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e ADC Configuration

e 3 approaches to using the ADCs

e Used as part of a NIOS system
* Avalon interface built in by Platform Designe

e Used with a hand built interface
e Emulate the Avalon interface

e Used with the Quartus ToolKit (Inside System Console) to verify
operation

* Avalon interface built into the toolkit

ELE 3510 2

Ot



* Nios ADC
* Create a processor system to use the ADC

CLk —» Clock BT
RST —»| Reset_bar
Onchip
CLK —» CPU JTAG . System
Y gepory UART THu&" ID
—» ADC CLK
PLL A A A A A A
— Locked M(1) M(D) S S S S
A
| Bus Fabric |
Is
ADC
ADC Pins
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* Nios ADC

* Create a processor system to use the ADC
* Basic Processor system

Use Connections Mame Description
= dk_0 Clock Source
dk_in Clodk Input
dk_in_reset Reset Input
dk Clock Qutput
—_— dk_reset Feset Output
= g nios2_gen2_0 Mios II Processor
dk Clock Input
reset Reset Input
— data_master Avalon Memory Mapped Master
—_— instruction_master Avalon Memory Mapped Master
irg Interrupt Receiver
debug_reset_request  |Reset Output
debug_mem_slave Avalon Memory Mapped Slave
custorn_instruction_m... |Custom Instruction Master
B onchip_memory2_0 |On-Chip Memory (RAM or ROM) Intel ...
dk1 Clock Input
51 Avalon Memory Mapped Slave
resetl Reset Input
B jtag_vart_0 ITAG UART Intel FPGA IP
clk Clock Input
reset Reset Input
avalon_jtag_slave Avalon Memory Mapped Slave
irg Interrupt Sender
= timer_0 Interval Timer Intel FPGA IP
dk Clock Input
reset Reset Input
51 Avalon Memory Mapped Slave
irg Interrupt Sender
B sysid_qgsys_0 System ID Peripheral Intel FPGA IP
dk Clodk Input
reset Reset Input
control_slave Avalon Memory Mapped Slave

Export

clk
reset

Clock

clk_0
[ek]
[ck]
[ck]
[ck]
[ck]
[ck]

clk_0
[ck1]
[ck1]

clk_0
[ek]
[ck]
[ik]

clk_0
[ick]
[ck]
[ck]

clk_0
k]
k]
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ELE 3510

* Nios ADC

* Create a processor system to use the ADC

 Modular ADC (see next slide)
* Requires a locked output from the PLL

* PLL
* 10MHz max clk frequency
g
£% 5 ¢
ﬁ@ modular_adc_0 > Modular ADC core Intel FPGA IP
L clodk Clock Input clk_0
L reset_sink Reset Input [clodk]
— adc_pll_dock Clock Input altpll_0_cD
— adc_pll_locked Conduit
SEqQUENCEr_Csr Avalon Memory Mapped Slave [clock]
I sample_store_csr Avalon Memory Mapped Slave [clock]
sample_store_irg Interrupt Sender [clock]
ALTPLL Intel FPGA IP
* inclk_interface Clack Input clk_0
* inclk_interface_reset  |Reset Input [inclk_interf...
* pll_slave Avalon Memory Mapped Slave [inclk_interf...
—— i Clodk Output altpll_0_co
*— locked_conduit Conduit
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* Nios ADC

e ADC Module

Configuration —

Select Disable

Only ADC1 available on DE10-Lite

Max Sample Rate

Required Clock

Channel 1
Arduino AO pin

Sequencer Setup — |

| %3 parameters 2 - =
System: adc_basic  Path: modular_adc_0
Meodular ADC core Intel FPGA IP :
altera_modular_adc
General ~
|* Core Configuration—___ — —
Core Variant: tandard sequencer with Avalon-MM sample sb:raae)
|~ 1P Generation
= 1= e st ADC
|~ Clocks
ADC Sample Rate: ﬂMhz
ADC T PP >
TS L 10 Mhz
|~ Reference Voltage
Reference Voltage Source: Internal w
Internal Reference Voltage: 7.5
| Logic Simulation
Enable user created expected output file: | pisgbled
Sequencer
Channels SEQUEncer>
0 CH1I CH2 C CH+4 | CH5 | CH6 | CH7 |
~ Channel 1 | |" Conversion Sequence Length
] Use Channel 1 Mumber of slotused: |1 .,
|~ Conversion Sequence Channels
Slot 1: GH i
v
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* Nios ADC

