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Introduction

In order to design a microprocessor that supports the MIPS instruction set,
fundamental components must first be created in preparation for construction of
a datapath and controller. This assignment focuses on creating a 1-bit, 5-bit, and
32-bit multiplexer, a 32-bit register, and a sign and zero extender that will later be
connected to read R, I, and J-type instructions.

Design and Testing:

A multiplexer is a component that selects one signal from several signals,
based on “select” input signals and outputs one signal. Figure 1.1 shows the
internal design of a 2-to-1 multiplexer. The “select” input signal is decoded and
ANDed with each input signal and then ORed with the outputs of each AND gate,
giving the selected output signal. Figure 1.2 displays the truth table for the 2-to-1
multiplexer. Figure 1.3 is the VHDL code for a 1-bit mux and figure 1.4 is the
functional simulation waveform. Using the Cyclone 1l EP2C8T144C8 FPGA, the
calculated propagation delay for a 1-bit mux is approximately 10.9 nanoseconds.
See appendix for the VHDL code and test benches of a 5-bit and 32-bit
multiplexer.
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1 —--Rachel Kreynin
——2 to 1 Mux
3 library ieee:
- use ieee.std logic_lla4.all:
3 use ieee.numeric_std.all:
T entity muxl is
& port
g9 inf, inl : IN std_logic:
10 Jel : IN std legic:
11 O : OUT std_logic
12 ):
13 end muaxl;
15 architecture behaviocr of muxl is
16 begin
17 0 <= in0 when 3=l = "0" else
18 inl:
1l end behavior:

Figure 1.3
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Figure 1.5 shows the functional and timing simulation of a 5-bit mux, including
propagation delays using a Cyclone Il EP2C8T144C8 FPGA, which is measured to
be about 13.5 nanoseconds. Figure 1.6 shows the functional and timing simulation
of a 32-bit mux, with a propagation delay of approximately 14.7 nanoseconds. It is
apparent that the 32-bit mux has longer propagation delays than the smaller
multiplexer components because of the wider bus size.
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Figure 1.6

The MIPS microprocessor uses 32 32-bit registers to quickly store and
load bits, hence why the field size of the “rs,” “rt,” and “rd” partition of the
instruction are each 5-bits wide (31 in binary is “11111”). Internally, a register
consists of D-flip flops, which output previously stored data or new data. The flip
flops in the register are reliant on the falling or rising edge of the clock for
synchronization and form the basic storage unit in hardware design. See figure 2.1
for the VHDL code for a 32-bit register and figure 2.2 for the simulation. Since the
worst-case propagation delay for the register is about 9.2 nanoseconds, the clock
rate must exceed approximately 18.4 MHz — 20 MHz. For the test bench used in
Altera’s ModelSim, see appendix.
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[?——Rachel Krevnin
—— 32-bit Register

library ieee;

nuse iesee.std logic 1164.all;

use ieee.numeric std.all;

entity reg3Z2 is
generic |
: WIDTH : positive

ﬁort {
wr, Clk, clr
Q

H H ] ;

end reg3Z:

I
Lad
]

-

IN std logic wector (WIDTH-1 downto O} ;

IN std logic:

OUT =std_logic wvector (WIDTH-1 downto C)

architecture behavior of reg3i? is

SIGHAL @ Temp : =std logic wector (WIDTH-L downto O); --internal signal; input and oUtput Type
Hbegin
= process (Clk, clr)
begin

= if (clr = '0') then --Active-Low Reset

{ Temp <= (others => '0'"}); —--32 kics z2ll serc to '"0°
= elsif (rising edge(Clk)) then
= if (wr = "_"} then

: Q Temp <= D; --Input new data on true 'wr'
— élse

' Q Tenp <=  Temp: --Hold previous data
B énd if;
E end if;
B end process;

Q <= Q Temp; --5imple assignment; Output Q always equals [ Temp

-end behavior;

Figure 2.1



ABCOIE[N0000000 J12544BCD [T T ipecDizz4] [ ]
0000000000000 J1234ABCD

Wrig setto™f’ -Held for 10 clock cycles- i X
. a : the Signal is reget
i:xg T:SIE?E 1=|1t= (wr ="0") wﬁen clr="p"
O 2’1 ABCD on New value of D =
the rising edge xABCDM234 is set on the
of Clk rising edge of clocK and

held far two cycles

I ns 200 ns 400 ns 000 ns

F d  |1339ABIl00000000 jigsaABCD| |
B g

4 wr |1

4 de |1

Propagation
delay after
rising edge of
Clk iz ~9(2 ns

& E®ow ns

80 ns 90 ns 10(]
A =r 1 [100ns 539,142 ng—]
S 2 | 109.142 nis

Figure 2.2

The MIPS architecture consists of three types of instructions: R-type, I-type, and
J-type, and all instructions are 32-bits long. However, I-type and J-type instructions
require a method of extending the size of a binary number to 32-bits in order to perform
arithmetic with an ALU. Therefore, two components, a zero extender and a sign
extender, are implemented to carry out those instructions. Instructions like “immediate
OR” require a zero extender to OR a 32-bit number with the 16-bit number immediately
addressed and instructions like immediate loading require a sign extender to preserve
the value of 16-bit number in the instruction. Therefore, a 32-it mux is used to select the
correct value. Figure 3.1 shows the VHDL code for the “extender” component. For the
zero extender and sign extender, see appendix. In figure 3.2, the timing simulation
represents the function of the extender, including propagation delays. For the test bench
used in simulation, see appendix.
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I%——Rachel Kreynin
-— Extender

