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4 Functional Block Diagram
¥ 4-1 shows the functional block diagram for the MSP430i204x devices in the RHB package. For the functional

block diagrams of all device variants and packages, see 7 9.2.

ROSC VCC DVSS AVSS VCORE RST/NMI P1.x P2.x
I R : :
v v v v v 4
y A A
ACLK
Clock
System Flash RAM TAO TA1 Port P1 Port P2
SMCLK Timer_A Timer_A 8 1/Os, 8 1/Os,
?éﬁg %Eg 3CC 3CC Interrupt Interrupt
MCLK Registers Registers capability capability
16.384-MHz MAB
CPU
with 16 MDB
registers
Emulation
2BP
Hardware
TG Power SD24 Multiplier
Management Watchd 16x16 eUSCI_A0
Interface 4 ?NCDTOQ ( ) - eUSCI_BO
LDO Sigma-Delta MPY, UART, SPI FC
- REF Anqlqg-tO- 15 or 16 bit MPYS, IrDA, SPI ’
Spy-B|— VMON Digital MAC,
Wire Brownout | [ Converters MACS

& 4-1. Functional Block Diagram - RHB Package - MSP430i204x
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6 Device Comparison
# 6-1 summarizes the available family members.

% 6-1. Device Comparison

eUSCI_A:
FLASH SRAM SD24 . = eUSCI_B:
(1) (2) _
DEVICE (KB) (KB) CONVERTERS MULTIPLIER Timer_A UAR;,P IIrDA, SPI, I2C 110 PACKAGE
16 32 RHB
MSP430i2041 32 2 4 1 3,3 1 1
12 28 PW
16 32 RHB
MSP430i2040 16 1 4 1 3,3 1 1
12 28 PW
16 32 RHB
MSP430i2031 32 2 3 1 3,3 1 1
12 28 PW
16 32 RHB
MSP430i2030 16 1 3 1 3,3 1 1
12 28 PW
16 32 RHB
MSP430i2021 32 2 2 1 3,3 1 1
12 28 PW
16 32 RHB
MSP430i2020 16 1 2 1 3,3 1 1
12 28 PW

(1)  For the most current part, package, and ordering information for all available devices, see the Package Option Addendum in 75 12, or
see the Tl website at www.ti.com.

(2) 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.

6.1 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

MSP430 ultra-low-power sensing and measurement microcontrollers

One platform. One ecosystem. Endless possibilities.

Reference designs for MSP430i2041

Find reference designs leveraging the best in Tl technology to solve your system-level challenges. All designs
include a schematic, test data and design files.
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7 Terminal Configuration and Functions

7.1 Pin Diagrams

32-Pin RHB Package (Top View)
MSP430i2041 and MSP430i2040 devices in the RHB package.
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A1.0-
A2.0+
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A3.0-

- MSP430i2041, MSP430i2040 shows the pin assignments for the
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NOTE: Tl recommends connecting the thermal pad on the RHB package to DVSS.
& 7-1. 32-Pin RHB Package (Top View) - MSP430i2041, MSP430i2040

7-2 shows the pin assignments for the MSP430i2041 and MSP430i2040 devices in the PW package.

A0.0+ [T
A0.0-
A1.0+
A1.0-
A2.0+
A2.0-
A3.0+
A3.0-
VREF
AVSS
Rosc (]
DVSS [T}
vee O
VCORE (]

HABHBHHHBHBHAHA

(0]

© O N O g~ W N =

MSP430i2041TPW
MSP430i2040TPW

2
2
2
2
2
2
22
2
2
1
1
1
1
1

w A OO O N ©

a O N © © O =

[TJ P2.3/VMONIN

[0 P2.2/TA1.2

[T P2.1/TA1.1

[T] P2.0/TA1.0/CLKIN

[T] P1.7/UCBOSDA/UCBOSIMO/TA1CLK

[T] P1.6/UCBOSCL/UCBOSOMI/TA0.2

[TJ P1.5/UCBOCLK/TA0.1

[T] P1.4/UCBOSTE/TA0.0

[TJ P1.3/UCAOTXD/UCAOSIMO/TAOCLK/TDO/TDI
[T] P1.2/UCAORXD/UCAOSOMI/ACLK/TDI/TCLK
[TJ P1.1/UCAOCLK/SMCLK/TMS

[TJ P1.0/UCAOSTE/MCLK/TCK

[T] TEST/SBWTCK

[T] RST/NMI/SBWTDIO

P 7-2. 28-Pin PW Package (Top View) - MSP430i2041, MSP430i2040
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32-Pin RHB Package (Top View)
MSP430i2031 and MSP430i2030 devices in the RHB package.

MSP430i2031, MSP430i2030 shows the pin assignments for the

Z
S
P
= o
N - 9o 9§ o= S
22T xS x
EEEE2EELE
NS
AN N N N N N N
[ R o O o o R o O o N e o
o L
32 31 30 29 28 27 26 25
A0O+ [D 1 e 1 240
- [
A0.O- [T 2 | | 23]
- -
A0+ [T 3 | I 22
|
A1.0- [ 4| MSP430i2031TRHB | 21 (]
_ | MSP430i2030TRHB | _ ~
A2.0+ [T 5 | I 20
A20- [ 6 | :19(_
~ ~
NC [0) 7| :18\_
- | ~
NC [[J 8 —————————————- 417
9 10 11 12 13 14 15 16
NOaaa0 a0 0
L 0 O u O W O X
LLl(/)(f)(/)OGfEO
282558 ¢
=
> % B
ty
i
‘5
(e

P1.7/UCBOSDA/UCBOSIMO/TA1CLK
P1.6/UCBOSCL/UCBOSOMI/TA0.2

P1.5/UCBOCLK/TAO0.1
P1.4/UCBOSTE/TA0.0

P1.3/UCAOTXD/UCAOSIMO/TAOCLK/TDO/TDI
P1.2/UCAORXD/UCAOSOMI/ACLK/TDI/TCLK
P1.1/UCAOCLK/SMCLK/TMS
P1.0/UCAOSTE/MCLK/TCK

NOTE: Tl recommends connecting the thermal pad on the RHB package to DVSS.

NOTE: Tl recommends connecting NC pins to AVSS.

& 7-3. 32-Pin RHB Package (Top View) - MSP430i2031, MSP430i2030

28-Pin PW Package (Top View)
MSP430i2031 and MSP430i2030 devices in the PW package.

MSP430i2031, MSP430i2030 shows the pin assignments for the

VCORE [T]

(0]

© O N O g~ W0 N =2

MSP430i2031TPW
MSP430i2030TPW

2
2
2
2
2
2

w ~ OO O N ©

2
2
1
1
17
1
1

©® © O =

a o

1] P2.3/VMONIN

[0 P2.2/TA1.2

[T P2.1/TA1.1

[T] P2.0/TA1.0/CLKIN

[T] P1.5/UCBOCLK/TA0.1
[T] P1.4/UCBOSTE/TA0.0

[TJ P1.1/UCAOCLK/SMCLK/TMS
[TJ P1.0/UCAOSTE/MCLK/TCK
[T] TEST/SBWTCK

[T] RST/NMI/SBWTDIO

NOTE: Tl recommends connecting NC pins to AVSS.

[T] P1.7/UCBOSDA/UCBOSIMO/TA1CLK
[T] P1.6/UCBOSCL/UCBOSOMI/TA0.2

[TJ P1.3/UCAOTXD/UCAOSIMO/TAOCLK/TDO/TDI
[T] P1.2/UCAORXD/UCAOSOMI/ACLK/TDI/TCLK

] 7-4. 28-Pin PW Package (Top View) - MSP430i2031, MSP430i2030
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32-Pin RHB Package (Top View) - MSP430i2021, MSP430i2020 shows the pin assignments for the
MSP430i2021 and MSP430i2020 devices in the RHB package.
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- | | _
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P1.7/UCBOSDA/UCBOSIMO/TA1C
P1.6/UCBOSCL/UCB0SOMI/TAQ.2
P1.5/UCBOCLK/TAO0.1
P1.4/UCBOSTE/TA0.0

LK

P1.3/UCAOTXD/UCAOSIMO/TAOCLK/TDO/TDI
P1.2/UCAORXD/UCAOSOMI/ACLK/TDI/TCLK

P1.1/UCAOCLK/SMCLK/TMS
P1.0/UCAOSTE/MCLK/TCK

NOTE: Tl recommends connecting the thermal pad on the RHB package to DVSS.

TI recommends connecting NC pins to AVSS.

& 7-5. 32-Pin RHB Package (Top View) - MSP430i2021, MSP430i2020

28-Pin PW Package (Top View) - MSP430i2021, MSP430i2020 shows the pin assignments for the
MSP430i2021 and MSP430i2020 devices in the PW package.

A0.0+ [T]
A0.0- [T
A1.0+ [
A1.0- [0
NC [T]
NC ]
NC ]
NC [T]
VREF (]
Avss [T} 10
ROSC [} 11
Dvss O] 12
vce O] 13
VCORE [T} 14

MSP430i2021TPW
MSP430i2020TPW

CO@\IO)U’!#G\)N—\O

2
2
2
2
2
2
22
2
2
1
1
17
1
15

w ~ OO O N ©

©® © O =

[<2]

1] P2.3/VMONIN

[0 P2.2/TA1.2

[T P2.1/TA1.1

[T] P2.0/TA1.0/CLKIN

[T] P1.7/UCBOSDA/UCBOSIMO/TA1CLK
[T] P1.6/UCBOSCL/UCBOSOMI/TA0.2
[T] P1.5/UCBOCLK/TA0.1

[T] P1.4/UCBOSTE/TA0.0

[T] P1.3/UCAOTXD/UCAOSIMO/TAOCLK/TDO/TDI
[T] P1.2/UCAORXD/UCAOSOMI/ACLK/TDI/TCLK

[TJ P1.1/UCAOCLK/SMCLK/TMS
[TJ P1.0/UCAOSTE/MCLK/TCK
[T] TEST/SBWTCK

[T] RST/NMI/SBWTDIO

Tl recommends connecting NC pins to AVSS.

K 7-6. 28-Pin PW Package (Top View) - MSP430i2021, MSP430i2020
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7.2 Signal Descriptions
‘7 7.2 describes the signals for all device variants and package options.

% 7-1. Signal Descriptions

TERMINAL
NO.? o™ DESCRIPTION
NAME
PW RHB
A0.0+ 1 1 | SD24 positive analog input A0.0()
A0.0- 2 2 | SD24 negative analog input A0.0()
A1.0+ 3 3 | SD24 positive analog input A1.0(3)
A1.0- 4 4 | SD24 negative analog input A1.0()
A2.0+ 5 5 | SD24 positive analog input A2.0() (4)
A2.0- 6 6 | SD24 negative analog input A2.06) 4)
A3.0+ 7 7 | SD24 positive analog input A3.0 ) (4) (5)
A3.0- 8 8 I SD24 negative analog input A3.0 3) () (5)
VREF®) 9 9 | SD24 external reference voltage input
AVSS 10 10 Analog supply voltage, negative terminal
External resistor pin for DCO.
Connect recommended resistor between ROSC and AVSS for DCO operation
ROSC 1 i in external resistor mode. Connect ROSC to AVSS while operating DCO in
internal resistor mode.
DVSS 12 12 Digital supply voltage, negative terminal
VCC 13 13 Analog and digital supply voltage, positive terminal
VCORE () 14 14 Regulated core power supply (internal use only, no external current loading)
N Reset or nonmaskable interrupt input.
ST/NMI/SBWTDIO 15 15 Vo Spy-Bi-Wire test data input/output for device programming and test.
TEST/SBWTCK 16 16 | Selects test mode for JTAG pins on P1.0 to P1.3.
Spy-Bi-Wire test clock input for device programming and test.
General-purpose digital I/O pin.
eUSCI_AO SPI slave transmit enable (direction controlled by eUSCI).
P1.0/UCAOSTE/MCLK/TCK 17 17 110
MCLK output.
JTAG test clock. TCK is the clock input port for device programming and test.
General-purpose digital I/O pin.
eUSCI_AO clock input/output (direction controlled by eUSCI).
P1.1/UCAOCLK/SMCLK/TMS 18 18 I/0 | SMCLK output.
JTAG test mode select. TMS is used as an input port for device programming
and test.
General-purpose digital /O pin.
eUSCI_AO UART receive data or eUSCI_AO SPI slave out/master in (direction
P1.2/UCAORXD/UCAOSOMI/ 19 19 /O | controlled by eUSCI).
ACLK/TDI/TCLK
ACLK output.
JTAG test data input or test clock input for device programming and test.
General-purpose digital I/O pin.
eUSCI_AQ UART transmit data or eUSCI_AOQ SPI slave in/master out (direction
P1.3/UCAOTXD/UCAO0SIMO/ 20 20 Vo controlled by eUSCI).
TAOCLK/TDO/TDI Timer external clock input TACLK for TAO.
JTAG test data output port. TDO/TDI data output or programming data input
terminal.
General-purpose digital I/O pin.
P1.4/UCBOSTE/TA0.0 21 21 /0 |eUSCI_BO SPI slave transmit enable (direction controlled by eUSCI).
Timer TAO CCRO capture: CCIOA input, compare: OutO output.
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Z 7-1. Signal Descriptions (continued)

TERMINAL
NO.? o™ DESCRIPTION
NAME
PW RHB

General-purpose digital I/O pin.

P1.5/UCBOCLK/TAO0.1 22 22 110 eUSCI_BO clock input/output (direction controlled by eUSCI).
Timer TAO CCR1 capture: CCI1A input, compare: Out1 output.
General-purpose digital I/O pin.

P1.6/UCBOSCL/UCBOSOMI/ ) 5 | eUSCI_BO I°C clock or eUSCI_BO SPI slave out/master in (direction controlled

TAO.2 3 3 IO by eUsC).
Timer TAO CCR2 capture: CCI2A input, compare: Out2 output.
General-purpose digital I/O pin.

P1.7/UCBOSDA/UCBOSIMO/ o4 o4 | eUSCI_BO I°C data or eUSCI_BO slave input/master output (direction

TA1CLK /0| controlled by eUSCI).
Timer external clock input TACLK for TA1.
General-purpose digital I/O pin.

P2.0/TA1.0/CLKIN 25 25 /0 | Timer TA1 CCRO capture: CCIOA input, compare: Out0 output.
DCO bypass clock input.
General-purpose digital I/O pin.

P21/TA1A 26 26 Vo Timer TA1 CCR1 capture: CCI1A input, compare: Out1 output.
General-purpose digital I/O pin.

P2.2/TA1.2 27 21 Vo Timer TA1 CCR2 capture: CCI2A input, compare: Out2 output.
G |- digital I/O pin.

P2.3/VMONIN 28 | 28 | yo | crerarpurpose dighaliiopin
Voltage monitor input.

