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3 Device Comparison

Table 3-1 summarizes the available family members.

Table 3-1. Device Comparison®®)

DEVICE F'('&S)H R(’g?" FRE(‘,?A?_E;\'CY BSL ESP430 110 PACKAGE
MSP430F427 32 1K 8 UART 1 14 PM 64
MSP430F425 16 512 8 UART 1 14 PM 64
MSP430F423 8 256 8 UART 1 14 PM 64

(1) For the most current package and ordering information, see the Package Option Addendum in 8, or see the Tl website at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

3.1

Related Products

For information about other devices in this family of products or related products, see the following links.

TI Microcontrollers Product Selection TI's low-power and-high performance MCUs, with wired and
wireless connectivity options, are optimized for a broad range of applications.

Products for MSP430 Ultra-Low-Power Microcontrollers One platform. One ecosystem. Endless
possibilities. Enabling the connected world with innovations in ultra-low-power
microcontrollers with advanced peripherals for precise sensing and measurement.

Products for MSP430F2x/4x Ultra-Low-Power Microcontrollers MSP430F2x/4x ~ microcontrollers
(MCUs) from the MSP ultra-low-power MCU series are general-purpose 16-bit
microcontrollers used for a wide range of applications including consumer electronics, data
logging applications, portable medical instruments, and low-power metering. MSP430F4x
MCUs feature an integrated LCD controller, while select MSP430F2x devices feature
extended temperature ranges.

Companion Products for MSP430FE427 Review products that are frequently purchased or used with
this product.

Reference Designs The Tl Designs Reference Design Library is a robust reference design library that
spans analog, embedded processor, and connectivity. Created by Tl experts to help you
jump start your system design, all Tl Designs include schematic or block diagrams, BOMs,
and design files to speed your time to market.
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4 Terminal Configuration and Functions

4.1 Pin Diagram

Figure 4-1 shows the pinout for the 64-pin PM package.
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NOTE: Tl recommends leaving all unused analog inputs open.
Figure 4-1. 64-Pin PM Package (Top View)
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4.2 Signal Descriptions

Table 4-1 describes the signals for all device variants

Table 4-1. Terminal Functions

SIGNAL NAME PIN NO. 110 DESCRIPTION
DvVCC 1 Digital supply voltage, positive terminal
11+ 2 I Current 1 positive analog input, internal connection to SD16 channel 0 A0+
11- 3 | Current 1 negative analog input, internal connection to SD16 channel 0 A0~
12+ 4 I Current 2 positive analog input, internal connection to SD16 channel 1 A0+
12— 5 | Current 2 negative analog input, internal connection to SD16 channel 1 A0-®
V1i+ 6 I Voltage 1 positive analog input, internal connection to SD16 channel 2 A0+
Vi- 7 I Voltage 1 negative analog input, internal connection to SD16 channel 2 A0O-(®
XIN 8 | Input port for crystal oscillator XT1. Standard or watch crystals can be connected.
XOUT 9 (@) Output terminal of crystal oscillator XT1
Vrer 10 e Input for an external reference voltage, internal reference voltage output (can be used as
mid-voltage)
General-purpose digital I/O
P2.2/STEO 11 110
Slave transmit enable for USARTO in SPI mode
SO 12 O LCD segment output O
S1 13 O LCD segment output 1
S2 14 O LCD segment output 2
S3 15 O LCD segment output 3
S4 16 O LCD segment output 4
S5 17 O LCD segment output 5
S6 18 O LCD segment output 6
S7 19 O LCD segment output 7
S8 20 O LCD segment output 8
S9 21 O LCD segment output 9
S10 22 O LCD segment output 10
S11 23 O LCD segment output 11
S12 24 O LCD segment output 12
S13 25 O LCD segment output 13
S14 26 O LCD segment output 14
S15 27 O LCD segment output 15
S16 28 O LCD segment output 16
S17 29 O LCD segment output 17
S18 30 O LCD segment output 18
S19 31 O LCD segment output 19
S20 32 O LCD segment output 20
S21 33 O LCD segment output 21
S22 34 O LCD segment output 22
S23 35 O LCD segment output 23
COMO 36 (@) Common output, COM0-COM3 are used for LCD backplanes.
COM1 37 (@) Common output, COM0-COM3 are used for LCD backplanes.
COM2 38 (@) Common output, COM0-COM3 are used for LCD backplanes.
COM3 39 (@) Common output, COM0-COM3 are used for LCD backplanes.
RO3 40 | Input port of fourth positive (lowest) analog LCD level (V5)
R13 41 | Input port of third most positive analog LCD level (V4 or V3)
R23 42 | Input port of second most positive analog LCD level (V2)

(1) TIrecommends open connection for all unused analog inputs.
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Table 4-1. Terminal Functions (continued)

SIGNAL NAME PIN NO. 110 DESCRIPTION
R33 43 (@) Output port of most positive analog LCD level (V1)
General-purpose digital 1/0
O o g P! M. o
LCD segment output 24
General-purpose digital 1/0
P2.0/TA2/S25 45 110 Timer_A Capture: CCI2A input, Compare: Out2 output
LCD segment output 25
General-purpose digital 1/0
P1.7/SOMI0/S26 46 110 Slave out/master in for USARTO in SPI mode
LCD segment output 26
General-purpose digital 1/0
P1.6/SIMO0/S27 a7 110 Slave in/master out for USARTO in SPI mode
LCD segment output 27
General-purpose digital 1/0
Timer_A and SD16 clock signal TACLK input
P1.5/TACLK/ACLK/S28 48 110
ACLK output (divided by 1, 2, 4, or 8)
LCD segment output 28
General-purpose digital 1/0
P1.4/S29 49 110
LCD segment output 29
General-purpose digital 1/0
P1.3/SVSOUT/S30 50 110 SVS: output of SVS comparator
LCD segment output 30
General-purpose digital 1/0
P1.2/TA1/S31 51 110 Timer_A, Capture: CCI1A, CCI1B input, Compare: Outl output
LCD segment output 31
General-purpose digital 1/0
Timer_A, Capture: CCIOB input. Note: TAO is only an input on this pin.
P1.1/TAO/MCLK 52 110
MCLK output
BSL receive
General-purpose digital I1/0
P1.0/TAO 53 1/0 Timer_A, Capture: CCIOA input, Compare: OutO output
BSL transmit
TDO/TDI 54 110 Test data output port, TDO/TDI data output or programming data input terminal
TDI/TCLK 55 | Test data input or test clock input. The device protection fuse is connected to TDI.
T™MS 56 | Test mode select. TMS is used as an input port for device programming and test.
TCK 57 | Test clock. TCK is the clock input port for device programming and test.
RST/NMI 58 | Reset input or nonmaskable interrupt input port
General-purpose digital 1/0
P2.5/URXDO 59 110
Receive data in for USARTO in UART mode
General-purpose digital 1/0
P2.4/UTXDO 60 1/0

Transmit data out for USARTO in UART mode

(2) LCD function selected automatically when applicable LCD module control bits are set, not with PXSEL bits.
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Table 4-1. Terminal Functions (continued)

SIGNAL NAME PIN NO. 110 DESCRIPTION
General-purpose digital I1/0
P2.3/SVSIN 61 lfe}
Analog input to brownout, supply voltage supervisor
AV. 62 Analog supply voltage, negative terminal. Supplies SD16, SVS, brownout, oscillator, and
Ss LCD resistive divider circuitry.
DVss 63 Digital supply voltage, negative terminal
AV 64 Analog supply voltage, positive terminal. Supplies SD16, SVS, brownout, oscillator, and
cc LCD resistive divider circuitry. Do not power up before DVCC.
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5 Specifications

5.1 Absolute Maximum Ratings®

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

MIN MAX UNIT
Voltage applied at V¢ to Vss -0.3 4.1 \%
Voltage applied to any pin® -0.3 Vee + 0.3 Y
Diode current at any device terminal +2 mA
Unprogrammed device -55 150
Storage temperature range, Tgg - °C
Programmed device -40 85

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

(2) All voltages referenced to Vss.The JTAG fuse-blow voltage, Vg, is allowed to exceed the absolute maximum rating. The voltage is
applied to the TDI/TCLK pin when blowing the JTAG fuse.

5.2 ESD Ratings

VALUE | UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +1000
V(Esb) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 @ +250

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

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

5.3 Recommended Operating Conditions

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

MIN NOM  MAX| UNIT
ESP430 and SD16 disabled 1.8 3.6
=1@
v Supply voltage during program ii\slgb?enc?bled’ PORON =17, ESP430 and SD16 2.0 3.6 v
ce execution® (AVce = DVee = V)
ESP430 or SD16 enabled or during programming of 27 36
flash memory ' ’
VSS Supply VOItage (AVSS = DVSS = Vss) 0 0 \
Ta Operating free-air temperature range -40 85| °C
LF selected, XTS_FLL=0 Watch crystal 32.768
furxty — LFXT1 crystal frequency® XT1 selected, XTS_FLL = 1 Ceramic resonator 450 8000 | kHz
XT1 selected, XTS_FLL =1 Crystal 1000 8000
Processor frequency (signal Vee =27V bC 8.4
fisystem) MCLK)® (also see Figure 5-1) Ve = 3.6 V DC 8.4 MHz
cc =S .

(1) TIrecommends powering AVcc and DV from the same source. A maximum difference of 0.3 V between AV¢c and DV can be
tolerated during power up and operation.

(2) The minimum operating supply voltage is defined according to the trip point where POR is going active by decreasing the supply
voltage. POR is going inactive when the supply voltage is raised above the minimum supply voltage plus the hysteresis of the SVS
circuitry.

(3) InLF mode, the LFXT1 oscillator requires a watch crystal.

(4) For frequencies above 8 MHz, MCLK is sourced by the built-in oscillator (DCO and FLL+).
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Frequency 4

6 MHz —

4.15 MHz —

fsysem — Maximum Processor Frequency — MHz

84MHz T~ — — — —

Supply voltage range
during program execution

Supply voltage range with
ESP430 or SD16 enabled and during
programming of the flash memory

|

27V

v

I
3V 36V

V¢ — Supply Voltage - V

Figure 5-1. Frequency vs Supply Voltage

5.4 Supply Current Into AV and DV Excluding External Current®
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER Ta Vee MIN  TYP MAX| UNIT
Active mode (AM)
| fmewr = frsmowi = foco) = 1 MHz, —40°C t0 85°C 3V 400 500 pA
(AM) fiacLky = 32768 Hz, XTS_FLL =0,
program executes in flash
Low-power mode O or 1 (LPMO or LPM1)©@
f =f =f =1 MHz
(MCLK) = I(smcLk) = I(bco) ) o °
liLPMmo) o = 32768 Hz, XTS, FLL =0, —40°C to 85°C 3V 130 150 pA
FN._8=FN_4=FN 3=FN_2=0
lipmzy  Low-power mode 2 (LPM2)@ —40°C to 85°C 3V 10 22| pA
—40°C 15 2.0
@ 25°C 1.6 2.1
lLPm3) Low-power mode 3 (LPM3) 60°C 3V 17 22 HA
85°C 2.0 35
—40°C 0.1 0.5
lupmay  Low-power mode 4 (LPM4)@ 25°C 3V 0.1 05| pA
85°C 0.8 2.5

(1) Allinputs are tied to 0 V or V. Outputs do not source or sink any current. The current consumption in LPM2, LPM3, and LPM4 are
measured with active Basic Timerl and LCD (ACLK selected). The current consumption of the ESP430CE1 and the SVS module are
specified in their respective sections. LPMx currents measured with WDT+ disabled. The currents are characterized with a KDS
Daishinku DT-38 (6 pF) crystal.

(2) Current consumption for brownout is included.

Current consumption of active mode versus system frequency:

liamy = lamy [1 MHZ] X f(system) [MHZ]

Current consumption of active mode versus supply voltage:

I(AM) = I(AM) [3 V] + 170 HA/V X (Vcc -3 V)
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5.5 Thermal Resistance Characteristics, PM Package (LQFP64)

PARAMETER VALUE UNIT
RO Junction-to-ambient thermal resistance, still air®) 55.7 °C/W
ROjcropy  Junction-to-case (top) thermal resistance ®) 16.7 °C/W
ROg Junction-to-board thermal resistance ® 27.1 °C/W
Yig Junction-to-board thermal characterization parameter 26.8 °C/W
Wit Junction-to-top thermal characterization parameter 0.8 °C/W

(1) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, High-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.

(2) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC-
standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

(3) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.

