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(P1.4to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to
. Int t Vector AddreSSesS. ... v rivenrnennenrnnnns 55
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Changes from June 29, 2016 to September 26, 2018
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Removed D and E dimension lines on the YFF pinout (for the package dimesions with tolerances, see the

MeECh@NICal DAtA iN 7T 8) svuueustueeraernensnererernsnraeansaernsanrneansaeansanansananeansneanrransanrneanrnennsnnrnsnnsns
Added typical conditions statements at the beginning of Section 5, Specifications .........ccvvvviiiiiiiiiiiiineen.

Changed the MIN value of the V(DVCC_BOR_hys) parameter from 60 mV to 50 mV in Section 5.26, PMM,

BrownOUL RESEE (BOR) . uuuuiiuateiiiiutssisiaatessaatssssansessasnsssaaaa s s ssaanssaaaassstaansnstsansnsssannnnsssnnnnsssnn

Updated notes (1) and (2) and added note (3) in Section 5.32, Wake-up Times From Low-Power Modes and

Removed ADC10DIV from the formula for the TYP value in the second row of the tconvert Parameter in

Section 5.42, 10-Bit ADC, Timing Parameters (removed because ADC10CLK is after division)..........ccvvveennns

Added second row for tgy cwe With Test Conditions of "CBPWRMD = 10" and MAX value of 100 ps in

Section 5.46, COMPAratOr_B. ... ...isiiiie i e r e aaars
Renamed FCTL4.MGRO and MGRL1 in Section 5.47, Flash Memory, to be consistent with header files ...........
Throughout document, changed all instances of "bootstrap loader" to "bootloader”.........ccoevviiiiiiiiiiennnnnns
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3 Device Comparison
Table 3-1 summarizes the available family members.
Table 3-1. Family Members ®®
USCI
FLASH | SRAM ' @ | - @ | CHANNEL A: | ADC10_A | Comp_B 1/0 110
DEVICE (KB) (KB) Timer_A Timer_B UAe oA CHANNEL B: (h) (ch) pvee® | pvio® PACKAGE
spl SPI, I’C

10 ext 64 RGC

MSP430F5229 | 128 8 53,3 7 2 2 2int. 8 22 31 64 YFF
80 ZQE

10 ext 64 RGC

MSP430F5227 64 8 53,3 7 2 2 Sint. 8 22 31 64 YFF
80 ZQE

MSP430F5224 | 128 8 53,3 7 2 2 8 ext, 2 int 6 20 17 48 RGZ
MSP430F5222 64 8 53,3 7 2 2 8 ext, 2 int 6 20 17 48 RGZ
64 RGC

MSP430F5219 | 128 8 53,3 7 2 2 - 8 22 31 64 YFF
80 ZQE

64 RGC

MSP430F5217 64 8 53,3 7 2 2 - 8 22 31 64 YFF
80 ZQE

MSP430F5214 | 128 8 53,3 7 2 2 - 6 20 17 48 RGZ
MSP430F5212 64 8 53,3 7 2 2 - 6 20 17 48 RGZ

(1) For the most current device, package, and ordering information, see the Package Option Addendum in 7 8, or see the Tl website at
www.ti.com.

(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/packaging.

(3) Each number in the sequence represents an instantiation of Timer_A with its associated number of capture compare registers and PWM
output generators available. For example, a number sequence of 3, 5 would represent two instantiations of Timer_A, the first
instantiation having 3 and the second instantiation having 5 capture compare registers and PWM output generators, respectively.

(4) Each number in the sequence represents an instantiation of Timer_B with its associated number of capture compare registers and PWM
output generators available. For example, a number sequence of 3, 5 would represent two instantiations of Timer_B, the first
instantiation having 3 and the second instantiation having 5 capture compare registers and PWM output generators, respectively.

(5) All of these I/Os reside on a single voltage rail supplied by DVCC.

(6) All of these I/Os reside on a single voltage rail supplied by DVIO.

3.1 Related Products

For information about other devices in this family of products or related products, see the following links.

Products for Tl Microcontrollers TI's low-power and high-performance MCUs, with wired and wireless
connectivity options, are optimized for a broad range of applications.

Products for MSP430 Ultra-Low-Power Microcontrollers One platform. One ecosystem. Endless
possibilities. Enabling the connected world with innovations in ultra-low-power
microcontrollers with advanced peripherals for precise sensing and measurement.

Companion Products for MSP430F5229 Review products that are frequently purchased or used with
this product.

Reference Designs for MSP430F5229 Find reference designs that leverage the best in Tl technology to
solve your system-level challenges.

Copyright © 2012-2018, Texas Instruments Incorporated Device Comparison 9

Submit Documentation Feedback
Product Folder Links: MSP430F5229 MSP430F5227 MSP430F5224 MSP430F5222 MSP430F5219 MSP430F5217
MSP430F5214 MSP430F5212


http://www.ti.com.cn/product/cn/msp430f5229?qgpn=msp430f5229
http://www.ti.com.cn/product/cn/msp430f5227?qgpn=msp430f5227
http://www.ti.com.cn/product/cn/msp430f5224?qgpn=msp430f5224
http://www.ti.com.cn/product/cn/msp430f5222?qgpn=msp430f5222
http://www.ti.com.cn/product/cn/msp430f5219?qgpn=msp430f5219
http://www.ti.com.cn/product/cn/msp430f5217?qgpn=msp430f5217
http://www.ti.com.cn/product/cn/msp430f5214?qgpn=msp430f5214
http://www.ti.com.cn/product/cn/msp430f5212?qgpn=msp430f5212
http://www.ti.com.cn
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=ZHCSAJ5H&partnum=MSP430F5229
http://www.ti.com.cn/product/msp430f5229?qgpn=msp430f5229
http://www.ti.com.cn/product/msp430f5227?qgpn=msp430f5227
http://www.ti.com.cn/product/msp430f5224?qgpn=msp430f5224
http://www.ti.com.cn/product/msp430f5222?qgpn=msp430f5222
http://www.ti.com.cn/product/msp430f5219?qgpn=msp430f5219
http://www.ti.com.cn/product/msp430f5217?qgpn=msp430f5217
http://www.ti.com.cn/product/msp430f5214?qgpn=msp430f5214
http://www.ti.com.cn/product/msp430f5212?qgpn=msp430f5212
http://www.ti.com
http://www.ti.com/packaging
http://www.ti.com/microcontrollers/products.html
http://www.ti.com/microcontrollers/msp430-ultra-low-power-mcus/products.html
http://www.ti.com/product/MSP430F5229#relProds
http://www.ti.com/general/docs/refdesignsearchresults.tsp?keyword=MSP430F5229

MSP430F5229, MSP430F5227, MSP430F5224, MSP430F5222 I "IFEXAS
MSP430F5219, MSP430F5217, MSP430F5214, MSP430F5212 NSTRUMENTS
ZHCSAJ5H —NOVEMBER 2012—-REVISED SEPTEMBER 2018 www.ti.com.cn

4 Terminal Configuration and Functions

4.1 Pin Diagrams
Figure 4-1 shows the pinout for the MSP430F5229 and MSP430F5227 devices in the 64-pin RGC

package.
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Supplied by DVIO
NOTE: Tl recommends connection of exposed thermal pad to Vss.

Figure 4-1. 64-Pin RGC Package — F5229, F5227
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Figure 4-2 shows the

package.

P6.3/A3/CB3
P6.4/A4/CB4
P6.5/A5/CB5
P5.0/A8/VeREF+
P5.1/A9/VeREF-
AVCC

P5.4/XIN
P5.5/XOUT
AVSS

DvCC

DVSS

VCORE

ey Ty Ty

pinout for the MSP430F5224 and MSP430F5222 devices in the 48-pin RGZ
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Supplied by DVIO
NOTE: TI recommends connection of exposed thermal pad to Vss.

Figure 4-2. 48-Pin RGZ Package — F5224, F5222
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Figure 4-3 shows the pinout for the MSP430F5219 and MSP430F5217 devices in the 64-pin RGC

package.

P6.0/CBO
P6.1/CB1
P6.2/CB2
P6.3/CB3
P6.4/CB4
P6.5/CB5
P6.6/CB6
P6.7/CB7
P5.0

P5.1
AVCC
P5.4/XIN
P5.5/XOUT
AVSS
DvVCC
DVSS

Supplied by DVIO
NOTE: TI recommends connection of exposed thermal pad to Vss.
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Figure 4-3. 64-Pin RGC Package — F5219, F5217
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Figure 4-4 shows the

package.
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P5.4/XIN
P5.5/XOUT
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VCORE

pinout for the

MSP430F5214

and MSP430F5212 devices in the 48-pin RGZ
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Supplied by DVIO
NOTE: TI recommends connection of exposed thermal pad to Vss.

Figure 4-4. 48-Pin RGZ Package — F5214, F5212
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Figure 4-5 shows the pinout for the MSP430F5229, MSP430F5227, MSP430F5219, and MSP430F5217
devices in the 80-pin ZQE package.
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Supplied by DVIO

Figure 4-5. 80-Pin ZQE Package — F5229, F5227, F5219, F5217
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Figure 4-6 shows the pinout for the MSP430F5229, MSP430F5227, MSP430F5219, and MSP430F5217
devices in the 64-pin YFF package.
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Supplied by DVIO
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Figure 4-6. 64-Pin YFF Package — F5229, F5227, F5219, F5217
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4.2 Signal Descriptions

Table 4-1 describes the signals for all device variants and package options.

Table 4-1. Terminal Functions

TERMINAL

NAME

NO.

/oW

RGC

ZQE

YFF

RGZ

SUPPLY

DESCRIPTION

P6.0/CB0O/AO

Al

Cc2

46

110

DvCC

General-purpose digital I/0
Comparator_B input CBO
Analog input AO for ADC (not available on all device types)

P6.1/CB1/Al

B2

Al

a7

110

DvCC

General-purpose digital I/0
Comparator_B input CB1
Analog input Al for ADC (not available on all device types)

P6.2/CB2/A2

Bl

B2

48

1/10

DvCC

General-purpose digital I/0
Comparator_B input CB2
Analog input A2 for ADC (not available on all device types)

P6.3/CB3/A3

C2

C3

1/10

DvCC

General-purpose digital I/0
Comparator_B input CB3
Analog input A3 for ADC (not available on all device types)

P6.4/CB4/A4

C1

A2

110

DvCC

General-purpose digital I/0
Comparator_B input CB4
Analog input A4 for ADC (not available on all device types)

P6.5/CB5/A5

D2

B3

1/10

DvCC

General-purpose digital I/0
Comparator_B input CB5
Analog input A5 for ADC (not available on all device types)

P6.6/CB6/A6

D1

C4

N/A

110

DvCC

General-purpose digital 1/0 (not available on all device types)
Comparator_B input CB6 (not available on all device types)

Analog input A6 for ADC (not available on all device types)

P6.7/CB7/A7

D3

A3

N/A

110

DvCC

General-purpose digital 1/0 (not available on all device types)
Comparator_B input CB7 (not available on all device types)

Analog input A7 for ADC (not available on all device types)

P5.0/A8/VeREF+

El

B4

1/10

DvCC

General-purpose digital I/0
Analog input A8 for ADC (not available on all device types)

Input for an external reference voltage to the ADC (not available
on all device types)

P5.1/A9/VeREF-

10

E2

A4

110

DvCC

General-purpose digital I/0
Analog input A9 for ADC (not available on all device types)

Negative terminal for the ADC reference voltage for an external
applied reference voltage (not available on all device types)

AVCC

11

F2

B5

Analog power supply

P5.4/XIN

12

F1

A5

1/10

DvCC

General-purpose digital I/0

Input terminal for crystal oscillator XT1?)

P5.5/XOUT

13

Gl

A6

110

DvCC

General-purpose digital I/0

Output terminal of crystal oscillator XT1

AVSS

14

G2

B6

Analog ground supply

(1) 1=input, O = output, N/A = not available
(2) When in crystal bypass mode, XIN can be configured so that it can support an input digital waveform with swing levels from DVSS to
DVCC or DVSS to DVIO. In this case, it is required that the pin be configured properly for the intended input swing.

16 Terminal Configuration and Functions
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Table 4-1. Terminal Functions (continued)

TERMINAL

NAME

NO.

