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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.
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& 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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- 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
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N - 9o 9§ o= S
22T xS x
EEEE2EELE
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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

K] 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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A1.0+ [T 3 | | 22
- | | _
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_ —
NC [L) 6 | :19k,
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NC [T 71 I 18]
I
NC [ 8 -————————————— 417
9 10 11 12 13 14 15 16
30
L 0 O u O W O X
w o oo o O 5 O
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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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