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» Changed the note that begins "Supply voltage changes faster than 0.2 V/us can trigger a BOR reset..." in
Section 5.3, Recommended Operating CONAItIONS ... ...ueiiieeeiiiieiiiie e rare s raiars s st sraaar s saannresaanness 16
* Added the note that begins "Tl recommends that power to the DVCC pin must not exceed the limits..." in
Section 5.3, Recommended Operating CoNAitioNS .. ..uueiiiiieeiiii i sraneessaanressaannressaanneesaannresaannnes 16
< Changed the note that begins "A capacitor tolerance of +20% or better is required..." in Section 5.3,
Recommended Operating CONGIIONS .. .uuuuvseirserseirserstre s srs s raa e saar e ran s sssesanrsanerns 16
« Changed the note that begins "Requires external capacitors at both terminals..." in Table 5-4, XT1 Crystal
(@ 1S ox1 | = Lo g (oY =T o U= oo ) S 23
* Added the t;y, parameter in Table 5-10, Digital INPULS .....coviuiiiiiiii 27
* Added the tra e, Parameter in Table 5-13, TIMEI_A. ... 29
+ Corrected the test conditions for the R, yyx parameter in Table 5-20, ADC, Power Supply and Input Range
L0 30 110 35
* Added the note that begins "tsampie = In(2™?Y) x 1 ..." in Table 5-21, ADC, 10-Bit Timing Parameters.................... 35
* Changed the CRC covered end address to Ox1AF5 in note (1) in Table 6-22, Device DescCriptors ........coeevvvvnnens 60
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* Added the tra o, parameter in Table 5-13, TIMEI_A. ... .o 29

+ Changed the parameter symbol from R, to R, yyx in Table 5-20 , ADC, Power Supply and Input Range Conditions . g

* Added R, isc TYP value of 34 kQ in Table 5-20 , ADC, Power Supply and Input Range Conditions ................... 35
e Added formula for R, calculation in Table 5-21 , ADC, 10-Bit Timing Parameters .........coeeeiiiiuiriiiinnrerniineeinnns 35
* Removed the description of "+3°C" in table note that starts "The device descriptor structure ..." of Table 5-22,
ADC, 10-Bit LiN@arity ParameterS .. .. eiseiseesstissssss et sas st saes s saas s e tsnessanrssnns 36
» Corrected bitfield from IRDSEL to IRDSSEL in Section 6.10.8, Timers (Timer0_A3, Timerl_A3, Timer2_A2 and
Timer3_A2), in the description that starts "The interconnection of Timer0_A3 and ..." ....ccovieiiiiiiiiiiiieaens 51
« Corrected the ADCINCHXx column heading in Table 6-15, ADC Channel Connections .......cccvviiieeriiiinneiininnens 53
« Corrected the ADCSHSx column heading in Table 6-16, ADC Trigger Signhal ConNectioNS........cveeviviieriininnnsns 53
e Added P1SELC information in Table 6-32, Port P1, P2 Registers (Base Address: 0200h) ......ccovevviiineeniinnnnenn. 64
e Added P2SELC information in Table 6-32, Port P1, P2 Registers (Base Address: 0200h) ......vcvveeiviinnerrnnnnnenns 64
* Added P3SELC information in Table 6-33, Port P3 Registers (Base Address: 0220h) .....iccvvvieiiiiiinieeiinniiieens 64
JETar C hBUEDIY D ADEES
201848 A29H #1TH M 52018409 A 10A HITH~DEE Page
* Removed SYNC signal (not supported) from Figure 4-1, 32-Pin RHB Package (TOp VIeW) ....vvviiieeiiiiiieniiiinnnnnn. 8
* Combined two YQW pinout figures into one, and removed SYNC signal (not supported) in Figure 4-2, 24-Pin
YQW Package (Top and BOttOM VIEWS) .. uu e iute it s saes e sssssasssasssaassasssasssssssanssansssanssns 9
* Added the trac,p parameter in Table 5-13, TIMEI_A. ... 29
* Removed SYNC signal (nhot supported) from figure and table in Section 6.11.2, Port P2 (P2.0 to P2.2)
INpuUt/OUtPULt With SCHMItE THGQET . u ettt r e s st s sr e s s s e e s s s anne s saannnesaannns 56
JEZar B hBUEDIY CADEEHR
201746 20 A H1TH A 5201808 A28 AHKITHADEE Page
e Updated Section 3.1, Related PrOOUCES .....eeiiieeeeiseieesssaeessansessaannessaanneessaannessaannerssanneessasnnessssnnnns 7
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. 14
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Changed HBM limit to £1000 V and CDM limit to £250 V in Section 5.2, ESD RatiNgS .....ccvviieriiiiinnriniinnniinnns 16
Added note to Vgygy. and Vgysys parameters in Table 5-2, PMM, SVS and BOR ......cviiiiiiiiiiiiiiii e eaans 21
Added the tra cop Parameter in Table 5-13, TIMEr_A. ... 29
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Corrected description in Section 6.10.10, Backup Memory (BKMEM) ...cuiiiieeeiiisieesianneeesaanneesssnnnessssnneesanns 52
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3 Device Comparison
Table 3-1 summarizes the features of the available family members.

