Decoders

» A decoder is a combinational circuit that
converts binary information from n inputs to
a maximum of 2" outputs.

o A decoder is called n-to-m decoder, where
m <2"
» Consider 3-8 decoder, truth table with 3

inputs x,y,z and 8 outputs D, .. D, the circuit
Is shown in Figure 4-18

X Y|F, F F, Fy
00/1 0 0 0 »
010 1 0 0 4—D_ Fo=XY
1 00 0 1 O
1 1/0 0 0 1 ,
[ )—F=xy
« From truth table, circuit for 2x4 decoder is: .;_D— F, = XY
« Note: Each output is a 2-variable minterm
XY, XY, XY or XY) D_ F, = XY
— o X Y
X— 2-to-4 — F1

y— Decoder [— F2
— F3




Decoders

X 'V z Fo Fl Fz F3 F4 F5 F5 F7 | Fl:)('y'z
0001 00 0 0 0 0 O
001/0 1 0 0 0 0 0 O ’—D_Fz‘X'yZ
010/00 10000 O
011/0 0 0 1 0 0 0 O | F, = Xyz
1 00/0 000 10 0 0
1 010 0 0 0 0 1 0 O ’—D_F4:Xyz
110000000 1 0
111(0 0 0 0 00 0 1 D—F5=xy'z
»-D—F6=xyz
— Fo
] I | F, = xyz
3-to-8 [ ™
Y — —— F3
,__| Decoder | __
— F5
—— F6 X y z
— F7
Decoders

» Some decoders are implemented using NAND
gates, in this case it will be more economical to
produce the output in their complemented form.

e 2-4 decoder
e Circuit 4-19

e WhenE is 1, non

Of the outputs 1 0
» Decoder may be

Activated With E=

Oorl

EAB|D, D, D, D,
1 X X1 1 1 1
000 0 1 1 1
00 1/1 0 1 1
010/ 1 1 0 1
01 1/1 1 1 0




= >

(a) Conventional symbol (b) Array logic symbol

Fig. 7-1 Conventional and Array Logic Diagrams for OR Gate
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Memory address . )
n data input lines

Binary decimal Memory contest

0000000000 0 101101010101 1101 K address lines ——» ,

Memory unit
2 k .

0000000001 1 1010101 110001001 Read —> 2% words

. n bit per word

Write ———

0000000010 2 00001 10101000110
. 3 ln data output lines
IRRRRRRRTN 1021 1001 110100010100 ) . .
Fig. 7-2 Block Diagram of a Memory Unit
1111111110 1022 00001 10100011110

IRRRRRNEEY 1023 1101111000100101
Fig. 7-3 Content of a 1024 < 16 Memory
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//Read and write operation of memory

Module memory (Enable, ReadWrite, Address, Dataln, Dataout);
input Enable, ReadWrite;

input [3:0] Dataln;

input [5:0] Address;

Output [3:0] Dataout;

reg [3:0] Dataout;

reg [3:0] Mem[0:63];

always @(Enable or ReadWrite)

if(Enable)
if(ReadWrite)
Dataout=Mem[Address];
else
Mem[Address]=Dataln;
else
Dataout=4’bz;
endmodule
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-— 2nsec —»=
M\ o m —
[ 2\ AR [ 1
vl — \ !
Memory enable and the Clock
read/write signal must  nemory Address valid )4
be activated after the address
address lines have / \
stabilized, otherwise we Mm:|m _J (N
may destroy the cnable —
contents of other :‘\_}‘ﬁ“"’ \ /
memory locations. nite
Data n
Jata valid
input Data valid >C
Address and data signal (a) Write cycle
must remain stable for a B
short time after the 30 nsec
control signals are T\ I pa I
. Tl T2 T3 Tl
activated. Clock — —/ \ / \ / \ /
Memory Address valid ><_
. address
The 2 control signals X
must stay active for 500 Memory / \
sec (in this example). enable
Read/
Write
Data ata vali
output ><|):I1d valid
(b) Read cycle
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Fig. 7-4 Memory Cycle Timing Waveforms




Types of Memory

« ROM, PROM, EPROM, EEPROM
« RAM (SRAM, DRAM)

 SRAM store information in latches, while
DRAM stores information as electric
charges on capacitors (needs refreshing).

* t, Access time from address: delay from stable address
input to stable data output.

* tacs Access time from chip select: delay from CS being
asserted until data output are valid.

* toe Output enable time: propagation delay from OE and
Cg both asserted until the three state output drives have
left the Hi-Z state.

