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3 Device Comparison
Table 3-1 and Table 3-2 summarize the available family members.

Table 3-1. Device Comparison — Family Members With UART BSL

FRAM SRAM CLOCK : o , @ eusCl
DEVICE e e Sty | Timer_A Timer_B & | g@ | AES ADC12_B o PACKAGE
DCO (5)
MSP430FR5972 64 2 HFXT 330 7 2 2 yes 8 ext 51 64 PM
2,5 64 RGC
LEXT
DCO (5)
MSP430FR5872 64 2 HFXT 3 30 7 2 2 no 8 ext 51 64 PM
2,5 64 RGC
LEXT
DCO (5)
MSP430FR5970 32 2 HFXT 3 300 7 2 2 yes 8 ext 51 64 PM
2,5 64 RGC
LEXT
4PM
DCO 3,30 51 6
MSPA430FR5922 64 2 P A 7 2 2 yes 8 ext 46 (0GG) 64 RGC
DCO (5)
MSP430FR5870 32 2 HFXT 3 30 7 2 2 no 8 ext 51 64 PM
ol 2,5 64 RGC

(1) 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.

(2) 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.

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

(4) eUSCI_B supports I>C with multiple slave addresses and SPI.

(5) Timer_A TAO and TA1 provide internal and external capture/compare inputs and internal and external PWM outputs.

(6) Timer_A TA2 provides only internal capture/compare inputs and only internal PWM outputs (if any).

(7) Timer_A TA3 provides only internal capture/compare inputs and only internal PWM outputs (if any) for FR592x(1) with RGC and PM packages. For FR592x(1) with DGG package and all
other devices, Timer_A TA3 provides internal, external capture/compare inputs and internal, external PWM outputs (if any).
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Table 3-2. Device Comparison — Family Members With 1°C BSL

eUSCI
DEVICE F&g’;" S(iAB';/' SCJ-SOTCE*EA Timer_ A® Timer_B® NG 5@ AES ADC12 B 110 PACKAGE
DCO 5
MSP430FR59721 64 2 HEXT 23’5 32;17) 7 2 2 yes 8 ext 51 6(214RPGMC
LEXT '
(5) 64 PM
MSP430FR59221 64 2 EFCXC% 2’3'5326)(7) 7 2 2 yes 8 ext 46 (Solec;) 64 RGC
56 DGG
DCO 5
MSP430FR58721 64 2 HEXT 23’532((5)17) 7 2 2 no 8 ext 51 6(214RPGMC
LEXT '

(1) 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.

(2) 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.

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

(4) eUSCI_B supports I°C with multiple slave addresses and SPI.

(5) Timer_A TAO and TA1 provide internal and external capture/compare inputs and internal and external PWM outputs.

(6) Timer_A TA2 provides only internal capture/compare inputs and only internal PWM outputs (if any).

(7) Timer_A TA3 provides only internal capture/compare inputs and only internal PWM outputs (if any) for FR592x(1) with RGC and PM packages. For FR592x(1) with DGG package and all
other devices, Timer_A TA3 provides internal, external capture/compare inputs and internal, external 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 MSP430FR5972 Review products that are frequently purchased or used with
this product.

Reference Designs for MSP430FR5972 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 pinout for the 64-pin PM and RGC packages of the MSP430FR597x(1) and
MSP430FR587x(1) MCUs.
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On devices with UART BSL: P2.0: BSL_TX; P2.1: BSL_RX
On devices with I°C BSL: P1.6: BSL_DAT; P1.7: BSL_CLK

NOTE: TI recommends connecting the RGC package thermal pad to VSS.
Figure 4-1. 64-Pin PM and RGC Packages (Top View) — MSP430FR597x(1), MSP430FR587x(1)
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Figure 4-2 shows the pinout for the 64-pin PM and RGC packages of the MSP430FR592x(1) MCUs.
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P1.5/UCBOSTE/UCAOCLK/TA0.0 ] 3 46[] P9.5/A13/C13
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A. On devices with UART BSL: P2.0: BSL_TX; P2.1: BSL_RX
On devices with 1°C BSL: P1.6: BSL_DAT; P1.7: BSL_CLK

NOTE: TI recommends connecting the RGC package thermal pad to VSS.

Figure 4-2. 64-Pin PM and RGC Packages (Top View) — MSP430FR592x(1)
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Figure 4-3 shows the pinout for the 56-pin DGG package of the MSP430FR592x(1) MCUSs.

O
P4.4/UCB1STE/TA1CLK ] 1 56 [T1 AVSS2
P4.5/|UCB1CLK/TA1.0 (] 2 55 [T] PJ.5/LFXOUT
P4.6/UCB1SIMO/UCB1SDA/TA1.1 (T 3 54 [T] PJ.4/LFXIN
P4.7/JUCB1SOMI/UCB1SCL/TA1.2 [T] 4 53 [1] AVSS1
DVSS3 [T 5 52 [T] AVCC1
DvVCC3 [T} 6 51 [T P9.7/A15/C15
P1.4/UCBOCLK/UCAOSTE/TA1.0 (] 7 50 [1] p9.6/A14/C14
P1.5/UCBOSTE/UCAOCLK/TA0.0 [T] 8 49 [1TJ p9.5/A13/C13
P1.6/UCBOSIMO/UCBOSDA/TA0.1 CT| 9 48 [1J p9.4/A12/C12
P1.7/JUCBOSOMI/UCBOSCL/TA0.2 [T 10 47 [T p1.0/TA0.1/RTCCLK/DMAEO/AQ/CO/NVREF-/VeREF-
DNC [T 11 46 [T P1.1/TA0.2/TA1CLK/COUT/A1/C1/VREF+/VeREF+
P6.0 CT] 12 45 [TJ P1.2/TA1.1/TAOCLK/COUT/A2/C2
P6.1 (1] 13 44 [T P1.3/TA1.2/A3/C3
P6.2/COUT [I] 14 43 [1J DVCC2
P63 [T] 15 MSP430FR592x 42 [T pvss2
P6.4/TB0.0 (1] 16 41 [ P7.4/SMCLK
P6.5/TB0.1 (] 17 40 [ P7.3/TA0.2
P6.6/TB0.2 (1] 18 39 [T P7.2/TAO.1
P3.0/lUCB1CLK/TA3.2 (T 19 38 [1J P7.1/TA0.0/ACLK
P3.1/UCB1SIMO/UCB1SDA/TA3.3 (| 20 37 [ P7.0/TAOCLK
P3.2/UCB1SOMI/UCB1SCL/TA3.4 [T] 21 36 [1] P2.0/UCAOSIMO/UCAOTXD/TB0.6/TBOCLK
TEST/SBWTCK [T 22 35 [T] P2.1/UCA0SOMI/UCAORXD/TB0.5/DMAEO
RST/NMI/SBWTDIO (] 23 34 [T] P2.2/UCAOCLK/TB0.4/RTCCLK
PJ.0/TDO/TBOOUTH/SMCLK/SRSCG1 [T 24 33 [T P2.3/UCAOSTE/TBOOUTH
PJ.1/TDITCLK/MCLK/SRSCGO (I 25 32 [ pP3.7/UCA1STE/TBO.3
PJ.2/TMS/ACLK/SROSCOFF [I] 26 31 [[1J P3.6/UCA1CLK/TB0.2
PJ.3/TCK/COUT/SRCPUOFF [T 27 30 [T P3.5/UCA1SOMI/UCA1RXD/TBO.1
P3.3/TA1.1/TBOCLK [I] 28 29 [1J P3.4/UCA1SIMO/UCA1TXD/TBO0.0

A. On devices with UART BSL: P2.0: BSL_TX; P2.1: BSL_RX
On devices with 1°C BSL: P1.6: BSL_DAT; P1.7: BSL_CLK

Figure 4-3. 56-Pin DGG Package (Top View) — MSP430FR592x(1)
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4.2 Pin Attributes
Table 4-1 lists the attributes of each pin.
Table 4-1. Pin Attributes
T:F;%%?)‘(((ll)) FR592x(1) RESET
eI AT @ SIGNAL BUFFER POWER STATE
PM, RGC PM, RGC DGG TYPE® TYPE® SOURCE AFTER
PIN NO. PIN NO. PIN NO. BOR®)
P4.3 (RD) I/0 LVCMOS DVCC OFF
UCAOSOMI I/0 LVCMOS DVCC -
! ! UCAORXD I LVCMOS DVCC -
UCB1STE I/0 LVCMOS DVCC -
P1.4 (RD) I/0 LVCMOS DVCC OFF
UCBOCLK I/0 LVCMOS DVCC -
2 2 ! UCAOSTE I/0 LVCMOS DVCC -
TAL.0 I/0 LVCMOS DVCC -
P1.5 (RD) I/0 LVCMOS DVCC OFF
UCBOSTE I/0 LVCMOS DVCC -
3 3 8 UCAOCLK I/0 LVCMOS DVCC -
TA0.0 I/0 LVCMOS DVCC -
P1.6 (RD) I/0 LVCMOS DVCC OFF
UCBOSIMO I/0 LVCMOS DVCC -
4 4 9 UCBOSDA I/0 LVCMOS DVCC -
BSL_DAT I LVCMOS DVCC -
TAO0.1 I/0 LVCMOS DVCC -
P1.7 (RD) I/0 LVCMOS DVCC OFF
UCBOSOMI I/0 LVCMOS DVCC -
5 5 10 UCBOSCL I/0 LVCMOS DVCC -
BSL_CLK I LVCMOS DVCC -
TAO0.2 I/0 LVCMOS DVCC -
11 DNC® - - - -
12 P6.0 (RD) I/0 LVCMOS DVCC OFF
13 P6.1 (RD) I/0 LVCMOS DVCC OFF
P6.2 (RD) I/0 LVCMOS DVCC OFF
9 o 14 couT o) LVCMOS DVCC -
10 10 15 P6.3 (RD) I/0 LVCMOS DVCC OFF
P6.4 (RD) I/0 LVCMOS DVCC OFF
11 11 16
TB0.0 I/0 LVCMOS DVCC -
P6.5 (RD) I/0 LVCMOS DVCC OFF
12 12 17
TBO.1 I/0 LVCMOS DVCC -
P6.6 (RD) I/0 LVCMOS DVCC OFF
13 13 18
TBO.2 I/0 LVCMOS DVCC -

Signals names with (RD) denote the reset default pin name.

To determine the pin mux encodings for each pin, see the Port I/O Diagrams section.

Signal Types: | = Input, O = Output, I/O = Input or Output.

Buffer Types: LVCMOS, Analog, or Power (see Table 4-3 for details)

Reset States:

OFF = High impedance with Schmitt-trigger inputs and pullup or pulldown (if available) disabled
N/A = Not applicable
DNC = Do not connect
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Table 4-1. Pin Attributes (continued)

'::';55%77’)‘(((11)) FR592x(1) RESET
SR AT @) SIGNAL BUFFER POWER STATE
PM, RGC PM, RGC DGG TYPE® TYPE® SOURCE AFTE(SR)
PIN NO. PIN NO. PIN NO. BOR
P3.0 (RD) 110 LVCMOS DVCC OFF
14 14 19 UCB1CLK /0 LVCMOS DVCC -
TA3.2 /0 LVCMOS DVCC -
P3.1 (RD) 110 LVCMOS DVCC OFF
UCB1SIMO 110 LVCMOS DVCC -
15 15 20
UCB1SDA 110 LVCMOS DVCC -
TA3.3 /0 LVCMOS DVCC -
P3.2 (RD) /0 LVCMOS DVCC OFF
UCB1SOMI 110 LVCMOS DVCC -
16 16 21
UCB1SCL 110 LVCMOS DVCC -
TA3.4 110 LVCMOS DVCC -
17 17 DVSS1 P Power - N/A
18 18 DVCC1 P Power - N/A
TEST I LVCMOS DVCC OFF
19 19 22
SBWTCK I LVCMOS DVCC -
RST I LVCMOS DVCC OFF
20 20 23 NMI I LVCMOS DVCC -
SBWTDIO /0 LVCMOS DVCC -
PJ.0 (RD) 110 LVCMOS DVCC OFF
TDO o LVCMOS DVCC -
21 21 24 TBOOUTH I LVCMOS DVCC -
SMCLK o) LVCMOS DVCC -
SRSCG1 o LVCMOS DVCC -
PJ.1 (RD) /0 LVCMOS DVCC OFF
TDI I LVCMOS DVCC -
22 22 25 TCLK I LVCMOS DVCC -
MCLK o) LVCMOS DVCC -
SRSCGO o LVCMOS DVCC -
PJ.2 (RD) /0 LVCMOS DVCC OFF
T™S I LVCMOS DVCC -
23 23 26
ACLK o LVCMOS DVCC -
SROSCOFF o LVCMOS DVCC -
PJ.3 (RD) /0 LVCMOS DVCC OFF
TCK I LVCMOS DVCC -
24 24 27
couTt o) LVCMOS DVCC -
SRCPUOFF o LVCMOS DVCC -
P3.3 (RD) /0 LVCMOS DVCC OFF
25 25 28 TAL1 /0 LVCMOS DVCC -
TBOCLK I LVCMOS DVCC -
P3.4 (RD) 110 LVCMOS DVCC OFF
UCA1SIMO 110 LVCMOS DVCC -
26 26 29
UCALTXD o LVCMOS DVCC -
TBO0.0 110 LVCMOS DVCC -
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Table 4-1. Pin Attributes (continued)