/o

RGC

ZQE

YFF

RGZ

SUPPLY

DESCRIPTION

DvCC

15

H1

A7

10

Digital power supply

DVSS

16

Ji

A8

11

Digital ground supply

VCORE®)

17

J2

B8

12

DvCC

Regulated core power supply output (internal use only, no
external current loading)

P1.0/TAOCLK/ACLK

18

H2

B7

13

110

DvCC

General-purpose digital 1/0 with port interrupt
TAO clock signal TAOCLK input
ACLK output (divided by 1, 2, 4, 8, 16, or 32)

P1.1/TA0.0

19

H3

c7

14

110

DvCC

General-purpose digital 1/0 with port interrupt
TAO CCRO capture: CCIOA input, compare: Out0 output
BSL transmit output

P1.2/TA0.1

20

J3

c8

15

110

DvCC

General-purpose digital 1/0 with port interrupt
TAO CCRL1 capture: CCI1A input, compare: Outl output

BSL receive input

P1.3/TA0.2

21

G4

C6

16

1/0

DvCC

General-purpose digital 1/0 with port interrupt

TAO CCR2 capture: CCI2A input, compare: Out2 output

P1.4/TA0.3

22

H4

C5

17

1/10

DVIO®

General-purpose digital I/O with port interrupt

TAO CCRS3 capture: CCI3A input compare: Out3 output

P1.5/TA0.4

23

Ja

D8

18

1/0

DVIO®¥

General-purpose digital 1/0 with port interrupt

TAO CCR4 capture: CCI4A input, compare: Out4 output

P1.6/TA1CLK/CBOUT

24

G5

D7

19

110

DVIO®

General-purpose digital I/O with port interrupt
TAL1 clock signal TALCLK input

Comparator_B output

P1.7/TA1.0

25

H5

D6

20

1/10

DVIO®

General-purpose digital I/O with port interrupt

TA1 CCRO capture: CCIOA input, compare: OutO output

P2.0/TA1.1

26

J5

E8

N/A

1/10

DVIO®

General-purpose digital 1/0 with port interrupt (not available on
all device types)

TA1l CCR1 capture: CCI1A input, compare: Outl output (not
available on all device types)

P2.1/TA1.2

27

G6

D5

N/A

1/0

DVIO®¥

General-purpose digital 1/0 with port interrupt (not available on
all device types)

TA1l CCR2 capture: CCI2A input, compare: Out2 output (not
available on all device types)

P2.2/TA2CLK/SMCLK

28

J6

E7

N/A

1/0

DVIO®¥

General-purpose digital 1/0 with port interrupt (not available on
all device types)

TA2 clock signal TA2CLK input
SMCLK output (not available on all device types)

P2.3/TA2.0

29

H6

F8

N/A

1/0

DVIO®¥

General-purpose digital 1/0 with port interrupt (not available on
all device types)

TA2 CCRO capture: CCIOA input, compare: OutO output (not
available on all device types)

P2.4/TA2.1

30

J7

E6

N/A

1/10

DVIO®

General-purpose digital 1/0 with port interrupt (not available on
all device types)

TA2 CCRL1 capture: CCI1A input, compare: Outl output (not
available on all device types)

(3) VCORE is for internal use only. No external current loading is possible. VCORE should only be connected to the recommended
capacitor value, Cycore-
(4) This pin function is supplied by DVIO. See Section 5.8 for input and output requirements.
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Table 4-1. Terminal Functions (continued)

TERMINAL
NO. /0@ | SUPPLY DESCRIPTION
NAME
RGC | ZQE | YFF | RGZ

General-purpose digital 1/0 with port interrupt (not available on
all device types)

P2.5/TA2.2 31 | J8 | FT | NNA | /O | DVIO®W
TA2 CCR2 capture: CCI2A input, compare: Out2 output (not
available on all device types)
General-purpose digital 1/0 with port interrupt (not available on
all device types)

P2.6/RTCCLK/DMAEO 32 J9 G8 | N/A 110 DVIO® |RTC clock output for calibration (not available on all device
types)
DMA external trigger input (not available on all device types)
General-purpose digital 1/0

P2.7/JUCBOSTE/ 33 | H7 | F6 21 /o DVIO® Slave transmit enable — USCI_B0 SPI mode

UCAOCLK . .
Clock signal input - USCI_AO0 SPI slave mode
Clock signal output — USCI_AO0 SPI master mode
General-purpose digital I/0

P3.0/UCBOSIMO/ @) .

UCBOSDA 34 H8 H8 22 1/0 DVIO Slave in, master out — USCI_BO SPI mode
I°C data — USCI_BO 1°C mode
General-purpose digital I/0

P3.1/UCBOSOMI/ ) .

UCBOSCL 35 H9 G7 23 110 DVIO Slave out, master in — USCI_BO SPI mode
I2C clock — USCI_BO 1°C mode
General-purpose digital I/0

P3.2/UCBOCLK/ @ |Clock signal input - USCI_BO SPI slave mode

UCAOSTE 3 | G8 | G6 | 24 | O | DVIO™ | ~i0ck signal output — USCI_BO SPI master mode
Slave transmit enable — USCI_AO0 SPI mode
General-purpose digital I/0

P3.3/UCAOTXD/ ) .

UCAOSIMO 37 G9 H7 25 110 DVIO Transmit data — USCI_AO0 UART mode
Slave in, master out — USCI_AO SPI mode
General-purpose digital I/0

P3.4/UCAORXD/ ) .

UCAOSOMI 38 G7 | G5 26 110 DVIO Receive data — USCI_AO0 UART mode
Slave out, master in — USCI_AO SPI mode

DVSS 39 F9 H6 27 Digital ground supply

DvIO® 40 | E9 | H5 | 28 Digital /O power supply
General-purpose digital /0 with reconfigurable port mapping
secondary function Default mapping: Slave transmit enable —
USCI_B1 SPI mode

E:\l/ioﬁc'wﬁfciilsm/ 41 | E8 | F5 | 29 /0 | DVIO® -

— Default mapping: Clock signal input — USCI_A1 SPI slave mode
Default mapping: Clock signal output — USCI_A1 SPI master
mode
General-purpose digital I/O with reconfigurable port mapping

P4 1/PM UCBLSIMO/ secondary function
. | @
PM_UCB1SDA 42 E7 H4 30 Vo DVIO Default mapping: Slave in, master out — USCI_B1 SPI mode
Default mapping: I1°C data — USCI_B1 I°C mode
General-purpose digital 1/0 with reconfigurable port mapping
P4.2/PM UCBLSOMI/ secondary function

. | @

PM_UCB1SCL 43 D9 ES sl Vo DVIO Default mapping: Slave out, master in — USCI_B1 SPI mode
Default mapping: I1°C clock — USCI_B1 1°C mode

(5) The voltage on DVIO is not supervised or monitored.
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Table 4-1. Terminal Functions (continued)

TERMINAL
NAME NO. /0@ | SUPPLY DESCRIPTION
RGC | ZQE | YFF | RGZ
General-purpose digital I/O with reconfigurable port mapping
secondary function
P4.3/PM_UCB1CLK/ @) | Default mapping: Clock signal input — USCI_B1 SPI slave mode
PM_UCALSTE 44 D8 G4 32 Vo DVIO Default mapping: Clock signal output — USCI_B1 SPI master
mode
Default mapping: Slave transmit enable — USCI_A1 SPI mode
General-purpose digital /0 with reconfigurable port mapping
P4.4/PM UCALTXD/ secondary function
. | @
PM_UCA1SIMO 45 D7 H3 33 Vo DVIO Default mapping: Transmit data — USCI_A1 UART mode
Default mapping: Slave in, master out — USCI_A1 SPI mode
General-purpose digital I/O with reconfigurable port mapping
P4.5/PM UCALRXD/ secondary function
. | @
PM_UCA1SOMI 46 C9 F4 34 Vo DVIO Default mapping: Receive data — USCI_A1 UART mode
Default mapping: Slave out, master in — USCI_A1 SPI mode
General-purpose digital /0 with reconfigurable port mapping
P4.6/PM_NONE 47 | c8 | H2 | 35 | /O | Dvio® |secondary function
Default mapping: no secondary function
General-purpose digital 1/0 with reconfigurable port mapping
secondary function (not available on all device types)
P4.7/PM_NONE 48 | C7 | G3 | NJA | 1/O | DVIO®
Default mapping: no secondary function (not available on all
device types)
8 General-purpose digital I1/0 (not available on all device types)
B8, 4
P7.0/TB0.0 49 B9 H1 | N/A 1’0 bvio® TBO CCRO capture: CCIOA input, compare: OutO output (not
available on all device types)
General-purpose digital I1/0 (not available on all device types)
4
P7.1/TBO.1 50 A9 G2 | N/A 1’0 bvio® TBO CCR1 capture: CCI1A input, compare: Outl output (not
available on all device types)
General-purpose digital /0 (not available on all device types)
4
P7.2/TB0.2 51 B7 F3 N/A 1’0 bvio® TBO CCR2 capture: CCI2A input, compare: Out2 output (not
available on all device types)
General-purpose digital I1/0 (not available on all device types)
4
P7.3/TB0.3 52 A8 Gl | N/A 1’0 bvio® TBO CCRS3 capture: CCI3A input, compare: Out3 output (not
available on all device types)
General-purpose digital I1/0 (not available on all device types)
4
P7.4/TBO.4 53 AT F2 N/A 1’0 bvio® TBO CCR4 capture: CCI4A input, compare: Out4 output (not
available on all device types)
General-purpose digital I1/0 (not available on all device types)
4
P7.5/TB0.5 54 A6 F1 N/A 1’0 bvio® TBO CCRS5 capture: CCI5A input, compare: Out5 output (not
available on all device types)
BSLEN 55 | B6 | E2 | 36 I DVIO® | BSL enable with internal pulldown
Reset input active low®
RST/NMI 56 | A5 | E3 | 37 [ DvIO®
Nonmaskable interrupt input®
General-purpose digital I/0
P5.2/XT2IN 57 B5 El 38 110 DvccC
Input terminal for crystal oscillator XT2®)
(6) This pin is configurable as reset or NMI and resides on the DVIO supply domain. When driven from external, input swing levels from

DVSS to DVIO are required.

(")
®)

When this pin is configured as reset, the internal pullup resistor is enabled by default.
When in crystal bypass mode, XT2IN can be configured so that it can support an input digital waveform with swing levels from DVSS to

DVCC or DVSS to DVIO. In this case, it is required that the pin be configured properly for the intended input swing.
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Table 4-1. Terminal Functions (continued)

TERMINAL
NO. /oM | SUPPLY DESCRIPTION
NAME
RGC | ZQE | YFF | RGZ

General-purpose digital I/0

P5.3/XT20UT 58 B4 D1 39 110 DVCC
Output terminal of crystal oscillator XT2
Test mode pin — Selects four wire JTAG operation

TEST/SBWTCK® 59 | A4 | E4 | 40 I DvVCC
Spy-Bi-Wire input clock when Spy-Bi-Wire operation activated
General-purpose digital I/0

PJ.0/TDO1O 60 | C5 | D2 | 41 110 DVCC
JTAG test data output port
General-purpose digital I/0

PJ.1/TDI/TCLK 1O 61 | C4 | C1 | 42 110 DvVCC
JTAG test data input or test clock input
General-purpose digital I/0

PJ.2/TMS (0 62 | A3 | D3 | 43 110 DVCC
JTAG test mode select
General-purpose digital I/0

PJ.3/TCK(9 63 | B3 | Bl | 44 110 DvCC
JTAG test clock

~sveg) Reset input, active-low®?

RSTDV

SBWTDIO 19 64 A2 D4 45 1’0 bvce Spy-Bi-Wire data input/output when Spy-Bi-Wire operation
activated

Reserved NA | @2 N/A | N/A Reserved

QFN Pad Pad | N/A | N/A | Pad QFN thermal pad. TI recommends connecting to Vgs.

(9) See Section 6.5 and Section 6.6 for use with BSL and JTAG functions.
(10) See Section 6.6 for use with JTAG function.

(11) This nonconfigurable reset resides on the DVCC supply domain and has an internal pullup to DVCC. When driven from external, input
swing levels from DVSS to DVCC are required. This reset must be used for Spy-Bi-Wire communication and is not the same RST/NMI
reset as found on other devices in the MSP430 family. See Section 6.5 and Section 6.6 for details regarding the use of this pin.

(12) Ce6, D4, D5, D6, E3, E4, E5, E6, F3, F4, F5, F6, F7, F8, G3 are reserved and should be connected to ground.
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5 Specifications

All graphs in this section are for typical conditions, unless otherwise noted.

Typical (TYP) values are specified at V¢ = 3.3 V and T, = 25°C, unless otherwise noted.

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Voltage applied at V¢ to Vss -0.3 4.1 \%
Voltage applied at V|g to Vss -0.3 2.2 \%
Voltage applied to any pin (excluding VCORE and V,g pins)® -03 Ve +0.3 \Y
Voltage applied to V|g pins -0.3 Vio +0.2 \%
Diode current at any device pin +2 mA
Storage temperature, Tgg® -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages referenced to Vss. VCORE is for internal device use only. No external DC loading or voltage should be applied.

(3) Higher temperature may be applied during board soldering according to the current JEDEC J-STD-020 specification with peak reflow
temperatures not higher than classified on the device label on the shipping boxes or reels.

5.2 ESD Ratings
VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +1000
Vesp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-Cc101®@ +250

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Pins listed as
+1000 V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Pins listed as +250 V
may actually have higher performance.

