ANALOG

DEVICES LTM2987
16-Channel uModule PMBuUs
Power System Manager

FEATURES DESCRIPTION
= Sequence, Trim, Margin and Supervise 16 Power The LTM®2987 is a 16-channel pModule® (micromodule)
Supplies Power System Manager used to sequence, trim (servo),

= Manage Faults, Monitor Telemetry and Create Fault  margin, supervise, manage faults, provide telemetry and
Logs create fault logs. PMBus commands support power sup-
PMBus™ Compliant Command Set ply sequencing, precision point-of-load voltage adjustment
Supported by LTpowerPlay® GUI and margining. DACs use a proprietary soft-connect algo-
Margin or Trim Supplies to Within 0.25% of Target rithm to minimize supply disturbances. Supervisory func-
Fast OV/UV Supervisors Per Channel tions include overvoltage and undervoltage threshold limits
Coordinate Sequencing and Fault Management for sixteen power supply output channels and two power
Across Multiple LTC PSM Devices supply input channels, as well as over and under tempera-
Automatic Fault Logging to Internal EEPROM ture limits. Programmable fault responses can disable the
Operate Autonomously without Additional Software  power supplies with optional retry after a fault is detected.
Internal Temperature and Input Voltage Supervisors Faults that disable a power supply can automatically trig-
Accurate Monitoring of 16 Qutput Voltages, Two ger black box EEPROM storage of fault status and associ-
Input Voltages and Internal Die Temperature ated telemetry. An internal 16-bit ADC monitors sixteen
= |2C/SMBus Serial Interface output voltages, two input voltages, and die temperature.
® Can Be Powered from 3.3V, or 4.5V to 15V In addition, odd numbered channels can be configured
® Programmable Watchdog Timer to measure the voltage across a current sense resistor. A
® Available in 144-Pin 15mm x 15mm BGA Package programmable watchdog timer monitors microprocessor
activity for a stalled condition and resets the microproces-
APPLICATIONS sor if necessary. A single wire bus synchronizes power
supplies across multiple LTC Power System Management
Computers and Network Servers (PSM) devices. Configuration EEPROM with ECC supports
Industrial Test and Measurement autonomous operation without additional software.
High Reliability Systems
Medical Imaging

All other trademarks are the property of their respective owners. Protected by U.S. Patents
Video

including 7382303, 7420359 and 7940091.

TYPICAL APPLICATION
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LTM2987

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2, 3)

Supply Voltages:
VPY R eererererrerereresisieree s, -0.3Vto 15V
VIN SNS cvveeeeemememeieie e -0.3Vto 15V
VDD33 e rrererereieieieretere e -0.3Vto 3.6V
VDD25 vttt -0.3Vto 2.75V

Digital Input/Output Voltages:
ALERTB, SDA, SCL, CONTROLO,

CONTROLT ..o -0.3Vto 5.5V

PWRGD, SHARE_CLK,

WDI/RESETB, WP.................... -0.3Vto Vppaz + 0.3V

FAULTBOO, FAULTBO1, FAULTB10,

FAULTBIT o -0.3Vto Vppaz + 0.3V

ASELO, ASELT ........ccvcvvee, -0.3Vto Vppaz + 0.3V
Analog Voltages:

REFP ..o -0.3Vto 1.35V

REFM ..o -0.3Vto 0.3V

VSENSEP[7:0] ++vvvvveseerssersssssssissssissississnns -0.3Vto 6V

VSENSEM[7:0]:++++vvseerssersssesssissssissisesisins -0.3Vto 6V

VOUT_EN[3:0]’ VIN_EN ............................... -0.3Vto 15V

VOUT_EN[7:4] +overeeerresemsneiseiisseisnisiiens -0.3Vto 6V

VDACP[7:0]wvesereserssrsserssssssssississsisssisnns -0.3Vto 6V

VDACM[Z:0] wrrvesevrssrrsssnsssississssinssininas -0.3Vto 0.3V
Pull-Up Resistors:

VPU cverereeie s -0.3Vt0 5.5V

Rpuits Rru2, Rpuss Rpug oveveevevciciciciee -0.3Vt0 5.5V
Operating Junction Temperature Range:

LTM2987C ... 0°Cto 70°C

LTM29871 ..o -40°C to 105°C
Storage Temperature Range ................ -55°C to 125°C*
Maximum Junction Temperature ...........cceu...... 125°C*
Maximum Solder Temperature............cccoevevrvnenee. 250°C

*See OPERATION section of the LTC2977 data sheet for detailed EEPROM
derating information for junction temperatures in excess of 105°C.

PIN CONFIGURATION

TOP VIEW
PNT 1T 2 3 4 5 6 7 8 9 10 11 12

Aoooooomooooo
oooooomooooo
000000000000
000000000000
0000000000O0CF0
o000 00000000
00000000O0COCGOCFO
0000000000CO0CO0
e00000O0OCOOOO
0000000000COCO
000000000000
000000000000

BGA PACKAGE
144-LEAD (15mm x 15mm x3.42mm)

- m O o w

=S - X o T ©

Ty = 125°C, 0, = 25.2°CMW, 6,1010p = 15.6°CW, 8 cpatiom = 7.1°C/W, 6,5 = 10.4°C/W,
WEIGHT = 1.6g, VALUES DETERMINED PER JEDEC 51-9, 51-12

Oﬂ DEB InFOﬂmﬂTlon http://www.linear.com/product/LTM2987+#orderinfo

PART NUMBER PAD OR BALL FINISH PART MARKING* PACKAGE MSL | OPERATING JUNCTION
DEVICE FINISH CODE TYPE RATING | TEMPERATURE RANGE

LTM2987CY#PBF SAG305 (RoHS) LTM2987Y el BGA 3 0°C to 70°C

LTM29871Y#PBF SAC305 (RoHS) LTM2987Y el BGA 3 —40°C t0 105°C

Consult Marketing for parts specified with wider operating temperature
ranges. *Device temperature grade is indicated by a label on the shipping
container. Pad or ball finish code is per IPC/JEDEC J-STD-609.

