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Architecture revie\
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Al o—1 \ ., andoutl
entity simplecircuit is § <
Bl o—2; ), us .
port ( LNA O\ , Slgout
al,bl,a2,b2 :in std_logic; AND2 ) ) Y
sigout : out std_logic)); gt &/
end simplecircuit; A2 o—a \ 3 OR2

2 Y
B2 e J andout?
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architecture behaviorof simplecircuit is
~ component and2
port (a, b : in std_logic; c: out std Ioglc)
end component; |
(_ signal andoutl, andout2 : std_logic;
begin
_ U6: and2 port map (al,bl,andoutl);
action statements U7: and2 port map (a2,b2,andout?);
sigout <= andoutl or andout2;

component instantiations end behavior;

declarative section <

concurrent assignment



Architecture Pleces

begin
U6: and2 port map (al,bl,andoutm f:ompo_ne_nt
U7: and2 port map (a2,b2,andout2); | Instantiations

lgout <= :
sigou andoutl or andoutZﬁ CSA _ concurrent

_50nn signal assignments
A ﬁ process
end behavior;

Al —1-

Bl -—2-

A2 —1

B2 -—2




Anatomy of a CSA

sigout <= andoutl or andoud?ter 5 ns

From a Modelling Perspective
Outputeventsare created based on inmvents

Statement is executed by simulator whenever sigmalgght-hand
side change

This execution may schedule an event on the leitl lsede signal
(even at a later time if specified)



Anatomy of a CSA

sigout <= andoutl or andoud?ter 5 ns

From a Synthesizer Perspective

The writer has written VHDL code that behaves aapemvay (in this case, every
time either of the rhs signals change, sigout wilchanged to be equal to the
logical or of the two). SynthesizetAs a synthesizer my goal is to make some
hardware that acts this way also”

an OR gate will do this... but the synthesizer caréate a precise delay in any
target hardware, thus this is an error.

rewrite as sigout <= andoutl or andout2;

Creating hardware that behaves a certain way iieudt job, the writer has to
constrain what he writes so that it is possibletii@r synthesis tool.



Processes
VHDL domains :

concurrent domain— architecture
describes activities that happgmultaneously
component instances, CSAs, processes

sequential domain-- within aprocess
describes activities that happen in a defined order
similar to standard programming languages

Definition : aprocessis a series of sequential statements that must
be“executed”in order. *(talking from simulator perspective)



Process anatomy

process(sensitivity list) specifies when to
execute the process

declarations:
begin variables valid inside
statements; the process

end process;



Process Examples

ﬂ optional label

good_or: process(a,b) 2 —
begin b —
c<=aorb;
end procesgood_or, C —95 % %
weird_or : process(b)
a ___ |
begin
b |
c<=aorb;
end procesweird_or; C % «

What will synthesizer make for case 17
What hw would you make for case 2? What will sygitlee make for case 27?



Process Examples

(all processes are executed at start of simulation)

example: process(b) j:z * %
begin b

Cc <= not b;

d <= not C, cC _

c <=b;

C <= not b; d

end processexample

Process Executes in zero time, and signals areipddted until the process
“suspends”



Variables

signals are not useful for storing an intermedcat@putation In
the middle of a process, since they are not updatabthe end.

For this, we use aariable.

process (X,Y,2)
variable var_s1, var_s2 : std_logic;
begin

var_ sl :=xandy,

var_s2 :=var_sl xor z,

Sig_out <=var_sl nand var_s2,
end process;



Signals

A signal defined at the architecture level is viRl{readable and
writeable) in the processes defined in that arclotigre.

Since variables can’t be used outside processalsigine used to
communicate between processes and CSA’s, and cansn
that is, with the rest of the architecture.

In general, use signals for values that go outidgrocess, and
variables for things that are just used to compigeal values.

Signals represent hardware signals, and processeslok a
sequence of computations to determine what vatasdign to

those signals.



