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Includes lecture slides by David Harris, Harvey Mudd College
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O Gate Array and Sea of Gates

O PLA

O FPGA
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Sea of Gates
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Sea of Gates

I I
O Actually “Sea of Transistors” |—IH=H

Q Prior standard cell design had 2 rows of diffusion
— With taps to Gnd and Vdd to define sources
— And metal wires to connect drains
— And Poly going vertical

O What if we design long string of transistors on
shared diffusion

— With room for contacts to metal

O Then changing only metal masks changes logic
function I |

———
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transistors in break

off.

Get it by “forcing”

Bt may want multiple(°>

smaller strings
FIGURE 14.17 SOG cell layouts

(@
aWe implement a
very long string
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Sea of Gates as a Stick Figure

Lets do AB + CD
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Programmable Logic
Arrays (PLA)
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Programmable Logic

“Programmable :
Logic”

M Output Bits

N Input Bits

O Goal: design “Logic” once, but be able to change
without total redesign
O There are M*22" different functions from N to M bits
Q Two programming times
— In final stages of design
— Dynamically “in the field”
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Common Approach

Express each output bit as a “sum” (OR) of “products” (AND)

:(I)
g © Generate P
(<5} .
- = different
§:':> “Products”
> 2 of inputs
S “AND plane”
%!
Generate m m
Poits ) oo = 8
Sums 5
called : o
— ” of inputs
minterms “Or plane” =
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Example
Q Full adder:

— 3input bits a, b, ¢
— 2 output bits s, cout
s = abc + ~a~bc + ~ab~c + a~b~c
cout = abc + ab + ac + bc
There are 7 product terms
— abc, ~a~bc, ~ab~c, a~b~c, ab, ac, bc
O Each output is OR of 4 of these
— One term is reused twice

(I R
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AND Plane

OR Plane
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If we invert the inputs to the ANDs we can replace by NORs
FIGURE 12.73 OR/NOR representation of PLA
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AND Plane

OR Plane

Equivalent

toa NOR

2]

Question: why
choose NORs
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s Cout

FIGURE 12.75 AND/OR representation of PLA
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PLAs with NOR Gates

O AND plane: P NOR gates
— Each with 2N “possible” inputs
* input[k] and not(input[k])
— Programming: specify which subset of possible
inputs to use for each product
U OR plane: M NOR gates
— Each with inverter on output
— Each with P “possible” inputs

— Programming: specify which subset of possible
minterms to use for each sum
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AND Plane OR Plane
® * {4 'Y bc
>
AND plane: 1 =y T
place a “o S ab
where minterm ¢ * * § * abe
uses negation * LA 4 = . abc
of column oo ¢ S ® abc
Q. abc
2N Column Wires OR plane:
place a “o*
DA where
5 b . v v output uses
N Inputs s Y ¢, Minterm
M Outputs

FIGURE 12.74 Dot diagram representation of PLA
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AND Plane OR Plane
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FIGURE 12.76 Pseudo-nMOS PLA schematic
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» NOR Output
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EEROM Transistor Fuse Ram Cell

FIGURE 14.14 PLA NOR structure (one plane shown)
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FIGURE 12.77 Pseudo-nMOS PLA layout

Copyright © 2011 Pearson EducatiorCMoOSPYibsisbasjgas Pearson Addison-Wesley

Array

Id Programmable
Logic

e

F

Slide 18

CMOS VLSI Design

Programmable Logic




function

FPGAS

O AT ANY TIME load a string of bits into device
O Bits do several things

— Configure each of many Configurable Logic
Blocks (CLB) to perform some specific logic

— Configure which outputs of which CLBs are
connected to inputs of which other CLBs

— Configure which pins on device are connected to

which CLB

Programmable Logic
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Configurable Logic Block
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FIGURE14.15 Simplified FPGA floorplan
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A Bit More...