e Terminal Finish Part Marking:
www.linear.com/leadfree

* Recommended LGA and BGA PCB Assembly and Manufacturing
Procedures:
www.linear.com/umodule/pchassembly

 LGA and BGA Package and Tray Drawings:
www.linear.com/packaging

Rev. C
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LTM2987

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

temperature range, otherwise specifications are at Ty = 25°C. Vpwg = Vin_sns = 12V, Vpp33, REFP and REFM pins floating, unless
otherwise indicated. (Notes 2, 3)

SYMBOL | PARAMETER | CONDITIONS MIN P MAX | UNITS
Power Supply Characteristics
Vpwr Vpwr Supply Input Operating Range ° 45 15 v
IpwR Vpwr Supply Current 4.5V < Vpyr < 15V, Vppas Floating [ J 10 13 mA
lvopas Vppas Supply Current 3.13V < Vpp33 < 3.47V, Vpwr = Vpp33 [} 10 13 mA
Vyvio_ vop33 | Vppss Undervoltage Lockout Vppss Ramping Up, Vpwr = Vopas [} 2.35 2.55 2.8 v
Vppas Undervoltage Lockout 120 mV
Hysteresis
Vb33 Supply Input Operating Range Vpwr = Vpp3s [ 3.13 3.47 V
Regulator Qutput Voltage 4.5V < Vpygr <15V [ 3.13 3.26 3.47 V
Regulator Output Short-Circuit Current | Vpwr = 4.5V, Vppaz = OV ) 75 90 140 mA
VD25 Regulator Qutput Voltage 3.13V < Vpp33 < 3.47V ) 2.35 2.5 2.6 v
Regulator Qutput Short-Circuit Current | Vpwr = Vppsz = 3.47V, Vppos = 0V ° 30 55 80 mA
tiniT Initialization Time Time from V)y Applied Until the TON_DELAY 42 ms
Timer Starts
Voltage Reference Characteristics
VREr Output Voltage (Note 4) 1.232 v
Temperature Coefficient 3 ppm/°C
Hysteresis (Note 5) 100 ppm
ADC Characteristics
ViN_ADC Voltage Sense Input Range Differential Voltage: [ 0 6 V
Vin_anc = (Vsensern — VSENSEMn)
Single-Ended Voltage: Vsensemn ® -0.1 0.1 V
Current Sense Input Range (Odd Single-Ended Voltage: Vsensepm VSensemn | @ -0.1 6 v
Numbered Chiannels Only) Differential Violtage: Vi oo o 170 170 mv
N_ADC Voltage Sense Resolution (Uses L16 | OV < Vy_apc < 6V 122 pV/LSB
Format) Mfr_config_adc_hires = 0
Current Sense Resolution (Odd OmV < |Vin_apc| < 16mV (Note 6) 15.625 pV/LSB
Numbered Channels Only) 16mV < |Viy_apc| < 32mV 31.25 HV/LSB
32mV < |Viy_anc| < 63.9mV 62.5 uv/LSB
63.9mV < |V apc| < 127.9mV 125 HV/LSB
127.9mV < |Viy_apc] 250 HV/LSB
Mfr_config_adc_hires = 1
TUE_ADC_ | Total Unadjusted Error (Note 4) Voltage Sense Mode Viy_apc > 1V ° +0.25 % of
VOLT_SNS Reading
Voltage Sense Mode 0 < Viy_apc < 1V o +2.5 mV
TUE_ADC_ | Total Unadjusted Error (Note 4) Current Sense Mode, Odd Numbered ® +0.7 % of
CURR_SNS Channels Only, 20mV < Viy apg < 170mV Reading
Current Sense Mode, Odd Numbered ° +140 pv
Channels Only, Viy_apc < 20mV
Vos_abc Offset Error Current Sense Mode, Odd Numbered o +35 pv
Channels Only
tconv_Apc Conversion Time Voltage Sense Mode (Note 7) 6.15 ms
Current Sense Mode (Note 7) 24.6 ms
Temperature Input (Note 7) 24.6 ms
Rev. C
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LTM2987

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

temperature range, otherwise specifications are at Ty = 25°C. Vpwg = Vin_sns = 12V, Vpp33, REFP and REFM pins floating, unless

otherwise indicated. (Notes 2, 3)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
tuppaTe Apc | Update Time Odd Numbered Channels in Current Sense 160 ms
Mode (Note 7)
Cin_anc Input Sampling Capacitance 1 pF
fin_anc Input Sampling Frequency 62.5 kHz
Iin_ADC Input Leakage Current Vin_apc = 0V, OV < Veommonmone < 6V, (] +0.5 HA
Current Sense Mode
Differential Input Current Vin_apc = 0.17V, Current Sense Mode o 80 250 nA
Vin_apc = 6V, Voltage Sense Mode ° 10 15 HA
DAC Output Characteristics
N_Vpacp Resolution 10 Bits
VFs_ vDACP Full-Scale Qutput Voltage DAC Code = Ox3FF | Buffer Gain Setting 0 | ® 1.3 1.38 1.44 V
(Programmable) DAC Polarity =1 Buffer Gain Setting_1 | ® 2.5 2.65 2.77 V
INL_Vpacp | Integral Nonlinearity (Note 8) ° +2 LSB
DNL_Vpacp | Differential Nonlinearity (Note 8) ® +2.4 LSB
Vos_vpacp | Offset Voltage (Note 8) ° +10 mV
Vbacp Load Regulation (Vpacps = Voacmn) Vibacen = 2.65VY, lypacps Sourcing = 2mA 100 ppm/mA
Voacen = 0.1V, lypacen Sinking = 2mA 100 ppm/mA
PSRR (Vpacen— Voacmn) DC: 3.13V < Vpps3 < 3.47V, Vpwr = Vppas 60 aB
100mV Step in 20ns with 50pF Load 40 dB
DC CMRR (Vpacpn— Voacmin) -0.1V < Vpacmn < 0.1V 60 dB
Leakage Current Vpacpn Hi-Z, OV < Vpacpn < 6V ° +100 nA
Short-Circuit Current Low Vipacps Shorted to GND ° -10 -4 mA
Short-Circuit Current High Vpacpn Shorted to Vppss ) 4 10 mA
Cour Output Capacitance Vipacpn Hi-Z 10 pF
ts_vpacp DAC Output Update Rate Fast Servo Mode 500 HS
DAC Soft-Connect Comparator Characteristics
Vos_cmp Offset Voltage Vpacpn= 0.2V ) +1 +18 mV
Vpagpn = 1.3V ° +2 +26 mV
Vbacpn = 2.65V L] +3 +52 mV
Voltage Supervisor Characteristics
Vin_vs Input Voltage Range (Programmable) | Vi vs = (Vsensepn |Low Resolution Mode | @ 0 6 V
- VseEnsEMn) High Resolution Mode | ® 0 3.8 v
Single-Ended Voltage: Vsensemn ) -0.1 0.1 V
N_VS Voltage Sensing Resolution 0V to 3.8V Range: High Resolution Mode mV/LSB
0V to 6V Range: Low Resolution Mode mV/LSB
TUE_VS Total Unadjusted Error 2V < Vy_ys < 6V, Low Resolution Mode ° +1.25 % of
Reading
1.5V < Vjy_ys < 3.8V, High Resolution ° +1.0 % of
Mode Reading
0.8V < V) ys < 1.5V, High Resolution ° +1.5 % of
Mode Reading
ts vs Update Period 12.21 Hs
Rev. C
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LTM2987
GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpwg = Vin_sns = 12V, Vpp33, REFP and REFM pins floating, unless
otherwise indicated. (Notes 2, 3)

