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11.1) For this problem you are given a cell library consisting of full adders and two-input 
Boolean gates (i.e. AND, OR, INVERT, etc.). 

a) Design an N-bit two’s complement subtracter using a minimal number of Boolean 
logic gates. The result of this process should be a block diagram. Specify the value of any 
required control signals (e.g. , Cin).

b) Express the delay of your design as a function of N, tcarry, tsum, and the Boolean gate 
delays (tand, tor, tinv, etc.). 

11.2) The circuit of Fig. 11.1 implements a 1-bit datapath function in dynamic 
(precharge/ evaluate) logic. 

a) Write down the Boolean expressions for outputs F and G. On which clock phases are 
outputs F and G valid? 

b) To what datapath function could this unit be most directly applied (e.g., addition, sub-
traction, comparison, shifting)? 

Figure 11.1. Datapath module bit-slice. 

11.3) Consider the dynamic logic circuit of Fig. 11.1. 

a) What is the purpose of transistor M1? Is there another way to achieve this end that 
would reduce capacitive loading on ?

b) How can the evaluation phase of F be sped up by rearranging transistors? No 
transistors should be added, deleted, or resized. 
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11.4) The adder circuit in Fig. 11.2 makes extensive use of the transmission gate EXOR. 

a) Explain how this gate operates. Derive the logic expression for the various circuit 
nodes. Why is this a good adder circuit? 

b) Derive a first-order approximation of the capacitance on the Co-node in equivalent 
gate- capacitances. Assume that gate and diffusion capacitances are approximately 
identical. Compare your result with the circuit of figure 11-6 in the course book. 

Figure 11.2. Adder circuit. 
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12.1) For a memory containing a 4096word X 2048bit array of SRAM cells with a differ-
ential bit-line architecture, where the dynamic power consumption is dominated by 
charging and discharging the bit lines. The cells are tiled at a vertical pitch of 24μm and a 
horisontal pitch of 15μm. Each cell adds a load of 20fF to BL and BL. Bit lines are in 
metal1 and are 3μm wide. In this process, metal1 has an area capacitance of  
Ca=0.031fF/μm2 and a fringing capacitance of Cf=0.044fF/μm. 
 
a) Compute the capacitance loading each bit line. Break it down into contributions from 
wiring and and from memory cells. 
 
b) Assume that the bit lines are precharged to 2.5V and are allowed to develop a 
maximum differential voltage of 2V (symmetric around the precharge voltage) during a 
read operation,. After reading a PMOS transistor is used to equalize the charges on the 
bitlines. What is the power consumption by the memory while reading at an access rate 
of 1MHz? Assume Vdd = 5V. 
 
12.2) A 5-transistor SRAM cell is shown in Fig. 12.1. The bit line is precharged to Vdd 
before reading. The power supply voltage is 2.5 V and the channel length is 0.25 μm for 
all transistors.  

 
Figure 12.1. Five-transistor SRAM cell. 

a) Describe the three constraints that should be imposed on the devices for guaranteeing 
safe read and write operations. Write down the equations and relations that would help 
you to size the transistors. Assume  

for the inverter formed by M4 and M3. 
 
b) Based on the equations from a), discuss the required relative sizing of the transistors in 
the cell (e.g. transistor Mx must be k times wider than transistor My...). 
 
12.3) Draw the transistor diagram of a two-port SRAM cell. A two-port memory can read 
or write two independent addresses simultaneously. Discuss qualitatively how this affects 
the transistor sizing in the cell. 

V M V dd 2⁄=
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12.1   
 
For a memory containing a 4096 x 2048 bit array of SRAM cells with a differential bit line 
architecture, assume that the dynamic power consumption is dominated by charging and 
discharging the bit lines. The cells are tiled at a vertical pitch of 24 μm and a horizontal pitch 
of 15 μm. Each cell adds a load of 20fF to BL and BL. Bit lines are in metal1 and are 3 μm 
wide. In this process metal1 has an area capacitance of  
Ca = 0.031 fF/μm2 and a fringing capacitance of Cf = 0.044 fF/μm   
 

 
a) Compute the capacitance loading each bit line. Break it down into contributions from 
wiring and from memory cells. 

 
  
Wiring capacitance / cell:  
 
Cw = Lcell * Wmetal*Ca + 2*Lcell*Cf =  
 
= 24 μm * 3 μm * 0.031 fF/ μm2 + 2 * 24 μm * 0.044 fF/ μm 
= 4.4344 fF 
 
Total capacitance on the bit line: 
 
CBL = 4096 ( Cw + Ccell ) = 4096 ( 4.344 + 20) fF = 99.7pF 
 

b) If the bit lines are precharged to 2.5V and are allowed to develop a maximum differential 
voltage of 2V (symmetric around the precharge voltage) during a read operation, what is the 
power consumption by the memory while reading at an acess rate of 1 MHz? 
 
The charges that has to be taken from the power supple is ΔQ = ΔV*C 
The corresponding energy taken from the power supply is E = ΔQ*VDD = ΔV*C*VDD 
During equalization, no new charges have to be added. Hence Pbitline = f*C*ΔV*VDD  
And so PMemory = 2048*Pbitline = 1.02 W 
 

 
SRAM 
CELL Lcell = 24 μm 

Wcell = 15 μm 

Ccell = 20 fF 

 

Wmetal = 3 μm 

 

Wmetal = 3 μm 

 
 

MEMORY 
ARRAY 4096 words 

2048 bits 
BL and BL run 
vertically 












