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Opetiaja: Karri Palovuori 7
Tentissd saa kdyttid laskinta, mutta EI kirjallisuutta tai muita apuvilineitd

Nimi / NomZ 0

Opiskelijanumero / Student number o

Tehtdvd 1 | Tehtdvd 2 | Tehtdvd 3 | Tehtidvd 4

Vastaukset erilliselle konseptille. LUE kysymykset KOKONAAN ennen vastaamista.
(Lue ne mielelld4n kokonaan myds vastaamisen jilkeen...)

1. Liitesivulla 1 on AtMega328P -kontrollerin lohkokaavio. Mitd tekevatBOD, USART 0, SPI, TWI,

WatchdogFimerja PORT D (8)7 Mitd jarjestelminikokulmia nithin liittyy (laitteen
luotettavuus, liitettdvyys, vakiintuneet kdytannit tms. jne.)? Kumpaan suuntaan Iohkojen
signaalit kulkevat niiden ulkoisissa liitynndissa {jos niitd on)? 6p

2. Liitesivuilla 2-7 on samaisen kontrollerin sarjalifkennelohkon datalehtii. Tavoitteenasi on
alustaa lohko seki ldhetykseen ettd vastaanottamiseen ilman keskeytyksii, 8 databitilld per
‘tavu’, yhdelld stoppibitilld ja ilman pariteettia nopeudella 250 000 bps (prosessorin

kellotaajuus on 8 MHz). Miten alustat rekisterit UCSRnA, UCSRnB, UCSRnC, UBRRnL ja UBRRnH |

ja missd jarjestyksessa? Lahetd tavut 0x55, 0x66 ja 0x77. Miten sarjaliikennesignaalin
polariteetti ja jannitetasot liittyvit asiaan kokonaisjarjestelmén kytkennin kannalta? 6p

3. Liitesivuilla 8-11 on edelleen saman kontrollerin EEPROM-lohkon datoja. Miten kisittelet
- rekistereji kirjoittaaksesi arvon 42 EEPROMin osoitteeseen 2019. (Kuvittele etti se olisi
mahdollista, mutta miksi se ei oikeasti ole?) Ali oleta muusta ohjelmasta tai rekisterien
aikaisemmasta kdytostd mitdan. Miksi jarjestelmin kannalta on oleellisen tirkeas, ettd
EEPROMIin kirjoittaminen on tehty vaikeaksi? Ja miten se on tehty? 6p

4. Kaupallisen mikrokontrollerijirjestelman suunnittelun prosessi yritysympéaristdssi. 6p
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Figure 2.1.

Block Diagram
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Table 19-1. Fquations for Calculating Baud Rate Register Setfing —
' | Equationfor Catcutating Baud Equation for Calewlating
Operating Mode Ratel? UBRRn Value
Asynchioncus Normalmode | - Sosc o o JOSC
(U2Xn = 03 | B4UP = mmrERmEaT | UPRRM " gt
Asynchronous Double Speed . JSosc , - fosc
mode (L2Xn = 1) BAUD = gorp BT ?BRR" BEA0D
Synchronous Master mode BAUD = fosc UBREn = Jesc 4
J(TBRRe+ 1) ZBI0D

Hote: 1. The baud mafe Is defined fo be the fransfer rate m bit per second (bps) '

BAUD B0l rate fin Bite per sacond bosd
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19.10 Register Description

19.10.1 ©DRn— USART 1O Data Register n
B 7 & [ 4 ) 7 1 o
I
RXBT:0]. [ UDRn (Read)
TRBE0} J UDRn {Writa)
Readiris LW TR RAY i : R i Y
Ivgial Valse ) 1 & B g 4 4 L

The USART Transmit Data Buffer Register and USART Receive Data Buffer Registers sharé the
same /0 address referred to as USART Data Register or UDRn. The Transmit Data Bufler Reg-
ister {TXB) will be the destination for data written to the UDRn Register location. Reading the
{JDRn Register location will returm the contents of the Receive Data Buffer Register {RXB).

For5~ B, 0r T-bit characlers the upper unused bifs wil be ;gnore& by the Tmnsmmer and set to
zero by the Receiver.

