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A list of abbreviations used in this document.
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Abbreviation

Definition

ADC

Analog to Digital Converter

BCD Binary Coded Decimal

DIP Dual Inline Package

DRC Design Rule Checking

DTR Digital Temperature Readout
EOC End of Conversion

FSM Finite State Machine

ILA Internal Logic Analyzer

LLC Lower Left Corner

LRC Lower Right Corner

LSE Lattice Synthesis Engine
MUX Multiplexer

osc Oscillator

POT Potentiometer

PMOD Peripheral Module

PLL Phase-Locked Loop

RTL Register Transfer Level

SAR Successive Approximation Register
uLC Upper Left Corner

URC Upper Right Corner
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1. Introduction

This demo design is one of hundreds of examples that could be implemented using the Analog to Digital Conversion
(ADC) feature of Lattice Nexus family devices from Lattice. This demo design can be copied, modified, and included into
your designs to simplify the ADC aspect. Alternatively, it can provide a reference from which other designs can be
created. This demo design is targeted for the CertusPro™-NX Versa Evaluation Board.

The demo can control the ADC, convert the binary output and show the result on the 7-segment LED display D60. A
state machine controls the ADC regarding power up calibration, multiplexer (MUX) setting, sampling the input,
converting the analog signal, and storing the 12-bit outputs. The 12-bit binary output is converted to a voltage or
temperature value based on the ADC MUX channel.

This demo shows how to process the ADC output when the analog input is from the internal digital temperature

readout (DTR), internally divided down supply pins, or external voltage source provided by the on-board potentiometer
(POT), R143.

Figure 2.1 shows the powered-on board with default jumpers. The ADC demo runs on the CertusPro-NX Versa
Evaluation Board with the DIP switch selecting the adjustable POT as the input. The POT is set to 1.23 V.

www.latticesemi.com/legal
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2. Running the Demo

This demo is built using the following versions of Lattice software, IPs, and hardware components:
e Lattice Radiant Software and Programmer Ver. 2024.1

e ADCIPVer.1.5.0

e PLLIPVer.1.9.0

e  Oscillator IP version 1.4.0

e  CertusPro-NX Versa Board Rev. B

The ADC Demo Lattice Radiant project is archived on the ADC Demo Design web page. The contents of this archive are
summarized below, starting at the top level. Unlike earlier versions, this demo uses System Verilog and must be
synthesized using Synplify® in the Lattice Radiant software rather than Lattice Synthesis Engine (LSE).
e  certuspro_nx_versa_vl.rdf — Lattice Radiant Project file
e source/impl_1 folder
e adc_certuspro_nx_versa_vl.sv—Top level module of demo Verilog file
e adc_temp.sv — Binary to Temperature conversion Verilog file
e ADC_binary2volts.v — Binary to Voltage conversion Verilog file
e hex2ssd.v—Hex to 7-Segment Verilog file
e adc_certuspro_nx_versa.pdc — Contains pin mapping information for the design. Clock and timing information
is not here as it is part of the oscillator and PLL IP.
e adc_pair folder — Contains generated files from the IP Wizard for ADC.
e pll_adc folder — Contains generated files from the IP Wizard for PLL. Note that the ADC needs the bottom right PLL
CLKOS4.
e 0sc_50 - Contains generated files from the PLL IP Wizard for the 50 MHz on-die oscillator.

The following jumpers need to be installed on the CertusPro-NX Versa Board for this demo to operate in hardware.
e ADC_VREFO - J28 pins 1-2, gets 1.8 V reference from reference IC on board

e ADC_VREF1 -J29 pins 1-2, gets 1.8 V reference from reference IC on board

e ADC_DPO —J25 pins 1-2, dedicated ADCO positive input to ADC_POT R143

e ADC_DNO -J26 pins 1-2, dedicated ADCO negative input to GND

e Bank 2 VCCIO —J57 pins 1-2, 3.3V

e Bank 0 VCCIO —J58 pins 1-2, 3.3V

SW7 DIP SW Display =1.23 V Adjustable POT

ADC Status LED

Figure 2.1. CertusPro-NX Versa Board Powered on with Default Jumpers

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice
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3. Testing and Debugging

3.1. Basic Testing

At power on reset, the 7-segment LED display shows the ADCO input from pins DPO and DNO that are connected to the
potentiometer. Vary the potentiometer to see voltages from 0 to 1.8 V on the 7-segment LED. All the LED indicators are
off, as shown in the Status LEDs section. To see other inputs, use Reveal.

3.2. Using Reveal to Change the ADC Input

The ADC mux input is controlled by the Reveal Analyzer as a user control register. Connect a USB cable to the board to
use Reveal. To open this tool, open the design using the Lattice Radiant software and open the debug file
rvl_1_1_1.rva. Reveal has two sections, the logic analyzer and the controller. The logic analyzer shows waveforms
inside the FPGA. The controller can implement virtual switches that change the status inside the FPGA, as well as virtual
LEDs for static outputs from the FPGA.

When you open Reveal, do the following in the given order, as shown in Figure 3.1.

1. Using the drop-down menu on the top right, choose top_Controller.
2. Select an intermediate polling speed and start polling the virtual LEDs.

3. Select Direct Mode for virtual switches.

This should provide control of the ADC inputs.

e Tosee the ADC1 input DP1 and DN1 on the 7-segment, select ADC_EXT_SELOB1. Then, you can see the GUI shown
in Figure 3.1. LED 0 on the topmost is on and ADC1 is being displayed. ADC1 input comes from J27 pins 9 and 11.

e To see the voltage on the internal VCCM supply, select SEL_VCCM. Then, board LED1, which is second from top
turns on. The 7-segment shows the VCCM voltage.

e Tosee VCCIO1 voltage, use SEL_VCCIO1. Note that LEDs on the board and virtual LEDs turn on for both VCCIO1 and
SEL_ADC1, as ADC1 is used to read the VCCIO1 voltage.

e Inthis way, all voltages can be read on the 7-segment LED.

e To see the temperature, select SEL_DTR. This shows the temperature in Kelvin on the 7-segment LED. If you select
SEL_TEMP_C or SEL_TEMP_F, you can see the temperature in Celsius or Fahrenheit. The LED pattern is explained
in the Status LEDs section.

e  Other buttons of the Reveal GUI are explained in respective sections.
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Ready =] D View_Wave I:‘ top_Controller | top_Controller ~
[Ea
Virtual LED {0x80000001)
: b Stop
Data: 0x00000001 Polling Speed: ] Polling
O O Q O Q O O o
SEL_TEMP_C SEL_VCCIO1 SEL_VCCIOD SEL_VCCAUX SEL_VCC SEL_VCCM SEL_COUNT SEL_ADC1
O O
SEL_DTR SEL_TEMP_F
Virtual Switch (0xB0000000)
Data: 3 Direct Mode
(=) e (=) e (=) Gl (=) e
SAMPLE_CONTROL ADC_RESETN_OVRI  ADC_RESET_N ADC_EN_OQVRD ADC_EN SEL_TEMP_F SEL_TEMP_C SEL_COUNT
A A A )
© ) &) ) &) Q v
SEL_DTR SEL_VCCIO1 SEL_VCCIOD SEL_VCCAUX SEL_VCC SEL_VCCM ADC_EXT_SELOB_1
Virtual LED Switch User Status Register User Control Register Hard 1P

Figure 3.1. Change ADC Selection in Reveal Controller, with ADC1 DP1 and DN1 Inputs Selected

3.3. Conversion Stop

By pressing SW7, you give an adc_convstop_i signal to the ADC that stops the conversion. The ADC finite state machine
(FSM) has been designed to take another sample as soon as the conversion stops so nothing can be visible on the user
display. However, the conversion stop can be observed using the Reveal Logic Analyzer, which is shown in Figure 3.2.
Notice that when adc_convstop becomes 1 at the cursor, the adc_eoc pulse does not occur but adc_cog becomes 0 to
end the conversion. The FSM restarts by taking a new sample with adc_soc after that.