Other process statements

shqw_if : proce;s(a,b) . show_case : process(sel,a,b)
variable a_is_bigger : std_logic;

- 'begin
beg|_n - — - caseselis
a_ls_blgger =0 when“00” =>
'e f bthen (17 nibble_out <= a(3 downto 0);
a_Is_bigger :=‘1’; when ‘01" =>
end if; _ ) |
if a=bthen nibble_out <= a(7 downto 4);

when“10” =>
nibble out <= b(3 downto 0);
when others =>

dataout <=“11111111";
elsifa_Is _bigger = ‘1then

Idataout =4 nibble out <= b(7 downto 4);
© Zet ‘<= b: end case
ataout <=1, end process show_case,
end If;

end process show If;



latching 6ometimes accidental)

show latch : process(sel,a,b)
begin
caseselis
when“00” =>
nibble out <= a(3 downto 0
when“01” =>
nibble out <= a(7 downto 4);

when sel is not one of the
three choices nibble out
stays the sammegardless of
changing a,b

could specifydefault

I€_C condition :
wh_en 10" => nibble_out <= *“0000";
nibble_out <= b(3 downto 0); -- or whatever...
end case

end process show latch;



1)
2)
3)
4)

5)

Latch Inference (Synthesis)

synthesizer detects signals which are to bedak¢tinose that
aren’t assigned new value under every condition)

extract the set of conditions that cause eaatabig be assigned
a value, and use tlog of those conditions to enable the latch
done on each signal independently, so each aeashave a
mixture of combinational and latched outputs.

synthesizers typically have a limit of complexity which they
can analyze for latching.

For simplicity and clarity specify latching whdasired very
Clearly: If en="1" then
If sel='0’ then z<=a
else z<=Db;
end if
end If;




lllustrating Latch Inference

caseselis
when“00” =>

nibble out <= a(3 downto 0);

when“01l” =>

nibble out <= a(7 downto 4);

when“10” =>

nibble out <= b(3 downto 0);

end case

a(3..0)

a(7..4)

b(3..0)

sel(0)

sel(1)

4

/

/nibble_out



Storage Elements

* Note that storage Is described behaviorally
by conditionally defining the value of a
signal (or variable) for only a subset of the
possible conditions.

* For example:

— Latch: “Copy the input to the output (only)
when the enable signal is high”

— Register: “Copy the input to the output (only)
when there is a rising edge on a clock signal”



Registers (FlipFlops)

ul4

—=— D Q —O
—=pCLK

DF1

simple edge-triggered D type Flip-Flop

process(clk) synthesizer recognizes this
begin template and will happily
If clk="1" and clk’eventthen build a D-Flop for us.
Q<=D;
end If;

If rising_edge(clk) then
or..
If falling_edge(clk) then

end process;




D-Flop variants

uils
DEC1B

[—CLK

CLR

l

process(clk)

begin
If (clr =0’) then
q<=0’
elsif rising_edge(clk) then
Q<=D;
end Iif;

end process;

ul6
DEE3A

0—— D Q —=O
0— E

[—PCLK
CLR

l

process(clk)
begin
if (clr =0") then
q<=07%
elsif rising_edge(clk) then
if e ="1"then
Q<=D;
end if;
end if;
end process;




Synchronous Design

In a purely synchronous system, all flip-flopshe design are
clocked by the same clock.

Asynchronous Preset / Clear are not used exceptit@iization

U27
U3l
CLK fp o o
u32
INV INV CLK
C LK [ D Q DF1_CC
L33 CLK
DFL CC
U32
U31
A D
INV us2 {>‘3 Q
INV E
DC D Q VS
33

CLK

DFL_CC |

INV U32

ua?
D Q
{DO b Q A 3
5 v E
L33 CLK B
AND2 CLK
BFE

DFL_CC




Typical Synchronous System

CLOCK
| COMMAND DATA IN
—
D

CONTROL INPUT
CONTROL U
UNIT
state machine —
[ ) CONTROL | DATA UNIT
v
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CONTROL | outpuT

ﬂ CONDITIONS DATA OUT




Synchronous System Issues

Why Synchronous Logic?
 We can reduce the millions of steps of analyst an

timing verification of our system to a few manadeab
ones:

1. What is maximum clock frequency that design eanat?
Logic propagation delay + setup time can not excaed

between clock edge'}‘"‘\Iuckily this is a pretty easy job for

the synthesizer and p+r tools to
2. Clock Skew figure out.

