Section 13

ADSP-BF533 Serial Communications
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BF533 Serial Communications

Three Serial Comm’s Peripherals

e SPORTSs (synchronous Serial PORTS)

— High Speed (up to SCLK/2)

— Two SPORTs (SPORTO0 and SPORT1)

— Typically used for interfacing with CODEC’s and TDM data streams
o SPI (Serial Peripheral Interface)

— Single High Speed SPI port (up to SCLK/4)

— Typically used to interface with serial EPROMS, other CPUs, data
converters, and displays

e UART (Universal Asynchronous Receiver/Transmitter)
— Single PC-style UART port (baud rate up to SCLK/16)

— Typically used for maintenance port, and interfacing with slow
serial peripherals
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ADSP-BF533 SPORTSs

e Two synchronous serial ports

Fully independent receive and transmit channels - double
buffered

Primary and Secondary Data RX/TX pins

Support up to 32-bit serial words

Internal or externally generated serial clocks and frame syncs
Programmable internal/external frame syncs

Built in hardware for u-law & A-law companding

Support for multichannel interfaces

I2S signaling support

Generates optional interrupts

Separate Data and Error Interrupts

Operates up to 2 System bus clock rate (SCLK)
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ADSP-BF533 Serial PORTs Features

Interrupt-driven, single-word transfers to/from on-chip memory

controlled by ADSP-BF533 core

Block word transfers to/from memory controlled by DMA

controller

Several modes of operation

Programmable serial word length, 3 to 32-bits
Either MSB or LSB first

Early Frame Sync

Late Frame Sync

No Frame Sync

128 time slot out of a 1024-channel window multi-channel capability
for TDM interfaces

I12S capable operation
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ADSP-BF533 SPORT Pins

Pin Description
DTxPRI Transmit Data Primary
DTxSEC Transmit Data Secondary
TSCLKx Transmit Clock
TFSx Transmit Frame Sync
DRxPRI Receive Data Primary
DRxSEC Receive Data Secondary
RSCLKXx Receive Clock
RFSx Receive Frame Sync
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SPORT Interface

ADSP-BF533
SERIAL PORT 0
(CLOCKS AND FRAME —SPORTO —
SYNCHS)
p|TCLKO
pITFSO
p|IRCLKO
» »|RFso
SERIAL DTOPRI
DEVICE A
(PRIMARY) DROPRI
VYWY
SERIAL |4 DTOSEC
DEVICE B
(SECONDARY) DROSEC
SERIAL PORT 1
(CLOCKS AND FRAME —SPORT1 —
SYNCHS) o TeLk
p|TFS1
P RCLKA
-+ »|RFS1
SERIAL DT1PRI
DEVICE C
(PRIMARY) DR1PRI
h A A
SERIAL |4 DT1SEC
DEVICE D
(SECONDARY)] DR1SEC
ENGINEERIN ANALOG
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Serial Port - Block Diagram

TX FIFO
4x32 or 8x16

RX FIFO
4x32 or 8x16

TX PRI
Data Register

TX SEC
Data Register

Serial Control

1

1

RX PRI
Data Register

RX SEC
Data Register

Companding
Hardware

TX PRI
Shift Register

TX SEC
Shift Register

l

DT PRI
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DT SEC

Internal
CLK
Generator

A A

v v

TCLK RCLK
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Companding
Hardware

RX PRI

RX SEC

Shift Register Shift Register
RFS DR PRI DR SEC
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SPORTx_TX Register and Transmit FIFO

ONLY PRIMARY ENABLED 15 0 PRIMARY AND 15 0
DATA LENGTH <= 16 BITS PRIMARY W7 SECONDARY ENABLED  [seconDARY w3
8 WORDS OF PRIMARY W6 PRIMARY w3
PRIMARY DATA 4 WORDS OF
IN FIFO PR'MAHY W5 PRIMARY DATA SECONDAHY W2
PRIMARY w4 AND 4 WORDS OF IPrIMARY w2
SECONDARY DATA
PRIMARY w3 IN FIFO SECONDARY W1
PRIMARY w2 IPRIMARY W1
PRIMARY w1 ISECONDARY Wwo
PRIMARY Wo [PRIMARY wo
ONLY PRIMARY ENABLED 15 0 PRIMARY AND 15 0
DATA LENGTH > 16 BITS PRIMARY W3 LOW SECONDARY ENABLED SECONDARY W1 LOW
DATA LENGTH = 16 BITS
4 WORDS OF PRIMARY W3 HIGH SECONDARY W1 HIGH
PRIMARY DATA 2 WORDS OF
IN FIFO PRIMARY W2 LOW PRIMARY DATA [PRIMARY W1 LOW
PRIMARY W2 HIGH SAENCDOfJ;VAOFIRYDSAQI'Z. [PRIMARY W1 HIGH
PRIMARY W1 LOW IN EIFO SECONDARY WO LOW
PRIMARY W1 HIGH SECONDARY WO HIGH
PRIMARY W0 LOW IPRIMARY W0 LOW
PRIMARY WO HIGH [PRIMARY WO HIGH

e Writes to SPORTx_TX write to Transmit FIFO
— Reads cause PAB bus error
e Transmit FIFO data ordering is dependant on TXSE and SLEN bits

— TXSE =1 enables Secondary (Primary always enabled)
— SLEN selects word length (3<SLEN<32)
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SPORTx_RX Register and Receive FIFO