P2 4/TA1.0©) N/A 29 e General-purpose digital /0 pin.

' ' Timer TA1 CCRO capture: CCIOB input, compare: Out0 output.
P2 5/TA0.0® N/A 30 e General-purpose digital /O pin.
’ ' Timer TAO CCRO capture: CCIOB input, compare: Out0 output.
General-purpose digital I/O pin.
(8)

P2.6/TA0.1 N/A 31 Vo Timer TAO CCR1 compare: Out1 output.

General-purpose digital I/O pin.
(8)
P2.7/TA0.2 N/A 82 Vo Timer TAO CCR2 compare: Out2 output.

(1)
@)
3)
4
®)
(6)

| =input, O = output
N/A = not available

recommended capacitor value (Cyrgr) from the VREF pin to AVSS (see 77 8.7.7.2).

Q)
(©)

(CVCORE) (see JT.J‘ 83)

Short unused analog input pairs and connect them to analog ground (see i 7.4 for recommendations on all unused pins).
Not available on MSP430i2021 and MSP430i2020 devices.
Not available on MSP430i2031 and MSP430i2030 devices.
When the SD24 operates with the internal reference (SD24REFS = 1), the VREF pin must not be loaded externally. Connect only the

VCORE is for internal use only. No external current loading is possible. Connect VCORE to only the recommended capacitor value

These pins are not available on the 28-pin PW package. Program these four pins to output direction and drive value 0 in software.
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7.3 Pin Multiplexing

Pin multiplexing for these devices is controlled by both register settings and operating modes (for example, if the
device is in test mode). For details of the settings for each pin and schematics of the multiplexed ports, see 1

9.11.

7.4 Connection of Unused Pins

% 7-2 lists the correct termination of all unused pins.

Z 7-2. Connection of Unused Pins

PIN(™ POTENTIAL COMMENT
AvVCC DvVCC
AVSS DVSS
VREF Open
ROSC AVSS Connect the ROSC pin to AVSS when the DCO is used in internal resistor mode.
Px.0 to Px.7 Open Set to port function, output direction.
Ax.0+ and Ax.0- AVSS Short unused analog input pairs and connect them to analog ground.
RST/NMI DVCC or VCC 47-k Q pullup with 10 nF (or 2.2 nF®) pulldown
TEST Open This pin always has an internal pulldown enabled.
2,1132/}%? The JTAG pins are shared with general-purpose 1/O function (P1.x). If these pins are not
P1 .-1/TMS Open u§ed, set them to port function and output direction. When used as JTAG pins, leave these
P1.0/TCK pins open.

(1) For any unused pin with a secondary function that is shared with general-purpose I/0O, follow the guidelines for the Px.0 to Px.7 unused

pin connection.

(2) The pulldown capacitor should not exceed 2.2 nF when using devices with Spy-Bi-Wire interface in Spy-Bi-Wire mode or in 4-wire
JTAG mode with Tl tools like FET interfaces or GANG programmers.
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8 Specifications

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

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

8.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)() (2)

MIN MAX UNIT
Supply voltage applied at VCC -0.3 4.1 \
wotoge pplstoine | P CORE ROSC gDt | 05 veoe03| v
All pins except SD24 input pins (A0.0+, A0.0-, A1.0+, A1.0-, +2
Diode current at pins A2.0+, A2.0-, A3.0+, A3.0-) mA
A0.0+, A0.0-, A1.0+, A1.0-, A2.0+, A2.0-, A3.0+, A3.0-©) 2
Maximum junction temperature, T max 115 °C
Storage temperature, Tgg (7 -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 are referenced to Vss.
(3) VCORE is for internal device use only. Do not apply external DC loading or voltage at VCORE.

(4) Do not apply external DC loading or voltage at ROSC. Connect the recommended resistor at ROSC using the DCO in external resistor

mode. Connect ROSC to AVSS when operating the DCO in internal resistor mode.
(5) See i 8.7.7.1 for SD24 specifications.
(6) A protection diode is connected to V¢ for the SD24 input pins. No protection diode is connected to Vgg.
(7) 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.

8.2 ESD Ratings

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

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +1000
Vesp) Electrostatic discharge - — \%
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +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.

8.3 Recommended Operating Conditions

MIN NOM MAX| UNIT
Vee Supply voltage during program execution and flash programming or erase (VCC = V() 2.2 3.6 \Y,
Vss Supply voltage (AVSS = DVSS = Vgg) 0 \Y,
Ta Operating free-air temperature T temperature range -40 105| °C
T, Operating junction temperature T temperature range -40 105| °C
CvCcoRrE Recommended capacitor at VCORE 470 nF
Cvec/ Capacitor ratio of VCC to VCORE 10
Cvcore
fSysTEM Processor frequency (maximum MCLK frequency) (1) (2) 0 16.384| MHz

(1) The MSP430i CPU is clocked directly with MCLK.
(2) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.
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& 8-1. Maximum System Frequency

8.4 Active Mode Supply Current (Into V¢c) Excluding External Current

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(") (2)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
Active mode fDCO =_16384 MHZ, fMCLK = fSMCLK =1.024 MHZ,
| current at facik = 32 kHz, 3V 1.6 mA
AM, 1.024MHz 1,024 MHz Program executes from flash, :
: CPUOFF =0, SCG0 =0, SCG1 =0, OSCOFF =0
Active mode fDCO =_16384 MHZ, fMCLK = fSMCLK =8.192 MHZ,
I current at facik = 32 kHz, 3V 3.0 mA
AM, 8.192MHz 5.192 MHz Program executes from flash, :
: CPUOFF =0, SCG0 =0, SCG1 =0, OSCOFF =0
Active mode foco =_fMC|_K = fsmcLk = 16.384 MHz,
I current at facik = 32 kHz, 3V 45 mA
AM, 16.384MHz 16.384 MHz Program executes from flash, :
) CPUOFF =0, SCG0 =0, SCG1 =0, OSCOFF =0
(1) Allinputs are tied to 0 VV or V¢¢. Outputs do not source or sink any current.
(2) All peripherals are inactive.
45 45 Z
4 . /|
< z #
E 35 £
[ 5§ %° /
=1 5 /
© 25 o 3 v
3 g P
= 2 = 25 7
° o
£ 15 =2
< 2 2
N 1 ' — Tp=25°C, V=22V
= — fmok = 1.024 MHz —— fyoLk = 8.192 MHz = S —— Ta=25°C,Vec =3V
05| — fMCLK =2.048 MHz — fMCLK =16.348 MHz — 15 [ TA = 105°C1 VCC =22V
0 fMCLK=4-096 MHz — TA=105°C, VCC=3V
222324 2526272829 3 313233343536 10 5 4 6 8 10 12 14 16 18
Vce - Supply Voltage (V) fucLk - Frequency (MHz)
[ 8-2. Active Mode Current vs Supply Voltage Kl 8-3. Active Mode Current vs MCLK Frequency
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8.5 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)(")

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX|UNIT
Low-power mode 3 fDCO =_16384 MHz, fMCLK = fSMCLK =0 MHz, i
ILPM3 (LPMS) current ) fACLK =32 kHZ, 25°C 3V 210 |JA
CPUOFF =1, SCG0 =1, SCG1=1, OSCOFF =0
Low-power mode 4 fDCO = fMCLK = fSMCLK = fACLK =0 MHZ, °
lema (L pM4) current ©) CPUOFF = 1, SCGO = 1, SCG1 = 1, OSCOFF = 1 285°C | 3V 70 WA
) foco = fucik = fsmewk = facik = 0 MHz, 25°C 75 nA
Lowes  (pria by eomont 9 |REGOFF = 1, CPUOFF = 1,5CG0 = 1, 5061 = 1, — 3v
. OSCOFF =1 105°C 325 nA
(1) Allinputs are tied to 0 VV or V¢¢. Outputs do not source or sink any current.
(2)  Current for watchdog timer clocked by ACLK included. All other peripherals are inactive.
(3) All peripherals are inactive.
8.6 Thermal Resistance Characteristics
THERMAL METRIC(") PACKAGE VALUE®) (3) UNIT
RO ja Junction-to-ambient thermal resistance, still air 35.9 °C/W
R 9 jcrop) Junction-to-case (top) thermal resistance 255 °C/wW
R0 5 Junction-to-board thermal resistance 8.6 °C/W
QFN-32 (RHB)
LU Junction-to-board thermal characterization parameter 8.6 °C/W
wr Junction-to-top thermal characterization parameter 0.3 °C/W
R 9 jcotTom) Junction-to-case (bottom) thermal resistance 14 °C/W
RO ja Junction-to-ambient thermal resistance, still air 77.5 °C/wW
R 9 jcrop) Junction-to-case (top) thermal resistance 18.2 °C/wW
R0 g Junction-to-board thermal resistance 35.5 °C/wW
TSSOP-28 (PW)
W Junction-to-board thermal characterization parameter 35.0 °C/W
wr Junction-to-top thermal characterization parameter 0.5 °C/W
R 9 jcgotTOoM)  Junction-to-case (bottom) thermal resistance N/A °C/wW

(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 [R 0 ;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/JEDEC

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
(3)  N/A = Not applicable
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8.7 Timing and Switching Characteristics
8.7.1 Reset Timing
8.7.1.1 Reset Timing

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

tRESET Pulse duration required at the RST/NMI pin to accept a reset 4 us

8.7.2 Clock Specifications
8.7.2.1 DCO in External Resistor Mode

recommended resistor at ROSC pin: 20 k Q, 0.1%, +50 ppm/°C)(")
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ibco DCO current consumption 85 uA
oo DCO frequency calibrated 16.384 MHz

DCO absolute tolerance calibrated Vee =3V, Tpa=25°C 10.25%

dfpcoldt DCO frequency temperature drift +20| ppm/°C
dfpco/dVCC  DCO frequency supply voltage drift 200 600 ppm/V
DCpco Duty cycle 50%
Tgcoon DCO start-up time 40 us

(1) The maximum parasitic capacitance at ROSC pin should not exceed 5 pF to ensure the specified DCO start-up time.

8.7.2.2 DCO in Internal Resistor Mode

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ibco DCO current consumption 85 MA
foco DCO frequency calibrated 16.384 MHz

DCO absolute tolerance calibrated Vec =3V, Ta=25°C +0.9%

dfpco/dT DCO frequency temperature drift +200| ppm/°C
dfpco/dVCC  DCO frequency supply voltage drift 200 600| ppm/V
DCpco Duty cycle 50%
T4coon DCO start-up time 40 us

8.7.2.3 DCO Overall Tolerance Table

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

OVERALL
TEMPERATURE TEMPERATURE VOLTAGE VOLTAGE OVERALL
SEelEeeliel. CHANGE DRIFT (%) CHANGE DRIFT (%) DRIFT (%) ACC(l:/R)ACY
(]

-40°Cto 105 °C +2.9 22Vto36V +0.084 +2.984 +3.884

Internal resistor 0°C 0 22Vto36V +0.084 +0.084 +0.984
-40°C to 105 °C 2.9 oV 0 +2.9 +3.8
-40°Cto 105 °C +0.29 22Vto36V +0.084 +0.374 +0.624

External resistor with S

50-ppm TCR 0°C 0 22Vto36V +0.084 +0.084 +0.334
-40°C to 105 °C +0.29 oV 0 +0.29 +0.54
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8.7.2.4 DCO in Bypass Mode Recommended Operating Conditions

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

PARAMETER

MAX

UNIT

focosyp Frequency in DCO bypass mode(")

0

16.384

MHz

(1) External digital clock frequency in DCO bypass mode must be 16.384 MHz for the SD24 module to meet the specified performance.

8.7.3 Wake-up Characteristics
8.7.3.1 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
tWAKE-UP-LPM3 Wake-up time from LPM3 to active mode |MCLK = SMCLK = 1.024 MHz 1 us
tWAKE-UP-LPM4 Wake-up time from LPM4 to active mode |MCLK = SMCLK = 1.024 MHz 45 us

Wake-up time from LPM4.5 to active
WAKE-UP-LPMA 510 e ugon /O event() Cvcore =470 nF 0.45 ms
tWAKE-UP-LPM4.5- Wake-up time from LPM4.5 to active -
RESET mode upon external reset ( RST)(") Cvcore = 470 nF 0.45 ms

(1)  This value represents the time from the wake-up event to the reset vector execution by CPU.
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8.7.4 1/0 Ports

8.7.4.1 Schmitt-Trigger Inputs - General-Purpose I/O

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
ViT+ Positive-going input threshold voltage 05 Veo 07 Voo \%
3V 1.50 2.10
Vi Negative-going input threshold voltage 025 Vee 055 Vee Y,
3V 0.75 1.65
Vhys Input voltage hysteresis (Vit+ - V|1.) 3V 0.4 1.1 \%
C Input capacitance V|N = Vss or Vee 5 pF

8.7.4.2 Inputs - Ports P1 and P2
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT

Port P1, P2: P1.x to P2.x, External trigger pulse
duration to set interrupt flag

tint) External interrupt timing(!) 3V 20 ns

(1) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t;; is met. It may be set by trigger signals
shorter than t(int)-

8.7.4.3 Leakage Current - General-Purpose I/O

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

likg(Pyx) High-impedance leakage current See (12 3V #50| nA

(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.

8.7.4.4 Outputs - General-Purpose I/O

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

PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
VoH High-level output voltage lOHmax) = ~ 6 MA( 3.0V Ve - 0.60 Vee| V
VoL Low-level output voltage loLmax) = 6 MA( 3.0V Vgs Vgg+0.60| V

(1)  The maximum total current, l(oHmax) @nd l(oLmax), for all outputs combined, should not exceed +100 mA to hold the maximum voltage
drop specified.

8.7.4.5 Output Frequency - General-Purpose I/O

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

PARAMETER TEST CONDITIONS Vce TYP| UNIT
foyx Port output frequency (with load) Py.x, C_ =20 pF, R, =3.2kQ (M @) 3V 16.384| MHz
frot oLk Clock output frequency Py.x, C, = 20 pF(2) 3V 16.384| MHz

(1) Aresistive divider with two times 1.6 kQ between V¢ and Vgg 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% of V¢ at the specified toggle frequency.
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8.7.4.6 Typical Characteristics - Outputs

One output loaded at a time.

