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eUSCI = enhanced Universal Serial Communications Interface
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EE 2920

* MSP432 SPI

ARM (AMBA Compliant)

7/8 bit transmission
Master/Slave
LSB/MSB first

Separate RX/TX registers

4 A modules and 4 B modules

MSP432

ARM®
Cortex™-M4F
48 MHz

1.62V -3.7V Operation Temperature 85°C

—————
Systick Timer
| Debug |

AES-256 ‘ 4x UART or SPI ' 24ch, 14-bit 1 MSPS SAR ADC
4x12C or SPI 2% Analog Comparators

Voltage Reference
Temperature Sensor

Capacitive Touch I/O
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e Qverview

8 bit synchronous shift register used to communicate
externally

Most often used to communicate with peripherals
* displays, sensors, converters

Can be used for inter-processor communication

Two modes of operation
 Master —responsible for providing the clock
* Slave — receives clock from the master

EE 2920 4 © tj



e Qverview

Master

LATCH

SHIFT
REGISTER

SPI CLOCK GENERATOR

MISO

MOSI

SCK

MISO — Master:IN or Slave:OUT

MOSI — Master:OUT or Slave:IN

EE 2920

Slave

LATCH

SHIFT
REGISTER

SPI CLOCK GENERATOR

SCK — SPI CLK

SS_— Slave Select Bar

MISO

MOsSI

SCK
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EE 2920

* Operation

Master Slave

LATCH LATCH
MISO MISO

SHIFT SHIFT

REGISTER MOSI MOSI REGISTER
SCK SCK
X 0y
Ss Ss
SPI CLOCK GENERATOR SPI CLOCK GENERATOR

Latch = Shift Register in both master and slave
Master generates 8 clocks =2 shifts both registers (swaps content)
Shift Register = Latch in both master and slave

6
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EE 2920

* Operation

* Configure 1 device as master T | |

Configure 1 or more devices as
slaves

Load values into register(s)
Pull SSbar low on the desired slave device

Initiate transfer by writing to the data register
* The master will generate the appropriate clocks

* |f interrupts are enabled — an interrupt will be generated
on completion

© tj



EE 2920

* Operation

e 2 options for clock polarity
e CKPL =0 -2 rising edge triggered
 CKPL =1 -> falling edge triggered

2 options for clock phase
* CKPH =0 - leading edge triggered
 CKPH =1 - trailing edge triggered

e 2 options on transfer direction
 MSB =0 —> LSB transferred first
e MSB =1 > MSB transferred first

RRRRRRRR

MSB=0

MSB=1

Msb

MSB =0

MSB =1

Lsb

SHIFT
REGISTER

MISO

! MSB=1

| MSB=0

MOSI
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* Operation

* CKPH=0

SPI Transfer Format with ' ckPH=0

[ SCK( ckpL 0
mode

Captured in register SCK( ckpL 1)

4 — ode o
on trailing clock edge —‘m\>
[ SAMPLE | I I I I
| MOSIMISO
[ CHANGE 0 L W S S W A E W B
MOSI PIN \ - s H sl
CHAMGE 0 _|."r \":'_| ."II "-'_("l -'". !
| MISO PIN \ &\ / /

Values active on pins
on fIrSt CIOCk edge MSB firsi ] MSB Bit & =] Bit 4 Bit 3 Bit 2 Bit 1 LS8
4

L58 first L5B Bit 1 Bi\2 Bit 3 Bit Bit & Bit & MSH

New values placed on

pins on leading clock edge
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* Operation

L4 =
CKPH 1 SPI Transfer Format with CKPH =1
[ SCK| ckpL 0)
mode u
I I SCK | CKPL 1)
Captured in register | moda <

- \
on leading clock edge —
SAMPLE | | | I |
| MOSIMISO

[ CHANGE 0 | AW i W \ S ki A W Y
\ H -
MOSI PIN A A A H H HoLH
CHANGEO /T \/H \/ T\ 1\ ey .
. rld ISG plN Ill" "Il Il" -I'IHI'l J'Hll' .l'll ll'l\. n'l}_.'l'\. n'lll_{'u .|'II Y _.Hq, ,l'l

Values active on pins
as soon as SShbhar
goes low

MSE first MSB Bit & Bit Bit 4 Bit3 Bit 2 Bit 1 L5B
LSB first LSBE Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit & M5B

