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1. ATmega328PB Xplained Mini

1) ATmega328PB Microcontroller
ATmega328PB mlo] A2 AEZ )= 1y oz FAYE MCUoW F8 EAL ofg9} 7t}

Memories
32KBytes of In-System Self-Programmable Flash Program Memory
1 KBytes EEPROM
2 KBytes Internal SRAM
Peripherals
Two 8-bit Timer/Counters
Three 16-bit Timer/Counters
Eight-channel 10-bit ADC
Two USARTSs
Two SPIs
Two TWIs
Operating Voltage: 1.8 - 55V
Speed Grade:
0 - 4MHz @ 1.8 - 55V
0 - 10MHz @ 2.7 - 55V
0 - 20MHz @ 45 - 55V
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1. Atmel Studio 7 20 & AlE2Y

4) ATmega328PB Development Kit (ATmega328PB Xplained Mini)

I—u nuI.‘J

EF%E

Tmega328PB x PLAINED
4

J300, Power source

J104, COM

J102, BOOT strap
mEDBG LED
External Clock
J202, power I/O

=
i oigie-o o-0=3i,

b Az
Cemeoore-=Atmel[s)
yom o-o-o ~rerfi =
J203, analogue I/0
J204, SPI

User button
User LED

2. Atmel Studio 7 AH&-H

J301, Target power
J100, JTAG

J200, Digital I/0 high

J201, Digital I/O low

Atmelrl9] Atmel Studio 7¢ ZRAE 3 iy, 22 7= HY, TR O, A EH oA 5&
g 5 Qe Y T Aot Fek 22 aRs HY g3 wEA UE 5 don, e of &g
AolAoz ot 9 UMAE EF AEE ¢ Qe FHS 7IA2
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Atmel Studio 73 C <] Fo] ATmega328PB Xplained Mini Boardell A X ¥ o] <)
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1) Z 24 E (project) BA
(1) FA(F) - MEHFE7)/(N) - Z2AEP) J2S Mg}

E AtmelStudio (ZH2|Ah
oaF) | HEE HI|(V)  VAsssiX ASF ZEHEE(P) OHIMD) =M 2 EW) 2 LESEH)

MEZE HEZ|(N) P mzmEEp)L Ctrl+Shift+MN
Z70(0) L e T =11 T Chrl+M

atmel Start Configurator
] Example Project. . Ctrl+Shift+E

Ctrl+S
Cirl+=

Ctrl+Shift+5

e
Ctrl+P

Alt+F4

(2) 9% vy gENA OC/C++ FdHFE Adsta, 712d #HdA @GCC C Executable
Project (C/C++)& A€ & Q@Fotry] MES Fslo @ZZAE HYo] A Er
o] A5 AAQ3 g, @ZZAE o] EBlinky)S dFsty, ®EFAE dgdH HE7)

b AZ 2 EEREARE -] = X g rl-E p-
4 BRE 1Al
— GCC C ASF Board Project C/C+ B4 C/Ce+
(D Creates an AVR 8-bit or AVR/ARM 32-bit
Assembler @ . GCC C Executable Project C/C++ C project
AtmelStudio Selution
GCC C Static Library Project C/C++
GCC C++ Executable Project C/Ces ote o ~
{“. Slngyo 2
GCC C++ Static Library Project C/C++ s ‘9
mln”f “Hay
Create project from Arduino sketch C/C++ <

| o1=(v): @élinky | 3
QIR (Ly: @ [ System Lab I#2017-2+#Lab Manuals#\Week_1_Development_Tools#Programs# ~| I AOHE7|(B)... I @
S54 01 SM): Blinky (v 22428 O=Ez2 25710

o [T
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(3) ‘Device Selection’ ol O328PB’etal & dlF olFS 7Fd axnk AdEo] Z5Hr)
o] Folx @'ATmega328PB’ 2x5 &8 3l A& o, @QOK HES FE 3t

r Y
Device Selection &J
Device Family: (@) 32808

Name App./Boot Memory (Kbytes) Data Memory (bytes)EEPROM (bytes) | Device Info: I
ATmega328PB 32 2048 1024 A Device Name: ATmega32sPB