ONLY PRIMARY ENABLED
DATA LENGTH <= 16 BITS

8 WORDS OF
PRIMARY DATA
IN FIFO

ONLY PRIMARY ENABLED
DATA LENGTH > 16 BITS

4 WORDS OF
PRIMARY DATA
IN FIFO

FROM RX HOLD REGISTER

15 0
PRIMARY w7
PRIMARY W6
PRIMARY W5
PRIMARY w4
PRIMARY w3
PRIMARY w2
PRIMARY w1
PRIMARY wWo

|—b T0
PAB/DAB

BUSES

FROM RX HOLD REGISTER

15 0
PRIMARY W3 LOW
PRIMARY W3 HIGH
PRIMARY w2 LOW
PRIMARY W2 HIGH
PRIMARY w1 LOW
PRIMARY W1 HIGH
PRIMARY wWo LOW
PRIMARY W0 HIGH

I_’ TO
PAB/DAB
BUSES

PRIMARY AND
SECONDARY ENABLED
DATA LENGTH <= 16 BITS

4 WORDS OF
PRIMARY DATA
AND 4 WORDS OF
SECONDARY DATA
IN FIFO

PRIMARY AND
SECONDARY ENABLED
DATA LENGTH > 16 BITS

2 WORDS OF
PRIMARY DATA
AND 2 WORDS OF
SECONDARY DATA
IN FIFO

e Reads from SPORTx_RX read the Receive FIFO
— Writes cause PAB bus error

e Receive FIFO data ordering is dependant on RXSE and SLEN bits
— RXSE =1 enables Secondary (Primary always enabled)

— SLEN selects word length (3<SLEN<32)

KAZTE
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FROM RX HOLD REGISTER

15 0
SECONDARY W3
PRIMARY W3
SECONDARY W2
PRIMARY w2
SECONDARY Wi
PRIMARY W1
SECONDARY W0
PRIMARY wo

|_> T0
PAB/DAB

BUSES

FROM RX HOLD REGISTER

15 0
SECONDARY W1 LOW
SECONDARY W1 HIGH
PRIMARY W1 LOW
PRIMARY W1 HIGH|
SECONDARY WO LOW
SECONDARY WO HIGH|

PRIMARY WO LOW
PRIMARY W0 HIGH
|_’ TO
PAB/DAB
BUSES
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Serial Clock Divider

SPORTx_TCLKDIV and SPORTx_RCLKDIV are each 16-bit registers

15 0

e Used for internally generated clock
e SPORTx _T/RCLK freq = SCLK frequency
2 * (SPORTx_T/RCLKDIV + 1)

Example:

If SCLK is 133MHz, what RCLKDIV is required for a
13.3MHz RCLK rate?

e Answer:
RCLKDIV= 133MHz -1 = 4
2 *13.3MHz
KAZTEK
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Frame Sync Divider

SPORTx_TFSDIV andSPORTx_RFSDIV are each 16-bit registers

15 0

e Used for internally generated frame syncs

e Number of cycles between FS assertions = T/RFSDIV + 1

e SPORTx_T/RFS freq= T/RSCLKXx frequency
SPORTx_T/RFSDIV + 1

o Example:
If RCLK is 13.3 MHz, what RFSDIV is required for a 48kHz RFS
rate?
e Answer:
RFSDIV= 13.3 MHz -1 =276
48kHz
KAZTEK
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Serial Port Timing Characteristics

TSCLK
RSCLK

Late
Frame Sync

Early
Frame Sync

Data

Early vs. Late Framing

Early framing: LAxFS=0

— frame sync precedes data by one serial clock cycle.

Late framing: LAxFS=1

— frame sync checked on first bit only

NKAZTE
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Data transmitted MSB first (xXLSBIT=0) or LSB first (xLSBIT=1)
Frame sync, TSCLK and RSCLK generated internally or externally
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Serial Port Timing Characteristics Framed vs.
Unframed Data

RSCLK
TSCLK
RFS
FramedTFS
Dat
xFS
Unframed
Data

e Framed mode: TFSR/RFSR =1

— Requires a framing signal for every word.
e Unframed mode: TFSR/RFSR =0

— Ignores framing signal after first word.

e Active low or active high frame syncs selected with LTFS and LRFS
bits of SPORTx_TCR1 and SPORTx_RCR1 control registers

K KAZTE ANALOG
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Multichannel Frame

e Contains more then one channel
e Specified by the window size and offset
e Complete frame consists of 1-1024 channels

RSOLK F§
Y

RFS B
( (<
DATA — 1 DATAIGNORED > >DATA IGNORED| DATA IGNORED F—
/ é T
\ \ CHANNEL

»
'|

A

MULTICHANNEL FRAME
SPx_MCMC |, e e |

S ekl MFD | WINDOW OFFSET 1" wiNDOW |
SIZE
Units: Bits Words Multiples of 8 words
Range: 0-15 0-1015 8-128
NKAZTE
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Multichannel Operation

TDM (time-division-multiplexed) method where serial data is

sent/received on different channels sharing the same serial bus.