5.6 Schmitt-Trigger Inputs = Ports (P1 and P2), RST/NMI, JTAG (TCK, TMS,
TDI/TCLK,TDO/TDI)

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

PARAMETER Vce MIN MAX UNIT
Vir+ Positive-going input threshold voltage 3V 15 1.98 Y
Vi Negative-going input threshold voltage 3V 0.9 1.3 Y
Vhys Input voltage hysteresis (Vi7+ - Vit.) 3V 0.45 1 \Y

5.7 Inputs P1.x, P2.x, TAX

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

PARAMETER TEST CONDITIONS Vee MIN  MAX| UNIT

, ) i Port P1, P2: P1.x to P2.x, external trigger signal 15 cycle
tint) External interrupt timing for the interrupt fIag(l) 3V 50 s
tcapy ~ Timer_A capture timing TAX 3V 50 ns

f Timer_A clock frequency externally
(TAext)  applied to pin

fraing  Timer_A clock frequency SMCLK or ACLK signal selected 3V 10| MHz

TAXCLK, INCLK tgy = t) 3V 10| MHz

(1) The external signal sets the interrupt flag every time the minimum t;y parameters are met. It may be set even with trigger signals
shorter than t;y. Both the cycle and timing specifications must be met to ensure the flag is set. t;ny is measured in MCLK cycles.

5.8 Leakage Current = Ports (P1 and P2)®

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

PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT
likg(P1.%) Leakage current, Port P1.x Port 1: Vipy x) @ 3V 50| nA
likg(P2.x) Leakage current, Port P2.x Port 2: Vipp ) @ 3V 50| nA

(1) The leakage current is measured with Vgg or V¢ applied to the corresponding pins, unless otherwise noted.
(2) The port pin must be selected as input.
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5.9 Outputs = Ports (P1 and P2)
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce | MIN MAX UNIT
| =-15mAW 3V Ve —0.25 vV
VoH High-level output voltage Obi(max) 5 cc cc v
loH(max) = —6 MA@ 3V Vee - 0.6 Vee
| =1.5mA® 3V v Vs + 0.25
VoL Low-level output voltage Ol(max) . ss ss v
|OL(max) =6 mA( ) 3V Vss Vss + 0.6

(1) The maximum total current, lopmaxy and loLmax), for all outputs combined, should not exceed +12 mA to satisfy the maximum specified
voltage drop.

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

5.10 Output Frequency
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fexy) (Oluipft fzqui“;ﬁ - CL=20F, I =+1.5mA, Vec =3V DC 12| MHz
fiacuo P1.1/TAO/MCLK
fmeLor  pisTACLK/ACLK/S28 | CL T 20 PR Vee =3V 12| MHz
fsmcLk)

facik = frxs = fxma 40% 60%
P1.5/TACLK/ACLK/S28
! f =f =f 30% 70%
; Duty cycle of output CL=20pF, Vcc =3V ACLK ~ LPXT1 ~ LF
(Xde) frequency facik = fiexT1 50%
P1.1/TAO/MCLK, C, = 20 pF, Vec = 3V, 50% — 500 +
_ 50%
fMCLK = fDCOCLK 15 ns 15 ns
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5.11 Typical Characteristics — Ports P1 and P2

Figure 5-2 through Figure 5-5 show the typical output currents of Ports P1 and P2. One output loaded at a

Vo — Low-Level Output Voltage - V

Figure 5-2. Typical Low-Level Output Current vs
Low-Level Output Voltage

time.
30 i ‘ 50 ‘
V=22V Ve =3V
P2 T,=25°C P2.1 T,=25°C

T 25 — < o —
1 / 1 40 L
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V., — Low-Level Output Voltage - V
Figure 5-3. Typical Low-Level Output Current vs

Low-Level Output Voltage

High-Level Output Current — mA

low — Typical

20

U
N
(&)

|
Ve =22V
P2.
/
| T.=85C //
T,=25°C
0.0 0.5 1.0 15 2.0 25

Vo — High-Level Output Voltage - V
Figure 5-4. Typical High-Level Output Current vs
High-Level Output Voltage

low — Typical High-Level Output Current - mA

-10

///
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| |
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V., — High-Level Output Voltage - V
Figure 5-5. Typical High-Level Output Current vs

High-Level Output Voltage
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5.12 Wake-up Time From LPM3
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX|  UNIT
f=1MHz
tapma) Delay time f=2MHz Vee =3V 6 us
f=3 MHz
5.13 RAM
over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX UNIT
VRamh CPU halted® 16 %

(1) This parameter defines the minimum supply voltage when the data in program memory RAM remain unchanged. No program execution
should take place during this supply voltage condition.

5.14 LCD
over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(33) Voltage at R33 25 Vee +0.2 \Y
[V(33) = V(o3)] *
V(23 Voltage at R23 ) 213 + Vi)
Analog voltage Vee =3V v Vios]
(33) ~ V(3)] *
V13 Voltage at R13 13 + Vo3,
V(33) — V(03) Voltage at R33 to R03 25 Vce +0.2
l(Ro3) RO3 = Vg No load at all +20
_ segment and
l(r13) Input leakage R13 =Vcc /3 common lines, +20 nA
I(R23) R23 =2 % Ve /3 Vee =3V +20
V(sxx0) V(03) V(o3)— 0.1
V, V V(13y— 0.1
(Swxt) Segment line voltage Iisxy = —3 WA, Vec =3V (13) (13) \%
V(sxx2) V(23 V(23)— 0.1
V(SXXS) V(33) V(33) +0.1
5.15 USARTO®
over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
t) USARTO deglitch time Vce =3V, SYNC =0, UART mode 150 280 500 ns

(1) The signal applied to the USARTO receive signal/terminal (URXDO) should meet the timing requirements of t(t) to ensure that the URXS
flip-flop is set. The URXS flip-flop is set with negative pulses meeting the minimum-timing condition of t(z). The operating conditions to
set the flag must be met independently from this timing constraint. The deglitch circuitry is active only on negative transitions on the
URXDO line.
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5.16 POR, BOR®W
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
td(BOR) 2000 | us
. 0.7 x

Veestart dVcc/dt < 3 V/s (see Figure 5-6) Ve ) \Y
Vis_im) Brownout®@ dVcc/dt < 3 V/s (see Figure 5-6 through Figure 5-8) 1.71| VvV
Vhys@®_IT-) dVcc/dt < 3 V/s (see Figure 5-6) 70 130 180 mV
t Pulse duration needed at RST/NMI pin to accept 5 s
(reset) reset internally, Vec = 3 V H

(1) The current consumption of the brownout module is already included in the Icc current consumption data. The voltage level Vg 1) +
Vhysg_iT-) < 1.8 V.

(2) During power up, the CPU begins code execution following a period of tygor) after Vee = Vg 1)+ Viys@_im-)- The default FLL+ settings
must not be changed until Vcc 2 Veg(miny, where Veeminy is the minimum supply voltage for the desired operating frequency. See the
MSP430x4xx Family User's Guide for more information on the brownout and SVS circuit.

A
| | | |
Vcc___l_____J' _____ ! !
| | | |
| | | |
Vigse ) | | |
d_ - ___ _ N >N ______
Ve - ————— = <———+——-
| | | |
| | | |
VCC(sIarl) il it (O e L . @ T ——
[ | | [
| .
] ] ] ] »
| | | |
A | | | |
1 l
|
|
|
|
|
|
0 T >
| | | | |
b . R T
Figure 5-6. POR and BOR vs Supply Voltage
2 T Voo A «— t, ————
Ve =3V b — e e - - -
T)C/Eical Conditions 3V A A
1.5 L X X
> ey | |
| ’ I I
g 1 | |
2 I I
3 | [
> v oo L |
05 co(erop) o I
' J/ Lo Do
1 I I 1
1 I I 1
0 1 | | 1 [ .y
| | [ .
0.001 1 1000 —»—<€—1ns —»—€—1ns
t,. — Pulse Width - us t,, — Pulse Width - us

Figure 5-7. Vccwropy Level With a Rectangular Voltage Drop to Generate a POR/Brownout Signal
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Figure 5-8. Vccwrop) Level With a Triangular Voltage Drop to Generate a POR or BOR Signal
5.17 SVS (Supply Voltage Supervisor and Monitor)®
over recommended operating free-air temperature range (unless otherwise noted) (also see Figure 5-10)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
dVcc/dt > 30 V/ms (see Figure 5-9) 5 150
t(svsR) ps
dVcc/dt < 30 Vims 2000
ta(svson) SVS on, switch from VLD =0 to VLD # 0, Vcc =3V 20 150 us
tettle VLD # 0@ 12| s
V(svsstart) VLD # 0, Vcc/dt < 3 V/s (see Figure 5-9) 1.55 1.7 \Y
VLD =1 70 120 155 mV
Vec/dt < 3 Vs (see Figure 5-9) VLD = 2 o 14 V(svs_iT) V(svs_iT)
Vhys(SVS_IT—) x 0.004 x 0.008
Vcc(dt < 3 VIs (see Figure 5-9), external voltage VLD = 15 a4 10.4 mv
applied on P2.3
VLD =1 1.8 1.9 2.05
VLD =2 1.94 2.1 2.25
VLD =3 2.05 2.2 2.37
VLD =4 2.14 2.3 2.48
VLD =5 2.24 2.4 2.6
VLD =6 2.33 25 2.71
. VLD =7 2.46 2.65 2.86
Vcc/dt < 3 Vs (see Figure 5-9)
VLD =8 2.58 2.8 3
V(svs_iT-) \
VLD =9 2.69 29 3.13
VLD =10 2.83 3.05 3.29
VLD =11 2.94 3.2 3.42
VLD =12 3.11 3.35 3.610)
VLD =13 3.24 35 3.76®)
VLD = 14 343 370 3.99G)
Vcc/dt < 3 Vs (see Figure 5-9), external voltage _
applied on P2.3 VLD =15 11 1.2 1.3
lecsvs)® VLD #0,Vec=22Vor3V 10 15| pA
(1) The current consumption of the SVS module is not included in the Icc current consumption data.
(2) tsete is the settling time that the comparator o/p must have a stable level after VLD is switched from VLD # 0 to a different VLD value
between 2 and 15. The overdrive is assumed to be > 50 mV.
(3) The recommended operating voltage range is limited to 3.6 V.
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Figure 5-10. Vccaropy With a Rectangular Voltage Drop and a Triangular Voltage Drop to Generate an SVS
Signal
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5.18 DCO
over recommended operating free-air temperature range (unless otherwise noted) (also see Figure 5-11 through Figure 5-13)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
N(pcoy = 01Eh, FN_8 =FN_4=FN_3=FN_2=0,D =2,
fiococt) DCOPLUS = 0, fopyeta = 32.768 kHZ 3V 1 MHz
fioco = 2) FN_8=FN_4=FN_3=FN_2=0, DCOPLUS =1 3V 0.3 0.7 1.3| MHz
fioco = 27) FN_8=FN_4=FN_3=FN_2=0, DCOPLUS =1 3V 2.7 6.1 11.3| MHz
fioco = 2) FN_8=FN_4=FN_3=FN_2=1, DCOPLUS =1 3V 0.8 1.5 25| MHz
fioco = 27) FN_8=FN_4=FN_3=FN_2=1,DCOPLUS =1 3V 6.5 12.1 20| MHz
fioco = 2) FN_8=FN_4=0,FN_3=1,FN_2=x, DCOPLUS = 1 3V 1.3 2.2 35| MHz
fioco = 27) FN_8=FN_4=0,FN_3=1,FN_2=x, DCOPLUS = 1 3V 10.3 17.9 28.5| MHz
fioco = 2) FN_8=0,FN_4=1,FN_3=FN_2=x, DCOPLUS = 1 3V 2.1 3.4 52| MHz
fioco = 27) FN_8=0,FN_4=1,FN_3=FN_2=x, DCOPLUS = 1 3V 16 26.6 41| MHz
fioco = 2) FN_8=1,FN_4=1=FN_3=FN_2=x, DCOPLUS =1 3V 4.2 6.3 9.2| MHz
fioco = 27) FN_8=1,FN_4=1=FN_3=FN_2=x, DCOPLUS =1 3V 30 46 70| MHz
S Step size (ratio) between adjacent DCO taps: 1<TAP <20 1.06 111
n Sh = foco(rap n+1)foco(rap n) (See Figure 5-12 for taps 21 to 27) TAP = 27 1.07 1.17
Temperature drift, Npcoy = 01Eh, FN_8 = FN_4 = FN_3 = o
D FN_2=0, D = 2, DCOPLUS = 0 3V 02 03 -04] WC
Drift with V¢ variation, Nipcoy = 01Eh, FN_8 = FN_4 = FN_3 o
Dv =FN_2=0, D=2, DCOPLUS = 0 0 5 15| %V
fmco) fqnco;
f(DCO3\/) A f(DCOZO“C) A
\
\
\ ‘
10— — — — —-
\
\
\
\
\
\
I I I [
> I — I — [ e —
-40 -20 0 20 40 60 85
Voo - V T,-°C
Figure 5-11. DCO Frequency vs Supply Voltage Vcc and vs Ambient Temperature
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S, — Step-Size Ratio Between DCO Taps

/MY

1.06 —T—
Min
1
DCO Tap
Figure 5-12. DCO Tap Step Size
A
Legend
5 Tolerance at Tap 27
&)
a
e DCO Frequency
Adjusted by Bits
29 t0 25 in SCFI1 {N{DCO}}
Tolerance at Tap 2
Overlapping DCO Ranges:
Uninterrupted Frequency Range
FN_2=0 FN_2=1 FN_2=x FN_2=x FN_2=x
FN_3=0 FN_3=0 FN_3=1 FN_3=x FN_3=x
FN_4=0 FN_4=0 FN_4=0 FN_4=1 FN_4 =x
FN_8=0 FN_8=0 FN_8=0 FN_8=0 FN_8=1
Figure 5-13. Five Overlapping DCO Ranges Controlled by FN_x Bits
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5.19 Crystal Oscillator, LFXT1 Oscillator® @
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
OSCCAPx = 0h 0
c Integrated input capacitance OSCCAPx = 1h 3V 10 F
XN g putcap OSCCAPx = 2h 14 P
OSCCAPx = 3h 18
OSCCAPx = 0h 0
c Integrated output capacitance ® OSCCAPx = 1h 3V 10 F
xour Nted put cap OSCCAPx = 2h 14 P
OSCCAPx = 3h 18
V, V. 0.2 x V,
L Input levels at XIN®) 22V, 53 e Y
\ 3V 0.8 x Ve Vee

(1) The parasitic capacitance from the package and board may be estimated to be 2 pF. The effective load capacitor for the crystal is
(CxlN X CXOUT) / (C)(lN + CXOUT)' This is independent of XTS_FLL

(2) To improve EMI on the low-power LFXT1 oscillator, particularly in the LF mode (32 kHz), the following guidelines should be observed.
» Keep the trace between the device and the crystal as short as possible.

