ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



TECHNOLOGY

| E i \D LTC3887/LIC3887/-1

Dudl Output PolyPhase

Step-Down DC/DC Controller with
Digital Power System Munhagement

FEATURES

= PMBus/I2C Compliant Serial Interface

- Telemetry Read Back includes Vi, Iy, Vour, lour,
Temperature, Duty Cycle and Faults

- Programmable Voltage, Current Limit, Digital
Soft-Start/Stop, Sequencing, Margining, OV/UV
and Frequency Synchronization (250kHz to 1MHz)

+0.5% Output Voltage Accuracy Over Temperature

Integrated 16-Bit ADC

Vour Range: 0.5V to 5.5V (Vouto, Vout1)

Internal EEPROM and Fault Logging

Integrated N-Channel MOSFET Gate Drivers (LTC3887)

Wide V)y Range: 4.5V to 24V

Analog Current Mode Control Loop

Remote Differential Sense for PolyPhase® Applications

Accurate PolyPhase Current Sharing for Up to Six

Phases

® Available in a 40-Pin (6mm x 6mm) QFN Package

APPLICATIONS

® High Current Distributed Power Systems
® Telecom, Datacom and Storage Systems
= |ntelligent Energy Efficient Power Regulation

DESCRIPTION

The LTC®3887/LTC3887-1 are dual, PolyPhase DGC/DC
synchronous step-down switching regulator controllers
with an 12C-based PMBus compliant serial interface. The
controllers use a constant frequency, current mode ar-
chitecture that is supported by LTpowerPlay™ a software
development tool with graphical user interface (GUI).

Switching frequency, channel phasing, output voltage,
and device address can be programmed using external
configuration resistors. Additionally, parameters can be
set via the digital interface or stored in EEPROM. Voltage,
current, internal/external temperature and fault status can
be read back through the bus interface.

The LTC3887 has integrated gate drivers. The LTC3887-1
has three-state PWM pins to drive power blocks or DrMOS
power stages. The LTC3887 is an enhanced version of the
LTC3880 with greater output voltage range and more digital
features. Refer to page 15 for more detail.

A7, LT LTC, LTM, PolyPhase, pModule, Linear Technology and the Linear logo are registered
trademarks and LTpowerPlay is a trademark of Linear Technology Corporation. All other
trademarks are the property of their respective owners. Protected by U.S. Patents including
5481178, 5705919, 5929620, 6144194, 6177787, 6580258, 5408150, 7420359. Licensed
under U.S. Patent 7000125 and other related patents worldwide.
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TABLE OF CONTENTS
Features......cocooniniii i, 1
Applications .........cooeiiiiiiii e, 1
Typical Application ..., 1
Description.........coveeiei e 1
Table of Contents ...........cc.coeeiiiiiiiiiiie, 2
Absolute Maximum Ratings....................c..cee. 4
Pin Configuration ................cooooiiiiiiiiinnns 4
Order Information............c..cooeiiiiiiiieen, 4
Electrical Characteristics.............ccccovenvinnennnnss 5
Typical Performance Characteristics ................... 9
Pin Functions..........ccocooiiii 12
Block Diagram..............ccooiiiiiiiiiiiieen, 14
Operation...........cooveiiiiiii e 15
OVEIVIBW ...ttt e 15
Main Control LOOP .....cvoveveeeeeeecceeeeeeceeeee e 16
EEPROM (NVIM).....coveecrereeeceeeeieeeecee s 16
Power Up and Initialization ...........c.ccocooeeeieiininennnn, 17
SOft-Start......c.oooeeee e 17
SEQUENCING ....vvvvererereeee e, 18
EVENT-Based Sequencing .........cccoeevevevevevevevennnee, 18
ShULAOWN ..o 19
Light Load Current Operation ............c.ccccevevevnene, 19
Switching Frequency and Phase.............cccc.c........... 20
Output Voltage Sensing .........ccccceeveveecrerercrevcnnae, 20
CUrrent SENSING .....ccvveveeeeeeceeece e 20
PolyPhase Load Sharing..........ccccoeeeveeceeciciccnne, 21
External/Internal Temperature Sense...................... 21
RCONFIG (Resistor Configuration) Pins.................. 22
Fault Detection and Handling ...........c.cccccoeeevenennee, 23
CRC Protection .......cceeveveeeeeceeceeeeeeeeee e, 24
Serial INterface ..........ccceveveveevceeceee e, 24
Communication Protection ...........ccccoeveveueennee, 24
Device AddressSing .......ccevevvvevereerireseeee e 24
Responses to Voyt and lgyt Faults ... 25
Output Overvoltage Fault Response.................... 25
Output Undervoltage Response .........ccccceueeeee. 25
Peak Output Overcurrent Fault Response........... 26
Responses to Timing Faults..........c.cccooeveveevevennnene, 26
Responses to Viy OV Faults.........ccocoveveveeicccicnnnn, 26

Responses to OT/UT Faults...........ccoceccecvcvcnennen. 26
Internal Overtemperature Fault/
Warn RESPONSE ......cceveereciieeeeceeeee e, 26
External Overtemperature and
Undertemperature Fault Response...................... 26
Responses to External Faults ..., 27
FAUIt LOQQING ..o 27
Bus Timeout Protection .........ccccocvevvveecececccennn 27
Similarity Between PMBus, SMBus and I2C
2-Wire INterface........cccceveveveceeeeeecceeeeeeeeeee e 27
PMBus Serial Digital Interface...........cccoeveverennee. 28
PMBus Command Summary ...........c...ceeeenennnen 33
PMBus Commands..........cccoeeveveeeeeeeecceeeeeenn 33
*Data Format.........coooveveevieecccee e, 38
Applications Information ...l 39
Current Limit Programming.........cccccceevevevcverennan, 39
IsEnsEY @Nd ISENSE™ PINS v 39
Low Value Resistor Current Sensing....................... 40
Inductor DCR Current Sensing..........ccccoceeeverenenen. 4
Slope Compensation and Inductor Peak Current ....42
Inductor Value Galculation ............ccoeoveveeccennnen. 42
Inductor Core Selection .........ccccceeeeccerecrcrcnenen, 43
Power MOSFET and Schottky Diode (Optional)
SeIBCHION.....ecviiecee e 43
Variable Delay Time, Soft-Start and Output
Voltage Ramping ......cccceovvvveceieciccceece e, 44
Digital Servo Mode .........cceveveveeeeeeeece e, 45
Soft Off (Sequenced Off) ......cccrvevrerrirers 45
INTVge Requlator.......c.cveiecececcccccccees 46
Topside MOSFET Driver Supply (Cg, Dg)
(LTC3887)....veeceerereeeereveeeeee s 46
Undervoltage LOCKOUL...........cceeervviieceeceeis 47
Ciy and Coyt Selection .........ccevveeeveeiiieceee, 47
Fault ConditionS.........c.cceeeeveeeeceeeeeeceeeee e 48
Open-Drain Pins ........cccvevevevereeeeeeeeeee e, 48
Phase-Locked Loop and Frequency
SYNChronization.........cccccveveeeeeceeeeeee e, 49
Minimum On-Time Considerations..............cc.cc....... 50
3887fc

2 For more information www.linear.com/LTC3887 L’ TLEl(I;—(INOiLOJGYz



LTC3887/LTC3887-1

TABLE OF CONTENTS

RCONFIG (External Resistor
Configuration Pins) .......cccoveeervicceercecees
Voltage Selection...........ccceveveeeeeeceeeee,
Frequency and Phase Selection Using
{00
Address Selection Using RCONFIG....................
Efficiency Considerations ............ccccccceeveereverennnee,
Checking Transient ReSPoNSe.........ccccevvvvveveeevennnen.
PC Board Layout Checklist ...........ccceeueeveeiirerennnn,
PC Board Layout Debugging......cccccceveveveverererennee,
Design EXample ......cooveveeeeeeeeeceeeee e
Additional Design Checks ..........ccoeeeevcvercrcnenee,
Connecting the USB to the 12C/SMBus/PMBus
Controller to the LTC3887 In System.....................
LTpowerPlay: An Interactive GUI for
Digital POWEN ..o
PMBus Communication and Command
PrOCESSING...ceevvevetieeicecctee e
PMBus Command Details ................cccceeneenen.e.
Addressing and Write Protect............cccoevvvevevenenenen,
General Configuration Registers..........c.cccceueueee..
On/OF/MArgin ...cocveveeeeeceeeee e,
PWM CONFig oo

Input Voltage and LimitS..........cccceovvvvvreccrinnnee.
Output Voltage and LimitS...........ccoeveveveveverenee,
CUITENE. et
Input Current Calibration ............cccooevvvevevriennne
Output Current Calibration ..........ccccccevevvveveenee,
INput CUITENT ...
Output Current.........cceveveecccceecceeeceee

TEMPEraAtUre.....cevveeeeee e, 76
External Temperature Calibration........................ 76
External Temperature LimitS.........c.ccccccuerennnee. 77