¢ REFS signals start of frame

only during transmit channels

MFD Channel 0

TDM channels: 128 of 1024 total channels

Channel 1

»

P
<

TFS is used as Transmit Data Valid (TDV) for external logic. Active

2D DMA features are useful create channel buffers in memory

Channel 2

& »le
< > <

RSCLK

RFS

nnnnn

DT

B3><BZ><B1><BO><BS><BZ>

TFS ‘

Example: Receive on channel 0 & 2, Transmit on channel 1

KAZTEK
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SPORT I2S Operation

e Industry standard developed by Philips for stereo transmission
of audio over a 3-wire interface

e Data always transmits in MSB format

e Can select either DMA-driven or interrupt driven transfers
e Consists of Serial Clock, Word Select and Data

e SPORT data programmability either allows up to:

— 4 12S transmitters for 8 output audio channels
— 4 12S receivers for 8 input audio channels

KAZTEK
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I2S Operation

e Supports up to 8 I2S stereo devices
— 4 Transmit, 4 Receive
e Frame sync pins become word select signals

e Word select changes state one SCLK period before MSB is
transmitted

|

AR YAVAVAY AVAVAY AVAVAVAY AVAVAVWAYE

0 e
«FS LEFT CHANNEL , RIGHT CHANNEL

z_ W

DATA ———WSBX_ X, X XISBr—at———WsBX_ X, X XLSBr—tt———

I12S MODE - 3 TO 32 BITS PER CHANNEL

|
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I12S Serial Protocol

TSCLK
RSCLK
FSx | i
Left Channel Select Right Channel Select
1 Serial Bit
Clock Delay
From LRCLK
transition
el 00000 000000000008 00 0e000000000,
or
LM L
& g' Left Sample ss Right Sample s
B BB B
KAZTEK
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Setting 12S Mode

Bit Field Stereo Audio Serial Scheme

12s Left-Justified DSP Mode
RSESE 1 1 0
RREST 0 0 0
LARFS 1 0 1
LRES 1 0 0
RESR 1 1 1
RCKFE 0 0 0
SLEN 2-31 2-31 2-31
RLSBIT 0 0 0
RFSDIV 2 - Max 2 - Max 2 - Max
(If internal FS is selected.)
RXSE X X X

(Secondary Enable is available for RX

and TX.)

*There are similar bits in the Transmit control register

KAZTE
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ADSP-BF533 SPORT MMRs

e Access serial port data through memory-mapped registers:
SPORTx_TX, SPORTx_RX

e Configure SPORTx through memory-mapped control registers:

— SPORTx_TCR1/2 - Transmit Control Register 1 and 2
— SPORTx_TSCLKDIV - Transmit Clock Divisor
— SPORTx_TFSDIV - Transmit Frame Sync Divisor
— SPORTx_RCR1/2 - Receive Control Register 1 and 2
— SPORTx_RSCLKDIV - Receive Clock Divisor
— SPORTx_RFSDIV - Receive Frame Sync Divisor
— SPORTx_MCMC1/2 - Multichannel Configuration 1 and 2
— SPORTx_MRCS0-3 - Multichannel Channel Select
— SPORTx_MTCSO0-3 - Multichannel Channel Select
KAZTEK
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SPORTx Transmit Configuration Registers

SPORTx Transmit Configuration 1 Register (SPORTx_TCR1)

15 14 1342 1 10 & & 7 & & 4 3 2 4 0
|n|n|n|u|n|n|n|n|n|u |n|n|n|n|D|n| Reset = Ox0000
L

— I_
TCKFE (Clock Falling TSFEM {Transmit Enalale)

Edge Select)

0 - Drive data and internal
frame syncs with rising edge
of TSCLK. Sample extarnal
frame syncs with falling edoe
of TSCLE.

1 - Drrive data and internal
fram e syncs with faling edge
of TSCLK. Sample external
frame syncs with rising edge
of TSCLK

LATFS (Late Transmit
Frame Sync)
0 - Early frame syncs
1 - Late frame syncs
LTFS (Low Transmit
Frame Sync Select)
0 - Active high TFS

1 - Active low TFS

DITFS {Data-Independeant
Transmit Frame Syne Select)

0 - Data-dependent TFS generated

1 - Data-indspendent TFS gensrated

KAZTE

ENGINEERIN

0 - Tranzmit dizablzd

1 - Transmit enabled
ITCLK (Internal Transmit
Clock Seleect)

0 -External transmit clock
selected

1 - Internal transmit clock
selected

TODTYFE[1:0] { Data Format-
ting Type Select)

00 - Mormal operation

01 - Reserved

10 - Compand using p-law
11 - Compand using A-law
TLSBIT {Trans=mit Bit Order)
0 - Transmit MSE first

1 - Transmit LSB first

13-21

ITFS ({Internal Transmit
Frame Sync Select)

0 - Extemal TFS used

1 - Internal TFS used
TFSAR (Transmit Frame Sync
Required Select)

0 - Does not require TES far
every data word

1 - Bequires TFS for every
data word

ANALOG
DEVICES




SPORTx Transmit Configuration Registers

SPORTXx Transmit Configuration 2 Register (SPORTx_TCR?2)

15 14 13 12 11 10 & &

7

g

5

4 3 2 1

0

]

]

]

]

0

0

a

a

0

TRFST (Left/Right Order) A

0 - Left stereo channel first
1 - Right stereo channel first

TSFSE (Transmit Stereo
Frame Sync Enable)

0 - Marmal mode
1 - Frame sync becomes
LR clack

NKAZTE

ENGINEERIN

Reset = 0x0000

\_|:I SLEM[4:0] (SPORT Word

13-22

Length)