Design a good ground plane around the oscillator pins.

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

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

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

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

Do not route the XOUT line to the JTAG header to support the serial programming adapter as shown in other documentation. This

signal is no longer required for the serial programming adapter.

(3) TIrecommends external capacitance for precision real-time clock applications; OSCCAPx = Oh.

(4) Applies only when using an external logic-level clock source. XTS_FLL must be set. Not applicable when using a crystal or resonator.
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5.20 ESP430CEl, SD16 and ESP430 Power Supply and Operating Conditions
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
Analog suppl
AVee voltag% PPY | AVee = DVee, AVgs = DVsg = 0 V 2.7 36| V
SD16LP =0, GAIN(V): 1, GAIN(I1): 1, 12: off 2.0 2.6
;MCLK_:f4 MH/Z,4 GAIN(V): 1, GAIN(I1): 32, 12: off 2.4 3.3
Total digital and | SEISC MU 2 | GAIN(V): 1, GAIN(IL): 1, GAIN(I2): 1 27 36
analog supply | Sh 1y MIDON = 0
| current when = GAIN(V): 1, GAIN(I1): 32, GAIN(I2): 32 3y 3.4 4.9 A
m
ESP430CEL ESP430 and SD16LP = 1 GAIN(V): 1, GAIN(I1): 1, 12: off 15 21
SD16 active fucLk = 2 Mll|z - - - off
(avee + lovee) fZIDlL:= oo A GAIN(V): 1, GAIN(I1): 32, 12: 0 1.6 2.1
SD16REFON = 1, GAIN(V): 1, GAIN(I1): 1, GAIN(I2): 1 21 2.8
SD16VMIDON =0 | GAIN(V): 1, GAIN(I1): 32, GAIN(I2): 32 2.2 3.0
Ana|og Supply SD16LP = 0, GAIN: l, 2 650 950
current: 1 active | fo <=1 MHz, GAIN: 4, 8, 16 730 1100
SD16 channel SD160SR = 256
Ispi6 including internal GAIN: 32 3V 1050 1550 A
reference SD16LP =1, GAIN: 1 620 930
(ESP43O fSDlG = 0.5 MHz,
disabled) SD160SR = 256 GAIN: 32 700 1060
Mains frequenc
fMAlNS range q Yy 33 80 Hz
Analog front-end | SD16LP = 0 (low-power mode disabled) 1
fspie input clock MHz
frequency SD16LP = 1 (low-power mode enabled) 0.5
5.21 ESP430CE1, SD16 Input Range®
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
SD16GAINx = 1, SD16REFON = 1 +500
SD16GAINx = 2, SD16REFON = 1 +250
v Differential input voltage range for SD16GAINX = 4, SD1I6REFON = 1 +125 v
D specified performance®) SD16GAINx = 8, SD16REFON = 1 +62
SD16GAINx = 16, SD16REFON = 1 +31
SD16GAINx = 32, SD16REFON = 1 +15
. Input impedance fsp1s = 1 MHz, SD16GAINX = 1 .y 200 o
! (one input pin to AVss) fspis = 1 MHz, SD16GAINX = 32 75
Differential input impedance fsp1s = 1 MHz, SD16GAINX = 1 300 400
Zp 3V kQ
(IN+to IN-) fspis = 1 MHz, SD16GAINX = 32 100 150
\ Absolute input voltage range AVSSI AVcce \
) AVss —
Vic Common-mode input voltage range 1 AVcc \Y,

(1) All parameters pertain to each SD16 channel.
(2) The analog input range depends on the reference voltage applied to Vreg. If Vrer is sourced externally, the full-scale range is defined
by Vesgr+ = +(Vrer / 2) / GAIN and Vegsgr- = =(Vrer / 2) / GAIN. The analog input range should not exceed 80% of Vggr+ OF Vggg-.
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5.22 ESP430CEl, SD16 Performance
fspis = 1 MHz, SD160SRx = 256, SD16REFON = 1, over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
SD16GAINx = 1, signal amplitude = 500 mV 83.5 85
SD16GAINx = 2, signal amplitude = 250 mV 81.5 84
i -to-noi SD16GAINX = 4, signal amplitude = 125 mV = 76 795
SINAD S_lgnal_ to-noise + -9 p‘ fin = 50 Hz 3V dB
distortion ratio SD16GAINX = 8, signal amplitude = 62 mV or 100 Hz 73 765
SD16GAINx = 16, signal amplitude = 31 mV 69 73
SD16GAINx = 32, signal amplitude = 15 mV 62 69
SD16GAINx = 1 097 100 102
SD16GAINX = 2 190 196 2.02
. . SD16GAINx = 4 376 386 3.96
G Nominal gain 3V
SD16GAINx = 8 736 762 784
SD16GAINX = 16 1456 15.04 15.52
SD16GAINXx = 32 27.20 28.35 29.76
SD16GAINX = 1 +0.2
Eos Offset error 3V %FSR
SD16GAINX = 32 +1.5
Offset error SD16GAINx = 1 +4 +20 m
dEqs/dT temperature 3V pp o
coefficient SD16GAINX = 32 +20 100 | FSR°C
SD16GAINx = 1, Common-mode input signal: >90
Py Common-mode Vip =500 mV, fiy = 50 Hz or 100 Hz 3V dB
rejection ratio SD16GAINx = 32, Common-mode input signal: ~75
V|p =16 mV, fiy = 50 Hz or 100 Hz
AC power-supply _ _ _
AC PSRR rejection ratio SD16GAINX = 1, Vcc =3V 2100 mV, fycc = 50 Hz 3V >80 dB
XT Crosstalk 3V <-100 dB
5.23 ESP430CE1, SD16 Temperature Sensor®
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
TCsensor Sensor temperature coefficient 1.18 1.32 1.46 | mVvIK
Voftset,sensor Sensor offset voltage -100 100 mV
Temperature sensor voltage at Ty = 85°C 435 475 515
Vsensor Sensor output voltage(z) Temperature sensor voltage at Ty = 25°C 3V 355 395 435| mvV
Temperature sensor voltage at T = 0°C 320 360 400
(1) The following formula can be used to calculate the temperature sensor output voltage:
VSensor,typ = TCSensor (273 +_T [OC] ) + VOffset,gensor [mV]
(2) Results based on characterization or production test, N0 TCgensor OF Vostset.sensor-
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5.24 ESP430CE1, SD16 Built-in

Voltage Reference

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

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
VREF Internal reference voltage SD16REFON = 1, SD16VMIDON =0 3V 1.14 1.20 1.26 \%
IRer Reference supply current SD16REFON = 1, SD16VMIDON = 0 3V 175 260 HA
TC Temperature coefficient SD16REFON = 1, SD16VMIDON = 0™ 3V 20 50| ppm/K
Crer Vger load capacitance SD16REFON = 1 SD16VMIDON = 0® 100 nF
lLoaD VRerg) maximum load current SD16REFON = 0, SD16VMIDON =0 3V +200 nA

. SD16REFON =0 — 1, SD16VMIDON = 0,
ton Turnon time Crer = 100 nF 3V 5 ms
DC power supply rejection, SD16REFON = 1, SD16VMIDON = 0,

DCPSR \Vrer/AVee Vee =25V 103.6V 200 v

(1) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(-40°C to 85°C) / (85°C - (-40°C)).
(2) There is no capacitance required on Vggg. However, Tl recommends a capacitance of at least 100 nF to reduce any reference voltage

noise.

5.25 ESP430CE1l, SD16 Referen

ce Output Buffer

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
Vrerpup  Reference buffer output voltage SD16REFON = 1, SD16VMIDON = 1 3V 1.2 v
Reference supply and reference _ _
IREF,BUF output buffer quiescent current SD16REFON =1, SD16VMIDON =1 3V 385 600 A
CRreF(0) Required load capacitance on Vggr | SD1I6REFON = 1, SD16VMIDON = 1 470 nF
ILoAD,Max Maximum load current on Vrgg SD16REFON = 1, SD16VMIDON =1 3V +1 mA
Maximum voltage variation versus _
load current llLoapl =0 to 1 mA 3V -15 +15| mv
. SD16REFON =0 — 1, SD16VMIDON = 0,
ton Turnon time Crer = 100 nF 3V 100 us
5.26 ESP430CE1, SD16 External Reference Input
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
VREF() Input voltage SD16REFON = 0 3V 1.0 125 15| V
IREF() Input current SD16REFON =0 3V 50 nA
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5.27 ESP430CEL1, Active Energy Measurement Test Conditions and Accuracy®
Ta = 25°C, input conditions (unless otherwise noted): I = 6 A, lyax =n X lg =60 A, n = 10, Vy =230V, fyans = 50 Hz

PARAMETER TEST CONDITIONS Vce TYP| UNIT
=0.05x% g, V=Vy, PF=1.0 +0.17%
1=0.1%Igt0 Iyax, V=Vy, PF=1.0 +0.18%
1=0.1x1lg, V=V, PF=0.5lagging V1 SD16GAINX = 1, +0.19%

Maximum error@® || =0.2 x Ig to Iyax, V = Vy, PF = 0.5 lagging Isleil:;):};ﬁeAlgbi: L 3V +0.27%
1=0.1xlg, V=V, PF=0.8 leading R1=0Q,Rg=1240Q +0.15%
1=0.2 x Ig to Iyax, V = VN, PF = 0.8 leading +0.24%
1=0.2 x Ig to lyax, V = VN, PF = 0.25 lagging +0.38%

1)

facLk = 32768 Hz (watch crystal)

fMCLK =4.194 MHz (FLL+)

fSDlG = fMCLK /4 =1.049 MHz

Single-point calibration at | = 10 A and PF = 0.5 lagging
* Measurements according to IEC1036

(2) Measurements performed using complete hardware solution. Error shown contain temperature dependencies of all components
including the MSP430FE42x, crystal, and discrete components.

(3) 11 SD16GAIN x = 1 or 4: CT part number = T60404-E4624-X101 ( Vacuumschmelze)
11 SD16GAINX = 8: shunt part number = A-H2-R005-F1-K2-0.1 (Isabellenhitte Heusler GmbH KG)
11 SD16GAINX = 32: shunt part number = BVO-M-R0002-5.0 (Isabellenhiitte Heusler GmbH KG)

5.28 ESP430CEL1, Active Energy Measurement Test Conditions and Accuracy®
Ta = 25°C, input conditions (unless otherwise noted): Iz = 10 A, lyax =N X I =60 A, n =6, Vy =230 V, fyans = 50 Hz

PARAMETER TEST CONDITIONS Vce TYP| UNIT
1=0.05x%1g,V=VN, PF=1.0 +0.11%
1=0.1 % Ig t0 Iyax, V = Vi, PF = 1.0 +0.18%
1=0.1xlg, V = Vy, PF = 0.5 lagging V1 SD16GAINX = 1, +0.45%
Maximum error@® || =0.2 x I to Iyax, V = Vy, PF = 0.5 lagging Islei?:}glﬁ:g\bis: 32, 3V +0.33%
1=0.1 x Ig, V = Vy, PF = 0.8 leading Repunt = 0.2 MQ +0.10%
1=0.2 x Ig to Iyax, V = VN, PF = 0.8 leading +0.18%
1 =0.2 x Ig to Iyax, V = VN, PF = 0.25 lagging +0.51%

(€]

facLk = 32768 Hz (watch crystal)

fMCLK =4.194 MHz (FLL+)

fSDlG = fMCLK /4 =1.049 MHz

Single-point calibration at | = 10 A and PF = 0.5 lagging

Measurements according to IEC1036

(2) Measurements performed using complete hardware solution. Error shown contain temperature dependencies of all components
including the MSP430FE42x, crystal, and discrete components.

