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3 Device Comparison
Table 3-1 summarizes the available family members.

Table 3-1. Device Comparison®®)

FRAM | SRAM | CLOCK ' @ | - @ euscl
DEVICE e (<8) | svstew ADCL2B | Comp E  Timer A® Timer BY — S AES BSL IO | PACKAGE
DCO . o
MSP430FR5969 64 2 HEXT | Bet2int gy 33/ 7 2 1 yes UART 40 48 RGZ
ch. 2,2®
LEXT :
DCO . o
MSP430FR59691 64 2 HEXT | Bet2int gy %% 7 2 1 yes 2c 40 48 RGZ
ch. 2,2
LEXT :
DCO . o
MSP430FR5968 48 2 HEXT | Bet2int gy 33 7 2 1 yes UART 40 48 RGZ
ch. 2,2®
LEXT :
DCO . o
MSP430FR5967 32 1 HEXT | Bet2int gy %% 7 2 1 yes UART 40 48 RGZ
ch. 2,2
LEXT :
14 ext, 2 int 33 40 RHA
DCO ch. 3,30
MSP430FR5949 64 2 16 ch. 3 7 2 1 yes UART
LFXT Zex, 2.2
2int ch. 81 38 DA
14 ext, 33 40 RHA
DCO 2 int ch. 3,30
MSP430FR5948 48 2 16 ch. 30 7 2 1 yes UART
LFXT 12Zex, 2.2
2int ch. 81 38 DA
14 ext, 33 40 RHA
DCO 2int ch. 3,30
MSP430FR5947 32 1 16 ch. 2 7 2 1 yes UART
LFXT 12 ext 2.2
2int ch. 31 38 DA
DCO 14 ext, 3,30
: , ,
MSPA430FR59471 32 1 fasosd S 16 ch. 30 7 2 1 yes rc 33 40 RHA
14 ext, 33 40 RHA
DCO 2int ch. 3,30
MSP430FR5959 64 2 16 ch. 2 7 2 1 yes UART
HEXT 12 ext 2.2
2int ch. 31 38 DA
21.4 ext, 33 40 RHA
DCO int ch. 3,30
MSP430FR5958 48 2 et 16 ch. 3 7 2 1 yes UART
12 ext, 2,2
2int ch. 81 38 DA
14 ext, 33 40 RHA
DCO 2 int ch. 3,30
MSP430FR5957 32 1 16 ch. 30 7 2 1 yes UART
HEXT 12Zex, 2.2
2int ch. 81 38 DA

(1) For the most current device, package, and ordering information for all available devices, see the Package Option Addendum in 5 9, 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 capture/compare registers and PWM output generators 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 capture/compare registers and PWM output generators and the second instantiation having 5 capture/compare
registers and PWM output generators, respectively.

(5) eUSCI_A supports UART with automatic baud-rate detection, IrDA encode and decode, and SPI.

(6) eUSCI_B supports I2C with multiple slave addresses, and SPI.

(7) Timers TAO and TAL1 provide internal and external capture/compare inputs and internal and external PWM outputs.

(8) Timers TA2 and TA3 provide only internal capture/compare inputs and only internal PWM outputs (if any).
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3.1

Related Products

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

Tl 16-bit and 32-bit microcontrollers High-performance, low-power solutions to enable the autonomous
future

Products for MSP430 ultra-low-power sensing and measurement microcontrollers One platform.
One ecosystem. Endless possibilities.

Products for MSP430 ultrasonic and performance sensing microcontrollers Ultra-low-power single-
chip MCUs with integrated sensing peripherals

Companion Products for MSP430FR5969 Review products that are frequently purchased or used with
this product.

Reference Designs for MSP430FR5969 The TI Designs Reference Design Library is a robust reference
design library that spans analog, embedded processor, and connectivity. Created by TI
experts to help you jump start your system design, all Tl Designs include schematic or block
diagrams, BOMs, and design files to speed your time to market. Search and download
designs at ti.com/tidesigns.
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4 Terminal Configuration and Functions

4.1 Pin Diagrams
Figure 4-1 shows the 48-pin RGZ package for the MSP430FR596x and MSP430FR596x1 MCUs.
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NOTE: TI recommends connecting the QFN package pad to Vss.
NOTE: On devices with UART BSL: P2.0: BSLTX; P2.1: BSLRX
NOTE: On devices with I°’C BSL: P1.6: BSLSDA; P1.7: BSLSCL