Bus/Signal Data 03962 04000 04008 04016 0:4024 04032 04040 04048 04056 04064 0:A072 04080 04088 04096 0:4104 04112 04120 04128 04136 04144 04152 04160 04168
1 I I 1 I I I I I I I I I 1 I I 1 I I 1 I I I

v Tul 10170111 000111111 001101111 o+ ¥ ooo11111 K 001101111 101+ {00010+ §000111111 001101111
adc_wrap_control_inst/adc_conustop 1
adc_wrap_control inst/adc_eoc 0 il N
adc_wrap_control_inst/adc_cog 1 | 1
adc_wrap_control_inst/sample_pulse 1
adc_wrap_control_inst/adc_soc 0

adc_wrap_control_inst/adc_calrdy 1

adc_wrap_control_inst/adc_cal 1

adc_wrap_control_inst/adc_en 1

adc_wrap_control inst/adc_resetn 1

adc_wrap_control_inst/adc_state WAIT_STOP soC WAIT_EOC W—_soc_ ¥ WAIT_EOC WAIT_STOP soC WAIT_EOC
> ade_wrap_control_inst/adc0_out 241~ —
» adc_wrap_control_inst/adc1_out 53 ~ $

Figure 3.2. Sample of Conversion Stop at the Cursor — Absence of End of Conversion (EOC)

3.4. Board Testing and Debugging Features

3.4.1. Status LEDs

The demo LEDs from LEDO to LED7 under the 7-segment display can be used to debug the board if something does not
work. LEDO is at the top, and LED7 is at the bottom.
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LED

Function

If LEDO is on, it indicates that ADC1 is displayed on the 7-segment. If off, it indicates ADCO is displayed. The inputs the
ADCs are sampling can be determined from other LEDs.

If no other LEDs are on while LEDO is off, then the 7-segment displays the DPODNO voltage from the potentiometer.
This is true if the header on J25 is from pin 1 to pin 2 and header on J26 is from pin 1 to pin 2. See header J25 and J26
on sheet 11 of the schematic in CertusPro-NX Versa Board Evaluation Board User Guide (FPGA-EB-02053).

If no other LEDs are on while LEDO is on, then the 7-segment displays DP1DN1 voltage from J27 header pins 9 and 11.

If LED1 is on, the 7-segment displays the voltage of the internal supply VCCM.

If LED2 is on, the 7-segment displays the voltage of the internal supply VCC.

If LED3 is on, the 7-segment displays the voltage of the internal supply VCCAUX.

If LED4 is on, the 7-segment displays the voltage of internal supply VCCIOO. LEDO is also on as ADC1 is used to measure

this VCCIOO.

If LEDS is on, the 7-segment displays the voltage of internal supply VCCIO1. LEDO is also on as ADC1 is used to measure

this VCCIO1.

If LED6 is on, temperature is displayed on the 7-segment. LED1 is on as DTR is read by ADCL1. If LED7 is off, then the

temperature value is in Kelvin.

If LED7 is off and LEDG6 is on, the displayed temperature value is in Kelvin.
If LED7 is on, the temperature value is in Celsius.
If LED7 is flashing, the temperature value is in Fahrenheit.

3.4.2. LED 7-Segment Display

The LED 7-segment display is used to display voltage and temperature. It is a common cathode display and is driven
from the FPGA.

3.4.3. External Scope Signals

The PMODO J64 and PMOD1 J65 connectors are used as internal FPGA signals to headers for debug.

Table 3.1. PMODO Header J64

Pin Name | Signal Description
1 adc_resetn ADC reset pin. This is different from the system reset.
2 adc_en ADC enable. It turns on the internal ADC clock gating.
3 adc_cal ADC calibration starts.
4 adc_calrdy ADC calibration is done.
5 gnd Board ground.
6 VCCIO2 VCCIO2 is expected to be 3.3 V.
7 adc_soc Start of conversion for both ADCO and ADC1.
8 adc_cog Ongoing conversion for both ADCO and ADC1.
9 adc_eoc End of conversion for both ADCO and ADC1.
10 adc_convstop Stops conversion on both ADCs.

Table 3.2. PMOD1 Header J65

Pin Name Signal Description
1 fab_clk Fabric clock.
2 adc_clk ADC clock.
3 sample_pulse Pulses. when the SOC signal goes low. If it is constantly 1, it indicates that the
SOC signal goes 0 as soon as COG becomes 1.
4 strobe_1Hz 1 Hz strobe signal. It indicates the clock is working.
5 gnd Board ground.
6 VCCIO2 VCCIO2 is expected to be 3.3 V.
7 strobe_7seg Strobe signal for the 7-segment display. It is about 610 Hz.
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Pin Name | Signal Description
0-ADCO is being displayed.
8 sel_adcOb_1 !s e!ng !sp ave
- - 1-ADC1 is being displayed.
9 0 Always tied to logic 0.
10 ila_trigger_out Reveal LA is triggered.

3.4.4. Reveal Controls

The following sections are visible if the top controller is selected in Reveal, as shown in Figure 3.3.

M

Wirtual LED (0xB80000001)

Data: D0 0000000
SEL_TEMP_C SEL_WCCI01

Virtual Switch (0x80000000)
Data:

A A
(=) (=)

SAMPLE_CONTROL ADC_RESETN_OWRL

A
=)

SEL_DTR

Virtual LED Switch

File View Design Window Help

3 Reveal Analyzer/Controller - C:/Users/gmatthew/OneDrive - Lattice Semiconductor Corp/Desktop/Customer Questions/ADC Tee W..,

ﬂ View_Wave u top_Controller | top_Controller -

: ’ Stop
Polling Speed: B Polling
SEL_WCCIO0 SEL_VCCAUX SEL_VCC SEL_WCCM SEL_COUNT
SEL_DTR
[ Direct Mede
(=) (=) (=) =) (=)
ADC_RESET_N ADC_EN_OVRD ADC_EN SEL_TEMP_F SEL_TEMP_C
(=) (=) (=) 1= (=)
SEL_WCCI01 SEL_WCCIOO0 SEL_WCCAUX SEL_VCC SEL_WCCM
Uzer Status Register User Control Register Hard 1P

"

@

SEL_ADC1

@

SEL_TEMP_F

SEL_COUNT

A
(=)

ADC_EXT_SELOB_1

Figure 3.3. Top Controller Selected in the Reveal GUI

The top controller has virtual switches that replace DIP switches on the board. These virtual switches are summarized

in Table 3.3.
Table 3.3. Reveal Switches
Switch Function
If 1, takes one sample at the frequency of fab_clk/{SAMPLE_H,SAMPLE_L} in the user control register of
SAMPLE_CONTROL Reveal.

If 0, samples are taken as soon as EOC pulse is done.

ADC_RESETN_OVRD

If 0, ADC comes out of reset as soon as the system comes out of reset as controlled by ADC wrap FSM.
If 1, ADC reset is controlled by the ADC_RESET_N switch.

ADC_RESET_N Value of adc_resetn if ADC_RESETN_OVRD =1.

ADC_EN_OVRD

If 0, ADC gets enabled as soon as ADC comes out of reset as controlled by ADC wrap FSM.
If 1, ADC reset is controlled by the ADC_EN_N switch.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Switch Function
ADC_EN Value of adc_en if ADC_EN_OVRD =1.
If SEL_DTR=1, makes temperature display in Fahrenheit.
SEL_TEMP_F X
If SEL_DTR=0, ignored.
If SEL_DTR=1, makes temperature display in Celsius.
SEL_TEMP_C .
If SEL_DTR=0, ignored.
SEL_COUNT If 1, displays counter on LEDs. The counter runs from 0.00 to 9.99.
SEL DTR Displays temperature on 7-segment.
- If SEL_TEMP_F and SEL_TEMP_C are both 0, then temperature is in Kelvin.
SEL_VCCIO1 Internal voltage of VCCIO1 supply.
SEL_VCCIOO0 Internal voltage of VCCIOO supply.
SEL_VCCAUX Internal voltage of VCCAUX supply.
SEL_VCC Internal voltage of VCC supply.
SEL_VCCM Internal voltage of VCCM supply.
If1, ADC1i fi ADCh is displ .
ADC EXT SELOB 1 , ADC1 input from ADC faad'er is displayed
- - - If 0, ADCO output from POT is displayed.

Note: It is possible to select contradictory inputs, for example, selecting SEL_VCCIOO0 and SEL_VCCIO1. The Behavior of the switches

in this case is undefined.

There are virtual LEDs that are used to display the internal status of the ADC logic (Table 3.4).

Table 3.4. Switches for Displaying Internal Status of the ADC Logic

LED Meaning
Indicates temperature is in Celsius. If it is off and SEL_TEMP_F is also off and SEL_DTR is on, the
SEL_TEMP_C L .
- - temperature is in Kelvin.
SEL TEMP F Indicates temperature is in Fahrenheit. If it is off and SEL_TEMP_C is also off and SEL_DTR is on, the
- - temperature is in Kelvin.
Indicates display is showing VCCIO1 voltage. When it is only, SEL_ADC1 is also on as ADC1 is used to
SEL_VCCIO1
- measure VCCIO1.
Indicates display is showing VCCIOO voltage. When it is only, SEL_ADC1 is also on as ADC1 is used to
SEL_VCCIOO0
measure VCCIOO.
SEL_VCCAUX Indicates display is showing VCCAUX voltage.
SEL_VCC VCC voltage is being displayed.
SEL_VCCM VCCM voltage is being displayed.
SEL_COUNT The counter is being displayed.
SEL_ADC1 ADC1 output is being displayed.
SEL DTR The temperature is being displayed. Unit depends on SEL_TEMP_C and SEL_TEMP_F. If both are off, the
- temperature is in Kelvin.

