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The macro modules and LPM functions of Quartus
IT include:

Arithmetic component: adder, multiplier, accumulator,
etc.

Combinational circuit: multiplexer, comparer, LPM gate
function, etc.

I/O component: PLL, etc.
Memory: FIFO. RAM. ROM, etc.
IP of single-chip computer, etc.



The Example of Invoking
Macro Module of Counter

This section gives the general usage
methods of MegaWizard Plug-In Manager
for the same type of macro modules by
introducing the process of invoking and
testing the LPM counter LPM_COUNTER.
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The Invoking of the Text Code o
the Counter LPM Module

Open the MegaWizard Plug-In Manager

&4 MegaWizard Plug-In Manager [page 2a]

The Megatwizard Flugn Manager helps pou create or modify

3 = = . X hi e i e : z S : T
deszign files that contain custom variationz of megafunctions. Which megafinction wauld you fke to customize?  yhich device family will you be using? | Cydone IV E
; ) Select a megafunction from the list below
‘Which action do yau wart bo perfarm’? y ;- Which type of output file do you want to create?
(s iCreate a new custam megafunchion variatiore — O AHDL
7 e 1 i “u, ALTMULT_ADD .
{7 Edit an exisgting cugtom megafunction variation | WHOL
-~ S 3 S ', ALTMULT _COMPLEX
{7 Copy an exigting custom megafunction variation @) Verilog HOL
“3, ALTSQRT g
Copyright ¥1991-2005 Altera Corparation \ LPM_ADD_SUB What name do you want for the output file?
%, LPM_COMPARE D:\LPM_MD\CNT4B
[ "%, LPM_COUNTER Output files will be generated using the dassic file structure
Cancel | ¥4, LPM_DIVIDE -
il R sl == ] = Return to this page for another create operation

Figure: Customizing new macro function block Figure: Setting the LPM macro function block

Set up the project folder, for example, d:\LPM_MD, and choose
Tools->MegaWizard Plug-In Manager.



'Z) LPM_COUNTER n

' [1]Parameter

Settings

> Optional Inputs ‘

Currently selected device family: | cydone v E

CNT4B —
[¥] Match project/default

updown
clock

How wide should the 'q' output bus be? 4 w bits
What should the counter direction be?
) Up only

() Down only

@ Create an 'updown' input port to allow me to do both {1 counts up; 0 counts down)

Figure: The setting of 4-bit counter with addition and subtraction

Choose 4-bit counter and

choose “Create an updown input...”, which makes the counter have the control
functionality of add/subtract.



CMT4E YWhich type of counter do yaou wank?
upsdown| ¥ Blain bi
< updowen  medulus 13 . Plain binary )
> clock (3.0] # Modulus, with a count modulus of |12
g3,
k— clk_en
i cout
Do wou want any optional additional ports?

# Clock Enable [ Zarry-in

.........................

[] Count Enable W Carry-out

Figure: Setting the counter with the clock enable and carry output

Plain binary: common binary counter
Modulus...: counter with the modulus of ...
Clock Enable: clock enable control

Carry-out: carry-out



CHTAE Do wou want any opkional inputs?

upddamng
— =load modulus 13 Swnchronous inpuks Asvnchronous inpuks
] datal3..0] | Clear | Clear

of3..0] B Load Load
opdown co = ” Choose synchronous load
SRR N |
L {ok_en - and asynchronous clear

Figure: Adding 4-bit parallel data preset functions

The above-mentioned processes generate the Verilog file of the LPM counter,
named “"CNT4B.v"”, which can be invoked by the higher level Verilog program as
the counter component.
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6.1.2 Application of LPM Counter Code

and Parameter Transmission Statement

[Example]

module CNT4B (aclr, clk_en, clock, data, sload, updown, cout, q);
input aclr, clk_en; //asynchronous clear,1 clear; clock enable, 1 enable, 0 disable
input clock, sload; //clock input; synchronous preset load control, 1 load, 0 count

input [3:0] data; input updown; //4-bit preset number, and addition and subtraction control, 1 addition, 0 subtraction
output cout; output [3:0] q; //carry output and 4-bit count output

wire sub_wire0; wire [3:0] sub_wirel; // Defining internal connections

wire cout = sub_wire0; // The same assignment statement as assign

wire [3:0] g = sub_wire1[3:0]; // The same assignment statement as assign

Ipm_counter Ipm_counter_component( // Note that the unused ports in the instantiated statement must be connected to
the specified level.

.sload(sload), .clk_en(clk_en), .aclr(aclr),
.data(data), .clock(clock), .updown(updown),
.cout(sub_wire0), .q(sub_wirel), .aload(1'b0),
.aset(1'b0), .cin(1'b1), .cnt_en(1'bl),

.eq(), .sclr(1'b0), .sset(1'b0));

defparam
Ipm_counter_component.lpm_direction = "UNUSED", // Unused unidirectional counting parameters
Ipm_counter_component.lpm_modulus = 12, //counter with modulus of 12
Ipm_counter_component.lpm_port_updown = "PORT_USED", // Use the addition and subtraction count
Ipm_counter_component.lpm_type = "LPM_COUNTER", // Counter type
Ipm_counter_component.lpm_width = 4; // Counting bit width

endmodule
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The general description of the parameter transmission statement defparam
is given as follows:

defparam < macro module component instantiation name >.

