
VHDLHistoryVHDL = VHSIC Hardware Desription Language(VHSIC = Very High Speed Integrated Ciruit)Ordered by US defene departmentDeveloped by Intermetris, IBM and TexasInstruments (1983)Standardized by IEEE (1987, 1993, and 2001) andANSI (1988)Original goalsModelling and simulationExeutable and unambiguous spei�ationsStandardized way of desribing iruitsAlso used forSynthesis VHDL 1 � p.26/51



Entities and Arhitetures

Designs are desribed using a number of modules,onsisting of entities and arhitetures.An entity desribes the interfae of a module: namesand types of input ports, output ports, generiparameters, et.An arhiteture desribes how the module worksinternally. Corresponds to the implementation orfuntion body in other programming languages.Eah module has exatly one entity, but may haveseveral arhitetures (for instane one behavioral andone RTL implementation).
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Examples of Entities

entity half_adder isport ( _in, a : in bit;s, _out : out bit );end entity half_adder;

entity d_�ip_�op isport ( i, lk : in bit;o : out bit );end entity d_�ip_�op;
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An Entity with an Arhiteture

entity d_�ip_�op isport ( i, lk : in bit;o : out bit );end entity d_�ip_�op;arhiteture behavioral of d_�ip_�op isbegindff_behavior : proess isbeginif lk'event and lk='1' theno <= i;end if;wait on lk;end proess dff_behavior;end arhiteture behavioral; VHDL 1 � p.29/51



Three ways to write ode in arhitetures

1. Struturally: Instantiate other modules and onnetthem with signals (�wires)2. Conurrently: Simple statements (e.g. assignments)that are reexeuted every time signals they depend onhange3. Sequentially: Sequential ode (possibly in severalparallel proesses), with loops etHigher abstration levels usually ontain more sequentialode, while lower levels ontain more strutural ode.It is possible to mix different kinds of ode in the samearhiteture.
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Arhiteture with Conurrent Code

entity half_adder isport ( _in, a : in bit;s, _out : out bit );end entity half_adder;arhiteture behavioral of half_adder isbegins <= a xor _in;_out <= a and _in;end arhiteture behavioral;
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Strutural arhitetures: example 1

Assuming that and_gate and xor_gate are implemented:entity half_adder isport ( _in, a : in bit;s, _out : out bit );end entity half_adder;arhiteture strutural of half_adder isbeginxor1 : entity work.xor_gate(behavioral)port map( _in, a, s );and1 : entity work.and_gate(behavioral)port map( _in, a, _out );end arhiteture strutural;
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Strutural arhitetures: example 2

entity full_adder isport ( _in, a, b : in bit;s, _out : out bit );end entity full_adder;arhiteture strutural of full_adder issignal _1, _2, s_1 : bit;beginha1 : entity work.half_adder(strutural)port map( a, b, s_1, _1 );ha2 : entity work.half_adder(strutural)port map( _in, s_1, s, _2 );or1 : entity work.or_gate(behavioral)port map( _1, _2, _out );end arhiteture strutural; VHDL 1 � p.33/51



Arhiteture with Sequential Codeentity max3 isport(i1, i2, i3 : in integer; o : out integer);end entity max3;arhiteture behavioral of max3 isbeginp : proess isbeginif(i1 >= i2 and i1 >= i3) theno <= i1;elsif(i2 >= i1 and i2 >= i3) theno <= i2;elseo <= i3;end if;wait on i1, i2, i3;end proess p;end arhiteture behavioral; VHDL 1 � p.34/51



More on Sequential VHDL

Sequential ode is always written in proessesAn arhiteture may ontain several proessesProesses are impliit loops: when the last statement ina proess has been exeuted, the proess is restartedProesses ommuniate using singalsFrom a language point of view, signals resemblevariables (although important differenes exist)From a hardware point of view, signals resemble wires
VHDL 1 � p.35/51
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Sensitivity listsentity half_adder isport ( _in, a : in bit;s, _out : out bit );end entity half_adder;arhiteture behavioral of half_adder isbeginhalf_add_behavior : proess(a, _in) isbegins <= a xor _in;_out <= a and _in;end proess half_add_behavior;end arhiteture behavioral;

Sensitivity lists may not be ombined with wait statements.VHDL 1 � p.36/51



A simple lok generator

entity lok1MHz isport ( lk : out bit );end entity lok1MHz;arhiteture behavioral of lok1MHz isbegin : proess isbeginlk <= '0';wait for 500 ns;lk <= '1';wait for 500 ns;end proess ;end arhiteture behavioral;
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Time in VHDL

VHDL has a notion of timeSimulation time 6= atual running timeCertain events are sheduled to happen at spei�points in timeTime advanes in disrete steps - when nothing more issheduled to happen at the urrent point in time, time isadvaned to the next point in time where there is asheduled event.Time has two omponents:a number of (nano/miro/milli)seondsa number of deltas (Æ)The minimal delay for a signal assignment is 1Æ. VHDL 1 � p.38/51