'::';55%77’)‘(((11)) FR592x(1) RESET
SIGNAL NAMED! @ SIGNAL BUFFER POWER STATE
PM, RGC PM, RGC DGG TYPE® TYPE® SOURCE AFTE(SR)
PIN NO. PIN NO. PIN NO. BOR
P3.5 (RD) 11O LVCMOS DVCC OFF
UCAL1SOMI 11O LVCMOS DVCC -
27 27 30
UCALRXD I LVCMOS DVCC -
TBO.1 11O LVCMOS DVCC -
P3.6 (RD) 11O LVCMOS DVCC OFF
28 28 31 UCALCLK 11O LVCMOS DVCC -
TBO.2 11O LVCMOS DVCC -
P3.7 (RD) 11O LVCMOS DVCC OFF
29 29 32 UCAILSTE 11O LVCMOS DVCC -
TB0.3 11O LVCMOS DVCC -
P2.3 (RD) 11O LVCMOS DVCC OFF
30 30 33 UCAOSTE 11O LVCMOS DVCC -
TBOOUTH I LVCMOS DVCC -
P2.2 (RD) 11O LVCMOS DVCC OFF
UCAOCLK 11O LVCMOS DVCC -
31 31 34
TB0.4 11O LVCMOS DVCC -
RTCCLK o) LVCMOS DVCC -
P2.1 (RD) 11O LVCMOS DVCC OFF
UCAO0SOMI 11O LVCMOS DVCC -
UCAORXD I LVCMOS DVCC -
32 32 35
BSL_RX I LVCMOS DVCC -
TB0.5 11O LVCMOS DVCC -
DMAEO I LVCMOS DVCC -
P2.0 (RD) 11O LVCMOS DVCC OFF
UCAOSIMO 11O LVCMOS DVCC -
UCAOTXD o) LVCMOS DVCC -
33 33 36
BSL_TX o) LVCMOS DVCC -
TB0.6 11O LVCMOS DVCC -
TBOCLK I LVCMOS DVCC -
P7.0 (RD) 11O LVCMOS DVCC OFF
34 34 37
TAOCLK I LVCMOS DVCC -
P7.1 (RD) 11O LVCMOS DVCC OFF
35 35 38 TA0.0 11O LVCMOS DVCC -
ACLK o) LVCMOS DVCC -
P7.2 (RD) 11O LVCMOS DVCC OFF
36 36 39
TAO.1 11O LVCMOS DVCC -
P7.3 (RD) 11O LVCMOS DVCC OFF
37 37 40
TAO.2 11O LVCMOS DVCC -
P7.4 (RD) 11O LVCMOS DVCC OFF
38 38 41
SMCLK o) LVCMOS DVCC -
39 39 42 DVSS2 P Power - N/A
40 40 43 DVCC2 P Power - N/A
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Table 4-1. Pin Attributes (continued)

'::';55%77’)‘(((11)) FR592x(1) RESET
STEAL A @ SIGNAL BUFFER POWER STATE
PM, RGC PM, RGC DGG TYPE® TYPE® SOURCE AFTE(SR)
PIN NO. PIN NO. PIN NO. ECR
P1.3 (RD) 1/10 LVCMOS DVCC OFF
TAL1.2 1/10 LVCMOS DVCC -
41 41 44
A3 | Analog AVCC -
C3 | Analog AVCC -
P1.2 (RD) 110 LVCMOS DVCC OFF
TAl.1 1/10 LVCMOS DVCC -
TAOCLK | LVCMOS DVCC -
42 42 45
CcouT (6] LVCMOS DVCC -
A2 | Analog AVCC -
Cc2 | Analog AVCC -
P1.1 (RD) 1/10 LVCMOS DVCC OFF
TAO.2 1/10 LVCMOS DVCC -
TA1CLK | LVCMOS DVCC -
CcouT (6] LVCMOS DVCC -
43 43 46
Al | Analog AVCC -
C1 | Analog AVCC -
VREF+ (0] Analog AVCC -
VeREF+ | Analog - -
P1.0 (RD) 110 LVCMOS DVCC OFF
TAO.1 1/10 LVCMOS DVCC -
DMAEO | LVCMOS DVCC -
RTCCLK (6] LVCMOS DVCC -
44 44 47
A0 | Analog AVCC -
(60] | Analog AVCC -
VREF- (0] Analog AVCC -
VeREF- | Analog - -
P9.4 (RD) 1/10 LVCMOS DVCC OFF
45 45 48 Al2 | Analog AVCC -
C12 | Analog AVCC -
P9.5 (RD) 1/10 LVCMOS DVCC OFF
46 46 49 Al13 | Analog AVCC -
C13 | Analog AVCC -
P9.6 (RD) 1/10 LVCMOS DVCC OFF
47 47 50 Al4 | Analog AVCC -
Cl4 | Analog AVCC -
P9.7 (RD) 1/10 LVCMOS DVCC OFF
48 48 51 Al15 | Analog AVCC -
C15 | Analog AVCC -
49 49 52 AVCC1l P Power - N/A
50 50 53 AVSS1 P Power - N/A
PJ.4 (RD) 1/10 LVCMOS DVCC OFF
51 51 54
LFXIN | Analog AVCC -
PJ.5 (RD) 1/10 LVCMOS DVCC OFF
52 52 55
LFXOUT (6] Analog AVCC -
53 53 56 AVSS2 P Power - N/A
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Table 4-1. Pin Attributes (continued)

'::';55%77’)‘(((11)) FR592x(1) RESET
SIGNAL NAMED! @ SIGNAL BUFFER POWER STATE
PM, RGC PM, RGC DGG TYPE® TYPE® SOURCE AFTER
PIN NO. PIN NO. PIN NO. BOR®)
5 PJ.7 (RD) I/ LVCMOS DVCC OFF
HFXOUT o) Analog AVCC -
PJ.6 (RD) I/ LVCMOS DVCC OFF
% HFXIN I Analog AVCC -
56 AVSS3 P Power - N/A
P5.4 (RD) I/ LVCMOS DVCC OFF
54 UCA1SIMO I/ LVCMOS DVCC -
UCALTXD o) LVCMOS DVCC -
P5.5 (RD) /0 LVCMOS DVCC OFF
55 UCA1SOMI /0 LVCMOS DVCC -
UCA1RXD I LVCMOS DVCC -
P5.6 (RD) I/ LVCMOS DVCC OFF
> UCA1CLK I/ LVCMOS DVCC -
P5.7 (RD) /0 LVCMOS DVCC OFF
57 57 UCAI1STE I/ LVCMOS DVCC -
TBOCLK I LVCMOS DVCC -
P4.4 (RD) I/ LVCMOS DVCC OFF
58 58 1 UCBI1STE I/ LVCMOS DVCC -
TALCLK I LVCMOS DVCC -
P4.5 (RD) I/ LVCMOS DVCC OFF
59 59 2 UCB1CLK I/ LVCMOS DVCC -
TAL.0 I/ LVCMOS DVCC -
P4.6 (RD) I/ LVCMOS DVCC OFF
UCB1SIMO I/ LVCMOS DVCC -
60 60 3 UCB1SDA I/ LVCMOS DVCC -
TAL1 I/ LVCMOS DVCC -
P4.7 (RD) I/ LVCMOS DVCC OFF
61 61 . UCB1SOMI I/ LVCMOS DVCC -
UCB1SCL I/ LVCMOS DVCC -
TAL.2 I/ LVCMOS DVCC -
62 62 DVSS3 P Power - N/A
63 63 DVCC3 P Power - N/A
P4.2 (RD) I/ LVCMOS DVCC OFF
6 6 UCAOSIMO I/ LVCMOS DVCC -
UCAOTXD o) LVCMOS DVCC -
UCB1CLK I/ LVCMOS DVCC -
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4.3 Signal Descriptions

Table 4-2 describes the signals.

Table 4-2. Signal Descriptions

T:RR55%77’)‘(((11))* FR592x(1)
FUNCTION | SIGNAL NAME PM SIGNAL DESCRIPTION
PM, RGC RGé DGG TYPE
PIN NO. PIN NO. | PIN NO.
A0 44 44 47 | Analog input AO
Al 43 43 46 | Analog input Al
A2 42 42 45 | Analog input A2
A3 41 41 44 | Analog input A3
A12 45 45 48 | Analog input A12
A13 46 46 49 | Analog input A13
ADC Al4 47 47 50 I Analog input A14
A15 48 48 51 | Analog input A15
VREF+ 43 43 46 (@) Output of positive reference voltage
VREF- 44 44 47 (@) Output of negative reference voltage
VeREF+ 43 43 46 | {ZatﬁtefzrDag external positive reference voltage
VeREE- 24 a4 a7 | \I/r:)FI)tl;tgfgrt grt]heéx;elgréal negative reference
BSL (1%C) BSL_CLK 5 10 I BSL Clock (I1°C BSL)
BSL_DAT 4 9 I BSL Data (I°C BSL)
BSL_RX 32 32 35 | BSL Receive (UART BSL)
BSL (UART) -
BSL_TX 33 33 36 O BSL Transmit (UART BSL)
ACLK gg gg gg O ACLK output
HFXIN 55 | Input terminal of crystal oscillator XT2
HFXOUT 54 (0] Output terminal for crystal oscillator XT2
LFXIN 51 51 54 | Input terminal for crystal oscillator XT1
Clock LFXOUT 52 52 55 ¢} Output terminal of crystal oscillator XT1
MCLK 22 22 25 O MCLK output
RTCCLK izll ?1111 i;‘ (@) RTC clock output for calibration
SMCLK gé gé 4211 O SMCLK output
Co 44 44 a7 | Comparator input CO
C1 43 43 46 | Comparator input C1
Cc2 42 42 45 | Comparator input C2
C3 41 41 44 | Comparator input C3
C12 45 45 48 | Comparator input C12
Comparator C13 46 46 49 | Comparator input C13
Ci4 a7 a7 50 | Comparator input C14
C15 48 48 51 | Comparator input C15
9 9 14
COouT 4213 4213 i; O Comparator output
43 43 46
DMA DMAEO ii ?1421 431121 | DMA external trigger input
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Table 4-2. Signal Descriptions (continued)

e | oo
FUNCTION | SIGNAL NAME PM SelAlL DESCRIPTION
PM, RGC RGé DGG TYPE
PIN NO. PIN NO. | PIN NO.
DNC DNC 6 6 22 - rDeOC(;\Ingaﬁigggﬁgg\sﬁg?ﬁsT;)iSr:rr?gtglc)(l)nnected.
SBWTCK 19 19 23 | Spy-Bi-Wire input clock
SBWTDIO 20 20 27 1/0 Spy-Bi-Wire data input/output
SRCPUOEE 24 24 26 o I(_:(I):’V{chl):v'\éer debug: CPU status register
SROSCOFF 23 23 25 o goswcgt::v;er debug: CPU status register
SRSCGO 22 22 24 (@) Low-power debug: CPU status register SCGO
Debug SRSCG1 21 21 27 0 Low-power debug: CPU status register SCG1
TCK 24 24 25 | Test clock
TCLK 22 22 25 | Test clock input
TDI 22 22 24 | Test data input
TDO 21 21 22 (@) Test data output port
TEST 19 19 26 | Test mode pin - select digital I/O on JTAG pins
T™MS 23 23 23 | Test mode select
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Table 4-2. Signal Descriptions (continued)

i';%%?)‘(((ll))’ FR592x(1)
FUNCTION SIGNAL NAME PM Sl DESCRIPTION
PM, RGC RGé DGG TYPE
PIN NO. PIN NO. | PIN NO.
P1.0 44 44 a7 110 General-purpose digital I/0
P11 43 43 46 110 General-purpose digital I/0
P1.2 42 42 45 110 General-purpose digital I/0
P1.3 41 41 44 110 General-purpose digital I/0
P1.4 2 2 7 110 General-purpose digital I/0
P15 3 3 8 110 General-purpose digital I/0
P1.6 4 4 9 110 General-purpose digital I/0
P1.7 5 5 10 110 General-purpose digital I/0
P2.0 33 33 36 110 General-purpose digital I/0
P2.1 32 32 35 110 General-purpose digital I/0
pP2.2 31 31 34 110 General-purpose digital I/0
P2.3 30 30 33 110 General-purpose digital I/0
P3.0 14 14 19 110 General-purpose digital I/0
P3.1 15 15 20 110 General-purpose digital I/0
P3.2 16 16 21 110 General-purpose digital I/0
GPlo P3.3 25 25 28 110 General-purpose digital I/0
P3.4 26 26 29 110 General-purpose digital I/0
P3.5 27 27 30 110 General-purpose digital I/0
P3.6 28 28 31 110 General-purpose digital I/0
P3.7 29 29 32 110 General-purpose digital I/0
P4.2 64 64 110 General-purpose digital I/0
P4.3 1 1 110 General-purpose digital I/0
P4.4 58 58 1 110 General-purpose digital I/0
P4.5 59 59 2 110 General-purpose digital I/0
P4.6 60 60 3 110 General-purpose digital I/0
P4.7 61 61 4 110 General-purpose digital I/0
P5.4 54 110 General-purpose digital I/0
P5.5 55 110 General-purpose digital I/0
P5.6 56 110 General-purpose digital I/0
P5.7 57 57 110 General-purpose digital I/0
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Table 4-2. Signal Descriptions (continued)

e | ey
FUNCTION SIGNAL NAME PM Sl DESCRIPTION
PM, RGC RGé DGG TYPE
PIN NO. PIN NO. | PIN NO.

P6.0 7 7 12 110 General-purpose digital I/0
P6.1 8 8 13 110 General-purpose digital I/0
P6.2 9 9 14 110 General-purpose digital I/0
P6.3 10 10 15 110 General-purpose digital I/0
P6.4 11 11 16 110 General-purpose digital I/0
P6.5 12 12 17 110 General-purpose digital I/0
P6.6 13 13 18 110 General-purpose digital I/0
P7.0 34 34 37 110 General-purpose digital I/0
P7.1 35 35 38 110 General-purpose digital I/0
pP7.2 36 36 39 110 General-purpose digital I/0
P7.3 37 37 40 110 General-purpose digital I/0
P7.4 38 38 41 110 General-purpose digital I/0

GPlo P9.4 45 45 48 110 General-purpose digital I/0
P9.5 46 46 49 110 General-purpose digital I/0
P9.6 47 47 50 110 General-purpose digital I/0
P9.7 48 48 51 110 General-purpose digital I/0
PJ.0 21 21 24 110 General-purpose digital I/0
PJ.1 22 22 25 110 General-purpose digital I/0
PJ.2 23 23 26 110 General-purpose digital I/0
PJ.3 24 24 27 110 General-purpose digital I/0
PJ.4 51 51 54 110 General-purpose digital I/0
PJ.5 52 52 55 110 General-purpose digital I/0
PJ.6 55 55 110 General-purpose digital I/0
PJ.7 54 54 110 General-purpose digital I/0
UCBOSCL 5 5 10 110 USCI_BO: I2C clock (I>C mode)
UCBOSDA 4 4 9 110 USCI_BO: I?C data (I>°C mode)

e UCB1SCL o o o VO |USCI_B1: I2C clock (12C mode)
UCB1SDA o o 2 0 | USCI_BL: 2C data (12C mode)
AVCC1l 49 49 52 P Analog power supply
AVSS1 50 50 53 P Analog ground supply
AVSS2 53 53 56 P Analog ground supply
AVSS3 56 P Analog ground supply
DVCC1 18 18 P Digital power supply

Power —
DVCC2 40 40 43 P Digital power supply
DVCC3 63 63 6 P Digital power supply
DVSS1 17 17 P Digital ground supply
DVSS2 39 39 42 P Digital ground supply
DVSS3 62 62 5 P Digital ground supply
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Table 4-2. Signal Descriptions (continued)