* tyz Output-hold time: propagation delay from the time OE
and CS is negated until the three-state output drives have
entered the Hi-Z state

* tyy hold output time: The length of time that the outputs
remain valid after a change in the address inputs (or after
OE of CS are negated).




(ROM Timing

Digital Logic Design
Read/Write Memory

Select

ED— Output

<]

ReadWrite

(a) Logic diagram

Fig. 7-5 Memory Cell

Select

|

Input—s| BC » Output

T

Read/Write

(b) Block diagram

Internal construction of a memory cell
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# inputs (address) ———

2K xn —» 5 outputs (data)
ROM

Fig. 7-9 ROM Block Diagram
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Input data

Word 0
Address
inputs Word 1
2x4
decoder
Word 2
Mooy
’ Word 3
Read/Write
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Output data

Fig. 7-6 Diagram of a 4 X 4 RAM




Coincident decoding, ‘ ‘ ‘ ‘ ‘
notice that we need
2(2°) AND gate

5 * 32 decoder

instead of 21° AND
gates 01 2 .20 . . . 31
0
1
2 .
JE— binary address
Y 5%32 ) 01100 10100
decoder 5 X v
3II

Fig. 7-7 Two-Dimensional Decoding Structure for a 1K-Word Memory

Ll
TO reduce CAS 8-bit column
the number register
of pins in an
IC I 8 % 256
decoder
The 8 bl_ts row RAS
address is applied l
to the input, and
RAS changed to 0.
The column b 256 % 256
address is applied, ~ S-bit it 8 % 256 50 X 236 W
and CAS Sert)rt)o 0 address row decoder memory ~— Read/Write
register cell array
Data Data
in out
© 2002 Prentice Hall. Inc. Fig. 7-8 Address Multiplexing for a 64K DRAM

M. Morris Mano
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By A 2 A b} Ap Bj B_; B_l B_':
n— B 0o 0 00 0o o 0
0 0 1 () 0o o 0
7 — B2 o1 oflo o o0 1
Ap
- 01 1,0 0 1 0
A 8 % 4 ROM ’ 1 0 0|0 1 0 0
By 1 0 1 (0 1 | 4]
A I 1 0/1 0 0 1
Bs 1 1 1/1 1 0 0
(a) Block diagram (b) ROM truth table
Fig. 7-12 ROM Implementation of Example 7-1
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RAM (Write)

* t,g Address setup time before write: (address inputs must
be stable before CS and WE are asserted)

* t,y Address hold time after write: Address hold time after
write

* tesw CS setup before end of write: CS must be asserted
that long.

* t,p Write cycle width: W-enable must be asserted that long

* tps Data setup time before end of write: Data must be
stable that long before end of write cycle

* tyy Data hold time after end of write:




/SRAM write timing

Digital Logic Design
Read/Write Memory

=— g ==ty

(WE-contmllec {CS<ontrolled write)
ADDR stable X stable x
- faw = = las —= = Josw |
st T \ 1
=ty == = tami = - Typ e
we_L — v )\ ——

DN

} valid

+ Address must be stable before and after
write-enable is asserted.

» Data is latched on trailing edge of (WE & CS).

\

]

2003

Synchronous SRAM

* SSRAM

* An operation that is setup before the rising edge of the
clock is performed internally during a subsequent clock

period.

* INREG captures the input data for write operation.
» Depending on whether the device is pipelined or flow-
through OUTREG may or may not be present.

» Supports burst mode, in which data in a sequence of
addresses are read, in this case AREG behaves like a

counter.

10



Digital Logic Design
Read/Write Memory
Synchronous SRAMs AREG SRAM array

ADDR ——] | ADDRESS
ADS_L CE
+ Use latch-type oL
SRAM cells CREG control ogic
internally e ] .
« Put registers in front e
of address and
control (and maybe
data) for easier EES
interfacing with ’7
synchronous Do i pouT
systems at high _L o
speeds
OUTREG
» E.g., Pentium cache oe i
RAMs <:|
o "
2003 -

Dynamic RAM

» The basic cell in SRAM is the D latch, 4-6
transistor per bit.

« DRAM stores information in a 1 transistor
per bit




/DRAM (Dynamic RAMs)

* SRAMSs typically
use six transistors
per bit of storage.