New values placed on

pins on trailing clock edge
EE 2920 10 © tj



* Operation

* Multiple Slave Configuration

+5v Slave 0 Slave 1 Slave k

SPI Master Shift - =
AVR r registor } !: rogistor '_* e L— regsler '_*
M MOSI

g5 MOS| SCK_MISO S8 S1 SCK MISO S8 51 SCK MISO S8

sox |——4—3 IR, f
MOSI l l

MISO |-
PKO
PK1

>

L :))) i

PKk

Figure 14.7 m Single-master and multiple-slave device connection (method 1)

EE 2920 11 © tj



EE 2920

* Operation

* Multiple Slave — Extended Shift Configuration

SPI Master
(AVR)

SS
SCK
MOSI
MISO

Slave 0 Slave 1 Slave k
+5v Shift Snit Shift
regsior regshar regester }
% MOSI SCK MIS SS MOSI SCK M SO bS MOSI SCK MISO SS
-

Figure 14.8 m Single-master and multiple-slave device connection (method 2)
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EE 2920

* Implementation

Separate RX/TX registers

Separate RX/TX buffers
State Machine

Clock divider

Control register

Status register

| Receive State Machine
=

P Set UCOE

e Set UCHRXIFG

Receive Buffer UCxRXBUF

+

=] _'_':4-

Receive Shift Regeier

UCLISTEM UCMST

LICESE- UCTBIT

LCxE0MI

Bit Clock Generator
UCxBRx

16

[

PrescalerDnider

LCCKPH UCCKPL

Clock Direction,

UCxCLK

Phase and Polarity

UCSSELx
WA [i'i]
ACLK o
SMCLK 10 | BROLE |[
SMCLK 1
*—]

UCMSB UCTBIT

*

[~ Transmit Shift Register

[ UCxEIMO

+

Tranamit Bufier UCxTXBUF

Tranamit State Machine

—

UCMODEx UCSTEM
2

UCxSTE

Transmit Enable
Conirol

>

Set UCFE

- Set UCKTHIFG

Figure 23-1. eUSCI Block Diagram — SPI Mode



* Master Mode

* Receive/Transmit initiated by writing to TX buffer

* Data is moved to the TX shift register as soon as it is
empty — UCTXIFG flag set — transfer is NOT complete

* Transfer is controlled by the state machine

* When complete RX data moved to the RX buffer —
UCRXIFG flag is set — transfer is complete

Master UCxSIMO - SIMO Slave
Receive Buffer Transmit Buffer .
UCKRXBUF UCKXTXBUF SPI Receive Buffer
Px.x > STE
UCXSTE 4 S8
Port.x
UCx
. : : e : SOMI SOMI . .
Receive Shift Register —‘ L1  Transmit Shift Register <7} Data Shift Register (DSR)
UCxCLK > SCLK
MSP432 USCI Common SPI

Figure 23-2. eUSCI Master and External Slave (UCSTEM = 0)
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EE 2920

e Slave Mode

* External clock controls the transfer

* Data is moved to the TX shift register as soon as it is
empty — UCTXIFG flag set — transfer is NOT complete

* When complete, RX data moved to the RX buffer —

UCRXIFG flag is set

 UCOE flag is set if the RX buffer has not been read prior to

a new completed transfer (no interrupt)

Master

Slave

L{ Data Shift Register DSR

SIMO UCxSIMO
>
. Transmit Buffer Receive Buffer
SP1 Receive Buffer UCXTXBUF UCXRXBUF
Px.x > UCxSTE
35
|
STE 4 Portx
UCx
SOMI SOMI

Common SPI

r 3

Transmit Shift Register

Receive Shift Register

SCLK

Y

UCxCLK

MSP432 USCI

Figure 23-3. eUSCI Slave and External Master
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* MSP432 SPI Registers