3. ldentify limited asynchronous inputs and deabagmgly



Setup/Hold Time

e “Set-up time” and “hold time” describe the timing
requirements on the data input of a flip-flop or
register with respect to the clock input.

— A positive set-up time describes the length oktimat
the data must be available and stable before tiheac
clock edge.

— A positive hold time describes the length of titinat
the data to be clocked into the flip-flop must rema
available and stable after the active clock edge.

From xapp095.pdf (Xilinx)
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Clock Skew

/
DF1_CC DF1_CC DF1_CC

If flops u32 and u33 get clocked
significantly earlier than U34, the
value in U33 may be lost, since
by the time U34 is clocked to
take U33’s old data, U33’s new
data has already made it to its Q
output.
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Clock Skew

U1 u2
D1 ™~ - Q2
>0 P <
CHG :LFC_J
ak[ > D
CLK
CLK1 |
CLK2 | |
D1 | |
|
Q1 -
Expected
Q2 1 |

From Clock_Skew_ AN.pdf (Actel Corp)



Global Clock Buffers

Global GCLKPAD3 % GCLKPAD2
Clock Rows GCLKBUF3 GCLKBUF2 Glaobal Clock
/Column
S N 11 | Xilinx provides hardware
—<>— —<H>— —<i>—

I Tl ik resources to guarantee
—<D>— <> —<>— negligible clock-skew for
—<>— —<H>— —<>— S

% A AL auces lIMited number of clocks.

‘7 ‘7 Spine
—<>— —<i>— —<i>— i

il ik i SlgnaI§ for these_ buffers
—<D>— —<H>— —<i>— come in on special pins or
—<>— —<H>— —<i>— .

are buffered from the logic

GCLKBUF1 GCLKBUFO . .

GCLKPAD1 é éGCLKF’ADO via special cell.

DS001_08_060100

Figure 7: Global Clock Distribution Network

All FPGAs have some sort of solution like this. Glbblocks are
obviously limited in number by the hardware. Makwmur designs
synchronous also helps us fit into this architeztur



Input Synchronization

Synchronize asynchronous inputs to system so tlimeeystem
can be designed in a synchronous manner.

asynchronous signal

I, Coor <: l\

CLK
u33
MX2 DFL CC _ . .
system clk .32 bit wide register
- synchronizea to
asynchronous signal use in rest of design

CLK

system clk

DF1_CC



Simple example : 2 digit BCD ctr

To get a feel for using processes to make regiatetscounters we
will design a counter that will count 2 digits ieamal, for simple
display to a 2-digit LED screen.

library IEEE;

use IEEE.STD_LOGIC 1164.ALL;
Inputs use IEEE.STD_LOGIC_ARITH.ALL;
reset, clock, enable use IEEE.STD_LOGIC _UNSIGNED.ALL,;

OUtquS ' o _ entity bcdctr is
LSDigit, MSDigit (4 bits Port ( clk : in std_logic:
each, combined into 8) reset : in std_logic;
en : in std_logic;
bcd : out std_logic_vector(7 downto 0));
end bcdctr;



Simple example : 2 digit BCD ctr

Below is the hardware we want to describe in VHDL.
Knowing what hardware you want to build is preferaxo cranking VHDL!