SYMBOL | PARAMETER | CONDITIONS | mIN TYP MAX | UNITS
Vin_sns Input Characteristics
Vvin_sns Vin_sns Input Voltage Range ® 0 15 v
Rvin_snis Vin_sns Input Resistance ® 70 90 110 kQ
TUEVIN_SNS VIN_ON, VIN_OFF Threshold Total V< VVIN_SNS <8V [ ] +2.0 % of
Unadjusted Error Reading
Vvin_sns > 8V ® +1.0 % of
Reading
READ_VIN Total Unadjusted Error 3V < Vyy_sns < 8V o +15 % of
Reading
Vvin_sns > 8V ® +1.0 % of
Reading
Temperature Sensor Characteristics
TUETS |Total Unadjusted Error | | | +1 °C
Vout Enable Output (Voyt gy [3:01) Characteristics
VvouT_ENn Output High Voltage (Note 9) lvouT_Enp=—5VA, Vpp3s = 3.3V ® 10 12.5 14.7 v
lvouT_ENn Output Sourcing Current Vyout_enp Pull-Up Enabled, Vyout enp=1V | ® -5 -6 -8 HA
Output Sinking Current Strong Pull-Down Enabled, ) 3 5 8 mA
Vvour_enn= 0.4V
Weak Pull-Down Enabled, Vyout gnp=0.4V | @ 33 50 60 HA
Output Leakage Current Internal Pull-Up Disabled, ° +1 HA

0V < Vyout enp < 15V

Vour Enable Output (Voyt gy [7:4]) Characteristics

lvouT ENn Output Sinking Current Strong Pull-Down Enabled, ) 3 6 9 mA
Vour_enp = 0.1V
Output Leakage Current 0V < Vyout np < 6V ) +1 HA
Vy Enable Output (Viy_gy) Characteristics
Vvin_En Output High Voltage lyin_en = —-5HA, Vppag = 3.3V ® 10 12.5 14.7 v
lvin_EN Output Sourcing Current Vin_en Pull-Up Enabled, Vyy gy =1V [ -5 -6 -8 HA
Output Sinking Current Vyin_en= 0.4V ) 3 5 8 mA
Leakage Current Internal Pull-Up Disabled, ° +1 HA
V< VVIN_EN <15V
EEPROM Characteristics
Endurance (Notes 10, 11) 0°C < Ty < 85°C During EEPROM Write ® | 10,000 Cycles
Operations
Retention (Notes 10, 11) Ty<105°C ® 20 Years
tmass write | Mass Write Operation Time (Note 12) | STORE_USER_ALL, 0°C < T; < 85°C During | ® 440 4100 ms
EEPROM Write Operations
General Purpose Pull-Up Resistors
Rey Pull-Up Resistance | | | 10 ke
Digital Inputs SCL, SDA, CONTROLO, CONTROL1, WDI/RESETB, FAULTBO0O, FAULTBO1, FAULTB10, FAULTB11, WP
ViH High Level Input Voltage ® 2.1 Y
ViL Low Level Input Voltage ° 15 v
Vhyst Input Hysteresis 20 mV

Rev. C
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LTM2987

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

temperature range, otherwise specifications are at Ty = 25°C. Vpwg = Vin_sns = 12V, Vpp33, REFP and REFM pins floating, unless

