Quartus Il Simulation with VHDL Designs

This tutorial introduces the basic features of the Quﬁtﬂ; Simulator. It shows how the Simulator can be
used to assess the correctness and performance of a desiignetd
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Quartu@ Il software includes a simulator which can be used to sineutae behavior and performance of circuits
designed for implementation in Altera’s programmabledadgvices. The simulator allows the user to apply test
vectors as inputs to the designed circuit and to observeutprits generated in response. In addition to being able
to observe the simulated values on the 1/O pins of the ciriug also possible to probe the internal nodes in the
circuit. The simulator makes use of the Waveform Editor,alhinakes it easy to represent the desired signals as
waveforms.

Doing this tutorial, the reader will learn about:

e Test vectors needed to test the designed circuit

e Using the Quartus Il Waveform Editor to draw the test vectors

e Functional simulation, which is used to verify the func@boorrectness of a synthesized circuit

e Timing simulation, which takes into account propagatiolage due to logic elements and interconnecting
wiring

This tutorial is aimed at the reader who wishes to simulatauds defined by using the VHDL hardware de-
scription language. An equivalent tutorial is availabletfte user who prefers the Verilog language.

PREREQUISITES
The reader is expected to have access to a computer that hasiQl software installed. The detailed examples
in the tutorial were obtained using the Quartus Il versidh but other versions of the software can also be used.

1 Example Circuit

As an example, we will use the adder/subtractor circuit shawFigure 1. The circuit can add, subtract, and
accumulater-bit numbers using the 2's complement number representafioe two primary inputs are numbers
A=ap_1an_2--agandB = b, _1b,_o--- by, and the primary output i = z,,_1z,_2 - - 20. Another input
is theAddSulxontrol signal which causes = A + B to be performed wheAddSub= 0 andZ = A — B when
AddSub= 1. A second control inputSel is used to select the accumulator mode of operatiorselt 0, the
operationZ = A + B is performed, but iSel= 1, thenB is added to or subtracted from the current valug of
If the addition or subtraction operations result in arittimeverflow, an output signaverflow is asserted.

To make it easier to deal with asynchronous input signats;, #ne loaded into flip-flops on a positive edge of
the clock. Thus, inputgl and B will be loaded into registerAregandBreg, while SelandAddSubwill be loaded
into flip-flopsSelRandAddSubRrespectively. The adder/subtractor circuit places thalténto registeZreg
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Figure 1. The adder/subtractor circuit.

The required circuit is described by the VHDL code in Figurd=2r our example, we use a 16-bit circuit as
specified byn = 16. Implement this circuit as follows:

e Create a projeaddersubtractar

¢ Include a fileaddersubtractor.vhdvhich corresponds to Figure 2, in the project. For convasgethis file is
provided in the directorfDE2_ tutorials design_fileswhich is included on the CD-ROM that accompanies
the DE2 board and can also be found on Altera’s DE2 web pages.

e Choose the Cyclone Il EP2C35F672C6 device, which is the FEI@g\on Altera’s DE2 board.

e Compile the design.



LIBRARY ieee;
USE ieee.std_logic_1164.all;

—— Top-level entity
ENTITY addersubtractor IS
GENERIC (n : INTEGER:=16);

PORT (A, B : IN STD_LOGIC_VECTOR(r1 DOWNTO0) ;
Clock, Reset, Sel, AddSub : IN STD_LOGIC;
z : BUFFER STD_LOGIC_VECTOR#1DOWNTO 0);
Overflow : OUT STD_LOGIC);

END addersubtractor ;