5.3 Recommended Operating Conditions

MIN NOM MAX UNIT
PMMCOREVX =0 1.8 3.6
Vee Supply voltage during_program(f))ég)((:gtion and flash PMMCOREVx =0, 1 2.0 3.6 v
programming (AVCC = DVCC) PMMCOREVx =0, 1, 2 2.2 3.6
PMMCOREVXx =0, 1, 2, 3 2.4 3.6
Vio Supply voltage applied to DVIO referenced to Vgg® 1.62 1.98 \Y
Vss Supply voltage (AVSS = DVSS) 0 \%
Ta Operating free-air temperature -40 85 °C
T; Operating junction temperature -40 85 °C
Cvcore  Recommended capacitor at VCORE ™) 470 nF
g%gﬁé Capacitor ratio of DVCC to VCORE 10

(1) TIrecommends powering AVCC and DVCC from the same source. A maximum difference of 0.3 V between AVCC and DVCC can be
tolerated during power up and operation.

(2) During Vcc and Vg power up, it is required that Vg 2 V¢ during the ramp up phase of V|q. During V¢ and Vg power down, it is
required that V,g = V¢ during the ramp down phase of Vg (see Figure 5-1).

(3) The minimum supply voltage is defined by the supervisor SVS levels when it is enabled. See the Section 5.28 threshold parameters for
the exact values and further details.

(4) A capacitor tolerance of +20% or better is required.
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Recommended Operating Conditions (continued)

MIN NOM MAX| UNIT

PMMCOREVx =0
(default condition), 0 8
18V<Vcc<36V

. 5 PMMCOREVX =1,
Processor frequency (maximum MCLK frequency)(® 20V <Vee <36V 0 12

fsvsTem (see Figure 5-3)

MHz

PMMCOREVx = 2,
22V<Vecs36V

PMMCOREVx = 3,
2.4V <Vee<36V

0 20

0 25

(5) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.

Vlo,min 7

L/ N

oty
|<7 VCC S VIO 4"47 VIO S VCC4>I<7 VCC S VIO"'
| while V,, <V, | I while V,, < V |

10.min 10.min

NOTE: The device supports continuous operation with Vcc = Vsg while Vg is fully within its specification. During this time, the
general-purpose 1/Os that reside on the V|o supply domain are configured as inputs and pulled down to Vgg through
their internal pulldown resistors. RST/NMI is high impedance. BSLEN is configured as an input and is pulled down to
Vss through its internal pulldown resistor. When V¢ reaches above the BOR threshold, the general-purpose 1/Os
become high-impedance inputs (no resistor enabled), RST/NMI becomes an input pulled up to Vg through its internal
pullup resistor, and BSLEN remains pulled down to Vgg through its internal pulldown resistor.

NOTE: Under certain condtions during the rising transition of V¢, the general-purpose I/Os residing on the V|o supply
domain may actively transition high momentarily before settling to high-impedance inputs. These voltage transitions
are temporary (typically resolving to high-impedance inputs when V¢ exceeds approximately 0.9 V) and are bounded
by the Vg supply.

Figure 5-1. V¢ and V,q Power Sequencing
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NOTE: The device remains in reset based on the conditions of the RSTDVCC and RST pins and the voltage present on
DVCC voltage supply. If RSTDVCC or RST is held at a logic low or if DVCC is below the SVSH_+ minimum
threshold, the device remains in its reset condition; that is, these conditions form a logical OR with respect to device

reset.

Figure 5-2. Reset Timing
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System Frequency - MHz

0 0,1 0,1,2 0,1,2,3

1.8 2.0 22 24 3.6
Supply Voltage - V
NOTE: The numbers within the fields denote the supported PMMCOREVX settings.

Figure 5-3. Maximum System Frequency

5.4 Active Mode Supply Current Into V¢ Excluding External Current

over recommended operating free-air temperature (unless otherwise noted)® @ @)
FREQUENCY (fpco = fmerk = fsmewk)

PARAMETER Eﬁ%‘g&?’\‘ Vee PMMCOREVx 1 MHz 8 MHz 12 MHz 20 MHz 25MHz | UNIT
TYP MAX| TYP MAX| TYP MAX| TYP MAX| TYP MAX
0 036 047| 232 260
1 0.40 2.65 40 44
'aM, Fosh Flash sov 2 0.44 2.90 43 71 77 mA
3 0.46 3.10 46 7.6 101 110
0 020 029 120 130
1 0.22 1.35 20 22
o, R RAM sov 2 0.24 1.50 2.2 37 42 mA
3 0.26 1.60 2.4 3.9 53 6.2

(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.

(2) The currents are characterized with a Micro Crystal MS1V-T1K crystal with a load capacitance of 12.5 pF. The internal and external load
capacitance are chosen to closely match the required 12.5 pF.

(3) Characterized with program executing typical data processing.
fACLK = 32786 Hz, fDCO = fMCLK = fSMCLK at specified frequency.
XTS = CPUOFF = SCGO0 = SCG1 = OSCOFF= SMCLKOFF = 0.
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5.5 Low-Power Mode Supply Currents (Into Vc) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®®
—40°C 25°C 60°C 85°C
PARAMETER Vee PMMCOREVx UNIT
TYP MAX TYP MAX TYP MAX TYP MAX
| Low-bower mode 0@@ 22V 0 73 77 91 80 85 97 A
LPMO. 1z P 3.0V 3 79 83 99 88 o5 107 "
22V 0 6.5 6.5 12 10 11 17
I pm2 Low-power mode 254 PA
3.0V 3 7.0 7.0 13 11 12 18
0 1.60 1.90 2,8 6.0
22V 1 1.65 2.00 3.0 6.3
2 1.75 2.15 32 6.6
ILPM3XTILE r';f’(‘)’;ﬁ%}’(‘ﬁ?r mode 3, crystal 0 1.8 2.1 2.9 3.0 6.2 94| pA
1 1.9 2.3 3.2 6.5
3.0V
2 2.0 2.4 3.3 6.8
3 2.0 25 3.9 34 6.8 10.9
0 1.1 1.4 2.7 2.0 6.1 9.7
Low-power mode 3, 1 1.1 1.4 22 6.4
| 3.0V A
LPMSVLO VLO mode " 2 12 15 2.3 6.8 "
3 1.3 1.6 3.0 2.3 6.8 10.9
0 0.9 11 15 2.0 5.1 8.8
| Low-power mode 4®® 3.0V ! 11 12 21 >3 PA
LPM4 ' 2 1.2 12 2.2 5.5
3 1.3 1.3 1.6 22 5.5 9.8
ILpMas Low-power mode 4.5 3.0V 0.15 0.18 0.35 0.26 0.5 10| pA
Current supplied from
DVIO while
DVCC =AVCC =0V,
Iovio_sTarT ~ DVIO =1.62 V10 1.98 V, ov 1.8 1.8 1.8 1.8 pA
All DVIO 1/O floating
including BSLEN and
RST/NMI

(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.

(2) The currents are characterized with a Micro Crystal MS1V-T1K crystal with a load capacitance of 12.5 pF. The internal and external load
capacitance are chosen to closely match the required 12.5 pF.

(3) Current for the watchdog timer clocked by SMCLK included. ACLK = low-frequency crystal operation (XTS = 0, XT1DRIVEX = 0).
CPUOFF =1, SCG0 =0, SCG1 =0, OSCOFF =0 (LPMO), fACLK = 32768 Hz, fMCLK =0 MHz, fSMCLK = fDCO =1MHz

(4) Current for brownout and high-side supervisor (SVSy) normal mode included. Low-side supervisor (SVS|) and low-side monitor (SVM,)
disabled. High-side monitor (SVMy) disabled. RAM retention enabled.

(5) Current for watchdog timer and RTC clocked by ACLK included. ACLK = low-frequency crystal operation (XTS = 0, XT1DRIVEX = 0).
CPUOFF =1,SCG0=0,SCG1 =1, OSCOFF =0 (LPMZ), fACLK = 32768 Hz, fMCLK =0 MHz, fSMCLK = fDCO =0 MHz; DCO Setting =1
MHz operation, DCO bias generator enabled.)

(6) Current for watchdog timer and RTC clocked by ACLK included. ACLK = low-frequency crystal operation (XTS = 0, XT1DRIVEXx = 0).
CPUOFF =1,SCG0 =1, SCG1 =1, OSCOFF =0 (LPMS), fACLK = 32768 Hz, fMCLK = fSMCLK = fDCO =0 MHz

(7) Current for watchdog timer and RTC clocked by ACLK included. ACLK = VLO.

CPUOFF =1,SCG0 =1, SCG1 =1, OSCOFF =0 (LPMS), fACLK = fVLO! fMCLK = fSMCLK = fDCO =0 MHz
(8) CPUOFF=1,SCG0=1,SCG1=1,0SCOFF =1 (LPM4), fDCO . fACLK = fMCLK = fSMCLK =0 MHz
(9) Internal regulator disabled. No data retention.
CPUOFF =1, SCG0 =1, SCG1 =1, OSCOFF =1, PMMREGOFF = 1 (LPM45), fDCO = fACLK . fMCLK . fSMCLK =0 MHz
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5.6 Thermal Resistance Characteristics
THERMAL METRIC® VALUE® UNIT
VQFN 48 (RGZ) 27.8
. . . L VQFN 64 (RGC) 29.6
RO Junction-to-ambient thermal resistance, still air °C/IW
DSBGA 64 (YFF) 44.3
BGA 80 (ZQE) 35.2
VQFN 48 (RGZ) 13.6
_ ) VQFN 64 (RGC) 14.8
RO;crop) Junction-to-case (top) thermal resistance °C/IW
DSBGA 64 (YFF) 0.2
BGA 80 (ZQE) 17.6
VQFN 48 (RGZ) 0.9
RO Junction-t (bottom) th I resist VQFN 64 (RGC) 14 C/W
unction-to-case (bottom) thermal resistance °
JCBOTTOM) DSBGA 64 (YFF) N/A®)
BGA 80 (ZQE) N/A
VQFN 48 (RGZ) 4.7
_ ] VQFN 64 (RGC) 8.5
RO3g Junction-to-board thermal resistance °C/IW
DSBGA 64 (YFF) 6.0
BGA 80 (ZQE) 16.7
VQFN 48 (RGZ) 0.2
) o VQFN 64 (RGC) 0.2
Yyt Junction-to-package-top thermal characterization parameter °C/IW
DSBGA 64 (YFF) 0.6
BGA 80 (ZQE) 0.3
VQFN 48 (RGZ) 4.7
) o VQFN 64 (RGC) 8.4
Y Junction-to-board thermal characterization parameter °C/IW
DSBGA 64 (YFF) 6.0
BGA 80 (ZQE) 9.6

(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.

(2) These values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC [R0;c] value, which is based on a
JEDEC-defined 1SOP system) and will change based on environment as well as application. For more information, see these
EIA/JEDEC standards:

» JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions - Natural Convection (Still Air)
» JESD51-3, Low Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
» JESD51-7, High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
* JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements
(3) N/A = not applicable
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5.7 Schmitt-Trigger Inputs — General-Purpose /0 DVCC Domain®
(P1.0to P1.3, P5.0to P5.5, P6.0 to P6.7, PJ.0 to PJ.3, RSTDVCC)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT

Vir+  Positive-going input threshold voltage 18V 080 140 \%
3V 1.50 2.10

Vi Negative-going input threshold voltage 18V 045 1.00 Y
3V 0.75 1.65

Vhys  Input voltage hysteresis (Vir. — Vi) 18V 03 08 \Y
3V 0.4 1.0

Reai Pullup or pulldown resistor® For Eﬂ::gg:vvaVTNVf?/’cc 20 35 50| kQ

C Input capacitance Vin = Vgs Of Ve 5 pF

(1) Same parametrics apply to clock input pin when crystal bypass mode is used on XT1 (XIN) or XT2 (XT2IN).
(2) RSTDVCC has a fixed pullup resistor that cannot be disabled.

5.8 Schmitt-Trigger Inputs — General-Purpose I/O DVIO Domain
(P1.4to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7, P7.0 to P7.5, RST/NMI, BSLEN)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vio MIN TYP MAX | UNIT

\V Positive-going input threshold voltage Vee =3.0V 162y 08 125 \Y
1.98 Vv 1.1 1.40

Vir— Negative-going input threshold voltage Vee = 3.0V 162V 0.3 07 \Y
1.98 Vv 0.5 1.0

Vhys Input voltage hysteresis (Vir+ — Vi1) Vec=3.0V 1.62V1t01.98V 0.3 0.8 \%

Rpul Pullup or pulldown resistor® Eg[ Eﬂ”gg\:lv\l{nl:NVTNvao 20 35 50| kQ

C Input capacitance VN = Vgs 0r Vo 5 pF

(1) Also applies to RST pin when pullup or pulldown resistor is enabled.

5.9 Inputs — Interrupts DVCC Domain Port P1
(P1.0to P1.3)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN  MAX| UNIT
ting External interrupt timing® External trigger pulse duration to set interrupt flag 1.8V,3V 20 ns

(1) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t;ny) is met. It may be set by trigger signals
shorter than tpny.