3
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Look Up Table (LUT)

Shiftin
N 2N bit Latch
%
.ﬁ_l v v v v v v v v
§:> Multiplexor
z

J

1 Bit Out

To Get M outputs, Use M LUTs

Programmable Logic CMOS VLSI Design Slide 22

11



Global Data Bus

Mux RAM Write Enablg]

DIN
4 CLB Output (Z
CLB Inputs +> ADDRESS 16 X 1RAM  DOUT pute)
(AB.C.D)
WE

T CLB Write Enable
Global Clock

FIGURE 14.16 Simple FPGA logic cell
If we used a 16 bit SRAM, that’s 6*16+row decoders, sense amps...
Can we do better?

CMOS VLSI Design

Alternative 4-Input LUT

How Many Transistors?
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SWltch Matrix

o Foi _.. “Long Wires” go further

™ _tefore h|tt|ng_§W|tch Blgck
u u mem
e v L 4 012 3 45
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e m . , S
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- Swilch Block
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NS -IE
http://article. sapuh.org/nmagwmozm002.g|f \ /
Eacheher® is one of these
C

Each switch block is array of Switches

Six configuration bits allow complete freedom in connecting
A, B, C, D, with signals that can go in either direction.
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Notation for Next Slide

3-Input LUT with inputs A, B, C ant Output Y

% If “X”ed, then horizontal and vertical wires connected
If not, horizontal and vertical wires are separate

; i Switch Box: Each circle can be programmed for
‘0 0 o any of the 64 possible thru connections
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Programmable Logic

Sea of 3-Input LUTs

by, Mad
O O
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Let’'s Do ST + ~SVW +
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A More Typical 4-input 1 Output CLB

carry in clk

.........................................

oth of these muxes
https://en.wikipedia.org/wiki/File:FPGA_cell_example.png are driven by other
configuration bits
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Typical Tool Chain
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A Recent Product Table

https:/www.altera.

Programmable Logic

10-product-table.pdf

CMOS VLSI Design

Slide 31

Arria 10 Rrodgct Table L o Lol
i), W
Frochct Uine ax 160 X220 =F) X3 ox4h0 J asm Gxe0 | =T G115 T 900 i
sx160 2 sxan iz sx a0 sxsm sx 660
PP — j 10AXO16/ 1045016 | 10AK022 104502 | 104X027 1 1046027 | 10AYO32 1045032 [10AXD4S 10ASDAS] 104057 /104505 mumnmm| 10AX0%0 0AX115 1041050 10AT11S
[regre— I w0 w w0 £ ) = 1150 0 115
P T am 10,60 a0 wa | mm ss0 | men anm e anm
Regten 26010 o) 0640 o e w6310 1002160 115848 1o g0 135843 1,108,800
B | w20k memory locks | ..u sea ™ Ll am | wn | aw um um m
§ | vk mencryomy ’ " ¥ v » 3 a o o o 5
2| st ey 0 — 18 u " o | s 9 | owm w1 " 2
el o wndilie .. 15615 st w0 e vene | 1snsn emnes | 1swnss 151518
18 19 multipiers | m w 1,660 1970 e | 1046 1396 | 3036 1,036 1036 3036
Pesk GMACS s 8% 2167 3010 ™ am 330 1300 130 ™
::.ﬁ:‘f.:';z:mm ‘ o m " " 120 J 1an 1519 I 1366 136 1366 1366
[T | hegionaidods ' 8 . ] 8 ] 16 % % 1 1
5 Mazimusm (VDS channels (1.6 GI ‘ 120 170 %8 168 m ‘ m m | £ EL m m
e Manimim uset 110 pim. me s 84 kLTS a2 1] 624 68 %8 624 6
{ | et |0 0 u u x | = a | % % = »
] % "
§ | | ! 2 2 T N ‘ . .
Masiman 3V 10 pins - - u - o “

Programmable Logic

orksheets

CMOS VLSI Design

Slide 32

16



Slide 33

CMOS VLSI Design

Programmable Logic

[ S

CMOS VLSI Design

Programmable Logic

17



