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LFXIN, LFXOUT,
HFXIN HFXOUT

PlxtoP10.x PJ.x

&

EE 2920

4 DCOR
A . LPM3.5 Domain | .
: | | Capacitive Touch 10 0,
| Capacitive Touch 10 1
|
cs | rTcc WOT A razfr:‘”p |
| ory IO Ports 11O Ports
Clock Real-Time Watchdog SRAM |
— System | || Clock Timer aKkg  |I| P1toP10 PJ
DMA I || 78v0s B1/0s
o oot I i 3 o R i A
Bus I I I I
f———— === | Contral
I CPU | Logic
' | SRAM
. ROM
: ARM® Flash [g':dﬁf {Paripheral RSTCTL SYSCTL AESZ56
Cortex™-M4F || M Driver i
| o 256KB emory) Library) Reset System Ei“ﬂg"ﬂ CRC32
128KB Controller Controller ry o
| | B4KEB 20KB Decryption
| | 32KB
| MPU |
' |
| MNVIC, SysTick |
' |
| FPB, DWT | /
[ eUSCI_AD,
| | ADC 14 Comp_ED, TAQ, TA1, Timer32 eUSCI A1, Pty
ITM, TPIU | Comp_E1 REF_A, TAZTAZ eUSCI_AZ, clec B2
| . - & | B2,
! 14 b, Voltage Timer_A . sUSCLA3 eUSCI_E3
| JTAG. SWD | 1 Msps, Analog Rt i 3 % 32-bit
| - SARA/D Comparator erence Timers (UART, :
| 5 CCR \DA, SP1) (FC, SPI)
- - —
' AN
No—_
2

© tj



EE 2920

* MSP432 |12C

ARM (AMBA Compliant)

e 8 bit transmission word
7/10 bit addressing
Multi-master/slave modes
e 4 slave addresses

4 eUSCI-B modules

MSP432

ARM®
Cortex™-M4F
48 MHz

AES-256

1

viemory Power & Clocking

.62V - 3.7V Operation Temperature 85°C

[ Booistreploader [ System Modules |

32KB ROM 4 16-bit Timer/PWM/CCP

2% 32-bit GP Timers
Systick Timer
[ Debug | CRC32
Real-time JTAG Watchdog Timer
4x1ART ar SP| 24ch, 14-hit 1 MSPS SAR ADC
o 4x12C or SPI P> 2x Analog Comparators

Voltage Reference

Temperature Sensor
Capacitive Touch I/O
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e Overview

e 8 bit synchronous shift register used to communicate
externally

* 9 bit total communication packet
e uni-directional

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

e Supports multiple masters and multiple slaves

* 4 modes of operation
Master Receive
Master Transmit

Slave Receive

Slave Transmit

EE 2920 4 © tj



e Qverview

* Open drain configuration
e outputs only pull down
* pull up resistors or current sources pull up

1IIIIIICG

Device 1 Device 2 Device 3 | ........ | Devican A1 R2

SDA - -

SCL - =

EE 2920 5 © tj



* TWI Timing

e SDA —dataline
e SCL-clock line

 Data must be valid during the entire positive clock cycle

time

SDA

SCL

EE 2920

Data Stable Data Stable
Data Change

Note: data changes occur during SCL low




* TWI Timing

e Special timing requirements for

start transmission

stop transmission

repeated start transition
master does not relinquish the bus in this mode

STOP

REPEATED START

START

STOP

© tj
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* TWI Timing

 Addressing

* |Indicate which slave to transmit to or receive from by first
transmitting the “address” of the desired device

* Often this value is hardwired via external pins on the slave device
e 7 bits for each address

Address Packet Format

Addr MSE Addr LSB K

SDA | / (\ \ : >< /'/ /'/ / |
SCL \;/_1\_/:—55 ﬂ;\_/:\_

START

EE 2920 8 © tj



* TWI Timing

 R/W bit indicates a read or write operation is to follow
 Readis active high

* ACK

* The master drives the data bus from start through the R/W bit and
then releases the bus

 The slave then pulls down the bus in the last clock cycle to indicate
a completed transmission

Address Packet Format

Addr MSE Addr LSB K

N/ T

START

EE 2920 9 © tj



* TWI Timing

e ACK-cont’'d
* |If the master fails to see the slave pull down the bus in the 9t clock
cycle (NACK)
* Transmission failed
 Some sort of error action is required

Address Packet Format

Addr MSE AddrLSE  RW ACK

SDA / (\ \ : >< / / /

START

EE 2920 10 © tj



EE 2920

* TWI Timing

* Data packet

* After getting an ACK on the address — data can be sent

8 bits of data
e 1 bit for a data ACK

* This can be repeated many times

Data Packet Format

Data MSE Data LSE  ACK
_— i
Aggregate %, Y Y,
SDA from T, /—X—>\ “1 /
Transmitter o A
S0A from
Receiver __ /
SCL from Y Y f_.r—
Master S ¢ .
1 2 " T g g
SLARW Data Byto
gl

STORP, AEPEATED
STAHT or Next
Crata Byte
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* Implementation

e Separate RX/TX registers
» Separate RX/TX buffers

e State Machine
* Clock divider
e Control register

* Status register

UCA1D UCGCEN

!