The transmit buffer can only be written when the UPREn Flag in the UCSRnA Register is set.
Data written: to UDRn when the UDRER Flag is not set, will be ignared by the USART Transmit:
ter. When data is written to the transmit bulfer, and the Transmitter is enabled, the Transmitter
wilt load the data into the Transmit Shift Register when the Shiit Register is empty. Then the
data will be serially transmitted on the TxDn pin.

The receive buffer consists of a twa lavel FIFO. The FIFO wilf change its stale Whenever the
receive buffer is accessed. Due io this behavior of the receive buffer, do not use Read- Modify-
Write instructions {SBI and CBl) on this location. Be careful when using bit test instructions
{SBIC and SBIS), since these also will change the state of the FIFD,

19102  UCSRnA — USART Controf and Status Registern A

ER 7 8 5 4
o AR il . .
7 :anxcn L JXCn [ UbRen | FEn § uCSRaA
Readirie =3 ey 8 R
fertal Value 4 f 1 & 5 Y a8 t

+ Bit7 - RXCn; BSART Receive Coinplete

This flag bit is-set when thére are unread data in the receive buffer and cleared when the receive
buffer is empty {i.e., does not contain any unread data). if the Receiver is disabled, the receive
buffer will be ﬂdshed and consequently the RXCn bil will become zero. The RXCn Flag can be
used to generate a Receive Complete interrupt {see description of the RXCIEn bit).

+ Bif 6 — TXCh: USART Transmit Complete

Thits flag bit is set when the entire frame in-the Transmit Shifl Register has been shifted out and
thers are no new data currently present in the ransmit buffer (UDRn). The TXCn Flag bit is auto-
miétically cleared when a transmit complete inlerrupt is executed, of it can be cleared by writing
a ong o its bit loeation. The TXCn Flag can generate a Transmit Complete interrupt {see
descnplion of the TXCIEn bit).

. ‘Baf % — UDREn: ISART Data Register Empty _
9> The UDREn Flag indicates if the transmit buffer {JDRn} is ready to receive new datz. W UDRER
is one, the buffer is empty, and thersfore ready to be written. The UDREnN Flag can generate a
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Data Register Empty interrupt (see description of the UDRIER bit). UDRER is set after a reset to
indicate that the Transmitter is ready.

+ Bit 4 - FEn: Frame Esror ‘
This bit is set if the next character in the receive buffer had a5 Frame Error when raceived. fe,
when the first stop bit of the next character inthe receive buffer is zero. This bit is valid uniil the
receive buffer (UDRR) is read. The FER bit is zero when the siop bit of received data is ene.
Always set this bit to zero when writing to UCSRaA. '

» Bit3 - DORn; Bata OverRun

This bit is set if a Data QverBun condition is detected. A Data OverRun occurs when the receive
buffer is full (two characters), it is a new character waiting i the Receive Shift Register, and a
new start bit is detected, This bit is valid until the receive buffer (UDRR) is read. Always set this
kit fo zero when writing to UCSRnA.

* Bit2 - UPEn: USART Parity Error

This bit is set if the next character in the recelve buffer had a Parity Error when received and the
Parily Chacking was enabled at that point (UPMnt = 1). This bit is valid until the receive buffer
{UDRR) is read. Always set this bit to zero when writing to UCSRnA.

» Bit 1 U2Xn: Double the USART Transmission Speed
This bit only has effact for the asynehronous operation. Write this bif {o zero when using syn-
chronous operation.

Writing this hit to one will reduce the divisor of the baud rate divider from 16 to 8 effectively dou-
bling the bansfer rate for asynchronous communication.