Speed: N/A

vee: N/A

Family: ATmega

Datasheet (Summary)

Device Page

Supported Tools
~ Atmel-ICE

« AVR Dragon
® AVRISP mkll

CIMtHSl ) SIEEST (Rev. 1.1) 5
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(4) Atmel Studio 7°] Aso= ZRAES FAS Al oty P o] ofF Itosk
mainc Fd& AAs] Foh

E Blinky - AtmelStudic (22| Xh
mEFE HEE H2(V) VAsist ZEMEPR) ECEE) OHID) =R BW

i 8- o0-2 P XFTa|92-C-| b W Debug - E3oRH
£ pm | Pl b @t kT |6ms | M- M.
= mainc - I-) E-wlecturewUnderGraduatewDigital Circuits and Microcomputer System Lat

1 /%

2 | * Blinky.c

3 | =

4 | * Created: 2017-08-25 @3 5:44:02
5 | * Author : Administrator

G

-

8

*/
#include <avr/io.h>
9
10
11 =int main{void)
12 |4
13 /* Replace with your application code */
14 while (1)
15 {
16 }
17 |}
18
19

(5) °] mainc LS o o] FAST
1 =/*
2 * Blinky.c
3 *
4 | * Created: 2017-08-25 2% 5:44:02
5 | * Author : Administrator
6 | */
7
8! #define F_CPU 16000000
9
18 #include <avr/io.h>
117 #include <util/delay.h>
12
13 =int main(void)
14 |{
15 DDRB = 6bo0100000;
16 while (1)
17 {
18 PORTE = 2b00100000;
19 _delay ms(100);
20 PORTE = @boRER0E0OG;
21 _delay ms(900);
22 }
23 |}

CIMtHSl ) SIEEST (Rev. 1.1) 6
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(6) Build - Build Solution W& A8lsle] ¢ T2 338 Compile ¥ Link gt}

Blinky - AtmelStudio (22| %)
DUF HIE BNV VAssx zZ==erE) [2SE)] OHa0) EFM  EW) E2

fe-o|®-a-a | XF 0|2 _s382cE F7 )
S | Pl ¥ @t k T|1qg BTUTMEER Ctrl+Alt+F7
= ; =24 ®2)(Q)
main.c* & X
- e Blinky 22(U) i
< main.c - ,I-) E:wlLecturewUng . - h
- Blinky CrA] 2E(E) -
1a/ ) Blinky % 2|(N)
2 * Blinky.c R
3 % 22 EE0).
. T4 H2[XHO)...
4 * Created: 2017-08-25 compi CulEr
_ . . ompile T+
5 ¥ Author : Administratec. .

(D) Zzage BAG 9n 4R e AW el obele] g g ZEAEs 4

ha =
AAow WE Hre WAAS EHHn

H [TF]
o

2 57| ME(S): wC -
<favracc.assembler.general . IncludePaths>
<ayrgcc.assembler.debugging. Debugleve | =Default (-Wa,-g)</avracc,asse

</dvrGoo=
Program Memory Usage i B4 bytes 0.8 % FuII
Data Memory Usage oD paEs G E (A
“Hun[lutputFi Ie'-."erifyTask AUE S SLICH
“Blinky.cproj” TE2HEH "CoreBuild’ HatES YCEsHE=LICEH

ZH0| ”EEIU'I “PostBui IdEvent” tHAHE HUELICH (' $(PostBui ldEvent
°E. WLectureWUnderGraduateWDigital Circuits and Microcomputer System La
“Blinky.cproj* ZEXEMH "Build" Hats WEHSLICE,

“Blinky.cproj” EEI"EE slcsi=L|C},

e I i T T ]
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(8) USB Cables AF€3F] ATmega328PB Xplained Mini BoardE PCol d1ZAa}H, &A] o
o1 stk s o] LERL

