RENESAS Application Note

How to Use Full-Chip RTL Simulation
SLG47921

Abstract

This application note describes how to use Full-Chip RTL Simulation in the Renesas ForgeFPGA™ series of
devices (SLG47910, SLG47912, SLG47920/21). The SLG47921 is used in this example. Simulation waveforms
generated by the GTKWave software are used to verify the functionality of the design.

This application note comes complete with design files, which can be found in section 6 References.
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How to Use Full-Chip RTL Simulation

1. Introduction

This document describes how to use the Full-Chip RTL Simulation functionality of the Renesas ForgeFPGA
series of devices to verify the operation of an entire digital system at the register-transfer logic (RTL) level. This
approach makes it possible to trace the interaction between all modules in the silicon such as BRAMs, PLLs,
LVDSs, the FPGA core among others, and detect potential errors early in the development process before
prototyping with actual hardware.

2. Simple Counter (Single-Chip Simulation) Example

21 Overview

A Simple Counter is used as a code example to demonstrate Full-Chip RTL Simulation. It is already available in
the ForgeFPGA Workshop as a ready-made project.

Simple Counter

————p 0_counter[3](GPI0O4)
i_up_down (GPIOQ) — —————0_counter[2](GP103)
—— 0_counter[1](GPI102)
———% 0 _counter[0](GPIO1)

Figure 1. Block Diagram

In the File menu of the ForgeFPGA workshop select Load Design Template — Simple Counter. After loading

the Simple Counter template, use it to run a full simulation to see how the basic digital circuit works in the Full-
Chip Simulation environment.

ﬂ ForgeFPGA Workshop [Simple_counter.ffpgal
File| Edit Tools Window Options

1Y save Ctrh+s N-L
1Y save All Cirl+Shifi+5

% Medules Library

3
BTL -
; b
Module Messages Metlist Post-Synth RTL I/OF

s Mew Custom Module

§ New Custom Testbench z main.v i< 1/0 Planner
w  Mew Timing Constraints 1 E
= Import L4 = i

Export 3 i

Load Design Template ¥| - Simple Counter

Close ctrl+0Q [ T |

Figure 2. Simple Counter Template

The Simple Counter template includes Verilog code and also a ready-made port mapping and testbench for
simulation, which is already configured in advance. Initial values can be assigned to registers in the Verilog
code, as shown in Figure 3.

Note: When declaring registers in Verilog, it is recommended to assign them an initial value. Without
initialization, registers are left in an undefined (X) state during the Full-Chip RTL Simulation, which can lead to
incorrect results or unexpected behavior.
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reg [3:0] r counter up down;
reg [1:0] r up down sync;
reg [2:0] r rst;

|
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Figure 3. Incorrect Full-Chip Simulation Results due to Undefined Registers

// Sample 4-bit counter

// The (*top*) attribute is needed on the topmost module for synthesis

(* top *) module simplecounter (

(* iopad external pin, clkbuf inhibit *) input i clk, //
for clk to allow the counter to count up/down

(* iopad external pin *) input i nreset, //
for the reset to allow the counter to be reset

(* iopad external pin *) input i up down, //
for the counter to count up or down

(* iopad external pin *) output o _up_down_oe, //
for setting i up down GPIO as input

(* iopad external pin *) output o_osc_ctrl en, //
for enabling/disabling the on-chip oscillator

(* iopad external pin *) output o_osc_ctrl mode, //
for selecting 3.41MHz/50MHz on-chip oscillator mode

(* iopad external pin *) output [3:0] o counter, //
output port to get the counter values

(* iopad external pin *) output [3:0] o counter oe, //
for setting o counter GPIOs as output

(* iopad external pin *) output o postdiv0 ctrl en, //

for enabling/disabling on-chip oscillator posdivier0
(* iopad external pin *) output [2:0] o postdiv0 ctrl sel //
posdivider selector output port for the on-chip oscillator

);

declare

declare

declare

declare

declare

declare

declare

declare

declare

declare

2

input port
input port
input port
output port
output port
output port
a 4-bit

output port
output port

a 3-bit

reg [3:0] r counter up down = 0; // <- Registers should have an initial value

reg [1:0] r up down sync = 0; // <- Registers should have an initial value

reg [2:0] r rst = 0; // <- Registers should have an initial value

wire w_reset;