Addrass Mask
L Bl DOMAS K

Orwm Address | Own Address | Own Address
UCBx12COAD | UCBxI200A1 | UCBX2C0A2

Cravn Address
UCBxI2C0A3

F Y

4|T-=r Recewe Shift Regiter

LGS DA

¥

| Receive Buffer UCBxRXBUF |

12C State Machine

Transmit Buffer UCBxTXEBUF

¥

IP—I/ Transmit Shift Regisier

4{ Byte Counter UCBxBCNT |

*

| Slave Address UCBA2C5A

‘If_‘:- PrescalenDnidar

UCS"—"-"G B¥Y208C — m:_»ii;eﬁﬁam
" UCxSCL
Bit Clock Generator
UCxBRx
16
UCMST

™ externally provided dock on the eUSCI_B SPI clock input pin
* maot the real implemen tation {ransistor not located in eUSC1_B moduls)

Figure 24-1, eUSCI_B Block Diagram — PC Maode

12
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e Addressing Modes

1 7 IR : R : AN

] Slave Address RW | ACK Data ACK Data ACK | P

Figure 24-5. I’°C Module 7-Bit Addressing Format

|1 7 I 8 g 8 RN
S| Slave Address 1st byte RW | ACK | Slave Address 2nd byte | ACK Data ACK | P

Figure 24-6. 1°C Module 10-Bit Addressing Format

(7M1 [ 181 17— 1| 1 8% 1 1]

] Slave Address R/W | ACK Data |ACK | S Slave Address R/W | ACK Data ACK | P
L‘ 1 "|‘| Any "J L' 1 "J‘ Any Number—*|
Mumber

Figure 24-7. I°C Module Addressing Format With Repeated START Condition

EE 2920 13 © tj



EE 2920

e Operating Modes

Reception of own = SLAR A DATA A EP?I'; Ii DATA Alp
address and

transmis sion of data A A Fy - A
bytas Y

UCTR = 1 (Transmitier) Y Wit data to UCBXTXBUF |

UCSTTIFG=1 Y

UCTXFG=1 \

UCBxTXBUF discarded UCTHIEG = 1 TPIFG =1

Bus stalled (SCL held low)
until data available

Wite data to UCBxTXBUF

¥ _—
Repeated stan- DATA A | 5 | SLAR
confinue as R
slave ransmitter ’ R
UCTR = 1 (Transmittar)
UCSTTIFG =1
UCTXIFG =
UCBxTXBUF discanded
Y _—
Repeated start- Els SLAW
continue as DATA | | | o
slave raceiver ' T
Arbitration lost as - UCTR = 0 (Receiver)
mastar and ———d A UCSTTIFG =1
addrassad as slave ~
UCALIFG =
UCMST =0
UCTR = 1 (Transmitter)
UCSTTIFG =
UCTXIFG =1

Figure 24-9. I’C Slave Transmitter Mode
14
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EE 2920

e Operating Modes

Recaption of own |5 SLAW A| DATA |4 DATA 4| DaTA |A| PorS |
addressanddata L 7L 000 1T ] mmeaa -
bytas All ara A 'y A A A
acknowledged 'y |
UCRXIFG =1 |
SeT B —
IFG =1 |
- Bus stallad
UCSTRIFG = 0 {SCL held low |
if UCBxR¥BUF not read Refer to:
| “Slave Transmitter
Timing Diagram
|Ruad data from LICBxRXBUF |
v
Y
Last byte is not DATA & | Pors |
acknowladged ||
r A A
UCTXNACK =1 UCTHENACK =0
Bus not stalled even if
L J UCBxRXBUF not read
Recaption of the Gen Call | 4
genaml call
address A A
UCTR = ﬂéﬂaaﬁvﬂ-]
UCSTTIFG =1
UCSTRIFG=0
UCGC =1
Arbitration lost as e T
mastar and wm
addressed as slave TTTTRT
UCALIFG=
UCMST =0
UCTR =0 (Receiver)
UCSTTIFG =1
(UCGLC = 1 if general call)
UCTXIFG =0
UCSTPIFG =0

Figure 24-10. I°C Slave Receiver Mode

15
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e Operating Modes

LCT XETR=0

1} UCTR=1 {Transmiser]
ZJUCTXETT=A

Scaes S HLA A A
TanETission o a A —— _|_D“T"' J_
E Yy F - ===
L
1} UC TR=1 { Triresmi .'.\\:-':I" UCTXETT=0
ZJUCTETT=
"'-.... UCT R G=1
ILICT XIFG=1
LR THEUF discanied I
Bus smalliod {EOL Fedid Ioaw] E
INBOOT RS A 5 e — —
with & mpaated 55 'Witi%a data o UCEXTXBUF
ondition
UCTXETT=0
LTI AT B =1
ILUCE S THEUIF discamied
WCTXETP=1
Yy \
MOt akrowWindgn [
monivad ater sa I I — - -

ks

Mot ackrowindon
manivad afer a data
e

Igtitraion hoat In
slane addmss or
chta byt

yriodrarion o aired
ket e a5 Sl

1) UCT R0 iRimcaibinr]
ZJUCTXETT=A

1) UCTR=1 (Transmiter|
Z)UCTHSTT=1

UCTORG=1
UCESTHEUF discarded

r _——

Jdes

— = == |} UCTR=0 ool
A ZJUCTXSETT=

G=1
PUCEC=1 I geinrad cal |

ILEEC | aonddinise &5 San L oond v

Figure 24-12. PC Master Transmitter Mode
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e Operating Modes

Saorad Sl
ECapI om &
S0 TN mibor

Pboon? Trares e S Saed
Wit @ mpenated sart
condbion

Mot ackrowladn
o] 2SS 5 v
@i s

Agbdtraidon s N
sl addmss or
data byl

Asbiradon sl and
i s 2 dated

17

DT !ﬂi

r

F 3 .