Blinky - AtmelStudio (22|%H)
mF  BEEE  2I7|(V)  VAss ZE2EE®P) W9CE) COHIAD) ST BW  £2¢
L |ﬁ' '(’Hdi| | = '|bH]|] Debug .
. | Pl | 160 = | @G-

ATmega328PE Xplained Mini - 1653 + > JuEil s
MCU board

ATmega328PB Xplained Mini ATmegaS%gPB_Xplained Mini

Extension

The Atmel® ATmega328PE Xplained Mini evalutation kit is a
hardware platform to evaluate the Atmel AVR microcontrollers. The
evaluation kit comes with a fully integrated debugger that provides
seamless integration with Atmel Studic 6.2 (and later revisions). The
kit provides access to the features of the ATmega328FB enabling
easy integration of the device in 3 custom design.

)
)

(9) &Al o 7lged o] Boardet PC7F A4 F41S sh=d 2 river7b A A &3l thg 3 o]

Q
Virtual COM7F AAH Atk o] vtk 27] sES 29ste] 33 2eth

A cEojs £EER0 27 =5
mEDBG Virtual COM Port(COM40) A x| =
MEDEG Virtual COM Port[COMAD) J e s

CIMtHSl ) SIEEST (Rev. 1.1) 8
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(10) ¥=g Z2 73S ATmega328PB Xplained Mini Boardel 91+ ATmega328PB MCU U] §-9]
Flash Memoryoll W ¥7] YelAr] o] ZR2AE th3t HA 9 XS WA Fojof g}
Z2AE W4 - Blinky $4< A93it),

Blinky - AtmelStudio (22I%)  (7)

DYFA HIE B7|(V) VAsistx [Z28EP) | ¥E£6) OHAD) =370
C0-O|B-0-2kf|YE 2equ B0

o P ¥ 2 B ARZEHMEE 23A

Alt+F7 ]@

(11) oFe 283 Fo] Z2AE £ oA DTool &&5s s &,
@Selected_debugger/programmer &4 & A PColl 424 % ATmegad328PB Xplained Mini
Boardoll 3193l mEDBG ATML**%% 35 B35l 32, Qlnterface 354 debugWIRE

$Bg Aed F, oA A= APk

Al

Ris

o

LIS ATmega328PB Xplained Mini - 1653 main.c
Build s -
[A A
Build Events
Teolchain | .
Selected debugger/programmer
Device @
| Tool* ) mEDBG « ATML2523030200001653 v] Interface: | debugWIRE «
4
Components @ @
Advanced

(12) ¥=g Z=2 78S ATmega328PB Xplained Mini Boardel 91 ATmega328PB MCU U] -]
Flash Memoryell A Y2 & FA] 23S AgPA717] Y] oz 7o tyashx] &a

AA RS AR,

LT (B) E3AM W) E2ZH)

- - W) 4
4 | M Start Debugging and Break Alt+F5 v
[ Attach to Target I
main.c R e
[ P CH{I8HK 23 AJEHH) Ctrl+Alt+E5 ]@
Disable debugWIRE and Close

CIMtHSl ) SIEEST (Rev. 1.1)
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1. Atmel Studio 7 20 & AISH

(13) A}g3l+= 4o wElt ATmega328PB XMINI board®] Firmware= Upgraded oF 3Fthe=

Fol yehd 5 e, o

Aol Upgrade HES &

g 3}e] FirmwareE Upgrade=

5 )

AN #&AE & Upgrade’t 85 Close HHES Z83th 9 (12) 3&2S 3 W v Ao}
r a F al
Firmware Upgrade @ Firmware Upgrade @

mEDBG firmware must be updated before continuing mMEDBG firmware is up to date
On Tool On Disk On Tool On Disk
Firmware Version 113 116 Firmware Version 116 116
Firmware Upgrade mEDBG firmware successfully upgraded
[
[ uogace

(14) Zzado] de2E ¥ wetds Fo ofefZed 13} o] a4
= 2ol daso] Board el F24 LED7F He¥= A