00000 - llegal value

00001 - lllegal value

Serial word length is value in
this field plus 1

TXSE (TxSEC Enable}

0 - Secondary side disabled
1 - Secondary side enabled
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SPORTX Receive Configuration Registers

SPORTXx Receive Configuration 1 Register (SPORTx_RCR1)

14 12 12 11 10
|n ||:| |n |n |n ||:| |u |u |u |0 |u ||:| ||:| |D |n |n | Aeset = 0x0000

RCKFE {Cleck Falling L RSPEM {Receive Enahle)
Edge _SEL?CI:I . 0 - Receive disabled

DEI Dl';,'fe F;gtgll_n}{aISFS |:|r|| |'|§|ng 1 - Receive enabled

edge . sample data .

and external FS with falling E.;.C._L-L:ES{LTLE?M Receive
?dgf-'uf HSCLH ES anfall 0 -External transmit clock

i - Drive internal FS on faliing selectod

edge of HSCLK. Sample data - ] .

and external FS with rising ;;lé';iz:j”al transmit clock
edge of RSCLEK

LARFS (Late Receive EETTEEF’;?';E:;” Format-
Frame Sync) g T¥pe =

0 - Early frame syncs 2'3 EIIE"_I| E T:I-le'l'.:-nrl

S iy s;.jrncs 10 - Cu:urnpanu:l using p-law
LRFS (Low Receive Frame 11 - Compand using A-law
5 Select

I:IY-Ii:tifr;ﬁi] hRES RLSEIT (Receive Bit Crder)
I 0 - Recsive MSB first
RFSA (Receive Frame Sync 1 - Receive LSB first
Required Select) ISFEFS {éntlerrl?l Receive Frame
0 - Does not require RFES far CI'-"”E te EGI S
every data word - Extemal Lse

1- F!dequi res AFS for every data 1 - Internal RFS used
Wil
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SPORTX Receive Configuration Registers

SPORTXx Receive Configuration 2 Register (SPORTx_RCR?2)

15 14 13 12 11 10 @ &

|n |u|n |n |u |u |n |n |n |n |u |n |n |n |D |u | Aeset = 0x0000

RRFST (LeftRight Order)
0 - Left first

1 - Right first

RSFSE (Receive Stereo

Frame Sync Enable)

0 - Mormal mode
1 - Frame sync becomes
L/R clock

\KAZTE

ENGINEERIN

\—|:| SLEMN[4:0] (SPORT Word

Length)

00000 - llegal value

00001 - llegal value

Serial word length is valug in
this field plus 1

13-24

RXSE (AxSEC Enable)

0 - Secondary side disabled
1 - Secondary side enabled
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Multi-Channel Registers

SPORTx Multichannel Configuration Register 1 (SPORTx_MCMC1)

Clo oo jofo o ool opJo oo jo Heset = 0x0000
1 | ]
WEEE[SID] [WI ndow SiZE] EE——] Llr'lrr[..rH'i_g:GJ {Wiﬁdi}’ﬁ U”E\ET}

aces start of window anywhere in the

Velue in field = [[Desired w ndow size)/d -1] E o 1323 channel range

SPORTXx Multichannel Configuration Register 2 (SPORTx_MCMC2)

O[O0 (0 [0 (000 (0[]0 |00 [0(0(0(0| Resst=0x0000
. 1 |
MFD[3: 0] (Multichannei — MCCRR[1:0] (2X Clock
Frame Delay) =—— Aecovery Mode Supports H.100 modes
Delay between frame sync pulse O - Bypass mode,
and the first data bit in muitichan- 10 - Recover 2MHz clock
nel mode from 4MHz
FSDR {(Frame Sync to Data Relationship) 11 - Recover 8MHz clock
, from 16MHz
0 - Mormal )
1 - Reversed, H.100 mode MCOTXPE (Multichanne|
MCMEN {Multichannel Frame DMA Transmit Packing)
Mode Enable) 0 - Disabled
0 - Multichann &l operations disabled | - Enabled
1 - Multichann el operations enablad —eeeeeee MICDRXPE (Multichannel
DMA Receive Packing)
0 - Dizabled
1 - Enabled

KAZTE ANALOG
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Serial Peripheral Interface
(SPI)

YKAZTE
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ADSP-BF533 SPI Features

e One SPI-Compatible Port
e 4 Pin Interface (MOSI, MISO, ~SPISS, SCK)
e Master and Slave Mode Operation
— Supports Multimaster Environments
e Can Use 8 GP Flag Pins As Slave-Select Lines

— 1 Slave Select Input Pins
— 7 Slave Select Output Pins

e Gated SPI Clock (Only Active During Transfers)

e DMA Support
— One DMA Channel (Transmit or Receive)

e Programmable Baud Rate
e Programmable Clock Polarity and Phase
e Programmable Serial Word Length (8 or 16 Bits)

KAZTEK
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Pin Descriptions And Uses

e Serial Peripheral Interface Clock (SCK)
— Driven By The Master Device
— Cycles Once For Every Bit Transmitted
e Programmed Baud Rate
— Gated Clock — Only Active During Transfers
— lIgnored By Slave Devices With Inactive Slave-Select
— Shifts Data Out On One Edge And Samples On The Other
— Polarity And Phase Are Programmable
e Master Out Slave In (MOSI) / Master In Slave Out (MISO)
— Bi-directional I1/0O Data Pins
e Direction Depends On Whether Device Is Master Or Slave

