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Abstract

This paper presents a design of the CMOS LDO regulator with a UVLO protection function for a high speed PMIC.
Proposed LDO regulator circuit consists of a BGR reference circuit, an error amplifier and a power transistor and so on.
UVLO block between the power transistor and the power supply is added for a low input protection function. Also, UVLO
block showed normal operation with turn-off voltage of 2.7V and turn-on voltage of 4 V in condition of 5 V power
supply. Proposed circuit generated fixed 3.3 V from a supply of 5V. From SPICE simulation results using a 1 gm high
voltage CMOS technology, simulation results were 5.88 mV/V line regulation and 27.5 uV/mA load regulation with load

current 0 mA to 200 mA.
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Fig. 3. BGR circuit and its simulation result.
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Table 1. Summary of the LDO simulation results.
Unit Value
Input voltage V > 33
Output voltage v 33
Output current mA < 200
Line regulation mV/V 5.88
Load regulation uV/mA 215
UVI on voltage Vv 4.06
& off voltage \Y% 2.71
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Fig. 10. Layout of the designed LDO regulator.

A VOUT (3)

Load Regulation = ————
& A‘[()UT

=9 37 0 mAelA 200 mA= W s}gholntet

#7igte] 3310 VOlA 3303 V& wistslmz 3}
dZg o] AL 35 uV/mA ot}

2 Ao A AAIS UVLO 7152 LDO d=E#olH
o] B g ARE % 19 Azl

B o=RoA AdAE LDO dEdely 3

29 #oJob Rsgolrh AAA<l 27]= UVLO, LDO
dgdleld, BGRS X283t ¢F 600 m x 800 ymo]H,
99 ERAAHE Wt A

H A= 1 m 20 V 1-poly 3-metal CMOS 14t
F4E o]&3te] #ololx- skt

= = UVLO 715S 7+ LDO #l& o]
1AG CMOS 4% A}%‘M
E‘r LDO°] UVLO R37|%

5 AstelA LDO g =7} E&W]
AEE 3o g%&oﬂ Q?{P H oE BA s
UVLO:= 5Ve] FExste] apadate] 271 V olstyd
ol off7} ¥o] LDO #lZelole]e] &4to] W3
3, FEAGe] vAl AsEtiAl 406 Vool wiis
=9 7% ] one] o] LDO @& elolEl7t thA] 215t
S geoldk & ek B =RdlA A7 3 LDO #¥
golele] el #EFgo]de 33 V~5 Vo gHAgt
Hslol] diste] 583 mV/elH, §-3f dE# ol 0 mA
~200 mA®l &9 Fskdfe Wbl fiste] 275
uV/mAS Btk Aekst LDO dlgeole = HA st
Y% 7THER Fo8 HA7]7]19 PMICY] $-4
o] 7bsd Aoz et

£

N

rl

REFERENCES

[1] M. Paavola, M. Kamarainen, M. Saukoski, and
K. Halonen, “A micropower low-dropout
regulator with a programmable on-chip load
capacitor for a low-power capacitive sensor
interface”, IEEE International Conference on
Electronics, Circuits and Systems, pp. 450-453,



1=
10
oN
o

244 UVLO 2&7|50| FJt& LDO 2l 2d(0/H A

2008.

[2] Mohammad Al-Shyukh, Hoi Lee and Raul Perez,
“A Transient-Enhanced Low-Quiescent Current
Low-Dropout Regulator With Buffer Impedance
Attenuation,” IEEE J. Solid Stage Circuit, vol.
42, no.8, pp.1732-1742, Aug. 2007.

[3] Hoi Lee, T. Karnik, Philip K. T. Mok, Ka Nang
Leung, “A design of low-power analog drivers
based on slew-rate enhancement circuits for
cmos low-dropout regulators,” IEEE. J. Solid -
State  Circuit, Vol52, No.9, pp.h63-567,
September, 2005.

[4] Man Siu, Philip K. T. Mok, Ka Nang Leung,
Yat-Hei Lam, Wing-Hung Ki, “A voltage-mode
pwm buck regulator with end-point prediction,”
IEEE TCAS 1I, vol. 53, no. 4, pp. 294-298, April
2006.

[6] R. G. Carvajal, J. Ramirez-Angulo, A. J.
Lopez—Martin, A. Torralba, J. A. G. Galan, A.
Carlosena, and F. M. Chavero, “The flipped
voltage follower: a useful cell for low-voltage
low-power circuit design”, IEEE Trans. Circuits
and Systems I, vol. 52, no. 7, pp. 1276-1291,
2005.

[6] Ho Jong Park, Yun Seok Heo, Yong Su Park,
Nam Tae Kim and Han Jung Song, “Design of
a Voltage Protection Circuit for DC-DC
Converter of the Potable Device Application”,
IEEK, vol. 49, no. 1, pp. 18-23, Mar. 2012.

X K} £ 7Y
g W () pe “‘ of = Zl(stAz )
20123 Q1A h 8t U F St ' | 20139 A Q1A St
Ak E41. “1 gt A F
20133 AA) QAT YA~ S <FBAFF - WA 3 EAA,

Qg Ag 3
<FRARoF ¢ wEA sz

’

372 AA>

(2696)




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


