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Outline

* What we know

— How to model Combinational Networks in VHDL
« Structural, Dataflow, Behavioral

— How to model Flipflops in VHDL
— Processes
— Delays (delta, transport, inertial)
— How to model FSM in VHDL
— Wait statements
— Variables, Signals, Arrays
* What we do not know
— VHDL Operators
— Procedures, Functions
— Packages, Libraries
— Additional Topics (if time)
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LAB 4: Keypad Scanner

e Lab4 preparation material
» Telephone keypad scanner
— Section 3.5 in the textbook
— Implemented using PLD (not relevant for you)
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LAB 4: Block Diagram

* Keypad is wired in matrix form
— switches are at the intersections of rows and columns

« Assumption: only one key is pressed at time
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N=N3N2N1NO

« 0-0000

* 9-1001

« *-1010

* #-1011
V=1: when valid
key is detected it
is active for one
clock cycle time




LAB 4: Scan Procedure

1. Apply logic 1s to columns CO, C1, C2 and wait
2. If any key is pressed
a 1 will appear on RO, R1, R2, or R3
3. Apply 1 to column CO only;
if any of Ri'sis 1, a valid key is detected;
set V=1 and corresponding N
4. If no key is detected in column CO apply 1 on C1;
Repeat the same for C2
5. When a valid key is detected, apply 1s
to CO, C1, C2 and wait until no key is pressed

« ensure that only one valid signal is generated each time
a key is pressed
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LAB 4: Debouncing

* Problem: with mechanical switch the contact will bounce
causing noise in the switch output
— contact may bounce for several milliseconds
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« Solution: after a switch closure has been detected, wait for
bounce to settle down before reading the key
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LAB 4. Debouncing and

Syncnronitzation CIrcuit
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* Proposed debouncing
circuit

¢ Important:
clock cycle time must
be agreater than the

bounce-time
iSiciiiCacmiiiiicy
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LAB 4: Scanner Modules
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LAB 4: Scanner

LAB 4: Decoder

* Problem: whatis Kd in S5 if we have a key pressed in
column C2? = =1 T
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Review: VHDL Functions Review: For lL.oops
» Functions execute a sequential algorithm and General form aof a for loop:
return a single value to calling program [loeg-tabel ;] for leap-index in range loop
fumckion rolabi right (reg : hil weckor] sequential statements
Feliain bl velor i end leop [loop-label]; Exit statement has the farm:
EBegin
Falism reg eer 1) axit; -=ar
wnd rolate nghl : exit when condition;
+ A=10010101" ARy S
. - caimpane bres 3-thiracter shvings & reluen TRUE if s
B == rotate rightia); fismetion comp_siingisirngl, stringd: sking 1 e )1
reburn bodean is
* General form warsable B Dookzan
Tumction functian-rame {formal-parameter-list) beaim
return refum-tepe s leapi: for Jin 1 ba & loop
B m o snnglij] = sringdi));
[tectarations] exit wiben Ei= FALGE
begin amd boop loop e, '
sequential stabements -- must indude return retum-value; [ ——
end functian-name; end comp. skhng;
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Review: VHDL Procedures

 Facilitate decomposition of VHDL code into modules
« Procedures can return any number of values

Review: Parameters for Subprogram Calls

using output parameters | Actual Parameter
Mode | Class
* General form in! oongtant”
procedure procedure_nane (formal-paranmeter-list) is signal
[decl arati ons] variable variable n/a
begi n oty imeoart: signal signal n'a
iable’ bl
Sequenti al - statenents | NAERL YREREM /a
end procedure_nane; Vdefault, mede Tor funetions  © default fer in mede T dafaiit far aulfrnaul mods
procedure_name (actual -parameter-list);
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Packages and Libraries Library BITLIB — bit_pack package
« Provide a convenlent.way of referencing P i 40
frequently used functions and components e, e, #agaignal ooty
) b 155 A1, Syl Tochi 4
» Package declaration Padbem r V4oL TR
package package-niame is s k] le: imbeer]
package declaralions la i
end [packagel[package-namel; T wLve
o owt bie_wedt \.-HI"EIV
. St ATELNY Hime ;- 110 Bt
» Package body [optional] Ly T Pt A, K- I, 2 o
LR
package body package-name is pr-sme, . A oM part o
packaqe body dedaratiors T ATy o iU b p.uull_l?L:._:-l- ru N
end [package body][packege namel; I o compEmab -
i prme] 1 Y
Hfi__l;*;:-.‘lﬂ c. .-::n"-;;_ e [T S Y oL — —
#red compaRE
wnd b pack;
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Library BITLIB — bit_pack package
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Library BITLIB — bit_pack package
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Additional Topics in VHDL

