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1.2 Abstract

In this exercise we will perform a multiplier in VHDL. We will see each of the parts of this multiplier: a 4x4 serial
multiplier, a clock divider, a timer, a binary to BCD converter of 8 bits, a quad mux4 and the BCD to 7 segment
converter. We will study these parts step by step.
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1.3 Problem solution

1.3.1  The structure of the top design

For do the multiplier, we will separate the project in different blocks. These blocks will be grouped in the block
that we see in Fig. 1.
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Fig. 1 Schematic of multiplier

In this schematic we can see a multiplier where LED10 show the operand A (the tens) and LED9 show the operand
B (the units). Push button HUNDREDS shows the hundreds and start pulse triggers the operation. The result is
displayed while READY is high (5 seconds), then the operand are shown again.

1.3.2  Multiplier
The main blocks that we will see for do the multiplier are one frequency divider, one unsigned 4 bits multiplier,

one timer, one binary to BCD converter of 8 bits, two quad mux4 and two BCD to 7 segments converter. The
design that we will do is in this Fig. 2.

©SC_FREQ.

. uns igned_4bit_multiplier
- timer

Fig. 2 Design of multiplier

For all this blocks we have a code in VHDL of the entire project in Fig. 3. This code group all the blocks that after
break down one to one.



I.IBRARY isEe:

D_LOGIC 1164 all:

EEE ST
USE IEEE HUMERIC_STD.a
ENTITY multiplier IS

I
START_L
HUNDREDS_L

END multiplier;
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I STD_LOGIC VECTOR({3 DOWNTOD 0); ——INFUTS
STD_LOGIC:

¥ STO_LOGIC:
IN  STD_LOGIC:

¢ ouT STD_LOGIC_VECTOR(6 DOWHTOD 0); ——QUTFUT
© QUT STD_LOGIC

ARCHITECTURE STRUCTURAL OF multiplier IS

signal Trigger. ST, CLK_4Hz. CLE_200Hz.
C

OKEONENT OSC_FREQ DIV IS
Pomr (

CE
0SC_CLK_in
D1
CLE_4Hz

CLE 2008z

CIE 20kHz
CLE_1Hz_SOUARED
05C_CLK out

I3
END COMPONENT:

JIN std_logic:

IN std logic:
TN =td_logic:

(OUT std_logic:
0T std logic,

OUT =td_logic:

0T std_logic:
(OUT std_logic

COMEONENT unsigned ébit_multiplier IS
PORT (

I
5T, CD. CIK
c
Sp
I
END  CONPONENT;
COMEONENT timer IS
FORT (

I STD_LOGIC_VECTOR({3 DOWHTOD 0):
IH STD_LOGIC;
ouT STD_LOGIC_VECTOR (7 DOWNTO 0):

: QUT STD_LOGIC

TRIG. TIME_BASE. CD. CLE

TIKER_OUT
END CONPONENT:

COMFONENT Bin BCD_Converter_8bit IS
PORT {

IN STD_LOGIC_VECTOR(7 DOWNTO 0

b4 :
U, T. H ; OUT STD_.
)
END conmonent
COMPONENT Quad_MUX4 IS
PORT (
CHO IN  SID_LOGIC VECTOR(3
CH1 IH  STD_LOGIC VECTOR(3
CH2 IN  STO_LOGIC_VECTOR(3
CH3 IN  STD_LOGIC VECTOR(3
STD_IOGIC:

S50, 51 IH
¥

OUT  STD_LOGIC vector(3

1
END conponent ;

COMPONENT BCD _7seg 1S
FORT {
X
H_STH
¥

):
END conponent ;

signal
signal U. T. H. Digit2 Digitl

BEGIN

551:

553

ccz

unsigned_dbit_multiplisr
pert wap (
5

c
SP -y Trigger
3

timer
port map(
TRIG =3 Trigge

ge:
TINE, EASE =y CI.I( 1Hz_SQUARED,

CD

L ._20kHz.
TIHER OUT =» SEI1
)

OSC_FREQ_DIV

port mapl
=»
OSC_CIK_in =
D L =>
CIE 4Hz =
CLK_200Hz =>
CLE_20kHz =
CIK 1Bz SQUARED =3
0SC_CLK_out =>
)
Bin_BCD Converter Shit
port mapt
X .,
u U,
T T.
H H
)
Quad_MIH4
port mapl
CHO =2
CH1 =3
CH2 =>
CH3 =2
S0 =3
S1 =3
¥
I
Ouad_MIK4
port mapl
CHO ¥
CH1 =>
CH2 =
CH2 =3
S0 =3
S1 =>
v >
)
BCD_7seg
Fort map(
X >
T =>
H_S¥H >
I
BCD_7s=g
port map{
X >
v =3
H_SYH >

ST <= NOT START 1.
READY <= SEL1:
SEL0 ¢= NOT HUNDREDS L,

END STRUCTURAL:

e

05C_CLE_in.
1

CLK 4Hz,
CIK_200fz.
CLK 20kHz

IN STD_LOGIC:
© QUT STD_LOGIC

LOGIC_VECTOR(3 DOWNTO D)

DOWNTO
DOWNTO
DOWNTO
DOWNTO

cooo

downto 0)

I¥ 5TD_LOGIC VECTOR(B DOWKTO D)
IH STD_LOGIC
: OUT STD_LOGIC VECTOR(G DOWHTO 0)

OSC_CLK out, CLE Z0kHz, CLK 1Hz SQUARED, SELD. SELL o STD LOGIC;

STD_LOGIC_VECTOR(?7 downto 0}
: STD_LOGIC_VECTOR(3 downto 0):

CIK 1Hz SQUARED

05C_CIE_out

Digitl,
LEDY,
o
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Fig. 3 Code in VHDL of multiplier

Now we study all the parts of the multiplier step by step. The first block we let’s see is the 4x4 unsigned serial
multiplier.

1321  The 4x4 unsigned serial multiplier

The first block that we study has for inputs the two numbers that we want multiplier and also it has the button ST
(start) for do the operations.

unsigned_4bit_multiplier
=1 CD
——=—] CLK

——] ST SP f—=—o

el /30 C[7:0]

B[3:0]

SS1

Fig. 4 Schematic of 4x4 unsigned serial multiplier

The code of this block is in Fig. 5 and we can see that this block has two others blocks within: the control unit
multiplier and the datapath.

—— Unsigned 4-bit serial multiplier

LIERARY IEEE:
USE IEEE.STD_LOGIC 1164.ALL;

ENTITY unsigned_4bit_multiplier IS
PORT{ CD, CLE N

std_lagic:
™ std_logic:
5B ™ std_logic vestor(3 downto 0);
c our std_lagic_vector(? downto 0}
SP auT std_logic

¥
END wnsigned_4bit_nultiplier;
ARCHITECTURE dedicated_processor OF unsigned 4bit_multiplier IS

COMEONENT control_wnit_multiplier IS
PORT( T

B, CIK S ™ std_logic:
ERZ. BRO : ™ std_logic:
1Dy, LDC : ouT std_lagic:
RST ouT std_logic:
Sk, SB : ouT std_logic vestor(l downto 0);
Sp : ouT std_lagic
)
END COMEONENT:
COMPONENT Datapath IS
PORT{  CD,CIK hicl std_logic:
A SB : H std_logic_vestortl downto 0):
LD, LDC : it} std_legic,
RST it} std_logic:
LB : ™ std_logic_vestor(3 downto 0):
c : ouT std_lagic_vector(? downto 0):
ERZ, ERO ouT std_logic

)
END COMFONENT:

—— The internal wires to interconnect the Datapath and the Control Unit

SIGNAL ERZ, ERO std_logic: — Status from the Datapath
SIGHAL LDW. LDC std_logic: —— Datapath control

SIGNAL RST std_lagic:

SIGNAL Sa, SB std”logic vestor(l downto 0);

EEGIN

— Instantiation of components
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control_unit_multiplier

PORT MAP (
—— from component name =) to =signal or port nane

CL] =» CIK,
CD => D,
ST =» ST,
SP =y BF,
1Duw => LDW.
1DC =» LDC,
RST =3 RST.
Sk => BA,
SBE =» GB.
BRZ =3 BRZ,
BRO =» BRO

)

DP1 Datapath

PORT MAP (

—— from component name => to =signal or port nane

CL] =» CIK,
CcD =» CD.
1oy => LDW,
1Dc =3 1DC,
RST =» RST.
S& => Sa.
SB =3 SB.
BRZ =» BRZ,
ERO => ERO,
A =3 A,
B =» B,
C = C

¥
END dedicated processcr :

Fig. 5 Code un VHDL of 4x4 unsigned serial multiplier

In this Fig. 6 we can see the schematic inside of the unsigned 4 bit multiplier: we have the control unit multiplier
and the datapath as we have seen before.