h Idigit

-9
clk counter O

en and
Idigit =9

mdigit
a___
clk counter 0-9




Simple example : 2 digit BCD ctr

architecture behavior of becdctr is

signal mdigit : std_logic_vector(3 downto 0);

signal Idigit : std_logic_vector(3 downto O0);
begin
lcnt : process(clk,reset)
begin
if reset = ‘0’ then
Idigit <= “0000";
elsif rising_edge(clk) then
ifen="1" then
if Idigit =*“1001” then

Idigit <= “0000";
else Idigit <=Idigit + “0001";
end if;
end if;

end if;
end process lcnt;

mcnt : process (clk,reset)
begin
if reset="0' then
mdigit <="0000";
elsif clk="1"and clk’'event then
if (Idigit="1001") and (en="1") then
if mdigit =“1001" then
mdigit <="0000";
else mdigit <= mdigit + “0001”;
end if;
end if;
end if;
end process mcnt;

bcd(3 downto 0) <= Idigit;
bcd(7 downto 4) <= mdigit;

end behavior;



In Webpack (Synthesis Rept)

Synthesizing Unit <bcdctr>.
Related source file is
C:/WINDOWS/Desktop/school/vhdiclass/projectsolution s/demo/demo.vhd.
Found 4-bit up counter for signal <Idigit>.
Found 4-bit up counter for signal <mdigit>.
Summary:
inferred 2 Counter(s).
Unit <bcdctr> synthesized.

HDL Synthesis Report

Macro Statistics
# Counters 12
4-bit up counter ;2



In Webpack (Rough Timing)

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS EST IMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT

GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

___________________________________ o
Clock Signal | Clock buffer(F
___________________________________ -

clk | BUFGP
___________________________________ o

Speed Grade: -5

Minimum period: 6.644ns (Maximum Frequency: 150.512
Minimum input arrival time before clock: 6.166ns
Maximum output required time after clock: 8.699ns
Maximum combinational path delay: No path found

Timing Detail:

All values displayed in nanoseconds (ns)

--------- S ——

F name) | Load |

--------- S TS

18 |

--------- S ——
MHz)



Microprocessor |/O port

enable output drive

value from output register Jgtp 1
D PAD_
data lBIBUF
BUFF
2 X/Al 1
value if read u13
Registers :

DDR (Data Direction Register) ‘1’ if port is an outp ‘O’ if input
Output Data Register : if output, value in regissawritten to the port

If ddr = ‘1’ then
outport <= data;
else
outport <= ‘Z’;
end if;



Looping In Process

library IEEE;
use IEEE.std logic_1164.all;
use IEEE.std_logic_unsigned.all;
entity countzeros is
port (  a:instd_logic_vector (7 downto 0);
Count : out std_logic_vector (2 downto 0));
end countzeros;

architecture behavior of countzeros is
signal Count_Aux: std_logic_vector (2 downto 0);
begin
process (a)
begin
Count_Aux <="000"
for 1 in 7downto O loop
if (a(i) ='0") then
Count_Aux <= Count_Aux + 1,
end if;
end loop ;
Count <= Count_Aux;
end process;
end behavior;

Not necessary to define i, its definition was iiplin this case defaulted to
integel):
complete form : for i in integeange 0 to 7 loop



Looping to Replicate Hardware

mpu_porta : process (ddr,porta_req)

begin
for 1 in 7downto O loop
if ddr(i) =1’ then
porta_driver(i) <= porta_reg(i);
else
porta_driver(i) <= ‘Z’;
end if;
end loop ;

end process mpu_porta;

Not necessary to define I, its definition was iiplin this case
defaulted tantegel):
complete form : for i in integaange O to 7 loop



Range Attributes

Specifying loop bounds explicitly is very inflexéolwvhen traversing
through an array.

for | in vecrange loop
visits elements in the array from left to right atts, exactly how you

specified the range when defining the array

for | in vecreverse_rangeloop
In reverse order in which they were specified

for 1 in veclow to vechigh loop
low to high, regardless of how they were specified