Attributes

Transport and Inertial Delays

Operator Overloading

Multivalued Logic and Signal Resolution
IEEE 1164 Standard Logic

Generics

Generate Statements

Synthesis of VHDL Code

Synthesis Examples

Files and Text IO
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Signal Attributes

Attributes associated with signals
that return a value

ot | ‘it

STNTAT Tnas iFan et oooa mad SUrmg 168 curmeng
e, che TaHe

SACTIVE

SLaGT_EVENT Tires ot s the grevias eeest o 5
SLAST Rl g Vol of 5 Dafiee ThE pretuiiag Euend o8 &
SLAST_ACTIVE Tima alepss Sres pravie tremaction on &

A’event —true if a change in S has just occurred

A’active — true if A has just been reevaluated, even if A does not change
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Signal Attributes (cont’d)

Signal Attributes (cont'd)

0 f begi n
° Event Z:L”y test is if (Aevent) then Aev := '1';
. . . . else Aev :='0";
— occurs on a signal every time it is changed architecture bntest of test is end if:
. i ©obit; if (Aactive) then Aac :="'1";
» Transaction signal A: bit; if (Wactive th
i | i iti luated signal B: bit; ZLZe'anc p=0Y
-_ . . L 1
occurs on a signal every time It Is evaluate: signal C: bit; P10 (B Bvent) then Bev 1= ' 1
: begi n else Bev :='0";
. ;
Example: A<= not A after 20 ns: end if;
B<="'1": if (B active) then Bac :="'1";
A<= B - - Bchanges at tine T C<=Aand B :Lze”B_ac i=0
process(A, B, O N ; =g
variable Aev : bit; If (Cevent) then Cev .= "1
Aevent B'event vari able Aac : bi(; end if:
T variable Bev : bit; if (Cactive) then Cac :='1";
variable Bac : bit; else Cac :='0':
T+1d variable Cev : bit; i '
variable Cac : bit; end if;
end process;
end-bnt 1.
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Signal Attributes (cont’'d) Signal Attributes (cont’'d)
ns /test/a /test/line__15/bev : .
delta /test/b /test/line__15/bac Attributes that create a Slgnal
I/test/c /test/line__15/cev
/test/line__15/aev  /test/line__15/cac —raedany
/test/line__15/aac
0 +0 00000 0000
0 +1 01000 1101
20 +0 11011 0000
20 +1 11100 0011
40 +0 01111 0000
40 +1 01000 0011
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Examples of Signal Attributes

Using Attributes for Error Checking

check: process
begi n
wait until rising_edge(dKk);
assert (D stable(setup_tine))
report(“Setup tine violation")
severity error;
wait for hold_tine;
assert (D stable(hold_tine))
report(“Hold time violation")
severity error;
end process check;
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Assert Statement Array Attributes
Topss AL ¢ (68 5, 7 deswnta 0] al 5t
assert bool ean- expressi on Frat 2
report string-expression Astarma Caampia
severity severity-level \aft boerd of AEh
indare ranga
+ Ifboolean expression is false T
display the string expression on the monitor i
» Severity levels: Note, Warning, Error, Failure
o WANGE) WIS e (i =08 1§
et 1
AWERUERRE_RAMGEIN] Mo irces mange |ROMIREVERSE RAMGE] 1)
reswriad 15 desmae b
WVEREE EANGET) s GBa 7
WLENGTHIR) wea of M inden 36
rarge -5
A can be either an array name or an array type.
Array attributes work with signals, variables, and constants.
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Recap: Adding Vectors

Thic procediee st en bt bt vedars and a cary amd
r BT Ared & CAMTY 1] snd Ard? sre somimasd
« to be of the seme kngth end disersioned 5-1 dawrio 0.
bl py A feg
(AL A I b wischar
Cit mbi;
sagnial Sume oe Bl eecio;
signal Cout: out bt
niin pastive] s
warabia C: bE;

Ci= On;
Far |in 0 to -1 loap
Suh|i) == Add101] wor Acd

3= lmar C
C o= [RdS1ip

(AL |1 and C] or (A2 and T3

Note: Add1l and Add2 vectors must be dimensioned as N-1 downto 0.

