Digital Electronics                                                                   Signal Mode Conversion


Signal Mode Conversion
A/D - Analogue to Digital Conversion

Analogue to digital conversion is required when it is necessary to process an analogue voltage signal (remember computers deal in binary!), e.g. an instrument signal for process flow, temperature, pressure, ect., within a digital electronic system. An engine management system would be a good example of this process where analogue sensors provide information to a digital management system about fuel flow, engine temperature, combustion gas flow etc. the management system is usually microprocessor based and as such is an embedded computer of some description.

The normal pin functions which are applied with an A/D converter IC are summarised in figure 01. when start conversion signal is set the device samples the input analogue voltage, and after a fixed number of clock pulses the digital representation of the input signal is set on the ten output pins and the conversion complete signal is set. This example gives a 10 bit digital representation of the analogue signal, i.e.
Resolution = 1 in 210 
= 1 in 1024






= 0.1%

Alternative IC’s can offer 8-bit and 12-bit outputs or more, and the accuracy of the digitally represented analogue signal and the required resolution of the converter chip for a particular application determines whether an 8, 10 or 12-bit device is chosen.

Figure 01
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There are two different conversion techniques applied with A/D converter IC’s;

1. Successive Approximation Technique

In this arrangement successively reducing proportions of a reference voltage are added together and compared with the analogue input voltage, as shown in figure 02. In this example only 4 bits are generated for simplicity. Each resistor switches in a binary weighted fraction of a reference voltage.

The conversion sequence is as follows. When start conversion is set, the first clock pulse cause resistor ‘R’ to be switched into circuit this introduces one-half of the reference voltage, and this voltage is effectively compared with the analogue input voltage. If the latter is greater then the resistor is left switched in; otherwise it is switched out. On the next clock pulse resistor ‘2R’ is switched into circuit, and this introduces one-quarter of the reference voltage. The sum of the generated voltage components is then again compared with the analogue input voltage to determine whether ‘R2’ is to switched out or left in circuit. The process repeats until all four voltage comparisons are made and a combination of resistors is left switched into circuit. The register contains a bit pattern reflecting the state of these resistor switches, and it is this bit pattern that is presented on the digital output pins together with conversion complete after the last comparison process.
Figure 02 
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Conversion time is determined by the clock rate, but is typically 15µs (microseconds) for a 10-bit converter. This high speed makes it the most popular A/D conversion method.

2. Dual Ramp Technique

in this technique illustrated in figure 03, a voltage integrator is firstly ramped up for a fixed time with the analogue input voltage, and secondly ramped down with a reference voltage of opposite polarity. Notice that the positive slope is steeper for the higher analogue input voltage. The negative slope is fixed, so that the integrator output takes a longer time to reach zero for the higher analogue input voltage. Pulses are gated into a counter during the negative slope period until terminated by the zero crossing detector. Therefore the higher the analogue input voltage, the greater is the count achieved.
Figure 03
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This technique is slow – conversion speed is typically 40 ms. However it possesses the advantage of reducing the effect of electrical mains noise if the integration period is the same as the period of a mains cycle (20 ms for 50 Hz mains frequency). One full sine wave cycle of mains voltage noise is self cancelling on the integrator output voltage.
For this technique it the binary count value that represents the digital output value on the output pins and is proportional to the voltage signal applied at the input.

A practical example of an 8-bit successive approximation A/D convertor is the RS427, as shown in figure 04. commonly the end of conversion signal is connected to the output enable; typical connections for pins 5, 7 and 8 are given in the circuit example shown in figure 08. Clearly the analogue input voltage must not exceed the reference voltage (Vref in).

Figure 04
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D/A - Digital to Analogue Conversion
A digital to analogue (D/A) converter is used to generate an analogue signal from a digital electronic system, normally some form of microprocessor. This is the opposite of the above process (A/D). As an example the analogue voltage may be required to connect to the following;

a) Pen recorder, or chart recorder – to give an historical record of a signal.

b) Motor control – fan speed in a car climatic control system
c) Analogue indicator – to give a visual representation of system status (vehicle speed)

d) Servo position system – for robotic manipulator control
e) Control valve – to regulate process flow (this could be fuel flow), temperature, etc. 

The pin functions of a D/A IC are simpler than for an A/D, and are shown in figure 05 for an 8-bit converter. Ten and 12 bit devices or more are available if greater resolution is required.
Figure 05
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The most common conversion technique that is applied with D/A’s is the ‘resistor ladder’ technique, and is illustrated in figure 06. Again only a 4-bit conversion process is illustrated for simplicity. It can be seen that the circuit function is almost identical to the inverse of the successive approximation process for A/D conversion (figure 02); indeed some devices are offered as either D/A or A/D converters. Each input bit switches a resistor if that respective bit is set at logic ‘1’. The values of the resistors increase in binary sequence, so that each switches in a binary weighted fraction (1/2, 1/4, 1/8, 1/16) of a reference voltage. Conversion time is very fast – typically 1µs (1 microsecond).
Figure 06
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A practical D/A converter IC is the ZN425E, which is illustrated in figure 07. The locic select is set to logic 0 for D/A conversion, but if set to logic 1 A/D conversion is achieved (if an external comparator circuit is added). The counter reset and clock signals are left unconnected for D/A conversion. This chip is illustrated in the test circuit opposite and described in the following section.

Figure 07
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Test A/D and D/A Circuit
Normally A/D and D/A  ICs connect to computers via 8-bit ‘ports’. A useful test circuit which connects an A/D and a D/A chip in a ‘back to back’ test mode, i.e. digital output one feeds the input of another, is illustrated in figure 08. a variable analogue input voltage is connected to pin 6 on the A/D chip. The digital outputs are permanently enabled – output enable is connected to end of conversion. The A/D can be tested in isolation, and then digital outputs can be connected to the input pins of the D/A. the analogue output voltage of the D/A has a maximum value of +2.5 V, and passes through an op-amp circuit which provides buffering and a calibration mechanism for the overall D/A conversion process.

Figure 08
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