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C8051F700 Serial Peripheral Interface
(SPI1) Overview




¢ C8051F700 block diagram
¢ C8051F700 device features
¢ SPI operation overview

¢ SPI module overview

¢ Where to learn more
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Introducing The C8051F700

¢ New patented capacitive touch sense
» True capacitance-to-digital converter

» Robust and responsive CiP-51 8051 Pt Confaratin | s oo
ontroller Core — - X P0.1/VGND
Digital Peripherals | | Porto X103/ XTAL?
Drivers R Po.4
» Easy to use i
Reset Memory l— Timers 0 P07
Reset 12,4 Ll 1
C2CK/ 256 Byte RAM ™1 | Timer3/ Priority ||| Port1 S his
. K Debug / RTC Crossbar Drivers e
Programming Decoder pio
¢ Ign pertormance Hardware 256 Byte XRAM L
o~ = Port2 [11B "
> 2 5 M H Z 80 5 1 C P U Peripheral Power 32 Bytes EEPROM Drivers | "I"} X P27
SMBus_ |« Y
SYSCLK SFR Port 3 e
. Bus | Crossbar Control | Drivers | |'|°
» Bestin class ADC VoD B3] Regulator
Core Power v
,| External Memory Port 4 b P40
aS GND [ Plremswn Interface Lot Drivers ||l Lo
< nternal P2 v
Oscillator e Con—,trol Port 5 preo

P4/ P5
X P5.7

> 32 B d t EEPROM XTAL1 —1| Exteral ﬁ; Drivers |, 14 >
ata- o=} [e 2

Sl;c:tlem Clock Drivers |, 11" Jp6s
Configuration Analog Peripherals
¢ 54 multi-function GPIO L
» User configured as digital or analog

» Digital crossbar assigns pins
» Up to 32 capacitive touch sense inputs

» Available in TQFP64, TQFP48, and
QFN48 (7x7 mm) package
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C8051F700 Product Family Selection

FLASH Data Digital . Ca
Part Number MIPS Memory EEPROM RAM Po?t 110 Serial Buses T'"‘e.rs D Touzh Temp VREF Comp. Package
((LE19) (bytes) (bytes) (bytes) Pins (16-bit) Chnls Osc Sense Sensor

C8051F700-GQ 25 15kB 32 512 54 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFP64
C8051F701-GQ 25 15kB 32 512 54 UART, 12C, SPI 4 3 2% Y - 1 QFP64
C8051F702-GQ 25 16kB - 512 54 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFP64
C8051F703-GQ 25 16kB - 512 54 UART, 12C, SPI 4 3 2% Y - 1 QFP64
C8051F704-GQ 25 15kB 32 512 39 UART, I12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFP48
C8051F704-GM 25 15kB 32 512 39 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFN48
C8051F705-GQ 25 15kB 32 512 39 UART, 12C, SPI 4 3 2% Y - 1 QFP48
C8051F705-GM 25 15kB 32 512 39 UART, 12C, SPI 4 3 2% Y - 1 QFN48
C8051F706-GQ 25 16kB - 512 39 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFP48
C8051F706-GM 25 16kB - 512 39 UART, I12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFN48
C8051F707-GQ 25 16kB - 512 39 UART, 12C, SPI 4 3 2% Y - 1 QFP48
C8051F707-GM 25 16kB - 512 39 UART, 12C, SPI 4 3 2% Y - 1 QFN48
C8051F708-GQ 25 8kB 32 512 54 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFP64
C8051F709-GQ 25 8kB 32 512 54 UART, 12C, SPI 4 3 2% Y - 1 QFP64
C8051F710-GQ 25 8kB - 512 54 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFP64
C8051F711-GQ 25 8kB - 512 54 UART, 12C, SPI 4 3 2% Y - 1 QFP64
C8051F712-GQ 25 8kB 32 512 39 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFP48
C8051F712-GM 25 8kB 32 512 39 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFN48
C8051F713-GQ 25 8kB 32 512 39 UART, 12C, SPI 4 3 2% Y - 1 QFP48
C8051F713-GM 25 8kB 32 512 39 UART, 12C, SPI 4 3 2% Y - 1 QFN48
C8051F714-GQ 25 8kB - 512 39 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFP48
C8051F714-GM 25 8kB - 512 39 UART, 12C, SPI 4 3 2% Y 10-Bit Y Y 1 QFN48
C8051F715-GQ 25 8kB - 512 39 UART, 12C, SPI 4 3 2% Y - 1 QFP48
C8051F715-GM 25 8kB - 512 39 UART, 12C, SPI 4 3 2% Y - 1 QFN48
¢ 24 unique part numbers

» Choice of flash size

» Can select EEPROM (in larger flash size, EEPROM is traded for 1 kB flash)