+ Bit § - MPCMn: Multi-processor Commanication Mode _
This bit enalbiles the Multi-processor Communication mode. When the MPCMn bit is written to
one, ali the incoming frames received by the USART Receiver that do not contain address infor-
mation will be ignored, The Transmitter is unaffected by the MPCMn selting, For more detailed
information see "Multi-processor Communication Mode"” on page 193,

19.10.3  UCSReB —USART Control and Status Registern B

g ' 7 3 & 1 2 1 g
[[BCiEn | TaciEn | UDAIEn | RREWn | szun 1"UCSZng | BxBen | TXEEn | UCSRnB
—
Readisils W R R Ry W oW R RAE
It Value 0 g o o o B B 0

+ Bit 7 - RXCIEn: RX Complete Intervupt Enable o

Writing this bit fo ohe enables interrupt on the RXCGn Flag. A USART Receive Complete inferrupt
will be generated only if the RXCIER bit is wrillen to one, the Global Intersupt Flag in SREG is
written 1o one and the RXCn bit in UCTSRNA is set,

» Bit § - TXCIEm: TX Complete Interrupt Enable n

Vénting this bit to one enables interrupt on the TXCn Flag. A USART Transmit Complete interrupt
wifl be generated only if the TXCIEn bit is written to one, the Globat Interrupt Flag in SREG is
written to one and the TXCn bit in UCSRNA is set.

Tentti 16.10.2019
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» BitH - UDRIEn: USART Data Register Empty Interrupt Enable n

Writing this bitto one enables interrupt on the UDRER Flag. A Data Register Empty interrupt will
be generated only if the UDRIEn bit is wrilten to one, the Global Interrupt Flag in SREG is wiilten
to one and the UDREn bit in UCSRA js set, '

. = Bit4—RXENn: Receiver Enahle n
S Writing this bitto one enables the USART Receiver. The Receiver will overfide normal port oper-
ation for the RxDn pin when enabled. Disabling the Receiver will flush the receive buffer
invalidating the FEn, DORn, and UPEn Flags.

+ Bit3 — TXENn: Transmsitter Enable n

Wiriting this bit to one enables the USART Transmitier. The Transmitter will overide nomial pont
(3\> operation for the TxDn pin when enabled. The disabling of the Transmitter (writing TXENn to

zero} will not become effective until ongoing and pending transmissions are completed, te.,

when the Transmif Shift Register and Transmit Buffer Register do not contain data to be trans-

mitted. When disabled, the Transmiter will no longer override the TxEin port.

» Bit2 - UCSZn2: Character Size n
3o The UGSZn2 bits combined with the UCSZn1:0 bit in UCSRNC sets the number of data bits
=0 {Character 5iZe) n 2 frame the Receiver and Transmitter use.

« Bit{ - RYXB8n: Receive Data Bit§ o
RXB8n Is the ninth dats bit of the received character when operating with serial frames with nine
data bits. Must be read before reading the low bits from UDRA.

+ Bit® — TXB8n: Transmit Data BH 8 n
TXB8n is the ninth data bit in the charactér to be transmitied when operating with serial frames
with nine data bits. Must be written before writing the low bits to UDRn.

19,10.4 UCSRnC — USART Control and Status Registern C

it ¥ & 5 4 3 z 1 8
[EvsELnt T uMsEry | ot W UCSRRC

Readhtsite Ay i) A 7 T W W R

fnitial Valus 4 [ b 0 g 1 1 a

* Bits 7:6 —~ UMSELRT:0 USART Mode Select
These bits selact the mode of operation of the USARTs as shown in Table 19-4.

Table 194, UMSELn Bits Settings
-

UMSELnt UMSELn0 Mode
— 8 U Asynchronous USART
0 i Synchronous USART
1 i} © { {Reserved)
1 1 Master SP1 MSPIM)T

Note: 1. See "USART in SP Mode™ on page 204 for full desmpﬁoﬁ_ef the Master $P Mode (BASPIM)
operation
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+ Bits 5:4 - UPMn1:0: Parity Mode

Tentti 16.10.2019

These bits enable and set type of parity generation and check. if enabled, the Transmitter will
automatically generate and send the parity of the fransmilted data bits within each frame. The
Receiver will generate a parity value for the incoming data and compare it to the UPMn setting.
If a mismateh is detected, the UPEn Flag in UCSRnA will be set,

Iabte 38.5. LJPMn Bits Seftings
| UPMn’f ' upmne | ParityMode
a B Bisabled
0 1 Reserved
1 & ‘ E:'nabibd Even Pamy
1 1 Enablad, Odd Parity

+ Bit3 . USBSn: Stop Bit Select
This bi selects the number of stop bits to be inserted by the Transmitter. The Receiver ignores

this sefting.

