PRODUCT CHANGE NOTIFICATION

TECHNOLOGY

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900

March 02, 2017 PCN#030217

Subject: Notification of Change for the LTM4675 and LTM4677 uModule Regulators

Dear Sir/Madam:

Please be advised that Linear Technology Corporation has made enhancements to the
electrical specifications of the LTM4675 and LTM4677 uModule regulators. The improvements
to the electrical specifications are listed below:

1) Reduced power up times

2) Improved on-chip EEPROM robustness

3) Reduced ADC update period

4) Reduced TON_MIN

5) Updated I°C PMBus voltage thresholds compatible with bus power supplies as low
as 1.8 volts

Table 1- Summary of Improvements to the LTM4675 and LTM4677 uModule Regulators

Parameters New Version Old Version
Turn-On Start-Up Time (tsrarr) 35ms 60ms
Minimum On-Time (Tonwin)) 45ns 90ns
NVM Protected by ECC Yes No

ADC Telemetry Update Period

(tCONVERT-*)

90ms 100ms

V. Logic Thresholds of the
Following Pins: SCL, SDA, 0.8v 1.4V
RUN,, RUN,, GPIO,, GPIO,

Viu Logic Thresholds of the
Following Pins: SCL, SDA, 1.35V 2.0V
RUN,, RUN,, GPIO,, GPIO,
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o T, the time required from application of VIN until the part is ready to start sequencing
output rails, is reduced from a typical value of 60ms to 35ms. This change is transparent
in all applications that require sequencing of multiple power rails using multiple LTC
Power System Management (PSM) parts connected in the recommended manner.

e Error Correcting Code (ECC) is added to the internal non-volatile memory to enhance its
reliability. This change is transparent to the user and requires no modifications to
programming files or system firmware. As a consequence of adding ECC, the area in the
EEPROM available for fault log is reduced to 4 events. The read length of 147 bytes
remains the same but the fifth and sixth events are a repeat of the fourth event if the part
is reset. However, when reading the fault log from RAM, all 6 events of cyclical data are
available.

e The ADC update period, Tconverr, IS reduced from 100ms to 90ms, providing more
timely telemetry of all monitored parameters.

o TON_MIN is reduced from nominally 90ns to 45ns to support large step down ratios at
relatively high switching frequencies.

e I°C thresholds are reduced to support PMBus communication with other ICs using I/O
interface supplies as low as 1.8 volts. The V,_and V specifications for the SDA, SCL,
RUNO, RUN1, GPIO0 and GPIOL1 pins are reduced from 1.4V and 2.0V, respectively, to
0.8V and 1.35V. The LTM4675 and LTM4677 are fully compliant with PMBus 1.2. For
more details, please refer to PMBus 1.2 revisions on the PMBus website
http://pmbus.org/Specifications/OlderSpecifications and the SMBus Specification
Version 2.0 at http://smbus.org/specs/smbus20.pdf.

Changes to the product datasheet electrical characteristics tables are appended to this notice.

The only change to the PWM characteristics is the reduction in TON_MIN. These die-level
changes to the modules’ control IC were qualified by performing module-level characterization
over the full operating junction temperature range and through rigorous engineering evaluation
across a broad range of application conditions. The revised control IC has successfully
completed 1000 hours burn-in.

The new devices can be identified with the PMBus MFR_SPECIAL_ID command code reporting
a value of 0x47XY where Y’ is a hex value of 0x8-0xF and X’ is a hex value OxA for LTM4675
and 0xB for LTM4677. The affected part numbers are listed below.

List of affected part numbers:

LTM4675EY#PBF LTM4677EY#PBF
LTM46751Y#PBF LTM46771Y#PBF
LTM46751Y LTM46771Y
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Linear Technology will accept requests for revised samples within 30 days of the date of this
notification. If we don’t hear back from your company within this 30 day period, we will assume
acceptance of this Change Notice by May 02, 2017. After this time, Linear Technology may not
be able to accommodate customer requests to receive older product. Samples of the revised
module are available now and production product built using the new control IC will be shipped
no sooner than May 02, 2017.

Should you have any further questions, please feel free to contact your local Linear Technology
sales person or you may contact me at 408-432-1900 ext. 2077, or by E-mail
JASON.HU@LINEAR.COM.

Sincerely,

Jason Hu
Quiality Assurance Engineer
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LTMA4675
€ELECTRICAL CHARACTERISTICS e o denotes the specitications which apply over the specified interal