FR597x(1),
FR587x(1) FREBI)
FUNCTION SIGNAL NAME PM SlENAE DESCRIPTION
PM, RGC : DGG TYPE
RGC
PIN NO. PIN NO. | PIN NO.
3 3 8 USCI_AO: Clock signal input (SPI slave mode),
UCAOCLK 31 31 34 Vo Clock signal output (SPI master mode)
UCAO0SIMO gi 2?1 36 110 USCI_AQ: Slave in, master out (SPI mode)
UCAOSOMI > I 35 10 | USCI_AO: Slave out, master in (SPI mode)
UCAOSTE 2 2 ! 110 USCI_AQ: Slave transmit enable (SPI mode)
30 30 33 =
28 USCI_AL: Clock signal input (SPI slave mode),
UCALCLK 28 56 31 Vo Clock signal output (SPI master mode)
UCA1SIMO 26 éi 29 110 USCI_AL: Slave in, master out (SPI mode)
UCA1SOMI 27 g; 30 1/0 USCI_AL: Slave out, master in (SPI mode)
UCALSTE 29 29 32 o
SPI 57 57 USCI_AL: Slave transmit enable (SPI mode)
USCI_BO: Clock signal input (SPI slave mode),
UCBOCLK 2 2 7 Vo Clock signal output (SPI master mode)
UCBOSIMO 4 4 9 1/0 USCI_BO: Slave in, master out (SPI mode)
UCBOSOMI 5 5 10 1/0 USCI_BO: Slave out, master in (SPI mode)
UCBOSTE 3 3 8 1/0 USCI_BQO: Slave transmit enable (SPI mode)
14 14 . .
19 USCI_B1: Clock signal input (SPI slave mode),
UCBICLK 22 22 2 Vo Clock signal output (SPI master mode)
UCB1SIMO 15 15 3 110 USCI_B1: Slave in, master out (SPI mode)
60 60 20 - '
UCB1SOMI o o o IO | USCI_B1: Slave out, master in (SPI mode)
UCBISTE 518 518 1 110 USCI_B1: Slave transmit enable (SPI mode)
NMI 20 20 23 | Nonmaskable interrupt input
System — - -
RST 20 20 23 | Reset input active low
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Table 4-2. Signal Descriptions (continued)

FR597x(1),
FR587x(1) FREBI)
FUNCTION | SIGNAL NAME PM SelAlL DESCRIPTION
PM, RGC . DGG TYPE
RGC
PIN NO. PIN NO. | PIN NO.
3 3 8 Timer_A TAO CCRO capture: CCIOA input,
TAOO 35 35 38 Vo compare: OutO output
4 4 9 ’ .
Timer_A TAO CCR1 capture: CCI1A input,
TAO.1 36 36 39 lfe} .
a4 a4 47 compare: Outl output
5 5 10 Timer_A TAO CCR2 capture: CCI2A input
TAO.2 37 37 40 Vo compare: Out2 output Prre P
43 43 46 pare: P
34 34 37 ) . .
TAOCLK 12 1 25 | Timer_A TAO clock signal TAOCLK input
2 2 7 Timer_A TA1 CCRO capture: CCIOA input,
TALO 59 59 2 Vo compare: OutO output
Timer_A 25 25 28 Timer_A TA1 CCR1 capture: CCI1A input,
TALL 42 42 45 Vo compare: Outl output
60 60 3 pare: P
TAL2 41 41 44 /o Timer_A TA1 CCR2 capture: CCI2A input,
' 61 61 4 compare: Out2 output
TA1CLK 43 43 46 | Timer_A TA1 clock signal TA1CLK input
58 58 1
Timer_A TA3 CCR2 capture: CCI2B input,
TA3.2 14 14 19 Vo compare: Out2 output
Timer_A TA3 CCR3 capture: CCI3B input,
TA33 15 15 20 Vo compare: Out3 output
Timer_A TA3 CCR4 capture: CCI4B input,
TA34 16 16 21 o compare: Out4 output
TBO.0 11 11 16 /o Timer_B TBO CCRO capture: CCIOB input,
' 26 26 29 compare: OutO output
TBO.1 12 12 17 /o Timer_B TBO CCRL1 capture: CCI1A input,
' 27 27 30 compare: Outl output
TBO.2 13 13 18 /o Timer_B TBO CCR2 capture: CCI2A input,
' 28 28 31 compare: Out2 output
Timer_B TBO CCR3 capture: CCI3B input,
TBO.3 29 29 32 Vo compare: Out3 output
Timer_B TBO CCR4 capture: CCI4B input,
Timer_B TBO4 31 sl 34 Vo compare: Out4 output
Timer_B TBO CCRS5 capture: CCI5B input,
TBO.5 32 32 35 Vo compare: Out5 output
Timer_B TBO CCR6 capture: CCI6B input,
TBO.6 33 33 36 Vo compare: Out6 output
25 25 o8
TBOCLK 33 33 | Timer_B TBO clock signal TBOCLK input
36
57 57
21 21 24 Switch all PWM outputs high impedance input -
TBOOUTH 30 30 33 ' Timer_B TBO
UCAORXD > I 35 | USCI_AQ: Receive data (UART mode)
33 33 . .
UART UCAOTXD 64 64 36 o USCI_AO0: Transmit data (UART mode)
UCA1RXD 27 27 30 | USCI_AL: Receive data (UART mode)
UCALTXD 26 26 29 (@) USCI_AL: Transmit data (UART mode)
RGC package only. VQFN package exposed
Thermal Pad thermal pad. TlI recommends connection to
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4.4

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 schematics of the
multiplexed ports, see 6.11.22.

4.5

Buffer Type

Table 4-3 describes the buffer types that are referenced in Section 4.2.

Table 4-3. Buffer Type

NOMINAL OUTPUT
BUFFER TYPE | NOMINAL PU OR PD DRIVE OTHER
(STANDARD) | VOLTAGE AITETERIZES PUOIRIRD STRENGTH | STRENGTH CHARACTERISTICS
(HA) (mA)
@ : See
LVCMOS 3.0V Y Programmable | See Table 5-11 Section 5.12.5.1
See analog modules in
Analog 30V N N/A N/A NIA Soe analog madule:
Power (DVCC) 3.0V N NIA NIA N/A SVS enables hysteresis on
DVCC
Power (AVCC) 30V N N/A N/A N/A

(1) Only for Input pins.

46 Connection of Unused Pins

Table 4-4 lists the correct termination of all unused pins.

Table 4-4. Connection of Unused Pins®

PIN POTENTIAL COMMENT
AVCC DVcce
AVSS DVss
Px.0 to Px.7 Open Switched to port function, output direction (PxDIR.n = 1)
RST/NMI DVcc or Vee 47-kQ pullup or internal pullup selected with 10-nF (2.2 nF®) pulldown
Ejgﬁglo The JTAG pins are shared_ with general-pu_rpos_e 1/O function (PJ.x). If these pins are not used, they
PJZZ/TMS Open shoul_d be set to port function and output direction. When used as JTAG pins, these pins should
PJ.3/TCK remain open.
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/O 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 with Spy-Bi-Wire interface in Spy-Bi-Wire mode or in 4-wire JTAG
mode with Tl tools like FET interfaces or GANG programmers.
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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 @1 I\)Ilggnﬁu?n?; \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
VEsp) 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
Vee Supply voltage applied at all DVCC and AVCC pins® @ ) 1.8™ 36| V
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
Processor frequency (maximum MCLK No FRAM wait states (NWAITSx = 0) 0 8™
fsystem g ®) - - 5 o1 MHz
requency) With FRAM wait states (NWAITSx = 1)®) 0 16©)
facLk Maximum ACLK frequency 50| kHz
fameLk 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) Fast supply voltage changes can trigger a BOR reset even within the recommended supply voltage range. To avoid unwanted BOR
resets, the supply voltage must change by less than 0.05 V per microsecond (+0.05 V/us). Following the data sheet recommendation for
capacitor Cpycc should limit the slopes accordingly.

(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 the PMM SVS threshold parameters in ¥ 5-2 for the exact
values.

(5) As decoupling capacitor for each supply pin pair (DVCC and DVSS, AVCC and AVSS), a low-ESR ceramic capacitor of 100 nF
(minimum) should be placed as close as possible (within a few millimeters) to the respective pin pairs.

(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 cyrstals with a typical value less than or equal to 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 excecuted
without wait states.

(9) DCO settings and HF cyrstals with a typical value less than or equal to the specified MAX value are permitted. If a clock source with a
higher 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 (fycik = fsmerk)
1 MHz 4 MHz 8 MHz 12 MHz 16 MHz
EXECUTION 0 WAIT 0 WAIT 0 WAIT 1 WAIT 1 WAIT
PARANIETER MEMORY Vee STATES STATES STATES STATES STATES UN
(NWAITSx =0) | (NWAITSx =0) | (NWAITSx =0) | (NWAITSx =1) | (NWAITSx = 1)
TYP  MAX TYP  MAX TYP  MAX TYP  MAX TYP  MAX
lam, FRAM_UNI
(Unified memory)©® FRAM 30V 210 640 1220 1475 1845 A
FRAM
Iam, FrAM(0%)@ ® 0% cache hit 3.0V 370 1280 2510 2080 2650 HA
ratio
FRAM
Iam, FrRAM(50%) @ ©) 50% cache hit | 3.0V 240 745 1440 1575 1990 HA
ratio
FRAM
Iam, FrRAM(66%)@ ©) 66% cache hit | 3.0V 200 560 1070 1300 1620 HA
ratio
FRAM
Iam, FrRAM(75%)@ ©) 75% cache hit | 3.0V 170 255 480 890  1085| 1155  1310| 1420 1620| pA
ratio
FRAM
Iam, FrAM(100% @ ©) 100% cache hit | 3.0V 110 235 420 640 730 HA
ratio
Iam, ram © @ RAM 3.0V 130 320 585 890 1070 HA
Iam, Ram ony ) ©) 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, fycik = fsmewk = foco at specified frequency, except for 12 MHz. For 12 MHz, fpco= 24 MHz and
fmeLk = fsmerk = foco/2.

At MCLK frequencies above 8 MHz, the FRAM requires wait states. When wait states are required, the effective MCLK frequency
(fmcwk eff) 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 efr:

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

For example, with 1 wait state and 75% cache hit ratio fyckp eft = fucik / [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 accesess 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 shown in 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: Iam, RaMonly): Program and data reside entirely in RAM. All execution is from RAM. FRAM is off.
Figure 5-1. Typical Active Mode Supply Currents, 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 Vce 1 MHz 4 MHz 8 MHz 12 MHz 16 MHz UNIT
TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX
22V 75 105 165 250 230
ILpmo PA
3.0V 80 120 115 175 260 240 275
22V 40 65 130 215 195
lLpm1 PA
3.0V 40 65 65 130 215 195 220

(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, fyck = 0 MHz, fsmewk = foco at specified frequency - except for 12 MHz: here fpco=24MHz and fgycik = foco/2-
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5.7 Low-Power Mode LPM2, LPM3, LPM4 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 UNIT
TYP MAX TYP MAX TYP MAX TYP MAX
| Low-power mode 2, 12-pF 22V 0.8 1.2 3.1 8.8 A
2, 4
LR XT2 crystal® © ) 30V 0.8 12 2.2 31 8.8 17
| Low-power mode 2, 3.7-pF 22V 0.7 11 3.0 8.7 uA
LPM2,XT3.7 crystal(z) (5) 4) 30V 0.7 1.1 3.0 8.7
| Low-power mode 2, VLO, 22V 0.5 0.9 2.8 8.5 A
LPMZVLO includes SVS® 3.0V 05 0.9 2.0 2.8 85 16.7
| Low-power mode 3, 12-pF 22V 0.7 0.9 1.2 25 A
LPMXT2 crystal, includes SVS® © ) 30V 0.7 0.9 12 12 25 6.4
Low-power mode 3, 3.(7)—;3!? © 22V 0.6 0.7 11 2.4
ILpM3XT3.7 crystal, excludes SVS® ©® @ uA
(also see Figure 5-2) 30V 0.6 0.7 11 24
| Low-power mode 3, 22V 0.35 0.4 0.9 1.8 A
LPMSVLO VLO, excludes SVS® 3.0V 0.35 04 0.8 0.9 18 6.1
| Low-power mode 3, 22V 0.35 0.4 0.8 1.7
LPM3,VLO, VLO, excludes SVS, RAM uA
RAMoff powered down completely *© 30V 0.35 0.4 0.7 0.8 17 5.2

(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 included. Current for brownout and SVS included.
CPUOFF =1, SCGO0 = 0 SCG1 = 1, OSCOFF = 0 (LPM2),
fxr1 = 32768 Hz, facik = fx71, fwcik = fsmek = 0 MHz
(5) Characterized with a Seiko 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 included. RTC disabled (RTCHOLD = 1). Current for brownout and SVS 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, includes SVS test conditions:
Current for watchdog timer clocked by ACLK and RTC clocked by XT1 included. Current for brownout and SVS included (SVSHE = 1).
CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF = 0 (LPM3),
fxr1 = 32768 Hz, facLk = fxT1, fwcLk = fsmek = 0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to additional
idle current. See the idle currents specified for the respective peripheral groups.
(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 included. Current for brownout included. SVS disabled (SVSHE =
0).
CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF = 0 (LPM3),
fyr1 = 32768 Hz, facik = fxt1, fmcik = fsmerk = 0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to additional
idle current. See the idle currents specified for the respective peripheral groups.
(9) Low-power mode 3, VLO, excludes SVS test conditions:
Current for watchdog timer clocked by ACLK included. RTC disabled (RTCHOLD = 1). Current for brownout included. SVS disabled
(SVSHE = 0).
CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF = 0 (LPM3),
fxr1 = 0 Hz, facik = fuio, fmeik = fsmerk = 0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to additional
idle current. See the idle currents specified for the respective peripheral groups.
(10) Low-power mode 3, VLO, excludes SVS, RAM powered down completely test conditions:
Current for watchdog timer clocked by ACLK included. RTC disabled (RTCHOLD = 1). Current for brownout included. SVS disabled
(SVSHE = 0). RAM disabled (RCCTLO = 5A55h).
CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF = 0 (LPM3),
fxr1 = 0 Hz, facik = o, fmerk = fsmerk = 0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to additional
idle current. See the idle currents specified for the respective peripheral groups.
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Low-Power Mode LPM2, LPM3, LPM4 Supply Currents (Into V) 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
| Low-power mode 4, includes 22V 0.45 0.55 0.9 18 vA
LPa.SVS svst 3.0V 0.45 055 0.8 0.9 18 6.2
| Low-power mode 4, excludes 22V 0.25 0.4 0.7 1.6 vA
L svsi? 3.0V 0.25 0.4 0.65 0.7 16 46
Low-power mode 4, excludes 22V 0.25 0.4 0.7 1.4
| SVS, RAM powered down
LR Completely @) 3.0V 0.25 0.4 0.65 0.7 1.4 26| M
Additional idle current if one or
more modules from Group A
libLE,Groupa (see 6.3.2) are activated in sov 0.02 04 10 WA
LPM3 or LPM4
Additional idle current if one or
more modules from Group B
libLE,Groupe (see 6.3.2) are activated in sov 0.02 04 10 HA
LPM3 or LPM4
Additional idle current if one or
more modules from Group C
ibLE Groupe (see 6.3.2) are activated in sov 0.02 03 08 HA
LPM3 or LPM4

(11)

(12)

(13)

Low-power mode 4, includes SVS test conditions:

Current for brownout and SVS included (SVSHE = 1).