Table 3-1. Device Comparison®®)

PROGRAM FRAM eUSCI_A
DEVICE + INFORMATION %RAM TAO TO TA3 eUSCI_B é‘L'ﬁHNAEE(S: GPIOs PACKAGE
FRAM (bytes) | ®vtes) UART SPI
2,3 x CCR® 24 RGE
MSP430FR2433IRGE 15360 + 512 4096 5 2 x COR up to 2 up to 2 1 8 19 (VOFN)
2,3 x CCR® 24 YQW
MSP430FR24331YQW 15360 + 512 4096 5 2 x CCR up to 2 1 1 8 17 (DSBGA)

(1) For the most current package and ordering information, see the Package Option Addendum in 9, or see the Tl website at www.ti.com.

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

(3) A CCR register is a configurable register that provides internal and external capture or compare inputs, or internal and external PWM
outputs.

3.1 Related Products

For information about other devices in this family of products or related products, see the following links.
TI 16-bit and 32-bit microcontrollers
High-performance, low-power solutions to enable the autonomous future

Products for MSP430 ultra-low-power sensing & measurement MCUs
One platform. One ecosystem. Endless possibilities.

Companion products for MSP430FR2433
Review products that are frequently purchased or used with this product.

Reference designs for MSP430FR2433

Find reference designs leveraging the best in Tl technology — from analog and power management to
embedded processors
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4 Terminal Configuration and Functions

4.1 Pin Diagram

Figure 4-1 shows the pinout of the 24-pin RGE package.

ST/NMI/SBWTDIO

TEST/SBWTCK
P1.4/UCAO0TXD/UCAOSIMO/TA1.2/TCK/A4/VREF+
P1.5/UCAORXD/UCAQSOMI/TA1.1/TMS/A5
P1.6/lUCAOCLK/TA1CLK/TDI/TCLK/AG
P1.7/JUCAOSTE/SMCLK/TDO/A7

'_
z 3
0 o X X
O » - S o ~
> > o o o o
[ I T o I o I o N
| | | | | | | | | | | |
24 23 22 21 20 19
1 o 18] pvss
2 : : 17 P2.6/UCA1TXD/UCA1SIMO
| —
3 : | 16| P2.5/UCATRXD/UCATISOMI
1 MSP430FR2433IRGE | _
4| | 150 P2.4/UCA1CLK
| —
5 : | 140 P3.1/UCA1STE
[
6 |mm—m——— = 13 P23
7 9 10 11 12
Y ) Y
o
o
o

P1.0/UCBOSTE/TAOCLK/AO/Veref+ | J

P1.1/UCBOCLK/TAO0.1/A1 |- ®

P1.2/UCB0SIMO/UCBOSDA/TAQ.2/A2/Veref- |-

P1.3/UCBOSOMI/UCBOSCL/MCLK/A3 | ) ©

P2.2/ACLK |-/

Figure 4-1. 24-Pin RGE Package (Top View)
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Figure 4-2 shows the pinout of th

e 24-pin YQW package.

Top View Ball-Side View
Y 4
- - - - -
® @6 6@ @
N~ N~ N~ N o~ N
- - - - -
N~ N~ N~ N o~ N
s~ s~ Vi i
0 | @ @ @ @ 0 @ @ @ 6
N - N N o~ N~
- - - - -
N~ N~ N~ N o~ N
- - - -
~ N N N~ N
A 4 A
< E g < E »
PIN NO. SIGNAL NAME PIN NO. SIGNAL NAME
A1 P1.1/UCBOCLK/TA0.1/A1 C4 NC
A2 P1.3/UCBOSOMI/UCBOSCL/MCLK/A3 C5 NC
A3 P2.2/ACLK D1 P1.4/UCAOTXD/UCAOSIMO/TA1.2/TCK/A4/VREF+

Ad P3.0 D2 TEST/SBWTCK

A5 P2.3 D3 DVSS

B1 P1.0/UCBOSTE/TAOCLK/AO0/Veref+ D4 P3.2

B2 P1.2/UCB0SIMO/UCBOSDA/TA0.2/A2/Veref- D5 NC

B3 P1.7/UCAOSTE/SMCLK/TDO/A7 E1 RST/NMI/SBWTDIO
B4 P2.5/UCA1RXD E2 DvVCC

B5 P2.6/UCA1TXD E3 P2.1/XIN

C2 P1.5/UCAORXD/UCAOSOMI/TA1.1/TMS/AS E4 P2.0/XOUT

C3 P1.6/UCAOCLK/TA1CLK/TDI/TCLK/AG E5 P2.7

Figure 4-2. 24-Pin YQW Package (Top and Bottom Views)
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4.2 Pin Attributes

Table 4-1 lists the attributes of all pins.