5.10 Inputs — Interrupts DVIO Domain Ports P1 and P2
(P1.4to P1.7, P2.0 to P2.7)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS V.o(l) MIN  MAX| UNIT

External trigger pulse duration to set interrupt flag,
Vee=1.8Vor3.ov

ting External interrupt timing® 1.62Vto1.98V 20 ns

(1) In all test conditions, V|o < Vcc.

(2) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t;ny is met. It may be set by trigger signals
shorter than tny.
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5.11 Leakage Current — General-Purpose I/O DVCC Domain
(P1.0 to P1.3, P5.0 to P5.5, P6.0 to P6.7, PJ.0 to PJ.3)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
likg(P.y) High-impedance leakage current ® e 1.8V,3V -50 50| nA

(1) The leakage current is measured with Vgg or V¢ applied to the corresponding pins, unless otherwise noted.
(2) The leakage of the digital port pins is measured individually. The port pin is selected for input and the pullup or pulldown resistor is
disabled.

5.12 Leakage Current — General-Purpose 1/0 DVIO Domain
(P1.4to P1.7, P2.0to P2.7, P3.0 to P3.4, P4.0 to P4.7, P7.0 to P7.5)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vio @ MIN  MAX| UNIT
likg(Px.y) High-impedance leakage current @6 162Vt01.98V | -50 50| nA

(1) In all test conditions, V|g < Vcc.
(2) The leakage current is measured with Vgg or Vg applied to the corresponding pins, unless otherwise noted.

(3) The leakage of the digital port pins is measured individually. The port pin is selected for input and the pullup or pulldown resistor is
disabled.

5.13 Outputs — General-Purpose 1/0 DVCC Domain (Full Drive Strength)
(P1.0 to P1.3, P5.0 to P5.5, P6.0 to P6.7, PJ.0 to PJ.3)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT

I(OHmax) =-3 mA(l) 18V Vee — 0.25 Vce
[ =-10 mA® ' Vee — 0.60 vV

Vou High-level output voltage (OHima) 1 e e \%
I(OHmax) =-5 mA( ) 3V Vee — 0.25 Vce
I(OHmax) =-15 mA(Z) Vee — 0.60 Vce
loLmax) = 3 mMA® 18V Vss Vss +0.25
loLmax) = 10 MA® . Vss Vss +0.60

VoL Low-level output voltage 1 \%
loLmax) = 5 MA® v Vss Vss+0.25
I(OLmax) =15 mA(Z) Vss Vss + 0.60

(1) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage drop

specified.
(2) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined should not exceed +100 mA to hold the maximum voltage
drop specified.

5.14 Outputs — General-Purpose I/O DVCC Domain (Reduced Drive Strength)
(P1.0 to P1.3, P5.0 to P5.5, P6.0 to P6.7, PJ.0 to PJ.3)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT

loHmax = -1 MA® Lav Vee - 0.25 Vee
[ =-3mA® ' Vce - 0.60 Y

VoH High-level output voltage (OHmax) 5 cc ccl
I(OHmax) =-2 mA( ) 30V Vee —0.25 Vee
l(oHmax) = —6 MA® ' Ve - 0.60 Vee
loLmax) = 1 mA® 18V Vss Vsg +0.25
[ =3mA® ' Vss Vss +0.60

VoL Low-level output voltage (OLmax) 5 ss Vss v
lioLmax =2 MA® Y Vss Vss+0.25
loLmax) = 6 MA®) ' Vss Vss +0.60

(1) Selecting reduced drive strength may reduce EMI.
(2) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop
specified.

(3) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined, should not exceed +100 mA to hold the maximum voltage
drop specified.
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5.15 Outputs — General-Purpose I/0O DVIO Domain (Full Drive Strength)
(P1.4to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7, P7.0 to P7.5)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vio® MIN MAX| UNIT
I =-3mA® Vio — 0.25 \%
Vou High-level output voltage (Ohimax) > 1.62V1to 198V 1 ° \%
I(OHmaX) =-6 mA( ) Vio — 0.50 Vio
I =3mA®@ Vss Vss+0.25
VoL Low-level output voltage (OLmax) > 1.62V1to1.98V SS_7SS \%
I(OLmax) =6 mA( ) Vss Vss +0.50

(1) In all test conditions, Vo < Vcc.

(2) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop

specified.

5.16 Outputs — General-Purpose 1/0 DVIO Domain (Reduced Drive Strength)
(P1.4 to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7, P7.0 to P7.5)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vio® MIN MAX | UNIT
I =-1mA® Vig — 0.25 vV
Vou  High-level output voltage (OHmax) 3 1.62V101.98V [—2 o v
l(oHmax) = =2 MA® Vo — 0.50 Vio
I =1mA® Vss Vss +0.25
VoL Low-level output voltage (OL.max) 3 1.62V 10198V SS_7SS \%
loLmax) = 2 MA® Vss Vss + 0.50

(1) Selecting reduced drive strength may reduce EMI.

(2) In all test conditions, V|o < V¢c.

(38) The maximum total current, loHmax) @and lioLmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop

specified.
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5.17 Output Frequency — General-Purpose I/O DVCC Domain
(P1.0 to P1.3, P5.0 to P5.5, P6.0 to P6.7, PJ.0 to PJ.3)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
VCC =1.8 V, 16
f Port output frequency 0@ PMMCOREVx =0 MHz
Pxy (with load) Vee =3V, o5
PMMCOREVX =3
VCC =1.8 V, 16
fport cLK Clock output frequency ACLK, SM((:Z%K' or MCLK, PMMCOREVX =0 MHz
- C|_=20p|: VCCZSV,
25
PMMCOREVX =3

(1) Aresistive divider with 2 x R1 between V¢ and Vgg is used as load. The output is connected to the center tap of the divider. For full

drive strength, R1 = 550 Q. For reduced drive strength, R1 = 1.6 kQ. C, = 20 pF is connected to the output to Vss.

(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.

5.18 Output Frequency — General-Purpose 1/0 DVIO Domain
(P1.4to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7, P7.0 to P7.5)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Vio = 1.62 Vto 1.98 VO, 16
¢ Port output frequency D) PMMCOREVx = 0 MHz
Pxy (with load) Vio =1.62Vto 1.98 VO, -
PMMCOREVx = 3
Vio = 1.62 Vto 1.98 VO, 16
f Clock output frequency ACLK, SMCLK, or MCLK, PMMCOREVX = 0 MHz
Port_CLK CL =20 pF® Vio = 1.62 V t0 1.98 V©), -
PMMCOREVx = 3

(1) Aresistive divider with 2 x R1 between V|g and Vgg is used as load. The output is connected to the center tap of the divider. For full
drive strength, R1 = 550 Q. For reduced drive strength, R1 = 1.6 kQ. C, = 20 pF is connected to the output to Vgs.

(2) The output voltage reaches at least 10% and 90% Vo at the specified toggle frequency.

(3) Inall test conditions, V|o < Vcc.
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5.19 Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

V., — Low-Level Output Voltage — V
Figure 5-4. Typical Low-Level Output Current vs Low-Level

Output Voltage

V., — Low-Level Output Voltage — V

Output Voltage
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Figure 5-5. Typical Low-Level Output Current vs Low-Level

V., — High-Level Output Voltage — V
Figure 5-6. Typical High-Level Output Current vs High-Level

Output Voltage

Vo, — High-Level Output Voltage — V
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Figure 5-7. Typical High-Level Output Current vs High-Level
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5.20 Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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V,, — Low-Level Output Voltage — V
Figure 5-8. Typical Low-Level Output Current vs Low-Level
Output Voltage

I, — Typical Low-Level Output Current — mA
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Figure 5-9. Typical Low-Level Output Current vs Low-Level
Output Voltage
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5.21 Crystal Oscillator, XT1, Low-Frequency Mode
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
fosc = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEx =1, 0.075
Ta=25°C
Differential XT1 oscillator crystal | fosc = 32768 Hz, XTS =0,
AlpyccLe  current consumption from lowest | XT1BYPASS = 0, XT1DRIVEX = 2, 3.0V 0.170 HA
drive setting, LF mode Ta=25°C
fosc = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 0.290
Ta=25°C
frre e %‘Z%"amr crystal frequency, | y15 _ o xT1BYPASS = 0 32768 Hz
XT1 oscillator logic-level square- | XTS = 0, XTIBYPASS = 1)
TLLESW  ave input frequency, LF mode | XT1BYPASSLV =0 or 1 10 32768 50| kHz
XTS =0, XT1BYPASS =0,
XT1DRIVEX = 0, 210
oA Oscillation allowance for fxr1,LF = 32768 Hz, Cy et = 6 PF KO
LF LF crystals® XTS = 0,
XT1BYPASS = 0, XT1IDRIVEx =1, 300
fXTl,LF = 32768 Hz, CL,eff =12 pF
XTS = 0, XCAPx = 0 1
c Integrated effective load XTS =0, XCAPx =1 5.5 F
Leff capacitance, LF mode ® XTS = 0, XCAPX = 2 8.5 P
XTS =0, XCAPx = 3 12.0
XTS =0, Measured at ACLK, o o
Duty cycle, LF mode fyriir = 32768 Hz 30% 70%
Oscillator fault frequency, XTS = 0, XTIBYPASS = 1®),
fraur,LF LF mode (") XT1BYPASSLV = 0 or 1 10 10000 Hz
fosc = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEx = 0, 1000
i TA = 25°C, C|_ eff = 6 pF
tSTART LF Start-up time, LF mode : 3.0V ms
' fosc = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 500
Ta =25°C, CL,eff =12 pF

(1) To improve EMI on the XT1 oscillator, the following guidelines should be observed.
» Keep the trace between the device and the crystal as short as possible.

Design a good ground plane around the oscillator pins.

Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.

Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.

Use assembly materials and processes that avoid any parasitic load on the oscillator XIN and XOUT pins.

« If conformal coating is used, make sure that it does not induce capacitive or resistive leakage between the oscillator pins.

(2) When XT1BYPASS is set, XT1 circuits are automatically powered down. Input signal is a digital square wave with parametrics defined in
the Schmitt-Trigger Inputs section of this data sheet. When in crystal bypass mode, XIN can be configured so that it can support an
input digital waveform with swing levels from DVSS to DVCC (XT1BYPASSLV = 0) or DVSS to DVIO (XT1BYPASSLV = 1). In this case,
the pin must be configured properly for the intended input swing.

(3) Maximum frequency of operation of the entire device cannot be exceeded.

(4) Oscillation allowance is based on a safety factor of 5 for recommended crystals. The oscillation allowance is a function of the
XT1DRIVEX settings and the effective load. In general, comparable oscillator allowance can be achieved based on the following
guidelines, but each application should be evaluated based on the actual crystal selected:

* For XTIDRIVEX =0, C| ¢ < 6 pF

* For XTIDRIVEXx =1, 6 pF < C_ <9 pF
* For XT1DRIVEX = 2, 6 pF < C_ g < 10 pF
* For XT1DRIVEX = 3, C 11 2 6 pF

(5) Includes parasitic bond and package capacitance (approximately 2 pF per pin).

Because the PCB adds additional capacitance, verify the correct load by measuring the ACLK frequency. For a correct setup, the
effective load capacitance should always match the specification of the used crystal.

(6) Requires external capacitors at both terminals. Values are specified by crystal manufacturers.

(7) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies between the MIN and MAX specifications might set the flag.