otherwise indicated. (Notes 2, 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
I EAk Input Leakage Current 0V < Vpy < 5.5V, SDA, SCL, CONTROLn ° +2 HA
Pins Only
0V < Vpyy < Vppas + 0.3V, FAULTBzn, o +2 HA
WDI/RESETB, WP Pins Only
tsp Pulse Width of Spike Suppressed FAULTBzn, CONTROLn Pins Only 10 us
SDA, SCL Pins Only 98 ns
tFAULT MIN Minimum Low Pulse Width for 110 ms
Externally Generated Faults
tRESETB Pulse Width to Assert Reset Vwpiresers < 1.5V ° 300 HS
twol Pulse Width to Reset Watchdog Timer | Vwpi/resers < 1.5V ® 0.3 200 Hs
fwol Watchdog Interrupt Input Frequency ) 1 MHz
Cin Digital Input Capacitance 10 pF
Digital Input SHARE_CLK
\m High Level Input Voltage ° 1.6 v
Vi Low Level Input Voltage ) 0.8 V
fsHaRe cLk_in | Input Frequency Operating Range ° 90 110 kHz
tLow Assertion Low Time VsHaRE cLk < 0.8V ° 0.825 1.1 Hs
tRISE Rise Time VsHare_cLk < 0.8V to Vspare oLk > 1.6V ° 450 ns
[ EAk Input Leakage Current 0V < Vshare oLk < Vppaa + 0.3V ° +1 HA
Cin Input Capacitance 10 pF
Digital Outputs SDA, ALERTB, PWRGD, SHARE_CLK, FAULTB0O, FAULTB01, FAULTB10, FAULTB11
VoL Digital Output Low Voltage Isink = 3mA ) 04 v
fsHARE cLk_out | Output Frequency Operating Range 5.49kQ Pull-Up to Vppss ) 90 100 110 kHz
Digital Inputs ASELO,ASEL1
\m Input High Threshold Voltage ® | Vpp3s—05 V
Vi Input Low Threshold Voltage ) 0.5 V
Iy, I High, Low Input Current ASEL[1:0] = 0, Vppss3 ° +95 HA
lHiz Hi-Z Input Current ° +24 HA
Cin Input Capacitance 10 pF
Serial Bus Timing Characteristics
fscL Serial Clock Frequency (Note 13) ° 10 400 kHz
tLow Serial Clock Low Period (Note 13) ° 1.3 HS
tHiGH Serial Clock High Period (Note 13) o 0.6 us
tgur Bus Free Time Between Stop and Start ) 1.3 us
(Note 13)
tHp,STA Start Condition Hold Time (Note 13) ) 600 ns
tsu sTA Start Condition Setup Time (Note 13) ° 600 ns
tsu sto Stop Condition Setup Time (Note 13) ) 600 ns
tHD,DAT Data Hold Time (LTM2987 Receiving ® 0 ns
Data) (Note 13)
Data Hold Time (LTM2987 ° 300 900 ns
Transmitting Data) (Note 13)
Rev. C

For more information www.linear.com/LTM2987



LTM2987

GLGCTﬁlan CHHRHCTGRBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpyg = Vin_sns = 12V, Vpp33, REFP and REFM pins floating, unless

otherwise indicated. (Notes 2, 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

tsu pAT Data Setup Time (Note 13) ° 100 ns

tsp Pulse Width of Spike Suppressed 98 ns
(Note 13)

trimeout_Bus | Time Allowed to Complete any PMBus | Mfr_config_all_longer_pmbus_timeout=0 | ® 25 35 ms
Command After Which Time SDA Will | Mfr_config_all_longer_pmbus_timeout=1 | @ 200 280 ms
Be Released and Command Terminated

Additional Digital Timing Characteristics

toFF_MIN Minimum Off Time for Any Channel | | 100 ms

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating for extended periods may affect device reliability and
lifetime.

Note 2: All currents into device pins are positive. All currents out of device
pins are negative. All voltages are referenced to GND unless otherwise
specified. If power is supplied to the chip via the Vppas pin only, connect
Vpwr and Vppas pins together.

Note 3: The LTM2987 electrical characteristics apply to each half of the
device, unless otherwise noted. The specifications and functions are the
same for both Device A pins and Device B pins.

Note 4: The ADC total unadjusted error includes all error sources. First,

a two-point analog trim is performed to achieve a flat reference voltage
(Vrer) over temperature. This results in minimal temperature coefficient,
but the absolute voltage can still vary. To compensate for this, a high-
resolution, drift-free, and noiseless digital trim is applied at the output of
the ADC, resulting in a very high accuracy measurement.

Note 5: Hysteresis in the output voltage is created by package stress that
differs depending on whether the module was previously at a higher or
lower temperature. Output voltage is always measured at 25°C, but the
module is cycled to 105°C or —40°C before successive measurements.
Hysteresis is roughly proportional to the square of the temperature
change.

Note 6: The current sense resolution is determined by the L11 format and
the mV units of the returned value. For example a full scale value of 170mV
returns a L11 value of 0xF2A8 = 680 » 272 = 170. This is the lowest range

that can represent this value without overflowing the L11 mantissa and the
resolution for 1LSB in this range is 272 mV = 250pV. Each successively
lower range improves resolution by cutting the LSB size in half.
Note 7: The time between successive ADC conversions (latency of the
ADC) for any given channel is given as: 36.9ms + (6.15ms  number of
ADC channels configured in Low Resolution mode) + (24.6ms ¢ number of
ADC channels configured in High Resolution mode).
Note 8: Nonlinearity is defined from the first code that is greater than or
equal to the maximum offset specification to full-scale code, 1023.
Note 9: Output enable pins are charge pumped from Vppas.
Note 10: 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.
Note 11: EEPROM endurance and retention will be degraded when
Ty > 105°C.
Note 12: The LTM2987 will not acknowledge any PMBus commands
while a mass write operation is being executed. This includes the
STORE_USER_ALL and MFR_FAULT_LOG_STORE commands or a
fault log store initiated by a channel faulting off.
Note 13: Maximum capacitive load, Cg, for SCL and SDA is 400pF. Data
and clock rise time (t;) and fall time (t) are:

(20 + 0.1 2 Cg) (ns) < t; < 300ns and (20 + 0.1 « Gg) (ns) < t; < 300ns.
Cp = capacitance of one bus line in pf SCL and SDA external pull-up
voltage, V|g, is 3.13V < V|g < 5.5V.

PMABUS TIMING DIAGRAM
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LTM2987

TYPICAL PERFORMANCE CHARACTERISTICS
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LTM2987

TYPICAL PERFORMANCE CHARACTERISTICS
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LTM2987
TYPICAL PERFORMANCE CHARACTERISTICS
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LTM2987

PIN FUNCTIONS

PIN
Device | Device

PIN NAME A B PINTYPE |DESCRIPTION

VsEnsEPO Fr* M7* In DC/DC Converter Differential (+) Output Voltage-0 Sensing Pin

VsEnSEMO F6* M6* In DC/DC Converter Differential (-) Output Voltage-0 Sensing Pin

VSENSEPT F12* M12* In DC/DC Converter Differential (+) Output Voltage or Current-1 Sensing Pins.

VseEnsEM1 F11* M11* In DC/DC Converter Differential () Output Voltage or Current-1 Sensing Pins.

VsEnsEP? E12* L12~ In DC/DC Converter Differential (+) Output Voltage-2 Sensing Pin

VsEnSEM?2 E11* L11~ In DC/DC Converter Differential (-) Output Voltage-2 Sensing Pin

VsensEP3 D12* K12* In DC/DC Converter Differential (+) Output Voltage or Current-3 Sensing Pins.