Figure 4-1. 48-Pin RGZ Package (Top View) — MSP430FR596x and MSP430FR596x1
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Figure 4-2 shows the 40-pin RHA package for the MSP430FR594x and MSP430FR594x1 MCUs (LFXT
only).
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NOTE: TI recommends connecting the QFN package pad to Vss.
NOTE: On devices with UART BSL: P2.0: BSLTX; P2.1: BSLRX
NOTE: On devices with I°C BSL: P1.6: BSLSDA; P1.7: BSLSCL

Figure 4-2. 40-Pin RHA Package (Top View) — MSP430FR594x and MSP430FR594x1
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Figure 4-3 shows the 38-pin DA package for the MSP430FR594x MCUs (LFXT only).
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NOTE: On devices with UART BSL: P2.0: BSLTX; P2.1: BSLRX

Figure 4-3. 38-Pin DA Package (Top View) — MSP430FR594x
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Figure 4-4 shows the 40-pin RHA package for the MSP430FR595x MCUs (HFXT only).
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NOTE: TI recommends connecting the QFN package pad to Vss.
NOTE: On devices with UART BSL: P2.0: BSLTX; P2.1: BSLRX

Figure 4-4. 40-Pin RHA Package (Top View) — MSP430FR595x
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Figure 4-5 shows the 38-pin DA package for the MSP430FR595x MCUs (HFXT only).

PJ.6/HFXIN [0

PJ.7/HFXOUT [}

AVSS [T

AVCC [
P1.0/TA0.1/DMAEO/AQ/CO/VREF-/VeREF- [}
P1.1/TA0.2/TA1CLK/COUT/A1/C1/VREF+/VeREF+ [
P1.2/TA1.1/TAOCLK/COUT/A2/C2 ]
P3.0/A12/C12 [

P3.1/A13/C13 [J

P3.2/A14/C14 [

P3.3/A15/C15 [
P1.3/TA1.2/UCBOSTE/A3/C3 [
P1.4/TB0.1/UCAQSTE/A4/C4 [T}
P1.5/TB0.2/UCAO0CLK/A5/C5 [T}
PJ.0/TDO/TBOOUTH/SMCLK/SRSCG1/C6 [T}
PJ.1/TDI/TCLK/MCLK/SRSCGO/C7 [
PJ.2/TMS/ACLK/SROSCOFF/C8 [
PJ.3/TCK/ISRCPUOFF/C9 [T}
P2.5/TB0.0/UCA1TXD/UCA1SIMO ]

©m~o® o~ wNn a0

10
1"
12
13
14
15
16
17
18
19

38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20

7] AVSS

11 P2.4/TA1.0/UCA1CLK/A7/C11

1] P2.3/TA0.0/UCA1STE/A6/C10

1] P2.7

[T1DVCC

1] DVSS

1] P4.4/TB0.5

11 P1.7/TB0.4/UCBOSOMI/UCBOSCL/TA1.0
[T] P1.6/TB0.3/UCBOSIMO/UCBOSDA/TA0.0
1] P3.7/TB0.6

71 P3.6/TB0.5

7] P3.5/TB0.4/COUT

1] P3.4/TB0.3/SMCLK

[T1 P2.2/TB0.2/UCBOCLK

1] P2.1/TB0.0/UCAORXD/UCAO0SOMI/TB0.0
1] P2.0/TB0.6/UCAOTXD/UCAOSIMO/TBOCLK/ACLK
7] RST/NMI/SBWTDIO

[T] TEST/SBWTCK

7] P2.6/TB0.1/UCA1RXD/UCA1SOMI

NOTE: On devices with UART BSL: P2.0: BSLTX; P2.1: BSLRX

Figure 4-5. 38-Pin DA Package (Top View) — MSP430FR595x
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4.2 Signal Descriptions

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

Table 4-1. Signal Descriptions

TERMINAL

NO.®@ 1jo® DESCRIPTION
RGZ | RHA | DA

NAME

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TAO CCRL1 capture: CCI1A input, compare: Outl
External DMA trigger

P1.0/TAQ.1/DMAEO/ RTC clock calibration output (not available on MSP430FR5x5x devices)
RTCCLK/AO0/CO/VREF-/ 1 1 5 /0 .
VeREF- Analog input AO for ADC

Comparator input CO
Output of negative reference voltage
Input for an external negative reference voltage to the ADC