(3) 11 SD16GAIN x =1 or 4: CT part number = T60404-E4624-X101 ( Vacuumschmelze)
11 SD16GAINX = 8: shunt part number = A-H2-R005-F1-K2-0.1 (Isabellenhiitte Heusler GmbH KG)
11 SD16GAINX = 32: shunt part number = BVO-M-R0002-5.0 (Isabellenhiitte Heusler GmbH KG)
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Figure 5-15. Energy Measurement Test Circuitry (SD16GAINx = 8 or 32)
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5.29 ESP430CEL1l Typical Characteristics (11 SD16GAINx = 1)

Results corrected for typical phase error of CT used (-40°C to 25°C: -0.7°; 25°C to 85°C: +0.5°). See
Figure 5-14 for test circuitry: CT part number = T60404-E4624-X101 (Vacuumschmelze), R; = 0 Q,

Rg=12.40Q
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Figure 5-18. Measurement Error as Percentage of Reading (T5 = 85°C)
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5.30 ESP430CEL1l Typical Characteristics (I1 SD16GAINx = 4)

Results corrected for typical phase error of CT used (-40°C to 25°C: -0.7°; 25°C to 85°C: +0.5°). See
Figure 5-14 for test circuitry: CT part number = T60404-E4624-X101 (Vacuumschmelze), R; = 9.36 Q,

Rg=3.16 Q
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Figure 5-19. Measurement Error as Percentage of Reading Figure 5-20. Measurement Error as Percentage of Reading
Tp =25°C) Tp =-40°C)
1.00 1 ‘ 1
| fMAINS =50 Hz ‘
VLINE =230V ‘
0.75 !
1=\ \
i | v |
0.50 M |
0 25_ } PF = 0.8 lead }
o ' ‘ »‘ ’ 4 "\J
o~ -
S PF = NV . \
|‘5 0.00} ‘ \‘mm
i - N
-0.25 ‘ - ‘
| PF =0.5lag |
i | |
-0.50 i i
3 | |
-0.75 | |
\ [
I 0.03 60
_100 | ‘\ Ll L1l | Ll 11l L Ll Ll L L IIJ‘JH
0.01 0.10 1.00 10.00 100.00
) Line Current — A )
Figure 5-21. Measurement Error as Percentage of Reading (T = 85°C)
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5.31 ESP430CEL1l Typical Characteristics (I1 SD16GAINx = 8)
See Figure 5-15 for test circuitry: shunt part number = A-H2-R005-F1-K2-0.1 (Isabellenhitte Heusler

GmbH KG)
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Figure 5-22. Measurement Error as Percentage of Reading Figure 5-23. Measurement Error as Percentage of Reading
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Figure 5-24. Measurement Error as Percentage of Reading (T = 85°C)
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5.32 ESP430CEL1l Typical Characteristics (I1 SD16GAINx = 32)
See Figure 5-15 for test circuitry: shunt part number = BVO-M-R0002-5.0 (Isabellenhiitte Heusler GmbH

KG)
1.00 — T 1.00 ‘ T
| fmains =50 Hz ‘ | fwmains = 50 Hz |
VLUINE =230V | VUINE =230V ‘
0.75 - 0.75
PF = 0.5 lag } i }
h
0.50 f ; 0.50 ;
.
- Vi \ - \
0.25} \ . ‘ 0.25} | | ‘
NS Salt, v e~
I16 0.00 i 7/ \)G - 17,5 a0, i I‘5 0.00 ‘l ,_/V\?W‘"
5 - PF= WW i PF = \/\Afbé\'\?ﬂm
-0.25 | | -0.25 ‘ |
- | PF=08lead | i \ PF=08lead |
| |
-0.50 i i -0.50 } }
- | | - | |
-0.75}- } } -0.75|- | \
\ |
B 0.05 60 B 0.05 60
_100 | \\‘\IIII | Ll 1] L Ll LIl L III‘HH —100 1 ll‘lIIHI | L1l L Ll 11l L J\J\\H
0.01 0.10 1.00 10.00 100.00 0.01 0.10 1.00 10.00 100.00
. Line Current — A ) . Line Current — A )
Figure 5-25. Measurement Error as Percentage of Reading Figure 5-26. Measurement Error as Percentage of Reading
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Figure 5-27. Measurement Error as Percentage of Reading (T = 85°C)
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5.33 Flash Memory
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER CONDIIONS Vee MIN  TYP MAX| UNIT
Veepem Program and erase supply voltage 2.7 36| V
ERASE)
fera Flash timing generator frequency 257 476 | kHz
IpgMm Supply current from DV during program 27V,36V 3 5| mA
IERASE Supply current from DV¢¢ during erase 27V,36V 3 7| mA
tcpr Cumulative program time See M 27V,36V 10| ms
tomErase Cumulative mass erase time See @ 27V,36V 200 ms
Program and erase endurance 104 10° cycles
tRetention Data retention duration T;=25°C 100 years
tword Word or byte program time 35
tBlock, 0 Block program time for first byte or word 30
tBlock. 1-63 Block program time for each additional byte or word 21
: — See @ tr1G
tBlock, End Block program end-sequence wait time 6
tMass Erase Mass erase time 5297
tseg Erase Segment erase time 4819
(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 or byte write mode and block write mode.

(2) The mass erase duration generated by the flash timing generator is at least 11.1 ms ( = 5297 x (1 / ferg,max) = 5297 x (1 / 476 kHz)).
To achieve the required cumulative mass erase time, the mass erase operation of the flash controller can be repeated until this time is
met (a worst case minimum of 19 cycles is required).

(3) These values are hardwired into the state machine of the flash controller (trrg = 1 / ferg)-

5.34 JTAG Interface
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
frek TCK input frequency See D 22V 0 > MHz
3V 0 10
Rinternal Internal pullup resistance on TMS, TCK, TDI/TCLK | See @ 22V,3V 25 60 90| ko
(1) frck may be restricted to meet the timing requirements of the module selected.
(2) TMS, TDI/TCLK, and TCK pullup resistors are implemented in all versions.
5.35 JTAG Fuse®
over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
Veers) — Supply voltage during fuse-blow condition Tp =25°C 25 \%
Veg Voltage level on TDI/TCLK for fuse-blow 6 7 \%
Irg Supply current into TDI/TCLK during fuse blow 100 mA
teg Time to blow fuse 1 ms

(1) After the fuse is blown, no further access to the MSP430 JTAG/Test and emulation features is possible. The JTAG block is switched to
bypass mode.

Copyright © 2003-2016, Texas Instruments Incorporated Specifications 31
Submit Documentation Feedback

Product Folder Links: MSP430FE427 MSP430FE425 MSP430FE423


http://www.ti.com/product/msp430fe427?qgpn=msp430fe427
http://www.ti.com/product/msp430fe425?qgpn=msp430fe425
http://www.ti.com/product/msp430fe423?qgpn=msp430fe423
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=JAJS273D&partnum=MSP430FE427
http://www.ti.com/product/msp430fe427?qgpn=msp430fe427
http://www.ti.com/product/msp430fe425?qgpn=msp430fe425
http://www.ti.com/product/msp430fe423?qgpn=msp430fe423

MSP430FE427, MSP430FE425, MSP430FE423
JAJS273D —JULY 2003—REVISED NOVEMBER 2016

13 TEXAS
INSTRUMENTS

www.ti.com

6 Detailed Description

6.1 CPU
The MSP430 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 Figure 6-1).
Peripherals are connected to the CPU using data, address, and control buses. Peripherals can be
manged with all instructions.
| Program Counter | PC/RO
| Stack Pointer | SPIR1
| 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
Figure 6-1. CPU Registers
32 Detailed Description Copyright © 2003-2016, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP430FE427 MSP430FE425 MSP430FE423


http://www.ti.com/product/msp430fe427?qgpn=msp430fe427
http://www.ti.com/product/msp430fe425?qgpn=msp430fe425
http://www.ti.com/product/msp430fe423?qgpn=msp430fe423
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=JAJS273D&partnum=MSP430FE427
http://www.ti.com/product/msp430fe427?qgpn=msp430fe427
http://www.ti.com/product/msp430fe425?qgpn=msp430fe425
http://www.ti.com/product/msp430fe423?qgpn=msp430fe423

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430FE427, MSP430FE425, MSP430FE423
JAJS273D —JULY 2003—REVISED NOVEMBER 2016

6.2 Instruction Set

The instruction set consists of the original 51 instructions with three formats and seven address modes.
Each instruction can operate on word and byte data. Table 6-1 lists examples of the three types of
instruction formats; Table 6-2 lists the address modes.

Table 6-1. Instruction Word Formats

INSTRUCTION FORMAT EXAMPLE OPERATION
Dual operands, source and destination ADD R4,R5 R4 + R5 —» R5
Single operand, destination only CALL R8 PC—(TOS), R8 —-PC
Relative jump, unconditional or conditional INE Jump-on-equal bit = 0

Table 6-2. Address Mode Descriptions

ADDRESS MODE s® | p® SYNTAX EXAMPLE OPERATION
Register . o MOV Rs, Rd MOV R10, R11 R10 — R11
Indexed . o MOV X(Rn), Y(Rm) MOV 2(R5), 6(R6) M(2+R5)— M(6+R6)
Symbolic (PC relative) . o MOV EDE, TONI M(EDE) — M(TONI)
Absolute . o MOV & MEM, & TCDAT M(MEM) — M(TCDAT)
Indirect . MOV @Rn, Y(Rm) MOV @R10, Tab(R6) M(R10) — M(Tab+R6)
Indirect autoincrement . MOV @Rn+, Rm MOV @R10+, R11 l\él%lf)z:: S:{Cl)
Immediate . MOV #X, TONI MOV #45, TONI #45 — M(TONI)

(1) S =source, D = destination
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6.3 Operating Modes

The MSP430FE42x has one active mode and five software-selectable low-power modes of operation. An
interrupt event can wake up the device from any of the five low-power modes, service the request, and
restore back to the low-power mode on return from the interrupt program.

Software can configure the following operating modes:

Active mode (AM)

— All clocks are active.

Low-power mode 0 (LPMO)

— CPU is disabled.

— ACLK and SMCLK remain active, MCLK available to modules.
— FLL+ loop control remains active.

Low-power mode 1 (LPM1)

— CPU is disabled.

— ACLK and SMCLK remain active, MCLK available to modules.
— FLL+ loop control is disabled.

Low-power mode 2 (LPM2)

— CPU is disabled.

MCLK, FLL+ loop control, and DCOCLK are disabled.
— DC generator of the DCO remains enabled.

— ACLK remains active.

Low-power mode 3 (LPM3)

CPU is disabled.

— MCLK, FLL+ loop control, and DCOCLK are disabled.
— DC generator of the DCO is disabled.

— ACLK remains active.

Low-power mode 4 (LPM4)

— CPU is disabled.

— ACLK is disabled.

— MCLK, FLL+ loop control, and DCOCLK are disabled.
— DC generator of the DCO is disabled.

— Crystal oscillator is stopped.
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6.4 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. Table 6-3 lists
the interrupt sources, flags, and vectors.

Table 6-3. Interrupt Sources, Flags, and Vectors

WORD

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT ADDRESS PRIORITY
Power up
External reset
Watchdog WDTIF(S Reset OFFFEh 15, highest
KEYV
Flash memory
PC out of range®
, NMIIFG® (Non)maskable®
NMI oscillator fault
o OFIFG® (Non)maskable OFFFCh 14
Flash memory access violation ACCVIEG®@ (Non)maskable
MBCTL_OUTXIFG,
ESP430 MBCTL_|NX|FG(2)(4) Maskable OFFFAh 13
SD16CCTLx SD160OVIFG,
SD16 SD16CCTLX SD16IEG @@ Maskable OFFF8h 12
OFFF6h 11
Watchdog timer WDTIFG Maskable OFFF4h 10
USARTO receive URXIFGO Maskable OFFF2h 9
USARTO transmit UTXIFGO Maskable OFFFOh 8
OFFEEh 7
Timer_A3 TACCRO CCIFG® Maskable OFFECh 6
) TACCR1 and TACCR2
Timer_A3 CCIFGs, and TACTL TAIFG®@® Maskable OFFEAhQ 5
I/0 port P1 (8 flags) P1IFG.0 to P1IFG.7@® Maskable OFFESh 4
OFFES6h 3
OFFE4h 2
1/0 port P2 (8 flags) P2IFG.0 to P2IFG.7@® Maskable OFFE2h 1
Basic Timerl BTIFG Maskable OFFEOh 0, lowest

(1) Arresetis generated if the CPU tries to fetch instructions from within the module register memory address range (Oh—01FFh) or from
within unused address ranges (0600h—0BFFh).

