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

Table 3-1. Device Comparison®®)

USCI
FLASH SRAM , @ | = @ | CHANNEL A: | ADC10_A | Comp_B
DEVICE (KB) (KB) Timer_A Timer_D UAR o CHANNEL B: (h) (ch) 1/Os PACKAGE
spl SPI, I°C
40 QFN
9 ext, 2 int 16 31 Q
MSP430F5172 32 2 3 3,3 1 1 40 DSBGA
8 ext, 2 int 15 29 38 TSSOP
40 QFN
9ext, 2 int 16 31 Q
MSP430F5152 16 2 3 3,3 1 1 40 DSBGA
8 ext, 2 int 15 29 38 TSSOP
40 QFN
9 ext, 2 int 16 31 Q
MSP430F5132 8 1 3 3,3 1 1 40 DSBGA
8 ext, 2 int 15 29 38 TSSOP
40 QFN
16 31 Q
MSP430F5171 32 2 3 3,3 1 1 - 40 DSBGA
15 29 38 TSSOP
40 QFN
16 31 Q
MSP430F5151 16 2 3 3,3 1 1 - 40 DSBGA
15 29 38 TSSOP
40 QFN
16 31 Q
MSP430F5131 8 1 3 3,3 1 1 - 40 DSBGA
15 29 38 TSSOP

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

(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

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

(4) Each number in the sequence represents an instantiation of Timer_D 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_D, the first
instantiation having 3 and the second instantiation having 5 capture compare registers and PWM output generators, respectively.
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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 ultra-low-power microcontrollers MCUs for metrology, monitoring, system
control, and communications

Companion Products for MSP430F5172 Review products that are frequently purchased or used in
conjunction with this product.

Reference Designs for MSP430F5172 Tl Designs Reference Design Library is a robust reference design
library that spans analog, embedded processor, and connectivity. Created by Tl 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 40-pin RSB package.
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P1.0/PM_UCAOCLK/PM_UCBOSTE/A0*/CBO[D> 1 3938373635343332 (] P3.3/PM_TAOCLK/PM_CBOUT/CB13

P1.1/PM_UCAOTXD/PM_UCAOSIMO/A1*/CB1[D 2 : }29C P3.2/PM_TDO0.0/PM_SMCLK/CB14
P1.2/PM_UCAORXD/PM_UCAOSOMI/A2*/CB2[D 3 : 128 PJ.6/TD1CLK/TD0.1/CB15
P1.3/PM_UCBOCLK/PM_UCAOSTE/A3*/CB3[D 4 : :27C DvCC
P1.4/PM_UCBOSIMO/PM_UCBOSDA/A4*/CB4[D5 | 126 DVSS
P1.5/PM_UCBOSOMI/PM_UCBOSCL/A5*/CB5[D 6 : :25C VCORE
PJ.0O/SMCLK/TDO/CB6[D 7 : : 24 P3.1/PM_TEC1FLTO/PM_TD1.2
PJ.1/MCLK/TDI/TCLK/CB7 [ D 8 : 123 P3.0/PM_TEC1FLT2/PM_TD1.1
PJ.2/ADC10CLK/TMS/CB8[D9 | P2.7/PM_TEC1CLR/PM_TEC1FLT1/PM_TD1.0
PJ.3/ACLK/TCK/CB9 [ 1 P2.6/PM_TECOFLT1/PM_TDO0.2

i

N
-
w
A

P1.7/PM_TD0.1D

P2.0/PM_TD0.2[>

P2.5/PM_TECOFLTO/PM_TDO.1 |[©

P1.6/PM_TDO0.0[O
P2.1/PM_TD1.0[D> =
P2.2/PM_TD1.1D &
P2.3/PM_TD1.2 D &

P2.4/PM_TECOCLR/PM_TECOFLT2/PM_TDO0.0 [© 5L

* Only MSP430F51x2 devices

Figure 4-1. 40-Pin RSB Package (Top View)
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Figure 4-2 shows the pinout for the 38-pin DA package.

AVCC
PJ.4/XOUT

PJ.5/XIN

AVSS
P1.0/PM_UCAOCLK/PM_UCBOSTE/A0*/CBO
P1.1/PM_UCAOTXD/PM_UCAOSIMO/A1*/CB1
P1.2/PM_UCAORXD/PM_UCAOSOMI/A2*/CB2
P1.3/PM_UCBOCLK/PM_UCAOSTE/A3*/CB3
P1.4/PM_UCBOSIMO/PM_UCBOSDA/A4*/CB4
P1.5/PM_UCBOSOMI/PM_UCBOSCL/A5*/CB5
PJ.0/SMCLK/TDO/CB6
PJ.1/MCLK/TDI/TCLK/CB7
PJ.2/ADC10CLK/TMS/CBS
PJ.3/ACLK/TCK/CB9

P1.6/PM_TD0.0

P1.7/PM_TDO.1

P2.0/PM_TDO0.2

P2.1/PM_TD1.0

* Only MSP430F51x2 P2.2/PM_TD1.1
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38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20

bbbbbbodddddubBbBbEbD

P3.6/PM_TAO0.1/A7*/VEREF-*/CB11
P3.5/PM_TA0.2/A8*/VEREF+*/CB12
RST/NMI/SBWTDIO

TEST/SBWTCK
P3.3/PM_TAOCLK/PM_CBOUT/CB13
P3.2/PM_TDO0.0/PM_SMCLK/CB14
PJ.6/TD1CLK/TD0.1/CB15

DVCC

DVSS

VCORE

P3.1/PM_TEC1FLTO/PM_TD1.2
P3.0/PM_TEC1FLT2/PM_TD1.1
P2.7/PM_TEC1CLR/PM_TEC1FLT1/PM_TD1.0
P2.6/PM_TECOFLT1/PM_TDO.2
P2.5/PM_TECOFLTO/PM_TDO.1
P2.4/PM_TECOCLR/PM_TECOFLT2/PM_TDO.0
DVSS

DVIO

P2.3/PM_TD1.2

Figure 4-2. 38-Pin DA Package (Top View)
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Figure 4-3 shows the pinout for the 40-pin YFF package. For the package dimensions, see the Mechanical

Data in 8.
Top View Ball-Side View
P16 P21 P22 DVIO DVSS P25 P25 DVSS DVIO P22 P21 P16
CRCRCNGRCROINIONORCNORC
PJ2 P17 P20 P24 P26 P30 P3.0 P26 P24 P20 P17  PJ2
SNCNCNORC
PJO  PJ1 PJ3 P23 P27 P31 P31 P27P23 _ PJ3 PJ.1 PJ.0
ORCHCRCNE
P1.5 P14 TEST VCORE VCORE  TEST P14 P15
P13 P12 AVSS AVCC  PJ6  DVSS DVSS PJ6  AVCC AVSS P12 P13
GRERCNCRERGIIIONORCNORC
P1.1 P1.0 P3.7 RST P3.2 DvCC DvCC P3.2 RST P3.7 P1.0 P1.1
XIN  XOUT P36 P35 P34 P33 P3.3 P34 P35 P36  XOUT  XIN
fa6)  (as) {aa) (A3} (a2} (A1)
Figure 4-3. 40-Pin YFF Package (Top View and Bottom View)
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4.2 Signal Descriptions
Table 4-1 describes the signals for all device and package variants.
Table 4-1. Signal Descriptions
TERMINAL
NO.@ I1o® DESCRIPTION
NAME
RSB | DA | YFF
P1.0/ General-purpose digital /O with reconfigurable port mapping secondary function®
PM_UCAOCLK/ Default mapping: Clock signal input — USCI_AO SPI slave mode; Clock signal output —
1 5 B5 /o USCI_AO SPI master mode