The user status register can be selected using tabs shown in Figure 3.3. It shows the number of fab_clk cycles from
cal_start to calrdy. It consists of CAL_RUN_TIME_H, which is bits 15:8, and CAL_RUN_TIME_L, which is bits 7:0. It is
recommended to read the register in hex, as shown in Figure 3.4.

User Status Register {read-only) Address: 0x81001000 ~ 0x810010f8

Address Mame Status Signals (M3B:LSEB) Width Radix Value
0x81007000  CAL_RUN_TIME_L ' rvl_cal_run_time:7, rvl_cal_run_time:6, rvl_cal_run_time... 8 Hex a4 Rd
0x81007008  CAL_RUN_TIME_H | rvl_cal_run_time:15, rvl_cal_run_time:14, ... 8 Hex 22 Rd

Figure 3.4. User Status Register Showing CAL Run Time
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The user control register in Figure 3.5 shows the sample timer. If sample enable is 1, then a sample is taken once every
{SAMPEL_H, SAMPLE_L} fab_clk cycles. This gives a consistent sampling rate, but the sample rate should be chosen so

that each sample pulse appears only when the SOC signal is high and the COG signal is high. Use Reveal Logic Analyzer

to analyze the waveform and fix the sample rate.

File View Design Window Help

Ready 1= |:| View_Wave I:‘ top_Controller | top_Controller +
&
User Control Register (writable) Addrass: 0x81000000 ~ 0x810000f8
Address MName Control Signals (MSB:LSB) Width Radix Rd Value Wr Value
0x81000000  SAMPLE_L | rvl_sample_periad:7, .. ] Hex 00 Rd Wr
081000008 SAMPLE_H  rvl_sample_period:15, ... ] Hex 00 Rd Wr

Figure 3.5. User Control Register

Figure 3.6. Correct Way to Set Sample Pulse

Note: The pulse comes only when both SOC and COG are 1.

Busioral D= 0:3936 0:3068 0:4000 0:4032 0:4064 0:4096 04128 0:4160 0:4192 04224 04256 0:4288 04320 04252 0:4384 04416 04448
. . . . ' . ' . . . . . . ' . .
ML 00101111 v {501+ | 001001111 B0+ 4001011111 ff 001001111 B0+ (001011111 §_ oot001111 RO+ {001011111 ), 001001111 RGO+ foo1011111 . oo1001111 |

entrol_inst/adc_conustop 0

.rap_control_inst/adc_eoc 0 I I | | | |

.1ap_control_inst/adc_cog 1 | L]

ontrol_inst/sample_pulse o ] | ] | ] | ] ] | ] |

.1ap_centrol_inst/adc_soc e R 1T

.p_control_inst/adc_calrdy 1

wrap_control_inst/adc_cal 1

..Wrap_control_inst/adc_en 1

_p_control inst/adc_resetn 1

._wrap control inst/adc state | SOC c i meoc K C reoc ¥ foc i reoc  f C b 1T EO ¥ C ¥ IT EC b C { T EC b

Figure 3.7. Wrong Way to Set Sample Pulse

3.4.5. Board Level Analog Input

The Input to ADCO comes from the potentiometer on the board R143, which gives an output voltage from 1.8 Vto 0V
to the ADC DPO and DNO if the jumper connects pins of J25. The CertusPro-NX board is shipped in this way. ADC1 input
comes from pins 9 and 11 of J27. See the schematic shown in Figure 3.8 excerpted from CertusPro-NX Versa Board
Evaluation Board User Guide (FPGA-EB-02053).
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Figure 3.8. ADC Inputs
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4. Design Overview

This demo design consists of several modules that are shown in the block diagram of Figure 4.1. The light grey
background is the FPGA, and the rest are peripherals on the board.

FPGA
adc_clk N
adc0_dout Display
fab_clk > Code
Cathod
Clock & Reset Cimtoro‘le 7-Segment
oc ese ADC Wrap and Control Data Path & Display g Display
Generation adc1_dout
sample_pulse | »
h
A
Y A A 4
LED Button Control
A A
A 4
JTAG Reveal Controller
y v
i iy
FTDI USB Interface Y _—
Push Button

LEDs SwW7
USB Cable

Figure 4.1. ADC Demo Design Block Diagram

The functions of the blocks are:

e Clock and Reset — Generates fab_clk and adc_clk from a PLL which gets a reference clock from an oscillator. This
block also generates sample_pulse if fixed frequency sampling is required.

e ADC Wrap — Instantiates the ADC and the control FSM.

e Data Path and Display — Scales the ADC output into volts or degrees of Kelvin, Fahrenheit, or Celsius.

e LED Button Control — Debounces external switches, encodes Reveal top controller output into control signals, and
drives LEDs.

4.1. Hard IP Blocks Used

The FPGA has several hard IP blocks, such as ADC, PLL, and Oscillator. You can instantiate them from the IP catalog in
the Lattice Radiant software. In the Lattice Radiant software, select Tools > IP catalog. Double click the target module
from the IP catalog to generate it.

4.1.1. Oscillator

An on-die oscillator is used to generate the clock for the ADC and control logic. There is no external oscillator used on
the board. Make the following configurations and generate the oscillator module, as shown in Figure 4.2.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Configure Component from Module osc Version 1.4.0
Set the following parameters to configure this component.

Diagram osc_225 Configure osc_225:
Property Value
~ General
HFCLK Enable ENABLED
HFCLK Frequency (MHz) 225.0
LFCLK Enable DISABLED
SEDCLK Enable DISABLED
0sc_225
hf out_en_i hf clk_out o
CFGLMMICLK Enable DISABLED
0sC
L] r
Document No DRC issues are found.

< Back Generate Cancel

Figure 4.2. Oscillator Configuration GUI

After the oscillator is generated, it can be instantiated into the RTL, as shown in Figure 4.3.

o3c_225 ogc_225 inst
hf out_en i 1'b
hf clk _out_o (clk_225 )

Figure 4.3. Oscillator Instance

4.1.2. PLL

The ADC converter clock, adc_clk, is hardwired on the die to the 4" secondary clock output of the lower right PLL.

However, the design must specify the settings and connections for the proper operation. The input clock to PLL is the

225 MHz clock from the oscillator. In this design, the fab_clk comes from the same PLL, but it can come from any PLL.

The output clocks from the PLL are:

e 40 MHz clock for the fabric clock. This is used for the ADC control interface, and all ADC I/O are controlled by this
fabric clock. This is the fastest possible frequency for the fabric clock.

e 50 MHz ADC clock used for the analog logic of the ADC. Hardwired to the 4t secondary clock on the lower right
PLL. This is the max frequency for adc_clk.

The external reset input from the board goes to the PLL reset. The PLL lock is used as the reset for the RTL, so that the
logic of the ADC works only when the PLL is stable.

The primary and secondary clocks can be configured using the IP catalog GUI. Then, use the Calculate button to confirm
the clock frequencies and validity. Then, click the Generate button (Figure 4.4).
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Initially, the design can run through Place and Route without specifying the PLL location. There are four PLLs available,
one in each corner of the device, URC (Upper Right Corner), ULC (Upper Left Corner), LRC (Lower Right Corner), and LLC
(Lower Left Corner). Normally, the LRC PLL gets automatically connected to the ADC. However, if you get an error, you
can manually configure the placement logic. Near the bottom of the Signal or Pad Report, the locate statement for the
PLL can be copied and pasted into the Post-Synthesis Constraint .pdc file. The location within the braces can be edited
to read {PLL_LRC}. Then, when the tools are re-run, the settings and connections are assigned to the correct PLL for the
ADC.

After the IP is added to the project, the ports are copied from the generated wrapper module to the demo’s top-level
module and connected to the inputs and wires, as shown in Figure 4.5.

Configure Component from Module pll Version 1.9.0
Set the following parameters to configure this component.

Diagram pll_adc_Ir Configure pll_adc_Ir:
= General Optional Ports
Property Value [~

Enable Internal Path Switching

~ Reference Clock
CLKI: Frequency (MHz) [18 - 800] 225
Enable Reference Clock Monitor

~ Feedback
CLKFB: Feedback Mode INTCLKOP

pll_adc_Ir
. 2

¥ Primary Clock Output

CLKOP: Bypass
Cl kop O CLKOP: Frequency Desired Value (MHz) [10 - 800] 40
CI kOS4_O CLKOP Tolerance (%) 5.0
IOCk or— CLKOP: Enable Trim for CLKOP
¥ Secondary Clock Output
\_ J CLKOS: Enable
| | + Secondary Clock Output (2)
p CLKOS2: Enable
¥ Secondary Clock Output (3)
CLKOS3: Enable
~ Secondary Clock Output (4)
CLKOS4: Enable [~]
CLKOS4: Bypass
CLKOS4: Frequency Desired Value (MHz) [6.25 - 800] 50
CLKOS4 Tolerance (%) 0.0
CLKOS4: Static Phase Shift (Degrees) 0 -
4 » = Calculate
Document Mo DRC issues are found.