Table 19.6. USBES Bit Settings

' ~ USBSn Stop Bit(s)
0 1-bit
1 2-hit

+ Bit 21 = UCSZu1:0: Character Size

The US7n1:0 bits combined with the UCSZn2 bit in UCSRNB sets the number of data biis

{Character SiZe) in a frame the Receiver and Transmitter use,

Table 19.7, UCSZn Bits Setlings
 ucsZn2 UCSzZnt UCSZno Character Size
0 g B 5.pit
0 ! 1 B-bit
0 1 0 7t
0 1 1 g-bit
1 g b Reserved
] ] 1 Reserved
k| 1 G Resatved
1 1 1 9-bit

+ Bit 0 - UCPOLn: Clock Polarity

This bit is used for synchronous mode only. Write this bit to zero when asynchronous mode is
used, The UCPOLn bit sets the relationship between data output change and data input sample,

and the synchronous clock {XCKn).

s

1 '
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Table 19-8. UCPOLn Bit Setiings

Transmitied Data €hanged {Quiput of Received Data Sampled {Input on RxDn
UCPOLN | TxDn Pin) Pin} o
9 Risifg XCKn Edge Falfing XCKn Edge
1 Falfirny XCKn Edge ' t Rising XCKn Edge

19.10.5 UBRRnL and UBRRnH — USART Baud Rate Registers

= 18 4 13 132 13 0 ] g
-l el UERRA[t1:8] UBRRuH
m] UBRRAL
Read?Write R R R R AW RIW RAY Ry
RAV R R RAW RAW RAW RW R
Iniitial Walue 1] [1] {1} 2] a o) i}
o 8 o o & 0 a 8

* Bit 1512 -~ Reserved Bits
These bils are reserved for future use. For compatibility with future devices, these bit must be
written 1o zero when UBREnH is watten.

+ Bit 11:0 - UBRR11:0: USART Baud Rate Register

This is a 12-bit register which contains the USART baud rate. The UBRRnH contains the four

most significant bits, and the UBRRnL contains the eight least significant bits of the USART

baud rate. Ongoing transmissions by the Transmitter ang Receiver will be cormmupted i the baud
* rate is changed. Writing UBRRnl. will trigger an immediate update of the baud rate prescaler.

¢ 4F '
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Features
- High Performance, Low Power AVRY 2.Bit Microcontroller
+ Advanced RISC Architectire .
— 131 Powerful lstructions — Most Single Clock Cycle Execution
- 32 x 8 General Purpose Working Reg:mrs
— Fulty $iatic Operation
= Up to 20 MIPS Throughput at 26 Wbz
— On-chip 2-cycle Muitipfier
= High Endurance Non-volatile Memdory Segments
- SIEHEIZK Bytes of in-System Seif-Drogrammabie Flash progam memory
{ATmegadBPABBPAMIBSPAIZEM
- 256/5121512/11K Bytes EEPROM (ATrnegadB8PA/BRPAGBPA/IZBPY
= B12MKIKI2K Bytes internal SRAM {ATmega48PARRPAA GEPAI28P)
~ WiitsErase Cycles: 10,060 Flash/100,900 EEPRUMW
- Data retention: 20 vears at 85°CA00 years at 25:CH
— Optional Bool Code Section with Independent Lock Bits
In-System Programmiag by On.chip Boot Progeam
True Read-While-Write Operation
« Pregramming Lock for Software Securily
« Peripherat Features
— Two 8-bit TimeriCounters with Separate Prescaler and Compare Mode
- Ong 16.0it TimesCounter with Separate Prescater, Compare Moﬂe and Capture
Mode
~ Real Time Counter with Separate Osciltator
- Six PWM Channels
- Bchannet 10-bit ADC in TQFP and GFNMLF package
Temperature Measurerment
~ Bchanrnel 14-bit ADC in PDIP Package
Temperature Measurepent
— Programmable Serial USART
= RasteriSlave SPI Sefial Interface
- Byte-oriented 2-wire Seriat Interface {Philips 7C compatibie}
— Programmabie Watchdog Timer with Separate On-chip Oscillator
- On-chip Anaiog Comparator
— Interrupt and Wake-up on Bin Change
» Special Microcontrailer Features
~ Power-on Reset and Programmable Brown-out Petection
lnt&rnai Calibrated Dsciilatur

