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HM1481 

Feature 
● Wide Input Voltage Range: 8V to 30V 
● Up to 93% Efficiency  
● No Loop Compensation Required 
● Dual-channeling CC/CV control 
● Programmable CC current  
● Cable Compensation up to 1.7V 
● Thermal Shutdown 
● Over current protection  
● ULVO protection 
● Available in SOP-8L Package 

Application 
● Car Charger / Adaptor 
● LED Driver 
● Pre-Regulator for Linear Regulators 
● Distributed Power Systems 
● Battery Charger 

Description 
The HM1481 is a wide input range step down 
DC/DC converter from a high voltage input sup-
ply. Operating with an input voltage range of 8V 
～ 30V, the HM1481 achieves 2A continuous 
output current with excellent load and line regula-
tion. The synchronous architecture provides for 
highly efficient designs. Constant current and 
constant voltage mode operation provide fast 
transient response and eases loop stabilization.  

The HM1481 features a d ual-channeling CV/CC 
mode control functions. It operates in the Con-
stant output Current mode or Constant output 
Voltage mode. The over current protection cur-
rent value is set by current sensing resisters.  

The HM1481 requires  a  minimum number  of 
readily available standard external components. 
Other features include cable drop compensation, 
and thermal shutdown.  

The HM1481 converters are available in the in-
dustry standard SOP-8L packages. 

Typical Application Circuit 

*The output voltage is set by R3 and R4: VOUT = 1.21V • [1 + (R3/R4)]. 

*The output current of VOUT is set by ICS=100mv/{R1×R2/(R1+R2)}.  

Wide Range Synchronous Buck Controller 
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Pin Assignment and Description 

 

PIN NAME DESCRIPTION 

1 FB Feedback 

2 CS Current Sense Input 

3 EN ON/OFF Control (High Enable) 

4 VIN Input Supply Voltage 

7, 8 GND Ground 

5, 6 SW Switch Node 

Absolute Maximum Ratings Absolute Maximum Ratings (Note 1) 
● Input Supply Voltage ............................................................................................................-0.3V ～ 35V 

● FB Voltages............................................................................................................................ -0.3V ～ 6V 

● SW Voltage ................................................................................................................-0.3V ～ (VIN + 1V) 

● Operating Temperature Range (Note 2)...........................................................................-40℃ ～ +85℃ 

● Storage Temperature Range......................................................................................... -65℃ ～ +150℃ 

● Junction Temperature Range.........................................................................................................+150℃ 
● Lead Temperature (Soldering, 10 sec.)......................................................................................... +265℃ 

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

Note 2: The HM1481 is guaranteed to meet performance specifications from 0℃ to 70℃. Specifications over the –40℃ 
to 85℃ operating temperature range are assured by design, characterization and correlation with statistical pr ocess 
controls. 

HM1481 



 

                                                                                                                             -3- 

Electrical Characteristics 
Operating Conditions: TA=25℃, VIN=12V, R2=330k, R3=100k, unless otherwise specified.  

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIN Operating Voltage Range  8  30 V 

IQ Quiescent Current VIN=12V  1.3  mA 

VUVLO Input UVLO Threshold   4.4  V 

ΔVUVLO UVLO Hysteresis   200  mV 

VOVLO Input OVLO Threshold   32  V 

ΔVOVLO OVLO Hysteresis   2.5  V 

VFB Regulated Voltage   1.212  V 

ΔVFB Regulated Voltage Tolerance  -2  +2 % 

IFB  Feedback Pin Input Current     0.05  μA 

fOSC   Oscillator Frequency Range    100 130 150 kHz 

DC Max Duty Cycle   100  % 

ΔVOUT Output Cable Resistance 
Compensation  

R1=R2=100mΩ, 
IOUT=1A, R3=660kΩ   0.8  V 

TSD Thermal Shutdown   145  ℃ 

ΔTSD Thermal Shutdown Hysteresis   30  ℃ 

VCS Reference Voltage Of Current 
Sense Pin   90 100 115 mV 

HM1481 
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Typical Performance Characteristics 
Operating Conditions: TA=25℃, unless otherwise specified.  
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Pin Functions 

FB (Pin 1): Feedback Pin. Receive the feedback voltage from an external resistive divider across the out-
put. The Output voltage is set by R3 and R4: VOUT = 1.21V • [1 + (R3/R4)]. 

CS (Pin 2): Current or voltage sense pin of VOUT. If SEN is larger than the sense voltage, the HM1481 will 
shut down for protection. The output current is pr ogrammed by connecting resistors, R1, R2. The o utput 
current is set:  ICS=100mv/{R1×R2/(R1+R2)}.  