14

12

ol |
A
A/

0 — Ta=25°C
—— Ta=105°C

loL - Low-Level Output Current (mA)

0 025 05 0.75 1 125 15 1.75 2 2.25
VoL - Low-Level Output Voltage (V)

Vec=2.2V  Measured at P1.3

Kl 8-4. Typical Low-Level Output Current vs Low-
Level Output Voltage
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8-5. Typical Low-Level Output Current vs Low-
Level Output Voltage
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8.7.5 Power Management Module
8.7.5.1 PMM, High-Side Brownout Reset (BORH)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(Vcc_BOR_IT-) BORy on voltage, V¢ falling level | dVee/di | <3 Vis 1.08 \%
V(Vee_BOR_IT+)  BORy off voltage, Ve rising level | dVee/di | <3 Vs 1.18 Y,
V(Vcc_BOR_hys)  BORpy hysteresis 100 mV
tpowerup Cold power-up time 0.75| ms
(1) This is the time duration between application of V¢ and execution of reset vector by CPU.
8.7.5.2 PMM, Low-Side SVS (SVSL)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER MIN TYP MAX| UNIT
V(SVSL) SVSL trip voltage on VCORE 1.70 \%
V(SVSL_hys) SVSL hysteresis 14 mV
I(SVSL) SVSL current consumption 3 MA
8.7.5.3 PMM, Core Voltage
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER MIN TYP MAX| UNIT
VcoRre Core voltage 1.83 \
8.7.5.4 PMM, Voltage Monitor (VMON)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VMONIN trip level VMONLVLx = 111b 1.17
VCC trip level - 1 VMONLVLx = 001b 2.32
VMONtrip_IeveI . \
VCC trip level - 2 VMONLVLx = 010b 2.62
VCC trip level - 3 VMONLVLx = 011b 2.82
lymoN VMON current consumption 6 MA
tvmoN VMON settling time 0.5 us
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8.7.6 Reference Module
8.7.6.1 Voltage Reference (REF)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vee Supply voltage range 2.2 3.6 \%
Vga Bandgap output voltage calibrated Vec =3V 1.146 1.158 1.17 \%
PSRR_DC Power supply rejection ratio (DC) Veec=22Vt0 36V 50 uvIiv
PSRR_AC Power supply rejection ratio (AC) \gc\?p:)ia(\)/ot?n%t; Vi f=1khz, 0.35 mV/V
dVeg/dt Bandgap reference temperature coefficient |Vec=3V 10 50| ppm/°C
8.7.6.2 Temperature Sensor
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ve =3V, Ta=30°C 610 650 690
Vsensor Temperature sensor output voltage mV
Vec =3V, Ta=105°C 765 805 845
lsensor Temperature sensor quiescent current consumption 3 MA
TCsensor Temperature coefficient of sensor 1.96 2.07 2.17| mv/°C
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8.7.7 SD24
8.7.7.1 SD24 Power Supply and Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Vce  Supply voltage range AVSS =DVSS =0V 2.2 3.6 \Y
iqi GAIN: 1,2, 4,8, 16 3V 190
lsp2a Analog plus digital supply curren_t per SD240SRx = 256 uA
converter (reference current not included) GAIN: 1, 16 3V 250
8.7.7.2 SD24 Internal Voltage Reference
over operating free-air temperature range (unless otherwise noted)("
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Vsp24REF SD24 internal reference voltage SD24REFS =1 3V 1.146 1.158 1.17 \%
CvVREF Recommended capacitor at VREF 100 nF
tsp24rer sete  SD24 reference buffer settling time SD24REFS =0 — 1, Cyrer = 100 nF 200 us

(1)

capacitor value, Cyrgr must be connected at the VREF pin to AVSS.

8.7.7.3 SD24 External Voltage Reference

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

When SD24 operates with internal reference (SD24REFS = 1), the VREF pin must not be loaded externally. Only the recommended

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
VREeF() Input voltage range SD24REFS =0 3V 1.0 1.2 1.5 \%
IReF() Input current SD24REFS =0 3V 50| nA
8.7.7.4 SD24 Input Range
over operating free-air temperature range (unless otherwise noted)(")
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Differential full-scale input voltage _ B - VRer/ +VRer/
VIDFSR  range Vio = Vias = Via- GAIN GAN|
SD24GAINx = 1 +928
SD24GAINx = 2 +464
vp  Differential input voltage range for - qpouners =1 [SD24GAINX = 4 +232 mv
specified performance
SD24GAINx = 8 +116
SD24GAINx = 16 158
Input impedance _
Z (pin A+ or A- to AVss)® SD24GAINx =1, 16 3V 200 kQ
Zo Differential input impedance (pin A+ | gpo 4G AINK = 1, 16 3V 300 400 ko
to pin A-)©®)
V, Absolute input voltage range AVgg - 1 Ve \%
Vic Common-mode input voltage range AVgg - 1 Vee \%
(1)  All parameters pertain to each SD24 channel.
(2) The full-scale range is defined by Vesr+ = +VREF/GA|N and Vggr- = - VREF/GAlN; FSR = Vesr+ ~ VEsr- = 2XVREF/GA|N. If VREF is

sourced externally, the analog input range should not exceed 80% of Vegr+ or Vesg -; thatis, Vip = 0.8 Vegr - t0 0.8 Vesgrs+. If VREF is

sourced internally, the given V|p ranges apply.

@)

Applicable for SD24 modulator OFF as well as ON conditions.
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8.7.7.5 SD24 Performance, Internal Reference (SD24REFS = 1, SD240SRx = 256)

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
SD24GAINx = 1 84 89
SD24GAINXx = 2 89
SINAD Z‘Str;ft'i';‘r’]"r‘gize * SD24GAINx = 4 fiy = 50 Hz( 3V 87 dB
SD24GAINx = 8 83
SD24GAINx = 16 77
SD24GAINx = 1 100
THD Total harmonic distortion | SD24GAINx = 8 fiy = 50 Hz(M 3V 95 dB
SD24GAINx = 16 90
SD24GAINx = 1 100
SFDR i’f:g(';“s'free dynamic  fopo4GAINX = 8 fiy = 50 Hz(") 3V 95 B
SD24GAINx = 16 90
INL L”;gf’;:nﬁ’:“”eamy' SD24GAINX: 1, 8, 16 3v | -0.003 0.003| % FSR
SD24GAINx = 1 1
SD24GAINx = 2 2
G Nominal gain SD24GAINx = 4 3V 4
SD24GAINx = 8 8
SD24GAINx = 16 16
Eg Gain error SD24GAINx: 1, 2, 4, 8, 16 3V -2% 2%
AEg/ AT cG:eIE.ZZg; temperature | sn24GAINX: 1, 8, 16 3V 50| ppm/°C
SD24GAINx = 1 4
Eos Offset error 3V mV
SD24GAINx = 16 2
rEOs/aT  Offseterror temperature SD24GAINx = 1 3V 5 25| ppm
coefficient SD24GAINx = 16 +3 +10| FSRI°C
SD24GAINx = 1, Common-mode input signal: 55
Common-mode rejection | Vip = 928 mV, fiy = 50 Hz
CMRR,50Hz . 3v dB
ratio at 50 Hz SD24GAINx = 16, Common-mode input signal: 60
Vip =58 mV, fiy = 50 Hz
SD24GAINX: 1, Vg =3V #50 mV x sin(2 . x fyce x t), fyce = 3v -90
50 Hz, Inputs grounded (no analog signal applied)
AC PSRR AC power supply SD24GAINX: 8, Ve =3V £50 mV x sin(2 n x fyce x t), fyce = 3V _95 dB
rejection ratio 50 Hz, Inputs grounded (no analog signal applied)
SD24GAINX: 16, Vgc =3V £50 mV x sin(2 n x fyce x t), fyce = 3V 95
50 Hz, Inputs grounded (no analog signal applied)
Crosstalk source: SD24GAINx = 1, Sine-wave with maximum
possible Vpp, fiy = 50 Hz or 100 Hz, Converter under test: -120
SD24GAINX = 1
Crosstalk between Crosstalk source: SD24GAINx = 1, Sine-wave with maximum
XT converters possible Vpp, fiy = 50 Hz or 100 Hz, Converter under test: 3V -110 dB
SD24GAINx = 8
Crosstalk source: SD24GAINx = 1, Sine-wave with maximum
possible Vpp, fiy = 50 Hz or 100 Hz, Converter under test: -110
SD24GAINx = 16
(1) The following voltages are applied to the SD24 inputs:

V|,A+(t) =0V + Vpp/2 x sin(2 X fIN x t)
V|’A_ (t) =0V - Vpp/2 x sin(2 X fiy % t)

resulting in a differential voltage of Vip = Viy a+(t) = Vina-(t) = Vpp x sin(2 m x fiy x t) with Vpp being selected as the maximum value

allowed for a given range (according to SD24 input range).
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8.7.7.6 SD24 Performance, External Reference (SD24REFS = 0, SD240SRx = 256)

external reference voltage is 1.2 V., over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
SD24GAINx = 1 91
SD24GAINx = 2 90
SINAD iﬁga"to'”o'se + distortion [or o A GAINX = 4 fig = 50 Hz() 3V 88 dB
SD24GAINx = 8 83
SD24GAINx = 16 77
SD24GAINx = 1 100
THD Total harmonic distortion SD24GAINx = 8 fin = 50 Hz(M 3V 95 dB
SD24GAINx = 16 90
SD24GAINx = 1 100
SFDR iﬂg’;"“s'ﬁee dynamic ISp24GAINX = 8 fiy = 50 Hz(M) 3V 95 B
SD24GAINx = 16 90
INL ggﬁﬁrﬁt' nonlinearity, end- | no4GAINX: 1, 8, 16 3V | -0.003 0.003| % FSR
SD24GAINx = 1 1
SD24GAINx = 2 2
G Nominal gain SD24GAINx = 4 3V 4
SD24GAINx = 8 8
SD24GAINx = 16 16
Eg Gain error SD24GAINx: 1,2, 4, 8, 16 3V -1% +1%
Gain error temperature . o
AEg/ AT coefficient SD24GAINx: 1, 8, 16 3V 10| ppm/°C
SD24GAINx = 1 4
Eos Offset error 3V mV
SD24GAINx = 16 2
SD24GAINx = 1 15 +25
AEOS/AT Offsgt error temperature 3V ppn:
coefficient SD24GAINX = 16 +3 +10| FSRI°C
SD24GAINx = 1, Common-mode input signal: 55
" iecti Vip =928 mV, fiy = 50 Hz
CMRR 50Hz CoAmmon mode rejection 1D IN 3V dB
ratio at 50 Hz SD24GAINx = 16, Common-mode input signal: 60
Vip =58 mV, fiy =50 Hz
SD24GAINX: 1, Vec =3V 50 mV x sin(2 © x fyce x t), fycc = 3V -90
50 Hz, Inputs grounded (no analog signal applied)
AC PSRR AC_ power supply rejection | SD24GAINX: 8, Vce =3 V £50 mV x'sin(2 n x'fvcc x 1), fycc = 3V ~95 dB
ratio 50 Hz, Inputs grounded (no analog signal applied)
SD24GAINX: 16, Vec =3V 50 mV x sin(2 . x fyce * t), fycc 3V 95
=50 Hz, Inputs grounded (no analog signal applied)
Crosstalk source: SD24GAINx = 1, Sine-wave with maximum
possible Vpp, fiy = 50 Hz or 100 Hz, Converter under test: -120
SD24GAINx = 1
Crosstalk between Crosstalk source: SD24GAINx = 1, Sine-wave with maximum
XT converters possible Vpp, fiy = 50 Hz or 100 Hz, Converter under test: 3V -110 dB
SD24GAINx = 8
Crosstalk source: SD24GAINx = 1, Sine-wave with maximum
possible Vpp, fiy = 50 Hz or 100 Hz, Converter under test: -110
SD24GAINx = 16

(1) The following voltages are applied to the SD24 inputs:
V|,A+(t) =0V + Vpp/2 x sin(2 X fIN x t)
V|’A_ (t) =0V - Vpp/2 x sin(2 X fiy % t)
resulting in a differential voltage of Vip = Viy a+(t) = Vina- () = Vpp x sin(2 m x fiy x t) with Vpp being selected as the maximum value
allowed for a given range (according to SD24 input range).
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8.7.7.7 Typical Characteristics

90 90
87 L —
84 | 85 — | l
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81 // 80 // \
g g g / \
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a / a / \
< 72 <<
z / Z 70
® g9 @ \
66 65
63 / \
/ 60
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25 50 75 100 125 150 175 200 225 250 275 0 0.2 0.4 0.6 0.8 1 1.2
OSR VPP (V)
A.fspog = 1.024 MHz SD24REFS =1 SD24GAINx = 1 A.fspo4 = 1.024 MHz SD24REFS =1
K] 8-8. SINAD vs OSR OSR = 256 SD24GAINx =1
& 8-9. SINAD vs VPP
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8.7.8 eUSCI

8.7.8.1 eUSCI (UART Mode) Clock Frequency

PARAMETER TEST CONDITIONS MIN MAX| UNIT
Internal: SMCLK or ACLK,
feusci eUSCI input clock frequency External: UCLK fsystem| MHz

Duty cycle = 50% +10%

BITCLK clock frequency

fareLk (equals baud rate in MBaud) 41 MHz

8.7.8.2 eUSCI (UART Mode) Deglitch Characteristics

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT

UCGLITx=0 8 15 20
UCGLITx =1 30 50 60

t UART receive deglitch time(") 22V,3V ns
UCGLITx =2 50 70 100
UCGLITx =3 70 100 150

(1) Pulses on the UART receive input (UCxRX) shorter than the UART receive deglitch time are suppressed. To ensure that pulses are
correctly recognized their width should exceed the maximum specification of the deglitch time.

8.7.8.3 eUSCI (SPI Master Mode) Clock Frequency

PARAMETER TEST CONDITIONS MIN MAX| UNIT

Internal: SMCLK or ACLK, ; My
Duty cycle = 50% +10% SYSTEM

feuscl eUSCI input clock frequency

8.7.8.4 eUSCI (SPI Master Mode) Timing

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

PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
tsteLeap  STE lead time, STE active to clock UCSTEM =1, UCMODEXx = 01 or 10 22V,3V 150 ns
tsTE,LAG STE lag time, Last clock to STE inactive |UCSTEM =1, UCMODEx =01 or 10 22V,3V 200 ns

i i 22V 40
toTE ACC STE access time, STE active to SIMO UCSTEM = 0, UCMODEX = 01 or 10 ns
’ data out 3V 30
i i i i 22V 40
tSTE DIS S_TE _dlsable time, STE inactive to SIMO UCSTEM = 0, UCMODEX = 01 or 10 ns
: high impedance 3V 30
) _ 22V 50
tsumi SOMI input data setup time XV, 0 ns
tHp, mi SOMI input data hold time 22V,3V 0 ns
e ) 22V 7
tyaupmo  SIMO output data valid time(?) UCLK edge to SIMO valid, C, = 20 pF 3V s ns
tHp.mo SIMO output data hold time(®) CL=20pF 22V,3V 0 ns

(1) fucxcLk = 172t o With tLom = max(tvaLip,Mo(eusc) * tsu,si(slave), tsuMieuscl) + taLID,sO(Slave))
For the slave parameters tsy si(siave) @Nd tvaLiD,so(slave), refer to 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. Refer to the timing
diagrams in ¥ 8-10 and & 8-11.

