2. AH|C| EA|AE] SHEQ| O/ Z 2 M| M

(A% - FH A, AE{HO|£)

B SoC H2 Q& TX|, C|HO|Aete| HZAS 2[5t0] 02 QIEH 0]

Single- or Dual-Core Processor

Hard Processor System (HPS)

ARM Cortex-A9
NEON/FPU USBOTG  Ethemst

S (X2) x2]
!

ATmega326P : - | &
AVR' cPU JTAG 64-KB Timers SPI CAN
Debug/Tracei1 RAM (x11) x2) (x2)
=5 NAND QspPl SD/SDIO/ DMA UART
, Flash it Flash Ctd MMC x2)
I
| USART 0 | | SPI | ‘ ™I | H Shared Multiport DDR HPS1o FPGA to FPGA
| SDRAM Controller2 FPGA HPS Configuration
1
] i o I B B
I I ’] I
1
I
T3 3 ,
| PORT D (8) | | PORT B (8) | ‘ PORT C (7) | : Cydone V HPS
1
: RESET
77777777777777777777777777777777777777 . XTALI1.Z]
PD[0_T) PH0.T PC0.6] ADC[6.7]

TWI(two wire)

Serial Sl

B Asynchronous Serial S
= RS232C - UART (R&HX|ZH EAI0| =2 AMR)
=« 1-wire

B Synchronous Serial £ 4!
= SPI (Serial Peripheral Interface) - 3 wire

= 12C - 2 wire (TWI)

B CAN (Controller Area Network)

UART

B UART (Universal Asynchronous Receiver/Transmitter)
» RS232, RS4229} Z+2 Asynchronous Serial EA10{| AF3}= X 07|
= 7|2 pin: RxD, TxD, GND

ENRE

Mark
= o[ [a[3]4]3[6 7]

HolH 2% T

e
[ye)

T start [character T stop fstart | characterT+1 _[stop

sin

Ly
¥
|
i

5~8 H| E [| 0| E{, optional parity
BitTime

-
SerialData | Start 4 DataBits 5-8 K Parity Stop Bits - 1,15,2
One Character N

< >

A

4




UART - pin, connection

RS232 Pinout

Pin 1: Data Carrier Detect (DCD)

TxD : &4 40| H
RxD : =41 §|O| E{

SSP

B SSP(Synchronous Serial Protocol)
= Texas InstrumentZ} 7| &tst S7|A] X/ EA| g

—_ —
Pin 2: Received Data (RXD) No Flow Control :
Pin 3: Transmit Data (TXD) SSPSCLK _f’_\_’_\_/_\_ﬁ_\_f_\_f | W
Pin 4: Data Terminal Ready (DTR)  |1c. RxD RXxD |ezL-2008 _— .
Pin 5: Ground (GND) 2 e}{ [ SSPSFRM | A (
2 TxD XD E SSPTXD BiN] ) BuN1] {| Be(i] Y Gwo]
5 5 <
SSPRXD TUndefined Bit[N] 3( Bif[N-1] '\ Bif[1] Bit[0] TUndefined
Hardware Flow Control (RTS/CTS) MSB 4-32 bits LSB
rC EZL-200F
2 E——— e £ 1581_CLK period 15S1_GLK period
: : ;4;";.,{\ AR ‘\ l,f AW AR AWA
5 5 SSI_CLK \ i j '\ oL oL
| : %:BI§___7_—__-—=-—-——-_.___——% =
Pin 6: Data Set Ready (DSR) 3_< TS CTS o> S51_CE_ —f( \—/
Pin 7: Request To Send (RTS) i —, -y v/ —
Pin 8: Clear To Send (CTS) _ SSI DT /@_}, _,\_/<LSEKMS¥. A T LSB
Pin 9: Ring Indicator (R) RTS : AtAI1O| A IH AEf LE{E B o
CTS  Afthel +Altiu def 25 ssion @ e OC - Oe—
TI's SSP Back-to-back Transfer Format
5 2. YHIC|EA|AE SLEQOf 6
SPI - 3 wire bus
B SPI (Serial Peripheral Interface)
= HE LjO| IC 7to| E4Al HEAl (by Motorola - now Freescale > NXP) )
= StLEO| master®t StLE O 2H9] MASTER SCLK  SSPSCLK A W A W W A W R
N — M MICROCONTROLLER SLAVE — . P
slave devices £ 74 ot S sS SSPSFRM O\ (\ : /[
DATA IN (MISO s0 ] _ i
SERIAL CLOCK (SCE) SCK > MOSI|  SSPTXD  —— BifN] ¥ Bit[N-1] Bit[0] 7
. 550 s SSPRXD Undefined Bit] Bit[N-1 Bi[] Bit[0 Undefiried
» 7|2XHOZ 3signal AHE e MISO { BilN] ¥ BulN-1] ¥
. - MSB 4-32 bits ; LSB
= SCLK (Serial Clock) =2 L a0 :
583
= MISO (Masterln SlaveOut) <
cs

= MOSI (MasterOut Slaveln)