KAZTE
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Pin Descriptions And Uses (Cont)

e Serial Peripheral Interface Slave-Select (~SPISS, PF0)
— For An SPI Slave Device

o Active Low Device Select Input Signal Provided By Master

— For An SPI Master Device

e Error-Detection Pin
— Useful In A Multi-Master Environment
— If Asserted, Another Device Is Trying To Be The Master
— Feature Is Enabled By Setting PSSE Bit In SPI_CTL Register

— Monitor ~SPISS Value In FIO_FLAG_S, FIO_FLAG C, and
FIO_FLAG D Registers

SKAZTE
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ADSP-BF533 SPI Diagram

T [miso] SCK [ SPiss ]

SPI
INTERMNAL
CLOCK
| .| GENERATOR
— ----.., SPI INTERFACE LOGIC [=
M sk s SPI_CTL
ST SPI ST
TTTTTTITTTT 7]
H [ | sHiFT REGISTER
Ll il
SPI_RDBR | —sprToBR ||| ¥
RECEIVE TRANSMIT SFIRQ
REGISTER REGISTER chA
ar REQUEST
. «16 PAB @ 4l
b Fi
7
4-DEEP FIFO
Je {J DaB
\‘ g
KAZTEK ANALOG
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A Closer Look At How The Data Is Moved

Shift Registers Simultaneously Shift Data In And Out

ADSP-BF533 ADSP-BF533
SPl-compatible Master Device SPIl-compatible Slave Device
SCK » SCK

PFx »SPISS (PFO)
EE MosT ]
TDBR ; ; RDBR
RDBR TDBR
[_MISO MISO |

KAZTEK
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Serial Peripheral Interface Generic Example

4-Wire Synchronous, Full-Duplex Interface

Master Vdd

SPISS;I_
=
8 &5 x x x
= E UV o o o

MOS| (—a

SCK —

SCK (=
SPISS =
SCH =

For Broadcast Write, All PFx Pins on Master Asserted and Only 1 Slave Sends Data Over MISO

NKAZTE
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SPl_FLG Register

o Write SPI Flag Register (SPI_FLG) (Master Only)
— 7 Control Flags = 7 Possible Slave Devices
— Written 18t - Slaves Are Deselected During Master Configuration
— Clock Phase Bit (CPHA) In SPI_CTL Determines Handling Of Slaves
— Unused Flags Controlled By Flag Registers (FIO_FLAG_D, FIO_FLAG C,

O] B 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0
|1|1|1|1|1|1|1|1|0|0|o|0|0|0|0|0|Reset=0xFF00

FLG7 (Slave Select FLS1 (Slave Select Enable 1)
Value 7) —m8 —— 0 - SPISEL1 disabled
SPISEL7 value 1 - SPISEL1 enabled
FLG6 (Slave Select FLS2 (Slave Select Enable 2)
Value 6) —m0— oo 0 - SPISEL2 disabled
SPISEL6 value 1 - SPISEL2 enabled
FLG5 (Slave Select Value 5) ——————— FLS3 (Slave Select Enable 3)
SPISELS value 0 - SPISELS3 disabled
FLG4 (Slave Select Value 4) 1- SPISELS enabled
SPISEL4 value ——  FLS4 (Slave Splect Enable 4)
FLG3 (Slave Select Value 3| 0 SElSELs disabled
SPISELS value
FLG2 (Slave Select Value 2) FLS5 (Slave Select Enable 5)

0 - SPISELS disabled
1 - SPISEL5 enabled

FLS6 (Slave Select Enable 6)
0 - SPISELS6 disabled
1 - SPISELG enabled.

FLS7 (Slave Select Enable 7)
0 - SPISEL?7 disabled
1 - SPISEL7 enabled

SPISEL2 value

FLG1 (Slave Select Value 1)
SPISEL1 value

KAZTE
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SPI_BAUD Register

e Write SPI Baud Rate Register (SPI_BAUD) (Master Only)
— Slave Devices Ignore Writes To SPI_BAUD
— Writing 0 or 1 Disables SPI Clock
e Maximum SPI Clock Is One-Fourth System Clock (SCLK)

SPI1 Baud Rate Register (SPI_BAUD)}

514 1312 141 10 @ B 7 6 & 4 3 2 4 0
|n|u|n|n|n|n|u|n|u|u|U|D|U|D|D|D| Resat = 0x0000
l |

Baud Rata
SCLK/ (2 = BP1_BALID)

@\KAZTE
_ ANALOG
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SPI Control Register

15 14 1312 14 40 & 8 7 & & 4 3 2 A
|u |u |.3 |c- |-J |1 |u | |0 |u |cu |.3 | |u [ |c- | Reset = 0x0400
SPE (SPI Enable) TIMOD (Transfer Initiation Moda)
0 - Dizabled 00 - Start transfer with read of
1 - Enabled SPI_RDER, interrupt whan
) . SPI_ROBR s full
}’:;i"ﬂ;r:"[”m Opan Drain 01 - Start transfer with writs of
0 - Nomnal SPI_TDBER, interrupt when
1 - Open drain SPI_TDER is ampty
10 - Start transfer with DMA read
MSTR {Master) of SPI_RDER, intarrupt whan DMA
Seta the SPI module as FIFQ is not empty
mastar or slava 11 - Start transfer with DMA, write
0 - Slava of SPI_TDEBR, interrupt when DMA
1 - Mastar FIFC is not full
CPOL {Clock Polarity) b 37 (Send Zera)
0 - Activa high SCK Send 0 or last word when
1 - Active low SCK SPIL_TDER is empty
0 - Send last word
CPHA {Clock Phase) 1 - Sond Os
Selects transfer format
0 - SCK toggles from middle —————— GM (Get More Data)
of the first data bit When SPI_RDER iz full, gat
1 - SCK toggles from beginning data or discard incoming data
of first data bit 0 - Discard incoming data
_— 1 - Get mora data, owvarwrita
LSEF (LSE First) : : previous data
0 - M3E sentreceived first
1 - L5B sentrecaivad first b PSSE (Slave Select Enable)
0 - Dizable
SIZE (Size of Waords) i - Enable
0 - & bits
1 - 16 bits - EMISO (Enable MISO)