TIMING cveviieeee e, 78
Timing—O0n Sequence/Ramp........cccccceveveveneee, 78
Timing—Off Sequence/Ramp ..........cccccveveveneee. 79
Precondition for Restart..........cccccoeeveieeiienene, 79

Fault RESPONSE .....cuveecvcecec e 80
Fault Responses All Faults..........ccooeevvriennee. 80
Fault Responses Input Voltage ............cccceneeee. 80
Fault Responses Output Voltage......................... 81
Fault Responses Output Current.............coco....... 84
Fault Responses IC Temperature............cccoc....... 85
Fault Responses External Temperature............... 85

Fault Sharing.........ccccoevveevececeeeeee e, 87
Fault Sharing Propagation ............ccccooevevevnneee. 87
Fault Sharing ResSponse.........ccccceeeveveiceccenanen. 88

Scratchpad .......c.ccveveeececeeecc e, 89

ldentification..........ccccovvveveeeeiecceeece e 89

Fault Warning and Status...........ccccooeeeieieieenennnn, 90

TEIBMELIY ..o, 97

NVM (EEPROM) Memory Commands .................. 100
StOre/RestOre .......vcveeeeeeeeeeeeeeeeee e, 100
Fault Logging......ccoeevvveveeeieccceee e 101
Block Memory Write/Read..........c.ccccoeveuennnnneee. 106

Typical Applications..............cooeeviiiiiennennenn. 107
Package Description ............c.cooveieiiiinnennen. 112
Revision History ...........ccocoveiviiiiiiiiiiiienenns 113
Typical Application ..............ccoeeiiiiiiiinnnnne. 114
Related Parts.........cccoonveviiiieeee, 114

3887fc

LY AR

For more information www.linear.com/LTC3887 3



LTC3887/LTC3887-1

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Vi Voltage. ..o -0.3V to 28V
Top Gate Transient Voltage TGO,

TG1 LTC3887 ..., -5V 10 34V
Top Gate Transient Voltage PWMO,

PWMT1 LTC3887-1 ... -0.3Vto 6V
BOOST1, BOOSTO LTC3887 ....................... -0.3V 1o 34V
Veet, Voo LTC3887-1 . -0.3Vto 6V
Switch Transient Voltage SW1,

SWO LTC3887 ..., -5V to 28V
INTVgc, (BOOST1 — SW1), (BOOSTO — SWO),

BGO, BG1, LTC3887 ......ceeveevcereeeeeree, -0.3Vto 6V

Vsenseo®, VSENSET ISENSEOR ISENSE1f--eeve-- —0.3Vto 6V
RUNO, RUN1, SDA, SCL, ALERT ................ -0.3Vto 5.5V

FREQ_CFG, Vouty cre, ASELO/A, Vppos....~0.3V to 2.75V
Vppas, GPI0O, GPIOT, TSNSO, TSNS, Vsenseo™,

SHARE_CLK, WP, SYNG, ITHn ................. -0.3Vt0 3.6V
INTVgc Peak Output Current.........ccccvevevencvcnennnee. 100mA
Operating Junction Temperature Range

(NOTE 2., -40°C to 125°C
Storage Temperature Range ................ -40°C to 150°C*

*See Derating EEPROM Retention at Temperature in the
Applications Information section for junctiontemperatures
in excess of 125°C.

PIN CONFIGURATION
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UJ PACKAGE
40-LEAD (6mm x 6mm) PLASTIC QFN
Tymax = 125°C, 64 = 33°C/W, 8¢ = 2.5°C/W
EXPOSED PAD (PIN 41) IS GND, MUST BE SOLDERED TO PCB

Oﬂ DGB InFOﬁmﬂTIOfI http://www.linear.com/product/LTC3887#orderinfo

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION JUNCTION TEMPERATURE RANGE
LTC3887EUJ#PBF LTC3887EUJ#TRPBF LTC3887UJ 40-Lead (6mm x 6mm) Plastic QFN | -40°C to 125°C
LTC38871UJ#PBF LTC38871UJ#TRPBF LTC3887UJ 40-Lead (6mm x 6mm) Plastic QFN | -40°C to 125°C
LTC3887EUJ-1#PBF LTC3887EUJ-1#TRPBF | LTC3887UJ-1 40-Lead (6mm x 6mm) Plastic QFN | -40°C to 125°C
LTC38871UJ-1#PBF LTC38871UJ-1#TRPBF LTC3887UJ-1 40-Lead (6mm x 6mm) Plastic QFN | -40°C to 125°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/. Some packages are available in 500 unit reels through

designated sales channels with #TRMPBF suffix.
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LTC3887/LTC3887-1

GLGCTRKHL CHHBHCTGRISTICS The e denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C. (Note 2) Vy = 12V, Vgynp,1 = 3.3V, fsync = 500kHz (externally
driven) unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS | MIN  TYP  MAX [ UNITS
Input Voltage
Vin Input Voltage Range (Note 12) 45 24 \
Iq Input Voltage Supply Current
Normal Operation VRuno,1 = 3.3V, No Caps on TG and BG 25 mA
VRUN0,1 =0V 20 mA
VuvLo Undervoltage Lockout Threshold Vintvee Falling 3.7 v
when Vy > 4.3V VinTvee Rising 3.95 V
Tinim Initialization Time Time from Vy Applied Until the TON_DELAY 70 ms
Timer Starts.
Control Loop
Voutro Full-Scale Voltage High Range VOUT_COMMAND = 5.500V (Note 9) 5.45 5.55 v
Set Point Accuracy (0.6V to 5V) -0.5 05 %
Resolution 12 Bits
LSB Step Size 1.375 mV
Voutri Full-Scale Voltage Low Range VOUT_COMMAND = 2.75V (Note 9) 2.7 2.8 Y
Set Point Accuracy (0.6V to 2.5V) -0.5 05 %
Resolution 12 Bits
LSB Step Size 0.6875 mV
VLINEREG Line Regulation BV < Vi < 24V +0.02 %N
VL0ADREG Load Regulation AVity=1.35V-0.7V 0.01 0.1 %
AViy =1.35V -2.0V -0.01 01 %
Omo.1 Error Amplifier g ITHo.1 =1.22V 3 mmho
l|SENSEO.1 Input Current Visense = 5.5V +1 +3 pA
Vsenserino | Vsense Input Resistance to Ground 0V < Vpy < 5.5V 41 kQ
Vsenserint | Vsense Input Resistance to Ground 0V < Vpy < 5.5V 37 kQ
Viumir Resolution 3 bits
ViLimMmax Hi Range 68 75 82 mV
Lo Range 44 50 56 mV
ViLMMIN Hi Range 37.5 mV
Lo Range 25 mvV
Gate Drivers LTC3887
TGO,1 TG Transition Time (LTC3887/LTC3887-1) (Note 4)
tr Rise Time Croap = 3300pF 30 ns
t Fall Time Croap = 3300pF 30 ns
BGO,1 BG Transition Time: (Note 4)
ty Rise Time Croap = 3300pF 30 ns
t Fall Time Croap = 3300pF 30 ns
TG/BG t1p Top Gate Off to Bottom Gate On Delay Time | (Note 4) C_gap = 3300pF Each Driver 30 ns
BG/TG top Bottom Gate Off to Top Gate On Delay Time | (Note 4) G, gap = 3300pF Each Driver 30 ns
tonmIny Minimum On-Time (LTC3887/LTC3887-1) 90 ns
OV Output Voltage Supervisor
N Resolution 8 Bits
VRANGEO Voltage Monitoring Range Range Value =0 1 5.6 \
VRANGE1 Voltage Monitoring Range Range Value = 1 0.5 2.7 \
VousTpo Threshold Programming Step Range Value = 0 22.5 mV
VousTp1 Threshold Programming Step Range Value = 1 11.25 mV
VTHAGCO Threshold Accuracy 2V < Vgyr < 5V Range Value = 0 +2 %
VTHAGC1 Threshold Accuracy 1V < Vgyr < 2.5V Range Value = 1 +2 %
tPrOPOV 0V Comparator to GPIO Low Time Vop = 10% of Threshold 35 us

3887fc

LY N

For more information www.linear.com/LTC3887

5



LTC3887/LT1C3887-1

GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C. (Note 2) Vjy = 12V, Vgyno,1 = 3.3V, fsync = 500kHz (externally
driven) unless otherwise specified.