3, gersyl 92y

2 & vk

o

AN
>
[

rr

go] SAm Ui

(15) Ei.‘l%—% g7 37 93 E]Hi:l Wi aHE

st

£2m

2W ESZH

9] Start Debugging and Break 3% 2 X

W)
[ M Start Debugging and Break Alt+F5
[ Attach to Target
CItH 2! E=X|(E trl+Shift+FS
P Cig st ?;*E AlEHH) Ctrl+Alt+F5
DUQ

10



CXE AMAE 2 OOIAZZFHAAY A5 11 1. Atmel Studio 7 204 & AIEE

(16) =g Zz ;o] PColA ATmega328PB XMINI board® &&= i JEAE, 31Ho|
debuggings 9Igh FEj2 M) ofge ¥ Fo] ZEafe] gRE i W F
2ol Al 15% el U ASs f3 WH S 7ivela 9l

[kl

Blinky (CJ&{2!) - AtmelStudio (22| %R
DR WA 27V VAssistd ZE®EP)  WC@)  CHIAD)

@-0|B-0-FRH Xda|2-CQ-

s bler s Tl %R E

= main.while - :I-) while (1)
1 =/%
2 * Blinky.c
3 *
4 * Created: 2017-88-25 5;5% 5:44:02
5 * Author : Administrator

*/

#define F_CPU 16000000

VOO0~ O

16  #include <avr/io.h>
11 #include <util/delay.h>

12
13 =int main(void)
14 |{
© 15 DDRB = @be@1000e0;
16 while (1)
17 {
18 PORTB = 2boo100000;
19 _delay ms(100);
20 PORTB = 2beeoeeeeo;
21 _delay ms(900);
22 }
231 [}

CIMtHSl ) SIEEST (Rev. 1.1) 11
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(17) o] 15" 2lel &= statementd 7152 ATmega328PB MCU WiHo] & A&
9lst #A~H 7}%tﬂ &ubel DDRB @l 2=H e 2714 00100000S A 2+ 3oty Atmel
Studio 79 HHWZ 7's& &3 A= DDRB #l A =H Ly
Atk ol g8 OYU¥ I - @F - OI/0 "W F5& et JE dAxEH #%
< HolF= vede S Ak

I CIH (D) | EFM  BW) E=EEH @
[ =W v & =oEeE Alt+F9
| Start Debugging and Break Alt+F5 @ Data Breakpoints

| Attach to Target Processor Status
1 W CHZ FXE Ctrl+shift+Fs | @ 1o ®

CJH J5HK| 210 A|ZHH Ctrl+Alt+F5 @, Live Watch
Disable debugWIRE and Close Program Counter Trace
P Continue F5 > =0

(18) /O #ellA PORTB &85 Y atH ol o PORTBel #H#® Al 7o HA~H
Eo] Z8Hth o714 Value 52 7F @A 2=Hol| Ao = @S 16305
olil, Bits @52 271 Feje] 1o e AoR 7} v Ed Fdat= AR
om (0, Ao} HMo g YA 9o 12 e

/O * [ X
= =] | Filter -
Mame Value
= i CPU =
EEPROM
® B BT
-
10 PORTC
i1& PORTD -
Mame Address Value Bits
WPeMNE 023 0oF BOOBDEED
W DDRE 0x24 Ox00 OQO0O00O0O00O0O0
W PCRTE 0x25 00 OQOOO0O0O0O0