- S:x steep Mudes Iﬁie, ADC Mmse Reductmn Power-save Power-down, Standby,

andt Extended Standby

= D and Packages

~ Z3 Programmabile P Lines

— 28-pin PDIP, 324ead TOFP, 28-pad OGFN/MLF and 32-pad QFNMLF
+ Operating Voitage:

- 1,% - 55V for ATmegadSPARBPATEERPALS2EP
+ Temperature Range:

- AL {0 857
« Speed Grade:

- 0-20MHz @ 1.8 5.5V
= Low Power Consumption at 1 MHz, 1.8V, 25°C tor ATmegad&PMSBPAHS&PNEEEP*

— Active Mode: 0.2 mA

= Powersdown Made: 1 PA
- Power-save Mode: 0.75 pA {Including 32 kHz RTC}

o

¢ AF
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761 EEARH and EEARL — The EEPROM Address Register
Bit % 4 11 12 1 o B B
9422 (Ued2) ' ,
£a21 {Bt1)

ReadiVbe

Fnitial Malue

+ Bits 15..9 — Res: Reserved Bits
These bils are reserved bits in the ATmagadEPAﬁBBPAH GBPAI328P and will always read as

Zer0.

» Bits 5.8 — EEARS..G: EEPROM Address

The EEPROM Address Registers ~ EEARH and EEARL specify the EEPROM address in the
256/512/512M1MK bytes EEPROM space. The EEPROM data bytes are addressed hinearly
between 0 and 265/51 151 1/1023. The initial value of EEAR is undefined, A proper value must
be writien before the EEPROM may be accessed.

EEARS is an unused bit in ATmega48PA and must always be written to zero

7.6.2 EEDR — The EEPROM Data Register

8it ¥ 8 5 4 a 2. i
cooan [T MsE | ] ! ! T i [ ise | Eeor
Read/Write EETY AW RV RIW e RN e ROW

Enitial Value i ] ] a o L] i ]

» Bits 7.0 - EEDR7.0: EEPROM Data

For the EEPROM write operation, the EEDR Register contains the data to be writien to the
EEPROM in the address given by the EEAR Register. For the EEPROM read operation, the
EEDR contains the data read out from the EEPROM at the address given by EEAR,

763 EECR - The EEPROM Coutro! Register

Bit 7 [ & 4 3 2 1 i)
Sx1F D3F) - — ; BECR
ReadMirie R R AW RAW R Riw RAY RAN
Bhitial Vakie 1] g 4 X & 2] x G
0 o 2 1 ¢ o

+ Bits 7..6 - Res: Reserved Bits
These bits are reserved bits in the ATmega48PA/BBPANGEPA328P and will always read as

ero.’

+ Bits 5, 4 EEPM1 and EEPMO: EEPROM Programming Mode Bits

The EEPROM Programming mode bit setling defines which programming action that will be tig-
gered when writing EEPE. It is possible 1o program data in one glomic operation {srase the old
value and program the new value) or to splif the Erase and Write operations in two different
operations. The Programming times for the different modes are shown in Table 7-1. While EEPE
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unless the EEPROM is busy programming.
Table 7-1. EEPRGM Mode Bits

) Programming
_EEPM; EEPMG Time Operation
8 2 3 4ms | Erags and Wiite I onve: operation (Alamic: Gﬁéranam
D o 1 7 1 8 ms - "EI'ESE s‘}nﬁy
1 4] 18ms 1 Write Only _
1 1 - | Reserved for fulure use

Ll
+ Bit 3 - EERIE; EEPROM Ready Interrupt Enable
Writing EERIE to one enables the EEPROM Ready Interrupt if the | bit in SREG is set. Writing
EERIE to zero disables the interrypt. The EEPROM Ready interrupt generates o constant inter-
rupt whenr EEPE is deared. The interrupt will not be generated during EEPROM write or 3PM.