-- nios_adc_del0.vhdl

-- Created 9/18/18
-- by: johnsontimoj
-- rev: 0

Tibrary ieee;
use ieee.std_logic_1164.al11;
use ieee.numeric_std.all;

entity nios_adc_del0O is
port(
CLOCK_50 : in std_logic

)3
end entity;

architecture behavioral of nios_adc_delO is

component nios_adc is
port (
cTk_c1k
reset_reset_n :

;
end component nios_adc;

begin
u0 : component nios_adc
port map (
clk_clk => CLOCK_50,

reset_reset_n => '1'

end architecture;

: in std_logic :
in std_logic :

X'; -- clk
X' -- reset_n
- clk.clk

-- reset.reset_n

Note: No pin assignments required for ADC pins
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* Nios ADC
e system.h

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

T

ALT MODULE CLASS5 modular adc 0_sample store csr altera modular adc
MCODULRR ADC 0 SAMPLE STORE CSR_BASE Ox11000 —

MODULAR ADC O SAMPLE STORE CSR CORE WVARIANT O
MODULAR ADC 0 SAMPLE STORE CSE CSD LENGTH 1 —
MODULAR ADC O SAMPLE STORE CSR_CSD SLOT 0 "CHL"

MODULAR ADC O SAMPLE STORE CSR_CSD SLOT_1 "CHO"

MODULAR ADC O SAMPLE STORE CSR CSD SLOT 10 "CHO"
MODULAR ADC 0 SAMPLE STORE CSR CSD SLOT 11 "CHO"
MODULRR ADC 0 SAMPLE STORE CSR_CSD SLOT_12 "CHO"
MODULAR ADC O SAMPLE STORE CSR _CSD SLOT_13 "CHO"

irmorirre om E mmagmr o s o mr s omem oo ppeaey

FOEL IS
#define
#define
#define
f#define
#define
#define
#define
fdefine
#define
#define
#define
fdefine
#define
#define
#define
#define
#define
#define
f#define
#define
#define
#define
fdefine
#define
#define
#define
fdefine
#define
#define
#define
#define
#define
#define
f#define

TIUDULAK_ADC_U_SANFLE SIUKE LoK LoD SLUI_ 61 "CHU
MODULAR ADC O SAMPLE STORE CSR_CSD SLOT 62 "CHO"

MODULAR ADC 0O _SAMPLE STORE CSR_CSD_SLOT_63 "CHO"

MODULAR _ADC 0O_SAMPLE STORE CSR_CSD SLOT_7 "CHO"

MODULAR ADC O SAMPLE STORE CSR CSD SLOT & "CHO"

MODULAR ADC O SAMPLE STCORE CSR_CSD SLOT 9 "CHO"

MODULAR ADC 0O SAMPLE STORE CSR_DUAL ADC MODE O

MODULAR ADC 0O_SAMPLE STORE_CSR_IRQ -1

MODULAR ADC O SAMPLE STORE CSE_IRQ INTERRUPT CONTROLLER ID -1

MODULAR ADC O _SAMPLE STORE CSR_IS THIS FIRST OR SECOND ADC 1
HMODULAER,_ADC 0_SAMPLE STORE_CSE_NAME "/devlmndular_adc_o_sanple_store_c
MODULAR ADC 0O_SAMPLE STORE CSR_PRESCALER CH1é O

MODULAR ADC O SAMPLE STCORE CSR_PRESCALER CHE 0

MCDULAR ADC 0 SAMPLE STORE CSR_REFSEL "Internal VREF"
MODULAR_ADC 0O_SAMPLE STORE _CSR_SPAN 512

MODULAR ADC O SAMPLE STORE CSR_TYPE "altera modular adc”