ARCHITECTURE Behavior OF addersubtractor IS
SIGNAL G, H, M, Areg, Breg, Zreg, AddSubR_n : STD_LOGIC_VEOR(n-1 DOWNTO 0) ;
SIGNAL SelR, AddSubR, carryout, over_flow : STD_LOGIC;
COMPONENT mux2tol
GENERIC (k : INTEGER:=8);
PORT (VW : IN STD_LOGIC_VECTOR(k-1 DOWNTO 0);
Selm : IN STD_LOGIC;
F : OUT STD_LOGIC_VECTOR(k-1 DOWNTO0) ) ;
END COMPONENT ;
COMPONENT adderk
GENERIC (k : INTEGER:=8);
PORT (carryin : IN STD_LOGIC;
X, Y : IN STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;
S : OUT STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;
carryout : OUT STD_LOGIC);
END COMPONENT ;
BEGIN
PROCESS ( Reset, Clock)
BEGIN
IF Reset="1" THEN
Areg <= (OTHERS =>'0"); Breg <= (OTHERS =>'0");
Zreg<=(OTHERS =>'0’); SelR <="0"; AddSubR<="0"; Overflow <="0’;
ELSIF Clock'EVENT AND Clock ='1" THEN
Areg <= A; Breg<=B,; Zreg<=M,;
SelR<= Sel; AddSubR<= AddSub; Overflowx= over_flow;
END IF;
END PROCESS;

nbit_adder: adderk
GENERIC MAP (k=>n)
PORT MAP (AddSubR, G, H, M, carryout) ;
multiplexer: mux2tol
GENERIC MAP (k=>n)
PORT MAP (Areg, Z, SelR, G ) ;
AddSubR_n<= (OTHERS = AddSubR) ;
H <= Breg XOR AddSubR_n;
over_flow<= carryout XOR G(A-1) XOR H(n—1) XOR M(n-1) ;
Z<=17Zreg;
END Behavior;
... continued in Parb

Figure 2. VHDL code for the circuit in Figure 1 (Pat



—— k-bit 2-to-1 multiplexer
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY mux2tol IS
GENERIC (k : INTEGER :=8);
PORT ( VW :IN STD_LOGIC_VECTOR(k1DOWNTO 0);
Selm :IN STD_LOGIC;
F : OUT STD_LOGIC_VECTOR(k1DOWNTO0));
END mux2tol ;

ARCHITECTURE Behavior OF mux2tol IS
BEGIN
PROCESS (V, W, Selm)
BEGIN
IF Selm='0" THEN
F<=V;
ELSE
F<=W;
END IF;
END PROCESS;
END Behavior ;

—— k-bit adder

LIBRARY ieee;

USE ieee.std_logic_1164.all;
USE ieee.std_logic_signed.all ;

ENTITY adderk IS
GENERIC (k : INTEGER :=8);
PORT ( carryin : IN STD_LOGIC;
X,Y :IN STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;

S : OUT STD_LOGIC_VECTOR(k1 DOWNTO 0);
carryout: OUT STD_LOGIC);
END adderk;

ARCHITECTURE Behavior OF adderk IS

SIGNAL Sum : STD_LOGIC_VECTOR(k DOWNTO 0) ;
BEGIN

Sum<=(0'& X) + ("0’ & Y) + carryin ;

S <=Sum(k-1 DOWNTO 0) ;

carryout<= Sum(k) ;
END Behavior;

Figure 2. VHDL code for the circuit in Figure 1 (Pdmt



2 Using the Waveform Editor

Quartus Il software includes a simulation tool that can bedu® simulate the behavior of a designed circuit.
Before the circuit can be simulated, it is necessary to eréet desired waveforms, callegbt vectorsto represent

the input signals. It is also necessary to specify the ost@stwell as possible internal points in the circuit, which
the designer wishes to observe. The simulator applies shedetors to the model of the implemented circuit and
determines the expected response. We will use the Quakiive/iform Editor to draw the test vectors, as follows:

1. Open the Waveform Editor window by selectifide > New, which gives the window shown in Figure 3.

Click on theOther Files tab to reach the window displayed in Figure 4. Chodsetor Waveform File
and clickOK.

New EI

Device Design Files l Software Files ] Other Files ]

AHDL File

Block Diagram/S chematic File
EDIF File

Werilog HOL File

WHOL File

Cancel

Figure 3. Need to prepare a new file.