library ieee;

use isee.std logic 1164.all:
use IEEE.5TD LOGIC ARITH.ALL;
use IEEE.5TD LOGIC_SIGHED.ALL;

entity extender is --top level entity

—| port
in0 : in std leogic wector(lS dowmto 0):
el : in atd_logic:
ocutl : out std logic_wector {3l dowvmbto 0)
B |

= end extender:

kegin
—|U_ZEROQ: entity work.zeroext

[FU_SIGH: entity work.signext

U MUE32: entity work.muax32

end behavior:

L& MNow |161300ns
= rsor 1 0.00ns

gigmnal zero_outl, sign_outd

FORT MAP({in0 =» in0, outl

PORT MAP({in0 =» in0, out0

Elarchitecture behavior of extender is

Mux =elect ="0"
=0 the input iz

ro extended
with 18 "Il' bits
concantgnated
in front.

=» sign_outd) ;

Figure 3.1
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=» zero outl); --implicit assignment
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atd_logic_wector(3il downto 0); --internal signals to conmect output port to input port of mux32

PORT MAP(zerc outl, sign outl, Sel, outl):; --mux used to select between zerc or Sign extensicn
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Appendix

Component Design

5-Bit Multiplexer

1 I%——Rachel Kreynin

2 —2 to 1 Mux

3 library ieee;

4 use ieee.std_logic 1164.all;

5 use ieee.numeric std.all:

7 entity mux5 is

] generic(

9 WIDTH : positiwve := 3):; --generic map with default walue 5; can change per instance
10 port |

11 in0, inl : IN std_logic wector (WIDTH-1 downto 0O}
12 Sel : IN std_logic:
13 0 : OUT std_logic _wector(WILDTH-1 downto 0O)
14 ):
15 end muaxs;
16
17 architecture behavicr of muxd i=s
18 kegin
19 0 «= in0 when Sel = "0" else —-—conditicnal assignment
20 inl;
21 end behavior:

32-Bit Multiplexer

1 —-Rachel Kreynin

2 -2 to 1 Mux

3 library ieee;

4 use ieee.std_logic lléd.all:;

3 use ieee.numeric std.all:

7 entity mux32 is

a] generic|

g WIDTH : positive := 32}

10 pert |

11 im0, inl : IN std logic_wector (WIDTH-1 dowmto 0O);
2 Sel : IN std logic:
13 ] : OUT std_logic wvector (WIDTH-1 downto O)
14 )z
15 end max32;
1&
17 architecture behavicr of mux32 is
1z begin
135
20 O == in0 when 321 = "0" else
21 inl:
22 end behavior:



Zero Extender

1 ——Rachel Kreynin

2 -— Zero Extension

3

4 librayry ieee;

g use ieee.std logic_1lé4.all:

a use ieee.numeric_std.all;

2 [Clentity =zeroext is

g9

10 [ port (

11 in0 : in std logic_wector (1l downto O):
12 outl : out 3td_logic_wector (3l downto O)
13 B )

14 = end zeroext;

15

16 I?architectum behavior of zeroext is
17

1s begin

19

20 putl <= x"0000" & in0:

21

22 end behavicor;

Sign Extender

1 —ERachel EKreynin

2 —-— Sign Extension

3

4 library ieee;

3 use ieee.std logic_1164.all:

& use IEEE.3TD LOGIC ARITH.ALL; --Allows sxt function

7 use IEEE.STD LOGIC SIGHED.ALL:

g entity signext is

140

11 port

2 in0 : in std_logic_wector(l> downto 0} ;
13 ocutl : out std_logic wector(3l downto 0}
14 ):

15 end signext:;

1a

17 I?architectur\e behaviocr of signext is

1z

15 kegin

20

21 outl <= 3gxt(in0, outl0'length):. —--3ign extends to the length of the cutput signal
22

23 end kehavior:



Test Benches

5-Bit Multiplexer

1 ——Rachel E{reynid

2 --Test Bench

3

4 LIBRARY ieee:

5 USE ieee.std logic_llé4.all:

6 USE ieee.numeric_std.all:

B ENTITY mux5_th IS

g END mux5_th:
10
11 —-Component Declaration
12 [CJARCHITECTURE bkehavicr OF muxS5S_th IS
13
14 SIGHAL inf, inl, out0 : 3TD LOGIC VECTCR ({4 downto 0);
15 SIGHAL Sel : STD_LOGIC:
16 -
17 [EBEGIN
18 —--Component Instatiation
19 [HU0T: ENTITY work.maxs
20 PORT MAP (in0, inl, Sel, ocut0); --implicit port map
21
22 in0 <= "01011"; --inputs walues to test
23 inl <= "11111";