(8) Measured with logic-level input frequency but also applies to operation with crystals.
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5.22 Crystal Oscillator, XT2
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®®

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
fosc =4 MHz, XT20FF = 0,
XT2BYPASS = 0, XT2DRIVEx = 0, 200
Tp = 25°C
fosc =12 MHz, XT20FF = 0,
XT2BYPASS = 0, XT2DRIVEx = 1, 260
XT2 oscillator crystal current Ta=25°C
loveextz consumption fosc = 20 MHz, XT20FF = 0, 30V HA
XT2BYPASS = 0, XT2DRIVEx = 2, 325
Tp = 25°C
fosc =32 MHz, XT20FF = 0,
XT2BYPASS = 0, XT2DRIVEx = 3, 450
Tp = 25°C
fr2,HF0 )r%i: %C'”ator crystal frequency, | yropR1VEX = 0, XT2BYPASS = 00 4 8| MHz
o ﬂi:slc'"ator crystal frequency, | y1oppivEX = 1, XT2BYPASS = 0©) 8 16| MHz
fyr2,HF2 ﬂi: Szc'”ator crystal frequency, | yropR1VEX = 2, XT2BYPASS = 00 16 24| MHz
fyraHEs :T(]‘I(')%:%cnlator crystal frequency, XT2DRIVEX = 3, XT2BYPASS = 0 24 32| MHz

XT2 oscillator logic-level square- XT2BYPASS = 1@®

fxT2,HE.SW wave input frequency, bypass XT2BYPASSLY = 0 or 1 0.7 32| MHz

mode
XT2DRIVEX = 0, XT2BYPASS =0, 450
fxr2,HF0 = 6 MHZ, Cp_ e = 15 pF
XT2DRIVEX = 1, XT2BYPASS = 0, 320
OA Oscillation aélowance for fxr2,HFL = 12 MHZ, Cp e = 15 pF o
HF HF crystals®) XT2DRIVEX = 2, XT2BYPASS =0, 200
fxr2,HE2 = 20 MHZ, C e = 15 pF
XT2DRIVEX = 3, XT2BYPASS = 0, 200
fXTZ,HF3 = 32 MHz, CL,eff =15 pF
fosc =6 MHz,
XT2BYPASS = 0, XT2DRIVEX = 0, 0.5
i Ta=25°C, C_ off = 15 pF
tSTART.HF Start-up time - 30V ms
' fosc =20 MHz,
XT2BYPASS = 0, XT2DRIVEX = 2, 0.3
Ta = 25°C, CL,eff =15 pF
Integrated effective load
Cef capacitance, HF mode® M 1 pF
Duty cycle Measured at ACLK, fyrp yr2 = 20 MHz 40% 50%  60%

(1) Requires external capacitors at both terminals. Values are specified by crystal manufacturers.
(2) To improve EMI on the XT2 oscillator the following guidelines should be observed.
» Keep the traces between the device and the crystal as short as possible.
» Design a good ground plane around the oscillator pins.
* Prevent crosstalk from other clock or data lines into oscillator pins XT2IN and XT20UT.
* Avoid running PCB traces underneath or adjacent to the XT2IN and XT20UT pins.
* Use assembly materials and processes that avoid any parasitic load on the oscillator XT2IN and XT20UT pins.
» If conformal coating is used, make sure that it does not induce capacitive or resistive leakage between the oscillator pins.

(3) This represents the maximum frequency that can be input to the device externally. Maximum frequency achievable on the device
operation is based on the frequencies present on ACLK, MCLK, and SMCLK cannot be exceed for a given range of operation.

(4) When XT2BYPASS is set, the XT2 circuit is automatically powered down. Input signal is a digital square wave with parametrics defined
in the Schmitt-trigger Inputs section of this data sheet. When in crystal bypass mode, XT2IN can be configured so that it can support an
input digital waveform with swing levels from DVSS to DVCC (XT2BYPASSLYV = 0) or DVSS to DVIO (XT2BYPASSLV = 1). In this case,
it is required that the pin be configured properly for the intended input swing.

(5) Oscillation allowance is based on a safety factor of 5 for recommended crystals.

(6) Includes parasitic bond and package capacitance (approximately 2 pF per pin).

Because the PCB adds additional capacitance, verify the correct load by measuring the ACLK frequency. For a correct setup, the
effective load capacitance should always match the specification of the used crystal.
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Crystal Oscillator, XT2 (continued)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®®

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT

fraulHE Oscillator fault frequency (™ é%gigﬁgg;}fg or 1 30 300| kHz

(7) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies between the MIN and MAX specifications might set the flag.

(8) Measured with logic-level input frequency but also applies to operation with crystals. In general, an effective load capacitance of up to
18 pF can be supported.

5.23 Internal Very-Low-Power Low-Frequency Oscillator (VLO)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
fuLo VLO frequency Measured at ACLK 18Vto3.6V 6 9.4 14| kHz
dfy o/dt VLO frequency temperature drift Measured at ACLK®) 1.8Vto3.6V 0.5 %/°C
dfy o/dVce VLO frequency supply voltage drift Measured at ACLK® 1.8Vto3.6V 4 %IV

Duty cycle Measured at ACLK 18Vto3.6V 40% 50% 60%
(1) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(-40°C to 85°C) / (85°C — (—40°C))
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 Vt0 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)
5.24 Internal Reference, Low-Frequency Oscillator (REFO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
IReEFO REFO oscillator current consumption | To = 25°C 1.8Vto3.6V 3 HA
REFO frequency Measured at ACLK 1.8Vto3.6V 32768 Hz
frero Full temperature range 1.8Vt03.6V | -3.5% 3.5%
REFO absolute tolerance
Ta=25°C 3V -1.5% 1.5%
dfrero/dr REFO frequency temperature drift Measured at ACLK® 1.8Vto3.6V 0.01 %/°C
dfrero/dVee REFO frequency supply voltage drift | Measured at ACLK® 1.8Vto3.6V 1.0 %IV
Duty cycle Measured at ACLK 1.8Vto3.6V 40% 50% 60%
tsTART REFO start-up time 40%/60% duty cycle 1.8Vto3.6V 25 us
(1) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(-40°C to 85°C) / (85°C — (—40°C))
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 Vt0 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)
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5.25 DCO Frequency

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
fbco(,0) DCO frequency (0, 0)® DCORSELXx = 0, DCOXx = 0, MODx = 0 0.07 0.20| MHz
foco,31) DCO frequency (0, 31)® DCORSELx = 0, DCOx = 31, MODx = 0 0.70 1.70| MHz
foco(,0) DCO frequency (1, 0)® DCORSELXx = 1, DCOXx = 0, MODx = 0 0.15 0.36| MHz
foco(,31) DCO frequency (1, 31)® DCORSELXx = 1, DCOx = 31, MODx = 0 1.47 3.45| MHz
foco@,0) DCO frequency (2, 0)® DCORSELXx = 2, DCOx = 0, MODx = 0 0.32 0.75| MHz
foco@,a1) DCO frequency (2, 31)® DCORSELXx = 2, DCOx = 31, MODx = 0 3.17 7.38| MHz
foco(,0) DCO frequency (3, 0)® DCORSELXx = 3, DCOx = 0, MODx = 0 0.64 1.51| MHz
foco@,an) DCO frequency (3, 31)® DCORSELXx = 3, DCOx = 31, MODx = 0 6.07 14.0| MHz
foco(,0) DCO frequency (4, 0)® DCORSELXx = 4, DCOXx = 0, MODx = 0 1.3 3.2| MHz
foco,a1) DCO frequency (4, 31)® DCORSELXx = 4, DCOx = 31, MODx = 0 12.3 28.2| MHz
foco(s,0) DCO frequency (5, 0)® DCORSELXx = 5, DCOXx = 0, MODx = 0 25 6.0| MHz
focos,a1) DCO frequency (5, 31)® DCORSELx = 5, DCOx = 31, MODx = 0 23.7 54.1| MHz
foco(s,0) DCO frequency (6, 0)® DCORSELXx = 6, DCOx = 0, MODx = 0 4.6 10.7| MHz
focos,a1) DCO frequency (6, 31)Y DCORSELXx = 6, DCOx = 31, MODx = 0 39.0 88.0| MHz
foco(7,0) DCO frequency (7, 0)® DCORSELXx = 7, DCOx = 0, MODx = 0 8.5 19.6| MHz
foco,31) DCO frequency (7, 31)® DCORSELXx = 7, DCOx = 31, MODx = 0 60 135| MHz
SbcoRrsEL ErgguRegEyL ?‘;r?cri] lk))?:t\g(;esnErLarlgle SrskeL = focopcorseL+1,bco)focopcorseL,bco) 12 23| ratio
Sbco Erggugrr]lgstct%J f itween tap Sbco = focopcorseL bco+1y/fococorsEL beo) 1.02 1.12| ratio
Duty cycle Measured at SMCLK 40% 50%  60%
dfpco/dT lIj)r(i%to(z)frequency temperature foco = 1 MHZ 0.1 %/°C
dfpco/dVee DCO frequency voltage drift®) foco = 1 MHz 1.9 %IV

(1) When selecting the proper DCO frequency range (DCORSELX), the target DCO frequency, fpco, should be set to reside within the
range of fpcon, 0),max = foco < focon, 31),min: Where foconm, 0),max represents the maximum frequency specified for the DCO frequency,
range n, tap 0 (DCOx = 0) and fpcom,31),min represents the minimum frequency specified for the DCO frequency, range n, tap 31 (DCOx
= 31). This ensures that the target DCO frequency resides within the range selected. It should also be noted that if the actual fpco

frequency for the selected range causes the FLL or the application to select tap 0 or 31, the DCO fault flag is set to report that the

selected range is at its minimum or maximum tap setting.

(2) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(—40°C to 85°C) / (85°C - (-40°C))

(3) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V10 3.6 V)) / MIN(1.8 V0 3.6 V) / (3.6 V- 1.8 V)

100 -
V., =30V = =
- T,=25°C P // //
/ / //
0 S S [/
N ll ’l ’l 7
3 yi /———
| / / /
3 ) / /
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Figure 5-12. Typical DCO Frequency
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5.26 PMM, Brownout Reset (BOR)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Vpvce BoR - BORy on voltage, DV falling level | dDVcc/d; | < 3 Vis 1.45 \
Vpvce BoR T+ BORy off voltage, DV rising level | dDVcc/di | < 3 Vis 0.80 1.30 1.50 \%
Vbvce BOR hys BORy hysteresis 50 250| mv
- ZL:Lssee?uration required at RST/NMI pin to accept 5 s

5.27 PMM, Core Voltage

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Veores(AM) S,‘mé‘g?g% fc:f"e mode, 2.4V <DVec <36V 1.90 v
Veorea(AM) g&r&éggg% 2C2ti"e mode, 22V<DVec <36V 1.80 v
Vcore1(AM) g&r&éggg% icltive mode, 20V <DV <36V 1.60 v
Veoreo(AM) g&r&éggg% 2%“"3 mode, 1.8V <DVee<3.6V 1.40 v

Core voltage, low-current mode,

Vcores(LPM) PMMCOREY = 3 24V<DVec<3.6V 1.94 v
Core voltage, low-current mode,

Veore2(LPM) PMMCOREV ) 22V<DVec 36V 1.84 \Y
Core voltage, low-current mode,

Veore1(LPM) PMMCOREV oy 2.0V <DVcc <36V 1.64 v
Core voltage, low-current mode, <

Vcoreo(LPM) PMMCOREY = 0 1.8V <DVec<3.6V 1.44 \Y
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5.28 PMM, SVS High Side

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SVSHE =0, DVcc =3.6 V 0 A
n
I(svsh) SVS current consumption SVSHE =1, DV¢cc = 3.6 V, SVSHFP =0 200
SVSHE =1, DV = 3.6 V, SVSHFP = 1 15 A
SVSHE =1, SVSHRVL =0 1.57 1.68 1.78
1 SVSHE =1, SVSHRVL =1 1.79 1.88 1.98
V(svst i)  SVSy on voltage level® \%
- SVSHE =1, SVSHRVL =2 1.98 2.08 2.21
SVSHE =1, SVSHRVL =3 2.10 2.18 231
SVSHE =1, SVSMHRRL =0 1.62 1.74 1.85
SVSHE =1, SVSMHRRL =1 1.88 1.94 2.07
SVSHE =1, SVSMHRRL = 2 2.07 2.14 2.28
a SVSHE = 1, SVSMHRRL =3 2.20 2.30 2.42
V(svsH_IT+)  SVSy off voltage level \%
- SVSHE =1, SVSMHRRL =4 2.32 2.40 2.55
SVSHE =1, SVSMHRRL =5 2.52 2.70 2.88
SVSHE = 1, SVSMHRRL = 6 2.90 3.10 3.23
SVSHE = 1, SVSMHRRL =7 2.90 3.10 3.23
SVSHE =1, dVDvccldt =10 mV/ps, 25
; SVS tion del SVSHFP =1 :
ropagation dela: s
PA(SVSH) H Propag y SVSHE = 1, dVpyec/dt = 1 mVijs, 20 "
SVSHFP =0
SVSHE=0—1, dVDVCC/dt =10 mV/uS, 125
t svs ff delay ti SVSHFP =1 -
on or off delay time s
(SVSH) H y SVSHE = 0 — 1, dVpyec/dt = 1 mVis, 100 "
SVSHFP =0
dVDVCC/dt DVce rise time 0 1000 Vis

(1) The SVSy settings available depend on the VCORE (PMMCOREVX) setting. See the Power Management Module and Supply Voltage
Supervisor chapter in the MSP430F5xx and MSP430F6xx Family User's Guide on recommended settings and use.
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5.29 PMM, SVM High Side

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

SVMHFP =0

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SVMHE = 0, DVc = 3.6 V 0 A
l(svMH) SVMy current consumption SVMHE= 1, DV¢c = 3.6 V, SVMHFP =0 200
SVMHE =1, DVc = 3.6 V, SYMHFP = 1 1.5 PA
SVMHE =1, SVSMHRRL =0 1.62 1.74 1.85
SVMHE =1, SVSMHRRL =1 1.88 1.94 2.07
SVMHE =1, SVSMHRRL =2 2.07 2.14 2.28
SVMHE =1, SVSMHRRL = 3 2.20 2.30 2.42
V(svMH) SVMy on or off voltage level® SVMHE = 1, SVSMHRRL = 4 2.32 2.40 255 V
SVMHE =1, SVSMHRRL =5 2.52 2.70 2.88
SVMHE =1, SVSMHRRL =6 2.90 3.10 3.23
SVMHE =1, SVSMHRRL =7 2.90 3.10 3.23
SVMHE =1, SVMHOVPE =1 3.75
SVMHE = 1, dVpycc/dt = 10 mV/ps, 25
, SVMHFP =1
todsvmry  SVMy propagation delay SVMHE = 1, dVoyeo/dt = 1 mVips, " us
SVMHFP =0
SVMHE = 0 — 1, dVpycc/dt = 10 mV/s, 125
, SVMHFP = 1
t(svMH) SVMy on or off delay time SVMHE = 0 - 1, dVgyeo/dt = 1 mVips, o0 us

(1) The SVMy settings available depend on the VCORE (PMMCOREVX) setting. See the Power Management Module and Supply Voltage
Supervisor chapter in the MSP430F5xx and MSP430F6xx Family User's Guide on recommended settings and use.