< Back Generate Cancel

Figure 4.4. PLL Configuration GUI

4.1.3. ADC

The ADC Core module is generated from the user input to the Module/IP Block Wizard. This IP is located in the
Architecture_Modules folder and make sure not to select the ADC Sequencer module. Configure the ADC Core module,
as shown in Figure 4.5. Do not enable any comparators or additional ADC channels, as they are not used in this design.
The additional ADC channels get their input voltage from pins on the FPGA that have multiple usages. On the
CertusPro-NX board, these pins are used for DDR and other uses. refer to ADC User Guide for Nexus Platform
(FPGA-TN-02129). If the additional 1/O or comparators are enabled, the Module/IP Block Wizard would add them to the
generated wrapper module.
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The ADC should also be instantiated like the PLL and oscillator. It is instantiated in the adc_wrap block.

Configure Component frem Module adc_core Version 1.5.0
Set the following parameters to configure this component.

Diagram adc_fast Configure adc_fast:
* General Comparators ADC Channels
adc fast
Property Value
—|ADC_DNO ~ ADC Setup
—|ADC_DN1 ADC Clock Divide 2
—IADC DPO ADC Conversion Data Format Straight Binary
—|ADC_DP1 ADCO Reference Voltage Select External
. ADCO External Reference Voltage 1.8
== adc0_ch_sel_i[3:0] adcO_o[11:0]pm= ge V)
. ADCO Conversion Mode Uni-Polar
== adcl_ch_sel_i[3:0] adcl_o[11:0]pm=
ADC1 Reference Voltage Select External
1 adc—cal—l adc—calrdy—o | ADC1 External Reference Voltage (V) 1.8
—jade_clk_i adc_cog_o[— ADC1 Conversion Mode Uni-Polar
—adc_convstop i adc eoc of—
—{adc_en_i
—ladc_resetn i
—adc_soc_i
—fab clk i
adc_core
-
[] 3
Document No DRC issues are found.

< Back Generate Cancel

Figure 4.5. ADC Configuration GUI

4.2. ADC Control

The ADCs have selectable inputs, as they can measure DP or DN pins or internal voltages or temperatures. For details
on selectable inputs, refer to ADC User Guide for Nexus Platform (FPGA-TN-02129). The control FSM provides adc_soc
for conversion start, and monitors adc_cog for conversion ongoing, and adc_eoc for end of conversion. The timing and
pulse width of the adc_soc pulse should be sufficient so that the clock domain crossing logic inside the ADC IP works
properly.

It is recommended that you use the FSM in the RTL described in Figure 4.6, as this provides the highest sampling rate

along and is guaranteed to work for all combinations of adc_clk, fab_clk, and internal ADC clock divider. It has the

following inputs.

e adc_resetn — This signal goes to both ADC IP and the control FSM. If 0, the ADC is internally reset and loses its
calibration information. The control FSM goes to the reset state. If adc_resetn=0, the ADC is in a low power state.

e adc_en — This signal goes to both ADC IP and the control FSM. If 0, the ADC is internally clock-gated and takes
slightly less power. It cannot give any output. However, calibration information is not lost. The control FSM goes
into a state where it waits for the enable to become 1.

e sample_pulse — Before making SOC=0, the control FSM waits for sample_pulse to become 1 after COG becomes 1.
This allows a programmable sampling frequency. If it is always kept high, a new sample is taken as soon as the EOC
pulse appears. This is the max sampling frequency for the given adc_clk and fab_clk frequency, but the sampling
period can change slightly due to CDC synchronizers inside the IP taking between 2 and 3 clock cycles.

At power on reset or any time that adc_resetn has a rising edge, the ADC needs to be calibrated. The FSM handles this
process. Calibration runs for a period of about 2700 ADC internal clock cycles, which is adc_clk divided by the clock divider
value. However, the duration also depends on the fab_clk frequency. The FSM measures the calibration run time in
fab_clk cycles and stores it in rvl_cal_run_time registers that can be accessed in Reveal (Figure 3.4).
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The FSM also has a timeout mechanism that gives a new adc_soc_i pulse in case the adc_eoc_o pulse does not come at
the expected time, due to timing errors in the ADC hard IP. It can be enabled by making rvl_eoc_timeout_enable=1. The
timeout period is given by the EOC_TIMEOUT_PERIOD parameter, which should be set at least 1.5 times the expected
time at which the adc_eoc_o pulse is supposed to appear. To find this period, use the formula below.

EOC_TIMEOUT_PERIOD = 66(Tapccux * CLKDIV [Teapcix ) + 35 Eq1

Round up in the division of equation 1 if you get a fraction. If a timeout error occurs, eoc_timeout_error is 1, as this
indicates the ADC output value is outdated and comes from the previous completed conversion.

The eoc_timeout_error_sticky bit remains set on an EOC timeout condition until the ADC is reset. EOC timeouts are not
expected to happen very frequently, but this is a failsafe mechanism. Normal operation is shown in Figure 4.7, where
the timer runs but never reaches its terminal value as the adc_eoc_o pulse appears. A timeout example is shown in
Figure 4.8. This timeout case is not expected to happen, and the picture is taken only by making the
EOC_TIMEOUT_PERIOD too low.

RESET
adc_cal=0
adc_soc=0

adc_resetn=1

A

- adc_en=0
adc_en=0 WAIT_E.N P _
| adc_cal_i=0 “
adc_soc_i=0
Run cal timer

adc_en=1

A

WAIT_START_CAL
adc_cal_i=0
adc_soc_i=0
Run cal timer

, Wait max*(8 adc_clk_i, 12 fab_clk_i)

WAIT_CAL
adc_cal=1
adc_soc=0

adc_calrdy

A
adc_en=1 socC adc_en=1
adc_cal=1
adc_soc=1

A A

adc_cog && sample_pulse eoc_timeout
\ 4 Stop timer >=8

WAIT_EOC
adc_cal=1 adc_convstop -~ WAIT_STOP

adc_soc=0 Run stop timer

adc_done

y

LATCH_OP
adc_cal=1
adc_soc=0
Store adcO_o and adcl_o outputs

Figure 4.6. ADC Control FSM
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Completed = B view Wave [ top_Controller ' View Wave -
Bus/Signal Data
T 0 000X 2 )X
wrap_dbg.adc_soc 0

wrap_dbg.adc_eoc 0 J_|

WAIT_EOC N soc

wrap_dbg.adc_cog 0
adc_wrap_control_inst/eoc_timeout_error 0
adc_wrap_control_inst/eoc_timeout_error_sticky 0
adc_wrap_control_inst/adc_state WAIT_EQC C)O: SOC ){
adc_wrap_control_inst/eoc_timeout_counter 002F b

oo 0000000AA0ACC00000NAAA0AC00000000CCCE0000000ACCCOE0C Com |

Figure 4.7. End Of Conversion Timer Running with No Error, Expected Behavior

wrap_dbg.adc_soc 0 ’—\
wrap_dbg.adc_eoc 0
wrap_dbg.adc_cog 0
...ntrol_inst/eoc_timeout_error 1 ‘
..nst/eoc_timeout_error_sticky 1
-._wrap_control_inst/adc_state | WAIT_EOC ( WAIT_EOC X SOC x WAIT_EOC
-.ol_inst/eoc_timeout_counter | 0004 V( 0025 X 0026 X 0027 X 0028 >< 0029 X 0000 X 0001

Figure 4.8. End Of Conversion Timer Timeout and Giving Fresh SOC, Not Expected to Happen
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5. Data Path and Display Logic

Logic in this section converts the raw ADC output into a form that can be displayed on the 7-segment LED.

5.1. ADC Binary to Bolts Module

This module takes the 12-bit ADC result as an input and converts it into a 3-digit Binary Coded Decimal (BCD) Voltage
output. This module is based on a state machine that sequentially subtracts a binary value from the ADC result while

simultaneously adding to the decimal result. A separate state is used for each of the three digits. This module accepts
two real parameters, ADC_VREF and ADC_VSCALE.

ADC_VREF is used in the module to compute the binary parameter values of 1.0V, 0.1V, and 0.01 V that are used in
converting from binary to BCD. For the CertusPro-NX Versa board used in this demo, the value is 1.805 V.

ADC_VSCALE tells the module what scaling value to use. The Nexus ADC hardware includes a 2/5 voltage divider
between the supply pins and the ADC input. So, for this design, a scaling value of 2.5 is applied to the ADC result, so
that the BCD value represents the voltage at the pin rather than the raw ADC input. The ADC_VSCALE is applied when
the adc_scale_i input is set and should only be used when measuring internal voltage rail channels.