* DRAMs use only
one transistor per

bit.
* 1/0 = capacitor
charged/discharged

2003

Digital Logic Design
Read/Write Memory

bit line —__
\‘

wordlmc\

1-bit DRAM cell R —L

<

DRAM read operations

werd line
RN

Digital Logic Design
Read/Write Memory

bitline—__
\‘

1-bit DRAM cell —

<

L

— Precharge bit line to Vp,/2.
— Take the word line HIGH.

— Detect whether current flows into or out of the cell.
— Note: cell contents are destroyed by the read!
— Must write the bit value back after reading.

\

2003
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. . Digital Logic Design
(DRAM write operations Read/Write Memory

bit line \\‘

weord line
R

1-bit DRAM cell — —T—

<

- Take the word line HIGH.

— Set the bit line LOW or HIGH to store 0 or 1.

— Take the word line LOW.

— Note: The stored charge for a 1 will eventually leak off.

\. /,0

2003 X

Digital Logic Design
/DRAM charge leakage Read/Write Memory

0 stored 1 written refresh refresh refresh
Vo & / / / /
Yoo T
} HiGH

time

+ Typical devices require each cell to be “refreshed”
once every 4 to 64 mS.

* During “suspended” operation, notebook
computers use power mainly for DRAM refresh.
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(DRAM refresh timing

Digital Logic Design
Read/Write Memory

\

ADDR X row address X

MNote: CAS_L =HIGH

RAS_L \

—

load row-address register,
read selected row and store in row lateh

\.

store row latch
into selected row

/%

2003

/DRAM read timing

Digital Logic Design
Read/Write Memory

ADDR X row address Dcolumn addressx

JNote: WE_L = HIGH

RAS_L \

load row-address register,
read selected row and store in row latch

CAS_L \

load column-address register,
output-enable DOUT, drive with selected bit

output-disable

DOUT {

( valid

N

store row latch
into selected row

1]

DouT

\
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. . Digital Logic Design
/DRAN’I write timing Read/Write Memory

ADDR x row address X:Xcolumn addressx
RAS_L \ f
load row-address register, store row latch
Jread selected row and store in row latch into selected row
WE_L ‘\ /

JNote: DOUT = Hi-Z

DIN X valid x

CAS_L \ /7

load column-address register,
merge DIN into selected column of row latch

Error Detection and Correction

» Used to improve the reliability of the memory
unit.

 Parity could be used for a single error detection,
multiple parity bits could be used for error
correction,

 Hamming Code: k parity bits are added to n data
bits to form n+k bit word.

 The bit positions are numbered from 1 to n+k. The

positions numbered as power of 2 are reserved for
the parity bits (remaining bits are data bits).

15



Error Detection and Correction

Example:

Positon 1 2 3 4 5 6 7 8 9 10 11 12
P P2 by Py by b, by pg by by by by
1 1 0 © 0 1 0 0
0 0 1 1

P,=XOR of bits (3,5,7,9,11)
P,=XOR of bits (3,6,7,10,11)
P,=XOR of bits (5,6,7,12)
Ps=XOR of bits (9,10,11,12)

Error Detection and Correction

We read the word, and calculate
C,=XOR of bits (1,3,5,7,9,11)
C,=XOR of bits (2,3,6,7,10,11)
C,=XOR of bits (4,5,6,7,12)
Cg=XOR of bits (8,9,10,11,12)

The number C = C,C,C,C, is the location of
the error, if O no error

16



Error Detection and Correction

Cq C, C, C,
No error 0 0 0 0
Error in bit 1 0 0 0 1
Error in bit 5 0 1 0 1

C is called the syndrome. It has values in the range of 0
to 2k-1. ) means no error, any other value indicates the
error position. Which means that 2k-1 >n+k

Error Detection and Correction

» How to arrange the xored bits, for example
bit three must be present in P, and P,, bit 5
must be present in P, and P,.

 Single-Error Correction, Double-Error
Detection If we add P, as an extra bit, to
be the XOR of the 12 other bits, After
reading the word from the memory, the
parity bit over the 13 bits are calculated.