SYMBOL [ PARAMETER | CONDITIONS | MIN  TYP  MAX [ UNITS
UV Output Voltage Supervisor
N Resolution 8 bits
VRANGEO Voltage Range High Range 1 5.5 \
VRANGET Voltage Range Low Range 0.5 2.7 \
VousTPo Step Size Range Value = 0, High Range 22 mV
VousTp1 Step Size Range Value = 1, Low Range 11 mvV
VITHACGO Threshold Accuracy 2V < Vgyt < 5V Range Value = 0, High Range £2 %
VTHACCH Threshold Accuracy 1V < Vyt < 2.5V Range Value = 1, Low Range £2 %
tproPUV UV Comparator to GPIO Low Time Vop = 10% of Threshold 100 us
Vy Voltage Supervisor
N Resolution 8 bits
VINRANGE Full-Scale Voltage 4.5 20 \
Vinstp Step Size 82 mV
VINTHACG Threshold Accuracy 9.0V < Vi < 20V +2.5 %
VintHacewr | Threshold Accuracy 4.5V < Viy < 9V +9 %
tPROPVIN Comparator Response Time Vop = 10% of Threshold 100 us
(VIN_ON and VIN_OFF)
Output Voltage Readback
N Resolution 16 Bits
LSB Step Size 244 pv
Vorg Full-Scale Voltage (Note 10) Vgun, = OV (Note 8) 8 \
VouT TUE Total Unadjusted Error (Note 8) Voyrp> 0.6V 05 %
Vos Zero-Code Offset Voltage +500 pv
tCONVERT Conversion Time (Note 6) 100 ms
Viy Voltage Readback
N Resolution (Note 5) 10 Bits
Virs Full-Scale Voltage (Note 11) 38.91 \
VIN_TUE Total Unadjusted Error Vi > 4.5V (Note 8) 0é5 ‘Zo
tcoNVERT Conversion Time (Note 6) 100 ms
Output Current Readback
N Resolution (Note 5) 10 Bits
LSB Step Size oV < |V|SE|\|S|§Jr - VISENSE_l <16mV 15.625 pv
16mV < |VISENSE+ - VISENSE_| <32mV 31.25 pv
32mV < |V|SENSE+ - VISENSE_| <63.9mV 62.5 LIV
63.9mV < |V|S|§|\|SEJr - VISENSE_| <127.9mV 125 pv
Irg Full-Scale Current (Note 7) Risense = TmQ +128 A
louT TUE Total Unadjusted Error (Note 8) Visense > 6mV +1 %
Vos Zero-Code Offset Voltage +28 pv
tCONVERT Conversion Time (Note 6) 100 ms
Input Current and Duty Cycle Readback
D_RES Resolution 10 Bits
D_TUE Total Unadjusted Error 16.3% Duty Cycle -3 3 %
tcoNVERT Update Rate (Note 6) 100 ms
Temperature Readback (T0, T1, T2)
TRES T Resolution 0.25 °C
T0,1_TUE External TSNS TUE AVTsns = 72mV (Note 8) +3 °C
T2_TUE Internal TSNS TUE VRuno.1 = 0.0V, fsyng = OkHz (Note 8) +1 °C
tconvert T | Update Rate (Note 6) 100 ms
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LTC3887/LTC3887-1

GLGCTRICHL CHHRHCTenlslncs The e denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C. (Note 2) Vjy = 12V, Vgyno,1 = 3.3V, fsync = 500kHz (externally
driven) unless otherwise specified.

SYMBOL [ PARAMETER | CONDITIONS | MIN  TYP  MAX [ UNITS
INTV¢c Regulator
VinTvee Internal V¢ Voltage No Load BV < Vi < 24V 4.8 5 5.2 \
Vipo InT INTV¢c Load Regulation Igc = OmA to 50mA 0.5 +2 %
Vippas Regulator
Vb33 Internal Vppss Voltage 4.5V < ViNTvee 3.2 3.3 3.4 \
lLimvon3s) | Vbpsa Current Limit Vppas = GND 70 mA
Vbp33 ov Vppas Overvoltage Threshold 3.5 v
Vb33 wv Vbps3 Undervoltage Threshold 3.1 v
Vippz2s Regulator
Vbp2s Internal Vppos Voltage 2.5 v
[Limvop2s) | Vopgs Current Limit Vbp2s = GND 50 mA
Oscillator and Phase-Locked Loop
fosc Oscillator Frequency Accuracy 250kHz < fgyng < TMHz Measured Falling o +7/.5 %
Edge-to-Falling Edge of SYNC with SWITCH_
FREQUENCY = 250.0 and 1000.0
VTH sYNG SYNC Input Threshold Vewkin Falling 1 v
Vewkin Rising 1.5 v
VOL,SYNC SYNC Low Output Voltage ILoap = 3mMA 0.2 0.4 v
[LEAKSYNG SYNC Leakage Current in Slave Mode 0V < Vpy 3.6V +5 pA
6SYNC-60 | SYNC to ChO Phase Relationship Based on MFR_PWM_CONFIG_LTC3887[2:0] =0, 2, 3 0 Deg
the Falling Edge of Sync and Rising Edge of | MFR_PWM_CONFIG_LTC3887[2:0] =5 60 Deg
TGO MFR_PWM_CONFIG_LTC3887[2:0] = 1 90 Deg
MFR_PWM_CONFIG_LTC3887[2:0] = 4, 6 120 Deg
BSYNC-61 | SYNC to Ch1 Phase Relationship Based on MFR_PWM_CONFIG_LTC3887[2:0] = 3 120 Deg
the Falling Edge of Sync and Rising Edge of | MFR_PWM_CONFIG_LTC3887[2:0] =0 180 Deg
TG1 MFR_PWM_CONFIG_LTC3887[2:0] =2, 4,5 240 Deg
MFR_PWM_CONFIG_LTC3887[2:0] = 1 270 Deg
MFR_PWM_CONFIG_LTC3887[2:0] = 6 300 Deg
EEPROM Characteristics
Endurance | (Note 13) 0°C < Ty < 85°C During EEPROM Write ® | 10,000 Cycles
Operations
Retention (Note 13) Ty < Tymax ® 10 Years
Mass_Write | Mass Write Operation Time STORE_USER_ALL, 0°C < TJ < 85°C During | @ 440 4100 ms
EEPROM Write Operations
Digital Inputs SCL, SDA, RUNO, RUN1, GPIOO, GPIOT
Viu Input High Threshold Voltage SCL, SDA, RUNO, RUN1, GPI00, GPIO1 ° 2.0 V
ViL Input Low Threshold Voltage SCL, SDA, RUNO, RUN1, GPIOO0, GPIOT o | 14 v
Vhyst Input Hysteresis SCL, SDA 0.08 \
Cpin Input Capacitance 10 pF
Digital Input WP
lpuwp | Input Pull-Up Current [wp | 10 | A
Open-Drain Outputs SCL, SDA, GPI00, GPIO1, ALERT, RUNO, RUN1, SHARE_CLK
VoL | Output Low Voltage | Ik = 3mA | o | 04 | v
Digital Inputs SHARE_CLK, WP
V4 Input High Threshold Voltage 1.5 1.8 v
' Input Low Threshold Voltage 0.6 1 v
Leakage Current SDA, SCL, ALERT, RUNO, RUN1
loL | Input Leakage Current [ OV < Vpyy <55V [ o] 5 | HA
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LTC3887/LTC3887-1

GLGCT“'C“L CHHRHCTGRBTKS The e denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C. (Note 2) Vjy = 12V, Vgyno,1 = 3.3V, fsync = 500kHz (externally

driven) unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS | MIN  TYP  MAX [ UNITS
Leakage Current GP100, GPIO1
loL | Input Leakage Current [ OV < Vpyy < 3.6V [ o] 5 | HA
Digital Filtering of GPIOD, GPIO1
lFiTe | Input Digital Filtering GPIO | | ] 3 | us
Digital Filtering of RUNO, RUN1
IFTR | Input Digital Filtering RUN | | ] 10 | us
PMBus Interface Timing Characteristics
fsmp Serial Bus Operating Frequency ® 10 400 kHz
tgur Bus Free Time Between Stop and Start ([ 1.3 ps
tHD,STA Hold time After Repeated Start Condition. ® 0.6 ps
After this Period, the First Clock is Generated

tsu.sTA Repeated Start Condition Setup Time ) 0.6 us
tsu.sT0 Stop Condition Setup Time ®| 06 ys
tHD,DAT Data Hold Time

Receiving Data ° 0 ps

Transmitting Data o 0.3 0.9 ys
tsu, pat Data Setup Time

Receiving Data ) 0.1 us
trimeout_swis | Stuck PMBus Timer Non-Block Reads Measured from the Last PMBus Start Event 32 ms

Stuck PMBus Timer Block Reads 150 ms

tLow Serial Clock Low Period ® 1.3 10000 us
tHIGH Serial Clock High Period o 0.6 us

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 LTC3887/LTC3887-1 are tested under pulsed load conditions
such that Ty = Tp. The LTC3887E/LTC3887E-1 are guaranteed to meet
performance specifications from 0°C to 85°C. Specifications over the
—40°C to 125°C operating junction temperature range are assured by
design, characterization and correlation with statistical process controls.
The LTC38871/LTC38871-1 are guaranteed over the full -40°C to 125°C
operating junction temperature range. T, is calculated from the ambient
temperature Ty and power dissipation Pp according to the following
formula:

Ty=Ta+ (Pp*6ya)
The maximum ambient temperature consistent with these specifications
is determined by specific operating conditions in conjunction with board
layout, the rated package thermal impedance 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: Rise and fall times are measured using 10% and 90% levels. Delay
times are measured using 50% levels.