MODULAR ADC O SAMPLE STORE CSR_USE CHO O

MODULAR ADC 0O SAMPLE STORE CSR_USE CH1 1
MODULAR_ADC 0O_SAMPLE STORE_CSR_USE_CH10
MODULAR ADC O SAMPLE STORE CSR USE CH11
MODULAR ADC 0 SAMPLE STORE CSR USE CH12
MODULAR ADC 0O SAMPLE STORE CSR_USE_CH13
MODULAR ADC 0O_SAMPLE STORE_CSR_USE_CH14
MODULAR ADC O SAMPLE STORE CSR USE CH1S
MODULAR ADC 0O SAMPLE STORE CSR _USE _CH16E
MODULAR _ADC 0O_SAMPLE STORE_CSR_USE_CHZ
MODULAR ADC O_SAMPLE STORE_CSR_USE_CH3
MODULAR ADC O SAMPLE STCORE CSR_USE CH4
MCDULAR ADC O _SAMPLE STORE CSR_USE_CHS
MODULAR_ADC O_SAMPLE STORE_CSR_USE_CHE
MODULAR ADC O SAMPLE STORE CSR_USE CH7
MODULAR ADC O SAMPLE STORE CSR_USE_CHS
MODULAR ADC 0O _SAMPLE STORE CSR_USE_CHS
MODULAR_ADC 0O_SAMPLE STORE_CSR_USE_TSD
MODULAR ADC O SAMPLE STORE CSR VREF 2.5
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* Nios ADC
e system.h

ELE 3510

#define
#define
#define
gdefine
#define
#define
#define
f#define
fdefine

IO P g

= :.’_f'_':_"_l‘_'&:'_ ulsl

ALT MODULE CLASS5 modular adc 0_sequencer csr altera modular adc
MODULAR _ADC 0O_SEQUENCER_CSE_BASE 0x11230 —

MODULAR RDC O SEQUENCER CSR_CORE VARIANT O

MODULAR RADC 0O SEQUENCER CSR_CSD LEWNGTH 1

MODULAR RDC 0 SEQUENCER CSE_CSD SLOT O "CH1™

MODULAR BRDC 0 SEQUENCER CSR_CSD SLOT 1 "CHO"

MODULAR_ADC 0O_SEQUENCER_CSR_CSD_SLOT_10 "CHO"

MODULAR ADC O SEQUENCER CSR CSD SLOT 11 "CHO"

MODULAR RADC O SEQUENCER CSR_CSD SLOT 12 "CHO"

MATVIT AT ATV A CTATTDMOoTD oD SOn ST 19 moiom

#define
pdefine
#define
#define
#define
pdefine
#define
#define
#define
pdefine
#define
#define
#define
pdefine
#define
#define
#define
#define
#define
#define
pdefine
#define
#define
#define
pdefine
#define
#define
#define
pdefine
#define
#define
#define
pdefine

MODULAR ADC 0O_SEQUENCER_CSR_CSD_SLOT_&3 "CHO"

MODULRR ADC O SEQUENCER CSR CSD SLOT 7 "CHO"

MODULAR_ADC 0_SEQUENCER CSR_CSD_SLOT_ & "CHO"
MODULAR_ADC_0_SEQUENCER_CSR_CSD_SLOT_9 "CHO"

MODULAR ADC 0O SEQUENCER CSR_DUAL ADC MODE O

MODULAR ADC 0 SEQUENCER CSR IRQ -1

MODULAR_ADC 0_SEQUENCER CSR_IRC_INTERRUPT CONTROLLER_ID -1
MODULAR_ADC 0_SEQUENCER_CSR_IS_THIS_FIRST OR_SECOND ADC 1

MODULRR ADC 0 SEQUENCER CSR NAME "/dev/modular adc 0 seguencer csc"
MODULAR ADC 0 SEQUENCER CSR_PRESCALER CH1€ O

MODULZR_ADC 0_SEQUENCER CSR_PRESCALER CHS 0

HODULAR, ADC O SEQUENCER_CSE_REFSEL "Internal VEEE™

MODULAR, ADC O SEQUENCER CSE SPAN &

MODULAR ADC 0 SEQUENCER CSR_TYPE "altera modular adc”