Looping in Process, Flexible Range

library IEEE;
use IEEE.std logic_1164.all;
use IEEE.std_logic_unsigned.all;
entity countzeros is
port (  a:instd_logic_vector (7 downto 0);
Count : out std_logic_vector (2 downto 0));
end countzeros;

architecture behavior of countzeros is
signal Count_Aux: std_logic_vector (2 downto 0);
begin
process (a)
begin
Count_Aux <="000"
foriin a'range loop
if (a(i) ='0") then
Count_Aux <= Count_Aux + 1,
end if;
end loop;
Count <= Count_Aux;
end process;
end behavior;

Not necessary to define i, its definition was iiplin this case defaulted to
integel):
complete form : for i in integeange 0 to 7 loop



For loop (cont)

Within XST, the For statement is supported for:
e Constant bounds

» Stop test condition using operators <, <=, > or >=

* Next step computation falling within one of the
following specifications:

— var = var + step
— var = var - step

(where var is the loop variable and step is a cohsta
value)

 Next and Exit statements are supported

From xst.pdf



For loop (example)

begin

-- some other stuff here ---
carry :='0";
BV := B;

foriin O to A'left loop
sum(i) := A(i) xor BV(i) xor carry;
carry := (A(i) and BV(i)) or
(A(i) and carry) or
(carry and BV(i));
end loop;
return sum;
end;



Exit Statement

\

entity count_trail is
Port (vec: in std_logic_vector(15 downto 0);
count : out std_logic_vector(4 downto O
end count_trail;

architecture Behavioral of count_trail is
begin
process(vec)

variable result : std _logic_vector(4 downto 0);

begin
for 1 in vec'reverse_range loop
exit when vec(i) ='1"

R

); 16 5-bit full adders

16 5-bit multiplexers
(before any

> minimization)

result := result + "00001";\ )
I .
end loop; next has same syntax and

count <= result;

end process; simply skips this iteratioof
end Behavioral; the loop




While Loop Syntax

must have defined range at compile time to be sgtkd

process(vec)
variable result : std_logic_Vector(4 downto 0);
variable i : integer;
begin
result := "00000";
| :=0;
while i< 16 loop
exit when vec(i) = '1';
result := result + 1;
=1+ 1;
end loop;
count <= result;
end process;



Wait Statement

wait reserved word specifies when to suspend executitiregrocess and under
what conditions execution is to resume — outputsecemputed owait:

wait for 20 ns; -- suspends the process, and waitsOfms2
Wait on clk,reset; -- suspends process until an eventkoor reset
Wait until enable =*1’;

You can either use wait statements or a sensitisttyNOT BOTH. For the rest of
the class, excluding some special circumstanoss| lise the sensitivity list form.



Some Synthesis Limitations

Process constraints:

1) no while loops (with variable limits), no simptops (loop
forever)

2) no incomplete sensitivity lists for comb logic
3) no time specs (e.g. wait for 5 ns, a<=b aftes@? n

see the Menu : Edit -> Language Templates in Wdbfmac
examples of how to describe common pieces of hamwa



Architecture pieces

begin
U6: and2 port map (al,bl,andoutm f:ompo_ne_nt
U7: and2 port map (a2,b2,andout2); | Instantiations

lgout <= :
sigou andoutl or andoutZﬁ CSA _ concurrent

_50nn signal assignments
A ﬁ process
end behavior;

Al —1-

Bl -—2-

A2 —1

B2 -—2




Review

 All items at the architecture level can safely be
thought of as “a piece of hardware”.

— Operate concurrently with other components, csaid,
processes.

— Thinking of a process like this is a little leaguitive
than thinking component instantiations and CS/Asit
think of it like a schematic symbol

» Signals used by the process are its “inputs”
* Signals that get updated by the process are ufptis”

o Corollary : if multiple processes try to affeceth

same signal, it is like having two outputs wired
together (only ok if they are tri-state drivers)




50mHzHz

v

anodesH

encodedchar

v

calc
~1kHz currentAnode set_anodes
make 1kHz
char3
char2
charl led_decoder
charO
switches(3:0)
reset-BTN1
50mHz
current
: chars
make 1hz | load&shift
enable
char(3:0)
anodes
led_driver

encodedChar




Run Behavioral Simulation

ISE Is focused on FPGA
synthesis

To simulate, link through

ISE to Modelsim, a

separate VHDL simulator
Double-clicking “Simulate =zseee [

Behavioral Model” will

start Modelsim, and load

your VHDL design into
the simulator.