5.30 PMM, SVS Low Side

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVSLE =0, PMMCOREYV =2 0 A
n

IisvsL) SVS, current consumption SVSLE =1, PMMCOREYV = 2, SVSLFP =0 200

SVSLE =1, PMMCOREYV =2, SVSLFP =1 15 pA
. SVSLE =1, dVcprg/dt = 10 mV/ps, SVSLFP = 1 25

todsvsy — SVS, propagation delay ps
SVSLE =1, dVcprg/dt = 1 mV/ps, SVSLFP =0 20
. SVSLE =0 — 1, dVcogre/dt = 10 mV/ps, SVSLFP =1 12.5

tsvsL) SVS, on or off delay time ps
SVSLE =0 — 1, dVcogre/dt = 1 mV/ps, SVSLFP =0 100
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5.31 PMM, SVM Low Side

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
SVMLE = 0, PMMCOREV = 2 0 A
n
l(svmL) SVM__ current consumption SVMLE= 1, PMMCOREV =2, SVMLFP =0 200
SVMLE= 1, PMMCOREYV = 2, SVMLFP =1 15 HA
. SVMLE = 1, dVcorg/dt = 10 mV/ps, SVMLFP =1 2.5
toasvmy  SVM_ propagation delay us
SVMLE = 1, dVcorg/dt = 1 mV/ps, SVMLFP =0 20
) SVMLE = 0 — 1, dVcogre/dt = 10 mV/us, SVMLFP =1 125
tisvmL) SVM_ on or off delay time us
SVMLE =0 — 1, dVcogre/dt = 1 mV/us, SYVMLFP =0 100
5.32 Wake-up Times From Low-Power Modes and Reset
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Wake-up time from LPM2, PMMCOREV = SVSMLRRL =n | fmcik 2 4.0 MHz 35 75
tWAKE-UP-FAST LPM3, or LPM4 to active (wheren=0, 1, 2, or 3), 1.0 MHz < f < us
mode® SVSLFP = 1 10MHz o 45 9
Wake-up time from LPM2, PMMCOREV = SVSMLRRL =n
tWAKE-UP-SLOW LPM3, or LPM4 to active (wheren=0, 1, 2, or 3), 150 175 us
mode @ ® SVSLFP =0
t Wake-up time from LPM4.5 2 3| ms
WAKE-UP-LPM5  tg active mode )
Wake-up time from RST or
tWAKE-UP-RESET P 2 3| ms

BOR event to active mode ¥

(1) This value represents the time from the wake-up event to the first active edge of MCLK. The wake-up time depends on the performance
mode of the low-side supervisor (SVS,) and low-side monitor (SVM\). twake-up-easT IS possible with SVS and SVM, in full performance
mode or disabled. For specific register settings, see the Low-Side SVS and SVM Control and Performance Mode Selection section in
the Power Management Module and Supply Voltage Supervisor chapter of the MSP430F5xx and MSP430F6xx Family User's Guide.

(2) This value represents the time from the wake-up event to the first active edge of MCLK. The wake-up time depends on the performance
mode of the low-side supervisor (SVS|) and low-side monitor (SVM,). twake-up-sLow IS set with SVS, and SVM, in normal mode (low
current mode). For specific register settings, see the Low-Side SVS and SVM Control and Performance Mode Selection section in the

Power Management Module and Supply Voltage Supervisor chapter of the MSP430F5xx and MSP430F6xx Family User's Guide.

(3) The wake-up times from LPMO and LPML1 to AM are not specified. They are proportional to MCLK cycle time but are not affected by the
performance mode settings as for LPM2, LPM3, and LPM4.
(4) This value represents the time from the wake-up event to the reset vector execution.
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5.33 Timer_A
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee Vio MIN  TYP MAX|UNIT
Internal: SMCLK or ACLK, 1.8V 162Vto1l8V 25
fra Timer_A input clock frequency External: TACLK, MHz
Duty cycle = 50% +10% 3.0V 1.62V1t01.98V 25
All capture inputs, 1.8V 162Vto1.8V 20
tracap Timer_A capture timing® Minimum pulse duration ns
required for capture 3.0V 162Vio1.98V 20

(1) The external signal sets the interrupt flag every time the minimum parameters are met. It may be set even with trigger signals shorter
than tTA,cap-

5.34 Timer_B
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee Vio MIN TYP  MAX| UNIT

Internal: SMCLK or ACLK, 18V 162Vto18V 25

fre Timer_B input clock frequency External: TBCLK, MHz
Duty cycle = 50% +10% 3.0V 1.62V1t01.98V 25
All capture inputs, 1.8V 162Vto1.8V 20

trgcap Timer_B capture timing® Minimum pulse duration ns
required for capture 3.0V 162Vio1.98V 20

(1) The external signal sets the interrupt flag every time the minimum parameters are met. It may be set even with trigger signals shorter
than tTB,cap-
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5.35 USCI (UART Mode), Recommended Operating Conditions

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Internal: SMCLK or ACLK,
fuscl USCI input clock frequency External: UCLK, fsystem| MHz

Duty cycle = 50% £10%

BITCLK clock frequency

farreLk (equals baud rate in MBaud) 1] MHz
5.36 USCI (UART Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER Vee Vio MIN  MAX| UNIT
18V 1.62 V to 50 600
) N 1.80V
t UART receive deglitch time( 162Vt ns
. (0}
3.0V 108V 50 600

(1) Pulses on the UART receive input (UCxRX) shorter than the UART receive deglitch time are suppressed. To ensure that pulses are
correctly recognized, their duration should exceed the maximum specification of the deglitch time.

5.37 USCI (SPI Master Mode), Recommended Operating Conditions

PARAMETER TEST CONDITIONS MIN MAX | UNIT

Internal: SMCLK or ACLK, f MHz
Duty cycle = 50% +10% SYSTEM

fusct  USCI input clock frequency

5.38 USCI (SPI Master Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®
(see Figure 5-13 and Figure 5-14)

PARAMETER TEST CONDITIONS Vce Vio MIN MAX | UNIT
: SMCLK or ACLK,
fusci USCI input clock frequency Duty cycle = 50% +10% fsystem| MHz
18V 1.62Vto 180V 55
PMMCOREYV =0
) ) 30V | 1.62Vt01.98V 55
tsumi SOMI input data setup time ns
' 24V 1.62Vto 198V 35
PMMCOREYV = 3
30V | 1.62Vt01.98V 35
18V | 1.62Vto 180V 0
PMMCOREYV =0
. . 30V | 1.62Vt01.98V 0
tHp.mI SOMI input data hold time ns
' 24V | 162Vto1.98V 0
PMMCOREV = 3
30V | 1.62Vt01.98V 0
UCLK edge to SIMO valid, 18V | 1.62Vto1.80V 20
C_ =20 pF,
o ) PMMCOREV =0 3.0V 1.62Vto 198V 20
tvaubmo  SIMO output data valid time @) - ns
' UCLK edge to SIMO valid, 24V | 1.62Vto1.98V 16
C_ =20 pF,
PMMCOREV = 3 3.0V 1.62Vto 198V 16
C, = 20 pF, 18V | 1.62V1to1.80V -10
o PMMCOREV =0 30V | 1.62Vt01.98V -10
thp.MO SIMO output data hold time ®) ns
C, = 20 pF, 24V | 1.62Vt0198V -10
PMMCOREV = 3 30V | 1.62V1t01.98V -10

(1) fuexcrk = 12t ommi With t o 2 max(tvacip,mouscl) + tsu,sislave) tsumiuscr *+ tvaLID,sO(Slave))
For the slave parameters tsy sisiave) @Nd tyaLip,so(slave), S€€ the SPI parameters of the attached slave.

(2) Specifies the time to drive the next valid data to the SIMO output after the output changing UCLK clock edge. See the timing diagrams
in Figure 5-13 and Figure 5-14.

(3) Specifies how long data on the SIMO output is valid after the output changing UCLK clock edge. Negative values indicate that the data
on the SIMO output can become invalid before the output changing clock edge observed on UCLK. See the timing diagrams in Figure 5-
13 and Figure 5-14.
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5.39 USCI (SPI Slave Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®
(see Figure 5-15 and Figure 5-16)

PARAMETER TEST CONDITIONS Vee Vio MIN MAX | UNIT
1.8V |1.62Vtol1l.80V 12
PMMCOREV =0
. 30V |162Vto 198V 12
tsteLeap STE lead time, STE low to clock ns
' 24V |1.62Vto 198V 10
PMMCOREYV = 3
30V |162Vto 198V 10
1.8V |1.62Vto1l.80V 6
PMMCOREV =0
t STE lag time, Last clock to STE high 30V |162V0198Y 6
ag time, Last clock to i ns
STELAG 9 g 24V |[162V101.98V 6
PMMCOREYV = 3
30V |162Vto 198V 6
1.8V |1.62Vto1l.80V 65
PMMCOREV =0
STE access time, STE low to SOMI 30V |1.62Vt0o1.98V 65
tstE.ACC ns
' data out 24V [1.62Vt01.98V 45
PMMCOREYV =3
30V |162Vto 198V 45
1.8V |1.62Vto1l.80V 35
PMMCOREV =0
STE disable time, STE high to SOMI 30V |162Vto1.98V 35
tsTEDIS [ ns
' high impedance 24V |1.62Vto1.98V 25
PMMCOREYV = 3
30V |162Vto 198V 25
1.8V |1.62Vto1l.80V 5
PMMCOREV =0
_ _ 30V |162Vt01.98V 5
tsu.si SIMO input data setup time ns
' 24V |1.62Vto 198V 5
PMMCOREYV = 3
30V |162Vto 198V 5
1.8V |1.62Vto1l.80V 5
PMMCOREV =0
_ _ 30V |162Vt01.98V 5
thp.sI SIMO input data hold time ns
' 24V |162Vto 198V 5
PMMCOREYV = 3
30V |162Vto 198V 5
UCLK edge to SOMI valid, 1.8V |162Vtol1.80V 75
C_ =20 pF,
o ) PMMCOREV = 0 30V |162Vto198V 75
tyapso SOMI output data valid time® . ns
' UCLK edge to SOMI valid, 24V |1.62V1t01.98V 50
C. =20 pF,
PMMCOREV = 3 30V |162Vto1.98V 50
C_ = 20 pF, 18V |162Vt01.80V 18
s PMMCOREV =0 30V |1.62Vto1.98V 18
thp 50 SOMI output data hold time ©) ns
C_ = 20 pF, 24V |162V101.98V 10
PMMCOREV =3 30V [1.62Vt01.98V 10

(1) fucxerk = L2t oy With t o 2 max(tyaLip, MoMaster) * tsu,siusci) tsuMiMaster) * tvaLip,souscr)
For the master parameters tsy mimaster) aNd tyaLip,Mo(Master): S€€ the SPI parameters of the attached master.

(2) Specifies the time to drive the next valid data to the SOMI output after the output changing UCLK clock edge. See the timing diagrams
in Figure 5-15 and Figure 5-16.