4 OO ef =41 KoY A= Z2) s
» MKMEHROZ SS (Slave Select) AFE sck
cs

N

—» 50

“@vﬁ




I2C - 2 wire bus

B |2C (Inter Intergrated Circuit)
= Philips Semiconductor (now NXP)7} 7| &t St 2-wire serial interface
= K& ZHX|E motherboard, embedded system, SCHE ZHX| S0 M5t

= O A
» 27§0| HE signallt AT E
= SCL (serial clock line) —
= SDA (Serial data line) —

o 2HAHESH o2 BX| MO 7ts

oper, 22
T, H44 HO|E

I2C Bus Data Transfer

W data transfer

-
P
acknowledgement acknowledgement | Sr

signal from slave signal from receiver |

interrupt within slave

|

|

||

| | byte complete,
I

[

clock line held low while
interrupts are serviced

application G Ls] L7 ]
processor repasied START repested START
condition condition
W format
Slaves
Start Condition No Start or Stop Condition Stop Condition
ACK/ ACK/ ACK/
-~ START | Target Slave Address | RInW| yak ‘ ‘ Data byte NAK ‘ ‘ Data Byte ‘NAK ‘STOF“
= IC chipQ| pin =2} package 37|E& & = UA & - - -
= men e 7-bit address 8-bit data 8-bit data
9 10
o .
I12C bus transfer €& 0] - EEPROM X 1-wire protocol
. S| Device Add RAW| A A| Write Data(n) |A|P :
B byte write 10100002 |10 POy 107200} B 1-wire protocol
[EE 8ul= auiE n l-wire (FHSHE AF2Sl= E4 TZEZ (GND, signal®| 2 wire AtE)
S:AE =H P:Ex =A [ opAe{olM &0z
A Acknowledge R/W : Read/Write 5| £ ] zalol=oly nlas2 L] by Dallas Semiconductor
. SELEO] wi = i =2 gz
B page write S| DeviceAddress |RAW| A | MemoryAddress(n) | A| Wiite Data(n) | A » SfLto| wire2 X% data, signal, powers XS
11010000:) (02) (W7-Wo0) () = single bus0j sensorE8 HW2|StA T = UL
TH|E BH|E BH|E
| write Datan+m) [A | P
er " stEgiof @
8H|E
S:AlE =H P:Ex = [ otaefoM s2ol22
A Acknowledge RAW : ReadNWirite ] = ) &2lol=olA ahaciz °C - (—\I M
< N
B sequential read [s| DeviceAddress |raw|A | MemoryAdd A i W c \ : \
mory Address(n) Sr| Device Address |R/W| A
(10100002) lew) (W7-wo) (10100002) | (12)
Ng ¥EE ¢ Ik 7a1E BuI= 7oI=
vz of o ‘ Read Data (n) ’T| . | ReadData(n+m) [ATP
10 woli F 34m oo ©re0 - Q2 2t CJsto|~ S2 gto] AND (wired AND)7H
Al wp 84| E 84|= K= AlS =]
e ScL I =S 5w Em P Ex =7 [ okelollaf s2lol22 A t= 9ol 8
vSS  SDA = A:Acknowledge RAW : Read/Write 4| £ [ J&@lol=olA olrez
ZAWC 161256 ‘(|7 Sro AR =H

11

12




1-wire data transfer CAN (Controller Area Network)

I
1-wire waveform B CAN (Controller Area Network)

e! | e - RHEX AQI0) M| 8] DOHE |57 serial B4 HEYR
Resitor pul-up = 1980Cf 0] £ Bosch AFOj|A{ 7j2
N — Sl . —
Write 0 \ ave = Multi-Master J‘LEE%
' » ZMQ L= Twisted pair A 24O1 — differential A% HHA]
Read e - TS E g
P, . » X|CH 1Mbit/sec ML=
xtAlO] =23l HS 15— "0 Reen tme seveen = Message oriented & T2 EE AR - HA|X| ID AFR
B ERELIX - s v
R S Without CAN With CAN
1-wire output 18B, 1 1 a |— a 1 1 a F MSE, 0 [ \oltage
l-wire input r F [ ‘ .
input sample time E
. send byte xr3av fh"°°11°°1.1"?| e . O . O i SCT
wire output J _;‘l‘ [ —
1-wire input 1 1 [\ Q |_| 1 1 Q a . . . . Al \__CANL /
imput sample time ! H H H ’l H ’l H ’l Recesshe  Dominant Recessive dlig
read result (first byte: family code x"3a3n)
Aoim s2s Uy we
13 14
Audio - AC'97
B CAN EAI m AC97
« CSMA/CA (Carrier Sense Multiple Access/Collision Avoidance) 2hA| » 19974 IntelO| BH= Audio CODEC EZ (v2.3)
» SE ZX AN KM= 7 52 HAIX] IDS] HAIK|= A& S = AC'97 link - synchronous, full duplex, fixed rate serial bus inteface
» QM7 S AIX| IDQ] HA|X| = & SEt = transfer digital audio, modem, microphone input(MIC-in), and
CODEC register control/status information
et A e =« TDM(time division multiplexing)S AF235}0 multiple streamS X 2|
= 5signals
Joidd il B external D/A converter (audio codecOf| Z&E)E AHE S0 audio
- | SR sample2 analog audio waveform@ & Bz}
\_ . e conse o - =
ACK AC '97 Controller AC 97 Codec
Identifier Data  CRC 1 SYNG > —
J \ . T BIT_CLK
- SDATA_QUT a
11 or 29 bits 8-64 bits ; SDATA_IN > _T
SOF Control EOF B
(Start Of Frame) (End Of Frame) RESET# N

