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Digital-to-analog converter

In electronics, a digital-to-analog converter (DAC, D/A or D to A) is a device for converting a digital (usually binary)
code to an analog signal (current, voltage or electric charge).

A DAC converts an abstract finite-precision number (usually a fixed-point binary number) into a concrete physical
quantity (e.g., a voltage or a pressure). In particular, DACs are often used to convert finite-precision time series data to a
continually-varying physical signal.

The reverse operation is performed by an analog-to-digital converter (abbreviated ADC, A/D or A to D), a device which
converts continuous signals to discrete digital numbers.

Typically, an ADC is an electronic device that converts an input analog voltage (or current) to a digital number
proportional to the magnitude of the voltage or current. However, some non-electronic or only partially electronic devices,
such as rotary encoders, can also be considered ADCs. The digital output may use different coding schemes, such as
binary, Gray code or two's complement binary.

DAC Applications

Audio

Most modern audio signals are stored in digital form (for example MP3s and CDs) and in order to be heard through
speakers they must be converted into an analog signal. DACs are therefore found in CD players, digital music players,
and PC sound cards.

Specialist stand-alone DACs can also be found in high-end hi-fi systems. These normally take the digital output of a CD
player (or dedicated transport) and convert the signal into a line-level output that can then be fed into a pre-amplifier stage.

Similar digital-to-analog converters can be found in digital speakers such as USB speakers, and in sound cards.

Video

Video signals from a digital source, such as a computer, must be converted to analog form if they are to be displayed on an
analog monitor. As of 2007, analog inputs are more commonly used than digital, but this may change as flat panel displays
with DVI and/or HDMI connections become more widespread. A video DAC is, however, incorporated in any Digital
Video Player with analog outputs. The DAC is usually integrated with some memory (RAM), which contains conversion
tables for gamma correction, contrast and brightness, to make a device called a RAMDAC.

A device that is distantly related to the DAC is the digitally controlled potentiometer, used to control an analog signal
digitally.
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DAC Performance

DAC:s are at the beginning of the analog signal chain, which makes them very impotant to system performance. The most
important characteristics of these devices are:

e Resolution: This is the number of possible output levels the DAC is designed to reproduce. This is usually stated
as the number of bits it uses, which is the base two logarithm of the number of levels. For instance a 1 bit DAC is
desinged to reproduce 2 (21 levels while an 8 bit DAC is designed for 256 (28) levels. Resolution is related to the
Effective Number Of Bits (ENOB) which is a measurement of the actual resolution attained by the DAC.

e Maximum sampling frequency: This is a measurement of the maximum speed at which the DACs circuitry can
operate and still produce the correct output. As stated in the Nyquist—Shannon sampling theorem, a signal must
be sampled at over twice the frequency of the desired signal. For instance, to reproduce signals in all the audible
spectrum, which includes frequencies of up to 20 kHz, it is necessary to use DACs that operate at over 40 kHz.
The CD standard samples audio at 44.1 kHz, thus DACs of this frequency are often used. A common frequency in
cheap computer sound cards is 48 kHz — many work at only this frequency, offering the use of other sample rates
only through (often poor) internal resampling.

e Monotonicity: This refers to the abillity of a DAC's analog output to move only in the direction that the digital input
moves (i.e., if the input increases, the output doesn't dip before asserting the correct output). This characteristic is
very important for DACs used as a low frequency signal source or as a digitally programmable trim element.

e Dynamic range: This is a measurement of the difference between the largest and smallest signals the DAC can
reproduce expressed in decibels. This is usually related to DAC resolution and noise floor.

Other measurements, such as phase distortion and sampling period instability, can also be very important for some
applications.
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FEATURES

e Low Frequency Drift, 50ppm/°C, Typical

e Simultaneous Sine, Triangle, and Square Wave
Outputs

® Low Sine Wave Distortion - THD = 1%

e High FM and Triangle Linearity

e \Wide Frequency Range 0.001Hz to 200 kHz
e \Variable Duty Cycle, 2% to 98%

e | ow Distortion Variation with Temperature
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XR-8038A