operating temperature range (Mote 2). Specified as each individual output channel (Note 4). Ta =25°C, Vi = 12V, RUNy = 5V,
FREQUENCY_SWITCH = 500kHz and Vpyr, commanded to 1.000V unless otherwise noted. Configured with faciory-default EEPROM
settings and per Test Circuit 1, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN  TYP MAX | UNITS
Vin Input DC Voltage Test Circuit 1 ®| 575 17 v
Test Circuit 2; VIN_OFF < VIN_ON = 4.25V ®( 45 5.75 v
Voute Range of Qutput Voltage | Vigurp Differentially Sensed on Vigsyso'Vosysg~ Pin-Pair; ®) 05 55 v
Regulaticon Vour Differentially Sensed on Vggysg:/SGND Pin-Pair; ®| 05 55 v
Commanded by Serial Bus or with Resistors Present at Start-Up on
VouTscrs and/or VIRIMsGr
VouTmino) Output Voltage, Total {Note 5
Variation with Lineand | Vigur,; Low Range (MFR_PWM_MODES[1] = 13),
Load FREQUENCY _SWITCH = 425kHz )
Digital Servo Engaged (MFR_PWM_MODEL[E] = 1y) & 089 1.000 1.005 v
Digital Servo Disengaged (MFR_PWM_MODE[6] = 0y) 0935 1000 1.015 v
Input Specifications
lINRUSHING Input Inrush Current at | Test Circuit 1, Vour=1V, Viy = 12V; No Load Besides Capacitors; 400 mA
Start-Up TOMN_RISE ;= 3ms
lgysying Input Supply Bias Current | Forced Continuous Mode, MFR_PWM_MODE[0] = 1y
RUN,= 5V, RUNy.,= OV mA
Shutdown, RUNp = RUMN4 = OV 20 mA
Isrying,Psm Input Supply Currentin | Pulse-Skipping Maode, MFR_PWM_MODE 0] = Oy, mA
Pulse-Skipping Mode lgumn = 100mA
Operation
ISy Fomy Input Supply Correntin | Forced Continuous Mode, MFR_PWM_MODEJD] = 15
Forced-Continuous Mode lguTe = 100mA 40 mA
Operation louTa =94 927 mA
ISI."uI'lN.’J.SHUTDUWH'I Input Supply Currentin Shutdown, RU N”= w A
* | Shutdown
Ouiput Specifications
lgura Qutput Continuous (Note 6) 0 9 A
Current Range
AVOUTHLINEY Line Regulation Accuracy | Digital Servo Engaged (MFR_PWRM_MODE 4[6] = 14) 0.03 %
T — Digital Servo Disengaged (MFR_PWM_MODE J6] = Og) L] 003 102 Sl
OUTa SV and Wiy, Electrically Shorted Together and INTV; Open Circuit;
lpure=0A, 5.75V < Viy < 17V, Vigur Low Range
(MFE_PWM_MODEL[1] = 1y) FREQUENCY _SWITCH = 425kHz
(Referenced to 12Vy) (Nofe 5)
AVouTmLOAD) Load Regulation Digital Servo Engaged (MFR_PWM_MODE 6] = 1p) 0.03 %
W Accuracy Digital Servo Disengaged (MFR_PWM_MODE 6] = Oy) [ ] 0.2 05 %
DT 0A < Igura < 94, Vour Low Range, (MFR_PWM_MODEL[1] = 1)
FHEQUEMNCY _SWITCH = 425kHz (Mote 5)
VDUT miAc) Output Voltage Hipple 10 mVpp
fg (Each Channel) | Vioyrq Ripple Frequency | FREQUENGY _SWITCH Set to 500kHz (0xFBE3) ®( 4625 500 5375 kHz
AN OUTHSTART) Tum-0n Overshoot TON_RISE, = 3ms (Note 12) g mV
tgTamr Tum-On Start-Up Time | Time from Wy, Toggling from 0V to 12V to Rising Edge of GPID,, L] 7 ms
TOM_DELAY ;= Oms, TON_RISEp= 3ms,
MFA_GPID_PROPAGATE ;= 0x0100,
MFA_GPI0_RESPONSE, = Du0000
m

4575

4 For more information www linearcom/LTM4675 U me
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LTMA6/75

EI.ECTH ICI'iI. CHHH HCTEBISTICS The » denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ta = 25°C, Viy = 12V, RUN, =5V,
FREQUENCY_SWITCH = 500kHz and Voyy; commanded to 1.000V unless otherwise noted. Configured with factory-default EEFROM
seftings and per Test Circuit 1, unless otherwise noted.

SYMBOL PARAMETER COMDITIONS MIN  TYP MAX | UNITS
nELAY Om) Tum-0n Delay Time Time from First Rising Edge of AUN,, to Rising Edge of GPID,. ®| 275 31 3.5 ms
TON_DELAY ;= Oms, TON_RISE, = 3ms,
MFR_GPID_PROPAGATE,= 0x0100,
MFR_GPID_RESPONSE,= 0x0000. 40ms
Wy Having Been Esfablished for at Least 7l
AVouTaiLs) Peak Qutput Voltage Load: 0A to 4.54 and 4.5A to 0A at 4.54/ys, Figure G0 Circuit, 50 mv
Deviation for Dynamic Voure= TV, Viy = 12V (Note 12) 51
Load Step L.
tsETTLE Settling Time for Load: DA fo 4.54 and 4.54 to A at 4.5A/ys, Figure G Gircuit, 35 s
Dynamic Load Step Voure= 1V, Vig= 12V (Note 17) 61
loUTROCL_PK) Output Current Limit, Cycle-by-Cycle Inductor Peak Current Limit Inception R 15.8 A
Peak
louTeoCL_tvE) Output Current Limit, Time-Averaged Output Inductor Current Limit Inception Threshold, 10.84; See lg-Ag-ace
Time Averaged Commanded by 10UT_OC_FAULT_LIMIT, (Note 12) Specification (Output Current
Readback Accuracy)
Gontrol Section
Vrecwo Channel 0 Feedback Input | Vosysg~ Valid Input Range (Referred to SGND) ®| 01 0.3 v
Common Mode Range Vogysn® Valid Input Range (Referred to SGND) [ ] 57 v
VrecM1 Channel 1 Feedback Input | SGND Valid Input Range (Referred to GND) ®| 03 0.3 v
Common Mode Range Vosys1 Valid Input Range (Referred to SGND) L] 5T v
VouT-rxen Full-Scale Command [Notes 7, 15)
oltage, Range 0 VouTs Commanded to 5.500W, MFR_PWM_MODE,[1] = 0y 5422 5.576 v
Resolution 12 Bits
LSE Step Size 1.375 my
Vour-rms1 Full-Scale Command [Notes 7, 15)
Voltage, Range 1 VT, Commanded to 2.750W, MFR_PWM_MODE,[1] = 1 2 2.788 v
Resolution 12 Bits
LSE Step Size 0.6875 my
Ryzemsen” Vpoygy® Impedance fo 0.05Y = Vygenen* — Vagyp = 5.5V 4 k2
SGEND
Rysexse1 Viosysg Impedance to 0.05V < VWosnst — Vegnp < 5.5V kT k2
SGND 435 )]
[—— Minimum Or-Time iNote § ) = a0, ns
Analog OV/UV |Overvoltage/Undervoliage) Ouiput Voliage Supervisor Comparators (VOUT_OV/UV_FAULT_LIMIT and VOUT_OV/UNV_WARN_LIMIT Monitors)
Noviuy_comp Resolution, Output (Note 15) B Bits
Voltage Supervisors
Vov-RNG Output 0V Comparator [Note 15)
Threshold Detection High Range Scale, MFR_PWM_MODE[1] = 0y 1 56 v
Hange Laow Range Scale, MFRE_PWM_MODE,[1] =1y 0.5 7 v
Vouste Qutput 0V and UV [Maote 15)
Comparator Threshold High Range Scale, MFR_PWM_MODE,[1] =0y 2 mV
Programming L3E Step Low Range Scale, MFR_PWM_MODE,[1]=1, 1 m¥
Size
4575k