New EI

Device Design Files] Software Files  Other Files l

AHDL Include File
Block Symbal File

Chain Description File
Hexadecimal [Intel-Format] File
Memory Initislization File
SignalTap Il File

Tel Script File

T :

Cancel

Figure 4. Choose to prepare a test-vector file.



2. The Waveform Editor window is depicted in Figure 5. Sawefite under the namaddersubtractor.vwyf
note that this changes the name in the displayed window.ig¢rfigure, we have set the desired simulation
to run from 0O to 180 ns by selectirigdit > End Time and entering 180 ns in the dialog box that pops
up. Selectingview > Fit in Window displays the entire simulation range of 0 to 180 ns in the wimds
shown. Resize the window to its maximum size.

K addersubtractor.vwf*

Master Time Bar: 17.875 ns 4| +| Painter: 177.64 ns Interval: 189.77 ns Start: End:

\alue ot 0 pz 4D.ID nz SD.ID nz 12DiD nz 1BDiD nz |

Hlans 17.88 s 1?-835 ns

Figure 5. The Waveform Editor window.

3. Next, we want to include the input and output nodes of trrdito be simulated. Clickdit > Insert Node
or Bus to open the window in Figure 6. It is possible to type the fidirarchical name of a signal (pin) into
the Name box, but it is easier to click on the button lab@&ede Finder to open the window in Figure 7.
The Node Finder utility has a filter used to indicate what typdes are to be found. Since we are interested
in input and output pins, set the filter Rins: all. Click theList button to find the pin names as indicated
on the left side of the figure. Observe that the input and digigmalsA, B, andZ can be selected either
as individual nodes (denoted by bracketed subscripts) b8-dwst vectors, which is a more convenient form.

Insert Node or Bus §|

Name: | ok ]
Type: [INPUT =l Cancel
Valueype: | ILevel | NodeFinder..
Fiadix | Binary -

Bus width: |'I

Start index: |D

[ Display gray code count as binary count

Figure 6. The Insert Node or Bus dialogue.



Node Finder ]

Namedli

| Fiter[Pine:al

=]

Loaok ||addersubtract0r|

Customize... | List | Ok I
J V' Include subentities = a]a] | Cancel |

Modes Found Selectad Modes:

| MName | Assignments |Type | Creator | | Mame | Assignments | Type

B Addsub Unassigned  Input lser entera B |addersubtractor| Clock, Unassigned  Input

B Unassigned  Input Group  User enfere B |addersubtractor |[Reset Unassigned  Input

> E[0] Unassigned  Input User enters: B |addersubtractor|Sel Unassigned  Input
E[1] Unassigned  Input IUser entere 9 |addersubtractor |AddsSub Unassigned  Input
B[] Unassigned  Input lser entera ¥ |addersubtr actor |A Unassigned  Input Group
B[ 3] Unassigned  Input User entere ¥ |addersubtractor |B Unassigned  Input Group
> E4] Unassigned  Input lUser entere: ;I T |addersubtractor |2 Unassigned  Qufput Group
E[5] Unassigned  Input IUser entere & |addersubtractor |Overflow  Unassigned  Output
BE[E] Unassigned  Input User enftera LI

B[ 7] Unassigned  Input User entere:

> E[5] Unassigned  Input IUser entera: ;I

E[S] Unassigned  Input IJser entere

B[ 10] Unassigned  Input User enftera: LI

B[ 11] Unassigned  Input User entere:

E[12] Unassigned  Input lUser entera:

E[13] Unassigned  Input lser entere:

B[ 14] Unassigned  Input lser entera

B[ 15] Unassigned  Input User entere:

> Clock Unassigned  Input

4]

User enteflll
| 3

Use the scroll bar inside the Nodes Found box in Figure 7 totfie€lock signal. Click on this signal and
then click the> sign in the middle of the window to add it to the Selected Ndu@s on the right side of
the figure. Do the same fétesetSel andAddSub Then choose vector$, B andZ, as well as the output
Overflow in the same way. (Several nodes can be selected simultslgéoa standard Windows manner.)
Click OK to close the Node Finder window, and then clioK in the window of Figure 6. This leaves a
fully displayed Waveform Editor window, as shown in Figurdf8you did not select the nodes in the same
order as displayed in Figure 8, it is possible to rearrangenthTo move a waveform up or down in the
Waveform Editor window, click on the node name (in the Namleicm) and release the mouse button. The
waveform is now highlighted to show the selection. Clickiagm the waveform and drag it up or down in

Figure 7. Selecting nodes to insert into the Waveform Editor

the Waveform Editor.