// The OE (output enable) is used to define whether the GPIO operates as an
output or an input

// assign OE = 1 to function as an output

// assign OE = 0 to function as an input. If not mentioned, then the default

value is 0

assign o up down oe
assign o counter oce = ;

// Enable the on-chip oscillator by assigning 1
assign o osc ctrl en = ;

// Select on-chip oscillator mode

// assign o osc ctrl mode = 0 correspond to 3.41MHz
// assign o osc ctrl mode = 1 correspond to 50MHz
assign o osc ctrl mode = ;

// Enable on-chip oscillator posdivier0 by assigning 1
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How to Use Full-Chip RTL Simulation

// If one of the on-chip oscillator post-dividers is enabled, it automatically
forces the oscillator to operate

assign o postdiv0 ctrl en = ;

/* Select divider value for on-chip oscillator posdivierO
3'b000 - 0OSC
3'b001 - 0OSC/2
3'p110 - 0SC/164
3'b111 - 0SC/128
*/

assign o postdiv0 ctrl sel = ;

// This always block synchronizes and inverts input i reset signal
always @ (posedge i clk) begin

r rst[0] <= 1 nreset;

r rst[l] <= r rst[0];

r rst[?] <= ~r rst[l];
end

// This always block synchronizes input i up down signal
always @(posedge i clk) begin
if (w_reset) begin
r up down sync <= ;
end else begin
r up down sync[0] <= i up down;
r up down sync[l] <= r up down sync[0];
end
end

// Once inside this block, it checks if the w_reset is O,
// If yes, the counter value is 0
// Otherwise, it checks the r up down sync[l] value and counts up or down
always @ (posedge i clk) begin
if (w_reset) begin
r counter up down <= ;
end else if (~r up down sync[1]) begin

r counter up down <= r counter up down + ; //count up
end else begin
r counter up down <= r counter up down - ; //count down
end
end
assign o counter = r counter up down;
assign w_reset = r rst[2?];
endmodule

The next step is to choose the correct clock source on the CLK MUX in the main window. To do this, select
MUXO0 on the main window; the Simple Counter expects a clock from CLK MUXO0, which is clearly visible in the
I/O Planner. The Verilog code also contains the settings of POSTDIVIDERQO, so it should be chosen on CLK
MUXO0.
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L2 110 Planner

Filter: Misc [ |BRAM [v|CLK [ |GPIO [ |LVDS
TILE FUNCTION DIRECTION

[1, 8] CLK_OUT_LVDS Output

[1, 8] DIFF_CLK_OUT Output

[B, B8] GLOBAL_CLK_MUX_OUT[®] Input i_clk

[B, B8] GLOBAL_CLK_MUX_OUT[1] Input

[1, 8] GLOBAL_CLK_MUX_0UT[2] Input

[1, 8] GLOBAL_CLK_MUX_OUT[3] Input

Figure 4. Clock Source Settings

After the registers are initialized and the clock source is correctly configured, the user can proceed to test the
project using Full-Chip Simulation.

2.2 Design Steps

1. Synthesize the project and generate a bitstream — this step is required to build models of the entire circuit
within the environment (Figure 5).

I Synthesize @

i Generate Bitstream @

Figure 5. Synthesis and Generate Bitstream Process

2. Generate simulation models — after synthesis and bitstream generation are finished, open the Simulation
tab and select Generate Full-Chip Models (Figure 6). This will automatically create the simulation models
needed for verifying the design using Full-Chip RTL Simulation.

o FiL @“‘ i

=Ea
=4

Macrocell Editor PLL Configurator  Simulation

| @ Run RTL Simulation
«  Generate Full Chip Models
- Generate Testbench Template
# Run Full Chip RTL Simulation

«  Export Models

Figure 6. Generating Full-Chip Models
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How to Use Full-Chip RTL Simulation

3. Create a testbench — before running the simulation, generate a testbench template by selecting Generate
Testbench Template shown in Figure 6. The ForgeFPGA Workshop facilitates this process by providing the
ability to generate a testbench template (chip_tb.vt), which can then be seen in the Source Tree (Figure 7).