< macro module parameter name > = < parameter value >
[ Example ]
module REGZ24B (d, clk, q):;
input [23:0] 4; input clk;

output [23:0] g;

lpm £f Ul(.qg (g[1l1:0]), .data (d[11:0]), .clock (clk)):
defparam Ul.lpm width = 12;
lpm ff U2(.gq(ql[23:12]), .data(d[23:12]), .clock(clk));
defparam U2.1lpm width = 12;
endmodule



For invoking the counter file "CNT4B.v"” , testing and implementing the counter, a
program must be designed to instantiate it. Example of 6-3 is used to realize the

functionality.

[ Example ]
module CNT4BIT (RST,ENA,CLK,DIN, SLD,UD,COUT,DOUT);
input RST, ENA, CLK, SLD,UD ;
input [3:0] DIN;

output COUT; output [3:0] DOUT ;
CNT4B Ul(.sload (SLD), .clk en (ENMA), .aclr (RST), .cout (COUT),
.clock (CLK), .data (DIN), .updown (UD), .gq (DOUT));

endmodule



6.1.3 Project Creation an

Simulation Testing
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Figure: The simulation waveform of CNT4BIT.v



6.2 Example of Building 22

Attribute Control Multiplier

For implementing the multiplier, if use conventional method, the synthesized multiplier will
occupy large logic resource and the speed may not be high. The useful method is to invoke the
embedded hardware multiplier in the FPGA and this type of multiplier is commonly used in DSP
technology. Thus, this type of multiplier is called DSP module.

/* ayntheziz multstyle = "logic" */ The way of pure combinational logic
/* synthesiz multstyle = "dsp" *#/  The way of invoking FPGA embedded

multiplier
[ Example ]
module MULTS (Al,Bl,AZ,B2,R1,R2)
output signed([(15:0] R1l, RBR2 ; Ff Defining the output of the signed data
//type
input sighed[7:0] Al,Bl,RAZ2,B2; f/ Defining the input of the signed data
/f/type
wire [15:0] R2, Rl
assign Rl = Al * Bl : assign R2 = AZ * B2
endmodule

The multiplier which uses R2 as the output port is constructed by the macro unit utilizing the way
of pure combinational logic.

The multiplier which uses R1 as the output port is constructed by invoking the embedded
multiplier in FPGA.



wire [15:0] R2 /* synthesis multstyle = "logic" */

wire [15:0] R2, Rl /* synthesis multstyle = " logic " */

If the multiplier in the overall module is required to be constructed by using DSP
module, the program can be written as follows:

module andd(Al,Bl1,A2,B2,R1,R2) /* synthesis multstyle = "dsp" */;
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Flow Status Successful - Tue May 23 21:32:59 2017 Successful - Tue May 23 21:30:42 2017
Quartus IT 64-Bit Version 13.1.0 Build 162 10,23/2013 51 Full Version Quartus II 64-Bit Version 13.1.0 Build 162 10/23/2013 51 Full Version
Revision Name MULTS Revision Name MULTS
Top-evel Entity Mame MULTS Top-evel Entity Name MULTS
Family Cydone IVE Family Cydone IVE
Device EP4CES5F23C8 Device EP4CESS5F23C8
Timing Models Final Timing Models Final
Total logic elements 190 /55,856 ( < 19 ) Total logic elements 055,85 (09%:)
Total combinational functions 190 f 55,856 (< 1% ) Total combinational functions 0 /55,85 (0%)
Dedicated logic registers 055,85 {0%) Dedicated logic registers 055,855 (0%)
Total reqgisters a Total registers 0
Total pins 64/325(20 %) Total pins 64/325(20 %)
Total virtual pins 1] Total virtual pins 0
Total memory bits 02,396,160 (0 %) Total memory bits 02,396,160 (0 %)
Embedded Multiplier 9-bit elements 0/ 308 (0 %) Embedded Multiplier 3-bit elements 2f308(=<1%)
Total PLLs 0/4(0%) Total PLLs 0/4(0%)
Figure: The compilation report of completely using logic Figure: The compilation report of invoking DSP

macro units to construct the multiplier module



The compiling report of example 6-4

Flow Status Successful - Tue May 23 21:32:59 2017
Quartus II 64-Bit Version 13.1.0 Build 162 10/23/2013 51 Full ¥ersion
Rewvision Mame MULTS

Top-evel Entity Mame MULTS

Family Cydone IV E

Device EP4CESSF23CE

Timing Models Final

Total logic elements
Total combinational functions
Dedicated logic reqgisters

Total registers

Total pins

Total virtual pins

Total memory bits

Embedded Multiplier 9-bit elements

Total PLLs

190 / 55,856 ( < 1 %)
190 / 55,856 ( < 1 %)
0 /55,856 {0 %)

i

64/325(20 %)

0

0/ 2,395,160 (0 %)
0/308(0%)
0/4(0%)



If the multiplier in the overall module is required to be constructed by using DSP
module, the program can be written as follows:

module andd(Al,B1,A2,B2,R1,R2) /* synthesis multstyle = "dsp" #/;

..............................

