
STATIC & DYNAMIC RAMS
INEL4207 - Digital Electronics - M. Toledo 
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READING
Example

A CMOS SRAM cell shown in the previous slide is fabricated in a 0.18-μm process for 
which Vtn = |Vtp| = 0.5V and VDD = 1.8V. The inverters have (W/L)n = 
0.27μm/0.18μm. Assume that a cell containing a 1 must be read.

(a) Determine the maximum value of (W/L)5 to ensure that the cell will not 
change state.

(b) Determine the read delay Δt in two cases: (i) (W/L)5 = 2.5 and (i) (W/L)5 = 
1.5. Let μnCox = 300μA/V2, CB’ = 2pF, and the minimum change in voltage 
required by the sense amplifier be ΔV = 0.2V. 
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WRITING

Example
A 0 must be stored on the SRAM cell described in the previous example, which 
initially contains a 1. Determine the maximum value of (W/L)4 needed to ensure 
that the cell will change state.
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Figure 16.19 When the voltage of the selected word line is raised, the transistor conducts, thus connecting the storage capacitor CS to the  
bit-line capacitance CB.



INEL4207 Ex. 3 Reposition Problems

Instructions:

• There are 4 problems.

• Only clear and legible solutions will be graded. You must draw squares around your final
answers.

• Double check that there are no numerical errors in your procedure; I may base my grading
only on the final answer due to the tight schedule.

• You may submit your solutions electronically through the following link

http://www.ece.uprm.edu/~mtoledo/4207/F2013/ex3th.

• The deadline for electronic submission is midnight of tuesday, december 3.

• Electronic submissions may consist of high-quality pictures of a hand-written document. The
submitted document must be in PDF format.

• Alternatively, you may bring your solutions to class on tuesday, december 3.

Problems:

1. (25 points) For the following dynamic RAM circuit. CC = 50fF , VDD = 5V , and Vt = 1.4V
(including body effect). There are n cells connected to the bit line, and each cell represents
a capacitive load on the bit line of 2fF . The sense amplifier and other circuitry attached to
the bit line has a 20fF capacitance, so that the total bit line capacitance is 2n+ 20, in fF .

Consider a reading process in which the bit line is pre-charged to a voltage of VDD/2. What
is the maximum number of cells that can be attached to a bit line while ensuring a minimum
change on the bit line voltage, once steady state is reached, of 0.1V ?
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2. (25 points) For the following static RAM circuit, (W/L)1,3 = 2/1 and (W/L)A1,A2 = 4/5,
VDD = 3.3V , µnCOX = 4µpCOX = 300µA/V 2, Vt0 = 0.6V for NMOS transistors and
Vt0 = −0.6V for PMOS transistors, γ = 0.5

√
V and 2φF = 0.6V .
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Solutions to INEL4207 Reposition Exam 3 - Fall 2013

1. (30 points) For the following dynamic RAM circuit.
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CC = 50fF , VDD = 5V , and Vt = 1.4V (including body effect). Each cell represents a
capacitive load on the bit line of 2fF . The sense amplifier and other circuitry attached to
the bit line has a 20fF capacitance.

Consider a reading process in which the bit line is pre-charged to a voltage of VDD/2. What
is the maximum number of cells that can be attached to a bit line while ensuring a minimum
change on the bit line voltage of 0.1V ?

ANSWER: The bit line capacitance is CBL = n× 2fF + 20fF . Due to charge sharing,

Vf (CBL + CC) = 2.5V × CBL + Vi,C × CC

where Vi,C represents the initial voltage in the cell.

Let Vf = 2.5V +∆V and consider a cell containing a logic-1, so that Vi,C = 5V −1.4V = 3.6V .
then

∆V (CBL + CC) = 2.5V × CBL + Vi,C × CC − 2.5V (CBL + CC)

∆V (CBL + CC) = 2.5V × CBL + Vi,C × CC − 2.5V × CBL − 2.5V × CC

0.1V (n× 2fF + 20fF ) = (3.6V − 2.5V − 0.1V )× 50fF

n =
10× 50fF − 20fF

2fF
= 240

Now repeat, but this time consider a cell containing a logic-0. The procedure is similar, but
Vi,C = 0V .

−0.1V (n× 2fF + 20fF ) = −2.4V × CC

n =
24× 50fF − 20fF

2fF
= 590

So n = 240 .

2. (30 points) For the following static RAM circuit, (W/L)1,3 = 2/1 and (W/L)A1,A2 = 4/5,
VDD = 3.3V , µnCOX = 4µpCOX = 300µA/V 2, Vt0 = 0.6V for NMOS transistors and
Vt0 = −0.6V for PMOS transistors, γ = 0.5

√
V and 2φF = 0.6V .
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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.

3. The following diagram
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shows a sketch of a dual-slope ADC. At t = 0, capacitor C is discharged, s1 opens and s2
is connected to vA, an analog input voltage in the range of 0V to −5V . At t = T1, s2 is
switched to VREF = 5V .

(a) (10 points) Find R and C so that the conversion time remains below 0.1ms if vpeak =
10V .

(b) (10 points) Find the clock frequency if a 10-bit resolution is required.

4. For the transistors in the following TTL gate,
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VCE,sat = 0.2V , the normal active mode β = 30 and the reverse active mode βR = 0.1. Find

(a) (5 points) the current that exits Q1’s emitter when vi = VL = VCE,sat.

(b) (5 points) the current that enters Q1’s emitter when vi = VH = 3.6V .

(c) (10 points) the average power dissipated by the gate if half of the time the output voltage
is VL and the other half it is VH . Assume that no load is connected to the output.

(d) (10 points) when vout = VH , the maximum number of similar TTL gates (also called the
fanout) that can be connected to the output without causing vout to drop below 2.4V .
Under these conditions, is Q4 saturated?



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 diagram
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shows a sketch of a dual-slope ADC. At t = 0, capacitor C is discharged, s1 opens and s2
is connected to vA, an analog input voltage in the range of 0V to −5V . At t = T1, s2 is
switched to VREF = 5V .

(a) (10 points) Find R and C so that the conversion time remains below 0.1ms if vpeak =
10V .

ANSWER: The longest conversion time occurs when vi = −5V . Then,

i1 = 5V!R = C
∆V

∆t
⇒ T1 = RC

10V

5V
= 2RC

Because VREF is also 5V , T1 = T2 and

0.1ms = T1 + T2 = 4RC ⇒ RC = 25µs

Any R and C that satisfy this condition will do. For example, we can let R = 1kΩ and

C = 25µs!1kΩ = 25nF .