PM_UCBOSTE/ Default mapping: Slave transmit enable — USCI_BO SPI mode

A0y Analog input AO — 10-bit ADC®

CBO Comparator_B Input O

P1.1/ General-purpose digital 1/0

PM_UCAOQTXD/ Default mapping: Transmit data — USCI_AO UART mode

PM_UCAO0SIMO/ 2 6 B6 /0 Default mapping: Slave in, master out — USCI_AO0 SPI mode

A1G) Analog input A1 — 10-bit ADC®

CB1 Comparator_B Input 1

P1.2/ General-purpose digital I/O with reconfigurable port mapping secondary function
PM_UCAORXD/ Default mapping: Receive data — USCI_AO UART mode

PM_UCAOSOMI/ 3 7 C5 /0 Default mapping: Slave out, master in — USCI_AO0 SPI mode

A20) Analog input A2 — 10-bit ADC®

CB2 Comparator_B Input 2

P1.3/ General-purpose digital I/O with reconfigurable port mapping secondary function
PM_UCBOCLK/ Default mapping: Clock signal input — USCI_BO SPI slave mode; Clock signal output —

4 8 c6 /o USCI_BO SPI master mode

PM_UCAOSTE/ Default mapping: Slave transmit enable — USCI_AO SPI mode

A30G) Analog input A3 — 10-bit ADC®)

CB3 Comparator_B Input 3

P1.4/ General-purpose digital I/O with reconfigurable port mapping secondary function
PM_UCBOSIMO/ Default mapping: Slave in, master out — USCI_BO SPI mode

PM_UCBOSDA/ 5 9 D5 I/O | Default mapping: I°C data — USCI_BO 1°C mode

A4G) Analog input A4 — 10-bit ADC®

CB4 Comparator_B Input 4

P1.5/ General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_UCBOSOMI/ Default mapping: Slave out, master in — USCI_BO0 SPI mode

PM_UCBOSCL/ 6 10 D6 1/0 Default mapping: I1°C clock — USCI_BO I°C mode

A5G Analog input A5 — 10-bit ADC®

CB5 Comparator_B Input 5

PJ.0/ General-purpose digital 1/0

SMCLK/ SMCLK clock output

TDO/ 7 1 E6 Vo Test data output port

CB6 Comparator_B Input 6

PJ.1/ General-purpose digital 1/0

MCLK/ MCLK clock output

TDI/TCLK/ 8 12 ES Vo Test data input or test clock input

CB7 Comparator_B Input 7

PJ.2/ General-purpose digital 1/0

ADC10CLK/ ADC10_A clock output

TMS/ 9 13 F6 Vo Test mode select

CB8 Comparator_B Input 8

PJ.3/ General-purpose digital 1/0

ACLK/ ACLK output port

TCK/ 10 14 E4 Vo Test clock

CB9 Comparator_B Input 9

P1.6/ 1 15 G6 1/0, General-purpose digital I/O with reconfigurable port mapping secondary function
PM_TDO.0 DV|o | Default mapping: TDO CCRO compare output/capture input

(1) I =input, O = output

(2) N/A = not available on this package offering

(3) The ADC10_A module is available on MSP430F51x2 devices. The secondary pin functions Ax (ADC10_A channel x) available only in

MSP430F51x2 devices.
(4) For details on the Port Mapping Controller, see Section 6.9.2.
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Table 4-1. Signal Descriptions (continued)

TERMINAL
NO.® 1Io® DESCRIPTION
NAME
RSB | DA | YFF
P1.7/ 12 16 5 /0, General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TDO.1 DV,o | Default mapping: TDO CCR1 compare output/capture input
P2.0/ 13 17 E4 /0, General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TDO0.2 DV,o | Default mapping: TDO CCR2 compare output/capture input
P2.1/ 14 18 G5 1/0, General-purpose digital I/O with reconfigurable port mapping secondary function
PM_TD1.0 DV,o | Default mapping: TD1 CCRO compare output/capture input
pP2.2/ 15 19 G4 /0, General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TD1.1 DV,o | Default mapping: TD1 CCR1 compare output/capture input
P2.3/ 16 20 E3 1/0, General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TD1.2 DV,o | Default mapping: TD1 CCR2 compare output/capture input
DVIO 17 21 G3 5-V tolerant digital I/O power supply
DVSS 18 22 G2 Digital ground supply
P2.4/ General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TECOCLR/ 19 23 F3 1/0, Default mapping: TDO external clear input
PM_TECOFLT2/ DV,o | Default mapping: TDO fault input channel 2 (controlled by module input enable)
PM_TDO0.0 Default mapping: TDO CCRO compare output
P2.5/ o) General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TECOFLTO/ 20 24 G1 DV, Default mapping: TDO fault input channel O
PM_TDO0.1 10| Default mapping: TDO CCR1 compare output
P2.6/ o) General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TECOFLT1/ 21 25 F2 DV, Default mapping: TDO fault input channel 1
PM_TDO0.2 10| Default mapping: TDO CCR2 compare output
P2.7/ General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TEC1CLR/ 29 26 E2 /0, Default mapping: TD1 external clear
PM_TEC1FLT1/ DV|o | Default mapping: TD1 fault input channel 1 (controlled by module input enable)
PM_TD1.0 Default mapping: TD1 CCRO compare output
P3.0/ /o General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TEC1FLT2/ 23 27 F1 DV’ Default mapping: TD1 fault input channel 2
PM_TD1.1 10| Default mapping: TD1 CCR1 compare output
P3.1/ /o General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TEC1FLTO/ 24 28 E1l DV’ Default mapping: TD1 fault input channel O
PM_TD1.2 10| Default mapping: TD1 CCR2 compare output
VCORE 25 29 D1 Regulated core power supply
DVSS 26 30 C1 Digital ground supply
DvCC 27 31 B1 Digital power supply
PJ.6/ General-purpose digital 1/0
TD1CLK/ TD1 clock input
TDO.1/ 28 32 c2 Vo TDO CCR1 compare output
CB15 Comparator_B Input 15
P3.2/ General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TDO0.0/ 29 33 B2 o) Default mapping: TDO CCRO capture input
PM_SMCLK/ Default mapping: SMCLK output
CB14 Comparator_B Input 14
P3.3/ General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TAOCLK/ 30 24 Al e Default mapping: TAO clock input
PM_CBOUT/ Default mapping: Comparator_B output
CB13 Comparator_B Input 13
P3.4/ General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TDOCLK/ 31 - A2 1/0 Default mapping: TDO clock input
PM_MCLK Default mapping: MCLK output
TEST/ 32 35 D2 Test mode pin — select digital /O on JTAG pins
SBWTCK Spy-Bi-Wire input clock
RST/ Reset input active low®)
NMI/ 33 36 B3 Nonmaskable interrupt input
SBWTDIO Spy-Bi-Wire data input/output

(5) When this pin is configured as reset, the internal pullup resistor is enabled by default.
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Table 4-1. Signal Descriptions (continued)