MODULER ADC 0 SEQUENCER CSR _USE_CHO O
MODULAR_ADC_0_SEQUENCER_CSR_USE_CH1 1

MODULRR ADC O SEQUENCER CSR USE CHI1O
MODULER_ADC 0_SEQUENCER CSR_USE_CHI1
MODULER _ADC 0 SEQUENCER CSR_USE_CH12
MODULAR ADC 0O_SEQUENCER CSR_USE_CH13
MODULRR ADC O SEQUENCER CSR USE CH14
MODULER_ADC 0_SEQUENCER CSR_USE_CH1S
MODULAR_ADC_0_SEQUENCER_CSR_USE_CH1E
MODULAR ADC 0O_SEQUENCER_CSR_USE_CHZ
MODULAR ADC 0 SEQUENCER CSR_USE_CH3
MODULAR_ADC 0_SEQUENCER CSR_USE_CH4
MODULAR_ADC_0_SEQUENCER_CSR_USE_CHS
MODULAR ADC O SEQUENCER CSR_USE_CHE
MODULARR ADC 0 SEQUENCER CSR_USE_CH7
MODULZR_ADC 0_SEQUENCER CSR_USE_C
MODULAR_ADC_0_SEQUENCER_CSR_USE_CHS
MODULAR ADC O SEQUENCER CSR_USE_TSD
MODULAR ADC 0O SEQUENCER CSR_VREF 2.5
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* Nios ADC
e drivers/inc/altera_modular_adc.h

start, stop, mode
Functions

word_read
function

typedef struct alt modular adc dev
i

alt_dev dev;

void ade stop(int sequencer_base);
void ade start(int seguencer base):
void ade set mode run once(int sequencer base);
void ade set mode run continmously (int sequencer base);
volid ade recalibrate(int sequencer_ base);
void ade interrupt enable (int sample store base);
void ade interrupt disable (int sample store base):;
vold ade clear interrupt status(int sample store base);
void adc wait for interrupt(int sampls store base);
int ade interrupt asserted(int sample_ store_base);
alt _modular adc dev® altera modular adc open (const char *name);
void alt ade register callback |

alt modular adc dev *dev,

alt_adc callback callback,

void *context,

alt u32 sample store base):
int alt adc word read (alt_u32 sample store base, alt_u3Z* source ptr, alt u3Z len):;

void altera modular ade init(alt modular adc dev® dev, alt 32 ic id, alt_ 32 irg):

equencer and
ample/store bases
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* Nios ADC

* User program

ADC operates independently — no pointer

of

#include "alt_types.h"

#include "altera modular_ adc.h"
#include "system.h"

#include <
#include

int main(void) {
printf ("Entered Main\n");

alt_u32 adc_val;
float adc_wolt;

int adc_plot_index;
const char * adc graph[l0] = {"|",

adc_stop (MODULAR ADC 0 SEQUENCER CSR_BASE) :
adc_set_mode_run once (MODULRR ADC O SEQUENCER CSR BASE);

to structure or ‘open’ required

while(l){
adc_start (MODULAR ADC_0_SEQUENCER_CSR_BASE) :
nsleep (100000) ;
alt_adc word read(MODULAR ADC 0 SAMPLE STORE_CSR BASE, zadc val, MODULAR ADC O SAMPLE STORE_CSR_CSD LENGTH);

adc_wvolt = (float)adc wval * 5.0 / 4096€.0;
adc_plot_index = (int) (adc_volt/0.34):
printf("adc valus = %lu\t adc voltage = 3£\t %s\n", adc_wval, adc volt, adc_graph[adc_plot_index]):

return 0;
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* NIOS ADC
* Setup

Waveform

Analog Output Arduino AO pin
Discovery

DE10-Lite
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* Nios ADC
* 0.5Hz input

nios_aadc_sw Mios II Hardware configuration - ca
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value
value
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value
value
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* DE10-Lite — ADC WARNINGS

* Only ADC1 is brought out to pins
* No access to ADC2 inputs from the FPGA pins

* The pin #s are shifted
* Arduino AO is mapped to ADC1_inl

* Arduino A5 is mapped to ADC1_in6

* No other ADC inputs are pinned out
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