» ADC or no-ADC ®

» Capacitive touch sense option
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SPI Overview

¢ Serial Peripheral Interface (SPI)
» Master/Slave operation
» Full duplex or single wire operation

» Programmable transmit bit rates
» Double buffered

1 1
| Master | _mosi |Slave |
D7 DO| :W < D7 DO|
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Synchronous Serial Communication

¢ Serial communication implies sending data bit by bit over a single wire

¢ Synchronous serial requires the clock signal to be transmitted from the source
along with the data

¢ Data rate for the link must be the same for the transmitter and the receiver

Data In X po X D1 X D2 X D3 X D4 X D5 X D6 X D7 X
Data OutX po X D1 X D2 X D3 X D4 X D5 X D6 X D7 X

CLK
Latch data on rising edges — Output data on falling edges
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SPI Configurations

¢ Multi-master
¢ Single master with single slave
¢ Single master with several slaves

NSS

A

GPIO
MISO

Master MISO
Device 1

Master Master
Device 2 Device wmiso
MOSI

SCK

A A A

SCK
GPIO

SCK
NS3
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_ Multi-master |
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Device Mosi
SCK

NSS

GPIO

E

=

STLICON LABS




SPI Interface Application Example

¢ Need a solution that provides the capability to download the FPGA configuration

file
» MCU provides the bridge between a host application that has the configuration

» MCU can retrieve configuration file from on board serial flash
» MCU can provide additional functionality to the FPGA after configuration

» USB 2 UART bridge

FPGA

Configuration

»

. ®
Example SPI Application — FPGA configuration interface @
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Silicon Labs Enhanced SPI Module

¢ Full duplex synchronous serial % SFR Bus 0
communications i} L ]
SPIOCKR SPIOCFG SPIOCN
>|z|<|2m| A Zla8 -
¢ Master or slave operation EEEERREE f%gggggg ;gégﬁgég
> Supports multiple masters or slave on Lebiivid
a single SPI bus svscuc—pp IOk Divde
¢ 3 or 4 wire operation SPI CONTROL LOGIC .
ool CO+
¢ Up to 12.5 Mbps operation in master | |
l + MOSI 77T
mode e, X
{lL S:ID[]AT : g i
¢ 2.5 Mbps operation in slave mode | T’“"S“‘“ﬁ‘*‘““”"‘ ' o S X
. . N7 Cont:'é)l i g ! Port 110
> (rSn.ggeMbps operation in half duplex o] | o | 9 | o E %
& R
[ Receie er_| ﬁl____ﬂ/
¢ Programmable clock phase and I

Write

polarity settings

SPIDDAT

% SFR Bus P

&~
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SPI Programming Steps

¢ Step 1. Set port pins to digital inputs and push-pull outputs using the
port I/O registers

¢ Step 2. Enable the SPI module in the crossbar using the XBAR register

¢ Step 3: Set the master or slave operating mode of the SPI peripheral
using the SPIOCFG register as well as the clock phase and polarity

¢ Step 4: Select the SPI interface as 3 or 4 wire slave or master and
enable the SPI peripheral

¢ Step 5. Set the SPI clock speed using the SPIOCKR register
¢ Step 6: Enable the interrupts

=y
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1

2

Digital 1/0 Pins

All port pins can be used for digital I/0O

Port pin configured as digital using PxMDIN register bits set to a ‘1’

=y
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¢ The output mode is selected to be push-pull using the PxMDOUT bits set to a ‘1’
1 0 | Open drain low
Open drain high/digital Input

WEAKPUD
(Weak Pull-Up Disable)
PxMDOUT.x
(1 for push-pull) VDD vDD
(0 for open-drain)
E(CE::SRsEbar } € ‘_'I (WEAK)
Enable) 1 PORT
Px.x = Qutput PAD
Logic Value
(Port Latch or N ’D € l
Crossbar)

PxMDIN.x GND

(1 for digital)
TolFrom Analogtlo for analeg) DL
Peripheral >
Féé:gsl'{;pwu;t:iiii\::I::nfigured as an analog 1/Q) EI




Crossbar Pin Assignment Using Config Wizard

(x)

Port 110

Pricrity Crasshar ] Ports 3/4/5/6 Output ] Port Drive Strength ] Part Match ]

Crozsbar Priority Decoder Setup
> Enable
- Fo | = Crozzbar
Fini/D o] 1J2]z2Ja]s]e]7|ol1]z]z]4][s]e][7|lo]1[z2]3]a4][6[6]7 )

Dizable Weak
T [
UaRTO [ = Pull-Up
SCK

MISD ]