Flow Statusi Successful - Tue May 23 21:30:42 2017
Quartus II 64-Bit Version 13.1.0 Build 162 10/23/2013 5] Full Version
Revision Mame MULTZ
Top-evel Entity Name MULTS
Family Cydone IV E
Dewvice EPACESSF23C8
Timing Models Final
Total logic elements 0,/5585 (0 %)
Total combinational functions 0,/5585 (0 %)
Dedicated logic registers 0 /5585 (0 %)
Total registers 1]
Total pins 64 f325( 20 %)
Total virtual pins 1]
Total memory bits 02,396,160 (0 %)
Embedded Multiplier 9-hit elements 2/308(<1%)
Total PLLs 0/4(0%)
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_+" Settings - MULT8

Category:
General Analysis & Synthe
Files |
Libraries Specify options for 8
Operating Settings and Conditions affect VQM or EDIF_
Voltage S
Temperature Optimization Techr
Compilation Process Settings () Speed
Early Timing Estimate =
Incremental Compilation @ Balanced
Physical Synthesis Optimizations ) Area
EDA Tool Settings i
Design Entry/Synthesis ! ]
i Timing-Driven 5y
Formal Verification [¥] Power-Up Don't
Board-Level
Analysis & Synthesis Settings [ Perform wiYsIv
YHOL Input PowerPlay power ofl
Verilog HOL Input
Default Parameters More Settings...

Figure:

_+" More Analysis 8 Synthesis Settings | =

Specify the settings for the logic options in your project. Assignments made to an individual node
or entity in the Assignment Editor will override the option settings in this dislog box.

Existing option settings:
Name: Setting: =
Auto ROM Replacement On
Auto Resource Sharing Off
Auto Shift Register Replacement Auto
Block Design Maming Auto
Carry Chain Length 70 =
Clock MUY Protection On
Create Debugging Nodes for IP Cores Off
D5P Block Balancing DSP blocks
Disable Register Merging Across Hierarchies Auto |2
Extract VHOL State Machines On 1
Extract Verilog State Machines Oon

Selecting DSP Block Balancing as DSP blocks




6.3 Usage of Macro Block of
LPM_RAM

In the design and development of involving memory applications
such as RAM and ROM, invoking LPM module-type memory is the
most convenient, most economical, most effective, and most
efficient way to satisfy the design requirements. The following
introduces the related technologies of using Quartus II to invoke
LPM_RAM, including simulation test, generation of initialization
configuration file, instantiation program expression, related
attribute application and Verilog language description of memory.



6.3.1 Initialization File and
Its Generation

In the design and development of the RAM and ROM applications,
invoking LPM memory is the most convenient and cost-effective
way for satisfying the design requirements.

The initialization file of the memory is the data or code that can be
configured in RAM or ROM. In the EDA design, the memory code
file set or designed by the EDA tools is automatically invoked in
the unified compilation.

Quartus II can accept two types of initialization files: .mif
and .hex.



1. .mif format file
(1) The method of direct editing

File -> New -> Memory Initialization File

INew Quartus II Project e % Addr | st | 1| o2 | 43| oa] 45| e8| 47|
4 Design Files B 00 8 BC 92 98 9€ AS AA
AR 08 [P0 B BC C1 C6 CB DO DS
Block Diagram/Schematic File
EDIF File 10 DA DE E2 E6 EA ED FO F3
Qsys System File 18 F5 F8 FA FB FD FE FE FF
State Machine File 20 FF FF [FE FE FD FB FA FB
Systemverilog HDL File 28 F5 F3 F0O ED EA E6 E2 DE
Tl St Hle 30 [oa ©5 DO B (6 C1 BC B85
Verilog HOL File
VHDL File 38 B0 AA A5 9 98 92 6C 86
F MEITICIF]I' Files = 40 TF 79 73 &0 67 E1 LA 55
Hexadecimal (Intel-Format) File 1 48 4F 49 43 3E ¥ 34 F 24
Memory Initizlization File &0 2 ™M 1D 19 15 12 OF OC
4 Verification/Debugging Files e 0A 07 05 04 02 01 01 00
In-System Sources and Probes File
Logic Analyzer Interface File 60 00 00 ;1 o 02 04 05 0O7
SignalTap II Logic Analyzer File B3 0A OC OF 12 15 18 1D A
University Program YWF 70 25 2A F M 3™ X 43 49
78 4F 55 SA 61 67 8 73 T3




1. .mif format

(2) The method of file editing

Example:
DEPTH=128; The number of data in memory
WIDTH=8; Width of output data
ADDRESS_RADIX = HEX; The data type of address
DATA RADIX = HEX; The data type of memory
CONTEMT
BEEGIN
aooo : oos0;
- ! . Regular editor can be used to design
0002 : 008c; MIF file. Address and data are both
hexadecimal.
O07E : 0073 ; . .
107E : S Save as .mif file



1. .mif format

(3) specific mif file generator

|0, ouEr
PR e

Figure: Generation of .mif sinusoidal waveform file
by using mif generator

s, [E -
sEEE [z -
mwRt. 0 ®
L A e |
Faemm,  [i000
[wmx | mH

E DATATES. mif — B8

YHE REE BAQ #F

DEPTH = 128;

WIDTH = 8;
ADDRESS_RADIX = HEX;
DATA_RADIX = HEX;
CONTENT BEGIH

LT
ana1

Doay

GATE =
0a7F :
EHD :

: GoEe;
: BEBG6;
pae2 :
aeaa :

aeac;
a9z ;

B
ones :
onas
aea7 :
opos :

B0E;
a0AS;
asaa:
BoBe;

0073;
0879 ;

Figure: Open .mif file



2. .hex format file
(1) method 1: New -> Hexadecimal (Intel-Format) File ->save as .hex format file

(2) method 2: The data is edited in HEX data editing window by using assembly
program editor and .hex format file is generated by using assembly compiler.