UCTASTE= 1|

TJUCTR = 1 {Trareamisen
ZJUCTXSTT =1

'y T TS S0 o0 e,

LG TRIFG = 1

ILESC] Cooniinicees: e Slane Trraneamni Sair

Figure 24-13. FC Master Receiver Mode
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e Multi-Master Arbitration

* First master that attempts to transmit a 1 when the other
transmits a O — loses arbitration and shuts off

AYAVAVAVAVAVS

Bus Line
SCL

Data From
Device 1

Data From
Device 2

Bus Line
SDA

EE 2920

Device 1 Lost Arbitration
»~ and Switches Off

18
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EE 2920

* MSP432 |2C Registers

Table 24-3. eUSCI_B Registers

Offset Acronym Register Name Section
00h UCBxCTLWO elJSCI_Bx Conftrol Waord O Section 24 .4 1
00h UCBxCTLA elUSCI_Bx Control 1
01h UCBxCTLO elSCI_Bx Control 0
02h LICBxCTLWA elJSCI_Bx Contral Word 1 Section 2442
0Gh UCBxBRW elJSC|_Bx Bit Rate Control Word Section 24.4.3
06h UCBxBRD eUSCI_Bx Bit Rate Control 0
07h UCBxBR1 elUSCI_Bx Bit Rate Control 1
08h LUCBxSTATW elJSC|_Bx Status Waord Section 24 .4 4
0&h UCBxSTAT elUSCI_Bx Status
09h UCBxBCNT elJSCI_Bx Byte Counter
0Ah LUCBxTBCNT elJSC|_Bx Byte Counter Threshold Section 2445
O0Ch UCBxRXBUF elJSCI|_Bx Receive Buffer Section 2446
0Eh LUICBxTXBUF elJSC|_Bx Transmit Buffer Section 2447
14h UCBxI2C0AD elJSCI_Bx [2C Own Address 0 Section 24 4.8
16h UCBxI2COA1 elJSCI_Bx 12C Own Address 1 Section 24 4.9
18h UCBxI2C0A2 elJSCI_Bx [2C Own Address 2 Section 24.4 10
1Ah UCBxI2C0A3 elJSCI_Bx [2C Own Address 3 Section 24 4.11
1Ch UCBxADDRX ellSC|_Bx Received Address Section 24 412
1Eh LUCBxADDMASK elJSC|_Bx Address Mask Section 24413
20h LUCBxI2CSA elJSCI1_Bx 12C Slave Address Section 24 4 14
2Ah UCBxIE elJSCI|_Bx Interrupt Enable Section 24415
2Ch LUCBxIFG elJSCI1_Bx Interrupt Flag Section 24 4 .16
2Eh ucBxIv elJSCI_Bx Interrupt Yector Section 24 4 17

19
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EE 2920

* MSP432 |2C Control Word Register O

Figure 24-17. UCBxCTLWO Register

15 14 13 12 11 10 9 8
UCAID | ucsLA1D UCMM | Reserved | wucmsT | UCMODEX | ucsync
rw-0 rw-0 rw-0 r0 rw-0 rw-0 rw-0 r
7 6 5 4 3 2 1 0
UCSSELx | uvctxack | UCTR | UCTXNACK | UCTXSTP UCTXSTT | UCSWRST
rw-1 rw-1 rw-0 rw-0 w-0 rw-0 rw-0 rw-1

Modify only when UCSWRST = 1.

Table 24-4. UCBxCTLWO Register Description

Bit

Field

Type

Reset

Description

15

Ucai0o

RW

Oh

Cwn addressing mode select.

Maodify only when UCSWRST = 1.

Ob = Own address is a 7-bil address.
1b = Own address is a 10-bit address.

14

UCSLA1D

RW

Oh

Slave addressing mode select
Ob = Address slave with 7-bit address
b = Address slave with 10-bit address

13

UCMM

RW

Oh

Multi-master envircnment select.
Modify only when UCSWRST = 1.

Ob = Single master environment. There is no other master in the system. The
address compare unit is disabled.

1b = Multi-master environment

12

Reserved

Oh

Reserved

1

UCMST

RW

Oh

Master mode select. When a master loses arbitration in a multi-master
envireonment {JCMM = 1), the UCMST bit is automatically cleared and the
module acts as slave.

Ob = Slave mode
b = Master mode

20

© tj



* MSP432 |2C Control Word Register O

Bit Field Type Reset Description

109 UCMODExX RW O elUSCI_B mode. The UCMODEX bits select the synchronous mode when
UCSYNC =1.
Maodify only when UCSWRST =1.
00b = 3-pin SPI
01b = 4-pin SPI (master or slave enahled if STE = 1)
10b = 4-pin SPI (master or slave enahled if STE = 0)
11b = 12C mode

B UCSYNC RW 1h Synchronous mode enable. For eUSC1_B always read and write as 1.

76 UCSSELx RW 3n eUSCI_B clock source select. These hits select the BRCLK source clock. These
hits are ignored in slave mode.
Maodify only when UCSWRST =1.
00b = UCLKI
01b = ACLK
10b = SMCLK
11b = SMCLK

5 UCTXACK RW O Transmit ACK condition in slave mode with enabled address mask register. After
the UCSTTIFG has been set, the user neads o set or reset the UCTXACK flag
to continue with the [2C protocol. The clock is stretched until the UCBxCTL1
register has been written. This bit is cleared automatically after the ACK has
heen send.
Ob = Do not acknowledge the slave address
1b = Acknowledge the slave address

EE 2920

21
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* MSP432 |2C Control Word Register O

Bit Field Type Reset Description

4 UCTR RW Oh Transmitter/receiver
0b = Receiver
1b = Transmitter

3 UCTXNACK RW Oh Transmit a NACK. UCTXNACK is automatically cleared after a NACK is
transmitted. Only for slave receiver mode.
Ob = Acknowledge normally
1b = Generate NACK

2 UCTXSTP RW Oh Transmit STOP condition in master mode. Ignored in slave mode. In master
receiver mode, the STOP condition is preceded hy a MACK. UCTXSTFP is
automatically cleared after STOP is generated. This hit is a don't care, if
automatic UCASTPx is different from 01 or 10.
Ob = Mo STOP generated
1b = Generate STOF

1 UCTXSTT RW Oh Transmit START condition in master mode. Ignored in slave mode. In master
receiver mode, a repeated START condition is preceded by a NACK. UCTXSTT
is automatically cleared after START condition and address information is
transmitted. Ignored in slave mode.
Ob = Do not generate START condition
1b = Generate START condition

0 UCSWRST RW 1h Software reset enable.
Ob = Disabled. eUSCI_B released for operation.

b = Enabled. elUSCI_B logic held in reset state.