Note 5: The data format in PMBus is 5 bits exponent (signed) and 11 bits
mantissa (signed). This limits the output resolution to 10 bits though the
internal ADC is 16 bits and the calculations use 32-bit words.

Note 6: The data conversion is done in round robin fashion. All inputs
signals are continuously converted for a typical latency of 100ms. Unless
the MFR_ADC_CONTROL command is utilized.

Note 7: The IOUT_CAL_GAIN = 1.0m€ and MFR_IOUT_CAL_GAIN_TC =
0.0. Value as read from READ_IOUT in amperes.

Note 8: Part tested with PWM disabled. Evaluation in application
demonstrates capability. TUE (%) = ADC Gain Error (%) + 100 * [Zero
Code Offset + ADC Linearity Error]/Actual Value.

Note 9: All Voyt commands assume the ADC is used to auto-zero the
output to achieve the stated accuracy. LTC3887 is tested in a feedback loop
that servos Voyr to a specified value.

Note 10: The maximum Voyr voltage is 5.5V.
Note 11: The maximum V,y voltage is 28\.
Note 12: When V) < 6V, INTVgg must be tied to V).

Note 13: EEPROM endurance and retention are guaranteed by design,
characterization and correlation with statistical process controls. The
minimum retention specification applies for devices whose EEPROM
has been cycled less than the minimum endurance specification. The
RESTORE_USER_ALL command (EEPROM read) is valid over the entire
operating junction temperature range.

3887fc

For more information www.linear.com/LTC3887

LY N



LTC3887/LTC3887-1

TYPICAL PERFORMANCE CHARACTERISTICS

Efficiency vs Load Current
Fsw = 350kHz (LTC3887)

Power Loss vs Load Current

Fsw = 350kHz (LTC3887)

Efficiency vs Load Current
Fsw = 500kHz (LTC3887)
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LTC3887/LTC3887-1

TYPICAL PERFORMANCE CHARACTERISTICS

Soft-0ff Ramp
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trALL = 5ms 5ms/DIV
tpELay = 10ms
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LTC3887/LTC3887-1

TYPICAL PERFORMANCE CHARACTERISTICS

Voyr Command INL
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LTC3887/LTC3887-1

TYPICAL PERFORMANCE CHARACTERISTICS

DC Output Current Matching in a
2-Phase System (LTC3887)

Dynamic Current Sharing During a
Load Transient in a 4-Phase System

Dynamic Current Sharing During a
Load Transient in a 4-Phase System
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3887 G28

PIN FUNCTIONS

Vsenseot (Pin 1): Channel O Positive Voltage Sense Input.
Vsenseo™ (Pin2): Channel O Negative Voltage Sense Input.

Itio/lt1 (Pin 5/Pin 26 ): Current Control Threshold and
Error Amplifier Compensation Nodes. Each associated
channel’s currentcomparatortripping threshold increases
with its Ity voltage.

Isenseo*/Isense1™ (Pins 6/Pin3): Current Sense Compara-
tor Inputs. The (+) inputs to the current comparators are
normally connected to DCR sensing networks or current
sensing resistors.

Isenseo /Isense1” (Pin 7/Pin4): Current Sense Comparator
Inputs. The (=) inputs are connected to the low side of the
current sense element.

SYNC (Pin 8): External Clock Synchronization Input and
Open-Drain Output Pin. If an external clock is present at
this pin, the switching frequency will be synchronized
to the external clock. If the SYNC output is enabled, this
pin will pull low at the switching frequency with a 500ns
pulse to ground. A resistor pull up to 3.3V is required in
the application if the LTC3887 SYNC output is enabled.

SCL (Pin 9): Serial Bus Clock Input. Open-drain output,
can hold the output low if clock stretching is enabled. A
pull-up resistor to 3.3V is required in the application.

SDA (Pin 10): Serial Bus Data Input and Output. A pull-up
resistor to 3.3V is required in the application.

ALERT (Pin 11): Open-Drain Digital Output. Connect the
SMBALERT signal to this pin. A pull-up resistor to 3.3V
is required in the application.

GPIOO/GPIOT (Pin 12/Pin 13): Digital Programmable
General Purpose Inputs and Outputs. Open-drain output.
A pull-up resistor to 3.3V is required in the application.

RUNO/RUN1 (Pin14/Pin15): Enable Run Inputand Output.
Logic high onthese pins enables the controller. Open-drain
output holds the pin low until the LTC3887 is out of reset.
A pull-up resistor to 3.3V is required in the application.

ASELO (Pin 16): Serial Bus Address Configuration Input.
Connect a +1% resistor divider between the chip Vppos
ASELO and SGND in order to select the 4LSBs of the se-
rial bus interface address. A resistor divider on ASELO is
recommended if there are more than one LTC3887s on the
same board to assure the user can independently program
each IC. If the pin is left open, the IC will use the value
programmed in the EEPROM. Minimize capacitance when
thepinisopentoassureaccurate detection of the pin state.

ASEL1 (Pin 17): Serial Bus Address Configuration Input.
Connect a +1% resistor divider between the chip Vppos
ASEL1 and SGND in order to select the 3SMSBs of the se-
rial bus interface address. A resistor divider on ASEL1 is
recommended if there are more than 16 LTC3887s on the
same board to assure the user can independently program
each IC. If the pin is left open, the IC will use the value
programmed in the EEPROM. Minimize capacitance when
thepinisopentoassureaccurate detection of the pin state.

3887fc
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LTC3887/LTC3887-1

PIN FUNCTIONS

FREQ_CFG (Pin 20): Frequency Select Pin. Connect a
+1% resistor divider between the chip Vppos FREQ_CFG
and GND in order to select switching frequency. If the pin
is left open, the IC will use the value programmed in the
EEPROM. Minimize capacitance when the pin is open to
assure accurate detection of the pin state.

PHAS_CFG (Pin 21): Phase Select Pin. Connect a +1%
resistor divider between the chip Vppos PHAS_CFG and
GND in order to select channel phasing. If the pin is left
open, the IC willuse the value programmed inthe EEPROM.
Minimize capacitance when the pin is open to assure ac-
curate detection of the pin state.

Vourto_cre/Vout1_cre (Pin 18/Pin19): Voltage Select Pin.
Connect a +1% resistor divider between the chip Vppos
Voutn_CFG and GND in order to adjust the output voltage
set point. If the pin is left open, the IC will use EEPROM.
Minimize capacitance when the pin is open to assure ac-
curate detection of the pin state.

Vpp2s (Pin 22): Internally Generated 2.5V power Supply
Output Pin. Bypass this pin to GND with a low ESR 1pF
capacitor. Do not load this pin with external current except
for the +1% resistor dividers required for the configura-
tion pins.

WP (Pin 23): Write Protect Pin Active High. An internal
10pA current source pulls the pin to Vppas. If WP is high,
the PMBus writes are restricted.

SHARE_CLK (Pin 24): Share Clock, Bidirectional Open-
Drain Clock Sharing Pin. Nominally 100kHz. Used to
synchronize thetiming between multiple LTC388Xs. Tieall
SHARE_CLK pins together. All LTC388Xs will synchronize
to the fastest clock. A pull-up resistor to 3.3V is required.

Vpp33 (Pin 25): Internally Generated 3.3V Power Supply
Output Pin. Bypass this pin to GND with a low ESR 1pF
capacitor. Do not load this pin with external current except
for the pull-up resistors required for GPIOn, SCLK, SYNC
and possibly RUNn, ALERT, SDA and SCL.

Vsenset (Pin 27): Channel 1 Voltage Sense Input. This
input voltage is referenced to the GND pin.

INTVge (Pin 33): Internal Regulator 5V Output.
The control circuits are powered from this voltage.
Decouple this pin to power ground with @ minimum of
4.7uF low ESR tantalum or ceramic capacitor.

GNDSNS (Pin 34): Ground Sense Pin. This pin is con-
nected to the back paddle ground and can be used to

detect if there is a good ground connection between the
back paddle and the board.

Vin (Pin 35): Main Input Supply. Decouple this pin to
PGND with a capacitor (0.1pF to 1pF). For applications
where the main input power is 5V, tie the Vjy and INTVge
pins together.

BGO/BG1 (Pin 36/Pin 32): Bottom Gate Driver Outputs.
These pins drive the gates of the bottom N-Channel MOSFETs
between PGND and INTVg. BGO/BG1 are not connected
on the LTC3887-1. They may be floated or tied to ground.

BOOSTO/BOOST1 (LTC3887) (Pin 37/Pin 31): Boosted
Floating Driver Supplies. The (+) terminal of the bootstrap
capacitors connect to these pins. These pins swing from
a diode voltage drop below INTV¢g up to Viy + INTVg.