Table 4-1. Pin Attributes

R::; NUMBfQRW SIGNAL NAME® @) ?'YGP'\:E% BUFFER TYPE® | POWER SOURCE®) ;{E?EFT{ EB?QT(GE)
RST (RD) I LVCMOS DVCC OFF
1 E1 NMI I LVCMOS DvVCC -
SBWTDIO 110 LVCMOS DvVCC -
5 02 TEST (RD) I LVCMOS DvVCC OFF
SBWTCK I LVCMOS DvVCC -
P1.4 (RD) 110 LVCMOS DvVCC OFF
UCAOTXD o} LVCMOS DvVCC -
UCAOSIMO 110 LVCMOS DvVCC -
3 D1 TA1.2 110 LVCMOS DvVCC -
TCK I LVCMOS DvVCC -
Ad | Analog DvCC -
VREF+ (0] Power DvCC —
P1.5 (RD) 110 LVCMOS DvVCC OFF
UCAORXD I LVCMOS DvVCC -
4 - UCAO0SOMI 110 LVCMOS DvVCC -
TAL.1 110 LVCMOS DvVCC -
™S I LVCMOS DvVCC -
A5 | Analog DvCC -
P1.6 (RD) 110 LVCMOS DvVCC OFF
UCAOCLK 110 LVCMOS DvVCC -
TALICLK I LVCMOS DvVCC -
> cs TDI I LVCMOS DvVCC -
TCLK I LVCMOS DvVCC -
A6 | Analog DvCC -
P1.7 (RD) 110 LVCMOS DvVCC OFF
UCAOSTE 110 LVCMOS DvVCC -
6 B3 SMCLK o} LVCMOS DvVCC -
TDO o} LVCMOS DvVCC -
A7 | Analog DvCC -
P1.0 (RD) 110 LVCMOS DvVCC OFF
UCBOSTE 110 LVCMOS DvVCC -
7 B1 TAOCLK I LVCMOS DvVCC -
A0 | Analog DvCC -
Veref+ | Power DvCC -

(1) Signals names with (RD) denote the reset default pin name.
(2) To determine the pin mux encodings for each pin, see Section 6.11, Input/Output Diagrams.
(3) Signal Types: | = Input, O = Qutput, I/O = Input or Output

(4) Buffer Types: LVCMOS, Analog, or Power (see Table 4-3)
(5) The power source shown in this table is the 1/O power source, which may differ from the module power source.

(6) Reset States:

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

RZI’; NUMB&SW SIGNAL NAME® @ ?'fp'\é% BUFFER TYPE® | POWER SOURCE®) EE‘?IIEE;; SEART(E
P1.1 (RD) 110 LVCMOS DVCC OFF
UCBOCLK I/0 LVCMOS DVCC -
8 Al TAO.1 le} LVCMOS DVCC -
Al | Analog DvCC -
P1.2 (RD) 110 LVCMOS DVCC OFF
UCBOSIMO 110 LVCMOS DVCC -
UCBOSDA I/0 LVCMOS DVCC -
9 B2 TAO.2 le} LVCMOS DVCC -
A2 | Analog DvCC -
Veref- | Power DVCC —
P1.3 (RD) 110 LVCMOS DVCC OFF
UCBOSOMI I/0 LVCMOS DVCC -
10 A2 UCBOSCL le} LVCMOS DVCC -
MCLK o LVCMOS DVCC -
A3 | Analog DvCC -
P2.2 (RD) le} LVCMOS DVCC OFF
H As ACLK le} LVCMOS DVCC -
12 A4 P3.0 I/0 LVCMOS DVCC OFF
13 A5 P2.3 le} LVCMOS DVCC OFF
P3.1 (RD) 110 LVCMOS DVCC OFF
14 - UCALSTE /0 LVCMOS DVCC -
P2.4 (RD) le} LVCMOS DVCC OFF
15 - UCALCLK /0 LVCMOS DVCC -
P2.5 (RD) le} LVCMOS DVCC OFF
16 B4 UCA1RXD | LVCMOS DVCC -
UCA1SOMI 110 LVCMOS DVCC -
P2.6 (RD) le} LVCMOS DVCC OFF
17 B5 UCALTXD o} LVCMOS DVCC -
UCA1SIMO le} LVCMOS DVCC -
18 = DVSS P Power DVCC N/A
= C5 NC - - - -
19 E5 P2.7 le} LVCMOS DVCC OFF
20 D4 P3.2 le} LVCMOS DVCC OFF
’1 E4 P2.0 (RD) le} LVCMOS DVCC OFF
XOUT o} LVCMOS DVCC -
- £ P2.1 (RD) I/0 LVCMOS DVCC OFF
XIN | LVCMOS DVCC -
23 D3 DVSS Power DVCC N/A
24 E2 DVCC P Power DVCC N/A
Copyright © 2015-2019, Texas Instruments Incorporated Terminal Configuration and Functions 11
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4.3 Signal Descriptions

Table 4-2 describes the device signals.