EE 2920

22
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EE 2920

* MSP432 |12C Control Word Register 1

Figure 24-18. UCBXCTLW1 Register

15 14 13 12 11 10 9 8
Reserved UCETXINT
o i i} rd 0 0 i rw-0
7 B 5 4 3 2 1 0
UCCLTO UCSTPNACK UCSWACK UCASTPx UCGLITx
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Modify only when UCSWRST = 1.

Table 24-5,

UCBxCTLW1 Register Description

Bit

Field

Type

Reset

Description

159

Reserved

Oh

Reserved

UCETXINT

R

Oh

Early UCTXIFGD. Only in slave mode. When this bit is set, the slave addresses
defined in UCxI2C0AT to UCxI2COA3 must be disabled.

Modify only when UCSWRST = 1.

Ob = UCTXIFGx is set after an address match with UCxI2C0OAx and the direction
bit indicating slave transmit

1b = UCTXIFGO is set for each START condition

7-6

UCCLTO

RW

Oh

Clock low timeout select.

Modify only when UCSWRST = 1.

00b = Disable clock low timeout counter

01b = 135 000 SYSCLK cycles (approximately 28 ms)
10b = 150 000 SYSCLK cycles (approximately 31 ms)
11b = 165 000 SYSCLK cycles (approximately 34 ms)

UCSTPNACK

RW

Oh

The UCSTPHACK bit allows to make the eUSCI_B master acknowledge the last
byte in master receiver mode as well. This is not conform to the 12C specification
and should only be used for slaves, which automatically release the SDA after a
fixed packet length.

Modify only when UCSWRST = 1.

Ob = Send a not acknowledge before the STOP condition as a master receiver
(conform to 12C standard)

1b = All bytes are acknowledged by the elUSCI_B when configured as master
receiver

23

© tj



* MSP432 |12C Control Word Register 1

Bit Field Type Reset Description

4 UCSWACK RW Oh Using this bit it is possible to select, whether the eUSCI_E module triggers the
sending of the ACK of the address or if it is controlled by software.
Ob = The address acknowledge of the slave is controlled by the eUSCI_B
module
1b = The user needs to frigger the sending of the address ACK by igsuing
UCTHACK

32 UCASTPx RW oh Automatic STOP condition generation. In slave mode only UCBCNTIFG is
available.
Modify only when UCSWRST = 1.
00b = Mo automatic STOP generation. The STOP condition is generated after
the user sets the UCTXSTP bit. The value in UCBxTBCNT is a don't care.
01b = UCBCHNTIFG iz set with the byte counter reaches the threshold defined in
UCBxTBCNT
10b = A STOP condition iz generated automatically after the byte counter value
reached UCBxTBCNT. UCBCNTIFG is set with the byte counter reaching the
threshold.
11b = Reserved

1-0 UCGLITx RW Oh Deglitch time
00b =30 nz
01b =25 ns
10b=12.5ns
11b =6.25ns

EE 2920 24
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* MSP432 |2C Bit Rate Control Word Register

* TWI transfer bit rate: fg.cioc = farerc/ UCBRX

* BRCLK: ACLK or SMCLK

Figure 24-13. UCBXBRW Register

15 14 13 12 11 10 9
LUCBRx
e rw nw nw rw rw rw
) 6 = 4 3 2 1
LUCBRx
e rw nw nw rw rw rw
Modify only when UCSWRST = 1.

Table 24-6. UCBXBRW Register Description

Bit Field Type Reset Description

150 UCBRx RW Oh Bit clock prescaler.
Meodify only when UCSWRST = 1.

EE 2920 25
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EE 2920

* MSP432 |2C Status Word Register

Figure 24-20. UCEXSTATW Register

15

12 11 10 9 8

UCBCHNTx

r-0

r-0 r-0 r0 r-0 r-0

)

4 3 2 1 0

Reserved

ucscLLOW |

UCGC

UCBBUSY | Reserved

rd

r-0 r-0 1 rl 0

Table 24-7.

UCBxSTATW Register Description

Bit

Field

Type

Reset

Description

15-8

UCBCNTx

Oh

Hardware byte counter value. Reading this register retums the number of bytes
received or transmitted on the 12C bus =since the last START or RESTART.
There is no synchronization of this register done. When reading UCBxBCHNT
during the first bit position, a faulty read can occur.

Reserved

Oh

Resarved

UCSCLLOW

Oh

SCL low
Ob = SCL is not held low
1b = SCL is held low

UCGC

Oh

General call address received. UCGC iz automatically cleared when a START
condition is received.

Ob = No general call address received
1b = General call address received

LUCBBUSY

Oh

Bus busy
Ok = Bus inactive
1b = Bus busy

Reserved

Oh

Reserved

26
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EE 2920

* MSP432 |12C Byte Count Threshold Register

Figure 24-21. UCEBXTBCNT Register

evaluated only if UCASTPx is different from 00.
Maodify only when UCSWRST = 1.

15 14 13 12 11 10 9 8
Reserved
D rd i ri D rl rd i
7 B 5 4 3 2 1 0
UCTBCNTx
re-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Modify only when UCSWRST = 1.
Table 24-8. UCBXTEBCNT Register Description

Bit Field Type Reset Description
15-8 Reserved r Oh Reserved
70 UCTBCNTx RW Oh The byte counter threshold value is used to set the number of 12C data bytes

after which the automatic STOP or the UCSTPIFG should occur. This value is

27
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* MSP432 |2C Receive Buffer Register

Figure 24-22. UCBXRXBUF Register

15 14 13 12 11 10 g B
Reserved
1] ro ] 0 rD 1] ro i
T B 5 4 3 2 1 0
UCRXBUFx
r r r r r r r r
Table 24-3. UCBxRXBUF Register Description
Bit Field Type Reset Description
1 E—B Reser'l"ed H Dh RESE r\.le,d
70 UCRXBUFX R Oh The receive-data buffer iz user accessible and contains the last received

character from the receive shift register. Reading UCBxRXBUF resets the
UCRXIFGx flags.