Vceo/Nect (LTC3887-1) (Pins 37/31): These pins should
be connected to INTV¢c or Vppss.

TGO/TG1 (LTC3887) (Pin 38/Pin 30): Top Gate Driver
Outputs. These are the outputs of floating drivers with
a voltage swing equal to INTVgg superimposed on the
switch node voltages.

PWMO0/PWM1 (LTC3887-1) (Pin 38/Pin 30): PWM Outputs.
These are the three-state control outputs with a voltage
swing of GND to Vg used to control gate drivers. The
LTC3887-1 PWM pin is three-state which is required to
produce discontinuous operation in some gate driver or
DrMOS circuits.

SWO0/SW1 (LTC3887) (Pin39/Pin 29): Switch Node Con-
nections to Inductors. Voltage swings at the pins are from
a Schottky diode (external) voltage drop below ground
to Vyy. In the LTC3887-1 these pins are not connected to
internal circuitry. They may be floated or tied to ground.

TSNSO/TSNS1 (Pin 40/Pin 28): Channel 0,1 External
Diode Temperature Sense. Gonnect to the anode of a
diode connected PNP transistor and directly connect the
cathode to SGND in order to sense remote temperature. If
externaltemperature sense elementsare notinstalled, short
pin to ground and set the UT_FAULT_LIMIT to —275°C,
IOUT_CAL_GAIN_TC set to zero and the UT_FAULT_RE-
SPONSE to ignore.

GND (Exposed Pad Pin 41): Ground. Both the small-
signal and compensation components should connect to
this ground, which in turn connects to power ground at
one point.
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LTC3887/LTC3887-1

BLOCK DlﬂGﬂﬂm One of two channels (CHO) shown. (LTC3887 application only)
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LTC3887/LTC3887-1

OPERATION
OVERVIEW

The LTC3887/LTC3887-1 are a dual channel/dual phase,
constant frequency, analog current mode controller for
DC/DC step-down applications with a digital interface. The
LTC3887 is used in applications where the gate driver is
required. The LTC3887-1is used in applications where the
gate driver is external, for example a DrMOS power stage.
The LTC3887-1 allows the TG pin to three-state which is
required to produce discontinuous operation in some gate
driver DrMOS circuits. Discontinuous operation assures
the inductor current remains positive and is required to
start up into a prebiased load.

The LTC3887 is very similar in features to the LTC3880.
The major improvements are as follows:

® Ty 7 start-up time 70ms
® VOUTO/VOUTT are both programmable up to 5.5 Volts

®m PWM synchronization circuit, review Frequency and
Phasing section for details

® MFR_ADC_CONTROL for fast ADC sampling of one
parameter. See PMBus Command Details.

® PMBus compliant to version 1.2 which adds PAGE
_PLUS and SMBALERT mask. See PMBus Command
Details.

® |mproved fault logging. See PMBus Command Details.
m Share EA for channel 0/1 for 2-phase operation

® Resistor configuration pins modified. There are two
Addressselect pins, VOUTn_CONFIG, PHAS_CONFIG and
FREQ_CONFIG. The VOUTn_TRIM pins were removed.

The LTC3887 digital interface is compatible with PMBus
which supports bus speeds of up to 400kHz. A typical ap-
plication circuitis shown onthe first page of this data sheet.

Major features include:

® Programmable Output Voltage

® Programmable Input Voltage Comparator
® Programmable Current Limit

® Programmable Switching Frequency

Programmable OV and UV Comparators
® Programmable On and Off Delay Times
® Programmable Output Rise/Fall Times

® Phase-Locked Loop for Synchronous, Polyphase Opera-
tion (2, 3, 4 or 6 Phases)

® |nput and Output Voltage/Current, Temperature and
Duty Cycle Telemetry

® Fully Differential Load Sense
® |ntegrated Gate Drivers (LTC3887)
® Non-Volatile Configuration Memory

m QOptional External Configuration Resistors for Key
Operating Parameters

m (Qptional Time-Base Interconnect for Synchronization
Between Multiple Controllers

® Fault Logging

® WP Pin to Protect Internal Configuration

m Standalone Operation After User Factory Configuration
® PMBus, 400kHz Compliant Interface

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

Internal Die Temperature

External System Temperature via Optional Diode Sense
Elements

Average Output Current
Average PWM Duty Cycle
® Average Output Voltage

® Average Input Voltage

Average Input Current

Configurable, Latched and Unlatched Individual Fault
and Warning Status

Individual channels are accessed throughthe PMBus using
the PAGE command, i.e., PAGE 0 or 1.
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LTC3887/LTC3887-1

OPERATION

Fault reporting and shutdown behavior are fully configu-
rable. Two individual GPIO outputs are provided (GPIOO,
GPI101), both of which can be masked independently.
A dedicated pin for ALERT is provided. The shutdown
operation also allows all faults to be individually 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:

Output Undervoltage/Overvoltage
Input Undervoltage/Overvoltage
Input and Output Overcurrent
Internal Overtemperature
External Overtemperature

Communication, Memory or Logic (CML) Fault

MAIN CONTROL LOOP

The LTC3887 is a constant frequency, current mode step-
down controller containing two channels operating with
various user-defined relative phasing. During normal
operation each top MOSFET is turned on when the clock
for that channel sets the RS latch, and turned off when
the main current comparator, lgyp, resets the RS latch.
The peak inductor current at which Igyp resets the RS
latch is controlled by the voltage on the |ty pin which is
the output of each error amplifier, EA. The EA negative
terminal is equal to the Vggyse voltage divided by 5.5
(2.75 if range = 1). The positive terminal of the EA is
connected to the output of a 12-bit DAC with values
ranging from OV to 1.024V. The output voltage, through
feedback of the EA, will be regulated to 5.5 times the
DAC output (2.75 times if range = 1). The DAC value is
calculated by the part to synthesize the users desired
output voltage. The output voltage is programmed by the
user either with the resistor configuration pins detailed in
Table 12 or by the Vot command (either from EEPROM
or by PMBus command). Refer to the PMBus command
section of the data sheet or the PMBus specification for
more details. The output voltage can be modified by the
user at any time with a PMBus VOUT_COMMAND. This

command will typically have a latency less than 10ms.
The user is encouraged to reference the PMBus Power
System Management Protocol Specificationto understand
how to program the LTC3887. This specification can be
found at http://www.pmbus.org/specs.html.

Continuing the basic operation description, the current
mode controller will turn off the top gate when the peak
current is reached. If the load current increases, Vsense
will slightly droop with respect to the DAC reference.
This causes the Ity voltage to increase until the average
inductor current matches the new load current. After the
top MOSFET has turned off, the bottom MOSFET is turned
on. In continuous conduction mode, the bottom MOSFET
stays on until the end of the switching cycle.

EEPROM (NVM)

The LTC3887 contains internal EEPROM or NVM (non-
volatile memory) to store configuration settings and
fault log information. 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 a degradation of retention characteristics. The
faultlogging function, whichis usefulin debugging system
problemsthat may occurat hightemperatures, only writes
tofaultlog EEPROM locations. If occasional writesto 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
temperature exceeds 130°C, the LTC3887 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 when the die
temperature exceeds the internal overtemperature fault
limit 160°C with a 10°C hysteresis)
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The degradation in EEPROM retention for temperatures
>125°C can be approximated by calculating the dimen-
sionless acceleration factor using the following equation:

(@) 1

where:

AF = acceleration factor

Ea = activation energy = 1.4eV
K=8.617+107 eV/°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 135°C for 10 hours.

TstRess = 130°C

Tyse = 125°C
AF< ol(1.4/8.617 +10)  (1/398 - 1/403)] _ { g6

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
retention rating of 87,600 hours at a maximum junction
temperature of 125°C.

The integrity of the EEPROM is checked with a CRC calcu-
lation each time its data is read, such as after a power-on
resetorexecution ofaRESTORE_USER_ALL command. If
CRC error occurs, the MFR hit is set in the STATUS_BYTE
and STATUS_WORD commands. The NVM CRC error bit
in the STATUS_MFR_SPECIFIC command is set and the
ALERTand RUN pinsare pulled low disabling the output as
a safety measure. The device will only respond at special
address 0x7C or global addresses 0x5A and 0x5B.

POWER UP AND INITIALIZATION

The LTC3887 is designed to provide standalone supply
sequencing and controlled turn-onand turn-off operation.
It operates from a single input supply (4.5V to 24V) while
three on-chip linear regulators generate internal 2.5V, 3.3V

and 5V, If Vi does not exceed 6V, the INTVgg and Viy
pins must be tied together. The controller configuration
is initialized by an internal threshold based UVLO where
Vi must be approximately 4V and the 5V, 3.3V and 2.5V
linear regulators must be within approximately 20% of
the regulated values.