VSENSEM3 D11~ K11~ In DC/DC Converter Differential () Output Voltage or Current-3 Sensing Pins.

VSEnSEP4 c12* J12* In DC/DC Converter Differential (+) Output Voltage-4 Sensing Pin

VSENSEMA4 C11~* J11” In DC/DC Converter Differential () Output Voltage-4 Sensing Pin

VsEnsEPs B12* H12* In DC/DC Converter Differential (+) Output Voltage or Current-5 Sensing Pins.

VSENSEMS B11* H11* In DC/DC Converter Differential () Output Voltage or Current-5 Sensing Pins.

VSEnSEPS A12* G12* In DC/DC Converter Differential (+) Output Voltage-6 Sensing Pin

VsEnSEMG A1~ G11* In DC/DC Converter Differential (-) Output Voltage-6 Sensing Pin

VsEnsER? AT* G7* In DC/DC Converter Differential (+) Output Voltage or Current-7 Sensing Pin

VsEnSEM? A6* G6* In DC/DC Converter Differential (-) Output Voltage or Current-7 Sensing Pin

Vout Eno D7 K7 Out DC/DC Converter Enable-0 Pin. Output High Voltage Optionally Pulled Up to 12V by 5pA

VouT En1 F8 M8 Out DC/DC Converter Enable-1 Pin. Output High Voltage Optionally Pulled Up to 12V by 5pA

Vout En2 E8 L8 Out DC/DC Converter Enable-2 Pin. Output High Voltage Optionally Pulled Up to 12V by 5pA

Vourt Ens D8 K8 Out DC/DC Converter Enable-3 Pin. Output High Voltage Optionally Pulled Up to 12V by 5pA

VouT Eng C8 J8 Out DC/DC Converter Enable-4 Pin. Open-Drain Pull-Down Output.

VouT Ens B8 H8 Out DC/DC Converter Enable-5 Pin. Open-Drain Pull-Down Output.

Vout Eng A8 G8 Out DC/DC Converter Enable-6 Pin. Open-Drain Pull-Down Output.

Vout eny C7 J7 Out DC/DC Converter Enable-7 Pin. Open-Drain Pull-Down Output.

VIN EN E5 L5 Out DC/DC Converter Vy ENABLE Pin. Output High Voltage Optionally Pulled Up to 12V by 5pA

Vin_sns A5 G5 In Vin SENSE Input. This Voltage is Compared Against the Vy On and Off Voltage Thresholds in
Order to Determine When to Enable and Disable, Respectively, the Downstream DC/DC Converters

Vpwr B5 H5 In Vpwr Serves as the Unregulated Power Supply Input to the Chip (4.5V to 15V). If a 4.5V to 15V
gupp:g Voltage is Unavailable, Short Vpyg to Vppss and Power the Chip Directly from a 3.3V

upp

Vb33 A4 G4 In/Qut If Shorted to Vpyp, it Serves as 3.13V to 3.47V Supply Input Pin. Otherwise it is a 3.3V Internally
Regulated Voltage Output. If using the internal regulator to provide Vpps3, do not connect to
Vppas pins of any other devices

VD33 A3 G3 In Input for Internal 2.5V Sub-Regulator. Short Pin A3 to Pin A4 and Pin G3 to Pin G4. If using the
internal regulator to provide Vppss, do not connect to Vppss pins of any other devices

Vbp2s A2 G2 In/Qut 2.5V Internally Regulated Voltage Output. Do not connect to Vppos pins of any other devices

WP Al G1 In Digital Input. Write-Protect Input Pin, Active High

PWRGD B1 H1 Out Power Good Open-Drain Output. Indicates When Outputs are Power Good. Can be Used as
Ey?(taegn Power-On Reset. The Latency of This Signal May Be as Long as the ADC Latency. See

0

SHARE_CLK B2 H2 In/Qut Bidirectional Clock Sharing Pin. Connect a 5.49k Pull-Up Resistor to Vppss. Connect to all other
SHARE_CLK pins in the system

WDI/RESETB B4 H4 In Watchdog Timer Interrupt and Chip Reset Input. Connect a 10k Pull-Up Resistor to Vppss. Rising
Edge Resets Watchdog Counter. Holding This Pin Low for More Than tgesers Resets the Chip

FAULTBOO C3 J3 In/Out Open-Drain Output and Digital Input. Active Low Bidirectional Fault Indicator-00. Connect a 10k
Pull-Up Resistor to Vppss

FAULTBO1 D3 K3 In/Qut Open-Drain Output and Digital Input. Active Low Bidirectional Fault Indicator-01. Connect a 10k
Pull-Up Resistor to Vppas

Rev. C
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LTM2987

PIN FUNCTIONS

PIN
Device | Device

PIN NAME A B PINTYPE |DESCRIPTION

FAULTB10 C4 J4 In/Qut Open-Drain Output and Digital Input. Active Low Bidirectional Fault Indicator-10. Connect a 10k
Pull-Up Resistor to Vppss

FAULTB11 D4 K4 In/Out Open-Drain Output and Digital Input. Active Low Bidirectional Fault Indicator-11. Connect a 10k
Pull-Up Resistor to Vppas

SDA C1 J1 In/Out PMBus Bidirectional Serial Data Pin

SCL D1 K1 In PMBus Serial Clock Input Pin (400kHz Maximum)

ALERTB E2 L2 Out Open-Drain Output. Generates an Interrupt Request in a Fault/Warning Situation

CONTROLO E1 L1 In Control Pin 0 Input

CONTROLA1 F1 M1 In Control Pin 1 Input

ASELO F3 M3 In Ternary Address Select Pin 0 Input. Connect to Vppas, GND or Float to Encode 1 of 3 Logic States

ASELA1 F2 M2 In Ternary Address Select Pin 1 Input. Connect to Vppas, GND or Float to Encode 1 of 3 Logic States

