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Key to Tutorial 4
Address Decoding

Exercise 1
Let us consider P, the number of address lines of a microprocessor, and C, the number of address lines of

the largest device connected to the microprocessor. Write down the total number of devices that can be
connected to the microprocessor using the block-decoding technique in terms of C and P.

I Address bus of the microprocessor: P bits I

i} -

Selection: P - C hits Address bus of the largest device: C bits

P — C bits are available for device-selection purposes.

The block address decoding uses one combination of address lines per device. Therefore, 2°~¢ devices
can be connected to the microprocessor.

Exercise 2
A microprocessor system includes a ROM device, a RAM device and three peripheral devices (P1 ,P2

and P3). The capacities of these devices are 8 Mib, 8 Mib, 8 KiB, 4 KiB and 16 Kib respectively. The mi-
croprocessor has a 24-bit address bus and all the components have an 8-bit data bus. The ROM should be
located in the lowest part of the memory space, followed by the RAM, P1, P2 and P3.

1. Calculate the size of the address buses for each device.

The size of an address bus can be determined by the depth of its device. All the devices are 8 bits
wide, therefore the depth of a device is its number of bytes. Since the capacities of P1 and P2 are
given in bytes, their capacities are also their depths.

ROM : 8 Mib = (8 Mi / 8) bytes = 1 MiB = 2% bytes — 20 address lines
RAM : 8 Mib = (8 Mi / 8) bytes = 1 MiB = 2% bytes — 20 address lines
P1 :8KiB =2"bytes — 13 address lines

P2 :4KiB =2"bytes — 12 address lines

P3  :16Kib = (16 Ki/ 8) bytes = 2 KiB = 2" bytes — 11 address lines
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For the following questions, there should be as few blocks as possible.

2. Which address lines are required to select the devices? Write down the devices associated with each

of these address lines.

To connect 5 devices using as few blocks as possible, we need 3 device-selection bits so that the
space memory can be divided into 8 blocks. These bits have to be the most significant: A23, A22 and

A21.
A23 | A22 | A21 Device
0 0 0 ROM
0 0 1 RAM
0 1 0 P1
0 1 1 P2
1 0 0 P3

— The ROM should be located in the lowest part of the memory space.

3. The AS (Address Strobe) output signal of the microprocessor is active when its address bus contains a

valid address. Take the signal AS into account to obtain an expression for each output of the address

decoder.

CSrom = AS.A23.A22.A21
CSram = AS.A23.A22.A21
CSp1  =AS.A23.A22.A21
CSp: =AS.A23.A22.A21
CSps =AS.A23.A22.A21

4. Draw the new memory map. The lowest and highest addresses of each device should appear on the

map.

For each device, we have to determine the most significant address bits (the device-selection bits) and
the least significant address bits (the address of the selected device) of the microprocessor. Any un-

used address bits will be set to 0.

Take the ROM for instance;

A21,A22 and A23 are set to 0 to select the ROM device.

A20 is set to 0 because it is unused.

To obtain its lowest address, its 20 address bits are set to 0.
To obtain its highest address, its 20 address bits are set to 1.
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Here is what the memory map should look like:

ROM (lowest): 0000
ROM (highest): 0000

RAM (lowest): 0010
RAM (highest): 0010

P1 (lowest): 0100
P1 (highest): 0100

P2 (lowest): 0110
P2 (highest): 0110

P3 (lowest): 1000
P3 (highest): 1000

0000
1111

0000
1111

0000
0000

0000
0000

0000
0000

0000
1111

0000
1111

0000
0001

0000
0000

0000
0000

0000
1111

0000
1111

0000
1111

0000
1111

0000
0111

0000
1111

0000
1111

0000
1111

0000
1111

0000
1111

0000, =
1111, =

0000, =
1111, =

0000, =
1111, =

0000, =
1111, =

0000; =
1111, =

000000;
OFFFFFss

2000001
2FFFFFu

40000046
401FFFys

60000016
600FFF1s

8000004
8007FF

5. Work out the number of redundant images for each device.

ROM

Pl

P2

P3

000000

200000

400000

600000

800000

A00000

€00000

E00000

FFFFFF

The number of redundant images is the number of combinations that can be made with the unused ad-

dress bits of the microprocessor. These bits are used neither for the selection nor for the address of a

device.