3. .dat format file

.mif and .hex format file is related with the specific development software, as the
invoking of them in Verilog text is necessily required to use the stipulated property
expression of Quartus II.

However, the invoking of .dat format data file can be realized directly by using
standard Verilog statements. The data format of .dat file is simplest and its form is
given as follows:

00 E5 oD ... 3



EDA Lap
6.3.2 Invoking LPM_RAM by

chematic Diagram Method

&4 MegaWizard Plug-In Manager [page 2a]

Which megafunction would you like to customize?  yhich device family will you be using? Cydone IVE - |
Select a megafunction from the list below

Which type of output file do you want to create?
AHDL
VHDL

ol

@ Verilog HDL

| What name do you want for the output file?

D:/LPM_MD/RAM 1P =)

Qutput files will be generated using the dassic file structure

g LM EIRES | || Return to this page for another create operation
%, RLAM initializer
. ; | Note: To compile a project successfully in the Quartus II software, your design
SelAME L BUEE | files must be in the project directory, in a library spedified in the Libraries page of
':\ RAM: 2-PORT | the Options dialog box {Tools menu), or & library specified in the Libraries page
R P =l of the Settings dialog box (Assignments menu).
k v

%, ROM: 2-PORT

| Your current user library directories are:

Figure: Invoking single port LPM RAM



e T ———

"Z RAM: 1-PORT

[1]Parameter

Settings

Wren
 address[8..0]

inclock
utclock

Read During Mem Init

Currently selected device family: | cyclone v E

Match project/default
How wide should the 'g' output bus be?

8 v bits
How many 8-bit words of memory? 128 = words
Mote: You could enter arbitrary values for width and depth
What should the memory block type be?
@ Auto MLAE ) MaK
M144K ) LCs

| Options...

Set the maximum block depth to Auto + words

What docking method would you like to use?

Figure: Setting RAM parameters



WLILEL PUTLS S1IUUIY LS TEISLErSu?

RAMIP
L data[7 0] .
YWEn w
B Sen ;
adldress[5..0] g L2 L] g autput port
g
[ ] Create one clock enable signal for each

clock signal. All registered ports are

inclack
controlled by the enable signal(s),

Black type: WAL

Figure: Setting RAM to be controlled by input clock

only
RAMITP
Jastaf7.0 , o
—l—]__[ m Single Port Read-During-iwike Option
WerEn . 3
adre=s(6. 0] - 5 o% What shauld the q output be when :'
i teading from a memary location being | s
written to?

jnclock

Block type: bk

Figure: Setting to read the original data at the
same time of writing data: Old Data



RAMITP

data[7..0] —D’ 7.
WHEn —D’ " 3
addrezs[6 0] LH .2
0 00
o

inclock
Block type: WMIE

Do wou wank to specify the initial content of the memory?

7 Mo, leave it blark

i#) Yes, use this file For the memory conkent data
(fou can use a Hexadecimal (Intel-format) File [.hex] or a Memary

Initialization File [.miF])

Filz name: |, /DATA7HE.mif

B+ fllove In-Syskem Memory Content Editor to capkure and update content
independently of the swstem clock

The 'Instance ID' of this RAM is: ;MVRM |

Figure: Setting the initialization file and allowing the in-system editing



inst3

Block type: MOk

: RAM1P
el i Edata[?..O] o
;WREN — lNPCUCT W;Zn = —D‘ g
i Al.0] — NECLCJI ;a ress[6..0] EE' gxg
(o)
[t}
i CLK — lNPCUCT Einclock

Q[7--0]§ JOUTBE G

Figure: The well-connected RAM module on a

schematic diagram



6.3.3 Test LPM RAM B

5o (MU U ULy
'“} WREN | |

% A | foojonXootos Xosos o6 Ko7 Xos Yos Koo fox Yoo )03 £o4 05 o6 Yo7 X08 oo oaom oo fon Yoo £03 o4 o5 o6 Xo7 o8 Yos
B o

Figure: The simulation waveform of RAM



6.3.4 Expression of Memory Initialization 4
Loading of Verilog Code Description

In Section 6.3.2, the reader has already seen that invoking the initialization
file from the edited memory can use the editor called by the LPM module to
select the settings in a specific dialog box (as shown in Figure 6-17). But if
you invoke the initialization file in the memory of the Verilog program of
the pure code, you must use a specific instruction statement. Here are two
methods.

The first method is to use the attribute statement given by Quartus II.
These statements are used only in the Quartus II platform. On the right
side of the memory definition statement of Example 2-3, there are:

/* synthesis ram init file="DATA7X8.mif" */ ;



4552&lab

The following definition expression is the Verilog-2001
version and its function is same:

(* ram init file = "DATA/X8.mif" *) reg[7:0]
mem[127:0]



M Lab

The second method 1s to use the Verilog language directly, that is, using
procedural statement initial and system function $readmemh. Because the
standard Verilog statement is used, its expression has general characteristics, so
it 1s not limited to EDA software environment of Quartus II. As “initial” and
“$Sreadmemh” are used, the format of initialization file must be “.dat”.

In .dat file, the data starts from lower address bit. Therefore, in example 6-6, the
memory “mem’ 1s written as mem[0:127].