(2) Multiple source flags

(3) (Non)maskable: the individual interrupt enable bit can disable an interrupt event, but the general interrupt enable cannot.
(4) Interrupt flags are in the module.
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6.5

Special Function Registers

Most interrupt and module-enable bits are collected in the lowest address space. Special-function register
bits not allocated to a functional purpose are not physically present in the device. This arrangement
provides simple software access.

Legend

'w

rw-0, rw-1
rw-(0), rw-(1)

Figure 6-2 shows the Interrupt Enable Register 1, and Table 6-4 describes the bit fields.

Bit can be read and written.

Bit can be read and written. It is reset or set by PUC.
Bit can be read and written. It is reset or set by POR.
SFR bit is not present in device.

Figure 6-2. Interrupt Enable Register 1 (Address = 00h)

7 6 5 4 3 2 1 0
UTXIEO URXIEO | ACCVIE | NMIE | | | OFE WDTIE
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0

Table 6-4. Interrupt Enable Register 1 Description
BIT FIELD TYPE RESET | DESCRIPTION
7 UTXIEO RW Oh USARTO: UART and SPI transmit interrupt enable
6 URXIEO RW Oh USARTO: UART and SPI receive interrupt enable
5 ACCVIE RW Oh Flash access violation interrupt enable
4 NMIIE RW Oh (Non)maskable interrupt enable
1 OFIE RW Oh Oscillator fault interrupt enable
0 |wome R On e e e s ey o0 et Actve

Figure 6-3 shows the Interrupt Enable Register 2, and Table 6-5 describes the bit fields.

Figure 6-3. Interrupt Enable Register 2 (Address = 01h)

7 6 5 4 3 2 1 0
BTIE |
rw-0
Table 6-5. Interrupt Enable Register 2 Description
BIT |FIELD TYPE RESET | DESCRIPTION
7 BTIE RW Oh Basic Timer1 interrupt enable
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Figure 6-4 shows the Interrupt Flag Register 1, and Table 6-6 describes the bit fields.

Figure 6-4. Interrupt Flag Register 1 (Address = 02h)

7 6 5 4 3 2 1 0
UTXIFGO URXIFGO | | NMIFG | | |  OFIFG | WDTIFG
rw-1 rw-0 rw-0 rw-1 rw-(0)

Table 6-6. Interrupt Flag Register 1 Description

BIT FIELD TYPE RESET DESCRIPTION
7 UTXIFGO RW 1h USARTO: UART and SPI transmit flag
6 URXIFGO RW Oh USARTO: UART and SPI receive flag
4 NMIIFG RW Oh Set by the RST/NMI pin
1 OFIFG RW 1h Flag set on oscillator fault.
Set on watchdog timer overflow (in watchdog mode) or security key violation.
0 WDTIFG RW oh Reset on V¢ power on or a reset condition at the RST/NMI pin in reset mode.
Figure 6-5 shows the Interrupt Flag Register 2, and Table 6-7 describes the bit fields.
Figure 6-5. Interrupt Flag Register 2 (Address = 03h)
7 6 5 4 3 2 1 0
BTIFG \ | \ | \
rw-0
Table 6-7. Interrupt Flag Register 2 Description
BIT FIELD TYPE RESET DESCRIPTION
7 BTIFG RW Oh Basic Timerl interrupt flag
Figure 6-6 shows the Module Enable Register 1, and Table 6-8 describes the bit fields.
Figure 6-6. Module Enable Register 1 (Address = 04h)
7 6 5 4 3 2 1 0
UTXEO URXEO
USPIEOQ
rw-0 rw-0
Table 6-8. Module Enable Register 1 Description
BIT FIELD TYPE RESET DESCRIPTION
7 UTXEO RW Oh USARTO: UART mode transmit enable
6 URXEO RW oh USARTO: UART mode receive enable
USPIEO USARTO: SPI mode transmit and receive enable
Module Enable Register 2 is not defined for the MSP430FE42x MCUSs.
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6.6 Memory Organization

Table 6-9 summarizes the memory map of the MSP430FE42x MCUs.

Table 6-9. Memory Organization

MSP430FE423 MSP430FE425 MSP430FE427
Memory Size 8KB 16KB 32KB
Interrupt vector Flash OFFFFh-OFFEOh OFFFFh-OFFEOh OFFFFh—-OFFEOh
Code memory Flash OFFFFh—-0E00ONh OFFFFh-0CO000h OFFFFh-08000h
Information memory Size 256 Byte 256 Byte 256 Byte
010FFh-01000h 010FFh-01000h 010FFh-01000h
Boot memory Size 1KB 1KB 1KB
OFFFh—0CO00h OFFFh—-0CO0h OFFFh-0CO00h
RAM Size 256 Byte 512 Byte 1KB
02FFh-0200h 03FFh-0200h 05FFh-0200h
Peripherals 16-bit 01FFh—0100h 01FFh-0100h 01FFh-0100h
8-bit OFFh-010h OFFh-010h OFFh-010h
8-bit SFR OFh-00h OFh-00h OFh-00h
6.7 Bootloader (BSL)
The MSP430 bootloader (BSL) enables users to program the flash memory or RAM using a UART serial
interface. Access to the MSP430 memory through the BSL is protected by user-defined password. For
complete description of the features of the BSL and its implementation, see MSP430 Programming WIth
the Bootloader (BSL).
BSL FUNCTION PM PACKAGE PINS
Data transmit 53-P1.0
Data receiver 52-P1l1
6.8 Flash Memory
The flash memory (see Figure 6-7) can be programmed using the JTAG port, the bootloader, 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 include:
* Flash memory has n segments of main memory and two segments of information memory (A and B) of
128 bytes each. Each segment in main memory is 512 bytes in size.
e Segments 0 to n may be erased in one step, or each segment may be individually erased.
e Segments A and B can be erased individually, or as a group with segments 0 to n. Segments A and B
are also called information memory.
 New devices may have some bytes programmed in the information memory (needed for test during
manufacturing). The user should perform an erase of the information memory before the first use.
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8KB 16KB 32KB

OFFFFh OFFFFh OFFFFh Segment 0
OFE0Oh OFEQOh OFEQoh | WWith Interrupt Vectors |
OFDFFh OFDFFh OFDFFh
Segment 1
OFCOOh OFCOOh OFCOOh | |
OFBFFh OFBFFh OFBFFh
Segment 2
OFAOOh OFAOOh OFAOOh [
OF9FFh OF9FFh OF9FFh
Main Memory
0E400n 0C400h 084000 | _ |
OE3FFh OC3FFh 083FFh
Segment n—1
0E200h 0C200h ©O8200h | _ |
OE1FFh OC1FFh 081FFh
Segment n
0E000Oh 0CO000h 08000h
010FFh 010FFh 010FFh
SegmentA
01080h 01080h oO1080h | | )
0107Fh 0107Fh 0107Fh Information Memory
Segment B
01000nh 01000h  01000h

Figure 6-7. Flash Memory Map

6.9 Peripherals

Peripherals are connected to the CPU through data, address, and control buses. Peripherals can be
managed using all instructions. For complete module descriptions, see the MSP430x4xx Family User's
Guide.

6.9.1 Oscillator and System Clock

The clock system is supported by the FLL+ module that includes support for a 32768-Hz watch crystal
oscillator, an internal digitally controlled oscillator (DCO), and a high-frequency crystal oscillator. The FLL+
clock module is designed to meet the requirements of both low system cost and low power consumption.
The FLL+ features digital frequency locked loop (FLL) hardware that, in conjunction with a digital
modulator, stabilizes the DCO frequency to a programmable multiple of the watch crystal frequency. The
internal DCO provides a fast turnon clock source and stabilizes in less than 6 ps. The FLL+ module
provides the following clock signals:

e Auxiliary clock (ACLK), sourced from a 32768-Hz watch crystal or a high-frequency crystal
e Main clock (MCLK), the system clock used by the CPU

e Sub-Main clock (SMCLK), the subsystem clock used by the peripheral modules
e ACLKI/n, the buffered output of ACLK, ACLK/2, ACLK/4, or ACLK/8

6.9.2 Brownout, Supply Voltage Supervisor (SVS)

The brownout circuit provides the proper internal reset signal to the device during power on and power off.
The SVS circuitry detects if the supply voltage drops below a user-selectable level and supports both
supply voltage supervision (the device is automatically reset) and supply voltage monitoring (the device is
not automatically reset).
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The CPU begins code execution after the brownout circuit releases the device reset. However, Ve may
not have ramped to Vccminy at that time. The user must ensure that the default FLL+ settings are not
changed until Ve reaches Veemin)- If desired, the SVS circuit can be used to determine when Ve
reaches Vec(min-

6.9.3 Digital I/O
Two I/O ports are implemented: ports P1 and P2 (only six P2 1/O signals are available on external pins).
» All individual I/O bits are independently programmabile.
* Any combination of input, output, and interrupt conditions is possible.
» Edge-selectable interrupt input capability for all the eight bits of ports P1 and P2.
» Read/write access to port-control registers is supported by all instructions.

NOTE
Six bits of port P2 (P2.0 to P2.5) are available on external pins, but all control and data bits
for port P2 are implemented.

6.9.4 Basic Timerl
The Basic Timerl has two independent 8-bit timers that can be cascaded to form a 16-bit timer/counter.
Both timers can be read and written by software. The Basic Timerl can be used to generate periodic
interrupts and clock for the LCD module.

6.9.5 LCD Drive
The LCD driver generates the segment and common signals required to drive an LCD display. The LCD
controller has dedicated data memory to hold segment drive information. Common and segment signals
are generated as defined by the mode. Static, 2-mux, 3-mux, and 4-mux LCDs are supported by this
peripheral.

6.9.6 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 configured as an interval timer and can generate
interrupts at selected time intervals.
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6.9.7 Timer_A3

Timer_A3 is a 16-bit timer and counter with three capture/compare registers. Timer_A3 can support
multiple capture/compares, PWM outputs, and interval timing (see Table 6-10). Timer_A3 also has
extensive interrupt capabilities. Interrupts may be generated from the counter on overflow conditions and
from each of the capture/compare registers.

Table 6-10. Timer_A3 Signal Connections

6.9.9

DEVICE INPUT MODULE INPUT MODULE OUTPUT OUTPUT PIN
INPUT PIN NUMBER SIGNAL NAME MODULE BLOCK SIGNAL NUMBER
48 - P1.5 TACLK TACLK
ACLK ACLK .
Timer NA
SMCLK SMCLK
48 - P1.5 TACLK INCLK
53-P1.0 TAO CCIOA 53-P1.0
52-P1.1 TAO CCIOB
CCRO TAO
DVss GND
DVcc Vee
51-P1.2 TAl CCI1A 51-P1.2
51-P1.2 TAl CCI1B
CCR1 TAl
DVss GND
DVcc Vee
45 - P2.0 TA2 CCI2A 45 - P2.0
ACLK (internal) CCl2B
CCR2 TA2
DVss GND
DVcc Vee
6.9.8 USARTO

The MSP430FE42x devices have one hardware universal synchronous/asynchronous receive transmit
(USARTO) peripheral module that is used for serial data communication. The USART supports
synchronous SPI (3- or 4-pin) and asynchronous UART communication protocols, using double-buffered
transmit and receive channels.

ESP430CE1

The ESP430CE1 module integrates a hardware multiplier, three independent 16-bit Sigma-Delta ADCs
(SD16) and an embedded signal processor (ESP430). The ESP430CE1 module measures 2- or 3-wire
single-phase energy and automatically calculates parameters which are made available to the MSP430
CPU. The module can be calibrated and initialized to accurately calculate energy, power factor, and other
values for a wide range of metering sensor configurations.