0 - MISO dizablad
1 - MISO enabled

CPHA Bit Also Controls Whether Hardware or Software is Responsible

For Toggling Slave Select Signals In SPI_FLG
— 0 - Hardware Toggles Active Slave Selects Between Words
— 1 - Slave Selects Controlled In Software

KAZTE
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SPI Transfer Protocol

e Example of transfer

SPIXSELX |
Cycle n |
CPOL=0,
SCKx -CPHA=0
SCKX  Cpnaco
CPOL=0,
SCKX cPHA=1
sckx  CPoLTt
TR e Xmssh_ X X K X X Ass)
misox —00000mseX_ X X X XX XesaXX0—

From Slave

Data Sample

KAZTEK Edge
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Additional ADSP-BF533 SPI Port Registers

e Receive Data Buffer Shadow (SPI_SHADOW)

— Useful For Debugging, Always Contains Same Data As RDBR
— Reading SPI_SHADOW Does Not Affect The System

o SPI Status Register (SPI_STAT)

1514 1912 1110 0 8 7 6 5 4 3 2 1 0
|u|u|n|u|u|u|u|o|u|u|u|u|u|u|o|1 |Re-se-t=n:lxmo1

SPIF (SPI Finishad) - RO
Set when SPI single-word
transfer complete

MODF (Mode-Fault Errer) - WAC
Setin a master device whan
some other device tries to
becoma the mastar

TXE (Transmission Error) - WC
Sat when transmission

occurrad with no new data in
SPI_TDER

TXS (3Pl _TDER Data Buffer Status) - RO
0 - Empty
1 - Full

RBSY (Receive Error) - W1C
Sat when data is recaived with
racaiva buffer full

RXS (RX Data Buffer Status) - RO
0 - Empty
1 -Full

TXCOL (Transmit Collision Error) - W1C
When sat, cornupt data may
have been transmitted

§/ENGINEERIN
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SPI DMA Registers

e Refer to DMA section for description
e SPI DMA Register Names (DMAS is default DMA channel for SPI)

— DMAS5_CONFIG

— Configuration

— DMAS5_CURR_DESC_PTR - Current Descriptor Pointer
— DMAS5_NEXT_DESC_PTR - Next Descriptor Pointer

— DMA5_START_ADDR — Start Address

— DMAS5_CURR_ADDR — Current Address

— DMA5 X _COUNT — Inner-Loop Count

— DMA5_CURR_X_COUNT - Current Inner-Loop Count

— DMAS5_Y_COUNT — Outer-Loop Count (2D)

— DMAS5_Y_COUNT — Current Outer-Loop Count (2D)
— DMA5_X_MODIFY — Inner-Loop Stride

— DMAS_Y_MODIFY — Outer-Loop Stride

— DMAS5_IRQ_STATUS — Interrupt Status

— DMAS5_PERIPHERAL_MAP - Peripheral Mapping

KAZTEK
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SPI Interrupts

Handling Depends On Transfer Initiate Mode (TIMOD) Selected In
SPI_CTL Register

TIMOD Function Transfer Initiated Upon Action, Interrupt
00 Transmit and | Initiate new single-word trans- | Interrupt active when receive
Receive fer upon read of SP1_RDBR bufter is full
and previous transter com-
pleted Read of SPI_RDBR clears
interrupt
o1 Transmit and | Initiate new single-word trans- | Interrupt active when transmit
Receive fer upon write to SPI_TDBR | buffer is empty
and previous transter com-
pleted Writing to SPI_TDBR clears
interrupt
10 Receive with Initiate new multiword trans- | Interrupt active when DMA

DMA

fer upon enabling SPI for
CMA mode. Individual word
transfers begin with a DMA
read of SPI_RDBR, and last
transfer completed.

FIFO is not empty.

[nterrupt clears when DMA
FIFO is empty.

Transmit with
DhA

Initiate new multi-word trans-
fer upon enabling SPI for
DMA made. Individual ward
transfers begin with a DMA
write to SP1_TDBR, and last

transfer completed.

[nterrupt active when DWA
FIFO s not full.

[nterrupt clears when DMA
FIFO is full.