During initialization, the external configuration resistors
are identified and/or contents of the EEPROM are read
into the controllers commands. The GPIOn pins are in
high impedance (Hi-Z) mode. The TGn, BGn and RUNn
pins are held low. (The LTC3887-1 PWM pins are three-
state.) The LTC3887 will use the contents of Tables 12 to
15 to determine the resistor defined parameters. See the
Resistor Configuration section for more detail. The resistor
configuration pins only control some of the preset values
of the controller. The remaining values are programmed
in EEPROM either at the factory or by the user.

If the configuration resistors are not inserted or if the
ignore RCONFIG bit is asserted (bit 6 of the MFR_
CONFIG_ALL_LTC3887 configuration command), the
LTC3887 will use only the contents of EEPROM to deter-
mine the DG/DC characteristics. The ASELO and 1 values
read at power-up or reset or aftera RESTORE_USER _ALL
command are always respected unless the pins are open.
See the Applications Information section for more detail.

After the part has initialized, an additional comparator
monitors Viy. The VIN_ON threshold must be exceeded
before the output power sequencing can begin. After Vi
is initially applied, the part will typically require 70ms to
initialize and begin the TON_DELAY timer. The readback
of voltages and currents require an additional 200ms to
300ms.

SOFT-START

The part must enter the run state prior to soft-start.
The run pins are released by the LTC3887 after the part
initializes and V) is greater than the VIN_ON threshold. If
multiple LTC3887s are used in an application, they all hold
their respective run pins low until all devices initialize and
V|n exceeds the VIN_ON threshold for every device. The
SHARE_CLK pin assures all the devices connected to the
signal use the same time base. The SHARE_CLK pin is
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held low until the part has initialized after Vy is applied
and V,y exceeds the VIN_ON threshold. The LTC3887 can
be set to turn off (or remain off) if SHARE_CLK is low (set
bit2 of MFR_CHAN_CONFIG_LTC3887toa1). This allows
the user to assure synchronization across numerous LTC
ICs even if the RUN pins can not be connected together
due to board constraints. In general, if the user cares
about synchronization between chips it is best to connect
all the respective RUN pins together and to connect all
the respective SHARE_CLK pins together. This assures
all chips begin sequencing at the same time and use the
same time base.

Afterthe RUN pin releases and prior to entering a constant
output voltage regulation state, the LTC3887 performs a
monotonic initial ramp or “soft-start”. Soft-start is per-
formed by actively regulating the load voltage while digitally
ramping the target voltage from 0V to the commanded volt-
age set-point. Once the LTC3887 is commandedtoturnon,
(after power upandinitialization) the controller waits for the
user specified turn-on delay (TON_DELAY) prior to initiat-
ing 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
LTC3887 PWM always uses discontinuous mode during the
TON_RISE operation. In discontinuous mode, the bottom
gate is turned off as soon as reverse current is detected
in the inductor. In the LTC3887-1 this causes the TG pin
to three-state. This will allow the regulator to start up into
a prebiased load. When the TON_MAX_FAULT_LIMIT is

Voltage Based Sequencing by Cascading GP10s into RUN Pins

START_f RUNQ — » GPI00 = Vouto_uvur

LTC3887/
LTC3887-1

B Sl
RUN 0 —l—>

LTC3887/
LTC3887-1

RUN 1 L I » GPIO1 = Vouri_uvur

TO NEXT CHANNEL
IN THE SEQUENCE 3867 F02

» GPIOT = VouT1_uvur

» GPI00 = Vouto_uvur

Figure 2. Event (Voltage) Based Sequencing

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 Vythas
exceededthe VOUT_UV_FAULT_LIMITand IOUT_OC s not
present. Setting TON_MAX_FAULT_LIMIT to a value of 0
is not recommended. This described method of start-up
sequencing is time based.

SEQUENCING

The default mode for sequencing the outputs on and off is
time based. Each output is enabled after waiting TON_DE-
LAY amount of time following either a RUN pin going high,
a PMBus command to turn on or the V,y rising above a
preprogrammed voltage. Off sequencing is handled in a
similar way. To assure proper sequencing, make sure all
ICs connect the SHARE_CLK pin together and RUN pins
together. Ifthe RUN pins can not be connected together for
some reason, set bit 2 of MFR_CHAN_CONFIG_LTC3887
toa 1. This bit requires the SHARE_CLK pin to be clocking
before the power supply output can start. Whenthe RUN pin
ispulled low, the LTC3887 will hold the pinlow forthe MFR_
RESTART_DELAY. The minimum MFR_RESTART_DELAY
isTOFF_DELAY + TOFF_FALL + 136ms. This delay assures
proper sequencing of all rails. The LTC3887 calculates
this delay internally and will not process a shorter delay.
However, a longer commanded MFR_RESTART_DELAY
will be used by the part. The maximum allowed value is
65.52 seconds.

EVENT-BASED SEQUENCING

The GPIOn pins can be asserted when the UV threshold is
exceeded for each output. It is possible to feed the GPIO
pin from one output into the RUN pin of the next output
in the sequence. To use the GPIOn pin for voltage based
sequencing, set bit 12 of the MFR_GP10n_PROPAGATE
command = 1. Bit 12 is the VOUT_UVUF which is the
unfiltered VOUT_UV comparator. Using the unfiltered
VOUT_UV faultlimitis recommended because thereis little
appreciable time delay between the comparator crossing
the UV threshold and the GPIO pin releasing This can be
implemented across multiple LTC3887s. The VOUT_UVUF
has a 250ps filter. If the Vgt voltage bounces around the
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UV threshold for a long period of time it is possible for
the GPIO 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.

SHUTDOWN

The LTC3887 supports two shutdown modes. The first
mode is closed-loop shutdown response, with user-
defined turn-off delay (TOFF_DELAY) and ramp down
rate (TOFF_FALL). The controller will maintain the mode
of operation for TOFF_FALL. 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.

The other shutdown mode occurs in response to a fault
condition or loss of SHARE_CLK (if bit 2 of MFR_CHAN_
CONFIG_LTC3887 is set to a 1) or Vy falling below the
VIN_OFF threshold or GPIO pulled low externally (if the
MFR_GPIO_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 regulation states either through user intervention
(deasserting RUNnorthe PMBus OPERATION command)
or in response to a detected fault or an external fault via
the bidirectional GPIOn pins, or loss of SHARE_CLK (if
bit 2 of MFR_CHAN_CONFIG_LTC3887 is set to a 1) or
V| falling below the VIN_OFF threshold.

In hiccup 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 autono-
mous retries if the fault that caused the shutdown disap-
pears 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 GPIO 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_LTC3887. Alternatively, the con-
troller can be configured so that it remains latched-off
following a fault and clearing requires user intervention
such as toggling RUNn or commanding the part OFF
then ON.

LIGHT LOAD CURRENT OPERATION

The LTC3887 has two modes of operation including
discontinuous conduction mode and forced continu-
ous conduction mode. Mode selection is done using the
MFR_PWM_MODE_LTC3887 command (discontinuous
conductionisalwaysthe start-up mode, 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, Iggy, turns off the bottom gate ex-
ternal MOSFET just before the inductor current reaches
zero, preventing it from reversing and going negative.
The LTC3887-1 three-states the TG pin to accomplish the
same result. In forced continuous operation, the inductor
current is allowed to reverse at light loads or under large
transient conditions. The peak inductor current is deter-
mined solely by the voltage on the |ty 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 resultin 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 120ms to detect. If there is a
concern about the input supply boosting, keep the partin
discontinuous conduction operation.

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.
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SWITCHING FREQUENCY AND PHASE

The switching frequency of the LTC3887’s controller can
be established with internal clock references or with an
external time-base. The LTC3887 can be configured for
an external clock input through the programmed value in
EEPROM, a PMBus command or setting the SYNC out-
put to disable with the PHAS_CFG pin. The MFR_PWM_
CONFIG_LTC3887 command determines the relative phas-
ing. The rails should be selected to be out of phase with
each other. Both RUN pins must be low or both channels
commanded off before the FREQUENCY and MFR_PWM_
CONFIG_LTC3887 commands can be written to the
LTC3887. Therelative phasing ofall devices ina PolyPhase
rail should be optimally phased. The relative phasing of each
rail is 360/n where n is the number of phases in the rail.

The LTC3887 will automatically accept an external SYNC
input, disabling its own SYNC output if necessary, as long
as the external clock frequency is greater than 1/2 of the
internal PWM clock. Whether configured to drive SYNC
output or not, the LTC3887 can continue PWM operation
using its own internal oscillator if an external clock signal
is subsequently lost.