CIMtHSl ) SIEEST (Rev. 1.1) 12
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(19) 159 2419] & statement?t Aastir W7 98 O - QZZAA &9 A 3
o e,
OHD) | =M =W EZUH)
=W '
B [HZ =X Ctrl+Shift+F5
CIH O5HA| 210 A|EHH) Ctrl+Alt+F5
Disable debugWIRE and Close
p  Continue F5
Execute Stimulifile
Set Stimulifile
O DAl AIER)
HF sk Ctrl+F5
6 THEESH TARAIQ).. Shift+Fg
¥ SHOHM 3[C 4F F11
TOZEMH T HF(O) F10
T ZEAH UAEIM Shift+F11
kAT 2 FHN) Ctrl+F10
T FReset Shift+F5
(20) 15¥ 2219 statement’} A S 53 5, 18H HQlol A TR A HF7 ¥,
ANE 9Ed YA 2H g0 AMor ARG o] FAS wHsle] Zzadol =g
Mol o FE 4 Fohd & Aok
13 2int main(void) 10 -0 x
14 |{ == | Filter: ||
15 DDRB = 0be0100000; Name value
16 while (1) = i cPu -
17 { EEPROM
© 18| PORTB = 0b20100000; =
19 _delay ms(100); 10 PORTC
20 PORTE = 0blpB0RR0OL0O; 119 PORTD =
21 deLay ms(ggg); Mame Address Value Bits
99 } - - WPNE 0x23 O09F @00D0BE8
WDDRE 24 020 OO@O0O0O00
231 |} WO PORTE 025 Ox00 DOO0OO0O00O
OIS W OEBSR (Rev. 1.1) 13
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(21) o] %<9 EE statementE 2 dst ¢ 200 RlolA APs HF7] 918 200 2l 7

zZ HBo Zestd 18y o] 201 ghelo] Break Point7} A3 =),

13 =int main(void) :
14 { =|= | Fitter: - ||
15] | DDRB = 0b00100000; Name alue
16 while (1) = ¥ cpu S
17} | { EEPROM
® 18| PORTB = 0b00100000; EE’“NT
19 _deLay_ms(l@@); "o PORTC
® 20 PORTB = 0b000000E0; If2 PORTD hd
211 | delay ms(900); Name  Address Value Bits
27 } - - W PNE  0x23 Ox0F @O00ODDEE8
5 WDDRE Ox24 x20 OO@OO0O0OO0
231 |} WPORTE 0x25 0x00 00000000

W) >
Start Debugging and Break Alt+F5

[ Attach to Target

| m OHz =x0| Ctrl+Shift+F5

| !
CIE T5HE] B30 AJEHH) Ctrl+Alt+F5 L

Disable debugWIRE and Close
P Continue F3

Execute Stimulifile

(23) 209 el A Zmage] Aol WA Ha, HFE w2 W&ol I/O Fell AHAe
2 AT

13 =int main(void)
14 |{ == | Filter: -
15 DDRB = @b00100000; Name Value
16 while (1) = fcpu -
17 { B EEPROM
18 PORTB = 0b00100000; e
19 _delay ms(100); 19 PORTC
© 20 PORTB = ©boooeooes; 119 PORTD =
21 delay ms(ggg); Name Address Value Bits
2 } - - WPNE 0x23 0xF @OGO0E08
WDDRE 0x24 0x20 OO@O0O000
23 |} WO PORTE 0x25 0x20 OJO@OO0OO00
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23) vwds TastdE O - QUWA A F5& A9y
O=Ham | =M 2W  E=STH)
W) b
B CH2 =X|(E) Ctrl+Shift+F5
Disable debugWIRE and Close
24) 9 FBE5E Aded x@ete) dPPoeM TPl A FuUF T + Aw, =
Al e 7E HET F U
CINItHE W oSSR (Rev. 1.1) 15
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= A

D C ool g te AuAES] S0 s dAF Sol Lopagstel AFAAL

(1) 2k AR (+, -, %/, %)

(2) g AR (4=, -=, *= /=)

(3) AL AAEAE (5, <, >= <=, ==, I=)
(4) =32 AibA} (88, ||

(5) FIE AAA (&, |, A, ~)

6) FZE AAA} (<<, >>)

(7) 7€} AR sizeof, ?: )

2) C ¢1ojo A A&5 = while loop, for loop & if else o thal dAS o] Qokdwste] A=3}

Al Q

.

3) C Adojoll A AE-¥ = #include®} #defineo| U3l A& Eo] Lok st A E3HA L.
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