Sources
* B3 Project
~ [ Source Code
* [ Custom Code
x| simplecounterv
B3 Modules Library
« [ Testbenches
»| simplecounter_tb.vt
»| chip_tbwvt
B Timing Constraints
Figure 7. Source Tree

4. Add stimuli — insert your own stimuli into the generated testbench and connect them to the required GPIOs.

S M ne teegp e, 112 jassign i_nsleep
56 jwire lo_gp1o39; 113 {assign i_nrst
o7 | 114 |assign io_gpio®
58 | reg My_stimulus; 115 !

r_nsleep:
r_nrst;
My_stimulus;

Figure 8. Declaring Stimuli and Connecting Stimuli to Specific GPIOs

5. Initialize and define the stimulus behavior — in the initial ‘begin ... end’ section of the testbench, set initial
values for all stimuli and describe how each stimuli will change over time (see Figure 9).

117 iinitial begin 143
118 | Sdumpfile ( y: 143
119 | §dumpvars (8, SLG47921V_Simple_counter_tb); Lo
: 145
128

121 My_stimulus = 145
122 | i_vssc = 'I-f-lf
123 ! i_vddce = 148

#
My_stimulus
it
My_stimulus

Sfinish;

Figure 9. Initialization and Variation of Stimuli Over Time

6. Select Run Full Chip RTL Simulation (see Figure 6) — execute the Full-Chip RTL Simulation by choosing

the chip_tb.vt testbench to test the operation of the project (see Figure 10).

ﬂ. Simulate Testbench

Select testbench module to simulate

simplecounter_tb.vt
chip_tb.vt

Simulate Cancel

Figure 10. Simulate Testbench

s
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How to Use Full-Chip RTL Simulation

7. Verify the simulation results — review the output and confirm that the project behaves as expected (see
Figure 11).

File Edit Search Time Markers View Help ‘

@n Q Q Q DC] E":U :Zl E:, From:|0 sec To:4000100 ns @ Marker: 2212 us | Cursor: 2761 us ‘

- SST Signals:

3 ms

B .5, 51G47921V_Simple_coun]iliEss
My stimul=

i_nrst=

i nsleep=

i_vddeo=

i vddel=

i wddio0O=

....... A pakificil =

Type | Signals j 1_vaas=

I S

i_wssio0=l

i_vssiol=

io_gpicS=
(=l | 10 gpioro=

Filter: io_gpioll=

io_gpiol2=

! Append| Insen:‘ Rep\a:e‘ gl ] |

Figure 11. Full-Chip RTL Simulation Results

3. Pattern Detector (Multi-Chip Simulation) Example

3.1 Overview

As a code example to demonstrate Full-Chip RTL Simulation in a multi-chip solution, the previous example of a
Simple Counter can be used in addition to a simple Pattern Detector project. This project receives a 4-bit input
and provides two separate outputs: one that goes high when all input bits are set to a logic ‘1’, and another that
goes high when the input value equals 0100 (decimal 4).

Simple Counter Pattern Detector
w_counter[0]
GPIO1 GPIOO
d o out 0
OWn 3 GPIOO GpI02 Mcounterlll} - s GPI04 ————)>
o out 1
GPio3 pcounterlZl| b, ) GPIOS ">
w_counter[2]
GPIO4 GPIO3

Figure 12. Multi-Chip Solution Example

To implement this Pattern Detector project, create a new project by adding Verilog code map signals to particular
IOBs (as shown in Figure 13).
// Pattern Detector

// The (*top*) attribute is needed on the topmost module for synthesis
(* top *) module pattern detector(
input [3:0] i data,

R19AN0460EU0100 Rev.1.00 RENESAS Page 7
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output o _out O,
output o out 1,
output o _out 0 oe,
output o out 1 oe

);

// The OE (output enable) is used to define whether the GPIO operates as an output
or an input