[T
Datapath control_unit_multiplier
[CD = cD LDW
[CIK — CLK cD LDC
L. Low L - cLK RST e
LDC L =T P4 BT
L« RsT BRZ —=—— « BRZ SA1]
Lty g RO 8RO e
L0 sy OOl e g
s A[3:0] cut
(B30 ) S B[3:0] L2 7o]
DP1

Fig. 6 Schematic inside 4x4 unsigned serial multiplier
Now we study these blocks, first the control unit multiplier and after tha datapath.

1.3.2.1.1 The Control Unit Multiplier

control_unit_multiplier

LDW
cD LDC
CLK RST
ST sp ———1

——=— BRZ

— = BRO SALT0] =gy

SB[1:0]

Cu1

Fig. 7 Schematic of control unit multiplier
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The code of the control unit multiplier is in Fig. 8

— Control Unit for the 4-bit unsigned multiplier

LIEBRARY IEEE.
1ISE IEEE STD_LOGIC_1164 ALL:
USE IEEE.STD_LOGIC_ARITH ALL:
USE IEEE.STD_LOGIC UNSIGNED. ALL:

ENTITY control_unit_nultiplisr IS
FORT( .

CD,CLK, ST it} std_logic;

ERZ, ERD hii) std_logic:

1DV, IDC out std_logic:

RST : ouT std_lagic;

Sk, SE aut std_logic_vector(l downto 0);
SP ouT =td_logic

3
END control_unit_multiplier;
ARCHITECTURE FSM_like OF control unit_multiplist IS

TYPE State_type IS (Idle, Load Data, Flags, Lood Result, idd, Shift):
——————> This is important: specifying to the synthesiser the cods for the statess
ATTRIBUTE syn_snun_encoding : STRING:

ATTRIBUTE syn_snun_sncoding OF State_type : TYPE IS "sequential®:
— (It may be:'sequential" (binary). "gray". "one-hot", estc

SIGHAL present_state, future state Stats_typs .

— These two lines work OK, but the statc machine is not recognised

— and regular logic is synthesised (so it's not so good as the syn encoding)
—— ATTRIBUTE enun_encoding - string:
— ATTRIBUTE enun_sncading of State_type : TYPE IS “sequential’:

—— Constants for special states (the first and the last stats)
CONSTANT Reset © State_type .- Idle; —— The fisrt state. This is another name for the state Hund

BEGIN

State Register:; the only clocked block
The ‘memory’ of the system (future cwents will depend on past events

state_register: PROCESS (CD.CLE)
EEGIN

IF €D = '1' THEN — asynchromous resst of the FSH
present_stats <= Reset:
ELSIF (CLK'EVENT and CLK = '1') THEN  — Synchronous register (D-type flip—flop)

present_state <= futurs_state;
END IF:

END PROCESS state register;

-~ (1 Combinational system for calculating next state

CC_1: PROCESS (present_stats, ERD, BRZ, ST)
GIN

CASE present_state is
when Idle =3
if ST='0' then
future_state <= Idle:
slse
future_state <= Load_Data |
end if;
when Load_Data =»>
future_state ¢= Flags :
when Flags =»
if BRZ='1' then
future_state <= Load_Result;

elsif ( BRZ='

' and BRO='1'}) then

Euture_state <= dd

elsif { BRZ='0' and BRO='0'} then

futurs_state <= Shift:
end if:

when Load_Result =>

future_state <=Idle;
when idd =5

futurs_stats <=Shift:

when Shift =»

future_state ¢=Flags:

end case!
END PROCESS CC_1:

C5 7. combinstional system for calculating extra outputs
— and outputing the present state (the actual count)

CC_2: PROCESS (present_state)
GIN

CASE present_state is
n ldle =>

when Load_Data =»
00 <='0';

when

when

when
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end case:

END FROCESS CC_2:
—— Flace other logic if necessary

END FSM_like:

Fig. 8 Code in VHDL of control unit multiplier

1.3.2.1.2 The Datapath
The second block of the 4x4 unsigned serial multiplier is the datapath that we have in Fig. 9.

Datapath
— CD
— CLK
L= LDW
L IDC
L ——=— RST BRZ —»—
1% SA[1:0] BRO —=—
L0 sp1gp 17O
A[3:0]
B[3:0]
DP1

Fig. 9 Schematic of datapath

Below, for understand that we do, we have in Fig. 10 the flow diagram (while designing the datapath) for do
the corresponding code.

AR€A

Ce0

Add
Operations

Shift Operations

Fig. 10 Diagram of datapath
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With this diagram we can do the code in VHDL that we have in Fig. 11.

— 4-bit unsignel wwltiplier datapath
— Structural and hiearchical design

LIBRARY ieee;

USE IEEE.STD LOGIC_1164.all;
ENTITY Datapath IS
FORT{  CD,CLK N st logic;

Sk, SE std_logic vector(l downto 0);
1D, IDC m std_logic:
RST I std_lagic:
4B ™H std_logic wector(3 downto 0);
c ouT std_logic westor(7? downto 0):
ERZ, ER0 OUT =td_logic

).
END Datspath;

ARCHITECTURE Structural
—— Components

OF Datapath IS

COMPONENT Shift Data_Reg_dbits IS
PORT{  CD,CIK ity

std_logic:
IH

X std_logic_vector(3 downto 0);
¥ oUT std_logic_vector(3 downto 0

s il std_lagic_vector(l downta 0);
RSI,ISI IN std_logic

)
END COMPONENT;

COMPONENT Shift Dat.
P D,

a_Reg_8bits IS
ORT( CIK ity

std_logic;
IH

I std_logic_vector(7? downto 0);
¥ OUT std_logic_vector(7 downto 0);
S std_logic_vector(l downto 0):
RSI.ISI N std,lugw
)
END COMPONENT;
COMFONENT Data_Reg_8bit IS
1K IN  STD_LOGIC,
cD IN STD_LOGIC:
RST Iy SIDOGIC
D STD_IOGIC:
¥ : OUT STD_LOGIC VECTOR(? DOVNTO 0):
I IN STD_IOGIC_WECTOR(7 DOWNTO 0)

1
END COMPONENT:

COMPONENT ddder_gbit 1S
PORT (

4B I STD_LOGIC_VECTOR({7 DOWNTO 0):
Ci In STD_LOGIC:
s ouT STD_LOGIC_VECTOR (7 DOWNTO 0):
Co ouT STD_LOGIC
¥
END COMPONENT:
— Internal wires
SIGHAL 5, W. AR STD_LOGIC_VECTOR(?7 downto 0}
SIGHAL BR STD_LOGIC_VECTOR(3 downto 0):
SIGHAL Co STD_LOGIC:
BEGIN
— Instantiation of Dﬂmpnnents
Regh Data_Reg_8
FORT MiP
—— from component name  => to signal or port nams
CLK => CLK,
CcD =» CD,
RST =» RST,
LD =» 1DUW.
¥ = W
X = 5
¥
RegC Data_Reg_8bit
FORT MAF (
—— from component name  => to signal or port nams
CLE =» CLK,
CcD =» CD,
RST =» RST,
LD =» LDC.
¥ =» C,
4 =W

Regd
PORT MAF {

—- from component name =>

CLI =>

CD

X (3 downto 0)
E (7 downto 4)
S =5 Sh.