EN (Pin 3): En Control Input. Forcing this pin above 3.4V enables the part. Forcing this pin below 1.6V can 
shuts down the device. Do not leave EN floating.  

VIN (Pin 4): Main Supply Pin.  

SW (Pin 5, 6): Switch Node Connection to Inductor.  

GND (Pin 7, 8): Ground Pin. 

Block Diagram 

HM1481 
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Application Information 
The HM1481 operates by a constant frequency, 
current mode architecture. The output voltage is 
set by an external divider returned to t he FB pin. 
An error amplifier  compares the divided output 
voltage with a reference voltage of 1.21V and ad-
justs the peak inductor current accordingly. 

Dual-channeling CV/CC mode control 

HM1481 provides the function of dual-channeling 
CV/CC mode control. The constant output current 
control mode and con stant output voltage co ntrol 
mode. CS pins are connected to the current sens-
ing resistors to prevent the condition of output 
short circuit and output over current.  

Setting Output Voltage 

The output voltage is set with a resistor divider 
from the output node to the FB pin. It is recom-
mended to use divider resistors with 1% tolerance 
or better. To improve efficiency at very light loads 
consider using larger value resistors. If the values 
are too high the regulator is more susceptible to 
noise and voltage errors from the FB in put current 
are noticeable. For most applications, a resistor in 
the 10kΩ to 1MΩ range is suggested for R4. R3 i s 
then given by: 

R3 = R4 • [(VOUT / VREF) – 1] 

where VREF is 1.21V.  

Inductor Selection 

For most applications, the value of the inductor will 
fall in the range of 4.7μH to 47μH. Its value is cho-
sen based on the desired ripple current. Large 
value  inductors  lower  ripple  current  and  small 
value inductors result  in higher ripple currents. 
Higher VIN or VOUT also increases the ripple cur-
rent as shown in equation. A reasonable starting 
point for setting ripple current is IL = 800mA 
(40% of 2A).  

 

 

The DC current rating of the inductor should be at 
least equal to the maximum load current plus half 
the ripple current to prevent core saturation. Thus, 
a 2.8A rate d inductor should be enough for mo st 
applications (2A + 800mA). For better efficiency, 
choose a low DC-resistance inductor. 

Different core materials and shapes will change 
the size/current and price/current relationship of an 

inductor. Toroid or shiel ded pot cores in ferrite or 
perm alloy materials are small and don’t radiate 
much energy, but generall y cost more  than pow-
dered iron core inductors with similar electrical 
characteristics. The choice of which st yle inductor 
to use often depends more on the price vs. size  
requirements and any radiated field/EMI require-
ments than on what the HM1481 requires to oper-
ate.  

Output Cable Resistance Compensation 

To compensate for resistive voltage drop across 
the charger's output cable, the HM1481 integrates 
a simple, user-programmable cable voltage drop 
compensation using the i mpedance at the FB pin. 
Choose the proper feedback resistance values for 
cable compensation refer to the curve . The delta 
VOUT voltage rises when the feedback resistance 
R3 value rises.  The delta  VOUT voltage rises 
when the feedback resistance R4 value rises, use 
the equation below:  

*From figure above, if Rcs=50mΩ, IOUT=1A, 
R3=660kΩ, Vcs=Rcs×IOUT=50mV, then 
ΔVOUT=0.8V.  

Thermal Protection 

The total power dissipation in HM1481 is limited by 
a thermal protection circuit. When the device tem-
perature rises to approximately 145℃, this circuit 
turns off the output, allowing the IC to cool. The 
thermal protection circuit can protect the device  
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from being damaged by overheating in the event of 
fault conditions. Continuously running the HM1481 
into thermal shutdown degrades device reliability. 

Output and Input Capacitor Selection 

In continuous mode, the source current of the top  
MOSFET is a square wave of duty cycle VOUT/
VIN. To prevent large voltage transients, a low 
ESR input capacitor sized for the maximum RMS  
current must be used. The maximum RMS capaci-
tor current is given by: 

This formula has a maximum at VIN = 2VOUT, 
where IRMS = IOUT/2. This simple worst-case 
condition is commonly used for design because 
even significant deviations do not offer much relief. 
Note that the  capacitor manufacturer’s ripple cur-
rent ratings are often based on 2000 hours of life. 
This makes it advisable to further derate the ca-
pacitor, or choose a capacitor rated at a higher 
temperature  than  required.  Always  consult  the 
manufacturer if there is any question. 