REFP F5 M5 Out Reference Voltage Output

REFM F4 M4 Out Reference Return Pin

Vbacpo E7 L7 Out DACO Qutput

Vbacmo E6* L6™ Out DACO Return. Connect to Channel 0 DC/DC Converter’s GND Sense or Return to GND

Vbacp1 F10 M10 Out DAC1 Output

Vpacwmi F9* M9~ Out DAC1 Return. Connect to Channel 1 DC/DC Converter’s GND Sense or Return to GND

Vpacp2 E10 L10 Out DAC2 Output

Vpacwmo E9* L9~ Out DAC2 Return. Connect to Channel 2 DC/DC Converter’'s GND Sense or Return to GND

Vpacps D10 K10 Out DAC3 Qutput

Vbacumis D9~ K9* Out DAC3 Return. Connect to Channel 3 DC/DC Converter's GND Sense or Return to GND

VbacPa C10 J10 Out DAC4 Output

Vpacmd4 C9* J9* Out DAC4 Return. Connect to Channel 4 DC/DC Converter's GND Sense or Return to GND

Vbacps B10 H10 Out DAC5 Output

Vbacwms B9~ H9* Out DAC5 Return. Connect to Channel 5 DC/DC Converter’'s GND Sense or Return to GND

VbacPs A10 G10 Out DAC6 Qutput

Vbacwie A9~ G9* Out DAC6 Return. Connect to Channel 6 DC/DC Converter’'s GND Sense or Return to GND

Vbacp? B7 H7 Out DAC7 Qutput

Vbacw7 B6* H6* Out DAC7 Return. Connect to Channel 7 DC/DC Converter’s GND Sense or Return to GND

Vpy B3 H3 In Common Connection for Internal Pull-Up Resistors

Rpu1 E3 L3 Out General Purpose 10k Pull-Up Resistor 1

Rpu2 D2 K2 Out General Purpose 10k Pull-Up Resistor 2

Rpus G2 J2 Out General Purpose 10k Pull-Up Resistor 3

Rpys E4 L4 Out General Purpose 10k Pull-Up Resistor 4

GND CGE,)EE)S, Jﬁké(S, Ground Device A Ground Pins are Isolated from the Device B Ground Pins

DNC C5 J5 Do Not Connect | Do Not Connect to This Pin

*Any unused Vsensepn OF Vsensemn OF Vpagmn pins must be tied to GND.
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LTM2987

BLOCK DIRGRAM

Vpwr (B5, H5) Vpp33 (A4, G4)
1
100nF
Vin_sns (AS, G5) = Vo33 (A3, G3)
Vin_en (E5. LS) Vpps (A2, G2)
DNC (C5, J5) 100nF:_L: = 1o0nF REFP (F5, M5)
=T 100nFJ_
GND (C6, J6) _]’_ > REFM (F4, M4)
GND (D5, K5) = |
h 2252 ¢ 28 8 e =
6D (06, 6 5§58 2723% g8 28 e
> =
>
Vsensepo (F7,M7)  100Q J00Q  Vspysepr (A7, G7)
| | VSENSEPO Vsensep7
100nFI 100nF
100nF = L I100nF
Vsensewmo (F6, M6) = = Vsensem7 (A6, G6)
[ | VSENSEMO VSENSEM7
100Q 100Q
Vpacpo (E7, L7) Vpacp7 (B7, H7)
Vpacro Vbacp7
Vpacmo (E6, L6) Vpacm7 (B6, HE)
[ | Vbacmo Voacm7
Vout_eno (D7, K7) Vout enz (C7,J7)
Vout_Eno Vout_enz
Vsensept (F12, M12)  100Q 1002 Vseysepe (A12, G12)
] Vsensept VSENsEPs
100nFI I100nF
Vsensewr (F11, 1) 1000 == = = = 00 vopgeus (A11,611)
| | - VSENSEM1 VSENSEMs AN -
100Q 100Q
Vpace1 (F10, M10) Vpacps (A10, G10)
Vpacp1 Vbacrs
Vpacmi (F9, M9) Vpacms (A9, G9)
Vbacmi Vbacme
Vour en (F8, M8) Vour_ene (A8, G8)
Vout_En Vout_Ene
Vsensepg (E12, L12)  100Q 100Q  Vgeygeps (B12, H12)
] Vsensep2 VSENsEPs
100nF 100nF
E_ 1/2 LTM2987 (LTC2977)* ﬂ
Vsensem (E11, L11) 1000 = T100nF Vsensems (B11, H11)
| | VSENsEM2 VSENSEMS A
100Q 100Q
Vpacpz (E10, L10) Vpacps (B10, H10)
Vpacp2 VbAcps
Vpacm2 (E9, L9) Vpacms (B9, HY)
[ | Vbacm2 Voacms
Vout_en2 (E8, L8) Vour_Ens (B8, H8)
Vout_Enz Vout_Ens
V. D12,K12) 100Q 100Q  Vgensepq (C12,J12)
| | SENSERS ( ) VsEnseps VSENnsEP4 W
100nF 100nF
= -
Vsgnsens (011, k11) 1000 == = = =100 vopusems (€11, 1)
[ | VSENSEMS3 VSENSEM4 VWV
100Q 100Q
Vpaces (D10, K10) Vpacp4 (€10, J10)
Vpacp3 Vpacp4
Vpacus (D9, K9) Vpacma (C9, J9)
Vbacm3 Vbacma
Vour eng (D8, K8) Vout en4 (C8, J8)
Vout_En3 Vout_En4
Vpy (B3, H3)
Rpys1 (E3, L3 10k ~
] pU1 ( ) g T g &z 2 ¢ a‘l
o o o= o
[=] o
|| 4 2 3 8 35 2 8 35 & &
Rpys3 (C2, J2) 10k
| |
10k = =l A & A g
[ Rpys (E4, L4) o 5 gl gl sl = =
ol Z| o 9 < = @
Sl 21 gl 2l gl = x
2 51 gl = sl = a
o o =3 o — —
o« o« @ @ o o w
gl g1 5 5| 5 & o
S S =] =] =] =] §
o 3| = F| £ = &

2987 8D

*NOTES: 1. ONLY 1/2 OF THE LTM2987 MODULE SHOWN
2. THE TWO 8-CHANNEL LTC2977 HALVES ARE IDENTICAL AND COMPLETELY ISOLATED
3. PIN NAMES REFER TO (DEVICE A, DEVICE B)
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LTM2987

OPERATION

Overview

The LTM2987 contains two independent LTC2977 devices
and most of the passive components required to make
a complete 16-channel power system manager. The
LTM2987 simplifies power system design by integrating
the required passive components, reducing the bill-of-
materials and improving PC board routing efficiency.