Table 4-2. Signal Descriptions

PIN NUMBER PIN
FUNCTION SIGNAL NAME TYPE® DESCRIPTION
RGE YQW

A0 7 Bl | Analog input AO
Al 8 Al | Analog input Al
A2 9 B2 | Analog input A2
A3 10 A2 | Analog input A3

ADC A4 3 D1 | Analog input A4
A5 4 c2 | Analog input A5
A6 5 C3 | Analog input A6
A7 6 B3 | Analog input A7
Veref+ 7 Bl | ADC positive reference
Veref- 9 B2 | ADC negative reference
ACLK 11 A3 O ACLK output
MCLK 10 A2 O MCLK output

Clock SMCLK 6 B3 (@) SMCLK output
XIN 22 E3 | Input terminal for crystal oscillator
XOouT 21 E4 (@) Qutput terminal for crystal oscillator
SBWTCK 2 D2 | Spy-Bi-Wire input clock
SBWTDIO 1 El 110 Spy-Bi-Wire data input/output
TCK 3 D1 | Test clock
TCLK 5 C3 | Test clock input

Debug -
TDI 5 C3 | Test data input
TDO 6 B3 (@) Test data output
TEST 2 D2 | Test Mode pin — selected digital /O on JTAG pins
T™S 4 Cc2 | Test mode select

(1) Pin Types: | = Input, O = Output, I/O = Input or Output, P = Power
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Table 4-2. Signal Descriptions (continued)

PIN NUMBER PIN
FUNCTION SIGNAL NAME TYPE® DESCRIPTION
RGE YQW
P1.0 B1 I/0 General-purpose /O
P1.1 Al I/0 General-purpose /0
P1.2 B2 I/0 General-purpose /O
P1.3 10 A2 I/0 General-purpose /O
P1.4 3 D1 110 General-purpose 1/0®@
P1.5 c2 110 General-purpose 1/0®
P1.6 c3 110 General-purpose 1/0®
P1.7 B3 110 General-purpose 1/0®
P2.0 21 E4 I/0 General-purpose /O
GPIO P2.1 22 E3 I/0 General-purpose /O
P2.2 11 A3 I/0 General-purpose /O
P2.3 13 A5 I/0 General-purpose /O
P2.4 15 - I/0 General-purpose /O
P2.5 16 B4 I/0 General-purpose /O
P2.6 17 B5 I/0 General-purpose /O
P2.7 19 E5 I/0 General-purpose /O
P3.0 12 A4 I/0 General-purpose /O
P3.1 14 - I/0 General-purpose /O
P3.2 20 D4 I/0 General-purpose /O
e UCBOSCL 10 A2 110 eUSCI_BO I°C clock
UCBOSDA 9 B2 110 eUSCI_BO I1°C data
DvCC 24 E2 P Power supply
Power DVSS 23 D3 P Power ground
VREF+ 3 D1 P Output of positive reference voltage with ground as reference
UCAOCLK 5 C3 110 eUSCI_AO SPI clock input/output
UCAOSIMO 3 D1 I/0 eUSCI_A0 SPI slave in/master out
UCAOSOMI 4 c2 I/0 eUSCI_AO SPI slave out/master in
UCAOSTE 6 B3 I/0 eUSCI_AO SPI slave transmit enable
UCALCLK 15 - I/0 eUSCI_A1 SPI clock input/output
UCA1SIMO 17 B5 I/0 eUSCI_A1 SPI slave in/master out
SPl UCA1SOMI 16 B4 I/0 eUSCI_A1 SPI slave out/master in
UCALSTE 14 - I/0 eUSCI_A1 SPI slave transmit enable
UCBOCLK Al I/0 eUSCI_BO clock input/output
UCBOSIMO B2 I/0 eUSCI_BO SPI slave in/master out
UCBOSOMI 10 A2 I/0 eUSCI_BO SPI slave out/master in
UCBOSTE 7 B1 I/0 eUSCI_BO slave transmit enable
NMI El | Nonmaskable interrupt input
System —— - .
RST 1 E1l | Active-low reset input

(2) Because this pin is multiplexed with the JTAG function, TI recommends disabling the pin interrupt function while in JTAG debug to
prevent collisions.
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Table 4-2. Signal Descriptions (continued)