K addersubtractor.vwf*

Master Time Bar: 17.875 ns 4| +| Painter: 179.66 ns Interval: 161.79 ns Start: End:
Yalue at Qs 400 ns 800 ns 120,0 ns 160,0ns |
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|
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Figure 8. The nodes needed for simulation.




4. We will now specify the logic values to be used for the ingighals during simulation. The logic values at
the output<Z andOverflowwill be generated automatically by the simulator. To maleaisy to draw the
desired waveforms, the Waveform Editor displays (by défaudrtical guidelines and provides a drawing
feature that snaps on these lines (which can otherwise lmkéavby choosing/iew > Snap to Grid).
Observe also a solid vertical line, which can be moved by tpairto its top and dragging it horizontally.
This reference linds used in analyzing the timing of a circuit, as describedrlatove it to theime= 0

position. The waveforms can be drawn using the Selectioh Wdoch is activated by selecting the i)

in the toolbar, or the Waveform Editing Tool, which is actae by the icor®2 . In the instructions below,
we will use the Selection Tool.

To simulate the behavior of a large circuit, it is necessarggply a sufficient number of input valuations
and observe the expected values of the outputs. The numpessible input valuations may be huge, so in
practice we choose a relatively small (but representasiaejple of these input valuations. We will choose
a very small set of input test vectors, which is not suffictergimulate the circuit properly but is adequate
for tutorial purposes. We will use eight 20-ns time intesval apply the test vectors as shown in Figure 9.
The values of signalReset Sel AddSubA andB are applied at the input pins as indicated in the figure.
The value ofZ at timet; is a function of the inputs at timg_;. WhenSel= 1, the accumulator feedback
loop is activated so that the current valueZbfrather thand) is used to compute the new value of

Time Reset Sel AddSub A B Z
to 1 0 0 0 0 0
1 0 0 0 54 1850 0
to 0 0 1 132 63 1904
t3 0 0 0 0 0 69
t4 0 0 1 750 120 0
ts 0 1 0 0 7000 630
te 0 1 0 0 30000 7630
tr 0 1 0 0 0 37630

Figure 9. The required testing behavior.

The effect of the test vectors in Figure 9 is to perform théofeing computation:

to : Reset

tl : Z(tl) =0

tg : Z(tg) = A(tl) + B(tl) =54 + 1850 = 1904

tg . Z(tg) = A(tQ) - B(tg) =132—-63 =69

t4 . Z(t4) = A(tg) + B(tg) = 0—|— 0=0

ts : Z(ts) = A(ts) — B(ty) = 750 — 120 = 630

te : Z(tg) = Z(ts) + B(ts) = 630 4 7000 = 7630

tr : Z(t7) = Z(te) + Blts) = 7630 + 30000 = 37630 (overflow)

Initially, the circuit is reset asynchronously. Then footalock cycles the outpuf is first the sum and then
the difference of the values of and B at that time. This is followed by setting both and B to zero to
clear the contents of registér. Then, the accumulator feedback path is tested in the nee ttock cycles
by performing the computation

Z = A(t4) — B(t4) + B(ts) + B(tG)

using the values ofl and B shown above.

We can generate the desired input waveforms as followsk Glicthe waveform name for thélock node.
Once a waveform is selected, the editing commands in the MfawxeEditor can be used to draw the desired



waveforms. Commands are available for defining the clocketting the selected signal to 0, 1, unknown
(X), high impedance (Z), don't care (DC), and inverting itssting value (INV). Each command can be
activated by using thEdit > Value command, or via the toolbar for the Waveform Editor. The Huknu
can also be opened by right-clicking on a waveform name.

