evaluation replicates
the simulated conditions with thermocouples within
a controlled environment chamber while operating the
device at the same power loss as that which was sim-
ulated. The outcome of this process and due diligence
yields the set of derating curves provided in later sections
of this data sheet, along with well-correlated JESD51-12-
defined 0 values provided in the Pin Configuration section
of this data sheet.

The 5V, 8V, and 12V power loss curves in Figure 35,
Figure 36, and Figure 37, respectively, can be used in coor-
dination with the load current derating curves in Figure 41
to Figure 46 for calculating an approximate 6, thermal
resistance for the LTM4682 with various airflow condi-
tions and without heat sinks. These thermal resistances
represent the demonstrated performance of the LTM4682
on hardware, an 8-layer FR4 PCB measuring 215mm x
160mm x 1.6mm using 20z copper on all layers. The
power loss curves are taken at room temperature, and
are increased with multiplicative factors of 1.35 when the
junction temperature reaches 125°C. The derating curves
are plotted with the LTM4682’s paralleled outputs initially
sourcing up to 120A and the ambient temperature at 25°C.
The output voltages are 0.75V, 1V and 1.35V. These are
chosen to include the lower and higher output voltage
ranges to correlate the thermal resistance. Thermal mod-
els are derived from several temperature measurements
in a controlled temperature chamber, along with thermal
modeling analysis. The junction temperatures are moni-
tored while the ambient temperature is increased with
and without airflow.

The power loss increase with ambient temperature
change is factored into the derating curves. The junc-
tions are maintained at 125°C maximum while lower-
ing output current or power while increasing ambient
temperature. The decreased output current decreases
the internal module loss as the ambient temperature is
increased. The monitored junction temperature of 125°C
minus the ambient operating temperature specifies how
much module temperature rise can be allowed. As an
example in Figure 43, the load current is derated to ~80A
at ~67°C ambient with no air or heat sink, and the room
temperature (25°C) power loss for this 12V to 1VqyT at
80AgyT conditionis ~9.7W. A13.1W loss is calculated by
multiplying the ~9.7W room temperature loss from the
12V\ to 1Vt power loss curve at 80A (Figure 37), with
the 1.35 multiplying factor. If the 67°C ambient tempera-
ture is subtracted from the 125°C junction temperature,
then the difference of 58°C divided by 13.1W yields a
thermal resistance, 0, of 4.4°C/W—in good agreement
with the value derived from thermal simulation shown
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Figure 41. 5V y to 1Vgyr
Derating Curve, No Heat Sink
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Figure 36. 8V,y Power Loss Curve
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Figure 39. 8Vy to 0.75Vqyr Derating
Curve, No Heatsink
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Figure 42. 8V)y to 1Vgy Derating
Curve, No Heat Sink
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Figure 37. 12V Power Loss Curve
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Figure 40. 12V, to 0.75Vy7 Derating
Curve, No Heatsink
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Figure 44. 5V)y to 1.35Vgyr
Derating Curve, No Heat Sink

in the Pin Configuration section. Table 10, Table 11, and
Table 12 provide equivalent thermal resistances for 0.7V,
1V, and 1.35V outputs with and without airflow. The
derived thermal resistances in Table 10 through Table 12

TEMPERATURE (°C)

Figure 45. 8V)y to 1.35Vgyr
Derating Curve, No Heat Sink

TEMPERATURE (°C)

4682 F45 4682 F38

Figure 46. 12V to 1.35Vgyr
Derating Curve, No Heat Sink

junction temperature. Room temperature power loss
can be derived from the efficiency curves in the Typical
Performance Characteristics section and adjusted with the
above ambient temperature multiplicative factors.

for the various conditions can be multiplied by the calcu-
lated power loss as a function of ambient temperature to
derive temperature rise above ambient, thus maximum

Table 10 through Table 12: Output Current Derating
Table 10. 0.75V Output

DERATING CURVE Vin (V) POWER LOSS CURVE AIRFLOW (LFM) HEAT SINK 04a (°C/W)
Figure 38 to Figure 40 58,12 Figure 35 to Figure 37 0 None 4.4
Figure 38 to Figure 40 5,8, 12 Figure 35 to Figure 37 200 None 4
Figure 38 to Figure 40 5,8,12 Figure 35 to Figure 37 400 None 3
Table 11. 1V Qutput

DERATING CURVE Vin (V) POWER LOSS CURVE AIRFLOW (LFM) HEAT SINK 04a (°C/W)
Figure 41 to Figure 43 5,8, 12 Figure 35 to Figure 37 0 None 4.4
Figure 41 to Figure 43 5,8,12 Figure 35 to Figure 37 200 None 4
Figure 41 to Figure 43 5,8,12 Figure 35 to Figure 37 400 None 3
Table 12. 1.35V Qutput

DERATING CURVE Vin (V) POWER LOSS CURVE AIRFLOW (LFM) HEAT SINK 04a (°C/W)
Figure 44 to Figure 46 5,8,12 Figure 35 to Figure 37 0 None 4.4
Figure 44 to Figure 46 5,8,12 Figure 35 to Figure 37 200 None

Figure 44 to Figure 46 95,8,12 Figure 35 to Figure 37 400 None
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APPLICATIONS INFORMATION
EMI PERFORMANCE

The SWn pin provides access to the midpoint of the power
MOSFETs in LTM4682’s power stages.

Connecting an optional series RC network from SWn to
GND can dampen high-frequency (~30MHz+) switch node
ringing caused by parasitic inductances and capacitances
in the switched-current paths. The RC network is called a
snubber circuit because it dampens (or snubs) the reso-
nance of the parasitics, at the expense of higher power
loss. To use a snubber, choose first how much power to
allocate to the task and how much PCB real estate is avail-
able to implement the snubber. For example, if PCB space
allows a low inductance 0.5W resistor to be used, then the
capacitor in the snubber network (CSW) is computed by:

PSNUZB
Vinnuax)” * fsw

Cow =

where Vinpvax) is the maximum input voltage that the
input to the power stage (Vyp) will see in the application,
and fgyy is the DC/DC converter’s switching frequency
of operation. Cgy should be NPO, COG, or X7R-type (or
better) material.

The snubber resistor (Rgyy) value is then given by:
onH

e

The snubber resistor should be low ESL and capable of
withstanding the pulsed currents present in snubber cir-
cuits. A value between 0.7Q and 4.2Q is normal.

A 2.2nF snubber capacitor is a good value to start with
in series with the snubber resistor to the ground. The
no-load input quiescent current can be monitored while
selecting different RC series snubber components to
get an increased power loss versus switch node ringing
attenuation.

SAFETY CONSIDERATIONS

The LTM4682 modules do not provide galvanic isolation
from V)y to Voyt. There is no internal fuse. If required,
a slow blow fuse with a rating twice the maximum input
current must be provided to protect each unit from cata-
strophic failure.

The fuse or circuit breaker should be selected to limit the
current to the regulator during overvoltage in case of an
internal top MOSFET fault. If the internal top MOSFET
fails, then turning it off will not resolve the overvoltage.
Thus, the internal bottom MOSFET will turn on indefinitely,
trying to protect the load. Under this fault condition, the
input voltage will source very large currents to the ground
through the failed internal top MOSFET and enabled inter-
nal bottom MOSFET. This can cause excessive heat and
board damage depending on how much power the input
voltage can deliver to this system. A fuse or circuit breaker
can be used as a secondary fault protector in this situa-
tion. The device supports overcurrent and overtempera-
ture protection.

Rev. A

74

For more information www.analog.com


https://www.analog.com/LTM4682?doc=LTM4682.pdf
https://www.analog.com

LTMA682

APPLICATIONS INFORMATION

LAYOUT CHECKLIST/EXAMPLE

The high integration of LTM4682 makes the PCB board
layout very simple and easy. However, to optimize its
electrical and thermal performance, some layout consid-
erations are still necessary.

m {Use large PCB copper areas for high current paths,
including Vnp, GND, and Voytp. It helps to minimize
the PCB conduction loss and thermal stress.

® Place high-frequency ceramic input and output capaci-
tors next to the Vyy,, GND, and Voyt,, pins to minimize
high-frequency noise.

® Place a dedicated power ground layer underneath the
module.

® To minimize the via conduction loss and reduce module
thermal stress, use multiple vias for interconnection
between the top layer and other power layers.

Vouto Vour1 GND  Vour2 Vouts

@D

=

o
L LN XN )
LN X ]
(AN XN )
L LN XN J
L LN XN J
L LN N A )
L LN NN J
L LN XN J
LN XN J
(XXX X))

eeecce
XXX XX
rxrrxxl
=
=

4682 F4Ta

(a) LTM4682 Top Layer

® Do not put vias directly on pads, unless they are capped
or plated over.

® {Jse a separate SGND copper plane for components
connected to signal pins. Connect SGND to GND local
to the LTM4682.

® Use Kelvin sense connections across the input Rggyse
resistor if input current monitoring is used.

For parallel modules, connect the Voutn, Vosnsa™Vosnss
voltage-sense differential pair lines, RUNn, COMPna, and
COMPnb pins together.

® The user must share the SYNC_nn, SHARE_CLK_nn,
FAULTn, and ALERT_nn pins of these parts. Be sure to
use pull-up resistors on FAULT n, SHARE_CLK_nn, and
ALERT _nn.

® Bring out test points on the signal pins for monitoring.

Figure 47 gives agood example of the recommended layout.

Vouto Vour1 GND  Vour2 Vouts

g I 2 g I 2 I 2 g I 2

(b) LTM4682 Bottom Layer

4682 F47h

Figure 47. Recommended PCB Layout Package Top View
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TYPICAL APPLICATION

Vppas_ot 5 8 5 &
- @ @ w0 W 4.7uF
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N58358% 5 §85 882302383 § 2Z222Z swf
S 2
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2 2 4 oo » > > > > = = Vouto
- (=
Vi, 6V T0 16V < = Vosnso®
+ ) N0t B B
1500F = 22HF ima Vosnso~
T T | S IN_01
Vinot SWi
SVin_o1
10 Vourt
+ IN_23* Vosnst*
(, -
< 1mQ v, -
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Vinzs Sw2
_ SVin_23
——WF Vourz
- +
1. VIN_vBIAS LTM4682 Vosnsz
v Lo RUNP
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S
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Sk 10k R SW3
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s RUN3 Voayeat
Sk 0SNS3
b3 FAULTO
F FAULTH VosNss
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FAULTINTERRUPTS || £apia
10k
AAA GND
WA PGOODO 1
VWA PGOOD1 SGND_23 ‘?_
AMA PGOOD2 ND
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= = = = = = = = D = o D D = = ] ]
8 8 8 8 8 8 8 8 g e 2 S S E &£k 2 2 2 2
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CHANNEL 0: gy = 3.02mS, Rgowp = 15k, FREQ = 575kHz CONFIG RESISTORS ARE TO BE 1%, 50PPM
CHANNEL 1: gy = 3.02mS, Rgop = 15k, FREQ = 575kHz MFR_CONFIG_ALL[4] = 0 (ENABLE SYNC)
CHANNEL 2: g = 3.02mS, Roowp = 15k, FREQ = 650kHz MFR_CONFIG_ALL[6] = 0 (RESPECT ALL RESISTOR CONFIGURATION PINS)
CHANNEL 3: g = 3.02mS, Roowp = 15k, FREQ = 650kHz DEVICE 0,1 ADDRESS: 100_1111_R/W
DEVICE 2,3 ADDRESS: 100_1110_R/W

Figure 48. Quad 31.25A DC/DC pModule Regulator with I2C/SMBus/PMBus Serial Interface
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TYPICAL APPLICATION
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g g
% S0 27k 243 12.7k 15.4k < CONFIG RESISTORS ARE TO BE 1%, 50PPM
MFR_CONFIG_ALL[4] = 0 (ENABLE SYNC)

CHANNEL 0: gpy = 3.02ms, Rgowp = 9k, FREQ = 575kHz
CHANNEL 1: gy = 3.02ms, Rgowp = 9k, FREQ = 575kHz

CHANNEL 2: gy = 3.02ms, Rgoup = 11k, FREQ = 650kHz
CHANNEL 3: gy = 3.02ms, Rgoup = 11k, FREQ = 650kHz

MFR_CONFIG_ALL[6] = 0 (RESPECT ALL RESISTOR
CONFIGURATION PINS)

DEVICE 0,1 ADDRESS: 100_1111_R/W

DEVICE 2,3 ADDRESS: 100_1110_R/W

Figure 49. 0.75V and 1V Outputs at 60A with Providing I2C/SMBus/PMBus Serial Interface
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CHANNEL 3: gy = 3.1
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v

v

SUBORDINATE DEVICE 2,3 ADDRESS: 100_1100_R/W

Figure 50. Two Paralleled LTM4682 Producing 0.9Vqyt at 250A, Integrated Power System Management Features Accessible
Over 2-Wire 12C/SMBus/PMBus Serial Interface
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TYPICAL APPLICATION
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CHANNEL 1: gy = 3.02mS, Rgowp = 9k, FREQ = 575kHz
CHANNEL 2: gy = 3.02mS, Reup = 11k, FREQ = 575kHz
CHANNEL 3: gy = 3.02mS, Rgopp = 11k, FREQ = 575kHz

Figure 51. 0.75V/60A and 1V/60A Outputs Generated from 5V Power Input and Providing 12C/SMBus/PMBus Serial Interface
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TYPICAL APPLICATION
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Figure 52. Six-Phase Operation Producing 0.9V at 187A, One-Phase for 1V at 30A, and 1.2V at 30A, Power System
Management Features Accessible Through LTM4682 Over 2-Wire 12C/SMBus/PMBus Serial Interface
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PMBus COMMAND DETAILS
ADDRESSING AND WRITE PROTECT
CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE | PAGED | FORMAT | UNITS | NVM | VALUE
PAGE 0x00 | Provides integration with multi-page PMBus devices. R/W Byte N Reg 0x00
PAGE_PLUS_WRITE 0x05 | Write a supported command directly to a PWM channel. | W Block N
PAGE_PLUS_READ 0x06 |Read a supported command directly from a PWM Block N
channel. R/W
WRITE_PROTECT 0x10 | Level of protection provided by the device against R/W Byte N Reg Y 0x00
accidental changes.
MFR_ADDRESS 0XE6 | Sets the 7-bit 12C address byte. R/W Byte N Reg Y 0x4F
MFR_RAIL_ADDRESS 0xFA | Common address for PolyPhase outputs to adjust R/W Byte Y Reg Y 0x80
common parameters.

PAGE

The PAGE command provides the ability to configure, control and monitor both PWM channels through only one physi-
cal address, either the MFR_ADDRESS or GLOBAL device address. Each PAGE contains the operating commands for
one PWM channel.

Pages 0x00 and 0x01 correspond to Channel 0 and Channel 1, respectively, in this device.

ASEL_01 sets the address for Channels 0 and 1, and ASEL_23 sets the address for Channels 2 and 3. Each of the ASEL
pins will have a different programmed address.

Setting PAGE to OxFF applies any following paged commands to both outputs. With PAGE set to OxFF, the LTM4682
will respond to read commands as if PAGE were set to 0x00 (Channel 0 results).

This command has one data byte.

PAGE_PLUS_WRITE

The PAGE_PLUS_WRITE command provides a way to set the page within a device, send a command, and then send
the data for the command, all in one communication packet. Commands allowed by the present write protection level
may be sent with PAGE_PLUS_WRITE.

The value stored in the PAGE command is not affected by PAGE_PLUS_WRITE. If PAGE_PLUS_WRITE is used to send
a non-paged command, the Page Number byte is ignored.

This command uses the Write Block protocol. An example of the PAGE_PLUS_WRITE command with PEC sending a
command that has two data bytes is shown in Figure 53.

1 7 11 8 1 8 1 8 1 8 1
g | SUBORDINATE |y | a PAGE_PLUS | » [ BLOCK GOUNT | » PAGE A COMMAND A
ADDRESS COMMAND CODE (=4) NUMBER CODE
8 1 8 1 8 11
LOWER DATA UPPER DATA
BYTE A BYTE A PEC BYTE AP

4682 F53

Figure 53. Example of PAGE_PLUS_WRITE
PAGE_PLUS_READ

The PAGE_PLUS_READ command provides the ability to set the page within a device, send a command, and then read
the data returned by the command, all in one communication packet.
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The value stored in the PAGE command is not affected by PAGE_PLUS_READ. If PAGE_PLUS_READ is used to access
data from a non-paged command, the Page Number byte is ignored.

This command uses the Process Call protocol. An example of the PAGE_PLUS_READ command with PEC is shown
in Figure 54.