(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. Refer to the timing diagrams in &
8-10 and A 8-11.
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K] 8-10. SPI Master Mode, CKPH =0
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&l 8-11. SPI Master Mode, CKPH = 1
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8.7.8.5 eUSCI (SPI Slave Mode) Timing

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

PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
tsTE,LEAD STE lead time, STE active to clock 22V,3V 3 ns
tsTE,LAG STE lag time, Last clock to STE inactive 22V,3V 0 ns

) ) 22V 35
tsTE.ACC STE access time, STE active to SOMI data out v, Py ns
tsTE DI _STE disable time, STE inactive to SOMI high 22V, 3V 35| ns

’ impedance
tsu,si SIMO input data setup time 22V,3V 1 ns
thp si SIMO input data hold time 22V,3V 5 ns
- UCLK edge to SOMI valid 22V 35
(2) ,
tvaLID,sO SOMI output data valid time CL=20pF 3V 75 ns
I 22V 35
thp.so SOMI output data hold time(®) C_=20pF 3V Y ns

(1) fucxerk = 12t ogm With t o/Hi = max(tyaLip,MoMaster) + tsu,sieusc): tsuMiMaster) + tvALID,sOeUSCI))
For the master parameters tsy miMaster) @nd tyaLip,Moaster), '€fer to 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. Refer to the timing
diagrams in [§] 8-12 and & 8-13.

(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. Refer to the timing diagrams in [
8-12 and & 8-13.

UCMODEX =ﬁ lk

STE :4—’|7 tSTE,LEAD tsrewne 4"—’:
I |
UCMODEXx =10
N :
I I

I
| |<7 1/ fUCxCLK 4"
I

SIMO

|
: +|<— troso
4’.—|4* tsreace N’l‘"ﬁ tuaoso tsreos 4>—|4*

S o e e Se——

] 8-12. SPI Slave Mode, CKPH =0
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& 8-13. SPI Slave Mode, CKPH = 1
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8.7.8.6 eUSCI (I’C Mode) Timing

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see |5 8-14)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
Internal: SMCLK or ACLK,
feuscl eUSCI input clock frequency External: UCLK, fsystem| MHz
Duty cycle = 50% +10%
fscL SCL clock frequency 22V,3V 0 400| kHz
fscL = 100 kHz 4.8
tHp,sTA Hold time (repeated) START 22V,3V us
fscL > 100 kHz 1.2
X fSCL =100 kHz 4.9
tsu.sTa Setup time for a repeated START 22V,3V us
fscL > 100 kHz 1.26
tHp, pAT Data hold time 22V,3V 0.12 us
. fSCL =100 kHz 4.7
tsu.paT Data setup time 22V,3V us
' fscL > 100 kHz 1.08
fscL = 100 kHz 4.9
tsusto Setup time for STOP 22V,3V us
’ fscL > 100 kHz 1.18
UCGLITx =0 75 110 160
i i UCGLITx = 1 35 50 80
tep PuI‘se dur.atlon of spikes suppressed 22V, 3V ns
by input filter UCGLITx =2 15 25 40
UCGLITx =3 10 15 20
UCCLTOx =1 33
trimeouT Clock low timeout UCCLTOx =2 22V,3V 37 ms
UCCLTOx =3 41
‘4—’1* tHD_STA tSu‘STA 4“—"4—# tHD_STA tBUF 4“_"
| \ | | |__
son \_I / X YRS G Wa
] } T % |
— tL w tHI H‘N
} ow —Pletg | | } } tsp —H ‘4* | |
NN e M\
T ||
‘ ‘4—* tSU‘DAT tSU‘STO «_T"
tHD‘DAT H
& 8-14. 12C Mode Timing
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8.7.9 Timer_A

8.7.9.1 Timer_A

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT

fra Timer_A input clock frequency E;?;::;ls.xgtlé 3.0V 16.384| MHz

All capture inputs, Minimum pulse

duration required for capture 3.0V 20 ns

trA,cap Timer_A capture timing

8.7.10 Flash
8.7.10.1 Flash Memory

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

PARAMETER c OJDEli-IrONS Vee MIN TYP MAX| UNIT
Vecpemierase) Program and erase supply voltage 2.2 3.6 \%
fr1G Flash timing generator frequency 257 476| kHz
lpem Supply current from V¢ during program 22V,36V 8| mA
lERASE Supply current from V¢ during erase 22V,36V 13| mA
tept Cumulative program time(") 22V,36V 8 ms
Program and erase endurance 20000 cycles
tRetention Data retention duration T,=25°C 100 years
tword Word or byte program time @ 25
tBlock, 0 Block program time for first byte or word @ 20
tBlock, 1.63 \I?VI(())rc(:jk program time for each additional byte or @ 1
tete
tBlock, End Block program end-sequence wait time @ 6
tMass Erase Mass erase time @ 10593
tseq Erase Segment erase time @ 9628

(1)  The cumulative program time must not be exceeded when writing to a 64-byte flash block. This parameter applies to all programming
methods: individual word-write mode, individual byte-write mode, and block-write mode.
(2) These values are hardwired into the state machine of the flash controller (trrg = 1/fF7)-

8.7.11 Emulation and Debug
8.7.11.1 JTAG and Spy-Bi-Wire Interface

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

PARAMETER Vee MIN TYP MAX| UNIT
fsew Spy-Bi-Wire input frequency 3.0V 0 20| MHz
tsBw,Low Spy-Bi-Wire low clock pulse duration 3.0V 0.025 15 us
tsBw, En Spy-Bi-Wire enable time (TEST high to acceptance of first clock edge)(") 3.0V 1 wus
tsBw,Rst Spy-Bi-Wire return to normal operation time 3.0V 15 100 us
frek TCK input frequency, 4-wire JTAG® 3.0V 0 10| MHz
Rinternal Internal pulldown resistance on TEST 3.0V 45 60 80| kQ

(1)  Tools that access the Spy-Bi-Wire interface must wait for the minimum tggy g, time after pulling the TEST/SBWTCK pin high before
applying the first SBWTCK clock edge.
(2) frck may be restricted to meet the timing requirements of the module selected.

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: MSP430/12041 MSP43012040 MSP43012031 MSP43012030 MSP43012021 MSP43012020

31


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/msp430i2041?qgpn=msp430i2041
https://www.ti.com.cn/product/cn/msp430i2040?qgpn=msp430i2040
https://www.ti.com.cn/product/cn/msp430i2031?qgpn=msp430i2031
https://www.ti.com.cn/product/cn/msp430i2030?qgpn=msp430i2030
https://www.ti.com.cn/product/cn/msp430i2021?qgpn=msp430i2021
https://www.ti.com.cn/product/cn/msp430i2020?qgpn=msp430i2020
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSI49C&partnum=MSP430I2041
https://www.ti.com.cn/product/cn/msp430i2041?qgpn=msp430i2041
https://www.ti.com.cn/product/cn/msp430i2040?qgpn=msp430i2040
https://www.ti.com.cn/product/cn/msp430i2031?qgpn=msp430i2031
https://www.ti.com.cn/product/cn/msp430i2030?qgpn=msp430i2030
https://www.ti.com.cn/product/cn/msp430i2021?qgpn=msp430i2021
https://www.ti.com.cn/product/cn/msp430i2020?qgpn=msp430i2020

MSP43012041, MSP43012040

MSP43012031, MSP43012030 13 TEXAS
MSP43012021, MSP43012020 INSTRUMENTS
ZHCSI49C - SEPTEMBER 2014 - REVISED MARCH 2021 www.ti.com.cn

9 Detailed Description

9.1 Overview

The MSP430i204x, MSP430i203x, MSP430i202x devices consist of a powerful 16-bit RISC CPU, a DCO-based
clock system that generates system clocks, a power-management module (PMM) with built-in voltage reference
and voltage monitor, two to four 24-bit sigma-delta analog-to-digital converters (ADCs), a temperature sensor, a

16-bit hardware multiplier, two 16-bit timers, one eUSCI-A module and one eUSCI-B module, a watchdog timer
(WDT), and up to 16 1/O pins.

9.2 Functional Block Diagrams

9-1 shows the functional block diagram for the MSP430i2041 and MSP430i2040 in the RHB package.

ROSC VCC DVSS AVSS VCORE RST/NMI P1.x P2.x
| | | | | 8 8
v v v v v 4 4
A A
ACLK
Clock
System Flash RAM TAO TA1 Port P1 Port P2
Ti A Ti A 81/0 81/0
SMCLK imer_. imer_. s, s,
?éﬁg fﬁg 3CC 3CC Interrupt Interrupt
MCLK Registers Registers capability capability
16.384-MHz MAB
CPU
with 16 MDB
registers
Emulation
2BP
Hardware
e Power SD24 Multiplier
Management Watchd (16x16) eUSCI_A0
Interface 4 a\l/\;:DTog - elSCI B0
LDO Sigma-Delta MPY, UART, SPI FC
; REF Analog-to- | 45 or 16 bit| | MPYS, IrDA, SPI ’
Spy-Bi- VMON Digital MAC,
Wire Brownout Converters MACS

& 9-1. Functional Block Diagram - RHB Package - MSP430i2041, MSP430i2040
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K 9-2 shows the functional block diagram for the MSP430i2041 and MSP430i2040 in the PW package.

ROSC VCC DVSS AVSS VCORE RST/NMI

P1.x P2.x
i | i | | 8 4
v v v
y A 4 \ 4
ACLK
Clock
System Flash RAM TAO TA1 Port P1 Port P2
Timer_A Timer_A 8 I/Os, 4 1/Os,
SMCLK ?g&g $EE 3CC 3CC Interrupt Interrupt
Registers Registers capabilit capabilit;
MCLK g g p y p y
16.384-MHZ MAB
CPU
with 16 MDB
registers
Emulation
2BP
JTAG Management
Interface 4 Waterdog (16x16) eUSCLAO eUSCI_BO
LDO Sigma-Delta
REF Analog-to- MPY, UART, SPI, I'C
VMON Jieney 15 or 16 bit MPYS, IrDA, SP!I *
) igital
Spy-Bi- Brownout Converters MAC,
Wire MACS

& 9-2. Functional Block Diagram - PW Package - MSP430i2041, MSP430i2040
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K 9-3 shows the functional block diagram for the MSP430i2031 and MSP430i2030 in the RHB package.
ROSC VCC DVSS AVSS VCORE RST/NMI P1.x P2.x
|| || | 8 8
v v v v v
y \ 4
ACLK
Clock
System Flash RAM TAO TA1 Port P1 Port P2
Timer_A Timer_A 81/0s 8 1/0s
SMCLK ?gﬁg %ES 3cC 3cC Interru;’)t Interru;’)t
Registers Registers capabilit capabilit;
MCLK g g p: y p y
16.384-MHZ MAB
CPU
with 16 MDB
registers
Emulation
2BP
Power SD24 Hardlwgre
JTAG Management Multiplier
Interface 3 Wﬁ‘}\fggog (16x16) eUSCLAO eUSCI_BO
LDO Sigma-Delta
REF Analog-to- MPY, UART, SPI, I'C
109 15 or 16 bit MPYS, IrDA, SPI ’
Spy-Bi- VMON Digital MAC
Wire Brownout Converters MAGS

& 9-3. Functional Block Diagram - RHB Package - MSP430i2031, MSP430i2030
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K 9-4 shows the functional block diagram for the MSP430i2031 and MSP430i2030 in the PW package.

ROSC VCC DVSS AVSS VCORE RST/NMI

P1.x P2.x
i | i | | 8 4
v v v
y A 4 \ 4
ACLK
Clock
System Flash RAM TAO TA1 Port P1 Port P2
Timer_A Timer_A 8 I/Os, 4 1/Os,
SMCLK ?g&g $EE 3CC 3CC Interrupt Interrupt
Registers Registers capabilit capabilit;
MCLK g g p y p y
16.384-MHZ MAB
CPU
with 16 MDB
registers
Emulation
2BP
JTAG Management
Interface 3 Waterdog (16x16) eUSCLAO eUSCI_BO
LDO Sigma-Delta
REF Analog-to- MPY, UART, SPI, I'C
VMON Jieney 15 or 16 bit MPYS, IrDA, SP!I *
) igital
Spy-Bi- Brownout Converters MAC,
Wire MACS

& 9-4. Functional Block Diagram - PW Package - MSP430i2031, MSP430i2030
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K 9-5 shows the functional block diagram for the MSP430i2021 and MSP430i2020 in the RHB package.
ROSC VCC DVSS AVSS VCORE RST/NMI P1.x P2.x
|| || | 8 8
v v v v v
y \ 4
ACLK
Clock
System Flash RAM TAO TA1 Port P1 Port P2
Timer_A Timer_A 81/0s 8 1/0s
SMCLK ?gﬁg %ES 3cC 3cC Interru;’)t Interru;’)t
Registers Registers capabilit capabilit;
MCLK g g p: y p y
16.384-MHZ MAB
CPU
with 16 MDB
registers
Emulation
2BP
Power SD24 Hardlwgre
JTAG Management Multiplier
Interface 2 Wﬁ‘}\fggog (16x16) eUSCLAO eUSCI_BO
LDO Sigma-Delta
REF Analog-to- MPY, UART, SPI, I'C
109 15 or 16 bit MPYS, IrDA, SPI ’
Spy-Bi- VMON Digital MAC
Wire Brownout Converters MAGS

& 9-5. Functional Block Diagram - RHB Package - MSP430i2021, MSP430i2020
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K 9-6 shows the functional block diagram for the MSP430i2021 and MSP430i2020 in the PW package.

ROSC VCC DVSS AVSS VCORE RST/NMI

P1.x P2.x
i | i | | 8 4
v v v
y A 4 \ 4
ACLK
Clock
System Flash RAM TAO TA1 Port P1 Port P2
Timer_A Timer_A 8 I/Os, 4 1/Os,
SMCLK ?g&g $EE 3CC 3CC Interrupt Interrupt
Registers Registers capabilit capabilit;
MCLK g g p y p y
16.384-MHZ MAB
CPU
with 16 MDB
registers
Emulation
2BP
JTAG Management
Interface 2 Waterdog (16x16) eUSCLAO eUSCI_BO
LDO Sigma-Delta
REF Analog-to- MPY, UART, SPI, I'C
VMON Jieney 15 or 16 bit MPYS, IrDA, SP!I *
) igital
Spy-Bi- Brownout Converters MAC,
Wire MACS

& 9-6. Functional Block Diagram - PW Package - MSP430i2021, MSP430i2020
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9.3 CPU

The MSP430i CPU has a 16-bit RISC architecture that is highly transparent to the application. All operations,
other than program-flow instructions, are performed as register operations in conjunction with seven addressing
modes for source operand and four addressing modes for destination operand.

The CPU is integrated with 16 registers that provide reduced instruction execution time. The register-to-register
operation execution time is one cycle of the CPU clock.

