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Understanding LOGDACs

INTRODUCTION TO THE ANTILOG D/A CONVERTER
Analog Devices’ AD7100 Series LOGDACs are CMOS mul-
tiplying DACs characterized by an exponential {anti-
logarithmic) digital-to-analog transfer function.

Perhaps the easiest way to visualize whata LOGDAC does
is to compare it to two well-known circuits—the classic 3-
terminal potentiometer and a CMOS multiplying DAC
(digitally controlied potentiometer). As shown in Figure
1a through Figure 1c, the transfer function of all three cir-
cuitsis of the form:

Vour = aVin EQN1

WHERE:
a = attenuation factor
O<sa=1

in each case shown in Figure 1, a is a dimensioniess
number which can range from 0 (maximum attenuation)
to approximately 1 (minimum attenuation). Additionally,
each circuit has an analog input Vi), an analog output
(Vout) and a mechanism for controlling the attenuation
factora.

The above in conjunction with Figure 1a through Figure
1¢ illustrates the similarity of the pot, M-DAC and LOG-
DAC functions. How, then does the LOGDAC DIFFER from
the linear M-DAC?

The answeris reso!utioﬁ. The basic differentiating feature
of the LOGDAC versus the linear multiplying DAC is the
way resolution is specified.

RESOLUTION OF LOGDACs VERSUS LINEARDACs
From Figure 1b, the attenuation factor a of a linear DAC
is:

EQN2

LOGDAC is a registered trademark of Analog Devicss, Inc.

WHERE:
n = Number of digital input bits tothe DAC
N = Integervalue of DACs digital input

NOTE: Many treatments of multiplying DACs label the at-
tenuation factor “D” where the digital input “D"
is:

&} _ Bit1 + Bit2 + ._.Bitn
2n'! il 22 2n
WHERE: Bit1through8itn = 10r0

n = Number of bits

D=a=(

Since N was postulated to be an integer, the smallest
possible change of N is plus or minus one count. The reso-
lution of a is, therefore, =1 part in 2" or 1 part in full
scale. Important to realize is that the volitage resolution of
a linear DAC is the same (barring differential nonlinearity
effects) at all points on its transfer function.
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Vour = aVay

WHERE: R,
« = ATTENUATION FACTOR = (y—yr)
Figure 1a. Three Terminal Pot

The resolution of 8 LOGDAC is different, however. The
following discussion shall endeavor to show that a LOG-
DAC's voltage resolution is different at all points on its
transfer function, i.e., barring differential nonlinearity ef-
fects, the resolution expressed as a percent of reading
(not percent of full scale) is constant throughout the LOG-
DACs range.
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n = NUMBER OF DIGITAL INPUT BITS
N = DIGITAL INPUT (0=N=s2*-1)
EXAMPLE: FOR $-8IT DAC

n=8 2" =258
0<N=<268
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Figure 1b. Linear Multiplying DAC (Digitally Controlled
Pot)
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WHERE:
s
a = ATTENUATION FACTOR = 10

N = DIGITAL INPUT
POR AD7111: 0sNs<239
FOR AD7118: 0<N<00
FOR AD7115: 0sN=190

+ = LOGDAC RESOLUTION IN d8
Figure 1c. LOGDAC (Digitally Controlled Pot)

From Figure 1c, the LOGDACSs attenuation factor a is an
exponential function (antilog) of the basic form:

y=a¥% EQN3

If base number 10 is chosen (other base numbers can be
used, incidentally), the attenuation factor a for the LOG-
"AC of Figure 1c becomes:

Y
a=10 2 EQN4
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WHERE:

N = Integervalue of DACs digital input
for AD7115: 0=N=199
forAD7111: 0=N=239
forAD7118: 0=N=<59

r = LOGDAC resolutionindB
forAD7115: r=0.1
forAD7111: r=0.375
forAD7118: r=15

Taking the LOG of both sides of EQN4 giv.es:

%)
20
20'.0610(! = —rN

LOGya = — (

From EQNS, it is readily apparent that a plus one count
change of N causes an attendant - (r)dB change in the at-
tenuation factor a (and thus aiso a —(r)dB change in the
DAC's output voltage).