1 7 11 8 1 8 1 8 1 8 1
S SUBORDINATE wla PAGE_PLUS A BLOCK COUNT A PAGE A COMMAND A
ADDRESS COMMAND CODE (=2) NUMBER CODE
1 7 11 8 1 8 1 8 1 8 11
SUBORDINATE BLOCK COUNT LOWER DATA UPPER DATA
Sr ADDRESS R[A =2) A BYTE A BYTE A PEC BYTE NA| P

4682 F54

Figure 54. Example of PAGE_PLUS_READ

Note: PAGE_PLUS commands cannot be nested. A PAGE_PLUS command cannot be used to read or write another
PAGE_PLUS command. If this is attempted, the LTM4682 will NACK the entire PAGE_PLUS packet and issue a CML
fault for Invalid/Unsupported Data.

WRITE_PROTECT

The WRITE_PROTECT command is used to control writing to the LTM4682 device. This command does not indicate
the status of the WP pin, which is defined in the MFR_COMMON command. The WP pin takes precedence over the
value of this command.

BYTE | MEANING

0x80 | Disable all writes except to the WRITE_PROTECT, PAGE, MFR_
EE_UNLOCK, and STORE_USER_ALL commands.

0x40 | Disable all writes except to the WRITE_PROTECT, PAGE,
MFR_EE_UNLOCK, MFR_CLEAR_PEAKS, STORE_USER_ALL,
OPERATION, and CLEAR_FAULTS command. Individual fault
bits can be cleared by writing a 1 to the respective bits in the
STATUS commands.

0x20 | Disable all writes except to the WRITE_PROTECT, OPERATION,
MFR_EE_UNLOCK, MFR_CLEAR_PEAKS, CLEAR_FAULTS,
PAGE, ON_OFF_CONFIG, VOUT_COMMAND and STORE_USER_
ALL. Individual fault bits can be cleared by writing a 1 to the
respective bits in the STATUS commands.

0x10 | Reserved, must be 0.
0x08 |Reserved, must be 0.
0x04 | Reserved, must be 0.
0x02 | Reserved, must be 0.
0x01 | Reserved, must be 0.

Enable writes to all commands when WRITE_PROTECT is set to 0x00.

If the WP pin is high, PAGE, OPERATION, MFR_CLEAR_PEAKS, MFR_EE_UNLOCK, WRITE_PROTECT, and CLEAR_
FAULTS commands are supported. Individual fault bits can be cleared by writing a 1 to the respective bits in the
STATUS commands.
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MFR_ADDRESS
The MFR_ADDRESS command byte sets the 7 bits of the PMBus subordinate address for this device.

Setting this command to a value of 0x80 disables device addressing. The GLOBAL device address, 0x5A and 0x5B,
cannot be deactivated. If RCONFIG is set to ignore, the ASEL_nn pins are still used to determine the LSB of the chan-
nel address. If the ASEL_01 and ASEL_23 pins are both open, the LTM4682 will use the address value stored in NVM.
If the ASEL_nn pins are open, the LTM4682 will use the lower 4 bits of the MFR_ADDRESS value stored in NVM to
construct the effective address of the part.

This command has one data byte.

MFR_RAIL_ADDRESS

The MFR_RAIL_ADDRESS command enables direct device address access to the PAGE-activated channel. The value
of this command should be common to all devices attached to a single power supply rail.

The user should only perform command writes to this address. If a read is performed from this address and the rail
devices do not respond with EXACTLY the same value, the LTM4682 will detect bus contention and may set a CML
communications fault.

Setting this command to a value of 0x80 disables rail device addressing for the channel.
This command has one data byte.

GENERAL CONFIGURATION COMMANDS

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE
MFR_CHAN_CONFIG 0xD0 Configuration bits that are channel specific. | R/W Byte Y Reg Y 0x1D
MFR_CONFIG_ALL 0xD1 General configuration bits. R/W Byte N Reg Y 0x21

MFR_CHAN_CONFIG
General purpose configuration command common to multiple Analog Devices’ products.

BIT | MEANING

7 | Reserved

6 |Reserved

5 | Reserved

4 | Disable RUN Low. When asserted, the RUN pin is not pulsed low if commanded OFF.

3 | Enable Short Cycle recognition if this bit is settoa 1.

2 | SHARE_CLOCK control. If SHARE_CLOCK is held low, the output is disabled.

1 No FAULT ALERT, ALERT is not pulled low if FAULT is pulled low externally. Assert this bit if either POWER_GOOD or VOUT_UVUF are
propagated on FAULT.

0 |Disables the Vgyr decay value requirement for MFR_RETRY_TIME and topr(uiny Processing. When this bit is set to a 0, the output must decay to
ﬁ%%ttgaﬂ)avzfgoﬁigorj the programmed value for any action that turns off the rail, including a fault, an OFF/ON command, or a toggle of RUN from

This command has one data byte.
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A ShortCycle event occurs whenever the PWM channel is commanded back ON, or reactivated, after the part has been
commanded OFF and is processing either the TOFF_DELAY or the TOFF_FALL states. The PWM channel can be turned
ON and OFF through either the RUN pin, and or the PMBus OPERATION command.

If the PWM channel is reactivated during the TOFF_DELAY, the part will perform the following:
1. Immediately tri-state the PWM channel output;

2. Start the retry delay timer as specified by the torrgvin)-

3. After the toprguiny Value has expired, the PWM channel will proceed to the TON_DELAY state and the STATUS_
MFR_SPECIFIC bit #1 will assert.

If the PWM channel is reactivated during the TOFF_FALL, the part will perform the following:
1. Stop ramping down the PWM channel output;
2. Immediately tri-state the PWM channel output;
3. Start the retry delay timer as specified by the toprmin).

4. After the torr(viny value has expired, the PWM channel will proceed to the TON_DELAY state, and the STATUS_
MFR_SPEFIFIC bit #1 will assert.

If the ShortCycle event occurs and the ShortCycle MFR_CHAN_CONFIG bit is not set, the PWM channel state machine
will complete its TOFF_DELAY and TOFF_FALL operations as previously commanded by the user.

MFR_CONFIG_ALL
General purpose configuration command common to multiple Analog Devices’ products.

BIT | MEANING

Enable fault logging.

Ignore resistor configuration pins.

Mask PMBus, Part I, Section 10.9.1 Violations.
Disable SYNC output.

Enable 255ms PMBus timeout.

A valid PEC is required for PMBus writes to be accepted. If this bit is not
set, the part will accept commands with invalid PEC.

1 | Enable the use of PMBus clock stretching.
0 |Execute CLEAR_FAULTS on the rising edge of either RUN pin.

NfW| Bl

This command has one data byte.

ON/OFF/MARGIN
CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE
ON_OFF_CONFIG 0x02 | RUN pin and PMBus bus on/off command configuration. | R/W Byte Y Reg Y Ox1E
OPERATION 0x01 | Operating mode control. On/off, margin high, and R/W Byte Y Reg Y 0x80
margin low.
MFR_RESET 0xFD | Commanded reset without requiring a power-down. Send Byte N NA
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ON_OFF_CONFIG

The ON_OFF_CONFIG command specifies the combination of the RUNn pin input state and PMBus commands needed
to turn the PWM channel on and off.

Supported Values:
VALUE | MEANING

Ox1F The OPERATION value and RUNn pin must both command the device to start/run. The device executes immediate off when commanded
off.

Ox1E The OPERATION value and RUN# pin must both command the device to start/run. The device uses TOFF_ command values when
commanded off.

0x17 RUNn pin control with immediate off when commanded off. OPERATION on/off control ignored.
0x16 RUN# pin control using TOFF_ command values when commanded off. OPERATION on/off control ignored.

Programming an unsupported ON_OFF_CONFIG value will generate a CML fault, and the command will be ignored.
This command has one data byte.

OPERATION

The OPERATION command is used to turn the unit on and off in conjunction with the input from the RUN# pins. It
is also used to cause the unit to set the output voltage to the upper or lower MARGIN VOLTAGES. The unit stays in
the commanded operating mode until a subsequent OPERATION command or change in the state of the RUNn pin
instructs the device to change to another mode. If the part is stored in the MARGIN_LOW/HIGH state, the next RESET
or POWER_ON cycle will ramp to that state. If the OPERATION command is modified, for example, ON is changed
to MARGIN_LOW, the output will move at a fixed slope set by the VOUT_TRANSITION_RATE. The default operation
command is Sequence Off. If the V,y is applied to a part with factory default programming and the VOUT_CONFIG
resistor configuration pins are not installed, the outputs will be commanded off.

The part defaults to the Sequence Off state.

This command has one data byte.

Supported Values:
VALUE | MEANING
0xA8 Margin high.
0x98 Margin low.
0x80 On (Vgut back to nominal even if bit 3 of ON_OFF_CONFIG is not set).
0x40* Soft off (with sequencing).
0x00* Immediate off (no sequencing).
*Device does not respond to these commands if bit 3 of ON_OFF_CONFIG is not set.

Programming an unsupported OPERATION value will generate a CML fault, and the command will be ignored.
This command has one data byte.

MFR_RESET

This command provides a means to reset the LTM4682 from the serial bus. This forces the LTM4682 to turn off both
PWM channels, load the operating memory from internal EEPROM, clear all faults and then perform a soft-start of
both PWM channels if enabled.

This write-only command has no data bytes.
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PWM CONFIGURATION
DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE
MFR_PWM_COMP 0xD3 PWM loop compensation configuration. R/W Byte Y Reg Y 0x76
MFR_PWM_MODE 0xD4 | Configuration for the PWM engine. R/W Byte Y Reg Y 0xC7
MFR_PWM_CONFIG 0xF5 Set numerous parameters for the DG/DC controller, | R/W Byte N Reg Y 0x10
including phasing.

FREQUENCY_SWITCH 0x33 Switching frequency of the controller. R/W N L11 kHz Y 575

Word 0x023F

MFR_PWM_MODE
The MFR_PWM_MODE command sets important PIWM controls for each channel.

The MFR_PWM_MODE command allows the user to program the PWM controller to use discontinuous (pulse-skipping
mode), or forced continuous conduction mode.

BIT | MEANING
7 Use a high range of It
0b Low current range.
1b High current range.
6 Enable servo mode
5 External temperature sense:
0: AVgg measurement.
Now reserved, AVgg only supported.
4 Page 0 Only: Use of TSNS1a-Sensed Temperature Telemetry.

0 - Temperature sensed through TSNS1a is used to temperature-correct the current-sense information digitized by Channel 1’s current-sense
input, ISNS1a*/ISNS1a™.

1 — Temperature sensed through TSNSOa is used to temperature-correct the current-sense information digitized by Channel 1’s current-sense
input, ISNS1a*/ISNS1a™. Telemetry obtained from the thermal sensor connected to TSNS1a can be external to the module, if desired.

3 Reserved

2 Reserved

1 Vout range.

1b The maximum output voltage is 2.75V.

0b The maximum output voltage is 3.6V, which is not needed.
Bit[0] | Mode.

0b Discontinuous.

1b Forced continuous.

Bit [7] of this command determines if the part is in a high range or low range of the IOUT_OC_FAULT_LIMIT command.
Changing this bit value changes the PWM loop gain and compensation. This bit value should not be changed when the
channel output is active. Writing this bit when the channel is active will generate a CML fault.

Bit [6] The LTM4682 will not servo while the part is OFF, ramping on or ramping off. When set to one, the output servo
is enabled. The output set point DAC will be slowly adjusted to minimize the difference between the READ_VOUT_ADC
and the VOUT_COMMAND (or the appropriate margined value).

The LTM4682 computes temperature in °C from AVgg measured by the ADC at the TSNS pin as
T=(GeAVgeeq/(K*In(16))) —273.15+ 0
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For both equations,
G=MFR_TEMP_1_GAIN « 274 and
0 =MFR_TEMP_1_OFFSET

Bit[1] of this command determines if the part is in a high range or low voltage range. Changing this bit value changes
the PWM loop gain and compensation. This bit value should not be changed when the channel output is active. Writing
this bit when the channel is active will generate a CML fault.

Bit[0] determines if the PIWM mode of operation is discontinuous (pulse-skipping mode), or forced continuous con-
duction mode. Whenever the channel is ramping on, the PWM mode will be discontinuous, regardless of the value of
this bit. This command has one data byte.

MFR_PWM_COMP

The MFR_PWM_COMP command sets the g, of the PWM channel error amplifiers and the value of the internal Rytup,
compensation resistors. This command affects the loop gain of the PWM output, which may require modifications to
the external compensation network.

BIT MEANING
BIT [7:5] Error Amplifier GM Adjust (mS)
000b 1.00
001b 1.68
010b 2.35
011b 3.02
100b 3.69
101b 4.36
110b 5.04
111b 5.76
BIT [4:0] Rcomp (k2)
00000b 0
00001b 0.25
00010b 0.5
00011b 0.75
00100b 1
00101b 1.25
00110b 1.5
00111b 1.75
01000b 2
01001b 2.5
01010b 3
01011b 3.5
01100b 4
01101b 4.5
01110b 5
01111b 55
10000b 6
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BIT MEANING
10001b 7
10010b 8
10011b 9
10100b 11
10101b 13
10110b 15
10111b 17
11000b 20
11001b 24
11010b 28
11011b 32
11100b 38
11101b 46
11110b 54
11111b 62

This command has one data byte.

MFR_PWM_CONFIG

The MFR_PWM_CONFIG command sets the switching frequency phase offset to the falling edge of the SYNC signal.
The part must be in the OFF state to process this command. Either the RUN pins must be low, or the channels must
be commanded off. If either channel is in the RUN state and this command is written, the command will be NACK'd,
and a BUSY fault will be asserted.

BIT MEANING
7 Reserved
[6:5] Input current sense gain.

00b 2x gain. OmV to 50mV range.
01b 4x gain. OmV to 25mV range.
10b 8x gain. OmV to 10mV range.
11b Reserved

4 Share Clock Enable: If this bit is 1, the

SHARE_CLK pin will not be released until

Vin > VIN_ON. The SHARE_CLK pin will be

pulled low when Vyy < VIN_OFF. If this bit is 0, the SHARE_
CLK pin will not be pulled low when VIN < VIN_OFF except
for the initial application of VIN.

3 Reserved
BIT [2:0] | CHANNEL 0 (DEGREES) CHANNEL 1 (DEGREES)
000b 0 180
001b 90 270
010b 0 240
011b 0 120
100b 120 240
101b 60 240
110b 120 300
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FREQUENCY _SWITCH
The FREQUENCY_SWITCH command sets the switching frequency, in kHz, of the LTM4682.
Supported Frequencies:

VALUE [15:0] RESULTING FREQUENCY (TYP)
0x0000 External oscillator

0xF3E8 250kHz

0XFABC 350kHz

0xFB52 425kHz

0xFBE8 500kHz

0x023F 575kHz

0x028A 650kHz

0x02EE 750kHz

0x03E8 1000kHz

The part must be in the OFF state to process this command. The RUN pin must be low, or both channels must be
commanded off. If the part is in a RUN state and this command is written, the command will be NACK'd, and a BUSY
fault will be asserted. When the part is commanded off, and the frequency is changed, a PLL_UNLOCK status may be
detected as the PLL locks onto the new frequency.

This command has two data bytes and is formatted in Linear_5s_11s format.

VOLTAGE
Input Voltage and Limits
DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE | PAGED | FORMAT | UNITS NVM VALUE
VIN_OV_FAULT_LIMIT 0x55 Input supply overvoltage fault limit. R/W N L11 v Y 16.8
Word 0xDA1A
VIN_UV_WARN_LIMIT 0x58 Input supply undervoltage warning limit. R/W N L11 \ Y 4.65
Word 0xD12A
VIN_ON 0x35 Input voltage at which the unit should start R/W N L11 \ Y 4.75
power conversion. Word 0xD130
VIN_OFF 0x36 Input voltage at which the unit should stop R/W N L11 \ Y 45
power conversion. Word 0xD120
MFR_ICHIP_CAL_GAIN OxF7 The resistance value of the V) pin filter R/W N L11 mQ Y 1000
element in mQ. Word 0x03E8

VIN_OV_FAULT LIMIT

The VIN_OV_FAULT_LIMIT command sets the value of the input voltage measured by the ADC, in volts, that causes
an input overvoltage fault.