Four of the registers, RO to R3, are dedicated as program counter, stack pointer, status register, and constant
generator respectively. The remaining registers are general-purpose registers (see & 9-7).

Peripherals are connected to the CPU using data, address, and control buses and can be handled with all
instructions.

| Program Counter | PC/RO
| Stack Pointer | SP/R1
| Status Register | SR/CG1/R2
| Constant Generator | CG2/R3
| General-Purpose Register | R4

| General-Purpose Register | R5

| General-Purpose Register | R6

| General-Purpose Register | R7

| General-Purpose Register | R8

| General-Purpose Register | R9

| General-Purpose Register | R10

| General-Purpose Register | R11

| General-Purpose Register | R12

| General-Purpose Register | R13

| General-Purpose Register | R14

| General-Purpose Register | R15

K 9-7. CPU Registers

CAUTION

The CPU will lock up if the device enters a low-power mode (CPU off) within 64 cycles after reset.
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9.4 Instruction Set

The instruction set consists of 51 instructions with three formats and seven address modes. Each instruction can
operate on word and byte data. % 9-1 gives examples of the three types of instruction formats; 3% 9-2 lists the
address modes.

% 9-1. Instruction Word Formats

INSTRUCTION FORMAT EXAMPLE OPERATION
Dual operands, source and destination ADD R4,R5 R4 + R5 - R5
Single operands, destination only CALL R8 PC — (TOS), R8 — PC
Relative jump, unconditional or conditional JNE Jump-on-equal bit = 0
% 9-2. Address Mode Descriptions
ADDRESS MODE s D@ SYNTAX EXAMPLE OPERATION
Register v v MOV Rs,Rd MOV R10,R11 R10 -~ R11
Indexed v v MOV X(Rn),Y(Rm) MOV 2(R5),6(R6) M(2+R5) — M(6+R®6)
Symbolic (PC relative) v v MOV EDE,TONI M(EDE) — M(TONI)
Absolute v v MOV &MEM,&TCDAT M(MEM) — M(TCDAT)
Indirect v MOV @Rn,Y(Rm) MOV @R10,Tab(R6) M(R10) — M(Tab+R6)
. . M(R10) — R11
Indirect autoincrement v MOV @Rn+,Rm MOV @R10+,R11 R10 + 2 — R10
Immediate v MOV #X,TONI MOV #45,TONI #45 — M(TONI)
(1) S =source
(2) D = destination
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9.5 Operating Modes

MSP430i204x, MSP430i203x, MSP430i202x devices have one active mode and four software-selectable low-
power modes. An interrupt event can wake up the device from the low-power modes LPMO to LPM4, service the
request, and restore back to the low-power mode on return from the interrupt program.

The following five operating modes can be configured by software:

* Active mode (AM)
- All clocks are active.
*  Low-power mode O or low-power mode 1 (LPMO = LPM1)
- CPU is disabled
Internal regulator remains enabled
DCO remains enabled
MCLK is disabled
ACLK and SMCLK remain active
* Low-power mode 2 or low-power mode 3 (LPM2 = LPM3)
- CPU is disabled
- Internal regulator remains enabled
- DCO remains enabled
- MCLK and SMCLK are disabled
- ACLK remains active
* Low-power mode 4 (LPM4)
- CPU is disabled
- Internal regulator remains enabled
- DCO is disabled
- MCLK, SMCLK, and ACLK are disabled
* Low-power mode 4.5 (LPM4.5)
- Internal regulator is disabled
- No RAM retention
- 1/O pad state retention
- Wake from RST/NMI, ports pins P2.1 or P2.2
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9.6 Interrupt Vector Addresses

The interrupt vectors and the power-up starting address are in the address range OFFFFh to OFFEOh. The vector

contains the 16-bit address of the appropriate interrupt handler instruction sequence.

If the reset vector (located at address OFFFEh) contains OFFFFh (for example, flash is not programmed), the

CPU goes into LPM4 immediately after power up.

% 9-3. Interrupt Vector Addresses

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT| WORD ADDRESS PRIORITY
Power up BORIFG
External reset RSTIFG
Watchdog WDTIFG Reset OFFFEhQ 15, highest
Flash key violation KEYV
PC out-of-range (V @
NMI NMIIFG (Non)maskable,
Oscillator fault OFIFG (Non)maskable, OFFFCh 14
Flash memory access violation ACCVIFG @ ¥ (Non)maskable
Timer TA1 TA1CCRO CCIFG ) Maskable OFFFAh 13
TA1CCR1 CCIFG,
Timer TA1 TA1CCR2 CCIFG, Maskable OFFF8h 12
TA1CTL TAIFG @ ()
Voltage monitor VMONIFG Maskable OFFF6h 11
Watchdog timer WDTIFG Maskable OFFF4h 10
eUSCI_AO receive or transmit UCAORXIFG, UCAOTXIFG Maskable OFFF2h 9
eUSCI_BO receive or transmit UCBORXIFG, UCBOTXIFG Maskable OFFFOh 8
SD24CCTLx SD240VIFG,
SD24 SD24CCTLx SD24IFG@ ©) Maskable OFFEEh 7
Timer TAO TAOCCRO CCIFG ) Maskable OFFECh 6
TAOCCR1 CCIFG,
Timer TAO TAOCCR2 CCIFG, Maskable OFFEAh 5
TAOCTL TAIFG @ ()
1/0 port P1 P1IFG.0 to P1IFG.7 @ (3 Maskable OFFE8h 4
OFFE6h 3
OFFE4h 2
1/0 port P2 P2IFG.0 to P2IFG.7 (@) (3) Maskable OFFE2h 1
OFFEOh 0, lowest

M

)
©)
4)

A reset is generated if the CPU tries to fetch instructions from within the module register memory address range (Oh to 01FFh) or from

within unused address range.
Multiple source flags
Interrupt flags are in the module.

(Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the general interrupt enable cannot.
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9.7 Special Function Registers

Some interrupt enable and interrupt flag bits are collected into the lowest address space. Special function
register bits not allocated to a functional purpose are not physically present in the device. Simple software
access is provided with this arrangement.

Legend
rw Bit can be read and written.
rw-0, rw-1 Bit can be read and written. It is Reset or Set by PUC.
rw-(0), rw-(1) Bit can be read and written. It is Reset or Set by POR.
rw-[0], rw-[1] Bit can be read and written. It is Reset or Set by BOR.
SFR bit is not present in device.
# 9-4. Interrupt Enable 1 (Address = 00h)
7 6 5 4 3 2 1 0
| ACCVE |  NMIE | \ | OFE WDTIE
rw-0 rw-0 rw-0 rw-0
WDTIE Watchdog timer interrupt enable. Inactive if watchdog mode is selected. Active if watchdog timer is configured in interval timer
mode.
OFIE Oscillator fault interrupt enable
NMIIE (Non)maskable interrupt enable

ACCVIE Flash access violation interrupt enable

% 9-5. Interrupt Flag Register 1 (Address = 02h)

7 6 5 4 3 2 1 0
\ NMIIFG ‘ RSTIFG ‘ BORIFG ‘ OFIFG WDTIFG
rw-0 rw-[0] rw-[1] rw-0 rw-(0)

WDTIFG Set on watchdog timer overflow (in watchdog mode) or security key violation.
Reset on V¢ power-up or a reset condition at RST/NMI pin in reset mode.

OFIFG Flag set on oscillator fault. This flag can be cleared by software when the oscillator runs free of fault.
BORIFG  Brown out reset flag. This bit is set after Ve power up and can be cleared by software.

RSTIFG  External reset interrupt flag. Set on a reset condition at RST/NMI pin in reset mode. Reset on V¢ power up.
NMIIFG Set by the RST/NMI pin in NMI configuration.

9.8 Flash Memory

The flash memory can be programmed through the Spy-Bi-Wire or JTAG port, or in-system by the CPU. The
CPU can perform single-byte and single-word writes to the flash memory. Features of the flash memory:

* Flash memory has n segments of main memory and one segment of information memory.

* Segment size is 1KB for both main memory and information memory.

* Segments 0 to n in main memory can be erased in one step, or each segment may be individually erased.

* Information memory segment can be erased separately or as a group with main memory segments 0 to n.

* Information memory segment contains calibration data. After reset, information memory segment is protected
against programming and erasing. It can be unlocked but care should be taken not to erase this segment if
the device-specific calibration data is required.
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9.9 JTAG Operation
9.9.1 JTAG Standard Interface
The MSP430i family supports the standard JTAG interface which requires four signals for sending and receiving

data. The JTAG signals are shared with general-purpose I/O. The TEST/SBWTCK pin is used to enable the
JTAG signals. In addition to these signals, the RST/NMI/SBWTDIO is required to interface with MSP430i

development tools and device programmers. £ 9-6 lists the JTAG pin requirements. For further details on
interfacing to development tools and device programmers, see the MSP430 Hardware Tools User's Guide.

% 9-6. JTAG Pin Requirements and Functions

DEVICE SIGNAL DIRECTION FUNCTION
P1.0/UCAOSTE/MCLK/TCK IN JTAG clock input
P1.1/UCAOCLK/SMCLK/TMS IN JTAG state control
P1.2/UCAORXD/UCAOSOMI/ACLK/TDI/TCLK IN JTAG data input/TCLK input
P1.3/UCAO0TXD/UCAOSIMO/TAOCLK/TDO/TDI ouT JTAG data output
TEST/SBWTCK IN Enable JTAG pins
RST/NMI/SBWTDIO IN External reset
VCC Power supply
DVSS Ground supply

9.9.2 Spy-Bi-Wire Interface

In addition to the standard JTAG interface, the MSP430i family supports the 2-wire Spy-Bi-Wire interface. Spy-
Bi-Wire can be used to interface with MSP430i development tools and device programmers. % 9-7 lists the Spy-
Bi-Wire interface pin requirements. For further details on interfacing to development tools and device
programmers, see the MSP430 Hardware Tools User's Guide.

& 9-7. Spy-Bi-Wire Pin Requirements and Functions

DEVICE SIGNAL DIRECTION FUNCTION
TEST/SBWTCK IN Spy-Bi-Wire clock input
RST/NMI/SBWTDIO IN, OUT Spy-Bi-Wire data input/output
VCC Power supply
DVSS Ground supply
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9.9.3 JTAG Disable Register

The SYSJTAGDIS register can disable the JTAG port to provide code protection and device security. JTAG is
disabled when software writes the value 0xA5A5 to this register within 64 MCLK clock cycles after a BOR or
POR reset; otherwise, the JTAG port is enabled. Any writes to this register after the first 64 MCLK clock cycles
are ignored. Reads from this register at any time return the JTAG enable or disable status. The value O0xA5A5
indicates that JTAG is disabled, and 0x9696 indicates that JTAG is enabled. The SYSJTAGDIS register is

mapped to address 01FEh.

Note

Application programming the device to any of the low power modes within first 64 MCLK clock cycles
after a BOR or POR reset will lock the device for any JTAG/SBW access.

% 9-8. SYSJTAGDIS Register

15 14 13 12 11 10 9 8
JTAGKEY
rw-[1] rw-[0] rw-[1] rw-[0] rw-[0] rw-[1] rw-[0] rw-[1]
7 6 5 4 3 2 1 0
JTAGKEY
rw-[1] rw-[0] rw-[1] rw-[0] rw-[0] rw-[1] rw-[0] rw-[1]
JTAGKEY 0xA5AS5 indicates JTAG is disabled and 0x9696 indicates JTAG is enabled.
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9.10 Peripherals

Peripherals are connected to the CPU through data, address, and control buses. The peripherals can be
managed using all instructions. For complete module descriptions, see the MSP430i2xx Family User's Guide.

9.10.1 Clock System

The clock system consists of a fixed 16.384-MHz frequency internal DCO. The DCO can operate in internal
resistor mode or external resistor mode. The DCO clock accuracy is higher when operating in external resistor
mode especially upon variation in operating temperature. This feature can be useful in applications like utility
metering in which accurate clock is necessary under varying operating temperature. When external resistor
mode is selected by application, the resistor of recommended value must be connected to ROSC pin of the
device. Refer to i 8.7.2.1 for the recommended value of the resistor at the ROSC pin. Tl recommends
connecting the ROSC pin to AVSS when operating the DCO in internal resistor mode. When a resistor fault is
detected in the external resistor mode, the DCO automatically switches to the internal resistor mode as a fail-
safe mechanism to keep the system clocks active.

The DCO can be completely bypassed and the system clocks can be sourced by an external digital clock. The
clock system generates MCLK, SMCLK, and ACLK. MCLK is used by the CPU, while SMCLK and ACLK are
used by the peripheral modules. There are programmable clock dividers for MCLK and SMCLK. ACLK runs at a
fixed 32-kHz frequency. The clock system supports active mode and four low-power modes.

9.10.2 Power-Management Module (PMM)

The PMM consists of voltage regulator that generates 1.8-V regulated core voltage. There is a brownout reset
(BOR) circuit on the high-voltage domain, and a supply voltage supervisor (SVS) module on the low-voltage
domain. The BOR and SVS provide the proper internal reset signal to the device during power on and power off.

A built-in voltage reference is used by submodules of the PMM and by the analog modules on the device. A
temperature sensor is also available in the built-in voltage reference.

The voltage monitor (VMON) on the high-voltage domain can monitor external voltage on the VMONIN pin
against the internal reference voltage or by comparing the on-chip V¢ to one of three programmable threshold
voltages. During the LPM4.5 mode, the reference, voltage regulator, temperature sensor, and voltage monitor
are turned off, and only the high-side brownout circuit is active.
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9.10.3 Digital I/O

Two 8-bit I/O ports (P1 and P2) are implemented on the MSP430i204x, MSP430i203x, MSP430i202x devices.
On 32-pin RHB devices, ports P1 and P2 are complete, and 16 1/Os are available. On 28-pin PW devices, port
P2 is reduced to 4 bits, and 12 1/Os are available. On 28-pin PW devices, the unavailable pins (P2.4 to P2.7)
must be programmed to port function, output direction, and be driven with value 0.

* Allindividual I/O bits are independently programmable.

* Any combination of input, output, and interrupt condition is possible.

* Edge-selectable interrupt input capability for all 8 bits of port P1 and P2

* LPM4.5 wake-up capability for Port pins P2.1 and P2.2

* Read and write access to port-control registers is supported by all instructions.

9.10.4 Watchdog Timer (WDT)

The primary function of the WDT module is to perform a controlled system restart after a software problem
occurs. If the selected time interval expires, a system reset is generated. If the watchdog function is not needed
in an application, the module can be disabled or configured as an interval timer and can generate interrupts at
selected time intervals.

9.10.5 Timer TAO

Timer TAO is a 16-bit timer/counter (Timer_A type) with three capture/compare registers. TAO can support
multiple capture/compares, PWM outputs, and interval timing (see & 9-9). TAO also has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the capture/
compare registers.