Note that the $floor function is not yet supported by Synplify. Therefore, you must hardcode values so that the input
parameters are not affected.

localparam real ADC_LSB_VOLT = ADC_UREF / 4696.0 ;//0.000439453125

//Multiply up by factor of 16 to push round-off errors into micro-volts
localparam real ADC_VOLT 1U80 = 1.88 = 16.8 / ADC_LSB_UOLT;//36408.8888

localparam real ADC_VOLT 6U10 = 0.18 * 16.8 / ADC_LSB_UOLT;//3640.88888

localparam real ADC_UOLT_G6UB1 = ©.81 = 16.8 / ADC_LSB_UOLT;//364.08888

/7 Convert real to integer

localparam [15:0] ADC_BIN UOLT 1U66 = ADC_UOLT 1U00;//°h8E38 //We want to use $Floor(ADC_UOLT_1UG), but as Syn tool does not handle it take only the int part
localparam [15:0] ADC_BIN UOLT 0U16 - ADC_UOLT_OU10;//°hE38  //We want to use $Floor(ADC_UOLT_0U10), but as Syn tool does not handle it take only the int part
localparam [15:0] ADC_BIN UOLT 0U81 - ADC_UOLT OUG1;//°h16C  //We want to use $Floor(ADC_VOLT_BUG1), but as Syn tool does not handle it take only the int part

/7 Scale the values for UCC monitors

localparam real ADC_UCC_UOLT_1UBB = ADG_UOLT_1UB8 / ADC_USCALE;

localparam real ADC_UCC_UOLT_OU10 = ADC_UOLT_BU10 / ADC_USCALE;

localparam real ADC_UCC_UOLT_GUG1 = ADC_UOLT_0UG1 / ADC_USCALE;

// Convert real to integer

localparam [15:8] ADC_BIN_UGC_UOLT_1U88 = ADC_UGC_UDLT_1U88;//$FLoor(ADC_UCG_UOLT_1U88);
localparam [15:6] ADC_BIN_UCC_UOLT_BU18 = ADC_UCC_UOLT_BU10;//$Floor (ADC_UCC_UOLT_BU10);
localparam [15:0] ADC_BIN_UCC_UOLT_BUB1 = ADC_UCC_UOLT_BUG1;//$Floor(ADC_UCC_UOLT_BUB1);

Figure 5.1. ADC to BCD Scaling Parameters

5.2. ADC Binary to Temperature Module

Similar to the ADC_binary2volts module, this module uses the ADC result from the DTR channel and converts it into a
3-digit BCD temperature output. This module also implements a state machine to sequentially subtract a binary value
from the ADC result while simultaneously adding to the decimal result. A separate state is used for each of the three
digits. It currently works only for VREF=1.8 V. It gives the temperature in Kelvin. See the DTR section of the ADC User
Guide for Nexus Platform (FPGA-TN-02129) for more information.

5.3. Display

The BCD value calculated from the binary to volts or binary to temperature is converted to a 7-segment code for display.
The display also has a multiplexing logic, as the 7-segment display is a common cathode display.
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This demo makes use of Reveal Logic Analyzer and Top Controller, the latter has already been discussed in Testing and
Debugging. The Reveal Logic Analyzer can be used to see internal waveforms of the control logic. The Reveal Logic
Analyzer runs on a 100 MHz clock that is synchronous to the fab_clk so that all signal changes can be seen.

To open Reveal Logic Analyzer from the Lattice Radiant software, use the file rvl_1_1_1.rva and then select the logic
analyzer from the drop-down menu, as shown in Figure 6.1.

ade fastchy

jsource/hextaTsegment sv

Jsource/ad_certurpro_mx. versa_1_1.0.pdc
Debug Fies
B 1.1 1rve [6,ref designr]
4 v6_ret designrd
Serpt Files

Prog

sourcedimpl_1xcl

mpleted

Trigger sk

3 [ view Wave [ top_Controller | view_Wave =

Name  Signals (MSE:L5E)

M s

Trigger Expression

Name

@mE

Trigger Options
Enable TE: | OR 4B
Samples Per Trigger

Numbes of Trigger

LA Trigges

cantrolinst/ade_corwst

Expression

(mx 1)

5 adc_wrap_cantrdd_ins

Operator  Radix

Sequence Depth  Max Sequence Depth

Trooard 11

Max Event Counter

Trgger Pastion: 4096/8192

® Preselected: | Center-Trgger »

2 ade_urap_contrels L4 Reveal Analyzer/Controfler *

Usar-salected:; 4 '

Figure 6.1. Reveal Logic Analyzer Trigger Setup

Once the logic analyzer is open, you can select the trigger in the GUL. You can also select the trigger position in the
waveform using the bottom right drop-down menu (Figure 6.1).

Using the trigger, you can capture a waveform of the ADC working, as shown in Figure 6.2.

Completed = B view wave [ top_Controller |view wave v
Bus/Signal a2 03872 03904  0:3036 0:3568 0:4000 04032 04064 0:4#95 0:4128 04160 04182 0d2od 0256 04288 04320 |
1 I I I 1 I I 1 1 I I I 1 1
ML oon1o111 ~ (0 i oottonit KO+ ootorin e+ K oortonnt YEe R vorionar R+ B ooront e § ootorin B ootiorin
adc_wrap_control_inst/adc_convstop 0
adc_wrap_control_inst/adc_eoc 0 H ,‘ ,‘ ,‘ ,‘ H H
adc_wrap_control_inst/adc_cog 1 l—l I—l l_‘ \—I \—1 \—1
adc_wrap_control_inst/sample_pulse 1
adc_wrap_control_inst/adc_sec 0 4,—‘ ’—‘ l—‘ ,—| ’—‘ ’—‘ ’—‘
adc_wrap_control_inst/adc_calrdy 1
adc_wrap_control_inst/adc_cal 1
adc_wrap_control_inst/adc_en 1
adc_wrap_control_inst/adc_resetn 1
adc_wrap_control_inst/adc_state WATEOC (™ ™ WATEOC _J§ } WATEOC jsoc) WAMEOC WATEOC ¥ WATEOC X wameoc WAIT_EOC
v adc_wrap_control_inst/adc0_out 2674 ~{ 2675 ¥ 2674 } 2673 b 2674 h 2675
» adc_wrap_control_inst/adc1_out 53 v 53 y 52 ¥ 53 ¥ 52 ¥ =
¥ ..ath_display_inst/adc_temp_inst/adc_over_max_temp | 10110100 > { 101101000100 101101000011 X 101101000100 ¥ 101101000011 101101000100
» .._datapath_display_inst/adc_temp_inst/temp_bin_acc (00000000 V( 0000000000
» adc_datapath display_inst/adc_temp_inst/temp_c | 00110100 00110100111 % ootiowotooo 00110100111 ¥ ooniorotoo0 Y ocoti0100111
¥ .. datapath_display inst/adc_temp_inst/temp_convert |01010111 01010111000 W otoiontioor  h 01010111000 {__ oloio111001 ) 01010111000
¥ adc_datapath_display_inst/adc_temp_inst/temp_f 01100011 { 01100011000 A ot100011010 01100011000 ¥ 01100011010 01100011000
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Figure 6.2. ADC Signals Captured by Reveal Logic Analyzer
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7. Creating the Demo Design

The procedure below describes how to create the demo design on the CertusPro-NX Versa Board. The procedure for
other Nexus devices is similar.

7.1. Required Hardware and Software

The FPGA board used in the demo is the CertusPro-NX board. The ordering part number of the board is
LFCPNX-VERSA-EVN. The Lattice Radiant 2024.1 software is used. Check for all updates, as shown in Figure 7.1.

Window = Help
Lattice Radiant Software Help '; -
License Debug
A Check for Updates
Show Guide Tips [
£ Repori

. About Lattice Radiant Software

——

Figure 7.1. Check for Updates

7.2. Creating a New Project
Select File > New > Project to create a new project.

2. Choose the targeted FPGA family, device, and package to match the board, as shown in Figure 7.2. Make sure these
selections are correct. As for the operating condition and performance grade, they do not directly affect the
bitstream. They are only used for timing and performance analysis.

