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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
DEVICE FRAM | SRAM CLOCK Timer A®W | Timer_ B® eUSC] AES ADC12_B LCD_C 10 PACKAGE
(KB) (KB) SYSTEM = = A® | g® = =
DCO (5)
MSP430FR6972 64 2 HFXT oo 7 2 | 2 yes 8 ext 112 seg 51 AR
LFXT :
DCO (5)
MSP430FR6872 64 2 HFXT oo 7 2 | 2 no 8 ext 112 seg 51 AR
LFXT :
DCO (5)
MSP430FR6970 32 2 HFXT oo 7 2 | 2 yes 8 ext 112 seg 51 AR
LFXT :
DCO (5)
MSP430FR6870 32 2 HFXT oo 7 2 | 2 no 8 ext 112 seg 51 AR
LFXT :
116 seg 64 PM
DCO 3,30 52
MSP430FR6922 64 2 = 6)(7) 7 2 2 yes 8 ext 100 seg 64 RGC
LFXT 2,5 (DGG) 46 (DGG) 26 DOG
®) 116 seg 64 PM
MSP430FR6822 64 2 b oo 7 2 | 2 no 8 ext 100seg | ¢ (%ZGG) 64 RGC
: (DGG) 56 DGG
116 seg 64 PM
DCO 3,30 52
MSP430FR6920 32 2 = 6)(7) 7 2 2 yes 8 ext 100 seg 64 RGC
LFXT 2,5 (DGG) 46 (DGG) 26 DOG
©) 116 seg 64 PM
MSP430FR6820 32 2 b oo 7 2 | 2 no 8 ext 100seg | ¢ (%ZGG) 64 RGC
: (DGG) 56 DGG

@

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.

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.

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

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

Timer_A TAO and TA1 provide internal and external capture/compare inputs and internal and external PWM outputs.
Timer_A TA2 provides only internal capture/compare inputs and only internal PWM outputs (if any).
Timer_A TA3 provides only internal capture/compare inputs and only internal PWM outputs (if any) for FR692x(1) and FR682x(1) with RGC and PM packages. For FR692x(1) and
FR682x(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

FRAM | SRAM | CLOCK : o | - o | euscl
DEVICE s KBy | syevewm | Tmer AW | Timer B® | S oo AES | ADCI2B | LODC o PACKAGE
DCO 3,30 64 PM
MSP430FR69721 64 2 HFXT 20 7 2 | 2 yes 8 ext 112 seg 51
2,5 64 RGC
LEXT
DCO (5)
MSP430FR68721 64 2 HFXT 3 300 7 2 | 2 no 8 ext 112 seg 51 64 PM
2,5 64 RGC
LEXT
®) 116 seg 64 PM
MSP430FR69221 64 2 oo 2 oo 7 2 | 2 yes 8 ext 100seg | g (%ZGG) 64 RGC
: (DGG) 56 DGG
DCO 30) 116 seg 52 64 PM
MSP430FR68221 64 2 0Se Lt 7 2 | 2 no 8 ext 100seg | 40 Bog) 64 RGC
: (DGG) 56 DGG

@

@

®3)
(4)
(5)
(6)
@)

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.

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.

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

eUSCI_B supports 1°C with multiple slave addresses and SPI.

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

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

Timer_A TA3 provides only internal capture/compare inputs and only internal PWM outputs (if any) for FR692x(1) and FR682x(1) with RGC and PM packages. For FR692x(1) and
FR682x(1) with DGG package and all other devices, Timer_A TA3 provides internal, external capture/compare inputs and internal, external PWM outputs (if any).

Copyright © 2015-2018, Texas Instruments Incorporated
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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 MSP430FR6972 Review products that are frequently purchased or used with
this product.

Reference Designs for MSP430FR6972 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 show the pinout for the 64-pin PM and RGC packages of the MSP430FR692x(1) and
MSP430FR682x(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), MSP430FR692x(1) MSP430FR682x(1)
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P4.

Figure 4-2 shows the pinout for the

MSP430FR687x(1) MCUs.

64-pin PM and RGC packages of the MSP430FR697x(1) and

3/UCAOSOMI/UCAORXD/UCB1STE/S4 [}
P1.4/UCBOCLK/UCAOSTE/TA1.0/S3 [}
P1.5/UCBOSTE/UCAOCLK/TA0.0/S2 ]
P1.6/UCB0OSIMO/UCBOSDA/TA0.1/S1 [}
P1.7/UCB0SOMI/UCBOSCL/TA0.2/S0 [}
R33/LCDCAP []

P6.0/R23 ]

P6.1/R13/LCDREF [}

P6.2/COUT/R03 [}

P6.3/COMO []

P6.4/TB0.0/COM1/S30 []
P6.5/TB0.1/COM2/S29 []
P6.6/TB0.2/COM3/S28 []
P3.0/UCB1CLK/TA3.2/S27 ]
P3.1/UCB1SIMO/UCB1SDA/TA3.3/S26 []
P3.2/UCB1SOMI/UCB1SCL/TA3.4/S25 []
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8 MSP430FR697x 411 P1.3/TA1.2/A3/C3
9 MSP430FR687x 401 DVCC2
10 391 DVSS2
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12 37| P7.3/TA0.2/S12
13 36| 1 P7.2/TA0.1/S13
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P3.4/UCA1SIMO/UCA1TXD/TB0.0/S23 (| 3

PJ.0/TDO/TBOOUTH/SMCLK/SRSCG1 |
P3.5/UCA1SOMI/UCA1RXD/TB0.1/S22 |

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) — MSP430FR697x(1), MSP430FR687x(1)

P2.1/UCA0SOMI/UCAORXD/TB0.5/DMAE0/S17 ] &3
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Figure 4-3 shows the pinout for the 56-pin DGG package of the MSP430FR692x(1) and
MSP430FR682x(1) MCUs.