Unused bits = 24 address bits — 3 device-selection bits — Address bits of a device

ROM : 24 —3 —20 =1 unused bit
RAM : 24 — 3 —20 =1 unused bit

P1 : 24 — 3 — 13 = 8 unused bits
P2 1 24 — 3 — 12 = 9 unused bits

—

—

P3 : 24 -3 —11 =10 unused bits -

2! =

2! =

2 =256
2° =512
210 = 1,024

6. Using the 24-bit addresses of the microprocessor, find two different ways to select the address 1F2¢

of each device.

To select the address 1F2;s of a device, we have to activate the device in question and put the

value 1F2;6 on its address bus. If some address bits are unused, they can be either 0 or 1 indifferently.

Therefore, there is more than one possibility to select an address of a device.
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The following table shows how we obtain two different addresses according to the changing value

(0 or 1) of the unused bit A20.

A20=0 A20=1
RAM 0001F246 1001F246
ROM 2001F246 3001F246
P1 4001F246 5001F256
P2 6001F2;6 7001F246
P3 8001F246 9001F2;6
7. Draw the circuit diagram.
Control bus
I I i i
D7:0
Microprocessor ROM RAM P1 P2 P3
cs cs cs cs cs
A19:0 A19:0 A12:0 A11:0 A10:0

Address bus

A23:0

AS

A23:21

Address
Decoder

CSROM

CSgram

CSpq

CSp;

CSps

The 1-MiB RAM device should be replaced by a 4-MiB RAM device.

8. Can the block-decoding technique still be used? Give reasons for your views.

With the block address decoding, one block (a combination of device-selection bits) is paired with

one device. So, the 5 devices require 3 device-selection bits (8 blocks). The largest device is now

the RAM with 22 address lines. Since the microprocessor has 24 address lines, 2 of them remain

available for the selection. Therefore, the block-decoding technique can no longer be used.
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In order to connect the 4-MiB RAM device, a derivative of the block-decoding technique should be

used. Keeping the previous memory configuration of 8 blocks of 2 MiB each, you should use 2 blocks
for the RAM device. The first block should contain the lower 2 MiB of the RAM device (labeled
RAMO) and should be the same as the block used for the previous RAM device. The second block
should contain the upper 2 MiB of the RAM device (labeled RAM1) and should be the block located
after P3.

9. Draw the new memory map. The lowest and highest addresses of each device should appear on the

map.

ROM 000000
RAMO 200000
P1 400000

ROM 90090016 - 0FFFFF16 p2 600000

RAMO : 20000046 - 3FFFFFy6

P1 400@0016 = 401FFF16 P3 800000

P2 : 600000 - 600FFF46

P3 800@0016 = 8007FF16 200000
RAM1

RAM1 : ABOO00;s - BFFFFFy6

10. The CS input of the RAM device should be active for two blocks. Write down its new expression.

CSram = AS.(A23.A22.A21 + A23.A22.A21)
CSram = AS.A22.A21.(A23 + A23)
CSram = AS.A22.A21

11. TIs this new expression of the CS sufficient to decode the RAM device properly?

The 4-MiB RAM is considered as two devices of 2 MiB each (RAMO and RAM1). Therefore, the
value of A21 will indicate whether an address is in the lower or higher part of the memory. Thus, if
A21ram = 0, an address is in the lower part (RAMO) and if A21gan = 1, an address is in the higher part
(RAM1).