Device Selector *

Select Device: Device Information:

Family: Device: Core Voltage: 1.00 v
iCE40UP (CE4D UltraPlus) LFCPNX-50 Logic Cells: 96000
LAV-AT (Avant) LFCPNX-100 s DEFE
LFCPNX (CertusPro-MX) Eeausters 79872
LFD2NX (Certus-NX) EBR Blocks: 208
LFMXOS (MachX05-NX) CREM
LIFCL (CrossLink-NX) DSP (18¢18 Multiplier): 156

ADC Blocks: i
PLLs: 4
DLLs: 2
PCSs: 2
d L ALUs: 1

Operating Condition: Package: DPHYs: 0
Industrial v | | LFG672 - PIO Cells: 299

Performance Grade: AT =2
9_High-Performance_1.0V -

Part Number:

LFCPNX-100-SLFG6721 -
Online Data Sheet for Device
oK Cancel Help

Figure 7.2. Select Targeted FPGA
3. Click OK and save the project.
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7.3. Selecting IP blocks

The FPGA has several hard IP blocks that perform analog functions and can be instantiated. The ADC is one of them,
which internally contains two Successive Approximation Register (SAR) ADCs. The ADC needs a clock that comes from a
PLL which needs an input oscillator. All these need to be added.

In the bottom left of the Lattice Radiant software GUI, choose the IP Catalog tab and from that instantiate the following
blocks. The version number should be equal to or higher than the number shown in Figure 7.3.

e ADCcore

e  Oscillator

e PLL

7.3.1. Oscillator
To instantiate the oscillator, select it and double click (Figure 7.3).

- Architecture_Modules
% ADC_Core 1.5.0
it ADC_Sequencer 2.1.0
% Clock Domain Crossing Modules 1.0.0
Ik 12CFIFO 1.1.0
3 10
Ik MPCS 1.7.0
% 0scC 1.4.0

Figure 7.3. Instantiate the Oscillator

In the oscillator configuration, enable the HF clock and set its output frequency to 225 MHz. Disable the LF clock, as
shown in Figure 7.4. After completing the configuration, click Generate.

Configure Component from Module osc Version 1.4.0
Set the following parameters to configure this component.

Diagram o0sc_225 Configure 0sc_225:
“  Property Value
~ General
HFCLK Enable ENABLED
HFCLK Frequency (MHz) 225.0
LFCLK Enable DISABLED
SEDCLK Enable DISABLED
0sc_225
hf_out_en_i hf_clk_out_o
CFGLMMICLK Enable DISABLED
0sC
4 3
Document No DRC issues are found.

< Back Generate Cancel

Figure 7.4. Configure the Oscillator
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7.3.2. PLL

To instantiate the PLL, select it from the IP catalog, as shown in Figure 7.5. The FPGA device has four PLLs, one in each
corner. The lower right PLL has its secondary output 4 hard wired to the clock input adc_clk for the ADC. The ADC
fab_clk input can be connected to any PLL. In view of this, you need to instantiate the lower right PLL. The Lattice
Radiant software does this automatically, unless you write constraints overriding it. Therefore, you should be careful
while writing constraints. As this demo uses only one PLL and does not involve writing any constraints, the Lattice
Radiant software connects it automatically.

- Architecture_Modules
¥ ADC_Core 1.5.0
Int ADC_Sequencer 2.1.0
% Clock Domain Crossing Modules 1.0.0
i} 12CFIFO 1.1.0
3 o}
I MPCS 1.7.0
% osc 14.0
I PLL 1.9.0

Figure 7.5. Instantiate the PLL

Make the following configurations for the PLL module, as shown in Figure 7.6.

e  CLKI Frequency: The CLKI Frequency needs to match the oscillator frequency, which is 225 MHz here.

e  CLKOP Frequency Desired Value: CLKOP is the fab_clk_i input to the ADC. The CLKOP Frequency Desired Value of
40 MHz is the fastest frequency that meets timing.

e CLKOS4 Frequency Desired Value: CLKOS4 is the adc_clk_i input to the ADC and the CLKOS4 Frequency Desired
value of 50 MHz is the fastest frequency that meets timing. The adc_clk_i input to the ADC is hardwired to the
lower right PLL secondary output 4. Therefore, you need to select CLKOS4 from the PLL configuration and the
Lattice Radiant software assigns this PLL instance to the lower right PLL.

After making the above configurations, click Calculate to check if there are Design Rule Checking (DRC) issues. There

should be no DRC issue if you use the values mentioned above. Then, Click Generate.
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(23 Module/IP Block Wizard X

Configure Component from Module pll Version 1.9.0
Set the following parameters to configure this component.

Diagram pll_adc_Ir Configure pll_adc_Ir:
General Optional Ports
Property Value [

Enable Internal Path Switching

VCO Frequency [800 - 1600] 90(
I CLKI: Frequency (MHz) [18 - 800] 225 I

pll_adc_Ir i
- ~ CPimaryCockOwput

CLKOP: Bypass
CI kop Ie) | CLKOP: Frequency Desired Value (MHz) [10 - 300] 40 |
. CI kOS4_O CLKOP Tolerance (%) 5.0
IOCk o CLKOP: Enable Trim for CLKOP
\_ J CLKOS: Enable
pI I CLKOS2: Enable
CLKOS3: Enable
CLKOS4: Enable
CLKOS4: Bypass
l CLKOS4: Frequency Desired Value (MHz) [6.25 - 800] 50 l
CLKOS4: Divider Actual Value [1- 128 8
CLKOS4 Tolerance (%) 0.0
CLKOS4: ERROR (PPM|
CLKOS4: Static Phase Shift (Degrees) 0 -
Document No DRC issues are found.

= =

Figure 7.6. Configure the PLL

7.3.3. ADC

Select the ADC Core module from the IP Catalog and double click, as shown in Figure 7.7. Do not select the ADC
Sequencer module.

= [ Architecture_Modules
5 ADC Core 15.0
inl ADC_Sequencer 2.1.0
# Clock Domain Crossing Modules 1.0.0
int |2CFIFO 1.1.0

Figure 7.7. Instantiate the ADC Core

Make the following configurations for the ADC Core, as shown in Figure 7.8. Keep the default settings for the

Comparators and ADC Channels tabs.

e ADC Clock Divide: adc_clk_i is divided by the number of this attribute. Select the smallest value of 2 for the highest
sampling frequency.
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ADC External Reference Voltage: The external VREF of 1.8 V is provided on board. Connect Jumper J28 pin 1 and
pin 2. Connect Jumper J29 pin 1 and pin 2.

ADC Conversion Mode: Here the value of Uni-polar means the output goes from 0x0 for input voltage of O to Ox3FF
for input voltage of VREF. If bi-polar is selected, VREF/2 would output O.

Configure Component frem Module adc_core Version 1.5.0
Set the following parameters to configure this component.

Diagram adc_fast Configure adc_fast:
General Comparators ADC Channels
adc fast
Property Value
—ADC_DNO ~+ ADC Setup
—ADC_DN1 ADC Clock Divide 2
—ADC DPO ADC Conversion Data Format Straight Binary
—|ADC_DP1 ADCO Reference Voltage Select External
ADCO External Reference Voltage (V) | 1.8

adc0_ch_sel_i[3:0] adc0_o[11:0]

. ADCO Conversion Mode Uni-Polar
== adcl_ch_sel_i[3:0] adcl_o[11:0]pm=
ADC1 Reference Voltage Select External
n adc—cal—l adc—calrdy—o | ADC1 External Reference Voltage (V) | 1.8
—jadc_dk_i adc_cog_o[— ADC1 Conversion Made Uni-Polar
—fadc_convstop_i adc eoc o—
—adc en i
—adc resetn i
—adc_soc_i
—fab clk i
adc_core
-
[] 3
Document No DRC issues are found.

< Back Generate Cancel

Figure 7.8. Configure the ADC

7.4. System Verilog and Synthesis

Add the following source files, as shown in Figure 7.9. The list of files to be added are:

adc_certuspro_nx_versa_1_1_0.sv

Top level wrapper for the whole design.

adc_wrap_control.sv

Instantiate the ADC core generated in the ADC section and its control FSM. This is the file that you need to reuse in
your own design.

adc_temp.sv

Converts ADC output into a temperature in Kelvin, Celsius, or Fahrenheit in BCD. A value of OxA displays a negative
sign.

adc_binary2volts.v

Converts ADC output to a BCD voltage.

clock_reset.sv

Instantiates the PLL and generates the clocks used in the system. It also generates strobe signals for the 7-segment
display multiplexing.

led_button_control.sv

Decodes the Reveal controller and physical push buttons.

hexto7segment.sv

Converts BCD to the 7-segment input. An input of OxA is a negative sign.
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e adc_datapath_display.sv

Wrapper around adc_temp.sv, adc_binary2volts.sv, and hexto7segment.sv.
e debug_pkg.sv

Creates a System Verilog package for the debug bus datatype.