EE 2920
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EE 2920

* MSP432 |12C Transmit Buffer Register

Figure 24-23. UCBXTXBUF Register

15 14 13 12 11 10 9 8
Reserved
rl rd i i rl D rid i
T B 5 4 3 2 1 0
UCTXBUF=
rw ' w w w e w w

Table 24-10. UCBXxTXBUF Register Description

Bit Field Type Reset Description
15-8 Reserved R Oh Reserved
T7-0 UCTXBUFx RwW Dh The transmit data buffer is user accessible and holds the data waiting to be

mowved into the transmit shift register and transmitted. Writing to the transmit data
buffer clears the UCTXIFGx flags.

29
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* MSP432 |12C Own Address Register O

Figure 24-24. UCBXIZCOAOQ Register

UCGCEN

13 12 11 10
Reserved |  ucoaen
0 i ) rw-0
5 4 3 2
12COAD
rw-0 re-0 rw-0 rw-0

Modify only when UCSWRST = 1.

Table 24-11. UCBXI2ZCOAD Register Description

Bit Field Type Reset Description

15 UCGCEN RW Oh General call response enable. This bit is only available in UCBxI2COAD.
Meodify only when UCSWRST = 1.
Ob = Do not respond to a general call
1b = Respond to a general call

14-11 Reserved R Oh Reserved

10 UCOAEN RW Oh Own Address enable register. With this register it can be selected if the 12C
slave-address related to this register WCBxI2C0OAD is evaluated or not.
Modify only when UCSWRST = 1.
Ob = The slave address defined in 12C3AD is disabled
1b = The slave address defined in 12C0AD is enabled

9-0 [2COAD RW

Modify only when UCSWRST = 1.

30

Oh 12C own address. The [2CC0AD bits contain the local address of the eUSClx_B
12C controller. The address is right justiied. In 7-bit addressing mode, bit 6 is the
M3B and bits 9-7 are ignored. In 10-bit addressing mode, bit 9 is the MSB.




 MSP432 |12C Own Address Registers 1,2,3

1,2,3
Figure 24-25. UCBxI2COA1 Register
15 14 13 12 11 10 g 8
Reserved | UCOAEN 2CoAa1
rw-0 ri rd rd ro ra-0 rw-0 rw-0
T G 5 4 3 2 1 0
2COA1

re-0 rw-0 rw-0 rw-0 r-0 re-0 rw-0 rw-0

Modify only when UCSWRST = 1.

Table 24-12. UCBxI2COA1 Register Description

Bit Field Type Reset Description
15-11 Reserved M Oh Reserved
10 UCOAEN RW Oh Own Address enable register. With this register it can be selected if the 12C
slave-address related to this register UCBxI2C0A1 is evaluated or not.
Modify only when UCSWRST = 1.
Ob = The slave address defined in 12C0A1 is disabled
1k = The slave address defined in [2C04A1 is enabled
90 12C0A1 RW Oh I2C own address. The 12COA1 bits contain the local address of the eUSClx_B
A 12C controller. The address is right justified. In 7-bit addressing mode, bit 6 is the
1 2 3 M3ZB and bits 9-7 are ignored. In 10-bit addressing mode, bit 9 is the MSB.
Y At 4

Modify only when UCSWRST = 1.

31
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EE 2920

MSP432 |2C Receive Address Register

Figure 24-28. UCEXADDRX Register

15 14 13 12 11 10 9 8
Resarved ADDRXx
r-0 i i i r0 i r-0 r-0
7 G 5 4 3 2 1 0
ADDRXx
r-0 r-0 r-0 r-0 r-0 r-0 r-0 r-0
Table 24-15. UCEXADDRX Register Description
Bit Field Type Reset Description
13-10 Reserved R Oh Resarved
9-0 ADDRXx R Oh

Received Address Register. This register contains the last received slave
address on the bus. Using this register and the address mask register it is

possible to react on more than one slave address using one elJSCI_B module.
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* MSP432 |12C Address Mask Register

Figure 24-29. UCBXADDMASK Register

15 14 13 12 11 10 9 i
Reserved | ADDMASKx
r-0 r i} rd ro rd rw-1 rw-1
7 G 3 4 3 2 1 0
ADDMASKx
-1 rw-1 rw-1 rw-1 -1 rw-1 rw-1 rw-1
Modify only when UCSWRST = 1.
Table 24-16. UCBxADDMASK Register Description
Bit Field Type Reset Description
15-10 Reserved R Oh Reserved
9-0 ADDMASK: RwW AFFh

Address Mask Register. By clearing the corresponding bit of the own address,
thie bit iz a don't care when comparing the address on the bus to the own
address. Using this method, it is possible to react on more than one slave
address. When all bits of ADDMASKx are set, the address mask feature is
deactivated.

Maodify only when UCSWRST = 1.
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* MSP432 |12C Slave Address Register

Figure 24-30. UCBXI2ZCSA Register

15 14 13 12 11 10 9 8
Resarved I2CS5AX
r-0 r0 i il 0 o rw-0 rw-0
T G 5 4 3 2 1 0
[2C5Ax
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Table 24-17. UCBXI2ZCSA Register Description
Bit Field Type Reset Description
15-10 Reserved R Oh Resarved
80 [2C5Ax RW Oh 12C slave address. The I2CS5Ax bits contain the slave address of the extemal

device to be addressed by the elJSClx_B module. It iz only used in master
mode. The address is right justified. In 7-bit slave addressing mode, bit & is the
MSB and bits 9-T7 are ignored. In 10-bit slave addressing mode, bit 9 is the MSB.

