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1. Low Potential for Low Voltage
Low voltage design gets considerable attention at tech-

nical conferences and in the technical press, but these days,
the “real action” in analog circuit design is elsewhere.
There are several reasons for this.

The problems faced by designers in low voltage ap-
plications are not fundamentally different than what
they have been dealing with for about a decade. Leak-
ages are worse, headroom is tighter, flicker noise is ugly,
but fundamentally, these are problems designers have
been struggling with all along. Moreover, the tech-
niques developed for the 0.35um generation are proving
surprisingly resilient as each new process generation is 
encountered.

Digital designers may actually be having more prob-
lems with the low voltage technologies than the analog
designers. Consequently, standard processes often in-
clude enhancements like dual oxides, multiple thresh-
olds, high voltage I/O devices, etc. that make life easier
for analog designers as well.

Analog on a really low voltage process is often not a 
good idea. Analog circuits interface with the real world,
and real world voltages are not changing. More impor-
tantly, mask costs for the small geometries are escalat-
ing at an exponential rate. It becomes considerably less 
attractive to integrate analog on such an expensive
process unless there is a clear advantage.

In contrast, high voltage applications are growing on a
daily basis. Power management circuits, for example, are
one of the fastest growing market segments in the analog
semiconductor industry.[1] The trend toward integration
continues unabated in the analog world with the important
distinction that the current environment favors the integra-
tion of peripheral, interface and power supply circuits
rather than the main signal processing blocks. Sensors and
displays are an ever increasing part of electronic assemblies
and many of these require voltages substantially outside the
range of normal digital supplies. CCD clock lines, LCD
drive signals, and speaker inputs all require supplies as high
as 15 volts. With the recent emphasis on portability, so-
phisticated power management techniques are required to
extend battery life and mitigate thermal issues resulting
from small, tightly packed equipment casings. This means
high efficiency regulators and DC-DC converters that must
work with external supplies, and withstand kick-back, load
dumps, generator spikes and general mishandling.

A typical application is shown in Figure 1. This mono-

lithic system handles power management and a host of su-
pervisory functions for CDMA handsets. [2] 15 voltage
regulators, Li ion battery charger, real time clock, keypad
interface, power supply sequencing control and a variety of 
other functions are integrated. Although the nominal bat-
tery voltage is only 3.6 volts, the battery charger must deal
with a 12v supply if an automotive adapter is used. Thus
both high voltage capability, and dense low voltage logic
are required.
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Fig. 1 Typical Cell Phone ASIC. 

2. Process Implications
All of these new -or newly integrated- applications

conspire to create commercial pressure for higher, rather
than lower, voltage. The demand for voltage handling ca-
pability has sparked a quiet revolution in the semiconductor
industry. Many foundries now offer specially adapted
processes with voltage capability up to 50 volts. Originally,
high voltage devices took the form of bipolar transistors
and thick oxide MOS devices that were minor extensions of
older digital processes. Now however lateral DMOS de-
vices are common. In the DMOS transistor, the high drain
voltage is dropped across a large drain depletion region, so
a thin gate oxide can be used and high transconductance
maintained. Although it cannot be safely done by the proc-
ess user, scaling the devices to handle different voltages is a
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relatively straightforward process of scaling the drain de-
pletion region.

Since the DMOS is compatible with conventional
CMOS, a variety of system blocks can be integrated with
the power devices. Some manufacturers offer multiple well
options that allow for full isolation of both N and P channel
DMOS transistors. Such isolation is particularly useful
when the circuit must handle voltages outside its own sup-
ply range, as in the case of charge pumps. An additional
benefit of the well isolation is that it also serves to insulate
the huge transients of the power device from the delicate
low-voltage peripheral circuitry and signal processing on
the chip.

The thin gate oxide of the high transconductance
DMOS transistor needs to be protected from over-stress
during operation. This places a somewhat cumbersome
burden on the circuit designer unless a zener diode of the
correct voltage is available to limit the gate excursions.

3. Circuit Implications
High voltage and power devices require a completely

different set of circuit architectures than most analog de-
signers are familiar with. In the majority of applications,
the high voltage device is used as a switch. This applies
naturally to power management applications and motor
drives, but also to signal chain components like class-D 
amplifiers.

When a power switch is off, of course, it dissipates no
power. When it is fully on, the voltage drop across its ter-
minals should be low, so that even though it is conducting
current, the dissipation is low. Low switch dissipation is
important for die temperature considerations but also for
the efficiency of the overall system, since only the power
consumed in the load is useful.

The critical problem for the circuit designer is how to
turn the power devices on hard (for minimum resistance)
and fully off in a short amount of time. Time spent in the
transition region is wasteful, because the device is partially
on and resistive. Slow, weak drive will not only lower the
efficiency of a switching circuit, but because of device
self-heating, switch resistance can increase leading to
thermal runaway and permanent transistor failure. For rea-
sons of interface convenience, circuit density and power
dissipation, the control circuitry is always built with small,
low voltage transistors. This obliges the designer to come
up with drivers and level shift circuits that translate logic
level signals into crisp, reliable waveforms that quickly turn
the device on as hard as possible without exceeding the
maximum voltage that the control terminal, such as the gate
of a DMOS device, can withstand. This is further compli-
cated by the fact that one of the devices (usually the
P-channel DMOS) must be driven relative to a high voltage
supply not shared by the low voltage circuitry.

Generally the output power devices are big and repre-
sent a significant load in their own right. To achieve rapid
switching, driver circuitry must source or sink a consider-
able amount of current to change the output state. But run-

ning the driver circuits at high quiescent currents again
wastes valuable milliwatts. This leads to the further design
challenge of how to drive the output transistors without
using too much power: How to “drive the drivers”.

One interesting solution is presented in Figure 2. [3]
(The full system, describing the integration of low voltage

 modulators along with the power devices can be found
in reference [4].) Here a large NDMOS device is pulsed on
momentarily to pull a large current from the gate of the 
output PDMOS driver and turn it on quickly. A zener diode
limits the gate swing of the PDMOS, preventing any dam-
age. Once the large NDMOS device is turned off, a tiny 
“trickle current” is supplied by a much smaller NDMOS to 
keep the gate of the PDMOS driver from drifting back up to
the positive supply rail. (A separate circuit is required to
turn the PDMOS off efficiently.) 

Figure 2. High-side DMOS switch driver.

4. The Future
Although not as publicized as the low voltage analog

designs, high voltage analog ICs are an important –if not
dominant- commercial reality. Foundries have already be-
gun competing to offer the lowest resistance switches inte-
grated with the finest geometry CMOS. Young analog de-
signers entering the field may be surprised that their first
job is not coaxing millivolts of headroom out of a low
voltage opamp, but fending off tens of volts from a hostile
inductive load. It is a brave new world, with lots of inter-
esting new challenges.

References
[1] Databeans Inc., Analog Power ICs, abstract, publication

no. vrm1204, Dec. 2004.
[2] ADP3502 Datasheet, Rev. 0, Analog Devices Inc., 2003.
[3] P. Morrow, E. Gaalaas and O. McCarthy, “A 20-W Stereo

Class-D Audio Output Power Stage in 0.6-um BCDMOS Tech-
nology”, IEEE Journal of Solid-State Circuits, Vol. 39, no.11,
Nov. 2004, p1948.

[4] E. Gaalaas, B. Liu, and N. Nishimura, “Integrated Stereo
 Class D Amplifier”, 2005 IEEE International Solid-State Cir-

cuitsConference, Paper 6.6.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	typ_page1: -947-