PIN NUMBER PIN
FUNCTION SIGNAL NAME @ DESCRIPTION
RGE YQW TYPE
TAO.1 8 Al /o Timer TAO CCR1 capture: CCI1A input, compare: Outl
outputs
TAQ.2 9 B2 /o Timer TAO CCR2 capture: CCI2A input, compare: Out2
outputs
Ti A TAOCLK 7 Bl | Timer clock input TACLK for TAO
imer_ - - - -
TAL1 4 c2 /o Timer TA1 CCR1 capture: CCI1A input, compare: Outl
outputs
TAL2 3 D1 e Timer TA1 CCR2 capture: CCI2A input, compare: Out2
outputs
TA1CLK 5 C3 | Timer clock input TACLK for TAL
UCAORXD Cc2 | eUSCI_AO0 UART receive data
UART UCAQOTXD D1 (@) eUSCI_AO0 UART transmit data
UCAL1RXD 16 B4 | eUSCI_A1 UART receive data
UCALTXD 17 B5 (@) eUSCI_A1l UART transmit data
No C4, C5, .
connection NC D5 110 No connection
VQFN package exposed thermal pad. Connection to Vg is
VQFN Pad VQFN thermal pad Pad N/A recommended
14 Terminal Configuration and Functions Copyright © 2015-2019, Texas Instruments Incorporated
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4.4  Pin Multiplexing

Pin multiplexing for these MCUs is controlled by both register settings and operating modes (for example,
if the MCU is in test mode). For details of the settings for each pin and schematics of the multiplexed

ports, see Section 6.11.

4.5 Buffer Types
Table 4-3 defines the pin buffer types that are listed in Table 4-1.

Table 4-3. Buffer Types

NOMINAL OUTPUT
BUFFER TYPE NOMINAL PU OR PD DRIVE OTHER
(STANDARD) | VOLTAGE | HYSTERESIS PUOR PD STRENGTH | STRENGTH CHARACTERISTICS
(WA) (mA)
6] See See
LVEMOS 30V Y Programmable | goiion 5.11.4 | Section 5.11.4
See analog modules in
Analog sov N N/A N/A N/A Section 5 for details.
Power (DVCC) 3.0V N N/A N/A N/A SVS enables hysteresis on
DVCC.
Power (AVCC) 3.0V N N/A N/A N/A
(1) Only for input pins.
4.6 Connection of Unused Pins
Table 4-4 lists the correct termination of unused pins.
Table 4-4. Connection of Unused Pins®
PIN POTENTIAL COMMENT
Px.0 to Px.7 Open Switched to port function, output direction (PxDIR.n = 1)
RST/NMI DVce 47-kQ pullup or internal pullup selected with 10-nF (or 1.1-nF) pulldown @
TEST Open This pin always has an internal pulldown enabled.

(1) Any unused pin with a secondary function that is shared with general-purpose I/O should follow the Px.0 to Px.7 unused pin connection

guidelines.

(2) The pulldown capacitor should not exceed 1.1 nF when using MCUs with Spy-Bi-Wire interface in Spy-Bi-Wire 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 pin to Vgg -0.3 4.1 \%
: L2 _ Vee + 0.3
Voltage applied to any other pin 0.3 (4.1V Max) \%
Diode current at any device pin +2 mA
Maximum junction temperature, T, 85 °C
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) All voltages referenced to Vss.
(3) Higher temperature may be applied during board soldering according to the current JEDEC J-STD-020 specification with peak reflow
temperatures not higher than classified on the device label on the shipping boxes or reels.
5.2 ESD Ratings
VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +1000
V(Esb) 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
MIN NOM MAX | UNIT
Vee Supply voltage applied at DVCC pin®@®)®) 1.8 36| V
Vss Supply voltage applied at DVSS pin 0 Y
Ta Operating free-air temperature —-40 85 °C
T, Operating junction temperature —-40 85 °C
Covece Recommended capacitor at DVCC® 4.7 10 uF
No FRAM wait states 0 8
. 6 (NWAITSx = 0)
fsysTEM Processor frequency (maximum MCLK frequency) ®© - - MHz
With FRAM wait states 0 16®
(NWAITSx = 1)
facLK Maximum ACLK frequency 40| kHz
fsmoLk Maximum SMCLK frequency 16®) | MHz
(1) Supply voltage changes faster than 0.2 V/us can trigger a BOR reset even within the recommended supply voltage range. Following the
data sheet recommendation for capacitor Cpycc limits the slopes accordingly.
(2) Modules may have a different supply voltage range specification. See the specification of the respective module in this data sheet.
(3) TI recommends that power to the DVCC pin must not exceed the limits specified in Recommended Operating Conditions. Exceeding the
specified limits can cause malfunction of the device including erroneous writes to RAM and FRAM.
(4) The minimum supply voltage is defined by the SVS levels. See the SVS threshold parameters in Table 5-2.
(5) A capacitor tolerance of +20% or better is required. A low-ESR ceramic capacitor of 100 nF (minimum) should be placed as close as
possible (within a few millimeters) to the respective pin pair.
(6) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.
(7) Wait states only occur on actual FRAM accesses (that is, on FRAM cache misses). RAM and peripheral accesses are always executed
without wait states.
(8) If clock sources such as HF crystals or the DCO with frequencies >16 MHz are used, the clock must be divided in the clock system to
comply with this operating condition.
16 Specifications Copyright © 2015-2019, Texas Instruments Incorporated
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5.4 Active Mode Supply Current Into V. Excluding External Current®