O
P4.4/UCB1STE/TA1CLK/S7 | 1 56 [1] AVSS2
P4.5/UCB1CLK/TA1.0/S6 (1] 2 55 [1J PJ.5/ILFXOUT
P4.6/UCB1SIMO/UCB1SDA/TA1.1/S5 [(I] 3 54 [1J PJ.4/LFXIN
P4.7/UCB1SOMI/UCB1SCL/TA1.2/S4 [T] 4 53 |10 AVSS1
DVSS3 [T 5 52 [TJ AVCCH1
DvCC3 (L] 6 51 [ P9.7/A15/C15
P1.4/UCBOCLK/UCAOSTE/TA1.0/S3 (1] 7 50 [1J p9.6/A14/C14
P1.5/UCBOSTE/UCAOCLK/TA0.0/S2 [T] 8 49 [T p9.5/A13/C13
P1.6/UCBOSIMO/UCBOSDA/TA0.1/S1[T] 9 48 [T pg.a/a12/C12
P1.7/UCBOSOMI/UCBOSCL/TA0.2/S0 LT} 10 47 '] P1.0/TA0.1/RTCCLK/DMAEO/A0/CO/VREF-/VeREF-
R33/LCDCAP [T} 1 46 [1J P1.1/TA0.2/TA1CLK/COUT/A1/C1/VREF+/VeREF+
P6.0/R23 (| 12 45 [T P1.2/TA1.1/TAOCLK/COUT/A2/C2
P6.1/R13/LCDREF [T 13 44 [1J P1.3/TA1.2/A3/C3
P6.2/COUT/R03 [(T] 14 MSP430FR692x 43 [1J DVCC2
P6.3/COMO [(T] 15 MSP430FR682x 42 [ 1] pvsSs2
P6.4/TB0.0/COM1/S27 (L] 16 41 [1J P7.4/SMCLK/S8
P6.5/TB0.1/COM2/S26 (1] 17 40 |13 P7.3/TA0.2/S9
P6.6/TB0.2/COM3/S25 (1] 18 39 [ 1] P7.2/TA0.1/S10
P3.0/UCB1CLK/TA3.2/S24 [T] 19 38 [1J P7.1/TA0.0/ACLK/S11
P3.1/UCB1SIMO/UCB1SDA/TA3.3/S23 (] 20 37 [ P7.0/TAOCLK/S12
P3.2/UCB1SOMI/UCB1SCL/TA3.4/S22 [(T]| 21 36 [T P2.0/UCAOSIMO/UCAQOTXD/TBO0.6/TBOCLK/S13
TEST/SBWTCK (] 22 35 [T P2.1/UCAOSOMI/UCAORXD/TBO0.5/DMAE0/S14
RST/NMI/SBWTDIO (] 23 34 [T P2.2/UCAOCLK/TBO0.4/RTCCLK/S15
PJ.0/TDO/TBOOUTH/SMCLK/SRSCG1 [(T] 24 33 [T P2.3/UCAOSTE/TBOOUTH/S16
PJ.1/TDITCLK/MCLK/SRSCGO [T 25 32 [T P3.7/UCA1STE/TB0.3/S17
PJ.2/TMS/ACLK/SROSCOFF I} 26 31 | IJ P3.6/UCA1CLK/TB0.2/S18
PJ.3/TCK/COUT/SRCPUOFF [T 27 30 [1J P3.5/UCA1SOMI/UCA1RXD/TB0.1/S19
P3.3/TA1.1/TBOCLK/S21 [T 28 29 [0 P3.4/UCA1SIMO/UCA1TXD/TB0.0/S20

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

Figure 4-3. 56-Pin DGG Package (Top View) — MSP430FR692x(1), MSP430FR682x(1)
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4.2 Pin Attributes
Table 4-1 lists the attributes of each pin.
Table 4-1. Pin Attributes
FR692x(1), FR682x(1) ';RR%%77’§(((11))' -
PRoc | oo | ewmcc | SOVWWEY slewy| suren | rowen | oTaTe
PIN LCD PIN LCD PIN LCD BOR®
NO. SEG NO. SEG NO. SEG
P4.3 (RD) 110 LVCMOS DvVCC OFF
UCAOSOMI 110 LVCMOS DvVCC -
1 1 S4 | UCAORXD | LVCMOS DvVCC -
UCBI1STE 110 LVCMOS DvVCC -
Sz O Analog DvCC -
P1.4 (RD) 110 LVCMOS DvVCC OFF
UCBOCLK 110 LVCMOS DvVCC -
2 S3 7 S3 2 S3 | UCAOSTE 110 LVCMOS DvVCC -
TA1.0 110 LVCMOS DvVCC -
Sz O Analog DvVCC -
P1.5 (RD) 110 LVCMOS DvVCC OFF
UCBOSTE 110 LVCMOS DvVCC -
3 S2 8 S2 3 S2 | UCAOCLK 110 LVCMOS DvVCC -
TA0.0 110 LVCMOS DvVCC -
Sz O Analog DvVCC -
P1.6 (RD) 110 LVCMOS DvVCC OFF
UCBOSIMO 110 LVCMOS DvVCC -
4 s1 ° <1 4 s1 UCBOSDA 110 LVCMOS DvVCC -
BSL_DAT | LVCMOS DvVCC -
TAO0.1 110 LVCMOS DvVCC -
Sz O Analog DvVCC -
P1.7 (RD) 110 LVCMOS DvVCC OFF
UCBOSOMI 110 LVCMOS DvVCC -
5 o 10 <o 5 <o UCBOSCL 110 LVCMOS DvVCC -
BSL_CLK | LVCMOS DvVCC -
TAO0.2 110 LVCMOS DvVCC -
Sz O Analog DvVCC -
6 1 5 R33 1/0 Analog DvCC -
LCDCAP 1/0 Analog DvCC -
; 1 ; P6.0 (RD) 110 LVCMOS DvVCC OFF
R23 1/0 Analog DvVCC -
P6.1 (RD) 110 LVCMOS DvVCC OFF
8 13 8 R13 1/0 Analog DvCC -
LCDREF | Analog - -

(1) Signals names with (RD) denote the reset default pin name.
(2) To determine the pin mux encodings for each pin, see the Port /O Diagrams section.
(3) Sz =The LCD segment that is assigned to each pin can vary by package — see the "LCD SEG" columns for the assignment on this pin.
(4) Signal Types: | = Input, O = Output, /O = Input or Output.