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TAO CCR2 capture: CCI2A input, compare: Out2
TAL input clock

P1.1/TA0.2/TA1CLK/ Comparator output
COUT/AL/C1/VREF+/ 2 2 6 110 )
VeREF+ Analog input Al for ADC

Comparator input C1
Output of positive reference voltage
Input for an external positive reference voltage to the ADC

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TA1 CCRL1 capture: CCI1A input, compare: Outl

TAO input clock
P1.2/TAL1.1/TAOCLK/ 3 3 7 110 P

COUT/A2/C2 Comparator output
Analog input A2 for ADC
Comparator input C2

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
P3.0/A12/C12 4 4 8 /0 | Analog input A12 for ADC
Comparator input C12

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
P3.1/A13/C13 5 5 9 /0 | Analog input A13 for ADC
Comparator input C13

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
P3.2/A14/C14 6 6 10 /0 | Analog input A14 for ADC
Comparator input C14

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5

P3.3/A15/C15 7 7 11 /0 | Analog input A15 for ADC
Comparator input C15
P4.7 8 N/A | N/A | 1/0 | General-purpose digital I/0O with port interrupt and wakeup from LPMx.5

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TA1 CCR2 capture: CCI2A input, compare: Out2

9 8 12 /0O | Slave transmit enable — eUSCI_BO SPI mode

Analog input A3 for ADC

Comparator input C3

P1.3/TA1.2/UCBOSTE/
A3/C3

(1) |=input, O = output
(2) N/A = not available
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Table 4-1. Signal Descriptions (continued)

UCAILSIMO

TERMINAL
NO.®@ 1/o® DESCRIPTION
NAME
RGZ | RHA | DA
General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR1 capture: CCI1A input, compare: Outl
Zi}‘é’IBo'l’ UCAOSTE/ 10 | 9 | 13 | VO |Slave transmit enable — eUSCI_AO SPI mode
Analog input A4 for ADC
Comparator input C4
General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR2 capture: CCI2A input, compare: Out2
P1.5/TB0.2/UCAOCLK/ 1 10 14 /o Clock signal input — eUSCI_AO SPI slave mode,
A5/C5 Clock signal output — eUSCI_AO SPI master mode
Analog input A5 for ADC
Comparator input C5
General-purpose digital 1/0
Test data output port
PJ.0O/TDO/TBOOUTH/ » " 1 y Switch all PWM outputs high impedance input — TBO
SMCLK/SRSCG1/C6 > | 7O smeLk output
Low-Power Debug: CPU Status Register Bit SCG1
Comparator input C6
General-purpose digital 1/0
Test data input or test clock input
PJ.1/TDI/TCLK/MCLK/
SRSCGO/C7 13 12 16 /0 | MCLK output
Low-Power Debug: CPU Status Register Bit SCGO
Comparator input C7
General-purpose digital 1/0
Test mode select
PJ.2ITMS/ACLK/
SROSCOEF/C8 14 13 17 /0 | ACLK output
Low-Power Debug: CPU Status Register Bit OSCOFF
Comparator input C8
General-purpose digital 1/0
Test clock
PJ.3/TCK/ 15 14 18 /o ' '
SRCPUOFF/C9 Low-Power Debug: CPU Status Register Bit CPUOFF
Comparator input C9
General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
P4.0/A8 16 15 | N/A | 1/O )
Analog input A8 for ADC
General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
P4.1/A9 17 16 | N/A | 1/O )
Analog input A9 for ADC
General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
P4.2/A10 18 | N/A | N/A | I/O )
Analog input A10 for ADC
General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
P4.3/A11 19 | N/A | N/A | I/O )
Analog input A11 for ADC
General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCRO capture: CCIOB input, compare: OutO
P2.5/TB0.0/UCALTXD/ 20 17 19 /o p p p

Transmit data — eUSCI_A1 UART mode
Slave in, master out — eUSCI_A1 SPI mode
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Table 4-1. Signal Descriptions (continued)