// assign OE = 1 to function as an output
// assign OE = 0 to function as an input. If not mentioned, then the default value
is 0

assign o out 0 oe

assign o out 1 oe ;

assign o out 0 = (i data == )

assign o out 1 = (i data == )
endmodule

TILE FUNCTION DIRECTION PORT

[B, 8] GPIOB_IN [PIN 2] Input i_data[@]
[B, 8] GPIO1_IN [PIN 3] Input i_data[1]
[8, 8] GPIOZ_IN [PIN 4] Input i_data[2]
[B, 8] GPIO3_IN [PIN 5] Input i_data[3]
[6, 8] |GPI04_OUT [PIN 6] Output o_out_8
[8, 8] |GPIO4_OE [PIN 6] Output o_out_B8_oe
[B, B8] GPIO5_OUT [PIN 7] Output o_out_1

[B, 8] |GPIOS5_OE [PIN 7] Output o_out_1_oe

Figure 13. Pattern Detector I/O Planner Mapping

After these steps have been taken, the user can run this project in Full-Chip Simulation to simulate two chips
simultaneously (the original Simple Counter example along with the pattern generator project in a multi-chip
solution). Because the Pattern Detector project consists only of combinatorial logic, there is no need to initialize
any registers or set any clock sources as it was done with the Simple Counter.

3.2 Design Steps
1. Synthesize the project and generate a bitstream — this step is required to build models of the entire circuit
within the environment (Figure 5).

2. Generate simulation models — after synthesis and bitstream generation are finished, open the Simulation
tab and select Generate Full-Chip Models (Figure 6).

3. Export Models — open the Simulation tab and select Export Models (Figure 14).

-
®
Simulation
@ FRun RTL Simulaticn
Generate Full Chip Models
Generate Testbench Template

# Run Full Chip RTL Simulatien
Export Models

Figure 14. Export Models

R19AN0460EU0100 Rev.1.00 RENESAS Page 8
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4.

Import models — to simulate two chips (multi-chip solution), previously generated model should be added.

Select File — Import — Full-Chip Simulation and chose the model that was previously generated (Simple
Counter). This model should now be available in our Sources.

ﬂ ForgeFPGA Workshop [Simple_counter.ffpga]

File| Edit Toels

Window  Options

B save Ctrl+S HL
B save all Ctrl+Shift+5
% Modules Library Module Messages Metlist Posl
s New Custom Module 1
& New Custom Testbench lized ¥ Clhip_tb.\"t 2 si
s Mew Timing Constraints g 1 i
| 4= Import k| - Custom Module
“| Export »| - Testbench
Load Design Template b - Metlist i1
Close Ctrl+Q - Timing Constraints EZ
RTL Input ports 3 . Iful-l Chip Simulation Models e

Figure 15. Import Models

Sources

~ B3 Project

~ [ Source Code
+ [3 custom Code
» simplecountery
B3 Meodules Library
~ [ Testbenches
¥ simplecounter_tb.vt
» chip_tbwt
B3 Timing Constraints
~ B3 Full Chip Simulation Models

¥ fpga_corewv
* slgd7921vv
¥ pattern_detector_dump.v

B3 External Netlists

5. Modify the testbench — create an additional set of wires, registers, stimuli, and others, for the second chip in
the testbench.

reg
reg
reg
reg
reg
reg
reg
reg
reg

iwire

15
16
17
18
19
28
21
22
23
24

iwire
iwire
iwire
iwire
iwire
iwire
iwire
iwire
iwire

i_wvssc
i_vddes
i_wvddel ;
i_vddiol;
i_vddio8;
i_vssliod;
i_wssiol;
r_nsleep;
r_nrst ;
i_nsleep;
i_nrst ;
io_gpio8;
io_gpiol;
io_gpiol;
io_gpio3;
io_gpio4;
io_gpio5;
io_gpio6;
lo_gpio7;

reg
reg
reg
reg
reg
reg
reg
req
reg
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