Table 23-2. eUSCI_A SPI Registers

Offset Acronym Register Name Section
00h UCAxCTLWO eUSCI_Ax Control Word O Section 23.4.1
0Ch UCAXCTL1 eUSCI_Ax Control 1
01h UCAXCTLO eUSCI_Ax Control 0
06h UCAXBRW eUSCI_Ax Bit Rate Control Word Section 23.4.2
06h UCAXBRO eUSCI_Ax Bit Rate Control 0
07h UCAXBR1 eUSCI_Ax Bit Rate Control 1
0Ah UCAXSTATW eUSCI_Ax Status Section 23.4.3
0Ch UCAXRXBUF eUSCI_Ax Receive Buffer Section 23.4.4
0Eh UCAXTXBUF eUSCI_Ax Transmit Buffer Section 23.4.5
1Ah UCAXIE eUSCI_AXx Interrupt Enable Section 23.4.6
1Ch UCAXIFG eUSCI_Ax Interrupt Flag Section 23.4.7
1Eh UCAxIV eUSCI_Ax Interrupt Vector Section 23.4.8
EE 2920 16
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EE 2920

* MSP432 SPI Control Register O

EUCSI_nx_SPI->CTLWO

n=AorB
x=0,1,2,3
Figure 23-5. UCAXCTLWO Register
15 12 11 10 9 8
UCCKPH ucMsB | wucrBim |  ucmsT | UCMODEX | ucsYNC
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 4 3 2 1 0
UCSSELx Reserved UCSTEM ‘ UCSWRST
rw-0 rw-0 rw-0 rw-0 rw-0 rw-1
Madify only when UCSWRST = 1.
Table 23-3. UCAXCTLWO Register Description
Bit Field Type Reset Description
15 UCCKFH RW Oh Clock phase select
Ob = Data is changed on the first UCLK edge and captured on the following
edge.
1b = Data is captured on the first UCLK edge and changed on the following
edge.
14 UCCKPL RW Oh Clock polanty select
0Ob = The inactive state is low.
1b = The inactive state is high.
13 UCMSB RW Oh MSE first select. Controls the direction of the receive and transmit shift register.
Ob = LSB first
1b = MSB first
17
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EE 2920

* MSP432 SPI Control Register O

Bit Field Type Reset Description
12 UCTBIT RW Oh Character length. Selects 7-bit or 8-hit character length.
Ob = 8-hit data
1b = 7-hit data
1 ucmsT RW Oh Master mode select
Ob = Slave mode
1b = Master mode
10-9 UCMODEX RW Oh elJSC| mode. The UCMODEX bits select the synchronous mode when UCSYNC
=1.
00b = 3-pin SPI
01b = 4-pin SPI1 with UCxXSTE active high: Slave enabled when UCxSTE =1
10b = 4-pin SPI with UCxSTE aciive low: Slave enabled when UCxSTE =0
11b = 12C mode
8 UCSYNC RW Oh Synchronous mode enable
Ob = Asynchronous mode
b = Synchronous mode
76 UCSSELx RW Oh eUSCI clock source select. These bits select the BRCLK source clock in master
mode. UCxCLK is always used in slave mode.
00b = Reserved
01b = ACLK
10b = SMCLK
11b = SMCLK
h-2 Reserved R 0h Reserved
1 UCSTEM RW Oh STE mode select in master mode. This byte is ignored in slave or 3-wire mode.
Ob = STE pin is used to prevent conflicts with other masters
1b = 5TE pin is used to generate the enable signal for a 4-wire slave
0 UCSWRST RW 1h Software reset enable
Ob = Disabled. elUSCI reset released for operation.
b = Enabled. eUSCI logic held in reset state.

18

© tj



EE 2920

* MSP432 SPI Bit Rate Control Register

EUCSI_nx_SPI->BRW

n=AorB
° 1 . — x =10} TS
SPI transfer bit rate: fg.c ;o = farer/ UCBRX
* BRCLK: ACLK or SMCLK
Figure 23-6. UCAxBRW Register
15 14 12 11 10 g 8
UCBRx
nw w rw W w W w
7 B 5 4 3 7 1 0
UCBRx
w w rw rw w W w
Modify only when UCSWRST = 1.
Table 23-4. UCAXxBRW Register Description
Bit Field Type Reset Description
15-0 UCBRx RW Oh Bit clock prescaler sefting

19
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* MSP432 SPI Status Register

EUCSI_nx_SPI->STATW

n=AorB

x=0,1,2,3
Figure 23-7. UCAXSTATW Register
15 14 13 12 11 10 9 8
Reserved

r0 0 o 0 r 0 0 1]

7 6 5 4 3 2 1 0
UCLISTEN | UCFE UCOE Reserved UCBUSY

mw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 r-0

Modify only when UCSWRST = 1.