TERMINAL

NAME

NO.@

RGZ

RHA

DA

1o

DESCRIPTION

P2.6/TB0.1/UCALRXD/
UCALSOMI

21

18

20

/10

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR1 compare: Outl

Receive data — eUSCI_A1 UART mode

Slave out, master in — eUSCI_A1 SPI mode

TEST/SBWTCK

22

19

21

Test mode pin — select digital I/O on JTAG pins
Spy-Bi-Wire input clock

RST/NMI/SBWTDIO

23

20

22

11O

Reset input active low
Nonmaskable interrupt input
Spy-Bi-Wire data input/output

P2.0/TB0.6/UCAQTXD/
UCAOSIMO/TBOCLK/
ACLK

24

21

23

11O

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR6 capture: CCI6B input, compare: Out6

Transmit data — eUSCI_AO UART mode

BSL Transmit (UART BSL)

Slave in, master out — eUSCI_AO0 SPI mode

TBO clock input

ACLK output

P2.1/TB0.0/UCAORXD/
UCAOSOMI/TBO0.0

25

22

24

/10

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCRO capture: CCIOA input, compare: Out0

Receive data — eUSCI_AO0 UART mode

BSL receive (UART BSL)

Slave out, master in — eUSCI_AO0 SPI mode

TBO CCRO capture: CCIOA input, compare: Out0

P2.2/TB0.2/UCBOCLK

26

23

25

11O

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR2 compare: Out2

Clock signal input — eUSCI_BO SPI slave mode
Clock signal output — eUSCI_BO SPI master mode

P3.4/TB0.3/SMCLK

27

24

26

/10

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR3 capture: CCI3A input, compare: Out3
SMCLK output

P3.5/TB0.4/COUT

28

25

27

/10

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR4 capture: CCI4A input, compare: Out4
Comparator output

P3.6/TB0.5

29

26

28

11O

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCRS5 capture: CCI5A input, compare: Out5

P3.7/TB0.6

30

27

29

11O

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR6 capture: CCI6A input, compare: Out6

P1.6/TB0.3/UCBOSIMO/
UCBOSDA/TAO0.0

31

28

30

11O

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR3 capture: CCI3B input, compare: Out3

Slave in, master out — eUSCI_BO SPI mode

I°C data — eUSCI_BO 1°C mode

BSL Data (I°C BSL)

TAO CCRO capture: CCIOA input, compare: Out0
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Table 4-1. Signal Descriptions (continued)

TERMINAL

NO.@ 1o DESCRIPTION
RGZ | RHA | DA

NAME

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TBO CCR4 capture: CCI4B input, compare: Out4
P1.7/TB0.4/UCBOSOMI/ Slave out, master in — eUSCI_BO0 SPI mode

UCBOSCL/TAL.0 32129 13110 I2C clock — eUSCI_BO 12C mode

BSL clock (I°C BSL)

TA1 CCRO capture: CCIOA input, compare: Out0

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5

P4.4/TB0.5 33 30 32 1/0 .

TBOCCRS5 capture: CCI5B input, compare: Out5
P4.5 34 N/A | N/A | 1/0 | General-purpose digital I/0O with port interrupt and wakeup from LPMx.5
P4.6 35 N/A | N/A | 1/0 | General-purpose digital I/0O with port interrupt and wakeup from LPMx.5
DVSS 36 31 33 Digital ground supply
DvVCC 37 32 34 Digital power supply
pP2.7 38 33 35 /0 | General-purpose digital I/O with port interrupt and wakeup from LPMx.5

General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TAO CCRO capture: CCIOB input, compare: Out0

P2.3/TA0.0/UCALSTE/ 39 | 34 | 36 | VO |Slave transmit enable — eUSCI_A1 SPI mode

AB/C10
Analog input A6 for ADC
Comparator input C10
General-purpose digital 1/0 with port interrupt and wakeup from LPMx.5
TA1 CCRO capture: CCIOB input, compare: Out0

P2.4/TA1.0/UCALCLK/ Clock signal input — eUSCI_AL1 SPI slave mode

; ’ 40 35 37 1/0 .

A7/C11 Clock signal output — eUSCI_A1 SPI master mode
Analog input A7 for ADC
Comparator input C11

AVSS 41 36 38 Analog ground supply
General-purpose digital I1/0

PJ.6/HFXIN 42 | 37 1 | /O |input for high-frequency crystal oscillator HEXT (in RHA and DA packages:
MSP430FR595x devices only)
General-purpose digital 1/0

PJ.7/HFXOUT 43 | 38 2 | O | output for high-frequency crystal oscillator HEXT (in RHA and DA packages:
MSP430FR595x devices only)