Copyright © 2003-2016, Texas Instruments Incorporated

Detailed Description 41

Submit Documentation Feedback
Product Folder Links: MSP430FE427 MSP430FE425 MSP430FE423


http://www.ti.com/product/msp430fe427?qgpn=msp430fe427
http://www.ti.com/product/msp430fe425?qgpn=msp430fe425
http://www.ti.com/product/msp430fe423?qgpn=msp430fe423
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=JAJS273D&partnum=MSP430FE427
http://www.ti.com/product/msp430fe427?qgpn=msp430fe427
http://www.ti.com/product/msp430fe425?qgpn=msp430fe425
http://www.ti.com/product/msp430fe423?qgpn=msp430fe423

I} TEXAS
MSPA430FE427, MSP430FE425, MSP430FE423 INSTRUMENTS
JAJS273D —JULY 2003—-REVISED NOVEMBER 2016 www.ti.com

6.9.10 Peripheral File Map
Table 6-11 and Table 6-12 list the peripheral registers with their addresses.

Table 6-11. Peripherals With Word Access

MODULE REGISTER NAME ACRONYM ADDRESS
Watchdog Watchdog timer control WDTCTL 0120h
TimerQ_A interrupt vector TAOIV 012Eh
Timer0_A control TACTLO 0160h
Capture/compare control 0 TACCTLO 0162h
Capture/compare control 1 TACCTL1 0164h
Capture/compare control 2 TACCTL2 0166h
Reserved 0168h
Reserved 016Ah
Reserved 016Ch
Timer_A3 Reserved 016Eh
Timer_A counter TAOR 0170h
Capture/compare 0 TACCRO 0172h
Capture/compare 1 TACCR1 0174h
Capture/compare 2 TACCR2 0176h
Reserved 0178h
Reserved 017Ah
Reserved 017Ch
Reserved 017Eh
Sum extend SUMEXT 013Eh
Result high word RESHI 013Ch
Result low word RESLO 013Ah
o Second operand OoP2 0138h
Hardware Multiplier® —
Multiply signed + accumulate/operand 1 MACS 0136h
Multiply + accumulate/operand 1 MAC 0134h
Multiply signed/operand 1 MPYS 0132h
Multiply unsigned/operand 1 MPY 0130h
Flash control 3 FCTL3 012Ch
Flash Flash control 2 FCTL2 012Ah
Flash control 1 FCTL1 0128h

(1) This module is contained within ESP430CEL1. Registers are not accessible when ESP430 is active. ESP430 must be disabled or
suspended to allow CPU access to these modules.
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Table 6-11. Peripherals With Word Access (continued)

MODULE REGISTER NAME ACRONYM ADDRESS
General control SD16CTL 0100h
Channel 0 control SD16CCTLO 0102h
Channel 1 control SD16CCTL1 0104h
Channel 2 control SD16CCTL2 0106h
Reserved 0108h
Reserved 010Ah
Reserved 010Ch
sp1e® Reserved 010Eh
(also see Table 6-12) Interrupt vector word SD16IV 0110h
Channel 0 conversion memory SD16MEMO 0112h
Channel 1 conversion memory SD16MEM1 0114h
Channel 2 conversion memory SD16MEM2 0116h
Reserved 0118h
Reserved 011Ah
Reserved 011Ch
Reserved 011Eh
ESP430 control ESPCTL 0150h
Mailbox control MBCTL 0152h
Mailbox in 0 MBINO 0154h
Mailbox in 1 MBIN1 0156h
ESP430 (ESP430CE1) Mailbox out O MBOUTO 0158h
Mailbox out 1 MBOUT1 015Ah
ESP430 return value 0 RETO 01COh
ESP430 return value 31 RET31 01FEh

Table 6-12. Peripherals With Byte Access

MODULE REGISTER NAME ACRONYM ADDRESS
Channel 0 input control SD16INCTLO 0BOh
Channel 1 input control SD16INCTL1 OB1h
Channel 2 input control SD16INCTL2 0B2h
Reserved 0B3h
Reserved 0B4h
Reserved 0B5h
Reserved 0B6h
sp16@W Reserved 0B7h
(also see Table 6-11) Channel 0 preload SD16PREO 0B8h
Channel 1 preload SD16PRE1 0B9h
Channel 2 preload SD16PRE2 OBAh
Reserved 0BBh
Reserved 0BCh
Reserved 0BDh
Reserved OBEh
Reserved OBFh

(1) This module is contained within ESP430CEL1. Registers are not accessible when ESP430 is active. ESP430 must be disabled or
suspended to allow CPU access to these modules.
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Table 6-12. Peripherals With Byte Access (continued)

MODULE REGISTER NAME ACRONYM ADDRESS

LCD memory 20 LCDM20 0A4h

LCD memory 16 LCDM16 0AOh

LCD LCD memory 15 LCDM15 09Fh

LCD memory 1 LCDM1 091h

LCD control and mode LCDCTL 090h

Transmit buffer UOTXBUF 077h

Receive buffer UORXBUF 076h

Baud rate 1 UOBR1 075h

USARTO Baud raFe 0 UOBRO 074h

Modulation control UOMCTL 073h

Receive control UORCTL 072h

Transmit control UOTCTL 071h

USART control UOCTL 070h

Brownout, SVS SVS control register SVSCTL 056h

FLL+ control 1 FLL _CTL1 054h

FLL+ control O FLL_CTLO 053h

FLL+ Clock System clock frequency control SCFQCTL 052h

System clock frequency integrator SCFI1 051h

System clock frequency integrator SCFIO 050h

BT counter 2 BTCNT2 047h

Basic Timerl BT counter 1 BTCNT1 046h

BT control BTCTL 040h

Port P2 selection P2SEL 02Eh

Port P2 interrupt enable P2IE 02Dh

Port P2 interrupt-edge select P2IES 02Ch

Port P2 Port P2 interrupt flag P2IFG 02Bh

Port P2 direction P2DIR 02Ah

Port P2 output P20UT 029h

Port P2 input P2IN 028h

Port P1 selection P1SEL 026h

Port P1 interrupt enable P1lIE 025h

Port P1 interrupt-edge select P1lIES 024h

Port P1 Port P1 interrupt flag P1lIFG 023h

Port P1 direction P1DIR 022h

Port P1 output P1OUT 021h

Port P1 input P1IN 020h

SFR module enable 2 ME2 005h

SFR module enable 1 ME1 004h

. . SFR interrupt flag 2 IFG2 003h
Special Functions -

SFR interrupt flag 1 IFG1 002h

SFR interrupt enable 2 IE2 001h

SFR interrupt enable 1 IE1 000h

44 Detailed Description Copyright © 2003-2016, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP430FE427 MSP430FE425 MSP430FE423


http://www.ti.com/product/msp430fe427?qgpn=msp430fe427
http://www.ti.com/product/msp430fe425?qgpn=msp430fe425
http://www.ti.com/product/msp430fe423?qgpn=msp430fe423
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=JAJS273D&partnum=MSP430FE427
http://www.ti.com/product/msp430fe427?qgpn=msp430fe427
http://www.ti.com/product/msp430fe425?qgpn=msp430fe425
http://www.ti.com/product/msp430fe423?qgpn=msp430fe423

13 TEXAS

INSTRUMENTS

www.ti.com

MSP430FE427, MSP430FE425, MSP430FE423

JAJS273D —JULY 2003—-REVISED NOVEMBER 2016

6.10

Input/Output Diagrams

6.10.1 Port P1 (P1.0 and P1.1) Input/Output With Schmitt Trigger

Figure 6-8 shows the port diagram. Table 6-13 summarizes the selection of the port function.

—_———
r | Pad Logic —:
'

I
||I i :
CAPD.x I I
P1SEL.x I_ ______________ i
: 0 I 0: Input I
P1DIRx _ | 1: Output I
Direction Control 15 } |
From Module 0 || & |
P10UTx I |

) °

Module X OUT o [ ' Bus [ I
| keeper |
| |

I
P1IN.x | :
| |
| |
| |

EN
Module X IN €— < D

— P1IEX
P1IRQ.x <—C

P1IFG.x

EN

Set

Interrupt
Edge
Select

A

P1IES.x P1SEL.x

NOTE: 0 < x < 1. Port function is active if CAPD.x = 0.
Figure 6-8. Port P1 (P1.0 and P1.1) Diagram

Table 6-13. Port P1 (P1.0 and P1.1) Pin Function

P1.0/TAO
P1.1/TAO/MCLK

DIRECTION
CONTROL MODULE X MODULE X
P1SEL.x PnDIR.x EROM P10OUT .x ouT P1IN.x IN P1IE.x P1IFG.x P1IES.x CAPD.x
MODULE
P1SEL.0 P1DIR.0 P1DIR.0 P1OUT.0 | Out0 Sig.® P1IN.O CCIOA®W P1IE.O P1IFG.0 P1IES.0 DVSS
P1SEL.1 P1DIR.1 P1DIR.1 P10OUT.1 MCLK P1IN.1 cclop® P1IE.1 P1IFG.1 P1IES.1 DVSS
(1) Timer_A3
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6.10.2 Port P1 (P1.2 to P1.7) Input/Output With Schmitt Trigger

Figure 6-9 shows the port diagram. Table 6-14 summarizes the selection of the port function.

r - - — — — — — —_ — T —l
L | Pad Logic
Port/LCD I |
Segment xx f Dlﬁ :
DVSS :_ |
P1SEL.x | 0: Input -:
P1DIR.x 0 _ ! 1: Output I
Direction Control 1 ! i ) |
From Module 0 || o |
P10UTX | |
] °
Module X OUT o [ ' Bus [ I
| keeper | P1.2/TA1/S31
| | P1.3/SVSOUT/S30
. | | P1.4/S29
P1IN.x < | I P1.5/TACLK/ACLK/S28
| . I P1.6/SIMO0/S27
EN = I P1.7/SOMI0/S26
|
Module X IN <l D - _!
L P1IE.x
P1IRQ.x EN - Interrupt
Q Edge
P1IFG.x 9
Set |-« Select

P1IES.x P1SEL.x
NOTE: 2 <x <7. Port function is active if Port/LCD = 0.

Figure 6-9. Port P1 (P1.2 to P1.7) Diagram

Table 6-14. Port P1 (P1.2 to P1.7) Pin Functions

DIRECTION
CONTROL MODULE X MODULE —
P1SEL.X | P1DIR.x e P10OUT.X o P1IN.X o P1IE.x P1IFGx | P1IESx | Port/LCD | SEGMENT
MODULE
P1SEL.2 | PI1DIR.2 P1DIR.2 P1OUT.2 | Outl Sig.® | P1IN.2 CCl1AT P1IE.2 PLIFG.2 | P1IES.2 0: LCDP s31
. X
P1SEL.3 | PIDIR.3 P1DIR.3 P1OUT.3 | SVSOUT P1IN.3 unused P1IE.3 PLIFG.3 | P1IES.3 < 05h, S30
P1SEL.4 | PIDIR.4 P1DIR.4 P10OUT.4 DVSS P1IN.4 unused P1IE.4 PLIFG.4 | P1IES.4 11>L851PX S29
P1SEL5 | PIDIR.5 P1DIR.5 P10OUT.5 ACLK P1IN.5 | TACLK® | P1IES5 P1IFG.5 | P1IES.5 N S28
P1SEL.6 | PIDIR.6 | DCM_SIMO | P1OUT.6 | SIMOO(0)® | P1IN.6 |SIMOO()® | P1IE.6 P1IFG.6 P1IES.6 | 0: LCDPx S27
< 04h,
P1SEL.7 | PIDIR.7 | DCM_SOMI | P1OUT.7 | SOMIO(0)® | P1IN.7 |SOMIO®M)®@ | P1IE.7 PLIFG.7 | P1IES.7 11>ng1px S26
(1) Timer_A3
(2) USARTO (also see Figure 6-10)

Direction Control for SIMO0 Direction Control for SOMI0

SYNC SYNC
MM DCM_SIMO MM DCM_SOMI
sTC sTC
STE STE

Figure 6-10. Direction Control for SIMOO and SOMIO
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6.10.3 Port P2 (P2.0 and P2.1) Input/Output With Schmitt Trigger

Figure 6-11 shows the port diagram. Table 6-15 summarizes the selection of the port function.

0: Port active
1: Segment xx function active —m——————————————

Port/LCD

Segment xx

!
|
2
P2SEL.x

P2DIR.x
Direction Control
From Module

P20UT.x
Module X OUT

2o |-
N /o

P2.0/TA2/S25
P2.1/UCLK0/S24

P2IN.x

EN

os]
c
[

ﬁ

Module X IN D |. B

«
<
— P2IE.x
P2IRQ.x ENpF Interrupt
Q Edge

P2IFG.x
Set Select

P2IES.x  P2SEL.x
NOTE: 0 < x < 1. Port function is active if Port/LCD = 0.

Figure 6-11. Port P2 (P2.0 and P2.1) Diagram

A

Table 6-15. Port P2 (P2.0 and P2.1) Pin Functions

DIRECTION
P2SELx | P2DIRx | CONTROL | pogyrx | MODULEX | ooy | MODULEX | poiex | P2IFG.x | P2IESx | Port/LCD | SEGMENT
FROM ouT IN
MODULE
P2SEL.0 | P2DIR.O P2DIR.0 P20UT.0 | Out2 Sig.® | P2IN.0 CCI2AW P2IE.0 | P2IFG.0 | P2IES.0 | 0: LCDPx S25
< 04h,
P2SEL.1 | P2DIR.1 | DCM_UCLK | P20UT.1 | UCLKO(0)@ | P2IN.1 | UCLKO@®® | P2IE.1 | P2IFG.1 | P2IES.1 11>Lgfhpx S24
(1) Timer_A3
(2) USARTO (also see Figure 6-12)
Direction Control for UCLKO
SYNC
MM -— DCM_UCLK
sSTC
STE
Figure 6-12. Direction Control for UCLKO
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6.10.4 Port P2 (P2.2 to P2.5) Input/Output With Schmitt Trigger

Figure 6-13 shows the port diagram. Table 6-16 summarizes the selection of the port function.