If the LTC3887 is configured as the oscillator output on
SYNC, SYNC ENABLED, the switching frequency source
can be selected with either external configuration resistors
or through serial bus programming. The FREQ_CFG
configuration resistor pin can be used to select the
FREQUENCY_SWITCH. The PHAS_CFG pin can be used
to set the MFR_PWM_CONFIG_LTC3887 and enable the
SYNC outputto produce the output frequency as outlined
inTables 13and 14. Otherwise, the FREQUENCY_SWITCH
and MFR_PWM_CONFIG_LTC3887 PMBus commands
can be used to select PWM switching frequency and
the PWM channel phase relationship. The phase and
frequency relationships are completely independent of
each other providing the numerous application options
for the user.

If the LTC3887 is configured to drive the SYNC output by
setting bit 4 of MFR_CONFIG_ALL_LTC3887 to a 0 the
SYNC pin will pull low at the desired clock rate, set with
the FREQUENCY_SWITCH command, with 500ns low
pulse. Care must be taken in the application to assure
the capacitance on SYNC is minimized to assure the pull-

up resistor versus the capacitor load has a low enough
time constant for the application. In addition, a phase-
locked loop (PLL) is available to synchronize the internal
oscillator to an external clock source that is connected
to the SYNC pin. All phase relationships are between the
falling edge of SYNC and the rising edge of the LTC3887
TG outputs. Multiple LTC3887s can be synchronized in
order to realize PolyPhase arrays.

OUTPUT VOLTAGE SENSING

The channel 0 differential amplifier allows remote, differ-
ential sensing of the load voltage with Vsensgop pins. The
channel 1 sense pin (Vsense1) is referenced to GND. The
telemetry ADCis fully differential and makes measurements
of channels 0 and 1 output voltages at the Vsensgo, and
Vsense1/GND pins, respectively. The maximum allowed
sense voltage is 5.5V,

CURRENT SENSING

For DCR current sense applications, a resistor in series
with a capacitor is placed across the inductor. In this
configuration, the resistor is tied to the FET side of the
inductor while the capacitor is tied to the load side of the
inductor as shown in Figure 3. If the RC values are cho-
sen such that the RC time constant matches the inductor
time constant (L/DCR, where DCR is the inductor series
resistance), the resultant voltage appearing across the
capacitor will equal the voltage across the inductor series
resistance (Vpcr) and thus represent the current flowing
through the inductor. The RC calculations are based on
the room temperature DCR of the inductor.

The RC time constant should remain constant, as a func-
tion of temperature. This assures the transient response of
the circuit is the same regardless of the temperature. The
DCR of the inductor has a large temperature coefficient,
approximately 3900ppm/°C. The temperature coefficient
of the inductor must be 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. In this application, the Iggnsg,™ pin is
connected to the power stage side of the capacitor while
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the Isense, pinis placed on the load side of the capacitor.
The current sensed from the input is then given by the
expression Vpgr/DCR. Vpgr is digitized by the LTC3887’s
telemetry ADC with an input range of +128m\, a noise
floor of 7uVRrms, and a peak-peak noise of approximately
46.5pV. The LTC3887 computes the inductor current using
the DCR value stored in the IOUT_CAL_GAIN command
and the temperature coefficient stored in command
MFR_IOUT_CAL_GAIN_TC. The resulting current value
is returned by the READ_IOUT command.

POLYPHASE LOAD SHARING

Multiple LTC3887’s can be arrayed in order to provide a
balanced load-share solution by bussing the necessary
pins. Figure 3 illustrates the shared connections required
for load sharing.

If an external oscillator is not provided, the SYNC output
should only be enabled on one of the LTC3887s. The
other(s) should be programmed to disable the SYNC
outputusing bit4 of MFR_CONFIG_ALL_LTC3887. Setthe
oscillator to the desired PWM frequency in both chips. If

an external oscillator is present, the chip with the SYNC
output enabled will detect the presence of the external
clock and stop driving the SYNC output.

Theerroramp oftwo PWM controls onthe same chip can be
shared by asserting bit 7 of MFR_PWM_CONFIG_LTC3887.
Both erroramps remain in the circuit so the loop gain does
not change. Do not assert this bit unless both Vgyr pins
are connected togetherand both ITH pins are tied together
in the application. This allows remote differential voltage
sensing for PolyPhase rails.

EXTERNAL/INTERNAL TEMPERATURE SENSE

Externaltemperature can be best measured using aremote
diode-connected PNP transistor such as the MMBT3906.
The emitter should be connected to the TSNSn pin while

TSNS
LTC3887/
LTC3887-1

GND

MMBT3906

SGND

3887 F04

Figure 4. Temperature Sense Circuit
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Figure 3. Load Sharing Connections for 3-Phase Operation
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the base and collector terminals of the PNP transistor
must be connected and returned directly to the LTC3887’s
GND pin. Place the PNP in close proximity to the induc-
tor to accurately measure the inductor temperature.
For best noise immunity, the connections should be routed
differentially and a 10nF capacitor should be placed in
parallel withthe diode connected PNP Two different currents
are applied to the diode (nominally 2uA and 32pA) and the
temperatureis calculated fromthe AVge measurement. The
external transistor temperature is digitized by the telem-
etry ADC, and the value is returned by the PMBus READ_
TEMPERATURE_1 (Chn) command.

The READ_TEMPERATURE_2 command returns the junc-
tion temperature of the LTC3887 using an on-chip diode.
The slope of the external temperature sensor can be
modified with the temperature slope coefficient stored in
MFR_TEMP_1_GAIN. Typical PNPs require temperature
slope adjustments slightly lessthan 1. The MMBT3906 has
a recommended value in this command of approximately
MFR_TEMP_1_GAIN = 0.991 based on the ideality factor
of 1.01. Simply invert the ideality factor to calculate the
MFR_TEMP_1_GAIN. Different manufacturers and differ-
ent lots may have different ideality factors. Consult with
the manufacturer to set this value.

The offset of the external temperature sense can be adjusted
by MFR_TEMP_1_OFFSET. Avalue of Qinthis register sets
the temperature offset to —273.15°C.

If the PNP cannot be placed in direct contact with the
inductor, the slope or offset can be increased to account
for temperature mismatches. If the user is adjusting the
slope, theintercept pointis atabsolute zero,—273.15°C, s0
small adjustments in slope can change the apparent mea-
sured temperature significantly. Another way to artificially
increase the slope of the temperature term is to increase
the MFR_IOUT_CAL_GAIN_TC term. This will modify the
temperature slope with respect to room temperature.

RCONFIG (RESISTOR CONFIGURATION) PINS

There are six input pins utilizing 1% resistor dividers
between Vppos and GND to select key operating param-
eters. The pinsare ASELO, ASEL1, FREQ_CFG, Voyto_cra,
Vourt1_crg, PHAS_CFG. If pinsare floated, the value stored
inthe corresponding EEPROM command is used. If bit 6 of

the MFR_CONFIG_ALL_LTC3887 configuration command
is asserted in EEPROM, the resistor inputs are ignored
upon power-up except for ASELO and ASEL1 which are
always respected. The resistor configuration pins are only
measured during a power-up reset, after an MFR_RESET
or after a RESTORE_USER_ALL command is executed.

TheVoutn crgpinsettingsare describedin Table 12. These
pins select the output voltages for the LTC3887’s analog
PWM controllers. Ifthe pinis open, the VOUT_COMMAND
command is loaded from EEPROMto determine the output
voltage. The default factory EEPROM setting is to have
the switcher off unless the voltage configuration pins are
installed. The user may reprogram the EEPROM to the
desired setting for the application. When the EEPROM
configurationis loaded, itis recommended the user assert
bit 6 of MFR_CONFIG_ALL_LTC3887 to disable the resis-
tor configuration pins for all subsequent reset operations.

The following parameters are set as a percentage of the
outputvoltage ifthe RCONFIG pins are used to determined
output voltage:

® VOUT_OV_FAULT_LIMIT .ot +10%
B VOUT_OV_WARN......ooiirirerineereeeeciene, +7.5%
B VOUT_MAX oo +7.5%
® VOUT_MARGIN_HIGH ..o +5%%
® VOUT_MARGIN_LOW......cooveiiiineiiceis -5%
B VOUT_UV_WARN.....cooriiiiiicreccis -6.5%
® VOUT_UV_FAULT_LIMIT...coiiiiiirercereeies ~%

The FREQ_CFG pin settings are described in Table 14. This
pinselectsthe switching frequency. The phase relationships
between the two channels and SYNC pin is determined by
the PHAS_CFG pin described in Table 13. To synchronize
to an external clock, the part should be put into external
clock mode (SYNC output disabled but frequency set to
the nominal value). If no external clockis supplied, the part
will clock at the programmed frequency. If the application
is multi-phase and the SYNC signal between chips is lost,
the parts will not be at the same frequency increasing the
ripple voltage on the output, possibly producing unde-
sirable operation. If the SYNC signal is being generated
internally and SYNC output enabled is not selected, bit 10
of MFR_PADS_LTC3887 will be asserted. If no frequency
is selected and the external SYNC frequency is not pres-
ent, a PLL_FAULT will occur. If the user does not wish to
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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 pin is
connected between multiple ICs only one of the ICs should
should have the SYNC output enabled, all other ICs should
be configured to SYNC output disabled.

