ADC/DAC

INEL 420/ Digital Electronics
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DOUBLE-SLOPE ADC
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At t=0 capacitor C is discharged and s, is connected to v,. At t=T, s, is switched to V,



1. A 12-bit dual-slope ADC of the type illustrated below
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At t=0 capacitor C is discharged and s, is connected to v,. At t=T, s, is switched to Vgg.

utilises a 1-MHz clock and has V,.r = 10V. Its analog input is in the range 0 to —10V".
The fixed interval T3 is the time taken for the counter to accumulate a count 2%.

a) (10 points) What is the time required to convert an input voltage equal to the
full-scale value?

b) (10 points) If the peak voltage reach at the output of the integrator is 10V, what
is the integrator time constant?

c¢) (10 points) If through ageing, R increases by 2% and C' decreases by 1%, what
does Vear become?
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1. The following diagram
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sketches an ADC. Prior to t = 0, capacitor C' is discharged and the counter is erased
by the control signal. At t = 0, s; opens and the counter is allowed to count. The
analog input voltage, vry, is in the range of OV to 5V. If Vpo = —10V,

a) (20 points) Find R and C' so that the maximum conversion time equals 0.1ms.

b) (10 points) If a 10 MHz clock (1 MHz = 1024 kHz ) is used, what is the number
of bits of resolution?



a) (20 points) Find R and C' so that the maximum conversion time equals 0.1ms.

ANSWER: The capacitor charges with a constant current ¢ = VDC/ R, so for the

Oopamp,
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A conversion will be done when vp; = vy, so when vy = 5V,
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Any appropriate values will work. For example, select R = 10k€2 and C' = 20nF".

b) (10 points) If a 10 MHz clock (1 MHz = 1024 kHz ) is used, what is the number
of bits of resolution?

ANSWER: There will be 10.24 x 10°% x 0.1 x 1072 = 1.024 x 107 x 10™* = 1024
clock pulses per conversion, for a resolution of 10 bits (2'° = 1024).



3. The following sketch shows a R — 2R digital-to-analog converter (DAC).

R R R 2i 2R

If the circuit uses 10 bits, R = 1kQ2 and Vrgr = —5V,

(a) (20 points) find the value of Rr that should be used to have an output voltage range
from 0V to 10V.

(b) (20 points) for the value of Rr found in part (a), what is the output voltage for a binary
input equal to 01000111017



3. The following sketch shows a R — 2R digital-to-analog converter (DAC).

If the circuit uses 10 bits, R = 1k{) and Vrgr = —5V,

(a) (20 points) find the value of Rp (to within 0.1%) that should be used to have an output
voltage range from 0OV to 10V.

ANSWER: The maximum current, which flows through Ry when all input bits are
logic-1, can be expressed as
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SO

10V = 4995.12uA x Rp = | Rp = 10V/4995.12A = 2002€)

(b) (20 points) for the value of Rr found in part (a), what is the output voltage for a binary
input equal to 01000111017

ANSWER:
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