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

(6) Reset States:

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

FR697x(1),
FR692x(1), FR682x(1) FRE87x(1) . RESET
SIGNAL NAME SIGNAL BUFFER POWER STATE
PM, RGC DCG PM, RGC @ @ TYPE® | TYPE® SOURCE AFTER
PIN LCD PIN LCD PIN LCD BOR®
NO. SEG NO. SEG NO. SEG
P6.2 (RD) 1/0 LVCMOS DvCC OFF
9 14 9 couT O LVCMOS DVCC -
R0O3 1/0 Analog DvVCC -
P6.3 (RD) 1/0 LVCMOS DvCC OFF
10 15 10
CcOoMo O Analog DVCC -
P6.4 (RD) 1/0 LVCMOS DvCC OFF
TBO0.0 le} LVCMOS DVCC -
11 S31 16 S27 11 S30
coM1 O Analog DvCC -
Sz O Analog DvCC -
P6.5 (RD) 1/0 LVCMOS DvCC OFF
TBO.1 1/0 LVCMOS DvCC —
12 S30 17 S26 12 S29
CcomM2 O Analog DvCC -
Sz O Analog DvCC -
P6.6 (RD) 1/0 LVCMOS DvCC OFF
TBO0.2 1/0 LVCMOS DvCC —
13 S29 18 S25 13 S28
CcOoM3 O Analog DvVCC -
Sz O Analog DvCC -
P3.0 (RD) 1/0 LVCMOS DvCC OFF
UCBI1CLK le} LVCMOS DVCC -
14 S28 19 S24 14 S27
TA3.2 1/0 LVCMOS DvCC —
Sz O Analog DvCC -
P3.1 (RD) 1/0 LVCMOS DvCC OFF
UCB1SIMO le} LVCMOS DVCC -
15 S27 20 S23 15 S26 |UCBI1SDA le} LVCMOS DVCC -
TA3.3 le} LVCMOS DVCC -
Sz O Analog DvCC -
P3.2 (RD) 1/0 LVCMOS DvCC OFF
UCB1SOMI le} LVCMOS DVCC -
16 S26 21 S22 16 S25 |UCB1SCL le} LVCMOS DVCC -
TA3.4 1/0 LVCMOS DvCC —
Sz O Analog DvCC -
17 17 DVSS1 P Power - N/A
18 18 DVCC1 P Power - N/A
TEST | LVCMOS DvCC OFF
19 22 19
SBWTCK | LVCMOS DvCC —
RST | LVCMOS DvCC OFF
20 23 20 NMI | LVCMOS DvCC —
SBWTDIO 1/0 LVCMOS DvCC —
PJ.0 (RD) 1/0 LVCMOS DvCC OFF
TDO O LVCMOS DVCC -
21 24 21 TBOOUTH | LVCMOS DvCC —
SMCLK O LVCMOS DVCC -
SRSCG1 O LVCMOS DVCC -

Copyright © 2015-2018, Texas Instruments Incorporated
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Table 4-1. Pin Attributes (continued)

FR697x(1),
FR692x(1), FR682x(1) FRE87x(1) y RESET
SIGNAL NAME SIGNAL BUFFER POWER STATE
SLTRCE DGC PM, RGC @ Q) TYPE® |  TYPE® SOURCE AFTER
PIN LCD PIN LCD PIN LCD BOR®
NO. SEG NO. SEG NO. SEG
PJ.1 (RD) 110 LVCMOS DVCC OFF
TDI | LVCMOS DVCC -
22 25 22 TCLK | LVCMOS DVCC -
MCLK (e} LVCMOS DVCC -
SRSCGO O LVCMOS DVCC —
PJ.2 (RD) 110 LVCMOS DVCC OFF
TMS | LVCMOS DVCC -
23 26 23
ACLK (e} LVCMOS DVCC -
SROSCOFF O LVCMOS DVCC —
PJ.3 (RD) 110 LVCMOS DVCC OFF
TCK | LVCMOS DvVCC -
24 27 24
CcouT O LVCMOS DVCC —
SRCPUOFF (e} LVCMOS DVCC —
P3.3 (RD) 110 LVCMOS DVCC OFF
TAl.1 110 LVCMOS DVCC -
25 S25 28 S21 25 S24
TBOCLK | LVCMOS DVCC -
Sz O Analog DvCC —
P3.4 (RD) 110 LVCMOS DVCC OFF
UCA1SIMO 110 LVCMOS DVCC —
26 S24 29 S20 26 S23 UCALTXD (e} LVCMOS DVCC -
TBO0.0 110 LVCMOS DvCC —
Sz O Analog DvCC —
P3.5 (RD) 110 LVCMOS DVCC OFF
UCAL1SOMI 110 LVCMOS DvVCC —
27 S23 30 S19 27 S22 UCA1RXD | LVCMOS DVCC -
TBO0.1 110 LVCMOS DVCC -
Sz O Analog DvCC —
P3.6 (RD) 110 LVCMOS DVCC OFF
UCALCLK 110 LVCMOS DVCC —
28 S22 31 S18 28 S21
TBO0.2 110 LVCMOS DVCC -
Sz O Analog DvCC —
P3.7 (RD) 110 LVCMOS DVCC OFF
UCALSTE 110 LVCMOS DVCC —
29 S21 32 S17 29 S20
TB0.3 110 LVCMOS DvCC —
Sz O Analog DvCC —
P2.3 (RD) 110 LVCMOS DVCC OFF
UCAOSTE 110 LVCMOS DVCC —
30 S20 33 S16 30 S19
TBOOUTH | LVCMOS DVCC -
Sz O Analog DvCC —
P2.2 (RD) 110 LVCMOS DVCC OFF
UCAOCLK 110 LVCMOS DVCC —
31 S19 34 S15 31 S18 | TB0.4 110 LVCMOS DVCC —
RTCCLK (e} LVCMOS DvCC —
Sz O Analog DvCC —
14 Terminal Configuration and Functions Copyright © 2015-2018, Texas Instruments Incorporated
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Table 4-1. Pin Attributes (continued)

FR692x(1), FR682x(1) ';E%%?)(((é)) RESET
pec | bee | mmmeo | SSMBWME |Swy) s | owen | S
PIN LCD PIN LCD PIN LCD BOR®
NO. SEG NO. SEG NO. SEG
P2.1 (RD) I/0 LVCMOS DvCC OFF
UCAQOSOMI /10 LVCMOS DvCC -
UCAORXD | LVCMOS DvCC -
32 S18 35 S14 32 S17 |BSL_RX | LVCMOS DvVCC -
TBO0.5 110 LVCMOS DvCC -
DMAEQ | LVCMOS DvCC -
Sz O Analog DvCC —
P2.0 (RD) 1/0 LVCMOS DvCC OFF
UCAOSIMO /10 LVCMOS DvCC -
UCAOQTXD (0] LVCMOS DvCC -
33 S17 36 S13 33 S16 |BSL_TX (0] LVCMOS DvCC -
TBO0.6 /10 LVCMOS DvCC -
TBOCLK | LVCMOS DvCC -
Sz O Analog DvCC —
P7.0 (RD) 1/0 LVCMOS DvCC OFF
34 S16 37 S12 34 S15 | TAOCLK | LVCMOS DvCC -
Sz O Analog DvCC —
P7.1 (RD) I/0 LVCMOS DvCC OFF
35 s15 38 s11 35 s14 TAO0.0 /10 LVCMOS DvCC -
ACLK (0] LVCMOS DvCC -
Sz O Analog DvCC —
P7.2 (RD) I/0 LVCMOS DvCC OFF
36 S14 39 S10 36 S13 | TAO0.1 /10 LVCMOS DvCC -
Sz O Analog DvCC —
P7.3 (RD) 1/0 LVCMOS DvCC OFF
37 S13 40 S9 37 S12 | TA0.2 /10 LVCMOS DvCC -
Sz O Analog DvCC —
P7.4 (RD) I/0 LVCMOS DvCC OFF
38 S12 41 S8 38 S11 | SMCLK (0] LVCMOS DvCC -
Sz O Analog DvCC —
39 42 39 DVSS2 P Power - N/A
40 43 40 DvCC2 P Power - N/A
P1.3 (RD) 1/0 LVCMOS DvCC OFF
a a4 a TA1.2 I/0 LVCMOS DvCC -
A3 | Analog AVCC -
C3 | Analog AVCC -
P1.2 (RD) I/0 LVCMOS DvCC OFF
TA1.1 I/0 LVCMOS DvCC -
TAOCLK | LVCMOS DvCC -
42 45 42
CouT (0] LVCMOS DvCC -
A2 | Analog AVCC -
c2 | Analog AVCC -
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Table 4-1. Pin Attributes (continued)