[ Example ]
module RAMT78 (output[7:0]Q, input[7:0]D,input[6:0]A, input CLEK,WREN) ;
reg[7:0] mem[0:127] ;
always-@%posedge CLK ) 1if (WREN) mem[A] <= D;
assign Q = meml[A];
initial Sreadmemh ("RAM78 DAT.dat", mem );
endmodul e



6.3.5 Structure Control of
Memory Design

The construction of memory 1n different Verilog expressions will
obtain memories of different structures, such as a memory built by
a logical macro unit or a memory built with an embedded RAM
unit. The latter has the best resource utilization rate and the most
concise and high-speed memory hardware structure for FPGA with
large number of RAM units.

The RAMs described by Examples 6-6 and 6-7 have the same
interface and function. Now let’s compare their structure. The
corresponding RTL diagram to Example 6-6 1s shown in Figure 6-
20; the corresponding RTL diagram to Example 6-7 1s shown in
Figure 6-21.



mem
WRENC>» WE
CLKED———cxn
DI7..0] [ty DATAIN. [ DATAQUT]?. (] et Q[ 7 .. 0]
A[6..O]D—-E:-WADDR[5..D]
RADDR[B. ]
SYNC_RAM

Figure: The RTL circuit module diagram of Example 6-6

[ Example ]
module RAM78 (output reg[7:0] @, input([7:0] D,input[6:0]1 A, input
CLE, WREN) ;
reg[7:0] mem([127:0] /* synthesis ram init file="DATAT7X8.mif" */;
always @ (posedge CLK ) if (WREN) mem[A] <= D;
always @ (posedge CLK ) Q = mem[A];

endmodul e
mem
WREN W Q[7..0]-reg0
CLK b CLKD
070> DATAINTT..0] DATACUTL? ]
) WADDRIB. 0]
I_IRADDR[B. i

SYNC_RAM

Figure: The RTL circuit module diagram of Example 6-7



Why the differences between the example 7-6 and 7-8 are
so big? The reasons are given as follows:

(1) The expression way of Verilog. The output Q of the
memory in Example 7-6 adopts “assign” statements. There
IS N0 any register or memory components in this case.
Therefore, this structure can not use the ready-made RAM
in the FPGA.

Example 7-8 uses two “always” process and the output Q
has an added register. This expression satisfies the RAM
structure in the FPGA.



(2) invoke the constraint configuration of the embedded RAM units. The correct
and proper Verilog descriptions is the basis of invoking the RAM units of the FPGA,
which however can not guarantee that the design will invoke the RAM units. This is
because the synthesizer still does not know the design purpose of the users. For
constructing the circuit with the use of RAM after synthesis, the constraint
configurations are needed for the synthesizer of EDA tools.

O plicr
Hame: |,n.,|,,t.;. RAM Replacement

i ) . .
seting  [on = Settings->Analysis & Synthesis
:mn::;mrpdﬂlnfrdamufregimamk@lha{qmbe Settlngs_>M0re Settlngs-

[t ooy chas h ety 5 o ccupr >Auto RAM Replacement->0n
Existing ophon setlings:
| Hame: Setting
| Bt RAM Block B alancing On

louio RAM Replacement . On |
| Auto REM lo Legic Cell Conversion i}
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6.4 Usage Examples of

LPM_ROM

6.4.1 Design of Simple Sinusoidal Signal Generator

% MegaWizard Plug-In Manager [page 5 of 7] ?

'Z) ROM: 1-PORT

Do you want to spedfy the initial content of the memory?

3 .‘.:3:' Regs/Clken/adrs

MegaWizard Plug-In Manager
-> Memory Compiler ->
ROM:1-PORT

@ Yes, use this file for the memory content data

{ou can use a Hexadedimal (Intel-format) File [.hex] or a Memory
Initiglization File [.mif])

| Browse...

File name: . /DATAT7XS.mif

7l Allow In-System Memory Content Editor to capture and
"~ update content independently of the system dock

The 'Instance ID' of this ROM is: ROM3

Figure: Adding the initialization configuration file
and allowing in-system access to ROM content.



7-bit counter
(address
generator)

Sine wave data
(Stored in ROM )

8-bit D/A

Waveform data
output

Figure: The block diagram of sinusoidal signal generator

Counter or address signal generator. Here according to the parameters of ROM above, we select 7-

bit output.

Sinusoidal signal data memory ROM (7-bit address line, 8-bit data line), containing 128 8-bit

waveform data (a sinusoidal period), that is, LPM_ROM: ROM7S.

Design of top-level schematic diagram.
8-bit D/A (set the experimental device to be DAC0832 for this example).



module SIN GNT (R3ST,CLE, EN, Q,AR]);
outpwt [Fea] O » soutpat [Bi0] AR,

Toppult ENGCLE: RJT » wire [b:0O] TMP; reg: [6al0)] Ol

always @ (posedge CLE or negedge RST )
if(IRST) Q1 <=7'BOOCOOOOO;
else 1t [(EN) 01 <= Ql+1 ;

else Q1 <= Ql;

assign THMP=0Q1; assign AR=TME;

ROMYTEs ICl{.address (TME),
endmnodule

SNcToeRICTRY, S 19l s



Figure: The circuit schematic diagram of sinusoidal signal generator

FrE v

o
W5

i)
LB

. AR

MName

CLK
EN
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ROM78

a[7..0] B

cout|——
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inst

0 ps 1,28 us 2.56 us 3.84us
1 1 1

5.12us
1

6.4us 7.68 us B.96 us 10.24 us 11.52w
1 1 1 | |

U
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Figure: The circuit simulation waveform