From now on, we will use these notations:
A21 is the address bit number 21 of the microprocessor.
A21gan is the address bit number 21 of the RAM.
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RAM
(4 MiB)

RAMO
2 MiB

A2 1RAM =0

RAM1
2 MiB

A2 1RAM =1

When the block-decoding technique is used, the least significant bits of the address bus of the micro-
processor are connected to the address buses of the devices. Therefore, the bits A21:0 of the micro-
processor are connected to the bits A21:0 of the RAM and so A21gan = A21.

According to the expression of CSrav, we can see that the RAM device is active only when A21 = 1.
Since A21ray = A21, we can conclude that the RAMO is never selected.

Therefore, this new expression in not sufficient to decode the RAM device properly.

12. Find a solution to solve this problem.

To solve this problem, A21rayn should be set according to the selected device. When the RAM device
is not active, the value on its address bus is ignored. See the table below:

A23 | A22 | A21 Selected device | A21ram
0 0 0 ROM )
0 0 1 RAM 0
0 1 0 P1 )
0 1 1 P2 )
1 0 0 P3 )
1 0 1 RAM 1

- RAMO

- RAM1

According to this table, we can obviously conclude that A21av should be connected to A23 of the mi-

croprocessor (and not A21 as before).

The expressions of the CS inputs do not change.
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The 1-MiB ROM device should be replaced by an 8-MiB ROM device. In order to connect this ROM
device, it is proposed to use a new decoding technique: no empty space should be found between the

memory spaces occupied by all the devices. The ROM should be located in the lowest part of the mem -
ory space, followed by the RAM (4 MiB), P1, P2 and P3.

13. Draw the new memory map. The lowest and highest addresses of each device should appear on the
map.

ROM 000000
ROM : 0000004 - 7FFFFF46 600000
RAM 80000016 - BFFFFF15
P1 C0000015 - CO1FFFys RAM 800000
P2 : C0200046 - CO2FFFy
P3 C0300016 - CO37FF16 A00000
Pl €00000
P2
P3

14. Obtain an expression for each output of the new address decoder.

We need to find which address bits are significant enough to select the right device. To begin with, let
us convert the addresses into their binary notation as shown below. Each phi character represents an
address line and can be replaced by either 0 or 1.

ROM:;@@CD PPDODP OPDPPD PODPDP PDODOPDP &P DO (23 address lines)
RAM {1020 ODPDPDP ODPDOPD OPDOPDODP OPODPD @O DO (22 address lines)
P1 (111100 0000 000 PDODODP OPDPDD & D DO (13 address lines)
P2 :11/11/00 0000 0010 PP Dd OPODOPDP O DD D (12 address lines)
P3 :/1/1/00 0000 001|]1 0 PDPD OPDPDPDP & DD P (11 address lines)
A A A A
23 22 13 12

For each device, the lowest address is obtained when all the phi characters are replaced by 0 and the
highest address is obtained when all the crosses are replaced by 1.
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The first significant bit that can be noticed is A23. When A23 =0, we should select the ROM and
when A23 = 1, we should select any one of the other devices. The bit A23 can be used to differentiate

the ROM from the other devices. We can begin to write down a first-uncompleted expression for the
outputs of the address decoder.

CSrom =AS.A23
CSram =AS.A23
CSpy =AS.A23
CSp;, =AS.A23
CSP3 =AS.A23

The second significant bit that can be noticed is A22. With the same line of reasoning, this bit can be
used to differentiate the RAM from the other remaining devices (P1, P2 and P3). The outputs of the
address decoder are as follows:

CSrom = AS.A23

CSgram = AS.A23.A22
CSpi  =AS.A23.A22
CSp, =AS.A23.A22
CSps =AS.A23.A22

With the same line of reasoning, the last two significant bits are A13 and A12:

CSrom =AS.A23

CSram =AS.A23.A22

CSp1  =AS.A23.A22.A13
CSp, =AS.A23.A22.A13.A12
CSps =AS.A23.A22.A13.A12

It is noteworthy that the line numbers on these expressions match the number of address lines you
find in each device.

Key to Tutorial 4 8/8



	Exercise 1
	Exercise 2