Table 23-5. UCAXSTATW Register Description

Bit Field Type Reset Description

15-8 Reserved R Oh Reseryed

7 UCLISTEN RW Oh Listen enable. The UCLISTEN bit selects loopback mode.
0b = Disabled
1b = Enabled. The transmitter output is intemally fed back to the receiver.

B UCFE RW Oh Framing emor flag. This bit indicates a bus confiict in 4-wire master mode. UCFE
is not used in 3-wire master or any slave mode.
0by = Mo error
1k = Bus conflict cccurred

5 Ucoe RW Oh Overrun error flag. This bit is set when a character is transferred into UCXRXBUF
hefore the previous character was read. UCOE is cleared automatically when
UCxRXBUF is read, and must not be cleared by software. Otherwise, it does not
function correctly.
0b = Mo error
1b = Overrun error occurred

4-1 Reserved RW Oh Reserved

0 uceusy R Oh elUSCI busy. This bit indicates if a transmit or receive operation is in progress.
0b = eUSCI inactive
1b = eUSCI transmitting or receiving

20 © tj



EE 2920

e MSP432 SPI| Receive Buffer

EUCSI_nx_SPI->RXBUF

n=AorB
x=0,1,2,3
Figure 23-8. UCAXxRXBUF Register
15 14 13 12 11 10 9 g
Reserved
r0 rd i 0 r0 r i r0
7 6 5 4 3 2 1 ]
UCRXBUFx
nw mw W nw nw mnw W W

Table 23-6. UCAxRXBUF Register Description

Bit Field Type Reset Description
15-8 Reserved R On Reserved
7-0 UCRXBUFx R Oh The receive-data buffer is user accessible and contains the last received

character from the receive shifi register. Reading UCxRXBUF resets the receive-
error bits and UCRXIFG. In 7-bit data mode, UCxRXBUF is LSB justified and the
MSEB is always reset.

21
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e MISP432 SPI Transmit Buffer

EUCSI_nx_SPI->TXBUF

n=AorB
x=0,1,2,3
Figure 23-9. UCAXTXBUF Register
15 14 13 12 11 10 9 ]
Reserved
ro r0 ] 0 r0 r0 ] 0
[ 6 5 4 3 2 1 0
UCTXBUFx
w W W W W v W W

Table 23-7. UCAXTXBUF Register Description

Bit Field Type Reset Description
7-0 UCTXBUFx RW Oh The transmit data buffer is user accessible and holds the data waiting to be

moved into the transmit shift register and transmitted. Writing to the transmit data
huffer clears UCTXIFG. The MSE of UCxTXBUF is not used for 7-bit data and is
reset.

EE 2920
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* MSP432 SPI Interrupt Enable Register

Figure 23-10. UCAXIE Register

EUCSI_nx_SPI->IE

n=AorB
yo =Nl 22, &

15 14

13

12 11 10

Reserved

rd i i

1] rd

4 3 2

1 0

Reserved |

UCTXIE UCRXIE

r-0 r-0

r-0

r-0 r-0 r-0

rw-0 rw-0

Table 23-8. UCAXIE Register Description

Bit Field

Type

Reset Description

15-2 Reserved

Oh Reserved

1 UCTXIE

RW

Oh Transmit interrupt enable
0b = Interrupt disabled
1b = Interrupt enabled

0 UCRXIE

RW

Oh Receive interrupt enable
0by = Interrupt disabled
1b = Interrupt enabled

EE 2920
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* MSP432 SPI Interrupt Flag Register EUCSI nx_SPI->IFG

n=AorB
x=0;,1,2,3
Figure 23-11. UCAxXIFG Register
15 14 13 12 11 10 9 a
Reserved
rd 0 ] r0 r0 r0 ] r0
T 6 L] 4 3 2 1 0
Reserved | UCTXIFG UCRXIFG
r-0 r-0 r-0 r-0 r-0 r-0 -1 rw-0
Table 23-9. UCAxIFG Register Description
Bit Field Type Reset Description
15-2 Reserved R On Resarved
1 UCTXIFG RW 1h Transmit interrupt flag. UCTXIFG is set when UCxxTXBUF empty.
0b = Mo interrupt pending
1b = Interrupt pending
0 UCRXIFG RW Oh Receive interrupt flag. UCRXIFG is set when UCxxRXBUF has received a
complete character.
0b = No interrupt pending
1b = Interrupt pending

