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What are VGAs?
Variable gain amplifiers (VGAs) are 

signal-conditioning amplifiers with elec-

tronically settable voltage gain. There 

are analog VGAs and digital VGAs, or 

DVGAs. An analog voltage controls the 

gain in both, which differ in how it 

is applied. A digital-to-analog converter 

(DAC), a functional source, or a dc 

source can provide the control. VGAs are 

available from dc to gigahertz frequencies 

and in a variety of I/O configurations.

How is VGA gain controlled?
In analog VGAs, gain in dB is a linear 

function of input voltage (Fig. 1a and 1b). 

The datasheet will provide an intercept 

point for 0-V input and a slope in terms 

of dB/V on the V
GAIN

 pin. With DVGAs, 

a binary code or digital word applied 

to a digital port or register controls the 

gain. The word can be serial or parallel, 

and it can operate like a register with an 

address somewhere in the digital portion 

of the system. In either case, the binary 

input steps are weighted in dB (Fig. 1c).

What applications use VGAs?
VGAs help tame signals that exhibit 

wide dynamic range. Consider cell-

phone receivers. Depending on the dis-

tance between the basestation and cell 

phone, their input signal levels range 

from a few microvolts to volts. Similar 

situations with wide dynamic range 

are found in scientific, industrial, and 

medical applications—such as the “front 

ends” of measurement equipment and 

ultrasound imaging, both for biological 

diagnostics and industrial fault analysis.

Broadly speaking, VGAs are used in two 

circumstances. The first encompasses 

all those situations where the circuit 

designer must match an input signal 

level to the full-scale input of a device 

such as an analog-to-digital converter 

(ADC) or an FM discriminator. The 

second addresses situations in which the 
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3. When both currents are
    applied to transistor junctions,
    each ICE is an exponential
    function of the input voltage

4. Sum of the exponential
    ICEs a function of 
    IIN × IGAIN

5. Taking Log–1 of the 
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    voltage equal to   
    product of input 
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2. Translinear VGAs (a) are used where low cost 
is the primary consideration. X-amp VGAs have 

advantages in terms of noise and distortion 
characteristics and can be trimmed for high 

1. Analog gain control offers multiple advantages. First, it is linear in terms of both dB (a) and magnitude (b). (Figure 1a also demonstrates consistence in 
gain control regardless of whether gain is being adjusted up or down.) Digital control (c) offers linearity in terms of dB and consistency, but in discrete steps.
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designer must scale a fixed input voltage 

to compensate for variable losses, for 

example, to adjust the voltage level to a 

transmission line. In these applications, 

VGAs reduce bill-of-materials cost and 

save space, but they also offer better 

performance in terms of noise, distor-

tion, and power consumption. 

What kinds of internal architectures 
do VGAs use?

Two approaches are in wide use: trans-

linear and exponential amplifiers. The 

translinear core uses the principles of 

the diode equation, which expresses the 

exponential relationship between junc-

tion current and base voltage in bipolar 

devices (Fig. 2a). Exponential-amplifier 

VGAs combine a precision-matched R-xR 

ladder attenuator and an interpolator, 

followed by a fixed-gain amplifier (Fig. 
2b). There are six to eight “rungs” on 

the ladder, and the interpolator circuit 

sweeps across that ladder in response to 

the VGA’s control voltage. 

What are some common real-world 
applications for VGAs?

VGAs can be found in communica-

tions, cable TV, medical equipment, 

and industrial applications. In medical 

and industrial scanner applications, the 

VGA is used in specialized circuits called 

time gain controls (TGCs), which com-

pensate for attenuation in the medium 

being probed. In medical ultrasound 

systems, echoes from structures deep in 

the body must be amplified more than 

echoes close to the skin.

In communications, VGAs function as 

automatic gain control (AGC) ampli-

fiers or as “output” VGAs that adjust 

the voltage input to a cable system. The 

device’s gain maintains signal integrity 

and amplitude despite the length of the 

cable or number of receivers attached. 

What kinds of applications favor 
analog or digital VGAs? 

Two applications that favor analog 

VGAs utilize time gain control: ultra-

sound scanners and phased-array radars. 

Both involve a massive number of paral-

lel amplifiers that all require a common 

gain control. That’s easier to achieve 

with a single analog control voltage 

routed to each VGA. 

On the other hand, consider a cable 

TV system in which the level of the 

upstream signal from the consumer’s 

set-top box is adjusted for cable attenu-

ation by a downstream signal from the 

cable company’s head-end. This would 

be a case for a digital VGA.

Digitally Programmable VGA with Transmit Driver
The AD8260, ideal for industrial and automotive cabling applications, includes a high-current 

driver, usable as a transmitter, and a low-noise digitally programmable VGA, which is usable 
as a receiver. The receiver consists of a single-ended input preamplifier and a linear-in-dB, 
differential-output VGA. It has a gain span of 30 dB in 3-dB steps and a –3-dB bandwidth of 
230 MHz. The driver-amplifier delivers ±300 mA on a 3.3-V supply, well suited for driving 
low impedance loads. It is available in a 32-lead LFCSP and operates over –40°C to 105°C.

Versatile, Wide-Bandwidth, DC-Coupled VGA 
The AD8336 is a general-purpose, 

low-noise, single-ended VGA usable 
over a large range of supply volt-
ages. The device provides 115-MHz 
bandwidth over a gain range of 60 
dB, with a slew rate of 550 V/ms for 
a 2-V step. It is available in a 16-lead 
LFCSP and operates over the industrial 
temperature range of –55°C to 125°C. 

Ultralow Distortion Digitally 
Controlled Dual VGA

The AD8376 is the industry’s first 
dual-channel, digitally controlled, 
wide-bandwidth VGA that provides 
precise gain control, high IP3, and low 
noise. It achieves 50-dBm output IP3 at 
200 MHz and provides a broad 24-dB gain range with 1-dB resolution. This highly integrated 
solution replaces discrete circuits comprising digital attenuators and IF amplifiers while 
consuming only 130 mA per channel. 
It is available in a 32-lead LFCSP.

41-dB Range, 1-dB Step Size, 
Programmable Dual VGA

The AD8372 provides precise gain 
control, high IP2, good distortion 
performance, and moderate signal 
bandwidth, making it suitable as a 
gain control device for a variety of 
multichannel receiver applications. 
The AD8372 provides a broad 41-dB 
gain range with quiescent current 
of typically 106 mA per channel in a 
small 32-lead LFCSP. 

ith 1 dB l ti Thi hi hl i t t d

Learn more about ADI’s variable gain amplifier portfolio at 
www.analog.com/VGA-FAQ.

p32,33.indd   33p32,33.indd   33 5/9/08   12:30:41 PM5/9/08   12:30:41 PM


	032_ED052208
	033_ED052208


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /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 false
  /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 /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not downloading low Res ads from AdSpring.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /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 false
  /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 /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not downloading low Res ads from AdSpring.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


