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Name: INEL 4207 Exam 3A

Student #: Sec.: April 29, 2014

1. A 12-bit dual-slope ADC of the type illustrated below
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At t=0 capacitor C is discharged and s2 is connected to vA. At t=T1 s2 is switched to VREF.
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utilises a 1-MHz clock and has Vref = 10V . Its analog input is in the range 0 to −10V .
The fixed interval T1 is the time taken for the counter to accumulate a count 2N .

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 Vpeak become?
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1. A 12-bit dual-slope ADC of the type illustrated below
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At t=0 capacitor C is discharged and s2 is connected to vA. At t=T1 s2 is switched to VREF.

vO

vO

VREF > 0
vA < 0

utilises a 1-MHz clock and has Vref = 10V . Its analog input is in the range 0 to −10V .
The fixed interval T1 is the time taken for the counter to accumulate a count 2N .

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 Vpeak become?



Name: INEL 4207 Exam 3B

Student #: Sec.: May 1, 2014

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, s1 opens and the counter is allowed to count. The
analog input voltage, vIN , is in the range of 0V to 5V . If VDC = −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?
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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, s1 opens and the counter is allowed to count. The
analog input voltage, vIN , is in the range of 0V to 5V . If VDC = −10V ,

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

ANSWER: The capacitor charges with a constant current i = VDC!R, so for the
opamp,

dvO1

dt
=

10V

RC
A conversion will be done when vO1 = vIN , so when vIN = 5V ,

5V

0.1ms
=

10V

RC
⇒ RC = 0.2ms

Any appropriate values will work. For example, select R = 10kΩ 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 × 106 × 0.1 × 10−3 = 1.024 × 107 × 10−4 = 1024
clock pulses per conversion, for a resolution of 10 bits (210 = 1024).

2. (30 points) The following sketch shows a 1T dynamic-RAM cell.
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MA

Determine the minimum value for the cell’s capacitance, CC , such that when a cell
that contains either a logic-0 or a logic-1 is read (by pre-charging the bitline to VDD/2
and then applying VDD = 3V to the wordline) a change of at least 10mV occurs on the



3. The following sketch shows a R− 2R digital-to-analog converter (DAC).
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If the circuit uses 10 bits, R = 1kΩ and VREF = −5V ,

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

(b) (20 points) for the value of RF found in part (a), what is the output voltage for a binary
input equal to 0100011101?
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Use the average current method to determine the minimum time needed to read the cell
if a change ∆VBL = 100mV is needed by a sense amplifier. The bit line capacitance is
CBL = 0.1pF and a logic-0 is stored in the cell. Assume that the bit line was pre-charged
with 3.3V and that during the reading process VQ remains at or below the threshold voltage.
Neglect the cell’s internal capacitances.

ANSWER: The voltage reduction happens when current flows through QA2 and Q3. Assume
vDS,3 ≤ 0.6V so that the cell’s data is not disturbed. We can use the average current method.
At point 1, VQ3 is very close to 0V , QA2 operates in saturation mode, and

i1 =
300µA/V 2

2

(
4

5

)
(3.3V − 0.6V )2 = 875µA

At point 2, VQ3 = 0.6V . Thus, Q3 and QA2 operate in triode and saturation mode, respec-
tively, and

Vt,A1 = 0.6V + (0.5
√
V )

(√
0.6V + 0.6V −

√
0.6V

)
= 0.76V

I2 =
300µA/V 2

2

(
4

5

)
(3.3V − 0.6V − 0.76V )2 = 452µA

The average current is (452µA+ 875µA)/2 = 663µA and

∆t = 0.1pF × 0.1V

663µA
≃ 15ps

3. The following sketch shows a R− 2R digital-to-analog converter (DAC).
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If the circuit uses 10 bits, R = 1kΩ and VREF = −5V ,

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

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

imax =
5V

1kΩ

(
210 − 1

210

)
= 4995.12µA

so
10V = 4995.12µA×RF ⇒ RF = 10V/4995.12µA = 2002Ω

(b) (20 points) for the value of RF found in part (a), what is the output voltage for a binary
input equal to 0100011101?

ANSWER:

vout = 2002Ω× 2.5mA
(
2−10 + 2−8 + 2−7 + 2−6 + 2−2

)
= 1.393V