With the Clock signal highlighted, click on th@©verwrite Clock icon 8 in the toolbar. This leads to the
pop-up window in Figure 10. Enter the clock period value ofi2) make sure that the phase is 0 and the
duty cycle is 50 percent, and cli€dK. The desired clock signal is now displayed in the Waveformdaeiv.

Clock X

Base waveform on
i

|

+ Time period:

Period: 20 ns -
Phasze: o0 ns -

Dty cycle (%) |50 g

(] 8 | Cancel |

Figure 10. Definition of the clock period, phase and duty eycl

We will assume, for simplicity of timing, that the input s@s change coincident with the negative edges
of the clock. To reset the circuit, sBeset 1 in the time interval 0 to 20 ns. Do this by pressing the mouse
at the start of the interval and dragging it to its end, whighlights the selected interval, and choosing the
logic value 1 in the toolbar. Mak8el= 1 from 100 to 160 ns, andlddSub= 1 in periods 40 to 60 ns and 80
to 100 ns. This should produce the image in Figure 11.

K addersubtractor.vwf*

Master Time Bar: 0ps 1| ¥| Painter: 0ps Interval: 0ps Start: End:

" 0 pz 400 nz 80.0 nz 120.0 ns 160.0 nz |

Name alue at 0 i i i i
0ps | pz

|| Clock BO AN U e e I O
| | Reset B1 |
| | Sel ED [
m* AddSub BO 1 1
5 A B 000000000... (ooooooa00000000
5 B B 000000000... (ooo000000a00000
§ d B ool OO
| | Overflow B

Figure 11. Setting of test values for the control signals.

5. Vectors can be treated as either octal, hexadecimaledigecimal, or unsigned decimal numbers. The
vectorsA, B, andZ are initially treated as binary numbers. For our purposedbinvenient to treat them as
signed decimal numbers, so right-click drand selecProperties in the pop-up box to get to the window
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displayed in Figure 12. Choose signed decimal as the radikersure that the bus width is 16 bits, and
click OK. In the same manner, declare tliaand Z should be treated as signed decimal numbers.

Node Properties %]
General |
Mame: IA
Type: finPUT =l

Yalue type: |9‘|—9V9|

Fadix:

Bus with:  [16 =

[" Display gray code count as hinary count

oK I Cancel |

Figure 12. Definition of node properties.

The default value ofd is 0. To assign specific values in various intervals proceeébbows. Select

(highlight) the interval from 20 to 40 ns and press thitrary Value icon A2 in the toolbar, to bring
up the pop-up window in Figure 13. Enter the value 54 and ¢Dék Similarly, for the subsequent 20-ns
intervals setA to the values 132, 0, 750, and then 0 to the end. Set the comds values o3 to 1850,
63, 0, 120, 7000, 30000, and 0, to generate the waveformstddpin Figure 14. Observe that the outpits
andOverfloware displayed as having unknown values at this time, whighdieated by a hashed pattern;
their values will be determined during simulation. Savefilee

Arbitrary Value %]
Mode/group namers):
A Cancel |
Fadix: ISigned Decimal j
Mumetic or named wvalue: |54 j

Figure 13. Specifying a value for a multibit signal.

I addersubtractor wwf¥
Master Time Bar: Ops J_’lPDinter:| 146.25 ns  Interval:| 146.25ns  Start End:|
ps 40.0 ns 80.0ns 120.0 ns 160.0 ns |
Yalue at 1 1 1 1
MName
Ops  [PS
i
4 Clock B0
| | Feset B1
4 Sel B0 [
4 AddSub B0 | | [
|| @ A 50 D SRR SN SEED SN { i
= B 50 0 | 3 1850 B3 0 0 0 ¥ 1200 i 7000 30000 ¥ i
=4 Z Sk Ed
|| Crwerflow B

Figure 14. The specified input test vectors.
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Another convenient mechanism for changing the input wawvesds provided by the Waveform Editing tool,

which is activated by the ico® . When the mouse is dragged over some time interval in whiefntiveform is
0 (1), the waveform will be changed to 1 (0). Experiment witis feature on signahddSub

3 Performing the Simulation

A designed circuit can be simulated in two ways. The simplest is to assume that logic elements and inter-
connection wires are perfect, thus causing no delay in gajen of signals through the circuit. This is called
functional simulation A more complex alternative is to take all propagation deliayo account, which leads to
timing simulation Typically, functional simulation is used to verify the fttional correctness of a circuit as it is
being designed. This takes much less time, because theatiomutan be performed simply by using the logic
expressions that define the circuit.