Figure 2 is a graph of the general LOGDAC transfer func-
tion for the circuit of Figure 1c. It shows quite simply that
increasing the digital input N causes a decrease inthe out-
put voltage Vour. Additionally, it shows the nonlinear re-
lationship of Vour relative to N. Figure 3 is an expanded
section of the transfer function shown in Figure 2. It illus-
trates the fact that the ratio of any two adjacent LOGDAC
output voltage levels is the same throughout the transfer
function. To further amplify the significance of this point,
consider that a + one count change in the digital input N
causes the output voltage to decrease in amplitude by a
fixed ratio relative to where it was before the change. (At
all points on its transfer function .. .) Thus, we have a DAC
with percent of reading resolution as opposed to the line-
ar DAC which defines resolution in terms of percent of full
scale.
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Figure 2. LOGDAC D/A Transfer Characteristic

To summarize, a linear DAC's voltage resolution is fixed
throughout its transfer function. However, the LOGDAC
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Figure 3. Expanded LOGDAC Transfer Function Hus-
trating the Concept of % of Reading Resolution

exhibits a continuously variable output voltage resolution
throughout its transfer function range. The LOGDAC's
voltage resolution is coarsest at or near fuil scale (0dB)
and finest at or near 0 scale {(mute). Table | shows the equi-
valent percent of reading resolution for various Analog
Devices LOGDACs.

l dBResolution | % of Reading Resolstion

Mode! {AN= = 1Count) | (AN= + 1 Count) [ {AN = —1Count)

AD7118 | =1.5d8B -16.9% +18.9%

AD7111 | =0.375dB -4.2% +4.4%

AD7115 | =0.1dB -1.1% +1.2%
Tablel.

BASIC CIRCUIT CONFIGURATIONS

ANTILOG DAC (Exponential with Negative Exponent)
The circuit of Figure 4 generates output voltage levels as
determined by the equations:

oh
Vour= —Vn10 2 EQNG6
and/or
~10.11512rN)

VOUT = —V|Ne EQN7

WHERE:

r = LOGDAC resolutionin dB
forAD7118: r=15
forAD7111: r=0.375
forAD7115: r=0.1

N = Integer equivalent of digital input
forAD7118: 0=N=59
forAD7111: 0=N=239
forAD7115: 0=<N=199

Vin = acordcinputvoltage

(nominal range = 10V)
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Figure 4. ANTILOG D/A Converter (Negative Exponent)

Features of the circuit of Figure 4 include:

1. Itprovides dB attenuation of Vour relativeto Viy as de-
termined by the digital word N. (i.e., output range is
0dBto —dB)

2. Thecircuit provides % of reading resolution.

3. The analog input can be voltage or current, ac or dc,
positive or negative polarity - i.e., the circuit is basi-
cally aCMOS muitiplying DAC.

ANTILOG DAC (Exponential with Positive Exponent)

The circuit of Figure 5 is analogous to a multiplying DAC
divider circuit. It provides signal gain of Vour relative to
V,n as determined by the equations:

Nl L
VOUT = - V|N1° 2 EQN8
and/or
+1{0.11512rN}
VOUT == Vme EQN9
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Figure 5. ANTILOG D/A Converter (Positive Exponent)

Basically, the analog input or reference voltage is applied
to the on chip feedback resistor (RFB) and the amplifier
output is connected to the Vi terminal of the LOGDAC.
The LOGDAC then ends up in the amplifier's feedback
loop, thus the circuit provides dB gain of Vgour relative to
Vn as determined by the digital input N (i.e., Vour range
is 0dB to positive dB). As does the negative exponential
DAC of Figure 4, this circuit provides % of reading resolu-
tion.
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LOG ORLOG RATIO ADC
The circuit of Figure 6 provides an ADC function while per-
forming a LOG compression. Its transfer function is:

N (2) (20L0G 10| - Vin
Veer EQN10
OR
8.68659
N = (30 )('" ~Vw ) EQN11
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Figure 6. Log or Log Ratio A/D Converter
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If the digital answer N (of EQN10) is multiplied by —r, the
numerical value obtained is the dB value of the absoiute
value of Vi relative to Vaer (answer 0dB to —dB).

If the digital answer N (of EQN11) is multiplied by —r
8.68659, the numerical value obtained is the natural log of
the absolute value of V| relative to Vage.

Circuit Constraints:
1. Vinand Veer must be of opposite polarity
2. Vin=Vaer .