This command has two data bytes in Linear_5s_11s format.
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VIN_UV_WARN_LIMIT

The VIN_UV_WARN_LIMIT command sets the value of input voltage measured by the ADC that causes an input under-
voltage warning. This warning is disabled until the input exceeds the input startup threshold value set by the VIN_ON
command and the unit has been enabled. If the V| Voltage drops below the VIN_UV_WARN_LIMIT, the device:

o Sets the INPUT bit in the STATUS_WORD
 Sets the Vi undervoltage warning bit in the STATUS_INPUT command
* Notifies the host by asserting ALERT, unless masked

VIN_ON
The VIN_ON command sets the input voltage, in Volts, at which the unit starts power conversion.
This command has two data bytes and is formatted in Linear_5s_11s format.

VIN_OFF
The VIN_OFF command sets the input voltage, in Volts, at which the unit stops power conversion.

This command has two data bytes and is formatted in Linear_5s_11s format.

MFR_ICHIP_CAL_GAIN

The MFR_ICHIP_CAL_GAIN command is used to set the resistance value of the V) pin filter element in milliohms.
(See also READ_VIN). Set MFR_RVIN equal to 0 if no filter element is used.

This command has two data bytes and is formatted in Linear_5s_11s format.

Output Voltage and Limits

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT UNITS NVM VALUE
VOUT_MODE 0x20 | The output voltage format and R Byte Y Reg 2712
exponent (2712). 0x14
VOUT_MAX 0x24 The upper limit on the output R/W Y L16 V Y 1.5V
voltage the unit can command Word 0x1800
regardless of any other commands.
VOUT_OV_FAULT_LIMIT 0x40 Output overvoltage fault limit. R/W Y L16 v Y 0.85
Word 0x0D9A
VOUT_OV_WARN_LIMIT 0x42 Output overvoltage warning limit. R/W Y L16 V Y 0.825
Word 0x0D33
VOUT_MARGIN_HIGH 0x25 Margin high output voltage set R/W Y L16 v Y 0.80
point. It must be greater than Word 0x0CCD
VOUT_COMMAND.
VOUT_COMMAND 0x21 Nominal output voltage set point. R/W Y L16 V Y 0.75
Word 0x0G00
VOUT_MARGIN_LOW 0x26 Margin low output voltage R/W Y L16 V Y 0.70
set point. It must be less than Word 0x0B33
VOUT_COMMAND.
VOUT_UV_WARN_LIMIT 0x43 Output undervoltage warning limit. R/W Y L16 V Y 0.675
Word 0x0ACD
VOUT_UV_FAULT_LIMIT 0x44 Output undervoltage fault limit. R/W Y L16 V Y 0.65
Word 0x0A66
MFR_VOUT_MAX 0xA5 Maximum allowed output voltage. R Word Y L16 V 2.75
0x2C00
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VOUT MODE

The data byte for the VOUT_MODE command, used for commanding and reading output voltage, consists of a 3-bit
mode (only linear format is supported) and a 5-bit parameter representing the exponent used in output voltage Read/
Write commands.

This read-only command has one data byte.

VouT_mMAX

The VOUT_MAX command sets an upper limit on any voltage, including VOUT_MARGIN_HIGH. The unit can com-
mand regardless of any other commands or combinations. The maximum allowed value of this command is 1.5V.
The maximum output voltage the LTM4682 can produce is 1.35V, including VOUT_MARGIN_HIGH. However, the
VOUT_OV_FAULT_LIMIT can be commanded as high as 1.5V.

This command has two data bytes and is formatted in Linear_16u format.

VOUT_OV_FAULT_LIMIT

The VOUT_OV_FAULT_LIMIT command sets the value of the output voltage measured by the OV supervisor compara-
tor at the sense pins, in volts, which causes an output overvoltage fault.

If the VOUT_OV_FAULT_LIMIT is modified and the part is in the RUN state, allow 10ms after the command is modi-
fied to ensure the new value is being honored. The part indicates if it is busy making a calculation. Monitor bits 5 and
6 of MFR_COMMON. Either bit is low if the part is busy. If this wait time is not honored and the VOUT_COMMAND
is modified above the old overvoltage limit, an OV condition might temporarily be detected, resulting in undesirable
behavior and possible damage to the switcher.

If the VOUT_OV_FAULT_RESPONSE is set to OV_PULLDOWN or 0x00, the FAULT pin will not assert if the VOUT_OV_
FAULT is propagated. The LTM4682 will pull the TG low and assert the BG bit when the overvoltage condition is detected.

This command has two data bytes and is formatted in Linear_16u format.

VouTt_ov_WARN_LIMIT

The VOUT_OV_WARN_LIMIT command sets the value of the output voltage measured by the ADC at the sense pins,
in volts, which causes an output voltage high warning. The MFR_VOUT_PEAK value can be used to determine if this
limit has been exceeded.

In response to the VOUT_OV_WARN_LIMIT being exceeded, the device:

* Sets the NONE_OF_THE_ABOQVE bit in the STATUS_BYTE

* Sets the Vgyr bit in the STATUS_WORD

* Sets the Vgt overvoltage warning bit in the STATUS_VOUT command

* Notifies the host by asserting ALERT pin, unless masked

This condition is detected by the ADC, so that the response time may be up to tconverT.
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This command has two data bytes and is formatted in Linear_16u format.

VOUT_MARGIN_HIGH

The VOUT_MARGIN_HIGH command loads the unit with the voltage to which the output is to be changed, in Volts, when
the OPERATION command is set to Margin High. The value should be greater than VOUT_COMMAND. The maximum
guaranteed value on VOUT_MARGIN_HIGH is 1.5V.

This command will not be acted on during TON_RISE and TOFF_FALL output sequencing. The VOUT_TRANSITION_
RATE will be used if this command is modified while the output is active and in a steady-state condition.

This command has two data bytes and is formatted in Linear_16u format.

VouT_COMMAND

The VOUT_COMMAND consists of two bytes and is used to set the output voltage, in volts. The maximum guaranteed
value on VOUT is 1.5V.

This command will not be acted on during TON_RISE and TOFF_FALL output sequencing. The VOUT_TRANSITION_
RATE will be used if this command is modified while the output is active and in a steady-state condition.

This command has two data bytes and is formatted in Linear_16u format.

VOUT_MARGIN_LOW

The VOUT_MARGIN_LOW command loads the unit with the voltage to which the output is to be changed, in volts,
when the OPERATION command is set to Margin Low. The value must be less than VOUT_COMMAND.

This command will not be acted on during TON_RISE and TOFF_FALL output sequencing. The VOUT_TRANSITION_
RATE will be used if this command is modified while the output is active and in a steady-state condition.

This command has two data bytes and is formatted in Linear_16u format.

VouT_UV_WARN_LIMIT

The VOUT_UV_WARN_LIMIT command reads the value of the output voltage measured by the ADC at the sense pins,
in volts, which causes an output voltage low warning.

In response to the VOUT_UV_WARN_LIMIT being exceeded, the device:
* Sets the NONE_OF_THE_ABOQVE bit in the STATUS_BYTE

* Sets the Vgyr bit in the STATUS_WORD

* Sets the Vqyt undervoltage warning bit in the STATUS_VOUT command
* Notifies the host by asserting ALERT pin, unless masked

This command has two data bytes and is formatted in Linear_16u format.

VOUT_UV_FAULT_LIMIT

The VOUT_UV_FAULT_LIMIT command reads the value of the output voltage measured by the UV supervisor com-
parator at the sense pins, in volts, which causes an output undervoltage fault.

This command has two data bytes and is formatted in Linear_16u format.
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MFR_VOUT_MAX

The MFR_VOUT_MAX command is the maximum output voltage in volts for each channel, including VOUT_QV_
FAULT_LIMIT. If the output voltages are set to a high range (Bit 1 of MFR_PWM_MODE set to 0) MFR_VOUT_MAX
is 3.6V. The MFR_VOUT_MAX of 3.6V is not used since the outputs are limited to 1.35V. If the output voltage is set
to a low range (Bit 1 of MFR_PWM_MODE set to a 1), the MFR_VOUT_MAX is 2.75V. Entering a VOUT_COMMAND
value greater than this will result in a CML fault, and the output voltage setting will be clamped to the maximum level.
This will also result in Bit 3 VOUT_MAX_Warning in the STATUS_VOUT command being set.

This read only command has 2 data bytes and is formatted in Linear_16u format.

OUTPUT CURRENT AND LIMITS
DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS NVM VALUE
MFR_IOUT_CAL_GAIN 0xDA The ratio of the voltage at the current | R Word Y L11 mQ Factory 0.360
sense pins to the sensed current. For Only 0xD017
devices using a fixed current sense NVM
resistor, it is the resistance value
in mQ.
MFR_IOUT_CAL_GAIN_TC 0xF6 Temperature coefficient of the current | R/W Word Y CF Y 3900
sensing element. 0x0F3C
IOUT_OC_FAULT_LIMIT 0x46 Output overcurrent fault limit. R/W Word Y L11 A Y 42.0
0xE940
[OUT_OC_WARN_LIMIT 0x4A Output overcurrent warning limit. R/W Word Y L11 A Y 35.0
0xE918

MFR_IOUT _CAL_GAIN

The MFR_IOUT_CAL_GAIN command sets the resistance value of the current sense resistor in milliohms. (see also
MFR_IOUT_CAL_GAIN_TG).

This command has two data bytes and is formatted in Linear_5s_11s format.

MFR_IOUT_CAL_GAIN_TC

The MFR_IOUT_CAL_GAIN_TC command is used to program the temperature coefficient of the IOUT_CAL_GAIN sense
resistor or inductor DCR in ppm/°C in manufacturing.

This command has two data bytes and is formatted in 16-bit 2’s complement integer ppm. N = -32768 to 32767
1076. The nominal temperature is 27°C. The IOUT_CAL_GAIN is multiplied by:

[1.0 + MFR_IOUT_CAL_GAIN_TC ¢ (READ_TEMPERATURE_1-27)].
DCR sensing will have a typical value of 3900.

The |IOUT_CAL_GAIN and MFR_IOUT_CAL_GAIN_TC impact all current parameters, including: READ_IOUT,
MFR_IOUT_PEAK, IOUT_OC_FAULT_LIMIT, and IOUT_OC_WARN_LIMIT.
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I0UT_OC_FAULT_LIMIT

The IOUT_OC_FAULT_LIMIT command sets the value of the peak output current limit, in Amperes. When the control-
ler is in the current limit, the overcurrent detector will indicate an overcurrent fault condition. The following table lists
the programmable peak output current limit value in mV between Isgyset and Iseysg. The actual value of the current
limit is (|SENSE+_ |SENSE_)/|0UT_CAL_GA|N in Amperes.

BASED ON PEAK-TO-PEAK INDUCTOR CURRENT = 50% OF 30A FOR WORSE CASE, THESE ARE APPROXIMATES, SO USE GUARDBAND AND CHECK

MFR_PWM_MODE[7] = 1 MFR_PWM_MODE[7] = 0
HIGH CURRENT RANGE (mV) |  ~I, PEAK (A) ~lout (A) LOW CURRENT RANGE (mV) |  ~ 1, PEAK (A) ~ gt (A)

17.73 49.25 4175 9.85 27.36 19.86
18.86 52.38 44.88 1048 29.11 21,61
20.42 NA NA 11.34 315 2

21.14 NA NA 11.74 32,61 25.11
22.27 NA NA 12.37 34.36 26.86
23.41 NA NA 13.01 36.13 28.63
2455 NA NA 13.64 37.88 30.38

Note: This is the peak of the current waveform. The READ_IOUT command returns the average current. The peak output
current limits are adjusted with temperature based on the MFR_IOUT_CAL_GAIN_TC using the equation:

Peak Current Limit = IQUT_CAL_GAIN ¢ (1 + MFR_IOUT_CAL_GAIN_TC * (READ_TEMPERTURE_1-27.0)).
The LTM4682 automatically converts currents to the appropriate internal bit value.

The lgyt range is set with bit 7 of the MFR_PWM_MODE command.

The IOUT_OC_FAULT_LIMIT is ignored during TON_RISE and TOFF_FALL.
If the IOUT_OC_FAULT_LIMIT is exceeded, the device:

* Sets the IgyT bit in the STATUS word

* Sets the Igyt Overcurrent fault bit in the STATUS_IOUT
* Notifies the host by asserting ALERT, unless masked
This command has two data bytes and is formatted in Linear_5s_11s format.
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10UT_OC_WARN_LIMIT

This command sets the value of the output current measured by the ADC that causes an output overcurrent warning
in Amperes. The READ_IOUT value will be used to determine if this limit has been exceeded.

In response to the IOUT_OC_WARN_LIMIT being exceeded, the device:

» Sets the NONE_OF_THE_ABOQVE bit in the STATUS_BYTE

* Sets the Iy bit in the STATUS_WORD

* Sets the Iyt Overcurrent Warning bit in the STATUS_IOUT command, and
« Notifies the host by asserting ALERT pin, unless masked

The IOUT_OC_FAULT_LIMIT is ignored during TON_RISE and TOFF_FALL.
This command has two data bytes and is formatted in Linear_5s_11s format.

Input Current and Limits

CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE FORMAT UNITS NVM VALUE
MFR_IIN_CAL_GAIN OXE8 | The resistance value of the input current sense R/W Word L11 mQ Y 1.000
element in mQ. 0x03E8

MFR_IIN_CAL_GAIN

The MFR_IIN_CAL_GAIN command sets the resistance value of the input current sense resistor in milliohms. (see
also READ_IIN).

This command has two data bytes and is formatted in Linear_5s_11s format.

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT UNITS NVM VALUE
[IN_OC_WARN_LIMIT 0x5D Input overcurrent warning R/W Word N L11 A Y 10.0
limit. 0xD280

IIN_OC_WARN_LIMIT

The [IN_OC_WARN_LIMIT command sets the value of the input current measured by the ADC, in amperes, which
causes a warning indicating the input current is high. The READ_IIN value will be used to determine if this limit has
been exceeded.

In response to the IIN_OC_WARN_LIMIT being exceeded, the device:

* Sets the OTHER bhit in the STATUS_BYTE

* Sets the INPUT bit in the upper byte of the STATUS_WORD

* Sets the I,y Overcurrent Warning bit[1] in the STATUS_INPUT command

« Notifies the host by asserting the ALERT pin

This command has two data bytes and is formatted in Linear_5s_11s format.
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TEMPERATURE
Power Stage DCR Temperature Calibration
DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE
MFR_TEMP_1_GAIN 0xF8 Sets the slope of the external R/W Word Y CF Y 0.995
temperature sensor. 0x3FAE
MFR_TEMP_1_OFFSET 0xF9 Sets the offset of the external R/W Word Y L11 C Y 0.0
temperature sensor. 0x8000

MFR_TEMP_1_GAIN

The MFR_TEMP_1_GAIN command will modify the slope of the power stage sensor to account for non-idealities in
the element and errors associated with the remote sensing of the temperature in the inductor.

This command has two data bytes and is formatted in 16-bit 2’s complement integer. The effective gain adjustment is
N 2714 The nominal value is 1. N = 8192 to 32767
MFR_TEMP_1_OFFSET

The MFR_TEMP_1_OFFSET command will modify the offset of the power stage temperature sensor to account for
non-idealities in the element and errors associated with the remote sensing of the temperature in the inductor.

This command has two data bytes and is formatted in Linear_5s_11s format. The part starts the calibration with a
—-273.15, so the default adjustment is zero.

Power Stage Temperature Limits

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS NVM VALUE
OT_FAULT_LIMIT Ox4F Power stage overtemperature R/W Word Y L11 C Y 128.0
fault limit. 0xF200
OT_WARN_LIMIT 0x51 Power stage overtemperature R/W Word Y L11 C Y 125.0
warning limit. OxEBE8
UT_FAULT_LIMIT 0x53 Power stage undertemperature R/W Word Y L11 C Y -45.0
fault limit. 0xE530

OT_FAULT_LIMIT

The OT_FAULT_LIMIT command sets the value of the power stage temperature measured by the ADC, in degrees
Celsius, which causes an overtemperature fault. The READ_TEMPERATURE_1 value will be used to determine if this
limit has been exceeded.

This command has two data bytes and is formatted in Linear_5s_11s format.

OT_WARN_LIMIT

The OT_WARN_LIMIT command sets the value of the power stage temperature measured by the ADC, in degrees
Celsius, which causes an overtemperature warning. The READ_TEMPERATURE_1 value will be used to determine if
this limit has been exceeded.
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In response to the OT_WARN_LIMIT being exceeded, the device:

» Sets the TEMPERATURE hit in the STATUS_BYTE

* Sets the Overtemperature Warning bit in the STATUS_TEMPERATURE command, and
* Notifies the host by asserting ALERT pin, unless masked

This command has two data bytes and is formatted in Linear_5s_11s format.