TERMINAL
NO.® 1Io® DESCRIPTION
NAME
RSB | DA | YFF
P3.5/ General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TAO0.2/ Default mapping: TAO CCR2 compare output/capture input
Ag® 34 | 37 | A3 I/0 | Analog input A8 — 10-bit ADC®)
VEREF+/ Positive terminal for the ADC reference voltage for an external applied reference voltage
CB12 Comparator_B Input 12
P3.6/ General-purpose digital I/O with reconfigurable port mapping secondary function
PM TAO.1/ Default mapping: TAO CCR1 compare output/capture input
A7® 35 | a8 | a4 yo | Analog input A7 — 10-bit ADC®
VEREE-/ Negative terminal for the ADC reference voltage for an external applied reference
voltage
CBl1 Comparator_B Input 11
P3.7/ General-purpose digital 1/0 with reconfigurable port mapping secondary function
PM_TAO0.0/ 36 _ B4 /o Default mapping: TAO CCRO compare output/capture input
A6G) Analog input A6 — 10-bit ADC®
CB10 Comparator_B Input 10
AVCC 37 1 C3 Analog power supply
PJ.4/ General-purpose digital 1/0
XOuT 38 2 AS Vo Output terminal of crystal oscillator
PJ.5/ General-purpose digital 1/0
XIN 39 3 A6 Vo Input terminal for crystal oscillator
AVSS 40 4 C4 Analog ground supply
QFN pad - NA | NA Recommended to connect to DVSS externally
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5 Specifications

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

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

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

MIN MAX UNIT
Voltage V¢ applied at DVCC to DVSS -0.3 41V \
Voltage Vo applied at VIO to DVSS -0.3 6.1V \%
Voltage applied to any pin (excluding VCORE)® -03 Ve +0.3 \Y
Diode current at any device pin +2 mA
Maximum operating junction temperature, T, 95 °C
Storage temperature, Tgg -55 150 °C

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

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

5.2 ESD Ratings

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

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

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

5.3 Recommended Operating Conditions

MIN  NOM  MAX| UNIT
PMMCOREVX =0 1.8 3.6
Supply voltage during program execution and flash PMMCOREVX = 0, 1 2.0 3.6
Vee programming — \%
Viavee) = Vovee) = \/CC(l)(Z) PMMCOREVXx =0, 1, 2 2.2 3.6
PMMCOREVXx =0, 1, 2, 3 2.4 3.6
Vio Supply voltage of pins P1.6, P1.7, P2.0 to P2.7, P3.0, and P3.1 supplied by VIO®® 1.8 55| V
VSS Supply voltage V(AVSS) = V(DVSS) = VSS 0 \Y%
Ta Operating free-air temperature -40 85| °C
T; Operating junction temperature -40 85| °C
Civcorey  Recommended capacitor at VCORE® 470 nF
gDVCC)/ Capacitor ratio of DVCC to VCORE 10
(VCORE)

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

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

(3) If DVIO is not supplied by the same source as DVCC, Tl recommends powering AVCC and DVCC before powering DVIO. At DVCC and
AVCC voltages higher than 1.8 V, the maximum difference of 0.3 V between DVIO and (DVCC and AVCC) can be exceeded. DVIO
must be higher than or equal to DVCC.

Increased cross current can flow into DVCC if DVIO is less than (DVCC — 0.3 V), with a maximum current flowing when DVIO is equal to
DVCC/2. To avoid high currents into DVCC, DVIO must be higher than or equal to DVCC, DVIO must not float, and DVIO must be
turned off quickly. TI recommends pulling the DVIO pins to low before disabling DVIO.

(4) For best cross-current prevention, voltage applied to DVIO should not be lower than DVCC. However, if DVIO is switched off during
operation, due to application requirements, DVIO should be pulled to ground to prevent a floating voltage.

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

MIN  NOM  MAX| UNIT
PMMCOREVx = 0,
18V<Vcc<s36V 0 12
(default condition)
. © 0 PMMCOREVx =1, 0 16
f Processor frequency (maximum MCLK frequency) 20V<Vee<36V MHz
SYSTEM (see Figure 5-1)
PMMCOREVX = 2, 0 20
22V <Vcc<36V
PMMCOREVx = 3, 0 25
24V <sVecs36V
PinT Internal power dissipation Vee % lpveg) W
Pio I/0 power dissipation of the 1/O pins powered by DVCC Vee \_/IZI'_OL*)IIZLI'OH * w
Pos 1/O power dissipation of the 1/0 pins powered by VIO Vio :/V'OHi)IX hoks + w
1oLs * lioLs
Pmax Maximum allowed power dissipation, Pyax > Pio + Pios + PinT (T;—=Ta) / RO3A W

(6) The MSP430™ CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse duration of the

specified maximum frequency.

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

A
25 | — —

20 —

16 —

12 | — —

System Frequency - MHz

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

1.8 2.0 22 24

Supply Voltage - V

3.6

\

NOTE: The numbers within the fields denote the supported PMMCOREVX settings.

Figure 5-1. Frequency vs Supply Voltage
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5.4 Active Mode Supply Current Into V.- Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

& FREQUENCY (fpco = fmcrk = fsmcLk)
L
1 MHz 8 MHz 12 MHz 20 MHz 25 MHz
EXECUTION x
o}
PARAMETER e Vee 9 UNIT
2 TYP  MAX TYP  MAX TYP  MAX TYP  MAX TYP  MAX
o
0 0.24 0.27 1.48 1.60
| Flach sy 1 0.26 1.66 2.48 2.7 R
as m.
AM, Flash 2 0.28 1.83 2.72 4.50 4.8
3 0.28 1.83 2.66 4.40 5.60 6.15
0 0.17 0.2 0.89 0.97
| AN av 1 0.18 1.00 1.49 1.62 N
m.
AM, RAM 2 0.20 1.14 1.68 2.75 3.0
3 0.20 1.20 1.78 2.92 3.64 40
5.5 Low-Power Mode Supply Currents (Into V.c) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)® @
X -40°C 25°C 60°C 85°C
w
@
PARAMETER Vee o UNIT
g TYP MAX TYP MAX TYP MAX TYP MAX
=
o
| . o 22V 0 82 90 85 90 87 95 85 100 N
Oow-power moae
LPMO, MHz P 3V 3 88 100 85 100 90 104 88 04| M
22V 0 10 12,5 10 12 10 125 12,5 13
I pm2 Low-power mode 2 HA
3V 3 9 11.5 11 13 11 15 12 14
22V o 1.7 - 1.8 2.0 25 - 35 6.0
3v 2.0 - 2.0 22 3.0 - 3.7 6.0
22V L 1.8 - 1.9 - 25 - 4.0 -
| Low-power mode 3, 3V 2.1 - 2.2 - 25 - 4.0 = A
LPM3, XTILE crystal mode 22V 1.8 - 2.0 - 25 - 42 -
2
3V 2.0 - 2.2 - 2.8 - 4.2 -
22V 5 1.9 - 2.0 2.5 2.9 - 4.8 6.5
3v 2.1 - 2.2 25 3.0 - 5.2 7.0
22V o 1.0 - 1.0 1.25 16 - 35 45
3V 1.1 - 1.2 1.4 15 - 3.6 5.0
22V L 1.0 - 1.1 - 1.8 - 3.0 -
| Low-power mode 3, 3V 13 - 11 - 2.0 - 3.2 - LA
LPM3, VIO VLO mode 22V ) 11 - 11 - 18 - 3.1 -
3v 1.1 - 1.2 - 2.0 - 3.2 -
22V 5 1.1 - 1.1 1.4 1.9 - 35 5.0
3V 1.1 - 1.2 1.5 2.1 - 4.0 5.2
0 0.8 - 0.9 1.3 1.4 - 35 47
| . o s av 1 0.8 - 1.0 - 1.4 - 35 - A
Oow-power moade
Leme P 2 0.8 - 1.0 - 15 - 3.6 -
3 0.9 - 1.0 1.3 16 - 3.6 5.0
22V X 0.06 - 0.20 0.26 0.33 - 0.60 0.9
lLpmas Low-power mode 4.5 HA
3V X 0.07 - 0.25 0.29 0.37 - 0.77 0.9

(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current. DVIO = DVCC = AVCC.
(2) The currents are characterized with a Micro Crystal MS1V-T1K SMD crystal with a load capacitance of 12.5 pF. The internal and
external load capacitance are chosen to closely match the required 9 pF.