6.4.2 Hardware Implementation and

w Lab

Testing of Sinusoidal Signal Generator

w1 SignalTap II Logic Analyzer - Di/LPM_MD/SIN_GNT - SIN_GNT - [output_files/SIN

_stpl.stp]*

File Edit Wiew Project Processing Tools Windaw Heln  §)

Instance Manager: |ﬂj |E] || |E]| Ready to acquire |i ®

Instance Status LEs: 630 Memary: 61440 Small: 0/0
ﬂ SNT1 Not running 690 cells 651440 bits 0 blocks

4 111} 3

log: 2017/05/23 23:41:16 {

JTAG Chain Configuration: JTAG ready

Hardware: |USB-BIaster [usE-0]

Device: |@1'. EP3CS5/EP4CESS (0x020F 5000)

I£| SOF Manager: |z| |E| D:/LPM_MDfoutput_files/sI

' Type A|-m| Hamc ||1su 151 182 183 154 155 16 157 158 150 160 161 162 163 164 165 166 1€
e + AR { D4&h ¥_05h % 06h % 07h % 08h ¥ 09h X 0Ah % 0Bh % OCh j ODh % OEh ¥ OFh X 10h % 11h % 12h % 13h % 14h )
2L +- 0 { 92h ¥ 98h % OFh 4 ASh % AAh ¥ BOh ¥ BBh & BCh &% Cih ¥ CBh % CBh & DDh & DS5h % DAh % DEh % EZ?h ;% EGh »

Figure: SignalTap Il real-time test interface of sinusoidal signal generator data output

Instance Manager: \;_ud E| i E‘ D acquire |; X | JTAG Chain Configuration:  JTAG ready EI ®
Instanse bl 2 flemy Hardware: |USB-B\aster [use-0] '] | Setup,..
[ shT1 Not running 690 cells 5144

Device: |@1: EP3C55/EP4CESS (0x020F 500D}

i ‘ | Scan Chain

log: 2017/05/24 20:41

E| SOF Manager: @ @l D:fLPM_MD3foutput_files/SIN_GNT.sof

64 128 192 256 320 384 443 512|

Type|Alias | Name [512_ 448 38¢ 330 256 192 -128 64 0
i
!
!
|
i
!
!
|

EData | =4 Setup |

Figure: The waveform display diagram of SignalTap |l for sine signal generator
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6.5 Application of In-System
Memory Content Editor

(1) Open the editing window of in-system memory content editor

The in-system memory content editor of Quartus II reads or writes the data of

the operating memory of FPGA via JTAG port, and the read or write process does
not affect the operation of the FPGA.

Tool->In-System Memory Content Editor.

« In-System Memory Content Editor - Dy/LPM_MD/SIN_GNT - SIN_GNT o|B %
7 @

— JTAG Chain Configuration:  JTAG ready |ZJ X

Instance Manager: |_1| |§B| 2] Ll Ready to acquire | &) | % =
Index Instance ID Status Width Depth Ty Hardware: |USE Baster (USB.1) v| | el |
0 RM78 Nat running 8 128 RA | Deviee:  |@1:EPICSS/EP4CESS (x020FS0DD) v | | ScanChain |
File: |_,‘:_’,| ||
. St )

Instance 0: RM78

| DCDOoO0 80 86 8C 92 98 OF AS AR B0 E€ BC €1 CE CB DO D5 DA DE E2 E6 EA ED FO F3 F5 FB8  .ocuvenianamnsasianssasas
00601a FA FB FO FE FE FF FF FF FE FE FD f_. FA F8 f_ F3 FO ED EA E6 E2 T B
000034 Ce C1 BC B6 BO AR AS BE 98 92 8C 86 7F 79 73 6D 67 6 aa . 4F FB B vamgaZUOIC>94
feaR4e. 2F 28 25,21 1018 1512 O0F 0C 0& 07 050402 01 01 08 08 06 01 01 02 0205 07 FEEL. o emeeaais s mes s

0eagss; OX-OC OF 321519 TR 2508 AW 34 /39 3§ 48 49 4F 55 5861 67 6073 79 ool i 95C agm

Figure: In-System Memory Content Editor editing window, reading
waveform data from the ROM of FPGA



(2) Read the data of the ROM

]

 In-System Memory Content Editor - D/LPM_MDJ/SIN_GNT - SIN_GNT =|E] %
¥ Search altera.com '@
' : lJT.b.G Chain Confiquration:  JTAG read @) x
Instance Manager: [ | Ready to acquire B x - 5 el chlive :
are; |USB-Blaster [USB-0
Index Instance ID Status Width Depth Ty Hardware l gz Al v‘ l feg I
0 RMT8 Notrunning 8 18 RA | Device: | @1 EP3CSSIEPACESS (0X020FSDD) v | | Scan Chain |

File: D
1| 11 | }

Instance 0: RM73 I
00oooo 80 86 8C 92 98 9F AS AR BO BE BC C1 C6 CB DO D5 DA DE E2 E6 EA ED FO F3 FA FB  .ocuavveavnas s asasnsssss
00001a. FA FB FD FE FE FF FF FF FE FE FO FB FA F8 F5:F3 FO ED EA E6 E2 DE DA D5 DO CB. cowvavvansns s asasasssss
000034 C6 C1 BC B6 BO AA AS SE 98 92 8C 86 TF 79 73 6D 67 61 5A 55 4F 49 43 3E 39 34 .. ccvvvvvwvans yamgaZU0IC>94
00004e 2F 2A-25.21 1019 15 12 OF 0C 0307 05 0402 01 01 00 00 00 01 01 02 02-05/07 F2El. .. .eevenaasaniisnass
000068 O0OA OC OF 12 15 19 1D 21 25 22 2F 34 39 3E 43 48 4F 55 54 61 &7 &D 73 78 caene. . VBR/48SCTOUZagmsy