The selection of COUT is driven by the required 
effective series resistance (ESR). Typically, once 
the ESR requirement for COUT has been met, the 
RMS current rating generally far exceeds the IRIP-
PLE(P-P) requirement. The output ripple ΔVOUT is 
determined by: 

 

 

Where f = op erating frequency, COUT = output ca-
pacitance and ΔIL = ripple current in the indu ctor. 
For a fixed output voltage, the output ripple is high-
est at maximum input voltage sin ce ΔIL increases 
with input voltage. 

Aluminum electrolytic and dry tantalum capacitors 
are both available in surface mount configurations. 
In the case of tantalum, it is critical that the capaci-
tors are surge tested for use in switching power 
supplies. An excellent choice is the AVX TPS se-
ries of surface mount tantalum. These are specially 
constructed and tested fo r low ESR so they give 
the lowest ESR for a given volume.  

Efficiency Considerations 

The efficiency of a  switching regulator is equal to 
the output power divided by the input powe r times 
100%. It is often useful to analyze individual losses 
to determine what is limiting the efficiency and 

which change would produce the most improve-
ment. Efficiency can be expressed as: Efficiency = 
100% - (L1+ L2+ L3+ ...) where L1, L2, etc. are the 
individual losses as a percenta ge of input powe r. 
Although all dissipative elements in the circuit pro-
duce losses, two main sources usually account for 
most of the losse s: VIN quiescent current and I 2R 
losses. The VIN quiescent current loss dominate s 
the  efficiency  loss  at  very  low  load  currents 
whereas the I2R loss dominates the efficiency loss 
at medium to  high load currents. In a typical effi-
ciency plot, the efficiency curve at very low load 
currents can be misleading since the actual power 
lost is of no consequence. 

1. The VIN quiescent current is due to two compo-
nents: the DC bias current as given in the electrical 
characteristics and the internal main switch and 
synchronous  switch  gate  charge  currents.  The 
gate charge current results from switching the gate 
capacitance  of  the  internal  power  MOSFET 
switches. Each time the gate is switched from high 
to low to high again, a packet of charge ΔQ moves 
from VIN to ground. The resulting ΔQ/Δt is the cur-
rent out of VIN that is ty pically larger than the DC 
bias current.  In  continuous mode,  IGATECHG = f  
(QT+QB) where QT and QB are the gate cha rges of 
the internal top and bottom switches. Both the DC 
bias and gate charge losses are proportional to 
VIN and thus their effects will be more pronounced 
at higher supply voltages. 2. I 2R losses are calcu-
lated from the resistances of the internal switches, 
RSW and external inductor RL. In continuous mode 
the average output current flowing through inductor 
L is “chopped” between the main switch and the 
synchronous switch. Thus, the series resistance 
looking into the SW pin is a function of both top 
and bottom MOSFET RDS(ON) and the duty cycle 
(DC) as follows: RSW = RDS(ON)TOP x DC + RDS(ON)BOT 
x (1-DC) The RDS(ON) for b oth the top a nd bottom 
MOSFETs can be obtain ed from the Typical Per-
formance Characteristics curves. Thus, to obtain 
I2R losses, simply add RSW to RL and multiply the 
result by the square of the average output current. 
Other losses including CIN and COUT ESR diss ipa-
tive losses and inductor core losses generally ac-
count for less than 2% of the total loss.  

Board Layout Suggestions  

When laying out the printed circuit board, the fol-
lowing checklist should be used to ensure proper 
operation of the HM1481. Check the following in  
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your layout.  

1. The power traces, consisting of the GND trace, 
the SW trace and the VIN trace should be kept 
short, direct and wide.  

2. Put the input capacitor as close as possible to 
the device pins (VIN and GND). 

3. SW node is with high frequency voltage swing 
and should be kept small area. Keep analog com-
ponents away from SW  node to prevent stray ca-
pacitive noise pick-up. 

4. Connect all analog grounds to a command node 
and then connect the command node to the power 
ground behind the output capacitors.  

HM1481 
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Packaging Information 
SOP-8L Package Outline Dimension 

Symbol 
Dimensions In Millimeters Dimensions In Inches 
Min Max Min Max 

A 1.350 1.750 0.053 0.069 

A1 0.100 0.250 0.004 0.010 

A2 1.350 1.550 0.053 0.061 

b 0.330 0.510 0.013 0.020 

c 0.170 0.250 0.006 0.010 

D 4.700 5.100 0.185 0.200 

E 3.800 4.000 0.150 0.157 

E1 5.800 6.200 0.228 0.244 

e 1.270(BSC) 0.050(BSC) 

L 0.400 1.270 0.016 0.050 

θ 0° 8° 0° 8° 

HM1481 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