(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. See the timing diagrams in Figure 5-15
and Figure 5-16.
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5.40 USCI (I>)C Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-17)

PARAMETER TEST CONDITIONS Vee Vio® MIN  MAX| UNIT
Internal: SMCLK or ACLK,
fuscl USCI input clock frequency External: UCLK, fsystem| MHz
Duty cycle = 50% +10%
fscL SCL clock frequency 22V,3V | 1.62V1t01.98V 0 400| kHz
. fscL < 100 kHz 4.0
tHp.sTA Hold time (repeated) START 22V,3V | 1.62Vto1.98V us
' fSCL > 100 kHz 0.6
_ fscL < 100 kHz 4.7
tsu.sTa Setup time for a repeated START 22V,3V | 1.62Vto1.98V us
' fSCL > 100 kHz 0.6
tHp, DAT Data hold time 22V,3V | 1.62Vt01.98V 0 ns
tsu,pAT Data setup time 22V,3V | 1.62Vt01.98V 250 ns
. fscL < 100 kHz 4.0
tsu.sTo Setup time for STOP 22V,3V | 1.62Vto1.98V us
' fSCL > 100 kHz 0.6
t Pulse duration of spikes 22V,3V | 1.62V1t01.98V 50  600| ns
SP suppressed by input filter eV : :
(1) In all test conditions, V| £ Ve
h_’l_ tHD.STA tSU‘STA _l‘_’k_’l_ tHD‘STA tBUF _l‘_’l
I [ B |__l
soa ~\_| / X T\ N
T | T A |
I
:‘_ tLOW _*tH\GH'>i | : : tsp —)I |4— | |
I
o N )\ /M)
[ I
| I4_’|_ tSU‘DAT tSU‘STO_H_r’
tHD,DAT_|<_’|
Figure 5-17. I°C Mode Timing
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5.41 10-Bit ADC, Power Supply and Input Range Conditions

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
AVcc and DV¢ are connected together,
AVce Analog supply voltage AVgs and DVsg are connected together, 1.8 3.6 \%
V(avss) = Viovss) =0V
: @ | AllADC10_A pins: P1.0 to P1.5 and P3.6 and
Viax) Analog input voltage range P3.7 terminals 0 AVce \Y
Operating supply current into fapciocik = 5.0 MHz, ADC100N =1, 22V 60 100
AVCC terminal, REF module REFON =0, SHT0 =0, SHT1 =0,
and reference buffer off ADC10DIV =0, ADC10SREF = 00 3V 75 110
Operating supply current into fapciocik = 5.0 MHz, ADC100N =1,
AVCC terminal, REF module REFON =1, SHT0 =0, SHT1 =0, 3V 113 150
on, reference buffer on ADC10DIV =0, ADC10SREF =01
labcio_a | Operating supply current into ng:l(g?\,ui:OS'SOH'\TAOHZ_' gDSCHlTOlOL\lO: L HA
AVCC terminal, REF module o ~ _y 3V 105 140
off. reference buffer on ADC10DIV =0, ADC10SREF = 10,
' VEREF =25V
Operating supply current into fADClOCLK_: 5.0 MHZ_‘ ADClOO'_\‘ =1
. REFON = 0, SHTO0 =0, SHT1 =0,
AVCC terminal, REF module C10 -0 C10S _ 3V 70 110
off, reference buffer off ADCIODIV =0, ADCI0SREF =11,
' VEREF =25V
Only one terminal Ax can be selected at one
C Input capacitance time from the pad to the ADC10_A capacitor 22V 35 pF
array including wiring and pad.
AVee >2V,0V £V <AV 36
R Input MUX ON resistance ce Ax e kQ
1.8V <AVec <2V, 0V < Va < AVce 96

(1) The leakage current is defined in the leakage current table with P6.x/Ax parameter.
(2) The analog input voltage range must be within the selected reference voltage range V. to Vg_ for valid conversion results. The external
reference voltage requires decoupling capacitors. See 0,

5.42 10-Bit ADC, Timing Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
For specified performance of ADC10_A linearity
fADClOCLK Input clock frequency parameters 22V,3V 0.45 5 55| MHz
Internal ADC10_A
fADClOOSC oscillator(l) - ADC10DIV = 0, fADClOCLK = fADClOOSC 2.2 V, 3V 4.2 4.8 5.4 MHz
REFON = 0, Internal oscillator, 12 ADC10CLK
cycles, 10-bit mode, 22V,3V 2.4 3.0
tconvert  Conversion time fapcioosc = 4 MHz to 5 MHz us
External fapciocLk from ACLK, MCLK or 12 x
SMCLK, ADC10SSEL # 0 1/ fapciocik
Turn on settling time of
tADClOON the ADC 9 See @ 100 ns
) . @) 1.8V 3 us
tsample Sampling time Rs=1000 Q, R =96k Q, C, = 3.5 pF
3.0V 1 us

(1) The ADC100SC is sourced directly from MODOSC inside the UCS.

(2) The condition is that the error in a conversion started after tapcioon IS less than £0.5 LSB. The reference and input signal are already
settled.

(3) Approximately 8 Tau (t) are needed to get an error of less than +0.5 LSB
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5.43 10-Bit ADC, Linearity Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
E Integral 1.4V < (Verer+ — Verer-) £ 1.6 V, Cyerer+ = 20 pF 22V 3V $1.0 LsB
I linearity error 1.6 V < (Verer+ — Verer-) < Vavee: Cverer+ = 20 pF - $1.0
Differential

o inearity error 1.4V € (Verers — Verer.), Cverers = 20 pF 22V,3V +1.0| LSB
1.4V = (Verer+ — Verer-): Cverer+ = 20 pF

Eo Offset error Internal impedance of source Rg < 100 Q 22V,3V 10| LSB
; 1.4 V < (Verer+ — Verer-)s Cverer+ = 20 pF,

Eg Gain error ADC10SREFX = 11b 22V,3V +1.0| LSB
Total Unadjusted 14V < (VEREF+ - VeREF—)r CVEREF+ =20 pF,

BT emor ADC10SREFx = 11b 22V, 3V 1.0 220/ LSB

5.44 REF, External Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT
Positive external @
VeRer+ reference voltage input Verer+ > VeRrer- 14 AVcc v
Negative external ®3)
Verer- reference voltage input Verer+ > VeRer- 0 1.2 v
(Verer+ — Differential external )
VeRer.) reference voltage input Verer+ > Verer- 14 AVec| V
1.4V < Verer+ = Vavce s Verer- =0V,
fapciocik = 5 MHz, ADC10SHTX = 0x0001, 22V,3V -26 26
lVeREF+ o Conversion rate = 200 ksps
| € ' Static input current PA
VeREF- 1.4V < VeREF+ < VAVCC y VeREF— =0 V,
fapciocLk = 5 MHZ, ADC10SHTX = 0x1000, 22V,3V -1 1
Conversion rate = 20 ksps
CVREF+ Capacitance at VeREF+ (5) 10 F
CyVREF- or VeREF- terminal H
(1) The external reference is used during ADC conversion to charge and discharge the capacitance array. The input capacitance (C)) is also

the dynamic load for an external reference during conversion. The dynamic impedance of the reference supply should follow the
recommendations on analog-source impedance to allow the charge to settle for 10-bit accuracy.

(2) The accuracy limits the minimum positive external reference voltage. Lower reference voltage levels may be applied with reduced
accuracy requirements.

(3) The accuracy limits the maximum negative external reference voltage. Higher reference voltage levels may be applied with reduced
accuracy requirements.

(4) The accuracy limits minimum external differential reference voltage. Lower differential reference voltage levels may be applied with
reduced accuracy requirements.

(5) Two decoupling capacitors, 10 pF and 100 nF, should be connected to VREF to decouple the dynamic current required for an external
reference source if it is used for the ADC10_A. See also the MSP430F5xx and MSP430F6xx Family User's Guide.
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5.45 REF, Built-In Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
REFVSEL = {2} for 2.5 V, REFON = 1 3V 2.472 251 2.548
VRers ngggl;vee built-in reference ' pErySEL = (1) for 2.0 V, REFON = 1 3V 196 199 202| Vv
REFVSEL = {0} for 1.5 V, REFON = 1 22V,3V | 1472 1495 1518
AVCC minimum voltage, REFVSEL = {0} for 1.5 V 18
AVec(min Po_sitive built-in reference REFVSEL = {1} for 2.0 V 2.2 \%
active REFVSEL = {2} for 2.5 V 2.7
fapciocLk = 5.0 MHz,
REFON = 1, REFBURST =0, 3V 18 24
REFVSEL = {2} for 2.5 V
; fapciocLk = 5.0 MHz,
- afoef\tl'g%st‘;‘r’r’;’]'ﬁ’] SE°™ | REFON = 1, REFBURST = 0, 3V 155 21| pA
REFVSEL = {1} for 2.0 V
fapciocLk = 5.0 MHz,
REFON = 1, REFBURST =0, 3V 13.5 21
REFVSEL = {0} for 1.5 V
Temperature coefficient of | lyrgr+ = 0 A, ppm/
TCrer+ built-in reference® REFVSEL = (0, 1, 2}, REFON = 1 30 501 Toc
| Operating supply current REFON = 0, INCH = 0Ah, 22V 20 22 A
SENSOR into AVCC terminal ) ADC100N =N A, T4 = 30°C 3V 20 oo M
ADC100N = 1, INCH = 0Ah 22V 770
V. See ® > ' ’ mv
SENSOR Ta=30°C 3V 770
= = 22V 1.06 1.1 1.14
Vvip AVCC divider at channel 11 ADC:EOON 1, INCH = 0Bh, \%
Vmip = 0.5 x Vavee 3V 1.46 15 154
t Sample time required if ADC100N = 1, INCH = 0Ah, 30 s
SENSOR(sample)  channel 10 is selected ® Error of conversion result < 1 LSB H
t Sample time required if ADC100N =1, INCH = 0Bh, 1 s
VMID(sample) channel 11 is selected " Error of conversion result < 1 LSB H
ot .+ | AVcc = AVce (min) t0 AVeemax),
PSRR_DC I(:’S)Cv:v)er supply rejection ratio T, 225°C, 120 WV
REFVSEL = {0, 1, 2}, REFON =1
ot .+ | AVcc = AVce (min) 10 AVecmax),
PSRR_AC '(DAOéV)er supply rejection ratio |+ "2 50 £2 " kHz, AVpP = 100 mV 6.4 mviv
REFVSEL = {0, 1, 2}, REFON =1
N Settling(stsi)me of reference AVcc = AV(_;C (min) t0 AVCC(maX)_ 75 us
voltage REFVSEL ={0, 1, 2}, REFON =0 —> 1

(1) The leakage current is defined in the leakage current table with P6.x/Ax parameter.

(2) The internal reference current is supplied from terminal AVCC. Consumption is independent of the ADC100N control bit, unless a
conversion is active. The REFON bit enables to settle the built-in reference before starting an analog-to-digital conversion.

(3) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(—40°C to 85°C)/(85°C — (-40°C)).

(4) The sensor current Isensor IS consumed if (ADC100N = 1 and REFON = 1) or (ADC100N = 1 and INCH = 0Ah and sample signal is
high). When REFON = 1, Isgnsor IS already included in Igggs-
(5) The temperature sensor offset can be significant. TI recommends a single-point calibration to minimize the offset error of the built-in
temperature sensor.
(6) The typical equivalent impedance of the sensor is 51 kQ. The sample time required includes the sensor-on time tsensor(on)-
(7) The on-time tymip(en) iS included in the sampling time tymipsample); NO additional on time is needed.

®)

The condition is that the error in a conversion started after tggron is less than £0.5 LSB.
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5.46 Comparator_B
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
Ve Supply voltage 1.8 3.6 Y
18V 38
CBPWRMD =00, CBON =1,
CBRSX = 00 22V 31 38
Comparator operating supply 3V 32 39
lavee_comp cufrrent into A'VtCCi %ﬁcludes CBPWRMD = 01, CBON = 1, 22V, 10 17 HA
reference resistor ladder CBRSx = 00 3V
CBPWRMD =10, CBON =1, 2.2V,
CBRSx = 00 3V 02 0.85
CBREFLx = 01, CBREFACC =0 =218V 1.44 +2.5%
VREF Reference voltage level CBREFLx = 10, CBREFACC =0 222V 1.92 +2.5% \%
CBREFLx =11, CBREFACC =0 =230V 2.39 +2.5%
. . CBREFACC =1, CBREFLx =01, 2.2V,
Quiescent current of resistor CBRSx = 10, REFON = 0, CBON =0 3V 17 22
Iavee Rer ladder into AVCC, including HA
- REF module current CBREFACC = 0, CBREFLx = 01, 22V, 33 40
CBRSx =10, REFON =0, CBON =0 3V
Vic Common mode input range 0 Vee—-1 Y
v InbUt offset Volt. CBPWRMD = 00 -20 20 v
nput offset voltage m
OFFSET P g CBPWRMD = 01 or 10 10 10
Cin Input capacitance 5 pF
o . On (switch closed) 4| kQ
Rsin Series input resistance -
Off (switch open) 50 MQ
CBPWRMD =00, CBF =0 450
) ns
tep E’rﬁ’gaga“on delay, response [ ~ap\WRMD = 01, CBF = 0 600
CBPWRMD =10, CBF =0 50 us
CBPWRMD = 00, CBON =1,
CBF =1, CBFDLY =00 0-35 06 15
. o CBPVYRMD =00, C_BON =1, 0.6 1.0 18
o Propagation delay with filter CBF =1, CBFDLY =01 s
P fiter active CBPWRMD = 00, CBON = 1, 10 18 -
CBF =1, CBFDLY =10 ’ : ’
CBPWRMD = 00, CBON =1,
CBF =1, CBFDLY =11 18 34 6.5
CBON =0 — 1, CBPWRMD = 00 or 1 2
ten_cmp Comparator enable time 01 us
CBON =0 — 1, CBPWRMD =10 100
teN REF Resistor reference enable time |CBON=0-—-1 1.0 15| ps
TC Temperature coefficient 50 ppm/
CBREF  reference of Vg rer °C
; - ; ; Vin % Vin % Vin %
Ves Rer ;&Fe]ference voltage for a given ?\/Ii\lat:)e;elrence into resistor ladder, (n+0.5) (+1) (n+15) vV
/32 /32 /32
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5.47 Flash Memory

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER Ty MIN TYP MAX| UNIT
DVccpemierase) Program and erase supply voltage 1.8 3.6 Y
IpgMm Average supply current from DVCC during program 3 5| mA
IERASE Average supply current from DVCC during erase 11| mA
IMERASE: |BANK Average supply current from DVCC during mass erase or bank erase 11| mA
tcpr Cumulative program time ® 16| ms
Program and erase endurance 104 10° cycles
tRetention Data retention duration 25°C 100 years
tword Word or byte program time ) 64 85| Ws
tBlock, 0 Block program time for first byte or word® 49 65| Ws
telock, 1-(N-1) \Izlé)r(;k( J)Jrogram time for each additional byte or word, except for last byte or 37 49| s
tBlock, N Block program time for last byte or word? 55 73| us
tErase Erase time for segment, mass erase, and bank erase when available ) 23 32| ms
FCLK MGR MCLK frequencz/ in marginal read mO(_Je 0 1| MHz
’ (FCTL4.MGRO =1 or FCTL4. MGR1 = 1)

(1) The cumulative program time must not be exceeded when writing to a 128-byte flash block. This parameter applies to all programming
methods: individual word or byte write mode and block write mode.
(2) These values are hardwired into the state machine of the flash controller.