KAZTE
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RO = OxFEED (z);
PO.H = HI(SPI_TDBR);
PO.L = LO(SPI_TDBR);
W[P0] = RO;

RO = 0x0001;
PO.H = HI(DMA5_IRQ_STATUS);
PO.L = LO(DMA5_IRQ_STATUS);
W[PO0] = RO;
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ADSP-BF533 UART Feature Overview

e One UART module

e Industrial Standard 16450 compliant
— 5-8 data bits
- 1, 1% or 2 stop bits
— None, even or odd parity
— Baud rate = SCLK/(16*DIVISOR)
— Loopback mode
e Supports half-duplex IrDA SIR (9.6/115.2 Kbps rate)
e Autobaud detection support through the use of the Timers

e Separate TX and RX DMA support (Register-based and
Descriptor-based)

KAZTE
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The Universal Asynchronous Protocol

e 2-Signal Asynchronous, Full-Duplex Interface
e Common settings for Transmit and Receive for the UART
e LSB always sent first

Data bits (5 to 8) Stopbit(s)

, 0x53="S" \

DO D1|D2 D3|D4|D5|D6 (D7

s f

Startbit Parity (optional, odd or even)

e UART itself generates the logical TTL bit stream
o External Level-Shifter / Inverter / Transformer required

KAZTEK
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Parity Bit

e Optional Parity Bit Helps To Detect Corrupted Data
e Counts ALL the High Data Bits Including the Parity Bit

E Parity (low) 8 Data bits even Parity
e Even Parity (low / O0x53 = 'S \ ;
DO D1|D2 D3|D4|D5|D6 |D7
Startbit 1 2 3 4
e 0Odd Parity (high)
8 Data bits odd Parity
,~ 0x53='8' \ \
DO D1|D2 D3 |D4 D6 | D7

AN

Startbit 1 2 3
o Optionally, Parity Bit may stick (mark or space)

SKAZTE
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UART Control Registers

e Global Control Register
— UART_GCTL
o Data Registers (buffered)
— UART_THR - Transmit holding register
— UART_RBR - Receive buffer register
e Frame Format and Status Registers
— UART_LCR - Line control register
— UART_LSR - Line status register
e Loopback Mode Control Register
— UART_MCR - Modem Control Register
e Interrupt Control Registers
— UART_IER - Interrupt enable register
— UART_IIR - Interrupt identification register
e Bit Rate Control Registers
— UART_DLL - Divisor latch low-byte
— UART_DLH - Divisor latch high byte

KAZTEK
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Global Control Register UART_GCTL

15 14 13 12 11 10

9

8

7

6

5

4

1

0

0

0

0

0

0

0

0

0

010

0

0

0

0

TPOLC (IrDA TX Polarity Change)
1 - Serial line idles high
0 - Serial line idles low

3
0
RPOLC (IrDA RX Polarity Change) —l

1 - Serial line idles high
0 - Serial line idles low

Reset 0x0000

L UCEN {(Enable UART Clocks)

1 - Enable UART clocks
0 - Disable UART clocks

IREN (Enable IrDA Mode)
1 - Enable IrDA
0 - Disable IrDA

e Must Enable UART Clocks (UCEN) before any other UART operation
e Typically when using IrDA Mode RPOLC=1 and TPOLC=0

NKAZTE
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Buffered Transmit and Receive Channels

UART Transmit Holding Register (UART_THR)
WO

15 14 1312 11 10 9 8 7 6 5 4 3 2 1
WRITE MMR ) oloflololo]lo]oJo]olo|o|o|o|o]o

l

Transmit Shift Register (TSR —TX

Receive Shift Register(RSR)| < R ¥

l

15 14 1312 11 10 9 8 :7 6 5 4 3 2 1 :
READMMR <= 10 (0 |O |O JO |O |O |JO |O|O |O|O O |O|O|O

UART Receive Buffer Register (UART_RBR)
RO

NKAZTE
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Line Control Register (UART_LCR)

1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|0|0|0|0|0|0|0|0|0|u|n|o|u|u|u|g|ﬂasetnxnonn

| 1
DLAB (Divisor Latch Access) —— WLS[1:0] (Word Length Select)
1 - Enables access to UART_DLL 00 - 5 bit word
and UART_DLH 01 - 6 bit word
0 - Enables access to UART_THR/ 10 - 7 bit word
UART_RBR and UART_IER 11 - 8 bit word
SB (Set Break) — STB (Stop Bits)
0 - Mo force 1 - 2 stop bits for non-5-bit word length or
1 - Force TX pinto O 1 1/2 stop bits for 5-bit word length
STP (Stick Parity) 0 -1 stop bit
Forces parity to defined value if set and PEN =1 ————————— PEN (Parity Enable)
EPS =1, parity transmitted and checked as 0 1 - Transmit and check parity
EPS = 0, parity transmitied and checked as 1 0 - Parity not transmitted or checked
EPS (Even Parity Select)

1 - Even parity
0 - Odd parity when PEN = 1 and STP =0

KAZTE
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Line Status Register (UART_LSR)

15 14 13 12 11 10 9 8

7 6
0|0 |0 O |O |O )OO JO |1

o lo | Reset 0x0060

TEMT (TSR and UART_THR Empty) J

0 - Full
1 - Both empty

THRE (THR Empty)
0 - THR not empty
1 - THR empty
% BI (Break Interrupt)

0 - No break interrupt

1 - Break interrupt. This indicates RX was
held low for more than the maximum word
length.

|— DR (Data Ready) +

0 - No new data

1 - UART_RBR holds new data
OE (Overrun Error) %

0 - No overrun

1 - UART_RBR overwritten before read
PE (Parity Error) %

0 - No parity error

1 - Parity error

FE (Framing Error) %

0 - No error
1 - Invalid stop bit error

* Status Bit Cleared When UART _LSR Register Read
+ Status Bit Cleared When UART_RBR Register Read

NKAZTE
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Modem Control Register (UART_MCR)