FR692x(1), FR682x(1) ';RR%%?)‘(((ll))' . —
w.Rec | bes | wmoc | SOVWWEY seu| eures | rowen | eTATe
PIN LCD PIN LCD PIN LCD BOR®
NO. SEG NO. SEG NO. SEG
P1.1 (RD) I/0 LVCMOS DvCC OFF
TAO.2 le} LVCMOS DvCC -
TAL1CLK | LVCMOS DvCC -
43 46 43 CouT (0] LVCMOS DvCC -
Al | Analog AVCC —
C1l | Analog AVCC —
VREF+ O Analog AVCC —
VeREF+ | Analog - -
P1.0 (RD) le} LVCMOS DvCC OFF
TAO.1 le} LVCMOS DvCC -
DMAEQ | LVCMOS DvCC -
a4 47 " RTCCLK O LVCMOS DvCC -
A0 | Analog AVCC —
Co | Analog AVCC -
VREF- O Analog AVCC —
VeREF- | Analog - -
P9.4 (RD) le} LVCMOS DvCC OFF
45 48 45 Al2 | Analog AVCC -
C12 | Analog AVCC —
P9.5 (RD) le} LVCMOS DvCC OFF
46 49 46 A13 | Analog AVCC -
C13 | Analog AVCC —
P9.6 (RD) le} LVCMOS DvCC OFF
a7 50 47 Al4 | Analog AVCC -
C14 | Analog AVCC -
P9.7 (RD) le} LVCMOS DvCC OFF
48 51 48 Al15 | Analog AVCC -
C15 | Analog AVCC —
49 52 49 AVCC1 P Power - N/A
50 53 50 AVSS1 P Power - N/A
PJ.4 (RD) le} LVCMOS DvCC OFF
51 54 51
LFXIN | Analog AVCC —
5> 55 5> PJ.5 (RD) le} LVCMOS DvCC OFF
LFXOUT O Analog AVCC —
53 56 53 AVSS2 P Power - N/A
PJ.7 (RD) le} LVCMOS DvCC OFF
> HEXOUT O Analog AVCC —
55 PJ.6 (RD) le} LVCMOS DvCC OFF
HFEXIN | Analog AVCC —
56 AVSS3 P Power - N/A
P5.4 (RD) le} LVCMOS DvCC OFF
54 s11 UCA1SIMO /10 LVCMOS DvCC -
UCALTXD O LVCMOS DvCC -
Sz O Analog DvCC —
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Table 4-1. Pin Attributes (continued)

FR692x(1), FR682x(1) ';RR%%77)>(<((11))' RESET
wree | bos | ewpac | SSMpNWER sy euen | sown | Smn
PIN LCD PIN LCD PIN LCD BOR®
NO. SEG NO. SEG NO. SEG
P5.5 (RD) 1/0 LVCMOS DvCC OFF
- s10 UCA1SOMI le} LVCMOS DVCC -
UCA1RXD | LVCMOS DvCC -
Sz O Analog DvCC —
P5.6 (RD) 1/0 LVCMOS DvCC OFF
56 S9 UCA1CLK le} LVCMOS DVCC -
Sz O Analog DvCC —
P5.7 (RD) 1/0 LVCMOS DvCC OFF
- s8 - s10 UCAILSTE I/0 LVCMOS DVCC -
TBOCLK | LVCMOS DvCC -
Sz O Analog DvCC —
P4.4 (RD) 110 LVCMOS DvCC OFF
- 57 1 7 58 s9 UCBI1STE I/0 LVCMOS DVCC -
TAL1CLK | LVCMOS DvCC -
Sz O Analog DvCC —
P4.5 (RD) 1/0 LVCMOS DvCC OFF
5o s6 ) s6 5o sg UCB1CLK I/0 LVCMOS DVCC -
TAL1.0 Ie} LVCMOS DVCC -
Sz O Analog DvCC —
P4.6 (RD) 1/0 LVCMOS DvCC OFF
UCB1SIMO le} LVCMOS DVCC -
60 S5 3 S5 60 S7 UCB1SDA le} LVCMOS DVCC -
TAl.1 110 LVCMOS DvCC -
Sz O Analog DvCC —
P4.7 (RD) 110 LVCMOS DvCC OFF
UCB1SOMI le} LVCMOS DVCC -
61 S4 4 S4 61 S6 UCB1SCL le} LVCMOS DVCC -
TA1.2 110 LVCMOS DvCC -
Sz O Analog DvCC —
62 62 DVSS3 P Power - N/A
63 63 DVCC3 P Power - N/A
P4.2 (RD) 110 LVCMOS DvCC OFF
UCAO0SIMO le} LVCMOS DVCC -
64 64 S5 UCAOTXD O LVCMOS DVCC -
UCB1CLK I/0 LVCMOS DVCC -
Sz O Analog DvCC —
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4.3 Signal Descriptions

Table 4-2 describes the signals.