5.48 JTAG and Spy-Bi-Wire Interface

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER Vee Vio MIN  TYP MAX| UNIT
fspw Spy-Bi-Wire input frequency 22V,3V lng\/\}o 0 20| MHz
tsawiow  SPy-Bi-Wire low clock pulse duration 22V,3V lfggv\}o 0.025 15| us

Spy-Bi-Wire enable time (TEST high to acceptance of first clock 1.62 Vto
tsew, en egge)(l’ ( ’ P 22V, 3V | "1 egv ows
- L 1.62Vto
tsewrst  SPy-Bi-Wire return to normal operation time 22V,3V 1.98 V 15 100 us
22v | P2y 0 5
frek TCK input frequency for 4-wire JTAG® - MHz
3V 1.62Vto 0 10
1.98 Vv
Rinternal Internal pulldown resistance on TEST 22V,3V lng\/\}o 45 60 80 kQ

(1) Tools that access the Spy-Bi-Wire interface must wait for the tsgw gn time after pulling the TEST/SBWTCK pin high before applying the
first SBWTCK clock edge.
(2) frck may be restricted to meet the timing requirements of the module selected.
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5.49 DVIO BSL Entry
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER Vee Vio MIN  MAX| UNIT
tsy, BsLen  Setup time BSLEN to RST/NMI®) 22V,3V [162Vt01.98V | 100 ns
tho, Bs,en  Hold time BSLEN to RST/NMI®) 22V,3V [162Vt01.98V| 350 ps

(1) AVCC, DVCC, and DVIO stable and within specification.
(2) BSLEN must remain logic high long enough for the boot code to detect its level and enter the BSL sequence. After the minimum hold
time is achieved, BSLEN is a don't care.

BSLEN
VIT+ [

tHO‘BSLEN

RST/NMI
(DVIO domain)

Figure 5-18. DVIO BSL Entry Timing
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6 Detailed Description

6.1 CPU (Link to user's guide)
The MSP430 CPU has a 16-bit RISC architecture that is highly transparent to the application. All
operations, other than program-flow instructions, are performed as register operations in conjunction with
seven addressing modes for source operand and four addressing modes for destination operand.
The CPU is integrated with 16 registers that provide reduced instruction execution time. The register-to-
register operation execution time is one cycle of the CPU clock.
Four of the registers, RO to R3, are dedicated as program counter, stack pointer, status register, and
constant generator, respectively. The remaining registers are general-purpose registers (see Figure 6-1).
Peripherals are connected to the CPU using data, address, and control buses. Peripherals can be handled
with all instructions.
The instruction set consists of the original 51 instructions with three formats and seven address modes
and additional instructions for the expanded address range. Each instruction can operate on word and
byte data.
| Program Counter | Pciro
| Stack Pointer | sPR1
| Status Register | SRICG1/R2
| Constant Generator | CG2/R3
| General-Purpose Register | R4
| General-Purpose Register | R5
| General-Purpose Register | R6
| General-Purpose Register | R7
| General-Purpose Register | R8
| General-Purpose Register | R9
[ General-Purpose Register |  R10
| General-Purpose Register | R11
| General-Purpose Register | R12
| General-Purpose Register | R13
| General-Purpose Register | R14
| General-Purpose Register | R15
Figure 6-1. CPU Registers
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6.2 Operating Modes

These MCUs have one active mode and six software selectable low-power modes of operation. An
interrupt event can wake up the device from any of the low-power modes, service the request, and restore

back to the low-power mode on return from the interrupt program.

Software can configure the following operating modes:

Active mode (AM)

— All clocks are active

Low-power mode 0 (LPMO)

— CPU is disabled

— ACLK and SMCLK remain active, MCLK is disabled
— FLL loop control remains active

Low-power mode 1 (LPM1)

— CPU is disabled

— FLL loop control is disabled

— ACLK and SMCLK remain active, MCLK is disabled
Low-power mode 2 (LPM2)

CPU is disabled

MCLK, FLL loop control, and DCOCLK are disabled
DCO dc-generator remains enabled

— ACLK remains active

Low-power mode 3 (LPM3)

CPU is disabled

MCLK, FLL loop control, and DCOCLK are disabled
DCO dc generator is disabled

— ACLK remains active

Low-power mode 4 (LPM4)

— CPU is disabled

— ACLK is disabled

— MCLK, FLL loop control, and DCOCLK are disabled
— DCO dc generator is disabled

— Crystal oscillator is stopped

— Complete data retention

Low-power mode 4.5 (LPM4.5)

— Internal regulator disabled

— No data retention

— Wake-up signal from RST/NMI, P1, and P2
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6.3 Interrupt Vector Addresses

The interrupt vectors and the power-up start address are in the address range OFFFFh to OFF80h (see
Table 6-1). The vector contains the 16-bit address of the appropriate interrupt-handler instruction

sequence.
Table 6-1. Interrupt Sources, Flags, and Vectors
SYSTEM WORD
INTERRUPT SOURCE INTERRUPT FLAG R e ADDRESS | PRIORITY
System Reset
Power up
External reset
Watchdog time-out, password WDTIFG, KEYV (SYSRSTIV)1M@ Reset OFFFEh 63, highest
violation
Flash memory password violation
PMM password violation
Syslgel\;I“MNM' SVMLIFG, SVMHIFG, DLYLIFG, DLYHIFG,
VLRLIFG, VLRHIFG, VMAIFG, JMBNIFG, (Non)maskable OFFFCh 62
Vacant memory access JMBOUTIFG (SYSSNIV)®
JTAG mailbox
User NMI
NMI NMIIFG, OFIFG, ACCVIFG, BUSIFG
Oscillator fault (SYSUNIV)D® (Nonymaskable OFFFAN 61
Flash memory access violation
COMP_B Comparator B interrupt flags (CBIV)®©®) Maskable OFFF8h 60
TBO TBOCCRO CCIFGO ©) Maskable OFFF6h 59
TBOCCR1 CCIFG1 to TBOCCR6 CCIFGS,
TBO TROIFG (TBOlV)(l)(S) Maskable OFFF4h 58
Watchdog timer interval timer WDTIEG Maskable OFFF2h 57
mode
USCI_AO receive or transmit UCAORXIFG, UCAOTXIFG (UCAO0IV)D® Maskable OFFFOh 56
USCI_BO receive or transmit UCBORXIFG, UCBOTXIFG (UCBOIV)1® Maskable OFFEEh 55
ADC10_A ADCI10IFGOM®)®) Maskable OFFECh 54
TAO TAOCCRO CCIFGO® Maskable OFFEAh 53
TAOCCR1 CCIFG1 to TAOCCR4 CCIFG4,
TAO TAOIEG (TAOlV)(l)(S) Maskable OFFE8h 52
Reserved Reserved Maskable OFFE6h 51
DMA DMAOIFG, DMALIFG, DMA2IFG (DMAIV)D®) Maskable OFFE4h 50
TAL TALCCRO CCIFGO® Maskable OFFE2h 49
TA1CCR1 CCIFG1 to TA1ICCR2 CCIFG2,
TAl TALIFG (TA1|V)(1)(3) Maskable OFFEONh 48
I/O Port P1 P1IFG.0 to P1IFG.7 (P1IV)D®) Maskable OFFDEh 47
USCI_A1 receive or transmit UCA1RXIFG, UCALTXIFG (UCA1IV)1® Maskable OFFDCh 46
USCI_B1 receive or transmit UCB1RXIFG, UCB1TXIFG (UCB1IV)M® Maskable OFFDAh 45
TA2 TA2CCRO CCIFGO® Maskable OFFD8h 44
TA2CCR1 CCIFG1 to TA2CCR2 CCIFG2,
TA2 TA2IFG (TA2|V)(1) @) Maskable OFFD6h 43
/O port P2 P2IFG.0 to P2IFG.7 (P21V)M®) Maskable OFFD4h 42
RTCRDYIFG, RTCTEVIFG, RTCAIFG,
RTC_A RTOPSIFG, RT1PSIFG (RTCIV)D® Maskable OFFD2h 41

(1) Multiple source flags
(2) Aresetis generated if the CPU tries to fetch instructions from within peripheral space or vacant memory space.
(Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the general-interrupt enable cannot disable it.
(3) Interrupt flags are located in the module.
(4) Only on devices with ADC, otherwise reserved
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Table 6-1. Interrupt Sources, Flags, and Vectors (continued)

INTERRUPT SOURCE INTERRUPT FLAG |N§|'YE§;I|-?EUN|LT AE/)VDCI):QREDSS PRIORITY
OFFDOh 40
Reserved Reserved ®) : :
OFF80h 0, lowest

(5) Reserved interrupt vectors at addresses are not used in this device and can be used for regular program code if necessary. To maintain
compatibility with other devices, TI recommends reserving these locations.

6.4 Memory Organization

Table 6-2 summarizes the memory map.

Table 6-2. Memory Organization®

MSP430F5227 MSP430F5229
MSP430F5222 MSP430F5224
MSP430F5217 MSP430F5219
MSP430F5212 MSP430F5214
Memory (flash) . 64KB 128KB
L Total Size
Main: interrupt vector O00FFFFh to OOFF80h 00FFFFh to OOFF80h
32KB
Bank D NIA 0243FFh to 01C400h
32KB
_ Bank C N/A 01C3FFh to 014400h
Main: code memory 32KB 32KB
Bank B 0143FFh to 00C400h 0143FFh to 00C400h
Bank A 32KB 32KB
00C3FFh to 004400h 00C3FFh to 004400h
Sector 3 2KB 2KB
0043FFh to 003C00h 0043FFh to 003C00h
Sector 2 2KB 2KB
RAM 003BFFh to 003400h 003BFFh to 003400h
Sector 1 2KB 2KB
0033FFh to 002C00h 0033FFh to 002C00h
Sector 0 2KB 2KB
002BFFh to 002400h 002BFFh to 002400h
A 128 B 128 B
001BFFh to 001B80h 001BFFh to 001B80h
B 128 B 128 B
001B7Fh to 001B0Oh 001B7Fh to 001B0Oh
Tl factory memory (ROM) 1288 1288
¢ 001AFFh to 001A80h 001AFFh to 001A80h
D 128 B 128 B
001A7Fh to 001A00h 001A7Fh to 001A00h
Info A 128 B 128 B
0019FFh to 001980h 0019FFh to 001980h
Info B 128 B 128 B
. 00197Fh to 001900h 00197Fh to 001900h
Information memory (flash) 1288 1288
Info C 0018FFh to 001880h 0018FFh to 001880h
Info D 128 B 128 B
00187Fh to 001800h 00187Fh to 001800h

(1) N/A = Not available
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Table 6-2. Memory Organization” (continued)

000FFFh to Oh

MSP430F5227 MSP430F5229
MSP430F5222 MSP430F5224
MSP430F5217 MSP430F5219
MSP430F5212 MSP430F5214
BSL 3 512 B 512 B
0017FFh to 001600h 0017FFh to 001600h
BSL 2 512 B 512 B
0015FFh to 001400h 0015FFh to 001400h
Bootloader (BSL) memory (flash)
BSL 1 512 B 512 B
0013FFh to 001200h 0013FFh to 001200h
BSL 0 512 B 512 B
0011FFh to 001000h 0011FFh to 001000h
Peripherals Size 4KB 4KB

000FFFh to Oh
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