LY IIEN
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LTMA675
GLGCT“ IC“L CHHH HCTE“ IST'CS The » denotes the specifications which apply over the specified internal

operating temperature range (Mote 2). Specified as each individual output channel (Note 4). Ta =25°C, Viy =12V, RUNg =5V,
FREQUENCY SWITCH = 500kHz and Vgyr; commanded to 1.000V unless otherwise noted. Configured with factory-default EEPR

settings and per Test Circuit 1, unless otherwise noted. =Ty
—
SYMBOL PARAMETER CONDITIONS MIN wr/m UNITS
tCONVERT-VO-RE Output Voltage Readback | MFR_ADC_CONTROL=0x00 (Notes 9, 15) A ms
Update Rate MFR_ADC_CONTROL=0x0D [Motes 9, 15) k) ms
MFR_ADC_CONTROL=005 or 0ol (Nofes 9, 15) 8 ms
Input Valtage (5Vy) Readback (READ_VIN)
Neym-Aa Input Voltage Readback | (Notes 10, 15) 10 Bits
Aesolution and LSE Step 15.625 mV
Size
SVinrrs Input Voltage Full-Scale [ (Notes 11, 15) 38.91 v
Digitizable Range
SViR-RR-ACE Input Voltage Readback | READ_VIN, 4.5V < SViy = 17V L] Within +2% of Readin|
Accuracy o0
tCUH'I'EHTG'n'lN-HB Input ".l"D|l.ﬂ.gE Readback MFH_.I’*.D'E_‘EG‘NIRDL:UKHU [NEHES 9.1 5:| qﬁﬂ{ ms
Update Rate MFR_ADC_CONTROL=0x01 (Notes 9, 15) ] ms
Channels 0 and 1 0wtput Current (READ_10UT g}, Duty Cycle (READ _DUTY CYCLE), and Compufed Input Current (MFR_READ _IIN ;) Readback
Nioong Output Gurrent Readback | (Notes 10, 12) 10 Bits
Resolution and LSE Step 15.6 mA
Size
lo-fis, W-prs Output Current Full-Scale [ (Note 12) =40 A
Digitizable Range and
Input Current Range of
Calculation
lora-acc Output Current, Readback | READ_I0UT 5, Channeds 0and 1, 0 < lgutg = 94, L Within 225mA of Reading
Accuracy Forced-Confinuous Mode, MFR_PWM_MODE1:0] = 10y
lp paian) Full Load Output Corrent | lgyrs = 94 (Mot 12). See Histograms in Typical Performance 9 A
Readback (Characteristics
Ni-ra Computed Input Current, [ (Motes 10, 12) 10 Bitz
Aeadback Resolution and 195 mA
LSB Step Size
li-pE-ACC Computed Input Current, | MFR_READ_lIN,, Channels 0 and 1, 0 < lgyrs < 94, [ ] Within 140mA of Reading
Headback Accuracy, Forced-Continuous Mode, MFR_PWM_MODE]1:0] = 10y,
Maglecting lsyi MFA_IIN_OFFSET = 0mA S0
tCONVERT-ID-RE Output Current Readback | MFA_ADC_CONTROL=0x00 (Notes 9, 15) of ms
Update Rate MFR_ADC_CONTROL=0x0D (Motes 9, 15) k) ms
MFR_ADC_CONTROL=0w06 or DDA (Notes 3, 15) 1; il ) 8 ms
tCONVERT-I-RE Computed Input Gurrent, | MFR_ADC CONTROL=0x00 (Nofes 9, 15) t 90 j Pics ms
Aeadback Update Rate
Noury-rE Resolution, Duty Cycle (Notes 10, 15) 10 Bits
Readback
DRg-Acc Durty Cycle TUE READ_DUTY_CYCLEp, 16.3% Dufy Cycle (Note 15) ;"g‘é‘} 13 %
tcowveRT-ouTy-Re | Duty Cycle Readback MFR_ADC_CONTROL=0x00 (Notes 9, 15) E . j 3o
Update Rate
Temperature Readback for Channel 0, Channel 1, and Coniroller (Respectively: READ TEMPERATURE_1p, READ_TEMPERATURE_14,
and READ_TEMPERATURE_2)
TRES-RE Temperature Readback Channel 0, Channel 1, and Controller (Note 15) 0.0625 “C
Resolution
TRe-cH-ACC72my) | Channel Temperature Channels 0 and 1, PWM Inactive, RUN, = OV, L ] Within +3°C of Reading
TUE, Switching Action O0ff | AVsgsm = T2mV
4ET5h
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LTMA675
ELECTRICAL CHARRACTERISTICS the o denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ty = 25°C, Viy =12V, RUN; =5V,
FREQUENCY_SWITCH = 500kHz and Vg, commanded to 1.000V unless otherwise noted. Configured with factory-default EEPROM
settings and per Test Circuit 1, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYF MAX | UNITS
TRE-GH-ACT(ON) Channel Temperaturs READ TEMPERATURE 15 Channels 0 and 1, Within +3°C of Reading
TUE, Switching Action On | PWM Active, RUN,, = 5V (Note 12)
TRE-CTRL-ACCioN) | Control IG Die READ_TEMPERATURE_2, PWM Active, RUNp = RUN4 = 5V Within +1°C of Reading
Temperature TUE, (Note 12)
Switching Action On C""“'}
; 90
teonverT-TEMP-Ra | Temperature Readback MFR_ADC_CONTROL=0x00 (Notes 9, 15) t ‘j o ms
Update Rate MFR_ADC_CONTROL=0x06 or 0:c0A (Notes 9, 15) B ms
INTV Regulator
ViNTvce Internal Vg Voltage No |6V < Wy < 17V 48 5 5.2 v
Load
AVisTveeiLoaD) INTV;; Load Regulation | OmA < Iiyrvee < S0mA 05 12 T
Vinmwce
Va3 Regulaior
Vyopaz Intemal Vs Voltage 3.2 33 34 v
ILimpennam Vppaz Current Limit Vopaz Electrically Short-Circuited to GND 70 mA
I"II'I"DDEE o II"IDDEE- D'.'er.'ullag& [Ncrte 15_] 35 v
- Threshold
Vvooaa_uv Vppaz Undervoltage Mootz 15) 31 v
Threshold
Vppzs Requlator
VWoozs Intermal Vpngs Voltage 25 v
I impennas) Vpogs Gurrent Limit Voogs Electrically Short-Circuited to GND 0 mA
Ozcillator and Phasze-Locked Loop (PLL)
fosc Oscillator Frequency FREQUENCY _SWITCH = 500kHz (0xFBEE) ] .5 k
Accuracy 250kHz < FREQUENCY _SWITCH < 1MHz (Note 13) .3 k
fewne PLL SYNC Capture Range [ (Note 18) e 225 1100 kHz
VIH.SYHC S¥NC Input Threshold Vgyye Rising (Note 15) 1.5 v
Vsywc Falling (Note 15) 1 v
VoL sync SY¥NC Low Output Ieyige = 3mA ] 0.3 0.4 v
\oltage
Isyne ESYNC Leakage Current in | OV < Vgyyp < 36V L] 15 A
Frequency Slave Mode MFA_CONFIG_ALL[4)}=1
Beyyc-00 S¥NC-to-Channel 0 [Mote 15)
Phasa Relationship, Lag MFR_PWM_CONFIG[2:0] = 000g, 01X5 0 Deg
from Falling Edge of Sync MFR_PWM_CONFIG[2:0] = 101y 60 Deg
to Rising Edge of Top MFR_PWM_CONFIG[2:0] = 001y, a0 Deg
MOSFET (MTO) Gate MFRE_PWM_CONFIG[2:0] = 1XDy 120 Deg
Hoyyo-1 SYNC-to-Channel 1 (Note 13)
Phasa Relationship, Lag MFR_PWM_CONFIG[2:0] = 011, 120 Deg
from Falling Edge of Sync MFR_PWM_CONFIG[2:0] = 000y 180 Deg
fo Rising Edge of Top MFR_PWM_CONFIG[2:0] = 010y, 10, 240 Deg
MOSFET (MT1) Gate MFR_PWM_CONFIG[2:0] = 001, 270 Deg
MFFR_PWM_CONFIG[2:0] = 110 300 Deg
4ETSR