3.1 Functional Simulation

To perform the functional simulation, sele&ssignments > Settings to open the Settings window shown in
Figure 15. On the left side of this window click ddimulator to display the window in Figure 16, choose
Functional as the simulation mode, and cli€Xk. The Quartus Il simulator takes the inputs and generates the
outputs defined in thaddersubtractor.vwfile. Before running the functional simulation it is neceyda create

the required netlist, which is done by selectPigpcessing > Generate Functional Simulation Netlist.

Settings - addersubtractor
Categony,
- Files
~User Libraries Selectthe design files you wantto include in the praject. Click Add All to add all design files in the project
Device directory to the project.
- Timing Reguirements & Options
=-EDA Tool Setings
- Design Entryf Synthesis File name: J Ao
Simulation
- Timing Analysis Fila name \ Type | Add All
- Board-Level addersubtractory Werilog HOL File
Formal Verification
- Physical Synthesis
= Compilation Process Settings Up
- Early Tiring Estimate
- Analysis & Synthesis Settings Bawn
[- Fitter Settings
- Tiring Analyzer Froperies
Design Assistant
- SignalTap Il Logic Analyzer
- SignalProbe Settings
Sirnulatar
[#- Power Analyzer Sefings
- Software Build Settings
- HardCopy Seftings
QK Cancel

Figure 15. Settings window.
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Settings - addersubtractor [x]

Category.
Files
-~ User Libranias Select options for simulation. Note: the availahility of some options depends on the current device family.
- Device

Timing Reguirements & Options
=-EDA Tool Settings

Design Eniry/Synthesis Simulation mode:

- Simulation

~Timing Analysis Simulation input: I J
Board-Lewvel

- Formal Verification Simulation period
FPhysical Synthesis  Run simulation until all vector stimuli are used

= Compilation Process Settings
—Early Timing Estimate " End simulation at ns K

- Analysis & Synthesis Settings
- Fitter Setings

Timing Analyzer
- Design Assistant

v Automatically add pins to simulation output wasvetarms

[~ Check outputs

- SignalTap Il Logic Analyzer I~ Betup and hold tirme violstion detestion
SignalProbe Settings =
. T ™| Glitch detestion: I1 ns
[ Power Analyzer Setiings ¥ Simulation coverage reporting

[=- Software Build Settings
HardCopy Setlings

[~ Owerwtite simulation input file with simulation results

uPCare Transaction Maclel FHle MName: I J

Signal activity output for power analysi

I~ Generate Signal Activity File

fFle nanme

Signal Activity File Opfione...

0K I Cancel

Figure 16. Specifying the simulation mode.

Simulation Waveforms
Master Tirme Bar:,|  0ps J_’l Pointer:| 44ns Inter\.fal:| 44ns Start| End:|

y ps 40'.0 ns BD.ID ns 120'.0 ns 1BD.ID ns |
MName D hs
i
[ Clock =13 A O O I R I O
| Reset Bl |
4 Sel B0 |
4 AddSub B0 | | | |
= A, 50 BB SLTED SEED SEED SN i
= B 50 0 3 T8E0 (B3 0 720 i 7000 30000 ¥ i
=4 z 50 i A 1904 W BY 0w B30 i FE30 i -27906
| | Overflaw  |B0 1

Figure 17. The result of functional simulation.