Precision Waveform
Generator

APPLICATIONS

e Precision Waveform Generation

e Sweep and FM Generation

e Tone Generation

e Instrumentation and Test Equipment Design
e Precision PLL Design

GENERAL DESCRIPTION

The XR-8038A is a precision waveform generator IC
capable of producing sine, square, triangular, sawtooth,
and pulse waveforms, with a minimum number of external
components and adjustments. The XR-8038A allows the
elimination of the external distortion adjusting resistor
which greatly improves the temperature drift of distortion,
as well as lowering external parts count. Its operating
frequency can be selected over eight decades of
frequency, from 0.001Hz to 200kHz, by the choice of
external R-C components. The frequency of oscillation is
highly stable over a wide range of temperature and supply

voltage changes. Both full frequency sweeping as well as
smaller frequency variations (FM) can be accomplished
with an external control voltage. Each of the three basic
waveform outputs, (i.e., sine, triangle and square) are
simultaneously available from independent output
terminals.

The XR-8038A monolithic waveform generator uses
advanced processing technology and Schottky-barrier
diodes to enhance its frequency performance.

PIN DESCRIPTION

Pin # Symbol Type | Description
1 SA1 I Wave Form Adjust Input 1.
2 SWO 0] Sine Wave Output.
3 TWO o} Triangle Wave Output.
4 DCA1 | Duty Cycle Adjustment Input.
5 DCA2 | Duty Cycle Adjustment Input.
6 Vee Positive Power Supply.
i FMBI | Frequency Modulation Input.
8 FMSI | Frequency Sweep Input.
9 SQO e, Square Wave Output.
10 e | Timing Capacitor Input.
11 VEE Negative Power Supply.
12 SA2 | Wave Form Adjust Input 2.

2 Tnya Junn

O +15V
Ra Rg
4 5 X1 X 12 6 Ri;
DCA1  DCA2 SA17H8A2 0 Waa
10 1 | 2 Sine Wave
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C1 Circuitry Converter
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figure 1. XR-8038A Test Circuit
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DC ELECTRICAL CHARACTERISTICS

Test Conditions: Vg = +5V to +15V, Ty = 25°C, R = 1MQ, R = Rg = 10k<2, C4 = 3300pF, S, closed,
unless otherwise specified (See Figure 1).

Parameter | Min. l Typ. Max. Unit J Conditions
General Characteristics
Supply Voltage, Vg
Single Supply 10 30 V
Dual Supplies +5 +15 V
Supply Current 12 20 mA Vg = +10V!
Frequency Characteristics (Measured at Pin 9)
Range of Adjustment
Max. Operating Frequency 200 kHz Ra = Rg, = 1.5kQ, C41 = 680pF;
Ry = 10k
Lowest Practical Frequency 0.001 Hz Ra = Rg = 1MQ, C4= 500uF
(Low Leakage Capacitor)
Max. Sweep Frequency of FM 100 kHz
Input
FM Sweep Range 1000:1 S Open?3
FM Linearity 10:1 Ratio 0.2 % S1 Open3
Range of Timing Resistors 0.5 1000 ke Values of Ry and Rg
Temperature Stability 50 PPM/°C | T = 0°C to 70°C
Power Supply Stability 0.05 A% 10V<< Vg < 30V or 5V < Vg < 15V
Output Characteristics
Square-Wave Measured at Pin 9
Amplitude (Peak-to-Peak) 0.9 0.98 x Vgpry | RL = 100k
Saturation Voltage 0.2 0.5 V Isink = 2mMA
Rise Time 100 ns R =4.7kQ
Fall Time 40 ns R =4.7kQ
Duty Cycle Adjustment 2 98 %
Triangle/Sawtooth/Ramp Measured at Pin 3
Amplitude (Peak-to-Peak) 0.3 0.33 x Vgpry | RL = 100kQ
Linearity 0.1 %
Output Impedance 200 Q louTt = 5MA
Sine-Wave Amplitude 0.2 0.22 X Vgpry |Rp=100kQ
(Peak-to-Peak)
Distortion 0.8 3 % RL = 1MQ45
Unadjusted 0.5 % RL = 1MQ45
Adjusted 0.3 %
Notes

T Currents through R4 and Rg not included.

2 VsuppLy = 20V
3 Apply sweep voltage at Pin 8.

Vee - (173 Vsuppry - 2) < Vping < Viee

VsuppLy = Total Supply Voltage across the IC

4 Triangle duty cycle set at 50%, use Ry and Rg.

5 As R, is decreased distortion will increase, R, min = 50KQ.
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