AVSS 44 | N/A | N/A Analog ground supply
General-purpose digital I1/0

PJ.4/LFXIN 45 | 37 1 I/0 | Input for low-frequency crystal oscillator LEXT (in RHA and DA packages:
MSP430FR594x devices only)
General-purpose digital 1/0

PJ.5/LFXOUT 46 | 38 2 | IO | output of low-frequency crystal oscillator LEXT (in RHA and DA packages:
MSP430FR594x devices only)

AVSS 47 39 3 Analog ground supply

AVCC 48 40 4 Analog power supply

QFN Pad Pad | Pad | N/A QFN package exposed thermal pad. TI recommends connection to Vgs.
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4.3 Pin Multiplexing
Pin multiplexing for these devices is controlled by both register settings and operating modes (for
example, if the device is in test mode). For details of the settings for each pin and diagrams of the
multiplexed ports, see 7 6.11.
4.4 Connection of Unused Pins
Table 4-2 lists the correct termination of all unused pins.
Table 4-2. Connection of Unused Pins®
PIN POTENTIAL COMMENT
AVCC DVcc
AVSS DVss
Px.0 to Px.7 Open Set to port function, output direction (PxDIR.n = 1)
RST/NMI DVcc or Ve | 47-kQ pullup or internal pullup selected with 2.2-nF (10—nF(2)) pulldown
F;‘]JO{ITI%? The JTAG pins are shared with general-purpose 1/O function (PJ.x). If not
. Open used as JTAG pins, these pins should be switched to port function, output
PJ.2/TMS direction. When used as JTAG pins, these pins should remain open
PJ.3/TCK : ' :
TEST Open This pin always has an internal pulldown enabled.
(1) Any unused pin with a secondary function that is shared with general-purpose 1/0 should follow the
Px.0 to Px.7 unused pin connection guidelines.
(2) The pulldown capacitor should not exceed 2.2 nF when using devices in Spy-Bi-Wire mode or in 4-
wire JTAG mode with Tl tools like FET interfaces or GANG programmers. If JTAG or Spy-Bi-Wire
access is not needed, up to a 10-nF pulldown capacitor may be used.
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5 Specifications

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

MIN MAX UNIT
Voltage applied at DVCC and AVCC pins to Vgg -0.3 4.1 \%
Voltage difference between DVCC and AVCC pins® +0.3 \Y;
Voltage applied to any pin @ -0.3 VC&E ?w:;;; \Y
Diode current at any device pin 2 mA
Storage temperature, Tgig® —40 125 °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) Voltage differences between DVCC and AVCC exceeding the specified limits may cause malfunction of the device including erroneous
writes to RAM and FRAM.

(3) All voltages referenced to Vss.

(4) 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
VEesp) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 +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
Typical data are based on Ve = 3.0 V, T, = 25°C (unless otherwise noted)

MIN  NOM  MAX| UNIT
Supply voltage range applied at all DVCC and AVCC
Vee pinz%;/ %) (3)g 9e app 1.8@ 3.6 \Y
Vss Supply voltage applied at all DVSS and AVSS pins 0 \%
Ta Operating free-air temperature -40 85| °C
T; Operating junction temperature -40 85| °C
Covee Capacitor value at DVCC® 1500 uF
No FRAM wait states 0 w)
. o (NWAITSx = 0)
fsysTEM Processor frequency (maximum MCLK frequency)( ) - - MHz
With FRAM wait states 0 16©
(NWAITSx = 1)®
facLk Maximum ACLK frequency 50| kHz
fsmeLk Maximum SMCLK frequency 16©® | MHz

(1) TIrecommends powering AVCC and DVCC pins from the same source. At a minimum, during power up, power down, and device
operation, the voltage difference between AVCC and DVCC must not exceed the limits specified in Absolute Maximum Ratings.
Exceeding the specified limits may cause malfunction of the device including erroneous writes to RAM and FRAM.

(2) See i 5-1 for additional important information.

(3) Modules may have a different supply voltage range specification. See the specification of the respective module in this data sheet.

(4) The minimum supply voltage is defined by the supervisor SVS levels. See 7 5-2 for the values.

(5) Connect a low-ESR capacitor with at least the value specified and a maximum tolerance of 20% as close as possible to the DVCC pin.

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

(7) DCO settings and HF crystals with a typical value less or equal the specified MAX value are permitted.

(8) Wait states only occur on actual FRAM accesses; that is, on FRAM cache misses. RAM and peripheral accesses are always executed
without wait states.

