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l n data input lines

k address lines ———»-
Memory unit
Read ——> 2K words

: n bit per word
Write ———— p

n data output lines
Y
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Memory address

Binary decimal Memory contest
0000000000 0 1011010101011101
0000000001 1 1010101110001001
0000000010 2 0000110101000110
1111111101 1021 1001110100010100
1111111110 1022 0000110100011110
1111111111 1023 1101111000100101
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- 20 nsec —>
< 50 nsec E

Clock [ T1 [ T2 [ T3 [ Tl
Memory address >< Address valid ><
X

Memory enable /
Read/ Write \

Data input >< Data valid

(a) Write cycle
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Clock Tl 12 13 11
Memory address >< Address valid ><

Memory enable 4/ \

Read/ Write

Data output ><Data valid ><

(b) Read cycle
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4*4 RAM Diagram

Address
inputs

Memory

enable

Read/Write

Input data

Word 0 ; ; ; ¥
+=| BC »| BC w»{ BC |-~ | BC

3 3 g 3

Word 1 ; ; ; i
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decoder 7 y A ¥
Word 2 ) T T 1
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A

Word 3 1 T 0 1
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t F 1 3 A

Y

Output data
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5 % 32 decoder

o1 2. .. .20 . . . 3l
Ob—e—o—+ . *
| ——+—» L »

T =

5% 32 )
- binary address
decoder y
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(Address Multiplexing) ‘_,o)aT o0 oy b

¥
CAS +—q 8&-bit column
register
Y
L d 8 X256
decoder
RAS ’
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address row e memory
register cell array
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Data Data
In out
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(Error Detection and Correction) s zuad g ausid

(Error Detection) ks sl

(Parity Bit) .y3lg5 cu

(Error Correction) s zusai

(Hamming Code) o 05
Wl590 slas (pads Wl slas g
(Single-Error Correction, Double-Error Detection)
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(Hamming Code) M A5

LY sbyly earBge ( Kiwod oS 35 .0y S 15 40 1,11000100 s coivn oS
Wigl o0 1 0018 (GLatey b blandgo s g (53195 S
Bitposition 1 2 3 4 5 6 7 8 9 10 11 12
p, P,1P,1 00 P,0 1 0 O
P, = XOR of bits(3,5,7,9,11)=0
P, = XOR of bits(3,6,7,10,11)=0
P, = XOR of bits(5,6,7,12)=1
P, = XOR of bits(9,10,11,12)=1
In memory, 0011100101 0 O
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In memory, 0011100101 0 O

Check Bits:
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)
C,=XOR of bits (8,9,10,11,12)

C=C.,C,C,C,
C=0 : NoError

C+#0: Check bit gives error position, toggle bit to correct
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In memory, 001110010100

Check Bits:

001110010100 C,=XOR of bits (1,3,5,7,9,11) =0
001110010100 C,=XOR of bits (2,3,6,7,10,11) =0
001110010100 C,=XOR of bits (4,5,6,7,12) =0

001110010100 C.=XOR of bits (8,9,10,11,12) =0

C = C,C,C,C, = C=0000

Ll 00lad Fy plas b
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In memory,

Check Bits:

101110010100
101110010100
101110010100
101110010100

WS zezai 1y ol 3l @ g0 o
101110010100

C,=XOR of bits (1,3,5,7,9,11) = 1
C,=XOR of bits (2,3,6,7,10,11) =0
C,=XOR of bits (4,5,6,7,12) = 0
C,=XOR of bits (8,9,10,11,12) = 0

C = C,C,C,C, & C=0001

Ll 0010 75 Jol can o ol
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In memory, 001100010100

Check Bits:

001100010100 C,=XOR of bits (1,3,5,7,9,11) =1

001100010100 C,=XOR of bits (2,3,6,7,10,11) =0

001100010100 C,=XOR of bits (4,5,6,7,12) =1

001100010100 C;=XOR of bits (8,9,10,11,12) =0

C=0101

awl 0010 é) W LA.Q )O @Lb
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2K X n

k inputs (address) ——
ROM

—— n outputs (data)




ROM

:YYXA ROM oy 515 shiw

0

5% 32
decoder
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ROM

ROM Truth Table (Partial)