Use attributes to write more general procedure that places
no restrictions on the range of vectors other than the lengths must be same.
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Procedure for Adding Bit Vectors

Tha procsdurs acds bes Bf_yeciors and 8 carry and retams 4 sum
- gl 3 oAy, BOrh D seriers shoikd b of The game lEngrn

Wik e Rk e
[AAE], A2 in BE_sexhor;
Cin: In&
g S UL LRI

Cou:

gt O ']
TRty | dowmnte 30w Sum;

amamrd {[nilengih = n3Sength] snd {nllengs = 5 leraesii
S0 KSEQING Trash D epadl!
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T3 == ragect s 8 after 10 25; - delay wih spechied neectios pulss width
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—Transport and Inertial Delay (cont’d) |
Z3 <=reject 4 ns X after 10 ns;

Reject is equivalent to a combination of inertial and transport delay:
Zm <= X after 4 ns;

Z3 <= transport Zmafter 6 ns;

Statements executed at time T
—BatT+1, Cat T+2
A <= transport B after 1 ns;

A <= transport C after 2 ns;

Statements executed at time T
-CatT+1

Statements executed at time T
—CatT+2:

A <= B after 1 ns; A <= transport B after 2 ns;

A <= C after 2 ns; A <= transport C after 1 ns;
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Operator Overloading

» Operators +, - operate on integers

* Write procedures for bit vector addition/subtraction
— addvec, subvec

» Operator overloading allows using + operator
to implicitly call an appropriate addition function

* How does it work?

— When compiler encounters a function declaration in
which the function name is an operator enclosed in
double quotes, the compiler treats the function as an
operator overloading (“+”

— when a “+” operator is encountered, the compiler
automatically checks the types of operands and calls
appropriate functions
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VHDL Package with Overloaded Operators

¥ doremin O
T 1 dowmio O

mnburn (Acdi + intavec|ddd? | Sociterpth
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Overloaded Operators

e A, B, C —bit vectors
e A<=B+C+37?
e A<=3+B+C?

* Overloading can also be applied
to procedures and functions
— procedures have the same name —
type of the actual parameters in the procedure call
determines which version of the procedure is called
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Multivalued | ogic

« Bit (0, 1)

e Tristate buffers and buses =>
high impedance state ‘2’

¢ Unknown state ‘X’
—e. g., agate is driven by ‘Z’, output is unknown
— asignal is simultaneous}!y driven by ‘0’ and ‘1’

-]
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Tristate Buffers

d |
1 par
B

T PR Pagh T Pl 0T kil Dt Resolultlon function to
determine the actual
value of f since it is
driven from two different
sources

e R Fagh 7 wihen aon srabisd
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Signal Resolution

« VHDL signals may either be
resolved or unresolved
* Resolved signals have an associated
resolution function
* Bit type is unresolved —
— there is no resolution function
— if you drive a bit signal to two different values

in two concurrent statements,
the compiler will generate an error
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Signal Resolution (cont'd)

signal R: X01Z := ‘Z';

R <= transport ‘0’ after 2 ns, ‘Z after 6 ns;
R <= transport ‘1’ after 4 ns;

R <= transport ‘1" after 8 ns, ‘0" after 10 ns;
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Define AND and OR for

4-valued inputs?
"

P T, B
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AND and OR Functions Using X01Z

AND | X’ ‘0’ ‘v ‘z'
X X ‘0’ X X
0 0 ‘0’ 0 0
1 X ‘0’ 1 X
‘Z X ‘0’ X X
OR X ‘0’ ‘v Z
X X X' 1 X
‘0’ X ‘0’ 1 X
1 1 ‘v 1 1
Z X X 1 X
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IEEE 1164 Standard Logic

¢ 9-valued logic system
— ‘U’ — Uninitialized
— ‘X’ — Forcing Unknown
—'0"— Forcing 0
— ‘1" — Forcing 1

If forcing and weak signal are
tied together, the forcing signal
—‘Z - Highimpedance  dominates.

- ‘W' — Weak unknown Useful in modeling the internal

- ‘L"—Weak 0 operation of certain types of
— ‘H'— Weak 1 ICs.
-~ — Don't care In this course we use a subset
of the IEEE values: X10Z
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R R 5
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AND Table for IEFFE 9-valued
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AND Function for std_logic_vectors

Tunctios “and” | |50 Wi 1and e | et DL
bagin

LN (30 Tabéed), Ti1)
wnd “andT;

Tunclios “and” | 1-
g in 1 8

Jope_vilor | ratwrn HdWgE el e
{1t PLEARETH b Ig |

1or GTH Ll r;

wcinr ¢ 1 ba FUERGTH 1;

wumianty of svericaded ‘asd’ cparaior are sok of tha sama iength”
saarity FALLURE
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