Vee =3V, T = 25°C (unless otherwise noted)

FREQUENCY (fycLk = fsmcLk)
1 MHz 8 MHz 16 MHz
PARAMETER Eﬁiﬁg&?’“ coLEmSTTl oOn | OWAITSTATES | 0WAITSTATES | 1 WAIT STATE UNIT
(NWAITSx = 0) (NWAITSx = 0) (NWAITSx = 1)
TYP MAX TYP MAX TYP MAX
| %) FRAM 3V, 25°C 504 2772 3047 3480 .
AM, FRAM 0% cache hitratio | 3V, g5°C 516 2491 2871 "
FRAM 3V, 25°C 203 625 1000 1215
| 100% 100% cache hit A
i, Fran(100%) atio 3V, 85°C 212 639 1016 "
lam, ram® RAM 3V, 25°C 229 818 1377 PA

(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current. Characterized with program executing typical data

processing.

fACLK = 32768 Hz, fMCLK = fSMCLK = cho at SpeCiﬁed frequency
Program and data entirely reside in FRAM. All execution is from FRAM.
(2) Program and data reside entirely in RAM. All execution is from RAM. No access to FRAM.

5.5 Active Mode Supply Current Per MHz

Vee =3V, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS TYP UNIT
dlam ran/df Active _rnode current consumption per MHz, [lam (75% cache hit rate) at 8 MHz — 126 WAMHzZ
' execution from FRAM, no wait states Iam (75% cache hit rate) at 1 MHz)] / 7 MHz
5.6 Low-Power Mode LPMO Supply Currents Into V.- Excluding External Current
Vee =3V, T, = 25°C (unless otherwise noted)®®
FREQUENCY (fsmcLk)
PARAMETER Vee 1 MHz 8 MHz 16 MHz UNIT
TYP MAX TYP MAX TYP MAX
2V 156 328 420
lLpo 3V 166 342 433 hA
(1) Allinputs are tied to 0 V or to V¢c. Outputs do not source or sink any current.
(2) Current for watchdog timer clocked by SMCLK included.
facLk = 32768 Hz, fyck = 0 MHz, fsycLk at specified frequency.
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5.7 Low-Power Mode (LPM3 and LPM4) Supply Currents (Into V) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) ®

-40°C 25°C 85°C
PARAMETER Vce UNIT
TYP MAX TYP MAX TYP MAX
| Low-Power mode 3, 12.5-pF crystal, includes | 3V 0.98 118 165 324 A
LPM3,XT1 Sys2@)@) oV 0.96 116 321 .
| L de 3. VLO ludes SVS®) 3V 0.78 0.98 1.40 3.04 A
ow-power mode 3, , excludes
LPM3VLO P 2v | 076 0.96 3.01 H
Low-power mode 3, RTC, excludes SVS®
lpwma, RTC (e P 2 3V | 093 113 3.19 LA
| L de 4. includes SVS 3V 0.51 0.65 2.65 A
ow-power mode 4, includes
LPM4, SVS P 2V 0.49 0.64 2.63 H
3V 0.35 0.49 2.49
ILpma Low-power mode 4, excludes SVS pA
2V 0.34 0.48 2.46

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

(2) Not applicable for MCUs 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, 12.5-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, facik = fxT1, fwcLk = fsmek = 0 MHz

(5) Low-power mode 3, VLO, excludes SVS test conditions:

Current for watchdog timer clocked by VLO included. RTC disabled. Current for brownout included. SVS disabled (SVSHE = 0).

CPUOFF =1, SCG0 = 1 SCG1 =1, OSCOFF = 0 (LPM3)
fxr1 = 32768 Hz, facik = fmcik = fsmeik = 0 MHz
(6) RTC periodically wakes up every second with external 32768-Hz input as source.