CPUOFF =1, SCGO0 = 1 SCG1 =1, OSCOFF =1 (LPM4),

fxr1 = 0 HZ, facik = 0 Hz, fycik = fsmeik = 0 MHz

Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to additional
idle current. See the idle currents specified for the respective peripheral groups.

Low-power mode 4, excludes SVS test conditions:

Current for brownout included. SVS disabled (SVSHE = 0).

CPUOFF =1, SCGO0 = 1 SCG1 =1, OSCOFF =1 (LPM4),

fxr1 = 0 HZ, facik = 0 Hz, fycik = fsmeik = 0 MHz

Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to additional
idle current. See the idle currents specified for the respective peripheral groups.

Low-power mode 4, excludes SVS, RAM powered down completely test conditions:

Current for brownout included. SVS disabled (SVSHE = 0). RAM disabled (RCCTLO = 5A55h).

CPUOFF =1, SCGO0 = 1 SCG1 =1, OSCOFF =1 (LPM4),

fxr1 = 0 HZ, facik = 0 Hz, fycik = fsmerk = 0 MHz

Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to additional
idle current. See the idle currents specified for the respective peripheral groups.
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5.8 Low-Power Mode LPMx.5 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-power mode 3.5, 12-pF 22V 0.45 05 06 0.75 ”
LPM3SXTI2  crystal including SVS® & @ 30V 0.45 05 075 06 0.75 14
| Low-power mode 3.5, 3'7_PF 22V 0.3 0.35 0.4 0.65 WA
LPM3.5,XT3.7 crystal excluding SVS® ©) ) 3.0V 0.3 0.35 0.4 0.65
| Low-power mode 4.5, including 22V 0.2 0.3 0.35 0.4 uA
LPMESSVS  svst) 3.0V 0.2 03 05 0.35 0.4 07
| Low-power mode 4.5, 22V 0.03 0.04 0.06 0.14 ”
LPMAS excluding SVS® 30V 0.03 0.04 0.06 0.14 05

(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, 1-pF crystal including SVS test conditions:
Current for RTC clocked by XT1 included. Current for brownout and SVS included (SVSHE = 1). Core regulator disabled.
PMMREGOFF = 1, CPUOFF = 1, SCG0 = 1 SCG1 = 1, OSCOFF =1 (LPMx.5),
fxr1 = 32768 Hz, facik = fxt1, fmcik = fsmeik = 0 MHz
(5) Characterized with a Seiko 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 excluding SVS test conditions:
Current for RTC clocked by XT1 included.Current for brownout included. SVS disabled (SVSHE = 0). Core regulator disabled.
PMMREGOFF = 1, CPUOFF = 1, SCGO0 = 1 SCG1 = 1, OSCOFF =1 (LPMx.5),
fxr1 = 32768 Hz, facik = fxt1, fmcik = fsmerk = 0 MHz
(7) Low-power mode 4.5 including SVS test conditions:
Current for brownout and SVS included (SVSHE = 1). Core regulator disabled.
PMMREGOFF = 1, CPUOFF =1, SCGO0 = 1 SCG1 = 1, OSCOFF =1 (LPMx.5),
fxr1 = 0 HZ, facik = 0 Hz, fycik = fsmerk = 0 MHz
(8) Low-power mode 4.5 excluding SVS test conditions:
Current for brownout included. SVS disabled (SVSHE = 0). Core regulator disabled.
PMMREGOFF = 1, CPUOFF = 1, SCGO0 = 1 SCG1 = 1, OSCOFF =1 (LPMx.5),
fxr1 = 0 HZ, facik = 0 Hz, fycik = fsmeik = 0 MHz
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5.9 Typical Characteristics, Low-Power Mode Supply Currents
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Figure 5-2. LPM3 Supply Current vs Temperature (LPM3,XT3.7) | Figure 5-3. LPM4 Supply Current vs Temperature (LPM4,SVS)
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5.10 Typical Characteristics, Current Consumption per Module

MODULE TEST CONDITIONS REFERENCE CLOCK MIN TYP MAX UNIT
Timer_A Module input clock 3 pA/MHz
Timer_B Module input clock 5 pA/MHz
eUSCI_A UART mode Module input clock 55 pA/MHz
eUSCI_A SPI mode Module input clock 35 pA/MHz
eUSCI_B SPI mode Module input clock 35 pA/MHz
eUSCI_B I°C mode, 100 kbaud Module input clock 35 pA/MHz
RTC_C 32 kHz 100 nA
MPY Only from start to end of operation MCLK 25 pA/MHz
AES Only from start to end of operation MCLK 21 pA/MHz
CRC16 Only from start to end of operation MCLK 25 pA/MHz
CRC32 Only from start to end of operation MCLK 25 pA/MHz

5.11 Thermal Resistance Characteristics®
PARAMETER PACKAGE VALUE®W UNIT
03 Junction-to-ambient thermal resistance, still air® 57.7 °C/W
03c(ToP) Junction-to-case (top) thermal resistance ) 15.1 °CIW
035 Junction-to-board thermal resistance® 26.5 °C/W
. . TSSOP-56 (DGG)
Y8 Junction-to-board thermal characterization parameter 26.2 °CIW
YT Junction-to-top thermal characterization parameter 0.5 °CIW
0ycgotTomy  Junction-to-case (bottom) thermal resistance ) N/A °C/W
03 Junction-to-ambient thermal resistance, still air® 59.3 °CIW
03c(Top) Junction-to-case (top) thermal resistance ) 19.5 °C/W
035 Junction-to-board thermal resistance® 30.8 °C/W
- — QFP-64 (PN)
Y8 Junction-to-board thermal characterization parameter 30.5 °CIW
YT Junction-to-top thermal characterization parameter 1.0 °CIW
0ycgoTTomy  Junction-to-case (bottom) thermal resistance ) N/A °CIW
03 Junction-to-ambient thermal resistance, still air® 29.6 °CIW
03c(ToP) Junction-to-case (top) thermal resistance ) 15.8 °C/W
035 Junction-to-board thermal resistance® 8.5 °CIW
- — QFN-64 (RGC)
Y8 Junction-to-board thermal characterization parameter 8.5 °CIW
YT Junction-to-top thermal characterization parameter 0.2 °CIW
0ycotTomy  Junction-to-case (bottom) thermal resistance ) 1.2 °CIW

(1) N/A =not applicable
(2) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, High-K board, as

specified in JESD51-7, in an environment described in JESD51-2a.

(3) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC-
standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
(4) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.
(5) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific

JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
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5.12 Timing and Switching Characteristics

5.12.1 Power Supply Sequencing

Tl recommends 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.

#z 5-1 lists the reset power ramp requirements.

#z 5-1. Brownout and Device Reset Power Ramp Requirements
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX| UNIT
Vyce sor.  Brownout power-down level® | dDVc/d; | < 3 Vis®@ 0.73 1.66 Y
Vyce por+  Brownout power-up level® | dDVecld; | < 3 VIs@ 0.79 1.68| V

(1) Fast supply voltage changes can trigger a BOR reset even within the recommended supply voltage range. To avoid unwanted BOR
resets, the supply voltage must change by less than 0.05 V per microsecond (+0.05 V/us). Following the data sheet recommendation for
capacitor Cpycc should limit the slopes accordingly.

(2) The brownout levels are measured with a slowly changing supply.

& 5-2 lists the characteristics of the SVS.

& 5-2. SVS

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
IsvsH,LPM SVSy current consumption, low power modes 170 300| nA
VsvsH- SVSy, power-down level® 1.75 1.80 185 V
VsvsH+ SVSy, power-up level® 1.77 1.88 199 V
VsvsH_hys SVSy hysteresis 40 120| mv
tpD,SVSH, AM SVSy propagation delay, active mode dVy/dt = =10 mV/us 10| s

(1) For additional information, see the Dynamic Voltage Scaling Power Solution for MSP430 Devices With Single-Channel LDO Reference
Design.

5.12.2 Reset Timing

Table 5-11 lists the required reset input timing.

& 5-3. Reset Input
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER Vce MIN MAX UNIT
trsty External reset pulse duration on RST® 22V,30V 2 ps

(1) Not applicable if the RST/NMI pin is configured as NMI.
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5.12.3 Clock Specifications

Table 5-4 lists the characteristics of the LFXT.

Table 5-4. Low-Frequency Crystal Oscillator, LFXT®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
fosc = 32768 HZ,
LFXTBYPASS = 0, LFXTDRIVE = {0}, 180
Ta = 25°C, Cy g = 3.7 pF, ESR = 44 kQ
fosc = 32768 HZ,
LFXTBYPASS = 0, LFXTDRIVE = {1}, 185
Ta = 25°C, C_ 1t = 6 pF, ESR = 40 kQ
lvee.LrxT Current consumption fosc = 32768 Hz, 30V nA
LFXTBYPASS = 0, LFXTDRIVE = {2}, 225
Ta = 25°C, Cp e = 9 pF, ESR = 40 kQ
fosc = 32768 HZ,
LFXTBYPASS = 0, LFXTDRIVE = {3}, 330
Ta = 25°C, Cp e = 12.5 pF, ESR =
40 kQ
LFXT oscillator crystal _
fLFXT frequency LFXTBYPASS =0 32768 Hz
. Measured at ACLK, o o
DCiexT LFXT oscillator duty cycle fLexr = 32768 Hz 30% 70%
LFXT oscillator logic-level _12 @
fLEXT.SW square-wave input frequency LFXTBYPASS = 1 105 32.768 50| kHz
LFXT oscillator logic-level _ o o
DCurxT, sw square-wave input duty cycle LFXTBYPASS =1 30% 70%
LFXTBYPASS = 0, LFXTDRIVE = {1}, 210
OA Oscillation %,Ilowance for fLexT = 32768 Hz, Cy o = 6 pF K
LPXT LF crystals® LFXTBYPASS = 0, LEXTDRIVE = {3}, 300
fLFXT = 32768 Hz, CL,eff =125 pF
Integrated load capacitance at
Curxin LFXIN terminal® (©) 2 pF
Integrated load capacitance at
Cirxour LFXOUT terminal® © 2 pF

(1) To improve EMI on the LFXT 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 LFXIN and LFXOUT.
* Avoid running PCB traces underneath or adjacent to the LFXIN and LFXOUT pins.
* Use assembly materials and processes that avoid any parasitic load on the oscillator LFXIN and LFXOUT pins.
» If conformal coating is used, make sure that it does not induce capacitive or resistive leakage between the oscillator pins.

(2) When LFXTBYPASS is set, LFXT 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. Duty cycle requirements are defined by DCgxr, sw-

(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
LFXTDRIVE settings and the effective load. In general, comparable oscillator allowance can be achieved based on the following
guidelines, but should be evaluated based on the actual crystal selected for the application:

* For LFXTDRIVE = {0}, C_ef = 3.7 pF

* For LFXTDRIVE = {1}, C__ ¢t = 6 pF

* For LFXTDRIVE = {2}, 6 pF < C_ ¢ < 9 pF

* For LFXTDRIVE = {3}, 9 pF < C__ ¢t < 12.5 pF

(5) This represents all the parasitic capacitance present at the LFXIN and LFXOUT terminals, respectively, including parasitic bond and
package capacitance. The effective load capacitance, C| ¢t can be computed as Cjy X Coyt / (Cin + Cour), Where Cyy and Coyr is the
total capacitance at the LFXIN and LFXOUT terminals, respectively.

(6) Requires external capacitors at both terminals. Values are specified by crystal manufacturers. Recommended values supported are 3.7
pF, 6 pF, 9 pF, and 12.5 pF. Maximum shunt capacitance of 1.6 pF. The PCB adds additional capacitance, so it must also be
considered in the overall capacitance. Verify that the recommended effective load capacitance of the selected crystal is met.
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Table 5-4. Low-Frequency Crystal Oscillator, LFXT® (continued)

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,
LFXTBYPASS = 0, LFXTDRIVE = {0}, 3.0V 800
_ Tp=25°C, Cp ot = 3.7 pF
t Start-up time® : ms
START,LFXT p fosc = 32768 Hz
LFXTBYPASS = 0, LFXTDRIVE = {3}, 3.0V 1000
Ta = 25°C, Cpeqr = 12.5 pF
frault LEXT Oscillator fault frequency® ©) 0 3500| Hz

(7) Includes start-up counter of 1024 clock cycles.

(8) Frequencies above the MAX specification do not set the fault flag. Frequencies between the MIN and MAX specification may set the
flag. A static condition or stuck at fault condition will set the flag.

(9) Measured with logic-level input frequency but also applies to operation with crystals.

Table 5-5 lists the characteristics of the HFXT.