i_wssc, i_ext_model_vssc
i_vddce, i_ext_model_vddee
i_wvddc1, i_ext_model_vddecl ;
i_wvddio1l, i_ext_model_vddiol;
i_vddio8, i_ext_model_vddio8;
i_vssiod, i_ext_model_vssioB;
i_wssiol, i_ext_model_vssiol;
r_nsleep, r_ext_model_nsleep;
r_nrst, r_ext_model_nrst
i_nsleep, 1i_ext_model_nsleep;
i_nrst, i_ext_model_nrst
io_gpioB, io_ext_model_gpioc8;
io_gpiol, io_ext_model_gpiol;
io_gpio2, io_ext_model_gpioZ;
io_gpio3, io_ext_model_gpio3;
io_gpiod, io_ext_model_gpiod;
io_gpio5, io_ext_model_gpio5;
io_gpio6, 1io_ext_model_gpio6;
io_gpio7, 1io_ext_model_gpio7;

Figure 16. Create Additional Set of Wires and Registers

6. Add an additional instance for export model — it is possible to copy and paste the existing instance. The
name of instance should be same as the name of export model (marked purple in Figure 17).

113
114
115
116
117
118
119
128
121
122
123
124
125
126
127
128
129
138

.i_wssc
.i_wddel
.1_vddioB
.i_vddce
.1_vddiol
.i_vssiol
.1_vssio®
.i_nsleep
.i_nrst
.io_gpiod
.io_gpiol
.1lo_gpio2
.io_gpio3d
.1o_gpio4d
.io_gpio5
.1o_gpiob

.io_gpio?

( i_ext_model_vssc

( i_ext_model_wvddcl
( i_ext_model_vddio®
( i_ext_model_vddcé
( i_ext_model_vddiol
( i_ext_model_vssiol
( i_ext_model_vssioB
( i_ext_model_nsleep
( i_ext_model_nrst

( i_ext_model_gpio1l
( io_ext_model_gpin2
( io_ext_model_gpio3
( io_ext_model_gpin4d
( io_ext_model_gpio4d
( io_ext_model_gpio5s
( io_ext_model_gpiob
( io_ext_model_gpio7

Figure 17. Instantiation of the Exported Model
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7. Add corresponding connections between the two chips according to the requirements of the simulation. In
this case, the Simple Counter outputs need to be connected to the input bus of the Pattern Detector.

8. Add additional stimuli if needed — insert your own stimuli into the testbench and connect them to the required
GPIOs.

9. Select Run Full Chip RTL Simulation (see Figure 6) — execute the Full-Chip RTL Simulation by choosing
the chip_tb.vt testbench to test the operation of the project (Figure 10).

10. Verify the simulation results — review the output and confirm that the project functions as expected (Figure
18).

File Edit Search Time Markers View Help ‘

| 4 G & 9 ks € & [ Fomfose To4000100 ns | &Y | Marker: 1182 us | Cursor: 4 ms ‘
aves

~ SST Signals

H

il &= sLG47921v_simple_coun|iREs
inrst=

2o_aw
F\kEH’i io_duti
Append| msert | Replace || [ I

I|||||||||I||||||I||||| g

Figure 18. Full-Chip RTL Simulation Results (Multi-Chip Solution)

4. Conclusion

This application note shows how to use Full-Chip RTL Simulation for both a single-chip and a multi-chip solution.
The files for this example are available in section 6 References. For more information, please contact the
ForgeFPGA™ Business Support Team.
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5. Terms and Definitions

HDL
FPGA
FPGA Editor

Go Configure Software Hub

ForgeFPGA

6. References

For related documents and software, visit: ForgeFPGA Low-density FPGAs | Renesas.

Editor workspace where Verilog code is entered

Field Programmable Gate Array

Main FPGA design and simulation window

Main software window for device selection

Main FPGA project window for debug and IO programming

Download our free ForgeFPGA™ Designer software [1] to open the .ffpga design files [2] and view the proposed

circuit design.

[1] Go Configure Software Hub, Software Download and User Guide, Renesas Electronics

[2] AN-FG-026 How to Use Full-Chip RTL Simulation in ForgeFPGA design.ffpga, Design file, Renesas

Electronics

[3] Product Selector: ForgeFPGA Low-density FPGAs, Renesas Electronics

[4] ForgeFPGA Software User Guide, Renesas Electronics

7. Revision History

Revision Date Description
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