SPI0 ¥ [ne) o
Enable SPIO to the NES [
SMBus [ ggﬁ
CPi [ |CRO

[ | CPO&
SYSCLK [ | SYSCLK
[~ |CExO
FPCa [ |CEX1
[ | CExZ
ECI [ |ECI
Timer 0 [ [ TO
Timer1 [ [ T1

Analog # Digital > [D] [D]
Puzh-Pull / Open Drain--> [0] [O]
FinSkip-> I

1EE

o]
@
=

miEE
RIE[E
1EE
miEEl
==
RIEE
miEE
1EE
“1EE
miEEl
==
1EE
miEE
miEE]
1EE
==

o]
@
=

REE
REE
=E

B issigned D - Digital

- A - Analog
B Gkipped
0- Open Drain
P - Push-Full

SFRPAGE = COMFIG_PAGE:
HBRO = 0=02;
#BR1 = Ox40;
SFRPAGE = LEGACY_PAGE:

aK | Cancel | Reset |

¢ SPIO0 has the second highest crossbar priority and is assigned to P0.0

through P0.3 when enabled @@
¢ XBARE: enable the crossbar _,
SILICON LARS
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SPI Programming Steps

¢ Step 1: Set port pins to digital inputs and push-pull outputs using the
port 1/O registers

¢ Step 2: Enable the SPI module in the crossbar using the XBAR register

¢ Step 3: Set the master or slave operating mode of the SPI peripheral
using the SPIOCFG register as well as the clock phase and polarity.

¢ Step 4. Select the SPI interface as 3 or 4 wire slave or master and
enable the SPI peripheral

¢ Step 5. Set the SPI clock speed using the SPIOCKR register

¢ Step 6: Enable the interrupts

=y
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Clock Polarity and Phase

¢ Four configurations of clock polarity and phase controlled by the SPIOCFG
register
» Clock phase determines the clock edge used to latch the data
» Clock polarity selects between an active high or active low clock

¢ Master and slave devices must be configured to use the same clock polarity and
phase settings

=N

SCK
(CKPOL=0, CKPHA=0) I I I I I I I I

SCK
(CKPOL=0, CKPHA=1 I I I I I I I I

SCK
(CKPOL=1, CKPHA=0 I I I I I I I I

SCK |
(CKPOL=1, CKPHA=1) I I I I I I I I

MISO/MOSI YO mss_ X site X sits Y sid Y i3 Bit 2 Bit 1 BILO_ YOO

. ®
NSS (Must Remain High
in Multi-Master Mode)
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Slave Mode Clock Polarity and Phase

¢ Slave mode with CKPHA =0

(CHPOL=0, CKPHA=0) [ [ [ [ I [ ] I

(ePOL=1, CRPHA=0) | | | | | | |

MosI X_wss_X_Bie X mis X Bia X Brs X mio Y Bii X Bro  XOOGK

miso S G GEEE G GIEERD GIEIERD SR G ¢ )—\
NSS (4Wire Mode) T\ S

¢ Slave mode with CKPHA =1

{SCCKKPOL=0, CKPHA=1) l | | | | | | |

{SCCKKPOL=1, CKPHA=1) I | | | | | | |

MOSI YO mss_ X eie ) Bio X Bia X Bi3 Biz Y Bii X Bio YOO

MISO —{| msB X Bité Y Bits X Bita ¥ Bita Bit2 X Bit1 X Bito X —

NSS (4-Wire Mode)  \ T yan @@

SILICON LABS

16




SPI0 Configuration: SPIOCFG Register

7 | sPiBSY

SPI Busy

This bit is set to logic 1 when a SPI transfer is in progress (master or slave mode)

I I
famEE 5 e & || o
LEmm L |
oo : -
L
|

(¢ 7))

(@ ®)
B

Slave Selected Flag

3 SLVSEL
This bit is set to logic 1 whenever the NSS pin is low indicating SPI0 is the selected slave.
It is cleared to logic 0 when NSS is high (slave not selected). This bit does not indicate the
instantaneous value at the NSS pin, but rather a de-glitched version of the pin input.

2 NSSIN NSS Instantaneous Pin Input
This bit mimics the instantaneous value that is present on the NSS port pin at the time that
the register is read. This input is not de-glitched.

1 SRMT Shift Register Empty (valid in slave mode only)
This bit will be set to logic 1 when all data has been transferred in/out of the shift register,
and there is no new information available to read from the transmit buffer or write to the
receive buffer. It returns to logic 0 when a data byte is transferred to the shift register from
the transmit buffer or by a transition on SCK. SRMT = 1 when in Master Mode.

