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Q1: Memory hierarchy [10 points]
Design a 64 KB*32-bit RAM using only 16 KB*8-bit RAM modules and minimum
number of logic components.

—P- data

16 KB * 8
—- 20T RAM
—_—
—Pen

16K B*8-bit RAM Module

Logic Components
a. Priority encoder
b. Decoder
c. Multiplexer

a. How many of each component is used?

# of decoder : 1
# of RAM module : 16
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b. Draw the whole circuit.

data[31:24] data[23:16] data[15:8] data[7:0]
Addres[13:0] | | ** Addres[13:0] | | “* Addres[13:0] | | “ Addres[13:0] | |
T addr “T1 1 addr 1T addr 1 addr
w w 16x8 w w 16x8 w w 16x8 w w 16x8
en en en en
clk clk clk clk
{—f data {—f data {—f data {—f data
H— addr — addr H— addr H— addr
LU ow 16x8 LI ow 16x8 LI rw 16x8 LU rw 16x8
address en en en en
[1 5! 1 4] clk clk clk clk
e
{— data {— data {1 data {1 data
(1 addr [ addr {1 addr (L1 addr
LI | orw 16x8 LI | orw 16x8 LI | rw 16x8 LI | rw 16x8
en en en en
clk clk clk clk
L_{ data L1 data L1 data L1 data
T addr — addr T addr T addr
L | 16x8 L | 16x8 L w 16x8 L w 16x8
en en en en
clk clk clk clk
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0Q2: Circuit Design

[20 points]

Design a circuit that is activated on a “START” signal and outputs a siBhAISE” on
a regular interval as described below.
The circuit cycles through 16 clock cycle periods (0 through 15 cycles) and asserts

PULSE on clock cycles 3, 6, 8, 13.

a. (Component Use) Design this circuit using the following components

=  Counter

= Decoder
= Logic gates

(HINT: use the counter component with additional logic; DON'T use the RTL

design methods for this part):

ont | Apit

start —
counter
clk
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b. (RTL-based Design) Now design this circuit using the RTL design method.
Only do Step 1, i.e., capture the high-level state machine (FSMD).

1) If ‘'START * acts like an enabling signal (like the solution in part a)

Start=0 Start=18&&i<15 Start=0
(Start=0 && i<15)
<~ =

Start = 1

i=0 0<15)  j=j+1

PULSE = ((i==3) || (i==6)
[| (i==8) || (i==13))

2) If ‘'START’ only initiates the process for a period of 16 clock cycles:

i=0 i=i+1

PULSE = ((i==3) || (i==8)
[l (i==8) || (i==13))
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