RSI
LSI

=
=

RegB
PORT MAP {

—- from component name =>
CLE

CD

Adders Adder_8bit
PORT MAF (

—— from ocomponent name

—— Estrs logic in the cireui
BRZ <= NOT( BR(D) DR ER(1)
ERO ¢= ER(0):

END Structural;

Shift_Data Reg_8bits

to signal or port name
CLE,

oy
iy

Shift_Data Reg ibits

to signal or port nams
K,

to signal or port name
AR
W,

5,
o,
Co

ok ER(Z) OR BR(3))

Fig. 11 Code in VHDL of datapath
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Inside of this block we have the adder, the datareg 8 bit, the shift data register of 4 bit and the shift data register of
8 bit. We can see this in Fig. 12 and below we study this blocks step by step.

E Data_Reg_8hbit
oW CLK

Shift_Data_Reg_8bits || Data Reg 8bi L] ast 1170) et LT =

cLe Adder_8bit [ —— 0

[ = — i t{ « RsT v?:_—’l_.—m—,\?-s_
LT ¥[7:0] —H_I'_’L— A7) Co —e Ho— 1o
[EATE == o | o : ey e S70 - e 3701 RegC
AT0) 5 S[1D) e 5(7:0) o
=0000 e RegW
52 Adderd
EEume
= RegA
=
e —
Shift_Data_Reg_4bits
L cLK
L 5
9| oo 5
’:: CEE\I NEDY
[T~ B v == v —>o-
7 =208 - BRZ
[BEO == ) MEE un11_brz
RegB

Fig. 12 Schematic inside the datapath

1.3.2.1.21 The Adder
We have study an adder previously and we know that an adder of 8 bits it compouned of four adder of two bits or,

in this case, we have eight adders of 1 bit. Firt we see the 8 bit adder that we can see in Fig. 13.

Adder_8bit

g Ci
Al7:0]
B[7:0]

Adder8

Co =

S[7:0] [t

Fig. 13 Schematic of adder

The code of the 8 bit adder is in Fig. 14 and we can see the 8 adder that we need for do this part of the multiplier
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LIERARY ieee:
USE IEEE.STD_IOGIC 1164 all:

ENTITY Adder_8bit IS
PORT ( &4.B IN STD_LOGIC WECTOR(? DOWNTO 0);
Ci IH STD_LOGIC:
S ouT STD_LOGIC_VECTOR (7 DOWNTO 0):
Co ouT STD_LOGIC
3
END Adder_8bit:

ARCHITECTIIRE estructura_en_cascada OF Adder Bbit IS
COMPONENT One_bit_adder IS5

PORT ( &i,Bi. Ci IN STD_LOGIC;
So. Co OUT STD_LOGIC

3
END COMPONENT:

SIGHAL €1, C2, C3, C4.C5, C6, C7, CB STD_LOGIC: —— The wires to comnnect 1-bit modules together
SIGHAL ¥ STD_LOGIC_VECTOR (7 DOWNTO 0):

BEGTH
adder_0 ; One_bit_sdder
FORT HAP_{

adder_1 : One_bit_adder
PORT H&P

adder_2 One _bit_adder
PORT MAP {

¥

S«<=1T1:
Co <= C8;

END estructura_en_cascada

Fig. 14 Code in VHDL of adder

Inside of this adder we have the one bit adders that we speak previously.

1.3.2.1.2.1.1 One bit adder

. One_on aacer
L

Fig. 15 Schematic of one bit adders

The code that we see in Fig. 16 of the one bit adder is exactly the code that we see in the previous chapter.
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—— & One-bit adder using logic equations (structural)

LIBRARY ieee;
USE IEEE.STD_LOGIC_1164.all:

ENTITY One bit_adder IS
PORT (
Li.Bi, Ci IH STD_IOGIC:
So. Co : OUT STD_LOGIC
)

END One_bit_adder:

ARCHITECTURE logic_equations OF Ons_bit_sdder IS

BEGIHN
So <= Ai ¥OR Bi ¥OR Ci:
Co <= (i AND Bi} OR (Ci &ND (Ai OR Bi) ):

END logic_equations :

Fig. 16 Code in VHDL of one bit adder

1.3.2.1.2.2 The DataReg 8 bit
The next block we are study is the data register of 8 bits that we see in Fig. 17.

Data_Reg_8bit

L et cLK
: cD
Data_Reg_8bit , 7.0
— CLK — EST Y[7:0] &) C[7:0] ===
— D _
— RST Y[7:0] L X[7:0]
— D
—X[7:0] RegC

RegW

Fig. 17 Schematic of datareg 8 bit

The code of the datareg 8 bit is in Fig. 18 and we can see that if clear direct is ‘1’ we have a all zeros, if it is ‘0’ we
pass to the future state, if RST is ‘1’ we have a reset, and if LD is ‘1’ we load a number X in future state.

LIBRARY iese;

USE IEEE.STD LOGIC 1164 all;
USE IEEE STD_LOGIC_ARITH. all:
USE IEEE STD_LOGIC_UNSIGHED all:

ENTITY Data_Reg Bbit IS

Port ( CLEK IN STD_LOGIC:
CD IN  STD_LOGIC:
RST IN  STD_LOGIC:
1D IN  STD_LOGIC:
¥ OUT STD_LOGIC_VECTOR(? DOWNTO 0):
X IN STD_LOGIC_VECTOR({7 DOWNTO 0)

).
END Data_Reg 8bit;
ARCHITECTURE FSH_like OF Data_Reg_8bit IS

CONSTANT Resst : STD_LOGIC_VECTOR(? DOWNTO 03 := "00000000":
SIGHAL present_state, future_state: STD_LOGIC_YECTOR(? DOVHTO 0);
BEGIN

State_Register: PROCESS (CD. CLK)
BEGIN

IF €D = '1' THEW — reset counter ( an asynchronows resst which we call “Clear Direct
present_state <= Reset
ELSIF (CLE'EVENT and CLK - '1') THEH  — Synchronous register (D-type flip—flop)

present_state <= future_state;
END IF:

END FROCESS State Register;
CCl: PROCESS (present_state. X. RST. ID) —- Al the block inputs in the sensitivity list
EEGIN

IF RST = '1' THEW —— This is the signal with higher priority
future_state <= Reset:

ELSIF LD='1' THEN
uture_state <= X

ELSE
future_state ¢= present_state:
END IF:
END PROCESS CCL1;

T <= present_state;

END FSM_like:
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Fig. 18 Code in VHDL of datareg 8 bit

1.3.2.1.2.3  The Shift DataReg 4 bit

The shift datareg that we have in Fig. 19 is very similar to datareg but now the numbers are moved to left or right.

Shift_Data_Reg_4bits
CLK

— LSl Y[3:0] st

RegB

Fig. 19 Schematic of Shift DataReg 4 bit

This is the true table of this block, depending on the value of S1 and SO in future state we have or present state, or

a number loaded, or the number moved to right or left.

S1 S0 Y*

0 0 Y
0 1 -
0 <
I 1 |[Load data

[a—

Fig. 20 True table of Shift DataReg 4 bit

In Fig. 21 we have the code of the Shift DataReg 4 bit and here we can see how to do this true table in code VHDL.

LIBRARY ieee;

USE IEEE STD_LOGIC_1164 all
USE IEEE.STD_LOGIC_ARITH.a.