5.8 Low-Power Mode LPMx.5 Supply Currents (Into V) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

—-40°C 25°C 85°C
PARAMETER Vee UNIT
TYP MAX TYP MAX TYP MAX
| Low-power mode 3.5, 12.5-pF crystal, includes 3V 0.65 073 095 099 142 A
LPM3S, XTL svs@G) (see Figure 5-2) 2v | 063 0.71 0.87 "
Low-power mode 4.5, includes SVS™ (see Figure 5- | 3V 0.22 024 031 030 038
lLpmas, svs HA
’ 3) 2V 0.21 0.23 0.28
5 3V 0.012 0.016 0.055| 0.061 0.120
I pMas Low-power mode 4.5, excludes SVS® PA
2V 0.002 0.007 0.044

(1) Not applicable for MCUs with HF crystal oscillator only.
(2) 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.

(3) Low-power mode 3.5, 12.5-pF crystal, includes 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, facLk = 0, fucik = fsmerk = 0 MHz

(4) Low-power mode 4.5, includes SVS test conditions:
Current for brownout and SVS included (SVSHE = 1). Core regulator disabled.
PMMREGOFF = 1, CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF =1 (LPMx.5),
fxr1 = 0 Hz, facLk = fmeik = fsmerk = 0 MHz

(5) Low-power mode 4.5, excludes SVS test conditions:
Current for brownout included. SVS disabled (SVSHE = 0). Core regulator disabled.
PMMREGOFF = 1, CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF =1 (LPMx.5),

fxr1 = 0 Hz, facik = fmeik = fsmerk = 0 MHz

18 Specifications

Copyright © 2015-2019, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP430FR2433


http://www.ti.com/product/msp430fr2433?qgpn=msp430fr2433
http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSG09F&partnum=MSP430FR2433
http://www.ti.com/product/msp430fr2433?qgpn=msp430fr2433

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430FR2433
JAJSGO9F —~OCTOBER 2015-REVISED DECEMBER 2019

5.9 Typical Characteristics - Low-Power Mode Supply Currents
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Figure 5-1. LPM3 Supply Current vs Temperature Figure 5-2. LPM3.5 Supply Current vs Temperature
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Figure 5-3. LPM4.5 Supply Current vs Temperature
Table 5-1. Typical Characteristics — Current Consumption Per Module
MODULE TEST CONDITIONS REFERENCE CLOCK MIN  TYP MAX UNIT
Timer_A Module input clock 5 HA/MHZz
eUSCI_A UART mode Module input clock 7 HA/MHZz
eUSCI_A SPI mode Module input clock 5 HA/MHZz
eUSCI_B SPI mode Module input clock 5 HA/MHZz
eUSCI_B IC mode, 100 kbaud Module input clock 5 HA/MHZz
RTC 32 kHz 85 nA
CRC From start to end of operation MCLK 8.5 HA/MHZz
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5.10 Thermal Resistance Characteristics

THERMAL METRIC® VALUE® UNIT
] ] ) o VQFN 24 pin (RGE) 32.6

RO;5  Junction-to-ambient thermal resistance, still air - °C/W
DSBGA 24 pin (YQW) 63.7
] ) VQFN 24 pin (RGE) 32.4

RO;c  Junction-to-case (top) thermal resistance - °C/W
DSBGA 24 pin (YQW) 0.3
] ) VQFN 24 pin (RGE) 10.1

RO;g  Junction-to-board thermal resistance - °C/W
DSBGA 24 pin (YQW) 9.2

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

(2) These values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC (R6,¢c) value, which is based on a
JEDEC-defined 1SOP system) and will change based on environment and application. For more information, see these EIA/JJEDEC
standards:

» JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions - Natural Convection (Still Air)
» JESD51-3, Low Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages

» JESD51-7, High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages

» JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements
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5.11 Timing and Switching Characteristics

5.11.1 Power Supply Sequencing
Table 5-2 lists the characteristics of the SVS and BOR.

Table 5-2. PMM, SVS and BOR

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-4)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VBOR, safe Safe BOR power-down level® 0.1 \Y
tBOR, safe Safe BOR reset delay® 10 ms
IsvsH,am SVSy current consumption, active mode Vec =36V 15| pA
IsvsH,LPM SVSy current consumption, low-power modes Vee=3.6V 240 nA
VsvsH- SVSy, power-down level ® 1.71 1.80 1.86| V
VsvsH+ SVSy, power-up level® 1.74 1.89 1.99| V
VsvsH_hys SVSy hysteresis 80 mV
tpD SVSH, AM SVSy propagation delay, active mode 10| ps
tpD SVSH, LPM SVSy propagation delay, low-power modes 100| ps
VREE, 1.2v 1.2-V REF voltage® 1.158 1.20 1242 V

(1) A safe BOR can be correctly generated only if DVCC drops below this voltage before it rises.

(2) When an BOR occurs, a safe BOR can be correctly generated only if DVCC is kept low longer than this period before it reaches Vgysps+-
(3) For additional information, see the Dynamic Voltage Scaling Power Solution for MSP430 Devices With Single-Channel LDO Reference

Design.
(4) This is a characterized result with external 1-mA load to ground from —40°C to 85°C.