UT_FAULT_LIMIT

The UT_FAULT_LIMIT command sets the value of the power stage temperature measured by the ADG, in degrees Celsius,
which causes an undertemperature fault. The READ_TEMPERATURE_1 value will be used to determine if this limit has been
exceeded.

Note: If the temperature sensors are not installed, the UT_FAULT_LIMIT can be setto—275°C and the UT_FAULT_LIMIT
response set to ignore to avoid ALERT being asserted.

This command has two data bytes and is formatted in Linear_5s_11s format.

TIMING
Timing—On Sequence/Ramp
DATA DEFAULT

COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM VALUE

TON_DELAY 0x60 Time from RUN and/or Operation onto | R/W Word Y L11 ms Y 0.0
output rail turn-on. 0x8000

TON_RISE 0x61 Time from when the output rises until R/W Word Y L11 ms Y 3.0
the output voltage reaches the Voyr 0xC300
commanded value.

TON_MAX_FAULT_LIMIT 0x62 Maximum time from the start of R/W Word Y L11 ms Y 5.0
TON_RISE for VOUT to cross the 0xCA80
VOUT_UV_FAULT_LIMIT.

VOUT_TRANSITION_RATE 0x27 Rate the output changes when Voyt is R/W Word Y L11 V/ms Y 0.25
commanded to a new value. 0xD010

TON_DELAY

The TON_DELAY command sets the time, in milliseconds, from when a start condition is received until the output
voltage rises. Values from Oms to 83 seconds are valid. The resulting turn-on delay will have a typical delay of 270ps
for TON_DELAY = 0 and an uncertainty of £50ps for all values of TON_DELAY.

This command has two data bytes and is formatted in Linear_5s_11s format.

TON_RISE

The TON_RISE command sets the time, in milliseconds, from the time the output starts to rise to the time the output
enters the regulation band. Values from 0 to 1.3 seconds are valid. The part will be in discontinuous mode during
TON_RISE events. If TON_RISE is less than 0.25ms, the LTM4682 digital slope will be bypassed, and the output voltage
transition will only be controlled by the analog performance of the PWM switcher. The number of steps in TON_RISE
is equal to TON_RISE (in ms)/0.1ms with an uncertainty of +0.1ms.

This command has two data bytes and is formatted in Linear_5s_11s format.
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TON_MAX_FAULT_LIMIT

The TON_MAX_FAULT_LIMIT command sets the value, in milliseconds, on how long the unit can attempt to power
up the output without reaching the output undervoltage fault limit.

A data value of Oms means there is no limit, and the unit can attempt to bring up the output voltage indefinitely. The
maximum limit is 83 seconds.

This command has two data bytes and is formatted in Linear_5s_11s format.

VOUT_TRANSITION_RATE

When a PMBus device receives either a VOUT_COMMAND or OPERATION (Margin High, Margin Low) that causes the
output voltage to change, this command sets the rate in V/ms at which the output voltage changes. The commanded
rate of change does not apply when the unit is commanded on or off. The maximum allowed slope is 4V/ms.

This command has two data bytes and is formatted in Linear_5s_11s format.

Timing—Off Sequence/Ramp

CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM VALUE
TOFF_DELAY 0x64 | Time from RUN and/or Qperation off to the R/W Word Y L11 ms Y 0.0
start of TOFF_FALL ramp. 0x8000
TOFF_FALL 0x65 | Time from when the output starts to fall until | R/W Word Y L11 ms Y 3.0
the output reaches zero volts. 0xC300
TOFF_MAX_WARN_LIMIT | 0x66 | Maximum allowed time, after TOFF_FALL is R/W Word Y L11 ms Y 0
completed, for the unit to decay below 12.5%. 0x8000

TOFF_DELAY

The TOFF_DELAY command sets the time, in milliseconds, from when a stop condition is received until the output
voltage starts to fall. Values from 0 to 83 seconds are valid. The resulting turn-off delay will have a typical delay of
270ps for TOFF_DELAY = 0 and an uncertainty of £50ps for all values of TOFF_DELAY. TOFF_DELAY is not applied
when a fault event occurs

This command has two data bytes and is formatted in Linear_5s_11s format.

TOFF_FALL

The TOFF_FALL command sets the time, in milliseconds, from the end of the turn-off delay time until the output volt-
age is commanded to zero. It is the ramp time of the Vgyt DAC. When the Voyt DAG is zero, the PWM output will be
set to a high impedance state.

The part will maintain the mode of operation programmed. For defined TOFF_FALL times, the user should set the part
to continuous conduction mode. Loading the max value indicates that the part will ramp down at the slowest pos-
sible rate. The minimum supported fall time is 0.25ms. A value less than 0.25ms will result in a 0.25ms ramp. The
maximum fall time is 1.3 seconds. The number of steps in TOFF_FALL is equal to TOFF_FALL (in ms)/0.1ms with an
uncertainty of £0.1ms.

In discontinuous conduction mode, the controller will not draw current from the load, and the fall time will be set by
the output capacitance and load current.

This command has two data bytes and is formatted in Linear_5s_11s format.
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TOFF_MAX_WARN_LIMIT

The TOFF_MAX_WARN_LIMIT command sets the value, in milliseconds, on how long the output voltage exceeds
12.5% of the programmed voltage before a warning is asserted. The output is considered off when the Vgt voltage
is less than 12.5% of the programmed VOUT_COMMAND value. The calculation begins after TOFF_FALL is complete.

A data value of Oms means there is no limit, and the output voltage exceeds 12.5% of the programmed voltage indefi-
nitely. Other than 0, values from 120ms to 524 seconds are valid.

This command has two data bytes and is formatted in Linear_5s_11s format.

Precondition for Restart

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS NVM VALUE
MFR_RESTART_DELAY 0xDC | Minimum time the RUN pin is held R/W Word Y L11 ms Y 150
low by the LTM4682. 0xF258

MFR_RESTART_DELAY

This command specifies the minimum RUN off time in milliseconds. This device will pull the RUN pin low for this length
of time once a falling edge of RUN has been detected. The minimum recommended value is 136ms.

Note: The restart delay is different from the retry delay. The restart delay pulls RUN low for the specified time, after
which a standard start-up sequence is initiated. The minimum restart delay should be equal to TOFF_DELAY + TOFF_
FALL + 136ms. Valid values are from 136ms to 65.52 seconds in 16ms increments. To ensure a minimum off time,
set the MFR_RESTART_DELAY 16ms longer than the desired time. The output rail can be off longer than the MFR_
RESTART_DELAY after the RUN pin is pulled high if the output decay bit 0 is enabled in MFR_CHAN_CONFIG and the
output takes a long time to decay below 12.5% of the programmed value.

This command has two data bytes and is formatted in Linear_5s_11s format.

FAULT RESPONSE
Fault Responses All Faults
DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS NVM VALUE
MFR_RETRY_DELAY OXxDB  |Retry interval during FAULT R/W Word Y L1 ms Y 250
retry mode. OxF3E8

MFR_RETRY _DELAY

This command sets the time in milliseconds between retries if the fault response is to retry the controller at specified
intervals. This command value is used for all fault responses that require retry. The retry time starts once the fault has
been detected by the offending channel. Valid values are from 120ms to 83.88 seconds in 10ps increments.

Note: The retry delay time is determined by the length of the MFR_RETRY_DELAY command or the time required
for the regulated output to decay below 12.5% of the programmed value. If the natural decay time of the output is
too long, it is possible to remove the voltage requirement of the MFR_RETRY_DELAY command by asserting bit 0 of
MFR_CHAN_CONFIG.

This command has two data bytes and is formatted in Linear_5s_11s format.
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Fault Responses Input Voltage

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM VALUE
VIN_OV_FAULT_RESPONSE 0x56 Action is to be taken by the device R/W Byte Y Reg Y 0x80
when an input supply overvoltage fault
is detected.

VIN_OV_FAULT RESPONSE

The VIN_OV_FAULT_RESPONSE command instructs the device on what action is to be taken in response to an input
overvoltage fault. The data byte is in the format given in Table 21.

The device also:

* Sets the NONE_OF_THE_ABOQVE bit in the STATUS_BYTE

* Set the INPUT bit in the upper byte of the STATUS_WORD

* Sets the Vy overvoltage fault bit in the STATUS_INPUT command
* Notifies the host by asserting ALERT pin, unless masked

This command has one data byte.

Fault Responses Qutput Voltage

CMD DATA DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM VALUE
VOUT_QOV_FAULT_RESPONSE 0x41 | Action is to be taken by the device when R/W Byte Y Reg Y 0xB8
an output overvoltage fault is detected.
VOUT_UV_FAULT_RESPONSE 0x45 | Action is to be taken by the device when R/W Byte Y Reg Y 0xB8
an output undervoltage fault is detected.
TON_MAX_FAULT_RESPONSE 0x63 | Action is to be taken by the device whena | R/W Byte Y Reg Y 0xB8
TON_MAX_FAULT event is detected.

VOUT_OV_FAULT RESPONSE

The VOUT_OV_FAULT_RESPONSE command instructs the device on what action is to be taken in response to an
output overvoltage fault. The data byte is in the format as shown in Table 17.

The device also:

* Sets the VOUT_OV bit in the STATUS_BYTE

* Sets the Vqyr bit in the STATUS_WORD

* Sets the Vyt overvoltage fault bit in the STATUS_VOUT command
* Notifies the host by asserting ALERT pin, unless masked

The only values recognized for this command are:
0x00  Part performs OV pull down only, or OV_PULLDOWN.

0x80  The device shuts down (disables the output), and the unit does not attempt to retry. (PMBus, Part Il
Section 10.7).
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0xB8

Ox4n

0x78n

The device shuts down (disables the output), and the device attempts to retry continuously, without limitation,
until it is commanded OFF (by the RUN pin, or OPERATION command, or both), bias power is removed, or
another fault condition causes the unit to shut down.

The device shuts down, and the unit does not attempt to retry. The output remains disabled until the part
is commanded OFF, then ON, or the RUN pin is asserted low, then high or RESET through the command or
removal of VIN. The OV fault must remain active for a period of n e 10ps, where n is a value from 0 to 7.

The device shuts down, and the unit attempts to retry continuously until either the fault condition is cleared or
the part is commanded OFF, then ON, or the RUN pin is asserted low, then high or RESET through the command
or removal of VIN. The OV fault must remain active for a period of n ¢ 10ps, where n is a value from 0 to 7.

Any other value will result in a CML fault, and the write will be ignored.
This command has one data byte.

Table 17. VOUT_OV_FAULT_RESPONSE Data Byte Contents

BITS | DESCRIPTION VALUE | MEANING
7:6 | Response 00 Part performs OV pull down only or OV_PULLDOWN
e (7 . (i.e., turns off the top MOSFET and turns on lower MOSFET
FoSr ?Ilt\:]alues of bits ([j76]f thlt: It;IM4t€;]82.t t . while Vour is > VOUT_OV_FAULT).
¢ s € corresponding ag tin e S alus commands an 01 The PMBus device continues operation for the delay time
* Notifies the host by asserting ALERT pin, unless masked. specified by bits [2:0] and the delay time unit specified for that
The fault bit, once set, is cleared only when one or more of the particular fault. If the fault condition is still present at the end of
following events occurs: the Qelay t.ime, the unit responds as programmed in the Retry
* The device receives a CLEAR_FAULTS command. m ?Emgg (bits rE5:3]()1‘ diately Gisabies Tand
: : e device shuts down immediately (disables the output) an
* The output is commanded through the RUN pin, the OPERATION . S
command, or the combined action of the RUN pin and responds accordln'glto thPf retry sett.mg in bits [5:3].
OPERATION command to turn off and then to turn back on, or " Not supported. Writing this value will generate a CML fault.
* Bias power is removed and reapplied to the LTM4682.
5:3 | Retry Setting 000 | The unit does not attempt to restart. The output remains
disabled until the fault is cleared until the device is commanded
OFF bias power is removed.
111 The PMBus device attempts to restart continuously, without
limitation, until it is commanded OFF (by the RUN pin or
OPERATION command or both), bias power is removed, or another
fault condition causes the unit to shut down without retry. Note: The
retry interval is set by the MFR_RETRY_DELAY command.
2.0 |Delay Time 000-111 | The delay time is in 10us increments. This delay time

determines how long the controller continues operating after a
fault is detected. It is only valid for the deglitched off state.

VOUT_UV_FAULT_RESPONSE

The VOUT_UV_FAULT_RESPONSE command instructs the device on what action is to be taken in response to an
output undervoltage fault. The data byte is in the format as shown in Table 18.

The device also:

* Sets the NONE_OF_THE_ABOVE bit in the STATUS_BYTE

* Sets the Vgyr bit in the STATUS_WORD
* Sets the Vyt undervoltage fault bit in the STATUS_VOUT command

* Notifies the host by asserting ALERT pin, unless masked
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The UV fault and warn are masked until the following criteria are achieved:
1) The TON_MAX_FAULT_LIMIT has been reached
2) The TON_DELAY sequence has been completed

4) The VOUT_UV_FAULT _LIMIT threshold has been reached

)
)
3) The TON_RISE sequence has been completed
)
)

5) The IOUT_OC_FAULT_LIMIT is not present
The UV fault and warn are masked whenever the channel is not active.
The UV fault and warn are masked during TON_RISE and TOFF_FALL sequencing.
This command has one data byte.

Table 18. VOUT_UV_FAULT_RESPONSE Data Byte Contents

BITS | DESCRIPTION VALUE | MEANING
7:6 | Response 00 The PMBus device cont'inues operation without interruption.
For all values of bits [7:6], the LTM4682: (Ignores the fault functionally).
* Sets the corresponding fault bit in the status commands and 01 | The PMBus device continues operation for the delay time
" . . specified by bits [2:0] and the delay time unit specified for
* Notifies the host by asserting ALERT pin, unless masked. that particular fault. If the fault condition is still present at the
The fault bit, once set, is cleared only when one or more of the end of the delay time, the unit responds as programmed in the
following events occurs: Retry Setting (bits [5:3]).
* The device receives a CLEAR_FAULTS command. 10 The deyice shuts down (di_sab_les t_he output) and responds
« The output is commanded through the RUN pin, the OPERATION according to the retry setting in bits [5:3].
command, or the combined action of the RUN pin and 11 | Not supported. Writing this value will generate a CML fault.
OPERATION command, to turn off and then to turn back on, or
* The device receives a RESTORE_USER_ALL command.
* The device receives a MFR_RESET command.
* The device supply power is cycled.
5:3 | Retry Setting 000 | The unit does not attempt to restart. The output remains
disabled until the fault is cleared until the device is commanded
OFF bias power is removed.
111 The PMBus device attempts to restart continuously, without
limitation, until it is commanded OFF (by the RUN pin or
OPERATION command or both), bias power is removed, or
another fault condition causes the unit to shut down without
retry. Note: The retry interval is set by the MFR_RETRY_DELAY
command.
2.0 |Delay Time 000-111 | The delay time is in 10ps increments. This delay time

determines how long the controller continues operating after a
fault is detected. It is only valid for the deglitched off state.
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TON_MAX_FAULT_RESPONSE

The TON_MAX_FAULT_RESPONSE command instructs the device on what action is to be taken in response to a
TON_MAX fault. The data byte is in the format as shown in Table 21.

The device also:

* Sets the NONE_OF_THE_ABOVE bit in the STATUS_BYTE

* Sets the Vqyr bit in the STATUS_WORD

* Sets the TON_MAX_FAULT bit in the STATUS_VOUT command

« Notifies the host by asserting ALERT pin, unless masked

A value of 0 disables the TON_MAX_FAULT_RESPONSE. It is not recommended to use 0.

Note: The PWM channel remains in discontinues mode until the TON_MAX_FAULT_LIMIT has been exceeded.
This command has one data byte.

Fault Responses Output Current

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE
IOUT_OC_FAULT_RESPONSE 0x47 Action is to be taken by the device when | R/W Byte Y Reg Y 0x00
an output overcurrent fault is detected.

I0UT_OC_FAULT_RESPONSE

The IOUT_OC_FAULT_RESPONSE command instructs the device on what action is to be taken in response to an output
overcurrent fault. The data byte is in the format given in Table 19.

The device also:

* Sets the NONE_OF_THE_ABOQVE bit in the STATUS_BYTE

* Sets the IOUT_OC bit in the STATUS_BYTE

* Sets the gyt bit in the STATUS_WORD

* Sets the Igyt Overcurrent Fault bit in the STATUS_IOUT command
* Notifies the host by asserting ALERT pin, unless masked

This command has one data byte.
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Table 19. I0UT_OC_FAULT_RESPONSE Data Byte Contents
BITS | DESCRIPTION VALUE | MEANING
7:6 | Response 00 The LTM4682 continues to operate indefinitely while

For all values of bits [7:6], the LTM4682:
« Sets the corresponding fault bit in the status commands and

maintaining the output current at the value set by
[OUT_OG_FAULT_LIMIT without regard to the output
voltage (known as constant-current or brick-wall limiting).