(9) DCO settings and HF crystals with a typical value less or equal the specified MAX value are permitted. If a clock sources with a larger
typical value is used, the clock must be divided in the clock system.
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5.4 Active Mode Supply Current Into V.- Excluding External Current
over recommended operating free-air temperature (unless otherwise noted)® @

FREQUENCY (fycLk = fsmcik)
SIEEUTEIN 1 MHz 4 MHz 8 MHz 12 MHz 16 MHz
PARAMETER MEMORY Vee 0 wait states 0 wait states 0 wait states 1 wait states 1 wait states UNIT
(NWAITSx =0) | (NWAITSx =0) | (NWAITSx =0) | (NWAITSx =1) | (NWAITSx = 1)
TYP  MAX TYP  MAX TYP  MAX TYP  MAX TYP  MAX
IAM, FRAM_UNI
(Unified memory)® FRAM 30V 210 640 1220 1475 1845 A
FRAM
Iam, Fram 036) ) © 0% cache hit 3.0V 370 1280 2510 2080 2650 PA
ratio
FRAM
Iam, Fram (s09) & © 50% cache hit | 3.0V 240 745 1440 1575 1990 HA
ratio
FRAM
Iam, Fram (6%) ) © 66% cache hit | 3.0V 200 560 1070 1300 1620 HA
ratio
FRAM
Iam, Fram (7506) & © 75% cache hit | 3.0V 170 255 480 890  1085| 1155  1310| 1420 1620| pA
ratio
FRAM
Iam, Fram (100%6) D © 100% cache hit | 3.0V 110 235 420 640 730 PA
ratio
Iam, ram © RAM 3.0V 130 320 585 890 1070 PA
Iam, Ram onty ) ©) RAM 3.0V 100 180 290 555 860 1040  1300| pA

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

(2) Characterized with program executing typical data processing.
facLk = 32768 Hz, fycLk = fsmek = foco at specified frequency, except for 12 MHz. For 12 MHz, fpco= 24 MHz and
fmeLk = fsmeik = foco/2.

At MCLK frequencies above 8 MHz, the FRAM requires wait states. When wait states are required, the effective MCLK frequency
(fmcwk er) decreases. The effective MCLK frequency also depends on the cache hit ratio. SMCLK is not affected by the number of wait
states or the cache hit ratio.

The following equation can be used to compute fycik eff:

fucLk eff = fmcLk / [wait states x (1 — cache hit ratio) + 1]

For example, with 1 wait state and 75% cache hit ratio, fuckr et = fmcik / [1 % (1 —0.75) + 1] = fycik / 1.25.

(3) Represents typical program execution. Program and data reside entirely in FRAM. All execution is from FRAM.

(4) Program resides in FRAM. Data resides in SRAM. Average current dissipation varies with cache hit-to-miss ratio as specified. Cache hit
ratio represents number cache accesses divided by the total number of FRAM accesses. For example, a 75% ratio implies three of
every four accesses is from cache, and the remaining are FRAM accesses.

(5) See Figure 5-1 for typical curves. Each characteristic equation shown in the graph is computed using the least squares method for best
linear fit using the typical data from Section 5.4.

(6) Program and data reside entirely in RAM. All execution is from RAM.

(7) Program and data reside entirely in RAM. All execution is from RAM. FRAM is off.
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5.5 Typical Characteristics — Active Mode Supply Currents
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NOTE: I(AM, cache hit ratio): Program resides in FRAM. Data resides in SRAM. Average current dissipation varies with
cache hit-to-miss ratio as specified. Cache hit ratio represents number cache accesses divided by the total number of
FRAM accesses. For example, a 75% ratio implies three of every four accesses is from cache, and the remaining are
FRAM accesses.