EE 2920
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* MSP432 |12C Interrupt Enable Register

Figure 24-31. UCBXIE Register

13

14

13

12 11

10

9

&

Reserved |

UCEBITSIE

UCTXIE3 |

UCRXIE3 |

UCTXIE2 |

UCRXIE2

UCTXIE1

UCRXIE1

D

rw-0

rw-0

rev-0 rw-0

rw-0

rw-0

rw-0

7

G

5

4 3

~

1

0

UCCLTOIE |

UCBCNTIE | UCNACKIE |

UCALIE

| wucstRE |

UCSTTIE

UCTXIED

LUCRXIED

rw-0

rw-0

rw-0

rev-0 rw-0

rw-0

rw-0

rw-0

Table 24-18. UCBXIE Register Description

Bit

Field

Type

Reset

Description

15

Reserved

Oh

Resarved

14

LUCBITSIE

RwW

Oh

Bit position 9 interrupt enable
0b = Interrupt dizabled
1b = Interrupt enabled

13

UCTXIE3

RwW

Oh

Transmit interrupt enable 3
Ob = Interrupt disabled
1b = Interrupt enabled

UCRXIE3

RwW

Oh

Receive interrupt enable 3
Db = Interrupt disabled
1b = Interrupt enabled

11

UCTXIEZ

RW

Oh

Transmit interrupt enable 2
0b = Interrupt dizabled
1b = Interrupt enabled

10

UCRXIEZ

RwW

Oh

Receive interrupt enable 2
0b = Interrupt dizabled
1b = Interrupt enabled

LUCTXIEN

RwW

Oh

Transmit interrupt enable 1
Ob = Interrupt disabled
1b = Interrupt enabled
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* MSP432 |12C

nterrupt Enable Register

Bit Field Type  |Reset | Description
8 UCRXIET RW Oh Receive interrupt enable 1
Ob = Interrupt disabled
ik = Interrupt enabled
7 UCCLTOIE RW Oh Clock low timeout interrupt enable.
Ob = Interrupt disabled
1k = Interrupt enabled
& UCBCNTIE RW Oh Byte counter interrupt enable.
Ob = Interrupt disabled
ib = Interrupt enabled
3 UCHACKIE RW Oh Mot-acknowledge interrupt enable
Ob = Interrupt disabled
1b = Interrupt enabled
4 UCALIE RW Oh Arbitraticn lost interrupt enable
Ob = Interrupt disabled
1b = Interrupt enabled
3 UCSTRIE RW Oh STOP condition interrupt enabls
Ob = Interrupt dizabled
1b = Interrupt enabled
- UCSTTIE RW Oh START condition interrupt enable
Ob = Interrupt dizsabled
1b = Interrupt enabled
1 UCTXIED RW Oh Transmit intermupt enable 0
Ob = Interrupt disabled
1b = Interrupt enabled
0 UCRXIED RwW Oh Receive interrupt enable O
Ob = Interrupt disabled
1b = Interrupt enabled
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* MSP432 |2C Interrupt Flag Register

Figure 24-32. UCBXIFG Register

15 14 12 11 10 9 8
Reserved | UCBIT9IFG | UCTXIFG3 | UCRXIFG3 | UCTxAIFGz | ucriFGz | UcCTaFG1 | UCRXIFG1
r rw-0 rw-0 rw-1 rer-0 rw-1 rw-0
T ] 4 3 2 1 1]
UCCLTOIFG | UCBCNTIFG | UCNACKIFG | UCALIFG | UCSTPIFG | UCSTTIFG | UCTXIFGO | UCRXIFGO
rw-0 rw-0 rw-0 rw-0 rr-0 rw-1 rw-0
Table 24-19. UCBxIFG Register Description
Bit Field Type Reset Description
12 Reserved R Oh Reserved
14 UCBITAIFG R Oh Bit position 9 interrupt flag
Db = Mo interrupt pending
1b = Interrupt pending
13 UCTXIFG3 RW 1h eUSCI_B transmit interrupt flag 3. UCTXIFG3 is set when UCBXTXBUF is empty
in slave mode, if the slave address defined in UCBxI2C0A3 was on the bus in
the same frame.
Db = Mo interrupt pending
1b = Interrupt pending
12 UCRXIFGS RW Ch Receive interrupt flag 3. UCRXIFG3 is set when UCBxRXBUF has received a
complete byte in slave mode and if the slave address defined in UCBxI2COA3
was on the bus in the same frame.
Db = Mo interrupt pending
1b = Interrupt pending
" UCTRIFGZ RW Ch eUSCI_B transmit interrupt flag 2. UCTXIFG2 is set when UCBXKTXBUF is empty
in slave mode, if the slave address defined in UCBxI2COAZ2 was on the bus in
the same frame.
Ob = Mo intemmupt pending
1b = Interrupt pending
o UCRXIFG2 RW Oh Receive interrupt flag 2. UCRXIFG2 is set when UCBxRXBUF has received a
complete byte in slave mode and if the slave address defined in UCBxI2COA2
was on the bus in the same frame.
Db = Mo interrupt pending
1b = Interrupt pending
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* MSP432 12C Interrupt Flag Register

Bit

Field

Type

Reset

Description

LUCTXIFG1

RW

1h

eUSCI_B transmit interrupt flag 1. UCTXIFG1 iz 2et when UCBxTXBUF is empty
in slave mode, if the aslave address defined in UCBxI2COA1 was on the bus in
the same frame.

Ob = No interrupt pending
1b = Interrupt pending

LUCRXIFG1

RW

Oh

Receive interrupt flag 1. UCRXIFG1 is 2et when UCBxRXBUF has received a
complete byte in elave mode and if the slave address defined in WCBxI2COA1
was on the bus in the same frame.