16

Specifications

Submit Documentation Feedback

Copyright © 2010-2018, Texas Instruments Incorporated

Product Folder Links: MSP430F5172 MSP430F5152 MSP430F5132 MSP430F5171 MSP430F5151 MSP430F5131


http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=JAJSFS9R&partnum=MSP430F5172
http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131

I3 TEXAS MSP430F5172, MSP430F5152, MSP430F5132
INSTRUMENTS MSP430F5171, MSP430F5151, MSP430F5131

www.ti.com JAJSFS9R —AUGUST 2010—REVISED SEPTEMBER 2018

5.6 Thermal Resistance Characteristics

THERMAL METRIC VALUE UNIT
QFN (RSB) 87
Low-K board (JESD51-3)
i ) ) o TSSOP (DA) 109
0;a  Junction-to-ambient thermal resistance, still air °C/W
i QFN (RSB) 35
High-K board (JESD51-7)
TSSOP (DA) 69
i i QFN (RSB) 36
0;c  Junction-to-case thermal resistance °C/W
TSSOP (DA) 19

5.7 Schmitt-Trigger Inputs — General-Purpose I/O (P1.0 to P1.5, P3.2 to P3.7, and PJ.0 to PJ.6)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT

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

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

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

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

C Input capacitance Vin = Vgs Of Ve 5 pF

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

5.8 Schmitt-Trigger Inputs — General-Purpose I/O (P1.6 and P1.7, P2.0 to P2.7, and P3.0

and P3.1)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vio MIN TYP  MAX| UNIT
1.8V 0.80 1.40
ViT+ Positive-going input threshold voltage 3V 1.20 200 V
5V 2.10 2.50
1.8V 0.45 0.90
Vir_ Negative-going input threshold voltage 3V 0.75 1.30 \%
5V 1.10 1.60
1.8V 0.27 0.45
Vhys Input voltage hysteresis (Vir+ — V|_) 3V 0.45 0.65 \Y,
5V 0.9 1.2
Rpui Pullup or pulldown resistor Eg:: gﬂ::gg\:,%':“v:wvff/cc 20 35 50| kQ
C Input capacitance Vin = Vss Of Ve 5 pF

5.9 Inputs — Ports P1 and P2®

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

Port P1.0 to P1.5,

. o external trigger pulse duration to set interrupt flag 18V1036V 20
iy External interrupt timing® | p ns
Port P1.6 and P1.7 and P2.0 to P2.7, 18V1to5V 25

external trigger pulse duration to set interrupt flag

(1) Some devices may contain additional ports with interrupts. See the block diagram and terminal function descriptions.
(2) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t;ny is met. It may be set by trigger signals
shorter than tny.
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5.10 Leakage Current — General-Purpose 1/O
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
o Port P1.0 to P1.5, P3.0 to P3.7,
oo High-impedance | pJ 0 t0 PJ.6 cee ® @ 1.8Vt03.6V ¥ #80)
leakage current
Port P1.6 and P1.7, P2.0 to P2.7 1.8Vto5V +1 +50

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

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

5.11 Outputs — Ports P1, P3, PJ (Full Drive Strength, P1.0 to P1.5, P3.2 to P3.7, PJ.0 to PJ.6)

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

PARAMETER TEST CONDITIONS Vce MIN MAX| UNIT

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

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

VoL Low-level output voltage (OLmax) ) 55 SS9 \%
loLmax) = 5 MA 3V Vss Vss +0.25
I(OLmax) =15 mA(z) Vss Vss + 0.60

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

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

5.12 Outputs — Ports P1 to P3 (Full Drive Strength, P1.6 and P1.7, P2.0 to P2.7, P3.0 and P3.1)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vio MIN MAX | UNIT
l(oHsmax) = =3 MA ) 18V Vio—0.25 Vio
l(oHsmax) = =10 mA®) ' Vio — 0.60 Vio

Vous  High-level output voltage |ormay = =5 MA 3V Vio~025 Vio| -y,
l(oHsmax) = =15 MA®) Vio — 0.60 Vio
l(oHsmax) = =7 MAWX 5y Vio—0.25 Vio
l(oHsmax) = =20 MA®) Vio — 0.60 Vio
loLsmax) = 3 MA®) 18V Vss Vss+0.25
loLsmax) = 10 MA® . Vss Vss +0.60

Vous  Low-level output voltage loLsmay =5 mA®) 3V Vss Ves*025)
l(oL5max) = 15 mA® Vss Vss + 0.60
loLsmax) = 7 MAX 5y Vss Vss +0.25
l(oL5max) = 20 MA® Vss Vss + 0.60

(1) The maximum total current, loHsmax) @and loLsmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage
drop specified.

(2) The maximum total current, lioHsmax) @nd l(oLsmax), for all outputs combined should not exceed 200 mA to hold the maximum voltage
drop specified.
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5.13 Outputs — Ports P1, P3, PJ (Reduced Drive Strength, P1.0 to P1.5, P3.2 to P3.7, PJ.0

to PJ.6)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®
PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT

| (OHmax) = —1 mA(z) L8V Ve — 0.25 Vee

Vou High-level output voltage orimax = =3 mA® Vec ~0.60 Vee \%
l(OHmax) = —2 MA® v Ve — 0.25 Vee
l(oHmax) = —6 MA® Vec — 0.60 Vee
loLmax) = 1 mAz; 18V Vss Vss+0.25

VoL Low-level output voltage oLmay = 3 MA Vss Vss +0.60 \%
l(oLmax = 2 MA® 3V Vss Vsg+0.25
loLmax) = 6 MA® Vss Vss + 0.60

(1) Selecting reduced drive strength may reduce EMI.

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

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

5.14 Outputs — Ports P1 to P3 (Reduced Drive Strength, P1.6 and P1.7, P2.0 to P2.7, P3.0

and P3.1)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®
PARAMETER TEST CONDITIONS Vio MIN MAX| UNIT

loHsmax) = =1 MA® 1gy | Vio—025 Vio
loHsmax) = =3 MA® ' Vio - 0.60 Vio

Vous  High-level output voltage |ormay = =2 MA® 3V Vio - 0.25 Vio| -,
loHsmax) = =6 MA® Vio - 0.60 Vio
loHsmax) = —4 MA® 5oy | Vio—025 Vio
loHsmay) = =12 MA® ' Vio - 0.60 Vio
loL5max) = 1 MAE) 18V Vss Vss+0.25
loL5max) = 3 MAE®) . Vss Vss +0.60

Vous  Low-level output voltage lotsmay = 2 MA® 3V Vss Vss*025)
liotsmax = 6 MA®) Vss Vss +0.60
loHsmax) = 4 MA® 50V Vss Vss +0.25
loL5max) = 12 MA®) . Vss Vss +0.60

(1) Selecting reduced drive strength may reduce EMI.

(2) The maximum total current, lioHsmax) @nd l(oLsmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage
drop specified.