Table 5-5. High-Frequency Crystal Oscillator, HFXT®
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,
HFEXTBYPASS = 0, HFXTDRIVE = 0,
HFFREQ = 1@, 75
Ta = 25°C,
Cy it = 18 pF, typical ESR, Cghynt
fosc =8 MHz,
HFEXTBYPASS = 0, HFXTDRIVE =1,
HFFREQ =1 120
Ta = 25°C,
HEXT oscillator crystal current HF | Ceit = 18 pF, typical ESR, Cshunt
Ipvee HexT ; ~ 3.0V HA
mode at typical ESR fosc = 16 MHz,
HFEXTBYPASS = 0, HFXTDRIVE = 2,
HFFREQ = 2, 190
Ta = 25°C,
Cy it = 18 pF, typical ESR, Cghynt
fosc =24 MHz
HFEXTBYPASS = 0, HFXTDRIVE = 3,
HFFREQ = 3, 250
Ta = 25°C,
Cy it = 18 pF, typical ESR, Cghynt
I(-;;:XTBYPASS =0,HFFREQ=1® 4 8
f HFXT oscillator crystal frequency, MHz
HFXT crystal mode HEXTBYPASS = 0, HFFREQ = 2 ® 8.01 16
HFEXTBYPASS = 0, HFFREQ = 3 ® 16.01 24
DCuexr  HFXT oscillator duty cycle Measured at SMCLK, 40% 50%  60%
fHFXT =16 MHz
(1) To improve EMI on the HFXT 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 HFXIN and HFXOUT.
* Avoid running PCB traces underneath or adjacent to the HFXIN and HFXOUT pins.
* Use assembly materials and processes that avoid any parasitic load on the oscillator HFXIN and HFXOUT pins.
» If conformal coating is used, ensure that it does not induce capacitive/resistive leakage between the oscillator pins.
(2) HFFREQ = {0} is not supported for HFXT crystal mode of operation.
(3) Maximum frequency of operation of the entire device cannot be exceeded.
34 Specifications Copyright © 2015-2018, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP430FR5972 MSP430FR59721 MSP430FR5970 MSP430FR5922 MSP430FR59221
MSP430FR5872 MSP430FR58721 MSP430FR5870


http://www.ti.com/product/msp430fr5972?qgpn=msp430fr5972
http://www.ti.com/product/msp430fr59721?qgpn=msp430fr59721
http://www.ti.com/product/msp430fr5970?qgpn=msp430fr5970
http://www.ti.com/product/msp430fr5922?qgpn=msp430fr5922
http://www.ti.com/product/msp430fr59221?qgpn=msp430fr59221
http://www.ti.com/product/msp430fr5872?qgpn=msp430fr5872
http://www.ti.com/product/msp430fr58721?qgpn=msp430fr58721
http://www.ti.com/product/msp430fr5870?qgpn=msp430fr5870
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=JAJSG24C&partnum=MSP430FR5972
http://www.ti.com/product/msp430fr5972?qgpn=msp430fr5972
http://www.ti.com/product/msp430fr59721?qgpn=msp430fr59721
http://www.ti.com/product/msp430fr5970?qgpn=msp430fr5970
http://www.ti.com/product/msp430fr5922?qgpn=msp430fr5922
http://www.ti.com/product/msp430fr59221?qgpn=msp430fr59221
http://www.ti.com/product/msp430fr5872?qgpn=msp430fr5872
http://www.ti.com/product/msp430fr58721?qgpn=msp430fr58721
http://www.ti.com/product/msp430fr5870?qgpn=msp430fr5870

| ¥EXAS MSP430FR5972, MSP430FR59721, MSP430FR5970, MSP430FR5922, MSP430FR59221
NSTRUMENTS MSP430FR5872, MSP430FR58721, MSP430FR5870
www.ti.com JAJSG24C —APRIL 2015—-REVISED AUGUST 2018

Table 5-5. High-Frequency Crystal Oscillator, HFXT® (continued)

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

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
= =0®
I(—3|;:XTBYPASS 1, HFFREQ =0 0.9 4
HFXTBYPASS = 1, HFFREQ = 1™
HFXT oscillator logic-level (©) Q 4.01 8
fHEXT.SW square-wave input frequency, MHz
: = =2
bypass mode I(—3|;:XTBYPASS =1, HFFREQ = 2 8.01 16
= =3@
I(-g:XTBYPASS 1, HFFREQ = 3 16.01 24
DChigxr, HEXT oscnlatpr logic-level HEXTBYPASS = 1 40% 60%
sw square-wave input duty cycle
HFXTBYPASS =0,
HFXTDRIVE = 0, HFFREQ = 1@, 450
fHExTHE = 4 MHZ, C_ et = 16 pF
HFXTBYPASS =0,
HEXTDRIVE = 1, HFFREQ =1, 320
OA Oscillation allowance for fHExT,HE = 8 MHZ, C ¢t = 16 pF 0
HFXT  HFXT crystals(® HFXTBYPASS =0,
HEXTDRIVE = 2, HFFREQ = 2, 200
fHFXT,HF =16 MHz, CL,eff =16 pF
HFXTBYPASS =0,
HEXTDRIVE = 3, HFFREQ = 3, 200
fHFXT,HF =24 MHz, CL,eff =16 pF
fosc =4 MHz,
HEXTBYPASS = 0, HFXTDRIVE = 0,
HFFREQ =1, 3oV 1.6
. Ta =25°C, C e = 16 pF
t Start-up time® : ms
START,HFXT p fosc = 24 MHz,
HFXTBYPASS = 0, HFXTDRIVE = 3,
HFFREQ = 3, 3oV 0.6
Ta = 25°C, CL,eff =16 pF
Integrated load capacitance at
CHEXIN - EXIN terminal @) ©) 2 PF
Integrated load capacitance at
CHFXOUT  HEXOUT terminal @) ®) § PP
fraunext  Oscillator fault frequency® (0 0 800 | kHz

(4) When HFXTBYPASS is set, HFXT 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. Duty cycle requirements are defined by DCpgxT, sw-

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

(6) Includes start-up counter of 1024 clock cycles.

(7) This represents all the parasitic capacitance present at the HFXIN and HFXOUT terminals, respectively, including parasitic bond and
package capacitance. The effective load capacitance, C| ¢« can be computed as Cjy X Coyt / (Cin + Cour), Where Cyy and Coyr is the
total capacitance at the HFXIN and HFXOUT terminals, respectively.

(8) Requires external capacitors at both terminals. Values are specified by crystal manufacturers. Recommended values supported are
14 pF, 16 pF, and 18 pF. Maximum shunt capacitance of 7 pF. The PCB adds additional capacitance, so it must also be considered in
the overall capacitance. Verify that the recommended effective load capacitance of the selected crystal is met.

(9) Frequencies above the MAX specification do not set the fault flag. Frequencies between the MIN and MAX might set the flag. A static
condition or stuck at fault condition will set the flag.

(10) Measured with logic-level input frequency but also applies to operation with crystals.
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Table 5-6 lists the characteristics of the DCO.

Table 5-6. DCO

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

PARAMETER TEST CONDITIONS Vce MIN  TYP MAX | UNIT
Measured at SMCLK, divide by 1,
focol t?i?n%ggq“ency range 1 MHz, DCORSEL = 0, DCOFSEL = 0 1 +3.5% | MHz
DCORSEL =1, DCOFSEL =0
DCO frequency range 2.7 MHz, | Measured at SMCLK, divide by 1,
focoz7 trimmed DCORSEL =0, DCOFSEL =1 2.667 3.5% | MHz
DCO frequency range 3.5 MHz, Measured at SMCLK, divide by 1, o
focoss  yimmed DCORSEL = 0, DCOFSEL = 2 35 3.5% | MHz
DCO frequency range 4 MHz, Measured at SMCLK, divide by 1, o
focos trimmed DCORSEL =0, DCOFSEL = 3 4 3.5% | MHz
Measured at SMCLK, divide by 1,
focos.s t'?i%?nfergq“ency range 5.3 MHz, | b GRSEL = 0, DCOFSEL = 4 5.333 +3.5% | MHz
DCORSEL =1, DCOFSEL =1
Measured at SMCLK, divide by 1,
focor t'?i%?nfergq“ency range 7 MHz, | 5CORSEL = 0, DCOFSEL = 5 7 +3.5% | MHz
DCORSEL =1, DCOFSEL =2
Measured at SMCLK, divide by 1,
focos t'?i%?nfergq“ency range 8 MHz, | 5eORSEL = 0, DCOFSEL = 6 8 +3.5% | MHz
DCORSEL =1, DCOFSEL =3
DCO frequency range 16 MHz, Measured at SMCLK, divide by 1, o (1)
focote  yimmed DCORSEL = 1, DCOFSEL = 4 16 £35%| MHz
DCO frequency range 21 MHz, Measured at SMCLK, divide by 2, o (1)
focoat trimmed DCORSEL = 1, DCOFSEL =5 21 £3.5% MHz
DCO frequency range 24 MHz, Measured at SMCLK, divide by 2, Q)
focozs  trimmed DCORSEL = 1, DCOFSEL = 6 24 *35%| MHz
Measured at SMCLK, divide by 1,
No external divide, all DCORSEL and
focopc Duty cycle DCOFSEL settings except DCORSEL 48%  50% 52%
=1, DCOFSEL =5 and DCORSEL =
1, DCOFSEL =6
Based on fsigna = 10 kHz and DCO
t used for 12-bit SAR ADC sampling
DCo, DCO jitter source. This achieves >74-dB SNR 2 3| ns
JITTER due to jitter; that is, it is limited by
ADC performance.
dfpco/dT  DCO temperature drift@ 3.0V 0.01 %/°C

(1) After a wakeup from LPM1, LPM2, LPM3 or LPM4, the DCO frequency fpco might exceed the specified frequency range for a few
clocks cycles by up to 5% before settling into the specified steady state frequency range.
(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))

Table 5-7 lists the characteristics of the VLO.

Table 5-7. 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 Ve MIN  TYP MAX| UNIT
Ve) Current consumption 100 nA
fuLo VLO frequency Measured at ACLK 6 9.4 14| kHz
dfyofdt VLO frequency temperature drift Measured at ACLK® 0.2 %/°C
dfyo/dVee VLO frequency supply voltage drift Measured at ACLK @ 0.7 %IV
fvLo,nc Duty cycle Measured at ACLK 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 V t0 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V-1.8 V)
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Table 5-8 lists the characteristics of the MODOSC.

Table 5-8. Module Oscillator (MODOSC)

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
IMobosc Current consumption Enabled 25 pA
fMobosc MODOSC frequency 4.0 4.8 54| MHz
fuoposc/dT MODOSC frequency temperature drift(®) 0.08 %/°C

MODOSC frequency supply voltage

fwobosc/dVee i@ quency supply 9 14 %IV
DCnvobosc Duty cycle Measured at SMCLK, divide by 1 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 t0 3.6 V) — MIN(1.8 Vt0 3.6 V)) / MIN(1.8 V10 3.6 V) / (3.6 V- 1.8 V)
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5.12.4 Wake-up Characteristics

Table 5-9 lists the device wake-up times.

Table 5-9. Wake-up Times From Low-Power Modes and Reset
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER COI\-II-EI)EI'IS'-II-ONS Vce MIN TYP MAX | UNIT
Additional wake-up time to activate the FRAM
fWAKE.UP FRAM in AM if previously disable_d by the 'FRAM 6 10| s
controller or from an LPM if immediate
activation is selected
| | I(\{I)CLKREQEN =1 22V.30V 142(; ansC;
twake-up Lpmo  Wake-up time from LPMO to active mode MCLKREQEN = 0 400 ns +
0@ 22V,3.0V 255/ foco
twake.up Lpm1  Wake-up time from LPML1 to active mode® 22V,3.0V 6 us
twake.up Lpm2  Wake-up time from LPM2 to active mode® 22V,3.0V 6 us
twake.up Lpma  Wake-up time from LPM3 to active mode® 22V,3.0V 7 10| ps
twake.up Lpma  Wake-up time from LPM4 to active mode® 22V,30V 7 10| ps
twake-Up Lpmas  Wake-up time from LPM3.5 to active mode® 22V,3.0V 250 350| s
twAKE-UP LPMas Wake-up time from LPM4.5 to active mode® SVSHE =1 22V, 30V 250 30| s
' SVSHE =0 22V,3.0V 0.4 08| ms
fWAKE.UP-RST \é\é%ti-%pogr:g)from a RST pin triggered reset to 22V.30V 250 350| s
tWAKE-UP-BOR Wake-up time from power-up to active mode ®) 22V,30V 0.5 1.0 ms

@

externally observable MCLK clock edge with MCLKREQEN = 1. This time includes the activation of the FRAM during wakeup.

@

device wake-up time is not affected by the status of the MCLKREQEN bit.

©)

instruction of the user program is executed.

Table 5-10 lists the typical charge required for wakeup.

Table 5-10. Typical Wake-up Charge®

The wake-up time is measured from the edge of an external wake-up signal (for example, port interrupt or wake-up event) to the first
With MCLKREQEN = 0, the MCLK is gated one additoinal one clock cycle (wake from LPMO, LPM1, LPM2, LPM3, and LPM4). The

The wake-up time is measured from the edge of an external wake-up signal (for example, port interrupt or wake-up event) until the first

PARAMETER TEST CONDITIONS | MIN TYP  MAX | UNIT
0 Charge used for activating the FRAM in AM or during wakeup 15.1 nAs
WAKE-UP FRAM  from LPMO if previously disabled by the FRAM controller. :
Charge used to wake up from LPMO to active mode (with FRAM
QWAKE-UP LPMO active) 4.4 nAs
Charge used to wake up from LPM1 to active mode (with FRAM
QWAKE-UP LPM1 arg P ( 15.1 nAs
active)
Charge used to wake up from LPM2 to active mode (with FRAM
QWAKE-UP LPM2 activg) P ( 15.3 nAs
Charge used to wake up from LPM3 to active mode (with FRAM
QWAKE-UP LPM3 activg) P ( 16.5 nAs
Charge used to wake up from LPM4 to active mode (with FRAM
QWAKE-UP LPM4 activg) P ( 16.5 nAs
Qwake-up Lpm3.s Charge used to wake up from LPM3.5 to active mode @ 76 nAs
Q Charge used to wake up from LPM4.5 to active mode @ SVSHE =1 ” nAs
X u Wi u . iV
WAKE-UP LPM4.5 g p SVSHE = 0 775
Qwake-up-ReseTr  Charge used for reset from RST or BOR event to active mode @ 75 nAs

(1) Charge used during the wake-up time from a given low-power mode to active mode. This does not include the energy required in active
mode (for example, for an interrupt service routine).
(2) Charge required until start of user code. This does not include the energy required to reconfigure the device.
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5.12.4.1 Typical Characteristics, Average LPM Currents vs Wake-up Frequency
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NOTE: The average wake-up current does not include the energy required in active mode; for example, for an interrupt
service routine or to reconfigure the device.

Figure 5-6. Average LPM Currents vs Wake-up Frequency at 25°C
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NOTE: The average wake-up current does not include the energy required in active mode; for example, for an interrupt
service routine or to reconfigure the device.

Figure 5-7. Average LPM Currents vs Wake-up Frequency at 85°C
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5.12.5 Digital I/Os

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

Table 5-11 lists the characteristics of the digital inputs.

Table 5-11. Digital Inputs

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
\% Positi ing input threshold volt 22V L2 105 %
ositive-going input threshold voltage

i going b 9 3.0V 1.65 2.25

v Neqafi it inout threshold volt 22V 0.55 1.00 v
_ egative-going input threshold voltage

T gative-going b 9 30V 0.75 1.35

v Inout volt hvst s (v Vir) 22V 0.44 0.98 v
nput voltage hysteresis - Vi1
s P gety e T 3.0V 0.60 1.30
. For pullup: V|\y = Vss
Rpul Pullup or pulldown resistor For pulldown: Vjy = Vee 20 35 50| kQ
Ci,dig Input capacitance, digital only port pins VN = Vss Or Ve 3 pF
Input capacitance, port pins with shared analo
Ciana fuﬁctiong(l) portp 9| Vin = Vss or Vee 5 pF
| High-impedance input leak t See @G 22V, 20 +20| nA
Ikg(Px.y) igh-impedance input leakage curren ee 30V - n
Ports with interrupt capability
t External interrupt timing (external trigger pulse | (see block diagram and 22V, 20 ns
(in9 duration to set interrupt ﬂag)(“) terminal function 3.0V
descriptions).

t External reset pulse duration on RST® 22V, 2

(RST) xternal reset pulse duration on 30V us

(1) If the port pins PJ.4/LFXIN and PJ.5/LFXOUT are used as digital I/Os, they are connected by a 4-pF capacitor and a 35-MQ resistor in

series. At frequencies of approximately 1 kHz and lower, the 4-pF capacitor can add to the pin capacitance of PJ.4/LFXIN and
PJ.5/LFXOUT.