Each half of the LTM2987 behaves the same as a stand-
alone LTC2977 including independent power supply and
ground pins. This feature can be used to increase redun-
dancy in a system while keeping the overall solution size
small.

Refer to the LTC2977 data sheet for a detailed description
of the device operation, the PMBus command set, and
applications information.

Device Address

Since the LTM2987 consists of two independent LTC2977
devices, each half of the LTM2987 must be configured
for a unique address. The 12C/SMBus addresses of the
LTM2987 are configured in the same manner as for indi-
vidual LTG2977 devices. The LTM2987 also responds
to the LTC2977 global address and the SMBus Alert
Response address, regardless of the state of the ASEL
pins and the MFR_I2C_BASE_ADDRESS register. Please
refer to the Device Address section in the LTC2977 data
sheet for more details.

MFR_SPECIAL_ID

The LTM2987 contains unique MFR_SPECIAL_ID val-
ues to differentiate it from the LTC2977. Table 1 lists the
MFR_SPECIAL_ID values for the LTM2987.

Table 1. LTM2987 MFR_SPECIAL_ID Values

LTM2987 DEVICE MFR_SPECIAL_ID
Device A 0x8011
Device B 0x8021

Rev. C
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LTM2987

APPLICATIONS INFORMATION
OVERVIEW

The LTM2987 is a Power System Manager that is
capable of sequencing, margining, trimming, super-
vising output voltage for OV/UV conditions, providing
fault management, and voltage readback for sixteen
DC/DC converters. Input voltage and LTM2987 junction
temperature readback are also available. Odd numbered
channels can be configured to read back current sense
resistor voltages. Multiple LTM2987s can be synchro-
nized to operate in unison using the SHARE_CLK, FAULTB
and CONTROL pins. The LTM2987 utilizes a PMBus com-
pliant interface and command set.

4.5V < Vpypa < 15V 4.5V < Vpypp < 15V
E Vpwr ! Vpwr }
Vinsns 1 VINLSws
Vbp33 ' Vbp3s
], e
DD33 . DD33
— Vbb2s : Vbpas [
LTM2987* : LTM2987*
DEVICEA , DEVICEB
G ' oo *SOME DETAILS
OMITTED FOR CLARITY
L L

- = 2987 F01

Figure 1. Powering LTM2987 Directly from an Intermediate Bus

POWERING THE LTM2987

The LTM2987 can be powered two ways. The first method
requires that a voltage between 4.5V and 15V be applied
to the Vpwr pin. See Figure 1. Internal linear regulators
convert Vpyg down to 3.3V which drives all of the inter-
nal circuitry in each device. Do not tie the Vppg3(a) and
Vbp33(s) Pins together since each half of the LTM2987
has independent voltage regulators.

EXTERNAL 3.3V EXTERNAL 3.3V

Vpwr i Vpwr
1
Vbp3s ' Vbp33
VbD33 . VbD33
— Vbp2s . Vbpas [—
LTM2987* § LTM2987*
DEVICEA , DEVICEB
: .
G0 ;G0 OMITIED FOR CLARITY

- = 2987 F02

Figure 2. Powering LTM2987 from External 3.3V Supply

Alternatively, power from an external 3.3V supply may
be applied directly to the Vppa3 pins using a voltage
between 3.13V and 3.47V. Tie Vpyg to the Vppss pins.
See Figure 2. In this case, Vpp3s(a) and Vpp3z(s) may be
tied together. All functionality is available when using
this alternate power method. The higher voltages needed
for the Vout enjo:3 Pins and bias for the Vsgyse pins are
charge pumped from Vppss.

The method used to power each device in the LTM2987
is independent of the other device. Either method may
be used in any combination.

APPLICATION CIRCUITS

Undedicated Pull-Up Resistors

Each half of the LTM2987 module has four undedicated
10k pull-up resistors as shown in Figure 3. The common
pull-up voltage is applied to the Vpy pin, and the individual
pull-up resistors are on Rpy1, Rpyz, Rpyz and Rpyas. These
pull-up resistors can be used for the open-drain pins such
as SDA, SCL, ALERTB or FAULTBzn in which case the
common pull-up voltage Vpy should be connected to a
3.3V supply. To simplify the layout, the pin Vpy is adjacent
to the Vppss pin.

Anti-Aliasing Filter Considerations

Since most of the passive components required for opera-
tion are integrated into the LTM2987, no external filter
components are required.

1/2 LTM2987

2987 F03

Figure 3. Undedicated Pull-Up Resistors
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LTM2987

APPLICATIONS INFORMATION

Vi Sense

Voltages other than Vy can be monitored and supervised
using the Viy_sns pins. Each Vy_sys pin has a calibrated
internal divider allowing it to directly sense voltages up
to 15V.

Unused ADC Sense Inputs

Connect all unused ADC sense inputs (Vsensepn OF
Vsensemn) to GND. Ina system where the inputs are con-
nected to removable cards and may be left floating in
certain situations, connect the inputs to GND using 100k
resistors, as shown in Figure 4.

VsEnsep
100k
LTM2987
VSENSEM
100k 2987 FO4

Figure 4. Connecting Unused Inputs to GND

PCB ASSEMBLY AND LAYOUT SUGGESTIONS

Bypass Capacitor Placement

All required bypass capacitors are integrated into the
LTM2987. No additional bypass capacitance is required.
The PCB layout should adhere to good layout guidelines. A
multilayer PCB that dedicates a layer to power and ground
is recommended. Low resistance and low inductance
power and ground connections are important to minimize
power supply noise and ensure proper device operation.

DESIGN CHECKLIST

12C

® Each half of the LTM2987 must be configured for a
unique address. Unique hardware ASELn values are
recommended for simplest in system programming.