Figure: In-System Memory Content Editor editing window, reading waveform data
from the ROM of FPGA



(3) Write data

Instance 0: RM73

00001a FA
000034 Ceo

000000 11 11 11 11 11 11 11 A BO Be BC C1 C6 CB DO D5 DA DE E2 E6 EA ED FO F3 F5 F8
FB FD FE FE FF FF FF FE FE FD FB FA F8 F5 F3 FO ED EA Ee E2 DE DA D5 DO CB
€1 BC B6 BO AR A5 SE 98 92 8C 86 7F 79 73 6D 67 &1 5A 55 4F 49 43 3E 39 3
2 2521 1D 19 15 12 OF OC 0A 07 05 04 02 01 01 0O 0C 0O 01 01 02 04 035 07

00004e dF
000088 OA

[ I
Ll
=l o
| &)
L

0
C0F 12 15 19 1D 21 23 2 2F 34 3 3 494F 995

61 €7 &D 73 79

Lr
e

Figure: Here, the edited data is loaded into the ROM in the FPGA
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Figure: The data waveform measured by SignalTap Il

After modification,
choose Write Data
to In-System
Memory command
in the processing
menu. Then the
edited data can be
download to the
LPM_ROM through
JTAG port.



(4) The input and output data file

The data read from the system can be saved as MIF and HEX format file in
the computer or “in-system” downloaded to the FPGA, through the command
of Export Data to File or Import Data from File in the menu.



6.6 Invoke of Embedded
PLL of LPM

The Cyclone/II/III/IV and Stratix/II/III/IV FPGA contain high
performance PLL, which can be synchronized with the input clock signal.
The input clock signal is also severed as the reference. The PLL can
thus output one or several synchronized frequency scaling or frequency

division on-chip clock.



6.6.1 Building Embedded

PLL Component

Which megafunction would you like to customize?  which device family wil you be using? | Cydone IVE

Select a megafunction from the list below
— Which type of output file do you want to create?

._.l':l 4
- o o AHDL
*4, ALTMEMPHY =
BEF et YHOL
Y ATRLL @ Verilog HOL
%
% ALTPLL_RECONFIG VWhat name do you want for the output file?
*5, ALTREMOTE_UPDATE D:/LPM_MD/PLL20M

Figure: Choosing phase-locked loop ALTPLL

w Lab



ZJ ALTPLL

Parameter

Settings

k> Bandwidthfss > Cockswichover >

General/Modes
Currently selected device family: | cydone v E

[¥] Match project/default
Able to implement the requested PLL
General
Which device speed arade will you be using? 3 b |
|Jse military temperature range devices only
x

What is the frequency of the indkd input?

Figure: Selecting the input reference clock inclkO to be 20MHz

MegaWizard Plug-In Manager->Create a new custom->I/O->ALTPLL



Able to implement the requested PLL

FLLZ0M

Optional Inputs

Create an pllena’ input to selectively enable the PLL

[¥] Create an ‘areset’ input to asynchronously reset the PLL

[¥] Create an ‘pfdena’ input to selectively enable the phase frequency detector

Lock Qutput
[¥] Create Jocked output

[7] Enable self-reset on loss lock

Figure: Selecting the control signal of the PLL

PLL enable: pllena
asynchronous reset: areset lock output: locked



c0 - CorelExternal Qutput Clock

PLL20M Ahble to implement the requested PLL
[¥] Use this dock
Clock Tap Settings .
Requested Settings Actual Settings
@ Enter output dock frequency: 0.002  MHz - | 0.002000
(71 Enter output dock parameters:
1 1
Clock multiplication factor = .
ez : T << Copy
Clock division factor 1 : 10000

Clock phase shift 0.00 = 0.00

Clock duty cyde (%) 50,00 = 50.00

Figure: Selecting the output frequency of cO to be 0.002MHz

Set up the frequency, phase and duty circle of the output clock



c¢1 - Core/External Output Clock
Able to implement the requested PLL

[¥] Use this dock
Clock Tap Settings _
Requested Settings Actual Settings
@ Enter output dock frequency: 135 MHz - 195.000000

(7) Enter output dock parameters: I
1 ; 39
Clock multiplication factor : .

= «<Copy ||
Clock division factor 1 : | 4
Clock phase shift 0.00 C 0.00

Figure: Outputing second clock signal c1



inclko

inst4

PLL20M nput 20MHz, Output co=22 - |
CNT/B RS
{1 |address[6.0] o E qi7..0]
c0 clock UD%I‘IP&I’ : B
inclk0 frequency: 20.000 MHz K & cout Wg
Operation Mode: Normal 1 N E X
Clk | Ratio |Ph (dg)|DC %) 2L T G
cd |1/10000( 0.00 | 50.00 ;
el | 394 | 0.00 | 50.00 inclock
st Block type: MK
Cyclone IVE

Figure: A sinusoidal signal generator circuit using embedded

phase-locked loop as the clock




SPY A
FUA

6.7 The Usage of In-System
Sources and Probes Editor

SignalTap II and In-System Memory Content Editor can bring great convenience
for logic system design, test and debug. However, they also have some
disadvantages. For example, SignalTap II (1) occupies a large number of memory
units as the data buffer; (2) unidirectionally gather and display the information of
hardware system in the operation and can not interact with the system
bidirectionally. In-System Memory Content Editor can interact with the system
bidirectionally, the target of which is however only confined to memory.