Inputs Outputs ROM cu . dol
KM 13 12 11T 10 A7 A6 A5 A4 A3 A2 A1 A0 S %
0o o0 0 0 0 1 0 | 1 0 1 1 0
0o o0 0 0 1 0 () 0 | 1 1 0 1
O o o0 1 0 | | 0 0 0 | 0 |
0 0 0 1 | | 0 | | 0 0 | 0
1 | | 0 0 0 0 0 0 1 0 0 1
1 | 10 1 1 | | () 0 0 | 0
1 | | 10 0 | 0 0 | 0 | 0
1 1 | | | 0 0 | | 0 0 | |

o—sk . i | -
fyp —— \ + i
2 3
I — 3 I e X%
b 532
decoder

30 I T

31 x* x*

I —— 25 * e
' 29 3 *
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Inputs Outputs A, A; Ay Bs By B; B
A Ay /AA Bs By By B, B @ Decimal 00 00 0 0 0
00 1,0 0 0 0
0 0 |0 0 0 0 0 0 0 0 01 0lo 0 0 1
0 0 I 0 0 0 0 0 I I 01 1.0 0 1 0
0 I 0 0 0 0 I ol]o 4 1L 0 0lo 1 0 o
0 | [ 0o 0 I 0 |0 I 9 1 0 1,0 1 1 0
I 0 |0 0 I 0 0 0/1lo0 16 1 1 0/ 1 0 0 1
| 0 | 0 | | 0 0 | 25 1 1 1 1 1 0 0
I [ 0 I 0 0 I 0 0 36
| I I I I 0 0 0 I 49 (b) ROM truth table
By
0—— B,
B
Ao .
B3
A ———1 8 X 4 ROM '
A B
Bs

(a) Block diagram
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:ROM ¢4
ROM (Read Only Memory)
PROM (Programmable ROM)
EPROM (Erasable Programmable ROM)

EEPROM or E2PROM (Electrically Erasable Programmable ROM)
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(Programmable Logic) ydvdoli o sl

~ « PROM

Combinatorial PLD: L
e PLA
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Sequential PLD [t
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:(Programming) gy ydol
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* Programmable
Read Only
Memory

. e Programmable
Logic Array

* Programmable
Array Logic

e Simple
J Programmable
w Logic Device

e Complex
Programmable
Logic Device

¢ Field
Programmable
Gate Array
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u.uff SBPLD celizo sy g loxo

i
)

i

Inputs ——

Fixed
AND array
(decoder)

programmable
OR array

— Outputs

(a) Programmable read-only memory (PROM)

Inputs ——>

programmable
AND array

Y

Fixed
OR array

— Outputs

(b) Programmable array logic (PAL)

Inputs ———~

programmable
AND array

Y

programmable
OR array

—— Outputs

(c) Programmable logic array (PLA)



PLA

(=955 90 9 @ o ko Hlem (6999 4w LPLA

PLA Programming Table Outputs
Inputs (M (©
Product Term A B C F, F;
AB' 1 1 0 1 -
AC 2 1 1 1 1
. BC 3 L 1
| A'BC + 0 1 0 1 -
— — AB'

% — AC

CCBBAA

G I

F,=AB’+AC + A'BC’
F, = (AC + BC)’




PLA L >,k Juo

Fi(4,B,C)= Z(O’l’ 2,4) O Lod 6}[.«»00'.“».; Iy ) é."g.’ ylow PLA 3 eolaw!
Fx(4,B,C)=) (0,5,6,7) =k Jol
JoSo g (ol o8 4 (gilweslw g Al s
BC B BC B , .
00 01 11 10 00 01 11 10 ol s 13 ool
A A
0 1 1 0 1 0 1 0 0 0 Sy aob o J9ds o
Al 1 0 0 0 Aql 0 1 | |
C C
Fl =A'B'+ A'C' + B'C’ Fr=AB+AC+ A'B'C PLA programming table
Fi = (AB + AC + BC)’ Fy=(A'C+A'B+ AB'C')’ Outputs
Product  Inputs (C) (1)
Fi= (4B + AC + BC)' teem A B C g R
Fa=AB+ AC+ A'B'C" AB b=l
AC 2 1 - 1 1 1
BC 3 -1 1 1 -

A'B'C 4 0 0 0 - 1



PAL

AND gates inputs

Product 12345678910 =957 4z «59959 )k LPAL

term |
! )7 33 4 AND-OR ,Li5-Lus o
2 D Fi
; ik
I = <
4 :)—L\\
5 D F,
6 DJ_L/
I >
7 D—Lr\
8 D F
9 D_l_l-/
;%
10 D_Lr\
11 3 F
12 D_l_L/
ly =