EE 2920
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* MSP432 SPI Interrupt Vector Register

EUCSI_nx_SPI->IV

n=AorB
=) O, 28
Figure 23-12. UCAxIV Register
15 14 13 12 11 10 9 ]
UCIVx
r0 r0 o r0 r0 r0 ] r0
[ 6 5 4 3 2 1 0
UCIVx
rd rl L r-0 r-0 r-0 -0 rd

Table 23-10. UCAxIV Register Description

Bit

Field

Type

Reset

Description

150

UCIvx

Oh

elUSCI interrupt vector value

000h = No interrupt pending

002h = Interrupt Source: Data received; Intermupt Flag: UCRXIFG; Intemmupt
Priority: Highest

004h = Interrupt Source: Transmit buffer empty; Interrupt Flag: UCTXIFG;
Interrupt Priority: Lowest

EE 2920
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EE 2920

* MSP432 SPI Registers

e Module B similar to module A

Table 23-11. eUSCI_B SPI Registers

Offset Acronym Register Name Section
00h LUCBxCTLWD elJSCI_Bx Control Word 0 Section 23.5.1
00h UCBxCTLA elUSCI_Bx Control 1
01h UCBxCTLO eUSCI_Bx Control 0
06h LUCBxBRW elJSCI_Bx Bit Rate Contral Word Section 2352
0Eh UCBxBRO eUSCI_Bx Bit Rate Control 0
07h LUCBxBR1 elUSCI_Bx Bit Rate Control 1
08h UCBxSTATW elJSCI_Bx Status Section 2353
0Ch LCBxRXBUF elJSCI_Bx Receive Buffer Section 2354
0Eh LUCBxTXBUF elSCI_Bx Transmit Buffer Section 2355
2Ah LICBxIE elJSCI_Bx Interrupt Enable Section 2356
2Ch LCBxIFG elJSCI_Bx Interrupt Flag Section 2357
2Eh LCBx=IY elSCI_Bx Interrupt Vector Section 2358

26
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» MSP432 SPI Config

FLO UC A O STE o1 FLA UC B O STE o1
FL1 CLK PLS CLK
FLZ SOMI FLT SoMI
FL3 siMo FLE sIMO
] UC A 1 STE o1 FE.2 UC B 1 STE o1
F2.1 CLK FE.3 CLK
F2.2 SOMI PE.5 SoMI
F2.3 siMo PE.4 sIMO
F3.0 UC A 2 STE o1 F3.4 UC B 2 STE o1
F3.1 CLK F3.5 CLK
F3.2 SOMI F3.7 SoMI
eUSCI_SPI Info Sheet — —— o =
n=3:0 x=A or B Fo4 UC A 3 STE o1 FL10.0 UC B 3 STE o1
Fa.s CLK F10.1 CLK
Fo5 SOMI FL0.3 SoMI
EUSCI xn SPI ->CTLWO Control Word = — — —
BRW Bit rate divider
STATW Status FE.O UC B 3 SITE o1
RXBUF RX Buffer CEEE L] iz
TXBUF TX Buffer PET SOMI 10
PE.6 SIMD 10
IE Interrupt Enable
IFG Interrupt Flags
W% Interrupt Vector
EUSCIAQO_IRQHandler INTISR[16] eUSCI_A0 UART or SPI mode TX, RX, and Status Flags
EUSCIA1_IRQHandler INTISR[17] eUSCl_A1 UART or SPI mode TX, RX, and Status Flags
EUSCIA2_IRQHandler INTISR[18] eUSCl_A2 UART or SPI mode TX, RX, and Status Flags
EUSCIA3_IRQHandler INTISR[19] eUSCI_A3 UART or SPI mode TX, RX, and Status Flags
EUSCIBO_IRQHandler INTISR[20] eUsCl BO SPlor 12C mode TX, RX, and Status Flags (I2Cin multiple-slave mode)
EUSCIB1 IRQHandler INTISR[21] eUSCI_B1 SPlor 12C mode TX, RX, and Status Flags (12Cin multiple-slave mode)
EUSCIB2_IRQHandler INTISR[22] eUSCI_B2 SPlor 12C mode TX, RX, and Status Flags (12Cin multiple-slave mode)
EUSCIB3_IRQHandler INTISR[23] eUSCI_B3 SPlor 12C mode TX, RX, and Status Flags (12Cin multiple-slave mode)
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* MSP432 SPI Config