24 é]

25 —|process

26 kegin

27

28 Hfor i in 0 to 200 loop --cycle hetween 32l = "1' and "0°
29 el «= "0";

30 walt for S0ns=;

31 Sel <= "1';

2 rend loop:

33

34 WAIT FOR S00ns;

35 REPORT "SIMULATION FINISHED'"™:

36 WAIT:

a7

8 - END PROCESS:

38 —-End Test Bench

40 - END:



32-Bit Multiplexer
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—--Rachel Kreynin
—-Test Bench

LIBRARY iees;
USE ieee.std_logic_1164.all:
U5E ieee.numeric_std.all:

ENTITY mux32_thk IS
END mux3iZ2_th:

——Component Declaration
FIARCHITECTURE behavicr OF mux32_tbk IS

SIGHAL in0, inl, out0 : STD LOGIC VECTOR(:1 downto 0):
SIGNAL Sel : STD_LOGIC:

[C|BEGIN

—-Component Instatiation
[HuoT: ENTITY work.mux32 --Unit Under Test: mux32
PORT MAP (in0, imnl, Sel, cutd):

inf <= x"F47CD539"; —--32-bit wvalues to be test
inl <= x"CEESEFBC";

IJ—]process

begin

Hfor i in 0 to 200 loop
Sel <= "0";

walt for S0ns=;

Sel <= "1":

Fend loop:

WATIT FOR S00ns;
REPORT "3IMUOLATION FINISHED!™;
WATT:

-END PROCESS:
—-End Teat Bench
- END ;




32-Bit Register

1 —-Rachel Kreynin

2 --Test Bench

3

4 LIBRARY ieee:

g USE ieee.std logic_llé4.all:

L] USE ieee.numeric_std.all:

& ENTITY reg3Z_tk IS

9 END reg3Z_th:

140

11 —-Component Declaration

2 [EJARCHITECTURE bkehavior OF reg32_th IS
13

14 SIGHAL D, Q : 3TD_LOGIC VECTOR(:1l downto 0);
15 S5IGHAL wr, Clk, clr : STD_LOGIC:
16

17 o

g [EIBEGIN

19

—-Component Instatiation
[FUuUT: ENTITY work.reg32
FORT MAP (D => D, wr =» wr, Clk => Clk, clr =» clr, Q == J):

—|PTOCERS

begin

[ T S T % B % T % T % T % |
W= L k3

(= |



LI % B 5 B 8]
L TN = I S |

gﬂfor iin 0 to 300 loop --loop rising and
clk == "07;

falling clock

walt for 20 ns;
clk == "17;
wait for 20 n3; —-40 n3 per cycle

33
34
35
36
37

=
=]

39
40
41

=
r

43
44
45
45
47

o
(=]

43
20
Sl

=
i

33
54

rend loop:

rend process;

walt for 40

Wr <= "0";:

walt for 400 na3;

WAIT :

—-End Test

- END;

cle <= "0';

na:

—--hold value

—-—re3et

wait for =0 ns:

WAIT FOR 00 ns:
REPORT "SIMULATICH FINISHED!™;

- EHD PROCESS ;

Bench

Hprocess
begin
clr <= "1": ——active-low asynchronous clear/reset falae
WE <= "0": —-write false
D <= ([others => "0"); —-D i3 cleared
wait for 20 ns:;
cle <= "1":
WE <= "1": —-D wvalue set
D <= X"1234LBRCD"; ——new D value to be written

—-holds walue for 10 cycles

Wr o= '1':
D <= X"RBCD1234"; —-new walue szet
wait for 20 mn3; —--heold wvalue for two cycles



Extender
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——Rachel Kreynin
--Test Bench

LIERARY

ieee;

USE ieee.std logic_llé4.all:
USE ieee.numeric_std.all:

ENTITY extender th IS
END extender th:

—-Component Declaration
[E|ARCHITECTURE bkehavicr OF extender th IS

[C|BEGIN

SIGHAL in0
SIGHAL outl
SIGHAL Sel

——Component Instatiation

: 5TD LOGIC VECTOR(15 downte 0);
: 5TD_LOGIC VECTOR(31 downto 0);
: 5TD_LOGIC:

FHuoT: ENTITY work.extender
PORT MAP (in0 => in0, Sel =» Sel, ocutl => ocutd):
Hprocess
begin
= for £k in 0 to 200 loop --loop3a select value3s and input values
in0 <= x"7FFF": --3ign extend 0's3
Sel «= "0";
wait for 200ns;
Sel == "1";
walt for 200ns;
in0 <= X"FFFF"; --3ign extend l1's3
Sel «= "0";
walt for 200ms=;
Sel «= "1";
wait for 200ns;
E end loop:
WAIT FOR S00ns:
REPORT "SIMULATION FINISHED'™:
WAIT:
- END PREOCESS:
——End Test Bench

- END ;