USE IEEE.STD_IOGIC UNEIGNED all

ENTITY Shift_Data Reg dbits IS
Fort ( CLK IN STD LOGIC:
cD IN STD_LOGIC;

5 : IN STD_LOGIC_VECTOR(1 DOWNTO 0):
RSI o IN STD_LOGIC:
15T IN STD_LOGIC;
¥ OUT STD_LOGIC_VECTOR(3 DOWNTO 0

X : IN STD_LOGIC_VECTOR(2 DOWNTO 0)
)

END Shift_Data_Reg_dbits:
ARCHITECTORE FOM_like OF Shift_Data Reg_dbits I
CONSTAHT Reset : STD_LOGIC VECTOR(3 povnTo 07 - ¢
SIGNAL present_state, future_state: STD LOGIC VECTOR(3 DéaNTo u)
EEGIN
State_Register: PROCESS (CD. CLK)

EEGIN

IF CD = '1' THENW —— resst counter ( an asynchronous reset which we call
pressnt_state <= Reset
ELSIF (CLK EVENT and CLK = 'l') THEN —— Synchronous register (D-tvpe flip—flop)

present_state <= future state;
END PROCESS Stéate_Reglster;
©C1: PROCESS (present stats. X, 5. RSI, ISI)
EEGIN

IF S = "11" THEN
future_state <= X

ELSIF S5="01" THEN
future_state(0
future_state(
futura . stats(
uture_state(

] <= present_state(
13
23
3)

ELSIF S= 1El THEN

3
2]
1)

)

1)
<= present_state(2)
¢= present_state(3)
<= RSI:

future_state(
future_state(
future_state(
future_state(0

¢= present_state(2);
<= present_state(l):
<= present_state(D):
¢= LSI:

ELSE

future_stats <= present_stats:

END IF:
END FROCESS CC1:
¥ <= present_state;
END FSM_like:

Fig. 21 Code in VHDL of Shift DataReg 4 bit

"Clear Direct”
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This block is the same that the Sift DataReg 4 bit, but with 8 bits.

Shift_Data_Reg_8bits
CLK
—s— CD

% Rsl

% Lsi YI7:0] et
L0 S[1:0]

X[7:0]

RegA

Fig. 22 Schematic of Shift DataReg 8 bit

The code of the Shift DataReg 8 bit is in Fig. 23. Is exactly to the previous code but now we have more bits.

LIERARY ieee:

USE IEEE.STD_LOGIC_1164 all
USE IEEE.STD LOGIC ARITH.a.

USE IEEE STD_LOGIC_] UNSIGNED all
ENTITY Shift_Data, RBg_Elnts 5

Port | CLK IN  STD_LOGIC:
CcD IN STD LOGIC:
5 IN STD_LOGIC VECTOR(1 DOWHTO 0}
RSI IN  STD_LOGIC:
LsI IN STD LOGIC:
¥ OUT STD_LOGIC VECTOR(7 DOWNTO 0
X IN STO_LOGIC_VECTOR(7 DOWNTO 0)

¥

END Shift_Data_Reg_8bits

ARCHITECTURE FSH_like oF Shift_Data_ Reg_8bi 15

CONSTANT Reset STD_LOGIC. VECTOR(? DOUNTO 0) .= "00000oo0*;
SIGNAL present_state,future state: STD_LOGIC _VECTOR(7 DOWNTO 0}
BEGIH

State_Registsr: PROCESS (CD. CIK)
EEGIN

IF CD = '1' THEN — reset counter { an asynchronous reset which we call

nt_state <= RESE
ELSIF (CLK EVENT nd CIK = '1') THEN - Synchronous register (D—type £lip-flop)
present_state <= future_state;

END FROCESS State Register;
CC1: PROCESS (present_state, %, 5, RSI, LSI)

EBEGIN

IF 5 = “11” THENW
future_state <= X:

ELSIF S="01" THEN

future state(D) ¢= present_state(1)
future _state(l) <= present_state(2)
fnturs_state(2) <= present_state(3)
future state(3) {= present state(4);
future state(4) <= prosent_state(5)
future_state(5) <= present_state(6)

- 7

future_state(6) <= present_state(
future_state(7) ¢= RSI.

ELSIF S='10" THEW
futurs_state(7) <= present_stats(6)
future_state(6) <= present_state(s)
future state(5) <= present_state(4):
futurs_stats(4) <= pressnt_state(3):
futurs_state(3) <= present_state(2)
future state(2) ¢= present _state(1)
futurs state(l) <= present_state(0)
fnturs_state(0) <= ISI;

ELSE
future state <= oresent state

END IF:
END PROCESS CC1:
<= present_state;
END FSH_like:

Fig. 23 Code in VHDL of Shift DataReg 8 bit

1.3.2.2  The clock divider

The next block is the clock divider that we can see in Fig. 24.

CSD:Digital Circuits and Systems

OSC_FREQ_DIV

1 OSC_CLK_out
—{cotL CLK_20kHz
—]cE CLK_200Hz

OSC_CLK_in CLK_4Hz

CLK_1Hz_SQUARED

583

Wl*l

"Clear Direct"”
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Fig. 24 Schematic of clock divider

We have alredy study this block in another excescise and we know that this block have 5 blocks inside.
In Fig. 25 we can see the code of the clock divider where we can see the others blocks.

LIBRARY IEEE;
USE IEEE STD_LOGIC_1164 ALL
USE IEEE.STD LOGIC_ARITH.A.
USE IEEE.STD_LOGIC ! UNSIGNED ALL

ENTITY OSC_FREQ DIV IS
FORT( CD_L.CE

IN std logic:

0SC_CLE_in N std_logic;
0SC_CLK_out :
CLE_20kHz : :
CIE 200z OUT std_logic:
CIE 4Hz : OUT =td_logic:
CLE_1Hz_SOUARED : OUT =td_logic
E DISFLAYS OUT =td_logic_vector(l4 dowato O

= Thi= DISFLAYS vector is an extra output only to blank unmsed LED'= and ssoments
—— In this ezanple. only the decimal point in LEDY is used

)
END 0OSC_FREQ_DIV:

ARCHITECTURE schematic OF OSC_FREQ_DIV IS
~— Conmponents

COMPONENT Freq Div S0 I3
PORT(  CD,CLK CE : I¥  std_logic;
OUT std_logic

)
END COMPONENT;
COMPONENT Freq Div_100 I3
T(  CD,CLK,CE : IN  std_logic;
i00 OUT =td_logic
)
END COMPONENT;
COMPONENT Frea Div_ IS
PORT(~ CDCLK. CE : I¥ std_logic:
c2 OUT std_logic
3
END COMPONENT:

COMPONENT T _Flip Flop IS
BORT(  CLK N STD_LOGIC:
S

: STD_LOGIC:
T o IN STD_LOGIC:
Q [sligy STD_LOGIC

)
END COMPONENT:

—— Signals for connecting components together (just the internal wires)
SIGNAL CD, 0SC_CLK : std_logic:
SIGNAL CE2, CE3. CE4, CES std_logic:

BEGIN

— Instantiation of components
Ss1 Freq Div_50
FORT MAP (

— from compoment mame - to signal or port nans
K

TC50 =» CE2

s52 Freq Div_100
FORT MaP (
— from component nane =) to signal or
CLE

D
CE
TC100  -> CE3
553 Freq Div_50

FORT MP {
—— from component name => to signal or
CLE

554 Freq Div_2
PORT MaP (

— from component name => to signal or
K

555 T_Flip_Flop

FORT MAF (

— fron component nane to signal or port nane
CLE .

05C_CLK
D,

CE5,
CLE_ 1Hz_SOUARED
)

— connections and logic bstween components

—— The circuit's signals that have to be comnected to input ports
OSC CLE ¢= 0SC_CLK_ in:

<= HOT{CD_L}:
— The output ports that have to bes connscted to signals
0SC_CLE_out <= 0SC_CLK
CLE_z0kHz <= CEZ;
CLE_200Hz <= CEZ;
CLE_4Hz <= CE4:

— Displays OFF when high In this fashion., only the SQUARED LED will be ON~OFF
— DISPLAYS <= "111111111111111":

END schematic |

Fig. 25 Code in VHDL of the clock divider

Inside the clock divider we have two frequency dividers by 50, a frequency divider by 100, a frequency divider by
2 and one T_Flip_Flop that we study now step by step that we can see in Fig. 26.
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C_CLK_in

13221
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T_Flip_Flop
" Fre ——
Freq_Div_50

Freq_Div_100

—— TCZ ——

TC50

TC100

0SC_CLK_out

Fig. 26 Schematic inside the clock divider

The frequency divider by 50

In this part we perform a frequency divider by 50.