A simulation run is started b¥rocessing > Start Simulation, or by using the icorf. At the end of the
simulation, Quartus Il software indicates its successbnhpletion and displays a Simulation Report illustrated in
Figure 17. As seen in the figure, the Simulator creates wavesfdéor the outputZ andOverflow As expected,
the values o7 indicate the correct sum or difference of the applied inmus clock cycle later because of the
registers in the circuit. Note that the last valuezbfs incorrect because the expected sum of 37630 is too big to
be represented as a signed number in 16 bits, which is irdidat theOverflowsignal being set to 1.

In this simulation, we considered only the input and outpgmals, which appear on the pins of the FPGA
chip. Itis also possible to look at the behavior of interrighals. For example, let us consider the registered
signalsSelR AddSubRAreg, Breg andZreg Open theaddersubtractor.vwfile and activate the Node Finder
window, as done for Figure 6. The filter in Figure 6 speciffdds: all. There are several other choices. To find
the registered signals, set the filtelRegisters: post-fitting and press.ist. Figure 18 shows the result. Select the
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signalsSelR AddSubRAreg, Breg andZregfor inclusion in theaddersubtractor.vwfile, and specify thafreg,
Breg andZreghave to be displayed as signed decimal numbers, thus aiaime display in Figure 19. Save the
file and simulate the circuit using these waveforms, whidusthproduce the result shown in Figure 20.

Node Finder [x]
MNarned E j F\Iter:lRegisters: postitting j Custamize... | List | Ok |
ook IIﬁddBfSubtfﬂﬂUfl J ¥ Include subentities Stap | Cancel |

Modes Found:

Selected Modes:

Mame |Assignment5 |T pe |Creat0r = Mame |Assignments |T pe
@AddSubR. Unassigned  Registered User ents @ |addersubtractor |SelR Unassigned  Registered
B hreg Unassigned  Registered ... User ente @ |addersubtractor|AddSubR. Unassigned  Registered
<@ Areg[o] Unassigned  Registered Lser ente 5 |addersubtractor |Areg Unassigned  Registered
@ fregl1] Unassigned  Registered IUser entz B |addersubtractor |Brag Unassigned  Registered
@ pregl2] Unassigned  Registered User ent i |addersubtractor |Zreg Unassigned  Registered
@ freg[3] Unassigned  Registered Iser ents _>|
@ fregf4] Unassigned  Registered User entx
@ Areg[5] Unassigned  Registered User ente il
@ Arege] Unassigned  Registered User entz
@ freg[7] Unassigned  Registered Iser ents _(l
@ Lreg[B] Unassigned  Registered User entx
@ Areg[9] Unassigned  Registered User ent: il
woreg10]  Unassigned  Registered User entx
wpregf1l]  Unassigned  Registered User ente
@iregl12]  Unassigned  Registered User entx
@hareg[13]  Unassigned  Registered User ent:
@Areqf14]  Unassigned  Registered User eT
4| » 4 | |
4
Figure 18. Finding the registered signals.
B adders or.uwPk
Master Time Bar: Ops J_’l Pointer:| 156.87 ns Interval:| 156.87 ns Start: Ops End:| 180.0 ns
ps 40.0 ns 80.0ns 120.0 ns 160.0 ns |
Nama Yalue at 1 1 1 1
0ps bs
i

|- Clock =E I R O e O O o O

| Fieset E1 |

4 Sel B0 [

4 AddSub B0 EEEEEEEEREEE 1

A E 50 D SLTEE SiEED SEEE ST i

I @B 50 0 | 3 1850 3 B3 0 7200 i 7000 30000 ¥ 0

=4 z Sk Ed

|| Crwerflow B

hed SelR BU ]

hed AddSubR BU [H]

=4 Areg S¥ =

=4 Breg S¥ =

|1 Zreg S¥ =

Figure 19. Inclusion of registered signals in the test.
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Simulation Waveforms
Master Time Bar: Ops J_’l Pointer:| 557 ns Inter\.fal:| 557 ns Start| End:|

y ps 40'.0 ns BD.ID ns 120'.0 ns 1BD.ID ns |
MName D hs
i
[ Clock =13 A 0 O O v O D
| Fieset E1( |
4 Sel B0 [
4 AddSub B0 | | | |
= A, 50 [ SITER SED SEE ST i
= B 50 0 3 1850 3 B3 [ 3 0 [y 7200 7000 3 30000 3 i
=4 z 50 i SO 1804 3 B9 0 B30 W 7R304 -27906
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Figure 20. The result of new simulation.