12345678910
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L 2955 )k 69959 )z PAL L | 25b pdles (oo .ol ol hogi' 5 @ilei b (> 0k

w(4,B,C,D)=3"(212,13) e 63 lwooly o413y 4w AND-OR 5L
x(4,B,C,D)=>"(7,89,10,1,12,12,14,15) s b g jlwoolu

HA4,B,C.D)=3(0,23,45,67810,1L15)
Z(A-) B: C: D) = Z(L 2: 8: ]-2) 139) PAL Programming Table

SRyl p Jeu e o

AND Inputs
Product Term A B C D w Outputs
w=ABC'+ A'B'CD' g
| 1 | 0 - w = AB(
x=A+BCD 2 0 0 I 0 - FA'B'CD'
3 = 3 = =
y=A"B+CD+B'D' 4 L o "
5 - | | 1 - - BCD
z=ABC+A'B'CD'+ AC'D+ A'B'C'D S B = e
=w+AC' D'+ A'B'C'D 7 B = = = y=AB
8 - ] 1 - +CD
J - 0 0 - + B'D
10 - - - ] = w
11 1 0 0 - + AC'D'

12 0 0 0 I - + A'B'C'D




PAL L jlae >l b

AND Inputs ' A?ID ga:tes in}:)uts ‘
Product AA'BB CC' DD ww
B c D W Outputs term ) l
1— x D—I_‘—\
I 0 - - w = ABC'
0 | '+ - + ABCD' 2 + 1—* % ) w
= o - -~ x=A A _ﬁ .
| | - + BCD o
— _ _ : 4 D_I_‘_\
I = = o= y=A'B 5 x + x ) x
- 1 1 - + CD 6 -
() e () = + Bal')! ) |
B —|} All fuses intact
= == g = (always = 0)
- 0 0 - + AC'D 7
o o0 1 - + ABCD ¥ D—L\_\
8 + x ) y
g L I D—I_I_/—/
c—I=
10 ' D‘LM
11—% U — } Z
e B
D _D? x Fuse intact
+ Fuse blown

AA' BB CC' DD ww
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(Sequential PLD) -y PLD

N g
SPLD (Sequential PLD)

[nputs —— >

AND-OR array
(PAL or PLA)

—| Flip-flops T»

Outputs
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108,85 oolaiw! p ) s le pb jw ylgie 4 Wilgs 0
Simple PLD, Sequential PLD
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Sequential PLD

JoogSlo S ilato jluke

CLK OFE

)

Dy

M ¥

JUUUU




e

block

' Y

/O

block

PLD PLD PLD PLD
A A A A
Y Y Y Y
Programmable switch matrix -
A 4 A A
Y Y Y Y
PLD PLD PLD PLD
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*e 0‘0

IOB

I0B

IOB

I0B

10B

10B 10B 10B 10B 10B
Switch Switch Switch IOB
Matrix Matrix Matrix
CLB CLB 10B
Switch Switch \\ Switch IOB
Matrix Matrix - Matrix
N
<
N
N
AN
CLB CLB \IOB
Vertical
y long line
Switch - Switch Switch 0B
Matrix -+ Matrix Matrix
10B 10B 10B 10B 10B
Horizontal

long line
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S

5 S ke Sl

Cl..C4
| \_/ \TJ MT/ \I
Hl Dy H2 SR/H, EC
y
| . S/IR
G4 o . DI control
Logic F\\I
G3 e Function G e D sSD YQ
G2 e of Q
Gl Gl ..G4 |
>
9 [
EC
__| Logic ﬁ RD
Function H' H' —
of F', G', ) i
and H1
oV
| S/R
DI control
F4 1 ogic F SD X0
F3 ®—Function . . G D Q
F2 «—of o i»—DO—\
F1 «—F1.. F4 / >
Hl
= ECrp
F Ra—
1
EClock) Note: Muxes without a select line o X

are configured by the program memory.
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PIP JUissl S gouisS ] yiiS RAM gl

Configuration Control

Write
Static RAM
Cell
Read
_0O
>~ ] ¢ —e

Interconnect path




(Programmable Interconnect Point-PIP) ¢ 3 jaol w b Jlail galads
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(1/0 Block) ‘;?3)5/‘5O3)3 JQJA