* Notifies the host by asserting ALERT pin, unless masked. 01

Not supported.

The fault bit, once set, is cleared only when one or more of the 10
following events occurs:

¢ The device receives a CLEAR_FAULTS command.

* The output is commanded through the RUN pin, the OPERATION
command, or the combined action of the RUN pin and
OPERATION command, to turn off and then to turn back on, or

The LTM4682 continues to operate, maintaining the output
current at the value set by IOUT_OC_FAULT_LIMIT without
regard to the output voltage, for the delay time set by bits [2:0].
If the device is still operating in the current limit at the end of
the delay time, the device responds as programmed by the
Retry Setting in bits [5:3].

* The device receives a RESTORE_USER_ALL command. 11
* The device receives a MFR_RESET command.
* The device supply power is cycled.

The LTM4682 shuts down immediately and responds as
programmed by the Retry Setting in bits [5:3].

5:3 | Retry Setting 000

The unit does not attempt to restart. The output remains
disabled until the fault is cleared by cycling the RUN pin or
removing bias power.

111

The device attempts to restart continuously, without limitation,
until it is commanded OFF (by the RUN pin or OPERATION
command or both), bias power is removed, or another fault
condition causes the unit to shut down. Note: The retry interval
is set by the MFR_RETRY_DELAY command.

2:0 | Delay Time 000-111

The number of delay time units in 16ms increments. This
delay time is used to determine the amount of time a unit is
to continue operating after a fault is detected before shutting
down. It is only valid for the deglitched off response.

Fault Responses IC Temperature

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE | PAGED | FORMAT | UNITS | NVM VALUE
MFR_OT_FAULT_RESPONSE 0xD6 Action is to be taken by the device when R Byte N Reg 0xCO

an internal overtemperature fault is
detected.

MFR_OT_FAULT_RESPONSE

The MFR_OT_FAULT_RESPONSE command byte instructs the device on what action should be taken in response to
an internal overtemperature fault. The data byte is in the format given in Table 20.

The LTM4682 also:
* Sets the NONE_OF_THE_ABOVE bit in the STATUS_BYTE
* Sets the MFR bit in the STATUS_WORD

* Sets the overtemperature fault bit in the STATUS_MFR_SPECIFIC command

* Notifies the host by asserting ALERT pin, unless masked
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This command has one data byte.
Table 20. Data Byte Contents MFR_OT_FAULT_RESPONSE

BITS | DESCRIPTION VALUE | MEANING

7:6 | Response 00 Not supported. Writing this value will generate a CML fault.
For all values of bits [7:6], the LTM4682: 01 Not supported. Writing this value will generate a CML fault.
* Sets the corresponding fault bit in the status commands and 10 | The device shuts down immediately (disables the output) and
« Notifies the host by asserting ALERT pin, unless masked. responds according to the retry setting in bits [5:3].
The fault bit, once set, is cleared only when one or more of the 11 The device’s output is disabled while the fault is present.
following events occurs: Operation resumes, and the output is enabled when the fault

* The device receives a CLEAR_FAULTS command. condition no longer exists.

¢ The output is commanded through the RUN pin, the OPERATION
command, or the combined action of the RUN pin and
OPERATION command, to turn off and then to turn back on, or

* Bias power is removed and reapplied to the LTM4682.

5:3 | Retry Setting 000 | The unit does not attempt to restart. The output remains
disabled until the fault is cleared.

001-111 | Not supported. Writing this value will generate a CML fault.
2:.0 | Delay Time XXX | Not supported. Value ignored.

Fault Responses External Temperature

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE
OT_FAULT_RESPONSE 0x50 Action is to be taken by the device when an R/W Byte Y Reg Y 0xB8
external overtemperature fault is detected,
UT_FAULT_RESPONSE 0x54 Action is to be taken by the device when an R/W Byte Y Reg Y 0xB8
external undertemperature fault is detected.

OT_FAULT_RESPONSE

The OT_FAULT_RESPONSE command instructs the device on what action is to be taken in response to an external
overtemperature fault on the external temperature sensors. The data byte is in the format given in Table 21.

The device also:

» Sets the TEMPERATURE bit in the STATUS_BYTE

* Sets the overtemperature fault bit in the STATUS_TEMPERATURE command
* Notifies the host by asserting ALERT pin, unless masked

This command has one data byte.

UT_FAULT_RESPONSE

The UT_FAULT_RESPONSE command instructs the device on what action is to be taken in response to an external
undertemperature fault on the external temp sensors. The data byte is in the format given in Table 15.

The device also:
* Sets the TEMPERATURE bit in the STATUS_BYTE
* Sets the undertemperature fault bit in the STATUS_TEMPERATURE command
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* Notifies the host by asserting ALERT pin, unless masked
This condition is detected by the ADC so that the response time may be up to tgonyerT-
This command has one data byte.

Table 21. Data Byte Contents: TON_MAX_FAULT_RESPONSE, VIN_OV_FAULT_RESPONSE,
OT_FAULT_RESPONSE, UT_FAULT_RESPONSE

BITS | DESCRIPTION VALUE | MEANING
7:6 | Response 00 The PMBus device continues operation without interruption.
For all values of bits [7:6], the LTM4682: 01 Not supported. Writing this value will generate a CML fault.
* Sets the corresponding fault bit in the status commands, and 10 | The device shuts down immediately (disables the output) and
« Notifies the host by asserting ALERT pin, unless masked. responds according to the retry setting in bits [5:3].
The fault bit, once set, is cleared only when one or more of the 11 Not supported. Writing this value will generate a CML fault.
following events occurs:
* The device receives a CLEAR_FAULTS command.
* The output is commanded through the RUN pin, the OPERATION
command, or the combined action of the RUN pin and
OPERATION command, to turn off and then to turn back on, or
* The device receives a RESTORE_USER_ALL command.
* The device receives a MFR_RESET command.
* The device supply power is cycled.
5:3  |Retry Setting 000 | The unit does not attempt to restart. The output remains
disabled until the fault is cleared until the device is commanded
OFF bias power is removed.
111 The PMBus device attempts to restart continuously, without
limitation, until it is commanded OFF (by the RUN pin, or
OPERATION command, or both), bias power is removed, or
another fault condition causes the unit to shut down without
retry. Note: The retry interval is set by the MFR_RETRY_DELAY
command.
2:0 |Delay Time XXX | Not supported. Values ignored.
FAULT SHARING
Fault Sharing Propagation
DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM | VALUE
MFR_FAULT_PROPAGATE 0xD2 Configuration that determines which faults | R/W Word Y Reg Y 0x6993
are propagated to the FAULT pins.

MFR_FAULT_PROPAGATE

The MFR_FAULT_PROPAGATE command enables the faults that can cause the FAULTn pin to assert low. The com-
mand is formatted as shown in Table 22. Faults can only be propagated to the FAULTn pin if they are programmed to
respond to faults.
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This command has two data bytes.

Table 22. FAULTn Propagate Fault Configuration
The FAULTO and FAULTT pins are designed to provide electrical notification of selected events to the user. Some of these events are common to both output
channels. Others are specific to an output channel. They can also be used to share faults between channels.

BIT(S) |SYMBOL OPERATION

B[15] | VOUT disabled while not decayed. This is used in a PolyPhase configuration when bit 0 of the MFR_CHAN_CONFIG_LTM4682 is
zero. If the channel is turned off, by toggling the RUN pin, or commanding the part OFF, and then
the RUN is reasserted, or the part is commanded back on before the output has decayed, VOUT
will not restart until the 12.5% decay is honored. The FAULT pin is asserted during this condition
if bit 15 is asserted.

B[14] | Mfr_fault_propagate_short_CMD_cycle |0: No action.

1: Asserts low if commanded off then on before the output has sequenced off. Re-asserts high
torr(vin) after sequence off.

b[13] | Mfr_fault_propagate_ton_max_fault 0: No action if a TON_MAX_FAULT fault is asserted.

1: Associated output will be asserted low if a TON_MAX_FAULT fault is asserted.
FAULTO is associated with page 0 TON_MAX_FAULT faults.

FAULTT is associated with page 1 TON_MAX_FAULT faults.

b[12] | Reserved
b[11] | Mfr_faultO_propagate_int_ot, 0: No action if the MFR_OT_FAULT_LIMIT fault is asserted.
Mfr_fault1_propagate_int_ot 1: Associated output will be asserted low if the MFR_OT_FAULT_LIMIT fault is asserted.
b{10] |Reserved
b[9] Reserved
b[8] Mfr_fault0_propagate_ut, 0: No action if the UT_FAULT_LIMIT fault is asserted.

Mfr_fault1_propagate_ut 1: Associated output will be asserted low if the UT_FAULT_LIMIT fault is asserted.
FAULTO is associated with page 0 UT faults.

FAULTT is associated with page 1 UT faults.

b[7] Mfr_fault0_propagate_ot, 0: No action if the OT_FAULT_LIMIT fault is asserted.

Mfr_fault1_propagate_ot 1: Associated output will be asserted low if the OT_FAULT_LIMIT fault is asserted.
FAULTO is associated with page 0 OT faults.

FAULTT is associated with page 1 OT faults.

b[6] Reserved
b[5] Reserved

b[4] Mfr_fault0_propagate_input_ov, 0: No action if the VIN_OV_FAULT_LIMIT fault is asserted.
Mfr_fault1_propagate_input_ov 1: Associated output will be asserted low if the VIN_OV_FAULT_LIMIT fault is asserted.

b[3] Reserved

b[2] Mfr_fault0_propagate_iout_oc, 0: No action if the IOUT_OC_FAULT_LIMIT fault is asserted.
Mfr_fault1_propagate_iout_oc 1: Associated output will be asserted low if the IOUT_OC_FAULT_LIMIT fault is asserted.

FAULTO is associated with page 0 OC faults.

FAULTT is associated with page 1 OC faults.

b[1] Mfr_fault0_propagate_vout_uv, 0: No action if the VOUT_UV_FAULT_LIMIT fault is asserted.
Mfr_fault1_propagate_vout_uv 1: Associated output will be asserted low if the VOUT_UV_FAULT_LIMIT fault is asserted.
FAULTO is associated with page 0 UV faults.

FAULTT is associated with page 1 UV faults.

b[0] Mfr_fault0_propagate_vout_ov, 0: No action if the VOUT_OV_FAULT_LIMIT fault is asserted.
Mfr_fault1_propagate_vout_ov 1: Associated output will be asserted low if the VOUT_OV_FAULT_LIMIT fault is asserted.
FAULTO is associated with page 0 OV faults.

FAULTT is associated with page 1 OV faults.
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Fault Sharing Response

DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM VALUE
MFR_FAULT_RESPONSE 0xD5 Action is to be taken by the device when the | R/W Byte Y Reg Y 0xC0

FAULT pin is asserted low.

MFR_FAULT_RESPONSE

The MFR_FAULT_RESPONSE command instructs the device on what action is to be taken in response to the FAULTn
pin being pulled low by an external source.

Supported Values:

VALUE | MEANING

0xC0 FAULT_INHIBIT. The LTM4682 will three-state the output in response to the FAULT pin pulled low.

0x00 FAULT_IGNORE. The LTM4682 continues operation without interruption.

The device also:

e Sets the MFR bit in the STATUS_WORD
e Sets bit 0 in the STATUS_MFR_SPECIFIC command to indicate FAULTn is being pulled low
* Notifies the host by asserting ALERT, unless masked

This command has one data byte.

SCRATCHPAD
DATA DEFAULT
COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS | NVM VALUE
USER_DATA_00 0xBO OEM reserved. Typically used for part R/W Word N Reg Y NA
serialization.
USER_DATA_01 0xB1 Manufacturer reserved for LTpowerPlay. R/W Word Y Reg Y NA
USER_DATA_02 0xB2 OEM reserved. Typically used for part R/W Word N Reg Y NA
serialization.
USER_DATA_03 0xB3 A NVM word available for the user. R/W Word Y Reg Y 0x0000
USER_DATA_04 0xB4 A NVM word available for the user. R/W Word N Reg Y 0x0000
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USER_DATA_00 through USER_DATA_04

These commands are nonvolatile memory locations for customer storage. The customer has the option to write any
value to the USER_DATA_nn at any time. However, the LTpowerPlay software and contract manufacturers use some of
these commands for inventory control. Modifying the reserved USER_DATA_nn commands may lead to undesirable
inventory control and incompatibility with these products.

These commands have 2 data bytes and are in a register format.

IDENTIFICATION
DATA DEFAULT
COMMAND NAME | CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS NVM VALUE
PMBus_REVISION 0x98 PMBus revision, supported by this device. The R Byte N Reg FS 0x22
current revision is 1.2.
CAPABILITY 0x19 Summary of PMBus optional communication R Byte N Reg 0xBO
protocols supported by this device.
MFR_ID 0x99 The manufacturer ID of the LTM4682 is in ASCII. | R String N ASC LTC
MFR_MODEL 0x9A Manufacturer part number in ASCII. R String N ASC LTM4682
MFR_SPECIAL_ID OxE7 Manufacturer code representing the LTM4682. R Word N Reg 0x418X

PMBus_REVISION

The PMBUS_REVISION command indicates the revision of the PMBus to which the device is compliant. The LTM4682
is PMBus Version 1.2 compliant in both Part | and Part II.

This read-only command has one data byte.

CAPABILITY

This command provides a way for a host system to determine some key capabilities of a PMBus device.
The LTM4682 supports packet error checking, 400kHz bus speeds, and an ALERT pin.

This read-only command has one data byte.

MFR_ID
The MFR_ID command indicates the manufacturer ID of the LTM4682 using ASCII characters.
This read-only command is in block format.

MFR_MODEL
The MFR_MODEL command indicates the manufacturer’s part number of the LTM4682 using ASCII characters.
This read-only command is in block format.

MFR_SPECIAL_ID

The 16-bit word represents the part name and revision. 0x418X denotes that the part is an LTM4682, and X is
adjustable by the manufacturer.

This read-only command has two data bytes.
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FAULT WARNING AND STATUS

DEFAULT

COMMAND NAME CMD CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS NVM VALUE

CLEAR_FAULTS 0x03 Clear any fault bits that have been set. | Send Byte N NA

SMBALERT_MASK 0x1B Mask activity. Block R/W Y Reg Y Sge Cl\lllD

etails

MFR_CLEAR_PEAKS OxE3 Clears all peak values. Send Byte Y NA

STATUS_BYTE 0x78 One-byte summary of the unit’s fault R/W Byte Y Reg NA
condition.

STATUS_WORD 0x79 Two-byte summary of the unit’s fault | R/W Word Y Reg NA
condition.

STATUS_VouT 0x7A Output voltage fault and warning R/W Byte Y Reg NA
status.

STATUS_IOUT 0x7B Output current fault and warning R/W Byte Y Reg NA
status.

STATUS_INPUT 0x7C Input supply fault and warning status. | R/W Byte N Reg NA

STATUS_TEMPERATURE 0x7D External temperature fault and warning | R/W Byte Y Reg NA
status for READ_TEMERATURE_1.

STATUS_CML 0x7E Communication and memory fault and | R/W Byte N Reg NA
warning status.

STATUS_MFR_SPECIFIC 0x80 Manufacturer-specific fault and state R/W Byte Y Reg NA
information.

MFR_PADS OxE5 Digital status of the 1/0 pads. R Word N Reg NA

MFR_COMMON OXEF Manufacturer status bits that are R Byte N Reg NA
common across multiple ADI chips.

CLEAR_FAULTS

The CLEAR_FAULTS command is used to clear any fault bits that have been set. This command clears all bits in all
status commands simultaneously. At the same time, the device negates (clears, releases) its ALERT pin signal output
if the device is asserting the ALERT pin signal. If the fault is still present when the bit is cleared, the fault bit will remain
set, and the host will be notified by asserting the ALERT pin low. CLEAR_FAULTS can take up to 10ps to process. If a
fault occurs within that time frame, it may be cleared before the status register is set.

This write-only command has no data bytes.

The CLEAR_FAULTS does not cause a unit that has latched off for a fault condition to restart. Units that have shut
down for a fault condition are restarted when:

* The output is commanded through the RUN pin, the OPERATION command, or the combined action of the RUN pin
and OPERATION command, to turn off and then to turn back on, or

e MFR_RESET command is issued.
* Bias power is removed and reapplied to the integrated circuit

SMBALERT_MASK

The SMBALERT_MASK command can be used to prevent a particular status bit or bits from asserting ALERT as they
are asserted.

