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Solution to Assignment 4
Memory Design and Timing Analysis

Question 1

RAM Design

1.

chips per bank: To create a 16-bit wide data bus
using 8-bit chips we need 16/8 = 2 chips per
bank.

number of banks. Using a total of 4 chips and
putting 2 chips/bank we can assemble 4/2 = 2
banks. Since each bank provides 32 k words
of 2 bytes/word the total is 32 x 2 = 64 k bytes
per bank. This provides a total of 128k bytes of
RAM.

byte-select address lines. To select from the
2 bytes available in parallel we need to use
the log,2 = 1 least-significant CPU address bit
(AO0).

word-select address lines. To select one word
in each bank we need log, 32k = 15 address bus
bits (Al to Al5).

bank-select address lines: The remaining (20 —
16 = 4) address lines (A16 to A19) are then
used to select a bank.

The schematic of the RAM design is:
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EPROM Design

1.

chips per bank: To create a 16-bit wide data bus
using 4-bit chips we need 16/4 = 4 chips per
bank.

number of banks. Using a total of 8 chips and
putting 4 chips/bank we can assemble 8/4 = 2
banks. Since each bank provides 16 k words
of 2 bytes/word the total is 16 x 2 = 32 k bytes
per bank. This provides a total of 64k bytes of
RAM.

byte-select address lines: To select from the
2 bytes available in parallel we need to use
the log, 2 = 1 least-significant CPU address bit
(A0, not available outside the CPU).

word-select address lines: To select one word
in each bank we need log, 16k = 14 address bus
bits (Al to Al4).

. bank-select address lines: The remaining (20 —

15 = 5) address lines (A16 to A19) are then
used to select a bank.

The schematic of the EPROM design is:
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Question 2

library ieee
use ieee.std_logic_1164.all

entity decoder is
port (
a: in std_logic_vector (4 downto 0)
rantsO_n, rantsl_n : out std_| ogic
rontsO_n, rontsl n : out std_logic ) ;
end decoder

architecture rtl of decoder is

begin
rantsO_n <= '0" when a = "00000" else 'Y
rantsl_n <='0" when a = "00001" else 'Y
rontsO_n <= '0" when a = "11110" else 'l
rontsl _n <="'0" when a = "11111" else 'Y
end rtl ;

The synthesized schematic for this design is:
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Question 3

Timing Specifications

In the tables below I’ve used the following abbrevia-

tions:
symbol | meaning
S guaranteed timing response
R timing requirement

C CLK2 period (40 ns)

Wmin | minimum width
Wmax | maximum width
PD propagation delay

Note that if the margin is zero the specification is

met.

CPU Write Cycle

All the signals are outputs.

RIS | type | value | from to

ta1 S | Whin 0 | address | WR*
taza | S | Whin 0| CSs* WR*
tao S | Whin 0| WR* address
taza| S | Whin 0| Cw* Cs*
taob | S | Wnhin 10 | WR* address
ta3 S | Whin | 2C-10 | data WR*
tas S | Whin C-10 | WR* data

tas S | Wmax | C+10 | WR* data

tag S | Whin | 2C-10 | WR* WR*

CPU Read Cycle

All signals except data bus are outputs.

R/S | type | value | from to
ta7 R | Wmax | 4C-41 | address | data
ta7a | R | Wmax | 4C-42 | CS* data
tag R | Wma | 3C-39 | RD* data
tag R | Whin 0 | RD* data
tso R | Whax C | RD* data
ts1 S | Whin 0 | RD* address
tsta| S | Whin 0 | RD* Cs*
tso S | Whin | 3C-13 | RD* RD*




RAM Read Cycle

All signals except data bus are inputs.

R/S | type | value | from to
trc R | Whin 70 | address | address
tan S PD 70 | address | data
tco1 S PD 70 | CE1* data
tcoz S PD 70 | CE2 data
toH S PD 10 | address | data
tLz1 S PD 10 | CE1* data
ttzo | S PD 10 | CE2 data
tHz1 S PD 30 | CE1* data
thzo | S PD 30 | CE2 data

RAM Write Cycle

All signals are inputs except data bus for twuhz
and tow). The RAM write cycle is WE* con-
trolled (Chart 1) because the CPU timing specifica-
tions show that WE* (WR*) goes active after CE1*
(CS1%).

R/S | type | value | from to

twe R | Whin 70 | address | address
tewi | R | Whin 50 | CE1* CE1*
tewi | R | Whin 60 | CE2 CE2
taw R | setup 50 | address | WE*
twp R | Whin 55 | WE* WE*
tow R | setup 30 | data WE*
tbH R hold 0| WE* data
tas R | Whin 0 | address | WE*
twr R hold 0| WE* address
twHz S PD 30 | WE* data
tow S PD 10 | WE* data

Flash Read Cycle

All signals except data bus are inputs.

R/S | type | value | from to
tre R | Wnin 80 | address address
tacE S PD 80 | CE* data
taoe | S PD 40 | OE* data
taAA S PD 80 | address data
top S PD 20 | OE*, CE* | data
toH S PD 0 | OE*, CE* | data

address

Timing Analysis

We only need to verify that timing requirements are

met.

CPU Requirements- RAM Read Cycle

Since RD* is not connected to the RAM, the
CPU timing requirements relative to RD* cannot be

checked.
required | expression | margin
t47 4C-41 =119 tan = 70 49
t47a | 4C-42 =118 | tcor =70 48
tag 3C-39=81 | unknown
tag 0 | unknown
tso C =40 | unknown

CPU Requirements - Flash Read Cycle

required | expression | margin
t47 4C-41 =119 tan = 80 39
t47a 4C-42 =118 tacE = 80 38
tsg 3C-39=81 | taoe =40 41
ta9 0 ton = 0 0
tso C=40| top=20 20

RAM Requirements - CPU Read Cycle

required
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margin

tre
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4C =160
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RAM Requirements - CPU Write Cycle

required expression margin
twc 70 4C =160 90
tcw1 50 | ty1a ttag =70 20
tewz 50
taw 50 | ty +t45=70 20
twp 55 t46 = 70 15
tbw 30 ta3 =70 40
toH 0 tgg = 30 30
tas 0 141 = 0 0
twr 0 o = 0 0

Flash Requirements- CPU Read Cycle

required

expression

margin

trc

80

4C =160

80