To Brownout/SVS for P2.3/SVSIN

—_————————ee
| Pad Logic -I
DVSS | |
DVSS f Dlﬁ :
CAPD.x LD_ |
P2SEL.x | o1 1
0 I . Input
P2DIR x _ i 1: Output |
Direction Control 10 T i ) |
From Module 0 | | o |
P20UTx | I
1 °
Module X OUT o [ ! Bus [ |
| keeper | P2.2/STEO
| | P2.3/SVSIN
| | P2.4/UTXDO
P2IN.x « | | P2.5/URXDO
= L] D |
|
Module X IN < D L _!
| P2IE.x
P2IRQ.x a EN - Interrupt
P2IFG.x Edge
Set |—« Select
P2IES.x P2SEL.x
NOTE: 2 <x < 5. Port function is active if CAPD.x =0
Figure 6-13. Port P2 (P2.2 to P2.5) Diagram
Table 6-16. Port P2 (P2.2 to P2.5) Pin Functions
DIRECTION
CONTROL MODULE X MODULE X
P2SEL x P2DIR X Ee P20UT x = P2IN.x N P2IE.x P2IFG.x P2IES.x CAPD.x
MODULE
P2SEL.2 P2DIR.2 DVSS P20UT.2 DVSS P2IN.2 STEO® P2IE.2 P2IFG.2 P2IES.2 DVSS
SVSCTL
P2SEL.3 P2DIR.3 P2DIR.3 P20UT.3 DVSS P2IN.3 Unused P2IE.3 P2IFG.3 P2IES.3 VLD =
1111b
P2SEL.4 P2DIR.4 DVCC P20UT.4 | UTXDO® P2IN.4 Unused P2IE.4 P2IFG.4 P2IES.4 DVSS
P2SEL.5 P2DIR.5 DVSS P20UT.5 DVSS P2IN.5 URXDO®W P2IE5 P2IFG.5 P2IES5 DVSS
(1) USARTO
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6.10.5 Port P2 (P2.6 and P2.7) Unbonded GPIOs

Unbonded GPIOs P2.6 and P2.7 can be used as interrupt flags. Only software can affect the interrupt
flags. They work as software interrupts.

Figure 6-14 shows the port diagram. Table 6-17 summarizes the selection of the port function.

P2SEL.x ®
0 0: Input
P2DIR.x 1: Output
Direction Control 1
From Module
0
P20UT.x
1
Module X OUT
P2IN.x ®
Node Is Reset With PUC
Module X IN d D |
|
%7 !
P2IRQ.X ( - P2IE.x — : JH_ PUC
ENF— | ... | l—————
Q Edge
P2IFG.x Set ] Select
Interrupt +
Flag P2IES.x
P2SEL.x
NOTE: x = Bit/identifier, 6 or 7 for Port P2 without external pins
Figure 6-14. Port P2 (P2.6 and P2.7) Diagram
Table 6-17. Port P2 (P2.6 and P2.7) Pin Functions
DIRECTION
CONTROL MODULE X MODULE X
P2SEL.x P2DIR.x FROM P20UT.x ouT P2IN.x IN P2IE.x P2IFG.x P2IES.x
MODULE
P2SEL.6 P2DIR.6 P2DIR.6 P20UT.6 DVSS P2IN.6 Unused P2IE.6 P2IFG.6 P2IES.6
P2SEL.7 P2DIR.7 P2DIR.7 P20UT.7 DVSS P2IN.7 Unused P2IE.7 P2IFG.7 P2IES.7

Copyright © 2003-2016, Texas Instruments Incorporated
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6.10.6 JTAG Pins TMS, TCK, TDI/TCLK, TDO/TDI, Input/Output With Schmitt-Trigger or Output
Figure 6-15 shows the port diagram.

TDO

oV
U

>
Controlled by JTAG

j Controlled by JTAG

|
|
|
|
|
|
| TAG R TDO/TDI  — —
| S e |
| Controlled DV |
| | byJTAG cc I
|
| | TDI :
| [ |
| | | |
| N |
||
| |< I Burn and Test :
| | Fuse |
| i . |
| : - ————— — — —— TDUTCLK - ——!
| Test | ________________DV_ _____ I
I and | cc |
l Emulation ! :
| Module | < |
l /| - ™S ———
| b |
I
| | : DVee |
l | | Tck | |
| F—H—<—e LT I ® < :
| : R S TCK ———
L -
| RST /NMI
< e I
Tau ~ 50 ns
D
Brownout G | U
S
D
TCK | U
{>° . ’—f
Figure 6-15. JTAG Pins Diagram
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6.10.7 JTAG Fuse Check Mode

MSP430 devices that have the fuse on the TDI/TCLK terminal have a fuse check mode that tests the
continuity of the fuse the first time the JTAG port is accessed after a power-on reset (POR). When
activated, a fuse check current (Irg) of 1.8 mA at 3 V can flow from the TDI/TCLK pin to ground if the fuse
is not burned. Care must be taken to avoid accidentally activating the fuse check mode and increasing
overall system power consumption.

Activation of the fuse check mode occurs with the first negative edge on the TMS pin after power up or if
the TMS is being held low during power up. The second positive edge on the TMS pin deactivates the
fuse check mode. After deactivation, the fuse check mode remains inactive until another POR occurs.
After each POR the fuse check mode has the potential to be activated.

The fuse check current flows only when the fuse check mode is active and the TMS pin is in a low state
(see Figure 6-16). Therefore, the additional current flow can be prevented by holding the TMS pin high
(default condition). The JTAG pins are terminated internally and therefore do not require external

termination.
Time TMS Goes Low After POR —*
TMS I_
lg —
lorew | | | | —m—————————————— —
Figure 6-16. Fuse Check Mode Current
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MSP 430

Processor Family

MCU Platform

Series

Feature Set

Device Type

F 5438 A | ZQW T -EP

Optional: Additional Features

Optional: Tape and Reel

Packaging

Optional: Temperature Range

Optional: A = Revision

Processor Family

CC = Embedded RF Radio
MSP = Mixed-Signal Processor
XMS = Experimental Silicon
PMS = Prototype Device

MCU Platform

430 = MSP430 low-power microcontroller platform

Device Type Memory Type Specialized Application
C =ROM AFE = Analog Front End
F = Flash BT = Preprogrammed with Bluetooth
FR = FRAM BQ = Contactless Power
G = Flash or FRAM (Value Line) CG = ROM Medical
L = No Nonvolatile Memory FE = Flash Energy Meter
FG = Flash Medical
FW = Flash Electronic Flow Meter
Series 1 Series = Up to 8 MHz 5 Series = Up to 25 MHz

2 Series = Up to 16 MHz
3 Series = Legacy
4 Series = Up to 16 MHz with LCD

6 Series = Up to 25 MHz with LCD
0 = Low-Voltage Series

Feature Set

Various Levels of Integration Within a Series

Optional: A = Revision

N/A

Optional: Temperature Range

§=0°Cto50°C
C=0°Cto70°C

I =-40°C to 85°C
T =-40°C to 105°C

Packaging

http://www.ti.com/packaging

Optional: Tape and Reel

T = Small Reel
R = Large Reel
No Markings = Tube or Tray

Optional: Additional Features

-EP = Enhanced Product (—40°C to 105°C)
-HT = Extreme Temperature Parts (-55°C to 150°C)
-Q1 = Automotive Q100 Qualified

NOTE: ZORE, FIf rTREZRMEREL A7 L al D5 RIRVANTIFRL | GADNT2T NAAEL T 7O TINSDOREREL AT

LarOTRCRHATELZEERTHOTHLHYEE A,

71 TNAADEBRE - REOZ:AH
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MSP430FE42x~ A/ na ha—J(lX0 PR =7 Ny VRO — T4 & 7-URUES, FIH T REZek
BEDFEMIZ DUV CIE, TMSP430 A/Code Composer Studio =—#— 7 7RISR TEE0,

R7-1.N—F9z7DOHEE

MSP4307 —%77F % | 4%RITAG | 26ITAG (/Ng B sy s | REES—rY ”/_7%7’ d
MSP430 o X 3 x Ja—3\)b X X
N RSB
AL’ DH—4 S NBFE AR —REMSP-FET 1/ o~ M /KL MSP430F1x. MSP430F2x. MSP430F4x

MCU
MSP-FET430U64 X, i /1727 Ty 232l —i 30—/ C, MSP430 MCU [AiFD7T 7Y
r—ar B AT SIS DT DICh B N— Ry =7 LY TRy =7 PWEENTWET, 2o
(ZiE, ZIFY 7o b =4 ke IR—R (MSP-TS430PM64) LUSBF /X 7« AL B —T = A A(MSP-
FET)3 & FALTEY, ITAGA X —T = A A FITE U AHIJE T X 5Spy-Bi-Wire (2#:NDITAG)
Fahac LD, A2 VAT ATOMSPAIOD T 07 T LET Ny I TEET, 7Ty a4
VN, HEOF—HIEICID B THERLIOT /T ATEET, £/, MSP4300D 7 Tv i =
TR EE DI IR0 AT EIRIT A E T,

ANEYS

MSP430x41x, MSP430F42xDH 7 v -a—K  C Ho 7L -a—RiE FOT7 7V r—rar TEMATLEN
ZNDORNT eI NERELET, Fod NTD MSP 7 A AT TEET,

HERBERY YT Y7 =T T477) MSP430 MCU THERBRY Y THIEL A NI 572000, ED
CIA7FVTH, MSP430 MCU /N— a2 DT 7 ZVI2IE, ROBLVRCH XaEte, V<D0
WA AL FHRIEOREREEN TOET,

MSPWareY7hy=x7  MSPWareY 7y =7 X, T XTOMSPT "AAHDY T ) ea—R 57— —h &
DADOFEFH Y — 2% LODEF|78/ S r — P L L TEED LD TY, BEAFOMSPRR G —AD
SERRAL TV AINZ T, MSPWareY 7 by = 7 IZIZMSPR I A /3 « 74 7 ) LI E A L~ L
DAPIHEFENTWET, ZOTAT7IVNLEY MSPAN—RY =T A LT 0/ T A TEET,
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Code Composer Studio™: MSP~AZ7u=ha—7 FHOFAB%ER Code Composer Studio (CCS)i,
FTRTOMSPvArray fa—7 7 /A 2% WK — 5t & A R (IDE) T, CCSI, A
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MSPWareY7ry=7  MSPWareY 7 =7 1L, T XTOMSPT NAAH DY TV ea—R 7 —Z—h %
DIDFEEI Y —R% | 1ODER) /S r =P LU TEED b DO TT, BEFOMSPERET)Y —AD
SERIRAL YL a Nz T, MSPWareY 7 ko = TIZIEMSPR 7 A /3« F A4 7 ZY LI Z A L~ L
DAPILEFNTWET, ZOTA T TVIZED MSPAN—RY =T &l HIC T n/ T A TEET,
M%PivggreY7F?:TﬂiCCS@:{‘/ﬂ‘i’~Z‘~‘/]\&LT\ FINIAF R TRy D/ =L CATF

aw U RIA-Fur~ MSP Flasher (%, FET'v/ 7<%/ 2430 ##H L., JTAG F721% Spy-Bi-Wire
(SBW) MISZFLHLT MSP ~A(/uarbn—5%7 07T Ly 51D, A —7 /= ATy =
N e R—ADA L Z—T A ATH, MSP Flasher (%, IDE Z{f 12T Y- 771 (txt Fiz
I% .hex) & MSP ~A7na b —I ~NEEA T m—RTEET,

MSP MCUZ' 7 <L U7 /"y MSP-FETIZTR /e t3al —La BIREY — /LT, Z<OERITT 7 -
Ta—7 LRI ET, 21— — IOV — LA LT, MSPOIRIHE & IMCUD T 7 r—
Tar iR ETCICHDHIE B TEET, MCUDY 7 =7 2B+ A A1l i | fS e L TH
NI ATV T 0T T LEMSPT NARIL T a— R MRGEEET Sy T ZATOER DD E T,

MSP-GANG&E#~7'r2/ 7~ MSP Gang 717 7~(% MSP430 %7213 MSP432 HIDOT /NA A7 0/7~T, 8
DFETONR—D MSP430 ik MSP432 D77y aFl-id FRAM T /A A% R 07T A
T&FEJ, MSP Gang 71/ 7%, 0 RS-232 F/-id USB 54 L TRANPC thefi
L“T ifké;jmi?i‘/ﬁ‘-z“7°~‘/a‘/7ﬁi‘ﬂﬂf=iénf WA =P — I 7 0 RAE BRI AL~ A
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R A NEHOEMEZ, LV DERED SO TRTIRDIZIE, ti.comTEENDT NSAADIEL T 4L 4~
BEILET @A T AT <OV 72O TE, 7.52Z U TLIZEW), A EOMICHD HBAmAEZIT RS A E
VI LUET, 2SI TOREM T O, B SN EROMEL RS TRAZ LN TEET, £HD
TV T B IESNIZRF 2 AV MIE EN CODHWETEEAZ D BLEE,