Table 4-2. Signal Descriptions

FR692x(1), FR682x(1) FFFF*Q%%?)‘(((%
FUNCTION | SONA PM, RGC DGG PM, RGC | SISNAL DESCRIPTION
PIN LCD PIN LCD PIN LCD
NO. SEG NO. SEG NO. SEG
AO 44 47 44 | Analog input AO
Al 43 46 43 | Analog input Al
A2 42 45 42 | Analog input A2
A3 41 44 41 | Analog input A3
A12 45 48 45 | Analog input A12
A13 46 49 46 | Analog input A13
ADC Al4 47 50 47 I Analog input A14
A15 48 51 48 | Analog input A15
VREF+ 43 46 43 O Output of positive reference voltage
VREF- 44 47 44 O Output of negative reference voltage
VeREF+ 43 26 43 | Lr:)[:l)tuatgfgrt :rt]h(;x'tfg(lzal positive reference
VeREE- 24 a7 a4 | Lr:)rl)tuatgfgrt ()a?h(;x/tfl;rcl:al negative reference
BSL (%) BSL_CLK 5 10 5 [ BSL clock (12C BSL)
BSL_DAT 9 4 110 BSL data (I2C BSL)
BSL_RX 32 35 32 | BSL receive (UART BSL)
BSL (UART) _
BSL_TX 33 36 33 O BSL transmit (UART BSL)
ACLK %g gg gg O ACLK output
HFXIN 55 | Input terminal of crystal oscillator XT2
HFXOUT 54 (0] Output terminal for crystal oscillator XT2
LFXIN 51 54 51 | Input terminal for crystal oscillator XT1
Clock LFXOUT 52 55 52 (e} Output terminal of crystal oscillator XT1
MCLK 22 25 22 O MCLK output
RTCCLK 2411 2‘71 2411 O RTC clock output for calibration
SMCLK %é 423 gé O SMCLK output
co 44 47 44 | Comparator input CO
C1 43 46 43 | Comparator input C1
Cc2 42 45 42 | Comparator input C2
C3 41 44 41 | Comparator input C3
Ci12 45 48 45 | Comparator input C12
Comparator | C13 46 49 46 | Comparator input C13
Ci14 47 50 a7 | Comparator input C14
C15 48 51 48 | Comparator input C15
9 14 9
CcouT ‘zé ig 4213 O Comparator output
43 46 43
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Table 4-2. Signal Descriptions (continued)

FR692x(1), FR682x(1) ';';%%77’)‘(((11))’
FUNCTION M PM, RGC DGG PM,RGC | SIONAL DESCRIPTION
PIN LCD PIN LCD PIN LCD
NO. SEG NO. SEG NO. SEG
SBWTCK 19 22 19 | Spy-Bi-Wire input clock
SBWTDIO 20 23 20 I/0 Spy-Bi-Wire data input/output
SRCPUOFF o 27 2 o I(_:cl)DV\L/chI):v'\éer debug: CPU status register
SROSCOFF 23 26 23 o (L)oswc—pooglv:er debug: CPU status register
SRSCGO 22 25 29 o gocvggower debug: CPU status register
Debug SRSCG1 21 24 21 o ;ocvg;ower debug: CPU status register
TCK 24 27 24 | Test clock
TCLK 22 25 22 | Test clock input
TDI 22 25 22 | Test data input
TDO 21 24 21 (@) Test data output port
TEST 19 22 19 | 'Fl)'lisst mode pin - select digital I/O on JTAG
T™MS 23 26 23 | Test mode select
DMA DMAEO ii ig 2121 | DMA external trigger input
P1.0 44 47 44 I/0 General-purpose digital /0
P1.1 43 46 43 I/0 General-purpose digital /0
P1.2 42 45 42 I/0 General-purpose digital /0
P1.3 41 44 41 I/0 General-purpose digital /0
P1.4 2 7 2 I/0 General-purpose digital /0
P1.5 3 8 3 I/0 General-purpose digital /0
P1.6 4 9 4 I/0 General-purpose digital /0
P1.7 5 10 5 I/0 General-purpose digital /0
P2.0 33 36 33 I/0 General-purpose digital /0
P2.1 32 35 32 I/0 General-purpose digital /0
GPlo pP2.2 31 34 31 I/0 General-purpose digital /0
P2.3 30 33 30 I/0 General-purpose digital /0
P3.0 14 19 14 I/0 General-purpose digital /0
P3.1 15 20 15 I/0 General-purpose digital /0
P3.2 16 21 16 I/0 General-purpose digital /0
P3.3 25 28 25 I/0 General-purpose digital /0
P3.4 26 29 26 I/0 General-purpose digital /0
P3.5 27 30 27 I/0 General-purpose digital /0
P3.6 28 31 28 I/0 General-purpose digital /0
P3.7 29 32 29 I/0 General-purpose digital /0
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Table 4-2. Signal Descriptions (continued)

FR692x(1), FR682x(1) ';';%%77’)‘(((11))’
FUNCTION M PM, RGC DGG PM,RGC | SIONAL DESCRIPTION
PIN LCD PIN LCD PIN LCD
NO. SEG NO. SEG NO. SEG

P4.2 64 64 I/0 General-purpose digital /0
P4.3 1 1 I/0 General-purpose digital /0
P4.4 58 1 58 I/0 General-purpose digital /0
P4.5 59 2 59 I/0 General-purpose digital /0
P4.6 60 3 60 I/0 General-purpose digital /0
P4.7 61 4 61 I/0 General-purpose digital /0
P5.4 54 I/0 General-purpose digital /0
P5.5 55 I/0 General-purpose digital /0
P5.6 56 I/0 General-purpose digital /0
P5.7 57 57 I/0 General-purpose digital /0
P6.0 7 12 7 I/0 General-purpose digital /0
P6.1 8 13 8 I/0 General-purpose digital /0
P6.2 9 14 9 I/0 General-purpose digital /0
P6.3 10 15 10 I/0 General-purpose digital /0
P6.4 11 16 11 I/0 General-purpose digital /0
P6.5 12 17 12 I/0 General-purpose digital /0
P6.6 13 18 13 I/0 General-purpose digital /0

GPlo P7.0 34 37 34 I/0 General-purpose digital /0
P7.1 35 38 35 I/0 General-purpose digital /0
P7.2 36 39 36 I/0 General-purpose digital /0
P7.3 37 40 37 I/0 General-purpose digital /0
P7.4 38 41 38 I/0 General-purpose digital /0
P9.4 45 48 45 I/0 General-purpose digital /0
P9.5 46 49 46 I/0 General-purpose digital /0
P9.6 47 50 47 I/0 General-purpose digital /0
P9.7 48 51 48 I/0 General-purpose digital /0
PJ.O 21 24 21 I/0 General-purpose digital /0
PJ.1 22 25 22 I/0 General-purpose digital /0
PJ.2 23 26 23 I/0 General-purpose digital /0
PJ.3 24 27 24 I/0 General-purpose digital /0
PJ.4 51 54 51 I/0 General-purpose digital /0
PJ.5 52 55 52 I/0 General-purpose digital /0
PJ.6 55 I/0 General-purpose digital /0
PJ.7 54 I/0 General-purpose digital /0
UCBOSCL 5 10 5 e} USCI_BO: IC clock (I>C mode)
UCBOSDA 4 9 4 e} USCI_BO: I?C data (I2C mode)

e uCB1SCL o o o VO | USCI_BL: IC clock (I2C mode)
UCB1SDA o 2 o IO | USCI_B1: I2C data (12C mode)
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Table 4-2. Signal Descriptions (continued)