(2) The input leakage current is measured with Vgg or V¢ applied to the corresponding pins, unless otherwise noted.

(3) The input leakage of the digital port pins is measured individually. The port pin is selected for input and the pullup or pulldown resistor is
disabled.
(4) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t) is met. It may be set by trigger signals
shorter than tny.
(5) Not applicable if the RST/NMI pin is configured as NMI.
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Table 5-12 lists the characteristics of the digital outputs.

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

Table 5-12. Digital Outputs

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
V, —
|(OHmax) =-1 mA(l) 8(:25 VCC
22V v
l(oHmax) = =3 MA® 8C66 Vee
Vou High-level output voltage \%
_ @ Vee -
l(OHmax) = =2 MA 0.25 Vee
3.0V v
l(OHmax) = —6 MA® 8C66 Vee
Vgg +
loLmax) = 1 MA@ Vss 8.525
22V v
+
loLmax) = 3 mA® Vss (S).SGO
VoL Low-level output voltage v \%
+
loLmax) = 2 MA@ Vss 8.525
3.0V v
+
l(oLmax) = 6 mA® Vss (S).SGO
. 3 2 (5 22V 16
foxy Port output frequency (with load)©) C_=20pF, R ¥ ® MHz
3.0V 16
@ ACLK, MCLK, or SMCLK at 22V 16
f Clock output frequenc configured output port MHz
Port_CLK p q y o =920 pF(S) put p 30V 16
L . . 22V 4 15
trise,dig Port output rise time, digital only port pins C_=20pF 30V 3 15 ns
) - . 22V 4 15
tall dig Port output fall time, digital only port pins C_=20pF 30V 3 15 ns
. Port output rise time, port pins with shared _ 22V 6 15
liise,ana analog functions CuL=20pF 30V 4 s ™
i i i 22V 6 15
fallana Port output fgll time, port pins with shared CL =20 pF ns
' analog functions 3.0V 4 15

(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.

(3) The port can output frequencies at least up to the specified limit. It might support higher frequencies.

(4) Aresistive divider with 2 x R1 and R1 = 1.6 kQ between V¢ and Vss is used as load. The output is connected to the center tap of the
divider. C_ = 20 pF is connected from the output to Vss.
(5) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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5.12.5.1 Typical Characteristics, Digital Outputs at 3.0 V and 2.2V

15 25°C 30 25°C
/ -—Tr
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E E s
=10 £ 20 7
£ g /
5 3 //
= 5
g / s /
(¢} / © /
2 / 2
35 7 310 7
E ) E )
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0 0
0 0.5 1 1.5 2 0 0.5 1 15 2 2.5 3
Low-Level Output Voltage (V) Low-Level Output Voltage (V)
VCC =22V VCC =30V
Figure 5-8. Typical Low-Level Output Current vs Low-Level Figure 5-9. Typical Low-Level Output Current vs Low-Level
Output Voltage Output Voltage
0 25°C 0 25°C
— — — 85°C — — — 85°C
/
< <
E E
2 5 < -10
o o
5 5
&) &)
=] =]
i=3 i<
=] =
¢ [e)
T / °
> > 7/
3 10 7 3 20 L
=y L 5 -
T - T -
————— T =T //
_//
____——-"/
P1.1 P1.1
-15 -30
0 0.5 1 1.5 2 0 0.5 1 1.5 2 2.5 3
High-Level Output Voltage (V) High-Level Output Voltage (V)
Ve =22V Vee=3.0V
Figure 5-10. Typical High-Level Output Current vs High-Level Figure 5-11. Typical High-Level Output Current vs High-Level
Output Voltage Output Voltage
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Table 5-13 lists the characteristics of the pin oscillator.

Table 5-13. Pin-Oscillator Frequency, Ports Px
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
] ) Px.y, C_ = 10 pFr® 3.0V 1200 kHz
fopy.y Pin-oscillator frequency 1
Px.y, C_ =20 pF® 3.0V 650 kHz
(1) C.is the external load capacitance connected from the output to Vss and includes all parasitic effects such as PCB traces.
5.12.5.2 Typical Characteristics, Pin-Oscillator Frequency
fitted fitted
\ — s \ — - 25C
__ 1000 === =g5C __ 1000 === =g85C
N N
I I
< D < D
[ [
=z h) =z h)
o \ o \
[T N 'S N\
S N S N
2 A z A
7] D 7] D
2 ™ < TR
g N\ & AN
< <
100 100
10 100 10 100
External Load Capacitance (incl. board etc.) [pF] External Load Capacitance (incl. board etc.) [pF]
Vee =22V One output active at a time. Vee=3.0V One output active at a time.
Figure 5-12. Typical Oscillation Frequency vs Load Capacitance | Figure 5-13. Typical Oscillation Frequency vs Load Capacitance
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5.12.6 Timer_A and Timer_B

Table 5-14 lists the characteristics of the Timer_A.

Table 5-14. Timer_A
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Internal: SMCLK or ACLK, 29V
fra Timer_A input clock frequency External: TACLK, 3' 0 V 16| MHz
Duty cycle = 50% +10% '
) - All capture inputs, minimum pulse 22V,
tTacap Timer_A capture timing duration required for capture 3.0V 20 ns

Table 5-15 lists the characteristics of the Timer_B.

Table 5-15. Timer_B
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Internal: SMCLK or ACLK, 29V
frg Timer_B input clock frequency External: TBCLK, 3' 0 V 16| MHz
Duty cycle = 50% +10% '
) - All capture inputs, minimum pulse 22V,
7B .cap Timer_B capture timing duration required for capture 3.0V 20 ns
5.12.7 eUSCI

Table 5-16 lists the supported clock frequencies for the eUSCI in UART mode.

Table 5-16. eUSCI (UART Mode) Clock Frequency

PARAMETER CONDITIONS Vee MIN MAX | UNIT
Internal: SMCLK, ACLK
feusci eUSCI input clock frequency External: UCLK 16| MHz

Duty cycle = 50% +10%

BITCLK clock frequency

farreLk (equals baud rate in MBaud) 4| MHz
Table 5-17 lists the characteristics of the eUSCI in UART mode.
Table 5-17. eUSCI (UART Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT

UCGLITx=0 5 30
UCGLITx=1 20 90

t UART receive deglitch time® 22V, ns
UCGLITx =2 30V 35 160
UCGLITx =3 50 220

(1) Pulses on the UART receive input (UCXRX) that are shorter than the UART receive deglitch time are suppressed. Thus the selected
deglitch time can limit the maximum usable baud rate. To make sure that pulses are correctly recognized, their duration should exceed
the maximum specification of the deglitch time.
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Table 5-18 lists the supported clock frequencies for the eUSCI in SPI master mode.

Table 5-18. eUSCI (SPI Master Mode) Clock Frequency

PARAMETER CONDITIONS Vce MIN MAX | UNIT
Internal: SMCLK, ACLK

feusci eUSCI input clock frequency Duty cycle = 50% +10% 16| MHz
Table 5-19 lists the characteristics of the eUSCI in SPI master mode.
Table 5-19. eUSCI (SPI Master Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®
PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
tsteLeap  STE lead time, STE active to clock UCSTEM =1, UCMODEXx =01 or 10 1 UCKCLK
X X
toreiag OV lagtime, last clock to STE UCSTEM = 1, UCMODEX = 01 or 10 1 cycles
' Inactive
STE access time, STE active to _ _ 22V,
tsTE ACC SIMO data out UCSTEM = 0, UCMODEX = 01 or 10 30V 60 ns
STE disable time, STE inactive to _ _ 2.2V,
tsTEDIS SOMI high impedance UCSTEM = 0, UCMODEX = 01 or 10 20V 80 ns
t SOMI input data setup ti 22V 40
INnput data setup ume ns
SUM P P 3.0V 40
t SOMI input data hold ti 22V 0
Input data no me ns
HD,MI p 30V 0
o UCLK edge to SIMO valid 22V 10
t SIMO output data valid time @ ' ns
VALID,MO p C, =20 pF 30V 10
) 22V 0
tho.Mo SIMO output data hold time ) C_ =20 pF 30V 5 ns

(1) fucxerk = 1/ 2t oy With thoyy = max(tyavip,moeuscr + tsu,si(slave)s tsumieuscl * tvALID,sO(Slave))-
For the slave parameters tsy sisiave) and 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 5-14 and Figure 5-15.

(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-
14 and Figure 5-15.
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Figure 5-14. SPI Master Mode, CKPH =0
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Figure 5-15. SPI Master Mode, CKPH =1
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Table 5-20 lists the characteristics of the eUSCI in SPI slave mode.

Table 5-20. eUSCI (SPI Slave Mode)

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

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
. ) 22V 50
tsTE LEAD STE lead time, STE active to clock 30V 0 ns
. . . 22V 2
tsTE LAG STE lag time, last clock to STE inactive 30V ns
. . 22V 50
tsTE,ACC STE access time, STE active to SOMI data out 3.0V 20 ns
‘ STE disable time, STE inactive to SOMI high 22V 50 ns
STEDIS impedance 30V 45
) ) 22V 4
tsu,si SIMO input data setup time 3.0V p ns
. . 22V 7
thp,si SIMO input data hold time 30V - ns
i 22V 35
e (2) UCLK edge to SOMI valid,
tvALID,sO SOMI output data valid time CL= 20 pF 30V s ns
@) 22V 0
thp,so SOMI output data hold time C_=20pF 30V ns

(1) fucxerk = L2t oy With tlopy 2 max(tyaLip,moaster) + tsu,sieuscly tsuMiMaster) + tvaLID,so(eUSCH))-

For the master parameters tsy mimaster) aNd tyaLip,Mo(master) S€€ the SPI parameters of the attached slave.

(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 5-16 and Figure 5-17.
(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. See the timing diagrams in Figure 5-16
and Figure 5-17.
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Figure 5-16. SPI Slave Mode, CKPH =0

UCMODEX = 01 7I(

STE H_ tsrereno tsrenc _H
_o\L | |y
UCMODEXx =10 | : : |
: :4_ 1/ fUCxCLK _’I : :
UCLK || | : | I
|| | | b
| I‘_tLOW/HIGH_>|<_tLOW/HIGH_>I | |
4—"— tios
: I tsu‘5| _I<_’I | :
I
I | I
| tioso |
_’I_I‘_ toreace N’I'H_tVALID‘SO tSTE,DIS —’I—k—

S G| G G S

Figure 5-17. SPI Slave Mode, CKPH =1

48 Specifications Copyright © 2015-2018, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: MSP430FR5972 MSP430FR59721 MSP430FR5970 MSP430FR5922 MSP430FR59221
MSP430FR5872 MSP430FR58721 MSP430FR5870


http://www.ti.com/product/msp430fr5972?qgpn=msp430fr5972
http://www.ti.com/product/msp430fr59721?qgpn=msp430fr59721
http://www.ti.com/product/msp430fr5970?qgpn=msp430fr5970
http://www.ti.com/product/msp430fr5922?qgpn=msp430fr5922
http://www.ti.com/product/msp430fr59221?qgpn=msp430fr59221
http://www.ti.com/product/msp430fr5872?qgpn=msp430fr5872
http://www.ti.com/product/msp430fr58721?qgpn=msp430fr58721
http://www.ti.com/product/msp430fr5870?qgpn=msp430fr5870
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=JAJSG24C&partnum=MSP430FR5972
http://www.ti.com/product/msp430fr5972?qgpn=msp430fr5972
http://www.ti.com/product/msp430fr59721?qgpn=msp430fr59721
http://www.ti.com/product/msp430fr5970?qgpn=msp430fr5970
http://www.ti.com/product/msp430fr5922?qgpn=msp430fr5922
http://www.ti.com/product/msp430fr59221?qgpn=msp430fr59221
http://www.ti.com/product/msp430fr5872?qgpn=msp430fr5872
http://www.ti.com/product/msp430fr58721?qgpn=msp430fr58721
http://www.ti.com/product/msp430fr5870?qgpn=msp430fr5870

| }'EXAS MSP430FR5972, MSP430FR59721, MSP430FR5970, MSP430FR5922, MSP430FR59221
NSTRUMENTS MSP430FR5872, MSP430FR58721, MSP430FR5870
www.tij.co.jp JAJSG24C —APRIL 2015—-REVISED AUGUST 2018

Table 5-21 lists the characteristics of the eUSCI in 12C mode.

Table 5-21. eUSCI (I°C Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-18)

PARAMETER TEST CONDITIONS Ve MIN TYP MAX | UNIT
Internal: SMCLK, ACLK
feusci eUSCI input clock frequency External: UCLK 16| MHz
Duty cycle = 50% +10%
fscL SCL clock frequency 22V,3.0V 0 400| kHz
A fSCL =100 kHz 4.0
tHp.sTA Hold time (repeated) START 22V,30V us
' fSCL > 100 kHz 0.6
i fSCL =100 kHz 4.7
tsu sTA Setup time for a repeated START 22V,30V us
' fSCL > 100 kHz 0.6
tHp, pAT Data hold time 22V,3.0V 0 ns
tsu pAT Data setup time 22V,30V 100 ns
. fSCL =100 kHz 4.0
tsu sto Setup time for STOP 22V,30V us
' fSCL > 100 kHz 0.6
; Bus free time between a STOP and fscL = 100 kHz 4.7 us
BUF START condition focL > 100 kHz 1.3
UCGLITx =0 50 250
i i UCGLITx =1 25 125
tep Pulse _duratlon of spikes suppressed by 22V.30V ns
input filter UCGLITx =2 12.5 62.5
UCGLITx =3 6.3 315
UCCLTOx =1 27
triMEOUT Clock low time-out UCCLTOx =2 22V,3.0V 30 ms
UCCLTOx =3 33
I4_’I— tHD,STA tSU‘STA —h_’h_’l— tHD‘STA tBUF _l‘_’l
I LI ||
soa ~\_ |/ X ) GREREY S G D W A
T | T A |
I‘— tLOW _*tHIGH'>i : | | tSP —)I |4— |
I | | I |
scL I\/ \l : [\ / } / M\ |
I [
I e toon t 510 4P
tHD,DAT_|<_’I
Figure 5-18. I°C Mode Timing
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5.12.8 ADC12

Table 5-22 lists the power supply and input range conditions for the ADC.