8 For more information wwwinearcom/LTM4GTS U L-mgﬂg
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LTMAE75
GLGCT“ |Cﬂ|. CHI"III HCTE“ |ST|CS The » denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ty = 25°C, Viy = 12V, RUN; =5V,
FREQUENCY_SWITCH = 500kHz and Vgyr,; commanded to 1.000V unless otherwise noted. Configured with factory-default EEPROM
seftings and per Test Circuit 1, unless otherwise noted.

SYMBOL | PARAMETER | conpiTIONS [ MIN  TYP  MAX | UNITS
EEPROM Characteristics
Endurance (Note 13) 0°C < T, < 85°C During EEPROM Write Operations (Note 3) @& | 10,000 Cycles
Retenticn (Mote 13) Ty < T ypuney, with Most Recent EEPROM Wiite Operation Having ®| 10 Years
Occurred at 0°C < Ty < 85°C (Note 3)
Mass_Write Mass Write Operation Execution of STORE_USER_ALL Command, 0°C < Ty < 85°C 440 4100 ms
Time (ATE-Tested at Ty = 25°C) (Motes 3, 13)
Digital |/0s W—"
Viy Input High Threshold SCL, SDA, AUN g, GPI0, (Note 15) t ) j B v
Voltage SHARE_CLK, WP (Note 15) 148 v
V)L Input Low Threshold SCL, 504, AUN, GFIO, (Note 15) o B v
Voltage SHARE_CLK, WP (Note 15) 0.8 ﬁ 0.6 v
Vst Input Hysteresis SCL, SDA [Note 15) A B0 mv
Vgt Output Low Voltage SCL, S0A, ALEAT, RUN,, GPIO,,, SHARE CLK:
Ik = 3mA L] 03 0.4 v
lon. Input Leakage Current SDA, SCL, ALERT, RUNg: OV = Vpy < 5.5V L ] 5 uA
GPI0; and SHARE_CLE: OV < Vpiy = 3.6V L] 2 uA
tuTeR Input Digital Filtering RUMN, (Note 13) 10 ps
GPI0, (Note 13) 3 s
Crin Input Capacitance SCL, SDA, AUNg, GPI0,, SHARE_CLE, WP (Note 15) 10 pF
PMBus Interface Timing Characteristics
(AT E Serial Bus Operating [Note 15) 10 400 kHz
Frequency
taur Bus Free Time Between | (Note 15) 13 us
Stop and Start
thp.sTA Hold Time After Repeated | Time Period After Which First Clock s Generated (Nofe 15) 06 ps
Start Condition
tsu s Repeated Start Condifion | (Note 15) 0.6 us
Setup Time
tsu 510 Stop Condition Setup [Note 15) 0.6 us
Time
trn AT Dafa Hold Time Receiving Data (Note 15) i} ps
Transmitting Data (Note 15) 03 03 1]
tsu par Data Setup Time Receiving Data (Note 15) 01 ps
triMEoUT_SME Stuck PMBus Timer Measured from the Last PMBus Start Event
Timeout Block Reads, MFR_CONFIG_ALL[3]=0y (Note 15) 150 mes
Non-Block Reads, MFR_COMNFIG_ALL[3]=0y (Note 15) » mes
MFR_CONFIG_ALL[3]=1; (Mote 15) 250 mes
tow Serial Clock Low Pericd [ (Mote 15) 13 10000 s
tuigH Serial Clock High Period | (Note 15) 0.6 us
467540

Ly IR
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LTMA&77
ELGCT“IC“L CHHH HCT‘E“IST'CS The » denotes the specifications which apply over the specified internal

operating temperature range (Note 2). Specified as each individual output channel (Note 4). Ta = 25°C, Vig =12V, RUN; =5V,
FREQUENCY SWITCH = 500kHz and Voyry commanded to 1.000V unless otherwise noted. Configured with factory-default EEPROM
settings and per Test Circuit 1, unless otherwise noted.