T m
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EE 2920

* MSP432 SPI

* Loopback example
* Note — EUSCI_B3 pins are wired up to the onboard RGB

/*
* spi_example.c
*
* Created on: Aug 7, 2018
@ Author: johnsontimoj
*/
LI1TIITTT 7710017777777 77
//
// use 2 spi interfaces to loopback
//
// input none
//
// output - printf of spi register values
//
// Transfer a count value back and forth
//
LITIITTI TP 71777777777

// includes

#include <stdio.h>
#include "msp432.h"
#include "msoe_lib_all.h"

void pin_setup(void);
void spi_master_setup(void);
void spi_slave_setup(void);

29
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EE 2920

* MSP432 SPI
* Loopback example

int main(void){
//
// setup counter
uint8_t count = 0;

// Configure pins
pin_setup();

// Setup SPIs
spi_master_setup();
spi_slave_setup();

while(1){
// Load slave with a value to return
EUSCI_B3_SPI->TXBUF = OxFF - count;
// Write to master buffer to initiate transfer
EUSCI_A1_SPI->TXBUF = count;
// wait for transfer to complete
Delay 3MHz _ms(10);
// Print rcvd values
printf("Master sent %i - Slave sent %i\n", EUSCI_B3_SPI->RXBUF, EUSCI_A1l_ SPI->RXBUF);
// Update count and wait
count ++;
Delay 3MHz_ms(1000);

}

return 0;

} // end main

30
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* MSP432 SPI
* Loopback

example

void pin_setup(void){

//
//
//
//
//
//
//

P2-
P2-

Setup USCIA1l as master
Setup USCIBO as slave
Transfer data from Master to slave in a while loop

USCIA1 --> P2.0-STE, P2.1- CLK, P2.2-SOMI, P2.3-SIMO
USCIB3 --> P10.0-STE, P10.1-CLK, P10.3-SOMI, P10.2-SIMO

>SELO |= OxOF; // Set to USC mode
>SEL1 &= ~@xOF; // ©-1 mode

P10->SELO |= OxOF;
P10->SEL1 &= ~OxOF;

/7

Nothing else needed - the module sets directions

return;
} // end pin_setup

EE 2920

31

© tj



* MSP432 SPI
* Loopback exampl

EE 2920

void spi_master_setup(void){

//
//
//

USCIA1l - master
CKPL-0, CKPH-0(trailing), 8 bit, LSB first

// CTLWe
// PH(trailing) PL LSB 8b master 4/ssb  sync
// © (%] (%] 0 1 10 1
// eD42
EUSCI_A1 SPI->CTLWO = 0x0D43;
//
// BRW
// 0000 0000 0100 0000
// 0040
EUSCI_A1_SPI->BRW = 0Ox0040;
//
// No interrupts for now
//
// Release reset
EUSCI_A1_SPI->CTLWO &= ~Bx0001;
return;
} // end spi_master_setup
void spi_slave_setup(void){
// USCIB3 - master
// CKPL-@, CKPH-O(trailing), 8 bit, LSB first
//
// CTLWe
// PH(trailing) PK LSB 8b slave 4/ssb sync
// @ 0 0 0 0 10 1
// 0542
EUSCI_B3_SPI->CTLWO = 0x0542;
//

// No interrupts for now

return;
} // end spi_slave_setup

32
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EE 2920

* MSP432 SPI

* Loopback example

Class_Project:CIO

Master sent 44 - Slave sent 211
Master sent 45 - Slave sent 218
Master sent 46 - Slave sent 209
Master sent 47 - Slave sent 208
Master sent 48 - Slave sent 207
Master sent 49 - Slave sent 206
Master sent 5@ - Slave sent 285
Master sent 51 - Slave sent 284

Name
- SPI
Select
Clock
Data

Pin T Trig'd 2048 samples at 100 kHz | 2015-08-19 10:32:06.381
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