FR697x(1),
FR692x(1), FR682x(1) FRE87(1)
SIGNAL SIGNAL
FUNCTION NAME PM, RGC DGG PM, RGC TYPE DESCRIPTION
PIN LCD PIN LCD PIN LCD
NO. SEG NO. SEG NO. SEG
LCD common output COMO for LCD
COMO 10 15 10 (0] backplane
LCD common output COM1 for LCD
com1 11 16 11 o backplane
LCD common output COM2 for LCD
COM2 12 17 12 o backplane
LCD common output COM3 for LCD
COM3 13 18 13 o backplane
LCDCAP 6 11 6 | LCD capacitor connection
LCD External reference voltage input for
LCDREF 8 13 8 I regulated LCD voltage
Input/output port of lowest analog LCD
RO3 9 14 9 110 voltage (V5)
Input/output port of third most positive
R13 8 13 8 Vo analog LCD voltage (V3 or V4)
Input/output port of second most positive
R23 7 12 7 VO | analog LCD voltage (V2)
Input/output port of most positive analog
R33 6 1 6 Vo LCD voltage (V1)
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Table 4-2. Signal Descriptions (continued)

FR692x(1), FR682x(1) ';';%%77?((11))’
FUNCTION M PM, RGC DGG PM,RGC | SIONAL DESCRIPTION
PIN LCD PIN LCD PIN LCD
NO. SEG NO. SEG NO. SEG
1 S4 (0]
64 S5 (0]
5 SO 10 SO 5 SO (0]
4 S1 9 S1 4 S1 (0]
3 S2 8 S2 S2 (0]
2 S3 7 S3 S3 (0]
61 S4 4 S4 61 S6 (0]
60 S5 3 S5 60 S7 (0]
59 S6 2 S6 59 S8 (0]
58 S7 1 S7 58 S9 (0]
57 S8 57 S10 (0]
56 S9 (0]
55 S10 (0]
54 S11 (0]
38 S12 41 S8 38 S11 (0]
37 S13 40 S9 37 S12 (0]
LCD Sz 36 S14 39 S10 36 S13 © LCD segment output (package specific)
35 S15 38 S11 35 S14 (0]
34 S16 37 S12 34 S15 (0]
33 S17 36 S13 33 S16 (0]
32 S18 35 S14 32 S17 e}
31 S19 34 S15 31 S18 (0]
30 S20 33 S16 30 S19 (0]
29 S21 32 S17 29 S20 (0]
28 S22 31 S18 28 S21 (0]
27 S23 30 S19 27 S22 (0]
26 S24 29 S20 26 S23 (0]
25 S25 28 S21 25 S24 e}
16 S26 21 S22 16 S25 (0]
15 S27 20 S23 15 S26 (0]
14 S28 19 S24 14 S27 e}
13 S29 18 S25 13 S28 (0]
12 S30 17 S26 12 S29 (0]
11 S31 16 S27 11 S30 (0]
AVCC1l 49 52 49 P Analog power supply
AVSS1 50 53 50 P Analog ground supply
AVSS2 53 56 53 P Analog ground supply
AVSS3 56 P Analog ground supply
DVCC1 18 18 P Digital power supply
Power
DvCC2 40 43 40 P Digital power supply
DVCC3 63 6 63 P Digital power supply
DVSS1 17 17 P Digital ground supply
DVSS2 39 42 39 P Digital ground supply
DVSS3 62 5 62 P Digital ground supply
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Table 4-2. Signal Descriptions (continued)

FR697x(1),
FR692x(1), FR682x(1) FRE87x(1)
SIGNAL SIGNAL
FUNCTION NAME PM, RGC DGG PM, RGC TYPE DESCRIPTION
PIN LCD PIN LCD PIN LCD
NO. SEG NO. SEG NO. SEG
3 8 3 USCI_AO: Clock signal input (SPI slave
UCAOCLK I/0 mode), Clock signal output (SPI master
31 34 31
mode)
33 33 . .
UCAOSIMO 64 36 64 I/0 USCI_AQ: Slave in, master out (SPI mode)
UCAOSOMI 312 35 312 110 USCI_AO: Slave out, master in (SPI mode)
2 7 2 USCI_AQ: Slave transmit enable (SPI
UCAOSTE 30 33 30 110 mode)
o8 USCI_A1: Clock signal input (SPI slave
UCALCLK 56 31 28 I/0 mode), Clock signal output (SPI master
mode)
UCA1SIMO gg 29 26 110 USCI_A1: Slave in, master out (SPI mode)
UCALSOMI a 30 27 O | USCI_A1L: Slave out, master in (SPI mode)
Pl UCAISTE gg 32 g? /o iig‘lgAl: Slave transmit enable (SPI
USCI_BO: Clock signal input (SPI slave
UCBOCLK 2 7 2 I/0 mode), Clock signal output (SPI master
mode)
UCBOSIMO 4 9 4 I/0 USCI_BQO: Slave in, master out (SPI mode)
UCBOSOMI 5 10 5 I/0 USCI_BQO: Slave out, master in (SPI mode)
USCI_BQO: Slave transmit enable (SPI
UCBOSTE 3 8 3 110 mode)
14 19 14 USCI_B1: Clock signal input (SPI slave
UCB1CLK 59 5 59 I/0 mode), Clock signal output (SPI master
64 64 mode)
UCB1SIMO 60 3 60 110 USCI_B1: Slave in, master out (SPI mode)
15 20 15 - ’
UCB1SOMI o o o VO | USCI_B1: Slave out, master in (SPI mode)
1 1 USCI_B1: Slave transmit enable (SPI
UCBI1STE 58 1 58 110 mode)
NMI 20 23 20 | Nonmaskable interrupt input
System p— - -
RST 20 23 20 | Reset input active low
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Table 4-2. Signal Descriptions (continued)