SYMBOL FARAMETER CONDITIONS MIN  TYF MAX | UNITS
Vin Input DC Violtage Test Circuit 1 ®| 575 16 v
Test Circuit 2; VIN_OFF < VIN_ON = 4.25V o 45 5.75 v
Vouts Range of Ouwtput Voltage | Vigyro Differentially Sensed on Vigsysgt/Vosnsg ™ Pin-Pair; ®| 05 18 v
Regulation Viury Differentially Sensed on Viggysg1/SGND Pin-Pair; ®| 05 18 v
Commanded by Serial Bus or with Resistors Present at Start-Up on
VouTncrs and/or VikiMacrs
Voutmine) Qutput Voltage, Total Digital Servo Engaged (MFR_PWM_MODE[E] = 1p) e 08935 1.000 1.005 v
Variation with Line and Digital Servo Disengaged (MFR_PWM_MODE 6] = ) 08935 1.000 1.015 v
Load Viour Commanded o 1.000V, Vigut, Low Range
(MFR_PWM_MODER[1] = 1g) (MNote 5)
Input Specifications
lINRUSHING Input Inrush Current at | Test Circuit 1, Vours=1V, Vi = 12V; No Load Besides Capacitors; 400 méA
Start-Up TOMN_RISE;= 3ms
lopsying Inpurt Supply Bias Current | Forced Continuous Mode, MFR_PWM_MODE[0] = 1y
RUNg = 5V, RUNyp =DV 40 mA
Shutdawn, BUMNg = RUN; = 0V 20 mA
I8 0VING PEM) Input Supply Currentin | Pulse-Skipping Mode, MFR_PWM_MODE 0] = O, 20 méA
Pulse-Skipping Made lgump = 100mA
Operation
I8 ING oMy Input Supply Currentin | Forced Continuous Mode, MFR_PWM_MODE[0] = 1y
Forced-Continuous Mode | lgyr, = 100maA 35 mA
Operation lguta= 1BA 19 A
leryinasuutoown | Input Supply Correntin - | Shutdown, RUN, = 0V 50 PA
' | Shutdown
Ouiput Specifications
Ut Output Continwous [Mote 6) 0 13 A
Current Hange
AVouTHLINEG Line Regulation Accuracy | Digital Servo Engaged (MFR_PWM_MODE 6] = 1p) 0.03 %V
o Digital 3ervo Disengaged (MFR_PWM_MODE 6] = Oy) L] 0@ 02 %V
OUTn Sy and Vg Electrically Shorted Together and INTV; Dpen Gircuit;
lgumn= 0A, 5.75V < Viy < 16V, Vgyt Low Range
(MFR_PWIM_MODER([1] = 1p), FREQUENCY _SWITCH = 350kHz
{Note 5)
AVoUTHLOAD) Load Regulation Digital Servo Engaged (MFR_PWM_MODE 6] = 14) 0.03 %
o Accuracy Digital Servio Disengaged (MFR_PWM_MODE 6] = ) L 0.2 05 Yo
OUTa 0A = Igute < 184, Vour Low Range, (MFR_PWM_MODE{1] = 15)
{Nate 5)
Voumaac) Qutput Voltage Ripple 10 mV¥p_p
fg (Each Channel) |Voyr, Ripple Frequency | FREQUENCY _SWITCH Set to S00kHz (0xFBES) ®| 4625 500 5375 kHz
ANourmsTaan Turn-On Overshoot TON_RISE, = 3ms (Note 12) B my
teramr Tum-On Start-Up Time | Time from Wy Toggling from 0V to 12V to Rising Edge of GPI0,,. L] -5 ms
TON_DELAY = Oms, TON_RISE,= 3ms, {
MFR_GPIO_PROPAGATER = 0x0100, {
MFR_GPI0_RESPONSEn = 0x0000 |
4ETH
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LTMA6E7 7

ELECTRICAL CHRARACTERISTICS e o denotes the specifications which apply over the specified internal
operating temperature range (Mote 2). Specified as each individual output channe! (Note 4). Ta = 25°C, Viy =12V, RUN; =5V,
FREQUENCY SWITCH = 500kHz and Vgyr; commanded to 1.000V unless otherwise noted. Configured with factory-default EEPROM
settings and per Test Circuit 1, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN  TYP MAX | UNITS
nELAY D) Tum-0n Delay Time Time from First Rising Edge of RUN,, to Rising Edge of GPID,. ®| 275 31 3.5 ms
TON_DELAY = Oms, TON_RISE, = 3ms,
MFR_GPID_PROPAGATEn= (x0100,
MFR_GPI0_RESPONSEn= (0000, 40ms
iy Having Been Established for at Least Foms™
MVouTaiLs) Peak Output Voltage Load: 0A fo 94 and 9A fo DA at 94/ps, Figure 58 Circuit, 50 my
Deviation for Dynamic Yaurs= 1V, Viy = 12V {Note 12) _
Load Step
tsETTLE Settling Time for Load: 0A fo 9A and 9A fo OA at 9A7us, Figure 5 Circuit, r 35 s
Dwnamic Load Step Vaurs= 1V, Vig= 12V {Note 12) 69
loUTROCL_PK) Output Current Limit, Cycle-by-Cycle Inductor Peak Current Limit Inception 25 A
Peak
IOUTROCL_AVE) Output Current Limit, Time-Averaged Output Indector Current Limit Inception Threshald, 204; See lg-pg-acc
Time Averaged Commanded by 10UT_OC_FAULT_LIMIT, (Note 12) Specification {Output Current
Readback Accuracy)
Gontrol Section
Vrecwmo Channel 0 Feedback Input | Viggysy~ Valid Input Range (Referred to SGND) e 01 0.3 v
Commaon Mode Range Vigsysy* Valid Input Range (Referred to SGND) ] 21 v
VrecK1 Channel 1 Feedback Input | SGND Valid Input Range (Referred to GND) ® 03 0.3 v
Common Mode Range Viosns1 Valid Input Range (Referred to SGND) L 2.1 v
Viour-rms1 Full-3cale Command (Motes 7, 15)
Voltage, Range 1 Vours GCommanded to 2.750Y, MFR_PWM_MODE,[1] =13 2m 2.768 v
Resolution 12 Bits
LSEB Step Size 0.6875 my
Rysensen® Vosxsn® Impedance to 0.05V < VWyosnse® — Vsgnp < 1.8V 41 kil
SGND
Ryzewars Vpgygy Impedance to 0.05Y = Vypgyeq — Vegyp = 1.6V m k1) ki1
SGND 451 —
o Minimum On-Time {Note “50. ns
Analog OV/UV (Overvoltage/Undervoliage) Oulput Voltage Supervisor Comparators (VOUT_OV/UV_FAULT LIMIT and VOUT_OV/UV_WARN_LIMIT Monitors)
Nowiuy_comp Resolution, Output [Mote 15) ] Bits
Voltage Supervisors
ViOV-RNG Qutput OV Comparator (Mote 13)
Threshold Detection High Range Scale, MFR_PWM_MODE,[1] = 0y 1 56 v
Range Low Range Scale, MFR_PWM_MODE,[1] = 1 0.5 27 v
Vou-sTP Qutput OV and UV (Mote 15)
Comparator Threshold High Range Scale, MFR_PWM_MODE,[1] = 0y 22 my
Programming LSB Step Low Range Scale, MFR_PWM_MODE,[1] = 1g 11 mv
Size
467
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LTMAGT 7