Table 5-22. 12-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 Vee MIN  NOM  MAX| UNIT
V(AX) Analog input voltage™® All ADC12 analog input pins Ax 0 AvVCC| V
(ADC12_B) fapcizcLk = MODCLK, ADC120N = 1, 3.0V 145 199
. - Operating supply current into ADC12PWRMD = 0, ADC12DIF =0
single- @ © HA
AVCC plus DVCC terminal REFON = 0, ADC12SHTx = 0, 22V 140 190
ended mode ADCI2DIV = 0
(ADC12 B) fapcizcik = MODCLK, ADC120N = 1, 3.0V 175 245
differential Operating supply current into ADC12PWRMD = 0, ADC12DIF = 1 A
AVCC and DVCC terminals® &) | REFON = 0, ADC12SHTx = 0, 22 o 230 "
mode 2V 17
ADC12DIV =0
o) Input capacitance Only one terminal Ax can be selected 29y 10 15| pF
at one time
>2V 0.5 4
R Input MUX ON resistance 0V < V(Ax) < AVCC kQ
<2V 1 10

(1) The analog input voltage range must be within the selected reference voltage range Vg, to Vr_ for valid conversion results.
(2) The internal reference supply current is not included in current consumption parameter |(ADC12_B).
(3) Typically about 60% of the total current into the AVCC and DVCC terminal is from AVCC.

Table 5-23 lists the timing parameter for the ADC.

Table 5-23. 12-Bit ADC, Timing Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
For specified performance of ADC12 linearity parameters
" with ADC12PWRMD = 0,
fancizcik  Specified performance | ¢ 51 2pWRMD = 1, the maximum is 1/4 of the value 0.45 54| MHz
shown here
faDc12CLK Reduced performance | Linearity parameters have reduced performance 32.768 kHz
fADClZOSC Internal oscillator(l) ADC12DIV =0, fADClZCLK = fADClZOSC from MODCLK 4 4.8 54 MHz
REFON = 0, Internal oscillator,
fADClZCLK = fADClZOSC from MODCLK, 2.6 35
tcONVERT Conversion time ADCI12WINC = 0 Us
External fapciocik from ACLK, MCLK, or SMCLK, @
ADC12SSEL # 0
Turnon settling time of
tADClZON the ADC 9 See ® 100 ns
Time ADC must be off
tADC120FF before can be turned tapci20rr MuUst be met to make sure tapcioon time holds 100 ns
on again

(1) The ADC120SC is sourced directly from MODOSC inside the UCS.
(2) 14 x 1/ fADClZCLK' If ADC12WINC = 1, then 15 x 1/ fADClZCLK

(3) The condition is that the error in a conversion started after tapcioon IS less than £0.5 LSB. The reference and input signals are already
settled.
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Table 5-23. 12-Bit ADC, Timing Parameters (continued)

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

All pulse sample mode
(ADC12SHP = 1) and
extended sample mode

(ADC12SHP = 0) with 1 Hs
buffered reference (ADC12
L Rs =400 Q, R, = 4 kQ, VRSEL = 0x1, 0x3, 0x5, 0x7,
tsample Sampling time Cy= 15 pF, Cpug= 8 pF@ | OX9, 0XB, XD, OxF)

Extended sample mode
(ADC12SHP = 0) with
unbuffered reference ®) Us
(ADC12 VRSEL= 0x0, 0x2,
0x4, 0x6, 0xC, OXE)

(4) Approximately 10 Tau (z) are needed to get an error of less than +0.5 LSB: tgample = IN(2"2) x (Rg + R)) x (C + Cpext)s Rs < 10 kQ,
where n = ADC resolution = 12, Rg= external source resistance, Cpey = external parasitic capacitance.

(5) 6= (1/fapcizcLk)

Table 5-24 lists the linearity parameters of the ADC when using an external reference.

Table 5-24. 12-Bit ADC, Linearity Parameters With External Reference®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
. Number of no missing code .
Resolution output-code bits 12 bits
Integral linearity error (INL) < _ <
& for differential input L2V < Vg: = Vr< AVcc 18| LSB
Integral linearity error (INL)
& for single ended inputs 1.2V < Vg: = Vr< AVcc 22| LsB
Differential linearity error
Ep (DNL) -0.99 +1.0| LSB
@ B ADC12 VRSEL = 0x2 or 0x4 without TLV calibration,
Eo Offset error TLV calibration data can be used to improve the parameter® 05 £5) mv
With external voltage reference without internal buffer
(ADC12 VRSEL = 0x2 or 0x4) without TLV calibration, +0.8 425
TLV calibration data can be used to improve the parameter®), = =
Eg.ext Gain error VR =25V, Vg_= AVSS LSB
With external voltage reference with internal buffer (ADC12
VRSEL = 0x3), +1 +20
Vg+ =25V, Vg_ = AVSS
With external voltage reference without internal buffer
(ADC12 VRSEL = 0x2 or 0x4) without TLV calibration, +1.4 435
TLV calibration data can be used to improve the parameter®), - -
Eext Total unadjusted error VR =25V, Vg_ = AVSS LSB
With external voltage reference with internal buffer (ADC12
VRSEL = 0x3), 14 210
VRs = 2.5V, Vg_ = AVSS

(1) See Table 5-26 and Table 5-32 for more information on internal reference performance and see Designing With the MSP430FR58xx,
FR59xx, FR68xx, and FR69xx ADC for details on optimizing ADC performance for your application with the choice of internal versus
external reference.

(2) Offsetis measured as the input voltage (at which ADC output transitions from 0 to 1) minus 0.5 LSB.

(3) Offsetincreases as Ir drop increases when Vg_ is AVSS.

(4) For details, see the device descriptor table section in the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide.
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Table 5-25 lists the differential dynamic performance characteristics of the ADC with an external

reference.

Table 5-25. 12-Bit ADC, Dynamic Performance for Differential Inputs With External Reference®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SNR Signal-to-noise ratio Vr+ =25V, Vg_ = AVSS 68 71 dB
ENOB  Effective number of bits©@ Vg+ =25V, Vg_= AVSS 10.7 11.2 bits

(1) See Table 5-26 and Table 5-32 for more information on internal reference performance and see Designing With the MSP430FR58xx,
FR59xx, FR68xx, and FR69xx ADC for details on optimizing ADC performance for your application with the choice of internal versus

external reference.
(2) ENOB = (SINAD — 1.76) / 6.02

Table 5-26 lists the differential dynamic performance characteristics of the ADC with an internal reference.

Table 5-26. 12-Bit ADC, Dynamic Performance for Differential Inputs With Internal Reference®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNIT

ENOB Effective number of bits @

VR+ = 2.5V, Vg_ = AVSS

10.3

10.7

Bits

(1) See Table 5-32 for more information on internal reference performance and see Designing With the MSP430FR58xx, FR59xx, FR68xX,
and FR69xx ADC for details on optimizing ADC performance for your application with the choice of internal versus external reference.

(2) ENOB = (SINAD — 1.76) / 6.02

Table 5-27 lists the single-ended dynamic performance characteristics of the ADC with an external

reference.

Table 5-27. 12-Bit ADC, Dynamic Performance for Single-Ended Inputs With External Reference®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SNR Signal-to-noise ratio Vr+ = 2.5V, Vg_ = AVSS 64 68 dB
ENOB  Effective number of bits@ Vg+ =25V, Vg_ = AVSS 10.2 10.7 bits

(1) See Table 5-28 and Table 5-32 for more information on internal reference performance and see Designing With the MSP430FR58xx,
FR59xx, FR68xx, and FR69xx ADC for details on optimizing ADC performance for your application with the choice of internal versus

external reference.
(2) ENOB = (SINAD — 1.76) / 6.02

Table 5-28 lists the single-ended dynamic performance characteristics of the ADC with an internal

reference.

Table 5-28. 12-Bit ADC, Dynamic Performance for Single-Ended Inputs With Internal Reference®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNIT

ENOB Effective number of bits @

Vr+ = 2.5V, Vg_= AVSS

9.4

10.4

bits

(1) See Table 5-32 for more information on internal reference performance and see Designing With the MSP430FR58xx, FR59xx, FR68xX,
and FR69xx ADC for details on optimizing ADC performance for your application with the choice of internal versus external reference.

(2) ENOB = (SINAD — 1.76) / 6.02

Table 5-29 lists the dynamic performance characteristics of the ADC with using a 32.768-kHz clock.

Table 5-29. 12-Bit ADC, Dynamic Performance With 32.768-kHz Clock
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNIT

ENOB Effective number of bits®)

Reduced performance with fapcioc k from ACLK LEXT
at 32.768 kHz, Vg+ = 2.5V, Vg_ = AVSS

10

bits

(1) ENOB = (SINAD — 1.76) / 6.02
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Table 5-30 lists the temperature sensor and built-in V,,, characteristics.

Table 5-30. 12-Bit ADC, Temperature Sensor and Built-In V4,
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT

ADCI120N =1, ADC12TCMAP =1,
Ta = 0°C (see Figure 5-19)
TCsensor See @ ADC120N =1, ADC12TCMAP =1 25 mv/°C

Sample time required if

_ ADC120N =1, ADC12TCMAP =1,
tSENSOR(sample) I(AI\/IID/E:)I(—:'\:/LIQZ ;ejl_ez::\tneddf(:af;annel Error of conversion result < 1 LSB

VsENsOR See ® @ 700 mvV

30 us

AVCC voltage divider for

Vi ADC12BATMAP =1 on MAX input | ADC120N =1, ADC12BATMAP =1 47.5% 50% 52.5%
channel

current for battery monitor during

| X
v 12 sample time

ADC120N =1, ADC12BATMAP =1 38 72| pA

Sample time required if
ty 112 (sample) ADC12BATMAP = 1 and channel ADCI120N = 1, ADC12BATMAP = 1 1.7 ps
MAX is selected ®

(1) The temperature sensor offset can be as much as +30°C. TI recommends a single-point calibration to minimize the offset error of the
built-in temperature sensor.
(2) The device descriptor structure contains calibration values for 30°C +3°C and 85°C +3°C for each of the available reference voltage

levels. The sensor voltage can be computed as Vggnse = TCsensor * (Temperature, °C) + Vsensor, Where TCsensor and Vsgnsor can
be computed from the calibration values for higher accuracy.

(3) The typical equivalent impedance of the sensor is 250 kQ. The sample time required includes the sensor on-time tsgnsor(on)-
(4) The on-time ty 1/5(0n) is included in the sampling time ty 12 (sample); NO additional on time is needed.
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Figure 5-19. Typical Temperature Sensor Voltage
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Table 5-31 lists the external reference characteristics of the ADC.

Table 5-31. 12-Bit ADC, External Reference®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Positive external reference voltage input
Vr+ VeREF+ or VeREF- based on ADC12 VRSEL bit | YR+~ VR- 12 AVec v
Negative external reference voltage input
VR- VeREF+ or VeREF- based on ADC12 VRSEL bit | YR+~ VR~ 0 12 v
(VrR+ — VR_) Differential external reference voltage input Vg+ > VR_ 1.2 AVcc \%
1.2V £ Verer+< Vavee: Verer- =0V
fADClZCLK =5 MHz, ADC12SHTxX = 1h, +10
| o ) ) ADC12DIF = 0, ADC12PWRMD = 0
VeREF+ Static input current singled ended input mode HA
IVeREF- 1.2Vs VeREF+5 VAVCC , VeREF— =0V
fADClZCLK =5 MHz, ADC12SHTxX = Bh, +2.5
ADC12DIF = 0, ADC12PWRMD = 01
1.2V £ Verer+< Vavee: Verer- =0V
fADClZCLK =5 MHz, ADC12SHTxX = 1h, +20
| o ) o ADC12DIF = 1, ADC12PWRMD = 0
VeREF+ Static input current differential input mode uA
IVeREF- 1.2Vs VeREF+5 VAVCC , VeREF— =0V
fADClZCLK =5 MHz, ADC12SHTxX = Bh, +5
ADC12DIF = 1, ADC12PWRMD =1
lveREE+ Peak input current with single ended input 0V = Veree+ < Vavee, ADC12DIF =0 15 mA
lveREE+ Peak input current with differential input 0V = Veree+ < Vavee, ADC12DIF = 1 3 mA
CveREF+- Capacitance at VeREF+ or VeREF- terminal See @ 10 =

(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 12-bit accuracy.

(2) Two decoupling capacitors, 10 pF and 470 nF, should be connected to VeREF to decouple the dynamic current required for an external
reference source if it is used for the ADC12_B. See also the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's
Guide.
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5.12.9 REF Module

Table 5-32 lists the characteristics of the built-in voltage reference.

Table 5-32. REF, Built-In Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN  TYP  MAX| UNIT
REFVSEL = {2} for 2.5V, REFON =1 2.7V 25 +1.5%
Positive built-in reference _ _ o
VREF+ voltage output REFVSEL = {1} for 2.0 V, REFON = 1 22V 20 #15%| V
REFVSEL = {0} for 1.2 V, REFON =1 1.8V 1.2 £1.8%
Noise RMS noise at VREF(® From 0.1 Hz to 10 Hz, REFVSEL = {0} 110 600 | MV
VREF ADC BUF_INT buffer | T = 25°C , ADC ON, REFVSEL = {0}, _
Vos BUFINT  ffset(@ REFON = 1, REFOUT =0 12 *12) mv
VREF ADC BUF_EXT Ta = 25°C, REFVSEL = {0} , REFOUT =1, _
Vos BUF EXT  pyffer offset® REFON = 1 or ADC ON 12 *12) mv
AVCC minimum voltage, REFVSEL = {0} for 1.2 v 18
AVcc(miny Po_sitive built-in reference REFVSEL = {1} for 2.0 V 2.2 \%
active REFVSEL = {2} for 2.5 V 2.7
Operating supply current _
IreF+ into AVCC terminal® REFON =1 3V 8 151 pA
ADC ON, REFOUT =0, REFVSEL ={0, 1, 2},
ADC12PWRMD = 0, 225 395
ADC ON, REFOUT =1, REFVSEL =10, 1, 2},
ADC12PWRMD =0 1030 1660
Operating supply current ADC ON, REFOUT =0, REFVSEL ={0, 1, 2},
lreF+_ADC_BUF  into AVCC terminal® ADC12PWRMD = 1 3V 120 185 pA
ADC ON, REFOUT =1, REFVSEL =10, 1, 2},
ADC12PWRMD =1 545 895
ADC OFF, REFON =1, REFOUT =1,
REFVSEL = {0, 1, 2} 1085 1780
. REFVSEL = {0, 1, 2}, AVCC = AVCC(min) for
lo(vREF+) Xt?rfeitm\%rg:inttlaor;dinal each reference level, -1000 +10 HA
! REFON = REFOUT =1
REFVSEL = {0, 1, 2},
AVout/Alo Load—current_ regulation, lo(vrer+) = +10 HA or —1000 pA, 2500 | pv/mA
(VREF+) VREF+ terminal cc = AVccmin) for each reference level,
REFON = REFOUT =1
Capacitance at VREF+ and _ _
CyREF+/- VREE. terminals REFON = REFOUT = 1 0 100| pF
Temperature coefficient of | REFVSEL = {0, 1, 2}, REFON = REFOUT =1,
TCrer+ built-in reference Ta =-40°C to 85°C24) 18 501 ppm/K
Power supply rejection ratio | AVce = AVcc(miny 10 AVecmax), Ta = 25°C,
PSRRDC  (pg) REFVSEL = {0, 1, 2}, REFON = REFOUT = 1 120 400 wiv
PSRR_AC '(DAO(‘;V)er supply rejection ratio | gy~ 0.1 v at 1 kHz 3.0 mvv
Settling time of reference AVce = AVcc (min) 10 AVecmax)s
ISETTLE voltage ® REFVSEL = {0, 1, 2}, REFON =0 — 1 5 80 s

(1) Internal reference noise affects ADC performance when ADC uses internal reference. See Designing With the MSP430FR59xx and
MSP430FR58xx ADC for details on optimizing ADC performance for your application with the choice of internal versus external
reference.