(3) The maximum total current, lioHsmax) @nd loLsmax), for all outputs combined, should not exceed +200 mA to hold the maximum voltage
drop specified.
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5.15 Output Frequency — Ports P1.0 to P1.5, P3.2 to P3.7, PJ.0 to PJ.6
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
VCC =1.8 V, 16
¢ Port output frequency PJ.0/SMCLK - PMMCOREVx = 0 MHz
Pxy (with load) C_=20pF, R =1kQ® @ Vee =3V, -
PMMCOREVX = 3
PJ.3/ACLK Vee =18V, 16
¢ Clock ¢ PJ.0/SMCLK PMMCOREVx =0
Port_CLK ock output frequency PJ 1/MCLK Ve =3V, MHz
CL =20 pF® PMMCOREVX = 3 25

(1) Aresistive divider with 2 x 0.5 kQ between V¢ and Vg is used as load. The output is connected to the center tap of the divider.
(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.

5.16 Output Frequency — Ports P1.6 and P1.7, P2.0 to P2.7, P3.0 and P3.1
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
VCC =1.8 V, V|o =1.8 V, 16
PMMCOREVX = 0
f Port output frequency P1.6 port mapper SMCLK from P3.4, Vec=3V,Vp=3YV, o5 MHz
Pxy (with load) C_=20pF, R =1kQ® @ PMMCOREVX = 3
VCC:3V,V|O=5V, 25
PMMCOREVX = 3
Vee =18V, V=18V, 16
PMMCOREVX =0
P1.6 port mapper SMCLK from P3.4, Vee=3V, V=3V,
frort_cLk Clock output frequency C_ = 20 pE®@ PMMCOREVX = 3 25 MHz
VCC:3V,V|O=5V, 25
PMMCOREVX = 3

(1) Aresistive divider with 2 x 0.5 kQ between V¢ and Vsg is used as load. The output is connected to the center tap of the divider.
(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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5.17 Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0), Ports P1.0

to P1.5, P3.2to P3.7, PJ.0 to PJ.6

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

25.0 ‘ 8.0 :
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I T,=25°C IS
5 20 ' T,=85°C
o — £ 60 A=
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a2 15.0 5 //
= IS
(@) S
T © 40
2 [
3 10.0 / ®
z 7 30
o 2
- o
— -
8 T
2 . 8 2.0
> 5. S
i = /
3 1.0 /
0.0 0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 15 2.0
V., — Low-Level Output Voltage — V i Vo — Low-Level Output Voltage — V
Figure 5-2. Typical Low-Level Output Current vs Figure 5-3. Typical Low-Level Output Current vs
Low-Level Output Voltage Low-Level Output Voltage
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Figure 5-4. Typical High-Level Output Current vs Figure 5-5. Typical H'Ph'LeVd Output Current vs
High-Level Output Voltage High-Level Output Voltage
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5.18 Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1), Ports P1.0 to
P1.5, P3.2to P3.7, PJ.0 to PJ.6

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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Figure 5-6. Typical Low-Level Output Current vs Figure 5-7. Typical Low-Level Output Current vs
Low-Level Output Voltage Low-Level Output Voltage
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5.19 Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0), Ports P1.6
and P1.7, P2.0 to P2.7, P3.0 and P3.1

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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Figure 5-10. Typical Low-Level Output Current vs

Low-Level Output Voltage
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Figure 5-11. Typical Low-Level Output Current vs

Low-Level Output Voltage
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Figure 5-12. Typical Low-Level Output Current vs

Low-Level Output Voltage
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Figure 5-13. Typical High-Level Output Current vs

High-Level Output Voltage
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Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0), Ports P1.6 and P1.7,

P2.0 to

P2.7, P3.0 and P3.1 (continued)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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Figure 5-14. Typical High-Level Output Current vs

High-Level Output Voltage
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Figure 5-15. Typical High-Level Output Current vs

High-Level Output Voltage
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5.20 Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1), Ports P1.6 and

P1.7, P2.0 to P2.7, P3.0 and P3.1

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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Figure 5-16. Typical Low-Level Output Current vs
Low-Level Output Voltage

15 2 25 3 35 4 45 5 55

lo. - Typical Low-Level Output Current - mA

80 \ ‘
75 | DVCC=3.0V

70 [ DVIO=3.0V
65 Ta=25°C

. —
50 -
45 /
40 / /
o5 1/
/

4

/
12/

0

T, =85°C

N

~

0 0.5 1 1.5 2 25 3 35

Voo - Low-Level Output Voltage - V

Figure 5-17. Typical Low-Level Output Current vs
Low-Level Output Voltage
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Figure 5-18. Typical Low-Level Output Current vs
Low-Level Output Voltage
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Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1), Ports P1.6 and P1.7, P2.0 to
P2.7, P3.0 and P3.1 (continued)

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

0
-5
-10
-15
-20
-25
-30
-35
-40
-45
-50
-55
-60
-65
-70
-75
-80
-85
-90

low - Typical High-Level Output Current - mA

ViD= 3.0V /
//
/
/,
//
J/
4
| T.=85C /
—— ~ I/
L T,=25°C
|

0 0.5 1 1.5 2 25 3
Von - High-Level Output Voltage - V

Figure 5-20. Typical High-Level Output Current vs

High-Level Output Voltage
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Figure 5-21. Typical High-Level Output Current vs

High-Level Output Voltage
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5.21 Crystal Oscillator, XT1, Low-Frequency Mode
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
fOSC = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX =1, 0.075
Tp=25°C
Differential XT1 oscillator crystal fosc = 32768 Hz, XTS =0,
Ipvee.Lk current consumption from lowest | XTIBYPASS = 0, XT1DRIVEX = 2, 3V 0.170 HA
drive setting, LF mode Ta=25°C
fOSC = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 0.290
Tp=25°C
XT1 oscillator crystal frequency,
feriLro LF mode Y QUENCY. | xTs =0, XTIBYPASS = 0 32768 Hz
f XT1 oscillator logic-level square- | 1o _ o yT1pvPASS = 1 10 32768 50| kHz
XTLLESW  wave input frequency, LF mode ' :
XTS =0,
XT1BYPASS =0, XT1DRIVEXx =0, 210
Oscillation allowance for fxri,Lr = 32768 Hz, Cp et =6 pF
OAF kQ
LF crystals XTS =0,
XT1BYPASS =0, XT1IDRIVEX =1, 300
fXTl,LF = 32768 Hz, CL,eff =12 pF
XTS =0, XCAPx =0 1
c Integrated effective load XTS =0, XCAPx =1 5.5 E
L.eff capacitance, LF mode XTS = 0, XCAPx = 2 385 P
XTS =0, XCAPx =3 12.0
XTS =0, Measured at ACLK, o o
Duty cycle, LF mode friie = 32768 Hz 30% 70%
Oscillator fault frequency,
fraultLF F mod quency XTS =0 10 10000| Hz
fOSC = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 0, 1000
i Ta=25°C, C_ eff = 12 pF
tSTART LF Start-up time, LF mode . 3V ms
' fOSC = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 500
Ta =25°C, CL,eff =12 pF
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5.22 Crystal Oscillator, XT1, High-Frequency Mode®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
fosc =4 MHz,
XTS = 1, XOSCOFF =0, 200
XT1BYPASS = 0, XT1DRIVEX = 0,
Ta=25°C
fosc =12 MHz,
XTS =1, XOSCOFF =0, 260
. . . XT1BYPASS = 0, XT1DRIVEX =1,
Differential XT1 oscillator crystal Tp=25°C
Ipvee HE current consumption from lowest HA
drive setting, HF mode fosc = 20 MHz,
XTS = 1, XOSCOFF =0, 3v 325
XT1BYPASS = 0, XT1DRIVEX = 2,
Ta=25°C
fosc =32 MHz,
XTS =1, XOSCOFF =0, 450
XT1BYPASS = 0, XT1DRIVEX = 3,
Ta=25°C
; XT1 oscillator crystal frequency, XTS =1, 4 8| MHz
XTLHFO HF mode 0 XT1BYPASS = 0, XT1DRIVEx = 0®
XT1 oscillator crystal frequency, XTS =1,
fxr1pFL HF mode 1 XT1BYPASS = 0, XT1DRIVEx = 1? 8 16] MHz
XT1 oscillator crystal frequency, XTS =1,
fxr1hF2 HF mode 2 XT1BYPASS = 0, XT1DRIVEx = 2 16 24| MHz
XT1 oscillator crystal frequency, XTS =1,
fxrs,Hrs HF mode 3 XT1BYPASS = 0, XT1DRIVEx = 3@ 24 32| MHz
XT1 oscillator logic-level square- XTS =1,
IXTLHESW  ave input frequency, HF mode XT1BYPASS =13 @ 0.7 32| MHz
XTS =1,
XT1BYPASS =0, XT1DRIVEXx =0, 450
fxr,HE =6 MHZ, C ¢ =15 pF
XTS =1,
XT1BYPASS =0, XT1DRIVEXx =1, 320
Oscillation allowance for fxrine =12 MHz, Cy o = 15 pF
OAHE (@) Q
HF crystals XTS =1,
XT1BYPASS =0, XT1DRIVEX =2, 200
fXTl,HF = 20 MHz, CL,eﬁ =15 pF
XTS =1,
XT1BYPASS =0, XT1DRIVEXx =3, 200
fXTl,HF =32 MHz, CL,eﬁ =15 pF
fosc =6 MHz, XTS =1,
XT1BYPASS = 0, XT1DRIVEX = 0, 0.5
. Ta=25°C, C_e =15 pF
tSTART HF Start-up time, HF mode : 3V ms
' fosc = 20 MHz, XTS = 1,
XT1BYPASS = 0, XT1DRIVEX = 2, 0.3
Ta =25°C, CLerr = 15 pF
Integrated effective load _
Cref capacitance, HF mode® © XTS=1 1 pF
(1) To improve EMI on the XT1 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 XIN and XOUT.
Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.
Use assembly materials and processes that avoid any parasitic load on the oscillator XIN and XOUT pins.