15 16




AC'97 integration

Bus sources (digital)
»audio apps

*games
«digital CD/DVD audio
«soft MPEG, AC-3,etc 177~~~ =~
*digital music, MP3

| SRC™, mix*

Dpuonal hw acceleration

| 3D posiﬁona]'
| wavetable synth™

Analog sources (legacy)
+CD/DVD: Redbook audio
+VIDEO™ TV tuner
TAUX" internal source

LINE IN

analog mono
analog stereo

optional

OEM riser slot & card

(optional)

=l
! AC ‘97 | Ac-ink | Ac 97 =
Digital 1AC-link Analog or HP OUT”
Controller | & Codec or 4CH_oUT”
: control — = SPDIFQUTZ
(-

PHONE™
MONO OUT*
Speakerphone /O
(legacy)

AC'97 link interface

B Bi-directional AC-link Frame with Slot assignments

Slot # 0 1 2 3 4 5 6 7 8 g 10 11 12
SYNC

CMD CMD PCM PCM LINE 1 PCM PCM PCM LINE 2 HSET o
SDATA_OUT | The | ADDR | DATA |LFRONT RFRDNTI DaC |CENTER|LSURR rRsuRr| FE | pac | DAC | cTRL |
(Contraller outplt) e TPCML 1 FCML | FCMA ' FCMR I FCML " FCMA | FCM G |
RN R IR e I e G A L

SDATA_IN STATUS| STATUS| PCM | POM ] UNET | PoM TNEZ | HSET |10
(Codec oifput) TAG | “apor | pata | et | mighT| ape | wic | RSRVD | RSRVD [ RSRVD | Ty | ‘apc | s7atus

SLOTREQ 3*12’

Tag Phase Data Phase
208us
{48 kHz)

sme [ e ] \ Vi

.

BIT_CLK

s o B

f - H/_JH/_/H/_JH/_J

?:;P;Z:E Time s:_x "Valid" Codec ID ot 1 sm 12

Bits
{"1" =time slot contains valid PCM data)

BN TR

17 18
Audio - I2S (inter-IC sound) MMC/SD 7} E QIE o] A
H 12S (Inter-IC Sound) B MMC (MultiMedia Card) / SD (Secure Digital)
« CX|E QC|2 H2| ICZte| M&| serial bus (by Philips, now NXP)
= 379 signal2 7 B 37X ME 2E
. E C
(serial clock) channel 1H|E SD ==
« 4HESDREC
(word select) » SPIRE
(serial data : IN/OUT) m AT
WORD n—1 WORD n WORD n+1
RIGHT CHANNEL | LEFT CHANNEL | RIGHT CHANNEL = CMD (command/response)
» CLK (clock)
= two time division multiplexing: LEFT, RIGHT = DATAO - DATA3 (data)
= CD (card detect) - DATA32 &
e igital  Audio
| It Iotarics JﬁﬂSéo;
19 20




HOST

MMCMD - - - - - - | Command | ............ Command } {Response
MMDAT - L
Operation (No Response) Operation (No Data)
R Pl ]
From Card
Erurrc? Host to o Host Data to/from Stop Command
A (5\ \ Card aIP“ Host  gtops Data Transfer
MMCMD - | Command } ‘ Response } . ’.f .| Command } { Response

MMDAT - - e m e oo e

Data Transfer Operation

Data Stream } ,,,,,,,,,,,,

Data Stop Operation

23

HOST o
CLK CLK CSia A
Vidd
vdd Vidd S0 Memory
e T v SD Memery Vss f Vss CARD (A)
Card (&) (5Pl mods)
Do-3A) D0-D3. CMD. CLK DatalN,DalaOn &
CMDIA) ’
oLk - MSP430
NG = =]
CSE) ™~ L DATZING - B
| oaT¥CS [T 55
—Vdd N1 N ;
| o Ves S0 Memery 1 SD Memory CMDIDI [} MOSI
Card (B) Fhf—————— Y82 caRp vss T
SPI mode)
L D?ETN o] (CLK DatsiN.DatsOw (5P mode) VoD N -
e Ou‘[ A v CLKSCK o] SCK
vss2 o
CLK pATODO  ~ [ MISD
Vdd CSic) ol bl . DATVIRG o [
Vss | MuliMediaCard ydd o )
(c \Vsg | MuliMediaCard
DO, GS, GMD ) CARD (C} -4
D0-3(C) ==% D1&D2 Not 1SPI mode) =
CMD(C) Connected :CLK.DaTslN.DahD!E S :
Figure 1. SD Transfer Mode Figure 2: SD Card Schematic — SPI Mode |2].
Figure 2. SPI Transfer Mode
21 22
From Host to
From Host to Card(s) card From Card to
Host |
Y 4