Figure 55 shows an example of the Write Word format used to set an ALERT mask, in this case, without PEC. The bits in
the mask byte align with bits in the specified status register. For example, if the STATUS_TEMPERATURE command code
is sent in the first data byte, and the mask byte contains 0x40, then a subsequent External Overtemperature Warning
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would still set bit 6 of STATUS_TEMPERATURE but not assert ALERT. All other supported STATUS_TEMPERATURE
bits would continue to assert ALERT if set.

Figure 55 and Figure 56 show an example of the Block Write — Block Read Process Call protocol used to read back the
present state of any supported status register, again without PEC.

SMBALERT_MASK cannot be applied to STATUS_BYTE, STATUS_WORD, MFR_COMMON, or MFR_PADS_LTM4682.
Factory default masking for applicable status registers is shown below. Providing an unsupported command code to
SMBALERT_MASK will generate a CML for Invalid/Unsupported Data.

SMBALERT_MASK Default Setting: (See Figure 2)

STATUS RESISTER ALERT MASK VALUE | MASKED BITS

STATUS_VouT 0x00 None

STATUS_IOUT 0x00 None

STATUS_TEMPERATURE 0x00 None

STATUS_CML 0x00 None

STATUS_INPUT 0x00 None

STATUS_MFR_SPECIFIC 0x11 Bit 4 (internal PLL unlocked), bit 0 (FAULT pulled low by external device).

1 7 11 8 1 8 1 8 11

SUBORDINATE SMBALERT_MASK STATUS x
S| “aooress |V |A|commano cone | A | commann cope| A | MASKBYTE | AP

4682 F55

Figure 55. Example of Writing SMBALERT_MASK

1 7 11 8 1 8 1 8 1
S SUBORDINATE |y | o [SMBALERT_MASK| , | BLOCK COUNT | 5 STATUS_x A
ADDRESS COMMAND CODE (=1) COMMAND CODE

1 7 11 8 1 8 11

SUBORDINATE BLOCK COUNT
S'| “appress || A 1) A| WMASKBYTE [NA|P

4682 F56

Figure 56. Example of Reading SMBALERT_MASK

MFR_CLEAR_PEAKS

The MFR_CLEAR_PEAKS command clears the MFR_* PEAK data values. A MFR_RESET command will also clear the
MFR_* PEAK data values.

This write-only command has no data bytes.

STATUS_BYTE

The STATUS_BYTE command returns one byte of information with a summary of the most critical faults. This is the
lower byte of the status word.
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STATUS_BYTE Message Gontents:

BIT STATUS BIT NAME | MEANING
I BUSY A fault was declared because the LTM4682 was unable to respond.
6 OFF Thisblbigj is set if the channel is not providing power to its output, regardless of the reason, including not being
enabled.
5 VOUT_OV An output overvoltage fault has occurred.
4 I0UT_0C An output overcurrent fault has occurred.
3 VIN_UV Not supported (LTM4682 returns 0).
2 TEMPERATURE A temperature fault or warning has occurred.
1 CML A communications, memory, or logic fault has occurred.
0* NONE OF THE ABOVE | A fault Not listed in bits[7:1] has occurred.

*ALERT can be asserted if either of these bits is set. They may be cleared by writing a 1 to their bit position in the STATUS_BYTE instead of a
CLEAR_FAULTS command.

This command has one data byte.

STATUS_WORD

The STATUS_WORD command returns a two-byte summary of the channel's fault condition. The low byte of the
STATUS_WORD is the same as the STATUS_BYTE command.

STATUS_WORD High Byte Message Gontents:

BIT STATUS BIT NAME | MEANING
15 Vout An output voltage fault or warning has occurred.
14 lout An output current fault or warning has occurred.
13 INPUT An input voltage fault or warning has occurred.
12 MFR_SPECIFIC A fault or warning specific to the LTM4682 has occurred.
11 POWER_GOOD# The POWER_GOQD state is false if this bit is set.
10 FANS Not supported (LTM4682 returns 0).
OTHER Not supported (LTM4682 returns 0).
UNKNOWN Not supported (LTM4682 returns 0).

If any of the bits in the upper byte are set, NONE_OF_THE_ABOVE is asserted.
This command has two data bytes.

STATUS_VouTt
The STATUS_VOUT command returns one byte of Vgt status information.

STATUS_VOUT Message Contents:

BIT

MEANING

Voyt overvoltage fault.

Voyt Overvoltage warning.

Vout undervoltage warning.

Vout undervoltage fault.

Voyt max warning.

TON max fault.

TOFF max fault.

o= IO

Not supported (LTM4682 returns 0).
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The user is permitted to write a 1 to any bit in this command to clear a specific fault. This permits the user to clear
status by means other than using the CLEAR_FAULTS command.

Any supported fault bit in this command will initiate an ALERT event.
This command has one data byte.

STATUS_Iout
The STATUS_IOUT command returns one byte of lgyt status information.

STATUS_IOUT Message Contents:
BIT MEANING
lgut overcurrent fault.
Not supported (LTM4682 returns 0).
louT Overcurrent warning.
4:0 Not supported (LTM4682 returns 0).

The user is permitted to write a 1 to any bit in this command to clear a specific fault. This permits the user to clear
status by means other than using the CLEAR_FAULTS command.

Any supported fault bit in this command will initiate an ALERT event. This command has one data byte.

STATUS_INPUT
The STATUS_INPUT command returns one byte of Vi (Vinsns) status information.

STATUS_INPUT Message Contents:
BIT MEANING

Vy overvoltage fault.

Not supported (LTM4682 returns 0).

Vn undervoltage warning.

Not supported (LTM4682 returns 0).

Unit off for insufficient V.

Not supported (LTM4682 returns 0).

I|y overcurrent warning.

Not supported (LTM4682 returns 0).

o= INMwWwW|lO|O0|(N

The user is permitted to write a 1 to any bit in this command to clear a specific fault. This permits the user to clear
status by means other than using the CLEAR_FAULTS command.

Any supported fault bit in this command will initiate an ALERT event. Bit 3 of this command is not latched and will not
generate an ALERT even if it is set. This command has one data byte.
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STATUS_TEMPERATURE

The STATUS_TEMPERATURE command returns one byte with status information on temperature. This is a paged
command and is related to the respective READ_TEMPERATURE_1 value.

STATUS_TEMPERATURE Message Contents:
BIT MEANING

7 External overtemperature fault

6 External overtemperature warning

5 Not supported (LTM4682 returns 0)

4 External undertemperature fault

3.0 Not supported (LTM4682 returns 0)

The user is permitted to write a 1 to any bit in this command to clear a specific fault. This permits the user to clear
status by means other than using the CLEAR_FAULTS command.

This command has one data byte.

STATUS_CML

The STATUS_CML command returns one byte of status information on received commands, internal memory, and logic.
STATUS_CML Message Contents:

BIT MEANING
Invalid or unsupported command received.

Invalid or unsupported data received.
The packet error check failed.
Memory fault detected.

Processor fault detected.

Reserved (LTM4682 returns 0).
Other communication faults.

Other memory or logic faults.

o= NN w|lr~r~O| |

If either bit 3 or bit 4 of this command is set, a serious and significant internal error has been detected. Continued
operation of the part is not recommended if these bits are continuously set.

The user is permitted to write a 1 to any bit in this command to clear a specific fault. This permits the user to clear
status by means other than using the CLEAR_FAULTS command.
Any supported fault bit in this command will initiate an ALERT event.

This command has one data byte.
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STATUS_MFR_SPECIFIC
The STATUS_MFR_SPECIFIC commands return one byte with the manufacturer-specific status information.
The format for this byte is:

=
|

MEANING

Internal temperature fault limit exceeded.
Internal temperature warn limit exceeded.
Factory trim area NVM CRC fault.

PLL is unlocked.

Fault log present.

Vpp33 UV or OV fault.

ShortCycle event detected.

FAULT pin asserted low by external device.

o|l= N0 |

If any of these bits are set, the MFR bit in the STATUS_WORD will be set, and ALERT may be asserted.

The user is permitted to write a 1 to any bit in this command to clear a specific fault. This permits the user to clear
status by means other than using the CLEAR_FAULTS command. However, the fault log present bit can only be cleared
by issuing the MFR_FAULT_LOG_CLEAR command.

Any supported fault bit in this command will initiate an ALERT event.
This command has one data byte.

MFR_PADS

This command provides the user with a means of directly reading the digital status of the 1/0 pins of the device. The
bit assignments of this command are as follows:

BIT |ASSIGNED DIGITAL PIN

15 | Vppas OV fault.

14 | Vppaz UV fault.

13 | Reserved.

12 | Reserved.

11 | ADC values invalid, occurs during start-up. may occur briefly on current measurement channels during normal operation.
10 | SYNC clocked by an external device (when LTM4682 configured to drive SYNC pin).
Channel 1 power good.

Channel 0 power good.

LTM4682 driving RUN1 low.

LTM4682 driving RUNO low.

RUNT pin state.

RUNO pin state.

LTM4682 driving FAULT1 low.

LTM4682 driving FAULTO low.

FAULT1 pin state.

FAULTO pin state.

©

o= NDWwW|AlO1|OO| |0

A 1 indicates the condition is true.
This read-only command has two data bytes.
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MFR_COMMON
The MFR_COMMON command contains bits that are common to all Analog Devices digital power and telemetry products.
BIT | MEANING

7 Module not driving ALERT low.

6 LTM4682 not busy.

5 Calculations not pending.

4 LTM4682 outputs not in transition.

3 NVM Initialized.

2 Reserved.

1 SHARE_CLK timeout.

0 WP pin status.

This read-only command has one data byte.

TELEMETRY
CMD DEFAULT
COMMAND NAME CODE | DESCRIPTION TYPE | PAGED | FORMAT | UNITS | NVM VALUE
READ_VIN 0x88 | Measured input supply voltage. R Word N L11 v NA
READ_IIN 0x89 | Measured input supply current. R Word N L11 A NA
READ_VOUT 0x8B | Measured output voltage. R Word Y L16 V NA
READ_IOUT 0x8C | Measured output current. R Word Y L11 A NA
READ_TEMPERATURE_1 0x8D | Power stage temperature sensor. This is R Word Y L11 C NA
the value used for all temperature-related
processing, including IOUT_CAL_GAIN.
READ_TEMPERATURE_2 0x8E | Internal junction temperature. Does not affect R Word N L11 C NA
any other controller commands.
READ_FREQUENCY 0x95 | Measured PWM switching frequency. R Word Y L11 Hz NA
READ_POUT 0x96 | Calculated output power. R Word Y L11 W NA
READ_PIN 0x97 | Calculated input power. R Word N L11 W NA
MFR_PIN_ACCURACY 0XAC | Returns the accuracy of the READ_PIN command | R Byte N % 5.0%
MFR_IOUT_PEAK 0xD7 | Report the maximum measured value of READ_| R Word Y L11 A NA
IOUT since the last MFR_CLEAR_PEAKS.
MFR_VOUT_PEAK 0xDD | The maximum measured value of READ_VOUT | R Word Y L16 v NA
since the last MFR_CLEAR_PEAKS.
MFR_VIN_PEAK 0xDE | The maximum measured value of READ_VIN R Word N L11 Y NA
since the last MFR_CLEAR_PEAKS.
MFR_TEMPERATURE_1_PEAK | OxDF |The maximum measured value of external R Word Y L11 C NA
Temperature (READ_TEMPERATURE_1) since
the last MFR_CLEAR_PEAKS.
MFR_READ_IIN_PEAK OxE1 | The maximum measured value of the READ_IIN | R Word N L11 A NA
command since the last MFR_CLEAR_PEAKS.
MFR_READ_ICHIP OxE4 | Measured current used by the LTM4682. R Word N L11 A NA
MFR_TEMPERATURE_2_PEAK | OxF4 |Peak internal die temperature since the last R Word N L11 C NA
MFR_CLEAR_PEAKS.
MFR_ADG_CONTROL 0xD8 |The ADC telemetry parameter selected for R/W Byte N N Reg NA
repeated fast ADC read back.
Rev. A
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READ_VIN

The READ_VIN command returns the measured Vjy pin voltage, in volts added to READ_ICHIP « MFR_RVIN. This
compensates for the IR voltage drop across the Vyy filter element due to the supply current of the LTM4682.

This read-only command has two data bytes and is formatted in Linear_5s_11s format.

READ_Vout
The READ_VOUT command returns the measured output voltage by the VOUT_MODE command.
This read-only command has two data bytes and is formatted in Linear_16u format.

READ _IIN

The READ_IIN command returns the input current, in Amperes, as measured across the input current sense resistor
(see also MFR_IIN_CAL_GAIN).

This read-only command has two data bytes and is formatted in Linear_5s_11s format.

READ_lout

The READ_IOUT command returns the average output current in amperes. The lgyt value is a function of:
a) the differential voltage measured across the Isgysg pins

b) the IOUT_CAL_GAIN value

¢) the MFR_IOUT_CAL_GAIN_TC value, and

d) READ_TEMPERATURE_1 value

e) The MFR_TEMP_1_GAIN and the MFR_TEMP_1_OFFSET

This read-only command has two data bytes and is formatted in Linear_5s_11s format.

READ TEMPERATURE_1
The READ_TEMPERATURE_1 command returns the temperature, in degrees Celsius, of the power stage sense element.
This read-only command has two data bytes and is formatted in Linear_5s_11s format.

READ_TEMPERATURE_2

The READ_TEMPERATURE_2 command returns the LTM4682’s die temperature, in degrees Celsius, of the internal
sense element.

This read-only command has two data bytes and is formatted in Linear_5s_11s format.

READ_FREQUENCY
The READ_FREQUENCY command is a reading of the PWM switching frequency in kHz.
This read-only command has 2 data bytes and is formatted in Linear_5s_11s format.

READ_POUT

The READ_POUT command is a reading of the DG/DC converter output power in Watts. POUT is calculated based on
the most recent correlated output voltage and current reading.

This read-only command has 2 data bytes and is formatted in Linear_5s_11s format.
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READ _PIN

The READ_PIN command is a reading of the DG/DC converter input power in Watts. The PIN is calculated based on
the most recent input voltage and current reading.

This read-only command has 2 data bytes and is formatted in Linear_5s_11s format.

MFR_PIN_ACCURACY
The MFR_PIN_ACCURACY command returns the accuracy, in percent, of the value returned by the READ_PIN command.
There is one data byte. The value is 0.1% per bit, which gives a range of +0.0% to +25.5%.

This read-only command has one data byte and is formatted as an unsigned integer.

MFR_IOUT_PEAK

The MFR_IOUT_PEAK command reports the highest current, in amperes, reported by the READ_IOUT measurement.
This command is cleared using the MFR_CLEAR_PEAKS command.

This read-only command has two data bytes and is formatted in Linear_5s_11s format.

MFR_VOUT _PEAK

The MFR_VOUT_PEAK command reports the highest voltage, in volts, reported by the READ_VOUT measurement.
This command is cleared using the MFR_CLEAR_PEAKS command.

This read-only command has two data bytes and is formatted in Linear_16u format.

MFR_VIN_PEAK

The MFR_VIN_PEAK command reports the highest voltage, in volts, reported by the READ_VIN measurement.
This command is cleared using the MFR_CLEAR_PEAKS command.

This read-only command has two data bytes and is formatted in Linear_5s_11s format.

MFR_TEMPERATURE_1_PEAK

The MFR_TEMPERATURE_1_PEAK command reports the highest temperature, in degrees Celsius, reported by the
READ_TEMPERATURE_1 measurement.

This command is cleared using the MFR_CLEAR_PEAKS command.
This read-only command has two data bytes and is formatted in Linear_5s_11s format.

MFR_READ _IIN_PEAK

The MFR_READ_IIN_PEAK command reports the highest current, in Amperes, reported by the READ_IIN measurement.
This command is cleared using the MFR_CLEAR_PEAKS command.

This command has two data bytes and is formatted in Linear_5s_11s format.
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MFR_READ_ICHIP
The MFR_READ_ICHIP command returns the measured input current, in Amperes, used by the LTM4682.
This command has two data bytes and is formatted in Linear_5s_11s format.

MFR_TEMPERATURE_2_PEAK

The MFR_TEMPERATURE_2_PEAK command reports the highest temperature, in degrees Celsius, reported by the
READ_TEMPERATURE_2 measurement.

This command is cleared using the MFR_CLEAR_PEAKS command.
This read-only command has two data bytes and is formatted in Linear_5s_11s format.