% 9-9. TAO Signal Connections

DEVICE INPUT | MODULE INPUT MODULE DEVICE OUTPUT | OUTPUT PORT
RS (R AL SIGNAL SIGNAL L Ol A5 [EHEE OUTPUT SIGNAL SIGNAL PIN
P1.3 TAOCLK TACLK
ACLK (internal) ACLK
Timer NA NA
SMCLK (internal) SMCLK
P1.3 TAOCLK INCLK
P1.4 TA0.0 CCI0A P1.4
P2.5 TA0.0 CcCloB P2.5
CCRO TAO TAO0.0
DVSS GND
VCC VCC
P1.5 TAO0.1 CCHA P1.5
ACLK (internal) CCiiB P2.6
CCR1 TA1 TAO0.1
DVSS GND
VCC VCC
P1.6 TAO0.2 CCI2A P1.6
TAO0.2
TA1 (?CRZ output CCI2B P2 7
(internal) CCR2 TA2
DVSS GND
TA1 CCI2B input
VCC VCC
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9.10.6 Timer TA1

Timer TA1 is a 16-bit timer/counter (Timer_A type) with three capture/compare registers. TA1 can support
multiple capture/compares, PWM outputs, and interval timing (see & 9-10). TA1 also has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the capture/
compare registers.

% 9-10. TA1 Signal Connections

DEVICE INPUT | MODULE INPUT MODULE DEVICE OUTPUT | OUTPUT PORT
B ECRR SIGNAL SIGNAL HEDUEC Lo OUTPUT SIGNAL SIGNAL PIN
P1.7 TA1CLK TACLK
ACLK (internal) ACLK
Timer NA NA
SMCLK (internal) SMCLK
P1.7 TATCLK INCLK
P2.0 TA1.0 CCIOA P2.0
P24 TA1.0 CcCloB P24
CCRO TAO TA1.0
DVSS GND
VCC VCC
P2.1 TA1.1 CCHA P2.1
ACLK (internal) CCiiB
CCR1 TA1 TA1.1
DVSS GND
VCC VCC
P2.2 TA1.2 CCI2A P2.2
TA1.2
TAO QCRZ output CCI2B
(internal) CCR2 TA2
DVSS GND
TAO CCI2B input
VCC VCC

9.10.7 Enhanced Universal Serial Communication Interface (eUSCI)

The eUSCI module is used for serial data communication. The eUSCI module supports synchronous
communication protocols such as SPI (3-pin or 4-pin) and |12C, and asynchronous communication protocols such
as UART, enhanced UART with automatic baudrate detection, and IrDA.

The eUSCI_An module provides support for SPI (3-pin or 4-pin), UART, enhanced UART, and IrDA.
The eUSCI_Bn module provides support for SPI (3-pin or 4-pin) and I2C.

One eUSCI_A and one eUSCI_B module are implemented on MSP430i20xx devices.

9.10.8 Hardware Multiplier

The multiplication operation is supported by a dedicated peripheral module. The module performs 16x16-bit,
16x8-bit, 8x16-bit, and 8x8-bit operations. The module supports signed and unsigned multiplication as well as
signed and unsigned multiply-and-accumulate operations. The result of an operation can be accessed
immediately after the operands have been loaded into the peripheral registers. No additional clock cycles are
required.
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9.10.9 SD24

There are up to four independent 24-bit sigma-delta ADCs. Each converter is designed with a fully differential
analog input pair and programmable gain amplifier input stage. Also the converters are based on second-order
oversampling sigma-delta modulators and digital decimation filters. The decimation filters are comb-type filters
with selectable oversampling ratios of up to 256.

The SD24 converters can operate with internal reference (SD24REFS = 1) or with external reference
(SD24REFS = 0). When SD24 operates with internal reference the VREF pin must not be loaded externally.
Connect only the recommended capacitor value (Cyrgr) at VREF pin to AVSS (see ¥ 8.7.7.2).
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9.11 Input/Output Diagrams
9.11.1 Port P1, P1.0 to P1.3, Input/Output With Schmitt Trigger

Py.x/Mod1/Mod2/JTAG Pin Diagram shows the pin diagram. % 9-11 summarizes the selection of the pin
function.

JTAG enable
From JTAG
From JTAG
F———————————
N Direction Pad Logic
PyDIR X 00 0: Input
IW 1: Output

From module 1

PyOUT.x m—f

From module 1 —

|
|

From module 2~ — |
pvss —|11J : Py.x/IMod1/Mod2/JTAG
PySEL1.x = .{ D |
PySELO.x = |
PyIN.x < 7 | |
I
I
To modules <] D I
and JTAG I
L I
Functional representation only.
Kl 9-8. Py.x/Mod1/Mod2/JTAG Pin Diagram
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% 9-11. Port P1 (P1.0 to P1.3) Pin Functions

CONTROL BITS OR SIGNALS()
PIN NAME (P1.x) X FUNCTION
PIDIRx | P1SEL1x | P1SELO.x |JTAG Enable
P1.0/UCAOSTE/MCLKITCK | 0 |P1.0 (10)® I 0: 0: 1 0 0 0
UCAOSTE x® 0 1 0
N/A 0
1 0 0
MCLK 1
N/A 0
1 1 0
DVSS 1
TCK® X X
P1.1/UCAOCLK/SMCLK/TMS | 1 |P1.1 (10)® 10 0: 1 0 0
UCAOCLK e
N/A 0
1 0 0
SMCLK ]
N/A 0
1 1 0
DVSS 1
T™S® X X 1
P1.2/UCAORXD/UCAOSOMI/ | 2 |P1.2 (10)® 10 0: 1 0 0
ACLK/TDITCLK UCAORXD/UCAOSOMI X@) 0 1
N/A 0
1 0 0
ACLK 1
N/A 0
1 1 0
DVSS 1
TDITCLK® X X
P1.3/UCAOTXD/UCAOSIMO/ | 3 |P1.3 (10)® -0 0: 1 0 0
TAOCLK/TDO/TDI UCAOTXD/UCAOSIMO X®) 0 1
TAOCLK 0
1 0 0
DVSS 1
N/A 0
1 1 0
DVSS 1
TDO/TDIA) X X X 1

(1) X =Don't care

(2) Default condition

(3) Direction is controlled by eUSCI_AO module.

(4) The pin direction is controlled by the JTAG module. The JTAG mode selection is made through the Spy-Bi-Wire 4-wire entry sequence.
Neither P1SELO.x and P1SEL1.x nor P1DIR.x have an effect in these cases.
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9.11.2 Port P1, P1.4 to P1.7, Input/Output With Schmitt Trigger

Py.x/Mod1/Mod2 Pin Schematic shows the pin diagram. % 9-12 summarizes the selection of the pin function.

Pad Logic
Direction
PyDIR.x %| 0: Input
1: Output
From module 1 01
10

11

PyOUTx =—{00

I
I
I
I
i
I
I
I
I
I
From module 1 —{0 1 | N —
From module2 —10 | | /\
I
I
I
I
I
I
I
I
I
I

DVSS —{11 : Py.x/Mod1/Mod2
PySEL1.x -—(—D |
PySELO.x ® | |
PyiNx < s I |
|
|
To module <] D :
|

Functional representation only.

& 9-9. Py.x/Mod1/Mod2 Pin Schematic
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% 9-12. Port P1 (P1.4 to P1.7) Pin Functions

CONTROL BITS OR SIGNALS(")
PIN NAME (P1.x) X FUNCTION
P1DIR.x P1SEL1.x P1SELO0.x
P1.4/UCBOSTE/TA0.0 4 |P1.4 (l/0) 1:0; O: 1 0 0
UCBOSTE X@) 0 1
TAO.CCIOA 0 1 0
TA0.0 1
N/A 0
1 1
DVSS 1
P1.5/UCBOCLK/TA0.1 5 |P1.5(l/O) 1:0;0: 1 0 0
UCBOCLK X@) 0 1
TAO0.CCHMA 0 ; 0
TAO.1 1
N/A 0
1 1
DVSS 1
P1.6/UCBOSCL/UCBOSOMI/ 6 |P1.6(1/0) 1:0;0:1 0 0
TAO:2 UCBOSCL/UCBOSOMI X@ 0 1
TAO.CCI2A 0 1 0
TAO.2 1
N/A 0
1 1
DVSS 1
P1.7/UCBOSDA/UCBOSIMO/ 7 |P1.7 (/O) 1:0;O: 1 0 0
TA1CLK UCBOSDA/UCBOSIMO X@ 0 1
TA1CLK 0
1 0
DVSS 1
N/A 0
1 1
DVSS 1
(1) X =Don't care
(2) Direction is controlled by eUSCI_B0 module.
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9.11.3 Port P2, P2.0 to P2.2 and P2.4 to P2.7, Input/Output With Schmitt Trigger

Py.x/Mod1/Mod2 Pin Schematic shows the pin diagram. Z 9-13 summarizes the selection of the pin function.

PyDIR.x

PyOUT.x m—f
From module —
DVSS

DVSS

00

00
01
1
1

PySEL1.x =

{

Direction
0: Input
1: Output

\—~ O

PySELO.x =

PyIN.x <

To module

Functional representation only.

Py.x/Mod1/Mod2

K 9-10. Py.x/Mod1/Mod2 Pin Schematic

% 9-13. Port P2 (P2.0 to P2.2 and P2.4 to P2.7) Pin Functions

CONTROL BITS OR SIGNALS
PIN NAME (P2.x) X FUNCTION
P2DIR.x P2SEL1.x P2SEL0.x
P2.0/TA1.0/CLKIN 0 [P2.0(I/0) I:0; O: 1 0 0
TA1.CCIOA 0 0 ]
TA1.0 1
CLKIN (DCO bypass clock) 0 ] 0
DVSS 1
N/A 0
1 1
DVSS 1
P2.1/TA1.1 1 |P2.1(l/O) I:0; O: 1 0 0
TA1.CCIMA 0
0 1
TA1.1 1
N/A 0
1 0
DVSS 1
N/A 0
1 1
DVSS 1
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3 9-13. Port P2 (P2.0 to P2.2 and P2.4 to P2.7) Pin Functions (continued)

CONTROL BITS OR SIGNALS
PIN NAME (P2.x) x FUNCTION
P2DIR.x P2SEL1.x P2SEL0.x
P2.2/TA1.2 2 |P2.2 (110) :0; O: 1 0 0
TA1.CCI2A 0 . 1
TA1.2 1
N/A 0
1 0
DVSS 1
N/A 0
1 1
DVSS 1
P2.4/TA1.0() 4 |P2.4 (1/0) :0; O: 1 0 0
TA1.CCIOB 0
0 1
TA1.0 1
N/A 0
1 0
DVSS 1
N/A 0
1 1
DVSS 1
P2.5/TA0.0(") 5 P25 (1/0) :0; O: 1 0 0
TA0.CCIOB 0 . 1
TA0.0 1
N/A 0
1 0
DVSS 1
N/A 0
1 1
DVSS 1
P2.6/TA0.1(1) 6 |P2.6 (I/0) :0; O: 1 0 0
N/A 0
0 1
TAO.1 1
N/A 0
1 0
DVSS 1
N/A 0
1 1
DVSS 1
P2.7/TA0.2(") 7 |P2.7 (10) :0; O: 1 0 0
N/A 0
0 1
TAO.2 1
N/A 0
1 0
DVSS 1
N/A 0
1 1
DVSS 1

(1) Available only on 32-pin RHB devices.
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9.11.4 Port P2, P2.3, Input/Output With Schmitt Trigger

Py.x/VMONIN Pin Schematic shows the pin diagram. 7 9-14 summarizes the selection of the pin function.

To VMON
From VMON
Direction I
PyDIR x 00" 0: Input |
o1] ™ Output |
10 :
11 | IC
;D I
PyOUT.x =——00 :
DVSS —{01 [
DVSS —{10 |
DVSs  —1 1 ] I
I
PySEL1.x = 1/ ® D I
PySELO.x = |
PyIN.x <« ] T 7
I Bus
| Keeper
No connect < D |
I
I

Functional representation only.

& 9-11. Py.x/VMONIN Pin Schematic

% 9-14. Port P2 (P2.3) Pin Functions

Py.x/VMONIN

CONTROL BITS OR SIGNALS(")
PIN NAME (P2.x) x FUNCTION
P2DIR.x P2SEL1.x P2SEL0.x
P2.3/VMONIN 3 |P2.3(110) :0; O: 1 0 0
N/A 0
0 1
DVSS 1
N/A 0
1 0
DVSS 1
VMONIN®@ X 1 1

(1) X =Don't care

(2) Setting P2SEL1.3 and P2SELO.3 disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when
applying voltage at VMONIN pin. To enable the VMONIN function, VMONLVLXx bits must be set to 3'b111 in the VMONCTL register.
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9.12 Device Descriptor

# 9-15 lists the contents of the tag-length-value (TLV) device descriptor structure for the MSP430i204x,
MSP430i203x, and MSP430i202x devices.

* 9-15. MSP430i204x, MSP430i203x, MSP430i202x TLV

SIZE
DESCRIPTION ADDRESS (BYTES) VALUE
Checksum TLV checksum 013CO0h 2 Per unit
Die Record Tag 013C2h 1 01h
Die Record Length 013C3h 1 O0Ah
Lot/Wafer ID 013C4h 4 Per unit
Die Record
Die X position 013C8h 2 Per unit
Die Y position 013CAh 2 Per unit
Test results 013CCh 2 Per unit
REF Calibration Tag 013CEh 1 02h
REF Calibration Length 013CFh 1 02h
REF Calibration -
Calibrate REF - for REFCAL1 register 013DO0h 1 Per unit
Calibrate REF - for REFCALO register 013D1h 1 Per unit
DCO Calibration Tag 013D2h 1 03h
DCO Calibration Length 013D3h 1 04h
Calibrate DCO - for CSIRFCAL register 013D4h 1 Per unit
DCO Calibration -
Calibrate DCO - for CSIRTCAL register 013D5h 1 Per unit
Calibrate DCO - for CSERFCAL register 013D6h 1 Per unit
Calibrate DCO - for CSERTCAL register 013D7h 1 Per unit
SD24 Calibration Tag 013D8h 1 04h
SD24 Calibration Length 013D%h 1 02h
SD24 Calibration
Calibrate SD24 - for SD24TRIM register 013DAh 1 Per unit
Empty 013DBh 1 FFh
Tag Empty 013DCh 1 FEh
Empty Empty Length 013DDh 1 22h
Empty 013DEh 34 FFh
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9.13 Memory

< 9-16 lists the memory organization for the specified devices.