® The address select pins (ASELn) are tri-level; Check
Table 1 of the LTC2977 data sheet.

® (Check addresses for collision with other devices on the
bus and any global addresses.

Output Enables

m Use appropriate pull-up resistors on all Voyt _gnp pins.

= Verify that the absolute maximum ratings of the Vot
ENp PINS are not exceeded.

Vi Sense

® No external resistive divider is required to sense Viy;
Vin_sns already has an internal calibrated divider.

Logic Signals

® Verify the absolute maximum ratings of the digital pins
(SCL, SDA, ALERTB, FAULTBzn, CONTROLn, SHARE_
CLK, WDI, ASELn, PWRGD) are not exceeded.

® Connect all SHARE_CLK pins in the system together
and pull up to 3.3V with a 5.49k resistor.

® Do not leave CONTROLn pins floating. Pull up to 3.3V
with a 10k resistor.

® Tie WDI/RESETB to Vpps3 with a 10k resistor. Do not
connect a capacitor to the WDI/RESETB pin.

® Tie WP to either Vppss or GND. Do not leave floating.

Unused Inputs

® Connect all unused Vsensepn Vsensemn and DACMn
pins to GND. Do not float unused inputs. Refer
to Unused ADC Sense Inputs in the Applications
Information section of the LTC2977 data sheet.

DAC Outputs

m Select appropriate resistor for desired margin range.
Refer to the resistor selection tool in LTpowerPlay for
assistance.

Power Supplies

= |f powered from VPWR, do not connect the Vpps3(a)
and Vppa3 ) pins together. Each Vpps3 pin has an inde-
pendent, internal regulator.

For a more complete list of design considerations and
a schematic checklist, see the Design Checklist on the
LTM2987 product page: www.linear.com/LTM2987.
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LTM2987

PACKAGE DESCRIPTION

LTM2987 Component BGA Pinout (Top View)

1 2 3 4 5 6 7 8 9 10 1 12

Al Wwp Vbp2s Vb33 Vooss | Vin_sns | Vsensemr | Vsenserz | Vout ene | Vbacmes | Vbaces | Vsensems | VSEnseps

B | PWRGD | SHARE.CLK|  Vpy WDI Vewr | Voacmz | Voace7 | Vour ens | Voacms | Voaces | Vsensems | Vsenseps

; C| SDA Rpys | FAULTBOO | FAULTB10 | DNG GND | Vour en7 | Vour ena | Voacma | Voaces | Vsensemd | VSensers
E D| SCL Rpyz | FAULTBOT | FAULTB11 |  GND GND | Vour eno | Vour ens | Voacms | Vbaces | Vsensems | Vsensers
E | CONTROLO | ALERTB Rput Rpug Vinen | Voacmo | Voacro | Vour en2 | Voacwm2 | Voacez | Vsensem2 | Vsensepe

F | CONTROLT | ASEL1 ASELO REFM REFP | Vsensemo | Vsensepo | Vour ent | Voacmt | Voacet | Vsensemt | Vsensept

G| wp VD25 VD33 Vooss | Vin_sns | Vsensemz | Vsensepz | Vout ens | Voacwms | Voaces | Vsensems | Vsenseps

H | PWRGD | SHAREGLK |  Vpy WDI Vewr | Voacmz | Voace7 | Vour ens | Voacms | Voaces | Vsensems | Vsenseps
E J | SDA Rpys | FAULTBOO | FAULTB10 | DNC GND | Vour en7 | Vour ens | Voacma | Vbaces | Vsensems | VSenseps
E K| SCL Rpyz | FAULTBOT | FAULTB11 | GND GND | Vour eno | Vour ens | Voacms | Vbaces | Vsensems | Vsensers
L | CONTROLO | ALERTB Reut Rpu4 Vinen | Voacmo | Voaceo | Vour ew2 | Voacme | Voace2 | Vsensem2 | Vsensepo

M | CONTROL1 | ASEL1 ASELO REFM REFP | Vsensemo | Vsensero | Vour ent | Voacmt | Voacet | Vsensewmt | Vsensept
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Please refer to http://www.linear.com/product/LTM2987#packaging for the most recent package drawings.

PACKAGE DESCRIPTION
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LTM2987

REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 08/16 | Added EEPROM ECC information and updated Typical Application 1
Increased Maximum Solder Temperature from 245°C to 250°C 2
Updated DAC Output Update Rate (ts_ypacp) to 500ps from 250ps 4
Added Note 4 7
Added graph: Voyr_gnj7:0) Output Voltage vs Vppss 10
Updated Vpps3 and SHARE_CLK pin functions 11
Changed MFR_SPECIAL_ID in Table 1 14
Rev. C
Information furnished by Linear Technology Corporation is believed to be accurate and reliable. 1 9
However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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TYPICAL APPLICATION
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TO/FROM OTHER LTC POWER SYSTEM MANAGERS AND MICROCONTROLLER

Figure 5. LTM2987 16-Channel Application Circuit with External 3.3V Chip Power

RELATED PARTS

PART NUMBER

DESCRIPTION COMMENTS

LTC2970

Dual I2C Power Supply Monitor and Margining Controller | 5V to 15V, 0.5% TUE 14-Bit ADC, 8-Bit DAC, Temperature Sensor

LTC2974

4-Channel PMBus Power System Manager

0.25% TUE 16-Bit ADC, Voltage/Current/Temperature Monitoring/Supervision

LTC2975

4-Channel PMBus Power System Manager

LTC2974 Plus Input Current, Power and Energy Accumulator

LTC2977

8-Channel PMBus Power System Manager

0.25% TUE 16-Bit ADC, Voltage/Temperature Monitoring and Supervision

LTC2980

16-Channel PMBus Power System Manager Dual LTC2977

LTC3880

Dual Output PolyPhase Step-Down DC/DC Controller 0.5% TUE 16-Bit ADC, Voltage/Current/Temperature Monitoring and Supervision

LTC3883

Single Output PolyPhase Step-Down DC/DC Controller |0.5% TUE 16-Bit ADC, Voltage/Current/Temperature Monitoring and Supervision
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