DSP Project

Reminder:
Project proposals are due on Friday, October 19™ by 5pm.

Budget: $150/team.



Registers

Registers are a general type of memory

A Parallel In Parallel Out (PIPO) is very fast since eac bit is
store or retrieved independently..

PIPO registers require a large number of input/output lines
for storing large binary numbers.

bit-0 IN bit-1 IN bit-2 IN
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bit-0 OUT bit-1 OUT bit-2 OUT



Registers

Shift Registers store serial information using a clock signal

Single bits of data (0 or 1) are presented on the input with
each clock cycle. The data can them be 'clocked out' one
bit a time (as shown below) or in parallel.

Shift registers require only a few input/output lines.

bit-0 OUT bit-1 OUT bit-2 OUT

serial input serial output

—a> C —a> C —a> C

Clock trigger



7415164

‘The 74L.S164 is a 8 bit parallel out Serial shift Register
-The parallel output bits are labeled Q_,

-Clocking of data occurs on the low to high level transition
‘A and B are serial inputs. A&B high sets data on clock T
-Clear Is asynchronous.
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741L.S164 Timing

typical clear, shift, and clear sequences
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Multiplexers

What's a multiplexer ?

A multiplexer is a generalized multi-input and multi-output gate. It will
produce a specific multiple line output for each specific multiple line input.

Example: 3-line input and 4-line output (i.e. 3-to-4 multiplexer).

Rl |lOo|lrR|R|lOo|O|O
Rr|lo|lr|Rr|lO|lR|O|O
Rk |lOo|lOo|lo|r|O
ol|lr|o|r|r|O|O|O
ol|lo|r|r|Oo|r|o|oO
o|lr|r|lo|lo|o|r|oO
~r|lo|lo|lo|lo|o|o|r

N.B. Multiplexers can be very useful for converting a binary number to a HEX display code.



Multiplexers with FPGAs (Table)

You could build a multiplexer out of logic gates ... or you could let the
Verilog compiler figure it out.

N-to-1 multiplexer:

mux_primitive. ¥

1 Eprimitive mux primitive (outl,i,B,C); A F-to-1 multiplexer
2 input &, B, C: A3 dinput wires

3 output outl: A1 output wire

4

5 B tahle ff table defines the output hased on the 3 inputs
& ff LB C outl

7 ooo o ;

& oo1 0 ;

o o 10 :0;
10 100 : 1 ;
11 110 : 1 ;
12 o110 ;
13 101 :1:;
14 111 : 0 :
15 endtabl
16
17 endprimitive




Multiplexers with FPGAs (if)

An always block with “if” statements can be used for an N-to-M multiplexer:

mux_always if.v |

1 SEwodule wux always if (input 3bit, output 4bit): A F3-to-4 multiplexer
2 input [2:0] input 3bit: A3 input lines (bita)
3 output reg [3:0] output 4bit; A d-hit output register
4

o A4 always block with "if"™ statement for each input case

& always

7 = begin

& if {input 3bit == 3'b0O00) output 4hit <= 4'k0001;
= if {input 3bit == 3'b0O01) output 4hit <= 4'}k0010;
10 if {input 3bit == 3'b010) output 4hit <= 4'}k0100;
11 if {input 3bit| == 3'b1l00) output 4hit <= 4'}1000;
12 if {input 3bit == 3'bl10) output 4hit <= 4'}1100;
13 if {input 3bit == 3'b011) output 4hit <= 4'}10110;
14 if {input 3bit == 3'bl01) output 4hit <= 4'p1010;
15 if {input 3hit == 3'k111) output 4hitc <= 4'b0O001;
16 enc

17 endmodule

15

An always block guarantees that you won’t have any signal races or glitches.




Multiplexers with FPGASs (case)

An always block with “case” constructs can be used for an N-to-M multiplexer:

1 Emodule mux always case (input 3bit,output 4bit); A F3-to-4 multiplexer
Z input [&:0] input 3bit; fAf 3-hit input

3 output reg [3:0] output 4hbit; A 4-bit output

4

5 always A always hlock with "oase™ construct
& = begin

i = case (input Sbit)

= 3'h0O00: output dhit <= 4'h0001;

= 3'hb001: output 4hit <= 4'kb0010;

10 3'hb010: output 4hit <= 4'k0100;

11 3'h100: output 4hit <= 4'k1000;

12 3'h110: output 4hit <= 4'k1100;

13 3'h011: output 4hit <= 4'k0110;

14 3'h101: output 4hit <= 4'k1010;