% 9-16. Memory Organization

MSP430i2040 MSP430i2041
MSP430i2030 MSP430i2031
MSP430i2020 MSP430i2021
Memory Size 16KB 32KB
Main: interrupt vector Flash OxFFFF to OXFFEO OxFFFF to OXFFEO
Main: code memory Flash OxFFFF to 0xC000 OxFFFF to 0x8000
Size 1KB 1KB
Information memory
Flash 0x13FFh to 0x1000 0x13FFh to 0x1000
Size 1KB 2KB
RAM
Address 0x05FF to 0x0200 0x09FF to 0x0200
16-bit 0x01FF to 0x0100 0x01FF to 0x0100
Peripherals 8-bit 0x00FF to 0x0010 0x00FF to 0x0010
8-bit SFR 0x000F to 0x0000 0x000F to 0x0000

9.13.1 Peripheral File Map

% 9-17 lists the peripherals that support word access, and 3 9-18 lists the peripherals that support byte access.

Peripherals that support both access types are listed in both tables.

2 9-17. Peripherals With Word Access

MODULE REGISTER DESCRIPTION ACRONYM ADDRESS
SYS JTAG disable register SYSJTAGDIS Ox01FE
Capture/compare register 2 TA1CCR2 0x0196
Capture/compare register 1 TA1CCR1 0x0194
Capture/compare register 0 TA1CCRO 0x0192
Timer_A register TA1R 0x0190
Timer TA1 Capture/compare control 2 TA1CCTL2 0x0186
Capture/compare control 1 TA1CCTLA1 0x0184
Capture/compare control 0 TA1CCTLO 0x0182
Timer_A control TA1CTL 0x0180
Timer_A interrupt vector TA1IV 0x011E
Capture/compare register 2 TAOCCR2 0x0176
Capture/compare register 1 TAOCCR1 0x0174
Capture/compare register 0 TAOCCRO 0x0172
Timer_A register TAOR 0x0170
Timer TAO Capture/compare control 2 TAOCCTL2 0x0166
Capture/compare control 1 TAOCCTLA1 0x0164
Capture/compare control 0 TAOCCTLO 0x0162
Timer_A control TAOCTL 0x0160
Timer_A interrupt vector TAOIV 0x012E
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3 9-17. Peripherals With Word Access (continued)

MODULE REGISTER DESCRIPTION ACRONYM ADDRESS
USCI_A control word 0 UCAOCTLWO 0x0140
USCI _A control word 1 UCAOCTLW1 0x0142
USCI_A baud rate 0 UCAOBRO 0x0146
USCI_A baud rate 1 UCAOBR1 0x0147
USCI_A modulation control UCAOMCTLW 0x0148
USCI_A status UCAOSTAT 0x014A
cUSCI A USCI_A receive buffer UCAORXBUF 0x014C
USCI_A transmit buffer UCAOTXBUF 0x014E
USCI_A LIN control UCAOABCTL 0x0150
USCI_A IrDA transmit control UCAOIRTCTL 0x0152
USCI_A IrDA receive control UCAOIRRCTL 0x0153
USCI_A interrupt enable UCAOIE 0x015A
USCI_A interrupt flags UCAOIFG 0x015C
USCI_A interrupt vector word UCAOIV 0x015E
USCI_B control word 0 UCBOCTLWO 0x01CO0
USCI_B control word 1 UCBOCTLW1 0x01C2
USCI_B bit rate 0 UCBOBRO 0x01C6
USCI_B bit rate 1 UCBOBR1 0x01C7
USCI_B status word UCBOSTATW 0x01C8
USCI_B byte counter threshold UCBOTBCNT 0x01CA
USCI_B receive buffer UCBORXBUF 0x01CC
USCI_B transmit buffer UCBOTXBUF 0x01CE
eUSCI_BO USCI_B 12C own address 0 UCBO0I2COA0 0x01D4
USCI_B 12C own address 1 UCBOI2COA1 0x01D6
USCI_B 12C own address 2 UCBO0I2COA2 0x01D8
USCI_B 12C own address 3 UCBO0I2COA3 0x01DA
USCI_B received address UCBOADDRX 0x01DC
USCI_B address mask UCBOADDMASK 0x01DE
USCI I12C slave address UCBO0I2CSA 0x01EO
USCI interrupt enable UCBOIE 0x01EA
USClI interrupt flags UCBOIFG 0x01EC
USCI interrupt vector word ucBolv 0x01EE
Sum extend SUMEXT 0x013E
Result high word RESHI 0x013C
Result low word RESLO 0x013A
Hardware Multiplier Second operand OoP2 0x0138
Multiply signed + accumulate/operand 1 MACS 0x0136
Multiply + accumulate/operand 1 MAC 0x0134
Multiply signed/operand 1 MPYS 0x0132
Multiply unsigned/operand 1 MPY 0x0130
Flash control 3 FCTL3 0x012C
Flash Memory Flash control 2 FCTL2 0x012A
Flash control 1 FCTL1 0x0128
Watchdog Timer Watchdog/timer control WDTCTL 0x0120

58 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: MSP430/12041 MSP43012040 MSP43012031 MSP43012030 MSP43012021 MSP43012020


https://www.ti.com.cn/product/cn/msp430i2041?qgpn=msp430i2041
https://www.ti.com.cn/product/cn/msp430i2040?qgpn=msp430i2040
https://www.ti.com.cn/product/cn/msp430i2031?qgpn=msp430i2031
https://www.ti.com.cn/product/cn/msp430i2030?qgpn=msp430i2030
https://www.ti.com.cn/product/cn/msp430i2021?qgpn=msp430i2021
https://www.ti.com.cn/product/cn/msp430i2020?qgpn=msp430i2020
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSI49C&partnum=MSP430I2041
https://www.ti.com.cn/product/cn/msp430i2041?qgpn=msp430i2041
https://www.ti.com.cn/product/cn/msp430i2040?qgpn=msp430i2040
https://www.ti.com.cn/product/cn/msp430i2031?qgpn=msp430i2031
https://www.ti.com.cn/product/cn/msp430i2030?qgpn=msp430i2030
https://www.ti.com.cn/product/cn/msp430i2021?qgpn=msp430i2021
https://www.ti.com.cn/product/cn/msp430i2020?qgpn=msp430i2020

13 TEXAS
INSTRUMENTS

www.ti.com.cn

MSP43012041, MSP43012040
MSP43012031, MSP43012030
MSP43012021, MSP43012020
ZHCSI49C - SEPTEMBER 2014 - REVISED MARCH 2021

3 9-17. Peripherals With Word Access (continued)

MODULE REGISTER DESCRIPTION ACRONYM ADDRESS

SD24 interrupt vector word register SD24IV 0x01F0
Channel 3 conversion memory(") (2) SD24MEM3 0x0116
Channel 2 conversion memory(?) SD24MEM2 0x0114
Channel 1 conversion memory SD24MEM1 0x0112

SD24 Channel 0 conversion memory SD24MEMO 0x0110

(also see % 9-18) Channel 3 control(") (2) SD24CCTL3 0x0108
Channel 2 control@ SD24CCTL2 0x0106
Channel 1 control SD24CCTLA1 0x0104
Channel 0 control SD24CCTLO 0x0102
General Control SD24CTL 0x0100

(1)  Not available on MSP430i2031 and MSP430i2030 devices.

(2) Not available on MSP430i2021 and MSP430i2020 devices.

% 9-18. Peripherals With Byte Access
MODULE REGISTER DESCRIPTION REGISTER NAME ADDRESS

SD24 trim SD24TRIM 0x00BF
Channel 3 preload(") (2 SD24PRE3 0x00BB
Channel 2 preload® SD24PRE2 0x00BA
Channel 1 preload SD24PRE1 0x00B9

(851?52043% % 917) Channel 0 preload SD24PREO 0x00B8
Channel 3 input control() () SD24INCTL3 0x00B3
Channel 2 input control® SD24INCTL2 0x00B2
Channel 1 input control SD24INCTL1 0x00B1
Channel 0 input control SD24INCTLO 0x00B0O
Reference calibration 1 REFCALA1 0x0063

PMM Reference calibration 0 REFCALO 0x0062
Voltage monitor control VMONCTL 0x0061
LPM4.5 control LPM45CTL 0x0060
Clock system external resistor temperature calibration CSERTCAL 0x0055
Clock system external resistor frequency calibration CSERFCAL 0x0054
Clock system internal resistor temperature calibration CSIRTCAL 0x0053

Clock System
Clock system internal resistor frequency calibration CSIRFCAL 0x0052
Clock system control 1 CSCTL1 0x0051
Clock system control 0 CSCTLO 0x0050
Port P2 interrupt flag P2IFG 0x002D
Port P2 interrupt enable P2IE 0x002B
Port P2 interrupt edge select P2IES 0x0029
Port P2 interrupt vector word P21V 0x002E

Port P2 Port P2 selection 1 P2SEL1 0x001D
Port P2 selection 0 P2SELO 0x001B
Port P2 direction P2DIR 0x0015
Port P2 output P20OUT 0x0013
Port P2 input P2IN 0x0011
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# 9-18. Peripherals With Byte Access (continued)

MODULE REGISTER DESCRIPTION REGISTER NAME ADDRESS

Port P1 interrupt flag P1IFG 0x002C
Port P1 interrupt enable P1IE 0x002A
Port P1 interrupt edge select P1IES 0x0028
Port P1 interrupt vector word P11V 0x001E

Port P1 Port P1 selection 1 P1SEL1 0x001C
Port P1 selection 0 P1SELO 0x001A
Port P1 direction P1DIR 0x0014
Port P1 output P10OUT 0x0012
Port P1 input P1IN 0x0010
SFR interrupt flag 1 IFG1 0x0002

Special Function
SFR interrupt enable 1 IE1 0x0000

(1) Not available on MSP430i2031 or MSP430i2030 devices.
(2) Not available on MSP430i2021 or MSP430i2020 devices.

9.14 Identification
9.14.1 Device Identification

The device type can be identified from the top-side marking on the device package. See the packaging
information page or the device errata sheets listed in 5 11.4 for help.

9.14.2 JTAG Identification

Programming through the JTAG interface, including reading and identifying the JTAG ID, is described in detail in
the MSP430 Programming With the JTAG Interface.
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10 Applications, Implementation, and Layout

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

The following resources provide application guidelines and best practices when designing with the MSP430i20xx
devices.

Implementation of a One- or Two-Phase Electronic Watt-Hour Meter Using MSP430i20xx application
report

This application report describes the implementation of a low-cost 1- or 2-phase electronic electricity meter that
uses the TI MSP430i20xx metering processor. This application report includes information on metrology software
and hardware procedures for this single-chip implementation.

Single-Phase and DC Embedded Metering Power Using MSP430i2040 application report

This application report describes an EVM that uses the MSP430i2040 microcontroller for embedded metering
(submetering). In this application, the electricity measuring device is embedded in the end application and gives
the user information about the voltage, current, and power consumption of the device. In addition, the EVM can
compensate for line resistance and EMI filter capacitance.

Single Phase and DC Embedded Metering (Server Power Monitor) reference design

This reference design implements a high-accuracy single-phase embedded meter using an MSP430 MCU. This
EVM has built-in support to measure AC voltage, current, active power, reactive power, apparent power,
frequency, power factor, voltage THD, current THD, fundamental voltage, fundamental current, fundamental
power and DC voltage, DC current, DC active power. It can detect the input voltage to work in DC or AC mode. It
can also compensate for the effects of the wire resistance and the EMI filter capacitance so that the reading of
voltage and power matches the reading of an external meter when EMI filter is connected to the input.

Three Output Smart Power Strip reference design

This reference design implements a high-accuracy single-phase embedded metering smart power strip using an
MSP430 MCU. This design supports measurement of AC voltage, current, active power, reactive power,
apparent power, frequency, and power factor with 3 sockets measured individually. Additional hardware is added
to provide futher development like relay control and wired or wireless communication.
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11 Device and Documentation Support
11.1 Getting Started and Next Steps

For more information on the MSP430™ family of devices and the tools and libraries that are available to help with
your development, visit the MSP430™ ultra-low-power sensing & measurement MCUs overview.

11.2 Device Nomenclature

To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all MSP
MCU devices. Each MSP MCU commercial family member has one of two prefixes: MSP or XMS. These
prefixes represent evolutionary stages of product development from engineering prototypes (XMS) through fully
qualified production devices (MSP).

XMS - Experimental device that is not necessarily representative of the final device's electrical specifications
MSP - Fully qualified production device

XMS devices are shipped against the following disclaimer:

"Developmental product is intended for internal evaluation purposes.”

MSP devices have been characterized fully, and the quality and reliability of the device have been demonstrated
fully. TI's standard warranty applies.

Predictions show that prototype devices (XMS) have a greater failure rate than the standard production devices.
Tl recommends that these devices not be used in any production system because their expected end-use failure
rate still is undefined. Only qualified production devices are to be used.

Tl device nomenclature also includes a suffix with the device family name. This suffix indicates the temperature
range, package type, and distribution format. & 11-1 provides a legend for reading the complete device name.

MSP 430 i 2 041 T PW R

Processor Family Tape and Reel
MCU Platform Packaging

Device Type Temperature Range

Series Feature Set

Processor Family MSP = Mixed-Signal Processor

XMS = Experimental Silicon
MCU Platform 430 = TI's MSP430 Microcontroller Platform
Device Type Specialized Application

i = Flash Industrial
Series 2 = Flash 2 series up to 16.384 MHz
Feature Set Various levels of integration within a series
Temperature Range T =-40°C to 105°C
Packaging http://www.ti.com/packaging
Tape and Reel T = Small Reel

R = Large Reel

No markings = Tube or tray

& 11-1. Device Nomenclature
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11.3 Tools and Software

All MSP microcontrollers are supported by a wide variety of software and hardware development tools. Tools are
available from Tl and various third parties. See them all at MSP430 ultra-low-power MCUs - Design &
development.

Design Kits and Evaluation Modules
32-pin target development board and MSP-FET programmer bundle for MSP430i2x MCUs

The MSP-FET430U32A is a stand-alone ZIF socket target board used to program and debug the MSP430 MCU
in-system through the JTAG interface or the Spy-Bi-Wire (2-wire JTAG) protocol.

MSP430 LaunchPad™ Value Line Development Kit

The MSP-EXP430G2 LaunchPad development kit is an easy-to-use microcontroller development board for the
low-power and low-cost MSP430G2x MCUs. It has on-board emulation for programming and debugging and
features a 14/20-pin DIP socket, on-board buttons and LEDs and BoosterPack plug-in module pinouts that
support a wide range of modules for added functionality such as wireless, displays, and more.

MSP430i2040 Submetering EVM

This embedded metering (sub-meter or e-meter) EVM is designed based on the MSP430i2040. The EVM can be
connected to the mains (or to DC) and the load directly. The EVM measures the electrical parameters of the load
and the result of measurement can be read from the UART port. This EVM provided with built-in power supply
and isolated serial connect to facilitate user quick start to the evaluation of the MSP430i2040 in embedded
metering application.