3.2 Timing Simulation

Having ascertained that the designed circuit is functigrarrect, we should now perform the timing simulation

to see how well it performs in terms of speed. Sekstignments > Settings > Simulator to get to the window

in Figure 16, choos&iming as the simulation mode, and cli€K. Run the simulator, which should produce the

waveforms in Figure 21. Observe that there are delays inlgatie various registers as well as longer delays in
producing valid signals on the output pins.

Master Tirme Bar: | 52.818 ns J_’lPDinter:| 11.36 ns Inter\.fal:| -41.46 ns Start| End:|

y ps 40'.0 ns BD.ID ns 120'.0 ns 1BD.ID ns |

MName g 52818 ns
|

| Clock I O O I I
| Fieset = |
4 Sel BO [
4 AddSub B1 | | | |
= A = 0 B W 133 0w VRO 0
= B = 0 T8RO i B3 i 0w TED i J000 30000 i 0
=4 Z 50 0 FOT004 ¥ OBR W 0 ¥ B30 ¥ VEA0 K -27H0R
| | Overflow  |BO L
hed SelR BO | L
hed AddSubR | B1 | | |
=4 Areg = 0 W B4 132 0 0w VR0 W 0
=4 Breg = 0 . T8E0 B3 i 0 7 TED i VOO0 x4 30000 0
=4 Zreq = 0 1804 3 B9 0w B30 FR30 . -27A0B

Figure 21. The result of timing simulation.

As an aid in seeing the actual values of the delays, we carheseference line. Point to the small square handle
at the top of the reference line and drag it to the rising edgaefirst AddSubRpulse, at which time the reg-
isters are also loaded, as indicated in the figure. (To makesisible to move the reference line to any pointin
the waveform display, you may have to turn off the featdiewv > Snap on Grid.) This operation places the
reference line at about the 52.8 ns point, which indicatasititakes 2.8 ns to load the registers after the rising
edge of the clock (which occurs at 50 ns). The outBudttains its correct value some time after this value has
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been loaded intdreg To determine the propagation delay to the output pins, tirageference line to the point
whereZ becomes valid. This can be done more accurately by enlatgandisplayed simulation waveforms by
using the Zoom Tool. Left-click on the display to enlargentaight-click to reduce it. Enlarge the display so that

it looks like the image in Figure 22. (After enlarging the ipeaclick on the Selection Tool icck . Position the
reference line wherg changes to 1904, which occurs at about 57.2 ns. The displégeites that the propagation
delay from registereg to the output pinsZ is 57.2 — 52.8 = 4.4 ns. It is useful to note that even before we
performed this simulation, the Quartus Il timing analyzeleated various delays in the implemented circuit and
reported them in the Compilation Report. From the CompmitaRReport we can see that the worst ceeg Clock

to Output Delay) for theZ output (pinz3) was estimated as 7.18 ns; this delay can be found by zoomiagte
simulation results at the point whefechanges to the value 7630.

Simulation Waveforms

taster Time Bar.| 57.198 ns J_’l P0|nter:| 3199 ns Intewal:| -25.26 ns Start| End:|
v 40.0ns 50.0ns B0.0ns Mons |
Mame 5 57.198 ns
o
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| AddSub B1 ]
= A S 54 i 132 i 0
| B S 1850 b4 [=] b4 0
= Z S 0 1904
| | Owverflaw B0
| <& | SelR B0
hed AddSubR [B1 | |
=] Areg =Bl [ 54 132 0
|| Breg =Pl [ 1850 e 63 W0
=4 Zrag S 0 b 1904 FEN
Kl 1 2

Figure 22. An enlarged image of the simulated waveforms.

In this discussion, we have used the numbers obtained datngimulation run. The user is likely to obtain
somewhat different numbers, depending on the version oftQgil software that is used.
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