Freg_Div_50
-] CLK

- cp TC50 f—=
- CE

581

Fig. 27 Schematic of frequency divider by 50

At first we will see the ideal case, as in Active-HDL we didn’t observe any delay. In Fig. 28 we have the code in
VVHDL of the ideal case.

LIBRARY ieee:

USE IEEE.STD_LOGIC_1164 . all:
USE IEEE.STD_LOGIC ARITH.sll:
USE IEEE STD_LOGIC_UNSIGNED all:

ENTITY Freg Div 50 IS
CLK IN  STD_LOGIC:

cD I STD_LOGIC:

CE I STD_LOGIC:

— 0 ouT STD_LOGIC_VECTOR(23 DOWNTO 0}
TC50 ouT STD_LOGIC

).
END Freg Div_50;
—— Internal desciption in FSH style
ARCHITECTURE FSH_like OF Freg Diw_50 IS
““"This is the real and necsssary Mam Cow
—— CONSTANT Max_Count STD_LOGIC. VECTOR(ZB DOWNTO 0) := *110000000001000111101011": — terminal_count after 10 statss 12587500
—— This the the Max Count modified to spesd sinulations
S0 yom wust comnent this lins snd sctivats the sbove ome if yom plan to use the real UP? board
CONSTANT Max_Count STD_LOGIC_VECTOR(G DOWNTO 0) ;= "110001"
CONSTANT Reset STD_LOGIC_VECTOR(S DOWNTO 0) ;= "000000"; —— 1100 0000 0001 0001 1110 1100 —-1100 0000 0001 0001 1110 1011
— Internal wires
SIGNAL present_state, future_state: STO_LOGIC_VECTOR(S dewnto 0) := Reset:
EEGIN

the only clocked block : the state register
state_register: FROCESS (CD, CLK)
BEGIN

IF CD - '1‘ _TEEN — reset counter
nt_state <= Reset
EISIF (CLK EVENT and CIK = '1') THEW  — Synchronous register (D-type £1ip-flop)

present_state <= future _state:
END IF:

END PROCESS state_register:

— ESS state registercombinational system for calculating nest state

c {present_state, CE)

= '1' THEW
IF(present_state < Max_Count ) THEN
futurs_state <= present_state + 1 ;

ELSE
future_state <= Reset;
END IF:
ELSE
future _state ¢= present_state; -- count disable
END IF

END FROCESS CS_1:

C5_2: combinational system for calculating extra outputs
— and outputing the present state (the actual count)

TCS0 <= '1' WHEW ((present_stats = Max Count)AND CE = '1') EISE '0'; ——terminal count
—— 0 <= present_stats: In this application. there is no need to output the count walus O

END FSM_like:

Fig. 28 Code in VHDL of frequency divider by 50

As we shall see in Fig. 29, we speak of an ideal system. If we do a zoom we can see no delay from CLK to TC10.
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lame Value Stimulator (R = [RREE =< 1 DR AP E =¥ ofe C128E . 128 oo 18 ©130
1275us
> CLk 1 Fomula | | L
=D 0 Fomula
= CE 1 Fomula
= TCE0 0
1000 ns————>
127.5 us]

‘Fig.‘ 29 Simulation ideal frequency divider by 50

And now, in Fig. 30, we let’s see the case in which we observe this delay. For this we need create the .vho and the

.sdf files. Once created these files we see the next simulation.

Name Value Stimulator [ 476470 1 476475 | 476450 | 4TE48T | 4TEAI0 1 4TEADT 1 47500 | 476505 ‘.'76.508 u[‘Bﬁﬁ | 4TESZD 1 ATES2S 1 4TBSI0 1 4TG5
= CLK 1 Formula
=D i} Foimula
= CE 1 Foimula
= TCA0 1

4765 usl— 5000 ps—

Fig. 30 Simulation real frequency divider by 50

Now we can see clearly that a delay exist from the clock give a pulse until the output reply to this pulse. In this

case we have a delay of 8000 ps.

1.3.2.2.2 The frequency divider by 100
Now we will perform a frequency divider by 100 that we see in Fig. 31.

Freq_Div_100
—— CLK
-+— CD TC100 f—=—
—+— CE

582

Fig. 31 Schematic of frequency divider by 100

We’ll see the same that the previous case but with TC100 pulses
we see the VHDL code of the divisor.

every

100 clock’s.

In
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C5_1: PROCES
GL
IF C

ELSE
END
END FROCESS

TC100 <= '1°
0

<= pres:

END FSM_like

LIERARY iees;

USE IEEE.STD_LOGIC_1164.all:

USE IEEE.STD_LOGIC ARITH all:

USE IEEE STD_LOGIC_UNSIGNED . all:

ENTITY Fregq Div_100 IS
Fort ( CILK w STD_LOGIC:

CD o IN
CE o IN
—Q ouT
TC100 [sligy STD_LOGIC

END Freq Div_100:

EETAC - CSD:Digital Circuits and Systems

STD_LOGIC;
STD_LOGIC:
STD_LOGIC VECTOR(23 DOWNTO 0);

— Internal desciption in FSH style

ARCHITECTURE FSM_like OF Freq Div_100 IS
— This is the real and necessary Max Count
—— CONSTANT Max Count

—— This the the Max Count modified to speed simulations

STD_LOGIC_VECTOR(23 DOWNTO 03

= "110000000001000111101011"; — terminal_count after 10 states 12587500

o yon must comment this line and activate the above one if you plan to uss the real UP2 board

— 5
CONSTANT Maz_Count

- STD_LOGIC_VECTOR(E DOWNTO 0) := "1100100°:

CONSTANT Resst : STD_LOGIC_VECTOR(6 DOWNTO 0) := "0000000*; — 1100 0000 0001 0001 1110 1100 ——1100 0000 0001 0001 1110 1011
— Internal wires

SIGNAL present_state, futurs_stats: STD_LOGIC_VECTOR(6 downto 0) = Resst:

BEGIN

state_vegister: PROCESS (CD, CLK)
EEGIN

IF CD = '1' THEH
present_state <= Reset:
ELSIF (CLK'EVENT and CLE = '1') THEW
present_stats <= futurs_stats:
END IF:

END PROCESS stats_register:

the only clocked block -

the state register

—— reset counter

—— Synchronous register (D-type flip—flop)

——————— ESS state_registercombinational system for calculating nemt state

S (present_state. CE)
N

E = 'l' THEW
IF(present_state < Max_Count ) THENW
future_state <- present_state + 1

ELSE
futurs_state <= Resst;
END IF:
future_stats <= present_state; -—- count disable
IF:
c5 1

WHEN (({present_state = Max_Count)aND CE = '1') ELSE '0

— CS_2: combinational system for calculating extra outputs
—- and outputing the present state (the actusl count)

——terminal count

ent_state, In this application, there is no need to output the count value

Fig. 32 Code in VHDL of frequency divider by 100

In the simulation we have again two cases, first is the ideal case where we don’t have delay and the second is the
real case. In Fig. 33 we have the ideal simulation of the divider.

Name | 246 1 250 . 25 '
5 LK,
= 0
SCE 1
= TC100 1 [l 1
fzrssu

Fig. 33 Simulation ideal frequency divider by 100

Here we can see how often we have a pulse in TC100, it repeats every 100 clock’s when CE is ‘1’ and we are not
resetting.
Now we see the real case and we will have the delay between the input and output.
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Name V.9 11430 445 1430 4501 1430 455 1430 460, 430 465, 430470, 1430475, 1430 4500 1430 455 1430 430 430 435 430500, 1430505, 1430 510, 1) 149051305 us 40 52511430 53001430 5351 1430 54011430 546 1
e 1 : =
e 0
BOE 1
=TI 1

14305 ug] 13,05 ns—H

Fig. 34 Simulation real frequency divider by 100

In this Fig. 34 we can appreciate a delay between CLK and TC100 of 13,05 ns.