Ob = Mo interrupt pending
1b = Interrupt pending

UCCLTOIFG

RW

Oh

Clock low timeout interrupt flag
Ob = No interrupt pending
1b = Interrupt pending

UCBCNTIFG

RW

Oh

Byte counter interrupt flag. When using this interrupt the user needs to ensure
enough processing bandwidth (see the Byte Counter Interrupt section).

Ob = Mo interrupt pending
1b = Interrupt pending
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* MSP432 12C Interrupt Flag Register

Bit

Field

Type

Reset

Description

UCHACKIFG

RW

Oh

Mot-acknowledge received interrupt flag. This flag only is updated when
operating in master mode.

Ob = No interrupt pending
1b = Interrupt pending

LCALIFG

RwW

Oh

Arbitration lost interrupt flag
Ok = Mo interrupt pending
1b = Interrupt pending

LUCSTRIFG

RwW

Oh

STOP condition interrupt flag
Ob = Mo interrupt pending
1b = Interrupt pending

LUCSTTIFG

RW

Oh

START condition interrupt flag
Ob = Mo interrupt pending
1b = Interrupt pending

UCTXIFGD

RW

Oh

eUSCI_B transmit interrupt flag 0. UWCTXIFGO is set when UCBxTXBUF is empty
in master mode or in slave mode, if the slave address defined in UCBxI12C0AD
was on the bus in the same frame.

Ob = Mo interrupt pending
1b = Interrupt pending

UCRXIFGO

RW

Oh

eUSCI_B receive interrupt flag 0. UCRXIFGO is set when UCExRXBUF has
received a complete character in master mode or in slave mode, if the slave
address defined in UCBxI12C0AD was on the bus in the same frame.

Ob = Mo interrupt pending
1b = Interrupt pending
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* MSP432 |2C Interrupt Vector Register

Figure 24-33. UCBXIV Register

Lowest

15 14 13 12 10 9 8
UCIVx
rd rd i rd ri rQ i
[ i 3 4 2 1 0
UCIVx
rd rd i rd r-0 r-0 i
Table 24-20. UCBxIV Register Description
Bit Field Type Reset Description
150 UCIVx R Oh

eUSCI_B interrupt vector value. It generates an value that can be used as
address offset for fast interrupt service routine handling. Writing to this register
clears all pending intermupt flags.

00h = Mo interrupt pending

02h = Interrupt Source: Arbitration lost; Interrupt Flag: UCALIFG; Interrupt
Priority: Highest

04h = Interrupt Source:
06h = Interrupt Source:
08h = Interrupt Source:
DA = Interrupt Source:

0Ch = Interrupt Source:
UCTXIFG3

DEh = Interrupt Source:
10h = Interrupt Source:
12h = Interrupt Source:
14h = Interrupt Source:
16h = Interrupt Source:
18h = Interrupt Source:
1Ah = Interrupt Source:
1Ch = Interrupt Source:
1Eh = Interrupt Source:

Mot acknowledgment; Intemupt Flag: UCHNACKIFG
Start condition received; Intermmupt Flag: UCSTTIFG
Stop condition received; Interrupt Flag: UCSTRIFG
Slave 3 Data received; Interrupt Flag: UCRXIFG3

Slave 3 Transmit buffer empty; Intermupt Flag:

Slave 2 Data received; Intermupt Flag: UCRXIFG2

Slave 2 Transmit buffer empty; Interrupt Flag: UCTXIFG2
Slave 1 Data received; Interrupt Flag: UCRXIFG1

Slave 1 Transmit buffer empty; Interrupt Flag: UCTXIFG1
Data received; Interrupt Flag: UCRXIFGD

Transmit buffer empty; Interrupt Flag: UCTXIFGOD

Byte counter zero; Interrupt Flag: UCBCNTIFG

Clock low timeout; Intermupt Flag: UCCLTOIFG

9th bit position; Interrupt Flag: UCBITOIFG; Prionty:
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* Loop Back Example

* BOto Bl

* twi.c

* Created on: Oct 12, 2017

& Author: johnsontimoj

*/

LITTTTTILT0T7 77177777 7777777777
//

// use 2 twi interfaces to loopback

// B@ to Bl

//

// input - be sure to connect pull up resisto
//

// output - use analog discovery to watch traj
//

LITITTTTIT L7777 0 77771777777
#include <stdio.h>

#include "msp432.h"

#include "msoe_lib_all.h"

void pin_setup(void);

void twi_master_setup(void);
void twi_slave_setup(void);
void i2c_B@_transmit(void);

int main(void){

//

// setup transmit data
tx_data = 0;

// Configure pins
pin_setup();

// Setup TWIs
twi_master_setup();
twi_slave setup();

while(1){

}

// start transmit
num_bytes = 1;
i2c_BO_transmit();

// wait for transfer to complete
Delay 3MHz ms(50);

// Print rcvd values

printf("Master sent %i - Slave received %i\n"

return 0;
} // end main

, tx_data, rx_data);

// Global Variable for Interrupts
uint8_t rx_data;

uint8_t tx_data;

uint8_t num_bytes;

EE 2920
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void twi_master_setup(void){

void pin_setup(void){

// Setup USCIBO as master
// Setup USCIB1 as slave
// Transfer data from Master to slave in a while loop

//

// USCIB@ --> P1.6-SDA, P1.7-SCK
// USCIB1 --> P6.4-SDA, P6.5-SCK

//

P1->SEL@ |= oxCe;
P1->SEL1 &= ~0OxCO;
P6->SELO |= 0x30;
P6->SEL1 &= ~0x30;

// Set to USC mode
// ©0-1 mode

// Nothing else needed - the module sets directions

return;
} // end pin_setup

EE 2920

// USCIBO - master

// 7 bit address, single master
//

// CTLWO - allow changes

// sw reset

EUSCI_BO->CTLWO = 0x0001;

//

// CLTWe

//7b 7b 1M  mstr i2c sync Aclk txr
// @ © 0 x 1 11 1 91 x 1
// OF41

EUSCI_BO->CTLWO = OxOF51;