0 | RXBMT Receive Buffer Empty (valid in slave mode only)

This bit will be set to logic 1 when the receive buffer has been read and contains no new
information. If there is new information available in the receive buffer that has not been
read, this bit will return to logic 0. RXBMT = 1 when in Master Mode.
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SPI0 Control: SPIOCN Register

SPIF SPIO0 Interrupt Flag
This bit is set to logic 1 by hardware at the end of a data transfer
wcoL Write Collision Flag
This bit is set to logic 1 if a write to SPIODAT is attempted when TXBMT is 0. When this
occurs, the write to SPIODAT will be ignored, and the transmit buffer will not be written.
MODF Mode Fault Flag
This bit is set to logic 1 by hardware when a master mode collision is detected (NSS is low,
MSTEN = 1, and NSSMD[1:0] = 01)
RXOVRN

Receive Overrun Flag (valid in slave mode only)

This bit is set to logic 1 by hardware when the receive buffer still holds unread data from a
previous transfer and the last bit of the current transfer is shifted into the SPI0 shift
register.

o
Slave ¢
Selects
00: 3-Wi
L

Q.

: ?ggu%gﬂ’iﬂl!!ﬂ%!ﬁli o s o o

TXBMT Transmit Buffer Empty
This bit will be set to logic 0 when new data has been written to the transmit buffer. When
data in the transmit buffer is transferred to the SPI shift register, this bit will be set to logic
1, indicating that it is safe to write a new byte to the transmit buffer.

SPIEN SPI0 Enable

0: SPI disabled
1: SPI enabled

8
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SPI Programming Steps

¢ Step 1: Set port pins to digital inputs and push-pull outputs using the
port 1/O registers

¢ Step 2: Enable the SPI module in the crossbar using the XBAR register

¢ Step 3. Set the master or slave operating mode of the SPI peripheral
using the SPIOCFG register as well as the clock phase and polarity

¢ Step 4. Select the SPI interface as 3 or 4 wire slave or master and
enable the SPI peripheral

¢ Step 5. Set the SPI clock speed using the SPIOCKR register
¢ Step 6: Enable the interrupts

=
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Clock Rate Settings

2

¢ Master mode clock setting derived from the system clock (SYSCLK)

SYSCLK

Jsex =5 {(SPIOCKRIT:0]+1)

or

SPIOCKR[7:0]=

SCK

SYSCLK _,

¢ Example:

0

» Desired SPI rate is 250 KHz
» System clock = 24.5 MHz

24500000
2x250000

SPIOCKR =

SPIOCKR =48

=y
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SPIO0 Code: 1/0 and SPIO Configuration

2

Step 1: Set port pins to digital
inputs and push-pull outputs using
the port 1/O registers

Step 2. Enable the SPI module in
the crossbar using the XBAR
register

Step 3. Set the master or slave
operating mode of the SPI
peripheral using the SPIOCFG
register as well as the clock pahse
and polarity

wvold Port_Init (woid)

i

¥

< Sawve the current SFREPAGE
U8 SFRPAGE _zawe = SFRPAGE;
SFRPAGE CONFIG_FPAGE;
BOMDOUT 0=0D;

FP1HDOUT O0=01;

P1SEIFP = 0=x01;

XERO0 = 0=02;

¥ER1 = 0=40;

SFREPAGE = SFEPAGE_=sawe:

S Wake SCK, MOSI, and NS5 push-pull
<+ Male the LED push-pull

£ Skip the LED (F1.0)

<+ Enable the SPI on the XEBAR

< Enable the XBAR and weal pull-ups

void SPI0_Init()

i

¥

A Sawe the current SFREPAGE
U8 SFRPAGE =sawe = SFEPAGE:
SFEPAGE = LEGACY FAGE:
SPINCEG = [=40;

SPIOCH = 0z0D;
SFRPAGE = CONFIG _PAGE;

A+ Enable the SPI a=s a Master
s+ CEPHA = '0', CEPOL = '0°'
A7 d=wire Single Master, SPI enabled

A SPI clock frequency squation from the datashest
SFINCKR = (SYSCLE-(2#*SPI_CLOCK))-1:

ESPI0 = 1;
SFRPAGE = SFRPAGE sawve;

#¢ Enable SPI interrupts

Step 4: Select the SPI interface as 3 or 4 wire slave or master and enable the SPI

peripheral

Step 5: Set the SPI clock speed using the SPIOCKR register

Step 6: Enable the interrupts

1

=y
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Learn More at the Education Resource Center

¢ Visit the Silicon Labs website to get more information on Silicon Labs
products, technologies and tools

¢ The Education Resource Center training modules are designed to get
designers up and running quickly on the peripherals and tools needed
to get the design done

> http://lwww.silabs.com/ERC
> http://www.silabs.com/mcu

¢ To provide feedback on this or any other training go to:

http://www.silabs.com/ERC and click the link for feedback

=y
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