“l StrategyT » [1] Synthesis Reports
v [% impl_1 (Synplify Pro)
v (3 iinput Files
* | pll_adc_Ir/pll_adc_Iripx TEEpLE
3 RTL Files
r Constraint Files ce & Route Reports
3 Testbench Files Regenerate All IPs...
pll_adc_Ir.cfg Add r Mew File...
* |l osc_225/osc 225.ipx
» RTL Files
L Constraint Files Existing File..
4 Testbench Files C Existing Simulation File...
ace 175 cfn

Figure 7.9. Add Source Code

After adding the source code, set the top-level unit to the module name of the wrapper, as shown in Figure 7.10. The

synthesis tool should be Syplify Pro as LSE does not support System Verilog.

Project Properties
- [E vb_ref_design Name: impl_1 Category: = Implementation
E LFCPMX-100-9LFGET2I
- ? impl_1 Location:  z/designs/adc_certuspro_nx_versa/ve_ref design2/vé_ref_design/impl_1
#| pll_adc_Ir/pll_adc_lripx
N Val
#| osc_225/o0sc_225.0px ame ue
L .fsource/clock_resetsv Top-Level Unit adc_certuspro_nx_versa_viplpl
| ../source/led_button_control.sv Synthesis Tool Synplify Pro
La| .fsourcefadc_temp.sv
%] ./source/adc_datapath_display.sv Automatically Compile Order on
#| adc_fast/adc_fastipx VHDL Library Name work
ta .. : . .
/source/hextolsegment.sv Verilog Standard System Verilog
La| .fsource/adc_binaryZvoltsy
1] ./source/debug_pkg.sv Preservation Level
| ..fsource/adc_wrap_control.sv Verilog Include Search Path
La| .fsourcefadc_certuspro_nx_versa_l,
HDL Parameters
«fsourcefade_certuspro_nx_versa_l,
ol 11 1rva Verilog Directives
L sourcefimpl_1.xcf Key Data File
V| wb_ref_design.rvl -
1 e 3
0K Cancel

Figure 7.10. Verilog Configuration
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7.5. Post Synthesis and Pin Constraints

The digital I/O need to be assigned to pins through the .pdc file as shown in Figure 7.11. Analog inputs such as DPO,
DNO, DP1, DN1 and the voltage reference pins are dedicated inputs and do not need to be added here.
Refer to CertusPro-NX Versa Board Evaluation Board User Guide (FPGA-EB-02053) for the schematic of the board.

The PMOD connector is used as a set of external debug pins to which a scope can be connected. Push button SW7 is
used as a stop conversion input.

I - JSOUTCE/ade_Certuspro_nx_versa_T_

Pre-Synthesis Constraint Files

- | Post-Synthesis Cgp=t=-int Eilac!
/sourcefadc_
o Debug Files

ol 11 ava [u

% wh_ref_design Regenerate All IPs...

Script Files Add 3

Analysis Files

i Programming File:

Figure 7.11. Add Post Synthesis Constraints Using a .pdc File

7.6. Debug and Control

Reveal allows the insertion of a soft logic analyzer that can show internal FPGA signals. It also provides a top controller
that provides virtual I/O, such as LED and push button.

7.6.1. Logic Analyzer

1. Inthe Lattice Radiant software, select Tools > Reveal Inserter.

After the Reveal Inserter opens, click Add core... > Add Logic Analyzer to add a new logic analyzer (Figure 7.12).
Rename the Logic analyzer as View _Wave.

Drag the fab_clk signal from the design tree pane to the Sample Clock box.

vk W

Check the checkbox for Include trigger signals in trace data.
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~ G
Start Page Reports % Reveal Inserter *

~ 5 Datasets
By View

@ Trace

pmad_7
pmodl 8
pmodl 9

» segment_ol6:0]
sw_adc_conv_stop

P *la adc0_out{12:1]

¥ "l adcl_out{12:1]

gcony stoo

. ila_tngger_out
"l. rvi_adc_en
*L. v adc_en_owrd
“1. ni_adc_resetn
.+ _sdc_resetn_ovrd |sample ciock [implementation eBR  +| 0 EBRs
» "la rvi_cal run_time{150]
“1. _sample_en Buffer Depth 256 « || Timestamp -
» Lo ri_sample_period[150)]
"o ri_sel_adcOb_1

Sample Enable Data Capture Mode

-+ rv_sel_adcb_count Bumple fastce ® Single Trigger Capture

e ri_sel_temp_c bl Mudtiple Trigger Capture
. _sel_temp_f

POR Debug -
Trigger Enable

"L rd_sel_veciol -
Signal Search Include trigger signals in trace data

Search Trace Signal Setup Trigger Signal Setup

Figure 7.12. Logic Analyzer Initial View

Click the Trigger Signal Setup tab.

Add a new trigger unit and add signals to it by dragging the desired signals from the design tree pane to the Signals
(MSB:LSB) box in the Trigger Unit section (Figure 7.13). If you double click on the names of the signals, as
highlighted in Figure 7.13, the TU Signals dialog box opens (Figure 7.14).

8. You can reorder these signals using the up and down buttons. Click Ok after configuring the signals. Check the
checkbox for Enable Trigger Out in the Trigger Out section and assign it to ila_trigger_out NET. The ila_trigger_out
NET is not visible in the Verilog code but is assigned to a PMOD pin and enables the synchronization of an external
scope to the Internal Logic Analyzer (ILA).

9. Once the trigger signals are added, switch to the Trace Signal Setup tab and add trace signals. These trace signals
cannot be used as part of the trigger expression, but they are displayed in the captured waveform. Check the check
box for Include trigger signals to trace data (Figure 7.15).
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x

Operator

Trace Signal Setup

Trigger Unit
Name Signals (MSB:LSB)
1T
Add Remove
Trigger Expression
Name Expression RAM
Type
1 TE Ll 3 Slices.
Add Remove
Event Counter
Enable final trigger counter Event Counter Value -
Trigger Out
I Enable Trigger Out | | et NET ~ ila trigger_out |
Polarity Active High ~ | Minimum pulse width | o

Trigger Signal Setup

Sequence

Depth

~I(1

Radix Value
~ | Bin V| 00000800
Default Trigger Radix

Max Sequence Max Event
Depth Counter
2 v

Bin

Trigger Output
View_Wavefila_trigger_out

Figure 7.13. Add a Trigger Unit

%% TU Signals

v iF

Select Signals

v A\ adc_certuspra_nx_versa vip1pl
inst{adc_datapath

adc_datal

¢ adc_inst{ade_fast_unig_1)
ADC_DNO

ADC_DN1

ADC_DPO

ADC_DP1
adc0_out[11:0]@Tc
adcl_out[11:0]@Tc
ade_clk

conv_stop
dbg.adc_cal@Te,Tg
dbg.adc_calrdy®Tc.Tg
dbg.ade_clk
dbg.adc_cog@Tc,Tg
dbg.ade_convstap
dbg.adc_en@Te,Tg
dbg.adc_eoc@Tc.Tg
dbg.adc_resetn@Tc.Tg
dbg.adc_soc@Tc.Tg
dbgfab_clk

fab_clk

vl ade_en
rl_ade_en_ovrd
ril_ade_resetn
ril_adc_resetn_ovrd
ril_cal_run_time[15:0]
sample_pulse®Tc Tg
sel_dtr

selvee

sel_vecaux

sel_veciol

sel_veciol

sel_veem

sys_reset n

"1 2dc0_ch_sel_i[3:0]

"La adc0_o[11:0]

"1 cdcl_ch_sel,
"L adcl_o[11:0]
"1, adccal i

e et

PO IIYIIIIIAAAAAAAAAATTYYDDDD

i[2:0]

adc_wrap_control_inst/dbg.adc_en
adc_wrap_control inst/dbg.adc_resetn
adc_wrap_control_inst/sample_pulse
adc_wrap_control_inst/dbg.ade_calrdy
adc_wrap_control_inst/dbg.adc_cal
adc_wrap_control inst/dbg.ade_cog
adc_wrap_control_inst/dbg.adc_eoc

ade_wrap_control_inst/dbg.adc_soc

0K

Lse

Cancel Help

Figure 7.14. Add Signals to the Trigger Unit
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Figure 7.15. Logic Analyzer Appearance after Adding Trace Signals

7.6.2. Top Controller

From Reveal Inserter, add a top controller by selecting Add core... > Add Controller. In the top controller, assign virtual
switches and LEDs, as shown in Figure 7.16. Then, connect status registers to the user status registers and user control
registers, as shown in Figure 7.17 and Figure 7.18.
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Figure 7.16. Virtual Switches and LEDs