A

[MSP430FE427 7 NARIEFRRK ] ZOT NARZBIF LI DFIVE Va Al o0 T, #ReARIZ B35 8E4
OFINPFRE SN TONET,

[MSP430FE4257 NARIERREK] ZDT NARZBIFHI YA DFIETa Al o0 T, BEReARIZEE 3 5B
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[MSP430FE423F NARIEERE ] ZOT /RARIBITEHIVar DOFIE Va2 AW T, BERE(LREIZ B DR &0
OB BFEE I TONET,
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[MSP430x4xx 7 7Y « =W — FTAR ] ZDOFT AR T 7IV TR A FRER T R TOEY 22— /L&Y T7 =TT
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TMSP430fiCode Composer Studio v6.1 =—%#— (K] Zd~==7 L%, TI Code Composer Studio
IDE v6.1 (CCS v6.1)ZMSPA30BIKIHE E )~ A7z ~ha—ZCffi 32 5 1EIC OV THERLL
TWET, ZO~==7/1FCode Composer Studio IDE?® Windows®/ S\ — g DAzt L%
T, LInux® =22 ONFIXZIEFRC THH20, BIOHEHITHVEE A,

MSP430HIAR Embedded Workbench/N— 523+ 22— —- AR ] ZD~==7/1i%, IAR Embedded
Worlfibg_nch (EW430)2MSPA430B KN E B S~ A7 uar ha—T T 32 55OV THERLL
TWET,

[ITAGA L #—T7 x A RZLBMSPA30D T 0 T3] ZORF2ARTIE, JITAGIEE AR —Mfli L C
MSP430007 73 2+ N—AB L UFRAMAN—AD A 70 b —F - 773D AEY -V 2—/b
EIHE, 7T N BEES DICDICUEREREIC OV TRERLL TV ES, SbIT, 9N To
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L CWET, ZORFa A M FEOAHRAITAGA » Z—7 = A AL2RAITAGA L F—7 = A
ADW G EAEAL CT SARLT 7 EAT D IEDPFRSITONET, 2B AITAGA L Z—T = A A
IZSpy-Bi-Wire (SBW)EHFHE N E T,

TMSP430/N—R7 =7 «V—)L aa—HF— HAR] ZO~==27/2}%. TI MSP-FET4307 vy 2+ T3al—33
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KRR OT-OBETT, ZOT TV —rar LR —hCi, Kb FIRa OBEEEIZ DUV TELY
L. MSP430D B K H 2 & 1B E O )72 K d % BRI T D7D D /8T A—ZZ DWW TR L &
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[MSP430 3 AT L-L~YLESDOEEFIE] Var 77 /a0 BNET£TREBEFEL, 2 ANIRICENIESR
(CAHBE B DR R — R MG D B E E o TOKIZ DL, Y AT L L~ULESD
DERIZFET ET w2 OHVET, ZOT 7V r—ar - LAR—hCIE, B FE LOEM
ﬁﬁgéi?iﬁ“/x?b-I//\“/W)*?*)“%‘/%fiﬁ’ibﬁﬁﬁjr’(‘%éii D AR HESDRE Y 7 {2 DWW THR
WET,

[MSP430&t7 A PLCDZE AT 2%t B AVMEMET A A7 L A(LCD)IL, A~ —h A—20bERMT =
N7 < T)UESL) RIS £ COIRFIRT 7V r—ar T 2—F—ITEREIR R 5720 4
LN ET, MSP430™~ (J = b —T - 77V D HPICE, AKFE S OLCDR 74/ (A 2 ik
L.MSP430 MCUTtEZ A /MCDH I AZEEHIH TEOLDLHVET, ZOT7 7V r—ar -
J—MNILL T O A OB A% f#k L QO ET, £7 A RLCDOEIE, MSP430 MCU~” 73
NZHBITHEFELCDEY 22— /L Ok % 72888 LCD/N—R Y =7 2L AT TR 527 BTl
RFWVLCDR T A/ Ty =T DESTTDOITAR | T3 ZBHRITKIL O, bRk 4 72LCDIEREZ & A
72MSP4307 /S A ADBLEL T A~ DREEE,

IMSP430D7 T3 2+ 7 —FDRFFFTHONT]  IRIKWEEL T A D~ THHMSPA30~ (/= ha—F -
773N, FHABOEAAEY(ROM)N—RAIB LT Ty a s R=RFH DT A APRBIET,
MSP4307 7 vy 2z B35 Z 813, FhRAY TR A MO TEHV AT LAt 201
THEHETT, 7 —FORFFL, 7Ty aDEEMEO R LR DLOTT, ZOT 7V r—ar .
;Ln‘f—lgﬁi\ MSP4307 7 v 2D 7 —ZRFFHT OV TR SR F S, IR OB R R LS

TWET,

[3V MSP430&5VEIEEED A7 —T A R]  3VOMSP430x1xxF L OMSP430x4xx~ A7 ha—7 - 7 73
V% | SVEITZ N EOENEEZ R ORI &R T 27 EICOWTRAL £, AJ), 1),
OAH—T 2 A A%k L, AL ET, BEITIGC T, V—ANr —Z2ORFT OB HHS LT
WET, W OBEEZAKTH T NAREE LN DD RLET,

[MSP430FE42x(A)/FEA2X 2\ LA E T HI7eT » MNEA—Z D24 ] ZDOLR—RNZIX, MSP430FE42x(A)
IFEA2X2T N AAZAE L TEF-HIRD Y Mg A= 2 2 FEAET D IENRSITVET,
MSP430FE42x(A)35 L UMSPA30FEA2x2 7 /A A& 5728 DA A RFA L OHER F IS &
ig;u\i% FIo VT 7L RR—RE EDON=RT =T FEM, BLY TR =7 Oflb & ENT
WET,

TMSP430& A LT-ZhsRMIATIR]  N—RU=T <~ L F FIA Y BRNEE | RREE TEEOM ST AL
BB ET (FICCH OB A), ZOVR—NTIE N—RU=T v LT T I YR LB Lt
T TR S OZ TREHRZ A IEL S 2 FEC OV TRGLES, 2077V r—var .
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xR 12 2 A0 T I0RA VD= FERLES, ATAVL, BETE R, PR = BL U aia=T )Y —
A= NI =T BROY TR LEIITEAAND I A7 T 7 e R EENE T,

= 7-2. EEYY

B A=C A VI T NETEAN gk Y—NEY TR T | PAR—hEeIIa=T o
MSP430FE427 ZZEIVT ZZEIVT Ntk 4 Ntk 4 Nt/ 74
MSP430FE425 ZZExIVT ZZExIVT ZZExIVT ZZExIVT ZZEIVT
MSP430FE423 ZZEIVT ZZEIVT Nt/ 74 Nt/ 74 Nt/ 74

7.6 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the
respective contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views;
see TI's Terms of Use.

TI E2E™ Community

TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration among engineers. At
e2e.ti.com, you can ask questions, share knowledge, explore ideas, and help solve problems with fellow
engineers.

Tl Embedded Processors Wiki

Texas Instruments Embedded Processors Wiki. Established to help developers get started with embedded
processors from Texas Instruments and to foster innovation and growth of general knowledge about the
hardware and software surrounding these devices.

7.7 EE

MSP430, ULP Advisor, Code Composer Studio, E2E are trademarks of Texas Instruments.
Linux is a registered trademark of Linus Torvalds.
Windows is a registered trademark of Microsoft Corporation.

78 HEIMEICKHTIEESRR
A CCORBIE, BORESORE ST BB LRI SL T,

o PRSP HLEDIE F Dy A ADUIITEDET M AL 2 2T fHEO SR, UL TR
Alad o0 b ToF NG A A DIRICED | T A AT SRR A L T S B A £

7.9 Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data
(as defined by the U.S., EU, and other Export Administration Regulations) including software, or any
controlled product restricted by other applicable national regulations, received from disclosing party under
nondisclosure obligations (if any), or any direct product of such technology, to any destination to which
such export or re-export is restricted or prohibited by U.S. or other applicable laws, without obtaining prior
authorization from U.S. Department of Commerce and other competent Government authorities to the
extent required by those laws.
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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 ©)
@ ©)

MSP430FE423IPM Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 M430FE423
TRAY (10+1)

MSP430FE423IPM.B Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 M430FE423
TRAY (10+1)

MSP430FE423IPMR Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 M430FE423

MSP430FE423IPMR.B Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 M430FE423

MSP430FE425IPM Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 M430FE425
TRAY (10+1)

MSP430FE425I1PM.B Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 M430FE425
TRAY (10+1)

MSP430FE425IPMR Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 M430FE425

MSP430FE425IPMR.B Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 M430FE425

MSP430FE427I1PM Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 MA430FE427
TRAY (10+1)

MSP430FE4271PM.B Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 M430FE427
TRAY (10+1)

MSP430FE427IPMR Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 M430FE427

MSP430FE427IPMR.B Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 MA430FE427

@ status: For more details on status, see our product life cycle.

@ 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.
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https://www.ti.com/product/MSP430FE423/part-details/MSP430FE423IPM
https://www.ti.com/product/MSP430FE423/part-details/MSP430FE423IPMR
https://www.ti.com/product/MSP430FE425/part-details/MSP430FE425IPM
https://www.ti.com/product/MSP430FE425/part-details/MSP430FE425IPMR
https://www.ti.com/product/MSP430FE427/part-details/MSP430FE427IPM
https://www.ti.com/product/MSP430FE427/part-details/MSP430FE427IPMR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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® 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 TlI'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
4 |+ KO |4 P1—»]
DO OO0 OO T
o| |e o Bo W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
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
| [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
MSP430FE423IPMR LQFP PM 64 1000 330.0 24.4 13.0 | 13.0 2.1 16.0 | 24.0 Q2
MSP430FE425IPMR LQFP PM 64 1000 330.0 24.4 13.0 | 13.0 2.1 16.0 | 24.0 Q2
MSP430FE427IPMR LQFP PM 64 1000 330.0 24.4 13.0 | 13.0 2.1 16.0 | 24.0 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)

MSP430FE423IPMR LQFP PM 64 1000 336.6 336.6 41.3
MSP430FE425IPMR LQFP PM 64 1000 336.6 336.6 41.3
MSP430FE427IPMR LQFP PM 64 1000 336.6 336.6 41.3
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TRAY
L - Outer tray length without tabs KO -
< > Outer
tray
+++++++++++++++ height
1+ +++++++++++++ 4+ '
= W-
+++++++++++++ 4+ A+ ||owe
+++++++++++++++0Y
= width
He s 1
F+++++4++++++++ .
] T [
i ||
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
(°C)
MSP430FE423IPM PM LQFP 64 | 160 | 8X20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE423IPM PM LQFP 64 | 160 | 8x20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE423IPM.B PM LQFP 64 | 160 | 8X20 150 315 | 1359 | 7620 | 15.2 | 13.1 | 13
MSP430FE423IPM.B PM LQFP 64 | 160 | 8x20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE4251PM PM LQFP 64 | 160 | 8x20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE4251PM PM LQFP 64 | 160 | 8X20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE425IPM.B PM LQFP 64 | 160 | 8x20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE425IPM.B PM LQFP 64 | 160 | 8X20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE427IPM PM LQFP 64 | 160 | 8x20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE427IPM PM LQFP 64 | 160 | 8X20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE427IPM.B PM LQFP 64 | 160 | 8X20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FE427IPM.B PM LQFP 64 | 160 | 8x20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
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PMOO64A

PACKAGE OUTLINE
LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

PIN 11D

J

NOTE 3

s g

[

9.8
NOTE 3
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nnnannnnonanan
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/

D?
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A

60X [ 0.5 | L

o ax[75}

12.2

118 TYP

JUT00T00 .
L 07

64X .17

|9 Jo.080) [c|A[B]

,/’

:

il

(0.13) TYP 3}:/?

Vi
SEE DETAIL A

4) 1.6 MAX

DETAIL A
TYPICAL

— 0.05 MIN

4215162/A 03/2017

NOTES:

1. All linear 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. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
4. Reference JEDEC registration MS-026.

i
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EXAMPLE BOARD LAYOUT
PMOO64A LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

SYMM
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LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

0.05 MAX
EXPOSED METAL ALL AROUND EXPOSED METAL 0.05 MIN
} ,\\ 77777 ALL AROUND

N
METAL SOLDER MASK SOLDER MASKJ XMETAL UNDER
OPENING SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4215162/A 03/2017

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
7. For more information, see Texas Instruments literature number SLMA004 (www.ti.com/lit/sima004).
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EXAMPLE STENCIL DESIGN
PMOO64A LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

HHHHHHHHHHHHHHHH ********* :
i ——:
oax 0 3>T S i —
= i ——
_—— a = ...
60X (0.5) T 7 % 777777777 7‘L 77777777 % 7(2 (11.4)
== | = |
(R0.05) TvP /% i %
== i —
16 :':1 i :':] 33
| | |
S

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4215162/A 03/2017

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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