(2) Buffer offset affects ADC gain error and thus total unadjusted error.

(3) The internal reference current is supplied through the AVCC terminal.

(4) 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)).

(5) The condition is that the error in a conversion started after tgrgroy is less than £0.5 LSB.
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5.12.10 Comparator

Table 5-33 lists the characteristics of the comparator.

Table 5-33. Comparator_E

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

PARAMETER TEST CONDITIONS Ve MIN TYP MAX | UNIT
CEPWRMD =00, CEON =1, 11 20
CERSXx = 00 (fast)
X CEPWRMD =01, CEON =1, 9 17
Comparator operating supply | CERSx = 00 (medium) 20V
lavee_comp current into AVCC, excludes 3' 0 V HA
reference resistor ladder CEPWRMD =10, CEON = 1, ' 05
CERSx = 00 (slow), Tp = 30°C :
CEPWRMD =10, CEON =1, 13
CERSXx = 00 (slow), T = 85°C ’
. . CEREFLx = 01, CERSx = 10, REFON = 0,
Quiescent current of resistor CEON = 0, CEREFACC =0 20V 12 15
lavee Rep ladder into AVCC, including N HA
- REF module current CEREFLx = 01, CERSX = 10, REFON = 0, 30V 5 -
CEON =0, CEREFACC =1
CERSx =11, CEREFLx = 01, CEREFACC =0 1.8V 1.17 1.2 1.23
CERSx = 11, CEREFLx = 10, CEREFACC = 0 22V 1.92 2.0 2.08
CERSx = 11, CEREFLx = 11, CEREFACC =0 27V 2.40 25 2.60
VRer Reference voltage level \%
CERSx =11, CEREFLx = 01, CEREFACC =1 1.8V 1.10 1.2 1.245
CERSx =11, CEREFLx = 10, CEREFACC =1 22V 1.90 2.0 2.08
CERSx =11, CEREFLx = 11, CEREFACC =1 27V 2.35 25 2.60
Vic Common-mode input range 0 Vee -1 \%
CEPWRMD = 00 -32 32
VorFSET Input offset voltage CEPWRMD =01 -32 32 mvV
CEPWRMD = 10 -30 30
CEPWRMD = 00 or CEPWRMD = 01
Cin Input capacitance pF
CEPWRMD = 10
o . On (switch closed) 1 3 kQ
Rgin Series input resistance -
Off (switch open) 50 MQ
CEPWRMD = 00, CEF = 0, Overdrive = 20 mV 260 330
i ns
top E:fé’aga“"” delay, response [ ~ro\vRMD = 01, CEF = 0, Overdrive 2 20 mV 350 460
CEPWRMD = 10, CEF = 0, Overdrive 2 20 mV 15 us
CEPWRMD =00 or 01, CEF = 1,
Overdrive > 20 mV, CEFDLY = 00 700 1000} ns
CEPWRMD =00 or 01, CEF =1, 1.0 18
. Propagation delay with filter | Overdrive 2 20 mV, CEFDLY = 01 ] ]
Fo.fer active CEPWRMD = 00 or 01, CEF = 1, 20 35| us
Overdrive 2 20 mV, CEFDLY = 10 : : H
CEPWRMD = 00 or 01, CEF =1, 4.0 7.0
Overdrive 2 20 mV, CEFDLY =11 : !
CEON =0 — 1, VIN+, VIN- from pins, 0.9 15
Overdrive 2 20 mV, CEPWRMD = 00 ’ ’
. CEON =0 — 1, VIN+, VIN- from pins,
ten_cmp Comparator enable time Overdrive = 20 mV, CEPWRMD = 01 0.9 15 us
CEON =0 — 1, VIN+, VIN- from pins, 15 100
Overdrive 2 20 mV, CEPWRMD = 10
Comparator and reference CEON =0 — 1, CEREFLX = 10, CERSx =10 or 11,
ten_cvp vrer  ladder and reference voltage | CEREFO = CEREF1 = OxOF, 350 1500 us
enable time Overdrive 2 20 mV
Reference voltage for a VIN = reference into resistor ladder, VIN X VIN x VIN x
Vee Rer given tap n=0to31 (n+05) (+1) (n+15) v
- /32 /32 /32
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5.12.11 FRAM Controller

Table 5-34 lists the characteristics of the FRAM.

Table 5-34. FRAM

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

PARAMETER COl\-lrI:I)EI?';rONS MIN TYP MAX| UNIT
Read and write endurance 10'% cycles
T;=25°C 100
tRetention Data retention duration T;=70°C 40 years
T;=85°C 10
IWRITE Current to write into FRAM Ireap™ nA
lERASE Erase current N/A®R) nA
twRITE Write time trean ns
Read time, NWAITSx = 0 1/ fgystem™@
(READ Read time, NWAITSx = 1 21f @ ns
; SYSTEM
(1) Writing to FRAM does not require a setup sequence or additional power when compared to reading from FRAM. The FRAM read

current Izgap is included in the active mode current consumption numbers Iam eram-

(2)
®3)
4)

N/A = not applicable. FRAM does not require a special erase sequence.
Writing into FRAM is as fast as reading.
The maximum read (and write) speed is specified by fsystem Using the appropriate wait state settings (NWAITSX).

5.12.12 Emulation and Debug

Table 5-35 lists the characteristics of the JTAG and Spy-Bi-Wire interface.

Table 5-35. JTAG and Spy-Bi-Wire Interface
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER CONTIIDEI'SI'-II-ONS MIN TYP MAX | UNIT
l5TAG Supply current adder when JTAG active (but not clocked) 22V,30V 40 100| pA
fsew Spy-Bi-Wire input frequency 22V,30V 0 10| MHz
tsBW,Low Spy-Bi-Wire low clock pulse duration 22V,30V 0.04 15| s
tsew, £n Sgg:)B(ii;Nire enable time (TEST high to acceptance of first clock 22V, 30V 110| s
tsBw Rst Spy-Bi-Wire return to normal operation time 15 100 us
frex TCK input frequency, 4-wire JTAG® 22V 0 16| MHz

’ 30V 16| MHz
Rinternal Internal pulldown resistance on TEST 22V,30V 20 35 50| kQ
froik TQLK/MCLK frequency during JTAG access, no FRAM access 16| MHz

(limited by fsystem)
tTCLK, Low/High TCLK low or high clock pulse duration, no FRAM access 25 ns
fr LK FRAM T_CL_K/MCLK frequen_cy during JTAG access, including FRAM access 4] MHz
' (limited by fsystem With no FRAM wait states)

trcLk,FRAM,LowsHigh  TCLK low or high clock pulse duration, including FRAM accesses 100 ns

(1) Tools that access the Spy-Bi-Wire and BSL interfaces must wait for the tsgw g time after the first transition of the TEST/SBWTCK pin
(low to high), before the second transition of the pin (high to low) during the entry sequence.
(2) frck may be restricted to meet the timing requirements of the module selected.
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6 Detailed Description

6.1

6.2

Overview

The Texas Instruments MSP430FR597x(1) and MSP430FR587x(1) family of ultra-low-power
microcontrollers consists of several devices featuring different sets of peripherals. The architecture,
combined with seven low-power modes is optimized to achieve extended battery life for example in
portable measurement applications. The devices features a powerful 16-bit RISC CPU, 16-bit registers,
and constant generators that contribute to maximum code efficiency. The devices are microcontroller
configurations with up to five 16-bit timers, a comparator, eUSCls that support UART, SPI, and IC, a
hardware multiplier, an AES accelerator, DMA, an RTC module with alarm capabilities, up to 52 1/O pins,
and a high-performance 12-bit ADC.

CPU

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.

Peripherals are connected to the CPU using data, address, and control buses, and 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. CPUxV2 can also operate on address-word data (20-bit).
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6.3 Operating Modes

The device has one active mode and seven software selectable low-power modes of operation (see 3 6-1). An interrupt event can wake up the
device from low-power modes LPMO to LPM4, service the request, and restore back to the low-power mode on return from the interrupt program.

Low-power modes LPM3.5 and LPM4.5 disable the core supply to minimize power consumption.

% 6-1. Operating Modes

MODE AM LPMO LPM1 LPM2 LPM3 LPM4 LPM3.5 LPM4.5
Active, Shutdown Shutdown
Active FRAM Off | CPU Off @ CPU Off Standby Standby off RTC Only . Without
) With SVS SVS
Maximum system clock 16 MHz 16 MHz 16 MHz 50 kHz 50 kHz 0® 50 kHz 0®
Typical current consumption, 103 75 PA at 40 pA at
pri HAMHZ 65 HA/MHz 1 MH» 1 MHy 0.9 pA 0.4 pA 0.3 pA 0.35 pA 0.2 pA 0.02 pA
Typical wake-up time N/A instant. 6 ps 6 ps 7 ps 7 ps 250 ps 250 ps 1000 ps
LF LF
RTC RTC RTC
Wake-up events N/A all all e e Cl(g(r?w /o /o
Comp Comp p

CPU on off off off off off reset reset
FRAM on off® stand%)(or off off off off off off off
High-frequency peripherals available available available off off off reset reset
Low-frequency peripherals available available available available available ¥ off RTC reset
Unclocked peripherals®) available available available available available @ | available ¥ reset reset
MCLK on off off off off off off off
SMCLK opt. © opt. © opt. © off off off off off
ACLK on on on on on off off off
Full retention yes yes yes yes yes yes no no
S always always always optional ® optional ® optional ® optional ® on © off (0
Brownout always always always always always always always always

(1) FRAM disabled in FRAM controller
(2) Disabling the FRAM through the FRAM controller decreases the LPM current consumption, but the wake-up time can increase. If the wakeup is for FRAM access (for example, to fetch an
interrupt vector), wake-up time is increased. If the wakeup is for an operation that does not access FRAM (for example, DMA transfer to RAM), wake-up time is not increased.

(3) All clocks disabled

(4) See 6.3.2, which describes the use of peripherals in LPM3 and LPM4.
(5) "Unclocked peripherals" are peripherals that do not require a clock source to operate; for example, the comparator and REF, or the eUSCI when operated as an SPI slave.

(6) Controlled by SMCLKOFF

(7) Using the RAM Controller, the RAM can be completely powered down to save leakage; however, all data is lost.
(8) Activated SVS (SVSHE = 1) results in higher current consumption. SVS not included in typical current consumption.

(9) SVSHE=1
(10) SVSHE =0
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6.3.1 Peripherals in Low-Power Modes

Peripherals can be in different states that affect which power mode the device can enter. The states

depend on the operational modes of the peripherals (see 5 6-2). The states are:

e A peripheral is in a "high-frequency state" if it requires or uses a clock with a "high" frequency of more
than 50 kHz.

» A peripheral is in a "low-frequency state" if it requires or uses a clock with a "low" frequency of 50 kHz
or less.

» A peripheral is in an "unclocked state" if it does not require or use an internal clock.

If the CPU requests a power mode that does not support the current state of all active peripherals, the
device does not enter the requested power mode. The device instead enters a power mode that still
supports the current state of the peripherals, except if an external clock is used. If an external clock is
used, the application must use the correct frequency range for the requested power mode.

& 6-2. Peripheral States

PERIPHERAL IN HIGH-FREQUENCY STATE® IN LOW-FREQUENCY STATE® IN UNCLOCKED STATE®)
WDT Clocked by SMCLK Clocked by ACLK Not applicable
DMA® Not applicable Not applicable Waiting for a trigger
RTC_C Not applicable Clocked by LFXT Not applicable
" Clocked by SMCLK or Clocked by ACLK or
Timer_A TAX clocked by external clock >50 kHz clocked by external clock <50 kHz Clocked by external clock <50 kHz
) Clocked by SMCLK or Clocked by ACLK or
Timer_B TBx clocked by external clock >50 kHz clocked by external clock <50 kHz Clocked by external clock <50 kHz
eUSCI_Ax in " ' .
UART mode Clocked by SMCLK Clocked by ACLK Waiting for first edge of START bit.

eUSCI_Ax in SPI
master mode

Clocked by SMCLK

Clocked by ACLK

Not applicable

eUSCI_Ax in SPI
slave mode

Clocked by external clock >50 kHz

Clocked by external clock <50 kHz

Clocked by external clock <50 kHz

eUSCI_Bx in I°C
master mode

Clocked by SMCLK or
clocked by external clock >50 kHz

Clocked by ACLK or
clocked by external clock <50 kHz

Not applicable

eUSCI_Bx in I°C
slave mode

Clocked by external clock >50 kHz

Clocked by external clock <50 kHz

Waiting for START condition or
clocked by external clock <50 kHz

eUSCI_Bx in SPI
master mode

Clocked by SMCLK

Clocked by ACLK

Not applicable

eUSCI_Bx in SPI

Clocked by external clock >50 kHz

Clocked by external clock <50 kHz

Clocked by external clock <50 kHz

slave mode

ADC12_B Clocked by SMCLK or by MODOSC Clocked by ACLK Waiting for a trigger
REF_A Not applicable Not applicable Always
COMP_E Not applicable Not applicable Always
CRC® Not applicable Not applicable Not applicable
MPY ) Not applicable Not applicable Not applicable
AES®) Not applicable Not applicable Not applicable

(1) Peripherals are in a state that requires or uses a clock with a "high" frequency of more than 50 kHz.

(2) Peripherals are in a state that requires or uses a clock with a "low" frequency of 50 kHz or less.

(3) Peripherals are in a state that does not require or does not use an internal clock.
(4) The DMA always transfers data in active mode but can wait for a trigger in any low-power mode. A DMA trigger during a low-power

mode causes a temporary transition into active mode for the time of the transfer.
(5) This peripheral operates during active mode only and delays the transition into a low-power mode until its operation is completed.
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