Software
MSP430Ware™ Software

MSP430Ware software is a collection of code examples, data sheets, and other design resources for all
MSP430 devices delivered in a convenient package. In addition to providing a complete collection of existing
MSP430 MCU design resources, MSP430Ware software also includes a high-level API called MSP Driver
Library. This library makes it easy to program MSP430 hardware. MSP430Ware software is available as a
component of CCS or as a stand-alone package.

MSP430i20xx Code Examples

C code examples are available for every MSP device that configures each of the integrated peripherals for
various application needs.

Floating Point Math Library for MSP430

Leveraging the intelligent peripherals of Tl devices, this floating point math library of scalar functions brings you
up to 26x better performance. Mathlib is easy to integrate into your designs. This library is free and is integrated
in both Code Composer Studio and IAR IDEs.

Fixed Point Math Library for MSP

The TI MSP IQmath and Qmath Libraries are a collection of highly optimized and high-precision mathematical
functions for C programmers to seamlessly port a floating-point algorithm into fixed-point code on MSP430 and
MSP432 devices. These routines are typically used in computationally intensive real-time applications where
optimal execution speed, high accuracy and ultra-low energy are critical. By using the IQmath and Qmath
libraries, it is possible to achieve execution speeds considerably faster and energy consumption considerably
lower than equivalent code written using floating-point math.
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Development Tools
Code Composer Studio™ Integrated Development Environment for MSP Microcontrollers

Code Composer Studio (CCS) integrated development environment (IDE) supports all MSP microcontroller
devices. CCS comprises a suite of embedded software utilities used to develop and debug embedded
applications. CCS includes an optimizing C/C++ compiler, source code editor, project build environment,
debugger, profiler, and many other features.

MSP Flasher - Command Line Programmer

MSP Flasher is an open-source shell-based interface for programming MSP microcontrollers through a FET
programmer or €eZ430 using JTAG or Spy-Bi-Wire (SBW) communication. MSP Flasher can download binary
files (.txt or .hex) directly to the MSP microcontroller without an IDE.

MSP MCU Programmer and Debugger

The MSP-FET is a powerful emulation development tool - often called a debug probe - which lets users
quickly begin application development on MSP low-power MCUs. Creating MCU software usually requires
downloading the resulting binary program to the MSP device for validation and debugging.

MSP-GANG Production Programmer

The MSP Gang Programmer is an MSP430 or MSP432 device programmer that can program up to eight
identical MSP430 or MSP432 flash or FRAM devices at the same time. The MSP Gang Programmer connects to
a host PC using a standard RS-232 or USB connection and provides flexible programming options that let the
user fully customize the process.

11.4 Documentation Support

The following documents describe the MSP430i20xx MCUs. Copies of these documents are available on the
Internet at www.ti.com.

Receiving Notification of Document Updates

To receive notification of documentation updates—including silicon errata—go to the product folder for your
device on ti.com (for example, MSP430i2041). In the upper right corner, click the "Alert me" button. This
registers you to receive a weekly digest of product information that has changed (if any). For change details,
check the revision history of any revised document.

Errata

MSP430i2041 Device Erratasheet

Describes the known exceptions to the functional specifications.
MSP430i2040 Device Erratasheet

Describes the known exceptions to the functional specifications.
MSP430i2031 Device Erratasheet

Describes the known exceptions to the functional specifications.
MSP430i2031 Device Erratasheet

Describes the known exceptions to the functional specifications.
MSP430i2021 Device Erratasheet

Describes the known exceptions to the functional specifications.
MSP430i2021 Device Erratasheet

Describes the known exceptions to the functional specifications.
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User's Guides

MSP430i2xx Family User's Guide

Detailed description of all modules and peripherals available in this device family.
MSP430™ Flash Device Bootloader (BSL) User's Guide

The MSP430 bootloader (BSL) lets users communicate with embedded memory in the MSP430 microcontroller
during the prototyping phase, final production, and in service. Both the programmable memory (flash memory)
and the data memory (RAM) can be modified as required. Do not confuse the bootloader with the bootstrap
loader programs found in some digital signal processors (DSPs) that automatically load program code (and data)
from external memory to the internal memory of the DSP.

MSP430 Programming With the JTAG Interface

This document describes the functions that are required to erase, program, and verify the memory module of the
MSP430 flash-based and FRAM-based microcontroller families using the JTAG communication port. In addition,
it describes how to program the JTAG access security fuse that is available on all MSP430 devices. This
document describes device access using both the standard 4-wire JTAG interface and the 2-wire JTAG
interface, which is also referred to as Spy-Bi-Wire (SBW).

MSP430 Hardware Tools User's Guide

This manual describes the hardware of the TI MSP-FET430 Flash Emulation Tool (FET). The FET is the
program development tool for the MSP430 ultra-low-power microcontroller. Both available interface types, the
parallel port interface and the USB interface, are described.

Application Reports
MSP430 32-kHz Crystal Oscillators

Selection of the correct crystal, correct load circuit, and proper board layout are important for a stable crystal
oscillator. This application report summarizes crystal oscillator function and explains the parameters to select the
correct crystal for MSP430 ultra-low-power operation. In addition, hints and examples for correct board layout
are given. The document also contains detailed information on the possible oscillator tests to ensure stable
oscillator operation in mass production.

MSP430 System-Level ESD Considerations

System-level ESD has become increasingly demanding with silicon technology scaling towards lower voltages
and the need for designing cost-effective and ultra-low-power components. This application report addresses
different ESD topics to help board designers and OEMs understand and design robust system-level designs.
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

MSP43012020TPW Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12020T
MSP43012020TPW.B Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12020T
MSP43012020TPWR Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12020T

MSP43012020TPWR.B Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12020T

MSP43012020TRHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12020T
AG (TOP SIDE)

MSP43012020TRHBR.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12020T

MSP43012020TRHBT Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12020T
AG (TOP SIDE)

MSP43012020TRHBT.B Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12020T

MSP43012021TPW Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12021T
MSP43012021TPW.B Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12021T
MSP43012021TPWR Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12021T

MSP43012021TPWR.B Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12021T

MSP43012021TRHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12021T
AG (TOP SIDE)

MSP43012021TRHBR.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12021T

MSP430I12021TRHBRG4 Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12021T

MSP43012021TRHBRG4.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12021T

MSP43012021TRHBT Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12021T
AG (TOP SIDE)

MSP43012021TRHBT.B Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12021T

MSP43012030TPW Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12030T
MSP43012030TPW.B Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12030T
MSP43012030TPWR Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12030T

MSP43012030TPWR.B Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12030T

MSP43012030TRHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12030T
AG (TOP SIDE)

MSP43012030TRHBR.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12030T

MSP43012030TRHBT Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12030T

AG (TOP SIDE)
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]

MSP43012030TRHBT.B Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12030T

MSP43012031TPW Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12031T

MSP430I12031TPW.B Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12031T

MSP43012031TPWR Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12031T

MSP430I12031TPWR.B Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12031T

MSP43012031TRHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12031T
AG (TOP SIDE)

MSP43012031TRHBR.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12031T

MSP43012031TRHBT Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12031T
AG (TOP SIDE)

MSP43012031TRHBT.B Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12031T

MSP43012040TPW Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12040T

MSP43012040TPW.B Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12040T

MSP43012040TPWR Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12040T

MSP43012040TPWR.B Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12040T

MSP43012040TRHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12040T
AG (TOP SIDE)

MSP430I12040TRHBR.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12040T

MSP43012040TRHBT Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12040T
AG (TOP SIDE)

MSP43012040TRHBT.B Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12040T

MSP43012041TPW Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12041T

MSP43012041TPW.B Active Production TSSOP (PW) | 28 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12041T

MSP43012041TPWR Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12041T

MSP43012041TPWR.B Active Production TSSOP (PW) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12041T

MSP43012041TRHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12041T
AG (TOP SIDE)

MSP43012041TRHBR.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12041T

MSP43012041TRHBT Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU | SELECTIVE Level-2-260C-1 YEAR -40 to 105 12041T
AG (TOP SIDE)

MSP43012041TRHBT.B Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 12041T

@ status: For more details on status, see our product life cycle.
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@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |_ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
IR T
& © o|( Bo W
el |
L & Diameter ' '
Cavity +| A0 |¢
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0 0 Sprocket Holes
| |
T T
Nt I )
A-—q-—4 t-—T--1
Q3 1 Q4 Q3 | User Direction of Feed
% A |
T T
=
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
MSP43012020TPWR TSSOP PW 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
MSP43012020TRHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
MSP430I12020TRHBT VQFN RHB 32 250 180.0 12.4 5.3 53 1.1 8.0 12.0 Q2
MSP430I12020TRHBT VQFN RHB 32 250 180.0 12.4 53 53 1.1 8.0 12.0 Q2
MSP43012021TPWR TSSOP PW 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
MSP43012021TRHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
MSP430I12021TRHBRG4 | VQFN RHB 32 3000 330.0 12.4 5.3 53 1.1 8.0 12.0 Q2
MSP430I12021TRHBT VQFN RHB 32 250 180.0 12.4 53 53 1.1 8.0 12.0 Q2
MSP430I12021TRHBT VQFN RHB 32 250 180.0 12.4 53 53 1.1 8.0 12.0 Q2
MSP43012030TPWR TSSOP PW 28 2000 330.0 16.4 6.9 10.2 18 12.0 | 16.0 Q1
MSP430I12030TRHBR VQFN RHB 32 3000 330.0 12.4 5.3 53 1.1 8.0 12.0 Q2
MSP430I12030TRHBT VQFN RHB 32 250 180.0 12.4 53 53 1.1 8.0 12.0 Q2
MSP43012031TPWR TSSOP PW 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
MSP430I12031TRHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
MSP430I12031TRHBT VQFN RHB 32 250 180.0 12.4 5.3 5.3 1.1 8.0 12.0 Q2
MSP430I12031TRHBT VQFN RHB 32 250 180.0 12.4 53 53 1.1 8.0 12.0 Q2
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Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

MSP43012040TPWR TSSOP PW 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
MSP430I12040TRHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
MSP43012040TRHBT VQFN RHB 32 250 180.0 12.4 5.3 5.3 11 8.0 12.0 Q2
MSP43012041TPWR TSSOP PW 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
MSP430I12041TRHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 1.1 8.0 12.0 Q2
MSP43012041TRHBT VQFN RHB 32 250 180.0 12.4 5.3 5.3 11 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

MSP43012020TPWR TSSOP PW 28 2000 350.0 350.0 43.0
MSP43012020TRHBR VQFN RHB 32 3000 346.0 346.0 33.0
MSP430I12020TRHBT VQFN RHB 32 250 210.0 185.0 35.0
MSP43012020TRHBT VQFN RHB 32 250 210.0 185.0 35.0
MSP43012021TPWR TSSOP PW 28 2000 367.0 367.0 38.0
MSP430I12021TRHBR VQFN RHB 32 3000 346.0 346.0 33.0

MSP43012021TRHBRG4 VQFN RHB 32 3000 367.0 367.0 35.0
MSP43012021TRHBT VQFN RHB 32 250 210.0 185.0 35.0
MSP430I12021TRHBT VQFN RHB 32 250 210.0 185.0 35.0
MSP43012030TPWR TSSOP PW 28 2000 350.0 350.0 43.0
MSP43012030TRHBR VQFN RHB 32 3000 346.0 346.0 33.0
MSP43012030TRHBT VQFN RHB 32 250 210.0 185.0 35.0
MSP43012031TPWR TSSOP PW 28 2000 350.0 350.0 43.0
MSP430I12031TRHBR VQFN RHB 32 3000 346.0 346.0 33.0
MSP430I12031TRHBT VQFN RHB 32 250 210.0 185.0 35.0
MSP43012031TRHBT VQFN RHB 32 250 210.0 185.0 35.0
MSP43012040TPWR TSSOP PW 28 2000 350.0 350.0 43.0
MSP43012040TRHBR VQFN RHB 32 3000 367.0 367.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

MSP43012040TRHBT VQFN RHB 32 250 210.0 185.0 35.0
MSP43012041TPWR TSSOP PW 28 2000 350.0 350.0 43.0
MSP43012041TRHBR VQFN RHB 32 3000 346.0 346.0 33.0
MSP43012041TRHBT VQFN RHB 32 250 210.0 185.0 35.0

Pack Materials-Page 4



i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 15-Aug-2025

TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

' 5
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
MSP43012020TPW PW TSSOP 28 50 530 10.2 3600 35
MSP43012020TPW.B PW TSSOP 28 50 530 10.2 3600 3.5
MSP43012021TPW PW TSSOP 28 50 530 10.2 3600 35
MSP43012021TPW.B PW TSSOP 28 50 530 10.2 3600 35
MSP43012030TPW PW TSSOP 28 50 530 10.2 3600 35
MSP43012030TPW.B PW TSSOP 28 50 530 10.2 3600 3.5
MSP43012031TPW PW TSSOP 28 50 530 10.2 3600 35
MSP43012031TPW.B PW TSSOP 28 50 530 10.2 3600 35
MSP43012040TPW PW TSSOP 28 50 530 10.2 3600 35
MSP43012040TPW.B PW TSSOP 28 50 530 10.2 3600 3.5
MSP43012041TPW PW TSSOP 28 50 530 10.2 3600 35
MSP43012041TPW.B PW TSSOP 28 50 530 10.2 3600 35
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MECHANICAL DATA

PW (R—PDSO—G28)

PLASTIC SMALL OUTLINE
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NOTES:

E.

A. Al linear dimensions are in millimeters.
B.

Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.
Falls within JEDEC MQO-153

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224745/A
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PACKAGE OUTLINE
RHB0032M VQFN - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

5.1
4.9
PIN 1 INDEX AREA

1 MAX g
g e e e e e e e B SEATING PLANE

S[oss[c]

0.05
o - (0.2) TYP
i - [12.140.1 —=| ‘ '
9 A 16
28x[0.5] UUUuUidugduy
= | 17
=) i -
r D) ‘ (-
2X D) 133 d SYMMm
Bl B T T a ¢
) | -
D) \ -
——P ‘ d 244{
nnnannnnl 1 teyes
PIN 11D 32 ! 25 0.2
(OPTIONAL) SYQM M 05 & @%’ﬂﬂ
32X 03 == 0.05|C

4223725/A 08/2017

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHB0032M VQFN - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

(02.1)

-2 8908800
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LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
0.07 MAX 0.07 MIN
ALL AROUND ‘« :J ALL AROUND
=), METAL =
|| T———__ SOLDER MASK
~__ SOLDER MASK ’ OPENING
EXPOSED OPENING POSED j_
METAL T METAL UNDER
NON SOLDER MASK SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED) DEFINED

SOLDER MASK DETAILS

4223725/A 08/2017

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHB0032M VQFN - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

80% PRINTED COVERAGE BY AREA
SCALE: 15X

4223725/A 08/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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