+ Bl 2 — EEMPE: EEPROM Master Write Enable

The EEMPE bit determines whether setfing EEPE to one sauses the EEPROM to be written,
When EEMPE is set, setting EEPE within four clock cycles will wite data to the EEPROM atthe
selected address If EEMPE is zero, setting EEPE will have no effect ‘When EEMPE has been
written to one by software, hardware clears the bit to zero after four clock cycles. See the
description of the EEPE bit for an EEPFROM wiite procadure. -

+ Bit 1 -~ EEPE; EEPROM Write Enable

The EEPROM Write Enable Signal EEPE is the write strobe o the EEPROM. When address
and data are correctly set up, the FEPE bil must be writlen fo one to write the value indo the
EEPROM. The EEMPE bit must be written {0 onz before a logical one s written fo EEPE, other-
wise no EEPRCM write takes place. The following procedurs should be followed when wiiting
the EEPROM {the order of steps 3 and 4 is not essential):

Wait until EEPE bacomes zero.

Wail untit SELFPRGEN in BPMCSR bacomes zero,

Write new EEPROM address to EEAR fopfional).

Write new EEPROM data 1o EEDR {optional).

Writa a logical ane to the EEMPE bit while writing a zero to EEPE in EECR,

Within four clock cycles after seffing EEMPE, write a logical one to EEPE.

The EEPROM can not be programmed during a CPU write o the Flash memory. The software
must check that the Flash programming is completed before initiating a new EEPROM write.
Step 2 is only ralevant if the software containg & Boot Loader allowing the CPU to program the
Flash. if the Flash is never being updated by the CPU, step 2 can be omitted. See "Boot Loader
Suppoert ~ Read-While-Write Self-Programming, ATmegaBBPA, ATmegal6EPA and
ATmega328P” on page 277 for details about Boot programming.

e s W

Caution: An interrupt between step 5§ and slep & will make the write cycle fail, since the
EEPROM Master Write Enable will ime-out. If an inferrupt rouline accessing the EEPROM &
interrupting another EEPROM access, the EEAR or EEDR Register will be modified, causing the
interrupted EEPROM access to fail. Itis recammended to have the Global interrupt Flag deared
during all the steps to aveid these problems.
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When the wiile avcess tima has elapsed, the EEPE bit® Gleared by hardware, The usger soft-
ware can pnﬂ this bit and wail for a zero before writing the next byté. When EEPE has been set,
{he CPU is halted for two cytles before the next instruction is executed,

» Bit¥ - EERE; 'EEPRDM Read Enahle ‘

The EEPROM Read Enable Signal EERE is the read sfrobe to the EEPROM. Wher the cbmect
address is selup in the EEAR Reg:star the EERE bit must be written 1o & logic ons to tngger the
EEPROM read. The EEPROM read access takes one instruction, and the requested data is
available immadiately. When the EEPROM is read, the CPU is halted for four cyclas hefore the
next instrugtion is executed.

The user should poil the EEPE bit before starting the read operation If 2 write operation is in
pmgtes&. i is neither possible to read the EEF’ROM nor {0 change the EEAR Register.

The calibrated Gss:a}]ator is used to time the EEPROM accesses. Table 7-2 fists the 'cyplcaf pro-
gramming time for EEPROM access from the CPU.

Tablé7.2.  EEPROM Programming Time

Tentti 16.10.2019

- Symbol _Number of Callbrated RC Oscifiator Cycles | Typ Programming Time
EEPROM wiite - j B
{fom CPLY) 26,368 | 3.3 ms

The following code examples show one assembly and one T function for writing to the
EEPROM. The examples assume that intetrupts are controfled {e.g. by disabling interrupts glob-
ally) so that no interrupts will ocour during execution of these functions. The examples also
assume thal no Flash Boot Loader is present in the software. if such code is present, the
EEPROM wiite function mus! alse wait for any ongoing $PM command to finish.

Tl