NOTE: I(AM, RAMonly): Program and data reside entirely in RAM. All execution is from RAM. FRAM is off.
Figure 5-1. Typical Active Mode Supply Currents vs MCLK frequency, No Wait States

5.6 Low-Power Mode (LPMO, LPM1) Supply Currents Into V.- Excluding External Current
over recommended operating free-air temperature (unless otherwise noted)® @

FREQUENCY (fsmcLk)
PARAMETER Vee 1 MHz 4 MHz 8 MHz 12 MHz 16 MHz UNIT
TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX
22V 70 95 150 250 215
lLpmo HA
3.0V 80 115 105 160 260 225 260
22V 35 60 115 215 180
lLpma HA
3.0V 35 60 60 115 215 180 205

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

(2) Current for watchdog timer clocked by SMCLK included.
facLk = 32768 Hz, fycLk = 0 MHz, fsmek = foco at specified frequency, except for 12 MHz. For 12 MHz, fpco = 24 MHz and fgyck =
cho /2.
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5.7 Low-Power Mode (LPM2, LPM3, LPM4) Supply Currents (Into V) 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 UNIT
TYP MAX TYP MAX TYP MAX TYP MAX

| Low-p0\2/ver m4ode 2, 12-pF 22V 0.5 0.9 2.2 6.1

LPM2.XT12 crystal® & @) 3.0V 05 0.9 18 2.2 6.1 17

| Low-power mode 2, 3.7-pF 22V 05 0.9 22 6.0

LPM2XT37  cyrstal@ ©) ) 3.0V 05 0.9 2.2 6.0

| Low-power mode 2, VLO, 22V 03 0.7 19 5.8

LPM2VLO includes SVS®© 3.0V 0.3 07 16| 19 58 167
Low-power mode 3, 1%2-)p(|§) 22V 0.5 0.6 0.9 1.85

| crystal, excludes SVS

LPMSXTL2 @ 3.0V 0.5 0.6 0.9 0.9 1.85 29| M
Low-power mode 3, 3.7-pF 22V 0.4 0.5 0.8 1.7

| cg/rstal, excludes SVS® 4 WA

tPMsxTsT © _ 3.0V 0.4 05 0.8 17
(also see Figure 5-2)

| Low-power mode 3, 22V 0.3 0.4 0.7 1.6 WA

LPM3,VLO VLO, excludes SVS© 3.0V 0.3 0.4 0.7 0.7 1.6 4.7
Low- 18)Wer mode 4, includes | 2.2V 0.4 0.5 0.8 1.7

ILPma,svs Svs pA
(also see Figure 5-3) 3.0V 0.4 05 0.8 0.8 1.7 4.8

| Low-power mode 4, 22V 0.2 0.3 0.6 1.5 WA

LPM4 excludes SVS*V 3.0V 0.2 0.3 0.6 0.6 15 4.6

(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.
(2) Not applicable for devices with HF crystal oscillator only.
(3) 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 load.
(4) Low-power mode 2, crystal oscillator test conditions:
Current for watchdog timer clocked by ACLK and RTC clocked by XT1 are included. Current for brownout and SVS are included.
CPUOFF =1, SCG0 = 0 SCG1 = 1, OSCOFF =0 (LPM2),
fxr1 = 32768 Hz, facik = fx11, fwcLk = fsmek = 0 MHz
(5) Characterized with a SSP-T7-FL (SMD) crystal with a load capacitance of 3.7 pF. The internal and external load capacitance are chosen
to closely match the required 3.7-pF load.
(6) Low-power mode 2, VLO test conditions:
Current for watchdog timer clocked by ACLK is included. RTC disabled (RTCHOLD = 1). Current for brownout and SVS are included.
CPUOFF =1, SCGO0 = 0 SCG1 = 1, OSCOFF =0 (LPM2),
fxr1 = 0 Hz, facik = fuio, fmeik = fsmerk = 0 MHz
(7) Low-power mode 3, 12-pF crystal, excludes SVS test conditions:
Current for watchdog timer clocked by ACLK and RTC clocked by XT1 are included. Current for brownout is included. SVS disabled
(SVSHE = 0).
CPUOFF =1, SCG0 = 1 SCG1 =1, OSCOFF = 0 (LPM3),
fxr1 = 32768 Hz, facik = fxt1, fmcik = fsmeik = 0 MHz
(8) Low-power mode 3, 3.7-pF crystal, excludes SVS test conditions:
Current for watchdog timer clocked by ACLK and RTC clocked by XT1 are included. Current for brownout is included. SVS disabled
(SVSHE = 0).
CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF =0 (LPM3),
fxr1 = 32768 Hz, facik = fxt1, fwcLk = fsmek = 0 MHz
(9) Low-power mode 3, VLO, excludes SVS test conditions:
Current for watchdog timer clocked by ACLK is included. RTC disabled (RTCHOLD = 1). Current for brownout is included. SVS is
disabled (SVSHE = 0).
CPUOFF =1, SCG0 = 1 SCG1 =1, OSCOFF = 0 (LPM3),
fxr1 = 0 Hz, facik = fvio, fmeik = fsmerk = 0 MHz
(10) Low-power mode 4, includes SVS test conditions:
Current for brownout and SVS are included (SVSHE = 1).
CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF = 1 (LPM4),
fxr1 = 0 Hz, facik = 0 Hz, fycik = fsmeik = 0 MHz
(11) Low-power mode 4, excludes SVS test conditions:
Current for brownout is included. SVS is disabled (SVSHE = 0).
CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF = 1 (LPM4),
fxr1 = 0 Hz, facik = 0 Hz, fycik = fsmerk = 0 MHz
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Low-Power Mode (LPM2, LPM3, LPM4) Supply Currents (Into Vc) Excluding External
Current (continued)