A small example

pro : proess isbegina <= 0;b <= 0;wait for 0 ns;a <= a+1;b <= a;wait for 0 ns;- - Here, a=1, b=0 !wait;end proess pro;
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Example: Counting Bits, Attempt 1entity ount_ones isport( arr : in bit_vetor; result : out integer );end entity ount_ones;arhiteture attempt_1 of ount_ones isbeginp1 : proess(arr) isbeginresult <= 0;for i in arr'range loopif(arr(i) = '1') thenresult <= result+1;end if;end loop;end proess p1;end arhiteture attempt_1;Compilation error: �Cannot read output: result� VHDL 1 � p.40/51



Example: Counting Bits, Attempt 2

arhiteture attempt_2 of ount_ones issignal tempSum : integer;beginp1 : proess(arr) isbegintempSum <= 0;for i in arr'range loopif(arr(i) = '1') thentempSum <= tempSum+1;end if;end loop;result <= tempSum;end proess p1;end arhiteture attempt_2;Testing reveals strange values on result. VHDL 1 � p.41/51



Example: Counting Bits, Corret Version

arhiteture orret of ount_ones isbeginp1 : proess(arr) isvariable tempSum : integer;begintempSum := 0;for i in arr'range loopif(arr(i) = '1') thentempSum := tempSum+1;end if;end loop;result <= tempSum;end proess p1;end arhiteture orret;
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Simulation yle

1. Simulation time is advaned until the next sheduledevent (an be a signal assignment, or a wait).2. Sheduled signal assignments are arried out.3. Proesses resume exeution if theyare sensitive to signals that was affeted, orare sheduled to wait until the urrent time point4. The proesses ontinue to run until they all reah waitstatements. New events that the proesses reate areput in the event queue. Events to happen after a delayof length 0 are sheduled to happen in the next deltayle. Events to happen after a positive time aresheduled at that time +0Æ.
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Variables vs. signals

Variables SignalsUsed in algorithms Represent physial wiresImmediate assignments (:=) Delayed assignments (<=)Belong to a proess Belong to an arhitetureUsed only within a proess Communiate betw pros/enttsDifferent attributes ('event et)Sensitivity lists and wait on
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Example: Variables

entity ount_pos_edges isport (i : in bit;  : out integer);end entity ount_pos_edges;arhiteture behavioral of ount_pos_edges isbeginp1 : proess(i) isvariable ounter : integer := 0;beginif i'event and i='1' thenounter := ounter + 1; <= ounter;end if;end proess p1;end arhiteture behavioral; VHDL 1 � p.45/51



Delayed Signal Assignments

Signal assignments an be delayed:o <= i after 2 ns;test_input <= 0,1 after 1 ms,2 after 2 ms,3 after 3 ms;

The smallest possible lok generator:lk <= not lk after 50 us;(onurrent assignment)The value is evaluated upon exeution of assignmentstatement, not when the assignment is arried out.
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Assert statements

assert e;Gives a warning if e evaluates to false.assert e report str;Prints the message str if e evaluates to false.assert e report str severity sev;Sev an be one of: note, warning, error, failure.Simulator an be set to stop simulation at givenseveritiesAn assert statement in an arhiteture is onurrent:property should always holdAn assert statement in a proess is sequential:property should hold when the assert is exeuted
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More wait statements

wait; (halts proess)wait for 100 ms;wait on in1, in2, in3; (wait for events on signals)wait until a='1';wait on lk until reset = '0';wait until a = '1' for 150 ns;

A wait statement always auses a proess to wait. If wewrite wait until a='1', and a='1', then the proess will waituntil an event that hanges a's value to '1' happens. Waitfor 0 ns; will ause the proess to wait one Æ. VHDL 1 � p.48/51



More signal attributes

A transation is when a value is assigned to a signal. Anevent is when a transation auses a signal to hangevalue.'event: event has oured last (simulation) yle'ative: transation has oured last yle'stable(t): no event has oured for t time units'quiet(t): no transation has oured for t time units'last_value: value before last event'last_event: time sine last event'delayed(t): impliit signal, delays the original signalwith t time units.
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Delaring Your Own Types

Types are usually delared in pakages:pakage my_types istype int_array is array (integer range<>) of integer;type int_pair is reord�rst : integer;seond : integer;end reord;end pakage my_types;

Pakages must be imported before all entities that usethem:use work.my_types.all;
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Guidelines for writing arhitetures

Proesses that are sensitive to the lok signal impliitlyintrodues �ip�ops. Arhitetures usually beomes easiestto write and maintain if they are divided into two parts:1. One single proess whih is sensitive only to the loksignal (and possibly an asynhronous reset signal)2. One or more proesses that are sensitive to any inputsignals or internal signals, exept the lokThe only thing the �rst proess does is to update theinternal state (i.e. the �ip�ops). The other parts inludes alllogi.More about this in Jiri Gaisler's leture (next week).
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