MFR_ADC_CONTROL

The MFR_ADC_CONTROL command determines the ADC read back selection. A default value of 0 in the command runs
the standard telemetry loop with all parameters updated in a round-robin fashion with a typical latency of tgonverT.
The user can command a non-zero value to monitor a single parameter with an approximate update rate of 8ms. This
command has a latency of up to 2 ADC conversions or approximately 16ms (external temperature conversions may
have a latency of up to 3 ADC conversions or approximately 24ms). It is recommended that the part remain in standard
telemetry mode except for special cases where fast ADC updates of a single parameter is required. The part should be
commanded to monitor the desired parameter for a limited period of time (less than 1 second), then set the command
back to standard round-robin mode. If this command is set to any value except standard round-robin telemetry (0),
all warnings and faults associated with telemetry other than the selected parameter are effectively disabled, and volt-
age servoing is disabled. When a round-robin is reasserted, all warnings and faults and servo mode are re-enabled.

COMMANDED VALUE TELEMETRY COMMAND NAME DESCRIPTION
0xOF Reserved
0x0E Reserved
0x0D Reserved
0x0C READ_TEMPERATURE_1 Channel 1 external temperature.
0x0B Reserved
0x0A READ_IOUT Channel 1 measured output current.
0x09 READ_VOUT Channel 1 measured output voltage.
0x08 READ_TEMPERATURE_1 Channel 0 external temperature.
0x07 Reserved
0x06 READ_IOUT Channel 0 measured output current.
0x05 READ_VOUT Channel 0 measured output voltage.
0x04 READ_TEMPERATURE_2 Internal junction temperature.
0x03 READ_IIN Measured input supply current.
0x02 MFR_READ_ICHIP Measured supply current of the LTM4682.
0x01 READ_VIN Measured input supply voltage.
0x00 Standard ADC round-robin telemetry.

If a reserved command value is entered, the telemetry will default to Internal IC temperature and issue a CML fault.
The CML faults will continue to be issued by the LTM4682 until a valid command value is entered. The accuracy of
the measured input supply voltage is only guaranteed if the MFR_ADC_CONTROL command is set to standard round-
robin telemetry.

This write-only command has 1 data byte and is formatted in a register format.
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NVM MEMORY COMMANDS

Store/Restore

CMD DEFAULT

COMMAND NAME CODE | DESCRIPTION TYPE PAGED | FORMAT | UNITS NVM VALUE

STORE_USER_ALL 0x15 | Store user operating memory to Send Byte N NA
EEPROM.

RESTORE_USER_ALL 0x16 | Restore user operating memory Send Byte N NA
from EEPROM.

MFR_COMPARE_USER_ALL 0xFO | Compares current command contents | Send Byte N NA
with NVM.

STORE_USER_ALL
The STORE_USER_ALL command instructs the PMBus device to copy the nonvolatile user contents of the operating
memory to the matching locations in the nonvolatile User NVM memory.

Executing this command if the die temperature exceeds 85°C or is below 0°C is not recommended, and the data
retention of 10 years cannot be guaranteed. If the die temperature exceeds 130°C, the STORE_USER_ALL command
is disabled. The command is re-enabled when the IC temperature drops below 125°C.

Communication with the LTM4682 and programming of the NVM can be initiated when EXTV¢¢ or Vppss is available,
and V) is not applied. To enable the part in this state, using global address 0x5B, write MFR_EE_UNLOCK to 0x2B
followed by 0xC4. The LTM4682 will now communicate normally, and the project file can be updated. To write the
updated project file to the NVM issue, a STORE_USER_ALL command. When Vy is applied, an MFR_RESET must be
issued to allow the PWM to be enabled and valid ADCs to be read.

This write-only command has no data bytes.

RESTORE_USER_ALL

The RESTORE_USER_ALL command instructs the LTM4682 to copy the contents of the nonvolatile user memory to
the matching locations in the operating memory. The values in the operating memory are overwritten by the value
retrieved from the user commands. The LTM4682 ensures both channels are off, loads the operating memory from
the internal EEPROM, clears all faults, reads the resistor configuration pins, and then performs a soft-start of both
PWM channels if applicable.

STORE_USER_ALL, MFR_COMPARE_USER_ALL and RESTORE_USER_ALL commands are disabled if the die exceeds
130°C and are not re-enabled until the die temperature drops below 125°C.

This write-only command has no data bytes.

MFR_COMPARE_USER_ALL

The MFR_COMPARE_USER_ALL command instructs the PMBus device to compare current command contents with
what is stored in nonvolatile memory. If the compare operation detects differences, a CML bit 0 fault will be generated.

This write-only command has no data bytes.
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Fault Logging
DATA DEFAULT

COMMAND NAME CMD CODE | DESCRIPTION TYPE | PAGED | FORMAT | UNITS | NVM | VALUE
MFR_FAULT_LOG OxEE Fault log data bytes. R Block N CF Y NA
MFR_FAULT_LOG_STORE OxEA Command a transfer of the fault log from RAM | Send Byte N NA

to EEPROM.
MFR_FAULT_LOG_CLEAR 0XEC Initialize the EEPROM block reserved for fault | Send Byte N NA

logging.

MFR_FAULT_LOG

The MFR_FAULT_LOG command allows the user to read the contents of the FAULT_LOG after the first fault occurrence
since the last MFR_FAULT_LOG_CLEAR command was written. The contents of this command are stored in nonvolatile
memory, and are cleared by the MFR_FAULT_LOG_CLEAR command. The length and content of this command are listed
in Table 15. If the user accesses the MFR_FAULT_LOG command and a no-fault log is present, the command will return
a data length of 0. If a fault log is present, the MFR_FAULT_LOG will return a block of data 147 bytes long. If a fault
occurs within the first second of applying power, some of the earlier pages in the fault log may not contain valid data.

NOTE: The approximate transfer time for this command is 3.4ms using a 400kHz clock.
This read-only command is in block format.

MFR_FAULT_LOG_STORE

The MFR_FAULT_LOG_STORE command forces the fault log operation to be written to NVM just as if a fault event
occurred. This command will set bit 3 of the STATUS_MFR_SPECIFIC fault if bit 7, Enable Fault Logging, is set in the
MFR_CONFIG_ALL command.

If the die temperature exceeds 130°C, the MFR_FAULT_LOG_STORE command is disabled until the IC temperature
drops below 125°C.

This write-only command has no data bytes.
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Table 23. Fault Logging

This table outlines the format of the block data from a read block data of the MFR_FAULT_LOG command.

Data Format Definitions

LIN 11 = PMBus = Rev 1.2, Part 2, section 7.1

LIN 16 = PMBus Rev 1.2, Part 2, section 8. Mantissa portion only.

BYTE = 8 bits interpreted per definition of this command.

DATA
DATA BITS FORMAT | BYTE NUM | BLOCK READ COMMAND
Block Length Byte 147 The MFR_FAULT_LOG command is a fixed length of 147 bytes.
The block length will be zero if a data log event has not been captured.
HEADER INFORMATION
Fault Log Preface [7:0] ASC 0 Returns LTxx beginning at byte 0 if a partial or complete fault log exists.
[7:0] 1 Word xx is a factory identifier that may vary from part to part.
[15:8] Reg 2
[7:0] 3
Fault Source [7:0] Reg 4 See Table 19.
MFR_REAL_TIME [7:0] Reg 5 48-bit share-clock counter value when the fault occurred (200ps
resolution).
[15:8] 6
[23:16] 7
[31:24] 8
[39:32] 9
[47:40] 10
MFR_VOUT_PEAK (PAGE 0) [15:8] L16 11 Peak READ_VOUT on Channel 0 since the last power-on or CLEAR_
PEAKS command.
[7:0] 12
MFR_VOUT_PEAK (PAGE 1) [15:8] L16 13 Peak READ_VOUT on Channel 1 since the last power-on or CLEAR_
PEAKS command.
[7:0] 14
MFR_IOUT_PEAK (PAGE 0) [15:8] L11 15 Peak READ_IOUT on Channel 0 since the last power-on or CLEAR_
PEAKS command.
[7:0] 16
MFR_IOUT_PEAK (PAGE 1) [15:8] L11 17 Peak READ_IOUT on Channel 1 since the last power-on or CLEAR_
PEAKS command.
[7:0] 18
MFR_VIN_PEAK [15:8] L11 19 Peak READ_VIN since the last power-on or CLEAR_PEAKS command.
[7:0] 20
READ_TEMPERATURE1 (PAGE 0) [15:8] L11 21 Power stage temperature sensor 0 during the last event.
[7:0] 22
READ_TEMPERATURE1 (PAGE 1) [15:8] L11 23 Power stage temperature sensor 1 during the last event.
[7:0] 24
READ_TEMPERATURE2 [15:8] L11 25 LTM4682 die temperature sensor during the last event.
[7:0] 26
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CYCLICAL DATA
EVENT n Er:/ent n re?freselantEs one rl;orrl}plre]tefcyrle of ADC rr]eadshth‘&%ugh the MUX at
; . the time of fault. Example: If the fault occurs when the is processin
(Data at Which Fault Occurred; Most Recent Data) step 15, it will continuepto take readings through step 25 and tﬁen storeg
the header and all six event pages to EEPROM.
READ_VOUT (PAGE 0) [15:8] LIN 16 27
[7:0] LIN 16 28
READ_VOUT (PAGE 1) [15:8] LIN 16 29
[7:0] LIN 16 30
READ_IOUT (PAGE 0) [15:8] LIN 11 31
[7:0] LIN 11 32
READ_IOUT (PAGE 1) [15:8] LIN 11 33
[7:0] LIN 11 34
READ_VIN [15:8] LIN 11 35
[7:0] LIN 11 36
READ_IIN [15:8] LIN 11 37
[7:0] LIN 11 38
STATUS_VOUT (PAGE 0) Byte 39
STATUS_VOUT (PAGE 1) Byte 40
STATUS_WORD (PAGE 0) [15:8] Word 41
[7:0] Word 42
STATUS_WORD (PAGE 1) [15:8] Word 43
[7:0] Word 44
STATUS_MFR_SPECIFIC (PAGE 0) Byte 45
STATUS_MFR_SPECIFIC (PAGE 1) Byte 46
EVENT n-1
(data measured before fault was detected)
READ_VOUT (PAGE 0) [15:8] LIN 16 47
[7:0] LIN 16 48
READ_VOUT (PAGE 1) [15:8] LIN 16 49
[7:0] LIN 16 50
READ_IOUT (PAGE 0) [15:8] LIN 11 51
[7:0] LIN 11 52
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READ_IOUT (PAGE 1) [15:8] LIN 11 53
[7:0] LIN 11 54
READ_VIN [15:8] LIN 11 55
[7:0] LIN 11 56
READ_IIN [15:8] LIN 11 57
[7:0] LIN 11 58
STATUS_VOUT (PAGE 0) BYTE 59
STATUS_VOUT (PAGE 1) BYTE 60
STATUS_WORD (PAGE 0) [15:8] WORD 61
[7:0] WORD 62
STATUS_WORD (PAGE 1) [15:8] WORD 63
[7:0] WORD 64
STATUS_MFR_SPECIFIC (PAGE 0) BYTE 65
STATUS_MFR_SPECIFIC (PAGE 1) BYTE 66
EVENT n-5
(Oldest Recorded Data)
READ_VOUT (PAGE 0) [15:8] LIN 16 127
[7:0] LIN 16 128
READ_VOUT (PAGE 1) [15:8] LIN 16 129
[7:0] LIN 16 130
READ_IOUT (PAGE 0) [15:8] LIN 11 131
[7:0] LIN 11 132
READ_IOUT (PAGE 1) [15:8] LIN 11 133
[7:0] LIN 11 134
READ_VIN [15:8] LIN 11 135
[7:0] LIN 11 136
READ_IIN [15:8] LIN 11 137
[7:0] LIN 11 138
STATUS_VOUT (PAGE 0) BYTE 139
STATUS_VOUT (PAGE 1) BYTE 140
STATUS_WORD (PAGE 0) [15:8] WORD 141
[7:0] WORD 142
STATUS_WORD (PAGE 1) [15:8] WORD 143
[7:0] WORD 144
STATUS_MFR_SPECIFIC (PAGE 0) BYTE 145
STATUS_MFR_SPECIFIC (PAGE 1) BYTE 146
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PMBus COMMAND DETAILS

Table 24. Explanation of Position_Fault Values

POSITION_FAULT VALUE

SOURCE OF FAULT LOG

OxFF MFR_FAULT_LOG_STORE
0x00 TON_MAX_FAULT
0x01 VOUT_QOV_FAULT
0x02 VOUT_UV_FAULT
0x03 [OUT_OC_FAULT
0x05 TEMP_OT_FAULT
0x06 TEMP_UT_FAULT
0x07 VIN_OV_FAULT
0x0A MFR_TEMP_2_OT_FAULT

MFR_INFO

Contact the factory for more details.

MFR_IOUT_CAL_GAIN
Contact the factory for more details.

MFR_FAULT_LOG _CLEAR

The MFR_FAULT_LOG_CLEAR command will erase the fault log file stored values. It will also clear bit 3 in the
STATUS_MFR_SPECIFIC command. After a clear is issued, the status can take up to 8ms to clear.

This write-only command is to send bytes.

Block Memory Write/Read
DATA DEFAULT
COMMAND NAME | CMD CODE | DESCRIPTION TYPE | PAGED | FORMAT | UNITS | NVM | VALUE
MFR_EE_UNLOCK 0xBD Unlock user EEPROM for access by MFR_EE_ERASE R/W Byte N Reg NA
and MFR_EE_DATA commands.
MFR_EE_ERASE 0xBE Initialize user EEPROM for bulk programming R/W Byte N Reg NA
by MFR_EE_DATA.
MFR_EE_DATA OxBF Data transferred to and from EEPROM using R/W N Reg NA
sequential PMBus word reads or writes. Supports Word

bulk programming.

All the NVM commands are disabled if the die temperature exceeds 130°C. The NVM commands are re-enabled when
the die temperature drops below 125°C.

MFR_EE xxxx

The MFR_EE_xxxx commands facilitate bulk programming of the LTM4682 internal EEPROM. Contact the factory

for more details.
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PACKAGE DESCRIPTION

PACKAGE ROW AND COLUMN LABELING MAY VARY
AMONG pModule PRODUCTS. REVIEW EACH PACKAGE
LAYOUT CAREFULLY.
Table 25. LTM4682 BGA Pinout

PINID| FUNCTION |(PINID| FUNCTION |(PINID| FUNCTION |PINID| FUNCTION |PINID| FUNCTION |PINID| FUNCTION
Al GND B1 GND C1 SWo D1 SWO0 E1 SWo F1 GND
A2 GND B2 GND C2 SWo D2 SW0 E2 SWo F2 GND
A3 GND B3 GND C3 GND D3 GND E3 GND F3 GND
A4 GND B4 GND C4 GND D4 GND E4 GND F4 GND
AS Vinot B5 Vinot C5 Vinot D5 Vinot ES Vinot F5 Vinot
A6 Vinot B6 Vinot C6 Vinot D6 Vinot E6 Vinot F6 Vinot
A7 GND B7 GND C7 GND D7 GND E7 GND F7 GND
A8 | VOUTOCFG | B8 | VOUTICFG | C8 |  Vppas of D8 |SHARE_CLK 01| E8 | Vppss o1 F8 Vosnsi™
A9 |FSWPH_01_CFG| B9 ASEL_01 C9 VTRIM1_CFG D9 VTRIMO_CFG E9 WP_01 F9 COMP1b
A10 FAULT1 B10 RUNO C10 SDA_01 D10 SCL_01 E10 TSNS F10 SGND_01
A1 FAULTO B11 RUN1 C11 ALERT_01 D11 SYNGC_01 E11 TSNSO F11 SGND_01
A12 GND B12 GND C12 GND D12 GND E12 GND F12 GND
A13 Vouto B13 Vouro C13 Vouto D13 Vouro E13 Vouto F13 Vourt
A4 Vourto B14 Vouto C14 Vouro D14 Vouro E14 Vouro F14 Vour
A15 Vouro B15 Vouro C15 Vouro D15 Vouro E15 Vouto F15 Vours