= Xilinx - ISE - C:\mywork\jhufpga\notes\Class 2Prep\bcd\bcd. i

File Edit “iew Project Source Process ‘Window Help

DEFES DX B 410 L2XX
. Sources 19 oo
Sources for: | Behawvioral Simulation 20  libres
'-?aj bed | Implementation 21 usze I
= £ nc3s Behavioral Simulation ZZ use I
I: Post-Tranzlate Simulation 23 use I
Post-bap Sirmulation 24
Post-Foute Simulation 25 —_——
26 -——-
5 Snapshots | [ Libraries 27 —-lik
25 —-—use
Processes 29
Processzes far bedetr - Behaviaral 30 entit
[ AddEsizting Source 31 F
[ Create Mew Source e
= % b adelSim Simulator gi
M Simulate Behavioral kModel 35 end
36
37 archi
3a =21
a9 =21
40 hegir




Modelsim Window

.ﬁ ModelSim XE lIl/Starter 6.3c - Custom Xilinx Version

File Edit Wew Compie Simulate Add Wave Tools Layout  Window Help

@ Ml B[ QB[ e B - 3EES BT 9 ol

| wroxpimiece v [[ &S] [X my Qe R

1000 ns

sl

Workspace H # x| | Objects H x| u e e
TIInstance |Design unit |Design unit bvpe
— becdetr bedckribeha. . . Architecture
& lcnt bedctr{beha. .. Process
o mcnt bedckribeha. . Process
o line__71 bedetribeha. . Process || I i == I = S S L
& line__72 bedckr{beha. . . Process
Wl std_logic_arith skd_logic_ar.. . Package R
Wl std_logic_1164 skd_logic_1... Package
W standard standard Package

EL

l JILLibrary I @sim |

I
Wl std_logic_unsigned  std_logic_un.. Package

Files l EE Memories J

Transcripk

# -- Loading package std_logic_arith

# -- Loading package std_logic_unsigned

# -- Compiling entity bodekr

# -- Compiling architecture behavioral of bodekr

# wsim -lib work -t 1ps bedctr

# Loading std.standard

# Loading ieee.std_logic_11&4{body)

# Loading ieee.std_logic_arith{body)

# Loading ieee.std_logic_unsignedibody)

# Loading work. bedekr{behavioral)

# .main_pane.mdi.interiar,cs . v, paneset, cli_0,wF.clip, cs.pw wf
# .main_pane.workspace.interior.cs.nb.canvas.notebook.cs.page?.cs
# .main_pane.signals.inkerior.cs

YSIM 2> -
J=1 Transcript I EiE]
mwow: 1us Dela: 0 |s|m:,|'bcdctr 999050 ps ko 1003446 ps AJ




Modelsim Commands

In Command Window enter Modelsim
commands, or select from menus

o forcesignal namevalue (forces an input to
be a value)

— force resetn O
— force databus 11110000
e runruntime (advances simulation time)

— run 100 ns
—run 1 sec



Force A Clock

-

M Define Clock

Clack Mame

biu: bederr solk

affsek Dby
o |50
Period Cancel
100 |
Logic Values
High: |1 Lo |I:I
First Edge

* Rising © Falling

(8] 4

Cancel




Running A Simulation

After forcing clock :

force reset 0

run 50

# ** Warning: There is an 'U'|'X'[W'|'’Z'|'-" in an arithmetic operand, the result will be "X'(es).
# Time: 0 ps lteration: 0 Instance: /bcdctr

forceen 0

force reset 1

run 100

forceen1

run 200