15 3'h111: output dhit <= 4'h0001;

le endcase

17 end

15

19 endimodule



Multiple Modules

multiple_modules._¥ |

1 Emodule multiple modules (input clock, output FourEBits): A top-level module
2 input input_clock: A4 input wire
3 output [3:0] output_FourEits; A4 output wires
4
5 wire [2:0] counter output; A4 output wires of counter
a] wire [2:0] mux input: 4 dnput wires of multiplexer
-
=i ag2ign mwuX input = counter output: 4 monnect the counter output and multiplexer input wires
a
10 counter counter resultiinput clock, counter output):; 4 eall the "counter™ module
11 £/ with instance "counter result”
1z
13 mux_always case mux_output (mux input, output FourBits): A4 mall the "rux_always_case" module
14 ff with instance " mux_output”
15
16 endmodule mux_alwayz case v*
17
1 Bwmodule mux always case(input 3bit,output 4hit): // 3-
2 input [2:0] input 3bit: £/ 3-hit input
3 output reg [3:0] output 4hit: A4 d4-bit output
counter.y 4
5 always A4 always block with "case"™ construct
1 Emodule counter (input clk, output 3bit): & = hegin
2 input input clk; 7T = case (input 3bit)
3 output reg [2:0] output 3bit; S 3'h0O00: output 4bhit <= 4'b0O001;
4 =] 3'h0O01: output 4bit <= 4'b0O010;
5 alwaysll iposedge input eclk) i0 3'h010: output 4hit <= 4'b0100;
6 = begin 11 3'h100: output 4bit <= 4'b1000;
7 output 3bit <= output 3bit + 3'b001; iz 3'bi110: output 4bit <= 4'k1100;
8 end 13 3'hO11: Dutput:4bit <= 4'h0110;
9 14 3'b101: output 4bit <= 4'b1010;
10 endmodule 15 3'h1lll: output 4bhit <= 4'b0O001;
11 16 endcase
17 end
15
15 endimodule

58]
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Multiple Modules

multiple_modules._¥ |

1 Emodule multiple modules (input clock, output FourEBits): A top-level module
2 input input_clock: A4 input wire
3 output [3:0 FourEits: « SO ut wires .
4 P Wires for connecting the 2 lower level modules
5 wire [2:0] counter output; / output wires of counter
a] wire [2:0] mux input: input wires of multiplexer
-
=i a22ign mwuX input = counter output; 7S connect the counter output and multiplexer input wires
a
10 counter counter resultiinput clock, counter output):; 4 eall the "counter™ module
11 ; £/ with instance "counter result”
1z Module name instance name -
13 mux_always case mux_output (mux input, output FourBits): A4 mall the "rux_always_case" module
14 ff with instance " mux_output”
15
16 endmodule mux_alwayz case v*
17
1 Bwmodule mux always case(input 3bit,output 4hit): // 3-
2 input [2:0] input 3bit: £/ 3-hit input
3 output reg [3:0] output 4hit: A4 d4-bit output
counter.y 4
5 always A4 always block with "case"™ construct
1 Emodule counter (input clk, output 3bit): & = hegin
2 input input clk; 7T = case (input 3bit)
3 output reg [2:0] output 3bit; S 3'h0O00: output 4bhit <= 4'b0O001;
4 =] 3'h0O01: output 4bit <= 4'b0O010;
5 alwaysll iposedge input eclk) i0 3'h010: output 4hit <= 4'b0100;
6 = begin 11 3'h100: output 4bit <= 4'b1000;
7 output 3bit <= output 3bit + 3'b001; iz 3'bi110: output 4bit <= 4'k1100;
8 end 13 3'hO11: Dutput:4bit <= 4'h0110;
9 14 3'b101: output 4bit <= 4'b1010;
10 endmodule 15 3'h1lll: output 4bhit <= 4'b0O001;
11 16 endcase
17 end
15
15 endimodule
20




multiple_modules._¥

Multiple Modules
I

lewvel module

Warning: DO NOT make these registers !!!

rlexer
output and multiplexer input wires

call the "counter™ module
with instance "counter result”

call the "mux_always case" module
with instance " mux_output”

always caselinput 3bit,output 4bit): // 3-
2:0] input 3bit: £/ 3-hit input
reg [3:0] output 4bit: A4 d4-bit output

A4 always block with "case"™ construct
in
case (input 3bit)
3'b0O00: putput d4hit <= 3'b0O00O1;
3'b0O01: putput d4hit <= 3'b0O010;
3'b010: oputput d4hit <= 3'b0O100;
3'b100: oputput d4hit <= 3'b1000;
3'b110: oputput d4hit <= 3'b1100;
3'b011: putput d4hit <= 3'b0110;
3'h101: output 4bit <= 4'hb1010;
3'kb111: output 4bit <= 4'b0O00O1;
endocase

1 Emodule multiple modules (input clock, output FourEBits): A top-
2 i 2 2ynp= Ay ap g A4 input wire
3 <:;utput [3:0] Dutput_FDurBit5;:> A4 output wires
4
5 wire [2:0] counter output; put wires of counter
f wire [Z:0] mux_input: J4 dnput wires of multci
-
=i ag2ign mwuX input = counter output: f4 connect the counter
=
10 Counter counter result (input clock, counter output]: £
11 ; i
1z Module name instance name
13 mux_always case mux_output (mux input, output FourBits): Fi
14 Ly
15
16 endmodule mux_alwayz case v*
17
1 Emodule mux
2 input [
3 output
counter.y 4
5 always
1 Emodule counter (input clk, output 3bit): & = heg
2 input input clk: 7 —
3 output reg [2:0] output 3bit; =
4 o
5 alwaysl (posedge input clk) 10
G —| begin 11
7 output 3bit <= output 3bit + 3'b0O01: 1z
a end 13
9 14
10 endmodule 15
11 16
17 end
15
15 endimodule
20
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