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

—40°C 25°C 60°C 85°C
PARAMETER Vee UNIT
TYP MAX TYP MAX TYP MAX TYP MAX

Additional idle current if one
or more modules from Group

hoLE Groupa A (see 3k 6-3) are activated 3.0v 0.02 033 13| pA
in LPM3 or LPM4.
Additional idle current if one
or more modules from Group

hoLE Groups B (see i 6-3) are activated 3.ov 0.015 025 101 pA

in LPM3 or LPM4

5.8 Low-Power Mode (LPM3.5, LPM4.5) 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 Vce UNIT
TYP MAX TYP MAX TYP MAX TYP MAX

| Low-power mode 3.5, 12-pF | 2.2V 0.4 0.45 0.5 0.7 WA

LPMSSXTIZcrystal, includes SVS@®@ 5 gy 0.4 045 07| 05 07 12
Low-power mode 3.5, (:2).(75—)[()65 22V 0.2 0.25 0.3 0.45

I pM3.5,XT3.7 cyrstal, excludes SVS uA
(also see Figure 5-4) 30V 0.2 0.25 0.3 05
Low-power mgc)ie 4.5, 22V 0.2 0.2 0.2 0.3

I.pma.5,5vs includes SVS WA
(a|50 see F|gure 5_5) 30V 0.2 0.2 0.4 0.2 0.3 0.55
Low-power mode 4.5, 22V 0.02 0.02 0.02 0.08

ILPM4.5 excludes SVS(B) H-A
(also see Figure 5-5) 30V 0.02 0.02 0.02 0.08 0.35

(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.
(2) Not applicable for devices with HF crystal oscillator only.
(3) 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 load.
(4) Low-power mode 3.5, 12-pF crystal, includes SVS test conditions:
Current for RTC clocked by XT1 is included. Current for brownout and SVS are included (SVSHE = 1). Core regulator is disabled.
PMMREGOFF = 1, CPUOFF = 1, SCG0 =1 SCG1 = 1, OSCOFF =1 (LPMx.5),
fyr1 = 32768 Hz, facik = fxt1, fmcik = fsmeik = 0 MHz
(5) Characterized with a SSP-T7-FL (SMD) crystal with a load capacitance of 3.7 pF. The internal and external load capacitance are chosen
to closely match the required 3.7-pF load.
(6) Low-power mode 3.5, 3.7-pF crystal, excludes SVS test conditions:
Current for RTC clocked by XT1 is included. Current for brownout is included. SVS is disabled (SVSHE = 0). Core regulator isdisabled.
PMMREGOFF = 1, CPUOFF = 1, SCG0 =1 SCG1 = 1, OSCOFF =1 (LPMx.5),
fyxr1 = 32768 Hz, facik = fxt1, fmcik = fsmerk = 0 MHz
(7) Low-power mode 4.5, includes SVS test conditions:
Current for brownout and SVS are included (SVSHE = 1). Core regulator is disabled.
PMMREGOFF = 1, CPUOFF = 1, SCG0 =1 SCG1 = 1, OSCOFF = 1 (LPMx.5),
fxr1 = 0 Hz, facik = 0 Hz, fycik = fsmerk = 0 MHz
(8) Low-power mode 4.5, excludes SVS test conditions:
Current for brownout is included. SVS is disabled (SVSHE = 0). Core regulator is disabled.
PMMREGOFF = 1, CPUOFF = 1, SCG0 =1 SCG1 = 1, OSCOFF = 1 (LPMx.5),
fxr1 = 0 Hz, facik = 0 Hz, fycik = fsmerk = 0 MHz
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