FR697x(1),
FR692x(1), FR682x(1) FR687x(1)
SIGNAL SIGNAL
FUNCTION NAME PM, RGC DGG PM, RGC TYPE DESCRIPTION
PIN LCD PIN LCD PIN LCD
NO. SEG NO. SEG NO. SEG
TA0.0 3 8 3 /0 Timer_A TAO CCRO capture: CCIOA input,
' 35 38 35 compare: OutO output
4 9 4 ] :
Timer_A TAO CCR1 capture: CCI1A input,
TAO.1 36 39 36 110 .
a4 47 a4 compare: Outl output
5 10 5 Timer_A TAO CCR2 capture: CCI2A input
TA0.2 87 40 37 VO | compare: Out2 output PrIe P
43 46 43 pare. P
34 37 34 . . .
TAOCLK 12 45 1 | Timer_A TAO clock signal TAOCLK input
TAL0 2 7 2 /0 Timer_A TA1 CCRO capture: CCIOA input,
' 59 2 59 compare: OutO output
25 28 25 Timer_A TA1 CCR1 capture: CCI1A input,
TALL 42 45 42 Vo compare: Outl output
60 3 60 pare: p
TAL2 41 44 41 /o Timer_A TA1 CCR2 capture: CCI2A input,
Timer_A ' 61 4 61 compare: Out2 output
TAL1CLK 43 46 43 | Timer_A TAL clock signal TA1CLK input
58 1 58
Timer_A TA3 CCR2 capture: CCI2B input,
compare: Out2 output
TA3.2 19 14 I/0 (Note: Not available for FR692x and
FR682x 64-pin package. Internally tied to
DVSS when TA3 is selected)
Timer_A TA3 CCR3 capture: CCI3B input,
compare: Out3 output
TA3.3 20 15 I/0 (Note: Not available for FR692x and
FR682x 64-pin package. Internally tied to
DVSS when TA3 is selected)
Timer_A TA3 CCR4 capture: CCI4B input,
compare: Out4 output
TA3.4 21 16 I/0 (Note: Not available for FR692x and
FR682x 64-pin package. Internally tied to
DVSS when TA3 is selected)
TBO.0 11 16 11 /o Timer_B TB0O CCRO capture: CCIOB input,
' 26 29 26 compare: OutO output
TBO1 12 17 12 /o Timer_B TBO CCR1 capture: CCI1A input,
' 27 30 27 compare: Outl output
TBO.2 13 18 13 /o Timer_B TBO CCR2 capture: CCI2A input,
' 28 31 28 compare: Out2 output
Timer_B TB0O CCR3 capture: CCI3B input,
TB0.3 29 32 29 Vo compare: Out3 output
Timer_B TBO CCR4 capture: CCI4B input,
Timer_B T804 81 34 81 Vo compare: Out4 output
Timer_B TB0O CCR5 capture: CCI5B input,
TBO.5 32 35 32 Vo compare: Out5 output
Timer_B TB0O CCR6 capture: CCI6B input,
TBO.6 33 36 33 Vo compare: Out6 output
25 28 25
TBOCLK 33 33 | Timer_B TBO clock signal TBOCLK input
36
57 57
21 24 21 Switch all PWM outputs high impedance
TBOOUTH 30 33 30 I input - Timer_B TBO
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Table 4-2. Signal Descriptions (continued)

FR697x(1),
FR692x(1), FR682x(1) FR687x(1)
SIGNAL SIGNAL
FUNCTION NAME PM, RGC DGG PM, RGC TYPE DESCRIPTION
PIN LCD PIN LCD PIN LCD
NO. SEG NO. SEG NO. SEG
UCAORXD I 35 > | USCI_AO: Receive data (UART mode)
33 33 ) .
UCAOTXD 64 36 64 (0] USCI_AO0: Transmit data (UART mode)
UART P
UCA1RXD 55 30 27 | USCI_A1: Receive data (UART mode)
UCA1TXD gg 29 26 (0] USCI_A1: Transmit data (UART mode)
RGC package only. VQFN package
Thermal Pad exposed thermal pad. Tl recommends
connection to Vss.
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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 6.11.23.

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)
LVCMOS 30V y® Programmable | See Table 5-11 See
' Section 5.13.5.1
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)
R33/LCDCAP DVss or DVc If not used, the pin can be tied to either supply.
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
PJ3/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.
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 (fmcik = fsmcik)

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
fmeik = fsmeik = 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.

5.6 Low-Power Mode (LPMO, LPM1) Supply Currents Into V. Excluding External Current

Figure 5-1. Typical Active Mode Supply Currents, No Wait States

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) 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.
(12) 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.
(13) 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 With LCD Supply Currents (Into Vc) Excluding External Current

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

TEMPERATURE (Tp)

PARAMETER Vee —40°C 25°C 60°C 85°C UNIT
TYP MAX TYP MAX TYP MAX TYP MAX
| Low-power mode 3 (LPM3)
LPM3,XT12 X -
LCD., current,12-pF crystal, lLC_D 4 30V 0.8 1.0 15 31 LA
bi mux mode, external biasing,
ext. bias excludes SVS®W @
Low-power mode 3 (LPM3)
ILpma xT12 current, 12-pF crystal, LCD 4-
LCD, mux mode, internal biasing, 3.0V 25 2.7 34 2.8 4.4 9.3 HA
int. bias charge pump disabled,

excludes SVS® @

I pm3 xT12

Low-power mode 3 (LPM3) 22V 6.2 6.4 7.0 8.0 HA
current,12-pF crystal, LCD 4-
mux mode, internal biasing,

LCD.CP charge pump enabled, 1/3 bias, | 30V 5.8 6.0 6.8 75 HA
excludes SVS® @
(1) 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),

fx1 = 32768 Hz, facik = fxt1, fmcik = fsmeik = 0 MHz

Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to additional
idle current (idle current of Group containing LCD module already included). See the idle currents specified for the respective peripheral
groups.

(2) LCDMx = 11 (4-mux mode), LCDREXT = 1, LCDEXTBIAS = 1 (external biasing), LCD2B = 0 (1/3 bias), LCDCPEN = 0 (charge pump
disabled), LCDSSEL = 0, LCDPREx = 101, LCDDIVx = 00011 (f_ cp = 32768 Hz / 32 / 4 = 256 Hz)
Current through external resistors not included (voltage levels are supplied by test equipment).
Even segments SO, S2,... = 0, odd segments S1, S3,... = 1. No LCD panel load.

(3) LCDMx = 11 (4-mux mode), LCDREXT = 0, LCDEXTBIAS = 0 (internal biasing), LCD2B = 0 (1/3 bias), LCDCPEN = 0 (charge pump
disabled), LCDSSEL = 0, LCDPREx = 101, LCDDIVx = 00011 (f_ cp = 32768 Hz / 32 / 4 = 256 Hz)
Even segments SO, S2,... = 0, odd segments S1, S3,... = 1. No LCD panel load.