1.3.2.2.3  The frequency divider by 2

Freq Div_2
- cp
- clk T2 o
- cE
854

Fig. 35 Schematic of frequency divider by 2

The code of this block is very similar with the frequency divider by 50 and 100.

LIERARY IEEE;
USE IEEE.STD_LOGIC 1164.ALL;
USE IEEE STD_LOGIC_ARITH ALL.
USE IEEE. STD_LOGIC_UNSIGNED. ALL:

ENTITY Freg Div_2 IS
PORT(CD, CIK, CE
TC2
¥
END Freq Div_2:
ARCHITECTURE FSM_like OF Freg Div_2 IS

: STD_LOGIC :
: STD_LOGIC

CONSTANT Mam Count
CONSTANT Reset

—— Internal state machine wires —

¥ std_logic:
OUT =td_lagic

SIGNAL present_state. futurs_stats: STD_LOGIC := Resst:

—— Remenmber that this idea of "=

set,” initalising the vires. has sense only for the simulator.

Res
— for a real synthesised flatened cirouit, in which CD is used to reset the flip-flops

BEGIN

state register: PROCESS (CD, CLE)
EEGIN

IF CD = '1' THENW

pressnt_stats <= Resst;
ELSIF (CLE'EVENT and CLK = 'l') THEN

the only clocked block

the state register

—— resst counter

—— Synchronous register (D-type flip—flep)

present_state <= future_state;

END IF:
END FROCESS state register:

————————————— (OC1: combinational circuit for calculating next state

CCl: PROCESS (present_state, CE)
EGIN
IF CE = '1' THEW

IF{present_stats = Reset ) THEW

future state <= Max Count. ——(only 2 states, no need to add )
EISE
future_state <= Resst:
END IF:
EISE
future_state <= present_state; -- count disable
END IF:
END PROCESS CC1:
------------------------- CC2: combinational circuit for calculating extrs ontputs
TC2 <= '1' WHEN ((present_state = Max_count)AWD CE = '1') ELSE '0'; ——terninal count

END FSH_like:

In the Fig. 37 we have the simulation.

Fig. 36 Schematic of multiplier

not
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Name V.|f oW B 2 e 25 a3 e 3 ‘m [ B R R R
rox 1 U UU DU U U U U DU U Do o U DU U U T U U U U U UL
e ] \
erCE ]
eree n L 0 N N

35.5 s+ 2000 ns

Fig. 37 Simulation frequency divider by 2

In the simulation we check that every two clock’s we have a pulse in output. To finish we are doing a T-Flip-Flop.

13224 The T_Flip_Flop
Finally we are doing a T-Flip-Flop that we can see in Fig. 38

T_Flip_Flop
—=— CLK
—=— CD Q F=—
T
885

Fig. 38 Schematic of T-Flip-Flop

The code of this block is in Fig. 39

LIERARY ieee;

USE IEEE STD_LOGIC_1164 all:

USE IEEE STD_LOGIC_UNSIGHED all:

ENTITY T Flip Flop IS
Port ( CLEK I STD_LOGIC:

Ch I STD_LOGIC:
T IN STD_LOGIC:
Q ouT STD_LOGIC

)
END T_Flip_Flop;
—— Internsl desciption in FSH style

ARCHITECTURE FSH_like OF T_Flip Flop IS

CONSTANT Reset STD_LOGIC := *0°;

—— Internsl wires

SIGNAL present_state, future state: STD_LOGIC := Reset:
—— This thing of initialising these signals to ths 'Resst’ stats,
—— iz only an isswe for the functionsl simulator, Once the circuit
—— iz synthesised, this thing is completely irrelevent

BEGIN

the only clocked block
PROCESS (CD, CLK)

the state register
state_register
BEGIN
IF CD = '1' THEN
present_state <= Resst;
ELSIF (CLK'EVENT and CLK = '1') THEH
present_state <= future_state:

—— reset counter

END IF:
END PROCESS state_register;

— ———————— next state logic

—— & T £lip flop invert the output when T = 1. and do nothing when T = 0

CS_1: PROCESS (present_state, T)
ECIN
TF T = '1' THEW
futurs_state <= HOT (present_state):
ELSE
future_state <= present_state;
END IF:

END PROCESS CS_1:
—————— (5.2

—— Very simple in this case,
Q <= present_stats;

a buffer

END FSHM_like:

Fig. 39 Code in VHDL of T-Flip-Flop

—— Synchronous register (D-type flip-flop)

combinational system for calculating extra outputs
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We see the simulation in the Fig. 40 and we check the proper operation.

Mame \.r___5.4_?...4_s...4_9...5_0...51..m..5_3...5_4...5_5...5_5...5?...5_3...5_9...8_0..
sok o 1 T 1 T 1 T 1 T 1 o T 1 T 1 11T 1 1111171
o Ch 1]

=T 1 l

TE |

Fig. 40 Simulation T-FF

1.3.2.3 The Timer

Now we are study the timer that we see in Fig. 41.

timer
%1 co
—— TRIG
LK TIMER_OUT }—=—

——1 TIME_BASE

SS2

Fig. 41 Schematic of Timer

In Fig. 42 we have the code of this timer and we can see that this block has two blocks inside: the control timer and
a counter.

LIBRARY IEEE:
USE IEEE.STD LOGIC 1164 ALL;
TUSE IEEE.STD IOGIC ARITH ATT;
USE IEEE.STD_LOGIC_UNSIGHED ALL:

ENTITY timer IS
BORT{

cD IH std_lagic:
TRIG IH std_legic.

IH =td_logic;
TINE_BASE IH std_logic:
TINER_OUT OUT std_lagic

):
END timer:
ARCHITECTURE schematic OF timer IS
~- Conpoments
COMPONENT comtrol_unit_timer IS
FORT
TRIG, TC5, CD, CIK IH std_logic:
Enshie, Clear oUT std_logic
¥
END COMPONENT:
COMPONENT counter 1S

PORT(
CD,CILK, CE IN  std_lagic:

OUT std”logic vestor (2 dowato 03
Tc8 OUT std_logic

¥
END COMPONENT:
—— Signals for connecting components together (just the internal wires)
SIGHAL CE. Clear. TC5. Q0. 01, Q2. Z. TC8 std_logic:
BEGIN

—- Instantiation of componsnts
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FSH control_unit_tiner
PORT MAP
—— from component name =: to signal or port name
TRIG =y TRIG,
CLK =» CLK.
CcD =» D,
Clear =3 Clear.
Enahle =» CE,
TCE => TCS
¥
thres_bit_Counter counter

PORT MAP {
CLK =» TIME BASE.
8] = Clear.
CE =» CE,
TCAE =» TC8,
Qo) => Q0.
Q1) =» Q1.
Elea) =r Q2

——Detector 'G5’
z = HOT(Q1):

TCS ¢= (Q0 AND Z AND Q2);
—— The cutput ports that have to be connested to signals
TIMER_OUT <= CE:

END schematic |

Fig. 42 Code in VHDL of Timer

Inside this timer we have two blocks: a counter and a control unit timer that we can see inFig. 43.

&=

TRIG
control_unit_timer
counter CLK
WE_BASE == CLK TC8 — L=— CD Enable WER_OUT =
L=— CD —=— TRG Clear —s—
L - cE Q[20] DG >_._._ TC5
T
FSM

three_bit_Counter B TGS

Fig. 43 Schematic inside of Timer

13231 The Counter
We will perform a counter to eight as show in Fig. 44.

counter

= CLK

- CD

CE Q[2:0]

TC8 |—=

three_bit_Counter
L

Fig. 44 Schematic of counter

In the code of Fig. 45 we can see that the counter goes from 0 to 7 depending the value of CE.