//

// BRW

// /64 - 0000 00O 0100 0000
// 0040

EUSCI_BO->BRW = 0Ox0040;

//

// CTLWeO

// release reset
EUSCI_BO->CTLWO &= ~0x01;

//

// IE

// 0000 0000 00 1 © 00 1 ©
// nk TXo
// 0022

EUSCI_BO->IE = 0x0002;

//

// NVIC

// EUSCI B@ is int 20

//

NVIC->IP[20] = 0x60;
NVIC->ISER[@] |= 0x00100000;

// priority
// enable

return;
// end twi_master_setup

=3

noAK noSP noST rst
0 0 0 1
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void i2c_B@_transmit(void){
// Check for bus busy
while(EUSCI_BO->STATW & 0x0010)

void twi_slave_setup(void){
// USCIB1 - slave
// 7 bit address, single master
//
// CTLWO - allow changes
// sw reset
EUSCI_B1->CTLWO = 0x01;

)
// load slave address
EUSCI_BO->I2CSA = Ox1A;

// Issue start and tx
EUSCI_BO->CTLWO |= 0x0012;

//

// CLTWeO

// 7b 7b svl i2c sync Aclk rcvr noAK noSP noST rst ret”r9; .

/] o 0 Xx x 0 11 1 o1 Y x " » " 1 } // end i2c_BO transmit

2652;4;1—>CTLWG - 0x0741; void EUSCIBO_IRQHandler(void){

/) - // Check for TX buf empty (transmit complete)

if(EUSCI_BO->IFG & 0x0002){
// clear flag
EUSCI_BO->IFG &= ~0x0002;

// Own Address
// 0000 © 1 aa aaaa aaaa

// en addr i byt

EUSCI_B1->I2C0A@ = Ox001A | 0x0400; AT B

/) // load data

/] CTLWe EUSCI_BO->TXBUF = tx_data++;

// decrement number of bytes to transmit
num_bytes--;
}else{

// release reset
EUSCI_B1->CTLWO &= ~0x01;

;; IE // Issue stop
EUSCI_BO->CTLWO |= 0x0004;

/ e // clear flag

1

/) 99009 0600 6609 609 EUSCI_BO->IFG &= ~0x0002;

// 0001

EUSCI_B1->IE = Ox0001; } }

// . .

// NVIC } // end i2C tx int handler

EUSCI B1 is int 21
;; - void EUSCIB1_IRQHandler(void){
NVIC->IP[21] = 0x80; // priority = 4 // Check for RX flag (receive complete)

if (EUSCI_B1->IFG & 0x0001){
EUSCI_B1->IFG &= ~0x0001; // clear flag
rx_data = EUSCI_B1->RXBUF; // copy data

NVIC->ISER[@] |= 0x00200000; // enable

return;

} // end twi_slave_setup }

} // end i2C rx int handler
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* MSP432 |12C

* 1 byte transfer

% WaveForms (new workspace] — x
Workspace Settings  Window  Help
Welcome |« Help P Logic 1)
File Contral View Window
H . b fun Mode: Repeated - | Trigger: Auto - Pulse Trigger: No Position: | -19.08 ms ~ |3
Buffer: o Source: Digital * | Advanced Base: 5.3 ms/div w
o == AT, < >
MName o} T| Done |2I’.‘|UI’.‘| samples at 20 kHz | 2017-10-15 16:50:05.182 ) %
: Th——— h1awr lack |h24 |ack [stop |
oX| ] T ] T T L
5CL X
X -45.58 ms -40.28 ms -34.98 ms -29.68 ms -24.38 ms -19.08 ms -13.78 ms -8.48 ms -3.18 ms ‘_ 12ms 7.42ms
Manual Trigger Discovery2 SMN:210321A18CA4 Status: OK 5
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* MSP432 12C
* Multiple 1 byte transfers

ﬁ WaveForms (new workspace)

Workspace  Settings  Window  Help

Welcome [+ Help P Logic 1 @
File Control View Window
Mode: Repeated >  Trigger:
“ Single b Run :
Buffer: oF Source:
R N
Marme 10 T| Done |ZDDD samples at 6.578 kHE | 2017-10-15 16:54:32.969
Jhac U Tl [ [[—fpmwe [ [[—{pawk [pe
SDA

s [ [[——fhaur ]

sCL x

2 O O O o

X - -137. 5 ms -165.1ms -142,7 ms -120.3 ms

Manual Trigger

-8.3ms ‘ 14.1ms

Discovery2 SN:210321A18CA4
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* MSP432 12C
e 3 byte transfer

% WaveForms (new workspace)

Manual Trigger

- O x
Workspace Settings Window Help
Welcome | P> Logic 1 E]
File Control View Window
HSingIe bRun Mode: Repeated ~ | Trigger: | Auto - Pulse Trigger: None  |Posiion: | -75.5ms ~ | s
Buffer: 58 +| = Source: Digital ¥ | Advanced Base: 10 ms/div ~
g, - T. £ >
Mame 10 T| Done |2DI’.'II’.'I samples at 13.24 kHz | 2017-10-15 16:58:25.636 1) |3
-12¢C T H [hiawr | |ho1 | |hoz | |ho3 [}
ox1 [ 1J1 J UL JU JL T J LT 11
B JUUUTUUUTUUTU T U TS TU DU TUU UL
X|r -125.5ms -115.5ms -105.5ms -95.5ms -35.5ms -75.5ms -65.5ms -55.5ms -45.5ms -35.5ms —25.5‘5

Discovery2 SN:210321A18CA4 Status: OK &5

e
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* MSP432 12C
* 1 byte transfer

Master
Master
Master
Master
Master
Master

97 - Slave received 96
98 - Slave received 97
99 - Slave received 98
1e@ - Slave received 99
101 - Slave received 100
182 - Slave received 101
103 - Slave received 102

This IS correct — so why are the values not the same????

EE 2920
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