ELECTRICAL CHARRACTERISTICS 1he o denotes the specifications which apply over the specified intemnal
operating temperature range (Note 2). Specified as each individual output channel (Note 4). T = 25°C, Viy =12V, RUNy = 5V,

FREQUENCY SWITCGH = 500kHz and Voyy, commanded to 1.000V unless otherwise noted. Configured with factory-default EEPROM
settings and per Test Circuit 1, unless otherwise noted.

SYMBOL FARAMETER COMDITIONS MIN TYF MAX | UNITS
Viov-acc Output OV Comparator | (See Note 14)

Threshold Accuracy 1V < Wyosyso™ — Vwosnsa™ < 1.8V, MFR_PWM_MODEy[1]=1, |® +2 %
0.5V = Vyoskso® — Vyoskso™ < 1V, MFE_PWM_MODEp[1] =1, |(® +20) my
1.5V < Vyseyser — Vsgyo < 1.8V, MFR_PWM_MODE[1] =13 L +2 %
0.5V < Vyseyser — Vsgyp < 1.5V, MFR_PWM_MODE[1] =1y L +30 my

Viv-ANg Oufput UV Comparator | {Note 15)
Threshold Detection High Range Scale, MFR_PWM_MODE[1] = 0y 1 54 v
Range Low Hange Scale, MFR_PWM_MODEG[1] = 1 05 27 v
Viy-ace Oufput UV Comparator | {See Nofe 14)

Threshold Accuracy 1V = Vysensen' — Vsensen™ = 1.8V, MFR_PWM_MODEp[1] =1y |® +2 %
0.5V = Vysewsen® — Vwsenssn™ < TV, MFR_PWM_MODE[1] =1 | @ +20) my
1.5V < Vynswsi — Vsgnp = 1.8V, MFR_PWM_MODE[1] =13 L ] +2 %
0.5V = Ul.lusgg- - "urs[.mn < 1.5V, MFR_PWM_M DDE, [1] = 1h ] +30 mv

trroP-OV Output OV Comparator | Owerdrive to 10% Above Programmed Threshold 35 us

Response Times

trrOP-LY Ouftput UV Comparator | Underdrive fo 10% Below Programmed Threshold 50 ps
Response Times

Analog OV/UV $V)y Inpui Voltage Supervisor Comparators (Threshold Detectors for VIN_ON and VIN_OFF)

Nswin-ovav-comp | SV OVUV Comparator | (Mote 15) B Bits

Threshold-Programming

Resolution

SVIN-DU-RANGE SV OVAUV Comparator ®( 45 i8 v

Threshold-Programming

Range

S'\"m_uu_’g]p 5"|r||| VUV Comparator | (Note 15) B2 mv
Threshold-Programming
L3B Step Size

SVin-ou-acc SV OVAUV Comparator | 9V < SViy < 16V . +25 Y

Threshold Accuracy 45V <SViy=W . +225 my

tPROP_SVIN-HIGH-VIN 5'1.!“ OVAUV Comparator | Test Gircuit 1, and:

Fesponse Time, HighVyy | VIN_ON = 8V; 5V Driven from 8.775V to 9.225V L] 35 s

Dperating Configuration VIN_OFF = 9V; Sviy Driven from 9.225V to 8.775V . 35 us

trrop-sum-Low-viN | SV VAUV Comparator | Test Circuit 2, and:

Response Time, Low Wiy VIN_ON = 4.5V; 5Vy Driven from 4,225V fo 4.7T25V . 35 us

Dperating Configuration VIN_OFF = 4.5W; 5Vy Driven from 4.725V fo 4. 225V . 35 us

Channels 0 and 1 Dutput Voliage Readback (READ_VOUT,)
Myi-RE Output Voltage Readback | (Mote 15) 16 Bits

Resolution and LSE Step 244 v

Size

Vors Output Voltage Full-Scale | Viguy, = 0V (Notes 7, 15) B v

Digitizable Range

Vo-Re-ACC Output Voltage Readback | Channel Ot 1V < Wyosysn® — Vvosnsy ™ < 1.8V . Within +0.5% of Reading
Accuracy Channel 0 0.6V < Vypskso™ — Vwosnsg < 1V . Within +5mV of Reading
Channel 1: 1V = Vygsns1 — Veoyp < 1.8V . Within +0.5% of Reading
Channel 12 0.6V < Vypexst — Vegyp < 1V . Within +5mV of Reading
LCONVERT-VO-RE Oufput Voltage Readback | MFR_ADC_CONTROL = 0=00 (Notes 8, 15) ms
Update Rate MFR_ADC_COMTROL = 000 (Motes 9, 15) 27 ms
MFR_ADC_CONTROL = 0x05 or 009 (Notes 9, 15) B ms
.m AETTH

Ly L0
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LTMAG&7 7

ELGCT“ IC“L CHHH HCT‘E“ISTICS The » denotes the specifications which apply over the specified internal

operating temperature range (Mote 2). Specified as each individual output channel (Note 4). Ta = 25°C, Wiy = 12V, RUNg =5V,
FREQUENCY_SWITCH = 500kHz and Vgyr; commanded to 1.000V unless otherwise noted. Configured with factory-default EEPROM
settings and per Test Circuit 1, unless otherwise noted.