EX3: Designing a serial multiplier 23

1.3.2.3.2

LIBRARY iese:

USE IEEE.STD_LOGIC_1164 . all:
USE IEEE.STD_LOGIC ARITH all:
USE IEEE S5TD_LOGIC_UNSIGNED all

ENTITY counter 1S
ot {

CLK IN STD LOGIC

cD STD_LOGIC:

CE IN STD_LOGIC:

Q ouT STD_LOGIC_WECTOR(2 DOWNTO 0}
TCR ouT STD_LOGIC

END counter:
—— Internsl desciption in FSH style
ARCHITECTURE FSM_like OF counter IS

— Internal wires
—— State signals declaration

TYPE State_type IS (Nun0, Nunl, Nun2, Nun3., Numi, NunS, Humé, Hum7)
—> This is important: spscifying to the synthesiser the cods for the states
ATTRIBUTE syn_enun_sucading : STRING:
ATTRIBUTE syn_enun_encoding OF State type © TYFE I3 "gequential’:

nay be:'sequential' (Dinary); "grav'. 'cme-hot", etc
SIGNAL present state, futurs state State_type |

—— Constants for special states (the first and ths last state)

CONSTANT Resst State_typs := NumD. — The fisrt stats. This is another nams for the state Hund
CONSTANT Max_count State_type .- Hum?, — The last state. This is enather way to name the state Hun?
EEGIN

—————————————————————— State Register: the only clocked block

state_registsr: PROCESS (CD,CLE)
EEGIN

IF CD = '1' THENW —— reset counter
resent_state (= Reset
ELSIF (CLK EVENT and CLK = '1° ) THEN —— Synchronous register (D-type flip-flop)

present_state <= future_state;

END IF:
END FROCESS state_register;
e CC1: Combinational system for calculating next state
CC_1. FROCESS (present_state, CE)
GIN

IF CE = 'D' THEN

future_state <= present_state. — count disable
ELSE — just a simple state wp count
CASE present_state IS
WHEN Hunl ->

future_state <= Huml

UHEH Hunl =»
future_state <= Hun2

THEN Nun2 =>
future_state <= Hun3

UHEN Hund =»
future_state <= Hund

UHEH Nund =>
future_state <= HunS

UHEH Hun5 =»
future_state <= Numg

UHEH Humb =»
future_state <= Hun?

UHEH Hun? =»
future_state <= Hum0

END CASE.
END IF
END PROCESS CC_1;

CC_2: PROCESS (present_state, CE)
ECIN

—— The terminal count output
IF (({pressnt_state = Max_count) &ND (CE = '1') ) THEN
TCB <- 1.
ELSE

TCB <=
EHD IF:

—- 4nd now just copying the pressnt state to the output
CASE present_state IS

WHEN Humi
Loont;

WHEH Huml
“ooLt;

WHEN Humz
"ot

WHEH Hum3
BRI

WHEN Humd
Q “io0”:

THEW Humb
“in1t:

WHEN Humb
"i10";

THEN Hum?
Q "111t;

END CASE :

END PROCESS CC_2:
END FSM_like:

Fig. 45 Code in VHDL of counter

The Control Unit Timer
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control_unit_timer
- CLK

-1 CD Enable |——
-=—1 TRIG Clear |—=
- TC5

FSM

Fig. 46 Schematic of control unit timer

In Fig. 46 we have the control unit timer. In the code of the control unit timer (Fig. 47) we can see that depending
the inputs (if we are in case idle, clear_s or count) we will have different values in outputs enable and clear.

LIERARY ieee:

TUSE IEEE.STD_IOGIC 1164 all;
TUSE IEEE STD_LOGIC ARITH.all:
USE IEEE.STD_LOGIC_UNSIGHED.all:

ENTITY control_unit_tinsr IS
CLE IN  STD_LOGIC:

cD I STD_LOGIC:
TRIG I STD_LOGIC:
TCS I STD_LOGIC:
Enable QuT STD_LOGIC:
Clear ouT STD_LOGIC

¥

END control unit timer:
— Internal desciption in FSM style

ARCHITECTURE FSM_like OF control_unit_timer IS
—— Internal wires
TYPE State_type IS (Idle, Clesr_s. Count):
» This iz important: specifving to the synthesiser the code for the states
ATTRIBUTE syn_enun_encoding G,
ATTRIBUTE syn_enun_encoding OF State_typs : TYPE IS "sequentisl®:

— 1[It may be:"sequential” (binary): "gray’: "on=—hot'. otc
SIGHAL present_state, future state State_type

—— Constants for special states (the first and the last state)

CONSTANT Reset State_type = Idle; — The fisrt state. This is ancther nams for the state Idle
CONSTANT Max_count State_type = Count: —— The last state. This is anather way to nans the stste Count
BEGIN

— State Register: the only clocked block
— The "memory’ of the system [future cveats will depend on past cvents
PROCESS (CD, CLE}

state_register
BEGIN

IF CD='1' THENW — reset counter
present_state <= Reset:

ELSIF (CLK'EVENT and CLK = '1') THEN  —- Synchroncus register (D-type flip—flop)
present_state <= future state:

END IF:

END PROCESS state register;
———————————————————— OC1: Conbinstional system for calculating nest state
CC_1: PROCESS (present_state. TRIG, TCS)

GIN

CASE present_state IS
WHEN Idle =»
IF TRIG = '0' THEN
future_state <= present_state:
ELSIF (TRIG = '1') THEN
future_state <= Clear_s ;
WD IF.

WHEW Clear_s =>
future_stats <= Count :

WHENW Count =5
TF TC5='0' THENW

future_state <= present_stats:

ELSE

future_state <= Idle ;

END IF
END CASE;
END PROCESS CC_1:

CC_2: PROCESS (present_state)
EEGIN

—— The terminal count cutput
— And now just copying the present state to the output:
CASE present_state IS
WHEN Idle =»
Enahle <= '0':
Clear <= :
WHEN Clear s =3
Enable <= '0';
Clear <= i
WHEN Count =»
Enable <= '1';
Clear <= i

END CASE
EHD PROCESS CC_2:
END FSM_like:

Fig. 47 Code in VHDL of Control Unit Timer

1.3.2.4  The Binary to BCD converter of 8 bit

This block has for input a binary number of 8 bits and the outputs are this number converted to BCD in units, tens
and hundreds. For do this we need another block, it is the binary to BCD type 74185.
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BIN_BCD_Converter_8bit

U[3:0] (e
il X[7:0] T[3:0] f=tpem
HI3:0] =t

CcC1

Fig. 48 Schematic of Binary to BCD converter

The code of the binary to BCD converter of 8 bit is in this Fig. 49

—— & sanple design for building circuits caseading
—— basic blacks

— & BIN_BCD Converter_ 8bit

LIERARY ieee;
USE IEEE STD_LOGIC_1164 all;

ENTITY BIN_BCD Cenverter_8bit IS

BORT (
: IN  STD_LOGIC_VECTOR (7 DOWNTO 0):

D OUT  STD_LOGIC VECTOR (3 DOWNIO 0}
STD_LOGIC _VECTOR (3 DOWNTO 0):

© QUT STD_LOGIC_VECTOR (3 DOWHTO 0O)

—me
=3
g
E

END BIN_BCD_Converter_8bit:
ARCHITECTURE estructura_sn_cascada OF BIN_BCD Comverter 8bit IS

— The elemental component to be used
COMPONENT Bin BCD_type74185 IS
port (

A4.B.C.D.E : in STD_LOGIC:
¥ out STD_LOGIC_VECTOR(E DOWNTO 1)
I

END COMPONENT

— Signals

SIGRAL K : STD_LOGIC_VECTOR (8 DOUNTO 0);
EEGIN
—— Instantiation of up to 3 basic 1-BIN-ECD
adder_0 : Bin BCD_type74165
PORT HAP |

—— from component mame => to signal or port name
(37,

(4},
1(5).
x(6).
X(7).