17



Error Detection and Correction

* For even parity

C=0and P=0
C#0 and P=1
C+0 and P=0
C=0and P=1

No error

A single error can be corrected

A double error can not be corrected

Error in the P4 bit.

decoder

PROM

Inputs ——

Fixed
AND array
(decoder)

programmable
OR array

part

— Outputs

(a) Programmable read-only memory (PROM)

Inputs ——

progr ble

AND array

Fixed
OR array

—— Outputs

(b) Programmable array logic (PAL)

Inputs —————————————|

progr; ble

AND array

programmable
OR array

—— Outputs
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(¢) Programmable logic array (PLA)

Fig. 7-13 Basic Configuration of Three PLDs
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0
I 1
0 — 3
I —— 3
I 5x32
- decoder
& 28
Iy — 29
30
3
A7 Ag  As Ay Az Ay A Ay
Fig. 7-10 Internal Logic of a 32 x 8 ROM
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0
1
Ty — 2
I —— 3
I 5x32
- decoder .
E 28
Iy — 29
30
3

A7 Ay As Ay A3 Ay AL A

i

Fig. 7-11 Programming the ROM According to Table 7-3
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Programmable Logic Arrays

» Similar to PROM except it does not have
the full decoding capabilities and does not
produce all the minterms.

» The decoder is replaced by an array of
AND’s that could be programmed to
generate any product term of the input var.

e The product terms are connected to OR’s to

produce the SoP

S > E— F,=AB'+AC-+ABC
R — F,=(AC+BC)’
c—¥

AB'

) el =] )

CCB B AA

Fig. 7-14 PLA with 3 Inputs, 4 Product Terms, and 2 Outputs
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BC B
00 01 11 10
A A
1 1 0 1
0 0
Aql 1 1] 0 0 Aql
rE

Fl=A'B'+A'C'+ B'C
Fi = (AB + AC + BC)'

/

P
Fr=AB+ AC+ A'B'C’
Fr={A'C+A'B+ AB'C)

PLA programming table

Product  Inputs
term A B C

AB 1 11
AC 2 I -
BC 3 -1
A'B'C 4 00

@ 2002 Prentice Hall, Inc,
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1

1

0

Outputs
€y (1)
B

1 1

1 1

Fig. 7-15 Solution to Example 7-2

F,=AB'+AC+A'BC’
F,=(AC+BC)’

AB

AC
BC

A'B'C’

CCBRBRAA

) el =] )

|
e

Fig. 7-14 PLA with 3 Inputs, 4 Product Terms, and 2 Outputs
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Programmable Array Logic

* Only the AND gates are programmable,
easier to program but not as flexible.

 Figures shows 4 inputs (each input has a
buffer inverter gate) and 4 outputs.

» Each output is generated by a fixed OR
gate.

AND gates inputs

Product 12345678910
lerm ]
N T N N A D
D-Dn
..... D,
= <1
4 ! i—'\
Ao
66— 1 1l D,
L3
.......... ﬁl
a— 1+ 1t D, j__) !
g— 1 1 [ 111 111 D
i i i
10 D,
1 [ ]'I_') Fy
12 [
L=

123456780910

Fig. 7-16 PAL with Four Inputs, Four Outputs, and Three-Wide AND-OR Structure
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PAL Example

o After minimization

=ABC+A'B'CD’
=A+BCD
Y=AB+CD+BD’
Z=ABC+ABCD+ACD+ABCD
=W+ ACD+ABCD

PAL Example

Product Term AND inputs Output
A B CDW

1 110 - - w=ABC

2 0010 - +ABCD

3 - - - - -

4 1 - - - - x=A

5 -1 11 - +BCD

6 - - - - -

7 01 - - - y=AB

8 - - 11 - +CD

9 -0 - 0 - +B’D’

10 - - - - 1 z=w

11 1 - 0 0 - +AC'D’

12 000 1 - +A'B’C'D
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Produet
term 1
1-
i
3
AT
4
5
f
B3
7
=3
9
c-I3
10
11
12
D3
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AATBRCC DD ww

AND gates inputs

AA'BRBCC DD ww

All fuses intact
(always = ()

M
D>
D J

L
B=P
D.

Fuse intact
+ Fuse blown

Fig. 7-17 Fuse Map for PAL as Specified in Table 7-6

Inputs ————————»

AND-OR array
(PAL or PLA)

Outputs
Flip-flops >

Fig. 7-18 Sequential Programmable Logic Device

A flip-flop is added and the output is fed-back to the

array.

Each section of the PAL is called a microcell.

May have other features, use or bypass F-F,
selection of clock edge polarity, preset or clear for
F-F, or tru/complement output

@ 2002 Prentice Hall, Inc.
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CLK OFE

U

D

)
P;
-
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Fig. 7-19

Basic Macrocell Logic

DIGITAL DESIGN, 3e.

PLD PLD PLD PLD

) [
Vo ' | 1o
Programmable switch matrix
)
block block

Y A

PLD PLD PLD PLD
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Fig. 7-20 General CPLD Configuration
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326
ROM

Fig. P7-17

100

101
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