PINID| FUNCTION |[PINID| FUNCTION |PINID| FUNCTION |PINID| FUNCTION |PINID| FUNCTION |PINID| FUNCTION
G1 Swi H1 SWA J1 Swi K1 GND L1 GND M1 GND
G2 Swi H2 SWA J2 Swi K2 GND L2 GND M2 GND
G3 GND H3 GND J3 GND K3 GND L3 GND M3 GND
G4 GND H4 GND J4 GND K4 GND L4 GND M4 GND
G5 Vino1 H5 Vino1 J5 Vino1 K5 Vinoi1 L5 GND M5 GND
G6 Vino1 H6 Vino1 J6 Vino1 K6 Vinot L6 GND M6 GND
G7 GND H7 GND J7 GND K7 GND L7 GND M7 GND
G8 Vosnsi* H8 | PGOOD1 J8 SVin,_o1 K8 GND L8 GND M8 GND
G9 COMP1a H9 PGOODO J9 INTVce o1 K9 GND L9 GND M9 GND
G10 | COMPOb | H10 In_ot* J10 _ot- K10 GND L10 GND M10 GND
Gi1 | CcOMPOa | H11 | Vosuss | J11 Vosnso® | K11 GND L11 GND M11 GND
G12 GND H12 GND J12 GND K12 GND L12 GND M12 GND
G13 VouTt H13 Voutt J13 VouTt K13 Voutt L13 GND M13 GND
G14 Vourt H14 Vourt J14 Vourt K14 Vourt L14 GND M14 GND
G15 Voutt H15 Vour1 J15 Voutt K15 VouT1 L15 GND M15 GND
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PINID| FUNCTION |(PINID| FUNCTION |(PINID| FUNCTION |PINID| FUNCTION |PINID| FUNCTION |PINID| FUNCTION
N1 GND P1 SW2 R1 Sw2 T SW2 Ut GND VA1 SW3
N2 GND P2 SW2 R2 Sw2 T2 SW2 U2 GND V2 SW3
N3 GND P3 GND R3 GND T3 GND U3 GND V3 GND
N4 GND P4 GND R4 GND T4 GND U4 GND V4 GND
NS Vings P5 Vings RS Vings T5 Vings us Vings V5 Vings
N6 Vings P6 Vings R6 Vings 6 Vings ué Vings V6 Vings
N7 GND P7 GND R7 GND T7 GND u7 GND V7 GND
NS GND PS | Vosusy' R& | Vosvsz | T8 | COMP2a | U8 TSNS2 V8 SDA_23
N9 | Vivems | P9 25~ R9 25" T9 COMP2b u9 TSNS3 vg | SyNC_23
N10 Vaias P10 | INTVec o3 | R10 | PGOOD2 | Ti0 | PcooD3 | U0 | SGND_23 | vio | FADT2
N1 RUNP P11 SVinos | RIT | Vosusst | TH | Vosvsy™ | U1 | SGND_23 | vi1 | COMP3a
N12 GND P12 GND R12 GND T12 GND ui2 GND V12 GND
N13 Voure P13 Voure R13 Voure T3 Voure u13 Voure V13 Vours
N14 Voure P14 Voure R14 Voure 114 Voure u14 Voure V14 Vours
N15 Voure P15 Voure R15 Voure 115 Voure U15 Voure V15 Vours
PINID| FUNCTION |[PINID| FUNCTION |PINID| FUNCTION |PINID| FUNCTION
WA SW3 Y1 SW3 AA1 GND AB1 GND
W2 SW3 Y2 SW3 AA2 GND AB2 GND
W3 GND Y3 GND AA3 GND AB3 GND
W4 GND Y4 GND AA4 GND AB4 GND
W5 Vings Y5 Vings AAS Vings ABS Vings
W6 Vings Y6 Vings AAG Vings AB6 Vings
W7 GND Y7 GND AA7 GND AB7 GND
W8 ALERT_23 Y8 RUN3 AA8 | VOUT2_CFG | AB8 | VOUT3_CFG
W9 SCL_23 Y9 RUN2 AA9 |FSWPH_23_CFG| AB9 | VTRIM3_CFG
W10 | FAUT3 | Y10 | Vppssos | AAMO| ASEL 23 | AB10 | VTRIM2_CFG
W11 COMP3b Y11 WP_23 AA11 |SHARE_CLK_23| AB11 Vppas 23
W12 GND Y12 GND AA12 GND AB12 GND
W13 Vouts Y13 Vours | A3 | Vours | AB13 VouT3
W14 Vour3 Y14 Vours | A4 | Vours | ABI4|  Vours
W15 Vout3 Y15 Vours | A5 | Vours | AB15 VouT3
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PACKAGE PHOTOS

Part marking is either ink mark or laser mark

5.71mm
<—15mm—>
ZJmm
DESIGN RESOURCES
SUBJECT DESCRIPTION
PModule Design and Manufacturing Resources Design: Manufacturing:

o Selector Guides

* Demo Boards and Gerber Files
* Free Simulation Tools

e Quick Start Guide
* PCB Design, Assembly and Manufacturing Guidelines
* Package and Board Level Reliability

pModule Regulator Products Search

Quick Power Search

1. Sort table of products by parameters and download the result as a spread sheet.
2. Search using the Quick Power Search parametric table.

INPUT| Vin(Min) v Vip(Max) v

OUTPUT| Vout v lout A

Low EMI

Multiple Outputs

FEATURES | Ultrathin Internal Heat Sink

Digital Power System Management

offer essential functions

Analog Devices’ family of digital power supply management ICs are highly integrated solutions that
, including power supply monitoring, supervision, margining and sequencing,
and feature EEPROM for storing user configurations and fault logging.

RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS
LTP8800-2 135A DC/DC pModule Regulator with PMBus Interface 45V < Viy <65V, 0.5V < Vg < 1.0V, 22mm x 24mm x 6.7mm Surface Mount Package
LTP8800-1A 150A DC/DC pModule Regulator with PMBus Interface 45V <V <65V, 0.5V < Voyr < 1.1V, 22mm x 24mm x 6.7mm Surface Mount Package
LTP8803-1A 160A DC/DC pModule Regulator with PMBus Interface 45V < Vi <65V, 0.5V < Vot < 1.5V, 22mm x 24mm x 22mm Surface Mount Package
LTP8800-4A 200A DC/DC pModule Regulator with PMBus Interface 45V < Vi <65V, 0.5V < Vot < 1.1V, 22mm x 24mm x 22mm Surface Mount Package
LTM4683 Low Voyr, Quad 31.25A or Single 125A pModule Regulator 4.5V <Viy <14V, 0.3V < Voyr < 0.7V, 15mm x 22mm x 5.71mm BGA

with Digital Power System Management (PSM)
LTM4675 Dual 9A or Single 18A Step-Down pModule Regulator, 45V <Viy <17V, 0.5V < Vour < 5.5V, 11.9mm x 16mm x 3.5Tmm BGA

Digital PSM
LTM4673 Dual 12A and Dual 5A, Quad pModule Regulator, Digital PSM 45V < V<16V, 0.6V < Voyr < 3.3V or 5.5V, 16mm x 16mm x 4.72mm BGA
LTM4686/ Ultrathin Dual 10A or Single 20A uModule Regulator, Digital PSM | 4.5V < V) <17V, 0.5V < Vgyt < 3.6V (LTM4686), 2.375V < V) < 17V (LTM4686-1)
LTM4686-1 11.9mm x 16mm x 1.82mm LGA
LTM4686B Ultrathin Dual 14A or Single 28A pModule Regulator, Digital PSM, | 4.5V <V <5.75, 0.5V < Vgyt £ 3.6V, 11.9mm x 16mm x 1.82mm LGA

Low Vour, Higher lgyt Version of LTM4686/LTM4686-1
LTM4676A Dual 13A or Single 26A Step-Down pModule Regulator, Digital PSM | 4.5V < Vi < 26.5V, 0.5V < Vgyt < 5.5V, 16mm x 16mm x 5.01mm BGA
LTM4677 Dual 18A or Single 36A Step-Down pModule Regulator, Digital PSM | 4.5V < Vi < 16V, 0.5V < Vgt < 1.8V, 16mm x 16mm x 5.01mm BGA
LTM4678 Dual 25A or Single 50A pModule Regulator with Digital PSM 45V <V <16V, 0.5V < Voyt < 3.4V, 16mm x 16mm x 5.86mm BGA
LTM4664 54V, Dual 25A or Single 50A pModule Regulator with Digital PSM | 30V < Vjy < 58V, 0.5V < Vgyt < 1.5V, 16mm x 16mm x 7.72mm BGA
LTM4680 Dual 30A or Single 60A pModule Regulator with Digital PSM 4.5V <V <16V, 0.5V < Voyt < 3.3V, 16mm x 16mm x 7.82mm BGA
LTM4681 Quad 31.25A or Single 125A, pModule Regulator with 4.5V <V <16V, 0.5V < Vgyr < 3.3V, 15mm x 22mm x 8.17mm BGA

Digital PSM, Higher Vour Version of LTM4683
LTM4700 Dual 50A or Single 100A pModule Regulator with Digital PSM 45V <V <16V, 0.5V < Voyt < 1.8V, 15mm x 22mm x 7.87mm BGA

Rev. A
01/25

130

ANALOG
DEVICES

www.analog.com
© ANALOG DEVICES, INC. 2025


https://www.analog.com/LTM4682?doc=LTM4682.pdf
https://www.analog.com
https://www.analog.com
https://www.analog.com/en/products/landing-pages/001/umodule-design-manufacturing-resources.html?doc=LTM4682.pdf
https://www.analog.com/en/parametricsearch/11524?doc=LTM4682.pdf
https://www.analog.com/en/products/monitor-control-protection/digital-power-system-management.html?doc=LTM4682.pdf
https://www.analog.com/LTP8800-2?doc=LTM4682.pdf
https://www.analog.com/LTP8800-1A?doc=LTM4682.pdf
https://www.analog.com/LTP8803-1A?doc=LTM4682.pdf
https://www.analog.com/LTP8800-4A?doc=LTM4682.pdf
https://www.analog.com/LTM4683?doc=LTM4682.pdf
https://www.analog.com/LTM4675?doc=LTM4682.pdf
https://www.analog.com/LTM4673?doc=LTM4682.pdf
https://www.analog.com/en/products/ltm4686.html
https://www.analog.com/en/products/ltm4686-1.html
https://www.analog.com/en/products/ltm4686b.html
https://www.analog.com/LTM4676?doc=LTM4682.pdf
https://www.analog.com/LTM4677?doc=LTM4682.pdf
https://www.analog.com/LTM4678?doc=LTM4682.pdf
https://www.analog.com/LTM4664?doc=LTM4682.pdf
https://www.analog.com/LTM4680?doc=LTM4682.pdf
https://www.analog.com/LTM4681?doc=LTM4682.pdf
https://www.analog.com/LTM4700?doc=LTM4682.pdf

Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

Analog Devices Inc.:

LTM4682EY#PBF LTM4682lY LTM4682IY#PBF



https://www.mouser.com/analog-devices
https://www.mouser.com/access/?pn=LTM4682EY#PBF
https://www.mouser.com/access/?pn=LTM4682IY
https://www.mouser.com/access/?pn=LTM4682IY#PBF

	Features
	Applications
	Typical Application

	Description
	Absolute Maximum Ratings
	Order Information

	Pin Configuration
	Electrical Characteristics
	Typical Performance Characteristics
	Pin Functions
	Simplified Block Diagram
	Decoupling Requirements

	Functional Diagram
	Test Circuits
	Operation
	Power Module Introduction
	Power Module Overview, Major Features
	EEPROM with ECC
	Power-Up and Initialization
	Soft-Start
	Time-Based Sequencing
	Voltage-Based Sequencing
	Shutdown
	Light-Load Current Operation
	Switching Frequency and Phase
	PWM Loop Compensation
	Output Voltage Sensing
	INTVCC/VBIAS Power
	Output Current Sensing and Sub Milliohm DCR Current Sensing
	Input Current Sensing
	PolyPhase Load Sharing
	Internal Temperature Sense
	RCONFIG (Resistor Configuration) Pins
	Table 1. VOUTn_CFG Pin Strapping Look-Up Table for the LTM4682’s Output Voltage, Coarse Setting (Not Applicable if MFR_CONFIG_ALL[6] = 1b) Top Resistor = 14.3k
	Table 2. VTRIMn_CFG Pin Strapping Look-Up Table for the LTM4682’s Output Voltage, Fine Adjustment Setting (Not Applicable if MFR_CONFIG_ALL[6] = 1b) Top Resistor = 14.3k
	Table 3. FSWPH_nn_CFG Pin Strapping Look-Up Table to Set the LTM4682’s Switching Frequency and Channel Phase-Interleaving Angle (Not Applicable if MFR_CONFIG_ALL[6] = 1b), nn = 01 or 23 Channels, Set Top Resistor to 14.3k
	Table 4. ASEL_nn Pin Strapping Look-Up Table to Set the LTM4682’s Subordinate Address (Applicable Regardless of
MFR_CONFIG_ALL[6] Setting)
	Table 5. LTM4682 MFR_ADDRESS Command Examples Expressed in 7- and 8-Bit Addressing

	Fault Detection and Handling
	Status Registers and ALERT Masking
	Figure 5. LTM4682 Status Register Summary per Controller

	Mapping Faults to FAULTn Pins
	Power Good Pins
	CRC Protection

	Serial Interface
	Communication Protection

	Device Addressing
	Responses to VOUT and IIN/IOUT Faults
	Output Overvoltage Fault Response
	Output Undervoltage Response
	Peak Output Overcurrent Fault Response

	Responses to Timing Faults
	Responses to VIN OV Faults
	Responses to OT/UT Faults
	Internal Overtemperature Fault Response
	Overtemperature and Undertemperature Fault Response

	Responses to Input Overcurrent and Output Undercurrent Faults
	Responses to External Faults
	Fault Logging
	Bus Timeout Protection
	Similarity Between PMBus, SMBus and I2C 2-Wire Interface
	PMBus Serial Digital Interface
	Table 6. Abbreviations of Supported Data Formats
	Figure 6. PMBus Timing Diagram


	Figure 7 to Figure 24 PMBus Protocols


	PMBus Command Summary
	PMBus Commands
	Table 7. PMBus Commands Summary (Note: The Data Format Abbreviations Are Detailed in Table 8)
	Table 8. Data Format Abbreviations



	Applications Information
	VIN to VOUT Step-Down Ratios
	Input Capacitors
	Output Capacitors
	Light Load Current Operation
	Switching Frequency and Phase
	Output Current Limit Programming
	Minimum On-Time Considerations
	Variable Delay Time, Soft-Start and Output Voltage Ramping
	Digital Servo Mode
	Soft Off (Sequenced Off)
	Undervoltage Lockout
	Fault Detection and Handling
	Open-Drain Pins
	Phase-Locked Loop and Frequency Synchronization
	Input Current Sense Amplifier
	Programmable Loop Compensation
	Checking Transient Response
	PolyPhase Configuration

	Connecting The USB to I2C/SMBus/PMBus Controller to the LTM4682 In System
	LTpowerPlay: An Interactive GUI for Digital Power
	PMBus Communication and Command Processing
	Thermal Considerations and Output Current Derating
	Table 10 through Table 12: Output Current Derating
	Table 13. Single Channel Output Voltage vs Capacitor Selection, 10A to 20A Load Step with 10A/µs Slew Rate
	Table 14. Single Channel Output Voltage vs Capacitor Selection, All Ceramic Configuration, 10A to 20A Load Step with 10A/µs Slew Rate
	Table 15. Dual Connected Channels Output Voltage vs Capacitor Selection, Bulk and Ceramic Cap Configuration, 10A to 30A Load Step with 20A/µs Slew Rate
	Table 16. Quad Connected Channels Output Voltage vs Capacitor Selection, Bulk and Ceramic Cap Configuration, 10A to 40A Load Step with 15A/µs Slew Rate

	EMI Performance
	Safety Considerations
	Layout Checklist/Example


	Typical Application
	PMBus Command Details
	Addressing and Write Protect
	General Configuration Commands
	On/Off/Margin
	PWM Configuration
	Voltage
	Input Voltage and Limits
	Output Voltage and Limits

	Output Current and Limits
	Input Current and Limits

	Temperature
	Power Stage DCR Temperature Calibration
	Power Stage Temperature Limits

	Timing
	Timing—On Sequence/Ramp
	Timing—Off Sequence/Ramp
	Precondition for Restart

	Fault Response
	Fault Responses All Faults
	Fault Responses Input Voltage
	Fault Responses Output Voltage
	Fault Responses Output Current
	Fault Responses IC Temperature
	Fault Responses External Temperature

	Fault Sharing
	Fault Sharing Propagation
	Fault Sharing Response

	Scratchpad
	Identification
	Fault Warning and Status
	Telemetry
	NVM Memory Commands
	Store/Restore
	Fault Logging
	Block Memory Write/Read



	Package Description
	Table 25. LTM4682 BGA Pinout

	Package Description
	Revision History
	Package Photos
	Design Resources
	Related Parts