SYMBOL | PARAMETER | conpiTIONS [ min - Tvp  max | unims
Input Voltage (5Vyy) Readback (READ_VIN)
Ny na Input Voltage Readback | (Notes 10, 15) 10 Bits
Resolution and L3B Step 15.625 my
Size
Vs Input Violtage Full-Scale | (Motes 11, 15) 3o v
Digitizable Range
SV Re-Ace Input Voltage Readback | READ_VIN, 4.5V < SV < 16V Within +2% of Reading{. °_
Accuracy 90
teonverT-svin-Re | Input Voltage Readback | MFA_ADC_CONTROL = 000 (Notes 9, 15) pry ms
Update Rate MFR_ADC_CONTROL = 0=01 (Motes 9, 15) 8 ms
Channels D and 1 Dutput Current (READ _10UT ;), Duty Cycle (READ DUTY CYCLE,). and Computed Input Current (MFR_READ _IIN ;) Readback
Nio-rg Output Current Readback | (Motes 10, 12) 10 Bits
Resolution and LSE Step 15.6 mA
Size
logrs, - Output Current Full-3cale | (Note 12) +41) A
Digitizable Range and
Input Current Range of
Calculation
lore ace Qutput Current, Readback | READ_IOUT . Channels 0and 1, 0 < Iy, < 104, Within 250mA of Reading
Accuracy Forced-Continuous Mode, MFR_PWM_MODE [ 1:0] = 10
lo-raiie8) Full Load Output Current | lgyr, = 184 (Note 12). See Histograms in Typical Performance 18 A
Readback Characteristics
NiLrg Computed Input Current, | (Motes 10, 12) 10 Bits
Readback Hesolution and 195 mA
LSB Step Size
hpe-AcC Computed Input Current, | MFR_READ _IIN,, Channels 0 and 1, 0 < lgyty < 104, Within 150mA of Reading
Readback Accuracy, Forced-Continuous Mode, MFR_PWM_MODE{1:0] = 10y, r
Neglecting lsyin MFR_IIN_OFFSET,= OmA Iy 90
LLONVERT-I0-RE Output Current Readback | MFA_ADC_CONTROL = 0=00 (Notes 9, 15) 108
Update Rate MFA_ADC_CONTROL = 0=00 (Notes 9, 15) a7 ms
MFR_ADC_CONTROL = 005 or 0x09 (Motes 9, 15) o) il ms
- . 90
tCONVERT-I-RE Computed Input Current, | (Motes 9, 15) t ﬂ 1,{,!0- ms
Readback Update Rate MFR_ADC_CONTROL = 000
NouTy-RE Resolution, Duty Cycle (Motes 10, 15) 10 Bits
Readback
Drg-acc Duty Gycle TUE READ_DUTY-GYCLER, 16.3% Duty Gycle (Mote 13) ey 13 o
teomverT-ouTy-Re | Duty Cycle Readback (Motes 9, 15) E 90 _‘]: ﬁﬂﬂ- ms
Updatz Rate MFR_ADC_CONTROL = 000
Temperature Readback for Channel 0, Channel 1, and Coniroller (Respectively: READ _TEMPERATURE 1. READ_TEMPERATURE_14,
and READ_TEMPERATURE_2)
TRES-FR Temperature Readback Channel 0, Channel 1, and Coniroller (Note 15) 0.062% G
Hesolution
TRE-CH-ACCF2my) | Channel Temperature Channels 0 and 1, PWM Inactive, RUN, = OV, Within +3°C of Reading
TUE, Switching Action Off | AVysygn = 72mV
TRE-CH-ACT(ON) Channel Temperature READ_TEMPERATURE_1;, Channels D and 1, Within +3°C of Reading
TUE, Switching Action On | PWM Acive, RUN; = 5V (Note 12)
BT
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LTMAE7 7