The ASELO and 1 pin settings are described in Table 15.
ASLE1 selects the top three bits of the slave address for
the LTC3887. If ASEL1 is floating, the three most signifi-
cant bits are retrieved from the EEPROM MFR_ADDRESS
command. ASELO selects the bottom four bits of the slave
address forthe LTC3887. If ASELO is floating, the four LSB
bits stored in EEPROM MFR_ADDRESS command are
used to determine the four LSB bits of the slave address.
For more detail, refer to Table 15.

Note: Per the PMBus specification, pin programmed pa-
rameters can be overridden by commands from the digital
interface with the exception of ASELO and ASEL1 which
are always honored. Do not set any part address to 0x0C,
0x5A, 0x5B or 0x7C because these are global addresses
and all LTC PMBus parts may respond to them.

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 and External Overtemperature Fault and Warn
Protection

® External Undertemperature Fault Protection
® CML Fault (Communication, Memory or Logic)

m External Fault Detection via the Bidirectional GPIOn
Pins.

Inaddition, the LTC3887 can map any combination of fault
indicatorstotheir respective GPIOn pinusing the propagate

GPIOn response commands, MFR_GPIO_PROPAGATE_
LTC3887. Typical usage of a GPIO pin is as a driver for an
external crowbar device, overtemperaturealert, overvoltage
alert or as an interrupt to cause a microcontroller to poll
the fault commands. Alternatively, the GPIOn pins can be
used as inputs to detect external faults downstream of the
controller that require an immediate response. The GPI00
and/or GPI01 pins can also be configured as power good
outputs. Power good indicates the controller output is
within the OV/UV fault thresholds. At power-up the pin
will initially be three-state. If it is necessary to have the
desired polarity on the pin at power-up in this configura-
tion, attach a Schottky diode between the RUN pin of the
propagated power good signal and the GPIO pin. The
Cathode must be attached to RUN and the Anode to the
GPIO pin. If the GPIO pin is set to a power good status,
the MFR_GPIO_RESPONSE must be ignore otherwise a
latched off condition exists.

As described in the Soft-Start section, it is possible to
control start-up through concatenated events. If GPIOn
is used to drive the RUN pin of another controller, the
unfiltered VOUT_UV fault limit should be mapped to the
GPIO pin.

Any fault or warning event will cause the ALERT pin to
assertlow unlessthe ALERT is masked by the SMBALERT _
MASK command. The pin will remain asserted low until
the CLEAR_FAULTS command is issued, the fault bit is
written to a 1, the PMBus master successfully reads the
device ARA register, bias power is cycled a MFR_RESET
or RESTORE_USER_ALL command is issued. Channel
specific faults are cleared if the RUN pins are toggled OFF/
ON or the part is commanded OFF/ON via PMBus. If bit
0 of MFR_CONFIG_ALL_LTC3887 is set to a 1, toggling
the RUN pins OFF/ON or commanding the part OFF/ON
via PMBus clears all faults. The MFR_GPIO_PROPA-
GATE_LTC3887 command determines if the GPIO pins are
pulled low when a fault is detected; however, the ALERT
pin is always pulled low if a fault or warning is detected
and the status bits are updated unless the ALERT pin is
masked using the SMBALERT_MASK command.

Output and input fault event handling is controlled by the
corresponding fault response byte as specified in Tables 5
to 9. Shutdown recovery from these types of faults can
either be autonomous or latched. For autonomous re-
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covery, the faults are not latched, so if the fault condition
is 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 components by repetitive power cycling. The
MFR_RETRY_DELAY must be greater than 120ms. It can
not exceed 83.88 seconds.

Channel-to-channel fault dependencies can be created by
connecting GPI0npins together. In the event of an internal
fault, one or more of the channels is configured to pull
the bussed GPIOn pins low. The other channels are then
configured to shut down when the GPIOn pins are pulled
low. For autonomous group retry, the faulted channel is
configured to release the GPIOnpin(s) afteraretry 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 GPIO pin remains asserted
low until either the RUN pin is toggled OFF/ON or the part
is commanded OFF/ON. The toggling of the RUN either
by the pin or OFF/ON command will clear faults associ-
ated with the channel. If it is desired to have all faults
cleared when either RUN pin is toggled, set bit 0 of MFR_
CONFIG_ALL_LTC3887 to a 1.

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

Additional fault detection and handling capabilities are:

CRC Protection

The integrity of the EEPROM memory is checked after a
power-onreset. ACRC error will preventthe controllerfrom
leaving the OFF state. If a CRC error occurs, the CML bit is
setinthe STATUS_BYTE and STATUS_WORD commands,
the appropriate bit is set in the STATUS_MFR_SPECIFIC
command, and the ALERT pin will be pulled low. EEPROM
repair can be attempted by writing the desired configura-
tion to the controller and executing a STORE_USER_ALL
command followed by a CLEAR_FAULTS command.

The LTC3887 manufacturing section of the EEPROM is
mirrored. The LTC3887 has the ability to operate if either
one of the two sections of the manufacturing section

of the EEPROM configuration becomes corrupted. If a
discrepancy is detected, the “NVM CRC Fault” in the
STATUS_MFR_SPECIFIC command is set. If this bit re-
mains set after being cleared by issuinga CLEAR_FAULTS
orwriting a 1to this bit, an irrecoverable internal fault has
occurred. There are no provisions for field repairing un-
recoverable EEPROM faults in the manufacturing section.

SERIAL INTERFACE

The LTC3887 serial interface is a PMBus compliant slave
device and can operate at any frequency between 10kHz
and 400kHz. The address is configurable using either the
EEPROM or an external resistor divider. In addition the
LTC3887 always responds to the global broadcast address
of 0x5A (7 bit) or 0x5B (7 bit). Address 0x5A is not paged
and is performed on both channels. 0x5B respects the
page command. Because address 0x5A does not support
page, itcan not be used for any paged reading commands.

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 byte, 6)
read word and 7) read block 8) PAGE_PLUS_READ,
9) PAGE_PLUS_WRITE 10) SMBALERT_MASK read,
11) SMBALERT_MASK write. All read operations will return
a valid PEC if the PMBus master requests it. If the PEC_
REQUIRED bit is set in the MFR_CONFIG_ALL_LTC3887
command, the PMBus write operations will not be acted
upon until a valid PEC has been received by the LTC3887.

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 LTC3887 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 of the PMBus master
to address all LTC3887 devices on the bus. The LTC3887
global address is fixed 0x5A (7 bit) or 0xB4 (8 bit) and can-
not 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 channels simultaneously. Global
command 0x5B (7 bit) or 0xB6 (8 bit) is paged and allows
channel specific command of all LTC3887 devices on the
bus. Other LTC device types may respond at one or both of
these global addresses; therefore do not read from global
addresses.

Rail addressing provides a means for the bus master to
simultaneously communicate 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_AD-
DRESS command, allowing for any logical grouping of
channelsthat might be required for reliable system control.
Do not read from rail addresses because multiple LTC
devices may respond.

Device addressing provides the standard means of the
PMBus master communicating with a single instance of
an LTC3887. The value of the device address is set by a
combination of the ASELO and ASEL1 configuration pins
and the MFR_ADDRESS command. When this addressing
meansis 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.

All four means of PMBus addressing require the user to
employ disciplined planning to avoid addressing conflicts.
Communication to LTC3887 devices at global and rail ad-
dresses should be limited to command write operations.

RESPONSES TO Vgyt AND gyt FAULTS

VoytOVand UV conditions are monitored by comparators.
The OV and UV limits are set in three ways.

® As a Percentage of the Voyr if Using the Resistor Con-
figuration Pins

® [n EEPROM 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 120ms. The lgyT calculation accounts for the sense
resistor and the temperature coefficient of the resistor.
The input current is equal to the sum of output current
times the respective channel duty cycle plus the input
offset current for each channel. If this calculated input
current exceeds the IN_OC_WARN_LIMIT the ALERT pin
is pulled low and the [IN_OC_WARN bit is asserted in the
STATUS_INPUT register.

The LTC3887 provides the ability to ignore the fault, shut
downand latch off or shut down and retry indefinitely (hic-
cup). The retry interval is set in MFR_RETRY_DELAY and
can be from 120ms to 83.88 seconds in Tms 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 (OV) guards
against transient overshoots as well as long-term over-
voltages at the output. In such cases, the top MOSFET is
turned off and the bottom MOSFET is turned on until the
overvoltage condition is cleared regardless of the PMBus
VOUT_OV_FAULT_RESPONSE command byte value. This
hardware level fault response delay is typically 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 using the
Time Interval Specified in MFR_RETRY_DELAY

Either the Latch Off or Retry fault responses can be
deglitched in increments of (0 to 7) » 10ps. See Table 5.
Output Undervoltage Response

The response to an undervoltage comparator output can
be either:

® |gnore
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