15 14 13 12 11 10

9 8

7

5]

0

0

0

0

0

0

0

0

0

Loop (Loopback mode enable)

Forces TX to high and disconnects RX

from RSR

- Used for testing purposes

NKAZTE
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Interrupt Enable Register (UART _IER)

15 14 1312 11 10 & 8 7 6 5 4 3 2 1 0
ololo|o]oJolo]o]lolo Jojolo]o|o|o Reset 0x0000

ELSI (Enable RX Status Interrupt) |— ERBFI (Enable Receive
0 - No interrupt Buffer Full Interrupt)
1 - Generate line status interrupt if 0 - Nointerrupt _
any of UART_LSR[4:1] is set 1 - Generate RX interrupt if
- DR bitin UART_LSR is set

ETBEI (Enable Transmit
Buffer Empty Interrupt)

0 - No interrupt
1 - Generate TX interrupt if
THRE bit in UART_LSR is set

e Non-DMA Mode

— Must enable corresponding bits in UART_IER and poll SIC_ISR or enable
interrupt in SIC_MASK.

e DMA Mode

— ERBFI and ETBEI must be enabled to act as DMA request lines.
— Can enable ELSI interrupt.

KAZTE
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Example of Receive Polling — Part 1
// UART Global Control Register

p0.l = lo(UART_GCTL);
p0.h = hi(UART_GCTL):

/l Enable UART Clocks!!
r1 = UCEN(z);
w[p0] = r1;

// Parity Enable, Word Length = 8 bit
r1 = PEN | WLS(8) (z);
w[p0+UART_LCR-UART_GCTL] =r1;

// Enable Receive Buffer Full and Receive Status Interrupts
r1 = ERBFI | ELSI (z2);
w[pO+UART _IER-UART_GCTL] =r1;

I/ System Interrupt Status Register
p2.1 = lo(SIC_ISR);
p2.h = hi(SIC_ISR);

KAZTE
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Example of Receive Polling — Part 2

// Poll SIC_ISR
receive_polling:
r2 = w[p2] (z);
CC = bittst (r2, bitpos (IRQ_UART_RX));
if ICC jump receive_polling;
data_ready:
csync;

// Read Status
r1 = w[pO+UART_LSR-UART_GCTL] (2);

// Read Data
r0 = w[pO+UART_RBR-UART_GCTL] (z);

/[ If Line Error
CC = bittst (r2, bitpos (IRQ_UART_ERROR));
if CC jump error_handler;

/ Save Received word to Memory
[i0++] = rO;
jump receive_polling;
NKAZTE
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Mixing Non-DMA Mode and DMA Mode

e Non-DMA Mode Uses Different Synchronization Mechanisms
Than The DMA Mode Does
— Application Must Not Mix The Two Mechanisms

e To Switch From One Mode To The Other, The Program Should
Wait Until The Ongoing Transfer Has Been Finished

NKAZTE
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Programmable Bit rate

o Bitrate is derived from peripheral clock (SCLK)
e Applies to TX and RX

SCLK
16 x DIVISOR

Bitrate =

e DIVISOR is a 16-Bit register formed by two byte registers
— DLL And DLH ( DIVISOR = 65536 when DLL=DLH=0)
— Resets To 0x0001

e To read/write DLL And DLH, the Divisor Latch Access Bit (DLAB)
in the Line Control Register (LCR) register must be set

KAZTEK
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Bit rate Deviations

e DIVISOR is a fraction of SCLK
133MHZz

16 x866

e Timing Deviation

— 0599 = 9600 Error = 0.013%

10 x 12.288MHz

BAUD SCLK /
RATE 133 MHz 120 MHz 122.88 MHz
9600 013 % 032% 0
19200 013 % .096% 0
38400 022 % 160% 0
57600 218 % 160% 0
115200 218 % 160% 0
KAZTEK
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Receiver Clock Synchronization

¢ In theory a delta of up to 5% would not fail, but ...

10 Bits
- >

DO D1(D2 D3 (D4 |D5|D6|D7 P

Tx Clock 1““111111
max Rx Clock _U_U_U_U_UM*_
min Rx Clock _U_U_U_U_UM

o Sampling clock runs at 16x bitrate % Bit

e Receive Filter removes spikes of less than 2x sampling clocks
e Also signal rise times and ringing reduces max allowed error rate

NKAZTE
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Autobaud Detection

e Supported by Peripheral Timers

— Set TIN_SEL bit in TIMERx_CONFIG register to sample UART RX
pin instead of TMRX pin.

— Use WDTH_CAP mode
— Capture pulse width or periods (recommended)

Example: '@ = ASCII 0x40

S 0 1 2 3 4 5 | 6 | 7 | stoP . SCLK
Bitrate =
16 x DIVISOR
L Period ‘!
[ =
DIVISOR = —PERIOD
Bitrate = -SCLK 16x8
Period
g!gNzEIIEN ANALOG
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IrDA Support on UART

Meets Half-duplex Infrared Standard IrDA SIR (9.6/115.2 Kbps
rate)

Enabled by bit in UART_GCTL _
Stopbit

Startbit Data bit
a\‘l / ala IS\ ;

DO D1 (D2 D3|D4|D5|D6

TX: 3/16 bit

IrDA |_| |_| |_| |_| TRX 6/16 to 11/16

++

Off-chip Infrared Tranceiver TX—

Return-to-zero-inverted Modulation i
required

KAZTEK
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