In-System Sources and Probes Editor can overcome the above-mentioned
drawback. In particular, the test signal for the system hardware does not have to
connect to the I/O port (i.e. all the test signal internally connects to the test
system) . All these tasks are realized by the communication through JTAG port of
FPGA.



-a In-System Sources and Probes

Parameter

Settings

JTAG

&

probe[15..0]

sourcef2..0]—

Currently selected device family: | cycjone 111

Do you want to specify an Instance Index?
@ Mo, assign it automatically

71 Yes, use this number |0

o J[pommeron]

[¥] Match project/default

The 'Instance ID' of this instance (optional): J1GTT 4 characters
Howe wide should the probe port be? llﬁ - I hits
How wide should the source port be? l3 - ] bits

Advanced Options...

Figure: Setting the parameters for In-System Sources and Probes module

MegaWizard Plug-In Manager->Create a new custom megafunction variation-
>JTAG-accessible->In System Sources and Probes

The testing port “probe” of the "JTAG1” module is set up to be 16 bits and the
signal source is 3 bits.



ARIE.0] i { PE14.8
b s k S[2.0]

PB[15..0] 5 5
probe[15..0] source(2..0]

a7.0)] { PE7.0)

..... ; inst
CNTTS ROM?73

up cournter|
clock . (AP0 | ¢ address(5.0]

cout

clk_en

8 bts
125 whids

acir

finclock

gm Block type: AUTO
PRISE Baseanet San

Figure: Adding In-System Sources and Probes testing module in the circuit



{04] In-System Sources and Probes Editor - D:/LPM_MD1/SIN_GNT - SIN_GNT - [Spfl.spf]*

Fle Edit Wiew Processing Took  Window  Helbh 5
e - = JTAG Chain Configuration:  JTAG read

Instance Manager: I@| ERil =l @I Ready to acquire gl = | 9 e

Probe read interval Eventlog Hardware: [USB-BIaster [usB-0]

Currentinterval: 0 samples per second Maximum size: 16 - Device: I@I: EP3C16/EP4CE 15 {(0x020F200D)

() Automatic [¥] save data to event log File: D:/LPM_MD1/SIN_GNT.sof

@ Manual 1 s - ————————

:J Write source data: |Continuously = | 5|
Index Instance ID Status Sources: 3 Probes: 16 MName
Fo IGTT Mot running 3 16 JTAGLinst4|altsource_pr...

[®]o &1

it | Type ¥ mame | Data B 1 1 s oy i i 3 3 7

P15 ¥» couT 0
P[14.8] By F AR[.0] 37h 27h % 28h X 9ok ¥ oAh X 9Bh X och X 20h  f K- % oFh X 3ch
pi7.01 Hx ®-Qr.0 BCh Fah % Fsh % Fsh % F3h % Foh % EDh % EAR 4 Esh % Esh ¥ DEh
§2  =eTe= ST 1

51  —«"s— EN 1

o 1

Figure: The testing condition of In-System Sources and Probes Editor

Tool->In-System Sources and Probes Editor

Maximum Size of Event Log refers to the number of sampling period, which is

usually 8~32, (most of time is 32).

S2. S1. SO are the signals controlling the output of the source, which

corresponds to RST. EN. CLK respectively.



6.8 Principle and Applicatﬁw
of DDS

Direct Digital Synthesizer (DDS) is a frequency synthesis technology, which
has high frequency resolution, can achieve fast frequency switching, and can
keep the continuous phase in the change. It is easy to realize the numerical
control modulation of frequency, phase and amplitude. Therefore, the application
of direct digital frequency synthesizer is particularly extensive in the design of
frequency source of modern electronic systems and equipment, especially in the
field of communication. This section introduces the working principle of DDS
and its hardware implementation.



6.8.1 Principle of DDS

Data-width

Frequency input

Synchron
-ization
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Figure: Basic DDS structure
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DDS has the following four features.

(1) Theoretically, the frequency resolution of DDS can get the
corresponding resolution accuracy when the bit number N of phase
accumulator is large enough, which is difficult to achieve by traditional
methods.

(2) DDS is an open loop system of fully digital structure without
feedback link, so its speed is extremely fast, usually in the nanosecond
order.

(3) The phase error of DDS mainly depends on the phase characteristics
of the clock, and the phase error is small.

(4) The phase of DDS continuously changes, and the signal formed has
good frequency spectrum, which cannot be realized by the traditional
direct frequency synthesis method.



6.8.2 Example of DDS Signal
Generator

A1) I..QUIP_UJ_D OACTH. ]

| 1 sin_rom

| obbERee DFFSZ | _assess g .

idataa[SLO]m [ detel31.0 i
i pldock L cleant 0 | m—poc  qB1g 2¢
_— = e D/J I =3

AT 2]

B31..0] ' instf

' inclock

x i
| o Dlock type: AUTO
{7 1] 018 BAC LK

Figure: The top-level schematic diagram of DDS signal generator circuit
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Figure: The simulation waveform of Figure 6-41