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

Maximum frequency of operation of the entire device cannot be exceeded.
When XT1BYPASS is set, the VLO, REFO, XT1 circuits are automatically powered down.
Oscillation allowance is based on a safety factor of 5 for recommended crystals.
Includes parasitic bond and package capacitance (approximately 2 pF per pin).

Because the PCB adds additional capacitance, verify the correct load by measuring the ACLK frequency. For a correct setup, the
effective load capacitance should always match the specification of the used crystal.
(6) Requires external capacitors at both terminals. Values are specified by crystal manufacturers.
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Crystal Oscillator, XT1, High-Frequency Mode® (continued)

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
XTS =1, Measured at ACLK, o o o
Duty cycle, HF mode frinrz = 20 MHz 40% 50% 60%
Oscillator fault frequency,
fraultHF HE moda (™ quency XTS =10 30 300| kHz
(7) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies between the MIN and MAX specifications might set the flag.
(8) Measured with logic-level input frequency but also applies to operation with crystals.
5.23 Internal Very-Low-Power Low-Frequency Oscillator (VLO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
fyLo VLO frequency Measured at ACLK 1.8Vto3.6V 6 9.4 14| kHz
dfy o/dr VLO frequency temperature drift Measured at ACLK® 1.8Vto3.6V 0.5 %/°C
dfyo/dVce VLO frequency supply voltage drift Measured at ACLK®@ 1.8Vto3.6V 4 %IV

Duty cycle Measured at ACLK 1.8Vto3.6V 40% 50% 60%

(1) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(85°C — (—40°C)). The coefficient is negative.
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V to 3.6 V)) / MIN(1.8 V to 3.6 V) / (3.6 V — 1.8 V). The coefficient is

positive.
5.24 Internal Reference, Low-Frequency Oscillator (REFO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
IrReFO REFO oscillator current consumption | T4 = 25°C 18Vto36V 3 HA
REFO frequency calibrated Measured at ACLK 18Vto36V 32768 Hz
frRerFo . Full temperature range 1.8Vt03.6V +3.5%
REFO absolute tolerance calibrated
Ta=25°C 3V +1.5%
dfrero/dr REFO frequency temperature drift Measured at ACLK 1.8Vto 3.6V 0.01 %/°C
dfrero/dVee  REFO frequency supply voltage drift | Measured at ACLK @) 1.8Vto 3.6V 1.0 %NV
Duty cycle Measured at ACLK 1.8Vto3.6V 40% 50%  60%
tsTART REFO start-up time 40%/60% duty cycle 1.8Vto3.6V 25 us
(1) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(85°C — (-40°C))
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 to 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)
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5.25 DCO Frequency

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-22)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
fbco(,0) DCO frequency (0, 0)® DCORSELXx = 0, DCOXx = 0, MODx = 0 0.07 0.20| MHz
foco(,31) DCO frequency (0, 31)® DCORSELXx = 0, DCOx = 31, MODx = 0 0.70 1.70| MHz
foco(,0) DCO frequency (1, 0)® DCORSELXx = 1, DCOXx = 0, MODx = 0 0.15 0.38| MHz
foco(,31) DCO frequency (1, 31)® DCORSELXx = 1, DCOx = 31, MODx = 0 1.47 3.45| MHz
foco@,0) DCO frequency (2, 0)® DCORSELXx = 2, DCOXx = 0, MODx = 0 0.32 0.75| MHz
foco@,a1) DCO frequency (2, 31)®W DCORSELXx = 2, DCOx = 31, MODx = 0 3.17 7.38| MHz
foco(,0) DCO frequency (3, 0)® DCORSELXx = 3, DCOx = 0, MODx = 0 0.64 1.51| MHz
focom,a1) DCO frequency (3, 31)®W DCORSELXx = 3, DCOx = 31, MODx = 0 6.07 14.0| MHz
foco(,0) DCO frequency (4, 0)® DCORSELXx = 4, DCOXx = 0, MODx = 0 1.3 3.2| MHz
foco,a1) DCO frequency (4, 31)® DCORSELXx = 4, DCOx = 31, MODx = 0 12.3 28.2| MHz
foco(s,0) DCO frequency (5, 0)® DCORSELXx = 5, DCOx = 0, MODx = 0 25 6.0| MHz
focos,a1) DCO frequency (5, 31)®W DCORSELXx = 5, DCOx = 31, MODx = 0 23.7 54.1| MHz
foco(s,0) DCO frequency (6, 0)® DCORSELXx = 6, DCOx = 0, MODx = 0 4.6 10.7| MHz
foco(s,31) DCO frequency (6, 31)® DCORSELXx = 6, DCOx = 31, MODx = 0 39.0 88.0| MHz
foco(7,0) DCO frequency (7, 0)® DCORSELXx = 7, DCOXx = 0, MODx = 0 8.5 19.6 | MHz
foco,31) DCO frequency (7, 31)® DCORSELXx = 7, DCOx = 31, MODx = 0 60 135| MHz
SbcoRrsEL ErgguReSnI(E:{ Ztﬁg g?:t\cl\)/geSnErLarlgle SrskeL = focopcorseL+1,bco)/focopcorseL,bco) 12 24| ratio
Sbco Z;%q;ggyf]t_ep between tap DCO Sbco = focopcorseL bco+1)/focopcorseL beo) 1.02 1.12| ratio
Duty cycle Measured at SMCLK 40% 50%  60%
dfpco/dT DCO frequency temperature drift foco =1 MHz, Vcore = 1.2V, 2.0V 0.1 %I/°C
dfpco/dVcore DCO frequency voltage drift foco = 1 MHz 19 %IV