=95 1899y9 Sebs

Slew rate Passive
control pull-up
pull-down
>0 SN
OF o—o |~
>>o—™
n D Q __4F_£;_
o L Output J__
::)*3 SN buffer
Output ] Input
clock *—C L hnli?fer
g P
11 [ — N
~—
7
12 |
~ Q

Input D
clock

3

s ‘l,/(.. C

/O |
FAD
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L2 g

(LUT) sz Joguz 5 oolicw! b ooy 23595 RAM gl

/
" n

[ ]
= . 5
2 16 X 2 5 <
Aln—1:0] . > — 20— 32 X1 -] T =2 f—
n ‘= O @™ L
. = Ram array Vs
) .
b7 [
By
2 P
WE o =
Write Read SPO
DO or D] - control out
A ]
WCLK
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2 Logic cell = four-input lookup table + flip-flop.

Table 7.7

Attributes of the Xilinx Spartan XL Device Family
Spartan XL XCSO5/XL | XCST10/XL | XCS20/XL | XCS30/XL | XCS40/XL
System Gates' 2K-5K 3K-10K 7K-20K 10K-30K 13K—40K
Logic Cells 238 466 950 1,368 1,862
Max Logic Gates 3,000 5,000 10,000 13,000 20,000
Flip-Flops 360 616 1,120 1,536 2,016
Max RAM Bits 3,200 6,272 12,800 18,432 25,088
Max Avail 1/0 77 112 160 192 224

' 20-30% of CLBs as RAM.
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Table 7.8
Spartan Il Device Attributes
Spartan Il FPGAs | XC2S15| XC2S30 | XC2S50 | XC25100 | XC25150 | XC25200
System Gates' 6K-15K [ 13K-30K | 23K-50K | 37K-100K | 52K-150K | 71K-200K
Logic Cells? 432 972 1,728 2,700 3,888 5292
Block RAM Bits 16,384 | 24,576 32,768 40,960 49,152 57,344
Max Avail 1/0 86 132 176 196 260 284

120-30% of CLBs as RAM.

2 1 Logic cell = four-input lookup table + flip-flop.
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Table 7.9
Comparison of the Spartan Device Families
Part Spartan Spartan XL Spartan Il
P T — XC4000 XC4000 Virtex
Based Based Based
RISy SET 5K—40K 5K—40K 15K—200K
Gates
Memor Distributed Distributed Block +
Y RAM RAM Distributed
1I/0 Performance 80 MHz 100 MHz 200 MHz
I/0 Standards 4 4 16
S 5V 3.3V 2.5V
Voltage
DLLs No No Yes
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LS)LOM

OO0 010 OO OO0 1 1 11

OO00000000000 O0O00000000004d

DLL DLL

= =

< <

(a4 (a4

1) CLBs CLBs )

w w

% | I 3

/M =

= =

< <

> | || >

3 CLBs CLBs 3

L L

w w

e -

M o
DLL | 1/0| [1/O] [1/0| |1/0] |1/0] |1/O DLL

000000000000 O000004004aoooa
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Logic Cell
I CO\
YB
| —
G4 14
Lookup = D S Q YO
G3 I3 Table arry
e} and CK
02—y Coniel
— EC R
Gl I1 |
F5IN
T
BY *
SR
XB
| —x
D S
F4 14 Crny Q X0
Lookup d
F3 13 Table an CK
O Cont_rol
P2 ) Logic +EC
R
Fl 11 |
BX
CIN | |
CLK
CE

Slice




CLK

TCE
SR

OCE

1Q

ICE

Xilinx <5 % Spartan Il ¢ colgils sy FPGA

1/0 Block
L D SR 0 / Veco
TFF / :
CK | \Package Pin
EC VCC
I\OE Programmable 1/O
l/\ Bias & Package Pin
L ESD Network
DSR o Programmable
OFF output buffer
CK Internal
Reference
EC
Programmable e
Delay N \I 1/O
D SR @ Package Pin
IFE Programmable
CK mput buffer
EC

To Other To Next
External [/O
VREerF

Inputs of
Banks
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Global —_
Clock Mux

Xilinx CS o Virtex 600‘93[.‘5 s FPGA

0B
DCM DCM
= =
e e
|5 |5
|3 |3
| = Zlls
#] &]
S 8
M (aa]
- CLBs - — CLBs —r CLBs
= =
< <
. o || -
= 1|2 = 1|z
3|z 3|z
L ] V] -
‘AlE ‘AlE
21l= “1|=
S S
(ma] (ma]

DCM: Clock Manager

S yloxo
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