(4) LCDMx = 11 (4-mux mode), LCDREXT = 0, LCDEXTBIAS = 0 (internal biasing), LCD2B = 0 (1/3 bias), LCDCPEN = 1 (charge pump
enabled), VLCDx = 1000 (V. cp= 3 V typ.), LCDSSEL = 0, LCDPREX = 101, LCDDIVx = 00011 (f_cp = 32768 Hz / 32 / 4 = 256 Hz)
Even segments SO, S2,... = 0, odd segments S1, S3,... = 1. No LCD panel load. C_cpcap = 10 pF
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5.9 Low-Power Mode LPMx.5 Supply Currents (Into Vc) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

_40°C 25°C 60°C 85°C
PARAMETER 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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5.10 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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5.11 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

(1) LCD_C: See Section 5.8. For other module currents not listed here, see the module specific parameter sections.
5.12 Thermal Resistance Characteristics®
PARAMETER PACKAGE VALUE® UNIT
03 Junction-to-ambient thermal resistance, still air® 57.7 °C/W
03c(ToP) Junction-to-case (top) thermal resistance ® 15.1 °C/W
038 Junction-to-board thermal resistance ® 26.5 °C/W
: — TSSOP-56 (DGG)
Y Junction-to-board thermal characterization parameter 26.2 °C/W
Yy Junction-to-top thermal characterization parameter 0.5 °C/W
0sc@oTTom)  Junction-to-case (bottom) thermal resistance ® N/A °C/W
03 Junction-to-ambient thermal resistance, still air® 59.3 °C/W
03c(ToP) Junction-to-case (top) thermal resistance ® 19.5 °C/W
038 Junction-to-board thermal resistance 30.8 °C/W
- — QFP-64 (PN)
Y Junction-to-board thermal characterization parameter 30.5 °C/W
Yy Junction-to-top thermal characterization parameter 1.0 °C/W
0sc@oTTomy  Junction-to-case (bottom) thermal resistance ® N/A °C/W
03 Junction-to-ambient thermal resistance, still air® 29.6 °C/W
03c(ToP) Junction-to-case (top) thermal resistance ® 15.8 °C/W
038 Junction-to-board thermal resistance 8.5 °C/W
: . QFN-64 (RGC)
Y Junction-to-board thermal characterization parameter 8.5 °C/W
Yy Junction-to-top thermal characterization parameter 0.2 °C/W
0sc@oTTomy  Junction-to-case (bottom) thermal resistance ® 1.2 °C/W

(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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5.13 Timing and Switching Characteristics

5.13.1 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.

5.13.2 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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5.13.3 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
HEXT crystal mode HFXTBYPASS = 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.
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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
’ = =21
bypass mode I(—3|;:XTBYPASS =1, HFFREQ =2 8.01 16
= =34
I(-g:XTBYPASS 1, HFFREQ =3 16.01 24
DChigxr, HEXT oscillatpr logic-level HEXTBYPASS = 1 40% 60%
sw square-wave input duty cycle

HFXTBYPASS =0,
HFXTDRIVE = 0, HFFREQ = 1?), 450
fuExT HE = 4 MHZ, C| ot = 16 pF

HFXTBYPASS =0,

HEXTDRIVE = 1, HFFREQ =1, 320
OA Oscillation allowance for fuExT,HE = 8 MHZ, Cy ¢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,
HFXTBYPASS = 0, HFXTDRIVE = 0,
HFFREQ =1, 3oV 1.6
) Ta =25°C, Cpess = 16 pF
t Start-up time® : ms
START,HFXT p fosc = 24 MHz,
HFXTBYPASS = 0, HFXTDRIVE = 3,
HFFREQ = 3, 30V 06
Ta = 25°C, CL,eff =16 pF
Integrated load capacitance at
Chrxin HFXgIN terminal ") F()S) 2 pF
Integrated load capacitance at
CHFXOUT  HEXOUT terminal @) ®) § PP
fraunext  Oscillator fault frequency® (0 0 800 | kHz

©)

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
fuonosc/dVee (,\jllr?tl(jzgjsc frequency supply voltage 14 %V
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 to 3.6 V) — MIN(1.8 V t0 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V-1.8V)
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5.13.4 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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5.13.4.1 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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5.13.5 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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5.13.5.1 Typical Characteristics, Digital Outputs at 3.0 V and 2.2V
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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 Pxy, C_ = 20 pF® 30V 650 Kz
Y, L = .

(1) C.is the external load capacitance connected from the output to Vss and includes all parasitic effects such as PCB traces.

5.13.5.2 Typical Characteristics, Pin-Oscillator Frequency
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Figure 5-12. Typical Oscillation Frequency vs Load Capacitance | Figure 5-13. Typical Oscillation Frequency vs Load Capacitance
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5.13.6 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
5.13.7 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 5-15. 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 3 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 0 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 5-17. SPI Slave Mode, CKPH =1
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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 |
:‘_ tiow _*tHIGH'>i : : : tsp —DI |4— | |
I
scL * \l : [\ / } / M\ 1\
I [
I e toon t 510 4P
tHD,DAT_|<_’I
Figure 5-18. I°C Mode Timing
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5.13.8 Segment LCD Controller
Table 5-22 lists the operating conditions of the LCD.
Table 5-22. LCD_C Recommended Operating Conditions
PARAMETER CONDITIONS MIN NOM MAX | UNIT
vV Supply voltage range, charge LCDCPEN =1, 0000b < VLCDx < 1111b 29 3.6 v
CCLCD_C.CPen36  npymp enabled, Vi cp < 3.6 V (charge pump enabled, V| cp < 3.6 V) ' :
v Supply voltage range, charge LCDCPEN = 1, 0000b < VLCDx < 1100b 20 36 v
CCLCD_C,CP en3.3 pump enabled, V cp £ 3.3V (charge pump enabled, V. cp < 3.3 V) : :
o Supply voltage range, internal _ _
Vce e, cint. bias biasing, charge pump disabled | “COCPEN = 0, VLCDEXT =0 2.4 36| V
» Supply voltage range, external _ _
Vee.Lep, Cext, bias biasing, charge pump disabled | “CPCPEN = 0, VLCDEXT =0 2.4 36| V
Supply voltage range, external
Vee,Leb_C VLCDEXT LCD voltage, internal or external | LCDCPEN = 0, VLCDEXT =1 2.0 3.6 \%
biasing, charge pump disabled
External LCD voltage at
V. cocap LCDCAP, internal or external LCDCPEN =0, VLCDEXT =1 2.4 3.6 \%
bia