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

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

selected range is at its minimum or maximum tap setting.
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_ o I I
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Figure 5-22. Typical DCO Frequency
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5.26 PMM, Brownout Reset (BOR)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

BORy on voltage,

V(DVCC_BOR_IT-) DVCC faIIlng level dDVCc/dt <3V/s 1.45 \Y
BORy off voltage,

V(ovee_BOR IT+) DVee rising level dDVc/di < 3 Vis 0.80 130 150| V

V(DVCCﬁBOthys) BORK{ hysteresis 40 275 mV
BOR, on voltage, —

V(VCORE_BOR_lT-) VCORE falllng level DVCC =18Vto3.6V 0.69 0.87 \Y
BOR, off voltage, _

V(VCORE_BOR_IT+) Veore rising level DVee = 1.8V 10 3.6 V 0.83 1.05| V

V(VCOREﬁBOthys) BOR_ hysteresis 60 200 mV

tdgor BOR| reset release time 2000 ps

t Pulse duration required at RST/NMI 5 S

RESET pin to accept a reset H
5.27 PMM, Core Voltage
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Core voltage, active

Vcorea(AM) mode. PM&COREV _3 |24V SDVccS3.6V,0mASI(Veore) S 25 mA 1.90 Vv
Core voltage, active

VCOREZ(AM) mode, PM’%ACOREV =2 22V< DVCC <36V,0mA= I(VCORE) <21 mA 1.80 \Y
Core voltage, active

VCOREl(AM) mode, PM%ICOREV =1 20Vvs DVee = 36V,0mA< I(VCORE) <17 mA 1.60 \%
Core voltage, active

VCOREO(AM) mode, PM’%ACOREV =0 1.8V < DVCC <36V,0mA= I(VCORE) <13 mA 1.40 \Y
Core voltage, active

VCORES(LPM) mode, PM%ICOREV =3 24V < DVee = 36V,0mA< I(VCORE) <30 HA 1.94 \%
Core voltage, low-current

Vcore2(LPM) mode, PMEACOREV _, |22V=DVccS3.6V,0pASI(Veore) < 30 HA 1.84 v
Core voltage, low-current

VCOREl(LPM) mode, PM%ICOREV =1 20Vvs DVee = 36V,0 HA = I(VCORE) <30 HA 1.64 \%
Core voltage, low-current

Vcoreo(LPM) mode, PMEACOREV _o |18V=DVccS3.6V,0pASI(Veore) < 30 HA 1.44 v
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5.28 PMM, SVS High Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SVSHE = 0, DVc = 3.6 V 0 A
I(svsh) SVS current consumption SVSHE =1, DV¢c = 3.6 V, SVSHFP =0 200
SVSHE = 1, DVcc = 3.6 V, SVSHFP = 1 2 HA
SVSHE =1, SVSHRVL =0 1.59 1.64 1.69
SVSHE =1, SVSHRVL =1 1.79 1.84 1.91
V(svsH_IT) SVSy on voltage level \
SVSHE =1, SVSHRVL =2 1.98 2.04 2.11
SVSHE =1, SVSHRVL =3 2.10 2.16 2.23
SVSHE =1, SVSMHRRL =0 1.62 1.74 1.81
SVSHE =1, SVSMHRRL =1 1.88 1.94 2.01
SVSHE =1, SVSMHRRL = 2 2.07 2.14 2.21
Visverims SVS,, off voltage level SVSHE =1, SVSMHRRL =3 2.20 2.26 2.33 v
- SVSHE =1, SVSMHRRL =4 2.32 2.40 2.48
SVSHE =1, SVSMHRRL =5 2.56 2.70 2.84
SVSHE =1, SVSMHRRL = 6 2.85 3.00 3.15
SVSHE =1, SVSMHRRL =7 2.85 3.00 3.15
_ SVSHE = 1, dVpycc/dt = 10 mV/ps, SVSHFP = 1 25
tpd(svsH) SVSy propagation delay ps
SVSHE = 1, dVpycc/dt = 1 mV/ps, SVSHFP = 0 25
t(svsH) SVSy, on or off delay time SVSHE =0 1, SVSHFP =1 125 us
SVSHE =0 — 1, SVSHFP =0 100
dVpycc/dt DV rise time 0 1000| VIs
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5.29 PMM, SVM High Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVMHE =0, DVcc = 3.6 V 0 A
l(svMH) SVMy current consumption SVMHE =1, DV¢c = 3.6 V, SYMHFP =0 200
SVMHE =1, DVcc = 3.6 V, SYMHFP = 1 2.0 HA
SVMHE =1, SVSMHRRL =0 1.65 1.74 1.86
SVMHE =1, SVSMHRRL =1 1.85 1.94 2.02
SVMHE =1, SVSMHRRL =2 2.02 2.14 2.22
SVMHE =1, SVSMHRRL =3 2.18 2.26 2.35
V(svmH) SVMy on or off voltage level SVMHE =1, SVSMHRRL =4 2.32 2.40 2.48 \%
SVMHE =1, SVSMHRRL =5 2.56 2.70 2.84
SVMHE =1, SVSMHRRL =6 2.85 3.00 3.15
SVMHE =1, SVSMHRRL =7 2.85 3.00 3.15
SVMHE =1, SVMHOVPE =1 3.75
) SVMHE = 1, dVpycc/dt = 10 mV/pus, SVMHFP = 1 25 us
tpd(svMH) SVMy propagation delay
SVMHE = 1, dVpycc/dt = 1 mVius, SYMHFP = 0 20 us
tsvmH) SVM on or off delay time SVMHE =0 — 1, SVSHFP = 1 125 us
SVMHE =0 — 1, SVSHFP =0 100

5.30 PMM, SVS Low Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
SVSLE = 0, PMMCOREYV = 2 0
lsvsL) SVS, current consumption SVSLE = 1, PMMCOREYV = 2, SVSLFP = 0 200 nA
SVSLE = 1, PMMCOREYV = 2, SVSLFP = 1 2.0 HA
, SVSLE = 1, dVeore/dt = 10 mV/ps, SVSLFP = 1 6
t(svsL) SVS, on or off delay time us
SVSLE = 1, dVeore/dt = 1 mV/ps, SVSLFP = 0 50
, SVMHE =0 — 1, SVSLFP = 1 125
fpasvsL) SVSu propagation delay SVMHE = 0 — 1, SVSLFP =0 100 He

5.31 PMM, SVM Low Side

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVMLE =0, PMMCOREYV = 2 0
l(svmL) SVM, current consumption SVMLE =1, PMMCOREV = 2, SVMLFP =0 200 nA
SVMLE =1, PMMCOREYV = 2, SVMLFP =1 2.0 HA
_ SVMLE = 1, dVcore/dt = 10 mV/ps, SVMLFP =1 25
thd(svmL) SVM, propagation delay us
SVMLE = 1, dVcogre/dt = 1 mV/us, SYMLFP =0 30
. SVMLE=0—1, SVSLFP =1 12.5
tsvmu) SVM, on or off delay time SVMLE = 0 — 1, SYSLFP = 0 100 us
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5.32 Wake-up Times From Low-Power Modes
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Wake-up time from LPM2, PMMCOREVxX = SVSMLRRLX = n fmcLk 2 4 MHz 3 65

t . 2 LPM3, or LPM4 to active - - o s

FASTWAKEUP WS (wheren=0, 1,2, or 3), SVSLFP = 1 }1 m:; < fmeik < 4 80| "
Wake-up time from LPM2

L PMMCOREVX = SVSMLRRLX = n

tSLow-WAKE-UP ;IZI\(;I:&%)LPM4 to active (where n =0, 1, 2, or 3), SVSLFP = 0 150 165| ps
Wake-up time from LPM4.5 to

WAKE-UP LPM5  4ctive mpode(“) 2 3| ms
Wake-up time from RST or 5 3l ms

IWAKE-UP-RESET  BOR event to active mode®

(1) This value represents the time from the wake-up event to the first active edge of MCLK. The wake-up time depends on the performance
mode of the low-side supervisor (SVS|) and low-side monitor (SVM\). twake-up-easT IS possible with SVS and SVM, in full performance
mode or disabled. For specific register settings, see the Low-Side SVS and SVM Control and Performance Mode Selection section in
the Power Management Module and Supply Voltage Supervisor chapter of the MSP430x5xx and MSP430x6xx Family User's Guide.