e D OV e

mERRES
et e

).
adder_1 : Bin BCD_type74185
PORT HAP |

—— from component name =3 to signal or port nane

A = (1)
E =5 {2}
c =5 K0}
D =5 K1)
E = K(2)
T(1) = (1),
¥(2) = 1i2).
¥(3) =5 U{3).
T(d) = T(D).
T(5) = K(6).
Y6} =5 E(7)

)

adder_2 : Bin BCD_type74185
FORT HAF {
—— from conponent name => to signal or port name

A = K(6).
E
C
D
E
T(1) » T(1).
¥(2) =5 T{%).
T(3) =5 T(3).
T4} = H(D).
T(5) = E{1).
Y6} > K(8)

END estructura_en_cascada;

Fig. 49 Code in VHDL of binary to BCD converter

The circuit inside the binary to BCD converter is in Fig. 50. In this figure we can see the next block: the binary to
BCD type 74185.
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Bin_BCD_type74185 Bin_BCD_type74185

1]

FEFEF
FPHIT

mo ooy

adder_0 adder_1

Bin_BCD_type74185

adder_2

Fig. 50 Schematic inside the binary to BCD converter

The Binary to BCD type 74185

Library ieee:
use ises. std logic_1164.sll;

entity Bin BCD_type74185 is
port {

in STD_LON

4 B.C.DE I LOGT
¥ out STD_LOG

B

c;
IE_VECTOR(6 DOWNTO 1)
end Bin BCD_typs74185;

— EL vector d'entrada és- V_ENT(4) = E. V_ENT(3) = D; V_ENT(2) =

—— EL vector de sortids &s V_SOR(S) ¥(1l): V_SOR(4) ¥i(2): V_SOR(3) =

architecture Arch_Tauls_Veritat of Bin BCD_typs?4185 is

SIGHAL V_ENT

- : STD_LOGIC_VECTOR (4 DOUNTO 0):
SIGNAL V_SOR

: STD_LOGIC_VECTOR (& DOWNTQ 0):

begin
with V_ENT sslect

Sortides

Entrades

“oooono”
aooonlt
“ooooLo”
“poooLL”
"noaion”
“no01000”
“poi0oL”
“noi010”
"no10i1”
“0o1100”
“0100o00”
"nioootl”
“n10010”
“0l001L”
“n1o1i0o0
"n11000"
“oli0oLl”
“011010"

“011011"
“0liioo”
vioooon”
“io000L”
“io0010t
vio0011”
“io0i00”
“101000"
"i01001"
“io01010”
“101011"
“1o1000”
“iioo00”
“iio0001”

“ooooot,
tooonit,
“oooilot,
“gooilit,
taoino",
“opinit.
“ooiiot,
“oo111t,
roionn",
“oio01t,
“gioiot,
toi0i1t,
“oiinnt.
“oiioit,
“o1iiov,
"011i1t,
“iponot,
“ioo0it,

when "
when "
when
when " B
when “10110",
when "10111",
when 11000,
when
when
when
when
when
when
when

when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when

V_SOR <=

“11001",
“1ioi0",
“1ioi1t,
“11100",

“11101",
"11110",
others;

<
b 1 1 )
ZZ I EE
EEEEE
SIS
EROom

f R b
e mm

end irch_Taula_Veritat:

C: V_ENT(1)

The code of this block is in Fig. 51. We can see the true table of this converter, the input of each block has 5 bits
and in the outputs we have 6 bits.

EB: V_ENT(0)=2

¥(3); W_SOR(2) = V(4); V_SOR(1) = ¥(5): V_SOR(0) = ¥(6}

Fig. 51 Code in VHDL of binary to BCD type 74185
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1.3.25 The Quad_Mux4

Quad_MUX4

——] 51

e CHO[3:0]
L%l chig PO
il CH2[3:0]

000 o CH3(3:0]

CC2

Fig. 52 Schematic of Quad Mux4

The code of the Quad_Mux4 is in Fig. 53 and we can see a multiplexor that depending the values of S1 and SO,
we have | output CHO, CH1, CH2 or CH3.

entity Quad_MUE is
PORTY{

CHO IN STD_LOGIC VECTOR({3 DOWNTO 0):
CH1 IN 5TD_LOGIC_VECTOR({3 DOWNTO 0):
CH2 :IN STD_LOGIC_VECTOR(3 DOWNTO 0):
CH3 cIN STD_LOGIC_VECTOR(3 DOWHTO 0):
¥ ONT STD_LOGIC_WECTOR{2 DOWNTO 0):
50,51 :IN 5TD_LOGIC

end Quad MUZ4:

architecturs archMUX of Ouad MUX4 is

egin

¥ <= CHO WHEN S0='0' &ND S1='0' ELSE
CH1 UWHEH 50='1' AHD 51='0' ELSE
CH2 WHEH 50='0"' AHD S1='1' ELSE
CH? WHEH SO0='1' AHD S1="1"°

end archMlUL;

Fig. 53 Code in VHDL of Quad Mux4

1.3.2.6 The BCD to 7 segments

Finally, to see the result we are going to convert of BCD to 7 segments.

BCD_7seg
H_SYM

Y[6:0] ety
bt X[3:0] ‘

CC4

Fig. 54 Schematic of BCD to 7seg

The code of the BCD to 7 segments is in Fig. 55.
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4 sample design in which has
—— Make = project for this file
— 4dd the functionality of the LT_L signal and synthesise again
—— idd the functionality of the REL L signal and synthesise again
—— Finaly. add the cutput RBO_L and synthesise again

to be progranmed the functiomality of

LIBRARY ieee;
USE IEEE. STD_LOGIC_1164 all:

ENTITY BCD_7seg IS

PORT (
: IN STD_LOGIC VECTOR(3 DOVNTO 0};
H_57H I STD_IOGIC,
¥ : OUT STD_LOGIC_VECTOR (6 DOWNTO 0}
¥
END ECD_7seg:
— EL vestor d'entrada &s- V_ENT(3) = D; V_ENT(2) = C: V_ENT(1)
— EL vector de sortida és V_SOR(6) - a; Y_SOR(S) - b: V_SOR(4)
— YTS0R(2) = = ¥ SOR(2) = £: Y SOR(D)
— Descripeio de 1'arquitectura del blec a partir de la TdV
ARCHITECTURE &rch_Tauls_Veritat OF BCD_7seg IS
EEGIH
FROCESS (H_SYM, %)
BEGIN
IF H_SYH - '0' THEN
CASE X 15
—— DCE& abedetg

- El HOT represents sortides actives a nivell baix
WHEN "0000° -0

>
"1111110");

WHEH "
"0110000"):

WHEN "0010" =3
¥ < "1101101"y;
WHEN "0011" =»>
¥ o¢= ("1111001");
WHEN
"0110011"):
WHEN " >
("1011011");

WHEH " >
<= ("1011111"):

<= {"1110000")
= (1111111
'1110011°);
= 1101110y
R IEEEEE
= ("1001110"):

WHEN "
WHEN "
WHEH

WHEN "
WHEH "
WHEN

WHEN "
"0111101");
WHEH
< "1001111%):
WHEN others

¥ <= ("1000111");
END CASE:
ELSE ¥ <- ('0110111");
END IF:
END PROCESS:
END Arch_Taula_Veritat:

Fig. 55 Schematic of multiplier

1.3.3  Total design

RBI_L. RBO L i LTL

= B: V_ENT(D) = &

E

M Roe 0om e

o V_SOR(2) = d:

EETAC — CSD:Digital Circuits and Systems

For show the result of this design, we can see in these figures the real result. In Fig. 56 we can see that we introduce
a 3 and a 7 (the buttons we can see at the bottom); in Fig. 57 we pulse start and we can see the units and the tens
of the result (and a led lights); and finally in Fig. 58 we pulse the other button for show the hundreds while the led

is lit.

Fig. 56 Multiplier

Fi

. [

. 57 Multiplier

Fig. 58 Multiplier