VA

sts+

VBOR

tBOR

Power Cycle Reset SVS Reset BOR Reset

—

\ A

Figure 5-4. Power Cycle, SVS, and BOR Reset Conditions
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5.11.2 Reset Timing

Table 5-3 lists the wake-up times.

Table 5-3. Wake-up Times From Low-Power Modes and Reset
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER CONTDEI?'-II-ONS Vce MIN TYP MAX | UNIT
Additional wake-up time to activate the FRAM in
t AM if previously disabled by the FRAM controller or 3V 10 s
WAKE-UP FRAM  from a LPM if immediate activation is selected for H
wakeup®
twake.up Lpmo  Wake-up time from LPMO to active mode (9 3V 20041 g
twake-up Lpmz  Wake-up time from LPM3 to active mode @ 3V 10 ps
tWAKE-UP LPM4 Wake-up time from LPM4 to active mode 3V 10 us
twake-Up Lpmas  Wake-up time from LPM3.5 to active mode @ 3V 350 Us
) ] @ SVSHE = 1 350 s
twake-up Lpmas  Wake-up time from LPM4.5 to active mode SVSHE = 0 3V 1 s
Wake—ug) time from RST or BOR event to active
WAKE-UP-RESET  1ode @ 3V 1 ms
Pulse duration required at RST/NMI pin to accept a
tRESET reset q P P 3V 2 s

(1) 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
externally observable MCLK clock edge.

(2) 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
instruction of the user program is executed.
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5.11.3 Clock Specifications

Table 5-4 lists the characteristics of XT1.

Table 5-4. XT1 Crystal Oscillator (Low Frequency)

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

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
fure L ?(Tl oscillator crystal, low LEXTBYPASS = 0 32768 Hy
' requency
. Measured at MCLK, o o
DCxr1,Lr  XT1 oscillator LF duty cycle fLexs = 32768 Hz 30% 70%
furr sw XT1 oscillator logic-level square- || -vrovpacg = 1 @) 32 768 KHz
' wave input frequency
LFXT oscillator logic-level square- _ o o
DCxT1, sW  pyave input duty cycle LFXTBYPASS = 1 40% 60%
Oscillation allowance for LFXTBYPASS = 0, LFXTDRIVE = {3},
OAcpxt LF crystals 4 fLexT = 32768 Hz, C ¢ = 12.5 pF 200 kQ
Integrated effective load ®)
Cef capacitance ® See 1 pF
fosc = 32768 Hz,
tstaRTLExT  Start-up time LFXTBYPASS = 0, LFXTDRIVE = {3}, 1000 ms
Ta = 25°C, Cp et = 12.5 pF
frautLext  Oscillator fault frequency © XTS =00 0 3500| Hz

(1) To improve EMI on the LFXT oscillator, observe the following guidelines:

@

®3)
4)

(5)
(6)

(1)
®)

9)

» Keep the trace between the device and the crystal as short as possible.

Design a good ground plane around the oscillator pins.

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

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

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

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

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 DC gxrt. sw-

Maximum frequency of operation of the entire device cannot be exceeded.

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| ¢ = 3.7 pF

+ For LFXTDRIVE = {1}, 6 pF < C_ ¢ < 9 pF

*+ For LFXTDRIVE = {2}, 6 pF < C__¢¢ < 10 pF

+ For LFXTDRIVE = {3}, 6 pF < C__¢¢ < 12 pF

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

Requires external capacitors at both terminals to meet the effective load capacitance specified by crystal manufacturers. Recommended
effective load capacitance 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.

Includes start-up counter of 1024 clock cycles.

Frequencies above the MAX specification do not set the fault flag. Frequencies between the MIN and MAX specifications might set the
flag. A static condition or stuck at fault condition sets the flag.

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

Table 5-5 lists the characteristics of the FLL.

Table 5-5. DCO FLL, Frequency

over recommended operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
FLL lock frequency, 16 MHz, 25°C Measured at MCLK, Internal 3V | -1.0% 1.0%
¢ FLL lock frequency, 16 MHz, —40°C to 85°C trimmed REFO as reference | 3v | —2.0% 2.0%
DCO, FLL
FLL lock frequency, 16 MHz, —40°C to 85°C Measured at MCLK, XT1 3V | -0.5% 0.5%
crystal as reference
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Table 5-5. DCO FLL, Frequency (continued)

over recommended operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
fouty Duty cycle 3v 40% 50%  60%
Jitterge Cycle-to-cycle jitter, 16 MHz Measured at MCLK, XT1 3V 0.25%

Jittergng  Long term jitter, 16 MHz crystal as reference 3V 0.022%
tELL, lock FLL lock time 3V 280 ms
tstart-up DCO start-up time, 2 MHz Measured at MCLK 3V 16 us
Table 5-6 lists the ch