(2) This value represents the time from the wake-up event to the first active edge of MCLK. The wake-up time depends on the performance
mode of the low-side supervisor (SVS,) and low-side monitor (SVM). twake-up-sLow IS set with SVS; and SVM, in normal mode (low
current mode). For specific register settings, see the Low-Side SVS and SVM Control and Performance Mode Selection section in the
Power Management Module and Supply Voltage Supervisor chapter of the MSP430x5xx and MSP430x6xx Family User's Guide.

(3) The wake-up times from LPMO and LPM1 to AM are not specified. They are proportional to MCLK cycle time but are not affected by the
performance mode settings as for LPM2, LPM3, and LPM4.

(4) This value represents the time from the wake-up event to the reset vector execution.

5.33 Timer_A
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT
Internal: SMCLK or ACLK,
fra Timer_A input clock frequency External: TACLK, 18V,3V 25| MHz
Duty cycle = 50% +10%
) I All capture inputs, minimum pulse

tracap ~ TiImer_A capture timing duration required for capture. 1.8V,3V 20 ns
5.34 USCI (UART Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT

Internal: SMCLK or ACLK,
fuscl USCI input clock frequency External: UCLK, fsystem| MHz
Duty cycle = 50% +10%
Maximum BITCLK clock frequency
fmax giToLK (equals baud rate in MBaud)® 1 MHz
. . . 22V 50 150 200
t UART receive deglitch time ns
3V 50 150 200

(1) The DCO wake-up time must be considered in LPM3 and LPM4. The wake-up time must be considered in LPMXx.5.
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5.35 USCI (SPI Master Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)™® (see Figure 5-23
and Figure 5-24)

PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT
. SMCLK or ACLK,
fusci USCI input clock frequency Duty cycle = 50% +10% fsystem | MHz
1.8V 55
PMMCOREV =0
t SOMI i t dat tup ti 3V 38
input data setup time ns
SU,MI p p oav 30
PMMCOREV =3
3V 25
1.8V 0
PMMCOREYV =0
t; SOMI input data hold ti 3V 0
input data hold time ns
HD,MI p oav 0
PMMCOREYV =3
3V 0
UCLK edge to SIMO valid, 18V 20
C_ = 20 pF, PMMCOREYV = 0 3V 18
tvaomo  SIMO output data valid time® ns
UCLK edge to SIMO valid, 24V 16
C_ = 20 pF, PMMCOREYV = 3 3V 15
1.8V -10
C. = 20 pF, PMMCOREYV =0 sV .
t SIMO output data hold time ) — ns
HD,MO p oav _10
C. = 20 pF, PMMCOREYV = 3
3V -8

(1) fucxcrk = L2t oy With t o 2 max(tyaLip,mouscl) *+ tsu,si(siave) tsumiuscr) + tvALID,sO(Slave))

For the slave parameters tsy si(siave) 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 5-23 and Figure 5-24.
(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-
23 and Figure 5-24.
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Figure 5-23. SPI Master Mode, CKPH =0
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Figure 5-24. SPI Master Mode, CKPH =1
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5.36 USCI (SPI Slave Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)® (see Figure 5-25
and Figure 5-26)

PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT
1.8V 11
PMMCOREV =0
. 3V 8
tsteteap  STE lead time, STE low to clock 24V - ns
PMMCOREYV = 3 -
3V 6
1.8V 3
PMMCOREV =0
. . 3V 3
tsTE LAG STE lag time, Last clock to STE high 24V 3 ns
PMMCOREYV = 3 -
3V 3
1.8V 66
PMMCOREV =0
. 3V 50
tsTE ACC STE access time, STE low to SOMI data out 24y 2 ns
PMMCOREYV = 3 -
3V 30
1.8V 30
PMMCOREV =0
t STE disable time, STE high to SOMI high 3V 23 s
STEDIS impedance 24V 16
PMMCOREV =3
3V 13
1.8V 5
PMMCOREV =0
. . 3V 5
tsu,si SIMO input data setup time 24V 5 ns
PMMCOREYV = 3 -
3V 2
1.8V 5
PMMCOREV =0
. . 3V 5
thp,si SIMO input data hold time oAV 5 ns
PMMCOREYV = 3 -
3V 5
UCLK edge to SOMI valid, 1.8V 76
C_ =20 pF, PMMCOREV =0 3V 60
tyaupso  SOMI output data valid time® ns
UCLK edge to SOMI valid, 24V 44
C_ =20 pF, PMMCOREYV =3 3V 40
1.8V 18
C_ =20 pF, PMMCOREV =0
@) 3V 12
thp,so SOMI output data hold time oAV 0 ns
C_ =20 pF, PMMCOREV =3 -
3V 8

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

(2) Specifies the time to drive the next valid data to the SOMI output after the output changing UCLK clock edge. See the timing diagrams
in Figure 5-25 and Figure 5-26.
(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. See the timing diagrams in Figure 5-25
and Figure 5-26.
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Figure 5-25. SPI Slave Mode, CKPH =0

H_ tSTE,LEAD tSTE,LAG _H

S W
X
I
I
I

UCLK | | | | |

I I

| I‘_tLOW/I-IIGI-I_>|<_J(LO\N/HIGH_>I

I

| | tsu,5|
wo < > X >

I | '

| |

—Pl I‘- tACC K—}'—

SOMI _#i X

Figure 5-26. SPI Slave Mode, CKPH =1

|
| t
4—’:— HD.SI :

|

tVALID,SO

38 Specifications Copyright © 2010-2018, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: MSP430F5172 MSP430F5152 MSP430F5132 MSP430F5171 MSP430F5151 MSP430F5131


http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=JAJSFS9R&partnum=MSP430F5172
http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F5172, MSP430F5152, MSP430F5132
MSP430F5171, MSP430F5151, MSP430F5131
JAJSFSIR —~AUGUST 2010—REVISED SEPTEMBER 2018

5.37 USCI (I°C Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-27)
PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT
Internal: SMCLK or ACLK,
fuscl USCI input clock frequency External: UCLK, fsystem| MHz
Duty cycle = 50% +10%
fscL SCL clock frequency 22V,3V 0 400 | kHz
) fscL < 100 kHz 4.0
tHp.sTA Hold time (repeated) START 22V,3V ps
' fSCL > 100 kHz 0.6
) fscL < 100 kHz 4.7
tsu.sTA Setup time for a repeated START 22V,3V us
' fSCL > 100 kHz 0.6
tHp, DAT Data hold time 22V,3V 0 ns
tsu,pAT Data setup time 22V,3V 250 ns
) fscL < 100 kHz 4.0
tsu.sto Setup time for STOP 22V,3V ps
' fSCL > 100 kHz 0.6
t Pulse