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-EB-02061-1.2

32


http://www.latticesemi.com/legal

ADC Demo Design on CertusPro-NX Versa Board ....LATTICE

User Guide
2 Start Page Reports *4 Reveal Inserter * A
~ "B Datasets 3 status Register
en_Wave
Name Status Signals (MSBSE)
idd core.
« A\ adc_certuspro_mx_versa vipTpT a | 1 CALRUNTIMEL rvi_calrun_time7.rvi_cal_run_smemvi_cal run_timeS,r_cal_run_timesdr_cal_run_time:3.rv_cal run_time:2.rv_calrun_time:1,rd_cal_run_time:
b 18 ade_datapath_dis adc_datapath_display_uniq_1) 2 CALRUNTIMEH  rvi_cal_run_time:15,n_cal_run_time:14,nd_cal_nun_time:13,nvi_cal_run_time:12,rvl_cal_run_time:11,nvl_cal_run_time:10,rvl_cal_run_time:9,rvl_cal_run_time8
+ £} adc_wrap_control ontrol_uniq_1)
3 clock_reset_sync(clock_resét_uniq,
} led_buttan_control_instlled_button_cantrol_uniq_1)
ADC_DNO
ADC_DN1
.
.
- Add | Remove Address: 081001000 ~ X310010°8
signal Search
Search virtual Svdtch & LED Setup User Memory Setup User Status Regster Setup User Control Register Setup riard IP Setup
[2) start page Reports 4% Reveal Inserter *

[+ “ Datasets

Bl Vianw Wi 3 control Register
Zi; View Wave

Name | Control Signals (MSBASE) Wie
Add core.
A\ adc_certuspro_nx.versa_viplpl = |1 SAMPLEL |rlsample_period,n_sample_period6rvl_ssmple_period:S ri_sample_periodi rvl_ssmple_period:3 il_sample_period2,nvl_sample._period:1,n_ssmple_periodi0 8
b I adc datapath cisplay inst{adc datapath display uniq 1) 2 |SAMPLEH |rvi_sample_period:15,v_sample_period:14,nl_sample_period:13,rvl_sample_period:12,rvI_sample_period:11,rv_sample._period:10,n_sample_period:drvl_sample_period:8 8
» 1 ade_wrep_conirol instladc_wrap_contral_unia_1)
v 1} clock reset_synclclock reset_unia_1)
+ 13 Ied_button_control_instlled_button_control_uniq.1)
ADC_DNO
ADC_DN1
ADC_DPO
ADC_DP1 < .
decimal_pt_o
v " digit of20] - Add Remove Address: (81000000 ~ 0x810000f8
ional Search

Search Virtual Switch & LED Setup User Memory Setup User Status Register Setup User Control Register Setup Hard TP Setup

Figure 7.18. User Control Register Setup

7.7. Running Synthesis and Programming.

In the Lattice Radiant software, Click the Export Files button on the top left. It starts from synthesis, runs map, place
and route, and generates the bit file.

To open the Programmer tool, select Tools > Programmer and the Radiant Programmer opens, as shown in Figure 7.19.

Connect a mini USB cable from the mini USB port on the FPGA board to a USB2 port on the laptop. Do not use the USB3
type B port on the board.

1.

Set up the cable by clicking the Detect Cable button on the top right. If multiple cables are detected, use the lower
numbered option, usually location 0. Set the TCK Clock Divider to 3 or higher. This reduces the chance of bit errors,
even though it makes programming slower.

Point to the .bit file in the GUI. Select the operation as Fast Configuration and click the program % button. This
loads the .bit file into the FPGA configuration RAM but does not alter the flash. When programming is done, the
7-segment display displays a voltage that is the output from the potentiometer. Turning the potentiometer causes
the voltage to vary from 0 to 1.8 V.
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7.8. Debug GUI

Figure 7.19. Programmer GUI

To open the logic analyzer and controller, click Tools > Reveal Analyzer/Controller in the Lattice Radiant software.

7.8.1. Logic Analyzer

Choose the target logic analyzer from the drop-down menu on the top, as shown in Figure 7.20.

File View Design Window Help
Completed Jta :'.i} View_Wave top_Controller

m
]
at

m

m
T

Figure 7.20. Open the Logic Analyzer

Set up the trigger on any signal that occurs in the design. The example shown in Figure 7.21 triggers on the SOC signal.

Press the = run button and the waveform is captured, as shown in Figure 7.22.
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Figure 7.22. Logic Analyzer Waveform

7.8.2. Top Controller

Select the top controller instead of the logic analyzer from the drop-down menu. The top controller GUI shows
(Figure 7.23). The upper section is for virtual LEDs, which are similar to board LEDs. Polling refers to how often the GUI

checks the FPGA to find the current status of the LEDs. Move the slider to the middle and click Start Polling. By default,
all LEDs are off.

The virtual switches are the equivalent of DIP switches on the board. Select Direct Mode so that when you move a

switch, it is immediately sent to the board. If Direct Mode is not selected, you need to move the switches and then click
the Apply button.

You can monitor the input voltages. For example, you can monitor VCC by using the SEL_VCC switch. The SEL_VCC LED
illuminates and the 7-segment display displays about 1.0 V, as shown in Figure 7.24.

To measure temperature, turn off all other switches and turn on SEL_DTR. The LED SEL_DTR illuminates, indicating
temperature measurement. The SEL_ADC1 LED also illuminates, as ADC1 is used to read the DTR. The board display
gives a die temperature in Kelvin. Use the SEL_TEMP_C and SEL_TEMP_F to get temperatures in Celsius or Fahrenheit.
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Figure 7.24. Measure VCC
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Figure 7.25. Read Fahrenheit Temperature
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8. Summary

This basic demo design shows how to connect and sequence the ADC Core IP and how to process the results on the
CertusPro-NX Versa Evaluation Board. The design includes the following input signals: a raw voltage on the dedicated
input pins connected to a POT, internally divided down VCC voltages, and internal temperature values displayed in
Kelvin, Celsius, or Fahrenheit. There are many variables in a design such as this, and the values used in this demo are
just one example of many that could be used with the Nexus ADC IP. Different clock frequencies for fabric and ADC and
delays in the sequencer can be verified in hardware by modifying this basic design.
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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Revision History

Revision 1.2, August 2025

Section

Change Summary

Design Overview

In the ADC Control section:

° added description for the timeout mechanism;

e updated Figure 4.6. ADC Control FSM;

e added Figure 4.7. End Of Conversion Timer Running with No Error, Expected Behavior and
Figure 4.8. End Of Conversion Timer Timeout and Giving Fresh SOC, Not Expected to Happen.

o for the sample_pulse description, changed This is the max sampling frequency for the given
adc_clk and fab_clk frequency but the sampling period can change slightly due to CDC
synchronizers inside the IP taking between 3 and 3 clock cycles to
This is the max sampling frequency for the given adc_clk and fab_clk frequency but the sampling
period can change slightly due to CDC synchronizers inside the IP taking between 2 and 3 clock
cycles.

References

Added reference to the ADC Demo Design web page.

Revision 1.1, December 2024

Section

Change Summary

Inclusive Language

Added this section.

Introduction

Removed the original Figure 1.1 ADC Demo Running on CertusPro-NX Versa Evaluation Board.

Running the Demo

e Added unlike earlier versions, this demo uses System Verilog and must be synthesized using
Synplify under Radiant, not Lattice Synthesis Engine (LSE).

e  Updated the summary of the contents of the ADC Demo project.

e  Updated the description for J28 pins 1-2 from external 1.8 V reference to
get 1.8 V reference from reference IC on board.

e  Updated the description for J29 pins 1-2 from external 1.8 V reference to
get 1.8 V reference from reference IC on board.

e  Updated Figure 2.1. CertusPro-NX Versa Board Powered on with Default Jumpers.

e  Removed the original Table 2.1. DIP Switch Selection and ADC Results and related description.

Testing and Debugging

Added this section.

Design Overview

e Updated the section title from Overview to Design Overview.

e  Updated Figure 4.1. ADC Demo Design Block Diagram.

e Added The functions of the blocks are:
Clock and Reset — Generates fab_clk and adc_clk from a PLL which gets a reference clock from
an oscillator. This block also generates sample_pulse if fixed frequency sampling is required.
ADC Wrap — Instantiates the ADC and the control FSM.
Data Path and Display — Scales the ADC output into volts or degrees of Kelvin, Fahrenheit, or
Celsius.
LED Button Control — Debouces external switches, encodes Reveal top controller output into
control signals, and drives LEDs.

e  Added the Hard IP Blocks Used and ADC Control sections.

Phase-Locked Loop IP

Removed this section.

ADC Core IP

Removed this section.

Data Path and Display
Logic

Added this section.

Hex to Seven Segment
Module

Removed this section.

ADC Binary to Volts
Module

Removed this section.

ADC Binary to
Temperature Module

Removed this section.

Connecting the Modules

Removed this section.
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Section Change Summary

ADC State Machine Removed this section.

aDr:':j SDv:Eccc)r;:ebounce Removed this section.

Reveal Added this section.

References Added the reference to Debugging with Reveal Usage Guidelines and Tips (FPGA-AN-02060-1.1) and

ADC Demo Design on CertusPro-NX Versa Board web page.

Revision 1.0, November 2023
Section Change Summary
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