ELECTH IC“L CHH ﬁ ﬂﬂEﬂISTI CS The » denotes the specifications which apply over the specified internal
operating temperature range (Note 2). Specified as each individual output channel (Mote 4). Ty =25°C, Wiy = 12V, BUN, =5V,
FREQUENCY SWITCH = 500kHz and Vigyy, commanded to 1.000V unless otherwise noted. Configured with factory-defauli EEPROM
settings and per Test Circuit 1, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS
TRe-CTRL-AcCiow) | Control |G Die READ_TEMPEHATURE_2, PWM Active, RUNp = BUN; = 5V Within +1°C of Reading
T='1_'|p=ratur= TUE. {Note 12)
- ?wl.cm:;; ﬂ..;‘:unlj]n k { ‘E}Cl | ja&
CONVERT-TEMP.RE | Temperature Headbac MFR_ADC_CONTROL = 000 (Motes 9, 15) k j ms
Update Rate MFA_ADC_CONTROL = 0:<06 or 0«04 (Notes 8, 15) ] M5
INTV; Regulator
Vinmvce Intermal Vg Voltage No | 6V < Wiy < 16V 43 5 5.2 v
Load
AVigTvesLoAD) INTVpz Load Regulation | OmA < Iiymvee < 50mA 0.5 +2 %
Vinmvee
Vppzs Regulator
Vyooaa Internal Vippas Voltage 5.2 a3 3.4 Y
ILiMpvona Vppaa Current Limit Vppas Electrically Short-Circuited to GND ] mA
Vvooaz_ov Vppaa Overvoltage [Note 15) 3.5 v
Threshaold
Vyopaz_wv Vpoaa Undervoltage (Niote 15) 31 v
Threshold
Voogs Regulator
Woozs Intermal Vippgs Voltage 25 v
ILiMpvDnes) Vpozs Current Limit Vopzs Electrically Short-Circuited fo GND 50 mA
Oszcillator and Phase-Locked Loop (PLL)
fose Oscillator Frequency FREQUENCY _SWITCH = 500kHz {0xFBEE) 7.5 %
Accuracy 250kHz < FREQUENCY _SWITCH = 750kHz {Note 15) 75 %
fayne PLL SYNC Capture Range | FREQUENCY _SWITCH Set to Frequency Slave Mode [0x0000); 225 BoO kHz
SYNC Driven by External Clock; 1.8Vur
Viusyne SYNC Input Threshold Veyne Rising (Note 15) 1.5 v
Veywc Falling (Mote 15) 1 v
Vo svne SYNC Low Output leyme = 3mA 0.3 0.4 v
Voltage
lsyNe SYNC Leakage Current in | 0V = Wgyye < 3.6V 5 uA
Frequency Slave Mode MFR_CONFIG_ALL[4]=1g
Agync-a0 SYNC-to-Channel 0 {Note 153)
Phase Relationship, Lag MFR_PWM_CONFIG[2:0] = 000y, 01X, ] Deg
from Falling Edge of Sync | MFR_PWM_CONFIG[2:0] = 10y 60 Deg
fo Rising Edge of Top MFR_PWM_CONFIG[2:0] = D0 g 90 Deg
MOSFET (MTD) Gate MFR_PWM_CONFIG[2:0] = 1X0y 120 Deg
Bgyyc81 SYNC-to-Channel 1 {Note 15)
Phase Relationship, Lag MFR_PWM_CONFIG[2:0] = 011y 120 Deg
from Falling Edge of Sync | MFR_PWM_CONFIG[2:0] = 000y 180 Deg
fo Rising Edge of Top MFR_PWM_CONFIG[2:0] = 010y, 10Xy 240 Deg
MOSFET (MT1) Gate MFR_PWM_CONFIG[2:0] = 001y, 270 Deg
MFR_PWM_CONFIG[2:0] = 110y 300 Deg
AETT

LR
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LTMAG7 7

ELECTRICAL CHARACTERISTICS e o denotes the specifications which apply over the specified internal

operating temperature range (Mote 2). Specified as each individual output channel (Note 4). Ty = 25°C, Viy =12V, RUN, =5V,
FREQUENCY_SWITCH = 500kHz and Vgyyy commanded to 1.000V unless otherwise noted. Configured with factory-default EEPROM

settings and per Test Circuit 1, unless otherwise noted.

SYMBOL | PARAMETER [ conpmions [ MmN TP max | UNITS
EEPROM Characteristics
Endurance {Note 13) 0°C < T, < 85°C During EEPADM Write Operations (Note 3) ® | 10,000 Cycles
Retention {Mofe 13) Ty < T ypany, with Most Recent EEPROM Write Operation Having ®| 10 Years
Occurred at 0°C < Ty < 85°C (Note 3)
Mass_Write Mass Write Operation Execution of STORE_USER_ALL Command, 0°C < Ty < 85°C 440 4100 ms
Time [ATE-Tested at Ty = 25°C) (Motes 3, 13)
Digital 1/0s R .
Vi Input High Threshald SCL, SOA, RUNn, GFID, (Note 15) 1.39 T v
Voltage SHARE_CLK, WP [Mate 15) 13 v
ViL Input Low Threshold SCL. SDA, RUNR, GPIOD (Note 15) =t v
Voltage SHARE_CLK, WP {Note 15) 08 3 0.6 v
ViaysT Input Hysteresis SCL, SDA {Note 15) b 80 mv
Vi Qutput Low Voltage SCL, SDA, ALEAT, RUN,, GPI0,, SHARE_CLK:
Ik = 3mA ] 0.3 0.4 v
loy Input Leakage Gurrent SDA, SCL, ALERT, RUNg: OV < Vpy = 5.5V L 15 uA
GP|0g and SHARE_CLK: OV < Vpy < 3.6V ] +2 pA
tTER Input Digital Filtering RUN;, (Note 15) 10 pis
GPIO; (Note 15) 3 s
Cpmg Input Capacitance SCL, SDA, RUNp, GPID,, SHARE_CLE, WP {Note 15) 10 pF
PMBus Interface Timing Characierisiics
fsma Serial Bus Operating [Niote 15) 10 400 kHz
Frequency
taur Bus Free Time Between | (Note 15) 13 us
Stop and Start
tup sTa Hold Time After Repeated | Time Period After Which First Clock |s Generated [Note 15) 0.6 s
Start Condition
tsusma Repeated Start Condition | (Note 15) 0.6 us
Setup Time
tgu gt Stop Condition Setup (Note 15) 06 us
Time
tHn ot Data Hold Time Receiving Data (Note 15) 0 s
Transmitting Data (Note 15) 03 09 =
t5u paT Data Setup Time Receiving Data (Mote 13) [IN] us
triMECUT_SME Stuck PMBus Timer Measured from the Last PMBus Start Event
Timeout Block Reads MFR_CONFIG_ALL[3] = Oy (Mote 15) 150 ms
Non-Block Reads MFR_CONFIG_ALL[3] = 0y (Note 15) 32 ms
MFR_CONFIG_ALL[3] =1y, (Note 15) 250 ms
tow Serial Clock Low Period | (Note 15) 13 10000 ps
tHIEH Serial Clock High Period | (Note 15) 06 us

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

Hole Z: The LTM4ETT is tested under pulsed-load conditions such that

T) = Tp. The LTM4677E is guaranteed to meet performance specifications
over the 0°C fo 125°C internal operating temperature range. Specifications

over the —40°C to 125°C infernal operating temperature range are assured
by design, characterization and comelation with stafistical process controls.
The LTM46771 is guaranteed fo meet specifications over the full 40°C

to 125°C internal operating temperature range. Note that the maximum
ambient temperature consistent with these specifications is determined by
specific operating conditions in conjunction with board layout, the rated
package thermal resistance and other environmental factors.

4ET7H

10
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